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RESEARCH OF TOPOLOGICAL PROPERTIES OF NETWORK
REFLECTIONS OBTAINED USING DIFFERENT ALGORITHMS
FOR SCANNING INITIAL NETWORKS

D. V. Lande;, O. O. Dmytrenko'?

!Institute for Information Recording of National Academy of Sciences of
Ukraine, Kyiv, Ukraine
:National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”, Kyiv, Ukraine

Recently, more and more scientific papers have appeared on the study of
huge dimension information networks. Not only the content of such networks
but also the structure (nodes and connections) can be methodically attributed
to the category of Big Data.

In practice, it turns out that it is impossible to cover some network in full by
common methods. In such cases, special algorithms are used. Due to the past
development of so-called peer-to-peer networks, algorithms such as the Breadth-
first Search (BFS) method, the Random Breadth-first Search (RBFS) method, the
Intelligent Search Mechanism (ISM) method, the Depth-first Search (DFS), the
Dijkstra's algorithm, the Floyd-Worshell algorithm, the Bellman-Ford algorithm,
the finding connection points and bridges in a graph, etc [1]. Using these algo-
rithms, some researchers draw conclusions about the topology of networks, in
particular co-authorship networks [2]. But it was found that mentioned above
models do not always display the real network topology.

For modelling, as an example, three artefact networks namely, Barabasi-
Albert [3], Erdos-Reny [4] networks are investigated. To build reflections of
networks and further research the dependence of the network characteristics
of the obtained reflections of networks on the network characteristics of the
initial networks besides the different number of scanning steps, three pro-
posed scanning algorithms, which implement the following principles are
also used: 1) the transition to the node according to the PageRank algorithm
[5]; 2) the transition to the node with the largest value of PageRank; 3) the
transition to the node with the largest value of degree.

The network obtained as a result of using the Barabasi-Albert model was
used for the research. The graph corresponding to the generated network con-
sists of 200 vertices randomly connected by 398 edges (each new node at-
tached to the network was connected to the existing one only using the 1
edge). Also, to research the dependence of the network characteristics of the
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reflections on the number of scanning steps as an initial network was used a
network built using the Erdos-Renyi model. The graph corresponding to the
generated network consists of 200 vertices randomly connected by 428 edges
(the probability for edge creation is 0.01).

Fig. 1 shows the reflections (highlighted in bold) of the initial Barabasi-
Albert and Erdos-Renyi networks, which were obtained using 50 scanning
steps, which in turn were made on the principle of random walking, i.e. on
the principle that uses the common PageRank algorithm. Fig. 1 also presents
the degree distribution of the nodes of the obtained network reflections. The
degree distribution of the nodes of the obtained reflections at least asymptot-
ically follows a power law. While the initial Erdés-Renyi network has a Pois-
son degree distribution.

Count
«

=
c
3
o
[v]

0
Degree Degree

Fig. 1. The reflections of the initial networks built using the PageRank algo-
rithm, and the degree distribution of the obtained network reflections

In general, the experimentally obtained characteristics of the reflections
of networks depending on the characteristics of the initial networks, the scan-
ning algorithms and the number of scanning steps are presented. Also, based
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on the data obtained by computational experiments, it was shown that almost
all reflections of the initial networks that built using the model Barabasi-Al-
bert and Erd6s-Renyi, and also using a limited number of scanning steps and
the different scanning algorithms have a power-law degree distribution.
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HOMOGENIZATION METHODS FOR MODELING PROCESSES
OF DIFFUSION AND FILTRATION IN POROUS MEDIA

V. G. Sandrakov, A. L. Hulianytskyi
Taras Shevchenko National University of Kyiv, Ukraine

Homogenization methods for modeling of dynamic processes of diffusion
and filtration of liquids will be discussed. Mathematical modeling of the pro-
cesses in porous media is actual when planning the use of underground resources,
development of methods for preventing technogenic contamination of ground-
water and the search for ways to purify such waters from contamination. Re-
search 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
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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 peri-
odic media formed by a large number of blocks with low permeability, and
separated by a connected system of faults with high permeability will con-
sider. It is natural to call the porous media weakly porous.

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 [5-7]. In these papers, homogenized initial boundary
value problems in convolutions were obtained, the solutions of which approx-
imate 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 prob-
lems with memory effects [8].

Another approach to simulate diffusion and filtration processes in peri-
odic porous media is presented, for example, in [9], 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 [9].

The results of [1-7] 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 solu-
tions to such problems are close to the properties of solutions to problems of var-
iable orders, further details and a bibliography can be found in [10].

The homogenized convolution problem for the function ¥ = v(t.x) is the
following

vi—m(vi)=Av=f-m*f . Qx(0,0)

V‘t=0=0 in Q v=0 on 0Qx(0,0), M

where © is a bounded domain, ”="(%) is an element of the space L(0,0) ,
which is defined by a solution of some cell problem according with [1-7],

and * denotes the convolution operator by ¢, for example,
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m*(v,')=jm(t—‘c)(vt'(1:,x))d1:.
0

The main result on the solvability and regularity of a solution to problem
(1) is the following statement.

2 gyl 2
Theorem. Foreveryf s L (0o () and * € L)

ve 2(0,0; Hi(Q))

the unique so-

lution to problem (1) exists and there is such positive

constant C that
”V"Lz((),w;l-l(',(Q 7t [vi "LZ(O,oc;H" ) S

<C|f

+Clwz

2(0,00,H7(Q)) (Q)

0 2
veC(0T,L(Q) for fixed positive T

Here spaces of functions are used, the definitions of which are given, for
example, in [8]. In order to prove the solvability of homogenized problems
with memory, we use the Laplace transform method developed in [11] to
study parabolic problems of general type and a priori energy estimates. The
statement on the solvability and regularity is actual for the numerical solution
of problem (1) with guaranteed accuracy.

and
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MODELING OF SCENARIOS FOR DEVELOPMENT PLANNING
OF UNDERGROUND INFRASTRUCTURE FOR LARGE CITIES IN
CONDITIONS OF UNCERTAINTY AND MULTIFACTORIAL
RISKS

N. D. Pankratova, V. A. Pankratov

Institute for Applied System Analysis,
Igor Sikorsky Kyiv Polytechnic Institute

One of the characteristic features of the modern world is the growth of
metropolises, the expansion of infrastructure and the growth of their popula-
tion. Regulation of the urban development with the purpose of increasing
ecological standards and life safety in constantly growing metropolises is one
of the most urgent, though insufficiently researched and difficult world prob-
lems [1,2]. It is leads to the search of new places to production facilities, so-
cial and other objects of human activity. The space of megacities created by
man in the process of underground construction becomes a new, underground
habitat, which should be comfortable and safe for humans.

Underground urban planning is a complex system in many aspects. Firstly,
this system consists of many interconnected subsystems and objects. Sec-
ondly, the processes occurring in this system during construction and during
operation are also complex and in some cases poorly predictable, because
they are largely associated with various geological processes. The problems
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that accompany underground urban development can be attributed to poorly
structured problems.

Modeling of scenarios for development planning of underground infra-
structure of large cities in conditions of uncertainty and multifactorial risks is
based on cognitive modelling. In the study of the problem at the first stage
the cognitive map in the form of a sign oriented graph and a functional graph
in the form of a weighted sign digraph are created. At the second stage of
cognitive modelling, to study the properties of the cognitive model, methods
of analysis of structural stability and resistance to disturbances, methods of
analysis of model connectivity (simplicial analysis), and graph theory meth-
ods are used [3]. At the third stage of cognitive modelling, to determine the
possible development of processes in a complex system and to create the sce-
nario development, an impulse process model (simulation of disturbance
propagation on cognitive models) is used, which allows to create the scenar-
ios of development in the process of dynamics and to propose a scientifically
based strategy for implementing the priority scenario [4].

Let us consider cognitive model development of Natural-technical geosys-
tem. Table 1 presents data on the vertices (concepts) of the hierarchical
cognitive model without reference to a specific territory, in a generalized
form. We used generalizing concepts (indicators, factors), independent
of the specifics, which can be disclosed and taken into account in the
future when developing the lower levels of the hierarchical model.

Table 1. The vertices of the hierarchical cognitive map “Natural-technical
geosystem”

. rt
Code Vertex explanation Ye ex
assignment
The viability of th .
-, e viability of the underground urban Indicative
development
Disasters, extreme and emergency situ- .
-V, ations geney st Perturbing
IV | Environmental risks Perturbing
I-V | Economic risks Perturbing
¥ Qenetlc type and lithological composi- Basic
tion of soils
Mountai h tati .
Vi ountain and hydrostatic pressure, Basic
seismic 1mpact
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v, Surface Load Static Load Index Basic
The indicator of the static load of the .

V . . . Basic
surrounding soil massif

v, Existing underground facilities Disturbing

Vs Estimatedsoilresistance Basic

v, Aquifers and High Water Disturbing

Ve ReliefTypeandMorphometry Basic

Y Engineering and geological processes | Disturbing

Vo Mining construction technologies Regulating
The level of comfort of work and rest

Vi, during the construction and operation | Indicative
of underground structures

v, Cpnstructlon, operational, managemen- Disturbing
trisks

Va Staffqualifications Regulating

Vis Industrial Safety Basic

Vo Qualityandconstructiontime Regulating

We present the simulation results of one scenario. Assume that construc-
tion, operational, management risks can be reduced. In this case, the impulse
actions initiate 6 vertices of the model and the synergistic effect of their joint
action is investigated. The modelling of this scenario of the situations devel-
opment on the model is carried out in order to determine whether it is neces-
sary or not to strengthen the impact on the system to achieve good indicators.

Control actions of scenario

g, =+1, q, =+1, q,, =+, q, =+1, q; =+1, q,, =—1,

the perturbation vector

0=1{¢,=0,...q, =+Lg,, =+L...q,=+1,q,=-1,...q,, =+1,...q,, =+1}
The results of pulse modelling are presented in and Fig.1a for vertices / — V],
Ve, Vies Vips Vi and Fig. 1b for vertices V,,, Vi, Vis, Vig, Vig. L =V},

. Analysis of the simulation results of scenario simulating the possibility of
reducing construction, operational, management risks showed the following.
The combined positive impact of six factors on the system leads to the possi-
bility of the appearance of desirable trends in situations throughout the system.
So, there are tendencies of improvement (growth) of the underground urban
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development viability, the level of comfort, work and rest during the construc-
tion and operation of underground structures, industrial safety while reducing
all types of risk and reducing disasters, extreme and emergency situations.
The modelling of scenarios for the analyzed complex system is carried out
under the influence of various internal and external disturbances and control
impulse effects. The developed methodology and tools made it possible to com-
bine the assessment of the impacts and relationships of geological factors, tech-
nogenic and structural-functional types for the study of the underground objects
construction. The developed tools allows in the process of pulse modelling and
analysis of the obtained results to introduce control or exciting actions at any
stage of modelling. This allows to change (correct) scenarios in the dynamics
of creating a model, to determine the effects that bring the processes closer to
the desired. The developed methodology and tools made it possible to combine
the assessment of the impacts and relationships of geological factors, techno-
genic and structural-functional types for the study of the underground objects
construction.

== THE VIABILITY OF THE UNDERGROUND URBAN DEVELOPMENT

= DISASTERS, on,aperationd,

= Sl qaiatons = Qudltyand ontrcion ine

= Construction, operational, management rsks
2 e« ENVIRONMENTAL RISKS

e ECONOMIC RISKS

e Industial Safey

Fig. 1a. Graphs of pulsed processes Fig 1b. Graphs of pulsed processes
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MOJIEJIIOBAHHS ITPOIIECIB AJICOPEIIIT AJIEHIHY
HA ITOBEPXHI (110) PYTUJTY

W. Tenereit, K. Tmyxos, O. Yobans, H. [Tomoeuy, B. Pizax
Vowceopoocwruti nayionansruil ynisepcumem, Yxpaina

TiO, BUKINKa€e 0COOMMBHN iHTEpPEC 3aBISKH CBOIM OaraToQyHKIiOHAIb-
HUM BJIACTHBOCTSIM Ta iCHYBaHHIO JIBOX JIETKMX B OTPHMaHHI, KiHETHYHO
crabinpHux noniMopdis. OgHuM i3 Takux noniMopdis € pyrui. Jlanuit ma-
Tepial, K MarHiTHUHA HAMIBIIPOBIAHKK i3 BEJMKOIO MIMPHUHOIO 3a00pOHEHOI
30HH, MPOTSATOM OCTaHHIX JECATHIITH OYyB MPEeAMETOM 3HAYHMX JOCIIKEHb
II0J10 3aCTOCYBaHHS SIK (PYHKIIOHAJIBHOI'O OKCUAY [UIsl (POTOKATAIi3y Ta po-
3piPKEHOr0 MarHeTH3My. 3aB/sSK{ CBOIM BJIACTUBOCTSIM PYTWJI IIHMPOKO BH-
KOpPHCTOBYETHCS B MEIUILIMHI B SKOCTI OCHOBHOT'O MaTepiajly Uil BUT'OTOB-
JICHHSI MEJMYHUX TIPOTE31B, OTHAK € JOCIIIPKEHHS, 1110 BKa3YIOTh Ha HETaTUB-
HUI BIUIMB JlaHoi pedoBrHM Ha cTpyKTypy JAHK [1-3]. Takum unHOM, MeTOIO
JTAaHOT'O JIOCIII/DKEHHS € BCTAHOBJICHHSI MEXaHI3MIB B3a€EMOi1 pyTHIIOBOI I10-
BEPXHI 3 MOJIEKYIaMH a30THCTUX OCHOB Ha IPUKIAJIl MOJEKYIH aJACHIHY
(CsH:N).

Jlns nociipkeHHs npoueciB agcop6buii ageHiny Ha noepxHi (110) py-
THITy BUKOpHCTaHO MojienbHu# Kinactep TiO. y ¢popmi napanenenineny pos-
mipamu 23x26x30 A, 1o mictuts 61u3bko 1200 atomis. ITonepeanso Gya
IIpOBEIeHa PEKOHCTPYKIIiS IIOBEPXHI KiacTepa pyTuia 3i 30epexenHsM 2D
MIepiOANYHOCTI, @ TAKOXK TTOBHA PEJaKcallisl TeOMETpil MOJEKYIH aJeHiHY.
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[Tpn HaOnrkeHi MOJNEKYIIH /10 TIOBEPXHI TAKOXK BUKOHYBaJIaCh OITHUMi3allist
reoMerpii Bciei cuctemu. Po3paxyHku eHeprii Ta onTHMi3aliio reoMmerpii
CTBOPEHOI MO HPOBEACHO CaMOY3TOUKEHHUM METOAOM (YHKIiOHATY
€JICKTPOHHOI TYCTHHU B HaOIKeHHI crutbHOT o 3B's13Ky (SCC-DFTB), mio pe-
aiizoBaHuii 3rigHO Meroauku [4, 5] 3 mapamerpamu Cierepa-Kocrepa s
BCiX IMapHUX B3aeMopid. s mociipKeHHs npotieciB afcopOuii afeniny Ha
MIOBEPXHI PyTHITy CKOoOopauHOBaHy Ha atomi Ti monexymy CsH;N; po3mimieHo
HaJ moBepxHelo kiacrepy TiO. Ha noyatkopiii Bigcrani 3 A.

I3 pe3ynbraTiB po3paxyHKiB BHIUIMBAE, IO B yMOBaX ONTHMi3amii reo-
Metpil posrisityBanuii kinacrtep TiO. 3aiIumraeTsest cTabibHUM 1 30epirae
O3HaKN KPHUCTAJIYHOCTI, SIKi BiJIIOBINAIOTH MPOCTOPOBIii OyI0BI OKCHUAY TH-
TaHy y ¢opmi pyrmry. Po3paxoBaHo MoBHY I'yCTHHY €IEKTPOHHUX CTaHIiB
Ti0O,, mo nobpe y3ropKyeThes 3 pe3ynbTaTaMi TEOPETHUHUX PO3PAXyHKIB Ta
eKCTIEpUMEHTAJIBHUX JIOCHIPKEHb, a TAKOXK BCTAHOBJICHO MapIiaibHi BKIAJN
s-, p- d-aTOMHHX CTaHIB KHCHIO 1 THTaHy y ()OPMYBaHHs €JIEKTPOHHOI Ty-
ctrHy. OILiHEHO eHeprilo afcopOLii B 3aJIeKHOCTI Bl MPOCTOPOBOI OpieHTa-
i1 MOJIEKYJTH aJICHIHY HaJ| IOBEPXHEIO PYTHILY.
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BITPOBA/UKXEHHA I'TTPOMOAYJISA CUCTEMH RODOS
JJIs1 OOIHKHA 103 OTPOMIHEHHSA HACEJIEHHSA
JIJISI CHEHAPIIB ABAPIMHOI'O 3ABPYJIHEHHSA PIYOK
I MOPA HOBOIO AEC B ITOJIBIII

O. IMumumienko*, P. bexenap*, C. Kispa*, M. XKenezasx**

*Hemumym npoonem MamemMamuyHux MawuH i cucmem, Ykpaina
**[nemumym padioakmueHocmi HABKOIUWHBLO20 cepedosuyd, SAnonis

CyuacHi KoHIIeNIIii 3a0e3neueHHs pagianiiHol Oe3MeKH IPYHTYIOThCS HEe
JIMIIE Ha po3po01i Ta BIPOBAPKEHHI MEXaHI3MiB HONEPEKEHHS KaTacTpod,
ajie i Ha OIIHIN PU3UKIB BUHUKHEHHS Ta Ba)XKKOCTI HACIIAKIB Ti€i 94M iHIIOI
HAJI3BUYAHOI cuTyarlii. Taki OiHKA BKJIFOYAIOTh B ce0e PO3PaxyHOK MOXK-
JUBHUX HACHIAKIB BUKHIY IUIIXOM MOJIEIIOBAHHS IIPOLECIB IIEPEHOCY
PafiOHYKIIIIB y HABKOJIMITHHOMY CEpEAOBHIIi. Pe3yapTaTh OLIHOK MOXKYTh
OyTr BUKOpHCTaHI Ui BUOOpY HalO1IbII Oe3MeYHNX TEXHOJIOTIYHUX Mapa-
MeTpiB Ta Micus po3ramryBaHas MaiioyTHix AEC. Jlana poGoTa npucBsueHa
PO3paxyHKy NEpeHOCyY paJiOHYKIiIiB Y BOJHHX CHCTEMax Ta PO3PAXYHKY
ITOB’SI3aHUX 3 M J03 [UIS TiIOTeTHYHOro BUKHUTY Ha MaioyTHi#t AEC B [1o-
JBIN I ABOX MOXIIMBUX JIOKamizarii monokeHHs AEC mobmu3y o3sepa
YKapHoBerpb i3 BUKOPUCTAHHSM BOIAHOI'O MOAYJISI CHCTEMH MIATPUMKH NPUi-
HaTTA pitess RODOS-HDM [1].

VY pamkax poGoTH Oyi0 pO3MISHYTO MEPEHOC PATiOHYKIIJIB y BOJHHUX
00’exTax mobnu3y rimorernuyHux Jsokanizamii AEC — ozepo Kapnosens,
piuka IT’sscanms pasom 3 1i mputokamu, Ta banriiiceke Mope. Jlo3u BiJ BXu-
BaHHS PIYKOBOi Boau Oyiio po3paxoBaHo aiast 19 HaceleHWX IMyHKTIB, IO
3HAXOIATHCSA B O€3MOCepeHii OMM3BKOCTI Bif piukoBoi cuctemu [1°scHuUII
Ta o3epa JKapHoBenps. O0MacTs MOJCITIOBAHHS TMOKa3aHO Ha puc. 1-2. [lns
posrisiay 0yio o0paHo YoTHPH OcHOBHUX HyKJIian — Sr-90, Cs-137, Cs-134,
[-131. Amaniz mokasaB, MO iHIN HYKTIH, BUKHI SKUX MOXIUBHA TpU
aBapisfx Ha CyJaCHHX MOJEISIX PEaKkTopiB, HE JalyTh 3HAYHOI'O BHECKY 3a
paxyHOK MaJIoro mepioxy HalliBpo3magy abo Mayoro BMICTY y JUKEpENli BH-
Kkuay. Jli1st MopentoBaHHS IEPEHOCY PafdioOHYKIIiAIB BOJHUMH HIJISIXaMH Oyi10
BHUKOPHCTOBYIOTHCS HACTYIHI Mojieni BogHoro Moyt RODOS-HDM:

o JIBoBUMipHA MOJENh 3MUBY 3 Bomo30opy RETRACE.
e OxHoBUMIpHA TixponuHamiuna Moaens RIVTOX.
o JIBoBuMipHa rigpoanHamivna Mmonens COASTOX.

21



e Mogenb po3paxyHKy 103 Bil po3unHeHHX panionykiiniB FDMA.
o KamepHa TpuBHMipHa MOZEIB IIEPEHOCY paiOHYKJI/IiB Ta TIOB’s13a-
aux 103 POSEIDON [2].

Kpim Toro, B sKOCTi BXiIHMX JaHUX OYyJIM BUKOPHCTaHI pe3yJbTaTH MO-
JienoBaHHs aTMocepHoro nepenocy moxyinem LSMC. B cucremi RODOS
i Moziesti 00’ €JHaHO B JIAHIIIOTY — KO)KHA HACTYITHA MOJIEINb JIAHIIOra BUKO-
PHUCTOBYE pe3yNbTaTH IONEPEAHBOI B IKOCTI BXiAHUX AaHUX. B xozi podorn
OyJ10 BUKOPHCTAHO TPU MOJIETIBHNX JIAHIIFOTH:

LSMC->RETRACE->RIVTOX->FDMA — 1 po3paxyHKy
MIEPEHOCY HYKIIIJIB Ta OIiHKA 103 B PIYKOBUX CHCTEMaX.
2. LSMC->RETRACE->RIVTOX->POSEIDON — mns pospa-
XYHKY IIepeHOCY HYKJIifIiB Ta OLIHKH 103 B banrificckomy Mopi
3. LSMC->COASTOX->RIVTOX—FDMA — mis TOYHOro Mo-
JIeIIIOBaHHS TIePEeHOCY pajlioHyKIIiAiB B 03epi JKapHoBelb.

Byno posrisiayTo 3 cuenapii atMocepHHIX BHIaliHb, PO3PAXOBAHUX Ha
OCHOBI ICTOPUYHUX MeTeopoIoriyHnX AaHux. CrieHapii yMOBHO po3IoaiieHi
32 IHTEHCHBHICTIO BHKHAY OiJsl BOJHMX OO0’€KTIB Ha MaKCHMaJbHUH,
MiHIMTBHUHA T2 IPOMIXHUH.

Puc. 1. O6nacts MonentoBanns: Oaceitn p. I1’acanist. UepBoHi TOUKH —
obuucimoBanpHa ciTka Moaeni RIVTOX, cuwiii oniron — ozepo XKapHo-
Berb. KoHTypoM noka3aHo Bozo30ip piku. HaceneHi myHKTH, IS SIKMX

PO3PaXOBYIOTHCS JI03H, IO3HAYCHO CHHIMHU pOMOaMHU.

A\
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Puc. 2. O6nacts MonemoBanHs: bantiiiceke Mope. Po3ouBka obiacti
Ha po3paxyHkoBi exemenTr Moaeni POSEIDON. CuHiM nokasaHi elIeMeHTH
3 JIGKIIbKOMa BEPTUKAJIbHUMU [IAPAMH.

Pospaxosani mozpemtro RIVTOX koHIeHTpallii CTPOHIIIO Ta IIe3i0 B pid-
KOBiif cucremi p. [1’CHAI 1T MAKCUMAJIBHOTO CIIEHAPIIO CATAlOTh 1ovart-
KOBHX MakCHMyMiB nopsaky 10¢ bx/me, iony — nopsiaky 10+ bx/m®. B mpo-
JIOBXK JTBOX MICSIIIB ITiCJI BUKHY KOHIICHTpAIlii CTPOHIIIFO Ta IE€3iI0 craia-
10T Ha OJJMH-/IBA, KOy — Ha TPU-YOTHPH IOPsAKHA. HakormdaeHi KomeKTuBHi
JIO3W 32 TPU POKH, PO3paxOBaHi I HACENICHUX IMTyHKTIB Moaeuro FDMA Ha
OCHOBI OTpPHMaHHMX KOHIIEHTpalii, 3HaxomsaTbcsi B iHTepBayi 0.1 — 7
M3B* oz uist 1e3ito i ctpoHmito Ta 1-20 m3B*mox muist Hony. bamseko 90%
KOJICKTHBHOI JI03U Bij WOy HAKOMMYYETHCS 3a MEPUIMH MICALb Micis BH-
kuny. HakxomuwdeHi iHAWMBIMyanbHI MO3W 3a TPHU POKHA I HYKIITIB y
Banriticbkomy Mopi, po3paxoBani 3a nonomoroto mozeni POSEIDON, cra-
HOByATH 10+ — 10+ M3B.

Oxpemo OyJ10 PO3IISIHYTO JUHAMIKY pamioHYKIIiAiB B 03epi JKapHoBens.
Bnaciitox 3Ha4HOr0 po3Mipy BogoimMu 110 90% HyKIIiiB NOTpaIuIsie Ha I1o-
BEPXHIO 03€pa IIij 9ac MpsIMOro BUKHULY, 1 ume 10% — yepe3 3MuB i3 Boz10-
300py. B Toi1 xe yac crannaptaa Mozaens po3paxyHky 3MuBy RETRACE ne
Jla€ MOXJIMBOCTI BPAaxOBYBAaTH HPOIEC MPSIMOTr0 BUKHIY, IO 3MYCHJIO MO-
mudikyBatn moxens. s Bepudikamii podotm MomudikoBaHOT Moxeni
RETRACE-M 0y10 BUKOHAHO PO3paxyHOK IiepeHocy B o3epi XKapHoBens 3a
nmortomororo aBoBuMipHOi Moxeni COASTOX. Po3paxyHkn mokasaiu, 1o
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pe3yapTaté MozentoBaHHsA nepeHocy moaemnro COASTOX Tta nmaHumrorom
RETRACE-M->RIVTOX no0pe y3romkyroTbesi Mix coboro. Kopekrhe
BpaxyBaHHS NPSMOT0 BHKHIY Ha IIOBEPXHIO o3epa JKapHoBels NpU3BOJUTH
JIO TiIBUIIIEHHS PO3PaxOBaHUX HAKOMMYEHUX KOJIEKTUBHUX 103 32 TP POKH
JUIsl HACEJICHNX IYHKTIB OiJist o3epa 1o piBHs 10-30 M3B*mroz.

Jlitepatypa

1. Zheleznyak M., Kivva S., Ievdin 1., Boyko O., Kolomiets P., Sorokin
M., Mikhalskyi O., Gheorghiu D. (2016) Hydrological Dispersion Module of
JRODOS: renewed chain of the emergency response models of radionuclide
dispersion through watersheds and rivers. Radioprotection, 1-4, pp. 129-131.

2. Maderich V., Bezhenar R., Tateda Y., Aoyama M., Tsumune D.,
Jung K.T., de With G. The POSEIDON-R compartment model for the
prediction of transport and fate of radionuclides in the marine environment.
MethodsX, Vol. 5, pp. 1251-1266.

VK 539.16.04

PO3PAXYHOK 103 OTPOMIHEHHA JIFOJIUHU BI1/{
CIIOXKUBAHHA MOPEITPOAYKTIB Y PE3YJIbTATI
MAMBYTHBOI'O CITYCKY PAIIOAKTUBHO 3ABPY/ITHEHOI
BOJIY 3 PE3EPBYAPIB HA TEPUTOPIi AEC ®YKYCIMA-1

P. B. bexxenap, B. C. Manepuy, K. B. Tepneubska
Incmumym npobnem mamemamudHux Mawun i cucmem, Ykpaina

Asapist Ha AEC Oykycima-1 cnpuuuHmIa HEKOHTPOJIHOBAHHWH BHTIK
3HAYHOI KUJIBKOCTI paJioOHYyKIiiB y Mopchke cepenosumie y 2011 pori. s
3aro0iraHHs J01aTKOBOMY BUTOKY PaJlioaKTHBHO 3a0pyIHEHOI BO/IH, SIKa BH-
KOpPHCTOBYBAJIach JUISI OXOJIO/KCHHS MEPErPITUX PEaKTOpPiB, a TAKOX I'PYH-
TOBHX BOJI, IIIO0 MOCTIHHO BHUKauyBaINCh 3 OYyIiBIi peakTopa, Ha TEpPUTOPIi
AEC Oynu criopymKeHi BelHKi pe3epByapH Juis ii 30epiranns. Ha Tenep i
pe3epByapH Bke Maiike 3aIlOBHEHI 1 HEeMa€e MICIIS JJ1s1 BCTAHOBJICHHS HOBUX.
V xBiTHI 2021 poky ypsaom Snownii Oyio NpuHHATO pilIeHHS PO MOCTYIO-
B CITyCK PajliloakKTUBHO 3a0pyIHEHOI BOIH 3 pe3epByapiB y MOPCHKE cepe-
JoBuIe, moynHaroud 3 2022 poxy. BapTo BiamiTHTH, 10 yIIpaBisioya KOM-
nanis TEPCO npoBoauia OuuIIeHHs! BOJH, MPOTE JKOJHA CHCTEMa OYHCTKH
He 3[aTHa BWIIYYUTH BCi pagioHykIiau. KpiM ouMIneHHS, KOHLEHTpAIis
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panioHyKIIIB y pe3epByapax 3MEHIIyBajach 3a paXyHOK MPOLECY paaioak-
TUBHOTO po3nany. 3a 10 pokiB, sKi MpONIILIN Micis aBapii, BCi pagioHyKIi AN
3 KOPOTKHMM NEPioioM HaIiBpO3ITaay BXKE PO3MAIINCS.

3rigHo 3 podororo [1], ocHOBHMMY paJlioHyKIIiIaMK B pe3epByapax Ha Jia-
Huii MoMeHT € *H, “C, ©Co, *Sr, *Tc, Ru, »Sb, =], #Cs i #Cs. KoxeH 3 HuX
XapaKTepHU3yeThCs MepiooM HariBpo3nany 7., KoedimieHToM posnofiny K.,
1110 BigoOpaskae piBHOBaYKHE CIiBBIHOIICHHS Mi>K KOHILIEHTPALisIMHU a/1copOo-
BaHOTI'0 3BKEHUMH y BOJIi YACTHHKAMH 1 PO3UMHEHOTO PaAiOHYKIIi Ty, JO30BUM
koegimiearom DC i 31aTHICTIO HAKOMWYIYBATHCS Y MOPCHKHX OpraHizMax. 3Ha-
YEeHHs OCHOBHHX IapamerpiB 1ux 10 paxionykiiniB npencrasieni y Taom. 1.
Taxoxx TaMm HaBe/leHA OL[IHKA CyMapHOI aKTUBHOCTI KOXKHOTO paiOHyKJIi Ay Y
pesepByapax, ska po3paxoByBaJIach SIK JOOYTOK cepeAHboi KOHIeHTparli 3 [1]
Ha 3arajJbHUI 00’€M BOAM B pe3epByapax, 1o Ha KiHenp 2020 poky ckiajas
1,2 Mot v, 3 Tabm. 1 BuaHO, 0 KinbKicTs TpuTito ((H) B pe3epByapax 3Ha4HO
TIepEeBHILYE KUTBKICTh IHIINX PAiOHYKIiAiB. AJe IIe HE O3HAaJae, M0 TPHTIH
MaTHMe HaOLIBIINIT BHECOK B 103y OIPOMIHEHHS JIIOAUHI. MEeTOro 1aHoi po-
60Tu OyJI0 BU3HAUMTHU SIKy MaKCUMAIIBHY JI03y Ma)kKe€ OTPUMATH JIIOAWHA BiJ|
CHOKUBAHHS MOPENPOAYKTIB y PE3yiIbTaTi CIyCKY paiOaKTUBHO 3a0pyIHEHOI
BOJIM 3 pE3EpByapiB y MOPCHKE CEPEIOBHINE, a TAKOXX BHECOK KOXKHOT'O
PaIioOHYKIIi Ty B IO J03Y.

Ta6auns 1. OcHOBHI MapaMeTpH paJioOHYKIIiNiB Ta IXHS CyMapHa aKTHBHICTh

y pe3epByapax.

Panmionyxiin Ty p K., » DC, 3B CymapHa aKTuB-
KI! bk HiCTh, Bk
*H 12,3 0,001 1,810 1,0810r
14C 5730 1,0 5,810 8,4D10
*Co 5,27 300 3,4810° 8,4D10
»Sr 28,8 0,008 2,810+ 11810
»Tc 211 100 0,1 6,4®10 72010
wRu 1,02 40 7,0810° 2,4010
=Sh 2,76 4,0 11810~ 1,010
] 15 700 000 0,07 1,110- 72010
+Cs 2,06 2,0 1,910+ 2,4@10¢
vCs 30,2 2,0 1,310+ 8,4D10

Jl1st MofentoBaHHs BUKOPUCTOBYBasach kamepHa Mogens POSEIDON-R
[2]. B Hiit MOpCBKE CepelOBHILE ONMUCYETHCS SIK CHCTEMA Kamep, 3’ €IHaHNUX
MK coboro. B KokHINT Kamepi MOJENIOIOTHECS TIPOIECH  aICcopOIii
PafioHyKIIiJIiB 3BAKEHUMH Y BOJIi YaCTUHKAMHU Ta iXHE ocigaHHs Ha 1HO. [Te-
PEHOC PO3YMHEHUX PaAIOHYKIINIB MIX KaMepaMH OIUCYETHCS HMOTOKaMHU
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BOJIM, IO BiJMOBINAIOTH TEUisM 1 OMUCYIOTH MPOIECH aaBEKIii i Tudys3ii.
HaxonwdenHst pagioHyKIiiB Y MOPCHKHX OpraHi3Max po3paxoBYETHCS 3a
JTOITIOMOTOF0 MHAMIYHOI MOJIeNi, B SIKiii BCi opraHisMu ()OPMYIOThH Tie-
JIariYHuH 1 TpUAOHHNH TpodivuHi JaHIOXKKH [3].

B pobori BUKOpHCTOBYBajlach CUCTEMa Kamep IUIs IBHIYHO-3axXiJHOI 4Ya-
cruan Tuxoro okeany 3 nerarizamnieto HaBkono AEC ®ykycima-1, 3rimHo 3 [4].
Jlana cucrema Bkimodae 188 kamep, siki nokpusatoTh JKoBte, SAnoncbke, CxiaHo-
Kuraiicbke Mops Ta cxizHe y30epexoxs SmoHii. 3 MeToro OliHKYA MaKCHMAaITbHUX
KOHIIGHTpAIi 1 7103 ONpOMIHEHHS JIIOJMHU JaHa CHCTeMa Kamep Oyina Jo-
TIOBHEHA NMPUOEPEKHOI0 KaMeporo po3MipoM 4x4 kM HaBkoro AEC @ykycima-
1 (puc. 1). Jlyst ommicy BepTHKAIBHOI CTPYKTYPH PO3MOJITY aKTHBHOCTI B 0011aCT1
MOJIEITFOBAHHSI KaMepH OyITH ITO/IiJIeHI Ha TPU BEPTHKAIBHUX Iapu. MiKoBOHI
KaMepH 3 OJJHUM HOBEPXHEBHMM IIapoM NIIMOHHOIO /10 200 M 1o3Ha4eHi CBITIINMHA
NPSIMOKYTHUKAMHU Ha puC. 1, KaMepy 3 IBOMa MOBEPXHEBUMH IIAPAMH TIMOU-
HOIO Bix 200 M 10 1000 M — BEpTUKATHHUMU TIOJIOCAMHU, a TITMOOKOBOTHHMIA Ka-
Mepu rironHoo oHax 1000 M — GIaKUTHUM KOJIBOPOM.

B30 ' = VYpsagom Snonii  posris-

P ﬂﬂ}?h AETBCS CLIEHAPIH CITyCKY BOIU

\/ w1 % 3 pesepByapiB mpotsrom 10-30

 [— pokiB. lleii mpomikok dacy €

SE00 "omg & | an LIJKOM JIOCTaTHIM JJIsl BCTa-

\.\ ” HOBJIGHHSI PIBHOBQ)XHOI KOH-

| 72| 177 LeHTpamii  pamioOHYKIiOiB Y

- - MOpPCBbKOMY cepefoBuili. Tomy

Kamepa ) 178 182 MOJCIIFOBAaHHA MIPOBOAWIOCA

Oy e UL OJMHUYHOrO BUTOKY 1 BK/p

hng 17 KOXKHOTO pamioHykiingy. Otpu-

" f & MaHi pe3ysibTaTH MOXKHa Mac-

e ,ﬂf,s 180 ' wrabyBaTty Uit OyIb-sKOi Be-

v 8 8 8 JIMYUHU BUTOKY 32 YMOBH, IIO

4,; o - BUTIK Oy/ie TpUBAaTH JIOCTATHHO

- 4 ‘ . JIOBTO Ut ()OPMYBaHHS PiBHO-

14030 14100 14130 14200 142°30" Ba’XHUX yMOB.
Puc. 1. Cucrema xamep HaBkono AEC
Dyxycima-1

Ha ocHOBI OTpMMaHMX y pe3yJabTaTi MOJEIIOBAaHHS KOHIEHTpALii
pamiOHYKIIIB y MOPCHKMX oOprafizMax OynM po3paxoBaHi J03H
OITPOMIHEHHS JIIOAWHU BiJl IXHBOI'O CIIOXKHMBAHHA 32 (POPMYIIOI0
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5

l)i :DCI( f:]Cf,iCRf)’ (1)
ne D, — pidHa 703a Bif i-T0 paioHYKIi/a 32 paXyHOK CIIOXKUBAHHSA 5 KaTe-
ropi#t (f) MOPCBKMX OpraHi3MiB: IeJariyHol 1 MPUIOHHOI PHOH, MOJIIOCKIB,
pakonomioHnx 1 Bomopocred; DC. — m030BUHA KoedillieHT mis i-TOo
panmionykmiga (muB. Tabm. 1); C, — po3paxoBaHi KOHHEHTpAIii i-T0
panioHyKiIiia B MOpenpoaykTax tuiy f, CR,— pidHa BeJIMYHHA CIIO)KUBAHHS
(Xr p') MOpenpoayKTiB TuMy f. 3riHO 3 TaHWMHU [5], cepenqHii piBeHb cIIo-
>KUBaHHSI MOPEIIPOAYKTIB y SInoHii, 6epydn 10 yBaru juiie BHYTPIIIHE CIIO-
JKUBaHHS, CKiIamae 13 kr memariqnoi pubw, 7,3 Kr npumoHHOi pubH, 7,1 kr
pakoronioHux, 6,4 KT MOJIOCKIB i 3,7 KT BOZOpOCTEH 3a piK.

Jis  po3paxyHKy 3arajbHOi JIO3M OIIPOMIHEHHS JIIOJWHU KOXKHUM
PAmiOHYKITIIOM BiJl CIIOXKUBAHHS MOPEIPOAYKTIB, TO3H, OTPUMAaHI JJIs OU-
HUYHOTO BUTOKY, MacliTaOyBancs Ha 3arajibHy KUIbKICTh PaJiOHYKIINIB Y
pesepByapax (muB. Tabm. 1). SIk BuaHO 3 puc. 2, OCHOBHHI BHECOK B 103y
MoxHa ouikyBatu Big »I i “C. Ilpm mpomy cymapHa nxo3a BiJ YcCix
pamioHyKIIB Ui MpHOEpexHOi Kamepu craHOBHUTHUME Onn3bko 10 Mk3B,
o B 100 pa3iB MeHIIe rpaHUYHUX 3HA4YeHB. [1[00 oTpumary mopiyay 103y,
3arajbHy 7103y HEOOXiJHO MOMIIMTH Ha KiJIBbKICTH POKIB, IPOTATOM SIKHX
BiOyBaTMMETHCS CITYCK PaJiOaKTUBHO 3a0pyAHEHOI BOJM 3 pe3epByapiB Ha
tepuropii AEC dykycima-1 y Mopcbke cepeoBHILE.

= g
- o =)

InoueigyanbHa nosa, Mk3e
(=]
=

0.001
129 14 3 60~ 106y . 13TA. 99 . 125ap. 134 90
I "C 'H "Co "Ru "Cs "Tc “Sh "Cs “Sr
Puc. 2. Po3paxoBaHi 3araibHi JJO3U OMPOMIHEHHS JIFOAWHU KOXHIM
PafioOHYKIIIJIOM Bifl CIIOKMBAHHS MOPEIIPOIYKTIB 3 MPUOEPEKHOI KaMepH
Y pe3yINbTarti CIIycKy paaioaKTHBHO 3a0py/IHEHOI BO/IM 3 pe3epByapiB
Ha tepuropii AEC ®dykycima-1 y Mopcbke cepenoBHIe
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OF THE TERRITORY BY SENSORS WITH ENERGY
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' Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
:National Defense University of Ukraine named after Ivan Cherniakhovskyi,
Ukraine

Nowadays, sensors take great part in all areas of human activities due to
a number of advantages: mobility, size, autonomy, mobility [1, 2]. Sensors
are also used to perform a number of tasks related to the collection and
processing of information [3], among which the common task is monitoring.
This task means optimal territory coverage by a given number of sensors with
appropriate characteristics finding [4]. In the work [5] present the optimal
strategy for placing sensors to monitor the environment using wireless sensor
networks. Optimization of sensor placement using gradient descent and
probabilistic coverage is presented in paper [6]. In turn, in manuscript [7] the
approach of reduction of energy consumption of the sensor network by
regulation of sensor coverage areas is presented. It is also necessary to take
into account the possibility of intersection of the sensor coverage areas.

Suppose we have a set of sensors S = {s;,S,, ..., S,} with following
parameters:

s; = 5;(x;, yi, 11, Bey), (1)

where x;, y; — sensor’s coordinates, 1; — sensor’s coverage radius, Bc; —
volume of the sensor’s battery, n — number of sensors.

Also, each sensor has own battery consumption. According to [8] we will
calculate sensor’s energy consumption, mark it as E;, per unit of time in the
next way:

Ei = T'iz, (2)
where r; — i-sensors coverage radius, i = 1,7, n — number of sensors.

The problem is to cover given territory by sensors with minimum energy
consumption. For solving described problem let modify well known
knapsack optimization problem [9] in the next way:

ey X7 - min, 3)

o =T, 4)
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X; € {0,1} or Xx; € {O, 1, 2, ...,mi}, (5)

where r; — i-sensors coverage radius, m; — available count of i-sensors, T, —
square of territory.

In case when constraints (5) have x; € {0,1} form we get 0-1 optimization
problem. In other case we get bounded optimization problem. The solution of the
optimization problem (3)-(5) is vector x = (xy, X5, ..., X, ) elements of which are
count of sensors each type that should be taken for territory coverage.

Taking into account possibility of sensors intersection let introduce intersection
parameter ¢, meaning of which can be illustrated in the next way (Fig. 1):

251

metres

15F

5 10 15 20 25 3 3B 4 45
metres

Fig. 1. Intersection parameter c.

In case of sensors intersection territory coverage with energy
consumption optimization problem can be formulated as multicriterial
optimization problem:

{E (r,c) » min ©)
Z(r,c) » min’

By using parameter convolution method present minimization sensors’ energy

consumption during maximizing territory coverage problem in the next way:

F(r,c¢) = a,Z(r,c) + a,E(r, ¢) - min, @)
0<r<rmex (8)

Coin < € < 7™M, )

0<og;, <l,a,=1—a,, (10)
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where r — coverage radius, ¢ — intersection level, ¢,,;, — minimum available
intersection value, @; and a, — expert estimates of parameters.

The solution of the (7)-(10) problem will be pair of the optimal coverage
radius r and intersection level c with using of which minimization energy
consumption with coverage maximization is achieved.

In the moveable sensors case optimization achieved by changing sensors’
movement direction per each time period according to Bellman’s principle.
Appropriate software has client-server architecture. Every time period sensors
send requests to the server that consists of sensor’s id, coordinates, priority (pwl,
pw2) and previous (pd) directions. The server send response that has sensor’s id,
movement direction and stop flag. All messages have json format. In case when
there is no request or response during limited time the sensor remains in the same
position. The request-response example presented in the Table 1.

Table 1. Request-response example.
Request Response

{
“id”: 1; L
X1 54.8; ad 1
“y: 36, “direction”: 2;
“orl™ 2; “stop”: false;
“pw2”: &; ;
“pd”: 5;
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VHiKaJbHa CYKYIHICTh BJIACTMBOCTEH IONIMEPHMX KOMITO3MIIHHUX Ma-
TepiaJliB BAKPUBAE IIMPOKI MOMKIIMBOCTI SIK IS BJIOCKOHAJIEHHS icHyrounX [1],
TaK 1 JUIst pO3poOKH HOBUX KOHCTPYKIIIH 1 TEXHOIOTTYHUX TporieciB [2]. OcHOB-
HHM 3aBJIaHHSM TIporiecy ()OpMyBaHHS! KOMIIO3UTHOT'O BUPOOH € BCTAHOBJICHHS
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ONTHUMAILHOT'O CHIBBITHOIICHHS MDK TEXHOJIOTTYHUMH TIapaMeTpH, 10 3a0e311e-
YyIOTh PENJIAMEHTOBAHY SIKICTh BUPOOY IPH MiHIMAIBHIX €HEPreTUYHNX BUTpa-
Tax [3]. YV 3BI3KY 3 MM, BUHHKA€ HEOOXITHICTh MOJICITIOBAHHS TIporiecy (op-
MYBaHHS, 110 O ommcyBayno (i3MKO-XIMIYHI TNpolLecH, sSKi BiIOYyBalOThCS B
TIOJTIMEPHOMY KOMITO3ULIIFHOMY MatepiaJti, o (JOpMYEThCSI.

Po3pobneno HOBHMI METOA TOCTIDKEHHSI OCHOBHUX TEXHOJIOTTYHHX Hapa-
MeTpiB mnpotecy (HopMyBaHHSI KOMIIO3UTHHX BUPOOIB Ha OCHOBI NpEMNpETiB.
Merto/ 103BOJIMB TEOPETUYHO PO3PaxyBaTh ISl KOHKPETHUX CHOJYYHHX 1
apMyIOYHX MaTepiajliB ONTHUMaJbHI TEeMIIEpaTypHO-4acoBy Jiarpamy i 3a-
JISKHICTh TUCKY (popMyBaHHS Bij dacy.

3arpornoHoBaHO MO B'SI3KOCTI CIIOIYYHOr0 Ha (i3WUHy 1 XiMIUHY CKJIa-
noBi. Di3uYHa CKJIaI0BAa BUKIIIOYAE HASIBHICTh XiIMIYHUX ITEPETBOPEHB 1 3aJie-
KHTh TUIBKH B TeMItepaTypH. XiMidyHa HOB's13aHa 3 XIMIYHUMH I1EPETBOPEH-
HSMH 1 € QYHKII€I0 TeMIiepaTypH i yacy. [lilicna B's3kicTb B mporieci popmy-
BaHHA L(f) € CyMOIO Pi3UUHOT L4,4(?) 1 XIMIUHOI L4(t, 7) cKitanoBuX (puc. 1):

u(e7) = py (1) + 1 (17) (1)

3arpornoHoBaHO METOJMKY €KCIIEPUMEHTAIFHOTO BU3HAYCHHS MiHIMaJIb-
HOI CyMapHOi B'SI3KOCTi CIIOJIYYHOI'O Bijl TEMIIEpaTypH 1 4acy.

/

Ho
8
Womin My
o
_———/ e
t {(Wmin) 5] 't,OC

Puc. 1. 3anexHicTs AMHAMIYHOI B'SI3KOCTI CHOIYYHOT'O BiJ] TEMIIEpaTypH
B MOMEHT 4acy 7=const BiJ] T0YaTKy nporecy (GpopMyBaHHS

OTpuMara noAaabIIiid pO3BUTOK MaTeMaTHYHA MOJIEIIb 3aIIOBHEHHSI CIIO-
JYYHOIO 13 33aHOK0 B'S3KICTIO Yepe3 MiXKBOJIOKOHHUH MPOCTIP apMyIHOUYOro
Mmatepiany [4]. Ilpuitaaro, mo B mpoueci ¢oOpMyBaHHS IUITMTH (BKOPCTKa
ynara) 5 miJ Ji€o 30BHIIIHBOIO THCKY p OYAYTb MEpEMIIaTHCs 3 JIESKOI0
HIBHAKICTIO V, IO THX TIip, TIOKX HE 3aIIOBHATHCS BCI MOPOXKHEY1 4 CHIOTYIHOIO
3. Ile BianoBizae 3MiHi BUCOTH / BiJ| TOBIIMHH IIperipera /,, 10 TOBIIMHU MO-
HOIIApPY MOJIIMEPHOr0 Matepiany e, (puc. 2).
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| — monepeyHi BOJIOKHA; 2 — ITO3/I0BXHI BOJIOKHA; 3 — IIap CIIOIY9HOrO;
4-nopoxHedi; 5 — Kynara
Puc. 2. CtpykTypa mpernpera B akeTi MOTIMEPHOTO MaTepiany:
a — Ha OCHOBI TUICTEHOI TKAHUHM; O — Ha OCHOBI OTHOCIIPSIMOBAHOI CTPIUKH

INokazano, mo B mpoueci (GopMyBaHHS CIIONyYHE B IIPETPE3i € TBEPIO-
B's3kuM cepenoBunieM KenbBina-®Poxra, 0 MICTUTH NPYXHY CKJIa/JIOBY B
¢iznunomy 3akoHi [4]:

y(t,r)'s +E,,(t,r)£ :G(t,‘[) @)

ne & u & — nebopMallis Ta MBUAKICTE 1T 3MiHu Bix (¢); Ep(t, 7) — MUTTEBUH
MOJIYJIb TIPY>KHOCTI CHOIYYHOTO B IIpenpesi.

[IpoBeneHo OIiHIOBAHHS BHECKY MPYKHOIO CKJIaJIOBOi B OTPUMAHOMY pi-
BHsHHI (2). Hanpuxuan, muist npenpera Ha ocHOBi cxitotkaHuau T-10-80 i
cnonryqaoro EJIT 69H Monyne npyXxHOCTI MOHOIIAPY IOJIIMEPHOTO MaTepi-
any Ecu(to)=1.8 T'Tla; momyns npyxuocti npenpera E,=1.5 I'Tla; moxyns
MIPYXXHOCTI CHOJYYHOro nojiiMepHoro marepiaiy Eycy=0.8 I'Tla. Toxi mpn
00’emHOMY BMicTy cnionydHoro 6,=0.4 E,(t9)=8.05 I'Tla, To6T0 y BCcboMy
YacoBOMY iHTepBai Apyruii wieH B (2) npeBaiioe Haj repmmM. Lle cBiquuts
PO BiICYTHICTD TEKYYOCTi CIIOIYYHOTO Ha IEepLIOMY eTami (OpMyBaHHS i,
OT)Ke, HEMOXKJIMBOCTI 3aIIOBHEHHS 1Op B Ipenpesi. Ha apyromy erari (61m-
3bK0 30 XB. 1 Outbe) Epy(t, 7)—>0 1 cTae mpaBOMOYHNUM PO3TIISL] Iporiecy ¢o-
PMyBaHHS B paMKax MOJIEli iieasibHO B'si3Kkoro cepenoBuina Hetotona [S].

BuBeneHo aHaiTHUHY 3aJI€XKHICTh TUCKY aBTOKJIABHOTO ()OPMYBaHHS Bijl
B'SI3KOCTi, TEOMETPUYHUX HapaMeTpiB BUPoOY, 1m0 (OpMYETHCS, TpEIpera,
MOHOIIAPY MOJTIMEPHOI0 KOMIO3UIIHHOTrO MaTepiaiy i yacy (hopMyBaHHS.

INokazaHo, 1m0 Kif0unii B3A0BX MOPU30OHTAIBHUX KaHAJ THCK B apMOBa-
HOMY Matepialli 3aBKIH BUIIE aBTOKIABHOrO. Lle crpusie OimbIl MOBHOMY
BUIAJICHHIO MTOBITPSHUX OYIH0AIIOK 1 3alIOBHEHHIO ITyCTOT CIIOIYYHUM, IO
3abe3neuye BUCOKY SKicTh (DOpMyBaHHS KOMIIO3UTHOI'O BUPOOY.

OTtpuMaHi pe3yabTaTH JO3BOJSATH ONTHMI3yBaTH OCHOBHI cTaii Temie-
paTypHO-4acoBOi JiarpaMy UKy (GOpMyBaHHS KOMIIO3UTHOTO BUPOOH, 110
3a0e3meunTh MiHIMI3aIlil0 eHePreTHYHUX BUTPAT Ha 1 BUTOTOBJICHHSI.
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V]IK 338.24
BUPOBHUYA IHOPACTPYKTYPA I KPUTEPI] ii
KPUTUYHOCTI
B. B. Kynuk

JHHY «Axademis ¢hinarncosoco ynpasninusny, Yxpaina

KoHKYpeHTOCIIPOMOXHICTh HAIiOHATFHOI €KOHOMIKH TPSMO 3aJICKUTh
BiJT IKICHOTO Y3TOJDKCHHS MPOIIECIB €KOHOMIYHOTO IUKIY, 1 TICPIII 32 BCE HA
eTari BUPOOHUIITBA.

[Iporecn BUpOOHUIITBA B HAIIOHATBHIN €KOHOMIII OITUCYE BifjoMa MO-
nienb JIeoHTheBa (MOMIENTb «BUTPATH-BUITYCKY):

X=AX+Y,X 20,

pe X — BHITYCK, AX - TIPOMIXKHE CIIOXKHBAHHS, Y _ xinuesuit MIPOIYKT,
A4 - MaTpHLS IPSIMUAX BUTPAT.

Bonnouac Mozens xapakrepusye i BUpoOHHUY iH(pacTpyKTypy Hario-
HAJIBHOI SKOHOMIKH — iHII eTany eKOHOMIYHOTO UKITY MOB’s3aHi 3 BUPOO-
HHUYOIO JiSTTBHICTIO (TIOTHT, MPOIIO3ULIi0, YTBOPEHHS JOXOY), 1 BIIIIOBITHO
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LUKJITYHICTE ()OPMYBaHHS KiHIIEBOTO MPOIYKTY, TAIy3eBl 0COOIMBOCTI BH-
pPOOHMYMX BUTPAT Ta YTBOPIOBAHHUX JOXOJIB i iH.

Mopenb € YaCTHHOIO CUCTEMH HaIllOHAJIbHUX paxyHKIB [ 1], 30kpema KoH-
COJIIJOBAaHUX PaxyHKIB, paxyHKiB BHPOOHHITBA, PaXyHKIB IHCTUTYHIHHHX
CEeKTOpIiB, PErioHAIBHUX PAaXyHKIB, a, OTXKE, 32 PISHIMH 03HAKAMH 1 CTyIIeHEM
Jeranizanii onucye BHpOOHMUM mporec. Ll 0coOIuBICTE YMOXKIIHMBIIIOE
MIPOBECTU MAPaMETPU3AIII0 MOJEII Ta JOCTIHKYBaTH OCOOIHMBOCTI BiTBO-
PEHHSI KOHKPETHOI eKOHOMIKM. Takox Mojenp XapaKTepHu3ylouH eKo-
HOMIYHHUHA KpyrooOir, ineHTndikye moroku [2, c.12], mo BCTaHOBIIOIOTHCS
«BHPOOHHKAMMNY 1 «CHOKUBauyaMm» KiHreBoro npoaykry (BBIT).

Bupobuuya iH(ppacTpyKTypa €KOHOMIKH JociikeHa B poborax M.Ky-
6omnieu [3], I1.Crerroka [4, 5], O.Actpemcrkoro [6], H.Onenera [7] i iH.

Kpurepii xpuTnaHOCTI BUPOOHNYOI CTPYKTYPH BHUIUIMBAIOTH 13 MOJEMI 1
cTocyloTbesi: 1) BuUTpar, IOB’s3aHMX 13 BHUPOOHWYOIO JiSUIBHICTIO
/xoedinientu bpayepa-Conoy/, 2) 3araqbHUMH BHUTpAaTaMH CKOHOMIKA
/ancio dpobeniyca/, 3) Tary3eBoI0 JOXiHICTIO, BKJIIOYAIOYM PiBEHb HAIlIO-
HAJIBHOI €KOHOMIKH (KOe(illi€eHTH TOJaHOI BapTOCTi), 4) CTPYKTYpH Tay3e-
BOrO BUPOOHMIITBA, II0 BU3HAYAETHCS BIACHE T'ay3€BOI0 CTPYKTYPOIO IIO-
IIUTY, TATY3€BOIO CTPYKTYPOIO KiHIIEBOI'O MPOAYKTY Ta iH.

Pi3Hi cryneni arperarii Mozesni, 30kpeMa arperyBaHHs 10 OfHiel ramysi
Ta TPHOX T'ally3eH, Jaf0Th 3arajbHe YABJICHHS IIPO OCOOIMBOCTI BUPOOHHYOI
iH(ppacTPyKTypH Ti€l UM 1HIIOT HAIlIOHAJIBHOI EKOHOMIKH.

Ha ocHOBI HallioHaJIbHUX CTATUCTHYHMX JAHWX ITrOTOBJIEHO arperoBaHi
TpU-Tay3eBi Tabmuni Butparu-Buiryck (TBB) B ocHoBHUX minax mist Benmko-
Opuranii, Himequnnu, fAmonii ta Yxpaiam (tabn.1-4). BunineHo nepBuHHMI
(I, arpocexrop), Bropunnmii (I, mpomucnosicts) Ta Tpeturanii (111, mocyrn)
CEeKTOpH 3riHO Kinacugikarii [8, ¢.527]. Bumyck oqHO9acHO XapakTepHu3ye cy-
KYITHUH TIOIHT, CYKYITHY HPOITO3MIIIO Ta 00CSATH BUPOOHHMIITBA B PO3pi3i CEK-
TopiB. Ananoriudo BBII, npencrasiennii B Mozeni sIK KiHyesuil npooykm, Xa-
pakTepusye o0csT CIOXHUTHX KiHneBrx ToapiB (BBITY), noxoqu orpuMasi B pe-
3ynbTaTi Bupoonuirsa (BBIT) Ta posnozin dakropaux noxonis (BBIT).

Ta6muus 1. TBB B ocHoBHEX miHax. BenmukoOpuranis, 2018p., muH. £.
I I II1 © BBII' |Bumyck
I 5630 18912 686 25228 7542 32770
I |10346 540768 283378| 834492 226266/1060758
IIT | 4609 112888 761002 878499167643912554938
© 20585 6725681045066173821919102473648466
BBII?3(12185 3881901509872|1910247
Buryck(32770 1060758 2554938(3648466
Jxepemno: [TigroroBneHo Ha ocHOBI [9].
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Ta6auus 2. TBB B ocHoBHEX miHax. Himegunna, 2017p., mapg. €.
I 1 11 © |BBII!' Bumyck
I 9,5 47,1 3,5 60,1 37,3 97,5
I [11,31149,8 254,3|1415,4/2063,4] 3478,8
I (14,6 481,51179,9] 1676]2166,6| 3842,6
© |35,41678,41437,73151,54267,3 7418,9
BBI1?3(62,11800,42404,9/4267,4
Bumyck|97,53478,83842,6|7418,9
Hxepemno: [TigroroBneHo Ha ocHoBi [10].

Ta6auus 3. TBB B ocHoBHEX miHax. AmoHis, 2015p., 100 muH. ¥
I II II1 © BBIT' | Bumyck
I 15667 82118 15319| 113104 15772 128876
II 312791848905 601955 2482139/1454591| 3936730,
I | 20509 5697031510342 21005544012024| 6112578
© 6745525007262127616 4695797548238710178184
BBIT?>?| 614211436004 3984962 5482387
Bumyck|12887639367306112578|10178184
Hxepemno: [ligroroBneHo Ha ocHOBI [11].

Ta6anus 4. TBB B ocHoBHEX miHaxX. Ykpaina, 2018p., miH. 2.
I I 11 © BBIT! |Bumyck
I 1223200 179858 46482 449540, 422431| 871971
II 1859041789457 4892292464590, 8514903316080
111 88370 495708 905107|1489185|1816233|3305418
© 4974742465023 1440818 44033153090154 7493469,
BBII?3 (374497 851057 1864600|3090154
Buryck|87197133160803305418|7493469)
Hxepemno: [ligroroBneHo Ha ocHOBI [12].

Mopnenb JleoHThEBa PO3TIISIHEMO B paMKax rajy3eBOro paxyHKy BHpPOO-
HUNTBa, ToOTO TBB, 1€ pecypcoM € BUIyck (X ), @ BAKOPUCTaHHS MiCTHTB
MIPOMIXKHE CHO>KUBAHHS (AX ) Ta CTBOpEHY BapTiCTh (Y ). Ilpsimi BuTpaTn

(MaTpus 4 ) 1 94acTKa J0aHOI BapTOCTI Y BUILYCKY XapaKTEepU3YIOTh e(eK-
TUBHICTh BUPOOHHYOI CTPYKTYPH Ta i MOTEHIIial.

Ioxigni obuncnenHs Ha ocHoBi TBB 703BOJISIOT BU3HAYNTH KPUTHYHI 1a-
pamMeTpy BApOOHNYOI CTPYKTYpH: 1) BUITYCK B po3pi3i cekropiB (Tabim.5); 2) BBII
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3a KaTeropisiMu KiHIIEBOTO TIOIMUTY B po3pi3i cekropiB (Tadm.6); 3) BBII sx pe-
3yJIBTAT MPOLECY BUPOOHHIITBA (Tabi.7); 4) KoedillieHTH JoaHol BapTOCTi B po-
3pi3i CeKTOpIB Ta M0 eKoHOMILI B nisiomy (Tabm.8); 5) koedimientn Bpayepa-Co-
10y (Ta61.9); 6) Bexrop Ta uncio @pobdeniyca (Tad. 10), sAKi € BaXKIMBAME TIO-
Ka3HUKaMH JUTs ()OpPMYBAHHSI MaricTpaJbHIX MOZIENIEH Ta TEMIIB POCTy 1 iH.

Haiikpanry edexktuBHicTh BuUpoOHHMITBa Mae Himewunna (4ucio
®pobeniyca 0,4205), Haiiripmy Ykpaina (0,6401). Koedinient Bpayepa-Co-
JI0y A7t eKoHOMIkH 1 uncno dpobeniyca (Tab1.9-10) 3aranoM KOpelOOTh
MiX cOOOI0 XapaKTepHU3yIOUH CTYIIIHb BUTPATHOCTI eKOHOMIKH. OOUHCIIeHHS
BekTopa 1 yncna PpobdeHiyca 11 JOCIiHKYBaHUX KpaiH NPOBEIEHO Ha Oc-
HOBI cTeneHeBoro Metoxy [7, ¢.17]. JleranpHinre quHaMika BUTPATHOCTI €KO-
HoMiku Ykpainu mpotsrom 2000-2017pp. mpusenena B [13], ne mana mu-
Hamika yncia @pobdeniyca misa 19-ramysesoi TBB Ykpainn.

ITpu 3acrocyBanni TBB VYkpainu B minax crnoxwusaduis [1, ¢.150-173]
koedimient bpayepa-Conoy ta uncino ®@pobeHiyca CriBmagarTh i CTAHOB-
7tk 651n3bK0 0,60. TodTo Taka TBB € OiibIn HaaiHHOO TSI OIIHKY.

Tabauns 5. Crpykrypa Bunycky (cykynHa npono3uIlisi, CyKyITHHHA TOIHT)
[lepsunnuii Bropunnuii TpetuaaMiABeboro
BenukoOpuTaHis 0,90% 29,07% 70,03% | 100%

Himeuunna 1,31% 46,89% 51,79% | 100%
Sonis 1,27% 38,68% 60,06% | 100%
VYkpaina 11,64% 44.25%  44,11% | 100%

Tabauns 6. Crpykrypa BBIT' (3a kaTeropissMu KiHIIEBOTO CIIO>KUBAHHS)
[lepsunnuii Bropunnuii TpetnaHMiABeboro
BenukoOpuTaHis 0,39% 11,84% 87,76% | 100%

Himeuunna 0,87% 48,35% 50,77% | 100%
Sonis 0,29% 26,53% 73,18% | 100%
VYkpaina 13,67% 27,55% 58,77% | 100%

Ta6auns 7. Crpykrypa BBII: (BasioBa 1ogana BapTicTh)
[lepsunnuii Bropunnuii TpetuaHMABeboro
BenukoOpuTaHis 0,64% 20,32% 79,04% | 100%

Himeuunna 1,46% 42,19% 56,36% | 100%
Sonis 1,12% 26,19% 72,69% | 100%
VYkpaina 12,12% 27,54% 60,34% | 100%
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Tabauns 8. Koedinientu nonanoi BapTocti

[epBunnuii Bropunnuii TpernnaniiExoHoMikal
BenmukoOpuTanis 0,372 0,366 0,591 0,524
Himeuunna 0,637 0,518 0,626 0,575
Snonis 0,477 0,365 0,652 0,539
VYkpaina 0,429 0,257 0,564 0,412
Taoauus 9. Koedinientu bpayepa-Comnoy
[epBunnuii Bropunanii TpernnaniiExoHoMika)
BenukoOpuTanis 0,628 0,634 0,409 0,476
Himeuunna 0,363 0,482 0,374 0,425
Snonis 0,523 0,635 0,348 0,461
VYkpaina 0,571 0,743 0,436 0,588
Tabauns 10. Bekrop @pobeniyca i uncio Ppodeniyca
Bekrop ®pobeniyca Yucino
[lepsunnuii Bropunnuii Tperunuuii ~ ®pobeniyca
Benukobpuranis| 0,0256 0,5699  0,2361 0,5699
Himeuyunna 0,0149 0,3285 0,4205 0,4205
Snonis 0,0287 0,5350 0,2847 0,5350
VYkpaina 0,1009 0,6401 0,2891 0,6401
[loxxBaBneHHsI E€KOHOMIKM IOTpeOye akTHBi3amii BHUPOOHUIITBA,

MATPUMKH 1 3aXUCTY KOHKYPEHIii, BIIPOBa/KEHHS MEHIII BUTPATHUX BHPOO-
HUYHUX TEXHOJIOTiH, PO3BUTKY BUPOOHUIITB 3 BUIOIO JIOAAHOIO BAPTICTIO.

[puBencHuil miaxing Moke OyTH MOMIMPEHWHA Ha OUTBII JETai3oBaHi
TBB, npore came arperosana TBB Bkazye Ha cekropaiibHI OCOOIMBOCTI
¢dopmysanus goxoxis (BBII) Ta HanpsmMu iX BUKOpUCTaHHS, TOXiIHICTh Ta
BUTPATHICTh CEKTOPIB Ha eTari BUPOOHMIITBA  iH.

Bucnosxu. OTxe, KpUTUUHICTS BUPOOHUYOI iIHPPACTPYKTYpH XapaKTepH-
3yioTh Koedimientn bpayepa-Comoy, uucmo 1 Bektop DpobeHiyca,
Koe]iIlieHTH TomaHoi BapTocTi. [IopiBHAIBHUN aHAaNI3 MMOKA3HUKIB BKAa3YE,
10 KpaiHU PO3BHHYTOI PUHKOBOI €KOHOMIKH XapaKTepU3yIOThCS OLIbII BH-
COKOI0 ¢(DeKTUBHICTIO BUPOOHUIITBA. J{JIs IEPBUHHMX OI[IHOK JOIIEHO BH-
KOpPHCTOBYBATH JOCHTH arperoani TBB.
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NEURAL NETWORK SUPPORT OF PULSE OXIOMETRY UNDER
CONDITIONS OF UNCERTAINTY

Alyoshin S., Haitan O.

National University « Yuri Kondratyuk Poltava Polytechnicy,
Poltava, Ukraine

One of the key indicators of a normally functioning human body is the oxygen
saturation of arterial blood. Pulse oximetry is used to define this parameter [1,2].

Pulse oximetry is a process of non-invasive measurement of the oxygen level
in a person’s blood with the pulse oximeter device. It is considered as normal for
a healthy person when the percentage of oxyhemoglobin in the blood is more than
95%. An indicator of 92% and below is usually considered as critical [1-3].
A person with such a low oxygen level in the blood needs urgent medical inter-
vention. Therefore, a high level of measurement accuracy is required objectively.
At the same time, the existing pulse oximeters [2] are critical to the application
conditions and not always provide the required measurement accuracy. Adverse
conditions include the following situations: bright light, moving objects, presence
of dyes, temperature drops, presence of carbon monoxide concentration, need for
accurate sensor positioning, the exhausted patient state, etc.

To overcome these drawbacks of pulse oximetry, it is proposed to synthe-
size a neural network model for diagnosing of low oxyhemoglobin based on
a combination of concomitant symptoms, which include: dizziness accompa-
nied by headaches; lethargy, drowsiness, weakness; tachycardia; fast and
deep breathing; pallor of the skin; chronic fatigue syndrome; sleep disturb-
ance; psycho-emotional inadequacy (anxiety, apathy or aggressiveness);
tremor; swelling; lack of coordination.

The existing alphabet of features with the existing set of samples [4] al-
lows reducing the problem of pulse oximetry to class recognizing in the space
of nominal features (fig. 1), applying one of the existing decision rules, for
example, rule of an ideal observer [4-6].
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Fig. 1. The fragment of the training sample
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The problem of modeling the additional channel of the pulse oxiometer is
formalized by the expression:

sup P(S,X)atd <9, 0
where P(S, X) is the decision rule for class recognizing S in the feature space

X, S€ 5.5 is a set of recognizable states of the patient; * € X, X is a set of
input features-symptoms of the subject; 6 is model adequacy; . is admissible
error of model training.

n_
The set of input features X7 =Xy X, X together with two clas-
ses of network status allows implementing the well-known pattern recogni-
tion rule [4]:

= max , )

L{w, {wg}) 0,

= sghall be as-

signed to the relevant class; {o} is a network state (1 or 2) in the attribute
(@ pk> Dgl )

where is a rule according to which patient status

space (k, /) at all their possible combinations

Experimental research showed a stable convergence of the learning pro-
cess to minimal errors with the dominance of the symptoms quantity in the
observation rows for each class of patient states (fig. 2). In this case, perfor-
mance and accuracy that are acceptable for practice were experimentally
achieved, which allows us to use this network neural model as an additional
diagnostic channel that is invariant to interfering factors.
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Error rate

Samples
— Training
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Fig. 2. Dynamics of the iterative process
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Instrumentally, the problem is solved on the platform of the existing pack-
age of technical analysis data and does not require additional material and
financial costs.

Thus, the neural network support for pulse oxiometry under conditions of un-
certainty is solved by use of the intelligent technologies in the basis of artificial
neural networks in the environment of neuroemulator packages and is imple-
mented as an independent application in the main program code of the technical
analysis package. The invariance of the diagnostic result to interfering factors is
achieved by training the model on a representative sample of retrospective prec-
edents from the history of patient care from the existing database.
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OPTIMIZATION OF TRAFFIC LIGHTS PARAMETERS ON ROAD
SECTION BASED ON INCOMING DATA FROM CAMERAS

Inna V. Stetsenko, Vladyslav V. Palii

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”

The constant grows of cities has resulted in an issue with traffic conges-
tion. Nowadays traffic lights are being regulated manually or by using the
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preset mean values of intensity. The purpose of the research is to provide a
solution to the problem by developing a system for optimizing traffic control
parameters based on constantly changing intensity parameters taken from
cameras. Intelligent traffic signal control system using object detection was
suggested in work [1]. However, the authors consider improving the traffic
conditions only for one intersection.

The system is based on Petri-object simulation [2] and is operating with
the objects intersections and crossovers [3]. In this research the usage of ge-
netic algorithm to deal with the traffic control is considered. Such parameters
as intensities, green and red lights duration of the intersections, the time spent
to drive over intersections or crossovers is used as a set of properties of the
candidates in population. A fitness function is measuring the maximum of
mean value of car numbers on the intersections.

The scheme of the traffic section used for analysis is shown in the Fig. 1
and consists of six intersections and has seven crossovers to have them con-
nected. Three types of intersections are considered, whereas only one type of
crossovers. The time needed to drive through the crossover and time needed
to drive through a intersections are being found by using uniform distribution,
when time delays of incoming cars is being found by exponential distribution.
The green, red and yellow light duration is constant.

Two runs with simulation time set to thirty minutes were performed. First run
implemented static intensity based on mean intensity during the simulation time
and second run implemented dynamic intensity, which was changing every mi-
nute based on incoming data from the cameras, for the crossroad 3. The only
difference between the runs was the dynamically changing intensity for the cross-
road 3. The resulted fitness function for static intensity run has been obtained
83.74 and for the dynamic intensity it has been obtained 72.28.

crossroad 5 crossroad 2 6
type 2 crossover 5 type 1 : type 2

crossover

crossover
crossover1 7

1
5 type 3 5 type 2

type 2

Fig. 1. Scheme of the traffic section
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The result of simulation has proved that using static preset intensity pa-
rameters based on mean intensity during the specific time period differs from
the dynamic one. Although the test run with dynamic intensity was done with
only one intensity being changed periodically during the run, it had great im-
pact on the fitness function. Currently there are not many devices that could
provide scientists with the information about road section situation therefore
only one dynamic parameter was involved. Having stated that, installation of
more facilities on intersections leading to getting more parameters, including
intensity, for the system to work properly is considered to be a matter of great
importance.
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MODELING OF A QUEUING SYSTEM BASED ON CEN
NETWORK IN GPSS WORLD SOFTWARE ENVIRONMENT

O. M. Khropatyi
Chernihiv Polytechnic National University

A queuing system (QMS) is any system in which the flow of requirements
meets the limited possibilities of their processing [1]. The QMS can perform
certain operations on the requirements coming into the system. An element
of the system that performs operations on requirements is called a service
device or simply a device. Queues may arise within the QMS system. A queue
is a set of requests waiting to be serviced when the device is already busy
servicing a previous request.

Consider the process of modeling a queuing system based on the task.
Suppose we need to simulate the operation of a small system that has one
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Control E-Network (CEN), designed for control and management of data
(transitions, etc.), and one device that takes the value obtained after that. To
simulate the operation of this system, you can take such a unit as a millisec-
ond (ms). This choice was made for clarity and correctness of the results.

We need to define the parameters of the system:

e CEN network load factor;
device load factor;
maximum, average and current number of data in each queue;
average service time (control and management);
the average time of data in each queue, etc.

Consider the process of building a simulation model of the simplest QMS
system by creating and executing simulation models in the GPSS World [2]
environment. To facilitate the construction of the simulation model, the pro-
cess of functioning will take place in a single-channel open system.

Receipt of requirements to the QMS system is modeled by the operator
GENERATE, which in the task can be written as: GENERATE (Exponential
(1,0,190)).

The field of operand A determines the time interval between the arrival
of two requests coming one after another to the service channel. This program
uses the built-in exponential distribution function. The average request arrival
time is 190 ms, which is the third argument of the Exponential function.

The request is queued for processing. This can be simulated by the
QUEUE operator, which only in conjunction with the corresponding
DEPART operator collects statistical information about the queue. In the pro-
gram, the QUEUE statement will look like this: QUEUE CHERGA NET.

The field of operand A is given the symbolic or numeric name of the
queue. This queue task is named CHERGA NET. This name reflects the es-
sence of the described element of the system - the queue for data to the CEN
network [3].

Following the logic of the process, the request can be queued only when
the service channel is released. To do this, enter the SEIZE operator, which
determines the occupancy of the service channel, and when you release the
last request, which is ahead, leaves the queue and goes to the service channel.
This will be modeled as: SEIZE NETWORK.

In the field of operand A is given the symbolic or numerical name of the
service channel. The channel program is named NETWORK. The output of
the product from the service queue is fixed by the DEPART operator with the
corresponding queue name: DEPART CHERGA NET. Next, the mainte-
nance time of the device is simulated. To model this process, the operator is
used: ADVANCE (Exponential (1,0,150)).
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The field of operand A indicates the exponential distribution with an av-
erage service time of the requirement of 150 ms. After processing the request,
a message about the release of the service channel must be sent. This is done
using the operator: RELEASE NETWORK. After maintenance, the require-
ment leaves the system. This action is modeled by the operator:
TERMINATE 1. The number of requirements that have been serviced in our
system will be equal to 10000.

To build a histogram of the time spent in the queue, add to the program the
first operator QTABLE: t cherga QTABLE CHERGA NET, 1,1,250. Here in
the field of operand A of the histogram T cherga the name of the queue
CHERGA NM is indicated, operand B is the end of the first interval, operand C
is the width of the intervals, operand D is the number of intervals of the histogram.

Finally, the GPSS program will look like shown in Fig. 1.

{2/GPSS World" [lab5.gps]

[] Ele Edt Search View Command Window Help BEE

NEETIEERETT

t_cherga QTABLE CHERGA NET,1,1,250
GENERATE (Exponential (1,0,190))

QUEUE CHERGA_NET

SEIZE NETWORK

DEPART  CHERGA_NET

ADVANCE  (Exponential(1,0,150))
RELEASE  NETVORK

TERMINATE 1

START 10000]

[For relp, press F1 Siuation has been Saved. |[Glock 4

Fig. 1. Window with the model of the simplest QMS

Fragments of the REPORT window with simulation results for this model
are presented in Fig. 2.

£/ GPSS World ™ [lab5: 31"~ REPORT]

B Fle Edt Search View Command Window Help BEES
NEEIEEERE]
Thursday, Nay 27, 2021 18:24:05 =
START TIME END TIME BLOCKS FACILITIES STORAGES
0.000 1932604.963 7 1 o =
NARE VALUE
CHERGA_NET 10001.000
NETUORK 10002..000
T_CHERGA 10000.000
LABEL LOC  BLOCK TYPE ENTRY COUNT CURRENT COUNT RETRY
1 GENERATE 0 o
2 QUEUE 10000 0 0
3 sEIZE 10000 0 0
4 DEPART 10000 0 0
S ADVANCE 10000 0 0
6  RELEASE 10000 o 0
7 TERMINATE 10000 o 0
FACILITY ENTRIES UTIL. AVE. TINE AVAIL. OUNER PEND INTER RETRY DELAY
NETWORK 10000 0.783 151.318 1
QUEUE MAX CONT. ENTRY ENTRY(D) AVE.CONT. AVE.TIME  AVE.(-0) RETRY
CHERGA_NET 24 0 10000 2173 2.653  512.807  655.177 0
TABLE MEAN  STD.DEV. RANGE RETRY FREQUENCY CUM.%
T_CHERGA 512.807 622.819 o
_ - 1.000 2184 21.84
1.000 - 2.000 3 21.87
2.000 - 3.000 s 21.92
For Help, press F1 Report is Complete. |[Clock /
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Fig. 2. Fragments of the REPORT window with simulation results

The data in turn have the following values: MAX (Maximum length) - 24;
CONT. (Current length) - 0; ENTRY (Number of inputs) - 10000; ENTRY
(O) (Number of inputs with zero time) - 2173; AVE.CONT. (Average num-
ber of entrances) - 2,653; AVE.TIME (Average time in the queue) - 512,807;
AVE. (Average time without zero inputs-O) - 655.177; RETRY (Number of
detainees in case of queue status) - 0.

In addition to the above table, as a result of the model, a histogram of the
values of the time of the requirements in the queue was constructed. To view
this histogram, it was necessary to open the graph of the histogram
T CHERGA, the window of which is shown in Fig. 3.

(2GPSS World ™ [lab, 3 sim: 2 TABLEWINDOW]
RS Gommand_indow_teo

PEERIEE IR

T_CHERGA

Mean: 512.607 50622819

5000

Fortelp, pressFi [k 4
Fig. 3. The window of the histogram of the time spent in the queue
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As can be seen from Fig. 3, the average time in the queue (Mean) coin-
cides with the value of the same parameter (Ave.Time), presented in the
REPORT window, and is equal to 512,807 ms. In addition, from the histo-
gram you can get an additional value of the standard deviation (S.D.) of this
parameter (queue time), which is not given in the table.

The value of the average queue length obtained by means of the simula-
tion model, which is equal to 2,653, can be compared with the value calcu-
lated for the simplest QMS. With the specified parameters, the load factor
will be equal to:

1 1 A 150

A=—u=——-:3p=—=—=0.7895
190 H 150 P uo 190 1)
Then the average length of the queue will be equal to:
2
_p 0.5584 ~2.653
l1-p 0.2105 2)

Therefore, the GPSS World software environment is ideal for creating and
executing simulation models. The simulation model of the simplest queuing
system was investigated and a comparison with analytical solutions was suc-
cessfully made.
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A MODIFIED TECHNIQUE FOR CONSTRUCTING NONLINEAR
REGRESSION MODELS BASED ON THE MULTIVARIATE
NORMALIZING TRANSFORMATIONS AND PREDICTION

INTERVALS

S. B. Prykhodko, N. V. Prykhodko
Admiral Makarov National University of Shipbuilding, Ukraine

It is known, normalizing transformations are used to build nonlinear re-
gression models. In this case, methods for outlier detection in nonlinear re-
gression models based on the normalizing transformations can be applied [1].
The technique to construct nonlinear regression models considered in [1] in-
cludes a technique for multivariate detecting outliers. Notice that nonlinear
regression models built by the technique [1] based on the multivariate nor-
malizing transformations and prediction intervals usually lead to better re-
sults compared to the models that are constructed using univariate transfor-
mations and without taking into account the presence of outliers. However,
there may be multidimensional data sets for which the constructed nonlinear
regression model has unsatisfactory prediction accuracy even after all outliers
are removed according to the technique [1]. This result, as we have found out,
may be explained by the fact that the error distribution in the linear regression
model for normalized data becomes non-Gaussian at the final step of con-
structing the nonlinear regression model. And as we know, the error distribu-
tion in the linear regression model should be Gaussian. For this reason, the
technique [1] requires some modification.

We combined the technique [1] with outlier detection using residuals in
the linear regression model for normalized data, which is applied to construct
the nonlinear one. A modified technique follows six steps.

Step 1. Normalize a multivariate non-Gaussian data set by a multivariate
normalizing transformation.

Step 2. Determine whether one multidimensional data point of a multi-
variate non-Gaussian data set is a multidimensional outlier. If there is a mul-
tidimensional outlier in a multivariate non-Gaussian data set, then discard the
one and go to step 1, else go to step 3.

Step 3. Build the linear regression model for normalized data, which is
applied to construct the nonlinear one.

Step 4. Test the normality of distribution of residuals in the linear regres-
sion model for normalized data. If the distribution of residuals in the linear
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regression model for normalized data is non-Gaussian, then discard the mul-
tidimensional data point for which the value of the modulus of residual in the
model is maximum and go to step 1, else go to step 5.

Step 5. Construct the nonlinear regression model based on the multivari-
ate normalizing transformation and the linear regression model for normal-
ized data.

Step 6. Build the prediction interval of nonlinear regression, and deter-
mine whether one or more values of the response (dependent random varia-
ble) are outliers. If there are outliers in the nonlinear regression model, then
discard the ones and go to step 1, else constructing the nonlinear regression
model is completed.

Modification of the technique [1] consists of adding step 4 and highlight-
ing step 3 to build the linear regression model for normalized data, which is
applied to construct the nonlinear one. Next, we consider the example of con-
structing the nonlinear regression model with three predictors by a modified
technique to demonstrate its viability.

We construct the nonlinear regression model with three predictors to es-
timate the size of open source PHP-based apps using the non-Gaussian data
set from 44 apps hosted on GitHub (https://github.com) by a modified tech-
nique. The data set was obtained using the PhpMetrics tool (https://phpmet-
rics.org/). The model is constructed around the following metrics (variables)
of the app: the size (in KLOC, a thousand line of code), a number of classes,
the average number of methods per class, a sum of average afferent coupling
and average efferent coupling per class. We have four iterations to build the
nonlinear regression model by a modified technique.

To judge the prediction accuracy of the nonlinear regression model con-
structed by a modified technique we used the well-known prediction accuracy
metrics such as a multiple coefficient of determination R?, a mean magnitude
of relative error MMRE, and prediction percentage at the level of magnitude
of relative error of 0.25, PRED(0.25). The R, MMRE, and PRED(0.25) val-
ues equal respectively 0.9812, 0.1753, and 0.750 for the nonlinear regression
model with the estimators of parameters which are calculated for the 40 data
apps (without four outliers). These values indicate to us good prediction re-
sults of the nonlinear regression model, which is constructed by a modified
technique for parameter estimators calculated from the 40 data rows.

Notice, if the nonlinear regression model is built based on the same data
set by the technique [1] then we have three iterations. At the third iteration,
there are no outliers in step 5, the repeat of the iterations is completed, the
nonlinear regression model is constructed using data from 41 rows of Table
1 (without three outliers). In this case, the Rz, MMRE, and PRED(0.25) values
equal respectively 0.9776, 0.1795, and 0.6829 for the nonlinear regression
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model with the estimates of parameters which are calculated for the 41 data
rows (without three outliers). It is not hard to see the values of all prediction
accuracy metrics for the nonlinear regression model constructed by the tech-
nique [1] are worse than in the case of using a modified technique we propose.
This is especially true for PRED(0.25). Its value indicates unsatisfactory pre-
diction accuracy since the recommended minimum value of PRED(0.25)
should not be less than 0.75.

Such better prediction results for the nonlinear regression model (4),
which is constructed by a modified technique for parameter estimates calcu-
lated from the 40 data rows might be explained by, firstly, the bigger number
of data that has been discarded as outliers, and, secondly, by the normality of
distribution of residuals in the linear regression model for normalized data at
all iterations.

Conclusions. The technique for constructing nonlinear regression models
based on the multivariate normalizing transformations and prediction inter-
vals is modified by testing the normality of error distribution in the linear
regression model for normalized data, which is applied to construct the non-
linear one. Using the example of building the nonlinear regression model with
three predictors based on the Johnson four-variate transformation for the S,
family we have demonstrated that there may be multidimensional data sets
for which the constructed nonlinear regression model has unsatisfactory pre-
diction accuracy even after all outliers are removed as in the technique [1].
From the example, we conclude that the modified technique is promising to
apply. The nonlinear regression model, which is built by a modified technique
has the better values of well-known prediction accuracy metrics such as R2,
MMRE, and PRED(0.25) compared with the model, which is constructed by
the technique [1] without discarding the multidimensional data point for
which the value of the error modulus in the linear model is maximum if the
distribution of residuals in the linear one is non-Gaussian.

References

1. Prykhodko, S., Prykhodko, N.: Mathematical Modeling of Non-Gauss-
ian Dependent Random Variables by Nonlinear Regression Models Based on
the Multivariate Normalizing Transformations. In: Shkarlet S., Morozov A.,
Palagin A. (eds) Mathematical Modeling and Simulation of Systems
(MODS'2020). MODS 2020. Advances in Intelligent Systems and Compu-
ting, vol 1265, pp. 166-174.  Springer,  Cham.  (2021).
https://doi.org/10.1007/978-3-030-58124-4 16.

55



UDC 004.94:519.876.5

TRAFFIC LIGHTS PARAMETERS OPTIMIZATION BASED
ON ROAD SECTION SIMULATION

V. V. Palii, I. V. Stetsenko

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”

The constant grows of cities has resulted in an issue with traffic conges-
tion. Nowadays traffic lights are being regulated manually or by using the
preset mean values of intensity. The purpose of the abstract is to provide a
solution to the problem by developing a system for optimizing traffic control
parameters based on constantly changing intensity parameters taken from
cameras.

The system is based on Petri-object simulation [1] and is operating with
the next objects: crossroads and crossovers [2]. In the abstract using a genetic
algorithm to deal with the problem is suggested. Such information as intensi-
ties, green and red lights duration of the crossroads, the time spent to drive
over crossroads or crossovers is used as a set of properties of the candidates
in population. A fitness function is measuring the maximum of mean car
numbers on the crossroads.

The scheme of the road section used for analysis is shown in the Fig. 1.
Two runs with simulation time set to thirty minutes were done: one using
static preset intensity based on mean intensity during the simulation time,
another one had one intensity parameter of the crossroad 3 type 2 dynamically
changing every minute based on incoming data from the cameras during the
run. The resulted fitness function for static intensity run equaled 89.7 at the
start followed by 83.74 at the end and for the dynamic intensity the starting
point was 84.2 reaching the end point of 72.28.

The result of simulation has proved that using static preset intensity pa-
rameters based on mean intensity during the specific time period doesn’t lead
to the best results, therefore, traffic congestion situation could be eased
through implementing the system which will result in an increasing flexibility
of the traffic control. Having stated that, the installation of more cameras on
crossroad leading to getting more intensity parameters for the system to work
properly is considered to be a matter of great importance.
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Fig. 1. Scheme of the traffic section
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In today's world, the ability of employees to learn quickly is an urgent
issue [1, 2]. With the rapidly increasing level and quantity of technology
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available, this issue will remain relevant for a long time to come. Therefore,
it is important for the competitiveness of people that the skill to learn quickly
and the outlook in general be developed as early as possible. An effective
solution can be to obtain a university degree in the necessary field. In doing
so, a quality education process consists of a number of aspects: study of the
program's core course, social activity, and scientific activities [3]. In this pa-
per, we will refer to the science-centered approach to education as one in
which science serves as a driving force, encouraging the student to pay more
attention to the subjects of the program and to go beyond the program to
deepen their knowledge in their major. Properly instilled in the student sci-
entific approach allows further development of non-standard innovative so-
lutions. But forming exactly the scientific approach in the student is a difficult
process because many factors that prevent its formation. It is useless to force
to do science. Therefore, students are attracted to science through the belief
that it is useful for their professional growth. That is, to a certain extent there
is a place of agitation.

Therefore, it is relevant to ensure the effective formation of the student's
understanding of the need to participate in scientific activities because of the
influence of teachers. In accordance with this, it is also relevant to develop a
model of the learning process in a science-centered approach to predict the
consequences of management decisions about the agitation work with stu-
dents. With the help of models based on cellular automata (CA), it is rela-
tively easy to simulate processes that involve the same-type objects of the
real world. Therefore, it was proposed to use the theory of CA to model the
dissemination of information in society.

Purpose of work. To develop methods for predicting changes in public
opinion through the development of a model of social behavior on the ac-
ceptance of educational material in a science-centered approach to education.

General concepts of the theory of cellular automata

All CA which will be considered further are guided by the following rules:
for a CA to work, the initial value of cells of the CA field and the rules for
determining the state of cells at the next iteration are specified; the cell field is
a rectangular field of cells and is closed and geometrically takes the form of
Torus; a cell can take a discrete or non-discrete state; all cells in the field have
a predefined edge - a set of "neighbor" cells, whose values determine the state
of the cell under study; at each iteration of the CA a new state of each cell is
determined with the help of transition rules and cell states of the field.

The considered CA without further improvements is a rather abstract
model, for which the life situation is quite difficult to find, so it is relevant to
improve it in the direction of introducing the necessary set of rules for CA
development [4].
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Improvement of the general rules of the cellular automata

To achieve the goal of the study, the abstract CA has been improved in
the following ways:

e Improvement of the rule of possible cell states

e Improvement of the rule for determining the state of a cell

e Introduction of the basic rule for determining the vicinity of a cell

e  The complicated rule for determining the vicinity of a cell

Improvement of the cellular automata in the direction of modeling of
social behavior

The rule of dependence of the susceptibility coefficient on the differ-
ence between the state of a cell and its environment

Since in real life whether a person will listen to someone else's point of
view depends on how different it is from that person's point of view, it was
decided to introduce a rule of dependence of the susceptibility coefficient to
another's opinion, which can be formulated as follows:

k(A)=L1+e-h*A-x0

where A is the difference between the value of the cell state and the environ-
ment, L — the maximal possible value of the coefficient k, X0 — point of the
middle of the logistic curve, h is the rate of growth of the logistic curve.

The value of the difference between the value of the cell state and the envi-
ronment is calculated by the formula:

A=i=1nnin-st

where n is the number of neighboring cells, ni is the state of the i-th cell from
the environment of cell st, st is the state of the cell at iteration t.

The rule of cyclic variation of the radiuses of field cell interactions

In real life, people are constantly on the move, every day a person is in at
least two different social circles: at home and at work. Similar processes take
place in the educational process: there are general lectures, separate seminars,
and practical classes. Thus, students are constantly changing their social cir-
cles. Therefore, the study introduced the rule of cyclic variation of the radi-
uses of field cell interactions.

Approbation of modified cellular automata in modeling the learning
process in the science-centered approach

The proposed CA was tested oriented learning process model in science-cen-
tered approach in education, which focuses on teaching students through stimu-
lating them to scientific activity and creativity during their studies. The model
takes as a positive opinion that "it is useful for a student to do science for learning
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and self-development as a specialist”. The negative opinion is the opinion that "it
makes no sense for the student to do science, as it is not needed in the future.

Based on the created variants of development of the model of the educa-
tional process at the science-centered approach the comparative table with an
initial number of students prepared for scientific activity, a final number of
students prepared for scientific activity, and the difference between these val-
ues was created (Tab. 1).

Table 1. Comparison of options for changing students' opinions.

Variant | Initial number | Final number | Difference between values
1 25 0 -25

2 25 0 -25

3 25 5 -20

4 25 66 41

5 36 77 41

6 36 80 44

It is worth noting that existing approaches to predicting the spread of ideas in
the learning environment do not take into account the involvement of students with
the help of other students, but only through teachers. This leads to an error ranging
from 20% to 44%, which is a significant deviation. The developed model gives a
gain in estimating the dynamics of change in student preferences at the level of 41%
to 44%. Based on the results of the study (Tab. 1), the most effective is the 6th
variant of development, which makes 80% of the students of the stream active in
scientific activities. Depending on the results of the survey of students and further
modeling of various options for the development of events can be selected as the
most optimal. Non-interference of the faculty administration, department, and
teachers in the process of formation of the attitude to scientific activity leads to al-
most complete absence of any activity of students, which in turn worsens the quality
of student learning and formation of highly qualified specialists.

Conclusions

e The paper developed methods for predicting changes in public opinion
through the development of a model of social behavior on the acceptance
of educational material in a science-centered approach to education.

e  The work has for the first time created a model of the educational process
in the science-centered approach to education based on the model of CA,
taking into account the additional parameters of the influence of cell state
definition parameters, the basic and modified rules for determining the
vicinity of cells, the rule of dependence of the susceptibility coefficient
on the state of the cell and its environment.
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e The developed model allows us to predict the dynamics of individual
thought propagation in the learning process. The improved CA can be
used to model both the objects of society and the process of dissemina-
tion of ideas contributing to the implementation of a science-centered
approach.

e The paper developed software tools to analyze the dynamics of CA using
the model of the learning process in the science-centered approach. The
developed model gives a gain in assessing the dynamics of changes in
student preferences at the level of 41% to 44%, in contrast to existing
approaches, which give an inaccuracy of 20% to 44% when predicting.
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PROGNOSTIC MODEL OF A PHOTOVOLTAIC POWER PLANT
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Economically viable integration of such variable renewable energy
(VRE) resources as wind and solar power into local, regional, and national
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electric energy systems is impossible without active balancing of the whole
energy market. In this context, hourly prediction of electric energy generation
by means of the renewable sources one day in advance is one of the most
topical problems. It should be mentioned that despite the availability of nu-
merous proposed algorithms, programs, and program systems the problem
has not any adequate universally recognized solution.

Electric energy generation by means of photovoltaic power stations de-
pends directly upon weather changes becoming more and more unpredicta-
ble. Strictly speaking, the problem of photovoltaic solar energy conversion
amounts to a problem of developing a mathematical model able to reflect the
most accurate dependence of energy production upon each influencing factor.

The paper analyzes certain approaches to develop the taught prognostic
models of photovoltaic power stations.

The block diagram of a PV-station model is shown in Fig.1
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converter
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Fig.1. Structural scheme of a PV-station model

Actual electric energy quantity (), generated by a photovoltaic power
plant, is always less than the ideal level depending upon numerous influenc-
ing meteorological factors. The considered models take into consideration the
following: air temperature 6(¢) and PV module temperature ©(%), air humidity
o(t), wind velocity v#) and cloudiness of?). Distinctive feature of photovol-
taic power plant is as follows: all the meteorological factors influence the
energy output in a multiplicative manner. If they vary, the energy output may
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experience its percentage-wise increase or decrease; however, it can neither
exceed the ideal level nor become negative. The changes in the capacity of
photovoltaic power plant, resulting from the influence of meteorological fac-
tors, take place owing to variations of a coefficient of performance rather than
owing to summing of some extra energy by other sources with solar power.

The following can be considered as the specific features of the proposed
model of photovoltaic conversion of solar energy:

1) factorization of the photovoltaic conversion function in the form of a
product of partial dominant functions;

2) analytical calculation of the functions on the criterion of mini-mum
mean-square prediction error;

3) reflexive learning of photovoltaic models.

Factorization of photovoltaic transformation function simplifies drasti-
cally the model while reducing learning period since numerous weakly influ-
encing combinations of simultaneously acting in-put factors are excluded
from the consideration.

Analytical calculation of the influence functions while solving systems of
algebraic equations saves time required to learn PV models to compare, for
instance, with the methods of successive approximations based upon the use
of neural systems. Digital systematization and averaging of influence func-
tions, derived with the help of direct calculation, creates conditions for PV
model start in terms of minimum depth of array of retrospective data applied
for the model learning. That is extremely important to predict operations of
new power stations being connected to electric energy system.

Reflexive learning of PV models reduces drastically their sensitivity for
errors of climatic models used for the learning.

The developed model is used in the specialized software for a day-ahead
advance prognosis of 50 photovoltaic plants located in different regions of
Ukraine. Nominal power of the plants is 1 to 15 mW.
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AHAJII3 YNHHUKIB, 1O BIINIUBAIOTH HA ITPOCYBAHHA
TA HO3ULIIOHYBAHHSA C.AFITY KA®EJPHA
3AKJIAZTY BAIIIOI OCBITH

Arienxo M. 0., Hepym K. FO., Tpynosa O. B.
Hayionanvnuu ynisepcumem « Yephiziecoka nonimexuixkay

CporozieHHI HE MOXKIIMBO €001 YSIBUTH OyIb-sIKY c(epy JIIOJCHKOI MisliIb-
HOcTi 0e3 iHpopmartum3arii. [1lo0 nizHaTHCH Oymb-sAKy iH(OpMaIito He Tpebda
ixaTu B iHIIE MicTO 4M KpaiHy. Bucrauuts yBiMKHYTH Opay3ep Ta nepeiTn
3a TIOCHJIaHHAM Ha Be0-CalT 3aKiiaay BUIIOL OCBITH 200 CaiTy BiIIOBiTHOT
kadenpu. TakuM yuHOM aOiTypi€eHTY HE NOTPiOHO HaBITH BHUXOAWTH 3
MIPUMIIICHHS, 00 Mi3HATHUCS, [0 BUKJIAJAIOTh Y PI3HUX IHCTUTYTaX, aKaJe-
MisIX Ta yHiBepcuTeTax. Jlam abiTypieHT cTae CTYICHTOM i CAlT CyNpOBOI-
XKye oro HaByaHHs. Bin nmoBuHeH OyTH A7t HHOTO OiNIBII iHPOPMATHBHUM.
OTKe mocTae MUTaHHS PO HANIOBHEHHS BeO-caliTy Kadenpu, siKe J03BOIISIE
3aJI0BOJIBHUTH ITOTPEOM 3alliKaBJIEHUX CTOPIH: agMiHICTpamii, BUKJIQadiB,
CTYZIEHTIB, a0iTypi€eHTiB, OAaTHKIB? Y HAIIOMY JOCHTIHKEHHI MM PO3IIISAAIN
oTpedu abiTypiEHTIB 1 CTY/AEHTIB.

AOGiTypieHT 3anikaBieHui B Takiii iHpopMari:

Joxmaaauit onuc cnemianbHOCTEH, sKi BiH Moxke 3100yTH y 3BO.

HasiBHiCTB MaricTpatypy 1o Tilf k€ cHeliaIbHOCTI.

Onwuc TUCIUITIIH, IO BUKIAAI0Th.
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Ckian xadenpu 3 6iorpadiero Ta TOCATHEHHIMH BHUKJIa1adiB.

[panesnamTyBanHs 32 00paHOIO CHELiANIBHICTIO.

Indopmanist 11t cTyaeHTIB:

Po3kiazx 3aHATH CTyIEHTA Ta BUKJIaada.

CBixi HOBUHHM Kadeapu.

JluriomMHe mpoekTyBaHHs. Jle MOXKHa MepeAnBUTHCH AUTUIOMHI poOOTH
6akaiaBpiB Ta marictpis 3BO.

I'padix KoHCYNIBTAIIH.

OiMmiaay Ta MpaKTHKA.

MixHapoaHe cliBpOOITHUITBO.

®daitnmooOMiHHUK [1].

Iepenix MOXHa TPOJOBXKYBAaTH ¥ Hajasi. 3BiACH 3pO3yMIJIO 10 BeO-cailT
noBuHEH MictutH Oararo iHpopmauii. Bymo mpoBeseno ormryBaHHS, 1€
aOITypieHTH Ta CTYICHTH BH3HAYaJM HAaWBa)XIMBINIY, HA X monmix, iHQoOp-
MAIIio, 110 JI0 3MiCTy Beb-caiity. oro pe3y/ibraTy npeJcTaBieHi Ha pUCYHKY 1.

OujiHKa 3micTy calita
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mCryaentn 1 AGiTypienTi

Pucynok 1. Ominka abiTypi€HTIB Ta CTYJEHTIB IOAO 3MicTy BeO-caiita

HactynHuMm rmutaHHAM € 30BHINIHINA BUMIIAA. Y KOXXHOTO pecypcy NOBH-
HeH OyTH CBilf CTHJIb 3aJISKHO Bij crieriansHocTeid. 11{o6 npu Bi3uTi Ha BeO-
caiir Oyno 3po3ymisio Kyau T 3aimoB [2]. OCHOBHEMHU (haKTOpaMH MpH
LIOMY BHUCTYMAIOTh: BHOIp BIAJIHMX KONBOPIB (IUB. pHC. 2), PO3MIIIEHHS
00’€KTIB IJIs1 3pyYHOrO BUKOPHUCTAHHSI, HE NIEPEBAHTAXKEHHS PeCcypcy Hemo-
TpiOHOIO iH(pOpMALIiErO.
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@ BiaTiHKK YepBOHOro
@ BiaTiHku 3k0BTOrO

© BiariHku 6inoro

@ BiaTiHKv CMHBLOTO

@ HeiTpanbHi BiATIHKA
@ BiaTiHku YopHOro

@ IHwWi konbopu

@ TemHi BiaTiHKM

Pucynok 2. OmiHka BiTiHKIB KOJIBOPIB JUIsl BeO-caiita

Hasenena crpykrypa Be6-caiity 3BO no3Bonsie BUpimuTH psij npodiem,
SIKI ChOTO/IHI ICHYIOTh TIE€pE]] BUILIOIO IIKOIOI0. AOITYpiEHTH OTPUMAIOTh iH-
¢dopmariiro, 3aBISKH SKiH BOHM OyIyTh 3[aTHI NPUHHATH YCBiJOMIIEHE
pimenns. CTyJeHTH 3MOXYTh BIICTEKYBaTH HOBHHH, IEPETIISAIATH PO3KIIa/
3aHATh, IOYHYTHh OPIEHTYBATHCS y NpalleBIalITyBaHHi. Bruknagadai 3MOXyTh
MIPOJIEMOHCTPYBATH CBOI CHJIbHI CTOPOHH.

Tomy, mpu crBopenHi Web-cality, HeoOXiqHO pO3B’A3aTH HACTYIHI 3a-
Jaui:

IaTepdeiic mae 6yt NPOCTHM Ta IHTYITUBHO 3pO3yMUINM.

[Hdopmanis moBHMHHA 33 JOBOIBHATH ITOTPEOH abiTypi€HTa Ta CTYIEHTA.

Pecypc noBuneH 0yTu MyIbTUMOBHHM (YKpaiHCbKa, aHTIIIHChKA MOBH, SIK
MiHIMyM).

HasBHicTE MOOLTBHOT Bepcii.
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YK 004.89

ATEHTHUM MIIXIT 10 MOBYJI0OBA MOHITOPUHI OBUX
TH®OPMAIIMHUX CUCTEM

Tony6 C. B., Kyaumpka C. HO.
Yepracvkutl 0epicasHull mexHOI02IYHUL YHIgepcumem

Ha cporoani indopmaniiini texHomorii Monitopunry [1] HabyBaioTh
ocobnuBoi Baru. € miodanabHa MOTpeda y MPpOpaxyHKy CHUTYyalild B yMOBax
na"jeMii, riopuaHoi BifiHN i3 ii TEPOPUCTHYHUMH aKTaMH, iHOpMaIifHUMHK
aTakaM¥ Ta IHIIMMH 3ac00aMU MOTIPIICHHS YMOB IPOKMBAHHS HACEJICHHS B
VYxpaini.

OCHOBHOIO TIPOOJIEMOI0 KPU30BOTO MOHITOPUHTY € 3HMDKEHHS iH(pOpMa-
TUBHOCTI PE3YJIBTATIB CIIOCTEPEKEHD TPH Pi3Kiii 3MiHI BIacTUBOCTEN 00’ €KTIB
MOHITOPHHTY. B IMX yMOBaX NpUHHSTTS pilIeHb BiIOYBAETHCS MBHUKO, YaCy
Ha TPOBEJCHHS JOAATKOBHX CIIOCTEPEXEHb HEAOCTaTHRO. [l 3a0e3neyeHHs
TIPOLIECIB MPUHHATTS PillIeHb BiJIOMOCTSIMH IIPO HOBI BJIACTHBOCTI 00’€KTIiB
MOHITOPHHTY, BUCYBAaIOThCS JOJATKOBI BUMOTH 1O aJaNnTHBHOCTI CHHTE3a-
TOpIB MOJIENIeH MOHITOPHHTOBHX 1H(opManifHnX cucreM [2].

Mosnitopuarosa ingopmariina cucrema (MIC) e mporpamHo0 pe-
amizamiero iHdopManiiiHoi TexHonorii OaratopiBHEBOro MoHiTopuHTY [1].
MOHITOPHHT — TO € TEXHOJIOTiS 3a0e3neyeHHs iHpOopMaIli€l0 TPOLECIB MPHii-
HATTS pillieHb. [CHyI04i MeTou Ta 3ac00M CHHTE3y MOJIENel, 10 Ha ChOTO/IHI
BHUKOpHCTOBYIOThCst MIC, He 3aBKA 31aTHI CHHTE3YBAaTH KOPHCHI MOJIENI TIpH
3MiHi BIIaCTUBOCTEN 00’ €KTIB MOHITOPHHTY B YMOBaX 3HIDKCHHS iH(DOpMATHB-
HOCTI MacHBIB pe3yJIbTATIB CIIOCTEPEKEHb. [CHyIOUE MPOTUPIYYS MK MOTpe-
6010 y 3a0e3Me4eHH] 3HaHHAMM IPOLIECiB NPUHHSTTS PillIeHb 1 HEJOCTATHHOIO
PI3HOMaHITHICTIO NIPOLIECiB 0OPOOKH JaHMX Ta BUAOOYBaHHS 3HAHB i3 PE3YIIb-
TaTIB CHOCTEPEXKEHb ITOPOKYE KiTbKa MPOOJEM KPU30BOIO MOHITOPHHTY.
OpHa 3 HEX — ONEpaTUBHE 3a0€3IeUeHHs 3HAHHAMH TPOILECIB MOPIBHSIHHS
CTpaTeriii Ipy NPUHAHATTS PillIeHb B YMOBaX KPU30BOT'O MOHITOPHHTY.

Heo0xinHo OynyBaTn Mozaeni 00’€KTiB MOHITOPMHIY Ha OCHOBI paHilie
MIPOBEACHUX CIOCTEPEXKEHb 38 YMOBH 3HIDKEHHS 1X 1H(OPMATHBHOCTI Mix
BIUIMBOM 3MiHH 3aBJaHHA MOHiTOpHHTY. To6T0o MIC NOBHHHA a/lanTyBaTHCh
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JI0O HOBUX BJIACTHBOCTEH 00’€KTiB MOHITOPHHTY IIIIXOM HOOYI0BH HOBHX
MoJIesIel 32 YMOBH 3aMiHHU 3HAU€Hb 3aJIEKHNX 3MIHHAX MOJIETIOBAHHS — I10-
Ka3HUKIB CTaHy 00’€KTiB MOHITOPHHTY MacHBY

Y= {ylzy% "':y‘”}: (1)

JIe /1 — YHUCIIO TIOKA3HUKIB CTaHIB 00'€KTiB MOHITOPHHTY, IPH HE3MIHHUX 3HA-
YEHHAX HE3aJEeKHUX 3MIHHUX MOJIEIIIOBAHHS — XapaKTEPHUCTUK BIUIMBOBHX
(axTOpiB MacuBy

X=1{x1, X2, ..., Xa}, (2)

Jie M — YHUCII0 XapaKTEPHUCTUK BIUTMBOBHUX (PAKTOPIB.

Jns ycyHeHHs wiei mpoOneMH 3ampollOHOBAHO IMIABHINMTH pi3HO-
MaHiTHicTe MIC 3a paxyHOK nepeOyqoBH NpOLECiB 0OPOOKH pe3yibTaTiB
CIOCTEPE)KEHHS Ha OCHOBI ar€HTHOT'O ITiAX0/Y Ta aAanTarlil iHIINX ITPOLECiB
MOHITOPHUHTY 710 HOBUX npuHIMNIB ¢yHKionysanas MIC [3]. Po3pobiena
HOBA KOHIEMIIis [4], METOM CTBOPEHHSI MOHITOPHHIOBUX AreHTIB Ta IPHH-
LUK 1X B3a€MOZAIi B IPOIECi BUKOHAHHS MOHITOPHHIOBHUX 3aBAaHb OCOOH,
mo npuiimMae pimenss (OITP).

Po3pobnena meromornorist cTBOpeHHs iHpopMamiiHUX TEXHOJOTIH iHTe-
JIEKTYaJIbHOI'0 MOHITOPHHTY, SIKa I'PYHTYETHCSI HA areHTHIN CTPYKTYypi Npo-
1ieciB 0OpOOKH Pe3yIbTaTIB CIIOCTEPEXHB [5].

MOHITOPUHTOBUI areHT 3AAaTHUH CAMOCTIHHO BUKOHYBATH ()YHKIIIIO
00pOOKM pe3ynbTaTiB CIOCTEPEXEHb Ta MOOYJ0BU 0a3yM MOAEIBHHUX 3HAHb
(BM3) 3 meroro orpuMmaHHs iHpOpMalii Ta BUI0OYBaHHS BimoMocTel mpo
BJIACTHBOCTI 3aKOHOMIPHOCTI ITOBE/IIHKM IIUX 00’ €KTIB ITpX KPHU30Biii 3MiHI iX
MOBEIIHKU BIiIMOBIAHO O IHAWBIAyaJbHUX 3aBJaHb. 3MiHA 3aBIaHHS
MOHITOPHHT'OBOT'0 ar€HTa IMPU3BOUTH JI0 IepeOyI0BH CTPYKTYypH ioro BM3.

YV KpH30BHX YMOBAaX Pi3HOMAHITHOCTI ar€HTHUX CHHTE3aTOpiB MOJENCH Ya-
cTo OyBa€ HEIOCTaTHHO UIS MiArOTOBKU IIOTO areHTa JUIsi BUKOHAHHS HOBOT'O
3aB/IaHHs MOHITOpHHTY. Y oMy Bumaaky MIC nounHae dopmyBatu Hama-
TEeHTHI CTPYKTYpH, 1110 OTPUMaJIH Ha3BYy areHTHHX (yHKiioHatiB(AD). Po3pob-
JieHa Kiacudikaris, TpuHIMNy i Meroau nodynosu AP [6] ChopmynboBani i
eKCIEPHUMEHTAIILHO MiJTBEP/PKEHI P TIMOTe3 110 METOaM MoOYyI0BU Ta BUKO-
pucranas AD MoHITOPHHT0BOIO iH(pOpMamiiiHoIO cucTeMoro [6, 7].

Came 3HaTHICTD OyJyBaTH areHTHI (pyHKI[IOHAJIM B Mpoleci BUKOHAHHS
HoBux 3apmaHb OIIP 3a6esmeuye MIC pmocraTHIO aJanTHBHICTH IS
(YHKI[IOHYBaHHS B YMOBaX KpU30BOTO MOHITOPHHTY.

TakuM 4MHOM, pO3pOOJIEHa METONOJIOTisS CTBOPEHHS iH(pOpMAaIiHHIX
TEXHOJIOT1H IHTEJIEKTYaIbHOrO MOHITOPHHTY. BUKOpHCTaHHS areHTHOrO ITij-
X0y 10 peattizalii nporeciB 0OpoOKH pe3yiabTaTiB CIOCTEPEKEHb 103BO-
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so MIC miBuIyBaTH CBOIO Pi3HOMAHITHICTB IUISIXOM (DOPMYBaHHS HaJla-
TEHTHUX CTPYKTYp — areHTHuMX (QyHKIioHadiB. HasBHICTE y cTpyKTypi
MOHITOPHHIOBUX areHTiB 0a3 MOJEIbHNX 3HAHb 1 37[aTHICTh LINX areHTIiB ca-
MOCTIHHO pO3B’s3yBaTH 3a/1a4i Kiacudikamii, KjaacTepusarii, ineHrudikamnii
Ta MPOTHO3YBAHHS JIO3BOJISIE BBAXKATH MOHITOPUHI'OBI areHTH 1HTENIEKTYalb-
HUMH a areHTHI (YHKIIOHAJIN TTO€AHAHHSAM HTEJIEKTYaJIbHUX arcHTIB.

ExcriepumenTanbHO jgoBefieHa eQEKTUBHICTH MOOYIOBH Ta BUKOPH-
CTaHHs areHTHUX (YHKIIOHATIB y mpoueci BukoHaHHs MIC 3aBaaHb i3 KpH-
30BOT'0 MOHITOPHHTY.
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IMAPAJIEJIBHA PEAJIIBAIIIA BATATOPAJHOI'O AJITOPUTMY
HA OCHOBI MI'YA JJIAA ITPOIHO3YBAHHSA NEPIOANYHUX
IIPOLECIB

I. B. Crenenko, B. B. CeBepuen

Hayionanvnuu mexniynuil ynisepcumem Yxpainu « Kuiscvxuil nonimex-
Hiunutl incmumym imeni leopsa Cikopcbko2o»

[Iporano3yBaHHS cTaHy MepioIUYHIX NPOIECIB Y MaiOyTHROMY Ha OCHOBI
PETPOCIIEKTUBHUX JaHHUX J03BOJINTH 3aBUaCHO C(OPMYBATH CTPATETii0 pe-
aryBaHHs Ha 3MiHM. IlomepenHst iHdoOpMAaIist IPO MOXIIMBI 3MiHH y CTaHi
TIPOLIECY JIa€ 3MOT'Y 3aBUaCHO MEPEPO3NOAUIITH PECYPCH Ta YHUKHYTH MOX-
JUBHX BTpaT. TOMy akTyaJIbHUM € 3aBJaHHS pO3POOKHU IPOrpaMHUX 3ac00iB
JUISl BUPIILIEHHS 33/1a4i TPOTrHO3yBaHHS I1E€Pi1OIMYHHUX IPOLIECIB Ha OCHOBI pe-
TPOCTIEKTUBHUX JaHuX. ToOTO 3a mornepeaHiM HabopoM JaHUX JUIs IPOLecy,
110 MOXKE OITMCYBATHUCS PI3HOIO KUIBKICTIO MapameTpiB, He0OXiTHO OOy Iy-
BaTH aJIeKBaTHY MOJIEJIb, 10 MOXKE OYTH BHKOpPHCTaHa JUIS MPOTHO3YBAHHS
CTaHy IBOTO TMpPOIeCy V¥ MaliOyTHbOMY. BupimeHHs 1€l 3amadi T03BOJIHUTH
MIPOTHO3YBATH TaKi MPOLECH SK 3MiHA MOrOJHUX YMOB a00 IHTEHCHBHICTh
PyXy TpaHcHopTy abo iHTEHCHBHICTH TpadiKy B Mepexax. MOXIUBICTb ITpo-
THO3YBaHHS TaKUX IPOILECIB Ja€ 3MOTy 3aBYAaCHO BUAIISTH PECYpCH Ha
BUpILIEHHS NPOOJIEM 3 MiHIMaJIbHUMH BTPATaMH.

Jlis BUpimIeHHs 3a7a4i IPOrHO3yBaHHS BUKOPUCTaHO OaraTopsaHuil aj-
TOPUTM TPYNOBOro ypaxysanus aprymentis (MI'Y A). Hapasi gociimkeHHs,
po3poOKa Ta BJIOCKOHAJICHHS HMapaJieNlbHUX peamizauiil anroputmise MI'VA
TIPOBOAATHCS It KOMOIHATOPHOTO aJrOPUTMY, BOAHOYAC, ITAapasieNbHa pe-
aizanist 6araTopsAHOrO aJIrOPUTMY HE po3risiaanack. OCHOBHOIO METOIO J1a-
HOI poOOTH € JIOCIHI/PKEHHS iICHYIOUMX CHHXPOHHMX peajizauiii GaraTops-
HOT'O QJITOPUTMY Ta iX BAOCKOHAJIEHHS 3 METOIO NMPUIIBUALIEHHS 00YHCIIIO-
BaJILHOTO ITPOLIECY CTBOPEHHSI MOJEJECH Ta PO3paxyHKy iX mapaMerpiB mpu
CTBOPCHHI IMIPOTHO31B, M0 BAXJIMBO MU 30UTBIICHHI CKIaTHOCTI MOJAEICH,
SIKI OY/IYIOTBCSL.

Bararopsiqauit anroput™ (puc. 1) BUKOHYE MONTYK MOJEN ONTHMaIIEHOT
CKJIAZIHOCTI IUIIXOM CXpEIICHHS HalKpamuxX Moeled 3 IonepenHix iTe-
pauiid. Ha nepmiii itepanii OyxyroThCst MOAENI, 1110 MICTSTH J{BA TAPAMETPH 3
BrOipKkH. Ha BCiX HAaCTyITHMX iTepalisx OIMMH ITapaMeTpaMu BUCTYIIAaTUMYTh
MOJIENi, IO MepeHIIITH 3 ToTepe IHii iTepariii. 1o HacTymHOI iTepartii mepe-
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xomath F Moeneii 3 HaiiMEHIINM 3HaYCHHS 30BHIITHROTO Kputepito [1]. Ie-
pexi 0 HOBUX iTepallii Ta mepedip Mojenei Bif0yBaeThCs, TOKHM 30BHIIITHIH
KpHTepiil Halikpaoi Mozeni itepamnii HOMINIIyEThCS.

1-1it pAg, 2-uii pag, N-nii pag
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Puc. 1. bararopsiianii anroputm Ha ocHOBI MI'VA (R — 30BHIIIHIH
KpHTepiil psiny, sSIKMi BU3HAYA€THCS SIK 30BHIIIHIA KPUTEPii Mozelni pamy
3 HaliMeHIIMM Horo 3HaueHHIM. f— onopHa (QyHKIIis,
3a SIKOI0 OyIyI0ThCs OiHapHI MOzei)

Bararopsiqauii anroputM I03BOJISIE CTBOPIOBATH MOJE ONTHMaJIbHOI
CKJIAZIHOCT] HaBiTh IIPH BEIUKHUN KUIBKOCTI mapamerpis. [Ipu moctynoBomy
301IBIIEHH] CKJIQJHOCTI MOJIET 3HAYEHHS 30BHIIIHIX KPHUTEPIiB CIIOYaTKy
majae, J0cATae MiHIMyMY, a ITOTIM a00 3aJIHIIAEThHCS TIOCTIHHIM, a00 MOYH-
Hae 30ibIryBaTrCst. MiHIMyMY 30BHIIIHBOTO KPHUTEPisl BiAIIOBiZae MOJAEIb
ONTHMAJIBHOT CKJIaTHOCTI [2].

[t nobynoBu Mojesiel Ta MoJaIbIIOro PO3PaxyHKY iX 30BHIITHBOTO KpH-
Tepilo MOYaTKOBY BUOIPKY JaHUX JUJISITH HA ABI YaCTUHU 4 Ta B — HaBUaJIbHY
Ta TecTtoBy. [l po3paxyHKY 30BHIIIHBOTO KPHUTEpil0 0OpaHO KOMOIHALiO
JIBOX SIKICHUX OLIHOK MOJEJIEH, 110 TEHEPYIOThCS - PETYIISIPHOTO KPUTEPIIO Ta
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KpHTepiro MiHIMyMy 3cyBy. Kputepiii peryiasipaocTi notpedye, mob cepeatb-
OKBAJIpaTHYHA TIOMIUIKA, PO3paxoBaHa 3a NaHUMHU YaCTHHHU Ta0miwmi B, mo €
TECTOBOIO BUOIPKOIO OYaTKOBHX JaHHX, Oyi1a MiHIMaIbHOIO. 1715 pO3paxyHKy
PETYISIPHOTO KPUTEPit0 BUKOPUCTOBYETHCS HACTYITHA (popMyIa:
2 Z?I:bl(YTaﬁjl_Ym)iz
A*(B) =" ——(
Zi:bl(yTaﬁjl)iz
€ (Vima6)i - TAONHMYHI 3HAYCHHS BUX1THOI 3MIHHOI B TOWYIIi X; TAOIHIII JTAHUX
B, i=1,...Np; (y,); - 3HAUCHHS BUXIIHOI 3MIHHOI B TOYIIi X; TAOJHUII JaHUX B,
i=1,... N3, 0 po3paxoBaHe 3a MOJIEIUTIO, sIKa OyJia OTpUMaHa 3a JaHUMH Ya-
ctuHu Tabaum A.
Jlns po3paxyHKy KPHTEpII0 MiHIMyMy 3CYBY 7° BHKOPHUCTOBYETHCS
HacTynHa (Gopmyna:

- min,

2 _ LENO0a-yB)
T aZ Orasn)?
€ (Vima61)i — TAONHMYHI JaHI BUXiJHOI 3MIHHOI B yCiX TOYKaX TAOJHUIN JaHUX
i=1,...N (N=N4+N3); y4-MOz€Ib, OTPUMaHA HA YACTHHI TAOIUIN NaHUX A4;
(V4)i - 3HAUCHHS BUXIJHOI 3MIHHOI, PO3paxoBaHE MO MOJENI V4 B TOYII X;
i=1,...aN; y - MOz€eNb, OTpUMaHa Ha YacTHHI TaOuuii faHux B; (yp); - 3Ha-
YeHHs BUXIJHOI 3MiHHOI, pO3paxoBaHe 110 MOJEN yz B TOUlll X; i=1,... aN; o
- KOe(IIiEHT eKCcTpanoJsAIii, PeKOMEHJOBaHI 3HAYEHHS SKOTO B iHTEpBai
a €[1,5;3,0].
Mogeni, mo mepeduparoThes y MpOoIieci CeICeKIlil MaloTh HACTYITHUI BU-
DI

n - min,

¥y = by + by f(x) + by f,(x) + b3 f3(x) + -+ + by f ().

Tyt f(x) — ue onopHa ¢yHKIis Moneni. Bubip onopaux ¢yHKIiH 115 MO-
Jiefield 3aJIeKHUTh BiJ MPUPOIH TPOLECIB, IO AOCTIDKYIOTHCS, MPOTe OiIb-
IIiCTh peayi30BaHWX AITOpUTMIB Ha ocHOBI MI'YA BHKOPHCTOBYIOTH
TIOJTiHOMIaJIbHI OMopHi (yHKIT sk moxiHoM Konmoroposa-I'abopa [1].

Koeoginientn marpumi b po3paxoBylOThCs 3a JOIIOMOTOI0 CHCTEMH HOp-
MaJIbHUX PIBHSIHB Y MaTPUYHOMY BHTJISI:

b=XT-X)"1- XTy.
Martpurst X Ta BeKTOp y (OPMYIOTbCS Ha OCHOBI JaHWX HaBYAJIBHOI
BHOIPKH Ta MalOTh TaKUH BHUTJIS:
1 fikx) o fil(xy) 1
X=1.. Ly = | -
1 fl(xn) fk(xn) Yn

Jly1s BUKOpUCTaHHS HaBYAIBHUX Ta TECTOBHX JAHHX IIPH CENeKIii Moje-
ned (BCiX psiaiB, OKpIM IepIIoro) ix HeoOXigHO alanTyBaTH Ui HOBHX MO-
neneit. s THX Moperel, o BUSBIJINCH HAWIINIIAME Ha TEPIIOMY PSIY,
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(opMyeTbCs TaOIMIT JAHUX HACTYITHUM YHHOM. 3HAUCHHS BX1JHUX 3MIHHUX
MIPOITYCKAIOThCS Yepe3 HAITIMIIII MOIENi NEePIIOro psiay i OTPUMYIOTHCS 3Ha-
YEeHHs BUXIJAHUX 3MIHHHX MOZENEH Mepuoro psmay, mo OyxyTh BUKOPHCTO-
BYBATHUCS JJIsl HABYAHHS Ta TECTYBAHHS MOJEISIMHA HACTYITHOTO PSIY.

Iepexix 10 HACTYIMHOTO psity 3IMCHIOETHCS 332 YMOBH, IO 3HAYCHHS
KPHUTEPil0 PAAY 3MEHLIYEThCS, TOOTO SIKIIO 3HAYEHHS 30BHINIHBOIO KpH-
TEpil0 HAWIINIIOI MOJENI psiy MEHIIE, HDK 3HAYCHHsS 30BHILIHBOTO KpH-
TEpilo JUIS TONEPEAHBOr0 Psity. [HIIMMH CIIOBaMH, JOKH YCKJIQJHEHHS MO-
JIeTTi CIIpUYMHSE TOJIMIIEHHST 3HAUYCHHS KPUTEpifo. SIKINO 3HA4YEeHHS KpH-
Tepito psimy OlIbIe 3a 3HAYCHHS KPHUTEPIIO MONEPEAHBOrO PSAy, TO aJro-
PHUTM 3YIHUHSAETHCS 1 BIAUIYKYETHCS €AMHA HAMTINIIA MOJIETb 3 MOJIEINIEH T10-
nepeqHbOro psixy. Came Ll MOAENb BBAXAETHCS MOIEIUIIO ONTHMAJIEHOT
CKJIaJIHOCTI.

Y pobori [3] aBTOpHM HABOIATE TpH eTanu podoTH KOMOIHATOPHOTO Ta Oa-
TaTOPSIHOTO AJITOPUTMY, SIKI MOXKHA BJIOCKOHAJINTH 32 PaxyHOK IapaJielb-
HUX OOYHCIIEHbB: ONeparii 3 MaTPUIIMH, PO3PaXyHOK KOe]ilieHTIB CHCTEMHU
HOpPMaJIBHUX PIBHAHb Ta IIpomec MoOyIOBH Mojenell. BpaxoByroum
MIOPIBHSHO HEBENMKI BHUTPaTH PECYpCiB Ha orepamii 3 MaTpuIsIMH Ta
BUpILIEHHS CHCTEMH HOPMAJBHHUX PIBHSHB, B pOOOTi 3a JIOMOMOIOI0 Iapa-
JIENEHUX 00YHCICHBb 0Y/10 BIIOCKOHAJICHO MPOIeCcH OOy I0BH MOJIENEH Ta Po-
3paxyHKy iX 30BHIIIHBOTO KPHUTEPIIO, a TAKOXK Iporec (popMyBaHHS HOBHX
HaOOpiB AaHUX IS HACTYIHOTO PSJKY, SKIIO BUKOHYETHCS YMOBa 30epe-
KEHHS MIHIMyMY 30BHIIIHBOTO KpHUTEpito. 3aaui reHepanii Mozienei ta po-
3paxyHKY 30BHIIIHBOT'O KPUTEPIIO JUIS HUX HOPIBHY ALIATHCS MK BHiJIE-
HUMH poOounmu nporiecami. [1icist 3aKiHueHHsS poOOTH BCiX MPOLECiB, CTBO-
peHi Mojeni 00’€THYIOTBCS Ta BHKOHYEThCS IepeBipka Ha 30epeKeHHs
MiHIMyMY 30BHIIIHBOT'O KPUTEPit0. SIKIIO 30BHIMIHIA KPUTEPiH 3aIUIIA€THCSA
MiHIMAJIEHUM, TO 32 JOTIOMOT'OI0 BUAUICHUX pOOOYUX IIPOIECiB BUOiIpKa Ja-
HUX aJalTyeThCs ISl MOZIEIel TOTOYHOTO sy Ta BifOYBAETHCS HEpexis re-
Hepauii Mojesell HacTymHoro psay. Ha pucyHky 2 HaBeJeHO cXeMy mapa-
JIETILHOT'O OOYHUCIICHHSI 0araTopsiiHOTO aJrOPUTMY.

Ha pucynky 3 HaBeneHO IPUCKOPEHHS, OTPUMAaHE BiJl BAKOPUCTaHHS T1a-
paylennbHAX O0YMCIIeHb HPH po3podmi 0araTopsJHOTO AITOPUTMY  JUIs
BHOIpKH 3 24 apameTpamH.
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YK 004.65:504

OCOBJINBOCTI CEKHIOHYBAHHSA Y POSTGRESQL HA
HPUKJIAJI BA3U JAHUX CUCTEM ITPOI'HO3YBAHHSA
EKOJIOTTYHOTI' O 3ABPYJIHEHHSA

K. B. Xypmunaga, C. f. Maiicrpenko, T. O. J{oHros-3arpe6a
Tucmumym npobnem mamemamuunux mawur i cucmem HAH Ykpainu

JlaHi IPOrHO3YBaHHS €KOJIOTIYHOIrO 3a0pyJHEHHS! MICTATH SIK ITPOCTO-
POBi, TaKk i HEIIPOCTOPOBI KOMITOHEHTH, IO, SIK MPAaBWJIO, MAIOTh 3HAYHUH
00’eM. OCKUTBKM MOJIEITIOBaHHS! BUKOHYETHCSI HA PO3PAaxXyHKOBIH ciTmi 1u1st
MIeBHOT0 HaOOpy ITOKA3HUKIB Ta MEpioxy MPOTrHO3Y, KUIBKICTh 3ammuciB B b/]
MOXE CATATH IEKIIbKa MJIH. Ha ofMH po3paxyHok [1]. 1o mpu Hakonm4eHHi
MIPOTHO31B IPU3BOANTH O HENPHUHHATHOTO YaCy BUKOHAHHS 3aIINTiB.

Sk BkazaHo y [2] PostgreSQL moxke 36epiratu 1o 32 TO B oqHi Tabmwi,
SIKIIIO BUKOPHCTOBYIOTHCS OJTOKU 110 8 Kiobaiitie. A Takox 1o 128 T6, sxiro
BHUKOPUCTOBYIOTBCS OOKH 1m0 32 KiymoOaitu. OmHAK, Taki BENWKi TaOIHIl
30BCiM He 000B’S3KOBi, i Ma€ CEHC IUINTH IX HAa YaCTHUHHU (CEKLIOHYBATH),
JUIS TIOJIETIICHHS, & B ACSKUX BHUITAJKaX 1 MPUCKOPEHHS 0OpOOKH.

Po3pobunk xommnanii «Postgres Pro» IBan ®@ponkos [3] cTBepmKye, Mo
BenuKi Tabmuii kpame cekiionyBatu B ycix CYB/l, # ne ocobnmBo akry-
anpHO y PostgreSQL uepes «nam ymobnennit VACUUM». IBan ®@ponkos
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paauTh cekuionyBaTH Tabdmwmi moynHatoun 3i 100 I'6, abo Hasits 50 I'0. Ta-
KOXX BiH BKa3ye, II0 HoMmy Bimomi TepabalTHI Tabmumi Oe3 cexmii, mo
nparoBasy Ha SSD, «aie 1ie 3abarato, kpare 0 ix mopizatm.

[HOMI JUTS THX K€ LiJIeH, 0 W CEeKI[IOHYBaHHS, HAMAraloThCsl BHKOPHCTO-
BYBATH 4acTKOBI iHxeKcH (partial indexes), ayie K BKa3yeThCsl y JOKYMEHTa-
uii PostgreSQL [4], mporo e cmix poouru. Lle morana imest, 60 cucrema He
po3yMie 3B’SI3Ky M)XK YaCTKOBUMH 1HAEKCaMH, i Oyze cTapaHHO MepeBipsTH
yCi YaCTKOBI 1HIEKCH JaHOI TaOMHIIi, 00 BU3HAYUTH YaCTKOBHUH iHIEKC, TI0-
TpiOHMIA [T JAaHOTO KOHKPETHOT'O 3aIHNTYy.

PosrnsHeMo icHyrodi y PostgreSQL MeTonu ceKmionyBaHHs TaOJUIb.

Cexyionyeannss mabnuys Ha ocHogi ycnaokyeanns [5]. Ug peamizaris
cekuionyBanHs B PostgreSQL 3a nomomororo ycrajakyBaHHS TaONHIpb, TyXKe
CXOXKOr0 Ha YCIaJIKyBaHHS y 00’ €KTHO-OPI€HTOBAaHMX MOBax IPOTrpaMyBaHHS.
Jlanwii criocid Mae 3Ha4YHI OOMEXEHHsI, Y TOMY YHCI 1 00 MPOAYKTUBHOCTI, 1
Ha TeTepilHii yac BKe BBaKaeThes 3acTapiinM. llonpaBna, B AeIKux BUIAA-
Kax Bce IIE pajsiTh KOPUCTYBAaTHCS CaM€ MM METOJIOM CEKIOHYBAaHHS, SIK
6urem rayukmM (5.11.3. Partitioning Using Inheritance) [6].

lexnapamusne cexyionyeanns mabauys [6]. lle cydacHuii cmoci6
CeKIlioHyBaHHS TaOmump, mo 3’sBuBca y PostgreSQL 10. ¥V Bepcisx
PostgreSQL 3 10 mo 13 #oro peamnizamito Oyio 3HaYHO YIOCKOHAJIEHO Ta
moinmeHo. OcHoBHI BrockoHaieHHs PostgreSQL HaBemeno B Tabmuri 1
[2, c. 11-12; 7, c. 2433-2476; 8, c. 2366-2431; 9, c. 2418-2448].

Ta6auus 1. OcHOBHI BJOCKOHAJICHHS ceKiioHyBaHHS PostgreSQL 10-13.

BrockonaneHHs PostgeSQL| PostgeSQL | PostgeSQL | PostgeSQL
10 11 12 13

ABTOMaTUYHE CTBO- - + + +

PEHHSI iIHAEKCIB Y

CEKIIisIX TPU CTBOPEHHI

iHIeKCy Ha OATHKiBCh-

Kiif TaOmHIIi.

CTBOpEHHSI TII00ATBHO- - 3 IeIKUMH |3 HEIKUMH |3 JECIKHMH

VHIKaJIBHOT'O 1HIEKCY. oOMeXeH- |[0OMeXeH- |oOMeXKeH-

HIMU. HIMU. HIMU.

CekI1ist 32 3aMOBYYBaH- - + + +

HSM.

SOBHIIIHI KITIOY1 ISt - + + +

CEKI[IOHOBAHUX Ta0-

ITUIIG.

OOMEXEHHS CEKIiH y - - + +

BUTJISII BUPA3iB.
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BrockonaneHHs PostgeSQL| PostgeSQL | PostgeSQL | PostgeSQL

10 11 12 13
[linTpumKa Tpurepis - - - 3 IesKUMHU
BEFORE Hna piBHi 0OMEXEeH-
psiIKa ISl CeKIiOHOBA- HSIMH.
HUX TaOJIHIIb.
CeKHiOHYBaHHH Ha ocC- - + + +

HOBI1 XCITyBaHHS KITIO-
JOBHMX CTOBIILIIB.

UPDATE mnst kimrodo- - + + +
BOI'O CTOBIIIIS IIc-
peMintye BUOpaHi CTOB-
L1 0 BiAIOBIIHOT
CeKIii.

CTBOpCHHSI ITCPBHH- - + + +
HOI'O KJIfo4a ISt
CEKI[IOHOBAaHMX Ta0-
JTUID.

CyrTeBe 3pocTaHHs NPOIYKTUBHOCTI, MTOPIBHAHO 3 MOMNEPEIHIMU BEPCISIMH,
BinOymocs y PostgreSQL 12 [10; c. 195-204]. Bigzaaurmo, 1o i1 9ac po3podKu
PostgreSQL 12 ocHoBHa yBara Oyna 30cepe/bkeHa Ha MacIITaOyBaHHI CEKIiH,
100 He TPOCTO MOKPALIUTH MPOIYKTUBHICTB, aJle OKPAIIUTH MPOAYKTHBHICTH
TIpH 3acTocyBaHHI OuThmIOl Kinbkocti cekuiii [10]. Hanpukian, B [10] mpu
TIOPIBHSUIBHUX JIOCII/PKEHHSIX BUKOPHUCTOBYBaiM 70 8192 cexuiit. B3araii, me-
KJIapaTHBHE CEKL[IOHyBaHHs TaOJIMIb 3HAYHO 3pYUHIIIe Y KOPUCTYBaHHI HIX 3a-
CTapijie CeKI[iOHyBaHHs Ha OCHOBI YCIIaJKyBaHHsI, i IPH IbOMY PaJiiTh BUKOPH-
croByBatH HOBImIi Bepcii PostgreSQL [2, c. 202].

ABTOpaMu CTaTTi BUKOHYBAJIOCh TECTYBAHHSI BUKOPHCTAHHS ACKIIapaTHUB-
HOT'O CeKIIOHyBaHHS 3 BUkopucTanHsIM PostgreSQL 12. ¥V namomy Bumaaky
y Tabnumi posmipom Oinbme 100 I'6 30epiranmcs maHi €KOMOTIYHHUX IIPO-
rHO31B. KOKHMIA €KOJIOriYHNH NPOrHO3 NPH [IbOMY MaB BJIACHHUH i1eHTH(iKa-
TOp. 3alHTH CTOCYBAIHCS HE OiIbIIE HiXkK OJJHOTO MPOTHO3Y. TOMY, HOIUITEHO
OyJI0 BHKOPHCTOBYBAaTH CEKI[IOHYBaHHS TaOimip «3a crmckom» («List
Partitioning») Lle crmoci6 cekuioHyBaHHS, IIPU SIKOMY SIBHO BKa3yIOTbCS, SIKi
KJIFOUOBI 3Ha4EHHS OyIyTh B KOXHIN CeKIii 32 BKa3aHUM ieHTH(IKaTOpOM.
[Ipn BUKOHAHHI HOBOTO NMPOTHO3Y HEOOXiAHO CTBOPIOBATH HOBI CEKIi Y
BimmoBigHUX Tabmmsax BJ[. A mpu BUIaNeHHI JaHUX 3aCTapijioro MporHo3y
HEOOXiTHO BUKOHYBATH TaKOXX BUIAJICHHS CEKIIH 3 BiJITOBIMHUX TaOIHIIb.
OCKIJIbKH, HaBIiTh ITPY BUKOPUCTaHHI KACKaHOTO BHIAJICHHS 3aIUCiB 3 Ta0-
ynnp B/ «TToposkHi» cekIlii aBTOMaTHYHO HE BUAAIISIOTHCS.
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Jls aBToMaTH3alli IIpoLecy CTBOPEHHS Ta BHIAJICHHS CeKIii Oe3roce-
peIHBO B CHCTEMi aBTOpaMH CTaTTi OyJaM CTBOpEHI BiAmoBimHI QyHKii
PL/pgSQL [11]:

{=}createpartition(table_name character varying, forecast_id integer)

General Definiion Code Options Parameters  Security SQL

1 DECLARE

2 partition_name varchar(36);

3 sql_query text;

4 BEGIN

5 partition_name = table_name || '_' || forecast_id::varchar(10);
6 sql_query = format('CREATE TABLE %I PARTITION OF %I FOR VALUES IN (%L)', partition_name, table_name, forecast_id);
7 EXECUTE sql_query;

8 RETURN partition_name;

9 EXCEPTION

10 WHEN duplicate_table THEN

11 RAISE NOTICE 'caught duplicate_table';

12 RETURN 'duplicate_table';

13 WHEN OTHERS THEN

14 RAISE NOTICE 'caught others';

15 RETURN 'others';

Puc. 1. @yHKIis A7 CTBOPEHHS HOBOI CEKIIil

TakuM 4MHOM, B pe3ysbTaTi BUKOHAHHS poOOTH Oyio MpoaHali30BaHO
0COOJIMBOCTI ceknioHyBaHHA B pi3HUX Bepcisx PostgreSQL (10 — 13) ta mpo-
BE/ICHO ITOPiBHSIHHS HASBHUX METOJIB CEKL[IOHYBaHHSI.

PesynpraTn qocinimkeHs Oyny BUKOPHCTaHI MPU BUKOHAHHI TECTYBAaHHS
JIeKJIapaTUBHOT'O CEKIIOHYBaHHs 3 BUKopucTanHsM PostgreSQL 12. B mpo-
Heci TecTyBaHHS Oyiau po3poOiieHi (QYHKWI A1 aBTOMaTH3alii Mpolecy
CTBOPCHHS Ta BUIAJICHHS CEKIIiH, SIKi po3MillleHi 3a mocrianHsMm [11] ta Mo-
KYTb BUKOPHUCTOBYBATHCH CIIUIEHOTOIO PO3POOHUKIB BEO-CHUCTEM.
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4. Partial Indexes [Enexrponnuii pecypc] — Pexxum mocrymy 1o pe-
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8. PostgreSQL 11.11 Documentation, 2021. — 2685 c.

9. PostgreSQL 13.2 Documentation, 2021. — 2725 c.

10. Rowley D. PostgreSQL 12: Partitioning is now faster [Enekrponnuit
pecypc] / David Rowley - Pexumm moctymy 1mo  pecypcy:
https://www.2ndquadrant.com/en/blog/postgresql-12-partitioning/.
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crymy a0 pecypey: https:/github.com/IMMSPgisgroup/dynamicPartitioning
PostgreSQL/blob/09a3d3cd1c9bl767bb04bbb50929bdb6f5a5ac6/dynamicPartiti
oningPostgreSQL.sql.

UDC 517.957

ABTOMATHYHA 'EHEPANIA HABYAJIbHUX TECTIB 3A
JOIMOMOTI' OO MTPOI'PAMHOI OBPOBKH ITPUPOJHO-
MOBHUX TEKCTIB

Kosanwos /1. 1., Bomowuun O. @.

Kuiscokuii nayionanonuii ynieepcumem imeni Tapaca lllesuenxa, m. Kuis,
Yrpaina

HenTtpanbuuid npuHOu (GopMalbHOI CEMaHTHKH IOJIATa€ B KOMIIO-
3UMIHHOMY BiTHOIICHH] Mi’K CHHTAKCHCOM 1 CEMaHTHKOIO. [IpuHIT KOMIIO-
3UIIOHAIIBHOCTI MOYKHA BUPA3UTH TAKMM YHHOM: 3HAYECHHS BUPA3y € QyHKIIiS
Horo gacTtuH Ta crocoly iX cuHTakcmyHoi KomOinamii. [Ipu oMy icTHH-
HICTh BU3HAYAETHCS HE a0COTIOTHO, a B MEXKaX MEeBHOT Mozeni [2].

Mo>XJIMBI Z1Ba TMiIXOH 10 BUBYEHHS CEMAaHTHKO-CHHTAKCUYHHX 3B'SI3KiB:
OITMCATH CHHTAKCUC ITPUPOJHOI MOBH (B HAIIOMY BHITA/IKY YKPAiHCHKOI) 1 iH-
TEpUpEeTyBaTH BHPAa3M MOBH B MOJENAX; BHUKOPHUCTOBYBAaTH HPOMIXHY
JIOT1YHY MOBY, JUISl YOTO OTIMCATH CHHTAKCHC 1 CEMAaHTHKY JIOCHTh OJIN3BKOTO
JI0 IPUPOJHBOI JIOTIYHOI MOBH; NPH IBOMY OIUC CEMAHTHKH ITPHUPOIHOI
MOBH 3BOJUTHCS 10 MTOJAHHS TEKCTY B CKOHCTPYHOBaHIH JIOT1UHIH MOBI.
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Jst pimieHHsT GLTBIIOCTI MPAKTUYHUX MIJICH APYTHA IMiIXiJl BHIAETHCI
OiNBII TIEPCHEKTUBHUM, OCKIIBKH JI03BOJISIE PEANi3yBaTH OIMCAHI BUIIE
IUTIOCH JIOT1YHOT'O TIPEICTABICHHS MOB.

B po6ori [1] MoHTeTI0 BUKOPUCTOBYE Mapy KOOPJAWHAT - MOXKJIMBI CBITH
1 TAMYacOBI MPOMIXKH, 10O SIKMX JUIS KO>KHOTO BHpa3y BU3HAYAIOTHCS 1H-
TEHCIOHAJI 1 eKCTeHCIOHaAI. MOJIEIITIO /ISl IHTEHCIOHAJIBHOI JIOTiKK MOHTETIO
€ m'aripka Bugy: M = (D,W, T <,1), ne D - muoxuna inausinis; W — mHo-
YKUHA MOXKJIMBHX CBiTiB; T — MHOKHHA MOMCHTIB; < - BiJJHOIIICHHS MTOPSIKY,
3amane Ha T; | - iHTepnperyBanbHa (YHKIIS, SKa HAJA€ CEMAHTHYHI 3Ha-
YEeHHS BCIM KOHCTAHT.

CeMaHTHYHA IHTEPIIPETALlis iIHTEHCIOHAJIBHOT JIOTIKH BUKOPHUCTOBYE MHO-
xuny oninok S = {g;|li = 1, ...n}, sxi € MHOXUHOW (QYHKIH, 10 BigoOpa-
KarOTh 3MiHHI BCIX THITIB B MHOKMHI BiATIOBITHNX 3HAUYEHB (g - QYHKILiS IpH-
MMUCYBaHHs 3HAYCHHS 3MIHHOI); oM - inrencionan BHpPaKEHHS MIOI0 MOJEITi
M i pynkuii npunucysanus g; aMW't8 - excrencionan Bupasy o moao M, g
i Touku criBBigHeceHH:A (W, t), tew € W,t € T.

3 TOYKH 30py peaii3allii TeXHIYHOI CHCTEMH MOXKHA BUIIJTUTH HACTYIIHI
(dparmMenTn 0OpoOKM TEeKCTOBOI iH(pOpMalii 3acobaMu GopmallbHOI ceMaH-
tuku (puc. 1)[1].

dopmainbHe MTPEACTABICHHS HE 3aJISKUTh BiJl KOHKPETHOI MOBH 1 € €11~
HUM Ui 0araTboX peamizaliii MOBHHMX CKJIaJIOBHX. 3apa3 OCHOBHI JIO-
CJIIJPKEHHS 30Cepe/KeH] B 00J1aCTi IPUPOIHO-MOBHOI CKJIaI0BO] (3 BHECEH-
HSIM HEOOX1JTHUX 3MiH J0 ITOCTYJaTy 3HAUCHHS).

Ha MoBHY cki1a0By BBOISTHCS OOMEXEHHS TaKMM YWHOM, 100 BOHA
MIPE/ICTABIISUIA MiMHOKUHY TIPUPOAHOI MOBH, MiHIMAIBHO HEOOXiIHY IS
MOAAHHS ITPOCTUX MOBHHX (hpas.

CyuacHe BUBYEHHS (OpPMabHOI CEMAHTHKH 3BOJHUTHLCS CaMe JI0 BU3HA-
YeHHs CII0CcO0iB IIepexoLy Bijl IPUPOAHO-MOBHOI'O YABJICHHS 110 (opmaiizo-
BaHOT0 JIOTTYHOr0. MOXYTb OyTH pi3HI CIIOCOOM TaKHX IIEPEXO/IiB.

[NepeTBOPEHHS
TeRCT G MosHa ®opmanbHe
cknagosa npefcTaBneHHs Haip hopmyn

BUCHC

HaTypanbHin =
MOBi

Habip [ Tuwm ]
Kareropiv Mpasvuna
Mpasuna nepeTeopeHb

TpaxcdopmaLlii chopmyn
Puc. 1. Obpobra mexcmosoi inghopmayiiy popmanvriti cemarnmuyi
HaA OCHOBI IHMeHCIOHANbHI 102iku Monmezio

+
3HaueHHs
nocrynaris

[puHIMIIE PO3POOKKA CHUCTEMH aBTOMATHYHOI TEHEpallii HaBYATBHHUX
TECTiB. 3 METOI MPaKTUYHOI ampoOarlil Imiaxoxy MPOIMOHYETHCS PO3pOOKa
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OKpPEMOTr'0 MPOrpaMHOr0 MOJYIIIO, IO J03BOJsIE (hOPMYBATH TECTOBI 3aB-
JTaHHS JUTS TIOJAIBIIO X Iepesadi 10 3arajJbHOi CHCTEMH TeCTyBaHHS

OcHOBHa i7iest 3aIIPOIIOHOBAHOT0 METOJy MOJIATA€E y CTBOPEHHI CHCTEMH,
sIKa aBTOMAaTWYHO TE€HEpPYE TECTOBI 3aBJAHHS Ha EJEKTPOHHI HaBYaJIbHI
MOCIOHMKH 1 TIpeZICTaBIIsIE IX BUKJIa[aqy, KU, Y CBOIO YepTy, MOXKE BUKOPH-
CTOBYBATH iX ISl 3aBEPUICHHS TECTY, a MOTIM OLIHUTH CTY/ACHTIB.

Cucrema npuiAMae TeKCT IHCTPYKLIH U BCTYITY 1 ()opMHU BUIIPOOYBaHHS 3a-
BIaHb Ha BHXif. [1oTiM 3reHepoBaHi 3aBIaHHS TECTY MPEICTABIICHI BUKIAAATY,
SIKUH BUOMPAE Ta pearye 3aBIaHHs, SKIIO BOHH 3HANIYTHCS KOPUCHIMH.

OcHOBHUMH 3ac00aMu, IO peaji3yloTh AaHUWA MiJIXiJ, € JIHrBICTHYHI
MIPOIIECOPH, SIKI OAWH 3a OTHUM OOPOOJISIOTH BXiTHHUN TEKCT. BXim ogHOTO
Ipolecopa € BUXOAOM iHIIoro. /lyiss OTpUMaHHsS TECTOBHX 3aBIaHb PI3HUX
BHJIIB B IIbOMY ITiIXOJTi 3aCTOCOBYIOTHCSI Pi3Hi BUIU AJITOPUTMIB CHHTE3Y TIH-
TaHb. Il AITOPUTMH BiAPI3HAIOTHCS TIIMOWHOIO aHAJIi3y IIPUPOIHOI MOBH, 1 iX
MOXXHa PO3JLINTH Ha Bl TPYIH.

AJNTOopUTMH TEpIIOl TPYNHU 3IIHCHIOIOTH 3aMiHy IIYKaHOTO CJIOBA B pe-
YeHHi Ha KoMOiHaIito cuMBOIB «?» (I1o KOXHIH MPOITO3HUIIiT BUXiTHOTO TEK-
CTy MOXe OyTH MOOyIOBaHO HE OUTBIIE OJHOTO MMUTAHHS).

Jlo miel TpynmM BiTHOCATBCS TakKi aJrOPUTMH: NOIIYK CKOPOYEHb
(abpeBiatyp), MOIIYK YUCENFHUX 3HAYCHD, TCHEPAIlis Ha OCHOBI BH3HAYCHB,
reHepais 3 KOHCTPYKIIH «SKIIO ..., TO ...»

AJNTOpUTMH 1Ii€1 TPYIIN IPYHTYIOTHCS HA TPHUBIAIBHUN TIeperysiai ¢ppasu i
MIOIIYKY HEOOXIHMX CHMBOMIB (200 * KOHKpeTHuX ciiB). Li axroputvn
HaKOIBII IPOCTO Peai3yroThCs Ha MPAKTHUII 1 BIAPI3HAIOTHCS BiJTHOCHO BH-
COKOIO HIBHAKOJIEIO, OHAK YacTO ITOBEPTAIOTh HENPUHHATHI PE3yIbTaTH.
AJropuTMH ApYroi rpynu BUKOHYIOTH TOOY/IOBY ITUTAHHS 3a PE3yJIbTaTaMH
CHHTaKCHYHOTO aHAJIi3y TEKCTY.

CI1iz 3a3HAYHTH, 10, SIKIIO TEKCT 00POOIISETHCS TUTBKHY 10 PIBHS CHHTAKCUCY
0e3 ypaxyBaHHSI CEMaHTHKH, TO HE BCi TeHEpPOBaHI IMUTAHHSI MOXYTh OYyTH J0-
PEYHVMH B JIaHIN r[pez[MeTHiﬁ obmacti. BHacriok 10ro Ha KOpHCTyBada MOXE
JSITTH IOCUTB TPYAOMICTKa 3aa4a Bioopy nurans. [Ipore, BI/IHpO6YBaHHH -
XOJ1y Ha KOHKPETHHX HABYAJIbHHX JIICIMIDTIHAX [TOKa3aJIH, 110 HABITh NPH TaKii
peastizarii maxix 1ae BIHOCHO HeroraHi pe3ynsraru. Hanpukian, B BUIaaKy
HABYAJBHOT'O ITOCIOHMKA 3 JUCITUILTIHA «MOZIeIi Ta METOM TIPUHHSTTS PIllICHB)
(aBt. O. @. Bomommn ta C. O. MaeHko) 3a JI0IOMOror0 ajropuTMiB JIpyroi
TPYIH Baasiocst orpuMat 42% 3aBiaHb, IPUIATHUX IS BAKOPHUCTAHHS B TECTI
06e3 3MiHH, 1 24% 3aB/aHb, 3 AKX MOYKHA OTPUMATH IPUAATHI 3aBIaHHS IIUISTXOM
penaryBaHHs (TOOTO OiJIbIIE TOJIOBUHU OTPUMaHHX 3aB/IaHb BUSBIIIUCS TIPUIAT-
HUMHU JUTS CKJIaJJaHHS TECTIB 3a Ti€l MEHIOI Yr OLIBIIOI CTYIICHI yJacTi BUKIIA-
Jaga). AJTOPUTMH TIEpIIOl TPYIH JEMOHCTPYBIM BHCOKY KOPHCHICTH TIPH
aHaJi31 MOCIOHMUKIB, IO MIiCTATh BEIMKY KUTBKICT YHCEIL, aJI¢ B HIIIMX BHUITAIKaX
YacTo BUSBISUTHCS MasioeeKTHBHUMH (01m3bK0 15% npuiaTHIX 3aB/iaHb).
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EJINTUYHI METOJAU T'EHEPAIII CITKH IIOBEPXHI

JI. B. Xananuyk', C. B. Homopos:

'Taspiticokuil 0epicasHuil acpomexHON0IYHUL YHIgepcumem
imeni Jmumpa Momopnoeo, Ykpaina

23anopizekull HAYioHATLHUL YHIgepcumem, YKpaina

BpaxoByroun iHTEHCUBHUI PO3BUTOK KOMII IOTEPHHUX TEXHOJIOTIH, 0CO0-
JMBOTO 3HAa4YeHHA HaOyBae MaTeMaTWdHe MOJCIIOBAHHS PI3HOMAaHITHHX
¢iznunux nporecis. bararo Takux mponeciB onucyeThesl PiBHAHHAMM 3 Ya-
CTHHHUMU TIOX1THUMHU, aHATITHIYHUN PO3B’SI30K SIKUX 1HOII HEMOXIIUBO OT-
pUMaTH 4epe3 CKJIAAHICTh OTPUMAHUX PIBHSAHB, CKJIQJIHY T€OMETpito obacTi
yn iHmi Qakropu. ToMy YucenbHI METOAM pO3B’s3aHHS PIBHSIHB 3 YAaCTHH-
HUMH TOX1HUMH IIUPOKO 3aCTOCOBYIOTHCS B PI3HUX 0OJIACTSIX HAYKH 1 TeX-
Hiky. I1ix yac ynceTbHUX METOAIB PO3B’A30K LIYKAIOTh y BY3JlaX CITKH, Ha
SIKY PO30MBA€ETHCSI pO3paxyHKoBa 001acTb. 3a1ada NoOyJ0BH PO3PAXyHKOBOI
CITKM TONATa€ B IOUIYKY BiZoOpaXXeHHsI, 10 IEPEBOAMTH BY3JIH CITKH 3
¢iznuHOI 007acTi B po3paxyHKoBy. Take BimoOpa)xeHHS HOBUHHO 337[0BOJIb-
HATH 0araThbOM yMOBaM BiIIOBIIHO JO TOCTaBJICHOI 3amadi. Hampukian,
CiTKa NOBMHHA MaTH 3TYIIEHHS B Tili 00JacTi, Jie MOXJINBA TOSIBA BEJTUKHX
rpamieHTiB mykaHuX (yHKmiA. ToMy mOCHiIKEHHS METOMiB Iedopmarii
CITKH € aKTyaJIbHOIO 3a/1a4elo.

s po3B’si3aHHs AU epeHIiabHUX PIBHSAHD 3 YACTUHHUMM TTOX1THUMHA
yacTo Oa)kaHa aZlalTHBHA CTPATETisl, OHUM 13 Ba)KJIMBUX MiJXO/IB SIKOI € Me-
tox nedopmanii citku [1]. Bin 3acrocoByeThCs 10 pi3HUX (i3WUHHX Ta iH-
KEHEpHHUX NPoOJIeM, TaKMX SK TOpiHHA, yAapHI XBWI, peakuii qudysii Ta
nBo¢azHi noroku [2-4]. B poborax [5-6] posmisiHyTo MeToau nedopmarii
CTPYKTYPOBAHOI CITKM 3 BHKOPHCTaHHSIM KOHTPOJIOIOUMX (QYHKIINA xude-
peHuianbHOro piBHAHHA [lyaccona. J{ocnmipKeHHs 3TyIIEHHS BY3JIB CITKH
yepe3 KOHTPOJIBHI (YHKINI, MO 3amaBaid OOJNACTi iarOHANBHUX JIiHIH,
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Kpyra, CHHycoiau 3a gornomMoroto piBHsHHA Eiinepa, mo 3acTocoByeTbes B
3a/1ayax ra3oBoi TMHAMIKH, TIOKA3aHO B CTATTi [7]. BpaxoByrouu mupoke 3a-
CTOCYBaHHS CTPYKTYPOBAaHHUX CITOK B NPHUKJIAJHHUX 3a/adaxX, MOXKHA CTBEp-
JDKYBATH, IO po3po0Ka METOIIB TeHEepallii JUCKPETHUX MOJIENEH, CKiHIeHH]
€JIEMEHTH SIKMX 3TYLIYIOTHCS B MICIIX KOHILEHTpALl Halpyry i B MicLsX, /1€
KOHCTPYKIiSl Mae 0cOONMBY (hOPMY, € aKTyaJIbHOIO 3a/1a4elo.

Meroto 1aHoi poOOTH € aHalli3 aKTyaJIbHOTO CTaHy NMPOOJIEMHU KepyBaHHS
3TYIIEHHAM CITKH MiJ 4ac aBTOMAaTHYHOI HOOYJ0BU CTPYKTYpPOBaHUX JIHC-
KpPEeTHUX Mojesel (CITOK) T€OMETpHYHHUX 00’ €KTIB, IO HPEICTABIIEHI II0-
BEPXHSAMH TiJ1 00EpPTaHHSI.

B cTpykTypoBaHHX CiTKax ajdropuTM HyMeparlii By3/iB i BU3HaUCHHS KOMi-
POK, Y3rOIKEHHX 3 MEXEI0, IOBOJI MpocThid. KOHCTPYKIist TaKMX CITOK 103BO-
JISIE JIETKO 30UTHITYBATH KUIBKICTh BY3JIIB JUIS OLIHKH 30DKHOCTI, TIOXHOKH 1 [T
T IBUILIEHHS] TOYHOCTI YHCEITbHUX METO/IIB PO3B’SI3KY KpaloBHX 3aaad. ndepe-
HITiAJTFHI METO/TM HA OCHOBI CITINTHYHMX 1 TapaOOTiYHIX PiBHSHB JAOTh TIAJIKI
BHYTPIIIIHI KOOPAWHATHI JIiHI1, TOMY € MOXKJIMBICTb Oy LyBaTH OpTOr OHAJIBHI JIiHii
Ta JIHi1, MO 3TYIYIOThC. PosrisHeMO mudepeHItiaTbHuid METO I Ha TIPUKIIA/I
EJTIITUYHOTO PIBHSHHSA. J{J11 KpUBOMIHIMHOI po3paxyHKOBOI 00J1acTi MpH 1ooy-
JIOBI CITKM BUKOPHCTOBYIOTh IIEPETBOPEHHSI KOOP/MHAT, 110 JO3BOJISIE KPUBOJIi-
HiliHY (Qi3U4YHY 00JIaCTh B CUCTEMi KOOPIUHAT (X, y) MEPEBECTH IO MPSIMOKYTHOI
Ppo3paxyHKOBOI oOnacTi B cucteMi (€,7)). 3B’130K Mk (i3HYHOIO TA PO3PaxXyH-
KOBOIO 00JIaCTSIMU BU3HAYAETHCS 3AICKHOCTSIMU:

x=x&n),y=yEn. (D

VY HalinpocTilioMy y3araJbHEHOMY BHIVISAL, 3 YpaxyBaHHSM II€PETBO-
peHHst 3 (i3UYHOI 10 po3paxyHKoBOi oOyacti koopauHat (1), maemo pis-
HsHHS Jlamnaca 1u1s reHepanii CTpyKTypOBaHOI CITKH, IO JIO3BOJISIIOTH OTPH-
MaTH piBHOMIipHY CiTKy. Jl7Is1 OTpUMaHHS 3TYIICHHS CITKH B ITOTPiOHMX 00-
JacTIX BHKOPUCTOBYIOTH KOHTponbHI ¢yHkuii P(€,7n), Q(&,n) i piBHAHHS
ITyaccona:

V2ZE=PEm), Vn=Q(n). )

OCKIJIBKH JIiHIT CiTKH 38a10Th B IpocTopi (€,77), TO HEOOXITHO OTpUMATH
3anexHocti X = x(&,1),y = y(&,1n), ToMy 3anexHi 1 He3anexHi 3MiHHI B pi-
BHSHHI (2) HeoOXigHO NOMIHATH MicusMu. Po3B’s30k cucremu (2) B po3pa-

XYHKOBIH 001acTi cucremMu koopauHar (€,71) OTpUMYe BUIIIS:
%x

a%x 92%x ox ar
92258~ 2912@ + 91152 +g (P(f,n)% + Q(,n) 5) =0,

3)
a2y a2y a2y ay v\ _ (
922 9g2 291, acon + 911 a2 +g (P(f’ 7])% +QE,m 5) 0,

Ac

&3



_ (9x 2 ay 2 __(0xdy 0yox 2
922=\oy) T Gn) » 9= &gy “a5an) -
n \on §on 0% an
VY 3aranbHOMY BHITAJKY PiBHSHHA (3) € HENMiHIMHUMH, TOMY PO3B’S3Y-
I0ThCSl YHCEIIFHO, BUKOPHUCTOBYIOUH, HANIPHUKIIA[, PI3HULEBI cxeMH. Po3ris-

HEMO 3TYIEHHS BY3JIiB /10 IEBHOI KOOPMHATHOI JIiHIT, 71 IIbOT'0 MOXKHA BH-
KOpHCTaTH KOHTPOJIbHI (YHKII{, 110 MOXYTh OyTH 3a1aHi HhopMyaaMu:

(4)

P M) = = Ty ay (e ki, (5)
QM) = S, ap [ eenln-mnl (©)

ne N — KUTbKIiCTh JiHIN (KoopauHaTHUX JiHiA & = &, Ta n = 1,,), Ot AKNX
CiTKa ITOBMHHA 3TYyIIyBaTUC, a KoeillieHTH a,, ¢, — AOJaTHI MapaMeTpH.

®ynkuis (5) IpUBOIUTH 10 cyMilieHHs NiHil & = const o miHii & = &,
a ynkmis (6) TpUBOIUTE 0 CyMIIIEHHS JIiHIA 77 = const 1o JiHii n = 1,,.
Bruus mapamerpisB KoHTpobHUX (QyHKIIH (5) Ta (6) Ha AKiCTb CITKH ITijJ 4ac
2D mopemnroBaHHs Oy10 PO3IIISIHYTO B CTATTAX [5-6].

PosristHeMo BIuMB mapameTpiB KOHTponbHUX (yHKiH (5) Ta (6) Ha CiTKY,
0 € MOJEIUIIO ITOBEpXHi. BHKOHaEMO MOCIIIDKEHHS IOBEpXHI OOEpTaHHS.
OCKUTbKY IMJT HAPUYHI Ta KOHIYHI ()OPMH PO3ITOBCIOKEHI B IIDKEHEPHHUX KOH-
CTPYKLSX, TO JOCII/PKEHHS 3TYIICHHS CITKH TaKMX ITOBEPXOHb B MICILIX KOH-
LEHTpaMil HAPYTH € aKTYaIbHOIO 3a]a4ef0. BUKOHyeMO TeHepartio ciTky B ma-
keri porpam Scilab 3a noromororo dpopmyt (3)-(4), a 3ryIieHHs M0 BepTHKAIb-
HHM JIiHISM 3a Jioriomororo ¢opmynu (6). Ilix gac gocmipkeHHs Oyo po3ris-
HyTO KOoMOiHamii MOBEPXOHb HACTYIHUX TiJ1 OOEPTaHHS: IITIHApPA Ta KOHYCA,
IITiHApa Ta cepr Ta JBOX KOHIYHHX ITOBEPXOHB (pHc. 1).

Pucynok 1. 3rymenns citku mijg 4ac KomOiHamii HOBEpXOHb: @) IIIHAP
Ta KOHYC; b) IiHAp Ta cdepa; ¢) 2 KOHIUHI MOBEPXHI.

BucnoBku. B po6oti Oyno po3risiHyTo MeTOAM NOOYI0BH CTPYKTYpOBa-
HUX JTUCKPETHHX MOJIeJIeld Ha MPUKIIal BXKe BIIOMHUX TOBepXoHb. OcobiinBa
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yBara Oyia IpuaijeHa JOCTiPKEHHIO BIUTUBY KOHTPOIbHUX (DYHKIIH Ha Ke-
pyBaHHS CiTKOIO. B po0OOTI BUKOHAHO TeHepalliio CiTKM Ha MpUKiIaii aude-
peHuiansHOro piBHsHHS [lyaccona. [yt nedopmariii CiTku 3aCTOCOBaHO KOH-
Tpoiorodi GyHKIii, 32 TOMOMOro0 SIKMX MOXKHA MTOOYAYBAaTH 3TYIIECHHS J10
HEOOXiTHUX KOOPIWHATHUX JiHIN. J[OCIiIPKEHO BILTHB MapaMeTpiB KOHTPO-
JOI0UMX (YHKLINH Ha SIKICTh OTPHMAHOI CITKH — OPTOTOHAJIBHICTH KOOPIH-
HATHHX JTiHIHA. [{J11 meMoHcTpanii 3rymeHHs B makeTi mporpam Scilab odpaHo
TIOBEPXHI TiJ1 00epTaHHs Ta iX KoMOiHamii, 10 MaroTh Kparlli BIaCTUBOCTI 00-
TIKaHHS TIOPIBHSHO 3 ITOBEPXHSAMH MHOTOIPaHHUKIB Ta IIMPOKO 3aCTOCOBY-
I0ThCsl B aepoOyIiBHIN Ta pakeToOyJiBHIH Tatys3i.
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VK 004.94(045)

IMITAIIMHE MOJEJIOBAHHS POBOTH
HEPEBAHTAKYBAJIbHOI'O KOMIIVIEKCY 3 BIIHOCHUM
HIPIOPUTETOM OBCJIYT'OBYBAHHAA

M. T. Hextapyk', B. M. UepeBux®

' BiOKpumuil MisicHapOOHUll yHigepcumem po3gumky IH0OUHY « VKpainay,
Kuis.
Jlepoicagnuii ynisepcumem menexomynixayiu, Kuis.

TpaHcIopT € OHI€I0 3 HAMBAXKIIMBIMIMX TraTy3eld eKOHOMIKH AepKaBH 1
HAJISKUTH 70 chepr BUPOOHMIITBA MaTepianbHUX Hociayr. OCHOBHI pe3epBr
BJJOCKOHAJICHHSI TPAHCIOPTHOTO-JIOTICTUYHOIO MPOLECY 3HAXOIIThCS B
pauioHaNbHIH opranizarii B3aeMozii yuaCHHUKIB JaHIIOTa JIOCTaBKH, y ITOTO-
KEHHI X 1HTepeciB Ta NOIIYKY B3a€MOBUTIIHUX Ta NPUAATHUX pimieHs [1].

Po3BuTKY nuTaHb TEOpIi i MPAKTHKN OpraHi3allii TPaHCTIOPTHUX BaHTAKHNX
TIepeBe3eHb NPHUILIIETHCS 3HAYHA yBara y HayKOBHX ITyOitikanisx [2, 3]. Anai3
PE3yNBTATIB MPOBENICHHUX JOCHIHKEHB TTOKA3ye, 10 Y X POOOTaX BUKOPUCTO-
BYIOTECS Pi3HI aHAIITUYHI METOAM OpTraHi3allii MepeMillieHHs BAHTa)KOIIOTOKIB 1
PSKUMIB POOOTH OKpEMHX EJIEMEHTIB 1 JIAHOK JIOTICTUYHUX CHCTeM. B Toi xe
Yac, BUKOPHCTAHHs HOBITHIX IH(OpMaLifHUX TEXHOJIOTIH Ta CHUCTEM CIIpHUsiE
T IBUILIEHHIO e(pEKTHBHOCTI TPAHCIIOPTHHUX IIepeBe3eHsb [4].

Meroro 1aHoi podoTH € po3poOKa KOMITIOTEPHOI IMITAIIHHOI MOJiesi podoTH
TPAHCIIOPTHOT'O IIEPEBAaHTAXKYBAJIBHOTO KOMILIEKCY, B IKOMY BX1HHH ITOTIK Ma-
IIMH 00CITyrOBYETHCS 32 MPABMIIOM BiTHOCHHX IPIOPHUTETIB, 3 BUKOPHCTAHHIM
CyJacHMX KOMITIOTEpHUX IH(OpPMALIHHUX TEXHOJIOTii—CUCTEMH 00’ €KTHO-
opienToBaHoro nporpamysanHs Embarcadero RAD Studio XE10 [5].

3a JI0NOMOTror0 KOMITIOTEpHOI MOAETI NMPOBECTH iMiTalliiiHe Moserto-
BaHHS poOOTH NEPEBAHTAKYBAILHOTO KOMILIEKCY, Ta BUKOHATH PO3PAaXyHOK
OCHOBHUX IIapaMeTpiB KOMIUIEKCY—IOBXXUHY YEePTH i Yac O4iKyBaHHS B 4ep3i
Ta 1HIII, B 3aJIC)KHOCTI BiJl IHTCHCUBHOCTI BXIJJHOTO TIOTOKY MAIITHH 1 IPOTyK-
THUBHOCTI KaHaTy OOCIyrOBYBaHHS, 3 METOIO aHAJIi3y Ta BUOOPY ONTHUMAaIIb-
HHUX PEKUMIB pOOOTH KOMIUIEKCY.

OCKIUJIBKM MOMEHTH IIPUXOJy BUMOT Ha OOCIYrOBYBaHHS - BHIAJKOBI
BEJIMYMHM, JOBXXMHA Yepry i 4ac OdiKyBaHHsS OOCIYrOBYBaHHS TaKOX Oy-
JTyTh BUITQJIKOBIMH; TOMY B P€3yJIbTaTi MOJEIIOBAHHS OTPiOHO BU3HAYNTH
iXHI CTaTHCTHYHI XapaKTEPUCTUKH; CepelHE 3HAUEHHs, IUCIIEPCiio, TicTo-
rpamy poodotu.
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OO0'eKTOM JIOCIi/DKEHHSI € TPAaHCIIOPTHUI IepeBaHTaKyBAIbHUNA KOM-
wrekc (puc. 1), B SKUI NPUXOAATH JIBA TUIIM MAIWH: TIEPIINH CKIaIaeThCs 3
MalllMH, 110 TpHUOYBAIOTh HA PO3BAHTAXXKEHHS (4ac OOCIYrOBYBaHHS TaKHX
MAIlIMH CTAHOBHTH 7:; IPYIUH — 3 MAIINH, 110 TPHOYBAIOTh Ha HABAHTAKCHHS
(gac 00CITYroByBaHHS TAKUX MAIIMH JOPIBHIOE T..

[lepeBanTa)KyBaNbHUN KOMIIEKC MOXKE OOCIYrOBYBaTH OJHOYACHO
TIJIBKY OJJHY MalIHy. SIKIo B MOMEHT NpHOYTTsI HOBOI MAIllMHM KaHaJ 00-
CIIyrOBYBaHHS 3alHATHH, TO BOHA CTA€ B OJHY i3 JBOX 4Yepr: OJHA CKJa-
JTA€THCS 3 MAIINH, 10 NPUOYBAIOTh Ha PO3BAHTAXKEHHSI, 1HINA - 3 MAIIUH, 1[0
pruOyBalOTh HA HABAHTAXKECHHSI.

Bxidrnutt momik 1
HPk | Buxidnul
Bxidrnutl nomik 2 nomik

Puc. 1. CtpykTypHa cxema poObOTH IepeBaHTaXXKyBaJILHOI'O KOMIUIEKCY

OO0ciTyroByBaHHsI MalIdH MPOBAIUTECS B TAKOMY MOPSIKY: Y MOMEHT
3BUIBHEHHSI KaHaJly OOCIyrOBYBaHHS ITOYMHAETHCS OOCIYrOBYBaHHS Ma-
IIMHH, IO CTOITh MEPIIOIO0 B Yep3i Ha po3BaHTaKeHHs. T1JIBKH SKIIIO 1S Yepra
TIOPOXKHSI, TO OOCITyrOBYETHCS TIEpIlia MallvHa 3 Yeprd Ha HAaBaHTAKCHHS
(BUpakarourch MOBOIO TEOpii 4epr, MOXKHA CKa3aTH, IO OOCIIyrOBYBaHHS
MAIlIMH B CUCTEMI BUKOHYIOTBCS 3 IIPABMIIOM BiHOCHUX mpioputetis). [Ipn
IOMY TH€PEBAHTAXYBAJIBHAI KOMIIJIEKC PO3IJISNAETHCS, K CHCTEMa Maco-
Boro obciyrosyBanus (CMO).

Jlis po3poOKHM KOMITIOTEpHOI iMiTaliiHOI Mozesi poOOTH IepeBaHTa-
KYBaJIFHOT'O KOMITIEKCY Oyiu 100y 10BaHi CXEMH alTrOpPUTMIB MOJIETIIOBAHHS
OKpEMUX EJIEMEHTIB IepeBaHTaKyBaJIbHOI'0 KOMITIEKCY (BX1IHOTO MOTOKY 1
Ta yepru |, kaHaxy oOCIyroByBaHHS) 1 CXeMa 3arajibHOro ajropuTMy Moje-
JIIOBaHHS poO0TH KoMIUIeKcy. CxeMa aJlrOpUTMYy BCi€l MOIENi CHCTEMH 300-
paxkeHa Ha puc. 2.

MopemntoBanHs poOOTH BCHOT'O IEPEBAHTAXKYBAILHOTO KOMIUIEKCY BUKO-
HYBJIOCS 332 CXEMOIO aJrOpPUTMY, 300pa)XeHOro Ha pHc. 2, 1o 3abe3neuye
MIPaBWIBHY TOCIIOBHICTh YEpryBaHHS MOIH y Mozaenmi cucreMu. Takumu
mofisimu € (010K 4 Ha puc. 2):

1. Pobora nepmroi yepry;

2. Pobota npyroi yepry;

3. Pobora xanaiy 00CIyroByBaHHS;

4. O0uncieHHs ¥ APYKYBaHHS CTATUCTUYHHUX XapaKTEPUCTHUK;

5. 3akiHueHHS poOOTH CHCTEMH.
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Puc. 2. Cxema 3aranbHOTO alnropuTMy MOJIEIIIOBaHHS pOOOTH
MEPEBAaHTAXKYBAIBHOT O KOMILIEKCY

Ha ocHOBi oTpuMaHuX aJlrOpUTMiB po3pobiIeHa KOMIT'IOTepHa iMiTamiiHa
MOJIETTb pOOOTH NEpPEeBAHTAKYBAIBHOIO KOMIUIEKCY, B CHUCTEMi 00’ €KTHO-
opienToBanoro nporpamyBanns Embarcadero RAD Studio XE10. Ha puc. 3
MOKa3aHe BIKHO KOMITIOTEpHOI iMiTamiiiHOI Mozeni poOOTH mepeBaHTa-
KYBAJILHOTO KOMIUIEKCY.

3a 101oMOror0 KOMII'IOTEPHOI iMiTalliiHOT MOZIEN BUKOHAHO PO3PAaXyHOK
OCHOBHHX CTaTHCTUYHHX IapaMeTpiB KOMIUIEKCY—3arajJbHOI0 i CEPEeAHBOTr0
Yyacy OUiKyBaHHs MallllH B Yep3i, 3arajbHOI 1 CEpeAHbOI JOBXHUHH YEprH, a
TAKOX IX JHUCIepcii, B 3aJIEKHOCTI BiJl IHTEHCHBHOCTI BXiJHOTO ITOTOKY Ma-
IIMH 1 TPOAYKTUBHOCTI KaHAITY 00CIyrOByBaHHSI.

Po3paxoByBamnucsi, TaKOXK, HACTYIHI IapaMeTpHd pOOOTH CHUCTEMH: 3a-
rajbHa i cepeHsl KiJbKiCTh MaIIMH 3 IEPIIO] 1 APYroi 4epr, 1Mo 00CIyroBy-
10ThCA 32 1 roauHy it poboruy; cepenHs KIJIBKICTh MaIlIvH, 10 3aJIMIIINCS B
TiepIii i xpyrii yeprax; cepeHs KIJIBKICTh MAIlIWH, 10 OZEP>KaJli BiIMOBY
B 00CITYroByBaHHI 3 IepIIOi i APYyroi yepr.
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Puc. 3. BikHO KOMITtOTEpHOI iMiTaIiITHOT MOIeITi
MIEPEBAHTAXXYBATTFHOTO KOMILICKCY

BucHoBku. Po3pobiena B po6oti KoMIT'ioTepHa imMiTariiHa Moeib IIepeBaH-
Ta)KyBJIBHOIO KOMIUIEKCY Ja€ MOKIIMBICTD IIPOBOAUTH aHANTI3 Ta BUOIp ONTH-
MaJIbHUX PEKUMIB POOOTH KOMIDIEKCY i 3a0€e311euye ONTUMAaIIbHE BUKOPUCTAHHS
TPAHCTIOPTHHUX Ta HABAaHTAXKYBAIHLHO-PO3BAHTAXKYBAIBHUX 3aCO0IB.
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YK 004.5

JOCJIJIXXEHHS TEXHOJIOT'Ti OIIIHIOBAHHSA i BIEOPY
CKUIAJJTHUX CUCTEM

O. 1. JIakTioHnoB

Biooxpemnenuti cmpykmypruii niopo3oin
«Ilonmascoxuil nonimexniynuil paxosuti Koneodduc
Hayionanvrnozo mexuiunoeo ynigepcumemy «Xapkiecokuii
NOTMEXHIYHUL ITHCTRUNY M)

JlocimKeHHs! OCTaHHIX POKIB Y rairy3i iH(pOpMaIiifHIX TEXHOJIOTIH BKa-
3YIOTh Ha PO3BHTOK METOJOJIOTIH OIiHIOBaHHS U BiOOPY 00'€KTiB (ambTep-
HaTUB) CKJIAJHUX CUCTEM, 10 BUKOPUCTOBYIOT IIPH NPHUHHATTI YIPaBIIiHCh-
kux pimess [1, 2]. T'omoBOIO OCOOMUBICTIO IOCHIMHKEHb € HEIOCTaTHE
BpaxyBaHHS crier¢ikn cucremMn «Bepcratnuk—OO0poOmoBanbHIil IEHTp—
Kepyroua nporpama BurorosienHs aeraini», gat BOKII. Tomy, BpaxoBy-
10YH ICHYIOUMH JOCBiJ, 1Ie JOCII/DKEHHS Ma€ Ha METi IiIBUIICHHS eeKTHB-
HOCTI TpoIiecy MPUIHATTA pillleHb 32 paXyHOK BUKOPUCTAHHS 1HAEKCY SIKOCTI
B3aemoii enemenTiB migcucreM (L) [3]. [Ipomec oniHrOBaHHS CKIIaJHUX CH-
creM BOKII posrnspaBcst HaMH B TONEPEIHBOMY JIOCHIPKEHHI, e Oyino
3nificneno Bepudikanito iHAekcy (L) 3 BUKOPHCTAHHSIM 3MOJAEITHOBAHHX
MOKJIMBHX KOMOiHAIIi ! IEPBUHHUX OILIHOK f{Xu, Xui, X5). 3@ PE3YIAbTATAMU JI0-
CJIiJDKCHHS TOBEJICHO aJICKBaTHICTh 3aporioHOBaHOT O iHACKCY (Ln). Po3pob-
JICHUH aJirOPUTM BKa3aHOTO METOY NMPOTrpaMHO peai3oBaHUIl MOBOIO IIPO-
rpamyBanHs PHP 3 MeTol0 HakOmMUYeHHS! IEPBUHHUX OLIIHOK W 00'e1HaHHS
ix y ingexcu (Lu).

ExcniepuMenTanbHa Beprdikamist TEXHOJIOTT OLIHIOBAHHS i BiTOOpY cucteM
BOKII nepenbavana po3mmpeHHs iCHYI0U0l MOZIEIi TeHEepaJIbHOI CyKYITHOCTI 3
419 cucrem BOKII, xotpa po3nofiieHa 3a micucTeMaMH (COialbHa, TeXHIYHA
Ta iHpopmariitna) 1o 541 cucremu. Iicnst woro 3xiticHIoBaocs GopMyBaHHS
PpENpe3eHTaTUBHOI JOCHIHKYBAHOI BUOIPKH N, T2 BUSHAYCHHSI TJIAHOBOI BUOIPKH
n..[4]. [InanoBa Bubipka copmMoBaHa BiIIOBITHO IO PECYPCY AOCIIPKEHHS Ta
TIpH NTeBHUX yMoBax ckianae n.= 300 cucrem BOKII. [locmimxyBana BuOipka
copMOBaHa 3 BUKOPHCTAHHSM CTATUCTUYHOTO IIXOMY [4], A€ BCTAaHOBJICHO
n=233 cucremu BOKII. Asne, 3 [4] BigoMO, BpaxOBYIOUH PECIIOHJICHTIB, KOTpi
MOXXYTb BiIMOBHUTHCS Bijl aHKETYBaHH:, 0OCAT BKa3aHOi BHOIPKHU 301JIBIICHO /10
n=291 cucremu BOKII VY3romkeHHs piBHOCTI IUTAHOBOI Ta JOCIIHKYBaHOI
BUOIpoK Ha piBHI 3HauMMocTi 0=0,05 3xilicHroBasocs 3a BinomMuM F-Kputepiewm,
JIe IOBEZICHO TioTe3y PO PiBHICTH BHOIPOK.
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3a pe3ynbraTaMu JOCHTIDKEHHS MPOBEICHO JBA JIArHOCTUYHUX 3Pi3u
(2021 p.), n=291 cucrem BOKII. Hakommueni inmekcHi omiaku (1) 3a mBa
3pi3u BUKOPHCTOBYBAJIHCS [Tl SKCIIEPUMEHTAIBHOT Bepudikallii MeToy, /e
JIOBEJIEHO MOro a/IeKBaTHICTh Ta BU3HAYEHO MEPEBArd 3a 03HAKOIO CEPE/IHb-
OKBaJ[PATHYHOrO BiAXWIeHHS, auB. Taom. 1.

Ta6auns 1. ExciepumenTanbpHa Bepudikanis iHAEKCY IKOCT1 B3aeMOii efe-
MEHTIB MiJICHCTEM CHCTEMH 32 O3HAKOIO0 CepeIHbOKBAAPATUYHOTO BiIXH-
neHHst, 1-# 1 2-i miarHoctryHi 3pizn 2021 p.

1-i1 miarHocTHuHMH 3pi3, 2021 p. 2-i miarHOCTUYHUHM 3pi3, 2021 p.
3anporoHoBanuii | Bimomwuii iH- 3anponoHoBaHUI Binomuii iH-
THIEKC JIeKC THIEKC JIeKC
0,75 0,849 0,789 0,818

OTpuMaHuid pe3yibTaT € IIJCTaBOI0 BHKOPUCTAHHS 3alpPOIIOHOBAHOTO
METOJy ITPH NTPUHHATTI PillIeHb IS BiIOOPY AOCIIKYBAaHUX CUCTEM. 3a1a4a
BimOoopy mHOoxuHHU cucteM BOKIL, S={S, S, S,...,S.}, kokHa 3 SKHX
OLIIHIOETHCS BIATIOBIAHUM 1HIEKCOM, IOJSTa€ y pPaH)XyBaHHI 1HIEKCHHX
ouiHok cucreM (Is) 3a MOPSAKOM CrajaHHS BUKOPHUCTOBYIOUH KpUTEpil
K={K,, K.}, Jlanmaca ta CeBixa [5].

ExcriepumenTanbaa Bepudikamis TexHosmoril Bigdopy 3ailicHIOBazacs 3
BHUKOPHCTaHHIM J0CIiKyBaHoi BHOipku n.=291 cucrema BOKII (mepmmii i
nIpyrui giarHoctuyHi 3pisu 2021 p.), e BupimryBanacs 3amada Bigdopy cu-
crem BOKII, mo mpoxoamna y aBa eranu. Ha nepmoMy erarti BUKOPHCTO-
BYBaBCsl 3alIPONIOHOBaHMI Ta BimoMuil iHgekcH (Is) 3a IOIIOMOrOIO SIKMX
3xilicHioBanocst pamxkyBanus cucteM BOKII y nopsiaky cnananns. Pe3yis-
TaTH EKCIIEpUMEHTY IToka3zaiu crimcku cucteM BOKII B sikux He criiBnagaimu
PaHTOBi MicCIA Yy 3B'SI3Ky 3 PI3HHIEIO CEPEAHBOKBAPATHIHOTO BiIXMICHHS.
[Tix wac npyroro eramy, BinOip 37iiicHIOBaBcs 3a Kpurepisimu Jlaruracst Ta
Cesimka, quB. Ta0I.2.

Tab6auns 2. [IpudHATTS pilleHb B yMOBaX HEBU3HAYECHOCTI 3a KpHUTEpieEM
Jlammaca i CeBimpka Ha OCHOBI iHAEKCHUX OMIHOK (L)

Panr | Cucrema BOKII | L 1-#3pi3 | Lw2-# 3pi3 | Kpurepiit Jlannaca
1 Cricrema 77 3,845 3,845 7,69
2 Cucrema 136 2,208 5,0 7,208
3 Cucrema 289 2,175 5,0 7,175
4 Cucrema 151 3,827 3,328 7,155
5 Cucrema 153 3,367 3,627 6,994
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Tax, 3 mouaTKy 371 iCHIOBAJIM paHXKyBaHHS iHAEeKCHNX omiHOK (L) 32 KpH-
Tepiem Jlamnaca, a motim 3a kputepiem CeBipka. SKimo 3a pesynpraramu 2-
o JiarHocTUuHOro 3pizy 2021 p. ciocrepiranocsi 3SMEHIICHHS PiBHS 1HIEKCY
(L), TO Taky cucremy omyckanu 3 Binbopy. Hampukian, nmpu pamkyBaHHI
iHnexcHux oniHok (L) 3a kputepiem Jlammaca, Cucrema 151, nocmimxyBanoi
Bubipku n=291 cucrem BOKII, 3aiimae 4 panrose micue, nuB. Tabm. 2.
[pore, 3a xpurepiem CeBimxa 6aunmo, mo piBeHs iHxekcey (L) 3a pesynbra-
TaMH 2-TO JIarHOCTHYHOrO 3pidy, 2021 p. € MEHIIMM Yy HOPiBHAHHI 3 1-M
JiarHOCTUYHUM 3pizoM, 2021 p. Tomy, 3 METOI0 YHUKHEHHSI pU3UKY, BKa3aHy
CHCTEMY HE BPaxoBYEMO IIPH BiZ0OPi.

Takum urHOM BHKOpHCTaHHS KpuTepiiB Jlamaca ta CeBimka Ha OCHOBI
iHnexcHnx omiHoK (Iws) migBHITye eQeKTHUBHICTH MPUUHSATTS pIlIeHb NpPU
Bimoopi cucrem BOKII. Takox MOKa3sHWKOM IepeBard 3ampolIOHOBAHOTO
I IXO/1y € HEeCIiBIaliHHS PaHIOBUX MICIb y TIOPIBHSHHI 3 BitoMUM. AJe, 11e
JIOCITI/PKEHHS Ma€ psii OOMEXEHb: HE PO3IJISIAINCS METOIM HEHPOHHHX Me-
PeX, HE BpaxoBYBAJIMCSI METOAM Kiacu(ikallii Ha YOMY BapTO aKIEHTYBaTH
yBary y HaCTYIHHUX JOCIIDKCHHSX.
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YK 004.75

JOCIIIKEHHA TUHAMIKA ®OPMYBAHHS BY3bKHUX
MICIb Y BAJIAHCYBAJIbHUKA HABAHTAXKEHHSA
B PO3HNOAIJIEHNX CUCTEMAX

O. M. Xomaba, B. ®. I'peuannnos, A. B. Jlomymancekuid, K. C. 3aBepraiino
Tuemumym npobaem mamemamuunux mawiun ma cucmem HAH Vkpainu

XmapHi iH(OpMaLiiiHI CTPYKTYPH Ta PO3IOAUIEHI CHCTEMH CTBODIO-
I0ThCs 1711 3a0e3meueHHst BUCokoi pocrynHocrti (high availability), macmrra-
6oBaHocTi (scalability) Ta wnamiifinocti (reliability) nursxom o0'enHaHHS
BY3JIIB SIKi SIBJISIFOTH COOOI0 po0OUi CTaHIlii, CepBEpH Ta MepekeBi obaHa-
HHA y Tpynu. OTKe, i 9ac HaBaHT)KEHHS HA Taki BY3JIM 3a JIONOMOTOIO
3aIUTiB KOPUCTYBAiB, BAXKJIMBO MO0 MOTOKH JAaHUX OyiH pO3HOAITICHI MK
HUMH SKOMOTa OJHAKOBO [ 1-4].

Opnak, py oMy Oy/ie BUHMKATH NPoOJIeMa y BUNIAAKY KOJIU BY3JIH HE
OyIyTb MaTH PIiBHICTb Y IPOrPaMHOTO-TEXHIYHOMY 3a0€31eUEHHI, 1110 € TTOIIH-
PEHUM SIBUIIEM Y PO3IOAUICHUX cUcTeMax. 1o, B IIbOMY BHIAJKY, HEsKi
BY3JIM Oy/IyTh IIepeBaHTaXEHI, a W 1HIII OyIyTh 3HAXOUTHCH Y CTaHi IPOCTOIO.

B nesixiii mipi, Taka npoOiemMa BUPINIYETHCS 3a IOMOMOTOI0 aalITUBHOT O
anropuTMy OalaHCyBaHHS HaBaHTKEHHSIM JUIsI KOPIOPATUBHUX CEPBEPHHUX
BY31iB [5—8]. Tomy, 6araTto 3 Takux METO/iB pO3POOKH MarOTh B CBOI OCHOB1
BH3HAYCHHS OLIHOK €(eKTHBHOCTI POOOTH PECYPCIiB BY3JIB PO3MOIUICHHX
CHCTEM Ha sIKi HIyTh HaBaHTAXKCHHSI.

B cBoto uepry, st OLHKY epEKTUBHOCTI O0UNCITIOBATIBHUX Ta MEPEKEBUX
CHCTEM IPOIIOHYETHCS OaraTto MeToiB Ta craHxaptis [9—16]. Tum He MeHmI, 10-
CITIJDKEHHS Pe3yJIbTaTiB TAKMX METO/IIB POOOTH 3JIMIIAIOTHCS aKTyaIbHUMH. Lle
BiI0yBa€THCS BHACIIZIOK TOTr0, PO3pOoOKa Ta OTPUMAaHHS OL[IHOK POOOTH pecypciB
BY3J1iB PO3MO/IJIEHOI CHCTEMH JIO3BOJISIE KOPHCTYBa4yaM 3pO3yMiTH BILTHB Pi3HHX
MIXOMIB J0 peaizallii IeSKUX METOIIB Ha TPOXYKTHBHICTh OOUYHCITIOBAITHHIX
Ta MEpPEeKEBHUX CHUCTEM, IO BUHHUKAIOTH B PE3yNbTaTi ()OPMyBaHHS BY3bKHX
MicIp y 6aslaHCyBaHHI HaBaHTaKEHHSIM B PO3IIOAUICHUX CHCTEMAaX.

B pobori Oynu oTpumaHi pe3yiabTaTH IMOYATKOBUX JOCIIKEHB (op-
MYBaHHSI BY3bKHX MICIb y OaJlaHCYBaHHI HABaHTa)KEHHSIM B PO3IOIUICHUX
cHcTeMax i3 BUKOPHCTAHHAM MOJIeJiel, JeTepMIHOBAaHUX Ta HMOBIpHICHUX
METOHIB JociiukeHHs. Ha mepmomy Kpoli BHKOHYBAJOCh BHBYEHHS
B3aeMozii AMHAMIYHOrO OOMiHY JaHMMH MK OCHUMapKoOM Ta ITylIoM Oa-
JIAaHCYBAJIbHUKA HAaBAaHTA)XKEHHS, 1110 JIO3BOJIMJIO BUSBUTH HACTYITHI XapakTe-
PHUCTHKH NOPOTiB pOOOTH PECYpPCiB BY3JIiB PO3IOAISICHOI CHCTEMH.

93



@dopMyBaHHS IIOPOTiB VIS OLIIHOK POOOTH PECypciB By3JIiB PO3NOAIIICHOL
cucremu (S0-S4) BCTaHOBITIOBAJIM HACTYIIHUM TakuM. BifCyTHICTH BIUIMBY
HaBaHTa)XeHHS mnosicHioBany craHoM SO. Ilix wac MiHIMAJBHOrO BIUIMBY
HaBaHTa)KEHHS JIe OTPUMYBAIM 3HAYCHHS, [0 HE IEPEBUINYBAJIN 3HAYCHb
JUIl CHHXPOHHUX KaHaJiB 3B'A3KY, BigqHocwiau 1o crany S1. Cranm S2 i S3
BH3HAYAJIM HA OCHOBI po3paxyHKy nokasnukis (Q1, Q2, Q3, IQR) 3 Bukopu-
CTaHHSIM PO3pOOJICHOI MporpaMu Ha MoBi R.

Bumnazxu, Koy B pe3ynbTati BIUIMBY HABaHTaXXESHHS IiJ] yac 0OpoOKH 1a-
HUX BUHUKAIY HOMIJIKY a00 BTPAYaINCh 3aIIUTH, OYJIM BIZTHECEHI 10 CTaHy S4.

[Ipu Bu3HAaYeHHI cTaHIB S2 - S4 BU3HAUYANM JIOKATI3AII0 JHHAMIYHUX
BY3BKHX Micub. B pe3ynbrari 00poOku naHux Oynu oTpUMaHi 3BeleHi Tad-
ymni Ta rpadiku (puc. 1), ski Oyan npoaHaIi30BaHI Ha JOKaJIi3alliio Ta CTy-
NIeHb ()OPMYBAHHS ANMHAMIYHNX BY3bKHX MiCIIb.

60
!

8*_HEH "

T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10

Queue Capacity (in requests)
30
1

10

Experiment Numbers

Pucynok 1. PesynapraTn BUMipioBaHb AMHAMIKH BY3bKHX MiCIlb

Ha puc. 1 noka3sani pe3ynpTaTi BUMIpIOBaHb AWHAMIKN BY3bKHX MICIIb,
SIKi 3’IBWJINCH y TyJli OajaHCyBaJIbHUKA HABAHTAXKEHb. BiybII neTansHO mpo
pe3ynbTaTy, mo Oyiny OTpUMaHi B X071 IPOBEACHHS JOCIIUKEHHS ANHAMIKA
(dopMyBaHHS BY3bKMX Miclb y OajlaHCyBaJIbHHKA HABAHTAKCHHS B
PO3IIOAINICHNX cHCTEMaX Oy/e po3IoBigaTUCh Ha KOH(pEpEeHIi.

Takum unHOM, B poOOTI OyIM OTpUMaHI pe3yibTaTH AOCITIKEHb (op-
MYBaHHS BY3bKHX MICIIb y OaJlaHCyBaJIbHUKA HABAHTAXKEHHSI B PO3MOITICHIX
cHCcTeMax i3 BUKOPHCTAHHIM MOJENEH, MporpaMHuX 3aco0iB, JeTepMiHOBa-
HUX Ta IMOBIpHICHUX METOJIB JOCHIKEHHSI.
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YAOCKOHAJIEHHS PEAI'YBAHHS HA HAJI3BUYAWHI
CUTYAUIl 3ABAAKA BUKOPUCTAHHIO MOJEJII
EKOCHUCTEMM IHTEPHETY PEUEA

Oxcannu I. M., I'pevaninoB B. ®., Jlonymancekuii A. B.
Incmumym npobrem mamemamuynux mawun i cucmem HAH Yxpainu

Betyn. Brnpomosx cBOei icTopii JFOACTBO MOCTIHHO BigdyBa€e BIUIMB
HajzBuuaiiHuxX curyauniii (HC) pisHoro noxomkenns. Bonu 3abuparots Oa-
raTo JIOACHKUX JKHUTTIB, HAHOCATH KOJOCAJbHI €KOHOMIYHI 30WMTKH, 1HOJI
pPYHHYIOTH Te, 110 CTBOPIOBAJIOCH NECATHIITTAMH Ta HaBiTh Bikamu. CTBO-
pEHa JIOJICTBOM TexHoc(epa crajia BETUKUM JPKEpEsIoM HeOe3IeKH, B TOMY
yucIi B npupoanux exocucreMax. HC B Takux cucremax, Ha Xkajlb, € Xapak-
TEPHUMH JUIA HAIIOi KpaiHM. IX CHEKTp IIMpOKMIA: TOBEHi, JICOBi Ta i
MOKEX1, HeOE3IEeKH B IIaXTax Ta Ha OYMCHUX CIOpYaax, 3a0pyaHEHHS pidoK
1 IKICTH BOAM TOIIO.

ABTOpamMu MIPOBEICHO TEOPETHYHI TOCITIKCHHS 1 aHaNi3 CBITOBOTO IO-
cBiy 0a30BHX MPHHIMIIB Ta PillleHb IIO/0 MTOOYIOBH CHCTEM aBTOMATH30-
BaHOT'O YIIpaBJIiHHSA JyIs 3arnobirannas suHukHeHHIO HC, 30kpema — Moge-
JIIOBaHHS 1X pO3BHUTKY. B maHiil ramy3i HakonmueHUH BeIUKAN ITOTEHIIAI.

Poab mopnenoBannsa npu pearysanni Ha HC. MopnemoBaHHs peary-
BanHd Ha HC - me Merox TeopeTHYHOro abo TEXHIYHOrO OOCTEKEHHS
00'exTiB (cucTem, SBHII, MOJii) Ta MpOLEciB, 10 BiA0OYBAIOTHCS IPH BUHUK-
HEHHI Ta po3ropTanHi (3pocranHi) HacuiakiB HC muisxom cTBOpEHHS i BUB-
YeHHs iX Mojeinel (aHaJIoriB) 3 METOI0 OTPUMAaHHS 3HaHb Npo (i3uuHi Ta
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IHII TPOLIECH MOXKIIMBOTO PO3BUTKY CHTYAIlii 1 OPiBHSIHHS BapiaHTIB IUIAHIB
Ta MPOTHO31B pearyBaHHs Ha HUX.

Ineansne monemoBanns HC rpyHTyeThCsl HA yABHIHN ifeani3oBaHiil aHa-
Jorii peaslbHUX MPOTOTHINB 1 iX Mozenel. 3a crrocoOoM BinoOpa>keHHs pe-
aJbHUX MPOTOTHIIB BOHO PO3IOAUISETHCS HA 3HAKOBE (CEMIOTHYHE) Ta
iHTYiTHBHE.

Binemmicts mociimkens monemtoBanHss HC BHKOPHUCTOBYIOTH iMiTamiiiHI
Mozeni. IMitaniiini Moaedni, sk npaBuiIo, peati3ytorbes Ha EOM, 3 BUKopH-
CTaHHSM TeoiHpopMaliiiHoi i reodiznyHOl 06a3 HaHUX.

Buxopucranns moaeni ekocucreMu pedeil npu pearysandi na HC.

lonoBHUM axTopoM, SIKMH BIUIMBAE Ha YCHIIIHE 3armoliraHHs Ta
nikBiganito HC, € curyauiitna o6i3Hanicts (CO) - po3yMiHHS 0OCTaHOBKH
HaBKOJIMIIHHOT'O CEPEOBUIA Y YACOBHUX 1 IPOCTOPOBHX 3Pi3ax, IO JO3BOJISIE
npuiiMaTi HeoOXiqHi 1 OOTPYHTOBaHI pilICHHS.

CO obMmexyeTbcs, HacaMmIiepes, Yepe3 HeHaJiHUHA 1 3Ha9HO 3aTpUMYyBa-
HUM 3B'S30K, TPUBAJIUNA aHATI3 Ta BIACYTHICTh Bi3yali3amii JTaHWX, BIICYT-
HOCTH B3a€MOJIIOUMX MEpEXK, TEXHOJOTIH arperyBaHHs JaHWX, IO HaJIXoO-
JISITh, T2 pOOOTY 3 BEJTMKUMH JaHUMH.

OpnuM 3 ocHOBHUX (akropiB migsuineHass CO B 1aHMi 4ac € 3acToCy-
BaHHS IHHOBAIIMHUX TEXHOJIOTiH, HacaMIepel TEXHOIOTiN [HTepHeTy pedeit
(Internet of Things - 10T).

[oT sBnste coboro MacuB pi3HOPIAHUX (I3UYHHUX MPHUCTPOIB, LIE - Pi3HI
JATIUKH, OE3MIJIOTHUKHA, OOpPTOBI CHCTEMH, BiJlCOKAMEpPU, CMApPTQOHH,
KOMIT'IOTEpH, 1HII PO3yMHI NPUCTPOT, sIKi 00'eiHaHI IHTEepHET-Mepexero s
300py 1 mepenadi AaHUX Ha MIATGOPMH, MO 0OpOOIIIOITH iH(pOpMaIiio Ta
HAJAIOTh i CHIOKMBA4aM JUIS NPUHAHATTS HUMH ONEpPaTUBHUX pimeHb. Li
MIPUCTPOI MOXKYTh (DYHKIIOHYBaTH Oe31epepBHO a00 MepioJUuHO, BOHH MO-
KYTb BCTaHOBJIIOBATHCS TaKUM YHHOM, IIOO JOIOBHIOBATH JIIOACBHKI 31110-
HOCTI Y BUXOJUTH JaJIeKO 32 PaMKH{ TOTO, IO JIFOAU MOXKYTh CIIPUIMATH.

«Bce, mo Moxe OyTH MiJKIIOYEHO 10 KOMI'IOTEPHUX MEPEeX, Mae OyTh
T AKIIIOUEHO)» - TPHOJIU3HO Tak, Ha AyMKy aHamiTHkiB koMmanii CompTIA,
BBXAIOTh MPUXWIBHUKH aKTHBHOTO BHKopucTaHHs oT [1].

Po3risiHeMo Mozens €KOCHCTEMH IHTEPHETY pedell IpH pearyBaHHI Ha
HC (puc. 1). Exocucrema IoT BigHOCHTBCSI 1O aHTPOIOT€HHUX (IITYYHHUX)
€KOCHCTEM, SIKi CTBODPIOIOTHCS IJIECHPSMOBAHO JIIOAWHOIO JUIS BIOCKOHA-
JICHHI CBOT'0 )KUTTS Ta MisTIBHOCTI.

Exocucrema IoT sBisie co0Or0 MHMPOKY MEpEXy IIOB’S3aHUX Ta
B3a€MOJIIIOYHX TIPUCTPOIB Ta TEXHOJOTIH, SIKI 3aCTOCOBYIOTHCS (haxiBISIMU
JUIsl TOCSATHEHHS HUMH PO3YMIiHHS ONEPAaTUBHOI OOCTAHOBKH Y PEAIILHOMY
a00 OJIM3BKOMY JI0 peaTbHOTO MacITadi yacy.
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Exocucrema IoT € moBoni ckiagHor0, BOHA BMiILye B ceOe HOBITHI TeX-
HOJIOTI, SIK TO: XMapHi Ta nepudepiitti o0uuciaeHHs (BKII0Yal0uH pi3Hi IUIaT-
¢dopMn XMapHUX O0O4YHCIICHB); [HTEpHET-NPOTOKOIN; MEpexi; NUTIO3H;
AQHAJITUYHI CHCTEMH, BKJIIOYAIOYM CHCTEMH INTYYHOTO IHTENEKTY (Harpw-
KJIaJl, CHCTEMH pO3ITi3HaBaHHS 00pas3iB); CUCTEMH, 1110 30MparoTh, 30epiraroTh
Ta PO3CWIIAIOTH 1HPOpPMaIlil0; CHCTEMH 3a0e3MeueHHs Oe3nexu iHpopMariii.
ExocucreMa TakoX BKIIOYA€ PETYISTHBHI JOKYMEHTH - CTaHIApTH, 3aKOHU
VYkpainu ta Mi>kHapoHi ctanaapTy. CroKMBayaMu y eKOCHCTeMI € (axiBii
Ta ocodu, 1o npuiiMaioTs pimenns y CL{ pearyBanus na HC. Metoro cTBo-
pennst ekocuctemu [oT e migBUIEeHHS eeKTUBHOCTI NMPOLECY pearyBaHHS
Ha HC, mo Bezie 10 MOKpameHHs SKOCTi KUTTS TPOMaJISIH ICPKaBH.

PeryaaTupHi npapuia
SakoHn Y KpaiHm.
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Pucynok 1. Mognens exocucremu IoT pearyBanns na HC

Hasenemo nekinbka nmpukianis (cueHapiiB) Bukopucranss loT npu pe-
aryeanHi Ha HC, sixi npezcraBieHi €BponeiicbkuM iHCTUTYTOM CTaHAAPTIB
enextpo3B's3ky ETSI [2].

1.  Excmpenuii euxaux (30IHCHEHNH aBTOMaTHYHO JaTYMKOM, abo orie-
paropom 1mratdopmu rociyr [oT Ha ocHOBI iHpOpMaii 3 AEKUTEKOX
MIPUCTPOIB) HA ITyHKT BIiNOBiAI 3 HAJaHHSIM B PEXHUMI PEaTbHOTO
Yacy BiZIeo 3 Micus HOii.

2. 36ip oanux Oe3 yuacmi 1HOOUHU 8 PedCUMI PealbHO20 4acy ma 3a-
XUcm nepcoHay asapitiHo-pamysaibHux Cyico 3a JOITIOMOTOI0 «PO-
3YMHOI'0 OZIATY» Ta OCHAIIEHHS PATYBAJbHUKIB HOCUMUMH aylio- Ta
BiJIeO NPHUCTPOSIMHU a00 MiATPUMYBaHMM OE3IIJIOTHHKOM, IIO Ja€E
3MOTY iHIIMM YJeHaM KOMaHJW OIIHIOBATH CHUTYaIlil0 HAa BiACTaHi,
IO JJOPO3i JI0 MICIIS MTOIil.
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3. Dopmysanns 3a2anbHOT KAPMUHU ONEPAMUBHOT 0OCTAHOBKYU TSI KO-
MaHHUPiB i 0cOO0OBOro CKIIaNy 3a paxyHOK 300Dy, aHalli3y Ta OibII
JIETKOTO arperyBaHHs IIUPOKOTr0 IIOTOKY JTaHMX Bif 6araTboX pi3HUX
3a THIIOM JpKepen iHdopmanii B peaibHOMY a0 OJIM3BKOMY 10 pe-
aJIBHOT'0 Yacy Ta HAJACHJIaHHS 3BOPOTHUX 0OPOOJICHUX MOBiOMIICHb.

4. Cucmemu epomadcwkoeo onogiujerns ipo HC: pi3Hi auciei, sKumu
OCHAIIYETHCS TPAHCIIOPT Ta TPOMAJCHKI MICII, PEKJIaMHi IINTH,
ayJio-, Biieo- Ta TEKCTOBI MOBiTOMJICHHS Pi3HUMHU MOBaMH, sIKi HaJI-
XOISITh TPOMaITHaM Ta iH.

5.  Aemomamu3zosane agapitine peazysarms, SIKE 3a paXyHOK aHAJi3y Ja-
HUX JATYUKIB ACTH 3MOTY IMiJBUINUTH ¢()EeKTUBHICTh pearyBaHHS,
200 MMOBHICTIO 3a100IrTH aBapiiHii cuTyarii.

Tpeba 3a3HaunTH, W0 exocucteMa [oT € myxe CKaxHOI0 KOHIEMIIETO,
sIKa HE 3aBXKIU MiIIA€ThCS MPOCTiH Kiacudikallii, OCKUTPKH ii XapaKTepH-
CTHKH DI3HATBCS BiJ OJHOTO THIy pO3ropTaHHsA a0 iHmoro. IloxibHo mo
Hamoro cBity, cBiT loT BKiIo4Yae yuciIeHHI pi3HI €KOCHCTEMHU, SIKi €BOJIO-
LIOHYIOTH Ta aJanTyIOThCS.

BucHoBku. CknajHi, iHTEHCHBHI Ta HeOe3IeUHI MPOIECH, M0 BinOyBa-
I0ThCSl B TIPHUPOAHUX EKOCHCTEMaX, MOTPEOYIOTh BIIPOBAPKEHHS CYyYaCHHX
iHpOpMaiHHUX CHCTeM HPUHHATTS (MIATPUMKH IPUAHSTTS) PillIeHb I0/10
6e3mexu - cucreM nonepempkenns HC. B ToMy 4ncii MOHITOPHHTY Ta CHCTEM
3axHCTy 1 pearyBanHs y pa3i BuHukHeHHS HC.

Mopnemosanas HC HeoOxiHO mmpmie (OibIie) 3acCTOCOBYBATH 3 METOIO
0OTpyHTYBaHHS pillleHb KEPIBHOTO CKJIaly IUBIILHOTO 3axXUcTy. KepiBHUKM
Ta PATYBAIBHI MiIPO3/iaH IIOBUHHI BMIJIO BHKOPHCTOBYBATH BCi HasiBHI pe-
cypcu JUisl BAKOHAHHS ITOCTaBJICHHX 33/1a4. ba3a 3HaHb MPUYMHHO-HACITI IKO-
BHX 3B'S3KIB JIO3BOJIUTH ITOKPAIyBATH MOKIMBOCTI IIOJ0 OIIHKU CHUTYaIlii
Ta BHOCUTH TI€BHI 3MiHM B BapiaHTH Ail (BUKOPHUCTAHHS) PATYBAJILHHKIB.

Jlitepatypa

1. Internet of Things Insights and Opportunities. https://comptiacdn.az-
ureedge.net/webcontent/docs/default-source/research-reports/full-report-
comptia-2016-iot.pdf?sfvrsn=863fbcad 2.

2. Five use cases for IoT in public safety and emergency response.
https://www.rcrwireless.com/20190910/public-safety/five-use-cases-for-iot-
in-public-safety-and-emergency-response.
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YK 004.56

BUKOPUCTAHHS HEUPOMEPEX JIJIS1 PO3III3HABAHHSI
KIBEPATAK

P. IBamenko
Hayionanvnuii ynigepcumem « Yephiciecora nonimexuixay - Yxpaina

[ndopmaniiini TexHONOrI CTaaM HEBI€MHOIO YAaCTHHOIO XHUTTS JIO-
JIUHM, 1[0 BUMArae HOBOT'O IiIXOAY JI0 3aXHCTy iHdopmarii. Y Takiif mocra-
HOBIIi € aKTYyaJIbHOIO 33/1a4a PO3POOKH e(heKTHBHUX MOJEIEH, METOIB 1 CH-
CTeM IpOTHIIl MepexeBUM KibepatakaM. [IepCHEeKTHBHUM IUIIXOM ITiJBH-
meHHs eheKTUBHOCTI cucteM npotuii kibeparakam (CITA) € BukopucTanHs
B HHX arapary ITyYHUX HEHPOHHUX MEPEXK.

OcobmuBictio CIIA, ska mpu3Ha4YeHa Uil MPOTHAIl MEpeXeBUM Kibe-
parak, € BUKJIIOUHO MOHITOPUHT MepexkeBoro Tpadiky. [omiOHi cucremn 3a-
XOIUTIOIOTH TOTIK JaHUX 3 MEpexi, peanizyloTh NEBHI METOAN aHANI3Y IHX
JITaHWX, CUTHAJI3YIOTh IPO pe3yNbTaTH aHaji3y, a B pa3i BUSBICHHS KiOe-
paTaku MOXYTb BUKJIMKATH CIPAIlbOBYBAHHS CHCTEMHU pearyBaHHs B PEKUMI
peanbHOro yacy. KpiM 1b0oro BoHM BUPIIIYIOTH PsJ] IOAATKOBHX 3a1ad [1]:

e CnporrosyBaT MOXJIMBI MaliOyTHI MepexeBi KibepaTaku i BUSBUTH
BPAa3JIMBOCTI ISt 3a1100IraHHs 1X ITOJAJIBIIOTO PO3BUTKY.

Bukonatn 1oOKyMEeHTYBaHHS iCHYIOUHX 3arpo3.
OTtpuMaTH KOpHCHY iH(opManito Ipo NPOHUKHEHHSX.

e BusHauWTH pO3TallyBaHHS JDKEpeda MEpEeXeBOoi KibepaTakul 1o
BiJJHOIIIEHHIO JI0 JIOKaJIbHOI MepexKi (30BHIIIHI 200 BHYTPIIIHI aTaky).

Cyuacni CITA 3a3Buuaii CKJIaaioThes 3 11 SITH (PYHKIIOHATBHUX KOMIIO-
HEHTIB:

e Monyns 300py TaHNX — NPU3HAYCHUH JUTS peecTparii mapamerpiB Me-
pexeBoro Tpagiky.

e  Monynb 30epiranHst JaHHUX, B IKOMY HaKOIIMIYIOTHCS TIEPBHHHI CTa-
TUCTHYHI JIaHi Ta pe3yJabTaTH aHaJIi3y.

e Monyns aHamizy — mnpuiiMae iHdopmaiilo 3 MoaydiB 300py i
30epiraHHs JaHMX 1 aHalli3ye AaHi Ha HAsSBHICTH O3HAK MeEpEXeBUI
Kibepartaku.

e  Monynb pearyBaHHSI — aKTUBYETHCSI B TOMY BHIIAJIKY, KOJIN aHAJI3Ye
MeXaHi3M BU3HAYMB HasBHICTH KiOepaTakH.

e  KoHconb ynpaBiiHHS, MpU3HAYEHA JUIT HACTPOWKH 1HIIMX MOMIYIIB 1
CHCTEMH B IIIJIOMY.
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B manwmii yac nponec npoTuii MepekeBUM KibepaTak peaizyeTbes 3 BU-
KOPHCTaHHSM JBOX OCHOBHHMX METOIIB: BUBHAYEHHS AHOMANI 1 BUSHAYEHHS
37106DICUBAHD.

PoGora anamizaTopa npu BH3HAY€HHI aHOMaJid 0a3yeTbcs Ha NPHITY-
IIEHHI, [II0 03HAKOIO aTAKH € BIAXWJICHHS IIOTOYHNX BEJIMYHMH [TapaMeTpiB Me-
pekeBoro Tpadiky BiJ BEINYUH, XapaKTEPHUX JUISI HOPMAJIBHOTO CTaHy Me-
pekeBHX pecypciB (11abI0HIB HOPMAIEHOI TIOBEIIHKN).

CIIA, 110 BUKOPHCTOBYIOTh METOJI BU3HAUYEHHS 3JI0BXXHMBAHb, AHAJII3YIOTh
TTOCITi TIOBHICTB IO, TIOB'SI3aHUX 3 JisUTBHICTIO 00'€KTa 3aXHCTY 1 TOPiBHIOIOTH
iX 31 3pa3kamu BioMux artak. Taki 3pa3ku Ha3MBAIOTH MIA0JIOHOM aTak, a cam
METO/] Ha3MBAIOTh METOJJOM BU3HAUCHHS aTaK HA OCHOBI CUTHATYP.

3aranpHONpUAHATO, 110 cydacHi CITA noBHHHI po3ITi3HaBaTH Taki Kjacu
MepexeBHx Kidepatak: IP-ciydunr, BinmoBa B obciayroByBanHi (Denial of
Service), mig0ip NpaybHUX JaHUX, aTaka Ha PiBHI JOAATKIB, MEpPEXKeBa po-
3BiJIKa, epeajpecarliist opTiB.

3acmocyeanns HetipouHux mepedic 0 posnisnasanns DDoS amaxu.

3rigHo 3 [2] ThnoBa mTyYHa HelipoHHa Mepeka (ANN — artificial neural
network) CKJIaIa€eThCst 3 BXiTHOTO, IPUXOBAHOTO (-MX) 1 BUX1AHOT 0 mapiB. Sk
MIPaBUII0, OOOB'I3KOBHUM IIEpeJl 3aCTOCYBAHHIM MEPEXi JUIS BUSIBIICHHS aTaK/
€ ii HaB4aHHA. TYT 3aCTOCOBYETHCS METO 3BOPOTHOT'O TIOIIMPEHHSI TOMHIIKH
(Back-Propagation), 1ie 03Hauae, 110 CUTHAJI PO TOMUJIKY 3 BUXOAY HepIen-
TPOHY 3HOBY Haiie Ha BXOMU Mepexi. JlaHuii MeTo/ IiIBUIIYE TOYHICTh
pe3ynbTatiB. Pe3ynpTaToM HaBUaHHS CTaHE BMiHHS MEpEKi pO3pi3HITH HOP-
MaNbHUNA Tpadik B Mepexi 1 aHOMaIBHUH, KUK 1 OyJe BH3HAYaTH aTaxy.
IepuenTop s posmisHaBanHs TCPDDoSHa BximHoMy mapi mae 5
HEWpPOHiB, KOXKEH 3 HUX OTPUMYE IIeBHI JaHi.

tep_seq dst_port

0397 0397
sre_p_tep \ src_poﬂ b3 tep_flags
0.397 \\\ o 397 20597
\72 3 618 3 ohl‘ \hbs\ 5173 0943- ///

\ \475‘ ~ I -
17. 31 3 691 4.589%51 3292 47 ~1.307 -5 32/01 31

noName - ~retame -noName
[ ‘|
0989~ 0.009 0004 0055

8378 475 5966 952

Pucynok 1. Apxitekrypa mepexi uis BussinenHss TCPDDoS atakn
Memoo nobyodosu cykynnoeo knacugikamopa mpagpixy
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3rigno 3 [3] CykynHUM HeWpoMepeKeBUM JETEKTOPOM Ha3MBAETHCS Ta-
KU JETEKTOp, SIKMH CKIagaeThes 3 0e3miui HeHpOMEepeKeBUX JETEKTOPIB,
KOKEH 3 IKNX HaBYECHHUI Ha IEBHOMY THIIi aTaK. AKTHBHICTb OTHOT'O 3 JICTEK-
TOpiB Oyze BKa3yBaTW HAa BUSBJICHHS aHOMAJIBHOTO 3'€IHAHHS, THI SKOTO
BIMOBiTa€ Tilt MepexKeBit aTali, s K0T HABYaBCS JaHUN JETEKTOp. SKIo
KOJICH 3 JIETEKTOPIB HE pearye Ha JaHe 3'€JHaHHs, TO BOHO BBAXKAETHCS HOP-
ManpHUM. Ha pucyHKy 2 mpencraBieHa cxema NMOOYIOBH CYKYITHOTO Kia-
cudikaropa mist iepapxiuHoi kiacudikaiii KOMITIOTEPHUX aTak, SKAi Oa-
3yeThCs Ha CTHCKaHHI iH(opMallii 3 BUKOPUCTaHHAM METOY T'OJIOBHUX KOM-
TIOHEHT 1 Ha 00'eIHaHHI HEHPOMEPEKEBHUX ETEKTOPIB.

Frobearaki
Py
i P

P

;J

- FCA 1 ReLaram

H £
It
A

LI2R-ararm

i)

i

{Ir

Pucynok 2. Cxema cykynHoro kinacudikaropa s iepapXiqHoi
Kacudikamii KOMI'IOTEPHUX aTak

102



Texnonozisn 6us6ieHHs Mepedcesux amaxk Ha IHGOpMayiiui pecypcu Ha
OCHOGI peyupKyIAYItiHOI HetipoHHO! mepedci ortncaHa B [4]. Y TexHONOTIT Te-
pendayeHo MOy CTUCHEHHS BXIJHUX JAaHUX, SKUH 0a3yeThcsl Ha 3aCTOCY-
BaHHI HEHPOMEPEKEBOr0 aHAJIOra METOAY T'OJIOBHUX KOMIIOHEHT - PELUPKY-
JSAIHHOT HEHPOHHOT MepeXxi 3 IBOMa MIapaMu HelpoHiB. CTPyKTypa Mepexi
nokaszaHa Ha pucyHKy 3. Ilepmmii map, mo ckiafaeTsest 3 k HeMpoHiB, 103-
BOJISIE KEPYBATH KUIBKICTIO iH(OpManiiHUX O3HAK (X), a APYTHH map, 1o
CKJIaZIA€ThCsl 3 N HEWPOHIB, J03BOJISIE MPOBOMUTH (imbTpamito maHuX (X').
HanamrryBanns nepmioro mapy 103BOJISIOTE OTPUMATH CTHCIY 10 k o3HaK
(dhopMy TIOaHHS BXiTHOTO N-MipHOTO 00'€KTa, TOOTO BU3HAYUTHU K TOIOBHHUX
KOMITOHEHT.

Pucynok 3. Ctpykrypa pennpKyssiifHoi HeHpOHHOI MepexKi

Jlitepatypa
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YK 004.056.5

METOJU OBPOBKU 305PAKEHD JIJIAA PO3II3BHABAHHSA
OIT'YP

PoBuuk O. C., Tpynosa O. B.
Hayionanvnuu ynisepcumem « Yephiziecoka nonimexuikay

B mporeci po3mizHaBaHHS JiarpaM BHHHKAE MpoOJieMa pO3IMi3HABaHHS
¢iryp i HagmumciB. Po3risiHeMO OcHOBHI MeToau 0OpOOKHM 300pa)keHb IS
posrtizHaBaHHS (iryp i TEKCTiB, a TaKOX MPOBEAEMO ITOPIBHSUIBHUN aHAITi3
JIaHUX METOMIB.

1. Merox rayukoro nopiBusHHS Ha Tpadax (Elastic graph matching)
Heiiponni mepexi
[puxosani mapkicbki Mozeni (CMM, HMM)

kv

els, AAM).
Hwxye mpencrasieHa TaOIUII METOAIB KOMIT'TOTEPHOT'O 30pY, 110 BKITIO-
Yae OIMUC IepeBar i HeAOIiKiB KOXKHOTO 3 HUX.

Meroz roioBHIX KOMIOHEHT (principal component analysis)
AKTHBHI Mozieli 30BHIIIHBOrO By (Active Appearance Mod-

Ta6muus 1 — [epeBaru i HEJONIKM METOIIB KOMIT FOTEPHOTO 30py

PpO3Mi3HaBaHHS OJHH 3 rpaiB — €TaJIOH-
HUW — 3QJIMIIAETHCS HE3MIHHUM, B TOH
qac K IHMUH 1e(OpPMYy€eTHCS 3 METO0
HaWKpamoi MATOHKA IO Iepmoro. Y
momiOHux  cucreMax —rpadu, IO
PO3MI3HAIOTE MOXYTh OYyTH TpencTas-
JIeHl SK MPSMOKYTHa peIiTka, abo sk

Meromu XapaKkTepucTHKa _HepeBa_rH
1 HEJIOMIIKU
1. TI'myakoro Enacruune mnopiBHsHHS TpadiB, mo | [lepesacu. Bucoka
TIOPiBHSHHS OIMUCYIOTH 300pakeHHsl. OOpasu mpexn- | eeKTUBHICTE.
Ha rpadax CTaBIeHI y BUTILIAl rpadiB 31 3Baxke- | Hedonixu. Y cmimme
HUMU BepmmHamu i peOpamu. Ha erami | po3mi3HaBaHHS.

TpuBanuii 4yac po-
0ot

Mepexi

MOIINPIOETECS. B TPSIMOMY HAIIPSMKY,

CTPYKTYpa, YTBOPEHA XapaKTEPHHMH
TOUYKAMHU.
Haii6inpm nmommpenoro 3 ycix € Mepexi | Ilepesacu.

2. Heiipommi IIPSIMOr0 MOLIMPEHHS (6a_raT0mapOBHI?1 Crifikicte 10 31\qu
MIEPCEeNTPOH), B SKUX BXIOHWH CHTHaN | Macmraly — BXid-

HOTO 300pa)XeHHS,
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Meromn

XapaKkTepucTHKa

IlepeBaru

1 HEJIONIIKU
MIOCTYNIOBO TIEPEXOIIIM BiJ IIapy A0 | 3MiHI pakypcy, Ho-
mapy. He#fponHi Meperxi HAB4aIOTECS 32 | BOPOTaM 1 IHINHMM
JIOTIOMOT0I0 HaOOpiB HABYANBHUX MPH- | HEMOTIKAM.
KJIajiB, CyTh HaBYAaHHA HEHpoHHUX Me- | Hedonixu. Heob-
PEeX € HaJaITyBaHHS Bar MIXHEHPOH- | XiAHICTh MepeHaB-
HUX 3BY3KIB TPH BHUPIMICHHI ON- | YaHHS HEWPOHHOI
THMIi3aIiiHOI 3a/1a4i 3a JOIIOMOT OO Me- | MEpeXi MiCId KOX-
TONIY TPaIi€HTHOTO CIYCKy. Y TpoIeci | HOro  JO0AaBaHHS
HaBYaHHS HEHPOHHMX MeEpeX aBTOMa- | 300pakeHHs, IO
THYHO BU3HAYAIOTHCS KIIIOUOBI O3HAKW, | 3aiMae  TpHBAIHH
CTyIeHi IX BaXJIMBOCTI i copMyBaHHI | dac
MK HUMHU BifgHOmeHHS. B pesymbrari
HABYCHA HEUPOHHA Mepexka MOXKE 3a-
CTOCYBaTH OTPHMAaHHH B IIpoOLECi HaB-
YaHHS JOCBiJ Ha HeBimoMi Habopu Ha-
HUX.
3. IlpuxoBani ITpu poGoti nanmit Meron BUKOpHUCTOBYe | [lepesacu.
MapKiBCHKi CTATUCTHYHI CHTHAIH 1 mpocTopoBi xa- | INominmenus
Mozeni pakrepuctukd. Enementramm 1miei Mo- | sIKocTi MOJEIIO-
eni € MHOXHHA CIIOCTEPEKYBAHUX | BaHHS
CTaHIB, MHOXXMHA TIPUXOBAaHWUX CTaHiB, | Hedonixu. Tpusa-
MaTpHIs TepeximHuX HMOBipHOCTEeH 1 | Jmif yac poboTH
MOYaTKOBa HMMOBipHiCTH cTaHiB. Kox-
HOMY @IEMEHTYy JaHOTO  METORYy
BI/ITIOBiZIa€ CBOS MapKiBChbKa MOZENb. Y
mporeci  po3mi3HaBaHHS 300paKCHHS
BinOyBaeThCsl mepedip BCIX 3reHepoBa-
HUX JUISL 00'€KTIB MONIYKY MapKiBCBKHX
Mozene 1 3MiHCHIOETHCS TTONTYK MaKCH-
MaJIbHOI HMOBIPHOCTI 3 ypaxyBaHHSIM
TOT0, IO TOCIIJOBHICTE CIIOCTEPEKECHB
UIL  JaHoro o0'€KTa  3reHepoBaHa
BiJIMOB1THOIO MOZIEJLIIO.
4. Metox ro- BHUKOPUCTOBYIOTH JUIS TORAHHS 00°€kTiB | [lepesacu.  Moxk-
JIOBHUX KOM- Y BUIJISIII BEKTOPY MaJIoi pO3MipHOCTI (TO- | JIMBIiCTH 30epiraHHs
MIOHEHT JIOBHHX KOMIIOHEHT), SIKUH TTOPIBHIOETHCS

3 MHOYKHMHOIO BEKTOPIB TPyIH 300pa’keHb,
3a SIKAMHU 3IIHCHIOETHCS TOMmyK. ['omoB-
HOIO METOK € MIiHIMI3allisi TPOCTOpYy
O3HAK, SIKa MAaKCHMAJIBHO OIUCYE MOTOY-
HUII 00pa3, IO BH3HAYAE MHOXKHUHY
niarpaM. 3aBSIKY BUKOPHCTAHHIO TAHOTO
METOy MOXKHA BIBIBUTH Di3HI 3MiHH B

BEJIMKOI  KIJIBKOCTI
300paKeHb i
3OIACHEHHST IIBUI-
KOT'0 TIONIYKY
Heoonixu. Bucoxi
BHUMOT'H IO BX1IHHAX
300pakeHb
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IlepeBaru

Meromu XapaKkTepucTHKa . .
1 HEJIONIIKU

HaBYAJIBHIH BUOIpII 1 ormcar ii 3a goro-
MOTOIO JIEKUIBKOX OPTOrOHAIBHUX (BIac-
HHX) BeKTOpiB. JlaHMii CIHCOK BEKTOpIiB
MOJKHA 3aCTOCOBYBATH JUISI KOYBAaHHS iH-
IMX 300paXKeHb, SKIi € 3BAXKCHOIO
KOMOIHAIII€I0 IMX BJIACHHX BEKTOpIB. 3a-
CTOCOBYIOUH TICBHY KUIBKICTH BEKTODIB,
MOKHa OTPHUMATH CTHCITY alpOKCHUMAILIO
BXITHOMY 300paKCHHIO, SIK€ 3TOIOM
MOJKHa 30epiraT sSIK MHOKHUHY JaHHX UL
TIONTyKy B 0a3i JaHMX, y BUITISIAI BEKTOpa
KOC(IIIIEHTIB, SAKUH TAKOXK € KITIOUYEM UL
TIONTYKY €CKi3iB B MAacUBi JaHKX [5].

5. AxtuBHi MO- | Meron, B sSIKOMY cTaTUCTH4HI Mozeni | [lepesaeu. Bucoka

neni 300pakeHb, SKi IUIIXOM Pi3HOTO POAY | TOUYHICTH PpO3Mi3HA-

30BHIIIHBOTO nedopMariif MoXyTs OyTH MiJiTHAHI M | BaHHS

BULIIAY peanbHe 300paskeHHSL. Heoonixu. Heob-
XiZHICTh TIPOBOIUTH
PYUHY PO3MITKY 300-
paxKeHb

VY BeNMKHUX MpoeKTax 110 PO3Mi3HaBaHHIO 00’ €KTIB HalyacTille BUKOPH-
CTOBYIOTh METOJAM MAIIMHHOIO HaBYaHHS (IMBUCH MOAENb 2 B TAOMHI
1). AnropuTMu NOBUHHI MOOYAYBAaTH MOJIEH 3@ SIKOIO BOHH 3MOXYTh IIPO-
aHaJIi3yBaTH BXi/JHE 300payKeHHs Ta NPUHWHSITH DILIEHHS, SKI 00 €KTH € Ha
MamoHKy. [To0ynoBa anropurmy 6a3yeThcs Ha aHai3i HU3KH O3HAK, IO 3a-
narotecst. KitacugikaTopy uist HaBuaHHS He0OXiJjHa BUOipKa TaHHX, Ta TOHKE
HaJlamTyBaHHs. [cHye O6araTo KiacudikaTopis sKi pi3HATHCS Y BUKOPUCTAHH1
Ta pe3yNbTaTi IPU BUPIIIEHHI Pi3HUX 3a7ad.

Y Mano0roKeTHNX MPOEKTaX alropuTMH HAbarato IpOoCTilli i IPyHTY-
I0ThCSl Ha aHaJi31 OCHOBHHUX O3HAK 00 €KTY (AMBUCH Mozemi 1 Ta 5 B Tabmui
1). e Mmorxe OyTH 3aMKHYTICTh KOHTYPY, KiJIbKICTh KYTiB Ta 3JIOMiB, PO3Mip
Ta TOJIOKEHHS BiTHOCHO 1HIMX 00’ €KTIB.

Jis aHanizy 300pakeHb iCHye AeKiiabKa iHCTpyMeHTiB. HaiiBinomimmmu
€ Matlab Image Processing Toolbox, 6i6mioreka OpenCV Ta ii OaraTounc-
JICHHI JIOTIOBHEHHSI.

Jlitrepatypa
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VIK 681.3

IMITAIIMHUA MOJEJIOIOUYNI KOMILIEKC OI[IHKA
BJIACTUBOCTEM CUCTEMHU ABTOMATHYHOI'O
BUIIPABJIEHHS IOMUJIOK TA MOTI'O 3ACTOCYBAHHS
IO YKPATHOMOBHMUX CJIIB

C. B. Kocrenko', B. A JIutBuHOB*
' Hayionanvnuii ynieepcumem xap4oux mexmonoeiu, Ykpaina
2 [ncmumym npooaem mamemamuynux mawun i cucmem HAHY, Yxpaina

3HavyHa YacTHHA MiJXOAIB Ta METO/IB aBTOMAaTHYHOTO BUIIPABJICHHS I10-
MUJIOK MPABOIIHCY € MOBO3AJIC)KHUMH - OPIEHTOBAaHUMH Ha BpaxyBaHHS I'pa-
MaTHYHUX TIPaBWI 1 (OHETHKHM KOHKpETHOI MOBH. [lepeBarkHa OLIBIIICTH
poOiT B Wi chepi MpHUCBSUEHA aHTTIOMOBHUM TEKCTaM, MEHINA YacTHHA iH-
MM MOBaM I'eépMaHCHKOi IPYIIH, 30BCIM MaJjia CJIOB’THCBKUM MOBaM i Ipax-
TUYHO Mi3epHa — YKpaiHChKii MoBi. Po3risaersest iHcTpyMenTapiit (imita-
uiitna moznens IM) ta mpoOHi pe3ysIbTaTH OLIHKK KOPUT'YIOUHX BIACTUBOCTEH
JIeSIKAX JITOPUTMIB TI0 BiJHOMICHHIO /IO BHIIPABJICHHS THIOBUX IOMMIIOK
TalMiHTy B yKpaiHOMOBHUX CJIOBaXx.
OCHOBHI CTPYKTYpHI KOMIIOHEHTH KOMIUIEKCY:
e  Pedepentruii opdorpadiunnii cnosauk (POC), mo BukopucTo-
BY€ETHCS TIPH MOJICTTIOBAHHI.
e T'eHepaTop MOMUIIOK.
e Asroput™m 00pOOKH IOMHIIKOBOTO CJIOBA.
e  MexaHi3M 00poOKH i popMyBaHHS pe3yIbTaTiB MOJEITIOBAHHS.
IM Mae MOIynpHY CTPYKTYPY 1 KOH(}IrypyeThcst 10 KOHKPETHHX CIIOB-
HUKIB, TUITIB IOMHJIOK, aJIrOPUTMIB reHepanii KIroviB.
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Jlnst 3amanoi KoMOIHaIi «CIOBHUK — THIT IOMMJIOK — ajroputM» IM 1o
Yep3i CIIOTBOPIOE CII0BA 33JJaHOT'0 CJIOBHUKA TIOMHUJIKOIO 1 32 JIOIOMOTOIO0 aJITO-
PUTMY, IO JOCIIKYETHCS, ITyKae HAWOLTBIN «OIM3bKI» CI0Ba-KaHIUIATA Ha
BHIIPABJIEHHS IOMIJIKOBOT'O CIIOBA. 3arajbHUI alrOpUTM BUIIPABIICHHSI CJIOBA,
B SIKOMY BISIBJICHO TIOMUJIKY, BKJTIOYA€E HACTYITHY ITOCIIITOBHICTh €TalliB:

o Tlomepenniii Bubip B POC MHOXHMHU CIiB - KaHIUAATIB, SKi
BiJIMIOB11AIOTH MTPUIHATHM KPHUTEPisiM OJIM3BKOCTI JI0 CIIOBA, 110
BUIIPABIISETHCS.

e [Ipiopuresamnis 0OpaHUX CIIiB i 3BYXKEHHS 00J1aCTi MOLIYKY «IIpa-
BIJIHOTO» CJIOBa B MHOXKHHI CITiB - KAHAWAATIB.

e  [IpuiHATTA pilIEeHHS NPO BUIIPABIICHHS.

Tperiii eran 6a3yeTbest Ha crienniYHUX 1T KOHKPETHOTO 1oaTka (op-
MaJIbHUX 1 €eBPUCTUYHUX MTPABMIIAX, SKi BpaXOBYIOTh, 30KpEMa, 1 MOXJINBICTh
y4yacTi KOpHCTyBaya B MIPUHAHATTI pilieHb. ToMy OIiHKa BIaCTHBOCTEH KOH-
KPETHHUX JITOPUTMIB JIsI 33J]aHOTO CIIOBHHUKA 1 THITY ITOMIJIOK OOMEXYETHCS
aHaJII30M HEpIINX BOX ETalliB.

3BiT 1IpO pe3yNIbTATH NPOBEIECHOIO IOCHTIPKEHHS MICTUTD 3arajibHy KiJIb-
KiCTh KOPETOBaHWX NOMMJIKOBHX CIiB 32 BHAAMH IIOMIJIOK, KUIBKICTh KO-
pexTHHX npono3uiiil ciiB-kanauaaTie (K), KigpkicTh XMOHUX NMPOMO3UIIIN
(X), xKiTBKiCTB BificyTHIX npono3utii (B), cepenHro KibKICTh KaHANAATIB B
nporro3uuisx (BixnosigHo K ta X).

[TpoGHe MozxenoBaHHS MPOBEAEHO ISl HACTYITHUX BUXITHUX YMOB:

1. B sKocTi JOCHIKYBaHMX AJITOPUTMIB HPHUHHATI OPHUTiHAIBHI aHITIOMOBHI
¢donermuni arropurmu (PA) Soundex i Metaphone [1]. Bubip odymosite-
HHMI, 3 OZHOrO OOKY, X IIMPOKOIO MOMYJISIPHICTIO 1 MOIIMPEHICTIO, a 3 iH-
IIOT0 - HASIBHICTIO B 010J1i0TEKaX TOTOBUX MOJYJIB MPOrpaMHOI peari3ariii
(30kpema, I aHITHCBKOI MOBHM). AJanrTamilo 0 YKpaiHCBKOI MOBH
31iHCHEHO Ha PiBHI CHMBOJIIB - BIATIOBIAHO /10 O(iLiifHOI aHITI0-yKpaiHCHKOT
TpaHciitepanii [2]. Pe3ynbrati MonmenroBaHHS TPaHCIITEPOBAHHUX AJITO-
PHUTMIB CTBOPIOIOTB IIEBHY TOUKY BiJUTIKY JUISI IIOPIBHSUIBHOI OL[IHKH PE3YITh-
TaTUBHOCTI YKpaiHOMOBHHX aJIrOPHTMIB.

2. B sxocti aHCaMOMO MOMWIOK NMPUHHATAN HaOlp MOMMIIOK TAHMIIHTY, IO
BKJIIOYa€ YOTUPH BCUIAKMX 0a30BMX OAMHOYHHUX IIOMMIJIKM (3aMiHH,
BCTaBKH, IPOITYCKH U IIEPECTaHOBKM CHMBOJIIB), & TAKOXX ITOABIHHI TIOMH-
JIKH, IO TIPECTABIIIOTH COOOI0 3BAKEHY CyMiIll 0a30BUX IMOMIJIOK. X04a
anropurmu Soundex i Metaphone opieHTOBaHI Ha BUIIpaBJIeHHS (HOHETHY-
HHX TIOMIUIOK, 1X 3aCTOCYBaHHS JIO ITIOMIJIOK TAHITiHTY Ja€ meBHY iH(Op-
Mairo SIK IS aHaJI3y BIACTUBOCTEH (DOHETHYHMX aJrOPUTMIB, TaK 1 MOXK-
JIMBOT'O BJIOCKOHAJICHHSI &JITOPUTMIB BUIIPABIICHHS 1HIINX THITIB TIOMHIOK.

3. Jlus reHeparnii KOHKPETHHX MOMMJIOK 3al03MUCHUI TOTOBHH CIOBHHK
YKpaiHChKUX cTiB 00'eMoM 84 575 ciiB, BAKOpHUCTaHUH B MoAeIsIX [3].
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IMomyk ciB-kaHIUIATIB BUKOHYBABCS B J[Ba €TAIW: MTONEPEIHIA BiOip
(I1B) 3a 3amanum anroputMowM, i octarounuii Binoip (OB) - Ha ocHOBI 1oaat-
KOBOI OIiHKY BiacTtanei Jlamepay — Jlesenmreiina (BZJI) mi>k moMmiikoBum
CJIOBOM 1 ClIOBaMH-KaHIUIaTaMHu. PO3IIISHYTO OBa KOHKYPEHTHO3JATHHX
KpHTepisi BHOOpY CITiB-KaHIUIATIB Ha JPYroMy eTarli Bigoopy:

1. BAJI=B/JL.;

2. BJI < BJL., ne BJI... € KOHBeHIIHHUM MakcuMaabHuM BJIJT
JUTS TIOMUJIKOBHX CIIiB (30KpeMa, sl OCHiPKYBaHOTO aHCaMOITIO
oMok BJIUL... = 2).

O06pobieno 59.6 MIH MOMUIIKOBHX CIIiB, cepeiHii yac 0OpoOKH OTHOTO
citoBa ckiaB 0,07 Mc. OCHOBHI 3Be/IeH]I pe3yJIbTaTH OL[IHKH KOPUT'YIOUHX BJa-
cTuBOCTEH anroputMiB Soundex Ta Metaphone HaBeneHi B Ta0mil.

Tabauns 1. Pe3ynpTaTi OLIHKY KOPUTYIOUHX BIACTHBOCTEH aJITOPUTMIB

CepenHs KiJIbKIiCTh CJIIB B IPOIMO3HUIIIT

K- | KinbkicTh KOpEeKTHHUX ITPO- X)
Tun nomunox | s no3umiii, %
x10° 1B OB
S M Syp S M [Sup| S M | Syp

3amiHu 26,8 54,1 49,6 62,7 76,3 128,9|342] 1,02 1,02 ] 1,02
BcraBku 30,5 684 63,8 71,7 743127,8]1336] 1,0 | 1,0 | 1,01
Iponycku 0,83 60,7 59,5 70,2 74,01 27,9 | 338 1,07 | 1,06 | 1,08
Iepecranosku | 0,74 77,3 73,3 82,6 74,1127,7]1338]1,01]1,01] 1,01

Honifinino- 1 3| 353 28,5 41,6 | 789302348 1,05] 1,04 | 1,07
MUWJIKHU

B ocHOBY oIiHKM pe3yJIbTaTHBHOCTI KpUTEPIiiB 1 Ta 2 mokiageHe MipKy-
BaHHS, IO SAKIIO B BiIMOBLAHIN Tpymi nporo3utii [1B mpaBwiisHE CIOBO 11s
KOpEKTYBaHHS BiJICYTHE, TO JJISI ITi€] IPONO3UIIIT Kpallle CTaTyc «IpOIO3HIIis
BiJICYTHSI», HIK «TIOMMJIKOBa (XMOHA) MPOIO3HILis». Pe3ynbraTy OLiHKY KpH-
TepiiB s anroputMy Soundex HaBezeHi B Tabimri 2.

Tabauns 2. Pesynpratu oniHKM KpuTepiiB

Kpurepiii 1 Kpurepiii 2
K-16 | Po3nmonin npomo- | O6esr npo- Posmopin mporno- | O6esr mpo-
Tun io i o i
x10s 3uii x10s THO3ULin F 3urii x10¢ THO3UIH F
K X B K X K X B K X
1 268 [145|11,8]045|1,02]2,0839,33]14,5|1,13[11,2|1,24] 1,93 |20,16
2 |30,5[208] 92 |041 1 2,08 139,94/ 20,8 | 0,31 | 9,3 | 1,15 | 1,52 |24,39
3/1083/0,51(031]0,01|1,07]2,02]1,17]0,51|0,01]0,24]1,46] 2,540,77
4 107410,57]0,17 (0,01 |1,01)2,03[092]|0,57]0,01]0,16]| 123 |1,79]0,72
51083]0,28]0,53]0.02]1,05]2,15]1,43]0,28]0,03/0,52|1,12]226 0,38
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Jani Tabmump 1,2 1aroTh miICTaBy A HACTYITHUX BHCHOBKIB.

1. Pe3ynbTaTHBHICTD JOCHTIPKEHUX AITOPUTMIB 110 BiJHOLIEHHIO 10 IO-
MIJIOK TaHIIiHTY ITOPiBHSHO HEBUCOKA, - OMITHO HIDKYE, HiXK IS Iepedopy
BapianTiB Kopekuii [3]. OCKUIBKM JOCIIPKEHI aNTOPUTMH 3a ITPU3HAYCHHIM
opieHTOBaHiI OLTBIIOI0 MipOIO Ha KOPEKIif0 0araTOKpaTHUX MMOMHUIIOK (hOHe-
TUYHOTO MOXO/DKCHHS, Iel MOPIBHAJIBHUHN Pe3yabTaT B SIKICHOMY CEHCI €
OUiKyBaHHUM 1 J]a€ JIMIIE BiAMOBIIHI OpPi€HTOBHI KinbKicHI ominkd. Illmsxu
TiABUIIEHHS €(DEKTHBHOCTI IMOJIATaroTh, 3 OJHI€I CTOPOHHU, Y BUKOPUCTAHHI
Oe3rocepeHbO YKPATHCHKOI JIiTepanii Ta NpaByil NPaBOMNHKCY, a 3 1HIIOI — Y
peasizamnii aropuTMiB, OLTBII MPUCTOCOBAHUX IO MOMMJIOK TAMITIHTY, HIX
@A. TlonepenHi pe3ynpTaTH Ha MEPUIOMY LUIAXY A adroputMmy Soundex
HaBefeHi B Tabuuti 1 (S,.,). Pospobnena moxynsaa IM Moxe ciryryBaTu oc-
HOBOIO JJIS BiANPAIfOBaHHS BiJ3HAYEHHUX [UISAXIB.

2. SIk 6aunMo 3 1aHuX TaOJuIi 2, 3aCTOCYBaHHS KPUTEPIio 2 MOB’s3aHe 3
iCTOTHO MeHIIMM cyMapHuii oocsiroM (F) 00poOKH KOPEKTHHX 1 TOMUIIKOBHX
MIPOITO3HLIIH Ha 3aKIIOYHOMY €Tarli MPUHHATTS KOHKPETHOT'O PIIIeHHS 100
KOpEKIIii MOMHJIKOBOTO cioBa. LIs BlIacTuBicTh, IO XapakTepHa TaKOX IS
iHmmx gociimkyBanux DA, moB’s3aHa 3 «eperikanHaM» Ha erari OB me-
SIKOT YacTHHU nporo3uniil X 1o rpynu B, sika He noTpedye anamisy Ta npuii-
HATTS pimeHHs. OTxe, po3MIIIHYTI 0COOIMBOCTI 3acTocyBaHHs kKpurepiiB OB
MOXYTb OYTM BHKOPHCTaHI JUIi 3HIDKCHHS 3arajbHOi TPYHOMICTKOCTI
00pOOKH ITOMMIIKOBOT'O CJIOBA P 3aCTOCYBaHHI aITOPUTMIB KOPEKTYBaHHS
3 TOTIEePETHBOI0 1HACKCAIIEI0 CIOBHUKA.
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YJK 528.9

ABTOMATMUM3ANIA NPOLECY EKCIIOPTY TEOJAHUX
POSTGRESQL Y SHAPE-®AWJIN ESRI B CHCTEMAX
IPOI'HO3YBAHHSA EKOJIOI'TYHOI'O 3ABPY/ITHEHHSA

C. 5. Maiictpenko, K. B. Xypmmnasa, T. O. J{orros-3arpe6a
Incmumym npobrem mamemamuynux mawun i cucmem HAH Ykpainu

AHaJjii3 HAIBHUX MOKJIMBOCTEH €KCIOPTY reolnpoCTOPOBHUX JAHMX
PostgreSQL B shape-daiiau ESRI

Ipu po3pobii i exkcruryararii 10AaTKiB, IO ONEPYyIOTh T€OJaHIMH, YaCcTO BU-
HHKAa€ HeOOX1THICTh KOHBEPTAIIil JaHUX B )OPMATH, BiJIMiHHI BiJT OpHUTiHATHHAX
(opmartiB cepeoBHIIa po3poOKU. 30KpeMa, MPH BUKOPUCTAHHI TS 30epiraHHs
nannx CYB]] PostgreSQL i HeoOxiaHOCTI ekcriopTyBaTH reosaHi B shape-¢aiinu
MO)Ke OyTH BHKOPHCTaHa OJIHA 3 ICHYIOUMX MOXJUIMBOCTEH. Takux sSIK BUKOpH-
CTaHHs ToTOBMX  pimenb PostGIS:  yrwmnr  koMaHmgHoro  psixa
pgsql2shp/shp2pgsql [1] abo rpadiunoi yrumitu pgShapeloader [2].

pgsql2shp no3Bonsie BuBaHTXNTH Tabnuio 6a3u nanux PostGIS, npen-
craBneHHs abo 3anut sql B gopmar shape-caitmy ESRI. Hanpuxnax, s
eKcropTy 3amutTy B shape-daiin testshape.shp HeoOXimHO BUKOHATH
HACTYITHY KOMaH[y:

pgsql2shp -f "/path/to/testshape” -h test_server -u test _user -P
test_password test_db "SELECT id_cell, geom FROM testgrid WHERE
id cp =5"

shp2pgsql renepye cuenapiit SQL 3 shape-gaiinis ESRI i DBF, nmpuuaart-
HUX IS 3aBaHTaXXCHHS B 0a3y maHux PostgreSQL 3 posmmupennsm PostGIS.

Menemxep imnopry/ekcriopry eiin-gainis PostGIS pgShapeloader €
rpagiuHIM €KBiBaJICHTOM IHCTPYMEHTY KoMaHIHOro psaka shp2pgsql.

Jly1 BUKOHAHHS €KCIIOPTY TaKOXX MOKe OyTH BUKOpUCTaHui miarin DB
Manager QGIS [3], sxwuit npu3znauenunii as inTerpanii i yrpasiiHas Gopma-
Tamu npocropoBux 6a3 manux (PostGIS, Oracle Spatial, GeoPackage, Spa-
tiaLite, Virtual Layers).

e omuH 3 MOXKIIMBHX ITiAXO/IB JJIsl BUKOHAHHS KOHBEPTALlii reojaHnX -
BHUKOPHCTAaHHS YTHIIITH ogr2ogr [4], ska € MOTY)XKHUM IHCTPYMEHTOM ISt
KoHBepraii nannx B/3 PostgreSQL B 6araro pisHux popmariB qanux, B TOMY
yucni 1 mwein-daiiimm ESRI:

ogr2ogr -f "ESRi Shapefile" testshape.shp PG:"host=adpeca
user=test_user dbname= testdb" -sql "SELECT id_cell, geom FROM testgrid
WHERE id_cp =5"
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OpHa 3 ONMCAaHUX BUIIE MOXIMBOCTEH MOKe OyTH BHKOpHCTaHA
aZIMiHICTpaTOpoM cucteMu B o ¢-naitH pexumi. OngHaK, IpH HEOOXiTHOCTI
BHUKOHAHHS €KCIOPTY AaHHX Oe3IocepeaHb0 KOPUCTYBauaMH CHCTEM B OH-
JalH pekuMi HEOOXiJHO BUKOHAHHS aBTOMATH3AIii IPOIECY EKCIOPTY.
CamMe po3B'sI3aHHIO TaKOI 3a]1a4i MPHUCBSUCHA JIaHa CTATTSL.

ABTOMATH3aLIf NPoOLECY eKCNOPTY Ie0JaHNX HAa NMPHUKJAAlI BeO-cu-
CTeMH IIPOTrHO3YBAHHS €KOJIOTiYHOI0 320pyAHCHHA

TexHonmoriuHy MOCIIZOBHICTh aBTOMATH3allii €KCIOpTy reotannx 3 b/l
PostgreSQL B shp-¢aiimn ESRI posrinsiHemo Ha npukiiazai Be0-cucTeMu Ipo-
THO3YBaHHS €KOJIOTIYHOrO 3a0pynHeHHs. SIK mpaBmio, ¢hopMyBaHHS IpO-
THO3Y BHKOHYETHCS Ha PO3PaxXyHKOBIH CiTIi, SIKa BH3Hayae 00JacTh Ipo-
THO3Y (KOOpIAMHATH, KiTBKICTh KOMipoK 1 Kpok ciTku) [5]. Came mporHo3Ha
00acTh i IPENCTaBIIsieE COOOI0 TeOAaHi CUCTeMH, sKi 30epiratotees B bJ1. B
pe3ynbTarti NporHo3y (GopMyeThest psii BUSHAYEHHX B CHCTEMI IIPOTHO3HHUX
TIOKA3HUKIB, TAKHX K KOHIEHTPAILii, BOJOTI 1 CyXi BUITaAiHHS IIKiUTUBUX pe-
YOBHMH PO3TOPHYTI B Yaci JUIs 3aJaHOT0 MPOTHO3HOTO riepiony. [s 3abe3me-
YeHHs yMOBH HopMautizanii bJ] nomineHo 30epiranHs po3paxyHKOBOI CITKH 1
MIPOTHO3HMX ITOKA3HUKIB B Pi3HMX TaOMMIIX. 3 iHIIOro OOKYy KOpHCTyBaya
Oyne mikaBUTH CTaH IEBHOTO IMPOTHO3HOTO MOKa3HUKAa B OOpaHHH MOMEHT
yacy. ToMy mepen BUKOHaHHSM EKCIIOPTY HEOOXiJHE OTpHMaHHS JaHUX B
Pe3yaBTATI 3aMMUTIB 10 JBOX i Oinbmie Tabmuis (citka i ganHi) B/I.

Jlis mpoBenieHHs onepartii ekcriopty reopanux PostgreSQL B shp-gaiinu
Ha CTOpOHI KJIi€EHTa MOXXe OyTH BuKOpHcTaHa 0i0OmioTexka 3 BiIKpUTHM
BuXigHUM KozioM shp-write. Jlana GiGioreka 103BoMsie chOpMyBaTH ILIESHII-
(haiin BUKIIIOYHO 3 BUKOPHUCTaHHSIM MOBH IPOTrpaMyBaHHs javascript, BUKO-
pucroBytoun 6i6miorexy jsZIP nist crBopenns apxiBHux ZIP-aiinis B 6pay-
3epi. Just 306epexxenHs (aiiyliB Ha CTOPOHI KIIIEHTa BUKOPHUCTOBYETHCS
6i6miorexa FileSaver.js. Ockinpkn miarpumka Oibmiorexu shp-write Oyna
MIPUIMHEHA PO3pOOHUKAMHU, JUTS 3a0€31IeUeHHS MOXKJIIMBOCTI 11 BUKOPHCTAHHS
Oylo  BUKOHAaHO  yCyHEHHS  IOMHJIOK  (3TiTHO  pEeKOMEHMAIlii
https://github.com/mapbox/shp-write/issues/48). Kpim Toro, Oymau BHeceHi
KOPEKTYBaHHS JUIsl 3a1100iraHHs CTBOPEHHIO B apXiBi MPOMIKHOI ITAIKH.

3aranom nporiec kousepraii reoganux PostgreSQL B shp-daiinu Ha cTo-
POHI KJTiEHTa CKJIAJa€ThCs 3 HACTYITHUX KPOKIB:

- BUOip KOpUCTyBa4YeM IapaMeTpiB Ul BUKOHAHHS 3anuTiB 10 b/1;

- Iiepeiaya J10 cepBepa MapamMeTprU30BaHHX 3aIUTIB;

- orpuManss 3 BJl Ha cTopoHi cepBepa JaHUX 32 BU3HAUCHUMH 3aIUTaMH;

- IOBEPHEHHS OTPUMaHHX JIAHUX Ha CTOPOHY KJII€HTA;

- (hopMyBaHHS geojson 00'€KTa 3 JaHUX, OTPUMAHUX B PE3YJIBTATI 3aITHTIB;

- (hopMyBaHHS LIEHII-(haiiiTy Ha OCHOBI HIATOTOBJICHOTO geojson 00'ekTa
3a joromMororo 6iboreku shp-write i ioro 30epexeHHst Ha CTOPOHI KIIiEHTA.
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BukopucToByoun onvcaHuii Iporec MOYXHa OTPUMYBATH [T0YACOBI 3HIMKH
TIOKa3HUKIB EKOJIOriyHoro 3abpynaHeHHs B Qopmarti shp-dainis ESRI, sxi
MO)KHa aHAJIi3yBaTH 3a Joromororo, Harpukiag, QGIS abo imnoptyBati B ce-
PEIOBHIIA IHIIMX CUCTEM, IO MATPUMYIOTE 00poOKy shp-taiini ESRI.
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Puc. 2. IligxmodeHHs ekcriopToBaHoro shape-gaiiny 1o npoekry B QGIS
Ha pucynky | BimoOpakeHa Bi3yaui3allisl pe3yabTaTiB IPOTHO3YBAHHS B
BeO-cucteMi. Ha pucynky 2 orpumanuii B pe3ysbpTaTi KoHBepTalii shp-daiin
noxano B mpoekT QGIS. BisyansHe mopiBHAHHS pUCYHKIB 1 1 2 miaTBepIuKye
KOPEKTHICTh BMKOHAHHsI oOmepamnii eKCHOpTy I'eOJaHHX 3 BHKOPHCTaHHSIM

OIMMCAHOTO i IXOAY.
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3akiHyeHHA

VY cTarTi HaBeIECHO aHaNli3 ICHYIOUMX MOXXIMBOCTEH €KCIOPTY I'€OAaHUX
PostgreSQL B shape-aitnu  ESRI, sxi Moxyrs OyTH BHUKOpHCTaHi
aZIMiHICTpaTOpaMu cucTeM B o -JIaifH pexuMi.

3anpornoHoBaHO IIOCTIOBHICTh BHKOHAHHS KOHBEpTalii TI'eofaHuX
PostgreSQL B shp-ctaiinu Ha cTOpOHI KIIi€HTA B OHJIAHH PEXHUMI.

OTpuMaHi pe3yibTaTd MOXYTh OyTH BHKOPHCTaHI po3poOHUKaMH BeO-
cucTeM IS 3a0e3neYeHHsT MOXIIMBOCTI eKCIopTy reoganux PostgreSQL B
shape-gaitmn ESRI, B TomMy umcii 1 mpu po3poOri BeO-CHCTEM ITPOrHO-
3yBaHHSI €KOJIOTIYHOTO 3a0pyAHEHHSI.
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VK 004.056.5

TEOPETUKO-MHOKHHHA MOJEJIb PO3III3HABAHHS
TA IIEHTU®IKALIL ®ITYP

®okin K. M., Pynues J1. ., Tpynosa O. B.
Hayionanvnuu ynisepcumem « Yephiziecoka nonimexuikay
Ha morouynmii 9ac HEOOXIJHICT, aBTOMATH3AIlil PI3HUX KOMIT FOTEPHUX
CHCTEM 3YMOBIIIOE MOMYJISIPHICTD IHTErpanii CUCTEM pO3Mi3HaBaHHS B Tii 4K

iHmii mipi [1]. Meroam posmizHaBaHHS Ta ineHTH]IKanii (iryp 3acTocoBy-
IOThCS 1 B CHCTEMaXx OLIHKM KOMIIETEHTHOCTI 37100yBaviB BHILOI OCBITH.
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Po3risiHeMO TEOPETHKO-MHOXHHHY MOJIENb TMPOIECy pO3Ii3HABaHHS Ta
inmeHTHdiKaIii 00’€KTiB TeCTOBOr0 3aBMaHHA. Hexail 3amana miomuHa S Ha
SIKil po3TaIoBaHa MHOKHHA 00°€KTiB X = {X;, X5, ..., X, } [2,3]. Hexaii kox-
HOMY 00°€eKTy X; Binnosinae na6ip osuak X = {fi;, foi, -, fri}-

Toni MuoxkuHY 00’°€KTiB X = {X{, X5, ..., X} MOXKHA TIpeICTaBUTH (aK-
TOPHOIO MaTPHIIEIO:

fir = fin

. . . far o fan

Ipouec inenTudikarnii Oyae nonsAraTi B TOMY, 0 00’ €KT X; MOXe OyTh
pO3ITi3HaHMH 3a MiIIMHOXWHOIO (pakTOpiB 3 MHOXHMHM o3HaK F. J[ns Bciei
MHOXXHHH 00’ €KTiB X Ha0ip MiMHOXHUH (HOPMY€e MHOXHUHY F':

f’11 f’1k
f’nl f’nk

3araspHAN BUIIIA] TPOLENypH po3mizHaBaHHS ¢iryp (00’ekTiB) ¢op-
MAaJIBHO TPECTaBISETHCS Y BUTTISL
RA)xX=X',
ne R(A) — oriepaTop po3Mi3HAHHS 3 MHOXXKHHOIO OTICPaHIIiB 4;
X — MHOXUMHa Diryp;
X' — MHOXMHA po3mi3HaHUX (iryp.
Ipouenypa po3mizHaBaHHS Ta ifeHTH(]IKALIT 00 €KTIB IpeCTaBlICHa Y

F =

F' =

BUTJISIL:
A1 f11 flm
RAxXe| .. Ix[ + =~ I [N
A,m fmll fmm
f 11 f 1m
= ¢ H =X,
2 f’ml f’mm
1
ne| .. |— MHOXWHA olepaH/IiB PO3ITi3HAHHS;
Ap
f11 flm
: : — MHO>XMHA O3HAK;
frrlll fm7;n
f 11 " f 1m
: : — MHOXKHHA PO3ITi3HAHUX O3HAK;
f’ml f’mm

X' — MHOXXHHA PO3Ii3HAHUX 00’ €KTIB.
Takum unHOM, TpoLieypa ineHTudiKkamii Oyae nonsraTy y BU3Ha4YCHHI B
MaTpHIIi pO3Mi3HAHUX O3HAK THX 3 HUX, SKi € TOCTATHIMU JIJIS iICHTU(IKATTIT
00’€KTIB:
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Ay f’n fllk
IXXe | ..o |X : : =>

! !
Am fml fmk
r r
1 o fu
= : P =X,
r r
m1 f ml
r r
11 f 11
e : : — MaTpums  ieHTU]IKOBAHUX O3HAK, IO
r r
m1 " f ml

XapaKkTepu3ye MHOXKUHY ineHTudikoBaHux 00’ exTiB X'/

Jlana mozens Moxke OyTH BHMKOpHCTaHa NpW pPO3poOLi IIariHy Juis
OLIIHKH KOMIIETEHTHOCTI 3/100yBayiB BHIIOI OCBITH, 30KpEMa OIaHYBaBIINX
Kypc «Be6-TexHomnorii Ta Be6-u3aiiny. Ii 3acTocyBaHHs 103BOIUTH 3a6€311e-
YUTH BUPILICHHS 3aBJaHb PO3Ii3HABAaHHS Ta ifeHTHU]iKanii 00’ €KTIB B po-
60uiii 30HI TeCTyBaHHSI.
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YK 004.89

BUKOPUCTAHHSA MEPEKEIEHTPUYHOI KOHIEIIIL ITPA
MOJIEJIIOBAHHI POBOTH CATYAIIMHOI' O IIEHTPY

IO. I'. IInnunenko, T. K. €pemenko
Incmumym npobrem mamemamuynux mawun i cucmem HAH Yxpainu
CkJaiHICTh TIPOLECIB YIPaBIIHHS OpraHi3amisMH{ Ta MiANPUEMCTBAMHA

0001 cepu TiSUTBHOCTI Y TaHUH Yac MOCTIHHO 3pOCTa€e, BUMOTH JI0 CHCTEM
YIpaBIIiHHSA Ta 3aBJaHHSA, SKI BOHM IOBHHHI BHpIIIYBaTH, 3MIiHIOIOTHCS 3
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MIPUCKOPEHHAM. 3a MMM OOCTaBHHAMH MOYAIN IIUPOKO BUKOPHCTOBYBA-
THCH CUCTEMH i ITPUMKH ITPUHHATTS PillIeHb TUITY «CUTYaIliHUN EHTP» 5K
HAWOIIBII THYYKWNA IMIXiX UIS aBTOMAaTH3amii yrnpaBitiaasi. OcHOBHI (ak-
TOpH, 1110 BIUTUBAIOTH HAa PO3BUTOK CHCTEM YIPaBIIIHHS:

e  (opMyBaHHS €IMHOTO CBITOBOTO iH(OPMALIIHOIO MPOCTOpPY 1 MO-
TJTMOJIEHHST eKOHOMIYHOI B3a€EMO3aJISKHOCTI;

e [iepeopi€HTallis EKOHOMIK HaWOuIbIl pO3BHHEHMX B iH(pOp-
MaIifHOMY BiJHOIIEHHI KpaiH B CTOPOHY MaKCHMaJbHOTO PO-
3BUTKY HEBUPOOHHYOIO CEKTOPA;

e  (opmyBaHHs iHpOpMALIHHOTO Ta TEXHOIOTIYHOTO PHHKIB MOPST 3
TpaJULiHHUMK pUHKaMU (TIpaii, CHPOBHMHH 1 T.I1.), B IPOIECI YOTO
iH(pOpMaMiiHI pecypcu CTaroTh pealbHUMH (TOOTO ITPUHOCSTH KOH-
KpeTHY (hiHaHCOBY BUT'OAlY) PECYpCaMH JIep KaBH Ta iHIIMX 00’ €KTIB
€KOHOMIKH,

e  3pocTaroya 3aJeKHICTh COLiaTbHO-EKOHOMIUHMX 1 JIep’KaBHUX iH-
CTHUTYTIB Bix craOutbHOI pobotn iH(ppacTpyKTypu pi3HHX cdep,
TiepI 3a Bce iH(opManiiHofi;

e  Oararopa3oBe MiJBUIIEHHS JOCTYIHOCTI iH(OpMaIiiiHUX pecypciB
1 TOCIyT 1711 CYCHUJIBHOTO 1 0COOMCTOr0 BUKOPHCTAaHHS. 3pocTae
pOJIb 1 00CSATH MOJICIIOBAHHS IPOLECIB JisUTBHOCTI SIK CUCTEM IIe-
penbadeHHS HACIIKIB PillicHb;

e  3MiHa CTPYKTYPH PUHKY Mpami B OiK ITiIBUIEHHS YaCTKH HEBUPOO-
HUYO!I 1 IHTEJEKTyaJIbHOI MiSUTBHOCTI, IO MiJBHIIYE BHMOTH IO
kBayidikanii 1 mpodecioHanxisMy npaniBHUKA, SIKMHA TOBHHEH IOB-
HOIL[IHHO BHKOPWCTOBYBaTH TEXHI4HI Ta iH(OpMalliifHi HOBOBBe-
JICHHST;

®  [BUINEHHS BUMOT JI0 3a0e3nedyeHHss 0cOOMCTOi, TPOMaJICHKOI Ta
Jiep>kaBHOI iH(opManiiiHoi Oe3neky;

e po3poOKa edeKTHBHOI PaBOBOi 0a3W Ui 3aXHCTY Jep)KaBHHUX iH-
TepeciB, TapaHTil IpaB IPOMAJISH | TPOMAJACBKUX IHCTUTYTIB Ha OT-
pUMaHHS, TOIIMPEHHs Ta BUKOPUCTaHHS iH(opMarii.

[puitHATTS pilleHh B TAKMX YMOBax BHUMarae 3aJydeHHs Pi3HOMaHITHHUX
(haxiBI}iB y SIKOCTI KCIIEPTIB TA PJAHMKIB YYaCHUKIB HAapa Iy, 10 MatOTh IOBHO-
BakeHHS Ha npuitnsTTs pitnens (JIIIP). Knacnuna cxema miroToBKH Ta IpoBe-
JICHHS HapaJIy 32 paxyHOK BEJIMKOI MHOKMHH iH(pOpManiifHuX pecypciB, JOCTyI-
HHX eKCIIepTaM Ta paJIHHKaM, i yacy NOTpiOHOMY Ha IX OCMHUCIICHHS Ta ACTallb-
HUI aHali3, MOXXE MPUBECTH O 3HAYHOTO 30UTHIICHHS Yacy poOOTH CHCTEM
THITY «CUTYaL[iHHNH neHTpy». 71t otonan s i€l CKiIaAHOCTI IPONOHYEThCS 3a-
JIY4UTH 10 pOOOTH CHCTEM CHTYaliHHOrO YIPAaBJIIHHSI METOIH Ta 3aco0H, IO
IIMPOKO BUKOPHCTOBYIOTHCS B CYYaCHHUX IpoIecax BifiCBKOBOIO KEpiBHHUIITBA,
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0 3aCHOBaHI Ha KOHIICIIIi MEPEKEICHTPUIHOI BIHH, OCKIJIBKA BOHH PO-
3pOOJISTIOTHCS TSl YMOB YaCOBHUX OOMEKEHb Y BUKOPHCTAHHI.

AHaJi3 KOHIIeIii MepexXeIeHTPIIHOI BifiHH[ | | TOKa3ye, 110 1 OCHOBHA iest
JIGKUTH HE B HOBHX (popMax i criocobax BeJeHHsT OOMOBUX JIiif, a B 3MiHi TIPHH-
LIWIIIB YIIpaBJIiHHS BilickkaMu i 30poeto. TouHime kaxxydu, 11e HoBHi crocid op-
raHizamii ypaBJiHHA SK PEaTbHNI IHCTPYMEHT MiABUIIEHHS O0HOBHX MOXITH-
BOCTEH PI3HOPITHMX CHJI 1 3aC00IB 32 paxyHOK cHHeprernyHoro edekry. I Tyt
3HAXOJWUTHCS OaraTo aHAJIOTIH 3 erarnaMy MiJrOTOBKU Ta MPOBEACHHS HApax y
KJTACHYHUX CHCTEMax CUTYaliHHHX IIEHTPIB, OCKUIBKH KiHIIEBa MeTa 000X IMX
METO/IB YIIPaBIiHHS — BUKOPHCTAHHS CHHEPTETUYHOrO eeKTy Pi3HHX rary3ei
I ITOTOBKY 1 TIPOBEJICHHS TIPOLIEYp IPUHHATTS pireHb. [1o OCHOBHUM MOMEH-
TaM MOXKHA YSIBHTH, IO OL[IHKAa 0OCTAHOBKH XapaKTepHa SIK [Tl BIHCBKOBOIO 3a-
CTOCYBaHHI, TaK 1 JIs1 MTOTOBKH Oy/ib — sikoi Hapau. PoboTa excriepris, sika Be-
JIETHCSI Ha TIOCTIHHINM OCHOBI, I1e MaibKe TeX came, 10 POOIISITH CITY>KOH Ta 3ac00H
PO3BLAKH, MOKIIMBOCTI PI3HHX CHJI Ta 3aC00IB, 1110 KOHIIEHTPYIOTHCSI HA OCHOBI BH-
KOPHUCTAHHS MEPEKEIIEHTPUYHOI KOHIIETIIIIT — [1e MOXJIMBOCTI PI3HMX TaJTy3ei cyc-
TTJIBHOTO TOCTIOZIAPCTBRA, JIOCTYITHHUX B CUTYAI[IHHOMY YIPaBJIiHHI, TO III0.
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MepeskelieHTpruYHa BiiiHa, HA BIAMIHY BiJl BOEH MOMEPEHBOrO Iepiony, Be-
JIETBCSI HE JIepyKaBaMHU 1 HaBiTh HE OJIOKaMH, a MII00aJIbHIMU CTPYKTYpaMH, SIKi
MOXYyTb OyTH SK IHCTUTYIION30BaHI TWM YM IHIIMM YHWHOM, TaK 1 MarTH
IHIMBIyanbHUA (MiAPUBHUN, TEPOPUCTUYHHUI) Xapakrep. Y CHTyalliiHOMY
YIIpaBJiHHI TAKUMH CTPYKTYpaMH MOXXYTh PO3IVISIIATHCh OpraHi3alliifHl CTpyK-
TypH, 10 yocoOmotoTees pagaukamu JIIIP. ToGTo npy BUKOHaHHI OCHOBHHX
(yHKLiH cuTyamniitHoro nueHTpy|[2] —30ip 1 HAKOITMYEHHS JAHUX, MOHITOPUHT CH-
Tyallii, aHaJIi3 Ta MPOTHO3 MPOIIECIB, 10 NOTPEOYIOTH CUTYaliiHOrO yIPaBIiHHS,
IIrOTOBKA 1 TIPOBEIEHHS MPOLECIB MPUHHATTS PIllIeHb — NMPUHMAIOTh Y4acTh
Pi3Hi Oprasi3aniifHi CTpyKTypH, areHTH, 110 00’ €THYIOThCS Y iH(OpMaIiiHy Me-
pexy. [Ipudomy 11st pisHHX 3aBIaHb CHTYALIHHOTO YIIpaBJIiHHS, YACEIBHICTD i
CKJIaJ] €JIEMEHTIB Ii€] MEpEeXKi MOXKe 3MiHIOBATHC.

Koopaunamis mismbHOCTI IMX E€JIEMEHTIB 3aCHOBYETHCS HA CHCTEMI
yrpasiiHas. [Ipy iepapxiuHiii cuctemi ynpaBiIiHHS B XOZi B3aEMOIl MiX
JIBOMa OJHOPAHIOBHUMH €JIEMEHTAaMH B pOOOTY BKIIIOYAETHCS BECh
iepapXiyHMi JIAaHIIOXKOK, aX 0 OCOOH, IO NpHKMae pillleHHs CTOCOBHO
(YHKIIOHYBaHHS ITUX 000X EIEMEHTIB, IO BiIOMBAETHCS HA Yaci IPUHHSATTS
pimens. baratopiBHEeBe MOJICITIOBAHHS CUTYAIIil, K U SIIEMECHTIB MOYKITH-
BHX Ji{f TaK i JUId cUTyanii B LIOMY, IPUCKOPIOE TIPOLIEC IPUHHATTS pillleHb
3a PaxyHOK Oe3rocepeaHb0i B3aeMO/Iii Mi>K IIUMH eJIEMEHTaMHU

Enementu mepexi MOXyTh OyTH SIK aKTOpaMH, TOOTO AiSITH 3a YiTKO BCTa-
HOBJICHUMH IIPaBUJIAMH, TaK i LEHTPAMU IPUHHSTTS PillleHb, 1110 CIIPOMOXKHI BU-
KOHYBAaTH Bcl (pyHKIIT cHTyariifHOro HeHTpy. Y JTaHoMYy pasi peanizyeThesl Bia-
CTUBICTh (DPAKTAIBHOCTI CKJIQJHMAX CHCTEM. Y3aralbHEHa cxeMa (QpakTary
HaJlaHa Ha PUCYHKY.

CereneHTpUYHICTE TNependavae MpiHroBy MeEpexy. Alle B3aeMOIis MiK
KO)KHMMH JIBOMA [IEHTPaMH HPHUHHSATTA PillIeHb Y MEXaX €JMHOTO ITI00aI5HOr0
TIPOEKTY BCTaHOBIIIOETHCS BIATIOBIHO 3aKa3y Ha BUKOHAHHS JIESKUX Jii (TIpo-
THO3YBaHHS IPOLIECIB Y paMKax IOTOYHOI CUTYaIlil, po3po0Ka ajlbTepHATHBHIX
pintens, Tomo). ToOTo 3Bakaroun Ha BiNOBIATBHICTS 3a MPUHAHATTS PIlICHHS
(exoHOMiuHY, a00 a/JMIiHICTPATHBHY) €JIEMEHTH 3arajbHOi Mepexi 00’ €IHy-
IOTBCSL Y iepapxquy cxemy yr[paBJ'IiHHH ToOro mpu BpoBapKEHHI MEPEKEBOI
CHCTEMH yNpaBIiHHS 1€papx1qHa CTPYKTYpa HE CKACOBYEThCA, A CTA€ OB U-
HaMIYHOIO, I0AAIOThCS HOBI 3B'SI3KM MK OZTHOPAHTOBHMH eleMeHTaMu. B cBoto
Yyepry JIMHAMIYHICTh CTPYKTYpH Ta iH(OpMariifHoro oOMiHy MK eleMeHTaMU
Mepexi miaBuInye eheKTUBHICTD IPOLECIB YIPABIIHHS y CUTYaliiHOMY LIEHTp1
(ynpasiiHHS 300pOM JaHWX, PECYpCcaMy, INIAHYBaHHSM POOIT CTOCOBHO ITi/Iro-
TOBKH TIPUHHSTTS PillICHHS], TOIIO).

Mopuenb cutyanii y KOKHOMY LEHTPI NPUHHATTS pilIeHHS BiAIIOBiZae
MICIIIO 3HaXOJPKEHHS BU3HAYEHOro (pakTaily y CKIagHId cHUCTeMi yrpas-
JIHHS, 10 BU3HAYAETHCSA METa MOJICIUTIO MEPEXi 1 €IMHIM HQOpMAaIliHHIM
IIPOCTOPOM, YaCTHHOIO 1 IMTPOEKIIIEI0 SKOTO BOHA €.
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CEKLIIA 4
CYYACHI ACIIEKTU MATEMATHUYHOTI' O
TA IMITAHIﬁHOFO MOJIEJOBAHHA 3PA3KIB
TEXHIKH CIIEHIAJIBHOI'O ITPU3HAYEHHS



YAK 331.101.1

AHAJII3 METOAUYHOTI'O 3ABE3INIEYEHHA JOCJIII’KEHbD 3
OIIHKHU EPTATHYHUX CUCTEM B TPOLECI BUITPOBYBAHb
OBJIAJHAHHSA CITIEINTAJIBHOI'O TPU3HAYEHHSA

A. T. Kosup, [. B. 3poitunkos, /. M. I1labanos,
JI. A. 303yns, B. I'. lllanopenko

epoicagruil Hayko60-00CaIOHULL IHCIMuUMYm 8unpo6y8ans i cepmuixayii
030poents ma 8ilicbko6oi mexuiku, Ykpaina

Pi3Hi 1o cBoi#i (hi3uuHINM MpUpOAl eproHOMIYHI XapaKTepUCTHKH BUMaraioTh
JUTSL OLIIHKH PI3HUX METOJIB 1 3ac00iB. Tak, aHTpOIIOMETPHYHI XapaKTepHCTUKH
TIPU OIIHII POOOYOro MICII oreparopa OOJaTHAHHS CIICIATFHOTO TPH3HA-
yernst (OCII) OLIHIOIOTBCS CIEIiali30BaHMM METPHYHHM  1HCTPYMEHTOM.
Ximiuni, ¢izuyni i Olonoriyni (axTopu cepenoBHINA >KUTTEISUIBHOCTI, SIKi
BIUTMBAIOTH Ha cTaH oreparopa OCII i, BiAMOBiqHO, Ha HOTO JisUTEHICTH, BIMa-
TaloTh JUISl CBOI'O BUMIPIOBAHHS CKJIAIHOI 1 pi3HOMaHITHOI anaparypu. Baskmu-
BUM TaKoX € TOH (haKT, 10 KepiBHI JOKYMEHTH 3 OLIHKM EpraTHIHUX CHCTEM
(EC) B mporteci BunpodyBans OCII [1,2] notpedyroTh OHOBIICHHSI.

Oco011BO CJ1i/1 BAOKPEMUTH KJIAC €PrOHOMIYHUX XapaKTEPUCTHUK, 10 BH-
SIBIITFOTHCSI TUTBKU TIPU B3aeMoIii roauHu-orieparopa 3 OCII B mporreci pe-
anpHOrO (PyHKUIOHYBaHHS cHcTeMH ‘‘moanHa —Mamuaa” (CJIM). ¥V nei
KJIac BXOJSTH EPrOHOMIUHI XapaKTEPUCTUKH JiSUTBHOCTI 1 (YHKIIOHAIBHOTO
crany oneparopa OCII. Ha BinxMmiHy Bif eproHOMIiYHHX XapaKTEPUCTHK CH-
CTEMH “JII0JIMHA — MAIlIMHA — cepeoBrIe” 1 ii CKIIaIoBHX, SIKI MOXYTh OyTH
BH3HA4YCHI aBTOHOMHO, 1o3a (yHkiioHyBanHsM CJIM, BkasaHi xapakTepu-
CTHKH JOIYCKAIOTh JOCTOBIPHY OLIHKY TiJIbKM ITPW BUKOHAHHI JIFOHHOIO-
orrepatopom OCII mocraBneHoOro 3aBAaHHs B peabHUX ab0 NCHXOJIOTIYHO
aJICKBaTHUX peallbHUM yMoBax. [[ifiCHO, OIIHUTH BiIIIOBITHICTH PiBHS aKTH-
Ballil opraHiamMy oreparopa JAOIMyCTUMOMY HOPMAaTHBY MOKHA TUTBKH B TIPO-
1ieci BUKOHAHHS OIEPAaTOPOM IOCTaBJICHOTO 3aBjaaHHA. [Ipu ominmi epro-
HOMIYHHMX XapaKTEPUCTHK JAHOI'0 KJacy BHUpINIaJbHE 3HAYCHHS Ma€ op-
TaHi3alisi eproHOMIYHOTO EKCIIEPUMEHTY.

Uwucno ¢axTopiB, 1m0 BIUIMBAIOTH Ha ¢(DEKTUBHICTH i HAMIWHICTH HisUTh-
Hocrti orepatopa OCII i, y 3B'A3Ky 3 MM, MiIJIAraroTh 00JIIKY B TpOIeci ep-
roOHOMiuHOTro cynposoxy CJIM, o04nCITIOETECS COTHSIMU HaltMEeHyBaHb [3].

Ha mpaxtumi, mpu po3pobmi konkpetHoro tuiry CJIM, Buxomsum 3
aHANI3Y MisUTFHOCTI JIFOJIHY i HASSBHUX YMOB, B CHCTEMIi BUALISAETHCS 00MeE-
KEHUH CKJIaJl eproHOMIYHMX XapakTepUcTHK. HaifOinpin eeKTuBHUM npu
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BUpILIEHHI IMX 3aBJaHb € METO/] IIOCTAITHOI'0 MOJETIOBAaHHS [4], 1m0 Bu3Ha-
Yae MpoLeaypy ONTHMI3alii JIOJMHO-MAIIMHHOTO KOHTYPY YIIPaBJIiHHS,
TIOCITIZIOBHAM HaOJIM)KEHHSAM Ha 0a3i TPEHaKHO-MOJAETIOI0YOr0 KOMILIEKCY
XapaKTEePUCTUK TEXHIYHUX 3ac00iB AiSITBHOCTI MCHXO(i3i0IO0TIYHUM 1 IIPO-
¢eciitanm sikocTsM ornepatopa OCII. Takum ynHOM, iH(OPMAIIHHOIO OCHO-
BOIO BHpimeHHs 3aBaaHb BunpoOyBanb OCII € cykynmHICTh eproHOMIYHHX
XapaKTEePUCTHK.

MeToaukH, sIK IPaBUIJIO, BAKOPHCTOBYIOTH Y IPOLIECi BUIIPOOYBaHb 3pa3-
kiB OCII i iX CKIaJOBUX YaCTHH JUIS NEPEBIPKU NPaBHIBHOCTI PO3MOILTY
(GyHKIIH, BixmoBiAHOCTI opraHizamii pobodoro micra omeparopa (omepa-
topiB) OCII, cucrem BimoOpakeHHs iHpOpMAIi Ta PiBHS €ProHOMIYHOCTI
3pa3Ka BCTAHOBJICHUM BHMOTaM.

VY 3aneHOCTI BiJl METO/Y, SIKHI 3aCTOCOBYETHCSI, METOANKH 3 OLIHKH ep-
TOHOMIKH PO3JUISIOTh Ha: eKCHEepPTHIi; €KCIIepUMEHTAJIbHI; PO3pPaxyHKOBI;
KOMOIHOBaHi.

ExcnepTHi (aHaIITHYHI) METOIMKY 3aCTOCOBYIOTH ISl OLIHKHY peajtizallii ep-
TOHOMIYHHMX BHMOT IIpH cTBOpeHi 3paskiB OCII 3a 10MoMOroro OnuTyBaHHS
kBaJTipikoBaHMX (paxiBIiB, KOJIM BU3HAYEHI JIMIIE (DyHKI[IOHAIbHI 3aBJIaHHS CH-
CTeMH 1 BIZICYTHI 1aHi po MOXIMBICTH ortepatopa OCII B cucremi.

ExcriepumenTanbHi METOIMKH 3aCTOCOBYIOTH JUISl OLIHKH €PrOHOMIYHHX
TIOKA3HUKIB 32 pe3ynbraraMy BUKoHaHHA onepaTopamu OCII peansuux abo
IMITOBaHNX 3aB/IaHb B YMOBaX, MAaKCHMaJILHO HAOIKEHUX 10 peasbHuX. Ll
METOJMKH BHUKOPHCTOBYIOThCS Yy Iponeci BunpoOyBanb 3paskis OCII mis
OIIIHKH TIOKA3HUKIB SKOCTI JMIsSUTBHOCTI omepaTopi. BpaxoByrouu, mo epro-
HOMIIli BJIACTUBUH CHUCTEMHHH MIXil, B NAHUA Yac BHUKOPHUCTOBYIOTHCS
eKCIIEpUMEHTAJIbHI METOAW MOJCTIOBAHHSI — MaTeMaThdHe, (Qi3uuHe,
3MilIaHe, aHTporoMeTpuyHe 1 iH. [Ipyn MozenmoBaHHI CHCTEMH ITPH AUCKPET-
HUX OIlepalisx BUKOPHUCTOBYIOTHCS TEOPisi MACOBOTI'O 0OCIYTrOBYBaHHS, TEO-
pist iHdopmarii, MapKiBChKi IpolecH, Teopis rpadis, aNrOPUTMIYHI OITUCH
pob6oru EC, cratuctuyne MonemoBanHs anropurmy pobdoru EC.

Po3paxyHKOBI METOIMKN 3aCTOCOBYIOTH ISl OLIHKM BiJTOBIZHOCTI 3pa3KiB
OCII eproHOMIiYHMM BHMOTaM 3a JOIIOMOrOI0 PO3PaxyHKY IOKa3HHKIB, SIKi
OLIHIOIOTHCS 3a (hopMyIamu 3 MoIepeHiM BHOOPOM OYAaTKOBHX JaHWX, BCTa-
HOBJICHMX B TAKTUKO-TEXHIYHOMY 3aBJIaHHI (TEXHIYHOMY 3aBJaHHi), IPOEKTHO-
KOHCTPYKTOPCHKOI JIOKyMEHTaIlii, HOpMAaTHBHHX, JIOBIIKOBHX JTaHUX.

Kom06iHOBaHI METOAMKH 3aCTOCOBYIOTH ISl OLIHKM €PrOHOMIYHHUX Xa-
PaKTEpPUCTUK Ta MOEJHYIOTH: EKCIIEPTHI 1 eKCIIepHMEHTaJbHI METOANKH;
TIPOBEACHHS EKCIIEPUMEHTIB (BUIIPOOYBaHb), y TPOLIEC IKUX 30MparoTh CTa-
TUYHI 1aHi Ta pO3paxoBYIOTh IIOKA3HUKH, SIKi OLIHIOIOTH 32 hopMyaaMu abo
Ha OCHOBI MaTeMaTHYHUX MOJIeJIeH; PO3PaxyHOK OLIHIOBAHNX ITOKa3HUKIB Ta
eKCIIEpUMEHTAJIbHY TIepeBIpKY 1 yTOUHEHHS IX 3HAYCHB.
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OcHoBHa yacTHHA OyIb-5KOi €KCIIEPUMEHTAIBHOI YCTAHOBKH /ISl IPOBE-
JICHHSI eprOHOMIYHHUX JIOCITI/PKEHB — I1€ MOJIEIh KepOBaHOTro 00'eKTy abo 1mpo-
necy. Mozenio 3a3Bn4ail Ha3MBalOTh Oy/Ib-sIKOI IPUPOIH 00'€KT, KU 31aT-
HUH 3aMiIaTy 3pa30K JO0CIiUKEHHS.

JHocniganku EC B manmii gac rmovany onepyBaTH OIIHKaMH, OTPUMaHUMH B
TIpoIIeCi eKCIIEPUMEHTYBAHHS 3 TIOMIOHIMY MOZCISIMI. Taki MOZICIT € OHIE0 3
¢opm ormcy EC. Bonn iHozi MaroTh repeBard HaBiTh Mepe MaTeMaTHIHIMHU
MOJIEIISIMH, OCKIJIBKY JO3BOJISIIOTH CYIUTH IO NoBeniHKy nanoi EC B peasbHnx
curyauisx. CTBOpEHHSsI CaMHX MOJICITFOIOUNX CTEH/IIB € OJHUM 3 IPOOJIEMHHX 3a-
BIIaHB, 1110 BUPILIYIOTHCS Yy TOMY YHMCII 1 B paMKaX €proHOMIKH.

3apa3 po3BuBaeThcs (QyHKUIiOHANBHUNA Meron mociimkenHs EC. Ilpn
LIbOMY BHKOPUCTOBYETHCSI CHCTEMHHH MiJXiA: MaTeMaTHIHI METOAN Teopii
iHBapiaHTHOCTI 1 MOAyIBHOrO ynpasiiHHA. Lle 103BoNs€e BU3HAUUTH JEsKi
BHMOI'Y 70 MAaTeMaTHYHOI'O OIHCY ‘‘y3arallbHEHOI XapaKTEpUCTUKH OIlepa-
Topa”. BoHa BKa3ye Ha Ti yMOBH B CHCTEMI, TIPH SIKUX ONEPATOP 3HAXOAUTHCS
B Tak 3BaHOMY KBasicTilikomy ¢yHKuioHampHOMY craHi. IlpaBma, ymoBu
(YHKI[IOHYBaHHS B IIbOMY METOJI PO3IJISIAIOTHCS OHOCTOPOHHBO, OIepa-
TOp TYT BCHOTO JIMINE JIAHKA CHCTEMH YIPAaBJiHHA. [HIII eproHOMiuHi Bia-
CTHBOCTI 1 IapaMeTpH, SIKi XapakTepu3yloTh YMOBH poOOTH orepartopa, 3a-
JIMIIAIOTHCS 11032 YBaroo.

Crip 3a3Ha9MTH, 10 K O He OyiH IITMOOKO 1 BCECTOPOHHBO PO3BUHEHI
JIeTyKTUBHI MeTo/H aHaiizy i cuaresy EC, sikux OM BenuKux ycrmixiB HE JI0-
csrla MaTeMaTHKa y BUPIIIEHHI eproHOMIYHUX IpOoOJIeM, CTBOPIOIOUH (op-
MaJli30BaHi MaTeMaTH4Hi MOJIENI Pi3HUX CHUCTEM, HacamIiepesl, came eKcIe-
PUMEHT 1 TpakTHYHA IEpeBipKa 3aJHIIaThCI OCHOBHUM (DYHAaMEHTOM
BH3HAYEHHS JOIUIBHOCTI CTBOPEHOI CUCTEMH.

EdexTuBHiCTS METOIB OCTAHOBKH EKCIIEPUMEHTY NPH BU3HAYECHHI OC-
HOBHHX XapaKTEPHUCTHUK CHCTEM i OOIpyHTYBaHHI JOUITBHOCTI BBEJCHHS THX
a0o IHIIMX 3MiH B IIapaMeTPH OKPEMHUX €JIEMEHTIB 3 METOIO Mi/JBUIIEHHS
HaziiHOCTI (yHKIioHYBaHHS EC B 1iIOMY 3aJ1€KNTH BiJl 3aCTOCYBaHHS Ma-
TEMaTUYHUX MeToAiB. OMHUM 3 HUX MOXKEe OyTH BHKOPHCTaHHS IOJIOXEHb
Teopii nmoxpidHOCTi. BoHa Ga3yeThcs Ha TeopeMax, sSKi JAlOTh MOXKJIHMBICTH
BIMOBICTH HA TaKi MUTAHHS: SKi BEMUYMHU HEOOXITHO BUMIPIOBATH i
peecTpyBaTu IpH NMPOBEIEHHI EKCIIEPUMEHTY; IKUM YHHOM HEOOXiIHO IIpo-
BOJUTH 00pOOKY OTpHMaHHX PE3YIJIbTATIB.

Teopis mogiOHOCTI 1 Qi3MUHE MOETIOBAHHS I03BOJISIIOTH OTPUMATH KPH-
Tepii MOAIOHOCTI 1 BCTAHOBUTH KPUTEPIHHI 3aJIEKHOCTI, SIKi CIIPaBEINBI IS
BCiX MOAIOHMX MiX cO0OIO SBHIN. X04Ya 3arajlbHOTO pillleHHs 3ajadi Teopis
MoAiOHOCTI 1 (i3MYHE MOAENIOBAHHS HE JAI0Th, aje MPU iX BUKOPHCTaHHI
MOXKHa y3arajbHIOBaTH PE3yJbTaTH BHUIIPOOYBaHb. BH3Ha4YeHHS KpHTEpiiB
noAiOHOCTI 1 00poOKa pe3ysIbTaTiB EKCIIEPUMEHTIB B KPUTEPISX MOAIOHOCTI
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B NIPHUHIMII J03BOJISIOTH 3 NEBHUM CTYIICHEM IMOBIPHOCTI PO3IIOBCIOJUTH
pe3yabTati qociimpkens oaniei EC Ha nesikmii kitac EC, 1it moxiOHwmiA, He mpo-
BOJISIYM EKCIIEPUMEHTAIFHOTO AOCIIKEHHS KOXKHOTO pa3y Micis BBEICHHS
B HUX SIKUX-HEOYIH 3MiH.

Ha sixicTh QyHKIIIOHYBaHHS MOJIiepraTHYHOI CHCTEMHU Hajae Jito OaraTo
(akTOpiB (SIK BHYTPIIIHIX, TaK 1 30BHIIIHIX) B pi3HUX 1X KoMOiHamigx. Onu-
caTy aHAJIITUYHO MOAIOHY CHCTEMY Hapasi HaJ3BH4aiHO Baxko. Haituacrime
IIPU I[bOMY BHKOPHUCTOBYETHCSI METOJ CTOXAaCTHYHOTO MOETIOBAHHSI, IO
JI03BOJISIE B HAOJIM)KEHHI OTPUMATH LiTicHY KapTuHy (yakuionysanus EC.

Bararo 3aBxanb eproHoMiku (0cOOIMBO y aBiallil) HOCATh CTOXaCTUYHUH
(BumazskoBuit) xapakrep. Lle BU3HaYaeThCsl BUMAAKOBUM XapaKTEpOM 3MiH,
mo BuHHUKaOTH B EC, 1 poOUTh HEOOXITHUM BHKOPHCTaHHS IMOBipHICHOTO
miaxomy 1o 11 gociimpkeHHs. OOMEXEHHS METO/IB, SKi BUKOPUCTOBYIOTh Y
BUNPOOYBaHHAX, paMKaM{ KJIACHYHOI Teopii IMOBIPHOCTI YCKIJIQJHIOE
BupinmeHHs 3asranb EC i, HaBiTh B IPOCTHX BHIAKaX MPUBOAUTH JI0 HEOO-
X1JTHOCTI 3[ICHIOBATH yCEPETHIOBAHHS IO OE3Jidi peatizamiid, Mo 3HaAYHO
301JIBIITy€E BapTICTh JOCIIKCHb.
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VIK 519.257

MAPKIBCbKA MOJEJIb HIAT'OTOBYOI'O )
ETAITY BUITIPOBYBAHB O35POEHHS 1 BIICbKOBOI
TEXHIKHA

C. I1. Kopnienko, 1. B. Kopnienkot, B. A. JImurpies?,
A. T. TlaBnenko?, [. O. Kamax:

'‘HanionansHu# yHiIBepcuTeT «YepHiriBcbka NONiTEXHIKa», YKpaiHa
2Jlep>kaBHUI HayKOBO-JIOCHIIJHUH IHCTUTYT BUIIPOOYBaHb i cepTudikamii
030poeHHS Ta BifiCbKOBOI TEXHIKH, YKpaiHa

BaxmBMM MOMEHTOM YCHIITHOTO BUKOHAHHS 3aBAaHb 3 BUIIPOOYBAaHHS
HOBITHIX 3pa3KiB 030poeHH: Ta BiticbkoBoi TexHikH (OBT) € edexTrBHE MpO-
BEICHHS ITiATOTOBYOI (pa3y, 10 CKIIAJAETHCS 3 €TaliB IiIrOTOBKH 3pas3Ka J10
BUIIPOOYBaHb, PO3POOKM HAYKOBO-METOJIMYHOI 1 IIAHOBOI JOKyMEHTALil,
MATOTOBKH  IH)KEHEPiB-BUIIPOOYBadiB, BHMIPIOBAIGHUX KOMIUIEKCIB Ta
MONiroHHOi 0asu. 3 omIsAAy Ha NpeaMEeT po3rIIsiAy, a came e(EeKTUBHICTh
(YHKI[IOHYBaHHS BHIPOOYBAJIILHOI YCTAaHOBHM, 3 HaBEICHOTO IIEPEIiKy
MOXXHa BHKJIFOUMTH €Tall i IrOTOBKH BUITPOOYBAIBHOIO 3pa3Ky, SKUil 3HaX0-
JUTHCS B 30H1 BiAMOBITaTBHOCTI 1 KOMITETEHITIT pO3p0o0HIUKA. 3 PEIITH eTalliB
HAaWKPUTUYHIIINM 1 HAUTPUBAIIIINM Y Yaci € IJIAaHOBUH eTam: po3podKa Ipo-
rpaM, METOAMK 1 IJIaHiB BUNPOOYBaHHSI.

Js po3riisiy IUIaHOBOTO €Taly CKOPHUCTYEMOCH NMPEICTABIICHHSM BH-
poOYBAIBHOTO TPOLECY y BUIVISAI CHCTEMH MacOBOIO OOCIYrOBYBaHHS
(CMO), naBenenoro aBropamu y [1].

BunpoGyeaHHS

Yepru 3 BUMOT BunpoSysamii

OprTam
(xamamt CMO) Buxijuuii norik

3paskiB
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Puc. 1. CMO BunpoOyBanb
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. 1
CTa 10 ZKHTTEBOTO IHK1Y
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VY BigmosigHOCTI 10 TepMmiHomorii Teopii CMO 3aMoBIICHHS Ha BUTIPOOY-
BaHHs Oy/eMO Ha3WBaTH BHUMOTOIO, CYKYITHICTH 3pa3KiB, 10 HaJXOIATh Ha
BUIIPOOYBaHHS — ITIOTOKOM, O€3I0CepeIHbO MpOonec BUNPOOYBAHHS, iHXKe-
HepH-BUIIPOOYBayi, METPOJIOTiYHA Ta IOJIrOHHA 0a3a CKIIaJaroTh KaHall BH-
npoOyBaHHsA. Cxema Ha pHc. | IEBHOIO MipOIO € KOHTEKCTHOIO, 1 HE pO3KpH-
Bae 0coOJIMBOCTEN ITepeOyBaHHs 3aMOBIICHb Ha BUIIPOOyBaHHs 3pa3kiB OBT
y uep3i. Tyr MOXIIHBI Ba y3arajbHEHHX CIEHapii: BUNPOOyBaHUH 3pa3ok
BIIEpIIIE MTOTPAIIsE Ha BUIIPOOYBaHHS 1 BUTPOOYBAaHHU 3pa30K OBEPTAETHCS
Ha BUNPOOYBaHHS ITiCJISl yCYHEHHS BUSIBJICHUX HEOMIKIB. Po3ristHemMo 6ibn
JIOKJTAJHO TIepedir mofii, mo BinOyBaeThesl Ha €Talli OWiKyBaHHS 3pa3zKa y
4ep3i 3a MepmM CleHapieM, TOOTO BiJ HaJXO/DKEHHS 3aMOBJICHHS Ha BH-
IpoOyBaHHS 10 NPAKTHYHOTO BUIIPOOYBAHHS 3pa3Ka.

3aMOBIICHHS HA BUIPOOYBAHHS HAJIXOIWTH BiJ KEpiBHOTO opraHy (pwc.
2). Y BunpoOyBaiibHIl yCTaHOBI BiIOYBAETHCS MONEPEAHE BUBUCHHS 3pa3Ky
1 NpU3HAYeHHs IONepeIHbOro CKJaxy BUIPOOYBajbHOI Opuraam st po-
3po0OKH HayKOBO-METOIMYHOI JOKyMeHTalii BurpoOyBaHb. [lami BinOy-
BA€THCS JETaJbHE BUBYEHHS 3pa3Ka 1 po3poOKa CKiaay Mporpamu, 3MiCTy
METOMK Ta CKJIaJaHHS IUIaHy MaTepialbHO-TEXHIYHOrO 3a0e3eyeHHs
(MT3).

3aMOBHHK (KepiBHHiT oprar, po3poOGHHUKH, iHIIN BIIOMCTBA)

3aMOBIIeHHA Ha

BHITPOGYE aHHA
V3romkeHHA

Po3riopsuKeHHs

OuikyBaHHA y Yep3i

»

BurpoGyBankHa ycTaHOBa £

BHBuYeHHs BUIIPOGYBAILHOTO 3pasKy ¢

»

TIpysHaueHHs: BUIIPOOYBAIBHOI GpHragu ¢

Pozpobka rporpami, METOIHK 1 £
wrany MT3

Thase . el
Po3pobka KaneHTapHOTO TLUTaHY, AT OTOBKa t
BHMIPIOBAIIbHOI Ta ITOJIIrOHHOI GasH

BurnpoGysanna ¢

Puc. 2. HacoBi giarpamMy IpoIECiB IMiArOTOBYOrO ETaIry
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Po3pobnena mokyMeHTAIlisl y3TOKYETHCS 3 3aMOBHHKOM, IICISI 4OTrO
MOXJIUBHH 100ip (axiBIiB y CKiaj BHIIPOOYBaIBEHOI OpHrazy, po3podka
iHmoi HeoOXiAHOI JOKYMEHTalii, MiATOTOBKAa 1 HAaBYAHHA iHXKEHEpiB-
BUIIPOOYBadiB Il BUIPOOYBaHHS 3pa3Ka.

Bupginumo ocHOBHI (pa3u HaBeJCHOT 9acoBOi JiarpaMu, IO BIUIMBAIOTh HA
JieBianiio yacy miarorosyoro eramy. Ilporecu mormepeaH»0ro 03HaHOMIICHHS
3 3pa3KoM i Mpu3HaueHHs (y TOMY 4uCii 100ip iHKeHepiB-BUIIPOOYBadiB IS
MPAaKTHYHAX BUIPOOYBaHb) BUIIPOOYBaJIbHOI OpHraay IOKJIaJaeTbCsd Ha
KepiBHMKa Biamimy, mo € mnpodirsHMM 3a BupoM 3paska OBT, sxwmit
HAJIWIIOB Ha BUNPOOyBaHHA. Lle € cranmapTHOO 1 100pe (hopMalTi3oBaHOIO
BHYTPIIIHBOIO TIPOLEAYPOIO, IO, IIEBHOIO MipOIO, JO3BOJSE BBAXKATH iX
TpHUBANiCTh (PIKCOBAHOIO, BIANOBIAHO: Ty = CONSt, Tytpqm = CONSt,
Tyteam = Const. IHma curyaris BinOyBaeTbcs 3 MiATOTOBKOIO HAYKOBO-
METOAWYIHOI JOKYMEHTAIlil BUIPOOYBaHb, TPUBAJTICTh SKHUX 3QJICKHUTH BiJl
CKJIaJIHOCTI BUITPOOYBAHOT'0 3pa3ka, KIIBKOCTI iHKeHepiB-BUIIpoOyBauiB (i B
meBHIH Mipi X ()axoBOCTi) 3aydeHHX JO PO3POOKH JOKYMEHTIB (Ha
MPAKTHIl X KUIBKICTh 3HAXOAWTHCA B Mexax 3...20 ocib), crymeHs
I ATOTOBJICHOCTI (po3BHHEHOCTI) HOPMaTHBHO-/I0B1IKOBOT 6azn
BHUIPOOYBAJIbHOI YCTaHOBU. AHAJIOTI4HI 3aJIE)KHOCTI MOXKHA TIPOCIIIKYBaTH
3 mepiofaMu MiATOTOBKHM 1 HaBYaHHS IH)KEHEPiB-BUIPOOYBadiB, po3poOKu
pelTy TOKYMEHTIB Ta MiJrOTOBKU ITOJIITOHHO-BUMipIOBasIbHOI Oas3u. Ilicis
3aKiHYEHHS BCIX MPOIIECIB MiTOTOBYOTO E€TAITY BUMOTa (3pa30K) ITOCTYIIAE Y
4epry, Jie OUiKye Ha MPaKTUYHE ITPOBEJCHHS BUIIPOOYBaHb.

Po3rissHeMo mpomecw MiATOTOBUOrO eramy BHIPOOYBaHb Y BHITISII
cxemu MapkiBebkux mporeciB (puc. 3). Cucrema mnpencraBisie co0oro
OararokaHampHy CMO, ne mix KaHaJloOM  PO3YMIETBCS  TEBHUH
cnemianizopanuii 3a BugoM OBT BumpoOyBaneHuil miaposain. BignosigHo
KUTBKiCTh KaHAJIIB JOPIBHIOE KIJTBKOCTI TaKUX IMiapo3aiiB. Kanamu cuctemMu
XapaKTEPU3yHOThCs 3alHaTicTIO: S° — >KOomHMH  (QaxiBemp Bimminy He
3anmisHU, S*— 3amisHo k (axiBiiB. MOXJIMBICTh 3aHHATTS OIHUM 3pa3KOM
JIEKITPKOX KaHATIB BU3HAYAETHCS HOTO CKIAIHICTIO, A€ IS BUIPOOYBaHb
noTpedyBaTUMyThCsl (paxiBui pisHOro mpodimo. HasBHiCTE HezalHATOrO
HEpCOHATY XaPaKTepU3yloThcs cTaHaMu R'— | BimbHuX oci6 3 3aranabHOL
KinbKocTi oci6 Ha kaHan L,,, R® — BincyrHilt peseps xanany. Ctan kaHany 3
R® o3Ha4ae BiMOBY NpH HAJIXOJUKEHHI HACTYITHOI BUMOTH Yy L€l KaHai i
niepeBezieHHs 1€l BuMorn y Oydep HakormmuyBad. IHTeHCHBHOCTI Ay, 1ty —
BIJIMOBiTHO iHTEHCWBHOCTI HAJXOJDKEHHS 1 IMIATOTOBKH 10 BUIPOOYBaHBL

. " 1.
3paskiB. OBT m-oi rpymu, pu,, = > T — cepenus norpeda uacy Ha
m

MATOTOBKY BHUNPOOYBAaHHS 3pa3ka y m-Mmy KaHami. Toxi, WMOBIpHICTH
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Puc. 3. IIpencraBiieHHs MiArOTOBYOrO €TaIly BUIPOOYBaHb MO CXEMi
MapKiBCHKHX TIPOIECIB

IMOBipHICTE TOTO, IO 3pa30K, 110 HAMIWIIOB Ha BUIIPOOYBaHHS OTPEOY-
BaTUME HGBHI/IX ¢daxiBuiB (To0TO Hamilige y KaHal) CTaHOBUTHME

P(C,) = —, ne A=Y"_,A,. Toni 3a GpopMys0l0 MOBHOI WUMOBIpHOCTI

fiMOBipHicTb BimMOBHM cucTemu uist Bamorw: PEAM =Y _ P(C,)P,™".
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3BizcH cepenmHst KUIBKICTh 3pa3KiB, MATOTOBICHNX IO BUNPOOYBAaHHS 3a yac
T cranoButume C = (1 - P“[‘”’)A. CraTHCTUYHI XapaKTEPUCTUKH IHTEHCHB-
HOCTEH HaJXOMKEeHHsS BUMOT 3a pisHnmu Buaamu OBT HaBeneni y [1].
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THE INSTRUMENTAL METHODS AND MEANS FOR
IMPROVING THE EFFICIENCY OF LINEAR OPTIMIZATION
PROBLEMS SOLUTION IN PROJECT MANAGEMENT

S. K. Chernov, S. D. Titov', Ludmila S. Chernova', Lubava S. Chernova,
V. M. Piterska

' Admiral Makarov National University of Shipbuilding
:Odessa National Maritime University

In most cases, linear optimization applies canonical classic algorithms for so-
lution fits problems [1, 2, 3, 4, 5, 6]. Typical problems contain standard algorithm
steps: getting the primary reference plan, construction of a reference plans chain,
estimate of their optimality, improvement of the solution and of the target func-
tion value [7, 8, 9, 10]. Each of the reference plans has a set of linearly independ-
ent basis vectors. The move to the next basis is nothing else than a move along
the edge to the neighbor polyhedron apex is carried out within the boundaries of
a rigorous algorithm. According to the simplex method algorithm theory, the
move is to be effected towards the best alteration of the target function values [11,
12]. In some linear optimization problems, this algorithm requirement may result
in appearance of too many iterations as compared with a move not to the neighbor
apex but to another one which can be determined under additional requirements.

Simplification algorithms provide an efficient method of searching for so-
lution of an optimization problem. If we project a multidimensional process
onto a two-dimensional plane, this method will enable graphic visualization
of the problem solution matrixes.

This research has proposed a method of simplifying the combinatorial so-
lution of a discrete optimization problem. It is based on decomposition of the
system representing a system of constraints of a five-dimensional initial prob-
lem into the two-dimensional coordinate plane. Such method allows obtain-
ing a simple system of graphic solutions to a complicated linear discrete op-
timization problem.

From the practical point of view, the method proposed allows simplifying
the calculation complexity of optimization problems belonging to this class.

Without loss of generality, let us have a linear discrete optimization prob-
lem presented in canonical form:

W, =CX — max

Q,:AX =B,
X220, (1)
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where the rank of the system of constraints coefficient matrix is equal to rang
A =m.

In this case, solving the system by Gauss-Jordan method with arbitrary
basis combination of variables, we obtain a projection of n-dimensional ini-
tial problem to (n-m) —dimensional space. In case n - m = 2, we have project-
ing to the two-dimensional plane.

Let us consider a model example of solving a five-dimensional linear op-
timization problem based on such projecting of a multidimensional space
onto the two-dimensional one.

The seaports on the south of Ukraine are of great importance in the total
export of grain and oil crops. The total logistics layout of such export can be
described as follows. Ukraine has a broadly developed network of terminals
receiving, storing and dispatching these resources. They have to be supplied
to the seaport to form a regular batch for a vessel (to comply of quantity,
quality, range, etc. of the product).

There are several ways of delivering these resources: railway, highway
and river. It is reasonable to form an optimization problem: to minimize the
time for delivering the resources from terminals to the seaport. Let us con-
struct a mathematic model of such optimization.

Let us have a matrix of terminals B = [B"B2’B3" - B, ] . At each termi-
nal By =120 ]y there are resources accumulated for dispatch

S:[SpSz’SB’ ...,Si_‘:l'

S, i=12i

Limited stock of resources s is given by a matrix, where %/ -

stock of resource 5 at terminal B, .

b..
We also have the matrix “ “lixiv - of distances from the terminal to the end

. ” Lix - [, . . . B
destination (seaport) /2% where “/* - distance from terminal ~/ to the
seaport, subject to existing possibility to deliver the resources by method & (k
=1 -railway, k = 2- highway, k = 3 - river).

. . sP,sy, sP, ., st p
The vessel batch is given by delivery plan[ 12722 i J , where 5

5. We also know the specific limits of expense Cij for de-

livery of one unit of resource S from B, . to the terminal by £ - delivery method.
We need to find such a plan of resources delivery to the seaport that com-
plies with a vessel batch requirements at smallest expenses.
For constructing a mathematic model, we enter three-dimensional varia-

- quantity of resource

bles ik - quantity of units for resource S; dispatched from terminal B, by k
- method of delivery.
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In this case, the total expense for fulfilling the resources delivery plan

look as follows:
i Ju 3
W, = ZZZQMZ”;@M — min
i=1 j=1 k=1 . ()
This is an optimization problem target function. The problem system of
constraints concludes two blocks.
The first block indicates the impossibility to dispatch a quantity of re-
sources bigger than available at the terminal.
The second block shows that it is necessary to deliver the quantity of re-
sources exactly ordered by the plan.

injk Sb,‘j’ i=la 2a "'7is; j=1> 27 "'3j[3:
k=1

Js 3
— P H— f
Zinjk =s,i=12,...,i.

j=1 k=l (4)
Therefore, the optimization model of the set logistics problem on deliv-
ery of grain and oil crops looks as follows:

®)

s Jp 3
Wi =222 ¢l — min,
=1 =L k=l

=l j=1

3
PO VRS i I T S R .
k=1

Jp 3
— o - ;
ZX,M =s',i=12,...,i,
J=1 k=1

X, 20. )

The above given model examples of improving the efficiency of algo-
rithms of preparing for calculation of an optimization problem based on the
problem reduction prove the reasonability of such method in solving prob-
lems of linear optimization.

Applied value of the approach proposed consists in using the scientific result
for enabling the possibility to improve canonical methods of optimization prob-
lem solution and, respectively, for simplification of computer-assisted calculation
with use of standard subprogram libraries of known math packages.

Q:
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V.M. Glushkov Institute of Cybernetics of the NASU

The current picture of digitalization of the world’s economy is quite ac-
curately conveyed by the processes of anti-epidemic measures, distance
learning and work, development and use of appropriate vaccines. While rich
countries can successfully provide their residents with anti-epidemic reme-
dies based on modern information or communication and biological technol-
ogies, poor countries usually need international assistance in the development
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and application of such technologies. The development of advanced technol-
ogies requires not only entrepreneurial activity, but also the social organiza-
tion and institutional capacity inherent in rich countries. The work on empir-
ical data highlights the current problem of the relationship between antitrust
regulation and regulation of patent funds or pools, social organization and
general level of institutions, major state functions — defense and security, law
and order, macroeconomic management, protection of property rights, and
state health care system. Modeling of such interdependent functions requires
modern digital tools applied to decentralized and distributed systems, abilities
to formulate, model and solve topical complex inderdisciplinary problems.

Since 2015, the V.M.Glushkov Institute of Cybernetics (GIC) of the National
Academy of Sciences of Ukraine (NASU; HamionambHOi akazmemii Hayk
VYxpainn, HAHY) has been developing and maintaining the Distributed Infor-
mation Technology (Posmonineny indopmartiiiny rexnonorito, PIT; RIT) to sup-
port scientific and organizational activities (HaykOBO-OpraHi3aliiHOI AisUTbHOCTI,
HOJT; NOD) of the NASU (known as PIT HO/l HAHY, or RIT NOD NASU),
which covers tens of thousands of customers who, in turn, produce about a half
of the objects of intellectual property rights (IPR) in Ukraine.

In the process of development, the subsystem of maintaining the register
of IPR of the NASU for the Center for Intellectual Property Research and
Technology Transfer of the NASU (CIPRTT NASU) is being developed [1,
2]. The pandemic forces us to review previous developments in order to adapt
to new conditions, as well as to better realize the role of this subsystem and
understand the directions of its further development [3].

First of all, the RIT NOD NASU proved to be convenient for remote
work, the scale of which also makes us aware of novel challenges to contem-
porary academic and educational activities in Ukraine and around the world
[4]. The modern complex products (goods and services) with high valued
added are based on modern property rights.

Creation and use of inventions and other objects of IPR (OIPR), patent
protection of scientific and technical results and the efficiency increase of
their commercialization is one of the tasks of scientific and organizational
activities (hereinafter — NOD) of the NASU to ensure modern academic re-
search (AR) in the NASU. The subsystem of maintaining the register of OIPR
(SMROIPR) of the RIT NOD NASU is directed on information and commu-
nication support of the decision making process for the task. Within this sub-
system, inventions and other results of AR implementation are considered as
OIPR, officially registered with certain government agencies. The infor-
mation about such OIPR, in particular, about their conditions, is stored in the
register of OIPR (ROIPR). The SMROIPR of the RIT NOD NASU automates
the work with the ROIPR as an important data source for the NASU in gen-
eral. The SMROIPR significantly simplifies the accumulation of information
on OIPR, as well as the search, analysis and use of the SMROIPR data.
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The SMROIPR provides the implementation of technological procedures
on electronic documents (EDs) containing the SMROIPR data. Those proce-
dures are carried out by the following SMROIPR user groups:

employees of divisions of academic institutions (Als) of the NASU, re-
sponsible for technology transfer, innovation activity and OIPR;

Scientific Secretaries of the NASU or specialists of their departments, au-
thorized to support the conduct of ROIPR;

employees of the Presidium of NASU, authorized to support the conduct
of ROIPR;

employees of the CIPRTT NASU.

The abovementioned users are the RIT entities. Each of them is assigned
a certain role or certain roles (according to job responsibilities) in the
SMROIPR as a part of the RIT NOD NASU. The SMROIPR provides sup-
port to users with the OIPR cards from Als of the NASU, containing (input
or primary) information from documents on current laws, administrative in-
structions and regulations, in particular, with:

notifications on submission of applications for the creation of OIPR;
applications for registration of OIPR;

information on the protecting document (patent, certificate), copyright,
and others;

information on accounting for intangible assets;

information on contractual relations with the creators (inventors, authors)
of OIPR;

other information (applications and decisions on the issue of protecting
documents, the creation and use of OIPR).

The incoming (primary) documents of SMROIPR include the Forms 1, 2,
3 on intellectual property (IP), according to the Order Ne 469 of State Statis-
tics Committee of Ukraine (SSCU) of July 8, 2004 amended by the Order Ne
342 of SSCU of November 1, 2005:

Form IP-1 «Journal of registration of applications for inventions, utility
models, industrial designs, layouts (topographies) of integrated circuits sub-
mitted in Ukrainey;

Form IP-2 «Journal of registration of applications for inventions, utility
models, industrial designs, layouts (topographies) of integrated circuits sub-
mitted to the competent authorities of foreign states»;

Form IP-3 «Journal of registration of used inventions, utility models, in-
dustria; designs, layouts (topographies) of integrated circuitsy.

Reporting forms of the documents above are source EDs of SMROIPR,
which are automatically created by means of the subsystem.

Besides, the reporting EDs supported in SMROIP include the Forms VII-
1, VII-2, VII-3, VII-4 (Annex to the Order Ne 654 «On preparation of reports
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on the activities of academic institutions and the Report on the activities of
NASU in 2018» of Presidium of NASU of November 20, 2018):

Form VII-1 «Results of inventive work, creation and use of objects of
intellectual property rights in 2018»;

Form VII-2 «Agreements for the use of objects of intellectual property rights»;

Form VII-3 «Applications for the issue of protecting documents»;

Form VII-4 «Decision on the issue of protecting documentsy.

In addition, the SMROIPR supports receiving of reporting documents (ta-
bles) for the CIPRTT NASU:

OIPR created in the Als during the reporting year and in previous years if
used during the reporting year;

the contest on inventive activity during the reporting year;

the main indicators of Als of the NASU for development, protection and
use of IP during the reporting year.

The automated workplace (hereinafter — workstation) of an employee of di-
vision of Al of the NASU, responsible for technology transfer, innovation activity
and OIPR, within the SMROIP is designated for processing input (primary, sec-
ondary or derivative) documents on the OIPR of Al of the NASU and obtaining
output (reporting) EDs. The guideline [1] describes the appropriate actions of
such an employee as the following technology procedures:

creating of an OIPR card;

entering in that card information on 1) notification on the creation of
OIPR, 2) application for registration of OIPR, 3) protecting document (pa-
tent, certificate), copyright, and others, 4) accounting for intangible assets,
5) contractual relations with the creators (inventors, authors) of OIPR.

The procedures above are sufficient for the initial filling of information
on the OIPR of Al of the NASU.

The RIT NOD of the NASU operates in the environment of NASU cor-
porate computer network using the capabilities of the Ukrainian Academic
and Research Network (UARNet).

Nowadays the SMROIP system developed should satisfy some technol-
ogy-driven and data-driven criteria promoting necessary data processing and
modeling, first of all, the IPR-related data in question. The SMROIP function
is different from that of Ukrpatent subordinated to the Ministry of Economy
of Ukraine. The Ukrpatent would be an essential node in the general national
[PR-related network as well as distributed Als with their divisions and em-
ployees producing and registering OIPRs. The digital tools for management
patent pools and other IPR-related pools are becoming efficient ways for de-
veloping high technology products and their further marketing.
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METO/IO0JIOT' IS TPOEKTYBAHHS IH®OOPMAIITHO-
AHAJTITUYIHUX CUCTEM B AIMIHICTPATUBHOMY
YIIPABJIIHHI

O.B. Hecrepenko, 1.€. Herecin

Ykpaincoxkuii nayxosuii yenmp po3eumky ingpopmayitinux mexmonozii

B ymoBax 30i1bIIeHHS IHTEHCUBHOCTI YIIPABIIHCHKOI AisUIBHOCTI Ta 00-
csriB iH(opMallii, 110 Mae ONpaIbOBYBATHUCH JJIsl IPUMHSATTS pillIeHb, IIPOBE-
neHHst udpoBoi TpancdopMariii y Beix cdepax GpyHKIioHyBaHHS AepKaBH i
CYCHIJILCTBA HA3pLIOI0 € HEOOXiMHICTh ()OPMYBaHHS B OpraHax aJMiHicTpa-
TuBHOTrO ynpasiinas (OAY) aBToMaTH30BaHUX iHQOpMaIiHHO-aHATI THIHUX
cucreM (AIAC), mo MaroTh 3abe3leyyBaTd MiABUIIEHHS e()EeKTHBHOCTI
MIPUHHATHX PillIeHb Ta JOCATHEHHs SIKICHO HOBOT'O PiBHSA JisutbHOCTI. [Ipo e
CBITUUTH JTOCBIJ i OaraThoX KpaiH cBity [1].

Cucremornoriuanii  anamiz npobnem npoekryBaHHi AIAC s chepn
a/IMiHICTPAaTUBHOTO YIPABIIIHHS, HAIIPSMIB PO3BUTKY 1HPPACTPYKTYpH ii iH]pOp-
MamiifHOro MpoCTopy, YAHHHUKIB, 10 B CYJaCHHX YMOBAaX BIUIHBaIOTh Ha OAY,
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METOJIB Ta TEXHONIOTiH aBToMaTH3amii iHGopManiifHO-aHATITHIHOI JisSUTBHOCTI
(IAD) B8 OAY, noB’s3aHUX 3 YIOCKOHAJICHHSM YIPABIIHHSA, CBITUMTH, IO
nipoexTyBaHH Takiux AIAC Mae MpoBOAMTHCH HA OCHOBI NPHHIIMIIIB, KOHIIEII-
LI, Teopiid, Mozieniel, MeToNIB Ta iH(pOpMAaIiTHO-KOMYyHIKaIi HHUX TEXHOJIOTIH
3 ypaxyBaHH;IM BUMOI' KOMIUIEKCHOCTI, IIATPUMKH TIPHAHATTS YHPABIIHCHKHX
pimeHh Ha 0a3i 3HAHHA-OPIEHTOBAHMX 3acO0IB Ta X BHUEpmHOro iHQop-
MamiifHOro 3a0e3MeueH s, M TPUMKH IPOLIECIB ONPAIOBaHHS JOKYMEHTIB, 3a-
6e3neuenns iHpopManiifHoi Ta kibepOesneky, a Takox iHTerpanii pizHnx AIAC
3 IOTPUMaHHSIM BHMOT iHTEpOIepabebHOCTI (IUB. pHC.).

OCHOBHI NPUHIMIY, Ha OCHOBI SIKMX Ma€ BigOyBaTHCS IPOEKTYBAHHS
ACIA3, okpim 3araJbHOBIIOMHUX IPUHIMIIIB BiIKPUTOCTI IsUIEHOCTI Ta iHTEIpa-
wii B iHopManiiiHuii IpocTip, MaroTh OyTH JOMOBHEHUMH TIPUHIMIIAMH Ta I1a-
paaurMamy, o MoJsraloTh Y BUKOHABYOI 000B’SI3KOBOCTI ONPAIIOBAHHS JIOKY-
MeHTIB, 3a0e3neucHHI [AJ] Ha OCHOBI 3HAHHS-OPIEHTOBHOT'O MiIXOJY, iHTEIEK-
tyamizanii OAY, a TakoX po3B’s3aHHI OaraTOKpUTEPIAIbHUX 3824 NPHHHITTS
pillIeHs Ha OCHOBI EKCHEPTHUX MeToAiB [2]. Y CBOIO Yepry KOHIENTyallbHi Ta
TeopeTrnuHi ocHOBH npoekTyBaHHS ACIA3 marote (opmyBaTHCs Ha OCHOBI
aHaJTi3y Ta OLiHKY HanpsiMiB (opmartizarii Ta moxemoBanHst ACIA3 Ha ocHOBI
CHCTEMHOTO ITiIXOY Ta MPIOPUTETHOCTI iH()OpPMALIIITHOTO ITi/IX 07Ty

KoHuenuir

y R
IHcbopmauinHi
TexHonoril
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Buxonsun 3 poro 0a3oro MpOEKTYBaHHS MAalOTh OyTH KOHIEMLs iHhop-
MamiifHoi B3a€MOJIii OpraHy yIpaBJliHHS, 0B s13aHa 3 PO3IJIAAOM B3a€MOJi CH-
CTEMH aJIMiHICTPaTHBHOTO YIPABIIIHHS 3 HABKOJIMIIHIM CEPEIOBHUIIEM, Ta KOH-
Lenmist cucteMu iHhopMaliiHuX pecypeiB chepr aJMiHICTPAaTUBHOTO YIIpaB-
JIHHS, siIKa 0A3yeThCsl HA BUMOTaxX CTBOPEHHS Ta OpraHisallii BUKOPHCTAHHS B
JiepKaBl CHUCTEMH HallioHaJbHHX iH(opMamiiiHux pecypciB. Takox BH3HA-
YaeThCs 32 JOLUIEHE 3aCTOCYBaHHS JIONKO-TIHTBICTHYHMX 1H(OpMAIIHHIX MO-
Jienei (HarpuKiIa, Ha OCHOBI METOIONIOTT 3pOCTal0UHX HipaMiJaTbHUX MEPEXK),
1110 PEeAJTi3yIOTh TiNoTe3y PO 3aKOHOMIPHOCTI CTPYKTYpyBaHHs iHpopMarii mpu
ii copuiHEATTI, Ta MOZIEINI B3aeMOIi iH(OpMaLiHUX TIpoLEciB.

Boxnouac mpoGieMHO-Opi€eHTOBaHa METOMOJIOTIS PpO3B’si3aHHS  iH(Op-
MarlifiHo-aHamiTHIHUX 337329 B AIAC BimoOpakaeThcsi B KOHIICTITIT I ATPUMKHA
IA/l Ha OCHOBI OHTOJIOTIYHHUX ONVCIB IMPEAMETHOI 0OJNACTI, a TAKOXK B 3aCTOCY-
BaHHI IHTErpauiiiHOro METoy NPUHHATTS PIlICHh B YMOBaX OaraToKpUTepiaib-
HOCTH, 110 MOEJHYE OHTOJIOTIYHI MOZIENI, eKCIEPTHI METOAN BUOOpY ajlbTepHa-
THB Ta Bi3yaJli3allifo MOpiBHSHb AJIbTEpHATUB Ha 0a3i rpadoBoro moganus [3, 4].

Buxopsan 3 TOro, o OCHOBHOO iH(OPMAIIIHOIO OIWHHUIICIO, KA OMpallb-
oByeTbest B OAY, € nokymeHT, npoexTyBaHHs AIAC Mae BUXOIUTH 3 MOJIOXKEHb
Teopil 00poOKH iH(QOPMAIIHNX JOKYMEHTAFHUX ITOTOKIB, 3aCHOBAaHY Ha BU-
MOIl BUKOHAHHS TOJITHKA BHKOHABYOI OOOB SI3KOBOCTI, TOOTO 3 OLIHKH
CBOEYACHOCTI NMPUHHATTS PilIeHHSA. Y 3aralbHOMY BHIIQJKY II€H aHami3 CIu-
paeTbes Ha Teopito iHpopMallii Ta MaTeMaTHIHy TEOpif0 PO3MOIiIeHHS iHpOp-
Maii (Teopiro Tenerpadiky). BoxHouac peanizamis BHKOHaBUOI 000B’I3KOBOCTI
CIMPAETHCS HA TEOPIIO CUTYaNIHOTO PeryIOBaHHs TEXHOJIOTIYHMX TIPOLECIB B
OAY npu aBTOMaTH30BaHii 00podLi iHGopManiifHUX Ta JOKYMEHTAIBHUX I10-
TOKIB, 110 0a3y€ThCs HA BiAMOBLAHOCTI (QYHKIIOHYBaHHS BCTAHOBJICHOMY PEIvia-
MEHTY, Ha PO3B’s3aHHI 331a4 BUMiprOBaHHs iH(pOpMaIifHOro HaBaHTa)KEHHS B
AIAC T1a anami3i BHHHMKAIOYMX cHTyamid. Jlns po3s’s3yBaHHS 3anadi
BUMIpIOBAaHHS iH(OPMALifHOrO HaBaHTAKEHHS JIOLUTLHO 3aCTOCOBYBATH iHTEp-
TIPETALI}0 OCHOBHUX MOJIOKEHB TEOPii MACOBOr0 0OCITYTOBYBaHHSI.

Moxnusi crpykrypu AIAC Ta 6a30Bi CKIaoBi i apXiTeKTypH BH3HAYa-
IOTBCSL HA OCHOBI CTpykTypHOi KoHIem i OAY ta AIAC Ta KOHIEMIIii eeK-
TPOHHOI IHpPACTPYKTYpH chepr aqMiHICTPATUBHOT'O YIIPABIiHHS, K& MA€ CTBO-
proBatu cepenosuine Bzaemonii AIAC.

3 BaKJIMBICTIO NMUTaHb OE3MEKH B YMOBAX iH(OpPMAIIHHOrO CYCIIJIECTBA,
0COOJIMBO T B3a€EMOJIIOUMX CHCTEM, TIOB’s13aHa KOHIIEMIIis iH(opMarliifHol Ta
KibepOesmiekn, crifikocTi Ta xuBydocTi AIAC, a Takok METOJ| OLIHKY PHU3HKIB
KibepOesmiekn, 1m0 0a3yeThest Ha rpa)OBOMY IPEICTaBICHH] OE3MEKOBOro cepe-
nosua [5].

Meroonoriuti maxoau 10 BUKOPHCTaHHS iH(POpPMALHHIX TEXHOMOTIl B
AIAC marotp 6a3yBaTHCh Ha BIIOMHX METOAMKAX CTBOPEHHSI KOPITOPATUBHUX
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iHpOpMaIiHHUX CHUCTEM IS YNPAaBIiHHS MiJIPUEMCTBAMH, IO JIOIOB-
HIOIOTHCSI TEXHOJIOTISIMA ()OpPMYBaHHS, BUKOPUCTAHHs Ta iHTerparii iHdop-
MAIifHIX pecypciB, PeryIIOBaHHS BUKOHABYOI 00OB’SI3KOBOCTI B €JIEKTPOH-
HOMY JIOKYMEHTOO0ITy, ITiATPUMKH aHAJITHIHOI AiSUTBHOCTI, & TAKOXX TEXHO-
JIOTiSIMH 3a0€3MCUCHHS 1HTEPONepa0eTbHOCTI Ta KibepOe3mekn y Mepexe-
IEHTPHYHOMY CepeIOBHUIII [6].
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YK 004.42: 005.8
CUCTEMA KEPYBAHHSI TIPOEKTAMMU “CHILIST SOFTWARE”
Cunenok O. 1O., @ypraiinos O. A., bimoyc 1. B.
Hayionanvnuii ynigepcumem “Yepuiziecoka nonimexuixa”
CporoziHi B yMOBax MacoBoOi i1HIMBIityalizamii, Koiu Oy[Ib-KHH Tpoaax

PO3IIIAAAETBCA K IPOCKT, Ha neme/Iﬁ IIaH BUXOJIHTH yMiHHH e(l)eKTI/IBHO
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yrpasisaTy npoektami [ 1]. Lle 1ae MOXIIHBICTS pO3YMHO PO3IIOPSAUTHCS 00-
MEXEHHMH pecypcamu KomnaHii. Hapa3i HEeMOXIMBO ysSIBUTH KOMaHIy po-
3pOOHUKIB, sIKa O HE BUKOPHCTOBYBAJIA CyJacHY CUCTEMY KepyBaHHS POEK-
TaMH. BUTBIIICT NOMYJISIPHUX CHCTEM KepyBaHHS NPOEKTAMH MAroTh CKJIa-
HU 1 HABaHTaXXCHUH iHTepQeiic, IKUH B ICIKUX CUCTEMaX HE € aIallTHBHUM
(manpuxinax Jira [2]). Bimomi cucremu opieHTOBaHI U poOOTH B KOMaHIAX
nieBHoro posmipy. Tak, “Trello” [3] He my)xe MiAXOIUTD JUIT BUKOPUCTAHHS
BEJIMKMMH KOMaHIaMH, a “Asana” [4] He 3py4Ha I MaauX KOMaHI depes3
3aHA/ATO BEJUKY KUIBKICTD (DYHKINN 1 OMIi.

Ha BigMiHy Biz BioMuX crcTeM, ciucTteMa kepyBaHHs nmpoekramu “Chilist
Software” mpu3HaueHa aJIsl MIBUAKOTO PO3TOPTAHHS CEpeNOBHMINA, IUIA-
HYBaHHS, BIJICTEXKYBaHHS ITOMWJIOK Ta B3a€MOJii 3 YYaCHHKAaMH IIPOCKTY.
«Chilist Software» opieHTOBaHa Ha 3py4HICTH BHKOPHCTaHHS KOMaHIaMH
OyIb-KHX PO3MIpiB Ta Mae 3a0e3NMeYnTH NPOCTHH Ta aJaNTHBHHUN iHTEp-
Geiic.

Ha pucynky 1 300pakeHo nmiarpamy INpeleieHTiB Ta HOKa3aHO BiJHO-
LIEHHS MK aKTOpaMHM Ta NpeleAeHTaMu B cucTeMi [5].

AsTopusaui yepes Agtoprsaui vepes
nowry | napons. coyianbhi mepexi

e ociudes

TleperaryBanua
SABAANHS MiX
KONOHKAMH

dincluder

e =

=

dincludes,

Kepysanna
KONOKKAMH
T Coan,
KNSR 4 e
«I‘CNGE;,‘ «itciuder Neperarysanus KonoHIA
/ 3 AR 3MIHH NOPARKY

Pucynok 1. [liarpama npenenenris cucremu “Chilist Software”
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BiamosinHo 1o moOynoBaHOI AiarpaMy KOPHCTYBad MOXKE aBTOPHU3YBa-
THCS 32 JOITOMOTOIO0 TIOIITH Ta MApoJIio ab0 COomiaIbHUX MEPEX, pelaryBaTu
CcBill mpodisb, KepyBaTH MPOEKTOM Ta KEPyBaTH JOLIKOIO IPOCKTY.

Bimnosimao mo apxitekrypu “Chilist Software” sBiste co6oro BeO-m10Ma-
TOK, SIKHM CKJIQHA€ThCsl 3 KI€HTa Ta cepBepa. KiieHT HamucaHWi Ha
JavaScript, BukopucroByroun ¢perimBopku Vue.js, Nuxt.js Ta Vueitify.
Kiient crinkyetbest 3 cepBepom 3a nonomoroio API. Cepsep nanmcanuii Ha
MoBi nporpamysanss PHP 3a nonmomoroto ¢peiimopka Laravel.

B sxocrti Be6-cepBepy OyB 00panuii Nginx. Nginx — oanH 3 HAaHIIBHIIINX
Ta HAUTIOMYJSIPHIIINX BeO-CepBepiB, SIKUH MiIXOANUTH ISl 3aCTOCYHKIB 3 Pi3-
HUMHM HaBaHTaXeHHsAMH. OcobnuBicTio NginX € Te, 110 BiH HE MOXE CaMo-
CTiitHO 00po0IIATH MMHAMIYHI daHi [6]. s Toro, mo0 BiH MIT IpaIffoBaTH 3
php, HEOOXiAHO JOATKOBO BCTaHOBUTH MeHemkep nponecis PHP-FPM [7].

ApxiTekTyporo nepeadadeHo, mo He noTpioHo HanamToByBaTtH API s
JI03BOJTy 3aIMTiB Ha CIIJIbHE BHKOPHCTAHHS PECYpPCIB 3 PI3HHUX JDKEpen
(CORS), ockinbku Bei 3anuTH IpokcyroThest uepes Nginx. Ha pucynky 2 ne-
MOHCTPYETBCSI IIISX 3aIHUTY, 10 MPOXOJUTH Yepe3 CepeaOBHIIE.

4

1

1

1

http://localhost:8080 f
1

WEB Request :
1

1

1

1

1

http://nginx:80

http://node:3000

http://nginx:80/api

Pucynok 2. Apxitekrypa cucremu “Chilist Software”

YBech I0aTOK yIakoBaHUA B KoHTeiHepax Docker mis mBuakoro pos-
TOPTaHHS CUCTEMU.

Ha pucynky 3 nokasano inrepdetic cucremu. Ha HboMy BijoOpakeHa ro-
JIOBHA YaCTHHA MPOCKTY — II¢ JOIIKA.
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Pucynok 3. Inrepdeiic cucremu “Chilist Software”

B pesynbTari po3poOKH OTPUMAHO IIJIKOM MPAIIOIYy CUCTEMY Ke-
PYBaHHS POEKTAMH, SIKa HAAIHHO Ta NIBUAKO BUKOHYE BCi 3aIUTH, SKi HAJl-
XOIATH Bij kiieHTa. [lependaueHo oHOBIEHHS B Live-peximi 3a JOIIOMOT 010
Websocket-iB  ai1st  3a0e3medeHHs MOXXJIMBOCTI KOPHUCTYBAaHHS JIOIIKOIO
JIEKIJIbKOMa KOPUCTYBAYaMH.
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