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Intelligent Information System for Calculation of
Substitution Limits in Solid Solutions

Oleg Bisikalo, Oleksii Kudryk
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Abstract—This work is devoted to the design and development
of an intelligent information system for predicting the phase
stability of solid solutions. The main trends in the development of
intelligent information system were analyzed, a model for
predicting the phase stability of solid solutions was developed. A
variant review and selection of software design and development
methods is carried out in the work. The following programming
environments were chosen as the software design environment:
Oracle Application Express (programming languages javasript,
html, pl/sql) and pl / sql developer (programming language pl /
sgl). The analysis of database design methods is carried out,
algorithmic software is developed, including the main functions of
the system are defined. Also, the descriptive algorithm of the
program, design and structure of software modules are developed,
tests of all functions of the software which confirm their
correctness are carried out.

Keywords— intelligent information system, phase stability, solid
solutions, mathematical modeling, model.

I. INTRODUCTION

The problem of isomorphic substitutions of atoms in
crystals attracts the interest of researchers due to the fact that
most new inorganic materials for phosphors, lasers [1],
scintillators, photocatalysts [2], LEDs [3], etc. is created on the
basis of solid solutions, which allows you to purposefully
influence their properties. "Mixed" solid solutions, which
contain, in addition to the activator, several other cations [4-5].
However, it is not always taken into account that solid solutions
synthesized at high temperatures are prone to decomposition on
cooling and can uncontrollably change the phase composition
and properties. Therefore, before the synthesis and study of
their properties, it is desirable to evaluate the limits of
displacement and thermodynamic stability of solid solutions.

For forecasting the limits of substitutions by calculation
methods that do not require large expenditures of money and
time was created a program for predicting the limits of
substitutions by the crystal-chemical method in systems with
isostructural components in the approximation of regular
solutions. The main task of the method is to determine the
mixing energy of the components Q, the knowledge of which
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allows Becker's equation, setting the decay temperature
(stability) Tr to calculate the equilibrium composition of the
solid solution "x", or for a given "x" to calculate Tr. However,
when calculating the mixing energy by the method of V.
Urusov, materials specialists, for whom the model was created,
may have difficulty in choosing the initial parameters (eg,
degree of ionicity, coordination number, interatomic distances,
etc.), so all the initial parameters for each component are listed
in the program database.

1. MATHEMATICAL METHODS OF MODELING

The main task in calculating the limits of substitutions
and thermodynamic stability of solid solutions using the crystal
energy method V.S. Urusov [6-8] is the definition of the mixing
energy Q (interaction parameter). In the General case, the
mixing energy according to VS Urusov consists of three
contributions due to the difference in the size of the substituting
structural units or interatomic distances in the components (Qr),
the difference in the degree of ionicity of the chemical bond
(Qg) and the difference in their crystal structures (AHiii/x1),
where AH_ enthalpy of the polymorphic transition from the
structure of the component that replaces in the structure of the
one that it replaces:

Q =Qr+ Q,; + AH /X1 (1)

In this paper, the substitution of REEs in isostructural groups
of systems is studied. Therefore, the third term in the above
equation is zero. The second term of the equation according to
[20] must be taken into account in cases where the dimensional
factor is large enough, and the difference in the electronegativity
of the substitute ions is greater than 0.4; or a difference in the
degree of ionicity of the chemical bond in the components of the
systems greater than 0.05. Taking into account the difference in
the size of the structural units to be replaced and the differences
in the degrees of ionicity of the chemical bond in the
components, the mixing energy will be [6-8]:



Q = QR + Qg = CngmZx(AR/Rl)z + 1390m2m2xa(A8)2/(2R1) (
2)

where C - is an empirical parameter calculated from the
expression C = 20 (2Ay + 1) [8] by the magnitude of the
difference in electronegativity Ay (EN) of cations and anion; m
- the number of structural units in the compounds in the
pseudobinary approximation of the components; n is the
coordination number of the substituting structural unit in the
pseudobinary approximation; zm, zx - charge modules of
structural units (Ln®* and YO.,*); R is the interatomic distance
of the cation - the central atom of the oxoanion; Ry is the smaller
interatomic distance; o is the reduced Madelung constant
calculated by the Templeton formula; Ae - differences in the
degrees of ionicity of the chemical bond in the components,
calculated by the difference in electronegativity (EN) of REE
and anion cations taken from [9]. AR/R; - the relative difference
in the size of the structural units to be replaced (dimensional
parameter).

The crystal chemical method of the quantitative theory of
isomorphic substitutions was first developed and tested on the
example of systems formed by binary compounds - alkali metal
halides. This was due to the existing theoretical developments
of previous generations of scientists, as well as a large number
of experimental results on diagrams of states, substitution
limits, structure, thermodynamics and other characteristics of
these compounds. Formulated by VS Urus's rule of assistance
allowed us to move to the characteristics of the size factor -
from the relative difference in the size of structural units
(tabular radii of ions), which are replaced by the difference in
interatomic distances cation-anion. The latter were determined
experimentally with greater accuracy and included not only the
size of the structural units to be replaced, but also the total
structural units. Later, the method was extended to systems
formed by ternary compounds that contain complex anions
isolated from each other, which can be considered as separate
structural units, and the compounds themselves are called
pseudobinary. In contrast to alkali metal halides, pseudobinary
compounds have been studied to a much lesser extent, which in
many cases complicates the determination of the dimensional
parameter due to the limited amount of structural data [10-12].

I1l. SOFTWARE DESIGN

The intelligent information system for predicting the
phase stability of solid solutions was proposed to build on base
main principles supporting dialog processes [13]. Consider the
choice of programming tools for developing intelligent
information system software.

SQL (Structured query language) - a declarative
programming language for user interaction with databases, used
to generate queries, update and manage relational databases,
create a database schema and its modification, database access
control system [14].

SQL itself is neither a database management system
nor a separate software product. Without being a programming
language in the sense of C or Pascal, SQL can generate
interactive queries or, being embedded in applications, act as
instructions for data management. The SQL standard also
contains functions for determining change, validation, and data
protection.

Because SQL is not a programming language (that is, it does
not provide the means to automate data operations), the
extensions introduced by various vendors primarily concerned
procedural extensions. These are saved procedures of procedural
language - "add-ons". Almost every database uses its own
procedural language.

Firebird (FirebirdSQL) is a free cross-platform
relational database management system running on macQOS,
Linux, Microsoft Windows and some Unix platforms.

Created in 2001 in response to Interbase 6.0, the
developer community is evolving without the explicit support
of any major corporation.

Like Interbase, using MVCC, supports stored
procedures in PSQL, triggers, transaction-independent 64-bit
sequence generators. It is possible to work with basic data read-
only (which allows you to use the database, for example, on
CD-ROM and conveniently combined with the built-in version
of the Firebird Embedded server). Implemented several levels
of transaction isolation, backup without stopping the server.
Implemented Unicode support.

DB2 is a family of relational database management
systems manufactured by IBM. Most often, referring to DB2,
we mean the relational database management system DB2
Universal Database (DB2 UDB) [15].

In the 2000s, DB2 was available in versions on the
following platforms:

DB2 for Linux, UNIX and Windows v10 for AlX, HP-
UX, Linux, Solaris, Windows and Mac OS X platforms

DB2 for z/ OS v10 for z/ OS and OS / 390 platforms

DB2 Server for VM v7.5 for z / VM and z / VSE
platforms

DB2 for i for the IBM i platform (built into the system
at the hardware-software level)

In the 1990s, DB2 server versions for OS / 2,
UnixWare, PTX were also released.

DB2 DBMS clients, in addition to the listed platforms,
are available or have been released in various versions for
SINIX, IRIX, classic Mac OS and MS-DQOS, as well as in the



mobile version of DB2 Everyplace for Windows CE, Palm OS,
Symbian OS, Neutrino and virtual machine Java.

Since the 2000s, in addition to the family's commercial
products, IBM has also distributed a free DB2 Express-C
distribution.

Microsoft SQL Server is a relational database
management system (RDBMS) developed by Microsoft. The
main query language used is Transact-SQL, created jointly by
Microsoft and Sybase. Transact-SQL is an implementation of
the ANSI / ISO standard for Structured Query Language (SQL)
with extensions. Used to work with databases ranging in size
from personal to large enterprise-wide databases; competes
with other DBMSs in this market segment.

MySQL (MFA: [mar  eskju:'el]) is a free relational
database management system [8]. MySQL is developed and
supported by Oracle Corporation, which acquired the trademark
rights along with the acquired Sun Microsystems, which
previously acquired the Swedish company MySQL AB. The
product is distributed both under the GNU General Public
License and under its own commercial license. In addition,
developers create functionality to order licensed users. It is
thanks to this order that the replication mechanism appeared
almost in the earliest versions.

PostgreSQL (pronounced "Post-Grass-Q-EI" [16]) is a
free object-relational database management system (DBMS).

It exists in implementations for many UNIX-like
platforms, including AlX, various BSD systems, HP-UX, IRIX,
Linux, macOS, Solaris / OpenSolaris, Tru64, QNX, and
Microsoft Windows.

PL / SQL is a programming language used to access
Oracle databases. The name itself means English. Procedural
Language + SQL (structured query language).

The emergence of this language is a natural
development of data processing tools for databases. As you
know, the SQL language is a declarative programming
language (4th generation programming language), ie the
constructions of this language indicate what needs to be done,
not how. PL / SQL supports all basic software constructs.

The syntax of this language is based on the syntax of
the Pascal programming language. The program code is not
case sensitive. The language is closely integrated with the SQL
language.

Oracle Database (often simply Oracle) is an object-
relational database management system from Oracle
Corporation.

Oracle Application Express (abbreviated as Oracle
Apex, APEX, formerly called Oracle HTMLDB) - a free

environment for rapid development of application software
based on Oracle Database, fully implemented as a web
application. All elements that occur in the development cycle
of the program in this environment are stored directly in the
infrastructure of Oracle Database, thus ensuring the
collaboration of developers and version control without the use
of files and additional version control systems.

This work uses Oracle Database 11g and PL / SQL. The
product extends the unique benefits of Oracle grid computing
technology to improve customer service, reduce downtime and
use information resources more efficiently, increasing
productivity, scalability and security.

Oracle Application Express (Oracle APEX), is the low code
web application development tool for the Oracle Database.
Application Express enables you to design, develop and deploy
beautiful, responsive, database-driven applications, either on-
premises or in the cloud. Using only a web browser and limited
programming experience, you can rapidly develop and deploy
professional applications that are both fast and secure for any
device, from desktop to mobile. Oracle Application Express
combines the qualities of a low code tool, productivity, ease of
use, and flexibility with the qualities of an enterprise
development tool, security, integrity, scalability, availability and
built for the web.

IV. CALCULATION RESULTS

For example, using an intelligent information system for
predicting the phase stability of solid solutions, which based on
the crystal-energy theory of isomorphous miscibility, were
calculated the energies of mixing (interaction parameters) and
critical decomposition temperatures of ScixLnyVOs solid
solutions (where Ln is a rare-earth element (REE), Ln = Ce —
Lu) with the zircon structure. According to the values of the
decomposition temperatures (Td), their dependences on
different substitution limits for solid solutions in the systems
Sc1xLnxV O, where Ln represent rare-earth elements of Ce —Lu
series are built (Fig.). Dependences for critical decomposition
temperatures Tcr (for x = 0.50) is also shown there.
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Fig. Diagram of thermodynamic stability of Sc, «Ln,VO, solid solutions:
Dependences of the calculated decomposition temperatures of Sc; «L.nyVO,
solid solutions from different substitution limits.

The results of the study can be used during the development
of new luminescent materials based on ScVO4, which are
modified with rare-earth elements, at defining rare-earth



elements in matrix and activator, at defining optimal
proportions of REE in Sci1xLnyVO4 matrixes.

V. CONCLUSIONS

As part of the work, the following tasks were performed:

reliability of results;
e convenience and ease of use;

e the ability to work simultaneously with an unlimited
number of users;

o lack of rigid binding to specific hardware and software;

o easy scalability of the system;

hight security.

The following programming environments were chosen as
the software design environment: Oracle Application Express
(programming languages javasript, html, pl / sql) and pl / sql
developer (programming language pl / sql).

The crystal chemical approach in the approximation of
regular solutions was used to calculate the mixing energies
(interaction parameters) of solid solutions. With an increase in
the REE number, the calculated mixing energies and critical
decomposition temperatures of solid solutions become smaller,
which is caused by the decrease in the REE ionic radii.

The diagram of thermodynamic stability makes it possible to
evaluate not only the stability of solid solutions in a wide range
of compositions and temperatures, but also to predict for some
solid solutions the substitution limits at a given decomposition
temperature, or the decomposition temperature at a given
substitution limit. The calculation results obtained do not
contradict the experimental data.
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Anomayia—TecTH 3aKPUTOr0 THIY PO3LJIAIAIOTHCS 3
HMOBIpHiCHOT TO4YKHM 30py, 10 [103BOJISE€ OUIHIOBATH iX
J0CTOBipHicTH B TepMiHaX BHOIPKOBOIr0 cepeIHBOr0 i 10Bip4oro
intepBamy. Ilpomonyerbess  cmoci6  omiHkm  peajabHOI
KOMIIETEHTHOCTi BUNIPOOYBAHOI0, SIKHIi BPAXOBYE MOKJIUBICTH
BUIIAIKOBOI0 BUOOpY BipHUX Binosineii.

Knrouosi cnoea—rxonmpons 3nans; mecm 3aKpumozo muny;
binomianvruii po3nodin; 0oeipuuil inmepean

Abstract—Multiple-choice tests are considered from a
probabilistic point of view, which makes it possible to assess
their reliability in terms of the sample mean and confidence
interval. A method is proposed to assess the subject's real
competence, which considers the possibility of randomly
choosing the correct answers

Keywords—knowledge  assessment;
binomial distribution; confidence interval

multiple-choice test;
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KoHTponb 3HaHb 3a JOIMOMOTOIO TECTIB 3aBXIH OYB
3arpebyBaHNM B cepi ocBiTH. OCOOIMBO YaCTO BAAIOTHCS JI0
TECTiB 3akpuToro Ttumy [1], OCKiIbKM 1 IIpoBeneHHd, i
MepeBipka  TaKMX  TECTIB MoXe OyTH  MOBHICTIO
aBTOMATH30BaHa.

V 3B'3KY 3 IIUM XOTLJIOCS O MPOSICHUTH, 1110 CaME 1 3 SIKOFO
TOYHICTIO BUMIPIOIOTH MOJI0OHI TecTH [2]. 3p03yMiJio, 3aBKIN
MOJKHA CKa3aTH, Ha SIKy YacTKy MTaHb BUIPOOOBYBaHMUI1 J1aB
NIPaBWIbHY BiIOBi/b, ajie K METa TECTY — BUMIPSITH PiBEHb
3HaHb, a HE TIONIYWTH KUIBKICTh BIPHUX BiJIOBIiJEH.
[HTYITHBHO SCHO, IO TOYHICTH BUMIPIOBAHHS 3aJICKUTH BiJ

Alexey Galuza

dept. of Computer Mathematics and Data Analysis
National Technical University “Kharkiv Polytechnic
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Kharkiv, Ukraine
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pO3Mipy TecTy, ajie BEJIMKi TECTH BaXKO YKJIaAaTH i yTOMIIMBO
npoxoauT. Tomy xotinocs 6 3po3yMiTH, KU KOMIIpOMic
«IiHA-AKICTBY» MOXIIMBUH MIPH TPOBEJCHHI TecTyBaHH. Cirig
3a3HAYMTH, LI0 BCi MOJAJbLII MIPKyBaHHS 1 BHCHOBKH
3aCHOBaHI Ha aHANI31 TUTBKH KUTbKICHOTO OOKY TECTIB.

Il. MOJEJIb 3HAHb

IToyaTH ciif 3 BU3HAYEHHS TOrO, L0 TaKe «3HAHHS», SKi
MH MaeMO Hamip BHMIpIOBATH. 3aJMIIUBIIM B CTOPOHI
(GUTOCOMCHKIMIA aCMEeKT THTaHHSA, YABIMO MOZETHh IIHOTO
MOHATTS y BUDIISAI Oe3miui MuTaHb, Ha sIKi JI0JMHA MOXe abo
HE MOXE JaTh BiAmoBims. YuMm Oilblie NPaBIIIBHUX
BIIMIOBIZICH 37[aTHA ATH JIFOMHA, TUM BHUIIE PiBEHb 11 3HAHb.
Takum 4rHOM, piBeHb 3HaHb — I1e BigHomenHs P/(P+Q), ne P
— YHCJIO MMUTaHb, HA SIKi BUMPOOOBYBAHUIT 3HA€E BiANOBIb, Q
— KUIBKICTh TIHTaHb, Ha SKi BHIIPOOOBYBAaHWI BIiAIIOBiNI HE
3Ha€. BUMipsiTu piBeHb 3HaHb O3HAYA€ BCTAHOBUTH BEJIHMYHHY
I[FOTO BiJHOIICHHS, BOUYCBU/Ib, HOTO 3HAYCHHS MepeOyBaIOTh
B inTepsadi (0, 1).

3poOUMO MPHITYIIEHHS, 10, SIKIO BUPOOOBYBAHUH 3HAE
BIJIMOBiIb HAa JIEsIKE THWTAHHS, BiH BIPHO BIJMNOBICTH Ha 1€
MUTAaHHS B TECTi, a SKIIO HE 3HA€E, BIAMOBICTH HEBIPHO.
HacmpaBni 11e He 30BCIM Tak, aj¢ MH TOBEPHEMOCS 10 IbOTO
IMi3HIIIE.

I1l. CXEMA BEPHYJIIII

3 TakUM MPHUITYIICHHSM Npo0JieMa OIIHKY 3HaHb 3BEIETHCS
0 moOpe BMBUEHOIO CTATHCTHYHOI 3amadi. € reHepaibHa
CYKYITHICTB BEJIMKOTO PO3MIpY, IO CKIIAIAEThCA, CKAXKIMO, 3
YOpHHUX 1 61X Kysb. € BUMagKOBa BHOIpKa 3 N KyJb, B AKiH



k 6imux i n—k gopuux Kkynb. HeoOXximHo omiHUTH 3a
JIOTIOMOTOI0 T1i€1 BUOIPKA TMUTOMY KiJIbKIiCTh OUTUX KYJb B
TeHePaJIbHIA CYKYITHOCTI.

[Ipo Bcsik BUMA0K YTOYHUMO, IO OUTI KyJIi — [1e TUTAHHS, HA
SIKI BUIIPOOOBYBaHMH 3HAE BIOBI/Ib, YOPHI KyJIi — INTaHHS,
Ha sIKi BUIpOoOOBYBaHMI BiNNOBiAI He 3Hae. Bubipka e Tecr.
[TuroMa KinbKIiCTh OLIMX KyJb B TeHEPANbHOI CYKYIMHOCTI —
e piBeHb 3HaHb BHUIPOOYBAHOTO, SIKHH MH X0YeMO
BUMIpPSTH.

Komn yxmamad nomae muTaHHS O TECTy, HOMY HE BiOMO,
3Hae ab0 He 3Hae BUIPOOYBAaHUH BiAIIOBiAb Ha Il MUTAHHS,
TOOTO KOJip Kyimi, OO0 OOWpaeThCS, TPUXOBAHUH Bif
YIOPSIOAHUKA, 1 TOMY TECT MOXKHAa BBa)KaTH BHII4JKOBOIO
BHOipKOI0. SIKIIO TakK, TO IMOBIPHICTH MOSBU OYIb-AKO1 011101
Ky B BUOIpII JOPiBHIOE P, OyIb-AK0i 9OpHOT — (.

p=P/(P+Q). q=Q/(P+Q). p+q=1

KinpkicTh 0iMX Kyib y BUOIpLI — 1€ BUNIaJKOBA BEINYMHA,
mo Mae OiHomianbHuU posmoain [3]. 3rimHo 31 cXeMoro
BepHysuti, HaWO1LIbII IMOBIPHUM 3HaYeHHSM [ € wacTka k/n,
ajyie HaCKUTBKH JOCTOBIpHOIO Oyzae Taka ominka? Bimmosiab
MOXHa JfaTh y QopMi JOBIpUOTO iHTEpBaNy, KU
BU3HAYAETHCS, BUXOATYHN 3 0a)KaHOTO PIBHS 3HATYLIOCTI.
ImoBipHicTh TOTO, O y BUOIpIi po3mMipy N Oyne piBao K
OUTHX KyJTb, PO3PaXOBYETHCA 32 (HOPMYIIOIO:

n
R = |pa"

BiHomianpHUH pO3MOALT YHIMOAANBHUHN, TOMY JOBipYHi
iHTepBast d MOXKHA BU3HAYMTH 13 crTiBBiqHOIIEHHS (1).

i=k+d 2

S(k,d)= >

imk—d1\ !

p'q" <P, (1)

ne d1 u d2 — BigxuieHHs BIiBO 1 BIOPABO BijJ HANWOLIbLI
fimoBipHoro 3HauenHs k/n; S(k, d) — cyma iimoBipHOCTE# BCix
BUOIpOK 3 uuciaoM 4dopHuX Kyib Big k—dl mo k+d2; P —
00paHuil piBeHb 3HAYYIIIOCTI.

Ha rpadixy ¢yskmii GiHOMiaTbHOTO PO3MOIITY IDIOIIA
S(k, d) 3aapboBana (puc.1).

[Tpn TX 3HaYEHHSX N, sIKI XapaKTepHi IS TECTyBaHHS,
BU3HAYMTH JOBIPYMil IHTEPBAJ MOKHA MPSIMUM MiJIPaXyHKOM
cyM (1), mpuiHSABIIHM, AT TApaMeTpy p BUOIPKOBE 3HAUCHHS
k/n. TlimpaxyHOK MOXHAa BHKOHAaTH 3a JIOTIOMOTOIO
KOMI'FOTEpPHOI TIporpamu, sSK IIe i poOHUThCS B CHCTEMI
aBTOMATHYHOTO TeCTyBaHHS [4].

P(k)

0.12

5 £ 35 40 45 50

Puc. 1. I'padix ¢pyHKIil 6iHOMIaIBHOTO PO3HOALITY

3 0O0YHCIIEHb BHAHO, IO HAWMEHIN HATIMHI OIHKHA THUX
BUNIPOOOBYBaHMX, SKi TOKA3ylOTh CEPEIHI piBeHb 3HAHB;
OpyU TOMY 3K PIBHI 3HAYyHmIOCTI iX MJOBIpUME iHTEpBaI
Halmupmuid. BunHO Takox, IO TECTH 3 YHUCIOM IUTaHb
Oinbm 50 He 1AIOTH MOMITHOTO BUTpAIlly B TOYHOCTI OIIHOK,
a TECTH 3 YHUCIIOM IUTaHp MeHIIe 30 HeJOCTaTHRO HamiiHI.

IV. BragyBAHHS BIAIIOBIII

Ha nouarky Oynao 3poOJeHO MPUIYINEHHS, IO SKIIO
BUIPOOYBaHMI 3HA€ BIJNOBiJb, BiH BIPHO BIAINOBiJAE Ha
MUTaHHS TECTY, SKIIO HE 3HAE, BIAMOBIJa€ HEBIpHO. MU He
oOiiinemMocsi 0e3 NpUIylIEeHb B HAIIUX MIPKYBaHHSIX, aje
Hexail BOHHM Oy/yTh MPUPOJAHUMH, TOOTO CIPABEITUBUMH IO
BiJTHOIIICHHIO JI0 OUTBIIOCTI JifoAed. B maHoMy BHMAiKy,
NPUPOJHO MPUITYCTHTH, [0 KOJM BHUIOPOOYBAHUI 3HAE
BI/ITIOBI/Ib, BiH BIiJMIOBiJa€ MPaBUJIbHO, a KOJIM HE 3HAE, TO
BIJIMOBiJa€ HABMaHHs a00 HAMArae€ThCs BrajlaTH MPAaBUIbHY
BIAIIOBIb.

TakuM YUHOM, SIKIO BHUIPOOOBYBAaHHN MPABUILHO
BiMOBiB Ha K MTaHk, TO 11€ YKMCII0 cKiIanacThesd 3 K1 murads,
Ha sKi BiH AifiCHO 3HaB BiAIOBiAb, 1 K2 muTanp, Ha sKi BiH
Bigmosine Bramas, k = k1 + k2.

IMOBIpHICTh BHITAIKOBO JaTH TPABWIbHY BIATIOBiAB
3aJICKUTh BiJ KUIBKOCTI BapiaHTIB BiAIOBIAI Ha JaHe
ITUTAHHS, a caMe,

p, =1/4,

' - s ogHOpPa30BOTO BUOOPY

—-g;

pi:2

- U1 MHO>KHHHOTO BHOODY
Je '— YHCIO MOXJIMBUX BapiaHTIB BiJmoBigi Ha i-Te
MUTAHHS TECTY.

[pumycTiMo, 1Mo BUNPOOYBaHHWN HE 3HAE HIYOTO i Ha
KO>KHE 3allMTaHHs BiANOBizac HaBMaHHs. YABIMO, IO TECT
BiH npoxoyuthk Oarato pasiB (N pasiB). Toxi uncno BipHHX
BIZIMOBiJied Ha i-Te MUTAHHS JOPIBHIOE piN , a cepenHs
KUTbKICTh BIpHO BTaJaHMX BiNIMOBiJEH TPU OJHOPA30BOMY
MIPOXOJKEHHI TECTY JIOPIBHIOE

1 n n
WZi:O PN = Zizo P

Taxka cyma € BaXIJIMBOIO XapaKTePUCTUKOIO TECTY, aJle HaM
Oyze 3pydHille MaTH cupaBy 3 ii BIAHOCHUM BHPaXCHHSAM —
cepeTHbOI0 HMOBIPHICTIO BrayBaHHS.



I
Z= EZi:O P

Sxmo BunpoOOBYBaHUH BiAMIOBia€ HABMAaHHSI HE Ha BCi,
a TUTbKM Ha ! MUTaHB TECTY, TO B CEPEIAHBOMY BiH Brajia€e
MIpaBWIbHI BiATIOBi/I HA Zt TUTaHB.

IMoBepHeMOCs 710 TOTO, 1O 3 K MUTaHbh BUIPOOOBYBAHMI
3HaB Bimnosimi smme Ha k1, a permiry k2 Bramas. Omie,
BUMpoOyBaHUi He 3HaB BiamoBiai Ha N — K1 murtanb Tecty i
BIIMOBIaB Ha HHUX BUIAAKOBO, ToOTO K2 =z (n—K1).

B Toii camuii uac k2 =k — K/, i. 3Bincu 3naxomumo k1.
kl=(k—-2zn)/(1—-2)
A00, po3IiMBIIY Ha N JIIBY 1 IPaBy YaCTUHU

kL/n=(k/n-2z)/1-2)

Ane k1/n = r — ue BigHOIEHHS 4YKCla IUTaHb, Ha SKI
BUIPOOOBYBaHMUI 3HA€ BIAMOBiNb, MO 3arajabHOI KUIBKOCTI
MMUTaHb TECTY, TOOTO I BHOIPKOBa OIliHKAa peabHUX 3HAHBb
BHUIPOOYBAHOTO.

Yectka k/n = v — BiIHOIICHHS YKCIa BIipHUX BiJIOBIiaeH
JI0 YHCJIa MUTaHb TECTy — OIL[IHKA CIIOCTEPEKYBAHOI'O PiBHS
3HaHb. SIKIIO HAC HIKABUTH pealbHUIl pPiBEHb 3HAHb, a HE
CIIOCTEPEIKYBAHUM, TO MOTPIOCH MepepaxyHOK 3a GOPMYJIO0

).

r=(v-2)/(1-2) @)

Hanpukian, B TecTi Ha KOXKHE IMUTaHHS MPOMOHYETHCS 5
BapiaHTIB  BIiAMOBimi, TOOTO  cepedHs  HWMOBIPHICTB
Bragysanssi, Z = 1/5. I konu BunpoOyBauuii nae 20% BipHHX
BignoBiged (Vv = 0.2), MH MOXXEMO MPHITYCTUTH, IO HOTO
3HAHHS JIOPiBHIOIOTH HyH0, I = (0.2 -0.2) / (1-0.2) = 0.

Sxmo x BunpoOysanuii qae 100% BipHHUX BiINOBIIEH, TO
MOKHA CIIOIBATHCS, 10 HOr0 KOMIIETEHTHICTh MaKCUMaIbHa

i mopiBuroe r = (1-0.2) / (1-0.2) = 1.

Ha wmanroHKy 2 T1OKa3aHO CIIBBIAHOIICHHS MIiX
cnoctepexxyBanuM (Bice OX) Ta peanbanM (Bick OY) piBHEM
3HaHb.

1
’ Observable

Puc. 2. CrioctepexyBaHuii Ta peanbHuil piBeHb 3HaHb

Mexi IoBipYOTO iHTEpBaly TAKOX NMOBUHHI OyTH minnaHi
nepeTBOpPeHHo (2).

3ayBa)knMo, IO 3HAWAYTHCS TakKi BUIPOOOBYBaHI, 4ns
pealbHa KOMIICTEHTHICTh BHSBHUTBCS HeraTHBHOM. lle
MOXIIMBO, TOMY W10, HaMararoyuch BraJatd, JIIOJU
MpUIHMArOTh MPaBIOMONIOHI BIAIOBiAI 32 paBmiIbHI. HaBiTs,
SKIIO pe3ysbTaT I HeBim'eMHMH, BiH Oyne 3aHMKEHHMH 3a
pPaxyHOK HEBIAJIHMX BraJayBaHb, OCKUIBKH YKJIamadi TecTy
3a3BHYai pooIATh HETNpaBUIbHI BiAmoBiai
TIPaBIONO i OHIMH.

Buxoaute, 10, SKIIO BIAMOBIAI HE 3HAENI, Kpalle
BiJIIOBiAaTH HE 3aMHICIIOIOUNCH. A IIIe KpaIlle epea0aduTy B
CHUCTEMI TECTYBaHHS KHOIIKY «HE 3HAIO», 100 BHUKIIOYUTH
MUTaHHS 3 TaKol0 BIiAMOBIII0O 3 TIepepaxyHKy. He
BTOMJIIOIOYM YHUTa4Ya BHUKJIAJKAMH, HaBeAeMO (HOpMyIy
MepepaxyHKy B TOMY BHIIQJIKy, KOJIH { MUTaHb TECTy
OTpUMalH BiANOBiAs «He 3Hao». Il[o6 BupaxkaTtHcs y
BIIHOCHUX BEJIUYMHAX, TTO3HAYUMO t /n yepes u.

r_v—z(1—u)

[Tpu u = 0, Bupa3s (3) BUPOIKY€ETHCS B (2).

Skmo x U = 1 - v, T00TO BUNPOOYBaHM 3aBXKIH YECHO
BU3HABAB CBOE HE3HAHHS, BIH HIYOT0 HE BTpavae Mpu
nepepaxyHKy i I = V.

V. BUCHOBKHI

OriHKa 3HaHb 3a JIONIOMOIOI) TECTIB 3aKPUTOTO THILY
HOCHTh CTaTUCTHYHHMN XapakTep, TOMY HOBHHHA OYyTH He
TOYKOBOIO, a iHTepBanpHOW0. IIlo6 Tect Oy i
iHGOPMATUBHUM, 1 HE IyXXEe BTOMIIIOBaB, BIH ITOBHHEH
mictutH Bix 30 1o 50 nuTaHs.

KomrieTeHTHICTh, SIKy AEMOHCTPYE BHMIPOOYBaHUH B
TECTI, BiIPI3HAETHCS Bill peanbHoi. SIKII0 HaM IiKkaBa peajibHa
KOMIIETCHTHICTh, HEOOXiTHHUI MepepaxyHOK 3a (OpMYJIO
(3). Ho Toro x peanpHa IIKana IO3BOJISE MOPIBHIOBATH HE
TUIBKK PE3yJbTaTH OJHOTO TECTY y PI3HHX BUIPOOYBaHMUX,
aie 1 pe3ylbTaTd Pi3HUX TECTIB y OJHOTO BHUIPOOYBAHOTO,
HANpUKJIaj, NpPU OI[HII MPOrpecy CTyJeHTa Ha IEBHOMY
BiJJpi3Ky 4acy.

VY cucremax TecTyBaHHA OakaHO MaTH KHONKy «He
3Hato». Hatuckatu 1i y BiAMOBimHIN cuTyarii — B iHTepecax
camoro BHIIpOOyBaHOTO, ajie 1ie Tpeba HOMy MOSCHHUTH.
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Anomauia—npoBeaeHo aHAJi3 JMHAMiIKM Kifep3a3rpo3 3
TOYKH 30py BHUSIBJIeHHs migo3pinux moniid, kideparak Ta
ki0epiHnuaeHTiB, 3anponaHoBaHo MoaudikyBaTH aJIropuTM
remryBaHHs 0a3u JaHUX NapoJiB Ta muU(pPyBaHHS NOBiIOMIICHB
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Abstract—Analysis of the dynamics of cyber threats in terms of
detection of suspicious events, cyberattacks and cyber incidents,
proposed to modify the algorithm for password database hashing
and encryption of e-mails

Knrouoei cnosea—~xibep3zazposzu, ceuwiyeanHs, eainmuyni Kpuei,
anzopumm UMAC, kibepinyuoenmu
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I. BcTv

AKTHBHE TIepeBE/ICHHS CIIBpOOITHHKIB Ha BiImaleHy
pobOTYy 1 BHBEJEHHsS BHYTPILIHIX CEPBICIB KOMIIaHId Ha
MepexeBuil TepuMerp, ooymoBieHi maHaemieto COVID-19,
BIUIMHYNN Ha JaHAmagT Kibep3arpos y Bcbomy cBiTi. Jlume
JIesiki KOMIIaHil, sIKi 1 TaKk MPaKTUKYBaJIN poOoTy y BiiIaJICHOMY
pexxnmi, Oynm TOTOBI BIOpaTHCA 3 yciMa CKIAIHOIIAMHU B
3abe3neueHHi Oe3NeKy, HIII 3ITKHYJIHNCS 3 HECTa4yelo Jacy Ha
MPOAyMyBaHHS 1 peaii3alifo BCiX HEOOXITHUX 3aXOiB
3aXHUCTY.

3m0BMHUCHUKH ©€3 3BOJIKaHHS MNPHUCTYNWIA 10 MOIIYKY
BPa3NMBOCTEH B CepBicax Ha IEpUMETpax KOMIMaHid, B TOMY
YHCi B PIMIEHHSX, SIKI BUKOPUCTOBYIOTBCS JUIA OpraHizaril
BiJyIaJeHOl pPOOOTH, TepeBipsroYd iX Ha MIIHICTE. Tak,
aKTUBHO eKcIuryaryBayimcsi nposomu B Pulse Secure VPN,
Citrix ADC i Citrix Gateway, B MixkmepexeBomy ekpaHi Cisco
ASA. Omeparopu mporpam-BumMaradiB, 30kpema Netwalker,
Clop i REvil, kopucryBanucsi ypa3nuBUMHU cepBicaMu JUIs
TIOIIMPEHHSI CBOTO IIKiIJIMBOTO IMPOIPaMHOTO 3a0e3meueHHs
(I13).

VY 3B'3Ky 3 UMM aKTyaJbHHUM € JOCHIJKEHHS CBITOBUX
TeHJCHIIH KibepOe3nekn Ta BU3HAYEHHS CTaHy 3 IbOTO
MMUTAaHHS B YKpaiHi.

1. AHAJII3 CTAHY KIBEPBE3IIEKU B VKPATHI

Cucrema kiGep3axucty JepkaBHUX  iH(OpMAIIHHIX
pecypciB Ta 00’€KTiB KpUTHYHOI iHQPACTPYKTYpH Ha 00’ €KTaxX
MOHITOPHHTY 3a mnepioa 3 nmodarky rpyans 2020 p. mo KiHis
tpaBus 2021 p. 3adikcyBana 46 787 272 nigo3pinux noxii [1].
Po3mo i migo3piiux no/Iiii 3a rpyrmaMu HaBe[eHo Ha puc. 1.

sebeamar 0%~

R ——
14%

nopywmernnn
EOpTIOPATHEEO] TOMITHER

Seamerm; 1% spexess CRARVEIRER,
. 20%

33CTOCYBAHER
‘HCTAHIGPTHIN

‘Tmm

epexcese L2 0%

\Eﬂﬁpmmx idopuani
2%

otpmaEn Tpas
e —T

oTpHMAEE

npan
amuisicrpatopa ; 16%.

Puc. 1. KinpkicTs mimo3pinux nomii

CucremMa 3axMIIEHOTO JIOCTYIy JAEp)KaBHHX OpTaHiB [0
Mepexi [nTepHeT 3a mepiox 3 movatky rpyzxast 2020 p. 1o KiHIA
tpaBHs 2021 p. 3abnokysana 1 125 783 atax pisnux Buzis [1].
Posnoxin 3a0mokoBaHMX KibepaTak 3a TIpylnamMu HaBeleHO Ha
puc. 2.
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Puc. 2. Kinbkicts kibeparak

Taxkox 3a neit mepiof 3adikcoBano i 3a610k0BaHO 287 DDoS-
aTak, 30kpeMa Ha BeOpecypcu Odicy Ilpesunmenta Ykpainu Ta
JlepKcren3B 3Ky .

3a mannmu Jlep:xcner3s’ 3Ky 3 nmoyatky rpyaas 2020 p. mo
kiamg TpaBHA 2021 p. ypsHOOBOIO KOMAHAOKI pearyBaHHSI Ha
koMmI’rotepHi HamBuyaiHi noxaii Ykpainm CERN-UA 6yno
BusgBneHo /9104  xibepimmunmentie  [1]. Posmomim  Bcix
KiOepiHIM/ICHTIB 3a rpyIiaMy HaBEJICHO Ha puc. 3.

HECAHEIICHOEAHHT Hm; 1,10%

moerym; 0,050% \ /
immer; 17,065%

: 81,80%

Puc.3. Kinpkicts KiGepiHI[HICHTIB

JlaHi TeHzeHMii XapakTepHi i 171 KiGepIpocTopy 10 BCbOMY
ceitoBi. Tak, B arakax Ha OpraHi3aiii OCHOBHHMH BEKTOpaMH
JOCTAaBKM  MIKIIJIMBOrO mporpamHoro 3abesnedeHss (I13)
3IMIIAIOTECS  eJleKTpoHHa nomrta (71%) 1 kommpomeraris
KOMIT'IOTEpiB, CEepBEPIB Ta MepexeBoro odnaaHanus (24%), a B
aTakax Ha MPUBATHUX OCI0 XaKepd BIINAIOTH MepeBary
CNEeKTPOHHIH momTi i BeG-caiitam (o 32%) [2].

Tako’k MOXHA 3a3HAYWTH, 110 OCHOBHHAM JDKCPEIOM
BUHUKHEHHS KiOCpIHIIUICHTIB € KaHAIU Tepenadi indopmartii, B
TOMY YHCITI ¥ €JIEKTPOHHA IOIIITA.

Ilpu aBreHTH(IKAI KOPHCTYBAa4iB B €JICKTPOHHINA MOIITI
BUKOPHCTOBYETHCSl TEIIYBAHHS IMAPOJiB, SKE MPOBOJUTHCS 3
BHUKOPHCTaHHM aJIrOpUTMY Kpunrorpadivsoro 3axucty MDS.

[pu poboTi B MOCTKBAHTOBOMY NEpiOAl JaHUH alrOpUTM He
BOJIOJTi€ HEOOXiTHOIO KPHITTOCTIMKICTIO /IO 3IOMiB, TOMY IOCTa€
3aBJIaHHsl CTBOPEHHS! HOBHMX aJrOpUTMIB abo Mojudikamii Bxe
HAasBHHX.

Ilpn peectpauii KopucTyBaua B €JIEKTPOHHIH TOMLITI,
3a3Ha4eHNH 1M TapoJIb MIPOXOAUTH Yepe3 renI-(pyHKIIIo i 3aMicTh
mapoys B 0a3sy nmaHux OyJe 3aHeCeHWi oTpuMmanuid remr. [Ipu
KOXHIH crpobi aBTOpH3allii BKa3aHHH Mapois Oyne KOKEH pa3
MIPOXOJIUTH Yepe3 Tenl-(QyHKIIo, 1 OTpUMaHui Tem-kox Oyxe
TIOPIiBHIOBATHCS 3 TEII-KOIOM 30epe)keHnM B 0a3i TaHWX, 1 SKII0
BOHM OYy/IyThb 1JEHTUYHI, TO TTApOJIb KOPHCTyBayeM OyJIO0 BKa3aHO
BIpHHH.

AJITOPUTM TeUIyBaHHS, SIKMHA BHMAara€ MIOCUTh BEJIUKHX
pecypciB 1 BEMHMKOI KiITBKOCTI oTlepamii st OOUNCIICHHS XeITy B
YMOBax [MOCTKBAaHTOBOI Kpunrorpadii 3moxxe 3a0e3neduTd
HaJIOKHUI PiBEeHb KPUIITOCTIHKOCTI.

Moandixarii, K1 TIPUBEIYTH o M IBHIIEHHSA
KPUNTOCTIMKOCTI QJITOPUTMIB TelITyBaHHS MOXKYTh OYTH HOB'si3aH1
3 BHUKOPHCTaHHSM KpHNTO-KomoBuX KoHCTpykmin (KKK) Ha
emnTiyHUX Koaax Mak-Emica Ha migcrasi amroputmy UMAC.

Tako CJIij 3a3HAYNTH, 110 BUKOPUCTAHHS JAHOTO AJITOPHTMY
Moke OyTH 3acTOCOBaHO I JuIi MIATOTOBKM Ta mepeaauyi
MOBiIOMJICHb  TEJICKOMYHIKalifHUMKA ~KaHaJTaMH, IO TaKOX
MOBMHHO CHPMATH  TiABUIICHHIO PIBHA  KPUNTOCTIHKOCTI
TIOBiTOMJICHHSI, III0 TICPEIAETHCS.

I1l. BUCHOBKU

B pesymprari Oyno mpoaHaTi30BaHO TEHJICHIIT II0/I0
3pOCTaHHS PI3HOBH/IB Ta KUIbKOCTI Kibep3arpos sk y CBITOBI, Tak
i B YkpaiHi 32 ocTaHHE miBpiyysl. 3rifHoO i3 MaOyTHIMHU 3MIHAMU
B TEXHIYHOMY OCHAII[CHHI 3JIOBMHCHHKIB Ta MOSIBOIO KBAHTOBOTO
KOMITIOTepy, 3amporoHoBaHo  BukopuctanHi KKK  Ha
Moan(]iKOBaHUX eNNTHYHIX KpuBUX Mak-Enica 3a anropurmom
UMAC s mpoBeleHHsI TelllyBaHHs NpH 30epiraHHi maposiiB
KODHCTYBaJiB  €NEKTPOHHOI ~ momTh  Ta  ImudpyBaHHI
TOBIIOMJICHHSI, I1I0 TTEPEIA€THCS BiJl BIANPABHUKA 10 OTPUMYBaYa.

JIITEPATYPA REFERENCES

[1] Caiit [depskaBHOI Ciy>k0U CIELIANBHOTO 3B'A3KY Ta 3aXUCTy iH(OpMaLii
Vkpaiau (2021). “OneparnBra iHdopMaris JlepiKcrenss s3Ky 1010
3aXHUCTY JepKaBHUX iH(popMamiiHux pecypciB” [ExexTponnuii pecypc].
Pexxum  mocrymy:  https://cip.gov.ua/ua/news/fakhivci-derzhspeczv-
yazku-z-26-travnya-po-1-chervnya-2021-roku-zablokuvali-44-9-tis-
kiberatak-na-derzhavni-informaciini-resursi

[2] Vrposer kubepbesomacnoctn — 2020 (2021) Positive technologies,
[Dnextponnbiii pecypc]. Pexum moctyma:: Www.ptsecurity.com/ww-
en/analytics/cybersecurity-threatscape-2020.

12


https://cip.gov.ua/ua/news/operativna-informaciya-derzhspeczv-yazku-shodo-zakhistu-derzhavnikh-informaciinikh-resursiv-za-period-z-14-po-20-kvitnya-2021-roku
https://cip.gov.ua/ua/news/operativna-informaciya-derzhspeczv-yazku-shodo-zakhistu-derzhavnikh-informaciinikh-resursiv-za-period-z-14-po-20-kvitnya-2021-roku
https://cip.gov.ua/ua/news/fakhivci-derzhspeczv-yazku-z-26-travnya-po-1-chervnya-2021-roku-zablokuvali-44-9-tis-kiberatak-na-derzhavni-informaciini-resursi
https://cip.gov.ua/ua/news/fakhivci-derzhspeczv-yazku-z-26-travnya-po-1-chervnya-2021-roku-zablokuvali-44-9-tis-kiberatak-na-derzhavni-informaciini-resursi
https://cip.gov.ua/ua/news/fakhivci-derzhspeczv-yazku-z-26-travnya-po-1-chervnya-2021-roku-zablokuvali-44-9-tis-kiberatak-na-derzhavni-informaciini-resursi

[Tiax11 70 aBTOMAaTU30BaHOTO MOHITOPUHTY CTaHY
CUIBCBKOTOCIIOJAPChKHUX POCIHH

Onexcannp Kosanp

Biia Ne 265 MareMaTHIHHUX MPOOIIEM MPHUKIATHOT
iHpOpMaTHKH

IncturyT Kibepuetuku iMeni B.M.I'mymkosa HAH

VYkpainy,
HTVYYVY «KuiBchKuii NONITEXHIYHUN IHCTUTYT iMeHi [ropst
Cikopcbkoro», Ykpaina
Kuis, Ykpaina
askoval@yandex.ua

Terssna Yo0oTOK

Bigmia Ne265 MaTeMaTHYHIX TPOOIeM IPUKITaTHOT
iHpOpMaTHKH
IctuTyT Kibepretnku iMm. B.M. I'mymkxoBa HAH VYkpainu
Kuis, Ykpaina
tatianal10b@gmail.com

Ompwra NaBprtrok

Bigmin Ne 265 MareMaTHIHHUX MPOOIIEM MPUKIIATHOT
iHpOpMaTHKH
IacturyT xibepreTnku imeHi B.M.I'mymkosa HAH
VYkpainu.
KuiB, Ykpaina
jvpisarenko@ukr.net

Cepriii loBoB
nmabopatopist Ne 236 crucTeM BipTyallbHOTO OTOYCHHS IS
OpraHi3alii HayKOBHX JIOCIiIKEHb
IHcrutyT Kibepretnku iMm. B.M. I'mymxoBa HAH Ykpaian
Kui, Ykpaina
5264359@mail.ru

Approach to automated monitoring of agricultural
plants

Oleksandr Koval

dept. Ne265 of Mathematical Problems of Applied
Informatics
V.M.Glushkov Institute of Cybernetics of the National
Academy of Sciences of Ukraine
Kyiv, Ukraine
National Technical University of Ukraine «Igor Sikorsky
Kyiv Polytechnic Institute», Ukraine
askoval@yandex.ru

Tetyana Chobotok

dept. Ne265 of Mathematical Problems of Applied
Informatics
V.M.Glushkov Institute of Cybernetics of the National
Academy of Sciences of Ukraine
Kyiv, Ukraine
tatianal10b@gmail.com

Anomayia—ABTOpaMH  TIPOMIOHYETHCSI  Y/OCKOHAJICHHS
HASIBHOI cHCTeMH 00MiHY JaHMMH B arpoIpPOMHUC/IOBIi cdepi Mixk
BiggajJleHuMH N0JILOBHMH OCTITHUMM TJIAHKAMH Ta

Olga Gavrylyuk
dept. Ne265 of Mathematical Problems of Applied
Informatics
V.M.Glushkov Institute of Cybernetics of the National
Academy of Sciences of Ukraine
Kyiv, Ukraine
olga-gulchak@ukr.net

Sergij lovov
lab. Ne236 of Virtual Environment Systems for Organization
of Scientific Research
V.M.Glushkov Institute of Cybernetics of the National
Academy of Sciences of Ukraine
Kyiv, Ukraine
5264359@mail.ru

LEHTPAaNi30BaHOI0
indgopmamii.

indopmauiiiHoro  cucremoro  00podKM

13



Abstract—The authors propose to improve the existing system of
data exchange in the agro-industrial sphere between remote field
experimental sites and a centralized information system of
information processing.
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I. BcTvI

OcoOMUBICTIO AOCITITHUX YCTAaHOB arpoIpOMHUCIIOBOI cepu
€ BHCOKa WMOBIPHICTh BIAJAJEHOCTI BUPOOHMYMX abo
IOCTIMHUX JAUITHOK OJHA BiI OIHOI Ta BiA IICHTpaibHOL
ycranosu. [Ipuuomy nentp 300py iHpopmarii Ta if 00poOKH, K
NPaBWIO 30CEPEIDKCHO B OJHOMY KOMIIAKTHOMY Micui. Sk
NIPUKJIAJ, Taka arpolpOMHUCIIOBA YCTaHOBA, SIK YKPAalHCHKUH
iHCTUTYT ekcrieptu3u copTiB pociuH (YIECP) mae kinbKicTh
¢t 3a kimbKicTIO obmacteit Ykpainm [1]. Ils ycraHoBa
BIATIOBiae 3a MpPOBENCHHS JIepiKaBHOI HAYKOBO-TEXHIYHOI
EKCIIEPTU3H COPTIB POCIMH 3 METOI BH3HAYEHHS CTYIICHIO
NPUIATHOCTI 1X 0 MOLIMpEeHHsS B YKpaiHi Ta HaOyTTs IpaB HA
COPTH POCIIUH 5K 00’ €KTIB IHTEIEKTYaIbHOT BJIACHOCTI.

[MoniOHi ycTaHOBHM BHKOPUCTOBYIOTH B CBOTH MPAKTHIII IS
iHpopMaliiHOro OOMIHY MiX BIAMIJICHUMH JOCITiIHUMH
IUITHKaMHU Ta €AMHUM CXOBHIIEM JAaHHX TEXHOJIOTIIO, SKOO
nepen0avyacTbCsl 3alOBHEHHS IOJOBHX JKYPHAIB, KapTOK
JOCTIKEHB Ta 1HIMIX JOKYMEHTIB CIIeIiajlicTaMi Ha MiCISX B
nanepoBomy Burisiai. [lorim ix HaacunaooTe 10 Bijuaity
LIEHTpaTbHOI YCTaHOBH (Haii YcTaHOBa), 3 MEPBUHHUM
HaIXODKEHHAM JI0 KaHIIeJIspii 3 peecTpariieto TOKyMeHTy. [Hoxmi
MPaKTHKY€eTbCs (OPMYBAaHHS IOKYMEHTY B EJICKTPOHHOMY
BUIJISA/ Ta BiJNPaBJICHHS JIOKYMEHTIB €IEKTPOHHOO TOILITO.
[Ipu npOMy CIIEIliaicT y MiCIIX JOCTiTHHX BUIPOOYBaHb HE
Ma€ JOCTYIy 10 HeoOXigHol oMy MOBHOI 0a3u JOBIAKOBHX
JTaHWX, HE Ma€ MOXIIMBOCTI IIepeAaBaTH OIEPaTHBHO BCIO
OTpUMaHy JOCTigHY iH(opMamito a0 YCTaHOBH Ta Martu
HasIBHUI 3BOPOTHIH 3B'A30K 3 ii (axiBusamu. Excriept YcraHosy,
II0 3HAXOMUTHCS HA aBTOMAaTH30BaHOMY pOOOYOMY MicCIIi
(APM), oTpumye aHHI y BUTJISII MTAlIepoBUX (OPM-BUITHCOK 3
MOJTLOBUX JKypPHAJIB, Ta BBOAWUTH iX Uepe3 BIAMOBiTHI GopMu
nporpamuoro 3abesneueHus (I13). Ha ocHOBI mmx mgaHux
TeHEePYETHCS 3a BiANOBIAHOI0 MaTEMAaTHYHOIO MOJIEIUTIO 3BiTHA
inpopmaris. [2]. Hemomixkm 1miei cucremu iHdopmariifHoro
0OMiHY TOCUTh OYEBUJIHI.

Il.  TIOCTAHOBKA 3AJIAUI TA KOHLEMLILA IT BUPIIIEHHSA

[Ipomo3uriisi aBTOpiB 1O M0 YAOCKOHAJICHHS HasBHOL
cUcTeMH OOMiHY JaHUMH peajizye JOKOPIHHY 3MIiHY MiAXO0AY 10
peamizamii 3a7aHUX METOIWMK KBamiikamiifHOI eKCIepTH3H Ha
BOC [2]: ue BUKOpPHUCTaHHS B HOJbOBUX yMOBaX 3pYy4HOTO
MOOLTEHOTO IIPUCTPOIO iH(pOPMaTHKH, NIpOrpaMHe
3a0e3NeYeHHs] SKOro BKJIIOYAE MOOUIBHUHM JOJAaTOK  JUIs
mwratpopmu  Android. Tlpudomy expanu (CKpiHH) IOJATKY
BiNOBialOTh  (opMaM BBEICHHSA JaHUX 3TiTHO 3aJaHOi
Y CTaHOBOIO METOMKH, € TOCTYII J0 JOBiTKOBUX 0a3 Ta OHJIAWH
KOMyHIKamis 3 ¢QaxiBisiMu YCTaHOBH, € MOXIJIHMBOCTI
OTIEpAaTUBHOTO BHECEHHS JaHUX Oe3MoCepelHb0 y  0azy

aBTOMaTH30BaHOI iH(popMaiiHoi cucremu (AIC), monaBaHHs
KOMEHTapiB Ta LITFOCTpAIIiii.

daxiBerp B NOJBOBUX YMOBaX BHUKOPHUCTOBYE CITy>KOOBHI
IUTAHIIET Y¥ HABITH BCTAHOBIIIOE OJATOK HA CBIM MOOLIBHMIA
tenedon. Ilicns Horo peectpamii B cucremi BiH MOXeE BXKe
BUKOPUCTOBYBATH JOJATOK SIK JOBIAHMK Ta OpraHaizep, BiH
0a4nTh NEepeiK 3alIaHOBaHUX POOIT, MOCHITOBHICTD MPOLEIYP
IT0 KOHKPETHOMY OOTaHIYHOMY TaKCOHY 3TiJHO 3 METOAWKOIO,
MOJKE OIEPaTHBHO Neperysiati HeoOXiJHI JAOKYMEHTH, IO
3arpykeHo y 0a3u JaHWX Ta 3HaHb, IUTAHYyBAaTH CBill poOoumit
yac. ONMHUBLINCH Ha 1o, (axiBelp Bene 30ip TaHUX MPSIMO
10 HEOOXiTHUM ITyHKTAM HPHHAHATOI METOAWKH, aKTyaJbHHM
JUISL KOHKPETHOTO COPTY PpOCIHWH, CTBOpIOE i 30epirae yci
HeoOXinmHi GoTo Ta Bimeo Marepianu (3Bipse 3 eTalOHAMH,
tomo). CyTh TEXHOJIOTI] Ha ILOMY €TaIli B TOMY, 1100 3pOo0OHTH
EJIEKTPOHHUI croci® 300py JaHUX 3pYYHILIMM HXK ManepoBHA
Ta TPUHATH 0 CHUTYallii, KOJTA HaBiTh 3a HEOOXiTHOCTI BECTH
MarepoBy JOKYMEHTAIIi0 JIF0JHA Oy/e MepenrcyBaTi qaHi 31
chopMOBaHOI Ha TOJi ENEKTPOHHOI, IMOBHICTIO 1AEHTHYHOI
nanepoBii Tabnuili, a He HaBHaku. BHeceHi naHi Oe3ne4HO
30epirafoTbcsi Ha MOOUTBHOMY TIPHCTPOi 1 MOXYTh OyTH
BIJIHOBJICHI y BUIA/IKY ioro 30010. Kosit MOOinbHIN MPpUCTpild 3
BCTQHOBJICHMM  JIOZAaTKOM  ONMHHTBCS  Olns  JpKepena
LIBUAKICHOTO IHTEPHETY BiH 3MOYKE aBTOMAaTHYHO IepelaTH
3i0pani mani no 6asm AIC, nme micnms mepeBipku (haxXiBIsIMHU,
HaNpuKiIal, YKpaiHCbKOIO IHCTUTYTY €KCHEPTU3H COPTIB
pocimH, BOHH OynyTh 30epexeHi ocratouHo. Ilim dac 300py
JAHWUX Ta Micis i (axiBIIB BEJCTHCS 3pydYHA CTATHCTHUKA,
CIIPOLIYETHCSl KOMYHIKalisi Mk HAMH. TakoXX CIIPOLIY€ETHCS
KOHTPOJIb KEPIBHULTBA 3a MMM MIJUIETIINX, aJDKEe MOXJINBO
BIJICNIZIUTH TOYHI Yac Ta MicIle IIPOBEICHHS 3aMipiB.

AJIMIHICTpAaTOpChKAa  YacTHHA  MOOLIBHOTO  JOAATKY
(bopMyeThCsl TAKMM YHHOM, 1100 HE 3aJeXaTH BiJ TOTO, 5K
KOHKPETHO 30epiratoThes Ti uM iHui Jgani y AIC, cTBoproeThest
CHeiabHUI KOHCTPYKTOP, IO JO3BOJHUTH TOEIHATH 3 OY/Ib-
SKMUMHU TaOJMISIMA Ta CTBOPUTH aBTOMATHYHO YCi HEOOXIsHI
3aIIUTH.

I11. AKIITPOBJIEMH BUPIIITY € BITPOBAJKEHHA
TEXHOJIOI'TT

BripoBajpkeHHST TeXHOJIOTIT JI03BOJISIE BUPILIMTH HACTYIIHI
mpobiIeMu:

- TpobneMy CHpOIICHHS Ta ONTHMI3allii camoro MpoIecy
300py HEOOXIJHUX JTaHUX TPSIMO Ha TI0JIi, CTBOPEHHS JIOJaTKy
BelleHHs 001Ky, Ha sikoMy OyJio 6 3pydHiiie BecTH 00K, Hixk
Ha ITarepoBHX HOCIAX Ta HA ICHYIOUNX JI0JIaTKaxX;

- mpo0OieMy OIEpaTHBHOIO 30€peeHHs, COPTYBaHHS,
BiZIIpaBKy 710 6a3u, B3araii poOOTH 3 HEOOXiTHUMH (OTO-BiZIEO
MaTepianamu;

- mpo0JieMy KOHTPOJIIO 32 poO0TOr0 (haxiBIliB-arpOHOMIB;
- MiIBUTIICHHS OTIEPATHUBHOCTI Mepeiadi HeoOXiTHUX TaHUX;

- pobieMy 3axucTy 0a3M JaHUX YCTAHOBH BiJl BHECEHHS
HETIepeBipEeHNX JaHUX;

- 1poOyieMy CTBOPCHHS 3PYYHOrO Ta aBTOMATH30BAHOTO
MexaHi3My (opMyBaHHS HEOOXiTHMX JUII BHECEHHS JTaHUX
(hopM Ta KOMYHIKAIIT iX 3 iCHYIOUYOIO B Y CTaHOBI 023010 TaHUX;
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- 3a0E3MEYCHHS ONEPATUBHOIO JOCTYIY IO IOBIIKOBUX
MaTepialiB 3 MPUBOLY AOCIIHKEHD (METOINKH, O3HAKH POCITHH,
TOIIO) B 3pY4Hii (hopMi Ta Oe3mocepeIHbO MijT Yac MpoIeypH
OTPHUMAaHHSI JaHKUX Ha MOJIbOBUX JAUISIHKAX;

- ipo0JIeMy CIIPOIICHHS KOMYHIKAIlii BiAMOBITHUX (axiBIliB
3a paXyHOK BUKOPHCTaHHS Cy4aCHHUX TEXHOJIOTIH;

- mpoOyieMy 3py4YHOCTI Ta JIOCTYIy JO JOBIJHHKIB Ta
TUNOBUX (YHKIIIH poO0YOTo opraHaiizepy.

Anroput™M (yHKIIOHYBaHHS MPOTPAMHOTO 3a0e3MeUYCHHS
MOOUTEHOTO OJATKY LTFOCTPYETHCS 3a JOMOMOTOI0 3arajibHOi
OJI0K-cXeMU Ha puc. 1.

Bubip xoctynnoi na
€bOroaHi sagaui

Budip noast ta kyJabTypn
/NS TeCTyBaHHS

/ Brenenns rannx /

Iixrsepaxenns
Bignpasku g0 B/

Bianpasaenns 1o
npomizkHoi b1

| ] I

Ilepesipka nanux
Moaeparopom

Bianpas.ieHHst JaHHX 10
ocHoBHOI B]]

Puc. 1. 3arampHa Onok-cxema anropuTMy (YHKIIOHYBaHHS IPOTPaAMHOTO
3a0e3neyeHHs] MOOUTLHOTO I0JaTKY.

Ouirkysanns

TakuMm 4YHHOM, TEXHOJIOTIS MpH ii BIOPOBAIKCHHI Ja€e
OYEBHTHIH TEXHIKO-eKOHOMIYHHH €EKT, IKAH TOCITAETHCS 3a
paxyHOK 3MEHIIEHHsS BUTpAaT Ha JOAATKOBY IEPEBIPKY Ta
JKBIJaMiio BUSIBICHUX OMHIJIOK I Yac MPOLEAypH Iepenadi
iHdopmauii 3 mocaigHux nUITHOK 10 AIC BHACHIIOK CYTTEBOTO
3MEHIICHHS KUTHPKOCTI KPOKIB ITijl yac BKa3aHOi IMPOLEAYpH Ta
BUKIIOUEHHS TamnepoBoi cranii. KpiMm Toro MoOubHUMIMA
MPUCTPiH, TPOTrpaMHO HAJNAMTOBAaHHKA I podoTH 3
METOJIMKOI0  KOHKPETHOrO  OOTaHIYHOTO  TaKCOHy, Ja€
MOUIMBICTP BHOCHTH JaHi Oe3mocepenHbo (haxiBmeM 3
moJIb0BOT MIAHKU 110 0a3u AIC 3 3a0e3me4eHHSIM 3BOPOTHOTO
3B’SI3KY B peallbHOMY 4aci 3 (axiBIsIMH Y CTaHOBH.
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BHKOPHCTOBYBATH i BCiMa KOpHCTYBaYyaMH Mepe:Ki.

Abstract— The paper deals with the use of information
technology for the preservation of historical and cultural heritage
at the local level. Describes an example of the use of geographic
information technologies to create a single public resource that
allows you to update information locally and use it with all users
on the network.
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l. BcTvnn

MiHicTepcTBO KyIbTypH Ta 1H(GOPMAIIWHOT MONITHKH
(MKIIT)) po3mouano CTBOpEHHS €JIEKTPOHHOTO pEECTpY
HEpYXOMHX 00’€KTIiB KyJIbTypHOI ciafuuuu Ykpainu. Y 2020
poui IacturyTt reorpadii HAHY 3akinumB po3pobky Atiacy
HaceleHHs YKpaiHM Ta #Horo NpHpPOAHOI 1 KyJIbTYypHOI
cnaamuan (Pynenxo JI., Ta 1., 2020). Y 2021 ponii MKIII 6yne
PO3BUBATH EJIEKTPOHHHUN PEECTp, pealli3ylouu IepIIOYeproBy
METy TIOCTaBUTH Ha €JIEKTPOHHHUK 00miK mpubmm3Ho 130 THc.
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00’€exTiB HepyxoMOi KyJbTypHOi cnammunau. [Ipu pobori 3
iHpOpMaIli€ef0 ~ 3pyYHO  TPENCTABIATH il Yy  BUIJLANI
IHTEpPaKTUBHUX TEMAaTUYHHMX KapT, sKi € MOTYXHUM 3ac000M
aHaJi3y MPOCTOPOBHX CHCTEM HEPYXOMOI CIIQIIIMHU TaKUX 5K
eJNIeKTpOHHMI peecTp. OnHAK peecTp HE BKIIOYAE OO0'€KTH
MICIICBOTO 3HA4YeHHS. Y 3B'SI3KY 3 MM Ha MICIEBi 00'€KTH HE
BUALIAETHCS (DiHAHCYBAaHHS 1 BOHM 3 YaCOM MOXYTb 3HUKHYTH
Ha3aBXIH, SK 1 3rajka mpo HHUX. B pamMkax mporo HampsMmKy
OyJ0 BHKOHAHO TWIUJIOTHUH NPOEKT, SKMH TIO0Ka3aB ILIIXU
peecTparii MiceBUX KyJIbTYpPHUX 00'€KTiB, OO BOHU HE OyiH
3a0yTi. B sikocti 0a3oBoro mabnony BukopucroBysaiacs ['1C
GiscuitRegion. OcHOBHOIO TEepEBarol0 MiJIOTHOTO TPOEKTY €
eIMHMH iHpOpManifHUI TPOCTIp AJIsL BCIX TepUTOPIK YKpaiHu i
MOXUHBICTh  (oTodikcamii o0'extiB. Takox mpHCyTHSA
MOXJIMBICTh CIIOCTEPIraTH AMHAMIKYy 3MiHHM CTaHy 00'€KTa MpH
OTPUMAaHHI HOBHX JaHUX (OMHCIB, poTorpadii, ...)

Il. 3ATAJIbHI MUTAHHST BUKOPUCTAHHSA I'TC

OcHoBHO0 po6IteMoro npu BukoprctanHi ['IC € HasiBHICTH
a00 BiJICYTHICTh IPOCTOPOBUX 1 aTpiOyTHHX HaHuX. Ha paHHiX
eTanax pO3BUTKY BEJIUKY NpOOJeMy CTaHOBHJIA BiJCYTHICTbH
mpoctopoBoi (kapTorpadiuHoi) ocHOBH. OgHAK 3 PO3BUTKOM
KOCMIYHOiI Ta aepo(OTO3HOMKH 1 PO3BHTKOM IHCTPYMCHTIB
nemudpyBaHHs 1 BekTopuzamii 1 mpodieMa MOCTYIOBO
BHPIIIYeThCA. 3'SIBISIOTHCS BEKTOPHI 1 PacTPOBI TOITOOCHOBH 3
BCe OUIBbII JPIOHMM MAacCIITa0OM.

AJe mpu BHKOPHCTaHHI Bce OLTpImI ApiOHMX MacmTabiB
BUHHKAIOTh HOBI IPOOJIEMH TaKi, K CTPIMKE 3pOCTaHHsI 00CATY
iHpopMmarii, BUMiptoBaHe Bxe Tepabaiitamu. ['ocTpo cTosATH
3aj1a4i OHOBJICHHS JIaHMX B 3B'S3KY 3 IHTEHCHMBHHM 3POCTaHHIM
1 iHTerpamniero Mixk cymikaumu ['IC cucremamu.

YI0CKOHAJIEHHS TMPOCTOPOBOI OCHOBM BHMAara€ OuIbII
JETaNbHUX aTpiOyTHUX IaHWX 1 MEXaHI3MIB TCOKOJYBaHHS.
Jeranizauis faHux JUis IpiOHUX MaciITadiB BeJe 0 3pOCTaHHs
KUTBKOCTI 3i0paHWX mapameTpiB, MO IOPOIKYE MpodIeMu
knacugikamii, yHidikamii Ta cucremarusamii. CTae BaKKUM
BiJICTeXKCHHSI HABITh NEpeINiKy AaHUX, Mo 30uparoThes. s
00poOku iHdopmaiii Is i1 MOJANBIIOr0 BHKOPHUCTAHHS
BUHHUKAa€ HEOOXigHICT BigOopy HMaHWX Ui BHPIMICHHS
KOHKPETHHMX 3aBJaHb 1 NpH cHiiKyBanHi anamitukiB 3 ['1C
(axiBOIMHI OCHOBHHMM ITUTAaHHSIM € THUTaHHA: «SIKi maHi € it
TOTO YM IHIIOTO perioHy Ta 3a sikuii nepioa?». Ls mpobnema
BHPIIIYEThCS CTBOPCHHSAM cepBepa MeTaiH(opmarmii, sxuid
migkrouaethes A0 ['1C. Omaum 3 Takux pimrens € GeoNetWork.
Jis atpiOyTHHX MaHUX TaKOXK SK 1 AL IPOCTOPOBUX TOCTPO
IocTae MATaHHS o0csry iH(popMarii Ta ZOCTyIy 10 Hei, Tak SK
JUTS TOCITIKEHb HeoOXiTHa AMHAMIKa 3MiHH 1H(pOpMAIIil B Jaci.
e TOPOJDKY€E CTBOPEHHS BCe OinbI1 e(heKTHUBHUX METOJIIB
BiOOpYy 1 MOIIyKy MeBHUX naHuX. OCOOJIMBO BHIUIIETHCS
npoGieMa 300py Ta BBeneHHs nanux B ['1C.

Buxonsum 3 BHIIEBUKIAAEHOIO Ul HAKONHWYEHHS,
30epiraHHs Ta  BHKOPHCTaHHS iHQopMalii HEoOXimHO
KOMIUIEKCHO BHpIIIyBaTH 3aBAAaHHSI OHOBJICHHS JIaHWX,

kiacudikanii iHpopmarii, 30epiraHHs B 3py4HOMY JUISl aHAIII3Y
1 iHTeTparii BUTIsAlL 1 MaTH 3aco0M s Bidyamizallii HasiBHUX
JaHuX 1 pe3yabraTiB 00poOkm indopmanii. Kpim 3aBmanb
HaKOMUYCHHs, 30epiranHs i BUKOpHCTaHHS iH(opMmalii, sKi €
0azncoM, HaHBaXXJIMBILIMM 3aBAAHHSIM 3aJMIIAETHCS 3aBAAHHS
BHKOPHUCTaHHS 310paHUX JaHUX, SIKi Pa30M 3 METOJaMH 0OpOOKH

€ Oasoro0 3HaHb. Jlna pO3YMiHH51 BUKODHCTAHHS 3HAHb
HEOOXIiTHO BHIUTHUTH OCHOBHI rpynu KOpHCTYBadiB 1 Iy, sKi
nepeciiaye abo MOBUHHA MEPECITiyBaTH KOXKHA IpyIIa.

Y HamioMy BHUNAAKy OCHOBHHMH KOPHCTYBadaMH i
nocTayajJbHUKaMU 1H(popMallii € 3BuyaiiHi HeOaiIyxi 10 CBOET
icTopii JIFoTH.

OnHiero 3 Kpanmx iHpopManiiiHO-aHATITHYHUX CUCTEM JUIS
peectparii Ta BinoOpakeHHs iH(poOpMamii, Ha HAIIl TOTISA, €
GiscuitRegion nobynosana Ha 6a3i Giscuit (giscuit.com) [1].

1. Ctucimii onuc GISCUITREGION

[Ipu Bukopucranui ['IC ocHOBHUM (aKTOpOM € 3pYdUHICTH
BUKOPHCTAHHS IHCTPYMEHTY. SIKIIO IpOrpamor0 He 3pYy4HO
KOpHCTYBaTHCS, TO i edekT Oyzxe BiamoBimHuil. Takum 9uHOM,
npu  po3poOui iHTepdeiicy s 3BHYAHOTO KOpHCTyBaya
OCHOBHI 3yCHJUISI TIOBHHHI OyTH CIPSAMOBaHI Ha MPOCTOTY i
3pY4HICTB.

Hamr mocBin cTtBopeHHS iHPOPMAIITHIX pecypciB JO3BOIISE
CTBEp/DKYBaTH, W10 HAMOIIbII 3py4yHUM iHTepdeiicoM €
"aTmacHuit" iHTepQeiic, AKUi CKIagaeThes 3 AepeBa (0 AKOMY
BUKOHYEThCSL BHOIp) 1 iHdopMmaliiiHa wacTHHa, B SKii
BioOpaka€eTbes pe3ynbTaT BuOopy. Llum BuMoraM BiamoBigae
omuH 3 4 poboumx iHTep(eiiciB cUCTeMH TpeCcTaBICHUI Ha
puc. 1.

PatoTsous ngues  MySieawnn | Bebica B A

Boeiscui T K Tecr

Hosouny | Kaora  verawomnt -

Y
L]
<]

NN NN NN
NN
Js@@

al ]

Terowna

OcHosasa ka Giscuit 1.43

Puc. 2. OcHoBHHIT KOMIT'TOTepHUI iHTEpdelic

Takox icHye "amanTuBHHI", MOOUTBHUI 1 iHTepdeiic

asMiHICTpaTopa.

Binpazy Bapto Big3zHaunTH, mo GiscuitRegion € cepepHIM
pilICHHSIM, SIKE IIPAIfoe Ha IEPCOHAIBHMX KOMI'IOTepax i
MOOUTRHUX  TPHUCTPOSIX  0e3  OOMEXEeHHS  KiTbKOCTI
KopHucTyBadiB. CHCTEMY MOKHAa BHKOPHCTOBYBATH, SK E€JIUHY
TOYKY BXOJIY JUIsl pI3HMX cUCTeM. BoHa 7103BOIIsIE B 3aJI€XKHOCTI
Bil TpaB KOpWUCTyBaya BHKOHyBaTW Teperyisim 1 on-line
penaryBaHHS JIJaHHX, a TAKOX IpaIoBaTtd B pexumi off-line 3
MOIATIBIIOI0 CHHXPOHI3AIEI0 aHUX TICHs MiAKIIOYEHHS JI0
Mepexi. Cucrema po3paxoBaHa Ha HEOOMEXEHY KUIbKICTbh
KOPHCTYBaUiB.

Jns moOymoBr Mojienel, aHamizy Ta Bidyamizallii JaHuX
BHKOPHUCTOBYIOTHCS METOJTU PEIIAIIIHOT KapTorpadii, T0KIaIHO
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npexacrasieHoi B MoHorpagii B.C YabGanroka «PensmiliHa
kaprorpadis: Teopis Ta mpakTikay [2].

IV. IIPUKJIAL] BUKOPUCTAHHS

[Mpuknax Bukopuctanus GiscuitRegion 1us pi3HHX piBHIB
iHpOpMarii, IMOYNHAIOYH 3 MIDXIEpKaBHOTO bi (o)
MYHIIMIAJIBHOTO 3 MOXJIMBICTIO iHTerpamii pi3HHX IaHUX 3
€IMHO1 TOUKH BXOLY.

Ha puc. 2. Tloka3aHuii 00'eKT Aep>KaBHOTO 3HAYCHHS B
aJanTHBHOMY iHTEp(erici.

Puc. 3. AugpiiBchka epKBa

CrenmiayibHO 11 IIbOTO TIPOEKTYy OyJI0 BHKOPHCTAHO
JOJIATOK 3 BUKOPUCTaHHSIM BKJIQJEHHX TabiMip. BoHo

JI03BOJISIE peecTpyBaTH iH(OpMAaIlito Py eKcryMalii OpaTchbKuX
MOTWJI. Y HBbOMY BHIAJKy Ha KapTi € 1 00'exT - OpaTchbka
Morwia. [lpu 3HaXOIDKEHHI JKETOHIB IOXOBaHUX COJIIATIB
MOKHAa I1HKONM BHM3HAYHMTH Mpi3BULIE. Y LbOMY BHIAIKY
3'SBIIETHCS MIJOPSIKOBaHA TAOMMI 3 MEPENiKOM MPi3BHIL
puc. 3.

Volksbund

o

[ RERTR S A R

Puc. 4. TliznopsiixoBaHa TaOiuLs.
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Abstract— This paper discusses the structural organization of
the background monitoring system (BMS) of the transboundary
UNESCO World Heritage Site “Beech forests of the Carpathians
and ancient beech forests of Germany” using actual data and
information from Gorgany Nature Reserve in Ivano-Frankivsk,
Ukraine. The features of the structure and functions of
background monitoring of the protected natural resources, forests
and wildlife of Gorgany Nature Reserve is based on modern
methods of collecting and processing of digital data,
implementation of the principles of Internet of Things and cloud
technologies, combined with GPS-systems, sensor networks with
the use of optical and fiber-optic telecommunication channels. It is

Apocnas Ierpamryk

[pupoaauii 3anoBigauK ['opranm,
Hangipna, Ykpaina
yarukecoalp2015@gmail.com

Bonogumup I'pura
Kadenpa KOMI IOTEpHOT IHXKeHepil Ta eJIeKTPOHIKH
JAIBH3 ”IlpukapnaTchKuii HalliOHANEHUH YHIBEpCUTET iMeHi
Bacunsa Credannka”,
IBaHO-®paHKiBCEK, YKpaiHa
v.dr_2000@ukr.net

proposed to expand the functionality and increase the reliability of
the ring-star system for background monitoring of nature reserves
based on binary-manipulated optical signals. A sensor system for
measuring the height of snow cover along the monitoring route is
developed using a relay sensor network and quadcopters.

Anomayia— CdopMyIb0BaHa KOHIENIist CTPYKTYPHOI
opranizanii cucremun  ¢onoBoro  mouiTopunry (COM)
TPaHCKOPAOHHOTO 00°‘ckTy BeecBiTHBOI cmaguman IOHECKO
«bykosi npanicu Kapnar ta naBHi 0ykosi gicu Himequnnun», aka
BKJIIOUYeHa 10 cnucKy BeecBiTHBOI cnagmman FOHECKO o06‘exta
«bykoBi mpamicu i paHi gicm Kapmatr Ta iHmumx perionis

19


mailto:gtarasm79@ukr.net

€sponm». Po3podiena crpykrypa COM Ha TepuTOpIi
3anoBinHuka «['opranm», Ha OCHOBi cy4yacHHX MeToAiB 300py,
uu(poBOro oONMpamIOBaHHS AaHUX, peandizauii NpPUHUMNIB

iHTepHeT peyeii, XMapHuX TexHosoriii, GPS-cucrem, cencopHux
Mepe:k i3 3aCTOCYBAHHSIM BiIKPHTHX ONTHYHHUX TA BOJOKOHHO-
ONTUYHHX TeJIeKOMYHiKaniiiHuX KaHATIB 3B*SA3KY.
3anponoHOBaHO PO3IIMPEeHHs PYHKIIOHATBLHUX MOKINBOCTENH Ta
miABMIIEHHS] HAAIHOCTI KinbLeBo-3ipkoBOi cucteMu (POHOBOrO
MOHITOPMHIY IPMPO00X0POHHMUX TEPHUTOPiii Ha 0CHOBi OiHapHo-
MAaHiNyJbOBAHUX ONTHYHMX cHUrHadiB. Po3poOieHa cencopHa
cHCTeMa BHMIPIOBaHHSI BHCOTH CHIiroBOro NOKpPUBY IO Tpaci
MOHITOPMHIY NLISIXOM CYMICHOTO 3acCTOCYBaHHSI ecTaeTHOI
CEeHCOPHOI Mepe:ki Ta KBaJpOKoINTepiB.

Keywords — background monitoring; nature reserves; open
optical and fiber-optic channels; sensors.

Knrouoei cnosa— ¢ponosuit monimopunz; 3anoeionuku; 6iokpumi
onmuyHi i 60110KOHHO-ORMUYHI KAHAIU; CECHOPU.

I.  INTRODUCTION

Nowadays there is a successful development of information
technologies. Significant achievements are obtained in the field
of synthesis and mass replication of microprocessor and
microelectronic components of cyber-physical systems [1,2].
The successes and achievements of IT create the corresponding
positive results of the modern development of theories, methods
and materials for collection, transformation, mathematical
processing, restoration and use of monitoring data in the
environment of cyber-physical systems. The relevance and
widespread distribution and practical use of information
monitoring systems (IMS) adapted to the relevant and nature
conservation objects of Ukraine in the Carpathians are growing.

A promising direction for successful implementation of
IMS for nature conservation objects is the application of
methods of information source theory [1-3] and the theory of
interactive information systems [4] by measuring the
informative parameters of objects and generating data of a
characteristic function on the basis of family models of states
of monitoring facilities. The basic theoretical foundations are
statistical, correlation, spectral, cluster, logic-statistical and
entropy models [1]. The results of the functioning of the IMS
are based and formed on the basis of the theory of pattern
recognition, Euclidean distance estimation in the Hamming
distance.

As implementation of telecommunications systems in
Gorgany Nature Reserve appropriate use of optic-electronic
means through open channels of optical and fiber-optic lines.
Optical communication channels are characterized by the
absence of generation of electromagnetic radiation and are
insensitive to powerful atmospheric and electromagnetic
influences in the landscape area of the high mountain area of
the reserve.

According to Article 3 of the Law of Ukraine “On the
Nature Reserve Fund of Ukraine”, landscape objects of this
category include: nature reserves, biosphere reserves, national
nature parks, regional landscape parks, reserves, nature
monuments and nature tracts. Such objects are characterized by
large amounts of information that is logged in real time and
processed by sophisticated algorithms. A particularly important

example of monitoring sites is the UNESCO World Heritage
sites to which in Ukraine belongs Gorgany Nature Reserve
[3.4].

Therefore, the implementation of an effective system of
background monitoring of nature conservation objects of this
reserve is an urgent problem, which covers the solution of
conceptual problems and a set of theoretical and applied
problems in the field of information technologies.

Il. CHARACTERISTICS OF THE STATUS OF THE GORGANY
NATURE RESERVE AND BASIC NATURE PTOTECTION OBJECT
OF ITS TERRITORY

There is an analytical method of raising a binary number to
a square [4]. The method is based on decomposing a binary
number according to the formula:

Gorgany Nature Reserve is one of the clusters the Ukrainian
part of the natural object of the UNESCO World Heritage
“Beech forests and ancient forests of the Carpathians and other
regions of Europe” [3,4].

The Protected areas in Germany have the following status:
National park Jasmund, Southeast Riigen Biosphere Reserve,
Schorfheide-Chorin Biosphere Reserve.

Gorgany Nature Reserve belongs to the strict nature
reserves. It is the one of the PA (protected area) which is
untouched by human interventions in the central region of the
Ukrainian Carpathians. The German University of Sustainable
Development (Eberswalde) is a partner in the creation of the
Gorgany Nature Reserve monitoring system.

Fig. 1 shows the boundaries of the 56 quadrants of the
territory heights of Gorgany Nature Reserve [3].

Fig.1. Map of the territory heights of Gorgany Nature Reserve.

Gorgany Nature Reserve has the status of a la Strict Nature
Reserve. It provides real preservation and further development
of beech and cedar primeval forests. Research and monitoring
of phyto-diversity in UNESCO World Heritage Sites is an
important prerequisite for the preservation of unique natural
values of the Reserve.
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Gorgany Nature Reserve covers an area of 5344,2 hectares
in the geographical basin of Bystrytsya Nadvirnianska within
the lands of the village Bystrica and the village Zelena of
Nadvirna district.

The territory of the reserve is characterized by the presence
of significant heights of 710-1754 m asl. with the dominant high
mountain range Dovbushansky and the Dovbushanka mountain
height 1754,6 m asl.

The extreme climatic conditions on the territory of Gorgany
Reserve require solving the problem of adequate reliable
information, algorithmic and technical support of the
computerized monitoring system.

The main requirements for high reliability of a high-altitude
computerized monitoring system are:

1. Wide temperature range (-30°C + +40°C);

2. Insensitivity to powerful electromagnetic radiation and
lightning;

3. Absence of external electromagnetic radiation;

4. Autonomy of renewable energy supply of
microelectronic modules and telecommunication facilities.

The monitoring on the territory of each group (56 quadrants
of nature protection objects) is proposed to carry out by
permanent observation points (POPs). POPs are located in
separate locations. In this case, the subscriber information
collection point of information should be equipped with 15
microcontrollers, each of which should serve a sensor network
of data collection in the quadrant.

I1l. PRIORITY DEVELOPMENTS IN DISTRIBUTED CPS FOR
MONITORING RESERVE LANDSCAPES

Figure 2 shows ring-star architecture of the computerized
system for background monitoring of the ecosystem of
"Gorgany" nature reserve proposed by us [1].

The presented architecture organized on the basis of fiber-
optic and open atmospheric communication lines includes: ST
— workstation of fixed observation post (FOP); MC-
microcontroller; S — sensor; V — fiber-optic communication
line MASAM (multiport associative shared access memory);
SS-system server; OAR — optical active repeaters; %2 — solar
power panel.

The presented architecture organized on the basis of fiber-
optic and open atmospheric lines includes: ST — workstation of
fixed observation post (FOP); MC — microcontroller; S —
sensor; V — fiber-optic communication line MASAM (multiport
associative shared access memory); SS — system server; OAR —
optical active repeaters; £Z - solar power panel.
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Fig.2. Architecture of ring-star computerized ecosystem for background
monitoring of nature reserve.

The system server (SS) activates and synchronizes
workstation operations (ST) for monitoring the relay sensor
systems. To ensure high reliability of open optical atmospheric
communication lines, the use of binary-manipulated optical
signals [1] (Fig. 3) based on two-laser emitters and
photodetectors is proposed.

'l')

r

S(+1)
P(x)
S
Py (x)

L, L, km
Fig.3. The principle of binary-manipulated optical signals transmission.

P¢(x) — information optical manipulated code signal; Po(x) —
reference unmanipulated laser signal; P, — power of
multiplicative interferences; Sx(+1), Sx(- 1) — the boundaries of
the binary-manipulated optical signal; e? - attenuation
gradients of optical signals in the atmosphere; +A - differential
optical signal at L, distance from the laser emitters.

Such optical channels are protected from the effects of
multiplicative atmospheric interference in conditions of fog,
rain, snow and dust.

In the process of designing microelectronic and
optoelectronic equipment of CPS (Fig. 6) the functional and
hardware redundancy of the architecture of monitoring system
components was detected. This is due to the low speed of
change in the characteristics of monitoring reserve facilities,
which form the chronicle archives of flora and fauna states.
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In order to increase the reliability and reduce the hardware
complexity of the designed monitoring system components as
well as the negative environmental impact on reference areas of
nature reserves, new system architecture is proposed. Hardware
complex MASAM [1] and fiber-optic communication lines,
which are legally prohibited to be installed in the protected
reference areas, were removed from its structure.

Figure 4 shows the developed priority architecture of a ring-
star monitoring system, which includes: 1 — system server (SS);
2 — communication relay stations (ST); 3 — workstations of
fixed observation posts (FOPs); 4 — monitored facilities; 5-
atmospheric optical communication lines.
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Fig.4. Architecture of a star-ring optical sensor system.

Each ST is equipped with recovering power supply, which
is not shown in Fig. 4. The system server (1) activates and
synchronizes the operations of communication stations (2) and
workstations (3) with signals of the standard protocol ZigBee,
Bluetoth, Wi-Fi main.

Workstations (3) provide data collection and interactive
management of monitored facilities (4). The proposed
architecture of the terrestrial monitoring system, in comparison
with other bus and ring network architectures, is characterized
by the highest level of emergency and disparallelization of
information exchange. This ensures a high level of system
reliability and survivability under the influence of intensive
interference and component failures during the operations in the
field and even extreme conditions.

An important parameter of background monitoring, for
example, of beech and cedar virgin forests, is measuring the
height of snow cover along the monitoring route. The
implementation of terrestrial background monitoring in reserve
areas is performed in accordance with the European standard
[3,4] with the use of the following devices:

- GPS radio navigation device (displays the location by
three coordinates (latitude, longitude, altitude));

- field geographic information system Field-Map provides
registering attributes and cartographic information about forest

objects, automatization of the process of measuring forest
assessment and other data by the field computer and provides
control over the length and reliability of information;

- field computer Hammerhead (Workboat’s);

- laser rangefinder-protractor ForestPro (LasserTerk);

- electronic complex with electronic protractor (Mapstar);
- measurement tree fork (Hadlof);

- GPS receiver (SXBlue);

- quadcopter (DJA Phanton 4 Pro);

- photo trap (GSM Ultra-2G);

- observation devices: compass, dip compass, altimeter or
barometer, aneroid, Bitterlich rotary gauge.

When measuring snow cover, the following devices are
recommended:

- snow gauge rail: M-103; M-103M; Pcc-1.2; PSS-1,83 PSS
with a division scale of 1 cm and rounding to the nearest whole;
portable snow gauge rail: M-104; M-104M with a division scale
of 1 cm; weighting snow gauge VS-43; portable metal rail M-
46.

IV. DEVELOPING ARCHITECTURE AND COMPONENTS OF SENSOR
SYSTEM FOR MEASURING SNOW COVER

Known devices for measuring the height of snow cover such
as metrology calibration rails with height marking according to
the European standard [4], provide measuring snow cover
height by a human operator. Photos of snow cover are taken
once every 10 days on the field route and once every 5 days on
the forest route.

Photos of snow cover are taken on 1-3 routes within a radius
of 5 km from the post and not closer than 0.5 km from the post.
The length of the route is 500 marked every 10 m.

Such snow photography on monitored routes of
environmental facilities is characterized by the following
limitations according to the European standard:

1. There are no registration sensors with GPS coordinates.

2. There is no open optical line for information transmission to
computerized ST workstation of FOP.

3. In the published sources there is almost no architecture
development of monitoring system of this class.

A close analogue is presented by the metrological data
collection system RWS200 [1,3] (Fig. 5).

Such system includes a workstation (Ac) and an optical
snow cover height sensor Luft 8365.10.

The disadvantage of optical sensor is its limited
functionality due to the fact that the sensor transmits the
received data only by the standard protocol RS-232 and it has a
wired power supply system connected to the power lines.
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Fig.5. Optical snow cover height sensor Luft 8365.10.

Fig. 6 shows the architecture of the advanced sensor system
for measuring the height of snow cover developed by our
research group that contains a work station, each node of which
is equipped with calibration rail and optical sensor. Data
exchange is carried out by binary-manipulated optical signals
based on the relay sensor structure.

Fig.6. Architecture of sensor system for measuring the height of snow
cover.

Each sensor of the system node (2) additionally contains a
GPS tracker, a solar power panel (2.6) and optical transceivers
of the atmospheric data transmission channel. The solution to
this problem is due to the fact that in nature reserves it is almost
forbidden to install overhead and cable communication lines, as
well as electromagnetic emitters that can affect the landscape,
flora and fauna of the protected area.

This system includes: 1 — workstation, 2 — snow height
sensor, 3 —atmospheric optical communication lines.

Fig. 7 shows the structure of the snow height sensor (2),
which includes the following components: 2.1 — module for
collecting, processing and transmitting data; 2.2 — calibration
rail of snow cover height; 2.3 — optical measuring device of
snow cover height; 2.4 — GPS tracker; 2.5 — optical transceiver;
2.6 — solar power panel of the sensor.

|

: :
| |
! |
']2.5] 2.1 i
|

: |
| |
| |
! |

Fig.7. The structure of snow height sensor.

The proposed system performs remote measurement of
snow cover on a certain monitoring route with GPS
identification of the geographical coordinates of the sensor
system nodes and autonomous power supply of each of the
sensors from the renewable energy source.

Expansion of system functionality in comparison with the
known prototype is provided by implementation of relay sensor
architecture without human operator, in which sequential
scanning and retransmission of snow height measurement
results is carried out in sensor network nodes through
telecommunication channels based on bi-signal manipulation of
optical channels.

Each sensor of the developed monitoring system can be
equipped with vertical laser emitter. A quadcopter reads data on
the snow cover height [5,6]. This will significantly increase the
reliability and survivability of this class of CPS.

The implementation of the developed sensor system for
measuring of the height snow cover and its components is
planned in the near future on the territory of the Gorgany Nature
Reserve.

V. CONCLUSION

The advantages and functional limitations of the existing
cyber physical interactive and dialogue DCS, replicated by
many companies, are analyzed in the paper. Examples of using
terrestrial and above-ground monitoring systems in
environmental reserves are given. New architectures of star-
ring and bus-sensor-systems for background monitoring of
reference area objects are developed. Such systems are
characterized by advanced functionality, increased reliability,
deep disparallelization of data exchange processes, as well as
the efficient use of binary-manipulated optical signals. A new
solution to the problem of remote measurement of snow cover
height along the monitoring route is proposed. The prospect of
the combined use of terrestrial and flying tools for monitoring
protected areas of beech and cedar virgin forests in the
Ukrainian Carpathians, Germany and other European countries
is substantiated.
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Anomauyia—Po3riIsiHyTO 32CTOCYBAHHS KOMII’I0TePHOL
crucTeMH 00pOOKH MOKA3HUKIB CaMONOYYTTA 3aJIe;KHAX Nali€eHTIB
s iX JiarHOCTHKHM Ta JikyBaHHs. 3a paxXyHOK BHKOPHCTAHHS
MeTOAMK BHUSIBJIEHHs i 3icTaBjieHHs 03HaK OJIM3BKOCTI CTaHiB
3aJ1eKHUX MALi€HTIB CTa€ MOKJIMBUM MiIBHINUTH JA0CTOBipHicTH
Ta MBHIKICTH [TIaTHOCTHKH Ta e(eKTHUBHICTH JiKyBaHHS
3aJIe’KHOCTeid.

Abstract— Considered the use of a computer system for
processing the indicators of addictive patients self-attitude in the
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process of their diagnosis and treatment. Due to the use of methods
for detecting and comparing the features of the proximity of
addictive patients conditions, it becomes possible to increase the
reliability and rate of diagnosis and effectiveness of addictivity
treatment.

KnwouoBi c1o0Ba—3aleKHiCTh, JiarHOCTHKA aJUKTHBHOCTEI,

NMPOrpaMHO-KOMII'IOTEPHUH KOMILIEKC, MPHJIAA0-KOMII'KOTepHA
NiATpUMKA, 6io10riuyHMIl 3BOPOTHIIl 3B'130K.
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I.  Bcryn
B 3B’3ky 3 mangemiero COVID-19 1 ii nHacmigkamu
(camoizonsmiss, BuMylneHe 0Oe3poditTs) [1]  ocobmmBO
3arOCTPIOIOTHCS  MPOOJIEMH  JIIKYBaHHS  MAI[IEHTIB 3
3aJICKHOCTSIMH, OCKUIBKM BOHH MAalOTh JICHIO HECTIHKY

NICUXIKY, @ YacTO ICUXIYHI PO3JaAM PI3HOTO MOXOJKEHHS.
Excneptn y MeOWNMHI TaKOX IOMIYalOTh 30UIBIICHHS
KUTBKOCTI 3aJIeKHHUX JIFOACH B IMEpiof 3 MOYATKy MaHAEMIi.
Pi3HOMaHITHICTP BHUAIB 3aJEKHOCTEH BHUKIHKAE TOTPEOy ¥y
PI3HUX CTIEMiaNbHUX MiIX0AaX MO JIarHOCTHKH Ta JIKyBaHHS
MarieHTiB. 30KpeMa, TICHXOJOTiYHe Ta MCHXOCOMAaTHYHE
JMiKyBaHHA (3aIiTHHS MO3UTHBHOTO BIUIMBY CIOPTY, NMPaKTHK
Horm Ta 1MryH, OI3UYHMX BIpaB Ha INPHPOIL) BXE €
000B'SI3KOBMM KOMIIOHEHTOM B METOJUKAX JIIKyBaHHs BCiX 0e3
BUHATKY 3aexHocTed [2]. 3 po3risiny cailTiB JIiKyBalbHUX
3akiaziB (JI3), ne naerbes iHdopMalis Ipo METOIM JTiKyBaHHS
y JaHOMY KOHKpeTHOMY JI3, MOJKHA cKa3aTu, 10 TPaauIliiiHIM
€ TO€JHAHHS  TEpPEeBIPEHHX METOAUK MEIMKaMEHTO3HOTO
JIKyBaHHSA, IICUXIaTpUYHOI Ta IICHXOJIOTIYHOI JOTOMOTH,
peKoMeHIalil Mo 3MiHy CTHJFO JKHTTS 3 HarojocoM Ha
Tpyaotepamniro [3,4]. Yacrime 3a Bce JI3 Oinmpire 3aiiMaroThes
IIarHOCTUKOIO Ta JIKYBaHHAM JIO3PiJ0i aAMKTUBHOCTI, HIX ii
MpoQiTaKTUKOIO Ta BEACHHAM TMali€HTa Y MOCTIiKYBaJIbHUN
nepion. Ha me#t wac JI3 37e0idpmIoro BHKOPHCTOBYIOTH Y
NpPakTHLi BEICHHS 3aJICKHUX MALI€HTIB  «mnpodeciiHy
MOJICNIbY, sIKa JICSIKHiA Yyac OyJia OCHOBOIO CHCTEM 3a0€3MeUCHHS
SIKOCTI B MEIMIIMHI Ta 3aCHOBaHA HA 33 (IsTHHI IIpodecioHatizmy
JiiKapsi, #oro 10CBimy Ta IHTYTIIT.

Il. TIOCTAHOBKA 3AJIAUI
ABTOpaMHM CTaBHJIMCS] HACTYIIHI 3aBJIaHHS:

1) crpareriuHe 3aBIaHHA — TOBEPHEHHS KOHKPETHOI
JIIOJIMHM N0 TOBHOLIHHOTO MMWTTS, JUISi 4OTO TepeadaduTH
PO3pOOKY IHIOWMBIMyaNbHO UII KOHKPETHOTO TAIlIEHTa BCHOTO

JIAHIIOKKA  3aXOJiB:  NpodilakThka,  JiarHOCTyBaHHS,
JIKyBaHHS Ta COIlialli3allis;
2) KOHIENTyaJbHE 3aBJaHHS — 3 METOK IIiJIBUIICHHS

JIOCTOBIPHOCTI Ta ONEPATUBHOCTI JiarHOCTYBAaHHS MAIli€HTIB,
OIepaTHBHOCTI PU3HAYEHHS HAHOLIbII e()EeKTUBHOT METOIMKH
ix JikyBaHHs Ta peaOuTiTalii 3acTOCyBaTH HOBI IHHOBAIHHI
MIPUHIAIN PO3pOOKH 1HIUBIAyaTbHUX METOIMK MPOQiITaKTHKH,
JIiarHOCTYBAHHS Ta JIIKYBaHHS OKPEMHX 3aJIeKHOCTEH;

3) TexHiuHe 3aBIaHHA — 3a0e3MEYNTH amaparypHO-
MIPOTPAMHO Peatizamito po3po0IeHUX METOTUK.

1. TIPUAHSATHN IIIXIT Y PEAJIIBALIIT TTPAJIAO-
KOMIT FOTEPHOI HIJITPUMKU

ABTOpaMH B TEXHOJIOTii, III0 TIPOTIOHYETHCS, PeaTi30BaHUH
Tak 3BaHUN «kiOepHeTHUHUN miaxig»y [5], sAkuid moemHye
BHCOKHU TIpodecioHasTi3M JIiKaps 3 MPUIA0-KOMIT IOTEPHOIO
MiATPUMKOIO TIpolieciB 0OpoOKHM NEpPBHHHUX Ta MOTOYHHUX
JAaHWX BEICHHS TMAIlieHTa Ha YCIX CTajisX: JiarHOCTHKA,
JiKyBaHHs, peadiniTaiis, comianizamis. [{e 3HaMeHye BiAXia Big
cy0’€eKTHBI3MY B IIpoLieAypi JiKyBaHHs, (axiBIi Bce Oinblie He
HAa BJIACHUI JIOCBiN, @ HAa MOKA3HUKHU JKUTTEIISUIBHOCTI B X

YHUCIIOBOMY BHMpPa3i Ta Ha Pe3yJbTaTH KOTHITUBHHX, a TaKOX
TICUXOJOTiYHUX TecTiB. OOpoOka Takoro MacuBy iHdopmarii
MOBUHHA TIPOBOJUTHUCS 3 3aCTOCYBaHHSAM KOMII IOTEPHOT
TEXHIKM Ta 3 MOXJIIMBICTIO 30€peXeHHS [aHuX B JOCHUTh
00’€MHHUX CXOBHINAX JAHHUX.

IV. PEAIBALLA JTIKYBAJIbBHOT METOJVMKH 3 BUKOPUCTAHHSAM
[IPUJIAJIO-KOMIT’ FOTEPHOI ITIATPUMKU

[punamo-KoMIT FoTepHa MiATPUMKA TiepeadaJac:

- CTBOPEHHS €IMHOT JUIsl KOHKpeTHOTO npodinbHoro JI3 6azn
JMaHUX «3aNeXKHICTHY, e (PIKCYEThCS YBECH JOCBIJ JIKYBaHHS
marfieHTiB (y KOHKPETHIH KJTIHII[ Ta 1O JOMOBJICHOCTSIMUA MiXK
JI3 mocsin iammx JI3 Takoro x npogino);

- peamizamiro PO3pOOKH 1 BUKOPUCTAHHS METOJUK
BUSIBIIEHHS 1 3ICTaBJIEHHS O3HAK OJIM3BKOCTI CTaHIB 3aJIEKHHX
nanieHTiB. ToOTO, BCTAHOBIIOETHCS CTYMIHb OJN3BKOCTI
MIarHOCTHYHMX IOKA3HUKIB HOBOI'O MAIll€HTAa, 110 HAIIHIIOB HA
JIIKYBaHHSI, 3 MOKa3HUKAMHU MAIli€HTIB 3 MOMIHUPEHOT 0a3u TaHMX,
SIKI HAJIeXKATh JIO Ti€l K TPYIH 3a IIEBHUMH O3HaKaMH (Ti oco0wH,
SKi BKe MNpoHuuIM JiKyBaHHs). Ha OCHOBI KOMI'FOTEpHHX
METO/IB KOPENALIIHOTO aHaNli3y MPOBOAUTHCS TPYITyBaHHS
CXOXXKMX THIIB JiarHO3iB MAIli€HTIB, 5AKi (IKCYOThCS y 0asi
JMaHux (0aHK TaHUX «3aJIe)KHICTh»), HOBOTO MAIli€HTA BiTHOCSTH
JI0 BIMIOBITHOT TPYIIH XBOPHX;

- BUOIp METOIVKH JIIKyBaHHS 3aJIC)KHOCTI y HOBOTO TAIli€HTa
3 THUX METOAMK, IO BHSABWINCS HaWOUIbLI €(EKTUBHUMH Y
TIAIIEHTIB TUIOBOI TPYIIH, O SIKOi HAJIC)KUTD 1 HOBHH MALli€HT;

- B XOJi JIKYyBaHHA 32 3aTBEPIDKEHOIO METOJHMKOIO
NPOBOJMTHECSI MOHITOPUHT TJIMOWHM HAsBHOI 3aJI€KHOCTI
namieHTa 3 BUKOPHCTAHHAM MATEMAaTHYHUX METOJIB 3
BUSIBJICHHSI KOpEJISIii MK MOTOYHMMH B IIPOLEC] JIIKYBaHHS
JIAHUMH TTOKa3HHKIB TarieHTa. Ile ma€ MOXKIUBICTH OayuTH
JMHAMIKy [pOLECY;

- micns  BHUOKMCKH — MPOBOJUTHCS  KOHCYJIBTATUBHUUN
JMCTAHIIMHUNA CYNPOBIJ Malli€eHTa 3 IOKYMEHTYBaHHsIM B 0a3i
JaHUX «3aJeXHICTB» Tpolecy Horo peabimitamii Ta
corgiami3arii.

- iH(hopMaIlis 3a pe3yabTaTaMH JTiKyBaHHS KOKHOTO HOBOTO
namieHTa (JUHAMiKa 3MIHH TOTOYHHMX CTaHIB, MOKa3HUKU
KUTTENISUTBHOCTI, BAUCHOBKU IOJO YCHIITHOCTI JIKYBaJTbHUX
poreayp, Tomo) 3anoBHioe bJl «3amexHicT.

[ligBUIIEHHS JOCTOBIPHOCTI 1 IIBHAKOCTI BCTAHOBIICHHS
JIarHO3y JOCATAETBCS caMe 3a PaxyHOK ONTHUMAJIBbHOL
oprasizauii KOMITIOTEpHO-TIPUIA0BOI MHIiATPUMKH, a came
TOMY, III0 € MOXIUBICTh BUKOPHUCTaHHA iH(opmarii, 1o
HaKomu4eHa, oOpobieHa Ta CTPYKTypoBaHa B OaHKY JaHUX
«3aNeXHICTh» CTOCOBHO TAII€HTIB, IO BXE MPOUILIH
nmikyBaHHA. B B/l Takoxx 3akiazeHa MOXJIMBICTh aHANi3y
ceaHciB 3amucy (i3i0J0TIYHMX CUTHAIIB MPOTATOM KOPEKIIil
AJIMKTHBHOI TIOBEIIHKM TalllEHTa 3 METOI0 BHSBICHHS
e(eKTUBHMX CIEHapiiB JiKyBaHHS ((QOpMyBaHHS CIEHapiiB
30BHILIHBOI CTUMYJIALIT IICUXOJIOTIYHOTO CTaHY).

[IporpaMHO-KOMIT FOTEpHUI KOMILJIEKC Crioy4daeThes 3 b1
«3anexHICTE» Ta TaKOX Mae€ yci HEOOXigHI Mpouexypu
TPEHIHTIB 3 BUKOPHUCTaHHAM TexHoJorii «biofeedback» Takum
YUHOM, IO MAII€HT CTa€ CIIBY9aCHUKOM CBOTO JIIKyBaJILHOTO
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mporiecy. Komm’rorepHa 00poOka  JaHMX  MOKa3HUKIB
aIVKTUBHUX TAII€HTIB HaJa€ MOXJIMBICTh MPOBEICHHS
TEOPETUYHUX JOCIIIKCHB:

- aHamizy iH(GOPMATHUBHOCTI KOXHOTO 3 TIapaMeTpiB

KHUTTEBOTO CTaHy Malli€HTa, MAIOTHCS Ha yBa3i anamizu, GMPT,
EET, EKI, mcuxomoriuHi TecTH Ha IEpeBipKy HAsSBHOCTI Ta
CTaHy NMCHUXIYHUX PO3JIaiB, B TOMY YMCII TECTH Ha KOTHITHUBHI
3Mi0HOCTI, iHIN BUNPOOYBaHHS CTOCOBHO 3aCTOCYBaHHS IX B
JIarHOCTHIII 3aJI€3KHOCTEN;

- po3poOKa METOIWK, 3aCHOBAaHMX Ha IMO€IHAHHI
MEIMKaMEHTO3HHX Ta HEMETUKAMCHTO3HUX METO/IIB JIIKYBaHHS
(meronm «biofeedback», Memurartii, TEXHOJIOTiT KOMIT'FOTEPHOTO
OMOyIpaBITiHHSA, TiTHO3, OKPEMi NPaKTUKU HOTH Ta LIUTYH);

- po3poOka Tmpolexyp THIN3amii MacWUBy XBOPHX 3a
CTymeHeM OJM3bKOCTI  BCEpelWHI TpymHd 3a pPaxyHOK
CTPYKTYPYBaHHS CTYIICHIO HapKo-, aJKo-,
MpernapaTo3aIeKHOCTI Ta iH.;

- BUSBICHHS KOPEJAIIl JaHMX BIICTEXKYBAHHS CTaHy
MaIi€eHTa Ha BCIX CTAisfX JIKyBaHHS, BCTAHOBICHHS CTYICHIO
ONM3LKOCTI MIarHOCTHYHMX ITOKA3HUKIB HOBOI'O MAI[i€HTa, IO
HATIWIIOB Ha JIIKyBaHH:, 3 TOKa3HUKAMH THX TAII€HTIB, SKi BXKe
NPOWIIIM JIIKyBaHHS, Ta HaleXaTb JO TIi€i X Tpymu 3a
https://itcm.comp-sc.if.ua/application/mikyBaHHst 3
BUKOPUCTAHHSIM  BIAMOBIMHOI  iH(pOpPMALiHHO-aHATI THYHOT
CHCTEMH.

XN KN [N KN ENEN

EN EN EX KX

RN

RauBISENy

KPOK 1 IpynysaHHA cXxoxcux munis oiaznosis nayicumis

BA3A JAHHX «3ATEXHICTb»

KPOK 2 Mamemamuuna npouedypa 6UAGTEHHA KOPETAYIIHILY
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Puc.1.BuGip ontiMansHOI Ipoueaypy JIiKyBaHHS

JlocmijpkeHHs, sSKi TPOBOJATHCS 3apa3, IPYHTYIOTBCS Ha
6araTopivHOMY JOCBi/li HAYKOBOTO CITiBpoOiTHHIITBA [HCTUTYTY
kibepreTukn iMeni B.M. I'mymkoBa HAH VYxpainu 3 Kiinikoro

JIiKyBaHHS 3ajexHuXx mnamieHtiB «ATOC». 3a pesynbraTamMu
JOCIIDKEHb TIPOHIDIAa AepikaBHy peectpanito «TexHomoris
TIPUIIAI0-KOMIT FOTEPHOT MIATPUMKH JIIKyBaHHSI aJUKTUBHHUX
nartienTisy. Homep mepskpeectparii - 0621U000003 [7].

SIk  pO3BUTOK  OMHCAHOI  KOHIEMIi  MPOBOISTHCS
JOCIIDKEHHS JJIS1 3aCTOCYBAHHS «BipPTyaJbHOTO MEIUYHOTO
KaOIHEeHTY» B METOJAMI pealimiTamii 3aJIe)KHUX MAI€HTIB, a
caMe BIPOBAPKEHHS IUCTAHIIHHOTO HATJIy 3a CTAaHOM
TMAI[i€HTA, 10 TA€ MOKIIMBICTh BXKE Ha CTa/Iil IOCTIIKYBaIbHOTO
Iepioy He BTpadaTH KOHTPOIB 3a MAIlieHTOM, CIIIKYBaTH 3a
JUHAMIKOI Horo coriamizamii. [Ipu mpoMy ocoOimBa yBara
Oyzne TPHUOUTATHCS MOXJIMBAM O3HAaKaM ITOBEPHEHHS 10
3aJIEXKHOCTI.

V. BUCHOBKHU

3acTocyBaHHS MPUIIAI0-KOMITFOTEPHOT MATPUMKH
peaitizariii JiKyBaabHOT METOJMKY HAJIA€ HACTYITHI MOXIIUBOCTI
Ta MepeBaru:

- T IBUIIY€THCSI IOCTOBIPHICTH Ta IBUAKICTH BCTAHOBJICHHS
ZiarHo3Y;

- JocsraeTbesi OUThI e(EeKTUBHHMH CYIMPOBIJ JIIKYBaHHS
HOBHX 3aJIC)KHUX TALIEHTIB 3 BUKOPHCTaHHAM iH(opMmarii,
HAaKOIMYCHOI y 0a3 JaHuX «3alIeKHICTbY;

- Cra€e MOXJIHMBUM TIPOBEJCHHS CKCIEPHMEHTIB TI0
BUBYEHHIO (DYHKIIIOHYBaHHS HEIPOMepExki rOJIOBHOTO MO3KY;

- JIOCATHYTO yMOBH i1 IIOJAJbIIOTO  BUBYCHHS
MOJKJIMBOCTEH MEXaHi3My Oi0JOTiYHOTO 3BOPOTHOTO 3B'S3KY
OpraHi3My JUIA 3a[isHHSI METOJUKH TIIiJ[ 4Yac JKyBaHHI
3aJIeKHOCTEN.
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Pozenanymo  numanmns  eizyanizayii  0anux  cxosuuya
inmenexkmyanvhnoi cucmemu «YIIPABJIIHHA _TEIIy. Ilpudineno
yeazy eubopy iHcmpymenmie, po3pooui ma imnaemenmauii
pimenns. Po3poéneno mobinonuii 0odamox Android uam-o6omy.

The issue of data visualization of the intelligent system
management "CONTROL_TEA" was considered. Attention is paid
to the choice of tools, development and implementation of the

solution. The Android chatbot mobile application has been
developed.
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I. Bcryn

IurenexryanmsHa cucrema «YITPABJIIHHSA TEIT» [1-4]
BHpINIye THUTAHHS 3MEHIICHHS CTYNEHI y4acTi JIOJAWHU B
MIPOBeJIeHH] poOIT B HEOE3MEUHNX TEXHOTCHHUX 30HAX IIJITXOM
poboTu3arrii.

BukopucranHs MOOIILHMX NPUCTPOIB B cHCTeMi
«YIIPABJIIHHSA_TEIIl». Bisyamizamis OTpUMaHHS JaHUX
JUISl TaIbIIOT0 aHai3Y | BHKOPHCTaHHS € BasKJIMBOIO YaCTHHOIO

iHpOpMaLifHOTO  CXOBHIIA  IHTEJIEKTyaJbHOI  CHUCTEMH
«YITIPABJIIHHA TEIl»  (puc.l). Hdnst  oTpuMaHHi 1
BimoOpakeHHs  iHQopmamii  MOOUTBHUMH  TPUCTPOSMHU
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-Telegram Bot momatku Telegram;

- crienianpHuUi 1oaaTok Ha ratdopmi Android.

/ 1
o / Inopmamiine
. Y
android \ CXOBHIIIC
Puc. 1. Bukopucranus MOOITEHUX MIPUCTPOIB B cucremi

«YTIPABJIIHHS_TEIT» 3a gonomororo 4ar-60Ty.

Pesynbratn mocmimkeHs mokasamu, mo B 2019 Telegram
MOTpanuB B TpiHKy HaHOLIBII YacTO BHKOPHUCTOBYBAHUX
MECEH/DKEpIB 1 IMoOKa3ye HaWO1IbIIe 3pOCTaHHs MOITYISPHOCTI.
Ay Bepecni 2019 poky 40% xopucryBauiB Android momHs
BHKOPHCTOBYBAJIM IO Tporpamy. Y Toi xe yac Telegram
Analytic Bin3Ha4yaroTh 301TbLICHHS BUKOPHCTaHHS OOTIB B
JOJATKY, 1 IPOTHO3YIOTH IIie OUTBIINI MPHUPICT MaltOyTHHOMY.
Tenerpam 6oru. botn —[| cnemiansHi akayHTu B Telegram,
CTBOpPEHI JUII  aBTOMATHYHOI OOpPOOKHM  TOBiZOMIICHB.
KopucryBaui MOXyTh B3aeMOAiATH 3 OOTaMH 3a JOIMOMOTOIO
MOBIZIOMJICHb, 10 BIANPAaBISIOTBCS Yepe3 3BUYalHI abo
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rpynoBi 4aru. Jlorika ©0Ty KOHTPOJIOETHCS 3a JIOIIOMOTOIO
HTTPS 3amutis 1o API i momrykoBux poOoTiB.

[Mepesaru Telegram Bot:

- poboTa omgHOTO OOTY 3 6araTbMa KOPHUCTYBauaMu,
- iHTerpais i3 30BHILIHIMU CepBi3aMH;

- a0COJIFOTHO O€3KOILITOBHUIA;

- 3pyuHwmii inTepdeiic B3aemoii 3 6otamu Ha ocHoBI HTTP
(BotApi);

- KaCTOMIi30BaHi KJaBiaTypH;

- PEKUMH MIPUBATHOCTI;

- JIerKa 37IaTHICTh JI0 HaBYaHHS OOTY.
Ctek TeXHOJOT1H JUIsl HanucaHHA O0TY:
- MoBa nporpamysanss: PHP;

- (ppeiimBopk: Y1I2;

- makeTHUH MeHemkep: Composer;

- 1oHiT TectyBaHHs: Codeception;

- cUcTeMa MOHITOpHHTY: Zabbix.

CTex TeXHOJIOTi J0AaTKY:

- MoBa nporpamyBaHHst: Java/Kotlin;

- cucTeMa aBroMatuuHoi 30ipku: Gradle;
- toHIT TectyBaHHs: JUnit;

- clCcTeMa MOHITOpHHTY: Zabbix.

Yar-00T € 4YacTHHOIO Ii€l CHCTEMH 1 BIANOBigae 3a
Bi3yastizailito JaHuX iH(GOpMAaIiiiHOrO CXOBHINA Yepe3 TeXHIuHI
3aco0M KOpHCTyBauiB mopsa 3 Beb-pecypcom. ['00BHORO
3aauero PO3pPOOKH SIBISIIOCS 3MIMCHUTH MIBUIKUN 1 3pydHUI
JOCTYM JI0 JIAaHUX 3 MOOUIBHUX MPUCTPOIB YISl I1OJAANBIIOTO
aHaiizy i BukopucranHs. Cama CTpykTypa iHpOpMaliitHOro
CXOBHIIIA IHTEJIEKTYAIbHOT CHCTEMH 300paXkeHa Ha puC. 2.

VY migcymky BHOIp mHpumaB Ha peanmizamii uyaT-00Ta B
Mmenemkepi Telegram, Tak sk naHa peanizaiis mae 06ararto
repeBar y MOpIiBHSHHI 3 BapiaHTOM CTBOPEHHS MPOrPaMHOIO
3abe3neueHHs 111 MOOIIbHUX NMPUCTpOIB Ha ruaTdopmax 10S
ta Android. YV mnpuiHSTTI pilIeHHS KIFOYOBHMH CTAaIH
HacTyIHI (aKTopu:

e Telegram mae 3pyunnii intepdeiic B3aemoii (BotApi)
1 IO3BOJISIE JIETKO BUKOHATH IHTETPAIIFO 3 30BHIIIHIMU
cepBizamu;

e 100pe 330KyMEHTOBAHHH 1 TPOCTUH y MiATPUMILi;

e iHTepdelic B3aemomii 3 JomaTKaMu Mae OyTH
CTaH/IApTU30BAaHMK 1 MaTW MIATPUMKY Bepcii, mo
YCKIJIQIHIOE X PO3POOKY MiATPHMKY;

e MCHIIA BapTICTb BHECCHHsA 3MiH i1 4aT-0oTa, B
MOPIBHAHHI 3 MOOUTEHUMU JI0JJaTKAMU;

e Bce Oinblre 3pocTanHs KopucTyBauiB Telegram y cBiTi.

Il.  TIIOKJIIOYEHHS BOTA

Hdus  minkmroueHHs 0oTa HeoOXimHO depe3 iHTepdeiic
JIOMIaTKy B MOILIYKY 3Haiiti 6ota @BotFather i mouaru 3 HuMm
4ar:

®  BHKOHATH KoManmy /newbot;
e  3amaTH iM’4 60TY;

® 33/aTH yHIKaJbHE IM’s, 1O
3IIHCHIOBATHUCS TOIIYK Y JOAATKY;

sskoMy  Oyze

° BCTAaHOBUTH OITHUC 1 aBarap.

Omicns peectpamii 60T OepKUTh ineHTH(IKATOP (TOKEH),
SIKMH HEOOXI1/THO 3aCTOCOBYBATH IpH 3anuTax B Tenerpam API.

I1l. OBPOBKA 3AIIMTIB

His Telegram 6oty icHye JBa METOAM OOPOOKH 3aITHTIB:

e Long polling, mo mepexbayae mocTiiHi 3amUTH
OHOBJICHB 3 TIEBHUM iHTEPBAJIOM;

o Webhook. ¥V pasi, sikio € onosnenns, Telegram
Api Server camoCTiHO BigmpaBise X 6OTYy.

HesBaxkaroun Ha psig mepeBar OTpUMaHHSI OHOBJICHb Yepe3
BeOXYK, U1 MPOCTOTH peaizarii Oymo oOpaHO i peani3oBaHO
CIoci0 OTpUMaHHs OHOBJIEHb 3a jonomororo Long polling.

[pwu 3acTocyBaHHI B IKOCTi 0OpOOKH 3anHTIiB BapiaHTa Long
polling, tenerpam APl mae meron GetUpdates, sikuii moBeprae
MacHB BCiX mofii. Takox Ui OTpUMaHHsI TIIBKH HOBHX HOIIN
(OHOBJIEHB) BHKOPHCTOBYEThCS —mapamerp Offset,  sxwmit
JIOPIBHIOE THKpEMEHTY iJeHTU(IKaTOpa OCTaHHBOIO PaHIII
OTPUMAaHOTO OHOBJIEHH. /ISt BiIPaBKHM MOBIJOMJIEHb OOTOM B
4aT BHUKOPHUCTOBYETHLCS METOJ sendMessage 3 IapamMeTpamu
chat_id i text, korpi mo3Ha4aTh igeHTH(DIKATOp YaTy 3
KOPUCTYBaueM 1 TEKCT IOBIAOMIICHHS BiAmoBiaHo. IloBHY
cxeMy B3aemomii kiieHTy 3 cuctemoro «YIIPABJIIHHS TEII»
yepe3 4yaT-00T 300paxeHo Ha puc. 2. CKpiHU BigoOpakeHHS
JOTiKA poOOTH dYar-00Ty 3 iH(OpMAIIHHUM CXOBHILIEM:
BUBEJCHHS 3riHO 3amuTy Habopy mnapamerpiB BILJIA Ta
30BHIIIHBOTO CEpPEeOBUINA 3a/IaHOT Ha KapTi JIOKAIil MOKa3aHo
Ha PUCYHKY 3.

Be6 cepsep

{ S=H
E ;

HTTP cepeep
cucTemm
"YMPABMNIHHA_TEM"

Tenerpam ANl
Cepeep

MoGinHuit
npUCTDIiA

KopucTysay

Puc. 2. Cxema B3aemogii kopuctyBayda 3 cucteMoro « YIIPABJIIHHS TEID».

[pu KOXKHOMY Ha/ICUIIaHHI KOPUCTYBa4YeM MOBIIOMIICHHS 32
Jonomororo nonarky depes Telegram API cepsep uwar-6oT
OTPHMY€ pa3oM 3 OHOBIICHHAMH iCHTU(IKATOp YaTy KOKHOTO
kopucTyBada. Jlami 60T o0OpoOisie 3amuT i yepe3 iHTepdeiic
B3aemonii 3 cucremoro «YIIPABJIIHHA TEII» otpumye
HeoOXinHi naHHi, siki yepe3 Telegram API cepsep Biampasisie
Ha3aJ B 4aT JOJATKY.
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inkibot . Vs ° inkibot
& bot

17:24 ]
e 1738 &/
TUTYT KNGEPHETUKN
T e [nutencHocTb noneta ApoHa: 20 MuH
° JAuctaHuua noneta: 2.1 km
RRPORMAA MakcumanbHas BbicoTa: 85 M
KHAPOAHH 2
R @ Moroaa, BepOATHOCTb 0CaAKOB:
Google & DYcpeaHeHHble nonyyeHble AaHHble
‘ npn M3MEepeHnaX
Send selected location
5 CpepgHsia BbicoTa: 30 M
CpeaHss CKOpoCTb: 22 KM/4
Temnepatypa Bo3gyxa: 20 C
= Betep: 10 kM/y

Puc. 3. Ha ckpuHmoTax 3aduxcupoBaHa OTIpaBKa JAHHBIX 0OTYy (B JaHHOM
cily4ae JIOKaIiu), 1 00paTHOE MojyyeHue ot 00Ta JaHHbIX

IV. IHTEJEKTYAJIbHA CUCTEMA «YIIPABJIIHHA TEID»

Uepes  30inbLIEHHS  CKJIAJHOCTI  BUPOOHMITBA 13
3aCTOCYBaHHAM  EHEPrOEMHHX  TEXHOJOTH  HMOBIPHICTH
BUHUKHEHHS TexHo-ekoyoriunux momii (TEIT) icrotHO
30uTpmmaca. 3MEHIIWTH CTYIiHb y4YacTi JIIOAWHU TpU
MpOBENCHHI poOIT B  HEOE3MEYHHX YMOBaX  MOJXKHA,
BHKOPHUCTOBYIOUH IHTETIeKTyali30BaHi  pOOOTO-TEXHIYHI
cucremu. B IncTuTyTi KibepHernku imeni B. M. I'nmymikoBa
HAH Vkpaiau cymicHo 3i cniBpoOiTHHKaMu HamioHanbHOTO
TEXHIYHOr0 YHiBepcuTeTy Y Kpainu « KUiBChbKHii MOJIiTeXHIYHUI
iHctuTyT imeHi Irops Cikopcbkoro» [1-4] po3poOiseTbest
KOHIICMIIis iHTenekTyanbHol cucremu «YIIPABJIIHHS TEIT»
Ta i OCHOBHI KOMITOHEHTH.

Juist mpoBeneHHs OuTbll  €(hEKTHBHOTO MOJEIIOBAHHS
HEOOXIHO PO3TIIaTH 00’ €KT «30BHIITHE CepeIOBHUIIE + 30HA
BruuBy TEIl + MOOinbHUI poOOT-pO3BINHUK + CUTYyaliiHUI
LEHTP» AK CKJIAHY CHCTEMY B CEHCi CHCTEMHOTO aHawizy. Jis
uporo ciij GopmyBaTH BiJNOBiJHY OaraTopiBHEBY OJIOYHO-
iepapXiyHy CHCTEMY MaTEMaTHYHHAX MOJENeH pi3HOTO piBHS
neramizaiii.  Ilponec  BipryambHoro  Tta  (isuuHOTO
MOJICITIFOBaHHS PyXY MOOLIBHOTO po0oTy € Gararo iTepariiitHuM
Ta MOTpeOye MOJaNbIIOro po3BUTKY. Pesynbpratn obGuucieHb
30epiraroTecs y iH(GOpMaIiifHOMY CXOBHII, CTPYKTYpY SIKOTO
MIOKa3aHo Ha pHC 4.

V. BUCHOBKHU

BkazaHo BHCOKY akTyaJbHICTh PO3POOKH IHTENEKTYyaIbHOT
cucremn (IC) «YIIPABJIIHHS TEIl». PosrisHyTo OKpemi

NMUTAaHHS  CTBOPEHHS  KOMIIOHEHTIB  iH(opmarliifHoro,
MaTEMaTHUYHOrO, ITOPUTMIYHOTO, IIPOrpaMHOro,
oprasizamiifHoro i TtexmiyHoro  3abesmeuenHs  IC

«YIIPABJIEHIE TEII».

pr— Paepsu BT

Puc. 4. Crpykrypa iH(GOpMALiHHOTO CXOBHUILA IHTEIEKTYaJbHOI CHCTEMHU
«YIIPABJIIHHS_TEID»

Haseneno crpykrypy iHGopMarmiitHoro cxosuma IC

«YITPABJIIHHA TEII».

IMoka3aHo NOTiKy (YHKLHIOHYBaHHS Ta CTBOPEHO MHEpLIY
4yepry 4ar-00Ty BUBO/Y IaHHX Ha €KpaH MOOUILHOTO TeieoHy
JUISL  BIIJIarOJDKEHHS  TMOCJIIOBHOCTI  Mpouecy B3aeMOil
iH(pOpPMaNiHOTO CXOBHUINA, CUTYAIIHHOTO IEHTPY, MOOITTBHOTO
po0oTy, onepaTHBHOI OpUrajy i 00'€KTY MOHITOPHHTY.
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Ha cbo2o0ni 3a0aua cmeopeHHs IHMEPAKMUGHUX MAKEMHUX
CUCHmeM HABUAHHA Y PEealbHOMY QIZUYHOMY RPOCMOPI € 0OHIEI0 3
OCHOGHUX 6 OHOGJIEHHI RIOX00y 00 npogheciiinoz0 HAGUAHHA.
Onucano cknad 6a306020 nabopamopnozo cmendy Arduino, iozo
KoMnaekmauyiro i cucmemy YnpaeniHHA MOOINbHUM MOOYIbHUM
AGMOHOMHUM POGOMOM, WO CRPUSLE ONAHYEAHHIO 6a306UX QYHKUIL

Today, the task of creating interactive mock-up systems of
training in real physical space is one of the main in updating the
approach to professional training. The composition of the basic
laboratory stand Arduino, its complete set and control system of the
mobile modular autonomous robot promoting mastering of basic
functions is described

Knwuosi crosa—npogpeciitne nasuanns, Arduino, komnonenmu,
A6MOHOMHUILL POOOM, MOOINLHUIL HOCIIL CEHCOPI6

Keywords—professional  training,  Arduino,
autonomous robot, mobile sensors carriers

components,

I. Bcryn

[lpeameTHa 0067acTh NUTAHHS, IO PO3IIISIAETHCS, €
HaJ3BUYAiHO aKTyaJIbHOIO, 3BaYKAIOYW HA TJIOOANBHI TPEHIIU
cporozieHHs1. HuHi B ycboMy CBiTi HaOMparOTh 00EPTH IPOEKTH,
MOKJIMKAHI  MOJETIIMTH KUTTS JIIOACTBA 33 PaxyHOK
BUKOPHUCTaHHA HOBOI po00Y0i cwim — pOOOTOTEXHIYHUX
cucreM [1].

Ha cporomHi, He JAMBISYHACH Ha MOMYJISPHU3ALIIO
TEXHOJIOTIH, Ty’ke BaXKKO 3HAWTH B TpoQeciitHiil miTepaTypi un
IuTrepHeri BUYEpHHUN Marepian, SKHd OM MaKCHMAlbHOTO

Nadiya Chumakova

dept. Ne 265 - mathematical problems of applied informatics
V.M. Glushkov Institute of Cybernetics of NASU
Kyiv, Ukraine
bronata@ukr.net

MIOBHO OIHKCYBAB SIK MPOOJIEMATHKY, TaK i MPOIIEC CTBOPEHHS Ta
NporpaMyBaHHs — J1a0OPAaTOPHOTO CTEHAY 3 MOOLIBHHM
ABTOHOMHUM po0OoToM Ha 0a3i Arduino s omnaHyBaHHIO
0a30BUX (QYHKIiN Hapiramii Ta ympaBiiHHSI. Tomy B po0OTI
OIMCaHO TMiJXiJl O CTBOPEHHs J1abopaTOPHOro MPOCTOPY Ta
MOJyJBHE PillleHHs MOOUIEHOTO poboTy Ha 6a3i Arduino, sike
MOXkHa Oyjio O 3 JerkicTio nepekBaniikyBaTd Ha OyJb-siKe
cnemiamizoBaHe  3amaHHs. OTxke, CTBOpeHO  0a30BYy
wiatdopMy, sika IOKPUBA€E YHIBEPCATbHUI MIHIMYM (GYHKIIH,
Ta Ha SKy MOXXHa JOJaBaTH HOBI KOMIIOHEHTH, HaJAr0YH
po0OTY KOHKPETHY CIeIiai3aiito.

Po3po6iieHo MeTo MKy CTBOPEHHSI aBTOHOMHOTO po00Ta, 32
JIOLIOMOT 010 SIKOT OYZAb-IKUi KOPUCTYBad, BKJIIOYAIOYH TOTO,
10 HE Ma€ TIIMOOKMX 3HaHb 3 (PI3UKH YM POOOTOTEXHIKH, 3MIr
6u 316paTn moAiOHOTO poOOTa CAaMOCTIHHO.

Il. TIMTAHHS JOCJIKEHHS

B ocBiTi OL1BIIOr0 pO3MOBCIO/KEHHSI HAOyJIH CHCTEMH 3
€JIeMEHTaMH1 IHTepPaKTUBHOCTI [2]. [HTEpaKTUBHICTH
nependadae K MOXKIIMBICTh HENIHIHHOTO BUBYEHHS MaTepiaiy
(32 BIACHUM CIEHapieM y4YHA JUCTaHLIMHO), TaK 1
BUKOPHUCTAHHS CTaHJAPTHUX CIEHApiiB, 5Ki 3aKJIaJeHO JI0
METOJIMKH PO3pPOOHMKAaMH Ta IIOB’SI3aHO 3 BHKOPHUCTaHHIM
peabHUX MaKeTHHX HPHUCTPOiB y (I3MIHOMY NpOCTOpi Ta
CTBOPEHHSIM IX came BJIACHOPYY JUISl NMPUAOAaHHS HAaBUYOK Ta
HEOOXIJJHOT MOTOPUKH PYK.
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CaMme IHTEpakTHMBHICTH € OCHOBHOIO 33jayelo Ui
PO3pOOHUKIB MOMIOHMX KOMIUIEKCIB [3], OCKINBKH 3a37alerinb
MiATOTYBATH 1 epea0auuTy Bci MOTPIOHI paKypcH, HapsSIMKH
pyxiB, maHgmapTH 1 TeH3aKi PO3TIAHYTUX CHUTYaIlii
BUKOPHCTaHHS MOOUIBHUX NPHCTPOiB y PEATBHHUX CHUTYallii
IicyIsd HaBYaHHS IPAKTHYHO HEMOIKITHBO.

OcCoOJMBICTE  CTBOPIOBAHOTO B paMKax  pO3pOOKH
mabopaTopHOTO cTeHAY Ha 6a3i Arduino aBTOHOMHOTO poOOTy y
Horo moxynbHOCTI. lle o3Hauae, mo 3i0paHa KOpHCTyBauem
KoH(}irypamis He € GiHaTBHOIO Ta MOKe OyTH JIETKO 3MiHEHa Y
MaiiOyTHPOMY LUIIXOM 3aMiHH Y JIOJaBaHHA OYAb-SIKHX
CYMICHHX 3 Arduino MOTYJTiB 3 BIIITOBITHAM
HepenporpamMyBaHHsIM.

I11. TIPUBHAYEHHSI, CIELIU®IKA TA KOMIIOHETH MOBUILHOT'O
JJABOPATOPHOT'O POBOTY JIJIS1 TIPO®ECITHOT O HABUAHHS

Jns mpencraBieHHS 00CTEKYBAaHOTO MOOUTRHEM POOOTOM
cepefioBUINla 3 BHUKOpPHCTaHHAM 3D-00’€KkTiB y cucTeMax
mpodeciiHOro  HaBYAaHHSI  HEOOXINHO  BH3HAYHTHUCH 3
NPU3HAYCHHSIM Ta CKJIaJI0M HOCIsI-PO3BiTHHKA.

[pusnayenns maaGopaTtopHoro crenxy. Crerapiis
BUKOPHCTAHHS TAKOTO pOOOTY MOXe OyTH 0e3J1iy, HallpuKIa/I:

- PO3BiIyBaHHS MICIIEBOCTI Ha TpPEOMET BMICTY B
MOBITPI WIKIJUIMBUX PEYOBUH;

- BHKOPHCTaHHS B SKOCTI poOOTa-IpUOHpaIbHAIKA;

o0CTe)XeHHs1 HeOe3MeYHNX AUITHOK IIaXT Y1 Kap €piB;
- NPOEKTYBaHHS KapTH JIOKAIi;

- 3aCTOCYBaHHS B SIKOCTI OCHOBH CUCTEM aBTOMIJIOTY LISt
TPaHCIIOPTY.

Cnenudika maGopatopuoro creHay. PospoOioBane
pilLIeHHs Ma€ BiJIOBIATH sy KPUTEPIiB:

1) HagiiiHiCTP — CHCTEMa Ma€ MpaioBaTH 0E3BiJIMOBHO
TIPY BiJITIIOBITHOCTI KPUTEPIsIM EKCILTyaTallii;

2) aBTOHOMHICTh — pPOGOT Ma€ MpAIFOBATH IOBHICTIO
CaMOCTiHHO 6e3 BTpyJaHHs JTIOIUHH;

3) pobor mae 3abe3nedyBaTH TPUBAIHMN Yac PoOOTH Bil
aKyMyJITOPA;

4) cucreMa Mae mpuiiMatd  e(EeKTHBHI
0a3yrounCh Ha aHATi31 HABKOJMIITHLOTO CEPEIOBHIIA;

PlIICHHA,

5) MOIYNBHICTHP — CHCTEMa CKJIAJATHCS 13 HE3AICHKHHUX
KOMIIOHEHTiB (MOIyNiB), sKi, 3a ImOTpeboro, Moxe OyTH
3aMIHCHO IHIMMMH 3 METOK 3MiHH 00JacTi BHUKOPHCTaHHS
poborty.

Kommnonentn mobiiibHoro podory. B Tabmuui 1 HaBeneHo
MepeTik Ta XapaKTepUCTHKH KOMIIOHEHTiB, 1m0 Oyio
BUKOPHCTAHO TIPH CTBOPEHHI aBTOHOMHOTO po0oTYy.

KopucTtyBau Mo)ke BHKOPHCTOBYBATH IIEW MOIyib, MI00
VIPaBISATH JBOMAa JABHTYHAMM IIOCTIHHOTO cTpymMy abo
YOTHUPBOXIIPOBITHUM IBO(A3HUM KPOKOBHUM JIBUTYHOM.

TABLE I. CIMCOK KOMITOHEHTIB

Mirka  Tun Baacrusocri

M1 CcpBOMBATYH
M2 CeppopBaryH
M3 CepBONBATYH
M4 CcpBOMBATYH
S1 Tpaitsep psuryna Swilching circuil SPST: sapiany varian| 1; default stale Nommally Open (H-Bridge with L293N)

VCC1 Barapes tuuy "kpoua’ 9V Hanpyra 9V

VCC2 4 x AAA Gaparei Haupyra 4.8V

AU Arduino Uno (Rev3)
RF VaurpainyKObHil qaIexomip
RF VaLTpaieyKoBRi faTeKoMip

[Tata Takox MoOXe OyTH BUKOPUCTAHA B SIKOCTI IIaT(GopMu
IpaiiBepy mOCTiifHOrO CTpyMy. Bummkad S1 ciyxuTh s
MIepPEMUKAHHS KUBJICHHS JIOT1YHOT YaCTUHH MiKpocxeMu. To0To
py BBIMKHEHOMY S1 JKHMBJICHHS JIOT1YHOT YaCTHHH OEpeThCs
BiJl BHYTPIIIHKOTO MIEPETBOPIOBaYa MOTYJIr0. [Ipu BUMKHEHOMY
S1 xuBICHHS OEpeThCs Bl 30BHIITHBOTO JHKEpea.

XapaKTepUCTUKU:
- Mikpocxema apaiiBepa: L298N;

- JKUBIICHHS 711 MOTopiB Vs: +5 B ~ +35 B, ctpym 1o
2A,;

- JKUBIICHHS JIOTiKH Vss: 5B ~ 7B, cuma ctpymy 0 ~ 36
MA;

- piBHI curHamiB: soriuauit Hyms -0.3 < Vin < 1.5B,
jtoriuna oguau: 2.3B < Vin < Vss;

- MaKcHMallbHe crhoxwuBaHHSA eHeprii 20 Bt (mpu
temneparypi 75 °C);

- Temmeparypa 36epiranns: -25 °C ~ +130 °C;
- po3mipu: 5.4 cm x 4.3 cM X 2.7 cM.

Arduino Uno — mikpokorTposep Ha ocHOBi ATmega328P
[4]. Bin mae 14 nudpoBux ImiH BXO/AiB/BUXOIIB (6 3 SIKUX MOXKE
Oyt BUKOpHCTaHO K Buxoan PWN), 6 aHamoroBux BXOJIB,
kBapuoBui kpuctan 16 MI't, USB-mopT, po3'emM xuBICHHS Ta
KHOTIKY CKuIaHHs. BiH MICTHTB Bce HEOOXiTHE JUTA MiATPHUMKH
MIKPOKOHTPOJIEPY; CJIiJI MIAKIIOYUTH HOro 1O KOMI'IoTepy 3a
noromororo kaberro USB abo yBIMKHYTH HOTO 3 amgamTepoM
JKHMBJICHHSI.

Hanekomip HC-SRO4 reHepye 3ByKOBi IMIyJbcH Ha
gacroti 40 I i cioyxae BiamyHHS. 32 9acoM MOIIMPEHHS
3BYKOBOI XBWJII TyIH 1 Ha3aJ MOXKHa OJHO3HAauYHO BHU3HAYHUTH
BiZICTaHBb /10 00'eKTa. XapaKTEPUCTHKH:

- Hafpyra *HUBJICHHS: 5 B;

- CIIOKMBAHHS B PEXHUMI THIII: 2 MA,;

- CIIO’KUBaHHS NP poOOTI: 15 MA;

- nmiana3oH Bigcrtanei: 2-400 cMm;

- e(eKTUBHUII KyT criocTepexeHHs: 15°;

- pobounii Kyt cioctepexenns: 30°.
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IV. CXEMA 3BIPKU TA AJITOPUTMU ®YHKIIOHYBAHHS

Jlo KOHTpOJBHOI IUIATH MiA’€JHAHO JBa JAIEKOMIpH, Y
KO>KHOTO I10 JjBa ITiHa JUIsl BBOAY Ta BUBOAY JaHUX. Takox 3
MmortopHoi miatn «L298N H-Bridge» 3 miHiB «enA», «inly,
«in2», «ind», «ind», «enB» y TiHH KOHTPONBHOI IJIaTU
«Arduino Uno» «D5»,«D6»,«D7»,«D8»,«D9%», «D10» — mis
nepeniadi CUrHaITy 70 JIBUTYHIB.

MoTtopHy maTy XKUBUTH Habip 3 HOTHPHOX OaTapeiiok THITY
«AAA» 3 Hatipyroio B 1.5V, a KOHTPOJIEHY Ta MakeTHY IUIATH
— Oatapest «kpoHa» y 9V. MoHTaxkHYy cXeMy IOKa3aHO Ha
puc. 1., Ha puc. 2. — Giok-cxema anropurmy QyHkuii loop() 3
MEPEKIIaIOM Ha YKPATHCHKY Ta TOSICHCHHIMH.
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Puc. 2. Bnok-cxema anroputmy ¢yskuii loop().
Jlit  ysABIEHHS  yCchOrO  OpraHi3allifHOrO  Tpolecy

(HampuKiam, po3BiIKM Ta HEHTpamizallii TeXHO-€KOJOTid4HOI
nozil) mpu po3podii anropuTMiB (QYHKIIOHYBaHHS MAaKeTiB

71a00paTOPHOTO CTEH Ty KOPUCHO BUBYATH ITPOLIEC JAOCIIPKEHHS
poboroM 3amaHoi Jsokamii 3a momomoroio UML-miarpam
nociioBHocTell. O0’eKTaMK Takoi JiarpaMu IMOCIHiIOBHOCTEH
MOXyYTh  OyTH, HampuKiIaj: ITaT poOITHHWKIB, MIO
HEWTpPaNi3yl0Th  TEXHO-CKOJIOTIYHY TMOJil0, MpHHAMaIbHO-
mepeaBajbHa amaparypa 0a3um 300py OTpHMaHHX MOOUTEHHM
HOCIEM  JIaHMX, iHpopMaLiiiHO-aHaNITHYHA  CHCTEMa,
KOHTpOJbHA IUIaTa MOOUTFHOTO HOCIS, JBa HaJEKOMIipH Ta
MOTOpHA IUIaTa.

V. BUCHOBKUA
OCHOBHIMH BHMOTaMH JO TIPOCTOPY JIaOOPaTOPHOTO
CTEH]Y €:

1) nmocTaTHS KiNBKICTh KOMIIOHEHTIB €IIEKTPOHIKAa Ta
MIKPOCXEMOTEXHIKH ISl CTBOPSHHSI MaKeTiB MOOLILHHUX HOCIiB-
PO3BIIHUKIB U IOCTIKCHHS HA3€MHOTO, IOBITPSHOTO Ta
MiIBOHOTO CEPEIOBHIINA;

2) OGyHKIIOHYBaHHS B peallbHOMY peXHMi dYacy 3
nepefayero  OTpUMaHoi  MOHITOpHHroBoi  iHdopmarii 3
MOOULTEHOTO HOCISI CEHCOpiB Ha 0a3y (HOYTOYK, CTaliOHApHI
BiZIeOKaMepH, IpuiiMalibHa anaparypa, aHTeHH 1 T.J1.);

3) CTBOpEHHSI JOCTaTHHO TOYHHX (Ta CIPOLICHUX ISt
BUBYCHHS 3arajbHUX IMIAXOMIB pPO3POOKH) MaTeMaTHIHUX
Mojesiell (yHKLIOHYBaHHSI MOOULILHOTO poOOTY Ta 00pOOKM

orpuMaHoi HMM iHQopmarmii, amroputmie Ta UML-
MOCTITOBHOCTEH, cXeM 30ipKH, METOAMK 3 OIKCOM Ta
pO3IHU(POBKOI0  TEXHIYHOI  JOKyMEHTalii  IpPOTpaMHO-

armapaTHuX 3aco0iB, X0y 1abOpaTOPHUX POOIT;

3) BUBUYECHHS O0JIaCTi 3aCTOCYBAaHHS Ta YACTKOBA IMITAIlis
30BHILIHIX YMOB JIOCJIIPKYBAHOTO MOOIJIBHUM HOCIEM IPOLIECY
a6o 00’exTy;

4) MaKkeTH NIpHJIaJIiB 1 CrielianbHUX 3ac00IB CIIOCTEPEIKECHHS,
a TAKOXK PeabHUX YMOB POOOTH, IO BKJIIOYAIOTh MEPEIIKOIH,
3aCBIYCHHS, BIOJIMCKY Bl ONTHYHKUX MPHUIAIB 1 T.1.

CTBOpEHHIO TOMIOHMX HaBYAILHUX KOMIUIEKCIB Iepenye
po3pobka Mojeneidt i MeromiB BupilieHHS 3aBaaHb 4D-
OOCTeXCHHS JIOKalil MOOUTPBHHM pOOOTOM 1 CHHTE3y
iHdopmaii, ki B MAKCUMaJIbHO MOJJIUBIH Mipi HaOIMXaOTh
HaBYaJIbHI KOMIUIEKCH JI0 PealIbHUX yCTaHOBOK, 320€3MeUyI0Th
00’enHaHHS  pi3HOpigHOT  ayamioBi3yanbHOi  iH(opmarii,
JI03BOJISIIOTH  KOPHCTyBadaM CHCTEM MpHUAOAaTH MpaBWIbHI 1
CTiliKi HABUYKH.
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AHoTanisi— B po0oti po3pod.ieHa mMaTeMaTH4Ha Mojeb
KOMOIHOBAHOT0 AiarHOCTHYHOr0 BHUPIilIAJLHOr0 MpaBWJIA i
0o0rpyHTOBaHO BHOIp ioro ckiaaxoBux. B sikocti 00'ekTHBHOL
CKJ12/10BOi BHOPAHO MeTO/ MOPiBHSAHHSA 3 MPOTOTHIIOM, B SIKOMY
TiarHOCTY€Mi CTAHM MPeICTABJISIOTHCA IXHIMH NMPOTOTHNAMH B
npocropi o3Hak. dopmanizoBaHa exkcnepTHa iHdopmanis npo
CTPYKTYpPY CHMITOMOKOMILIEKCIB IUISIXOM  MpeICTABJIEHHS
CHMITOMOKOMILJIEKCIB 3aXBOPIOBAaHb YHCJIOBHMH iHTepBajamMu
JiHrBicTHYHHX 3MiHHHX. Po3risiHyTi BapiaHTH  BpaxyBaHH#
eKCIMEePTHUX OLIHOK LI0AO0 CTPYKTYPH CHMITOMOKOMILIEKCIB MpH
004YMCIeHHI KOOPAUHAT NMPOTOTHUIMIB KJIACIB..

Abstract— It was developed a mathematical model of the
combined diagnostic decision rule and was substantiated the
choice of its components in the work. The method of comparison
with the prototype, in which the diagnosed states are represented
by their prototypes in the feature space, was chosen as an objective
component. The expert information on the structure of symptom
complexes is formalized by presenting the symptom complex of
diseases with numerical intervals of linguistic variables. Variants
of accounting of expert assessments on the structure of symptom
complexes when calculating the coordinates of class prototypes are
considered.

Knwwuosi cnoea— meduuna diaznocmuka, eupiuiaivhe npaguno,
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Keywords— medical diagnostics, decision rule, method of
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I. Bcrvn

Ha remepimHiii Wac € IIMPOKHWHA CIEKTP KOMIT'FOTEPHUX
CHCTEM MIATPUMKU NPUIHATTS pillleHb B PI3HUX MPEIMETHUX
oOmacTsx MeauIHA [1], B SIKUX ITOCTAaHOBKA KOMITHOTEPHOTO
JiarHo3y B (hOpMalli3oBaHOMY BHJI TPEICTABISIETHCS 3a/1aUer0
kiacudikarii, ToOTO peanizyerscst Bupimanbae npaswio (BIT)
BU3HaueHHs ctaHy D; miarHocTyemoro 06’ekTa (Mari€eHra) @
TIpY aHalli3i BEKTOpaM BXijHUX o3HaK [2]. BII Bu3Ha49aeTbCs Ha
eTarli HaBYaHHS [IPH aHaJli31 HaBYAIbHOI BUOIPKH, eleMEeHTaMU
SIKOT BHUCTYNAIOTh TAI[€HTH 3 MIATBEP/KEHUM JiarHO30M
(00’eKTHBHA CKJIA/I0BA).

TpanuuiliHa AiarHOCTHKa 3aCHOBAaHA HAa CHCTEMAaTHYHOMY
OTIIAIl Tali€eHTa, aHaNi3l aHaMHe3y, CKapr Ta 00’ €KTHBHHX
O3HaK 3axBOPIOBaHHS, IO OyiaM BUSBIEHI npu (i3MIHOMY
JIOCITI/KEHH]I — OTJIsi/Il, epKYCii Ta iH. a TaKoX 3a JIOTIOMOT'0F0
1a00pPaTOPHO-IHCTPYMEHTAILHUX ~ JOCHTIKEHb.  BUsBIICHHI
O3HaKd (CHMITOMH) 3aXBOPIOBaHHS Jikap 00’€qHye B
CUHAPOMH (CYKYITHICTh CHMITOMIB, IO MAlOTh CHiJIbHUN
MIaTOreHe3), Ha OCHOBI SIKMX POOUTHCS BUCHOBOK ITPO MOJKIJIUBE
3axBoproBaHHA. [Ipy 1bOMY BaXJIMBY pOJb  Bifirpae
kBami(ikaris Ta 10CBij Jikaps (Cy0’€KTHBHA CKIIaJ0Ba).
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Mertoro po6oTH € po3podKka KOMOIHOBAHOTO BUPIIIATBHOTO
mpaBmia, sike O JO3BOJIIIO BPaxyBaTH sSK 00’€KTHBHY, TaK i
Cy0’€KTUBHY CKJIaZ0BY IPOIIECY TOCTAHOBKH JliarHO3y.

Il.  PO3POBKA MOJIEJII KOMBIHOBAHOT'O BUPIIIIAJIbHOT'O
I[TPABUJIA

B saxocti o0’extmBHOI  ckimamoBoi  BII  poborti
BUKOPHCTOBYETHCSI METOJ| MOPIBHSHHSA 3 HPOTOTHIIOM, SKUH
HaifgacTirie BUKOPUCTOBYETHCS IIPH aHAJI31 YUCIIOBUX O3HAK, B
BHManKy, ko kiacu Q. (M=1,M ) yrBoprorots koMmakTHi

MHOXHHHU 00'€KTiB, 10 MaroTh cepuuHy (opmy B mpoctopi

o3Hak. Ilpu npoMy KkoxHHH i3 KiaciB (), oOIHCYeTbCA

HPOTOTHIIOM ®" , Y AKOCTI SIKOTO BHOUPAETHCS T€OMETPHYHMUIA
LeHTp yrpynoBanHs iacy. Ilpm peamizamii  meTtonmy
PO3PI3HAIOTH eTal HABYaHHS, Ta €Tall KiIacu(ikarlii.

Ha erani HaBuaHHS 00YHCITIOIOTHCS KOOPMHATH POTOTHITY
KOYKHOTO KJIacy 1o (popmyIi

nm

X" =Y, (=1p), (m=1M),

nrn j=1
m> H b .
aec Xi — I-Ta KOOpAWHaTa €TaJIOHHOTO 00’exTa Kjacy Qm ,

Nm — KIJIBKICTh 00 €KTiB Ki1acy (2 B HaBualbHill BUOipLi;

x] —i-Ta KoopauHara j-ro 06’exra Kiacy (2, B HaBYAIbHiit
BHOIpIT;
p — po3Mip KOOPAMHATHOTO TPOCTOPY (KUIBKICTH

JIarHOCTUYHUX O3HAK);
M — KimBKICTh KIIaciB, HA SIKi BUKOHYETBCS KJIACH]iKaIlis
HEBIZIOMOTO 00’€KTa (KUIBKICTh IIarHOCTYEMHX CTaHIB B JaHIN
MpeaMEeTHil 001aCTi MEAUITNHNA);
Ha erami  xmacumikamii

(mocraHOBKa  [iarHO3Y)

o6unciorThes BicTani R(®,®™) Bix Touku knacudikyemoro

00’€KTa @ B IPOCTOPI O3HAK JJO KOKHOTO NPOTOTUITY 0™ KIIacy
m o popmysti

R(w,0™) =

p ) —_
Z(Xim_xwm )2 , (m:]_,M),
i=1

Hesinomuii 06'€KT @ HaNeXUTh 10 KIacy o, BiACTaHb 10

npototumy sikoro R(m,®”) 6yne MiHiMaTBHOW:
R(w,0"”) = min R(w,0™),
m=1,M

Bpaxysannus excnepmnoi  ingopmayii wooo cmpykmypu
CUMNIMOMOKOMNIIEKCY . [ndopmariiro po CUMIITOMU
3aXBOPIOBaHb y He(OpMari30BaHOMY BHII MOKHA 3HAHTH B
pI3HUX MeAWYHHX JOBiZHUKax [3], SKy MOXXHa BBaXaTH
EKCIICPTHOIO OILIHKOK 3aXBOPIOBAHHS, BUPOOJICHO OaraTbMa
MTOKOJTIHHSIMH JIiKapiB.

PosrnsgreMo BpaxyBaHHS ©KCIEPTHHX OIIHOK IOJO
CTPYKTYpH CHMIITOMOKOMIUIEKCY NP OOYHCICHHI KOOPIHUHAT
€TaJIOHIB KJIACIB.

Jlikapi-¢axiBui dacTime 3a BCE ONEPYIOTh IMOHATTIMHU
HOPMH TOTO YH {HIIIOTO MOKA3HUKA, 10 BUPAKAETHCS y pO3OUTTI
JMHAMIYHOTO [ialla30Hy O3HaKW Ha TPU IHTEpBaIW: “HIDKYE
HOpMHU, “HOpMa”, “BHIIIE HOPMU .

SIkio BigoMi 3HaUYEHHS JUHAMIYHHUX Jiala30HiB BCiX 03HAK,
a TaKOXX TpaHWYHI 3HAYCHHS «HOPMH», TO LCHTPH IHX
JiaTa30HiB i € YUCIOBMM BHPaKEHHSIM MPOTOTHUITY Kiacy oml,
SIKHHA Ofep’kKaHO He TI0 HaBYANBHIN BHOIpIi, a MO €KCIIepTHIH
OIIIiHI[I CHMIITOMOKOMILICKCY.

Bynyun oTpuMaHNMH 3 Pi3HHX HEPEIyMOB (CTATHCTHKA i
JyMKa eKcIlepTa), BOHM OIMCYIOTH 3arajibHy Npodjiemy 3
pizHuX no3utiii. [IpupoaHNM € MPUITYIIIeHHS, IO iXHE CIiIbHE

BUKOPHCTAHHS  IIEPCHEKTHBHO, TOMY  MOXYTb  OyTH
3alpONIOHOBAHI  HACTYIIHI BapiaHTH IXHBOTO  CIIUIBHOTO
BUKOPUCTAHHS:

1) Konektus BII. CuMnToMOKOMITIEKC X aHANI3y€eThCs 3a
J0IIOMOrot0 KoxkHoro i3 BII, sikuM 3amaHuii cTyniHb 10Bipu W,

. brok noriynoro BuBoAYy (opMyiroe ocTaTouHuil niaros D,

Ha MIJACTaBi 3BaKEHHWX Ppe3yNbTariB poOoTH KoxxHoro 3 BII.
BapianTtu peaizamii 00Ky JIOT19HOTO BUBOAY:

min(R(®,0™),(R(®,0™)) = D, ,

min(w,R(o,0™) + W, (R(0,0™)) - D, .

2) [IlincymoByBaHHS ouiHOK. OCTaTOYHWI  BapiaHT
kombGinoBaHoro BII, 1m0 npononyeThes B AaHii poOOTI mosisirae
Yy BUKOPHCTaHHI CYMH OLIHOK CKJIaZIOBHX KOXKHOI KOOPIMHATH
€TajloHa Y METOZl MOpIBHSHHS 3 mpoToTunoMm. [Ipu mpomy
KOOP/IMHATH NPOTOTHIIA Ha eTalli HAaBYaHHS OOYHCITIOIOTBCA 32

¢opmyioro Xim = k1XimJ + kzximI .

Barosi koediunientn K; BU3HaualoThCs Ha eTar HaBYAHHS

CHCTEMH 1 BIJNOBIJAIOTh CTYIEHIO JIOBIPH [0 KOXHOI
cknanoBoi. KiHIEBHI KOpHCTyBady-eKCIepT IOBHHEH MarH
MOXJIMBICTh KOPET'YBaTH 1li 3HAYCHHs HA BJIACHUH PO3CYH i
0CcOOMCTY BIAMOBiNANBHICTE. B momanpmomy kmacudikaris
HOBHUX OO0’€KTIB BHKOHYETbCS 33 CTAHIAPTHUM AITOPHTMOM
METO/Iy MOPIBHSHHS 3 IIPOTOTUIIOM.

I1l.  BUCHOBKHU

Y po6oTi po3podiieHa MaTeMaTHYHA MOJICIb BUPIIIAIHHOTO
IpaBWjia Ha OCHOBI MoOaUdiKalii MeTOoxy NOpIBHSIHHS 3
MIPOTOTHUITOM IUISTXOM BHECEHHSI €KCIIePTHOI iH(popMarlii o0
CTPYKTYpPH CHMIITOMOKOMIUIEKCIB TIPH OOYHCIIEHHI KOOPIMHAT
MIPOTOTHITIB KJIACIB.
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Anomauyia— Po3riasiHyTO 0 NPU BUPILIYBaHHI KOMILIEKCY
npod/jieM 1100 MNiABMIIEHHS] 0e3MeKH IJIABAHHA B CYyYacCHHUX
YMOBaxX CyAHOIUIABCTBA BaXKJIMBOI0 JIAHKOI0 BHKOPHCTAHHS
HOBITHIX TeXHO0JIOriii , a caMme po3po0Ka ABTOHOMHUX NMACHBHMX i
AKTHBHUX HaBiramiiiHmx cucreM, [0 SKHX BiHOCATBbCS
Oesexinmaxne cyaHoBOlAiHHsA. BuHecenuii Ha po3rasa psia
He0e3NeK, IKMii MOBHHHI YHHKATH i He CTBOPIOBATH Oe3eKimaskHi
3ac00M BOJAHOIrO TpaHcnopTy. Po3rasigaoTees Monesi cucreMm, e
aKIEHTOBAHO YyBary Ha KaTeropii o0oB's3kiB, fK: 0Oe3meka,
MOKJIMBICTH PO3MiZHABAHHSA BiIXUJIEHHS €KOJOTiYHMX YMOB BiJ
3HaYeHb B aTiaci, BH3HAYEHHA HAJA3BHYANHHUX cHUTyamiii,
JM00posIKicHiCTH cyaHa if iHIIe.

Abstract— It is considered that when solving a set of problems
to improve the safety of navigation in modern navigation
conditions, an important link to using the latest technologies is the
development of autonomous passive and active navigation
systems, which include unmanned navigation. A number of
dangers that must be avoided and not created by unmanned water
transport are brought up for consideration. Models of systems are
considered, where attention is focused on the categories of duties,
such as: safety, the ability to recognize the deviation of
environmental conditions from the values in the atlas, the
definition of emergency situations, the soundness of the court, etc.
(Abstract)

Kniouoei cnosa— 6e3exinasxicne cyono600inna; 6e3eKinarxcui 3acoou
600H020 MPAHCROPMY; MOOEb CUCHEM; MOHUMOPUHZ

Keywords—unmanned navigation; unmanned water transport
means; system model; monitoring

l. Bcrv

Jns mporpamMum  pPO3BHTKY MEPCHEKTUBHUX  IUIAXIB
MiZBUIICHHS 3arajbHOI OE3MEKH MOPEIUIABAHHS, B yMOBax

3pOCTaHHS  IHTEHCHBHOCTI ~ MOPCBHKOTO  CYIHOILIABCTBA
CIIOCTEPIraroThes TEHICHIIIT 301IBIICHHS KIJTBKOCTI
CMEpTEeNIbHUX BHIAJKIB BiJi MOPChKHX aBapiil. CraTHCTHKA
CBIZUHUTH, 1[0 MEPEBaKHA OUIBIIICTh aBapIiHHHUX CUTYAIliii Ha
MOpi TOO YH IHIIIOIO0 MIPOIO MOB'I3aHa 3 HETraTUBHUM BILTHBOM
JoACckkoro Qakropy.  TpaauiiiiHi METOIM BHPINICHHS HE
3aBKAM JOCSATAlOTh HEOOXINMHYy TOYHICTH, OCKUIBKH HE
BpaxoBYIOTh 0Oarato mapameTpiB pyxy cyaHa. —[1]. Bxke €
aIbTEpPHATHBA KIACUYHUM CYAHOBOMIHHIO — Oe3eKimakHe
CYJIHOBO/TIHHS.

HesBakarounm Ha EKOHOMIYHO BWTIIHI TOKAa3HUKH TIPH
BUKOPUCTAHHI BOJHOTO TPAHCIOPTY BCEpPeauHI Oyab-SIKOi
KpaiHH, y HAac 4YacTKa IIepeBe3¢Hb BHYTPIIIHIMH BOJAMHU
He3HauHa. [l TakuxX MepeBe3eHb, 3arajJbHOBU3HAHO, IO
HEOOXiZHO BHUPIIIYBATH KOMIUIEKC BEJIMKHX  HAyKOBO-
TEXHIYHUX TPOOJIEM IIOAO MiIBUIICHHS OE3IeKH IIaBaHHS B
Cy4aCHHX yMOBax CyIHOIUIABCTBA. Y 3arajlHOMY KOMIUIEKCI
npoOiieM BaXJIMBOIO JIAHKOIO € pPO3poOKa aBTOHOMHHX
MTACHBHUX 1 aKTMBHUX HaBiramiHWX cucTeM [2]. ObaraTo kpaiH,
MoYyajad 1 PpO3MOYMHAIOTH BUKOPHUCTOBYBATH OJHWH 3
MEPCIIeKTUBHUX  HANPSMKIB  3aCTOCYBaHHSA  HaBirariifHuX
CHCTEM Ha BOJHOMY TPAHCIIOPTI - O€3eKiNaKHe CyTHOBOIHHS.
IIpu anamizi poGit B. B. Kapernuxosa, C. B. Ko3uka, A. A.
Bynanna, A. C. ITincekoro, A. E. Cazonoa, C. B. CMmoneHIieBa,
C. B. Pynux, U. I'. Manurina, B. Y. Komammncekoro, 1. A.
Ckopoxonosa, . JIny, M. XoiixTs, P. [TonBapa, A.A. Cukapesa
MOJKHa TMOOAYUTH, IO ABTOPHU HPEACTABIIIN TEOPETUIHHH i
MPAKTUYHUI 0a3uc, SKUA MOXXE MiJIBUIIUTH c(QEKTUBHICTH
PO3BUTKY BOJHOTO TpPAaHCIIOPTY, a came B cdepi cucrem
3a0e3MeUeHHs] CyJHOIUIABCTBA, ajle MiAXOAW Ul CTPYKTYpH
CHCTEMH IUCTaHIIHHOTO KepyBaHHsS fKa 3MOXKe 3a0e3mednTu
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e(eKTUBHE YIpaBIiiHHS OE3eKiMa)XHUMHU CyJaMH Ha BOJHHX
IIISIXax MOBHICTIO HIXTO HE MPECTaBHB.

Il. BUMOTH 4O MOJEJII BE3EKIITAXHHUX 3ACOBIB BOJIHOI'O
TPAHCIIOPTY

[HTeTrpanito cucreM MOKHA PEICTABUTH Y BUTIISLII IPOLIECY
OBOJIOAIHHS 1H(pOpMAIIi€I0, TEPETBOPIOIOYN ii B TOJOBHHUHI
pecypc yHOpaBiiHHS, 3a IIOCEpeAHHLTBOM iH(opMmariiiHo-
TeXHIYHHX  3ac00iB, 110  MiABHINYIOTh  C€(EKTHBHICTH
MO3UIIIOHYBaHHS B paMKax pi3HUX (OpM 1 NOPSIKIB MPAKTUKH
[3]. 3 mporo cmimye, mo mo cucteM I (QYHKIIOHYBAaHHS
Oe3eKkinaXHUX 3aco0iB BOJHOTO TPAHCIOPTY MNP SIBISIOTHCS
BAMOTH, 00 0 Oe3eKimaXHuX 3aco0iB BOIHOTO TPAHCIIOPTY
MOKHA TPE/'SBIATHA 1ICHTHYHI BUMOTH, SIK i J0 3BHYAHHHX.
Beseximaxai 3aco0M BOIHOTO TPAHCIOPTY OJHOTO (IOTY
MOBUHHI MaTW OJIHAKOBY KOHCTpPYKLil0. be3ekimaxkHi 3acodu
BOJHOTO TPAHCIIOPTY HE TMOBHHHI CTBOPIOBATH 3arpo3y Ui
HaBKOJIMIIIHBOTO CEPEIOBHIIA, IHIINX 00'€KTIB i cede.

CucteMa TOBMHHA WIiATPUMYBAaTH Taki IJICHCTEMH Y
Oe3ekina)xxHuX 3aco0iB BOJHOTO TPAHCIOPTY, SIKi BiNOBIIAIOTH
3a Taki (yHKOii SK: TPOXOMKEHHSA IO IDIaHYy peucy 3
ypaxyBaHHSM IIOHOBJICHHsS HOro B PEXHMi PEalbHOTO Hacy,
3OIMCHIOBATH PyX 3 3a3Jajerigb BH3HAYCHHM MapIIpyTOM,
YHUKaTH  MOXJIMBI  yCKJIAJHEHHs, MAaHEBPEHICTh  Ha
HEOOXITHOMY piBHi, BHCTOIOBATH MpPH HECAHKIIOHOBAaHOMY
BTOPTHEHHI pi3HOro xapaktepy. besekimaxHi 3aco0u BOJHOTO
TPAHCIIOPTY HE OBUHHI 3aBa)KaTH 3B'SI3KY MK IHIIMMH CyJaMH,
ajie IOBMHHI BiJIMOBIIaTH HAa OyAb-SKUH 3aMUT BiJ iHIKX CY/IiB
3a JOIIOMOTOFO PaJlio3B's3Ky.

I1. IIUIbOBMIA TIJIXIJ, 1O PO3POBOK MOJIEJII CUCTEM B
CHUCTEMI BE3EKITAYKHOI'O CY THOBO/IIHHS |

B iHTerpoBaHMX HaBIralmiiHUX CHCTEMaX CYIHOBOJIHHS,
3aCTOCOBYBAaHMX €-HaBirami€ro, 3aKiajieHa ajanTtaris o
uudposoi  Hapiramwii. [udposa Hasiramis nepenbauae
NPUHHATTA JaHuUX 3 OOpTOBOrO OOJaJHAHHA, 3 CHCTEM
MOHITOpUHTY, a TakoX OeperoBux. BimoOpaxeHHs i
MIEPETBOPECHHS BiI0YBAa€THCSI €PrOHOMIYHIM CIIOCOOOM. 3TiTHO
3 UM TBEPIDKEHHSM, MOJENIb CHUCTEM Cy/AHA TOBHHHI OyTH
CIPOCKTOBAHI TaK, 00 BOHU OyJIH CTIKIMH 10 BIIMOB 1 MaJIi
301IBIICHI IHTEPBAIM TEXHIYHOTO 00CayroByBanus. Haiisuia
HaJiHICTh TOBMHHA OYTH JOCSTHYTa IIJISIXOM BBEICHHS
e(beKTI/IBHI/Ix JIarHOCTUYHUX i TMPOTHOCTHYHUX ANTOPUTMIB JIJIS
ynpaBmHHs[ pH3HKOM BIZIMOB 1 HOMNEpeIHbOTO TTaHyBAHHS
omepariii TEXHIYHOr0  OOCIYroBYBaHHS, $Ki  IOBHHHI
BHKOHYBaTHCs B mopTy. s Toro, mo6 3amobirtu 360im cmifg
BUKOPHCTOBYBAaTH IHTCHCUBHMH NUCTaHIIMHUI MOHITOPHHT i
KOHTPOJb CcTaHy oOmagHaHHsA. YacTkoBe abo TOBHE
pe3epBYBaHHSA € MEBHUMH DIMICHHSIMH IS TOJIMIICHHS
JIOCTYMHOCTI KPUTHYHO BXIJIMBHX CHCTEM, TakKUX SIK
iHppacTpyKTypa 3B's3Ky. [lJIi BCT@HOBJIEHHS MiHIMaJIbHOTO
piBHS (YHKIIOHATBHOCTI KOXHOI aBTOHOMHOI CHCTEMH
BHKOPUCTOBYETHCS LUIBOBUH  MIAXiA, BIAMOBIAHO SKHUM
BHJIUISIIOTHCSI CACTEMH, TTOB'S13aHi 3 OCHOBHUMH CITY)KOaMH, sIKi
OepyTb ydacThb B EKCIUIyaTallii aBTOHOMHHUX CYIiB, a caMe:
HaBiTalifHOIO CHCTEMOI0, OOPTOBIMHU MEpEeXaMH i CHCTeMaMu
3B'A3KYy, MaIlMHHUM OOJIaJHAHHIM, CHCTEMOIO YIpPaBIiHHS
BaHTa)XeM, CHCTEMOIO YIIPABJIIHHSA Macakxupamu [4].

[Tpu po3poOkax mozeneil cucteM cynHa, B 000B'SI3KOBOMY
MOPSAKY, PO3TIIAJAIOTHCS AKTHBHI 1 TACHBHI CHCTEMH. Y
MOJIEJIi CUCTEM YIIPaBJIiHHS BUIUISIOTHCS aKTHBHI CHCTEMH, 110
MPALIOIOTh B PEXHMi pPEaNbHOT0 dYacy - CHCTeMa 3aco0iB
3B'A3Ky, CHCTeMa 3aco0iB MOHITOPHHIY, CHCTeMa 3aco0iB
KOMIUICKTYBaHHS 0cO0OBOTO cKilamy. Mopens cHCTeMH
MOHITOPUHTY TIOBHHHA BPaXxOBYBaTH BCi aclleKTH €PrOHOMIKU
Uil e(peKTOPHUX TMPOIECiB TPHBAJIOTO MPOMDKKY dYacy
JHMCTAaHIIHOTO KepyBaHHs a00, KOJIM YIPaBIiHHS JEKIIbKOMa
CyJaMH 3AiHCHIOE ONWH omepartop. [iapornoriuamii i
METEOPOJIOTIYHUI ~ MOHITOPHHI  BEle OIlepaTtop IOpTY.
HemoxmBo 001MTH CTOPOHOIO MOJENb CHCTEM aKBaTopii, ae
BXKe mependaucHi oum’ppOBKa akBaropii, a Oeperosa
wiatpopMa HEpO3PUBHO IIOB'A3aHA NPOTPAMHO 1 amapatHo 3
pyxoMm OesekinaxxHux cyaiB. OLiHKa pPU3HUKY TEXHOJOTII
PO3MIISAAETHCS BIAMOBITHO A0 CIEialbHUX BUMOT, BKa3iBOK 1
MOJUTY BiNMOBITHUX YacTHH IPOTPAMHOTO 3a0e3meueHHS i
BU3HAYEHHS iHTepq)eI‘/’lciB LUX YaCTHH, 0 CIJILHOI IHAUKAII,
36epe>1<eHH}0 JaHUX 1 mepeaadi IX depes CHCTEMH 3B 13Ky, 21O
CYMICHOCTI OmepauiifHuX CHCTEM i amapaTrypH, BiINOBIZHOCTI
BUITYCKAIOThCS 3aCO0IB BHMIpIOBaHb 3aTBEPIXKECHOMY TUITY, a
TaKoX JO 3MICTy B CIPaBHOCTI 1 3MiHM KoOH]irypamii. |
3aJICKUTh BiJ: CTYNCHS JOCTOBIPHOCTI BHKOPHUCTOBYBAHOI
TEXHOJIOT11, pPiBHSI aBTOHOMHOCTI TEXHOJIOT11.

IV. BUCHOBKUI

OI1liHKa PU3HKY JUIs CHCTEM OE3EKIMa)XHOTO CYIHOBOIHHS
3aJICKUTh BiA BHOOPY OCTOBIPHOCTI BHKOPHCTOBYBAaHOL
TexHoJyloril, a Takox 1i piBHA aBTOHOMHOCTI. CrTymiHb
JIOCTOBIPHOCTI TEXHOJOTii 0OyMOBIIIOE HMOBIPHICTh 300¥0,
HACIJKK [bOro 30010. YMOBHM eKCIUIyaralii Ta piBeHb
JIOCKOHAJIOCTI TEXHOJOTIT JAr0OTh MOMKJIMBICTH JUIS OL[HKH
301IbIICHHST 200 3MEHIICHHSI MOXJIMBOCTI PU3UKY TEXHOJIOT1I.
A moacekuil (pakTop BU3HAYAE PiBEHb ABTOHOMHOCTI .

IoasIKA
Haxyro B. Kwuaky, npod., I'. boptHEKy, mpod. Ta

[Tpoummmny|, npod. 3a IX KOMEHTapi 10 NOIEPEHIX POEKTIB.

Takox xoTisia 6 moasAKyBaTH BiHHUIIEKOMY HAI[IOHATEHOMY
TEXHIYHOMY YHIBEPCHUTETY 3a 3aCTOCYBaHHS TCOPETHIHHX Ta
HNPaKTUYHUX JTOCTIIKEHb.
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Anomauin—B namniii po0oTi mpoaHaizoBaHO edeKTUBHUN
MiAXiK 10 BUABJIEHHS] aHOMAJIIH, sIki MOKYTh OyTH NMOKa3HHKAMHU
nHeBMOHii a0o Covid-19 3a KT 300paxennsimu. {1 unoro, 0yJ10
BHUBYEHO iCHYI0UYi MeTOAN ITMO0KOro MAIIMHHOI0 HABYAHHA Ta iX
32CTOCYBAHHS 10 MeIUYHHX 3aBJaHb TA NPOAHATI30BAHO PillIeHHs
npo koMOiHamii pi3HUX MeToaIB IJIMOOKOr0 HABYaAHHS, IO JAI0Th
O0inb1 epexTBHY Mogean inentudikaunii Covid-19. Ilposeneno
OLiHIOBAHHA NPOAYKTHBHOCTI KJAacH(}IKATOPIB MAIIMHHOIO
HaBYaHHa i kpamoi igneHTudikanii Covid-19. Hapano
npono3uuii Haiikpamoro Ha0opy kKjaacu@ikaTopiB MAaIIMHHOIO
HaBYaHHs 1Jis 011611 eexTHBHOTO Covid-19.

Abstract—This paper analyzes the most effective approach to
detecting abnormalities that may be indicators of pneumonia or
Covid-19 on chest CT. To do this, the existing methods of deep

machine learning and their application to medical tasks were
studied and the decision on combinations of different methods of
deep learning that give a more effective model of Covid-19
identification was analyzed. The performance of machine learning
classifiers was evaluated for better identification of Covid-19.
Suggestions for the best set of machine learning classifiers for a
more efficient Covid-19 are provided.

Knrwuosi C106a—KOPOHAGIpYC;  MAUWIUHHE HAGYAHHA;
Komn’tomepna momozpagia zpyonoi Knimku; nezeneea iHgpexuisa;
Komn’tomepnuii momozpag
machine infection;

Keywords—coronavirus; learning; lung

computed tomography
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I. Bcryn

Curyarisi, BUKINKaHa HOBHM KOPOHABipyCOM, 3MiHMIIA
MTOBOJKEHHSI KOXKHOT JIFOJJUHA CTOCOBHO BChOTO. Bei 3MyiteHi
nepeOyBaTH Ha KapaHTHHI OyAWHKY, BUKOHYBaTH poOoTy i
HABYATHUCS 3 JOMY, XOJUTH Ha BYJHII B MacKax i 3aBXId
HOCHTH i3 c000t0 Ne3iHdikyroUi 3ac00H, KOXKHA JIIOINHA Terep
3MyIIICHA aJaNTyBaTUCS JO TaK HA3MBaHOI cepii KApaHTUHHHIX
3axoniB. Crxmagnicte BusBieHHA iHQexnii Covid-19 Ha
II0YaTKOBIM cranmii IOB'A3aHa 3 BEJIMKOIO IOAIOHICTIO Ii
CHUMIITOMIB 0 iH(]eKii, BUKIHKaHOI THEBMOHI€0. Y 3B'S3KY i3
UM BIPYC OCUTH IIBUAKO MOIIMPHUBCS YCIM CBiTOM. I3 miel
NPUYMHK A1arHOCTHKA JICTCHEBHX 3aXBOPIOBaHb CTalld CAaMHUM
aKTyaJbHHUM 3aBJAaHHAM HE TUTBKU JJIS IPAI[iBHUKIB MEAUIHO1
raiysi, ajne i JUis yChOro HaCEJICHHS HAIIOT IJIAHCTH.

Il. COVID-19

Koponagipyc (COV) HanexuTh 10 BEIHKOrO CiMeicTBa
BipYCiB, IO BHKJINKAIOTH 3aXBOPIOBAHHS, SIKi BapilOIOTHCS BiJl
3BUYAMHOTO TPUITy 1O OUIBII BaXKKUX MPOSBIB, TaKUX SIK
OJIU3BKOCXIAHUIH pecrnpaTopHI/m cuapom (MERS-CoV) i
BaXKUI FOCTpI/II/I pecmipatopuuii  cunapom (SARS-CoV).
Hoguit koponasipyc (nCoV) abo COVID-19 — e HoBwMif mtam
i3 Ha3Boro SARS-CoV?2, paHimie He BUSBIICHUH y Troeit. Xoda
Lei crmajgax Mo4aBcs SK emigeMis B Yxani, Kuraif, cboroaui
BOHA BXXE CEPHO3HO TOPKHYJIACs BCiX KpaiH CBITY SIK MaHAEMis.
VY neii yac He icHye e()eKTHBHUX JIKIB B/l IOTO Bipycy, 1 icCHye
rOCTpa HEOOXiAHICTh y PO3MIMPEHHI TII00aThbHHUX 3HAHB IIPO
Horo MexaHi3mMHu iH}iKyBaHHS, PO3NOILTY YIIKOJKEHb JIETeHIB
HE TUTBKHU JJIs BUSBJICHHS XBOP0O a00 HiarHOCTHKH, ane i Juis
MITPUMKH POTOKOJTY JTIKYBaJIbHOT Tepartii.

Ile cimelicTBO BipyciB 3BETBCA KOPOHABIPyC uYepes
HasIBHICTh Ha MOBEPXHI KJIITHHU IIUITOBUIHOT KOPOHHU.

Komn'rorepra Tomorpadis opraniB TpyIaHOI KIITHHH Ha
CBOTO/IHIIIHIA ~JeHb € HalOuIbpm  iHQOpMAaTUBHUM i3
MIPOMEHEBUX JOCIIPKEHb MPH IiI03pi Ha BIpYCHE YypaKCHHS
JIETeHb, JI03BOJISIE BUSIBUTH paHHI NposiBU. CTyIiHb BUPA3HOCTI
O03HaK YpaXeHHA JIeTeHb Ha MYIBTHCIIpaNbHIA  abo
MYJIbTU3PI30Bii Komm'toTepHiit Tomorpadii (MCKT) kopesroe
3 TSDKKICTIO 3aXBOPIOBAHHS, Y IIbOMY 3B'S3KY KOMH‘IOTepHa
Tomorpadis (KT) 3aCTOCOBYETRCA  AK  JUIA JIarHOCTHKHU
YPaXKEHHS, TaK 1 JUT OLIHIOBAaHHS JUHAMIKH nporecy. Jliarnos
«no3anu<apHsIHa ITHEBMOHI st l'[pI/I6J'II/13HO KOPOHaBIpYCHOIO
etiosorieto» B ymoBax manzaemii COVID-19 ycranomoeTbes
3a HagBHOCTI y XBOpPOro MiATBEp/KEeHOI iH}iImBTparii
nereneBoi TkaHMHM Ha KT, 3MiH 3araJibKJIiHIYHOTO aHai3y
KpoBi (JreiikomneHis, TiMmdonenis, 30inpmenHs mokazuuka  C-
peakrtuBHoro Oinka (CPB)), nmxomanku. Llporo miarHozy
JIOCUTH JJIsl TPUMHATTS KIHIYHUX pIMIeHb 0 TPOBEACHHS
71a00paTOPHOTO TECTY HA HAsIBHICTH KOPOHABIPYCHOT 1H(EKIIi.
B ymoBax eninemii TectyBanns Ha COVID-19 KT mokazana
BCIM TMalli€eHTaM, y SKAX BHUIMAJKOBO BHWSBJIEHI JdaHi, IO
BKa3yIOTh Ha ypa)XKEHHsI JIET€HIB BipYCHOIO €TIONOTIE0.

«MatoBi cTekna» — Ie MUISTHKH YIIITBHEHHS JIeT€HEeBOi
TKaHWHH, SKI Tipmie mnpormyckaloTh X-Ray mnpomeni. Ilo-
IHIIOMY iX HAa3MBaKOTh OCEpEJKaMH YIIUIbHEHHS TKaHUHU
nereHiB (quB.pucl). Ha Tomorpammax Taki oosiacti HaraayroTb
cBiTHI TWIAMH abo MyTHyBaTwii HamitT. Ocepenku 3a THIOM
«MaTOBOTO CKJIa» CBiAYaTh NpPO Te, WO AIbBEOJNH JIETCHIB

3all0BHEHI PIANHOIO (TPAHCCYOAaTOM, KPOB’10), a HE TOBITPSIM.
Takox BOHH MOXYTb CBITYUTH IPO 3HIDKCHHS ITHEBMAaTH3aLil
nereHiB 4yepe3 (iOpo3Hi 3MiHH. ANbBeONH OEpyTh ydacTb y
ra3ooOMiHi, ITOCTa4alOTh KIITHHA KHCHEM 1 BHUBOIATH
BYIJIEKUCIMH Ta3, TOMY 3allOBHEHHS IXHBOI IOPOXHUHU
PIOKOI0 pEYOBHHOIO ab0 KIITHHAMH CHOJXYYHOI TKaHMHU
HETIPHITYCTHMO.

SIKio 3aranpHa IUIOINIA «MATOBHX CTEKOJ» 30LIBIIYETHCS,
e CBIMYHTH TMPO TMporpecyroue iH(}EKIiiHO-3anaibpHe
3axBoproBaHHA. [lamieHTa mMmoumHae TypOyBaTH HexOCTada
TIOBITPS, 3a/IUIIIKA, Kalllelb.

Jis mHEeBMOHII, BUKIMKaHOi KopoHaBipycom Covid-19,
XapakTepHO  nepuepuuHe  pO3TallyBaHHA  OCEpEIKiB
ypaxeHHs Tix tuieBporo. HaiOimemn ypasnmsi OimaTepanbHi
HIDKHI 4YacTKM W 3ajHi Bimainm JiereHiB. BingszHayaerbcs
TEHAECHLIS 10 KOHCONIAanii «MaTOBUX CTEKOJ» 1 MOTOBIIEHHS
TIEPEropoa0K allbBEOJI, iHOII — 03HAKH (HiOpO3Y JETeHiB.

Puc. 1.

ViuinpHeHHS TKAHUHU JeTreHiB a00 MaTOBi CTEKIIa.

Baxxum hopmMam KOpoHaBipyCHOT ITHEBMOHI| CYITPOBOIKYE
roctpuii pecriparopuuii aucrpec-cunapom (I'PJC). Tocrpwmii
pecIipaTopHHil TUCTPEC-CHHIPOM — 1€ BEJIMKE JBOCTOPOHHE
3amaljieHHs], MPH SIKOMY CIocTepiractbes 0esiniu iH(LIbTpaTiB i
HaOpsk nereHiB. Ha Ttomorpamax QparMeHTapHi IUISHKA
«MaTOBOTO CKJIa» KOPTUKAJILHOT ()OPMU IPHUCYTHI i3 1BOX OOKIB
1 MalOTh BUIJIS «KJIANTEBOI KOBIPH».

I1l. TIOCTAHOBKA 3ABJJAHHS

OcHoBHa MeTa 1aHOi pOOOTH — BUSIBUTH HaleEKTUBHIIIHIMA
IiAX11 IO BUSBIICHHS aHOMAJTIH, SIKi MOXKYTh OYTH ITOKa3HUKAMU
mHeBMOHII ab6o Covid-19 3a peHTreHiBCHKHUMHU 3HIMKaMH
rpyaHoi kmituHM. [ 1poro, HEOOXiJHO BHPILIMTH HACTYIHI
3aBJIAHHS:

® BUBYCHHS ICHYIOUHX METOJIB TJIMOOKOTO MAIIMHHOTO
HaBYaHHS i1 3aCTOCYBaHHS iX JO MEIUYHUX 3aB/IaHb;

e MoxuMBICTH imeHTHOIKyBaTH iH(pekmiro Covid-19 3a
3HIMKaMH KOMIT I0TepHOi ToMorpadii rpy1HOi KIiTHHH,
3 OIVISIy Ha BHCOKY IOJIOHICTH 3HIMKIB i3 3HIMKaMH
MAIi€HTIB, IO MAIOTh ITHEBMOHIIO;

e TIpoaHaNi3yBaTH pIMIEHHS Npo KOMOIHAIil pi3HUX
METOMIB TIMOOKOr0 HAaBYaHHS, M0 MAIOTh OLIbII
epexTuBHy Mozensb inentudikanii Covid-19;
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®  OIIHIOBaHHS HIPOJyKTUBHOCTI KiacudikaropiB
MAaIIMHHOTO HaBYaHHSA s Kpamoi imeHTH]iKamii
Covid-19;

e TIPOTO3WINsT HaWKpamoro Habopy KiacugikaTtopiB
MalIMHHOTO HaBYaHHs it Oinbi epekruBroro Covid-
19.

I'nmuboke 3ropTKOBE MOAAHHS O3HAK BUKOPHCTOBYETHCS IS
BUJTYYCHHS BHCOKO-PENPE3CHTATHBHUX O3HaK 3
BUKOPHCTaHHSIM Cy4acHHMX TIJMOOKMX neckpunrtopis 3HM.
BuxkopuctoByBanuii miaxix B 3mo3i Bimpisamt Covid-19 i
OakTepiaJibHy THEBMOHIIO BiJl 3/I0POBHX JIFO/IEH 32 IOITOMOTOI0
PEHTIeHIBCHKOTO 3HIMKa TPYTHOI KIITHHH a00 300pa)KeHHS
KOMI'IOTepHOT ToMorpadii i, oTke, 3a0e3MeUyrOTh OiIbII
BHCOKY TOYHICTb i BUCOKY IIBHKICTh y IOPIBHSIHHI 3 pyYHHUMHA
crocobamu.

Ha croromHimHI &IeHh B IHTENEKTyaJbHHX CHCTEMaX
MEAWYHOI  JIaTHOCTHKH  iCHye TpoOieMa  CTBOPEHHS
HaBYaJIbHOT BUOIpku. J[nsi BupimeHHs Itiel mpobiemu Oyio
BHKOPHUCTAHO MiJXiJ TpaHC(HEPHOTO HAaBYAHHS.

B 1upomy miaxomi momepeqHbO — HAaBYEHI MOl
BUKOPUCTOBYIOTBCSI B SIKOCTI BINIPaBHOI TOYKH B 3aJadax
KOMIT'FOTEPHOTO 30pY 1 00pOOKH IPUPOTHOT MOBH, 3 OISy Ha
BeJIMYe3HI OOYHCIIOBANBHI 1 THMYAcOBi pecypcH, HeoOXimHi
TS pO3POOKH MOJIeNICH HEHPOHHUX MEPEXK JIJISI BUPIIICHHS I[UX
mpobJeM 1 BEMMKUX CTPUOKIB B HaBHUYKAaX. IO BOHU HAJAIOTh
T10 3B'A3aHUX TPOOIIEM.

Takox 1e# miaxig J03BOJIE:

e BHUPIMMTH TpoONeMy IMEepeHaBYaHHSI B TJIHOOKOMY
HaBYaHHI yepe3 0OMeXeHyY KiJIbKICTh iTeparliii;

® TIIBUIIMTH 3[JaTHICTh 1O Y3arajJbHEHHS, a TaKOK
3MEHIIHUTH yIePEKeHICTh MOJIENI 10 HA0OpY JaHuX He
3aCTOCOBYIOThCS HiSIKI J0/ATKOBI JlaHi abo oOmmpHi
METOH TOTIePeIHB0T 00pOOKH;

® CKOPOTHUTHU YaC BUABJICHHS IIPU L[OCS[I‘HCHHi 3a/:[013ian0'1'
TOYHOCTI, 1[0 € YyIOBOK IEPEBAro0 Ui PO3POOKH B
peanbHOMY a00 OJHU3BKOMY 10 PEasIbHOTO Yacy poosisiuu
BUCHOBKH TI0 KJIIHIYHUM 3aCTOCYBAHHSIM.

IV. CTPYKTYPHO-ITAPAMETPUYHUI CUHTE3 AHCAMBJIIO 3HM.
AHCAMBJIEBA CETMEHTALLSL

AHcaMOlleM HEHpPOHHHX MEpeX Ha3MBAEThCA Tpyma
TOIOJIOTIH, 00’€THAHUX B €IUHY CTPYKTYpPY, SKI MOXYTb
BIIPI3HATUCH  apXITEKTYpOIO,  aJrOpPUTMOM  HaBYaHHSA,
KPUTEpPisSIMH HaBYAHHS 1 THIIAMH YTBOPIOIOYNX He#poHis [1-3].
B inmomy BapiaHTi T TepMiHOM aHCAMOJb PO3YMI€THCS
«o0’eqHaHa MOJETb», BUXOJOM fAKOI € (QyHKIiOHaIbHA
KOMOiHAIIiSI BUXOIB OKpeMHX Mojenei [4].

I'nmnGoke HaBUaHHS HAOYJIO HOMYJISIPHOCTI B TOCIIIKEHHSIX
MEeAWYHOI Bi3yawmizamii, BKIIOYAIOYM MAaTHITHO-PE30HAHCHY
ToMorpadito MO3Ky [5], rpynel. yabTpa3ByKOBE BHSBICHHS
paky [6]. Octannim yacom U-Net — 1ie momyssipHU# miaxia 10
raIM0OKOr0o  HaBYaHHS B JOCHIDKEHHSAX  OlOMEIUYHOI
Bizyauizariii, 3anpononoBanuii y po6oti [7]. U-Net mo3Bossie
BUKOPHCTOBYBAaTH 30UIBIIEHHS JaHWUX, Yy TOMY YHCII
BHKOPHUCTAHHS HEXOPCTKUX aedopmariiii, mob y moBHINA Mipi

BUKOPHCTOBYBATH JOCTYIIHI aHOTOBaHI 3pa3ku 300paxkeHb JyIst
HaB4aHHA Moxem. Ili acmextm mnpumyckarots, mo U-Net
MIOTEHLITHO MOJKe 3a0e3MeYUTH 3aJ0BibHI PE3yJIbTaTH IPH
o0OMEe)XeHOMY pO3Mipi JOCTYMHMX B HaHWH dYac HaOOpiB
010MEINYHUX JaHHX.

Jocmigaukn 3po0nny 3Ha9HNH BHECOK, IPOMIOHYIOUHN Pi3Hi
CTPYKTYpPH TIIMOOKOTO HaBYAHHS ISl BUSIBJIICHHS 1 CErMEHTaL]
yIIKOKeHb. Y poboti [§8] 3ampomonyBamm ayxe TIHOOKO
3aJIMIIKOBI Mepexi 3 Oimpin HixX 50 ImapiB it JBOETAMHOT
CerMeHTallil KapKaca ypaXeHb 3 TOIaJIbIIOI KIacH(piKali€ro.
CTBep/UKYBaIOCh, IO OUTBII TIMOOKI MEpeXi BUAUIAIOTH
OimpI OaraTi i HaifiXapaKTepHIII O3HAKH IJISl pO3ITi3HABAHHS.
PoGora nokasasna 6aratooOilsroui pe3ysbpTaTH, ajle JBOeTanHa
CTpyKTypa 1 mgyxe TiHOOKI Mepexi Oymn HOpoTHMH B
00YHUCITIOBaJILHOMY BiJJHOILIICHHI.

Y po6orti [9] Oyyo 3anpornoHOBAHO 3rOPTKOBI MEPExki Iist
CerMeHTallil YIIKOIKeHb. PeanizoBaHo MiAXiJ mMapanenbHOl
inTerpariii, mob 3abe3meynTH 00’€THAHHS PE3YJBTATIB, SIKI
TMONININMIA BHUSBICHHS. Y poboti [10] 3ampomoHOBaHO
HACKPI3HM{ TIOBHICTIO aBTOMATHYHHHA METOJ CETrMEHTAIlil
YIIKOKeHh 3 BuKopucTaHHAM 19-mmapoBoi DCNN. Bymo
BBe/ICHO (DYHKIIIIO BTpaT 3 BUKOPHCTaHHIM BincraHi JKakkapa
SK  BUMIPIOBAaHHS. Jus  TouHOTO HaJIalITyBaHHS
rineprapaMerpiB, OyJI0 BHKOPHUCTAHO S-KpaTHY MEPEXPECHY
nepeBipKy 3 HaBuaHHAM [SBI HaGopy maHuWX [1si BUHAYCHHS
Kpaloro BHKOHABI. Y poboti [11] Oymo 3ampomoHOBaHO
TIOBHICTIO 3TrOPTKOBI METOAH JUIA MYJITHKIIACOBOT CerMEHTaii
y nHabopi manux ISBI 3a 2017 pik. ¥V poborax [12], [13]
3alpPONIOHOBAHO  JBOCTAITHMH METOJ CErMEHTallil, SIKHH
BuKkopucToByBaB Faster-RCNN Ha nepuiomy erarmi, a motim
MonudikoBany Bepcito U-Net i MeToy TIHOOKHX €KCTPEMYMIB
BIZIMIOBIHO B SKOCTI JPYroro eramy JUis JOCATHEHHS
pe3ynbTatiB cermeHTarii. B po6oti [14] Oyno BUKOpHCTaHO IBi
Mozeni  kiacudikanii  rmbOoOKoro  HaBYaHHsS, 1100
PEKOMEHAYBaTH HAHOUIBIN MiAXOIAIMIMN METOI CerMeHTarlii
Habopy ganux ISIC-2017. B pobori [15] Oyio 3anpornoHoBaHo
3ropTkoBy Mepexy (FrCN), mo0 BUBUHATH 0COOIMBOCTI TOBHOT
PO3IUIBHOT 371aTHOCTI KOXKHOTO TIKCelsi 300paXeHb ypaKeHHs
JUTS CETMEHTALTI].

VY pesynbrati poboti KT orpumyemo Habip KT 300pakeHs,
SIKi BIATIOBiNAIOTH TIEBHUM 3pizaM. KoxeH 3pi3 00poOseTbes
OKpEMOIO CKJIaZI0BOIO aHCAMOJIIO CerMeHTallii.

Arperanisi pe3ynbTariB BiIOYyBa€TbCS OJHUM 13 TPHOX
METOJIIB:

1) Ensemble-ADD (mokazano Ha puc.2): 00’€nHye
pesynbratn Mask R-CNN, DeepLabV3 i1 Deep Pyramid

Attention Module s CTBOPEHHS OCTaTOYHOI MAacCKH
CerMEeHTallil;
2) Ensemble-Comparison-Large: BUOUpae BEJIUKY

CErMEHTOBaHy 00JacTh, MOPIBHIOIOUM KUIBKICTH MIKCEIIB Y
BUXIJJHUX JaHHUX BCIX CETMEHTATOpP.

3) Ensemble-Comparison-Small:  naBnaku,  BuUOHpae
MEHIITY CErMEHTOBaHY 00JIacTh Ha BUXO/Ii BCIX CETMEHTATOp.

B po6oti [16] mis moOymoBU aHCAMOII0O BHKOPHCTAHO
meron Ensemble-ADD.

Ensemble-ADD (CIIIA) 06’eanye pe3yipratu sik Mask R-
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CNNADD (CIIA), DeeplabV3+ADD (CILA), Deep Pyramid-
Attention Module ADD (CIIIA) mo6 CTBOPHUTH OCTaTOYHY
MacCKy CEerMEHTaIlii.

3anporoHOBaHUN  MWiAXiA UIA  CTBOPEHHS CHCTEMH
aHcam0J1eBoi cerMeHTallii Oys0 BUKOpucTaHo nipu 06podui KT
OCTIKEHD (3a 3pi3amMu ToMorpada 3 HasBHICTIO IMiTO3PLIIIX
Ha XBOpoOy obJacteit) mpu BuzHa4deHHi y xBopux Covid-19.

V. BUCHOBKU

Curyarisi, BUKINKaHa HOBHM KOPOHABIpyCOM, 3MiHMIIA
TIOBOJDKEHHS KOYKHOT JIFOIMHHA CTOCOBHO BChOTO. TOMYy B aHii
po0OoTi OyiI0 BUBYEHO iCHYIOUYi METOIU TNTMOOKOTO MAIIHHHOTO
HaBYaHHS Ta iX 3acCTOCYyBaHHS [0 MEAMYHUX 3aBAaHb Ta
MPOAHATI30BaHO pilleHHS Mpo KOMOiHamii pPi3HUX METOIIB

IIMOOKOr0 HABYAHHS, IO JNAIOTh OUIhI S(EKTHUBHY MOJCIH
inerTudikarmii Covid-19.

Po3pobiieno anroputm GopmyBaHHs aHCaMOIIIO TIOPUITHUX
3TOPTKOBUX HEWPOHHMX MEpeX M pO3B's3aHHSA 3amadi
CerMeHTallil Ha OCHOBI BUKOpUCTaHHsS MeToay Ensemble-ADD.
B sxocri ckxmamoBux Ensemble-ADD ©Oymo BHKOpHCTaHO
pe3ynpTaté Takux cermeHTtaropiB sk Mask R-CNNADD,
DeeplabV3+ADD, Deep PyramidAttention Module ADD. Ile
JIO3BOJIMJIO  ONTHUMI3YBaTH CKJIAJ aHCaMOJII0, CKOPOTUTH
O0YMCITIOBANIbHI BUTPATH 1 MITHATH TOYHICTH PO3B’S3aHHA
3a7a4i knacudikamii. 3anponoHOBaHUN MIiAXIJ AJISI CTBOPEHHS
CHCTEMH aHCaMOJeBOi cerMeHTalii OyJl0 BHKOPHCTaHO IIPH
06po6ui KT nocnimkens (3a 3pizamu TomMorpada 3 HasBHICTIO
MZ03piINX Ha XBOPOOy obnacTeil) mpu BU3HAUEHHI Y XBOPHUX
Covid-19.
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Anomauyia—B nauiii podoTi po3rasHyTO MpPodeMy 00poOKH
MeIMYHUX Bigeo 300pa:kenb, Takux sik Y3/, KT, MPT. [Toka3ano,
1[0 IIYMO3arjylleHHs 300paskeHb € OAHi€I0 3 pyHIaMEeHTATbHUX
npodjeM B o0JgacTi 00poOKH 300paikeHb, OCKIIbKH €
000B'AA3KOBMM eTanoM y 0ararbox J0JaTKaX KOMI'KTEpHOro
30py, TAaKHX SIK MeAu4Ha Bidyanaizauis. Hampuxiaan, meamuni
300pakeHHs] MAalTh TEHJCHWil0 N0 e OLILIIOro CIOTBOPEHHS
NpU 3HUKeHHI piBHA BunpominoBaHHsA. Lli Bineo 300pakeHHs
CXWIBHI [0 BIUVIMBY Pi3HMX WIyMiB, 1[0 NPU3BOIUTH [0 iX
HesiKicHOI 00poOKHM i, B KiHIEBOMY MiACYMKY, 10 MOKJIHUBOI
HeNpaBWJILHOI MOCTAHOBKH JAiarHo3y. Bukonano orssig miaxoxis
A0  PO3B’SI3aHHA  3a/a4  IIyMO3arjyllleHHs  300paskeHb.
OOrpyHTOBaHO [  BHpIillIeHHs NMOCTAaBJeHOI  3ajaui
BUKOPHCTAHHSI TiOpMIHUX HEHPOHHMX Mepex, sKi MawTb
nepeBary nepej Mepe:xaMu oHiei TonoJorii. B sikocti npukiaany
po3riasHyTO 3aaa4y 3MeHueHHs wymy KT Bineo 300pasxkens npu
BH3HAYeHHI CTyNeHs AKTHBHOCTI Ty0epKyJ1b03y Yy XBOPHX.

Abstract—This paper considers the problem of medical video
images processing, such as ultrasound, CT, MRI. It is shown that
image noise reduction is one of the fundamental problems in the
field of image processing, as it is a mandatory step in many
computer vision applications, such as medical imaging. For
example, medical images tend to be even more distorted when
radiation levels are reduced. These video images are exposed to
various noises, which leads to poor processing and, ultimately, to
possible misdiagnosis. An overview of approaches to solving image
noise reduction problems. To solve this problem, it is justified to
use hybrid neural networks, which have advantages over networks
of the same topology. As an example, the problem of reducing the

Andriy Rjabokonev

Computer-Integrated Complexes Department,
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Kyiv, Ukraine
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noise of CT video images in determining the degree of tuberculosis
activity in patients is considered.

Knruoei cnosa—uumyunuit inmenexm; 2iopuoni neiiponni mepeauci,
WyMO3azyuieHHA, MeOUuHi 8i0e0300pasrcenns.

Keywords—artificial intelligence; hybrid neural networks; noise
reduction, medical video images.

. BTy

B  maHmit d9ac aKTHBHO  pO3BUBAKOTBECA  CHCTEMH
iHopmaniiiHoro 3abe3nedeHHs] 0XOpOHH 310poB’s. OaHUM 3
TIEPCIIEKTUBHUX HAINPSMKIB CydacHOro eramy iHdopmarusamii
OXOpOHU 3JIOPOB’Sl € pO3poO0Ka IHTENEKTYyalbHUX MEIMYHUX
JMIarHOCTUYHUX CHCTEM, SKi 3a0e3leuyloTh MiATPUMKY
MPUAHATTS pilieHsb Jikapem. Lle B mepiry depry moB’si3aHo 3
BIICYTHICTIO y JIiKapiB JOCTaTHROTO JOCBily, IIBHIKUM
PO3BUTKOM MEIMIMHK 1 OpakoM 4YacoBHX pecypciB Ha
MigBUIICHHST KBamidikamii. B Hacmigok mporo, marieHTd
MPOXOJAATh JYOJIOIOYi Ta JapeMHO IMPOBEACHI JOpori i
HEeTOTPiOHI JiKyBaHHS.

Penrtrenisceka komm’torepHa tomorpadis  (KT) €
BXUTMBUM MEAWYHMM 1HCTPYMEHTOM Bi3yalli3allii B Cy4acHUX
JKapHsIX Ta KiiHikaxX. YyTauBicTh KOMI IOTEpHOT ToMorpadii
BHCOKOI PO3JUTBHOI 34aTHOCTI NPH BU3HAUYEHHI 3aXBOPIOBAHb
JIETeHIB  CTaHOBUTH  Omm3pko  94,0%, mpu  1mpOMy
peHTreHOMOPQOJIOTIYHI  MPOSBH  3aMaJbHUX TMPOIECIB Y
JIETEHSAX BIAETHCSA BHUSBUTH Ha OUIBII paHHIX CTaifx
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3axBoproBaHHs. Kowmm'torepHa Ttomorpadisi 1ae MOXIMBICTH
3HAYHO CKOPOTHTH Yac JOCHI/PKCHHS, 3HU3UTH OIPOMIHCHHS
XBOPOTO Ta BHSBIIITH Y JIETCHSAX NPiOHI BY3JIOBI YTBOPEHHS i
nmaToyioriydi (OKyCH, sKi HE 3aBKIU BH3HAYAOTHCA MpPU
3Buyaitnii KT.

OnHak NOTEHUIHHMI paJialliifHIi PU3HK CTBOPIOE IPOOIEMY
oo BukopucTaHHs penTreriseskoi KT [1], [2].

3HIDKEHHS 03U ONPOMIHEHHSI, SIK IPABIJIO, 3HAYHO 301JIbIIye
myM Ta apredakTH (TPOSBISIOTHCS Yy BUIILIOI TiHEH, He
MOB’SI3aHUX 3 OCOOJMBOCTSIMU JOCIIJDKYBAaHOTO 00’€KTa) Ha
PEKOHCTPYHOBAaHHX 300pPaKEHHAX, IO MOXE IOPYIIUTH
niarHoctuyHy iH(opmariito. 1106 3MEHIIUTH LIyM 1 MPUIYIIUTH
apreaktt Ha KT 300pakeHHAX 3 HH3BKUMH JI03aMH,
BHKOPHCTOBYIOThCS TOCT-00p00KH 300paxens [3] — [5].

[Iymo3zarnyimeHHs 300paykeHb — OJHa 3 (YHIAMEHTAIbHHUX
npobiemM B o00nacTi 00poOKM 300pa)KeHb, OCKIIBKH 1€
noTpiOHO A1 6araThoX TONATKIB KOMITFOTEPHOTO 30DY.

Meroau 1mryMo3ariynieHHs: BXJIMBI Ul 3MiHK OallaHcy B
OiK 3MCHIICHHS paiallifHOTO OMpPOMIHEHHS MAIli€HTIB 3a
paxyHOK 3HMKEHHS piBHs pajiamii i sKocTi 300pakeHHs 0e3
IIKOJIH JUTS STKOCTI 300payKeHHS.

Merta mrymo3ariyleHHs 300paXeHHs — OTPHUMATH YHCTe
300paKeHHs X 3 TIOHNIKOMKEeHOi Bepcii Y, sAKe MOXKHa
3MOJZIENIIOBAT! SIK Y = X + N, 7e N — IOyM IIEBHOTO THILY.
binburicte MetoniB y miteparypi [6] — [10] 3ocepemkeni Ha
KOHKPETHOMY THIII AJIsL N, a caMe Ha aJAUTHBHOMY OiloMy
rayccoBckomy trymi (ABI'IL), ockinbku nependadaeTsbes, 1o
MPUPOJIHI 300paKeHHSI MAIOTh aJUTUBHUH BUNAJAKOBUH IIyM,
SAKUH Moxe OyTH 3mMojensoBanuii 3 ABI'TII.

[IpoTsirom 6aratboX POKIiB B IIyMO3ariylIeHHI 300pakeHb
BUKOPDHUCTOBYBAJINCSI pI3HI MiAXOOM — BiJ IIPOCTOPOBOL
¢inpTpamii 10 mMiaXodiB, 3aCHOBAHUX HA MOJENAX. B ocTaHHI
POKHM BCe OUIbIIY MOMYJSIPHICTh NPUAOAIH JUCKPUMiHATHUBHI
METOAM Ha OCHOBI HEHPOHHHX MEpeX, MEepeBEepIIMBIIHM BCi
TPaIUIIHHI METOIH.

Ha pmanmit dwac 3ampomoHOoBaHO  0e3mid  METOMIB
HIyMO3ariylmeHHss  300paxeHb.  TpaauuiiHy  MOJEdb,
3aCHOBaHO Ha MeETOJax, SKi BHKOPHCTOBYIOTH amlpiopHi
300pakeHHs 1 HEeJIOKaJIbHY CaMOIOIIOHICTh 300pakeHb. BoHM
MOXYTh 3a0e3neunTn BUCOKY MPOJYKTHUBHICTD
[IyMO3arIyIIeHHs, 0COOINBO MOMYJISAPHI CydacHi METOIH, TaKi
Ak O65ok-y3ropkerns i 3D ¢dinprpanis (BY3D) [6] i 3Baxkena
MiHimi3amis Hopmu siapa [10]. OnHak y HEX € KiJTbKa 3araJbHIX
HenodxikiB. [To-mepuie, i METOAM MPaLIOIOTh HA PO3B’S3aHHS
3aBIaHHS ONTHMi3amii, MmO poOUTH TPOLIEC BHUBEICHHA
PECYpPCOEMHHM. [To-npyre, i Mozeni BHMararoTh BpYUHY
0o0paHMX ampiopHUX 300pakeHb (Hanam)Ha BI/I61pKa) AKi
BUMararoTh INIMOOKHUX 3HaHb B NPEIMETHIH 00JacTi i MOXYTh
HE OXapakTepH3yBaTH CKJIAgHI CTPYKTypH 300paxenHs. Ilo-
TpPETE 1i METOAN 3a3BHYall HE MOXYTb BUKOPUCTOBYBATHCS IJIS
BUAJICHHS IPOCTOPOBO PO3MOIIICHOTO IIIyMY.

OCHOBHUM  HAIPSIMKOM
300paxkeHsb € HelipoMepexi [7] —

pobir B mIyMo3ariymeHHi
[9], [12] - [14].

B po6ori [11] moka3aHo, 1m0 MOMKHA JOCATTH CyYaCHUX
pe3yipTaTiB 32  JONMOMOTOK IPOCTOr0  0araToIiapoBOro
MepCenTpoHa. bimbIIicTh ICHYIOUMX METOIIB Ha OCHOBI

HEHPOHHUX Mepex 0a3yroThCs Ha BUKOPHUCTAHHI 3TOPTKOBOL
Heiiponnoi mepexi (3HM). Ilepme Buxopucranus 3HM s
ITyMO3ariIyIIeHHs: 300pakeHHsS HaBeIeHO B poboTi [15], ame
MepIuM MeTofoM Ha ocHOBi 3HM, 3a sSiKkuM MOKHa JNOCSTTH
BHCOKHX pE3yNbTaTiB, € I[IyMO3aridymIylodi 3TOPTKOBI
Heiiponni  mepexi (III33HM) — wmeronm 3riapKyBaHHS
300paxkeHs Ha ocHOBI 3HM [7], &me BHKOPHCTOBYBAJIHCS
OCTaHHI JIOCSTHEHHS B METO/IaX HaBUYAHHS 3TOPTKOBOT MEpEexi,
Taki SK 3aJMIIKOBE HaBYaHHS [16] i makeTHa HOpMai3amis
[17]. Micns pospobku II33HM [7] 3ampormoHOBaHO Kijgbka
MiAXOIB 0 TOAAJBIIOTO BAOCKOHAJICHHS IIyMO3ariTyIICHHS
Ha ocHoBi 3HM. 3aBnsku BHCOKOI MIBUAKOMII Ta TOYHOCTI
JTVCKpUMiHATHBHI METOIH HaBYAaHHS IIPOKO
BUKOPHCTOBYBAINCH Y TEOPii LIyMO3ariIymIeHHS 300pakeHb.
OpHak 1i METOAX 3/1e01NIBIIOTO BUBYAIOTH KOHKPETHY MOJIEIb
JUISL KOJKHOTO PIBHS LIYMY 1 BHMAararoTh JEKUIBKOX MOJEINeH
JUIL IITyMO3AardyIIeHHS 300paXCHb 3 PI3HUM pIBHEM MIyMY.
BoHH TakoX HE MarTh THYYKOCTI B OOpOTHOI 3 MPOCTOPOBO
BapiaTUBHUM IIIYMOM, OOMEXYIOUH iX 3aCTOCYBAaHHS B
MpakTUYHOMY  miymo3arnyireHHi. I1lo6  Bupimmta i
mpoOJeMH, TPEACTABISIEMO IMBUAKY Ta THYYKY 3TOPTKOBY
HEHUPOHHY MEPEXKy 3 LIyMO3aridylICHHSIM, a caMe LIBHJKA Ta
THyYKa IITyMO3ariylrylo4a 3ropTKOBa HEWpPOHHa Mepexka
(IITHI33HM), 3 kapTOlO Ha BXOXi, III0 HAJAIITOBYETHCS HA
piBens mymy [5]. 3anpomonoBana III'MI33HM mnpamtoe Ha
3MEHIIICHUX BI/I6lpKaX cy6 300pakeHb, TOCATAI0OYN XOpOIIOro
KOMHpOMlcy MiX IHBI/II[KICTIO BI/ICHOBKIB Ta HpOI[yKTI/IBHICTIO

LIYMO3aTTyICHHS. Ha BiAMIHY BiZ ICHYFOUYHX
JUCKPUMIHATUBHUX wrymos3ariymrysauis, IITTI33HM mae
Kilbka OaXaHWX BJIACTHBOCTEH, BKJIIOYAIOYM: 3AATHICTh

e(eKTUBHO OOpOOJIATH LIMPOKWIl Jiana3oH pIiBHIB IIyMy 3
OJIHIEI0 MEPEXKEI0; 31aTHICTh BUAAIATH IIyM, SIKHIl IPOCTOPOBO
3MIHIOETBCS IIUIIXOM BKa3iBKM KapTH HEOJHOPIJAHOTO pPiBHA
oryMy; OUTBII BHCOKY IIBHAKICTH, HiXK eTamoHHUH BY3D,
HaBiTh HA  [EHTPAJIBHOMY Tmpolecopi 0e3  mKkoau
MPOAYKTUBHOCTI IIymo3aritymieHHs. OmHaK OUTBIIOCTI IHX
METO/IIB BCE M€ BAXKKO TOMOTTHUCS THYYKOCTI 10 BiHOIICHHIO
JI0 Pi3HHX PIiBHIB i TUMIB IIyMy.

OnHak HaJMipHE 3raJDKyBaHH 3aTHIIAETHCS POOIEMOIO
Ha 3HIMKaX, J€ YacTO BTPavyarOTbCAd BaXJImBiI (PakTypHi
1 JIKa3KH.

[NeprmronpuanHOIO IPOOIEMH € BUKOPHCTaHE BUMiPIOBAHHS
HNOMHJIKM PEKOHCTPYKLIl 300pa)KeHHS Yy BCIX MeTolax
HaBYaHHs. Sk BusBMIOCS B podotax [18], [19], BukopucTanus
cepennbokBaaparngaoi momminku  (CKII) Ha  mikcenms
BU3HAYCHHS! Oy/Ab-SIKOi BEIMYMHM MK BIJIHOBJICHUM Ta
CIpaBXHIM 300paXeHHSIMH, SK BTpaTa PEKOHCTPYKLIi st
BU3HAYECHHS! LUIbOBOI (QYHKIII NMPU3BOJUTH JIO HAAMIipHOL
TIAgKOCTI Ta BiAcyTHOCTI netaneid. OCKUTBKH alTOPUTM
Hamaraetbesi MiHiMizyBati CKII Ha mikcens, BiH HE BpaxoBYye
Oynb-sKi 0cO0IMBOCTI 300pakeHHs, KPUTHYHI ISl COPUHHATTS
moauHor. B pobori [20] 3ampomoHOBaHO METON LIS
mymozarmymieHHss KT 300pakeHHS NUIIXOM — PO3pOOKH
nepuenTuBHOi rmbokoi 3HM, sika mokmamaeTsCsi HAa BTpaTy
CIpUIHATTS K Ha LUIbOBY (yHKIi0. B Xomi mocmikeHHS
Oyno mokaszano, mo MiHimizamis CKII Mix mrymMo3ariyneHuM
KT 300pakeHHSIM 1 KOHTPOJIbHMM IPHU3BOJAWTH 1O BTPATH
Ba)XJIMBMX JeTajel, Xo4a OIIHOYHI ITOKa3HMKH Ha OCHOBI
nikoBoro BimHomeHHs curHan / mwym (IIBCI) uynosi. Lle
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puTikae 3 Toro, mo IIBCIIl exBiBaJ€HTHO IIOIIKCEIbHIMH
CBKJIIIOBIM pi3HUII iHTeHCHBHOCTI. OTXKe, MOJENb, IO
makcumizye [IBCII micns ycHimrHOTO TpEHYBaHHS 3aBXKAN
nocsirae  nyxe Bucokoro [IBCII 3nauenns. OpnHak
MEepUeNTHBHA  OIiHKA  IIyMO3ariylIeHOTO  300paKeHHS,
CTBOPEHOT'0 3a JIONIOMOIOI0 TaKoi Mojeni, He 00O0B’S3KOBO
Kpamie HiK BHXIJHI 3allyMJICHI 300pa)XCHHS 3 TOYKH 30Dy
EKCIIepTIB.

Il. TIOCTAHOBKA 3AJIAUI

Buznauaemo ¢ynkuito ninsosux Brpat 1I33HM, Ha BXin
axoi moctynae 3amymiueHe KT 300paxkeHHA 3a JOIOMOIOIO

JIECKPHIITOPiB 03HaK. Hexai {(I)i (1 )|i =1.., N} no3Hayarots N

pi3HuX KapT o3Hak 300paxenns |. Koxna kapra mae posmip h
x W x d, me h, w ta d no3HauaroTh BUCOTY, IIUPUHY Ta TIHOUHY
BianoBigHo. Toxi BTpary peKOHCTPYKUil 00’€KTa MOXHA
BU3HAYHUTH 5K

L ()= -a 00 @

ne | ta |, — oumiueHe Bij nrymy 300paskeHHS 1 BiIIIOBiTHE

gt
He3allyMJICHe 300paKeHHA. B SKOCTI IIyMy pO3IJISTHYTO
ABI'T, skuii BU3HAYAETHCA SK:

_(a-py?
2a® (2)

p(X)Zme )

e |L — CepeiHe, a G2 — AUCIIEPCis.

CraBuThCsl 33j1a4a CTPYKTYPHO-IIAPAMETPHYHOTO CHHTE3Y
riopuaHoi 3HM Ha ocHOBI MiHiMi3alii Kputepiro (1).

Ill. CTPYKTYPHO-IIAPAMETPUYHUI CUHTE3 I'BPUHUX
3rOPTKOBUX HEMPOHHIX MEPEX

[1{00 HABYMTH NIYMO3ArTyIICHHIO 300paXKeHb, 110 MICTATh
pi3HI CTPYKTYpH Ta iIHTCHCHBHOCTI, 1 HE TPOITYCTUTH BaXIIUBI
JeTani, mOTpiOHa MOCHUTH TIHOOKAa Mepexa. 3ampoIIoHOBAaHO
MEpexy, fKa cKiaazaeTbcs 3 ABox wvacTud, [I33HM Ta
riopuaHOi HeiipoHHOT Mepexi [20], [21].

Buxinne 300paxeHHs I i3 MepIIoi YacTUHU i OCHOBHE
300paXKeHHsS ICTHMHHU |lgt MOJaloThcs B IIONEPEAHBO HAaBUYEHY
I'HM gnns BwirydenHs ozHak. [lotiM 006’ekTuBHa BTpaTa
O0OYMCITIOETBCSI 3 BHKOPUCTAHHSM BHTSATHYTHX O3HaK i3
3aJjaHoro mapy BignosizHo 1o piBHsAHHSA (1). IToTiM mommika
PEKOHCTPYKIIIT PO3MOBCIOJKYETHCS JIMIIE JIUIsi OHOBJICHHSI Bar
mepexi 3HM, 36epiratoun nmapamerpu ' HM He3MiHHMMU.

IV. PE3VJILTATU

3anpornoHoBaHMK  miAXixy  Oyno  BHKOPHCTaHO  JUIst
nrymosariymenas  300paxkenHs KT B iHTenmexTyanbHIN
MEIUYHIH CHCTeMi [JiarHOCTUKM CTYIEHIO aKTUBHOCTI

TyOepkynbo3y 'y [JepxkaBHili ycraHoBi «HamioHanbHmiA
iHcTUTYT (TH3iaTpii i myneMoHoorii iM. ®. I'. SIHoBchKoOrO
HamionaneHOT akagaeMii METUIHUX HAYK Y KpaiHm.

PesynmbTatmt  po3B’s3aHHA 33434yl 3HIDKEHHS  IIyMiB
HaBegeno Ha KT 300paxenHi (puc. 1). Sk MoxkHa moGaunTH
OIyMO3ariIyIIeHHs  MiABUILye  €(QEeKTHBHICTH  poOOTH
JIarHOCTUYHOI CHCTEMH.
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Puc. 1. Pesynpratn mymozarmymienHss KT 300pakeHb JlereHb CTyHEHS
BHUSIBIICHHS TYOepKyIIe3y

V. BHUCHOBKU

1) Barato3pizoBa KoMII'FoTepHa TOMOrpadis Ha CbOTOJHI €
HAWOUIPII iHGOPMATHBHUM METOAOM JIOCHIDKEHHS OpTaHiB
TPYyIHOI KIITHHH, IO BOJIOJIE HAMOUIBIIOW YYTIHBICTIO 1
iHpopmatuBHicTIO. OHAK, OIYMH, MO0 BHHUKAIOTH IIJ[ Yac
3HATTS TOMOTPaMH, ICTOTHO BIUIMBAIOTh Ha sIKicTh 00poOku KT
300pakeHb, 30KpeMa IpU BU3HAYEHHI CTYyINEHs aKTHBHOCTI
TyOEpKYJIb03y Y XBOPHX.

2) JloBeneHo HeoOXimHicTh BUOOPY LinbOBOT QyHKIT AsIst
PO3B’sI3aHHS 3a]laui IIyMO3ariyllleHHsS Ha OCHOBI ITOPIBHSAHHS
300paXeHHs, B SIKOMY IIyM 3aryIylleHO, 3 BiINOBIAHUM
HE3alIyMJICHUM 300pa)KeHHSIM y 0araToBUMIpHOMY IIPOCTOpi
O3HaK, o 3a0e3reuye 30epiraHHs BaXJIHMBHX JAeTalled y
300pa)XeHHI MiCIIsl yCYHEHHS IIyMiB.
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Anomauin B jomnoBigi mnpeacraBieHO MeTOA0JIOTiI0
no0ya1oBu e(eKTHBHOI CHCTEMH CaMOIiarHOCTYBaHHS

indopmaniiinux cucrem nignpuemMcrB. Bukiaageno
METOAUKY oprasizauii Ta 3nificHeHHs
caMoiarHOCTYBaHHS, MeXaHi3Mu BHUSIBJICHHS,
inenTudikanii Ta nNokanizamii MoxyJiB, MO BHALLINA 3
Jgapy. CdopmyiaboBano KpHTepil AOCTATHOCTI

AiarHocTH4HoOI iHdopmanii mpu BiACyTHOCTI 00MeKeHb HA
BHKOHAHHSl €JIEMEHTAPHHX IIePeBipOK Ta KpHTepilo
aocTaTHOCTi AiarHocTu4yHoi iHdopmanii 3a HasBHoOCTI
o0MeskeHb HA BUKOHAHHS eJIeMEHTApPHUX NepeBipoK.
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Abstract The paper proposes a methodology for
building an effective system of self-diagnostics of
information systems on the example of Ukrainian
enterprises in the metallurgical, energy and chemical
industries. The article shows that if the dependence of the
probability of issuing information on the time of
execution of the element of elementary checks is known,
it is enough to carry out checks within a predetermined
time, when a given probability value is given. It is
investigated that in the information system of the
enterprise the self-control organized by means of
elementary checks occurs at arbitrary moments of time of
functioning of modules on purpose and the relation of
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probability of delivery of the information which occurs by
comparison of deviations from average values. Criteria
for the adequacy of diagnostic information in the absence
of restrictions on the implementation of basic tests and in
the presence of restrictions on the implementation of basic
tests.

Kntouosi  cnoea:  pynkuyionansna  cmiiikicmo,
0iazHOCMYBAHHA, aoanmuene diazHoCmy8anns,
docmammuicms diaznocmuunol ingpopmauii.

Keywords: functional stability, diagnosis, adaptive
diagnosis, sufficiency of diagnostic information.

l. Bcrv

CrpiMkmit PO3BUTOK Cy4acHOTO
BHUCOKOTEXHOJIOTIYHOTO CyCIiNbCTBa BUMarae
IHTEHCUBHOTO PO3BUTKY iH(OpMamiiHIX TEXHOJOTIN 3
BHCOKHM CTYIIEHEM aBTOHOMHOCTi. OCOOIMBO TOCTPO
s mpo0JIeMaTHKa CTOCY€ETHCS BUPOOHUYINX
MiANPUEMCTB, SIKi (YHKIIOHYIOTh B YMOBaxX BIUIMBY
excTpeMaiabHuX (haktopiB. Cepen Takux MiANPHEMCTB
BHPI3HSAIOTHCS MIAMPHUEMCTBA METANTYPrii, €eHEPTETHKH,
XIMIYHOT TPOMHCIOBOCTI Tomo. DyHKIIOHYBaHHS
BUPOOHMYMX  TIAPO3AUTIB  TaKuX  MiJIPUEMCTB
3a0e3rmedyroTh iH(OpMaIliiiHI CHCTEMH PI3HOTO THITY.
3a JONMOMOTOIO0 IIMX CUCTEM 31IHCHIOETHCS TIaHyBaHHSI
Ta KOHTPOJb YCIX TpoleciB. BoHHM mpaiiowoTs B
ABTOHOMHOMY pEXHMIi TiJ BIUTMBOM 3OBHIIIHIX Ta
BHYTpIIIHIX gecTabimizytounx d¢akrtopiB [1-4]. 3a
JIOTIOMOTOr0  iH(QOpMAIliIfHUX ~ CHCTEM  MOXKHA
3a0e3MeYnTH MiIBUIICHHS MPOyKTHBHOCTI TIpalli ycix
BUPOOHWYMX IIEHTIB IIPH 3MEHIIICHH] YUCIIa 3aiHATHX Y
BUPOOHUIITBI JIFO/IEH Ta 3HAYHOMY 3MEHIICHHI YaCTKH
py4HOi nparti [5,6]. Cucremu MOCTiHO
MOJIEPHI3yIOThCA 3aBIISIKA inTeHcuikarii
KaIiTaJoOBKJIa/ICHb Y BAPOOHUYMIA TIpOLIeC.

[Migkpeciumo, mo  iHdopMamidHI  cUCTEMHU
MiANpUEMCTB  (YHKIIIOHYIOTh B YMOBax BIUIMBY
30BHIMIHIX Ta BHYTPIMIHIX AeCcTa01Ii3y0unX (PaKTopiB.
3a HEraTWBHOTO BIUIMBY MOJYJIl CHCTEM MOXYTh
BUXOAUTH 3 Jamy. Ilpore, cuCTeMH MOBHHHI
(YHKIIIOHYBaTH B aBTOHOMHOMY PEXHMi TPOTATOM
3aJJaHoTo Yacy. Taky yMOBY (DYHKIIOHYBaHHS MOKHA
BUKOHATH  3aBISKU  3a0€3MEYEeHHI0  BJIACTHUBOCTI
(hyHKITIOHATBHOI CTiHKOCTI. PYHKIIOHAIbHA CTIHKICTh
— LI MOXJTUBICTb CHCTEMOIO BUKOHYBAaTH OCHOBHI CBOT
(GYHKIIT, MOXKITUBO 13 3MEHIICHHSM SIKOCTi, TIPOTSTOM
BKa3aHOT'0 Yacy IiJ BIUIMBOM 30BHIIIHIX 1 BHYTPILIHIX
necrabinizyrounx dakropis [8—10]. [1ig 30BHINTHIME Ta
BHYTPIlITHIMA JiecTabii3yrouMMH daxTopamMu
pPO3YMIIOThCS  BiIMOBH, 3001 MOIYJIIB CHCTEMH,
MeXaHi4Hi MOIIKO/PKEHHS, TEIUIOB]1 BIUIMBH, TIOMHIIKA
o0ciryroByrodoro nepcoHany. OCHOBHUMH eTaramMu
3a0e3nedyeHHs QyHKIIOHAIBHOI CTIHKOCTI € BUSBICHHS
MOJYJIsI, SIKHM BiAMOBHMB IPU KOHTPOJI, JIOKaJi3aris
HECTIPaBHOTO MOJYJIA, Ta BiJTHOBJICHHS
(YHKIIIOHYBaHHS iHpopMaIiiHOT CHUCTEMH
nianpueMcTBa. Binrak oHi€0 3 KIIOYOBUX NEPETyMOB

3abe3nedeHHs] QYHKITIOHATBHOI CTIHKOCTI € moOymoBa
e(peKTHUBHOI CHCTEMH J1arHOCTYBaHHS OCHOBHHX
arperaTiB Ta BHPOOHHYMX UEHTPIB BHUPOOHUYOTO
mignpueMcTsa [7].

Il. IAESIMETOAY AJIAIITUBHOI'O CAMOJIATHOCTYBAHHSI

B nmomoBizi MpONmOHYEThCS aBTOPCHKHU IMiAXiJ 10
IIarHOCTYBaHHS ~ CKJIQAHUX  TEXHIYHHX  CHCTEM.
OcHOBHA BiJIMIHHICTP HOBOTO NPWHITUIY MOJSTA€E B
HOBOMY  MIXOAi /O BHUKOHAHHA  MPOUEAYyPH
JiarHOCTYBaHHS iHpOopMaLiiHOT CHUCTEMH
nignpruemcTBa. OCHOBHA CYTh TOJISITAE B TAKOMY:

Mo-TIepIIe, MPOoIeAypa AiarHOCTYBaHHA MOXe OyTH
3aKiH4YeHa B Oy/b KMl MOMEHT 4acy;

Mo-ZIpyre, BUIbHOMY BUOOPI MOAYIIS, SIKMH TIpUiiMae
pimeHHs Tpo cTaH  1HPOPMAIIMHOI  CHCTEMH
MiIPUEMCTBA.

Kounu cucrema npaiitoe 3a mpu3Ha4YeHHSIM TTEPEBIPKU
BiIOYBalOTbCA BHUIAJIKOBUM YHHOM. BHITagKOBICTH
CTOCYETBCS BHOOPY MMapu MOIYJIB, IO MEPEBIPAIOTH
OJIMH OJTHOTO Ta Yacy NepeBipKy Mixk HUMU. ToMy Ticist
JesiKoro vacy B iHpopMmamiiiHii cucteMi Moxe OyTH
3MIHCHEHO  JOBUIBHY  KIJBKICTh  €JIEMEHTapHUX
nepeBipok. OmiHka cra”y iHGOpPMALIHOT CUCTEMH
MiJIPUEMCTBA HAa OCHOBI E€JIEMEHTapHUX IEPEBIPOK
MOJKe OyTH MIpeICTaBIeHa y BUTIISAI IBOX METOIIB:

METOAY CaMOKOHTPOJIIO;

METO/Y aJanTUBHOTO CaMOJIiarHOCTYBaHHS.

AJanTHBHICTD TOJSATAE€ B TOMY, IO JaHUH METOJ
MPUCTOCOBYETHCS IO BIAMOBHOI  CHTyamii B
iHpopmaniitHiii cuctemi. [Ipu mpoMmy JiarHOCTHYHA
iHpopMallisi TpPO CcTaH MOJIYNIB HAKOMUYYETHCS
XaoTHYHUM YMHOM. OOcsr Takoi iHpopmaLii 3a1eKUTh
Bil BigMoOBHOI curyarii. [licns  HakonmuyYeHHS
iHpOpMaIii Tpo CTaH CUCTEMH OTpUMaHa iH(opMarlis
00poOIsieThest 1 BUSIBIAETBCS  HECHPABHICTh 13
JIOCTOBIPHICTIO HE HIDKYE 33][aHOI.

MeToa CaMOKOHTPOIIO BHKOPHCTOBYEMO 3 METOIO
MEepeBipku  HasBHOCTI B iH(poOpMamliiHii cucremi
HECTIPAaBHUX  MOAYJIB. Y  BUNAIKy BHUSBICHHS
HECTIPAaBHUX  MOJYIIB  BUKOPUCTOBYETHCS  METOJ]
aJIalITUBHOTO caMojliarHocTyBaHHs. Ha ocHOBI qaHoro
METOAY JIOKAJi3yeTbCS 3HAXO/DKEHHS HECIPaBHOIO
MOTyJIst iH(OPMAIiTHOT CUCTEMH T ANPUEMCTBA.

OpHiero 13 3ama4 € BHU3HAYCHHS MOMEHTY
3aKiHYeHHS pOOOTH METOJy CaMOKOHTPOJIIO 1 BHAadi
pesyibTaTy 'y BUNAAKy KOJH, pe3yJabTaT BCIX
eJIeMEHTApHUX TEPEeBipOK TIOKa3ye, IO HeCHpaBHi
MoJyJ1i BificyTHi. [Ipu IboMy pe3ysibTaT KOHTPOIIIO Mae
NEBHY OOCTOBIPHICTB, fIKa 3aJICKUTh BiJ HaAIHHOCTI
MOAYJIiB  iH(pOpMAIIHHOT CHCTEMH Ta KUIBKOCTI
BHKOHAHUX TIEPEBIPOK.

[Tix yac pyHKUioHYBaHHA iHpOpMaLiiiHOT cucTeMu
MiANPUEMCTBAa 32 NPU3HAYCHHAM MOIYJi CHUCTEMH
OKpIM OCHOBHHX 33J1a4 BUKOHYIOTh B3a€MHI IIEPEBIPKH.
[lepiog wacy Mik aBOMa MOCHIJOBHUMH BHJIa4aMH
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pe3yiabTaTy  KOHTPONIO  iHGOpMAIHOI  CHCTEMH
Ha3BEMO LUKJIOM CaMOKOHTPOJIO. LIMKI BUKOHYETHCS
a0 3amanuii yac abo 3a7aHy KiNbKicTh pasiB. SIKio mia
yac BUKOHAHHS IUKIy CaMOKOHTPOJIIO He OyIo
OTPUMAHO KOJHOI €JIeMEHTAPHOI ITEPEBIPKH, Pe3yIbTaT
SIKO1 CBIIYHMTH PO HASIBHICTh HECIIPABHOCTI B MOTYJISIX
CHCTEMH, TO BHUJAETbCS PE3YJIbTAT CAMOKOHTPOJIO
TOOTO iH(OpMAIs, IO CHCTEMa MPAIIOE B IMITATHOMY
pexxumi. [licns Bumaui pe3yibTaTiB CaMOKOHTPOIIO
MOYMHAETHCS. HOBUH IIUKII IEPEBIPOK. Y BUIMAJAKY, KON
MiJi Yac BUKOHAHHS METOAY CaMOKOHTPOIIO OJWH 3
pe3ybTaTiB  eNeMEHTapHUX IEPEeBIpOK  BHUSBIISIE
HECTIPaBHICTh, TO LUK CAMOKOHTPOIIIO MPHITUHIETHCS
1 pO3MOYMHAETECA POOOTA METOAYy aJalnTHBHOTO
caMOJIiarHOCTYBaHHSI.

B 3anexHocti Big TOro, SKUH MOMEHT dYacy
NpUKUMAEThCA 32 NOYATOK MNPOLEAYPHU AJANTHUBHOIO

caMOJiarHOCTYBaHHs,  MOMJIMBI  JBI  CTpaTerii
aZallITUBHOT'O CaMOI[iaFHOCTyBaHHH .
[Tepia CTpaTerisl. Merton aJIalITUBHOT'O

CaMOJIIarHOCTYBAHHS TOYMHAETHCS B MOMEHT ITOYaTKy
OCTaHHBOTO IIMKIY CaMOKOHTpomo t. Ilpum mpomy
BPaxOBYIOTBCSI €JIEMEHTapHI TepeBipKM BUKOHAHI 3a
gac T. 3TiIHO JaHOI METOAUKH TICJIS TIOSBH PE3yIbTaTy
€JIeMEHTapHOI TIepeBipKH, IO TMOKAa3ye HAasIBHICTH
HECTIPaBHOCTI B iHpOpMaIiitHii cucremi
MiAMPUEMCTBA, Pe3yIbTAaTH OTPUMaHI 10 [LOTO Yacy He
aHANIZYIOTECA W ampiopHi WMOBIPHOCTI CIIPAaBHOTO
CTaHy MOJIYJIB CHCTEMH Ha MOMEHT dYacy t, He
BU3HA4arOThCs. Jlemmdpariis CHHAPOMY 3IHCHIOETCS

micas 3aKkiH4eHHS poOOTH METOAY aAalTHBHOTO
caMoOJIiarHOCTYBaHHSI.
Hpyra CTpaTeris. Meron aJalTUBHOIO

CaMo/IiarHOCTYBaHHS IOYMHAETHCS B MOMEHT 4acy tg.
Ha ocHOBi pe3yibTaTiB eJIeMEeHTapHUX TNepeBipoK, sKi
BUKOHaHI 3a 4Yac T, BH3HAYAIOTHCA aIpiopHi
HWMOBIPHOCTI  CIIPaBHOCTI MOJIyJIiB iH(pOpMAaIiHHOT
cucteMu mignpuemctBa. [licns BUKOHAHHS METOXY
aAITUBHOTO  CaMOIarHOCTYBaHHS  OOYMCITIOIOTHCS
anpiopHi KWMOBIPHOCTI CHpPaBHOI'O Ta HECIPABHOTO
CTaHy MOJIYJIiB HA OCHOBI SIKOTO (DOPMYETBCS PE3yJIbTaT
aAalITUBHOTO CaMOIarHOCTYBaHHS Ta BU3HAYAETHCS
HOTO IOCTOBIPHICTb.

[Micns  orpumanHs giarHOCTHYHOT — iH(OpMarii
KOKHUHI MOAYJb iHpopMariitHoT CHUCTEMU
MIOPUEMCTBA OI[IHIOE CBOKO TOTOBHICTH BHJAYI
pe3yJbTaTiB CaMOKOHTPOJIFO CHCTEMH 13 3aJIaHOM0
JIOCTOBIPHICTIO.

BUCHOBKU

B fomoBimi  3ampomoHOBaHO — METOJIOJIOTIIO
nmoOymoBH €(PEKTUBHOI CHUCTEMH CaMOJiarHOCTHKH
iHpOpMaLiHHUX CHUCTEM Ha MNPHUKIAAI YKPaiHCBKHX
NiANPUEMCTB Yy METaNypriiiHid, eHepreTuuHiii Ta
XIMIYHI¥ TPOMHCIOBOCTI.

IlokazaHo, 10 AKIIO BigOMa  3aJIEXKHICTH
HMOBIpHOCTI BHIadi iHGopMauii Bil Yacy BUKOHAHHS
elIeMEeHTa eJIEMEHTApHUX MEepPeBipoK, JJOCTATHBHO
MPOBOJUTH  TEPEBIPKH  TPOTATOM  3a3dajieTidb
BHU3HAYCHOTO Yacy, KOJH HAJA€ThCs 33aJjaHe 3HAYCHHS
HMOBIpPHOCTI.

Hocmimkeno, mo B iHopmarifiHii cucTeMi
MIIIPHEMCTBA CaMOKOHTPOJIb, OpPTaHi30BaHU 3a
JIOTIOMOTOI0 €JIEeMEHTAPHUX [IEPEBIPOK, BiIOYBAETHCS B
JOBUIbHI MOMEHTH 4acy (YHKIIOHYBaHHsS MOIYJIiB 3a
MPU3HAYCHHSAM Ta BiTHOIICHHS HMOBIPHOCTI BHAadi
iHpopmalii, sike BiAOyBaeTbCcA NUIIXOM HOPIBHAHHS
BiJIXHJICHB B1JI CEPEIHHOT'O 3HAUCHb.

OtpumaHi KpuTepii HOCTATHOCTI MiarHOCTHYHOI
iHdopmariii 3a  BiACYTHOCTI OOMEXeHb MO0
BUKOHAHHS €JIEeMEHTAPHUX MEPEBIPOK Ta 3a HASBHOCTI
00MesKeHb 111010 BAKOHAHHS €JIeMEHTapHUX ITEPEBIpPOK.
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Anomauis — CTaTrTa NpucBsiueHa po3podui moaeni i meroxy
OI[iHIOBaHHSI AIKOCTI (yHKUHioHyBaHHA 00'ekTiB i cy0'ekTiB
BHPOOHNYOI islIbHOCTI. 3acTOCyBaHHS PO3POOGJEeHHX Mojesi i
METOAYy [03BOJISIE OTPUMATH SIK Yy3arajibHeHY ONIHKY SIKOCTi
¢yHkuionyBaHHs 00'€KTiB i cy0'ekTiB BUPOOHMYOI AisSVILHOCTI B
mijloMy, Tak i OKpeMHUX CKJIaJA0BHX 00’€KTiB Ha OCHOBI
JIHHTBICTHYHHX OUIHOK «BXiIHUX MOKA3HUKIB», 1110, B CBOIO Yepry,
A€ MOKJIMBICTh IPOBECTH PAHXKMPYBaHHS i Kiiacudikaniro 1aHux
00’€eKTiB i cy0’eKTiB.

Abstract —The article is devoted to the development of a model
and method for assessing the quality of functioning of objects and
subjects of production activity. Application of the developed model
and method allows obtaining a generalized assessment of the
quality of production activities functioning in general. Also, the
method allows to get intermediate estimates of individual elements
of objects by using linguistic estimates of input indicators. This
technique makes it possible to solve the problems of assigning a
rank and classifying these objects and subjects.

Knwuoei cnosa — akicmv  ynkuionysanmsa;  excnepmme
OUIHIOGAHHA; IHMEPBANbHI HEUIMKI MHOMCUHU OPY2020 MURY.

Keywords — quality of functioning; expert assessment; type-2 interval
fuzzy sets.

I. Bcryn

SxicTe poOOTH MiANMPHUEMCTB Pi3HHUX TaXy3eil BUPOOHUIITBA
3aJI€KUTh BIJl BEJIMKOI KIJBKOCTI €KOHOMIYHHX 1 TEXHIYHHX
MTOKa3HUKIB, SKi XapaKTepU3YIOThCS OararbMa IMapamMeTpamu,
o0 4YacTo MarTh pi3Hud (Gopmar. BaxmuBy poap y
3a0e3MeYeHHi  BUCOKOI  ©()eKTHBHOCTI  (DYHKIIIOHYBaHHS

Andrii Temnikov

dept. of Applied Math
National Aviation University
Kyiv, Ukraine
temnikoff@ukr.net

nignpueMcTs  Bigirpae  ¢yHkuioHansHuit  cran  (DC)
CHIiBpOOITHHKIB (T SKUM PO3yMI€ThCA 3ATHICTH JIFOJUHU
BUKOHYBATH CBOT (DYHKIIIOHAJIBbHI 00O0B'S3KH HAJIOKHUM YHHOM ).

[Mpu upoMy, y JaHHUi Yac BiACYTHI y3arajbHEHi IIOKa3HHKA
SIKOCTI  (DYHKITIOHYBaHHS OO0'€KTiB 1 Cy0'eKTiB BHPOOHHIOL
nismbHOCTI (OCB/l), 32 sikmMu MokHa Oyiio O OLHIOBaTH
e(EeKTHBHICTH (SIKICTh) POOOTH ITiIPHUEMCTBA B LIJIOMY i HOTO
OKpeMHXx migpo3aimiB, a Takoxkx PC ChmiBpoOITHHKIB,;
MTOPIBHIOBATH (PaHXKyBaTH) IiIPHUEMCTBA 1 X CIIIBPOOITHUKIB.

I{s oGcTaBUHA OOYMOBIIOE aKTYaJbHICTH PO3POOKH HOBHX
arperoBaHUX ITOKa3HUKIB skocTi ¢yHKIioHyBanHs OCB/I, a
TAKOK MOJIENeH 1 METO/IB IJIS TX pO3pPaxyHKY.

Po3pobneni Mojenb i METOA € OCHOBOIO JUISI CTBOPEHHS
iHpOopMaIlifHOT CHUCTEMH MIATPUMKHA TPUHHATTS pillleHb
(ICIIIP)  ocobamu, 1m0 NPUIMAIOTh  YHPaBIIHCBHKI
pimenns (OI1P).

1. KOHLEMIILS OLIHIOBAHHS SIKOCTI
®VHKIIOHYBAHHA OCB/]

1. OuinroBanns sikocti ¢yHkuionyBanus OCBJ] 1 ix
OKpPEMHUX CKIIQJIOBUX IIPOIMOHYETHCS MPOBOJUTH HA IMiCTaBI
pe3yJIbTATIB aHaNi3y arperoBaHUX ITOKa3HUKIB €(EKTUBHOCTI
(sxocti) pobotm miampmemctB ab6o @OC moaWHHM, 10
BiJINIOBIZIA}0TH KOKHOMY ITiIPO3ALTY ITiIIIPUEMCTBA a00 KOXKHIN
ckinanosiit @C criBpobiTHHKA (3100yBayda mocau).

2. ArperoBaHi NOKa3HHKH HPOIIOHYETHCSI OOYMCIIIOBATH
Ha OCHOBI OITIHOK, HaJaHUX €KCIepTaMHU-(PaxiBIsIMU B Pi3HUX
rajy3sx (€KOHOMIIl, MeIUINHI, TeXHIli Touo). OuiHIOBaHHIO
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M IAraroTh OerMi («BXiL[Hi») IMOKA3HUKH, 110
XapaKTepU3yioTh pi3HI CTPYKTYpHI OAMHHUIN (ITiAPO3IiNN)
nianpueMcte abo PC cmiBpoOITHHUKIB 1 3)106yBa‘IlB mocap,
3 ypaxyBaHHsM Baru (CTYIICHS BIUIMBY Ha KiHIIEBHI PE3yJIbTAT)
OKPEMUX MOKA3HUKIB.

3. Sk emuHYy «OJVHUIIO BHMlpy» aBTOPH TPOTOHYKOTH
BHKOPHCTOBYBATH CIIOBA, IO BIJINIOBIJAIOTh Pi3HUM plBHS[M
SIKOCTI (PYHKIIOHYBaHHS MiATIpHEMCTBa (HOTO Migpo3naidy) i
pisanm OC (cxnanoBum OC) nronuHu.

4. «BximHi TOKa3HUKM» 1 iXHI Baru TPOIOHYETHCA
NPEACTAaBIATH y BHUIVISAI  HediTkux MHOXUMH (HM), a
pO3paxyHKHA MPOBOOUTH 3 BHKOPHUCTaHHAM MeroniB HM i
obuncnens 3i cmoBamu [1, 2]. PeneBaHTHHM MpH LBOMY €
3acTocyBaHHs iHTepBansHIX HM npyroro Ty (IHM2T).

I1l. MOJIEJIb CUCTEMU OBPOEKM JAHUX JIJIS1 OBUMCJIEHHS
ATPETOBAHMX TTOKA3HUKIB SIKOCTI
®VHKIIOHYBAHHA OCB/],
Mopgenb cucteMu 00poOKH JTaHUX («BXIJIHHX TOKAa3HUKIBY

SIKOCTI) Yy TIpoIieci OOYMCIICHHS arperOBaHNX MOKA3HUKIB SIKOCTi
¢yunkuionyBanus OCB/] Bkitouae Taki eeMeHTH:

e (Jasudikamiro KITBKICHUX 1 SKICHUX  «BXIJHUX
MOKa3HUKIB» sikocTi (yHkiionyBanus OCB/I;

e neperBoperHss HM,  oTpumaHux  Ha  BHUXO.i
¢dasudikatopa (y Burmimi IHM2T), ma HM, mo
XapaKTepU3yIOTh  arperoBaHi  MOKAa3HUKH  SIKOCTI

¢ynkuionyBanus OCB/] (y surisiai IHM2T);

e rnedasudikamio, 3a pe3yabTaTaMUA IPOBEICHHS SIKOi
MIPOBOJIMTHCS paHXXyBaHHs 1 kinacudikaris OCB/I.

ArperyBaHHS Ul OTPHMaHHS NTPOIIOHOBAaHHUX IOKA3HHKIB
SIKOCTI aBTOpPaMH 3/iHCHIOBAJIOCS HA OCHOBI peKOMEHallii,
HaBeJeHUX y [2]; cioBa, NMpH [OMY, MOJENIOBAIHCS 3
Bukopuctanasm IHM2T.

Hwmwxkye HaBemeHO KOpOTKHMH aHami3 poOOTH eJIEMEHTIB
MOJEI.

A. Dasugpixayisn

Po3podka dazudikatopa 3ailicHIOBaIACS 13 3aCTOCYBAHHIM
IHTEepBAIBHOTO iaXxoxy [3], BITHOBiTHO 10 SKoTo (azudikaris
MPOBOJUTECA 3 BUKOPHCTAHHAM TIOTIEPE/IHO BCTAHOBIICHOT
BIZMOBITHOCTI  MDK  CJIOBaMHu (TepMaMI/I «BX1THUX»
JIHTBICTHYHUX  3MIHHHUX), HEYITKMMH IHTEpBaJaMH Ta
napamerpamMu IHM2T. OctanHi  mpeacTaBieHi y BUIISII
TpaneneialbHIX 3aJeXHOCTEH BEPXHBOI 1 HIDKHBOT (PyHKIIH
MIPUHAJISKHOCTI, SKi cami O cobi € HEYITKUMH MHOXXHHAMU
MIEpIIOTO THITY.

B. Ilepemsopennsa HM, ompumanux na 6uxo0i niocucmemu
¢asugixayii, 6 HM, wjo xapaxmepusyroms acpecodani
NOKA3HUKU SIKOCMI
IHM2T, o MOJEo0Th CIIOBA, XapaKTePU3YIOTHCS TBOMA

— HmwxkHbolo (LMF) i Bepxuboro (UMF) — ¢ynkuisiMmu

TpUHANEKHOCTI (BimnoBinHo  pg(x) i Uz(x)); TpH 1BOMY,

KOYKEH eJIeMeHT x Hanexuth 4 3 intepBanom crymenis Jx. LMF

i UMF o6mexyroTh cii HeBusHaueHocti IHM2T FOU(A) =

UvxexJy, SKUH 1 € OCHOBHOIO XapaKTEPUCTHKOIO CTYICHS
MIPUHAIICKHOCTI KOXKHOTO X 10 IHM2T.

[Ipu mpoBeneHHI IOCHIKEHb CIIOBAa MPEICTABISUIUCT 3
BHUKOpUCTaHHAM Tpaneneinanpanx IHM2T, mis axux sk LMF,
tak i UMF € tpaneueinanbHumMu (GyHKIISIME TPHHAIEKHOCTI.

Toni 1a(X) = Uerap(X, €, f, 9,1, h) i
Uz (%) = Utrap(x,a,b,¢,d, 1), a koxen THM2T moxe Gytn

OJIHO3HAYHO MPEACTABICHUIA sk BekTop (8, b, ¢, d, e, f, g, i, h).

Ha puc.] npencraBineHo y3arajabHEHy MOJENb IPOLECY
MEPETBOPCHHS OIIHOK «BXIJHUX MOKA3HHKIBY Y BUIJIII
IHM2T =a arperoBaHi OIIHKH SIKOCTi, SIKi TAKOX ITOJAIOTHCS Y
punsiai IHM2T.

OniHka AKOCTi
BXiZIHOTO By31a 1

ATperosaHa OIIHKA
[IOKA3HHKA &

OniHKa FKOCTi
BXITHOIO By3Ia Kk

\‘ Arperosasa

OIIIHKA OKa3HHKA

/ (YHKIIOHATBEHOCTL

OniHka AKOCTi
BXiZHOTO By31a [

ATperosaHa OIIHKA
TIOKa3HHKA &

OmiHKa AKOCTi
BXIZHOTO By37a mt

|

Bxinui By3H

] X 1 MPOMLKHHX PiBHIB
rpagoBoi Mozeri

rpacoBoi Mogemi

Puc. 1. T'padoBa Mozmenp mnpolecy NEpPEeTBOPEHHS OLIHOK «BXiZHUX
MOKa3HUKIB» SKOCTI HA arperoBaHi OL[IHKU

VY npodinbHii giteparypi [2] onmucyrOThCs KifbKa BapiaHTiB
neperBopenHs «HM—HMy, y Tomy umcni, i3 3acToCyBaHHIM
0a3u mpasmn «if-then» abo cepenHBO3BaXKCHUX 3HAYCHB. Y Mil
CTaTTi, Y 3B'I3Ky 3 OCOOJMBOCTSIMH PO3B'A3yBaHOI 3a/1adi, JUIs
nepetrBopenHst HM (y Burmsini IHM2T) Ha «arperoBany» HM
(trakoxx y Burimsami [HM2T) BHKOpHCTaHO JiHTBICTHYHHN
cepeHbO3BaXKeHMH onepatop LWA, sikuii B HaiizaranpHimmomy
BUIIAJIKY MOKe OyTH BU3HAUCHO SIK

Y XiWi
Yiwa =55 "W, )
Jie KOJKeH Xj € TIOKa3HUKOM, 1[0 Ma€ OYTH 3BaKEHUM, a KOXXEH
W; — #ioro BigHOCHOIO Baroro. Y HaIIOMy BHNaJKy BCi

TTOKAa3HUKH 115 3BaKyBaHHs X i yci Barun Wi e IHM2T.

AnroputmMu po3paxyHky LWA HaBeneHo, Hampukiaf,
y [4,5].

C. Hegasugpixayisn
Y 3aranbHOMY BHWIIQJKy, BiANOBiTHO 10 [2], BHXix
nepersopioBaya «HM-HM» wmoxe OyTH IpeicTaBiIeHO Yy

BHTJISIII PAHTY KOHKYPYIOUHMX albTEPHATHB, KJacy, IO SKOTO
HAJIC)KHUTH BUXI1JI IEPETBOPIOBava abo CIIOBA.
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OCKIJBKH OJIHIE€I0 3 IUIEH 3aCTOCYBaHHS PO3POOJICHOrO
METOAY € PaHKyBaHHS CIiBPOOITHHKIB abo 37100yBadiB moca,
BUKOPHCTOBYETBCSI METOJl PAaH)KyBaHHS Ha OCHOBI CEpeIHiX
nenrpoixis IHM2T [2].

SIKIO  METO  OTPHMaHHSI arperoBaHux OIHOK €
knacudikamis, To nedasudikamis mMoxe Oa3zyBaTHcs Ha Mipi
nigmaoxkuan [HM2T, sky omumcano B [6], i sika Moxxe OyTu
3anmcaHa sk [2]

By minGe (o). G+ By min G (). By ()

Zi )+ EL B

ssys(4,B) =

ne Xi (i=1,..., N) — piBHopo3noineHi Touku B X.

Hedazupixarop ITHM2T moxke ckiragatucs 3 «peayKropa
(3MeHnmryBaya) tumiby (type-reductor), mo nepersoproe IHM2T
Ha HewiTKy MHOXuHY mnepmoro tumy (HMIT) i1 Bmacue
nedasudikaropa, mo nepersoproe HM1T Ha giTke 3HAUCHHS.

[eperBopernns IHM2T Ha ciioBo Moke OyTH 34iICHEHO Ha
OCHOBI iHTepBaNBHOTO Mmimxoay [3].

I\V. METOJ OTPUMAHHS ATPETOBAHUX ITOKA3HUKIB SIKOCTI

Mertoi OTpUMaHHS arperoBaHWX IMOKA3HUKIB BKIOYAE
Taki eramu.

A. Ilonepeouni emanu, wjo 30ilCHIOIOMbCSL 00 PYHKYIOHYEAHHS
Icrrip

Ilonepeoniii eman Nel.  Po3pobka KOAyBaJbHOTO MPUCTPOIO
(dpazuikaropa) i3 3acTOCYBaHHSIM IHTEPBAILHOTO TTiIXOY.

ITin yac BuKOHAHHS eTamy ekcrepTh-(axiBli 3 PI3HUX
ramysell (€eKOHOMIKH, MEIWIMHH, TEXHIKH TOIIO) CKIAJar0Th
HepetiK CIIiB, SKUMH OY/yTh XapaKkTepH3yBaTHCs Pi3HI «BXiJIHI
MMOKAa3HUKM» SKOCTi, 1 BCTAHOBIIIOIOTH BIJMOBIIHICTE MiXK
3a3HAYCHUMH MOHSTTIMH-CIIOBAMHU 1 IHTEPBaIaMU MOMKIJIUBHX
3Ha4YeHb «BXITHUX IIOKa3HHUKIBY. Oxpim TOrO,
Ha IIbOMY €Tarli IPOBOJUThCS Po3paxyHok mapamerpis IHM2T
3a mapaMeTpaMu 3a3HaYCHUX IHTEepBAIiB.

Tonepeoniii eman No2.  OTpuMaHHS  BIAMOBIZHOCTI  MiX
KUTBKICHIMH 3HAUYeHHSMH Pi3HHUX «BXIJHAX TTOKa3HUKIBY i
ClOBaMM, 10 1X XapaKTepPH3YyIOTh, 13 3aCTOCYBaHHSIM

iHTEepBaNBHOTO miaxoxdy [3].
Tonepeoniii eman Ne3.  Po3poOka rpadoBoi Mmozei.

B. Emanu, wo 30iiicnioiomubcs 6 x00i pobomu ICITIIP
Eman Nel. ExcniepTHe OMiHIOBaHHS MOKa3HHKIB SKOCTI
¢ynxuionyBanus OCB/I.

Excneptu-daxiBii 3  pi3HHX Tamy3ed  (EKOHOMIKH,
MEIHIUHA, TEXHIKA TOIIO) BU3HAYAIOTH «BXIJHI MOKA3HUKI

skocti  ¢yHkmionyBanHs OCBJI. TlokazHukd  MOXYTh
OI[IHIOBATHCS K KITBKICHO, TaK 1 AKiCHO.
Eman No2. Qasudikamis  (BU3HAYCHHA  IapameTpiB

IHM2T, siki BiINOBIAAa0Th KOKHOMY BXIJHOMY ITOKa3HHKY).

[Tlin dYac BUKOHAaHHS e€Tamy BiANOBIAHO JO OIIHKH,
OTpUMAaHOi BiJi eKCHmepTiB, 3a TaOJWIIC0 BiIMOBIIHOCTI
«cnoBo — napamerpu IHM2T» BH3Ha4aloTbCs HapameTpu
IHM2T. VY pa3i KiJIbKiCHOTO OIIIHIOBAaHHS  «BXiJHOTO
MOKAa3HWKa» B TMPOIECI BHUKOHAHHS €Tally aBTOMATHUYHO

BHU3HAYAETHCS OI[IHKA KOXKHOTO IMOKAa3HHWKA (BCTAHOBIIIOETHCS
BIINOBITHICTh MapaMeTpiB MOKa3HUKIB OJHOTO 3i CIXiB, IO

BXOJSATH JIO TIIEpeNiKy, CKJIaJAEHOr0 Ha IONepeIHbOMY
erarmi Nel).
Eman Ne3. Po3paxyHOK y3araqbHEHOro 1 «IPOMIKHHX)»

IHM2T sBigmoBimHO mo rpadoBoi Momemi, po3pobieHoi B
Ipoleci BUKOHAHHS onepeaHboro eramry Ne3.

3asnaueni mapamerpu [HM2T  po3paxoByroTecs 3a
¢dopmynoro (1) sik cepenapo3Baxkeri LWA IHM2T nonepeanix
piBHiB  TpadoBoi  mozmemi. OIIHKH  arperyroThCs 3
BUKOPHUCTAHHSM Pi3HHUX BiJIHOCHHX Bar.

Eman Ned. Hedasudikamnis (BU3HAUYCHHS YiTKUX 3HAYCHD
y3arajJbHEHHX 1 <«IPOMDKHHUX» arperoBaHux OI[HOK, IO
Biamosigarore IHM2T).

V. BUCHOBKU

1. YV crarti mnOpomnoHyeTbcs SK TMOKa3HUKHU SIKOCTI
¢yukuionysanus OCB/I (edhexkTHBHOCTI pOOOTH ITiIIIPHEMCTBA,
CTyNeHs TOTOBHOCTI  BHUPOOHMITBA JI0 BBEICHHS B
ekcrutyatanito, piBHI @C cHiBpOOITHUKIB) U MpPOBEICHHS
pamxyBanHs 1 knacudikanii OCBJ]  BukopucTOByBath
arperoBaHi MOKAa3HUKY (y3arajbHEHI W BiATIOBITHI MPOMIXKHUM
piBHsAM arperamii — sKOCTi (YHKIIOHYBaHHS ITiAPO3ILTIB
MANPUEMCTB, ckiagoBux OC Too).

2. OOuYHCNCHHS arperoBaHMX MOKAa3HUKIB IIPONOHYETHCS
MIPOBOJIMTH Ha OCHOBI TEOPil HEUITKMX MHOXKHH i 00UUCIIeHb 31
CIIOBaMH 3 ypaxyBaHHSM Bar Pi3HUX «BXITHHX HOKa3HHUKIBY.

3. Po3pobneHo mozens cucteMu 0OpOOKH JaHUX, sIKa €
mgcucremoro ICIIIIP OIIP, i MeToj OLIHIOBAHHS SIKOCTI
¢ynkuionyBanus OCBJI, 3acrocyBaHHS SIKMX JI03BOJISIE
OTpPHMATH y3arallbHEeHY OLIHKY sKocTi (hyHKIionyBanHs OCB/]
B I[JIOMY 1 TXHIX OKPEMHX CKJIQJIOBHX Ha OCHOBI JIIHBICTHYHHX
OLIIHOK OKPEMHX «BXiJJHUX IIOKa3HHUKIB, L0, Y CBOIO YEPry, Ja€
MOXJIMBICTD IIPOBEJICHHS PaH)KyBaHHS 1 Kiacudikauil pisHUX
OCB.

4. Po3po0iieHi MOEIb 1 METO/I € OCHOBOIO JIJIsl CTBOPEHHSI
ICTIITP OIIP.
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Planning of distribution of time resources by it project
stages

Fedorchuk Yevdokym

dept. of Software
Lviv Polytechnic National University
Lviv, Ukraine
koval946@ukr.net

Anomauin — B cTaTTi pO3rJISIHYTO KOMILIEKCHY NMPO0JieMy
IJIAHYBaHHA po3noainy pecypciB B MeHemkmeHTi IT-
npoekTiB. 3anpomoHoBaHO [JBI MoJedi Ha OCHOBIi
0HTHMi3aHiﬁHPlX 3ajav i IVIaHYyBAaHHA ONTUMAJbLHOIO
PO310/iJly 4aCOBOI0 pecypcy.

Abstract — The article considers the complex problem of
planning the allocation of resources in the management of
IT projects. Two models are proposed based on
optimization problems for planning the optimal allocation
of time resources.

KirouoBi cioBa — mnuaHyBaHHA; pecypec; MeHeIKMEHT;
onTuMizanis; Moaeib;
Keywords— planning;
optimization; model;

resource, management;

l. Bcrv

Opna 3 HawBaxiuBimumx ¢yHknin IT-mgposgimy —
TUIAaHYBaHHS, HacaMIlepe i BU3HaYEeHHS TOTO, SIKi HOBI pecypcH
BKJIIOUMTH B Oi3Hec-Tpoliec po3poOKH MPOEKTY BiIIOBIIHHM
yuHOM. bibmioTekn Halikpamux npaktuk [ T-ympasminnas ITIL i
pimennss ITSM BrmovaroTs smmre QopmainizoBaHi onmcH
opranizauii po6orn IT-mizposaminiB 1 ynpasminas IT-
mocayramMu. B Toit ke wac mnms edexkTtuBHOI pobOTH Han
MIPOEKTOM HEOOXiTHO MaTH CYKYNHICTh Pi3HOMAaHITHHX
MaTeMaTUYHUX MOJENeil Ta alrOpUTMIB, MPHU3HAYEHHX JUIs
PO3B’sA3aHHSA Pi3HMX 3a]a4 yIPABIiHHI IPOESKTOM

Takox, BaxumMBHM (HDaKTOpOM TIpH PO3pOOIli HOBOTO
MPOrPaMHOTO 3a0€3MEUYEHHS € JOTPUMAHHS Ta 3a0LIaPKCHHS

Vons Yuryi

dept. of Software
Lviv Polytechnic National University
Lviv, Ukraine
yura.vons@gmail.com

YacOBHUX PECypCiB JJsl MIATPUMKHA HOBU3HH 1/1el CTBOpPEHHs
POTPaMHOTO 3a0€3MEeUYCHHS Ta JIJIsl 3a01aKCHHS () iHAHCOBHUX
pecypciB. IlpuiiHsTHE ynpaBiiHHS NPOEKTOM - i€ MPOIEC, 3a
JIOTIOMOTOI0  SIKOTO  BiAOYBaeTbcsd pPO3poOKa MPUHHATHOT
CHCTEMH, K€ TUIAHYETHCS Ta KOHTPOIIOETHCS 3 MiHIMaIbHUMHU
BUTpaTaMH Ta NPOTATOM MEBHOTO Nepioay dacy.

OpHi€0 13 TPUYHH MPOBANY KOMIIaHIH TpH po3poOri
MIPOTPaMHOT0  3a0e3NeYeHHs] €  HeNpaBWIbHA  OIIHKA
3aTpayeHUX pecypciB, a caMe, HEOOXiTHOTO dYacy s
CTBOpEHHS cHUCTeMH. HeKopekTHO BH3HaueHi abo He
eheKkTuBHO  cPOpMyIbOBaHI  4YacoOBi  MeXi  PO3pOOKH
OPOTPaMHOTO 3a0e3MeUeHHsI 3HAYHOK MIPOI0 BIUIMBAIOTH HA
KUTBKICTh 3aTpauyeHHX pEeCcypciB Ta Ha IMIBUAKICTE BHXOAY
CHCTEMH Ha PUHOK JIJIsl OTpUMaHHsI IpuOyTKy. Jlany npobiemy
MOYKHa BHPILIUTH 32 JONOMOTOIO POrPaMHOTo 3a0e3MeueHHs,
sSIKe JI03BOJINTh €()EKTHBHO BUKOPUCTOBYBATH 4acOBi pecypcu
Ha PI3HUX eTamax >KUTTEBOTO IMKIY pO3POOKH Ta sKe
JI03BOJINTH BU3HAUUTH HEOOXiJHI 3aBJIaHHS i 4ac po3poOKn
cucteMu. PakTop Yacy € O/IHIEO 3 TOJOBHUX IPHUYUH HEBIAJIOT
PO3p0o0KH IpOrpaMHOTo 3a0e31eYeHHs POEKTH.

Il. MOJEI OJ151 INIAHYBAHHS PO3IIOALUTY YACOBOI'O
PECYPCY

[MuTanHs ympaBmiHHA JOCTYIIOM JO PECypciB
pO3MIIIAIOTECST B 0araTthoxX mpansgx. AJe 3amnporoHOBaHi
MoOZeNi 1 MEeTOAM PO3MOAUTY pecypciB HE BpaxoBYIOTh
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KOMIUICKCHUI Xapaktep mnpoOieMu. bpakye yHiBepcalbHHX
MoJieNeit po3noiy pecypciB s TpuBaiux IT- mpoekTis.
Jns TinaHyBaHHS —PO3IOIUTY YacOBOIO pecypey

BUKOPUCTAHO IIAXiJ, 3almponoHOBaHWii B poboti [1].
Po3risaaeTsest oIl JKUTTEBOTO LIMKITY PO3POOJICHHS IPOCKTY
Ha psia Oi3Hec-TPOLECiB — OKPEMHUX eTalliB BUKOHAHHS POOIT.
Mopens TaHyBaHHS 3aTpaT dYacy Ha OKpeMHH eTar
(dopManizyeThess y BUIIIAAL 3a7adi ONTUMI3Allii 0OMEXEHOTO
pecypcy uacy Ha BUKOHaHHS 3a/1aHOTO erary. B maHiit po6oTi
MIPONIOHYIOTHCS BI MOJENI IUIaHYBaHHS PO3IOALTY pecypciB
[1].

1. 3agaua onTuMmizanii 4yacy BHKOHAHHSI TPOEKTY.
3anucyeThes y BUTIIAMIL - 3HANTH

min @ = (Y 1, -T,,)

e N - KUIBKICTh €TalliB PO3pOo0JICHHA MpOeKTy; tk - 4ac
BUKOHAHHS OKPEMOTO €TaIry;

Tpro - wac Ha po3poOKy mpoekTy. 3amada MiHIMizamii
BKJIIOYAE TPsMi OOMEKEHHS Ha 4YacoBi PeCypCH KOXHOTO
eTainy:

by min <=1, <=t

k,min k,max

B IT- mpoekTax MOXHA 3aCTOCOBYBATH 3MiHY 1 KapOBOTO
pecypcy BHKOHABI[B Ha KOKHOMY eTari mpoekty. s Takux
BapiaHTIB yNpaBJIiHHSI MOXHA 3alpOIMOHYBATH MOJEIb 3aadi
ONTUMI3aIlil YacoBOTO Ta KAJAPOBOTO peCcCypcy 3a eTarmaMu
BHKOHAHHS.

2. 3agaya onTuMi3zanii 4acoBoOro i KagpoBoro pecypcy.
dopmarizoBaHa TAKUM YHHOM: 3HAUTH

min =) n;t; =Tpro)?,
i=1

Je M — KiJIBKICTB eTatiB MpoekTy. Brirrouae oOMexeHHs Ha
pecypc 4acy Aiisl OKpeMOi rpyny BUKOHABIIB eTary-

ti,min <= ti <= ti,max;

Ta 0OMEKEeHHS Ha N- KUIBKICTh BUKOHABIIB B 1-Tiil rpymi-

1<=n,<=n,

Lmax *

I1l. BUCHOBKH

PosrnsHyTi Momemi 3amad € HENHIHHUMH 3aJadaMy
HemepepBHOi onTUMizarii. PilmmeHHs Takux 3amad onruMizarii
moxxHa BukoHatH B cuctemi EXCEL 3a HasBHOWO B HI
npouenyporo I[TOUIYK PIINEHHS. Lle no3BoauTh oTpuMaru
pi3HI creHapil IIaHyBaHHS 3aTpaT NPH 3MiHI OOMEXeHb Ha
YacoBi Ta KaJpOBI PECypCH eTamiB MPOCKTyBaHHA. HasBHICTh
TaKUX TaHUX € BaXKIIUBOIO I ITPUMKOIO JJIs IPUAHATTS PIlICHb
y MeHekMeHTi I T-npoexTiB.
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I.  Bcryn
OmuH 3 HeOE3NMeYyHHX po3JagiB — IOCTTPaBMAaTHYHHUN

CTPECOBHI pO37aa — MOXE CYINPOBOIKYBATHUCS OE3COHHSM,
MiIBUIICHOI 30YIKYBaHICTIO, MOPYIICHHSAM KOHIICHTpAIii
yBaru, Toio. ToMy marfieHTam i3 TaKUMH po3NaJiaMH HaJTa€ThCS
pa3oM i3 MCHUXOJOTIYHOK W MeauyHa gomnomora. JIiKyBaHHS
MOX€ BKJIIOYATH AaHTUACTIPECAHTH Ta TPAHKBLTI3aTOPH Ta
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CHpsIMOBAaHE Ha IOJETIIEHHS CHUMIITOMIB, 3a3HAaYCHUX BHIIE.
OpmHak aHTHACTIPECAHTH MAIOTh 3HAYHY KUTBKICTH MOOIYHMX
e(eKTiB, a TPAHKBUI3aTOPH MOXYTh BHKJIMKATH 3BUKAHHS,
gepes M0 X IPU3HAYAI0Th KOPOTKAMH Kypcamu 10 10 nHiB.

VY To#f cammMii yac BXXE JABHO ICHYIOTh pi3HI IUXalbHi
TEXHIKH, y T. 4. HOTIBCHKI, SIKi 3/1aTHI MMOJIETIINTH, a00 B3araii
YCYHYTH TPHTaMaHHI TNCHUXOJOIIYHUM pO3JafaM CHMIITOMH.
TunoBi MeTH IUXaNPHHX TPEHYBaHb IIATBEPIUKYIOTH IIe:
«YCYHYTH OE3COHHSI», «3aCIIOKOITUCS», «30CEPEITUTUCS», TOLIO.
TakoX CJIiJl HArOJIOCHUTH, 110 3aCTOCYBAHHS JHXAIBHUX TEXHIK
HE Ma€ MpOTUIOKa3aHb Ul (DI3UYHO 370pOBOi JIFOJMHHU.
EdexTuBHICTh TUXANBPHIX MPaKTHK OOYMOBJIEHA THM, IO 3a
GYHKIT AUXaHHS Ta CepUEOUTTS BiIOBIAAIOTH Ti caMi IICHTPU
CUMIIATUYHOI Ta MAapacUMIATHUYHOI CHCTEM aBTOHOMHOL
HEpBOBOI cHCTeMHU JIIOAUHH. OT)Ke MOAYJIIOIOUH BILUIUB Ha OJIHY
3 IUX (QYHKI[IH MH MOXXEMO OIOCEPEAKOBAHO BIUIMBATH Ha
IHIITy, TApMOHI3YIOUX BHYTPIIIHIN CTaH JFOAWHY BiIIOBIIHO 10
00paHoi METH.

Il. TIOCTAHOBKA 3AJIAUI

Jlist ynpaBiiHHS AMXaHHSM BHUKOPHCTOBYETHCS MOHSTTS
(bopMynH TUXaHHS: BIUX — ay3a — BUIUX — ay3a. TpeHyBaHHS
Y BIIMOBITHOCTI 10 0OpaHOI METH MOXXHAa BUKOHYBATH 3a BXKE
po3pobieHuMu  GOpMyJTIaMu AMXaHHS, SKI IMPUB’sA3aHl 70
abcomotHOTro 4acy. [1ix gac peabimitarii mCHX0JIOTH HABYAKOTH
KJII€HTIB TaK 3BAaHOMY «IMXaHHIO 1O KBajpary». [Ipuuomy
PEKOMEHIOBaHO BBOAWTHU IMXaJbHI BIPaBH y IPOLEC 3aHATH

skomora  panime. OnmHak y  BIIOMHUX  Hampsamax
«XpoHOoOi00TiA» Ta «XPOHOMEIUIIMHAY HABEICHO JaHi Ipo
e(EeKTUBHICTP BUKOPHUCTA@HHS TEXHIK IEPCOHAII30BAHOTO

YIPaBIiHHS TUXaHHIM, KOJIH 3aMiCTh OJUHUIIb Yacy (CeKyH/H,
XBUJIMHH) BUKOPHCTOBYIOTBCS YIIapH MyJbCy iHauBiAyyMma [1].

3a3Buyail MIOJMHA MOXE PO3BHHYTH CIIPOMOXHICTh YyTH
BJIACHMH MyJIC 3aBASKMA TPUBAJIMM TpPEHYBaHHIM (Micsl,
poku). [ns monmed, ski 3BepTarOThCA MO JOMOMOTY [0
NICUXO0JIOTa, TaKi YMOBM HENPUHHSATHI, OCKUJIBKH J0IOMOTa
moTpibHa HeraifHo. Ili mepemkogum MOXHa —ITOIOJATH
CTBOPHMBILYM [EBHE MporpamMHe 3a0e3ledeHHs /jsd aHailizy
KapAiOCHTHANY, II0 HAIXOAWTh BiJ KapaiopeecTpaTopa, Ta
TeHEepYBaHHS MOJIT «yAap MyJIbCY» JUIsi BCTAHOBJICHHS YaCOBUX
IHTEpBAJIiB Yy BiAMOBIHIN (OPMYITi TUXAHHS.

3Bakaroud Ha BCE BHUINE CKa3aHE MEPCOHATI30BaHA
aBTOMATH30BaHA TEXHOJIOTIS YIPABISIHHS JUXaHHIM MOXE
HaJaTH TICUXOJIOTaM iHHOBAI[iMHHUIA 1HCTPYMEHT AJisi pOoOOTH 3
KIIIEHTOM.

I11. TIOIEPEJIHI PE3YJIBTATH EKCIIEPUMEHTY 3
BUKOPUCTAHHSIM ABTOMATHU30BAHOI TEXHOJIOT'Ti
VIIPABJIIHHS JUXAHHSM «"APMOHLISI»

Exkcriepument Oymo mpoBeneno y LleHTpi mcuxomorigHoi
peabimitanii  «Bimkpuri  aBepi».  OCHOBHOIO  METOIO
eKCIIEpUMEHTy Oylia TmepeBipka TilmoTe3W TPO MOIKIIUBE
MiABHUIICHHS e()eKTUBHOCTI CECiii MCHXOJOTIYHOI peadimiTamii
3a paXyHOK BKJIFOUEHHS J10 CKiaay cecii 20 UKIIB AUXaTbHOTO
TPEHYBaHHS Iepe]] OCHOBHOIO KOHCYJbTali€eto. L rimoresa, B
CBOIO Uepry, 6a3yeThcs Ha BiIOMHX Ta HAYKOBO-00IPYHTOBaHUX
BJIACTUBOCTSX MUXAIGHUX TPEHYBaHb 3MIHIOBATH OAJIaHC MiX

CUMIATUYHMM Ta IIApPaCUMIIATHYHUM BiJIIaMH HEpPBOBOL
CHCTEMH Ta 30UTbITYBaTH BapiaOeIbHICT CEPIICBOTO PUTMY.

B ekcnepumeHTi OyJ0 BHUKOPHUCT@HO aBTOMAaTH30BaHY
TEXHOJIOTIIO YIIpaBJIiHHsA quxaHHsM «[ apMoris» [2], 30kpema ii
¢byHKUiT moo:

e MOXIHMBOCTI 3amucy B  OU(POBOMY  BHIIIAAL
€JICKTPOKAPAI0TpaMH JIIOANHHU Y MEPIIOMY BiZBEICHHI,

®  MOXIMBOCTI YHPaBIATH (GOPMYIIOI0 TUXaHHI HAa OCHOBI
i  mepconamizauii RR-iHTepBanmamu  KOHKpETHOI
JFOJIMHH.

[Iporpamy excniepumeHTy Oys10 TOOYZOBaHO Ha OCHOBI IIUX
IBOX MoxumBocTei. [Ipum mpomy, B excrmepumeHTi Oyio
BUKOPHCTAHO TIJIBKH OJHY 3 MOJIIMBHX (DOPMYJ IUXaHHSI
«Po3cnaburtcey, MO Mae Ha MeTi 3cyB OalaHCy HEPBOBOI
CHCTEMH y MapacUMIIaTHYHHUIA Oik. BHKOpUCTaHHS came Takol
(GhopMyNH TOSICHIOETBCST THM, IO OUIBIIICTD KITI€HTIB HEHTPY
MaJI BUCOKY TPHBOKHICTb.

BumMiproBaHHs 3/1iHCHIOBAIUCS 33 HACTYITHOIO MPOrPaMOIo:
o 3amwmc EKT Ha mouaTky cecii — 3 XBHIMHH,

e 15-20 numkiiB auxaHHs 3a Gopmyioo «Po3cnabuTuce»
M  YOPaBIiHHAM  TIPOTPAMHOTO  3a0e3MEUCHHS
TexHouorii «"apMoHis»,

o 3ammc EKT micis kepoBaHOTO AMXaHHS — 3 XBUAJIAHH.

OuiHKy BEreTaTWBHOIO OallaHCY HEPBOBOI CHCTEMH 3a
BapiaOeNpHICTIO pUTMY ceplil OylIo BHKOHAHO Y MpPOTpami
«Opaxymn» [3, 4]. YacTuHy OTpUMaHuX pe3yNbTaTiB HABEJCHO Y
Tabmm 1.

TABLE I. TTPUKJIAJT OIITHKU BETETATUBHOTO
BAJIAHCY TTALIIEHTIB 3A BAPIABEJIbHICTIO PUTMY CEPILIS

BereraTuBHmii 6aanc
ITamient
/o mpenysanns ITicns mpenysanns
2016I'0 15,36 2,47
11291110 3,25 1,88
2084I°C 7,79 1,18
1196111H 7,89 7,86
2096MI 8,14 4,11

[Toka3HUKM BereTaTMBHOTO OanaHCy HaBEJIEHO B YMOBHHX
ONUHMIX. 3HAa4eHHS MeHmi Bix | — mepeBakaHHA
MapacUMIIATHYHOTO BiAaUTy, Bif 1 10 3 — HOpMa, OiIbmIi HiXk 3
— TIepeBaKaHHsSI CUMIIATUYHOTO BiITy. Y JHEB’STH 3 JECATH
MAli€HTIB, IO MNpUAMann ydacTb B  EKCHEPHMEHTI,
criocTepiraBcs 3CyB BEr€TATUBHOTO OalaHCy HEPBOBOT CUCTEMHU
y 0iK MapacUMIaTUYHOTO BITY ITICIS KOKHOTO JAUXAIBHOTO
TpeHyBaHHS, IO MiATBEPIUIIO BUCYHYTY TillOTE3Y.

BUCHOBKU

3a pe3ynbTaTaMu anpoOarii TEXHOJIOrii aBTOMAaTH30BaHOTO
YIpaBIiHAA IUXaHHSIM «[ apMOHis» B IEHTPI NCHUXOJOTIUHOI
peabimitanii Oy/l0 OTpUMaHO IO3WTHBHI PpeE3yJibTaTH ILOAO
MiIBUIICHHS €(QEKTUBHOCTI KOMIUIEKCHOI — IICHXOJIOTi9HOL
peabiiTarii KIi€HTIB 3 BUCOKMM PiBHEM TPHUBOXHOCTI.
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Anomayia—3anponoHOBaHO YHiBepcaJbHMiIi NpHCTpiii Ha
0a3i 0araTomoporoBoro ejgeMeHTa 0araTo3HAYHOI JIOTiKM [Jis
nodya0BH TPiiikOBUX YyHapHUX omnepauiii. Po3poéieno meron
CHHTe3Yy BCiX TpiiiKOBHX YHAPHHUX onepauiii.

Abstract— A universal device based on a multithreshold
element of multivalued logic for constructing ternary unary
operations is proposed. A method for the synthesis of all ternary
unary operations has been developed.

Knwuoei cnosa—mpiitkoea nozika; mpiiikoei ynaphi onepauii;
Memoo cunmesy yHapHux onepayii

Keywords— ternary logic; ternary unary operations; method of
synthesis of unary operations

I. Bcryn

TpifikoBa JIOTiKa Ma€ psijL IepeBar MOPiBHAHO 3 IBIHKOBOIO.
Lle Taki, sIK MPUPOJHE IPEACTABIECHHS YHCEN 31 3HAKOM, HE
MOTPIOHO BHKOPHUCTOBYBATH 3BOPOTHIA a00 JTOJATKOBUI KOJ
abo criemiaJbHUN 3HAKOBHH OIT; KOMaHAa PO3TAITyXEHHS I10
3HaKy B TPifiKOBilf MaIyHi 3aliMa€e B 1Ba pa3y MEHIIIE Yacy, HiK
B JBIHKOBiH; B TPHBXOJOBOMY TpPIHKOBOMY CyMaropi
MIepeHeCeHHsI B HACTYITHHUI pO3ps BUHHUKAE B § CUTyawisx 3 27,
a B IBIHKOBOMY cymatopi — B 4 3 8; TpupiBHEBHI CUTHAI OLIbIII
CTIMKWIA 10 BIUIMBY HEPEIIKO/l B JiHIAX Mepeaadi i crermiaibHi
METOAM HAJUIMIIKOBOIO KOJIYBaHHSA TpilikoBoi iH(opmarii
NPOCTIL, HIX JBIHKOBOI.
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Il. YHAPHI OIIEPALIII B TPIMKOBII1 JIOT'ILII

B ngifikoBiit sorinii € Bchoro 4 omepamii I OJHOTO
aprymeHra, TOOTO yHapHUX. Y TOH K¢ 4ac B TPIMKOBIH JIOriLli
icHye 27 yHapHUX ormepariii. Po3risaemMo geski 3 Hux. OTxe,
nepia — 1e iHBepcis. TpilikoBa iHBepcCist — yHapHa omneparis,
sKa MiHS€ MICIIMH JiBa 3 TPBOX JOTIYHMX cTaHiB: NOT -
iHBepcis, 1o Minse Micisivu 0 1 +1; NOT — iHBepcis, 1o MiHse
micusmi -1 1 +1; NOT™ - inBepcis, 1o minsie micisimu -1 1 0. B
Tabun. 1 HaBeneHa TabNuI ICTHHHOCTI AJIst oriepariil iHBepcii.

TABLE I. TABJIALS ICTUHHOCTI YHAPHUX OTIEPALIII
Tabauus icrunHOCTI onepauiii inBepcii
a
NOT- NOT NOT*
— _ + 0
0 + 0 -
+ 0 — +
HacTynHa oJHOMiCHa omepalisi — omepaiis BuGOpy. Ix

TakoX TpH. TabJuuIls iICTHHOCTI KOXKHOT 3 IUX TPHOX OTeparlii
MICTHTB BCEOIU "—", KpIM €JMHOTO 3HAYCHHS, SKE HEI0 MOXHA
BruOpaTn. OnHi€0 3 HANMOMUPEHIIUX OJHOMICHUX OTIeparliil €
MoaudiKaIlis - 301IbIIEeHHS Ha OAUHUITIO 110 Moayto Tpu (INC)
1 3MeHIIeHHs Ha oguHUIT0 1o Moayiio Tpu (DEC). 36insmenns
Ha OJMHUIIO IO MOIYII0 TPU — 1€ IUKIIYHE JOJABaHHS
OIUHMII. Y pa3i MEepPernoBHEHHS TPUTA PAaXyHOK ITOYHMHAETHCS
3HOBy. Hactymui omepanii — rpaHu4He 30UIBLICHHS 1
3MeHIeHHsS. BoHM ¢X0Xi 3 omepaTopaMu Moudikaltii, ajne mpu
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MEPENOBHEHHI TPHUTa PAaxXyHOK HE TOYHHAETHCS 3HOBY, 1
3HAYEHHS TaK 1 3AJIMIIAETHCSA MIHIMAJILHUM a00 MaKCUMaJIbHHM
[1]. Hukmiune 3amepedeHHs] MO3HAYAETHCA (a) 1 IHUKIIYHO
3CyBa€ BXiTHI 3MiHHI.

I1l. YHIBEPCAJILHUIA IIPUCTPIN U151 PEAJII3ALIIT TPIMKOBUX
OHOMICHHX chHKLUP“I\

Ha ocHOBi 0aratomoporoBoro ejaeMeHTa OaraTo3HA4YHOL
Joriky, moOyxoBanuii yHiBepcamsHui npuctpiit (YII) [2], 3a
JIOTIOMOT OO SIKOTO MO>KHa OTpUMaTH yci 27 TpiHKOBUX YHAPHHUX
omepaniil. Bin ckimamaetses 3 010Ky hopMyBaHHS IIOPOTiB, ABOX
eMITepHHX TIOBTOPIOBAYIB 1 YOTUPHOX CTPYMOBHUX IIEPEMHUKAYUIB,
a TaKOX JDKepelia CTpyMy, 10 IpH3HaYeHE ISt 3CYBY BUXiJHOTO
curHainy Ha «+1» abo «—1». VII mae onuH BXiJ Ui TPIAKOBOT
3miHHOI (+1, 0, —1) Ta 8 BUXigHMX cUTHATIB. B 3anexHOCTI Bix
noenHanHs BuxonxiB YII Ta koHcTaHTH, 1O (oOpMyeThCs
IDKEpeJIoM CTPYMy MOXKHA pealizyBaThH OyIb-sKYy TPIHKOBY
OJTHOMICHY (PYHKIIIIO.

Ha Bxig B®II Hagxomuts Tpiiikosa 3MiHHa a. BOII ¢popmye
nBa cuMeTpuyHi noporu. Buxonu BOII mogaroThes Ha eMIiTepHI
mosroproBaui  EITl, EII2, Ha Buxomi SKuX (QOPMYIOTHCS
HaNpyrd, B 3aJeXHOCTI BiJ BXifHOro crpymy. lloenHyrouu
Buxoanu CII1 — CII4 ta kOHCTaHTY, C(OPMOBAHY IIKEPEIOM
CTpyMY, MOXXHa OTpHMAartu HEOOXiJHy TpPIHKOBY YHapHY
¢dyHKIITO.

V. METOJ IOBYJIOBU TPIIKOBUX YHAPHUX ®YHKIIII

Ha ocHOBi yHiBepCaJbHOTO MPHUCTPOIO OYIIO pO3pOOICHO
METOJ, II0 J03BOJISIE OTPUMATH BCi TPIHKOBI YHApHI (QYHKIIII.
JIyist BUKOPHCTaHHS. METOJy HEOOXiTHO KOPHCTYBATHCS JIWILE
Ta0J1.2, BXIIHAMH 3HAYEHHSIMH 1 BIAIIOBIIHUMU iM BUXITHUMH
3HAUEHHSMH QYHKLIT, 10 OyayeThCs.

TABLE Il TABJIMLS ICTUHHOCTI YHAPHUX OIEPALIIA
Cyma BuxiaHi CMTHAJIM CTPYMOBHX NlepeMHKAYiB
BXVIHIX +R1 +L1 -R1 L1
CTpyMiB
— 0 + —
0 + 0 -
+ + 0 0 -

Meroj 1100yJ0BH OHOMICHUX TPiHKOBUX (YHKIIH Ha 0a3i
VII nossirae B HACTYIMHOMY:

1. Ob6wupaemo HaGip (Ne B Tabnmrii icTuHHOCTI) yHKIIT,
SIKMH OyZieMOo pealli3oByBaTH IEPILINM: 1ie HE HyJIbOBE 3HAUCHHS
(«+» abo «—»), axoro B (hyHKHii MeHIIe. SIKII0 HEHYIbOBHX
3HAaYEHb OJHAKOBA KUIBKICTh, TO OOMPAEMO Te, SIKE BiNIOBITa€e
HEHYJIHOBOMY BXiTHOMY apTyMeHTY («+» a00 «—»). Sk €1 Te,
1 iHI11€, TO 00MpaeMo OyIb-sKe.

2. O6upaemo RL-(yHKIIif0, siKa peaitizye 3HaY4CHHS 3 1.1,
HE3aJIC)KHO BiJl OTPUMAHUX 3HAYCHP MU 1HIINX apTyMEHTaX.

3. OOwupaemo Habip (Ne B Tabauui iCTHHHOCTI) QYHKIII,
SIKHH OyZeMO pealli3oByBaTH APYTUM: LI HE HyJIbOBE 3HAUCHHS
(«+» abo «—»). SIKuIo ABa HEHYJILOBUX 3HAYCHHS, TO OOUPAEMO
Te, SIKe BINNOBia€ HEHYJIHOBOMY BXiTHOMY apryMeHTy («+»
ab0 «—»). Inakme, obupaeMo Te, 0 3MIHUIIOCH ITPU BUKOHAHHI
m2.

4. Oo6upaemo RL-¢pyHkmito (abo ii BiACYTHICTB), sKa
peamizye 3HaueHHs 3 1.3 (MOXJMBO, ix Oyzxe aABi, A
KomreHcanii niit ¢yHkuii 3 m.2). Sxmo ¢yHKOis 3 m.4 3MiHIOE
3HAYCHHA I1.1:

®  Ha HYJNBOBE, TO He0OXiqHO momatu RL-¢yHKIiO 3 m.2.

e  |HaKIIe, HeoOximHO  momatum  RL-dyHKmito 3
MPOTHJICKHUM 3HAYCHHSM Yy BHOpaHOMY B I.1 HOMepi
¢byHKIIT 3 1.4,

5. Oowupaemo RL-dyskuito (abo Ti BifcyTHICTB), ska
pearnizye (abo BIAMOBITHIM YHHOM 3MIHIOE) 3HAYCHHS, IO
3aNUIIIIOCK. SIKII0 (GyHKIIA 3 1.5 3MiHIOE 3HAYCHHS 1.1 :

®  Ha HYJIBOBE, TO He0OXiqHO momatu RL-¢yHKIifo 3 m.2.

e  |HaKIIe, HeoOXximHO  momatm  RL-dyHKmito 3
NPOTWISKHUM 3HAYeHHSIM Yy BUOpaHoMy B 1.1 HOMepi
¢GyHKIIT 3 1.5.

Sk GyHKLis 3 1.5 3MiHIOE 3HaYEeHHS 1.3:
®  Ha HyIbOBe, TO HeoOXinHO nmomatu RL-¢yHKIiO 3 11.4.

e imakmie, HeoOXigHO  gomatd  RL-dyHkmito 3
MPOTHIICKHUM 3HAYSHHSIM Y BUOpaHOMY B 1.3 HOMeEpI
¢byHKii 3 1m.5.

6. Omnrumizanis. Sxmo B orpuManHoMy Habopi QyHKIiH €
Taki, siki B CyMi JalOThb KOHCTaHTY («+1» um «—1») Ha Bcix
HaOopax BXIHUX apryMEHTIB, TO IX MOXHa 3aMiHHTH Ha
KOHCTAaHTY «+» a0 «—».

V. BUCHOBKU

B po0oTi 3amponoHOBaHO BHUKOPHCTAHHS YHIBEPCAIBLHOTO
NPUCTPOIO JUIsi MOOYNOBM TPIHKOBUX YHapHHUX oOIlepaiiil.
Po3pobneHo MeTo/1 CHHTE3Y BCiX TPIHKOBHX YHAPHUX OTICPAITii.
B pe3ysbraTi BAKOPUCTAHHS METO/Ly OTPUMYEMO TaOJIHIIIO, KA
MICTHTB TIEpeIliK BUXO/IB CTPYMOBHX IePEMHUKaUiB, sKi Tpeda
00’€eIHATH [T TOTO, 11100 OTpUMATH HEOOXiTHY (PYHKITIO.
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. Bcryn

JlaHe JOCIHi/UKEHHS TPUCBSIYEHO METOJaM YLITbHEHHS
MPUPOTHOMOBHHUX TEKCTIB. Taki MeTo 1 MOXKHA MOJIUTUTH Ha 2
kimacu: 1) MeToaw, moO 3a0€3MeYyrOTh CTYIIHb YIIUTHHEHHS,
O6nm3pkuit 10 TeopernyHoi Mexi (eHtponii lllenHoHna); 2)
METO/IH, [0 3aBISKU 3HWKCHHIO Koe(illieHTa CTUCHEHHS Aal0Th
iHIII TepeBard, Taki SK IIBUIKICTh JEKOJXyBaHHS abo
MOXJIMBICTh TOIIYKYy B CTUCHYTOMY (aitmi 0e3 Horo
posmnaxkyBaHHs. MeToau mepuioro kiacy 0a3yroTbes, 30KpeMa,
HAa TAaKWX BIIOMHX KOJaX, sk koju Xadmana [1] uu xoau Ha
OCHOBI ACHMETPHYHHX CHCTEM 4uclieHHs [2], a edexTuBHUMHI
TIPUKJIAIaMH KOJIIB, 1110 BUKOPHUCTOBYIOTECS B METO/IaX IPYTroTo
Kiacy, € komu Pibomauui [3], mymsTHpo3mimEHUKOBI [4] Ta
pEBEpCHI MYNBTUPO3IIIBHUKOBI Koau [5], a Takox GalWTOBi
koxu SCDC [6] ta RPBC [7].

Cepexn mepenidyeHUX KOAIB HalripmmM KoegilieHToM
ctucHeHHA (14—16% Big eHTpOmiHHOT MeX1) XapaKTepH3yIOThCS
0aiTOBI KOJH, OJHAK JUI1 HUX X€ PO3POOJIEHO 1 HaNIIBHIII
MeToau aekomysanHus (quB. Tadm. |). Ilpu upomy komum SCDC
HA/Ial0Th MOKJIMBICTH IOUTYKY B YIIUTFHEHOMY (aiimi, a Koan
RPBC — Hi.

VY wiii cTarTi 03HAYEHO CTUCKAIBHUMA KOJI, 110 0a3yEThCs HA
BIZIOMOMY CIIOCO01 TOJaHHS TPIMKOBHX YMCEN 3a JIOMOMOTO0
nBitikoBux cuMBoiiB [8]. K cBimyaTh €KCIIEPUMEHTH, BiH

niepeeprye 6atitoBi kogn SCDC ta RPBC sk 3a koedinierToOM
CTHUCHEHHSI, TaK 1 3a IMIBWJKICTIO JIGKOIYBaHHS, a TaKOXK Ja€
3MOTY BUKOHYBATH TOIIYK B YIUIEHCHOMY (aiiii.

Il. O3HAYEHHSA KOOY

eitixosuit Koo Tpitikosoeo Ilodanns HEBIN €MHHUX IUTHX
grcen (AKTII) micTuTh KOIOBI ClIOBa JIMIIE MapHOi OiTOBOI
JOBXUHH. TakuM 4MHOM, KOKHE KOZOBE CJIOBO MOXe OyTH
MOTiIEHe Ha TTapy OiTiB, OCTAHHSA 3 IKHUX 3aBXIHU JOpiBHIOE 11 i
IHTEpIPETY€EThCs K PO3AUIBHUK. YCi 1HIII Mapyu OiTiB MOXKYTh
HaOyBatu 3Ha4eHHA 00, 01 a6o 10 i MOXYTh TIlyMaunuTHCA SIK
TPiIHKOBI IU(PPU — TPITH.

MHOXHHY KOJOBHX CIIB, BIOPSAKOBAaHY 3a 3POCTaHHIM
TXHIX JOBXXHH, MOKHA C(DOPMYBATH 32 IIPOCTUM HPHHIUIIOM:

e 3anucyeMo cioBo 11 (mporymepyemo Horo sik 0);

® 3amUcyeMO BCi  2-TpiTHI  CJIOBa, BIIOPSJKOBaHIi  3a
3pOCTaHHSM 1 JIOMOBHEHI po3aiibHuKOoM 11 (ix Oyne 3);

® 3amucyeMo BCi 3-TpiTHI cilOBa, BIOPSIKOBaHI 3a 3poc-
TaHHSAM 1 JIONOBHEHI crnpaBa posfinbHuKOM 11, a 3miBa —
HyJIsIMH (TakuXx ciiB Oyne 9) Tomo.

MHOXWHHY CITiB JOBXHUHOO <3 TpiTiB HaBeAEHO B TaouI. |.

TABLE I. CJ10BA KOJ1y AKTTI, 1110 MICTSATh HE
BUIBIIE 3 TPITIB
A oem't'ma LA oem:una 2 Joescuna 3 mpimu
mpim mpimu
10011 |4-—000011 7-010011 10— 100011
011 2—-0111 |5-—000111 8-—010111 11— 100111
3—1011 |6-—001011 9-—011011 12— 101011

3 Tabn. | Bugno, mo ans N > 0 nomep X JAKTII-ciosa
(Xn-1,-- -,X0), 1€ Xn-1 — HAWCTAPIIHI TPIT, @ Xo — HAWMOJIOIIIIHHA,
Moxe OyTH 004HCIIeHO 32 TaKolo (popMyIIoLo:

X=3"Xn_1+... 43X +Xo+. .. A3 43+] @)
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3anmcaBmu  Gopmyny (1) B peKypeHTHOMY BHIJISAII
X=Xo+1+3(Xg+1+3(Xo+1+...+3(Xn-1+1)...)), OTPUMAEMO
npoctuii Mmerox aekoxyBauHs JAKTII-cmiB (Aur. 1).

Aneopumm 1. [lexooysanns KTII-crosa: Xn-1...%o(11) — X
1. x=0;

2. for i=n-1 downto 0 do

3. X=3x+xi+l

3BOpOTHY IpoLeAypy KOQyBaHHS HaBEICHO B AUT. 2.

Aneopumm 2. Kooysanns uucaa: X — Wx = Xn-1...Xo(11), x>0
1. we=117

2. while x>0 downto 0 do
3. x=x-1

4. w=(x mod 3)+wy

5 x=xdiv3.

// KOHKaTeHaris

1. IIIBUIKE JEKOYBAHHS

OcHOBHa i/1esl METO/ly LIBHIKOTO JIEKOAYBAaHHS IOJIATae y
BHKOHAHHI Ha OJHIH iTepamii JeKoAyBabHOTO HUKIY KLTBKOX
itepariit mukny 3 Aur. 1. lle cTae MOXIMBUM 3aBASKH
BUKOPHCTAHHIO  JICKOXYBAIBHMX  TaOnmip, SAKi  MaioTh
BMminryBatucst B kenr-mam’sitb L1 (iHakime 9ac BHKOHaHHS
NTOPUTMY CYTTEBO 30UMbIIYeThCsT). OCKIIBKH THIIOBHHA 00CST
Ll-kemy craHoBuTh 1664 KO, TO iHIEKC IEKOIyBaJIbHOI
TabIHIIi SBIIsIE cOO0F0 OI0K i3 4—7 TpiTiB. 3BHYANHO, TAKHI OJIOK
MOYKE OXOIUTIOBaTH YaCTHHH KiJIbKOX CYMDKHHX KOZOBHX CIIIB,
TaK caMo, SIK 1 KOXKHE KOJIOBE CIIOBO MOXE CKIIaJaTHCA 3 YACTHH
KIJIBKOX CYMDKHHX OnokiB TpiTiB. OcTaHHIN (akT 03Hayae, 110
KOJIOBI CJIOBa MafOTh JICKOAYBATHCS YaCTHHAMH.

[Mosicaumo ineto nekomyBaHHs uactuHamu. Hexaih U —
pe3yibTaT 3acTOCyBaHHsA AUr. | UIT JEKOAyBaHHS CTapIInX
TpiTiB mEeBHOro KomoBoro ciosa JKTII(x), a V — pe3ynbrat
JEKOTyBaHHS pemTH V Moiommux TpiTiB. 3 dopmymu (1)
pumBae  X=3'U+V. AmnajmoriuiuMm  4uHOM, SKmoO K
MTOCTIIOBHAX YaCTHH KOJIOBOTO CJIOBA MiCTSTH V. ..,V1 TPITIB, a
Vk,...,V1 — pe3ynpTaTu iX HOOKPEMOTO JeKOyBaHHS, TO:

x=3'0(3V@ | 3Vk (KD, V) 1)+ +Vs) +V; @)

bnoku TpiTiB ONpanboBYIOTHCS MOCHiZOBHO 3a Anr. 3. Y
HBOMY BUKOPHCTOBYIOTHCSI Taki mo3HaueHHs: Text[i] — Gait
3aK0JI0BaHOTO TEKCTY; M — JOBKHMHA TEKCTy B Oaiirax; n[X] —
KUIBKICTB PO3/IUIBHUKIB y Gaifti X, pow3[x]= 3", ne h — kinbkicTs
TPITiB y HaicTapimii yactudi X, Lj[X] — pe3ynbrar nexkomxyBanHs
J-1yacTunu X.

Aneopumm 3. Lllgudxe dexodysanns 6imogozo nomoky JKTII

1.t=0

2. fori=1tomdo

3. x=Text[i]

4. t=t- pow3[x]+L1[X]
5. if n[x]>0 then

6. Output t

7. for j=2 to n[x] do
8. Output Lj[X]
9. t= Lngx+1

3ayBakumo, 1mo Anr. 3 mpirae  HoAaibIioMy
MIPUCKOPEHHIO 3aBASKM 3YUTYBAHHIO 3 1AM SITi, ONIPALFOBAHHIO
i 3arucy y nam’sth 8-0alTHUX ciiB (Juist mporecopa x64).

BignoBigHi nmpoueaypu B cTarTi HE HaBEIEHO 4epe3 TXHIO
HU3BKOPiBHEBICTH Ta Opak Miciid. [IpoTe BoHE OyiH peanizoBaHi
NPOrpaMHO 1 pe3yiabTaTH  TECTYBaHHS  MPOTpamMu
koxyBanHs/nekonyBanHsa [JKTII-komy, a TakoX MeETOXiB
KOJIyBaHHS Ta LIBHIKOTO JICKOJyBaHHS IHIIMX BIIOMHUX KOZIB
HazmaHo B Tabx. |l. Komu 3acTocoByBamnmcs 1o TEKCTy 00CATOM
100 M6, mo ckiagaeTbesi 3 BUOpaHMX BHUIIAAKOBO cTareil i3
anrmiicekoi Bikimenmii. Enementamm andarity BBaxammcs
cioBa TekcTy. [IoKa3HHMK YIIITbHEHHS HAaBEICHO SIK CEPEIHI0
KUTBKICTh OiTiB Ha CIIOBO B 3aKOJOBaHOMY (aiimi. Y IyxKax
BKa3aHO BIiJICOTOK IIEPEBUILICHHS CHTPOIi, sKa CTaHOBUTH
11,078 6Gitie Ha cmoBo. Yac neKoayBaHHA BHUMIpPIOBAaBCS SIK
cepenniii yac BukoHaHHs1 2000 poOiriB KOXKHOTO aITOPUTMY Ha
4 xomm’rorepax. JlekoayBaHHS O3HAYAIO OTPUMAHHS B T1aM’SITi
MacHBY HOMEpIB CIIiB TEKCTY B CJIOBHUKY — caMe LISl [IpoLeaypa
BiJIpi3HsI€ METO/IN OJIMH BiJl OZHOTO.

TABLE II. EKCIEPUMEHTAJIbHI PE3YJIbTATU
Anzopumm Iokasnux yuinoHennsa Yac oexodysanns (mC)

Fib2 11,983 (8,2%) 694

Fib3 11,564 (4,4%) 506
MynbTupo3a. Ro4 o 11,393 (2,8%) 385
SCDC 12,869 (16,2%) 228
RPBC 12,685 (14,6%) 130
JKTII 11,723 (5,8%) 106

IV. BUCHOBKU

3anpomnonoBanuii y crarti kox JIKTII 3abe3neuye kpamruii
CTYIIHb YIIUTFHEHHS aHTIIICEKOTO TEKCTY, HixK Ko DiboHaU1
Fib2, Gaiitosi kogu SCDC ta RPBC, ane ripmmii, Hixk kox Fib3
Ta MYJIbTHPO3IUIBHUKOBHA KOX R24w, a IIBHIKICTH
nexonyBanas JIKTIT e Bumoro 3a BCi BHUINCHA3BaHI KOJIH.
3aramoM, IBIMKOBHH KOI TEpHAPHOTO TIOAAHHS YHCEI
BUIA€THCS TIPUBAOIMBOIO aJbTEPHATHBOIO BiJOMUM PIIlICHHIM
3 VIOIUTBHEHHS TEKCTOBUX JaHHX, SKIIO BAKIMBHM € HE JIUIIC
KOe(IliEHT CTUCHEHHS, aje W IIBUAKICTh JEKOMyBaHHS Ta
MOJKJIHBICTB MOIITYKY B 3aKOJIOBaHOMY (haiii.
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Anomauyia—B  poOori BHKIajeHi JedAki NPHHIMIM
NPOBEICHHs] MiAICYMOBYBAHHA [BilikoBHX OiHOMianbHHX 4Ymcel.
Po3po0Jieni mnpuHmuMnM MoxkyTh OyTH 3ajigHi Ha  iHmi
apudmeTuyni omepauii B ABilikoBHX OiHOMiaJbHUX cHCTeMax
YHCJIEeHHS], 10 PO3LIHPSIE€ MOKIMBOCTI IX 3acTOCyBaHHS.

Abstract—Some principles for summing up binary binomial
numbers are proposed in the paper. The developed principles can
be applied to the other arithmetic operations in binary binomial
number systems that is expanded possibilities of their application.
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I. BcTvnl

bynb-sxa cucrema
HACTYITHI 3aBJaHHS:

YHCJICHHA I[IOBMHHA BUKOHYBATH

® TIPEe/CTAaBICHHS KUIBKOCTI €l1eMeHTiB abo 00'eKTiB, sKi
MICTSTBECS B TUX 200 1HIIUX MHOXKUHAX;

®  YIOPSIKyBaHHS €JIEMEHTIB a00 00'€KTiB,;

® BUKOHAHHS apU(PMETHYHHUX 1 JIOTIYHUX OIepamii Hasx
YHUCIIAMH.

3 yciMa BKa3aHUMH 3aBJaHHSMH MIPEKPACHO CIPABISIETHCS
NBIAKOBA TO3MWIHA CHCTEMA YKCIIEHHS, SKa € OCHOBOIO
cy4yacHOI IU(POBOT Ta KOMITIOTESPHOI TEXHIKH, PI3HOMaHITHIX

Maryna Shevchenko

dept. of Electronics and Computer Technics
Sumy State University
Sumy, Ukraine
m.shevchenko@ekt.sumdu.edu.ua

indopmariitHo-KkepyrouMX Ta TeleKOMYHiKaliiiHux cuctem. Ii
PO3IOBCIOIKEHHS TIOSICHFOETBCS OJHOPIJHICTIO Ta
MO3HIIIAHICTIO, KOJIK BaroBi KOe(il[ieHTH PO3PSAIiB ABIHKOBOTO
YHCNia 3HAXOIATBCA Y MPOCTUX MAaTEMaTHYHHX 3B'SI3Kax 3i
3HAYEHHSMH NO3ULIH Ta po3psuiB uncen. Lle cyrreBo crporrye
NpaKTUYHE 3aCTOCYBAHHS JBIHKOBOT CHCTEMH YHCIICHHS, & CaMe
KOJIyBaHHS 1 3HAXO[KCHHSI KUJIbKICHUX CKBIBAJICHTIB JABIHKOBHX
qucel, iX yNOpsAKyBaHHS Ta peajli3aliio JBIHKOBOI MalIMHHOT
apudmeTHKu. AJle NBIKOBa CUCTEMa YMCIICHHS cama 1o co0i He
MOXe BUPIIIYBaTH 3aBJIaHHS o T IBUIIICHHIO
BIZIMOBOCTIMKOCTI Ta MPOJYKTHBHOCTI iHQOPMAIIHHIX CHCTEM
0e3 3aJydeHHs IOJATKOBUX, HOCHUTh 3HAYHUX alapaTHO-
nporpaMHux BUTpaT. OCOOIMBO 1€ CTOCYETHCS MOXKIHUBOCTEH

MIPUCKOPEHHS BUPIIICHHS TaKUX Creliai30BaHuX
iHpOpMaIlifHUX 3aBIaHb, SK TEHEPYBAHHS PI3ZHOMaHITHHX
KoMOiHaTOpHMX  00'€KTiB, NpOBEAECHHS  KOMOIHAaTOPHOI

ONTUMi3amii, CTHCHEHHS i IIN(pyBaHHS JaHUX.

VY oMy CeHCi MarOTh 3HAUHY IEPCIIEKTHBY OLIBII CKIIAJIHI,
HETPAAWIiIiHI CHCTEMHM YHCEJ, HANpHKIaJ CTPYKTYpHI
HEOJTHOPIHI OIHOMIiaJNbHI CHUCTEMH YHCJICHHS 3 JBIHKOBHM
andasitom [1]. Ix po3moBclOmKeHHI # BIPOBAIKEHHIO Y
KOMI'IOTEPHI CHCTEMH Ta KOMIIOHEHTH 3HAYHO 3aBa)ka€ TOU
¢axT, MmO M0 cuX Iip HE Mae pIilIeHHS 33j7aya MPOBEACHHS
apu(MEeTHYHNX T Ha JIBIKOBUMH OiHOMiaJbHUMHU YHCIIAMH.
Cnig 3ayBaXuTH, IIO 3aBAaHHSA OIHOMIANBHOTO PaxyHKY B
OiHOMIaJBHUX CHUCTEMaxX YHCIIEHHS BXE € DO3B'I3aHUM,
OCKIJIBKH ICHYIOTb TIpalie3/1aTHi i T0CUTh epeKTHBHI alrOPUTMHU
1 mpucTpoi OiHOMiaJbHHMX IJCYMOBYBAaHHS 1 BiJHIMAHHS Ha
omuuumio [2]. Lle € nopaTKOBUM CTBEpIXKYIOUUM (DaKTOM TIPO
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MOKJIUBICTB MAaIIMHHOT OlHOMIQJIBHOT

apu(METHKH.

PO3po0IICHHS

HasBHiCTE po3p0o0IcHUX MOJIENICH 1 aTOPUTMIB CKIIAIaHHS
IBIMKOBUX OIHOMIAJIBHUX YHCEN HALAJIO O ICTOTHHH IOIITOBX B
PO3BHUTKY 1 BIPOBAKCHHIO IH(GOPMAIIHHOT TEXHOJOTIi IO
6iHOMiaJbHIN 0OpOOII JaHUX.

1. [IPUHLIWIIN CKJIAJAHHS IBIMKOBUX BIHOMIAJIbHUX
YUCEJ

A. Mampuune npedcmasnents 08itiKo8UX OIHOMIANLHUX Yucel

Barosi koedimieHTn 3 OiHOMiampHOI YHCIOBOI (pyHKMIT
MPENCTaBUMO depe3 BepxHiil oi=K—Qi Ta HwkHiK Bi=n-i
napamerpu: Cf % =Cy'. 3HauCHHS JOBXHHH JUI1 YCiX
nBiiikoBux (N,K)-GiHOMiampHUX umcen r=n-1, To6TO omepyeMo
3 PiBHOMIpHUMH OiHOMiaIbBHUMHM YUCTaMU Xj=X1X2...Xi ...Xn-1.

Bynp-sxke pgBilikoBe OiHOMiampHe umcino Xj MOXKHA
NPENCTABUTH SIK YIIOPSAKOBaHY (-elIeMEeHTHY BHOIpKYy S,  ((--
J

KOpTeX) 3 MHOXXHHH BCiX BHOIPOK BaroBHX KOE(]iIli€HTIB,
MOXJIUBHX JJIs1 GIHOMIaJbHHUX YHCeN 3 mapameTpamu N i K:

Sx, = ((ai A )(1) o0, )(U) Y )(q))’ M

e 0<q<k, u=1,2,...,q, I<i<n-1, a pizanns Ai=pi—0. € 3MiIIeHAS
mapaMeTpiB BaroBUX KOe(ili€HTIB ABIMKOBUX OiHOMiaTbHUX
YHCeJL.

3py4YHOI0 MOZEIUTIO IJIs TpeAcTaBiIeHHS KopTexiB (1) €
(0,1)-matpuii, KOOpJMHATAMHU €JIEMEHTIB SKUX € HapameTp o i
3MilIeHHs Aj mapamMeTpiB OiHOMiaJbHUX KOE(]Ili€HTIB:
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HasBHicTs BaroBoro xoe¢illieHTy B 3amucy 0iHOMiaJIbHOTO
yucina X B (0,1)-marpui (2) BKa3yeThCst pO3MIILIEHHSIM OJIUHUIII
y BiImoBiHOMY ocepeaky (o,A). Pemra ocepenxis (a,A) (0,1)-
MaTpHIi 3alI0BHIOIOTHCS HYJISIMH.

B. Mampuune npedcmasnents OiHoMianbHO20 CKAAOAHHS
Martpumi (2), Aki BigoOpakaloTh KOPTEXi Sx; i Sx;
nmomankiB X'j 1 X"j, BUSBIAIOTECS 3pYYHHMH HE JIMIIE JUIA iX

MOJAHHSA, a ¥ JUI1 TPOBEICHHS Ollepallii HaJ CaMHMHU
OIHOMIAJILHUMH YHCIIAMH.

IIponoHyeTbCsl 3aCTOCOBYBATU AJIA IPOBEAEHHS OIepanii
mizcymMoByBaHHS OiHOMiansHMX umcen X'j 1 X"j MaTpuIo Baris

||C°L , sika Mae po3mip (K+1)x(n—k):
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Ha Bimminy Bix (0,1)-matpunp (2) matpuns ||C(j‘+A BaroBUX

koedimieHTiB (3) B CBOIX OcepeAKax MOKE MICTHTH JEKiTbKa
OJIMHMIIb, II0 € HACIIIJKOM MOKJIHBOTO CITIBIAJaHHS BaroBUX
koedimieHTiB y nomankax X'j i X"j abo BUHHKHEHHS [EKiTbKa
OTHAKOBUX  OIHOMIabHUX  KOE(QiIli€eHTIB B  MpoIrieci
migcymoByBaHHS. KpiM TOro, HEOOXiTHO BBECTH NOIATKOBHI
croBmrk 3 a=0, B ocepeskax sIKOoro OyayTh pO3MilllyBaTUCS
ONVHMUII, SKI 3aBEpUIyIOTh cepil OOWHHIL Ta (POPMYIOTH
OJIHMUIII TIEPEHECEHHS /IO CTAPILIMX PO3PSIIB.

C. 3acmocysanns nepemeopens OiHoMianbHUX Koepiyichmis

By MHOXHHE BUOIPOK BaroBUX KOE(Dilli€HTIB, MOMXIUBHX
qutst (n,K)-6iHOMIiaNTbHUX YKCelN, BU3HAYAE 1 OOIPYHTOBYE HAOIp
MEPETBOPCHb HAJ| BaroBUMH Koe(illieHTaMH, sIKi 3aCHOBaHI Ha
BiTOMUX KOMOIHATOPHHX CITiBBIAHOIICHHSX [3]:

1. ITepeTBOpEHHS MEPEHOCY:

Cit =Cid +Cl A +..+Cr

0
(k) +Cn—(i+k—q‘ )

2. IlepeTBOpEHHS 3pYIICHHS:
o i _ 0
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ae o= yi =y, 1 < ai, vi, i <k

3. IlepeTBOopeHHs cumeTpii:
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3. [lepeTBOpeHHSs PO3KIIAIaHHS:
o _ Aoy ;-1
Co =Cpa+Cp -

Jns  oTpuMaHHS pe3yJbTaTy CKJIAJaHHS JIBIHKOBHUX
OiHOMiaJIbHMX 4YHCed HEOOXIHO IIPOBECTH HEPETBOPEHHS
MepeHocy, 3pYLIeHHs, CHUMETpii Ta pO3KIAaJaHHS Haj
ocepeKkaMu MaTpPHIl "C " BaroBux KoedimieHTiB (3).

o
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Abstract— The paper presents the results of a study on the
detection of contours in a matrix image of picture objects that meet
the criterion of low-contrast textures. The selection of boundaries
was carried out by the method of using partial derivatives in the
horizontal and vertical directions and the subsequent solution for
a given threshold. The threshold level was changed depending on
the greater or lesser content of fine details. The study of the detail
of the images was carried out in the Matlab environment. The
original images were selected from the databases of ultra-high-
definition images, low-contrast textures were considered in each
test image, the detail was calculated separately for the brightness
component and the components of the color difference. By the
criterion of detail, images can be conditionally divided into high,
medium and low detail. Limiting the level when extracting edges
is a non-linear operation and can lead to both the elimination of
point noise and the loss of high-frequency components with low
contrast. The paper proposes a probabilistic method for
estimating the distortion of low-contrast textures by analyzing the
histograms of the distribution of signal levels in the luminance and
color-difference components. The histograms of the distribution of
the components for the 5% limitation threshold are presented and
a predictive analysis on the admissibility of such a limitation
threshold is given. If the number of sample points in the histogram
(histogram width) is reduced by more than two times, then it is
necessary to reduce the limiting threshold when selecting the
contours.

AHoTanis— Y poGoti HaBeaeHi pe3yJbTaTH AOCTIIKeHHS 3
JeTEeKTYBaHHSI KOHTYPiB B MATPHYHOMY 300paKeHHi 00'€KTiB
KAPTHHKH, §IKi BiIMOBiZal0Th KpHTEpil0 Majll0 KOHTPACTHHX
TeKcTyp. BuaineHHs: Mexx mpoBoanJIOCs 32 METOA0M BHKOPHCTAHHS
NMPUBATHUX MOXiTHMX B TOPH30HTAIBLHOMY i BepTHKAIBLHOMY
HAMPSIMKAaX i MOJAaNBIIMM PpilleHHSM WO 3aJaHOMY MOPOrY.
I'panuynuii piBeHb 3MiHIOBAIM B 32JI€XKHOCTI Bij OlIbIIOro 4m
MEHIIOro BMicTy JpiOHuX aerajeil. JlocaigkeHHs JeTalbLHOCTI

Muxkosa ITaTiiaenko
kadezpa TernebaueHHs Ta paaiOMOBICHHS
JlepxaBHUH YHIBEPCUTET IHTEICKTYaIbHUX TEXHOIOTIH 1
3B’S3KY
Ogneca, Ykpaina
nick_msa@ukr.ne

300pazeHb IPOBeAeHO B cepenoBuii Matiad. Buxinni 300paskenHs
oO0pani 3 0a3 300pakeHb HAIBHCOKOI YiTKOCTi, B KOKHOMY
TECTOBOMY 300pa’keHHi PO3MISAANMCH MaJ0 KOHTPACTHUMH
TEKCTYPH, MiIPaxoByBajacs IeTAJIBHICTb OKPeMO JIs CKJIAT0BOI
sickpaBocTi i ckJagoBuX KogipHoi pi3Humi. 3a Kkputepiem
JeTATBHOCTI 300pakeHHs] YMOBHO MOKHA PO3IIJIMTH HA BHCOKOrO,
cepeIHbOro Ta HU3BKOI AeTanbHOCTI. O0MeKeHHs 32 piBHeM NpH
BH/IiJIeHHI KOHTYPIB € HeTiHilHOT onepai€ro i Moske MPU3BOAUTH SIK
0 YCYHEHHS TOYKOBHMX IIYMiB, TaK i BTPAaTH BHCOKOYACTOTHHX
KOMIIOHEHT 3 MAaJIOK) KOHTPACTHICTIO. Y po0OTi NMPONMOHYETHCSI
iMOBipHiCHMI MeTO OLIHIOBAHHS CIIOTBOPEHHSI MAJI0O KOHTPACTHUX
TEKCTYP 3 aHaJi3y ricrorpaM po3mojiny 3Ha4yeHb PiBHIB CHTHAJIB
SICKpaBOCTI i KoOJbOpe-pi3HHLEBMX KoMmnoHeHTax. HaseneHno
ricTorpamMu po3nofily CK/IaJ0BHX JJIsl IOpora ooMes:keHHs1 B 5% i
JaHe TMPOTHOCTHYHHUI aHAJ3 MPO JONMyCTHMICTH TaKOro MOPOry
o0MeskeHHs1. SIKIO KidbKicTh BiIIKOBHX TOYOK B ricrorpami
(mmMpuHa ricrorpaMu) 3MeHIIyeThbesl OiIbII HiXK B ABa pas3u, TO
HeoOXiTHO 3MEHLIYBATH TMOPIr o0MeskeHHsI MNPH BHALIEHHI
KOHTYPiB.

Keywords— image, texture, contour, threshold limit, histogram

Kniwouoei cnosa— 3o00paricennsa, mexkcmypa, KOHmyp, nopiz
oomedxcenns, cicmozpama

l. INTRODUCTION

When working with high-definition and ultra-high
definition images [1, 2], you need to be adaptive to the choice
of compression methods. In most cases, lossy compression
techniques are used based on spectral transformations, variable
length codes, group coding. The combination of these methods
is due to the purpose of the further use of images. In our
research, the main task was to ensure the transmission of images
with the least distortion of low-contrast textures. Subjective
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studies have shown that such textures are characterized by the
appearance of gloss. [3].

1. THE LOW CONTRAST IMAGE TEXTURE

The image processing procedure consisted of several stages.
At the first stage, several ultra-high-definition images were
selected from the image databases, in which attention was
drawn to the presence of low-contrast textures. Examples of
such images are shown in Fig. 1. For the image of a religious
building, the low-contrast texture corresponds to the asphalt.
The structure of the reddish stones is of interest for depicting
the Tree on the Rocks.

encoding and decoding of the image at the selected threshold o
to select the contour. Fig. 2, 3 shows histograms for test image
1 before after the thresholdmrrm.
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Puc. 1. The UHD Test Image

Previously, we proposed the concept of image detail [4],
which was calculated separately for the brightness component
and separately for the color difference components. Detail was
calculated as a percentage of the selected borders to the image
area. The texture was determined within the bounds by setting
a threshold level [5, 6, 7]. In this study, two variants of the
threshold were chosen, namely 5% and 10% of the maximum
signal level. For further investigation, we divided the images
into three groups: low detail, medium detail, and high detail.
Tab. 1 shows the values of the detail of the test images for two
variants of the threshold o.. The following conventions are used:
Y Luma signal, Cr red and Cg blue difference signals

TABLE 1 — TEST IMAGES PARAMETERS

Detail o
Y Cs Cr

5% 10% | 5% 10% | 5% 10 %
Religious building 21 1.6 14 0.7 11 0.24
Tree on the rocks 2.6 18 0.93 0.5 1.23 0.71

Image Title

Railway station 8.6 6.2 3.7 25 5.2 3.1
Music room 13.6 9 2.3 0.5 3.6 1.1

1. EXPERIMENT RESULTS

In order to be able to evaluate the presence or absence of
distortions of a low-contrast texture on the receiving side, in the
general case, it is necessary to go all the way through the

Puc. 2. The Histogram for Test Image 1 before and after the thresholding
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Puc. 3. The The Histogram for Test Image 1 before and after the thresholding

For image 1 it is necessary to decrease the threshold.
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Anomauin — MoAaHO pe3yJbTaTH JOCTiIZKeHHS
XapaKTEePUCTHK aHAJI0ro-uudpoBoro mneperBopwoBauya MoHTe-
Kapjio Ha ocHOBi reHepaTtopa IiceBIOBMNIAIKOBHUX 4HceJd 3
MepecTAaHOBKOIO BAr Po3psiiB IBiiKOBUX KOAiB.

Abstract — the results of the study of the characteristics of the
analog-to-digital converter Monte Carlo on the basis of the
generator of pseudo-random numbers with permutation of the
weights of bits of binary codes are presented
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l. BcTv

OCHOBHI TeHZIEHIIi PO3BUTKY MeTOAIB Ta 3acobiB Al
MIEPETBOPEHHS MOJTal0Th B PO3MMPEHHI (YHKIIOHATBHUX
MOJKJIMBOCTEH, MiAHATTI MIBUIKO/II, 30UTBIICHHI PO3PSIIHOCTI,
3HIDKEHHI €HePTOCTIOKMBAHHS, 3MEHIIICHHI BAPTOCTI CepiitHOTO
BUPOOHMITBA. 3riTHO HPOBENEHOro aHaji3y 3po0ieHo
BHCHOBOK, 1m0 He Bci THmu All meperBopioBadiB
3aJI0BOJIGHSIIOTE HEOOXIIHIM CYKYHNHOCTI BHMMOTI: HaWOLIbLI
mBuaKoitodi ALl mepeTBoproBadi mapaneabHOrO 34UTYBaHHS
He 3a0e31euyIoTh I 0araThoX 337124 BUMIPIOBAHb JOITYyCTHMY
noxuOKy KBaHTyBaHHsA 3a piBHeM; All mneperBoproBaui
MTOPO3PSAHOTO 3PIBHOBAXEHHS HE PEANi3yIOTh MOTCHIIAIBHY
HIBUAKO/IIO €JIEMEHTHOI 0a3H, 10 MPU3BOAUTH IO 3MEHIIEHHS
MIBUAKOIIT TIEPETBOPEHHS, 301IbIIEHHS MOXUOKH JUHAMIYHUX
BUMIPIOBaHb; IHTErPyI0Yl IEPETBOPIOBAUl XapaKTEpPH3yIOThCS
HHU3BKOIO MIBUAKOIEI0. TakKuM YMHOM, CydacHa CXEMOTEXHika

All  meperBoproBauiB ~ He  3a0e3nedyye  JIOCSTHEHHS
MMOTEHITIaIbHOT IIBUAKOMIL 1 TOYHOCTI CYy4acHO! eIIeMEHTHOI
6a3u, a Takok 00MeKye eeKTHBHICTh BUKOPUCTAHHS CyJacHUX
3aco0iB mepeTBOpeHHs (hopMu Ta 00pOOKH iHPOpMAIT, a, 0TXKe,
1 iH(OpMaIiiHO-BUMIPIOBAJIBHUX CUCTEM B ILJIOMY.

Il. ALl DEPETBOPIOBAY MOHTE-KAPJIO

3acrocyBanHs ALl  meperBoproBauiB  Monte-Kapio
JIO3BOJIIE peajti3yBaTH MEPETBOPIOBAaYl MO CKJIAAHOCTI Ta
BapTocTi mMOpiBHSAHHI 13 mocmigoBaumu Allll, i3 3HaYHO
PO3LIMPEHUMH YaCTOTHUMH XapaKTEePUCTHUKAMH, MOPIBHSHOIO
TOYHICTIO TEPETBOPEHHS Ta MOXJIMBICTIO IHTErpyBaHHSI
BI[UTIKIB BXi{HOTO curHamy Yy ¢yHKOii dacy. SIkicte
NIEPEeTBOPEHHS]  TaKMX  3ac00iB  BH3HAYA€ThCsS  SKICTIO
TICEBJIOBUINA/IKOBOTO  PO3MOALLY  OINOPHOTO  CHTHAIY,
OTPUMAHOTO TEHEPATOPOM IICEBJI0 BUTAAKOBHX Bi/ITIKiB.

[MpaktmyHo Bci  MeroaM  TMOOYIOBH  IHTETPYIOUMX
MEPETBOPIOBAYIB PEaTi3ylOTh HAONMKEHI YWCENbHI METOAH
IHTErpyBaHHSI 1 BOJIOJIIOTH METOANYHOIO ITOXHOKOI0. Tomy mpu
MIPOEKTYBaHHI IHTETPYIOUNX AlJ iH(opMariitHO-
BUMIPIOBaJIbHUX IIEPETBOPIOBAYiB HEOOXITHO IOIEPETHBO
OLIHUTH METOAWYHY IMOXHOKY IHTerpyBaHHS, Ha OCHOBI fKO1
BHOUPAETHCSI METOJI MOOYIOBU IHTETPYIOYOT0 IEepPEeTBOpIOBaya.
AJike OCHOBHHUI BIUIMB B CyMapHy MOXHOKY NEpETBOPECHHS
BHOCHUTBH MeToin4Ha noxuoka. [Toxubka metony Monte-Kapio

cranoButh = A/1/ N, 1e N — KigbKiCTh BUMAAKOBUX BHOIPOK,
sIKi (POPMYIOTBCS TEHEPATOPOM BHITAJIKOBUX YHCEN. 3MEHIIUTH
MOXHUOKY 00YMCIIEHh MOYKHA 332 PaXyHOK 301IbIIICHHS KUTbKOCTI
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TeHepOBAaHMX BHIIAJIKOBUX 3HaueHb. [IpoTe citix 3ayBaxkuTH, 1110
Ha MeToOu TeHepyBaHHA i Mertogy Monre-Kapio
HaKJIQIA€EThCS ~ BMMOTAa  BHCOKOI  SIKOCTI  PIBHOMIpHOCTI
MTOCTITOBHOCTI BHMAIKOBHX HYHCEN i, 30KpeMa, IO He MEHII
Ba)XJIMBO, JUI IX TPAKTUYHOTO 3aCTOCYBaHHs 3a0e3MedYeHHs
MPOCTOTH TEXHIYHOI peamizamii reHeparopa. Pesymbratn
JIOCHI/PKEHb XapaKTepUCTHK BIIOMHUX METOJIB T'€HEpYBaHHS
MOKa3yIoTh HEJOTPHMAaHHS BKa3aHWX BHMOT, IO BKa3ye Ha
notpedy po3poOKM MeETOAy TeHEepyBaHHS, I[IO0 B CTaHi
3a0€e3MeYNTH YMOBH PIBHOMIPHOCTI Ta TPOCTY CTPYKTYPHY
CKJIQJIHICTB.

3anpomoHOBaHO  MeTOA 1 po3poONeHO  TeHepaTop
TNICEBJIOBUIAIKOBUX YHCEJl HA OCHOBI LMKIIYHUX 3CYBIB.
Texmiuna peamizamisi Takoro TeHepaTopa IONSATae y
3aCTOCYBaHHI  perictpa 3CyBY, OXOIUIEHOTO  JIOTIYHUM

3BOPOTHMM  3B’S3KOM  3TiIHO  TNPUMITUBHUX  HE3BIIHUX
MIOJIIHOMIB, 710 MH(POBUX BUXOMIB SIKOTO IMiJKITIOYCHO IU(PO-
ananoroBuii (LlA) mneperBoproBay, SIKM IO aHAIOTOBOMY
BUXOLy (opMye aHAIOrOBY pPO3rOPTKY IICEBIOBHIAAKOBOTO
CUTHaly. IHIIMIA 3ampONOHOBaHUI METOJ| IPYHTYETbCS Ha
J3epKaJbHOMY B3a€EMHOMY BiZIOOpa)KeHHI BaroBHX HOMEpiB
PO3psiIiB ABIHKOBUX KOJIB HIIIXOM B3a€EMHOI HEpPECTaHOBKU
CTapIINX Ta MOJIOAIIMX PO3PSAAIB HA BUXOII ABIHKOBOTO
nmiumibHUKa. [IpocToTa TeXHIYHOI peamizamii JaHUX METOJIB
TeHEePYBaHHS BH3HAYA€ MOIIMBICTH X BUKOpHCTaHHS 1T AL
neperBoptoBadiB  Monte-Kapyo.  SIkicTh  piBHOMIpHOCTI
MIOCITIZIOBHOCTEH ITICEBIOBUIAIKOBUX YHCEN TEHEPOBAHHUX IS
3aMpoONOHOBaHUX METOAIB cTaHOBUTH 0,98-0,99 (MakcumanbHe
3HAYCHHS — OJMHMUI), IO IIEPEeBUIIYE IOKA3HUKA SKOCTi
PIBHOMIPHOCTI JJIsl BIZIOMUX METOJIiB T€HEPYBaHHSI, HAPUKIIA,
KOHI'PYEHTHOTO METOJY.

a).
> Perictp scyey > ITATT dxepeno onopHoi
. HaIpyTH
. '
‘ HMormui enements & |
¥ IlepereoproBau
‘ ClyMaTop 38 MO YIIE M 2 | SR —
c |
Bxinaui curaan
Eoutponep P Eomnaparop
EEZET ¥ - -
| Tapukarop
0).
> TiuuneHHE > ITATII * Owepeno onopHoi
- HaOpyTH
hJ
IlepeteoproBay
CTRY M-HAIRYT &
I
Z
FEourponep “ FEomnaparop -
RESET + Bainuuii curuan
Ianuratop

Puc. 1. Bnok-cxemu ALIIT MonTe-Kapio 3 renepatopamu:

a). [ayya Ha OCHOBI IIMKJTIYHUX 3CYBIB

0). 13 J3epKaTbHUM B3aEMHHUM BiJJOOPaXXEHHSIM PO3PSIIIB JBIHKOBOTO KOIY
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Posninbna 3natHicTs ALIT € po3paxyHKOBHM HapameTpoM,
a He TeXHIYHOIO XapaKTepUCTHKOIO, OCKLIFKH BOHA HE BPAXOBY€
SIKOCTI TICEB/IOBUIIAJIKOBOTO PO3KJIay, TOMY B MOBHIH Mipi He
BH3HAYA€ TOYHICTH Ta JiHIHHICTB TEPEeTBOPEHHS. 12-po3psimHuii
ALIT mae po3ninbHy 3aaTHICTE 1/4096, a60 0,0245% 3HaveHHS
moBHOT mKanmu. [t po3pobnenux 12-pospsmanx ALl mpu
MakCHMaJbHIN BXifgHid Hampy3i Umax=10,24B noxuoka
KBaHTyBaHHs cTaHOBUTH A=10.24/(212-1)=2.5MB.

[Toxnbka mepeTBOpEHHsI BMIIly€e CTaTWYHI Ta JMHAMIYHI
ckianoBi. CTaTWdHa CKJIaZoBa BKIIOYaE€ B ceOe METOTMIHY
NMOXMOKY KBaHTYBaHHS Ta IHCTPYMEHTAIbHY IOXHOKY
eneMeHTiB  meperBopeHHA.  CratmuHy — moxumOky — Al
NEpETBOPEHHSI BU3HAYAIOTh HACTYNHI II'SITh  CKJIAZ0BHX:
aIUTUBHA Ta MYJIbTUIUTIKATABHA MOXHWOKH, IHTETrpajbHa
HeNiHiIdHICTh, Au(epeHLiaJbHa HEeNIHIHHICTE 1 MmoxuOKa
KBaHTYBaHHS.

HesanexHno Big crioco0y nooynosu ALl nepeTBoproBauis iM
XapakTepHa METOJMYHA MMOXHOKa, 110 00YMOBIJIEHA TIOXHOKOIO
KkBaHTyBaHHA. [loxm0Oka KBaHTYBaHHS CTaHOBHTH +1/2
MOJIOJIIIIOTO PO3PSIY, A€ MOJIOIIINHA PO3PsT — IPUPICT BXiAHOT
HaIpyTH, IpH SKil 3MIHIOETHCS 3HAYCHHS MOJIOALIOTO PO3PSLy
BuxizHoro koxy. Just pospobmenux All mnepeTBoproBadiB
Ax=+0.5%10.24/(212-1)=+0.5*2.5MmB, ok6=0.5*100%/(212-
1)=0.0122%.

Ilpy mOCHiNOBHOMY 3pOCTaHHIO 3HAYEHHS BXIIHOIO
aHajoroBoro curhamy Ugx(?) BiIl HyJas 1O BEIMYHMHH, IO
BigmoBimae moBHIA mkami ALl meperBoproBaua BHXiTHHN
UU(pPOBUI CUTHAJ YTBOPIOE CTYIMiHYATy KyCKOBO-TIOCTIHHY
3anexHicTh. [Ipy BiICYTHOCTI amapaTHHX TOXHOOK CepeiHi
TOYKM CXOJMHOK pO3MILIEHI Ha iAeanbHId MNpsMii, sKii
BIATIOBiae iJeanbHa IIepelaTHa XapaKTepUCTHKa. PeaibHa
nepeiaTHa XapaKTEPUCTHKA MOXE ICTOTHO BIAPI3HSATHCH B[
imeanpHOI po3MipaMu 1 (OpPMOIO CXOAWHOK, a TaKOXK
PO3MIILIEHHSIM Ha TUIOIIMHI KOOPANHAT.

AOcomoTHa TOXHOKa BU3HAYAETHCS SIK MaKCHMalbHE
BiJIXMJICHHSI BiJI i7IeaIbHOT IPSAMOJIIHIHHOT peaibHOT epeaaTHO
XapakTepucTHKH. MiHiManbpHa aOCOMIOTHA TIOXHOKA JTOPIBHIOE
MOXHOI[ KBAHTYBaHHS 1/2 MOJIOAIIOTO PO3psiay.

MoskHa BUAUTUTH HACTYTIHI napameTpu ALl
MEPETBOPIOBAYA, 10 BH3HAYAOTh HOrO JWHAMIYHY TOYHICTB:
MaKCHMaJIbHa YacTOTa AMCKPETU3allii Ta Jac IepeTBOPEHHSI.

Jnst All  meperBoproBadya  MonTe-Kapno  gacrota
MIEPETBOPCHHS BU3HAYAETHCS JUHAMIYHIMH XapaKTePUCTHKAMU
ITA meperBoproBada i Kommaparopa. Yac TeEepeTBOpPEHHS €

TOCTIHHOIO BENMMMHOI Ta JopiBHioe =2"T, ne n -

po3psmnicte ALl meperBoproBaua, 7 — mepion CiiTyBaHHS
TaKTOBUX IMITYJIbCIB, 11O BiAMOBiga€ Yyacy GOpMyBaHHS OJTHOTO
KBaHTA.

OcobnuBicTio iHTerpyrounx All mepeTBoproBadiB, A0 SIKUX
BiTHOCHUTHCS 3a3HaucHHMi All mepeTBoproBau, € iX BHCOKa
CTIHKICTh 10 TIEPIOAMYHUX 3aBaj, HAMPUKIAA J0 3aBaj, IO
CTBOPIOIOTBCSI Mepekero 3MiHHoro crpymy S50 I'm. Skmo
BHOpaTH dYac iHTerpyBaHHA OumbIIMM, ab0 pPIBHUM Mepiomy
3aBagu (7=1/50=20mMc), TO CHHyCOinHE 3HAYCHHS 3aBajau
MIPOIHTETPYETHCS 1 YCEPEAHUTRCS 10 HYJIS.

BUCHOBKM

[Ipu BukopucTanHi MmeToxy MonTte-Kapio BxigHui curHan
IHTerpyeThcs Ha BU3HAUCHOMY IHTEpBalli yacy, IO JI03BOJISIE
MTOIABUTH 3aBaxy Ha (a3i mepeTBOpeHHs. BHCOKI MOKa3HHUKH
JIHIHHOCTI, CTIHKICTh JO 3aBajJi, METOJ MEPETBOPCHHS, IO HE
moTpedye 3acTOCYBaHHA NPUCTPOIB BHOIpKH 1 30epiraHss,
BKa3ylOTh Ha mepeBaru po3poOku merony ALl meperBopeHHs
Momnre-Kapyio Ta mnepcrnekTuBy HOro BHUKOPHCTAaHHS B
iHpopMaLitHO-BUMIPIOBAIEHUX CHCTEMAaX.
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Anomayis—Po3rasanyro meroau moaudikauii DMKIIYHUX
KO/IiB Ha OCHOBI Teopii ckiHYeHHUX aBTOMATIB B ABIiiKOBUX MOJIAX
Ianya. Iloka3aHo, mo onepauii 3By:KeHHsI Ta MONMOBHEHHS KOIY
peai3yloThesl BilOBITHO MHOKEHHSAM Ta TiJIEHHAM Ha 3aJaHuil
noainoM. Ilpm  3ByxkeHHi Kooy Takoxk  30iIbHIyETHCS
KOpeKTyBaJbHAa 3JaTHiCTH MoaHdikoBaHOro Koay, a mpH
TOMOBHEHHI KOAY ISl 31aTHICTh 3MEHIIY€ThHCS.

Abstract—Methods for modifying cyclic codes based on the
theory of finite automaton in Galois binary fields are considered.
It is shown that the operations of code narrowing and code
replenishment are realized by multiplication and division by a
given polynomial. When the code are narrowed, the correction
capability of the modified code also increases, and when the code
are replenished, this ability decreases.

Knrouosi cnosa—uyuxniuni koou; moougixayin kooie; ninitinuil
agmomam; KOpEeKmMyeaivHa 30ammuicms

Keywords—cyclic codes; modification of codes; linear

automaton; error-correction capability

I. Bcryn

Jlist peanizanii B KOHKPETHHX CHUCTEMax Iepenadi JaHHuX
3aBajocTiiikux ( N,k )-KogiB  4acTo BUHHMKAaE TmOTpeda B
Y3roJUKeHHI mapameTpiB N 1 k 3 Hamepen 3alaHUMH
¢dopmatamu naHuWX. [HOMI, BHACHIZOK 3MiH XapaKTEPHCTHK
¢bi3MUHMX KaHAJIB 3B’SI3Ky, OAXKaHO 3/1IHCHUTH B pEaJbHOMY
yaci KOpEeKI[iio 3a3HaueHux mapamerpis Koy [1]. Lle ocobamBo
aKTyaJIbHO B O0€31pOBiTHOMY Ta MOOUTBHOMY 3B’SI3KY.

Jis po3B’si3aHHS TaKWX 3a7ad BUKOPHUCTOBYIOTBCS Pi3HI
orepariii Moaudikanii Koais.

Haiigactime po3rasgaeTscss Kiac JHIMHMX KOMIB 1
BIJIMOBI/IHI iM CrIOCOOM 3a/IaHHs IIMX KOJIB: TepesipsuibHa H
abo mopomxyBasbHa G Martpuui. g mux matpume MOXHA
3aJ1aTH IIiCTh 6a30BHUX MoaUpiKalliii TiHiiHMX KoaiB [2, 3].

AJTe Ha TIpaKTHIi HAIaCTilIe BHKOPUCTOBYIOTHCS IUKITITHI
KOJIH 1 JJTs1 HOTO MiJKJIACY JIHIMHUX KOJIB BaXIIUBO TOCIITUTH
0co0IHMBOCTI X MOoAm(piKariii.

Il. THTEPIPETAILLSI MOJU®IKALII HIUKJIUYHUX KOJIIB HA
OCHOBI ABTOMATHHX MOJIEJIEM

Po3risiHeMo feTanbHO 3ajadvi, B SIKMX TIpH 30epexeHHi
JOBXUHHA N KOIy PO3MIpHICTh KOy MOXe a00 3MEHIyBaTHCh
Ha k pospsaiB (k —h), abo 36imburyBatice Ha Kk pospsmais (
k +h). Tlepury 3amady Ha3MBAIOTH 3BYXKEHHAM KOIY, a JIPYTy
3aj7ady — MOMOBHEHHAM Koay. Lli 3amadi MOXyTb MaTH pi3HY
MaTeMaTH4YHy IHTEPIPETalil0 TP BUKOPHCTAHHI PI3HUX
CHOCOOIB  3aJaHHsA NUKIYHUX KOJiB (TIOPOIKYBaIEHOTO
nosinomy, matpuiii H ). OHax 11i iHTeprperarii He MOKa3yrTh
3aJIeXKHICTh MDK TapamMeTpaMu KOLy 1 HOro KOpeKTyBaJbHOIO
3JaTHICTIO.

Binb getanpHy KapTHHY 3MiHH KOPEKTYBAJILHOI 3JATHOCTI
MOTU(IKOBAHOTO KOAY MPH HOTO 3BYXKEHHI ab0 MOMOBHECHHI
MOXXHa OTPHMaTH 3a JIOIIOMOTOI  Teopil  NiHIMHUX
nociigoBHicHux cxeM (JIIIC) [4]. JITIC — ue ckiHueHui aBTOMAT
B JBifikoBHX moisix [amya, SIKMH ONHMCYETBCS (DYHKIIEFO
TIePEeX0/IiB

S(t+1)=AxS(t)+BxU(t), GF(2)
1 QYHKITIEIO BUXOIIB
Y(t)=Cx3(t)+DxU(t), GF(2)
ne A, B,C, D — xapakrepuctnuni matpumi JIIIC; S(t)-

cnoBo crany; U(t) — Bxiane cioo; Y (1) — BUXigHe ci0BO.

3pydHIIIAM AJIs aHaNl3y € aBTOMaTHO-rpadoBa Momaeh
LMKIIYHUX KOAiB. Taka aBTOMaTHA MOJIENb B IBIHKOBUX ITOJIAX

Tanya npexacrasisie coboro rpap Gpp, B AKOMY B KOKHY

BEpUIMHY BXOJATh 1 BUXOASTH II0 OJHIM HYJBOBIH ay3i
(BimmoBimaroTh po3psnay “0” KOZOBOro CiioBa) Ta MO OIHIM
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OJMHUYHIN My3i (BiAMOBIMAIOTE PO3psALy “1”” KOJOBOTO CJIOBA).
Bepumnn rpada Gpp yTBOPIOIOTH 32 JOMOMOTON HYJIBOBHX

nyr HynsoBi muknu (HLI), siki po3rammoBylOThCSI HA OKpEMHX
piBHAX (TI€pUIOMY, IPYTOMY, TPETBOMY, ... ).

Sk Gyino mokasaHo B [5], came crpykrypa rpada Gpp

[UKJIIYHOTO KOy BHU3HAYa€ KOPEKTYBAJbHY 3[JAaTHICTH LBOTO
KOAY: KUTBKICTh piBHIB Ta KibKicTh HI[ Ha HMX BH3HAYAIOTH
KUTBKICTP ~ BHMAJKOBHX IOMIJIOK, SKIi MOXYTb OyTH

BHIpaBieHi. B cBoro uepry cTpykrypa rpada Gpp 3amexutsb
BiJl THUIY HOPOKYBAJIBHOTO IIOJIHOMY LHMKJIIYHOTO KOZY.
Hanpukian, rpap Gpp Haiimpocrimoro koay (LMKIYHOTO
Koy XeMiHra) 3 IpUMITHBHUM ITOPOKYBAIEHUM TOJTIHOMOM
g(X) mae mame oxuH piBeHB i MicTUTH Ha HEOMY oxuH HIT 3 (
n—1) BepmmHamu. BigmoBimHo, Takuii Kox XeMiHra Moe
BUIIPABUTH JIHIIE OJHY BUIAAKOBY MOMHJIKY. LIMKiTi9HI KOaH 3
HENMPHUMITHBHUMH MTOPOJKYBATEHIMH MTOJIHOMaMH (JOPMYIOTh
rpap  Gpp CTPYKTYpH, IO
KOPEKTYBaJIbHY 3JIaTHICTh KOJY.

CKJIaTHIIIOT 301IbIIyE

Mo x BimOyBaeThcs mpu Moan(iKaLii IUKIIYHUX KOIIB,
30KpeMa, NPy 3BYKeHHi tukiiunoro (N,K )-koxy? s onepartis
Mae pi3Hi iHTepIpeTarii.

SIkuio movyaTKOBMA MOpoKyBanbHuit mominom g(X) (

n,K )-xoay moMHOXHUTH Ha iHmM momiHoM P( X)

Im(x)=9(x) p(x),
@)

Toli Y MoaH(iKOBAaHOMY KO/Ii 3pOCTE KUTBKICTh MEPEBipsIIEHUX
po3psmie I Ta  BiONOBIZHO 3MEHIIUTBHCS  KUIBKICTh
inpopmaniitnux pospsanis K . 3poctanns kinbkocti po3psuis I
Hazae MOIU(IKOBAHOMY KOJAy IOTEHIIHHY MOJMIIUBICTh
30UTPIIUTH CBOIO KOPEKTYBAJIBHY 3HaTHICTh. YuM OinmbIie
CKJIQJIOBMX YaCTHH Ma€ IOPOKYBAJIbHUN TMOJIHOM, THM
OUTBIly KOPEKTYyBaJNbHY 3JaTHICTP Ma€ KOJ — Ha Mid
BrIacTuBOCTi OaszyroThest Bei komu BUX.  IloGauutm 110
MOXJIMBICTh MOXHa TakOX 3 TIO3UIIH aBTOMAaTHOTO
NPEACTaBICHHS [UKIIYHUX KOMIB. bByap-sike MHOXKEHHs
MIOJIIHOMIB TIPU3BOAMTH N0 30imbmieHHs Kinbkocti HI Ta ix

piBHiB y rpadi Ggp.

Hanpuknan, sxmo B (1) MICTHTbCS NOPOIKYBAIBHHUNA
nosiHoM (63,57)-kony XemiHra

g(x)=(1+x+x%), )

toni rpadp Gpp MoaudikoBanoro (63,56)-xkoxy (xomy
AOGpamMcoHa) 3 MMOJTIHOMOM

g(x)=(1+x)(1+x+x%)

matume a8a HI nosxuHM 63, 110 T03BOIMTH HOMY BUTIPABIISTH
TTOOJTMHOKI 1 MOABIHI CyMiXKHI IMTAKeTH TTOMUJIOK. MiHiMalbHa
KOJIOBa BiJicTaHb MOM(IKOBAHOTO KOIY 3pocTe Bix 3 1o 4.

Bapro BimMiTHTH, [0 camMe aBTOMAaTHO-
rpadoBa CTPYKTypa MOAN(IKOBAHOTO IMKIIYHOTO KOy, a HE
MiHIMallbHa KOJOBAa BiJICTaHb, HaHKpamle IMOKa3ye 3MiHy
KOPEKTYBaJIbHOT 3IaTHOCTI KOTY.

Sxmo B (1) MiCTHTBCS MOPOXKYBaJbHUK moJiHOM (2),
(63,57)-komy Xewminra, Tomi rpadp Gpp MomudikoBaHOro
(63,55)-komy (komy Minaca-AGpaMcoHa) 3 TOTIHOMOM

g(x):(l+x+x2 )1+ x+ x6)

Matume 4 HI] mopxxunam 63, 1m0 Z03BOJUTH HOMY BHUIPABISTH
TTOOAWHOKI, TOJBIHHI Ta MOTPiHI CYMIKHI TAKETH TIOMHIIOK.

3arampHe TPABWIO  ITiABHIICHHS
KOPEKTYBAJIbHOI 31aTHOCTI HMKII4HOTrO Koy Take: (N,K )-kox
30aTHUI BHOPaBUTH M KIAaciB MOMWIIOK, SKIIO AJISL HBOTO B

rpadi Gpp € He MeHe, ik M HI noBxkuuu N .

Ormnepalisi HTONOBHEHHS KOJY € MPOTHJICKHOIO OTeparii
3BY)KCHHA KOAY: HOPOKYBaJbHUH Im(X)
MOH(pIKOBAHOTO KOAY MOKHA OTPHMATH B pPE3yJIbTATI NIJICHHS
nopomKyBansHoro nominomy ((X) mowaTkoBOoro komy Ha

IOJIIHOM

nestkuii moninoM P(X) . B pe3ynbTarti MOMOBHEHHS KOLYy HOTO
KOPEKTYBaJIbHA 3/IaTHICTh 3MEHITYEThCS.

I11.  BHCHOBKU

PosrmsayTi Metonu Momudikarlii ABIHKOBUX MUKITIYHUX
KOMIB  JO3BOJSIIOTH  30UMbIIyBaTH  ab0  3MEHINYBAaTH
KOPEKTYBaJIbHY 3/IaTHICTh KOZIB NpH 30€pEeKeHHI ICHYFOUUX
¢dopmaris JaHUX. Ie MOJIETIIYE BIPOBAKSHHS
3alpONOHOBAHMX METOJIB B PI3HOMaHITHHUX CHCTeMax
nepelaBaHHs JIaHUX, 30KpeMa, B CHCTEMax 3 BUKOPUCTAHHIM
koziB CRC [6].

Jyxe mikaBi i MepCHeKTHBHI pi3HI Momaudikamii KoiB
Pinga-Conomona [7].
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Anomayia—y cTarTi #aerbcs MOBa PO  0CO0JMBOCTI
nmiarorosku ¢axisuis, mo MoXKyTh npamwBatTH B cdepi
Meniaau3aiiHy B IKOCTI Ju3aliHepiB-BepcTaILHUKIB, PO3POOHHUKIB
indgopmauiliHOro KOHTEHTY, MYJbTHMeIiHHUX MNpe3eHTauiii,
uugpoBuUXx icTopiii, pek1amuux nyodaikaniii Touo. ABTOp 3BepTae
yBary Ha Ba:KJIMBOCTi popMyBaHHs y Maii0yTHiX Meaiaau3aiinepis
3HaHb MPO MCUXOJIOTiYHi 0CODJIUBOCTI 30pOBOr0 CIPUIHATTH Ta
Bi3yaJIbHOI0 iHTeJIeKTY JII0Jeil, a TAK0XK PO OCHOBH PO3YMOBOI0
MO/IeJIIOBAHHSI, 110 TONOMAraTUMYTh iM NepeadadyaTy HeraTUBHI
il MO3UTHBHI HACTIAKH CHPUHHATTA UiJILOBOIO AayIUTOPi€I0
NPONOHOBAHOI0 MYJbTHMENiliHOr0 KOHTEHTY Ta 3amodiratume
indopmaniliHoMy nepeBaHTa’KeHHIO.

Abstract—the article is devoted to the description of the
features of training specialists who can work in media design as
layout designers, developers of information content, multimedia
presentations, digital stories, advertising publications, and the
like. The author draws attention to the importance of the
formation for future media designers of knowledge about the
psychological characteristics of visual perception and visual
intelligence of people, as well as about the basics of mental
modeling, which will help them envisage the negative and positive
consequences of the target audience's perception of the proposed
multimedia content and prevent information overload.

Knwuosi cnosa—meditinuii ouzaiin; ingpopmayitinuii ousain;
chaxisui 3 mediadusaitny; niozomoexa mediadusaiinepis.

Keywords— media design; information design; media design
specialists; training of media designers.

I. Bctyn

JluHamiyHMH pPO3BHUTOK iH(pOPMALIfHO-KOMYHIKaIITHUX
TEXHOJIOTiH 1 3ac00iB pO3pOOKH MPOTPaMHOTO 3a0e3MeYeHHS

NpUBIB 70  3HAaYHOTO  YPI3HOMAHITHEHHS  CYy4YacHOTO
MenianpocTopy,  BIOCKOHaIeHHs ¢opm 1  mpuiioMiB
npencraBieHds iHGopmamii. Yci  HaJexHI TepeayMOBH

(opMyBaHHS HOBOTO, MiATPUMYBAHOTO KOMII IOTEPHUMH
CHCTEMaMH MeliaToisl CKIAIHCs B OcTaHHI poku 1980-X pokiB,
a Ommkue 10 KiHug 1990-x i3 301AbLIEHHSAM IIBUIKOCTI
TepeiaBaHHs AaHUX MEpeXaMu B NPOBITHHUX KpalHaX CBITY
BIKE B3SUIMCS 338 PO3BUTOK HOBHX MEIIaTEXHOJIOTIH Ta Movaliu 3
aKTHUBI3aIil ASUTFHOCTI MO IMiATOTOBII CIEIIaiCTiB 3 JU3aiHY
HOBHUX 3ac00iB MacoBoi iH(hopMaIrii.

Croupatouyrich Ha SKICHY MArOTOBKY (axiBIiB HOBOI
Mejiaraiaysi, MOXKHa JOMOTTHCS ii IIBHAKOTO pO3KBITY Ta
3aXOIUICHHS [IMPOKOTO 3arally BUTBOPAMH MEIIaMHCTEITBA.
Came TOMy CJIiJ1 IPYHTOBHO 3aiiMaTHCh HABYAHHIM 3/100yBaviB
OCBITM BIANOBIAHMAX CHELIAIBHOCTENM Ta  IMiBUILEHHAM
kBanmiikamii BXKe MpalOlYUX MHTLIB, 30aradyrounm ix
HOBITHIMH 3HaHHSAMH W QOpPMyIOYM y HHX MOTpiOHI iM
KOMIIETEHTHOCTI.

IT. MEIAIA3AVH I TICUXOJIOT IS

CyuvacHi ¢dopmu BinoOpakeHHs iHGOpMAIi CIIPUYNHHIIHA
PO3BHUTOK PEBOJIIOLIIMHUX MCHXOJIOTIYHUX TEOpil, BTUIEHHS B
JIM3aliHePChKY TPAKTHUKY SKHX Y CBOK Yepry IpHUBENO [0
(hopMyBaHHS HOBITHIX MiAXO/IB Y KOMIT FOTEPHIA MHCTEIbKIi
JisIbHOCTI. 30KpeMa, 3’ SIBUJIMCH 1 MIBU/IKO 3aBOHOBYIOTH CBOIX
MPUXUIIFHUKIB YUCIIEHHI HOBITHI 3aCO0M MacoBoi iHpopMarrii.

Hogi mMenia — e cy4acHi ¢popMu KOMyHiKalii BHpOOHUKIB
KOHTEHTYy 3 HOro CroXXMBauamu, 10 0a3yloThCs Ha
BUKOPHCTaHHI NU(PPOBHX TEXHOJOTI Ta pPI3HOMAHITHUX
KOMIT'IOTePHUX IUIATGOPM SIK [UIA IX CTBOPEHHS, TaK 1 Ui
nommpeHHs. lle moenHaHHS BXKe ICHYIOUMX KYJIBTYPHHX
Tpaauliid MPEICTaBICHHS JaHUX, CIIOCOOIB JTOCTYITYy 10 HHX 1
MaHIITyJTFOBaHHS HUMH, a TakoX HOBUX Lu]poBux Qopmaris
mojaHHA iHpopMalii Ta TNPOTPEeCHBHHUX NpUHOMIB i
onpaioBanus [1].

[Tionepamu iHdopMariiiiHoi Bizyamizariii, IO 3akiaau
TEOPETHYHI OCHOBM 1H(OPMALIMHOIO JaW3aifHy, BBa)KarOTh
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JKaxa beprena, Maiikna ®penani ta Ensapna Tadri [2]. Binbm
IIOKJIAAHO cdepy cydacHoro iHdopmariitHoro au3aifHy Hapasi
nocnimkye, 30kpema, Jlino Kapaber [3-4] 3 koneramu. BiH,
HaTpUKIan, po3BuBarouu inmei EpHcra ¢on ['mazepcdenbaa,
Crisena Tynmina, Hina [Toctmana, Puuapna Cona Bypmena ta
IHIINX BYEHUX, pO3POOMB METOMOJOTII0 MOJICKOIIIYHOTO
MO/ICTIFOBAHHSI, KA MOXKE CIY)KUTH MPOTOTUIIOM IUIaHYBaHHS
iHpopManiitHoro Marepiany [5-6] B pi3HOIUTAHOBHX BHIAHHSIX,
y tomy wumcmi B Web. TlomickomiuHe CTpPyKTypyBaHHs
iHpopManii B mu3aiiHi nependayae BUKOPUCTAaHHS €(hEKTHBHUX
Bi3yaJIbHUX CIIEMCHTIB, MIA0JOHIB, iJcorpaM, HEBEIHKUX
KepOBaHMX MOIYNTiB, fKi B CBOIM CYKYMHOCTI MOKIIMKaHI
(dbopMyBaTH Y KOPUCTYyBaya MLITICHE, y3roJUKEHe OadeHHs Ta
3arobiraTu nmepeBaHTaXXCHHIO iHpopMariiero [7-8].

B MmeniiiHoMy nu3aiiHi Jy)ke BaXJIMBY POJIb BiJIrparoTh
MICHXOJIOTIYHI 0COOJMBOCTI 30poBO1 mepiieniii Joauau. Came
TOMY JAy’XKe TOMIYHHMH JJIs MeliaAn3aiiHepiB € BUIPOOyBaHi
4acoM HayKOBI Ipalli KOTHITUBHUX IICUXOJIOTIB, SIKi IPYHTOBHO
BUBYAIOTh 30pPOBE CIPUUHATTS Ta Bi3yalbHUI IHTENEKT JIFOACH
[9], a TakOk pe3yabTATH IHIIMX CYYaCHUX JOCIIIKEHb TOTO, 5K
KOMI'IOTEpHI ~ KOPHCTYyBaui  CHPUHMAIOTh, PO3MI3HAIOTE,
IHTEPIIPETYIOTh 1 KOTHITHBHO OMNPalbOBYIOTH MPOIOHOBAHY 1M
iHpopmamito [10].

Kopuchum Oyne ¥ BHBYECHHS OCHOB PO3YMOBOTO
MonemoBaHHA [11], mo momomaratume Memiamu3aiiHepy B
MoJaJbLIIH Horo po6oTi nependavyaTH HEraTUBHI Ta HO3UTHBHI
HACHIKM  CHPUHHATTSA  JIIOABMH  IIPONOHOBAaHOTO  HHUM
MYJIBTUMEIHHOTO KOHTEHTY, OLIHIOBATH HMOBIpHI eMouii Ta
PI3HOMAHITTSI KpUTHIHHUX TyMOK.

I11. L1®POBI HABUYKW MEJIAIM3AHEPIB

{006 ycminrHo nparroBaTh B H(QPOBHX i MEpeKeBUX MeTTia,
KpiM 3HaHb PO OpraHi3aliiiHi, MpaBOBi Ta €THUYHI 3acaau
poOOTH 3 MyTBTUMENIHHIM KOHTEHTOM, HEOOX1THO PO3yMiTH I
YMITH 3aCTOCOBYBaTM B DPOOOTI OCHOBHI  IOJIOXKEHHS
rpagiqHOr0, TUIOrPadCHKOTO Ta MYJIFTUMEIa AU3aiHy, OyTH
CIPOMOXXHUM  TPalfOBATH B YCUIAKMX HPOTpaMHUX 1
Be03aCTOCYHKaxX, MPU3HAYCHUX IJISI POOOTH 3 PacTpoOBOIO Ta
BEKTOPHOI0 Tpadikoro, Bife0, aHIMAIEID, 3BYKOM, a TaKOXK
MaTd pO3BHHEHY XY/I0’KHbO-ECTETUUHY KOMIIETEHTHICTb.

3nidCHIOYM  MATOTOBKY  (haxiBIiB  BiAMOBIIHOTO
npo¢iTro, MOTPIOHO HABYATH iX CTBOPIOBATH e(EKTUBHI M
HAJWXafo4di  Tpe3eHTamii pi3HUX  HOBITHIX  (OpMartis,
npuBabIMBi MQPOBI icTOPil Ta JOHTPiAH, BpaXkarodi risaada
BIJCOPOJIMKA Ta TPUTOJOMIUIMBI pekiIaMHi MyOumikarii.
@dopmyBaHHS KOPHCHMX HAaBHYOK CIiJl JONOBHIOBATH
PO3’SICHEHHSIMH TEOPETHYHHX OCHOB pO3POOKHM MOAIOHMX
mpoekTiB [12-13]. I mpu mboMy 000B’SI3KOBO 03HAHOMITIOBATH
3100yBayiB  OCBITH 3 YCIM pI3HOMAHITTSIM CYy4YacHOTO
MIPOrPaMHOTO THCTPYMEHTAPit0 TSI KOMIT IOTEPHOT BEPCTKH.

BUCHOBKU

Chepa wMemiifHOTO NW3aiHY HAJA3BUUYAWHO IlikKaBa Ta
3axXOIUIMBa B HAIll Yac, a KBami(ikoBaHi cremiamicTa, 30aTHi i
PO3BHBATH i 30araqyBaTH, BEJIbMH MIHYIOTHCA. 3 TUTMHOM 4acy
Ta PO3BUTKOM iH(OpMaLiHHMX TEXHOJOTIH  IOCTIHHO
BIIOCKOHAIIIOIOTECS (POPMHU, METOIU ¥ 3acO0M OIpamroBaHHS
iHpopMarii, 3pocTae GyHKIIOHATIBHICT Ta 3pYYHICTb JIOJHUHO-
MalmMHHAX 1HTepdeiciB 1 OJHOYACHO 3pOCTAa€ IMOMHT Ha

sIKicHUH 1H(OpMaLiiHUI KOHTEHT, a OT)Ke H Ha PO3POOHHUKIB,
3[aTHUX TaKUi CTBOPIOBATH.

[ligroroBka ¢axiBIiB 3 MeAiafu3aifiHy € aKTyaJbHOO
3aJ1a4et0 ChOTOACHHS. AJie JAyKe BaXKJIMBO HE JIUIIE TPAMOTHO
(¢bopMyBaTH y HHX BCi HEOOXiTHI HABHYKU IO CTBOPCHHIO Ta
OIPAIFOBAHHIO MYJIbTUMEAINHOIO KOHTCHTY, a U PO3BHUBATH
KpEaTHBHICTh 1 BATOHYEHICTB I/l Yac BUKOHAHHS NpodeciitHnx
3aBllaHb, BIIOCKOHAIIOBATH €CTETHYHI ¥ XyOOXHI CMakd, a
TAKOX HECOJMIHHO Yy CBOi POOOTI KepyBaTHUCS KOPHUCHHMU
MICUXOJIOTIYHUMHU TOpaJaMy IIOA0 CTBOPEHHS e(eKTHBHOI
iHpopManiiiHOi Bizyami3amii Ta A0aMIMBOrO CTaBICHHSA A0 11
CIIOXKUBAYA.
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Anomauyia—JIomenne tectyBaHHs (domain testing, domain
analysis) - Texnika cTBopeHHs e()eKTHBHHX i pe3yJbTATUBHUX
TecT-KeiiciB (TecTOBMX BMNAAKIB) B pa3i, KoM KijbKa 3MiHHHX
MOKYTh 200 MOBHHHI 0yTH NPOTECTOBaHI 0JIHOYACHO.

Abstract— Domain testing (domain testing, domain analysis) -
atechnique for creating effective and efficient test cases in the case
where several changes can be tested simultaneously.

Knwuosi cnosa— mecmysannsn, mexniku mecm-ou3aimy,
O00OMeHHe MeCmy8aHHs

Keywords—testing, test design techniques, domain testing.

I. Bcryn
Homenne TtectyBanHs (domain testing) - ue Bua
TeCTyBaHHS, CHpPSAMOBAaHWHA Ha  aHaji3 3HAa4eHb Ta
B3a€MO3B'SI3Ky eJeMeHTiB. JlOMeHHMI aHami3 B TECTyBaHHI
TaKOX BIJOMHH SIK:

e TecryBaHHS moxisioM (partitioning testing);

e Amnani3 ekBiBasieHTHOCTI (equivalence analysis);
e Amnani3 rpannuHux 3HaueHb (boundary analysis).

Y 1OMEHHOMY TECTyBaHHI BXiJHI JaHI BBaXKArOTHCS
€KBIBaJCHTHHUMH, SIKIIO MPOTpaMa MPOXOAUTh OJHH 1 TOH Ke
[IUISIX BUKOHAHHS JIJIs IX 00pOOKH.

Kiac exsiBasentHocTi (equivalence class) - e uabip
TECTIB, MOBHE BUKOHAHHS SIKMX € HAJMIPHUM 1 HE IPU3BOJIUTH
JI0 BUSIBJICHHS HOBUX Ie(eKTiB. [HIIUMH CIIOBaMH, SKIIO MU
OYIKyeEMO OIHAKOBOTO pe3yJbTaTy BiJl BHKOHAHHSA IBOX 1
Oinbllle TECTIB, 1[I TECTH €KBiBajeHTHI. Taki MHOXHHH TECTIB
HA3WBAIOTHCSI KJIACAMH CKBIBaJICHTHOCTI.

Homenne TectyBanHs (domain testing, domain analysis)
- TEXHiKa CTBOpPEHHsS €()EKTHBHUX 1 Pe3yJIbTaTUBHHUX TECT-
KeWciB (TeCTOBMX BHWMAJKIB) B pa3i, KOMM KiJbKa 3MIHHHX
MOXYTh 200 TIOBHHHI OYTH TIPOTECTOBaHi 0THOYACHO.[ 1]

Il. OCHOBHA YACTHHA
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JloMeHHe TecTyBaHHS: O3HAKH €KBiBaJICHTHOCTI.

Ines poro MeTOAy MONATaE B TOMY, MO0 PO3AUIHTH
Ha0ip YMOB TECTYBaHHS Ha, SKi MOXXHA BBAXKATH OJTHAKOBHMU
(TobTo cmcTeMa MOBHHHA OOpOONATH iX OJHAKOBO), TaKUM
YUHOM, O3HAKaM{ CKBiBaJCHTHOCTI MOYKHA BBaKaTH (KijTbKa
TECTIB €KBiBaJICHTHI, SKIIO):

® BOHH CIPSIMOBaHi HA MOMIYK OJHI€T 1 Ti€l &K MOMMUJIKWY,

®  SKIIO OTUH 3 TECTiB BUSABIILE MOMWIKY, iHINI 11 TEX,
LIBHIIIC 33 BCE, MOXKYTh BHSBHUTH;

e skmio oauH 3 TecTiB HE BusiBisfe mommiky, iHm ii
TeX, mBHIIIE 3a Bce, HE MOXyTh BUSBHUTH;

® TCCTH BHKOPHCTOBYIOTH CXOXI HAOOpU BXITHHX
JAHUX;

® JUI1 BAKOHAHHS TECTIB MH 3QIMCHIOEMO OIHI 1 Ti X
orepartii;

® TecTH TCHEepPYIOTh OJHAKOBI BHXimHI naHi abo
MPU3BOJISTH JOJJATOK B OJTUH 1 TOM JK€ CTaH.

OcHOBHa Me€Ta JOMEHHOIO TECTYBaHHS - I HaJaTh
CTpAaTeriio Mo BUOOPY MiHIMAIBHOTO HA0OPY IMOKA30BHX TECTIB.
3BHYAITHO, TOBUHCH 3QJIUIIMTUCS HE OJUH TECT, aJic MIHIMYM,
IIPU caMe NIOKa30Bi TECTH.

Domain testing: miaxix g0 JOCSATHEHHS METH

SIKIIO  OKpEeCHUTH MiAXiJ] J[JO JOCSITHCHHS METH
JIOMEHHOT'O TECTYBaHHS, TO MOXKHA BUJIIIUTH HACTYITHI KPOKH:

®  BU3HAYWTH HAOIp QYHKIIIH;
BU3HAYUTH 3MIHHI;
PO3ILITUTH MPOCTIp 3HAYEHD HA IPYIIH;
BUOPATH 3HAYCHHSI, [0 TIPE/ICTABISIOTH KOXKHY TPYILY;

0COOJIMBY yBary 3BEpHYTH Ha TPaHUYHI 3HAYCHHS
rpym;
e chopMmyBaTH KiHIIEBUI HAOIp «HAHOLIBII TOKA30BUX)»
3HAuYeHb 1 MPOBECTH TECTH 3 IX BUKOPUCTAHHSIM.[2]
[ToTpiOHO BU3HATH, IO JOMEHHE TECTYBaHHS Ma€ SIK
MepeBary TaK i HEAOMIKH, TOMY JaBalTe iX mepepaxyemo.
ILmrocw:
e DBusBICHHA NOMHIJIOK TpPH MiHIMaJIbHIA KUTBKOCTI
TECTIB.
[HTYiTHBHO 3p0O3yMinNi, YHIBEpCAIBHUHN MiAXIiJ.

Minycu:
e Huspka BiporignicTs BusBIeHHS noMmwiok HE nHa
TPaHUIHUX YMOBaX.
e Hwusbka BipOTigHICTh BUSBIICHHS MOMIJIOK B CKJIATHUX

B3a€EMOIISIX.
e Ilpoctrip 3HayeHp dYacTo  OyBae  CKIAIHO
¢dopmanizysaru.[3]
1. BUHICHOBKH
AHaii3 TpaHWYHWX 3HAY€Hb - OJIWH 3 HaHOUIBII
MOMYJISIPHAX ~ PI3HOBHUIB JOMEHHOTO TECTYBaHHS, TOMY

HaBeneMo mpukiiaa. OCHOBHO METOK JOMEHHOTO aHaJi3y €
NepeBipKa, Y MPUIIMae CHCTEMa BXIiJHI JaHI B JOMYCTUMHX

Mexax 1 Bumae HeoOximHi BuximHi mani. Kpim Toro, BiH
nepeBipsie, MO CUCTeMa HE MOBUHHA NMPUAMATH BXIiIHI JaHI,
YMOBU 1 IHJGKCH 3a MEXaMH 3a3HaueHOro abo MifCHOro
ZiamasoHy.

Hanpukinan icHye moJie mapoJist, ke MOXe MICTHTH He
MeHIne 6 1 He 6inpmme 10 cumBodmi. Lle o3Hadae, mo pesynsTaTu
U1 3HadeHp B MHokuHax 0-5, 6-10, 11 1 OuIblIe CHUMBOIIIB

MTOBWHHI OYTH €KBiBaJICHTHI.
TABJIMLIA 1. TECTOBI BUITAJJKM

TecroBuii . OuikyBanmii
Onuc cuenapiio rectry
BHUIAI0K pe3yabTat
1 Beenite Big 0 gm0 5 CucremMa He IOBMHHA
CHMBOJIIB Yy TI0JIE TAPOITIO pUAMaTH
2 Beenite Bim 6 mo 10 Cucrema IIOBUHHA
CHMBOJIIB y TI0JI€ TIAPOITIO MpUAMAaTH
3 Bsenits Bix 11 1 Ginbmie CucremMa He IIOBHHHA
CHMBOJIIB Yy TI0JIE TIAPOITIO pUAMAaTH

Takum 9rHOM, HaM HeMa€e HeoOX1THOCTI IepeBipsATH BCi
MOJKJIMBI 3HAYCHHS, TOMY M0, SIKIIO 11¢ Oyae 3p00JIeHO, YHCII0
{06 nmpobiemy,
TEXHIKa EKBIBaJCHTHOIO IOy, 1€

TECTIB  30LIBIIUTHCS. BUPIIIUTH IO
BUKOPHCTOBYETHCS
TECTYIOThCS MOJKIIMBI 3HAYCHHS 3 KOXKHOT IPYIH, SIK [MOKa3aHO
BUILIE, 7Ie IOBEIIHKY CHCTEMHU MOKHA BBR)KATH OJIHAKOBOIO.

Takuil mominm 1 € KilacaMd €KBiBaJIEHTHOCTI. lloTim
o0HMpaeThesl TUIBKM OJHE 3HAYEHHS 3 KOXKHOTO KJacy IUIst
TecTyBaHHA. TexHiKa TecT-AM3aiiHy, IO JIOKUTh B OCHOBI
IBOTO METOJy, IOJISITa€ B TOMY, IO SIKIIO OJHA yMOBa /
3HaYCHHSA B KIAci MPOXOAWTh, BCi IHOI TakoX OyIyTh
HNPOXOIUTH. AHAJOTIYHO, SKIIO OJHA yMOBa B Kiaci He
BUKOHYETHCS, BCl IHIII YMOBH B LbOMY KJllaci He OyIyTh
BUKOHaHI.[4]

AHaJti3 rpaHMYHKUX 3HAYCHD - 11€ TEXHIKa TECT-AH3aiHY,
3Ti/IHO SIKOT TECTH PO3POOJIEHO TAaKUM YHMHOM, 11100 BKJIIOYATH
MIPECTaBHUKIB TPaHUYHUX 3HAYEHb B KJlacax
eKBiBaJCHTHOCTI.[2] V Hammomy mpHKIafi, 3aMiCTh EPEBIPKU
OJTHOTO 3HAYEHHS /ISl KOXKHOTO po3]ury OyaeMo IepeBipsiTh
KpaiioBi 3HAUCHHS B TaKHUX po3aiiax, sk 0-5, 6-10, 11 1 Ounbre.
3HaueHHS OyAyTh NepeBipATHCS SK Ha JOMYCTUMHUX, TaK 1 Ha
HEJIOMYCTUMHUX MEXKax.

[oxin exBiBaJEHTHOCTI 1 aHami3 TPAaHWYHHUX 3HAYECHB
TICHO TOB's3aHi MiXK CO0OI0 1 MOXYTh BHKOPHUCTOBYBATHCS

pa3oM Ha BCiX piBHSIX TECTyBaHHS.
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Anomauis—B poboTi npeacraBiaeHo indgopmaniiiny cucremy
aHamily CcOHSIYHOI AKTUBHOCTI, sika 3a0e3meuye 30epiraHHs,
YHOPSIIKYBAHHS Ta 00POOKY JaHUX NMPOSIBiB COHSIYHOI AKTUBHOCTI
Ta reodizuuHnx 30ypeHs 1Jis BUBUEHHsS B3a€MO3B’SI3KiB rejio- ta
reo(isMYHUX SIBUIL.

Abstract—Presented the information system for analysis of
solar activity, which provides storage, arrangement and
processing of datasets manifestations of solar activity and
geophysical disturbances to study helio- and geophysical
phenomena relations.

Knrwuoei cnosa—inghopmauiiina cucmema; conauna akmueHicms;
COHAYHO-3eMHI 36°A3KU; 0a3a OaHuX.

Keywords— information system; solar activity; solar-terrestrial
connections; database.

I.  INTRODUCTION

As per today one of the important areas of solar-terrestrial
physics is the study of the geoeffective manifestations of solar
activity [1-3]. The key issue in such studies are the connections
between events occurring on the Sun, their impact on the
parameters of the solar wind, magnetosphere, ionosphere and
near-Earth space.

Despite the fact, in general the pattern of the solar-terrestrial
connections seems quite clear, far from all the links in the chain
of these connections are equally studied. To solve these
problems, researchers are faced with the processing of large

amounts of data on the manifestations of solar activity and
geophysical disturbances.

Solar activity and related processes in near-Earth space are
displayed in the form of certain cyclical changes, which are
superimposed on powerful and difficult to predict sporadic
disturbances.

Despite the almost constant radiation of the Sun in visible
light, there is a variable component in its impact on the Earth,
which causes significant changes in geophysical conditions in
near-Earth space and on Earth itself. During bursts of activity in
the corona of the Sun, intense fluxes of X-rays and energy-
charged particles are generated, also known as solar cosmic rays
along with huge masses of plasma and magnetic fields are
emitted into interplanetary space.

Studies of the Sun and solar-terrestrial connections are
conducted by a significant number of both terrestrial and space-
based means of observation. Up to date, data on indices of solar
activity, indices of geophysical perturbations, information on
galactic cosmic rays come from different sources and are stored
in different formats, which complicates working with such data.

The goal of the work is to create an information system for
analysis of indices of solar activity and geophysical disturbances
to study helio- and geophysical phenomena relations.

Il. FUNCTIONAL MODEL OF THE SYSTEM

The functional information system model was designed
using the methodology of DFD (data flow diagrams), including
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model of contextual and decomposition diagrams. External
entities of the system are "Solar- and geophysical data" and the
“User” of the system, which is able to select the data indices of
solar activity and geophysical disturbances and get information
about them.

On the first level DFD showed the functions entrusted to the
information system and data repository (Fig. 1).

DaTE: 13.06.2018 [l WorEnG READER DATE | CONTEXT:
REV: 15072019 |pRarr

NoTEs 12345678510 [ Trericamor w0

USEDAT  |AUTHOR: Danyls lvantyshim
PROJECT: Solar_activity

Request
for dats
receiving

Consclidsted
1| information about Solar
nd Geophysical indices

DB query

NUMEER.

LR TmE  Collect and analyze Solar and Geophysical
A0 data

—

Puc. 1. The first level data flow diagram of the "accounting and analysis of
solar activity" information system.

The information system provides listed functionality:
e send request and receive data from a server,

o formatting and data analysis,

e (atabase management,

¢ obtaining information on the indices of solar activity and
geophysical disturbances.

I11. CONCEPTUAL MODEL DATABASE

A system analysis of the subject area allowed us to build a
conceptual model of an information system database using ER-
modeling. The first stage of construction of ER diagrams is
selection of the entities. ER diagram of subject area represent
plurality of entities, attributes and relationships. ER diagram of
the described information system shown in Fig. 2.

In this diagram separately outlined (red) three tables - they
characterize indicators of near-Earth space:

e FEarth's magnetic field - depends on interplanetary
magnetic field and solar wind parameters,

e atmospheric electric field (AE) - depends on
interplanetary magnetic field, coronal mass ejection and
parameters of the solar wind,

o atmospheric infrasound (Al) - depends on interplanetary
magnetic field, coronal mass ejection and parameters of
the solar wind.

Puc. 2. ERD data model information system.

As shown on the scheme — all entities have a common
dependence on the table Date by which you can query data by
date and time. Also easily to notice that all entities of nature are
not characterize the state of near-Earth space contain a common
dependence on the entity of Radio emission. Since all these
parameters are indicators of solar emission, though in our
system, we consider them as separate parameters influence the
Earth's atmosphere.

IVV. INFORMATION SYSTEM DEVELOPMENT TECHNOLOGIES

Structurally, the information system for analysis solar
activity data consists of a database and two interrelated parts:
Spring MVC / AngularJs. The frontend is based on Angular and
Lodash while backend consists of JSON REST web services
based on Spring MVC / JPA.

V. CONCLUSIONS

In order to conduct research on the problems of solar-
terrestrial physics are used large arrays of observed data (indices
of solar activity, indices of geophysical perturbations,
information about galactic cosmic rays, geomagnetic data, etc.)
coming from different sources and stored in different formats
which make such data difficult to maintain and process.
Therefore, creation and implementation of information system
for analysis of solar activity carry out practical significance and
is supposed to solve a topical problem.

A functional model of the information system with the use
of DFD methodology has been developed, which made it
possible to determine its main functions.

Designed conceptual model of the database of the
information system, reflecting the main entities and the
relationship between them.
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Anomauia—Po3BUHYTO MeTOAUKY MO/e/II0OBAHHS Ipolecy
eKCIIePTHOr0 ONIHIOBAHHA MNAPHHMX MOPIiBHAHL aJbTePHATHB
pimieHb. 3 BUKOPHCTAHHAM pPO3p00JIeHOI METOAMKH OTPHMAHO
YyHCcedbHi OLIHKN e)eKTHBHOCTI Pi3HMX MeTOHiB OLIHIOBAHHS i
MiABUIIEHHS Y3rOMKEHOCTI MaTpulb NAPHUX NOPiBHAHb —
CKJIAZ0BUX METOH0JIOTII NiATPMMKH NPUIiHATTS pillieHb HA OCHOBI
iepapxiyHuX Ta Mepe:keBHX MojieJiell KpUTepiiB.

Abstract—A technique for modeling the process of expert
evaluation of pairwise comparisons of decision alternatives has
been improved. Using the developed technique, numerical
assessments of the effectiveness of various methods for estimating
and increasing the consistency level of pairwise comparison
matrices have been obtained. These methods are components of
the decision support methodology based on hierarchical and
network models of criteria.

Knrwuosi crosa—mney3zooxncenicme; napHui nopieHAHHA; cucmema
niompumku npuiinamms piwiensv; aHARi3 iEpapxiii ma mepexc

Keywords—inconsistency; pairwise comparison matrix; decision
support system; analytic hierarchy and network processes

. Bcryn
Metoan TIATPUMKH TPUIHATTS pillleHb HAa OCHOBI
iepapXiqHUX Ta MEpPEKEBUX Mojienei [1-13]

BHKOPHCTOBYIOTECS IJIS1 PO3B’sI3aHHA c71ab0 CTPYKTYPOBAHHX i
HECTPYKTYpOBaHMX 3agad BHOOPY aJIbTEPHATHB pillCHB,
OIIIHIOBAaHHS aJbTEPHATHB HAa OCHOBI MHOXXMHH KpHUTEpiiB Ta
[IeH, PO3MOAUTY pecypciB, OLIHIOBAHHS PHU3UKIB, CIICHAPIiB
PO3BUTKY, NPOTHO3YBAaHHS, 3HAXO/KEHHS CYTTEBHX IS
NPUIHATTS pilieHb (aKTopiB, MepeadadeHHsl, IUIaHyBaHHS Ta
inmmx [1]. Ili mMeToam 3acTOCOBYIOTBHCSI B IMPOMHUCIIOBOCTI,

MEIWINHI, IOJNITHII, BIHCHKOBIH cIpaBi, comiambHIN cdepi,
€KOHOMIIll, 30KpeMa Uil  OLIHIOBaHHS  e(EeKTHBHOCTI
(YHKIIOHYBaHHS  MIANPHUEMCTB,  OI[IHIOBAaHHS  IPOEKTIB,
IUIaHyBaHHs BHUIIYCKY HOBOI nponykuii, y ¢inancax Ta
OaHkiBChbKill cropaBi Tomo [2]. OmMH 3 OCHOBHHX €TaliB
METOJONIOTIT MIATPUMKK NPUHWHATTS pillleHb Ha OCHOBI
iepapxiyHUX Ta MepexkeBUX Mojenei [1] — me ekcmepTHe
OILIIHIOBAaHHS EJIEMEHTIB MOJeNell 3a MpOoLEAypor0 MapHHUX
MOPiBHSHB. 3a pe3ysbTaTtaMu (OPMYIOThCS MATPHIl MapHHUX
nopiusab (MIII), 1m0 MaroTh BIACTUBOCTI JIOAATHOCTI Ta
o0epHEHOT CHMETPUYHOCTI. JIOCHiMKEHHS OCTaHHIX pOKIB
HAMpaBJicHI Ha PO3POOKY METOJIIB OILIHIOBAHHS 1 ITiBHIICHHS
ysromkenocti MIIIT orpumanux Big ekcmeptiB [1-8] Ta
PO3pO0OKYy METOIIB PO3paxyHKy Bar CIIEMEHTIB iepapxiii Ta
Mepex Ha ocHosi MITII [10-13].

Il. HEY3TOJKEHICTb MATPHIIh ITAPHUX ITOPIBHAHb TA i
BITJIMB HA PE3YJIbTYIOUI BATU

Y MeTronax «IiHish» Baru N anbTePHATHB OOYUCITIOIOTHCS HA
OCHOBI MiHIMaJIbHO HEOOXiIHOT KUIbKOCTI N—1 eKcrepTHHX
OIIIHOK MapHUX MOPIBHAHB y mIKami. [Ipu BUKopucTaHHI «IiHiD»
aKCIOMAaTHYHO TOKJIAJAEThCSI TOBHA Y3rO/DKEHICTh 3HaHb
excriepra. MeToau «TPUKYTHHK» JUisi  OOYMCIIGHHSl Bar
NOTPeOYIOTh HAUTMIIKOBOT KilbKocTi N(N—1)/2 OLiHOK, 110 B
MTOJAVTBIIIOMY 3aCTOCOBYIOTHCS IIPHU aHaJIi31 y3TroKEHOCT] 3HAaHb
eKcIIepTa.

[IponoHoBaHi 3aco0u omintoBaHHS y3romxenocti MIIIT [2 -
6] Bu3HayalOTh HeOakaHe Ui 0araThbOX NPAKTUYHMX 3a/1a4
MOpYIIEeHHST TOPsAKOBOi Tpau3uTuBHOCTI MIIIT Ta HasBHICTH
LUKy Y MHOXHHI OLiHOK ekcreptiB. L{uxn y MIIII cBimunTs
po Te, MO HE ICHYe paH)XyBaHHA aIbTEPHATHUB, SKE
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3an0oBosibHsIE yciM enemeHtam MIIIL. I{s mpobGnema TicHO
MOB’si3aHa 3 TPOOJEMOIO TOMIYKY BEKTOPY Bar Ha OCHOBI
excrieptHoi emmipuaHoi MIII, sikuit HaitOLIbI HAOIVOKEHNIT 1O
HEBIZIOMOT'0 PeajbHOTO BEKTOPY BAr.

Emnipuynuii BeKTOp Bar BioOpakae repeBary, BU3Ha4YeHi
eKCIIepPTOM Ha MHOKHHI MTOPIBHIOBAHHUX aJbTEPHATHB PIIICHb.
P0o3po0nsroThCst pi3HI METOJM PO3paxyHKY BKa3aHOTO BEKTOPY
[9-13]. TIpoGiiema mossATae B TOMY, IO Pi3Hi METOIU Ha OCHOBI
onHiel i Tiei x emnipuynoi MIIIT MoKyTh mpH3BeCTH HE JHIIIE
IO pPi3HHX BEKTOPIB Bar, a i 10 pi3HUX paHXyBaHb aJbTCPHATHB
pimens. Ilin pamXyBaHHAM TYT pO3YMI€TbCS pE3yJIbTaT
BIIOPSIIKYBaHHS CIIEMEHTIB BEKTOPY Bar 3a CHAaJaHHIM iX
BaXITUBOCTI. SIK HACHiZIOK, BUHUKAE HEBH3HAYCHICTH BHOOPY
Halikpamoi aJbTepHATHBH pilleHb. B 3amadax po3momiIy
pecypciB Ta IHIIMX 3ajadax MiATPUMKH TPUUHATTS pilleHb
TAKOXX MOXKHa OTPHUMATH HEOJHO3HAYHHMH PO3B’SI30K VIS
okpemux Bximaux MIIII. V¥V [4-6] npuYnHOIO HEBU3HAYCHOCTI
pamKyBaHb albTEPHATUB PIIICHh HA OCHOBI BEKTOPIB Bar Ta
emmipuaaux MIIIT Oyn0 BCcTaHOBIEHO NMPHUCYTHICTH LUKIY Ta
OB’ s13aHE 3 [UM MOPYIICHHS TPAH3UTHUBHOCTI ereMeHTiB MITIL.

3aco0u omiHIOBaHHA 1 MiABHIICHHS y3romkerocti MIIIT [2-
6] po3upro0Th chepy 3aCTOCYBAHHS METO/IIB PO3PaXyHKY Bar
Ha OUTBII ITMPOKY MHOXKHHY Hey3romkeHnx MIIII, npusBonsITh
110 OLITBII IOCTOBIPHUX PO3B’S3KIB 3a]1a4 MiATPUMKH NPUHHSATTS
pillleHh Ha OCHOBI 1€pPapXiYHUX Ta MEPEKEBUX MOJEICH
KpHTEpIIB.

I1l. onmuc METOJMKHU MOJIEJIIOBAHHS

VY pobotax [3, 4, 6] po3poOICHO €IEMEHTH MOICITIOBAHHS
MPOIeCy EKCIEPTHOTO OIliHIOBAHHS aJbTCPHATHB PIllICHb
METOAaMHU MapHUX MOPIBHAHb. 3 IX BHKOPUCTAaHHSIM, B [4]
OTPUMAHO OI[IHKH MOMHJIOK Bar, M0 3HAWICHI METOJaMU
MApHUX TOPIBHSHB TPUKYTHUKY 1 «(TiHIs. BcTaHOBIIEHO, MO
YMOBa IOBHOI Y3rOJKEHOCTI EKCIIEPTHHUX OL[IHOK MapHUX
MOPIBHSHD Y IIKaJTi MOKE BBECTH JIOJATKOBY IOMWJIKY IIPH
mobyaoBi MIIIT i, sk HACHIZOK — y pPE3yJbTyrO4i Baru. 3
BUKOPHCTAHHSIM MOJEIIOBAaHHS Ha OCHOBI TectoBuXx MIIIT
PI3HOTO PIBHSI HEY3rOMKEHOCTi, B [3, 6] OTPUMaHO OLIHKH
e(eKTHBHOCTI JEKUTbKOX MeTomiB [2, 4, 5, 7-9] amamizy
y3romkerocti MIIIL

Y  pmaHiii po0OTI METOAWKAa MOJCIIOBAHHS IIPOIECY
€KCIIEPTHOTO  OIIIHIOBaHHS IApHUX TMOpIBHAHb HalyJsa
MOJAJBIIOT0 PO3BHUTKY. 3poOJICHO CcHpoOy 3MOJENoBaTH
y3aranpHeHi MIIIT pi3HOTO piBHS HEY3TOMXKEHOCTI, SIKI KpiM
TPAIMIIHHUX MYJIbTUILTIKATUBHUX EKCIIEPTHUX OLIHOK MAapHUX
MOPiBHAHD BKJIFOYAIOTh TAKOXX aJUTHBHI Ta HEUIiTKi OIiHKH. B
JaHiii poOOTI TaKOX BHSIBICHO HOBI BHIAIKH Ta MHOXXUHH
EKCIIEPTHHX OIIHOK NMapHUX MOPiBHAHB, IS IKUX MAIOTh Miciie
CyHepewInBi pe3yJIbTaTH PO JOIMYCTUMY HEY3TO/KEHICTh TIPH
BHKOPHUCTaHHI Pi3HUX BiIOMHX MOKA3HUKIB Y3TOKEHOCTI.

CyTb METONMKU MOJENIOBAaHHS B TOMY, IO CIOYaTKy
TeHEPYIOTbCA TECTOBI MHOXWHHU JIOITyCTUMO HEY3TO/KEHUX
MIIIT Ge3 nmkiiB. Ha HacTymHOMY eTari y KOXHY 3 MaTpHIb
BBOJIUTHCS IIYM 1 JOJA€Thesl LUK (LMKIM), TaK IO PiBEHb

HeysroukeHocti MIIIT 30inbLIyeThCcs 3ajJeXHO BiJ PpiBHA
BBeneHoro mrymy. Jani xoxaa 3anrymiena MIIII momaetbcs Ha
BXI1JI pi3HUX METOIiB OI[IHFOBAHHS 1 ITiIBUIIICHHSI y3T0IKEHOCTI.

BinmoBigHO OO TOrO UM IHIIOTO METOXNy, OIIHIOETHCS
JIOMyCTUMIiCTh ~ Hey3romkenocti MIIIT  abo  mrykaeTbes
HafiOUTPIl ~ HEY3TO/UKEHWH ii  eNeMeHT, 3IiHCHIOETHCA

KOPUT'YBaHHS Ili€i MaTpHUIl 3 METOI IiJIBHUINCHHS PIBHA ii
y3romkeHocti. Ha  ocraHHbOMY — eTami  OI[IHIOETHCS
e(CKTHBHICTh BUKOPUCTAHUX METO/IIB.

Jus  peamizamii MPONOHOBAaHWX €TAIliB  MOJICIIOBAHHS
MpoIeCy EKCICPTHOTO  OI[IHIOBAHHS TMAapHUX MOPIBHSHB
AIBTEPHATHB PIlICHb PO3POOIICHO MPOTPAMHIH KOMIUIEKC, SIKHH
BHUKOPHUCTAHO U1 OTPUMAHHSI OIIIHOK €(DEKTUBHOCTI BiJJOMHX
Ta TPONOHOBAaHWX METOMIB OILIHIOBAaHHA Ta IIiJBUIICHHS
y3romxenocti MITIT.
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Anomauyin— CtaTTi NPUCBSIYEHA OCJIIKEHHIO NPOOJIeMU
MOWIYKY CHIJBHOT y CKJIATHUX MepesKeBHX CHCTeMAaX, BHSIBJIEHHS
SIKHX CIPHS€ KPALIOMY PO3YyMiHHIO 3aKOHIB iX (pyHKUIiOHYBaHHS.
Jns BupimeHHs uiei npodjeMu MPONMOHYIOTHCA IBA MiIXoau, siki
0a3yl0TbCSI HAa BHKOPHCTAHHI TMOTOKOBHX XapaKTePUCTHK
ckJagHoi Mepexxki. [lepumii i3 ©ux niaxoaiB moJisirae B 004MCIeHHI
napaMeTpiB BIUIMBY OKpPeMHX TiJICHCTEM Mepe:KeBOi CHCTEMH,
chopMOBaHMX 32  NPUHOMNIAMHM  BUOPSAAKYBaHHS  a6o
MANOPS/AKYBaHHA, a JPYrMii — y BHKOPUCTAHHi MOHATTH ii
noTokoBoi cepueBunu. Ha migcraBi mpomoHoBanux miaxoaiB
chopmyaboBani HagiiiHi kpuTepii momyky cmiaibHOT Ta
po3pob.ieni eeKTHBHI AJropuTMH iX BHSIBJEHHS Y CKJIAJTHUX
Mepe:xkeBUX cucremax. Iloka3zaHo, 10 NpomoHOBaHi mixxoam
YMOKJIMBJIIOIOTh MOINYK CHITBHOT y BHNAAKaX, KOJIH He
CNpPanbOBYITH BiqoMi ynceabHi Ta Bi3yaJbHi MeTOAH.

Abstract— The paper investigates the problem of finding
communities in complex network systems, the detection of which
allows a better understanding of the laws of their functioning. To
solve this problem, two approaches are proposed based on the use
of flows characteristics of complex network. The first of these
approaches consists in calculating the parameters of influence of
separate subsystems of the network system, distinguished by the
principles of ordering or subordination, and the second, in using
the concept of its flow core. Based on the proposed approaches,
reliable criteria for finding communities have been formulated
and efficient algorithms for their detection in complex network
systems have been developed. It is shown that the proposed
approaches make it possible to detect communities in cases in
which the existing numerical and visual methods turn out to be
disabled.

Krwuoei cnoea— cknaona mepesica, mepeircesea cucmema,
nomik, cepyesuna, 6naue, CRiibHoma

Keywords— complex network, network system, flow, core,
influence, community

. INTRODUCTION

One of the important problems that is studied in the theory
of complex networks is the search for groups of interconnected
nodes (clicks, clusters, communities). lIdentification of such
groups contributes to a better understanding of the principles of
organization of complex networks (CN) and the operation
processes of relevant systems. In real network systems (NS),
the most widespread groups are the so-called communities —
subnets, the connections between the nodes of which are more
numerous and stronger than between them and other nodes of
the CN [1]. Examples of communities in human society are
public organizations, political parties, religious denominations,
national diasporas, etc., which often play a significant role in
the life of their states. Many communities exist in social
networks, biological and physical systems [2-4], etc.

Among the first methods for communities detection in
complex network are the smallest cut, hierarchical clustering
and click-based methods [5]. Algorithms based on the
modularity estimation (Newman-Girvan, Blondel, Radicchi [6-
8]), the spectral properties of the graph (Donetti-Munoz [9]),
the estimation of network entropy (structural and dynamic
methods of Rosvall-Bergstrom) and others are now widely used
[10]. The main disadvantage of above mentioned algorithms for
identifying communities in CN, along with computational
complexity and resource consumption [11], is the lack of
reliable theoretically sound criterion that defined by any of
them a group of nodes actually forms a community [5, 12]. The
"unreliability" of above algorithms has made popular the
methods of visual search for communities [13, 14], especially
in large networks. These methods are based on visual
identification of CN’s components, in which the density of
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connections is definitely higher than the density of connections
in the surrounding parts of network. Obviously, the results of
such search are quite subjective. The large number of existing
methods for communities detection confirms the great interest
to this issue and its importance.

Il. INTEGRAL FLOW ADJACENCY MATRIX AND FLOW CORE OF
NETWORK SYSTEM

Complex networks are usually described as graphs in
the form G = (v,E), where V is the set of network nodes

and E is the set of connections between them. The
mathematical model of CN structure is a binary

adjacency matrix A={a;}\j_;, where N is the number
of network nodes. The values g; of matrix A are equal
to 1 if there is connection between nodes n; and nj,

and equal to 0 if there is no such connection.
Determine the integral flow adjacency matrix V(t) of
the volumes of flows that have passed through the
network edges for the period [t—T, t] up to the current

time t

Vi (1)
V() =y O3 o1, Vi) =—— =
() =4V O Vi © max Vo (0}

t
Vi ()= jvi,— (r)dr,
t-T

where v (t) is the volume of flow that is on the network edge
(nj,nj) atthetime t>T >0, i,j=LN .

Matrix V(t), the structure of which is identical to the
structure of matrix A, is based on empirical data about the
movement of flows through the network and gives a sufficiently
clear quantitative view about NS operation, allows us to analyze
features and predict the behavior of this process, and evaluate
its effectiveness and prevent existing or potential threats [15].

Introduce the concept of flow A -core of the network system
[16], as the largest subnet of source network, for which all
elements of the integral flow adjacency matrix V(t) have values

Vi) =4, i, j=1N, t=T, 1¢[0,1].

Among other things, the flow A -core of the NS allows us
to determine in its structure the most important from a
functional point of view components [16].

I1l. COMMUNITIES DETECTION BASED ON SYSTEM HIERARCHIES

In real systems, the first "candidates™ in the communities are
the subsystems of different hierarchical levels, built on the
principles of ordering or subordination [17, 18]. Let us the
source network system S is divided into M subsystems

M
SmeS={JSm

m=1

the sets of nodes Hg :{”im}i’iT of which do not intersect,

m=1M . Denote by Gg‘“ the set of all nodes-generators of
m

flows, which are included in the set Hg, . Determine by
means of parameter

stty= D &M sV )

G
the strength of influence of subsystem S, on NS at a whole.

Here £2U%(t) is a volume of output flows generated in the node
n; from the set Gg“t and
N N
s(V(D) =2 2V )
i1 j-1

is the total volume of flows that have passed through the
network per period [t-T, t]. Let us

Rout — U Rr?-lult
Sm ieGg;t 7
is a set of numbers of nodes which are the final receivers of
flows generated in the nodes belonging to the set GS“t. Divide
m

the set R‘S)ut into two subsets, namely
m

ROUt — ROUt ROUt
s, = Rs, intY

mint Sp.ext’
out . out ;
where RSm,int is the subset of nodes RSm belonging to Hg,
,and RQ!'is the subset of nodes R belonging to addition
m,ext Sm

out
RSm,ext

the domain of output influence of the subsystem S, on NS at

a whole. The external and internal output strength of influence

of the nodes-generators of flows belonging to the set Gg“t on
m

to Hg,, in the source network. The set will be called

the subnets RO~ and Rg”ti determine using the
mr

S ext nt
parameters
EWt e = 2™ MV,
iERgrl#,ext
£l i = 2 M/s(V(D)
iGRg#‘t.im

Then the value
a)gut (t) _ §out
m

MO/,
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determines the relative strength of influence of subsystem S,

on the network system as a whole. Namely, the smaller the
value of parameter a,gut, the smaller the strength of influence
m

of subsystem Sy, on the NS, m=1M.
Denote by RiS” the set of all nodes — final receivers of
m

flows, which are included in the set Hg ., . Determine by means
of parameter

&M= 2 &"O/s(vVO)
ieR'Snm
the strength of influence of network system on subsystem S,
m=1M . Here cfii”(t) is a volume of input flows received in

the node n; from the set RiSn per period [t-T, t]. Let us
m

in _
GS =

m

U G,
ieR'Sr:n
is a set of numbers of nodes-generators from which flows are
directed to nodes belonging to the set Ry" . Divide the set Gg'
m m

into two subsets, namely
G in — G in . G in |
Sm Sp.int U Sp.ext

in ; in :
where GSm,int is the subset of nodes GSm belonging to Hsp

and Gisn o 1S the subset of nodes Gisn belonging to addition
m:» m

Xt

will be called
Xt

the domain of input influence of the network system on
subsystem Sy, . The external and internal input strength of
influence of the nodes — final receivers of flows belonging to
in in in ;
the set RSm on the subnets Gsm, t and GSm,int determine

to Hg, in the source network. The set Gisr:n,e

ex
using the parameters

& = Ya"O/s(V),

iEGg;t,ext
G m®= D2 &"MO/s(VD)
ieGgrL:]t,int
Then the value
in _ gin in
5, =85, 0n® /25, im®

determines the relative strength of influence of network system
on subsystem S, . Namely, the smaller the value of parameter

coiS” , the smaller the strength of influence of NS on subsystem
m

S, M=LM,

The pair of parameters (wgut,wisn) forms an objective
m m

criterion of whether the subsystem S, forms a community in

the network system. Indeed, the smaller the value of these
parameters, the smaller the external interaction of the

subsystem Sy, with the system as a whole and the greater the

interactions within the subsystem, which is, in essence, the
definition of community. We can also use the betweenness

parameters of subsystem Sy, to build an objective criterion and
corresponding algorithm for detection of communities-
subsystems in the source network system, m=1,M , [15].

IV. COMMUNITIES AND FLOW CORES OF NETWORK SYSTEMS

Obviously, one of the most objective indicators of
connection strength between two network nodes is the volume
of flows that pass through the edge connected them over a
[t_T’t], or in other words, the values of

elements of integral flow adjacency matrix V(D). t=T . This
means that if during the construction of 4 -core of the source
NS (Fig. 1a — source CN, 1b — source NS with the reflected # -
core) with a consistent increase of value 4 at a certain value
A=4 the flow “#-core is divided into unconnected
components (Fig. 1c) , then the largest communities in the
network system are detected. Importantly, the structure and

consist of the nodes and connections of these communities are
V() t=>T

period of time

clearly determined from the matrix

e
e

a) b) ) d)

Fig. 1. Use of flow A -cores for communities detection in complex network
system

If with further growth A at a certain value =42 detected
in the previous step communities are again divided into
unconnected components, we obtain sub-communities of these
communities (Fig. 1d), etc. In contrast to the first approach, the
use of flow cores of network system allows us not only to
identify a particular subsystem as a community, but to perform
a global search of all communities in the network system.

V. CONCLUSIONS

The paper determines the importance of problem of
communities detection in complex network systems and briefly
analyzes the shortcomings of known numerical and visual
methods of solving this problem. Examples are shown that

83



demonstrate the inefficiency of their use due to the lack of
mathematically sound search criteria. The integral flow
adjacency matrix of complex network system, parameters of
influence of its separate subsystems and the concept of its flow
core are defined which allowed to formulate objective criteria
of communities detection in complex network and to develop
effective algorithms of such detection.
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Anomauyia—Yy po6GOTi 3aNPONOHOBAHO AJITOPUTM JIOKAJIBHOI
onTuMizanii s po3B’sA3aHHA 3aJadi NOLIYKY MaKCHMAJIbHOY
kiaikn. JlocaimkeHo Joro eQeKTHBHICTL Ta  IIPOBEJEHO
NOPIiBHSIHHA 3 OJHUM i3 KpPAIIUX BiIOMUX aJIrOPUTMIB.

Abstract—A local optimization algorithm for solving the
maximum clique problem is proposed. The comparative analysis
of the best known algorithm from the literature and the algorithm

KiawouoBi croBa—3agauya NOWYKY MAaKCHMAJIbHOI  KJIKH;
AIrOPUTM JOKAJIBHOL onTHMI3anii; eKCIlepHMEeHTAIbHE
JOCJTiIKeHHSI

Keywords—maximum clique problem; local optimization algorithm;
experimental research

I. BcTv

KombinatopHa 3a7a4a onTHMI3allii MOMIYKYy MaKCHMAaIBHOL
kiika (Maximum Clique Problem, MCP) € oaHi€ro 3 BioMux
NP-Baxkux 3amad teopii rpadis. Bona Mae mupokwii criekTp
NPaKTHYHUX 3aCTOCYBaHb y 0araThboxX Tally3siX, 30KpeMa B
OioiHpopMaTHmi, comiabHUX Ta (IHAHCOBHX Mepexkax,
€KOHOMIIII, Teopil PO3KJIaiB, PU aHaTi3i Mepeaadi CUrHaliB,
aBTOMATH3aLil TPOEKTYBaHHS Pa/liOC]IEKTPOHHOI amaparypu
TOLIO.

I3 MCP TicHO noB’s3aHi JBi BijioMi 3a/1a4i KOMOIHATOPHOT
onTHMi3allii: 3a7ada TONIYKY MaKCHMaJbHOI He3ale)HOT
MHOXUHHM BepuiH Tpady (MIS) 1 3amaua 3HaXOMKEHHS
MiHiMampHOTO TOKpUTTS #oro BepmuH (MVC). Hesaxko
MIepeKOHATHCS, IO PO3B’A30K OJHIET 13 Ha3BaHUX TPHOX 3aj1ad
JTa€ 3MOTy BU3HAYATH PO3B’SI3KH 1HIIIHX.

3 omsay Ha TEOpEeTHYHY i HpakTHuHy BasmBicte MCP
3yCHJUIS BUECHHX CHPSMOBaHI Ha MOOYAOBY Pi3HUX aJITOPHUTMIB
il po3B’s3aHHs. [lana poboTa npucBsiUeHa pO3pOOILIl AITOPUTMY
mokanbHOTO momyky g1 MCP, jmocnmimpkeHHIO  HOTO
e(pEKTHBHOCTI Ta TOPIBHIHHIO 3 OJHHM i3 KpallUX BIIOMHX
aJTOPUTMIB.

Il. TIOCTAHOBKA 3AJIAUI

Hexait G = (V, E) — HeopieHTroBanuii rpad 3 MHOKHHOIO
BepunH V 1 MHOHHOMO pebep E. Kitikoro C HeopieHTOBaHOTO
rpady G Ha3HBaEeTHCS IMiIMHOXKIHA MHOXKHUHHU V, 16 KOXKHI B
BEPLIMHH € CYMDKHUMH, TOOTO JUIsl Oyb-KUX JIBOX BEPIINH B
C icuye pebpo, mo ix 3’emHye. lle o3HaueHHS CKBiBaJICHTHE
TBEPKEHHIO, 1110 miarpad, nopopkenuii kiikoto C, € HOBHUM.
MakcumaibHa Kilika — e KITiKa, SKa He Mo)xe OyTH po3LIupeHa
IIISXOM BKJIIOYEHHS JIOAATKOBUX CYMDKHHMX BEPILIUH, TOOTO
HEMa€e KIIK{ OUTBIIOrO PO3MIpy, IO BKIIOYAE BCI BEPIIMHU
JIaHOT KJIIKH.

3agadya TONIYKY MAaKCHUMaJbHOI KIIKM [OJArae y
3HaxokeHHi s gaHoro rtpady G =(V,E) Haiibinpmoi
nigMuokuan C MuHoxuru V Bepmmn, Takoi, mo  (U,v)e E
st 6ymp-sikux (U,V) e C. Iammmu cnoBamu TpebGa 3HANWTH B
rpadi G kiiky (noBHuM# miarpad) MakcUMaabHOT TIOTY>KHOCTI.

Haiinpocrima Monenp 3a/1adi NOIYKy MaKCHMaIbHOT KIKH
B TepMiHax OyleBOro NporpaMyBaHHs OIKHCYETbCS TaKHUM

YHHOM: 3HAHUTH
n
max > x;
n=1

3 ypaxyBaHHSIM OOMEKEeHb
X +X; <1,(i,j)eE,
x; €{01}, i=1,...n,

ne X; =1, skumio i-ra BepiinHa 3HaX0quThCs B Kiimi, X; =0 y

NPOTHJIC)KHOMY BMIIaJKy, E — MHOXHHA peGep JOMOBHEHHS
rpady G = (V, E). Bigomi takosx iHIm Mozeni i€l 3a1ai.

BinpmicTs TouHUX MeToAiB po3B’s3aHHI MCP Ga3yroTscs
Ha BUKOPHCTaHHI 3arajbHOi CXEMH METOAy TLIOK i Mex. B
OCHOBHOMY BOHH BiJIpi3HSIOTHCS CIIOCOOaMH TIOOYIOBH BEPXHIX
1 HIDKHIX OI[HOK (MEX) MaKCHMaJIbHOI KJIIKM Ta CTpaTerisiMu
pO3ramyKeHHs.
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IIpote uepe3 oOumcmroBanbHy ckiaagHicte MCP  TouHi
METOJIM NOTPEOYIOTh BETMKUX BUTPAT MAILIMHHOT'O Yacy 1 4acTo
MOXYTh OYyTH BHKOPHCTaHI TIIBKM M 33Ja4  Majoi
po3mipHOCTi. KpiM TOro, Ha WpaKTHIl YacTo HEOOXiTHO
omepatuBHO po3B’sizyBatd MCP B peanpHOMY MacmTabi gacy.
B mux ymoBax HaOimkeHHH po3B’S30K 3ajadi, OTPUMaHUHN 3a
NpUHHATHUI dYac, OUNBIN WiHHWHA, HDX TOYHHH pPO3B’S30K,
3HaNICHUI Yepe3 3HAYHUHN MPOMIKOK Yacy.

JletanbHUM  OTJIA] TOYHMX Ta HAONIDKEHUX METOZIB
po3e’sizanast MCP MoskHa 3HaiiTh B [1].

Haii6inmbmr  monmynsipHUM 1 €(EKTMBHHUM  METOJIOM
HaOJIDKEHOTO PO3B’SI3aHHSA 3a]a4i 3HAXOKEHHI MaKCUMaIbHOL
KJTIKA € JoKanpHuit momyk [2]. Jmst po3poOKu aaropurmy
JIOKJIHOTO THITYy B)KIMBO BU3HAYHUTH TaKi HOTO KOMIIOHEHTH:
o0nacTe MOLIYKYy, CHCTEMY OKOJIB, IIbOBY (yHKIIitO,
CTpATeTil0 TepeMIlIeHHs i TPaBWIO MOOYAOBH ITOYATKOBOTO
PO3B’SI3KY.

I1l. AJIrOPUTM

Jis po3B’si3aHHS 3agadi MOUIYKY MAaKCHMAalbHOI KIIKH
PO3pOOJICHO PaHIOMI30BAHUN AJITOPUTM JIOKAIBHOTO THILY,
SKHA € Jeskoro Momudikamiero amroputmy [3]. Horo
0COOJIMBICTIO € BUKOPHCTAHHS €IEMEHTIB alnroputMy Talby Ha
¢da3i iHTeHCHIKaIil TOMYKy, IMepe3amycKy alropuTMy Ta
OLUTBIN IMHAMIYHOTO HAJIAIITYBAaHHS MMapaMeTpiB.

IMomryk MakcuMmanbHOI KITIKM TTOYMHAETHCS 3 TOPOXKHBOI
kniku (I=J) Ta 3agaHHs KITBKOCTI CIpo0 3HAXOKECHHS
po3B’si3ky. Jami GopmyeThes mMOYaTKOBUI PO3B 30K IMIITXOM
MOCTYIOBOTO PaHJIOMI30BaHOIO BKJIFOYEHHS ([JOJaBaHHS) B
KKy JeSKMX BEpIIMH 3 MHOXXHHU BIIOPSIKOBAaHHX 3a
KiJIbKicTIO pebep BepiuuH. Lleil mpoliec MOBTOPIOETHCS 10 THX
mip, MOKM BCi MaKCHMallbHO 3B’s3aHi BEpIIMHA HE OYIyTh
PO3IIISIHYTI.

Jlaii BUIIajJkOBUM YHHOM BHAQIISETHCS 3 KITIKM I BEPIIHH (3
moyaTky ¢ = 1) i JOJAOTBCS HOBI BEPINMHH JO BUKOHAHHS
KPHUTEPIF0 Ha KUTBKICTh crpoO. [Ipn mboMy BHKOPHUCTOBYETHCS
NIeBHUI MeXaHi3M 3a00pPOHHM JJIsi BUKOHAHUX XOJIB. Y BHIIAJIKY
BHKOHAHHS KPHUTEPIiI0 HA KUIBKICTh cripo0 MOKIamaeMo I = r +

. . 1
1 i moBTOPrOEMO TpOLIEC IO THUX Mip, TIOKH I <E|I|, e ||| -

MOTY)XHICTh MHOXHHH /. SIK1Io 151 yMoBa He Oyjie BUKOHaHa,
dbopMyeMO  HOBHI  TOYaTKOBHH  po3B’si30k.  [Ipomec
MIPOAOBXKYETBCSI /10 3HAXO/PKEHHS BIIOMOTO PEKOPIHOTO
PO3B’sI3Ky a0 /10 BUKOPUCTaHHS BUAIJICHOTO Yacy.

IVV. PE3YJIbTATH EKCIHEPUMEHTAJIBHUX JOCIIKEHD

s owinky eeKTHBHOCTI anropuTMiB po3B's3anHs MCP y
JirepaTypi BiJoMmi TOMYJISIPHI TECTH DIMACS,
http://www.cs.hbg.psu.edu/txni31/clique.html, i Gimpm HoOBi
TECTH BHOSLIB, http://www.nlsde.buaa.edu.cn/-
~kexu/benchmarks/graph-benchmarks.htm. ¥V Ta6i. 1 HaBeneHo
JIesiki  pe3yibTaTH  MOPIBHSUIBHOTO — €KCIIEPUMEHTAIBEHOTO
JIOCITIKEHHST (BOHO BHKOHYBAJIOCH MPUOJIM3HO B OJHAKOBUX
yMoBax) po3pobieHoro anropurmy RLSA Ta o1HOTO 3 Kpammx
anroput™miB SBTS [4] mns psagy CKIagHUX 331ad i3 MHOMHH
DIMACS ta BHOSLIB. V Hiil npuiHATO TaKi NO3HAYCHHS:
SUCCESS — 4WcIo 3HalaeHWX BimoMux pekopaiB mpu 100

HE3ANIEKHUX Cnpobax po3s'ssaHHs 3amadi; [, 1 Tl —

BIJIMIOBIZTHO CEPE/IHIi 1 MiHIMANBHUI Yac (B CEK.) 3HAXOKCHHS
BiIOMOTO peKopxy (Ko BiH mocsarHyTtuil) mpu 100 cpobax
PO3B’s13aHHs 3a1a4i; tenure — 3HaveHHs 3MiHHOT 3200poHH Taly.
KoskHa cripo6a po3B’s3aHHS 3a1a4i Oyna oomeskeHa 1800 cek.

TABLE 1. PE3VJIbTATU EKCIIEPUMEHTAJIBHUX
PO3PAXYHKIB
success ta\vg Loest
Anroput™ tenure
RLSA|[SBTS| RLSA | SBTS | RLSA | SBTS
3agaua
C4000.5 100 295 1.18 0
C4000.5 99 100 [240 950 |[4.85 |8 10
C2000.9 2 2 826 897 494 |- 0/10
kelleré 100 16 1.9 0
keller6 100 100 |14 456 |1.7 1.9 10
frb53-24-2 11 783 0.35 0
frb53-24-2 20 34 827 247 |52 6 10
frb53-24-4 49 804 28 0
frb53-24-4 49 23 892 168 |47 4 10
frb56-25-1 15 746 12 0
frb56-25-1 17 22 [912 253 |346 |7 10
frb56-25-2 2 1232 1176 0
frb56-25-2 7 12 |88l 271 |95 68 10
frb56-25-3 42 853 77 0
frb56-25-3 44 22 |941 612 |53 60 10
frb59-26-3 18 688 96 0
frb59-26-3 25 1 938 392 |98 392 10
frb59-26-4 9 887 336 0
frb59-26-4 16 3 919 155 |51 14 10
HaBeneni JnaHi JEMOHCTPYIOTh HENOTaHi MOJKJIMBOCTI

airoputMy RLSA, Xouya BHKOpHUCTaHHS TEXHIKA Taly He
3aBXKAM MPUBOIUTH N0 KpallUMX pPe3yabTaTiB. AHami3 IUX Ta
BIZIOMHX 3 JITEpaTypd pe3yJbTaTiB eKCIIepUMEHTAIBHNX
JOCHIDKEHb CBIMYMTH MPO Te, IO CKJIAIHI TECTOBI 3ajadi,
moOyJoBaHI 3a pI3HUMH METOJWKAMH, HE MOXYTh OyTH
OJTHAKOBO YCIIIIIHO po3B'A3aHi OyAb SKUM KpalluM BiIOMHM
AITOPUTMOM, OCKUTBKH KOKEH 13 HHX Ma€ CWIBHI 1 ciaOki
CTOPOHH. Y 3B’A3Ky 3 PO3BUTKOM 0araTonpolecOopHUX
OOYHMCITIOBAIGHUX KOMIUIEKCIB BaXJIMBUMH ITOKa3HHUKAMHU €
success i t,., , sIKi CBiYaTh PO 3IATHICT ANTOPUTMY Xoua O

OIIMH pa3 YCHINIHO pO3B'sA3aTH 3ajgady mpu P crpobax 3a
MiHIMaJIbHHH Jac.
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Manipulator Deep Learning Models
for Object Finding

Dmytro Myroniuk
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Abstract— This article analyzed the base concepts of
convolutional neural network construction. Modern deep
learning architectures to solve image classification tasks are
describing. The prototype manipulator for the object finding
realizes by using the Raspberry Pi 4 platform and TFLite
framework. The manipulator prototype for the object finding
was realizing.

Keywords— convolutional neural networks, deep learning,
modeling, image classification

I.  INTRODUCTION

Nowadays, elements of Al systems became one of the
most discussed problems in the world of science. Modern
systems based on deep learning concepts and neural networks
of different types can solve difficult generalizing tasks of a
wide range, especially in image processing [1]. Modern NN
architectures are using in different spheres effectively [2].
They are demonstrating excellent results in a task of different
classes. It's from image classification and object detection to
image generation and real-time recognition. Although, many
modern architectures used to solve these tasks are very
computationally expensive. One of the popular solving
problems is training to model optimization for using mobile
platforms like smartphones or Raspberry Pi. In the last years,
a new class of special devices for Al is forming. Intel Al kits
and the Nvidia Jetson series are the most significant of them.
There CUDA-compatible cores for mobile boosting are using.
General-purpose devices are using for their tasks also.
Boosting is realizing via graph parameters optimization. The
converting from non-optimized float32 graph is uses float16
graph to optimized ARM chips or even quantization them to
uint8 graph. In this article, modern building optimized
network methodologies are analyzing. A prototype of the
object classifier, based on the mobile Raspberry Pi 4 platform,
is realized.

Il. USED SOFTWARE AND HARDWARE

Here all prototype algorithms with Python programming
language are realized. It is one of the most used tools for
machine learning and data science. It contains a wide range
of modules and frameworks for the effective model training
process and deployment processes. It ease runs on most
modern platforms and supports most of the tools on each of
them. Most modern deep learning frameworks include
special modules for graph data types optimization and deploy
them to mobile platforms. This work for mobile model
construction and converting modules of the deep learning

Bohdan Blagitko

Department of Radiophysics and
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Franko Lviv’s National University
Lviv, Ukraine
blagitko@gmail.com

Ihor Zajachuk

Centre of Mathematical Modeling
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of Science
Lviv, Ukraine
igorzaj@gmail.com

framework Tensorflow are wused (TorchScript and
Tensorflow Lite). These frameworks provide functionalities
for reducing the model size and RAM usage with minimized
influence on result-optimized model accuracy. Result models
can run on various mobile device types (e.g.,
microcontrollers, mobile microcomputers, smartphones) with
good precision and inference time.

Tensorflow Lite (or TFLite) — open-source deep learning
framework for on-device inference is part of the deep learning
TensorFlow ecosystem. It includes the functionality of deep
learning model optimization and a divided Interpreter for
running converted models on various types of platforms with
single models format. As input, TFLite can take high-level
models from Keras or TensorFlow models, universal ONNX
format models. These features (especially ONNX support)
make it easier to work with trained using other framework
models. TFLite framework consists of: - The TensorFlow Lite
interpreter runs specially optimized models on many different
hardware types, including mobile phones, embedded Linux
devices, and microcontrollers [3]; - The TensorFlow Lite
converters TensorFlow models into an efficient form using an
Interpreter and can introduce optimizations to improve binary
size and performance [3].

For model construction, we use the PyTorch framework.
The main advantage of that library over other is that models
in PyTorch had dynamic computational graph. So, we can
change our computational graph without recompilation.
Moreover, PyTorch has many optimized pre-trained fine-
tuning models, which can be using as a base for powerful
custom models. Computational graphs and learning process
plots can visualize via a compatible tensor board interface.
The main data type used in computations is tensor optimized
for GPU using a multi-dimensional array.

The platform for training and models fine-tuning,
notebook on an Intel processor, and Nvidia GTX 1050 GPU
is using as a base. The controller for the prototype Raspberry
Pi 4 is using as the main. Raspberry Pi is an outstanding
platform for robotics, smart home, 10T, etc. It uses an ARM-
architecture-based CPU with four cores and includes all
peripheral for using it as a "brain" of robotic systems.

I1l. USED MODELS AND CONVOLUTIONAL CLASSIFIER

Every convolutional classifier consists of two main parts.
First - feature extractor (convolutional layers that transform
our RGB image array to maps). Second - that represents some
features, which are founding our image. A classifier network
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uses fully connected layers of the special architecture. 2-3
layers with classic sigmoid activation functions on the first
layers and softmax function on the last layer.

The benchmarks for popular models are in 2021. They can
be including models embedded libraries or not. Scientists are
used to choosing optimal models by many parameters. It's the
model accuracy, the model complexity computational, the
hardware requirements, etc. For 2021, one used MS COCO
(Microsoft Common Objects in Context) [5] and PASCAL
VOC 2012 as the top list of used models. Besides, the
benchmark [6] is analyzing.

The base architecture uses a simple sequential model type
with one main flow and the flops in the convolutional block
(like in ResNet architectures). Every CNN architecture can be
separating into some blocks. Each consists of 2 types of layer
— Convolution operation using a non-linear function and
pooling operation.

-- Convolution operation. A typical convolution block
consists of two main parts. First - entire convolution, where
input image in RGB matrix representation multiplies with a
list of filters. Second - matrixes, which represent classic
weights and improve during learning. After that, we have an
output feature map that highlights the importance of some
pixels of features. It can use as identifiers for certain classes
of images. Convolution operation realizes three principles,
different from ANN: 1) Sparse interactions. The special
convolution kernels are using in this type of network. It helps
to reduce the dimension of weights compare to the input
tensor. This feature reduces the computational complexity of
a task and the memory volume in RAM or GPU memory. 2)
Parameters sharing — every parameter is using only ones to
compute neuron output in classic networks. In convolution,
one kernel uses the computing output in every region of an
input image. This feature helps to reduce the computational
complexity of the network. 3) Eqvariance to broadcast — if
input function transformed, then output function transform
with the same method.

- Pooling operation. The operation Pooling applies a
function of maximum function (Max Pooling), average
(average pooling), 12 —norm, or weighted the average on
feature maps. The functions of this layer are: 1) Reduce the
size of input tensor (list of feature maps after convolution can
use large volumes of memory); 2) Release independence from
minor changes of the input tensor; 3) Distinguish the entire
entity rather than the location of the entity; 4) Help to
disassociate local signs in favor of global signs.

IV. CONVOLUTIONAL NEURAL CLASSIFIER LEARNING
PROCESS

There are two main techniques based on convolutional
neural networks. They used to learn deep learning system:

- Training from scratch. Model weights with random
values and train models are initializing. This method helps to
train the best and most specific model for the concrete task.
One should use the extremely large dataset of about 1000
images per one class with powerful hardware in training. It
can be expensive.

- Transfer learning. One can use the pre-trained model
with weights, which is orienting on recognition of some
features. The method uses for the adjacent task. The model is

proposing for using and retraining only classifier layers
without training convolution kernels from scratch. This
feature is using to improve the general accuracy of this model.
It reduces the computational complexity of solutions and
reduces the number of labeled images for training.

There are three techniques of transfer learning method: 1)
Using completed models from the library. We use a model
from the pre-trained model list and replace the standard
classifier with custom (based on our number of output classes
of images) just. 2) Design own model based on described
architecture. One can design a model with specialized
architecture and use pre-trained weights from popular
competitions like MS COCO, ImageNet, Pascal VOC, etc.
These can found on the official competition site. 3)
Combining several models and use several archives of
weights.

V. PROTOTYPE SPECIFICATION

As a base prototype of the arm platform, variations of
Uarm from Ufactory are used [3]. In this article, variations of
Uarm from Custom Electronics are used for prototype
construction [4]. The arm is basing on five servomotors (3x
MG 996R and 2x MG 90 S). As a power supply parallel
scheme with 2x3 serial-connected 18650 batteries (3.6V,
2200mAh). Raspberry Pi Camera ver.1.3 is used as the
camera of the prototype. Fine-tuned models YOLO V5 small
and MobileNet V3 are using as the main models for the
prototype [8, 9]. These models demonstrate good recognition
results with Raspberry Pi 4 and image size 224x224 P. It's
enough to recognize correctly and classify objects on images.
Strategies with quantization to float16 and uint8 are using to
reduce the time recognition learning.

The manipulator prototype "Object classifier" is used as
the main idea. The manipulator detects objects of irregular
limited shape with deep learning models by using image
processing algorithms. The maximum object dimensions are
200x90x90 mm. Ultrasonic sensor HC-SR04 measures the
distance up the object to catch it and moves to a special
garbage box. The maximum mass of the object finding is
200g.
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Anomauyia— IndopmaniiiHa TeXHOJIOTisl iHTeIEKTYaIbHOIO
MOHITOPMHIY NpH3HAYeHa /s 3a0e3neyeHHs iHpopmanieo Ta
3HAHHSIMH TIPOIeciB MPHITHATTS pillleHb Y KPH30BHX YMOBax.
3acrocoBanmii areHTHMii miaxin 70 BUI0OYBaHHA 3HAHb i3
pe3yabTaTiB MoHiTOpHHTY. KoOMKeH areHT BHKOHYE OKpeMme
3aBIaHHS MOHITOPUHTY. B yMoBax Kpu3u 00’ €KTH MOHITOPHHTY
Ha0yBalOTh HOBHX BJIACTHBOCTEH. 3HIEKY€EThCS
ingopMaTUBHiCTh pe3yabTaTiB crnocTepexkeHb. Yacy Ha
NMpoBeJeHHs] HOBUX crocTepeskeHb HeMae. Tomy miacuiIoeThes
NMOTY KHICTL 3ac00iB BUA00YBAaHHA 3HAHb. MOHITOPpHHroOBa
indopmaniiina cucrema 0Oyaye i3 KUIbKOX areHTiB areHTHIi
¢yukuionanu. Y nosgiareHTHOro GyHKuioHaay areHTH MalTh
cymicHi BXigHi o3naku. Po3poOJeni Mmeroam KoopauHamii
areHTiB y CTPYKTYypi moJiarentHoro ¢ynkumionaay. Jas
¢dopMyBaHHS ~ CTPYKTYpM  NOJiareHTHOro  (QyHKUiOHATY
OyaAyloTbcsl 100aTKOBi areHTH. JloMaTKOBiI areHTH MaKwTh
3aBAaHHS YTBOPHTH CTPYKTYpPY HoJiiareHTHoro ¢yHkuionaa.
CTBOpeHi MeToau MOOYI0BH NOJIiareHTHUX (PyHKIiOHATIB 1/
po3B’sI3aHHS 3agaq Kjaacudikauii, inenTugikanii,
NPOrHO3YBAHHS.

Abstract—Intelligent monitoring information technology is
designed to provide information and knowledge of decision-
making processes in crisis conditions. An agent approach to
extracting knowledge from monitoring results has been applied.
Each agent performs a separate monitoring task. During the
crisis, the objects of monitoring acquire new properties. The
informativeness of the results of observations decreases. There
is no time for new observations. Therefore, the power of the
means of extracting knowledge is increasing. The monitoring
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information system builds agent functionalities from several
agents. In the polyagent functional, the agents have compatible
input features. Methods of coordination of agents in the
structure of polyagent functional are developed. Additional
agents are built to form the structure of the polyagent
functional. Additional agents have the task of forming the
structure of the polyagent functional. Methods of constructing
polyagent functionalities for solving problems of classification,
identification, forecasting have been created.

Knrwuoei cnosa — inghopmauinna mexnonozis,
iHmenekmyanvuuii  MOHimMOpuUH2, AzeHMHUN  yHKyiona,
iHpopmamuenicms, pe3yibmamu CROCHEPEIHCEHD

Keywords— information technology, intellectual monitoring,
agent functional, informativeness, observation results

l. BcCTynn

BukopucTaHHs areHTHOro WiAXOAY WPH CTBOPEHHI
iHpOpManifHUX TEXHOJIOTIH IHTEIEKTYaIbHOTO MOHITOPUHTY
(ITIM) BUKJIMKaHE HEOOXiTHICTIO 3a0e3meunTi
MoOHITOpHHTOBUM iH(opmaiiinuM cuctemam (MIC) HOBI
BIIACTUBOCTI, SIKi IPH TIONIEPEAHFOMY TiIXO1 peati3yBaTH He
ynaBajoch. Y mpoueci nporpamuoi peamizauii ITIM y dopmi
MIC 3abe3meuyerbcsi iX 3OaTHICTP BUKOHYBAaTH HOBI
MOHITOPHHTOBI 3aBJJaHHS Ha OCHOBI BXKE ICHYIOUHMX
pesynbTatiB crioctepexens [1]. Taka HEOOXiHICTH BUHUKAE
B YMOBax KpHU30BOI0 MOHITOPHHT'Y, KOJIH 00’ €KTH HA0YBalOTh
HOBHX BJIACTUBOCTEH a Ha OpPTaHi3allilo HOBUX CIIOCTEPEKECHb
JUISL BUSIBIICHHS LIX BJIACTUBOCTEH 4acy HE BUCTAYaE.
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VY poOoTi mosaHi pe3ysibTaTy ITOCIIIKEeHb, HAPaBICHIX
Ha Mo0yJI0BY HOBOI METO/10JIOTii CTBOPEeHHS 1H(OpMaIiifHIX
TEXHOJIOTIM  IHTENEKTyalbHOTO  MOHITOPHHTY Ta  iX
IporpamHoi peaizauii, A7t poOOTH y KpU30BHX YMOBAX.

I1. IHTEJIEKTYAJIbHI ATEHTH Y MOHITOPMHI OBUX
THOOPMAIIMHIX CUCTEMAX

Y xpu30BHX YyMOBax iH(GOPMATHBHICTh IIEPBHHHOTO
ormucy (ITO) 00’ekTiB MOHITOPHHTY pI3KO 3HIXKYETHCS 1
BUHHUKA€ HEOOXiOHICTh y MiABHMIICHHI MOTYKHOCTI 3aco0iB
cuHTe3y Mozeneil. Byno 3anponoHoBaHo y nporeci ooy 10BU
ITIM BuKOpHCTAaTH areHTHHH miaxin [2].

Jlisi BUKOHAHHS TOJIOBHMX MOHITOPUHIOBUX 3aBJaHb
OyIyIOTbCS IHTENICKTyallbHI areHTH. KOXKeH areHT BHKOHYE
CBOE MOHITOPMHIOBE 3aBJAHHS IUIIXOM II€PETBOPEHHS
iHpopMarii Bix GOpMH MAaCHBY YHCEIFHUX XapaKTEPHUCTHK
Pe3yIIbTaTIB CIIOCTEPEKEHHS 10 MOJICNeH Ta 1X iepapXi4HOTO
moeqHaHHI y  0Oasi MOJENBHUX  3HAHb (BM3).
MoHiTopuHTOBHI areHT 3a0e3nedyye OoOpOOKY pe3yNbTaTiB
crocTepekeHb, BUI0OyBaHHS 13 HUAX iH(pOpMALii Ta 3HAHb 3
METOI 3a0e3NEeYCHHs] MPOLECIB MPUHHATTA pillleHb Y
Kpu30Biii cutyauii. BM3 3abe3neuye hopMyBaHHS BUCHOBKIB
PO CTaH 1 BIACTUBOCTI 00’€KTa MOHITOPHHTY Ta MO>KJIHBI
HACJIJIKH 3aCTOCYBaHHs KEPYIOUUX BIUIMBIB, IEPETBOPIOIOYN
pesyapTaTH  cnoctepexeHb. OCHOBHHMH — €lIEeMEHTaMH
CTPYKTYpPH areHra € CHHTE3aTop MOjelield, 0a3a MOJeIbHUX
3HaHb, IHTENEKTYalbHUHA Kiacu(ikaTop MAaCHBIB BXiTHHUX
JTAaHUX, KOHTPOJIEP, areHTHA 0a3a JaHWX, MOJYJIb 30BHIIIHIX
KOMYHIKAITii.

IHTeneKTYanbHI areHTH € eeMeHtamu cTpyktypu MIC.
MIC 3abe3medye oprasizallito, IpOBEJCHHS Ta 30epeKEHHS
pe3yJIbTaTIB CHOCTEPEeXKEHb, Kepye IpolecaMu MoOynoBU
areHTiB, peallizye KOMYHIKaIlil MiX areHTaMu, 3a0e3redye
30BHIIIHIO B3a€EMOJiI0 i3 0C000I0, L0 NPHUHAMAE PIllICHHS
(OITP). MOHITOPHHTOBI AareHTH BHUKOHYIOTH JIBa THIIH
3aBaanb y MIC: ronoBHE MOHITOPHHTOBE 3aBJAHHS Ta
CTPYKTYpPHE 3aBJaHHS.

I1l.  TIOJIATEHTHI ®YHKI[IOHAJIN

Y KpH30BHX YMOBax 3 SIBIISIIOTBCSI MOTYXKHI BILIMBOBI
(akTopH, SKi 3MIHIOIOT BIACTHBOCTI 00’ €KTiB MOHITOPHUHTY.
O0’eKTH  MOHITOPHHTY TMEpeXOoAsTh y CTaHH, SKi
BIZIPI3HSIOTHCA BiJl OTIEPEAHIX. 3HAaHHS PO 3aKOHOMIPHOCTI
PO3BUTKY CUTYAIlill, IKi yTBOPIOIOTHCS B3aEMO/IISIMH 00’ €KTIB
y TONEpeJHiX CTaHaX, CTAIOTh HEaJeKBaTHHUMHU. ATEHTH
BUBOIATECA 13 CTaHy «ATIEHT BHUKOPHCTOBYETHCS» 1
NEepexXoiaTh y CTaH «ATeHT BHBeJeHuUH y 3amac». MIC
nepecrtae BunaBatu notpioHy ans OITP iHpopmarriro.

Jlnga BUKOHaHHA CBOIX 3aBAaHb y HOBuX ymoBax MIC
MiABUIIYE TOTYXHICTh 3aco0iB BHAOOYBaHHSA 3HAHb i3
YHUCENIBHUX XapaKTEePUCTHK PpE3YJbTaTiB  CIOCTEPEKEHb.
Buxopucrtanus arertHoro minxoxmy no mobymosu ITIM
JIO3BOJISIE MiJABUILYBAaTH IOTYXKHICTH 3aC00iB BHIOOYBaHHS
iHpopMariii i3  pe3ynabTaTiB  CIIOCTEPEXKEHb  IIISIXOM
YTBOPEHHS areHTHUX (yHKIIOHAIB. ATeHTHUH (yHKIIOHAI
ne ¢yHKmis Bim (QYHKIIA areHriB, IO BXOIATh A0 ii
ctpykrypu. 3a  HeoOxigHocti MIC Oymye  areHTHi

(hyHKIiOHATIH i3 0araToemieIONHOI0  CTPYKTYPOIO.
IndopmaTHBHICTE pe3yNIbTATIB CHOCTEPEKEHHS 3pPOCTAE 32
paxyHOK 30UTbIIEHHS KUTBKOCTI O3HAK — CHTHAIIB 13 BUXOIB
areHTiB, 10 MAlOTh Pi3Hi TOJOBHI MOHITOPHHIOBI 3aBJAHHSI.

3Bakal04M Ha  BIJOMHH IOCTYJaT MpPO  CHCTEMHE
BJIAIITYBaHHS CBITY, OyJa BHCYHyTa TiloTe3a, [0 CUTHAIH
Ha BHUXOJl arcHTIB i3 PI3HMMH TOJIOBHHMH 3aBAAHHIMHU €
iHpOPMATHBHUMU ITpH TOOYJOBI areHTHUX (QYHKIIOHAIIB. Y
npolLeci nepeBipkyu BUCYHYTOI TiNOTE3H OyII0 BUSBIEHO, 110
areHTHi (yHKIIOHANM, SIKI YTBOPEHI areHTaMH i3 Pi3HUMH
BXiIHUMH O3HAaKaMH{ Ta areéHTaMH i3 CyMiCHUMH BXiTHHUMH
O3HaKaMH BiAPi3HAIOTECSI. ToMmy OyJo 3ampoIOHOBaHO
kinacuikyBaTH areHTHI (yHKIiOHAMM 3a CYMICHICTIO
BXimHUX o3HaK. DyHKIIOHATW, sKi MICTHIM areHTd i3
CYMICHUMH BXIZTHUMH O3HAKaMH, 3alIPOTIOHOBAHO TTO€JHATH
y KJ1ac noniareHTHUX (yHkiionanis (IIAD) [3].
JloCHiIKYIOThCSI TIPOLIECH Y3TOKEHHS B3a€MO/Iiil arcHTIB y
ctpykTypi [TA®D. CtBopeni meroau modynoBu ITAD s
pO3B’s13aHHs 3a1a4 kinacuikarii, imeHTUdIKaIil,
MporHo3yBanHsa [4]. 3ampomoHOBaHO MeETOAU MOOYA0BU
nomiareHTHUX ¢yHkuioHanis 'y MIC nuisixoMm CTBOpEHHs
areHriB i3 CTpykTypHuMmH 3aBhanusmu [4]. MIC Oynye
JIOZATKOBI areHTH, Ul BUKOHAHHS CTPYKTYpHHX 3aBAaHb i3
noOynoBu emenoniB y [TA®. ExcniepumeHnTansHO OBEICHO,
mo ToXuOKa CHTHaly Ha BHXOJI IIONIareHTHOTO
(hyHKITIOHATY 3HIKYETHCS y Ha ToHax 34% Mo BiIHOIIEHHIO
13 CHTHAJIOM Ha BHXO/Ii areHTa.

1V. BUCHOBKU

Omnmcano iH(OpMaIiifHy TEXHOJIOTIIO IHTEICKTYalIbHOTO
MOHITOPHHTY, SIKa 3/IaTHA MMPAIFOBAaTH y KPU30BHX YMOBaX 32
PaxyHOK MiJBHIIEHHS TOTY)XKHOCTI TIPOIECIB BHUIOOYBAHHS
3HaHb 13 pe3yJIbTaTiB MOHITOPUHTY. 3HAHHS MPO BIACTUBOCTI
00’€KTIB MOHITOPHHTY 1 3aKOHOMIPHOCTiI 3MIiHH CHTYaIlii
30epiraloThcsi y 0a3i MOJCIBHUX 3HAHb IHTEJICKTyaJbHUX
areHTiB. [loTyXHICTH Tpomecy BHIOOYBaHHS 3HAaHb
MIABUIIYETHCS MUIIXOM MOOYI0BH areHTHUX (DYHKI[IOHAIIIB —

HAJareHTHUX YTBOPEHb Yy CTPYKTYPI MOHITOPHHIOBOI
iHpopmaniitHoi cucteMu. EkcriepuMeHTalbHO MiATBEPIHKEHO
MOKpAIleHHs  XapaKTepUCTHK  CHTHAJIB HAa  BHUXOAI
noJTiareHTHUX (QyHKIIOHaiB.
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Anomayia — PesyabraTu komm’otepaux nporpam Deep Blue
1997 p. ta AlphaGo 2016 p. cBizuarh npo HeoOXimHicTh 3MiHM
napajurMy, NoB’A3aHoi 3 TPAAULI{HUM MAIUIMHHUM HABYAHHSIM.
Li pe3yibTaTH nokaszajau nepeBarn MAIIMHHHOIO NPHHAHATTS
pilleHb BiTHOCHO MPUUHATTA pilleHb JIOAHHOK, BKJIIOYAIYH
TpaauuiiiHi cucTeMu MATPUMKH NPUITHATTS pillleHb.

Abstract — The results of the Deep Blue computer program in
1997 and the AlphaGo computer program in 2016 indicate the
need for a paradigm shift associated with a traditional machine
learning. These results showed the advantages of machine decision
making over human decision making, including traditional
decision support systems.

Knwwuoei cnosa — Heilponni mepeyxci; cucmemu niompumxu
npuiHaAmms piwiensv; 2padicHmue OHIAIUH-0HOBICHHA

Keywords — neural networks; decision support systems; gradient
online update

I. Bcryn

BararomapoBi HEWpOHHI MepeXi, HaBUEHi aJTOPUTMOM
3BopoTHOrOo TommpeHHs (back-propagation), € Haiikpammm
MPUKIAZOM YCIIIIHOTO METOAy HAaBYaHHA Ha OCHOBI
rpamieHTiB. s 3amaHol miAXO0aAII0l MepeKeBOi apXiTeKTYpPH,
rpajlieHTHI aITOPUTMU HaBYaHHS MOXYTh BUKOPHCTOBYBATHCS
JUIl  CHHTE3y CKJIaJHOI TIIOBepXHi pillleHb, sKa MOXe
kiacu(ikyBaTH Taki 00pa3u BUCOKOT BUMIPHOCTI, SIK PYKOTIMCHI
OyKkBM THpH MiHIManbHIM nomnepenHiii oOpoOui. [lopiBHSIHHS
PI3HHX METOJIB, IO 3aCTOCOBYIOTBHCS 10 PO3Mi3HABAHHS
PYKONIMCHUX  CHMBOJIIB, Ha CTaHAApTHOMY  3aBJaHHI
pO3Mi3HABaHHS PYKONMHCHUX IUGpP TOKa3zye IepeBary
sroptkoBux (convolutional) HelpoHHHMX Mepex, crelialbHO
PO3pO0JICHUX I aHaNi3y MIHIMBOCTI IBOBHMIpHHX (2-D)

¢biryp.

1. KIIACU®IKAIISI TA HABUAHHS

PeainpHi cucTeMu po3Mi3HaBaHHS JOKYMEHTIB CKIIAIAl0ThCS
3 0araTboX MOJYINiB, Bkirouatroun Buminenus moius (field
extraction), cermMeHTariiro, ymizHaBaHHS, MOJEIIOBAHHS MOBH.
I'nmuboke HaBYaHHS BKIIIOYAE MOJENb TpaHchopmaropa 3
MeXaHi3MaMH YBaru Ta 3BaXyBaHHS BIUIMBY PI3HHUX YaCTHH
BXIHMX JaHUX, K4 BHKOPHUCTOBYETHCS MEPEBAKHO LIS
00pOOKH TPUPOJHUX MOB 1 3aCTOCOBYETHCS AJISI PO3YMIHHS
Bi3yabHUX JAHUX. Higxig MepeK rpadiqHIX
tpancdopmaropis  (graph transformer networks, GTNS)
JIO3BOJISIE HABYATH TaKi 0araTOMOAYIBHI CHCTEMH TI00AIBHO,
BUKOPUCTOBYIOUH TPATIEHTHI METOMU [UIS  ONTHUMI3aIlil
3arajgbpHOi MipH MPOJYKTUBHOCTI CHCTEMHU.

3 1990-x pokiB MeToaM MamMHHOTO HaB4yaHHs (Mmachine
learning, ML), ocobnuBo 3aCTOCOBaHI 0 HEHPOHHUX MEPEK
(neural networks, NNS), BimirparoTs BaxJIMBy poiib y po3po0iri
cucTeM po3smizHaBaHHS o00pasiB (PO): HasBHICTH MeTOMIB
HaBYAaHHS CTaja BHpPIMANbHUM  (AKTOPOM  YCIIIIHOTO
3actocyBanHsi PO s po3mi3HaBaHHS HENEpEepBHOI MOBH Ta
mouepky [1]. ¥V 1997 p. nporpama Deep Blue st rpu B miaxu
nepemoriia yemiiona city I'appi Kacraposa.

3aBmsaku mporpecy y ML i KOMII'IOTEpHUX TEXHOJIOTiSIX
MOJKHa CTBOpIOBaTH Kpamii cucteMu PO 3 aBTOMarMuHHM
HaBYAaHHSAM 3aMICTh IHTYiTUBHO BOymoBaHOi eBpucTHKH. Ha
Kelcl po3mi3HaBaHHA OYKB MOXKHA ITOKAa3aTH, MIO BUIIJICHHS
osuak (feature extraction) BpyuwHy BurimHime 3amMiHIOBATH
peTeNbHO  pO3pOOJICHMMHM HABUAIBHHUMH  MallMHAMU, SKi
MPaIo0Th Oe3MmocepeIHRO Ha TiKCEeTbHUX 300pakeHHsx. Keric
PO3YMiHHSI JTOKYMEHTIB IIOKa3ye, IO TPATUIHHUN CrIOCio
nodyznoBu cucreM PO numgxom pyyHoi iHTerpaunii oxpemo
PO3pO0JIEHNX MOJYJIiB MOXHA 3aMiHIOBATH YHi()iKOBaHOIO Ta
NPUHLIMIOBOI0  mapaxurmoro  npoektyBanHs GTN, sxa
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JOIyCKa€  HABYAaHHSA BCIX MOAYNIB IS ONTHMIi3arii

IJ100aJIBHOTO KPUTEPII0 NPOJYKTUBHOCTI.

Bin camomy mouaTtky po3BuTky PO Oyno Bimomo, mio
MIHJIMBICT, 1 pI3HOMAHITTS INPUPOAHUX [aHUX MOBH,
(iepo)rmipie  Ta  iHmWMX ~ TUmB  00pa3iB  Maibke
YHEMOXKJIMBIIOIOTh o0yA0BY CUCTEMHU TOYHOTO
pO3Mi3HAaBaHHS BUKIIOYHO BpPy4YHY. ToMy OUNBIICTE CHCTEM
PO OynytoThcs, NOEIHYIOUYH METOIA aBTOMATHYHOTO HAaBUAHHS
Ta eBPUCTHYHI aJITOPUTMU. 3BUYAHHMHN (TpajUIiiHII) METOA
pO3Mmi3HaBaHHS OKpeMUX 00pas3iB MMOJIATAE Y IMOMAI CHCTEMH Ha
JIBA OCHOBHI MOJIYyJi — MOJYNb BHIUICHHS O3HaK (BXig —
MIEPBHHHI JaHi, BUXiJ — BEKTOP O3HAK) 1 MOIYJb 3JaTHOTO IO
HaByYaHHS Kiacudikaropa (BXiZ — BEKTOp O3HAK, BHXiJ —
YHCIOBI XapaKTePHCTUKH BIAMOBIAHUX KiaciB). Moayis
BU/IIJICHHS] O3HAK Ha3WBAaIOTh €KCTPAaKTOpoM. Bekropu o3Hak
MAaroTh 33/I0BOJIBHATH TAKMM BUMOTraM: 1) HU3bKa BHMIpHICTH
BEKTOPIB 4YM PSAAKIB CHUMBOJIB; 2) BHCOKa 3JaTHICTh [0
MOPIBHAHHSA MK c00010; 3) BiTHOCHA iHBapiaHTHICTH BITHOCHO
MIepETBOPEHb 1 CIIOTBOPEHB BX1THUX 00pa3iB (1aHKX) Oe3 3MiHK
iXHBOI CyTi. JJOBOMI crIeU(iTHNM € MpOoIec BUIUICHHS O3HAK,
00 BpaxoBye 0arato MOMEPEIHIX 3HAHb 1 MPOCKTYBAaJbHHUX
3yCHIIb, SIKIi 9acTO 3IIMCHIOIOTHCS BpPY4YHY. 3 IHINOTO OOKY,
kiacu}ikaTop € MOJIyJIeM 3arajibHOTO MPU3HAYCHHS, 3MaTHUM
00 HaB4yaHHA. OnHI€I0 3 TOJOBHUX HPOOJEeM TpamuLiiiHOro
METOJy PpO3Mi3HABaHHA € T¢, M0 TOYHICTh PO3IMi3HABAHHS
3HAYHOK MIpOI0 BH3HAYAETHCS 3AATHICTIO NPOCKTYBAbHUKA
3aMpOIOHYBATH MiIXOAAIIMA Habip o3Hak. lle BUABISIETHCS
CKJIATHUM 3aBIaHHSAM, SKE JOBOJHUTHCA BHKOHYBaTH IS
KOXKHOT 3ajaui po3Mi3HaBaHHS OKpEMO: 0araTo JiiTepaTypu 3
PO mpucBsyeHa omucy Ta MOPIBHSHHIO BiJHOCHHX IepeBar
pi3HMX HAOOPIB O3HAK JJISI OKpeMHX 3amad [2]..

Icropruno moTpeba y MiAXOISNIMX EKCTpAaKTopax Oyina
moB’si3aHa 3 THM, IO METOAW  HaBYaHHS,  SKi
BUKOPHCTOBYIOTBCS KJIacudikatopamu, 00OMexXyBaJIUCS
MIPOCTOPAaMHU HU3bKOT BUMIPHOCTI 3 HECKJIATHO PO3ALTIOBAHUMU
kinacamMu. Ha 3MiHy Takoro morysimy BIUIMHYJO TTO€IHAHHS
KiJIbKOX (haKTOpiB HANPHKIHII MUHYJOTO cToMiTTs. [To-nepiue,
HasIBHICTh HEJOPOTMX MallMH 3 IIBUAKAMH apudmeTHko-
JIOTIYHUMH TIPUCTPOSIMH J03BOJIsIE Oiiblle MOKIAaTHCA Ha
MOTYXHIIII YHCEeNbHI NPOLEAYpPH, HDK Ha aJrOPUTMIYHI
BIockoHaneHHs. [lo-ipyre, HasBHICTh BEJMKUX 0a3 JaHMX 3
BEIWKHMH DPHHKAMH 1 IIMPOKMMH CdepamMH 3aCTOCYBaHHSA,
BKJIIOUAIOUH po3ITiZHaBaHHS MOYEPKY, JIO3BOJISIE
[IPOEKTYBaJIbHUKaM CUCTEM pO3mi3HaBaHHS OinpIre
pO3paxoByBaTH Ha peaybHI JaHi, HIX Ha BHAUJICHHS O3HAK
BpyuHy. Ilo-Tpere, HasgBHICTHP MOTYXHHX MeTomiB ML, sxki
MOXYTh OOpOOJNATH BXiJHI JaHI BHCOKOI BHMIpPHOCTI Ta
TeHepyBaTH CKJIaAHI QYHKI] pillIeHp Ha IUX JaHUX, JO3BOJISIE
po3pobIsITH YHiBepcalbHi KJacuQikaTopu. MosxHa
CTBEP/IKYBATH, 1110 MPOTPEC y TOUHOCTI CUCTEM PO3Ii3HABAHHS
MOBH Ta TOYEPKY IOSCHIOETHCSI 3HAYHOIO MIpOI0 OUIbIIMM
3aCTOCYBaHHSM cydacHHX ML i BelMKMX HaBUalbHUX HAOOPIB
JAaHWX: BEJMKa YacTHHA CYYacHHX KOMEPIIIHUX CHCTEM
ONITHYHOTO po3mizHaBaHHs Oyks (Optical character recognition,
OCR) BuKOpHCTOBYEe JAesKy (opMmMy OararomapoBHX
neiiponnux wmepex (neural networks, NNS), HaBueHHMX 3a
JIOTIOMOT'OI0 aJITOPUTMY 3BOPOTHOT'O TIOILIMPEHHSI.

I1l. TIOCTAHOBKA 3AJIAUI TIPUAHSTTS PILLIEHD

Cepen migxomiB 10 aBromatuyHoro ML omHuMm 3
HaitycnimHimux y cuinsHOTI NNS BBakaeThcst aucenpHe abo
TpajlicHTHE HaBYaHHA Ha JaHUX: HaBYaJlbHa MalllMHA

o6unciroe dpynxiio Y P = F(ZP W), ne ZP — p -it Bxignuit
o6pa3, W — Halip HacTpOIOBAHUX IapaMeTpiB y cucremi. Y
noctarosni PO Buxin Y P inTepnperyetscs sk posmizHama

mitka (label) o6pasy Z P, umcmosa xapakrepucthka um
HMOBIpHICTb, MOB’s13aHa 3 KOXHHUM KiacoM. DyHKIisS BTpaT

EP =D(DP,F(Z",W)) suwmipioe po36ixuicts (discrepancy)
Mi’K KOPeKTHHM a6o Gaxanum pesymbratoM DP s o6pasy
ta BuxonoM Y P, Bupo6nenum cuctemoro, p=1,...,P, ne P
— YHCIO HaBYAJIbHUX BHOIpoK (00pa3ziB). DyHKIiA cepemaHix
Brpar Ey (W) € cepenmiv suauennsm noxubox (errors) EP
Ha Habopi mnomivenux mnpuknanis (labeled examples) {
(z',DY),(2%,D?),...(2°,DP) 1,

SIKUI Ha3HUBalOTh
HaBuanpHOIO  (fraining) MHOXUHOMO. Y  HAHMPOCTIiMIii
MMOCTAHOBIII 3aJa4ya HABYAHHSA IMOJra€ y 3HAXOJKCHHI

smavenns W, sxe wminimisye Eg,y(W). Ha npakrumi

MPOXYKTUBHICTh CHUCTEMHM Ha HaBYaJbHIH MHOXHHI HE €
BU3HAYAJIBHOK: INPUHHATHIIINM IIOKa3HHKOM € piBeHb
NMoxubKKM  cucreMu B o0nacti, sKa  NPAKTUYHO
BUKOPUCTOBYBAaTUMEThCs. Lleil MOKa3HUK OLIHIOETHCS MITSIXOM
BHUMIPIOBaHHS TOYHOCTI Ha HaOOpi BUOIPOK, BiJOKPEMIICHHX
BiJl HAaBYAJLHOI MHOMUHH, TecTOBi MHOXMHI. Bararto
TEOPETUYHUX Ta EKCIEPUMEHTAIBHUX POOIT IMOKa3ayy, IO

Eres (W)

y3arajbHCHHA Ha TECTOBIM MHOXHHI Ta PIBHEM Etrain(\N)

pO3pHB  MDK CIIOAIBAHUM PIBHEM MTOXUOKH

HOXUOKH Ha HaBYAJIbHIH MHOHHI Eiest W)
— Bjrain W) = k(P_lh)a, ne h — wmipa edekruBHOI
CIIPOMOXHOCTI 4M cKiagHocTi mammud [3], Kk — neska

koncranra, & € (0.5,1) . Leil po3puB 3aBKaM 3MEHIIYETHCS 3

poctom P . Ockinbku 3 poctom h smenmryetses Eypin (W) , 10
36iMBIIYETHCS PO3PUB i 3 SIBJIAECTHCS TMUTAHHS ONTHMAJIBHOTO
snauenns h, mo minimisye Eo W) 141.
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Anomayia—YycnillHe I[NHPOKe 3aCTOCYBAHHA  CYYaCHHX
XMapHHUX TeXHOJOriii mnependavae rauboke Ppo3yMiHHS 3acaj
PO3BUTKY LIHX Te€XHOJIOTiif HA JIOKAJBHHX i IJ100aJbHUX MepeKax.
Takuii po3BUTOK Gepe MOYATOK Bill MepHIMX onepauiiiHuX cucTemM
i cucrem 3 moaisioM yacy Ha OCHOBi peKYPCHBHHMX 004HC/IEHb.

Abstract—The successful broad application of modern cloud
technologies assumes the profound understanding of principles for
development of these technologies on local and global networks.
That development originates from the first operating systems and
time-sharing systems on the basis of recursive computing.
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Keywords—global networks; recursive
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I. Bcryn

Oco06nuBicTiO cydacHO! IHU(GPOBOI e€pH € MOMUPEHHS TaK
3BaHMX XMapHUX TexHoiorid. Y 2020 p. B KOXHOTO
KOPHCTYBa4a iHTEPHETY € MUPOKUI BUOIp XMapHUX PillIeHb Ta
omuiit, skux He Oyno y 2010 p. Taki mociyry, sIK 3aBaHTa)KECHHS
3aCTOCYHKIB, 30epiranHs ororpadiii 1 BigeodiTbMiB,
0a3yroThCsl Ha XMapHUX XocTuHrax. ¥ 2000 p. mapmameHT
EcTonii BM3HAB AOCTYyN [0 iHTEpPHETY HEBiJ €MHHM IIPABOM
monuHHM, mo3ask y 2003 p. B YkpaiHi 30epiraiacst miara 3a
BXiJHI N3BiHKKM Ha MOOiNBHI Tenedonu. JlepkaBHa TMOJiTHKA
Ecronii chnpustia yCHiIIHOMY — COLialIbHO-€KOHOMIYHOMY
PO3BHUTKY: 3a JaHWUMH MIiXHApOJHOTO BaJIOTHOTO (OHAY, Y
2019 p. HOMiHaNBHUIT BaJOBHMI BHYTPIIIHII MPOAYKT Ha JTyITy
HaceneHHs Ectonii (25523 mon.) y moHax 7 pasiB nepeBuIIyBaB
nei mokasHuk Ykpainu (3592 non.); skmo y 1991 p. meit
moka3HuK B EcToHii Ta Ykpainu OyB 01HaAKOBHM, TO TIPOTATOM
HACTYIMHUX 28 pPOKIB CEepPeIHBOPIYHUA TEMI EKOHOMIYHOTO
3poctanus B Ectonii OyB Ha monax 7% Oinpmmi, HIK B
VYkpainu.

Il. TIEPEIYMOBH PO3BUTKY XMAPHHUX TEXHOJIOITIA

XMapHy TEXHOJIOTiI0 BHU3HAYaOTh TPU (QyHIaMEHTaIbHI
NOHATTA: HAJaHHA IIOCHYr OOYMCICHHS 4YM 30epiraHHs
iHpopMmaii sIK rpoManchbkux abo0 CHIJIBHUX; MO OJHOIO M
TOTO CaMOr'o0 KOMIT'IOTEPHOT0 pecypcy Mixk OaraTbMa JIHOIbMHU
4yepe3 TEXHOJOTII BipTyamizalii; JOCTyH O MOCIyr 4Yepes
CTBOPEHHS MEPEX.

Y 1960 p. amepuKaHCHKMH KOMII'IOTEPHUH HayKOBEIb
Makkapti  (McCarthy, 1927-2011) omy6iikyBaB MOBY
nporpamyBanns LISP (LISt Processor; pexypcuBHi (yHKii
CHMBOJIIYHHMX BUPA3iB Ta X 00YNCIICHHS MAIIMHOIO), KA CTasa
HOIIMPEHOI0 B 3aCTOCYBAaHHAX IITY4YHOrO iHTeNekTy (artificial
intelligence, Al). LISP 6a3yerbcst Ha Tak 3BaHOMY JisiMOjia-
YHCICHHI — (POPMaNBHIN CHCTeMi B MaTeMaTHUHIHM JOTiMi Jyist
BHpa)KCHHS 00YHCIICHb Ha OCHOBI (DYHKIIH JIIMOMa-a0cTpakiii
Ta aITiKarlii, BUKOpucToBytouH 38’ si3yBanns (binding) sminzo1
ta 3aminy (Substitution). Take uucienus y 1930-x pokax
3alpoNOHYBaB aMEpPHKAHChKUIM MaTeMaruk i Jiorik Yapu
(Church, 1903-1995), mo6 yHHKaTH TMapamoOKCiB TeEOpii
MHOHH (CcKaxximMo, napagokcy Paccemna (Russell, 1872—-1970),
HoGemiBcpkoro naypeara 1950 p. 3 miteparypm). Take
YHUCIIEHHS Ja€ YHIBepcajbHYy MOJENb OOYHCIIEHb, 37aTHY
imityBatn Oymb-siKy MamuHy Tropinra (Turing, 1912-1954).
Makkapti OyB UJICHOM CIEHiaTBHOTO KOMITETY Acoriarmii
obumcmoBanpHoi  Texuikn  (Association for  Computing
Machinery, ACM) 3 MoB nporpamMmyBaHHs, SKdil B3SB y4acTb y
npoektyBanui Mo ALGOL 60 (ALGOrithmic Language). ¥
1959 p. MakkapTti 3anpoINOHYBaB pPEKypCil0 3 YMOBHUMH
Bupasamu it ALGOL i meronu 30upanus cmitts (garbage
collection) as cipolieHHs PYYHOTO YIpaBIiHHS HaM’STTIO B
LISP.

MakkapTi TaKoX CIIPHsIB CTBOPEHHIO ITPoeKTy «Komm toTep
MHOkuHHOTO goctymy» (Multiple Access Computer, MAC) B
MaccauyceTcbkoMy TEXHOJIOTIYHOMY IHCTUTYTI
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(Massachusetts Institute of Technology, MIT), na6opatopii Al
B Crendopai (Stanford), Haitneprunx cucteM 3 MOALIOM Yacy —
cymicHol cuctemu 3 mofinom vacy (Compatible Time-Sharing
System, CTSS), po3po0ieHoi aMepUKaHCHKIM KOMII FOTEPHUM
naykoBuem Kopbato (Corbato, 1926-2019) i sBmepmie
npoxemorctpoBanoi Ha MIT IBM 709 y 1961 p., cuctemu 3
noxinom yacy BBN (BBN (Bolt, Beranek, Newman) Time-
Sharing System) [1], Briepiie ipoaemoncTpoBatoi Ha PDP-1 'y
1962 p., cuctemu 3 moxioM 4acy J[apTMyTCBKOTO KOJICHXKY
(Dartmouth ~ Time-Sharing  System, DTSS), pmepiie
npoxeMoncTpoBanoi Ha GE-225 ta DATANET-30y 1964 p.

[losiBa cucreM 3 TONUIOM dYacy CHpHsIa PO3BHUTKY
inTepHeTy. [lomiOHI cHCTeMH CTanM Ha3WBATHCS CepBEpaMH i
MpoBaiiiepaMu XMapHUX MOCIYT. Y CBOT IOMOBIJII HA THXKHEBIN
koHpepenii 1961 p., npucssaeniit 100-piguro MIT, Makkapri
BUCYHYB iief0 oOumcienp sk cepgici (Utility computing) na
OCHOBI KOMIT'TOTEPHOI TEXHOJOTIi 3 MOIiIOM dYacy Ta Oi3Hec-
MOJIeJi TPOMAJICHKHX MOCIYT HOAIOHO 10 MOCTaYaHHs BOIU UM
€JIEKTPHKH [2]: crioknBadaM MOXHA IIPOAABATH TaKi CEPBICH, K
HaJaHHS OOYMCIIOBAJIBHUX MOTYXHOCTEH 1 KOHKPETHHX
KOMIT'FOTEepHUX 3acTOCYHKIiB. Ll imes komIr'toTepHOl YH
iHpopManiiHOT rpoMasIChKOI MOCIYTd CTajia MOMYJISIPHOK. 3
PO3BUTKOM TEPCOHATBHUX KOMII'IOTEPIB Ta IHAWBILyaIbHUX
3ac00IB  TEJEKOMYHIKalili [0 iel0  BUKOPHCTOBYIOTb:
npoBaiiiepu nocayr 3actocynkis (application service providers,
ASPS) — mianmpueMcTBa, sKi HAgalOTh MOCIYrd Ha 06asi
KOMIT'IOTEpiB  4epe3 Mepexy (Hampukian, MJOCTyHm [0
KOHKPETHOTO  3aCTOCYBaHHs IPOrpaMHOr0  3a0e3nedyeHHs
(ckaximo, MEHEDKMEHT 3B’SI3KiB 3 KIII€EHTaMH),
BUKOPHCTOBYIOUM CTaHAAPTHUN MPOTOKON (ISl TMPUKIALY,
nporokon HTTP (HyperText Transfer Protocol) anst nepenaui
riMepTeKCTOBUX JOKYMEHTIB Yy KOMITI'IOTEPHUX Mepexkax —
311e01TBIIOT0 BeO-CTOPIHOK (TEKCTOBHUX (PaiiliB 3 pO3MITKOIO Ha
moBi HTML (HyperText Markup Language))); mepexesi (grid)
KOMIT'IOTEpHI ~ CHCTEMH, 1[I0 BHKOPHCTOBYIOTH  IIHPOKO
PO3MOAITICHI KOMIT' FOTEPHI PECYpPCH IS TOCATHEHHS CIUIBHUX
oiteld 1 JIOTH SK PO3MOAUICHI CHUCTEMH HEIHTePaKTHBHHX
3aBanTakeHocreir (non-interactive workloads) 3 6GaraTeox
¢aiinis; npoBaiiiepn XMapHUX CEPBICIB — HETAWHOTO HaaHHS
pecypciB KOMIT'IOTEPHHUX CHCTEM (K TIPABHIIO, IS 30epiraHas
MAHUX Ta 3a0C3MEeYCHHS OOYMCIIOBAIBHOI MOTYXKHOCTI) 3a
3anmuraMu  0e3 MpAMOi aKTHBHOI YyYacTi KOPHCTYBadiB Yy
MEHEDKMEHTI IuX cepBiciB i pecypciB. OnHieo 3 mepmmx
KOMIT FOTEpHHMX OIepallifHuX CHCTEM 3 TOALIOM 4acy Oyia
Miunranceska cucrema tepminaiis (Michigan Terminal System,
MTS), sky pospobunu 8 yHiBepcurerie CIIA, Kanamu,
Bemukoi bBpuranii y ckmagi KoHCopiiiymMy Ha dom 3
MiunrancekuMm yHiBepcuteToM (University of Michigan) y wm.
Eun-Ap6op (Ann Arbor). MTS npamtosana y 1967-1999 pp. Ha

IBM S/360-67, S/370 Tta cymicHHX MeHH(ppeHMOBUX
KOMIT'IOTepax 3  BJIACTHBICTIO  BIPTyaJlbHOI  IaM ATi.
Meitnppeiimu ~ (mainframes)  BukopucTOBYBamucsi, B

OCHOBHOMY, JIJIsl BOKJIMBUX IHTAHb Yy BEJIUKHX OpraHizallisx,
Uil 00poOkM 00’€eMHHMX JaHUX (IIepernucy HaceleHHS,
CTaTUCTHKKM MiIIPHUEMCTB 1 JOMOTOCIOJAPCTB, IUIAHYBAHHS

pecypciB), 00poOKH TpaHCaKIif (HAIPUKIAJ, Y TOPrOBEIBHUX
Mepexax); MeHHppeiiMH MOTYXHimi, HDK MiHIKOMIT I0TEpH,
cepBepH Yu poOoUi cTaHIii. 3aBasku moaity yacy B MTS Oarato
KOPHUCTYBa4iB MOTJIM KOPUCTYBATHUCS CIUJIBHUM PECYPCOM.

1. TJIOBAJILHI MEPEXI

VY 1969 p. MinictepctBo oboponu CILA (US Department
of Defense) BBeno B [it0 KOMIT'IOTEPHY MEpEexXy ATEHTCTBA
nepenoBux gocmianunbkux mnpoektie ARPANET (Advanced
Research Projects Agency NETwork) nHa 6a3i mpoTokoy
TCP/IP (Transmission Control Protocol / Internet Protocol) [1].
HocmimpkeHHs — BipTyamizamii ~ pecypciB,  3aCTOCYBaHHS
olepaniiHuX cUcTeM, 30epiraHHs iH(opMarii, BIaCTHBOCTEH
Mepex y 1970-x pokax ManW TpaKkTHYHUN pe3yiabTaT Uit
(iHAHCOBMX YCTaHOB — EJICKTPOHHI TpOIIOBi mepekasu (Wire
transfers, bank transfers, credit transfers) gepes xomm’rotepHi
Mepexi 3amicTh TenerpadHUX (TEPIIN TPOIIOBHU IepeKa3s
yepe3 TenerpadHy Mepexky 3aificHuB y 1872 p. 3acHOBaHUH Y
1851 p. amepukancekuit 6ank Western Union).

VY 1973 p. Oy1no 3acHoBaHO ToBapHCTBO CBITOBOT (hiHAHCOBOT
tenekomyHikarii  (Society  for  Worldwide  Financial
Telecommunication, SWIFT) ua 6a3i Mmepexi, Ky OpoeKTyBajia
3acHoBaHa y 1969 p. 6puranchka koHcanTuHrosa (ipma Logica
i peaizyBaja 3acHoBaHa y 1886 p. amepuKaHChKa KOPIIOPAIis
Burroughs. Tlowamocsi BHMBYGHHS NMTaHHS Iepenadi TaHHUX
yepe3s Hesaiiusati (Unused) TeneBisiiiHi curHamu. 26 Oepe3Hs
1976 p. anrmiiicbka xopomeBa €mm3aBera |l Hamicmama
MOBIZIOMJICHHsI eNeKTpoHHOI nomTolo yepes ARPANET 3a
JIOTIOMOTOI0 ~ OpPHUTAHCHKOTO  KOMIT'IOTEPHOTO  HAayKOBIIA
Kipmrraitna (Kirstein, 1933-2020). ¥V 1978 p. aaminictparris
mpesungenra CIIIA Kaprepa (Carter), maypeata HoGemiBchkoi
mupy 2002 p., BctaHoBuia y Bimomy momi komm’rorep Hewlett
Packard 3000, 3’enHanuii 3 TepMmiHanamu ciyx00BIiB binoro
noMy. Y 1980-x pokax CTBOPIOBAIKCS JOKaJIbHI MEPExi Mix
koM 'totepamu. Ha 1985 p. komMm’toTepHi CTpiuke [Uist
30epiranns  inGopmanii mictiiu Omu3pko 200 merabaiitis
JMaHUX (3BUYAlHHUN cydacHHH cMapT(OH Mae 3HAYHO OLIBITY
namsTh), a omu3bko 100 THC. KOMIT'IOTEpiB OYJIM IMO€AHAHI
TII00aJIBHOI0 MEPEXKEIO.

Ha 2020 p. rno0anbHOK Mepexero IMOEAHaHI MUIbSPAN
IHABIAyaTFHUX 3aC00IB 3B’A3KY i KOMIT FOTEpPIB, CTBOPIOIOYU
HOBI COIliasTbHI MeperKi Ta HOBI (hopMu opraHizamii cycIinbpCTBa,
nepet0ayeHi 3aCHOBHUKOM [HCTHTYTY KiOepHETHKH AKajueMmii
Hayk Ykpainu akagemikoM B.M.Tmymkosum [3].
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Anomauyia—®deHOMeH BaBHJIOHCHKOrO CTOBNOTBOPiHHA B
NMporpaMyBaHHi KOMI'IOTepPiB yKe AyKe JaBHO 3irpaB MO3UTHBHY
posib, i Temep mNOBMHeH WiTH 3 TeaTpy iHTeJeKTyai3anii
KOMI'IOTepiB, NOCTYNMBUIMCH CBOE Micle MOBi KJIACHYHOL
marematuku. Iline  fgomoBimi:  okpecauTH  nNepcneKTHBHI
MOXJMBOCTI # mpodjeMH HAa NUIAXY BJOCKOHAJIOBAHHS
004YHUCTI0BAJIBHOI TEXHIKH.

Abstract— The phenomenon of Babylonian pandemonium in
computer programming has long played a positive role, and now
it must leave the theater of computer intellectualization, giving
way to the language of classical mathematics. The purpose of the
report: to outline promising opportunities and problems on the
way to improving computer technology.
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I. BcTvi

[MigcraBu kimacH4HOI MaTeMaTWKH Ta 11 (QyHIaMEHTabHI
MaTeMaTH4YHi ~ CTPYKTYPH, BKIIOYAIOYM  OOYHCIIIOBAJIbHY
MaTeMaTuKy (yckoro 1500 MaTreMaTW4HUX CTPYKTYp), €
JUKepeNlaMH [T HayKH Ta MPAKTUKHY MTygHoro inTenexTy (1),
Horo TeopeTMUHMM (YHIAMEHTOM 1 €IMHOI0 MOBOIO
KOMyHiKamii 31 cBoiM aursam — kxomm'rorepamu [1]. Ictopis
cranosieHHs Il Ttakox, $K icTOpisi CTaHOBJEHHS BCiX
MPUPOJIHIX HAYK, HEMHHYYE MIAMOPSIIKOBAaHA IBOM HPUHIUIIAM
Teopii  Mi3HAHHA  NPHUPOAM, SAKIi €  KOMIOHEHTOM
MarepianicTnaHoi dizocodii:

«PeanpHmii cBIT — 1e He 3i0paHe 3 OKpeMHX KyOHKiB
CHOpY/KEHHS, 1Ie €JMHe 11iie. BeecBiT ckitagaeThest He 3 pedet,
a 3 mporieciB. OO0’ €KTHBHE Mi3HAHHS HEMOXJIMBE, 00 HEMOXHA
BUKIJIIOYHUTH TOTO, XTO CIIOCTEPIrae 3 MpoILecy CIIOCTEPEKEHHS.
Y  BcecBiTi Hemae HiYoro (QyHIaMEHTAILHOTO  abo
npyropsaHoro. CBIT — 16 MaBYTHHHS B3a€MO3ICKHUX PIBHO
BaXJTUBHX TIpolieciB. ToMy mi3HaHHS i€ HE Bif IPUBATHOTO 10
LJIOTO, a BiJl LIJIOro /10 mpuBatHOroy. ®. Kanpa.

«[Ipupoma crodaTky €nuHe MO CBOEI CYTi, KiHIlEBa Oe3miy
¢dopM icHyBaHHs MaTepii B Hill € pe3yiabTaT MNOJIpH3alLii,

POBIIEIUICHHS IIbOTO II0YaTKOBOTO €JMHOTO0. B mpupoxai eanHe B
yChOMY 1 Bce B 0lHOMY. Bupa3om €maHOCTI MaTepii € cumMeTpis,
aCHMETpisi — TMOPODKYE 1 BHUCIOBIIOE MHOKHHHICTH (PopM
icHyBaHHsA Matepii». [IpoTe, peanpHHMil NULIX 0 HAYKOBOT'O
Mi3HAHHA TIPUPOIH, Yepe3 HAJAMIPHY CKIATHICTh 200 TPOCTOTY
€IMHOTO, CTa€ MOXKJIHUBUM TIIbKH TOJI, KOJIH 3IIHCHIOETHCS
MTOYaTKOBHUH pyX B ii Mi3HAHHI — BiJl MHOKHHHOCTI JI0 IIIJIOTO, a
BiJl IIJIOTO 3HOB J0 MHOXHUHHOCTI. ToOTO Big (akTiB 10
moOyI0BH €IWHOI TEOPETHIHOI MO, a BiJ MOJEINi 3HOB 1O
MHOKHHHOCTI, III00 MOSICHUTH Ta 3pO3yMITH ii».

Bupaszom cumetpii Ta enHOT TeopeTHdHOI Mojedi, B cdepi
KOMYHIKallii MpPUPOJHOTO IHTENIEKTY 3 IIOPO/DKEHUM 1M
IITyYHUM IHTEJICKTOM, € €IMHAa MOBAa — MOBa KIIACHYHOL
MaTeMaTHKH, SKa TIapaHTOBaHO 3a0e3Ne4YuTh KOMYHIKallilo
MIPUPOAHBOTO IHTENEKTY HE TUTBKH 3 MEXaHi3MaMH, a i 3 ycimMa
NPUPOJHIMU MOBaMH, TIPUPOAHIMH Ta NMPUKIJIHUMU HayKaMH.
JocuTh 3rajaty, o yci eleKTpOHHI KOMIOHEHTH KOMITIOTEpiB
YCBOTO JIMIIE B TOYHOCTI PEali3ylOTh MaTeMaTH4Hi 00'€KTH,
oreparii HaJ HUMH, KOHIICII] aJrOpUTMIB i akCiOMaTHYHHN
MeTo/ mijictaB MateMatuk [2]. Lle nae npuBija BiKMHYTH BCSKI
CYMHIBU B MOXIMBOCTI 0Oe3mocepeHbOi  amaparypHOi
peaitizaiiii MOBU Ki1acuuHOi MaTeMaTHku. Eroxa »x MO3uTHBHOT
poii 6araTOMOBHOCTI KOMYHIKaIlil MPUPOAHBOTO W IITYYHOTO
IHTEJIEKTY 3aBeplIMiacs 3 BHXOJOM Yy CBIT MoHorpadii
akagemika [.I.  Mapuyka «Mertomu  OOYHCITIOBAIBHOT
MaTeMaTHKI» y panekomy 1977 pori, y ki OyB migBeaeHUN
MiJICYMOK CTaHOBJICHHsSI OOYMCIIIOBAILHOT MAaTeMaTHKH, SK
HayKH Ta ii CKJIaJOBOI YACTUHU KJIACUYHOI MaTEMAaTUKH.

Il. AJITOPUTM

Merol0  JIONOBiI €  OKpECHeHHS  IEPCHEKTUBHUX
MOXIIMBOCTEH Ha NUIAXY YJOCKOHAJCHHsS OOYHMCIIIOBAIBHOT
TEXHIKH.

dopmainbpHa MOBA € €IMHOIO MOBOIO, JUISl BCIX IPUPOIHIX Ta
MPUKJIAJHUX HAYK Y Takux cepax.

Minimizamii KUTBKOCTI CHMBOJIB JUIS TIepeJaBaHHS HABITH
CaMUX CKJIaJHUX XUTPOMYJIPUX CMHUCIIIB.

OnrtuManbHOT  CTpyKTypH3alil (QYHKIIOHAIBHHX —3ajad
JIOCITi/PKEHHS, IPOSKTYBAHHS Ta peai3allil MpoeKkTiB y cdepax
i3HaHHS NPUPOJIH, MTOOYI0BH PYKOTBOPHHUX OO’€KTIB B Hill, a
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TaKOXX B YCiX BHIAX MISUIBHOCTI y CyCHUTBCTBI. B KimacwmdHii
MaTeMaTHILli Cboro/iHi HapaxoByeThes Jmme 1500 crepeoTumnis
3a7a4 Ta MOOYAOBAHMX BHKIIOYHO JUI HUX MaTeMaTHYHHX
ctpykryp. Jlume B onHiit 3 4600 MOB mporpaMyBaHHsI, B MOBI
C++, ix HapaxoByeThbes Ounpiie 50 Thcs.

CTpyKTypyBaHHS [aHMX, IO HpHU3HAYEHI Juisi 0OpoOKM
BKa3aHUMH  (YHKIIOHATBHUMH  3aJadyaMH  KJIACHYHOI
MareMaTHku Ta (opM IX NpEACTaBICHHS: BEKTOp, CIIHCOK,
Marpui, Tabauu, rpadik, reorpadiuHi koopauHatH, Oasa
MAaHUX Ta Take iHme. JlaHi TPeACTaBIAIOTECS B OJHOMY
KOHTEKCTI 3 MaTeMaTHYHUMHU CTPYKTypaMH. Toi sIK KUTBKICTh
CTPYKTYp AaHuX B MoBi C++, Hanpukiaz, 6inpme 30 Trcs.

[ToOynoBa METOIOMIOTi, METO/IIB, AITOPUTMIB Ta OIEparlii,
0 TpHU3HAYCHI Ui BHUPIMICHHS BKa3aHUX (YHKIIOHAIBHIX
3amad. Ll iH(opMaIlisi € B HAasIBHOCTI TaKOX BHKIIOYHO B
KOHTEKCTI KOHKPETHIX MaTeMaTHYHNX CTPYKTYP.

CTBOpEHHsS MaTeMaTHYHUX IHCTPYMEHTApi€B Ul OLIHKU
SKOCTI BHPIIIEHHS CTEPEOTHUITHUX 3a7ad AIsd KOXKHOI 3
MaTeMaTHYHHUX CTPYKTYp. BuszHaueHHs yMOB Ta 0OMEXEHb Ha
PIIIEHHS U1 KO)KHOTO 3 CTEPEOTHIIB 3aa4.

BukopucTanus GpopMaibHOI MOBH - 1€ HA CHOTO/THI €IMHUIA
IUIAX iHTEJIEeKTyami3aii.

Po3ymiHHs  (i3ioNOriYHMX  NpOIECiB, MOB'SI3aHUX 3
MHCJICHHSIM JIIOAMHM, a TaKko)XX BOYEBHIOb BIACYTHICTb
ro0aNbHOI  CTpaTerii PO3BUTKY OOYHCIIOBAIBHOI TEXHIKH,
BCEJII€ BIICBHEHICTH B HEOOXITHOCTI paguKalbHUX 3MiH.
baratomoBHiCTF B 3rajiaHii  KOMyHikalii  0OOB'SI3KOBO
3aBEPIINTHECS THM J>KE pE3YNbTaTOM, INO i BAaBHIIOHCHKE
CTOBIIOTBOPIHHS, HAaHOCSIMM TUM YacOM BEJIMKOTO Maciitaly
IHTeJIEKTyalIbHy, MarepiajibHy, OCBITHIO MOpAIbHY IIKOIY
CBITOBOMY CHIBTOBapUCTBY. Y MOPIBHSHHI 3 apaJUrMO0 MOBH
KJIaCUYHOI MaTeMaTHUKH BCi TpaJulliiiHi MOBH NPOrpaMyBaHHS
SIBJISIFOTH COOO0 HEraTWBHI 3HAHHS, SIKI 3'SIBUJINCS Y CBITOBOMY
CIIBTOBapUCTBI HAa JOTOXNY HE3PUIOCTI W Kampu3aM TBOPIIB
€JIEKTPOHHO] anapaTypH g KOMIT'IOTepiB. Y CIIpaBKHil nepiox
PO3BHUTKY Oi0JOTIYHOT HAyKH i HayK Mpo (i3i0I0TiI0 JFOIUHA
HEOOXiTHO 3MIHMUTH HE TUIBKM TOINIAJ Ha MOpOrpaMHe
3a0e3reueHHs] 0OUUCITIOBAIbHOT TEXHIKM, alie i Ha HampsMOK
PO3BUTKY  TEXHIYHOTO  3a0e3NedyeHHs Uil pO3B'3KY
mpoOJeMHUX 3amad y pisHUX cdepax I KUTTEMISIIBHOCTI
CYCITUTECTBA B IIIJIOMY.

[Mapanurma akcioMaTHYHOTO MOJICIIFOBAHHSI BIIKPHBAE HOBI
MOXIIMBOCTI JUISi CBDKOTO TOTJISLy Ha e(eKTHBHICTH Ta
BHUTPATHICTH TPOLIECY BHUPIIMIEHHS MPOOJIeMHUX 3a1ad y Oyab-
SKI TpeAMETHIH o00NacTi TEXHIYHUMHU 3aco0aMM, MUIAX
00pOTHOU 3 «0araTOMOBHICTIO» 1 HEOTHO3HAYHICTIO 3/100yTOTO
pilieHHS 1WX 3amad. Teopis IOTYYHOTO  IHTENEKTY,
(dbyHIaMeHTalbHA YacTHHA SKOI BUKJIAJIEeHa B KHH31 aBTOpa
«Ty4nuii iHTEJIEKT», IEPETBOPIOE 3rajiaHi BHIIIE MOXKINBOCTI
B HayKy. Sk i Oyap-fika iHImIa Hayka, HayKa IpO IITYyYHHH
IHTEJIEKT PO30YyAOBYETHCS, 30aradyrourch HaWCy4acHIIMMH
3HaHHSAMH TpO (i3i0NOTiI0 JFOACEKOTO MO3KY. Y IIHPOKOi
NEpCIIEKTHBY € 3aBKAW 3BOPOTHA CTOPOHAa - BY3bKICTh
YCTOSIHOTO MHCIICHHI W HEMHUHYUYHil omip, 0OyMOBIECHHH

¢inocopcrKMH 3aKOHAMHE HaIIoi Mpupoau. | mpoTe, HeMuHy4e
U pyx ymepen.

[Iperensii MOB mporpaMyBaHHS Ha pPOJIb IapaieIbHOL
(yHIaMEHTaIbHOI MaTEMaTHUKH Yy CBITOBOMY CIIBTOBapHCTBI
3aBIAIOTh BEJIMYE3HNX €KOHOMIYHMX 30MTKIB, 30MTKIB B OCBITI
MiIPOCTAIOYOTO TOKOJNIHHS, 30HMTKIB Yy Ii3HaHHI 3aKOHIB
MIPUPOAH, 30UTKIB B Mi3HAHHI Ta PO3BUTKY NMPUKIATHUX HAyK.
SIkmro 6 MoBa KJIACHYHOI MaTeMaTHKH T10CiIa CBOTO 3aKOHHOT'O
MiCII B TIOTOI IMBLUTI3AI[IfHOTO PO3BUTKY OOYUCIIOBAIBHOT
TEXHIKH Ta iHTENeKTyalli3amil BUPOOHUIITBA B IIIOMY, TO BXKE
TOTOBI JI0 BUKOPHCTaHHS MaTeMaTH4HI MOJewi, 30ymoBaHi
npodecioHasaMu, CeniaricTaMi MPUPOIHIX, TyMaHITApHNX Ta
MIPUKJIAIHUX HayK He moTpedyBaiu O mepedopmaTyBaHHs abo
TepeBU3HAUYCHHS BY3BKO CIICIIialli30BAHUMH CIICIIalliCTaMH Y
TPaAWIIHHUX MOBaX IPOrpaMyBaHHS], SIKIi HEMHHYYE BHOCSTDH
CIIOTBOPCHHS B IPEIMETHY CYTHICTh BHXITHHX MaTeMaTHYHHX
MoJieJied, 10 SIKUX (CIIOTBOPEHb) IX CHOHYKae (yHKIIOHaNbHa
HEMOBHOTA TPaJULIHUX MOB IporpamyBaHHs. TakuM 4HHOM,
YUM paHille OyIyTh BUKPECIIEHI 3 JIOJCHKOI maM’aTi Oyab-sKi
MOBH TIPOTpPAaMyBaHHS, THUM paHillle JIIOACTBO JOCSTHE
OYIKYBaHUX «IPOPHBIB» B NPHUPOIHIX, TyMaHITAPHUX Ta
NPUKIIaJHUX HayKaX.

I1l. BUCHOBKU

Jis MOCSTHEHHS IEKIIapOBaHOl B IOTIOBI/Ii METH HEOOXITHO:

BuxopucToBytounm ~ JOCATHEHHA  aBTOpchbkoi — Teopii
AKCIOMaTHYHOTO MOJICITIOBAHHS, MTYYHOTO IHTSICKTY Ta MpParli
aBTOpa 3 JOCHIKCHHS NPUPOTHBOTO IHTEIEKTY Ha MEXI
¢bi3ioJorii JIOJMHU Ta MaTeMaTHYHHUX IMCUMIUIIH, IOKJIACTH
3MArOJUKEHUX 3ycwib  (axiBmiB y  KiOepHeTHIN  3aist
BUPOOJICHHS  TEHEepalbHOi  CTpaTerii  IIOAO0  PO3BUTKY
KiOepHeTHKH B HalOMMKYMI Ta BimmaieHWi mepioa. 3 Ii€ro
METOIO TPOBECTH HE3AICKHY JTUCKYCIIO 11010 MOTJIIIIB Ha el
HaTpsIM PO3BUTKY KOXHOI 3 CYMDKHHX JUCHHUIUTIH, IIOIO
Croco0iB cmiBmpaii. AJie 1Or0 HEAOCTaTHBHO. HeoOximHuit
MOCTIHHUN MOHITOPHHT IOCSATHEHb Y CYMDKHHX O0OJacTsX:
¢izuni,  Olosorii,  Qiziosorii  JOAWHM,  MICHXOJIOTII...
OO0O0B'I3k0BO  MMOCTiffHE CIHIBPOOITHUNTBO (haxiBIiB Yy IHX
rajgys3six 3HaHb 1 IOJIGHHAa NpaKTH4HA POOOTa, MPOBEICHHS
eKCIePUMEHTY. Yce IIe BUMarae OpraHi3allifHHX 3yCHIb II0
CTBOPEHHIO IIATOPMHU ISl TAKOTO CIIBPOOITHUIITBA, 31aTHOT
O TIOCTIHHOI CHINTBHOI pPoOOTH ¥ ONMEepaTUBHUM  [IisM,
mpoaymaHoi TepcHeKTHBHOI crparerii. Ilpukmagom Takoro
IUTIIHOTO  CHIBPOOITHHUITBA MOXKE CIY)XHTH OaraTopiuHe
CriBpoOITHUNTBO Hamoro Incruryry kibepuernkn HAH
VYkpainu 3 HarionanpbauM MenuaauM yHiBepcuteToM im. O.0.
Boromounbs.
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Abstract— Optimal models of the functional relationship
between the target variable and the set of predictor variables
are very important because they allow us to predict and
understand data behavior. Approaches to the construction of
such models are considered. A comparative analysis of two deep
learning algorithms for the problem of predicting
cryptocurrency volatility is performed. The advantage of
GMDH-like algorithm in comparison with  RNN LSTM
algorithm is proved. Such advantages are the preservation of
complex patterns and phenomena in the data, fairly accurate
prognostic estimates in a short time, finding the best solution
when searching all the variants of the model in a given class of
functions.

Keywords—model of optimal structure, polynomial
regression, neural network, deep learning

I.  INTRODUCTION

One of the most urgent and difficult problems of financial
mathematics is the problem of forecasting asset prices.
Analysis of the field of economic and financial forecasting
shows that with the advent of electronic money, interest in the
problem is only growing.

Cryptocurrencies, which have emerged through scientific
and technological progress and computerization, are a
subspecies of electronic money. Cryptocurrencies such as
Bitcoin (BTC), Ethereum (ETH) and others, in contrast to
traditional currencies such as USD and EUR, are
decentralized digital currencies based on open-to-peer (P2P)
Internet protocols. BTC and ETH use blockchain technology

[1].

Regression analysis is used to predict, analyze time series,
test hypotheses and find hidden patterns that may be present
in the data. Predictions based on regression analysis methods
are used for short-term and medium-term forecasting. But it
does not allow adaptation, ie with the receipt of new data, the
procedure for constructing a forecast must be repeated first.
The optimal length of the lead period is determined separately
for each time series, taking into account its statistical
instability.

Cryptocurrencies are highly volatile, due to which their
value changes significantly over time, unlike, for example,
equity, and low correlation with traditional assets. There are
also no clear basic principles for cryptocurrency assets on
which to base fundamental trading strategies (for example,
value-based strategies).

Therefore, for the development of strategies / forecasting
of cryptocurrency trading it is necessary to apply more
effective models based on deep learning, which will allow:

o keep complex patterns and phenomena in the data
and make more accurate prognostic estimates;

e do not miss the best solution when searching through
all variants of the model in a given class of functions;

e automatically find relationships in the data and
select effective input variables.

Deep learning algorithms use neural networks that
associate inputs and outputs with intermediate layers to
model nonlinear connections. Each unit of the layer uses a
certain representation of the data; for example, for time series
data, the input level may correspond to a vector of numerical
values or a matrix containing auxiliary data.

Given the specific architecture of the neural network, you
need to find the right scales that connect different neurons
(nodes). Choice of NN (Neural Network) architecture
depends on the problem to be solved. Sequence-sequence
modeling is mostly used for regression analysis.

The most widely used such models are models based on
artificial intelligence and artificial neural networks ANN
(Artificial Neural Network). The first work in this direction
combined AR models and their modifications with ANN,
which resulted in the model NNAR (Neural Network
Autoregression). Analysis of the results of NNAR application
showed that this model with revaluation at each stage can be
used in hourly and minute-by-minute forecasts [12].

A technique using logistic regression and the method of
support vectors SVM (Support Vector Machine) to predict
the price of bitcoin is proposed in [3]. The model based on
BNN (Bayesian Neural Network) is studied in [4], and in [5]
the use of an ensemble of neural networks is proposed. Also,
in [6] investigated the prediction of bitcoin using a technique
based on the artificial neural network ANN (Artificial Neural
Network) in combination with the use of market technical
indicators - technical analysis. However, the results were
unacceptable due to low productivity and training time.
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Il. DEEP LEARNING ALGORITHMS

A. Dilated Convolution Neural Network (DCNN)

DCNN is a specific type of convolutional NN (CNN) that
allows you to return to historical data for a longer time by
connecting an exponential number of input values to the
output (using extended convolutional layers of different
sizes). This provides better performance over long time series
with strong historical dependencies.

B. Long short-time Memory (LSTM)

LSTM is a type of RNN (Recurrent Neural Network) that
also studies input-output mappings over time, but the mapping
is no longer fixed, as in a standard RNN. In the case of
backpropagation, one problem that arises is the disappearance
and explosion of gradients (which leads to ‘bad’ results due to
division errors to zero). To solve this problem, LSTMs use
"computational gates" to control the flow of information over
time, allowing them to forget less useful historical
information. Therefore, LSTMs cope better with long-term
dependencies.

LSTM can be interpreted as a general form of another
subtype of RNN - closed recurrent unit (GRU - Gated
Recurrent Unit). The GRU has only an input gateway and a
reset gateway. The latter also selectively forget historical
information.

C. Group Method Data Handling (GMDH)

A distinction must be made between the original GMDH
algorithms and GMDH-like algorithms. The original GMDH
algorithms find a minimum of external criteria and thus
implement an objective choice of the optimal model. This
method is based on the inductive approach: the optimal
models are found by searching for possible options and
evaluating them by external criteria. It is calculated on a
separate part of the data sample that was not used to build the
models. The optimal model can be selected according to two
criteria: the first (internal criteria) selects the best models on
each row of search for structural identification, and the
second (external criteria) finds the optimal model. The
selection procedure stops when the minimum value of the
criterion is reached.

A characteristic feature of other GMDH-like algorithms
is the principle, which can be expressed as ‘the more complex
the model, the more accurate it is’. This requires the
introduction of certain thresholds or the determination of the
weighting factor in the formula of the internal criterion for
finding the model in a subjective way. But real data is more
often represented by short or noisy data samples.
Unfortunately, almost all programs such as GMDH
(NeuroShell2, ModelQuest, ASPN) and research in the US
and Japan use this deductive approach, which is not effective
for this type of data.

The research was performed with the support of the company
CoherentMind.

I11. INDUCTIVE ALGORITHM GMDH

The inductive algorithm for finding the model of the
optimal structure consists of the following steps.

A. Data Preproceccing

Suppose a given sample D = {(Xn, yn)}, n =1, ..., N, X€E
R™, which is divided into two training and test sub-samples.

B. Base Model Definition

We use Kolmogorov-Gabor's polynomial for the base
model. The number of elements of the vector of the
independent variable can be increased by adding nonlinear
transformations of individual variables.

C. External Criteria Selection

We choose an external criterion for assessing the quality
of the model - the objective function. As an external criterion,
we choose the criterion of regularity based on metrics Ly or
L2.

D. Inductive Generation of Models

Each polynomial model can be uniquely defined by a set
of indices s of its monomials, which make it up:

y=wWo+w(s)-a(s), s {1, ..., Fo} (1

where w is coefficients of the Kolmogorov-Gabor polynomial,
and a is the result of the product of the independent variables
of the corresponding monomials, Fo — is the result of the
product of the independent variables of the corresponding
monomials. The generated models are given by linear
combinations of elements (w;, aj).

E. Model Parameter Fitting

Model parameter fitting using an internal criterion MSE
(Mean Square Error). To do this, use the training sample
obtained in stage A. The result is a matrix A of column
vectors ai. We construct a system of equations y = Aw, from
which we find the vector of parameters vector of parameters
w.

The vector of parameters is found using MSE:

w = argmin | Aw —y |?
w=(ATA)1ATy.

Due to the fact that the matrix (ATA) is ill-conditioned
matrix, the inverse Moore-Penrose mapping and the singular
decomposition were used for its inversion.

F. Optimal Model Selection
Choice of model by external criterion.

IV. RESULTS AND CONCLUSION

GMDH has advantages when there is no or almost no a
priori information about the structure of the model and the
distribution of its parameters, and when the data of
observations are very small, or the parameters of the model
are even greater than the number of observations.
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Then this approach allows is the best to select a model of In order to improve the forecast in the future, it would be
optimal complexity from a given class of models to describe useful to conduct research with nonlinear models and the
a given set of data. criterion of comparison and selection of models based on the

The conclusions of the research are as follows:

e the predictive properties of regression analysis were
applied to predict the price of cryptocurrency;

e describes the most common deep learning
architectures, which are currently successfully used to
predict time series, highlighting their advantages and
limitations;

e recurrent neural networks of LSTM type and
inductive neural network GMDH are considered,;

o discussed and provided practical aspects related to the
establishment of values for network hyperparameters
and the choice of the optimal regression model;

o the results of comparative analysis of deep learning
networks, which confirmed the advantages of the
inductive neural network GMDH in terms of speed-
accuracy of the forecast.

related Bayesian conclusion.
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Anomauisn. Jlana podora migHiMae nUTAHHA NOB‘si3aHi 3
JIOTiYHUMH JepeBamMu kJjacudikanii, siki BHUKOPUCTOBYIOThHCH B
3a/layax po3ni3HABaHHS AUCKPETHUX 00°€KTIB, a caMe nMpodieMy
BUOOPY e()eKTHUBHOIO KPHTepPil0 ONTUMAJBHOCTI peryJsipHOro
JoriyHoro aepesa. Pe3yabTaTn 1aHoro gocaigKeHHs 103BOJISIOThH
3a0e3meyuTH e(eKTUBHUN MexaHi3M ocTaTo4yHoi MiHimizauio
Pe3yJbTYIOUHX CXeM PO3Mi3HABaHHS AMCKpeTHUX 00°‘ekTiB. Tak-
sk JIoriyHe JepeBO MpeAcCTaBJisie c000I0 TMeBHe MPaBUJIO
kiacudikanii, TO 3HAXOMKeHHs Woro MiHiMalIbHOI ¢opmu
J03BOJISIE 320€3MeYUTH €KOHOMII0 MaM‘siTi, MPOLECOPHOro 4acy,
3HAYHO WiABHIIMTH MMIBHUJIKICTb pO3MiZHABAHHA O00‘€KTIiB Ta
eeKkTUBHICTh cucTeMH kJjacudikanii B misiomy. 3ayBaskumo, 1o
podoTa akTyajabHa JJIsl BCiX MeToAiB po3mi3HaBaHHsA 00pa3iB B
SIKHX OTpuMaHa GpyHKUis Ki1acupikauii Moxke OyTH npeacTaBIeHa
Y BHIJISIAAL JIOTiYHOT O AepeBa.

Abstract. This paper raises issues related to logical
classification trees used in discrete object recognition problems,
namely, the problem of choosing an effective criterion for the
optimality of a regular logical tree. The results of this study
provide an effective mechanism for the final minimization of the
resulting recognition schemes of discrete objects. Since the logical
tree is a certain classification rule, finding its minimum form
allows to save memory, CPU time, significantly increase the speed
of object recognition and the efficiency of the classification system
as awhole. Note that the work is relevant for all methods of pattern
recognition in which the resulting classification function can be
represented as a logical tree.

Knrwuosi cnosa: 3adaui po3niznasannsn oopasie; noziune oepeeo;
2zpagh-cxemni moodeni, Kpumepiii ORMUMATLHOCHIL,

Keywords: pattern recognition problems, logical tree, graph-scheme
models, optimality criterion.

l. BcTyn

Jana poborta mpoaoBxye nuka poOit [1,2,3,4] B axux
MITHIMAIOTHCS [IPUHIIUIIOBI MUTAHHS TOB‘sI3aHI 3 JIOTIYHUMHU
JnepeBamMu Kiacudikaii (B JaHOMY BHIAIKy IiJ[ JOTTYHHX
aepeBoM  OyaeMo  po3yMiTH  Jiesike  rpad-cXxeMHe
NPE/CTABJICHHS PE3yJIbTYIOU0I CXeMH PO3ITi3HABaHHS 00pa3iB),
SK TUTAHHSA MiHIMI3amii JIOTIYHUX JEepPEB, IOCHIIKCHHS
CTIMKOCTI TIOAO IEPEeCTaHOBKU SIPYCIB, OIIIHKH CKJIATHOCTI
HaOLIBIIOTO JIepeBa, 3arajJbHUN aITOPUTM ITOOYIOBH CAMOTO
CKIaJHOTO  JIOTIYHOTO  JepeBa. TyT  JOCHIIKyeThCS
0COOMNMBICTH TEHepallii y3aralbHEeHHX O3HaK (BEpIIMH) CXEM
knmacuikamii, SKi KOHCTPYIOIOTBCS B TPOIECi HABYAHHS
CHCTeMH po3li3HaBaHHs (JloriuHe JjepeBo Kiacuikail
(dakTHUHO TpeAcTaBisie  Co00K0  3reHepoBaHy  (YHKIIO
pO3Mi3HAaBaHHSA) Y BUTIIAI rpad-cCXeMHIX MOJeTeH.

Tak B pobotax [5,6] Oyno mokazaHo, 110 MOOYyAOBaHY
cXeMy po3mi3HaBaHHA (y BHIJISAL  JIOTIYHOTO  JiepeBa
knacugikamii) MoxHa 3ammcatd abo B JIH®, abo B KHD
¢dopmi. Tak mepeBo po3mi3HaBaHHS, SIKE SIBJISIE COOOI0 IIEBHE
MpaBWIO Kiacudikamii, MOXKHa NPEJCTAaBUTH 3a JIOIIOMOTOIO

BIZMOBiHOI JIoTiuHOT PyHKHIT Y = f (Xl, ) O Xn) . Takox

BIZIOMO, IO pe3yJbTyloue NpaBWiIO Kiacudikamii, sxe
moOyT0BaHE OBUTHHUM METOAOM a00 alrOpUTMOM Ha OCHOBI
JIOTIYHOTO JIepeBa, Ma€ JAEPEBOIOJIOHY JIOTIYHY CTPYKTYpY.
Bono cknangaerbes 3 BepIIMH (03HAK), sIKI TPYMYIOTHCS IO
ApycaM i fKi OTpUMaHi Ha MEBHOMY Kpoli (eTari) mo0yaoBu
JiepeBa po3Mi3HaBaHHSI.

Ha BiamiHy Big ICHYIOUMX METOJiB, TOJIOBHOIO
0COOJIMBICTIO CUCTEM PO3ITi3HABAHHS (SIKi 0a3YIOTHCS HA OCHOBI
JIOTIYHUX JIEPEB) € TE, IO BAXKIIUBICTH OKPEMHX O3HAK (TPYIH
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03HaK) BHM3HAYAETHCS BIJHOCHO (DYHKIIIT, sIKa 3a/1a€ PO3OUTTS
o0‘exTiB Ha kmacu. llpuyomy ciij nam‘sTaTtd, 4YMCIOBa
BeJIMYMHA BKa3aHOI BAXIMBOCTI  XapakTepuzye co0oro
MOMUJIKY PO3MOALTY O0‘€KTiB Ha Kiacu (Ileé CTOCYEThCS
HaIpHKJIIa] METOY PO3raly’KEHOT0 BUOOPY O3HAK).

Il. TIOAIBHICTH JIOTTYHOI'O JEPEBA
Ha nepmomy erami, Hexall € jaesike JIOTIYHE JEpEBO
(IOBIBHOT ~ CTPYKTYpH), sIK€ MpEACTaBIsie  (YHKIIIO
f(x4, X3, ..., Xp) At kK — 3HauHOI JorikyK Bix n 3minHUX. Jai
BH3HAYMMO KiBKICTh XapaKTepUCTHIHUX QyHKUiH Ly, () y
nyxkoBiit Gopmi Gynkmil f(Xq, Xy, ...
JIOTIOMOTOI0 JTAHOTO JIOTIYHOTO JIepeBa.

,Xp), AKa OTpHMaHa 3a

BinMmiTiMO, 1m0 TepexomM JOTigHOTO aepeBa (pebpa
rpada) BiONOBIHAIOTH XapaKTePUCTUYHUM (PYHKIISAM Y
ITy’)KKOBi# hopMi, ae gepes Te, MO0 iCHYIOTh NOAi0HI BEepIIMHA
Ta TOTOXHICTH @j(X) * 0 = 0, TO KiMBbKicTh MITOK (aTpUOYTiB)
y JepeBi Oyne MeHIIE HiIX KUIBKICTH pebep (mepexofniB y
CTPYKTYPI JoTiyHOTO iepeBa). Toai OyaeMo MaTH HacTyITHe:

kn+1 -k

Ly (D) = k—1

— 3arajibHa KUIBKICTH pedep

S,

kn+1

3ayBaKumo, 110 —
yorigHoro AepeBa GyHKIiI Kk — 3HAYHOI JTOTiKK BiA N 3MiHHHX,
BeIMYMHY S, Ha3BeMO TMOAIOHICTIO JIOTIYHOTO JepeBa
BianoBinHoi QyHkuii f(Xq,Xy,...,X,), Ae S, > 0. OyeBnaHo,
IO ONTHMAIBHUM € TaKe JIOTIYHE AEpeBO, Ui SKOro Oyie

BUKOHYBaThCs S, = max(Spy,).

3ayBa)xnMo, 1110 BEJIMUMHA MOAIOHOCTI S;,, MOXKe CIyryBaTu
KpHUTEPiEM ONTUMAILHOCTI JIOTTY4HOrO epeBa (rpada).

I1l. METOAM 3HAXO/[)KEHHSI IOJIBHOCTI CTPYKTYP
JOI'TYHUX JEPEB

Ha nHactynmHOMYy eTari IOCIIJDKEHHS PO3IJISHEMO JiBa
MO>KJTUBI TTiIXO/IM 3HAXOJ[KSHHSI MMOAI0HOCTI JIOTIYHOTO JIepeBa
Sh-

Mertonx (A) 3HaXOIKEHHS MOAIOHOCTI Sy, TSI JIOT19HOTO
JiepeBa.

Hexaii maemo noriune nepeBo ¢yskuii f(Xq, Xy, ..., Xp).
[Tpu mboMy MOKITMBI J1BA BUTIQJKH:

a) Bepxus BepmmHa (BEepmIMHA MEPIIOTO APYCY)
JIOTIYHOTO JiepeBa € MoAi0HO. B 11boMy pasi JIoriuHe JepeBo
MO>KHA MPEJICTABUTH MiAIEPEBOM, JIIBOIO TUIKOIO MOYaTKOBOTO
nepeBa. Hexaii BepXHs BepIIMHA JOT1YHOTO IepeBa BiIOBigae
3MiHHIH X;. Tozi Mae micie HacTynHa Gopmyna:

Lign(® = L (Fo () =5 =598, (@)

3ayBaxkxuMo, IO S:’El — moaibHicTh minzepeBa, ske
MIPEICTaBI€E JIBY TiNKy (MigaepeBo) MOYaTKOBOTO JOTITHOTO
Jepesa.
To6to B nupoMy Bunaaxy OyaeMo MaTH HacTYIIHE:
i
Sp=k"+ S;f_"r (1.(b))
b) BepxHs BepumMHa JIOTiYHOTO JiepeBa (BepIIMHA
TIEpIIOTO SIPYCY) HE € MOoAIOHO0I0, TOAI OyIeMO MaTH HAaCTYIIHE:

LoD = L (Fipo (50 ) + Ly (£, (50 + =

o L (fq,k_l(xi)) +k (1.(c))

3ayBaxkumo, mo ¢opmyna (1.(c)) mae micme B ToMy

BUIAJKY, SKIIO Ha IESIKOMY peOpi JIOTTYHOTO JiepeBa € QyHKIIis
= 0, Toxi 3 (1.(a)) Ta (4), orpumaemo, mo Ly, (f = 0) = —1.

BinMiTIMO, IO KITBKICTH MITOK KOKHOTO 3 MiANEpeB

MOYAaTKOBOTO JIOTIYHOTO JEpeBa BH3HAYAETHCS HACTYITHHM

YUHOM:
k" — k
Luym (f(po (Xi)) = -1 - S:fi)l!
k" —k i
L,qy)x (fcpl(xi)) = k—1 - Sr?_ll,

k" -k ok
_ _ -1
Ly (f<Pk—1(Xi)) T k-1 Snl1
i i
Po (5]
n-1’ Sn—1' )
BIIMOBITHUX TimnepeB (miarpagiB) MOYaTKOBOTO JIOTi9HOTO

i
O [
3ayBaxumo, 1o S S, 5" — monibHicTe

Jiepesa.
OcTaTto4Ho 6yZ[GMO MaTH HACTYIIHE!:
KM=k o K=k k" —k
R A=
Ok _
-S. X'+k=
kn—k fi kn+1_k2+k2—k fi
B T S p
3 kn+1 —k Sfi
T k-1 v
OTtxe, Ha BUXOJi OTPHUMAEMO:
i oke1o®
Sn—1 - Z]kzll Snl_l' (2)

f.
3 (2) orpumaemo S, = S_,.
[Hamni, o0‘ennaBmm pesynbraTd NyHKTIB (a) Ta (b),
MOJKHA IIPEJICTAaBUTH HACTYITHE:

i
_ k™ + Sf_"l, BEPXHS BepIIMHA N0Ji6Ha;
Sn=1 4 @)
S, ,, BepXHsd BeplIMHA He € MOAIGHOIO.

Ha mactynHOMy erami, po3risaroud MiJIEepeBo, sKe
CKJIQIAETBCSL 3 OJIHI€T BEpIIMHHM HIDKHBOTO SIpycy JepeBa,
MIPUXOJIUMO JI0 BEMUMHU Sy — MOAIOHOCTI KiHIIEBOTO pedpa
JIOTIYHOTO JIepeBa, IPHIOMY:

102



S = { 1, kiHLeBe peGpo BiANOBiJIA€ HYJIIO;
97 |0, xiHueBe pe6po He BijNOBiAaE HYJIO.

(4)

IV. TIOBHA NOAIBHICTH JIOTTYHOI CTPYKTYPH
Meron (B)
JIOTIYHOTO JiepeRa.
Buznauenns 1. CykynHicTh KOMIpOK jaiarpamu Benna,
BiJINIOBiz]a€ HAOOpaM 3MIHHHUX:

3HAaXO/KCHHS MOMIOHOCTI S, s

01 02 Oj-1 Oi+1 On,
XX e X075 0,%0 T e Xy
01 02 Oj-1 Oj+1 On,
Xy X% e X T LT e Xy
01 02 Oj-1 _ Oi+1 On
X5 X% X215 K Lx 70 Xy

bynemo HasuBath 1i NIOBHOIO CHCTEMOKO X; —

MTOPIBHIOBAaHUX KOMIPOK.

[e2
3ammc X, '

O3HaJae, 10 3MiHHA X; Ha JaHOMY HaOopi
npuiiMae BifmnosinHe 3HaueHHs oy, (o) € {0,1, ...,k —1}).

Tak, sAKOI0 B yciX KOMIpKax X; — TIIOPiBHIOBAHOL
CHCTEMHU KOMIPOK 3aIlMCaHO OJIHE 1 Te camMe 4MCIIo, TOOTO OIHE
i Te came 3HaueHHs (QYHKII1, TO OyJeMO TOBOPHUTH, L0 BOHH €
X; — moxioHnMu. KilbKicTh X; — MOAIOHUX CHCTEM KOMIpOK Y
tabuuni Benna soriunoi oyukii f(X4, X5, ..., X, ) HA3BEMO X; —
noxi6HicTio dyrxuii. [To3HAYMMO 110 BeTHUnHy uepes Sk,

Buznauennst 2. [ToBHOIO MOJIOHICTIO NEsKOi JIOTT4HOT
¢byHKIIT OyaeMo Ha3MBaTH HACTYIIHY BEIUYKHY:

S¢=k* XL, St )
Jlaii BBe1eMO JUtsl pO3IIISY HACTYIIHY BEJIUUUHY:
R =k=%;S},. (6)

3ayBaxumo, o iHgekc f, osHauae, mo OepeTbes
BuxiziHa (yHKLis i — of BepMHHU (TOOTO BEpIIMHM, B SIKii
3aIMCaHo X;). BepxHiii iHAeKc i 03Havae, mo it QYHKIT fri €
MOMIOHICTh TUTBKH 32 X;.

Bigmitnmo, mo Tyt f, — BuxigHa Qynkuis i— of
nozi6Ho1 BepmmHU. CyMyBaHHSI BEJEThCS IO BCIX IMOJIOHMX
BEpPIIUHAX, SIKi HE BXOJATH Y JIiBi TUTKA OCOONHBHUX MiACPEB.

YBenemo 11e 0/IHy BETUUYUHY:

R =k=*%; S]fr]-' (7

Awnarorivno f,, — Buxiana QyHKiis j — oi Bepluuu, sxa
He € NoAi0HOIO 1 B AKy 3amucano j. CyMyBaHHS BEAEThCS IO
BCIM BepIIMHAM, SKi HE € TOTIOHUMH.

IToxiOHicT, Ha OCHOBI KiHIIEBUX pedep JIOTiYHOTO
JepeBa mo3zHaunmo uepe3 Q. Inmmmu cinoBamu, Q — e
KiJIbKICTh HYJIbOBUX pelOep Yy JIOTiYHOMY JiepeBi, siKi
BPaxOBYIOThCS IPH MiAPaXyHKY NOAI0HOCTI 32 BKa3aHUM BHIIIE
METOJIOM.

Jlema 1. IloBHy momiOHiCTF JOTIYHOI (QYHKIIT
f(xq,X5, ., Xp)  MOXHA  BH3HAYMTH 3  HACTYIHOIO
CIIBBIHOIIICHHS:

— n 1
S = k* Yot Xy, Sty (8)

3ayBaxumo, TyT f,, — BuxinHa QpyHkuis | — oi Bepuunu
morigHoro nepeBa. CymMyBaHHS BEIETHCA B yCIX BEpIIHHAX
JorigHOTO Aepena (rpada).

HoBenenns. Hexali y BepxHili BepmIHHI JOTi9HOTO
JepeBa 3HAXOIOUTHCS JesKa 3MiHHA Xi, - Buxinna Qyskiis
BEPXHBOI BEPIIMHHU JIOTIYHOTO JiepeBa CIIIBIAJae 3 CaMOI0
byukuieo f(xq, X5, ..., Xp), TOMY S;l ¢GyHKII{ Ta JOTiYHOTrO
JiepeBa CIiBIaJaio0Th.

Hexait y miBiif rinmi Apyroro sipycy JIOTIYHOTO JIepeBa
3HAXOIUTHCS 3MIHHA Xi, (y BepIIMHI BiATIOBITHOTO MiAACpEBA).
Toni »xoneH 13 HAOOPIB, Ki BIANOBINAIOTH BUXIAHUM (YHKIIISIM
BEPLIMH Xj,, PO3TAIOBAHMX B IHIIMX ITi1J1€PEBAX MOYATKOBOTO
nepeBa, He MoXke OyTH X;, — TOpPiBHIOBaHMM i3 Habopamu
JIBOTO MiAepeBa, OCKIIBKHA BOHHU BiIPI3HAIOTHCSA 3MIHHOIO X; e

AHAIOriYHO HA0OpH, SKi BIAMOBINAIOTH BHUXIIHUM
(yHKIiAM pI3HUX BEPUIMH JIEpeBa, B SKMX 3allMCaHO Xj,,
BIIPI3HSIOTECSA X04a O Ti€0 3MIHHOIO, sIKAa 3HAXOTUTHCA Y
BEpIIUHI, ¢ 3YyCTpiHaroThCs MaHi BuXigHi ¢yHKmii. ToOTO
Jiesika BepIINHA JIOTIYHOTO IEPEBa € BEPIINHOIO, IE CXOIATHCS
BUXiHI QyHKLIT JBOX IHIIMX BEPIINH JIOTIYHOTO JIEPEBa, SKIIO
IpU PyXy BBepX MO pedpax BiJ JABOX OCTaHHIX BEPLIMH LHX
(GYHKIINA MEepHIow iX CHiIbHOK BEPIIMHOK (Yepe3 SIKY BOHHU
HpoiayTs) Oy/ie BHIIIEBKAa3aHa BEPIINHA.

OTxe, Oyio TIOKa3aHO, MO HAOOPH, AKi BiAIIOBITAIOTH
BHXiTHUM (YHKIISM Pi3HUX BEpIIMH JAHOTO JOTIYHOTO JiepeBa
HE MOXYTh OyTH X;, — MOPiBHIOBAHNMH, @ TOMY HE MOXKYTh
noaioHnMu. OTKe, MOXKHA 3aIIHCATH HACTYITHE:

iz _ iz
Sf = E Sfr- .
iz

fry,

Oyru i X, —

BinmiTEMO, IO TYT CyMyBaHHS BeIETHCS 3a BciMa
BHUXITHUMH (YHKIIISIMA BEpIIMH JIOTIYHOTO JEpeBa, B SKHX
3aIUCaHO i,.

Otxe, Ha HACTYITHOMY eTarli, MipKyIOYH aHaJOTiYHUM
YMHOM JUIS BEPIUMH JIOTIYHOTO JiepeBa, SIKi BiJIIOBIIAIOTH
JIOBUTBHIN X, MPUXOAUMO JIO 3aTBEPKEHHS JIEMHU:

n
sf=k*z S}=k*zz st
1=1 1y T

3BifcH poOMMO BUCHOBOK, IIIO JIEMY JTIOBEICHO.
Teopema 1. Jlns AOBIIBHOTO JIOTIYHOTO JiepeBa, SKe

npeacTaBisie  Jesky  ¢ikcoBaHy — soriuny  yHKmii
f(x41,X3, ..., Xp) K — 3HAYHOT JIOTiKK MaEMO HACTYTIHE:
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HdoBenenns. BimviTiMo cnowartky, mo Bupa3 R; + R;

JIOPIBHIOE CyMi X; — TMOMIOHOCTI 3a BCiMa BUXITHUMU
(GYHKIISIMH BCiX BEPIIMH JIOTIYHOTO IepeBa, KpiM THX HOTO
BEPIIHH, SKi OEPYTh Y4acTh Y MiAPaxXyHKY IMOAIOHOCTi, TOOTO
KpiM BEpIIHH, SIKi BXOIATH Y JiBi TiIKH OCOONMBHUX MimnepeB
(e cnitye 3 BU3Ha4YeHHs BenuuuH R; Ta R;).

Ane noziOHicTh S, MOpiBHIOE MOJIOHOCTI 32 paxyHOK
BepuH Iutoc BennunHa Q. Ilo3Haummo mnoxiOHicTs 3a
paxyHok mozibHuX BepuidH uepes Si. Toxi G6ymemo Matu

HACTYyIIHE:

Sh =SL+Q. (10)
AJte 3 iHIIOTO OOKY BiOMO:
S +R;+R; =S (11)
Hami 3 (11) oTpuMaeMo HacTyHHE:
Sh =S¢ —R; —R;. (12)

Ha ocramspomy etami, miacraBmsroun (12) y (10),

OyneMo MaTH HACTYIIHE:
Sh=S5—Ri—Rj+Q.

OTxe, MOXHa 3pOOMTH BHCHOBOK, IO TEOpPEMY
JIOBEJIEHO.

TakuM 4rHOM, BHUIlE OYJIO MPEACTABICHO [BA METOAU
¢ynkuii S, Ilpu minpaxyHky
MOMIOHOCTI 3a JOMOMOTO0 JIOTIYHOTO JepeBa pPallioHAIBEHO

BU3HAYE€HHS MOMI0HOCTI

BUKOPHCTOBYBATH NEPILUii C110Ci0.

V. IIPMMKJIAJTHA YACTHHA

Jost MTOSICHCHHSI
PO3TISIHEMO TPHUKJIA] BH3HAYCHHS MOAiOHOCTI (QyHKII, ska
3amaHa y BUTIsAl Tabmumi Berna (a6 1).

BimmiTEMO, 1m0 TpH  TiAPaxyHKY
BPaxOBYIOThCS TIIBKHU Ti MOJIOHI BEPIIMHM JIOTTYHOTO JepeBa,
sIKI HE BXOJIAITh Y MpPaBi TJIKA OCOONMMBUX MiAMEPEB Ta TaKi kK
Hyii. TyT BukopucroByBaBcs nepmuii criocio (Meron (A) st

BUIIICBUKIAACHUX METOOUK

rnomioHocTi

JIOTIYHOTO JiepeBa) BU3HAYEHHS MOAIOHOCTI.

3ayBaknuMo, II0 Ha PUCYHKY HYJI, SKi BpaXOBYBaJHCh
IpU TiIPaxyHKy MOAIOHOCTI, MMO3HAYE€HO HIDKHIMU PUCKaMHU
(iAKpecIIOBaHHIM).

Bu3HaunMMo KiNBKICTh XapaKTePHUCTHYHHX (QYHKIIH y
JTyXKOBiH (hopmi joridHOT HyHKIIT:

n+1 _ k 35 -3
2
Tabmuus 1. Tabnuus Benna byskuii f(xq, X,, X3, X,)
TPHOX-3HAYHO] JIOTIiKH.

-S, = —89 =120 -89 =31.
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Jloriune nepeso QyHkii f(Xq,X5, X3, X,) TOKa3aHO Ha
(Puc. 1). Bimmitumo, mo Bci MOAIOHI BEpIIMHM JIOTIYHOTO
Busnauupmm

AC€peBa  MO3HAYCHO

MOiIOHICT TaHOTO JIOTIYHOTO JIepeBa, oTpuMaeMo S, = 89.

BEPXHBOIO  PUCKOIO.

|
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Puc. 1. Jloriune nepeso GpyHKii f(X4, X5, X3, X4)
TPUKJIANy.

VI. BucHoBku

3Bakaroyd Ha BCE BHIIE3a3HaueHe B pOOOTI, MOXHA
3aikcyBaTH HaCTyIIHE:

1) Bigmitumo, 110 KIIBKICTB
XapaKTePUCTHYHUX GyHKIIH y ayKKOBil Qopmi Ly, ()

¢oyukmii (X4, Xy, ..., X,) MOXHa BH3HAYUTH 32 JIOTIOMOTOO
kn+1_k

dopmynu Ly, () = T Sn-

2) [loBHOIO TOmIOHICTIO JESKOl  JIOTiYHOT
byHKIT OynemMo HAa3MBATH BeaMuUHy S = K * Y S}.

3) [loBHy moniOHicTe  JOriyHOI  (YHKIIT
f(xq,X5, ...,X,)  MOXHA  BHM3HAUUTH 32  JIOIOMOIOKO
criBBigHOmeHHsT Sp =k * )[L; Zfrl S}rl.

4) Jns [OBUIBHOTO JIOTIYHOTO JEpeBa, SKe
npeacTaBisie  Aesky  (QikcoBaHy — JjoridyHy  QyHKOito
f(x4,%,...,X,) Kk— 3Haumoi  sorikm, Maemo, IO

Sn =S¢ —R; —R; + Q.

JIITEPATYPA REFERENCES

104



(1]

[2]

(3]

(4]

[5]

(6]

(7]

IoBxan 1.@. Ilpobnema OLHKKM CKIAAHOCTI JIOTIYHHUX JEPEB
pO3Ii3HaBaHHA Ta 3araJibHUK MeTox iX ontumizauii / @.I'. Bamyk, FO.A.
Bacunenko, 1.®. Iloxan // HaykoBo Texniunuii xypnan “European
Journal of Enterprise Technologies”. — 2011. — 6/4(54). — C. 24-28.

ToBxan L.®. 3aranpHa oLiHKAa MiHiIMi3alii JepeBONOJIOHUX JIOTTYHUX
crpykryp / ®@.I'. Bamyk, F0.A. Bacunenko, L.®. Ilosxan / HaykoBo
TexHiuHMI kypHan “European Journal of Enterprise Technologies”. —
2012. — 1/4(55). — C. 29-33.

IMoBxan L.®. Minimi3allis TOriYHUX AEPEBONOIIOHNX CTPYKTYP B 3a1a4ax
posmizHaBanHs oOpazie / [.®. IloBxan, }O.A. Bacuienko, E.IO
Bacuienxo, M.JI. Kosau, O.]I. HikapoBuu // HaykoBo TexHiuHHit
xypHan “European Journal of Enterprise Technologies”. — 2004. —3[9].
—-C. 12-16.

IMoexan 1.®. KonuenrtyaiabHa OCHOBa CHCTEM PO3Mi3HABaHHS 00pasiB Ha
OCHOBI MeTo/ja po3rarykeHoro Budopy o3Hak / I[Topxan 1.d., Bacunenko
10.A., Bacunenko E.}O. // HaykoBo Texmiunuii xypHan “European
Journal of Enterprise Technologies”. — 2004. — Ne7[1]. — C. 13-15.

Povhan I. Designing of recognition system of discrete objects / Povhan
I.F. // 2016 |EEE First International Conference on Data Stream Mining
& Processing (DSMP), Lviv, Ukraine, pp. 226-231, 2016.

Povhan I. General scheme for constructing the most complex logical tree
of classification in pattern recognition discrete objects / Povhan L.F. //
36ipHuk HaykoBHX mpaip "Enektponika Ta iHpopmauiiiai TexHoorii",
JIbBiB. — 2019. — Bumyck 11. — C. 112-117.

TToBxan 1.®. IIpoGiema (yHKIIOHAIBHOI OLIIHKKA HaBYAJIbHOT BUOIPKHB
3ajavax posmi3HaBaHHs TucKpeTHuX o6‘extiB / L.O. loxan // Bueni

3anmcku TaBpilicbKOroHamioHaJdbHOTO yHiBepcuTeTy. Cepus: TexHiuHI
Hayku. — 2018. — Tom 29(68) Ne6 2018. — C.217-222.

(8]

[

[10]

[11]

[12]

[13]

IoBxan I @. IlutaHHs CTPYKTYpHOI CKJIAAHOCTI JUI BHIAIKY
peryssipHoro Jorignoro gepeea. / 1.d. ITosxan // Scientific and technical
progress in European countries and the contribution of higher education
institutions: collective monograph. Riga: Izdevnieciba “Baltija
Publisher”. 2020. 308 p.

Povhan I. Generation of elementary signs in the general scheme of the
recognition system based on the logical tree. / I. Povhan // 36ipauk
HaykoBux mpaup "Enexrponika ta iHdopmauiiini texuonorii", Lviv. —
2019. Vol. 12. - C. 20-29.

Povhan I. Question of the optimality criterion of a regular logical tree
based on the concept of similarity. / |. Povhan // 36ipauk HaykoBuX paiib
"Enexrtpownika ta indopmauiini texsomorii”, Lviv — 2020. Vol. 13. — C.
19-27. DOI: https://doi.org/10.30970/eli.13.2

TIoBxan I. @. 3azaua 3arajbHOI OLIHKHM CKJIAJHOCTI MaKCHMMAJIbHOIO
mo0YyI0BaHOTO JIOTTYHOTO AepeBa knacudikarmii. / L.O. [osxan // Bicauk
HarmioHanpHOro TeXHIYHOTO YHIBepCHTETY «XapKiBChKHI MO TEXHIUHUIT
iHcTHTYT»: 30. Hayk. np. Cepis: Indopmaruka Ta monemosanss, — 2019.
Nel3 (1338). - C. 104-117.

Povhan . Logical classification trees in recognition problems. / I. Povhan
/I Kwartalnik Naukowo-Techniczny: Informatyka Automatyka Pomiary
w gospodarce o ochronie srodowiska. Krakow, - 2020. Ne2. — P. 12-16.
DOI: http://doi.org/10.35784/iapgos.927

IoBxan 1. @. [TutanHs OUiHKKA eEeKTy MePEeCTAaHOBKH SIPYCIB JIOTTIHOTO
JiepeBa  MakCHMalbHOI CKiIagHOCTi st GinapHoro Bumanky. / L.
IMoexan // 36ipHUK HaykoBMX mpaip HaiioHaabHOro yHiBEpCHTETY
KopabneOynyBaHHs iMeHi agMipana Maxkaposa, — 2020. Ne2 (480). — C.
99-107.

105


https://doi.org/10.30970/eli.13.2
http://doi.org/10.35784/iapgos.927

Buxkopucranus Peduekropanoro Meroay aiist
[Iporno3yBanns Pe3ynbratiB @yTOONIBEHNX Mar4yis

HOpitii Tecns
kadenpa iHGopMaLiHHUX TEXHOJIOTIH
NPOCKTYBaHHS
Uepkacbkuil nep>kaBHUAN
TEXHOJIOTIYHAN YHIBEPCUTET
Uepkacu, Ykpaina

teslyas@ukr.net)
IOnis Xnesna

Kadenpa TEXHOJIOTIH yIpaBIiHHS
KuiBchkuii HalliOHATBHUN YHIBEPCUTET
imeni Tapaca [lleBueHka
Kuis, Ykpaina
yuliya.khlevna@gmail.com

Onexkciit €ropueHKOB
Kagenpa TEXHOJIOTIH yIpaBIIiHHS
KuiBcpkuii HalliOHATBPHUN YHIBEPCHUTET
imeni Tapaca IlleBueHka
KuiB, Ykpaina
alexee@ukr.net

Amnapiit XneBHuit
Kadenpa TEXHOJIOTIH yIpaBIliHHS
KuiBcpkuii HalliOHATHPHUN YHIBEPCUTET
imeni Tapaca llleBuenka
KuiB, Ykpaina
andlev@ukr.net

€prenis KataeBa
Kagenpa nporpamMHoOro 3abe3nedeHHs
ABTOMATH30BaHUX CHCTEM
Uepkacbkuil ep:KaBHUAN
TEXHOJIOTIYHUH YHIBEpCUTET
Uepkacu, Ykpaina
kataevae@ukr.net

Using the Reflex Method to Predict the Results of
Football Matches

lurii Teslia lulia Khlevna Oleksii Yehorchenkov
Department of Information Technology Department of Technology Department of Technology
Design Management Management
Cherkasy State Technological Taras Shevchenko National University Taras Shevchenko National University
University of Kyiv
Cherkasy, Ukraine Kyiv, Ukaraine Kyiv, Ukaraine
teslyas@ukr.net yuliya.khlevna@gmail.com alexee@ukr.net

Kataieva Yevheniia
Department of Software of Automated
Systems
Cherkasy State Technological
University
Cherkasy, Ukraine
kataevae@ukr.net

Abstract. The possibility of using reflex intelligent systems to
predict the results of football matches is demonstrated. The results
of forecasting in the period 2011-2018 are given and it is shown that
the developed system surpasses in accuracy the forecast of
bookmakers’ experts.

Keywords - reflex method, model of non-force (information)
interaction, forecasting.

I.INTRODUCTION

A very important area of human activity is to predict the
results of decisions, the behavior of technical, biological or
social systems in a given environment, etc. Many different
systems have been created in this area. But... So far, their
results, in the vast majority of cases, do not meet the
requirements of specialists in various fields. Therefore, there

Andrii Khlevnyi
Department of Technology
Management
Taras Shevchenko National University
of Kyiv
Kyiv, Ukaraine
andlev@ukr.net

is a need for further research aimed at building effective
prediction systems.

Il. ANALYTICS OF LITERATURE DATA

Creation of prediction systems is carried out in many
areas [1-3]. One of the methods of prediction is reflex, which
underlies the construction of intelligent systems [4].
Therefore, it is understandable to try to use this method to
build systems for forecasting the results of football matches,
as an area in which there is enough data to assess the
effectiveness of methods and prediction systems [3].

I1. RESEARCH PURPOSE AND OBJECTIVES

The purpose of the work is to test the possibility of using
the reflex method [4] to forecast the results of football
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matches. To achieve this purpose, it is necessary to solve the
following tasks: to develop a reflex system for forecasting the
results of football matches; to test the developed system.

IV.THE PRIMARY RESEARCH MATERIAL

The results of football matches are influenced by many
factors. The more information about the upcoming match,
about the influences of various factors on it, the more
accurate the forecast will be. For n factors we have a
conditional probability

PR /T, TL.TE.T)) (1)
where Tjt — the value of the factor K.; Ri — match result.

In [5] it was shown that it is possible to predict the
following of linguistic components using the model of non-
force interaction. If a given sequence of text fragments in a
language a1— a,— ... ai—> ... an—> ..., then using the model
of formation of this sequence by processes of non-force
(information) interaction it is possible with high probability
to predict fragment a; by known a1, ai-2, etc. The results of
experiments presented in [5] are based on the proposed
method [4], in which the deviation of the conditional
probability from the unconditional in stochastic processes (in
this case the appearance of fragments of text) is explained by
the existence of non-force (information) influence on this
process:

+ p(Ri /Tj)‘(l_ p(Ri)) 4 p(Ri /Tj)'(l_ p(Ri)) )
\P(R)-A-p(R/T)))  p(R)-(L-p(R /T))
2

d(R /T)) =
)

where p(Ri) — unconditional probability of the result R;;
d(Ri/T;) — non-force (information) influence of the factor T;
on the result R;.
An assessment of the influence of all factors can be
obtained from the expression:
d(R/TITZ.TE.T0) =Y d(R /T)) ®)
k=1
172 k n
where d(R/T;T;..T;..T;)
factors lesz...Tjk...Tj" on the result R;.

— summary influence of the

Using the reflex method and the results presented in [5],
it is possible to present the forecast of each match as a
prediction of the appearance of the final fragment of the
sentence text, according to known previous (factors
influencing the outcome of the match). Factors taken into
account for forecasting are the field on which the match takes
place; the number of points scored in the previous match, in
3 previous matches, in 5 previous matches; team rating
difference; how they played the previous match. For each
factor (text fragment), based on the statistics of previous
matches, the magnitude of its influence on the outcome of the
match is calculated. The result of the match is selected
according to the largest total value of influence (4): win,
draw, loss. A system for forecasting the results of UM
football matches has been developed. As a result of

experimental studies of the system on the results of matches
of European championships and international tournaments in
2011-2017, according to which the developers had
coefficients on the result of the match of bookmakers (to
compare the results of the system with the results of
professionals in bookmakers). From information about 37381
matches the following results were obtained: the correct
forecast of the result (win, draw, loss) by the system is 20083,
by the bookmaker is 20080. 4324 match accounts are
correctly forecasted, which is 11.6%. Expert knowledge is
very important for forecasting. Therefore, the idea arose to
take into account the opinion of experts (factor), invested in
the coefficients on the match. The results of forecasting by
this method have improved, and amounted to 20142 correctly
predicted results. It is clear that with such indicators due to
the margin, the reflex system will not be able to win in the
tote. But there was a way out. And what if you do not bet on
all matches, but only on those where the probability of the
result of the system “significantly” differs from the
probability, which is laid by experts in the coefficients? Find
the "error" in the forecast of experts. The limit at which a win
can be obtained has been found. These are matches in which
the predicted probability of some result was not less than 0.8
and the product of this probability on the coefficient gave a
value of not less than 0.9. There were 2534 such matches. The
expected win is 55,000 hryvnias (if you bet 1000 hryvnias per
match). Which is 2.17%. A bit. But there is hope...

V. CONCLUSIONS

The field of forecasting the results of football matches
gives researchers the opportunity to objectively evaluate new
models and methods of forecasting in various areas of human
activity. To do this, the authors developed a reflex system for
predicting the results of football matches and conducted an
experimental test. It is shown that the system of forecasting
the results of football matches created on the basis of the
reflex method surpasses experts in this field in its efficiency.
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Anomauyias—po060Ta NpHCBSIYEHA NUTAHHIO PO3Mi3HABAHHA
BiA0UTKIB NAJIbLLIB NPH BUKOPUCTAHHI 3alIyMJICHHX 300paeHb.
3anponoHOBaHO BHKOPHUCTOBYBATH TMOCJTIIOBHICTH METOAIB
00po0yieHHs1 BXiZHUX OioMeTpHYHHX 3pa3KiB Ha OCHOBI
HelipoMepesk Ta H1¢PoBoi 06podKH 300pakeHb. 3aBAAKH TAKOMY
miaxoay, po6acTHICT, HEPOHHHX MepeXk J03B0JIsI€E e)eKTHBHO
3MEeHIIYBATH piBeHb IIyMYy 300paKeHHsl IIf iX MOAANBIIOro
00po0JIeHHs 32 J0TIOMOT' 010 iHIIMX MeTO/iB, 1110 3HAYHO MOKPALLY€
AKICTh po3MiZHABAHHS.

Abstract— work is devoted to the issue of fingerprint
recognition in noisy images. It is proposed to use a sequence of
methods for processing input biometric samples based on neural
networks and digital image processing. Thanks to this approach,
the robustness of neural networks allows to effectively reduce the
image noise level for their further processing using mathematical
methods, which significantly improves the quality of recognition.
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I.  Bcryn

Ha cporoguimuiii meHb, 3amaya IMMiABHINEHHS TOYHOCTI
6iomeTpruHOi ineHTH(iKanii 3a BiZONTKaMM NaJbLiB CTae BCE
OUTBII aKTyaJbHOIO OCOOJMBO 3 OTJMISAY Ha BCe Immpmie ii
3aCTOCYBaHHS B PI3HOMAaHITHUX 3aJa4ax iHpopmauiiiHoi Ta/abo
kibepOesneku [1, 2]. CydacHi cucTemu, 3a3BrUYail MPAMIOIOTH 3
YUCTHUMHU OIOMETPUYHUMHM 3pa3KaMH, 1 MOKa3yloTb HH3BKY
JOCTOBIPHICTB, SKIIO OiOMETPHYHHUH 3pa30K MICTUTh 3HAYHI
apredakTH, HAPUKJIAA, BIIONTKY 3 BUCOKUM piBHEM IIyMiB abo
cdoTorpadoBaHuX I Pi3HUMHU KyTamu. BinHoBiIEeHHS sIKOCTI
300pakeHHsT BiAOWTKY Wbl € OJHUM 13 BapiaHTiB
MiABUIICHHS TOYHOCTI POOOTH ANTOPUTMIB iICHTU(IKAIIIT.

O1xe, MeTOI0 poOOTH € Po3poOKa CUCTEMHU PO3ITi3HABAHHS
BiIOUTKIB MaJbIiB B CHCTeMaX OiOMeTpUYHOI imeHTH]iKamii
IIPH HAsIBHOCTI 3aIIyMJICHUX 010METPUYHUX 3pa3KiB.
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Il. AHAJII3 BIIOMUX METO/IIB

OcCHOBHa 3a/1a4a BiJTHOBJICHHS SIKOCTI BIIOMTKY TOJIATAE y
BiJICIFOBaHHI IITyMy Ta BUIIEHI OCHOBHOTO Bi3epyHKY MABIIA 3
BXITHOTO 300pa)keHHs. 3a3BHYai, sl BUPIICHHS 1€l 3a1adi,
BUKOPHCTOBYIOTH a0  anroputMu  LudpoBoi  00poOkH
300pakeHb abo amapaT HeHpoHHUX Mepex [3].

[Mpuknax 300paxeHb, MOKPAIIEHHS SKUX PO3IIAJAETHCS Y
po0OTi, 3 pi3HUMH BHIAMH IITyMy HaBEICHO Ha puC. 1.

Puc. 1. Tlpuknan 3amymiieHuX 300paxeHb

Bimpma YacTHHAa ICHYIOYHX aJTOPUTMIB 3HEUTYMIICHHS
300pakeHb BIZIOUTKIB MAJbI[iB 3BOAUTHCS OO MOIU]iKamii
miHifHOTO (QinmbTpy [abopa abo iHmMX MeTomiB 00pOOKH
300paxkeHb, Taki sK mneperBopeHHs Dyp’e, BeliBner
nepeTBopeHHss Tomo. OpHaK BHCOKHMH piBeHb 3aBajx abo
PO3MUTICT BXIJJHOTO 300paKeHHS YCKIAIHIOIOTH PpOOOTY
MaTeMaTHYHUX anropuTMiB. ToMy Maiike Bci MaTeMaTH4HI
MOJEl MpalolTh 3 MAaJNO3alIyMJICHHUMH 300paKCHHSIMHU.
Taxox, OinpIIa yacTHHA iICHYIOUMX HEHpOMepekeBUX 3aco0iB
MOKpAalIeHHs 300pakeHHs] BINOWTKY He naae e(peKTHBHOTO
pe3yIbTaTy Ha JOCHTIHKYBAaHUX JaHUX, OCKUIBKH cHenudika ix
TPEeHYBaHHS Kap/IMHAJIBHO BiJPI3HAETHCS BiJ] HEOOXIAHOTO ISt
BHpIIICHHS TIOCTAaBICHOT 3a1aui [3].

I1l. PO3POBKA CUCTEMU PO3ITISHABAHHSA BIJIBUTKY TTAJTBIA

3anpornoHOBaHa CHCTEMa BiJTHOBIIEHHS SIKOCTI 300paKeHb
BiJJOUTKIB MaJbIIB CKIAJA€THCS 3 TI'ITH MOJTYJIIB.

IlepmmiM  eramoM  poOOTH CHUCTEMH €  3YATYBAHHS
300pakeHHS 3 BXITHOTO TIOBIIOMJICHHS Ta BHAUICHHA 3
OTPUMAHOT0 300paKEHHS 00J1aCTi 3 BIJOUTKOM MAJIbIIS.

Jaii orpuMaHe 300pakeHHs BiIOUTKY MANBIS ITiATAETHCS
aNrOpUTMYy eKBaJi3alii ricrorpaMu. Moayib BUKOHYE 00pOOKyY
300paxenHs 3a jonomoror amroputmy CLAHE (Contrast
Limited Adaptive Histogram Equalization) [4].

OTtpumane 300pakeHHs MePEacThCs IO MOIYITI0 00pOOKH
300pakeHHS 3 BUKOPUCTAHHIM 3HEIIYMIIIOBAIBHOI HEHPOHHOI
Mepexi. 3a OCHOBY B3sTa apxitektypa FPD-M-net [5].

Jauti, 3HEIIyMIIeHE HEHpOMEpEKeI0 300paKeHHS IMOTAETHCS
JI0 MOZYJsI 0OpoOKH 3a OTOMOTOI0 anroputMmy Pidapiacona-
JIroci [6].

OcTaHHIM KpOKOM OOpOOKM 300pak€HHS € OCTaTOYHE
00po0GIeHHs1, TOOTO JIETEKTYBaHHS 1 BUIUICHHS JIiHIH BIIOUTKY
MajbIsl, 3a JOTIOMOTOI0 aHAI3y HANpaBJIeHOCTI BepuimH [7].
OTpuMaHi JiHIT BUAULIOTECS O1IMM KOJIbOPOM, a BECh 1HIIUH
(hOH — YOpHUM.

PCSyJ’ILTaT TMOKpalICHHA 306pa>KCHH$I IIOKa3aHO Ha pI/IC.Z.

a) BXiJHe 300pakeHHs ) KiHI[EBUI pe3ynbTaT

Puc. 2. PesympraTu poOOTH CHCTEMH PO3Mi3HABAHHS 300paXKEHHS

OriHroBaHHS pOOOTH CHCTEMH 3JIHCHEHO METOJIOM
eKCHEePTHUX OIIHOK 3a JOIOMOTOI0 TPYHH eKCHEpTiB, B
pe3yabpTaTi  TOYHICTh  SKOCTI  BIHOBICHHS  300paKCHHS
BiOMTKY manbLs ckiana 73,35 %.

IV. BUCHOBKU

3anpornoHOBaHO BHKOPHCTOBYBATH Ul  PO3ITI3HABAHHS
BiIOWTKIB TAaNbI[iB 3 BHCOKHM CTYIICHEM 3allyMIJICHHS
KoMOIHaI[iF0 MeTOJiB IU(PPOBOI OOPOOKH CUTHAJIB Ta MOJEIb
HepOHHOT MepeKi, Ha OCHOBI apxitektypu FPD-M-net. 3agaga
HEHpPOHHOW Mepexi ToJyisirae y 3HEeUIyMJIeHI 1 BUIUICHI
Bi3epYHKY BiIOMTKY MaJIBIIA 3 BXITHOTO 300paXKeHHs. 3a1adaMu
MeTol1iB U(poBOi 00poOKH 300paXkeHb € BUIICHHS TPaHHIb,
3HEIIYMJICHHS, JCTCKTYBaHHS JIHIM 1 BigUIeHHS BigOWUTKY
najplsl. [ eKCHepUMEHTaIbHUX JOCHIKEHb PO3pOOIeHO
mporpaMHuii  3aci®6 Ta 3AifiCHEHO OIIHIOBAHHA  SKOCTI
BiJIHOBJICHHSI 300pa)keHb, BUKOPHCTOBYIOYH METOJ €KCIIEPTHUX
OLIHOK. B pe3ynbTari, JOCTOBIPHICT EKCHEPHUMEHTAIBLHOTO
3pa3ka cTaHOBUTH 73.35%. Takuii pe3ysbTar € CliBCTaBHUM 13
ICHYIOUMMHM CHCTEMaMH pO3Mi3HaBaHHA MpPU 3aIlyMJICHHX
OloMeTpHuYHMX  3pa3kax Ta  [oTpedye  MOoJajbLIMX
YIOCKOHAJICHb.
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Abstract — The substantiation of information security and
security indicators for modern ITS from leakage through technical
channels is substantiated. These indicators are a set that has a
hierarchical structure. Security risk is a measure of the overall
security of information at the top level of the hierarchy, and the
signal-to-noise ratio is at the bottom physical level of the
hierarchy.

Knrouoei cnoea — ingpopmauiiina 6Oe3nexa; pusuk 0Oe3neku;
mexHniynuil 3axucm iHgopmauii; eumox ingopmauii; mexniunuii
Kanai UmoKy; ROKA3HUKU 3aXULU{eHOCmi

Keywords — informational security; security risk; technical
protection of information; information leakage; technical leakage
channel; security indicators

V. BcCTYIl

O/HUM 13 NPIOPUTETHUX HANPSIMKIB CTpaTerii HalloHaIbHOT
Oesmeku, MmO i€ HAa JaHWA Yac B YKpaiHi, € TOCHICHHS
CIPOMOXKHOCTEW HAI[lOHAIbHOI CHUCTEMH KiOepOes3neku Ta
epexTHBHOI  mpoTHAil  Kidepzarpo3aM y  Cy4acHOMY
OC3MEKOBOMY  CEpeIOBHWINI, SIKI 3  METOK  HAOyTTA
MOBHOMPABHOTO YJICHCTBA Kpainu y €Bporneiickkomy Coro3i Ta
HATO  mnepenbayarorh  IMIUIEMEHTAL[I0  MIDKHApOIHUX
CTaHZapTiB Ta  BIOPOBAKEHHS BIANOBIZHUX  PH3UK
OpIEHTOBaHUX MiAXOMAIB IIOAO 3ade3nedyeHHs iHpopMauiiiHol
6e3mneku aepxasu [1 — 5].

OyHKIIOHYBaHHS Cy4acHMX KOMYHIKAI[IHHUX CHUCTEM, SIKi
Ha CHOTOMHIIITHIHI JIEHb 3a0e31euyIoTh ICHYBaHHSA
KiOEepIpocTopy Ta € HEPEeBAKHO EJIEKTPOHHHMH, 32 CBOEIO
(hi3MYHOI0 CYTHICTIO NPAKTHYHO 3aBXIH CYIPOBOIDKYIOTHCS
psioM 1oOiuHKMX edeKTiB, sIKi MOXYTh YTBOPIOBATH TEXHIUHI
kaHamu BUTOKY iHpopmanii (TKB). Takumm edexramu €
NoOiIYHI €JIeKTPOMArHiTHI BHUIIPOMIHIOBAaHHS 1H(GOPMaIiHHUX
CHTHAJIIB B OTOYYIOUYE CEpelOBHIIEC, HABEACHHS CTPYMIB BiJ
3a3HAYEHUX BHIIPOMIHIOBaHb Ha CTOPOHHI MPOBIIHUKH Ta
TEXHIYHI 3aco0H, sKI MamTh TaJbBaHIYHUI 3B'SI30K 3
HaBKOJIMIIIHIM CBITOM, IPOCOYYBaHHS iHPOPMAIiHHUX CUTHAJIIB
Yy BIABIOHI JAHIIOTH OYAb-IKOTO XapakTepy, JIAHIIOTH
3a3eMJICHHSI, €JIeKTPOXKUBICHH, Tomlo. [Tocepennuursom TKB
iHpOpMaIlifiHi CHIHAIM MOXYTh IIOIIMPIOBATHUCH 32 MEXI
EJIEKTPOHHUX CHUCTEM, Ji¢ BOHHM LUPKYIIOIOTh, Ha BIITHOCHO
HeMmali  BifcTaHi Ta  NPHBOAWUTH  JIO MOPYIICHHS
KoH(pineHmiHHOCTI iHdGOopMaii [5 — 7].

Indopmariiini pecypeu, mo nependavaroTh BUKOPUCTAHHS
KiOeprpocTopy Ta LUPKYJIIOIOTh B Cy4acHHX iH(pOpMamiiHo-
tenekomyHikamiiaux — cuctemax (ITC), € myGmiuxOIO
iHpopMami€ro, ska B 4YacTHHI iHpopmauii 3 0oOMeKeHUM
moctyrioMm (I30/) mominsgerscsi Ha TaeMHy (AEpkaBHY,
0aHKIBCbKY, NpodeciiiHy Ta A0CYIOBOrO CIiJCTBA TAEMHHII),
cIy)k00By Ta KoHGimeHHiHHy iHpopmariii. OKpeMUM BHIOM
iHpopManii € INepcoHaNbHI AaHi, sSKi TaKOXX MOXYTh OyTH
BimHecenumu a0 [30J] Ta BuMmararTh 3a0e3lCUCHHS
koH(pineHuiliHOCcTi.  Lle  po3pi3HeHHs  3xiliCHEHO  Ha
3aKOHOJ[ABYOMY piBHI, BpPaxoBYy€ BaXJIUBICTh (I[iHHICTB) 1
HAJIC)KHICTh BIOMOCTEH Ta 3a0e3lmedye iHTepecH IIFOIWHH,
CYCIIILCTBA 1 iepkaBH [3, &, 9].

SAx mpaBmino, 3axuct iHpopMamii 3IIHCHIOETBCS 3

BUKOPUCTAHHAM JIBOX OCHOBHUX HpI/IHHI/IHiBZ

1) nompeba ¢ ybesneuenni ma mipa 3zaxucmy 3O/
NOBHICMIO  BUSHAYAEMbCA  BNIACHUKOM  [IHGopmayii, 1io2o
inmepecamu ma nPUHAMUMU 00 Y8a2u 3a2po3;

2) saxucm I[301] Ooyinbnuit 6 momy pasi, AKWoO Mipa
3AXUCTY He Nepesuuyye Mipu MONCIUBO 3aNOOIAHOI WKOOU
8unaoky peanizayii 3a2po3: Kibepamax ma xibepiyuoenmis.

TakuM YHWHOM, BHHHMKA€ IIMTAHHI, a caM€ SKUMH
MOKa3HUKAMHM MAlOTh BU3HAUATHCA 1[I BHUMIpH, SKOIO
KOHKPETHO Ma€ OyTH IOCTaTHICTh NUX NOKa3HUKIB, sKi O
3aJ0OBOJILHWIIM BIIACHHWKA iH(opmanii? Od4eBHIHO, WO I
MOKa3HUKH MAalOTh TapaHTOBaHO 3a0e3nedyBaTd 3aJaHuid
pu3uKk Oe3leku Ta 3aXUIICHICTh iHpOpMamii 3 TOBEICHOIO
TapaHTi€lo JOCTOBIPHOCTI.

VI. OCHOBHA YACTHUHA

BimmoBigHO 10  MDKHAPOJAHMX  CTAHAAPTIB  IOJO
MEHEIDKMEHTY iH(popMamiiiHoi 6e3nexn, Hanpukian, ISO/TEC
2700x 1EHTpaJIbHUM IOKa3HUKOM iH(pOpMaliiHOI Oe3neku €
PHBHK, SIKHIT BU3HAYA€ OTSHLIHHY MOXKIIUBICTh HEOE3MEKH, IO
MPUBOAUTH 1O 30UTKIB, Ta € TOEJHAHHSIM IMOBIPHOCTI
peamizamii 3arpo3um i1 HacmiakiB Bing Hei. Ilo cyTi pusuk €
KUJIBKICHM TOKa3HUKOM, SIKMH BUpaxae (akTH4YHYy SKIiCTh

3aXUCTy Ta JO3BOJSE HOro aBTOMATH30BaHi  aHaNi3,
KOPUT'YBaHHS Ta yIpaBliHHA. BUW3HAa4Y€HHsS BJIACHUKOM
iHpopmanii  (iHpopMamifHUX  pecypciB)  MaKCHMallbHO
JIOIyCTUMOTO 3HAY€HHs IpOTO IOKa3HMKAa BHpPaXXaTHMe

moTpiOHY CTYMmiHB 3aXUCTy Ta HaJaBaTUME MOXIUBICTh
edexTuBHOTO yrpaBiiHHs 6e3mexoro [4].

Puzuk Oes3mexy € MovaTKOBUM, MOJITHYHO BCTAHOBIEHHM
MIOKAa3HUKOM, a TOMY MOKE€ OyTH B3STHM ISl BU3HAUCHHA Ta
PO3paxyHKy HOKa3HHKIB TEXHOJIOTI] 3aXHCTy abo, MOXKHA TaKk
Ha3BaTH, TEXHOJIOT'TYHUX ITOKAa3HUKIB 3aXHUILEHOCTI, [0 MAlOTh
3a0e3neuyBaTy el pusnK.

[{omo 3abe3medeHHst KOHIACHIIITHOCTI Ta OOTPYHTYBAHHS
TEXHOJIOTYHHMX TOKa3HHUKIB 3aXMIIEHOCTi iH(opmaiil pu3mK
JOLTEHO PO3AUTUTH Ha JIBi CKIIAIOBI:

1) imosipnicmo peanizayii 3a2posu;
2) macniook 6i0 nei abo yina 3ano0isHol WKoOu.

Od4eBUIHO, MO IIHY MOXJIMBOI 3alOMisIHOT IIKOJH, Mae
BCTaHOBJIIOBATH BJIACHUK iH(pOpMAIii, OCKIIBKM BiH e
BCTaHOBIIOE 1 CTymiHb 1i 3axucty. B 3amexxHoCTi Bim psamy
oOcTaBMH sl HiHa MOXe OyTH i SIK 3aBrOJHO BHCOKOIO, 1 SIK
3aBrOJIHO HHU3bKOIO, MOXXE€ HOCHTH SIK 00’ €KTHBHHUH, TaK i
cy0’ekTHBHUI Xapakrep Tomo. [IpuKiasoM 3a3Ha4eHOT0 MOXKe
CIIY)KUTH BIiINOBiAp BIAaCHUKA iH(OpMamii Ha NHUTaHHA:
«CKiJbKH KomTye oauH 0iT iHdopmarii ab0 CKUIBKM FOTOBHH
3amIaTUTH Bam cynepHuk 3a oxumH OiT iHpoOpMamii, mo
LIUPKYITIOE HA BAIIOMY 00 €KTi?»

IMOBIpHICTB 3arp031 TaK0K BU3HAYAETHCS 00’ EKTUBHIMH Ta
Cy0’€KTHBHAMU (PaKTOpaMu Ta Ma€ BPaxOBYBAaTH:
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1) sKi mae MOKHCAUBOCTE 3M0BMUCHUK WOOO NEPEXONNCHHSL
B3O mexuiunumu kanaramu abo axorw miporo 3axuujena 130/
8I0 BUMOKY Uepe3 Yi KaHauu,

2) Ha ckinoku 3ayikaenenuil 3noemuchuk wooo 130]], axa
yupkynioe na obexkmi ingopmayitinopi disrernocmi (Olf]) ma
moace eumixamu TKB abo ax 3108Mmuchux 30iticHrogamume
nepexonieHHts, Hanpuxiao, nocmitiHo, nepioouyHo,
@pazmepmapHo yu 308CiMm He nepexoniosamume.

Jlyist oOrpyHTYBaHHS [TOKAa3HUKIB 3aXMIIEHOCTI iH(opMarii
BiJl BUTOKY TEXHIYHUMHM KaHaJlaMH, sKa Ma€ OyTH HAJIEXHO
JIOBEICHOI0 3 TapaHTyBaHHSIM JOCTOBIPHOCTI  3aXHUCTY,
BUKOPHCTAHO ITiIX1 SIK JJIsl HAUTIPIIOTo BUMAAKY 3 TOUKH 30PY
3axuiieHocTi. [lepenbavaeTbes, 110

3) znoemucnux docums sayixasienuil y dooysanni 130/ ma
O3HAIOMIEHH] 3 Helo,

4) nepexonnenmns [30]] 30iticnioembcst nocmitino,

5) ons nputiomy @izuunozo Hocis 6 MeXHIYHOMY KAHALL
30BMUCHUK MAE HEOOMediceny MeXHIUHY ma MexXHOI02IUHY
MOHCIUBICIND.

BcTaHOBUBIIM TakUM YHHOM JIONMYCTHMY MEXY PH3HUKY,
BIIacHUK iH(opMarii popmyiroe ymoBy s 6e3neku [30/], sika
Mae Oyru 3abesnedeHoro B TKB  mocepemnuirBom
TEXHOJIOTIYHHX TTOKa3HHKIB y CBOIX PO3PaXyHKOBUX ME¥KaX.

CyTHICTb 3a3HaUCHNX TIOKa3HUKIB MOJISITa€ Y HACTYITHOMY.

SIKII10 33]aHO TPAHNUYHO JOITYCTUMY IMOBIPHICTH PU3HKY, TO
il MOXKHa TOCTaBHTH Y BiJNOBiJHICTH HOPMOBaHY I'PAHHYHO
JIOMYyCTUMY TPOTyCKHY 3aaTHICTh TKB — MakcCuMyM KijbKOCTI
iHpopMaIii, MO B CEepeIHbOMY MOIMYCTHMO MOXKE BHTIKaTH
yepe3 TexHiuHui kaxan [10].

C

Tp. HOIL = przp.ﬂorLCmax ! (1)
JI€ Pr rp.ion. — TPAHMYHO JIOMYCTHMa IMOBIPHICTh PU3HKY,
C rp.1on. — TPAaHUYHO JIOITyCTHMa NpoITycKHa 3xaTHICTh TKB,
C max — MaKcuMasbHa nporyckHa 3aatHicTh TKB.

IMpomyckHa cipomoxHnicTs TKB BU3HauaeThCs iX 3aBagamu,
AKi B KaHaJll COPUYMHSIOTH IMOBIPHICTh MOMMJIKH — P. SIKII0
TKB po3missHyTH $IK IMCKPETHUH CHUMETpUYHMI KaHan 0e3
am’sTi, TO

p=h7(C-1), 2
ne C — mpoIyCcKHa 3MaTHICTh KaHaly,
h’l(...) — o6epHeHa QyHKIIist 10 EHTPOMIHHOT:
h(p):llogzl+ilogzi- 3
p p 1-p 1-p

BpaxoByroun NpUMyLIEHHS, M0 3JI0BMUCHUK MOE BECTH
MIEPEXOIUICHHS HeTIepePBHO, BCiMa MOXKIIMBIMH CIIOCOOaMH, TO
BIZIHOLIIEHHS CHI'HAJI/3aBajia, 10 YTBOPIOIOTH IOMUIIKY B KaHAJI
3pYYHO 3HAWTH 3 BUKOPUCTAHHAM iJIeJIbHOTO MTpriiMada:

1 (PT
S== |2 —F (). 4
24\ N, (P

ne Pa— MOTyXHICTb Pi3HULIEBOTO CUHTANY:
1 T
_ 2 , 5
P, = = !sA(t)dt ()

Sa(t) — pisHuIIEBHi CUTHAT:

sa(t) = sa(t) — so(t), (6)
So(t) Ta $1(t) — peamizarnii moriunux «0» ta «1»,

No — cHekTpaibHa WIUIBHICTH OO0 IIyMy, IO

BHUKOPHCTAHO B SKOCTI 3aBaJly B KaHaIi,
T — TpUBaNicTh IMITYJIBCY,
F(...) — obeprena dynkuis o ¢pynkuii Jlamaca:

F(x)=%fexp _T]? m - U

Takum 9UHOM, TOKa3HUKAMU I yoe3rneueHHs iHdopmarii
BiJl BUTOKY TEXHIYHHMH KaHaJaMH € HACTYITHUMH:

6) imogipnicme pusuxy 6esnexu — Pr
7) nponycxua s0oamuicmo TKB — C;
8) imosipnicme nomunxu ¢ TKB — p;

9) gidHowenns cuenan/3a6ada Ha 6xo0i npuuMaia 3acooie
nepexonyieHus — .

3a3HayeHi TOKa3HUKU MPEICTaBISIIOTH COOOK IIEBHY
iepapxiuHy CYKYITHICTB, J€ TpPH OCTaHHI € IIOKa3HUKaMHU
3aCTOCOBAHMX TEXHONOTIH 3axucTy. Pu3uk pr BHpHa4ae
3arallpHy 3axWIIeHiCT iHQopmamii Ha BEPXHBOMY piBHI
iepapxii. BimHomeHHs curHan/3aBaja O € IMMOKa3HUKOM ISt
KOHKPETHOT'O GbizuaHOTO cepesoBHILa HOIIUPECHHS
HeOe3MEeYHNX CUTHAJIB Ha HIDKHBOMY PiBHI iepapXii.

[loka3HWKM HIDKHIX pIBHIB 3a0€3NEeUYyIOTh BHUKOHAHHS
TIOKa3HUKIB BEPXHiX PiBHIB iepapxii,

d—>p—>C—opr (8)

a BCTAHOBJICKHI OOMEXEHHS IOKa3HMKIB BEPXHIX piBHIB

CTBOPIOE YMOBH JUI1 3HAaXOKEHHS JOIMYCTHMUX MEX
MTOKA3HMKIB HIKHIX PiBHIB iepapxii.

pr rp.ion. —> C rp.xon. —> p rp.on. —> 6rpALLonA- (9)

OtpuMaHi TOKa3HUKH MIOTh AHATITUYHHH 3B'SI30K, SKHH
JI03BOJISIE IX PO3PAXYHOK, Ta PO3PaxXyHOX IPAHUYHUX 3HAYEHb
LUX ITOKa3HHMKIB Ha IPUKIAJl MOCTIJOBHOTO IPEICTABICHHS
nanux B ITC. Jnsg mapanesbHOTO Ta 1HIIOTO IIPEACTABIICHHS
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maHux a0o TOBIHOMIIEHHS CTPYKTypa IMX TOKa3HHKIB HE
3MiHATBCS. Tak s mapaneabHOro KOIy 3aMiCTh IMOBIPHOCTI
Moke OyTH BHKOpPHCTaHa MAaTpHUI IMOBIPHOCTEH, sKi
BH3HAYATUMYTh Nepexonn KomOiHamiid. /I moBigoMIIeHB
TUITy MOBJICHHSI 200 300pa’keHHs MPOITYCKHA 3MaTHICTH MOXKE
OyTH 3aMiHEHOIO PO30ipIUBOCTIO a00 PO3Mi3HAHHAM TOIIIO.

OKpeMoI0 3pYyYHICTIO BHKOPHCTAHHS 3alpOIIOHOBAHOL
CYKYITHOCTI TIOKa3HWKIB € e ¥ Te, MO0 BOHH IO03BOJITIOTH
BHKOPUCTAHHA UL 3aXHCTy iHpopmarii Bix Butoky TKB He
TIIBKH TPAIUMiHHOTO METONy 3allyMJICHHS, a W I1HIINX
METO/IiB, HAIIPHKJIaM, II0B’I3aHUX 3 BUIIAJKOBUM KOJYBaHHSIM,
PpaHIOMi3ali€lo TOIIO.

[Noxa3HuKHM 3aXWIIEHOCTI iH(QOpMAIii 3 BUKOPHCTAHHIM
cydacHHX 3aco0iB mpuifoMy (i3UIHHUX HOCIIB Ta 00poOKH ix
3Ha4YeHb mix gac podotu OIJ] H03BOINSIOTH AaBTOMATH3ALIIO X
KOHTPOJIIO, aHAJI3y Ta KOPUTYBaHHS, a YIPABIiHHSA PU3HKAMH
— ynpaBJIiHHA iHOPMaiHHOIO OE3MEKOI0 B IIIOMY.

VII. BUCHOBKU

OOTrpyHTOBaHO 3axHIICHICTh iH(QOpMAIi Ta 1 TOKa3HUKH
s cydacHuX ITC Bim BUTOKY TeXHIYHHMH KaHallaMH.
3a3HaueHi MOKA3HUKH HPEACTABIIOTE  COOOI0  TEBHY
CYKYIIHICTb, JI¢ 3 HHX TPU OCTaHHI MArOTh TEXHOJOTIYHHH
xapaktep. CyKyIHICTb Ma€ i€papXidHy CTPYKTYpy, J€ PH3HK €
MUipmwIoM 3axumieHocTi iHpopmanii Ha OIJ] Ha 3aramsHOMY
BEpPXHhOMY PIiBHI i€papXii, a BiJHOIICHHS CUTHAJ/3aBajga —Ha
¢i3n4HOMY, HIDKHBOMY piBHI iepapxii. [IoKa3HHKH HIKHIX
piBHIB 3a0€3MeUyrOTh BUKOHAHHS IMOKa3HUKIB BEPXHIX pIBHIB
iepapxii, a TpaHWYHA JKOIYCTUMICTh IMOKAa3HHKIB BEPXHIX
PIiBHIB, 1[0 BCTAHOBIIOE BJIACHUK iHPOpPMAIIii, CTBOPIOE YMOBHU
Ta JI03BOJISIE 3HAXO/PKEHHS MipH JOIYyCTUMOCTI ITOKa3HMKIB
HIDKHIX piBHIB iepapxii. [Toka3Huku 3axumieHocTi iHpopMmarrii

i gac pobotu OIJ] 103BOIAIOTH X aBTOMATH30BaHi KOHTPOJIb,
aHai3 1 KOpWIYBaHHS Ta YOpaBIiHHA iH(OpPMAIHHOIO
0e31eKO0I0 B IIJIOMY.
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Anomauia — TlpoananizoBaHo mipuHroBi Mmepexi, ix
0c00JIMBOCTi, TepeBard Ta HENOJIKH, a TaKO0X TPHKJIaTHE
3actocyBannsi. HaBeneHo TIOpiBHAIHHSI OJAHOPaHTOBHX Ta
OaratopaHrosux Mmepex. IIpoBeneHo aHaji3 MiPpMHIOBHX Mepek
Ta 0c00ITMBOCTEl BHKOPHCTAHHSI TAa 0GTPYHTOBAHO NMePCNEeKTHBHI
HANPSIMKH PO3BHTKY.

Abstract — Peer-to-peer networks, their features, advantages
and disadvantages, as well as application are analyzed. A
comparison of peer-to-peer and multi-peer networks is given. The
analysis of peer-to-peer networks and peculiarities of use is carried
out and perspective directions of development are substantiated.

KiawuoBi cioBa — mipuHroBa Mepe:ka; JeleHTpali3oBaHa
apxiTeKTypa; 0JJHOPAHIOBa Mepe:ka, PO3MoiJieHi 00UnCcIeHHs .

Keywords — peer-to-peer network; decentralized architecture;
distributed computing.

l. Bcrv

BukopucTanHs KOMI'IOTEPHUX TEXHOJOTIH MOYMHAIOCS 3
gacy, komu EOM 3aiimama 1y OymiBmio. Po3Butox
KOMIT FOTEpiB BiIOYyBaBCS SIK Y HANPSIMKY 3MEHIICHHS PO3MIpiB
1 30LTBIIIEHHS IOTYXHOCTI, TaK 1 Y B3a€MOZi{ KOMIT FOTEpPiB OJMH
3 OZHHUM. I3 4YacoM CTBOpIOBAJINCH PI3HOMAHITHI NPOTpamMu
00MiHy daiimamu, mo Oynu HeoOXiTHI Pi3HAM KOPHUCTyBadaM.
IIpore 30epiraHHs iX Ha LEHTPAJIBLHOMY CEpBEpl Jyxke
00MEXyBaJl0O MOXIHMBOCTI iX Tmepemadi, ajKe MPOITyCKHA
3[aTHICTh OJIHOTO cepBepa Oyna HeBenuka. lle mpusBeno 1o
MOSIBU MpUHTOBUX (peer-to-peer, p2p) Mepex [1], cyTh sSKuX
HoJiArae y pIBHOIPABHOCTI YYacHMKIB. Y TakMX Mepexkax

Leonid Kupershtein

Dept. of Information Security
Vinnytsia National Technical University
Vinnytsia, Ukraine
kupershtein.Im@gmail.com

BiJICYTHI/ BUIIICHHI cepBep 1 KOXKEH BY3011 (PEer) sBIIEThCS K
KITIEHTOM, TaK 1 cepBepoM. Taka iHppacTpykTypa OlIbII CTiliKa
JI0  HecmpaBHOCTeH Ta  OOYMCIIOBAaJBHI — pecypcu €
30aJIaHCOBAaHUMH MIXK YYaCHUKaMHu Mepexi [2].

[TipuHroBi Mepesxi 3HAMIIUTN CBOE 3aCTOCYBaHHS Y OaraTthox
o0nacTsX, Takux SK OOMIH (haiimamu, MOBITOMIICHHSIMH,
NpUBAaTHUMHU JaHUMH, (iHancamu tomo. lle oOymoBieHO
PAOOM apXiTEeKTYpHHUX Ta I1HQPACTPYKTYPHUX CHEenU(piIHIX
0coOJIMBOCTE, siKa 3a0€3MeUyoTh NPUBAOIUBICTD JUIS PI3HUX
NPUKIIAHUX 3aCTOCYBaHb.

I1. TUIIN ITIPUHTOBUX MEPEX

[onsiTtst p2p Oyno Boepuie BuUKOpuctaHo B 1969 porii.
OnHaK NepIIoo CIPaBXKHBOIO peasli3aliero Mepexi p2p crana
Usenet, pozpobiera B 1979 p [3]. V¥ Usenet, B Toif yac sk
KIIIEHTU-KIHIIEBI KOPHUCTYBadi BCE II€ OTPUMYIOTh TOCTYI O
pecypciB depe3 cepBepH, caMi CEepBEpU B3AEMOIIOTH MiXk
cobor0 SIK p2p-Mepeka, HaJCHIAYM MOBIJIOMJIEHHS OJMH
OTHOMY Ha BUMOTY 0e€3 ILEeHTpaJpbHOro opraHy. ToOTo cyTh
MIPUHTOBOI MEpEeXi IoJisirae y TOMY, IO Mepexa He Mae
LEHTPAJFHOTO OpraHy YIPaBIiHHSA, a BCl il yJacCHUKH €
piBHONpaBHUMHE Mix coboro (puc. 1,a) [4].

Y4acHUKH Mepexi MOBHHHI EBHHM YHHOM OTPHMYBAaTH
iH(opMallito PO HAsIBHICTB IHIINX YYaCHUKIB LI€T )X MEpeKi Ta
croci6 3B’ 43Ky 3 HUMH. Y I[bOMY BHITQAKY CTBOPIOIOTH T10pHIHI
MIIPUHTOBI Mepexi, Jie PUCYTHIH LEHTPAIILHUI cepBep, SIKUH
MIPOCTO MICTHTH iH(GOPMALIIO MPO YCiX YYaCHHKIB Mepexi Ta
JIO3BOJISE 3MIMCHUTH TOINYK HEOOXimHOro kimieHrta [5]. A mami
KIJIIEHTH caMi BCTAHOBITIOIOTH 3B’ 30K OJMH 3 OqHUM (puc. 1,0).
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Taxuif HeHTpaIbHAN cepBep He € 000B’I3KOBUM, aKe KIIEHTH
MOXYTh 3HAXOMUTA OJMH OJHOTO IIUISXOM TPAHCISALIT
nefitarpaM «B HIKyZIW», a IHIN MOXYTh IX MPOCIyXaTH i
00poOutn. Takwii MiAXiA MpaIoe B HEBEIMKIA MEpexi, ne
yJacHHKaM He 3aBa)KalOTh 1HIII MOTOKH JaHUX.
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I1l. TIOPIBHSJIbHUI1 AHAJII3 BATATOPAHIOBUX TA
OIHOPAHI'OBUX MEPEX

OCKiIbKM B OCHOBI (DYyHKILIOHYBaHHS P2p Mepexi Moxke
JIeKaTH K OJHOpPAHIOBa apXiTekTypa (KiacuyHa p2p), Tak i
OararopanroBa (TiOpugHa p2p), AOUITEHIM OyIe JOCTITUTH iX
OCHOBHI IlepeBary Ta HeIOJIKH.

bararopaHroBa Mepexxa — Mepeka Ha OCHOBI BHIIJICHOTO
cepBepa. B Mepexy MigKIoYaeThesl BHIUICHHH KOMII'IOTEp,
SKHA TIpaIioe SK CepBep, a IHOI BY3IH € KIIEHTaMH i
3BEPTAIOTBCS J0 cepBepa. Taki Mepexi CTBOPHOIOTHCS TOAI,
KOJIM OJIHOPAHTOBI MEpeki € HEeJOCTaTHBO MPOJYKTUBHHUMH.
Taka  TNPONYKTHBHICTH  3a0e€3leuyeThcss 32  PaxyHOK
BUKOPHCTAaHHSI TOTYXXHIIIMX KOMIIOHEHTIB KOMII'IOTepa Ta
CIIeIiaTbHOTO IPOrpaMHOro 3abe3neueHHs [6].

B onHOpaHToBii Mepexi KOXKEeH By30J1 MOXKE MPAIFOBATH SIK
cepBep, Tak 1 K KIeHT. BincyTHicTh cepBepa, 110 BiANOBigae
3a aJMIHICTpYBaHHS Bciei Mepexi 3abe3medye psiI IrepeBar
Takol Mepexi Hax OaratopanroBoro. KopwucryBaui cami
BU3HAYAIOTh, SIKI PeCypCH 3pOOHMTH 3arajbHOJOCTYITHHMH B
Mepexi.

KoskeH 3 BHIlIeHaBEICHUX BUJIIB MEPEK Ma€ CBOI IIepeBaru
i Hemonikd. Y Tabmumi 1 HaBeeHO iX MOpiBHAHHSA. SIKIIO

XapaKTepUCTHKa TMpUTaMaHHA MeEpeXi, TO  3HAYCHHS
oriHoeThes B 1, BimcyTas — 0, a AKIIo Moxke OyTH 3a JIeSKUX
ymoB — 0,5.

AHaII3yI04H BUIEONUCAHY MOPIBHIBHY XapaKTEPUCTHKY
OJTHOPAHTOBHX Ta 0araTOPaHTOBHX MEpPEeX, MOXHA 3pOOHTH
BHCHOBOK, 110 OJHOPAHroBi (IIIPUHIOBi) MEpPEXi € KpamuMmu
(11 > 6). Ilpore BHKOpHCTaHHIO 0araTOpaHrOBHX MEPEX
HaJla€ThCsl TIepeBara TOJi, KOJIM HEeoOXijHa OOUYMCIIOBalbHA
MOTYXHICTh, IO HE MOXE OyTH 3a0e3leueHa ITiPHHTOBOIO

MEPEXKEIO.
Tabmunsg 1 — [TopiBHsUIbHA XapaKTEPUCTHKA MEPEX
XapakTepucTHka OpHopanrosa | baratopanrosa
BincyTHiCTh CHCTEMHOTO 1 0
aJMIHICTPYBaHHs

BizcyTHICTb CrienianbsHOTo 1 0
00J1aJHaHHs
JlemeBu3Ha MpuaOaHHS Ta 1 0
eKCILTyaTarii
KopucryBanpkuii KOHTpPOIJIb 1 0
pecypciB
HesanexHicth By3JiB 1 0
BimMoBOCTIHKICTE 1 0,5
Jlerxa macmraboBaHICTh 1 0
AHOHIMHICTB Ta 1 05
KOH(]iIeHILIIHICTh
O06’eaHaHHs pecypciB 1 0,5
banancyBaHHS HABaHTAXECHH 0,5 1
Bucoxwuii cTymiHb TOCTYITHOCTI 1 0,5
iHopmarii
MOXITUBICT BUKOPHUCTAHHS 0 1
OB CTTAOKOTO armapaTHOTO
3a0e3neyeHHs Ha KITEHTI
Oprasizallisi KOHTPOJIIO 0,5 1
JIOCTYITy
IIpocToTa CTBOpeHHs 0 1
Cyma 11 6

IV. CTAH PO3BUTKY INIPUHT'OBNX MEPEX

[MipuHrosa Mepeska MpeCTaBIeHa TPYIO0 MOB’ I3aHMX MK
co00r0 By3IiB (YY4aCHHKIB), SKI MOXYThb OOMIHIOBATHCS
MEBHUMH JIAHUMH 1 MalOTh OJJHAKOBI Komil 1uX jaHux. Koxken
YYacHHK € CAMOCTII{HUM Ta PiBHONPABHUM. 3a3BHYai, BCI BY3JIH
MalOTh OJHAKOBY HOTYKHICTh 1 BUKOHYIOTh OZHI U Ti K 3a7adi.
Ha BigMiHy Big TpaguiiiHUX MOJENCH, y p2p MEPEK BiACYTHS
€JIMHA TOYKA Bi]MOBH, OCKIJIbKM KOKEH 3 BY3JiB, [0 MpHUiiMae
y4acTh B OOMiHI JJaHMMHU BHCTYIIA€ B POJIi CEpBepa i KITEHTA.

Po3BUTOK OZHOpAHTOBHX MeEpek MOYABCSA 31 3BUYANHOTO
obominy ¢aiimamu. Y 1999p. icHyBama mepexa Napster, sika
MEPEeTBOPIOBalIa KOMIT FOTEp KOPHCTYBa4a y BY30J OOMiHY
¢daitmamu  [7]. Taka Mepexa xapakTepuU3yBaaach HasBHICTIO
LEHTPAIBFHOTO cepBepa, SIKUiA 30epiras JaHi mpo Te, sKi (aimm
€ B YYaCHHUKIB MEPEXKI Ta 5K IM 3 €IHATUCH OJIUH 3 OJHHUM.

Hdpyre TOKOMHHS p2p MeEpex  XapaKTepu3yeThCs
BIJICyTHICTIO  LIEHTPaJIbHUX CEPBEPIB Ta  «XBHJIBOBHM)
aNTOPUTMOM TOIIYKY I1HIIMX YYaCHUKIB Mepexi. [Ipuknanom
takoi mepexi 6yna Gnutella [8]. [IpoTe po3poOiieHuii anropuT™
MONITyKy OYB TOCHTH Hee(EKTHBHUM.

Tpere NOKOJIHHS MIPUHTOBHX MEPEX OYJIO TAKOX TaKUM,
10 HE BUKOPUCTOBYBAJO LEHTPAILHOTO cepBepa, alie MpH
OMY QITOPUTM TIOmYKYy OyB Oinbll JockoHamuil. Bin
0a3yBaBCsl HA BUKOPUCTaHHI PO3MOJIJICHUX XEII-Ta0IHIlb, 0
MATPUMYIOTECSI KO)KHUM Y4acHUKOM Mepexi. Kiientom, mio
BHKOPHUCTOBYBaB Taky Mepexy 0yB Edonkey2000 [9].

[lipuHTOBI MEpeki PO3BUBAKOTHECA 1 JIO CHOTOIHI. ix
BUKOPHUCTAHHS  HEOOMeXeHe Jume oOMiHOM  (pailliB.
OMHOpaHTOBI MEpekKi BHKOPUCTOBYIOTBCS Y  TEXHOJIOTIT
Blockchain [10]. Ogaopanrosa apxitektypa Blockchain mamae
KOpHCTyBadaM 0e3iiu nepesar. OHI€I0 3 HAHOUTBIT BaXKITMBUX
€ Ta, 1o po3noia ganux B Blockchain cepen Bemukoi KimbKoCTi
BY3JIiB POOHUTH MEPEXKY MPAKTUIHO HECTIPUHHSATIMBOIO JI0 aTaK
THITY «BiZiIMOBa B 00cimyroByBaHH1» (DoS), Bill SIKUX CTpaxkIae
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BeJIMKAa YacTHHA CHCTeM. B pesymbraTi 9oro, po3moiijicHa
Mepexa, B TIOETHAHHI 3 000B'I3KOBUM MOTOPKCHHSM OLTBIIOCTI
yaacHuKiB 3a0e3meuye Blockchain cicremam BiTHOCHO BHCOKY
CTYIIHb CTIMKOCTI 10 3JIOBMHCHOI akKTUBHOCTI. Ha BimMiHy Bij
CTaHJAPTHUX OaHKIBCHKUX PAaXyHKIB, KPHUIITOBAJIOTHI TaMaHII
HE MOXYTb OyTH 3aMOpPO’KEHi a00 aHyJIbOBaHI ypsIOM.

Ha cporommimmuiii nenp 70% wmepexeBoro Ttpadiky
CKJIaJatoTh p2p Mepeski. Haitbinboro nommpenHs Taki Mepexi
HaOynmu B THX cdepax, Je BaXIMBUN KOH(IICHIIHHUA 0OMiH
JAaHUMHU MK monaeMu. Lle € cucreMu Bieo3B’ 3Ky, TPaHCIAIIIT
Bizeo, IP-Tenedonii, cuctemMu iHTepHET-TeNEOAYCHHS TOIIO
[11]. Le mo3Bos€ MOCTAa4aTBHUKOM TAaKHX ITOCIYT BHTpPavaTH
MEHIIIEe KOUITIB Ha MiATPIMKY BChOTO TEXHIYHOTO 00JIa HaHHS,
HEOOXITHOTO IS TPAmUIIHHOTO MiIX0my. A IIe B CBOIO 4epry
pOOMTH BHINEBKa3aHi TOCIAYrd OUIBII JOCTYMHUMH IS
KIiHIIEBOTO KOPUCTYBayYa.

[lipuHroBi Mepeki aKTUBHO  BHKOPUCTOBYIOTBCS Y
cucreMax, MO TMpamiolTh 3 TpommMa [12].  Oxpim
KPHIITOBAJIIOTHUX FAMAHLIB, p2p MeperKi 3HANUIIIIN CBOE MICIIE 1
B poOOTI 31 3BUYaifHUMH TpomrMa. BOHI BUKOPHCTOBYIOTECS B
TaKUX OIEpalisx, SK BIANpaBKa pPaxyHKiB, BHUKOHAHHSI
TPOIIOBHX TpaH3aKIlii, OE3MeYHOr0 aaMIHICTpYBaHHS JaHUX
tomo. [lipuHroBi Mepexi TaKoK BUKOPUCTOBYIOTHCS MU
po0oTi 3 IH(POBAME TaMaHIIMU, HE TIOB’SI3aHUMH 3 OaHKaMH
(PayPal, Venmo) Ta B momaTkax, MO0 TpPH3HAYCHI IS
6e3koHTaKTHOI omatu (ApplePay, GooglePay).

HesBaxarouun Ha BiIMOBOCTIHKICTB, MIBUAKICTB,
KOH(iIeHIIIHICTE Ta iHII TIepeBary MiPpHHTOBUX MEpeX, BOHU
TAKOXK MiJIAThCS arakaM. 3aXHUCTHTH JICUEHTPai30BaHy
CTPYKTYpy HabaraTo CKJIaJHiIlle, HiXK HEeHTpai3oBaHy. Jleska
YacTHHA iH(popMAITiifi MOXKeE nepeaBaTUCh B
He3amu(ppoOBAHOMY BHTISALI (U1 30UTBIICHHS IIBHIIKOCTI),
icHye mpobnema migpoOkm IP-ampecu By3nma (MOXXiIHBa
¢danbcudikamis maHux). Takok OO Takoi Mepexi MOXYTh
MIJKIIOYaTHCh ~ HEaBTOPH30BaHI  KIIEHTH 1 CTBOPIOBATH
HaBaHTa)XCHHS, 1[0 HE Hece HifAKol KopucHOI iHdopmarii. s
BUPIIIEHHS] BHIIEONUCAHUX IPo0OIeM OE3MeKHd CTBOPIOIOTH
PI3HOMAHITHI METOIM, IO 0a3yIOThCS Ha MEPIOTUUHIN 3MiHI
KJIFOUiB, CITUCKY KOHTPOIO JIOCTYITy, IH(PYBaHHI JaHUX TOILIO

[13].

3a gaHMMHM  JOCHII)KEHb Ha  CHOTOAHINIHIA  JI€Hb
CIOCTEpIiraloThcsd Taki TEHIACHIII B PO3BHUTKY MiPHHTOBUX
Mepexx [14]: eBomtomis ICHyIOYMX KOHIEMIIH, a came
BiIOyBa€THCS BIOCKOHAJICHHS aJTOPUTMIB IOIIYKY KOHTEHTY,
3aCTOCYBaHHS HOBHX METOJIB 3a0e3leueHHs  Oe3IeKH,
BIIOCKOHAJICHHSI METOIIB B3a€EMO/Ii1 BY3JIiB MEPEXKi; aKIOTaXK —
NIEPEeKOHAaHHsI B TOMY, IO IMIPHUHTOBI MEpeXi € KpalliMH 3a
LEHTpasi30BaHl. Xo4a Taki Mepeki MaloTh BEIUKY KiTBbKICTh
mepeBar, aje BOHM YacTO BHUKOPHCTOBYIOTHCS 0€3 OLIHKH
JIOLITBHOCTI IX BUKOPHCTaHHA MJIsI BHPIMIEHHS KOHKPETHOL
3aj1adi.

Buxoasuyu 13 BHIIEOIMMCAHOTO, MOXKHA BU3HAYMTH  TakKi
€Tany PO3BUTKY OJTHOPAHTOBUX MEPEXK:

e po3po0Ka HOBHX CTaHAAPTIB CTBOPEHHS ITIPUHTOBUX
Mepex Ta 3a0€3MCUCHHS IXHBOT OC3ICKY;

® [IiBUIICHHS 3aXHUIIEHOCTI 33 paXyHOK CTBOPEHHS HOBHX
Ta BJOCKOHAJIEHHS CTapUX METOJIiB 3aXUCTY;
®  CTBOpPEHHS IIOOATBHUX MEPEX.

BHUCHOBKU

[IpoananizoBaHO MIPHHTOBI MepeXi, BH3HAYEHO JABa iX
TUOH. PO3TIIIHYTO OCHOBHI €Tamy PO3BUTKY p2p MEpex, ixX
0COOJIMBOCTI Ta ChepH 3aCTOCYBAHHSI.

Haiibinpmoro momupeHHss 0OTHOPAHTOBI Mepex HaOymu B
cUCTEeMax, M0 OOpOOJAIOTh BENUKI O00CATH JaHuX |
3a0e3MeyyIoTh IHAWBIAyalbHUA OOMiH iH(pOpMAIi€I0 MiX
KopucTyBauamH. [lipuHTOBI Mepeski Modaiu CBili PO3BHUTOK i3
3BHYAIHOTO OOMiHYy (aiiilamMu, a Ha CHOTOTHINIHIA JeHb BOHU
BHUKOPHUCTOBYIOTBCS y UaT-CUCTEMax, OaHKaX, KPUNTOBATIOTHUX
CHCTeMaX, JUIs Biieo3B sI3Ky TOLIO. Bumieonucana TexHOIOT IS i
HaJalli TPOJOBXKYE aKTUBHO PO3BUBATHUCH, ckianawodu 70%
BCHOTO IHTEpPHET-TpadiKy.

HesBakaroun Ha TEXHOJIOTIUHI IIepeBarH, MiPHHTOBI Mepexi
MiJTAI0ThC  XaKEPChKUM — aTakaM. ToMy BaXJIMBUM 1
MIEPCIICKTUBHUM € po3poOKa HOBHX Ta METOJIB Ta 3aco0iB
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I.  INTRODUCTION

The issue of information security in Unmanned Aerial
Vehicles (UAV) networks has become especially relevant
today. In most cases, UAV operator controlling UAV
according to the "point-to-point" scheme, but algorithms for
cryptographic protection of control commands in the case of
communication in UAV networks and taking into account the
peculiarities of such networks are developed not well enough
[1]-[2]- There are also known cases of successful interception
of UAV control in case of insufficient protection of control
commands [2] - [3].

Thus, the development and research of new algorithms for
protection of data transmission channels in UAV networks is
an urgent scientific task.

Il.  FORMULATION OF THE PROBLEM

A. The Goal of the Work

The aim of this work is to develop a three-keys
cryptographic algorithm for UAV networks session key
management, which will take into account the features of
wireless communication channels in UAV networks.

The work of the proposed algorithm will be considered
when using as a lower-level algorithm — National Standard of
Ukraine 7624:2014 — cryptographic algorithm "Kalyna" with
a 512 bits key size [4]. It was chosen as the only official
symmetric cryptography government standard that supports
512 hits key size. But the possibility of using other
cryptographic algorithms, including asymmetric, should be
considered as well.

B. Analysis of Recent Research and Publications

To date, there is a large number of works devoted to the
secure communication between UAVs and operators [1] - [2],
[6] but they do not sufficiently take into account the
peculiarities of UAVs group control. The attempt to fill this
gap is shown in this work.

I1l.  PROPOSED ALGORITHM

Consider the operation of the algorithm proposed in this
paper. In the UAV network (peer-to-peer or hierarchical),
each node has its own unique 256 bits long-term individual
key (randomly generated and distributed by the key control
center). The network also has a 512 bits long-term shared
key, known to all nodes. According to the algorithm, there are
two modes of data transmission — broadcast (message is
intended for all UAV network nodes) and addressed message
(message should be transmitted for just one network node).

A. Broadcast mode

The message consists of two parts. The first part is a 512-
bit session key, encrypted with a shared key. The second part
is actually a useful data, encrypted with a session key. This
mode is like a classical use of session keys distribution.

B. Address mode

The message in address mode also consists of two parts.
But the first block here is a 256-bit session key, encrypted
with a long-term shared key. The second half is a useful data
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encrypted with a 512-bit third key that half consists of a
session key and the other half is a unique long-term individual
key of this node.

C. Algorithm for transmitting an address message
e  The node randomly generates the 256-bit session key.

e The node encrypts that 256-bit session key with the
long-term shared key.

e  The node encrypts useful data for transmission to the
receiving node with a 512-bit key consisting of 256
bits of the session key and 256 bits of the individual
key of the receiving node.

e The receiving node decrypts the 256-bit session key
with a long-term shared key.

e The receiving node decrypts the useful data using the
third key — session key obtained in step 4 and its
individual key.

e Steps 3 and 5 are repeated for further transmission.

D. Possible low-level algorithm applications

There are two possible applications — using symmetric or
asymmetric cryptographic low-level algorithms. The use of an
asymmetric algorithm is recommended in cases where it is
necessary to ensure the exchange of messages between all
nodes of a large network. If in this case a symmetric algorithm
is used, then to send a message to any node, each node must
have long-term individual keys of all other nodes. Therefore,
in this case, it is better to use asymmetric cryptographic
algorithm. With it each node will have to store only shared key
— and its own public and private keys. When node will send
message to other node, it may use private key as a part of the
third key, and to send public key in non-encrypted form. Then,
if this node is compromised, the private keys of all other nodes
will not be compromised. If the network requires only the
exchange of information only with the central node (for
example, in the case of a UAVs swarm, exchanging
information directly with the operator), it is possible to use a
symmetric algorithm — all long-term individual keys in this
case will be known only by the operator. Also, a symmetric
algorithm is applicable in the case of a small number of nodes
in the network, which is a common case when performing a
task by a group of UAVs.

IV. ADVANTAGES OF THE PROPOSED ALGORITHM

e Information inside the network will
transmitted without encryption.

be never

e Compared to other session key algorithms, the
proposed algorithm requires the transmission of twice
less size of the session key (while providing the same
level of security against cryptanalysis tools), which
reduces time loss before the start of the
communication session. This is very important for
UAV networks, because when the UAV is moving,
the situation can change very quickly, so the
transmission initiation speed is crucial.

e Because a long-term shared key encrypts only keys
that meet random sequence requirements, there are no
vulnerabilities for finding shared key with
cryptoanalysis means based on the use of symbol

frequency and other properties of plaintext. They can
be used to try to pick up only the session key, which
will not be of much use.

e Since the requirements for cryptographic algorithms
provide that when changing even one bit of the key,
the encryption result must be completely different, the
use of another 1/2 part of the third key (session key)
for every session will provide reliable protection
against attempts to pick up a long-term half of the
third key.

e This scheme protects against such attacks as "man in
the middle", because to obtain any data you need to
know the long-term key.

V. DISADVANTAGES OF THE PROPOSED ALGORITHM

e The only disadvantage when using a symmetric
algorithm is the compromising one of the network
nodes. If an attacker gains unauthorized access to it, he
will get the long-term individual key of each other
node and the shared key and will be able to decrypt all
messages in the network. Using an asymmetric
cryptographic algorithm for encrypting a session key
will get rid of this vulnerability.

e And the only disadvantage of using an asymmetric
cryptographic algorithm for encrypting session keys is
the reduction of the encryption speed. Due to the
limited computational resources of UAVs this
shortcoming is important and should be considered.

VI. CONCLUSIONS

The three-keys cryptographic key management algorithm
was developed. This algorithm takes into account the features
of wireless communication channels in UAV networks. Its
operation was considered based on the National Standard of
Ukraine 7624:2014 — cryptographic algorithm "Kalyna"with a
512 bits key size. The advantages and disadvantages of using
the developed algorithm on the basis of low-level symmetric
and asymmetric cryptographic algorithms were studied.
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I. Bcryn

Ha nmowarky Oepesns 2021 poky HamioHaasHoM
KOOpJMHAIIMHAM TIEHTpOM KibepOesneku Pamu HaiioHambHOT
Oesniekn 1 obopoHM YKpaiHu cxBaieHo mpoekT Crparerii
kibepOesnexn Ykpaiau Ha 2021-2025 pp. [1]. Metoro Crparerii
KiOepOe3nekn YKpaiHM € TOKpAIeHHs YMOB Uil Oe3MeYHOro
¢GyHKIIOHYBaHHS KiOepmpocTopy, HOro BHKOPHUCTAaHHS B
IHTepecax CyCIUIbCTBA Ta JepkaBu. OCHOBOIO JJIsl TAKUX 3MiH
€ iMIIeMeHTalisl MiKHApOIHUX CTaHApTIB y cdepi 3axucTy
iHpopmanii Ta kibepbesnexu [1].

OmanM i3 epeKTHBHHX METOJIB 3axucTy iHpopmamii €
3aCTOCYBaHHS CIElialli30BaHNX KpUnTorpadiyHuX MOIyIiB. 3a
JIOTIOMOTOI0 HUX MOXKHA pealli3yBaTH TKPUITOCHUCTEMY, s
NPOTU/Iii HECAaHKIIOHOBAaHOMY JOCTYIly Ha IPOTPaMHOMY Ta
amapaTHOMY piBHI. B KOHTEKCTi BHIIECKa3aHOTO, aKTyaJbHOIO
3a7a4el0 €  JOCH/DKEHHS KpUTEpiiB  OWIHKKM  poOOTH

Anhelina Sukhorebra

dept. of chair Information Protection
Vinnitsa National Technical University,
Vinnitsa, Ukraine
sukhorebraangelina@gmail.com

KpunrorpapiyHUX MOJIYNIB MDKHAPOJAHUX CTaHIApPTIB JUIs
MTOANTBIIOT TX cepTUdIKaIii.

MeTor0 pobOOTH € TOKpalleHHs mpolecy cepTudikarrii
KpUNTOrpadivHAX MOMIYIIB IIISAXOM OCTIKEHHS OCHOBHEX
KpUTEpiiB OLIHKK iX poOOTH, 10 3aCTOCOBYIOTHCS Y
OenepanpHuX cTaHnaprax 0opooku indopmamii CLIA [2].

Il. PIBHI BE3IIEKU KPUIITOTPAGIUHUX MOJVJIIB YV FIPS

1994 poxy HamionansHum iHcTHTyTOM cranaaptis CIIIA
(National Institute of Standards, NIST) Oymo omy6mikoBaHO
HepIuii NMPUMIPHUK CTaHAAPTY KOMII'IOTEpHOi Oe3meKu s
kpunrorpadiuanx moxayniB (Federal Information Processing
Standards, FIPS) mis ypsiaosux ycranos CIIIA. Ha nanuit yac
HamigyeTbes 3 mokominas crannapty: FIPS 140, FIPS 140-2 ta
FIPS 140-3. IMepumii npunuHuB cBoe icHyBanHs 2002 p., iHmi
BUKOPUCTOBYIOTbCS ~Ta TecTyloThess. FIPS  140-3  [3]
omyOmikoBanuid 22 Gepesns 2019 p. npuiimos Ha 3aminy FIPS
140-2.

Crangaptu Oynu po3poOsieHi aist GOpMYBaHHS BHUMOT
Oe3rexky, SKMM HEeOOXiHO BIANOBINATH KPHNTOTpadidHIM
MOIYJSIM Y BIANMOBigHIM mpeaMeTHiH oOmacti. OCHOBHOIO
METOI0 PO3POOKH € CTBOPEHHS €(EKTHUBHOI KPHUIITOCHCTEMH,
npu  (YHKI[IOHYBaHHs sIKOi, 3MiMCHEHHS aTakd Ha Hei
norpedyBaTuMe OubIIE BUTPAT, HDXX IIHHICTD OTPHUMAaHMX
JAHWX 9M HAHECEHHX TaKOIO aTaKoro 30UTKIB.

CoinbHUM U BCIX TPBOX MyOJiKaIiil € po3MexyBaHHS
Oe3meku Ha 4 piBHI Ta BU3HAYCHHS BUMOT 10 HUX [2].

KoxeH 31 cTanmapTiB BU3HAYAE MEPIINN PiBEHB, TAKUH KU
3a0e3neuye HaWHIWKYMN pIBCHb 3aXHCTy, TOOTO BUMarae
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MiHiMambHHH Ha0ip 3aco0iB Oe3mekn. He BuMaraerbcs
¢iznyHOoro 3axucry. CIOUMHOK BIIMIHHICTIO € BHMOTH B
craagapti FIPS 140-2: nasBHiCTH X09a 6 OTHOI 3aTBEPKEHOL
¢byHKUii Ta anropuTMy.

Ha npyromy piBHI BUMOTH IOCHIIOIOTHCS: BPAaXOBYETHCS
¢bi3uuHMi 3aXuCT, BKIOYaodn (i3uuHuA 31aM. Bumaraerscs
HasBHICTH CIEIiaTbHAX TIOKPUTTIB, ITIOMO Ta CTIHKUX 110 31aMy
¢i3uuHMX 3aMkiB. B el camuii yac 3HWKEHI BUMOTH [0
aBTeHTH(iKauii. BoHa € ponboBoto [4], pyHKLIIO T BUKOHAHHS
npuiiMae Ha cebe KpunTorpadiIHuil MOTYIIb.

Ha TperboMy piBHI BCTaHOBIIOETHCS (I3UUHHMH 3aXHCT,
MOMIOHMI 0 BCTAaHOBJICHOTO B KOMEPUIHHUX MpoaykTax. [lpn
MOTPAIUISIHHI 3JI0BMHCHHMKAa B CHCTEMY BIH YTPHUMYETHCS B
micoyHMIli. 3amicTe  pomkoBOiI —  iHOWBimyampHa  [4]
aBTeHTH(iKauis. HasBHa ¢i3nyHa cenapalisi mopTiB 3araibHUAX
1 THX, SIKUIMH BBOIATHCA KPUTWYHI mapamerpu cuctemu. FIPS
140-2 na npomy piBHi BBOIUTh [10MiTHKY 3aXHCTY KOHTEHTY [2].

YeTBepTHil piBEHb XapaKTEPU3YEThCS BHCOKHM piBHEM
(I3UYHOTO 3aXMCTY — CTBOPIOETHCS ITICHA OOTOPTKa HABKOJIO
KpunrorpadivHOTO MOAYNSA, IO pearye Ha Bci cropodu
HEaBTOPU30BAaHOTO BXONy B cucTeMy. HasBHa crerianbHa
mizcucTeMa NpOTHAIT BIVIMBY HABKOJMIIHBOTO CEPEIOBHILA.

I1l.  KPUTEPIi OIIIHKW KPUIITOPI AGIYHNX MOJYJIIB

Koxen crangapr FIPS Bu3Hayae Bumorm Oesmexu, IO
moxineHi Ha 11 piBHIB.

1.Cneumndikarisi kpunrorpadivHOro MOAYJIS: BUMAraeThCst
IMoniTrka Oe3meKH Ta ONMC NPOTPAMHOTO Ta amapaTHOTo
3apesneuenns. FIPS140-1 we Bumarae crnenudikarii
peali3oBaHUX alTOPUTMIB Ta PEKHUMIB poOOTH

2. Module Interfaces\Cryptographic module Ports and
Interfaces: BUMOTM 10O HAasSBHOCTI OMIIHHUX iHTEepdeHCiB Ta
cernapariii HOpTiB JJAHMX KPUTHYHUX [APAMETPIB.

3. Roles, Services and Authentification: soriune po3aineHAS
HEOOXiHMX Ta omuiiiHnx posei Ta cepsiciB. FIPS140-1
BHMarae pojbOBYy aBTeHTH(iKalifo oneparopa, a FIPS140-2 na
OCHOBI POJIbOBY Ta IHIUBIyalIbHY.

4. Finite state machine\finite state model: crnenmdikaris
Mozeni cTaHiB. PexnMum Ha BHMOTY Ta OMNIIHHI PEXHUMH.
Jiarpama craHiB niepexofy i crienuikaliist CTaHiB HEpexouy.

5. Physical Security: Ha mnepmoMy piBHI Oe3meKH:
o0JaiHaHHS; Ha JPYTOMY: 3aMKH M JI0Ka3n Qaibcudikarii; Ha
TPEThOMY PiBHI - BUSBIIEHHA BTPYYaHHS Ta BiJIOBIIHOTO
pearyBaHHs; Ha yerBepToMy piBHI FIPS140-1 Bumarae tinbku
BUSIBJICHHS BTPYYaHHsI Ta «KOHBEPT 3 BiIHOBiIII0», a FIPS140-
2, nonatkoBo — EFP (mmdpyBanus).

6. Operational Envorinment: Ha mneprmomy piBHi: OnuH
onepatop. BukoHyBanuii koxa. Jlo3BoJeHE IHTErpOBaHE
oOnasHaHHsS; Ha Apyromy: kputepii ouinku EAL2 3 ommcom
MEXaHi3My JIUCKPETHOrO KOHTPOJIO JIOCTYIy Ta ayAuTy; Ha
TpeTboMy piBHI 3axucty: EAL2 B moeaHaHHI 3 JOBipeHHM
meToaoM ok EAL3 Ta MoeroBaHHS ITOMITHKY OE3IEKH; HA

yeTBepTOMy: nocwiaHHs Ha EAL2 B moegHaHHI 3 JAOBipeHHM
nuiaxoMm ok EAL4.

7. Sofware Security: Ha mepimux 2-0X piBHAX Oe3rneku
BHMOTa OIUCY NPOrpaMHOro 3a0e3neyYeHHs; Ha TPEThOMY PiBHi:
BIPOBA/DKCHHS MOBOIO BHCOKOTO piBHS; Ha OCTaHHBOMY:
(dbopmanpHa MOJICTTB.

8. EMI\EMC: Ha mepmux 2 piBHAX O€3MeKH BUMAraeTses 47
CFR FCC wuacruna 15. Iiguactuna B, xiac A (s motpeb
6i3necy). FCC Bumorn (st pazmio), xoua B FIPS140-1 mus
rojocy; Ha 3-teoMy i 4-my piBEsax 47 CFR FCC wactuna 15.
mijgyacTuHa B, kimac B (171 JoMalrHboro BUKOPUCTaHHS).

9. Self Test: FIPS140-1 self test Bu3Ha4eHi, K TeCTH
MIZBUIICHOT MOTYXHOCTI Ta TecTu ctaniB; FPS140-2, B cBotO
4yepry, BH3Ha4a€  TECTH  HA  HOTYXHICTB:  TECTH
KpHIITOrpadiuHUX AJTOPUTMIB, TECTH LUTICHOCTI amapaTHOro,
MPOrPaMHOTO 3a0e3IeueHH, TECTH KPUTHYHOT
(yHKIIOHANBHOCTI. TecTH cTaHiB.

10. Design Assurance Ha KOKHOMY 3 DiBHIB Oe3meKH
MIPUCYTHI BHMOTH: Ha NEPLIOMY: KepyBaHHS KOH]irypartiero,
3aXMIIECHa iHCTANSLis Ta TeHEepyBaHHs, IU3aifH Ta IMOJITHKA
JIUCTYBaHHS, JOKYMEHTOOOIry; Ha JpYroMmy: CHCTeMa
KepyBaHHA KoH(QIrypariero, QyHKIIIOHaTBHI crierudikamii; Ha
TPETbOMY: BIPOB3/DKCHHS MOBaMU BHCOKOTO piBHS; Ha
OCTAaHHBOMY: (hOpMasbHa MOJIEIb, ACTAIbHI TOSCHCHHS.

11. JIns Mitigation of other attacks BcTaHOBIIOETECS BUMOT'a
JUTS BCIiX piBHIB Oe3MeKn crnenngikaliiio aTak.

Ocranni 2 nmynkt Design Assurance ta Mitigation of other
attacks He mpencraBneni B cranmapti FIPS140-1.

1IV. BHCHOBKU

B ycboMy CBIiTI BH3HAHOW € HaiiHICTh cepTudikamii
kpunrorpadpivHAX MOAyNiB 3a cTaHmapramu FIPS, mo
BUKOPHCTOBYIOTBCS JUIsl 3aXUCTy AaHuX. IcHyroua B YkpaiHi
HOPMaTHBHO-TIpaBOBa  0a3a  KpHUIITOTpaidHOTO  3aXUCTy
iHpopmarlii B IJIOMY BiJIOBIa€ BUMOTaM CBITOBHX ITiIXO/IiB
10710 3aKOHOJABCTBA y i cdepi, CTBOPIOOYH MIAIPYHTS LIS
3a0e3neyeHHs e(QeKTHBHOI MisIbHOCTI. OCKIIBKH Taly3b
JMHAMIYHO PO3BUBAETHCS, TO HOPMAaTHUBHA 0a3za TAKOX 3a3HA€
NOCTIHHMX 3MiH, L0 NOTPeOye IMOCTIHOTO BIOCKOHAIEHHS
BUMOT Ta CTBOPEHHSI CTaHJApTiB, SIKi BPaXOBYIOTh IepeBipeHi
CBITOBI KpUTepil OIIHKH.
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AHnomauyia—y poodOTi 3aNIPONOHOBAHO HOBUII MeTO/ peaJiizamii
onepauii 0ararociBHOro NOpiBHSIHHA Yy NapajieibHiil MoneJi
o0uuciaeHHs. Y po0oTi HaBeleHO aHAJi3, Ha OCHOBi SIKOro
MOK/IMBE MPOTrHO3YBAHHSA 3HAKIB MePEeHOCiB MizK CJIOBaMH Ta MiXK
rpynamMu cjiB, Ha siki po30uBaOThbesl 0araTocjiBHI 4mMcIa NpU
3HAXOMKeHHI pi3HuULi MiXkK HUMH. AHAJI3 HaBeIeHO Yy BUIJISAI
JleMH. 3aNpOIIOHOBAHO AJTOPUTM peaJisanii onepauii nopiBHAH-
Hsl 6araToCJTiBHHX YHCces HpH 3axisaui K mpouecopis. (Abstract)

Abstract—The paper proposes a new method for implementing
the parallel multidigit comparison. The paper provides an analysis
on the basis of which it is possible to predict carry signs between
words and between groups of words into which multidigit
numbers are split on the comparing. The analysis is presented in
the form of a lemma. An algorithm for implementation the
comparison operation using k processors is proposed. (Abstract)

Knrouoei cnosa—oazamopo3paona apugpmemuxa; 3HaK nepeHocy;,
bazamopo3psaone NOPiGHAHNA;, NAPAIEIbHA MO0eb 00YUCIeHHA
(key words)

Keywords—multidigit arithmetic, carry sign, multidigit comparison,
parallel computational model (key words)

I. Bcryn

[losiBa HOBHX mTapaleIbHUX OOYUCIIOBAIBHUX CHCTEM
TakuX, K OaraTosiiepHi mpouecopH, rpadiuHi IPUCKOpPIOBadi,
KJIACTEpH, PO3MOJIJICHI CHCTEMH, CHCTEMH 3 PO3MOJUICHOIO
naM’sITTI0 Ta iHmI 0OyMOBIIEHAa BHPIMIEHHSIM CKJIAIHHUX
NPUKNIAJHUX 337a4 y pisHUX Tramy3sx. Cepel Takux 3anad
MOJKHA BHUIIIUTHA 3a1a4i OOYHCIEHHS CHCTEM JIHIMHHX
anreOpalyHuX PpIBHSHb 3 KuUIbKicTio HeBimomux 33-35
MIJIBHOHIB, MOJICITIOBaHHS (DI3UYHUX TPOLECIB, aCPOIHHAMIKH,
3axucTy iH(Qopmarmii, Tomo. Ile 3HaAYHO pPO3MHUPIOE
BHUKOPHUCTaHHs 0aratopo3psaHoi apu(MeTHKH, 13-3a TOTO, IO

HEeBpaxyBaHHS MMOXHOOK 3a0KPYTJIEHHS IPUBOMUTH JI0 TOTO, II0
IHOI  OTPUMYIOTBCA KOMI'IOTEpHI  pilIeHHS, SKi HE
BIANOBIZIAlOTh (Pi3M4HOMY 3MicTy. bararopospsiani omneparii
JNOJAaBaHHS, BINHIMAHHSA, TOPIBHSAHHA €  CKIIQJOBUMU
OMEpaIlisAiMi  MIJHECCHHS J0 CTENeHS 3a MOJIYJIEM, BiX
LIBUIKOAII  SIKOT  3QJISKUTh  IIBHUAKOAIS  aCHMETPHYHHX
KpunrorpagiyHUX NpOrpaMHO-anapaTHUX KOMIUIEKCIB.

Icuye meton [ 1], sskuit mo3Bomsie momatu K -OiTHI mimi 9ucia
3a O(k)=2log,k xpokiB mnpu 3amissHHi Kk mHapameirbHUX
OOUHMCITIOBAJIBHUX BY3JIB 1 32 yMOBH, 10 1-OiTHa omepariis
JI0/IaBaHHs 3aiiMae OJIMH TaKT (OJHH KPOK) mpouecopy. Meton
Ha3MBAEThCA «METOJIOM 3 IepeAdayeHHsIM 3HaKy IepeHOCY»
(carry-lookahead addition).

Ormepattist IOPIBHSHHS € IO CKJIATHINIOK OMEPAIi€r0 HiXK
BigHiManHs. Tak a1 BU3HAYeHHS MEHIIoro yucia 3 U ta V
HEOOXITHO BHKOHATH [Bi omepamii BigHiMaHHA. SKIIO
U-V <0, 0o U<V, skmo V-U <0, o V <U . To0Oro,
AKIIO Bif’€MHE YHCIO € MEHIINM HiX BiJI’€MHHUK, TO TpH
BHKOHAHHI omepanii BigHIMaHHI OyJe BHHHKATH 3HAaK
3amo3uyeHHs. Y JaHid poOOTi pO3TISAAEThCS METOJ, SKUN
JIO3BOJISIE PO3MAPAJICIIUTH OTIEPALil0 MOPIBHIHHA 32 PaXyHOK
«tependaveHHsD 3HAKIB 3aII03MYESHHS MK IPyIIaMH CJIiB YHCIIA.
Y mapanensHid  Mozeni  OOYMCIICHb BpaxyBaHHS —3HAKy
3aMO3WYeHHS TOTpeOy€e CIeIiaNbHOl JIOTiKH, IO 30iJbIIye
CKJIaJIHICTh OOYUCIICHHS HE MCHII HIXK y JIBa Pa3H.

Il. TIOCTAHOBKA 3AJIAUI TA TIO3HAYEHHS

Jano nm-0itHi mim gojgaTHi uyucima X, Y.
Heo06xigHo noOyayBaTy MBUAKHUIA aarOPUTM ITOPiBHSHHS
yucen X Ta Y y MapajenpHid Monem oO4HCIeHHS,
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pe3yJIbTaTOM SKOTO OyayTh uncia CF ta EQ. CF =1,
gkmo X <Y ; EQ=1, axkmo X =Y .
Hexait X 1 Y € nm-06iTHi il gogaTHi yncia, Z
€ ixHf nm-OiTHa pI3HULSA 32 BHUKJIIOYEHHSIM 3HAKY
3all03MYEeHHsT /0  HaicTtapmoro  cioBa.  Yucio
n-1 i

X= Z(Xi -2™) mpencraBumo y BurasAm {X,, ..., X,}, 1€
e _

X, = Z(xim+b 2%, i=0,n-1, € m-GiTHUM CIOBOM.
b=0

Xi= PimemareeesXin f» 1=0,n=1,

MPEICTABUMO TaKUM K€ YHHOM.

Haui, nuist 3py4HOCTi BUKJIaAy, NM -0iTHI uncna X
, Y, Z TaiHmi OyJaemMo Ha3uBaTH n -CIIBHUMH YHCIIAMHU,
KOXKHE CJIOBO SKOTO € m -OiTHHM.

PizHuo n -criBHUX yricen X 1Y 0e3 BpaxyBaHHS

3HAKIB 3aII03WYE€HHS MDK CJIOBAMHM ITO3HAYHUMO YHCIIOM
M={M, .M}, ;e M;=(X;-Y,), , W=2",i=0,n-1

Yucma Y 1 Z

Po30uTTs umcen X, Y Ha Ipynd JIOBKHHOK m
ciiB popMye CIiBHI Tpymu. ['pymnu 3 iHAEKCOM p MaroTh
HACTYNHUH BUIIAJ {X pm+m71,...,Xpm}, {Ypm+m—l""’Ypm}'
Po30uTTS Ha rpynu 3 m CJIiB HEOOXIAHE 1)1 OOUHUCIICHHS
y nozanbiomy ciis T, ta C; noBxkuHO0 m OiTiB npu

¢dopmyBanHi uucen T Ta C. Jlami 3a TEKCTOM TpymH
JIOB)KMHOKO m CIIiB 3 iHmekcamu p-1, p, p+1 Oymemo

HasuBatu rpynamu p-1, p, p+1 3 m cruiB, onycka4u
CJIOBO <3 iH,I[eKCOM».

VY yucai T 61TH t,, i=0,n-1, 3TPyNOBaHI MO m
01TiB, MO Aa€ k=n/m CIiB B T={T, ,,...T,}, J€

Ll 1, akuoM. =0 .
T = t2b y t = l I ] = b!
P b;(' ) ' {O,ﬂxmoMi;tO 1= pm+
p=0,k-1, k=n/m. (1)

Y gucmi ¢ 6iTH ¢, i=0,n-1, 3rpynoOBaHi MO m
01TiB, 110 Ja€ k=n/m CIiB B C={C,,,..C,}, JI€

m-l 1, axuwo X, , <Y .

C,= Z(Ci'zb)’ Ci:{ s i=pm+b,

b_fﬂ,ﬂxuw p>0 Ol AKWO xi—l 2Yi*l

_11, axkujo p=0
p=0,k-1, k=n/m, c,=0. (2)

[lpu monaBaHHI 3HaK MEPEHOCY TEHEPYETHCS MPH
NEpenoBHEHHI, TP BigHIMAHHI 3HAaK MEPEHOCY
3aMO3MYYEThCA. TEXHIYHO 1I1i  3HAKM HIYUM  HE

BiJpi3HAIOTECS. J{aii 3a TEKCTOM BUKOPHCTOBYETHCS 3HAK

3allO3MYEeHHS] ISl TOro, o0 BiIPi3HATH ONEpaLito
BiIHIMaHHS BiIl omepaii dojgaBaHHA. «BXimgHUM» 3HAK
3amo3ndeHHs OyAeMO Ha3WBaTH IPHU 3alo3WdeHHi 3i
CTapILOoro (HaCTYIMHOT0) CJIOBa Ta OTPUMaHHi BiJl‘€MHOTO
3HAYEHHS y IOTOYHOMY CJIOBI — 3HAK 3alo3UYeHHS
«BXOJHTH» 10 TOTOYHOTO CJOBa 3i CTapUIOro CIIOBA.
«BuxinHum» 3HaK 3amo3uyeHHs OyIeMO Ha3WBaTH IMpPH
3all03MYCHHI 3 IIOTOYHOIO CJIOBa Ui MOJIOJIIOTO
(momepenHBOr0) CIOBa MPH OTPUMAaHHI BiJl'€MHOTO
3HAYEHHS y MOJIOJIIOMY CJIOBI — 3HAaK 3alo3U4YeHHS
«BUXOAMTHY 3 TOTOYHOTO CJIOBA 10 MOJIOAIIOTO CIIOBA.

I11. AHAJI3 3AITO3UYEHHS 3HAKY ITEPEHOCY TTPU BITHIMAHHI
I'PYIIM 3 m CJIIB

Bukopuctanns umcen T Ta C  J0O3BOJISIE
NPOTHO3YBAaTH BUHUKHEHHS 3HAKIB 3aIIO3MYCHHS MiX
rpynamu 3 m CIIiB, Ha sIKi pO30MBAETHCS N -CJIIBHE YUCIIO
X=Y.

Jlema 1. SIkuro npu BiiHIMaHHI y TpyHi p 3 m ciiB

X et X om | —
i T, , orpumani 3a popmynamu (1), (2), Taki:

{Y prem-1r++1 Y pm }, ozHociBHI yucna C,

mo C,+T >W, W=2", 10 rpyna p 3 m ciiB
3aI03u4ye 3HaK MMEePeHocy 3 Tpynu p+l 3 m ciiB,

mo T,=W-1, W=2", To rpyna p 3 m cruiB
3al03u4ye 3HaK MEPeHoCcy 3 IPpymu p+l 3 m CIiB, SKIIO
3HAK TEPEHECY 3aM03UUEHO TS TPy P —1 TOBKUHOIO B
m CcIiB («IOUIMPIOE» 3aMO3WYEHHS 3HAKy MEPEHOCY Y
rpyny p+l 3 rpymm p-1),

mo C,+T,<W Ta T, #W -1, 10 rpyna p nixonu
HE 3aM03WYye 3HAK MEPEHOCY 3 TPYMU P+l («IOTTIHHAEY

3aM03UYEHHS JUTS TIOIEPEIHBOI TPYIIH).
Mpumitka gas aemu 1. Tak sx y Tpyni p pisHUIS

crapmux citiB X .oy =Y pemy MOJKE 3aII03HUYBaTH 3HAK
MepeHocy 3 rpynu p+l 3 m CiiB, TO BBaXAEMO, IIO
pisaria X o0 =Y e 20

Hns nmpuknany Ha puc. 1 crapmmuii 6it m-6iTHOrO
uncna C; 3i 3HAYeHHAM 1 FOBOPUTH TIPO Te, IO Pi3HULLA

CIIIB, IO TEPEAYIOTh CTApIIMM CJIOBaM y Ipymi P 3 m
m=16,

X 16114 — Yp16:24 <0 ), TOOTO € 3amo3udeHHs 3i CTApHIIOTrO

ciiB, Taka, mo X pm+m-2 _Ypm+m—2 <0 (pu

cioBa y rpymi p 3 m ciiB. m-6itHe uucno C, mictuts

0iTM BHXiZHUX (3aM03MYEHMX) 3HAKIB MHEPEHOCIB IS
MTOENIEMEHTHAX pi3HUIIB m -CJIIBHUX qucen

{X omem_21++s K pm,l}— {Ypmm,z ,---,Ypm,l} ) 3ano3uueHHs
B1IOYBAETHCS 31 CTAPIIOTO CIIOBA (MOJIOIIOI TPYIIA 3 M
CIIiB) 0 MOJIOAIIOTO CJIOBa (MOJIOIIIOL TPYIH 3 M CIIB)
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— 3miBa HanpaBo. Croa X, 1, Y, € HalicTapmmmu y
rpymi p-1.

X X X X x x C

1 x x X X X X X o

X X X X X X Tp

X
X
1 x x X x Xx X x X
X
X

1 x x x X X X X X X X X X X X

Puc. 3. Puc. 1. 3ano3u4eHHs 3HaKy IepeHOCY B Py P 3 M ciiiB 3 rpymu P+1
3 M cluB

Ha puc. 1 crapmmii 6it m-6itHoro umcna T, 3i
3HA4YEHHSIM | TOBOPUTH MPO TE, 110 Pi3HUIIS CTAPIINX CIIiB
Xomima—Ypmema =0 y Tpymi p 3 m cniB (mpu m=16,
X paguas ~Ypaeus =0). Ilpu BimnimManmi Bixg Hyns Oyab-
SIKOTO 3HAYCHHS 3alo3W4y€ThCsl 3HAK TIepeHocy 3i
crapmoi rpynu p+l. Ha puc. 1 3HadeHHS X TOBOPUTH
Ipo Te, 0 3HaYeHHS Iboro OiTa Moxe OyTH 0 ado 1.

V. AJITOPUTM ITOPIBHSIHHS YNCEJ V ITAPAJIEJIBHIA MOJIEJI
OBYMCJIEHb

Aaroputm 1. ITopiBHsAHHS yncen X, Y OOBXKHHOK nm
oitie (a0o n cmiB) 3 «mnepeaOadeHHSIM» 3HAKIB
3aM03MYCHHSI.

Bxix: Yucma X ={XH,...,XO}, Y ={Yn71,...,Y0}, k=n/m,
W=2"; CF=0, EQ=0; EQ;=W, C,=0, p=0k.
Pesyabrat: CF =1, Akmo X <Y ; EQ, =W -1, fKIIO
X=Y.

Kpoxk 1. OOumciauru umcio
Mi:<xi_yi>w, i=0,n-1.
Kpox 2.

M={M,,,..M,}, ne

OOumncnutn  ymcia T= {kal,...,To} ,

S -2,

bz{o, akuyo p>0

m-1
C=1{CiyCofs me T,=>(t-2°), C, =
b=0

1, axuyop=0
ti:{l,ﬂkwoMizo Ci:{l, akuo X <Y, i— pm-b,

0, akupoM, =0’ 0, arwo X, =Y,

p=0,k-1, k=n/m.
Kpok 3. Jlns p«0 mo p<k

Kpox 4. fxmo C,+T,2W 10 C ,, < C V1.
Kpok 5.  EQ,, < EQ,, AEQ AT, .
Kpox 6. Kinenp muxiny p.
Kpok 7. CF = LonuoCy =1
0, axuyoC, =0
Kpok 8. EQ = 1, axwo EQ, =W -1
0, axuyo EQ, #0

Kpoku 1, 2, 4, 5 MOXyTb BUKOHYBaTuCS Ha Kk
mporecopax 0JHOYACHO.

Teopema 1. B anropurmi 1 3aramnbHe 4YHCIO
OJTHOCIIIBHUX omepatiii Mae urisin O(n) =5n+4k +2, me

n=km — IOBXWHA YHCEN y CIOBax, M — OITiB y CIIOBI.

V. BUCHOBKU

Y namii poOOTi 3ampONOHOBAaHO HOBHH METO.
peautizarii onepariii 6araTociaiBHOTO OpiBHAHHS uncen X , Y
Hagarno wmetox amamizy N -OitHux uyumcen T Ta C,
OOYHCIIEHHX Ha OCHOBI N -CcoiBHHX umcen X,Y, s
MPOTHO3YBaHHsI 3HAKIB 3aMI03UYEHHS MIXK TPYyIaMH JJOBXKHUHOIO
Yy M CIiB, 110 JI03BOJISE PO3MAPATICIIATH ONEPAIIit0 OPIBHIHHS
Mik K=n/m nporecopamu.
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Anomauia — Y 2017 [. ArrapBaji Ta iHII 3anponoHyBajJu
HOBY NOTEHI{iiHO MOCTKBAHTOBY aCHMETPUYHY KPHUITOCHCTEMY
AJPS, sika BUKOPHCTOBY€ onepanii 3a Mmoayjaem yucia MepcenHa.
Y poboti HaBeaeHO pexkoMeHAanii AJs AJrOPUTMY CTBOPEHHS
KJI04iB kpuntocuctemu AJPS.

Abstract — In 2017 D. Aggarwal and other scientists
introduced a new potentially post-quantum public-key
cryptosystem based on operations modulo Mersenne number. The
paper presents the recommendations for key generation algorithm
of the AJPS cryptosystem.

Knwuosi crosa — kpunmocucmema AJIPS, nocmxeanmogi

Kpunmonpumimueu, uucio Mepcenna

Keywords — the AJPS cryptosystem, post-quantum cryptosystems,
Mersenne number

l. Bcrv

3 orysay Ha 3HAYHY KiTBKICTh TOCIIKEHb TEXHOJIOTIH ISt
mo0y0BH MacIITabOBAaHOTO KBAHTOBOTO KOMII I0Tepa, CTPIMKO
Toyana po3BHBaTHCh i TOCTKBaHTOBA Kpumnrorpadis. Ii MeToro €
po3pobka kpunrorpadigHUX MPUMITHBIB, SKi 6 Oynm CTiiiki 10
aTak 3 BHMKOPHCTAHHSIM SIK KBaHTOBOTO, TaK 1 KJIACHYHOTO
KoMm 'foTepiB. OCKUIBKM At OUTBIIOCTI  CHMETPHYHHUX
KPHIITOCHCTEM MOYKHA OOy [yBaTH aHAJIOTH, 1[0 MAIOTh BUIINH
PiBEHb 3aXUIIEHOCTI Ta € CTIMKUMH 10 aTak 3 BUKOPHUCTAaHHIM
KBaHTOBOTO KOMII'IOTEPa, 3yCHIIIA HAyKOBIIIB 30CEpEUKEH] Ha
PO3po0IIl ACHMETPUIHUX KPUITOIPUMITHBIB, 30KpeMa THX, AKi
peanizoBylOTh cXeMy UM(pPOBOro Imiamucy abo MexaHi3m
iHKancymsii kmodiB. 3 2017 poky mix erimoro HarionansHOTO
iHcTuTyTy cramaptiB ta TexHoyorid CIIA (NIST) tpusae
KOHKYpPC TIOCTKBAHTOBHUX aCHMETPHUYHHX KPHUNTONPHUMITHBIB

[1], micns 3akiHYeHHS SIKOTO OyIyTh OIMyOIiKOBaHI MepIi Bepcil
CTaHJApTiB TOCTKBaHTOBOi kpumrorpadii [2]. Omnum 3
YYacHHKIB ~ IEpHIIOro payHAy KOHKYpPCY €  MEeXaHi3M
iHKancymsiii  kimodiB Mersenne-756839, mo 0a3yerbcs Ha
kpurrocuctemi AJPS [3].

1. Ormmc KPUIITOCUCTEMHU AJPS

Kpunrocucrema AJPS po3pobieHa rpymnow BigoMux
kpunroioriB y ckiazi J[. Arrapsana, A. Xy, A. [Ipakamra ta M.
Canru. OcCOONMBICTIO KPHUINTOCHCTEMH € BHUKOPUCTaHHS
apuMeTHKN 3a MOAyleM uncia MepceHHa, sKa Moxe OyTH
e(eKTUBHO peaji3oBaHa IUIIXOM 3aCTOCYBAaHHs aJrOpUTMIB
IIBUAKOTO OOYMCIICHHS TPYAOMICTKHX OIEpalliii 3a MOIyJeM
yucina MepceHHa, TakuX SIK PeNyKIlis, MHOXXEHHS, MOIIYK
obepueHoro toiio [4, 5]. Kpunrocucrema AJPS mae nBi Bepcii
— st mudpysanss 6ity nosimomnenus (AJPS-1) ta ms
umdpyBanss 610Ky 6itiB mosizomnenHs (AJPS-2). Ha ocHoBi
kpurntocuctemu AJPS-2 mobynoBaHO MexaHi3M IHKArcCyIsii
AJPS-KEM [3].

A. Cxema wugpysanns AJPS-1

Kpunrocucrema AJPS-1 [3] no3possie 3amudpyBaTn oxuH
OIT MOBIJOMIJIEHHS, BiIIOBIZHO BiJKPUTHM TEKCTOM € 4HCIo b
€{0,1}. Ipu noOyaOBiI KPUITOCHCTEMH 3aJAa€THCS TapameTp
3axXHIIEHOCTI A . BiZkpuTumu mapamerpamMy CUCTEMH € YHCia

M, =2"-1 neN ta he\,, ae h — dixcopane uncro, ske

33JI0BOJIBHSIE YMOBaM Ch>2"* 1a 4h? <n<16h2.

Tyt i Hamgami A CIPOIICHHS 3aIMCy OTOTOXHIOEMO YHCIIa
3a MOAyJIeM 4uciia MepceHHa Ta JABIMKOBI PSAIKH JTOBXHHHU N.
Ile MOXJMBO, OCKUIBKHA MiXX MHOXXHHAMH IIMX OO0'€KTIB iCHYy€
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B3a€MHO OJHO3HAuHE BinoOpakeHHsA. [lo3HAYMMO MHOXHUHY
quceln, sAKi 3a MoxyneM uucia MepcenHa M, MarooTh Bary

XeMMinra h TaKUM YHHOM:
HM,, = {x: Ham(xmod M, ) = h}.

e  CTBOpEHHS KJIFOYiB BiOYBA€THCS TaK:
1) Yucma F 1a G 00HparOThCS BHITAAKOBO Ta
HesanexHo 3 muoxkuan HM, .
2) OcobuctuM KiIo4YeM € 4Yucio G,a BiIKpUTUM
xmouem —aucno H=F -G mod M.
o Iludppotexct C 06IUCTIOETHCS 32 (HOPMYIIOO
_ b
C=(-1’(A-H+B)mod M,,,
ne A ta B — HesamexxHO 1 piBHOMMOBIpHO 00paHi
3HaueHHs 3 MHOKuEE HM, .

e Jlna po3mwnppyBaHHA OOYMCIIOETBCA — 3HAYEHHS
d=Ham(C-Gmod M, ), micns woro Oir b
BHU3HAYAETHCS TAKUM YUHOM:

0, saxwo d <2h?
b=<1 saxwo d >n-2h?

1, inaxwe (nomunxa poswugpyeanns)

Crifikicte  kxpunrocucremu  AJPS-1  OGasyerbcs  Ha
ckaamaocti 3amaui MLHRSP [3] — 3aodaui oinenmns uucen 3
Manoio 8azoio Xemminea 3a mooyiem yucia Mepcenna (3

anria. Mersenne Low Hamming Ratio Search Problem).

Osnavennsi 1 (MLHRSP). Matouu uncino Mepcenna M,

Nn-6irose uncao H i wine uucno h, 3naiitu gBa N-GiTOBMX YKCIa
F, G, xoxHe Baru XeMMiHra IoHaiOLIbme h, Takux, IO

H=F-G"'modM,.

B. Cxema wugpysanus AIJPS-2

Kpunrocucrema AJPS-2 [3] no3sosse 3ammbppyBatu 610K
OiTiB JIOBXXMHOIO A, JIe A — HapaMeTp 3axHIIEHOCTI, SIKHA
3aJ1a€ThCSl IPH NOOYOBI KPUIITOCHCTEMH, TOOTO BiAKPHUTHM

A .
tekcrom € Me{0,1}". Binkpurnmu napamerpamu € ancna M,

ta h, mpuaomy h =2 ta 10h* <n<16h’, a takox dpymkuii
E: {01} —»{01}" ta D:{01}">{01} - ¢ynkuii
mmdpyBaHHS Ta po3mMpyBaHHS KOAY KOPEKIii ITOMMIIOK, SIKi
00HMparoThCS BIJIIOBITHO 10 YMOBH: JUIsl TOTO, 1100 3a0e3neunTH
piBeHp mpappomonibHocTi (1-8), me & — HMOBIPHICTH
TIOMUJIKH, TIOTPi0HO, 11100 BUKOHYBaslach yMOBa:

vm: Pr{D((F-C,)®C,)=m}>1-35.
e  CTBOpEHHS KIIOYiB BiJOyBa€ThCA TaK:

1) Yucna F ta G oOuparoThcsi BHUIAIKOBO Ta
HesanexHo 3 muokuan HM, 1, a R oGupaerscs

BUIAJIKOBO 3 YCIX MOXIIUBHUX N-OITOBUX YHCEIL.

2) OcobuctiM KIOYEM € YuCiI0 F, a BiIKPUTHM
KkimoueM — napa uucen (R, T), ne

T=F-R+GmodM,.

e Jlnn wmbpysanss mosimommenns @ Me{01}

HE3aJIe)KHO 1 pPIBHOWMOBIPHO OOMpAIOTHCS YHCIA
A, B, ta B, 3 muoxurn HM . Tlosizommenns m

MUQPYETHCA TAKAM YUHOM:
(C,.C,)=(A-R+B, mod M, ,(A-T+B, mod M, )®E(m)).
e [Ilpu posumbpysanni mmudpporekery (C;,C,)
obuncmoetsest D((F-C, mod M, )®C,).

CTiliKiCTh KPUNITOCUCTEMH 0a3yeThCs Ha CKIIAJHOCTI 3a/1a4i
MLHCSP (3aoaua niniitnoi kombinayii uucen 3 manow 6azoiw
Xemminea 3a modynem uucaa Mepcenna, 3 anri. Mersenne Low
Hamming Combination Search Problem) [3].

Osnavenns 2 (MLHCSP). Matoun uncio Mepcenna M, ,

ine gucno h ta mapy amcen (R, F-R+G mod M, ), ne R —
BHIAIKOBO 0OpaHe N-06itoBe uncio, F, G oOpaHi He3alIe:KHO Ta
Bunaakoso 3 MHoxuHn HM, \, snaiitn uncna F ta G.

I1l. PEKOMEHJIALII JUIS AJITCOPUTMY CTBOPEHHS KJIIOUIB
AJPS-1 1A AJPS-2

OnmHUM 3 HamNpsIMKIB OOIPYHTYBaHHS 3aXHILIEHOCTI Oyab-
SIKOi KpUITOCHCTeMH, 30KpeMa AJPS, e aHami3 moOynoBaHUX Ha
KPHUIITOCHCTEMY aTaK Ta OILiHKa iXHbOi ycmimHocTti. YacTuHy
nobynoBanux Ha AJPS-1 Ta AJPS-2 arak  MOXIHBO
3aCTOCYBAaTH JIMIIE 33 YMOBH, IO BHUKOHYEThCS IIEBHE
npunyuieHHs npo Burisia yucen F ta G. [Ins dopmyBaHHs
MHOXHWHM 3Ha4eHb mapameTpiB F T1a G, mpm sxux
kpunrocucremu AJPS-1 ta AJPS-2 BpasiuBi 10 ONMCaHUX aTak,
PO3TIISTHEMO TaKi yMOBH JaJi.

1) Araka «Crabxuii xwmou» [6] € ycminmHOwO st
kpunrocucteMu AJPS-1, sKmo yci onuHHIN y JBIHKOBOMY
npencraBieHHi yncen F ta G 3HaxoasThes y MpaBiil yacTUHI
JBIIIKOBOTO TIpeACTaBIICHHS, TOOTO SKIIO KoxkHe 3 umcen F, G

MCHIIC 3a WIMn . Artaka J03BOJII€E BH3HAYUTH 3HAYCHHA

ocobucroro ximova G 3a JOMOMOTrOI0 METOJy palioHaJbHOI
PEKOHCTPyYKIii, TOOTO METOAY MOUIYKY paIliOHAIBFHOTO YHCTIA,
BUKOPHCTOBYIOUHN PE3yJIbTaT PEIyKIii LOr0 YMCia 3a ACSKHM
mojynem. [Ipu nbomy 3HaueHHs F Ta G 004mCIOOTHCS Yepes

. H . . .
HerepepBHi npodu ——. VIMoBipHicTH ycmixy Takoi aTakw,
n
TOOTO HMOBIPHICTB TOTO, 1[0 3HaueHHs F Ta G OyayTh MeHII 3a

JM, , nopiBHI0€ 272" Taxum YUHOM, CKJIAJHICTh aTakKy

nopiBaroe 22" .n°™H)

2) Araxa «Slice-and-Dice» 3 suxopucmanmusm areopummy
LLL [7] moGymoBana anamorivuHo 10 araku «Crabkuil Kimow€». B
miit aTani Ha yncia F ta G HakmagaeTscst yMOBa, 00 yci iXHi
HEHYJIbOB1 3Ha4eHHs OiTiB 3HAXOAWINCH 3TPYIOBAHO y OIHIN
YyacTHHI OIHAPHOTO 3amucy 4yucia. ATaka BUKOPHCTOBYE i/er0
pO3aUIeHHs OIHAPHOTO MPEACTABICHHS YHCIIa Ha MPOMIXKKH, SKi
OyIyThb BHKOPHCTOBYBATHUCH ISl MOOYMOBM PpeIITKH. SIKIo
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iHTepBaIH miAiOpaHi MPaBUIEHO, TO HAMKOPOTIINMHU BEKTOPAMHU
noOynoBaHoi pemiTku OyayTs 3HaueHHs F ta G. CxiagHicTh

Taxoi araku gopisaioe (2+8+0(1))*" wis nesixoi xyske mManoi

koHCTaHTH & >0. Takox mpm peamizamii miel aTakd MOKHA

BHKOpHUCTOBYBaTH SVP-opakynu s momyky 3HadeHs F ta G.

Takuii crioci6 103BoJIsiE 30UIBIIMTH IMOBIPHICTD YCIIXY aTaku
2h

o %+ 0(1)| , ommak TakoX 30ULTBIIYE Yac BHKOHAHHS
onepaii peaykuii pemitkn go 22" - Ockinpku 3amaua
MLHCSP e y3arampaenasM 3agadi MLHRSP, To OimbmicTs
atak Ha MLHRSP mosxHa y3aransuuty Ha Bunagok MLHCSP,
cepen skux ataka «Slice-and-Dicey. 151 aTaka y3araisHIOETHCSA
s po3p’si3ky 3amadyi MLHCSP 3 rtakumu x omiHKamu
CKJIaTHOCTI, K y Bunanky 3agadi MLHRSP. [T 3acrocyBanss
anroputMy ['poBepa 10 i€l aTaku Ta AJIsI peatiallii airopuTMy

. . . 2 ..
LLL uepes kBaHTOBi BeHTHWni HeoOXimHo 2°° Ky6iTiB mpu
3Ha4yeHHi yncna MepceHHa Mggoq Ta mapamerpi h = 256. [na

ILOTO HEOOXIiHE 3aCTOCYBaHHS BEIMKOI KiTbKOCTI KBAHTOBHX

. 85 66 .
BEHTHUIIIB, a came 2 + 27 JUIs BUILE3a3HAUYCHUX MMapaMeTpiB,
0 CTaBUTH IiJ CyMHIB €(EeKTHBHICTH aTaKW, HAaBITh SKIIO
BEJIMKOMACIITA0OHUH KBAHTOBHI KOMIT F0TEp Oy/Ie o0yI0BaHO.

3) V [8] mosenmeno, mo 3amasa MLHCSP 3BoauThCs 10
3a7a4i IIIOYMCENbHOTO JIiHiIHOTO mporpamyBanHs (ILP, 3
anri.  Integer Linear Programming). JoBemeHo, mo B
sarabHOMY BHMaaKy 3agada ILP € NP-ckmagmnoro [9], ame
HaCTIpaBJi CKIAmHICTh PO3B’s3Ky 3amadi ILP 3amexuth Bin
KOHKPETHHMX 3HA4YCeHb MapaMeTpiB. Hanpukian, sSKIO YUCIO
3MiHHUX 3a(ikcoBaHO, TO 3amady ILP mMoxkHa 3BecTH 110 3amadi
JIHIKHOTO  NpOrpaMyBaHHS, sIKa Ma€  IOJIHOMIalIbHY
CKJIaJIHICTh. BpaxoByrouu 1ie, a TaKOX Te€, M0 HEMOXKIIHUBO
MEPEeBIPUTH, UM ICHYE pO3B’sA30K 3amaHoi y ILP cucremu,
OTpHUMaHe 3BEJICHHSI He JI03BOJIsIE POOUTH BUCHOBKU mpo NP-
ckmagnicte 3amaui MLHCSP. Opnak, 3BeacHHS 3amadi
MLHCSP 1o 3agaui ILP qo3BOIHIO TOIMIOBHUTH KJIac CIIA0KHX
KIf0uiB  kpuntocucteMd AJPS-2 HoBumm 3HaueHHsMH [8].
BusiBriiocs, mo skmo y 6iHapHUX 3amucax gucen F tra G wHymi

3HAXOJATHCS 3TPYNOBAHO, TO MEHIIE Hixk 3a N° BuKIMKiB ILP-
opakyjga MOXXHa OTpuUMartd 3HauyeHHs F, G, To0TO 3mMamaru
kpunrocuctemy AJPS-2. Jlns peamizamii  Takoi artaku
HeoOxinHo, mo0 umcma F Ta G 3310BONMBHSIIM  YMOBI
Er +Eg =n, ne E, — noexuna HaliGinb1I0i NOCIIJOBHOCTI

HYJIIB cepejl ABIHKOBUX MpeACTaBiIeHb unciaa X Ta MUKITIYHUX
3cyBiB yrcaa X (ToOTO HaWOLIbIIA TOCTIOBHICTE HYJIIB MOXE
(hopMyBaTHCh 31 CTapIINX Ta MOJIOJIIINX HYJIHOBHX OITiB UyHCIa
X OJIHOYACHO). PIMOBipHiCTb orpumatt F, G Taki, mo

Er +Eg >n, nopismioe 27 s sHavens M., Tah = 17.

Ci1i 1 3ayBaskKUTH, 1110, HABITH SIKIIO MTOTPiOHI I aTaK yMOBH
BUKOHYIOTBCSI, CKJIAJIHICTh OIMCAHUX aTaK € BCE OJIHO JOCHUTh
BEJIMKOIO, [0 YHEMOXJIMBIIIOE X BUKOPHCTaHHS Ha IPAKTHILL.
OpHak, 11 miABUIIEHHs cTiiikocTi KpuntocucteM AJPS-1 Ta
AJPS-2, MO>XxHa BUKOHYBATH HU3KY HEOOXITHUX TIEPEBIPOK MPH
3aCTOCYBaHHI aJTOPUTMY CTBOPEHHS KIIOYiB, i BHKOHYBATH
KPOKH aJITOPUTMY CTBOPEHHS KJIIOYIB MOBTOPHO Yy BHIIAJIKY
MIOPYIIIEHHS OJHI€T 3 BUMOT.

Takox NpH BU3HAYCHI YMOB Ha airOPUTM CTBOPEHHS
KJIIOYiB BapTO BpaxyBaTd HEOOXiIHI YMOBM Ha 3HA4YCHHS
BigKpuTOrO Kiro4ya kpunrocucremu AJPS-1.

Teepaxenns 1. [10] V xpunmocucmemi AJIPS-1 npu
BUKOHAHHI OOHIEL 3 YMO8:

Ham(H)<1;
Ham(H *mod M, )<1

MOodCIUGe Oewudpysants wugdpomekcmy 06e3 6UKOPUCIAHHS
0cobUCMO20 KIioUa.

VY3aranpHIOI04YM yMOBH Ha 3HaYeHHs F Ta G omy0OiikoBaHuX
aTak, a TaKOX BPAaxOBYIOUM OOMeXeHHsS Ha 3HauyeHHS H
kpuntocuctemMu  AJPS-1, mo omucani y TBepmKeHHI 1,
chopMyeMO peKOMEHAMIi I alTOPUTMIB CTBOPEHHS KIIIOUiB
kpuntocuctem AJPS-1 ta AJPS-2.

TBepmxenns 2 (PekomeHnanii A anropuTMy CTBOPEHHS
kiarouiB  kpunrocucremu AJPS-1). Hexaii ¢ pesyromami
3acmocysanus  aneopummy — cmeopenns  kaouig  AJPS-1
ompumarno G — ocobucmuil kmou, F — cexpemnuii napamemp

kpunmocucmemy, H =F -G mod M, — siokpumuii rwou.

Jna saxuwenoi pooomu kpunmocucmemu AIPS-1 neobxiowo,
wo6 snauenns F, G ma H 3a0o6onvhsiiu maxum ymosam:

1) Xoua 6 oone 3 uucen F ma G mae 6ymu oinvuwum abo
pieHum /M, , mobmo mae 6uKOHY8amuUcCy Maka ymoea:

2 W,
G>M,.

2) B 6inapnomy sanuci xoua 6 oomozo 3 uucen F ma G
oounuyi He 32pynogani pazom (€ xoua 6 odumn Hyav migc h
OOUHUYAMU), MOOMO BUKOHYEMbCS YMOBA:

F£2"-M,, i=0n-h,
G=#2'-M, j=0,n-h.

3)  Yucno H 3a00sonvnse maxum ymosam:
Ham(H ) =1;

Ham(H *mod M, )=1.

Axkwo xoua 6 o0Ha 3 HageOeHUX YMOG He GUKOHYEMbCS, MO
HeOOXIOHO NOBMOPHO 3ACMOCYSAMU  ANICOPUMM  CMEOPEHHS.
kmouig. Axwo yci ymosu sukonyiomocs, mo G ma H moocna
BUKOPUCIOBY AU 0151 NOOATLUOT pOOOMU KPUNMOCUCTHEMU.

Jloseoenns. TTyHkT 1 oTpuMmaHo 3 yMOBH ataku «CraOkuit
kirou». JloBeneHHs myHkTy 3 HaBepeHo y [11]. Posrisnemo
OOTpYHTYBaHHS MMyHKTY 2. YMOBOFO 3acTOCYBaHHs ataku «Slice-
and-Dice» 3 Bukopuctanusm atroputmy LLL € Bumora, o6 yci
OMWHHMII y J[ABIHKOBOMY TmpeAcTaBieHHi uncen F T1a G
3HaXOMJINCH 3rpynoBaHo. Ockinbku uncna F ta G maroTs Bary
Xemminra h, To h omuHMIE MalOTh 3HAXOMUTUCH TOPY4 (0€3
HYJIIB M) HIMH) y ABIHKOBOMY 3amHci IuX dncel. Po3risgaemo

h . .
aucio Mepcenna M, = 2" —1. V ngilikoBoMy 3ammci BOHO Ma€e
Buristy 11...1, mpudoMy omuHuib piBHO h. Takum ymHOM,
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gyuciao M, € ogHuM 3 «cnabkux» 3HayeHsb A yucen F, G. Ilpu
MHOKCHHI Ha 2 OTPHUMA€EMO

2-M, mod M,k =11..10,

TOOTO IIEe OxHEe «cilabke» 3HaueHHs misd uncen F Tta G..
Ockinbku uncna F, G 3a ymosoto 3amaui MLHRSP € n-
OITOBMMH, TO MAaKCUMAaJIbHUI CTEMIHb ABIMKH, Ha SIKHH MOYKHA
JOMHOXMTH M JUIsl OTpUMaHHS «CJIaOKOTr0» 3HAUEHHs, € N -

h, ockineku
2"".M, mod M, =11...100..0

€ N-OITOBMM YHCIIOM, SIK€ MICTUTh piBHO h ouHHIE Ta N - h
uymiB. [Ipu 3Ha4genni N — h + 1 otpumaemo:

2" .M, mod M, =11...100...01,

a/pke MHOXKCHHS Ha CTCMiHb JBIMKM 32 MOIyJIeM 4YHCIa
MepceHHa € THKIIYHAM 3CyBOM dwncia BiiBo [12]. Taxum

n-h+1
YUHOM, YHCIIO 2 -M, mod M, He € «cnabkum» 3HAUEHHSM,

aJDKe OJIMHUIN B HOTO JBIHKOBOMY 3aITiCi HE € 3TPYHOBAHMMH.
Teepooicentst dosedeHo.

Teepmxennsi 3 (PexomeHgamii 1 anropuTMy CTBOPEHHS
karouiB  kpunrocucremu AJPS-2). Hexaii ¢ pesynvmami
3ACMOCYBAHHSL ANI2OPUMMY CMEOPEHHSL KIIOYI8 KPUNMOCUCHIEMU
AJPS-2 ompumano F — ocobucmuii knou ma G — cexpemnuii
napamemp  kpunmocucmemu. s 3axuwjenoi  pobomu
xkpunmocucmemu AIPS-2 neobxiono, wob6 snauennss F ma G
3a0080IbHSIU MAKUM YMOBAM

1) B 6inaprnomy 3anuci xoua 6 oonozo 3 uucen F ma G
o0unuyi He 32pynogani pazom (€ xoua 6 odun Hyav migc h
OOUHUYAMU), MOBMO BUKOHYEMbCS YMOBA:

F£2"-M,, i=0,n-h,
G=2'-M, j=0,n-h.

2) Binapnuit 3anuc uucen F ma G ne micmumov eenuxi
nocni0osHOCmMi  HYMi8,  MOOMO  GUKOHYEMbCA — YMO8A
Er +Eg <n, oe Ey — dosorcuna naiibinvwioi nocnioognocmi

HYNi6 ceped yucia X ma yuxkiuHux 3cysie yucia X.

Ao xoua 6 00Ha 3 HABEOEHUX YMOB He GUKOHYEMbCS, MO
HeO0OXIOHO NOBMOPHO BUKOHAMU KDOKU ANI2OPUMMY CIMEOPEHHS.
xatouie kpunmocucmemu AIPS-2. Hxwo yci nasedeni ymosu
suxonyiomocs, mo ompumani 3uavennss F ma G moorcna
BUKOPUCTIOBY8ATU 0151 NOOATLULOT POOOMU KPUNMOCUCTNEMU.

JoBenennsi. JloBeneHHs TyHKTY | TBep/UKeHHS 3
aHaJIOTIYHe JIOBE/ICHHIO MYHKTY 2 TBepikeHHs 2. [TyHkr 2
OTPUMAHO 3 YMOBH aTaku 3i 3BemeHHsM 3amadi MLHCSP no
3anadi ILP. Teepoocenns dosedeno.

3ayeascenna. Y myHktax 1 Ta 2 TBEpIKEHHS 2 Ta y ITyHKTI
1 TBepKEHHS 3 ONUCYIOTHCSI yMOBH Ha BUOIp 3HayeHb F ta G
kpunrrocucreM AJPS-1 Ta AJPS-2. Ilpu anroputmi CTBOpEHHS
KI04iB 000X KpumrocucteM umcia F ta G obuparoThes

HC3aJIC)KHO Ta BHUIIAJJKOBO 3 MHOXXHHHU HMn,h’ MMiclIg 40ro

PEKOMEH/IOBaHO BHKOHYBaTH OIMMCaHI mepeBipku. Bapro
3ayBaKUTH, [0 HE TOTPIOHO «CIa0Ki» 3HAUCHHS BHKIIIOYATH 3
MHOKHUHH YHCEJ, 3 SIKOT BUIIAKOBO Ta HE3AJIEIKHO OOUPAIOTHCS
sgaueHHs F ta G. Ockineku g atak HeoOXimgHO, 1100
BUKOHYBAJIUCh YMOBH JAJisi 000X YHCEN OJHOYACHO, TO SKIIO,
y3araJpHIOIYH OMUcaHi yMOBU Ha F, G, 0OMEeXUTH MHOKHUHY
HM ., MHOXHHA MOHBHX 3HAaYeHb F, G HeoOIpyHTOBaHO

3MEHIINUTBCA Ta, SIK HACIINOK, 3MEHIINTHCS 4Yac BUKOHAHHS
ITOBHOTO TIepedopy.

IV. BUCHOBKU

VY 1miif poOOTi TMpeAcTaBICHO pe3yAbTATH JOCIIKCHHS
MTOCTKBAHTOBHX KPHIITONIPUMITHBIB cimefictBa AJPS, 30kpema
kpuntocuctemu AJPS-1 nmng mudpyBanHS onxHOTO OITY
moBimomnerHs ta AJPS-2 mns mmdpyBaHHsS Onoky OiTiB
MIOBIZIOMJICHHS. 3/IIHCHEHO OIJIII AESKUX BiIOMHX aTak Ha
kpunrocuctemu AJPS-1 ta AJPS-2. V3aranpHIOr0OUM BUMOTHU
JUIL MOJKJIMBOTO 3aCTOCYBaHHS IIMX arak, Cc(HOPMOBAHO
peKOMEHAamii A7 ajJrOpUTMIB  CTBOPCHHS  KIIIOYIB
KPHIITOCHCTEM, SKi JIO3BOJIIIOTH 3a0€3MEUUTH 3aXHIIEHICTh
KPHIITOCHCTEMH JI0 ONTUCAHUX aTak.
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Anomauyia—I3 32CTOCYBAHHAM Teopii MAacoBOI'0
00CIyroByBaHHsI PO3po0JeHi TeopeTHYHi Ta MeTOAUYHi OCHOBHU
onTuMizanii napamerpip 0araTonpouecopHux 004MCIIOBATBHUX
cucTeM i3 Ppi3HUMH MeToaMM CTPYKTYpPHoOi oprasizamii Ta
MeXaHi3MaMH 00CJIyroByBaHHs BXiqHUX iH(onoTokiB. Po3pod.ieHi
NPUKJIA/IHI ACIIEKTH NOKPAlleHHs NpoueciB 00CJ1yroByBaHHS.

Abstract—Using the theory of queuing, the theoretical and
methodological bases of multiprocessor computer systems
parameters optimization with different methods of structural
organization and maintenance of input information streams are
developed. Applied aspects of service process improvement have
been developed.
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. Bcryn
BnposamxeHHst BHUCOKOIIPOYKTUBHUX 3aco0iB
00YNCITIOBAJIBHOI ~ TEXHIKM € BH3HAYaJbHUM YHHHHKOM

BUpIIICHHS TMPUKIAAHUX Ta NPAKTUYHUX 3aBIaHb B Tally3l
cydacHMX iHQopMaliiiHuX TexHomorii. AHami3 crenndiku
00po6moBaHUX iH(OMOTOKIB Ta MPOEKTYBAaHHS BiAIIOBIIHO
a/1anTOBaHUX apXIiTeKTyp 6araTonporecopHuX
obuncmoBanbHux cucremMax (BITIOC) n03Bossie MiABHITUTH

Mykhailo Petryshyn

dept. of Computer Science and Information Systems
Vasyl Stefanyk Precarpathian National University
Ivano-Frankivsk, 76018, Ukraine
m.l.petryshyn@gmail.com

TEXHIKO-€KHOMIYHY e(EKTHBHITh 3aCTOCYBaHHS
00UHMCITIOBAJIBHUX TIOTY)KHOCTEH Ta peanizauii iHopmaiitnol
TexuoJorii [1 - 4].

Il. AKTYAJIBHICTb TA IIPOBJIEMATUKA JOCJIPKEHHS

Ha muisaxy po3poOku 0HOTPOIIECOPHUX OOUUCITIOBATLHUX
cucreM (OC) crosiTh TpoOIEMH TEXHOJIOTIYHOTO XapaKTepy
BUTOTOBJICHHSI MIKPOUYIIliB, [0 HAaKIaJal0Th OOMEKCHHS
MOTEHIIIHHOTO 30UTHIICHAS OOYHUCIIOBAIGHUX ITOTYKHOCTEH
TEXHIYHUX 3aco0iB. €IUHMI LULIX BHUPIMIEHHS MpobiieM
30UIBIIEHHS.  TPOJYKTHUBHOCTI  3aco0iB  0OYMCITIOBAJIBHOL
TEXHIKH TIOJISTAaE B PO3MapajellioBaHHI Mpoleayp oOpoOKu
iHdopmaniitaux rnortokis Ta BukoprctanHi BIIOC i koMIuIekciB.
[IpaxTryHa peaizallisi BUCOKOIIPOAYKTHBHIX PO3MapaIeIeHIX
CTPYKTYp Tmepeadayae 3HAuHI TpOIIOBI 3aTpaTH Ha IXHE
BUTOTOBJICHHSI, 10 BHMAara€ KOPEKTHOTO MiAXOLy JI0
BHU3HAYEHHS 1 aHAJI3y XapaKTEPUCTHUK BXiIHUX iH(pOpMamiiHuIX
MIOTOKIB, @ TaKoXX BMIHHA BHM3HAUYUTH TEXHIKO-EKOHOMIUHI
mapamerpu BITOC, po3pobutm apxiTeKkTypy 1 BU3HAYHTH
poneypu o0cIyroByBaHHs iH(GOMOTOKIB B cuctemi [3, 4]. Ha
CydacHOMy PpiBHI B  JOCTaTHii Mipi  po3poOieHnit
MaTeMaTHYHHI amapar Teopii MacoBOro O0OCIYroByBaHHS, IO
JI03BOJISIE  3MOJIEJIIOBATH  MPUKIAAHI  acleKTH OCHOBHHX
npoueciB 06pooku indomorokie B BIIOC [5 — 14].
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I1l.  META I3AJIAUI JOCJIJDKEHHS

Meroto  pobGoTH €  OOrpyHTYBaHHS  e(EeKTHBHOCTI
3aCTOCYBaHHA  Ta  aHali3  MAaTeMaTHYHOIO  amapary
MOJICTIOBaHHS MpOLECiB 00CIyroByBaHHs 1H(POPIOTOKIB Yy
BITOC Ha ocHOBI Teopii MacoBoro o0ciyroByBaHHs. Bupimeno
3amadi po3pooku apxitekrypu BIIOC Ha cTamil mpoekTyBaHHS
3a JIONOMOTOI0 OJJHOTO i3 MOXKJIMBHX METOJIB ONTHMi3alii
MIpOIIeCiB 0OCITYTOBYBaHHS 38 MEXaHI3MaMH 00CITyTOByBaHHS Ta
OpraHi3ali€lo TUCIUILTIHU YEePTH.

IV.  AHAJI3 MEXAHI3MIB O5CJIYTOBYBAHHS

IIpomec  oOcmyroByBaHHS  BXiOHOTO IOTOKY  3ajad
XapaKTepU3yeThCS TAaKOX TNPOmyckHoro 3xaatHicTio OC, sika
BHM3HAYa€ MaKCHMaJbHYy KUTBKICTh 3a/ad, II0 MOXYTh OyTh
obcmyxeni ommnowacHo [15, 16]. Cuctemy B CKiami OJHOTO
KaHay OOCIyTOBYBaHHS, fKa 3MIHCHIOE OOCIYTOBYBaHHS B
peaTbHOMY dYaci OJHUM TIPOIECOPOM TiIbKH OJHI€T 3ajadi,
BU3HAYCHO OJHOKAHAIBHOM. [IPOIYKTHBHICTE Takol CHCTEMHU
NpUIMaeTbCs PiBHOIO OJNUHULI. J[0 OTHOKaHAIBHHUX CTPYKTYP
HasexaTb OC 3 OMMHUYHIMH IIOTOKAMU KOMaH/I Ta IaHUX THITY
OKO/], 1110 MaroTh MOCHiIOBHUI TPAaKT BBOAY-BUBOAY 33a1a4 Ta
OJMH TIpolecop 00CIyroByBaHHs. B K0keH MOMEHT 4acy Taka
chcTeMa MOXKe 3/IHCHIOBaTH OOCIyroBYBaHHS €IUHOI 3ajadi
BXIZTHOTO IIOTOKY. OOCIIyroByBaHH: KIBKOX 33124 CHCTEMOIO €
(hI3UYHO HEMOKITUBHM.

3a HasBHOCTI B OC KIIBKOX, HAMpPUKIAL, S HE3aJICKHHUX
napaJiesIbHuX KaHaliB 00CIyroBYBaHHsI, KOKEH 13 SIKUX Yy CTaHi
3MIIHCHIOBATH OJJHOYACHE MTapalielIbHe 00CITYTOByBaHHS OMHIET 13
KUTBKOX 3a/1a4 BXiJTHOTO MIOTOKY, IPOITYCKHA 31aTHICTh CHCTEMHU
3pocTae  MPONOpHiHHO  KimbkocTi  kaHamiB  S. o
OaraTokaHaioBux cucteM Hainexarhb BIIOC 3 oauHHYHHM
MTOTOKOM KOMaHJ 1 MHOKUHHUM nanuX tuy OKMJ] i meBHOIO
MIpOIO0 CHCTEMH 3 MHOXMHHUMH notokamu Tuiy MKM/I, ski
JTO3BOJISIFOTH 3/TIMCHIOBATH IIEHTPANli30BaHE W PO3IOMLTICHE B
yaci Ta pecypcax posmapaieneHe OOCIyroBYBaHHS 3ajaay
BXIi/THOTO TIOTOKY.

BITOC 3 MHOXKHHHHM ITOTOKOM KOMAaH/I 1 OMMHUYHUM JAaHUX
tury MKO/I 103BOJISIFOTE 31iHCHIOBATH OTHOYACHE ITOCITiTOBHE
oOcCllyroByBaHHs 3aja4, KOXHa 13 sKMX mepeOyBac Ha
BHU3HAYEHI (a3l obumcmroBambHOrO mnpouecy. Taki BIIOC
BU3HAYEHO 5K OaratodasHi.

Y mpormeci oOCIyroByBaHHS 3ajadi BXiJHOTO TIOTOKY
MOXYTb TepeOyBaTH Ha pi3HHX (azax, 30Kpema BBOAY,
OUiKyBaHHS, 0OCIyrOBYBaHHSA, OYiKYBaHHA i BUBOAY. TepMiH
yacy, NpoTsAroM sikoro 3agada repeOysae B OC, BH3HaueHO
TpUBaIicTIO 00cmyroByBanHs. L{eit mapameTp xapakTepusye yac
BiZl MOMEHTY Ha/ixo/keHHs 3a1a4i B OC 10 MOMeHTY 11 BUBOLY
3 cucteMH. PeanbHO TpHBAJiCTh OOCIYrOBYBAaHHS € OiJIBIIIOIO
HDK 4Yac O0OCIIyrOoBYBaHHS, OCKUIBKM OCTaHHIH MOKa3HHK
BH3HAUa€ “4UCTUH”’ yac 0OCIyroByBaHHs B KaHali, a 3a/1a4a B
cucTteMi Moke IepeOyBaTH B IAaCHBHOMY CTaHi B CTafisixX
OUiKyBaHHS, IO CHPUYMHIE 30iIBIICHHA  TPHUBAJIOCTI
oOciyroByBaHHs. 3a YMOBHM BH3HA4YE€HHS 4Yacy 3alHITOCTI
KaHaly CIIiJi BpaXxOBYBaTH 4Yac Ha MiArOTOBYO-3aBEPINAIbHI
orepariii.

Tpusanicte 00CITyTOBYBaHHA, 5K i Yac OOCIyrOBYBaHHS, €
BUIIAJIKOBOIO BEJIMYMHOIO, IO 37e0UIBIIOr0 I YHHSIETHCS
MIOKa3HUKOBOMY 3aKOHY pO3NOZAiTy. B okpemux Bumamkax
aJIeKBaTHI pe3ynbTaTH HaOIMKEHHS 3a0e3MeuyoTh
piBHOMIpHUIt posmoin, po3monin Epianra Ta in.

V. JINCUUIUIIHA YEPTU

BximHu# MOTIK 337124 OCTYIIA€ B CUCTEMY 00CIyTrOByBaHHS
3riTHO MEBHOTO NOPSIKY, SKUH BU3HAYA€ DUCLUILIIHY YEpTH.
Jucnurutina depru Moke Oyt cdopmoBaHa CTHXiHHO, abo
3TiIHO 3 TIEBHUMHU TIPaBWJIAMH, IO 3yMOBJEHI TEXHIKO-
eKoHOMiuHMMH  oOMexxeHHsMH  [17 —30].  DopmysanHs
TUCHIUIUTIHE YePTHU Tependavae aHai3 Takux QaKTopis:

e TpaBWJ BigOOpYy 3a/1ad, M0 IMOCTYMAIOTh B CHCTEMY
00CITyTOBYBaHHS;

® HasBHOCTI Ta PiBHS MIPIOPHUTETIB;
e 00MEXEeHHs Ha PO3Mip Yepr;
e 00OMEXCHHS Ha Yac OYiKyBaHHS B 4ep3i.

[lpaBuno BimOopy 3agay, IO HAAXOISNTh B KaHal
oOciyroByBaHHs, Tmepenbadae  QopmyBaHHS  dWepru 3
ypaxyBaHHSIM TOPSIIKY HaJXO/DKEHHS 3a1ad B IIKall 4acy.
3nebimpmoro OC  3miHCHIOIOTE OOCIYyTrOBYBaHHS 3TiTHO 3
mucimiutioro  FIFO - “nepummii  npuiiinoB —  meprumii
obcryxernii”. FIFO BHKOPHCTOBYIOTH Y CHCTEMaX, B SKHX,
3rifHO0 3  (I3UYHUMH, TEXHIYHHMMH Ta OpraHi3auiiHUMH
OOME)KEHHAMH, BIACYTHS HEOOXiTHICTP YH MOXIHUBICTH
BUIIEPEKEHHS B 00CITyrOBYyBaHHI OJTHIEIO 13 33/1a4 IHIIUX 33/1a4
TIOTOKY.

Huctumutiina LIFO - “octanHid npuilioB — mepiuuii
obciryroByeTses’” B OC BUKOPHCTOBYETHCS TOCUTD PiJIKO, TOMY
B I[bOMY Martepiani ii aHai3 OMyIIeHo.

Iukonm 3aga4i noctynaoTs B OC y BUMAAKOBOMY MOPSIJIKY.
IonibHa mucnuIutiHa BigOOPy (POPMYETHCS y pa3i HMOPYIICHHS
Yepru 3 Pi3HUX MPUYHH.

SIKmo BXIOHMM DOTIK CKIAZAeTbes 13 3a1ad  KidbKOX
KaTeropii, KOXKHa i3 AKX Tepeadavyae pisHUH MiAXiA IIOJ0
BBEJICHHS 33/1a4 Y KaHaJl 00CIyTOBYBaHHS 3a MOPSAKOM, TO TakKi
OC BHW3HAYCHO CHCTEMaMU i3 PIOPUTETOM. Y MeKax OJHi€i 3
Kateropiit 3agadi BigOMparoThes 7Sl 00CITyTOBYBaHHS 3T1IHO 3
ONHMM i3 BHUIIE HaBEJCHWX NpaBWI. Kareropis 3rimHO 3
33/IaHOK0  IKAJOK0  TPIOPUTETIB  BU3HAYA€E  UYEPTOBICTH
MTOCTYIUICHHS 3a7a4 y KaHajl oOCIyrOBYBaHHS. 3IIHCHIOETHCS

JUHAMIYHA 3MiHAa pO3MOJUTY 3amad y dYep3i BIJANOBITHO
3as1BJIEHOT KaTeropii MpiopuTeTy.
B OC BuHHKaoTh cHTyamii, KOJHM B IIpoOIeci

00CIIyroByBaHHSM KaHaJOM IIOTOYHOI 3ajgadl IIOCTyIae Ha
00CITyTOBYBaHHS 3a7ada i3 BHIINM NpiopuTeTOM. PO3pi3HsIOTH

Taki TpaBWia 3BUIBHEHHS KaHANy Ui [OJAJBIIOTO
00CITyTOBYBaHHS 3a/1a4i 3 BUIIUM MPIOPUTETOM:
e y cucreMi 3 nmpiopuTeTroM 0€3  TepepUBaHHS

00CITyTOBYBaHHS Tepen0aYeHo, MO0 OOCIYrOBYyBaHHS
3a/1a49i HIKYOTO TIPIOPUTETY, siKa rmepedyBae B KaHa,
3aBEPINYETHCS, MiCIs YOO 3BUTBHSIIETHCS KaHAT;
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e y cucremi 3
00CITyroByBaHHS,

MPiOPUTETOM, IO  TEpepUBaAE
nepen0aueHo 3BUIBHEHHS KaHAIy
Bigpasy Ticiusd HAOXOMKCHHS 3aladi 3  BHIIUM
NIPIOPHUTETOM, He OYiKyI04H 3aBepIICHHS
00cITyroBYBaHHS 33724l HIDKYOTO TIPIOPUTETY.

Y cucremax i3 mpiopuTeTamMu, 110 IEPEpPHUBAIOThH
00CIIyTOBYBaHHSA, B OJHOMY i3 BHWITQJKIB 3a/Jadi MOXYTb
BUOyBaTH 13 KaHaly CHCTEMH OOCIyroBYBaHHS Bifpa3y micis
nepepuBaHHs OOCIYroByBaHHS, a B IHIIOMY MOXYTb
MOBEPTATUCh Y KaHAJI 00CITyroBYBaHHS. B ocTaHHEOMY BHITA Ky
npouec OOCIYroBYBaHHsS IEpEepBaHOi 3a1adi 3ajJeXHO 3
OpraHizalfi€ero MIPOTIe Iy pH TIepepUBaHHS MOXe
MIPOJIOBXKYBATHCS Bil MOMEHTY, KOJIM BiH OyB nepepBanuii, abo
MOKE pO3MOYaTH IOBTOPHE OOCIYyroBYBaHHS IepepBaHOl
3aj1ad4i Bijl TIOYATKY.

Ha mpaktumi 3acTocoBYOTH 1 OUNBII CKIAIHI CXEMH
00CIyroByBaHHs  IICpepUBaHb, 30Kpema, 13  KiIbKOMa
aJbTepPHATHBHUMH IIKAJITAMH TIPIOPUTETIB Ta BUOOPOM OJTHI€T 13
Hux. IIMpoKo BUKOPUCTOBYIOTH IIKAJIH Ha OCHOBI TPHUBAJIOCTI
00CITyrOByBaHHS 3a/1a4 HNOTOKY  THIY  “TIepIIOO
00CITyroBy€eThCS 3ajaya i3 HalMEeHIINM 4acoMm
00CITyroBYBaHHA, 3TiHO 3 SKOK B KaHaJl OOCIyroByBaHHS
CHOYATKy IOCTYNAOTh 33Javi i3 HaMEHIIOK TPHUBATICTIO
oOciyroByBaHHsA, a Biarak i3 Outbmoro. OCTaHHBOIO
00CITyTOBYETHCS 3ajaua i3 HANOUTBIIIM 4acom
obciyroByBaHHA. B pasi HaAXoIDKeHHS B CHCTEMY HOBHX 3a/1ad
BCTaHOBJICHA PAHIIIIE YEPTOBICTh MEPEHOPMOBYETHCS.

B mpakTHmi 3acTOCOBYIOTH TaKOX KidbKa IIPOMIKHUX
BapiaHTiB 00CIyroByBaHHs nepepruBanb. OIMH 13 HUX TOJISITAE
B TOMY, 1110 3BUIbHEHHS KaHAITy 00CITyroByBaHHS 3/1iHCHIOETHCS
3aJIKHO BIJ| TPUBAIOCTI Yacy, IO 3aJMIIMBCS IO MOMEHTY
3aKiHYEHHs 00cIyroByBaHHs. HeMae ceHCy mepeprBaTH Iporec
00CIIyroByBaHHS, HaBiTh, SIKIIO IOCTYIMJIA 3ajada BHIIOTO
NIPIOPHUTETY, a O 3aKiHYEHHS OOCIyroBYBaHHS 3aJIHIIHMIOCS
JIOCUTh MaJl0 dYacy. 3HaueHHs YCTaBKM 4Yacy Ha J03BLI
nepepuBaHHs 3amaetbess B OC Hamepen. [Hmmii BapiaHT
nependayae 3BUIbHEHHS KaHATY OOCIyTOBYBaHHS, SKIIO Yac JI0
MOMEHTY 3aBEpIICHHS OOCIyroByBaHHS 3ajadl HWKIOTO
mpiopuTeTy  OUTbIMKA, HDK — 9ac, HEOOXimHWHA Uit
00CITyroByBaHHs 3ajadi, 110 MOCTYNWJIAa Ha OOCIYroBYBaHHS.
[IpiopuTeT BCTAaHOBIIOETHCS [UIIXOM HOPIBHSHHS  JIBOX
3Ha4YeHb YaciB 00CITyrOBYBaHHS.

Ha puc. 1 HaBeneHo cxemy, 10 CHCTEMATU3ye AUCHUILTIHA
(opMyBaHHS Yepr.

Jucnuiutina GopMyBaHHS Yepry MOKE BPaXxOBYBAaTH TaK0OX
1 0OMeXEHHS Ha 3arallbHy JOBKUHY YeprH.

Skmo gepra nocsria nesHoro po3mipy, To OC HOBI 3amaui
Ha  oOciyroByBaHHs He mpuitmae. Taki  cuctemnu
00CIIyrOBYBaHHsS BH3HAYCHO SK “‘CHCTEMH 3 BimMoBaMu’.
BimmoBr B 00CIyroByBaHHI B OCHOBHOMY 3YMOBIEHI
KPUTHIHAMU PECypcamH mam’siTi abo MpUHHATAME MPaBHIaMU
00CITyrOBYBaHHSI.

B cydacanx OC po3mipu 4yepru He OOMEKYIOTHCS, TOMY
gepra MOKe 3pOCTH J0 TaKHX PO3MIpiB, mo iHhopMaIliss Moxe
CTapiTH Ta BTpayaTH CBOIO aKTyaJbHICTh. [lns 3amobiraHHs

BKa3aHOTO HEJOJIKYy HEOOXiTHO HApOIIyBaTH OOYHCITIOBAJIBHI
pecypcu OC nuisxoM 30UTBIICHHS MPOMYCKHOI 3aTHOCTI
KaHay, a00 BBEJICHHS HOBHX KaHAIiB 0OCITyTOBYBaHHSI.

| Oucumnnina yepru |
| ©e3 npiopuTeTiB 3 npiopuTeToMm |

y BUNaaKoOBOMY 6e3 nepepuBaHHs
nopsaky 06CryroByBaHHs

FIFO
LIFO

MOCTYMIIEHHAM

| |

BiQHOBEHHS NPOLOBXEHHS
06CnyroByBaHHs npouecy
i3 camoro noyatky 06CnyroByBaHHs

i3 nepepuBaHHAM
06CryroByBaHHs

i3 MOBTOPHUM

3 BUDYTTAM
i3 cuctemm

Puc. 1. Knacudikanis gucrumuiia ¢popMyBaHHS depr

3HauyHWil BIUIMB Ha CepelHill uac ouikyBaHHs abo
nepeOyBaHHA 33124l B CHCTEMi OOCIYTOBYBaHHS Mae OOpaHHN
THIT IPIOPUTETY TIEPEPHUBAHHS 3a]1ad BXiHOTO MOTOKY. B Tab.
1 HaBeCHO 3HAUYCHHS CEPeIHBOTrO Yacy mepeOyBaHHS 3a1ad B
CHCTEMI 32 YMOBHM IIOKa3HMKOBOTO pO3MOALLY  4Yacy
00CITyroByBaHHS Ui P=1, 110 BIAMOBINAIOTH PI3HUM THIIAM
MIPIOPHUTETIB.

Jiis TOpiBHSAHHSA B SIKOCTI OCHOBHHUX TPHHHATI CepelHi
3HAUEHHS Ul IUCLUMIUTIHU “TIepUIMH NPUHIIOB — Tepiiuii
o0ciTyroByeThCs” (KOJIOHKA 2).

TABLE I. 3HAYEHHS YCEPEJTHEHOI'O YACY
MEPEBYBAHHS 3AJIAU B OC
by 3 npiopureTomM
oe3
cepeons . .. .
winbnicms npiopume | 0e3 nepe- 3 nepepu- MIHIMAL.  |MIHIMAT. Yac
. my pueanns BAHHAM uac obcnyz06.
nocm}{:ﬂen- 06cry206. obcnyz06. obcnyz06. | 3anuwikos.
1 2 3 4 5 6
0,30 1,429 1,377 1,246 1,359 1,197
0,40 1,667 1,555 1,372 1,518 1,296
0,50 2,000 1,782 1,540 1,713 1,425
0,60 2,500 2,088 1,778 1,962 1,604
0,70 3,333 2,542 2,147 2,312 1,874
0,80 5,000 3,328 2,821 2,882 2,352
0,90 10,000 5,284 4,590 4,197 3,652
0,95 20,000 8,529 7,646 6,263 5,540
0,98 50,000 16,636 15,481 11,283 10,494
0,99 100,000 28,283 26,905 18,449 17,625

3a OTpUMaHUMHU pe3yibTaTaMy, HaBeJICHUMH B Tabuumi 1,
MOJKHA CTBEPAWTH, 1[0 HaWMEHIIE 3HAYCHHS CePEeIHBOTO Jacy
00CITyroByBaHHsI OTPUMAaHO JUIS AUCHUIUTIHA OOCITyrOBYBaHHS
i3 “HallMEHIIMM 3aJUIIKOBHM YacoM OOCIyroByBaHHS
(xomnoHKa 6). Y3aranpHeHe NMOPIBHSHHS yCepEeJHEHUX 3HAUCHb
JUI cUCTeM 0e3 TepepHuBaHHs Ta i3 MEepPEepUBAaHHAMM ITOKA3ye,
10 BBE/ICHHS NPIOPUTETY CHPUUYMHSE 3MEHIIEHHS CEPEHBOTO
yacy nepeOyBanHs 3a1a4 B OC.
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VI. BHCHOBKM

3a OTpHVaHHMHU pe3y/lbTaTaMH IPOBEIECHHUX JOCIIKEHb
00TpyHTOBAHO 3aCTOCYBAaHHS TEOPii MACOBOTO OOCITyTOBYBaHHS
JUTS. MOJICITIOBAHHS MPOIIECiB 00POOKH iH(QOpMAIIHHIX TTOTOKIB
y BIIOC. IlpoananmizoBaHO OJWH 13 MOMJIMBUX METOIIB
onTuMi3almii TporeciB  OOCIYroByBaHHS 3a MeXaHi3MaMH
oOCIIyroByBaHHSI Ta OpraHi3alli€l0 IUCUMIUIIHA  Yepru.
3nificHeHo KiIacudikalio AWCIUILTIH (OPMYBaHHS dYepr Ta
HaBEJICHO 3HAYEHHS YCEPEAHEHOro yacy nepeOyBaHHs 3a/1au B
OC, 3a AKUM MOXHa TiJICYMYBaTH, II0 HaiiMEHIIEC 3HAYCHHS
CepeHbOro Yacy 0OCIyroByBaHHSI OTPUMAHO JUIsl JUCIUILTIHH
oOciyroByBaHHA i3 “HAallMEHIIMM  3aJUIIKOBHM  YacoM
oOciyroByBaHHs’. Y3arajbHeHEe MOpPIBHSHHS YCEpEIHEHUX
3Ha4YeHb U1 CHCTeM Oe3 IepepuBaHHs Ta i3 IepepuBaHHIMU
MOKa3ye, W0 BBEIEHHS NPIOPUTETY CIPUYHMHSE 3MEHIICHHS
cepennpboro dyacy mepeOyBanHs 3amau B OC. Xapakrtep
JIOCHI/DKSHHsSI Ma€ TPUKIATHUN XapakTep Ta PEKOMEHJIOBAaHO
IUTA 3aCTOCYBAHHS Ha CTalisx po3podku apxitektypu BITIOC.
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Anomayia—Po3ri1siHyTO 3a1a4y ONTUMIi3anii KOPIOPATHUBHUX
KOMII’IOTEPHUX MepexX Ha eTami peiHskuHIpUHrY. Y pamkax
arperaTHBHO-1eKOMIO3HLiiiHOr O niaxoxy 3anponoHOBaHO
iTepaniiiHy cxeMy po3B’si3aHHSI KOMILIEKCY 3a1a4y CTPYKTYPHOI,
TOMOJIOTiYHOI, TEXHOJIOTiYHOi Ta mapaMeTpU4HOI omTUMIi3amii
MepeiK.

Abstract— The problem of optimization of corporate computer
networks at the reengineering stage is considered. Within the
framework of the aggregative-decomposition approach the
iterative scheme of the decision of a complex of problems of
structural, topological, technological and parametric optimization
of networks is offered.

Kinro4oBi c10Ba—KOpPNOpaTHBHA KOMII'IOTEPHA MepexKa;
peil:KMHIpHHT; onTHMi3auisi; arperaTuBHO-IEKOMIO3HUIHHUIA
miaxia; irepaniiina cxema.

Keywords—corporate computer network; reengineering;
optimization;  aggregative-decomposition  approach; iterative
scheme.

|.BCcTvIl

Y 1ocKkOHaJICHHS TEXHOJIOT1H 1 3ac00iB 00po0KH iH(popMaIlii,
3MiHH YMOB (DYHKITIOHYBaHHS KOPIIOPATHBHUX KOMIT FOTEPHUX
Mmepex (KKM) Ha neBHOMY eTamni Npu3BOAATH 10 HEOOXiAHOCTI
BIZMOBITHUX 3MIH 1X CTPYKTYp, TOIIOJOTIH, mapamerpiB i
TEeXHOJOTIM iX ¢yHKUioHyBaHHSA. OnTuMizamis Mepex
3IIMCHIOETbCS Ha OCHOBI MPOTHO3HMX AAHHUX 3 ypaxyBaHHIM
MHOXXHWH (YHKIIIOHAJIBHUX 1 BapTICHUX MOKAa3HHUKIB IUISIXOM

Vladimir Russkin
Department of Informatics
Kharkiv Humanitarian and Pedagogical Academy
Kharkiv, Ukraine
v_russkin@ukr.net

PO3B’sI3aHHs] MHOXKMHM KOMOIHaTOpHUX 3ana4. TicHuil 3B'I30K
MDX 3aJjadyaMd 32 BXIIHUMH 1 BUXITHHUMHU TaHUMH ITOPOIKYE
npoOJIEMU METOIOJIOTIYHOTO 1 OOUNCITIOBAILHOTO XapaKTepy.

11.0O1J1511 CYYACHOI'O CTAHY ITPOBJIEMHA
VY 3aranpHOMY BHWIIQJKYy 3aJaya BHOOpPY HAHKpamoro
BapianTy nooymnosu KKM nossirae y BU3Ha4€HHI cepel MHOKUH
JOMYCTUMHUX 11 apXiTeKTypu R < R*, TOmMosorii ejxeMeHTiB
GcG™, €JIEMEHTIB TcT*,
¢yHKIionyBaHHI A A* 1 Moxe OyTH nogana y Burimsiai [1]:

TUIIB TEXHOJIOT1]

s* =arg max{P(s)=P(R,G,T,A)}, (1)

e S - MHOKHHA JIOITyCTUMHX BapiaHTiB TOOYIOBH MEPEXKi;
P(s) - ckanspna oninka Bapianra S.

Ha mpaktuni dwepe3 ckiamHicTh 3arambHOi 3amadi (1)
PO3TISIIAIOTECS 11 YaCTKOBI BHUMAIKU: ONTHMI3alii CTPYKTYpH,
TOIIOJIOTI], TApaMeTpiB eJIeMEHTIB i1 (a00) 3B’sI3KiB, TEXHOJOTI]
¢yHkuionyBaHHA. [ X po3B’sI3aHHS 32 MMOKa3HUKOM BHTpPAT
po3po0iteHi TouHi Ta HabmmwkeHi Meronu [2-3]. HeoOXigHicTh
ONTHUMI3aIlii  apXiTeKTypH, TOMOJOTil eJNeMEeHTIB, THIIB
€JIEMEHTIB, TEXHOJIOT1i (PyHKI[IOHYBaHHS ICHYIOUMX MEpex 3
ypaxyBaHHSM  TIOKa3HWKIB, ONEpPaTHUBHOCTI,  HAJIHHOCTI
€KOHOMIYHOCTi 00YMOBIIIOIOTH aKTYaJIbHICTh 3aBJJaHb PO3POOKH
e(heKTUBHUX METOIIB PO3B’sI3aHHS 3araibHOi 3amadi (1).
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111.PE3YJIbTATU JOCIIPKEHHS

3a pe3ynbTaTaMd CHCTEMOJIOTIYHOTO aHaNi3y MPOOIIeMH
cucremHoi ontumizanii KKM (1) sk posocepemkeHnx 00’ €KTiB
. . 2 1
Ha HIDKHbOMY PIBH1 BUAUICHO MHOXXHHY 3aJ1a4 Taski ,1=16
[4]: BuOip mpuHIMIIB MOOYZOBH Mepexi; BHOIp CTPYKTYpH;
BU3HAYCHHSI TOMOJIOTI] €IEMEHTIB 1 3B'SI3KiB; BHOIp TEXHOJIOTIT
(YHKIIOHYBaHHS; BH3HAUYeHHS TMapaMeTpiB abo  THIIB
CJICMCHTIB 1 3B'SI3KiB; OIliHKa ¢()eKTUBHOCTI BapiaHTIB MOOYI0BU
Mepexi Ta BHOip HalKpamoro cepes HuX.

VY koMIuiekcl BHAUIEHHX 3aJad pelmkuHipuHry |askK, ix

mogenmi  ModTask?  6yzemo rnomaatm y  BurIsm

. . . 2 . . 2
neperBoproauis 3oBHimmHix INDatg , sHyrpimmix InDat;
. . 2 . . . .
BXifHUX JaHuX i obmexeHb ReS y BigmoBimHi mpoexTHi

pimenns DesDec’ :

InDat3, Res; InDat3, Res?

InDat2, Res?

ModTask? :{ InDatZ ,InDat? ,Res? } — DesDec? , i =1,6.(2)

BukopuctoBytoun  Hortauwito ~ monened  (2)  MeTon
po3B’sa3aHHs 3aranbHOi 3amadi omrumizamii KKM (1) moxxHa
MOJIaTH y BUIIISAL iTEpaliiiHOI CXeMH OTPUMaHHS MIPOEKTHOTO

pileHHs DesDecé (puc. 1).

Taxuii MeTos no3BoIIsiE HOPMyBaTH BiACYTHI BXiJHI AaHi 3a
Task/, i=16 wma

TIOTIepeIHIA iTepamii, oo MO3BOJSAE TMiIBUIIYBATH TOYHICTH
pillIeHb YacTKOBUX 1 3aranbHoOl 3a1a4 peimkunipuary KKM.

pe3yiibTaTaM  pO3B ’sI3aHHS 3aJ1a4d

InDat?.Res? InDat 7, Res;

: Task) |
i 2 2 2 2 2 2 2
i InDat;; yDesDec; DesDec3 DesDec3 DesDec DesDec DesDecy |
InDat”, | : DesDec’
— 2 ProcDec? ProcDec ProcDec 4 ProcDec? ProcDec ? ProcDec : 2
2 2 2 2 2 i
InDat 3, InDat 3, InDat InDat 3, InDat i

Puc. 1. Itepaniiina cxema onTuMi3anii KOPHOPATUBHUX KOMITIOTEPHUX MEPEK SIK TEPUTOPIaTbHO PO3MOIIIEHUX 00€KTIB

EneMeHTapHOI JIaHKOIO JUIsl BIOPSAKOBYBaHHS 3aiad y
3alpOINOHOBAHI CXeMi € KOMipKa NMpPOEKTYBaHHS, sKa IO0Jac
NPUHIMIIOBO PO3BSI3HI 3a JOMOMOTOK MEBHOI BUPIIIAIBHOT

. 2 s _ 1A . . .
npoueaypu 3agaui 1ask”, 1=16 no ix Bxigmmx panux i
0OMeKEHHSIX:

Task’ : ProcDec’{ InDat; ,Res’ } — DesDec’ / ModTask; .

st npakTHYHOI peaizanii 3alpoOHOBAHOTO METOLY IS

. 2 i _1p .
kokHoi 3 3anau Task , 1=1,6 neobxinHo pospobutn MeToU
pO3B’sI3aHHS W BIANOBiAHI TNporpamMHI MOAYTi, a TaKOX

00070HKY [T X B3a€MOJIii B TpOIECi po3B’sA3aHHS 3arajbHOI
3agadi peimkuHipuary KKM (1).

IV.BUCHOBKI

3anpomnoHOBaHO METOJT PO3B’S3aHHsI 3araJibHOI 3ajadi
onTHMIi3alii KOPIIOpaTUBHUX KOMII'IOTEPHUX MEpeX Ha erari
ix peimkuHIpHHTY. BiH 3acHOBaHUMII Ha iTeparliifHil JOTIUHINA
CXEMI CHCTEMHOTO IPOEKTYBAaHHS PO3NOAIICHUX 00'€KTIB, IO
no3BoJisie (hOPMYBATH BiJICYTHI BXiJHI NaHi 3a pe3ysbTaTaMHu

pO3B’s3aHHS 3alad Ha TONepelHiX itepauisx. I[lpakTnuxe
BUKOPHCTAHHS  3alPONOHOBAHOTO  METOLY  JIO3BOJIIE
MiIBUIIYBATH TOYHICTh PO3B’S3aHHS YACTKOBHX 1 3arajbHOI
3aj1a4 PEIHXUHIPUHTY MEpex. [aes 3alporoHOBAaHOTO METOIY
MOXke OyTH BHUKOpHCTaHa IIPW PO3B’sI3aHHI 3a/1a4 ONTHMIi3alii
JOTICTUYHUX MEpeX, IHIINX TEePUTOPIaAFHO PO3MOAIIICHIX
00’eKTiB y mpomecax iXHBOTO MPOEKTYBaHHSI, IUIAHyBaHHS
PO3BUTKY YH PEIHKHHIPUHTY.
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Anomayia—3anponoHOBaHO MaTeMaTH4YHi MoJedi  aJas
KOMOIHOBAHOTO MeTO1Y PAaH:KYBaHHS BapiaHTIB NPOEKTHHX
pimeHb. Mopnesi 30pi€eHTOBaHi HAa TEXHOJIOTiI0 KOMMAapaTOPHOL
inenTudikanii, mo go3Boss€e 3AilicHIOBATHM mepexix  Bin
OPAMHANICTHYHUX OLHHOK 0CO0M, W0 NpHiiMae pilleHHs, A0
KUIBKICHUX CKAJISIPHUX OLIHOK pillleHb.

Abstract—Mathematical models for the combined method of
ranking variants of design solutions are offered. The models focus
on comparative identification technology, which ensures the
transition from ordinary assessments of the decision maker to
guantitative scalar assessments of decisions.

Knrouoei cosa—asmomamusayisn HPOEKMYGAHH;
bazamokpumepianvne ouinioeanns; noainom  Koamozoposa-
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Keywords—  design automation; multicriteria  evaluation;
Kolmogorov-Gabor polynomial; effective solutions; utility function
of local criteria.

I. BCcTyn

[Iporiecu mpoeKTyBaHHS MepeadavyaoTh po3B’I3aHHS 33124
onTuMizamii 3a MHOXXMHAMHM (DYHKIIOHAJIBHUX 1 BapTICHUX
MMOKAa3HMKIB. BUIBIIICTE 3a7a4 CTPYKTYpHOI, HMapaMeTpU4HOI,
TONOJIOTIYHOI Ta TEXHOJIOrIYHOI omrTuMizamii 00’ €KTIiB
MIPOEKTYBAHHS € KOMOIHATOPHUMH TIO CBOIH CyTi, a POIECcH iX
PO3B’sI3aHHs Iepe0avaroTh CKaIspHE OLIHIOBaHHS BapiaHTIB
pilmeHs B aBTOMaTHYHOMY pexumi. Jnsg aBromartm3amii
NpoLEeyp OLIHIOBAaHHS BUKOPUCTOBYIOTBCSI MaTeMaTH4HI
MOJIeTIi Teopii KOPUCHOCTI Ta MPUHHATTSI pimeHs. Bubip pirneHpb

Oksana Draz

Department of System Engineering
Kharkiv National University of Radio Electronics
Kharkiv, Ukraine
oksana.draz@nure.ua

3 MHOXHMHHM €(EeKTHBHHX TUIBKM Ha 3aBepIIaIbHHUX eTarax
3MIACHIOEThCS 0c000t0, sika mpuitmae pimenns (OITP). Ile
O0OYMOBIIIOE aKTYallbHICTh 33/1a4 PO3POOKH MaTeMaTHIHUX
MoJenei aJs aBToMaru3aiii NpoLeciB MIATPUMKH MPUHHATTS
0araToKpuTepialbHAX MPOEKTHUX pIillIeHh Ha OCHOBI Teopii
KOPHCHOCTI Ta KOMITapaTOpHOT ineHTHdIKalii.

Il. AHAJII3 CYYACHOI'O CTAHY IIPOBJIEMU

Y  pe3ynapraTi JEKOMIO3HINI TMPOOIEMH TPHHHATTS
NPOEKTHUX pillIeHb BHAUIIETbCS MHOXMHA 3amad  [1]:
BU3HAYCHHs MeETH; (OPMYBAHHS YHIBEpCaJbHOI MHOXHHH
PIllIeHb; BUIUICHHS MHOXHHH JOMYyCTUMHUX PIlICHB; BUIUICHHS
T IMHOKUHH e(DeKTUBHUX PIIlIeHb; PAHXYBaHHS PillIeHb; BHOIp
Halikpamoro pimeHHs. Po3B’si3aHHs 3a7a4i BU3HAYECHHS METH
3IIMCHIOETbCS Ha eTamax IepeiNpOEKTHUX  JOCIi/KEHb
HedopMambHUMH  MeTomamMu. DopMyBaHHA —yHiBepCaIbHOI
MHOXXUHH, BUJIUICHHS MIIMHOKHH JJOIMYCTUMHX W e()eKTHBHHX
pileHs  3AIHCHIOETBCA 3  ypaxyBaHHAM  ICHYIOUHX YH
BCTaHOBJIEHHX OOMEXEHb B aBTOMAaTHYHOMY  PEXHMI.
Haiibinpury ckiaagHiCTs B TEOPETHYHOMY IUIaHI MalOTh 3a/adi
paHXyBaHHsS NPOEKTHUX pillleHb HA MHOXHWHI €pEeKTUBHUX 1
BUOIp HaMKpaIoro cepexa Hux [2].

Ormsi;  cydacHOro CTaHy mpoOjeMH — aBTOMaTh3alii
MIPOIIECiB MiATPUMKN HMPUHAHATTA pimeHs [3] mokasye, mo 1o
TENEepPINIHFOI0 Yacy iCHye HpOTHPIYYs MiXK HEOOXIiIHICTIO
i IBUIIICHHS 1X €)EKTUBHOCTI T2 0OMEXEHUMH MOKITHBOCTSIMU
Cy4acHOI METO/I0JIOTii CTBOPEHHSI BiINOBIAHUX MOJIEIEH.
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I1l. PE3YJIbTATU JOCIIJKEHHS

3a OCHOBY MaTeMaTHYHOTO 3a0e3MeYeHHS TEXHOJOTIi
MIATPUMKH TPUAHATTS MPOEKTHUX PIlICHb IPOMIOHYETHCS
MPUHHATH KOMOIHOBaHHN METOX paH)KyBaHHS BapiaHTIB, IO
IPYHTYETBCA HA  Mpoleaypax  OpIUHATICTHYHOTO  Ta
KapAWHATICTHYHOTO BropsakyBanus [1]. Bin ckmamaerscst 3
eTamiB: BUAUICHHS HAa MHOXHHI JOMYCTUMUX ITiIMHOXHHU

. . E

eexTHBHMX BapiauTie S° C S ; BusHauenns Ha ST mepemar
II0JI0 Ba)JTUBOCTI OKPEMHUX BIIACTHBOCTCH BapiaHTIB S € SE,
SKi OLHIOIOTHCS YacTKOBMMH Kputepismu K.(s), i=1,m;
MapaMeTPUYHOTO CHHTE3Yy y3aralbHEHOI (PYHKIT KOPHCHOCTI
(®VYK); pamxyBaHHA  BapiaHTIB 3  BUKOPHUCTAHHSIM

cunresoBanoi @DYK; BumimenHs Ha migmuHOkuHI  SF

MIIMHOXKHUHHU 3 JEKIIbKOX HAMOUIBII e()eKTUBHUX BapiaHTIB
E

S'cS"; BusHauenns

e(eKTUBHHX BapiaHTIB.

PaHriB  MIJMHOXKHAHH — HaWOUIBII

. . E
Jlyist BU3HAYEHHS TiAMHOKHUH e()eKTUBHUX pilieHs S— S
y 3aJeXHOCTI BiJJ O0COOJIMBOCTEH 3ajadi MPOMOHYETHCS
BUKOPUCTOBYBAaTH METOIHM IIapHUX IOPIBHSHb, CErMEHTa,
Kapiina au I'epmeiiepa.
dopmansHO 3amaya BHOOpPY HAWKpPAIIOro IPOEKTHOTO

pilienHs 3 migMHOXHHE edekTHBHHX S° €SF Moxke Gyrm
3BENICHA JI0 3a/1a4i ONTUMI3allii BUIY:

s® =arg max P(s), Q)

ne P(s) - 3nauenns @YK aus BapianTa S.

CkanmsipHEe  OIIHIOBaHHS  BapiaHTIB  MPOIOHYETHCS
3MIMCHIOBATH 3  BHKOPUCTaHHSM YyHiBepcasibHOT  DVYK,
moOymoBaHOi Ha 0cHOBI oniHOMY Komvoroposa-TI'aGopa [2]:

P(S):zkiai(s)"’szijéi(s)éi(s)"'---! 2
i-1 i1 j=i
e M - KiTbKICTh YacTKOBUX KPHTeEpiiB; A, Xij - Barosi

koedinientn uacTkoBux kputepiiB K,(S) Ta ix noOyrkiB

220, A; 20, i =1,m: &(s) - oyHkuis KopHCHOCTI

gacTtkoBoro kputepito (PKUK) ki (s), 1= 1,_m .

3a ocHoBy @YK (2) Bukopucraemo ysisepcansny ®KUK,
sika JI03BOJISIE peasi3yBaTH JIHINHI, ONyKIi, yBIrHyTi, S- 1 Z-
No/i0HI 3aJIe)KHOCTI Ta Ma€ BUCOKY TOYHICTH arnpoKCHMAllii
ominok OTIIP [4]:

a- kés) l, 0<k(s)<ka;
&(s)= B o (3)
a+(l-a)- M , ka<k(s)<1,
1-kKa

ne E( X) - HOpMOBaHe 3HaYEHHS YacTKOBOro Kputepio K(S);
Ka, @ - HOPMOBaHi 3HAYEHHS KOOPAMHAT TOYKH CKICHKH
®KUK (3), 0<ka<1, 0<a<1l; a,,0, - koehimienTn, mo
BH3HAYAIOTh BUJ[ 3aJIeKHOCTI HA IOYATKOBOMY Ta KiHIIEBOMY
Binpiskax; K(S), kK™, k™ - 3HauenHs uacTkoBOro KpHUTEpito A1
pilieHHs S, HaiiKpalle Ta Hairipiie 3HaueHHs kputepiro K(S)

B pamkax texnosorii komnaparopHoi igenTudikamii OITP
Ha OCHOBI BHMOT JO TPOEKTHOTO PIiMIeHHS i Cy0’€KTHBHHUX
ouinok P(S) dopmye GinapHe BiHOIIEHHS CTPOTOl IIepeBaru

HAa ITapax BapiaHTiB:
R(S")={<syv>:sveS’ s=v}. (4)

Ha ocHOBI ckaspHOi OLIHKK pimieHs (2) Ui BiTHOIMICHHS
(4) cxnagemMo cucTeMy HEpiBHOCTE:

P(s)>P(v), s,veR(S"). (5)

Midy, i=1m

3HAMIEeMO NUIIXOM peryisipu3anii 3a1adi IMOUIyKy PO3B’ 3Ky

3HaueHHS BAaroBUX KOEQiIi€HTIB

cucremn (5) 3 Hopmysounmu ymosamu A; 20, A; 20, i=1,m

Ha HacTynHOMY eTari 3[iHCHIOETECS OOUHCIICHHS 3HAYECHb
P(s) (2) mns Bcix BapiantiB SeSF 3 BcramoBIEHMMH
i, 1=1m. I

JI03BOJISIE 3AIMCHUTH PAH)XyBaHHsI BCi€T MHOKUHU e()eKTHBHUX
BapianTiB. Ha ocHOBI KinbkicHOi ominkk Bapiantie P(S),

3HAYEHHAMHM BaroBUX Koe(ilieHTiB A, A,

seSE  spificaioeThes BinGip miamuOknHE S° € SE 3amanoi

kinbkocti N malikpammx Bapiamtie. [licms mporo 3
BUKOPUCTAHHSIM METOMIB EKCIIEPTHOTO OI[IHIOBAHHS YU
JEKCUKOTpaiqHOl onTUMI3aIil 3IIHCHIOETBCS OCTaTOYHHI

BUOIp HAMKPANIOro BapianTa MpoeKTHOro pimenns S° € S°.

IV. BUCHOBKU

Jis  y3ro/pKEHHsST B3aeMOJIi MK aBTOMATHYHUMHU W
IHTEpaKTHBHUMH MPOLEAYpPaMH aBTOMATH30BAaHHX CHUCTEM
MPOEKTYBAaHHS  3alPOTIOHOBAHO  MaTeMaTH4HI  MoOJeni
KOMOIHOBAaHOTO METOAy paH)XyBaHHS BapiaHTiB. Mogemi
30pI€HTOBaHI Ha TEXHOJIOTiI0 KOMIIApaTOpHOI imeHTHdiKalii,
0 JO3BOJIsIE 3IHCHIOBATH TEPEXia Bl OpAUHATICTUIHHX
ouinok OIIP, 1o KUIBKICHUX CKISIPHUX OLIIHOK PillICHb.
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Anomauis — B po0oTi npeacTaBieHi MmeToau nmody10BU
AJIrOPUTMIB YMCEJILHOTO AaHAJNi3y AUBEPreHTHOI BTPaTH
CTIKOCTI MHOKMHU KPYIrOBHX CTalliOHAPDHUX CTaHIiB
HeJIiHIHOT BenocumeaHoi Mojesi KOJICHOrO ekimaxa —
no0y/10Ba MHOKMHH KPUTHYHHX 3HAYEHb NapaMeTpiB, NpH
SIKMX BiAOyBaeTbcs AMBEPreHTHa BTpara cTiliKocTi
CTAliOHAPHUX CTaHIB.

Abstract - The paper presents methods for constructing
algorithms for numerical analysis of divergent loss of
stability of a set of circular stationary states of a nonlinear
bicycle model of a wheeled crew - construction of a set of
critical values of parameters at which there is a divergent
loss of stability of stationary states.

Knwouoei cnosa — konicnuil exinayc; Kpyzoeuil pyx;
Heninilina  Modenb; Ousepzenmua empama CmiluKocmi;
Kpumuyni napamempu

Keywords - wheeled crew; circular motion; nonlinear
model; divergent loss of stability; critical parameters

l. Bceryin

JluBepreHTHa BTpaTa CTIHKOCTI CTaIllOHAPHUX PEKHUMIB,
MOB's13aHa 3 MOSBOIO HYJILOBOTO BIACHOTO 3Ha4YeHHs. OCTaHHIH
(aKT CBIUUTB NPO TOTHYHICTD KPUBHX («HYJIBOBHX) 130KIIiH),
SIKI BU3HAYAIOTh MHOXHHY CTalliOHAPHUX CTaHiB, IO B CBOIO
Yyepry MOB’Si3aHO 3  pealli3alli€l0 KpaTHOI'O CTalliOHApPHOTO

Natalia Velmagina
Department of Computer
Science, Information

Ivan Tsidylo
Ivano-Frankivsk National
Technical University of Oil

Technology and Applied and Gas
Mathematics Prydniprovska Ivano-Frankivsk,
State Academy of Civil Ukraine

Engineering and
Architecture,
velmahina.natalia@pgasa.dp.ua
PeKUMY B HENHIWHIA IUHAMIYHIA CHUCTEMI TPH KPUTHYHHX
3HAUEHHsAX TMapamerpiB kepyBauus [1]. Y pobGoti [3]
npencTaBieHuid  rpado-  aHANITHYHMN ~ METOA  aHali3y
JMBEPIeHTHOI CTIHKOCTI CTal[ilOHAPHOTO KPYrOBOTO PYXY
eKiMaxxy, OI0 TPYHTYEThCS Ha AaHANITUIHOMY OTPHUMAaHHI
obOepHeHMX (YHKIIH aas cuin  BigBemeHHs. [Ipote Taka
MOJKJIMBICTH ICHY€E HE 3aBKIH, 30KpeMa , IS BITOMOI «MariqHol
dopmymu [Taceiikm» [4].

math@nung.edu.ua

1. OCHOBHI 3AJIEXXHOCTI

Cxema ekimaxy mNpuBeJeHa HAa MAIOHKY 1, TyT V -
MO3/IOBXKHS CKJIA0Ba IIEHTPY Mac TsArada; @ - KyT MOBOPOTY
KEpOBaHOTO MOAyJsi; @, b - BincTaHs Bix LieHTpY Mac Tsira4ya 10
LEHTpiB TepenHpoi (KepoBaHOI) oci 1 3amHBOI OCi TAraga
(I=a+b); Yi— cunm BigBeaeHHs Ha OcCsX, KOSDILIEHTH ONOPY
BimBemenHro Ha ocsx (Ki, K2); koedimienTn 34emieHHs Koiic 3
OTIOPHOIO MOBEPXHEIO B HoNepeuHoMy Hampami (k;, k,); M-

Maca TArada, U - TOMepeYHa MPOEKIis BEKTOpa IIBUAKOCTI
[IEHTPY Mac Tsirava; - KyTOBa INBHJIKICTh TsATadya, IIOJO
BEPTUKAIBHOT OCI.
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Puc.1. KoHcTpykTHBHA cXxeMa MOZEIN KOJTICHOTO eKimnaxa.

BuxinHa cucrtema, sika BH3HA4Ya€ MHOXKUHY CTalliOHAPHHUX
PSXUMIB HENIHIHHOI MOJETI CiZeTBHOTO aBTOMOI3Ma Mae
BUIJISO.

—Mav +Y1(51) +Yz(é‘z) =0;
aY1(51) - sz (52) =0;

()
51 zg_w; (2)
\Y
5, :ﬂ; ©)
\

Cucrema piBHSIHb, 1[0 BU3HAYAE CTAIlIOHAPHUHN PEXKUM PYXY
eKinaka MOxe OyTH pO3B’si3aHa SIK JIHIHHA CUCTEMa pPIiBHSIHb
BIJIHOCHO CHJI Bi/IBE/ICHHSI, 1[0 PEANi3yIOThCS HA OCSIX:

— - v
Y1(51) :Yz (52) = E: (4)
Yi=Yi/Ni . . V.
e - 6e3po3mipHa cuiia BiABEeIeHHS Ha i-if OCi;
mgb
N, =2 (5)
mga
N, =198 (6)

- BepTHKaJIbHI pPeakilii Ha 0csaX

BpaxoByrouu, 10 pi3HUI KYyTiB BiIBEJACHHS HA MEPIIii i
JIPYTiH OCsX eKinaxy 51 - 52 =60-lwlV, asennannn KYTiB
BiJIBeJICHHSI, IO BiJMOBIAIOTH CTAI[IOHAPHUM PEXKHMaM PyXy

0 6,=Y"@)=6G@) . 6=Y,'a,)=G,@a,).
OTPUMAEMO JIBa CIIiBBIIHOIICHHS, SIKi BH3HAYAIOTh MHOXUHY
CTAIliOHAPHUX CTaHIB MO aBTOIOI31a

o=lga, /v’ +Y, (@, )-Y,'@,) @

u/v=bga, /v’ -Y,'(@,) . (8)

oV .
Je 3, = — - OiuHa CKJIaJ0Ba MPUCKOPEHHS LEHTPY Mac

g9

Tsiarayda.

1. AHAJII3 YMOB JUBEPTEHTHOI BTPATU CTIAKOCTI

Sk BxKE 3raayBaloCh, IUBEPreHTHA BTpaTa CTIMKOCTI
CTaI[lOHAPHOTO PEXKHMY IIOB’si3aHa 3 TIOSBOKO KPaTHOCTI
JIOCITIKYBAHOTO CTAIliOHAPHOTO CTaHY, IO BUILUIUBAE 3 SKiCHOI
Teopii AuHaMigyHUX cucteM [l ]. AHaii3 MOYHEMO 3 OJIHOTO
HE3aJIeKHOTO piBHAHHS (7)

lga, /v: -0 =G,(a,)-G,(@,), ©)

sSKe 1 BH3HA4Ya€ CTPYKTYpy pIBHOBaXXHOI IOBEpXHI
CTal[lOHAPHUX CTaHiB. SIK BUABISE€THCS LSl IOBEPXHSI Ma€ MEBHI
0COOJIMBOCTI TPU NPOEKTYBaHHI Ha IUIOIIMHY IapaMeTpiB
KepyBaHHsA V,@, TOB’s3aHy 3 1ii 0Oararo3HauyHicTiO, 3
KJIACHYHUX pe3ynbTaTiB YiTHI [2] BUILTHBAE, MO y BHIMAAKAX
3arajpHOTO MoJoXxeHHs e Moxe 6ytu fold - sroprka Ta casp -
30ipKa.

VY Bumagkax komu (GYHKIIiT Y_I(é‘l) MalOTh aHATITHIHY
obepueny dyuxuio 5, =G;(a,), Gibyprauiiina muoxuHa

MIPEACTAaBISIETHCS y TAPaMETPHYHOMY BHTIISI

vi=g-l/(Y,-1/Y) =g-1/(G;(a,) - G/(@,)),
0=(G;-G))a,—(G,-G,). (10)

AJte st HalOUTBIN BIIOMEX Y TIPAKTHIII 3aJICKHOCTEH CHIT
BiZiBeeHHsT y Burisiai «MariuHoi opmyiam» [4] Takoi
o0epHeHO1 QPYHKIIIT He iCHY€, TOMY 3allpOIIOHOBAHO YHCEIEHUH
AITOPHUTM TOOYA0BH OiypKaIiifHOT MHOKUHH (peaiizallisi B
cucremi MATLAB).

% ChvmatlabR12vworl\PACT.m
File Edit View Text

g ==

Debug Breakpoints Web Window Help

M| 8B
1 [function y=PACI (x,k)

2| - global k

- y=.5960600740%sin{1.3%atan {21.61593502%x-1.1341]

@l ChvmatlabR12\work\PACZ.m

File Edit View Text Debug Breakpoints Web Window Help

D dE # fr | &R
1 [function y=Facz(x,k)
2| - global k
3l- y=.8443371072*%sin(1.3%atan{21.42027375%x-1. 96263
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Ifu:r m=1:81; global k, k=(-3l+m).*.01l; GIMO(m)=fzerc(’
for m=1:81; global k, k=(-8l+m).*.01; G2MO(m)=fzero('PRC2',0,[]]
DE21M=diff (G2M0-G1MO)
for m=1:30; globkal k,
for m=1:80; global k,
G21M=G2M-G1M
¥M=-,799:.01:0,plotc (DG21M. VEM-G21M, sqrt {9.81%2.45) . /agrt (DG21M) |
hold off; EM=-.79:.01:0,plot (DG21M.*XM-G21M, sqrt (9.51%2.45) ./5q
DE21M=diff (G2M0-G1MO) /, 01

DE21M=diff (G2M0-G1MO) /.01

hold off; EM=-.79:.01:0,plot (DG21M. *EM-G21M, sqrt (9.81%2.45) . /3@
for m=1:21; glckal k; k=(m-1).%.01; GlO(m)=fzerc("PAC1"' 0O,[]1): ¢
for m=1:21; glckal k; k={(m-1).%.01; G20(m)=fzerc("PRC2",0,[]1); ¢
DE21=diff (G20-G510) /.01

for m=1:280; global k; k=(m-1).%.01;
for m=1:30; glokal k; k={m-1).%.0L1;
G21=G2-G1

¥=.01:.01:0.8; ploc(DG21.%¥-G21,3grt(9.81%2.45)./3qrc(DG21))

k=(-30+m) .*.01l; GlM(m)=fzero("EFRC1',0,[]):
k=(-80+m}) .*.01l; G2M(m)=fzero("PRC2',0,[]):

Gl (m)=fzeroc{"PAC1",0,[]); =
G2 (m)=fzero("PAC2',0,[1): a1

Puc. 2. JlictuHr peaizamii 9MCeTHHOTO aNTOPUTMY OOy IOBH
6idypkaniiiHoi MHOKHHU [T «MarigyHoi popmynn»
H.B.Pacejka

B Figure No. 1 - m] *
File Edit View Insert Tools Window Help

DEeEd& " AA/s, LD

26

24t 1

21 4

20+ B

18t 1

16+ 1

e 1

12¢ B

10+ 1

3 L L L L L L
0.2 015 -0.1 -0.05 0 0.05 01 0.15 0.2

Puc. 3 Bidypkanifina MHOXWMHA B IUIOMIMHI ITapaMeTpiB
(v.0)

V. BHUCHOBKU

Takum uuHOM, rpado-aHANITHYHUN METON aHali3y
JUBEPICHTHOI CTIHKOCTI KOJICHOTO €KIMaXy JTOTIOBHCHHI
YHUCENIbHUM OOEpHEHHSIM (YHKLIM BiJBEJCHHS 1a€ 3MOTY
OyayBaTH MporpaMHe 3a0C3MEUYCHHS JUIS TAaKOTO aHaJi3y JJIst
Oynb-sKUX (YHKIIA BIIBEACHHA y TOMY YHMCT 1 Jusa ix
TaOJMYHOTO  TPEACTABICHHS, OTPUMAHOTO  EMITIPUIHUM
HUIIXOM

JIITEPATYPA REFERENCES

[1] Awngponos, A. A. Teopus koneGanuii / A. A. AHAPOHOB,
A. A. Butr, C. D. Xaiikus ; pen. H. A. XKemnesuos. — 2-¢
3. — Mocksa : Hayka, 1981. — 914 c.

[2] Bpyc Hx., Hdxubmuu II. KpuBble W OCOOCHHOCTH:
'eomeTprueckoe BBEICHHE B TEOPUIO0 OCOOCHHOCTEH.
Ilep. c anrn. M. «Mup», 1988. 262c.

[3] Xpeber B.I'., Bep6uukuii B.I'., banuukos B.A.,
Benpmaruna H.A. Iloctpoenue OubypKarmoHHOrO
MHO)KECTBa MOJIEJH JIBYXOCHOTO aBToMoOmis. CydvacHi
TEXHOJIOTIT B MalIMHOOYAyBaHHI Ta TpaHcmopti, 2 (6),
2016. c.160-166.

[4] Pacejka,H.B. (2012). Tire and Vehicle Dynamics, 3rd
Edition. / H.B. Pacejka. —Butterworth-Heinemann is
imprint of Elsevier, 672 p.

142


javascript:void(0)
javascript:void(0)

OyHnaMeHTaIbH1 PO3B’ 43k XBUIIBOBUX 3a1a4
JlokaneHO I'pamientHoi Teopii [lienekTpukin

Ompra ['pumuaa

Bingin mexaniku, [HCTUTYT OyIiBHHIITBA Ta apXITEKTypH
CroBarpkoi akagemii Hayk, bpartncinasa, CioBaqunHa,

Bimnin MaTeMaTHYHAX METOIIB OOYUCITIOBATBHOTO EKCIICPUMEHTY,
[{eHTp MaTeMaTHYHOTO MOJICTIOBAHHS [HCTUTYTY NPUKIAAHUX MPOOIEM
MexaHiku i matematukd im. 5. C. Ilinctpurasa HAH Ykpainm, JIbBiB, Yipaina
usarolha@savba.sk, hrytsyna.olha@gmail.com

The Fundamental Solutions to the Wave Problems
of Local Gradient Theory of Dielectrics
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Anomauia — CdopMyboBaHO (yHIaAMEHTAJIbHI PO3B’SI3KH
XBWJIBOBHX PiBHSIHB Y PAMKAaX JOKAJIbHO I'Pali€HTHOI Teopii He-
¢epomarHiTHUX TepMONpPY:KHUX AiejekTpukiB. 15 i3oTponHoro
0e3MeKHOI0 MOJISIPHU30BHOIO cepe0BUINA OTPHMAHO BHPAa3U AJIs
XBHWIBOBUX (YHKIi noTeHuHiajdiB BeKTOpa MeXaHiYHUX Hepe-
MillleHb, 4 TAKO0XK eJIEKTPMYHOI0 Ta MOAU(DIKOBAHOI0 XiMIYHOIO
noTeHUiadiB y pasi aii Ha cepeqoBHIe 30BHIlIHIX rapMOHIYHO
3MiHHHX 3 4acOM HaBaHTa:KeHb. DyHAaMeHTAJIbLHI PO3B’A3KH €
OCHOBOW /il 3HaxomkeHHsi (ynkuiii [pina ans BekTopiB
nepeMilleHb i moJspu3auii, TeMnepaTypHoro nojs ta moaudgiko-
BAHOTr0 XiMi4YHOI0 MOTeHLiaTy y 6e3Me:KHOMY cepeaoBHIIi.

Abstract — Based on the relations of local gradient theory of
non-ferromagnetic thermo-elastic dielectrics the fundamental
solutions to the wave equations for infinite continuum are derived.
Expressions for the wave functions of the potentials of mechanical
displacements vector as well as the electric and modified chemical
potentials are obtained for isotropic dielectrics subjected to the
action of external harmonically varied with time loads. Using these
solutions the Green functions for the displacement and
polarization vectors, the temperature field, and modified chemical
potential can be obtained.

Kniouogi cnosa — nokanvno zpadiecnmua meopisa; mepmonpysHcHi
dieneKmpuKu; Xeunboei pieHAHHA; hyHOAMEHMATbHUTL PO36°A30K.

Keywords — local gradient theory; thermoelastic dielectrics; wave
equations; fundamental solution.

I. Bcryn

Knacuuna Teopis eneKTpOTepMONPY)KHOCTI HE OIUCYE
HHM3KY EKCIEPHMEHTAIILHO CIOCTEpEeKyBaHUX sBHLI ((IieKco-
SJICKTPUYHUI Ta TEPMOMNOIAPU3ALIHHIN e(eKTH, TPUITOBEPX-
HEBI Ta PO3MIpHI SIBHIIA TOIIO), a BiATaK y 0araTbox BHIAIKax
obuacTs 11 3acTocyBaHHs oOMexeHa. Lle cTuMymroBaIo BUCHNX
0 TOOYZAOBM HOBUX Yy3arajJbHEHHX TEOPiH KOHTHHYaJIbHOL
MeXaHikH, ski O ommcyBanm 3ragaHi Bumle edektu. OcraHHI
JIECATUPIYYSl IHTEHCHBHOTO pPO3BUTKY Halyja JIOKaJIbHO
TpaJlicHTHA TEOpis IICNIEKTPHUKIB, sIKa BPaxOBY€E BIUIUB 3MiHU
MIKPOCTPYKTYpH Matepialy Ha MEXaHI4Hy IOBEAIHKY JIOCIi-
JDKYBaHHX 00’€KTiB. Pe3ynbTaroM ypaxyBaHHS TaKOTO BIUIMBY
€ HeJOKalbHI DIBHAHHS cTaHy. Ha BigMiHy BiJ KJIacH4YHOI,
JIOKAJIBHO TpaJlieHTHA TEOpisl ONUCY€E IPHUIIOBEPXHEBY HEOIHO-
PLAHICTH TOJIIB, PO3MIipHIi ABUIIA, (PICKCOSIEKTPUIHUH Ta iHIII
eexTu. MeToro LBOro JOCIIDKEHHS € HACTYIHHH PO3BHTOK
miei Teopii Ta moOymoBa (yHIAMEHTAIBHHX pPO3B’S3KiB
JIOKQJIBHO TPAJI€HTHOI TEPMOMEXAHIKHM JI€JIEeKTPHUKIB, IO
BIJIKpUBAE LULIX O PO3B’sI3aHHS HU3KM HOBHX HEKJIACHYHHX
3aj1a4 KOHTHHYAJIbHOT MEXaHiKH.

Il. BuxigH1 CIBBIJHOUIEHHA MOJAEJILHOI'O OITUCY.
TIOBYJIOBA ®VHJIAMEHTAJIBHUX PO3B’ S3KIB
PiBHAHHS ITOKaJBPHO TPANi€HTHOI €IEKTPOTEPMOMEXAHIKU
He)epOMarHiTHUX JIEJEKTPUKIB Cc(HOpPMYJIbOBaHI B HHU3LI
myOmikariii Ta HEmoAaBHO Yy3araJibHeHi y Monorpadii [1].
JliniitHa cucTeMa piBHSIHB MOJIEII BKIIIOYa€e OaaHCOBI piBHSIHHS
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(3akon I'ayca, piBHAHHA 6aﬂchy MEXaHI4YHOT'0 iMr[yJILcy,
HTPOIIii Ta HABEJCHOI MaCH), TPAJi€HTHOTO THITY BU3HAYANIbHI
CHIBBIJHOIIEHHS 1 KIHETHYHI PIBHSHHS. HOplBHHHO 3
KIaCHYHOIO TeOpi€ro, pO3B’s3yBalbHAa CHCTEMa pPIiBHAHB
JIOKJILHO TPaji€HTHOI NPYKHOCTI MICTHTh OIHE JIOAATKOBE
PIBHSHHSA, TIOB’s3aHE 3 YPaxyBaHHSAM JIOKAJIBHOTO 3MIIIECHHS
Macu. [l LEHTpaTbHOCHMETPUYHUX KPHUCTAJIB ISl CHCTEMa
Mae BUTIA [2]

AAB —poCy 0 +poR=Toyr V-U+poTyBr, T
XmAﬁ;r _dp.ﬁ"rl: —ampglV-U— BTpe_XEmV' E=0,

AV - E—poxemAiy =pe - @
Tyr U — BekTop mepemimeHnHs; F — MacoBa cuna; py 1 p, —
T'YCTHHM MacH Ta BIIbHMX €NeKTPHYHHX 3apsfi; 0=T —T, —
30ypeHHs TeMIepaTypu T BiIHOCHO TOYAaTKOBOI'O 3HAYCHHS
Tos R — posmofineHi mkepena Temna;, E — BekTop Hampy-
K
— EHepreTMYHa Mipa BIUIMBY JIOKAJIBHOTO

’KEHOCT] €JNeKTPHYHOTO TONA; W, = — XIMIYHHH
TOTEHINaN; |

3MIILEHHs MacK Ha BHYTpilHIo eHeprito cuctemu; Cp,, Cyy,

Cv vro Ay 0y Brys Qs %0 Xmo XEm — XaPAKTEPHCTHKH
Mmarepiany [1, 2].
Hexait cepemoBume mnepeOyBae IIif Mi€l0 TapMOHIYHO

30BHIIIHBOI0 HABAHTAKEHHS F(r,t):l_:(r)e"“t. [pwuitmemo,

= —imt .
mo U=U(r)e"" . TlogaMo BEKTOpH MEPEMillleHb, HAMpPYXe-
HOCTI €JIEKTPUYHOTO 11071 Ta MACOBHUX CHJI Yepe3 CKaJIAPHI @, ,

@, ® Ta BekTOpHI noTeHwiam y,, ¥, K:

U=Vo,+Vxy,, V-y,=0, F=VO+Vx¥, 6 v.w=0,
E=-Vo, -VxK. )

ko dopmynu (2) miacTaBUTH y PO3B’SI3YyBANbHY CHCTEMY

piBHHHL (1), TOYy peSyJ‘ILTaTi HU3KU NIEPETBOPCHL OJICPIKUMO!

(A+m2)(a+mE)o, =%(A—a0)e—é(A—x2E)q>+a1pe,

A+mJ(A+m;|p =a,(A+83)0+a,| A+— o’ P —azAD
(0m8) o o s )0 4%

A(A + mf)(A + m§)<pe =—Kga, (A+a)A0+
o 1
(A+my)6=-0, (A+ J\pu— ¥ 3)
¢ ¢
TyT y piBHSIHHI TeIIONPOBIAHOCTI (34) 3HEXTYBAHO JOAAHKAMHU

Toka_lV-U Ta pOTOBTHk’lﬁ;[ (y cmny ix mamocri), C=

=Cp3+2Cy, Cf:C/Po €5 =Cua/pg Ag=d, [Am » O=pg R/,

2 2 2
A2 (1+ M)+ %—xé(uM) +4x§:—2,

m?2 1| ?
12=5| 2
275 2

m=12 gz % o ora
K (%m — Zem¥e ) poCd, Yrd,
K PoXEm N (1_V8)7"2 LA = X Em 22 ’
X Cd,x
2 2 2 2
aZ—BTuXE,as ¥s m_21a4=XEm)\'_E’a5:0ﬂ_m7¥_E
dy (vs+M) cf r d, C d,
X W2
L ag=—0, ap=Ag(1+ M)-—5, ag=A§ —
X)\‘O 1 1
M A
P BTH[M Y&) K=Pocv '

Baunmo, 1m0 piBHAHHSA TEIUIONPOBIAHOCTI Ta PIBHSIHHS IS
BEKTOPHOTO MOTEHIlialy \,, MOBHICTIO CIIBIAJAIOTh 3 BiAMO-
BiTHIMH PiBHAHHIMH KJIacH4yHOI Teopii. Tomy maii 30cepemu-
MO yBary Ha HepLIMX TPbOX piBHAHHAX cuctemu (3). Posris-
HeMo Bunanok F =0, p,=0, 6 =0. 3a takoi 30BHiIIHBOI Aii
byHIaMeHTaIbHIN PO3B’ 30K crcTemu (3) Mae BUTIISL:

_ 1 o(r') 2\ gimR
@U(r)_4ncf(mf—m§)(\J,.) R [( h )
(M5 422 )e ™R [avV(r). go(r) = e (r),
i (r) = a5 J‘ o(r) |:mZe|m1 gimR ]dV r),

47c(m12 —mﬁ)(v) R

ae R =104 =) + 0 =) + (g = x3)?
[oniOHMM dYWMHOM MOXHa OTpUMaTH (yHIaAMEHTaJbHI
po3e’si3ku anst Bunaaky F=0, p, 20, 6=0, a takox F =0,

p.=0, ®=0.

I1l. BUCHOBKU

3 BUKOPHUCTAHHSM CIiBBIJHOIICHb JIOKAIBLHO TPai€HTHOT
EJIEKTPOTEPMOTIPYKHOCTI TIOKA3aHO, IO MMO3/I0BXKHI MEXaHIqHI
XBHJII TIOB’S13aHi 3 TEMIEPATYPHUM II0JIEM, EIEKTPHYHUM MO-
TEHIL[IAJIOM 1 JIOKQJIFHUM 3MIILIEHHAM MacH, K€ B PaMKax po3-
pobneHoi Teopil acoliroeThesi 31 3MIHAMHM MIKPOCTPYKTYpPH
Marepiary. BogHouac nokanbHE 3MILIEHHS MacH, €JIeKTpUYHE
ToJie Ta TeMIepaTypa He BIUIMBAIOTh HA MOLIMPEHHS Molepey-
HUX XBWIb. CHopMyTLOBAaHO BUpa3H sl XBUIILOBUX (DyHKITIH
MOTEHIIIaIiB BEKTOPa MEXaHIYHUX MEePEMIllIeHb, eeKTPUIHOTO
Ta MOAU(IKOBAHOTO XiMIYHOTO MOTEHIIANIB I 6€3MEKHOTO
JENEKTPUYHOTO CEePeOBUINA, M0 IMepedyBae il M€K 30B-
HIITHIX TapMOHIYHMUX HaBaHTaxeHb. OjepkaHi BHpa3d €
OCHOBOIO JUI 3HAaxXOo/KeHHs (YHKUIIH ['piHa 11 BEeKTOpIB
MepeMilieHb 1 MoJsApU3allii, TeMIepaTypHOTO IO Ta MOJH-
(ikOBaHOTO XIMIYHOTO MOTEHIIiay. 3 BHKOPUCTAHHAM (QYHKIIIH
I'pina Ta TeopemMu B3a€EMHOCTI POOIT MOKHA 3HAWTH PO3B’SI3KU
HU3KM HOBHMX HEKJIACHYHMX 3aJad JIOKAIbHO TIpaJlieHTHOL
TEPMOMEXaHIKH [1ieIeKTPUKIB.
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Schemes of Accounting of Ultrahigh-Frequency
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Abstract—Increasing the speed and application of
nanotechnologies in the manufacture of electronic devices have
a certain limit, which is due to internal electromagnetic
interactions and thermal processes. These factors are due to the
theme of this work. In particular, it develops methods for
formulating electrodynamics problems that determine the

fluxes of wvectors of electrical induction of electrical
interconnections of high-frequency chips. Solving such
problems allows you to correctly build models of

electromagnetic interference in the form of dependent power
sources, identify the most vulnerable and most dangerous places
and calculate the final characteristics taking into account the
internal electromagnetic interactions within  monolithic
integrated circuits.

Keywords electrical interconnections; electromagnetic
interaction; electromagnetic compatibility;  high-frequency
monolithic integrated circuits; electrodynamic parameters

I.  INTRODUCTION

Electromagnetic fields of inter-component connections
within semiconductor chips of nanotechnological production
limit the speed, accuracy and operational reliability of various
systems and devices that implement certain information
computer technologies [1]. The actual problem of accounting
for the fluxes of the electric induction vector in the
development of chips was the subject of this study. The aim
of the work is to develop simulation schemes for reflecting
electrical interference and algorithms for calculating their
parameters. The synthesis of certain circuit structures to
reflect the effects of electromagnetic interference can be based
on both the algorithmic level and the use of existing software
products MicroCap, EWB. MultiSim, OrCad, Altium
Designer..

Il. WAYS TO BUILD SIMULATION MODELS OF
ELECTROMAGNETIC INTERFERENCE

The influence of electromagnetic interference can be
based on the development of mathematical and physical-
mathematical models. The first way is based on the
construction of a synthesized model based on the classical
Kirchhoff equations and the equations of electrodynamics
within the framework of quasi-stationarity of electromagnetic
fields. The second involves the development of a physical
model that simulates the generation and influence of
interference within the real state of electromagnetic processes
in the scope of the sketch structure of an electrical circuit, such

Maksym Shulhin
lInstitute of artificial intelligence and
robotics)
Odessa Polytechnic State University
Odesa, Ukraine
shulgin1506 @gmail.com

Volodymyr Sliusarenko
lInstitute of artificial intelligence and
robotics
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Odesa, Ukraine
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as a monolithic integrated circuit. Let's limit ourselves to the
second option because the synthesis of certain circuit
structures allows you to partially use existing software
products MicroCap, EWB. MultiSim, OrCad, Altium
Designer, ANSYS. To use the existing software, it is
necessary to create schematic phantom models in the form of
macro applications to these packages. This type of macro is a
dependent source of electricity with a predetermined number
of inputs and outputs. The complexity of the problem is that
for an electric circuit with m branches, a circuit with 4m poles
should be additionally synthesized to display actions and
reactions. This complicates the schematic representation of
the process. The circuit must, on the one hand, fulfill its
functional purpose and, on the other hand, reproduce the
influence of the electric currents of the sketch of the structure.
However, in many cases, applying the principle of majority
verification (relative majority) can significantly reduce the
complexity of the algorithm, guided by various criteria. This
type of model requires a preliminary calculation of the electric
fluxes of the distributed surfaces of the communicator trees
under different potentials to calculate the real electrodynamic
parameters of the phantom circuit [1]

I11. PROBLEMS FOR CALCULATING THE FLUXES OF INDUCTION
VECTORS

First of all, we note that if the shapes of the communicator
surface coincide with the coordinate surfaces, an accurate
analytical solution can be obtained. In the manufacture of a
real electrical circuit, the calculation of flows is possible only
with a certain permissible error. The magnitude of the error
will be smaller the smaller the discrepancy between these
surfaces. To reduce the error, decomposition of complex
surfaces and communication elements into simple canonical
structures is proposed. We propose rules, fig. 1, fig. 2,
decompositions that allow in many cases to replace numerical
analysis with qualitative analysis based on the replacement of
plane-parallel fields with sphere-parallel, sphere-basic and
other orthogonal forms of their representation [2]. These rules
apply to the fixing of parts of the communicator at certain
poles in the case of assigning the entire wire to one, in this
case the n-th, fig. 1a, pole; splitting the wire into parts at the
breaking point and spreading these parts (straight wires) to
different poles (I1 to the pole n, and 12 to the pole n + 1), fig.
1b, and the splitting at the points of fracture and contact and
the separation of straight wires also to different poles, in
particular, 11 to the pole n, 12 to the pole n + 1, and, 13 to the
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pole n + 2, fig. 1c. The essence of these rules is as follows: all
wires of the communicator are approximated by piecewise
broken straight lines; each straight line completely refers to
only one pole, fig. 1; breaking points (or) of contact of wires
are the points dividing separate lines into two parts between
different poles, fig. 1b, c; in the case when only one straight
wire is laid between the poles n and n + 1, it is completely
attributed to the n-th pole (ie with a smaller number), and the
(n + 1) -th pole is assigned a wire with zero length; in the case
of connecting a wire to the screen, the latter can be presented
in the form of a cone with an opening of 180 degrees, ie in the
form of a plane, a similar remark applies to the situation in
which the wire is parallel to the plane of the screen. In the
latter case, the screen can be represented as a cylinder of
infinite radius.

n{l) n+e1(0)  n+2(0 nel{ls)
. —j] E ”1%'; ’é |
) a ; I
T'n(.f,':l
f I3 o
é —
n+1(:2]
h
5 Ln2iny)

Fig. 1 - Breaking wires with lengths (I) poles: a -
assignment of the entire wire to one (n) pole; b- initialization
to different poles at the breaking point; ¢ - initialization at
breakpoints and points of contact

Of course, the method of mirror images can be
successfully used to calculate the flows in the screen-
conductor system; the incidence of the wire to the pole will be
kept in ascending order of the pole number; one and the same
part of a direct wire cannot be incident to two poles at the same
time. Let's make another general caveat, which somewhat
narrows the accuracy of the flow calculation, but provides an
opportunity to take into account the most significant and
neglect minor flows between adjacent parts of the
communicator wires. The essence of the caveat is to neglect
the edge flows of conductors that have different lengths, but
at some distance create fields of planar or spheroparallel
structure, Fig. 2a. Finally, it makes sense not to consider the
flows between the wires, which are located at a sufficient
distance from each other despite the mutual location, the value
of such a distance can be taken as the distance between the
geometric centers of the wires.

Fig. 2 - Accounting and neglect of flows.

IVV. EXAMPLE OF COMMUNICATOR DECOMPOSITION

Consider a fragment of a printed circuit board of a high-
frequency amplifier, which illustrates the use of the
communicator model in the form of canonical structures of
parallel and radial conductors, fig. 3, where the maximum
interfering voltages and minimum currents of trees are
selected as sources (maximum arc voltage) and receivers
(minimum pole current of the component) of electric currents.
On the simplified scheme of the communicator, fig. 3, the
components are shown: K2, K3 - those that generate
interference, i.e. have the highest voltages on their arcs; pole
10 of component K5 is characterized by a minimum current.
The points a, b, ¢, d, e, f, g denotes the tree D6, i.e. "earth".

3 D D
L 0 H‘L “H [ h25
A FL
d K? b & T 'I,:s n Hu o
K, , N K 13 1 R < 3 Kaa @
a2 D "= 5.'
F‘ ) D, ? L) o =H 2,
D, 5
f
D 1
u%: 11 D, K * K; D, 1% 13 ID
N [ 17 []
H‘% ‘ G |

Fig. 3 - Electric current between trees 1 and 3

The calculation of the flux between the trees D1 and D3 to
which the potential difference of one volt is applied according
to the principle of decomposition is "scattered” on pS * pR
problems. The results of the calculation of flows can be
presented as

Ps Pr
Ciz=X X4 i 1)

i=1j=1"
where ps is the power of the set of source (emitting) rows,
Pr - receiving these streams of trees.
Each of the problems for calculating &;, j requires setting the
coordinates of those particles of the communicator that bind
them to the corresponding poles of the set R and S. The
result of calculating the capacitive parameters of the
communicator C 13 for (1) was 1.73 pF.

CONCLUSION)

The article proposes models and methods for determining
the electrodynamic parameters of high - frequency electronic
communicators based on the analogy of plane and sphero-
parallel electromagnetic fields. Their implementation in the
form of phantom circuits of electromagnetic interference
allows to expand the scope of existing CAD software for high-
frequency electronics. The results of the work are a step-by-
step step towards the development of information support for
nanotechnological processes of integrated circuit fabrication.

REFERENCES

[1] V. Kudrya,. Model of electromagnetic interference of the UHF power
amplifier. - Technology of electronic equipment design, 2004, Ne4, pp.
18... 19

[2] A. Knyaz, Electrodynamics of information systems. - M .: Radio and
communication, 1994. - 392 p..

147



MoaentoBanns IlponeciB MacoriepeHocy B
Cximagaux Cucremax

Spocnas I’ ssHM10
Binnin MaTeMaTHYHUX METOZIB OOUYHCIIIOBAIBHOTO eKCIIepUMEeHTY LIeHTpy MaTeMaTHYHOr0 MOJEOBaHHs [HCTHTYTY
mpUKIagHuX npobiaeM MexaHiku i Matematuku iM. S. C. [lincrpuraua HAH Vkpainu
JIeBiB, YKpaina
danylo794@gmail.com

Modeling of Masotransfer Processes in Complex
Systems

Yaroslav Pyanylo

Department for Mathematical Methods of Computing Experiment in Center of Mathematical Modeling
of Pidstryhach Institute for Applied Problems of Mechanics and Mathematics, National Academy of Sciences of Ukraine
Lviv, Ukraine
danylo794@gmail.com

Anomauin—B poodoTi noJAaHO aHAJTITHIHI Moaei
MaconepeHocy B CKJAJHUX TeXHOJOTiYHUX Ta Oiojoriunmux
cucreMax. Po3risiHyTo crmocodm MaTeMaTHYHOIO0 MO/e/TIOBAHHS
npouecy pyxy rasy Ta piauH B TpyOONpOBIIHUX cHTeMaXx.
BpaxoBylouu aHa/loril0 Mi mpouecamMH ra3oriipoauHaMiku Ta
reMOIMHAMIKH, OTPHMaHi Ppe3yJbTaTH BHKOPHCTAHO ISl
MOJEJIOBAaHHSI PYXy KpOBi Yy BeIMKHX CyIMHAX Ta M SKHX
TKAHWHAX KMBUX OpranizmiB. OTpuMaHi TeOpeTHYHi pe3yabTaTH
anpo0oBaHoO HAa MOJeJLHUX 3a1a4ax.

Abstract— Analytical models of mass transfer in complex
technological and biological systems are presented in the work.
Methods of mathematical modeling of the process of gas and
liquid motion in pipeline systems are considered. Considering the
analogy between the processes of gas hydrodynamics and
hemodynamics, the obtained results were used to model the
movement of blood in large vessels and soft tissues of living
organisms. The obtained theoretical results are tested on model
problems.

Knwuoei cnoea— mamemamuune Modeﬂmaamm, npouecu
2iopozazoounamiku, 2emo0uHamiKa, 2a30mMpaHcnoOpmua cucmema,
niozemui cxoeuuia 2asy.

Keywords— mathematical modeling, processes of hydrogas
dynamics, hemodynamics, gas transportation system, underground
gas storages.

. Bcryn

MaremaTiyHe MOAENTIOBAHHS J03BOJISIE BUBYATH IPUPOAHI Ta
0i0JIOTIYHI TpOIlECH HE TPOBOJSIYM HATYPHHX Ta IHIIMX
¢i3nuHux excrepuMeHTiB. EdexTuBHICTE Takoi mpouemypu
3aJ€KHUTh BiJl AJAaNTHBHOCTI MOOYIOBaHMX MaTEMaTHYHUX
Mmojeneid. IloOymoBy MaremarnyHoi Mozeni — JIOLUIBHO
OyayBaTH BUXOJSYM i3 3a/ad4, sSKi HCOOXITHO BHPIMIKATH. SIK
MIPaBUIIO, MaTeMaTH4Hi Mozei 3BOASATHCS bi (o)
nudepeHIialbHAX Ta IHTErPaIbHUX PiBHSIHD, B TOMY YHCII 1 10

HemiHidHNX. g moOynoBH amanTUBHOI MOAETl HEOoOXimHO:
BpaxyBaTd MapaMeTpH MpOLECiB, IO BHUBYAIOTHCSA; MAaTH
HEOOXiHI KUTBKICTh MaHWUX A (OpMYyBaHHS KpaHOBHX YMOB
Ta YTOYHEHHS Koe(illieHTiB, MO BXOIATh Y BIAMOBiAHI
PIBHSHHS;, TIPOBECTH OOYMCIIOBAJbHI EKCIEPUMEHTH IS
MepeBipKHU MOOYIOBAHOT MOZETI.

B poGori 3poGiieHo aHaii3 MaTeMaTH4YHUX MOJENei
npolecy pyxy razy B TpyOOIpOBOJax Ta CKJIaJIHUX IMOPUCTUX
CepelloBHUINAX, a TaKOX MPOLECy pPYyXy KpOBI B M’SIKHX
TKaHWHAX JXUBHX OpPraHi3MiB, BiI3HAUEHO MPOOIEMH, SIKI IpH
[[bOMY BUHHUKAIOTb.

Il. HECTAIIIOHAPHA HEI3OTEPMIYHA MATEMATUYHA MOJIEJTb
MMPOLIECY PYXY I'A3Y B MAT'ICTPAJIbHUX TPYBOITPOBOJAX.

OmHruM 3  TOJOBHHUX TEXHOJOTIYHMX 00’ €KTIB
ra30TPaHCIOPTHOI CUCTEMH € TPYOOIIPOBOIM Pi3HOI JOBKHUHU
Ta pgiamMerpiB. MaremarnduHa MoOAENb Tra30TPaHCIOPTHOI
CHCTEMH Y BENUKIH Mipi 3aJIeXHUTh BiJ MAaTEeMAaTHIHOI MOJENi
mporecy pyxy Ta3dy B TpyOompoBomi. 3a paxyHOK 3MiHH
PpeXnMiB poOOTH Ta30TPAaHCHIOPTHUX MEPEX MPOLIEC PYXy ra3y
B HHX, SK TNpaBuiio, HecranioHapHuil. Kpim 1poro, dac
BXO/DKCHHSI TOTOKY ra3dy B CralioHap B TpyOOIpoBoiax
BHCOKOTO Ta CEPEIHBOIO THCKY € JOCTaTHbO BEIMKHH
(mopsiKy mekinbkox roauH). Tomy € HeoOXiAHICTD B po3po0ii
HecTallloHapHUX MOJENeH pyXy Trazy Juisi IIMPOKOro Kiacy
TpyOOIPOBOIIB.

3 J0CTaTHBOIO JUISl NPAKTUKU TOYHICTIO PyX Ta3y B
TpyOOIIPOBO/I  ONMHUCYETHCS  CHCTEMOIO  JU(epeHIiaIbHIX
PiBHSHB B YACTHHHUX MOXigHHX [6-8]
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aev) , A, dh

ot (pp) p(2D+dx’

op 0O

o9 -0,

)

0 0 P)_4K(T,-T) dh
S (pE)+ L v Evm | =TT gD
al? )+axpv( +pj p "

ne p,V,P - BiamoBimHO rycTrHa, MIBUAKICTH PYXY 1 THCK Ta3y;
K - xoe¢imieHT Temonepenadi Bix TpyOM 10 TIpYyHTY;
T, - emneparypa rpynty; h=h(x)
Tpacy 3aisranHs Tpyou; E - moBHa eHepris OnUHUIN Macy; t

- (yHKIis, sKa ommcye

— uac; X, xe[0,L]- 6ixydya xoopmunara, L - mOBKHHA
TpyOOIIPOBOY;
2
E:i—E+V—,
p 2
e
di = —dT+—dP c,dT+| L T(Ll/p)j dP, C, (6' jp
aT P a ), ar

Jnst 3aMUKaHHS CHCTEMH PIBHSIHb BUKOPUCTOBYETHCS
PIBHSHHS CTaHY rasy
P=pzRT .
ITpu po3paxyHKax CTaliOHAPHUX PEKUMIB OTPUMYEMO
piBHsIHHSI (0e3 BpaXyBaHHS IIBUAKICHOTO HAToOpy):

op _0,25JzAM?

= - pgsing;
OX pf? pasing
ar AKD[ T] 0,257 1M ? T(al/pj _apsing L2,
x C.M pC 1% |p Ut )| et

M = f pV =const.
TyT ¢ - KyT HaxXwiTy TPYOH 10 TOPU3OHTY.

II1. PYX TA3Y B TPYBOITPOBO/II ITPU CTAJINX
TPAHUYHIX YMOBAX HA ®VHKIIIFO TUCKY TA
HASIBHOCTI KC TA BIJIBOJIIB B3/I0BX TPACH.

MopemoBaHH TIpoLleCy pPyXy razy B TpyOOHpOBOII 3a
HasiBHOCTI kommpecopHux cranuii (KC) ta BinBomiB MoxHa
MPOBOJIUTH JBOMA MUIIXaMHd — po30uUTH TpPyOOMmpoBig Ha
mpomickkn Mk KC Ta BigBomamu abo 3MojemoBaTH ix
HasBHICTD y3araJlbHeHMMH (QYHKLIAMH. SIKmIo po3risgaTtu
BENUKI CHUCTEeMH, TO Ha NPAKTHI MEpPIIANA TiAXiJ 3HAYHO
301bIIyE PO3MIPHICTh CUCTeMH. [pyrwid Miaximx J03BOJISAE
PO3TIIsIaTH MaricTpaibHi ra30MpOBOAH SIK CKIIaHI CHCTEMHU.

Hecramionapauit  i3oTepmiuHMii  pyx Trasy B
TOPU30HTAJBHUX TPYOONpOBOJAaX 3a HasIBHOCTI BiJOOpIB Ta
KOMITPECOPHMX CTaHLili MOXHa OIMCAaTH JIHEApU30BaHOIO
cucTeMoro audepeHialbHIX PiBHSIHb B YACTHHHUX TOXiTHUX
[4.5]

ow 0Op

—+aw-bp=0(x,t),
6t+6x+ w—bp (x,1) "
a_a)_i_i a_p— (Xt)

x ¢ o U\

B cucremi (1) mo3nauyeHo:

a=2(v,+V,)/2D, b=Avy,/2DzqRT , bynkris

t):iz:,pst,i 5(X_X ) [U(t_tli)_n(t_tzi )]

XapaKkTepu3ye 3MiHYy THCKY a3y IpH IPOXO/KEHHI Horo uepes
KC, mo 3HaxonaTbcs Ha BiACTaHAX X, BiJ TOYaTKy

W= pV- MacoBa IIBHUJIKICTb,

TpyGONpPOBO/LYy 3 4acoM Aii Bix t;, 10 t,;, | ell. DyHKLisA

y(xt) :i% 5(x=x;) [”(t_tli)_”(t_tnﬂ

j=1
XapaKTepU3y€e MaCcOBi BiJBOJU ra3y @;, WO € Ha Bigmanmsax X i

BiJI TIOUaTKy Tpy6ompoBoay 3 wacom xii Bix 1; not,;. je 1,J,
5()(1') - Aenbra-Qynkuis Jlipaka, 77('( -1 ) - OJVMHHMYHA

¢byHkuis Xesicaiina

Cuctemy (1) MoxHa po3B’si3yBaTH TIpHU pI3HHX
MOYaTKOBO-TpaHMYHKUX ymoBax. OJHUH 3 BapiaHTiB, KU Mae
MiCIle Ha TIPaKTHIIi:

1) moyaTKOBHUH CTaliOHAPHHUN PO3IOMALT 3 BiJOMUMH
HOro 3HAYEHHSAMM Ha MOYATKY Py, # B KiHII P
TpyOOIpOBOLY;

2) 3MiHA PEXHUMY PYXy MOJICIIOETHCS IOBENIHKOIO
THCKY Ha TOYaTKy [, ¥ B KiHII P, Tpybomposoay. B

3B’SI3KY 3 IIMM IIPH 3aMiHI PEKUMY PYXY BRXKJIMBO BU3HAYHTU
Yac BXOJUKEHHS B CTalliOHApHUHA pexXuM. 3a BHUXITHHA
CTalllOHApHHUU cTaH OyJaeMo OpaTu TOW, IO CIAYE 3 CHCTEMHU

2):
1 _ “b(L-x
p(x)zm [po—pke " —(po-Po)e " )]

IIpu 3agaHMX NOYATKOBUX Ta I'PAaHUYHMM YyMOBax
PO3B’SI30K  IOCTAaBIEHOI  IMOYATKOBO-KpaioBOi  3amaui
3HAaXOAMUTHCS 3aCTOCYBaHHAM 10 cucteMu (1) mepeTBOpeHHs
Jlarmmaca-Kapcona i Mae BUTIISLT

p(X,t)=p(X)+p,(Xx,t)=p,(xt).
3a OTPHUMaHUMH TEOPETUUYHUMH pE3ylIbTaTaMH IPOBEICHO
YUCJIOBUHN €KCIIEPUMEHT.

IV MATEMATUYHE MOJIEJIIOBAHHS CKJIAJTHOI
CHUCTEMU.

OcnoBaumu TO I'TC € TpyGonpoBonu, 3armipHa
apmarypa, KC. Ilpu maremarunHomy monemoBanHi [ TC B
YCTAJICHOMY PpEXHMi BUKOPHCTOBYETHCS JAPYI'MH 3aKOH
Kipxroda, Ha 0a3i sikoro OynylOTbCS KOHTYpPHI PIiBHSHHS.
[ToOynoBy KOHTYpHHX PIBHSIHB Ta TX anpoOariito NpoBeaeMo Ha
MOJIENBHIN cucTeMi, moaaniit Ha puc. 1 [1-3].
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Puc. 1. Po3paxyHkoBa cxema MOZAEIBHOI 3a/1a4i.

Ha puc.l crpinkamMy MO3HAYEHO MOYATKOBHIA BHOIp
HAMpsIMKY pyxy rasy, Q - 00’€MHi BUTpATH MOCTYIUICHHS Ta

BiIOWpaHHSA Ta3y B3IOBXK TPYOONPOBOMIB Ta y BYy3Jax,
g, - 00’eMHI BUTpaTH rasy y BiANOBIIHHX TPyOONPOBOJAX,

cumBosiom —II- mosnaseno KC, Py 3HAUEHHA THUCKIB Yy

BIIOBITHUX TOYKaX.
Ha ocnogi 3akony Kipxroda mns mepmoro KoHTypy
OTPUMYIOTHCSI HACTYIIHI KOHTYPHI PiBHSAHHS:

pre (812 —1)+ p? (1-exp(b,+b, +b,+b, +h;)) =2 [Q"+q| (Q'+q, )+
+2,6 Q"+, (Q'+0, ) +ae*™™ Q"+, - 0, (Q'+0, -0, ) +

8, g, — [ (0, — 0 ) + 2™ ™™ Q" ,[(Q"~q,).
AHasoriyHi piBHSIHHS OTPUMYIOTBCS 1 JJIsl IHIIUX KOHTYDIB.
Ilpy 0boMy 3HAYCHHS HEBIJOMHX THCKIB, IIO BXOISTH B
OCTaHHI [1Ba PiBHSHHS, 3HAXOIATHCS aHAJOTIYHO O MEPIIHX
IBOX piBHAHB. [l00ymoBaHa crcTeMa HEMiHIMHUX anreOpaiaHux
PIBHSHB PO3B’s3aHa iTepanitHuM crrocoboM. Takuit miaxix gae
MOXJIMBICTh BH3HAUUTH HE TUIBKM 3HAYCHHS PEKUMHHUX
napameTpiB, a i HalpsIM pyxy rasy.

V. MATEMATUYHA MOJIEJIb ITIJI3EMHOT'O CXOBUIIIA

rasy (IICI).
Ocuopaumu TO TICT e: mact; BHOIMHI 30HH
CBEp/UIOBUH; poOoui KoJMOHHW; muIedoBi Ta mnIeHpoBo-

KOJICKTOpHI cucTeMH 30upaHHs Tazy. Ha puc 2 mnomano
CTPYKTYpPHI CXE€MH TOPH30HTAJIFHOTO Ta BEPTHKAIBHOTO
nepepiziB MiI3EMHOT0 CXOBHIIA I'a3y, a HA PHUC.3 - CTPYKTypHa
cxema rizipasiigHoi yB’s3ku pobotu TO pazom 3 BitNOBiAHUMH
MaTeMaTUYHUMHU Mojielsimu [ 1-4].

Puc. 2 Beprukanbauil mepepisz
miacty I[1CT°

Puc.2. CtpykTypHa cxema
binpue-Boimupkoro ICIC

IloGynoBa rinpaBaiyHOi yB’S3KHM CHCTeMH MJIACT
IICT - ra3o36ipanii myHkT. BimoMo, mo ra3oHOCHI miacTu
MaloTh HE3HAYHY TOBIIMHY B OPIBHSHHI 13 3aiiMaHOIO IIIONIEIO
i € Onm3pkumMHM 10 Tropu3oHTaNbHUX. Tomy miact IICT
BB)KAEThCSI  IUIOCKUM, OCKUIBKM  Hepemnaj  TUCKY Y
BEPTUKAJIBHOMY HAMpsSMi € 1032 MEXaMH TOYHOCTI BXiIHOT
iHdopmarrii.

JIBoMipHY 00J1aCTh TIOPHCTOTO CepeAOBHINA (IUIACTY)
YMOBHO po30WMBaeMO Ha JBi 0o0macti - o0nacTe MiIacty Ta
BHOIITHY 007acTb.

Posmomin mmactoBoro Ta BHOIHHOTO THCKIB Y
BHO1IiHIH 30HI1 3B’ s13aH1 CITIBBIIHOIIEHHIM

2 2 _ 2
p., — P, =Aq+Bqg”.
3B’5130K BUOIMHOTO TUCKY 3 TUPJIOBHM
20-b 2 o 2
pve - pg - arq .
3B’S30K THUPJIOBOIO THUCKY 3 THCKOM HAa BHXOJi 3 OOB’SI3KM
CBEP/JIOBUHU
2 2 2
pg -P,=20".
3B’5130K THCKY Ha BUXO/1i 3 00B’I3KH CBEP/JIOBUHH 3 THCKOM Ha

Bxoxi B I'3I1-
2 2 2
Po — pgzp =a(

[Mancrans monpos, |

BIABIA B MATICTRANKHHA FAXINPOBIA

F(p.q.T)=0
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Puc. 3 CtpykTypHa cxema rifpasiiunoi yB’s3ku podotu I1ICT .
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CymyBaHHS MOJaHUX BUIIE 3B’ SI3KiB MPUBOJHTH 0
HACTYITHOTO HENTiHIHHOTO PiBHSAHHSA BiTHOCHO NebiTy
CBEPIUIOBUHH (]

B B, = Aa B+ (a, 42, +a,)¢ o

CmiBBigHomernHs (17) moenHye TUIaCTOBUH THCK Ta

tuck Ha 311 3 mebitom cBepanoBuHHU Ta mapamerpamu TO i

JTO3BOJISIE PO3B’A3yBaTH OCHOBHI 3a/1adi, SIKi MafOTh MiCIle TIpU
po3paxyHKy pexumy poootu IICT.

3amauya 1. Ilpu BigoMOMY pO3HOALT ILIACTOBOTO

THUCKY 1 3a7aHiii BeuuuHi 00’ eMHOro Binbopy Q, BU3HAYUTH

THCK Ha BXOJi B ra3030ipHAN IYHKT.

3agaya 2. Ilpm BimomMoMy pO3MOALTI IIACTOBOTO
TUCKY 1 3aJaHiii Benn4uHi BXinHoro Ticky Ha ['3I1 Bu3HauuTH
006’eMHuwmii Binbip rasy Q, i3 cxoBuILa.

3agaya 3. AnanoriyHo 10 3amadi 2 IpH BiIOMOMY
PO3MOALTI TIACTOBOTO THUCKY 1 3aJaHii MiHIMAJIbHIN BEIMYHHI
BxigHOTO THCKY Ha ['3[1 BH3HaUMTH MaKCHMAaNbHUH 00’ €MHUI
Binbip razy Q, i3 cxoBuia.

V1. MOJIEJTFOBAHHS ITPOLECY ®UIBTPAILII MHOXHHOIO
ITAPAJIEJIBHUX KAIIUIAPIB.

3MOJETI0EMO OPUCTE CEPEAOBHUILE CHCTEMOIO
Kanusipis 3 pazgiycoM . B nonepeuHomy nepepisi Kanmisipu
po3mojineHi 3a JorapuMiuHIM 3aKOHOM

Inzy
_ /%

f(r)=n,exp| - 5o

IS nO , rO , O - ,HCSIKi napameTpu, SIKI BU3HAYAIOThCS qepes
napaMeTpu NOpuUCTOTro CEPEAOBHUIIA:

m=7zNr; exp(40°), k =%r04N exp(120°),

p,— P, = —8—ﬂIQrO"‘N’1 exp(—12<;2).
T

BpaxyBanns TonoJjorii kaninapis. Po3risHeMo nporiec
MAacCOIEPEHOCY 3 BpaXyBaHHIM T0JATKOBHUX e()eKTiB: A)
BTPATH TUCKY BHACIIIIOK 3BUBHUCTOCTI KaHaIIiB; B) 3MiHy THCKY
BHACJIIJIOK HETIOCTIHOCTI OMIEPEYHHX Iepepi3iB KaHAIIB.

3 dopmynu [Narmena-Ilyazens

dp 8u
—=-—=0q. (¢.2)
dx zr
Sxmo paxiyc kpuBuHHM Kaminapa R, To cuia, sika BHHHKaE
. 2
npu pyci pedoBunn 3 rycrusoo p Oyme F, =gpv / R.3a

paxyHOK BUHHKAIOUOi CHIIK Oy/ie CTBOPIOBATHUCS J0/1aTKOBHIA
THUCK, a 3araJIbHUH THCK B3JIOBXK KallIspy 0OUHCIIOETHCS 32
HACTYITHOIO ()OPMYIIOIO
2
__8ux_ gpxq
p - po - 4 q + 3 6 .
r 7°r’R
SIkmo B monepeyHOMy nepepisi cepeoBHIlia I'yCTHHA

KalJIsipiB po3noiiieHa 3a JiorapuGMi4YHUM 3aKOHOM, TO

PO3MOIiT TUCKY PEYOBHHHM B3JIOBXK PYXY OOUHCIIOETHCS 32

(bopmyoro
LR
2m, Th

[Topsin 3 BUKpHUBIICHHSIM KalIsIpiB Mae Micie 1 ix
PO3LIMPEHHS Ta 3BY>KEHHSI, TO BUHUKAE MPOLIEC
MIKpO/IPOCEIIOBAaHHS, SIKE MPUBOJUTH 10 3MiHU TUCKY (3
teopeMoto bopaa-Kapho).

[Tpu panrTtoBOMY pO3IIMpPEHHI Kamiyisipa 3MiHa TUCKY MiX

nepepizamu Oyze
S S
Ap, =—-p=L|1-=L |07,
prr p Sz{ Szj 1

p(X)= Po —

a TIpH Pi3KOMY 3BYKCHHI

2 p(v2-02).

A =
p rz 2

BucnoBku. MojentoBanns HasBHOCTI KC Ta cTokiB
B3JI0BX TpPyOOIIPOBOAIB 3 BHKOPHCTaHHSAM Y3araJbHEHHX
(GYHKIIH 703BOJISIE 3HAYHO CIIPOIIYBAaTH JOCIHIKCHHS iX
BIUIMBY Ha pEeXHMHI IapaMeTpu pyxy Tazy Ta
00YHCITFOBATFHUM MPOTIEC IX PO3PAXyHKY. AHATITHYHIH ITi X1
no wmopnemoBaHHI ['TC Ha OCHOBI TOOYHOBH KOHTYpPHHX
PIBHSHB Ja€ MOXJIMBICTD HE TUTHKH OOYHCITIOBATH 3HAYCHHS
rapameTpiB pyxy rasy, a if Bu3HauaTu HalpsiM HOro pyxy.
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Anomauisn — IIponyckHa CIIPOMOKHICTH
MaricTpajibHoro amiaxkonposoay (MA) mocTiiiHO 3MiHIO€TbCS B
yaci. Ile 3ymMoBJIeHO 3MiHOI0 3aBaHTa’KeHHSl aMiaKoNpPOBOLY,
MJIAHOBUMH YM aBapiiilHUMM 3yNMWHKAMH HAaCOCHHX arperaris,
CIIpallOBaHHAM aBapiiiHoro 3axucry Tomo. /ljas Toro mod 3mMinu
pexumMy po6otu MA He mpU3BeIH A0 3HAYHOrO MiIBUILEHHS
THCKY HAa JiIAHKAX NOTPiOHO peryJiaoBaTH TriApoaHHAMiYHHI
pe:kuM amiakompoBoay. OqHi MeTOAH pery.Ii0BaHHS 3MiHIOIOTH
napaMeTpu aMiakonepeKayyBaJbHOI CTaHMIil (peryJlBaHHA -
3MiHOIO PpO3MipiB Kojic Hacoca, cxeM 3’€lHAHHS HacociB Ta
3MiHOK 4YacTOTH O0epTaHHS pOTOpPa Hacoca), a iHII, MeHII
€KOHOMiYHi, 3MiHIOIOTH NapamMeTpu AiigsHOK MA — mepenmyck
MOTOKY aMiaKy, peryJlOBaHHs THCKY HILISIXOM JpOCeJIOBAaHHS.
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Myroslav Prytula,
Head of department,
Research and Design Institute of Gas Transport,
Center of Mathematical Modeling
of Pidstryhach Institute for Applied Problems of Mechanics
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Lviv, Ukraine
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Jdasi noOyaoBu edeKTMBHOI CHCTEMHM KEPYBAHHA peXKMMaMM
TPAHCNOPTYBaHHSI ~ aMiaky  HeoOXiTHO  BHMBYMTH  §oro
TepMOriIpoAuHAMiYHi BJACTHBOCTI.

Knwuosi cnoea— AmiakonpoBin, HecTanioHapHa Moae/b
PyXy amiaky, nepexiiHuii pe;xum pyxy, riapaBaiyHuii yaap.

Abstract — The throughput of the main ammonia pipeline (MA)
is constantly changing over time. These changes are caused by
changes in loading of ammonia pipeline, planned or emergency
stops of pumping units, triggering of emergency protection, etc.
In order to change the mode of operation of the MA did not lead
to a significant increase in pressure on the sections, it is necessary
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to adjust the hydrodynamic mode of the ammonia pipeline. Some
control methods change the parameters of the ammonia pumping
station (control by changing the size of the pump wheels, pump
connection schemes and changing the rotor speed of the pump),
while others, less economical, change the parameters of sections
MA - ammonia flow bypass, pressure control by throttling. To
build an effective system for managing the modes of
transportation of ammonia, it is necessary to study its
thermohydrodynamic properties.

Keywords — ammonia pipeline, non-stationary model of ammonia
movement, transient mode of movement, hydraulic shock.

. BCTVII
HenpaBuneHe  KepyBaHHA  MHEPEXiAHUMH  PEXHMaMHA
aMIiakoIpoBOLy MOXE 3aBJaTH  HEMONPaBHOI  IIKOAM

SIK €KOJIOTIi TaK i 310poB'fo Mmoeil. [ ToMy exomoriuHiit 6e3meni
Ta HAOIHOCTI eKCIUTyaTallii MariCTpalbHOTO aMiaKOMpOBOIY
NPUALIAIOTs 3HAUHY yBary. Y AaHWi 4ac, AUl 3MiHH PeXHMY,
aMiaKOTIPOBOJI OCHAIICHUI HacocaMH (hiKCOBaHOI MOTY>KHOCTI
i, BiAMOBiIHO, (hikcoBaHOI 00’€MHOI MPOMYKTHBHOCTI. 3MiHa
00’€MiB TpPaHCIOPTYBaHHS aMmiaKy JOCATA€ThCS 3MIHOIO
KIJIBKOCTI HACOCIB y MapalieNibHii cxemi poOOTH Ha HACOCHUX
cTaHifgX (A1 HAcociB i3 (DIKCOBAHOI KUIBKICTIO 00EpTiB
pobouoro koneca). dus Toro, mod OTPUMATH IHITY POOOUy
TOYKY, HEOOXiJHO 3MIHUTH ab0 CTyNiHb BIAKPHUTTS
PETYIIOIY0ro MPHUCTPOIO (KpaHa, Ipoceis, BEHTHIS), TOOTO
3MIHUTH KPUBY HOTPiOHOTO Hamopy abo 4acToTy oOepTaHHS
Baxy Hacoca [1-3]. MoximBa MOCTiIOBHAa Ta TMapaieibHa
pobota HacociB. IlocmigoBHa poOOTa 3aCTOCOBYETHCS B THX
BUIIAJIKax, KOJIH OJIMH HACOC HE MOXKE 3a0€3MeUnTH MOTPiOHOTO
Hamopy. Y TakMX BHIaJKaxX I10/lada HAacoCiB OJJHAKOBA, a
3arajbHUI HaIlp JOPIBHIOE CyMi HamopiB 000X HacociB 3a
onuiei 1 Toi  momaui. Taka poboTa € EKOHOMIYHO
HemoribHOO, Tak sk KKJ[  mocmigoBux — Hacocis
nepeMHOXKyIOTbes. [lix vac ekcruryaTaiii amiakonmpoBoay B
HBOMY YacTO BUHHMKAIOTh CTPUOKHU TUCKY, SIK IUIAHOBI - TIiJ] 4ac
3MIHH  PEXHMIB  IIepeKadyyBaHHSA  aMiakxy, TaKi
HemepenOadyBaHi, SKi BHHUKAIOTh IIJl 9Yac aBapidHUX
BUMKHEHb HACOCHMX arperaTiB 4M CIpaIOBaHHI 3alipHUX
3acyBok. [lyist 3a0e3neueHHs HeTIlepepBHOI Ta HaJiiHOi poboTn
MAaricTpajIbHOTO aMiaKOIPOBOIY HEOOXITHO PEryIIFOBaTH THUCK
Ha BXOJi Ta Ha BUXO/Ii ITepeKavyBaJbHUX HACOCIB.

Il.  TIJPABJIIYHUU PO3PAXYHOK
AMIAKOIIPOBOLY

JloBxuHa aMiaKOTIPOBOMY, SIKUH MPOXOJIUTH IO TEPUTOPIi
Vkpainn cknagae 1031,189 km. Moro mpoekTHa moTyxKHicTb
ckimagae nmo 2,52 MUIH. TOH Ha pik. AMiaK 3HAXOIUTHCSA Y
pizkoMy craHi mix THCKOM a0 3,5 Mma i3 TemrmepaTyporo
omu3pkoro 10 4°C. Jlns 3anoOiraHHs Kopo3il B aMmiak J0JaHO
0,4% Bomu. iamerp TpyOu - 355 MM, ToBIIMHA § MM 1 BOHa
npoysirae Ha TAuOWHI 1,4 M. AMIaKompoBOJ PO3IUICHHUIA Ha
CeKIii 3amipHO0 apMaTypol0 - MOCTaMH CEKIIOHYBAaHHS Y
cepenHbOMY KOXHI 5,2 KM, sIKi y pa3i HeoOXiZHOCTI MOXYTb
OyTH MIBUAKO TIEPEKpUTi. Y CKIaJ aMiakoMpOBOIY BXOISATh
ISITh  TIPOMDKHHUX HACOCHMX CTaHmin i1 12 posmaBaibHHX
CTaHIIi{l pO3TalIOBaHUX B3J0BXK TPACH aMiaKOTIPOBOJY.

VY pesynbTari nepexadyBaHHS aMmiaky IO TpyOOIpOBOIY
HAafip, III0 PO3BUBAETHCS HACOCAMH, BUTPAYAETHCS HA TEPTS
MOTOKY aMiaKy 0 CTIHOK TpyOH, OI0JIaHHS MICIIEBUX OIOPIB,
CTaTUYHOT'O OIOpY Yepe3 PI3HMLIO I'€ONE3NYHHMX BIMITOK, a
TaKOXX CTBOPEHHS HEOOXiHOTO 3aJIMIIKOBOTO HANIOPY B KiHIII
IUITHKY  TpyOomnpoBoay. Ilinm wac 3akpuTTs 3acyBKM Ha

TIUTSTHKaX aMiaKompoBOAY, HEMiHifiHa 3MiHa TiApaBIidHOTO
OTIOpY MPU3BOIUTH JI0 TOTO, IO 32 KOPOTKUH Jac TiIpaBIidHUI
OITip IMIBUIKO 301TBITYETHCS 1 MOKE TIPU3BECTH 10 BUHUKHEHHS
ripoyiapy — PpO3IOBCIOJDKEHHS XBHJIb IIJBUILIEHOTO Ta
TIOHIPKEHOT'O0 THUCKIB B3/I0BXK TpyOompoBony. I Tomy BHHUKae
npo0JieMa MOCTIHHOTO PETYIIIOBAHHS THCKY.

[lepepaxyHOK XapakTEpHCTHK HAcoCy 3IIHCHIOETbCS 3a
BIZIOMHMH (hOpMYyJIaMHU:

Q_b 1(3) &(3}
Q D H D N D

Q. H,N,D . . )
e — BUTparTa, Hamip, IMOTYXHICTh Ta H1aMCTpP

. Q.,H.,N., D
pobodoro Koseca — 3aBOJCHKI MapameTrpu, a <’ i’ 17—
rapameTpy, sKi BiANOBIJAIOTH IHIIOMY JAiaMeTpy poOodoro

KoJeca D .

Ockinbky Hamip Hacoca € (QYHKII€W KBaapary
4acTOTH 00EpPTaHHs, TO 3MiHa YaCTOTH 00epTaHH MPU3BOIUTH
JI0 IIBUJIKOT 3MiHU THCKY.

Pyx awmiaky B TpyOompoBOAi B HECTaliOHAPHOMY
130TEpMIYHOMY BUIAQJKy OIUCYETHCS HACTYIHOI CHCTEMOIO
mudepeHIiadbHAX PIBHSIHD B YACTHHHUX MOX1THUX

P00, A p s pgsings 2 @) Eer],
lop__odo
¢ at ox 1)

B ocransiii popmyni @~ PV -macosa msuzxicts. Cucrema
(1) € HeniHIHOIO 32 MacOBOIO IMIBHIKICTIO. MOHa BBa)kaTH,
[0 MacoBa MIBHJKICTh Yy TPOIECI TPAHCIIOPTYBAHHS aMiaky
3MIHIOETBCS He3HauHO. TOJi CHCTEMy MOXKHA JliHeapH3yBaTh

2
0" = a,0 "
HACTyITHUM YHWHOM - , A€ - 3Ha4YCHHA MacCOBOl1

MIBHIKOCTI Ha TIONEPEIHOMY KpOIli YacoBOTO iHTEpBaIy.

2

OTpumaeMo JiHeEapHU30BaHy CHCTeMy JU(epeHIiaTbHIX
PIBHSIHB Y YACTHHHUX IOXIJIHUX
op Ow ow
——p=—+/10a)+hp +w—
ox ot OX
1op oo
¢’ ot OX ’ )
Jie TIO3HAYCHO
Aw, @,

= , h =pgsina, o=(1+p
AU 8p5 P 1 ( ) p
Skmo mnepexiiHi Yacu € 3HAYHUMH, TOMAiI JOCTaTHBO

. o _ pw=my =const
PO3rsaTy CTalllOHAPHUM BUIAI0K

p A e
—a—x:§pa)2+pgsma+&[(1+ﬂ)pa)2}. -

Jis pinuaA Mae mictie 3B°s130K MiXK THCKOM Ta TYCTHHOIO
p:pol:l"'(p_po)/Kr] 4
: (4)
ne K. KoedimieHT 00’ €MHOTO PO3IINUPEHHS, Po. TYCTHHU
PiIVHA TIPYU THCKY Po Ockinbxn
1. 1[ PP
P Po K,

TO piBHSIHHSA (3) 3aMMAMETHCS Y BUTIAIL
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_op _ Amj (1_

2
P— P +pogsina 1+ P— P _(1’“:3)”‘05_9
X 88p, K,

K, Kp, oX

s pinuH koedilieHT 00’€MHOTO PO3UIMPEHHS JOCTATHRO
BeJukHiA. ToMy 3 TOCTATHBOIO JUIS IPAKTUKK TOYHICTIO MOXKHA
BBaXKaTH, 10

6p am?
—2 +pgsina

P03B’5130K OCTaHHBOTO PIBHSHHS Ma€ BHUTII

p=p,— L(sz-i- gsina | X
P espls ) T

Tyt S - moma MOMIEPEYHOTO Mepepizy TpyOOIpoBOaY.
I'yctuHa pigkoro amiaky 3ajJeXHWTb BiJ THCKY Ta
TeMIIepaTypu. 3a eKCIICpUMEHTAIbHUMH JaHUMH poOOTH B
MeXax TemrepaTrypu Bifg Hyia no 50 rpanyciB Llembcis Ta
tucky Big 0.5 mo 6 Mma moOymoBaHa mapaMeTpUvHa

3QJIEKHICTD pzp(t, p)

p=pt*+pt+py ©)

M = pwS . ®

a s P moxna o0y IyBaTH BIJMOBIAHI 3aJICKHOCTI BiJl
TUCKY —

P 2=-0,01932p3 + 0,18769p2 + 0,14682p + 638,74E+02,

P1=-0,01932p3 + 0,18769p2 + 0,14682p + 638,74E+02,

£ 0 =0,00792p2 + 0,57738p + 638,55.

ExcriepuMeHTanbHe ~ BU3HAYEHHs  [ApaMmerpiB, M0

XapaKTepU3yIOTh PyX aMiaKy, OB’ si3aHe 3 IEBHOIO MMOXHOKOIO,
sKa BIUIMBA€ HA PO3PAXYHOK PpO3MOAITYy THCKY B3JIOBXK

TpyOompoBoay. BBeaemo nesiki 30ypeHHs BXiTHAX TaHUX &

& E . . . .
, 7 Ta “M  BIANOBIAHUX BeNWYMH. ToJl 3 pIBHSHHA

yCTaJeHOro pyxy amiaky (8) moxuOka OOUHMCICHHS 3HAYCHHS

Ap

THUCKY  PO3IOAIJICHOTO
BU3HAYA€THCS (POPMYIIOI0

2
Ap:i(Mj g_l+g_p+26M X
8op\ S A p M

PosrnsHeMo HecTamioHapHWUH  i30TEPMIYHHHA  BHIAIKY
PEKUM pyXy amiaky. 3HaleMo po3B’ 30K HACTYIHOI KpaiHoBoi
3aja4i: 3HAHTH poO3B’s30K cucTeMH (2) 3a HACTYIHHUX
MOYaTKOBHUX YMOB

IO( ) Po— {82 (%)Zpgsina}x

B3JIOBX  TPYOONpPOBOIY

o(x,0) = @, = const

OcTaToYHO PO3B’SI30K cd)opMynLOBaHo'l' 3a/1a49i Ma€ BHTJISI]

p(xt)=p,(x,t)+p, (X,t)+p, —{é(%)z + pgsin a:lx

ac

0, t<_XV01
p(xt)= dj‘[ 0t—u Jh(1=xu)du, t<-xv
gt ) [POO1=0)=Pa ), v
0, t<(1-X)v,,
t:
P, (x.1) “:p(lt U) = Py — Pl [ (x,U)du, t> (1 =X)V,.
p (O't) = Psno +( Psso — psno)ei%l

p(l’t): Psni +(pssl = Pgni )e_alt

P, = |: A (szﬂogsina}
2" | ac- | o
pC].:pO, 85p S l

B ocranHio ¢Qopmyny rpaHM4HI YMOBH BXOISTH Y
3araJpbHOMY BUIJISIIL. [XHE 3a/aHHs 3al1€KUTh Bl 3aj1adi, Ky
HOTPIOHO PO3B’SI3aTH.

Jnst kepyBaHHS MepexXilHUMH pexuMamu podotn MA
Ba)KJIMBO 3HATH MEPEX1IHI YaCH.

Jis1 BU3HAYCHHS MEpeXiHUX YaciB TPaHUYHI YMOBHU
3a7[a€MO Y BUTJISI A

p(O,t) = Psno +( Psso — psno)e

Ta

p(l.t)=

iy ¢yskmii
J0laHKaMH

h(z.t)~ |£+ h, (7)e +h, (r)e™"

—apt

psnl +( pssl - psnl )e_alt

h(z,t
(z.1) oOMaxkeMocsl MepIIMMH  BOMA

ac

2sin— v
h =—— | 2+5
1(7) 7[(811 ~ 521) ( v, 11J

. T
2sin—
_|(v_z+s ]
21
”(511_521) V1

3ayBakuMo, IO  MapaMeTpd  TIPaHUIHHUX
BH3HAYAIOTHCS HA eKCIIepUMeHTanbHo. Toxi

p(x,t)=p,(x,t)+p, (X,t)+p, —{é(%)z + pgsin a:lx

h, ()=

YMOB

ac

n (x0)-1

0, t<—Xxv,,
P (X 1), t<—xv,,
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0, t<(I=x)v,,

P00 o, (1), 5 (10w,

Tyr

P (xt)=[ P(0,0)- pcl}{'%xml(l —x)e* +h, (I —x)ew}_

—Q, ( pssO - psno){l —X (1— 87%t ) + M(e%t _ e—aut ) 4

la, o, +S,
4 h1 (I B X) (9521t

_ e—aot )} .
a, +S,

Ta

P (x,1) =[ P(1,0)= Py — ool J[ x+hy (x)€™ +h, (x)e™ |-

~0 (Psy = Py ){i(l— gt ) + M(esnt _eat ) N

le, o +S,
hy (x)

(esnt_e—a,t) ’
o, +S,,
1 1
slltzz[—%—«/v;—v“} SZIIZE[—V3+JV32—V41:|I

+

3 orpuMaHmX GOPMYT CIiye, MO MEPeXiTHUA dYac
. .. 0y Q Vs
3aJIeXKHUThH BiJ] CIIIBBiIHOMICHHS mapaMeTpiB °, ' Ta 3. Jlna
. e521t

. —apt
BCJIIMKHX YaClB MHOXXHUKHU € y 1 J0CTaTHbBO
MaJIUMH. TOMy IIpU BEJIMKUX 3HAYCHHAX 4yaciB JOJaHKHU, B AIKHX

efoqt esut

NPUCYTHI MHOXKHHUKH h, (X) OpSIMYIOTH 10 HyJS TIpH
3pocTaHHA YaciB. [lepexiqHuX Yac B 3HAUHIH Mipi 3aJICKHUTH BiJl
TOYHOCTI BIIXHJICHHS HECTAI[IOHAPHOTO MPOIECY BiJl HOBOTO
CTAIliOHAPHOTO PyXY aMiaky.

[To3HaueHHs, sIKi BBE/IEH] B OCTaHHIX (opMyrax, HACTYIIHI:

A, . 1)
=—2, h =pgsing, a=(1+p)—>
=3 b, - pysing, o -(1+)%

2
y Az
w(x,0) =, =const “ vl(lj
@ 2 o 1
Voz(l-‘rﬂ)zp(():z, Vlz(l-‘rﬂ) TSCA"FC—Z, szj‘—;
s (1305)20)2
4p°c

.  BU3HAYEHHATIAPABJIIYHOI'O YIAPY

lNgpaBniuHUM yZapoM Ha3MBA€THCS pi3Ka 3MiHA THCKY B
HamipHOMy TpyOOINpOBOJAI  BHACTIJOK pamnToBOi  3MiHH
MIBUAKOCTI PIIMHU B  dYaci. 3HWKEHHA THCKY, SIKE
PO3MOBCIOKYETHCS 32 HAMPSIMKOM JI0 3aIlipHOTO HPUCTPOIO,
Ha3WBAETHCS 3BOPOTHOIO YAApHOIO XBuWIek. Yac mpoliry
IPSIMOi 1 3BOPOTHOI yAApHOI XBHWJIb CKJIQJIA€ TPUBAIICTH (a3u
rigpasinigyHoro ynapy. OnmcaHuii mpouec BiJIOyBaeThbCs
HaJ3BUYANHO LIBMJKO, TAaK SK IIBUJIKOCTI PO3MOBCIO/PKCHHS
yJIapHOT XBWJI1 € 3HAYHUMH.

®dopmyita I WBUAKOCTI PO3MOBCIOKEHHS YIapHOT XBUITI
Ma€e BUIIISA

C= & 1+E—°d
o) Eo

ne O — TOBLIMHA CTIHOK tpy6u; E — momyns mpyxmocri

. . . . 4E
Marepiany, i3 SKOro 3poOyieHHH TpyOONpoBiz; /P _
LIBUJKICTh PO3MOBCIOKEHHS MPYKHUX JeopMaliil y piguHi

3 TYCTHHOIO P 1 MOZyJeM Ipy>KHOCTI EO. Juis Bogm
C,=4/E,/p =1425m/c

Ko o Tpy6onpoBony niamerpom d pyxaeTbcs BoJa, TO

E,d
C= 1425/ 1+ =2
Eé
[ligBumenHs  TUCKYy  TpH  TiApaBIidHOMY  yHapi
BU3HaYaeThes 3a GopMyInoro
Ap=p-p,=—pC(v-0,)
e Po i Yo _ ppek i MIBUAKICTh, SKI BIiAMOBIZAIOTH

MOYaTKOBOMY MOMEHTY TIepel] TiJpaBIi4HUM  YAapoM.

MaxkcumanbHe TiABUIICHHS THCKY Prex paemo o © =0,

IV. BUCHOBKH

[IpoBeneHi 4YHCIOBI EKCIIEPUMEHTH Ha peabHHUX

JaHUX, SKI TOKa3alW 3aJaBUIbHY  301KHICTh

3aMIpsSHUX  Ta  PO3paxOBaHUX  TiAPaBISTIHUX

MapaMeTpiB y pexnuMax OJU3bKHUX JI0 CTAI[lOHAPHHIX

2. OcHOBHUH BIUIMB HAa TOYHICTh MapaMeTpiB pyxy
amiaky Mae TimpaBmigyHUH omip. ['igpaBmiunuii omip
MO’XKHa OOYHCITIOBATH 332 BIIOMHUMH EMIIpUIHIMH
(dhopmysiamu ab0 3HAXOIUTH SIK PO3B’ 30K 0OCPHEHOT
koedimieHTHOT 3amadi. OueBUAHO, 1[I0 OLIBII
JMOUUIBHIIAM € JAPYTHd  BapiaHT, OCKUIBKH
rifipaBniyHuil omip OyAe BUCTYNaTd MapameTpoM
ajanTarii.

3. TloxmbOka BXiTHUX HAHUX 3AJIEKUTH BiI TOBXUHHU
TPyOOIIPOBOAY 1 € MakCHMalbHOIO B KiHIi. Tomy
napaMerp ajanraiii JOUiIbHO BH3HAYATH 34
3aMipsSTHUMU JIAaHUMH Ha KiHIX TPYOOIIPOBOAY.

4. Tlim yac moOymoBM TapaMETPUYHOTO 3B’SI3KY MIiX
TYCTHHOIO Ta THCKOM 3a CTaJjloi TeMIepaTypu Ta
TYCTHHU BiJl TeMIlepaTypd 3a CTaJoro THCKY
Koe(ilieHTH KOPEeJAMii € ONM3bKUMHU 10 OJUHMIII.
OnHaKk BUKOPUCTAHHS OTPUMAHUX EMITPHYHHX
dbopMyn IS pO3paxyHKY PO3MOALUI THCKY B3IOBK
TpyOOIIpoBOy HE  3a0e3lmeuyroTb  HEOoOXigHY
TOYHICTb.

5. OrpuMmani pe3ynabTaTH 3a0e3MeuyloTh TOOYI0BY

KepyBaHHS MEPeXiTHUMH 0e3 YAapHUMHU PEKHMaMH

3a MiHIMaJbHHIA Yac.

=
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Anomauyia — B mnpoueci TpaHcmopTyBaHHS ra3dy € Kniouoei  cnoea—  MaremMaTH4He  MOJAEJIOBAHHS,
HAIBHUMH HOro BHTOKH B3J0BXK TpyOompoBoxy. B podoti TPaHCHOPT ra3y, KpaiioBi 3agaui, BTpaTu rasy, 06’eMHi BUTpaTu
no0yaoBaHa MaTeMaTH4YHA MoJeJb PyXy rasy B Tpy0ompoBoni, rasy.

sIKa 103BOJISIE BUBHAYUTH HASIBHICTH BUTOKY Ta HOro KOOPAHHATH Abstract — There are leaks along the pipeline in the process of

B 3QJI€KHOCTI BiJl TOYHOCTi 3aMipsIHUX BXiAHMX AaHHX i 00’€MHOT gas transportation. A mathematical model of gas flow in a

BHTPATH. pipeline is developed in this work. This model allows to
determine the leakages presence and their coordinates depending
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upon the accuracy of the measured input data and the gas
volumetric flow rate.

Keywords — mathematical modelling, gas
boundary problems, gas volumetric flow rate.

transportation,

|. Bcryil

Jlo BUBUEHHS BUTOKIB rasy i3 TpyOONpOBOIB MOXKHA
MIXOAUTH ABOMA IILISIXaMH:

A) Bech Ta30mpOBiA pPO3OMTH HA MOUISTHKH MiX
ITyHKTaM# BHUTOKIB i HA HHUX IPOBOAWTH IOCIIKEHHA PYXY
razy, y3ro/DKyIOYH MOYaTKOBI Ta TPaHWYHI YMOBH B TOUYKax
CTHKY;

B) HasBHI B3HOBX Tpacw Ta30MpPOBOJY BHTOKH
MOJICITIOBATH y3araJlbHCHUMH (PYHKITiSIMHL.

Jpyruii nuisix OUTbII 3pYYHHUH, OCKUIBKM TPaHUYHI
YMOBH B TOYKaX BHTOKIB BXOJSTh B CaMi PIBHSHHS, a TaKOX
CKOpOYY€EThCS 4Yac OOYMCIeHHs. BHU3HaueHHs BHUTOKIB rasy
0azyeThbcs Ha NOPIBHSHHI 00’ €MHHUX BUTPAT TPAHCIIOPTOBAHOTO
ra3y Ta 00’eMiB HOro BUTOKIB.

OueBHOHO, W0 BUTOKM Ta3zy € HE3HAYHUMH B
MOPIBHAHHI 3 TPAaHCIOPTOBAHMM Ta30M. 3Ha4HA KUIBKIiCTh
po0iT, TNPHUCBIYEHHUX JOCHIIKCHHIO HE3BOPOTHHX BTpaT,
0a3yloTbCsl Ha TPHUITYHIEHHI NP0 pO3PHB IIOTOKY Trasy.
Pozaxynkm mokaszyroTh [2,3], @m0 HaABHICTb BHTOKIB
NPUBOANTH 10 HE3HAYHOI 3MIHM OIIEPaTHBHHUX IapaMeTpiB
pyxy razy. Tomy Juisi BU3HA4YeHHS BHUTOKIB Ta3zy HEOOXiJHO
MaTd JOCTaTHbO TOYHY MOJIENb PyXy Ta3zy B TpyOOIpoBoai Ta
HEOOXIMHY KUIBKICTh TapamMeTpiB 1 BXIAHUX MaHUX IS
iTeHTUGIKAIl BEJIMYMHUA 1 MICIHS 3HAXO/KCHHS BHTOKY.
TouHiCTh 00YHCIIEHHS TapaMeTpiB BUTOKIB ra3y NOBUHHA OyTH
HE MEHIIIO0 33 MOXHOKy Mozeii [1,5,6]. BpaxoByrouu ckazane,
JUTA TOCTIDKEHHS OI[IHKM BUTOKIB HEOOXiTHO 3aCTOCOBYBAaTH
aHANIITHYHI MOZETI pyXy Tasy.

Il. BU3BHAYEHHA PI3HUL MDK Ob €MHUMH BUTPATAMU
TA3Y HA BXOJI I BUXOZI TPYEOIIPOBOIY

VY BUManmky BUTOKIB ra3y i3 TpyOONpOBOAY OTHHUM i3
KpUTEpiiB MOke OyTH Pi3HHIS MiX 00 €MHHMH BUTpaTaMU
BXOJy Ta BUXOAy raszy. Jlius 1poro crovaTky HEOoOXiIHO
BU3HAYMTH L0 PI3HUIIO JJIsl BUIIAJKY, KOJIM HEMA€E BUTOKY.

Bynemo BBaxkaTH, 110 NIPY BU3HAYESHH] PO3IOJIITY TUCKY B
TpyOOIIPOBOAI TPAHUYHI YMOBH 3aJJa0THCS Ha (DYHKIIIFO THCKY.
3HaleMo pPI3HUMI0O MDK 00’€MHMMH BHTpaTaMH BXOAY Ta
BUXOJly Ta3y.

3 piBHsHES cTaHy Tasy P =mzRT/q [2,3] 06’emui
BUTPATH BXOJy T4 BUXOJy ra3y BU3HAYAIOTHCS 32 GOpMyIamMu
Ovx = MZ Ry /Py Ta Oy = M2y, RTyyy /Py Bimmmoizwo.
Tyr m ta q macoBa Ta 00’eMHa BUTpaTH BiAmoBsinHo. Toxi

m m
qux —0Ow = p_ Zvyx RTvyx - p_ Zyx RTvx :

Vyx VX

Sxmo st obumcneHHS KoedillieHTa CTUCKY BHKOPUCTATH
dopmyny z=1/(1+ fp), 1o

m 1 m 1

qux —0Ox = 1+ f RTvyx - 1+ f RTvx .

pVyX + pVyX pVX + pVX
3 piBHSHHS HEMEPEPBHOCTI BUILIMBAE, 10 MacoBa BHTpaTa B
TpyOOIIPOBOAI € BENMYMHOIO CTajiol0. bynemo BBaxkaTH, IO
MOCTIMHOIO BETMYUHOIO € 1 yncio PeitHonbaca R . B pobounx
pexumax TpybonpoBoay BenuudHa fP € mocTaTHRO Majow.

Tomy mae Micue Habnwkena piBuicts Z ~1— fp . Toni

Ty + fT,, — fT,

VyX

Agq= Oux —Ow = mR | % —

VyX Pux

3a 3aaHAX TPAaHNYHUX YMOB Ha THCK Pi3HHI MiXK 00’ €MHAMHA

BUTPAaTaMH MDK BXOJIOM 1 BHXOIOM HE 3aJle)KUTh BiJ

rmapaMeTpiB TpyOOIIpOBOAY, a TINBKH BiI IPaHAYHUX yYMOB. 3

O0YHCITIOBATFHIX EKCIEPUMEHTIB BiIOMO, IO IS PIi3HHIS €

MOPIBHIHO HEBENHWKOIO i3 00’€MHOI0 BHTPATOIO B3IIOBXK
TpyOONpPOBOIY.

SIKmo mpu 3aJaHaHUX TPaHWYHUX YMOBAX PI3HUIA

MK 00’€MHMMM BUTpaTaMH MDK BXOJOM i BUXOJOM AQ, He

CHiBmagae 3 BU3HAUeHOIO Bume A(, TO B3IOBX TpacH €
HasiBHUMH BUTOKHM a00 NMPHUTOKHU Tra3y. [Ipuyomy iX BenuumHa
BU3HAYA€ThCA pi3HHUIEI0 MK AQ Ta AQ,, TOOTO BelnYuHA
BUTOKY 0,y Oyze

Oyt =Aqg, —Aq.

\Il. BHABJIEHHA BHUTOKIB TA3Y HA  FA3I
HECTAL[IOHAPHOI'O PYXY I'A3Y B TPYEOIIPOBOLAX

AHAJII3Y

Po3rissHeMo MaTeMaTHYHY MOJIEIb TPAHCIIOPTYBaHHS
rasy 3a HassBHOCTI B3JIOBXK Tpacu komrpecopHux cranuiii (KC)
Ta B1I00OpIB, ONMUCYIOUM iX y3araJbHeHUMH (yHKUisMH. Mix
KC Ta Bimbopamm 1 BHTOKaMH Ta3y MOXHa BCTaHOBHUTHU
HACTYIHY BIIMOBITHICTH — B TOYKaX BUTOKY MAa€ MicIe 5K
30ypeHHs THCKY, TaK i 3MiHa MacH TPaHCIIOPTOBAHOTO Ta3y.

B i3oTepmiuHOMYy peXHMi 3 HEXTYBaHHSIM CIIIH
Kopiomica mpum  mocTiiHOMYy  3Ha4eHHI  KoedilieHTa
CTHCIIMBOCTI Z TIPOIEC PYXY OMUCYETHCS CHCTEMOIO [2,3,6]

a_a)+6_p+aw bp = ©(x,t),
ot ox (1)
6_a)+ Lo =¥(x,1).
ox c?ot
OyHKIiT
|
OMt)=D" Py O(x—x) [t —ty) —1(t—t)]
i=1
Ta

J
Pxt)= quS(x X)) [nt=t;) ~nt—t)]
j=1

MOJICIOIOTh HAsBHICTh MO Tpaci KOMIIPECOPHMX CTaHIIH B
Toukax X=X, i=1]1

X:Xja J::L_‘]a

tyi, 1p; Bignosimwo, F — muoma nomepeunoro mnepepisy

Ta TYHKTIB BiBOAY B TOYKax

3 yacamu BKJIIOYEHHS by, 1 i BUKIIOYEHHs

TpybonpoBoay, 3HaK (+) BKazye Ha BiIBij rasy, a (—) — Ha
TIOCTYIUICHHSI.

JociipKyeTbes Tporiec pPyXy
TOPU30HTAJIBHOMY TPYOONpOBOMi HOBXUHH |
TpaHMYHUX YMOB Ha QYHKIIIO THCKY

P(0.1) = Po (1), P(L,1) = Py (1)
a00 MacoBoOi BUTpaTH

@(0,1) = aay (1), (1, t) = oy (1).
3a TOYaTKOBY YMOBY NpPHWHMAETHCS BiIOMHU CTalliOHApHUH
posmogin Ttucky P(X,0) = p,,(X) abo wmacoBoi Burparn

@(X,0) = @y, (X).
B 306paxkennsx Jlammaca-Kapcona [4] cuctema (1) Oyne

rasy B
3a 3aJlaHUX
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(s+a)w+d—p—b p =Sy, +0;
dx
_ )
do s — s ¥
M + 2 p= el Pom + T,
Je S — mapamerp meperBopennst Jlamiaca, P= p(X,s),

o=w(xs), 0=0(xs) it VY=Y(xs) — 300paKEeHHS
Jlammmaca-Kapcona BiamoBimHWX oOpwHriHamiB. 3a  CTamux

T'PaHUYHO-TIOYATKOBUX YMOB 3aMicTh QYHKIIHA P 1 ® BBEIEMO
B po3rIIAn byHKmii p=p+ xhy /1= pox Ta
w=w+xN, /|-y, ne hy=py =P, h,=mp — oy, axi

3aJI0BOJIBHSIOTh ~HYJIbOBI TpaHMYHi yMOBH. B  HOBUX
MMO3HAYCHHAX cucTeMa (2) Oyze

s+a ——bp=g,
(s+a)o+ x p=¢,

_ 3
4o, 55 o
a2

IS

l —
P1=S Wom = (S + Q)+ Ny +bPgy + OX, ) +
X
T[(s+a)hw—bhp},
Ta

S 1 S 1 XS
== Py +-h, == po, + P(X,8) + = — Py Ny
(2] 2 Pon o 2 Pon (x,s) | c2 Pom Np

Cucrema (3) po3B’SI3y€ThCS 3 BUKOPUCTaHHAM psniB Dyp’e 3a
cunycamu [2,4,6], T0OTO

P(x8)|_& [p(9)] . nzx
{ax,s)}‘nz_l {;,n(s)} T

Po3B 130k cuctemu (3) B 300paxkennsx Jlammaca-Kapcona mae
BUTIIS

B(S)= Vo l[ @10 +D B, ()~ (s+2)5(5) |-
on(9) =V, I[cozn = 6n(s)}.

Slkwmo nosnauntn &, =(1-blv, )/(vn 1/¢)?, 1o

2
(S)__(V IJ an ;[wln_vnl(s"'a)(%n]s

(s=51)(s-5,)

sl:%(—a—«/az — 4, ] S, :%(—ah/az — 4, J

Jns obuncneHHs KoedillieHTIB @y, Ta ¢,, MAalOTh Micle
dhopmynu:

IS

o zén[(s+a)hm—bhp}+
1 _
Qn{swom _(S+a)wok +Thp +bp0k}+®“(s) !

~ S
(/)ZI’] :ljnc_zhp

BBC,HGMO IIO3HAYCHHS

+y,(9).

S 1
+vn C_2<pom_ pon)+Th(o

. 1
dlzlgn(ahw—bhp)+0n[fhp +bpy, —aa)okJ—avn pah,,

dZ_Vn w+‘;n(wom _wok)_

1 a .
—Vy I[Tﬁn hw +C—2(‘}nhp +l>n(pom — Pok ))J’

d3:_Vn

Tomi

300pakeHHIM

£inls)=

1.
IC_Q(Ithp"";n(pom - pok))’

b (s)=—(ij2—v”'
b il) (s—s)(5-55)

{o|l +5d, +5%d; + @, (s) — v, I(s+ a)\I’n(S)}. @)

i-1

S

(s—-s)(s-5,)

i=123.

_ 1 | X e’tli S
En(®)=] D Py {
i=1

S+a

gsn(s) =

(s—s)(s—
X(EZn(S) + agln(s)) -

52)

BIIOBIIAXOTH OpI/IFiHaJ'II/I

‘fln( )

§2n (t) -

B
Gn (1), 1

§5n (t) - Z

J—l

1

=

;s

(5-s)(5-5,)

(s—s1)(s— 52)}
Tt 3 B [t

E=

e*tzj s (§2n (s)+ agln(s))}

st St

518,

oSt _

(s,-%1)

Slt

)

+ i
51(52 - 51) Sy(Sp —$1)

§3n (t)

zt _sleslt

( -5)

K

§4n(t)— z pstl !

t<

qje
F

b

A

vpl

0’
&t )+ag, (t-,). 68, |

H

0, t<ty
Gn (=), > ]

0, t<ty; ~
Snlt=t)+ag, (t-t ;). >t ;

t<ty 1

Takum 9uHOM OpHTiHATIOM 300paXkeHHs (4) € yHKIIisA

JORE

2
80+ oo )+ i)

2
(Ej L0+ 5,00,

OcCKinbKM OpHriHaIM Koe(ilieHTIB psiay po3kinany (yHKii
Tucky B psan Dyp’e 3HaNWAEHO, TO MOXHA BBaXkaTH, LIO
3HAlICHO PO3B’sI30K ChopMyIbOBaHOT 33124l CTOCOBHO THCKY.

IV. 3MIHA MACOBOI BUTPATH I'A3Y

B kinmieBoMy pe3yabTati po3noIija THCKY B TPYOOIIPOBOII 3a
MPUAHITHX KPAHOBUX YMOB BU3HAYAETHCS (POPMYIIOI0
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P(X.t) = Pox —Ilhp —Zilm{ﬁn(t) }sin@ . (5
n=1

Maca ra3y, SKAH MICTUTbCI B TpyOi, BU3HAYAETBCA 3a

| |
S .
dopmymoro M = S_([pdx = ﬁ-([ p(x,t)dx . SIkmo B ocranmiit

(opMyJIi BUKOPHCTATH CITiBBIAHOUIEHHS (5), TO OTPHMAEMO
t

2 1—(-1)"
—S—Ij pOk_ihp_§Z¥lm{pn(T)} dr =

s
ZRT | )

Sk [ ) il ” Im j" (r)dr
ZRT pOk = ] pn
SIxmo
t
= [ Ba(x)d7 .
0
TO

2
U, (t)= _(IE) VI_[dluln (t)+d,U,, (1) +d3Us, (t}—

2
_Gj LU+ U ®, Uyt
Vn

BuxopucroBytoun BusHaueHHS QyHKuiit &, () , oTpuMyIoTh-

)=[én(o)dz.
0

cs popMynu:
t et -1 e%' -1

Uin (1) = 515, B sS(5,-%) S5(5,-5)
U,, (t)=[(e52‘—1)/52—(eslt—1)/51}/(52—51),
Us, (t) _ (eSzt _eSt )/(52 _51) ,

14 _u [0, t<t; [0, t<ty |
U, (t)== pgi€ ™ { -
() I Z ! [ Ui (01, 25 [Ugjp (=), 15t |

9
U5n(t)772 FJE B
=t
0, t<t 0, t<ty, 1,
U jm (=t )+al o, (1), 0 Uzjnz(t7t2j)+aU1jn2(t7t2j)>t>t2j7

IS
t_tij eslt _esltii eszt _eSZtij

T2 2 '
$1S  Si(S;—51) S3(Sp—S1)

Takum yMHOM Maca ra3y B TpyOOIpOBO/Ii OOUHCITIOETHCS 3a
(hopmyoro

Sl X 2 &1-(-1)"
My =2 o=y - 23 imu, )

zRT )

Uljni (t) =

[lepeTBOpMMO OCTaHHIH BUpa3 TAKUM YHHOM, 1100 MOXKHA
OyI0 HOTr0 BUKOPHUCTOBYBATH AJISI BUSIBIICHHS BUTOKIB Ta3y.

Sl x
M s~ 7RT |:( Pok — jt:| +

25 S 1)
7ZRT i n
2sc? &1-(-1)" (1 2
- ———ImJ—U,,(t)+c"Ug, (1) r.
TIRT é n v, An( ) Sn( )
AmHani3 ocraHHbOI GOpPMyNH TOKa3ye, 110 32 BUTOKU

m {Vi[dluln (1) +daUqq (1) +dgUs, (t]} -

rasy BiANOBigaTh 1Ba JomaHkd - Uy, (t) ta Usg, (t)
O4eBHAHO, IO I BUSABJICHHS BHTOKIB ra3y HEOOXiTHO, MO0
BKJIQJA [HX JABOX [ONAHKIB OyB OUIBIINM 3a MOXHOKY
obOuncieHHs, a e Oyde 3amexard Bix 00’€My BHTOKIB (| i

3MIHM THCKy B OKOJIax BHTOKIB Pg; Ta wuacy t.

Baenemo no3HadeHHs:

Sl X
Mzsl RT |:( Pok — h )t:|+

2 w1_(_1\"
| 25¢ Z1(1)I

m {:I:dluln (t)+dUy, (1) +d3Us, (t]}.

7ZRT {7 n
2sc? &1-(-1)" [1 2
M., =— Im{—U,, (1) +c U, (1) .
252 TIRT nz=1 n v, An( ) Sn( )

s BU3HAYCHHS BUTOKIB Ta3y HEOOXiTHO BH3HAYHUTH
HACTYIHI TapaMeTpW: MiCIsI BHTOKIB; O0’€MH BHTOKIB;
3HAYCHHS THCKIB B OKOJIAX TOYOK BUTOKIB; YaCH IOSIBY BUTOKIB.

V.  AJIrOPUTM BU3HAYEHHA BKA3SAHUX [TAPAMETPIB.

1. 3a 3ajaHUMM BXiJIHUMHU JAHUMH OOYMCIIIOIOThCS
BenMUMHU M, Ta M, Md Pi3HUX 3HAaUEHb YacCiB.

2. Jlnst THX 3HaueHb 4aciB t,, qud skux M

282 = <M zs1
BU3HAYHTH TMApaMeTpd BHUTOKIB HeMoxkiuBo. [msa ix
BU3HAYCHHS HEOOXiMHO 30UIBIINTH Yac AOCHIIKEHHS IOTH,

MOKK He OyJie BUKOHYBaTHCh HEPIiBHICTE Mo, > M, .

3. Jlns Bu3HA4YeHHS TNapaMeTpiB BHUTOKIB OyIyeThCs
cucTeMa anreOpaldHuX piBHAHB (JIHIHHAX YU HENIHIHHUX).
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Brus [TosepxHi Katamzaropa Ha Tonky CTpykTypy
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Influence of the Catalyst Surface on the Fine
Structure of Oscillatory Carbon Monoxide Oxidation
Reaction

Petro Kostrobij, Iryna Ryzha

dept. of Applied Mathematics
Lviv Polytechnic National University
Lviv, Ukraine
iryna.a.ryzha@Ipnu.ua

Anomauyis—JlocaixKeHo TBOBUMIPpHY MaTeMaTH4YHY MoJAe]b
OKHCHEHHSI MOHOOKCHIY BYIJVIEHI0 HA TOBEPXHi NJIATHHOBOTO
KaTajgizaTopa 3rinno mexanizmy Jlenrmiopa-I'inmenByna, sika
BpPaxoBY€ BILIMB HAHOHEOAHOPiAHOCTeli MOBepXHi KaTajizaTopa,
MOYHHAIYH Bil CTPYKTYpHOI mepedyI0BH, CHPUYMHEHOL
aficop6aToMm, i 3aBepuryioun ¢OpMyBaHHAM HOBHX KPHCTATIYHHX
rpaneii. BcranoBjieno, mo cTpykTypHi 3miHu moBepxni Pt(110)
CYTTEBO BILITMBAIOTH HA XapaKTep KOJHMBHOIO PeXKAMY peakiii,
BUKJINKAIOYN TOSIBY TOHKOI CTPYKTYpPH (KOJIMBaHb 3MilIaHOTO
pexumy).

Abstract—A two-dimensional mathematical model of carbon
monoxide oxidation on the platinum catalyst surface is
investigated according to the Langmuir-Hinshelwood mechanism.
It considers the influence of the catalyst surface
nanohomogeneities, starting with the adsorbate induced structural
transition and ending with the forming of new crystal facets. It is
established that the structural changes of the Pt(110) surface
significantly affects the character of the oscillatory mode of
reaction, causing the appearance of a fine structure (the mixed-
mode oscillations).

Knwuosi crosa—kxamanimuuna peakuyis OKUCHEHHA; PeaKuiiiHo-
ougpysitina moodenv; mamemamuyne MOOENIO6AHHA PeAKUIHO-
ougpysitinux npoyecie

Keywords—reaction of catalytic oxidation; reaction-diffusion
model; mathematical modeling of reaction-diffusion processes

l. BcCTynn

Brponosxk OCTaHHIX JECATHIITH SIBHIIEC HEIIHIHHOT
JUHAMIKH PeakKIliifi TeTepOreHHOTO KaTalli3y CTallo MPeIMeTOM
0araThb0X TEOPSTUYHUX Ta EKCICPUMEHTAIBHUX JOCIIHKECHb Y
3B’SI3KY 3 MOXKITUBICTIO iCHYBaHHS aBTOKOJIMBHOTO PEXKUMY (TaK
3BaHMX XIMIYHMX XBWIb) [l] B peakuisx KaTaJliTHYHOTO
OKHCHEHHA YaHoro ra3zy (CO) Ta KaTaJiTHIHOTO BiHOBIICHHS
okcuay azoty (NO) Ha moBepxHiI METalliB TUIATUHOBOI TPYIH
(mnmatuHa, manaaii, pomii).

Icropu4HO TEpUIMMHE MaTeMaTHYHUMU MOJEISIMH, B SIKUX
BIAJIOCSI TTOSICHUTH aBTOKOJIMBHUH PEXMM peakiii OKMCHEHHS
CO na nosepxHi wratuaOBOTO (Pt) KaTamizaropa, 6ymu Mozeni,
3anporionoBani  Kpimep,  AiicBiprom, Epriem (KEE
Mmojenb) [2] ta 3ipdom, I'ynapi, baprragom (ZGB moaens) [3].
HacrynHi Binomi 3 jiTeparyp yJIOCKOHAJIEHHS LIUX MOAENEH
[4-7], Ha xanb, He JO3BOIIIIN OTUCATH YCi EKCIIEPUMEHTATBHO
CIIOCTEpE)KYBaHI  SIBUINA, XapakTepHI Juld  peakuiiHo-
Iudy3ifHUX MPOLECiB HA MTOBEPXHI KaTaji3aTopa, HAIPUKIA,
HAsSBHICTh 3HAYHHX EJEKTPHUYHMX TOJIB OiII TMOBEpXHI
Karamizatopa [8], MOXJIHMBICTh KOMOIHOBAHOTO MEXaHI3MY

MIPUTIOBEPXHEBOTO Ta MOBEPXHEBOTO OKHCHEHHS,
¢dpakTanpHiCTh TOBEpXHI [9]. AKTyaJbHUM 3aJIMIIAETHCS
MMUTaHHS TPO PO3BHTOK IMIAXOMiB /0 MAaTeMaTHYHOTO

MOJICTIIOBAHHS BIUIMBY PEKOHCTPYKIIi 1 TOMOJOTIi MOBEpXHI
KarajizaTopa Ha Mmepebir peakmiiHO-TuQy3IHHIX TPOIECiB.
Po3ymiHHS Takux BIUIMBIB JO3BOJIUTH Kpallle YCBIIOMHTH
MPOIIECH caMoopraHizamii ckIagHimux (moOyJoBaHUX i3
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JICKUTBKOX KOMIIOHEHT) CHCTEM, ONTHMI3yBaTH IOBEPXHIO
KaTayizaTopa, 3MIiHIOIOYH PO3Mip Ta TeoMeTpito obmacteil i3
PI3HOIO PEaKTHBHICTIO.

Metoro wiei pobotm € moOymoBa Ta  OCHIHKEHHS
MaTeMaTHYHOI MOJENi  peakIiiHO-Tudy3iiiHUX MpPOIECiB
okucHeHHs CO ©Ha moBepxHi Pt-karamizatopa 3amisa
BCTaHOBJICHHS 3aKOHOMIPHOCTI BIUIMBY Ha Tmepedir Iux
TIPOIIECiB 3MiH y CTPYKTYpi OBEPXHi KaTajizaTopa.

Il.  OmIMc MATEMATHUYHOI MOJIEJII

Po3risiHyTO MaTeMaTuuHy MOJIEeNb peakLiiHO-1n(y3iiHIX
mporeciB okucHeHHS: CO Ha moBepxHi Pt-kartamizatopa Ha
ocHoBi y3aransHeHHs KEE-Monerni, sika BpaxoBye:

e ocobmBocti MexaHi3My Jlearmropa-I'immensyma [10]
MIPOXOIKCHHS XIMIUHOI peaKiii;

® IBOBUMIPHICTh MOBEPXHi, HAa SAKi MPOXOAUTH PEAKIIis
KaTaTiTHYHOTO OKUCHEHHS,

e T1epeOynoBY HaHOCTPYKTypu moBepxHi Pt(110) B
npoueci okucHeHHs: CO, MOYMHAIOYM BiJl CTPYKTYpHOT

nepeOymoBH, chOpuamHEHOi axacopbatom [11], i
3aBepiIyloyn  (OPMYBaHHSAM HOBUX KPUCTAIIYHHX
rpane [12].

KinetnuHi piBHSHHS, SKI OIKMCYIOTH 3MiHYy B uaci

MMOBEPXHEBHUX NOKPHUTTIB agcopbosarmx CO (U )10 (V), MaroTh
BUTJIS;

66_u_pco usu 1-|— _k1uv_
uS
(1)
2 2
_k2u+DXal:+ ygy—lzj,
X
ov u v ’
—_—= kS, | 1-——— | —kuv. 2
ot po2 vEyv u Vv 1 ( )

S S

TyT Peg s Po, — mapIiankHi THCKH BIIMOBITHUX PEYOBHUH;

K K, — YaCTOTH 3ITKHEHb MOJICKYJI 3 TOBEPXHCIO, Su , S, —

u? \2 v

Koe(iLiEHTH HAUIaHHSA; Ug, V, — HOKPUTTS HACHYEHHS; kL2 -

S
Koe(illieHTH, SIKI XapaKTEepU3YIOTh BiJIIOBIHO IIBUJIKOCTI
peaxuii Ta necopomii monexkynu CO 3 moBepXHi KaramizaTopa,

D,, — xoedinientu mudysii CO B Hanpsmky oceit Ox ta Oy,

aki g Pt(110) HampaBieHi B3IOBX NEPIEHANKYISPHUX
HarnpsIMKiB [110] Ta [001], BiMOBimHO.

PiBusianA (1) oncye 3miny noBepxueBoro nmokputrts CO min
BIUIMBOM MOJIEKyIsipHOi axcopOmii CO, XiMmigHOi peakrii 3
agcopboBannM Ha mosepxHi O, mecop6buii CO 3 moBepxHi
Kartamizatopa Ta audysii monexyn CO y nBox Hampsmkax OX
ta Oy .

PiBHsiHHS (2) onmcye 3MiHY ITOBEPXHEBOTO MOKpUTTS O mix
BILTMBOM JIMCOIIIaTUBHOT aIcOPOIIil KHCHIO Ta XiMIYHOI peakiii
okucHenns CO.

BaxmmBe wMicue y mpoueci oxucHeHHs CO 3aiimae
MOJKJIHBICTB nepeOynoBu HAaHOCTPYKTYpH  TOBEPXHi
KaTaji3aTtopa, SKka CTUMYJIOEThCS HasBHICTIO Ha IOBEPXHI
anpcopboBarnx Mmoiekyn CO. 3okpema, 3a TIEBHHX YMOB
MIPOXOKEeHHsI XiMiuHOT peakuii Ha Pt(110) moxe BinOyBatucs
CTpPYKTYpHHH mnepexig 1x1<>1x2, a Tako}K OrpaHIOBaHHS
moBepxHi (popMyBaHHS HOBHX KPHCTANIYHUX TpaHei). YacoBy
EBOJIIOLIII0 YaCTKM TOBEpXHI Karaji3aTtopa HerepeOyaoBaHOi

(moBepxus THmy 1x1) crpykTypm (W) Ta CTymeHs
OTpaHIOBaHHS TIOBEpXHI Kartamizaropa (Z) 3MOJEITI0EMO
PIBHSAHHIMU:
ow
— =k, (f(u)-w), 3)
ot
1674
E=k4uvw(l—z)—k52(l—u). 4

Tyt f(u) — HecmamHa Thaaka (QYHKINS, ska HaOyBae

3HAUeHb 3 IHTEpBAITY [0;1]; Kyus — Koedimientu, sxi

XapaKTepU3ylOTh  BIAMOBIAHO  MIBHIKOCTI  CTPYKTYpPHOTO
nepexoay, GopMyBaHHS I'paHeil Ta TEPMIYHOTO BiaIamy.

PiBasHHs (3) ommcye 3MiHy B 4Yaci 9YaCTKH MOBEpPXHIi
KaTtaiizaTtopa y HermepeOynoBaHii cTpykTypi 1x1 mix BrumBoM
CTPYKTYpHOro mnepexony 1x1<>1x2, SKkuil CTUMYIIOETHCA
HasIBHICTIO Ha NMOBEPXHIi aficopboBanux Monekyn CO. DyHkIiio

f (U) 3MOJICIOBAHO aHaJoriyHo 110 [13]:

-1
u

uO u,
f ={l+exp| —— , 5
(u) +exp 50 5)

ae U,, dU — mapaMeTpu CTPYKTYPHOIo nepexomy 1x1<>1x2
Ha Pt(110).

PiBassHHS (4) ommcye 3MiHY CTYIIEHS OTPaHIOBAaHHS
HOBEpXHI MiJ BIUIMBOM XIMIYHOI peakiii OKHCHEHHS MIX
anpcop6oBaanmu CO i O Ha HerrepeOynoBaHiid 1x1 moBepxHi Ta
TeMIlepaTypy MilKIaay, MiABUIICHHS SIKOT pa3oM 3 BHCOKHMHU
nokputtssMu CO crnoBibHIOE TIponiec (OPMyBaHHS HOBHX
KpUCTaTIYHHUX TpaHelt [2].

3MiHH y CTPYKTypi TOBEpXHi KarajizaTopa MOB’sA3aHi 3i
3MiHAMH HOTrO  aacopOIifHMX BIACTUBOCTEH, OCOOIMBO
BiHOCHO KucHI0. Bimomo [10], mo koedili€eHT HaTUTAHHS
KHCHIO CyTTEBO 3aleXHTh Bif CTpykTypn Pt, Tomy S, y

piBHSHHI (2) 1151 3MIHH V 3aIHAIIEThCS, SK JIHIITHA KOMOIHAITIS:
S, =S, W+S,, (1-W)+5,,2, (6)

ne S,1,3 — koeillieHTH HaTMIAHHS KICHIO 1S CTPYKTYp 1x1,
1x2 Ta mpM MaKCHMaIBHOMY CTyIIeHI OrpaHIOBaHHA Z=1,
BIJIIOBIIHO.

Koedimienr  k,, sxmil xapakTepusye  MIBUIKICTH

(hopMyBaHHSI TpaHeH, € CTATMM 1 HE 3aJIeKUTh BiJl TEMITEPATypH

161



kartamnizaTopa T . Toxi six KoedinieHTn mBHAKOCTEH peakii (K,
), necopbuii Monexyan CO 3 noBepxHi katamizatopa (K,),
cTpykTypHOro mnepexony (Kk,) Ta Tepmiunoro Bimmamy (K )

3ajyexath B T 1 NiATOPSIKOBYIOTHCS PIBHAHHSIM AppeHiyca
[14]:

K =k (T) =K’ exp[—:—_il_j, i—1235  (7)

0 e . . .
ne K — moctiiiui, siki He 3amexars Bix Temmeparypu; E, —
eHeprii aktuBalii; R — yHiBepcanbHa ra3oBa craja.

Piasians (1)—(4) ckiragaroTh 3apONOHOBAHY MaTEMATHIHY

MOJICNIb MPOLIECY OKWUCHEHHS MOHOOKCHIY BYIJICHIO Ha
MOBEPXHI IJTATHHOBOTO KaTalizaTopa.

[1l. YUCJIOBU AHAJII3 MOJIEJII

Martemarinana moneib (1)-(4) — me cucteMa YOTHPHOX
HENIHIMHAX PIBHAHBP Yy YaCTHHHUX NOXITHUX, BH3HAUCHA B
3aMKHYTIl KBajparHiii 006JacTi Qz{OSX,ySI} , me | —
napameTp, SKuii BAOMPAEThCs 3 eKCIIEPUMEHTAIBHUX JaHHUX O
posmipax kpucramy Pt, 1=10"° M [15]. Hapami yci 3minni
BBaXarOTbCs Oe3posMmipHuMu. [lpomexypa o00e3po3MipeHHs
HaBeneHa y [15].

Po3B’s130k cucremu (1)—(4) 3a10BONBHSIE IOYATKOBI YMOBH:

u(x,y,0)=U,,v(x,y,0)=V,,
w(x,y,0)=W,,z(x,y,0)=Z,

®)

Ta KpaloBi yMOBH

U(O,y,t) :UO!aU(I,y’t) :0!
ox ©)
ou(x,1,t)
u(x,0,t)=U, o =0,

ne (x,y)eQ, te[O,r]. Tyr U,, V,, W,, Z, — noyarkosi
3HAYEHHS TOBEPXHEBHX IOKPHTTIB.

Po3p’si30k  cuctemu (1)—(4) 3HaiijeHO YHMCENBHO 3a
JOTIOMOT OO TIPOTpaMHOTO TIpoaykTy Matlab, BukopucToByroun
BOynoBanuii kon odelSs [16]. ExcniepuMeHTa bHI 3HAYCHHS

napameTpis peakiii (K., , S, Sz Uss Voo Doy Ug, SU, K;

u s X,y

, 1=15), aKi BUKOPUCTOBYBANMCA B YUCIOBUX PO3PAXYHKAX
HaBeseHO y [15]. Pesynbratu uncioBoro anamizy cucremu (1)—
(4) nomano Ha Puc. 1-2. IlapuianbHi THCKH P, Ta Po,, a

TaKOX TeMIlepaTypa KaTaiizaropa T BHCTYIAIOTh 30BHIIIHIMH
rnapameTpaMu MOJICTIi.

3 Puc. 1-2 BuzHO, 1110 AMHAaMiKa 3aJI€)KHOCTI IOBEPXHEBUX
u(x,y.t),  v(x,y.t),
HenepeOynoBaHoi cTpykrypu (1x1) w(x,y,t) Mae€ SICKpaBy

MTOKPUTTIB YacTKA  TIOBEpPXHIi

OCHWIAIIIIHY MOBEIIHKY 3 MEPioJ0M OCUWIALIH, KUl c1adbo
3aJISKHUTB Bill Y -KoOpauHATH. BogHOYac aMIUTiTy THI 3HAYCHHS

3MIHIOIOTECS 31 3MIHOIO Y , IIIO TOBOPHUTH NP0 BIUTHB JH(Y3ii

CO B3n0Bk oci Oy , Hespaxaroun Ha e, mo D, [ 0,1D, [15].

0.2

0.198

0.195

0.196

0.194

\'\;7 RS - = 10

Puc. 1. 3anexuicte noBepxHeBux mnokpurrieB CO, O, wacTku NOBepXHi HemepeOyHOBaHOI CTPYKTYpH Ta crymeHs orpaxioBanus npu DDy = 10,
Pco= 3,53x10% IIa, Poz = 8,53% 10° ITa ta (ikcoBaHOMy 3Ha4eHHi koopauHatH Y = 0,1.
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0.198

0.196

Puc. 2. 3anexuicte mnoBepxHeBux mokputTiB CO, O, 4yacTKH IOBepXHi HemepeOyIoBaHOI CTPYKTYpH Ta CTymeHs orpaHwooBanHs npu DDy = 10,
Pco = 3,53x10° Ia, po, = 8,53x107 INa Ta hikcoBaHOMY 3Ha4eHHi kKoopauHaTH Yy = 0,5.

He3Baxkaroun Ha TC, IO BCIWYMHA CTYNCHSA OrpaHIOBAHHSA
z (X, y,t) c11a00 3aJIeKUTh Bijl 4acy 1 KOOpIUHAT, pPO3paxoBaHa

JMUHAMIKA 3aJISKHOCTI MOBEPXHEBUX IOKPHUTTIB JIEMOHCTPYE
KOJIMBAHHS 3MIMIAHOTO PEeXHMY, SKi  CIIOCTEpIraroThCs
excriepuMenTaibHo Ha Pt(110) [2], ame sxi He BiaBajoCh
nepenbaunTa  omHOBHMipHUME MoxeisMu  [13].  TlonmiOne
YepryBaHHS KOJMBaHb PI3HUX BEIUKHX 1 MaJIMX aMILTITY/
(TOHKa CTPYKTypa KOJHBHOI peakilii) MOSCHIOETHCS 3MIHOIO
KIJIBKOCTI aJICOpOLIHHMX EHTPIB Ha OBEPXHI Karaii3aropa Ta
301IbIIEHHSIM KOeDIIli€eHTy S, Ha OrpaHEHii MOBEPXHi.

IV. BHCHOBKU

Y poGoTi moOymoBaHO Ta JOCHIIPKEHO BOBHMIpHY
MaTeMaTHYHy MOJEJb OKHCHEHHS MOHOOKCHJY BYIJICIIO Ha
moBepxHi Pt-katamizaropa 3rimHo MexaHi3my JleHrmropa-
lHmenBya. TlokazaHo, 10 BpaxXyBaHHSA HaHO-
HeogHopigHOcTel  moepxHi  Pt(110)  (moumHaroum  Bif
CTPYKTypHOi TepeOynoBH, CIpHYMHEHOi ajxcopbaTom, i
3aBepIIyrour (HOPMYBAHHSIM HOBUX KPHCTAIIYHUX TpaHeil)
BILUIMBAE Ha XapaKTeP KOJIMBHOT'O PEXKUMY PEAKIIiT, BUKINKAIOYH
TIOSIBY TOHKO{ CTPYKTYpH, sKa criocTepiraerbes
EKCIIEPUMEHTAJIBHO, alie SIKy HE BJABAJIOCh Iepea0adnTH
IHIIIAMU MOJIEIIIMH.
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Anomauia — Po3po0dieHo KOMI'IOTEPHY MOJedb MNPOoILecy
eJIeKTPOKOAryJIsIliifHOr0 OYUIEeHHs CTIYHHX BOJ BiINMOBigHO 10
HOIJ Ta II 3akoHiB peryiawBanHs. IIpoBeneHo mnopiBHAIbHU

aHani3 edeKTUBHOCTI cHCTeMH T@IPH JMHAMIYHO 3MiHHHX
KOHLEHTPAaNisiX BXiTHOT0 3a0pyIHEHHs.
Abstract— A computer model of the process of

electrocoagulation wastewater treatment in accordance with the
PID and P laws of regulation has been developed. A comparative
analysis of the system efficiency at dynamically changing
concentrations of input pollution is carried out.

Knrouoei cnoea — mamemamuuna mooenv, Ounamiuna
onmumizayisa, agmomamu306ane KepyeanHs, e1eKmpoKoazyiayis,
enekmpoanizep.

Keywords — mathematical model, dynamic optimization, automatic
control, electrocoagulation, electrolysis

I. Bcryn

OnTuMainbHe KepyBaHHS BHMarae BiJIOBIIHOI anpiopHOi
(amexBaTHOI MPOTHO3HIM MOJENi) Ta amocTepiopHOi (TMOTOYHI
BUMIpIOBaHHS Ta pe3yiabTaTh o00poOku) iHpopmamii. e
BHMAara€ BHKOPHCTAHHS HEIOPOTHX Ta e(eKTHBHHX 3aco0iB
OIIHKHY Ta igeHTHdikamii, A7 SKUX HAHOLIBII TepCIIEeKTUBHUM
€ BUKOPHCTAHHS iHTENEKTyalbHUX MiJXOMIB (METOMIB CHCTEM
IITYYHOTO IHTENEKTY), 30KpeMa, HEHpOHHHX Mepex Ta
HEYITKUX JIOTIYHHUX CHCTEM, 3JAaTHUX [0 HaBYaHHSI 1 €
yHIBepCaJIbHUMH Ta €()eKTHBHUMH alIPOKCHMAaTOpaMHU.

Ihor Ilkiv
Department of Higher Mathematics
Rivne State University of Humanities
Rivne, Ukraine
ihorilkivv@gmail.com

Il. ®OPMVJIIOBAHHSI MATEMATHUYHOI MOJIEJII

Y poborax [1-4] Hamu Oyno moOym0BaHO MOJETBHY 3a/1auy

IpolLecy  OYHMIIEHHS  TEXHOJOTIYHOI  BOJM  METOJOM
€JIEKTPOKOATYJISAIIIi:

dc L
—~=-(C,-C)-®(C,T,1);

ar 1

T—=—(D(C, T, )VH, —cSL(T-T,,))-(T-T,).
C(0)=C,,T(0)=t, 2)
ne C - KOHIEHTpallis IIbOBOTO KOMIIOHEHTY Y BOJII,
C,- KOHIICHTpALis 3a0pyAHEHHS Ha BXOi,
T - TemmepaTypa BOAM B peakTopi, 1, - TeMmIeparypa

HaBKOJIMIIHBOTO CEPelOBUIA, T, - TeMIepaTypa PiIMHM Ha

Bxomi, | - cwma ctpymy, (D(C,T, I)=(a +a,T +a,C+a,l),
8,...8, - eMmipuyHi koedilieHTH, S - TJOWIAa NOBEPXHI

MIPUCTPOIO, poboya 30Ha, L - 06'emHe crio>xuBaHHS piguaH, V
- 00csar pobouoi 30HM KOMIPKH, C - NUTOMa TEMJIOEMHICTh
pimuHH, p - OIBHICTH Bogu, K - koedimieHT TemnoBigmadi,
H¢ - Tennosuil edekt npouecy (peaxuii eaeKTpoKoarysiii),
T - CTana 4acy.

Oco0uBiCTb Hi€T TOCTAHOBKH 33/1a4i MOJISITAE Y TOMY, 110
cucreMa piBHAHB (1) BpaxoBye mporecy, 0 BiOyBalOThCs B
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CJICKTPOKOATYJISITOPi, SK CYKYIHICTh B3a€MOJIl  Pi3HHUX
(akTOpiB 3aJIe)KHO BiJl KOHIICHTpAMii TBEPIUX PEUOBHH Y BO/II,
NPUKIAJEHOTO CTPYMY, LIBUAKOCTI MOTOKY Ta TEMIIEPaTypH
piiMHM, cepeloBMIA, BOAW B EIEKTPOKOAryjsaTopi,
KOHCTPYKTHBHI [TapaMeTpH KOoaryJssropa.

I1l. EKCIIEPUMEHTU TA X AHAJII3

Po3B’si30k cucremu (1) 3a ymoB (2) OyB 3HalmeHHH 3
BUKOpHCTaHHAM nakeTy Simulink (puc. 1). Bxigni napamerpu
Ii€T MOJIENTI BKITIOYAKOTh: KOHIICHTPAIIiF0 3a0pyAHECHb Ha BXO/II,
00’eMHUI TOTIK piguHE, 00’€M poOOY0i 30HHM peakKTopa,
MOJTAaHUN CTPYM, TEIUIOBUH e(eKT peakiii eIeKTPOKOoaTyIILil,
KOE(QIII€HT TEIUIOBIANadi KOarylIsiTOPOM, IUIONTY HOBEPXHi
BXIi/THO1 piIMHM, CTaTy Yacy HarpiBaHHsI, TUTOMY TeMIEPaTypy
Ta IUJIBHICTP pIIWHW, a BHXIZHUM IapaMerpoM Oyne
KOHIICHTpAIlis 3a0pyIHEHHS HIJTbOBOTO KOMIIOHEHTA Ha BUXOII
3 peakTopa. BUKOPUCTOBYIOTHCS HACTYITHI BUXIIHI AaHi:

Cul._,=887mg/l, t|_ =18°C, L=0,006m’/c,

V =0,03125m*, H=1MJ/g-c,K=10W/m?.°C,
S=1m®, t,=20°C, t,=14°C, ¢=4200J/kg-°C,
p=1000kg/m*, T,=10, a,=0,001, a =0,000007,
a,=-0,03, a, =0,54.

Jlns  TeopeTHYHO OIIHKA  CS(PEKTHBHOCTI  MPOIECY

OUMIEHHS Boau Oyla po3pobiieHa KOMMI'IOTEpPHA MOJIENb
enexTpokoarystopa 3 [11I-peryastopom.
3MiHa 3aNeXHOCTI CTPyMy B BXIiZHOI KOHIICHTpALii
3a0pyIHEHHS MIPECTaBIETHCS 3AICKHICTIO!
1 =0.1265-C,, —0.3738. 3)

Puc. 1. Komn’roTrepHa MoJens poOOTH €NeKTPOKOoarysTopa

1.6

1.4 ,'\

PID-regulator
| P-regulator

1.2

\

IR
0.8 [\N‘ o I pa ] A‘\,A
i adaaldt

0.6 {

Q

0.4

0.2

0 10 20 30 40 50 60 70 80 90
Time t, min
Puc. 2. Jlunamika 3MiHN TOTOYHOTO 3HAUSHHS B yIPaBIIiHHI
3srigHo 3 [TI/] Ta [1-3axoHaMu peryaroBaHHS

Buxonsuu 3 pesynbrariB MopnemoBanHs puc 2, IIIJI-
perynaTop OUTBII IUIABHO KOHTPOJIOE BEIMYMHY CTPyMY, ale
IIPU MYCKY MaKCHUMaJIbHUH CTPYM BEJIMKHH i CTaHOBUTH 1.5 A4,
mo 30UTbIIye BUMOTH 1O TIIOTYXXHOCTI JUIS HaBaHTAXXCHb
npuBoy (Bunpsmisiya). [1-perynsaTop He Mae Takoro MmiKOBOTO
HaBaHTAXCEHHS, aJie MiJ 9ac poOOTH MaKCHMAJIbHE BiIXHMICHHS
BiJl cTalfioHapHOro crany ouieiie, Hixk y I11J[-perymstopa. Lle
BinxwmieHHs Il-perymsatopa cnpuuuHse Kpamyy e(eKTHBHICTH
OYMIICHHS TEXHOJIOTTYHOT BOJIH. [Ipu 3aIlyCKY
enekTpokoaryiastopa 3 IIIJI  3akoHOM  perysrOBaHHS
3a0e3MeUYIOThCS 3a/]aHi TIOKA3HUKH AKOCTI OYHIIICHOT BOJU 32 5
XBWJIMH, ToAl sIK 1uts [1 3aKoH perynmroBaHHs 3a 17 XBHIHH.

BuUCHOBKU

Ha OCHOBI MaTeMaTHYHOT Mozei npotecy
SJICKTPOKOATYJIsAMIi, SIKa BPaXxOBYe BIUIMB TEMIEPAaTypU BOJIH,
CTpyMy Ha e(eKTHBHICTh INpOIECY O4YHMIIEHHS BOAM, Oyna
po3pobieHa KOMI'IOTEpHa MOJIEIB TPOIIECY €IeKTPOKOAryJIsii
3 [T - ta [1-perynstopamu. OTprMaHi pe3ynbTaTH PO3MOALTY
PO3paxyHKiB KOHIIEHTpAIlii 3a0pyJHEHHS 3 YacOM Ha BHUXOJI 3
KoaryisiTopa NpH 3MiHI NpuKiazeHoro crpymy. I[IposeneHo
MOPIBHANBHUNA aHaNi3 e(QeKTUBHOCTI poOOTH CHCTEM WpHU
JUHAMIYHO 3MIHHIM BXIiOHIA KOHIEHTpaIii 3a0pyIHCHHS.
Iokazano mepeparu ta Hemoiiku IIIJ[- ta Il-perymsropis, a
TaKOK EKOHOMIUHY e(EeKTHUBHICTH BHTpPAT eJIEKTPOCHEPTil.
3anponoHOBAaHUI  AJTOPUTM  pPEali30BAHO B CHCTEMI
aBTOMAaTH3aIlil, sika 3a0e3Ieuye BCTAHOBJICHI €KOJIOTIYHI HOPMHU
KOHIEHTpallill 3a0py/IHEHb B OUHUILIEHUX CTOKaX.
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Anomauia — OnucaHo BJIACTUBICTb CUMETPIi, IKa XapaKkTepHa
IJ1s KOMOIHATOPHUX MHOKMH, NPOSIBJSIETEC B KOMOiHATOpHII
onTuMizanii Ta xapakTtepHa s 6ionoriunux ¢opm. Bona moxe
OyTH fIK HAOJIMKEHO, TaK i TOYHOI Ta MOAENIOETHCS
CKiHYeHHOI0 TOCJIiI0OBHICTIO 4YHcCes], fIKi 3aJal0Th KiJbKicTh
KOMOIHATOpPHMX KOHirypaniii y iX MHOKHHAX

Abstract — The property of symmetry, which is characteristic
of combinatorial sets, is show up in combinatorial optimization
and is inherent in biological forms. For sets, it is modeled by a
finite sequence of numbers that specify the number of
combinatorial configurations in subsets. Their values increase to
the largest of them and then decrease (or decrease to the smallest
and then increase). The plane of symmetry passing through the
largest (or smallest) number of the sequence divides it into two
parts, the values of which decrease (or increase) evenly from the
center, but these parts are not necessarily mirror-symmetric.
These sequences, respectively, and combinatorial sets, are
characterized by both approximate and exact symmetry.
Symmetry in combinatorial optimization is show up depending on
the structure of the input data and the method of modeling the
objective function. The last type of symmetry is traced in
problems, the argument of the objective function in which is the
division of the n-element set into subsets and permutations.
Symmetry in combinatorial optimization, which is determined by
the structure of the input data, is investigated using solvable
problems of different classes (in subclasses of solvable problems
there is a method of analytical finding of the global optimum). In
this case, the change in the values of the objective function
depending on the direct and inverse functions of the natural
argument, which set the input data, is analyzed. The presence of
combinatorial numbers and the formation of symmetry in biology
is explained with the use of significant combinatorial spaces
(convolute and deployed), accordingly, biological. Under the
influence of certain factors, the collapsed symbolic biological space
begins to unfold according to the rules of unfolding of natural

number partitions or combinations without repetitions. In the
process of their unfolding, finite sequences are formed, on the basis
of which an arithmetic triangle is formed, the Fibonacci numbers
appear, as well as symmetries both exact and approximate.
Logarithmic spirals appear due to the finite sequences that are
formed during the unfolding of the agreed spaces and which are
presented geometrically using polar coordinates.

Knwuosi cnosa —  kombinamopuka, KomoOinamopua
Kouizypauisn, Kombinamopua onmumizayis, 3HAKOB8UIL
KoMOinamopuuii npocmip, cumempis KOMOIHAMOPHUX MHOMCUH,
cumempisn Komoinamopnux Koughizypauiii.

Keywords — combinatorics, combinatorial configurations,
combinatorial optimization, sign combinatorial space, synmmetry of
combinatorial sets, symmetry of combinatorial configurations.

I. Bcrvn

PosrnsmaeTses cumeTpist B KoMOiHATOPHUIl, KOMOIHATOPHIH
ontumizarii Ta mpupoxi. s koMOiHATOPHUX MHOXHH BOHA
MO/IEITFOETHCS CKIHYEHHOIO MOCITIJOBHICTIO YHCEll, 5K 3a/1aI0Th
KiJIbKICTh ~ KOMOIHATOpHHMX  KOH(Qirypamii y  HEBHHX
MiZIMHOKMHAX. AHaJi3 IIMX MHOXHH PI3HHX BIIOPSAKYBaHb
OJJHOTO 1 TOTO K THILy JIO3BOJIIE BHSBUTH Ta BCTAaHOBHTH
BIIOPSIIKYBaHHS, SIKI € CHMETPUYHUMH. Y BOJUTHCS O3HAUCHHS
cuMmetpii komOiHatopHOi KOH(pirypamii Ta KomOiHATOpHOI
MHOXKHHH.
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Il.  KOMBIHATOPHI KOH®II'YPALII{

KombinaTopHOto  KOH(QIrypamielo Ha3BeMO Oyab-sKy
CYKYITHICTD €JIEMEHTIB, IKa YTBOPIOETHCA 3 YCiX a00 3 JESKIX
eneMeHTiB 3ananoi MHOkuHH A={a, ..., a,} [1]. lozHaunmo

il BHOPSIIKOBAHOIO MHOXHHOI W = (W, A ). MHOXuHY

A={a, ,..,a,} Ha3Bemo Oa3oBoro. Ilin cumBomom W, € A
pPO3yMi€eEMO SIK OKpeMi eJIeMEHTH, TaK 1 IiIMHOXHUHU (OJI0KN),
nefl,...,nN} — kinbkicts enemeHTiB y WeW . J[Bi HETOTOXHI
KOMOiHATOpHI KOHQIrypaii W Ta W Ha3BeMO 130MOp(QHUMH,
AKIO N =1 .

I1l. CHUMETPII KOMBIHATOPHUX KOH®II'YPALIIA TA
KOMBIHATOPHUX MHOXWH

MHOXHHA KOMOIHATOPHUX KOHQIrypariii MoXyTs OyTn
YIOPSIKOBaHI ab0 3a CTPOTUMH IpaBHIaMU ab0 XaOTHYHO.
IcHye CKIHYEHHE YHCIIO IIMX MHOXMHH, YIOPSJAKOBaHAHHMX 3a
MEeBHUMH ITpaBUJIaMH. 3HaYHa iXHsl 4aCTHHA — CTPYKTYpOBaHa.
Sk B OnmHI MHOXHHI Tak 1 B PIi3HHX PO3MIIICHHS B HHX
KOMOIHaTOpPHUX KOH(Irypaliii Moke OyTH CUMETpHYHE.

Kom6iHaTopHYy KOH(ITypalito MoJjamMo yrnopsJKOBaHOIO
MOCIIOBHICTIO, IS SIKOT icHYe iii cumeTpuuHa. BBaxkaTumemo,
mo WeW cumerpuyHa, SKIIO BOHA 30ira€Thcsi cama 3 co00k0

npu pyci 6e3 nedopmariiii. YBenemo take o3HadeHHst [ 2].

Osnauenna 1. JIns komOiHaTOpHOT KOHDIryparii oJHOTO
i Toro x Tumy W= (W,..,W,) icuye W= (VT/l,...,VTIn) , AKa

cumerpuuHa WeW .

Skmo mHOoXMHa W ymopsiikoBaHa ITiJIMHOYKHHAMHU
i30MOp(hHUX KOMOIHATOPHUX KOH(Irypartiii WTl , TO TIONIApHO
cumetpuuHi WeW Hanexarh pi3HMM MHOXHHAM, SIKI MarOTh

pi3He BropsakyBaHHs. ToOTo sikuio aust WeW  cumerpuuna

WeW , 1o W ta W MaroTh pizHe BriopskyBanHs. CUMETpis
KOMOIHATOPHOT MHOYKHHH, SIKa BIOPSIIKOBaHA ITiIMHOKHHAMU
W, cW, W, cW
KOMOIHATOPHUX KOH(QIrypariif, YHCIIOBI 3HAYCHHS SIKHX
YTBOPIOIOTh TOCHIOBHICTh, SKi XapaKTepHAa TOdYHA abo
HaOmmKkeHa cuMmerpis. Ywucma B Oid  TOCHIIOBHOCTI
30UIBIIYIOTHCS IO HAWOUIBIIOTO 3 HUX, & TOTIM 3MEHITYIOThCS
(ab0 3MEHMIYIOTBCS 10 HAWMEHIIIOT0, a TTOTiM 301TBIIYIOTBCS).
[TnommHa cumeTpii, sSKa MPOXOAWTH yepe3 HaloOinmbIme (abo
HalMEHIIIe) YUCIIO TIOCIiOBHOCTI, AUINTH ii Ha JBI YaCTHUHH,
SKi HE00OB I3KOBO 3€PKAITBFHO CHMETPHUYHI.

BU3HAYAETHCI 3a  KUIBKICTIO B

Osnayenna 2. Tlin cuMeTpiero KOMOIHATOPHOI MHOKHHH,
BITOPSAKOBAHOIO TTiIMHOXHUHAMU Wn cW , posymiemo Taxy ii

CTPYKTYpY, TpH SKii YHCIOBI 3HAYCHHS  KIJIBKOCTI

kombinatopanx  kondirypauiii 'y W, cW  yrsopiotots

CKIHYCHHY TOCIIiIOBHICTh YHCEI,
TOYHOIO 200 HAOIMKEHOIO CHMETPIETO.

AKa XapaKTePHU3YEThCS

IV. CHUMETPII B KOMBIHATOPHIA OIITUMIBALLII

Cumetpiss B KOMOiHAaTOpHId onTuMi3auii HpOSBISAETHCS B
3aJI@KHOCTI BiJ] CTPYKTYpH BXIJHUX JaHHUX Ta CIOCOOY
MOJIeIIOBaHH LinboBO1 PyHKuii. CuMeTpis, sika BU3HAYA€ThCA
CTPYKTYPOIO  BXIIHUX  JaHHX,  JOCIHIIKYETHCS 3
BUKOPHCTAHHSIM PO3B’I3HUX 3a/1a4 Pi3HUX KJaciB (y Mmiakiacax
PO3B’A3HHX 33124 BiTOMHIA CITOCI0 aHATITHIHOTO 3HAXOKCHHS
riobanpHOTO OoNTUMYyMYy). B mpoMy pasi aHami3yeThcs 3MiHa
3HAa4CHp LiTbOBOI (YHKIIi B 3aJeXKHOCTI BiA TPAMHUX Ta
o0epHeHNX (YHKIIA HATypalbHOTO apryMeHTY, SKAMH
3aMal0ThCs  BXiOHI gaHi. B ocHOBI 1mi€l  BIIacTUBOCTI
KOMOIHAaTOpHOT ONTUMI3alii JIEKUTh CHUMETpPiS apryMEHTY
Ib0BOT PyHKIIT (KOMOIHATOPHUX MHOKHH Ta KOMOIHATOPHUX
koH(irypamiit). Cumerpis, ska 3aJeXHThb Bi crocoly
MO/ICIIFOBaHHSI IIJIbOBOI (DYHKIIIT TPOCIIIKOBYETHCS B 33/1a4ax,
apryMEHTOM LJIbOBOT (DYHKIIT SIKUX € pO3OUTTS N -eJIeMEHTHOT
MHOKHHH Ha IiJMHOKUHH Ta NIEPECTAHOBKH

V. CHMETPII B BIOJIOI'T]

Bionoriuaum QopmaM XapakTepHi BIIACTUBOCTI 3HAKOBUX
KOMOIHATOPHUX MPOCTOPIB Ta IXHS JUHAMIKa YTBOPEHHS
cumeTpii. ToOTo, SIK )KUBIH Tak i HEKUBIH TPUPO/II XapaKTepHi
3aKOHH KOMOIHaTOpHKH. TOYKOI 3HAKOBHX KOMOIHATOPHHUX
MPOCTOPIB € KOMOIHATOpHI KOH(}Irypamii pi3HUX THHIB, SKI
YTBOPIOIOTHCS 3 €JIEMEHTIB 3aJaHuX 0a30BUX MHOXHWH (OJHIET
a0 KiIIBKOX) 32 JOIMOMOTOI0 MEBHUX NMpaBiil. BukopucraHHs
3HaKOBHX KOMOIHATOPHHX IPOCTOPIB Ja€ 3MOTY MOSCHUTH
HasBHICTb KOMOIHATOPHUX 4YHCENl y NPUPOML, YTBOPECHHS
cuMeTpii B 6i0J0rii Ta TorapudMidHuX cripareit [2].

BucHOBKU

Otmxe, cumerpiss B KOMOIHATOPHINH ONTHUMI3aLil 3aJeXKHUTh
BiJl cuUMeTpii KOMOIHATOPHUX MHOXHH Ta KOMOIHATOPHHX
koHGirypauiidi. CumeTpisi B Gionorii noB’si3aHa i3 CUMETPIi€EI0
KOMOIHATOPHUX MHOXHH Ta IOSCHIOETHCS 3 BHKOPUCTAHHSIM
3HAKOBUX KOMOIHATOPHHX IPOCTOPIB.
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Abstract—The concretized method is proposed for construction
of a finite integral transform for the operator of the second-order
differential equation with constant coefficients under the conditions
of the first kind on the sought function at the upper layer boundary
and of the second kind at the lower boundary on the base of series
expansion by the orthogonal eigenfunctions. The corresponding
Sturm-Liouville problem is solved, its solution is investigated, and
the influence of the coefficient near the first-order derivative on the
inverse integral transform is studied.

Anomayis—3anponoHOBaHO KOHKPETH30BAHMI MeTOJ AJIf IO-
0y10BU CKiH4EHHOI'0 IHTEerpaJIbHOI0 IePEeTBOPEHHS /151 01IePATOPa

Iu(epeHiaIbHOr0 PiBHSAHHS [PYroro MOPSAKY 3 MOCTIHHHUMH
KoediliecHTaMM 32 YMOB IepIIOro poay Ha HIyKaHy (yHKIil0 Ha
BepXHiii rpaHuui Wwapy Ta Apyroro poay - Ha HWXKHiil rpaHuni Ha
OCHOBI PO3KJIay y psil 32 OPTOrOHAJILHAMM BJIACHHMH (pyHKIisTMMU.
3HaiiieHo Ta 10cIiIkeHo po3B’sA30K BinnosinHoi 3anaui ltypma-
JliyBijIsIs Ta BHUBYEHO BILTUB KoedinieHTa 0inst moxiaHoi mepuioro
MOPSI/IKY Ha o0epHeHe iHTerpajabHe MepeTBOPEHHS.

Keywords— integral tranformation; parabolic equation; Sturm-

Liuoville problem; eigenfunction; eigenvalue; characteristic
equation.
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KiwouoBi cioBa— iHTerpajbHe mnepeTBOpeHHs; mnapadoJiuHe
piBHsiHHA; 3aaaya Typma-JliyBinas; BiaacHa ¢pyHkuisi; BjacHe
3HAYEHHS; XapaKTepUCTHIHe PiBHIHHSI.

. BCTyIl

[ToOynoBa CKiHUEHHUX IHTErpajbHUX IEPETBOPEHb 0azy-
€ThCS HA OCHOBHHX TOJIOKEHHAX TEOpii rpaHndHuX 3amad [1]
abo 3amau IItypma-JliyBuuis, a TakoX Ha BIIACTUBOCTAX
KOHKPETHOTO JTH(EPEHIIabHOrO 0NepaTopa, MO IeKHTh B
OCHOBI KOXHOTO TiepeTBOpeHHs. CKIHYECHHE | iHTerpanbHe mepe-
TBOPEHHS CIIIBCTAaBJIA€ IIOCTABJICHIM 3amadyi HOBY 3ajgady y
mpocTopi 300paxkens. L{i B 3a1avi eKBIBAJICHTHI Y TOMY CEHCI,
10 PO3B’SI30K OZHI€T MICTUTH YCIO 1H(POPMAIIIIO TIPO PO3B’ 30K
iHmIo1 i HaBmaku [2]. [IpoTe HOBa 3aaua y mpocTopi 300paKeHb
Mae OyTH 3HAYHO IPOCTIIIOT MATEMaTHYHOI IIPHPOIH.

Y po6oTi [2] 3ampomoHOBaHI TP MiIXOIU A0 MOOYIOBH
CKIHYEHHUX 1HTETPAIbHUX MEPETBOPEHB VIS 3aTAIBHOTO JH(e-
PEHLIaEHOrO orepaTopa pPiBHSIHHS Apyroro mopsuky. [Ipore
NIPY 3aCTOCYBaHHI HaBeJCHHX Y [3] iHTerpaqbHUX [EPETBOPCHb
BUHMKAIOTh IIEBHI TPYIHOILI, 30KpeMa, MOB’si3aHi 3 KOPEKTHIC-
TIO 3aCTOCYBAaHHS NPSAMOIO IEPETBOPEHHS, HETOCHIIKEHICTIO
BIUIMBY Koe(illieHTa MpH Nepuliid noxiaHii (koedimieHT mBHI-
KOCTi KOHBEKTHBHOI'O MEPEHECEHHs) Ha BUIIAA OGEpPHEHOTO
MepeTBOPEHHsI, TOIO. ToMy 3alpONIOHOBAaHO KOHKPETU30BaHHI
MeTo MOOYJOBH CKIYCHHOTO IHTErpajJbHOrO HEPETBOPEHHS
orepaTopa napadoIigHOrO PIBHSHHS 38 YMOB IIEPIIOro pojy Ha
HIyKaHy (yHKIiI0 Ha BEPXHiH IpaHULI IIapy i APyroro poay Ha
HIDKHIA TpaHWIi Ha OCHOBI PO3KJIALy 3a OPTOTOHAIbHHMH
BIIACHUMH GyHKILisiMu [2, 3].

1. TIOBYJIOBA CKIHUEHHOT' O THTEI'PAJIBHOT'O
TTEPETBOPEHHS
PosrnsiHeMo kpaiioBy 3amaqy, ae Gynkuis f i Bei koediri-
€HTH HAJIEKATh TIHCHUM 00J1acTsIM
o f  of of ()
Lf=S0vZ =0, F(),_ =1 o2 =1,
ox> OX OX X%,

[ToOynyeMo Take CKiHYEHHE iHTErpajbHE NEpeTBOPEHHS,
100 micist Horo 3aCTOCYBaHHS BIAMOBIJHA CHCTEMa CIIIB Bij-
HOIIICHb Y TIPOCTOPi 300pakeHb He MiCTHIIA MU EPEHIiaTbHIX

02/ox% —volox 3
J01IoMOroro miacraHoBkn P(X) =r(X), xe r(X) € Oyab-akuM

omepariit mo X . st mporo omeparop Ly =

HeTpHBialbHUM pO3B’s3koM piBHsHEs dr(X)/dx—vr(x) =0,
MIEPEeBEIEMO Y CaMOCTIPSHKEHY (hopMy

_ 1 _ 1
b= r(x){ax[p( Y }‘ 00

Beaxaemo, o Ha intepBaii [0;X,] dyukuii p(x) 1 p'(x)

. . " dx
€ HenepepBHuMu i p(X) >0, a inTerpan -[
o P(X)
Toni onepatop L mianmopsinkoByeTsest popmyii ['pina.
[lykane iHTerpabHE NEPETBOPEHHS TOAAMO Y BUTJIAI

f0)=L,1 = [ f@0OC.O%=(f,0),
0

€ 301KHUM.

npH HOMY MOTPiOHO 3HaiTH sapo D(A,X) . 3acTocyemo omepa-
1 . .

top L, mo =Lf, BuxopucroByemo ¢opmyimy I'piHa, Tomi
r

OTpUMAEMO

[pu s (o 2]
o2

st Toro, mo0 mepeTBOpeHa CUcTeMa He MiCTHIIA OTepallii
IrQepeHIiFOBaHHS o X, JOCTaTHBO TOKJIACTH

( f, ng = —Xz(f ,CD) 1 J0#aTH OJHOPITHI KpadHoBI YMOBH.
r

[Mo3navaroun ® =re i BpaxoByiouu, mo ¢yukuis f € mo-

BIJIBHOIO, OZIEPKHUMO caMocHpsbkeHy 3agady Lltypma-Jliysin-
JIs1 1Sl BUSHAUEHHS S/Ipa TIEPETBOPEHHS Y BUTJIISII

%

Lo= 32 ro,
ox X=Xg

0. (1)

(p|x:O:0'

PiBasHHS (1) ekBiBalIeHTHE

of .09\
=%, R=R, -R, ——f=|] .
Lo ¢ %o {p(cpax axﬂ

Ha niBomy Ta npaBomy kinusx sinpiska [0; X] Bupasu R,

i RX2 , MOXYTb OyTH MpeJICTaBIICHI TaK

0
Ry =1(P0)o. R, =-1o| P22 . @
2 X
X=Xy
Takum 9UHOM 3a/1aua BU3HAUCHHS SIpa IIEPETBOPCHHS 3Be-
JieHa JIo crieKTpanbpHOoi 3a7adi (1), (2).

Toai, BUKOPHUCTOBYIOUH BJACTHBOCTI OPTOTOHAIBHOCTI i
NOBHOTM CUCTEMH BIIAaCHUX (YHKUIH, OTPUMYyEMO mpsimMe
IHTerpaJibHe ITIEPEeTBOPEHHsS. A Ha OCHOBI PO3B’S3KIB 3ajadi
Mrypma-JliyBimuis omepikyeMo (opmyity OOEpHEHOTO mepe-
tBOpeHHs. [Ipu mocmimkeHHi po3B’sizky 3amadi Ltypma-Jliy-
BT BCTAHOBIICHO, LIO OCKLIBKH PO3B’SI30K 3a7adi MOXKE Ha-
OyBaTH pi3HOI (hOPMH 3aJIe’KHO Bijl 3HAUCHHS KoedillieHTa NpH
TIepIIii MOXiAHIN, BiIIOBIIHO, 1 BUIIISAI 00CPHEHOIO TIEPCTBO-
PEHHS 3JIEXKUTD BiJl IbOTO KoedinieHTa. Tak, CyTTEBUM € 3HaK
poro xoedimieHra, i y Bunaaky v >0 OinbimmMm, abo MEHIINM
BiI 2\, me ), - HepIIe BIacHe 3HAUCHHS, € KoedillieHT V.
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Abstract— Simulation of diffusion of admixture particles in a
multiphase strip with randomly located spherical inclusions of
different radii is performed. For this purpose, the solution of the
initial contact-boundary value problem is presented in the form of
the integral Neumann series and calculation formula for the
admixture concentration field averaged over the ensemble of phase
configurations in the porous multiphase body with a uniform
distribution of spherical inclusions is obtained.

Anomayis— IlpoBeeHO KOMII’I0TepHe MOJeTIOBaHHA AUy3il
YACTMHOK JAOMIIIKOBOI pe4yoBHMHH Yy OararodasHomy mapi 3

BUNA/IKOBO PO3TALIOBAHMMHU BKJIIOYEeHHAMH cphepuuHoi (popmu
pi3Hux paaiycis. Jasi Hboro po3B’si30K KOHTAKTHO-KPaiioBoi
3a/1a4i npecTaBJIeHO Y BULJsAl iHTerpanbHoro psiny Heiimana ta
0/lep:KkaHO  PO3PaxXyHKOBY ¢opMysy [Jsl ycepeaHeHOro 3a
ancam0JieM koHdirypaniii ¢a3 mons KoOHUeHTpauii YACTHHOK Y
nopucromy OararogasHomMy Tinl 3 PpIBHOMIpHHM po3noaijioMm
KYJbOBHMX BKJIIOYEHb.
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KiouoBi c10Ba— koMm’loTepHe MOJEJIOBAaHHS; MaTeMaTH4HA
MOJe/lb; BHIAJAKOBO HEOAHOPiHA  CTPYKYTpa; KyJboBe
BKJIIOYEHHS; KOHIEHTpAalis J0MIllIKH.

. BCTyIl

HasiBHICTB y TUTi BHYTPIIIHIX HEOTHOPIAHOCTEH, 30KpEMa, Y
BHTJISI/II TPaHyI YH TIOp, 3 XapaKTePUCTUKAMH, BiIIMIHHIMH BijJ
Marepialy CKelleTy CepelloBUINA, 3HAYHO BIUIMBAIOTH Ha
TIPOIIECH TIEPEHECEHHS MacH, 1110 MPOTiKaroTh y Tuli. Tomy aHa-
J3 Ta KOHTPONb AUQY3IHHUX BIACTUBOCTEH Yy CTPYKTypax 3
KyJIbOBUMH BKJIFOUCHHSAMH, y TOMY YHCII HOPHCTHX CEpelo-
BUILAX, € OCOOJIMBO aKTyaJIbHUM I/l Yac JOCIIPKEHHS MOIIN-
PEeHHA 3a0pyTHIOIOUNX PEUYOBHH y 00’ €KTaxX MPUPOTHOTO cepe-
JTOBHIIA, BUTOTOBIICHHI KOMITO3UIIIMHUX MaTepiaiiB, KaTaji3a-
TOPIB, MPOMUCIIOBUX aJCOPOCHTIB, TOIIO. BaximBy pons npu
LOMY BiJlirpa€ BHKOPHCTaHHS 3acO0IB KOMIT'FOTEPHOTO MO-
JeTFOBAHHS 3 METOK0 €KOHOMIT Yacy Ta HassBHHX PecypciB.

Juist nocnimkeHHs sBuina Audysii y HOPUCTUX CTPYKTYpax
WHPOKO BUKOPHCTOBYIOTH METO/l BUTA/IKOBOTO Omykanns [1] Ta
Meron pewitok bonpimana [2]. HpOTe Ha MpPaKTHLI s
CTPYKTYp 3 BHYTPIIIHIMH HEOIHOPITHOCTAMH XapaKTepHa
HasIBHICTh cTpuOKa (YHKIT KOHIIEHTpaLil JOMIIIKOBOi pevo-
BUHM Ha TPAHUIAX KOHTakTy (a3, TOAl 5K Yy PO3IIIIHYTHX
METOoJIaX yMOBa Hel/leabHOrO KOHTAKTy HE HAKJIQIA€ThCs, IO €
MIEBHUM CIIPOLICHHSIM BIJIOBIIHOT MaTeMaTHYHOI MOJEII.
ToMy nmana po0OoTa MPHCBSYCHA IOCHIPKCHHIO Ha OCHOBI
KOMIT FOTEpPHOTO MOJIENIIOBaHHs NpoueciB qudys3ii TOMIIKU y
BUIIAJKOBO HeOZ[HOpiZ[HOMy mapi 3 KyJTbOBMMH BKITIOUCHHAMHU
pi3HOTO xapaKTepHoro paniyca, 3a miaxoaom [3], o 6a3yeThest
Ha 11o0yI0Bi po3B’sI3Ky y BUTIIAI iHTErpasibHOTO psiay Helimana
Ta HOro IOJANBIIOTO YCEpEeJHEHHS 3a  aHcamOieMm
KoH(pirypamiii (a3, Ipu IOMY SBHO BPaXOBYEThCS CTPHUOOK
GyHKIT KOHIEHTpaIllii Ta PIBHICTh MOTOKIB HAa BHIAIKOBHX
MiX(a3HAX TPAHHALIX.

I1. TIOCTAHOBKA KOHTAKTHO-KPAMOBOT 3AJTAUI TA ii
PO3B’SI3AHHS

PosrnsgreMo nudpy3iro JOMIMIKOBHX YaCTHHOK y IIapi TOB-
IMHK Z, , IO CKIagaeThesi 3 N +1 pi3HUX 3a rycTuHOMO (a3, B

SKUX KoeinieHTH andy3ii YaCTUHOK MOXYTh CYTTEBO Bij-
PI3HATHCS, ale € CTaJIMMHU B MEXaX KOXKHOI 3 (a3. Bakaemo,
mo 00’e€MHa YacTKa KOJHOI 3 (a3 He € MPeBAOIUO0I0, a
KyJIbOBI BKJIFOUEHHS B TiJli pO3TallOBaHi 3a PiBHOMIPHUM 3a-
KOHOM po3noziny. Hexail MoykHa BHIUIATH oAWH a00 JeKiTbKa
XapaKTepHHX pajiiyCciB BKIIOYEHb OHIET a3y, a pasiycH Kyib
pi3HMX (a3 MOXyTb OyTH sSIK DPI3HUMH, TaK 1 CIHiBIIaJjaTy,
30KpeMa, U1 9acTWHHU MatepiaiiB. Ilpn oMy, SKIIO HasBHI
JIeKUJIbKa XapaKTepHHUX PajiyciB ceprUIHNX BKIIOYEHb OJHOTO
Marepiany, po3riiIgaTUMEMO Taki Kyl K pi3Hi ¢asu, mpoTte 3
OJTHAKOBMMHU Koe(irieHTaMu Audy3ii i IyCTHHOIO.

KoHueHTpallist 1OMIIIKOBOI pEYOBHHHU OIUCYETHCS PIBHSH-
HsIMU uby3ii i koxxHoi ¢asu k (K =0,N ):
e (rY) _ o%c, (F,1) azck .y 0°c, (F,t)
oot | ox? oy? oz?
r e(\/(k)), te[0;7] (T <o),

ne C,(r,t) — KOHIEHTpaIis JOMIMIKOBOI PEYOBHHH y K -iif
dasi; p,
MIEPEHOCY MIrpyodoi pedoBuHH y K -iif ¢a3i;

—rycruHa k -of ¢asu; d, — xiHeTuuHuUi KoediieHT

r=(xy,z) -
paniyc-BekTop Oixyd4oi ToukH; t — gac.

[puiiasaTo, MO y MOYaTKOBHH MOMEHT Yacy BiICYTHS JO-
MIIIKOBA pPEYOBMHA B TUI, Ha BEPXHIM TIpaHMIl Tima mia-
TPUMY€ETHCS TIOCTIHHE 3HAYCHHS KOHIIGHTpAIll IOMIIIKOBOT
PEUOBMHH, a Ha HIKHIN IpaHUIl BOHA JOpiBHIOE HYI0. Kpim

. < /0 . k
TOTO, HAa TPAHUILIX PO3MiTy obacTeit (V( )) (Matpuri) Ta 6/( ))

(k=1,N) BHKOHYIOTHCS YMOBH PpIBHOCTi XiMiUuHHX ITO-
TEHIIaANIB Ta TU(PY3iHHUX MOTOKIB YaCTHHOK JOMIIIKOBOI pe-
YOBHHM, 10 TIPU3BOIUTH IO CTPHOKIB (PYHKIII{ KOHIIEHTpaIlii Ha
MiK(a3HUX TPAHULISX.

Ckerer Tina (MaTpHIli) 3MOAEITHOBAaHO H.IiJ'ILHO}O YITaKOBKOIO

3 M kyns pisHoro paniyca R, (j=0, 0,N), Zm =M. 3
BUKOPHCTAHHSM TeOpii y3arajJbHEHHX (byHKum BUXIIHY
KOHTAKTHO-KpallOBy ~ 3agady  3BEICHO  JO  PIBHSAHHA

MacoIlepeHeceHHs sl Tia B nitiomy. Po3risgaioun HeoaHO-
PIOHOCTI CTPYKTYpH SK BHYTPIIIHI JDKepena, OTpUMaHild Kpa-
HOBIH 3a/1a4i MOCTaBJIEHO Y BiJMOBIJHICTh E€KBIBAJICHTHE iH-
TEerpo- ;[Hq)epeHulanLHe PIBHSHHS, pO3B’SI30K SIKOTO 3HAWJCHO Y
BUIJIAl iHTerpanbHoro psay Helimana. OOMeXHBIIUCH JBOMaA
MEepIIMMH  WICHAM IbOTO DSy, IPOBEIEHO NPOLEIYpYy
ycepeHeHHs 3a aHcambOieMm KoHQirypauiid (a3, BpaxoByHOUH
PIBHOMIpHUIT pO3MOALT KyJhOBUX BKIFOUYCHB Y Tilti. OmepxaHo
pO3paxyHKOBY (opMyidy Ul BH3HAYCHHS YCEPENHEHOIO 3a
aHcaMOiieM KoHQIryparmii $a3 mos KOHIEHTpaLii MIrpyrvol
PEYOBMHHM Y LIapi 3 BHIAJKOBO PO3TAlIOBaHMMHU Kyisimu N
pi3HuX Gi3nuHMX Xapaktepuctuk (da3) 3 M  pisHUMH
XapaKTepHUMH paiycaMd 3a YMOBH PiBHOMIPHOTO PO3IIOALTY
BKJIIOYEHb B 00JACTI TiNa Ta CHIBBUMIPHHX 00’€MHHMX 4YacTOK
BKJIIOYeHb. P03po0ieHo mporpamHi MOIyJTi Ta IIPOBEICHO
aHali3 3aJISKHOCTI KOHLEHTpAIi MIrpyr4ol pedoBHHH Bil
napaMeTpiB CepeloBHIA, a caMe 3HauyeHb [PUBEICHUX
KoedimieHTiB Tudy3ii, T'YyCTHHU BKIFOUEHB, iX 00’ €MHHX YaCTOK.
[TokazaHo, 1110 3MiHa KIJIBKOCTI XapaKTepHHUX PajiyciB, SKHUMH
MOJICTTIOIOTECS KYJIbOBI BKJIIOUEHHsI TBepHoi (aszm, BHKIMKaE
HEXTOBHO MaJli 3MiHH B yCepeIHEH i KOHIIEHTpaIlii JOMIIIKOBO1
PEUOBMHHM TIO0 BCHOMY TUTy, TOAI SK 3MiHa KUIBKOCTI
XapakTepHUX pajliyciB Kyib, HAOBHEHHX TIa30MOAiIOHOIO
PEUOBMHOIO, BUKIIMKA€ SIK KUIBbKICHI, Tak 1 SIKICHI 3MiHH Yy
MoBeAiHI (PYHKITT ycepeTHeHOT KOHIIEHTPAIIii.
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Anomauyis—Ilanaemis COVID-19 crana 3arajibHOCBITOBOIO
npod/emMor0, sika BIVIMHYJA HAa Bcei cepu AisIbHOCTI JIIOACTBA.
JocaixzkeHHs  PO3NOBCIOKEHHSI  emieMiYHOro  mpolecy
3aXBOPIOBAHHS HA BU3HAYeHiil TepuTOpii 103BOJIUTHL BIPOBATUTH
epexTuBHi nporuenminemiuni 3axoau. /lasi mpboro modymoBaHa
iHTeNeKkTyaJbHa MYJbTHAreHTHA MOJAeJb 3aXBOPIOBAaHOCTI Ha
COVID-19 B YkpaiHi.

Abstract—The COVID-19 pandemic has become a global
problem that has affected all areas of human activity. The study of
the spread of the epidemic process of the disease in a certain area
will allow the introduction of effective anti-epidemic measures.
For this, an intelligent multi-agent model of the incidence of
COVID-19 in Ukraine has been built.

Knwuosi Ccl106a—enioemivnul npouec, MYbmMUazenmue
mooentosanns, COVID-19, komnapmmenmni modeni, inghexuiiina
3axeoprosanicmo

Keywords—epidemic process, multi-agent model,

compartment models, infectious disease

COVID-19,

I. Bcryn

loctpa pecmipatopHa BipycHa iH(ekuiss COVID-19 Oyna
inenTudixoBana B kiHmi 2019 p B M Yxanp B Kurai i He3abapom
MIBU/IKO TMOLIMPUIIACS 10 BChOMY CBIiTY, BpasuBin monax 200

JlocmipkeHHs] BUKOHAHe B paMKax mpoekty 2020.02/0404 «Po3podka
IHTEIEKTYaIbHUX TEXHOJIOTIH OLIIHKH eITiIeMiuHOl CHTYaLl s MiATPHMKH
MPUHHATTS YIPABIIHCHKUX pillieHb Y cdepi 6i00e3mekn HaceneHHs
HauioHansHoro ®ony mociimpkens Ykpainu [1].

kpaiH cBity [2]. Lle HOBa iH(eKIIis, IPOTH AKOI Hi B KOO 3 JIFOICH
He OyJ10 iMyHiTeTy. JlerkicTs nepenaui iHpeKii Bifl JIIOAUHH 10
JIIOIMHN TIEPEBAXKHO TIPHM Kalllli, YXaHHI, TOJOCHUH JIEMEHT,
PO3MOBI 1 T.II. CTBOPIOBaJIa YMOBH JUIsl IIBH/KOTO MOIIMPEHHS
iHQpeKmii Big Tepuropil IO TepUTOpii, Big MicTa MO MicTa,
NEepeTUHAIOYM KOPJOHM KpaiH 1 perioHiB. HasBHicTb
MPUXOBAHOTO iHKyOamiitHOTO Tmepiony, skuit mpu COVID-19
CTaHOBUTH Bix 2 10 14 1HIB, B cepeiHbOMY 5-6 JHIB, HE J]aBaJIO
MOJKJIMBOCTI BYACHO BHSBUTH IH(IKOBAaHMX OCi0, IO TaKOXK
CIPHUSUIO TOMIMPEHHIO 30yJHWKA BiJl HEBHABICHOI JpKepena
iHdexk1ii, ToOTO iH(IKOBaHOT JIOIUHY, Y SKOTO e HE 3'SIBUIINCS
CHUMITOMH, CIpUiHATIMBOMY HacedeHHio [3]. bBasose
penponykrusae yncio (RO) Oyno onineno 2,2 (95% L, Bix 1,4
10 3,9), To6to oauH iHbikoBaHMI 3apaxkas 2-3 4onosik [4].
HeMosxmBicTh BCTAaHOBHTH MOMEHT 3apaKeHHS 1 CBOE€YAcHO
i30;moBaTH JpKepeno iHGekmii B CYKYMHOCTI 3 TIOBHOIO
BIZICYTHICTIO IMYHITETy Yy HaceleHHsS 4acTO HPUBOAWIN JI0
BaXXKMX HachiakiB. [lommpenHio 30yTHHKA TaKOX CIPHSIN
Mirpariss HaceJCHHs, BHCOKAa HOro INUIBHICTh, COINaJIbHO-
€KOHOMIYHi, KyJIbTYpHI Ta peliriiiHi 0coOIMBOCTI TEPHUTOPIi,
BiZICyTHICTh  crenudiuyHoi NpodidakTUKX 1  JIIKyBaHHS,
HEJIOOIliHKa HeOe3nekn HOBOTO 30yJHWKA TOJITHKAMHU i
aBTOpPHUTETaMH 00JIACTi IPOMaJICEKOTO 3/10POB'S TOIIO

Jis  mpaBWIBHOTO PO3YMIHHS AWHAMIKK —IOUIMPEHHS
COVID-19 u aznekBaTHOi OIIHKHM €MiEMIYHOI CHTYAIIil,
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HEOoOXiTHOI I BIPOBAKEHHS €(PEKTUBHUX MPOQiTaKTHIHIX
U KOHTPOJBHUX 3aXOJiB, HECOOXIMHO pPO3POOUTH BiIIOBIIHIN
MaTeMaTHYHHH amapaT, 0 J03BOJISE MPUHAMATH pamiOHaNbHI
YIIPaBIIHCBKI PIlIEHHS CTOCOBHO CTPHMYBaHHs eminemii. B
CyJacHil Haymi BigoMa HHM3Ka IOXONIB A0 MOIETIOBAHHS
emizeMiyHuMiA npouecis [5-8].

Metoro mocmimkeHHs € 10OyaoBa IHTEICKTYalbHOI
MyJBTHAreHTHOT Mojeni emigemivnoro nporuecy COVID-19 B
VYkpaiHi.

Il. MVJBTUATEHTHA MOJIEJIb COVID-19

[ToOynoBana MylbTHAareHTHa MOJEINb MPEACTABIAE COOOO
MHOXXHHY areHTiB 3 TAKHMH XapaKTEPHCTHKAMH SIK BiK, CTaTh,
rpyna akTUBHOCTI, Ipyna pHU3MKY, TOLIO, SIKI 3HaXOISATHCS B
omHOMY 3 II'siTH cTaHiB: CnpuitHaTmuBui, [HikoBanmii, Toii,
10 OAyXaB, [H}pikoBaHWUIT O3 30BHIMHIX MPOsIBiB Ta MepTBUi,
Ta sIKi B3a€EMOJIIOTH OJMH 3 OIHUM Ta i3 CEpPEAOBHIICM
MoOJIeTIOBaHHA. sl HaalmTyBaHHS MOJIEINi BUKOPHCTAHO JaHi
3axBoptoBanocti Ha COVID-19 B VYkpaini, Hanani Llentpom
TPOMaJICHKOI0 30pOB’sl YKpaiHu.

ATEHTH BHITIaIKOBUM YHHOM OJIYKaIOTh IO CITII CUMYJISILI.
Sxmo 3mopoBmid areHT 3aiiMae HOUIAHKY 3 XBOpEM a0o
iH(QIKOBaHUM areHTOM, Y 3/I0POBOTO areHTa € MIAHC 3aPa3UTHCSL.
MOBipHiCT,  mepexomiB MK  CTAaHAMHM  BH3HAYCHA
EKCIIEPUMEHTAIBHUM IUISTXOM.

ATeHT 3amuImaeTses iH(QIKOBaHUM TIPOTATOM Tiepiony 7-14
aHiB. Y med uac 30ymHMK 3apasHuil. XBOpi areHTH
3aJMIIAIOTHCS 3apPa3HUMH IPOTIATOM yChOTO IEepiogy XBOpoOu.
Hanpukinni nepioxy xBopoOu 30ymHuk abo Bmupae, abo
BITHOBIIOEThCS Ta HaOyBa€ IMyHITET, OO0 BH3HAYAETHCS
KOe(II[iEHTOM JIETaIbHOCTI.

OxpeMi cuMYJIAILIii MOXKYTh He IyXe J00pe BimoOpaxaru Te,
[0 CTaHeThCsA B pa3i peanpHOl cmamaxy. lle Tomy, IO BOHU
4yacTo 3aHanTo cmpouleHi. I[Ipore, mo Moxe OyTH myxe
KOPHCHHM, TaK 11€ MOXJIMBICTh MOJEJIIOBAHHS BTPY4YaHHS 1 iX
BIUIMB HA 3arajibHy €BOJIIOLIIO MTaHaeMil.

Hanpuknan, 3MeHIIeHHS pajiyca 3apaKeHHs HaBKOJIO
30ymHEKa (a0 TX HMOBIPHOCTI Iepenadi iH(peKii) Moxe OyTH
e(peKTUBHUM CIIOCOOOM JOCII/PKEHHS! BILUTMBY, SIK ITOJIMIIEHHS
TiTi€HH BIUIMHE Ha MOIIMPEHHS TTaHICMIi.

TakoX  eKCIIePUMEHTAIbHO  JIOCHIPKEHO  HACKIIBKH
epexTBHOIO Oyne camoizomsmis. lLle MoxHa 3poOwuTH,
BUOpaBIIM II€BHY KUIBKICTh AareHTiB 1 BCTaHOBHMBIIHM iX
MIBHJKICTh HA HYJIb, €EKTUBHO 3YIMHHUBINH iX pyX. OTpuUMaHi
pe3yabTaTH  MiATBEPIXKYIOTh, IO CaMOI30JSMis JIHCHO €
e(heKTHBHUM METOI0M YIOBITbHEHHS MTOIITHPCHHS
KopoHaBipycy. lle Oyno OTpMMaHO HUIIXOM 3aIlyCKy psty

CUMYIIIIN Ui KOXHOT oci0, 1o

CaMOI30/II0IOTHCS.

OKpeMOi  TpOoTopIii

I1l. BUCHOBKH

Ji miaTpuMKE TpUHHATTS pimeHb B cepi Oiobe3nmexn
po3pobieHa iHTeNneKTyajdbHa iH(pOpMAaliliHa TEXHOJIOTIs, sKa
JO3BOJIUTH PO3POOHUTH HAYKOBO-OOTPYHTOBaHy 0a3y Ui
peanizamii epeKTUBHUX NPO(LIAKTHYHUX 1 MPOTHEIJEMIYHIX
3axomie MO3 Vkpainu, emigemionoraMu 1 QaxiBIsmu
IpOMaJICBKOT OXOpOHH 3/10pOB's. BrpoBapkeHHS HayKOBHX 1
MPUKIAHUX PEe3yAbTATIiB JOCTIKEHHS A0 BHIINX OpPraHiB
JeprkaBHOT Bitay, LleHTpiB rpoMaicbKoro 370poB'st YKpaiHu Ta
JKyBaJbHO-TIPO(IIAKTHIHUX YCTAHOB 32a0€311eUNTh IPUHHATTS
e(eKTUBHUX NPOQINAKTUYHUX PIlIeHb, 3HU3UTH HETaTHBHHI
€KOHOMIYHHH, MEAMIHUH 1 COIIaJIbHIH BIUTUB HA CYCITLIHCTBO i
JICpIKaBy.

[IpoBeneHi eKCHepUMEHTH TOBOPATh HE TUIBKH MPO
e(eKTHBHICTh caMoi3oiamii. BoHHM TakoXX TOBOpATH Ham,
CKUIBKH JII0JIeH IOBUHHI JOTPUMYBATHCS 1HOTO MPaBUIIA, 00
i3ormsmis Oyima epEeKTHBHOIO, 1 0 HEMA€E BENUKOI PI3HUIII MiX
88 1 100%. Ane 1ie TakoX TOBOPHUTH HaM IIPO Te, 10 cama 110
co0i 130T HE MOXKE BUKOPIHUTH XBOPOOY.
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Abstract—In the paper, the study of the carbon footprint
optimization is shown in order to receive low-carbon
vegetable frozen products. A short description of the Carbon
Footprint assessment is provided and the methods of carbon
footprint are discussed. Three clusterization methods are
used to divide the processes of spinach production into five
types. the frozen vegetables production line in order to derive
the models to assess the carbon footprint. The results of the
clusterization by three chosen methods: Canopy, k-means,
Expectation-Maximization, are assessed by five classification
methods: k-Nearest Neighbors, Neural Network, C4.5,
Random Forrest and Support Vector Machines with a radial
basis kernel function.

Keywords—Carbon Footprint; LCA method; clusterization;
Canopy; k-means; Expectation-Maximization; k-Nearest
Neighbors; Neural Network; C4.5; Random Forrest; Support
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. INTRODUCTION

Global climate change could potentially break the
ecological balance. Greenhouse gas emissions from human
activities have been a major contributor to global warming
since the mid-twentieth century. Agriculture and land-use
change contributed to 17% of global anthropogenic
greenhouse gas emissions in 2010 [1]. By 2050 the
population will be 9 billion people [2] to ensure a sufficient
supply of food, agricultural production should be increased
by 60%. Environmental sustainability is a challenge for
agriculture. Climate change can affect food availability; for
example, an increase in temperature, a change in the
structure of rainfall or extreme weather events may result
in a reduction in agricultural productivity [3, 4]. Therefore,
its main challenge is to lower and avoid the threats that
climate change poses to food availability but also to reduce
GHG emissions.

As a result to the emerging threats of climate change,
numerous programs, both global and regional, have been
developed, the purpose of which is to slow down the growth
rate of GHG concentration [5]. Achieving climate policy
goals requires continuous monitoring of emissions and
verification of the effectiveness of solutions for the
development of a low-emission economy. The plan for the
reduction of CO2 emissions by EU countries in 2014
requires the reduction of GHG emissions by 30% by 2030,
compared to the level in 2005 [6].

This situation poses new challenges for food producers.
More and more attention is paid to information about the
impact of a given product on the environment. That forces

entrepreneurs to take steps to optimize their production
process to lower the energy consumption and as well as the
carbon footprint.

The methods of calculating the carbon footprint are
most often based on well-known standards. Among them,
the most used are:

1SO14040: 2006 [7] — Environmental management-life
cycle assessment: principles and framework,

1SO14064-1: 2018 [8] — Greenhouse gases - Part 1:
Specification with guidance at the organization level for
quantification and reporting of greenhouse gas emissions
and removals,

ISO/TS 14067:2018 [9] — Greenhouse gases - Carbon
footprint of products - Requirements and guidelines for
quantification,

PAS2050 [10] — Specification for the assessment of the
life cycle greenhouse gas emissions of goods and services.

Carbon footprint calculation is used as a tool for
assessing greenhouse gas emissions, helping to manage and
reduce them. Once the carbon footprint has been calculated,
its detailed data helps to identify weaknesses, i.e. high-
emission areas, that can be eliminated or improved. Thus,
the carbon footprint is an indicator of sustainable
development.

The carbon footprint is typically calculated using
carbon emission factors and activity data that can be
assessed through a Life Cycle Assessment (LCA). The
carbon footprint analysis according to the LCA
methodology is carried out by identifying potential
environmental threats, usually throughout the entire life
cycle of a product, i.e. from the extraction and processing
of raw materials, their transport, through main production,
distribution and use, to waste management [11]. However,
in agricultural production, the emissions directly related to
energy consumption are not dominant [12]. A large part of
GHG emissions on farms is gas losses from farmland and
livestock. Fig. 1 shows Life Cycle Assessment (LCA) in
carbon footprint (CF) estimation.

LCA is a widely used approach to assess the actual
environmental impact of a product from its production and
use [13] [14] [15] [16]. The standards for assessing the
product carbon footprint in LCA are mainly PAS 2050 [10]
and 1ISO / TS 14067 [9].
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Figure 1. Life cycle assessment (LCA) in carbon footprint (CF)
estimation.

Il.  PRODUCT LIFE CYCLE ANALYSIS

The product life cycle analysis will be carried out on the
example of real data from UNIFREEZE, which represents
the food processing industry. It is a company producing,
among others, frozen vegetables and fruits. In the CFOOD
project, as part of the NCBIR Biostrateg Il recruitment,
research is underway on the preparation of an expert system
that allows to assess the impact of individual production
stages on the total carbon footprint of the final product,
which is frozen food. These studies can also be the basis to
analyze the entire production process in terms of the
generated carbon footprint and its optimization in this
regard.

In the case of the CFOOD project, we focus on the
optimization of the frozen food production process, so we
consider a segment of the product life cycle from the
moment of raw material delivery to the shipment of the
finished frozen food to the recipient. The production
process can be divided into several smaller stages:

+ S1 — initial cooling of the raw materials before the
processing;

* S2 —the raw material preparation for the production;

» S3 — raw material pre-processing on the production
line;

 S4 — product freezing in the cold tunnel;
» S5 — product preparation to coldstore.

Each of the process stages is connected to electric meter
units. Each production stage has also a preparation phase
that is measured separately, e.g. S1 has a preparation phase
that is denoted pS1, etc.

For the spinach production presented in the paper, the
stages connected with freezing or blanching (heating up)
the raw materials have the biggest impact on energy
utilization because they are connected with freezing
processes. Usually, the whole production process lasts 12-
36 hours and its output is around 15-100 tones of
production.

In the research section, we have used clusterization
methods. We have checked several of them and choose
three: Canopy, k-Means (KM) and Expectation-
Maximization (EM) [17][21]. We have tested several
options with the cluster numbers and chosen five clusters
for each method that should represent according to our
experience some real-time situations that occur during the
production and their accounting systems:

- Optimal production — the product has the temperature
-25°C + 2 °C at the end of the line and the production
goes without obstacles

- Close to optimal — during the high season energy
consumption should be lower so as to make through-
output higher. That is why the product temperature is
allowed to be between -6°C and -18°C.

- Wrong accounting of some parameters. Sometimes,
operators of the system can make mistakes. That will
result in too high or too low results e.g. the through-
output.

- Malfunction of the energy meters — it is a different
situation from the above ones and might result in
random results.

Of course, the last three reasons might provide proper
results that are indistinguishable from real ones. The
clusterization model with five clusters should have at least
80-100 processes. After a year of the process measurement,
till April 2021, we have collected 152 results only for the
frozen onion production. The most of vegetables have less
than 50 cases. Spinach has already 75 full processes in the
CFOOD database.

In the theoretical Carnot cycle the minimal energy to
freeze one ton of vegetables is around 8-12 kWh depending
on the vegetable [22]. Assuming that the real cooling
efficiency of the compressor is around 16-20%, the
minimal energy to freeze the vegetables should be more
than 42-50kWh per one ton. This would be one of the
factors how to choose the proper (optimal) processes due to
the clusterization.
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I1l.  RESEARCH, RESULTS AND DISCUSSION

In the previous work [18-20][22] to assess the
production processes we have prepared the set of verified
data and to assess the trustworthiness of the production data
we have compared the results of processes classification
using 5 classifiers: k-Nearest Neighbors, Neural Network,
C4.5, Random Forrest and Support Vector Machines with
a radial basis kernel function [21].

In the current paper, we have focused on unsupervised
methods i.e. clusterization [21].

Figures 2-4 show the clusters for the corresponding
Tables 1-3. In Tables 1-3 there are classification results of
the production processes using the following clusterization
methods with five clusters as it was explained in Sec. II:

- Canopy: max-candidates = 100; periodic-pruning =
10000 ; min-density = 2.0; T2 radius =0.877 and T1
radius = 1.097

- k-Means (KM) with Euclidean distance, max-
candidates = 100, periodic-pruning = 10000, min-
density =2.0, T1 = -1.25 and T2 =-1.0.

- Expectation—-Maximization (EM) with max-candidates
=100, “minimum improvement in log likelihood” =
1E-5, “minimum improvement in cross-validated log
likelihood” = 1E-6, and “minimum allowable standard
deviation” = 1E-6 .

IV. DISCUSSION OF THE RESULTS

In the discussion below and their corresponding tables,
we have highlighted the optimal clusters. All values for the
stages and their preprocessing phase are in kWh/ton, the
production through output (pt) in [ton/h] and an average
energy consumption in one hour Et in [kWh/h]. Canopy
seems to provide the best assessment of the processes
because it’s the best cluster that has the lowest energy
consumption from the three optimal clusters for each
clusterization

Canopy clusterization
Cluster 3 has the best results and it would be the 1st
choice for the optimized process cluster.

Table 1. The Canopy clusterization results of the centroids
parameters of the chosen stages and parameters.

Cluster | Cases | S1 S2 S3 S4 pt Et
0 18 [31.83|1549|16.79|0.91| 1.70 | 147.7
1 6 34.70 | 1354 16.83 | 1.06 | 1.76 | 166.7
2 7 2229 | 7.20 | 11.01|0.70| 2.19 | 1144
3 21 |35.63| 9.07 |16.55]|1.09| 1.8 |142.0
4 23 27.99 2102 |18.24|10.85| 1.44 | 1354

K-means clusterization

Cluster 2 — has very low energy consumption. Possible
cause — wrong data. Cluster 3 is 1% choice for optimal
process cluster because it has fair freezing stages energy
values and low energy consumption in other stages.

Table 2. The k-means clusterization results of the centroids
parameters of the chosen stages and parameters.

Cluster | Cases S1 S2 S3 | S4 | pt Et
0 28 28.88 | 19.95 | 16.91 | 0.77 | 1.58 | 141.8
1 7 39.75 | 16.82 | 19.20 | 1.17 | 1.69 | 192.7
2 5 35.23 | 19.86 | 18.40 | 1.09 | 1.56 | 143.7
3 28 313 8.05 | 15.06 | 0.95 | 1.88 | 137.7
4 7 30.3 | 14.14 | 15.14 | 0.88 | 1.92 | 161.7

EM clusterization

Cluster 1 is 1% choice for optimal process cluster and
its preprocess values are fsir. Cluster 3 has too small S1-S4
and Et values.

Table 3. The EM clusterization results of the mean
parameters of the chosen stages.

Cluster | Cases | S1 S2 S3 S4 pt Et
0 10 325 | 148 |16.27 | 0.93 | 1.77 | 159.7
1 24 |3295]| 8.17 | 15.88 | 1.00 | 1.89 | 144.0
2 2 48.96 | 4.84 | 25.24| 158 | 1.50 | 2145
3 3 9.93 | 484 | 568 | 0.31 | 2.10 | 65.99
4 36 |30.79]|19.91|17.12| 0.85 | 1.61 | 1444

To assess and to choose the clusterization method we
have used five machine learning methods as in our previous
work [19][20]. All the clusterization results were assessed
by the classification methods with the same parameters. In
Tab. 5 there are classification results of the production
processes using the following classifiers:

- 3NN (kNN) 3-Nearest Neighbors;

- Multilayer Perceptron (NN) with a hidden layer with 11
nodes for the spinach and 10 nodes for the spinach
production with a learning rate equal to 0.79 and
momentum equal to 0.39;

- binary tree C4.5 with a confidence factor equal to 0.25,
with a minimum number of instances per leaf equal 2;

- Random Forrest (RF) with the bag size percent equal to
100, with maximum depth unlimited, number of
execution slots equal to 1 and 100 iterations;

- Support Vector Machine (SVM) with a radial basis
function (RBF) K(x,y) = exp(-0.05*(x-y)2) 3)

Table 4. The assessment of the clusterization methods by

five machine learning methods.

Classifier Classification results [%6]
Canopy KM EM
3NN 90,7 94.7 90,7
C4.5 93.3 97.3 98.7
NN 96.0 94.7 97.3
RF 100 100 100
SVM 100 98.7 100

From Tab. 4 one can derive that the best clusterization
method. 5 is k-means followed by Expectation—
Maximization, and then Canopy.
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V. CONCLUSIONS

Proper tuning and accounting of the production line
shown in the paper allow to point the optimized set of the
processes that will allow to achieve low carbon footprint
during the freezing processes. In the paper, we have shown
three clusterization methods that allow us to assess the
processes and their impact on energy consumption and
hence, the carbon footprint. We have shown that all the
clustering methods point out the processes that are proper
from the manufacturing point of view. Although the lowest
energy during the production phase of LCA seems to be
tempting, it also means higher energy during the cold-store
phase or destroying the product due to the wrong
production technology.

We have shown the results for the spinach production
taking into account 75 processes. Nowadays, we collect
new processes for the other vegetable products. The will be
analysed using the clustering methods shown above.
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Abstract—Homogenization methods for modeling of dynamic
processes of diffusion and filtration of liquids will be discussed.
Porous periodic media, formed by a large number of blocks with
low permeability, and separated by a connected system of faults
with high permeability, will be considered here. Taking into
account the structure of the media in modeling, ones have the
dependence of the filtration equations and their coefficients on a
small parameter characterizing the microscale of the porous
medium and the permeability of the blocks. Thus, initial boundary
value problems for nonstationary equations of filtration in such
porous media will be considered. Statements on the solvability and
regularity for such problems and the corresponding homogenized
problems with convolutions are proposed. The statements are
actual for the numerical solution of this problem with guaranteed
accuracy.

Anomayia—BynyTh npeacTaBJieHi METOAM OCEPeTHEHHS IJIs
MOJEeIIOBAHHS JHHAMIYHMX mpoueciB audysii Ta ¢inbTpauii
pinun. Po3riasigaoTbess  MOPUCTI  mepioaMyHi  cepenoBMINA,
YTBOPEHi BeJIMKOI0 KiTbKIiCTIO 0JI0KIB 3 HH3bKOK NMPOHUKHICTIO i
po3diiieHi MOB'SI3aHOKW CHCTEMOIO  PO3JIOMIB 3  BHCOKOIO
NpoHUKHicTIO. Bepyun [0 yBaru CTpPYKTYpy cepeAoBHLI NpH
MOJe/JTIOBAHHI, BHHUKA€E 3aJleKHicTh PiBHAHBL ¢iabTpanii Ta ix
KoediuieHTiB BiI Manoro mapamMerpa, IO XapakTepu3ye MiKpo
MACIITAGHICTh MOPUCTOr0 CePeIOBHINA TA MPOHUKHICTH OJIOKIB.
TakuM YHHOM, OYIyTh PO3IJISTHYTi MOYATKOBI KpaiioBi 3agaui nJst
HeCcTAalliOHApPHUX piBHAHBb (QiabTpamii B TakKUX NOPHCTHX
cepeIoBHUINAX. 3aNIPONIOHOBAHO TBePAKEHHs MPO PO3B'SA3HICTH Ta
pel"y.]'lflpHiCTl) TAKHUX 3aJa4 Ta BiI[l'lOBilIHl/lX ocCepeaHeHUX 3aaa4 i3
3ropTKaMu. Taku TBEPAKCHHA € AKTyaJJbHUMMU I YUCEJIBHOI0
PO3B’si3aHHA Li€l NPodaeMH 3 rapaHTOBAHOI0 TOYHICTIO.
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. DIFFUSION AND FILTRATION IN POROUS MEDIA

Mathematical modeling of dynamic processes of diffusion
and filtration of liquids in porous media is actual when planning
the use of underground resources, development of methods for
preventing technogenic contamination of groundwater and the
search for ways to purify such waters from contamination.
Research of such processes engineering methods of observation
are expensive and practically impossible, due to the need to
install a large number of sensors on large territories and different
depths to study the dynamics of fluid movement in a real porous
environment. So the simulation is the only one the possibility of
forecasting and possible optimization of methods for rational
water extraction, purification and prevention of groundwater
contamination.

In order to simulate diffusion and filtration processes in
porous media, it is natural to first choose some model of such a
medium. Porous media with a periodic structure are simulated
most simply, since to describe such media it is sufficient to
determine only the structure of the periodicity cell and then
continue such a cell in a periodic manner with suitable periods.
Porous periodic media formed by a large number of blocks with
low permeability, and separated by a connected system of faults
with high permeability will consider. It is natural to call the
porous media weakly porous.
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Such models for equations depending on one or more small
parameters and periodic coefficients were investigated in [1-4].
Further generalizations of methods for studying these models for
problems of diffusion and filtration of liquids are given in [5-8].
In these papers, homogenized initial boundary value problems
in convolutions were obtained, the solutions of which
approximate the solutions of the original initial boundary value
problem for weakly porous media, and accuracy estimates of the
approximations and statements on the solvability of the
homogenized problems were proved. In mechanics and physics,
such problems in convolutions are usually called dynamic
problems with memory effects [9].

Another approach to simulate diffusion and filtration
processes in porous media is presented, for example, in [10],
where statements on the two-scale convergence of solutions to
solutions of two-scale homogenized problems are proved. Such
two-scale homogenized problems depend on two fast and slow
variables and the type of such equations is not clear. Also, the
accuracy of the approximations is not clear in this case. Further
details on this approach and bibliography can also be found in
[10].

The results of [1-8] were obtained under the assumption that
the initial data are regular enough and the initial conditions are
homogeneous. The solvability of such homogenized problems
in convolutions with irregular initial data will be discussed here.
These results for the problems are new. The properties of
solutions to such problems are close to the properties of
solutions to problems of variable orders, further details and a
bibliography can be found in [11].

Il. INITIAL BOUNDARY VALUE PROBLEMS
The homogenized convolution problem for the function
v =V(t,x) is the following

vi—mx(vi)—Av="f —-m=f in Qx(0,0),

V_,=0 in Q, v=0 on 8Qx(0,0), (1)
where Q is a bounded domain, m=m(t) is an element of the

space L'(0,00), which is defined by a solution of some cell

problem in accordance with [1-8], and * denotes the
convolution operator by t, for example,

t
m(v; )= m(t—7)[v{(t,x)]dr.
0

The main result on the solvability and regularity of a solution
to problem (1) is the following statement.

Theorem. For every f € L*(0,00;H™(Q)) and we L*(Q)

the unique solution v e L2(0,00;H:(Q)) to problem (1) exists
and there is such positive constant C that

"V”Lz(o,oo;Hé(Q)) +||V{||L2(O,OO;H_1(Q)) :

<C|f2 +Clw

(000;HHQ)) (Q)

and veC°(0,T;L%(Q)) for fixed positive T .

Here spaces of functions are used, the definitions of which
are given, for example, in [9]. In order to prove the solvability
of homogenized problems with memory, we use the Laplace
transform method developed in [12] to study parabolic problems
of general type and a priori energy estimates.

I11. CONCLUSION

Thus, initial-boundary value problems for non-stationary
equations of diffusion and filtration in weakly porous media are
discussed. Assertion on the solvability and regularity of initial
boundary value problems for homogenized convolution
problems with memory are presented. The statement is valid for
general initial data and inhomogeneous initial conditions and
generalizes classical results on the solvability of initial boundary
value problems for the heat equation. The proofs use the
methods of a priori estimates and the well-known Agranovich-
Vishik method based on the Laplace transform and developed to
study parabolic problems of general type. The statements are
necessary for the numerical solution of this problem with
guaranteed accuracy.
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Anomauyia—3anponoHoBaHa podota MpHUCBSIYEHA
32CTOCYBAHHIO MNPSAMOr0 METOAy 10 AOCTiIKeHHs mpoueciB
TEmJI000MiHy B CHCTeMi — «CyUIbHUN WHIIHAP B 6araTomaposii
000JI0HI» 3 ypaxXyBaHHAM HAsIBHOCTI BHYTPILIHIX TuKepes Temaa
Ta HeileaJbHOr0 TEeIIOBOro0 KOHTAKTY MiK OKpPeMHMMH IIApaMu.
J1g po3B’sI3yBaHHS TaKol 3a1a4i MOCTABJICHO JONOMIkKHY 3aia4ya
NMpo BU3HAYEHHSI PO3MOALTY HeCTAIOHAPHOIO TeMIepaTypHOro
noJsA y 0araromapoBiii NOpoKHUCTIN HUIIHAPUYHINA KOHCTPYKLIIT
3  «BWIYYeHHM» IIUTHAPOM JOCTATHBO MAaJioro pajiyca.
Peanizanisi po3B’ 3Ky q0MOMiKHOI 3a7a4i MPOBOAUTHCH IUISIXOM
3aCTOCYBaHHA METOAY PeAyKIlii i3 BHKOPHCTAHHAM KOHUEMMIIl
kBazinoxinuux. Hamani BukopucTroByeThess cxema ®Dyp’e i3
3aCTOCYBaHHAM MOAN(DiKOBAaHOr0o MeToay BaacHuX (pyHkuiii. Jast
3HAXOKeHHsl PO3B’SI3KY BHXiIHOI 3aJa4yi BMKOPUCTAHO iero
TPAaHUYHOTO NEPeXoy HIJISIXOM NMPSIMYBaHHS pajliycy BUJIy4eHOTo
nuiIiHapa no Hyxas. BeraHoBieHo, 1m0 MpuH TakoMy miaxoai Bci
BJIacHI pyHKuii BinnmoBinHoi 3a1a4i Ha Bi1acHi 3HAaYeHHS He MAIOTh
0co0IMBOCTEH B HYJI, a 1le 03HAYA€, M0 i PO3B’A3KH BUXiTHOT
3aaa4i € oOMe:keHUMH Yy Bceili koHcTpykmii. Jdasi imocrpamii
3anponoHOBAHOI0 MeTOAY PO3B’SI3aHO MOJeJbHMII MPUKJIAL PO
3HAXOIKEHHSI PO3MOJiTy TeMNEepPaTypHOro MOJsi Yy CHCTeMi
YOTHPHINAPOBUX NMIIHAPHYHHX KOHCTPYKNiii 3 pisHUMH
Tem10Qi3MYHUMH XapaKTePUCTUKAMH MaTepiaJiB.
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Abstract—The proposed work is devoted to the application of
a direct method to the study of heat transfer processes in the
system - "*solid cylinder in a multilayer shell** taking into account
the presence of internal heat sources and imperfect thermal
contact between the individual layers. To solve this problem, the
auxiliary problem of determining the distribution of a
nonstationary temperature field in a multilayer hollow cylindrical
structure with a "'removed" cylinder of sufficiently small radius is
set. The solution of the auxiliary problem is realized by applying
the method of reduction using the concept of quasi-derivatives.
The Fourier scheme is then used using a modified method of
eigenfunctions. To find the solution of the original problem, we
used the idea of a boundary transition by directing the radius of
the removed cylinder to zero. It is established that with this
approach all eigenfunctions of the corresponding problem have no
singularities at zero, which means that the solutions of the original
problem are limited in the whole construction. To illustrate the
proposed method, a model example of finding the temperature
field distribution in a system of four-layer cylindrical structures
with different thermophysical characteristics of materials is
solved.

Knrouosi  cnoea—komnonenm;  oazamowiapoguit  cyyinvHuil
UUIIHOP, K6A3INOXIOHA, NPAMUT Mem 00, ZPAHUYHUIL nepexio
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l. Bcryn

Po3B’s3yBaHHIO Ipo0JIeMH TEIIOOOMIHY B OaraTomapoBux
KOHCTPYKIIiSIX TIPHCBSYCHO YHCICHHUH pan poOit. [lepeBaxkHa
OIIBpLIICTE 3 HUX OOMEXYETHCS BHIIQJKOM  1/1€aJIbHOTO
TEIUIOBOTO KOHTAKTy MiXK IIapaMi Ta BHUIIQAKOM BiJICYTHOCTi
BHYTPIIIHIX [pKepen Temia. [Ipore HeocTaTHO BUBUCHUMH €
3amadi TEIUIONMpPOBIMHOCTI 0araTtomrapoBUX KOHCTPYKIIH 3
ypaxyBaHHSIM HEiJEaJIbHOTO TEIJIOBOrO KOHTakKTy. KiibKicTbh
TaKWX JOCIIIKEHb € TOCTATHRO OOMEXeHO10. Tak, HalpuKIa,
y pobori [1] posrasHyTO 3amauy NOpo  BU3HAYECHHS
TEMIEePaTypHOTO TOJS IBOIIAPOBOI IUIOCKOT KOHCTPYKIIi MpH
HeiJleaJJbHOMY —TEIUIOBOMY KOHTAaKTI MDK IapamMud Ta
TPaHMYHUMH yMOBaMH TpeTboro poxy. B [2] mposeneHo
MaTeMaTHYHe MOJEIIOBAaHHS YMOB HEIJCaJIbHOTO TEIIOBOTO
KOHTAKTy IIapiB Yepe3 TOHKE BKIFOYCHHS 3 JDKepeIaMu TeIuia.
VY [3] po3B's3aHO OCECHMETPHUUHY TEMIEpAaTypHY 3aaady Ui
CHCTEMH [BOX KOHTAaKTYIOUHMX IIapiB 3 ypaxyBaHHAM
HeiJleaJbHOTO TEIUIOBOr0 KOHTakTy. OpHaK B IMTOBaHUX
poboTax aBTOpH 0OMEXKYIOThCS JBOMaA mIapamu. Lle 3ymMoBneHoO
TUM (HaKTOPOM, IO 30LIBIICHHS KUTBKOCTI IIapiB (3 OrIsAy Ha
BHOIp METO/IB MPAKTHYHOI peaizarii) IPU3BOIUTh IO IEBHIX
o0YHCITIOBaJIbHUX TpyAHOL[iB. ToMy mpoOiema noOyaoBH
e(eKTHBHOI aHANITHYHOI CXEMH JOCHIIPKEHHS MpPOIECiB
TEIUIOOOMIHY B 0araTomapoBHX KOHCTPYKINSX, 30Kpema
IWTIHAPUYHAX, OPH HAsBHOCTI HEiNEalbHOro TEIUIOBOIO
KOHTaKTy MDK IIapaMH Ta 3 YypaxyBaHHSIM HasBHOCTI
BHYTPILIHIX JKEpeJT TeIlIa 3aIHIIAETHCS aKTyIBHOIO 331a4CH0.

Il. TIOCTAHOBKA BUXIJTHOI 3AJIAUI

PosrisiHeMo CyIUIbHUE HEOOMEXESHUI LMWIIHAP paaiycoM
r =r,, KUl B TOJANBIIOMY HAa3HBaTHMEMO SIIPOM, BCEPEAMHI
GararomapoBoi OWTIHAPAIHOT 000JIOHKH
n<r<..<r_<r. Mk mapamu icHye
TEIUIOBUM KOHTAKT, a y IIOYaTKOBUI MOMEHT yacy t=0, Taka
LWWIHIPUYHA ~ KOHCTPYKLIST Ma€  OJIHAKOBY  IOYaTKOBY
Temmeparypy 1 =T,, £Kka CHiBHagae 3 TeMIEPaTyporo

paniycamu
HelIeaTbHAN

HABKOJIMIIHROTO CepeloBUIa. Ha 30BHINIHIA TOBEpXHi
KOHCTPYKIIT BiIOYBAa€TbCS KOHBEKTUBHHMH TEIUIOOOMIH 3
HABKOJIUIIHIM CEpEIOBUIIEM, TEMIIEpaTypa SKOTO 3MiHIOEThCS
3a JESKAM 3aKOHOM \J (r) , TOOTO BUKOHYETHCS KPalioBa yMOBa

TpeThoro poxay. KpiM mporo, y smapi Ta mapax 0OOJOHKH
nepeabdayeHo HasBHICTb JpKepena Temsa iHTEHCHBHOCTI (.

v(7)
PIBHOMIPHO PO3MOiJIeHa 110 MTIOBEPXHI LMTIHIPUYHOT 000JIOHKH
Tak, IO 130TEepMH BCEPEIUHI Li€] KOHCTPYKIii ABISIOTH COO0I0

BBa)KaTI/IMCMO, o TeMIICpaTypa cepeaoBuiia

KOaKCiaJlbHI IIOBEPXHi, a 1e 3HAYUTb, 110 TeMIeparypa | (I‘,'c)

3aNIeKUTh JIMINE BiJ pagiyca I Ta dacy T 1 3amada €
cuMeTpudHOt0. HeoOxiaHo 3HAWTH pO3MOIiT HECTAIllOHAPHOTO

TEeMIepaTypHOro moust | (I’ ,r) TaKOi KOHCTPYKIii y OyIb-sKUi
MOMEHT 4acy T.

Taka mocTaHOBKa 3a7a4yi 3BOJUTHCA JI0 PO3B’SI3YBaHHS
nu(epeHIiaTbHOTO PIBHSAHHS TEIUIONPOBIIHOCTI 3 YMOBaMH

CIIPSDKEHHS, KpaiiOBOIO YMOBOIO TPETHOTO POIY, YMOBOIO
CHMETpIl Ta IOYaTKOBOK YMOBOIO BiAMOBinHO [4]

aT(rx) 1o( , oT(r)
— = | pp—"L |+gq,, reOr), t>0,04
P o ror or N (Or) @)
M M (F0T) =2, ﬂ( r,7)=0,
or or
1o ®)
Ti+l (ri+1 ’T)_Ti (ri+1 'T) = HAW 6_rl( fii1 11)!
or
—Ka(fn,T)=G(T(rnﬂ)—‘lf(f))' (6)
T (0,1)=0, ™
or
T(r,O)zTO. (8)
TyT mMmo3HaueHO: ¢ — MUTOMA MAacoBa TEIIOEMHICTh,
Jx/(xr-°C); r — xoopaunara, M; T — Temneparypa, °C; o —
KOe(IIieHT TemIo0OMiHy, Bt/(M?-°C); A — KoedimieHT
terwonposintocti, Br/(m°C); p — rycruna, kr/m%; ¢, —

iHTEHCHBHICTH BHYTPIILHBLOIO JKepena Tema, Br/m®; 1 — uac,
c;, Wy (’C) — 3aKOH 3MIiHHM TEMIIEpaTypH HABKOJHUIIHBOTO

cepenopuia, °C.

I1l. TOCTAHOBKA JIOIIOMDKHO{ 3AJTAUI
Hust toro, 1mo6 po3s’s3atu mocrtaBiieHy 3amady (4)-(8)
«BUIIYYHMO» 3 CEPeIMHH SIpa IIHApP pajiycoM I =TIy,
npuaoMy 0<ry <r. PosmigHemo Temep MimaHy 3azmady

TEIUIONIPOBIAHOCTI IS
OWITIHAPAYHOI KOHCTPYKII.

GaraTomapoBoi  MOPOKHHUCTOL
Hus  toro, mo0 po3pi3HUTH

GYHKIIII0 pO3NOJily TEMIEPATypHOTro o | (I’,T) BHXiJTHOT

3amadi  Bim  QyHKOIi  po3MOAUTY  JOMOMDKHOI  3ajadi,
[03HAYATUMEMO OCTAHHIO Yepe3 t(l’ ,‘c) .
Hust 3HAXO/DKEHHS  PO3MOMALTY  HECTAI[iOHAPHOTO

TEMIIEpPAaTypHOTO MO Yy OaraTomapoBiii  MOPOKHHUCTIH
LWTHAPUYHIA  KOHCTPYKIIl HEOOXiTHO 3HAlTH pO3B’S30K
I epeHIiaTbHOTO PIBHSAHHS TEIUTOMPOBIAHOCTI [6]

o -2

k(r)% +q,(r), (9)

3 yMOBaMH CIIpsKEHHS [7]

}\‘i+1 atnl(ri-f-l’r)_)\‘i %(I’Hl,‘t) :O,

or or
1 ot (10)
ti+1(ri+1"c)_ti (ri+l"5) =—MN\ a_;(rmnr)-

i+1
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VYMmoBy cumertpii (7) 3MIHHMO Ha HYJILOBY KpaiOBY YMOBY
JPYTOro POy, TOAI OJEPKUMO KpaioBi yMOBH 1Is piBHsHHS (9)
paszoM 3 OYaTKOBOIO YMOBOIO

ﬁ(ro,r) =0,
N or (11)
‘7“5(” ,t):oc(t(rn ,r)—\u(r)),
t(r,0)=o(r). (12)

3ayBakmMo, 10 PO3B’s30K BuXimHOI 3amaui (4)-(8) Gyme
oTpuMaHo 3 po3B’s3ky 3amadi (9)-(12) muAXoM rpaHHYHOTO
nepexony npu r, —0.

Beeznemo nosnavenus [6]: 0, — xapaxkrepuctiuHa QyHKIIisA

HariBBIAKPUTOTO HPOMDKKY [I’, N ) TOOTO
1 r '|+
0,(r)= elrfa). Mosuaunmo t1 (r (r, ) r—— a(r.7) -
0 re [|’|+1) 6r
n-1 n-1
KBasimoxizHa, A(r)=>26;, r)=>.cpd;,
i-0 i-0
n-1 n-1
r)=>.06,6;, o(r)=>_¢;, A G Py >0,
i-0 i-0

Vi=0,n-1.

rkt ), Ta

MOMHOXUBIIH yMOBHU cripspkerHst (10) Ta kpaiiosi ymosu (11)
Ha I, BIAMOBIIHO OTPUMAEMO E€KBIBAJICHTHI 10 HUX YMOBH

t|[+11:I ( |+1) t[l] ( |+1) _0'

BBiBIIM TO3HAYCHHS KBa3iMOXiAHOT (t[l]

(13)
t. (r.,)-t(r,)= tt (r
i+l (r|+1) i (r|+l) rHlOLHl ( I+1)
[1 _
t [l(]ro 1) =0, (14
art(r, o)+t (r 1) =a,ry, (1),

IV. METOJ PEVKLII

Po3B’s30k 3amaui (9)-(12) mykarumemo (qus. Hamp. [6], [7])
y BUDISAAI CYMH [BOX HEBIJOMHX, aji¢ B3a€MO3B’SI3aHHX
GbyHKITIIT

t(r,t)=u(r,7)+v(r,7). (15)

OmHy 3 HIX MOXHa BUOpATH CIeliaIbHUM YHHOM, TOJIi 1HIITa
B)KE€ BU3HAYATUMETHCSA OJHO3HAYHO.

Buznaunmo, Hampukiazn, QyHKIiro u(r,r) SIK PO3B’SI30K

KpaifoBoi KBazicTamioHapHOI 3aadi:

(raw’) +q, =0 (16)

u|[+11] ( i+1 ) u[l] ( I+l)_0’

U ()= (R) =—— 0 (1),

L

o, nu(r,t)+ut(r,

(17

)’ mhx(m)
8V(r,r)

d
a Takox (y moganbmomy) VI =2 5
r

a ou(r,t
ne ut!! :k—( )
or
— KBa3iMoXiIHi.

BcranoneHo [4], [6], o Ha KOXHOMY 3 TIPOMIXKKIB 3a1a4a
(16)-(18) mae eauHMi PO3B'SI30K Ta 300pPAXKYETHCS Y BUTIISIII
BekTop-QyHKIii U,(r), Je mepor KOOpAMHATOIO € ITyKaHa

¢yrKOis U(r,t), a Ipyroro — I KBa3iloxXiaHa
u,(r)=B;(r,r,)-B(r,r,)-P,—B;(r,r)- ZB(r r)-Zy J'B r,s)-R(s) ds(lg)

— IIOYATKOBUM BEKTOp, IO OOYHUCIIOETHCS 3a

Po
P = ’
=[]

Po =‘V(T)+

2
qw 1 (r| _rl 1) hln L +
7\‘i—l 4 2 ri—l

ae Py
(bopmyoro

AHAaIorivyHo, SIK y po6oti [6] Ha ocHOBi 306paxents (15) 3
bopmynu (9) oTpumyemo:

0 10 0
cp—(U+v)==—| rA—(u+v =
pc’?r( ) rar( 6r( )qu
ou o 1 a ouy 10 ov

=>Ccp—+Cp— h— |[+=—| rA—|q,.
ot ot rar or ror or

ou
Ockinbku B hopmyii (16) —(rk e j+ g, =0, orpumyemo
HEOTHOPIIHY MillTaHy 3a/1adi [yist BU3HAYCHHS QyHKIIT v(r ,r) :

ou ov 10 (mavj (20)

Cp—+Cp—=——| rA—
P " P " rar ar
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3 YMOBaMH CIIPSDKCHHSI
[1] [1] _
V|+l (ri+l'T)_vi (r'i+1,T)—0,

Vi+1(ri+1'T)_Vi(ri+1'T): V[l] (rm,r), (21)

r|+la

HYJIBOBUMH KpallOBUMH YMOBaMH

[1] _
{ vt (1) =0, 22)

o, nv(r,t)+viH (r,1)=0,

Ta MOYAaTKOBOK YMOBOKIO (omepkaHoio 3 dopmyma (12) ma
0CcHOBI 300paxenHs (15))

v(r,0)=o(r)-u(r,0)= f(r,0). (23)

BcranosieHo, mo po3B’s30ok Mimanoi 3amagi (20)-(23)
3amucyemo y Burisiai paay [6],[9]:

n-1

TR SENER RTINS

k=1 0

e vi(r,r):i{fk ~e‘””—J‘e‘“*(1S)UK(S)dS]Rki(I’,cok), ne
0

k=1
f, —xoedimierTn ®yp’e pO3BUHEHHS ITOYAaTKOBOI YMOBH, U, -

ou(r,t)

koedinienTn Dyp’e po3BUHEHHS (QYHKLIT 5 y Oy
T

BIacHi 3HaYeHHd, R, (I’,(x)k) - BJIacHI (yHKIi.

V. T'PAHWYHMI MEPEXIITIPU Iy — 0 TA 30BPAXKEHHS
PO3B’A3KY BUXITHOI 3AZIAUI

Ha ocHOBI MeTOay pemykiiii po3B’s30K BHXITHOI 3aaadi
300paKy€eThCS y BUTILAI

T(r)= Iim(u(r,r)+v(r,r)) .

rL,—0

IMepen peanizariiero rpaHUYHOTO TIepexoay mpu Iy — 0 cmig
BHOKPEMHUTH Ti CKJI4JOBI Yy BIQIOBIIHMX cymax (psnax), 1e
birypye 3miHHa I .

Tak, nouarkopuii Bekrop P, 3anmmemo y Burnsan

i=2 In

L o M ]
—ary(t)- [q% r2+ :2 %24 (I’,2 -2 )j
0
3aysascenns! OcKibKH (muB nanp.[10])
3y (Bor) =2+

TO
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23, (Boo1)

r!)m Iy (JI(BO 1) Yo (Bor) =30 (Bo 1) Yy (Bo o )) =

W (2a)
2] 0111
rloiir[']ro(Jl(ﬁolrl)Y1(Bolro)_Jl(Bo’ro)Yl(Borri)):_%-
Ilo3nauuBIIN
B(r,.f,®)=Bn1(r,1_1,0)-Bnz(r 5 ,,0) .. Bi(hn,o0)=

— (Cll ClZ j
C21 C22
BiJNIOBiZTHE XapaKTEPUCTUIHE DPIiBHIHHSI
HacTynHuM drHOM [10]:

ol (Jl(Bovro)Yo (Bo )= 3o (Bo.1 )Y (Bo ,l'o)) +
2

+(a‘rnC12 +cy) ) ThoBolily (‘]1 (Bo 'rl)Yl (Bozv ro)* J; (Bo T )Y1 (Bo 'rl)) -0,

MOX>XHa 3alumcaTtu

(arciy+cy)

a Ha OCHOBI (24) 0OTpUMY€EMO XapaKTEPUCTUYHE PIBHSIHHS MTiCIIs
TPaHUYHOTO MEPEXOY:

limA(r)=

rL,—0

_(arnclz +Cy )koﬁorl‘ll (Bo.1y)=0

((xrncu +Cyy ) Jo (Bo h ) -

BimnoBingHi BIacHi BEKTOPH ICIS TPAHUYHOTO MEPEXOIy
300pa3saThCcs Tak:

R (ro)= Bo(ryolﬂ))-(l, O)T _
:(JO(ﬁO'r)' ~hoBy 1, (ﬁo'r))T )

Ry (O,wk):(ll O)T.

Rki(r,wk):Bi_1(r,ri_1,0)) B( L1h,0)- ( o(By 1) _7‘050"1‘]0(50'|’1))T.

Ha ocHoBi Bumie HaBemeHHX (OPMYNIT MOXXKHA 3pOOUTH

BUCHOBOK, mwo ¢ynkuin T(r,T) e obMexeHoo y Bt

KOHCTPYKIIi1 Ta HeMa€e ocobnmuBocTei B Toumi =0 .

V1. MOJEIBHUN TIPUKJIIA]]

VY SKOCTI MOJEIBHOIO YHCIOBOTO MPHKIIAAY PO3TJISTHEMO
CHUCTEMY YOTHUPHIIAPOBY CYIUIEHY IITIHAPUYHY KOHCTPYKIIIFO,
ISl AKOi HEOoOXigHO 3HAWTH PO3MOMIT HECTaIliOHAPHOTO
TEMIIEPaTypHOTO TOJS, SKIIO TEeMIepaTrypa HaBKOJIHIIHEOTO
cepeoBHIa 3MIHIOCTLCS 3a 3aKOHOM

\j ('c) =345Ig (% + l] +20[11], xoeoimieHT TEIUIOOOMIHY

MDX TOBepxHEI0 Ta ceperoBumeM o =25. B mogarkoBmii
MOMEHT 4acy KOHCTpyKIis Mae Ttemneparypy 20 °C.
TertoTexHiUHI  XapakTepUCTHKHM  MaTepiaiiB, 3  SKHX
BHUTOTOBJICHI KYJIi, Ta BUXi/IHI IaHi JUIsl PO3PaxyHKY, HaBEJECHO
y Tabmumi 1.

TABLE II. TEIJIOTEXHIYHI XAPAKTEPUCTUKH MATEPIAJIIB

Ne ITapamerp
wapy| Padiye, Koeg. Humww.a Tyemuna [ocepeno| Koedp.
Menionpos. MenioeEMHicny) menna_|mennooo.
1 0-0,05 0,93 837 2000 25000 80
2 10,05-0,08 209 894 2680 0
20
3 10,08-0,15 64 389 8000 0
4 0,15-0,25 34,6 130 11400 35000 130

BuxopucTaBmy  3ampornoHOBaHUIl METOJ  pPO3paxyHKY
PO3IIOJITY HECTAllIOHAPHOTO TEMIIEPATypPHOTO IOJISl y CHCTEMI
OararomapoBux cpeprHIHHUX KyJb Ta IporpaMHe 3a0e3neueHHs
Maple 13, orpumyeMo po3B’sI30K MOCTaBJIECHOI 3a1a4i y puc 1.
Crin 3ayBayKUTH, IO UL OJCPKAHHS Pe3yIbTaTy i3 3aJaHOI0
TOYHICTIO TIpU oOuucieHi Oyiao BukopucraHo nepumux 50
KOPCHIB XapaKTEPUCTUIHOTO PiBHIHHS.

\
\\ \\\\t\&\\\\\\\ \\\\\\
\ A

W \ W \\\\\\\ \\\“I

Puc 1. Po3nodin necmayionaprno2o memnepamyprozo nois
Y HOMupuwapo8iti YuniHOPUUHIlL KOHCMpPYKYil

Crin 3ayBaKMTH IO TOCTaBJICHA 3a/laya € MOJCIBHOI,
METOI0 SKOI € LIFCTpaIlisi MOXJIHUBOCTEH 3aIlpOIIOHOBAHOTO
METOITy.
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Anomauyia—IIpeacTaBjieHo  mAXiAx 10  MPOCTOPOBOro
MOJe/IIOBAHHSI Ta aHadisy mpouecy mommpennss COVID-19 3
BUKOPUCTAHHAM NMOHATTH «HEeHTP TSKIHHS». HaBeueHo
pe3yJbTaTH aHaJi3y TPAaeKTOopii nmepeMillleHHS] UbOr0 LEHTPY
TSKIHHSA U1l KpaiH €Bponu Ta obJacTeil YKpaiHu, K NPHKJIa]
aHali3y Ha HaNiOHAJbHOMY pPiBHi, CTOCOBHO HOBHMX BHSIBJICHHX
BI/IIIaIIKiB 3aXBOPHOBAaHHA Ta CTOCOBHO JI€TAJIbHHUX BI/IHalIKiB.
I[poananizoBaHo 3aTPUMKH MiK XBHJISIMH 3aXBOPIOBAHOCTI Ta
JIeTaJIbLHUX BUIAAKIB.

Abstract—An approach to spatial modeling and analysis of the
COVID-19 spreading process using concept of 'center of gravity"
is presented. The results of the analysis of trajectory of this center
of gravity for European countries and regions of Ukraine as an
example of analysis at the national level are presented, regarding
new cases and deaths. Delays between waves of new cases and
deaths for many countries have been analyzed.

Knrwwuoei cnosa—npocmopose mooenrwsanns; nowmupenns COVID-
19; yenmp mascinnn; zeoingpopmauinnuii nioxio
Keywords—spatial modeling; COVID-19 spreading; center of
gravity; geoinformation approach

I.  Bcrvn
[Manpewmis, Buximkana COVID-19, 3auenmia yci kpainu i
NepeTBOpHIIAcs y CIpaBXHii BUKIMK JiroacTBy [1]. Lonenni
JlaHi TIpo HOBI1 BUITAJKH, a IO Ty)Ke MPHUKPO PaTaTbHi BUTIAJAKH

Rostyslav Bun

dept. of Applied Mathematics
Lviv Polytechnic National University
Lviv, Ukraine
dept. of Transport and Computer Science
WSB University, Dabrowa Goérnicza, Poland
rostyslav.a.bun@Ipnu.ua

JUTSL yCiX KpaiH Ta PETioHIB [2], BpakaloTh CBOEIO JKOPCTOKICTIO
1 CIIOHYKalOTh BUEHHX JI0 IHTEHCHBHOI'O aHAJIi3y YCiX acleKTiB
miel Ti00anmpHOi mpoOimemu. 30KpeMa, 3HadyHI  3YCHIUIA
NPUKIIAAIOTECS 10 aHANi3y IOIIUPEHHS XBOPOOHW, a TaKoX
KOPOTKOCTPOKOBOTO IIPOTHO3YBaHHS HACJIIKIB 3aIIPOBaIKECHHS
PI3HOMAaHITHUX 0OMEXYBaIbHHUX 3aX0/IB SK Ha HAI[IOHAJIBHOMY,
TakK 1 Ha peTiOHATEHOMY PiBHSX.

Cnpuunnena COVID-19 nannmemis Mana BIUIMB Ha BCi
cepu KUTTSA CYCIIUIBCTBA, 30KpEMa Ha EKOHOMIKY Ta Ha
JIOBKIJUTSL, TOMY JOCHIJDKeHHST [UX BIUIMBIB — II€ M€ OJUH
BUKJIMK JJIsI BUCHHX. AJDKE CIajl TOCIOJapchKoi aKTHBHOCTI
MIPUBIB €KOHOMIKM OaraThoX KpaiH 0 piBHS pelecii, IKoro He
criocrepiranocs 3 4aciB [lpyroi cBiToBoi BiliHH. 3 iHIIOrO OOKY,
e IpHUBENO 0 TOKPAIIEeHHA SIKOCTi MOBITpI y OaraTpox
perioHax IUIaHEeTH, YOMY CIIPHSUIO 3MEHIIEHHSI TPOMHCIOBOTO
BUPOOHUIITBA Ta 3HIKEHHS MOO1ITLHOCTI HaceneHHs. KpiM Toro,
JIIOJICTBO yxe mpoxkwio mimmid 2020 pik B yMoBax maHzemii,
TOMY HarpoMajpKeHi CTaTHCTHUYHI JaHi JaloTh MOKJIMBICTH
MIOPiBHIOBATH foro pe3ysbTaTH 3 nornepeTHIMU
HEeTaHJeMIYHIMH POKaMH B yCiX cepax KUTTETISUTBHOCTI.

3okpema, y pobori [3] mocmimkeno BmmB COVID-19 Tta
JIOKJayHIB Ha EKOHOMIKY Ta JIOBKUIIS, BHKOPHCTOBYIOUH
OJIEHHI  JaHi  CYNMyTHUKOBOTO  MOHITOPUHTY  3eMi,
BKIIOYaroun jAeHHI Ta HiuHi cmyrm (National Oceanic and
Atmospheric Administration Suomi-NPP), BumiproBanss NO2
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3 TROPOMI (TROPOspheric Monitoring Instrument), a Takox
ycepeHeHi MIiCSIYHI JaHi CTIIbHUKOBOTO 3B’ 3Ky SIK IHIMKaTOpa
MOOITBHOCTI HaceneHHs. MicSA4HI KOMIIO3MTH JEHHUX Ta
HIYHUX CMYT' CYIIyTHHKOBOT'O MOHITOPHHTY 3 BHKOPHCTaHHSIM
Suomi National Polar-orbiting (NPP) Visible Infrared Imaging
Radiometer Suite (VIIRS) 3anemoHCTpyBadM 3HIKEHHS
IHTEHCHBHOCTI OCBITJICHHS y PSJIi PETiOHIB IUTaHETH, O OyIIo
HACIIIZIKOM JIOK/IayHIB Ta IHIIUX yPSJAOBUX OOMEKCHb i 4ac
nauzgemii COVID-19 [4]. ¥V po6orTi [5] mpoananizoBano emicii
IIOKCHIY BYTJICIIO Bil BHPOOHHUIITBA E€NEKTPOCHEPTii mix yac
nokzaayHiB, y [6] — ebekr 3menmenns emicii COz mpoTsirom
3aX0JiB BUMYIIEHOI 130JIAMii, CHPUYMHEHUX MAHAEMIEI0.
Mo>kHa TaKOX BiJJ3HAYUTH aHATI3 BIUIUBY MaHAeMil HA JAeHHi [ 7]
Ta MicsaHi [8] sk robaneHi [9], Tak 1 perioHanbHI (30KpeMa B
Kwurai [10]) emicii CO2 Bijy BUKOPUCTaHHSI BUKOITHOTO MAJIUBA.

MerTol0 HamMX IOCHIIKEHb OYyJIO 3aCTOCYBAHHS IOHATTS
«UEHTPY TSOKIHHS» 10 MPOCTOPOBE MOJIECIIOBAHHS Ta aHAII3y
mommperHs COVID-19 B Vkpaini Ta 3aramoMm y €Bpomi Ha
OCHOBI JJaHUX IIPO HOBI BUIAJIKW 3aXBOPIOBAHHS Ta JICTAJIbHI
BUTIAJIKH.

Il. MOJEJIb HA OCHOBI «LIEHTPY TSDKIHHSI»

3arajioM, IICHTPOM TSDKIHHS MEXaHIYHOI CHCTEMHU € TOUKa,
BiTHOCHO SIKOi CyMapHHWII MOMEHT CHJI TSDKIHHSA, SIKi JifOTh Ha
cucTeMy, nopiBHioe Hyo [11]. B ogHOpiaHOMy o rpaBitamii
LEHTP TOKIHHA 3aBXKIM CIIBIIAJA€ 3 IEHTPOM Mac. Y 3ajadax,
sSIKi HE € MOB’5I3aHi 3 aCTPOHOMI€I0, TpaBiTaliiHe 1oJe 3a3BU4ait
BBa)KA€THCS OCTIHHUM Y MEXax aHaTi30BaHOI0 00’€KTa, TOMY
Ha MPaKTHII LUEHTP TSHKIHHS Ta LEHTP MacH CIIBIaAaoTh. Taka
K CHTyaIlisi Ma€ Micle, KOJHM IIi TOHATTS 3a aHAaJOTi€l0
BUKOPHCTOBYIOTh B IHIIMX Tally3siX, [€ HEMae pealbHOro
IpaBITALIiHOTO TIONsL i HEMa€e CeHCY TOBOPUTH IIPO HOro
onuopimuicte [12]. VY TakoMy CeHCi Il J[aBa TepMiHH €
cuHOHIMaMu. CamMe y TaKOMy CEHCI MU BHKOPHCTAIIH HOHATTS
LEHTPY TSOKIHHS Y IOTOYHOMY JIOCHIJPKEHH] [UIs1 MOJISITFOBAHHS
mommperas COVID-19.

MoskHa BII3BHAYHUTH JIEKIIbKA JOCHIIKEHb, Y SIKHX TOHSATTS
LUEHTPY TSOKIHHA BHKOPHCTAHO UL aHANI3Y PI3HOMaHITHHX
mporieciB. Hampuknam, aHami3a MIKHApPOAHOI EKOHOMIYHOT
nisutbHocTi Kuraro OBOR (One Belt One Road) ta rimo6ansHoro
€KOHOMIYHOro IeHTpy TsoKiHHs [13], anami3 ¢iHaHCOBHX
PUHKIB Ta TONITUYHOTO IICHTPY TsOKiHHA [14], omiHIOBaHHS
«rpaBiTalliiHUX» MoOJeNel y MikHapomHiid Topriem [15],
BUKOPUCTAHHS  TpaBiTAlIMHUX  MOJENeH JUIi  aHawi3y
rJ100aJbHUX TPOILECIB BIIMUBAHHS I'POIIEi Ha OCHOBI TOPTiBIII
[16, 17] Ta aHami3 MIiHIMBOCTI JIOKaTi3alil LEHTPIB TSOKIHHSA
YOTHPbOX OCHOBHUX TIJIOOQIBHMX IIOKa3HWKIB (BaJIOBHH
BHYTPIIIHIA TMPOAYKT, eMicii BYIJIIEKHCIOTrOo ra3y, 3arajbHe
HaceleHHs Ta HaceleHHs ypOaHI30BaHMX TEPUTOpIH) s
MIOSICHEHHST MOJIENI €KOHOMIYHOTO 3pOCTaHHs Ta ii CTIHKOCTI 710
PI3HOMAaHITHUX BHKIHKIB, MOB'I3aHUX 3 riobamizauicto [18].
[{ikaBUMH € BHUKOPHCTAaHHS TMOHSTTS LEHTPY TSOKIHHSA IS
aHaJi3y 3a0pyHEHHS MOBITPS Ta eMicil TIOKCHy BYTJIEHIO Bij
BUKOPHCTAHHS BUKOITHOTO MaJiMBa B OKpeMHX perioHax Kuraro

[19], amamiz rmoGaNBHHMX EMICili TIOKCHAY BYIVICIIO TIPH
BupoOHuITBI eHeprii [20] Ta JOCHIIKCHHS CE30HHOL
MiHnuBocTi emiciit CO2 Bil BUKOPHUCTAHHS BUKOITHOTO TTAJINBA y
CIUIA Ha OCHOBI BUCOKOT PO3/LIBHOI 31aTHOCTI JaHuX Vulcan
v.3.0 [21]. ABTOpH [22] BUKOPHCTAIN TIOHATTS HIEHTPY TSKIHHS
st ananizy nommpenHss COVID-19 na rio6aiapHOMY piBHI,
mpudoMy Ied IXHiM minxin 6a3yeTbes Ha TomepenHid poOoTi
[23]. OG’eKTOM HALIOTO JOCIIDKEHHS € MPOLIECH MOMINPEHHS
COVID-19 y xpainax €Bporn Ta obmactsax YkpaiHu, sK
YaCTKOBUH BHUIIAJIOK.

VY wifi poOOTI 11 BU3HA4YEHHs reorpadiuHUX KOOpIHHAT
LHEHTPY TSOKIHHSA U1 TIEBHOTO aHAJi30BaHOTO TapaMeTpy
(HOBMX BMITIQJIKIB 3aXBOPIOBAHHS YM JIETAJbHUX BUIAJKIB) JUIS
MHOXHWHH TeorpapidHnx o0’€kTiB (KpaiH dYH pErioHiB)
BUKOPHCTAHO BEKTOPHY 3aJIe)KHICTh

N -
- Zn:l pn,i In
N

i = , 1=12,.., (1)

n=1 pn,i

ne Fci — paniyc-BEeKTOp Bij MOYATKy KOOPAMHAT JIO LIYKaHOT
TOYKH IEHTPY TSOKIHHA 3a i-H TWKICHD (BIAacHE KOOPAWHATH
mi€l TOYKM BHUKOPHUCTAHO UIA TOOYHOBH  TPAEKTOPIi
MepeMillleHHsT  LIEHTPY Pni — 3HauYeHHA

AHAJI30BaHOTO ITapaMeTpy (HOBHX BUIIAIKIB 3aXBOPIOBAHHS UM
CMEPTHOCTI) 3a i-il THXKAeHB I N-T0 TeorpadidHOro 06’eKTa,

TSKIHHS),

I'n —pajiyc-BEKTOP BiJl MOYATKY KOOPMHAT JI0 LICHTPY TSHKIHHS
n-ro reorpadiyHOro 06’€KTa, | — HOMEP THIXKHS OXOIUICHOTO

JOCIiuKeHHAM, ounHarodn Big 22.03.2020, N=1,N — nomep

KpaiHM 4YM PErioHy, OXOIUIeHOro aHamizom, N — iX 3aranbHe
yucno. TyT BUKOPUCTAHO MPUITYLIEHHS, 110 LEHTP TSXKIHHS 151
QHAIII30BaHOTO MapameTpa sk OKPEMO B3STOTO TeorpadiqaHoro
00’eKTa CMiBMAJa€ 3 IIEHTPOIIOM IMOJIrOHY, IO BiAMOBIiga€e
Mexi 1poro 00’ekta (kKpaiHM um perioHy). Ha mpakrumi me
PIBHOLIIHHO MPUIIYIIEHHIO, 110 aHAJIi30BaHUH napaMeTp (YUciIo
HOBHX BWIIAJKIB 3aXBOPIOBaHHSA 4YH CMepTeH) pPIBHOMIpHO
PO3IOIICHU Y MeXKaX KpalHu/periony.

[1l. PE3YJIbTATU: IPOCTOPOBUIT AHAJII3 IIOIIVPEHHS

Y €Bpomi pocrmimkeHHSIM Oyno oxorureHo 44 KpaiHd.
OoirifiHi faHi MPO KUIbKICTh BHSABICHUX HOBUX BHIIAIKIB
3aXBOPIOBAHHS Ta JIETAJIBHUX BHIIAJKIB ISl KpaiH €BpOIH Ta
obnacteit Ykpaiuu B3sto 3 [2]. s yCYHEHHS BHIAIKOBHX
CTPHOKIB y JIaHMX, iX arperoBaHoO JI0 MIOTH)KHEBHUX 3HAUCHB 1
chopMOBaHO BINNOBiAHY 0a3y TI'eONMPOCTOPOBHX JIAHUX.
Jlep>kaBHi KOP/IOHU KPaTH y BUIJISI/II OJTITOHIB BEKTOPHOT KapTH
3aBaHTaXeHO 3 [24]. YV JochmimkeHHI He B3iTO 10 YyBard
BiJJIaJIeHi MOPCBKI TepuTopii (OCTpOBU B OKeaHi) psity KpaiH,
3okpema Icmanii, [loptyramii Ta Hopgerii. Lli TepuTopii € maino
3aceNieHi 1 He BIUIMBAJIM Ha 3arajbHy KapTHHY MOIIMPEHHS
3axBoproBaHHs. Y Pociiicekiit @enepartii B3ATO 10 yBaru TiNbKA
il eBpoOMeiicbKy YacTHHY, a CTATUCTUYHI JlaHi JJIs i€l YaCTHHU
00YHMCIIEHO TPOTOPIIIHHO HACEJNeHHIO, SKEe TaM TMPOKHBAE
(55%).
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Puc. 2. Tpaextopist mepeMileHHsI HEHTPY TSOKIHHS TS LIOTIKHEBUX HOBHX BHIAAKIB 3axBopioBants Ha COVID-9 mst kpain €Bporm:
JMHaMiKa rommpeHHs (a), mounHatoun 3 22.03.2020; mixu 3axBoproBaHocTi (6) (110 oci adcuuc — HOMEPH THKHIB, IIOYHHAIOYH 3
22.03.2020, o oci opMHAT — CyMapHe YHCJIO BUSIBICHUX HOBUX BUIIAJIKIB y KpaiHax €Bpomn).
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Puc. 3. TlepemimieHHs: NEHTpy TSKIHHSA JUIS IIOTHXKHEBUX HOBHX BHUINAJKIiB 3axBoproBaHHs Ha COVID-9 B oOmactsix VYkpaiHm:
TPAEKTOPIs LEHTPY TsOKiHHA (a), mounHatouu 3 22.03.2020, ta miku 3axBoproBaHOCTI (0) (o oci abcuuc — HOMEPU THXKHIB,
nounHaroun 3 22.03.2020, 1o oci OpANHAT — YKCIIO BUABICHUX HOBHUX BHITAJIKIB).

BuxopuctoByroun 3anexnicte (1) Ta ommcaHi BuIIe BHUMaJKIB y 44 kpainax €Bponu. Ha pucyHky 106pe BUIHO Tak

NPUIYIIEHHs. 004YncieHo reorpadidHi KOOPJIWHATH ILIEHTPIB
TSOKIHHA  SIK U1 HOBHX  3apEECTPOBAHMX  BHIIAJIKIB
3axBoproBanHs Ha COVID-19, Tak i ans 4yucna JeTalbHUX
BHIIAJIKiB HA OCHOBI IOTMXHEBUX JIAHUX JIJISl KpaiH €Bponu. Sk
TIPUKIIAJ, Ha pHC. | TOKA3aHO TPAEKTOPIIO MEPEMILLICHHS IEHTPY
TSDKIHHS U IMOTHDKHEBUX HOBUX BHITA/IKIB 3aXBOPIOBAHHS IS
Kpain €Bponu. [liamerpu KpyriB, 110 BiZoOpaXaroThb LIEHTPH
TSOKIHHSA, € TIPONIOPLiKHI CyMapHOMY 3a THO)KICHD YHCITY HOBHX

3BaHI XBHJII 3aXBOPIOBAHOCTI Ta BiIOBiAHI IM miku. [liBneHHO-
3aXiTHUA TOYAaTOK TPA€EKTOPii TOSACHIOETHCS ~ BHCOKOIO
3aXBOPIOBaHICTIO y 1iel mepion B Itamii Ta Icnanii. [lizHime
KpHBa TIDIa BBepX, HA M0 BIUIMHYJa CHUTyalisi Yy
BennkoOpuranii. Jlani iHTEHCHBHICTH 3aXBOPIOBAaHHS Y IHX
KpaiHaX 3MEHIIMIACS, TMpPOTE BIiAUYTHY poOJb Iodaiga
BifirpaBatu cutyauis B Pociicekiii ®@enepanii i, BiAMOBIAHO,
TPAaeKTOpisl LEHTPY TSOKIHHSA pyXanacs B HiBHITHO-CXiTHOMY

190



HanpsaMKy. [Ipore, moBomi mBuAKO (OLTBIIA TYCTOTa TOYOK Ha
TPaeKkTOpil) ULEHTP TSOKIHHSA IIOBEPHYBCS JIO TEpUTOPil
IBefimapii Ta miBmenHoi Himewumnw, amxe B €Bpori
po3IoYaacs HeyyBaHO BUCOKA XBUIISL 3aXBOPIOBAHOCTI.
JlocmimkeHO TaKoK TepeMilleHHs aHAJOTidHHX LEHTPIB
TSOKIHHA 7011 oOnacteil YKpalHH, 30KpeMa CTOCOBHO HOBHX
BrumankiB 3axBoproBanHi Ha COVID-19 (pmc.2), a Takox
JICTaJbHUX BHUIMAMKIB. [3-32 BIICYTHOCTI BiJIIOBITHUX NAHHUX HE
BpPaxoBaHO CHTyalil0 B ABTOHOMHIHA pecryOmini Kpum Ta
HEMIIKOHTPONBHUX TepuTopisix Jlyrancekoi Ta JloHerpKoi
oOnacreir. HaBenena Ha puc. 2 TpaekTopis J0oOpe UIOCTpye
nepeBakaHHs 3aXiTHUX Y CXIAHUX PErioHiB YKpaiHH y MEBHI
nepioan nanzaemii. [Ipuyomy, 3axiHi perioHn nepeBaskaiy Iija
Yac TOPIBHAHO HEBENHMKHX IEPIINX IBOX XBHIb, a CXiJHI
perioHu — Mmij 4ac KaracTpo(iyHO BUCOKUX XBHIIb, KOJIU YHCIIO
HOBMX BHMNAJKIB 32 TWKIEHb cTaHOBWIO moHany 100 Tuc.
Jlokamizamiss MOYaTKy TPAEKTOPil BU3HAYAETHCS BEIHKUM
YICIIOM 3aXBOpIOBaHb y UepHiBeIbKiil 00JIacTi Ha TOYaTKOBOMY
eram maHfemii. Jlami HEHTp TSOKIHHA TIEPEMICTHBCS Il
3aximHimre, a moynHato4n 3 4epBHI 2020 poKy 1moyaB CTpIMKHA
pyX Yy CXiZHOMYy HamnpsiMKy. AMIUITyIa TpaekTopii y
TOPU30HTAJIBHOMY HampsMKy ckiana noHaxa 300 kM, a y
BEPTUKAJIBHOMY HaNpsAMKY — OyJia HE3HaYHOIO.

IV. BUCHOBKHU

OTpHuMaHi pe3ynbTaTé HAOUHO 1IFOCTPYIOTh BUKOPHUCTAHHS
MOHSATTS LIEHTPY TSDKIHHS JUIsl IIPOCTOPOBOTO aHAII3Y MPOLIECIB
nomupeHHs — 3axBopioBanb Ha  COVID-19,  30kpema
3apeecTPOBaHMX HOBUX BHIAJKIB, a TaKOX JIETAIbHUX
BrmnankiB. L{i pe3ynbTaTu MOKa3yroTh, sIKi KpaiHA YH PETiOHU €
HAMOLTBII ~ BIUIMBOBMMH  Ha  TEPEMIIICHHS  3arajbHO-
€BPOICHCHKOTO YW HAIIOHAIBHOTO IIEHTPIB TSOKIHHS I
BIJIIIOBIJTHOTO MapameTpy.

Anpokcumariist JaHUX PO HOBI BUITA/IKW 3aXBOPIOBAHHS Ta
JIeTAJIbHI BUMAJIKK Jajia MOXKIIMBICTh BU3HAUUTHU 3aTPUMKY MiXK
MmiKaMi [OUX JBOX IapaMeTpiB. 30kpeMa, y €Bpor mij vac
Jpyroi XBWIII MaHAeMii croctepiraBcsi HAMBUIIMK IMIK HOBHX
BumankiB 3axBoproBaHHsA (1 943 538 BumaakiB MPOTIATOM
THKHSA, SIKUI 3akiHduBes 8 mucronana 2020 poky). 3a HuM i3
3arpuMKkor0 3,3 TwkHA (mpuOam3HO 23 AHI) MaB MiCIe TiK
cmeptHocTi (33233 Bumanku). Haromicte  HaiiBuiny
CMepTHICTh €BpoTa Mepekmiia il 9ac TPEThOi XBIJI MaHAEeMIi
(36 780 BumaaKiB MPOTATOM THIKHS, SIKHM 3aKiHUUBCS 24 CiuHs
2021 pokxy), Xxoua HOMy HepeyBaB JeNi0 MEHIIWH MK HOBHUX
BHIAJIKIB, HIK MiJl Yac Ipyroi XBWI. 3aTpUMKa MiX IiKaMu
HOBHX BHUIIJKiB Ta CMEPTHOCTI CTaHOBWJIA TIIBKU 1,9 THOXKHA
(13 nHiB).

PesysnbraTi aHanizy TakoX IMOKa3aiu, 3 SIKOK 3aTPUMKOIO
NPOXOAMIN KpailHM TiKM HOBHUX 3aXBOPIOBaHb Ta IIKH
CMEpTHOCTI y BimHOIIeHHI g0 Irtaumii, sika mepmioro mpoimuia
NepIly XBHJIIO TaHzeMii. 3arajoM, AaHi M0 OKpEeMHX KpaiHax
CIWIIPHO  BIJPI3HAIOTBCS 1  JEMOHCTPYIOTb  HACKUIBKH
IiATOTOBJICHUMH BUSBIIIUCS KPaiHH /10 aHAEMIT.
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Anomayia—B po6oTi 3anponoHOBaHO MiAXiA 10 BUpilIeHHS
3aBIaHHA PO3PAXYHKY Ta BidyaJizauii 30H 3aTOIUIEHHSI TEPUTOPiii
3acobamu I'IC. Jlanmii minxix 3acHoBaHMii Ha peKypCHBHOMY
aJropuTMi 3aJIMBKH, SIKMil IIMPOKO BHKOPHCTOBYETHCS B
rpagiyHAX peAaKkTopax Iis 3aJMBKH KOJbOPOM OOMe:KeHHX
obaacreii  300paskeHHs. CTBOpPEHO CKPHMNTOBUH IHCTpyMeHT
reooopodoku nas cepenopuma ESRI ArcGIS 10.7. na mosi
nporpamyBannsi Python. TucTpymeHnT no3Bosisie po3paxyBaTu
HA0JMsKeHi 30HH 3aTOIUIEHHS 32 BKa3aHOK BHCOTOI Ta
KOOPAMHATAMH TOYKH-IKepeja TMOBeHi, aje 3aBIsIKH CBOIid
npocToTi i MBHUAKOAIl MoOke OyTH KOPHUCHHM /ISl MEPBHHHOL
OLiHKH MOKJIMBHX PU3UKIB NOBeHi.

Abstract— The paper proposes an approach to solving the
problem of calculation and visualization of flood prone areas by
GIS. This approach is based on a recursive flood fill algorithm,
which is widely used in graphic editors to fill color limited areas of
the image. A geoprocessing scripting tool has been created for the
ESRI ArcGIS 10.7 environment in the Python programming
language. The tool allows you to calculate the approximate areas
of flooding at the specified height and coordinates of the source
point of the flood, but due to its simplicity and speed can be useful
for the initial assessment of possible flood risks.
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I. BcTyn

Bomui pecypcm 1 BOXOTOCHOJAPCHKHHA  KOMILIEKC
BU3HAYAIOTh COLalbHO-€KOHOMIYHY CTIMKICTH 1 Hampsm
pO3BUTKY KpaiHW. Bin Bomorocnojgapchkoi Ta €KOJIOTidHOL
Oesreky, cTaHy BOJHMX OO'€KTIB 1 BOJHHX pecypciB,
JIOCTOBIPHOCTI MIPOTHO3YBaHHS HaJ[3BUYANHUX
BOJIOTOCTIOJJAPCEKUX CUTYAIlil, IX CBOEYACHOTO 3al00iraHHs Ta
MiHIMI3aIii HACHiAKIB 3ajieKATh  HAIlOHAJIbHA  Oe3leKa
JICPIKaBH.

Ha tepuropii Vkpainu po3TamoBaHa BelWKa KiTBKICTb
BOJHHMX OO'€KTIB 1 JJIs1 aBTOMATH3alil BHPIMIEHHS HU3KU
3aBIaHb 3 VOPaBIiHHA BOJHHUMH pecypcaMu He0oOXiTHO
BUKOPHUCTOBYBaTH MoximBocTi ['IC-anaini3zy Ta nmpocTopoBoro
MonemoBanHs. ['eoindopmamniiini cucremu (I'IC) 3arampHOTO
NpU3HA4YeHHs]  MalOTh  IIMPOKMH  Habip  IHCTPYMEHTIB
reooOpoOku  mpoctopoBoi  inpopmamii  [1,2]. Ame s
BUKOHAHHS OKPEMHUX BY3bKOCHELIai30BaHUX 3aBJaHb aHAIII3y
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(HampuKIIam, TiIPOJIOTIYHOTO), iIHOI € HeOOXiTHUM CTBOPCHHS
BJIAaCHMX IHCTPYMEHTIB, SIKi MOXYTh OyTM BHKOHaHI B
cepenosumi ['IC [3].

Metoro nmanoi pobotu € po3podka I'IC-opieHTOBaHOTO
mporpaMHOTO  3a0e3medueHHs (CKPHUITOBOTO  iHCTPYMEHTY
reo00poOKH) I pO3paxyHKyY Ta Bi3yai3allii 30H 3aTOTUICHHS
TEPUTOPiil 3a BKA3aHOI BHCOTOI0 Ta KOOPIAMHATAMU TOYKH-
JOKeperia MOBEHi.

3aBIaHHAM PO3PaXYHKY 30H 3aTOIJICHHS HA JCSIKiM MIIAHII
moBepxHi OyIeMO Ha3WBaTH 3a/ady 3HAXOKCHHS Oe3midi
PETIOHIB, B SIKUX OYAyTh YTBOPIOBATHCS CKYIMYCHHS BOIH JUIS
MIEBHOI BUCOTH TIOBEHi.

B stkocTi BXITHUX JaHUX JUIS POCTOPOBOTO MOJICITIOBAHHS
Oynemo BukopucroByBatu (aitnu [IMP (DEM) — uudposi
Mozeni penbedy dpopmary STRM.

SRTM (Shuttle Radar Topographic Mission) — rimo6ansHa
panionokaniiina Oaratopa3zoBa TonorpadiuHa 3ioMKa, sKa
MpoBeleHa s OUTBIIOT YaCTHHM TEPHUTOPIl 3eMHOI KyIi.
OcHoBHa 6a3a nanux SRTM 3HIMKIB 3a pi3Hi poKu repedyBae y
BUIBHOMY JOCTYIli Ha aMEPUKAHCBKOMY CepBepi Usgs.gov y
BUDJIAIl DPacTpoBHX (aiiiliB, NpPEACTAaBICHHX SK KBaapaTHi
o0macti po3mipom 1% 1° 3 MPOCTOPOBOIO PO3IUTEHOO 3AATHICTIO
1 apkcekynmu (~ 30 m) abo 3 apkcekyHau (~ 90 m). Lliel
TOYHOCTI JOCTAaTHHO UIA OLIHOYHUX JOCIIDKEHH B MacIITadi
obunacti abo aJMiHICTPATHBHOTO paiioHy.

II. OCHOBHUMI MATEPIAJI IOCJIJ)KEHH S

[MobynoBa ckIIaAHUX MOJETCH TiJPOJIOTIYHIX MaBOJKIB IIe
JIy’)Ke Ba)KKe Ta TPYAOMICTKE 3aBJIaHHS, SIK€ BHKOHYIOThCS 13
3aIy4eHHSIM BUCOKOKBalipikoBaHUX (haxiBmiB-Tigpororis. Lli
MOJIeJTi HEOOXI/IHI ITPY CTBOPEHHI CKJIaJHUX CUCTEM KOHTPOJIIO
maBokiB. [IpoTe, OLTBII MPOCTH MOJENI MOXYTH JOIOMOITH
IIBUIKO OIIHUTA BIUIMB TIOBEHI, IO HACYBa€ThCS, [UIS
BUKOHAHHS MEPIIUX 3aXOiB Ta MOMEPEKEHHS MOTEHIIIHHUX
HKEPTB.

[[Io0 cmporHO3yBaTH BIUIMB IIOBEHI HAa TEPHUTOPIi, IO
JIOCHI/DKYETBCS, MOXXHAa  BHUKOPDHUCTOBYBATHM  IIPOCTHH 1
3po3yMiIMii  IHCTpYMEHT, 3acHOBaHMH Ha TpadigHOMY
ANTOPUTMI 3aJIMBKH. SIKMI MOYKE YCIIIIHO 3aCTOCOBYBATHCS IJIsI
mudporoi moxeni pemsedy B I'IC. Poborta anropurmy
MMOYMHAETBCS 3 OJHIET TOYKM 1 3alOBHIOE 00JacTh
MaKCHMaJIbHUM 00'eéMOM BOJH, SIKHI MOKE YTPUMYBATH OaceiH
Ha KOHKpEeTHii ctanmii moBeHi. 3a3BuUYail 1€l aHami3 €
HalripmiM cuenapieM. CoTHI iHIMX (aKToOpiB BIUIMBAIOTH HA
MiIpaxyHOK TOTO, CKUIBKM BOJAM HOTPAIUTh B OaceiH micis
MaBOJIKY, TAKHMX SIK MOTJIMHAHHS TPYHTIB, HAsBHICTh IPYHTOBHX
BOJI, TeMmIepaTypa HoBiTps Ta iH. OnHaK, Ha NPaKTULl TPH
MIPOEKTYBaHHI T€000'EKTIB JOCUTH 1 HAOIMKEHOTO PIillIeHHS, SKE
MoOXe OyTH OTPUMAaHO 3a JJOIIOMOT'OI0 PO3IJITHYTOT MOJIEI.

Ha puc.l mpencraBiena IIMP 3 Toukoro mxepena, 1o
BiZIOOpaXKaETHCS y BUIIISAL KOBTOI 3ipKH. Y pearbHOMY aHai3i
s To4yka OyJe MOKaXKYWKOM TOTOKY, Ji€ iICHYIOTh JIaHi IMpo
piBEHb BOJU B pivlli.

€ Oararto cnoco0iB peai3yBaTH alnropuT™ 3aiauBKH. OnuH 3
HaWOUIBII TOMKMPEHUX CIIOCO0IB — I PEKypCHBHE CKaHyBaHHS

KOKHOTO TTiKcens 300paxkeHHs. [Ipobiema 3 pekypceiero mossrae
B TOMY, 10 Tpeba 0OpoOIIsTH miKceli OLIbII HiXK OAWH pas, 10
CTBOPIOE HETOTPiOHMUIT 06¢csT podoTH. BukopucranHs pecypcis
JUISL PEKYPCHBHOI 3aJIUBKM MOJXKE JIETKO TIPHBECTH JIO 30010
MIPOTPaMHX HaBiTh Ha 300pakeHHI CEPEeIHBOTO PO3MIpY.

L " . ,

Puc 1. llupposa monens pensedy 3 BiAMIYEHHM MOKaKYHKOM IIOTOKY

B ckpunri, 0o po3poOIIOETBCS, BHKOPUCTOBYETHCS
3aJIMBKa, II0 3aCHOBaHA HAa YOTHUPHOX CHPSMOBAaHIH 4ep3i, sika
MOJKe TIPOXOIUTH KOMIPKY OiNIBII HiXK OJIWH pa3, ajie TapaHTYeE,
il 0OpoOKy TUIBKM OJUH pa3. Uepra MICTUTH TiIBKU YHIKaJIbHI
HeoOpoOIIeH1 KOMiIpKH, BUKOPHCTOBYIOUN BOyHoBaHMi B Python
THI set (MHOXKMHA), SIKMH MICTUTh TiIbKW YHIKQJIbHI 3HAYCHHS
[4]. BukopuctoByethest n8i muoxunu: fill, 1o ckiagaersest 3
KOMIPOK, sIKi TIOTpiOHO 3anuTH, i filled, 1o Mictuth 00pOOICHI
KOMIpKH.

Y ckpHIITi Ha epuoMy etari Tpeda BUTATHYTH iH(pOpMaIlito
3 3aromoBka ASCII DEM i mpencraButu LIMP y Burmsami
YHCIIOBOTO MacuBy BHCOT. 3arosioBok ASCII MicTuTh HacTynHy
iHpOpMAIIif0: KUIBKICTh CTOBINYUKIB 1 PSAOKIB B PacTpi;
KOOpJMHATa JIBOrO HIKHBOT'O KyTa JIIBOi HMKHBOI KOMIPKH;
po3mip Komipku pactpy Ta iH. i ctBoperHs ¢aitmry ASCII B
ArcGIS moxe OyTr BUKopucTana QyHkiis 6i0iiorexu ArcPy —
arcpy.RasterTOASCII_conversion() [5].

ANTOPHUTM CTapTYE i3 3aJaHOT KOMIPKH 1 TOYHHAE TIEPEBIPKY
CYCIIHIX KOMIpPOK Ha CXOXicTh (moniOHicTh). dakrtopom
moAi0HOCTI € BHCOTA. SIKIO CyCimHSA KOMipka Mae Ty ke abo
MEHIIy BHCOTy, IO 1 IIOTOYHA KOMIpKa, TO IS KOMipKa
MO3HAYa€Thesl I NHepeBipku 11 cycima, Mmoku He Oyne
nepeBipeHa Bcsi peryisipaa citka (grid). IIpu mpoxomi uepes
KOXKHY KOMIPKY BUKOHYETHCS TIepeBipka ii cyciiiB Ha MmiBHOYI,
MiBJIHI, CXO/i 1 3aX0i. Byb-sika 3 X KOMIpOK, sika MOXKe OyTH
3aJMTa, JoAaeThes y MHOKUHY filled, a 1 cyciam noxatotbes y
MHOXHHY fill, sike mepeBipseThCs anropuTMoM. ANTOPUTM, 3a
sskuM nipaitoe ¢ynkuis 3aauBku floodFill(), npencrasneno na
puc.2.

[Ticnst pobotu ckpunra crBoproethest daitn ASCII, B sikomy
KOMIpKH pacTpy, Mo OyIyTh 3aTOIUICHI MalOTh 3HAYeHHA 1, a
i — 0. Ipuknan knacugikoBaHoi KapTH 30H 3aTOIUICHHS IS
Brcot noBeHi 70 ta 90 M HaBexeHo Ha puc. 3.
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filled = set()
fill = s=t()

|

fill. add({c, rj)

|

PyHeui= floodFill{c, r, mazk)

€, I - KOOPOWHATH POSTALYBaHHA
TOMKH - JHepena noeeHi

mask - MackoEaHa MATPHLA BHCOT
M3E 3HF4eHHA 1 B KOMipKax, Je
EMCOTA MEHLLE EXA3aHOID NOPOry. B
iHLLMX KOMipKax - 0.

MrcmHa filled{) - micTute
ECMIpEM, Ak BE sanuTi
MMrcamHa fill{) - micTTs
EOMIpEH, AR TpeGa
oSpoSHT

J3A3TA MIATPALED
flood

OTpumar
NOTEHHY TOHEY 3
MHCHMHI fill 3
KOORIMHATAMA Y

A

(]

Hi
Tak

return flood
flood[y][x] =1
filled. addi(x. v
east={x+1, y)
north = (% y-1)
south = i(x, y+1)

fill. add{west)

fill_add{east)

fill. add(south)

Puc 2. brok-cxema anroputMmy 3aluBKU

I1l. BUCHOBKUA

B po6oTi CTBOpEHO CKPHUITOBHH IHCTPYMEHT Ie000pOOKH
qa cepenoBuma ESRI ArcGIS 10.7. ams pospaxyHKy 30H
3aTOIUICHHS 32 BKa3aHOIO0 BHCOTOIO Ta KOOPIAMHATAMH TOYKH-
JOKEpesia MOBEHI Ha OCHOBI aJITOPUTMY 3aJIBKH.

B sKOCTi BXiTHUX JaHHUX I POCTOPOBOTO MOJIEITIOBAHHS
Oynu BukopucraHi ¢aiimn DEM — nudposi mozeni penbedy
¢dopmary STRM. [lnst oOpoOKum pacTpiB 3aCTOCOBYBAJIHCS
6i0miorekn ArcPy, NumPy, GDAL. Ckpunt po3paxyHKy 30H

3aTOIICHHS € aBTOHOMHHM 1 MO)ke OyTH BUKOHAHHUH B JIFOOOMY
inmomy ['IC-makeri, sikmit migrpumye Python, Hanpuxman B

QGiIS.

X0yYa 3arporoHOBaHUH aJTOPUTM MOKE PO3paxyBaTH JIUIIE
HAOMIDKeHI 30HM 3aTOIUIeHHA (Tipmimid BapiaHT), HOAiIOHWI
IHCTpyMEHT MO)ke OyTHM KOPHUCHHUM JUII HEPBICHOI OLIHKH
MOJKJIMBHX PH3HKIB ITOBEHI.
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Puc 3. PacTp 30H 3aTOMIEHHS JUISl Pi3HUX 3HAYEHb BUCOT MOBEHI

[MoganpmiM HaNpsIMKOM PO3BUTKY MOJENl MOXe OyTu
BUKopHcTaHHA MeTof polygonize() GDAL macku motomy s
1oOYIOBH BEKTOPHOT'O TIOJIITOHY 3aTOIUICHHS. 3aBIsSKU IBOMY
MOJKHa 3[IHCHUTH BUOip OyAiBeIb, 10 MOTPEOIISIOTh Y MOJITOH
JUIsl BU3HAYCHHSI BIUTUBY TTIOBEHI Ha HaceneHHs. ToOTo Ha OCHOBI
OTPHUMAaHOi KapTH 30H 3aTOIUICHHS NP YMOBI JIOOTIPAIFOBAHHS
MOJIeJTi MOYKe OyTH IOOYI0BaHa CUCTEMA ITi ITPUMKH IPUAHSATTS
pillleHb 0 YIPaBIiHHIO PU3UKaMHU TOBEHEH. 3a JO0TOMOroro
noJi0HOT CHCTEMH MOXYTh OyTH TIPUUAHITH OIEpaTUBHI
pilIeHHs] 1O 3aro0iraHHIO BENMKHX BTpPAaT Ta >XEPTB ITOBEHI
cepell HaceIeHHs.
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