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The history of Kharkiv National
University of Radio Electronics is
undeniably unique.

In 1930, the Civil Engineering
Institute was established on the basis
of the Kharkiv Polytechnic Institute
and the Faculty of Architecture of the
Kharkiv Art Institute, and in 1966 the
Institute was transformed into the
Kharkiv ~ University of Radio
Electronics, where more than 30
scientific schools were formed and
gained the international recognition.

This year Kharkiv National
University of Radio Electronics
celebrates its 90th anniversary, and
we can proudly say that NURE is the
First Among The Best!
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A. BONDAR

MONITORING THE DYNAMICS OF A PROJECT-ORIENTED ORGANIZATION
ENERGY ENTROPY

The subject of the research is the approaches to studying the dynamics of information and energy entropy of a project-oriented
organization. The purpose of this study is to develop an approach for monitoring the dynamics of energy entropy when adding a new
project to the portfolio of a project-oriented organization. To achieve this goal, it is necessary to perform the following tasks:
determine the expression of the criterion for the success of the project in the framework of the energy-entropic concept of the
organization, formulate entropic barriers and ways to overcome them. The following methods are used: systems analysis, probability
theory, energy-entropy theory. Results. The main parameters that determine the dynamics of the organization's energy entropy are
information entropy and relative energy efficiency. When a new project is added to an organization's structure, it takes time to
improve its energy efficiency. Therefore, to form conclusions on the analysis of changes in entropy, it is important to review the
period and take into account its relationship with new projects of the organization. The dynamics of the information entropy of
development projects and their influence on the information entropy of the organization are described. It was found that negative
leaps of information entropy are possible as a result of the implementation of projects aimed at changing business processes, quality
of resources, etc. The work proposes a criterion for the success of the project, taking into account the time period that is "provided" to
the project for the manifestation of its result in terms of energy entropy. Also, the work formulated barriers for information and energy
entropies as levels, upon reaching which the organization is destroyed. Conclusions. This article presents a tool for analyzing the
dynamics of information entropy and energy entropy of a project-oriented organization when a new project is added to the portfolio.
Also, a criterion for the success of the project is proposed, taking into account the time period that is "provided" to the project for the
manifestation of its result in terms of energy entropy. Entropic barriers of a project-oriented organization are formulated and ways to
overcome them are proposed to reduce entropy, increase energy efficiency and ensure its development.
Keywords: entropy; energy efficiency; organization; barrier.
Introduction The purpose of this study is to develop an approach
for monitoring the dynamics of energy entropy when
adding a new project to the portfolio of a project-oriented
organization.

The  energy-entropy concept considers an
organization as an open system with energy turnover due
to information-material-energy exchange with the external
environment. Energy entropy is a characteristic function
of the state of an organization, reflecting the efficiency of
its business processes and interaction with the external
environment.

Research results

The influence of projects on the dynamics of the
energy entropy of the organization. The existence of
energy entropy is an integral part of the activities of
organizations, and in principle, it is impossible to ensure
its absence. And, as previously noted, not the absolute
value of energy entropy, but its change 4S is an indicator
of the state of the organization:

AS(ty,t, )=S(t, )-S(t, ), (1)

Analysis of literature and research

Modern  project-oriented  management as a
progressive methodology for organizing the operational
activities of enterprises integrates classical and innovative
approaches to management [1]. Information entropy is one
of the characteristics that make it possible to assess the

quality of management and business processes. This
category is used by many researchers [2-6], including in
the application to projects and project-oriented
organizations in general [7-11]. As a rule, information
entropy is understood as a measure of project risk, and its
dynamism is considered from a mathematical point of
view [12, 13]. The work [14] establishes the relationship
between the energy entropy of an organization and the
measure of its orderliness - information entropy.

At the conceptual level, the basic provisions of the
energy-entropic theory of organization, which includes the
identification and model of energy flows, energy balance
and the necessary conditions for reducing energy-entropy
are presented in [15]. Studies of the influence of
information entropy on the energy entropy of the
organization were carried out in works [16, 17], this made
it possible to establish the conditions under which this
influence is maximized.

where t,>t; are the considered time moments on the time

axis T. Satisfactory for the organization is such a state in

which:
AS(ty,ty )>AS(ty 15 ),t3 > 1, @
AS(ty,1p ), AS(tp,13) 2 0.

that is, the increase in energy entropy decreases over time.
It would be desirable to have a "zero" change in the
increase in energy entropy, that is:

AS(l‘l,tz):AS(tz,lé ),13 > t2. (3)

The state towards which the organization should
strive:

AS(ty,t)<0, (4)

that is, there is negentropy (a decrease in energy entropy)
due to its "release" into the external environment, which

© A. Bondar, 2020
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means control over the external environment at a level at
which uncertainty decreases with increasing energy
efficiency.

At the same time, an increase in energy entropy does
not at all mean deterioration in the state of the
organization. Let's explain this thesis in more detail.

So, an increase in energy entropy S can occur under
the influence of the following factors: an increase in
information entropy H, a decrease in relative efficiency u.
This, in turn, indicates a decrease in the "temperature"
characterizing the "heating" of the controlled part of the
organization's external environment.

Control over the external structure is significantly
weakened in those situations when the organization begins
the implementation of sufficiently risky projects, where
level of information entropy at the beginning of the
project is quite high. Thus, an increase in information
entropy H can occur as a result of adding a new project to
the structure of a project-oriented organization. In
addition, the new project requires the use of resources,
which, on the one hand, can increase the level of outgoing

energy E®, while not increasing the level of incoming

H

[ T

energy E" at the first stage. The project (or project
product) needs time to achieve the required level of
energy efficiency.

Thus, for the formation of conclusions based on the
results of the analysis 45, the period of consideration and
consideration of the relationship 4S with new projects of
the organization is important. A short-term increase in
energy entropy as a result of changes in the structure of
the organization's current projects portfolio can and
should lead to its subsequent positive dynamics for the
organization.

In a project-oriented organization, each project is a
relatively independent organizational unit, which is a
system of a certain structure with flows of information,
energy and matter, and, therefore, all previously
characterized and established properties of systems,
including the presence of information entropy and energy
entropy, are inherent in projects.

The main parameters that determine the dynamics of
the organization's energy entropy are information entropy
and relative energy efficiency. In general, their behavior
for the project can be represented as follows:

s H

o T

Fig. 1. Dynamics of information entropy and relative project efficiency

That is, the information entropy by the end of the
project life cycle becomes "zero" — the variants of the
project results are transformed into one specific (already
obtained) result with probability 1, therefore:

H; (T )=0,i=1,n, (5)

where T; is a life cycle of the i-th project, n is a total

number of projects of the organization.
Each project is characterized by a certain energy
efficiency, which forms a certain value of relative energy

efficiency ;. By the end of the project, its energy

efficiency can have both maximum value and decline, or
even tend to O, which is determined, first of all, by the
specifics of the project and its product. The behavior of
these characteristics largely determines the dynamics of
the project's energy entropy S;(tj), which, taking into

account (5):
Si(T;)=0i=Ln, (6)

that is, the end of the project leads logically to zero energy
entropy.

A completely different situation is observed with the
dynamics of the energy entropy of a project-oriented
organization. Previously, the structure of the energy
entropy of a project-oriented organization was established
and the participation of each project in its formation was
determined. "High-risk™ projects in terms of uncertainty of

results and ineffective projects increase the energy
entropy of the entire organization, violating the
established nature of relations with the external

environment and the efficiency of energy turnover. The
converse is also true.

But the impact of projects on the state of the
organization and the "reflection” of this state in the form
of energy entropy is much more complicated and not so
unambiguous.

Previous studies of the entropy of a project-oriented
organization were based on the principles of additivity,
which takes place in cases where projects correspond to
operational activities and are not associated with
qualitative (structural) changes in the organization, that is,
we are not talking about development projects.

So, individual projects in a project-oriented
organization can be aimed at changing business processes,
quality of resources, etc., which by the end of the life
cycle of the project and the receipt of its product leads to a
change in the basic energy parameters of the organization.
Similar projects are implemented to improve the state of
the organization. Examples of such projects can be
reorganization projects that reduce the information
entropy of an organization by, for example, improving the
information exchange system.

Fig. 2 shows the dynamics of the information
entropy of two development projects and the result of their
influence on the information entropy of the organization.
The beginning of each project is associated with an
increase in the level of informational entropy of the
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organization by the amount of the project entropy. As a
result of the implementation of project 1, the level of
information entropy of the organization decreases from
the value of H* (pre-project) to the value of H2. That is, at
the moment of receiving the product of project 1, the new
"quality" of the organization reduces the uncertainty of the
results of its activities.

The start of project 2 naturally increases the entropy
of the organization, gradually leading to the pre-project
level. But at the moment of receiving the product of
project 2, the entropy of the organization leaps upwards,
that is, the new quality of the organization has become
worse in terms of the predictability of the results of its
activities. Moreover, certain discrepancies in the
manageability of the structure of the organization (both
external and internal) can lead to an uncontrolled increase

in information entropy, which is shown in fig. 2 in the
period after the end of project 2.

Examples of such a negative leap in information
entropy can be the following:

1)the project was aimed at a qualitative
transformation not directly related to the impact on
information entropy, but the result was such an effect. For
example, a change in any product characteristics of an
organization's project has led to mixed perceptions of
these changes by consumers and established clientele.
Thus, there is a marketing miscalculation;

2) the project was supposed to improve the
manageability of the external structure of the organization
(that is, the project is aimed at reducing information
entropy), but the opposite effect was obtained. And in this
situation there is a marketing/logistics miscalculation).

Leap as the result of the

Leap as the result of the

project 1 project 2
T
1
1
f
S )
1
i i
1 1
1
i i
0 i i
i i
Project 1 ’ Project 2 time
H; H,
/ Product of Product of
the project 1 the project 2
0 |/ / 0 l
time time

Fig. 2. Impact of development projects on the information entropy of the organization

Thus, any development project leads to a change in
information entropy, and it is precisely its positive change
to ensure that it is the art of the organization management
system and the project team.

It is important that even a "leap up” in information
entropy does not indicate a negative state of the
organization. Indeed, an increase in information entropy at
the first stage after the implementation of the project can
be replaced by its positive dynamics in the future. This is
comparable to surgery in medicine, after which a
temporary deterioration may occur, after which the
healing process takes place. The main thing is that the
period and degree of deterioration should be within
controllable limits.

The main criterion for the success of the project in
this case should be the condition for a specific time range:

Sty < A4S (11,15 )=S(t5 )-St1 )< Spp,i=Ln,  (7)

t, =ty +As,i=1n, 9)

where tib is the start of the i-th project, 7; — the duration

of its life cycle, 4% — the time period that is "provided"

to the project for the manifestation of its result in terms of

energy entropy, Si1,Si, — energy entropy growth limits.
Thus, 4Sj(t;.t,) shows the change in the energy

entropy of the organization as a result of the
implementation of the i-th project.

If, however, several projects were implemented in a
certain period of time, then, of course, it is quite difficult
to single out the influence of each of them on the state of
the organization. This requires a more in-depth analysis of
the results of each project, manifested in specific energy
parameters and information entropy.

So, almost any development project is a risk for the
organization, since the consequences of even a successful
project at first glance can have negative consequences for
the organization. That is why energy entropy (its
dynamics, its change), as the main integral indicator of the
state of the organization, allows us to conclude about the
success and usefulness of the project for the organization
based on (7).
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So, if new projects not related to development are
added to the structure of an organization's project
portfolio, then ideally the dynamics of the information
entropy of the organization should be as in fig. 3, which
demonstrates the dynamics of information entropy H with
and without new projects (dotted line), based on dynamics

of information entropy of new projects. Note that in this
case, new projects are not aimed at reducing the
information entropy of the organization, so the total
information entropy of the organization is a composition
of the information entropies of all projects.

H s H s H
i \ } /\ §
0 T 0 T 0 T
H

| rroscr | | PROJECTI H PROJECT 2

I PROJECT | ‘

PROJECT 3 ‘

| PROJECT

Fig. 3. Dynamics of information entropy of a project-oriented organization

"Leaps" of information entropy at the start points of
projects are ultimately leveled, and information entropy is
aligned with the level of "up to new projects".

If any projects are aimed at reducing information
entropy (for example, projects corresponding to
advertising or PR campaigns) the total information
entropy will be ultimately lower than the level "before

new projects” (fig. 4). In this case, the total information
entropy of the organization is not ultimately equal to the
sum of the information entropies of projects. For example,
if a new project 3 should reduce the information entropy
of the organization, then after its implementation there
will be a corresponding "leap™ down.

W H

s H

T 0 T

«Leapy of
information

entropy
v

0 T

| roJECT | I PRD.]ECT;I H

PROJECT 2 }

| PROJECT | ‘
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Fig. 4. Dynamics of information entropy of a project-oriented organization during the implementation of a project aimed at reducing it
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Energy entropy is determined not only by
information entropy, but also by relative energy
efficiency, and each project, having its own efficiency,
provides an impact on the energy efficiency of the
organization as a whole. Moreover, individual
development projects can be aimed at changing efficiency

based on, for example, the use of new production
technologies that take time to demonstrate their effect. So,
for example, in fig. 5, project 1 reduces overall energy
efficiency, but in the process of implementing project 2
and project 3, the energy efficiency of the organization
reaches a higher level compared to the pre-project.

0 T 0 T 0 T
|
M

|PRO.]ECT | 1 PROJECT 11 H PROJECT 2
I PROJECT I PROJECT 3 ‘
| PROJECT |

Fig. 5. Dynamics of energy efficiency of a project-oriented organization in the implementation of a project aimed at its improving

And, as mentioned above, assessing the impact of
each project on the overall state of the system requires a
separate and more detailed consideration of the results of
each project.

Entropic  barriers of a  project-oriented
organization. Let's introduce into consideration the
concept of "entropy barrier". For a clear understanding of
the essence of this term, let’s consider other types of
"barriers"” inherent in the organization.

So, any organization with the existing technology
and method of production has a certain barrier in the form
of production capacity, to overcome which it is necessary
to fundamentally change the technology and organization
of production, business processes, etc. Whatever the
demand for the organization's products, it must
"overcome" the production barrier to further increase
production and sales. Similar barriers exist in the form of
restrictions on sales markets, etc. The organization can
reach another level, only after radical transformations
while breaking another barrier.

As it was previously demonstrated, the entropy of an
organization can grow under the influence of negative
processes (for example, the inability of management to
provide a managed organization or inadequate
organization of business processes); and also under the
influence of natural causes associated, for example, with
the implementation of projects, which at the first stage
increases energy entropy. In addition, the coincidence of
these processes with negative changes in the external
environment can significantly worsen the state of the

organization. The question arises — if there is a level of
entropy, the achievement of which becomes disastrous for
the organization?

The "invisible "entropy also forms a certain barrier
in the form of a level at which the organization
"collapses” (fig. 6).

For informational entropy, the barrier is such a level
of uncertainty, after which the managers of the
organization, in principle, are unable to make adequate
decisions and act in complete chaos and conditions of
uncontrollability of the external environment. With an
increase in H, the temperature of the organization
decreases, that is, the level of "heating"” of the controlled
part of the external environment decreases leads to
activities under conditions of complete uncertainty. At the
same time, high energy efficiency of the organization can
be observed — that is, the organization does not control
anything in the external environment, but due to favorable
conditions for it in a specific period of time, it becomes,
for example, possible to sell a product at an inflated price,
which leads to an increase in energy efficiency.

So, the excitement demand for masks and sanitizers
at the beginning of a pandemic can serve as an example of
super energy efficiency for manufacturers (sellers) in
conditions of complete chaos, that is, maximum
information entropy.

For energy entropy, the barrier is such a level of
energy entropy at which the level of chaos and dissipation
of the organization's energy does not "overlap" with the
necessary energy efficiency.
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ENTROPIC BARRIERS OF THE ORGANIZATION
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SPECIFIC TYPES OF PROJECTS AIMED AT INCREASING ENTROPIC BARRIERS

Fig. 6. Entropic barriers of the organization and ways to overcome them

The level of these barriers is unique to each
organization. In addition, it can be "raised" through
certain  measures, for  example,  restructuring,
reorganization, staff training (increasing the value of labor
resources), etc. Thus, the development of an organization
involves a change in the level of existing entropy barriers.

Since any activities of a project-oriented
organization are projects, the change in the level of
entropy barriers is also carried out through projects.

As it was shown above, the entropy of an
organization increases in the course of its activity, which
can later lead to disastrous consequences. Therefore, the
organization, along with projects related to the main
activity and with projects for the development of the
traditional entity, should implement projects aimed at

Entropy

Entropy barriers

“retaining" entropy and increasing entropy barriers
(fig. 7).

This figure shows two main options for the dynamics
of entropy in an organization:

- the first option assumes a slow increase in entropy
within the existing barriers;

- according to the second option, when the level of
the entropy barrier changes, the entropy of the
organization decreases sharply.

Operational projects entail a change in the total
energy of the organization U (forming an increase in the
total energy), and also affect the energy efficiency x and

information entropy H. These parameters determine the
energy entropy of the organization S. Note that almost
every project, by improving one of these parameters both
positively and negatively influences others.
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Fig. 7. Overcoming entropic barriers by a project-oriented organization

Thus, the development of a project-oriented
organization should ensure, along with traditional
development goals, an increase in entropy barriers. For

example, specific communication programs aimed at
increasing control over the external environment can serve
as examples of such projects.
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Conclusions that is "provided" to the project to manifest its result in

terms of energy entropy.
This article presents a tool for analyzing the Entropic barriers of a project-oriented organization

dynamics of information entropy and energy entropy of a  are formulated and ways to overcome them are proposed
project-oriented organization when a new project is added ~ to ensure its development, reduce entropy and increase
to the portfolio. Also, a criterion for the success of the  energy efficiency.

project is proposed, taking into account the time period
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MOHITOPHUHI' AMHAMIKHA EHEPTOEHTOIIII MPOEKTHO-OPIEHTOBAHOI
OPT'AHIBAIIIT
ITpenMeTOM JOCII/DKSHHS € MiXO0AW BHBUCHHS AMHAMIKH iH()OpPMAIiHOI Ta €HEeproeHTPOMl MPOSKTHO-OPIEHTOBAHOI OpraHisarii.

MeTo10 1aHOTO JOCITIKEHHs € po3poOKa MiAX0ay AJIsi MOHITOPHHTY JUHAMIKM €HEProeHTpOIil NPy J0JaBaHHI HOBOTO MPOEKTY B
noptdenab MPOeKTHO-OPiEHTOBAaHOI opraHizawii. s MOCSATHEHHsS IOCTaBICHOI METH HEOOXiIHO BHUKOHATH HACTYIHI 3aB/IaHHSI
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BU3HAYMTH BHPa3 KPUTEPIlO YCIIIIHOCTI MPOSKTY B paMKaX €HEProeHTPOMiHHOI KOHIEMLi opraHi3awii, CpopMyTIOBaTH €HTPOMiiHI
Oap'epu i criocoOM X mojonaHHSI. BHKOPHCTOBYIOTHCS Taki MeTOAW: CUCTEMHHH aHajli3, Teopis HMOBIPHOCTI, €HEproeHTpoImiliHa
teopist. PesyabpraTn. OCHOBHUMH NapaMeTpaMy, [0 BU3HAYAIOTh JHHAMIKY €HeproeHTpoIIil opraHizarii, € indopmMamniiina eHTporis i
BiTHOCHA eHeproe(eKTUBHICTh. [Ipy monaBaHHI B CTPYKTypy OpraHisamii HOBOTO INPOEKTY HEOOXIIHO 4ac I MiJBHINEHHS i
eneproedexTuBHOCTI. ToMy I (POpMyBaHHS BHCHOBKIB 3 aHANi3y 3MIHH €HTpOIIl BaXJIMBHI IEpiof o3Iy Ta BpaxyBaHHS il
B3a€MO3B'A3KY 3 HOBUMH IpOEKTaMH oprasizauii. OmucaHo JUHaMiKy iH(pOpMAaIiiHOi eHTpomii NPOeKTiB PO3BUTKY 1 iX BIUIUB Ha
iHpopMaLiitHy eHTpomito opraHizauii. BcraHOBIEHO, 110 B pe3ysbTaTi peasi3allil MPoeKTiB, CIPSIMOBAaHUX Ha 3MiHY Oi3Hec-TpOIIECiB,
SIKOCT1 pecypciB 1 T. I. MOXJIMBI HeTaTWBHI ckauku iH(opmamiiHOi eHTpomii. B poOoTi 3amponoHOBaHO KpUTepiil yCHiIHOCTI
MPOEKTY, II0 BPaXOBY€ YaCOBUI MPOMDKOK, SIKHI "HagaeTbes" MPOEKTY AJIS MPOSBY CBOTO PE3YJbTaTy 3 TOUKH 30py €HEPrOEHTPOIIii.
Taxoxx B poboti Oy chopmyiaboBani 6ap'epn mad iHGOpPMAIIHHOI Ta eHepreTHIHOI EHTPOIiH, IPH JOCATHEHHI SKUX OpraHi3amis
pyiHy€eThesi. BucHOBKH. Y maHilf cTaTTi MpeACTaBICHUH IHCTPYMEHT aHANi3y JUHAMIKU iH(pOpMamiifHoi eHTporil i eHeproeHTpoIrii
IIPOEKTHO-OPI€HTOBAHOI OpraHi3amii Nnpu JojJaBaHHI B MOPTQens HOBOrO MpoekTy. Takoxk 3alpoIlOHOBAaHO KPUTEpiH YCHIMIHOCTI
IIPOEKTY, III0 BPaXOBY€ YaCOBUH MPOMIKOK, SIKUH "HalaeThcs' MPOEKTY UL IPOSIBY CBOTO PE3yJbTaTy 3 TOYKH 30pY €HEprOeHTPOi.
CdopmynpoBaHO eHTpOMiiiHI Oap'epy MPOEKTHO-OPIEHTOBAHOI OpraHi3amii Ta 3aIpONOHOBAHO CIIOCOOH iX MOAONAHHS Ul 3HIKECHHS
EHTpOIIIi, MiABUICHHs eHepre()eKTHBHOCTI Ta 3a0e3MmedeHHs i PO3BUTKY.
KnrouoBi ciioBa: enTpormis; eHeproeeKTUBHICTh; OpraHizauis; 6ap'ep.

MOHUTOPUHI' TMHAMUKHA SHEPT'OOHTOIINH ITPOEKTHO-
OPUEHTUPOBAHHOU OPI'"AHU3ALIUN

IIpeamMeToM HCCICAOBAHMS SIBISETCS ITIOAXOIbI W3YYCHWS. OUHAMHKA HHOOPMALIMOHHOW M 9HEPrOJIHTPONHH MPOEKTHO-
OPHCHTHPOBaHHOM opranuszaiuu. LleJabl JaHHOTO HCCICHOBaHUS SBISCTCS pa3paboTKa MOAXOAa IS MOHHTOPHHIA JHHAMUKH
9HEPTOAHTPONUH TPH J00ABJICHUH HOBOTO TPOCKTa B MOPTdEIb MPOCKTHO-OPUCHTUPOBAHHOW OpraHu3anuu. Jisi JOCTHKEHHS
MOCTAaBJICHHOM LeIM HEOOXOAMMO BBIMOIHUTH CJICAYIOIIHE 3aJa4YM: OIPEICIUTh BBHIPAKECHUC KPUTEPHUs YCHCIIHOCTH MPOCKTa B
paMKax SHEPrOIHTPONHUIHON KOHIEIMIHKA OpraHHU3aluH, cHOPMYIHPOBATh SHTPONHUIHBIE Gapbepbl M CIOCOOBI UX MPEOJOJICHHS.
Wcnonb3yroTess CHCAYIOINE MeTOAbl: CHCTEMHBIA aHAlM3, TEOPHsS BEPOSTHOCTH, SHEPTOSHTPOIMHUHAS TeopHs. Pe3yabTaThl.
OCHOBHBIMHU TIapaMeTpaMH, ONPEACIIOMINME IHHAMHUKY HEPTOIHTPONNH OPTaHH3aLlH, SBISETCS WHGOPMALHOHHAS SHTPONMS U
oTHOCcHTENbHasT 3HeprodddextuBHOCTs. [Ipr N0GaBICHHH B CTPYKTYpY OpPTaHH3alMH HOBOTO MPOCKTa HEOOXOAMMO BpEeMs IS
MOBBIIEHKSI ee dHeprodpdekTrBHOCTH. [109TOMY 17151 (POPMHUPOBAHMS BBIBOJOB IO AHAIM3Y M3MEHCHHS SHTPOIMH BaXKCH IIEPHOJ
PAacCMOTPEHMSI M y4eT ee B3aUMOCBS3M C HOBBIMH MPOCKTaMH opraHu3aiud. OmucaHa AMHAMHUKAa HH(POPMAIMOHHON SHTPOIHH
[POCKTOB Pa3BHTHs U UX BIHUSHHE Ha WHOOPMALMOHHYIO SHTPOIMIO OPraHHU3alid. Y CTAaHOBJICHO, YTO B PE3yJbTATE PCAH3alUK
[POCKTOB, HAMpaBJCHHBIX Ha H3MCHCHHE OW3HEC-TIPOLIECCOB, KAuyeCcTBa PECYPCOB M T.I. BO3MOXKHBI HETaTHBHBIC CKAYKH
uH(MOPMAIMOHHON SHTpomuu. B pabore mpeiiokeH KPUTEpUil YCIHEIIHOCTH MPOCKTA, YYUTHIBAIOIIMNA BPEMEHHOW MPOMEKYTOK,
KOTOPBIi "pesocTaBisieTcs” IPOEKTY Ui MPOSIBIICHUSI CBOCTO Pe3yJIbTaTa ¢ TOUKH 3PECHUS SHEProdHTpoIiu. Takke B paboTe ObUTH
copmynupoBansl Oapbepbl I HHOOPMALMOHHOM M YHEPreTHYECKOW ODHTPONHI Kak yPOBHH, NPH IOCTHIKEHHH KOTOPBIX
opranm3anys paspyuraercs. BeiBoabl. B nanHoii craTbe MpeacTaBieH HHCTPYMEHT aHa M3a ANHAMHUKY HH()OPMAIIMOHHON SHTPOIINH
M DHEPTOSHTPOINH MPOEKTHO-OPHEHTUPOBAHHON OpPTraHU3aIlMy MPH H00ABICHUH B MOPT(EIs HOBOTO MPOEKTa. TakKe MPEIokKeH
KPUTEpHii YCIEIHOCTH TIPOSKTa, YINTHIBAIOIINN BPEMEHHOM MPOMEKYTOK, KOTOPBIH "TIPeqoCTaBiIseTcss MPOSKTY IS TIPOSBICHHS
CBOETO pe3yJibTaTa C TOYKH 3peHust 3Hepro’HTporuu. CopMyIHpOBaHBI SHTPOMHUIHBIE Gapbepbl MPOCKTHO-OPHEHTHPOBAHHOI
OpraHu3allid ¥ MPEJIOKCHBI CIOCOObl HMX MPCOJNOJICHHS JUIS CHIDKCHHS DHTPONHH, IOBBINICHUS SHEpraddeKTHBHOCTH |
obecrieyeHus ee pa3BUTHSL.
KiroueBble ¢10Ba: SHTPOIHMS; SHEProd(hGeKTHBHOCTh; OpraHu3aLus; 6apbep.
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S. HAalEvsKYI, O. SHAPOVALOV, |. KuLAKoV, O. TIMOCHKO, V. PAVLENKO

MATHEMATICAL MODELS FOR CALCULATING THE RESIDUAL LIFE OF THE
RECOVERABLE COMPONENTS OF THE AIRCRAFT ELECTRONIC SYSTEM

The subject matter of the article are the processes of functioning of the radio electronic system of a modern aircraft, its components,
functional units and functional systems as an object for determining and calculating indicators of residual life. The goal is the analysis
and improvement of the existing mathematical apparatus used to calculate the indicators of the residual resource of the aircraft radio-
electronic system restored components. The tasks: To develop and generalize mathematical models for calculating the indicators of
the residual life of the restored components of the aircraft radio-electronic system. Analyzed models are: models for the indicators of
the residual life of the restored object of the aircraft radio-electronic system, the failure flow model with a finite number of minimal
updates, reliability models of the "load-strength" type. The following results were obtained: Mathematical models have been
developed for calculating the indicators of residual life and residual operating time of a recoverable product with one resource element
with a complete restoration of component elements of the aircraft radio-electronic system. Conclusions. Mathematical models have
been developed for calculating the indicators of the residual life and the residual operating time of a restored product with one
resource element with a complete restoration of component elements. A generalization of these models for a product restored by
several resource elements during their complete restoration is obtained. Calculated ratios are obtained for the indicators of the residual
resource and the residual operating time of functional devices and functional systems with a finite number of minimal updates of
resource elements. Relationships are obtained for determining the limiting number of minimal restorations of functional devices and

functional systems of the aircraft radio-electronic system.

Keywords: residual life; residual operating time; aircraft; mathematical model; indicator; electronic system; technical condition.

Introduction

The scheme of calculation of indicators of residual
resource of radio electronic system (RES) of the plane
offered in [11, 12] provides division of all accessories
(AS), functional devices (FD) and functional systems (FS)
of RES of the plane into non-renewable or renewable with
various depth of recovery, with continuous or periodic
monitoring of the technical condition, with a finite or
unlimited number of failures during the specified service
life, and the calculation of residual life (RL) for selected
types of AS, then for FD and FS.

Literature analysis

The aim of the article is to develop mathematical
models for calculating the residual life of renewable
components of the electronic system of the aircraft.

Main part

In the scientific and technical literature, the relevant
scientific and methodological support for solving the
above problems is not fully developed, there are works [4,
5, 7], which consider mathematical models of complete
restorations, minimal and incomplete restorations.
However, their application to solve the problems of
extending the resources of the aircraft fleet is almost
absent.

The following are mathematical models for
calculating the indicators of the residual life of non-
renewable AS, renewable FD of aircraft RES for
complete, incomplete and minimal restorations with a
finite number of restorations and continuous monitoring of
the technical condition.

In the considered mathematical models the resource
is understood as "technical resource”, as total operating
time of a product from the beginning of its operation or its
restoration after repair before transition to a limit state.
The residual resource in accordance with [1] means the
total operating time of the product from the moment of
control of its technical condition to the transition to the
limit state.

Residual resource and residual operating time of
renewable products and mathematical models for
calculation of their indicators at full restoration of
accessories.

Under the residual life of the renewable product (FD,
unit, FS or RES of the aircraft) we will understand the
total operating time of the product from the moment of
control of its technical condition to the resource failure.
This assumes possible non-resource failures of the
product, i.e. failures not related to the transition of the
recoverable product to the limit state. Non-resource
failures or simply product failures can be caused by the
transition to non-operational state of renewable or non-
renewable removable elements. Resource failure of the
product is associated with the transition to the limit state
of one or more resource elements. Under the resource
elements of the product are those products, the expiration
of which leads to the end of the product life (FD, FS or
RES of the aircraft). Non-resource elements are those
elements whose resource ends not earlier than the product
resource, i.e. simultaneously with reaching the product
limit, or after reaching the product limit, provided that this
element can be used in another product of the same or
similar purpose. The number of resource elements in the
product may be different, and the restoration of the
resource element at a particular seat may be complete,
incomplete or minimal. In addition, the number of
product element replacements at a particular seat cannot
be unlimited. Depending on the type of elements, their
load-bearing structures, other factors, it is possible to
determine the maximum number of their repairs and (or)
restorations. Thus, for electronic assemblies made on
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printed circuit boards, the maximum number of resolders
at a certain circuit position is the final value. In this case,
the impossibility of restoring or repairing the FD occurs
when the number of performed restorations (repairs)
associated with the replacement of elements in a particular
circuit position is equal to the limit I, and the next failure
of the element. The maximum allowable number of
repairs (repairs) of the FD RES aircraft may be
determined by economic constraints (I, ), safety

requirements and (or) environmental performance (I, ),
the actual reliability of the product (I,,), and other

reasons. In the case of simultaneous action of several
factors, the maximum allowable number of restorations of
a certain circuit position can be found as the minimum of
these values, i.e.

I :min{lt*lecvlsrvlra}' 1

The maximum allowable number of restores | of a
certain circuit position corresponds to the maximum
allowable number p of its failures

Fig. 1. Determination of the residual life of the renewable product

Note that the restoration of the selected circuit
position, which determines the resource of the product,
can be complete, incomplete or minimal. In the case of
complete recovery, &; are independent equally distributed

random variables, and the recovery process of this
schematic position is a general recovery process with a
finite number of failures, in the case of incomplete
recovery, ¢&; random variables with different parameters

or distribution laws, and the corresponding recovery
process is complex with a finite failure rate. In the case of
minimal recovery of the selected circuit position, the
failure and recovery flow is described by the failure flow
model with a finite number of minimum restorations.
These models are considered in [11, 12].

Let us now consider the basic relations for RL
indicators at full restoration of the circuit position, which
determines the LS of the recoverable product.

Since the operating time of the selected circuit
position & can be considered as independent equally
distributed random variables and the average recovery
time of the circuit position FD or FS of the aircraft RES is
very small compared to the average operating time of the
circuit position on failure, such a flow of failures and
recovery of circuit position can be considered as full
instant restorations. Denote F; (t)=P(X; <t) where the

distribution function is determined recursively
1

R 0)= [y (-X)0F () F(0)=R (0 £ =F/0). i=01+1. 3)

0

p=I1+1.

We now formalize the RL concept for a renewable
product, which includes one resource element or one
circuit position, for which the maximum number of
failures is set. Let & is the operating time of the selected

circuit position of the product between failures (fig. 1);

1
X; =Z§j is the total operating time of the circuit
j=1

position to the i-th failure. Then X,,, =X, is the total

p
operating time of the selected circuit position to the
resource failure of the product.

The residual life of the product after the moment 7
of control of its technical condition (fig. 1) is determined
by the ratio:

£y = X =7 7< X4,
=0, if X,y <. )

E.J’CZ

XI X|+1

Let’s find the RL distribution function of the
product. Since the (I+1) -th failure of the selected circuit
position is a resource failure of the product, the
distribution function F,,;(t) is a function of the

distribution of the product resource. Then we get

Fo(t+7)—Fy(7)
- I—Fp(z')p . )

Now let’s find the probability of the event &5 >t
i.e. the probability that the value of RL will be not less
than the specified operating time t or otherwise the
probability of operation of the product without resource
failures during operation t, starting from the moment ¢,
provided the product operates on the segment [O,7]

without resource failures. From (4) we have

Fe (1) =P(x <t)=

E_p(t+r)l
Fp(7)

RL indicators such as average RL R(z) and gamma-

Prz (t): P(@z >t):l_ FrZ (t) or PTZ (t):

percentage residual life R, (7) of the recoverable product

can be found by substituting in them instead of the
probability of failure-free operation P(t) the probability

of operation of the recoverable product without resource
failures during operation t, i.e. R, (t)=Fi+1(t) where
the distribution function F_; (t) is found by expression
(3) or is a distribution function operating time before
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failure of the resource element of the product. Thus, if the
distribution function F (t) of the operating time between
the failures of the circuit position, which determines the
resource failure of the product, is a normally distributed
random variable with mathematical expectation T, and

standard deviation o, the distribution function F4(t)

is also a normally distributed random variable with
mathematical expectation T, and standard deviation

oJp.

Let’s find the probability of failure-free operation of
the renewable AS during operation time y at the end of

probability of the event &, >y, where the value &, is
determined by the ratio:

égri :{Xi__rl i (Xi_l <T)/\(Xi—| >T), i:]_l_p; (5)
0, IprST

From (5) and fig. 2 it can be seen that the value &

is the operating time of the circuit position of the restored
product from the moment - to the next i -th failure of the
circuit position, which we will call the residual operating
time (RO) of the circuit position of the restored product.
Note that for a non-renewable product and a product that
cannot be repaired, the concepts of "residual operating

the assigned resource fig. 2), ie. let’s find the A . e ;
g ¢ (fig 2) time" and "residual life" is equivalent.
E,a’(i
[ : - /—\' ---0
0 X, X, X N X X
Ty

Fig. 2. Determination of the residual operating time of the circuit position of the restored product

The event &£; can happen in | +1 ways:

1) by the time z+y there was no failure of the
circuit position, the probability of this event is equal to
F(r+y),

2)on the interval (u,u+du), there was an i-th
failure of the circuit position, i=11 (the probability of
this event is equal to f;(u)du) and after this moment
7+Y , there were no failures until the moment z+y (the
probability of this event is equal to E(r+ y—u)).
Integrating the product E(r+y—u)x fi(u)du over all
u(0<us<r),
Eriv1 > Y, provided that there were i failures on the

we obtain the probability of an event

interval (0,7).
Summarizing the found probabilities at i for all
=1,1 we obtain the desired probability

P(&y >y)=F(r+y) +ZI:] (z+y-u)f(u)du. (6)
0

i=1

Formula (6) shows that the probability P (&, >vy)

is a non-stationary coefficient of readiness of the
recoverable product with a limited number of complete
recoveries. Therefore, in the future we will denote this

probability K, (z,y), assuming that the value y is the

total failure-free operation of the circuit position in the
interval (z,7+Y), where 7 is the value of the assigned
resource.

We now find the function of the distribution of the
residual operating time of the selected circuit position of
the product to failure. Since
P(&n <Y)=1-P(&y >y), from formula (6) follows

| 7
P(&n <y)=F(r+y) Zj r+y-u)fi(u)du. (7)
i=10

Other indicators of the reliability of the selected
circuit position in the RO interval, used to solve problems
of continuation of resources, is the average RO and

gamma-percent RO T, (7). For the selected circuit
position, we will find these indicators by the ratio

T(T):

P(&n >y)dy, ®)

oO—8

P(&n >T,(r))=0,01y 9)

Let’s consider the asymptotic behavior of the RO of
the selected circuit position, which determines the
resource of the recoverable product, i.e. we investigate the
behavior of a random variable &,y at z —o0 and | 5.

Since | 5> then

P(&n >Y)=F(r+y) jF r+y-u)o(u)du and

0
z-_
lim P(& >y)=lim JF(T+ y—U)e(u)du.
T—>0 T—)OOO

By the Smith's theorem [3] we find that this limit is
equal to

p(g,H>y):%jﬁ(r+y)dr:%jﬁ(z)dz (10)
0

As a result, we obtain the distribution of stationary
residual operating time of the selected circuit position of
the restored product. In particular, for z —o0 and | -«

the value of the average RO T () is found by the
formula
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_T _To, 0%
T(OO)—J)P(STH >y)dy = 5 +2T0 : (11)

Note that expressions (10) and (11), and not
expressions (6), (8), (9) are used in engineering practice.
However, in the tasks of continuing the RES resources of
the aircraft, we are more interested in the non-stationary
interval of operation of AS, FD, FS RES of aircraft and its

components, ie. t<(0,1-0,3)Ty, where Ty is the

average failure time of the device, unit, AS or AE.
Therefore, the calculations of RL and RO products must
be performed for the non-stationary interval of their
operation according to the formulas for non-stationary RL
indicators and other reliability indicators in the RO
interval.

Consider how to calculate the indicators of the
recovery of a renewable product with one circuit position,
which determines the resource of the product.

Let’s denote Y; as the operating time of the

renewable product to the j-th failure, fy;(t) is the
density of the distribution of the random variable YJ- , X 0

is the operating time of the selected circuit position to the
resource failure. Then the RO of the product to the next
failure (fig. 3) can be determined by the ratio:

gp.rod _ Yj-r, if (Yj_l—r)/\(Yj >T)/\(Yj < Xp), 1=Lprog;
i 0, in other cases.

Residual operating time of the recoverable product
before failure differs from the definition (2) by the

presence of an additional condition: the event {Yj < Xp}
that the accidental operating time of the product before the
next j-th failure should not exceed the total operating

time of the product (circuit position determining the
product resource) to resource failure. Therefore, the above

indicators of the residual resource (6), (7), (9) of the type
"probability”, in terms of the situation under
consideration, are conditional. To calculate the
unconditional indicators of the recovery of the recoverable
product to the next j -th failure, we find the probability of

the event (conditions) P{YJ- <X p} . We have

P{Yj <Xp}=[Fp(t) fy (t)dt.

o—8

where f,; (t) is the density of the distribution of the
operating time of the product to the  j -th failure; Fp (t) is

the function of the distribution of the operating time of the
circuit position, which determines the resource of the
product, to the resource failure.

To calculate this probability, we can use
mathematical models of reliability of the type “load -
strength™ for different functions of load distribution and
strength [9]. Then the probability that the RO of the
recoverable product will be not less than the set y, we

find by the ratio

_ | T_
P(égup>y):F(r+y)+§P{Yi <Xp}£F(r+y—u)fi(u)du_ (12)

Other indicators of RO, for example average RO,
gamma-percent RO of the restored product is calculated
by a ratio (8), (9) by substitution in them of the

unconditional probability P{Yj < Xp} &, >y found by

the formula (12).

We obtain calculation formulas for determining the
indicators of RO for the case when the operating time
between failures of the selected circuit position, which
determines the resource failure of the product, has a
truncated normal  distribution with  mathematical
expectation T and standard deviation o , i.e.

Eu
(I) )l( 1 )l( 12 )’(13 y Xia  a)
0 X Yo Yo X b)
0 oy % 9
&
(IJ IY1 le \5(3 \5(4 \5(5 'Y6 =Y7 \I(s Yu d

Ty

Fig. 3. Determination of residual operating time of the recoverable product: a) the failure flow of the 1st circuit position, which
determines the resource of the product; b), ¢) failure flows of the 2nd and 3rd circuit positions, which do not determine the resource of

the product; d) product failure flow; X;; - development of i -th schematic position to j -th failure; &6

prod _ residual operating time

to the next (sixth) failure; &, 4 — residual operating time of the circuit position, which determines the resource of the product, to the

resource failure
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(t-To)?
2

F(x)= Te 20

—00

dt; f (x) = ~Cr

P(& >y) we use relations (6). We have:

Ti :iTO, o =0 i, g; Zai.
Then

P(¢& > Y)=afl>(—T° _;_y]+|2a”1j{<b[-r° _T_eru]f [U;Ti}

2

o

2 -1
t-T,
a exp[—( 0) },az[cb[T—oﬂ To calculate the probability

F(r+y)= a(D(Mj; fi(x) =g (o—i «/Z)exp[—(x_TO)]_

y 20'i2

(13)
i=1 0 o i

To calculate the integral in formula (12) we use the results:

ab+x(1+b2)

a a  xyl+b? a+bx a
(D(a+bx)go(x)dx:T{x, ]+T , -T [X, J—T .
J x\1+b? Vi+h? @ X N a

1

a
where T(h,a):jde, O<a<w, —o<h<on, pu)=—e

J2r

0 142

+ F(x)F[ﬁ], (14)

2

v
2-

We reduce the calculation of the integral in expression (13) to the basic Owen integrals. From expressions (13) and

i Ti—r—vy— T —7r—

(14) we have x:u ',a+bX:Lyu or a:TO-I-U—Tyl b:il
Oj o O Oj

T (Ty-1- T (+Ti)/oi

I(l)(o ! y+uj.¢(u 'jdu: [ o(a+bx)p(x)dx.

0 “ i —Ti/oi

Let us now use the properties of a definite integral and the property of an Owen integral: T (h,—a)=-T (h,a).

Let’s consider two cases: 7 <Tg; and 7 > Ty . Get for 7 <Ty; ;

(==Ti)/ei
Ti/oj
and for 7 >Tg; ;
(==Ti)/ei
~Ti/oi

The results of probability calculations P (&, > y) for

the ratio (13) (17) show that the nature of the obtained
dependences of the probability P (&, > y) on the value of

the residual operating time at different values of the
assigned resource 7 corresponds to the expected, which
indicates the correctness of the obtained ratios.

Now consider how to calculate other indicators of
reliability of the restored FD (FS) of aircraft RES in the
range of RO.

In accordance with the recommendations of the
method [11] we distinguish a set of AE, the technical
condition of which is not controlled, and a set of
controlled on the considered interval of operation of AE.

In this case, the controlled elements, in turn, are
divided into continuously controlled and periodically
controlled, renewable with varying degrees of resource
recovery: FR, IR and MR. Next is a block diagram of the

Ti/oi
j ®(a+hx)p(x)dx = j ®(a+hx)p(x)dx—

Ti/oi
[ o(a+bx)p(x)dx= [ ®(a+bx)p(x)dx+

(TifT)/O'i
_[ ®(a+bx)p(x)dx, (16)
0

(Ti—r)/ai
[ @(a+bx)p(x)dx. (17)
0

reliability of the FD (FS) of the aircraft RES. According to
the known structural scheme of reliability S(x) of the FC

of the aircraft RES, the reliability indicators are calculated
on the interval of residual operating time, by substituting
into the function of the previously calculated reliability
indicators of the FD (FS) elements of the aircraft RES:

R, (r,Y)=8(Ka(r.¥). Koa (7.¥),o, Py (7 +Y)...), (18)

where K (z,y)

readiness of the i -th renewable FC element FU; P (7 +Y)

is a non-stationary coefficient of

is the probability of failure-free operation (r+ y) for the
operation of uncontrolled and non-renewable j-th element
in the considered time interval.
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If necessary, calculate other indicators, for example,
the average residual operating time FD (FS) in relation
(8), gamma-percentage residual operating time FD (FS)
according to formula (9).

Note that the developed approach is focused on the
fact that during the next current repair of FD (FS) of the
aircraft RES restores the resource (in full at FR, partially -
at IR and at zero at MR) AE FD (FS) only in the variable
(or renewable) AE. The resource of other AE FD (FS) is
not restored. The difference between other approaches to
calculating the reliability of RES is that the recovery of
PC FD (FS) by replacing failed AE involves complete
recovery of the resource of all FD (FS), which is
unacceptable in the case of calculating the indicators of
OR and ON when solving resource renewal tasks.

To perform calculations on the ratio (18) it is
necessary to pre-calculate the coefficients of operational
readiness of the elements of FD (FS), the resource of
which is restored in full, incomplete or minimal. We use
for this purpose the calculated relations for the failure
flow parameter obtained in [11] for flows with FR, IR and
MR with a limited number of recoveries. Thus, for the
case of FR, the probability that the residual operating time
before the failure of the element of a certain circuit
position, FD, FS will be not less than a given value, we
find the formula

Kgl) (7.9) =P(r+y)+jP(r+y—u)a;l(u)du . (19)
0

or substituting in (19) we obtain

|1‘l'

Kgl)(r,y):P(r+y ZJ.P T+y-— u)fk( )du, (20)
k=10

where |, is a the maximum possible number of complete
AE recoveries for the considered total operating time
(r+y).

We now write the corresponding formula for the case
of the MR element. In [11] the basic relations for
processes with instantaneous MR were considered. Then,

conducting reasoning similar to the above in deriving
formula (6), we obtain

|22’

(z’+y +2jP uT+y- u)f( )(u)du, (21)

k=1g

K (r.y)=P

where P(u,7+y-u) is the probability of failure of the
minimally recoverable element FD (FS) in the interval

(uz+y-u); fk(z) is the distribution density of the

operating time of the element to the k-th MR; I, is the

maximum possible number of MR element FD (FS) for the
considered operating time.

Substituting in (21) the appropriate formulas for the
process with instant recovery, we obtain the following
relationship

l, 7 k
K2 (1) e M) i J[A(u!)] M)A Sg (),

where A(u j A(x

After performlng the transformation, we obtain the
final expression for the probability that the residual
operating time of the minimum renewable element of a
certain circuit position FD (FS) RES of the aircraft will be
not less than the specified value y .

()k

K (z,y)=e L(22)

z _p(ery) z A

We now obtain the ratio for the probability of failure
of the element, the resource of which is restored in case of
failure in an incomplete volume, for an extended period of

operation (z,7+Y). In [11] it is shown that the model of

this process is a complex recovery process. Carrying out
arguments similar to the above ((6), (14)), we obtain

|3T

KO (r,y) =R (e +9)+ 2 [P (r+y-0) {17 () au, 23)

k=19

where B,1(X) is the probability of failure of the element
during operation x after the k-th incomplete recovery;

fk(s) (u) — operating time distribution density to the k -th
IR.

These calculated ratios allow to calculate the residual
life and other indicators of the reliability of the renewable
FD (FS) for an extended period of operation for the case
when there is one circuit position that determines the
resource FD (FS).

Consider now the case where the number of circuit
positions that determine the life of the renewable FD or
FS RES aircraft, more than one. Further we will not make
distinctions between a resource element of a product and
the schematic position defining a product resource.

Let M is the set of resource elements FD (FS).
Let’s divide this set into disparate subsets Mg, s=1n,

based on the same number of maximum allowable number
of replacements | and the same characteristics of failure

(the second condition is not required). For the operation of
"splitting" the set of resource elements M, the relations
are performed

Let R, is the lower estimate of the value of the

gamma-percent resource of the elements of the subset
M. Then the lower estimate of the gamma percentage

resource FD can be found by the formula

R, :msin{Rys}. (24)
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A similar relationship can be written for the lower
estimate of the gamma percentage residual FD resource

R, (7)= mln{Rys( )}

It is assumed that the resource failure of the element
limits the reliability of any subset Mg leads to the

resource failure of the FD (FS). Then the value R, (or

(25)

R, (7)) is determined by the time during which there will

be no resource failure of the elements of the subset Mg,

the moment of which, in turn, is determined by the earliest
moment of occurrence the (ls+1)-th element failure for

all elements that make up the subset Mg

Let the subset Mg consist of M| =mg elements
that limit the reliability of the FD (FS) RES of the aircraft.
We will consider the distribution functions as a set ™s of
independent random variables {Tl,TZ,...,TmS} that

represent the development of circuit positions of a subset
Mg of elements to resource failures. Let’s find the

distribution function Gg(t) and the distribution density

gs (t) of arandom variable Ts)
Tis) = min (T3, T, T, ) (26)

which is a random run of a subset of FD (FS) elements to a
resource failure. We have:

Gq (1) = P(T(s) <t):1— P(T(s) >t) _

:'3

SR ILURTE | (IO G
gs<t>=dG;t“)=jmz;fj(t)ﬁ[l—&(t)]/[l-ﬂ(t)]-

Random value T; in relation (26) is a random
operation of the i -th circuit position

ls+1

T_Ztkw

where t; is the operating time of the element at a certain

i -th circuit position to k -th replacement.
In the case of complete restorations, random
variables t; can be considered as independent equally

distributed random variables, and the random variable
distribution function T; can be found as a convolution of

the (Ig+1
of the subset Mg have the same functions of distribution

)—th order of random variables. If all elements

Fs(t) of a random variable T;, then it follows from
expression (27)

Gs(t)= 1—(1_ Fy ()™ ) _1F ()

= /. \Ms—1
s (t)=mgfs ()R (t) ™ .

The relation for the residual resource distribution
function of the subset Mg of FD elements is obtained by
conducting similar considerations for the residual resource
distribution function FT(EI) (t) of the element at the i-th
circuit position

(28)

Fp (t+z')— Fp (z’)
1-Fp(7)
and the probability that during the residual operating time

t there will be no failures of the i-th circuit position
element

Pl (1) =1-FY 1),

Then the distribution function of the residual
resource of the subset of elements M is found by the

relation (28):

Gg, (1) =1-(Ps (1))™. (29)

We now obtain the calculated ratios for the quantities
R,s and R, (7).

From relation (28) and the definition of the gamma-
percent resource follows P(T(S) > Rys):l—GS (Rys): 1%

or
1

Fo(Rys)=7" (30)

Solving equation (30) according R, to the given

value y and various parameters m of all subsets My of

FD (FS) elements, we obtain the corresponding values of
gamma-percent resources. Next at the expression (24) we
find the lower estimate of the gamma-percent resource FD
(FS) of the aircraft RES.

The calculated ratios for the FD gamma-percentage
residual resource are obtained by conducting similar
considerations for the distribution function of the OP

Fr(zi) (t) of the i -th circuit position. From expression (29)
it follows that

1
Ps(Rys (7)) =7, (31)
or
1
Re(Rys(7)+7)=Re (7)™, (32)

where Py (t) =1-Fp(t).
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Solving equation (32) according to R, for different

subsets Mg of FD (FS) of the aircraft RES, we obtain the
corresponding values R, (7). The lower estimate of the

gamma-percentage residual resource FD can be found
from the expression (25).

We now obtain the calculated ratios for the gamma-
percentage residual resource of subsets Mg of FD

elements on the example of different functions of the

distribution of operating time to failures of its elements.
A. The operating time before the failure of the

elements of the subset M has a normal distribution with

a mathematical expectation g and standard deviation
o, and ug > 30 . Then the function of the distribution
of the operating time of these elements to the resource

failure has the form
® t— g (IS +1)
og4/ls +1 ’

z 2

e—y—dy

1
WA

Equation (30) for this distribution function is as

follows:
1
J i }/ms |

s . Solving equation (33) as for

Fo(t)=

where @(z)=

(33)

o U (IS +1)— R},S
og4fls +1

Let's mark oy =
the value R,s we obtain

Rys =5 (Is +1)=U o \[ls +1,

where U ¢ isan o - quantile of normal distribution.

Equation (32) for finding the gamma-percentage
residual resource has the form:
-7
J- (35)

s(Is +1)=Rys —7 Cm ps (Is +1)
q)[ osfls +1 J_}/ (D[ o5 fls +1
ﬂs(|s+1)-r]l

osls +1

The solution of equation (35) has the form

Rys ()= (Ig+1)—7-U 5 (T)Gs\/|s_+1.

B. The operating time before failure of the elements
of the subset My is distributed exponentially with the
parameter Ag. Consideration of such distribution for an

estimation of indicators of a residual resource represents
more theoretical interest, the results of calculations

(34)

1
Let's mark o (7)= ymsq{

(36)

received thus can be used for comparison with results of
calculations on VFI-distributions.

The function Fg(t) for subset M elements has the

form
— ls t k
AGE e EE) (37)
k=0

Substituting (37) into (30) we obtain

k 1

Is R —
z (/15 75) e—ﬂsRys :}/ms . (38)

To solve equation (38) we use the Poisson
o
distribution ©4 = Z k—e‘“ the tables we have. To do
k=d
this, multiply both parts of equation (38) by (-1) and add
1. As a result, we obtain

0 k i
Y e =1y, (39)
k—d K!
where
a =R, (40)

1

Then, for known quantities ®|s+1:1—ym5 and

Is+1 according to Poisson tables, we find the

corresponding parameter « . The desired value R, is
found from the expression (40) Rys = % .
S
Equation (32) for finding the gamma-percentage of
OR has the form

Let’s mark S (z)=y"

Next, performing transformatlons similar to the
above, we obtain the equation

Y Lew o1 (c), (42)
k=lg+1
where
o= A [Rys (r)+r} (43)
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Then for the values 1- S, (z)and I +1 according to
Poisson tables we find the parameter « . The desired

value of gamma-percentage RL is found as Rys = L

Other reliability indicators of FD (FS) of the aircraft
RES in the interval of residual operating time are found
according to the block diagram given in [12].

Conclusions

1. Mathematical models for calculation of indicators

restored product with one resource element at full
restoration of accessories are developed. The
generalization of these models for the product which is
restored by several resource elements at their full
restoration is received.

2. The calculated ratios for the indicators of the
residual resource and the residual operating time of
functional devices and functional systems with a finite
number of minimal renewals of resource elements are
obtained. A relation is obtained to determine the limit
number of minimum restorations of functional devices and
functional systems of the aircraft electronic system.

of residual resource and residual operating time of the
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MATEMATHUYHI MOJEJI VIS PO3PAXYHKY IIOKA3ZHUKIB
BIIHOBJIIOBAHUX BUPOBIB PAJJIOEJIEKTPOHHOI CUCTEMMU JIITAKA

IIpenMeToM BHBUYEHHS B CTarTi € mporecH (QyHKIIOHYBaHHS PaliOCNeKTPOHHOI CHCTEMH CYYacHOTO JITaka, ii KOMIUIEKTYIOUHX
€JIEMEHTIB, ()YHKI[IOHAIFHUX BY3JiB Ta (YHKIIOHAJBHUX CHUCTEM SIK 00’€KTa BH3HAUCHHS Ta PO3PAXyHKY ITOKa3HHUKIB 3aJIMIIKOBOTO
pecypcy. MeTolo € aHaii3 Ta BIOCKOHAJICHHS ICHYIOUOIO MaTeMaTHYHOTO alapary, 10 3aCTOCOBYETHCS UL PO3PaxXyHKY ITOKa3HUKIB
3aJIMIIKOBOTO PECYPCY BiTHOBIIOBAIBHUX KOMIUIEKTYIOUHMX BHPOOIB palioeTIeKTPOHHOI CHCTeMH JiTaka. 3aBaaHHs: Po3pobutu ta
y3araJbHUTH MaTeMaTHYHI MOJETI A PO3paxyHKY IMOKa3HHUKIB 3aJUIIKOBOTO PECYPCY BiJHOBIIOBATFHIX KOMILICKTYIOUHUX BHPOOIB
PamioeNeKTPOHHOT CUCTEMH JiTaka. AHAJI30BaHIMU MOJEIAMHU € MOJEN IS TIOKa3HHUKIB 3aIUIIKOBOTO PECYpCy BiIHOBIIOBAHOTO
00'€KTa paioeIeKTPOHHOT CHCTEMH JIiTaka, MOJIENb IOTOKY BiIMOB 3 KiHIIEBUM YHCJIOM MiHIMaJbHUX BIJHOBIICHb, MOJIENI HaIiiTHOCTI
TUIy "HaBaHTaXXEHHs — MilHICTE". OTpuUMaHi Taki pe3yJbTaTH. Po3pobiieHO MaTeMaTH4Hi MOJENi Uil PO3PaxyHKY MOKa3HHKIB
3aIMIIKOBOTO PECYpCy 1 3aJMIIKOBOTO HANpAIFOBAHHS BiHOBIIIOBAHOTO BHPOOY 3 OJHHMM PECYpCHHM €JIEMEHTOM IIPH MOBHOMY
BIZTHOBJIEHHI KOMIUICKTYIOUHX €JIEMEHTIB PaliOeleKTPOHHOI cucTeMH JiTaka. BucHoBKH. Po3poOneHo matematwuHi Mojermi Uit
PO3paxyHKy MOKa3HHKIB 3aJMIIKOBOTO pecypcy i 3ajMIIKOBOTO HANpPAIOBaHHS BiJHOBIIOBAHOTO BHPOOY 3 OJHHM pECYpCHUM
€JIEMEHTOM TIPH TIOBHOMY BiJHOBJICHHI KOMIUICKTYIOUHX elieMeHTiB. OTpHMaHO y3aradbHEHHS IMX MOJENeH Uil BUPOOY, SKUH
BiJTHOBIIIOETHCS JIEKIIBKOMa PECYPCHUMH €JIEMEHTaMU TPH iX TTOBHOMY BiJHOBIEHHI. OTPUMaHO pO3paxXyHKOBI CIiBBIIHOIICHHS IS
MMOKA3HUKIB 3aJIMIIKOBOTO PECYpCy 1 3aMIIKOBOTO HANPAIIOBaHHS (YHKI[IOHAIBHUX HPUCTPOIB i (YHKIIOHATHHUX CHUCTEM IIPH
KiHIIEBOMY YHCJi MiHIMAJIbHHUX BiJIHOBJIEHb PECYpPCHHX elieMeHTiB. OTpHMaHO CITiBBiJHOIICHHS /I BU3HAYSHHs TPAHMYHOTO YHCIIA
MiHIMaJIbHUX BiTHOBJICHb (DYHKI[IOHATEHHUX HPUCTPOIB 1 QYHKIIOHATBHUX CHCTEM Pa/liOCIeKTPOHHOI CHCTEMH JIITaKa.

KunrouoBi ciioBa: 3anIIKOBUiA pecypc; 3aIMIIKOBE HAIPALIOBAHHS; JIITAK; MaTeMaTHYHA MOJIeNb; TOKAa3HHK; paioeleKTpOHHA
CHCTeMa; TEXHIYHUH CTaH.

MATEMATHAYECKHWE MOJEJIN IJ51 PACYETA TIOKA3ATEJEN
OCTATOYHOI'O PECYPCA BOCCTAHABJIMBAEMbBIX KOMILIEKTYIOIINUX
N3AEJINU PAAUOIJIEKTPOHHOU CUCTEMBI CAMOJIETA

ITpeaMeToM M3y4eHHUs B CTAThE SBISIOTCS MPOLECCHl (DYHKIIMOHUPOBAHUS PaIHO3ICKTPOHHOM CHCTEMBI COBPEMEHHOT0 CaMoJieTa, ee
KOMIUIEKTYIOIINX DJIEMEHTOB, (YHKIMOHAJIBHBIX Y3JI0B M (YHKIMOHAIBHBIX CHCTEM KakK OOBEKTa OMpeNeNeHUs M pacdera
nokasareneit ocTaToyHoro pecypca. LlesibIo sBIseTCs aHANIU3 U COBEPIIEHCTBOBAHHUE CYILIECTBYIOLIEr0 MaTeMaTUUYECKOTO anmnapara,
NPUMEHAEMOT0 JJIsl pacyeTa MoKa3areled 0CTaTOYHOTO pecypca BOCCTAHABIMBAEMbIX KOMITIEKTYIOIUX M3JEIUH paguo3IeKTPOHHOM
cucteMsl camoreTa. 3aga4uu: Pa3pabortats u 0000mUTh MaTeMaTHIECKHe MOJENH Ul pacdera MoKasaTelled 0CTaTOYHOIo pecypca
BOCCTAHABJINBAEMBIX KOMIUIEKTYIOMNX H3AENUH PaAnO3IeKTPOHHON CHCTEMBI caMoJieTa. AHAIN3UPYEMBIMH MOAEISMH SIBISTIOTCS:
MOJIETM ISl TIOKa3aTelell OCTaTOYHOTO pecypca BOCCTAHABIMBAEMOTO OOBEKTa PaJMOAIEKTPOHHOM CHCTEMBI CaMoJIeTa, MOJEIb
MOTOKA OTKA30B C KOHEYHBIM YHCIIOM MHHUMAIBHBIX OOHOBIICHHUH, MOJETH HAJEKHOCTH THIA "Harpy3ka — nmpodHocTs". ITomyduenst
crenylomue pe3yJabTaTel. PazpaboTansl MaTeMaTHIECKHEe MOJENTH AN pacdeTa MoKa3aTesed OCTaTOYHOTO pecypca M OCTaTOYHON
HapabOTKN BOCCTaHABIMBAEMOTO H3IEIHs C OJHUM PECYPCHBIM JJIEMEHTOM IpH IOJHOM BOCCTAHOBJICHHH KOMILICKTYIOIIHX
3JIEMEHTOB DPaJIMONICKTPOHHON CHCTEMbl camoieTa. BbiBoabl. Pa3spaboTaHsl MaTeMaTHYeCKHe MOJENH JUIA pacuera INoKas3aTenel
OCTaTOYHOTO pecypca M OCTATOYHOM HapabOTKM BOCCTAHABIMBAEMOIO W3ZENUS C OJHMM PECYPCHBIM 3JIEMEHTOM IPH TOJTHOM
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BOCCTAHOBJICHHH KOMIUIEKTYIOIIUX 31eMeHToB. [lomydeHo oOobOumieHne 3Tux Mojened Iuisl HU3AeNHs, BOCCTaHABINBAEMOIO
HECKOJBKUMH PECYPCHBIMHU 3JI€eMEHTaMH MPHU UX MOJHOM BOocCTaHOBIEHMH. IlomydyeHsl pacdeTHbIE COOTHOIIECHUS IS TOKa3aTeneit
OCTaTOYHOT'O Pecypca M OCTATOUHOH HapaOOTKH (YHKIMOHATBbHBIX YCTPOWCTB M (DYHKI[HOHAIBHBIX CHCTEM NPH KOHEYHOM YHCIIE
MHHUMANBHBIX OOHOBIEHHH PECYPCHBIX 371€MEHTOB. [10TyueHbl COOTHOIIEHUS ISl ONPEASNICHNUsI IPEENbHOTO YHCIa MUHUMAIbHBIX
BOCCTAQHOBJICHUH ()YHKIMOHATIBHBIX YCTPOHCTB U (DYyHKIIHOHAIBHEIX CHCTEM PaJHOdJIEKTPOHHOM CHCTEMBI CaMoJIeTa.

KnioueBble cii0Ba: oCTaTOYHBI pecypc; ocraroyHas HapabOTKa; caMoJIeT; MaTeMaTHdecKash MOJelb; IT0Ka3aTelnb;
PafuO3NIEKTPOHHAs CUCTEMA; TEXHUUECKOE COCTOSHUE.
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V. DAvYDOV, D. HREBENIUK

DEVELOPMENT OF THE METHODS FOR RESOURCE REALLOCATION IN
CLOUD COMPUTING SYSTEMS

The subject matter of the article is development of the models and methods of load and resource balancing and reallocation in cloud
computing systems based on the infrastructure as a service model. The goal of the work is to increase the efficiency of available
resources usage in cloud computing systems (such as RAM, disk space, CPU, network) by developing the model for adaptive
management of resource reallocation. This will allow new virtual machines to be launched with minimal performance degradation for
already running applications. The following tasks were solved in the article: development of an complex approach to manage
resource reallocation in cloud systems, including decomposition of the cloud computing system into zones (based on the defining
features of the resources provided in each zone), initial resource allocation (based on the hierarchy analysis method) and resources
reallocation within cloud computing system (based on the developed method); development of a method for computing resources
reallocation in cloud computing systems; evaluation of the effectiveness of the developed method. To solve the set tasks, approaches
and methods of dynamic load balancing were used, as well as methods of theoretical research, which are based on the scientific
provisions of the theory of artificial intelligence, static, functional and system analysis. The following results were obtained — on the
basis of existing load balancing methods in cloud computing systems analysis, the main features of existing resource allocation
methods were identified, their advantages and disadvantages were given. On the basis of the conducted analytical study, the necessity
of improving the existing methods of resource reallocation has been proved. A method and an algorithm for computing resources
reallocation within cloud computing systems have been developed. This make it possible to reduce the values of the coefficient of
computing resources uneven usage while minimizing the cost of moving them. The results obtained have been confirmed by
experiments carried out using software for creating private infrastructure cloud services and cloud storages. Conclusions: the
improvement of the reallocation and load balancing method in cloud computing systems has increased the ability of these systems to

launch new virtual machines with a minimum decrease in the performance of already running applications.
Keywords: infrastructure as a service; cloud computing; resource reallocation.

Introduction

The development of the information society adds
qualitative adjustments to the perception of users about
exactly how information services should be provided. Of
paramount importance are qualitative indicators — timely
satisfaction of business needs, ease of use, speed of
standard operations, etc.

In connection with the above, the defining approach
in the provision of computing power is the model
"Infrastructure as a Service" (laaS, Infrastructure-as-a-
Service) [1-3], which makes it possible to minimize the
interaction of the provider with the consumer of
computing resources on technical issues, to reduce the
number of incidents and the time of their processing, to
provide businesses with greater opportunities to adapt
their work to their needs, as well as reduce financial and
operating costs.

laaS is provided as an opportunity to use the cloud
infrastructure to independently manage processing and
storage resources, networks and other fundamental
computing resources. For example, a consumer may
install and run any software, which may include operating
systems, platform and application software [2].

The cloud computing system [3-5] includes a wide
range of computing resources: servers, storage systems,
network devices. Resources can be of the same type or
heterogeneous in performance, instruction set, ratio of the
number of processor cores to the amount of RAM, etc.
This exacerbates the problem of sub-optimal use of
available resources and leads to a significant increase in
the cost and complexity of management or the complete
lack of ability to use cloud computing systems laaS to
solve various problems on one set of equipment [6, 7].

Thus, the urgency of the problem of optimal resource
management in cloud computing systems to increase the
efficiency of their use and minimize costs. At the same
time both real needs of applications, and indicators of use
of available resources taking into account their specificity
have to be considered.

Analysis of recent research and publications

Existing approaches to primary allocation and
subsequent resource reallocation in cloud computing
systems can be divided into the following three types:
manual resource assignment, resource scheduling by the
cloud computing manager, and resource scheduling in a
virtualization environment [5, 8].

The main ideas of 1aaS are described in the literature
[1, 2], namely:

1. Lack of information on the administrator about the
real needs of applications that are inside the instances
(most often - virtual machines).

2. The administrator does not have the ability to
assign resources to instances manually.

These features of cloud computing systems
determine the specifics of resource reallocation in such an
environment. Some elements of this issue are common to
the problems of virtualization systems, and some have
features that are characteristic of cloud computing
systems. The process of resource reallocation in such an
environment is influenced by the following:

- different classes of equipment and combination of
resources;

- uneven load of each of the resources;

-lack of information on the real
applications in resources;

needs of
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- different resource needs of applications;

- discrepancies between the resources requested and
the resources consumed;

- lack of ability to assign resources manually.

The influence of the above factors leads to irrational
use of resources and inefficient operation of applications
in the cloud, which, in turn, leads to reduced productivity.

Thus, the analysis showed that cloud computing
systems have a number of characteristics and problems
that are not inherent in other models of resource
reallocation. This necessitates the improvement of
resource reallocation methods for these environments.

Analysis of the literature [9, 10] revealed the features
of the method of distributed resource reallocation (DRS).
The DRS method solves the problem of distributing
virtual machine workloads on nodes within a
virtualization cluster, and tracks available resources. In
addition, depending on the level of automation, DRS
provides maximum performance by automatically
transferring virtual machines to other nodes within the
cluster. As a result of the DRS method, it is possible to
optimally distribute the load between the virtual
environment hypervisors - the least loaded virtual
machines are consolidated on some hypervisors, and the
most loaded - on others. First, it increases the peak
performance of virtual machines, and second, it improves
resource efficiency in the virtualization environment.
However, this method only estimates the CPU load and
does not predict the change in load on other parameters
(for example, the number of I/O operations and network
congestion). That is why the DRS method is quite
primitive and is not suitable for use in cloud computing
systems, where the administrator of the cloud computing
system is not able to predict all the undesirable
consequences of the redistribution of resources in this
way.

Analysis of the literature [9, 10] revealed the features
of the method of dynamic resource reallocation (DPM).
The DPM method optimizes power consumption at the
cluster or node level. When the DPM method is
initialized, the resources of the node or cluster are
compared to the needs of the virtual machine, including
preliminary needs statistics, according to which the
virtualization nodes are put into standby mode. As
resource requirements increase, the DPM method starts
free nodes and connects additional workloads to them.
The study of this method showed that it solves the
problem of reducing energy consumption in the
virtualization environment, but does not solve the problem
of maximizing the efficient use of available resources.

The analysis [8, 11-13] showed that in cloud
computing systems based on the laaS model, the problems
of optimal resource planning arise both at the stage of
their reallocation and in the process of use. These
problems cannot be solved manually, as in the case of
virtualization, for two reasons. First, the cloud
infrastructure administrator does not know what needs
applications have to use them effectively. Second, the
presence of "static" platform - the lack of response to
changes in these needs over time. That is, the laaS model

does not solve the problem of optimal redistribution of
computing resources in cloud systems.

For example, one of the most popular cloud
infrastructure management solutions currently OpenStack
supports only 3 methods of resource reallocation: random,
random within the availability zone and simple (resource
reallocation occurs in turn) [8, 14, 15]. As for the
redistribution of load with its unevenness — such
approaches in cloud computing systems do not yet exist.

Selection of previously unsolved parts of the overall
problem. The purpose of the work

The analysis of existing methods of resource
reallocation in cloud computing systems showed that the
currently used methods do not meet the real needs of
owners and consumers of 1aaS cloud service on a number
of parameters and do not allow optimal use of available
resources for heterogeneous applications existing within
instances.

The aim of the work is to increase the efficiency of
the use of computing resources in cloud computing
systems based on the laaS model by developing a method
of intelligent control of their distribution.

To achieve this goal, the following tasks are defined:

- development of an integrated approach to
intelligent management of resource reallocation in the
cloud,;

- development of a method for the reallocation of
computing resources in cloud systems;

- evaluation of the effectiveness of the developed
methods.

Materials and methods

To form an intelligent management of the
reallocation of resources in the cloud, it is proposed to use
an integrated approach, which includes the following three
stages:

1. Decomposition of the cloud computing system
into zones.

2. Initial allocation of resources.

3. Redistribution of resources of the cloud computing
system.

Stage 1. At this stage, the system of cloud
computing is decomposed into zones, based on the
outstanding features provided in each zone of resources
(fig. 1). Each of the zones includes hosts and storage
resources with similar characteristics. For example, a
cloud computing system can be divided into:

- high load area (eight-processor servers, 40-gigabit
network, Hi-End storage system);

- medium load area (four-processor servers, 10-
gigabit network, Midrange storage);

- low load area (dual-processor servers, gigabit
network, local drives).

This simplifies the task as follows: during
initialization, the instance will be placed in the area whose
resources it is most likely to need, based on the initial
characteristics (number of CPU cores, RAM, storage
capacity). The choice is made using simple logical
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expressions. The administrator of the cloud computing
system performs decomposition based on his expert
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Fig. 1. Decomposition of the cloud computing system into zones. Cloud system before decomposition into zones (a) and after

decomposition into zones (b)

Stage 2. At this stage, the problem of primary
allocation of resources is solved (fig. 2), i.e. there is a
primary analysis of the possible needs of the application
and launch the instance using those resources that are
most likely to meet the needs of the application. The
initial allocation of resources for each initialized instance
occurs using the primary allocation model based on the
method of hierarchy analysis. Prediction of values of
dynamic parameters of functioning of system of cloud

Choosing optimal host
to startup the VM

calculations is carried out on the basis of model of
reception of forecast values with use of the mathematical
device of Elman‘s neural networks, artificial immune
systems and clustering by a method of fuzzy c-means.
Redistribution of resources in the system of cloud
computing is carried out on the basis of the model of
dynamic redistribution of resources using the algorithm to
reduce the uneven use of resources.

VM startup ;" 7/
initialization P >[:]
_____ sE= Zeen” | l l |
W """" : \x [—
—\ : . |

decision-making

User interface
subsystem

Fig. 2. The process of initial resource reallocation for each initialized virtual machine

Stage 3. At this stage, the problem of redistribution
of computing resources in the system of cloud computing
is solved, which is divided into the following two
subtasks:

- determining the feasibility of redistribution of
resources, i.e. the identification of overloaded resources,

or resources for which excessive load is projected;
analysis of expediency of initialization of dynamic
redistribution at the moment; collection and analysis of
metrics of sources of the provided computing resource.
The decision on the reallocation of resources is made
based on the results of the analysis;
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- dynamic redistribution of resources (fig. 3). As a
method of load balancing in the system of cloud
computing, it is proposed to use the approach based on
"live migration”, which means the technology of
migration of virtual machines between hosts or storage
resources with zero downtime.

The basic sequence of the process of live migration
in the event of a change of host is as follows:

1) suspension of the virtual machine;

2) transfer of parameters of the virtual machine from
the current server to the target;

3) transfer the image of RAM from the current server
location of the virtual machine to the target server
location;

4) creating a virtual domain and placing the image of
the RAM of the virtual machine in the RAM of the target
location server;

5) initialization of the virtual machine on the target
location server.

If you change the repository, the virtual machine
image is transferred from one storage resource to another.

For efficient allocation of resources, it is proposed to
use the concept of uneven use of resources of the Rp -th

server (N}). Let n is the number of considered resources,

and — the projected load of the -th resource. Let’s define
the predicted uneven loading of server resources p as:

)

where r is the average projected load of all server p
resources. In practice, not for all types of resources,
performance degradation affects the efficiency of the
system as a whole, so only significant resources need to be
considered in the calculation (e.g. CPU load, memory,
network disk subsystem, etc.). By minimizing unevenness,
it is possible to combine different types of workloads and
improve the overall use of server resources in cloud
computing systems.

VM Migration

VM Migration

VM Migration

CPU 40% MEM 75%

CPU 50% MEM 40%

CPU 30% MEM 85%

CPU 80% MEM 50%

CPU 60% MEM 80%

CPU 90% MEM 15%

R

CPU 15% MEM 20%

CPU 10% MEM 65%

CPU 40% MEM 45%

& R

CPU 65%MEM 100%

CPU 80% MEM 20%
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Fig. 3. Dynamic redistribution of resources for different types of host machines

The algorithm is performed periodically to assess the
state of the allocated resources on the basis of the
performed forecast of the needs of the instances. A server
is called a "hot spot" if the use of any of its resources is

above the so-called "valid mark™ predefined for each type
of resource. This indicates that the host is overloaded, so
some instances must be moved from it to other hosts. The
"temperature” t* of a hot spot is defined as the square
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sum of the use of all its resources above the "allowable
mark":

=Y (r-r)", )

reR

where R is a set of overloaded server resources p,and I

is a "permissible mark" of the resource r (only overloaded
resources are taken into account in the calculations). The
hotspot temperature reflects the server overload level. If
the server is not a hotspot, its temperature is zero.

Different types of resources have different valid
labels. For example, for CPU usage and RAM usage, they
can be defined as 90% and 80%, respectively. Thus, the
server becomes a hot spot when this load is reached.

Given the above, the task of identifying servers with
irrational use of computing resources is to identify "hot
spots" according to the described algorithm.

The load balancing algorithm in the cloud computing
system includes the following set of steps:

1. Sorting the list of servers - "hot spots” p in
descending order of temperature t* (i.e. the hottest point
becomes the first in the list). The goal is to eliminate all
hot spots if possible, or keep their temperature as low as
possible.

2. Defining for each server p a list of instances e for
which migration should be performed.

3. Sorting the list of instances e based on the
resulting host temperature t*.,, which is determined
after the migration of the instance (virtual machine). The
goal is to migrate the instance that will reduce the server

P, temperature to a minimum t* (p,)— min.

4. The choice of a virtual machine €', the migration
of which will minimize the unevenness of the server.

5. Defining for the selected virtual machine e' the
ability to find the target server p, to host it. The server

Table 1. Dynamic parameters of the cloud computing system

is considered possible for migration if after transferring
the virtual machine e'the unevenness of the target server
will be less than the unevenness on the current server.

6. Selecting a server p'y,, from this list, the non-

uniformity of which will be minimized after the transfer of
this virtual machine. It should be noted that the
unevenness of the target server can be increased. In this
case, you must select a server for which such an increase
will be minimal.

7. If the target server p', is found, the migration

of the virtual machine to this server is initiated, and the
load forecast for all available servers is updated.
Otherwise, the next virtual machine is selected from the
list, and the target server for it is searched.

Till the moment the target server can be found for
any virtual machine of the "hot spot" server, the execution
of the algorithm for this server continues. As soon as this
becomes impossible, the transition to the next "hot spot"
[16].

Load prediction using an artificial neural network
before starting the algorithm allows you to ignore
insignificant, short-term load peaks, which leads to a
significant reduction in the number of false positives of
the algorithm to eliminate hotspots and, thus, reduce
computing costs for moving virtual machines.

Research results and their discussion

To study the developed algorithm of load
redistribution in the system of cloud computing, a cluster
consisting of 5 servers of similar configuration with 30
running instances was created. At the time of execution of
the algorithm, the predicted parameters of the operation of
this system of cloud computing are described by the
dynamic values given in table 1.

Parameter Server 1 Server 2 Server 3 Server 4 Server 5
Load
CPU load Lgpy (%) 10 40 60 2 81
MEM load Lygy (%) 10 99 50 50 30
Disk subsystem load Lygig, (%) 1 30 60 70 90
Network load L (%) 10 20 51 5 30

In the graph shown in fig. 4, it is seen that the
resources of servers 2, 4 and 5 in this example are used
unevenly, which can lead to inefficient use of resources.

Let the "allowable mark" be set to 70% of the load of
any of the host resources. Thus, we receive the list of "hot
spots" servers, we calculate their "temperature” t* and
we sort these servers on descending temperature:

t*(ps)= Z(r_rt)z :(LHH5 _0-7)2 +(L0u01<5 _0-7)2

reR
—(0.81-0.7)° +(0.9-0.7)* =0.0121+0.04 = 0.0521

t*(py)= X (1) =Ly, —o.7)2 —t*(p,)=

reR

=(0.9-0.7)° =0.04
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Fig. 4. Dynamic parameters of the cloud computing system

Therefore, the server 5 has the highest temperature
(0.0521). Therefore, the next step will initiate the
migration of one instance from this server to another cloud

Table 2. List of server instances 5

computing server. The list of instances of server 5 is
presented in table 2, the share of server resource usage by
each instance is clearly shown in fig. 5.

Parameter Instance 1 Instance 2 Instance 3
Using a host CPU L¢py (%) 14 36 31
Using host MEM Lyen (%) 10 15 5
Using the host disk subsystem Lgg (%) 43 30 17
Using a host network L. (%) 8 12 10

In this case, the resulting server 5 temperature
¥ s (ps) is equal to 0 when migrating any instance from

the unevenness of the server after the migration of each
instance and select for the migration the instance that will

minimize the unevenness of the server.

the server, because there will be no resource that exceeds
the "hot mark”. Therefore, the next step is to determine

100%

CPU load. % MEM load, %

MW Instance 1 ® Instance 2

Fig. 5. Partitions of server 5 instance resource usage

Uneven server 5 after the migration of the first
instance:

- 36+15+30+12+31+5+17+10
rn= =195

—2 >
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Uneven server 5 after migrating the second instance:
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Uneven server 5 after the migration of the third
instance:

Tao 36+15+30+12+14+10+43+8
- 8

=21

Based on the calculations, we conclude that the
migration of the first instance will minimize the
unevenness of the server 5, therefore, its migration must
be initiated.

Next, a search is made for the server p',,, to which

instance 1 will be migrated in the future. The server is
selected on the basis of the maximum decrease in the
unevenness after the acceptance of the instance (or the
minimum increase in the unevenness of the server, if this
increase is less than the change in the unevenness of the
source server 5 after migration). In this case, only server 1
is suitable for migration, because the resources of other
servers are not enough to accept the instance. The
following indicators were calculated for him:
- output value Ng:2.513;

- value of Ny after acceptance of the instance 1:

2.146;
- reduction of unevenness: 0.367.

06

05

-

As a result of the calculations for instance 1,
migration to server 1 was initiated, which reduced the
average uneven use of resources by hosts of the cloud
computing system, and thus increase the efficiency of use
of these resources.

The evaluation of the efficiency of the initial
allocation of resources was performed by measuring the
rate of uneven use of resources of the server p, which

eventually launched the instance, using different methods.
The parameter of uneven Ny loading of server p
resources r is subject to comparison:

@)

where ; is a load on the current server resource p, I is
an average current load of all server p resources. Each of

the methods performed 100 test runs of an instance with
arbitrary characteristics in a working cloud computing
system without changing any load parameters. The
evaluation results are presented in fig. 6.

04
03
0,2
| B
0

Simple Random-based Based on zone- Developed
accessibility (based on

borders hierarchy

analysis)

Fig. 6. Estimation of efficiency of various algorithms of primary allocation of resources in system of cloud calculations. On the OY
axis is the value of the coefficient of uneven distribution (the smaller is the better)

As can be seen from the table above, the scatter of
values between simple and random algorithms and the
algorithm "within the reach" is small and is purely
statistical. This is due to the fact that the reallocation of
resources does not take into account any parameters of the
cloud computing system [8, 15].

The DRS algorithm showed a much better result due
to such a parameter as CPU load.

The developed algorithm based on the method of
hierarchy analysis showed the best result of reducing the
unevenness of host resources, as it takes into account the
whole set of performance indicators of the host in relation
to the characteristics of the running instance.

Thus, the developed resource reallocation algorithm
has demonstrated its effectiveness in the initial launch of
the instance in a functioning cloud computing system.

Conclusions and prospects for further development

1. A systematic analysis of existing methods of load
distribution and balancing in corporate virtualization
environments and cloud computing systems. The main
differences in the features of resource reallocation are
revealed, the necessity of using other approaches to
resource reallocation of cloud computing systems instead
of those used in virtualization is proved. Problems have
been identified that hinder the optimal use of cloud
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resources in existing approaches to their planning and
distribution.

2. The method and algorithm of distribution of
computing resources in cloud systems which allow to
allocate resources effectively with use of the forecast of
loading with the minimum expenses of a computing
resource on their movement are created.

3. Developed a method of planning and
redistribution  of  resources, which provides a
comprehensive consideration of indicators that affect the
quality of service delivery and effective management of
cloud computing systems.

As a result of the application of the created methods
and algorithms of timely redistribution of resources in the
dynamics of applications within instances it was possible
to achieve a significant increase in cloud resource
efficiency, as well as increase the ability of cloud
computing systems to launch new instances with minimal
performance. The obtained results can be applied as a
resource reallocation subsystem for existing cloud
computing systems.

The direction of further research is to further
improve the methods of load distribution and balancing in
virtualization environments, based on obtaining predictive

values of dynamic parameters of cloud systems.
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PO3POBJIEHHA METOIIB PO3IIOALTY PECYPCIB Y CUCTEMAX XMAPHUX
OBYUCJ/IEHD

I[Ipeamerom nOCHiIKEHHSA B CTAaTTi € MOJET Ta METOIU OajJaHCYBaHHS Ta PO3MEKYBaHHS HABAaHTAXKCHHS 1 PeCypciB B CHCTEMax
XMapHHUX OOYHCIIeHb, 10 0a3yroThCS Ha MOJENI HaJaHHS IOCIYr iHQPacTPYKTypu SIK cepBicy. MeTolo po0OTH € MiJBHIIECHHS
e(EeKTUBHOCTI BUKOPHUCTAHHS HAsBHUX DPECYypCiB B CHCTEMaxX XMapHHX OOUYHMCIEHb (TaKuX, SK OIEpaTUBHA IIaM'ATh, AWCKOBHH
npocrip, LIITY, Meperka) nuIsixoM po3poOKH MOJENi aJaNTHBHOTO YIPABIIHHS PO3MEXyBaHHAM pecypci. Lle n1o3BoinTs 3amyckarn
HOBI BIpTyaJIbHI MAIIMHU 3 MIiHIMaJIbHUM 3HIDKCHHSM IPOJYKTHBHOCTI BXe (DYHKI[IOHYIOYHMX TIporpam. Y CTaTTi BHPINIYIOTHCS
HACTYIIHI 3aBJaHHA: po3po0Ka KOMIUIEKCHOTO MiIX0Ay YIpPaBIiHHS PO3MEXKYBaHHSAM PECYPCiB Y XMapHUX CHCTeMax, SKa BKIIOYA€E B
cebe IEKOMIIO3UIII0 CHUCTEMH XMapHUX OOYMCIICHb HA 30HM (BUXOISYM 3 BH3HAYAJIbHUX OCOOIMBOCTEH HagaBaHMX B KOXKHIM 30HI
pecypciB), mepBUHHE BUIUIEHHS pecypciB (0 0a3yeThcs Ha OCHOBI METOAY aHANI3y i€papxiil) Ta po3MeXyBaHHS PECypCiB CHCTEMH
XMapHHX 00YHCIIEHb (Ha OCHOBI PO3pPOOJICHOTO METOMY); pO3poOKa METOIY PO3MEXKYBaHHS OOUMCIIOBAIBHUX PECYPCIB Y CHCTEMax
XMapHHX OOYHCIIEHb; OLiHKAa e(eKTHBHOCTI po3pobieHoro Mmerony. Jlias BUpIMIEHHS IOCTABJICHUX 3aBJaHb OyJIM BHKOPHCTaHI
MiAXOMM I MeTOAW IMHAMIYHOTO OalaHCyBaHHS HABaHT)KEHHS, a TaKO)X METOXU TEOPETHYHMX IOCIHiKEHb, SKi 3aCHOBaHI Ha
HAyKOBHUX ITOJIOKEHHSX TEOpii IITYYHOro iHTENEKTYy, CTaTUYHOro, (QYHKI[IOHATEHOTO i CHCTEMHOro aHaii3iB. OTpuMaHi HacTymlHI
pe3yJbTaTH: Ha OCHOBI IPOBEICHOIO aHaJi3y ICHYIOUMX METOMIB PO3MEKyBaHHS i OallaHCYBaHHS HaBaHT@)KEHHS B CHCTEMax
XMapHHX 0OYHCIeHb OynM BHSBJICHI OCHOBHI OCOOJNMBOCTI ICHYIOUMX METOIIB PO3MOAUILY pPecypciB, HaBeAEHI iX IepeBaru Ta
Hemonikd. Ha OCHOBI MpPOBENEHOTO AaHANITHYHOTO JOCIIKEHHS JOBEJCHO HEOOXIOHICTh BIOCKOHAJIICHHS ICHYIOUHX METOJIB
po3MexyBaHHs pecypciB. CTBOPEHO METOJ 1 aJrOPUTM PO3MEKYBaHHS OOUYMCIIOBAJIBHUX PECYPCiB B CHCTEMaX XMapHUX OOYHCIIEHB,
10 J03BOJIIOTH 3MEHIIMTH 3Ha4YeHHS KoedilieHTa HEepiBHOMIPHOCTI BHKOPHUCTAHHS OOYMCIIOBAIBHHX PECYpciB MpH MiHiMi3amii
BUTpAT Ha iX mepemimienHs. OTpuMaHi pe3yibTaTH MiATBEPAXKEHI MPOBEACHIMU SKCIIEPUMEHTaMH TIPH BUKOPHCTaHHI MPOTPAMHOTO
3a0e3neyeHHs Ul CTBOPEHHS NPUBATHHUX IHQPACTPYKTypHHX XMapHUX CEpBICIB 1 XMapHHX CXOBHII. BHCHOBKH: BJOCKOHAJICHHS
METOJy PO3MEXYBaHHS 1 OalaHCYBaHHS HABaHTA)KEHHS B CHCTEMax XMAapHUX OOYHCIICHb JO3BOJIMJIO IIJBHIIMTH 3[aTHICTH IHX
CHCTEM 3aITyCKaTH HOBI BipTyasbHi MalllMHY 3 MiHIMAJIbHUM 3HKEHHSIM IPOAYKTUBHOCTI BXKe (DYHKIIOHYIOYHX HPOTrpaM.
KirouoBi ciioBa: iHppacTpykTypa sIK cepBic; XMapHi 00YHCICHHS; IEPepO3HNO/IiI peCypCiB.

PA3PABOTKA METOJ0B PAS'PAHMYEHUA PECYPCOB B CHCTEMAX
OBJIAYHbIX BBIYMCJIEHUN

IIpeaMeTOM HCCIIEI0BAHUS B CTAThE ABISIOTCSA MOJICIH  METO/IbI OaNaHCHPOBKHU U Pa3rpaHMYCHHUs HATPY3KH M PECYPCOB B CHCTEMAaX
00JIa4YHBIX BBIYMCICHHUH, Oa3MPYIONIMXCS HAa MOJENH IPEJOCTAaBICHUS yCIyr HH(PacTpyKTypbl Kkak cepBuca. Lleablo paboThl
SIBJISIETCS MOBbILICHHE 3P (EKTHBHOCTH HCIIONB30BAHMS HMEIOIIUXCS PECypcoB B CHCTEMax OONAYHBIX BBIYHCICHHH (TakuX, Kak
ornepaTHBHas MaMAThb, AUCKOBOE MpocTpaHcTBo, LIITY, ceTh) myTeM pa3paboTKH MOJENH afalTHBHOTO yNpaBIeHHS pasrpaHHYCHHEM
pecypcoB. DTO IO3BOJIMT 3allyCKaTh HOBBIE BHPTYaJbHbIE MAIIMHBI C MHWHHMAJIbHBIM CHIDKEHHEM IIPOU3BOAUTENBHOCTH YXKe
(GYHKIMOHHPYIOIIUX NPUIOKEHUH. B cTaThe pemarorcs cienyrolmue 3agaqu: pa3paboTKa KOMIUIEKCHOTO MOIXOAa K YHPABICHHIO
pasrpaHHYeHHEM PECypcoB B OOJAYHBIX CHCTEMaX, KOTOpas BKIIOYAeT B ceOsl IEKOMITO3HIMIO CUCTEMbI OOJIAYHBIX BBIYUCICHUN Ha
30HBI (MCXOIS M3 ONPEIENAIOMNX OCOOCHHOCTEH INpPEefOCTaBIseMbIX B KaKIOH 30HE PECypcoB), MEPBOHAYAIBHOE BbIJCICHUE
pecypcos (6a3upyromieecss Ha OCHOBE METOJIa aHaJIM3a HepapXuii) U pasrpaHHYCHHUE PECYPCOB CUCTEMBI OOJAYHBIX BBHIYMCICHHHN (Ha
OCHOBE pa3pabOTaHHOTO MeTOza); pa3paboTKa MeETOAa pasTPaHWYEHUs BBIYUCIUTENBHBIX PECYpPCOB B CHCTEMaxX OOJadHBIX
BBIYHUCIICHUH; OlleHKa 5 ()EKTUBHOCTH pa3paboTaHHOTO MeTona. sl pelieH:s MOCTaBICHHbIX 3aa4 ObUIH MCIIOJIb30BaHbI MOIXOIbI
U METOAbI JAWHAMUYECKOIl 0anaHCHPOBKM HArpy3KH, a TAKKe METO/ABl TEOPETHYECKHX HCCIEIOBAaHUH, KOTOPbIC OCHOBAaHBI Ha
HayYHBIX MOJIOKEHHUSIX TEOPUH HCKYCCTBEHHOTO MHTEJUIEKTa, CTATHYECKOTo, (yHKIIMOHAIBHOTO U CHCTEMHOTO aHanu30B. [losrydyeHsl
ClIeIyIoLINe Pe3yJIbTaThl: HA OCHOBE IPOBEACHHOIO aHaIN3a CYIIECTBYOIINX METOIOB Pa3rpaHUUYEHHs U OATaHCUPOBKH HArpy3KH B
cucTeMax 0OJIauHBIX BBIYHMCICHUI OBUIM BBISBICHBI OCHOBHBIE OCOOCHHOCTH CYIIECTBYIOIIMX METOJIOB PACIpPEIENeHUs] PECypCoOB,
MIPUBEJCHB! UX JTOCTOMHCTBA M HeAOCTaTku. Ha OCHOBe MpPOBEAEHHOrO aHAJIUTHYECKOTO HCCIIEJOBAaHUS JO0Ka3aHa HEO0OXOIMMOCTh
COBEpIICHCTBOBAHMS CYMIECTBYIONIMX METONOB pasrpaHudeHus pecypcoB. Co3maHBEI METOA M aIrOPUTM  pasrpaHHYCHHS
BBIYHCIIUTENBHBIX PECYPCOB B CHUCTEMax OOJAuHBIX BBIYMCICHHI, TO3BOJSIONIME YMEHBIIUTh 3HAa4eHHS KoddduimeHTa
HEPaBHOMEPHOCTH HCIOJIb30BAHMS BBIYHCIUTEIBHBIX PECYPCOB NPH MHUHHUMH3ALMH pacxogaXx Ha WX nepemerieHue. [lomydeHHbIe
pe3yabTaThl OITBEPKACHBI MPOBEACHHBIMU AKCIEPUMEHTAMH IIPU HCHOJIb30BAHWH TPOTPAMMHOTO OOECHEYeHHUs Ul CO3IaHUs
YJaCTHBIX HH(PPACTPYKTYPHBIX 00JNAUHBIX CEPBUCOB U OOJaYHBIX XPAaHWIHII. BBIBOABI: yCOBEPIICHCTBOBAHNE METO/IA Pa3rPaHUICHHUS
u 6aﬂaHCI/IpOBKH Harpys3ku B CUCTEMax 00/1aYHBIX BBIYMCIECHHI MO3BOJIMIIO ITOBBICUTH CHOCO6HOCTI) 9TUX CUCTEM 3aIlyCKaTb HOBBLIC
BUPTYAJIbHBIC MAallIMHbI ¢ MUHUMAJIBHBIM CHUKE€HUEM IIPOU3BOAUTEIIBHOCTH YK€ d)yHKL[I/IOHI/IpyK)LLlPIX l'lpl/lJ'IO)KeHI/ll\/'l.
KirodeBble c10Ba: nHOPACTPYKTypa Kak CEpBUC; OOIAUHbIE BEIYUCIICHUS; TIEPePaCIIPE/IeNICHHEe PECYPCOB.
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INFORMATION SUPPORT FOR CROWDFUNDING AND INVESTING PROJECTS

The subject of the article is information technology to support the process of investing in real estate projects. Real estate projects
need to find sources and forms of investment that would ensure a balance between project costs and financial resources.
Crowdfunding is seen as an innovative way of financing. The purpose of this work is to create a crowdfunding platform focused on
attracting new investors to support real estate projects. The following tasks are solved: research of functional possibilities of existing
crowdfunding platforms; development and configuration of expansion modules for the selected framework; development of the
interface of the financial manager of the project with real estate. Research methods: system analysis, financial management methods,
information technologies of site development. The following results were obtained: The characteristic features of crowdfunding,
which make it an effective way of financing projects, were analyzed. The popular crowdfunding platforms are analyzed today, their
advantages and disadvantages are revealed. As a result, the basic requirements for a crowdfunding real estate investment platform
have been identified. Based on the conceptual model of the web platform interface, the main functionalities are highlighted, the
scenario of user interaction is described and the database is designed. Necessary modules of the internal wallet system and project
system have been developed. It should be noted that the internal wallet system allows you to contribute to projects and control profits.
Also, in addition to the main modules, a module for blogging and user registration with e-mail confirmation was integrated and
configured. Conclusions: It is necessary to take into account the interests of stakeholders who provide funds for the project, which

forms their motivation to invest.

Information support for crowdfunding investment projects increases the efficiency of project

portfolio management, allows the financial manager to publish projects and raise funds for financing from registered investors with

the subsequent payment of interest on profits.

Keywords: crowdfunding; investment management; system functionality; web platform; real estate projects.

Introduction

The spread of information and communication
technologies and changes in the media through social
networks has led to the transformation of financial
relations and the emergence of new tools that can expand
funding opportunities. The spread of the global Internet, in
turn, has led to significant changes in public life, which
are reflected in new forms of interaction between
individuals. Based on the network principle, these forms
lead to increased adaptability and efficiency of project
communication organizations. ~ Among such forms,
special attention is paid to benchmarking, crowdsourcing
and crowdfunding [1]. These network communication
technologies serve as a basis for the transition to better
methods of project management. One example is the rapid
development of financial innovation - crowdfunding,
which leads to a new segment of the alternative financing
market [2, 3].

Analysis of existing publications

Crowdfunding is seen as an innovative way to raise
funding. Trends and conceptual bases of transfer on
commercialization of scientific and innovative activity in
crowdfunding are investigated [4].

The study [5] identified innovative characteristics of
crowdfunding, which make it an effective way to finance
socio-economic development projects. It is hypothesized
that the most effective methods of financing modern
innovations are related to the environment in which they
operate - the modern information and communication
space represented by the Internet and social networks.

In [6] the advantages and types of crowdfunding are
highlighted, the classification of forms of investment
attraction is offered. A comparative analysis of
crowdfunding forms was conducted in order to present the

main differences in the motivation of potential investors
[7]. A unified model is proposed, which takes into account
the advantages of pre-ordering and profit distribution.
Management decisions are made at an early stage of
project development, when a stakeholder community is
created. The influence of uncertainty and asymmetry of
information is also taken into account.

With the advent of crowdfunding projects, there is a
need to create specialized portals - platforms that allow
you to create projects that require funding [8, 9]. Such
platforms aim to attract the attention of potential investors,
providing the most complete information about the
project, possible profits and more. Today, there are many
online fundraising platforms for different needs. These
platforms help automate the process of investing in
projects [10 - 12].

Article [13] describes the crowdfunding sector,
taking into account investment platforms, as well as
platforms on which sponsors do not receive cash
payments. It outlines the key features of this fast-growing
sector and explores the economic forces that can explain
the design of these platforms. In particular, it developed
external effects between groups and within the group and
asymmetric information on crowdfunding platforms.

The purpose and objectives of the study

Most of the existing platforms are universal and do
not take into account the specifics of projects in a
particular industry. Therefore, the purpose of this work is
to create a crowdfunding platform focused on attracting
new investors to support real estate projects. To achieve
this goal it is necessary to solve a number of tasks,
namely:

- study of the functionality of existing platforms;

- development and configuration of expansion
modules for the selected framework;
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- development of the interface of the financial
manager of the real estate project.

Materials and methods

1. Analysis of forms and risks of crowdfunding in
Ukraine

Real estate projects need to find sources and forms
of investment that would ensure a balance between project
costs and financial resources. The ability of a financial
manager to raise enough funds to achieve the project goal
affects the speed of market entry. With the development
of Internet technology, crowdfunding has become popular
as a form of collective collaboration of people who
voluntarily pool their money or other resources together,
usually through the Internet, to support the efforts of other
people or organizations. To begin fundraising, the purpose
of the project must be declared, the cost of achieving it
determined, and the calculation of future costs and the
fundraising process must be available. Social networks
play an important role in promoting crowdfunding. They
allow to create content, distribute it and discuss.

We can identify the characteristics of crowdfunding,
which make it an effective way to finance projects [14]:

- the results of funding on the crowdfunding platform
are an indicator of project development;

- the use of crowdfunding technologies allows to
achieve not only commercial but also public goals;

- transaction costs for the organization of project
financing are reduced, as a result the number of
intermediaries is reduced;

- collective methods of project financing expand
existing methods of traditional investment;

- there are almost no restrictions on traditional
methods of financing.

In  Ukraine, there are three main types of
crowdfunding:

1) charitable crowdfunding, which raises funds for
targeted assistance or for various needs;

2) crowdfunding, which is aimed at community
development; these can be projects aimed at city and
infrastructure development, educational projects or
information exchange, public broadcasting, etc.;

3) crowdfunding platforms with a non-financial
reward, which offers participants the option of pre-
ordering, and project authors - financing startups.

In the world through crowdfunding real estate
attracts 2.5-3 billion dollars, and these figures are growing
[15]. But in Ukraine, crowdfunding in real estate projects
is still a new area of investment. Therefore, there is a
need to develop a specialized platform for crowdfunding
real estate.

The main advantage of crowdfunding for investors is
the opportunity to participate in promising projects
without special transaction costs. The disadvantage of
crowdfunding is weak control over the implementation of
projects and, as a consequence, — cases of fraud.

It should also be borne in mind that the effectiveness
of the process of fundraising through crowdfunding is
significantly influenced by the territorial characteristics of

the population where the fundraising takes place. Thus, as
part of any project, crowdfunding is associated with risk
[16]. The risk of crowdfunding is the inability to raise
sufficient funds to implement a particular project at a
given time or in the growth of the required financial
resources. Cash flow in terms of crowdfunding is difficult
to predict. To ensure investor confidence and motivation
in project financing, managers need to be careful about the
adequacy, quality, persuasiveness and clarity of the
submission, the ability to verify the accuracy and
clarification of project information, the convenience and
transparency of fundraising. These issues should be
addressed when using or developing crowdfunding
platforms.

It is necessary to take into account the interests of
stakeholders (stakeholders) who provide funds for the
project, which also increases their motivation to invest. It
is necessary to approach carefully to planning of the
project, its realization, to motivate process of its
performance. Project implementation involves the use of
financial resources, the need for which may be assessed
inaccurately or require adjustment during project
implementation. If there is a need to collect additional
sources of project funding — there will be delays in its
implementation. The reason for the increase in funding
needs may be external factors: economic or political
instability of the country, changing priorities of state
regulation.

2. Study the functionality of existing
crowdfunding platforms
The most popular crowdfunding platforms

specializing in real estate were selected for analysis:
Estateguru, Crowdestate, Reinvest24 [17 - 19]. EstateGuru
is an international platform that provides peer-to-peer
loans. EstateGuru's mission is to offer developers and
entrepreneurs easy and flexible financing. Crowdestate
allows you to set up automatic investment in projects
according to specified criteria. Reinvest24 specializes in
reducing risk and costs for maximum profit.

The results of the analysis are presented in table 1.

Thus, among the disadvantages of existing platforms
are some design problems and inconveniences in finding
the right project. Therefore, when developing this
platform, special attention was paid to its functionality.

The functionality of the project can be divided into
three main components:

- user system;

- system of projects;

- internal account system.

User functionality includes registration of new
investors, account verification, filling in personal
information and the ability to invest in projects for
verified users.

The project system allows the manager to create new
projects by filling in the necessary information, set the
required amount of investment and possible calculation of
the interest rate to be paid.

An internal account system is required to track and
regulate all transactions related to the input, output and
investment of funds on the platform.




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

Innovative Technologies and Scientific Solutions for Industries. 2020. No. 3 (13)

Table 1. Comparative table of existing crowdfunding platforms

Evaluation criteria | Estateguru| Crowdestate | Reinvest24
Appearance
Does the Ul match the design? +/- + +
Does UX fit the design? +/- + +/-
Does it follow the rules of typography? + + +/-
Is the color scheme of the site balanced? + + +
Is the purpose of the platform clear? + + +
Structure and navigation
Is the location of the links in the site header on all pages correct? + + +
Does the navigation have the right links? + + +
Easy to use navigation? +/- + +
Does navigation allow you to return to previous sublevels? + + +
Content
Availability of projects + + +
The required amount of investment + + +
Detailed project information + + +
Current investment scale + + +
Usability
Avre the components of the site functioning correctly? + + +
Adaptive design + + +/-
Cross-browser of the site + + +
Is the right project quickly found? +/- +/- +/-

3. System modeling

Creating a platform must have client-server
architecture and perform a number of project data
processing tasks: entering, adding, editing, and deleting
objects in the database.

To model the system you need:

- clearly separate the system from its environment;

Transferring funds to a
suitable project

Finding a suitable &g 1
— P — Investing in a project ¢——
project

Investor

Profit payment Project creation

‘ Working with projects

Deleting a project Editing a project

Fig. 1. User interaction scenario

The database for real estate crowdfunding platform
contains all the necessary information about the project,
photos, descriptions, documents, user data and their
operations. There are five main data entities:

- User - contains detailed information about the user;

- User_wallet - user's wallet;

- User_verification - documents provided by users to
verify their own profile;

- Project_investors - a list of projects in which the
user has invested;

- to determine the actors (actors), their interaction
with the system and the expected functionality of the
system.

The option diagram shows the relationship between
the user and the system. In this system, we can distinguish
two groups of actors (actors): the financial manager of the
project and the investor, as well as the opportunities they
have (fig. 1).

Interacting with
a user account

\ |

Verification Deposit Withdraw funds

’ l |

Deleting and Editing

Working with users User Data

Admin

— Database editing

- User_wallet_log - list of user's money transactions:
account replenishment, withdrawal of funds, investments
in projects, etc.

There is also the essence of "Projects"; it stores all
the necessary information about the created projects on
the crowdfunding platform. But it interacts with other
database tables only through individual modules.

The web platform is built on the basis of client-
server architecture.

Fig. 2 shows the interaction between the investor and
the main modules of the platform.
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USERWALLET
USERWALLET ] LOG
‘ UserwalletLog
r management
Userwallet i
management PROJECT
INVESTORS
= Web platform — Investments
Investor ‘ ‘
Project — PROJECTS
management

Fig. 2. Diagram of interaction of application modules

All modules perform separate functions and
sometimes interact with each other. They also allow you
to interact with the database and transfer the necessary
data for rendering at the request of the user. For example,
linking the "Projects” module to the "Projects” database
table allows you to create a list of all projects
and display them on the "Properties" page, or
a separate page of a specific project. The module

"Investments" receives on request the ID of
the project on which the investment is made,
and enters the transaction data in the table

"Projects_Investors".

Modules "Userwallet" and "Userwalletlog" interact
with each other. When making money transactions
(deposit, withdrawal of funds, etc.), the module
"Userwallet” edits the current balance of the
user in the table "User_wallet", and then sends the
transaction data to the module "Userwalletlog”, which
enters this information in the table "User_wallet_log".
The Userwalletlog module also acts as an intermediary to
display a list of wuser transactions on the user's
own page.

Projects

Create New Project

Title

Search Reset

Showing 1-4 of 4 items.

Title Required Amount

Ostréw Wielkopolski 100000.00

Project 1 1000000.00

Project 22 1000.00

Fig. 3. Project Manager section of the admin panel

CONNECTIONS
1) Sending / receiving a request by an investor
2) Project list request
3) Sending a list of projects
4) Search for projects and get a list of projects
5) Search project ID
6) Getting the required ID

7) Sending information about the investment in the
project by the investor

8) Recording of logs about investment in the project

9) Sending information about transactions with a
wallet / receiving updated information

10) Recording updated data

11) Getting updated data

12) Sending data on money transactions

13) Request for logs about money transactions
14) Getting a list of investor's money transactions
15) Receiving transaction logs

16) Log recording or request to get a list of
transactions

Description of results

Based on the analyzed platforms of competitors, the
main elements and pages that need to be used on your own
platform are identified [20].

Figma is used as a prototyping program. The service

has the

ability to integrate with the corporate Slack

messenger and tools for creating high-level prototypes.

The

crowdfunding platform contains the following

pages in its interface:

- Home page;

- project catalog pages;

- project card,;

- contact Information;

- information about the company;

- blog;

- page of a separate post;

- user registration page;

- FAQs page.

It is important for a crowdfunding platform to be
able to fill the site with new projects. To start working
with the project directory, you need to log in to the admin
panel and go to the "Project Manager" section (fig. 3).

Current Amount

82.00

133307.55

911.00

Home - Projects

Interest Rate
20% &/
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The page also has the ability to download images and documents that need to be displayed on the page of this

project (fig. 4).

Project

— Short info —

Test Project Name

‘J‘[ Interest rate 7

——7 Project duration 2
Required amount €1200000
d currentamount €100000
Payment type Bullet

% [ suidoguype Tex

B tnvestors o

Project
— Galery —

Fig. 4. Project description page

For some functionalities of the system uses its own
table in the database to store and use information. With
the help of the phpMyAdmin panel it is possible to view

—T— :

Project
CURRENT AMOUNT
— Information — €1000,00

" Invostment Case  Document
Investment progress: [+
=

Ivest
o | e

- i
You'll get: €856.00
Profit €56.00

and edit the information on the hosting in the created
database of the crowdfunding platform (fig. 5).

v id slug title description  content address  object_overview investment_case project_duration required_amount current_amount interast ri
<p=Lorem
ostrow- Qstriw ipsum dolor sit - Aleja <Ul=<li= Existing  =p= The property
OFEE9 wiglkonolski2 Wielkonolski 123 amet, Prymasa cashfowwitha  forinvestmentwith 12 Mesjacev 100000.00 8200 5%
P P consectetur Tysiaclecia 6,03% netrenta.. the address V...
adipise...
o .y . =p=content Ukraina  <p=objeck
O & ¥ 9 5 projec Project1 213213 textelp> Alexandia overview text<ip> =p=text=br=</p= 12 MONTHS 1000000.00 13330755 15%
O & ¥ 8 6 projec2 Project22 ~ NULL <p=12=/p= NULL <p=2112=/p= =p=21=/p= dsadsa 1000.00 91100 20%

e

Fig. 5. Entering data on created projects in the table "Projects"

Let’s consider the operation of the module for
tracking monetary transactions. The main task of this
module is to enter information about operations into the
database, after which they can also be retrieved and
displayed on the desired pages of the platform. The
module is required for writing to the database of

operations to ensure the display of the required
information in the user profile and the admin panel. It has
a number of similar functions that are responsible for
entering the necessary information about transactions
(investment, deposit, withdrawal, etc.) in the database

(fig. 6).

O & %= @ 54 4 2200 Investition suUCcess NULL 20159-07-01 17:44:32
O & #= @ 55 4 111.00  Investition sUCCess NULL 2019-07-01 22:03:24
O &5 %= @ 56 4 22200 Withdrawal in processing NULL 20159-07-01 22:04:42
O & %= @ 57 25 30000 Deposit SUCCEsS NULL 2019-07-15 18:42:51
O & #= @ 58 25 20000 Investition SUCCess NULL 2020-05-15 12:40:39
O & %= @ 59 25 10.00  Investition success NULL 2020-05-15 12:44:04

Fig. 6. Records of the user_wallet_log table

There are four types of operations and three statuses.
Types of operations include:

1) deposit;

2) withdrawal of funds;

3) investment in the project;

4) return on investment.

The main module responsible for the ability to create
projects that require investment is

PropertiesController.php. It is used to render both pages
for individual projects and pages with a list of projects.

On the "Project Manager" page, the administrator
has the opportunity to create the required project after
filling in the required fields. After creation, the project
should be displayed to the user and give him the
opportunity to invest in it (fig. 7).
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Account money My Investments Deposit Settings

BANK TRANSFER

It can take up to one business day to process your transfer.

Name: Polcrowd

IBAN: EE222200221068466038
Reference number: 25

Bank: SWEDBANK AS
S.W.LF.T.: HABAEE2X

Fig. 7. Deposit page

After initialization of variables it is necessary to
adjust the form of investment in the project. Then the
amount invested is deducted from the user's balance sheet
and enters investment information into the database.
Finally, the torrent_amount information for the project in
which the investment is made is updated and the user's
investment page is automatically converted. After setting
up the form, the page is rendered:

Project

— Information —

Object Overview Investment Case Document

KEY FACTS:

HeoBX0 VMBI MHBECTULIMIW Ha OBLLEXUTIE

Fig. 8. Investing in a project

After receiving the profit, the administration has the
opportunity to pay part to investors. The page for
payments to project investors contains a form for

Generate Payment List

5%

User ID Project ID

25

Fig. 9. Profit payout page

The user has the opportunity to create a withdrawal
request. To do this, send the form on the page "Account
money" (fig. 10). This application is sent for moderation,

Investment Amount

€100,00

Register code: 10060701

VAT number: EE100354546

Address: Liivalaia 8, 15040 Tallinn, Estonia
Phone: +3XX XXXX XXX

Email: test@gmail.com

When a user makes an investment, the current
amount of investment changes and he appears in the list of
investors in this project. Investors are not limited to one
investment in the project, so also by clicking on the "Full
List" it is possible to view detailed information about all
investments made from this acanthus (fig. 8).

CURRENT AMOUNT

€1.00

Investment progress: 0%
Invest

\' €100 Submit
Min. amount of investment - €100
You'll get: €103.00
Profit: €3.00

calculating the amount that must be credited to each of the
users (fig. 9). After payment, the funds are automatically
credited to the investors' account.

Preliminary Calculation

+€5

where the administrator processes it and provides the
appropriate status.
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Account money My Investments Deposit Settings

Current balance

€ 905,00

Invested Now

€ 100,00

Dividends paid

€5,00

WITHDRAWAL OF FUNDS

Enter the desired amount to withdraw

Fig. 10. "Account money" page
Conclusions

Submit

An analysis of today's popular crowdfunding
platforms has revealed their advantages and
disadvantages. As a result, the basic requirements for a
crowdfunding real estate investment platform have been
identified.

Based on the conceptual model of the web platform
interface, the main functionalities are highlighted, the
scenario of user interaction is described and databases are
designed.

Necessary modules of the internal wallet system and
project system have been developed. It should be noted
that the internal wallet system allows you to contribute to
projects and control profits. Also, in addition to the main
modules, a module for blogging and user registration with
e-mail confirmation was integrated and configured.

The crowdfunding platform for investing in real
estate projects is hosted and ready for use. The practical
significance of the results is the ability of the financial
manager to publish projects and raise funds for financing
from registered investors with the subsequent payment of

interest on profits.
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IHO®OPMAIIMHA MIATPUMKA KPAYA®AHAUHT-IHBECTYBAHHS ITPOEKTIB

Ipeamerom mocmiKeHHS CTATTi € iHGOPMALiifHI TEXHOJIOTT MATPHUMKH MIPOIIECIB IHBECTYBaHHS MPOEKTIB HepyxoMmocTi. [Ipoektu 3
HEPYXOMOCTI THOTpeOyIOTh Molryka Jokepen i (opM iHBecTyBaHHs, ski O 3a0e3medmsn OanaHC MiK BHUTpaTaMH MPOEKTY Ta
¢inancoBumu pecypcamu. Kpayadasauur pos3rmisgaeTbcs sK iHHOBamiiHWi cmoci6 ¢QinancyBanHs. MeTorw paHol pobotH €
cTBOpeHHs IuaThopMu KpayadaHANUHTY, IO OpPIEHTOBaHA Ha 3alydYeHHs HOBHX IHBECTODIB JUIS MiITPUMKH IPOEKTIB B cdepi
HEpYXOMOCTi. BupiuryloTbcst HAcTymHi 3aBIaHHS: JOCHIDKEHHS (YHKIIOHATBHMX MOXJIMBOCTEH ICHYROUMX IuIaThopM
Kpay/daHIuHTy; po3pobKa Ta HaJaIITYBaHHSI MOJIYJIiB PO3LIMPEHHs T oOpaHoro GppelMBOpKY; po3podka inTepdeiicy dhiHaHCOBOTO
MeHeJKepa MPOEKTY 3 HEPYXOMICTIO. MeToau TOCTiDKEHHS: CUCTEMHHH aHai3, MeToaHu (hiHAaHCOBOTO MEHEIDKMEHTY, 1H(popMaIliiitHi
TexHoyorii po3poOkm caiftiB. OTpuMmaHO Taki pe3yabTaTH: BuineHo xapakrepHi pucH KpayAdaHIUHTY, SIKi poOIsaTh iforo
ehexTHBHUM criocoboM (iHaHCcyBaHHS NpoekTiB [IpoBeneHO aHaNi3 MOMYJISPHUX HA CHOTOMHINIHIN AeHb atdopM KpayadaHIuHTy,
BUSIBJICHO iX TI€peBard Ta HEAOJIKU. B pe3ysbTari BU3HAUYEHO OCHOBHI BUMOTH 10 KpayahaHIUHroBOI miarhopMH iHBECTYBaHHS B
HepyxoMicTe. Ha ocHOBI KoHLenTyanbHOI Mojneni iHTepdeiicy BeO-mIaTGopMH BHIIICHO OCHOBHI (YHKIIOHAIBHI MOXKJIHBOCTI,
OIMCAHO CLEHapii B3aeMOJil KOPHUCTYBayiB Ta CHPOEKTOBaHO 0a3y maHux. Po3poOiieHi HEOOXinHI MOIYJi CHCTEMH BHYTPILIIHBOTO
ramMaHisg Ta cHCTeMH HpoekTiB. Cil BiI3HAYHMTH, IO CHCTEMa BHYTPILIHBOTO TaMaHI JO3BOJISE POOUTH BHECKH B NPOEKTH Ta
KOHTPOJIIOBATH OTPUMaHHsA NpUOYTKy. Takoxk, OKpiM OCHOBHHMX MOJYIiB OyJO IHTETPOBAHO Ta HAJIALITOBAHO MOJYJb JUIS OJIOTY i
peecTpartiii KOpHCTyBadiB 3 MiITBEPKEHHIM €JICKTPOHHOI CKpHHBbKH. BucHoBku: HeoOximHe BpaxyBaHHS iHTEpECiB 3alliKaBICHHUX
CTOpiH, SKi HAJAIOTh KOIITH IS 3IIHCHEHHS TPOEKTY, MO (opMye iX MOTHBaIio A0 iHBecTyBaHHA. [H(opmamiliHa miaTpuMKa
KpayA]aHAWHTOBHUX MPOEKTIB iHBECTYBAaHHS MiJBUITY€E €EKTUBHICTH YIPaBIiHHS MOPT(dEneM MPOEKTIB, Hagae 3MOTy (piHAHCOBOMY
MeHeJDKepy MyONiKyBaTH MPOEKTH Ta 30MpaTH KOIITH Ha (iHAHCYBAaHHS BiJ 3apEECTPOBAHUX IHBECTOPIB 3 IOAAIBIION BUILIATOIO
BIJICOTKY BiJ IpHOYTKY.

KirouoBi cioBa: kpayndaHauHr; yOpaBliHHS iHBECTYBaHHSIM; (YHKIIOHAN CHCTeMH; BeO-ruaTpopMa; MPOEKTH 3
HEPYXOMOCTI.



https://p2pempire.com/en/review/reinvest24
https://econpapers.repec.org/article/eeejetheo/
https://doi.org/
https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fdoi.org%2F10.1016%252Fj.jet.2019.104939;h=repec:eee:jetheo:v:184:y:2019:i:c:s0022053119300870

ISSN 2522-9818 (print)

ISSN 2524-2296 (online) Innovative Technologies and Scientific Solutions for Industries. 2020. No. 3 (13)
NHOOPMAINMNOHHAS ITOJJAEPKKA KPAYJIPAH/IUHI-UHBECTUPOBAHUASA
MNPOEKTOB

IIpeamMeToM HCCIENOBaHUS CTaTbU SABISIOTCA MH(OPMALMOHHBIE TEXHOJOTMH HOJICP)KKH IPOLECCOB MHBECTUPOBAHHS NPOEKTOB
HEIBIKUMOCTHU. [IpOEKTHl MO HEOBIKMMOCTH TPEOYIOT MONCKAa MCTOYHHKOB M ()OPM HHBECTHPOBAHHS, KOTOpBIE OBl 00eCcIedmIn
OayaHC MeXIy 3aTpaTaMH IPOEKTa M (MHAHCOBBIMH pecypcamu. KpaynbaHamHr paccMaTpuBaeTcsi Kak MHHOBAI[HOHHBIH CITIOCOO
¢uHancupoBanus. Ileqbio naHHOIN paboTHl sBIseTCs co3paHMe IuaThopMbl KpayadaHIUHTa, OPUCHTHPOBAHHAS HA IPUBIICUCHUE
HOBBIX HMHBECTOPOB JUI MOAJEPKKH IIPOEKTOB B cepe HEABIKUMOCTH. Pemmarorcst ciemyromme 3aJadd: HCCIIeI0BaHHE
(GYHKIIMOHAIBHBIX BO3MOXHOCTEH CyLIECTBYIOIIMX IuIaTdGopM KpayadaHanHra; pa3paboTka U HACTPOHKA MOIYyJICH paciIMpeHus Ui
BBIOpaHHOTO (peliMBOpPKa; pa3paboTka HHTepdeiica GUHAHCOBOTO MEHEKepa MPOEKTa C HEIBKUMOCTBI0. MeTo/bI HCCIIeI0BaHu:
CHCTEeMHBIH aHaiu3, MeToAbl (DMHAHCOBOTO MEHEDKMEHTa, HMH(OPMAalMOHHbIE TEXHOJOTMH pa3paboTku caiWToB. IlomydeHs
ClIEIyIOlINe Pe3yJbTaThl: BBIENCHB XapaKTepHbIE 4YepThl KpayadaHAWHIa, KOTOpbIe NENaloT ero 3¢GQeKTUBHBIM CHOCOOOM
¢uHAaHCHPOBaHUS TPOeKTOB. [IpoBeneH aHaMM3 MONYJSIPHBIX Ha CETONHSAINHUN JIeHb IUaTopM KpaylndaHAWHTa, BBIIBICHBI HX
MIPEeNMYIIeCTBA M HEAOCTaTKU. B pe3ynbTare onpesesieHsl OCHOBHEIE TpeOOBaHMS K KpayAdaHIHHTOBOH IIIaThopMe HHBECTUPOBAHHUS
B HeIBWXMMOCTh. Ha ocHOBe KoHIenTyanpHONH Monenu uHTepdelica BeOG-mu1aTdopMbl BEIIETEHH OCHOBHBIE ()YHKIMOHAIIBHEIE
BO3MOJKHOCTH, ONFCAHO CIIEHAPHI B3aMMOJCHCTBHS IIOJIb30BAaTENCH U CIPOESKTHPOBAaHO 0a3y mMaHHBIX. Pa3paboTaHbl HEOOXOAUMEIE
MOJIYJIH CHCTEMBI BHYTPEHHETO KOIIeNIbKa U CHCTEMBI IPOeKTOB. ClieyeT OTMETHUTb, YTO CUCTEMA BHYTPEHHETO KOIIENIbKa MO3BOMIAET
JIeNaTh B3HOCHI B TPOEKThl M KOHTPOJIUPOBATh MoydeHue MpuObuId. Taroke, TOMHMO OCHOBHBIX MOJyJeil ObII MHTETPHUPOBAH H
HACTPOEH MOAYIb A Onora M perucTpaluy HoIb30BaTeNeil ¢ MOATBEPIKACHUEM 3IEKTPOHHOI mouTsl. BeiBoabl: Heobxoqum yuer
UHTEpecOB M (opMHpOBaHWE MOTHBAIMH K WHBECTUPOBAHMIO CTEHKXOJIJIEPOB, KOTOPBIE MPEIOCTABISIOT CPEACTBA UL
ocymiecTBiIeHus npoekta. MHpopMannoHHas moaaepxka KpayahaHIuHr-HHBECTUPOBAHUS HOBBIIIAET 3()(EKTUBHOCTD YIPaBICHHS
noptgeneM INPOEKTOB, JaeT BO3MOXXHOCTH (MHAHCOBOMY MeEHEMKepy ITyOJIMKOBAaTh IPOGKTHL M COOMpaTh CpeICcTBa Ha
(MHAHCHPOBAHUE OT 3apPErUCTPUPOBAHHBIX HHBECTOPOB C MOCIIEAYIONIEH BBIIUIATON IIPOIIEHTa MPUOBLIN.

KnioueBbie ciioBa: kpayadaHOuHT; yIpaBIeHWE HWHBECTHPOBaHHEM; (QYHKIMOHAN CHCTEMbI; BeO-TuiaTdopma; HpOEKTHI
HEJIBUOKUMOCTH.
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V. MARTOVYTSKYI, O. IVANIUK

APPROACH TO BUILDING A GLOBAL MOBILE AGENT WAY BASED ON
Q-LEARNING

Today, the problem of navigation of autonomous mobile systems in a space where disturbances are possible is urgent. The task of
finding a route for a mobile robot is a complex and non-trivial task. At the moment, there are many algorithms that allow you to solve
such problems in accordance with the specified criteria for building a route. Most of these algorithms are modifications of "basic"
path planning methods that are optimized for specific conditions. The subject of research in the article is the process of building a
global path for a mobile agent. The purpose of the work is to create an algorithm for planning the route of autonomous mobile
systems in space using the Q-learning algorithm. The following tasks are solved in the article: development of an approach to training
and support of a reinforcement learning algorithm for building a global path of a mobile agent; testing the agent's ability to find a path
in environments that are not in the training set. The following methods are used: graph theory, queuing theory, Markov decision-
making process theory and mathematical programming methods. The research is based on scientific articles and other materials from
foreign conferences and archives in the field of machine learning, deep learning and deep reinforcement learning. The following
results were obtained: an approach was formulated to construct the global path of a mobile agent based on the accumulated data in
the process of interaction with the external environment. The environment rewards these actions and the agent continues to carry them
out. This approach will allow this method to be applied to a wide range of situations and devices. Conclusions: This approach allows
accumulating the knowledge of the outside world for further decision-making when planning a route where the robot can acquire the
skill of self-learning, studying and training like a human, and finding the path from the initial state to the target state in an unknown
environment. In the modern world, the use of robots and autonomous systems is spreading, designed to replace or facilitate human
labor, make it safer and speed it up. Adaptive autonomous path finding algorithms are very important in many robotics applications.
Thus, navigation tasks with limited information are relevant today, since this is the main task that the agent solves, and one of the

tasks that are part of the robot during operation.

Keywords: path planning; Q-learning; mobile works; adaptive standalone search algorithms.

Introduction

Today, the problem of navigation of autonomous
mobile systems in a space where disturbances are possible
is urgent. The problem lies in the fact that various
disturbances arising during the movement of work do not
allow the implementation of movement along a pre-
planned route and require current redevelopment in
accordance with the situation received from the sensors.
For autonomous systems, the problem is aggravated by the
need to automatically generate a model of the current
situation based on data from sensors and to integrate this
model of the situation with planning and control models in
real time [1].

In this work, by planning and control problems we
mean the problem of finding the optimal sequence of
actions, which leads to the agent getting from the initial
position to the final one. At the same time, at every step
the agent receives information about the environment.
This information may be complete or incomplete.

Complete information is that information that fully
describes the state of the agent together with the
environment [2]. In planning and control tasks, this can be
a map with a marked position of the agent on it. To solve
the navigation problem with complete information, one of
the classical search algorithms, such as Dijkstra's A*
algorithm, and their modifications, and the like, can
almost always be applied. However, in real conditions
such a map is very difficult or impossible to build, and
therefore most often we have only incomplete
information. Incomplete information in search tasks is
usually data from sensors at work or from some static
structures in the environment.

Effective mobile operations in 3-dimensional space

are the important research topic in artificial intelligence.
In the modern world, the use of robots on autonomous
systems is spreading, designed to replace or facilitate
human labor, make it safer and faster. Adaptive
autonomous pathfinding algorithms are very important in
many applications of robotics.

For example, it is very important for security
workers in the fire, rescue and police services to ensure
their own safety while performing tasks. They
independently penetrate into dangerous environments:
apartments, houses, premises of various types. Special
works of varying degrees of autonomy are disposable for a
long time in developed countries [3].

Many people use home helpers today. Robot vacuum
cleaners, voice assistants, smart home systems are getting
smarter every day, demonstrating advances in
understanding human speech, navigating the home,
monitoring room performance, and the like. From the
navigation side, most of them are arranged quite simply
and rely on classical algorithms for building maps and
planning using them.

Analysis of the problem and existing methods

The task of finding a route for a mobile robot is a
complex and non-trivial task. At the moment, there are
many algorithms that allow you to solve such problems in
accordance with the specified criteria for building a route.
Most of these algorithms are modifications of "basic" path
planning methods that are optimized for specific
conditions.

Pathfinding algorithms can be divided into 3 unique
groups:

1. graph-based algorithms;
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2. algorithms for avoiding obstacles;

3. algorithms using intelligent methods.

Analysis of the literature has shown that recently,
many different methods and algorithms have been
proposed for route planning [4-14]. The article [6]
presents a solution for planning the shortest route for
moving a robot in a maze based on the VVoronoi graph and

Algorithm launch

Entering
the
parameters
of the
objective
function

has the following form in fig. 1. Algorithm represented in
fig. 1 is based on the use of the method and successfully
solves the problem of finding the optimal route using a set
of optimality criteria. The representation method is based
on the Voronoi graph and helps to avoid the problem of
path getting stuck during iteration at local minima and
provides more flexibility for route optimization.

Selecting a
map and
setting a

target point

for starting

Transformation of
obstacles for
finding the
\Voronoi graph

Calculation of a
graph, its edges
and nodes

Search for a
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of routes
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A 4

Path not found

lest

ue

Fig. 1. Scheme of the method for finding the optimal route based on the VVoronoi graph

In [7], a global approach to route planning is
implemented using artificial potential fields for multi-
robot systems (MRS). A 3D lead map is created using
simplified lead functions. To create a three-dimensional
map, both the gravitational forces between the robots and
the target and the repulsive forces that push the robots
away from obstacles and each other are calculated. The
problem of local minima is solved by using a virtual
obstacle approach. The path of the robot is formed,
starting from the initial position of the robot to the target,
based on the generated 3D potential map that the mobile
robots should follow.

The article [9] proposes a method based on a genetic
algorithm for planning articulated-type mabile robots. The
proposed algorithm considers path planning as a
multipurpose optimization problem and evaluates the
effectiveness of the result based on four adjustable fitness
objective functions. The algorithm generates optimal ones
according to the Pareto principle. Fig. 2 shows a block
diagram of the proposed method based on a genetic
algorithm. The method takes as input an obstacle map
(W), a roadmap (Q) and several parameters associated
with the genetic algorithm, which gives the ideal sequence
of commands for the movement of the robot. The roadmap
(Q) is a series of predefined configurations of the hTetro

(g) robot, which defines a series of positions and
morphologies that the robot should arrive at during the
navigation process.

In [10], an algorithm for optimizing ant colonies
based on optimizing a swarm of particles is used to find
the optimal route. Due to various limitations such as
limited battery power and limited visibility, the ant colony
algorithm uses an improved pheromone update rule and a
heuristic function based on the particle swarm
optimization algorithm. The solution to the route planning
process is described as follows:

Step 1. The starting point and the target point in the
abstract model of the environment are determined first
after building a three-dimensional model of the
environment and determining the main direction of
movement of the ant.

Step 2. Based on the heuristic information and the
weight of the pheromone value, the next search point for
ants is determined by formula (10) in article [10].

Step 3. Then the local pheromone footprint is
updated in accordance with the formula (11) [10]

Step 4. Determine if all the ants have completed the
construction of the trail. If not, then go back to Step 2.

Step 5. The global pheromone footprint is updated
according to equation (14) in [10] to determine if the
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algorithm satisfies the stop condition. Otherwise, go back  to Step 2.
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Fig. 2. Scheme of the hTetro-GA algorithm [9]
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Analysis of existing solutions reflects the
individuality of using the developed methods for a
specific situation and device.

Formulation of the problem

This paper proposes an approach to building a global
path for a mobile agent based on the accumulated data in
the process of interacting with the external environment.
The environment rewards these actions and the agent
continues to carry them out. This approach will allow this
method to be applied to a wide range of situations and
devices.

The approach is as follows: there is a mobile agent
that interacts with the external environment described in
the form of a Markov decision making process (MDMP)
takes one of a predetermined set of actions. Using partial
learning algorithms, we are trying to find a strategy that
assigns actions to the states of the environment, one of
which the agent can choose in these states and achieve the
maximum reward. Interaction with the environment is
shown in fig. 3.

Agent

Fig. 3. Interaction of the agent with the environment

Formally, the approach to building a global mobile
agent path based on Q-learning is described as follows:

- the set of states of the external environment S;

- a set of actions A;

- lots of scalar "rewards".

At an arbitrary time instant t, the agent is
characterized by a state s, €S and a set of all possible

actions in the current state of the environment A(s;).
Making a choice of action a € A(s,) , the agent goes into a
state s;,; and receives a payoff r,. Based on such

interaction with the environment, the agent, thanks to
Q-learning, must develop a strategy Q:S— A that

maximizes the amount of reward R=r, +1, +---+7, in the
case of an MDMP having a terminal state, or the value:

R=>7'r, oy
t

for MDMP without terminal states (where 0 <y <1 is the

discount factor for "expected reward").
The general learning algorithm is shown in fig. 4,
where

P(Sts1 =8" hsa =T [ St,80, %, Se0, @, g0 S1,8) =
= P(st+1 =g, =T | Stlat)

Initialization
of strategy Q,(a|s)
and enviroment state s,

4>< forallt=1...T

agent chooses action
a\ ) Qt (al S[)

v

environment generates reward

o~ P(rla,s,)
and new state

S~ P(S]as,)

v

the agent is adjusting
the strategy Q,,,(a|s)

1)

End

Fig. 4. Learning algorithm

Building a global mobile agent path based on Q-
learning.

Based on the reward that the agent receives from the
external environment, the utility function Q is formed,
which subsequently makes it possible not to randomly
choose a strategy of behavior, but to take into account the
accumulated experience of previous interaction with the
external environment.

Thus, the algorithm is a function of quality from
state and action:

Q:SxA—>R. 3)

Before training, Q is initialized with random values.
After that, at each moment of time t, the agent chooses an
action a, receives a reward r,, switches to a new state

St41» Which may depend on the previous state s, and the

selected action, and updates the function Q. Updating the
function uses a weighted average between the old and new
values:
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Q”eW (St+1’ a[+1) = Q(St ' a‘t) +
AT (1 + 7 max(Q™ (8,1, 8.1) ~ (S, ))),

where T=SxA—>S is a transition function,
Q™" (8.1, &,,) is the value of the objective function in the

next step, Q(s,,a,) — the value of the objective function at
the current position, max(Q™" (s, a.,)—Q(s,.a)) -

(4)

selection of the maximum value from the possible next
steps, seS — agent's current position, ae A — current
action, 4 €[0,1] — the speed of learning, the higher it is,

the more the agent trusts new information, R=SxA—R
— reward function, r, e R — the reward received in the
current position, y€[0,1] - gamma (decrease in
remuneration, discount factor), the smaller it is, the less the

agent thinks about the benefits of his future actions, s.,; —

the next selected position according to the next selected
action, a,,, — next selected action.

The main element in the Q-learning approach is the
reward matrix - the Q-table of the state of the system.
Matrix Q is a set of system states and weights of the
system's response to various actions. While trying to get
through the given environment, the mobile robot learns to
avoid obstacles and find its way to its destination. As a
result of the interaction between the agent and the external
environment, a Q-table of accumulated experience is built,
with the help of which the mobile robot decides on the
next step.

The algorithm for accumulating knowledge from the
external environment is shown in fig. 5.

Initialization
SSART,ay

> SES

—>< a€eA >

v

Q(s, a) =rand()

Fig. 5. Q-learning

One of the benefits of Q-learning is that it is able to
compare the expected utility of available activities without

v

Return
matrix Q

/e

s = WSES

End

Q(s) = argmaxQ(s,a)

v

a=0Q(s)

Fromula (4)

4_

shaping environmental models it is used for situations that
can be represented as MDMP.
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Experiment results

In order to test the approach based on Q-learning, a
software implementation of the algorithm in the Python
programming language was made. During the simulation,
a computer with the following characteristics was used:
Intel Core i5-4300U 2.5 GHz processor, 8Gb RAM.

The software implementation of the algorithm
consists of two modules: the agent module and the
environment module. The agent affects the external
environment, and the external environment in response to
the agent's actions affects him.

At each step, the agent: performs an action (up,
down, right, left); receives observation (new state),
receives a reward. Wednesday: receives observation (new
state), issues reward.

The algorithms showed the fastest convergence with
the following parameters: A = 0.5; y = 0.99. The result of
the route planning simulation is shown in fig. 6.

For the proposed model, graphs of the main
indicators during training are shown: average, minimum
and maximum rewards and entropy of the resulting
strategy in figs. 7, 8.

Fig. 6. Example of a constructed route

05

— MeanReward

A
WWV
00

Fig. 7. Average, minimum and maximum training rewards
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Fig. 8. Entropy of the resulting strategy

The optimal "Q-table” has values that allow the the local environment, Q-learning uses local path

mobile robot to take the best action in each state, resulting
in the best route. Values from "Q-table" are used to create
a strategy when planning a route between two points. In
this case, it would be a greedy strategy, because the
mobile robot always takes the action it thinks is best in
each state.

planning. Thus, the robot can acquire the skill of self-
learning by learning and training like a human and looking
for a clear path from the initial state to the target state in
an unknown environment.

The work developed and trained a decision-making
system associated with high rates of success, finds short

Conclusions paths to the specified target points in scenes with both

training and variation sampling, demonstrating the ability

This article presents an approach to building a global ~ to generalize.

mobile agent path based on Q-learning. When changing
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HIAXII 10 IOBYAOBHU I'VTOBAJIBHOTI'O HIVIAXY MOBIJIBHOI'O AT'EHTA HA
OCHOBI Q-LEARNING

Ha cporomHi akTyanbHOIO € mpobieMa Hairamii aBTOHOMHHX MOOUTBHHX CHCTEM B MPOCTOpi, € MOMJIMBI OOypeHHS. 3aBHaHHS
MOIIYKY MapUIpyTy JJsi MOOLTBHOTO poOOTa - CKIIAJHE 1 HeTpHBiaJbHE 3aBIaHHA. Ha maHWii MOMEHT icHye 0e3Jiu aJroOpuTMiB, IO
JTO3BOJIAIOTH BHUPINIyBaTH TMOAIOHI 3aBIAHHS BIATIOBIIHO 1O 3aaHUX KPHUTEPIiB Ui MOOYIOBH MapmpyTy. Bennka dacTiHa X
anroputMiB € MomudikanisMu "0a30BHX" METONIB IUIAHYBaHHS NUIAXY, SKi ONTHMI30BaHI MiJ KOHKpeTHI ymoBH. IIpeamerom
JOCIHI/DKEHHST B CTATTi € mpoliec MOoOyJOBH TJIOOAIBHOrO IUIIXY MOOiUIbHOrO areHTa. MeTa poOOTH — CTBOPEHHS alTOPHTMY
TUTaHyBaHHSI MapUIPYTy aBTOHOMHHX MOOIJTBHHX CHCTEM B IPOCTOPi 3 BUKOPUCTaHHIM anroput™y Q-learning. Y cTaTTi BUpILIyIOTHCS
HACTYIHI 3aBJaHHS: PO3po0Ka MiAXOXy IO HAaBYaHHS Ta MIATPUMKH aNrOPUTMYy HaBYaHHS 3 MiAKPIMJIEHHAM s 1OOYIOBH
rJ00aNbHOro NUIIXY MOOITBHOTO areHTa; TeCTyBaHHS 3JJaTHOCTI areHra Jo0 MOLIyKy IUIIXY B CepelOBHUIIAX, BiICYTHIX B HAaOOpi it
TpeHyBaHHs. BUKOPHCTOBYIOTBCS Taki MeTOXHM: Teopisi rpadiB, TEOpis MacoBOro OOCIyroBYBaHHS, TEOPisi MapKOBCKOTO HPOIECy
MIPUAHSTTS PIillIeHb 1 METOIM MaTEMaTHYHOTO porpaMyBaHHA. JloCTiKeHHs TPYHTYEThCS HAa HAYKOBUX CTATTAX 1 IHIIUX MaTepiaigax
3apyOiKHUX KOoH(epeHmil i apXiBiB B 00JaCTi MAIIMHHOTO HABYaHHS, TIHOOKOTO HABYAHHS 1 TIIMOOKOTO HABUYAHHA 3 IMiIKPIIICHHIM.
OTpuMaHi HaCTyIHI pe3yJbTaTH: CHOPMYIBOBAHO MiIXiJg A0 MOOYIOBH TIIOOANBFHOTO HUISXYy MOOUTPHOTO areHTa Ha OCHOBI
HaKOITMYEHHX JTAaHWX B IPOIIECi B3aEMOIIi i3 30BHINIHIM cepenoBUIeM. HaBKOJIHMIIHE cepeoBHUINE Ja€ HArOpoIy 3a IIi [ii, a areHT
NPOJOBKYE iX BUKOHYyBaTH. Takuil MigXiA JO3BOJIUTH 3aCTOCOBYBATH Il MeTOJ ISl LIMPOKOTO KoJia CHTyalliid i mpucTpois.
BucnoBku: J{aHuii miaxix 103BoJis€e HAKOMMYYBATH CBOT 3HAHHS PO HABKOJIMIIHIN CBIT JUIs MOJAJBLIOTO MPUHHATTS PIillICHHS TpH
l'lJ'[aHyBaHHi Mapumpyty, Ae pO6OT MOXE OTPUMATU HABUK CaMOHaB4YaHHSA, BUBYAOYUCH i TPEHYIOUHUCH, AK JIFOAWHA, Ta 3HAXOAUTU
IUIAX BiJl MOYAaTKOBOTO CTaHy JO LiTbOBOTO CTaHy B HEBIJIOMOMY CepeloBHUI. Y Cy4acHOMY CBiTi MOIIMPIOETHCS BUKOPUCTAHHS
pOoOOTIB i aBTOHOMHHX CHCTEM, MPU3HAYCHNX 3aMIHUTH a00 MOJIETTINTH JTIOJCHKY MpAIlto, 3p00UTH ii OE3MEeYHINION 1 TPUCKOPUTH ii.
AnanTHBHI aBTOHOMHI aJTOPHTMH MOIIYKY LUIAXY Jy’Ke BaXIMBI B 0arathbox J0JaTKaX pPOOOTOTEXHIKH. TakuM YHHOM, 3aBIaHHS
HaBirarii 3 0OMexxeHOI0 iH(OPMAIIIEr0 aKTyallbHI ChOTOJIHI, TaK SIK IIe TOJIOBHE 3aB/IaHHS, K€ arcHT BUPIIIYE, 1 OHE i3 3aBJaHb, 10
BXOJSTh 10 CKJIa/ly, BAKOHYBaHHUX PoGOTOM MpU poGOTi.
KurouoBi ciioBa: manyBanHs nuisixy; Q- learning; MoOinbHI poOOTH; afanTHBHI aBTOHOMHI alTOPUTMH TOIIYKY.

NOAXO/JA K HIOCTPOEHUIO I'VIOBAJIBHOI'O ITYTU MOBHUJIBHOT'O ATEHTA
HA OCHOBE Q-LEARNING

Ha ceromnst axTyanpHO#l sBisieTcs mMpoOjeMa HaBHIallMd aBTOHOMHBIX MOOMJIBHBIX CHCTEM B IPOCTPAHCTBE, Il BO3MOXKHBI
BO3MYIIIEHHS. 3ajaya MMOWCKAa MapIipyTa Ui MOOWJIBHOro pobOoTa — CIOXHAas M HEeTpUBHANbHAs 3anava. Ha naHHBIE MOMEHT
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CYIIECTBYET MHOXXECTBO AJITOPUTMOB, MO3BOJISIOMIMX peIlaTh MOJOOHbBIE 33aJa4d B COOTBETCTBHU C 33JaHHBIMH KPUTEPHAMHU UL
MIOCTPOCHUST MapuipyTa. boibmas 4acTb STHX AJTOPUTMOB SIBISTIOTCS MOAW(HKAIMAMH "0a30BBIX" METONOB IUIAaHUPOBAHUS IYTH,
KOTOpBIE ONTHMH3UPOBAHBI IO KOHKpeTHble ycioBus. IIpeameTrom wHccienoBaHUsS B CTaThe SBISIETCS IIPOIECC ITOCTPOSHHMS
rio6ansHOro IMyTH MoOMIbHOTO areHrta. Ileas paboTHl — co3maHMe aNrOpUTMa IUIAHHPOBAHUS MaplIpyTa aBTOHOMHBIX MOOHMIBHBIX
CHCTEM B IIPOCTPAHCTBE C UCIIONB30BaHUEM aitroputMa Q-learning. B cratese pemrarorcs cienyronme 3agadn: pa3paboTka moaxoaa K
OOYUCHHIO W TOJJICPIKKE alropuTMa OOy4eHMs C MOAKPEIUICHHEM I IMOCTPOCHHS INIOOANBHOrO IIyTH MOOWIBHOTO arcHTa;
TECTHPOBAaHUE CIIOCOOHOCTH areHTa K MOHMCKY IIyTH B CpelaxX, OTCYTCTBYIOIIMX B Habope Uil TPEHHPOBKH. VICIonb3yloTcs
ClIeyIolIe MeTOABL: Teopust rpad)oB, TEOPUs MacCOBOTO OOCIY)KHMBaHHUS, TCOPHS MAapKOBCKOTO IpoLiecca MPUHATHS PELICHUH U
METOBl MAaTeMaTH4eCKOro IPOrpaMMHUpOBaHMs. FIccrenoBaHHE OCHOBBIBACTCS HA HAyYHBIX CTaThiX M JAPYTHX Marepuaiax
3apyOeKHBIX KOH(EpeHIMH ¥ apXWBOB B 00JaCTH MAaIIMHHOTO OOy4eHHs, IIyOOKOro oOydeHHs M TIIyOOKOro oOydeHus c
noakperuieHneM. [loydeHsl cienyiomue pe3yabTaThl: cHOPMYIHPOBAH MOAXOA K IOCTPOSHHIO TNIOOATEHOTO IMyTH MOOHIBHOTO
areHTa Ha OCHOBE HAaKOIUICHHBIX JAaHHBIX B IpoIlecce B3aMMOJICUCTBHUS ¢ BHeIIHeH cpenoil. Okpy»Karommas cpesia JaeT Harpamy 3a 9TH
JEHCTBYA, a areHT IPOJOJDKAET UX BBIOIHATH. Tako# I0IX0/] MO3BOJINUT HPUMEHSTH 3TOT METOJ ISl IMIMPOKOTo Kpyra CUTyalui u
ycTpoiicTB. BbiBoabl: [laHHBI MOAXOX NO3BOJSET HAKAIUIMBATH CBOM 3HAHMA O BHELIHEM MHpE A AAJbHEHIIETr0 NPUHITHA
pEIIeHUs NP IUTAHUPOBaHUU MapIIpPyTa, Ie POOOT MOXKET MONY4YUTh HABBIK CAMOOOYYEHUs, U3ydas U TPEHUPYACh, KaK YeNOBEK, U
HAaXOXJCHHE IIyThb OT HAyaJbHOTO COCTOSHMS K IIEICBOMY COCTOSHHMIO B HEHM3BECTHOIl cpene. B coBpeMeHHOM Mupe
pacmpocTpaHseTcsi UCHOJIb30BaHHE POOOTOB M AaBTOHOMHBIX CHCTEM, NpPEJHA3HAUCHHBIX 3aMEHUTh WM OOJIETYHTb YEIOBEYECKHUIl
TPy, cenath ee Oosiee Oe30macHOi U yCKOPHUTH ee. AJaNTHBHBIE aBTOHOMHBIC aJTOPUTMBI IOMCKA ITyTH OYEHb BAKHBI BO MHOTHX
MIPUIIOKEHUSX POOOTOTEXHUKH. TakuM 00pa3oM, 3a1aui HAaBUTAIMU C OrPaHMYECHHOM NH(OPMaIMeH aKTyalbHbI CETOAHS, TaK KaK 9TO
IJIaBHas 3a/1a4a, KOTOPYIO areHT PellaeT, U OJHa U3 3a/1a4, BXOJAIIMX B COCTaB, BBIIOJIHACMBIX POOOTOM IIpu padoTe.
KunroueBsbie ci1oBa: manuposanue mytH; Q-learning; MOOMIBHEIE pOOOTEI; ala THBHBIC aBTOHOMHBIE aJIrOPUTMBI IIOHCKA.
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YE. MELESHKO

THE METHOD OF DETECTING INFORMATION ATTACK OBJECTS IN
RECOMMENDATION SYSTEM BASED ON THE ANALYSIS OF RATING TRENDS

The subject matter of the research is the process of identifying information attacks on the recommendation system. The goal of this
work is to develop a method for detecting information attack objects in a recommendation system based on the analysis of trends in
the ratings of system objects. The task to be solved is: develop a method of detecting information attack objects in a recommendation
system. Results. The paper investigates methods for determining the existing trends in time series, in particular, methods based on a
moving average, several moving averages and zigzag tops. Also, a method for predicting the dynamics of trends in a time series in the
future based on R/S analysis was considered. The set of indicators has been proposed, by the values of which it is possible to
determine the presence or absence of an information attack on an object of the recommendation system. This set of indicators
includes: the existing trend in the numerical series of ratings of the system object, the predicted trend in the ratings of the system
object, the number of getting of the object in the lists of recommendations and statistical characteristics of the series, for example, the
number of target ratings, the variance of ratings, the variance of the time of assigning ratings, etc. On the basis of the proposed set of
indicators, the method for detecting objects of information attack in a recommendation system using trend analysis in the ratings of
system objects was developed. This method makes it possible to detect the presence of an information attack on the objects of the
recommender system and generates the list of possible targets for bots. Many possible targets can be used to further search for bot
profiles and clarify information about their true targets. This will make it possible, when searching for botnets, to check not all system
profiles, but only those that interacted with probable targets of attack. Conclusions. The method of detecting information attack
objects in recommendation system based on the analysis of rating trends was developed. The software implementation was created
and experiments to test the effectiveness of the developed method were carried out. The experiments have shown that the developed
method makes it possible to identify with high accuracy the objects of information attacks on recommender systems for random,

average and popular attack models.

Keywords: recommendation systems; information attacks; information security; information attack detection; technical

analysis; moving average; R/S analysis.

Introduction

Recommendation systems are increasingly used on
various websites and are becoming an important part of
them, allowing users to better find the content they need
[1, 2].

Like other components of multi-user websites,
referral systems need to be protected from information
attacks that may be used to disseminate informational
influences for marketing, political or other purposes [3, 4].

The main type of information attacks on referral
systems are profile injection attacks [3-7]. They are
implemented by bot networks [4, 5]. Such attacks are
aimed at changing the frequency of impressions in the
recommendations of certain objects of the system.
Increasing the frequency of impressions in the
recommendations draws more attention to certain content.
And reducing the frequency of impressions - reduces the
likelihood of users' attention to the content. Therefore,
attacks on referral systems are used by attackers to draw
attention to their content, or to reduce the popularity of
competitors' content. There are different models of profile
injection attacks, in particular, random, medium and
popular attack models [6, 7], which differ in strategies for
filling bot profiles with estimates for targets and for filling
the profile and masking it as a user profile from the target
system segment.

Existing methods of detection and neutralization of
attacks in recommendation systems [1, 8-11], require
constant repeated checks of all profiles of system users.

Mostly in existing studies, it is proposed to consider
the detection of an attack on the recommendation system
identical to the detection of bot profiles [1, 4, 8-11]. To

identify bot profiles, clustering and classification methods
are used to separate all system profiles into normal and
suspicious, and the distribution of ratings in individual
user profiles is analyzed by statistical methods to find
anomalies specific to bot profiles.

Detecting bot profiles is a very resource-intensive
task that requires the use of machine learning methods and
processing large amounts of data.

In this paper, it is proposed to identify the objects of
information attack in the recommendation system, and
then, if such are found, you can further search for bot
profiles among users who interacted with them. It is
suggested to look for objects of attack on the basis of
statistical characteristics and dynamics of trends of their
ratings. In this case, detecting the presence of an attack
will be a less resource-intensive task, and bots can be
searched among fewer user profiles.

Main part

We will assume that the attack on the
recommendation system occurs when the dynamics of
ratings of one or more objects of the system changes as a
result of the actions of the bot network. However, the
amount of damage from an attack does not always depend
on the number of objects affected. Successful change of
ratings of even one object by a botnet can have big
consequences if it is a question, for example, of social,
political or medical sphere, etc.

Thus, the presence of an information attack on the
recommendation system causes a change in the ratings of
objects (increases or decreases them), but a change in the
ratings of the object is not sufficient reason to believe that
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an attack occurs, as ratings may change as a result of
normal actions of authentic users. Therefore, we highlight
a number of additional features that may indicate an
information attack:

- in the case of an object, the number of ratings has
increased sharply over the period of study — this may
indicate an attack, because to shift the ratings you need to
create a significant number of bots that will deliver
targeted ratings of the object;

- object, on the studied period of time put a lot of
target ratings, i.e., the highest when increasing the rating,
or the lowest when lowering the rating - such ratings may
be higher than all others in the current period, which may
indicate the haste of the attacking system when he needs
to promote his content as soon as possible;

- low variance of object ratings - it is natural that the
attack object will have many identical marks in the studied
period of time, because during the attack they try to
change ratings, i.e., for example, before the attack there
were many low marks, and the botnet exposes many high
estimates;

- the object became more often than others to get on
the recommendation lists — if it is an attack, it is
successful, in fact only successful attacks and should be of
interest to the security subsystem of the recommendation
system, because they must be neutralized, and
unsuccessful attacks can be ignored in case of savings
system resources.

So, let's form a set of indicators, the values of which
can determine the presence or absence of an information
attack on the object of the recommendation system:

Qa,i:{trv pr,drldhnr’ntr’nrec} ! (1)

where tr is a trend of dynamics of object i ratings, which
can take the following values {-1, 0, 1} — respectively
"rating downward trend”, "no change" and "upward
trend"; pr — forecasting the trend of the dynamics of object
i ratings; d, — variance of object i ratings; d, — variance

of object i rating time; n, — the number of estimates in the
object i and in the studied period of time; n, - the

number of target estimates in the object i in the studied
period of time; n,, — the number of hits of the object i

and the lists of recommendations to users in the study
period.

If the objects of the system can be ranked according
to their importance in terms of the need for protection
against attacks, they can be assigned the appropriate
coefficients and primarily monitor the status and dynamics
of ratings of the most important objects, ignoring, or lastly
monitoring the status of ratings less important objects.

Of all the indicators (1), it is difficult to determine
only trends and forecasts of trend dynamics. Since the
definition of trends is the economic science, for example,
to determine changes in exchange rates, stocks, etc., we
turn to their tools, namely to technical analysis [12, 13].

Technical analysis is a set of tools used in the
economy to predict future price changes based on the
analysis of patterns of price changes in the past.

In technical analysis, there are many methods for
determining the direction of the trend [12-15], consider
the simplest of them, which can be easily applied not only
to prices in trading systems, but also to any time series:

- moving average;

- for several moving averages;

- behind the vertices of the zigzag.

Determining the direction of the trend on the
moving average.

One of the easiest ways to determine the presence of
a trend and its direction - the moving average. You can
use both a single moving average and a whole set, which
is sometimes called a "fan".

The rule for determining the trend for one moving
average:

- the trend is directed upwards, if at a given period of
time the last value of the numerical series is above the
moving average;

- the trend is directed downwards, if at a given
period of time the last value of the numerical series is
below the moving average.

When at a given time the last value of the numerical
series is above / below the moving average, the next value
often then unfolds in the opposite direction. That is, this
method gives a large number of incorrect answers. Due to
this, its use as a trend indicator is quite limited. It can only
be used as the coarsest trend filter.

Determining the direction of the trend by several
moving averages.

To improve the quality of the moving trend, you can,
for example, use two or more moving averages with
different periods. Then the rule for determining the trend
for any number (more than one) of moving averages with
different periods will look like this:

- the trend is directed upwards, if at a given period of
time all moving averages are built in the correct order of
increase to the end of the numerical series;

- the trend is directed downwards, if at a given
period of time all moving averages are built in the correct
order of decrease to the end of the numerical series.

In this method, the number of false signals about the
change in the direction of the trend will be less than in the
previous one. But the time spent on determining the trend
will increase.

Determining the direction of the trend by the
highs and lows of the ZigZag indicator.

This method uses the rule of Charles Doe [12]:

- the trend is directed upwards, if each subsequent
local maximum of the graph of the numerical series is
higher than the previous local maximum and, at the same
time, each subsequent local minimum of the graph of the
numerical series is also higher than the previous local
minimum;

- the trend is directed downwards, if each subsequent
local minimum of the graph of the numerical series is
below the previous local minimum and, at the same time,
each subsequent local maximum of the graph of the
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numerical series local
maximum.

Local highs / lows can be found behind the vertices
of the ZigZag indicator.

The ZigZag indicator is a trend indicator in technical
analysis that connects local lows and highs on a numerical
series graph and allows you to filter noise. There are many
different modifications of the ZigZag indicator for stock
market analysis.

The minimum time series value change parameter
determines the number of points to which the value must
move to form a new Zig or Zag line. Thus, the ZigZag
reflects only the most significant changes and reversals.

The main disadvantage of this method of
determining the trend - in real time it is impossible to
understand the already formed extremum or not.

This disadvantage makes this method of little value
for practical use in real time. But it is very useful in the
technical analysis of previously collected data in order to
find patterns and to assess the quality of the system.

In addition to identifying the current trend, you can
also try to predict possible further changes in the time
series. In the context of determining the presence of an
attack on a recommendation system, predicting the
preservation of an abnormal trend can be an additional
indicator of a successful attack.

R/S analysis can be used to predict future trends in
numerical series [15].

Consider the algorithm of R/S analysis. It consists of
the following steps:

1. Given the initial time series St. Let’s calculate the
logarithmic ratio:

is also below the previous

N, = In—t @)
St

2. Let’s divide the series N by A adjacent periods of
length n. Let’s denote each period as Ia, where a=1, 2,...,
A. Determine for each la the average value:

E(la)=%kz_‘1Nk,a. 3)

3. Let’s calculate the deviation from the mean for
each period |, :

k
Xk,a:z<Ni,a_E(la))' (4)
i=1
4. Let’s calculate the scope within each period:

Ry, =max (X, )-min(X,,). (5)

5. Let’s calculate the standard deviation for each
period 1, :

S|a :\/Ei(l\lk,a_lz(la))2 ' (6)

)

6. Each R, we divide by S; . Next, we calculate
the average value R/S:

ZA:R/S(A)
R/S(n):ale. @)

7. Increase n and repeat steps 2-6 until n < N/2.
8. Build a graph of dependence Iog(R/S(n)) from

log(n) and using the least squares method we find the
regression of the form:

log(R/S(n))=H-log(n)+c, (8)

where H is a Hirst index.

9. Next, let’s check the result for significance. To do
this, we test the hypothesis that the analyzed structure is
normally distributed. If R/S are random variables normally
distributed, then we can assume that H is also normally
distributed. The asymptotic limit for the independent
process is the Hirst index equal to 0.5. Peters [15], as well
as Ennis and Lloyd [16] suggested to use the following
expected R/S:

n-0.5 P I =t s
E(R/S(n))= - '[n'Ej ; — 9)

For n observations we find the expected Hirst index
E(H).

10. Let’s calculate the expected variance of the Hirst
index by the formula:

Variance(H ) = % . (10)
where H — is the Hirst index; N — the number of
observations in the sample.

11. Let’s check the significance of the obtained Hirst
coefficient by estimating the number of standard
deviations by which H exceeds E(H). The result is
considered significant when the significance indicator on
the module is more than 2.

Interpretation of Hearst index indicators:

—H = 0.5 - process with no memory, no trend.

—H > 0.5 - the process tends to maintain the trend.

—H<05 - the process is characterized by
antipersensitivity, i.e. any tendency tends to change to the
opposite.

The values of the Hirst index of natural processes are
grouped near the values of 0.72-0.73, which is indicated
in the following works [17].

When studying the state of the recommendation
system, it makes sense to pay attention to objects in which
H> 0.5 in the studied period of time, such objects will
change their ratings according to a certain trend over a
long period of time, therefore, among them may be goals
of successful information attacks, especially if H> 0.73.

A method of detecting objects of information attack
has been developed, which consists of the following
stages:

Stage 1. We form a set of objects | for checking, it
can contain all objects of system, or only critically
important objects which need protection against attacks.
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Stage 2. Determine with the help of several moving
averages (or other methods of trend determination) for
each object from the set | the indicator tr over time z.

Stage 3. Determine by R/S analysis for each object
from the set | Hearst index H over time .

Stage 4. Determine for each object from the set | on
the time interval z the variance of the estimates d, and the

variance of the time intervals between the setting of the
target estimates d, , as well as their average values in the

systems d, ,,

Stage 5. Determine for each object from the set |
time interval z the number of target n,, and all estimates

Ta d; 4 -

n,, as well as the average number of target n ., and all

estimates n, ,, for system objects.

r,av

Stage 6. Determine for each object from the set |
time interval ¢ the number of hits in the lists of
recommendations n,., as well as the average number of

hits in the lists of recommendations n,,. ,, for all objects

of the system.
Stage 7. Determine the presence and type of attack
according to the following rules:

Rule 1. If the object has any 5 signs from the data:
the trend of rising ratings tr, =1, H>0.73, d. <d_,,,

d, <d then

we believe that there is a high probability of an attack to
increase the rating for this object.
Rule 2. If the object has any 5 characteristics from

t,av ! r]r > r‘|r,av' ntg > ntg,avl nrec > nrec,av’

the data: the trend of decreasing rating: tr, =-1, H > 0.73,
dr = dr,aV! dt = dt,avl nr > nr,av’ ntg > ntg,av*
Nree < Nyec.av » WE believe that there is a high probability

of a downgrade attack for this object.

To test the developed method, software in the Python
programming language using the Neo4j database will be
implemented. The open data set MovieLens Datasets was
used as input data, the data of the simulated information
attacks on the recommendation system was added to it.
Attacks were modeled using the models of information
attacks given in [1, 6, 7].

A series of experiments was performed to test the
effectiveness of the proposed method. The results of the
experiments are shown in tablel.

Table 1. The results of testing the developed method of detecting information attack by injecting profiles on the recommendation

system and objects of attack

c
. GE_J Model of information Number of Co_rrectly. Falsely recognized
S & | attack by injection of | objects in the Number O.f bot recognized ObJeCtEas objects of attack RMSE
z = yinj ) attack objects of attack, )
% profiles system % %
o
1 200 20 100.00 5.55 0.223
2 Random attack 200 10 80.00 23.68 0.484
3 200 5 40.00 22.05 0.479
4 200 1 100.00 16.58 0.406
5 200 20 90.00 0.00 0.100
6 Medium attack 200 10 50.00 13.68 0.393
7 200 5 60.00 13.84 0.380
8 200 1 100.00 12.06 0.346
9 200 20 75.00 0.00 0.158
10 Popular attack 200 10 80.00 12.63 0.360
11 200 5 40.00 17.94 0.435
12 200 1 100.00 15.57 0.393
Average values: 76.25 12.79 0.346
According to the results of experiments, the Conclusions

developed method allows to detect on average 76% of
objects of information attacks in the recommendation
system. Objects that were not attacked by information and
were mistakenly identified as being attacked accounted for
an average of 13%.

From objects that have signs of information attack on
them, you can form a set 1g. This will allow the search for
botnets to check not all system profiles, but only those that
interacted with the objects of the Ig set. After finding the
bot network, you can refine the data based on
the analysis of the activity of bots obtained by the
developed method.

The study of methods for determining existing trends
in time series, in particular, methods based on moving
averages, several moving averages and ZigZag vertices
has been done. Also, the method of forecasting the
dynamics of time series trends in the future based on R/S
analysis is considered.

There are many indicators that can be used to
determine the presence or absence of an information
attack on the object of the recommendation system. This
set of indicators includes the current trend of system
object ratings, the forecast trend of system object ratings,
the number of object hits in the recommendation lists and
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statistical characteristics of the series, such as the number
of target estimates, variance of estimates, etc.

Based on the proposed set of indicators, a method for
identifying objects of information attack in the
recommendation system using trend analysis in the ratings
of system objects has been developed.

The developed method allows to detect the presence
of an information attack on the objects of the
recommendation system, as well as forms a set of
probable targets of bots. Many probable targets can be

information about their actual targets. This will allow the
search for botnets to check not all system profiles, but
only those that interacted with the probable targets of the
attack.

The developed method was implemented and
experiments were conducted to test its effectiveness. The
conducted experiments showed that the developed method
allows to detect with high accuracy the objects of
information attacks on recommendation systems in
random, medium and popular attack models.

used to further search for bot profiles and refine
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METO/I BUSIBJEHHS OB’€KTIB IHOOPMAIIIMHOI ATAKH Y
PEKOMEHJIAIIIMHIN CUCTEMI HA OCHOBI AHAJII3Y TPEH/IIB PEVTUHTIB
IIpeamerom nociiKeHHS € MpOIEC BHUSBICHHS 1H(QOpMAIiHUX aTak Ha pEeKOMEHAaliiiHy cucteMy. MeToro maHoi poOoTH €

po3pobka MeToay BHABJICHHS 00’€KTiB iHPOpMAIiitHOT aTakn y peKOMEHIALIHIA CHCTeMi Ha OCHOBI aHaJi3y TPEHIIB Y peHTHHTaX
00’€exTiB cucTeMu. 3axaya: po3poOUTH METO BUsIBICHHs 00’ €KTiB iH(pOpMamiiiHOl aTaku y pekoMeHaliiHiil cucremi. Pe3ynbraTh.




ISSN 2522-9818 (print)
CyuacHuii cman HayKkogux 00criodcenb ma mexnonoeitl 6 npomuciosocmi. 2020. Ne 3 (13) ISSN 2524-2296 (online)

VY po6oTi IpoBeneHO MOCTIIKEHHS METO/IIB BU3HAYCHHS HAsIBHUX TPEHIIB Y YaCOBUX PsiIax, 30KpeMa, METO/[iB Ha OCHOBI KOB3HOTO
CepeHBOr0, JEKUIPKOX KOB3HMX CEpeIHiX Ta BEpUIMH 3HUI3ary. A TaKOXX PO3MIITHYTO METOJ[ IPOTHO3YBaHHS AWHAMIKH TPEHIB
4acoBOTO psAy y MaiOyTHhOMYy Ha OCHOBI R/S-amamizy. 3amponoHOBaHO MHOXXHHY HOKa3HHKIB, II0 3HAYCHHSIM SKHX MOJKHA
BU3HAYNTH HAsBHICTh UM BIACYTHICTH iH(pOpMaNiiiHOl aTakn Ha 00’€KT PEeKOMEHAAIIWHOI cHCTeMH. Y JaHy MHOXHHY HOKa3HHUKIB
YBIMIIIM: HassBHUH TPEH]| YMCIOBOTO PSy PEHTHHTIB 00’€KTY CHCTEMH, IIPOTHO30BAHUII TPEH PEHTHHTIB 00’ €KTY CHCTEMH, BEJIHKA
KUIBKICTh MOTPAIUIHb 00’€KTYy Yy CIIMCKH PEKOMEHIAWild Ta CTATUCTUYHI XapPaKTEPUCTHKU DALY, HANPUKIAJ, KUIBKICTh IBOBUX
OIIIHOK, IMCHEpCis OILIHOK, AWCIEpCis Yacy BHCTaBICHHS OILIHOK, Tomo. Ha OCHOBI 3ampomoHOBaHOI MHOXHHH ITOKa3HHKIB
po3po0eHO MeTOo BUSBICHHS 00 €KTiB iH(GOpMAIiifHOI aTaku y peKOMEHJAIiiHIi cUcTeMi 3 BUKOPHCTAHHSAM aHaJi3y TPEHIIB y
peiituHrax o6’ekTiB cucteMu. JlaHuWit MeTOA MO3BOJIAE€ BUSBUTU HAsBHICTH iHPOpMAIiiiHOT aTaku Ha O0’€KTH pPEKOMEHAALiHOI
cucTeMH Ta (GopMye CIIMCOK HMOBIpHUX Hineil 60TiB. MHOXXHHY HMOBIpHHX IiJIed MO’KHa BHUKOPHCTATH JUIS HOAAIBIIOTO IOUIYKY
npodiniB 60TiB Ta yrouHeHHs iH(popMamii mpo ix mikcHi mimi. e n103BOIHMTH NMpM MOUIyKy 0OT-Mepek INepeBipaTH He Bci mpodini
CHUCTEMH, a TUIBKH Ti, SKi B3a€EMONISUTM 3 WMOBIpHHUMHU 00’€kTamu artakd. BucHoBKkH. Po3po0iieHO MeTOJ| BUSBIICHHS 00’ €KTIB
indopmariifHoi aTtaku y peKOMEHMIAIHHIA CHCTeMi Ha OCHOBI aHaNi3y TpeHIIB peHTHHTriB. CTBOpEHO MpOrpaMHy peaji3aliio Ta
MPOBEICHO EKCIICPUMEHTH U1 MepeBipKd ePEeKTUBHOCTI po3poOiieHOro merony. IIpoBemeHI EKCIEPUMEHTH IOKa3ajiH, IO
3aMpOMOHOBAHUI METOJ J03BOJISIE 3 BUCOKOIO TOYHICTIO BHSIBISITH 00’€KTH iHQOpPMALIHUX aTak Ha PEKOMEHMIALHI CHCTEMH IPU
BUIAKOBHX, CEPEAHIX Ta MOMYJIAPHUX MOACIAX aTak.

KurouoBi ciioBa: pexoMeHzaniiHi ciuctemu; iHopmariiiiti ataku; inpopMmariitHa 6e3neka; BUABICHHS iHGOpMaLiiiHOT aTaky;
TEXHIYHUHN aHalli3; KOB3HE cepenHe; R/S-ananis.

METO/ OBHAPY’KEHUSI OBBEKTOB WH®OPMAIIMOHHOM ATAKH B
PEKOMEHJIATEJIbHOU CUCTEME HA OCHOBE AHAJIM3A TPEHJI0OB
PEUTHUHI'OB

IIpeameToM HccIea0BaHNUS SBISIETCS TIPOLIECC BBIABICHHS MH)OPMALMOHHBIX aTaK HAa peKOMEHAaTeIbHyo cucteMy. Ilesblo naHHO#M
paboThl sBRseTcss pa3paboTka MeTona OOHApYKEHHS O0OBEKTOB MH()OPMALMOHHON aTaku B PEKOMEHIATENBFHON CHCTEME Ha OCHOBE
aHaM3a TPEHIOB B PEUTHHrax OOBEKTOB CHUCTEMBI. 3ajaya: pa3paboTaTh METOJ BBIABICHUS OOBEKTOB WH(POPMAIIOHHON aTakd B
peKkoMeH/aTenbHO# cucteMe. Pe3yabrarsl. B paboTe mpoBeaeHO HMCCIEIOBaHHE METONOB ONpPEACHCHHS UMEIOIIMXCS TPEHIOB BO
BPEMEHHBIX PSAJaX, B YACTHOCTH, METOJOB HAa OCHOBE CKOJIB3AIIEr0 CPEAHETO, HECKOIBKUX CKONB3SIINX CPEIHUX M BEpIIMH 3Ur3ara.
A TarKe paccMOTPEH METOJ| MPOTHO3HUPOBAHMS JHHAMHKH TPEHIOB BPEMEHHOro psiia B Oyaymiem Ha ocHoBe R/S-anammsza.
[pemnoskeHo MHOXKECTBO IOKa3aTelsiel, M0 3HAYCHUSIM KOTOPBIX MOXKHO OTPEIEINTh HAIMYHE WM OTCYTCTBHE MH(POPMAIMOHHOW
aTakl Ha OOBEKT PEKOMEHJATENbHOIH CHCTeMBl. B JIaHHOe MHOXECTBO HMOKa3aTelield BOIUIM: MMEIOIIMHCS TPEHI YUCIOBOTO psiaa
PEHTHUHIOB OOBEKTa CHUCTEMBI, POTHO3HUPYEMBIH TPEH/ PEHTHHIOB OOBEKTa CHCTEMBI, KOJIMYECTBO IMOMAJaHUH 0OBEKTa B CIIUCKH
PEKOMEH/IALMH U CTATUCTHYECKUE XapAKTEPUCTHKH psijia, HAIIPUMEP, KOJIMYECTBO LEJEBBIX OLCHOK, AUCHEPCHS OLICHOK, AUCHIEPCHs
BPEMCHU BBICTaBJCHHS OLCHOK M T.JA. Ha OCHOBE NpPENTIOKEHHOrO MHOXECTBA IIOKa3areieil paspaboTaH MeToJ] OOHapyKeHHs
00BeKTOB MH()OPMALMOHHOH aTaku B PEKOMEHIATEJIbHOW CHCTEME C HCIOJIb30BAaHHEM aHaH3a TPEH/IOB B PEHTHHIrax OOBEKTOB
cucteMbl. JIaHHBI METOJ IO3BOJSIET BBIABUTH HAIMYME MH(POPMAIMOHHOH aTakh Ha OOBEKTHl PEKOMEHJATENIbHOH CHCTEMBI U
(OopMHUpYeT CIMCOK BO3MOXKHBIX Liesied 00TOB. MHOXXECTBO BO3MOXHBIX IiejIeif MOXXHO HCIIOJNB30BaTh AJS JANbHEHIIEero IOHCcKa
npodueii 60TOB M yTOYHEHHsT MHPOPMALMKM 00 WX MCTHHHBIX LENSIX. JTO MO3BOJIMT NPH IHOMCKE OOT-ceTeil MpoBepsTh HEe Bce
MpOoQMIIN CUCTEMBI, @ TOJILKO T€, KOTOpblE B3aUMOJECHCTBOBAIM C BEPOSITHBIMH OOBeKTaMH arakd. BeiBoabl. PaspabGoran meron
BBISIBJICHHST 00BEKTOB MH(MOPMAIIMOHHOM aTakW B PEKOMEHJATENIbHOI CHCTeMe Ha OCHOBE aHalu3a TPeHAoB pedTuHros. CosnaHa
MpOrpaMMHasi peaau3alis U MPOBEACHBI 3KCIEPHMEHTHI Ul MpoBepkH 3()GEKTHBHOCTH pa3paboTaHHOro Merona. IIpoBeneHHbIE
9KCHEPUMEHTHI MOKa3aJi, YTO Pa3paboTaHHBIH METO]] MO3BOJISET C BHICOKOH TOYHOCTBIO BBISABIATH 00BEKTH MH)OPMAIMOHHBIX aTaK
Ha PEKOMEH/IATENIbHBIE CHCTEMBI MIPH CIIyYalHbIX, CPEHHUX H TIOIMYJISIPHBIX MOJEISAX aTakK.

KnroueBble ciioBa: peKoMeHaTeNbHbIE CHUCTEMBI; WH(OpPMAIMOHHbIE aTakW; WH(OpMalHoHHas 0e30MacHOCTh; BBISBICHUE
MHPOPMAIIHOHHOM aTaKK; TEXHHIESCKUI aHAIN3; CKOJIb3sIIee cpenHee; R/S-ananms.
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INTERNET OF THINGS FOR ROBOTIC PROJECTS

The subject of research in the article is the application of 10T technology in flexible integrated robotic systems. The goal of the work
is to integrate IOT technology with models and decision-making methods in order to create an adaptive control system for flexible
robotic production. The article solves the following tasks: to analyze the application of 10T technologies in various fields, including
in robotics, to consider the construction of an intelligent decision-making system as one of the key elements of automated control
systems, to consider the development of an adaptive control system for a flexible robotic section and its individual modules. The
following results were obtained: the main features of the IOT technology were analyzed, including those for implementation in
flexible integrated systems of modern production; it is proposed to introduce intelligent production agents into the composition of
technological systems, as means of transport and auxiliary assembly purposes, monitoring means and establish the basic requirements
for them; from a formal point of view, the decision-making process is considered until the achievement of individual technological
tasks. Conclusions: currently, there is a growing interest in the Industry 4.0 concept, in its implementation for the digital
transformation of production systems, and one of these areas is the use of IOT technology, which will allow in production conditions
to combine elements of flexible integrated production distributed in space, to ensure monitoring of production processes in real time,
the functioning of an adaptive control system based on an intelligent decision-making system, which will improve the characteristics

of control processes of a robotic system as part of a flexible integrated production.
Keywords: technology of the Internet of things; making decisions; mobile robot; flexible integrated system.

Introduction

While constant progress in communication and
computer systems attacts the permanent interest to them
from side of professionals, researchers and users,
manufacturing systems cannot show such quick changes,
because of technological problems and greater cost of
equipment. Among the concepts, which describe the
organization and control of manufacturing systems we still
can see Flexible Integrated Systems (FIS) (fig. 1),
currently improved by introduction of intelligent
components and tools [1, 2, 4]. Such system usually
consists of number of machine tools, manipulation a
assembling cells and special equipment. The supplement
of FIS is provided by robots [3].

Currently used FIS have several disadvantages. Their
control systems of FIS are too centralized. The
technological equipment simulation tools are obsolete.
The tools of autonomous monitoring and control for
workplaces are mostly at research stage. The intelligence
of modules of technological tasks analyses for decision-
making in particular workplaces on real-time monitoring
results is not sufficient. There are no modules of decision-
making adaptation to global of local changes of
workspace of FIS states. The learning and self-learning
tools are limited. The modern communication and
integration modules between elements need for
improvement. Such improvement can be achieved by
application of intelligent systems, including manipulation
and transport robots, integrated to distributed control
system of FIS [5, 6].

Functioning of technological equipment in FIS for
real conditions is affected by external factors of different
nature: of static and moving workspace objects, of people,
of robots, of other equipment. In such case, decision-
making systems have the increasing role, making plans of
FIS functioning for global and local tasks. This defines the
task to develop the tools for intelligent decision-making of
FIS control system, using Al-methods to improve the
quality of manufacturing problems solution.

Currently we can see growing interest to Industry 4.0
concept, to its introduction for digital transformation of
manufacturing systems. Production systems become the
market, for which the most of projects of Industrial
Internet of Things (110T) have their implementation. 10T,
with its base on Industry 4.0 and industrial Internet, is a
key component of industrial development worldwide [7].
The Internet of Robotic Things is a new vision of
problem, which unites the wide application of sensors and
robotic objects. This concept can be effectively applied to
solve problems of FIS, providing information support of
decision-making components of FIS control system and
more autonomous functioning of robots. Combination of
industrial technologies and Internet of Things can
potentially create perspective services [8].

Basic tasks of robotic iot concept

The initial idea of loT-robotics is traced from
distributed, heterogeniuos paradigms of robotic control,
for example from networking and clouding robotic
systems. The term of "Internet of Robotics Things" (I0RT)
was created to set the concept, according to which sensor
data from different sources are received and processed
with application of local and distributed data, then applied
to control and manipulate the objects of physical world
[7]. IoRT systems can be created by wide application of
sensor systems and technologes of data analyses with final
goal of best execution of tasks of industrial and other
application.

Cloud computations and 10T are technologies, which
not directly connected to robotics, but supply the creation
of distributed robotic systems. Fig. 2 shows the scheme of
this concept. Technologies of 10T must be based on the
next principal elements: wide application of sensors for
robotc objects and workspaces; connection between
intelligent mechatronic objects; analytic data tools with
semantic technologies, transforming heterogeneous sensor
data.
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computations supply the networking access (on requests)
to virtualized hardware resources (of processing and
storage) or to services of upper level. The cloud
infrastructure is used by 10T tools for extraction of scaled
services of 10T platform, providing an access for sensor
data (not-processed, processed and mixed). The
processing of data streams, generated by loT-devices
inside several centralized data processing centers, can be
problem for real time systems in case of information
processing delays [8].

The cloud paradigm was meet by robotic community
as a tool to simplify tasks with abnormal comsumption of
resources, to exchange data and knowledges
between robots, to supply function of robot’s
reconfiguration.

Computation
(Cloud,
OnBoard)

and analytic loT tools, can give robots more wide
possibilities in comparison to on-board system, espessially
from point of view of workspace, time and information
type. Moreover, the application of in-build sensors allows
their application in more flexible and dynamic way,
possibility to use more complex strategies of active
research in workspace.

The key challenge of 10RT is a distribution in time
and in space. First, the methods to obtain data must be
selected. In a part of works [3], there is proposed to use
the local databases for every object. In this case data are
organized in hierarchi of space, for example: robot has
position in relation to robot, robot is positioned in a room
etc. Other authors propose [6] robots to send requests to
distributed centers on monitoring, for example of
particular areas and objects of workspace.

Communication
System

Control System
with Al

Fig. 2. Structure of 10RT [7, 8]
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The systems of sensors can also be organized in
distributed way. For example, the distributed cameras can
help robot to find the charging station in a huge
manufacturing workspace [5].

Avrtificial intelligence in Robotic IOT

The key element of robot’s ability to perceive
imformation is acquisition of knowledges on its location
with ability to construct or renew workspace models.
Despite the great progress in this area, the independent
localization is still complex problem, especially for global
or overcrowded workspace. In this view, the application
of GPS-sensors is limites by specifications of GPS-
standard (for civil systems) and by lacks for internal
workspaces. In this way, application of IoT can essentially
improve the quality of information about "robot’s world".

The ability to move is one of fundamental
charecteristics of mobile robotic system. The existence of
I0T supplies mobile robots with additional information on
workspace, for example on possible control of automatic
doors and lifts, on location of other mobile objects and
equipment.

Services of 10T can simplify application of robots for
such areas as logictics of object’s supplement; agriculture;
monitoring of environment; search and rescue in case of
disasters when infrastructure is damaged or absent. In
such case, mobile robots will possibly need extended
communication at level of special networks, when every
robot can be used as node in infocommunication system.

Manipulation of robots is also a key element of 10T.
Industrial robots, supplied by manipulators, or mobile
robots, equipped by on-board manipulators, can take,
elevate, keep and move objects, using the system of on-
board sensors.

The additional quality of 10T application for robotics
is in possibility to get specifications of objects, including
that of them, which are not observed by sensors, but, for
example, have an effect for procedures of manipulation
with objects like manipulations of assembling industrial
robot.

The autonomy of robot’s decisions belongs to ability
of system to select the best solutions for goals and tasks.
Here, more and more actual positions are for methods of
motion planning on base of Al, for probabilistic models of
workspaces and possible actions of robots in them.

The quality of plans is critically dependent of quality
of these models and of estimation of initial state.

Other interesting feature of loT for robotics is in
ability of robot to interact physically, cognitively and
socially to users, operators or other systems. Technologies
of IoRT can improve interaction between human and
robot on functional (command and software) and social
levels, and be tool of interaction [3, 7].

The functional possibilities of 10T sensors can make
more reliable the interaction of humans and robots. Here,
the desired level can be in application of natural
communication language, espessially for non-professional
users, while it is a base for various uncertainties and
undeterminations. The other kind of communication is
sign language, applied for example for pointing of objects.

In this case, the perspective way is in combination of
computer vision system with sensors in-build on clothes
of operative personal of factory [9, 10].

The responses of operative personal in a signs, voice
of face mimics cam be applied for estimation of emotion
state of users and for initialization of robot’s response for
them. The integration to 10T sensors on operator’s body or
clothes can improve estimation of solution by
measurement of physiological signals of heart rate, of skin
conductivity. These estimations are bases for adaptation of
robot’s interaction strategy, f.e., implemented for
development of robot-assistant for health-care or medical
sphere.

The cognitive abilities of robots on base of IoT can
be essentially increased if robots will "feel" the
connection between them and surrounding workspace,
will estimate possible their effect and results of actions.
All these are bases for such aspects of cognition and
multi-modal perception and social intelligence

Logical model for intelligent robot functioning

From point of view of robotic intelligent control
system development, the decision-making process is in the
functional strategies planning, which contains the
definition of objective, executed by system, the
description of all the alternative ways of objective
achievement, solving methods for particular practical
tasks [11, 12].

To solve the tasks of intelligent system decision-
making support for flexible integrated robotized system
(FIRS) there is proposed the following concept on
adaptation of functionality [13]:

a) there are the subject (subjects) of strategies
planning — the mobile or manipulation robot (robots),
equipped by automated control system;

b) there are the objects of FIRS, for which the
decision is made and decision can be implemented,;

c) there is the workspace, which includes the
subjects and object of strategies planning, also other
objects, having effect to strategies planning process, the
nature of FIRS workspace is given and can be
determinated or stochastic;

d) properties of strategies planning subject are:

- technical (ability for decision execution);

- functioning strategies development according to
current state of workspace;

- strategies execution by way of movements in space
or manipulation with objects as to developed strategy;

- strategy adaptation for cases of manufacturing task
changes or changes in workspace;

- plan execution adaptation according to strategy;

e) Intelligent system of decision-making support of
executing subject’s control system, correspodently
consists of the following parts:

- workspace information storage unit (for simplest
case — database, for more complex cases is connected to
sensor system of executive subject);

- the unit of operative schemes with standardized
description of particular problem solutions (in other word,
the knowledge base of robot’s ACS);
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- strategies search unit, which on base of particular
strategies planning stage or global goal proposes the
hypothesis (in general case) for functional strategy;

- strategies planning unit, which on base of sensor
system interaction must monitor the workspace changes
and, therefore, change (in other terms modify or adapt) the
solution implementation plan;

- target formulation unit;

- ACS results verification unit;

- movements and manipulation formation unit.

The actual problem of modern flexible integrated
system (FIS) is still in supplement of execution of
production functions, directed to production efficiency
[15].

The selection of logical model as a base for
strategies planning isn’t accidental. The planned actions of
robot may look ordered, checked and logical for common
sense. Other feature of accepted solution is it’s
verification for current conditions of WS, so the decision,
accepted for space S is true at time moment t and
can be false at t+1, but decision always has the value of
varity.

Logical model gives possibility to use designations
similar to standard theory set model.

Suppose, there are sets X,D,S of robotic system

(RTS) states, its decisions, states of workspace (WS),
correspondently.

Then X €X,d;eD,s;eS are the atomic
expressions in model describing RTS and WS activity.

For element of sets, X,D,S  operations
—, A, V,—> <> are introduced.

In this way the Right-Constructed Formulas are
X XAY,XVY, XY, X<>Y.

To describe the theory sets X,D,S the functions

and predicated are introduced.
Function of RTS

X = f (X0 X 1),

Function of WS state’s transition: s; = f (S, ..., Si_1)-

Also there is introduced the predicates connecting
elements of sets X,D,S: pt(x), pt(s), pt(d;),
pt(x;,s;), pt(x;.d;), pt(d;,s;), pt(x.d;,s;), supplying the
description of RTS and WS properties, their interaction
and connection.

Among the predicates:

pr(x;,s;) c pt —set of RTS descriptions in WS,

ps(x;,S;) < pt — set of WS states,

pa(x;,s;) = pt —set of RTS actions in WS,

pg(pr, ps) c pt —set of RTS goals in WS.

The goal of RS is defined as a new (or existing) state
of RS or of WS: pg(pr, ps) < (pr(x,s;) v ps(%;,s;)) -

RS database is defined as a set of declarations of
type pr(), ptO: pr(x), pr(x.s;). ps(si), ps(x,si)-

RS knowledge base is depicted as definition of
possible actions pa(x;,s;) of RTS in WS.

state’s transition:

Description pa(x;,s;) is a strategy to reach goal
pg (pr(x,si), ps(x,s;)), if conjunction of RTS actions,
which supplies pg(pr(x;,s;), ps(x;,s;)) is:
Pg(Pr(x,si), Ps(X,s;)) <
pa’ (%, ) A pat(%,5) A.a patt(x,s)
or pg(pr(x,si), ps(x;,s;)) < /\ir:(} pa' (%),
and besides:
Hf, f S F :Xl = fl (Xl—l’sl—l) y

Jy,w eV ix =vyi(X4,51) -

Therefore, pa(x;,s;)=T ” fi +wi ”

The decision-making process is sequential set of m-
alternatives to reach the goals of the system:

pg® (pr, ps) < pgo(Pro, PSe, Pay)
APYL (PR, PSy, Pay) Ao A POS_y (PFyg, Py, Pay_y)
=~ pg? (pr, ps;, pa;)
pg"™ (pr, ps) < pgg (Pry. Py, Pay)
APYY (PR, PSy, Pay) A A PRy (PFy 1, PSy 1, Pay )
=~ pa" (pr, PS;, P;).
In this way the global goal is describes as follows:
pg" ™™ (pr, ps) « V5 Al pal" (pr, ps;, pa;) -

For conditions of RTS goal formulation there is
developed the initial plan with next state’s
transformations:

pr(x.,s;) < pag(pr(xo,so)v Ps(Xo, o)) »

pr(xn =Yvsn) <~ par?—l( pr(xn—l7 Sn—l) Vv ps(xn—l7 Sn—l)) .
But for case of dynamic state of WS the achievement
of particular pa(pr(x;,s;), Ps(X;,s;)) becomes
impossible:
pr(x.,s;) # paj (pr(% 1,5 1) v PS(% 1,5 1)) -
For such case, the scheme needs for modification:

pr(x.,s;) < pa; (Pr(X_1,51)v PS(% 1,5 1)),

Pr(Xi,1,Siv1) < pa:+1(pr(xi|5i)\/ ps(Xi, ),

what, as result, gives the strategy decision modification:

pg™ (pr, ps) < pgg” (P, PSy, PAg)
APG" (PR, PSy, Pay) Ao A PO (PR, Sy, PA,4) Defi
=Alg g™ (pr, ps;, pay).

ne X ={X°, Xt X”‘l} as a set of RTS states.
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Therefore, there is leveloped the logical model of
adaptive strategies planning for intellectual control
systems of FIS, which uses the predicates logics and
describes the relatioships between robot and objects in
WS, formulates the goals of control system as needed
states of workspace and supplies the constructions of
logical inference. This model is tested in Robotic Lab of
CITAM dept in KhNURE.

Proposed model is applied for realtime decision-
making as a part of compex industrial system, including
mobile, manipulation robots and other equipment, united
by wireless integrated control system, combining all the
parts under concept of 1o0RT. From other hand I0RT part
supplies the information support for predicate-based
decision-making.

Conclusion

Growing interest to Industry 4.0 concept, to its
introduction for digital transformation of manufacturing
systems. Production systems become the market, for
which the most of projects of Industrial Internet of Things
(IoT) have their implementation. 10T, with its base on
Industry 4.0 and industrial Internet, is a key component of
industrial development worldwide.
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IHTEPHET PEUEN /11 POBOTOTEXHIYHUX ITPOEKTIB

IIpenmeToM nociipkeHHs B CTaTTi € 3actocyBaHHs TexHousoril IOT y rHydYkux iHTErpoBaHUX POOOTHM30BaHMX cHcTeMax. Mera
po6otn — interpauis texHosorii IOT 3 MoxenssMu Ta MeTOAaMHM NPUIHATTS pIillleHb 3 METOI0 CTBOPEHHS aJalTHBHOI CHCTEMH
KepyBaHHsI THYYKHM pOOOTH30BaHMM BHPOOHMITBOM. B CTaTTi BHPILIYIOTHCS HACTYIHI 3aBAAHHS: MPOBECTH aHANI3 3aCTOCYBAaHHS
texHouorii IOT B pi3HMX ramy3six, B TOMy 4YUCIi, B pOOOTOTEXHII, PO3IJSHYTH MOOYAOBY IHTEIEKTYaJbHOI CUCTEMH HPUHHSITTS
pillleHb SIK OAHOTO 3 KIIOYOBHX EJEMEHTIB aBTOMAaTH30BAaHMX CHCTEM KEPyBaHHS, PO3IVISIHYTH PO3POOKY aJalTHBHOI CHCTEMH
KepyBaHHS THYYHOI poOOTH30BaHOI AUISHKM Ta ii OKpeMuX MOmyliB. OTpUMaHO HACTYIHI pe3yJbTATH: IMPOaHATI30BaHO OCHOBHI
ocobmmBocti TexHoxorii 0T, B ToMy umci, A pearnizalii y THy9YKAX IHTETPOBaHHUX CHCTEMaX CyYacHOTO BHPOOHHMIITBA; IO CKIIAIy
TEXHOJIOTIYHIX CHCTEM NPOIMOHYEThCS BIPOBAKEHHS IHTENEKTYaJlbHUX BHUPOOHMYMX areHTiB, SK 3ac00iB TpPaHCIOPTHOTO 1
JOTIOMDKHOTO CKJIaJaJbHOTO NMPHU3HAYECHHs, 3aC00y MOHITOPHHTY Ta BCTAHOBIIOIOTHCSI OCHOBHI BUMOTH 10 HUX; 3 ()OPMaJIbHOI TOUKH
30py PO3MIIAAETBCS MPOLEC NPUHUHATTS PIlIeHb IO JOCATHEHHS OKPEeMHX TEXHOJOTiYHHX 3aBlaHb. BHCHOBKH: B jaHumii yac
criocTepiraeThbesi 3poctanHs iHTepecy mo koHuenuii Industry 4.0, no ii BupoBamkenHs misa mudpoBoi Tpancdopmartii BUpoOHUYNX
CHCTEM 1 OJIHUM 3 TaKUX HampsMKIB € 3actocyBaHHs TexHouoril 0T, 1m0 103B0aNUTh B BUPOOHUUYMX YMOBaxX 00'€JHATH PO3MOJiNICH] B
MPOCTOpi €NEMEHTH THYYKOTO iHTETPOBAHOTO BUPOOHHIITBA, 3a0€3MI€YUTH MOHITOPHHT BHPOOHUYHX IIPOIIECIB B PEXKUMI peabHOTO
Yacy, (pyHKIIIOHYBaHHS aJalTHBHOI CHCTEMH YIIPaBIiHHS Ha OCHOBi IHTEJEKTYaJbHOI CHCTEMH MPUHHATTS PillleHb, IO JO3BOJUTH
TIOJIIMIINTH XapaKTEPUCTUKH MPOIIECiB YIPABIiHHSI POOOTH30BaHOI CHCTEMH B CKJIa/li THYYKOTO iHTETPOBaHOTO BUPOOHMIITBA.
Knio4oBi ci10Ba: TeXHONOTIS IHTEPHETY peyeld; IPUHHATTA PillleHb; MOOUTHHUI pOOOT; THyYKa iHTErpOBaHa CHCTEMA.

UHTEPHET BEIIEH JIJIA POBOTOTEXHUYECKHX ITPOEKTOB

IIpenmeToM mccnenoBaHUs B cTaThe sBIsieTcs NmpuMeHeHHe TexHoinornu |OT B rHOKMX HWHTErpHPOBAHHBIX POOOTH3MPOBAHHBIX
cucremax. Leap paGorsl — wmHTerpamms TtexHoioruu |OT ¢ MomemssMum M MeTOJaMU TIPHHSTHS PEHICHWH C IETBI0 CO3MAHUS
aNaNTUBHONW CHCTEMBI YNpPaBIEHHS T'MOKHM pOOOTH3MPOBAHHBIM IIPOM3BOJCTBOM. B cTaThe pemraloTcs CleAyIoIue 3aJajuu:
npoBecTy aHanu3 npuMeHeHus TexHonorui |OT B pasnudHBIX 001acTsAX, B TOM YHCIE, B pOOOTOTEXHHKE, pPACCMOTPEThH MTOCTPOCHHUE
MHTEJJIEKTYaJIbHOM CUCTEMbI IPUHSTUS PELIeHNI KaK OJJHOTO U3 KIIFOYEBBIX AJIEMEHTOB aBTOMATH3HPOBAHHBIX CUCTEM YIPaBIICHHUS,
paccMoTpeTh pa3paboTKy aJanTHBHON CHCTEMBl YIpaBieHHs T'MOKWil poOOTH3MPOBAHHOW y4acTKa M €ro OTHACIBHBIX MOJYJICH.
[Tomy4eHsl crneayonye pe3yJbTaThl: IPOAHATH3UPOBAHbI OCHOBHBIE 0cobeHHOocTH TexHonoruu |OT, B ToM umcrne, uis peann3anun
B THOKUX MHTETPHPOBAHHBIX CUCTEMaX COBPEMEHHOI'O NMPOU3BOJCTBA; B COCTAB TEXHOJIOTMYECKUX CUCTEM IIpejlaraeTcs BHEIpeHHe
HHTEIUICKTYaTbHBIX IPOWU3BOJCTBEHHBIX areHTOB, KaK CPEICTB TPAHCIIOPTHOTO M BCIOMOTAaTENLHOTO COOPOYHOTO Ha3HAYEHHUS,
Cpe/ICTBa MOHUTOPUHTA U yCTAaHABINBAIOTCSI OCHOBHBIE TPEOOBAaHMS K HUM; C ()OPMAJILHON TOUKHM 3pPEHMSI pPacCMaTPHBAETCS MPOIIECC
MIPUHATHA PEMICHHI 0 MOCTIKEHHs OTAENBHBIX TEXHOJIIOTHMYECKHX 3ajad. BbIBOABI: B HacTosmiee BpeMs HAOMIOmaeTcss pocT
uHTepeca Kk kouuenuu Industry 4.0, k ee BHeApeHHIO 11t MGPOBO# TpaHCHOPMAIUK TPOU3BOACTBEHHBIX CHCTEM M OJJHUM M3 TaKHX
HampaBJIeHUH sBisieTcs: TpuMeneHne TexHonoruu |OT, 4To Mo3BOJUT B MPOM3BOJICTBEHHBIX YCIOBUIX O0BEIUHUTE PacrpeeIeHHbIS
B TIPOCTPAHCTBE JIEMEHTHI TMOKOTO MHTETPHPOBAHHOIO MPOU3BOJICTBA, 00ECIIEUNTh MOHUTOPUHT MPOM3BOJICTBEHHBIX HPOIECCOB B
peXHMe peanbHOro BpeMeHH, (pyHKIHOHHPOBAaHMS aJanTHBHON CHCTEMBl YIPABICHUS HAa OCHOBE WHTEIUICKTYaJlbHOH CHCTEMBI
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MPUHATHSA PEIICHUH, YTO TMO3BOJUT yIy4YIINTh XapaKTEPUCTUKH IMPOLECCOB YMPAaBICHHS POOOTH3MPOBAHHOM CHCTEMBI B COCTaBE

IHOKOTO MHTETPUPOBAHHOTO MPOU3BOACTBA.
KnioueBble ci1oBa: TEXHOJOTHS HMHTEpHETA BeUlel; NMPUHATHE pPEIIeHHH; MOOWIBHBIH poOOT; TMOKas HMHTErpHUpOBaHHAS

Ccucrema.
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DATA MINING IN RELATIONAL SYSTEMS

The subject of the research is methods of relational database mining. The purpose of the research is to develop scientifically
grounded models for supporting intelligent technologies for integrating and managing information resources of distributed computing
systems. Explore the features of the operational specification of the relational data model. To develop a method for evaluating a
relational data model and a procedure for constructing functional associative rules when solving problems of mining relational
databases. In accordance with the set research goal, the presented article considers the following tasks: analysis of existing methods
and technologies for data mining. Research of methods for representing intelligent models by means of relational systems.
Development of technology for evaluating the relational data model for building functional association rules in the tasks of mining
relational databases. Development of design tools and maintenance of applied data mining tasks; development of applied problems of
data mining. Results: The analysis of existing methods and technologies for data mining is carried out. The features of the structural
specification of a relational database, the formation of association rules for building a decision support system are investigated.
Information technology has been developed, a methodology for the design of information and analytical systems, based on the
relational data model, for solving practical problems of mining, practical recommendations have been developed for the use of a
relational data model for building functional association rules in problems of mining relational databases, conclusion: the main source
of knowledge for database operation can be a relational database. In this regard, the study of data properties is an urgent task in the
construction of systems of association rules. On the one hand, associative rules are close to logical models, which makes it possible to
organize efficient inference procedures on them, and on the other hand, they more clearly reflect knowledge than classical models.
They do not have the strict limitations typical of logical calculus, which makes it possible to change the interpretation of product
elements. The search for association rules is far from a trivial task, as it might seem at first glance. One of the problems is the
algorithmic complexity of finding frequently occurring itemsets, since as the number of items grows, the number of potential itemsets

grows exponentially.

Keywords: information system; database; relational data model; data integration; intelligent systems; extracting knowledge

from data; data mining; associative patterns of data.

Introduction

Knowledge Discovery in Databases (KDD) methods
have been actively researched and developed over the past
20 years. Data mining technologies that are currently used
are the result of the evolution of the following directions:
in-depth development, intellectualization, increasing the
level of mathematical methods for data processing, further
development of integrated systems — databases and
decision support systems, modeling of nervous tissue of
animals and humans with artificial neural networks [1].

Currently, there are many large research centers and
teams engaged in the development of methods and the
creation of KDD systems. Among the large companies
that are intensively dealing with this issue, one can single
out IBM and Microsoft. IBM has completely repurposed
its largest software technology research center in Almaden
to develop KDD algorithms and build working KDD
systems. The result of this work is a whole family of KDD
systems, both general purpose and specialized. For
example, one of the specialized systems, called Advanced
Scout, is used by the US Basketball Association to
analyze the effectiveness of various combinations of
players in teams, to analyze game situations and to
develop a game strategy. This specialized system costs
over a million dollars and is used by several IBA teams.
Microsoft has set up KDD, located directly at the firm's
headquarters in Redmond, and has brought in renowned
experts who have previously worked on the subject at
universities and academic research centers. This center is
headed by Professor Osama Fayadd, who received one of
the most honorable American awards for the advancement
of science in 1996, and formerly worked in the NASA Jet

Propulsion Laboratory.

These problems are also dealt with at universities.
One of the oldest research groups is at Wichita State
University in the USA, and in Germany is the GMD
group. Much attention is paid to the application of KDD
methods in biology and medicine. The greatest
development was received by the applications of KDD
associated with molecular biology, namely, with the
decoding of macromolecules, and with the creation of new
drugs. We should mention such companies as Base4
Bioinformatics, Bio Discovery, DNA Star, Molecular
Simulations, Anvil Informatics, Bioreason, Cellomics,
Incyte Pharmaceuticals. These data indicate that research
in the field of KDD is currently experiencing rapid
growth.

1. Basic methods of extracting knowledge from
data

The development of computer technology has led to
a significant increase in the volume of stored data, which,
in turn, has complicated their analysis. At the same time,
the need for such an analysis is quite obvious, because
these data contain knowledge that can be used when
making decisions.

Data Mining is a process of discovering in "raw
data" previously unknown non-trivial practically useful
and accessible interpretation of knowledge necessary for
decision-making in various spheres of human activity.
Data Mining is the revealing hidden patterns or
relationships between variables in large amounts of raw
data. It is subdivided into the tasks of classification,
modeling and forecasting and others. The term "Data
Mining" was introduced by Grigory Pyatetsky-Shapiro in
1989. The English term "Data Mining" does not have an
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unambiguous translation into Russian (data mining, data
mining, information penetration, data / information
extraction), therefore, in most cases it is used in the
original. The most successful indirect translation is the
term "intellectual analysis of data” (IAD).

IAD includes methods and models of statistical
analysis and machine learning, distancing itself from them
towards automatic data analysis. The IAD tools allow data
analysis by subject specialists (analysts) who do not have
the appropriate mathematical knowledge.

The information found in the process of applying
Data Mining methods must be non-trivial and previously
unknown, for example, average sales are not. Knowledge
should describe new relationships between properties,
predict the values of some features based on others, etc.
The knowledge found should be applicable to new data
with some degree of reliability. The usefulness lies in the
fact that this knowledge can bring some benefit in its
application.

Knowledge should be presented in a form that is
understandable for a non-mathematical user. For
example, the logical constructions "if ... then ..." are most
easily perceived by humans. Moreover, such rules can be
used in various DBMS as SQL queries. In the case where

Data source

the extracted knowledge is not transparent to the user,
there should be post-processing methods to bring it to an
interpretable form. The algorithms used in Data Mining
are computationally intensive. Previously, this was a
limiting factor in the widespread practical application of
Data Mining, but the increase in the performance of
modern processors has removed the urgency of this
problem. Now, within a reasonable time, it is possible to
conduct a qualitative analysis of hundreds of thousands
and millions of records [2].

To solve these problems, various Data Mining
methods and algorithms are used. The following methods
have gained great popularity: neural networks, decision
trees, clustering algorithms, including scalable ones,
algorithms for detecting associative links between events,
etc.

Data analysis is based on modeling. Model building
is a versatile way to explore the world around you.
Modeling allows you to discover dependencies, extract
new knowledge, predict, manage, and solve many other
problems. Most economic systems are classified as
complex, i.e. with a lot of elements and complex
connections. The knowledge extraction technique is
shown in fig. 1.

Fig. 1. Knowledge extraction technique

Despite the large number of various data analysis
tasks, almost all of them are solved using a single
methodology. It does not describe a specific algorithm or
mathematical apparatus, but a sequence of actions that
must be performed to build a model (extract knowledge).
This technique does not depend on the subject area, it is a
set of atomic operations, combining which you can get the
desired solution [3, 4].

2. Tasks solved by Data Mining methods:

1. Classification is the assignment of objects
(observations, events) to one of the previously known
classes. The simplest and most common Data Mining task.
As a result of solving the classification problem, features
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are found that characterize groups of objects of the studied
data set — classes; on these grounds, a new object can be
attributed to one or another class. The following methods
can be used to solve the classification problem: Nearest
Neighbor; Kk-Nearest Neighbor; Bayesian Networks;
induction of decision trees; neural networks.

2. Regression, including forecasting problems.
Establishing the dependence of continuous output on input
variables. In regression and classification problems, it is
required to determine the value of the dependent variable
of an object based on the values of other variables that
characterize this object.

Let there be given a finite set of objects

I :{il, YR I in} . Each of the objects is characterized
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determine the unknown feature X, . If its set of values is

finite, then the problem is called classification, and if
countable or has the cardinality of the continuum, then we
speak of the regression problem.

3. Clustering is a grouping of objects (observations,
events) based on data (properties) that describe the
essence of these objects. Objects within a cluster must be
"similar" to each other and differ from objects included in
other clusters. The more similar objects within a cluster
and the more differences between clusters, the more
accurate the clustering. Clustering is a logical continuation
of the idea of classification. This task is more
complicated; the peculiarity of clustering is that the
classes of objects are not initially predefined. The result of
clustering is the division of objects into groups.

4. Association — identifying patterns between related
events. An example of such a pattern is the rule that
indicates that event Y follows from event X. Such rules
are called associative. This problem was first proposed to
find typical shopping patterns in supermarkets, therefore it
is sometimes also called market basket analysis. In the
course of solving the problem of finding association rules,
patterns are found between related events in the dataset.
The difference between the association and the previous
Data Mining tasks is that the search for patterns is carried
out not based on the properties of the analyzed object, but
between several events that occur simultaneously. The
most famous algorithm for solving the problem of finding
associative rules is the Apriori algorithm [1, 5].

5. Sequential Patterns — Establishing patterns
between time-related events. Consistency allows you to
find temporal patterns between transactions. The task of a
sequence is like an association, but its purpose is to
establish patterns not between simultaneously occurring
events, but between events related in time (i.e., occurring
at a certain interval in time). In other words, the sequence
is determined by the high probability of a chain of events
related in time. In fact, an association is a special case of
a sequence with a time lag of zero. This Data Mining
problem is also called the sequential pattern problem. The
rule of sequence: after event X, event Y will occur after a
certain time. The solution to this problem is widely used
in marketing and management, for example, in managing
the customer cycle (Customer Lifecycle Management).

6. Deviation analysis — identifying the most unusual
patterns. Business analysis problems are formulated in a
different way, but the solution of most of them comes
down to one or another Data Mining problem or a
combination of them. For example, risk assessment is a
solution to a regression or classification problem, market
segmentation is clustering, demand stimulation is
associative rules. In fact, Data Mining tasks are elements
from which you can assemble a solution to the vast
majority of real business problems.

The potential of Data Mining provides opportunities
for expanding the boundaries of technology application:

- allocation of types of subject areas with their
corresponding heuristics, the formalization of which will
facilitate the solution of the corresponding Data Mining
problems related to these areas

- creation of formal languages and logical means,
with the help of which reasoning will be formalized, and
the automation of which will become a tool for solving
Data Mining problems in specific subject areas;

- creation of Data Mining methods that can not only
extract patterns from data, but also form some theories
based on empirical data;

- overcoming the significant lag of the capabilities of
Data Mining tools from theoretical achievements in this
area.

If we consider the future of Data Mining in the short
term, then it is obvious that the development of this
technology is most related to business. In the short term,
products of this class can become as common and
necessary as e-mail and, for example, be used by users to
find the lowest prices for a particular product or the
cheapest tickets. In the long term, the future of Data
Mining is truly exciting and it can be a search by
intelligent agents, both for new treatments for various
diseases, and a new understanding of the nature of the
universe. However, Data Mining is fraught with potential
danger and after all, an increasing amount of information
becomes available through the worldwide network,
including private information, and more and more
knowledge can be extracted from it.

Studies note that there are both successful solutions
using Data Mining and bad experiences with this
technology. The areas where the application of this
technology will be successful have the following features:

- require knowledge-based solutions;

- have a changing environment;

- have accessible, sufficient and meaningful data;

- provide high dividends from the right decisions.

To solve the above tasks, various Data Mining
methods and algorithms are used. In view of the fact that
Data Mining has developed and develops at the
intersection of disciplines such as statistics, information
theory, machine learning, database theory, it is quite
natural that most Data Mining algorithms and methods
were developed on the basis of various methods from
these disciplines. For example, the k-means clustering
procedure was simply borrowed from statistics. The
following Data Mining methods have gained great
popularity: neural networks, decision trees, clustering
algorithms, including scalable ones, algorithms for
detecting associative links between events, etc.

The use of Data Mining methods is actually the only
way to benefit from the accumulated information,
otherwise the collected data will be "dead weight". Data
Mining allows you to extract knowledge from data and
turn it into competitive advantages: predict qualitatively,
more accurately identify target audiences, predict the
development of events, manage risks, and more. Let's
consider in detail the main components of the technology
and methods of Data Mining.
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2.1 Data warehouses

The concept of a data warehouse is based on the idea
of separating data used for operational processing and for
solving analysis problems. This separation allows you to
optimize both the online storage data structures for
performing input, modification, deletion, and search
operations, and the data structures used for analysis (for
performing analytical queries). Different operational data
sources (management systems) may contain data
describing the same subject area from different points of
view (accounting, warehouse accounting, planning
department, etc.). A decision made on the basis of only
one point of view may be ineffective or incorrect. Data
warehouses allow you to integrate information that
reflects different points of view into one subject area.
Operational data sources tend to be developed
at different times using different toolkits. This leads to the
fact that the same objects are described in
different ways. Integration of data into the warehouse
solves this problem by bringing data to a single
format [6-8].

Requirements for online data sources impose a
limitation on the storage time in them, that is, those data
that are not needed for online processing can be deleted
from the database to reduce the amount of occupied
resources. Analysis requires data for as long as possible.
Unlike databases, in storages, data is only read after
loading, which can significantly increase the speed of data
access. Complex analytical queries against online data
sources consume a large amount of resources on the
computers on which they run. This leads to a decrease in
system performance, which is unacceptable, since the
execution time of operations in such systems is often very
critical [9].

Thus, data prepared in a certain way and collected in
storages can be used for analysis and decision-making
based on them. Analysis subsystems (OLAP, Data
Mining) are responsible  for the  formation
of analytical queries to data and presentation of the results
of their execution in decision support systems
(DSS) [10].

2.2 Online data analysis systems

To analyze information, the most convenient way to
represent it is a multidimensional model or a hypercube
whose edges are dimensions. This allows you to analyze
data from several dimensions at once, i.e. perform
multivariate analysis. The concept of multivariate data
analysis is closely related to operational analysis, which is
performed using OLAP systems.

OLAP is a technology of online analytical data
processing that uses methods and tools for collecting,
storing and analyzing multidimensional data in order to
support decision-making processes. The main purpose of
OLAP systems is to support analytical activities, arbitrary
requests from analyst users. The purpose of OLAP
analysis is to test emerging hypotheses.

OLAP systems provide analysts with a means of
testing hypotheses when analyzing data, that is, the main
task of an analyst is to generate hypotheses based on their
knowledge and experience.

By the type of database used, OLAP systems can be
divided into several classes depending on the data storage
structure:

- systems for operational analytical processing of
multidimensional databases (or MOLAP systems), in
which data are organized in the form of ordered
multidimensional arrays of hypercubes or polycubes;

- systems of on-line analytical processing of
relational databases (or ROLAP-systems), which allow
presenting data in a multidimensional form, ensuring the
transformation of information into a multidimensional
model through an intermediate layer of metadata;

- hybrid systems of on-line analytical data processing
(HOLAP-systems) are designed to combine the
advantages and minimize the disadvantages of previous
systems. They combine the analytical flexibility and speed
of response of MOLAP systems with constant access to
real data inherent in ROLAP systems.

The main disadvantages of the methods of
operational data analysis discussed above are that in
practice, the multidimensionality of data, as a rule, ends
with the use of functions for extracting extensions from
attributes of the "date / time" type: year, half year, quarter,
month, week. AIll further actions are reduced to the
sequence of execution of specialized queries: "selection”
and "grouping™ using the functions "CONT", "SUM",
"AVG" or other similar.

2.3 Statistical methods for knowledge extracting

Domain-specific analytical systems are very diverse.
The broadest subclass of such systems, which has become
widespread in the field of financial market research, is
called "technical analysis". It is a combination of several
dozen methods for forecasting price dynamics and
choosing the optimal structure of an investment portfolio,
based on various empirical models of market dynamics.
These methods often use a simple statistical apparatus, but
maximally take into account the specifics that have
developed in their field (professional language, systems of
various indices, etc.)

The latest versions of almost all known statistical
packages include Data Mining elements along with
traditional statistical methods. But the main attention in
them is paid to classical methods correlation, regression,
factor analysis, etc. The disadvantage of systems of this
class is the requirement for special training of the user.

There is an even more serious fundamental drawback
of statistical packages that limits their use in Data Mining.
Most of the methods included in the packages are based
on a statistical paradigm in which the main figures are the
average characteristics of the sample. And these
characteristics, when studying real complex life
phenomena, are often fictitious values.

2.4 Neural network mining algorithms

Neural networks are a large class of systems, the
architecture of which is analogous to the construction of
neural tissue from neurons. In one of the most common
architectures, a multilayer perceptron with back
propagation of an error, the operation of neurons as part of
a hierarchical network is imitated, where each neuron of a
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higher level is connected by its inputs to the outputs of
neurons of the underlying layer. The values of the input
parameters are fed to the neurons of the lowest layer, on
the basis of which it is necessary to make some decisions,
predict the development of the situation, etc. These values
are considered as signals transmitted to the next layer,
weakening or amplifying depending on the numerical
values (weights) attributed to interneural connections. As
a result, at the output of the neuron of the uppermost layer,
a certain value is generated, which is considered as a
response and the reaction of the entire network to the
entered values of the input parameters. In order for the
network to be used in the future, it must be "trained" on
the data obtained earlier, for which both the values of the
input parameters and the correct answers to them are
known. The training consists in the selection of the
weights of interneuronal connections, ensuring the closest
proximity of the network'’s responses to the known correct
answers.

The main disadvantage of the neural network
paradigm is the need to have a very large training sample.
Another significant drawback is that even a trained neural
network is a "black box". Knowledge, recorded as the
weights of several hundred inter-neural connections, is
completely beyond human analysis and interpretation.

2.5 Decision trees

Decision trees are a way of representing rules in a
hierarchical, sequential structure, where each object has a
single node that provides a solution. A rule is understood
as a logical structure represented in the form
"if ... then ...".

The field of application of decision trees is currently
wide, but all the problems solved by this apparatus can be
combined into the following two classes:

- Description of data. Decision trees allow us to store
information about data in a compact form, instead of them
we can store a decision tree that contains an accurate
description of objects.

- Classification. Decision trees do an excellent job of
classification tasks, i.e. assignment of objects to one of
the previously known classes. The target variable must
have discrete values. If the target variable has continuous
values, decision trees allow you to establish the
dependence of the target variable on independent (input)
variables. For example, this class includes problems of
numerical forecasting (prediction of the values of the
target variable).

Let some training set T be given, containing objects
(examples), each of which is characterized by m
attributes, and one of them indicates that the object
belongs to a certain class. The idea of constructing
decision trees from a set T, first proposed by Hunt, is
given by R. Quinlan.

Let {C,,C,,...C,} denote classes (class label

values), then there are 3 situations:
- the set T contains one or more examples belonging
to the same class C, . Then the decision tree for T is a leaf

that defines the class C, ;

- the set T contains no examples, i.e. empty set. Then
it is again a leaf, and the class associated with the leaf is
selected from another set other than T, for example, from
the set associated with the parent;

- the set T contains examples belonging to different
classes. In this case, the set T should be split into some
subsets. For this, one of the features is selected that has
two or more different values O;, O,, ...,0,. T is split into

subsets T;, T, ..., T,, where each subset Ti contains all

examples that have the Oi value for the selected feature.
This procedure will recursively continue until the finite set
consists of examples belonging to the same class.

The above procedure is the basis of many modern
algorithms for constructing decision trees, this method is
also known as divide and conquer. Obviously, when using
this technique, the decision tree will be built from top to
bottom. Since all objects have been previously assigned to
the classes we know, this process of building a decision
tree is called supervised learning. The learning process is
also called inductive learning or tree induction.

Today there are a significant number of algorithms
that implement decision trees CART, C4.5, Newld, IT
rule, CHAID, CN2, etc. But the most widespread and
popular are the following two:

- CART (Classification and Regression Tree) is an
algorithm for constructing a binary decision tree — a
dichotomous classification model. Each node of the tree,
when split, has only two children. As the name of the
algorithm suggests, it solves classification and regression
problems.

- C4.5 - an algorithm for constructing a decision tree,
the number of children of a node is not limited. Can't work
with a continuous target field, so only solves classification
problems.

Most of the known algorithms are "greedy
algorithms™. If an attribute has been selected once and has
been subdivided into subsets, the algorithm cannot go
back and choose another attribute that would give a better
subset. And therefore, at the stage of construction, it
cannot be said whether the selected attribute will
ultimately give the optimal partition.

Having considered the main problems that arise
when constructing trees, consider their advantages: fast
learning process; generation of rules in areas where it is
difficult for an expert to formalize his knowledge;
extraction of rules in natural language; intuitive
classification model; high forecast accuracy, comparable
to other methods (statistics, neural networks); construction
of nonparametric models. Decision trees are an effective
tool in decision support systems, data mining. Many data
mining packages already include methods for constructing
decision trees. In areas where the cost of error is high,
they serve as an excellent support for the analyst or
manager. Decision trees are successfully used to solve
practical problems in the following areas:

- banking: assessing the creditworthiness of the
bank's clients when issuing loans;

- industry: product quality control (detection of
defects), non-destructive testing (for example, welding
quality control), etc.;

- medicine: diagnostics of various diseases;
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- molecular biology: analysis of the structure of
amino acids.

This is not a complete list of areas of use for decision
trees. Many potential applications are not yet explored.

2.6 Limited search algorithms

Restricted search algorithms were proposed in the
mid-60s by M.M. Bongard to search for logical patterns in
data. Since then, they have demonstrated their
effectiveness in solving a variety of problems from a wide
variety of fields. These algorithms calculate the
frequencies of combinations of simple logical events in
subgroups of data. Examples of simple logic events:
X =a; X<a; X>a;a< X<band others, where X is any
parameter, a and b are constants.

One of the dangers in constructing a description is
the possibility of the emergence of so-called prejudices,
i.e. selection of conditions that satisfy the requirements set
only on the training set and are useless outside of it.
Apparently, the first to draw attention to this problem was
M.M. Bongard. It is clear that by increasing the thresholds
for the probability of a type | error and decreasing the
probabilities of a type Il error, we reduce the likelihood of
prejudice. However, the problem of choosing thresholds
that guarantee that the probability of the appearance of
even one prejudice does not exceed a given value remains
relevant.

2.7 Reasoning methods based on similar cases

The idea of Case Based Reasoning (CBR) is simple
at first glance. In order to make a forecast for the future or
choose the right decision, these systems find in the past
close analogs of the current situation and choose the same
answer that was correct for them. Therefore, this method
is also called the "nearestneighbor" method.

Recently, the term memory based reasoning has also
become widespread, which focuses on the fact that a
decision is made on the basis of all the information
accumulated in memory. CBR systems perform well in a
wide variety of tasks. Their main disadvantage is that they
do not create any models or rules generalizing previous
experience at all. In choosing a solution, they are based on
the entire array of available historical data, so it is
impossible to say on the basis of which specific factors
CBR systems base their answers. Another disadvantage is
the arbitrariness that CBR systems allow when choosing a
measure of "proximity”. This measure most decisively
determines the size of the set of use cases that must be
stored in memory in order to achieve a satisfactory
classification or forecast.

2.8 Genetic algorithms

Genetic  algorithms are designed to solve
optimization problems. An example of such a task is
training a neural network, that is, the selection of such
values of the weights at which the minimum error is
achieved. Moreover, the genetic algorithm is based on a
random search method. The main disadvantage of random
search is that we don't know how long it will take to solve
the problem. To avoid such a waste of time in solving the
problem, methods are used that have manifested

themselves in biology, methods discovered in the study of
the evolution and origin of species. As you know, in the
process of evolution, the fittest individuals survive. This
leads to the fact that the fitness of the population
increases, allowing it to better survive in changing
conditions. This algorithm was first proposed in 1975 by
John Holland at the University of Michigan. It was named
"Holland's reproductive plan" and formed the basis for
almost all variants of genetic algorithms.

It is known from biology that any organism can be
represented by its phenotype, which actually determines
what an object is in the real world, and a genotype, which
contains all information about an object at the level of the
chromosome set.

Moreover, each gene, that is, an element of genotype
information, is reflected in the phenotype. Thus, to solve
problems, we need to present each feature of an object in a
form suitable for use in a genetic algorithm. All further
functioning of the mechanisms of the genetic algorithm is
carried out at the level of the genotype, making
it possible to do without information about the internal
structure of an object, which determines its widespread
use in a variety of tasks. The most common
form of genetic algorithm uses bit strings to represent the
genotype of an object. Moreover, each attribute of an
object in the phenotype corresponds to one gene
in the object's genotype. A gene is a bit string,
most often of a fixed length, that represents the value of
this trait.

As you know, in the theory of evolution, an
important role is played by how the traits of parents are
transmitted to descendants. In genetic algorithms, the
crossing operator (also called crossover or crossing over)
is responsible for the transmission of parental traits to
offspring. This operator defines the transfer of traits from
parents to descendants. He acts as follows: two individuals
are selected from the population who will be the parents;
the break point is determined (usually randomly); a child
is defined as the concatenation of part of the first and
second parent. For the functioning of the genetic
algorithm, these two genetic operators are sufficient, but
in practice, some additional operators or modifications of
these two operators are also used. For example, a
crossover may not be single-point (as described above),
but multi-point, when several break points are formed
(most often two). In addition, in some implementations of
the algorithm, the mutation operator is the inverse of only
one randomly selected bit of the chromosome.

2.9 Systems for visualizing multidimensional data

Tools for visualization of multidimensional data are
supported by all Data Mining systems. At the same time, a
very impressive market share is occupied by systems that
specialize exclusively in this function. In such systems,
the main attention is focused on the friendliness of the
user interface, which makes it possible to associate
various parameters of the scatter diagram of database
objects (records) with the analyzed indicators. These
parameters include color, shape, orientation relative to its
own axis, dimensions and other properties of graphic
elements of the image. In addition, data visualization
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systems are equipped with convenient tools for scaling
and rotating images.

2.10 Fuzzy logic methods

The mathematical theory of fuzzy sets and fuzzy
logic are generalizations of classical set theory and
classical formal logic. These concepts were first proposed
by the American scientist Lotfi Zadeh in 1965. The main
reason for the emergence of a new theory was the
presence of fuzzy and approximate reasoning when a
person describes processes, systems, objects. Before the
fuzzy approach to modeling complex systems was
recognized all over the world, more than one decade
passed since the inception of the theory of fuzzy sets. And
on this path of development of fuzzy systems, it is
customary to distinguish three periods.

The first period (late 60s — early 70s) is characterized
by the development of the theoretical apparatus of fuzzy
sets (L. Zade, E. Mamdani, Bellman).

In the second period (70s - 80s), the first practical
results appear in the field of fuzzy control of complex
technical systems (a steam generator with fuzzy control).
At the same time, attention began to be paid to the issues
of constructing expert systems based on fuzzy logic, the
development of fuzzy controllers. Fuzzy expert systems
for decision support are widely used in medicine and
economics.

In the third period, which lasts from the end of the
80s and continues at the present time, software packages
for building fuzzy expert systems appear, and the fields of
application of fuzzy logic are significantly expanding. It is
used in the automotive, aerospace, transportation, home
appliance, finance, analysis and management industries,
and many others.

The triumphal march of fuzzy logic around the world
began after Bartholomew Kosco proved the famous FAT
(Fuzzy Approximation Theorem) in the late 80s. In
business and finance, fuzzy logic gained acceptance after
in 1988 a fuzzy rule-based expert system for predicting
financial indicators was the only one predicting a stock
market crash. And the number of successful fuzzy
applications is currently in the thousands [11-14].

2.11 The task of finding association rules in
datasets

Association rules allow you to find patterns between
related events. The first association rule search algorithm,
called AIS, was developed in 1993 by researchers at the
IBM Almaden Research Center. The mid-90s of the last
century saw the peak of research work in this area, and
since then, several algorithms have appeared every year.
[15, 16].

Subject areas in which the method of assessing the
associative properties of data is most often used:

- retail: identifying products that are worth
promoting together; selection of the location of the
product in the store; analysis of the consumer basket;
demand forecasting;

- marketing: search for market segments, trends in
consumer behavior;

- customer segmentation: identifying the general
characteristics of the company's customers, identifying
groups of buyers;

- catalog design, analysis of sales campaigns,
determination of customer purchase sequences (which
purchase will follow the purchase of product A);

- analysis of web logs.

Finding association rules is one of the main
approaches to data mining. The search reveals hidden
connections of seemingly unrelated data. These
connections are the rules. Those that exceed a certain
threshold are considered interesting. One of the most
frequently cited examples of the search for association
rules is the problem of finding stable links in the shopping
cart (Market-Basket Problem) [1, 17].

The challenge in finding lasting links in a shopping
cart is to determine which items are being purchased by
customers together, so that marketers can properly place
those items in the store to increase sales, as well as make
other decisions to drive sales. It is the ability to detect
hidden rules that makes the search for association
rules valuable and conducive to the search for knowledge
[18-20].

3. Let's formulate the problem of data mining in
relational systems.

By the task of data mining we mean the procedure
for finding all pairs of attributes of a relational database
that satisfy the condition for which group operations are
executable.

The problem can be solved in at least two ways:

1. Based on the rules of normalization theory,
analyzing the second and third normal forms, select all
pairs of functionally dependent attributes X —Y from

the relation R(K;, Ky, A ...A,,By,...B,). The list of

pairs will also include attributes that are transitively
dependent among themselves through relations in which a
composite key is used as key attributes.

2. Based on an analysis of the database schema
normalized to third normal form.

3.1 Relational database structural specification

To construct a structural diagram of databases,
traditional means of specifying a relational data model are
used [21-25]. The main structural unit of data in the
relational model is an n-ary relation, which is a finite
subset of the Cartesian product of domains, that is, sets of
atomic values of data elements — the attributes of the
relation.

Let R be a finite set of database relationship names;

D - {D,...D;} — a set of domains, where every
D; domain is a named set of atomic values of data

elements;
A — afinite set of names of attributes of relations;
dom — mapping from A to D, defining from which
domain the attribute values are selected.

A pair (A,domA) where A eA is called an
attribute. The structural scheme S; of a relationship
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R (R €R) can be represented in a form R (A,... A))
where all A are different. A relationship r, can be

defined as an extension of a schema
S;:r < domA x...xdomA, . Permutation of attributes in a

schema does not generate a new extension, and a set
{A,..A,} of relationship attributes R; sets the type of

relationship. An expression R; = A...A, is used to specify

the media composition. The U block diagram of a
relational database is a specification of the form

(Rl,...,Rp) , Where R, e R and all R; are different.

Conceptually, a relational base is an information-
logical model of a certain subject area, such that each
extension corresponds to a certain state of this area at a
certain moment in the discrete current time. ach state is
modeled by an ordered set of data item values
corresponding to the values of properties of objects in the
domain.

An object of a specific type corresponds to a tuple of
a relation of a specific type. Note that the relational data
model assumes a strong typing of objects, the use of well-
defined categories, such as the type of an object, an
attribute (property) of an object, a domain, and the
assignment of each value and an ordered set of values to
one of these categories. Objects of a certain type have a
certain set of properties, which is specified in the
relational model by a relationship schema [26-29].

At the design stage, the developer performs a
mandatory procedure - normalizing the relational database
schema to one of the normal forms, as a rule, this is the
third normal form (3NF).

Aggregate functions are functions that determine the
number of records in a table, count the number of values
in a column or find the minimum and maximum values for
it, and also sum data. Aggregate functions include
functions COUNT, SUM, MAX, MIN, AVG and possibly
others suggested by the developer.

To apply aggregate functions in calculations with
respect to some group of identical values, the Group By
parameter is used. This parameter "compresses” the same
values for the specified attribute into a single row of
totals. To find the average price for a part, you can
formulate a query in SQL.

SELECT Num_detail, AVG(Price) FROM Table GROUP
BY Num_detail

Example.

The problem of finding associative dependencies
in a relational database and its solution.

Let’s consider the technology for finding associative
data dependencies using the following example. For the
analysis, the "DETAILS" relational relation with the
following scheme <Num_detail, Colors, Price> is
presented. The example shows that there is a
correspondence between two information units: part
number and price. Thus, it is possible to formulate a
production expression of the form {Price =J;
Num_detail= AVG(Price)}, where Num_detail =
AVG(Price) —is a product core, Price =0 is a product
core applicability condition; if the logical expression of
the condition evaluates to "true”, then the production core
is activated. The diagram of using the AVG aggregate
function relative to the grouped data is shown in fig. 2.

Num detail Colors Price, UAH
103 Green 105
103 Blue 25 Num_detail A‘fG
(Price)

103 Wait 46 ~a 103 58.7

106 Black 59 lyr 106 80.5
GROUPE 106 Green 102 — 201 52.7
Y 201 Wait 15

201 Black 28

201 Blue 115

Fig. 2. Query with grouping

When constructing production rules, the query
syntax is used, which defines the structure of the rule core.
The syntactic structure, in turn, is fixed and has the form:
the left side of the rule corresponds to the attribute
(attributes) by which the grouping is carried out, and the
right side corresponds to the attribute (s) to which the
aggregate function is applied. If a set of queries is used,
consolidated, for example, in a transaction, then they form
a production system. In the product system, special
product management procedures must be specified, with
the help of which the kernel is updated [30, 31].

Statement:

Let there be a relational relation for which a set of

transactions  is  implemented T={T,.T,},
D={d,,...d,} - the set of elements of which the
transaction consists of T, thatis T, c D u Q = {COUNT,

SUM, MAX, MIN, AVG,...} — a set of aggregate
functions. Each transaction is a binary vector, where
T, =1, if the d; element is present in the transaction and

T; =0 otherwise. Transaction T; has a set of elements
XcD, if XcT;. Then products of the form
{P; X = @ (Y)},where P — the condition for activating the
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core of a rule will be called a functional associative rule if
XcD,YecD, XNnY=CFuw e Q.

The purpose of data analysis is to establish the
following dependencies: if a certain set of X elements was
encountered in a transaction, then, based on this, we can
conclude that another set of Y elements should also appear
in this transaction. Establishing such dependencies makes
it possible to find simple and intuitive rules [32, 33].

In general, the formation of association rules can be
represented in two stages:

- selection of all the necessary sets of elements;

- generation of rules from sets of elements using the
required functions.

As a means of displaying functional association
rules, we use the semantic network (SN): S=(T, £Q),
where T — a set of transactions, the elements of which act
as nodes of the SN, Q — set of aggregate functions

Product

representing the relationship between vertices (arcs of a
graph).

Let a system of functional association rules be given:

{Quantity #7; Product = SUM(Quantity)

Price #J; Product = MIN(Price)

Product #J; Name_Customer= COUNT (Product)

Quantity #&; Name_Customer, Product =
MAX(Quantity)

Price =J; Material = MIN(Price)

Quantity #; Price = MIN(Quantity)}

For the system presented above, we construct a
semantic network S, shown in fig. 3. To identify the
constituent left parts of the core of the rule in the network,

the notation wi(i :L_oo) is used, where i — shows the

ratio of the constituent vertices.

MIN .
Material

Quantity

COUNT

Name
Customer

MAX!

Fig. 3. Semantic network of the system of functional association rules

Using the structure of the SN, consider the inverse
problem. Let's formulate a query based on the analysis of
paths in the SN. For example, what information can be
obtained from data on the names of suppliers
(Name_Customer). Such a request can be formulated as
follows:

SELECT
FROM Table
GROUP BY Name_Customer

Name_Customer, COUNT(Product)

SN analysis can expand the knowledge base. Having
determined the necessary path in the network, the request
can be composed, for example, as follows:

SELECT Name_Customer,
FROM Table
GROUP BY Name_Customer, Product

Product, MIN(Price)

Thus, from the expressions "if there is a supplier,
then you can find the number of his deliveries" and "if
there are supplies", then you can find their minimum cost,

"if there is a supplier and his supplies", then you can find
the minimum cost of these supplies [34].

Conclusions

In integrated information systems that combine a
relational database and a decision support subsystem,
various tasks are solved, including those related to the
formalization and representation of knowledge. An
important role in the search for knowledge is played by
the structural characteristics of the source from which the
intelligent system can obtain knowledge. Thus, it is
necessary to have tools with which it is possible to acquire
knowledge for an intelligent subsystem.

The main source of knowledge is the relational
database. In this regard, the study of data properties is an
urgent task in the construction of systems of association
rules. On the one hand, associative rules are close to
logical models, which makes it possible to organize
efficient inference procedures on them, and on the other
hand, they more clearly reflect knowledge than classical
models. They do not have the strict limitations typical of
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logical calculus, which makes it possible to change the
interpretation of product elements.

The search for association rules is far from a trivial
task, as it might seem at first glance. One of the problems
is the algorithmic complexity of finding frequent itemsets,
since as the number of items grows, the number of
potential itemsets grows exponentially.

The article deals with the analysis of a relational

keys, primary and external, to generate a system of
functional association rules and build on their basis a
semantic network that allows you to expand (deduce) a
given set of rules. Further research of the search and
analysis procedures for products can be directed towards
the development of methods for inference of association
rules based on a certain system of axioms. In addition,
when searching for rules, you can use other properties of

the relational data model, such as functional and other
types of dependencies, as well as some properties of the
language specification, in particular the mathematical
apparatus of relational calculus.

database in order to identify production rules, based on
some structural specifications of the relational data model.
One class of products is considered, namely functional
association rules, which allows, using the properties of
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THTEJIEKTYAJIbHAUM AHAJII3 JAHUX B PEJIANIMHAX CUCTEMAX

I[IpeameroM ROCTiIKCHHS € METONW IHTENEKTYalbHOTO aHAN3y peauifHux 0a3 naHux. MeTo0 NIpPOBEICHUX MOCITIIKEHb €
po3poOka HAYKOBO-OOTPYHTOBAHHX MOJENICH MiATPUMKHU 1HTENEKTYaIFHUX TEXHOJOTIH iHTerpamii i ynmpaBmiHHS iH(MOpMaLiiHUMU
pecypcamu po3MoaiIeHUX 00YHCITIOBATBHUX cUCTeM. J[OCTiIUTH 0COOIMBOCTI omnepamniiiHoi crienudikarii pensiiitHol MoJemi JaHuX.
P03po6uTH MeTo OLiHKH PENALiHOT MOZIeINi JaHUX 1 IpoLeaypy MoOYI0BH (YHKIIOHAIBHUX acOLIaTHBHUX IPAaBUII IIPH BUPIIICHH]
3a]a4 IHTEJICKTYyalbHOTO aHAaNi3y peNsAliitHuX 0a3 maHux. BiAMoBiIHO 10 MOCTaBICHOT METH MOCHTIDKECHb B MPEICTABJICHIH CTATTi
PO3TIIAIAIOTECS HACTYIHI 3aBHAHHSI: aHANI3 ICHYIOYMX METOJMIB 1 TEXHOJOTIH IHTENEKTYalbHOTO aHamidy naHuX. JoCmimKeHHs
METOJIB ITO/IaHHS 1HTENEKTyalbHUX MOJENel 3aco0aMu persiitHuX cucteM. Po3poOka TeXHOIOTIT OLIHKH pesIiitHOT MOAeNi TaHuX
U TOOYIOBH (YHKI[IOHABHUX ACOLIATHBHUX IMPAaBWII B 3a/adaX IHTENEKTYyaJbHOTO aHaNi3y pemsiuiiianx 6a3 maHux. Po3poOka
THCTpYMEHTAIFHHUX 3ac00iB POEKTYBAaHHS 1 CYNPOBOLY MPUKIAJTHUX 3374 IHTEIEKTYAIFHOTO aHaTi3y JaHUX; PO3poOKa MPUKIATHUX
3aJad 1HTENEKTyalbHOrO aHamidy naHuX. Pe3yabraTtm: [IpoBeneHo aHami3 iCHYFOUMX METONIB 1 TEXHOJIOTIH iHTENEKTyalbHOTO
aHamizy naHux. JlocmiukeHo ocoOnMBOCTI CTPYKTypHOI crienudikarii pensuiiiHoi 6a3n naHux, popMyBaHHs acoliaTHBHUX IPaBUII
Ui TOOYJOBM CHUCTEMH MIATPUMKM HPUHHSATTS pilieHb. Po3pobnieHo iHpopMaliliHy TEXHOJIOTiI0, METOJMKa IPOSKTYyBaHHS
iH(bOpMaLliHHO-aHAITHYHUX CHCTEM, Ha OCHOBI PENAIIHOT MOJIei AaHUX, /IS BUPIIICHHS MPAKTUYHUX 3aBAaHb IHTEICKTYaIbHOTO
aHai3y, po3poOJieHI MPaKTHYHI PEKOMEHMAlii 3acTOCYBaHHS pPESMIHHOI MOAEN MaHUX Uil MOOYMOBH (PYHKI[IOHATBHUX
acoI[laTUBHUX MPaBWJI B 3a/la4axX IHTENEKTYaIbHOTO aHA3y pelsiliifHuX 0a3 MaHWX, BUCHOBOK: OCHOBHHM JDKEPEJIOM 3HAHb IPH
eKcIuTyaramii 06a3 JaHHMX MoOKe OyTH pesmiiiHa 6a3a JaHuX. Y 3B'SI3Ky 3 MM, JOCIIIKCHHS BIACTUBOCTEH NAaHHUX € aKTyalbHUM
3aBJaHHSAM B MOOYIIOBI CHCTEM acOLIATHBHUX INPaBWI. ACOLIATHBHI NMpaBWiIa 3 OJHOTO OOKY ONHM3BKI A0 JIOTIYHHM MOJIEISM, IO
JIO3BOJISIE OPTaHi3yBaTH Ha HUX €(EeKTHBHI MPOIEIypH BUBEACHHS, a 3 IHIIOTO OLBII HAOYHO BifOOpa’karoTh 3HAHHS, HDK KITaCHYHI
Mozerni. Y HUX BiCYTHI KOPCTKI 0OMEKEeHHs, XapaKTepHi JJIs JIOTIYHUX 00YHCIICHb, II0 Ja€ MOXKIIMBICTh 3MIHIOBATH 1HTEPIIPETAIIIIO
eneMeHTiB npoaykuii. [Tomyk acomiaTHBHHX MpaBuIl JaleKo He TpHBiaJlbHA 3ajaya, sIK MOXKe 37aTHCs Ha mepiuunit norisa. OnHa 3
npo6ieM — alropuTMiuHa CKIAIHICTh MPH 3HAXODKEHHI 4acTo 3yCTpiuarounx HaOOpiB €IEMEHTIB, TakK sIK 3 POCTOM YHCIIa SIEMEHTIB
€KCIIOHEHIIaJIbHO 3POCTAE YKMCIIO MOTEHIIHHUX HAOOPIiB €IEeMEHTIB.

KurouoBi ciioBa: indopMmaniiina cucrema; 6aza AaHMX; peisliiiHa MOJIeNb JAHUX; iHTerpallis JaHUX; IHTEIeKTyalbHi CHCTEMH;
BUAOOYBaHHS 3HAHb 3 ITAaHWX; IHTEJCKTya IbHAN aHANI3 JaHUX; acOIiaTHBHI 3aKOHOMIPHOCTI JaHUX.

HUHTEJUIEKTYAJIbHBIA AHAJIN3 JAHHBIX B PEJSIIMOHHBIX CHCTEMAX

ITpeaMeTOM HCCIEIOBaHUS SIBISIOTCS METOJbl MHTEIUICKTYaJbHOTO aHAM3a PEIIIMOHHBIX 0a3 maHHbIX. Lledbl0 mpoBOAMMBIX
UCCIIeJOBaHUN SABIsIeTCs pa3paboTka HaAy4HO-OOOCHOBAHHBIX MOJENEH MOANEP)KKH MHTEIUICKTYAIbHBIX TEXHOJOTMH MHTErpaluu U
ynpaBieHus: HMHGOPMAMOHHBIMH  pecypcaMM — PaclpeleleHHBIX  BBIYMCIHTENBHBIX  cucTeM. VccnemoBaTb  0COOEHHOCTH
OTIEpPallMOHHON CreNu(UKAIMKA PENSIHMOHHON MOJETH JaHHBIX. Pa3paboTaTh METON OLEHKH PENSIHOHHOW MOJIETH IaHHBIX H
MPOIIEAYPY HOCTpOeHHS (YHKIMOHAIBHBIX ACCOIIMATHBHBIX TIPABHJI MIPH PEIICHUH 33/1a4 WHTEIUICKTYAIFHOTO aHAIN3a PEAIHOHHBIX
0a3 JaHHBIX. B COOTBETCTBHH C TMOCTaBICHHOW IENBIO MCCIEIOBAHHN B TMPEACTABICHHOW CTaThe PacCMaTPUBAIOTCS CIICIYIOIINE
3aJa4M: aHaJIM3 CYIIECTBYIOIIUX METOJOB M TEXHOJIOTUH MHTEJJIEKTYalbHOIO aHaidu3a JaHHbIX. VccnemoBaHue MeETOIOB
NPECTaBICHUS. MHTEIUICKTYaJ bHBIX MOJENCH CPEeICTBAMU PELIIMOHHBIX CHUCTeM. Pa3paboTka TEeXHOJOTHUHM OLEHKH PeSIIUOHHON
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MOJIENIM JAHHBIX U1 MOCTPOSHUS (QyHKIMOHAIBHBIX aCCOLMATHBHBIX MPAaBUJI B 3a/la4aX WHTEIUICKTYaIbHOIO aHAIM3a PEISLMOHHBIX
6a3 maHHBIX. Pa3zpaboTka HHCTPYMEHTAIBHBIX CPEICTB MIPOSKTHPOBAHUS U CONPOBOXKICHHUS NPHUKIIAIHBIX 3a/1ad HHTEIJIEKTYJILHOTO
aHanm3a JaHHBIX; pa3paboTKa NPHUKIAJHBIX 3a4ad WHTEIUIEKTYyaJbHOTO aHaiu3a JaHHbIX. PesyabTatsl: [IpoBemen anamms
CYIIECTBYIOIINX METOJOB M TEXHOJIOTHH HWHTEIUIEKTYyaIbHOTO aHajlW3a MJaHHBIX. lcciemoBaHBI OCOOEHHOCTH CTPYKTYpPHOI
crenuUKanUy PEeISIMOHHON 0a3bl TaHHBIX, ()OPMHUPOBAHHE AaCCOLMATHUBHBIX MPABHI IS IIOCTPOSHHS CHCTEMBI ITOJIEPIKKH
NpUHATHA pelieHui. PaspaboraHa MHGOPMAMOHHAs TEXHOJOTHSA, METOIMKA MPOCKTHPOBAHMS HH(OPMAIMOHHO-aHATUTHYECKHX
CHCTEM, Ha OCHOBE PEJLMOHHON MOJEIN JIaHHBIX, JUIS PEIICHHs NPaKTHYECKNX 33/1ad MHTEIUICKTYaJlbHOTO aHallM3a, pa3paboTaHbI
NPAKTHYECKUE PEKOMEHAALUMM INPUMEHCHHUS PEALMOHHON MOJEIN AAHHBIX IS MOCTPOCHMS (YHKIMOHAIBHBIX aCCOLMATHBHBIX
NpaBUI B 33/1a4aX MHTEIUICKTYyaJlbHOTO aHajin3a PEMLMOHHBIX 0a3 [aHHBIX, BBIBOJA: OCHOBHBIM HCTOYHMKOM 3HAaHMIl IIpH
9KCILTyaTaluy 0a3 JaHHBIX MOJKET SBISITHCS PEJIIHOHHAs 0a3a JaHHBIX. B CBSA3M ¢ 3THM, HCClIeIOBaHHE CBOMCTB JAHHBIX SBIISIETCS
aKTyaJbHOH 3ajadell B IIOCTPOCHHM CHCTEM AaCCOIMATHUBHBEIX IPaBHJ. ACCOIMATHBHBIC INpaBHJa C OJHOW CTOPOHBI OJM3KH K
JIOTHYECKAM MOJIEJISIM, 4TO TIO3BOJISICT OPraHM30BaTh Ha HHUX 3(QEKTHBHBIE NMPOIEIyphl BBIBOAA, a C IPyroi — Oojee HATISAIHO
OTpaKaloT 3HAHMS, YeM KIACCHYECKHe MOJeNd. B HUX OTCYTCTBYIOT JKECTKHE OrpaHHYEHHS, XapaKTepHBIE IUIS JIOTHYECKUX
WCYHCIICHHH, YTO JaeT BO3MOKHOCTh M3MEHATH MHTEPIIPETAIHIO HJICMEHTOB NPOAYKINY. [IoNCK accOoIMaTHBHBIX NMPaBHII JaleKo He
TpUBHAIBHAS 3a/1ada, KaKk MOXET [0Ka3aThCs Ha NepBbIi B3Mwi. OnHa U3 mpoblieM — allrOPUTMHYECKasi CII0KHOCTD TIPH HaXOXKJICHUH
4acTO BCTPEYAIOIIMX HAaOOPOB AJIEMEHTOB, TAK KaK C POCTOM YHCIA JICMEHTOB SKCIIOHEHLIHAIBHO PAcTeT YMCIO MOTCHIMATIBHBIX
HabOpOB HIIEMEHTOB.

KioueBble cioBa: nHbOpMalMOHHAas cucrema; 0a3a NaHHBIX; PEIALMOHHAS MOJETb JaHHBIX; WMHTCrpalHsi JaHHBIX;
MHTEIUICKTyalbHBIC CHCTEMBl; H3BJICYCHUEC 3HAHWA M3 JAHHBIX; MHTC/UICKTYalbHbIH aHAaIW3 JaHHBIX; aCCOLMATHBHBIC
3aKOHOMEPHOCTH JaHHEIX.
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S. SHAPOVALOVA

GENERATION OF TEST BASES OF RULES FOR THE ANALYSIS OF
PRODUCTIVITY OF LOGICAL INFERENCE ENGINE

The subject of research in the article are test tasks to determine the performance of logical inference engines based on rules. The
purpose of the work is to create a method of forming a database of rules and a set of data for analyzing the performance of logical
inference mechanisms according to the given characteristics of rule activation and the complexity of finding a way to the target
conclusion. The article solves the following tasks: determining the requirements for the knowledge base to be formed; creation of a
knowledge base model; creating a way to form rules; identifying ways to increase the number of rules; providing testing of logical
inference mechanisms for the proposed test problem. The following methods are used: methods of comparison with the sample, graph
theory, logical programming. The following results were obtained: the method provides opportunities: creation of conditions of rules
that complicate the data flow network of the Rete-algorithm as much as possible; formation of test bases of rules for derivation both
on logic of the first order, and on offer logic; simply increase the number of knowledge base rules while maintaining the output logic.
The formation of the knowledge base is based on a graph that represents the meta-rules of mixing paints to obtain a new colour. The
vertices of the graph are colour classes. Each metarule is either an edge leading to the OR vertex or a set of edges in the case of the
AND vertex. Each meta-rule specifies a scheme for creating several rules, because its structural components are classes of paints. The
given structure of the graph significantly complicates the logical inference, because to prove the truth of the conclusion on AND-
vertices it is necessary to have the conclusions obtained in the previous steps of different search directions. Examples of rule
formation are given. Target vertices are defined, which determine the simplest and most complex cases of logical inference.
Conclusions: it was proposed a semantic model of the knowledge base in the form of AND/OR-graph, which allows you to test the
effectiveness of the implementation of conflict resolution strategies, as well as heuristic algorithms; a method of creating tests for
inference mechanisms, which allows you to generate a database of rules and a set of data of certain sizes, as well as to model the
complexity of finding the target output and activating the rules. Ways to increase the number of rules of the knowledge base to
complicate the problem of logical inference have been presented; formulation of tests to determine the performance of logic output

mechanisms for the proposed test problem has been done.

Keywords: inference engine; performance analysis (benchmarking); expert systems (rule-based system); Manners; Waltz;

Palette.

Introduction

The state of the issue

Modern  software  needs an intellectual
component, in particular, drawing conclusions based on
pre-accumulated information and operational data. In
practice, such a problem often has to be solved on

the basis of the results of image analysis from
cameras by neural networks, for example, in
on-board software systems, in monitoring and

diagnostic systems. Another application of rule-based
systems is the analysis of large data sets, such
as Web data.

The implementation of logical inference is carried
out on the basis of software tools, which contains the
mechanism of inference and resource representation of
rules. If obtaining logical conclusions is one
of the many tasks of the software system, its solution
should not delay the execution of other tasks. On the other
hand, in  stand-alone  expert systems  with
very large rule bases, speed is also an important
factor and inference slows sharply with increasing task
size.

Therefore, the development of new mechanisms of
logical inference and improvement of existing ones,
primarily aimed at optimizing the inference by speed. This
criterion is also important when choosing a mechanism for
inference to implement the current task. Thus, the
development of tools for objective analysis of the
performance of inference mechanisms is relevant and has
practical significance.

In [1], a framework for comparative analysis of
inference engine based on rules (benchmarking) is
proposed.

A world-renowned provider of high-performance
rule-based systems, Production systems technologies
currently provides the results of the effectiveness of the
proposed software tools according to the Manners and
Waltz tests [2]. These tests (benchmarks) are one of the
historically first tasks of building rules for analyzing the
performance of IE (inference engine) mechanisms. It is
believed that Manners has proven itself to test the same IE
on different platforms and processors [3]. This benchmark
was first proposed in [4].

In [5], for comparative analysis of the efficiency of
pattern matching algorithms TREAT and LEAPS,
problems were identified that became classical IE tests. In
addition to the mentioned Manners and Waltz, there are:
WaltzDB, ARP, Weaver.

The article [6] proposes a methodology for
computational experiments to compare the efficiency of
expert system shells on the example of CLIPS, VP-Expert
and Ibis. As a test task, simple knowledge bases were
generated according to the instructions, which had no
semantics and, according to the authors, could not be
reference tests. In particular, the samples were submitted
in terms of a given length.

In [7] the specified methodology and metrics of the
analysis of productivity of means of development of
expert systems are resulted.

© S. Shapovalova, 2020
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Specific approaches to test problems are presented in
[8, 9]. In [8] it is noted that the classical tests are focused
on determining the speed of the output mechanisms by the
logic of the first order, and proposed tests by the proposed
logic: Chess and Christmas Tree.

In [9], optimized comparison algorithms are
presented. Proof of their effectiveness was carried out
directly on the graphs, using Petri net benchmark and
The Object-to-Relational schema mapping benchmark.
In the latter case, the mapping algorithms were
tested on relational database schemas derived from UML
classes.

Another way to determine the performance of IE is
to create rules for processing existing large data sets. This
is especially true of Semantic Web data. The project [10]
created a resource OpenRuleBench, which presents a set
of various tests to analyze the performance of systems.
Test results for systems based on five different rule
representation / processing technologies are presented.
According to the technologies, the following software
development tools are tested: 1) deductive databases:
DLV, IRIS, Ontobroker; 2) Prolog-based systems: XSB,
Yap; 3) production rule systems: Drools, Jess; 4) systems
with triple engines: Jena, SwiftOWLIM, BigOWLIM,;
5) general knowledge bases: CYC.

In [11], the Berlin SPARQL Benchmark (BSBM)
test performed a comparative analysis of rule-based
inference engines: Euler YAP Engine (EYE), Jena
Inference Engine, BaseVISor. From the point of view of
realization of considerations, the first of them (rule
reasoner) is based on Prolog YAP engine, last two — on
Rete. The BSBM test simulates an e-commerce usage
scenario based on product data, suppliers, consumers, and
product reviews. BSBM was chosen by the authors
because it is closer to real enterprise scenarios
than  several independent datasets offered in
OpenRuleBench.

Works [12-14] are also devoted to the problems of
presentation and processing of Semantic Web knowledge.
In these works, cases of logical inference based on rules
that may be impossible (defeasible rules), in particular, in
the presence of conflicting information. Such cases are
presented in formal form and in the rules of logical
languages used by software tools for processing
information of Internet resources and ontologies
(Semantic Web, Ontology Based Data). In [12], a method
of generating knowledge bases for testing defeasible
reasoning tools was proposed. The following tools were
tested: ASPIC +, DEFT, DelLP, Flora-2, SPINdle. For
computational experiments, logic derivation schemes in
the form of chains, trees, directed acyclic
graphs (chain, tree, directed acyclic graph) are proposed.
The rules were represented by abstract classes of
existential rules.

In these models of test problems, the search for the
target conclusion is carried out either on graphs of state
space (State Space Graphs), or on a fairly simple in
structure schemes. The complexity increases due to the
increase in the number of parameters of the problem, i.e.
the number of rules that define the edges of
the search graph. To bring the test tasks closer to the real

ones, in  particular, it is  necessary that
the current conclusion is made on the basis of the
conclusions obtained in the previous steps of different
areas of search. To fulfill this condition,
the logical inference should be performed on
a clearly defined AND/OR-graph representation of meta-
rules.

The mechanisms of both directions of logical
inference draw conclusions based on representations on
the logic of the first order (with limitations characteristic
of the current approach). This allows you to create a
model of a test problem (benchmark problem), in which
you can display the specificity of different cases of
inference and generate both a database of rules and a set
of data with the ability to determine the characteristics of
both components. Such a test task can become universal
for output mechanisms.

The aim of the work is to create a method of
forming a database of rules and a set of data
for analyzing the performance of inference mechanisms
according to the given characteristics of rule activation
and the complexity of finding a way to the target
conclusion.

To achieve this aim, it is necessary to solve the
following tasks:

1. Define the requirements for the knowledge base to
be formed.

2. Create a knowledge base model.

3. Develop a way to form rules.

4. ldentify ways to increase the number of rules.

5. To provide statements of tests of mechanisms of
logical inference on the offered test problem.

Requirements for a knowledge-based system

For further definitions we use the representation of
systems on production rules.

The rules for reasoning are contained in the
Knowledge Base. Logical expressions that represent the
conditions of derivation in the rules correspond to the
logic of the first order. Specified and proven
facts are accumulated in a special structure — working
memory WM  (Working Memory). Each step
of logical inference is carried out on the basis of one of
the rules applied in the case of proving the
truth of its conditions and leads to the determination of
new facts or refutation of previously proven.

WM working memory contains a display of the
current state of the solution of the output problem in the
form of a set of true facts F; (Fact):

WM = {R, R, ..., Ry} €))

Each rule — or product — contains two parts, which,
due to their location in the record of the j-th rule R; (Rule),
are denoted by LHS; (Left-Hand Side) and RHS;

(Right-Hand Side), respectively:
LHS;—> RHS;, 2)
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where LHS; is a conditional part of the j-th production
rule, RHS; is a part of the j-th production rule.
Part LHS; is a logical expression from samples P«

(Pattern), the structure of which corresponds to the facts
of WM. Unlike facts, sample arguments can have
unrelated variables. The RHS; part contains a list of

actions to change the WM. Each action means adding a
new F+ fact or removing an unnecessary for further
reasoning F. All WM facts at each output step are
compared with the Py samples of the conditional parts of
the rules.

According to the production model, the truth of a
logical expression is proved by comparing the samples it
contains with the facts of WM. So, the presence of all
relevant facts proves the truth of the conjunctival
connection. If the antecedent LHS; is true, then the

consistent RHS; can be executed. In this case, the j-th

rule is activated. This is its inclusion in the conflicting
Agenda set. At each step of the conclusion of a particular
strategy for resolving the conflict with the Agenda, one
rule is chosen for firing. It is his part of the action that
leads to the current changes in WM.

Thus, logical derivation in rule-based systems is
based on two concepts: pattern matching and conflict
resolution.

The most resource-intensive stage of logical
inference is the activation of rules, which is carried out on
the basis of comparison with the sample. Rule-based
software development software tools mostly use the Rete
algorithm for mapping. Therefore, when creating a model
for forming a test knowledge base, the task was, on the
one hand, to present the conditions in such a way as to use
the conceptual advantages of the Rete algorithm to reduce
comparison time, and, on the other hand, to complicate the
data flow network.

According to the results of comparative analysis of
Rete and TREAT comparison algorithms [15], the
characteristics of KB rules are determined, which
significantly affect the efficiency of logical inference.
Based on them, the following requirements are set for the
knowledge base to be formed according to the model:

1) the presence of temporary redundancy;

2) the presence of structural similarity;

3) the presence of the same variables in several
samples of the conditional part of the LHS of all rules;

4) the presence of variables of the same name in the
samples of the conditional part of LHS and the facts of
RHS of all rules;

5) the number of conditional LHS elements of each
rule is not less than 6;

6) the number of negative conditional elements of
the LHS of each rule is not less than half of the total.

These requirements apply to KB rules. In addition, to
track the logic of the output requires a semantic
representation of KB, which provides:

7) the possibility of obtaining the same conclusion
by different chains of reasoning;

8) modeling the process of logical inference based on
conflict resolution strategies based on the principle of
novelty.

The model of the knowledge base and the way of
generating a set of data are abstract in the sense that they
represent the concept of creating a test problem. Direct
recordings of the representation of these components
should be implemented in formats defined by
inference mechanisms, the performance of which is
analyzed.

Knowledge base model

The semantics of the Palette test knowledge base are
based on the rules of mixing paints to obtain a new colour.
This provides clarity for both KB views and tracing of the
reasoning process.

Since the proposed model is intended for the
formation of KB records, their representation has a single
formalization. The representation uses the common
notation of mathematics and logic of predicates, as well as
the symbols <> to distinguish variable parts of names.
Object names are used in Prolog syntax records, in
particular, variable names start with a capital letter and
atoms start with a lowercase letter.

We introduce the concept of colour classes. A colour
class is a general designation of several colours that can
be applied / obtained in the current logical output step.
Original colours are represented by the classes Primary,
Secondary and Neutral, which are defined as sets of such
colours, respectively:

Primary = {yellow, red, blue}, 3)
Secondary = {orange, violet, green}, 4)
Neutral = {white, black}. (5)

Classes gray, brown contain one corresponding
colour. All other classes define colours after toning and
have a name that is the first part of the name of the
corresponding colour.

It is the colour classes that are the units of
representation of meta-rules, for example:

PrimaryColour1*PrimeryColour2->
SecondaryColour, (6)

where PrimaryColourj is a paint from the set (3),
SecondaryColour is a paint from the set (4).

Fig. 1 shows the semantic model of KB in the form
of AND/OR-graph.

The vertices of the graph are colour classes. Each
meta rule is either an edge leading to the OR vertex or a
set of edges in the case of the AND vertex. Fig. 1
indicates this by the corresponding marks. Each meta rule
specifies a schema for creating multiple KB rules, because
its structural components are paint classes. For example,
according to meta-rule (6), 3 rules are created in the
knowledge base, which determine the possibility of
obtaining each colour from the set (4).
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In the table 1 in accordance with the symbols of fig.  the goal.
1 are given the rules that determine the first step towards
very Ifghtll ¢ H O light darkened O i : dark
Primary i Prima Primary
e
Primary/Neutral

Secondary

grayscale

Intermediate Intermediate

dark
Intermediate

Fig. 1. AND/OR- graph representation of the Palette knowledge base

Table 1. Defining the rules of the first step to the goal

Q

light
brownish
Intermediate

very light
ntermediate

MetaRule Rule
Sign Scheme # Scheme
A PrimaryColourl ” PrimeryColour2 -> SecondaryColour 1 red*yellow -> orange
2 red”"blue -> violet
3 yellow”blue -> green
B PrimaryColour » white -> lightColour 4 red"white -> light red
5 yellow™white -> light_yellow
6 blue*white -> light_blue
C PrimaryColour ” black -> darkenedColour 7 red”"black -> darkened_red
8 yellow”black -> darkened_yellow
9 blue”black -> darkened blue
D white ” black -> gray 10 | white “black -> gray
E PrimaryColourl ~ PrimaryColour2 ~ PrimaryColour3 -> | 11 | red“yellow"blue -> brown
brown

Obtaining the colour brown can be achieved in two
ways: by meta-rule E or by meta-rule L (fig. 1). Due to
this, the requirement to obtain the same conclusion by
different chains of reasoning is fulfilled. Meta rule L
defines 3 rules for mixing colour from set (4) and colour

Table 2. Defining the rules of the Intermediate class

from colour from set (4), which has not yet been used in
the output process.

The colours of the Intermediate class on the palette
are  intermediate  between  the  corresponding
PrimaryColour and SecondaryColour and are created
according to meta-rule G (table 2).

MetaRule Rule

Sign Scheme # Scheme

G PrimaryColour ” SecondaryColour -> IntermediateColour 12 | red”violet -> red_violet
13 | red”orange -> red orange
14 | orange’yellow -> orange_yellow
15 | green”yellow -> green yellow
16 | blue"green -> blue green
17 | bluetviolet -> blue violet

Further rules are built in the same way. They have
the idea of toning all the colours that can be obtained on
the basis of initial data. Toning is either one of the

specified neutral colours (5), or one of those obtained in
the output process: gray, brown.
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The name of the tinted colour Toned according to
fig. 1 is an element of a subset of colour classes:

Toned € {light, very_light, darkened, dark, grayscale,
brownish}. @)

Toning is carried out according to the scheme:

Colour * Tone -> <Toned>_<Colour>, (8)

Table 3. Definition of tinted colour

where Colour is any colour specified or obtained by
mixing, <Toned> is the definition of the tinted colour from
the set (7), <Colour> is the part of the name of the tinted
colour that matches the name of the colour Colour.

Examples of determining the tinted colour (8) are
presented in table 3.

Available colour Tinted colour The resulting colour

Marking Sample Marking Sample
<Colour> red white light_<Colour> light_red
light_<Colour> light_red white very_light_<Colour> very_light_red
<Colour> red black darkened_<Colour> darkened_red
darkened_<Colour> darkened_red black darkened_<Colour> dark_red
<Colour> red gray grayscale_<Colour> grayscale_red
<Colour> red brown brownish_<Colour> brownish_red

The given structure of the graph significantly
complicates the logical inference, because to prove the
truth of the conclusion on AND-vertices it is necessary to
have the conclusions obtained in the previous steps of
different search directions. This provides additional
opportunities to test the implementation of conflict
resolution strategies.

The proposed model provides the concept of
generating rule bases. The rule entry must match the
syntax and format of the inference mechanism.

The way to present the rules

The knowledge base model reflects the sequence of
application of rules in the process of logical inference.
Each rule must be presented according to (2).

To represent knowledge usually use special
declarative languages, which in many cases are adapted to
a certain formalization of logical conditions. Let's define
rules by the clause form. We will assume that the j-th
phrase (clause) of such language represents a rule, the
conditional part of which is a conjunctive connection of
samples:

LHSJ = PlAPZA...A Pﬂ’ (9)

where LHS; is a conditional part of the j -th production

rule, B, isak-th sample.

Let’s determine the format of the samples. You can
use two approaches:

1) create different formats for each level of the
graph/branch of reasoning KB,

2) create samples of the same format, where the
search depth is displayed in the name of the samples
according to a given algorithm.

The following is the method of the latter approach.
The minimum number of samples required to meet the
above requirements 1-5 of the KB rules is presented.

The single LHS format for all rules contains 3 parts:

1) direct representation of colours that determine the
conditions of transitions;

2) abstract conditions of "load", in which variables
are introduced, most of which must be included in several
samples;

3) "load" conditions associated with colours that
contain variables are the same as in abstract "load"
conditions.

Colour is represented by facts:

colour(Colour), (10)

where colour — the name of the predicate that identifies the
pattern, Colour is the name of the colour.

To complicate the comparison, the common for all
rules of one level AND/OR-graph "load" conditions are
implemented, which contain positive and negative atomic
formulas and an additional condition that limits the
unrelated variable. For the first level, the "load" condition
is such a logical connection:

f1(1,X) A f2(X,Y,2) A Y>0 ~ = £3(Y,3,X), (11)

where f1, f2, f3 are names of samples, X, Y — unrelated
variables.

In the conditional part of the rules of each
subsequent level in the functor is added one:

SI>I1LX)<I>2(X Y, 2)MNY>0 N~ (<1>3(Y,3,X)), (12)

where f<1>1, f<1>2, f<1>3 are names of samples, X, Y —
unrelated variables.

The LHS part of the rule contains only one
connection (12). The link that corresponds to the colour
obtained later than the other (that is, with more units in the
sample names) is represented.

Additional "load" conditions associated with colours
are represented by the following samples:

—f4_<Colour>(Z,z)"~f5_<ColourName>(check,Z,Y,X), (13)

where X, Y, Z - unrelated sample variables, Colour — name
of colour, <Colour> — the part of the sample name that
matches the colour name.
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Thus, LHS is a conjunctive relationship of conditions
and is determined by (10 — 13).

Running the rule (firing) means getting a new paint,
i.e. adding to the WM 6 facts that correspond to the
samples of the new colour obtained from the expressions
(10 —13). Part of the rule is a set of these facts:

RHS; = {F" F) 1o o ] (14)

where RHS; — conditional part of the j -th production rule,

F" — i- th fact that corresponds to one of the expressions
(10 — 13).

In this method, the logical output is considered
monotonous — the facts are only added to the working
memory, deletion is not provided. Therefore, in the future
the facts are recorded without a mark " + .

Here are examples of typical rules of the knowledge
base by formulas (2, 9-13) and:

1) meta-rule A (fig. 1):

{ colour(violet) , f11(1,X), f12(X,Y,2) , —f13(Y,3,X)), ~f4_violet(Z,z), —~ f5_violet(check,Z, Y, X) }

2) meta-rule P:

colour(red) ~ colour(blue) " f1(1,X) * 2(X,Y,2) "Y>0" — f3(Y,3,X)" (15)
N—f4d red(Z,z) ~ —f5_red(check,Z,Y,X) ~ — f4 blue(Zz) ™ — f5 blue(check,Z Y, X)
olour(red_violet) ~ colour(gray) » (16)

f111(1,X) ~f112(X,Y,2) " Y>0 " —(f113(Y,3,X)) »
"f4_red violet(Z,z) ™ —f5_red violet(check,Z,Y, X) " — f4_gray(Z,z) ™~ f5_gray(check,Z,Y,X)

{colour(grayscale red violet), f1111(1,X), f1112(X,Y,2), —f1113(Y,3,X), —f4_grayscale_red_violet(Z,z),
= f5_grayscale red violet(check,Z,Y,X)}

All rules (except those created by meta-rule E) are a
mixture of two paints, i.e. their LHS contains 9 samples (3
for each paint and 3 — "load"). For rule E, the LHS
contains 12 samples.

The values of the set of variables {ColourName, X,
Y, Z} are determined by the initial facts of WM, which
correspond to the colour samples of classes (3, 5)
(Primary/Neutral vertex).

Generating a data set of the required size is done by
creating additional facts of working memory, which may
or may not meet the samples of LHS rules.

Increasing the knowledge base

into new ones. Thus, you can multiply the number of rules
while maintaining the logic of inference by forming new
parts of the knowledge base as a reflection of previously
formed.

Benchmark Palette testing

You can create 70 rules from the graph shown
in fig. 1.

You can increase the knowledge base by adding new
rules not applied in the presented AND/OR-graph. The
deepest level on the way to the target conclusion is 4.
Obviously, the graph can be completed at all previous
levels. For example, add a meta rule of mixing Primary
colours with brown. In addition, you can add new classes
of shades, increasing the number of transitions to the
target output.

Another approach to increasing the knowledge base
with an unchanged AND/OR-graph structure is to define
new LHS formats and generate rules based on them, which
actually duplicate the existing rules with insignificant, in
terms of records, differences. For example, you can leave
the colour representation unchanged. It is enough to
replace the symbol "f" (according to the formulas (11-12))
in the samples and facts of the rules with another symbol
or their sequence and turn the previously generated rules

To complicate the task of testing the performance of
inference mechanisms based on Palette knowledge in the
data set can be provided:

- the existence of several successful substitutions of
the set of arguments of the conditional part of the rule
{X, Y, Z} to create the appropriate number of instances
(instantiation) of the same rule;

- increasing the number of variables LHS (when
generating a data set for samples other than those
proposed above);

- the presence of facts, the arguments of which do
not agree with the arguments of the samples of the
conditional part of any rule.

The given structure of the graph of the knowledge
base (fig. 1) significantly complicates the logical
inference. To prove the truth of the conclusion on AND-
vertices, it is necessary to have the conclusions obtained
in the previous steps of different search directions.

Thus, the complexity of modeling is determined by:

1) the depth of the target conclusion on the graph;

2) the presence and number of AND-vertices;

3) the presence of more than one path to the goal on
the KB column;

4) the number and set of given facts that are not used
on the way to the conclusion, but increase the activation




CyuacHuii cman HayKkogux 0ocniodcenb ma mexnonoeitl 6 npomuciosocmi. 2020. Ne 3 (13)

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

time, search space and the corresponding structures of the
Agenda and WM;

5) the presence of several solutions in the same way
to the goal due to several successful substitutions of
samples;

6) the presence of a set / sets of facts WM, which are
successfully compared with the relevant samples, but their
arguments of the same name do not agree with each other
in the conditional part of the rules.

The first two criteria relate to the choice of the target
conclusion. This provides additional opportunities to test
the implementation of conflict resolution strategies.

All other criteria are taken into account when
creating a data set.

The knowledge base generated on the basis of the
proposed method provides an opportunity to test the
mechanisms of logical inference:

1) directly when proving a given target conclusion.

In the simplest case, the target output is very light_
<Primary> or dark_ <Primary>, in the most complex —
light_brownish_ <Intermediate> (fig. 1). Criteria for the
complexity of the data set are taken into account when
generating the initial state of working memory;

2) to determine the effectiveness at the stage of
activation.

It is possible to determine the time of activation of
rules separately for any stage of logical inference. In the
most complex case, a mandatory part of the working
memory is to present all the facts about the colours that
can be obtained in the current output task, and all the facts
that correspond to the levels of the graph. An additional
part is generated to complicate the activation according to
the above criteria 3-6;

3) to test the efficiency/correctness of heuristic
algorithms.

The semantic model of the knowledge base allows
you to create heuristics to determine the priority of
Agenda rules in conflict resolution. Heuristics, the
parameters of which are colours, will allow you to follow
one branch of reasoning. Testing of heuristic algorithms
can be performed as a search on the AND/OR-graph.

The proposed method of forming a knowledge base
and data set for analyzing the performance of
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1. Bobek, S., Misiak, P. (2017), "Framework for Benchmarking Rule-Based Inference Engines", Artificial Intelligence and Soft

Computing, ICAISC 2017, Lecture Notes in
DOI: https://doi.org/10.1007/978-3-319-59060-8_36. SCOPUS.

Computer

Science, Springer, Cham., Vol. 10246, P. 399-410.

2. "Clips R2 Benchmark" (2020), Production systems technologies, available at: http://www.grossweb.com/pst/clips-r2-benchmark/

(last accessed 25.09.20).
3. Riley, G.

"Rearchitecting CLIPS" (2008), Business Rules Knowledge Base - October Rulefest 2008, available at:

http://bizrules.info/conference/ ORF2008DFW/GaryRiley_RearchitectingCLIPS_ORF2008.pdf (last accessed 25.09.20).
4. Kieman, G., de-Maindriville, C., Simon, E. (1990), "Making Deductive Database a Practical Technology: A Step Forward",

Institute  National de Recherche en
DOI: https://doi.org/10.1145/93605.98733

Informatique

en Automatique, Report No. 1153, P. 237-245.

5. Brant, D, Grose, T., Lofaso, B., Miranker, D. P. (1991), "Effects of Database Size on Rule System Performance: Five Case
Studies"”, Proceedings of the 17th International Conference on Very Large Data Bases, P. 287-296.

6. Plant, R., Salinas, P. (1994), "Expert systems shell benchmarks: The missing comparison factor”, Information & Management,
Vol. 27, Issue 2, August 1994, P. 89-101. DOI: https://doi.org/10.1016/0378-7206(94)90009-4

7. Farinha, J. M. T. (2018), Asset Maintenance Engineering Methodologies, CRC Press, 322 p.

8. Hicks, R. C., Wright, K. (2009), "Performance Testing of Propositional Logic Inference Engines”, Journal of Computer

Information Systems, Published online, Vol. 49, P. 122-126.



https://doi.org/10.1007/978-3-319-59060-8_36
http://www.grossweb.com/pst/clips-r2-benchmark/
http://bizrules.info/conference/ORF2008DFW/GaryRiley_RearchitectingCLIPS_ORF2008.pdf
https://doi.org/10.1145/93605.98733
https://www.sciencedirect.com/science/journal/03787206/27/2

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative Technologies and Scientific Solutions for Industries. 2020. No. 3 (13)

9. Bergmann, G., Horvath, A., Rath, 1., Varré, D. (2008), "A Benchmark Evaluation of Incremental Pattern Matching in Graph
Transformation”, Graph Transformations, ICGT 2008, Lecture Notes in Computer Science, Springer, Berlin, Heidelberg, Vol 5214.
P. 396-410. DOI: https://doi.org/10.1007/978-3-540-87405-8_27

10. Liang, S., Fodor, P., Wan, H., Kifer, M. (2009), "OpenRuleBench: An analysis of the performance of rule engines”, Proc. 18th
International Conference on World Wide Web, P. 601-610. DOI: https://doi.org/10.1145/1526709.1526790

11. Rattanasawad, T., Buranarach, M., Saikaew, K.R., Supnithi, T. (2018), "A Comparative Study of Rule-Based Inference Engines
for the Semantic Web", IEICE Transactions on Information and Systems, January 2018, P.82-89.
DOI: https://doi.org/10.1587/transinf.2017SWP0004

12. Hecham, A., Croitoru M., Bisquert P. (2018), "A First Order Logic Benchmark for Defeasible Reasoning Tool Profiling”,
RuleML+RR, Sep 2018, Luxembourg, P. 81-97. DOI: https://doi.org/10.1007/978-3-319-99906-7_6

13. Hecham, A., Croitoru, M., Bisquert P. (2018), "Demonstrating a benchmark for defeasible reasoning"”, Computational Models of
Argument, ser. Frontiers in Artificial Intelligence and Applications, Vol. 305, P. 461-462. DOI: https://doi.org/10.3233/978-1-61499-
906-5-461

14. Hecham, A., Croitoru, M., Bisquert P. (2018), "On a flexible representation for defeasible reasoning variants", 4A4MAS’18:
Proceedings of the International Joint Conference on Autonomous Agents and Multiagent Systems, P. 1123-1131.

15. Shapovalova, S., Mazhara, O. (2015), "Formalization of basic pattern matching algorithms in production systems", Eastern
European Journal of Enterprise Technologies, No. 4/3 (76), P. 22-27. DOI: https://doi.org/10.15587/1729-4061.2015.46571.

Received 14.08.2020

Bioomocmi npo asmopis / Ceedenus 06 asmopax / About the Authors

lanoBanoBa Ceitiiana IropiBHa — kKaHIMZAT TEXHIYHUX HAyK, DOLEHT, HamioHanbHWH TeXHIUHMI yHIBepcHTET YKpalHn
"KuiBcbkuii momitexHiyHuit iHCcTHTYT iMeHi Irops Cikopcbkoro", moumeHT Kadeapy aBTOMaru3alii MPOEKTYBaHHS EHEPreTHYHUX
nporiecis i cucreM, Kuis, Ykpaina; email: lanashape@gmail.com; ORCID: http://orcid.org/0000-0002-3431-5639.

IlanoBanoBa CBer1ana UropeBHa — KaHAWAAT TEXHUYECKUX HAYK, JOLEHT, HanuoHanbHbBIA TEXHUYECKUH YHHUBEPCUTET
VYxpauns! "KueBcknit nonmurexaundeckuii ”HCTUTYT uMeHN Urops Cukopckoro", TOIEHT Kadeapsl aBTOMaTH3alUK IIPOSKTUPOBAHHS
SHEpreTUYecKuX mpoueccoB U cucreM, Kues, Yxpauna.

Shapovalova Svitlana — PhD (Computer Sciences), Associate Professor, National Technical University of Ukraine "Igor
Sikorsky Kyiv Polytechnic Institute”, Associate Professor of the Department of Automation of Designing of Energy Processes and
Systems, Kyiv, Ukraine.

I'EHEPAIIA TECTOBUX BA3 ITPABUJI U1 AHAJII3Y ITPOAYKTUBHOCTI
MEXAHI3MIB JIOI'TYHOT'O BUBEJIEHHA

IIpeameTrom mociKeHHS B CTAaTTi € TECTOBI 33/1a4i BU3HAYECHHSI MMPOJYKTUBHOCTI MEXaHi3MIB JIOTIYHOTO BUBEIEHHS, IO 0a3yIOTHCS
Ha mpaBwiax. Merta poOoTH — CTBOpeHHs MeToay (opMyBaHHS OasW MpaBWJI Ta HAOOpPy HaHUX AJsL aHANi3y IPOIYKTHBHOCTL
MeXaHI3MIB JIOTIYHOTO BUBEICHHS 32 3aJaHUMH XapaKTEPUCTHKaMH aKTHBALil MPAaBIII Ta CKJIAJHICTIO MOIIYKY HUIAXY A0 ILIEOBOTO
BHCHOBKY. B cTaTTi BUpILIyIOThCS HACTYIIHI 3aB/IaHHS. BU3HAUYEHHS BUMOT JI0 0a3u 3HaHb, 110 Mae ()OPMYBaTUCh; CTBOPEHHS MOJEINI
0a3u 3HaHb;, CTBOPEHHs CrOCO0Y (OPMYBaHHS MPaBUJI, BU3HAUCHHS CHOCOOIB 30iMbIICHHS KUTbKOCTI MPaBUIT;, HAJAHHS MOCTAHOBKH
BUIPOOOBYBaHb MEXaHi3MIB JIOTIYHOTO BHMBEJICHHS 3a 3alpONOHOBAHOI0 TECTOBOIO 3ajavecio. BHKOPHCTOBYIOTBCS Taki MeTOMH:
METOJM CIIBCTABJICHHS 31 3pa3skoM, Teopil rpadis, JoriyHoro nporpamysanHs. OTpHMaHO HACTYIHI pe3yJbTaTH: METO] HaJxae
MOJXKJIMBOCTi: CTBOPEHHS YMOB MHpPaBHJ, SIKi MaKCHMAJBHO YCKJIAJHIOIOTh MEpEXy MOTOKy AaHuX Rete-anroputma; (HopMyBaHHS
TECTOBUX 0a3 MpPaBWJI JJIsI BUBEACHHS K 3a JIOTIKOIO TEPIIOro MOPSAIKY, TaK i 3a MPOIO3UIIHHOIO JIOTIKOI0; MMPOCTOTO 301TBIICHHS
KUTBKOCTI MpaBWII 0a3u 3HaHb 31 30epekeHHsM JOTiKH BuBeneHHs. DopMmyBaHHs 0a3u 3HAHB 3IIHCHIOETHCS Ha OCHOBI rpady, sSKUi
MIPEICTaBIIslE METalpaBmia 3MilryBaHHS (Gapd UId OTpUMaHHS HOBOTO Koubopy. Bepmmuamu rpady € xmacu kombopiB. Koskae
MeTarpaBmio € abo pebpom, mo Bene 10 OR-BepmmHu, abo cykymHicTIO pedep — y Bunagky AND-sepmuan. Koxkae MeranpaBuio
3a7a€e cXxeMy JUIsl CTBOPEHHsS JEKUIBKOX NMPaBWJI, OCKIJIBKH HOTro CTPYKTYpHHMH KOMIIOHEHTaMH € kiacu ¢ap6. Hamana ctpykrypa
rpady 3HaYHO YCKJIAJHIOE JIOTIYHE BUBEACHHS, OCKLIBKY JJIs JIOBE/ICHHS ICTHHHOCTI BUCHOBKY Ha AND-BepiIrHax HeoOXiqHO MaTH
BHCHOBKHM, OTpPHMaHi Ha IOIIEPEJHIX KpOKaxX pPi3HMX HampsMiB moiryky. HaeneHo npuxnmagu ¢opmyBanHsS npaBwil. BusHaueHo
L[JILOBI BEPIINHY, SIKI BU3HAYAIOTh HAWMPOCTIIIN Ta HAWCKIIAIHIIINI BUIIAIKH JIOTIYHOTO BUBEJICHHS. BUCHOBKH: 3ampONOHOBAHO:
CeMaHTH4YHy Mojenb 0azu 3HaHb y BUTIILII AND/OR-graph, sika mo3Boinsie BHIpoOOByBaTH e(eKTHBHICTH peali3alliii cTpaTerii
PO3B’s3aHHS KOHQUIIKTIB, @ TAKOXK EBPUCTHYHHUX aJTOPUTMIB; METOJ CTBOPEHHS TECTIB I MEXaHi3MiB JIOTIYHOTO BHUBEICHHS, IIO
JI03BOJISiE TeHepyBaTH 0a3y mpaBWi Ta HaOip JaHUX BH3HAYCHHMX PO3MIpIB, a TAKOXX MOJEIIOBATH CKJIA[HICTh IOUIYKY LiJEOBOTO
BHUCHOBKY Ta aKTHBamii mpaBmi. [IpencraBiieHO: cnocoOH 30UMbIICHHS KUTBKOCTI TpaBWi 0a3w 3HAHB IS yCKIaTHEHHS 3ajadi
JIOTIYHOTO BUBEACHHS; IOCTaHOBKM BHIPOOOBYBaHb 3 BH3HAYCHHS MPOJYKTHBHOCTI MEXaHI3MIB JIOTIYHOTO BHBEICHHSI 3a
3aIpPOIOHOBAHOIO TECTOBOIO 33/1aU€H0.

KirouoBi cioBa: MmexaHi3m JsorigHoro BuBezleHHsi (inference engine); anami3 npomykruBHocti (benchmarking); excriepTHi
cucremu (rule-based system); Manners; Waltz; Palette.

I'EHEPAIIUSA TECTOBBIX BA3 ITPABUJI JISA AHAJIM3A
MMPOU3BOAUTEJIBHOCTU MEXAHU3MOB JIOIT'HYECKOI'O BBIBOJIA

IIpeqmeToM nccremnoBaHHS B CTaThe SIBISIIOTCS TECTOBBIE 337adM OMPENENCHUS MPOU3BOJUTEIBHOCTH MEXAHH3MOB JIOTHYECKOTO
BBIBOJIa, OCHOBaHHOTO Ha npasmnax. Lleas paboTs! - co3manne Merona GopmupoBaHus 6a3bl MPaBII M HAOOpa JaHHBIX IS aHAIHM3a
MIPONU3BOJUTENHHOCTH MEXaHU3MOB JIOTHYECKOTO BBIBOJA IO 3aJaHHBIM XapaKTEPUCTHUKAM AKTHBAIMHU IMIPABHI U CIOXKHOCTH ITOMCKA
IIyTH K IeJIEBOMY 3aKIIIOUSHHUIO. B cTaThe pemaroTcs ciaemyronye 3aJanusi: onpeeneHie TpedoBanuii kK popMupyemMoii 6a3e 3HaHUIA;
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co3maHue Mozenu 0a3pl 3HAHUM; co3maHHe crmocoba (OPMHUPOBAHUS TPABHUI, ONPEAEICHHE CIOCOOOB YBEIWYEHHS KOIUYECTBA
MIPaBWJI; MPEJICTABICHUE MOCTAaHOBKM HCIIBITAHMA MEXaHM3MOB JIOTHYECKOTO BEIBOJA IO IIPEUIOKEHHOW TECTOBOH 3ajaue.
Vcrionp3yroTcst creqyromyie MeToAbl: METOABI COIOCTAaBICHHS C 00pasIoM, TeopuH IpadoB, JOTHYECKOTO IPOrPaMMHPOBAHHUS.
[Momydens! crnegyiomye pe3yJabTaThbl: METOJ IPEJOCTABISIET BO3MOKHOCTH: CO3MaHMS YCIOBHH IIPaBHJ, KOTOPHIE MAaKCHMAaIbHO
3aTPYIHSIOT CETh IOTOKA JaHHBIX Rete-anropmrma; GopMHpOBaHHS TECTOBEIX 0a3 NpaBMJI BBIBOJA KaK KakK UIS JIOTHKH IIEPBOTO
MOps/IKA, TaK U NPONO3HULIHOHAIBHOM JIOTMKH; IPOCTOTO YBEIMYCHUS KOJNMYECTBA MpaBmil Ga3bl 3HAHMI C COXPAHEHHEM JIOTMKH
BbIBOsIa. DOpMHUpOBaHUe 0a3bl 3HAHUH OCYIIECTBIISIETCS HAa OCHOBE rpada, NPEeACTaBIIONIET0 METalpaBHiIa CMEIIHBAaHUS KPAacOK IS
MOJIy4eHUsI HOBOTO IBeTa. BepmmHamu rpada sBisioTCS Kiacchl IBeTOB. Kakaoe MerampaBuilo sBISETCS WIH peOpOM, KOTOpoe
BezeT Kk OR-BepimHe, WM COBOKYHMHOCTHIO pedep — B ciryyae AND-Bepmmnbl. Kaxxnoe mMetanpaBuiio 3agaeT cxemy Ui CO3IaHUs
HECKOJIBKHX MPaBHII, IIOCKOJBKY €r0 CTPYKTYPHBIMH KOMIIOHEHTAaMH SIBISTFOTCS Kilacchl Kpacok. IIpencraBienHas cTpykrypa rpada
3HAUUTENIFHO YCIIOXKHSET JIOTHIECKHH BBIBOJ, IOCKOJIBKY JUIS I0Ka3aTeIbCTBA HCTHHHOCTH BEIBOoJIa HAa AND-BepmiHax He00X0IiMMO
HUMETh BBIBOJBI, ITOJMYYEHHbIE Ha NMPEABIIYIINX IIarax pa3INYHBIX HalpaBieHWH mowcka. [IpuBeneHs! mpuMepsl (GopMHUpOBaHMS
npaBwi1. OnperneneHsl neleBble BEpIINHEL, KOTOPBIE ONPEeIeIIOT CaMblii MPOCTON M CaMBblIil CIIOXKHBIN CIIydad JOTHYECKOTO BEIBOJA.
BbIBOABI: TPEAIOKEHBI: CeMaHTHYecKas Mozens 06a3bl 3HaHuit B Bume AND/OR-graph, koTopasi MO3BOJISIET HCHBITHIBATH
3¢ (HeKTHBHOCTb peanu3alyii CTpaTeruii pa3perieHns KOHQINKTOB, a TAKKE IBPUCTHYECKUX aITOPUTMOB; METOJ CO3JaHHs TECTOB IS
MEXaHHU3MOB JIOTHYECKOTO BBIBOJA, KOTOPBIil MTO3BOJISIET FeHEPUPOBaTh 0a3y NMpaBWJl U HAOOp AHHBIX ONPEIENCHHBIX Pa3MepoB, a
TaKKe MOJCIHMPOBATH CIOXXKHOCTh IOWCKA ILIEJICBOTO 3aKIIOYCHUS M AKTHUBALMU TNpaBwil. IIpeacTaBieHbl: cHOCOO YBEIMYCHUS
KOJIMYECTBAa MNpaBWI 0a3bl 3HAHMH U YCJIOXKHEHMS 3aJadll JIOTMYECKOTO BBHIBOJA; IOCTAHOBKA HCIIBITAHUI IO OINPEAEICHHIO
MIPOM3BOJUTENHHOCTH MEXaHU3MOB JIOTHYECKOTO BBIBO/IA 10 IPEUIOKEHHOM TECTOBOH 3a1auei.

KnioueBbie cji0oBa: MEXaHHW3M JIOTHYECKOTO BBIBOJA; aHAIIM3 IPOU3BOAUTEIBEHOCTH; 3KCIEpTHBIE cucTeMbl; Manners; Waltz;
Palette.
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I. A. KPAIBCBKA

MOHITOPUHI EKOHOMIYHOI BE3NEKHU MIANPUEMCTB TA YCTAHOB
COIIAJBHOI IHOPACTPYKTYPH

CratTst IpUCBSYEHa JOCITIPKEHHIO TUTaHb (OPMYBaHHS OCHOBHHX HAIIPSMiB MOHITOPHHTY PiBHS €KOHOMIYHOT Oe3MeKH MiAIpueEMCTB
Ta YCTaHOB COIiaNbHOI iHppacTpykTypH. IIpeaMeToM NOCIIKEHHS € CyKYIHICT TEOPETHIHNX, METOJMYHUX 1 IPAKTUIHHUX ACTIEKTiB
moao GopMmyBaHHs iH(pOpMAaIiHHO-aHANITHYHOTO 3a0€3MCYCHHS] MOHITOPHHTY CKOHOMIYHOI OE3MEKH MiJNPHEMCTB Ta YCTaHOB
cowianpHoi iH(pacTpykTypr. MeTolo cTarTi € po3poOKa TEOPETUKO-METOAUYHUX IIOJNIOKEHb Ta OOIPYHTYBAHHS MPAKTHIHUX
pexoMeHanii moa0 GopMyBaHHs iHPOPMAILiHO-aHATITUYHOTO 3a0€3MEYCHHS] MOHITOPHHTY €KOHOMIUHOI O€3MeKH MiAIPHEMCTB Ta
YCTaHOB COL[abHOI iHppacTpyKTypH. 3aBAaHHs POOOTH: pOAHANI3yBaTH ICHYIO4i METOAWYHI MiAXOAU OLIHKH PO3BUTKY COLiaIbHOT
iH(ppaCTPYKTYpH PErioHIB; 3alIPOMOHYBATH HAMPSMKH YIOCKOHAJICHHS CUCTEMH MOHITOPUHTY €KOHOMIYHOI O€3MeKH MiANPUEMCTB Ta
YCTaHOB coLianbHOI 1H(PACTPYKTypH; MpoaHaTi3yBaTH ICHYIOYI METOOMYHI MiIXOAM AJSL 3aCTOCYBaHHS B IPOLECI MOHITOPHHTY
COMIANTBHOI iHQPACTPYKTYpH PETiOHIB. Y XOJi JOCHIPKCHHS BHKOPUCTAHO METOMM: a0CTPAaKTHO-JIOTIYHUH aHalli3, TEOPETHYHOTO
y3arajgbHEHHS Ta CHCTEMAaTH3allii. 3a pe3yjbTaTaMH JOCITIPKCHHS BCTAHOBJICHO, IIO METOI0 MOHITOPHUHTY €KOHOMIYHOi Oe3NeKH
coliaJbHOI 1HQPACTPYKTYpH € oJepkaHHs iH(popmamii mpo piBeHb ePEeKTHBHOCTI 1 pPe3yJIbTaTHBHOCTI MiSUIBHOCTI COIalbHOT
iHpacTPyKTypH Ha OCHOBI SIKICHOTO 1 KUNBKICHOTO aHaji3y 1 OI[iHIOBaHHS BIAIIOBIAHWX ITOKA3HWKIB Ta OLIIHKM BUHHUKHEHHS abo
iCHYBaHHA MOJKIMBUX 3arpo3 Ta pu3WKiB. lIpenMeTHO0 007acCTIO MOHITOPUHTY pIBHA EKOHOMIYHOI O€3NeKH € BU3HAUCHHSA
IHTETPaIbHOTO TMOKa3HUKa EKOHOMIYHOi Oe3MMeKd ColianbHOI iHQpacTpyKTypH 3a BUAUICHUMH (DYHKIIOHATBHUMH CKJIaJOBUMH.
OpHi€ro 13 yMOB, SKOI IIOBHHEH BIANOBIZAaTH QJTOPUTM TPOBEACHHS MOHITOPHHTY € MOIIMBICTD KiUIBKICHOI OIIIHKH BCiX
JIOCTIDKYBAaHUX TMOKA3HUKIB U BH3HAYCHHS PIBHA €KOHOMIYHOI O€3NeKH MiANPHEMCTB Ta YCTaHOB COLIAIBHOI 1H(PACTPYKTYpH.
BucHoBKH. YOCKOHAIEHO MPOLEC MOHITOPUHTY €KOHOMIYHOI O€3MeKH IMiANPHEMCTB Ta YCTaHOB COLIaJbHOI 1HQPACTPYKTYpH 3a
BCTaHOBJICHUMH eTariaMu. OOIpyHTOBaHO IPOIO3ULIH MO0 YIOCKOHATIEHHS METOHYHOTO IiIXOY JIO OLIHKHA PO3BHUTKY COILaNbHOT
iH}pacTpyKTypH perioHiB, 0 0a3y€THCS Ha aHANI31 ICHYFOUMX METOJUYHUX IiIXOIB NIISIXOM BHKOPHCTAHHS YaCTKOBHX MOKa3HUKIB
OLIIHKH COILiaNbHOT iHPPACTPYKTYPH Ta JO3BOJISIE BPAXOBYBATH IIepeBark Ta HEAOJIKH ICHYFOUHX METOMIHUX IiTXO/IB.

KuarouoBi cioBa: couianpHa iHQPACTpyKTypa,; MOHITOPHHT; €KOHOMiYHa Oe3leka MigIpHEMCTB Ta YCTaHOB COLIAIBHOI
iHQPACTPYKTYpH; EKCIIEPTHA CUCTEMA.

Beryn

ComianpHa iHppacTpyKTypa TIPEICTaBIISIE
CYKYITHICTb, 200 KOMIUIEKC, raly3ei, MPU3HAYCHHAM SKUX
Yy CYCHUTBHOMY TOIiNIi Tpami € 3aJ0BOJICHHS MOTped

HACEeNCHHA Y  COIaJbHO-MIOOYTOBUX 1  COIIaJIbHO-
JIyXOBHHUX MOCTyTax.
Oxkpim BUILIE3TaIaHOTO BU3HAYCHHS MOHSATh

"couianbHa iHppacTpykTypa" icHYIOTb iHIII TepMinu. Tak,
M.B. MukuTeHKo po3risgae TepMiH '"TepUTOpialibHO-
rajy3eBa cucTeMa couliagbHOI iH(ppacTpykTypu", min
SIKOKO  "CTIT  PO3YyMITH KOMILIEKC B3a€MOIOB'SI3aHUX
IHppacTpyKTypHUX OO0'€KTiB, IO [iIOTh B MEXax
TEPUTOPii IEBHOTO TAKCOHOMIYHOTO PaHTy i mepe0yBarTh
i €INHIM KEPiBHUITBOM (y TOMY YHCJi OTIEPATUBHUM),
200 TICHO B3a€MONOB'SI3aHMUX JOIOMOTOI0 E€KOHOMIYHHX
nmoroBopiB i 3000B's13ap" [1, c. 19]. Takuit TepmiH
mogatore Takok 0. H. Kaszako ta b.C. Mosuan [2].
JLLA. MepkymeBa IocTifKye TepMiH 'TepHTOpianbHa

CHCTEMa COIlaNbHOI  IHQPACTPyKTypH", SKHN SBIISIE
co00I0  CyKymHICTh  pi3HOTO  "...pOJy  3aKiajiB
o0cITyroByBaHHH, €UHUX 3a (hyHKIIOHATBHIM

MPU3HAYCHHSAM, TIOKJIMKaHUX 3abe3meuyBaTv HEoOXimHi
YMOBH JUIsl BiATBOPEHHSI Ta BCEOIYHOTO PO3BHUTKY INEBHOT
TepUTOpiaNIbHOI cribHOCTI HaceneHHs" [3, €. 47].
CouianpHa iH(pacTpyKTypa CyTTEBO BIIMBAE Ha BCi
0e3 BHKIIOYEHHS CYCIIJIbHI MPOLECH: OCBITY, KyJIbTypHY
JUSUTBHICTB, 30€peXeHHsT 3]I0POB’Sl HACEJEHHS, TPYJOBY
Mirpamito, pamioHaJbHE  BUKOPHCTaHHS  TPYMOBHX
pecypciB Tomo. B3aeMo3B’ 30K COIialIbHOT MPAKTUKHA Ta
3arajJbHUX YMOB YKUTTEAISUIBHOCTI JIFOJIMHU BUSIBISIETHCS B
TOMYy, IO peaji3amis MHiIed ocoOHCTOCTI mependavae

HasABHICTh MaTepialbHOI 0a3H, a TakoX, y CBOIO Uepry,
HasBHICTH 1HQPACTPYKTYypH BIUTMBAE Ha CBIAOMICTH Ta
TIOBE/IIHKY JIIOJIHHU.

Jlyist BU3HAYEHHS PIBHS COLIaJbHOI iHPpacTPyKTypH
PO3IIISIAIOTh TEHJEHLIH PO3BUTKY OKPEMHX CKJIAJOBHUX.
Haiivacriie BUKOPUCTOBYIOTh HACTYITHI TOKa3HUKU:

- CKJIa/I0Ba )KHUTJIOBO-KOMYHAJIBHOTO TOCHOAPCTRA;

- OCBITHSI CKJIaJ[0Ba;

- MEJIMYHA CKJIA/IOBA;

- CKJIa/I0Ba COIiaJIbHOTO 3a0€3MeUeHHS;

- KyJIbTypHa CKJIa/IOBA.

KoxHa i3 CcKIamoBUX I1HQPACTPYKTypH BKIIOYAE
MIeBHI NOKA3HUKH, SIKi JIETKO BUMIpIOIOTHCS 32 JIOTIOMOTOI0
CTaTHCTHYHMX JAHUX, 10 € Y BUILHOMY JOCTYIIi.

Busnavarounce i3 KiIacH]ikaIi€o  comianbHOT
iHQpacTpyKTypHu, 0arato  BYEHHX  JOTPUMYIOTHCS
MIpKyBaHHs PO Te, IO BOHA HaJae TOCHYru. A sK
BimoMo, 3rimuHo 3 kiacudikaiii FOHKTAJL i CsitoBoro
0aHKy TOCIYrd BKIIOYAIOTh TOHAN 660 pi3HOBHIIB.
3BiJicCM BWILTUBAE, MO OOCIYyrOBYBaHHS — I HaJaHHsI
nociyr. Takum umHOM, "ctepa mocnyr”" Ta "comianbHa
iHppacTpyKTypa" OTOTOXKHIOIOTHCS.

Ha nymxy aBropa, comianbHy iHQPacTpyKTypy
MOXHA PO3MEXYBAaTH Ha INICTh CKJIQJIOBHX: COIL[iaJIbHO-
NnoOyTOBY,  COLIaIbHO-03/I0POBYY,  OCBITHBHO-TYXOBHY,
TPOMaJICBKO-TIOJIITHYHY, KOMYHIKAIiiHy Ta CcOLiaJIbHO-
ekoHoMiuHy. Takuii  TOAim  cHpuse  BUBYEHHIO
e(eKTHBHOCTI MIKrajay3eBHX 3B’S3KiB 1 B 3araibHOMY
BUTTISIAI PO3MEKOBYE Cy0’eKTH 3a iX (PyHKI[IOHAIBHUM
MPU3HAYCHHSIM.

B  cydacHmx  yMmoBax  MOHATTS  COIAbHOI
iHppacTpykTypu Oyino Om HEmoBHHM 0e3 3alydeHHs

© 1. A. Kpaiscbka, 2020
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CKJIaZIOBO1 HAIlOHAIBHOI Oe3meku YKpainu. BiamosimHo
mo  Crparerii  HamioHanmpbHOi — Oe3mekw  YKpaiHw,
3aTBep/pkeHol Ykazom IIpesmmenra Ykpainum Big 26
TpaBHs 2015 poxy Ne 287/2015, BBOIWUTBCS TOHATTS
KpUTHYHOT iHPpacTpykrypu. CBiTOBI TEHIEHIT [0
MOCWJICHHSI  3arp03  NPUPOJHOTO Ta TEXHOTCHHOTO
XapakTepy, MiIBUIICHHS PIBHS TEPOPUCTHYHHX 3arpos,
30IBIIEHHST KIJIBKOCTI Ta [IABHUINEHHS CKJIAJIHOCTL
kibepaTak, a TaKOX TIOIIKO/DKCHHS 1H(QPaCTPyKTypHHUX
00'eKTIB y CXiZHMX Ta MIBJAEGHHUX perioHax YKpaiHH
BHacHiiok 30poiiHoi arpecii Pocilicekoi  ®Deneparrii
3YMOBWJIM aKTyalli3allifo THUTaHHS 3aXHCTy CHCTEM,
00'eKTiB 1 pecypciB, SKi € KPUTHYHO BaXXIMBUMH IS
(YHKITIOHYBaHHS CYCITIJIBCTBA, COIIAJIbHO-CKOHOMITHOTO
PO3BHUTKY JepkaBHW Ta 3abe3ledeHHS HaliOHAIBHOI
Oe3IeKH.

Iporecu, sxi BigOyBarOThCS B €KOHOMII YKpaiHU B
OCTaHHI Yac, BU3HA4YalOTh HOBI TEHACHIII B PO3BUTKY
couianbHOl iHGpacTpyKTypu. 3pocraroya ii poib B
MIPUCKOPEHHI coLiaIbHO-€KOHOMIYHOTO PO3BHUTKY
VYkpainu, y ¢opMmyBaHHi TpymOBOro NOTEHIHady, Y
MIBUINCHHI  PIBHS JKUTTS HACEJICHHS OOYMOBIIIOE
aKTyaJIbHICTh HAyKOBUX JOCHIDKEHb MO0 MPOoOJeM
Teopii, METOMOJIOTii, MPAKTUKH PO3BUTKY COIiaJIbHOI
IHPPACTPYKTYpH.

AHaJli3 oCTaHHIX J0CaifKeHb i myOJikauii

CTPYKTypa, CHCTeMa TPUHITUIIB, METOAH 3a0e3eUCHHS,
MpaBoOBi 3acajy, OCHOBHI (QYHKIII MiATPUMKH piBHS
Oe3mexu; CYKYTHICTb IHIUKATOPIB, miJcucTeMa
MOHITOPHHTY, i ICUCTEMA iH(OopMaIiHHOTO Ta
aHaJITUYHO-TIPOrHO3HOTO 3a0e3neueHns [6, ¢. 34-37].

TeopeTnyHUM acneKkTaM MOHSTTS "MOHITOpUHT" 'y
3araJibHOMY PO3YMIiHHI MPUAUSUIA YBary B CBOIX IMpPaIsx
HactynHi aBropu: KoporkoB E.M., JlutBak b.I.,
Kononenko ILI., Xaum JI., [Jawwioukina H.I',,
Kuzum M.O., 3abponcekuii B.A., Onekctok O.C., [Tnikyc
LW, Ta immi. Oco6muBo ciix 3a3HAYMTH, IO Y 3arajJbHUX
JOCTIDKCHHAX 11032 YBAarow 3allIIA€ThCA METOIUYHE
3a0e3MeueHHsT  MPOIEeCy  MOHITOPHHTY, 30KpeMa,
MOHITOPHHTY PIiBHS E€KOHOMIYHOI O€3MeKHu, IO pOOHTH
aKTyaJIbHUM TOIAJBIII JOCHIHPKEHHS bOTO MUTAHHS.

TakuM 9HHOM, TEOPETUKO-METOINYHE Ta MPUKIaTHE
3HAYEHHS BUPIIICHHS OKPECICHUX MNpo0iieM 3YMOBHUIIO
aKTyaJbHICTh OOPAHOI TEMH, BU3HAYMIIO METY, 3aBJJaHHS I
HAarpsM JOCIIHKESHHSI.

Iisti Ta 3aBAaHHS T0CJiKEHHST

[IpobiemMu  coOIiaTbHO-CKOHOMIYHOTO  PO3BUTKY
CYCHINIBCTBA, MOHITOPHHT 1 KOHTPOJb 32 JOCSTHEHHSM
el Oe3lmekn Ha MAakKpOpiBHI Ta YHPaBIIHHA UM
MPOLIECOM TMOTPEOYIOTh YIiTKOTO BH3HAYEHHS KIIHOUOBHX
npuniumiB. CTaH €KOHOMIYHOI OE3[EKH € TOJOBHUM
KpHUTEpIEM OLIHKH e()EeKTHBHOCTI JIep)KaBHOI MOJITHKH i
JISTIBHOCTI BJIaJHUX CTPYKTYp MiA yac pedopMyBaHHs i
PO3BUTKY E€KOHOMIYHOi CHCTEMM JAEp)KaBH, 1 30Kpema,
pEeryJIOBaHHS PO3BUTKOM Ii COLIaNbHOI iHPPACTPYKTYpH.
JocikeHHsMy, OB’ SI3aHUMH 3 npobiemaMu
eKOHOMIUHOi Oe3mekn Ta 1i (HiHAHCOBOI CKIIAJ0BOI,
3aliMaloThcs  yKpaiHceki  HaykoBmi  O.  Biaciok,
3. Bapramiii, B. T'eemp, M. €pmomenko, . Xairino,
B. Myntisa, A. Mokiit, A. Cyxopykos, M. @reifayk ta
1HIII.

3a OCTaHHI POKM B HAYKOBHX POOOTaX MOIMINPIOETHCS
TEHJICHIIIS JI0 BBE/ICHHS TEPUTOPIAILHOTO
(perioHaIbHOTO) ~ acleKTy B YIPaBIiHHS —PO3BHTKOM
couianbHol iH(pacTpykTypu. [IpobiemMam po3milieHHs Ta
po3BUTKYy  00’ekTiB  comianmpHoi  iH(pacTpykTypH
TIPUCBSIYCHI pobotn Janunuimsaa b. M.,
Hoporyrmnosa C. 1., Omiitauka 5. b., CamoBoi VY. 4,
UYepnrok JI. T'. Ta iHmmx gocmigaukis [4; S].

[Ipore HEIOCTaTHHOTO BHCBITIICHHA OTpPHUMAIA
MIUTAHHS METOJOJIOTIYHUX OCHOB ()OPMYBaHHS CHUCTEMH
¢iHaHCOBOi Oe3meKM SK OMHIE] 3 KIFOYOBUX KOMIIOHEHT
eKoHOMIuHOi Oe3meknu aepkaBu. Came OIliHKa pPiBHA
(iHaHCOBOI Oe3meKH, XapaKTepUCTHKa ii IHAWKATOPIB Ta

METOAY  OIIHIOBaHHA 1 CTald METOI  HAIIoro
JIochmipkeHHss. MexaHi3M  3a0e3nedeHHs  (iHaHCOBOT
Oe3nexku JIepKaBU  OKPECINMO SIK CYKyTIHICTb

oprasizaniifHOI CTPYKTYpH, METO/IB Ta IHCTPYMEHTIB, 1110
CKJIQJA€ThCSl 3 TaKMX KOMIIOHEHTIB, SIK OpraHi3aliiiHa

MeToro  JOCHIDKEHHS € pPO3po0Ka TEOPETHKO-
METOJIUYHHUX TMOJOKEHb Ta OOIPYHTYBAaHHS NPAKTHYHHUX
pEeKOMEHAALI# 00 MOHITOPHHTY €KOHOMIYHOI Oe3rnexu
MiATIPIEMCTB Ta YCTAHOB COIIANIBHOI iIHPPACTPYKTYPH.

Marepiajin Ta MeTOAU AOCTITKEHHSA

TeopeTUKO-METOIUYHOI0  OCHOBOIO  JIOCIIIXKSHHS
CTaJIM HAyKOBI Tpalli MPOBiMHMUX BITYM3HAHUX YYEHUX 1

3apyOKHHX YYEHHX EKOHOMICTiB, 3aKOHOJaBdi U
HOpPMaTHBHI ~ akTH  YKpaiHH, 10 periaMeHTYIOTb
MSUTBHICTH  Ta  PO3MOBCIODKEHHS  iH(opMarrii JUTST

MANPHEMCTB T4 YCTAHOB COINIAJIbHOI i1H(QPACTPYKTYpH. Y

X0/l JIOCTI/DKEHHS BUKOPHUCTAHO TaKi METOIH  SIK:
a0CTpaKTHO-JIOTIYHUHA aHami3, TEOPETHUYHOTO
y3arajJlbHeHHss Ta CHUCTeMaru3alii, KBaJiMETPUYHUI

METOJl, METOJ] PO3LIMPEHHS (HaKTOPHOI CHCTEMH, METOIH
rpadigHOTO 300pakeHHS.

Pe3yabTaTh n0ciaigxenb Ta ix 00roBopeHHst

Bapto 3a3HaunTH, mo "comianbHa iHPPACTPYKTypa —
e CKJIaJHa, MO3aiyHa, iepapXiyHa CHCTEeMa, IO BKIIOYa€e
ramy3i pi3HOTO CTYIICHIO PO3BHTKY Ta ()YHKIIIOHAIBHOTO
NPU3HAYCHHS, 3arajlbHOI0 METOI0 SIKMX € 33/I0BOJICHHS
noTped HaceNeHHS B PI3HUX BHAax mocuyr. [7, ¢.5]. [o
cormianbHOT 1H(QPACTPYKTYypH HalekKaTh: MACAKUPCHKHMA
TPaHCIIOPT, OCBiTa, KyJbTypa, OXOpPOHa 3/0DPOB’s,
comiaigbHe 3a0e3neueHHs, XKHUTIOBO-KOMYHaJIbHE
roCIoJIapCTBO, PECTOPaHHE TIOCIIOJAPCTBO, TOPTiBIS Ta
i cepmu.

AHai3 ICHYyFOUMX METOJUYHHUX MiAXOMIB OLIHKA
PO3BUTKY coLiabHOT iHPPACTPYKTypH Jan0 MOXKIHMBICTH
BU3HAYUTH iX TO3WTHBHI Ta HEraTHBHI CTOPOHM Ta
BCTaHOBUTH, II0: MMO-TIEPIIE, YaCTillle BCHOTO JOCIITHUKH
BUKOPDHCTOBYIOTb, JJISI  OWIHKM  IIOTOYHOTO  CTaHy
couianbHOI 1H(PACTPYKTYpH Ta 3MiH 1 AWHAMIKH 110
pOKaM MeTOJ| arperaTHoro iHmekcyBanHs. [lo-apyre, s
OIIHKH CaMeé PO3BHUTKY IOPEYHO BHKOPHCTOBYBATH TaKi
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CTaTUCTHYHI METOMH: SIK Koe]ilieHT Bapiallii, mucnepciro,
CepeHbOKBAIPATHYHE BIAXHICHHS, a TaKOXK METOAH
IpYIyBaHHs, CTaHIAPTU3allil MOKA3HHKIB, BH3HAYCHHS
CyMapHHUX Ta IHTErpaJbHUX MMOKa3HHKIB Tomo. [To-Tpere,
HE3BKAIOUW Ha Te, IO IS OI[IHKK PO3BHUTKY COIiaTbHOL
iHQpacTPpyKTYypr Ta ii MIJCHCTEM BHKOPHCTOBYIOTh

Ppi3HOMaHITHUI METOAUYHUH IHCTpYMEHTapii
MOCTIDKCHHS, MOXHA  3a3HAYUTH  BIJNCYTHICTH ¥y
METOJMKAaX  Opi€HTalii Ha BCTAHOBICHHS MCEBHHUX

3aJICKHOCTEH PO3BUTKY CHCTEMH, IO y CYYaCHUX YMOBax
€KOHOMIYHOT necrabimizamii HaOyBae 0co0JIMBOT
aktyanbHOCTI. Ilo-ueTBepre, OIMBIICTE METOIUYHUX
MiIXOAIB OIIHKH PO3BUTKY COIIAIbHOT 1HPPACTPYKTypH
peTioHiB 0a3yloTbcs Ha BHKOPHUCTAHHI IHCTPYMEHTapiro
BH3HAUEHHS  IHTErpajbHOI  OMHKKM 332  PI3HUMH
MMOKa3HUKaMH, sKi 00’€JHaHI y TIEBHI MIATPYNH, IO
XapaKTepU3yIOTh 0araToacmekTHI MPOLECH COMiaIbHOT
i pactpykTypu. [To-n’sre, micis OMIHKKA CTaHy PO3BUTKY
couianbHOl  iHQpacTpyKTypu B perioHax, i
pO3pOONEHHS  MOJAJbLUIMX  BapiaHTIB  pPO3BHUTKY, 3
ypaxyBaHHsAM perioHajpHOi crenugpikn W  BIUIUBY
30BHILIHIX ()AaKTOPIB, MPUHHSTTS yNPAaBIIHCHKUX DPillleHb,
3ax0/1iB MOXKBABJICHHSI PO3BUTKY corjanbHoT
iH(GPACTPYKTYpH, OCOOIUBE Miclle 3aiiMae BUKOPHCTAHHS
METO/IiB €KOHOMiKO-MaTEeMaTHYHOTO MOJICTFOBAHHSL.
BcranoBieHo, 110 3arajJbHUMU pucamu
JOCITIPKYBAHUX METOJIIB OIIIHKU PO3BUTKY COIaIbHOT
1H(GPACTPYKTYPH € Te, IO: BOHU 0a3yIOThCSA HAa BUILUICHHI

YaCTKOBUX TPyl IOKAa3HUKIB, SIKi XapaKTepHU3yIOTh
cUCTEMY Yy MLIJIOMY, pO3PaxOBYEThCS IHTErpajbHUM
MOKa3HUK  PO3BUTKY  coLianbHOI  iH(pacTpyKTypH,

3MIACHIOETBCS PAH)KYBaHHSI PETIOHIB 332 PEHTHHIOM Y
3aJI©KHOCTI BiJ| OTPUMaHHUX PE3YJIbTATIB, LIO JOIOMArae
mpu  po3poOiieHHI cTparerii pO3BUTKY Ha OCHOBI
c(hopMyITHOBaHUX MPOTHO3IB Ta BU3HAYCHHI 3aXO[iB, SKi
3a0e3MeuyroTh iX peali3alliro.

Amnai3 HaHOUIBII YacTO B)KMBAHUX ITOKA3HMKIB, IO
BUKOPHCTOBYIOTBCS Ut OIIIHKH colianbHOT
iH}pacTpyKTypH Ja€ MOJMJIMBICTH CTBEPIUKYBaTH, IO
YacTiml 3a BCE Ii IOKa3HUKH € IIOKa3HUKAMHU SIKi
HaBOAAThCS Jlep>KaBHUM YNPABIIHHAM CTaTHCTHKH Ta HE
ICHY€E €IMHOTO 3arajibHO BU3HA4YE€HOTI'0 HAaOOpY YacTKOBHX
[MOKA3HUKIB JJIsI OIIHKK COLIATBbHOT iHYPACTPYKTYPH.

IIpoBeaeHe MOCHTIHKEHHS POOIT HAYKOBIIB 100
BU3HAYCHHS PO3BUTKY COIIAIbHOI 1HOPACTPYKTYpH Ha€
MOXUIMBICTh BU3HAUWTH HAWOUTBII YacTo B)KHMBaHI
TTOKA3HUKH.

OxopoHa 310poB’sI: KUIbKICTh JIIKAPHSIHUX JIPKOK Ha
10 THC.; KiTBbKICTh aMOyJIaTOPHO-TIONIKITIHIYHUX 3aKJIA/IiB
(AII3); xinbkicTh BinBimyBaHb 3a 3MiHy AII3 Ha 10 THC.
HACEJICHHS; KIJBbKICTh (EeNpImepChKuX 1 aKyIIepChKO-
(denpamepchkuX — MYHKTIB,; KUIBKICTh ~ TTOJIOTOBUX
OyIWHKIB; KUIBKICTh JIIKAPCHKHUX JIKOK I BariTHUX 1
poxmime Ha 10 THC. JXIHOK; KUIBKICTH JiKapiB ycix
cnemianpHOCTe (Ha 10 1 THC. HaceneHH:); KUIBKICTh
CepemHbOT0 MeawyHoro mepconanmy (Ha 10 Tuc.
HaceleHHs);  CepelHbOpiYHa  KUIbKICTh  HalMaHHX
NPAIiBHUKIB OXOPOHH 3JI0POB’SI Ta COLIalbHOT JIOIIOMOTH
(ma 10 THC. HaceneHHS); 3a0€3MEUYCHICTh HACEIICHHS
MeIMYHUMHK Kazpamu Ha 10 THC. HaceneHHs; oOcsr
HaJlaHHS NOCIyT y cdepi oxopoHu 310poB’s (Ha 1 oco0y);

BiJIHOIIEHHS KUJIBKOCTI MiCllb Y CaHATOPHO-KYPOPTHHX i
0370pPOBYMX 3aKjamax /O YHCENbHOCTI HACEJICHHS,
YUCENIbHICTh O3JI0POBJICHUX Y CAHATOPHO-KYPOPTHHUX i
037I0POBYHX 3aKJIaJax; YUCEIBbHICTh O3JOPOBJIICHUX JIiTCH
Y BIICOTKAaX 110 3aralilbHOI YHCEIBFHOCTI AiTelt 7—16 pokiB.

®iznyHa KYJbTypa Ta CHOPT: KUIBKICTh JMTAYO-
IOHAIIPKUX CHOPTHBHUX IIKiJ, MHTOMAa Bara [IiTeH Yy
JIOCII y 3arajipHili YHACEILHOCTI HACEJCHHS; KUIBbKICTh
CICIIaTi30BaHUX TUTAYO-FOHAIBKUX IIKUI OJIMIIHCEKOTO
pesepBy.

Hayka ¥ ocBiTa: OXOIUICHICTD IiTeH JOUMIKITEHAMHU
3akianamu (y BiICOTKax J0 KUIBKOCTI JiTeH BiJMOBIIHOTO
BiKYy); KUIBKICTh yYHIB Ha OJHOTO BUHTENS, KUIbKICTb
3araJbHOOCBITHIX HaBYaJBHUX 3aKJIajiB; KIJBKICTD
BHIIMX HaBYanbHUX 3akiamiB I-1V piBHIB akpeawrarii;
KUTBKICTh CTYACHTIB BHINUX HaBYAIbHUX 3akiamiB -1V
PIBHIB akpenuTanii; Kijapkicth yuHiB i ciyxauiB [ITH3 Ha
10 THC. HacesleHHs; HasBHICTh MapKy OOYHCIIOBaIbHOI
TEXHIKH.

ExoJioriyHuii cTaH: MOTY)XHICTh OYHUCHUX CIOPY,
CKUJIaHHsl 3a0pyIHEHUX 3BOPOTHUX BOJ Yy IOBEPXHEBI
BOJIHI 00’€KTH; BUKHOM 3a0pyIHIOIOYMX pPEYOBHH B
aTMocepHe TOBITPS BiJl CTalliOHAPHUX Ta MEPECYBHUX
JoKepel 3a0pyTHEHHS; BUKAIH 3a0pyAHIOIOUNX PSUYOBHH B
aTMoc(epHe TOBITPS BiX CTaliOHAPHHUX Ta TEPECYBHHUX
JoKepel 3a0pyIHEeHHS Y pO3paxyHKy Ha OIHY 0CO0Y.

KyabTypa Ta MHCTEUTBO: KUIbKICTh MICIIb y 3a1ax
JUTSI IEMOHCTpYBaHHA (iabMiB Ha 100 jKHTENIB; KITBKICTh
Micup y 3akiajzax KyJdbTypH KiyOHoro tumy Ha 100
JKUTEIIB; KHIKKOBUH (oHZ 0i0Ni0TeK NMPUMIPHHKIB Ha
100 xuremiB.

Po3apiona Toprieasi, rpomaacbke Xap4yyBaHHS,
MOCJIYrH HACEJIEHHIO: O00CSIr peai3oBaHUX MOCIYr Ha
YNy HAaceJleHHS;, PO3ApiOHHI TOBapOOOIr IMigIpHEMCTB
Ha JyITy HaceJeHHs (y T.4. peCTOPaHHOTO TOCIIOAapCTBa);

3a0€3MeUeHICTh ~ HACENIEHHS  TOPTOBMMH  IIJIOIIAMHU
MarasuHiB.
Kut0Bo-KOMyHaJIbHE rocnoJapcrBo:

3a0e3MeUeHICTh HACSICHHS KUTIIOM; KUTBKICTh TOTENIB Ta
IHIIUX MICIb JJISl TAMYACOBOTO MPOXXHMBAHHS; KOe(ilieHT
BUKOPDHUCTAaHHSI MICTKOCTI TOTeNiB Ta iH. Miclp JUIs
TUMYaCOBOTO MPOKHUBAHHSL.

TpaHcnmopT: BaHTa)X0000pOoT 3a YyciMa BHIAMH
TPaHCIIOPTY;  MAacaXupooOOpoT 3a yciMa  BUAAMH
TPaHCIOPTY; IUILHICTh ABTOMOOUIBHUX JIOPIT 3arajibHOTO
KOPUCTYBaHHS 3 TBEPAMM IIOKPHUTTSM; INIJIBHICT
3aJTI3HUYHUX KOJIH 3arajlbHOr0 KOPUCTYBaHHS.

Coniaabnuii piBenn: BPII Ha nynry HaceneHHs;
NPUPOJTHHUN TPUPICT HACENEHHs; piBeHb 0e3pobiTT;
3alHATICT, HaceseHHs Yy Bimi 15-70 pokiB; piBeHb
iHGmAnii (1HOEKC CHOXUBYMX IIiH); CepeIHbOMICSYHA
3apo0iTHA myaTa; JOXOAW HACEJICHHS; TPUBANICTh XKHUTTS
YOJIOBIKIB Ta JKIHOK; 3arajbHi KoeQilieHTH
HapoOJPKYBaHOCTI Ta CMEPTHOCTI; YHCEIbHICTh HAsIBHOTO
HACeJNeHHsS Ha T[OYaTOK pOKY; YacTKa HaceleHHs 3
JIOXOJaMH HIDKYE 3a PO3Mip NPOXKUTKOBOTO MiHIMyMY;
KiJIbKiCTh ToMepiux y Bimi g0 1 poky, ocio /1000
HApOJKCHUX;, CIIBBIMHONmICHHS MK goxomamu 10%
HAMOLTBII BUCOKOAOXITHUX 1 10% HU3BKOIOXITHHUX TPyI
HaCceJICHHSI.
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OmxKe, HaBeIeHI HaAHOIIBII  YacTO  BXKHBaHI
MOKa3HUKH, [0 BHKOPUCTOBYIOTHCS  JISI  OL[HKH
coImiaJIbHOT  1HPPACTPYKTYpH  JTAIOTh  MOJKJIMBICTH

CTBEp/DKYBATH, IO 4YacTill 3a BCE IIi TOKA3HUKU €
MOKa3HUKAMU sIKi HaBOAATHCS Jep)KaBHUM YIIPABIiHHSAM
CTaTHUCTUKH Ta HE ICHY€ €IWHOTO 3araJlkHO BU3HAYECHOTO
HA0Opy YACTKOBUX IMOKA3HUKIB I OILIHKUA COLIATBHOT
IHpPaCTPYKTypH.

[IpoBeneHo OLIHKY COLaNbHOI iH(QPaACTPYyKTypH
XapkiBcbkoi obOmacti 3a 2019 p. Jlng ouinku Oyno
BHKOPUCTaHO MeETO OO0 ’€IHAaHHSA KJIacTepiB — METON
Bapaa (Ward-Method). Bin BHKOpHCTOBYE MeTOIH
JMUCTICPCIHHOTO aHami3y JJId OIIHKH BIACTaHEH Mk
KiactepaMud. MeTton MiHIMI3ye cyMmy kBazapaTiB (SS) mist
OyIb-sIKUX JBOX (TIMOTETHYHMX) KJIacTepiB, SKi MOXKYTh
Oytu chopMoBaHi Ha KOXKHOMY Kpoii. JIJis BH3HaUYCHHS
Mipu moxiOHOCTI Ta BijcTaHi OyJI0 3aCTOCOBAHO BiJCTaHb
[Mipcona, mo € HailMEHIIOKW BiJCTaHb MDK JBOMa
TOYKaMH X Ta Y (€BKJIIIOBA BiICTaHb) B HOPMAJIi30BAHOMY
mpoctopi [8].

J1yis IpOBEAICHHS KIACTEPHOTO aHallizy 0ysio oOpaHo
73 noka3HuKa 3a oOnacTaMu YKpaiHH, SKi BimoOpaxanu
TiSUTBHICTh  3aKJIQiB  COLIadbHOI iH(QpACTPYKTypH 3a
TAaKUMH CEKTOPaMH: MACaXKUPChKUI TPAHCIIOPT, OCBiTa,
OXOpOHa 3IOpPOB’S, KyIbTypa, pO3ApiOHa TOPTiBIA,

Taémuus 1. Pospaxosani inoexcu po3gumxy iHghppacmpykmypu

KHUTJIOBO-KOMYHAJIbHE rOCIIOIapCTBO, colianbHe
3a0e3MeueHHs, PECTOpPaHHE T'OCIOAAPCTBO, peKpealiifHe
TOCIIOAAPCTBO. 3a pe3yibTaTaMH KJIACTEPHOTO aHaJi3y
OyJ10 CTBOPEHO ACHAPOTPaMy, Ha OCHOBI sIKOi MO0y T0OBaHO
KapToCXeMy.

3arajpHuUi peHTHHT 00sacTi HaBeneHUH y Tab. 1.

TakuM 4YHHOM, 3a JaHUMH HaIIUX JOCITIKEHb
XapkiBcbKa 0071aCTh Ma€ CepefHid piBeHb pPO3BHUTKY
iHppacTpyKTypu # mocimae 6-me Micue cepel IHIINX
perioHiB Ykpainu 3 innexcom 1,11906.

XapkiBchbka 007acTh HAJNEXKHWTh JI0 PETIOHIB 3
HaWBUIINM piBHEM PO3BHUTKY TPaHCTIOPTHOT
iHQPaCTPYKTYpH, SIKa BKIIIOYAE 3aTi3HUYIHE, aBTOMOOLITBHE
Ta aBialliifHe CITOJIyYCHHS, & TaKOXK PO3Trally’KeHy CUCTEMY
TPOMajaChbKOTO TpaHcmopty. Kpim Toro, XapkiBcbka
0o0nacTh 1mocijae mepiie Miciie B YKpaiHi 3a IPOTHKHICTD
ABTOMOOUIBHUX JIOPIT 3arajibHOr0 KOPHCTYBaHHs (IIOHAI
9,6 Tuc. kM), 3 HUX Maibke 98% — 3 TBepIUM HMOKPUTTAM.
[lpore B 3araabHOYKpaiHCBKOMY pPEHTHHIY 3a piBHEM
PO3BHUTKY TPAHCIOPTHOI MificHCTeMHU XapKiBChbka 00J1acTh
nmocinmae 7-me wicre (iHmekc 0,9902). Ile moB’s3aHo,
Hacammepesa, 13 3MEHLICHHSM BaHTaX0000pOTy Ta
MacaXUpooOOpoTy, sKe cmocrepiramoce 3 2015 p. —
MOYaTKOM POCIHCHKOI arpecii Ha cxoni YKpaiHu.

CkJianoBi ingpacTpykrypu (miacucrema) Ingexc 3HaveHHs iHAeKcy PeiiTunr
TpancmopTHa migcucTeMa IPr.c. 0,9902 7
Ilincucrema 3B’ 3Ky IPc.3. 1,2044 3
Exosoriuna (mpupoJ00XOpOHHA) TicHCTEMA IPm.c. 1,4843 4
Pekpeariitaa mincucrema (Typusm) IPp.c. 0,8025 22
I[Tincucrema XUTIOBO-KOMYHAIBHOTO TOCIOAAPCTBA IPc.oxkr 1,8516 10
OcCBITHA migcucTemMa IPo.c. 0,9843 9

MenaunyHa migcucreMa IPm.c. 1,0133 3
[Mixcucrema corianbHOro 3a0e3neYeHHs IPc.c.3. 1,0047 12
KynbTypHa miacucrema [Px.c. 1,0442 5
InTerpanbuuii inaexe IMHAMiKH PO3BUTKY iHpPacTPyKTypH IPing. 1,1191 6

KnrouoBumu mpobieMaMu € BHCOKHH  CTYIiHB
3HOILICHOCTI OCHOBHHMX 3ac00iB, 3acTapilli TeXHOJOriita
Oi3Hec-MOJieNi,  HAJBUCOKI  pecypco3aTpaTHiCThb  Ta
€HEProEMHICTh BUPOOHMIITBA, HEPO3BMHYTa MPOMHUCIOBA
iHppaCTPyKTypa, 30KpeMa BUKOPUCTAaHHS iH(opMaIiiitHo-
KOMYHIKaI[ifHUX TIaTGOpM i TEXHOJOTIH y JIAHIFOKKAX
CTBOpEHHS JojaHoi Baprocti mpoxykmii. YacTka
nepepoOHOI mpomuciIoBocTi y crpykrypi BB y 2019
poui cranoBmia 14%, y Toii yac sk ayst Tpynu kpain €C-
27 uel MOKa3HWUK 3HaXOAWThCA Ha piBHI 15,2%. YacTka
BHPOOHHUIITB i3 BUKOPUCTAHHAM BUCOKHX  Ta
CEepeIHbOBUCOKMX TEeXHOJoriH y crpykrypi BJIB
MIPOMHUCIIOBOCTI CTaHOBUTH Jmie 19,1% mpotu 38,6% y
kpaigax €C. lle € cBigUeHHSAM HAATO HHU3BKOTO PiBHSA
BUKOPHCTAaHHS HOBITHIX TEXHOJIOTIH Ta iX yNnpoBaKeHHS
y BUpOOHM4i mpomecu. B ymoBax oOMexeHOCTi
¢iHaHCOBUX pecypciB c(hOpPMYBaBCS HU3BKHI piBEHb
HaykoemHocTi BBII Ykpainu. Yactka o0Ocsry BUKOHaHHX
HAyKOBHX 1 HAyKOBO-TE€XHIYHUX poOit y BBII moctynoso
3MeHmyBayacsa i jgocsria 0,61% y 2019 poui (cBiToBHiA
piBenb — 2,17%, eBponeticekuii — 2,01%). Ctpumyrounm

YMHHUKOM JUisl TpaHcdepy TEXHOJOTiH 1 3aiydeHHs

IHBECTHIIIf y BHUCOKOTEXHOJIOTI4HI raiysi €
HEIOCKOHATICTh chepu 3aXUCTY 00’€eKTiB
IHTeNIeKTyanbHOT ~ BJACHOCTI Ta X  BBEACHHA Y

TOCIIOJAPCHKUH 00T

OTtxe B yMoBax nommperHs 1’ storo (3 2010 poky —
KiHenp ()a3W IMIBUAKOTO 3pPOCTaHHA) Ta MEpPeXomy
PO3BHHEHUX KpaiH I0 LIOCTOTO TEXHOJIOTIYHOTO LUKIY
(2010 pik — moyaToK poO3BUTKY TEXHOJIOTIH, 3 2018 poky —
MepioJ] MMPOKOTO PO3MOBCIOHKEHHS) 30€pEKEHHS TaKoi
CTPYKTypH  TPOMHCIOBOCTI ¥  €KCIOpTy, piBHA
(hinaHCyBaHHI HAYKOBHX 1 HAayKOBO-TEXHIYHHX pOOIT
oOymoBmoBaTMe Oe3HajifiHE BiACTaBaHHA PO3BHUTKY
Vkpainn. Hagifina Ta mocTymHa iHQpacTpyKTypa, IO
OXOIUTIOE SIK JIOPOKHBO-TPAHCIOPTHI, EHEepPreTHYHi Ta
iHpopManiiHO-KOMYHIKaliifHI Mepexi, Tak i IHHOBaliiHY
iHQpacTpyKTypy, € 3anopyKol e(eKTHBHOI IisUIbHOCTI
Oi3HeCy Ta SIKICHHX YMOB JXHUTTENISIBHOCTI HACEIEHHS.
PiBeHb TpaHCIOPTHOTO OOCITYyroByBaHHS EKOHOMIKH 1
HaceJIeHHS YKpaiHM CYTTE€BO IOCTYHA€ThCS MOKA3HUKAM
pO3BMHEHUX KpaiH cBity. BignoBimno npo IHgekcy
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mI00ATBbHOT  KOHKYPEHTOCIIPOMOXHOCTI, 32  SIKICTIO
iHQpacTpykTypun VYKpaiHa 3a pik omycTwiacs Ha 6
mo3uIii — 3 69-Tro mo 75-To Micts cepen 138 kpaiH cBiTy,
a 3a SAKICTIO aBTOMOOIIBHUX JOPIT MOCiIa OJHE 3 OCTaHHIX
micup — 134-te. XapakTepHHMH O3HaKaMd CTaHy
TpPaHCIIOPTHOI iHQPACTPYKTYpH € BHCOKHH CTYIIiHb
(i3UYHOrO 1 MOpaJbHOTO 3HOCY OCHOBHHMX 3aco0iB, a
TaKOX HEBIAMOBIIHICT TEMITIB aBTOMOOLTI3AIil KpaiHu
CTaHy aBTOMOOUTBHUX JIOPIT.

VYkpaii HE3aJIOBUIBHUM € JOCBiJl BIPOBAKCHHS

JIEP)KABHO-TIIPHBATHOTO  MAPTHEPCTBA, HHU3BKI  TEMIIH
3alydeHHS  IHBECTHINM, TEXHIYHMX IHHOBallid Ta
TEXHOJIOTIYHOT ~ MOJepHi3alii ramy3i. Hemnpo3oporo

3QITMIIAETHCS cucTeMa (opMyBaHHS TapudiB HA MPUPOIHI
MOHOTIONIT Ta 1HPPACTPYKTYPHI MOCTYTH, SKi BIUTUBAIOTH
Ha I[IHOYTBOPEHHS B 1HIIMX Taly35IX EKOHOMIKH.

Pe3ynbrat y3arajibHCHHS ICHYIOYHMX MIAXOMIB IO
BU3HAYCHHS TepMiHy "MOHITOpPHMHI" TIOKasald, IO
CYTTEBUX PO30DKHOCTEH /0 PO3YMIHHS IBOTO TEPMiHY
y Byenux Hemae. Tak, KopotkoB E.M. Bu3zHauae TepmiH
"MOHITOPUHT" 5K "CHCTEMAaTHYHE BiJICTCKCHHS MPOIICCIB
abo TeHJEeHIiH, IOCTIiHE CIOCTEPEKEHHS 3 METOI0
CBOE€YACHOI  OMIHKKM  BHMHHKao4mx  curyamiin"  [9].
Jluteak B.I'. mix "MoHiTOpHHrOoM" po3ymie "cremiaabHe
OpraHi30BaHE CHCTEMATHYHE CIIOCTEPESKEHHS 32 CTAaHOM
SIKuX-HeOymp 00’ekTiB" [10]. BinmbHa eHIUKIONEIS
Bikinexais Hamae HacTymHe BU3Ha4YeHHS: "MOHITOPHHT —
KOMIUIEKC  HAyKOBHX, TEXHIYHHX, TEXHOJOTIYHUX,
opraHizalifHMX Ta IHIIMX 3aco0iB, sSKi 3a0e3Me4yroTh
CHUCTEMaTHYHUH KOHTPOJIb (CTEXKEHHsS) 3a CTAaHOM Ta
TEHJCHLISIMH PO3BUTKY NPUPOJHHUX, TEXHOTEHHUX Ta
cycmineHux mporecis” [11]. Takum uuHOM, MOXKHA
3pOOHMTH BHCHOBOK, II0 B 3arajlibHOMy pPO3yMIiHHI
MOHITOPHHT — II¢ TIOCTIHE CTIIOCTEPEKEHHS 3a MPOIECOM
200 SBUIIEM.

MeTol0  MOHITOPHMHTY  €KOHOMIYHOI  O€3meKH
comianbHOT 1HPPACTPYKTYpHu € onepxaHHA iH(opmarii
Ipo piBeHb e(heKTUBHOCTI i PE3yIbTATHBHOCTI MisITBHOCTI
comianbHOI IHPPACTPYKTYpH Ha OCHOBI SKICHOTO 1
KUTBKICHOTO  aHali3y 1 OI[IHIOBAHHS  BiJIOBITHHX
MOKa3HUKIB Ta OI[HKM BHHUKHEHHs ab0 iCHYBaHHs
MOJJIMBHX 3arpo3 Ta pH3HKiB. [IpenMeTHOI0 006macTio
MOHITOPUHTY PiBHS SKOHOMIUHOI O€3MeKH € BU3HAYCHHS
IHTeTPaJbHOTO  TIOKAa3HWKAa  EKOHOMIUHOi  Oe3mexu
colianbHOT IHGPACTPYKTYpH 3a BUUICHUMU
(YHKIIOHATFHUMHA CKIATOBUMHU. OMHIEIO i3 YMOB, SKOIO
MTOBHHEH BiNIOBiTaTH ANTOPUTM MIPOBEICHHS
MOHITOPHUHTY € MOXKJIMBICTh KiJIBKICHOI OIIIHKK BCIX
JIOCHI/PKYBAaHUX TIOKa3HHWKIB JUIS BH3HAUEHHS PIBHA

E€KOHOMI4HOi  Oe3NeKu  MiJANPUEMCTB Ta  YCTaHOB
comianbHOI iHQPACTPYKTYPH.
MoHiTOpHHT piBHS €KOHOMIYHOT 6e3mexu

MANPHEMCTB Ta YCTaHOB COINIaJbHOI 1H(PACTPYKTYypH
nependadae BUKOHAHHS TIOCJTi TOBHUX eTarmiB
peryssaTopHOTO BIUTMBY. Ha mepmomy etami BiOyBaeTbes
(dhopmyBaHHs CHUCTEMU €KOHOMIYHOT Oe3mneku
MANIPUEMCTB Ta YCTAHOB COLHaIbHOI IH(PacTPyKTypH.
Cucrema peryiioBaHHS €KOHOMIYHOi Oe3mekn Ha
MAIPUEMCTBI (YCTAaHOBI) Ma€e HACTYIHI €JIEMEHTH: MeTa,
3aBIaHHs, O00'€KT, CyO0'eKT, METOOM Ta IHCTPYMEHTH.
Merolo  perynaioBaHHS ~ €KOHOMIYHOi  Oe3nmeku  Ha

MiAMPUEMCTBI € BU3HAYEHHSI MOXXIHMBOIO CTaHy CHCTEMH
€KOHOMIYHOT O€3NeKH, KW MOXKe OYTH JOCATHYTHH 3a
YMOBH TONEPEKEHHS BUHUKHEHHS 3arpo3 CKOHOMIUHIN
Oesmerri  Ta 3a0e3lmeyeHHS  PO3BUTKY  JIFOAWHH 1
CYCHIIBCTBA SK MpiopuTeTHUX. CIIUPArOYrCh Ha 3arajbHy
METO/I0JIOT 110 CTaTUCTUYHOTO MOHITOPHUHTY Ta
BpPaxOBYIOUM  OCOOJIMBOCTI ~ Mpouecy  MHiIATPHUMKHU
HaJIe)KHOTO DIBHSI €KOHOMIYHOI O€3IeKH MiNpUeEMCTBa
(ycranoBu) npu opMyBaHHI METOAMYHOTO MiIXOLY IIOJIO
3[1MCHEHHS BHYTPIIIHHOTO MOHITOPHHTY Ha i IIPHEMCTBI
BH3HAYEHO HACTYTIHI aKTyaJIbHi 3aBJIaHHS:

- opMyBaHHA METH 1  OCHOBHHX  3aBJaHb
MOHITOPHHTY PiBHS €KOHOMIYHOI O€3MEeKH, BUXOIMIM i3
Micii, EKOHOMIYHHX 3aBJIaHb 1 iHTEpeciB, MO CTOATH Mepe
MiATIPHEEMCTBOM (YCTaHOBOIO);

- popMyBaHHA CHCTEMH OJIWHUYHHX IOKa3HUKIB-
IHIMKATOpIiB, SIKIi MOXYTh KIUIBKICHO XapakTepH3yBaTu
CTaH OKPEeMHUX (QYHKIIIOHATBHUX CKJIAIOBUX CKOHOMIYHOT
Oe3nexu mianpuemMcTBa (YCTaHOBN);

- BCTAaHOBJICHHS JoKepen iH(hopmMarrii TSt
NPOBEJCHHS HEOOXiTHUX pO3PaxyHKIiB pIiBHS OKPEMHUX
(YHKIIOHAIbHUX ~ CKJIJOBMX  E€KOHOMIUHOI  Oe3neku
MIAMPUEMCTBA Ta IHTETPATBHOTO TIOKa3HHKA,;

- 30upaHHs Ta MEepemaHHs A MMOJANBIIOI 00pOoOKH
HeoOXiTHOT iH(popMaIlii;

- OIIIHKAa JOCTOBIPHOCTI Ta TOBHOTH 1 TJIHOMHA
HagaHHs iHQOopMaIIii;

- 3BelleHHs 00poOieHoi iHdopMarii y KOMIT FOTEepHi
0asu aHuX;

- aHaJiTMYHA 0OpoOKa iHpopManii Ta OTpUMAaHHSI
pe3yNbTaTiB 1IOJ0 MOTOYHOTO PIBHSI CTaHy E€KOHOMIYHOT
6e3nexu mianpuemMcTsa (YCTaHOBN);

- BUSABJCHHSA  MOPUYMH 1  HACHIAKIB  HHU3BKOI
e(eKTHUBHOCTI (PYHKIIOHYBaHHA CHCTEMH pETYIIIOBaHHSI
E€KOHOMIYHOT Oe3MEeKH ITiJIPHEMCTBA;

- po3poOka  TPOMO3WIIH 3  YAOCKOHAICHHS
PeTiOHaNIbHOTO PEeryJItoBaHHS JUIs 3a0e3neueHHs Oe3MeKH;

- IPOTHO3YBAaHHS  PIBHA EKOHOMIYHOI  Oe3meKu
miAnpreMcTBa (YCTaHOBH).

OyHkuii  perynroBaHHS EKOHOMIYHOI Oe3leKkHn Ha
perioHajJbHOMY PpiBHI 3a0€3MEUYIOThCS MPUHIIUIIAMH,
METOJlaMH, CIoco0aMu Ta IHCTPYMEHTaMH YIpaBIiHHS
eKOHOMiuHOI0  Oe3nekoro.  [lpuHuunu  ynpabiiHHS
BU3HAYaIOTh OCHOBHI MMPaBWJIa YIPABIIHCHKOI JisSUIbHOCTI,
SKi TIOBMHHI BUKOHYBaTuCs cy0'ekTamu ynpasminus. [1in
METOJlaM1 pEryiIIOBaHHA  €KOHOMIYHOI  Oe3mnexn
PO3YMIIOTBECS CITIOCOOW BIUIMBY CYO'€KTIB YIIPaBIiHHS Ha
00'eKTH yTNpaBIIiHHS, OCHOBHMMH Cepell sIKi €: IpaBoOBi,

aJMIHICTPAaTHBHI,  E€KOHOMIYHI. Ilpn  ynpasmninHi
€KOHOMIYHOI0 O€3MeKOI0  IANPUEMCTB Ta YCTaHOB
comianbHO1 1HPPACTPYKTYPH. BUKOPHUCTOBYIOTBCS

HACTYIIHI 1HCTPYMEHTH: 3aKOHOJAaBYE€ Ta HOPMATHBHO-
mpaBoBe 3a0e3medyeHHs y cdepi HalioHAIbHOI Oe3MeKH,
JIepKaBHOTO Ta PETi0HATBHOTO €KOHOMIYHOTO
YIIPaBIiHHS; JiepKaBHE 3aMOBJICHHS; coIlianbHi
HOPMH 1 HOpPMATHBH; KpPUTHYHI IIOPOTOBI 3HAYEHHS
€KOHOMIYHHX [MOKA3HHKIB; JIepKaBHi JIOoTalli,
cyOcwuii, I101aTKOBI [UJIBIH. ITix criocobamu
peryiIoBaHHA pO3yMieTbesi Jisi abo cucrema aid, sKka
BUKOPUCTOBYETBCS  UII ~ BUKOHAHHS  3a0e3medeHHs
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eKOHOMIuHOi Oe3mekn Ha ocHOBi 3akony Ykpainm "IIpo
OCHOBH HaIliOHaJIbHOT Oe3meku Ykpainu" [12].

Ha ngpyroMmy eTam MOHITOPUHTY €KOHOMIiYHOT
Oe3neKkd Ha MANPHEMCTBI MPOBOTUTHCS OIliIHKA CTaHy
€KOHOMIYHOI  Oe3leKkW  perioHy 3a  BHIUICHHMH
(GYHKIIOHATTBHUMHU CKJIaJOBUMU. [ BH3HAYCHHS DPiBHS
€KOHOMIYHOI Oe3NeKH 3a OKpPEeMHMH (YHKIIOHATbHUMHU
CKJIAIOBUMU MOXXHA BHKOPHUCTOBYBAaTH PO3POOJICHY
EKCHEpPTHY  CHUCTEMY "[Iporpamue 3a0e3neyeHHs
"VHiBepcasbHUH eKcrepT” (CBIIOLUTBO PO PEECTpaLito
aBTOopchkoro mpaBa Ha TBip Ne 41023) 3 06a3or0 maHHWX
Safe Line (cBigoITBO PO peecTpallio aBTOPCHKOro IpaBa
Ha TBip Ne 41025). HazBana ekcriepTHa CUCTEMa JT03BOJISIE
HE TITBKH pO3paxyBaTH PiBEHb EKOHOMIYHOT Oe3IeKkH, ane
W Hamae CKCIEpTHI BHUCHOBKH, B SIKUX BimoOpakeHi
PEKOMEHIOBaHi il MO0 MiIBUIIICHHSI PiBHSI €KOHOMIYHOT
Oc3meku. EKCHepTHI CHCTEMH € TEpIIMM €TarmoM Ha
[UIAXY CTBOPEHHS IITYYHOTO IHTENEKTY. €IHHOT TyMKH
PO BHU3HAYCHHS CKCIEPTHHUX CHUCTEM B CYYacHid
HAYKOBIll JjiTeparypi Hemae. BindbHa CHIMKIONETis
Bikinenis Hajgae HACTYNHE BHM3HAYCHHS CKCIIEPTHOI
cucTeMH: "GKCIEepTHa CHCTEeMa - II€  METOIOJIOTIs
ajanTanii yCHiIIHMX pilleHb OfHiel cdepn HayKOBO-
MPaKTUYHOI MisUTBHOCTI JUIS  IHINOI; 1HTEJIEKTyalbHa
KOMIO'IOTEpHa TMporpama, sKa MICTHTh 3HAaHHA Ta
aQHATITHYIHI 3110HOCTI OJHOTO ab0 KiIIBKOX EKCIEepTiB Y
MEBHIM Tamy3i 3acTOCYBaHHS 1 37aTHa POOUTH JIOTIYHI
BHCHOBKM Ha OCHOBI IIMX 3HaHb, THM CaMUM
3a0e3neuyrour BHpILIEHHS cneuudiyHux 3aBgaHb 0e3
npucyTtHocti excnepra” [13]. PospoOiena excrneptHa
cucrema "YHiBepcaJbHMH ekcnept”" BIZHOCHUTBCS IO
KOMOiHOBAHOTO THITy EKCIIEPTHHX CHCTEM. i MOXHa
BUKOPHCTOBYBATH JUIsl JIarHOCTHKH PIBHS €KOHOMIYHOT
0e3mekn 00'eKTa eKOHOMIKH, IO JTOCIIKYETHCS, a TAKOXK
JUIA  IJell MOHITOPHMHTY Ta TpoTHO3yBaHHA. Jlims
OTPUMAaHHS TIPOTHO3HOTO PIiBHSI EKOHOMIYHOI Oe3meKu
JOCIIKYBAHOTO 00'eKTa Oa’kaHO MPOBECTH aHAI3 CTaHy
€KOHOMIYHOI Oe3IeKr 3a KibKa CYMDKHHX TEpiONiB IS
BHU3HAYCHHS ICHYIOUMX TEHICHIIH.

OCHOBHI eTanu JIOCIHI/KEHHSI CTaHy EKOHOMIYHOI
Oe3reKH MiANpUeEMCTBa (YCTaHOBH) HACTYIIHI.

Ilepmnii eran. PopMyBaHHS CUCTEMH OJUHUYHMX
MMOKAa3HHUKIB BUMIPIOBAHHS (DYHKI[IOHAIBHUX CKJIAJ0BHX.
OcHOBOIO (hOPMYBaHHSI CHCTEMH OJMHUYHUX MOKa3HUKIB
€ iges 30amaHcoBaHOI CHCTEMH MOKa3HHKIiB. Y
BiJIMIOBITHOCT] 3 MM TiAXOIOM OLIHKa (YHKIiIOHATHHOT
CKJIaJIOBOI 32 JIOIIOMOTOK0 CHCTEMH 30allaHCOBaHHX
MTOKA3HUKIB JI03BOJISIE B IIOBHOMY 00CS31 BU3HAYUTH CTaH
CKJIaJIOBOI ~ €KOHOMIYHOI  Oe3meku.  BukopucTaHHS
rOJOBHOI imei 30amaHCOBaHOI CHCTEMH ITOKa3HHKIB
noysirae 'y (opMyBaHHI  TIOJIOKEHb  CTpPATETIdHO
0e3MeYHOT0  PO3BUTKY  MIiANPHUEMCTBA HA  OCHOBI
BH3HAYEHOTO B XOJIi 3arajibHO{ OILIHKK PiBHSI €KOHOMIYHOL
0e3meKn i MOXKITUBHUX 3arpo3.

Ha gpyromy erami TpOBOAMTHCSA PO3PaxyHOK
OJIMHUYHUX MOKa3HUKIB €KOHOMIYHOT Oe3IeKn
mianpueMcTBa 3a  ¢popmynamu. KokeH OXMHUYHUI

MMOKa3HUK Ma€ pEeKOMEHAOBaHe 3Ha4deHHsA. lle mo3Bossie
BHIUIATH 1HAWKATOPH, SKi HE BiANOBITAIOTh HOpPMaM, a
TaK0X BU3HAYUTH HETATUBHI CTOPOHH PO3BUTKY.

Ha TperbomMy erami mNpOBOAUTHCS (HOpMyBaHHSI
PIBHSHD O2)KaHOCTI 3a BCiMa OJMHHYHUMH ITOKa3HHKAMH
ekoHoMiuHOT Oe3meku. OiliHKka piBHI EKOHOMIYHOL
Oe3Mekn MiANpUEMCTBA Tiependadae MPUBSIACHHS PIi3HUX
KpUTEpiiB 1 JAOCTIKEHHS 10 €IWHOTO YHIBEpCATBHOTO
napaMmeTpy, a came J0 IHTerpaibHOMYy MNokasHHKY EBP.
ITin xputepieM OaxaHOCTI pPO3YMIETHCS T'PAHUYHHNA
KIJIbKICHUH BHMIP BiJJHOCHOTO 3Ha4€HHS KOHKPETHOTO
OIMHUYHOTO  IIOKAa3HWKa, SKUH  BU3HAYA€ThCA 32
nonomoroto ¢yskuii Xappiarrona [14].

Ha derBepTOMy eTami po3paxoBYIOThCS T'PYIOBI
MMOKa3HUKW CKOHOMIYHOI Oe3lekH IMiIpHEMCTBA 32
JIOTIOMOT 010 BHU3HAYCHHS CepeIHbOTCOMETPHIHOTO
3HAYCHHS.

Ha m'stomy erami po3paxoBYeThCS I1HTETpalbHUM
MMOKa3HUK PiBHA €KOHOMIYHOI O€3MeKH IMiAIPUEMCTB Ta
YCTaHOB coliagbHOT IHGPACTPYKTYpH 3a
(yHKIIOHATIbBHUMH CKJIaIOBHMHU. Po3paxoBanuii
IHTErpaJbHUN MOKa3HUK pIBHA EKOHOMIYHOI Oe3nexu
y3arajbHIO€ 0e3JiY OJMHUYHUX MOKA3HHKIB 1 YHUCEIHHO
BijoOpaxkae BIJIHOCHY OLIHKY PpiBHA 1 CKJIQJIOBHX.
[TopiBHIOIOYM  OTPUMaHy BEJIMYMHY IHTErpajbHOTO
MMOKa3HHWKa PIBHA €KOHOMIYHOI OC3IeKH MiIIpHEMCTBA 3
Qiama3oHOM — 3HaYeHb ~ CKOHOMIYHOiI  Oesmeku  y
BIJIMTOBIAHOCTI 3 Teopieto XappiHTTOHA, MOXKHA 3POOHUTH
BUCHOBKH  TIPO  pIiBEHb  CKOHOMIYHOI  Oe3meKu
MiATIPHEMCTBA.

BucHoBkH

3a pesynbTaTaMu JIOCHIPKEHHS BCTAaHOBIJICHO, IO
MPOIIEC MOHITOPUHTY PETYJIOBaHHS €KOHOMIYHO1 Oe3MeKu
MIANPUEMCTBA  JOUUIBHO  BU3HAYMTH  SIK  OJHY 3
HaWBaXJIMBIMIMX (QYHKUIH yNpaBiIiHHS EKOHOMIYHOIO
Oe3rmexol0  MIONPUEMCTBA, LIO  COpPSMOBaHa  Ha
cucTeMaTHYHUI 301p, 0OpOOKY i HallaHHS KOPUCTyBayam
(kepiBHHKaM, 3aIlikaBJIeHHM o0co0aM)  OIepaTHBHOI
iHpopMmamii mpo cTaH 00'eKTa  YOpaBIiHHA Ta
3IIMCHIOETHCS 32 IT'AThMa OCHOBHUMH €TallaMHu:

1) bopmyBaHHS cHCTEMH E€KOHOMIYHOI Oe3reku Ha

M ATPHIEMCTBI;

2) OLIHKH CTaHy €KOHOMIYHOT Oesrnexu
MIANPHEMCTBA 33  BUAUICHUMH  (YHKIIOHATBHUMHU
CKJIaJIOBUMHY;

3) omiHKH MOJKJIIMBOCTEH pETyIIOBaHHS

3a0e3Mne4yeHHs eKOHOMIYHOT O€3IeKH MiANPUEMCTBA;

4) po3poOku Ta BHPOBAKEHHS I1HCTPYMEHTapilo
PETYIIOBAaHHS EKOHOMIYHOIO O€3MeKOor MiANprueEMCTBA,
CIIOCTEPE)KEHHS;

5) KOHTpOJIIO 32 BUKOHAHHSIM IIOTIEPEAHIX eTalliB.

Jns  omiHKM  CTaHy — €KOHOMi4HOi  Oe3meku
MiANPUEMCTBA JIOUUIBHO BHKOPHUCTOBYBAaTH PO3POOIIECHY
ekcrieptHy ~ cuctemy  "[IporpamHe  3a0e3nedeHHs
VuiBepcanbhuii excriept” 3 6a3or0 ganux Safe Line.

HaykoBa HOBM3HAa  JOCIHI/DKCHHS IIOJISITaE B
OOTpYHTYBaHHI  MPOMO3MIIH TIOAO  YIOCKOHAJICHHS
METOJMYHOTO TIIXOAY OIIHKH PO3BHUTKY COIIabHOL
iHQpaCTPpyKTypu perioHiB, MmO 0a3yeThcs Ha aHami3i
ICHYIOUMX METOJWYHUX IMiJIXOJIB MUISIXOM BUKOPHUCTAHHS
YaCTKOBHX [MOKa3HUKIB OLIIHKHA coliaabHOL
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iH(GPACTPYKTYpH Ta JIO3BOJIIE BPaXxOBYBaTH IEpeBaru Ta
HEJOJIKY iICHYIOUMX METOIUYHHUX ITiIXO0JIIB, a came:

- YacTilie 3a BCe JOCHTITHUKA BUKOPHCTOBYIOTH, IS
OIIHKH TTIOTOYHOTO CTaHy COIIaJIbHOT iHQPACTPYKTYpH Ta
3MiH i JWHAMIKM 3a pPOKaMH METOJ[ arperaTHOro
iHgekcyBaHHs. CyTHICTh BHUKOPUCTAHHS I[bOTO METOMY
MOSICHIOEThCS THM, IO MMOOYyI0OBa y3arajbHIOKYOro

MOKa3HUKa nae MOXITHBICTh BUSIBUTH
B32€MOOOYMOBIIIOIOUHIT BIIMB ITOKAa3HUKIB COIIaJbHOTO
Ta  EKOHOMIYHOI'O  PO3BUTKY  PETIOHIB,  CTYIIiHb
MDKpETiOHaJbHOI ~acUMeTpii pPO3BUTKY, OCOOJIHBOCTI
IMHAMIYHHX 3MiH TOIIIO;

-1d  OWIHKM  caMeé  PO3BHTKY  JOPEYHO

BHKOPHUCTOBYBATH TaKi CTATHCTUYIHI METOIU — KOE(IIli€HT
Bapiartii, TUCTIepcito, CepeaTHHOKBAAPATUIHE BiIXUICHHSI,
a  TakoX  METOAM  TPYyNyBaHHs,  CTaHAAPTU3ALl
MOKa3HUKIB, BU3HAYECHHs CYMapHHX Ta IHTErpajJbHUX
MMOKa3HUKIB TOILO;

- HEe3BWKAIOYM Ha Te, W0 ISl OLIHKH PO3BHUTKY

couianbHOl  iHGpacTpykTypu Ta 1l miacucrem
BHUKOPUCTOBYIOTh PI3HOMaHITHHUH METOAUIHUN
IHCTpYMEHTapiii  OCHI/DKEHHS, MOXHA  3a3HAuUTH

BIICYTHICTh Y METOAHMKAX Opi€HTaIlli Ha BCTAHOBJICHHSI
MIEBHHUX 3aJIC)KHOCTEH PO3BHTKY CHCTEMH, IO B CYYaCHHX

- OUTBIIICTH METOMUYHUX TIIXOJIIB OIIHKH PO3BUTKY
COIliaNTIbHOT  1HPPACTPYKTYpH pETiOHIB 0a3yroThCs HaA
BUKOPHUCTAHHI iHCTPYMEHTApil0 BU3HAYCHHS 1HTErpaIbHOI
OITIHKHM 3a PI3HUMH MMOKa3HHKaMHU, SKi 00’ €qHaHi y TeBHI
MiATPYIH, M0 XapaKTePU3YIOTh 0araToacreKTHI MpOIecH
couianbHOI 1HGPACTPYKTYpH. IHTerpasbHUN TMOKa3HUK
pO3paxoByeThcsi ab0 3a  JIOTMIOMOTOK  KOCQII[iEHTIB
BaroMocTi, 3 ypaxyBaHHSIM JyMKH €KCIepTiB, abo 3a
paxyHOK BCTaHOBJICHHS BIXHMJICHHS HODMOBaHUX 3HauCHb
YaCTKOBUX IOKAa3HMKIB BiJl €TAJIOHHOTO, 33 SIKUH YacTille
3a BCe NMPHUHMAETHCS MaKCHMallbHE 3HAYCHHS YaCTKOBOT'O
MTOKa3HHUKA B IEBHOMY PETi0OHi;

- Mchs  OIIHKKA ~ CTaHy  PO3BUTKY
iHQpacTpyKTypd B  perioHax, i  pO3poOJICHHS
MOJAJbIINX  BapiaHTIB  PO3BUTKY, 3 BpaxyBaHHAM
perioHaNbHOI crienu@iku i BIUIMBY 30BHINIHIX (aKTOPiB,
MPURHATTS YIpaBIiHCHKUX pillieHb, 3aXO0/1iB
MOXBABJICHHS PO3BUTKY COLIalbHOI 1H(pacTPyKTypH,
ocobnmBe  Micle 3ailMae  BUKOPHUCTAHHS  METOZIB
€KOHOMIKO-MaTeMaTHYHOTO MOJISIIIOBAHHS, 110 JO3BOJISE
MiHIMI3yBaTH BUTpaTu mpani W 4acy npu oOpoOneHHi
napaMeTpiB  PO3BUTKY  COLIaNBHOI  1HQPACTPYKTYpH
HIISIXOM TPYIYBAaHHS PETIOHIB, 3aJIKHO BiJl OTPUMAHOTO
3HA4YCHHS 1HIEKCY PO3BUTKY COIiaJbHOI iHPpacTpyKTypH.
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MOHHUTOPHUHI' 3KOHOIY[I/I‘IECKOI?I BE3OIIACHOCTH NPEANPUATUN U
YYPEXJIEHUU COOUAJTBHOU UHO®PACTPYKTYPbI

CraTesi TOCBAIIEHA HCCIEAOBAHHIO BONPOCOB (HOPMHUPOBAHHUS OCHOBHBIX HANPABICHUH MOHUTOPHHIA YPOBHS SKOHOMHYECKON
6€301MaCHOCTH HPEINPHATHNH U YUIPEKACHUH COIHMansHOM HMH(GpacTpyKTypsl. IIpeaMeToM HCCIeNOBaHHS SBISETCS COBOKYITHOCTB
TEOPETUIECKUX, METOANYECKHX M IMPAKTUYECKHX AaCIEKTOB MO (OPMHPOBAHUIO HH(GOPMAIHMOHHO-AaHATUTHIECKOTO OOecrnedeHus
MOHHUTOPHHra SKOHOMUYECKOH 0€30I1acHOCTH NPENPUATHI U yUPESKACHNI connaabHON HHPpacTpyKTypsl. Ilesibio cTaThy sBIsieTCs
pa3paboTKa TEOPETUKO-METOAMYECKUX IIOJIOKEHHH ¥ O0OOCHOBaHHME IPAKTHYECKUX peKOMeHmanuii 1mo  QopMupoBaHHIO
HH(OPMAIIMOHHO-aHATUTHIECKOT0 O0ECIIeUeHNsI MOHHTOPHHIa HYKOHOMHYECKOH O€30IaCHOCTH MPEANpPUSITHI M yUpekAeHHIH
conuanbHoi nHQpacTpykTyphl. 3agaum paboThI: IMPOAHATU3HPOBATH CYLIECTBYIONINE METOAMYECKUE IMOJXOIbI OLEHKH Pa3BUTHUS
COIMANBHON MH(PACTPYKTYPHI PETHOHOB; MPEATOKUTh HANPABICHHS COBEPIICHCTBOBAHHS CHCTEMBI MOHHUTOPHHTA KOHOMHYECKON
6€30IMaCHOCTH TPENPUATHI W YYpeKICHHH CONMAIbHONH HMH(PACTPYKTYpHI; MPOAHATH3HPOBATH CYMIECTBYIOMINE METOIUIECKHE
MOAXOABI JUIA TIPUMEHEHHsT B IIPOIecCe MOHHWTOPMHTAa CONMAIbHOH WH(PACTPYKTyphl pErHOHOB. B Xome wuccremoBaHHs
WCTIOJIE30BAHBI METOBL: a0CTPAKTHO-JIOTHYECKU aHAITN3, TEOPETUIECKOTO 0000IICHNUS U crcTeMaTH3auui. B paboTte 00001IeHbI, 4TO
L[eTbI0 MOHUTOPHHTa SKOHOMHYECKOH 0€30IacCHOCTH COIHANBHON MH(PACTPYKTYpHI SBISETCS MONTydeHHe HH(popManuu od ypoBHE
3¢ PEeKTUBHOCTH M Pe3yJIbTATUBHOCTH JAESITEIFHOCTH COLHAIBHOH MH(PACTPYKTyphl HA OCHOBE Ka4eCTBEHHOTO M KOJWYECTBEHHOT'O
aHain3a ¥ OIEHKM COOTBETCTBYIOIIMX IMOKa3aTelied M OLEHKH BO3HMKHOBEHUS WJIM CYNIECTBOBAHMS BO3MOJXKHBIX YIpo3 U PHCKOB.
IIpenMeTHO# 00IAaCTBI0O MOHMUTOPHHTA YPOBHS 3KOHOMHYECKOH O€30IaCHOCTH SIBIISIETCS OIpE/eNICHNe MHTErpajbHOro0 MOKa3aTels
9KOHOMHMYECKOH 0e30MacHOCTH COLMAIbHONH HH(PACTPYKTYpHI IO BBIACIEHHBIM (DYHKIMOHAIBHBIMU COCTABISIOIMMU. OIHUM U3
YCIIOBHH, KOTOPBIM JIOJDKEH COOTBETCTBOBATH ANTOPUTM IPOBECHIS MOHHTOPHHTA SBISIETCS BOSMOXKHOCTD KOJTHIECTBEHHOH OIEHKH
BCEX UCCIIENYEMbIX MOKa3aTeNel s ONpeaeIeH sl YPOBHSI SKOHOMHUYECKOH 0€30IMacCHOCTH MPEANPUATHN U YUPEKICHUN COITHATBHON
nH}pacTpykTypsl. BbIBOABI. YCOBEpPIIEHCTBOBAH MPOIECC MOHHTOPHHTa SKOHOMHYECKOH O0€30MacHOCTH NPEeNNpHATHH U
YUpeXIEHHH COIHANbHOH MH(PACTPYKTYPHI 10 YCTaHOBICHHBIM 3TamaM. OOOCHOBAHHO NPENNIOKEHHH MO COBEPIICHCTBOBAHHIO
METOJJMYECKOT0 MO/X0/a K OLIEHKE PAa3BUTHS COLHMAIBHON MHPPACTPYKTYphl PErHOHOB, OCHOBAaHHBIH Ha aHAIN3E CYIIECTBYIOIIMX
METOJMYECKUX IOJXOA0B IYTEM HCIIONb30BAaHMS YaCTHBIX MOKa3aTeleld OIEHKH COLMAIBHOW WHQPACTPYKTYyphl M IIO3BOJISIET
YUYHUTBIBaTh MPEUMYIIECTBA M HEAOCTATKH CYIIECTBYIOIINX METOIMYECKHIX MOJXO0O0B.

KunroueBsbie ci1oBa: conuanbHas MHOPACTPYKTypa; MOHUTOPHHT; SJKOHOMHUUECKasi O€30IIaCHOCTD HPEINPHUATHH U YUPeKICHUH
COIMANBHON MHPPACTPYKTYPHI; IKCIIEPTHAS CHCTEMA.

MONITORING OF ECONOMIC SECURITY OF ENTERPRISES AND
INSTITUTIONS OF SOCIAL INFRASTRUCTURE

The article is devoted to the study of the formation of the main directions of monitoring the level of economic security of enterprises
and institutions of social infrastructure. The subject of the study is a set of theoretical, methodological and practical aspects of the
formation of information and analytical support for monitoring the economic security of enterprises and institutions of social
infrastructure. The purpose of the article is to develop theoretical and methodological provisions and substantiate practical
recommendations for the formation of information and analytical support for monitoring the economic security of enterprises and
institutions of social infrastructure. Objectives: to analyze the existing methodological approaches to assess the development of social
infrastructure of the regions; improving the system of monitoring the economic security of enterprises and institutions of social
infrastructure; to analyze the existing methodological methods for application in the process of monitoring the social infrastructure of
the regions. During the research were used methods: abstract-logical analysis, theoretical generalization and systematization. The
paper summarizes that the purpose of monitoring the economic security of social infrastructure is to obtain information on the level of
efficiency and effectiveness of social infrastructure based on qualitative and quantitative analysis and evaluation of relevant indicators
and assessment of the emergence or existence of possible threats and risks. The subject area of monitoring the level of economic
security is to determine the integrated indicator of economic security of social infrastructure by the selected functional components.
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One of the conditions that must be met by the monitoring algorithm is the ability to quantify all the studied indicators to determine the
level of economic security of enterprises and institutions of social infrastructure. Conclusions. The process of monitoring the
economic security of enterprises and institutions of social infrastructure at the established stages has been improved. Substantiated
proposals for improving the methodological approach to assessing the development of social infrastructure of the regions, based on
the analysis of existing methodological approaches through the use of private indicators of social infrastructure assessment and allows
to take into account the advantages and disadvantages of existing methodological approaches.

Keywords: social infrastructure; monitoring; economic security of enterprises and institutions of social infrastructure; expert
system.
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OPTIMIZATION OF RISKS OF THE INVESTMENT PORTFOLIO OF ART
OBJECTS ACCORDING TO THE LEVEL OF FINANCIAL SECURITY OF ART
INVESTING IN THE LOCAL ART MARKET

The article is devoted to the study of theoretical and methodological principles and development of practical recommendations for
optimizing the risks of the investment portfolio of art objects according to the level of financial security of art investing in the local
market. The subject of the study is a set of theoretical, methodological and practical aspects for optimizing the risks of the investment
portfolio of art objects according to the level of financial security of art investing in the local market. The purpose of the article is to
develop theoretical and methodological provisions and substantiate practical recommendations for optimizing the risks of the
investment portfolio of art objects according to the level of financial security of art investing in the local market. Objectives: to
investigate and systematize the conceptual and categorical apparatus of financial security of art-investment; to develop a methodical
approach to assessing the level of investment attractiveness of an art object according to the level of financial security of art investing;
to offer analytical and applied support for optimizing the risks of the investment portfolio of art objects according to the level of
financial security of art investing in the local art market. During the research the following methods were used: abstract-logical
analysis, theoretical generalization, system and statistical analysis, system and statistical analysis, economic-mathematical methods,
graphical method. The essence and genesis of the concept of investment as an economic category in the context of the development of
the history of economic thought are determined, on the basis of which the specific features of the investment process are generalized,
the concept of art-investment is defined. Analytical and applied support for minimizing the risks of the investment portfolio of art
objects at the level of financial security of art investment in the local art market and its testing on the example of the author's
investment portfolio of art objects of contemporary Ukrainian artists. Conclusions. Analytical and applied support for minimizing the
risks of the investment portfolio of art objects by the level of financial security of art investing in the local art market was developed.
It allows to determine the investment potential of the art object by the components of financial security of art investment by the
parameters of the internal environment based on the assessment of the multiplier to assess the investment attractiveness of art objects;
to establish the priority of investing in art object as part of the investment portfolio; to position each art object on the matrix taking
into account the emotional effect of ownership of the art object for the investor.

Keywords: investment portfolio of art objects; art investing; financial security of art investing; risks of art investing; investment
attractiveness of art objects; multiplier of investment attractiveness of an art object; investment potential of an art object.

Introduction

Investment belongs to the economic categories that
determine the process of consistent transformation of
initially accumulated resources into a product of the
investment sphere in order to increase profits in the long
run and/or achieve another effect. Investing in art objects
is an alternative type of investment, which is characterized
by specific features and requires the development of
modern theoretical and methodological support and
practical tools for decision-making on the implementation
of art investing, taking into account proposals formulated
in various economic theories and conjuncture art
market [1].

Therefore, the search for ways to protect the interests
of art investors from external and internal threats and
minimize the risks of investing in art objects is a relevant
and timely area of research.

Analysis of recent research and publications

A.A. Peresada, A.V. Cherep and others.

However, despite the significant developments of
scientists, a relevant and necessary step is the further
development of theoretical and methodological provisions
for optimizing the risks of the investment portfolio of art
objects according to the level of financial security of art
investing in the local art market. Thus, the theoretical and
methodological and applied value of solving the outlined
problems determined the relevance of the chosen topic,
determined the purpose, objectives and direction of the
study.

Goals and objectives of the study

The work of many foreign researchers is devoted to
the study of the problem of investment, namely:
T. Veblen, J. Dunning, O. Domar, D. Keynes, R. Coase,
J. Linter, G. Markovic, P. Masse, W. Mitchell, J. Mossin,
M. Porter, P. Samuelson, I. Fischer, E. Hansen, R. Harrod,
D. Hicks, W. Sharpe and many others.

Among domestic economists who have studied this
problem, it is worth noting the work of researchers such
as: V.D. Bazylevych, L.Ya. Korniychuk, T.V. Mayorova,

The purpose of the article is to develop theoretical
and methodological provisions for optimizing the risks of
the investment portfolio of art objects according to the
level of financial security of art investing in the local art
market.

Materials and methods of research

The theoretical and methodological basis of the
study was the scientific works of leading domestic
scientists and foreign economists. In the course of the
research such methods were used as: abstract-logical
analysis, dialectical, theoretical generalization, system and
statistical analysis, system and statistical analysis,
economic-mathematical methods, graphic method.

© D. Momot, 2020
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Research results and their discussion

Review and generalization of literature sources
allows us to say that historically in foreign literature, the
category of investment is interpreted as goods and values
that are invested in business activities to obtain future
income.

As historical and economic sources show, the
prototype of modern investment was "money"”, “savings",
"accumulation”, "capital”.

Since the era of mercantilism, investment has been
seen as an initial advance, a "cumulative value".
Considering money as a commodity, Jean Colbert
(1619 — 1683) considered the first objective prerequisite
for industrial development by rich people to invest the
accumulated money in production.

Francois Quesnay (1694 —1774) formulates the
concept of investment as initial advances or capital
investments. F. Quesnay argued that capital is not money,
but what is bought for money, ie the means of production
used in agriculture [2]. Moreover, money, according to
F. Quesnay — is a barren wealth, so he was opposed to the
accumulation of money, turning them into treasure.
Developing the theory of F. Quesnay, who considered
capital in kind, Jacques Turgot (1727 — 1781) defines it as
"accumulated value™.

The founder of the classical school of political
economy Adam Smith (1723 — 1790) in his work "Studies
on the nature and causes of wealth of peoples” concluded
that the intensification of investment processes associated
with the accumulation of capital, which, in turn, is a
consequence of savings, in based on net income. Real
wealth is not proportional to gross but to net income. The
greatest amount of wealth can be achieved by giving
everyone full economic freedom [3]. The representative of
the classical school of political economy David Ricardo
(1772 — 1823) gives his own interpretation of the problem
of investing capital. He notes that the only source of
growth of the nation's wealth is the accumulation in
conditions of free competition. He supported proposals to
liberalize the economy and freedom of trade and denied
the possibility of forced savings. The classical school of
political economy significantly influenced the further
development of investment theories and doctrines in the
works of economists of the new wave of the first half of
the XIX century: Thomas Malthus (1766 — 1834), James
Lauderdale (1759 —1839), James Mill (177 — 1836) and
others. Scholars consider means to stabilize investment
flows through government regulation, in particular
through government monetary policy.

During the completion of the industrial revolution
and the aggravation of socio-economic contradictions in
the 40th of the XIX century economic ideas of Marxism
begin to take shape. Thus, Karl Marx in his "Capital"
distinguishes the monetary form of capital. The specific
nature of this form of capital, according to K. Marx, is
determined by the fact that money (because it can be
converted into a self-increasing value) has an additional
consumer value, which is their ability to "function as
capital and in this guise to produce average profit on
average". K. Marx argued that there is no problem of

stimulating investment, because under capitalism, all
savings are invested in order to gain a competitive
advantage in the pursuit of super profits [4].

In the second half of the XIX century and at the
beginning of the XX century there is a transformation of
the classical investment concept into new neoclassical
theories. Within the tradition of the Austrian scientific
school, human activity in the market is studied as a
process of coordinating successive changes that occur
over time, whose participants act according to their own
knowledge, beliefs, expectations, produce new
information, find new opportunities, realize their creative
potential. Representatives of the Austrian scientific school
of marginal utility interpret investment as the exchange of
satisfaction of today's needs for their satisfaction in the
future with the help of invested goods. Thus, Carl Menger
(1840 — 1921) believes that value is only subjective and
exists in human consciousness. Labor expended on the
production of a good cannot act as a measure of the value
of the good. Value depends only on people's subjective
evaluation, and they, in turn, always value relatively rare
goods the most. For example, a painting by da Vinci and a
painting by a modern novice artist will have completely
different values (even if the same amount of work is spent
on the creation of these paintings). O. Bem-Bawerk
(1851 -1919) argued that savings by limiting
consumption are necessary for economic growth. He sees
public and private funds as a source of investment for
entrepreneurship, new technologies and capital formation.

In the 20th of the twentieth century in the United
States, the idea of stabilizing the economy through the
regulation of the investment cycle through a prudent
monetary policy is developing, the leader of the group of
economists who support this direction was Irving Fisher
(1867-1946). In his works, he describes for the first time a
pattern called the "Fisher effect”, according to which the
projected increase in inflation leads to a proportional
increase in interest rates and, conversely, lowering the
projected inflation rate leads to lower interest rates.
Subsequently, the "Fisher's rule" was called the shrinking
of the investment potential of society and the slowdown in
economic growth due to the expanding monetary policy of
the state and inflation [5].

Thus, on the basis of classical and neoclassical
theories, it was proved that investment processes are not
subject to self-regulation, but require coordination by the
state, which contributed to the introduction of the doctrine
of state regulation of the economy.

According to the theory of John Maynard Keynes
(1883-1946), investment is considered as a current
increase in the value of capital assets as a result of
production activities of this period, this is the part of
income for this period that was not used for consumption
[6]. According to the new theoretical conclusions obtained
by J.M.Keynes: there is no automatic mechanism for
balancing savings and investment; the excess of savings
over investment leads to a decrease in business activity;
the condition of macroeconomic equilibrium is their
equality. Thus, J.M.Keynes singles out the dual essence of
investment: on the one hand, investment is the amount of
accumulated income for the purpose of accumulation, the
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amount of investment resources. On the other hand — it is
an investment (cost), which determines the increase in
capital as realized investment supply and demand.
J.M. Keynes first justified the need to stimulate the
investment process by stimulating effective consumer
demand through monetary and fiscal policy. A significant
achievement of J.M. Keynes is the development of an
investment multiplier mechanism (the ratio of income to
investment), which allows him to formulate a rule that any
new increase in investment automatically provides an
increase in total income, in which the share of savings
grows faster than the share, which is consumed, and,
consequently, provides the basis for future investment. As
part of the development of microeconomic investment
analysis, J.M. Keynes proved that the investment behavior
of the firm is determined by such factors as the level of
accumulation, the level of investment income and interest
rates in the credit market.

In the postwar period of development of market
economies of developed countries, followers of J. Keynes
(E. Hansen, R. Harrod, J. Hicks, O. Domar, P. Samuelson)
created a neo-Keynesian theory of economic dynamics
and growth, the main content of which is the problem of
economic equilibrium by state regulation of investment
activity using methods of state influence such as the state
budget as a "built-in stabilizer"; stimulated investment that
provides economic growth in a guaranteed, natural and
actual pace; state regulation of interest rates.

The next stage in the development of theoretical
thought in the field of investment was the development of
ideas of institutionalism through the study of investment
processes through the prism of social and political
problems and improving research tools and terminology -
institutions,  transaction costs, limited rationality,
opportunistic behavior, contracts, specific assets, and
institutional changes. Representatives of the institutional
direction, in particular A. Spithof, T. Veblen,
J. Commons, W. Mitchell, R. Croes, focused on social
institutions. Ronald Coase, a professor at the University of
Chicago and winner of the Nobel Prize in Economics
(1991), argued that transactions involve the costs of using
a market mechanism that he called transactional, leading
to redistribution of property rights and affecting the
structure and efficiency of production. Proponents of this
scientific school to the main institutions of a favorable
investment environment, along with economic, included
institutional (institutional structure of society; legal
framework; development of ideology, etc.) and social
(state and needs of social development).

The generalization of the achievements of the
neoclassical, Keynesian, institutional directions of
investment research is presented in the modern synthesis
of investment theories of the famous Nobel laureates
G. Markovic, M. Miller, F. Modigliani, W. Sharp,
D. Tobin, R. Solow.

The founder of modern portfolio theory (evaluation
of the efficiency of the investment portfolio) was the
winner of the Nobel Prize (1990) for his work on the
theory of financial economics G. Markowitz. He
developed a new approach to the study of the effects of
investment risk on the basis of his own theory of asset

allocation in the investment portfolio in conditions of
uncertainty [7].

It is generally accepted that the main contribution to
the theory of capital structure and prices of funding
sources was made by F. Modigliani (1918-2003) and
M. Miller (1923-2000), who argue that in the absence of
taxes the value of the company's capital does not depend
on its structure, the company's decision on new
investments does not depend on the dividend policy it
pursues, the total market value of the company does not
depend on the amount of debt in the capital structure [8].

Laureate of the Nobel Prize (1990) for his work on
the theory of financial economics, W. Sharp develops the
theory of the ratio of risk and return on investment in
securities. First, W. Sharp divided the overall risk of
investing in securities into two parts: systematic risk,
which is associated with the system of economic and
financial relations (non-diversified risk) and non-
systematic risk (diversified, or portfolio). Second,
W. Sharp proposed the Capital Asset Pricing Model
(CAPM), which allows a corporation to determine the cost
of capital needed to do business. Third, W. Sharp
established the procedure for forming the investment
portfolio of securities in stages: the choice of investment
policy, analysis of the securities market, the formation of
the securities portfolio, focusing on the security aspect of
investing [9].

In their research, W. Sharp, G.J. Alexander,
J.W. Bailey in a broad sense consider investing as "parting
with money today to get their increased amount in the
future."Scientists identify two factors associated with the
investment process — time and risk [10]. The investment
process is directly related to the time factor. There is
always a time lag between capital investment and
investment income, which can be characterized by
different intervals. When making an investment, the
investor always takes the risk associated with a possible
reduction or non-receipt of the expected return, as well as
a possible loss (partial or full) of the amount of invested
capital. The authors proved that the level of investment
risk is directly dependent on the level of their expected
return.

Modern investment theories are developing in the
direction of studying the processes of capital export
abroad in the form of foreign direct investment (FDI) and
the motivation of investors, the development of the theory
of transnational corporations. Significant contributions to
the development of this area of research have been made
by such scientists as S. Hymer, J. Dunning, T. Horst,
R. Vernon, S. Menardi, M. Porter, M. Casson, and others.

The most common conceptual approach to
explaining the process of foreign direct investment was
the eclectic paradigm of international production of
J. Dunning (1976), based on three objective components
that influence the company's choice of different models of
entry into specific markets: the benefits of ownership
(O — ownership advantages), location advantages
(L — location advantages) and internalization advantages
(I — internalization advantages). J. Dunning's Concept of
Investment Development Path (IDP) was put forward in
1979, according to which the import and export of capital
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of a certain country are directly dependent on the level of
its economic development in comparison with other
countries [11].

M. Porter's large-scale study on the impact of
competitive advantage contributes to a better
understanding of transnational activities of companies,
taking into account four factors: factor 1: corporate
strategy, structure and competition: management and
leadership, company goals, new business and
entrepreneurship, venture capital, etc.; factor 2: the state
of factors, including human, physical, knowledge, capital,
infrastructure; factor 3: components of demand, such as
the volume of demand in the country, its
growth rate, consumer segmentation, consumer
characteristics; factor 4: the existence of related and
supporting industries [12].

The eclectic paradigm of J. Dunning was further
developed in the works of J. Marcusen, W. Isier, and
E. Helpman, who proposed a number of approaches united
by the concept of "knowledge — capital". They explained
the key advantages of OLI — the paradigm from the
standpoint of assessing knowledge as capital, covering
human capital, patents, trademarks, reputation and other
types of knowledge.

Leading representative of the Chicago School of
Economics, winner of the Alfred Nobel Prize in
Economics for achievements in research in the field of
consumption analysis, the history of money circulation
and the development of monetary theory, as well as for
practical demonstration of the complexity of economic
stabilization policy (1976) Milton Friedman (1912—-2006),
like other neoliberals, recognizes that a market economy
has great internal potential for self-balancing and self-
regulation. He proposes to limit intervention in the
economy to the macroeconomic sphere, in particular
control over money circulation [13].

Modern foreign scholars Z. Bodie, A. Kane and
A. J. Marcus consider investment as the cost of money
and other resources in the present period to obtain benefits
in the future [14]. A similar view is shared by the French
economist P. Masse, who sees investing as an

act of future satisfaction from current investment
benefits [15].
Thus, Western scientific thought about the

investment process was formed in the evolutionary
development of theories of finance. Investments are
considered as a set of all types of resources (goods,
property and intellectual values) invested in objects of
entrepreneurial and other activities, as a result of which
profit (income) is created or other effect (social,
ecological and other types of effect) is achieved in the
future.

In Ukraine, the development of scientific approaches
to investing begins in the early 90th. Based on world

experience, Ukrainian scientists are developing a
theoretical and methodological basis for investment
decisions.

Summing up the historical discourse on the
formation of the theory of investment activity, we note
that the results of the study can identify such specific
features of the investment process.

First, in general, investing is a process of unity of
investment processes with the prospect of profit or other
effect.

Second, investing is a long process during which the
following transformations take place: investment
resources (goods, values) — investments (costs) —
increase in capital value — profit (effect). In the first
stage, investment actually takes place - the process of
transforming investments into objects of investment
activity. In the second stage, there is a modification of
investment in capital growth. At the final stage, the
ultimate goal of investing is realized - to make a profit or
other effect.

Third, it is important to realize the fact that
investment activity, as a way to combine investment needs
with investment opportunities, covers not only the
investment cycle, but also the further management of
property created in the investment process. Therefore, it is
expedient to distinguish two stages of the investment
cycle: the creation of capital value and its functioning
(operation).

Fourth, investment activity is carried out in the
investment sphere, which is a system of economic
relations concerning the movement (realization) of
investments. It is in the investment sphere that the
proportions between accumulation and investment,
investment and capital value growth, investment of
investment resources and return on investment are formed.

Fifth, the development of the investment sphere is
closely related to the development of the investment
market, which synthesizes the supply of investment
(capital) by potential investors and the demand for
investment by potential participants in investment
activities. Thus purchase and sale of the capital in the
market of investments take place proceeding from
prospects of reception of the future profits which exceed
their current level.

Sixth, investing is based on the coincidence of
interests of participants in the investment process, which
is associated with one of the main features of investing -
the target.

Seventh, investment is the bearer of property rights
and dispositions. Capital invested as an accumulated
investment resource can act as a carrier of all forms of
ownership — individual private, collective private,
municipal, national, and so on.

Eighth, investments are characterized by liquidity, ie
in the event of adverse conditions of the internal or
external environment, investments can be realized, which
will ensure the release of invested capital. In this case, the
main parameter of liquidity assessment is the period of
time during which the invested capital can be converted
into cash without losing its real market value.

This understanding of the economic essence of
investment makes it possible to determine the economic
essence of the category of art investment. Art-investing is
a form of placing capital in art-objects of investment
quality in case a potential investor has accumulated (free)
capital and is an alternative type of investment activity
carried out in order to obtain a monetary return with
minimal risk of losing investment and/or achieving other
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effect in the future; hedging potential capital loss risks;
investing in cultural development (aestheticization) or
achieving an emotional effect. The main purpose of art
investing is to invest capital in the most investment-
attractive art objects in order to obtain maximum profit or
achieve another beneficial effect for the investor. At the
same time, it is important to ensure the financial security
of art investing, which requires the development of
modern tools to minimize investment risks.

Optimizing the portfolio of art objects according to
the level of financial security of art investing is an
important component of the process of managing the
financial security of art investing, which should be carried
out using scientifically sound tools at the stage of
decision-making on art investing. As a result indicator for
assessing the priority of investing in an art object in the
investment portfolio, it is proposed to determine the
multiplier of investment attractiveness of the art object by
the formula (1):

1Ai min,

= 1
ARTfsi'™ @

where /4i is a multiplier of the investment attractiveness of
the art object; S; — price of the i-th art object; ARTfsi"™ —

financial security indicator of the i-th art object, calculated
by the components of the internal environment.

The multiplier of the investment attractiveness of the
art object allows you to assess the effect of minimizing the
risks of investing in the art object by the components of
the internal environment. The proposed indicator allows
you to calculate how many monetary units of the value of
the art object per one rating point of the indicator of
financial security of investing in the art object, calculated
by the components of the internal environment. The lower
this figure, the lower the level of risk of investing in an art
object relative to the level of financial security of art
investing. Of course, the stimulating effect of the
multiplier of the investment attractiveness of an art object
depends on many factors. Thus, if the financial security of
the art object increases by the components of the internal
environment, the multiplier of the investment
attractiveness of the art object decreases, which makes it
appropriate to implement measures to minimize the risks
of art investing, taking into account the effects of
multiplier links.

Considering the proposed multiplier of the
investment attractiveness of the art object as a result, it
was decomposed according to the key indicators of
financial security management of art investment for the
local art market (fig. 1).

PP, DPP; L4i=Si/ARTfsin
¢ ¥ ¢
Si ARTfsiot Pi=Kmaxi-Kij
k l ¥ l
Si= (FVi + IPj) x PFi | |
K1i K2i, K3i

Fig. 1. Model of parameters for assessing the investment attractiven
of art investment for the local art market (made by the author)

where PP;, DPP; is a payback period of investment in an
art object; /4i is a criterion of investment attractiveness of
an art object; S;— estimated price of the i-th art object or

resale value (prospective value); FVi (Fair Value)i — fair
price of the i-th art object; IPi (Irrational Premium) -
premium for irrationality (or the price of perception); PFi
(Provenance Multiplier) provenance  multiplier;

ARTfsi™ — financial security indicator of the i-th art

object, calculated by the components of the internal
environment (K1, K2, K3); K1 — component of investment
attractiveness of the i-th art object; K2 — component of the
author's activity for the i-th art object; K3 — component of
the valuation of the i-th art object.

The investment attractiveness potential of the art
object is proposed to be defined as the possibility of
increasing the financial security parameters of the art
object, calculated by the components of the internal

ess of the portfolio of art objects by the level of financial security

environment, by comparing the estimates of the art object
with the maximum possible level of the parameter.

It is proposed to calculate the potential to increase
the level of financial security of the art object in terms of
each component of financial security of the internal
environment by the formula (2):

n
P=(maxK; - Kj),j=12,...m, (2)
i

n
where F:( — is a potential of investment attractiveness by
ij
the i-th parameter for the j-th art object; max Ki - the
maximum value of the i -th parameter; Kj; — evaluation of

the i-th parameter for the j-th art object; n — the number of
parameters of a comprehensive indicator of financial
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security of art investment; m — the number of art objects in
the investor's portfolio.

The proposed model of parameters allows to assess
the investment risks of the portfolio of art objects and to
ensure their minimization by using the identified potential
to increase the financial security of the art object in the
local art market.

Based on the results of calculations, the target
parameters for each art object of the investment portfolio
relative to the selected parameter of financial security of
art investment are set, which are perspective-oriented and

allow to determine the trajectory of investment portfolio
optimization according to selected parameters of financial
security of art investment.

Approbation of the developed analytical and applied
support to minimize the risks of the investment portfolio
of art objects according to the level of financial security of
art investing in the local art market using the proposed
model is carried out on the example of the investment
portfolio of art objects of contemporary Ukrainian artists
(table 1).

Table 1. Investment portfolio of art objects of contemporary Ukrainian artists

Author Name of the art object Description of the art object Price of thgrt object,
Winnie Reunov A0l gr):grd University 2009, canvas, oil, 150 x 110 cm 9000
Alexander Voronin AO2 | Innocence .
X rvoroni oen 2013, etching, paper, 60 x 96 cm 600
Igor Kanivets and AO3 | Personal space .
Margarita Sherstyuk 2014, oil on canvas, 120 x 180 cm 4000
Andriy Bludov AO4 | Delhi Museum 2016, canvas, oil, silk-screen paint,
4000
100 x 80 cm
Elmira Shemsidinova AO5 | Prickly pear 2017, canvas, oil paint, 120 x 120 cm 2000
Maxim Mazur AO6 | Figure 9 2019, mixed media, 75 x 100 cm 700
Julia Mokhovikova AO7 | Son of the sun 120x190 2020 oil on canvas 5000
Alexander Roitburd AO8 | Two 140 X120, oil on canvas 12000
Yuri Sivi A itl
uri Siviryn 09 | notitle 200x150 cm canvas acrylic 2020 5000

For each art object, matrices for assessing the level
of financial security of art investment according to the
selected parameters of the internal environment are
compiled (table 3).

The final matrix for assessing the level of financial
security of art investment by selected parameters of the

internal environment for all art objects of the investment
portfolio of art objects selected for study by contemporary
Ukrainian artists with the multiplier of investment
attractiveness of the art object is presented in table 2.

Table 2. The final matrix for assessing the level of financial security of art investment according to the selected parameters of the
internal environment of the investment portfolio of art objects of contemporary Ukrainian artists made by the author

A0 | Kimax=te | K2l kamaia|  ARTE 1A
A0l 7 6 6 19 473,68
AO2 7 8 4 19 31,58
AO3 9 8 6 23 173,91
AO4 9 10 7 26 153,85
A0S 9 10 4 23 86,96
AO6 7 5 3 15 46,67
AO7 8 10 5 23 217,39
AO8 11 14 8 33 363,64
A9 10 14 6 30 166,67
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Graphically, the profile of financial security of art

investment according to the selected parameters of the

internal environment of the investment portfolio of art

objects of contemporary Ukrainian artists is presented in
fig. 2.
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Fig. 2. Profile of the assessment of financial security of art-investment according to the selected parameters of the internal
environment of the investment portfolio of art-objects of contemporary Ukrainian artists

The final parametric matrix of assessment of the
level of financial security of art-investment according to
the selected parameters of the internal environment of the
investment portfolio of art-objects of contemporary
Ukrainian artists is presented in table 3.

The obtained data allow to establish the priority of
investing in art objects of the presented investment
portfolio according to the parameters of financial security

AO1
AO8
AO7

AO9
AO4
AO5
AO6
AO2

o
[e]
=]

50,00 100,00 150,00 200,00

of the internal environment in the following sequence:
AO2, AO6, AO5, AO4, AO9, AO3, AO7, AO8, AOL.
Graphically, the diagram of the multiplier of investment
attractiveness of the investment portfolio of art objects of
contemporary Ukrainian artists is presented in fig. 3.

The results show that the smaller is the value of the
obtained investment attractiveness multiplier, the less
risky is the investment in the art object.

250,00 300,00 350,00 400,00 450,00 500,00

Fig. 3. The multiplier of investment attractiveness of art objects of the investment portfolio of contemporary Ukrainian artists
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The proposed methodological approach to assessing
the level of financial security of art investment for art
objects of the investment portfolio allows to develop a
trajectory of minimizing the risks of investing in an art
object according to the established components of

financial security of the internal environment of art
investing. To do this, the matrix of investment potential of
the art object is built according to the components of
financial security of art investment according to the
parameters of the internal environment (table 4).

Table 4. Matrix of investment potential of an art object by components of financial security of art-investment by parameters of the

internal environment (made by the author)

AO K1 max=16 K2 max=18 K3 max=14 ARTts max=48
AO1 9 12 8 29
AO2 9 10 10 29
AQO3 7 10 8 25
AO4 7 8 22
AOS5 7 8 10 25
AO6 9 13 11 33
AO7 8 8 9 25
AO8 5 4 6 15
AO9 6 4 8 18
However, promising for the final decision on  However, to assess the importance of aesthetic pleasure is

investing in an art object is the positioning of each art
object on the matrix, taking into account the emotional
effect of owning an art object for the investor.

Emotional effects include, but are not limited to,
aesthetic pleasure and other effects of prestige and
complementarity. Emotionally reacting to the objects of
the surrounding reality is a natural property of man.

quite difficult, because beauty and its role in the life of
each person are individual. In the framework of this study,
approaches to the assessment of the emotional effect are
systematized and the art objects of the investment
portfolio are positioned according to the level of the
multiplier of investment attractiveness and the emotional
effect of owning an art object on the matrix (table 5).

Table 5. Matrix of positioning of art objects of investment portfolio on the level of multiplier of investment attractiveness and

emotional effect from possession of art object (made by the author)

AO AO AO
With the greatest emotional | With an average emotional With low emotional effect
effect effect
1A
AO with high investment
attractiveness AO2, AO6, AOS AO4, AO9 AO3
(199-1)
1A
AO with average investment
attractiveness AO7
(349-200)
1A
AO with low investment
attractiveness AOS8 AO1
(500-350)

Therefore, based on the results of the positioning, a
matrix is obtained, which allows to select the optimal
possible solutions for art investing, taking into account the
level of financial security and investment potential from
many options for the development of the situation.

Conclusions

According to the results of the study, the essence and
genesis of the concept of investment as an economic
category in the context of the history of economic thought
(for 4 centuries) in the works of economists and identified
their main achievements that formed the basis for the

formation of theoretical and methodological principles of
financial security management .of art-investment and
optimization of risks of the investment portfolio of art
objects according to the level of financial security of art-
investing in the local market.

Art-investing is defined as a form of capital
placement in art objects of investment quality in case a
potential investor has accumulated (free) capital and is an
alternative type of investment activity carried out in order
to obtain monetary income with minimal risk of
investment loss and/or achievement another effect in the
future; hedging potential capital loss risks; investing in
cultural development (aestheticization) or achieving an
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emotional effect. The main purpose of art investing is to
invest capital in the most investment-attractive art objects
in order to obtain maximum profit or achieve another
beneficial effect for the investor.

To minimize the risks of art investment, analytical
and applied software for minimizing the risks of the
investment portfolio of art objects according to the level
of financial security of art investing in the local art
market, based on calculating the investment attractiveness
multiplier of the art object as a result indicator priority of
investing in an art object as part of the investment
portfolio. A model of decomposition of the multiplier of
investment attractiveness of an art object according to key
indicators of financial security management of art-
investment for the local art market has been developed.

The approbation of the developed analytical and
applied support was carried out on the example of the art
portfolio of art objects of contemporary Ukrainian artists
formed by the author.

The calculation results in the trajectory of
minimizing the risks of investing in an art object
according to the established components of the financial
security of the internal environment of art investing by
building a matrix of investment potential of the art object
for the financial security components of art investing
according to the internal environment.

It is proved that in order to make a final decision on
investing in an art object, it is advisable to position each
art object on the matrix, taking into account the emotional
effect of owning an art object for the investor.
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ONTUMI3AILIA PU3UKIB IHBECTULINHOI'O IOPT®EJIO APT-OB’EKTIB 3A
PIBHEM ®IHAHCOBOI BE3IEKU APT-IHBECTYBAHHS HA JIOKAJIBHOMY
APT-PUHKY

CTaTTs MpHUCBSYEHA JOCIIHKEHHIO TEOPETHKO-METOJMYHHX 3acaf 1 po3poOili MpaKTHYHUX PEKOMEH/AIH 00 ONTHUMI3amii pHU3HUKiB
IHBeCTHIIHHOTO TOpT(heNo apT-00’€KTiB 3a piBHEM (hiHAHCOBOI OE3MEKH apT-iHBECTYBaHHS Ha JIOKaJbHOMY pUHKY. Ilpenmerom
JIOCTI/DKEHHS. € CYKYIHICTh TEOPETHYHHX, METOAMYHHAX 1 MPaKTHYHHUX AaCHeKTiB MIOAO0 ONTHMI3allil PU3UKIB IHBECTHIIHHOTO
noprdernto apT-o0’ekTiB 3a piBHEM (iHAHCOBOI Oe3reku apT-iHBECTYyBaHHS Ha JIOKalIbHOMY PHHKY. MeTol cratTi € po3poOka
TEOPETHKO-METOANYHHUX IIOJIOKEHb Ta OOIPYHTYBaHHS MNPAKTUUYHHMX PEKOMEHJAlid 100 ONTHUMi3alii PH3MKIB IHBECTHLIHHOTO
noptdeto apT-o0’eKxTiB 3a piBHEM (iHAHCOBOI OE3MEKH apT-iHBECTYBaHHs Ha JOKaJbHOMY PHHKY. 3aBHaHHS pOOOTH: IOCIIJUTH Ta
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CHCTeMaTU3yBaTu MOHATIHHO-KaTeropiaabHuUii anapar 3abe3nedeHHs GpiHaHCOBOI OE3MEeKH apT-iHBECTYBAHHSI;, PO3POOUTH METOANIHHI
MiAXiA 10 OLIHKM piBHSA 1HBECTULIHHOI MpHUBAaOIMBOCTI apT-00’€KkTa 3a piBHEM (iHAHCOBOi Oe3MeKH apT-iHBeCTYBaHHS,
3allpOIOHYBaTH aHANITHKO-TIPUKIagHe 3a0e3leueHHs ONTHUMIi3allii pU3UKIB 1HBECTUIIHHOTO MOpPTQET0 apT-00’€KTiB 3a pPiBHEM
(inaHcoBoi Oe3meKH apT-iHBECTYBaHHS Ha JIOKAIBHOMY apT-pHHKY. Y XOJIi JOCIHI/UKEHHS BHKOPHUCTAaHO MeTOAH: aOCTpaKTHO-
JIOTIYHUH aHami3, TEOPETHYHOTO y3aralbHEHHs, CHCTEMHOTO Ta CTaTHCTUYHOTO aHaNi3y, CHCTEMHHMH Ta CTaTUCTUYHMH aHali3,
€KOHOMIKO-MaTeMaTH4YHI MeTo ¥, rpadidamii Meton. B po6oTi BU3HAYEHO CYTHICTH Ta T€HE3UC MOHATTS IHBECTUIIH K eKOHOMIUHOI
KaTeropii B KOHTEKCTi PO3BHUTKY icTOpii €KOHOMIUHOI IyMKH, Ha 0a3i 9Oro y3araJlbHEHO cHelH(iuHI 0COOIMBOCTI IpoIecy
iHBECTyBaHHS, BU3HAYCHO NOHATTSA apT-iHBeCTYBaHHA. Po3po0ieHO aHaNITHKO-TIPUKIAAHE 3a0e3MedeHHs MiHiMi3alii pH3HKiB
iHBeCTHLIHHOrO opTdento apT-00’€KTiB 3a piBHEM (DiHAHCOBOI OE3MeKH apT-iHBECTYBAHHS HA JIOKAJbHOMY apT-PHHKY Ta 3/iHCHEHO
ioro ampo0arito Ha MpUKiIai chOpMOBAHOTO aBTOPOM i1HBECTULIIITHOTO MOPTdEnto apT-00’€KTIB CydyaCHUX YKPATHCHKUX XYIOKHUKIB.
BuchHoBku. Po3pobieHo aHamiTHKO-TIpUKIaAHE 3abe3ledeHHs MiHiMi3amii pU3HKIB iHBECTHLIHHOTO MOpPTQEnto apT-00’€KTiB 3a
piBHeM (iHaHCOBOI Oe31ekn apT-iHBeCTYBaHHS Ha JIOKAIBHOMY apT-PHHKY, IO TO3BOJISIE HA OCHOBI OLIHKH MYJIBTHILTIKATOpPA OIiHKH
IHBECTUIIHHOT NpHUBaGIMBOCTI apT-00’€KTIB BCTAHOBUTH IIPIOPUTETHICTH IHBECTYBaHHS y apT-00’€KT y CKJIadi IHBECTHUI[IHHOTO
noptgenro, BU3HAUNTH IHBECTHIIHHMI IMOTEHIan apT-00’€KkTa 3a KOMIOHEHTaMH (iHaHCOBOI O€3NeKH apT-iHBECTYBaHHS 3a
rapaMeTpaMy BHYTPIIIHBOTO CEpeIOBHIIA, 3IHCHUTH MO3UIIIIOBAaHHS KOXKHOTO apT-00’€KTa Ha MaTPHIli 3 BpPaxyBaHHAM €MOLIHHOTO
e(ekTy Bi BOIOIHHS apT-00’€KTOM AJIs iHBECTOpA.

KnrouoBi cjoBa: iHBecTULIHHUIA mOpTdensb apT-00’€KTiB; apT-iHBeCTYBaHHS, (piHaHCOBa Oe3neKka apT-iHBECTYyBAaHHS, PU3HUKU
apT-iHBECTYBaHHS, I1HBECTHULIfHa NPHBAOIUBICTE apT-00’€KTiB; MYJBTUIUIIKATOP I1HBECTHLINHHOI NpHUBAaOIMBOCTI apT-00’€KTa,
IHBECTUIIHUI MOTEHIIIAN apT-00’€KTa.

ONITUMM3ALIMA PUCKOB HHBECTULHHMOHHOI'O ITIOPT®EJIA APT-OBBEKTOB
IO YPOBHIO ®UHAHCOBOM BE30ITACHOCTHU APT-UHBECTAPOBAHUS HA
JIOKAJIBHOM APT-PBIHKE

CraThsl MOCBAIICHA UCCICAOBAHUIO TEOPETUKO-METOANYECKUX OCHOB U Pa3pabOTKe MPaKTHYECKUX PEKOMECHAALMH 10 ONTHMH3AINH
PHUCKOB MHBECTHLHOHHOTO HOPTQENs apT-oOBEKTOB IO YPOBHIO (PMHAHCOBOI O€30MAaCHOCTH apT-WHBECTHPOBAHUS Ha JIOKAJIBHOM
poiake. IIpeamMeToM uccieqOBaHMS SBISETCS COBOKYIMHOCTh TEOPETHYECKUX, METOIMYECKHX M IPAKTHYECKHX AaCIEKTOB IO
ONTUMHU3ALUU PUCKOB MHBECTULIIMOHHOTO MOPTQEns apT-oObeKTOB M0 YPOBHIO (JUHAHCOBOH 0€30IaCHOCTH apT-MHBECTHPOBAHHUS Ha
nokanbHOM phiHKe. Llenblo crateu siBisiercs pa3paboTKa TEOPETHKO-METOIMYECKHX IIOJIOKEHHH M O0OOCHOBaHHME MPAKTUYECKUX
pEKOMEHalni M0 ONTHMHU3ALUK PUCKOB MHBECTHIMOHHOTO HOPTdens apT-o0beKTOB 10 YPOBHIO (HHAHCOBOI O€30IacHOCTH apT-
WHBECTUPOBAHMS Ha JIOKAILHOM pBIHKE. 3aa4M paboTHI: UCCIIENOBATh U CHCTEMATU3UPOBATh MOHITHIHO-KaTerOpHAIBHEIN ammapar
obecnieyeHnss (MHAHCOBOM OE30IIaCHOCTH apT-MHBECTHPOBAHWS, pa3paboTaTh METOAWYECKUI MOAXOA K OIEHKEe YPOBHS
MHBECTHIIMOHHON MPHBICKATEILHOCTH apT-00beKTa MO YpPOBHIO (DMHAHCOBOH OE€30MACHOCTH apT-WHBECTHPOBAHUS; HPEITIOKHTD
AQHATUTHKO-TIPUKIIAJIHOE 00ECIIeYeHHEe ONTHMH3AINE PUCKOB MHBECTHLIMOHHOTO MOPT(deNns apT-oO0beKTOB MO YPOBHIO (PMHAHCOBOM
0€30MaCHOCTH apT-MHBECTHPOBAHMS Ha JIOKAJbHOM apT-pblHKA. B XO/e MCCIe0BaHUsS HCIOJIb30BAaHBl METOMABI: a0CTPAaKTHO-
JIOTHYECKHil aHAIN3, TEOPETHIECKOTO 0000MIEHHS], CHCTEMHOTO U CTATHCTHYECKOTO aHAN3a, CHCTEMHBIN M CTaTUCTHYECKUH aHaNu3,
9KOHOMHKO-MaTeMaTHUeCKHe MeToIbl, rpadudeckuii MeTon. B pabore ompererneHa CyIIHOCTh U F€HE3UC MOHSITHS WHBECTHULIMH Kak
9KOHOMHMYECKON KaTeropuyd B KOHTEKCTE Pa3BUTHSI MCTOPHUM SKOHOMHYECKOW MBICIH, Ha 0a3e 4ero o0oOuieHsl creruduueckue
0COOCHHOCTH TIpOIlecca HMHBECTHPOBAHUS, OIPEACNICHO IOHSATHE apT-MHBECTHPOBaHWs. Pa3paboTaHO aHAIUTHKO-TIPHKIATHOE
obecrieyeHre MHHUMHU3ALUK PHCKOB HWHBECTUIIMOHHOTO MOPTQeNs apT-00BEKTOB IO YPOBHIO (DMHAHCOBOW OE30IMacHOCTH apT-
WHBECTUPOBAHMSI Ha JIOKAIbHOM apT-pblHKAa M OCYIIECTBICHO €ro ampo0anuio Ha InpuMepe CHOpMHPOBaHHOTO aBTOPOM
WHBECTHIIMOHHOTO TOpTdens apT-00bEKTOB COBPEMEHHBIX YKPAaMHCKHX XYAOXKHHKOB. BbIBoABI. Pa3paGoTaHHOE aHANIHUTHKO-
MIpUKJIagHOe oOecTiedeHne MUHIMHU3AIMN PUCKOB MHBECTHIIHOHHOTO MOPTQETS apT-00bEKTOB MO YPOBHIO (PHHAHCOBOH 0€30MaCHOCTH
apT-MHBECTUPOBAHMS Ha JIOKAIBHOM apT-phIHKA, MO3BOJIIET Ha OCHOBE OLEHKH MYJIBTHUIUIMKATOpA OLCHKH HHBECTHUIIMOHHOIT
NPUBJIEKATEIFHOCTH apT-00BEKTOB YCTAHOBHTH NPUOPHTETHOCTh HWHBECTHPOBAHUS B apT-OOBEKT B COCTaBE HHBECTHUIMOHHOTO
noptdens, ONpeAeNUTh WHBECTUIMOHHBIA IOTEHIMAl apT-00beKTa 10 KOMIIOHEeHTaM (MHAHCOBOW 0€30MacHOCTH  apT-
WHBECTUPOBAHM 110 ITapaMeTpaM BHYTPEHHEH Cpelibl, OCYIIeCTBUTH MO3UIMOHUPOBAHHIE KaXIOT0 apT-00bEKTa Ha MaTPHIIE C YUETOM
9MOLMOHAIBHOTO 3¢ deKTa oT BlaeHHs apT-00bEKTOM JJI1 HHBECTOPA.

KnioueBble clloBa: HMHBECTHLHOHHBII TOpTdens apT-oObEKTOB; apT-MHBECTHpOBaHUWE, (DUHAHCOBas 0E30MacHOCTb apT-
WHBECTHPOBAHHUSA; DHUCKH  apT-MHBECTUPOBAHMS, MHBECTHIMOHHAS IPUBJIEKATEIBHOCTh  apT-OOBEKTOB;  MyJIbTHILUIHKATOP
MHBECTHUIIMOHHOM MPHBIIEKATEIFHOCTH apT-00beKTa; MHBECTHIIHOHHBIN MOTEHIIHAN apT-00bEKTa.
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OIIHKA KPEAUTOCITPOMOXHOCTI IIO3UYAJIBHUKIB KOMEP}IIFIHOI‘O
BAHKY: HAIIPAMKMU ITIIJIBUITEHHA AKOCTI IHOOPMALIUHO-
AHAJIITUYHOI'O 3ABE3IIEYEHHA

CrarTst TpUCBSYEHA MIOCTIPKCHHIO TEOPETHKO-METOAWYHHX 3acaj 1 po3poOIl MNpakTHYHUX PEeKOMEHJaliil [IoJ0 OILiHKH
KPEIUTOCIIPOMOKHOCTI NMO3WYaIbHAKA KOMepIiiiHoro 6anky. IIpeamMerom MOCHiKEHHS € CyKYIHICTh TEOPETHYHUX, METOANIHHX 1
MPAaKTHYHUX AacHeKTiB IMOJO0 IMiABUIIEHHS SKOCTI iH(pOpMaliifHO-aHAIITHYHOTO 3a0e3NeYeHHs] OLIHKH KPEeIUTOCHPOMOXKHOCTI
MO3MYAIBHUKIB KOMEpIiifHOro 6aHKy. MeToro cTaTTi € po3po0Ka TEOPETUKO-METOANYHUX MOJIOKEHb Ta OOTPYHTYBaHHS NPAKTHYHHUX
peKOMeHIali} 00 OIHKH KPEIUTOCIIPOMOXHOCTI MO3MYaJIbHUKA. 3aBAAHHS POOOTHU: MpOaHaNi3yBaTH (aKTUUHI MOKA3HUKH
PO3BHTKY OaHKIBCHKOI CHCTeMH YKpaiHH, Yy TOMY YHCIl MacIUTa0H KPEIUTHUX ONepaliii KOMepIiiHuMX OaHKiB; AOCIIAUTH Ta
CHCTEMaTU3yBaTH MOHATIMHUI amapat OIiHU KPEIUTOCIIPOMOKHOCTI MO3UYATIbHUKIB; HA 0a31 HOPMAaTHBHO-TIPABOBOTO PETYIIOBAHHSI
BCTAHOBHUTH AaJTOPUTM BHU3HAUEHHS 3HAUYEHHA KoedilieHTa IMOBIpHOCTI Ae(ONTy MO3WYANIbHHKA-IOPHANYHOI 0COO0H; pO3pOOHTH
3aX0JM 3 YIOCKOHAICHHS METOMYHHX MiJXOMIIB IOJ0 OI[IHKHA KPETUTOCIIPOMOKHOCTI MO3MYATFHUKIB KOMEPIIHHOTO OaHKy. Y X0l
JIOCITI/KEHHs] BUKOPUCTAaHO MeTOAM: aOCTPAaKTHO-JIOTIYHHH aHalli3, TEOPETHYHOTO y3araJlbHeHHs, CHCTEMHOTO Ta CTATHCTHYHOIO
aHami3y, rpadiuHuii MeTon. 3a pe3ysibTaTaMu IOCHTIUKCHHS IMPOAHATI30BAHO TUHAMIKY OOCSTIB aKTHBIB Ta HaJaHUX KPEIWTIB
BITUM3HAHUX OaHKIB 3a mepion 2015-2020 pp. Ta KpeAUTHHX omnepamiil BiTYM3HAHUX OaHKIB 3a mepion 2017-2020 pp. Y3aranbsHeHO
TEOPETUKO-METOANYHI MiIXOAU 0 OIIHKA KPEIUTOCIIPOMOXKHOCTI MO3NYAIBHUKIB. Po3pobieno 3axoau mono GopMyBaHHS HAyKOBO-
0OTPYHTOBAaHOTO METOAMYHOTO MiAXOAY A0 OWIHKH KPEAWTOCIPOMOXKHOCTI MO3WYANbHUKIB KOMepIiifiHOro 0aHKy. BucCHOBKH:
3aIlPOIIOHOBAHO 3aXO0/IH MO0 yIOCKOHAIECHHS METOAMYHOTO 3a0€3MeYCHHS OLIHKH KPEAUTOCIIPOMOXXHOCTI KOMEPIIHHIX OaHKIB, 110
JTO3BOJIAIOTH 3a0€3MEUNTH MiIBUIIECHHS SKOCTI KPEAUTHUX ONepalliid, MiHiMi3alito iIMOBIpHOCTI BUHUKHEHHS PH3HKIB 1 3arpo3, a 0TKe
CIIPHSIOTH 3a0€3MEUYEHHI0 CTa0lTLHOCTI PO3BUTKY Ta BHCOKOTO PiBHS (hiHAHCOBO-€KOHOMIYHOI Oe3IeKn KOMepLiitHUX GaHKiB.
KnrouoBi cioBa: KpeIuTOCIPOMOXKHICTB; MMO3MYANBHUK; JIOTICTUYHA MOJENb; HTErpalbHUI IOKa3HUK (DiHAHCOBOTO CTaHy

Oop KHUKA; KJ1ac OOprKHKKA; KoedillieHT iMoBipHOCTI nedomnTy.

Beryn
VYenimHicTh  po3BUTKY — OaHKIBCBKMX ~ yCTaHOB
BU3HAYa€ThCcs €(PEKTHBHICTIO OpraHizauii KpeIUTHUX

BigHOCHH. KpenauTHi BIZHOCHHH MK OaHKIBCHBKHMU
yCTaHOBaMH  Ta  [O3MYaJbHUKAMH  3a0e3MeuyroTh
oTpuMaHHsi NPUOYTKYy OaHKIBCHKUMH YCTAaHOBaMU Ta €
JOKEPEeNIOM  TOJATKOBHUX — (DIHAHCOBHX  pecypciB Ui
cy0’€KTiB TOCIOAapIOBAHHSI.

OOTpyHTOBaHICTB, MPO30PICTh KPEAUTHHUX OTIEPAIii
Ta  TOKpalleHHA  SKOCTI  KPEJUTHOTO  MOPTQEInto
KOMEpIIITHOTO 0aHKy MpsMO 3aJeKUTh BiJ SPEKTHBHO

OpraHi30BaHOi OLIHKA KPEeTUTOCIPOMOXKHOCTI  HOTO
MO3MYAILHUKIB.
HecrabinbHa  coliaibHO-€KOHOMIYHA  CHTYallis,

HEMpOTrHO30BAHICTh BIUIMBY 30BHIMIHIX (DaKTOpiB Ha
¢byHKIIOHYBaHHSI OaHKIBCBKMX YCTaHOB 3yMOBIIIOIOTH
BHUCOKHMH PU3HMK HETOBEPHEHHS KPEeIUTHHUX 3000B'S3aHb.
HeoOxinHicTh MiBUIICHHS PiBHS KPEIUTHUX BKJIAJICHb 3

METOI0 HAIOBHEHHS BITYM3HSAHOT CKOHOMIKH
(iHaHCOBUMH  pecypcaMH  aKTyali3yloTb  HHUTaHHS
3aCTOCYBaHHS HAyKOBO-OOI'DYHTOBaHOI, Mpo30poi Ta

e(eKTUBHOI METOIUKH OLIHKHA KPEIUTOCIPOMOXKHOCTI
MMO3MYATEHUKIB. BUKOpPHCTaHHS y MPAKTUI KOMEPIITHIX
0aHKIB METOIWKH, IO MaTUME KOMIUIGKCHHH Ta
CHCTEMHHWI XapakTep Ta JO3BOJATHME 00’ €KTUBHO
BU3HAYaATH (hinancoBUIt CTaH, MOTEHIIHHOTO
MO3WYaIbHUKA 1  MOMJIMBOCTI  JTIOTPUMaHHS  HHUM
NPUHIMITB  KPEAUTYBaHHS, CIPUSITHAME JIOCSTHEHHIO
KOMepIitHIMHU OaHKaMH CTanX 3acad (QyHKIIIOHYBaHHS.

AHaJti3 ocTaHHIX J0caifKeHb i myOJikauii

MO3MYALHUKIB KOMEPIIIHHOrO 0aHKy BHKJIAICHO ¥
nparsx TakuxX HayKoBUIB, sik: Bacunbuak C., BoBuak O.,
lipgynsa ~ A., JasumoBuu 1., Kingpampska T,
Kpamapenxo U., Kyxenes M., Mapkosuu T., Cayx I,
Ceimimuna B., CnaB’tok P., CyxanoBa A., ®enopuinna
JI., YaiikoBcekuit . [1-8; 13-15; 17-19]. Bpaxoyroun
3a3Ha4CHI PO3POOKH MOCHIAHWKIB Yy TEOPIl0 OIIHKH
KPEIUTOCHPOMO>KHOCTI MO3WYAIBHUKIB OaHKY, BBaXKa€EMO
3a HeoOXigHe 3a3Ha4YuTH, M0 JOCTaTHA KIJIBKICTh
TEOPETHYHUX i MPAaKTHYHNX aCTIeKTiB
KPEIUTOCHPOMOIKHOCTI 1 JI0CI 3aJIMIIAI0ThCS HEJAOCTATHBO
PO3pOOJICHUMH, a JSsIKI TIO3HUILIT € JUCKYCIHHUMHU.

ITocTanoBKka 3aBJaHHA

3Bakal0yM Ha BHKJAJICHE BHIIE, METOI POOOTH €
JOCHI/DKEHHST ~ JAMCKYCIHHMX  NHTaHb  3aCTOCYBaHHS
METOJIUKH OLIHKH KPEIUTOCIPOMOXKHOCTI TI03UYIIbHUKIB
KOMEpLiiHUX OaHKiB, a TaKkoX po3poOKa MPOMNO3ULiH i3
MiABUIICHHS SKOCTI 1l  iH(pOpMamiiHO-aHATITHYHOTO
3a0e3eueHHsI.

Bukiag ocHOBHOr0 MaTepiany

TTuranus OLIHKHA KPEAUTOCIPOMOKHOCTI

3a1CHEHHS €KOHOMIYHHMX BiIHOCHH MIDX
MO3WYAIEHUKOM Ta KOMEpILiHHUM OaHKOM, IMOB'S3aHHX 13
HaJlaHHSIM Yy THMYacOBE KOPUCTYBaHHS (hiHAHCOBHX
pecypciB, IX CBOEYaCHMM IIOBEPHEHHSM, CIUIATOIO
BiJICOTKIB, y CYKYHHOCTI NpEACTaBiIsi€ COOOI0 CYTHICTBH
KpenuTHUX omepanii. HamanHs kpeauTiB 0O0OB'I3KOBO

CYIIPOBOJIKY€ETHCS MEXaHi3MOM OIIiHKH
KPEIUTOCHPOMOXKHOCTI  MO3WYalbHUKA. A pe3ynbraT
OIlIHKK € THUM BaroMuMm (akTopoM, M0 BHU3HAYAE
e(eKTUBHICTh KPEAMTHHMX oOIepamiii Ta KpeIuTHOI

© O. M. Ouenynosa, 2020
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MTOJTITUKA KOMEPIIIHHOTO OaHKY 3arajioMm.

B pamkax 1pOro JIOCHIKCHHS TPOaHATi30BaHO
(akTH4YHI TTOKAa3HUKH PO3BUTKY OaHKIBCHKOI CHCTEMHU
VYkpaian, y ToMy 4ucai MacmTadiB KpeIUTHHX OTepartiit
KOMEpIiitHAX OaHKiB.

3a mepion 2012-cepeamna 2020 pp. KUIbKICTBh
Jifounx OaHKIBCHKMX YCT@HOB YKpaiHM 3MeHumiacs. Y
2012 p. xinekicTb ix Oyxna 175 ycranos, y 2013 p. — 180
ycranos, y 2014 p. — 163 ycranoBu, y 2015 p. — 117
ycraHoB, y 2016 p. — 93,y 2017 p. — 82 p., y 2018 p. — 77,
2019 p. — 75 1 mepma monosuHa 2020 p. — 75 ycTaHOB.
Omxe, 3a aHAJII30BaHMUU Tepiona BimOysocs 3HadHe (Y 2,3
pa3u) CKOpPOYCHHS KINBKOCTI OaHKIBCBKHX YCTaHOB.

OcraHHe, Haxanb, BKpaili HEraTMBHO BIUIMBaE Ha
BITYM3HSAHY OaHKIBCbKY CHCTEMY, TOTIpIIYE YMOBH
KOHKYPEHIIii Ha 0aHKIBChKOMY PHUHKY, a TAKOX 3aTOCTPIOE
JUCTIPOTIOPITiT Yy CTPYKTypi OaHKIBCHKOi CHUCTEMH (Mixk
OaHKaMH pi3HUX (HOPM BIIACHOCTI Ta B 3aJICKHOCTI BiJl iX
po3mipy). OkpiM TOro, 3MEHINWIACA 1 KUIBKICTh
0aHKIBCHKHX  BiAiJ€Hb, IO € OCHOBHHMHM '"TOUKAMH
npojaxy" OaHKIBCBKMX HPOJYKTIB, IO TaKOX IOTIpLIyE
YMOBH  KOHKYPEHLII Ta 3HM)XYE pPIBEHb JOCTYITHOCTI
0aHKIBCBKMX TMPOAYKTIB JJIs KIIEHTIB — IOPUIUYHUX 1
(hizmgaEX 0cCib.

[ToxasHukm oOCSTIB akTHBIB OaHKIB Ta HaTaHUX
KpenuTiB 3a mepiox 2015-2020 pp. HaBeaeHo Ha puc. 1.
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B AKTHER

EEpemrTs HagaE] ETiEHTAM
By 4., KEpegHTH, Mo EATaH] ¢yl ¢ETaM TOCIOJEPHEARER

Oy T., KpedHTH, M> HagaHi Gisaaemy ocobant

Puc. 1. /lunamika oOCSTIB aKTUBIB Ta HAJAHUX KPEAUTIB BITYM3HAHNX OaHKIB 3a mepiox 2015-2020 pp., MITH. TPH.

IDicepeno: cknadeno asmopom 3a oarnumu [10]

[potsrom 2015-2020 pp. mpOCTEKY€ETHCS AUHAMIKA
3pOCTaHHA OOCSTIB aKTHBIB BITYM3HSHHUX OaHKIBCHKHX
yCTaHOB. A OT OOCSITM HaJaHUX KIIEHTaM KPEIUTIB
3poctanu mo 2018 p. (1 105954 mun. rpH.), a Hamam
¢ikcyerbcst TeHpeHmis ix 3meHmenHs (2019 p. —
1 038 136 muH. rpH., 2020 p. — 1 038 212 muH. rpH.). ¥
CTPYKTYpP1 HAJAHUX KPEIUTIB MEPEBAXKHY JOJIO CKIIAIaH
KPEIUTH caMe Cy6’eKTaM TOCIOJapIOBaHHA. IX JuHaMika
monibHa nAWHaAMimi BCiX HagaHUX KpeaurtiB. Kpemurw,
HagaHi ¢i3uuHEM ocobam 3a mepiom 2015-2020 pp.
3QJIMIIAOTLCA  Maiyke HE3MIHHMMH, 1 IOYHMHAKYH 3
2017 p. (176 662 MiH. TpH.) AEMOHCTPYIOTH TEHJCHIIIO
3poctanus (2020 p. — 212 250 muH. rpH.).

BimHOCHO  KpemuTHHX — omepaimii  OaHKiBCHKHX
YCTaHOB BBaXXAEMO JIOIUJIBHHUM HABECTH HACTYIHY
iHdopmauito (puc. 2).

Jani puc. 2 103BOJSIIOTH 3pOOMTH BHCHOBOK, PO
JIOCTaTHbO BHCOKHMH DIBEHb HEIPAIIOIOYNX KPEIHUTIB Yy
CKJIaJi KpEIUTIB KOPIIOPaTUBHOIO cekTopy. I Xoua y
2017 p. dvacTka HENpalIOIOYWX KPEeIuTiB y CKIaai
KPEIUTIB KOPIIOPATUBHOTO CEKTOpy ckianana 56,03 %, y
2018 p. — 55,83 %, y 2019 p. — 53,83 % iy 2020 p. —
53,63% (T0OTO 3HMXKYETHCS 11 PO3MIp), BCE K TaKH IIe €
Jy’K€ BEIMKAM HETaTUBHUM MOKa3HMKOM. YacTka
HETIPAIIOI0YNX KPEIUTIB y CKIadi KpeOuTiB (i3WIHUM
ocobaM Mae OiTbII "ONTHMICTHYHY" XapaKTEePHUCTHKY,
a/pke 11 MOKa3HWK TOCTYMOBO 3HIKYyeThbes: 2017 p. —
53,51 %, y 2018 p. — 46,04 %, y 2019 p. — 34,11 % iy
2020 p. — 36,24 %.

Jns  OaHKIBCBKMX YCTAHOB KpeIOUTH (Qi3HYHAM
ocobaM rparoTh poJib HAWHpOCTIoro crnocoly 3apodutu
KOWITH. A B yMOBax HEJOCTATHHOT'O IIONUTY HA KPEANUTH 31
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CTOPOHM KOPITOPATUBHUX KJIIEHTIB, TUTOMA Bara KPeIuTiB
¢i3muHIM ocobaM XoYa i HE € 3HAYHO, alie MOCTIHHO
3poctae. OmHaK, SK BBaXKaTh €KOHOMICTH, y CydYacHHUX
YMOBaX HEIOCTATHBOTO POCTY YKPaiHCHKOi €KOHOMIKH Ta
BHCOKOTO DiBHA 1H(IAIi], TEepPCIeKTHBH TOBEPHEHHS
TaKUX KPEAUTIB MOTIPIIYIOTHCS.

3a omiHkamMu (axiBuiB "...00CAr HENPAIIOIOYHX
KpeouTiB B yKpaiHChKMX  OaHKax  3aJUIIaeThCs
HE3MIHHMM, a IHKOJM JIEMOHCTPYE TCHJACHIIO JIO
30UIBIICHHS, He3BaXkalouu Ha 3akiauku HBY BupinmTu

"

o npobnemy. BinmoBimHo, HaBiTh michas "oudmieHHS"
OankiBcbkoi cmcteMu y  2014-2016  pp., pu3HK
HEMOBEPHEHHSI KPEAUTHUX KOIITIB JKOJHUM YHHOM HE
smMeHmuBes" [9].  Curyaris  moripmryeTbes  Ime i
HETaTUBHOIO TEHIEHIIIO CHIBBIAHOIICHHS
"Hemparorounx" KpeaMTiB 10 "mpamorounx”: Tak IMpu
BcTaHOBJEHi HopMi (30%), y BITUM3HSHIH OaHKIBCHKIH
CHUCTEMI HE TOBEPTAIOTh KOXHHUU APYruil kpeaut (y
CepeIHbOMY TaKe CIIBBITHOIICHHS CKiIanae 56%).
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[l Henpamnroos KPeJHTH ¥ CEIaf] KPeIHTIE KOPIOPaTHEHOID CEKTOPY

B Kpeauts dizHmaaey ocobaM (BKTHOYHO 13 (M3HTHEMHE 0CO0aMHE-TITPHEMITAMEH )

N Hemparrordl KPeaOHTH vV CKIaT KPeIHTiB (M3HTHHM 0co0an

Puc. 2. /lunamika NOKa3HUKIB KPEAUTHUX OTIEpalliil BITYM3HAHNX OaHKiB 3a mepion 2017-2020 pp., MiIH. TpH.

Ioicepeno: cknadeno agmopom 3a danumu [9-10]

Haxanp, OaHKIBCBKI YCTaHOBH, HaMararuduch
MIOKPHUTH HETIPAILIOl0Yi KPEIWTH, IiIBUIIYIOTh BiJCOTKH
110 HaJaHUM KpeIuTaM, a e MPU3BOJIUTH A0 3MCHIICHHS
iX KOHKYypEHTHOI NMpuBaONMBOCTI, a, OTXKE, HE CTUMYIIOE
E€KOHOMIYHE 3pOCTaHHS. Takox, HEeraTHBHUMH
TEH/ICHIIIMA (YHKIIIOHYBaHHS BITYM3HSIHOI OaHKiBCHKOT
CHUCTEMU BHCTYNAIOTh 1 NAaaiHHA PHHKOBOI YacTKH
MPUBATHUX BITYM3HSIHUX YCTAHOB Ha OaHKiBCBKOMY
PUHKY Ha Tii 30epekeHHs 3HAYHOI YacTKH  OaHKIiB
iHO3eMHUX  OaHKiBcbkMX  rpyn.  OTxe,  MOXKHa
MiJICYMyBaTH, 1110 BUSBIEHI TEHACHIIII 3HIKEHHST 00CSTIB
KpEINTYBaHHS €KOHOMIKM OaHKiBCBKUMH YCTaHOBaMH, a
TaKOX 3pOCTarodi O0O0CATHM HENpamlolYuX KpPEIMTIB,
Ha)Kallb, CBiUaTh INPO CHCTEMHY Ta BKpail HETaTHBHY
CUTyallilo, sKa TPHU3BOJUTH JO KPH30BUX SBHI Yy
0aHKIBCBKIM CHCTEMi KpaiHM 1 TaJbMyBaHHS PO3BUTKY
pEaTBHOTO CEKTOpPY EKOHOMIKH. BBaxkaeMo HEOOXimHHM
IKPECIINTH, 1110 HEraTHBHA TEHACHIIIS 1010 3/1iHCHEHHS
KpeIWTHHUX omeparniii 6aHkiB B OiTbIIOCTI BUMAIKIB €
HACIIIIKOM caMe HEIOJIKiB ICHYIOWMX METOJIB OIliHKH
KPEIUTOCIIPOMOXKHOCTI MMO3UYATbHHKIB.

B paMkax mObOTO JMOCHI/UKEHHS BH3HAUYUMOCS i3
TEPMiHOJIOTIYHUM 3MiCTOM Kareropii
"kpeauTocpoMoXxHicTs". HeoOximHo 3ayBaKuTH, IO
OJTHOCTAfHO JYMKH cepe/l HAayKOBIIB IIOAO BH3HAYCHHS
KPEIUTOCIIPOMOXKHOCTI 1 Joci Hemae. [lns 3'sicyBaHHS
CYTHOCTI  KPEAWTOCIPOMOXHOCTI  3BEpHEMOCS 110
HalOLIBII MomMpeHnX 11 TIIyMadeHsb (Tabm. 1).

HeonHo3HauHICTh TOTIIAAIB HAYKOBIIB Ta (haxiBIIiB 3
0aHKIBCHKOTO MEHE/KMEHTY IIOJ0 BU3HAYEHHS CYTHOCTI
KPEIUTOCHPOMOXKHOCTI ~ MIATBEPDKYE  BIACYTHICTH i1
€nrHOTO TpakTyBaHHA. OTXe, IPYHTYIOUHCh Ha aHawi3i
TpaKTyBaHb  Kareropii "KpeIUTOCHIPOMOXHICTB", iX
JIOTTYHOMY CHHTE3I, BBAYKAEMO 3a JIOLTbHE
chopMyIroBaTH HacTyITHe i BU3HAYCHHS:
KPEIUTOCHPOMOSKHICTD — 1€ KOMIUIEKCHUI NMOKa3HUK, 110
BioOpa)kae CIIPOMOXKHICTD TO3MYaJbHUKA OJIEpPIKaTH
KPEIWT, TIOBEPHYTH HOTO CBOEYACHO 1 B IIOBHOMY 00Cs3i
BIAMOBITHO IO YMOB KPEIUTHOI Yrojau, TOOTO IOracuTH
cBO1 O0ProBi 3000B'13aHHS MTEPe]T KOMEPIIIHHIM OaHKOM.

ChopMymOoBaBIIA  3MIiCT  KPEIUTOCIIPOMOMKHOCTI,
BapTO aKIEHTYBATH yBary Ha metozax ii ominku. [lix gac
OIIiIHKH KPEIUTOCIIPOMOKHOCTI MO3UYAJIbHUKA
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KOMEpIIiiHMI OaHK IMOBHHEH IPYHTOBHO MIMIHTH [0
BH3HAUCHHS BCiX YMOB HaJlaHHS KPEOUTY: WOTO PO3MIpy,
BiJICOTKIB 32 KOPHUCTYBaHH, TEPMiHiB IOBepHEHH:. OKpiM

IbOTO, KOMEpIliiHUNi OaHK TMpPOTHO3YyE 1
KPEJUTHOIO pPH3MKYy Ta MOXJIMBUX BTpar
MOPYILIEHHS! YMOB KPEAUTHOI yrOIH.

CTYITiHb
y pasi

Ta6muns 1. /7ioxoou do suznauenns 3micmy kameeopii "kpeoumocnpomoosicnicmp”

TpakTyBaHHA

ABTOp

BHUHATKOBO TI'POIIOBUMU KOLITaAMU

CrnpoMOXKHICTh IO3MYAILHUKA B TIOBHOMY 00Cs31 i Y BU3HAYCHUH KPEIUTHOIO
YTOZI0I0 TEPMiH PO3Pax0OBYBAaTHCS 32 CBOIMU OOPrOBHMU 3000B'I3aHHIMU

Bacunpuak C.B.,
Hemyc JI.P.
[1, C.155]

3aTHICTh MO3WYAIbHAKA aKyMYJIFOBATH T'POIIOBI MOTOKH, TOCTATHI JUIs
CBO€YACHOTO MOTAIICHHsT OOPTOBHX 3000B’3aHb BIIIOBIIHO JI0 3a3/1aJICTi/h
Y3roKeHOro Tpadika HOBEpHEHHS! KPEIUTHUX KOLITIB 1 CIUIATH BiICOTKIiB

Bosuak O., Mena H.
[2, C.12]

Ha/IaHO1 HUM TTO3UKHA

CucrtemHa OI_[iHKa OaHKOM iCHyIO‘II/IX pealbHuX MOYJTMBOCTEH MOTaIIeHHS

Tigynau A. [3, C.51]

3ayJaT 0JaTKOBI (iHAHCOBI pecypcH TOIIO

TlepemymoBa aJist MiANPUEMCTBA 3TYYUTH KPEIUT T4 CBOEYACHO 1 B TIOBHOMY 00Cs31
MOBEPHYTH HOTO, CINIATHTH MPOLICHTH, 10 BU3HAYAETHCS (HiHAHCOBUM CTAHOM
MO3UYANbHUKA, 3ATHICTIO HOT0 e)eKTUBHO BUKOPHUCTOBYBATH KPEIUTHI peCypcH,

Jasunosuu 1.J]., Jlomaunnceka [.A.,
Mymianze A.O.
[4, C.85-86]

BU3HAYEHHI TEPMiH ITOraniaTi cBoi 60prosi 3000B's13aHHS

CHpOMOXKHICTB TO3WYAIBFHHKA 3aTydaTd (hiHAHCOBI pecypcH Ta B IOBHOMY 00Cs31 y

Csitianuna B.1O.,
®dareeBa I'.€. [14, C.253]

oTepaiitHol AisSUTEHOCTL

3naTHiCTh NO3NYANIBHUKA, 32 OKPECIICHUX YMOB KPEIUTYBaHH, B IIOBHOMY 00Cs3i 1
Y BU3HAYEHHH KPEIUTHOIO YTOJ0I0 TEPMiH PO3paxyBaTUCS 3a CBOIMH OOPrOBUMH
3000B’s13aHHSIMHU I'POIIOBUMH KOIITAMH, 1[0 TeHEPYIOTHCS HUM Y IIPOIECi

Cmas’1ok P.A. [15, C.499]

MOBEPHEHHS KPEIHUTY

CcdopmoBaHa HasiBHICTh HEPEIYMOB Y MO3MYAIBHHUKA MO0 OTPUMAHHS 1

CIIOBHUK-TIOCIOHUK €KOHOMIYHUX TEPMiHIB

[16]

Hpoleci KpeTUTyBaHHS Ha MEPCIIEKTHBY

OriHKa HasIBHOCTI €KOHOMIYHUX 1 FOPHINYHIX MEPEIYMOB AT OJCPKaHHS KPEIUTY
Ta CIPOMOYKHOCTI IMiAMTPUEMCTBA Y TIOBHOMY 00CS31 i y BU3HAUCHUI KPEIUTHOIO
YTOI010 TEPMiH OBEPHYTH HOTO, 110 3IHCHIOIOTh Ha OCHOBI pO3TiIsiay (hiHAHCOBO-
TOCHOJAPCHKHUX ACTIEKTIB IisUTPHOCTI MO3MYANbHUKA, a TAaKOX peryTarii
KepiBHUKA IiIPHUEMCTBA, IO IPOBOJAUTHCS Ha CTaIli MiTOTOBKH Ta MPUNHHSITTS
piLIEHHs CTOCOBHO BHa4i KPEAUTY i YMOB YKJIa[€HHS KPEIUTHOTO JOTOBOPY i B

YalKkoBChKUH .
[19, C.179]

Iicepeno: cknaderno asmopom 3a oanumu [1-4; 14-16; 19]

3a3HaunuMo, 110 i1 Jac OLIIHKH
KPEAUTOCIIPOMOKHOCTI MO3MYAIbHUKA JIUISI BITUM3HIHUX
KOMepIiifHUX OaHKiB OOOB'S3KOBUM € BHUKOPUCTAHHS
HopM IlocranoBu IlpaBminas HBY '"IlomoxxeHHs mpo
BU3HA4YeHHS OaHKamMy YKpaiHM po3Mipy KpEAUTHOTO
PU3UKY 32 aKTHBHUMH OaHKIBCBKHMH omeparismu" (Bif
30.06.2016 p. Ne 351) ta IlocranoBu IlpaBninas HBY
"IIpo BHECEHHs 3MiH 10 AESKMX HOPMAaTHBHO-TIPABOBHX
aktiB HarionaneHoro 0anky Ykpainu" (Big 16.03.2018 p.
Ne 26) [11-12]. Basyrooumce Ha HOpMax 3a3HA4YEHOIO
[MonoxxeHHs1 BITUM3HIHI OaHKK PO3POOJISIOTH BHYTPILIHI
MOJIOKEHHA U1 OWIHKA  KPEIUTOCIIPOMOKHOCTI
MO3WYAITLHUKIB.

IMonoxxenns Ne 351, 3a oniHkamu Horo po3poOHUKIB,
MIOBUHHO CIIPHUSATH CBOEYACHIM OILIHII KOMEpIIHHUMHU
06aHKaMM PO3MIpy KPEIUTHOTO PHU3UKY, OOTPYHTOBAaHOMY
po3paxyHKy OaHKIBCBKOTO KamiTaly BiJIOBIZHO JI0
3aCTOCOBYBAaHHX y MDKHAPOAHIA TPAKTHIN MiIXOIIB.
Hopwmu IlonoxxeHHs! IPYHTYIOTBCS Ha OLHII IMOBIpHOCTI
neponty  OopkHHKa  (BiAMOBIZHO [0  MPHUHIHUITY
MixHapoaHoi mpaktuku "through the cycle" — nporarom
eKOHOMIUHOTO IKNY). IIpn 11bOMy, KpEAUTHUH PHU3HK €
3aieXHUM Bim iMoBipHOCTi medonty — “probability of
default" (PD) ta BTpar y pasi Hactanus gedoary — "l0ss
given default" (LGD). ITonoxernnsam Ne 351 mependaveno
MOPSIIOK PO3PAaxXyHKY BEJIMYMHM OUYiKyBaHUX 30MTKIB 3a

(hopMyJIOI0 TPHOX KOMIIOHEHTIB: IMOBIPHOCTI 1e(OTY
6opxuuka (PD), piBui BTpar B pasi aedonry (LGD) ta
6opry 3a aktuom ("exposure at default", EAD). OcuoBny
pOIb B OI[iHIOBaHHI KPEIUTOCIPOMOMXHOCTI rpae
OIIiHIOBaHHS KOMEPHIHHUM OaHKOM (DiHAHCOBOTO CTaHy
OOp>KHHMKA, HA MIJCTaBi Pe3yNbTATIiB SIKOTO BH3HAYAETHCS
KoedimieHT iMoBipHOCTI medonty. OTxe, e aKTyali3ye

BaYKJIMBICTH 3a0e3neYeHHs 00’ €KTUBHOCTI Ta
JIOCTOBIPHOCTI ~ CHCTEMH OI[HIOBAIbHUX  (DiHAHCOBHX
[MOKa3HUKIB.

Po3risiHeMO NOCIIIOBHICTh QJITOPUTMY BU3HAYEHHS
3HAYEHHs KoedirieaTa iMOBipHOCTI nedonry
[O03UYAJIbHUKA-FOPUAUYHOL ocobun (xpim 0aHKYy,
0r0/DKETHOT YCTaHOBH Ta IOPUIMYHOT 0COOM-OOPIKHUKA 32
KPEIUTOM I iHBECTUIIIHHUN NPOEKT) BIAMOBITHO IO
BumMor [lonoxxennst Ne 351:

1) BHXOISMYM 3  HAJIEKHOCTI MIATPHEMCTBA [0

BEJIMKOTO, CEpeaHhOro abo Majoro Ta BUAY HOTO
€KOHOMIYHOT ISTTEHOCTI, oOupaeTbes MOJEIb
PO3paxyHKy iHTETPAIBHOTO TOKa3HWKa (HiHAHCOBOTO

crany nosmdanbHuKa (Tabn.1-2 Homatky 7 IlomosxeHHS).
IIpu 11bOMY BUKOPHUCTOBYETKCS JIOTICTUYHA (hOpMyJIa:

Z:ﬁ0+iﬂixxi, 1)

i=1
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ne: Z — iHTerpalibHUH TOKAa3HWK; Xi — TOKa3HUKH, IO
BH3HAUYAIOThCA Ha TiACTaBi (piHAHCOBHX KOCQIIIEHTIB,
pO3paxoBaHMX 3a JaHUMH  (IiHAHCOBOI  3BITHOCTI
Mo3WYajbHUKa, 3 YypaxyBaHHAM ycTaHoBieHux HBY
qiamazoHiB UL KOXKHOTO  (piHAHCOBOTO  IMOKa3HHKA
(tabn.1-2 Jomatky 7 mo IlomokenHs); fi — KoedillieHTH
JIOTICTUYHOI ~ MOAei, 10 BH3HauyaloThcss HBY 3
ypaxyBaHHSIM BaroMocTi NokasHuKiB; S0 — BUIbHUIT WiieH
JIOTICTUYHOT MOJENi, 3HAYeHHS SKOTO aKTyai3yeThCs
HBY;

2) 6a3yrounch Ha JaHWUX (iHAHCOBOI 3BITHOCTI (JJIst
BEIIUKOTO Ta CEPEJHBOTO MmiampueMcTBa — ¢opma Nel Ta
(dhopma Ne2, st Masnoro mianmpuemcTBa — popma Nel-m Ta
¢dopma Ne2-Mm) Bu3HadalOThCS (DIHAHCOBI TIOKA3HUKH, SIKI
BUKOPUCTOBYIOTBCSA [UII  PO3PAaXyHKY IHTETPabHOTO
MOKa3HWKa (iHAHCOBOTO CTaHy TNO3WYaiIbHHUKA. [IpH
LOMY, pO3PaxyHOK IHTErpajbHOTO IOKa3HUKa JUIs
BEJIMKOTO Ta CEPEeIHBOr0 MiANPUEMCTBA mependadae 16
¢inancoBux mnokasHukiB (Ki Ki), a mms manoro
mianpuemctBa — 13 ¢dinancoBux mnokasnukiB (MKi; +
MKis);

3) po3paxoByeTHCsI IHTerpaJIbHUH MTOKAa3HUK
(hiHAaHCOBOTO CTaHy MO3WYaJbHUKA (3TIAHO BiIMOBIAHOT
mozeni Tabmn.1-2 onmatky 7 no ITomoxxeHHs);

4) BU3HAYAETBCS KJIAC 3aJCKHO BiJl 3HAYCHHS
IHTETPaJTbHOTO TIOKa3HMKA 3 YPaxXyBaHHSIM BEIHIUHH
MianpueMcTBa (BelMKe, cepeaHe ado wmaie) (Tadm.4-5
Homarky 7 no Ilonmoxkenns). Haliummidi  kiac
mo3uvanbHuka — 1, HafHwkuni — 9. TToaoKeHHs HaIiIsIe
0aHK TIpaBOM KOPUTYBaHHS KJacy IO3MYaJIbHUKA
(BM3HAUEHOT0 Ha MiJCTaBl PO3PaxyHKY IHTErpajbHOTO
MOKa3HWKa), UULIXOM  3aCTOCYBaHHS  KOPHIYIOYHX
¢axTopis, a came:

-y pa3l CBOEYACHOCTI CIUTATH oopry
MTO3MYAIEHUKOM 3 JOTPUMaHHSIM TaKHX BHMOT:
HasBHICTH (akTy HpOCTpodeHHs Oopry mpotsarom 31+60
IHIB, 0aHK BH3HaYa€ Kiac He BUINE S5; mpotsroMm 31+60
IHIB — He BuIe 8; 91 Ta Oinbiie aHIB — He BHie 10;

- 03HaK, MO CBigYaTh NPO BUCOKHH KpPEAUTHHHA
PH3HK MO3UYaIbHUKA;

- BUMOI' CTOCOBHO  BH3HaHHS /
BU3HAHHS 0aHKOM Ze(hONTy MO3NYAIIbHUKA;

- HasiBHOT iH(opMallii CTOCOBHO KpeAuTHOI icTopii
MO3MYaIbHUKA B YaCTHUHI Horo kiacudikarii 3a Kiacom
10, Toai OaHK MOHMXKYE KJIAC TaKOro IMO3MYaIbHUKA Ha
TpH KJIaCH,

5) Bu3HAUa€THCSI 3HAUEHHS Koe(illieHTa iIMOBIPHOCTI
nedonTy TOo3WYalbHHKA, 0a3yruuch Ha Jliama3oHi
3HaueHpb Koedinienta PD no3uvanbhuka (Tadn. 1 Jogarky
9 Ionoxenns). B mpomeci Bu3HAa4YeHHS KoedimieHTa
imoBipHOCTI Aedonty OaHK (B MeXax yCTAaHOBJICHOTO
Jiama3oHy) BpaxoBYe s  O0’€KTHBHHX  ACIHEKTiB:
KoediIlieHT MOKPUTTS OOpry; HasABHICTh Ta AKTHBHICTH
PHHKIB 30yTy MpOAyKwii; AWHAMiIKy (DaKTHYHHX 3HAYECHB
IHTETpaJBbHOTO IOKAa3HWKA, PEHTHHTH OOpXKHMKA; 1HIII
momii Ta OOCTaBMHHW, IO MOXYTh BIUIMBATH Ha
NPUIIMHEHHS! BUKOHAHHS OOP)KHHKOM CBOIX 3000B’S3aHb.
Jliarma3zonn 3HaueHp KoedilieHTa iMOBipHOCTI aedoaTy
(PD) nozmuaneHuka HactymHi: kiaac 1 — 0,005+0,009;
xrac 2 — 0,01+0,019; xnmac 3 — 0,02+0,03; xmac 4 —

MIPUNUHCHHA

0,04-0,06; ximac 5 — 0,07+0,010; xmac 6 — 0,011+0,017;
xmac 7 — 0,018+0,032; kmac 8 — 0,033+0,059; xmac 9 —
0,060-+0,99; kiac 10 — 1 [11].

OkpiM MeETOIy OIIHKK  KpPETUTOCIPOMOMXKHOCTI
Mo3u4anbHUKIB BignmoBigHo mo Ilomoxxennst Ne 351, Ha
MPAKTHUII 3aCTOCOBYIOTh 1 TaKi METOJH, SIK: METOJI aHAJI3y
(inaHCOBUX KOE(IIiEHTIB; OI[iHKAa ()IHAHCOBOIO CTaHy
[o3MYaJbLHUKA 3 BUKOPUCTAHHAM a0CONIFOTHUX
MOKA3HMKIB;, METOJ JOCITI/PKCHHS TpPOIIOBHX MOTOKIB,;
PEHTHHTOBHIA METO/T; OanbHa OI[IHKa; METOI
JMUCKPUMIHAHTHUX TTOKA3HWKIB; IHTETpaIbHUA METO,
MaTpuyHa OIliHKa; METOJ KPEAUTHOTO CKOPWHTY; sSKiCHA

omiHKa  (CKOHOMIYHE  CepeJOBHINE,  CIPOMOXKHICTD
MTOTaIICHHS KpeauTy, 3a0e3mneueHHs, pemyTartis
Mo3uJalibHUKa). MeTond OIHKH, M0 HaidacTimie

3aCTOCOBYIOThCSI Yy MikHapoaHiii npaktumi: CAMELS;
CAMPARI; COPF, PARTS; PARSER; mpasuno "6 C";
cuctema 4 FC; mpasumo "5 C". Omxe, MOXHA
MiICYMyBaTH, IO ICHY€ JIOCTaTHbO BEJIUKA KUIBKICTh
BITYM3HSHHUX Ta  MDKHapOJHHUX  METOMIB  OLIHKH
KPEIUTOCIPOMOIKHOCTI O3MYAILHHUKIB.

B pamkax 1pOro JOCHTIHKEHHS BapTO aKIICHTYBaTH
yBary Ha TOMY, IO HE3BaXAIOUM Ha TaKe BEIUKE
PO3MAITTS METOJIB OIIIHKH, B YKpaiHi Bce K TaKd HEMae
€JITHOTO yHi(pIKOBaHOTO MeToxy OIIIHKH
KpPEIUTOCTIPOMOXKHOCTI TTO3M4YaIbHUKIB. [TepeniueHi Butie
MeTOJIM 0araTo B 4YOMY € TMOMIOHUMH, a BIJIMIHHOIO iX
PUCOI0 € CYKYITHICTh TIOKa3HUKIB (SKi BHCTYNAIOTh
OCHOBOIO Ui OTPUMAaHHS  3arajlbHOr0  PEHTHHIY
MO3WYaNbHUKA) Ta MOPAIOK HAJaHHS MPIOPUTETHOCTI
XapaKTePUCTUKAM TT03UYATIbHHIKA.

HenoctaTHbO BHCOKAa SKICTH UYMHHUX METO.IB
OLIHKK  KPEJUTOCHPOMOXKHOCTI  IO3MYAIIBHUKIB €
HACIIKOM HEJOCKOHAJOro IX HayKOBO-TEOPETHIYHOTO
00TpyHTYBaHHS. 3aCTOCOBYBaHI METOMIM OILIHKH, Ha YKallb,
He 3a0e3MeYyroTh MEHEIKMEHT KOMEpPIIHHOTO OaHKy
00’eKTHBHOIO iH(OpMAIli€0, a 1€ NPU3BOAHUTH JIO
MPUAHATTS HEOOTPYHTOBAHUX YIIPABIIHCHKUX PIllICHB.

TakuMm YHHOM, BHHHKAa€ HEOOXITHICTH pPO3POOKH
3aX0AM 3 YJOCKOHAJICHHS METOJUYHUX MiJXOIIB MO0
OLIIHKH KPEIUTOCIPOMOIKHOCTI HO3WYaIbHUKIB
KOMEpLIIHOro OaHKYy.

BBaxkaemo 3a HeoOXimHe HiAKPECTUTH, IO
dhopmyBanHs JIEBOT METOIUKH OIIIHKH
KPEJUTOCHPOMOXKHOCTI MO3WYaIbHUKA, O€3NepevHo, €
HEOOXITHOIO YMOBOKO CTajJoro, €()eKTHBHOTO PO3BHTKY
KO)KHOTO KOMEpIIIfHOTO 0aHKy. AJDKe BHUKOPHCTAaHHS Yy
poOoTi OaHKY Takol METOAMKH 3a0€3MEeYHTh MiHIMI3aIliio
KPEIUTHOTO PU3UKY, 3amo0iraTiMe MOXIUBUM BTpaTaM

GaHKy BiX KpEAUTHOI JUSUTBHOCTI,  CHPHUSATHME
HEJOMYyIIEHHI0O TaAiHHSI piBHA Horo  (piHaHCOBO-
€KOHOMIUHOT Oe3MeKu, a OTKe, BUCTYNHTh BaKeIeM
JOCATHEHHS  (iHAHCOBOi  CTIMKOCTI  BITYM3HSIHOTO

0aHKIBCHKOTO CEKTODY.

Crimparoynch Ha BCi BHIEHaBEeHI (haKTH, MOXKEMO
CTBEpIKYBaTH, [0 OCHOBHHMH 3aXOJaMH i3 HopMyBaHHS
HayKOBO-00IPyHTOBaHOT METOAUKH OLIIHKH
KPEJUTOCIPOMOKHOCTI  MTO3WYAIBHUKIB ~ KOMEpLiifHOTO
0aHKy, Ha J[yMKy aBTOpa, MOXYTb BHCTYIATH HACTYIIHI

(puc. 3).
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BucHoBku

TakuM YHHOM, [0 HANPSIMKIB YAOCKOHAJICHHS
METOINIHOTO 3a0€e31eueHHsA OILIIHKH
KPEIUTOCTIPOMOXHOCTI KOMEPIIIHHNX OaHKIB TOUIIFHO
BiIHECTH HACTYIIHI KPOKH:

- mo-Tiepiie, PO3IINPEHHS MOBHOBa)XKEHb
KOMepLiiiHuX OaHKiB. SIK ciymiHo 3a3HaveHo y [8, ¢.111]
"...0aHKM TOBUHHI MaTH MPaBO Ha BIACHUA pPO3Cya
MpUAMaTH PINICHHS TPO 3aCTOCYBaHHS OJHOTO 3 JBOX
MiAXOMIB 1O BHUMIPIOBAHHS  KPEJUTHOTO  PHU3HUKY:
CTaHJaPTU30BAHUH, 3aCHOBaHUN Ha TPUCBOEHHI
30BHILIHBOTO  KPEAMTHOTO PEWTHHTY  BIANOBIAHUMHU
HE3aJIe)KHUMH areHrcTBamu, abo wmeron IRB, 1o
0a3yeThCss Ha  BIACHMX  BHYTPIIIHIX  peHTHHTrax
OKpeMoro komepiiiHoro 6anky". HaganHs KoMepmiiHuM
6aHKaM OiNbII PO3UIMPEHHX IPaB MO0 PEHTUHIYBaHHS
MO3WYAILHUKIB Ta BU3HAYEHHS IMOBIPHOCTI 1X AedoaTy;

- [O-/IpyTe, MOJAJbIIE yIOCKOHAICHHS METOMIHUX
MiAXOIIB o OLIIHKHA KPEAUTOCIIPOMOKHOCTI
MO3WYAITbHUKIB. A caMe CTBOPEHHSI METOAMYHOTO IiIXO.Ly
hi(o) BU3HAYCHHS IHTETPaIbHOTO MOKa3HUKA
KpeauTocnpoMoKHOCTi. OcTaHHI TOBUHEH O0a3zyBaTHCS
Ha BpaxyBaHHI Ta MOEJIHAHHI SIK KUTbKICHUX, TaK 1 IKICHUX

Oi3Hecy, pHUHKOBa TIO3WINS TO3WYAIbHHMKA, JJIOBA
penyrtaitis Tomo). OKpiM TOTO, iHTETPAILHUN IMTOKa3HHUK
MTOBUHEH BPAaXOBYBATH CYTTEBI, Cy0’ €KTHBHI, CreIU(iTHI
OCOOJIMBOCTI  MiSITBHOCTI  Cy0’€KTa  TrOCIOAApIOBAHHS
(nmepiox  GYHKITIOHYBaHHS  IIAIPHEMCTBA, IOKa3HUK
JIUTOBOI permyTallii, MOKa3HHUK MOTAICHHS MO3UYOK, CKIIa]
3aCHOBHUKIB, PIB€Hb MCHE/DKMCHTY Ta iH.);

- TO-TpeTe, NOJNIMIIEHHS SIKOCTI iH(opMamiiHo-
aHAIITHYHOTO 3a0e3neUeHHS OIIIHKH
KPEIUTOCIPOMOXKHOCTI 338 pPaxyHOK OOYHCICHHS SIK
MMOTOYHOTO, TaK i MIPOTHO3HOTO po3mipy
KPEIUTOCIIPOMOXKHOCTI TIO3WYaiNbHKKA. [IpH 1bOMYy, Tix
4yac  pO3paxyHKy IOTOYHOI  KPEAUTOCIPOMOXKHOCTI
3MIHCHIOIOTh ~ AHATITHYHE  TOPIBHAHHA  OTPHMAaHHX
MMOKA3HUKIB 13 iX HOPMATHBHUMM 3HAUYCHHSAMU; TOII 5K
MIPOTHO3HHUHA PO3MIp KPEAUTOCIIPOMOXKHOCTI BH3HAYAIOTh,
BUXONAYM 13 JUHAMIKH 3MIHM IIOKa3HHUKIB JIIJIOBOL
AKTHBHOCTI Ta PEHTA0EIbHOCTI MiJIPHEMCTBA.

[TincymoByroun, HEOOXiAHO 3a3HAYMTH, IO, HA
JIYMKy  aBTOpa, JIOCTOBIpDHH, BHCOKOE()EKTHBHUI
METOIUYHHUN MiAXiJA M0 OLIHKM KPEJUTOCHPOMOKHOCTI
MO3WYANBHUKIB KOMEPIIHHUMHU OaHKaMH CIPHITHME
MIIBUIICHHIO SIKOCTI KPEIUTHHUX OTmepalliid, MiHimizamii
WMOBIPHOCTI BHUHHKHEHHS PHU3HKIB 1 3arpo3, a omke i

3a0€3MCYCHHIO0 CTa0LIBHOCTI PO3BUTKY Ta BHCOKOTO PiBHSA
(hiHaHCOBO-EKOHOMIYHO{ Oe3MeKH OaHKIB.

MMOKA3HUKIB, Ta aCIMEKTIB, 0 BCEOIYHO XapaKTECPHU3YIOTh
MOKa3HUKH MiSJIBHOCTI MO3MYaNbHUKA (XapaKTepHUCTUKA
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OIEHKA KPEJUTOCIIOCOBHOCTHU 3AEMIINKA KOMMEPYECKOI'O BAHKA:
HAITPABJIEHUS ITOBBIINEHUA KAYECTBA HHO®OPMAIIMOHHO-
AHAJIUTHYECKOI'O OBECIIEYEHUA

CraThsi TIOCBSIIIEHA HCCIICOBAHHUIO TEOPETHUKO-METOJMYECKUX OCHOB M pa3pabOTKe IMPAaKTHYECKHX pPEKOMEHJANHWil, MO OIeHKe
KPEIUTOCIIOCOOHOCTH 3aeMIIMKa KoMMepueckoro Oanka. IIpeameroM ucciefoBaHUS SBISETCS COBOKYHNHOCTh TEOPETHYECKHX,
METOAMYECKMX M MNPAKTHYECKHX AaCIEKTOB II0 IOBBIICHHIO KayecTBa HMH(OPMALMOHHO-aHAIUTHYECKOTO OOECIeUeHHs OLECHKH
KPEAUTOCIIOCOOHOCTH 3aeMILMKOB KOMMepueckoro Oanka. Iledblo cTaTbu sBISeTCS pa3paboTKa TEOPETUKO-METOMMYECKHX
MOJIOXKEHUI W OOOCHOBaHME MPAKTUYECKUX PEKOMEHAAIMH, IO OLEHKE KPEIUTOCIIOCOOHOCTH 3aeMINuKa. 3agayd padoTHI:
MIPOAHATN3UPOBATh (HaKTHUECKUE ITOKA3aTeNM Pa3BUTHs OAHKOBCKOW CHCTEMBI YKpaWHBI, B TOM YHCIE MAacIITaObl KpPEeJUTHBIX
orepanuii KOMMEpUYeCKHX OaHKOB; HCCIEIOBaTh M CHCTEMAaTH3UpPOBATh IOHATHHHBIA anmapar OIEHH KPEeAUTOCIIOCOOHOCTH
3aeMIINKOB; Ha 0a3e HOPMATHBHO-NIPAaBOBOTO PETYIHPOBAaHHS YCTAaHOBHTH AITOPUTM OMpeNeleHHs 3HadeHHs Kod(hQHIeHTa
BEPOATHOCTH JeoiTa 3aeMIIUKa-FOPHIHIECKOTO JINNA; pa3padoTaTh Mephl IO COBEPUIIEHCTBOBAHMIO METOAMYECKHX MOAXOIOB K
OLICHKE KPEIUTOCHOCOOHOCTH 3aEMIIMKOB KOMMEpYecKoro OaHka. B Xone uccienoBaHHMs MCIONB30BaHBI METOABI: abCTPaKTHO-
JIOTHYECKHUIl aHaJN3, TEOPETUUECKOT0 0000MIEHNS, CHCTEMHOTO M CTaTUCTHYECKOrO aHanu3a, rpadudeckuii Mmeron. Ilo pesynbraTam
UCCIICJOBAHUS NPOAHAIM3UPOBaHA JUMHAMHUKA OOBEMOB aKTHBOB M IPEIOCTABICHHBIX KPEAUTOB OTCYECTBEHHBIX OAHKOB 3a MEPUOA
2015-2020 rr. ¥ KpemuTHBIX OMepalHii OTe4ecTBeHHbIX OaHKOB 3a mepuox 2017-2020 rr. OGOOIIEHBI TEOPETHKO-METOANYECKIE
MOAXOABI K OLEHKE KPEOUTOCIOCOOHOCTH 3aeMIIMKOB. Pa3paboTaHsl Meponpustus 1o (HOPMHUPOBAHUIO HAayYHO-OOOCHOBAHHOTO
METOJMYECKOTO II0JX0Ja K OIIEHKE KPEIUTOCIIOCOOHOCTH 3aeMIIMKOB KOMMEpPYECKOTo OaHka. BBIBOABI: IpeIuIoKeHBl Mephl IO
COBEpIICHCTBOBAHUIO METOANYECKOTO OO0ECIICUeHHsI OIEHKH KpPEIUTOCIOCOOHOCTH KOMMEpPYECKHX OaHKOB, MO3BOJISIOMINX
o0ecneynTh MOBHIIICHHE KayeCcTBa KPEAUTHEIX OIepaluii, MUHUMH3AINIO BEPOSTHOCTH BO3HHKHOBEHHUS! PUCKOB M yIpoO3, a 3HAUHUT
CIIOCOOCTBYIOT ~OOECIIEUEHHIO CTAOWJIBHOCTH PasBUTHUSL M BBICOKOTO YPOBHS (DMHAHCOBO-DKOHOMHYECKOH O€30MacHOCTH
KOMMEPUYECKHX OaHKOB.

KitoueBble c€j10Ba: KPEAUTOCIIOCOOHOCTH; 3aEMIIMK; JIOTMCTHYECKas MOJENb; HMHTETpalbHbIA ITOKa3areiab (UHAHCOBOTO
COCTOSIHUS JOJDKHHKA; KITAcC JOJDKHUKA; K03 (UIIMEHT BEPOSITHOCTH AedoTa.

ASSESSMENT OF THE BORROWER'S CREDIT CAPACITY OF THE
COMMERCIAL BANK: DIRECTIONS FOR IMPROVING THE QUALITY OF
INFORMATION AND ANALYTICAL SUPPORT

The article is devoted to the study of theoretical and methodological bases and the development of practical recommendations for
assessing the creditworthiness of a borrower of a commercial bank. The subject of the study is a set of theoretical, methodological
and practical aspects to improve the quality of information and analytical support for assessing the creditworthiness of commercial
bank borrowers. The purpose of the article is to develop theoretical and methodological provisions and substantiate practical
recommendations for assessing the creditworthiness of the borrower. Objectives: to analyze the actual indicators of development of
the banking system of Ukraine, including the scale of credit operations of commercial banks; to study and systematize the conceptual
apparatus for assessing the creditworthiness of borrowers; on the basis of regulatory legal regulation to establish an algorithm for
determining the value of the default factor of the borrower-legal entity; to develop measures to improve methodological approaches to
assessing the creditworthiness of commercial bank borrowers. During the research the following methods were used: abstract-logical
analysis, theoretical generalization, system and statistical analysis, graphical method. According to the results of the study, the
dynamics of assets and loans of domestic banks for the period 2015-2020 was analyzed. and credit operations of domestic banks for
the period 2017-2020. Theoretical and methodological approaches to assessing the creditworthiness of borrowers are summarized.
Measures have been developed to form a scientifically sound methodological approach to assessing the creditworthiness of
commercial bank borrowers. Conclusions: proposed measures to improve the methodological support for assessing the
creditworthiness of commercial banks, to improve the quality of credit operations, minimize the likelihood of risks and threats, and
thus contribute to the stability of development and a high level of financial and economic security of commercial banks.

Keywords: creditworthiness; borrower; logistics model; integrated indicator of the debtor's financial condition; debtor's class;
default probability ratio.
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DEVELOPMENT OF A METHOD FOR ANALYZING TOMOGRAPHIC IMAGES OF
BONE STRUCTURES

The subject matter of research in the article is the morphological structure of bone tissue in the lumbar spine, visualized by
tomography in the sagittal and axial planes. The goal of the research is to create the most informative investigation method for
analyzing the structure of bone tissue, taking into account pathology in the form of metastatic bone lesions. This is justified by the fact
that the detection of pathological processes is one of the most important tasks of image processing and analysis; at the same time,
early diagnosis of various pathologies, including cancer, significantly increases the chances of patient recovery. Tasks: to consider the
existing modern methods for analyzing the structure of bone tissue, to develop and propose a method for detecting bone tissue
pathology in multiple myeloma. For the development of methods for the analysis of tomographic images with lesion of the bone
structure, one of the fundamental issues is visualization of tomographic data. In this case, it is advisable to provide modules for both
two-dimensional and three-dimensional visualization with methods of processing and segmentation of vertebral bodies, as well as
correcting the results obtained in an interactive mode. The research uses methods of improving the quality of images, filtering using
adaptive local filters, segmentation and stereology methods, cluster analysis method. The result of the work is to obtain a method
suitable for use in the analysis of bone tissue with its accompanying pathology in the form of bone metastases. This method will be
the basis for the further development of a method aimed at analyzing the microstructure of bone tissue, which will significantly
increase the accuracy of calculations. Conclusions. The relevance of the topic under study is of vital importance for a huge number of
patients suffering from cancer. In the course of the research, algorithms for processing and analyzing input images were developed,
taking into account the modality of the input data. This makes it possible to develop the next stage of analysis aimed at the

microstructure of the bone tissue.

Keywords: multiple myeloma; image processing; tumor; bone lesion; early diagnosis; image segmentation; bone structure;

image filtering.

Problem statement

Analysis of recent research and publications

According to the Ministry of Health, there are more
than 1 million cancer patients in Ukraine; 450 new cases
of cancer are registered daily [1]. It should be noted that
90% of patients develop bone lesions during their disease.
For this reason, imaging plays an important role in the
diagnosis and follow-up of cancer patients. Bone
pathology is the most common clinical feature of multiple
myeloma (MM). Multiple myeloma is a tumor in the bone
marrow that systemically affects the skeleton;
characterized by clonal proliferation of plasma cells and
bone marrow infiltration. Bone cancer metastases are
characterized by bone marrow damage (diffuse, diffuse-
focal, rarely focal), accompanied by bone-destructive
changes (osteoporosis, osteolysis), and the development of
monoclonal immunoglobulinopathy [2-3].

Today, standard methods for examining bone tissue
in MM determine bone mineral density, while some new
methods focus on micro-objects. Terminologically, micro-
objects in the work are understood as objects on specially
prepared micro-preparations. The variety of cellular and
tissue structures found in the human body is considered to
be medico-biological micro-objects [4]. In this work, the
micro-object is taken as the trabecular structure of bone
tissue and elements of its morphological structure.

The quality of image analysis and further
development of research methods directly depend on the
quality of the obtained diagnostic images — first of all,
these are the results of X-ray computed tomography (CT)
and radionuclide imaging [5]. At the same time, the lack
of an integrative approach to assessing the
morphofunctional parameters of bone structures makes it
difficult and hinders the detection of pathological
processes at early stages.

Recent advances in imaging make it possible to
assess bone microstructure in vivo using high-resolution
peripheral quantitative computed tomography [5-6].

Imaging techniques used to assess the structure of
the trabecular bone include conventional Xx-rays,
magnification ~ x-rays,  high-resolution =~ computed
tomography (HRCT), and high-resolution MRI (MRI-
HR).

High-resolution MRI (HR-MRI) techniques can
provide three-dimensional information about cancellous
bone in peripheral regions with a resolution of the order of
trabecular dimensions (in-plane resolution: ~ 110 um,
section thickness: ~ 300 pm) [7-10]. Recent advances also
allow imaging of the proximal femur, a major area of
clinical interest, although the signal-to-noise ratio (SNR)
and resolution (in-plane resolution: ~ 250 um, slice
thickness: ~ 500 pm) are lower than peripheral areas [11].

MRI scans can also be used to generate 3D bone
geometry for finite element analysis (FEA) models. It is a
numerical method that can be used to predict the
mechanical response of a bone to stress. [12].

The scanning electron microscopy method allows us
to estimate the pore size, shape and direction of
trabeculae, identify their destruction, and evaluate the
structure of bone collagen [13].

The method of peripheral quantitative CT (HR-
pQCT) is also known, which is used for visualization of
bone microstructure, but its spatial resolution is 200-500
microns [14].

The method of optical microscopy is based on
histological preparations of trabecular bone tissue with
post-traumatic changes in structure, studied under an
optical  microscope.  Morphometric  changes are
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characterized by a decrease in the area of bone beams and
a violation of the integrity of bone lacunae [13-15].

The method of multi-detector CT is widely used in
clinical practice. However, the resolution of this method is
0.5-1 mm, while the dimensions of the bone trabecula are
0.25-0.7 mm and the distance between them is 0.1-1.0 mm
[16].

Highlighting previously unsolved parts of a common
problem. Purpose of work

Analysis of the literature showed that despite the
variety of methods, there is no suitable method for
assessing the bone structure with high sensitivity. It
should also be noted that a specific and especially
important task in the work is not only the analysis of the
structure of bone tissue at the micro level, but a
combination of this issue with pathological changes
associated with the complexity of the course of
oncological diseases.

Thus, due to the heterogeneous structure of the bone
structure and the random location of metastatic lesions in
them, the analysis of tomographic images is complicated.
In this regard, the task of developing new methods for
analyzing bone structures remains relevant.

Materials and methods

The material of the research is tomographic images
of sections of the vertebrae L1-L5 (fig. 1).

Fig. 1. MRI of the spine with selected areas of interest (vertebra
L1-L5); sagittal T2-weighted MRI, middle section of the lumbar
region

In the development of a tomographic image analysis
system for multiple myeloma, one of the fundamental
issues is the visual presentation of tomographic data.
Therefore, for the purpose of expediency, two-
dimensional visualization modules are provided.

Two-dimensional processing involves working with
images of individual tomographic slices and includes

various types of brightness-contrast correction, methods of
linear and nonlinear filtering of images, adjusted in
accordance with user settings. Data processing, in addition
to improving the visual perception of images, should
provide the possibility of performing the segmentation
procedure - highlighting areas in the image that belong to
structures with common properties, which are chosen for
tomographic images: intensity, configuration, size and
localization.

According to the standard technique, magnetic
resonance imaging (MRI) is performed in the sagittal and
axial planes of the T2-weighted type, if necessary,
supplemented by T1-weighted MRI in different planes, as
well as MRI with fat suppression.

At the first stage, the image is analyzed from the
point of view of subjective perception. The image has a
normal distribution of the brightness of the elements and
for the convenience of further calculations the normal
distribution criterion is applied. The image quality is
assessed by the degree of deviation of the real brightness
distribution from the normal one. In addition to a
quantitative assessment, this method allows you to obtain
information about the presence and weight ratio of the
brightness gradations of the image.

These transformations are carried out according to
the expression (1):

I-res = L~ Lrin ! @)
I-max - I-min
where L, L
original and resulting images; Ly, . Lmax — respectively,
the minimum and maximum values of the original image.

Transformations according to formula (1) are
effective if the intensities of the pixels of potentially
information areas are concentrated in a narrow dynamic
range. If we apply these transformations to the original
image, then we will not achieve the desired effect, since
the histograms of its color components occupy the entire
possible range.

Improving the visual quality of the original image
can be achieved by modifying expression (1), i.e. to make
stretching of dynamic range of intensities of image pixels

nonlinear:
o
L-L,;
e (e EC

max — —min

— an array of values, respectively, of the

where o — nonlinearity coefficient.

Further, at the second stage, due to the specific
properties of tomographic images, filtration is applied
using adaptive local filters (3). Mathematically, this
filtration can be expressed as follows:

2

9(X,y)=f(xly)—%[f(xly)—m]v ®)

L
where g(x,y) — filtered image in general; f(x,y)-

initial image; &2 — local variance in the Sy s
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neighborhood, S, rectangular neighborhood with

dimensions mxn in the point (X, Y); 55— overall image
noise variance; m_ — local mean in the S, neighborhood

At the third stage, you need to perform
segmentation. We can use the k-means method. This
method is one of the simplest and most common
clustering methods if you know the number of classes to
split data into. You can use this algorithm to segment
medical images.

The k-means clustering algorithm is as follows:

a) N classes are created (N is the number of classes
into which the data should be split). The centers of mass
of the classes are initialized to a specific value. Can be
initialized with random values;

b) the data that needs to be clustered are sequentially
analyzed and belong to the class to which they are closest
(according to the Euclidean distance and the center of
mass);

c) the center of mass is recalculated for each class;

d) if in some class the center of mass is changed,
then there is a transition to step "b";

e) based on the smallest distance of the center of
mass of the cluster and the corresponding data, the data is
assigned to a certain class.

Applying this method to the samples under study, we
obtain the following results: fig. 2a shows an axial section
of an MRI vertebra in normal conditions, and fig. 2b
shows the result of its segmentation using the k-means
method.

Fig. 2a. Computed tomogram of the lumbar spine, axial section, norm

Fig. 2b. Result of fig. 2a segmentation by k-means method

As a result of segmentation, the region of interest
shown in fig. 2b was obtained; this region covers the
entire area of the bone marrow in the vertebra. The image
is ready for the next stages of processing.

Next, we will carry out the same analysis for the
sample with pathology shown in fig. 3a. The segmentation
result in fig. 3b.
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Fig. 3a. Computed tomogram of the lumbar spine, axial section, pathology

Fig. 3b. The result of segmentation of fig. 3a by the k-means method

On the tomogram shown in fig. 3a, the area with
tissue structure disturbance is on the left. This condition is
explained by the presence of bone metastasis, which
destroys the trabecular structure of the spine. Fig. 3b
shows the result of image segmentation 3a; the white
segment is an area with a lesion that should be looked at
during image analysis.

Since this study considers the principle of analyzing
images obtained by both MRI and computed tomography,
we present the results of segmentation of images of the
lumbosacral spine obtained in both methods to illustrate
the modality.

Fig. 4a shows a CT scan of the lumbosacral spine,
normal. Fig. 4b shows the result of segmentation of this
image by the k-means method.

Fig. 4a. CT scan of the lumbosacral region, norm

Fig. 4b. The result of segmentation of fig. 4a by the k-means
method
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For visual comparison, fig. 5a shows such an image,
only obtained as a result of MRI. Fig. 5b shows,
respectively, the result of its segmentation by the k-means
method.

Fig.5a. MRI of the lumbosacral region, norm

Both imaging techniques, MRI and CT, have a very
wide range of applications and are very popular. It is not
entirely correct to compare these diagnostic methods,
since they are based on different technological processes
and use different approaches for tissue visualization. CT
and MRI have their own advantages and disadvantages.
The feasibility of using a particular technique is
determined by the doctor, based on the goals and
objectives of the study.

After the above steps have been completed, the
image is ready for the next, fourth step, which consists in
working directly with the areas of interest. In this work,
the object for research is the affected vertebral bodies.

Cancer metastases in bone are characterized by
damage to the bone tissue by cancer cells, which penetrate
into it with the flow of blood and lymph from the primary
tumor. In addition, these cancer cells can spread to other
organs and tissues, forming metastases in them.

The main cells of bone tissue are osteoblasts, which
are responsible for the formation of new cells and bone
growth, and osteoclasts, which are responsible for the
destruction and absorption of used bone cells.

When the bones are affected by metastases, the
functions of the above cells are disrupted, and therefore,
bone metastases, depending on the type of lesion, are
divided into:

- osteolytic: when osteoclasts are damaged, bone
thinning occurs, leading to pathological fractures under
stress. With the progression of the disease, these signs
may appear even with the slightest exertion (for example,
when getting out of bed, when trying to take a step, etc.);

- osteoblastic: when osteoblasts are damaged, a
pathological increase in bone tissue, the formation of
growths and protrusions on the bone, limitation of joint
mobility are diagnosed;

- mixed: damage to osteoblasts and osteoclasts. They
are found most often in patients with bone metastases and
are manifested by bone thinning and the appearance of
new metastases.

Fig. 5b. The result of segmentation of fig. 5a by the k-means
method

Radiographically, they appear as small foci of
vacuum or larger foci of destruction with a homogeneous
or cellular structure. The edges of the lesions are usually
indistinct, without a sclerotic ring of the seal.

After completing the above steps, the image is ready
for the main processing module. The main fifth stage is as
follows: in the image without pathology, an area is
highlighted so that the object of interest is located inside
it. The selection area corresponds to the size of the
vertebral body. A maximum intensity graph is then plotted
over this area. Further, to compare the results, it is
necessary to carry out the same steps for a sample with
pathology. After that, for each of the cases, the area of the
integral curve is calculated. With pathology, the area will
be smaller. For further interpretation of the value of the
area difference and the development of the algorithm, a
coefficient characterizing the area defect is introduced.
With the help of the value of this coefficient, it is possible
to distribute patients according to the degree of
complexity of the disease, and as a result, help the
radiologist to select an individual treatment and further
monitor the dynamics.

Research results and their discussion

The result of the work is the development of a
method suitable for use in the analysis of bone tissue in
pathology in the form of bone metastases. However, this
method will also be useful in the further follow-up of the
patient and response to therapy. It should also be noted
that the results obtained in this study will be the basis for
the further development of a method aimed at analyzing
the microstructure of bone tissue, which will increase the
accuracy of calculations.

Conclusions and prospects for further development

The relevance of the topic under study is of vital
importance for a huge number of patients suffering from
cancer. During the study, a method was developed for
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processing and analyzing tomographic images, namely, The results obtained are planned to be used in the

bone structures, in the form of vertebrae, in patients with  future to describe the state of the vertebrae with

multiple myeloma. The obtained result makes it possible  pathologies and disorders. In the future, the development

to develop the next analysis module aimed at the of an analysis method aimed at the microstructure of

microstructure of bone tissue. trabecular bone tissue, taking into account the presence of
pathology.
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PO3POBKA METOAY AHAJII3Y TOMOI'PA®IYHUX 306PAKEHDb KICTKOBUX
CTPYKTYP

Ipeamerom nocnifukeHHs B CTaTTi € MOP(OIOTriYHA CTPYKTypa KiCTKOBOI TKaHHHY Y MOIEPEKOBOMY BiJini xpeOTa, Bi3yanizoBaHa
ToMorpadi€ro B caritalpHii i akcianbHii monrHax. MeTor poOoTH € CTBOpEHHS HailOLIbII iHHOPMATUBHOTO METOY TOCIiKEHHS
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aHAJI3y CTPYKTYPH KiCTKOBOT TKAHMHHM 3 YpaxyBaHHSIM IaTOJIOTI] y BUIVISII METACTATHYHOIO YPayKeHHs KicToK. I{e 00ymMoBiIeHo THM,
0 BHSIBJICHHS NATOJIOTIYHUX IIPOIECIB € OHIEI0 3 HaWBAXIIMBIMMX 3a7ad oOpoOKM Ta aHaNi3y 300pakeHb; IPH LBOMY pPaHHS
JIIarHOCTHKA Pi3HUX IATOJIOTiH, BKIFOYAl0UX PaK, 3HAYHO 301UIBIIye ITAHCH BiTHOBJIEHHS MAIli€HTIB 3aBAaHHS: PO3TISHYTH iCHYIOUI
CyJacHi METOJM aHaJli3y CTPYKTYpH KiCTKOBOI TKaHWHH, PO3POOHTH 1 3aIIpOIIOHYBAaTH METOJ BUSBIICHHS ITAaTOJIOTi KiCTKOBOT TKAaHUHI
TIpY MHOKMHHIN Mienomi. {1 po3poOKy MeToAiB aHali3y TOMOrpadidHuX 300pakeHb NPH ypaXKeHHI KiICTKOBOI CTPYKTYpH OJHHM 3
OCHOBOIIOJIOKHUX MUTaHb € HA0YHA Bi3yauizaiis ToMorpadiunux aaHux. [Ipu poMy AOLINBHO MepeadavylTH MOAYII SIK JBOMIipHOI,
Tak 1 TpUMIpHOi Bizyami3amii 3 MeTomaMu OOpPOOKH 1 cerMeHTamii Tin XpeOliB, a TakoX KOPEKLil OTPUMaHHUX pPe3yJIbTaTiB B
IHTEpaKTUBHOMY pexuMi. B poOOTi BUKOPUCTOBYIOTHCA METOAM MiABHUIIEHHS SKOCTI 300paxkeHb, (iIbTpalii i3 3aCTOCYBaHHSIM
aIanNTHBHUX JIOKAJBHUX (IIBTPiB, METOAM CErMEHTallil i CTepeojorii, MeTo] KiacTepHOro aHamizy. Pe3yiabratom poboTH €
OTPUMaHHS METOJy, NPHUAATHOTO JJI BUKOPHUCTAHHS B aHAII31 KICTKOBOI TKaHWHM 3 CYITyTHBOIO MATOJOTI€I0 y BHIVIAAI KiCTKOBHX
MeracrasiB. [laHuii MeTox Oyme OCHOBOIO IUISl IOJAIBINOI pO3POOKH METOMY, CIPSIMOBAHOTO Ha aHali3 MIKPOCTPYKTYPH KiCTKOBOI
TKaHWHH, 10 B pa3u 30UIBIIMTH TOYHICTH PO3paxyHKiB. BHCHOBKHM. AKTyanbHICTH JOCIIUKYBaHOI TEMH Ma€ >KUTTEBO BAKIIUBE
3HAYCHHS ISl BEMYC3HOI KITBKOCTI MAIiEHTIB, SIKi CTPAXKJAI0Th HA OHKO3aXBOPIOBAHHA. Y TPOIIEC] AOCIIKEHHS OYI0 po3po0IeHO
aNropuTMH 0OpOOKH 1 aHaNi3y BXiTHHX 300pakeHb 3 ypaxyBaHHSIM MOJAIBHOCTI BXiTHMX JaHuX. Lle mae MOXIHBICTE po3poOmaTH
HACTYIHUH eTall aHali3y, COPIMOBAaHHHA Ha MIKPOCTPYKTYPY KiICTKOBOi TKAaHUHH.

KnrouoBi cioBa: MHOXHMHHA MiesoMa; 00poOka 300pakeHb; MyXJIMHA; YPaXXCHHS KICTOK; PaHHS I1arHOCTUKA; CErMEHTAIlis
300pakeHb; CTPYKTYpa KICTKH; (HLIbTparlis 300paskeHb.

PA3PABOTKA METO/JIA AHAJIU3A TOMOI'PA®UUYECKHNX U30BPAKEHUN
KOCTHBIX CTPYKTYP

IIpenMeToM mccreoOBaHUs B CTaThe SBIAETCS MOP(OIOrniecKkast CTpyKTypa KOCTHOW TKaHU B IOSICHUYHOM OT/EJC IO3BOHOYHUKA,
BU3yaIN3UPOBaHHAs TOMorpaduell B CarMTTaJIbHOM M akcHalbHOH miockocTsx. Ilenbio paOoThl sBIAETCs co3laHHe Hauboee
HH(OPMATHBHOTO METOJla MCCIEIOBAHUS Ul aHAIM3a CTPYKTYPHI KOCTHOW TKaHHM C y4EeTOM IaTOJIOTHH B BHAE METacTaTHYECKOTO
MopakeHHs1 KocTeld. OTo 000CHOBAHO TeM, 4TO OOHapy>KEHHE MATOJOTMYECKUX IIPOLECCOB SIBISIETCS ONHOM M3 Ba)KHEUIINX 3a/1ad
00paboTKM M aHaMM3a HM300paKEHMH; NPH STOM paHHsS IHATHOCTHKA Pa3JIMYHBIX IATOJIOTWH, BKIIOYAs pak, 3HAYUTEIHEHO
YBEIMYMBAET IIAHCH BOCCTAHOBIICHHUS MAIIMEHTOB 3a/la4M: PaCCMOTPETH CYIIECTBYIOIINE COBPEMEHHbIE METOABI AHANN3a CTPYKTYPBI
KOCTHOHM TKaHH, pa3paboTaTe M NPEIIOKUTh METOH BBISBICHHUS MATOJIOTUH KOCTHOW TKAaHH NMPH MHOXKECTBEHHOH Mmmuenome. s
pa3pabOTKH METOJOB aHAIH3a TOMOTpa(pUIECKUX N300paKeHUH PH MOPAKEHUH KOCTHOH CTPYKTYpPBI OJHUM U3 OCHOBOIIOJIATAIOMINX
BOIIPOCOB SIBIETCS HArLIAHAS BU3yalH3alus ToMorpadudeckux AaHHBIX. [Ipu 3ToM merxecooOpa3HO NMpemycMOTPETh MOMYIH Kak
JBYXMEPHOH, Tak M TPEXMEPHOI BH3yalHM3allMd C MeToJaMH OOpabOTKM M CErMEHTAllMH TeJl ITO3BOHKOB, a TakXke KOPPEKINH
MOJTyYaeMbIX pe3yJIbTaTOB B HMHTEPAKTHBHOM pexuMe. B paboTe HCIONb3ylOTCS MeTOAbI IOBBIIICHHS KadecTBa H300paKeHUH,
GUIBTpAalMU ¢ NPUMEHEHHEM AaJalTHUBHBIX JIOKAIBHBIX (DMIIBTPOB, METOIBI CEIMEHTAllMM W CTEPEOJIOTHH, METOJ KIACTEPHOTO
aHanmm3a. Pe3yabTaToM paboTHl SABISETCS NMOJTyYSHHE METOJa, IPHIOJHOTO JUIS HCIOJIB30BAaHUS B aHaJIW3e KOCTHOM TKaHH C
COITyTCTBYIONIEH €€ MaTOJOTHeH B BUJE KOCTHBIX METACTa30B. JJaHHBIN MeTox OyIeT OCHOBOH AJs JalbHenIel pa3paboTku MeToa,
HAINpaBJICHHOTO HA aHAJIM3 MHKPOCTPYKTYPHI KOCTHOH TKaHH, YTO B pa3bl YBEIWYUT TOYHOCTH pacdeToB. BbIBOABI. AKTyaabHOCTH
HCCIIeAyeMOi TEMBI IMEeT )KU3HEHHO Ba)KHOE 3HAYEHHE I OTPOMHOTO KOJIMYECTBA MAI[EHTOB, CTPAJAIOIINX OHK03a00ICBaHUAMH.
B mpornecce uccnenoBanus ObUTH pa3padOTaHBI ANITOPUTMBI 00paOOTKH M aHAIM3a BXOIHBIX W300paKEHUH C y4ETOM MOJAIBHOCTH
BXOJIHBIX JaHHBIX. JTO JaeT BO3MOXKHOCTb Pa3padaThIBaTh CICAYIOLINI ITAll aHaIHM3a, HAIPaBJICHHBIH HA MUKPOCTPYKTYPY KOCTHON
TKaHH.

KunroueBbie ci10Ba: MHOXKECTBEHHAsT MUEIOMa; 00paboTKa N300pakeHHH; OIyX0JIb; MMOpaKEeHHE KOCTEH; PaHHss ANarHOCTHKA;
cerMeHTalus H300paXeHUHl; CTPyKTypa KOCTH; (GUIIbTpaiust H300pakeHuit.
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FORMAL REPRESENTATION OF THE PIXEL-BY-PIXEL CLASSIFICATION
PROCESS USING A MODIFIED WANG-MENDEL NEURAL NETWORK

The subject of research in the article are the processes of formalization of the pixel-by-pixel classification problem using the modified
fuzzy neural production network of Wang-Mendel for segmentation of urban structures in the automated analysis of space and aerial
photographs of the city. The purpose of the work is to develop the architecture of the modified fuzzy neural production network of
Wang-Mendel as a classifier for image segmentation to increase the values of efficiency and reliability of urban monitoring. The
following tasks are solved in the article: analysis of possibilities of Wang-Mendel network modification based on representation of
membership functions in terms of interval fuzzy sets of the second type (IFST2) and realization of phasing, aggregation and activation
operations using IFST 2 operations, development of the architecture of the modified fuzzy neural production network of Wang-
Mendel as a classifier for image segmentation. The following methods and models are used: methods and models of fuzzy set theory
(fuzzy Wang-Mendel neural network, interval fuzzy sets of the second type), methods and models of deep learning methodology
(convolutional neural network for image segmentation (auto coder) U-net). The following results were obtained: the use of a fuzzy
Wang-Mendel neural network as a classifier of a modified U-Net decoder based on the representation of membership functions in
IFST2 and the implementation of phasing, aggregation and activation operations using operations on IFST2; introduction of an
additional operation of type reduction in the phase of dephasification of the original variable based on the classical method of the
center of gravity (centroid); introduction of several outputs of the network to recognize the appropriate number of classes (subclasses)
of the subject area. To do this, the third layer is represented as a set of several pairs of adder neurons, and the fourth implements
several normalizing neurons, the number of which corresponds to the number of pairs of the third layer. Conclusions: the use in the
architecture of a convolutional neural network for segmentation of U-net images as a classifier of the modified fuzzy neural
production network of Wang-Mendel will provide an additional increase in the accuracy of pixel-by-pixel classification of certain
objects. Instead of fuzzy sets of the first type (FST1) in this network IFST2 are used. The proposed IFST2, on the one hand, provide a
formalization of more additional degrees of uncertainty compared to FST1, on the other hand, are "implemented" in the development

of fuzzy systems (models) and have less computational complexity, compared to fuzzy sets of the second type (FST2).
Keywords: segmentation; classification; fuzzy set of the second type; fuzzy neural network; production model.

Introduction

At present, the rapid growth of urban areas requires
the improvement of management systems. In order to
effectively manage a modern city, it is necessary to obtain
timely data, which is ensured by conducting appropriate
monitoring.

The main requirements for monitoring are efficiency
and reliability in obtaining information. It is possible to
increase the value of efficiency and reliability of urban
monitoring through the use of data from automated
analysis of space and aerial photographs of the city.

When monitoring, the most important thing is to
identify changes in the urban environment and analyze the
causes of their occurrence. The most common changes in
the urban environment that can be monitored by
automated analysis of space and aerial photographs are the
demolition and erection of buildings, changes in the area
of greenery, construction or expansion of roads, detection
of illegal construction, etc.

The first step in the analysis of space and aerial
photographs, with automated monitoring of the urban
environment, it is possible to consider the stage of
automatic recognition of various objects in the field. The
most effective for solving the problems of semantic
segmentation in the framework of the theory of deep
learning are various implementations of the auto encoder.

In this study, the U-Net network is used as the basic
architecture of a deep neural network for the segmentation
of urban structures in digital space and aerial photographs
in automated monitoring of the urban environment. The
classifier of the classic U-Net are fully connected layers,

which are converted into a convolution.

However, studies show that fuzzy neural networks
provide higher recognition accuracy compared to classical
fully connected networks [1].

Thus, an actual scientific task is the development of
neural network architecture, as a classifier of which it is
possible to use a modified fuzzy Wang-Mendel neural
network [1].

Analysis of publications

Currently, there are a large number of publications
on the development of neural network architecture for the
segmentation of objects in images for different purposes
[4-12]. At the same time, the issues of integrated
application of the modified fuzzy Wang-Mendel neural
network for segmentation of urban structures in digital
space and aerial photographs in automated monitoring of
the urban environment, including the use of fuzzy neural
networks, are not actually considered and require further
research.

The aim of the article is to develop the architecture
of the modified fuzzy neural production network of
Wang-Mendel as a classifier for image segmentation and
increase the values of efficiency and reliability of urban
monitoring.

Main part

The classical fuzzy neural production network of
Wang-Mendel implements a fuzzy production model
according to the rules, the conditions and conclusions of

© 0. Kolomiitsev, V. Pustovarov, 2020
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which are formed on the basis of a fuzzy set of type 1. In
this case, the membership functions of all fuzzy sets are
Gaussian. In this regard, the output signal of the Wang-
Mendel network can be calculated according to the
expressions [13 — 15]:

yclass(x): I:,; N J 1)
ZlHﬂ( i)
i=1 j=1
X: — a: ?
;uij(xj):eXp —{%] ) 2
1j

where x; is an input signal; c; is the center of the width

of the Gaussian function, which represents the membership
function of a fuzzy set of rule conclusions; u; is a

Gaussian function with the parameters of the mathematical
expectation, which determines the center a;, and the

scatter parameters, which are determined by the standard
deviation, which represents the membership function of a
fuzzy set of conditions of the rules; N — the number of
input network variables; M — the number of neurons in the
first layer that realizes the fuzzification of input variables.

Directly, the structure of the Wang-Mendel network
is a four-layer neural network in which:

- in the first layer the fuzzification of input variables
is performed;

- in the second layer the aggregation of activation
values of the fuzzy production rule condition is carried
out;

- in the third layer activation of conclusions of rules
of withdrawal is carried out;

- in the fourth layer, consisting of one neuron,
dephasification of the output variable and the formation of
the output signal.

According to the network structure and expressions
(1), (2), the first and third layers are parametric.

The fuzzy inference algorithm, which is
implemented by this fuzzy neural production network, is
based on the following main provisions:

- input variables are clear;

- the membership functions of all fuzzy sets are
represented by the Gaussian function;

- accumulation of activated rules is not carried out.

Modification of the classical Wang-Mendel network
to solve the problem for pixel-by-pixel classification of
certain objects is carried out with the following help:

1) representation of membership functions in terms
of IFST2 and implementation of fuzzification, aggregation
and activation operations using operations on IFST2;

2) the introduction of an additional type reduction
operation in the phase of dephasification of the original
variable based on the classical method of the center of
gravity (centroid);

3) introduction of several network outputs to
recognize the appropriate number of classes (subclasses)
of certain objects. To do this, the third layer is presented

as a set of several pairs of neurons-adders, and the fourth
implements several neurons-normalizers, the number of
which corresponds to the number of pairs of the third
layer.

In the general case, the fuzzy production rule for the
modified fuzzy Wang-Mendel neural production network
can be represented as follows [14]:

R:IF 3, is & AND ... AND f, is @, THEN ., =cP, (3)

where g, is the name of the input data (in the form of a
clear (in some cases) or linguistic value (LV)) specified by
the tuple (4, T;, X;, M;),i=1..,n and n is a number of

input variables; T, ={a;} — a set of values (terms) of the

input LV of the rule R, each of which is the name of a
fuzzy value (FV) to describe the values of the recognition
parameters of compact (point) objects of air
reconnaissance; X; — the range of values of the FV, the
names of which are included in T,, M; — semantic
procedure that matches fuzzy set to the value of the LV.
The syntactic procedure of generating new values for LV
G; is not used, because all LV values within the proposed
approach are determined at the stage of formation of the
rule base; «; is the value of the term of the input LV in the
form of the name FV (linguistic value of the object
recognition  parameter), given by the tuple
(e, Xi, A)i=1,..,n, Ac X3 A={x, pz(x)} - IFST2
on the set X;, which describes the possible values that can
take FV o; €T;; B,.4 is the name of the original LV, given
by the tuple (.1, Ty, Y. Mp,1), Y s the range of values
of terms, the names of which are included in T,,;,

representing the number of the recognized class (subclass)

of the object; M,,; is a semantic procedure that

corresponds to the value of LV one-point fuzzy set; ch is
the value of the term source LV in the form of the name or

class number from the set C, = {c}’}, j=1..,m, where

m is the number of classes (subclasses) of compact (point)
objects.
Formally, IFST2 means a fuzzy set of type 2, or all

secondary degrees f, (u)=;(x,u) are equal to 1 and

are represented as follows:
- in the case of continuous (infinite) X and J,, as

[15]:

uel,cU=[01], xeX, (4)

g fream)
i

A= -
X

— in the case of discrete (finite) X and J,, as

or:

,ueJXgU:[O,l],XeX; 5)
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B

,uel, cU
1 X

:[O,l],XeX (6)

or as a set:

A:{((x,

where X is a first variable x € X ; X is the universal set of
objects of the visual field; u is the second variable
ueldy;J, is a primary affiliation J, cU;U - area of

definition ~ of affiliation U =[0,1];
f (u) = 5 (x, u) — secondary degree, which is equal to 1.

There are two main methods of formal representation
of IFST2 — methods of vertical and wavy section [8, 9].
To represent the membership functions of the modified
fuzzy Wang-Mendel neural production network in terms
of IFSTZ2, it is possible to consider the basic concept of the
occupied area of uncertainty.

The aggregation of all IFST2 primers is the footprint
of uncertainty (FOU) and can be represented as [8, 9]:

FOU (A) =Usyyex I ={(%,

The definition of FOU for IFST2 and total FST2 is
the same. However, for IFST2 the occupied area of
uncertainty is of particular importance. This is due to the
fact that, since the secondary stages of IFST2 do not
transmit new information about the additional stages of
uncertainty, it can be assumed that the FOU is a complete
description of IFST2.

For IFST2, the primary membership can be
represented as follows [8, 9]:

3 =[ma(x), 15 (9)], ©)

where ;A(X) — the value of the upper membership

u),1)|vxe X, vueJ, cU =[0,1]}, (7)

primary

u);uel, c[0.1]}. (8)

function denoted as UMF(A) or iz H5(x) — the value
of the lower membership function, denoted as LMF (A) or
M-

The nested interval FST2 A, for continuous
(infinite) sets X and J, is a set in which each primary

variable x e X has only one secondary variable u e J,

(ie one value of the primary membership) with a
corresponding secondary degree equal to 1, that is:

H

Edued, cu=[01]. (10)

A= |

xeX

A nested FST1 A, with power N for discrete (finite)

sets X and J, is a set of pairs, where the first elements of

the pair represent the corresponding primary variables,

and the second elements are exactly the same value as

Iy Jyr v Iy » NAMElY Uy, Uy, ooy Uy L

AZ

—1|

uieingU=[0,1],XieX. (11)

Comparing expressions (10) and (11), it is possible
to represent the nested IFST2 through the elements of the
nested FST1 as [8, 9]:

~ 1

A=— (12)
A

Representation Theorem is considered in [8, 9],

according to which IFST2 A can be represented as a
union of IFST2 nested in it i.e.:

(13)

where n — the number of nested IFST2 (/Eej is represented
N

according to the expression (9)) n :HMi . N — the
i=1

number of values to which X is sampled; M; — the number

of values to which J; issampled.

Representation of IFST2 as expression (13) is a
representation of IFST2 by the wavy section.

By analogy with expression (13), the occupied area
of uncertainty FOU can be represented as:

n

Fou (A)=JAd.

j=1

(14)

By expression (14) and taking into account
expression (13), IFST2 can be represented as follows:

In fig. 1 presents the final structure of the modified
fuzzy Wang-Mendel neural network based on the use of
IFST2 and with k outputs by the number of recognized
classes (subclasses) of objects.

In this case, the output signal of the modified Wang-
Mendel network can be calculated by the following series
of expressions:

_ Z H _1(Xi)
Yelass (X) =

ST s ()
ZJ =1~ IH _1/1”( J)
> Ty (1)

(16)

Xclass ( )
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| =
Y =30 = ‘yclass (%)Y ejass (X)‘ an

where Xj is an input signal; ci, ¢; is the center of the

width of the upper and lower Gaussian function, which
represents the membership function of a fuzzy set of rule

conclusions; Hij My - the values of the upper and lower

membership functions of the prerequisites of the rules;

36185 the primary affiliation of the recognized class

(subclass).
Thus, according to the representative theorem (by
expression (15)), IFST2 is the union of all nested FST1,

X1

n )
o @]
c [
R S

FOUnm

X2

* T By

o o]
: c c
. 8 8

FOUnz

Xm

o -
o .
&
3 .

which cover its occupied area of uncertainty. The
importance of this conclusion is as follows:

- first, the thesis that IFST2 is fully described
(determined) by its FOU is confirmed,;

- secondly, it is possible to use as operations on
IFST2 the corresponding operations on FST1, which
greatly simplifies the computational complexity of IFST2
for their implementation within the framework of the
corresponding fuzzy logic systems. Therefore, the
membership functions are used, which are fully described
by the corresponding FOU, in which, in turn, the upper
and lower limits can be represented by the Gaussian
function according to the expression (2).

2k

Fig. 1. The structure of the modified fuzzy neural production network of Wang-Mendel based on IFST2

This study identified two classes for recognition:
urban and non-urban. Semantic segmentation is used as a
basic method of recognition. Semantic (or semantic)
image segmentation is the selection of areas in the image,
each of which corresponds to a certain feature. In general,
the tasks of semantic segmentation are difficult to
algorithmize, so for image segmentation are now widely

used deep neural networks, which show a fairly high
accuracy of recognition of segmentation objects (this is a
network based on U-Net auto encoder, where the classifier
is proposed to use modified fuzzy Wang-Mendel neural
network). The input data for the corresponding network
are digital images of the urban environment, and the
output data are considered to be the corresponding
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segmented images with the selection of pixels
corresponding to two classes: urban structure and non-
structure.

Conclusions

Thus, the architecture of the modified convolutional
neural network with respect to image segmentation (auto
coder) U-net is proposed. In this case, as a classifier, the
use of a modified fuzzy Wang-Mendel neural production

certain objects is proposed. Also, IFST2 is used in this
network instead of FST1.

The proposed IFST2, on the one hand, provide a
formalization of more additional degrees of uncertainty
compared to FST1, on the other hand, are "implemented"
in the development of fuzzy systems (models) and have
less computational complexity compared to FST2.

The use of the developed architecture will increase
the accuracy of segmentation of urban structures on digital
space and aerial photographs with automated monitoring

network with respect to the pixel-by-pixel classification of ~ Of the urban environment.
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®OPMAJIBHE ITPEJCTABJIEHHS ITPOLIECY NOMNIKCEJBHOI KJIACU®IKALIT
3 BAKOPUCTAHHSIM MOJJUPIKOBAHOI HEHPOHHOI MEPEKI BAHT A-
MEH/EJIS

IIpenMeToM [OCTIKEHHS B CTATTi € Mpollecy (GopMaizamii 3aiadi MONUKCcenbHOI Kiacudikallii 3 BAKOPUCTAHHIM MOAU(]iKOBaHOT
He4iTKoi HEHpOHHOI MpOAYKHiHOI Mepexxi Banra-Menmens mms cerMeHranii Micbkux OyJOB MpU aBTOMAaTH30BAHOMY aHAIi3i
KOCMIUHHX Ta aepooTO3HIMKIB TepuTopii micra. Mera po6oTH — po3pobka apXiTeKTypu MoAM(IKOBaHOI HEHITKOI HEHPOHHOI
npoaykmiiiHoi Mepexi Baxra-Menpmenss y sxocti kmacudikaropa A cerMeHTamii 300pakeHb Ui MIABHIICHHS 3HA4Y€Hb
OIIEPAaTUBHOCTI Ta JIOCTOBIPHOCTI MICBKOTO MOHITOPHHTY. B CTaTTi BHpIIIyIOTBCS HACTYIIHI 3aBJAHHS: aHANII3 MOXIIHBOCTEH
Moubikanii Mepexi Banra-Mennens Ha OCHOBI MomaHHs (YHKLIH IPHHAJIECKHOCTI B TepPMiHaX IHTEPBAIBHUX HEYITKUX MHOXKHH
npyroro tuny (IHMT2) i peamizarist omepariiii ¢asudikariii, arperyBaHHs i akTHUBaIlii 3 BHKOPUCTAaHHSIM oreparii Ha [HMT?2,
po3podKa apxXiTeKTypu MOAN(IKOBaHOI HEUiTKOI HEHPOHHOI MpoxyKuUiifHOi Mepexi Banra-Menpmens y sikocti kiacugikaropa mis
cerMeHTalii 300paxkeHb. BHUKOPHCTOBYIOThCS Taki MeTOAM Ta MOJeJi: METOAM Ta MOJENi Teopii HEYITKHX MHOXHUH (HEUiTKa
HelipoHHa Mepeka Banra-Menpgens, iHTepBajbHI HEWiTKI MHOXXHHH IPYTOTO THUILY), METOIHM Ta MOJENi METOHOJIOT] TIHOOKOTO
HaBUaHHA (3rOPTKOBa HEHPOHHA Mepeka Ul CerMeHTallii 300pakeHb (aBTokoAyBaibHUK) U-net). OTpuMaHO HACTYIHI pe3yJbTaTH:
3allpOIIOHOBAHO BUKOPHCTaHHS HEUITKOI HEMPOHHOT Mepeki Banra-Menaens B sikocTi kinacudikaropa moandikoBanoro aekoaepa U-
Net Ha ocHoBi momanHs ¢yHKUid npuHanexHocti B IHMT2 i peanizanis onepaniii ¢asudikanii, arperyBaHHs 1 akTuBamii 3
BUKOpHUCTaHHAM onepariid Ha IHMT2; BBenieHHs T0AaTKOBOI omepanii NpUBeAeHHs THITY B mapi aedassidikamnii BUXiTHOT 3MiHHOT Ha
OCHOBI KJIACHYHOTO METOJly LEHTPY TsKiHHS (centroid); BBEICHHs NIEKUILKOX BHXOMIIB MEPEki Uil PO3Mi3HABAHHS BiMOBIIHOT
KiJBKOCTI KiaciB (ImigkmaciB) mpeaMmerHol obusacti. [l 1boro TpeTiif map MpeACTaBISAeThCS SK HaOip 3 JEKUIbKOX Iap HeHpOHIB
CyMaToOpiB, a YETBEPTHH peaji3ye KilbkKa HEHpOHIB-HOPMAIM3aTOPiB, KIJIBKICTh SKHX BIANOBiZAa€ KITBKOCTI Map TPETHOrO MLIapy.
BuCHOBOK: 3aCTOCYBaHHS y apXiTEKTypi 3rOpTKOBOI HEHMPOHHOT Mepeski Uil cerMeHTarii 300paxkens U-net y skocTi kiacudikatopa
Monu(iKOBaHOI HEWITKOI HEHpPOHHOI NpomyKuiiHOI Mepexi Banra-Menpens 3a0e3neunTh AOAATKOBE IiIBUIIEHHS TOYHOCTI
MOMIKCeNBPHOT  Kiacu(ikanii BH3HAYEHHX 00'eKTiB. 3aMicTh HEWiTKMX MHOXUH mnepmoro tumy (HMT1) B nmamii mepexi
BukopucroByrotscs IHMT2. 3anpononosani IHMT?2, 3 ogHoro Goky, 3abe3nedyroTs (opmanizalito OLTBIIOT KUTBKOCTI JOJAaTKOBUX
CTyNeHiB HeBU3HaueHoCTi B nopiBHsAHHI 3 HMT1, 3 iHmoro 60Ky, € TakuMu, 1m0 "peatizoByroThes" IPpH po3poOIli HEUITKHUX CHCTEM
(Moneneit) i MaroTh MeHITy OOUHCITIOBAIBHY CKIIAIHICTh, Y TIOPIBHAHHI 3 HEUiTKUMHU MHOKHHAMH Jipyroro tuny (HMT?2).

Kmrouoi cioBa: cermenTanis; kiacugikaiis; He4iTKa MHOXKMHA JIPYyroro THITy; HEWiTKa HEHpOHHA Mepeka; MpOIyKIiiHa
MOJIEITb.

®OPMAJIBHOE IMPEJCTABJIEHUE ITPOIIECCA MNONMUKCEJIBbHOM
KJACCUPUKAIINU C UCITOJIB30BAHUEM MOJIUDGUIIUPOBAHHOM
HEMPOHHOW CETU BAHT'A-MEH/IEJIS

IIpenMeToM ucciieoBaHUs B CTaThe SIBISIFOTCS IPOLECCHl (hOpMaU3aliiy 3a1auy MOMUKCEbHON KiIacCH(UKANK C HCTIOJIb30BaHHEM
MOIU(PHUINPOBAHHON HEYETKOW HEHPOHHON MpPOMYKIIMOHHOU ceTH BaHra-MeHzemns Asi CeTMEHTAlMH TOPOJCKUX CTPOCHHUH HpHU
aBTOMAaTH3UPOBAaHHOM aHAlIM3€ KOCMHYECKHX U aypodoTOCHHMKOB Tepputopuu ropoaa. Lleab paboTel — pa3paboTka apXUTEKTypBI
MOIU(PHUINPOBAHHONH HEYETKOH HEHPOHHOW MPOMYKIMOHHOW ceTH BaHra-MeHzens B KadecTBe KiIacCH(pHUKATOpa JJsl CErMEHTALUH
N300paKeHNH JUI TOBBIICHUS 3HAYCHHH ONEPAaTHBHOCTH M JOCTOBEPHOCTH TOPOJCKOTO MOHMTOpHHTA. B crarhe pemrarorcs
CIeAyIOmKe 3aJa4vM: aHAIW3 BO3MOXKHOCTEH MoOIU(UKanuu ceTH BaHra-MeHaens Ha OCHOBe NpeACTaBIeHHA (QyHKIUI
MIPUHAUIE)KHOCTH B TEPMUHAX WHTEPBAJBHBIX HEUETKHX MHOXecTB Broporo tuna (IHMT2) u peanmuzanus onepanmii aznpukanmy,
arperupoBaHNE W aKTUBALMHM C WCIONb30BaHWeM orepanuid Ha IHMT2, pa3zpaboTka apXHTEKTYpbl MOIU(DHUIMPOBAHHON HEUETKOM
HEHpPOHHOII MPOAYKIMOHHOW ceT Banra-Menperns B kauecTBe KiaccuduKkaTopa A CerMeHTauuu u3o0OpaxkeHuil. Mcnonbs3yrorces
Takue MeTOAbl M MOJEJM: METOAbl U MOJEIM TEOpPUHM HEYETKHMX MHOXECTB (HedeTkas HelpoHHas ceThb Banra-Mennens,
UHTEPBaJIbHbIC HEYETKHE MHOXKECTBA BTOPOTO THIIA), METOJIBI M MOJIEII METOI0JIOTHH TIyOOKO# yueObl (CBepTOYHAs HeWpOHHAs CETh
IUIsl cerMeHTannu u3o0pakeHuit (aBrokoaupoBumk) U-Net). TlonydeHsl cieayromiie pe3yJbTaThl: MPEUIOKEHO HCIIOIb30BAHUE
HeueTKOH HeHWpoHHOU cetm Banra-Mennens B kadecTBe Kiaccupukaropa MoxuduimposaHHOro nexomepa U-Net Ha OCHOBe
npezncTaBieHus QYHKIWA npuHamiexkHoctd B IHMT2 u peanmzanus omepanuil ¢asuuKamuy, arperupoBaHHs W aKTHBAI[MH C
ncnonp3oBanueM onepannit Ha IHMT2; BBeieHre TOTIOTHUTENBHOM ONepaliy MPUBEIACHUS THIIA B coe AehasupuKanni UCXOTHON
TIepEeMEHHOH Ha OCHOBE KITACCHYECKOTO METO/a IEHTpa TshkecTH (centroid); BBe/IeHNE HECKOIBKUX BBIXOJIOB CETH JUISl paclO3HABAHMS
COOTBETCTBYIOLIETO KOJIMUECTBA KI1accOB (IIOJIKIIACCOB) MpeAMETHON 00acTu. /st 3TOro TpeTHii Cloi mpescTaBiseTcs: Kak Habop u3
HECKOJIbKUX Tap HEHpPOHOB CyMMAaTOpOB, a YETBEPTHIM peaau3yeT HECKOJIbKO HEHpPOHOB-HOPMAIM3aTOPOB, KOJIUYECTBO KOTOPBIX
OTBEYAET KOJUYECTBY Map TPEThEro cios. BbIBOA: NMPUMEHEHHE B apXUTEKType CBEPTOUHON HEWPOHHOM CETH Ul CErMEHTalUU
n3obpaxennii U-Net B kauecTBe KiaccupukaTopa MOIU(GUIIMPOBAHHON HEUETKOI HEHPOHHOM MPOAYKIIMOHHOIT ceTn Banra-Menpens
00eCneYnT JOIOIHHUTEIRHOE MOBBIIIEHHE TOYHOCTH IOIMKCENbHON KIacCH(HKAIUN ONpeelNeHHbIX 00beKToB. BmecTo HeueTknx
MHOxecTB repeoro tuma (HMT1) B manHo# cetn ucnonb3ytores IHMT2. [pennoxenst IHMT2, ¢ omHOH cTOPOHBI, 00€CTIEUNBAIOT
(opManm3aImo GONIBIIEro KOJIMIECTBA JOMONHUTEIBHEIX CTeNeHel HeompeeneHHocTH 1o cpaBHenmio ¢ HMT1, ¢ apyroit cTopoHsI,
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SBISIIOTCA TaKMMH, KOTOpble '"peann30BBIBAIOTCA" MpH pa3paboTKe HEYETKUX CUCTeM (Mofeneil) M HMEIOT MEHBUIYIO
BBIYUCIIUTEIBHYIO CIIOKHOCTD 110 CPABHEHUIO C HEYETKUMHU MHOKecTBaMH Broporo tuna (HMT?2).
KiioueBble cJ0Ba: CerMEHTAlUUs; KiaccU(UKalMs; HEYETKOE MHOXKECTBO BTOPOTO THUIA; HEUYEeTKas HEHPOHHas CeTb;

NpOAYKIOHUOHHAA MOAECIIb.
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B. B. KOYAH

SMEHIIEHHS BIIVIMBY HEOJHOPITHOCTI TEPMOIIAP HA PE3YJIBTAT
BUMIPIOBAHHS TEMIIEPATYPHU

IIpenMeToM JOCTIKEHHS Y CTaTTi € BUCOKOTOYHI BUMIPIOBAaHHS TEMIIEpPaTypH TepMOIIapaMH, eJEKTPOIH SIKUX AerpaayBain depes
TpHUBAJy [0 BHCOKOi Temmeparypu mnpH ekciuryaramii. IIBuaxicte merpamamii mpuOiamM3HO mporopuiiiHa TemmepaTypi cranoi
eKCIITyaTanii JUITHOK eJeKTPOJIB TepMomap Ta 4Jacy eKcIUlyaramii. Jlerpamaiis € mpUYMHOIO BOX BHAIB IMOXMOKH — Bix npeidy
¢yHKuUii neperBopeHHs (ii MOCTYNMOBOI 3MiHHM MPOTIATOM Hacy eKCIUTyaralii) Ta Big HaOyTOi TEpMOENEKTPUYHOI HEOTHOPITHOCTI
CIIEKTPO/IiB TepMoIap (IposBIsie cede sk 3MiHa (YHKIIT TepEeTBOPEHHsI TepMOTIapH P 3MiHi MPO(dLI0 TeMIIepaTypHOTo OISl HaBiTh
MIPU CTAIUX TEMIIEpaTypax poOOUOro Ta BiIbHUX KiHIIB). MeTOI0 CTATTi € AOCTIKEHH METOAY MiJBHIICHHS TOYHOCTI BUMipIOBaHHS
TeMIepaTypd TepMOIlapaMH, IO MAloTh 3HAuyHy, HaOyTy y Mpoleci eKCIUTyaTalii, TepMOEJICKTpUYHYy HEOTHOpigHicTh. Mera
JOCSTAEThCS IUIAXOM cTabimizanii mpodigro TeMImepaTypHOro MO B3IOBXK €JIEKTPOAIB TEpMOMap, ToAi moxuOka Bix ix HalOyToi
TEPMOCNIEKTPUYHOI HEOJHOPITHOCTI HE MOXKe cebe IpOsBUTH. 3aBHAHHSA: OI[iHKA MOXHOOK BHMIDIOBaHHS TEMIIEpaTypH 3a
JIOTIOMOTOI0 TepMOIIap, po3poOJICHHs METOXIy MiIBHIIEHHS TOYHOCTI BHMIPIOBaHHS TEMIIEpaTypH HEOTHOPITHUMHU TEPMONApaMH,
3aco0y crabimizanii nmpodinato TemmepaTypHOro MoJsi, METOAIB KepyBaHHS MpodiIeM TEeMIIepaTypHOTO MO Ta eKCIepHMEHTaIbHI
JOCIIJDKEHHST TIPOIIOHOBAaHUX METOJIB KepyBaHHS. BUKOPHCTOBYIOTBhCS 3arallbHOBIZJOMI MeTOAM: KOHCTPYIOBAaHHS OOJaIHAHHS i3
3aJaHUMH TMApaMEeTpaMu Ta OOMEXEHHSIMH, OOYMCICHHS NUIIXOM pIIICHHS CHCTEMH JiHIHHHMX PiBHSAHB, (POpMYyBaHHS HEOOXiTHOL
(YHKLIOHAIBHOI 3aJI€KHOCTI 32 JOMOMOTOI0 HEWPOHHOI Mepexi, eKCIepHMEHTalbHI AochiKeHHs . OTpIMaHO Taki pe3yJbTaTH.
Crabinizanis npodiso TeMIepaTypHOro Mojs Ja€ 3MOTY 3MEHIIHNTH BIUIMB HAOyTOI TEPMOENEKTPHYHOI HEOAHOPITHOCTI TepMonap,
sKa 3a JaHUMH JiTepatypu, Moxe csaratu 11°C, ngo piBas 1,3°C. Ilokasano, mo po3poOmeHuid 3aci® crabimizamii mpodimo
TEMIIepaTypHOTO IOJsI — 0araTo3oHHa TpyOuara Iid — 4yepe3 TiCHHH TEIUIOBHMH 3B'I30K MK 30HaMHM, BUMarae 0araTOKaHaJIbHOTO
perynsaTopa, He CXWJIBHOTO A0 caMo030y/DKeHHs. 3almpoNOHOBAHO JBAa METOAM KepyBaHHS HpodileM TeMIepaTypHOro IOis — Ha
OCHOBI PIllIEHHSI CHCTEMH JIIHIHHUX PIBHSHb Ta HEHPOMEPEKEBUI METOJ, Y IKOMY HEHpOHHA Mepeka HaBUYAEThCs OE3M0CepeTHBO Ha
OaraTo3oHHIH neyi. BucHoBKH. fIk mOKa3anu HpoBeleHi eKCIepUMEHTalIbHI JOCIIKEHHS, TPOIIOHOBAHI METOIHM HE JAI0Th 3MOTH
moxuOmi Bix HAOYTOI TEPMOENEKTPHUYHOI HEOTHOPITHOCTI TepMomap MPOSBUTH cede, 10 3a0e3Medy€e MOKIHUBICTD MiJABUIICHHS
TOYHOCTI Ta METPOJIOTTYHOT HAAIHHOCTI BUMIPIOBaHHS TEMIIEPATypu iCHYFOUMMH THIIAMH TEPMOTIap.

KuarouoBi cioBa: TepMmomnapa; moxuOKa; TEPMOENEKTPUYHA HEOTHOPIMHICTH TepMmomap; 0araTo30HHUN 00’€KT; KepyBaHHA
TEeMIEpaTyporo.

Beryn BoHa B necATkM pas3iB NEpEBHIIYE TOXHOKY KpaIiux
BUMIiPIOBAITbHIX KaHaJiB [8 —10]. OcHOBHUMH

PO3BUTOK TIPOMHCIOBOCTI y pamkax Konmemmii —NoxuOkamu TII e:
4eTBepTOi  MPOMUCIOBOI  peBomomii [l]  BuMarae - 3HauHi HIOYaTKOBI BiIXUJIEHHS Gynkuii
BJIOCKOHAJICHHS TE€XHOJIOTIYHUX IIPOIECIiB Ta O0JIaTHAHHS nepersoperHs (PII) TII Bix HoMiHaneHOi — gn4

nomwupernx TII Tamy XA (K) mo 5,5°C mpu 600°C Ta 8°C
npu 1100°C [4];

JUIS iX IIPOBCACHHA. OZ[HOIO 3 KJIIOYOBHX JIAaHOK Yy HbOMY
rpa€ BIAOCKOHAJICHHSA BI/IMip}OBaHBHOFO 06J'IaZ[HaHH$[. A

BXE JaBHO Y BHMIPIOBAJbHHUX KaHAIaX IPOMHCIOBHX
BUMIPIOBAJIbHUX CHCTEM JOMiHy€ MOXHOKa ceHcopis [2].
[Ipuxmagom MoOXyTe OyTH TpWiIagd 1 CHUCTEMH
BUMIPIOBaHHS TeMIepaTypu 3a JIOTIOMOT 010
TepMoenekTpuuHux neperBoproBaviB (TEII), uyTnuBumu
enemeHTamu skux € Ttepmorapu (TII) [3]. VYcmixm
MIKpOENEKTPOHIKH 32 OCTaHHI NECATHIITTS Jalld 3MOTY
MiABUIMUTH TOYHICTH BHMIPIOBaHHSA TEepMO-€.p.C. Y
JecaTKH pasiB, a moxuOku TII 3a meil yac He 3MIHMITHCS
[4]. e minTBepmKye BUITyCK €BpONEHCHKOIO acoliamiero
HaliOHAIBHUX MeTposoriynux iHcrutytiB €BPAMET
CICIiaNbHUX JOPOXHIX KapT [5, 6], Ae miIKpecieHo
HEOOXiMHICT MIJBUIIEHHSA €IHOCTI TEMIEpaTypHHX
BHMIipIOBaHb HIUIIXOM cTBOpeHHS TII, sKi MaroTh BHILY
TOYHICTH 1 METPOJIOTIYHY HaiHHICTb.

IMoxu0xu BUMipIOBaHHSA TeMIepaTypH 3a A0NMOMOI0I0
TepMonap

[Tpu BumMiproBauHi Temmepatyp Buiie 600°C TII Bce
e 3aIHAMIAI0TECA HAaWOUTBII TOIMIMPEHUMH CEHCOPaMH,
X04a BOHU MAIOTh PAJ HEIOJIKIB, 30KpeMa, HaATO BEIUKY
JuIsi 0araTbOX TEXHOJIOTIYHHUX TMpoIeciB MOXUOKy [7].

- 3HayHuil napeiid DI npu TpuBanmiii excruryararii
npu BHCOKHMX Temieparypax (3mina @®IT TII B waci
excrutyaraniil) — gt TIT tumy XA (K) npu waci
excrutyaranii 1000 rogun pocsarae 0,5°C npu 600°C Ta
10°C mpu 1100°C [117;

- moxuOKa Bix HaOyToi MpH TpUBaNil eKCILTyaTamii
IpU  BHCOKHMX  TEeMIleparypax  TEepMOEIEKTPUYHOI
HEOHOPiAHOCTI enekTpoaiB [12 — 16] — anst TIT Tuny XA
(K) mpu 4aci ekcruryaranii 1000 rogus nocsirae 11°C mpu
800°C [14].

Metoan 3menmenHs noxubok TII mepmoro [17] i
npyroro [18] Bumy pospobieHi momomi masHo. Y [19]
MOXKOKY Big HAOyTO TEPMOEIEKTPUIHOI HEOTHOPITHOCTI
BBaXAIOTh Haiibimpm HeOesmeunor. Ilpwamboro ii
BUHUKHEHHS € 3alle)KHICTh IIBUAKOCTI  Jerpajarii
enektpoxiB TII Big Ttemmepatypm ekciuryaramii. Ilpum
TPHUBAJNiA eKCIUTyaTamii BHACTIJOK Jerpajgamii KokKHa
ninsHka enextponis TII orpumye iHmuBinyansny OIT.
IMpm 3miHi mpoduIo TeMIepaTypHOro NONS B3HOBX
esrextpoiB TII 3MiHIOETECS TemmepaTypa nepeOyBaHHs iX
IUISHOK. BIANOBIZHO 3MIHIOETHCA ITOXHOKA KOXKHOI
ninsHkr. Tomy 3MiHIOETBCST TepMo-e.p.c. TII B minomy,
He3BaXKAIOYM Ha Te, MI0 TeMIeparypd pododoro Ta
BUTLHUX KIHI[IB 3aJMINAIOTBCA TOCTiHHUMHU. Ay [20]

© B. B. Kouan, 2020
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3po0JIeHO BUCHOBOK, mo ToxuOky TII, ski moOyBamu B
eKCIUTyaTallii, B3arajii He MO)KHa KOPHUTYBATH.

AJle OCTaHHIM YacOM TMOSBHIIUCS TEXHIYHI PIilICHHS,
o0 Jal0Th 3MOTY 3MCHIIWUTH BIUIUB IOXHOKH Bif
HeoaHopigHocTi TIT Ha pe3ynbTaT BUMIipIOBaHHSA. MeToro
JMAHOi  CTaTTi € JeTalbHUH  pO3DNISAN  HAHOUIBIN
eeKTUBHOTO i3 1IMX MeTo B [12].

MeToa miABULIEHHS TOYHOCTi BUMIPIOBAHHS
TeMIlepaTypH HeOJHOPIIHUMH TepMoNapamMHu

Sk Oymo cka3aHo, moxuOKka Big  HaOyTOl
HEOJHOPITHOCTI TposiBisie cede TpH 3MiHI Npodito
TeMITepaTypHOTo 1o B3MoBXk enekrponiB TII. OcHoBHa
iness Meromy [12] moyArae B HacTymHOMY. SKIIO He
JIOTYCTUTH 3MiH IIbOTO Tpo(iio (cTadiTizyBaTu Horo), TO
moxubka Big HaOyTOl HEOTHOPIMHOCTI He 3MOXke cebe

nposiBUTH. He momycTuTy 3MiH Mpodifo MOXHA MUITXOM
cTtBOpeHHsT s enektpomiB TII ix BiacHOro mpodimto
TEMIEpPaTypHOTO TOJA 32 JOMOMOTOI  JIOAATKOBHX
CHUCTEM DpETYJIIOBaHHS Temmeparypu. HarpiBadi Ta
CEeHCOpHM [MX CHCTeM IIOBHHHI OyTH 3MilIeHi Mo oci
enexrpoxis TII.

KonctpyktuBHa cxema mpomnoHoBaHoro TEII 3
KepoBaHuM TmpodineM Ttemneparypuoro mons (TEIT 3
KIITIT) noxana Ha puc. 1 [12, 21]. T'onoBHa Tepmomapa
I'TC Bumiptoe Temmepatypy o00’ekra. B3mosx i
CJICKTPOMIB  PO3MIIlleHI 30HM KepyBaHHSA TpodiiemM
TEMITEpPaTypHOTO ToJisi. BOHM cKIagaroThCcs 3 HarpiBadiB
H1 ... Hn Ta BignoBigaux iM ceHcopiB TemmepaTypu TII1

TIIn. Bimemi «ki"m Beix TII  migkimrodedi  mo
BUMIpIOBaIbHO-Kepyrodoi cucreMud (Ha puc. 1 He
MOKa3aHa).

H1

< IlIn

o000 Hn

< 110

< [lI1

BinbHi xiHI

D

F C

v

Puc. 1. KoncrpyktusHa cxema mpornoHoBanoro TEII 3 kepoBaHuM nipodisieM TeMIiepaTypHOTO TOJIs

Buusy puc. 1 mokasano npodiib TeMIepaTypHOro
nois ABC, 3aianuii perynsaropaMu TeMiieparypu Ha 0asi
TII1, HI TIIn, Hn. TIpu 3miHi npodinto
TEMIIEPaTypHOTO TIONS O0’€KTa B MeXax, BKa3aHUX
npodissimu D ... F, mpodine ABC He Oyae 3MiHIOBaTHCS.
Tomy noxmOka Bixg HaOyroi HeomHopignocti I'TIT He
MOXe ce0Oe MPOSIBUTH.

Jlo cucteMH BHMIpIOBaHHS TeMIepaTypu 3a
goriomororo  TEII 3  KIITII craBasitbest BUMOTHU
3a0e3neueHHss BUCOKOi TOYHOCTI BHMIDIOBAaHHS TEpPMO-
e.p.c. Bcix TII. Tomy 10 cucTeMy HalKpaiie BUKOHYBaTH

He OaratokaHampHO (kokHa TII Mae okpemuid
BHMIiPIOBAJIHUH KaHaJ) a 6araToTOYKOBOIO
(BUMIpIOBAIbHUI KaHaJdl OAMH JUIS BCIX, KOMYTaTop

Mo4YeproBo miakiooyae 1o Hporo okpemi TII) [2]. Sk
mokasaHo y [21], moxmbOka, BUKIMKaHa HaOyTOIO
HeoaHopigHicTIO enekTpoaiB ['TII (3miHOIO mpodimto
TEMIEpPaTypHOTO IIONS B3JOBX 1I €NEKTPOMiB), He
nepesumye 0,13°C. Heto moxxna HextyBaTu. Ilpn npomy
3arajbHa II0XMOKa BHUMIPDIOBaHHS TEMIIEpaTypH 3a
nonomoroto I'TII (mpu ymoBi Kopekmii HOXHOOK Bif
nouatkoBoro Bimxwiends PII TII Bix HoMiHAIBHOI Ta
npetigy OI1 TII 3a wac ekciuryaTamii Ha 0a3i MOBIpKH
I'TTI 3a nomomoroto etanonnoi TII) ve nepeBumrye 1,4°C.

Iiu kepyBaHHs npodijieM TeMIepaTypHOro MoJist

IIpencraBnena Ha puc. 1 Ta 'y [21] xoncTpykiis TEIT
3 KIITII, BukoHaHOi SIK €IWHUIN IHTETPOBaHWUN CEHCOD,
Mae 3Ha4YHi HEeJIOJIKH:

1. CknaiHICTh KOHCTPYKIIIT;

2. Biacyrhicts yHidikanii 3 icHyrounmu TEIT;

3. Hemoxnugicte 3actocyBannsi g0 TEIL, mo Bxe
BUITYCKaIOThCS;

4. Cxuaanicts 3aminu ['TII npu 3HauHIN gerpamarii
ii enexTpo/IiB;

5. HeoOXigHiCTh METPOJIOTIYHOT aTecTallii SK HOBOTO
BHUJly CEHCODA.

BkazaHi HENONIKM € CyTTEBHMH, BOHH CTPUMYIOTbH
MOIHBIicTh mupokoro Bukopuctanus TEIT 3 KIITIT. Ane
i HEJOJIIKM HE TPUTAMaHHI caMOMY METOJY 3MEHIICHHS
BIUIMBY 3MiH TMpOQUII0 TEeMIIEpaTypHOro TIONI1 Ha
pe3yibTaT  BHMIPIOBaHHS  TeMmmeparypu. BoHu €
HaciuiakoM BukoHaHHs TEIT 3 KIITII came sk eauHOro
iHTerpoBaHOro ceHcopa. i X yCYHEHHS [OLIIBHO
pozainuru TEII 3 KIITIT na: (i) cam ceHcop, Tooto I'TIT
(cranmaptmzoBany TII, sika Bumyckaetscs); (ii) 3aci
crabumizamii mpodiio TeMmepaTypHOro OIS B3JOBXK
enexkrpoxis I'TII (cneniamizoBany TpyOuaty mid). Toxi Bci
BKa3aHi BUILE HETOJIIKH yCyBalOThCH.

KoncTpykTiBHa cxema MIPOTIOHOBAHOT
criewianizoBaHoi 0araTo30HHOT TpyO4aToi meyi nojaHa Ha

puc. 2. Bona ckimamaeTbcs i3 30BHIMIHBOTO | Ta
BHyTpilIHBOrOo 2  TpyOuaTMx KopmyciB  (nmiamerp
BHYTPIIIHBOTO  KOPIyca  BiANOBia€  30BHIIIHBOMY

nmiamerpy crangaptuzoBaHoro TEIT). Kopmyem 1 1 2
3’emqHaHi cTiHKaMu 3 1 4 3a JOMOMOTOI0 3BapHMX IBiB. B
cepeuHi medi PO3MIIMIEHO 130JAMIHHUN (KepaMidHHIA)
mwtiap 5. Ha mumiagp 5 Hamorano (abo HammuieHO)
HarpiBad 6. BuBomm 7 HarpiBaga 6 mpOXOZISATh Ha30BHI
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yepe3s i3osmiiHi BTynku 8. [Ipoctip mixk koprycamu 1 i 2

3aMOBHEHUH TEIUIOI30IHIM MaTepiaaom 9.

758

X X X X/ X
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X

6
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X X X X X X
o0 60000X X

3BapHi MIBU

4 8

Puc. 2. KoHCTpYKTHBHA cXeMa CHelialbHOT medi

OCHOBHOIO BHUMOTOI0 TIPH KOHCTPYIOBaHHI Oyio
CKOPOUYCHHSI KUTBKOCTI BHBOMIB, IO BHBOAITHECA Ha
TOpLEBY CTIHKYy Teui (JIiBy Ha pHc. 2, TpaBa CTiHKa
3HAaXOIMWTLCS MPH BHUCOKiM Temmeparypi). Tomy Oyio
cymimeno HarpiBaui HI1 Hn Ta cencopu ix
temnepatypu TII1 TIIn. Jnst uporo HarpiBayi 6
MOTalTh (200 HANWIIOITH) MarepiaioM  OIHOTO
enektpona TII (wampukinax, xpomento). Busomu 10
HarpiBadiB 6 poOJIATh 3 MaTepiany iHmoro eixektpoaa TII
(mampukiang, amomenio). IIpy okpeMOMy BHTOTOBJICHHI
HarpiBauiB HarpiBadi H1 ... Hn ta cencopiB TCI1 ... TCn
KUTBKICTh BHBOJIIB JUISI N 30H HarpiBy medi Oyma 6um 4n.
[Ipu cyminieHHI HarpiBadiB i CEHCOPIB KUTBKICTh BUBOIIB
oyzne n+2.

MeToau kepyBaHHA npodinem TeMnepaTypHOro moJis

Cunij BiI3HAYWTH, IO MIX pi3HUME HarpiBayamu H1
... Hn (ta cencopamu ix Temmeparypu) iCHye 3Ha4YHUI
TEIUIOBUii 3B’130K. TOMY NpH BUKOPHUCTAHHI TPaaHLiHHAX
OaraTtokaHaJIbHUX PETyJITOPIB Jy)ke IMOBipHa BTpara iX
cTifikocti  (reHepalis ~ TEMIEPAaTYpHUX  KOJIMBAaHb).
Cucremn 6araTo30HHOTO peryJroBaHHs, K1
3a0e3neuyroTh CTIHKICTh IPH B3a€EMHHX BIIMBAX OKPEMHX
30H, BUMararoTb 3HaYHUX OOUYHMCIIOBAIBHUX pecypciB. Y
[22, 23] OyB 3ampoONOHOBaHWIA TPOCTHH METOX
peryiItoBaHHs, SKAH MOXKHA pealizyBaTH 8-MU OITHHM
MIKpPOKOHTpOJIEpoM. B iioro ocHoBy OyJio MoKJaJeHo aBa
TBEPKSHHSI:

3aJI©KHOCTI MPUPOCTIB TEMIIEPATYpH BiJ| MPUPOCTIB
MIOTYXHOCTI € JIiHIHHUMU;

pu 00YMCICHH]I IPUPOCTIB MOTY)KHOCTI CYMYIOTh HE
TEIUIOBI IIOTOKH, a 6e310CcCepeTHRO TEMIIEPATyPH.

Taki TBepmKeHHS cymnepedyaTrb TEPMOJIMHAMILI.
OpHak, npu MaJux BIZIXMJICHHSIX nipodinio
TEMIIEpaTypHOTO MOJIS BiJl 33J]aHOTO, BOHHU JAIOTh 3MOTY
NpuOIM3HO OOYUCIMTH HEOOXiNHI 3MIHM TOTY>KHOCTI
HarpiBauiB. /i mbOTO HEOOXITHO PIMIUTH (HATPHUKIAI,
MerozoM ["ayca) cucteMy piBHSHB BHIY

AT, =k, AP, +Kk,AP, +...+ K, AP,

AT =Kk AP, +k,AP, +...+ kAP,

ne AT,..AT, — HeoOXinHI 3MIHM TeMIIepaTypH HarpiBadiB
30H Bifg 1 10 n; AR..AP, — HeoOXimHi A7 HBOTO 3MiHH
Kyg---Knn

HarpiBadiB  Ha

MOTY)KHOCTI ~ BIANIOBITHMX  HarpiBayib;

KOe(ILIEHTH  BIUIMBY
TEMIIepaTypy B 30HaX.
[Ticas yeproBoro oOYMCIICHHS Ta 3MiHH MOTY>KHOCTI

OKpEMHX

HarpiBayiB HEOOXITHO 3a0€e3MeYnTH 3aKiHYECHHSA
MepexigqHOro Mpolecy TemtoooMiny. HacTymHy 3miHy
MOTYXKHOCTI  HarpiBawiB (32 pe3yJbTaTaMH HOBOTO

BUMIPIOBAaHHS TEMIIEPAaTypH Yy BCIX 30HAaX) MOXKHA
BUKOHATH IIICJISl 3aTPUMKH TPHBAIICTIO HE MEHILE TPhOX
MOCTIHMX dvacy medi. TakuM YHHOM, OTPHUMYEMO
NPaKTHYHO PO3IMKHYTY CUCTEMY pPETYJIIOBaHHS, sSKa, 3a
paxyHOK iTepaliifHOro HaONIDKeHHS [0  3a/laHoro
npodiI0 TEMIIEPaTypHOTO MOJIsl, HE BTpayae CTIHKOCTI
(HEe cxuIIbHA 710 CaMO30YIKESHHS ).

OpHak omnuMcaHWid METOJ] peryjaroBaHHS 100pe
MPAIIoE JIUIIEe NMPU MajJHX i MOBUTBHUX 3MiHaX MPOdiiTro
temneparyproro moist. Koedimientn Kip..K,, moBunHi

OyTH BH3HAYeHI ISl 3aJaHOi TEMIIepaTypH eKcIuTyartallii
KOKHOT 30HH. AJie 1 TOJi poliec BCTAaHOBJICHHS 33JaHOTO
npodiI0  TEMIIEPaTypHOrO TMOJii BHUMAarae JICeKUIBKOX
iTepanifHUX UKIIIB YTOUHEHHS MTOTY>KHOCTI HarpiBayis.
JIy1st TiABUIIEHHS TOYHOCTI BU3HAYCHHS HEOOXiTHOT
3MiHH TIOTY>KHOCTi HarpiBa4iB IpH Pi3HUX TeMIepaTypax
y [24, 25] OyB 3anporoHOBaHHI HEHPOMEPEKEBHI METOT
kepyBaHHs. OCHOBHA ifies METOLy IoJsirae y popMyBaHHI
Kepyrodoi aii HeipoHHOO Mepexero (HM), HaBueHOrO
npH pi3HHUX 3MiHax npodiiaro TemneparypHoro noss ['TIT
i mpu pizHMX Temnepatypax ekcruryaramii TEIT 3 KIITII.
Kinskicts Buxoxis HM piBHa KiJIbKOCTi HarpiBadiB 30H.
[TporoHoBaHa CTpYKTypa CHCTEMH KepyBaHHS
temneparypaum noiem MTC monmana Ha puc. 3. Bona
ckiagaerses 3 TEIL 3 KIITII (va puc. 3 noganwmii sk Habip
HarpiBauiB H 1 cencopiB C), ©OaraTokaHaabHOL
BuMiproBanbHOI  migcuctemu BBII, OararoxaHambHHX
6sokiB 3amaHHs Temmepatyp 3oH b3t°, Bignimanus BB i
kepyBaHHs bBK, a Takox HeliponHoi wmepexi HM.
PesynbraT BUMiproBaHHS TeMIiepaTypu rnocrymnae Ha bB i
HM. Tomy HM wmae indopmariro npo morpiOHy 3MiHY
TeMIepaTypr KOXKHOi 30HM Ta iHpOpMamlilo Ipo camy
temneparypy 3oHd. lle no3Bosnste HM  BpaxyBatu
3aJISKHICTh TEMJIOBUX IPOLECIB BiJ TemmepaTrypu. 3MiHa
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kepytodoi nii BK mpoBomuThCcs nuie micns 3aKiHYCHHS
MIEPEXiTHOTO TPOIECY BCTAHOBJIICHHS TEMIIEpaTypH BCiX
30H (aHAJIOTIYHO, SK Y TIOMEPEAHBOMY METOMi, IS
BHKJIIOUEHHST caM030y/pkeHHs). OHaK, 3a paxyHOK TOTO,
mo HM, HaBueHa npH pi3HHAX 3MiHaX TeMIIEpaTypH 30H Ta

PI3HHX TeMmIepaTypax 30H, 3HAYHO TOYHINE BHU3HAYAE
HeoOXiHI 3MiHM TIOTY’)KHOCTI HarpiBadiB, KiuIbKICTb
iTepamiifi mpW  BCTAHOBICHHI  3aJaHOTO  MPODiIIo
TEMIIEPATYPHOT'O TOJIsI, Pi3KO 3MEHIIIY€ThCS.
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Puc. 3. CrpykTypHa cxeMa BUMIpPIOBaIbHO-KEPYIOU0i CHCTEMH B PEXKUMI HiATPUMaHHS MPO(DUTI0 TeMIepaTypHOTO IO

HeiipomeperkeBi perynsTopy 3a3Buuail HaBYAOTHCS
abo Ha BIANOBIAHINA Mozeni 00’e€kTa KepyBaHHs, abo MpH
BBIMKHEHI X mapayeibHO 10 BUCOKOSKICHOTO PEryisTopa
("Bumtens"). [lepmmii MeTo] BUMarae CTBOPEHHS MOJEINi
00’€KTa KEepyBaHHsS, SKa MAa€ BHCOKY TOYHICTH — Ii
MMOXHOKH TIOBHHHI OYTH B JEKiJbKa pa3iB MCHIIUMHU 3a
JOMyCcTUMi  TOXWOKM  KepyBaHHA.  ImeHTHikaris
mapaMeTpiB  BHCOKOTOYHHX  MOJeNell  0araTo30HHHX
00’€KTIB KEpYBaHHS € HEMPOCTOIO 33Ja4ci0, SIKa BUMArae
3HaYHOTO O00’€My eKCHEPUMEHTANBHUX JOCIHIKCHB.
Meron 3 ByuTeseM"  BHMara€e  BHKOPHUCTaHHA
peryiaTopiB, sKi BXe 3a0e3MeuyroTh  BIAMOBIIHE
kepyBaHHs npodinem Ttemmneparyprnoro mois TEIl 3
KIITTI, ToOTO Hamepex BMilOTh BHPILIUTH HOCTABICHY
3a1aqy.

1{o6u He BuKOpUCTOBYBaTH MojeTh 00’ ekta Ta TEIT
3 KIITII, npomonyeTscst HaBuaTn HM GesmocepeqHpo Ha
00’exTi BHMiproBaHHA. s IhOTO Ha Yac HaBYaHHS

"

3MIHIOIOTh CTPYKTYpY CHCTEMH BIiIIOBIIHO 10 puc. 4.
Bxoan BK miakmouaroTh 10 OIIOKY 3aiaHHS NPHUPOCTIB
kepytrouoi aii b3I1, a Buxoau HM no 6yoky BH HaBuaHHs
HM. TIlin 4wac wnaBuanus B3Il pmae B3t° curnan
3amam’siTaTH MOTOYHY Temmeparypy i ¢opmye mns BK
BHITQJKOBI (JIOZAaTHI Ta BiJl’€MHi) MPUPOCTH MOTYKHOCTI
HarpiBauiB H. [Ilicma  3akiHdeHHs  HarpiBy  a0o
oxoomkeHHs 30H nedui BBII Bumiproe iX TemmepaTtypy Ta
nmonae 1l Ha BB i HM. HaBuena HM wmana 6 chopmyBatu
MPUPOCTH TIOTYKHOCTI, SKi OM MOBEPHYJIH TEMIEpaTypy
30H JI0 IIOYATKOBOTO 3HA4YEHHs (BIAMOBIIAIN IIPUPOCTaM,
chopmoBanum B3I1, 3 MPOTHIICKHOO MOJIAPHICTIO). SKIIO
NpUpOCTH He piBHI notpidHum, To BH 3miHioe Baru i
3MILIEHHs] HEWPOHIB /st HaOnvkeHHs (GopmoBannx HM
npupocTiB 10 noTpiOHUX. Meron Bumarae 20 — 25
TECTOBHUX 3MiH IOTYXXHOCTI NPH DI3HUX TeMIeparypax,
mami  HM  wMoke  HaBuaTHCs ~ HAa  OTPHMAaHHX
EKCIICpUMCHTAIBHUX JaHUX.
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Puc. 4. CtpykTypHa cXxeMa BUMIpPIOBaIbHO-KEPYIOUOi CUCTEMH B PEeXKMUMI HABYaHHS HEHPOHHOT Mepexi

ExcnepuMeHTaIbHI 10CTiIZKeHHS IPONOHOBAHUX
METOMIB KepyBaHHHA

I[J'IH MPOBCACHHA CKCICPUMEHTAJIbHUX ,HOCJ'IiZ[)KGHL
Nnepuioro METroAay BCTAHOBJICHHSA TEMICPATYPHOI'O IOJIA

(mo ©Oa3yerbcss Ha pimeHHI cucrteMu piBHAHB (1))
HEOOXIZHO CIIOYaTKy BHM3HAYUTH KoedimieHtH Kiq..K,,.

Jst

. 2 .
HUIAXOM HCO6XIHHO CKJIACTU CUCTEMY knn P1BHSAHL Ta

ix npAMOro BU3HAYCHHA  CKCIICPUMEHTAJIbHUM
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pitmuTH 1i BiTHOCHO Kqq..K,, . 3 pillleHHAM cHCTEMH HeMae
npobineM. Ane I8 CKIafaHHA Takoi CHCTEMH CIif

OTpUMaTH EKCIIEpUMEHTAIbHI JaHi Ui n? npodinis
TEMIIEPaTypPHOTO TI0JTS1. Takwuit METO/T Ty xKe
TpynomicTkuii. Takok BiH Mae HH3bKY TOYHICTH — TIpH
TaKiil BENMKiM KiTBKOCTI MPOdITIiB TEMIEpaTypHOTO OIS
pi3HHIII MK HHUMH OyayTh Mami. Tomi TOXHOKH
BUMIPIOBaHHS 1 HE3aKiHYEHICTh MEPEeXiHUX MPOLECIB
OyZIyTh CWJIBHO BIUIMBATH Ha PE3YJbTaTH OOYHCIICHHS
koedimientiB Ky...Ky, -

[MporoHyeTbCsi  METOA  OKPEMOrO  BHU3HAYCHHS
Koe(ilieHTIB Ay KOXHOTO HarpiBada. [Ipu 1mpoMy Tin
4ac KOXHOTO EKCIEPHUMEHTY BMHKAIOTh JIMIIEC OAWH 3
HarpiBauiB (Hampukian, j). Tomi cucrema piBHsHb (1)
"BUPOIKYEThCA" B CTOBICHb. 11 pilIGHHA Xa€ 3MOTY
oTpuMaTH 3HaueHHs Koebiuientin Kj;..Kj,. Pesynbratu

KOXHOI'O 3 IIMX EKCIEePUMEHTIB MOXHA IPEICTaBUTU Y
BUIIIAl rpagika (puc. 5). 3 Takoro rpadika MOKHa MPSIMO
sHalfti 3HauenHs koedinientis Kj..Kj,. Takum duHOM

JUIs N HarpiBaviB
eKCIICPUMEHTIB.

AOCTAaTHBO MPOBECTU JIUIIEC 1N
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Puc. 5. BignocHuit po3nonin 3minu temuepatypu B3aosx TEIT 3 KIITII npu BBIMKHEHHI 0JJHOTO HarpiBaya

Y IponoHOBaHOMY METO/Ii BU3HAYCHHS KOC]IIli€HTIB
Ki1.-Kyy 38 3aMOBUYBaHHAM HPHUIHATO, WO MOTYXKHOCTI

BCiX HarpiBadiB piBHI. OJHAK MOTYXHICTh peaTbHUX

HarpiBadiB OKpeMHX 30H He € ojHakoBotw. Jlms
BpaxyBaHHSl DI3HHUII MDK MOTYXXHOCTSIMH  OKpEMHX
HarpiBa4iB  MPENCTaBUMO  HPUPOCTH  IOTY>KHOCTI

HarpiBauiB APF,...AP, B KoXHOMY uJeHi NpaBoi 4acCTHHH

cuctemi (1) gk

APi = APMlN 'kip ) 2

ne k{ — xoedimienT nepeBHIIEHHs TOTYKHOCTI OKpEMHX
HarpiBadiB HaJ NOTYXXHICTIO HarpiBauya, IO CTBOPIOE
MiHIMaNbHY TeMIlepaTypy y CBOIil 30HI miJ u4ac
eKCIIEPHMEHTAIEHOTO BU3HAUCHHS Koe(ilieHTiB Kij...K,, -

B cBoro dwepry momaTkoBi Koe(illieHTH klp...knp
MOYKHa BH3HAYUTH 5K

p _ AT
ki - IATMIN 1 (3)

ne ATy — MiHIMaibHA 3MiHa TEeMIIEpaTypH 30HH CBOIM

HarpiBaueM IiJi yac Bu3Ha4YeHHs KoediuieHTIB Kyp..K,,;

AT, —3MiHa TeMIepaTypH 30HH CBOIM i-THM HarpiBaiem.

Pesympratit  eKCHEpUMEHTANIBHUX  JIOCIIIKEHBb
MpoIlecy BCTAHOBICHHSA MPOQUII0 TEMIIEPaTypPHOTO OIS
UL METOJY, IO 0a3Y€ThCS HA PIlICHHI CUCTEMHU JIiHIHHIX
piBusinb (1), npeacraBneHo Ha puc. 6. OIUHUISIMU Yacy
Ha oci aOCIWC € BiJHOCHI OAWHMIN, 3HAYEHHS SKHX
BIJNIOBiZa€ MOJBINHIM mocTiiHi# yacy TII 3 KIITIL. Sk
BUJIHO 3 pHC. 6, BiaxuieHHs Temneparypu 3o TII 3
KIITII Big 3agaHux MOCTYHOBO 3MEHINYyIOThcs. OmHak
TPUBAIIICTD npotecy BCTaHOBJICHHSI npodiiro
TEMIIEPaTyPHOTO MO € BENIUKOI0. HaBiTh U HEBETHKIX
BiIXWIeHH:X (Ha puc. 6 — He Oinmbire 2,5°C) HeoOXiTHO He
MEHIIIE TPHOX iTepariil.

eigxunenns, rpa. C

BNONR Y

—_
L]

4 = L

BiOHOCHWA Yac

Puc. 6. [Iporec BcTaHOBIECHHS MPOQIITIO TEMIEPATYPHOTO MOJIS IIPU KePyBaHHI 332 METOJIOM, II[0 0a3y€ThCS Ha PIllIEHHI CHCTEMH

JHIHHUX PiBHSHD
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Ha puc. 7 mpencraBneno ananorigni rpadiku mns  iTepariiiHoro nukiy). Lle cTocyeThesl TakoX BETUKUX (70
HelipoMepekeBoro MeToay KepyBaHHs. Sk BumHO 3 puc. 7,  20°C) BimxwieHp HPOQII0 TeMmIepaTypHOTO MO Bif
JUI BCTAHOBIICHHS 33[aHOTO MPOQIII0 TeMIepaTypHOro  3aJaHoro.

IONsl  TOCTATHBO [IBOX TIIOCTIHHHUX dYacy (OJHOTO

25.00
20,00
15.00
10,00
5,00
0,00
-5.00
-10.00
-15.00
-20,00

BigxuneHHAa, rpan. C

BiAHOCHUA Yac

Puc. 7. [Ipouec BcTaHOBIECHHS MPODIITIO TEMIIEPATYPHOTO TOJIS IPH KePYBaHHI HEHPOMEPEIKEBIM METOIOM

BucHoBkn ®IT TII Big HOMiHAmBHOI Ta Bim nmpeidy ii DI moxHa

3a0€3MeYNTH BHCOKY TOYHICTH Ta  METPOJIOTIYHY

SK BHIHO i3 pe3yNbTATIB JMOCHIKEHb, MeTOx  HAMIHHICTH BUMIDIOBaHHS TEMIIEpATYpH MpU TPUBANiH
3MEHIICHH BIUIMBY Habytoi B mpomeci Tpusamoi ekcrutyarauii TEIT npu BUCOKHX TemmepaTypax.
eKcIuTyartanii TepMoenekTpudHoi HeomHopimHocti TIT Ha Cnixg  Bi3Ha4YMTH, 1O MPOMOHOBAaHI  METOIH
noxubKy  pe3yNbTaTy  BHMIDIOBAHHS — TemmepaTypu  KepyBaHHs mpo(iseM TeMIepaTypHOro MOJs MaioTh
uUisAxoM cTabimizamii mpodimo TemmepaTypHOro moms ~— HEBHCOKY OOYMCIIOBAalbHY CKIAAHICTh. Xoua Mpouec
B3/I0BK 1i eneKkTpoais € nyxe edektuHuM. Crabinizanis ~ HaBuanHs HM  Bumarae Benukux —OOYHMCIIOBAIBHUX
npodilo0 TEeMIepaTypHOTO MOJs INPAKTHYHO MOBHiCTIO  PECYPCIB, BiH NPOBOAMTBHCS JIMIIE TIPH HAIAIITYBAaHHI
BUKJIIOYA€ BIUIMB 3MiH TPO(INIO TEMIeEpaTypHOro mojs — BHMIDIOBAIBHOTO KaHalmy. Y meil dYac HeoOXinHa
06’ekta Ha Tepmo-e.p.c. TII, moO BuMmipioe ioro MIATPEMKA  IEPCOHAIBHOrO — KoMI'KTepa. Ay
temneparypy. IIpy IbOMy HpOIOHOBaHE TeXHiuHe  MOJAIBIIOMY, IIijl 4aC €KCIUTyaTailii, Mpouec oGuucIeHHs
pillleHHs Ja€ MOXIMBICTH TIJBHIIEHHA TOYHOCTI  HEOOXIJIHMX NPHUPOCTIB MOTYXKHOCTI HArpiBayiB MOXKYTb
BUMipIOBaHHsS Temneparypu icHytounmu TII. Pazom i3 ~ BHKOHYBATH POCTi 8-Mu GiTHI MIKPOKOHTPOJIEPH.
BiJOMUMH METOJaMH KOPEKIlii MOXHOOK BiJ] IIOYATKOBOTO
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YMEHBHIEHUE BJIUAHUA HEOJHOPOJHOCTHU TEPMOIIAP HA PE3VYJIBTAT
N3MEPEHUSA TEMIIEPATYPbBI

IIpeameroM uccnenoBaHMs B CTaTbe SIBIAIOTCS BBICOKOTOYHBIE U3MEPEHMs TEMIIEpAaTypbl TEpMOIApaMH, SJIEKTPOIbl KOTOPBIX
JeTpajupoBalll W3-3a JUIHTENBHOTO BO3AEHCTBHSA BBICOKOM TeMIlepaTypbl IIpH SKCIDTyaranud. CKOpocTh  Jerpaganiu
MPUONN3UTENIBHO POMOPLHOHANIBHA TeMIlepaType M BpPEMEHH OJKCIUTyaTal[id YYacTKOB JJIEKTPOAOB Tepmormap. Jlerpamanus
MIPUBOJAUT K IBYM BHJaM MOTPELIHOCTH — U3-3a Apetida GyHKIMU npeodpa3oBaHus (e MOCTEIEHHOro N3MEHEHHS B TEYCHHH BPEMEHH
9KCIUIyaTallid) U W3-32 IPHOOPETEHHON TEPMOIJIEKTPUUECKOH HEOAHOPOAHOCTH 3NEKTPOJOB TepMmomnap (HposiBIseT ceds Kak
HU3MEHeHHe (QYHKIUHM NpeoOpa3oBaHUs TEpMOIapbl NMPH W3MEHEHHH NpoQuisi TeMmepaTypHOro MOJI JaXe IMPU IMOCTOSHHBIX
Temrepatypax pabodero M cBOOOAHBIX KOHIOB). LleJb cratbm — HCCIEOBaHWE METOAA IIOBBHIIICHHS TOYHOCTH H3MEPEHUS
TEeMIIepaTypsl TepMOlapaMy, HMEIONMMH OOINBIIYI0, NPHOOPETEHHYI0 B IPOLECCe OKCILUTyaTal[H, TEPMOAIEKTPHUIECKYTO
HEOIHOPOIHOCTh. Llens mocTHraeTcst myTeM CTaOMIM3aluy NMPOQUIS TeMIepaTypHOTO IOl BIOJH 3JIEKTPOJIOB TEpPMOMap, TOTAA
MOTPENIHOCTh OT WX MPHOOPETEeHHOH TEepMOAIEKTPHUECKOH HEOTHOPOIHOCTH HE MOXET ceOsl NMpOSIBUTh. 3afiaHHs: OIEHKa
MOTPEIIHOCTH U3MEPEHHsI TeMIIEPaTyphbl ¢ HOMOLIBIO TepMOIIap, pa3paboTka METOAa IOBBILIEHUS] TOUHOCTH U3MEPEHHsI TeMIIEPaTypbl
HEOJHOPOJHBIMH TEpMOINapaMH, YCTPOMCTBa CTAOMIM3alMK HPO(GUIS TEeMIIepaTypHOTO IIOJs, METOJOB YIpaBieHHs HpoduiIeM
TEMIIEPaTypHOTO MOJI ¥ SKCIepUMEHTAJIbHbIE UCCIIeJOBAaHHS NPEUIOKCHHBIX METOJ0B yNpaBieHus. Vcnonp3yroTces o0men3BecTHbIE
METOABI: KOHCTPYHPOBaHHE 000pYyIOBaHUs C 3aJaHHBIMU MapaMeTpaMi U OTPAaHUYEHUSMH, BBEIYHMCIICHUS ITyTEM PEIICHUS] CHCTEMBI
JUHEWHBIX ypaBHEHHH, QopmupoBaHHe HeOOX0AUMOH (yHKIMOHANBPHOW 3aBHCHMOCTH TpH IIOMOINM HEHPOHHOI cerw,
JKCIIepHMEHTaNIbHBIE HccienoBaHus. llomydeHo cremyiomue pe3yabTatbl. Crabuimmsanms Hpoduis TEMIIEpaTypHOTO OIS
MO3BOJSIET YMEHBIINTh BIMSHHE NPHOOPETEHHOH TEPMOAIEKTPUIECKOH HEOJHOPOJHOCTH TepMomap, KOTopas, 3a JaHHBEIMHU
martepartypsl, Moxker gocturate 11°C, mo yposus 1,3°C. IlokazaHo, 4TO pa3pabOTaHHOE YCTPOICTBO cTaOMIM3alNK TPOQHIIL
TEMIIEpaTypHOTO MOJIsI — MHOTO30HHAsl Tpy0OyaTas meyb — M3-3a TECHOW TEIIOBOH CBSI3M MEXIy 30HaMH, TpeOyeT MHOTOKAHAIbHOTO
peryisropa, He CKJIOHHOTO K caMOB0O30y xkieHH!0. IIpe/ioskeHo 1Ba MeTo/a yrpaBiaeHus MpoduiIeM TeMIIepaTypHOTo 1ot — Ha 0ase
pelIeHHs CHUCTEMbl JIMHEHHBIX YpaBHEHHMH M HEHpOCeTeBOW MeETOA, Ile HEeHpOHHas ceThb 00ydyaeTcs HEeMOCPEIACTBEHHO Ha
MHOT030HHOH neud. BeiBoabl. Kak nmokaszanu npoBeleHHbIE SKCIEpUMEHTAIbHbIE UCCIeJOBAaHUSA, IPEIT0KEHHbIE METOAbI HE JAr0T
BO3MOKHOCTH TIOTPEIIHOCTH U3-32 IPHOOPETEHHOH TEPMOICKTPUIECKOH HEOTHOPOJHOCTH TEpMOMIap MpOSBUTH ceds, dTo
obecneyrBaeT BO3MOXKHOCTD ITTOBBIIMICHHSI TOYHOCTH M METPOJIOTHIECKOH HaJeKHOCTH M3MEPEHHS TeMIIepaTyphl CyIIECTBYIOINMHI
TUIIAMU T€pMOIIap.

KnioueBble cJI0Ba: TepMoIapa; ITOTPEIIHOCT, TEPMORJIEKTPUUECKass HEOTHOPOAHOCTH TEPMOIAp; MHOTO30HHBIH OOBEKT;
yHpaBlieHHE TeMIIEePaTypoH.
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DECREASING OF THERMOCOUPLE INHOMOGENEITY IMPACT ON
TEMPERATURE MEASUREMENT ERROR

The subject of research is accurate temperature measurements by thermocouples whose legs undergone degradation during long term
operation at high temperatures. The degradation rate is approximately proportional to the temperature of constant operation of the
sections of thermocouple legs and time of operation. Degradation causes two types of errors — due to drift of the conversion
characteristic (its gradual change during operation) and due to the acquired thermoelectric inhomogeneity of thermocouple legs
(manifests itself as a change in thermocouple conversion characteristic when changing the temperature field even at constant
temperatures of the measuring and reference junctions). The aim of the article is to study the method of increasing the accuracy of
temperature measurement by thermocouples that have significant thermoelectric inhomogeneity acquired during operation. The aim is
achieved by stabilizing the temperature field along the thermocouple legs, so error due to acquired thermoelectric inhomogeneity
cannot manifest itself. The tasks of the paper are to estimate the error of temperature measurement using the thermocouple, develop
the method for increasing accuracy of temperature measurements by inhomogeneous thermocouples, means of stabilization of the
temperature field, methods of control of the temperature field, and experimental study the proposed control methods. There are well-
known methods used such as the design of equipment with given parameters and limitations, calculations by solving a system of
linear equations, the formation of the necessary functional dependence using a neural network, experimental studies. The obtained
results are as follows: stabilization of the temperature field makes it possible to reduce the influence of acquired thermoelectric
inhomogeneity of thermocouples, which, according to the literature, can reach 11°C to 1,3°C. It is shown that the developed multi-
zone tubular furnace for stabilizing the temperature field due to a close thermal connection between the zones, requires a multi-
channel controller that is not prone to self-excitation. There are two methods of control of the temperature field are proposed. One
based on the solution of a system of linear equations. The second method is based on the neural network, in which the neural network
is trained directly on a multizone furnace. Conclusions. As shown by experimental studies, the proposed methods do not allow the
error of the acquired thermoelectric inhomogeneity of thermocouples to manifest itself, which provides an opportunity to increase the
accuracy and metrological reliability of temperature measurements by existing types of thermocouples.
Keywords: thermocouple; error; thermoelectric inhomogeneity of thermocouple; multizone object; temperature control.
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INCREASING THE LEVEL OF PHOTO BIOLOGICAL SAFETY OF THE EMISSION
SPECTRUM OF AN LED LIGHT SOURCE

The subject of research is the emission spectra of light sources based on LED structures. The purpose of the work is to formulate
proposals to improve the photo biological safety of LED lighting systems. The article solves the following tasks: analyzing the
situation in the field of photo biological safety of light sources based on LED structures, proposing a concept for improving it in
sources based on LED modules with a two-component phosphor. Methods such as comparative analysis, spectrometric method are
used. The following results were obtained. A brief analysis of the factors affecting the photo biological safety of artificial light
sources based on LED modules and a review of modern technological developments aimed at improving it is carried out. Since the
implementation of these developments has a limited volume in the structure of the production of LED modules and a high cost, the
concept of increasing the photo biological safety of light sources using cheap white light modules with a two-component phosphor
and additional color modules to fill the gap in the spectral characteristic of white light has been proposed. A simple criterion is
proposed for calculating the required ratio of white and color modules based on their spectral characteristics to activate the natural
mechanism of eye protection due to pupil constriction. The work investigated color modules at wavelengths 480 nm, 492 nm and 503
nm. It has been shown that color modules with a shorter peak wavelength are needed less in relation to the number of whites to create
a safe emission spectrum. The paper also estimated the fraction of the emission power with a wavelength of less than 450 nm in the
emission spectra of the three investigated variants of combinations of white and color modules and four SunLike modules with
different color temperatures. The share of the blue part of the spectrum in the emission power distribution of SunLike LED modules
turned out to be higher than in traditional modules with a two-component phosphor at similar color temperatures. Conclusions. The
proposed method increases the photo biological safety of the spectrum of LED light sources to the level of natural illumination due to
adequate regulation of the pupil diameter and does not increase the total fraction of the emission power in the region A < 450 nm,
which is dangerous for vision. This fraction is even less than in SunLike modules at close values of color temperature, since their
emission spectrum is expanded to the region of shorter wavelengths and starts from A ~ 370 nm). Considering that the CVC
characteristics of color and white LEDs are close, but not identical, their series connection leads to a redistribution of the emission
power. In addition, LEDs from different manufacturers differ in energy efficiency and electrical parameters, therefore calculations in
practice need to be adjusted in each specific case.

Keywords: Emission spectrum; photo biological safety; wavelength; LED; module; energy efficiency; colorful temperature;
color rendering; illuminator; design; CVC.

Introduction

As you know, the protective functions of the retina
are adapted to the conditions of sunlight and the main
defense mechanism is the constriction of the pupil, which
reacts to the intensity at the maximum of the sun's
emission spectrum in the region of 480 nm [1].

The emission spectrum of white light LEDs, based
on the Iluminescence of the LED crystal, has a
characteristic blue peak (445 to 460 nm), the so-called
"Blue peak" and a blue-green notch (480 nm). A dip at
480 nm, which is absent in the solar spectrum, leads to an
inadequate response of the pupil to illumination: an
increase in the area of the pupil, and hence the "photo
biological" danger from excess power in the blue part of
the spectrum [2, 3, 4].

Emission in the blue part of the spectrum with a
wavelength shorter than 450 nm has a destructive effect
on the cells of the elements of the optical system of the
eye and especially the retina in the long term 25-30 years,
and the effect is cumulative [2]. In addition, one of the
factors on which the quality of vision depends is the
proportion of blue in the spectrum, since blue is scattered
in the optical environment more significantly than yellow
or red light. In the optical system of the eye, blue light is
scattered more strongly and this is perceived as a decrease
in visual acuity [1, 2].

There is an international Eye Safety certification
based on spectrum analysis. It is defined in the
international standard CIE S 009: 2002 and takes into

account the factors of exposure to the eyes and skin
described in the IEC/EN 62471 standard. The highest No
Risk level corresponds to sources that do not pose a
"photo biological" hazard to humans. An RG1 (Low
Risk) level means there is no risk in normal daily use. An
RG2 (Intermediate Risk) level means there is no risk but
may feel uncomfortable due to bright light or heat. The
RG3 (High Risk) level indicates that the light source is
dangerous even with short-term exposure [6].

According to the features of the emission spectrum
noted above, the LED lighting modules belong to the RG3
level. The smaller the dip in the spectrum at 480 nm in
relation to the peak in the blue region, the longer you can
stay in the light environment formed by artificial sources
with such a spectrum.

In [5], based on the analysis of the IEC/EN 62471
standard, recommendations are given for choosing a less
hazardous LED illuminator, where it is indicated that it is
advisable to use LED lamps with a spectrum in which the
emission intensity in the dip is at least 40% of the
intensity of the short-wave peak (a situation when spectral
characteristic corresponds to a color temperature from
2700K to 3000K). However, it should be noted that as the
color temperature decreases, the energy efficiency of the
light source decreases.

Undoubtedly, in the general trend of increasing the
energy efficiency of light sources for the formation of
luminous fluxes in a wide power range, there is no
alternative to universal LED-based illuminators, therefore,
leading manufacturers are engaged in the technological
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implementation of modern concepts of organizing the emission spectrum close to the sun to create a safe light
structure of LED modules to eliminate the shortcomings  environment. Their mass production was launched in early
of the spectral characteristics. 2017.
This technology allows you to use light that is
Analysis of the latest achievements and publications comfortable for the eyes with correct color reproduction,
which is characterized by clarity and absence of glare.
Analyzing the situation in the LED market, Seoul ~ Since the blue part of the spectrum negatively affects the
Semiconductor concluded that the race for cheap and  perception of light and human health, the new technology
efficient lumen makes no further sense, since the small ~ makes it possible to eliminate the intense peak in the blue
benefit from LEDs on the scale of the entire luminaire is  part of the spectrum. This technology uses LED structures
small. At the same time, the quality of light and safety ~ Wwith an emission peak in the violet zone, which is
suffer noticeably [7]. converted into full-spectrum emission with red, green and
Seoul Semiconductor, together with Toshiba blue components of the spectrum by a three-component
Materials, has developed fundamentally new products phosphor [8, 9, 10] (fig. 1).
using TRI-R technology - SunLike LED modules with an

N
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Fig. 1. The structure of SunLike LEDs and traditional lighting LEDs, as well as their corresponding emission spectra [10]

Unlike traditional LEDs that form a white light with the correct color rendering, where until recently
stream, with a CRI (70-85) units, SunLike LEDs have a  halogen lamps were used [8].

high CRI (98). Lighting with a high color rendering index In addition, SunLike LEDs allow you to create
is used in the work of personnel and industries associated illuminators with a changing color temperature in the
range of 2700-6500K (fig. 2) [8, 9, 11, 12, 13].
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Fig. 2. Emission spectra of SunLike LEDs with different color temperatures [8]
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It should be noted that the SunLike lighting LED,
whose spectrum is closest to the spectrum of sunlight, has
received the RG1 Eye Safety certification. This is the
highest level of safety among 25 W COB LED modules

[9].

Currently, the production volume of SunLike
products accounts for a small share of the total LED
production volume. While this is an expensive product, its
share is constantly growing; in 2020, Seoul
Semiconductor planned to increase the market share of
SunLike products to 10-15%. This technology is just
developing, so lamps based on it are still an order of
magnitude more expensive than traditional lamps with a
two-component phosphor [7, 9].

Seoul Semiconductor is not the only company to
launch the next generation of LEDs. Chinese Yuji LED
also began to produce modules with violet LEDs and RGB
phosphor, giving light with CRI 97, but the violet peak in
the spectrum is much larger and the efficiency of the
modules is less - 65-85 Im/W versus 85-105 Im/W for
SunLike [6].

Based on the foregoing, it is clear that in the coming
years, a significant change in the balance of produced
lighting LEDs in favor of modules with an RGB phosphor
with a safe emission spectrum is not expected due to the
complexity and high cost of the technology.

Proposed solution to the problem. Objective of the
work

There are two ways to increase the photo biological
safety of the light environment created by artificial light
sources. One involves the use of filtering the emission of
the lighting system to reduce the proportion of the blue
part of the spectrum and is implemented as a means of
personal protection in the form of glasses with glasses
such as BlueBlocker [15]. Another way is related to the
alignment of the spectral characteristics for the natural
functioning of the pupil, as in SunLike modules.

The article proposes a low-budget way to increase
the photo biological safety of light sources based on
traditional LED modules, in which additional modules
with an emission spectrum that partially fill the gap are
used to reduce the gap in their spectral characteristic.
Although such a solution seems obvious, the criteria for
calculating the required ratio of the number of white and
additional color modules are unclear. In addition, the
proposed method is justified, according to the authors, for
the following reasons.

First, in terms of design and operating conditions.
The use in mass production of designs of LED lighting
lamps with standard bases E27, E14, GU10 and others is a
transitional option for combining new light sources with
traditional lighting equipment. The desire to reduce the
cost of production forces developers to place a substrate
with modules, a modest-sized cooling radiator and a
power driver within the size and shape of incandescent
lamps from the appropriate form factor. At the same time,
the modules overheat due to the insufficient area of the
radiator, which reduces their light output during the
operation period, moreover, the driver functions in a

difficult temperature regime. In general, such a general
standard design does not provide a long service life of a
lamp with stable light characteristics, although the service
life of the modules themselves under recommended
conditions is guaranteed by their manufacturers for at least
50 thousand hours.

At the same time, the market of components for LED
lighting products allows, using a wide range of heat-
conducting substrates, LED modules of various powers
and sizes, drivers, to calculate and design LED custom
lighting devices of any power and with an arbitrary
emission spectrum. This is a modern practice of creating a
light environment in rooms for various purposes, and it is
used to solve the problem posed in the article.

Second, although the color rendering index of an
LED illuminator with complementary LED modules
varies, it can be used in situations where safety for vision
is preferable to accurate color rendering. An example is
long-term work with printed documents or the creation of
a background light environment in a room where people
are constantly staying.

The modern energy-saving approach to the
organization of artificial lighting in premises assumes the
presence of local lighting in the workplace, which forms
an adequate color picture, and general background
lighting for confident movement. Energy-efficient LED
lamps and strips on white LED modules with a high color
temperature (from 4500K to 6000K) or RGB LED lamps
and strips are used as background lighting to regulate the
overall emission spectrum. In any of these background
illumination options, there is a gap in the spectral response
between the blue peak and the right side of the spectrum,
which leads to visual impairment.

The immediate goal of the work is to determine the
required ratio of the number of additional color LED
modules and white modules with a color temperature of
3200K to increase the photo biological safety of the
emission spectrum of LED lighting modules.

Concept and solution methods

As a criterion for the required ratio of the number of
color and white modules, it is proposed to use the intensity
ratio at A = 445 nm (the wavelength of the maximum
emission of the white module in the blue part of the
spectrum) and at A = 480 nm in the resulting spectrum of
the illuminator, which is characteristic of the solar
emission spectrum, and namely, approximately 0.7 to 1.0,
ie.

leol (445)+ N -y (445)
lco (480)+ N - Iy (480)

=0,7, (1)

where Igo) (445) — emission intensity of the additional

color module at a wavelength of 445 nm; l¢y (480) —
emission intensity of the additional color module at a
wavelength of 480 nm; Iy (445)— emission intensity of
the additional module at a wavelength of 445 nm ("Blue
peak"); lyy (480)— emission intensity of the additional
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module at a wavelength of 480 nm (dip); N — the number
of white modules per color.
Then:

- 0,7 Igo1 (480) — I¢o1 (445)
~ lwH (445)-0,7- lyyh (480)

By measuring the emission intensity 1) (480)of

the additional color module at A = 480 nm and the
spectrum of the white module under the same conditions,
we can calculate the required ratio.

Various manufacturers in the range of produced
modules offer LEDs with emission wavelengths in the dip
region from 460 nm to 505 nm, which can be selected as
additional ones. To fill the gap in the spectrum of a white
LED, it is reasonable to use an LED with Auax, located to
the right of the Amin dip, SO as not to increase the fraction

)

of emission at wavelengths less than 450 nm due to the
left tail of the emission spectrum of the additional LED.

Modern commercial LED lighting lamps contain
from 3 to 18 on the board, and LED strips contain several
dozen white emitting modules, depending on the power.
Some of them can be replaced by modules that
complement the spectrum. We used additional modules of
the same power and standard size as the white glow
modules. This makes it possible to include them in the
serial switching circuit of a standard board for mounting
modules and to evenly distribute the input power between
the modules. The forward voltage drops across additional
LEDs with a spread of the nominal value, according to the
technical specifications, approximately corresponds to the
forward voltage drop across the white light module at the
same forward currents. Some of the measured optical and
electrical characteristics of the white and optional modules
are presented in table 1.

Table 1. Emission intensity at the extrema of the spectral characteristics of LEDs

. . . . Intensity
No. AMAX, Peak |nter_15|ty, Dip |nten_5|ty, in green-red reg., B AU at
nm rel. units rel. units . 1=300 mA, V
rel. units
1 White 1355 at 623 at 2900 at 2,98
446 nm 480,23 nm 594 nm
2 480,76 14563 — — 3,05
3 492,24 14410 — — 3,01
4 503,6 14164 — — 2,95

The emission spectra of the modules were measured
using an LR1 USB spectrophotometer designed for
measurements in the wavelength range from 300 nm to
1050 nm. An optical attenuator was used to match its
sensitivity with the emission intensity of 1W LED module
samples [16].
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Fig. 3 shows the spectral characteristics of emitters
containing additional modules with different AMAX
(tab. 1), constructed from the results of measurements and
calculations.
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Fig. 3. Spectral characteristics of light sources with additional modules with different Amax against the background of the emission
spectrum of white modules in relative units: a) Amax = 480.76 nm; b) Amax = 492.24 nm; ¢) Amax = 503.6 nm
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Table 2 shows the results of the measurements and
the calculated ratios of the required number of additional
color modules to the number of white ones based on them.

Obviously, the closer the wavelength of the
maximum emission of the color module is to the
wavelength of the minimum dip in the spectrum of the
white module, the less additional color modules are
required to fulfill relation (1).

The paper also estimated the fraction of emission
power with a wavelength of less than 450 nm in the
emission spectra for the three investigated variants of
combinations of white and color modules. Similar
calculations were carried out for the spectral
characteristics of four SunLike modules with color
temperatures of 3000K, 3500K, 4000K and 6500K. The
calculation results are summarized in table 3.

Table 2. Measurement results and calculated ratios of the number of white LEDs to the number of colored LED modules

No. AMAX, nm 1 . (480) . I A (445) _ 1 X (480) calpulated, Color LEDANhite LED
measured, rel.units | measured, rel.units rel.units Ratio
1 White 623 1355 - -
2 480,76 14560 408 1895 1/7,7 or= 2/15
3 492,24 7520 52 1387 1/5,40r=2/11
4 503,60 1795 22 1344 1/1,30r=3/4
Table 3. Results of calculating the power fraction of the short-wavelength part with A <450 nm in the full spectrum of the studied
light sources
White with
Emitter type con?p?c?r_lent 2:15 2:11 SunLike SunLike SunLike SunLike
luminophor (480nm) (492nm) (503nm) 3000 K 3500 K 4000 K 6500 K
pho
3200 K
Emission
power
fraction with 4,21 3,92 3,55 2,15 ~43 ~6,0 ~71 ~ 15,7
A <450 nm, %

The share of the blue part of the spectrum in the
emission power distribution of the SunLike LED modules
turned out to be higher than in traditional modules with a
single-component phosphor at similar color temperatures.
Their photo biological safety is ensured by the form of the
spectral characteristic that triggers the natural mechanism
of eye protection due to constriction of the pupil, at least
up to a color temperature of 4000K (fig. 2).

Conclusions

Based on the results of the measurements and
calculations, the following conclusions can be drawn.

The proposed method increases the photo biological
safety of the spectrum of LED illuminators to the level of
natural illumination due to adequate regulation of the
pupil diameter and does not increase the total fraction of
the emission power in the region A < 450 nm, which is
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OIJIBUINEHHA PIBHS ®OTOBIOJIOTTYHOI BE3MEKHU CIIEKTPA
BUITPOMIHIOBAHHA CBITJOAIOAHOI'O JKEPEJIA OCBITJIEHHSA

ITpeamMeToM JOCTIKEHHS € CIEKTPU BUIIPOMIHIOBaHHs jkepen cBiTia Ha ocHoBi LED ctpyktyp. MeTa po6otn — (opMyBaHHS
HPOMO3UIIH 3 MmiABHIICHHS (OTOOIONOTIUHOT Ge3MeKH CBITIONIOAHMX OCBITIIOBATBHUX CHCTEM. Y CTaTTi BHPILIYIOTHCS HACTYIHI
3aBIaHHS: aHaNi3 cutyauiid y cdepi doTobionoriuHol Ge3mexu mKepen CBIiTiIa Ha OCHOBI CBITJIOAIOJHUX CTPYKTYpP, HMPOIO3HUIIis

143



http://www.lightingmedia.ru/netcat_files/File/14(5).pdf
https://storage.sea.com.ua/uploads/files/LED/SSC-LED-Progress-Kiev-12092018.pdf
https://storage.sea.com.ua/uploads/files/LED/SSC-LED-Progress-Kiev-12092018.pdf
http://led-obzor.ru/obzor-svetodiodnyih-lamp-sunlike-ot-growbyleds
https://habr.com/ru/company/lamptest/blog/488278/

144

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative Technologies and Scientific Solutions for Industries. 2020. No. 3 (13)

KoHUenuii mo/o ii migBuIeHHs B JKepenax Ha ocHOBI LED MonymiB 3 JBOKOMIIOHEHTHUM JIIOMiHOGOPOM. BUKOpUCTOBYIOThCS Taki
METOAHM, K MOPIBHAJIBHUN aHami3, CIEKTpOMETpHYHUH MeTon. OTpuMaHi HAcTymHi pe3yabTaTu. [IpoBeneHuit KOpOTKUil aHami3
(axTopiB, IO BIUIMBAIOTH Ha (OTOOiIONOriuHy Oe3leKy WITYYHHX JpKepen cBiTia Ha ocHoBi LED MomymiB Ta orman cydacHHX
TEXHOJIOTIYHHX POo3po0OK, CrIpsMOBaHUX Ha ii miaBuimeHHs. OCKUIBKY peatizallis OUX po3po0oK Mae 0OMEXEHUH 00CsT y CTPYKTYpi
BupoOHnnTBa LED MOIyIiB Ta BUCOKY BapTicTh, 3alIpOIIOHOBaHA KOHIIEMIS MTiABUIICHHS (oToOI0NoriYHOT Oe3MeKH Kepel CBiTia,
II0 BUKOPHCTOBYE JIEIIeBI MOMyJ OLIOro CBiTIa 3 JBOKOMIIOHCHTHHM JIOMIHO(QOpPOM Ta JOJAaTKOBI KOJLOPOBI MOXYJi JUIS
3alOBHEHHSI IPOBAY CIIEKTPAJIbHOI XapaKTePHCTHKH OuLToro. 3ampoNOHOBAaHMH MPOCTHH KpUTEpi po3paxyHKYy HEOOXiTHOTo
CHIBBiIHOUICHHS OUTMX Ta KOJBOPOBHX MOIYJIB 32 IX CHEUialbHUMM XapaKTepUCTUKAMH AJs aKTHBAIl MPUPOAHBOTO MEXaHi3My
3aXUCTy OueH 3a PaXyHOK 3BY)KCHHs 3iHHUIb. B po6oTi H0CHiKyBaKCh KOIbOPOBI MOy Ha HoBXHHY XBuib 480 uM, 492 HM i 503
HM. [TokazaHo, 110 KOJBHOPOBI MOAYJ 3 MEHIIOK MIKOBOIO JOBKHHOIO XBHIJII MOTPEOYIOTh MEHIIOI KIIBKOCTI MO BiJAHOLICHHS 10
KUIBKOCT1 OUMMX IUId CTBOPEHHs O€3MeYHOro CHeKTpa BUIPOMiHIOBaHHS. JloMs CHHBOI YAaCTHHM CIIEKTPa Yy PO3MOIUI MOTYKHOCTI
sunpominioBanHs LED monyniB SunLike BusBHIIacs BHINE, HDK Y TpaguLiifHUX MOXIYJIB 3 ABOKOMIIOHEHTHUM JIOMiHO(OpOM Ipn
OMM3BKNX TeMIeparypax koisipHocti. BuBoau. Ilpencrasienuii croci6 minsuirye ¢oTobionoriuny Oesnexy crnekrpa LED mxepen
CBITJa 10 PiBHS HPUPOIHBOTO OCBITJIIEHHS 3a PaXyHOK a/IeKBATHOTO PETYJIIOBAHHS JiaMeTpa 3iHUIN Ta He 30UIbIIye CyMapHy HOJIIO
TIOTY’KHOCTI BUIIPOMiHIOBaHHS B 001acTi A < 450 HM, mo € HeOe3neuHoro it 30py. LIt nons HaBiTh MeHIe, HiXK y Moayisax SunLike
mpu OMM3BKUX 3HAYCHHSIX TEMIIEPAaTypH KOJIPHOCTI, OCKUIBKH iX CIIEKTP BHUIIPOMIHIOBAaHHS PO3LIMPIOETHCS B 00MacTh OimbII
KOPOTKHX XBWJIb 1 mounHaeThes 3 A ~ 370 HM. BpaxoByroun, mo BAX konpopoBux Ta OLIHMX CBITIOAIONIB OJHM3bKI, aje HE 11eHTHUYHI,
iX MOCHiIOBHE 3'€JHAHHS MPU3BOAUTH A0 MEPEPO3MOAUTY HOTYXHOCTeH BHunpoMiHioBaHHS. KpiM mporo, LED pisHUX BUpOOHHKIB
BiJPI3HAIOTECS CHEPTOS(PEKTUBHICTIO 1 CICKTPUYHUMH MapaMeTpaMu, TOMY Ha MPaKTHIl PO3pPaxyHKH MOTPeOYIOTh KOPETYBaHHS B
KOJKHOMY KOHKPETHOMY BUIAJIKY.

KnarwuoBi cioBa: cnektp BumpoMiHioBaHHS; (hoTobionoriuHa Oesmeka; nHa XBwii; LED; Moaynb; eHeproe(eKTHBHICTS;
TeMIlepaTypa KOJipHOCTI; IIepeaada KoJIbopy; OCBITIIOBaY; KOHCTPYKIis; BAX.

MOBBIIEHUE YPOBHA ®OTOBHUOJIOTI MUECKOM BE3OITACHOCTHU CIIEKTPA
N3JIYYEHUA CBETOAUOJHOI'O UCTOYHUKA OCBELHNEHUA

IIpenmeToM wucciieoBaHMS SBISIOTCS CIEKTPHl M3ITy4YeHHs HCTOYHHKOB cBeta Ha ocHoBe LED crpykryp. Ileas paGoter —
(dbopMHupOBaHUE MPEMIOKEHUH IO MOBBIIECHUIO (POTOOHONIOrNYEcKOi OE30MacCHOCTH CBETOAMOJHBIX OCBETHTENBHBIX CHCTEM. B
CTaThe PEHIaloTCs CIACAYIOMINE 3aJa4M: aHAINU3 CUTyalluu B cepe PoTodnomormueckoii 6€30macHOCTH UCTOYHHKOB CBETa HA OCHOBE
CBETOJIMOJIHBIX CTPYKTYp, HpPEUIOKEHUE KOHIENLUKM [0 €€ IMOBBIIIEHWI0O B HCTOYHMKax Ha ocHoBe LED wMopyneir c
JBYXKOMITOHEHTHBIM JIIOMHHO(GOpPOM. Mcroms3yloTcss Takue METOABI, KaK CPAaBHUTENBHBIA aHAIN3, CIEKTPOMETPHUECKHH METO.
[Monyuens! cnenyrone pe3yabTaThl. [IpoBeneH KpaTkuil aHann3 (akTOpOB, BIMSIONIMX Ha (POTOOMOJOTHMYECKYI0 0e30MacHOCTh
HCKYCCTBEHHBIX HCTOYHHUKOB cBeTa Ha ocHoBe LED moumyseit m 0630p COBpeMEHHBIX TEXHOJIOTHYECKHX pa3pabOTOK, HAaIIPaBJICHHBIX
Ha ee HoBBIIeHUe. [IocKoNIbKy peanu3anus STUX pa3paboTOK MMeeT OrpaHHYeHHbIH 00beM B CTpyKType nmponsBoactBa LED moxyneit
U BBICOKYIO CTOMMOCTb, TPEIOKEHA KOHLEMIUS IOBBIIIEHHs (HOTOOHOJIOTHYECKO Oe30MacHOCTH HMCTOYHHUKOB —CBETa,
HCTIONB3YIONINX JEIIeBbIe MOAYNH OEloro CBeTa C JBYXKOMIIOHEHTHBIM JIFOMUHO(GOPOM ¥ JOMOJHHUTEIbHBIE [[BETHBIE MOJYNIN JUIS
3aMOJIHEHNS [IPOBasa CHEKTPAIBHOM XapakTepucTuku Oenoro. IIpeoxkeH mpocToil kpuTepuit pacdeTa He0OXOJIMOTO COOTHOIICHUS
OeJBIX ¥ IIBETHBIX MOJYJIEH MO MX CHEKTPAIBHBIM XapaKTePUCTUKAM /I aKTUBAIMH €CTECTBEHHOTO MEXaHMU3Ma 3all[HTH TJIa3 3a CUeT
Cy)KeHHs 3padkoB. B pabote mcciienoBanich MBETHBIE MOAYIH Ha IUTMHBI BoH 480 HM, 492 HM 1 503 HM. [Toka3aHo, 4TO IBETHBIX
MOJyJel C MEHbIIeH NHKOBOW JUIMHOW BONHBI HEOOXOAMMO MEHBIIE IO OTHOIICHHIO K KONMYECTBY OCNBIX IUISI CO3JAHHS
0e30MmacHOro CIeKTpa u3nydeHus. B pabore Takxke Oblia MpoBeIeHA OIEHKA JOJM MOIIHOCTH HM3JTy4YEeHUs C JUIMHOW BOJIHBI KOpOYe
450 HM B CrIeKTpax M3JIy4eHHs TPEX MCCIEAOBAHHBIX BAPHAHTOB KOMOMHAIMI OENBIX U I[BETHBIX MOJYJIEH M YeThIpeX MOayJIed THIa
SunLike ¢ pa3auyHBIMM LBETOBBHIMH TeMmneparypamu. [loyisi CHHEeHW YacTH CIeKTpa B PAacClpeleieHHH MOIIHOCTH H3JIyYeHHs
cBetoauoaHbIX Moxynei SunLike oxaszamach Belle, 4YeM B TPaJAMIUMOHHBIX MOIYJISIX C JBYXKOMIIOHEHTHBIM JIOMHHO(OpOM Ipn
OJIM3KMX LBETOBBIX TeMmeparypax. BeiBoabl. [IpemmoskeHHbIN cIOCO0 MOBBIIAET POTOOHONOTHYECKY IO Oe30macHOCTh criekTpa LED
HCTOYHUKOB CBETA J0 YPOBHS €CTECTBEHHOTO OCBEIIEHHMS 3a CUET aAeKBAaTHOTO PETYIMPOBAHMS JHAMeTpa 3padka U He yBEeININBaeT
CYMMAapHYIO JIOJIO MOIHOCTH M3ITydeHHs: B obOmactu A < 450 HM, omacHyro Ui 3peHHus. DTa JOJs JaXe MEHbIIe, YeM B MOIYIIAX
SunLike mpu OMU3KMX 3HAYCHUSAX IBETOBOW TEMIIEPATyphl, MOCKOJIBKY MX CHEKTP M3IYYEHHs pacIIupeH B 001acTh Oojiee KOPOTKUX
JUITMH BOJIH U HaumHaeTcst ¢ A = 370 uM). YuuthiBas, uro BAX 1BeTHBIX U OENBIX CBETOMUOOB ONU3KH, HO HE WACHTUYHBI, MX
MOCJIEZIOBATENILHOE COCIMHEHHE TMPUBOJUT K IepepacnpeqesieHuI0 MOIHOCTH wu3nydeHus. Kpome storo, LED pasubix
MIPOU3BOUTENCH OTIMYAIOTCS 110 SHEPro3()(HEKTUBHOCTH M MJIEKTPUUECKHUM MapaMeTpaM, MOITOMY PacyeThl Ha MPAKTHKE HYKIAI0TCS
B KOPPEKTHPOBKE B KYKIOM KOHKPETHOM Cllydae.

KnaioueBble ciaoBa: CIeKTp wm3iIydeHHs; (oroOmonormdeckas Oe3omacHOCTh; anuHa BoiHE, LED; Momyms;
9Hepro3(h(HeKTUBHOCTH; I[BETOBAs TEMIIEPATYpa; I{BETOIIEpeIada; OCBETHTENb; KOHCTpyKus; BAX.
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O. b. BAMUEHKO, H. 5. 3ANYEHKO

BAT'ATO30HJIOBUIA MIKPOXBWJILOBUI MYJIbTUMETP 3 OBPOBKOIO
CUTI'HAJIIB JATYHUKIB ®IJIbTPOM KAJIMAHA

IIpeaMeToM JOCIIKCHHS B CTATTI € MPOIIEC BUMIPIOBAHHS MAapaMeTpiB CHTHAMIB 1 TpakTiB HaaBHcOKuX yactoT (HBY). Mera poGotu
— peamizauis Ha [IJIIC 6araTo30HA0BOrO METOAY BHUMIPIOBAHHS IapaMeTpiB CUTHAJIB 1 TPAKTIB 3 MiABUIIEHHIM TOYHOCTI 32 paXyHOK
onTuManbHOI 00poOku iH(opmanii, oTpuMaHoi 3 HATYUKIB. Y CTAaTTi BUPILIYIOTbCS HACTYIHI 3aBJAHHA. CTBOPEHHS MOZETL
0araTo30HIOBOTO MIKpOXBIJILOBOTO MYJBTUMETpa 3 HaJMipHOIO KUIBKICTIO JaTYMKIB BHKOpHCTaHHS (ursTpanii Kanmana y metoni
6araTo30HI0BUX MIKPOXBUJIbOBHX BHMIpIOBaHb i #Oro peamisamisi Ha HOPOrpaMOBaHHX JIOTTYHHX iHTerpampHux cxemax (ILIIC).
BukoprcToByIOTECS Taki MeTOAW: JIiHiIHHA ajreOpa IpH BH3HAUYCHHI MPOMDKHHUX 3MIHHHX 31 3BOPOTHOI MaTpHIll CHCTEMH PiBHSHb,
0 ONHUCYIOTh 0araTo30HIOBY CHCTEMY HpH MOOYIOBI alropuTMy OOpPOOKM CHTHATIB JATYMKIB IPH HENPSIMOMY BHMIipIOBAaHHI
MIOTYKHOCTI 1 KoedillieHTa BIZOWTTS CHUTHATIB JATYMKIB, TEOPis OLIHIOBAHHS IpW (IIbTparii NPOMDKHUX 3MIHHHX, SIK IIJIbOBA
(GYHKILsI IpH BOMY BHCTYIA€ CyMa €JIEMEHTIB TOJIOBHOT [[iaroHaii MaTpHIi AUCIepCii i KoBapiamil (YMM MEHIIEe 1 CyMa, THM MEHIIE
MoXMOKa) 332 AHAJOTIEI0 3 METOAOM HAMMEHIIMX KBaapariB, J¢ MpH D-ONTUMAIBHOMY IUIAHYBAaHHI €KCIIEPUMEHTY MiHIMi3yIOTh
JOOYTOK eNeMEHTIB TOJIOBHOI [iaroHasi MaTpHUIi JUcIepcii 1 koBapiamii, ToMy 0 JOOYTOK €JIeMEHTIB TOJIOBHOI JiaroHalli BHOCHTh
OCHOBHHUH BKJIaJ B 0OYHCIICHHS BU3HAYHHUKA IIPU 3HEBAXKIIMBO MAIMX BHEAIarOHAJIBHUX EIEMEHTaX MaTpHIi JHchepcii 1 KoBapiawii, B
CBOIO YepTry BM3HAUHHMK MAaTpHIi JUcHepcii i KoBapuamii Bi3yali3yeThCsl eIICoinoM pO3CilOBaHHS, YUM MEHILE SKHH, THM TOYHIIIe
BuMiproBaHHs. OTpHMaHi HacTYIHI Pe3yJbTATH. YJOCKOHAJeHa MaTeMaTH4YHa MOJENb 0araTOo30HJOBOTO METOJy BHMipPIOBAaHHS
nmapaMerpiB curHamiB i TpaktiB HBY, sika IpyHTYETBCS Ha IEpETBOPEHHI CHUTHATIB JAaTYMKIB, PO3TAIIOBAHHX B3JOBX HAIPSIMKY
mepefavi MOTY)KHOCTI Yy TPakTi y Majawdy, BiIOMTYy Ta Ty, IO MPOXOJE, MOTYKHOCTI 1 KOMIUICKCHHH KOC(IIi€HT BiIOUTTS
HABaHTa)KEHHS, KA BIIPI3HAETHCA QLIBTPAIi€l0 TPOMDKHUX 3MiHHHX, [0 TO3BOJIMIO 301IBIINTH TOYHICTh, 3aPONOHOBAHO KiHIIEBUI
aBTOMAaT 3 TaKUMHU CTaHAMH, K IPOTHO3YBAHHS 1 OHOBJIEHHS anroputMy ¢inbTpa Kammana Ta Horo MoAemOBaHHS 3a JOMOMOTOO
[UIIC. BucCHOBKM YyIOCKOHAJICHHS OOpOOKM CHTHAJIB AATYUKIB 0araTo30HAOBOTO MiKPOXBHJIBOBOTO MYJBTHMETpPA JTO3BOJIIIH
30UTBIIATH TOYHICTH BUMIPIOBAHb.

KnrouoBi cioBa: Garato3oHmoBuil MiKpOXBIIbOBHH MynbTuMeTp; (inbTp Kammana; kinueswit atomart; I1IJIIC; amroputm
00pOOKH; HAIMIPHICTb.

Beryn po3po0OKa HOBUX NATYUKIB, MOCATIIO MEXKIi. 3SaIHIIUBCS

NUIAX IiJABUIICHHS TOYHOCTI 0araTo30HI0BOTO METOIY 3a

Texuiunmii cran HBU-amaparypu s 3B'S3Ky,  PaXyHOK JIOCIIDKEHHS MaJOBHBYEHHX JDKEPEN MOXMOOK i

CYNYTHUKOBOTO TenebadyeHHs, pajioNokalii BU3HA4alOTh iX YCYHEHHs OOpOOKOK — CHIHANiB  JaT4dKiB  3a
LIUIIXOM  BUMIPIOBaHb IapaMeTpiB  €JIEeKTPOMAarHiTHUX  ONTUMAaJbHUMHM aIrOPUTMAMH.

KOJIMBaHb 1 MapameTpiB NepeJaBalbHUX TPAKTIB, cepel 3acTocyBaHHS OUIBII TOYHMX 3ac00iB BUMipIOBaHHS,
OPHUHIUI [ii SKAX 3aCHOBaHMN Ha 6araTo30HIOBOMY

SKAX OCHOBHHUMH € TIOTYXHICTh 1 KOMIDICKCHHA

KOE(]IL[€HT BiIOUTTS HABAHTAKEHHS. METOMi, JOIIIFHO 1 aKTyaJbHO, OCKUIBKH 3a0e3MednTh
Oco0IHBICTIO BOYIOBaHOTO KOHTPOIIIO ¢ CKOHOMIIO EHEeproHOCIiB MpH eKcIuTyaTamii o0iaTHaHHS

HEMOMKIIMBICTh  Ge3nocepenboi  yuacti omepatopa B HBY, 0co6/1MBO mpu BenMKMX PIBHSX IOTYXKHOCTI 32

HpOL[eCi BI/IMip}QBaH},, a TaKOX eKcrmyaTauiﬂ PaxyHOK Y3rOo/DKEHHS TpPaKTy, SIKE BHUKOHYETHCA 3a

BUMIPIOBAJIbHUX 3aC00iB B JKOPCTKUX KIIMAaTHYHUX 1  PE3yJIbTaTaMd BHMIPIOBaHb, a TaKOXK B KPUTHYHHX

MEXaHIYHAX YMOBax IIiJ{ BIUIMBOM IIHPOKOIO Jiarna3oHy
TemIepaTyp, BiOpariil, ynapiB i IHIIMX YMHHUKIB. Y IHX
YMOBax BHUKOPUCTAHHS BIJJOMHX METOIIB MNOOYIOBH
ABTOMAaTH30BaHUX BUMIPIOBAJILHUX MPUIIAJIIB YCKIIaHEHE,
OCKUIbKM BOHM HE 3a0e3MeuyroTh MPH MaluxX rabapurax
MIEPETBOPIOBAYIB 30epeKeHHS METPOJIOTIYHHX
XapaKTEepPUCTUK IPOTATOM JIOBFOTO 4Yacy B 3aJaHuX
MeXax, [0 NPU3BOAMTH O 3HWKEHHS HaJiHHOCTI Ta
JOCTOBIPHOCTI KOHTPOJIIO.

3 BOynoBaHUX 3acO0iB BHMIpIOBaHHS 1 METOIIB, Ha
SIKHX BOHM 3aCHOBaHIi, HalOUIbII yHIBEpCAILHUM, 1 TOMY
MEePCTIIEKTUBHUM, € Oarato3oHaoBoro merton. Lleit meton
3MaTHUH 3a0e3MeYnTH OJHOYaCHE BHUMIPIOBAaHHS SIK
IMIIEZIAHCHUX XapaKTEPUCTUK TPAKTY, TaK I EHEPreTUIHUX
XapakTepuCTHK curHady. Ha BinMiHy Bim wmeTomy
CIPSAMOBAHOTO Bifraxy)XKyBadi, BiH 34aTHHUH MPAIlOBATH B
TPaKTax 3 BEJIMKMUM PO3y3TO/PKEHHSIM, MEHII Yy TIIMBHH 10
M03aCMYTOBHX CKJIQJIOBUX CHUTHally reHepartopa. OnHak
Lei MeTos BUMarae MHiJBUILEHHS TouHOCTI. [TinBuImeHHs
TOYHOCTI 3a pPaxyHOK amapaTHHX 3aco0iB, TaKHX SK

CUTyallisIX CIPUSATHME IONEPE/PKEHHIO BUXONY 3 Jajay
TeHEePaTOPHOT0 00JIaAHAHHS.

AHaJli3 cCTaHy Ta NepcrneKTHB 0araTo30HA0BOr0
MeTO01y BUMIpPIOBaHHS MapaMeTpiB CUTHAJIB i TPakTiB
HBY

Y knum3l [l] Ha cydacHOMy piBHI BHKJIAJICHO
NpaKTHYHE BHUKOPUCTAHHS JBaHAIATHUIIONIOCHHUKIB IS
MIKpPOXBHJILOBUX BHMIpIOBaHb, O€3IPOTOBHX MEpEX 1 iH.
JBananusaTHNONIOCHT peduiekToMeTpu 3’sBWimch B 70-x
pOKax MHUHYJNOTO CTONITTSI 1 Oymm  po3poOieHi
I'.®. Earesom. OpHowacHO y BITYM3HSHIN JiTepaTypi
ommy0JIiKOBaHI BiJOMOCTI NP0 TNPHIaAWd 3 aHAJOTIYHUM
OPUHIUIOM i 13 pI3HUMH Ha3BaMH, TaKUMH SK
BaTMETPH, 0araTo30HI0BI BHMIipIOBaJIbHI JIiHiT,
aHami3aTopu  KiI,  pedJeKTOMETpH, Cepel  SKUX
BUJIUIAETHCS Ha3Ba MYJIBTHMETP, TOMY IO BHUMIPIOETHCS
OJTHOYAaCHO KUIbKa ITapaMeTpiB:  MOTYXHICTh, fKa
XapakTepu3ye T'eHepaTop 1 Koe]iieHT BioOpakeHHS,
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SIKHA XapaKTepU3y€e HaBaHTAXKEHHS. Taky Ha3By K
MyIsTEMETp BBeneHO A.l. MeXaHHIKOBHM, aBTOPUTETHUM
pociiickkum  BueHmM 3 BHJII®TPB. Mynetumerp,
po3pooOsennit 'y BHIAI®TPB, BukopucTOBYyEThCS B
€TAJIOHI TOTYXKHOCTi, TOOTO WOro BiApI3HIE BHCOKA
TOYHiCTh. Bu3HaueHHs1 6araTo30HI0BOTO BiITHOCUTHCS JIO
6araTo30HJ0BOTI'O METOLY BHMIPIOBaHb, a
MIKpPOXBHIILOBUH MiIKPECITIOE, 110 neu
panioBUMIpIOBAILHUN MPHIIAJ] BITHOCUTBCS A0 Jliara3oHy
HA/IBUCOKUX 4YacTOT. TakuM 4YHHOM, 0araTo30HIOBHI
MIKpOXBHJIBOBHHA  MYJBTHMETP 32  MDKHapOIHOIO
KIacu(iKamiero BiIHOCUTBCS JO JABAHAMLSATHIIONIOCHHUX
pedIIeKTOMEeTPIB 1 aHATI3aTOPIB KiJI, OCTaHHI 13 3raJlaHuX

TECTOBAaHWX MPHUCTPOIB, OCKUIbKH, SK Bigomo, 3
mapamMeTpaMy BiIOUTTS TIIOB'S3aHI MapaMeTpud MaTpHIl
PO3CifoBaHHS.

baraTto30HIOBHIT  MIKpOXBWJILOBUH  MYJIBTUMETP
MOXKE OJIHOYACHO BHUMIPIOBATH TMapaMeTpU CHTHANTY, Taki
SK BiIOWTa, Majaoya i MpoXiJHa MOTYXHICTb, 1 MapamMeTp
TPaKTy, Taki K MoAynb i (asa KoediuieHTa BiIOUTTA
HaBaHTAXXCHHSI, 16 HABAHTAKCHHSM BHCTYIIA€ TECTOBAHHN
npuctpiit (DUT) [1-3]. Barato3oHm0BUiT MiKpOXBHIBOBHI
MYJBTUMETP Ma€ TaKMW CKJaJ: JBa BXIJHUX HOPTH 1
YOTHPH BUXIIHUX MOpTH (puc. 1), CHTHAIM YOTHPHOX
BUXITHUX TIOPTIB € YOTHUPMa PI3HUMH  JTIIHIHHAMH
KOMOIHAIlisIMH XBHJIb, IPUCYTHIX HA HOTO BXOJaX.

NPUCTPOIB  BHU3HAYAIOTh ~ MATPUMIO  PO3CIIOBAaHHA
Ps Ps
o
s T Tb6 | DUT
bqg — b |
a parato3oHAoBLI y |
1 MIKDOXBMILOBU H
MynbTUMETP |
| P | -
o
o o
P3Py
Puc. 1. barato30H10BHI MiKpOXBHIbOBHH MyIbTHMeTp (I'—TeHepaTop, H-HaBaHTa)XeHHS)
3a  OWbII  HDK  M'SATHASCATHPIYHY  ICTOpIIO  pe3yNbTaTiB, MNPUYOMY HE3HAYHO YCKJIAJHIOYH 1
JIBAHAALSATHIIONIOCHI  pedJeKTOMETpH NEpeKMBaiu 1  30UIbLIYIOYM BapTICTh NPHUCTPO0. MeToj HalMeHIIHX

MOMYJIAPHICTh 1 3a0yTTs, mpoTe crabinbHO € 00'€eKTOM
yBar", OCKIJIBKM  Ha0arato JeuieBIIe BEKTOPHUX
aHaJi3aTopiB Kijl, 32 PaXyHOK OUIbII MPOCTHX IATYUKIB, 3
CUTHAIIB SKHUX NUIIXOM OOYHCICHb OTPUMYIOTh BEKTOPHI
BEJIMYMHH KOMIUIEKCHOTO KoedimieHTa BinOuTTsa. CydacHi
myOmikamii B OCHOBHOMY 30CEpE/DKCHI Ha MPaKTHIHHUX
IoIaTKax. Benwka WacTHHA 3 HHX TNPHCBSYCHA pagapam
Ha  0asi JBaHAMIATAIIONIOCHUX  PeIeKTOMETPIB,
nouynHarouu Bif [3], mo cyvacHux [14-15], B Tomy uucmi
MennyHi momatku [2]. ITlpakTwyHi HanpsSMKH OibIn
NpuBaOJIMBI TUM, IO B HHX OTPHMaHHS pPE3yJbTaTiB
BiOyBaeThCsl WIBHIIIE, HDK Yy TeopernuHux. Lle
MOSICHIOEThCS. THM, JBAHAIIIATUIIONIOCHUKA B IIOMY 1
MYJITUMETPU 30KpPEMa XapaKTePH3YIOTHCS PO3BUHCHUM 1
YCTaJCHUM MAaTEeMAaTHYHHM arapaTtoM, M0 BKIIIOYAE
rpadoaHaNiTHYHE MOAAHHS PIlIEHb Yy BUINIAIL MEPETHHY
KUT Ha IUIONIMHI KOMIUIEKCHOTO KoedillieHTa BiIOUTTS,
BBeneHe [.®. EHreHoM i sike 3roJIoM CTalo Bi3UTHOIO
KapTKOI0 JTAaHOTO METOAy BHMiproBanb. [lopsg 3
rpadoaHaNiTHYHUM TIOJAaHHSAM MOJEJ ICHYe TakKoX 1
aHANITHYHE TOJAHHS, IO TOJATaE B OIKCI CHCTEMH 3a
JIOTIOMOT010 JIiHiHHOI anreOpu. IIpmbim3Ho Tomi X Ha
mouatky 70-x T.®. EnrenumM omyOnikoBaHa TepIia
poboTa mpo 3aCTOCYBAaHHSI METOAY HAHMEHIIHMX KBaIpaTiB
B 00po0Omi cHrHamiB JAaTYMKIB y OPUOYLICHHI Hpo iX
HaJMIpHY KIUTBKICTh, TOOTO, SKII0O B KJIACUIHOMY
JIBAHAIIATHITOIIOCHUKY YOTHPH JaTYHKa, TO 301IbIICHHS
KIIBKOCTI  JATYMKIB ~ MOJKE€  MIABHMINMTH  TOYHICTH

KBaJpaTiB  Hapa3i  PO3BHUBAETHCS  MPEACTABHUKAMU
capaToBChbKid KoM miJ KepiBHUITBOM A.A.JIbBOBa
[4, 12, 13], me oTpumaHO psii I[iKABUX HAYKOBHX 1
NPUKJIAJIHUX PE3yJIbTaTiB B BHMIPIOBAHHI IapamMeTpiB
JICNEKTPUKIB, IHTEPHETI pededl Ta iH. B TMPHUKIATHOMY
IUTaHi, a TakoX KamiOpyBaHHA 1 pO3MIATAHHA B
METpPOJIOTIYHOMY ~ CEHCI ~ MaTeMaTW4HoI  Mojemi i
ITOPUTMY 3 TOYKH 30py D-ONTHMalbHOTO IJIaHYBaHHS
eKCIIEpUMEHTY, 3aCHOBAaHOTO Ha METOJi HaWMEHIINX
KBaJIpaTiB 3 ps/IOM IIIKaBUX BHUCHOBKIB B TEOPETHYHOMY
mwiani. Ham inrepec mo gamoi temm [5, 7, 11]
MOSICHIOETBCSL ICTOPUYHUMH TIEPEIyMOBAMH Y BHIJISI
ICHYBaHHS ~ XapKiBCbKOI ~ INKOJIM  MIKPOXBHIJIOBUX
BuMmiproBasp Ha 6a3i XHYPE, i B 3a3HaueHnX myOmiKamisx
[5, 7, 11] moka3anmii mepexii Bij METOAYy HaMMEHIIHMX
kBaapariB 1o ¢inetpy Kammana [6] 1 mponemypi
Po06inca-MoHpo, a TakoXX IPOBEAEHO IOPIBHAHHS
TOYHOCTI HpH 00pobui nanumu Meronamu. IIpoBenene
MOJICTIIOBaHHS 1 HOro pe3ysibTaTH NPU3BEIH  JIO
HacTyIHOro etarmy — peanizamii. [Ipuuomy BUOpaHO uts
peanizanii oOJagHaHHS HE HAWIPOCTINIE 3 TOYKH 30py
uncensaux Metoais — [IJTIC [10].

Mertoro podotu € peamizamis  Ha [IJIIC
0araTo30HIOBOTO METOJYy BHMIPIOBAaHHSI IapaMeTpiB
CUTHAJIIB 1 TPaKTiB 3 MiJBUIEHHSAM TOYHOCTI 32 PaxyHOK
onTtuManeHOi  00poOkm  iHdopmamii, oTpuMmaHoi 3
JIATYHKIB.
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MaremMaTH4YHA Mo/IeJIb 6araTo30H10BOI0
MiKpOXBHJIbOBOT0 MYJIbTHUMETPA 3 HAAMIPHOIO
KiabKicTIO JaTYHKiB, 00po0Kol0 pinbTpom Kanmana i
OTPUMAHI aJNTOPUTMH

®diznyHa MoJIeNh I 0araTo30HIO0BOIO METOIY — IIe
JIOBUTbHE KUIBKICTh JAaTYMKIB, BCTAHOBJICHHX Ha PIiBHIH
BiICTaHI Y3M0BX MIKPOXBWJIBOBOTO Tpakty. CHUTHAIH
JaTYMKIB Pi3HI yepe3 Te 10 MPONOpLilHI pi3HIK (a3oBii
BiZICTAaHb BiJl HaBaHTaKEHHS, IO BH3HAYAETHCS iX
pO3TallyBaHHSAM B3J0BX TpakTy. MaTemMarndyHa MOJEib
0araTo30HJOBOI'0 METOJy — CHCTE€Ma JIIHIHHUX DPIBHSHb.
Cucrema JiHIHHUX PIBHSHB IIOB’S3y€ CUTHAJIHM JATYHKIB
P, P,, P, 3 meBinomoro mamatouoi mortyxHicTio P, i

KOMIUICKCHUM KOC(II[iEHTOM BIiIOWTTS HaBaHTaXCHHS
re.

3B'A30K MDK HUMH 3AIHCHIOETbCS 4Yepe3 MPOMIKHI
3MiHHi by, by, b, .

MaremaTtiyHa ~ MOJENb  JBAHAALATUIOIIOCHOTO
MIPUCTPOIO SBIIE COOOI0 CUCTEMY JIIHIMHUX anreOpaiaHux
PIBHSHB. Jist BUPIIICHHS CHCTEMU piBHSHB
BHKOPUCTOBYETRCS arapar JIiHIHHOI anreopu.

Mogens [T BHMIpIOBAJIBHOI CeKII 3 TpboMma
JAaTIUKAMHU

R =P,,(1+I?+ 2 cos(¢—6))

P, = P @+ T2 +2Ccos(g)) 1)
Py = P,y (1+T% + 2T cos(g + )
ne ' — monyne xoediuieHra BinoutTs, @ — daza

Koedimienta BinOuTTsA, 6
cycigHiMu nardukamy, P,

— (asoBa BiAcCTaHb MiX
— Tajaroya MOTYXHICTb.

Po3zramryBaHHS TPROX JATYMKIB B BUMIPIOBANBHIHN CEKIii
MOKa3aHo Ha puc. 2.

5

* HaBaHTaX

reHeparop |

| 9

Mapatoya xBuns |
jo
BinouTa xsunsa Ire

Puc. 2. Po3ranryBaHHs TPHOX JaTUYHKIB B BUMIPIOBAJIbHIN CeKmii

[Ticnst TPUTOHOMETPUYHOTO MEPETBOPEHHSI CHCTEMaA
JHIAHUX piBHAHB (1) B MaTpu4HOi (hOopMI Mae BUIIISL

R] [1 cos® sing ]|P,,@1+T?)
Pl=|1 1 0 Pl cos¢ (2)
P 1 cos@ -sinéd|| P,,I'sing

Beenmemo mpomixkHi 3MiHHI Ha OCHOBI BHpasy (2) i
NI03HAYMMO il

bO Pna() (1+ l—~2)
b=|b |=|P,,Icos(p)
b, P..oL sin(p)

n

@)

Martpuist CHCTeMH piBHSHBb A

1 cos@ sin@
A=|1 1 0
1 cos@ -sind

(4)

Martpuiist CUTHAIB JaTYHKIB
R
5)

Maremarnyna MOJEIb MiKpOXBHJIOBOTO
pebnexkTomerpa 3 TpbOMa JaTYMKAMU B MaTPpUIHOMY
BUTIISI1

[P]=[Al{b]- (6)

| . €HHSA
0 | e‘Je

I

| re-i®

BoHna Mae pilieHHs1 B MAaTpUYHOMY BUTJISIIT

[o]=[A]*-[P]. Q)

ne 1 — 3Hak iHBepcil.
PimieHHss ans TPOMDKHMX 3MIHHUX SIK  (QYHKIIH
CHTHAJIB JJaATYMKIB 3 BUpa3y (7) Ma€e BUTIIAI

—P, +2P, cosd - P

by =P  (1+T?)= 8
0 nad( ) 2(COS€—1) ( )
P -2P, +P.
=P, cosgp=——2—3 9
bl nao ¢ 2(C059—1) ( )
P-P

b,=P, Tsing=-—_—2. 10

2 nao ¢ 25in@ ( )

3 mpoMiDKHHX 3MIHHAX HEBioMa TiepenaHa

MOTYKHICTb ~ PO3PAaxOBYEThCS  BIANOBIAHO 0 1i
BH3HAUYCHHS

Pnpox = ng _b12 _b22 . (11)

Jnsa ¢dikcoBaHoi wacToTH 1 a3oBOro BiACTaHI MiX
cycianimu gataukamu 7/ 2

Pypor = v/ (B —b5)(0p —b) b2, (12)

TOII

= PP —(2P,—R-R,)?, (13)

Pnpox
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a00 s

Pypox = (B ~b) (0 —by) b2, (14)

TOIi

2
R-P
B = (PR -R-R)-(BB]. 9

Y  curHamax  peaJbHHMX  JIaTYUKIB  Yepe3
panionepemKkoay TPUCYTHI BumajgkoBi moxuOku. Lle
O3Hauae, 10 HaBeAeHa BHUIIE MOJENb HOTpedye

BIOCKOHAJIEHHs, 1100 3alMINaTHCS TOYHOIO. TOYHICTH
MOXe OyTH TIOJNINIICHAa NUISXOM YCepemHEHHS 1
KOMIIEHCAIil BUITAJKOBUX IIOXHOOK. YMoBOIO
3aCTOCYBaHHS TaKOTO MIiJAXOMy € HaJAMIpHA KUIBKICTh
naryukiB. CHUTHATM HAAJIMIIKOBOTO YHCIA JIATYUKIB
00po0sIOTECS anroputMoM ¢inbTparii Kanmana, sxwuit
nobpe Bimomuii B Teopii ympasiinHs [6]. Lle mokpokose
YTOYHEHHsI  OI[HKM  NUIIXOM  OOpOOKM  CHTHAIB
JOJATKOBUX JAaTYMKIB. BaKIMBUM MOMEHTOM € Te, II0
JMATYUKA B MIKPOXBHILOBOMY JIBaHAAIATHIIOIIOCHOMY
pedIiekTOMETpi  HPOCTOPOBO  JUCKPETHI  Y3IOBK
XBWJICBITHOTO TPaKTy, B TOH Yac SIK B KJIACHYHIN MoJemi
¢inprpanii KanMaHna i curHany AUCKPETHI B Yaci.
PiBHstHHSA dimpTparmii

b(k +1) = b(k) + K (k) [P(k)— A()b(K)],  (16)

ne K(k) — koedimieHT mocuieHHs, KM 3abe3rneuye

301KHICTB TIpOLETypH

e T ] -1 T a
K(k)_(M + AKK)T R(K) A(k)) AK)T R(K) = an
= D(k)A(k)' R(K)™,

ne D(k) — amocrepuopHa qucnepcisi, 1uis EPIIOr0 KPOKY

iTeparlii BoHa JOPiBHIOE
D(K) = (D(k ~)t+ AK)RK) T A(k))fl . (18)

b(k+1) — mpomixua 3minHa wa K+1 xpomi, b(k) —
IIPOMIXXHA 3MiHHA Ha MONEPEAHBOMY Kpoli, MaTpuus R
BU3HAYa€ IOXUOKY IOTOYHOTO BHUMIPIOBAHHS CHUTHANIB
JaT4uKiB, MaTpullsil BHU3HAYAE CTAaHIAPTHY JeBiallito
MPOMDKHUX 3MIHHAX Ha JaHOMy ertami, 1T — 3HaK
TPAHCIIOHYBaHHS MaTPHL,

1 cosd sind 1 cos@ sin@
1 1 1 1 1 1
Ak)=|1 cos@ —sing |=|1 cosd -sing |,

1 coskéd —sinkd 1 cos(i—-1)@ —sin(i—-1)&

ne | ximpkicTh gatuunkis, i=1,2...8. Kpok k=1 Bignosimae
i=3 matumkam, k=2 Bignosinae i=4 maT4MKiB U Ta iH.
Iepma  irepamist Ui  NPOMDKHMX — 3MIHHHX
obuncmoetsees 3 BUpasiB (8)—(10). Lli cami Bupasu
Cy’)XaTh s OOYHCICHHS MaTpuii M JiaroHaJbHUX
€JICMCHTIB. HiaronanbHi €JIEeMEHTH M €
CepelHbOKBaIpaTHUHUMHU  BinxmieHHAMH (8)—(10), 3a

YMOBH, 110 CHTHaIM JaTYMKIB MAalOTh OIHAKOBE
CTaHJApTHE BiIXWICHHS 1 HEKOPEIbOBaHi

[ 2c0s?0+1 0 |

2(cosd —1)2
3
M = g2 0 S 0 |, (19
2(coso-1)
1
0 0 —
| 2sin 6 |

Jie o — CTaHIapTHE BiIXUICHHS.

PiBastHES  dinprpanii Kamvana (17) moxe Oytu
HaJaHO CTPYKTYPHOIO cxemoro (puc. 3), Gi3suuHui 3MicT
SIKOT TMOJIATa€ B TOMY, IO BUMIPIOBaHI CUTHAIH JaTYHKa
HaJIXOITh Ha BXIiJN, NMPOMDKHI 3MiHHI (opMyIOTBCS Ha
Buxoni. [IpomixkHi 3MiHHI, SKi OTpHMMaHi 3 BHXOXY
30epiraloTbcsi B IpHUCTpoi 30epiraHHs i, B TOH ke dac,
nomHoxxkeHi Ha A (k), craroTh OOYHCIEHHM CHIHAJIOM
JaTYhKa, SKAH TONAa€ThCs Ha Japyrmid  Bxim. Lleit
po3paxoBaHHUA CHUTHAI i BUMIpSHUI CUTHAI
BIIHIMAIOTBCSA. Pe3ynbTyroua pi3HUIT MHOXKHTBCS Ha
koe¢imienT mocwieHHs K (k). JIoOyTok momaeThcs 0
BUMipsiHOTO curHaiy. Ile yrouHeHa omiHKa. Y TOH ke Jac
BiH 30epiraeTbcs sl HACTYIMHOTO KPOKY 1 € BHXIITHUM
curHasoMm. [Ipouec iTepaTuBHUN.

x(K) y(k+1)

—Q—

Puc. 3. Ctpykrypa itepauiitnoro anropurmy ¢insrpa Kanmana

Pe3yabTaTn Moe110BaHHA 0araTo30HI10BOI0O
MiKpOXBHJILOBOI'0 MYJIbTHMETPA 3 HAAMIPHOIO
KIIbKICTIO 1aT4YuKiB, 00po0Kkoro pinbTpom Kanmana
Ta iX 00roBOpeHHs

Po3riisiHeMO  3acTOCYBaHHS OINMCAHOI MPOLEAYpH

OOpOOKHM CHTHANIB JaTYMAKIB  JBAHAJISATHIIONOCHOTO
pednexromerpa 3a JIOIIOMOTI' OO0 pOrpamMoBaHol
BeHTIIbHOI  Marpuni  (FPGA). 3aBmamHs  1p0OTO

nizpo3ainy — BukopucroByBatu FPGA npu mozentoBaHHi
Ta BaliJallii 3ampOrOHOBAHOTO AITOPHUTMY IS CUTHATY
JIaTYUKiB 3 00poOKoro 3a momomororo ¢inprpa Kammana.
ByB oOpanumii TmOBemiHKOBWI MiIXix B INporpamMyBaHHI
IUJTIC, ToMy 10 CTPYKTYPHHI mijxXin rpomizakuii [7-8].

IIpu mpoexTyBaHHI HHUGPOBUX HPUCTPOIB MOMEITH
kinnesoro asromata (FSM) 1mmpoko mommpeHa.
Posristnemo MosximBicTs 3actocyBaHH FSM 3 dinsrpom
Kanmana. Byino 3ampomnoHoBaHO depryBaTH B (inbTpi
Kanmana CTaHU "TlpunymeHHs", "OnoBiieHus",
"Mpunymennsnl", "O6uoBnennsl", "Tlpumymennsa2" i tak
nani. YepryBaHHS BigOyBaeThCs MO TMEPEIHBOMY (POHTY
curnaiy Clock. bByB Bukopuctannit VHDL mns peanizamii
kinnesBoro aBromata (FSM). Kog VHDL cknanaerscs 3
tprox mpoueciB: STATE MEMORY, NEXT STATE
LOGIC u OUTPUT LOGIC [11].
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Puc. 5. Pe3ysbTaTé MOZIETIOBAHHSA IS IPOMDKHOT 3MiHHOT Dy Ha Apyromy kpoui iTepawii (40TMpH AaTYnKa)

Buximaumu JaHUMH JUTS MOJETIOBAHHS € MAaTpHIli
cucremu  A(k), martpums Bximaux curHamis  P(K),

marpuii M, R(k) obuwmcneni 3a3nanerigs mis k kpokis,

TOOTO JJIS TPHOX, YOTUPHOX, I'SATH 1 T.J. AaTYHKIB. Buxin
- e MaTpuil npomixkaux 3Minaux b(K) .

Jnst MonentoBanHsi OyB BukopucTanuii Modelsim-
SE-64 10.5. Puc. 4 u 5 pgeMoHCTpye pe3yibTaTH
MozemoBanHs. Ha puc. 4 mokazaHo 3HadeHHs 3MiHHOI Do
Ha TIEpPIIOMY KpOIi iTepaTUBHOTO IpoIecy, Ha pHUC. 5
MOKAa3aHO 3HAYEHHs 3MiHHOI D, Ha apyromy kpoui

iTrepatuBHOro mpouecy. 3miHHa b, mo ¢pouTty curnamy

Clock orpuMmye HacTymHEe 3Ha4YeHHS, SKE HAOJIMKyeTbCS
JI0 ICTHHHOTO 3HAYEHHS.

B nmammit wac IIJIIC nyxe WOMyJspHi, OCKUTBKH
MalTh HH3KYy mepeBar [3]. Ane sk mokasama crpoba
peauizarii anroput™MiB  MyisTuMerpa Ha [IJIIC
3ycTpidaeThcsi 6araTo TPYAHOIIIB MpU CIpodi peaizamii
METO/IiB 00UYHCITIOBAIBHOT MaTEeMaTUKH, SIKI BKIOYAIOTh B
cebe iTepamiiHul METOA PO3pPaxyHKYy CHCTEMH JIiHIHHUX
anreOpaigvanx piBHAH Ha VHDL. Hanpuknan, peansHuit
THUII IaHUX HE HAJICXKUTh JI0 CHHTE30BAaHOTO HaOOpy MOBHU
VHDL, mo o3Hauyae, mo apudMeTH4yHi omeparii He
BHU3HAYCHI JUIS TAKWX JIaHWUX, 3MiHHI IIbOTO THITy HE
npu3HayaroTecs. L[ npobiema Oyna 4acTKOBO BHpilleHa
LIJISIXOM NEPETBOPEHHS THIIB JaHUX. 3HaHHS MPEAMETHOT
o0acTi J103BOJIMIIO HAM TEPEeWTH BiJ 3MIHHMX THmy real
J0 IUIOYHMCEeNBbHUX 3MiHHHX. /[l Takoro mepexony
CTOBIICI[b MATPHIl CHTHANIB IAaTYMKIB BUPAXKAETHCSI B

MUTIBOJIBTAX, & MATPHUISI CHCTEMH, IIO CKJIAIA€ThCS 3
CHHYCIB 1 KOCHHYyCiB (a3oBuUX BinmcTaned, Oyma
MepeTBOpeHa B Takwid crmocid. Mwu BuOpamm ¢a3oBy
BiICTaHb MDK cycimHiMu patuumkamu 90 rpamycis. B
FOMY BHUIIAIKy OYIIM OTPHMAaHI CHHYCH 1 KOCHHYCH SIK
iloyrcenpHi 3HaueHHs. Taka mnporpama Moxe OyTH
3MojiesboBaHa 1 cuHTe30BaHa B VHDL. B nmanuii vac
BUHHUKAIOTh MPOOJIEMH 3 TOYHICTIO TaKWX 1 MOmIOHHX
pospaxyHkiB. [lepmr 3a Bce, Ha DiBHI aJIrOpUTMY ICHYE
npobsiema ioro 30DKHOCTI 70 TouHOro pimenHs. Kpim
TOTO, ITEPaTUBHUI TPOIEC Mae€ YMOBY 3YIHHKH NpHU
JIOCATHEHHI 02)KaHOT TOYHOCTI, aJie IIe TAKOX € JDKEPeIoM
MOMIJIKH. [, HapemTi, MOXJIHUBOCTI OOYHCITIOBAILHOTO
amapaty. Komm mepeMHOXyrOTBCs 16-po3psiaHi dwMCIa,
BUXOAATH 32-po3psimHi uYmcna i Tak jgam. Tomy B
MOJANBIIIOMY HEOOXIZHO OIIHIOBATH HEBHU3HAYCHICTH
pe3yJbTary.

BucHoBku

TounicTe MOxe OyTH TONINIIEHa NMPU yCepeaHEHH]
mpu  o0poOIli CUTHANIB JaTdvMka peduiekToMerpa 3
mrictekMa mopTamu. Halikpama oOIfiHKa MOTY)XHOCTI i
KoedimieHTa BigOOpaXeHHA MOXe OyTH OTpHUMaHa 3a
nmoromoroto  dinprparii Kamvana. HaBemeno mpukian
nepioi 1 apyroi iTepauii s 0OpoOKM Ha OCHOBI TPHOX
CUTHANIB JaTYMKIB, a TMOTIM JOJaBaHHI CHUTHAIY
4eTBEpTOro JaTduka. byio noBeneHo, 0 TOYHICTH Oyze
MOJITMIIEHA, SIKINO AOAATH HACTYNHHU ITSATUH JAaTYHK, 1
Tax gail.
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Byna oGpana peamizallisi 3arporroHOBaHOTO METOIY [IpakTH4Ha 3HAYUMICTH OTPUMAHHUX pPE3yJbTaTIB
Ha [TJTIC 3a momomororo VHDL. YacoBa miarpama (puc. 4, monsirae B po3poOIli METOAWK CHHTE3y Ta BepHpikarrii
5) wmictute Bximmi curHamm, Taki sk Clock, Reset i  ¢imprpa Kanmana st MiKpOXBHIIBOBHX BUMipIOBaHb.
BUXIJHHH CHUTHAN D, IOTOYHMII CTaH i HACTYHNHUH CTaH. Takok 3poOJICHO BHCHOBOK, IO OOYHCIICHHS
3BOPOTHHX MATPHIb MiJl 4aC BUKOPHCTAHHS AITOPUTMY
¢inpTpanii Kanmana cnig yHMKaTH, Tak SK L 3aiiMae
OibIe yacy, HiX 1HIII PO3paxyHKH.

byno nokaszaHo 3MiHa BUXimHuX naHux b, Ha 012 Girax,

10 30iraloThes 3 OUiKyBaHHIM.
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MHOI'O30H/I0BU MUKPOBOJIHOBBIN MYJIBTUMETP C OBPABOTKOH
CUI'HAJIOB JATYUKOB ®MJIbBTPOM KAJIMAHA

IIpenMeToM HccreOBaHUS B CTAaThe SBISETCS MPOLECC U3MEPEHHs apaMeTpOB CUTHAJIOB U TPaKTOB CBepXBhICOKMX yacToT (CBY).
Hean pabotsl — peanuzanust Ha [TJIMC MHOro30HZOBOIO METO/a M3MEPEHUs MapaMeTpOB CUTHAJIOB U TPAKTOB C IOBBILIEHUEM
TOYHOCTH 3a CYET ONTHUMAaJIBHOH 00paboTKM MH(pOpMALUM IOJTYyYEeHHOH C NaT4MKOB. B cTaThe pelmaroTcst cieayromye 3agadu:
CO3JJaHHe MOJEIH MHOTO30HJOBOTO MHKPOBOJHOBOTO MYJNBTHMETpAa C HW30BITOYHBIM KOJWYECTBOM MJATUMKOB IPHMECHEHHUS
¢mnpTpanmn  Kanmvana B MeToJie MHOTO30HIOBOTO MHKPOBOJHOBBIX HM3MEPEHHH M €ro pealusanis Ha IPOrpaMMHPYEMbIX
nmormdeckux uHTErpanbHBIX cxemax (IIJIMC). Hcmonp3yloTcst Takue MeETOIbI: TUHEHHas anredpa TpH  ONpeAeTICHUR
MIPOMEKYTOUHBIX IIEPEMEHHBIX M3 OOpaTHON MaTpWIEl  CHCTEMBI YPaBHEHHMI, ONHCHIBAIOIIEH MHOTO30HIOBYIO CHCTEMY IIpU
MOCTPOCHUH AJIITOPUTMA OOpabOTKM CHUTHAJIOB JaTYMKOB NPH KOCBEHHOM H3MEPEHHMH MOIIHOCTH M KOG QHIMEHTa OTpaKeHHs
CHTHAJIOB JIATYMKOB, TEOPHUsS OLICHUBAHUS NPH (HUIBTPALUN IPOMEKYTOUHBIX MEPEMEHHBIX, KaK LEJEeBYI0 (YHKIHIO IPH 3TOM
HCTIOJIB3YIOT CYMMY 3JIEMEHTOB Ha TJIaBHOM JMAroHald MAaTpHIbl AUCTIEPCHH U KOBapHallMii, YeM MEHBIIE 3Ta CyMMa, TEM MEHbIIIe
MOTPELIHOCTh, MO AHAJIOTHMH C METOJOM HAMMEHBIIMX KBajpaToB, rie NpH D-oNTHMagbHOM IUIAaHUPOBAaHHMU JKCIEPUMEHTa
MHHUMHA3UPYIOT MPOU3BEICHUE SIEMEHTOB IJIABHOW AMArOHANM MATPHIBI JUCHEPCHH M KOBApPHANMi{, IIOTOMY 4YTO NPOHM3BENCHHE
JJIEMEHTOB TJABHOM [WaroHAIM BHOCHT OCHOBHOW BKJIQJ B BBIUHCICHHE OMNPENCNHUTENs TpPH MPEHEOPEKUMO MabIX
BHEJJMATOHAIBHBIX JJIEMEHTaX MAaTpHIBl IHCIIEPCHH M KOBapHaIMil, B CBOIO OdYepeqb ONpENENHTEeNb MATPUIBl AUCICPCHH U
KOBAapHalUi BU3YAIM3HPYETCS] DIUIUIICOMIOM pacCesHHs, YeM MEHbIIe KOTOPhIH, TeM TouHee m3MepeHme. [lomydeHsl Takue
pe3yJbTaThl: yCOBEPIICHCTBOBAHA MaTeMaTHUeCKasi MOJIeIb MHOTO30HJOBOTO METO/1a U3MEPEHHs MapaMeTPOB CHTHAIOB M TPAKTOB
CBUY, ocHoBaHHas MpeoOpa30BaHUs CHTHAJIOB JaTYMKOB, PACIIOIIOKEHHBIX BIOJb HAMPABICHHS MEPEAayd MOIIHOCTH B TPakTe, B
NaJIaloIlyl0, OTPAKEHHYI0 U MPOXOJSIILYI0 MOIIHOCTH U KOMIUICKCHBIH KO3()(HUIMEHT OTpaKeHUsI Harpy3KH, KOTOpas OTIMYaeTCs
(buIbTpanyel MPOMEeXYTOUYHBIX NEPEMEHHBIX, YTO MO3BOJIHIIO HOBBICUTh TOYHOCTD, IPEIOKeH KoHeuHbIi aBTomMaT (FSM) ¢ takumu
COCTOSIHMSIMH, KaK IPOTHO3HMpOBaHHWE M OoOHOBIeHHE anroputMa ¢uibTpa Kammana u ero moxenmupoBanue ¢ momomisio ITJIMC.
BbIBOABI: yCOBEpIICHCTBOBAaHHE OOpPaOOTKM CHUTHAJIOB AATYMKOB MHOTO30HIOBOTO MHKPOBOJIHOBOTO MYJIBTHMETPA ITO3BOJIHIO
MTOBBICHTH TOYHOCTH M3MEPEHUII.

KnioueBbie cj10Ba: MHOTO30H/IOBBIIT MUKPOBOJIHOBBIH MynbTUMeTp; GuabTp Kanvana; koneunsiit aBromar; I1JIMC,; anroputm
00paboTKH; H30BITOYHOCTS.
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MULTIPROBE MICROWAVE MULTIMETER WITH PROCESSING OF SENSORS
SIGNALS WITH KALMAN FILTER

The subject matter of article is the process of measuring the parameters of microwave signals and tracts. The goal of work is
implementation on FPGA of a multi-robe method for measuring parameters of signals and tracts with an increasing of accuracy due to
optimal processing of information received from sensors. The following tasks have been solved in the article: creation of a model of a
multiprobe microwave multimeter with an redundant number of sensors using Kalman filtering in the method of multiprobe
microwave measurements and its implementation on field-programmable gate array (FPGA). The following methods were used:
linear algebra when defining intermediate variables from the inverse matrix of the system of equations describing a multiprobe system
when creating a sensor signal processing algorithm for indirect measuring the power and reflection coefficient from sensor signals,
estimation theory when filtering intermediate variables, where the sum main diagonal elements of the variance and covariance matrix
is used as an objective function, the smaller this sum, the smaller the error, by analogy with the least squares method, where the D-
optimal experiment design minimizes the product of the elements of the main diagonal of the variance and covariance matrix, because
the product of the elements of the main diagonal introduces the main contribution to the calculation of the determinant for negligible
off-diagonal elements of the variance and covariance matrix, in turn, the determinant of the variance and covariance matrix is
visualized by the scattering ellipsoid, the smaller which is, the more accurate the measurement. The following results were obtained a
mathematical model of a multiprobe method for measuring parameters of signals and microwave tracts, based on the conversion of
signals from sensors located along the direction of power transmission in the tract into incident, reflected and passing power and a
complex reflection coefficient of the termination, which differs by filtering intermediate variables, which made it possible to improve
accuracy; a finite state machine (FSM) was proposed with states such as forecasting and updating the Kalman filter algorithm and its
modeling using FPGA. Conclusions: improvement of signal processing of multiprobe microwave multimeter sensors has improved
the measurement accuracy.
Keywords: multiprobe microwave multimeter; Kalman filter; state machine; FPGA,; processing algorithm; redundancy.
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