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KosaneBcokuii C.B. ([onbacvra oepocasna mawunobyoisna axademis, M.
Kpamamopcwk-Tepronine, Ykpaina) XXI MI’KHAPOJJHA HAYKOBA
KOH®EPEHLISI  «HEWPOMEPEXKHI TEXHOJIOTTT TA IX
3ACTOCYBAHHA - HMTI3-2022».

Shevchenko A. 1., Vakulenko M. O., Klymenko M. S. (Institute of Problems
of Artificial Intelligence, Kyjiv, Ukraine) THE PROJECT STRATEGY
FOR ARTIFICIAL INTELLIGENCE DEVELOPMENT IN UKRAINE:
WHYS AND HOWS.

Predrag Dasic (Academy of Professional Studies Sumadija - Department in
Trstenik, Serbia) DEVELOPMENT OF SOFTWARE SYSTEMS FOR
RELIABILITY ANALYSIS OF THE COMPONENTS TECHNICAL
SYSTEM
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Salerno, Italy) DEVELOPMENT OF SIMULATION OF UNMANNED
TRANSPORT SYSTEMS
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Poland) SIECI NEURONOWE JAKO NOWE NARZEDZIE
AUTOMATYKI | INFORMATYKI.

Jeanette Hellgren Kotaleski (Science for Life Laboratory, School of
Electrical Engineering and Computer, Science, KTH Royal Institute of
Technology, Stockholm, Sweden) HYPOTHESES OF NEURAL
NETWORK MODELING.

PamazanoB C.K., Maxkapeako M.Bb., BoBuak A.B. (Kuiscoruu
HAYIOHAbHULL eKOHOMIYHULL YHieepcumem imeHi Baouma I'emvmana, Yxpaina)
BUKOPUCTAHHS MOJEJIEH MAIIWHHOTO HABYAHHS IS
INOIMYKY MEJUYHUX JAHUX.

Boasincokuii €.B., Koctiok C.O. (Xapxiscokuii nayionanvuuil yHigepcumem
padioenexmponiku, Xapkie, Yrpaina) IPOOUEAYPA JTBOKPOKOBOI'O
OHOBJIEHHSI TAPAMETPIB IITYYHUX HEHPOHIB 3
AJIATITUBHUMU AKTUBAIIMHUMU ®YHKIISIMMH.

Cmocap B.WU. (IJenmpanvruii Hayxo0-00CiioHutl iHCMumym 030po€HHsA ma
giticbkogoi mexuniku 3C  Vkpainu), Cmwocaps W.N. (Ilormascoxuii
oeporcasnuil  acpapuuii  yHieepcumem) AHAJIU3 DOOEKTUBHOCTHU
MEXAHU3MOB BHUMAHUSA B 3AJAYE CEIMEHTAIIUU
N30BPAKEHU IIUPEPBJIATOB AHAJIOTOBbIX CYUETYMKOB.

Mamuii P.I., XamxkukoB A.C., Kimmenko M.C., Cimuenxko C.B.
(Incmumym npobnem wmyynoco inmenexkmy MOH i HAH VYkpainu)
PO3POBKA CUCTEMHU KEPYBAHHS T'PYIIOIO BE3IIJIOTHUX
AITAPATIB.

Dilip Kumar, Neha lakhwan, Anita Rawat (Department of Civil
Engineering, Govind Ballabh Pant Engineering College, Pauri, India)
STUDY AND PREDICTION OF LANDSLIDE IN UTTARKASHI,
UTTARAKHAND, INDIA USING GIS AND ANN.

Titic B.Bb., CaenneB JI.C. ([Jonbacvka depacasra maumunoOyoigHa akaoemis,
M. Kpamamopcok-Teproniny, Ykpaina) JOCJIIIXKXEHHSA
E®EKTUBHOCTI METOAIB IHTEJEKTYAJIBHOI'O AHAJII3Y
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JIsnkano 10.A.  (lucmumym ingpopmayitinux mexnonoziti 6 eKoHOMIYi
Kuiscbkoeo exonomiunoco ynieepcumemy imeni Baouma I'emomana, Ykpaina)
MOKJIMBOCTI HEWMPOMOP®HUX OBYUCJ/IIOBAJIBHUX
AJITOPUTMIB I ITPOI'PAM.

Ryszard Tadeusiewicz (AGH University of Science and Technology, Krakow
Poland) MODELOWANIE ELEMENTOW SYSTEMU Z
WYKORZYSTANIEM SZTUCZNYCH SIECI NEURONOWYCH.

Gordana V.Jeli¢', Vladica Stojanovié¢’, Dejan StoSovi¢' (University of
Kosovska Mitrovica, ‘Faculty of Technical Sciences, 2Faculty of Sciences and
Mathematics, Serbia) ANALYSIS OF MECHANISMS USING NEURAL
NETWORKS

Kowmesa JLB. (Jonbaceka Oeporcasna mawunobyoisna axademis, M.
Kpamamopcwk-Tepnonine, Yxkpaina) AITAPAT HEUITKOI JIOT'TKA JJISA
OBPOBKU JAHUX MMTEJATOT'TYHOI'O EKCITIEPUMEHTY.

OuabxoBebka O.JL., I'ynkoBa K.1O., Cadaiinam 1.O. (Jounbacvxa oepocasna
Mawunobyoisna  axademisi, M. Kpamamopcvx-Tepuonine,  Vkpaina)
CUCTEMA MNIATPUMKHA TPUMHATTA  PIINEHL I
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OabxoBebka O, T'yakoBa K.JO., 3uranmmua B.A ([onbacvka
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3ACTOCYBAHHSI HEWPOHHUX MEPEX JIJISI NIJIPAXYHKY HE
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MeabnuxkoB  O.}O0., MuxaiinoB B.JO.  ([oubacvxa  Oeporcasna
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KoBaneBchkuii C.B., KoBaneBcbka O.C. (/Jonbacvka Oepoicasna
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axademisa, m. Kpamamopcox — Tepuonine, Yxpaina) BUKOPUCTAHHS
NEURAL NETWORK MODELS AJs JIATHOCTUKU CTAHY
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Sergiy Kovalevskyy, Predrag Dasic, Olena Kovalevska, Valeriia Duk
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Academy of Professional Studies Sumadija - Department in Trstenik, Serbia)
NEURAL NETWORK MODELING OF SOCIO-ECONOMIC
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Sergiy Kovalevskyy, Olena Kovalevska, Ludmila Kosheva, Valeriia
Hanevska (Donbas State Engineering Academy, Kramatorsk - Ternopil,
Ukraine) BUSINESS PARTNERSHIP MODELING USING NEURAL
NETWORKS

ApeBernsak C.A., KosaneBchkuii C.B., (donbacvrka Oepoicasua
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Cuarwok JI.M., KoBaneBcbkuii C.B. ([Jonbacvka oepoicasrha Mamyuo@/dieﬂa
akaoemis, m. Kpamamopcovk — Teproninw, YK]ZaiHa) PO3MIPHUU AHAJII3
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Slobodan Adzi¢', Marijana Milunovi¢', Bojan Brankovi¢® (‘Faculty of
Management FAM, University Union-Nikola Tesla, Belgrade, Serbia;
University in Belgrade, Faculty of Political Sciences, Belgrade, Serbia).
RATIONALE FOR APPLICATION OF NEURAL NETWORK
MODELING FOR ENVIRONMENTAL MONITORING
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35. Oaqiitnuk  C.}O. ([onbacvka Oepoicasna mawunoOyoisHa akaoemis, M.
Kpamamopcok — Tepnoninb, Vxpaina) KOMIIJIEKCHA OIIHKA

E®EKTUBHOCTI BUXOBHHUX 3AXOAIB B J/IMA 3 119
BUKOPUCTAHHSIM AITAPATY HEUITKOI JIOI'IKH.

36. Onnmyk C.I'., TyaymoB B.l. ([onbacvka oepoicasna mawunobyoisna
akaodemis, m. Kpamamopcox — Tepuoninw, Ykpaina)) 3SACTOCYBAHHS 121

HEI‘/'IPOHHI/IX“ MEPEX IS BAT'ATOKPUTEPIAJIBHOIL
OIITUMIBALII TEXHOJIOI'TYHUX ITPOLHECIB.



KoBaneBchbkuii C.B. ([onbacvrka Oepocasna mawunobyoiena arxaoemis, m. Kpamamopcok-
Tepnoninw, Yxpaina)

XXI MIDKHAPO/ITHA HAYKOBA KOH®EPEHIIISI «<HEHPOMEPEXHI TEXHOJIOI'TI
TA IX 3ACTOCYBAHHS - HMTI13-2022».

YeproBa naBanusaTh mnepiia MiKHApoJHA HayKOBO-TEXHIYHA KOH(EpPEeHIis
«Helipomeperxxni TexHonorii Ta ix 3actocyBanHs HMT3-2022» mnpoxoauTs y
CKJIAJHUX YMOBax arpecii pocii, sika po3B's3ajia MPOTH HAIIOi KpaiHU HIYUM HE
CIIPOBOKOBaHY, >KOPCTOKY, BapBapChKy, 3arapOHUIBKY BiliHy. Bopor mocraBuB 3a
METy 3HMILIEHHS YKpaiHu, i 1HTeNeKTy, KyJIbTypH, ieHTu4dHocTi. Hapon Ykpainu
MY>KHbO MIPOTUCTOITh IMIIEPCHKHUM IIJIaHAM 3arapOHUKa 1 pOOUTH yce, 00 BUCTOATU
y IbOMY NIPOTUCTOSIHHI. | MU BiJ4yBaeMO BEJIMYE3HY MIITPUMKY Ta JOIOMOTY BCbOT'O
JEMOKPAaTUYHOTO  CBITY, SIKMM  BUPI3HAETHCS BUCOKMMH  MOpPAJIbHUMH  Ta
IHTEJIEKTyJIbHUMHU SIKOCTSIMU.

[lepen BITYM3HSHOIO HAYKOIO CTOATH 3aBJAHHSA, BUPIIMICHHS SKUX € KXUTTEBO
BOKJIMBUM 3 ypaxyBaHHSM BHMKJIMKIB, aHAJIOTIB SKUM y CBITI Hemae. HeoOximHo
BUPIIITYBaTH 3aBllaHHA Oe3MocepeHbO TMOB'A3aHl 3 BHUKOPUCTAHHSIM  BKpai
OOMEXKEHUX pecypciB y HaWkopotill TepMmiHd. [IpudomMy 111 pimieHHs MalTh OyTH
ONTUMAJIBHUMH y KOXXHMM MOMEHT 4Yacy Ta y JOBIOCTPOKOBIM MEpPCIEKTUBI. A
TEXHIYHI, E€KOHOMIYHI, OpraHi3aliiHi 3aXxOoJu, U0 BXXHUBAIOTHCS, MOKJIMKaHI
oe3nepepBHO (OPMYBATU COIIATIbHO-EKOHOMIUHE CEPEIOBUIIE, B IKOMY TapMOHIMHO
1 0€31MeYHO PO3BUBAETHCS SIK CYCHIIBCTBO B IIIJIOMY, TaK 1 KOXKHA JIFOAMHA.

CrhorosiHi 00'€IHAHHIO THCTPYMEHTAPIIO JOCIHIKEHHS Ta TMOOYAOBH TIUOOKO
KOMIM'IOTEPU30BAHOTO CEPEJIOBUINA 3 METOK OaraToKpuTepiaibHOI ONTUMI3AIli
CIPUSIIOTH PO3POOKH B rajy3i MepCHeKTUBHUX 3aCO0IB MOJCITIOBAHHS PI3HUX 00'€KTIB
Ta TMPOIIECIB 13 BUCOKUM CTYIIEHEM 1JeHTU]IKAII TaKUX MOJENEeH peasbHOro CBITY.
Jlo Takux 3aco0iB y TepIIry 4epry MO>KHA BIIHECTH HEUPOMEPEKHI TEXHOJOTIi SIK
nporiecu 1eHTudikaii HeMpoMepeKHUX MOJIEeH, 0 HAOJIMKAITh, 0 MPOIIECIB
CUCTEMHOI B3a€MO/Ili KMBOi Ta HEXHUBOI MPUPOJM HA OCHOBI I1HTEJIEKTYaJbHHUX
OOYHCIICHbD.

VY 3B'I3Ky 3 BUKJIaJIEHUM NMPUPOIHUM PO3BUTKOM CHUCTEMHOI'O MOJICIIIOBAHHS €
po3poOku  y cdepi PO3BUTKY IITYYHOTO IHTENEKTY SIK HAWBHINOTO PIBHSA
MOJICTTIOBaHHSI JOBKULIS Ta ONTUMAIBHOTO ympaBiiHHSA Hero. [Ipu 1mpoMy mOCBifg
3aCTOCYBaHHA HEHUPOMEpEKHIX TEXHOJOTIA JJii BUPIMIEHHS PI3HOTO  KOJa
MPAKTUYHUX 3aBJlaHb CIPHUSE PO3YMIHHIO Ta CIYXHUTh TMOJAIBIIOMY PO3BUTKY
HAyKOMICTKMX 3aco0iB Ta METOAIB mMOOyJOBH  CepeloBUIAa  Oe3meuHol
KUTTEMISUTBHOCTI KOYKHOT JIFOJMHA OKPEMO Ta BCHOTO CYCIIJIBCTBA 3arajioM.

Ueprosa aBaausTh Iepila HAyKOBO-TexHIYHa KoHpepeHis «HelpomepexHi
TexHosnorii Ta ix 3acrocyBanHs HMT3-2022» Takox CHOpUATHME UM
nepepaxoBaHUM BUIIIE LITISIM.
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THE PROJECT STRATEGY FOR ARTIFICIAL INTELLIGENCE DEVELOPMENT IN
UKRAINE: WHYS AND HOWS

In this article, the project Strategy for Artificial Intelligence Development in Ukraine for the 2022-
2030 years created by a group of Ukrainian scientists and scholars under the guidance of the Institute of
Artificial Intelligence Problems of the Ministry of Education and Science of Ukraine and the National
Academy of Sciences of Ukraine, is analyzed. The project takes into account the strategies for the
development of artificial intelligence in various countries and the 2021 Artificial Intelligence Strategy for
NATO, as well as the Concept of the Development of Artificial Intelligence in Ukraine. It is argued that a
machine with a developed Al should possess artificial consciousness that results in an emergence of a
human-like artificial personality. The significance and outcomes of the Strategy for the Development of
Artificial Intelligence in Ukraine have been analyzed.

Pozenanymo npoexkm Cmpameezii po3gumky wmyunoco inmenexmy 6 Yxpaini na 2022 — 2030 poxu,
CMBOPEHULL 2PYNOI0 YKPAIHCOKUX HAYKOBYI8 Nio KepisHuymeom [ncmumymy npobiem wmyuno2o iHmenexmy
Minicmepcmea ocsimu i mayku Ykpainu ma Hayionanenoi axademii nayx Yxpainu. Ilpoexm ypaxosye
nOOIOHI cmpamezii pO36UMKY WMYYHO20 THMEAeKmY, RPUUHAMI 6 iHwux kpainax ceimy, Cmpameeito HATO
wWooo wmyyrHozo inmenekmy, a maxoosic Konyenyiro pozgumxy wmyynozo inmenexkmy 8 Ypaiui. Iloxazano,
WO MAWUHA 3 PO3GUHEHUM WIMYYHUM IHMeNeKMOM NOBUHHA MAMU WMYYH)Y C8I00MICb, KA NPU3BOOUMb 00
BUHUKHEHHSA WmyyYHOI ocobucmocmi, nodioHoi 00 arduHu. [lpoananizosano 3navenHs i 04iKy8aHi HACTIOKU
peanizayii Cmpamezii po36umky wmyyHoeo inmeiekmy 6 Ykpaiti.

Artificial intelligence is one of the most important technologies in this day and age. More
than fifty developed countries as well as the North Atlantic Treaty Organization (NATO) have
already created and adopted national strategies for the development of artificial intelligence in order
to set tasks and priorities in the area, accelerate socio-economic development, and speed up
scientific and technological progress [Stanley-Lockman and Christis 2021].

The technological level of the domestic production of computer equipment and its elemental
base does not allow us to consider in the near future the possibility of full-fledged competition of
Ukrainian products on the market of hardware solutions of Al technologies. At the same time, the
available potential of scientists and their achievements is not properly utilized. The number of
scientists participating in international projects is increasing, which indicates the active use of our
scientific potential by other countries. Joint international projects in Ukraine arise mainly
chaotically, without consideration of their expediency for the state and without proper coordination
from a single center. Participation in such projects, mostly small ones, disperses the efforts of
Ukrainian scientists and distracts them from setting and solving problems of national
importance.

Currently, the use of artificial intelligence in Ukraine is limited mainly to leading
organizations in the fields of industry, information and communication, and financial technologies,
based on foreign developments. Often, such developments are created in Ukraine, but the
intellectual property rights to them belong to foreign companies.

At the same time, in scientific institutions and institutions of higher education of Ukraine,
scientific teams have been created that conduct research in the field of Al and have obtained a
number of important fundamental and applied scientific and technical results, in particular, at the
V. Gluskov Institute of Cybernetics of the National Academy of Sciences of Ukraine, at the
Institute of Artificial Intelligence Problems of the National Academy of Sciences of Ukraine and
the National Academy of Sciences of Ukraine, at the International Scientific and Educational
Center of Information Technologies and Systems of the National Academy of Sciences of Ukraine
and the National Academy of Sciences of Ukraine, at the Institute of Mathematical Machines
Problems and Systems of the National Academy of Sciences of Ukraine, at the Taras Shevchenko



National University of Kyiv, at the National Technical University “Igor Sikorsjky; Kyiv
Polytechnic Institute of Ukraine”, at the National Aviation University, at the Institute of Applied
System Analysis of the National Academy of Sciences of Ukraine and the Ministry of Education
and Science of Ukraine, at the P. Supyk National University of Health Care of Ukraine, at the Lviv
Polytechnic National University, at the Xarkiv National University of Radio Electronics, at the
Zaporizzja Polytechnic National University, at the Odesa National Polytechnic University, at the
P. Mogyla Black Sea National University, at Cernigiv Polytechnic National University, Vadym
Hetjman Kyiv National University of Economics, and other institutions of Ukraine. Every year, the
community of Al developers grows in Ukraine. Many conferences dedicated to Al and machine
learning are held (Al & Big Data Day, Al Ukraine, International Conference "Artificial Intelligence
and Intelligent Systems" and many others).

The lack of appropriate targeted funding and a conceptual vision of the development of the
field of Al leads to inefficient use of resources, loss of personnel potential, and ultimately to the
outflow of specialists and promising scientists who leave for countries with more favorable
conditions for scientific research.

The draft Strategy for Artificial Intelligence Development in Ukraine has been created
on the basis of existing scientific structures, exceptional scientific accomplishments, and high
educational attainment. The information obtained from many agencies and institutions involved
with defense and security, science, education, marketing, and logistics demonstrates that further
development of enumerated sectors will not be effective without the introduction of artificial
intelligence systems. The analysis of modern results of fundamental, applied and experimental
research on artificial intelligence proved the existence of real possibilities for creating
breakthrough technologies based on Al.

The following professionals took part in the development of the SAIDU project:
A. Shevchenko, O. Bilokobyljsjkyj, M. Vakulenko, O. Chertov, V. Kazymyr, Ju. Kondratenko,
V. Pysarenko, S. Ramazanov, V. Sljusar, R. Tashchijev, V. Fetysov, T. Jeroshenko, R. Khalikov,
V. Chebanov, O. Kozlov, Je. Sidenko, S. Simchenko, A.Zhokhin, M. Klymenko, O. Strjuk. The
SAIDU is based on the provisions of the Concept for the Development of Artificial Intelligence in
Ukraine [Koncepcija 2020], prepared by the Ministry of Digital Transformation of Ukraine and
approved by the Cabinet of Ministers of Ukraine No. 1556 dated 02.12.2020, is its development and
the main implementation mechanism.

This paper is aimed to present the main provisions of the draft SAIDU and to discuss its
anticipated outcomes.

MAIN PROVISIONS OF THE DRAFT STRATEGY FOR ARTIFICIAL INTELLIGENCE
DEVELOPMENT IN UKRAINE

Many countries aim to develop and adopt artificial intelligence. The plans, concepts, and
strategies often highlight healthcare, technology, agriculture, and manufacturing as high-potential
sectors for transformation by means of artificial intelligence. Governments comprehend the
significant potential of this technology for retaining their positions and for the possible building of
competitive advantage in main manufacturing industries.

For all the similarities of general tasks, principles, and methods of achieving similar goals,
foreign approaches cannot be effectively implemented in Ukraine. The specifics of the current state
and the unique conditions of our country determine the formation of alternative ways of Al
development, taking into account the leading world practices.

The SAIDU is the next step in the implementation of the tasks formulated in the
Concept for the Development of Artificial Intelligence in Ukraine [Koncepcija 2020] and
involves a deeper understanding of the meaning of the concept of *artificial intelligence™,
which is based on the application of the principles and mechanisms of the functioning of the human
brain, in particular, its consciousness and conscience.



The term "artificial consciousness” was introduced into scientific circulation as early as
1992 [Aleksander 1992]. Later, the problem of artificial consciousness was studied by foreign
specialists John Kihlstrom, Anil Seth, Stanislas Dehaene, Michael Graziano, Taylor Webb et al.
[Kihlstrom 1997; Seth, Baars, and Edelman 2005; Dehaene, Lau, and Kouider 2017; Graziano
2017; Graziano and Webb 2017]. Ukrainian scientists began such research in 2002 when Anatolij
Shevchenko presented a report at the International Conference "Artificial Intelligence” on
approaches to the problem of modeling artificial intelligence and artificial consciousness
[Shevchenko 2002].

The Ukrainian scientific school of artificial intelligence considers human consciousness as a
fundamental socio-cognitive system that is a product of the activity of its brain and is capable of
perceiving and recognizing information, forming and systematizing knowledge, self-learning,
making independent motivated decisions depending on the tasks and existing circumstances, taking
into account laws and rules of society. Consciousness forms a personality.

The concept of artificial consciousness implies the presence of an artificial conscience as a
mechanism for ensuring the ethics of Al decisions.

A qualitative assessment of the results of a person's conscious activity correlates with the
level of their 1Q (Intelligence Quotient), which is a quantitative characteristic of intelligence.
Therefore, the primary task in the implementation of artificial intelligence is the creation of
an intellectual system that forms artificial consciousness as a model of the functional
apparatus of human consciousness. Similar to human consciousness, the artificial consciousness
of a machine is proposed to be considered an object of scientific research.

Human intelligence serves as a prototype of artificial intelligence [Shevchenko and
Klymenko 2020]. From a technological point of view, artificial intelligence is a system of
algorithms and programs for generating new knowledge and solving creative tasks created
and controlled by the artificial consciousness of a computer. Such a system implements artificial
intelligence as a set of functions of a weakly structured informal system, which determine its
purpose of the activity, the possibility of decision-making taking into account ethical and moral,
and legal norms, mechanisms of learning and self-learning, mastering knowledge about knowledge,
self-awareness, etc. [Shevchenko 2002; Graziano 2017; Klymenko 2020].

Artificial consciousness function manifests itself as a global self-organized information
product, which evaluates and controls core processes of the computer system, transfers data
between components inside a system in order to coordinate its parts, and provides for social,
personal perception of reality [Shevchenko et al. 2022: 30-31].

As regards technology development, the artificial consciousness is an emergent algorithm
for the information processes control and computer system components integration with the
prohibition on putting certain system’s decisions into action. It is a self-aware algorithm, which
possesses knowledge of the environment, can train itself, and make independent knowledge-based
decisions conforming to the legislation and society rules [Shevchenko et al. 2022: 30-31]. It
conditions internal integration and external separation of the system. That interpretation of the
artificial consciousness correlates with NATQO’s Principles of Responsible Use for Al laid out
in the Artificial Intelligence Strategy, in particular the ability to deactivate systems, when
such systems demonstrate unintended behavior.

The available scientific research and documents allow us to determine the area of a
breakthrough in scientific research for Ukraine, which is taking place in fundamental science,
in particular in the field of artificial intelligence. It is necessary to create a high-tech product
in the field of informatics and artificial intelligence in Ukraine, which will replace the current
computer systems. This is the most promising direction for the implementation of the results
of basic research, and also corresponds to the vision of Al in the NATO Strategy for Artificial



Intelligence, which sees Al as a fundamental tool that provides an unprecedented opportunity
to achieve technological superiority.

These studies provide the solution to the strategic task of creating a breakthrough
technology, in particular, a competitive computing machine of the new generation, created on
the basis of traditional technologies and on the technologies of quantum computing. The basic
model of the machine (computer, artificial personality) must have a key intellectual unit — artificial
consciousness — and be characterized by a sufficient level of artificial intelligence, which will
ensure the universality of its use.

The main condition for the functioning of such a machine is the need to take into account
the laws of natural sciences, moral and ethical, and legal norms adopted in the international
community and in a separate state. This approach will ensure optimal decision-making in the
interests of a specific user and humanity as a whole.

The purpose of the SAIDU project is to create prerequisites for the post-war recovery
of the state’'s economy, primarily security and defense, science and education, ensuring its
sustainable development based on breakthrough Al technologies and the corresponding
improvement of the population’s well-being and quality of life. The realization of the specified
goal will bring Ukraine closer to the leadership positions in the world in the field of artificial
intelligence.

Nowadays, no state can operate in isolation from other countries as to the creation and
implementation of Al: only international cooperation of scientists will foster the promotion of high-
tech Al technologies. Ukraine being a part of the European community and a member of the
Committee on Artificial Intelligence of the Council of Europe should focus primarily on the
standards of NATO, the EU, the Council of Europe, and other European Al institutions.

The SAIDU takes into account and will apply global Al standards.

The Artificial Intelligence Strategy for NATO adopted in October 2021 to accelerate
the implementation of Al, interprets Al as an opportunity to achieve technological
superiority, but at the same time as a source of threats, and sets the following goals:

» acceleration and active promotion of Al implementation;

» protection and monitoring of Al technologies and innovative capabilities, taking into
account security policy considerations, such as the practical application of the Principles of
Responsible Use;

* detection and protection against threats of malicious use of AI [Stanley-Lockman and
Christis 2021].

The SAIDU project takes into account the recommendations of the Council of Europe on Al
issues of May 22, 2019 (OECD Legal Instruments), which establish the principles of Al
development activities.

The SAIDU project takes into account the results of the UNESCO General Conference on
November 21, 2021. At this conference, 193 countries, including Ukraine, adopted global ethical
standards for artificial intelligence, which highlight four main areas of regulation of Al behavior.

By 2030, a flexible system of normative, legal, and ethical regulation in the field of Al
should be in place, which, in particular, will guarantee the safety of the population and will be
aimed at stimulating the development of Al technologies and systems. It is necessary to adopt a
separate law "On artificial intelligence”, as well as relevant resolutions of executive authorities, by-
laws, and instructions, to join already existing international treaties and conventions, to initiate the
convening of international ad hoc conferences to resolve issues of codification of artificial
intelligence.

In order to implement the SAIDU, it is necessary to introduce organizational and financial
mechanisms to support fundamental research and applied development and the introduction of Al in



the production of goods and services, in particular, to create a Committee on the Development
and Implementation of Artificial Intelligence under the Cabinet of Ministers of Ukraine.

Scientific-technical and scientific-methodological support for the implementation of the
SAIDU project should be carried out by the Scientific Center of Artificial Intelligence,
established on the basis of the Institute of Artificial Intelligence Problems of the Ministry of
Education and Science of Ukraine and the National Academy of Sciences of Ukraine.

The core task of the SAIDU is the introduction of advanced Al technologies in the defense
sector with regard to NATO’s Artificial Intelligence Strategy, the responsible Strategy for
Artificial intelligence of the US Department of Defense, and ways of its implementation, the
Decree of the President of Ukraine dated March 25, 2021 No. 121 ""On the Military Security
Strategy of Ukraine' and the Strategy of the Development of the Defense Industrial Complex
of Ukraine, in particular in the system of military management and logistics in peacetime and
during martial law. It provides an opportunity to solve complex security and defense tasks.

Al technologies will be used to support decision-making in the process of preparing
strategic operations and tactical combat operations. These technologies will be used in control
systems for space weapons; air, aquatic, and ground vehicles; recognition systems; for
analysis of satellite images and cyber defense; for the automation of labor-intensive
operations in the construction of military engineering facilities.

Challenges and threats related to the disruptive capabilities of Al, which is a global danger,
must be considered. An important security direction should be the development of Al systems to
counter the enemy's highly intelligent weapons, and conducting research on Al security.
Appropriate research organizations will be created for this purpose. It is also necessary to develop
and implement regulatory documents that regulate the use of dual-purpose Al.

It is necessary to introduce Al methods and technologies in the field of cybersecurity in
order to ensure prevention and effective RESTRAINT of challenges and threats arising in
cyberspace, to ensure an effective COMBAT against cybercrime and cyberterrorism, to ensure the
intelligence and counterintelligence of the relevant agencies.

The implementation of artificial intelligence in mobile systems, in particular in
unmanned aerial vehicles, ground and underwater works to fight enemy aircraft, submarines
and surface boats is also relevant. Machine (in particular, deep) learning, computer vision, and
pattern recognition, big data analysis, speech recognition, stable communication systems, multi-
agent control, and organization technologies should be recognized as the main areas of the
introduction of artificial intelligence into mobile systems, which include UAV swarms of
autonomous robots.

The SAIDU project implies the development of Al technologies as separate scientific areas:
fuzzy sets and fuzzy logic, artificial neural network, hybrid neuro-fuzzy and fuzzy neural networks,
bioinspired metaheuristic optimization algorithms (evolutionary and multiagent algorithms,
algorithms that mimic physical and other processes). The implementation of Al methods and
technologies in other fields of science and education is foreseen - in particular, to optimize the
educational process and profile students according to abilities - as well as the development of
interdisciplinary research at the intersection of artificial intelligence and other fields of science.
Much attention should be paid to the development of the linguistic competence of the Al based on
the correct evaluation of text and word semantics [see Klymenko 2020; Vakulenko 2021;
Vakulenko 2022; Vakulenko 2022b].

It is planned to introduce educational disciplines that will study Al at various stages of
education. The network of training centers aimed at training highly qualified personnel for Ukraine
in the field of artificial intelligence will be expanded, unified, and systematized.



It is planned to create transdisciplinary clusters to ensure monitoring studies of students’
cognitive and intellectual development, compliance with educational programs, and the content of
educational and methodical materials with the challenges of scientific and scientific-technical
development of society, quality of the content of teaching the basics of sciences.

As for the healthcare, the SAIDU project provides for the measures aimed at improving
standards of living and increasing life expectancy.

The SAIDU requires a systematic approach, which includes proper scientific support,
funding, and a qualified workforce. It calls for state support, as well as the attraction of private
sector funds and venture capital.

The SAIDU involves using the well-known "continuous chain" of conducting and
commercializing scientific research. Its scheme looks like this: marketing research on the
availability of breakthrough technologies and the results of science < intensive research in
the state, determination of the potential sales market of the final science < intensive product
with artificial intelligence < determination and analysis of personnel potential and financial
flows for solving the tasks < determination of the object for conducting fundamental
research < conducting fundamental research < conducting applied research < conducting
experimental research < introduction of created and available new technologies for various
industries <« reproduction of production < creation of finished products < market.

The basic points of Al and artificial neural networks theory should be introduced as a study
program in schools and higher education institutions in Ukraine. Particular attention should be paid
to the introduction of interactive software tools for deep learning and neural network building,
natural speech processing, and computer vision technologies.

Till 2030 world-class educational programs for the training of highly qualified specialists
and managers in the field of artificial intelligence will be implemented in Ukraine. Ukrainian
educational organizations should occupy leading positions in the world in certain directions in this
field. The shortage of specialists in this field needs to be eliminated, including through the
involvement of leading foreign specialists with academic degrees.

CONCLUSION

We have put forward and discussed the draft Strategy for Artificial Intelligence
Development in Ukraine (SAIDU), which makes it possible to follow general world trends in Al
development. The SAIDU is a state-level document of national importance, which identifies
research priority areas (basic research, applied research, and experimental study), sets tasks and
methods for the adoption of national and global Al-based technologies for the benefit of national
security and defense, as well as the socio-economic development of Ukraine.

It was shown that Ukraine has the sufficient scientific potential to make a breakthrough in
the Al area, particularly in providing premises for the creation of an artificial personality with
elements of artificial consciousness similar to human consciousness. The possible areas of
implementation of SAIDU and its anticipated impacts have been analyzed. The implementation of
the SAIDU should solve for our state the civilizational task of establishing its worthy role in the
field of Al and in the creation of the Al ecosystem in general. The SAIDU project not only
determines the ways to avoid the technological dependence of our country in the field of Al
but is also intended to become an important factor in comprehensively promoting its
economic, technological, and political development.
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DEVELOPMENT OF SOFTWARE SYSTEMS FOR RELIABILITY ANALYSIS OF THE
COMPONENTS TECHNICAL SYSTEM

This paper presents the methods and an example of the reliability analysis of the power system for
eccentric press INN 1500 and multi-bladed indexable inserts made of multi-coatings hard metal for turning
of steel 18CrNi6.

The reliability of a machining system, e.g. a lathe with numerical control (NC), consists of the
reliability of subsystems (figure 1): machine tools, cutting tools and auxiliary accessories, which are
connected in a series or in an order, i.e. successively. In contrast to machining systems, the connection
between individual components in technological and production systems may be in addition to the
connection in series, parallel, combined or mixed, etc.

r MACHINING SYSTENM "‘]
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Figure 1: Serial connection of the machining system reliability

Nowadays the studying of reliability of modern technological and machining systems: NC, CNC,
DNC, FMS, RCS and so on - both the whole systems and their components - is certainly interesting.

By the application of statistical methods, following the breaking down of components of
technological and machining systems in the phase of real exploitation, it is possible to determine the
theoretical distribution, which is best for the approximation of experimental data. In the course of this we
meet mostly the following theoretical distribution: equal, linear, exponential, hyper-exponential, normal,
logarithmic normal, Weibull s, Rayleigh s, gamma, Erlang's and Gumball s or extreme (minimum or
maximum) value of type. The choice of theoretical distribution is checked through non parameter tests:
Pearson, Romanovski, Kolmogorov, Kolmogorov-Smirnoff and Misses.

The basic indicators of reliability of technological or machining system components, hereby of
cutting tools: reliability function or probability of work without failures, i.e. proper function of the system
R(t); unreliability function or probability of failure appearance F(t); failure frequency (density) function or
frequency of failure appearance f(t) and failure rate or failure intensity (speed) function or speed of failure
appearance (t).

If one of the four mentioned characteristics of reliability is known, the other three may be easily
determined. The reliability of technical system components can be characterized by numerical parameters.
The most significant of these parameters are the time of work without failures T for specific probability and
the so-called Mean Time of Work without Failures or Mean Time Between Failures (abbr. MTBF or T).
Here T is the mean time of work of a functional component between consecutive failures and under specific
conditions.

The application of statistical methods on the base of the following technological and machining
systems components failure in the phase of a real exploitation can define the theoretical model of reliability
in one of the two following ways [6-8, 11]: reliability determination of the technological and machining
systems components on the base of previously exactly defined theoretical distribution and reliability
determination of the technological and machining systems components on the basis of choice of theoretical
distribution, which in the best way approximate experimental data (according to characteristics of theoretical
distributions [1, 5, 10-12] , on the base of comparative analysis [6-8, 11, 13] and similar).

In this paper reliability of the technological and machining systems components (power system for
eccentric press INNOCENTI 1500 and multi-bladed indexable inserts made of multi-coatings hard metal for



turning) is determined on the basis chosen of theoretical distribution, which in the best way approximate
experimental data on the base of comparative analysis [6-8, 11, 13] .

For determination of the reliability of power system as the critical component of the eccentric press
INNOCENTI 1500 there has been followed its time in the work at the phase of the real exploitation. Sample
size has been n=34. The time of work without failures of power system for eccentric press INNOCENTI
1500 t has been measured in h and has run from 51 h to 660 h . The results of the failures observation of
power system for eccentric press INNOCENTI 1500 t are grouped in six equal intervals of so-called group
intervals, as it is done in table [1, 13] .

On the base of comparative analysis [6-8, 11] of the theoretical distribution: exponential, hyper-
exponential and Weibull s distribution for grouped experimental data the chosen one
is exponential distribution, and its reliability functions is as follows [13] :

Rt =e- 0,0054 t (1)

The graphic presentation of basic theoretical indicators of exponential model of reliability of power
system for eccentric press INNOCENT]I 1500 is shown in figure 2.
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Figure 2: Graphic review of basic theoretical indicators of exponential model of reliability of power system
for eccentric press INNOCENTI 1500

For determination of the reliability of cutting tools made of multi-coating hard metal as the critical
component of the CNC lathe MD10S there has been followed its time in the work at the operations turning
(the reach of external contour turning). The materials of the machined part has been steel C.5421 (according
to JUS standard) or 18CrNi6 (according to DIN standard) or 20NC6 (according to AFNOR standard), heated
to good machinability. The cutting tool for turning has been a indexable inserts made of hard metal: the tool
holder PDJNL 3225P 15 and the indexable inserts DNMG 150612 PGPO15 from the firm PP-Corun with the
nose radius r=1.2 mm . The element of cutting regime were: cutting depth a=0.5 mm , number of passes i=1,
cutting speed v=260 m/min and feed s=0.2 mm/rev , where the main machining time is t,;=0.35 min . The
machining has been realized with a coolant and lubricant 9 . Sample size has been n=30. The time of work
without failures of cutting tools made of multi-coating hard metal ¢ has been measured in min and has run
from 13,3 min to 19,25 min . The results of the failures observation of cutting tools made of multi-coating
hard metal are grouped in six equal intervals of so-called group intervals, as it is in [6, 9-10] .

On the base of comparative analysis [6-8, 11] of the theoretical distribution: normal, logarithmic
normal, Weibull s and Gumbeall s distribution for grouped experimental data the chosen one is Weibull s
distribution, and its reliability functions is as follows [6, 9-10] :

Rt = e(1/16,4777) 122 )

The graphic presentation of basic theoretical indicators of Weibull s model of reliability of multi-
bladed indexable inserts made of multi-coatings hard metal for finished turning of steel 18CrNi6 is shown in
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Figure 3: Graphic review of basic theoretical indicators of Weibull's model of reliability of multi-bladed
indexable inserts made of multi-coatings hard metal for turning of steel 18CrNi6



CONCLUSIONS

The reviewed methodology of the function reliability determination of the technological and

machining systems components on the basis of the comparative analysis of the different theoretical
distribution is general character and can be applied to the reliability analysis of both different components
and complex systems.

Theoretical exponential model reliability represents the experimental data very well during from

the example no. 1 the observation of work without failure of power system for eccentric press
INNOCENTI 1500.

Theoretical Weibull's model reliability represents the experimental data very well during from the

example no. 2 the observation of work without failure of multi-bladed indexable inserts made of multi-
coatings hard metal for turning.
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UDC 629.7.014-515.64(043.2)
Domenico Guida (Department of Industrial Engineering, University of Salerno, Italy)

DEVELOPMENT OF SIMULATION OF UNMANNED TRANSPORT SYSTEMS

The work proved that the hierarchical classification made it possible to simplify all the inventoried
landslide objects into objects of the anti-slide complex and into one object of the landslide system. The
objects of the landslide complex originate from the spatial overlap of landslides of the same type, and its
definition also includes the concept of temporal repetition of the phenomenon within one geomorphological
unit.

This work is focused on the study of recurrent debris flow events on the north-facing
mountain slope of the Bulgheria massif (Cilento Unesco Geopark, southern Italy). These
phenomena pose a threat for at least two villages and infrastructures on the lower slope. The main
morpho-structure of the mountain slope is strongly controlled by the tectonic overlapping in form of
multiple thrust-folding of the Meso-Cenozoic limestone related to the inner margin of the Apennine
Carbonate Platform over lower-middle Miocene marly-clay flysch and previously overthrusted
basinal units ranging from upper Oligocene to lower Miocene. Therefore, the mountain slope is
sculpted by erosional deep incided ravines and sub-structural interfluve cliffed slopes passing
downslope to depositional piedmont by evident and abrupt knick-point. Channels along the slope
are periodically filled both through rock fall deposits occurring on channel’s flanks and by soil
creep and sheet wash phenomena at channel’s heads, which supply new material for future flows.
Such relationship between infilling rock fall phenomena and debris flows represents an interesting
case study of interaction among different and concurrent landslide types providing an optimal
example of space-time evolving landslide system. Landslide classes have been stored and mapped
using a previously proposed object-oriented and event-based model and producing in this way a
multi-temporal database. Landslide objects have been grouped into landslide subclasses using the
latest landslide classification available. In the next step, a hierarchical classification has been
applied, introducing two levels of aggregation and one level of decomposition. Landslide
complexes group landslide objects of the same class sharing spatial connection, defining rock fall
complex objects and granular soil wet flow complex objects. Landslide systems group all the
interacting landslides, regardless of their type. Landslide components describe the various portions
of a single landslide object. Every stored object has its temporal attributes distinguishing between
time points (events) and time intervals (time frames). The integration of complex spatial relations
through topological analysis and temporal characterization of data allows to build a flexible
database structure adaptable to several specific needs and different outputs, such as basic landslide
maps or event maps, multi-temporal and frequency analyses, or the study of the interactions among
different types of landslide hazards. In this framework, a neologism could be introduced in
landslide studies, as landslide eventory mapping, as a challenge for future applications.

In the field of geohazards, debris flow phenomena are one of the most dangerous landslide
types, posing major threats to human lives and their related settlements, infrastructures, and
activities (Bovis & Jacob, 1999; Perov et alii, 2017; Naidu et alii, 2018; Cascini et alii, 2019; Kean
et alii, 2019). Producing a data structure and mapping capable of storing temporal occurrence and
recurrence of debris flows and their spatial relations with other landslide types could be a useful
tool to better improve landslide hazard assessment and mitigation at different scales.

Recently, a landslide object-oriented method (LOOM) has been proposed by the authors
(Valiante et alii, 2021) in order to tentatively overcome a few limitations in the traditional landslide
data model procedures. Please refer to this work for a more in-depth examination of the
comparative analysis of existing methodologies.
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In fact, the aim of this paper is to describe how we can manage dataset from recorded or
surveyed recurrent landsliding events occurred along two steep ravines on the northern slope and
piedmont of the Bulgheria Massif, uphill of the Celle di Bulgheria village (Campania region, Italy):
the Moio and Valle Noce channels (Fig. 1). Along these channels several landsliding phenomena
occurred in the last centuries, such as concurrent and delayed rock falls, debris flows, and shallow
soil slips at channel heads, as reported in an un-published report by one of the authors (Guida,
2019), who was in charge to propose a design for risk mitigation. Historically recorded and
observed phenomena have been inventoried using a hierarchical object-oriented approach, taking
into account geological, geomorphic and climatic constraints, as illustrated in the following
sections.

The Bulgheria carbonatic massif is built up by a platform margin stratigraphic succession
ranging from upper Trias to Miocene called Mt. Bulgheria tectonic sub-unit (D’Argenio et alii,
1973; Graziano et alii, 2016). Along the northern front of the Bulgheria Massif the younger
formations of the tectonic unit crop out, and they are mainly composed of stratified calcarenites and
calclutites, oolitic calcarenites and bioclastic calcrudites. The youngest formation of Mt. Bulgheria
tectonic sub-unit cropping out in the study area is a marly-calcareous and clayey flysch. Previous
formations tectonically overlap terrigenous formations belonging to the so-called Internal Units
(Bonardi et alii, 1988; Cammarosano et alii, 2004). From a structural perspective, the Bulgheria
Massif is made up by an asymmetrical overturned fold and a complex overlapping structure which
includes reverse faults and fault propagation folds, overlapping the carbonatic succession over the
terrigenous flysch deposits (Guida et alii, 1989). At the foot of the entire mountain front, extensive
coarse deposits can be found as partially cemented calcareous breccias or loose debris.

The northern hillslope of the Bulgheria Massif has experienced an initial evolution
following a slope replacement model, exploiting structural features such as bedding and fault planes
(Guida et alii, 1989). Such evolution produced the actual morphology characterized by steep rocky
cliffs on the upper section of the relief, and a less sloping lower section produced by the
accumulation of detritical materials. Along the main ridge, longitudinal valleys can be found as
hollows, often filled with pyroclastic and residual soils. All of the mountain front is nowadays
carved by straight channels having different incision rate, producing a series of debris fans at the
footslope, such as the Moio and Valle Noce channels, on which this study is focused.

In this study, a hierarchical object-oriented data model for landslides has been applied for
the study of recurring debris flow events. Such model aims at preserving spatiotemporal relations
between landslide objects for an optimal inventorying and representation of complex
superimpositions of landslide events.

The application has been carried out along two channels on the northern front of the
Bulgheria Massif (southern lItaly). The hierarchical classification allowed to simplify all of the
inventoried landslide objects into landslide complex objects and into one landslide system object.
Landslide complex objects derive from the spatial overlap of landslides having the same type and
its definition also enclose the concept of temporal repetition of a phenomenon within the same
geomorphological unit. On the other hand, the definition of a landslide system, defined as the
spatiotemporal overlap of landslides of any type, can be considered a synthesis of the gravitational
history of a hillslope. Along the Moio and Valle Noce channels a cyclic type of activity has been
highlighted, showing how those channels experience “refilling” periods, thanks to creep-like
phenomena in the channel heads and to rock fall episodes in the middle section; those inactive
phases are then interrupted by debris flow occurrences, which produce the channel discharge. In this
framework, being the data structure event-based, a landslide database built following the LOOM
data structure, could be defined as landslide eventers rather than landslide.
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Ryszard Tadeusiewicz (AGH University of Science and Technology, Krakow Poland)
SIECI NEURONOWE JAKO NOWE NARZEDZIE AUTOMATYKI | INFORMATYKI

The work proves that neural networks can be a very useful tool for solving many scientific and practical
problems related to the creation of search databases. After looking at the examples discussed above, we can
assure you that despite their indisputable utility, neural networks are used to solve search problems.

Neural networks are currently widely used as a tool for intelligent computations. Because of
these applications, neural networks (NN) are now known and used also by the people who are
definitely not interested in neurocybernetics, and consider NN only as a computational tool for
solving practical problems. For people who are not familiar with neural networks yet, but are
planning their use in future, the book (Tadeusiewicz et al., 2014) can be recommended as a very
friendly introduction with numerous practical exercises which can be performed by the reader on
his own laptop using the many free programs attached to the book.

For people at least a little familiar with neural networks, a useful aid in reading this article
should be the schema of a typical application of an NN presented in Fig. 1 in the most simplified
and condensed form.

The most important element is the knowledge collected in the neural network in the form of
values of parameter tuning during the learning process. Thanks to this learning methodology used
for neural network adaptation to solving particular practical problems, an NN can be used in many
applications, even those for which the neural network user himself cannot propose (or even
imagine!) a method of problem solving.

The neural network has — as usual — a lot of input data representing the problem being solved,
and one output. Very often such a schema is enough, but sometimes the problem under
consideration needs more outputs. In such cases, networks with many outputs can be used, but a
more recommended approach is to use some separate networks with the same
inputs and a single output value from every network.

For every well-defined problem, the number of input data it the number of desired output
results are predetermined. The user of a neural network must select in fact one parameter only: the
number of hidden neurons. In a typical situation, this selection is accomplished using a simple
empirical method: the researcher builds some bigger and smaller networks and tests their efficiency,
selecting for permanent use the best one. Sometimes special programs can be helpful, which
recommend the neural network structure by generating many networks with different structures and
finding automatically the best one inputs and a single output value from every network.

For every well-defined problem, the number of input data items and the number of desired
output results are predetermined. The user of a neural network must select in fact one parameter
only: the number of hidden neurons. In a typical situation, this selection is accomplished using a
simple empirical method: the researcher builds some bigger and smaller networks and tests their
efficiency, selecting for permanent use the best one. Sometimes special programs can be helpful,
which recommend the neural network structure by generating many networks with different
structures and finding automatically the best one.

To answer this question, we introduce a kind of general classification of problems solved by
means of computers. The problem complexity level is represented by the abscissa coordinate. This
axis is not scaled, because the exact measure of problem complexity can be a non-trivial problem in
itself. However, there are surely easier problems (located in left part of the proposed coordinate
system) and more complicated ones (located in its right part). The ordinate is connected with a more
strange property of the problems being solved. This is the lack of prior knowledge about the rules
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governing the problem under consideration. The lower part of the presented coordinate system is
the location of problems, for which all rules are known. We know how the problem is formulated,
and we can describe the precise method of its solving. The upper part is the location of problems,
for which we cannot obtain any rules or any methods of problem solving. An example can be the
forecasting problem. We believe that the future is determined by the present situation and the past —
but nobody can give an exact formula for calculating this determined future.

The left lower corner of the coordinate system shown in this figure belongs to easy problems,
with limited complexity and full information about the methods that can be used for their solving.
For such problems, exact hand-made algorithms can be used.

The central part of the chart is reserved for problems whose complexity is moderate and for
which we do not have exact information about the exact rules governing the given problem, but we
can use statistical methods or apply expert systems.

The last part of the chart belongs to really difficult problems with total lack of information
about rules governing the problem. And the optimal methods for solving these problems are neural
networks.

This result can be achieved, because neural networks (NN) are very effective modelling tools.
Instead of searching for an algorithmic or statistical solution to the considered problem — we can
build an NN model, train it using example data, and then use it for solving the said problem.

This approach can be used both for regression problems, when one or more variables (which we
need) are dependent on several independent variables (which we know). Such an approach can be
also used for solving classification problems, when one or more decisions (which we need) depends
on several independent variables (which we know). All these results can be achieved because NN is
a tool capable of modelling extremely complex functions. In particular, NNs can be non-linear, and
the nonlinearity of NN models can be of an arbitrary form. Traditional methods for fitting nonlinear
models suffer from the need to give an a priori, explicit definition of the form of model’s non-
linearity (e.g. polynomial, harmonic, exponential or logistic function), and the approximation
methods can only fit the optimal parameters to the function form given by the user. On the other
hand, NNs can model an arbitrary form of non-linearity during the learning process. Moreover, the
optimal form of non-linearity is developed by an automatic machine learning process, without any
interaction from the user. Neural networks also control the dimensionality problem, which hampers
attempts to model non-linear functions with large numbers of variables. As a result, NNs are able to
find an optimal set of variables, and attribute them with the proper parameters.

These properties of NNs make them an ideal tool for many purposes. In this paper we try to
compile a survey of NNs applications in mining sciences. We hope it will be useful for many
researchers and practitioners who are searching for solutions to numerous problems related to
mining sciences.

Another neural network application related to hydrocarbon reservoirs was described in the
paper (Morshedi et al., 2014). A neural network was used there for modeling the increase in oil
recovery caused by bacteria injection into an oil reservoir. The input data for the network were the
reservoir temperature and the amount of water injected into the reservoir for enhancing oil recovery.
Comparing experimental and simulation results, the authors showed that the neural networks had
modeled this system properly, and that they could develop a proper model for the oil recovery
factor in various conditions. A similar problem of neural network use for predictive modeling of
chemical flooding in petroleum reservoirs was considered in the paper (Ahmadi, 2015). The
considered problem is important both from the economical (net present value, NPV) and the
technical point of view (recovery factor, RF). Thus, the proposed neural network model can be
considered an effective tool for predicting the efficiency of chemical flooding in an oil reservoir
when the required experimental data are not available or accessible.

A study demonstrating a great potential for the application of neural networks in petroleum
reservoir characterization was also given in the paper (Jiuyong Li, 2013). The performance of the
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neural network model was evaluated using standard decision rules, and compared with those of a
neural networks ensemble with the conventional Bootstrap Aggregation method and Random
Forest. The results showed that the neural method outperformed the others with the highest cor-
relation coefficient and the least errors. The achieved results were very good.

Moreover, general properties of oil and gas formation and behavior can be also predicted by
neural network models. For example, the paper (Ghavipour et al., 2013) discussed an application of
a neural network for hydrate formation prediction. In order to achieve an appropriate under-standing
of the gas hydrate behavior during formation and destabilization, series of laboratory experiments
with six different gas mixtures were carried out, and more than 130 hydrate equi-librium points in
the pressure range of about 450-3000 psia were recorded. Various methods of hydrate formation
prediction were discussed, and finally the neural networks method was used. Authors ensure that
the neural network method is a reliable technique for accurate prediction of hydrate formation
conditions for generalized gas systems, and can be used in future automatic inhibitor dosing
devices.

Conclusion

The selected papers presented above show that neural networks can be a very useful tool for
solving many scientific and practical problems related to the mining industry. After search-ing for
the examples discussed above we can assure that, despite their indisputable usefulness, neural
networks are applied to mining problems only rarely. Taking into account the contents of databases
with information about various applications of neural networks, we can roughly esti-mate that about
30% papers are related to pattern recognition, 20% are connected to signal and image processing,
also 20% — to various engineering problems (excluding the problems related to mining engineering,
counted separately), 20% papers serve medicine, biology and agriculture, and about 10% are
dedicated to economic (financial) forecasting. In the above count, papers related to mining
applications of neural networks can be estimated to account for 0.1% or less.

On the other hand, we can also estimate that among the papers discussing various scientific
and practical problems related to the mining industry, less than 0.1% are papers where artificial
neural networks are used.
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Jeanette Hellgren Kotaleski (Science for Life Laboratory, School of Electrical Engineering and
Computer, Science, KTH Royal Institute of Technology, Stockholm, Sweden)

HYPOTHESES OF NEURAL NETWORK MODELING

The paper demonstrates that discovery and accessibility principles for models and modeling
workflows require databases and repositories where models, software, and associated data can be stored, as
well as the use of persistent unique identifiers and metadata. When it comes to model interoperability, we
focus on the ability to run the same model using different modeling platforms and model analysis tools.
However, we also discuss interactions between neighboring scales, such as when the output of a higher-
resolution model is used as input to a coarser-resolution model. In terms of reusability, our main focus is to
enable different laboratories to reuse and efficiently rebuild each other's models, while acknowledging the
origin of the model and the data used to constrain and validate the model.

Modeling in neuroscience arises at the intersection of different perspectives and approaches.
Typically, hypothesis-driven modeling focuses questions to create a model to investigate a specific
hypothesis about how a system works or why certain phenomena are observed. Data-driven
modeling, on the other hand, takes a more unbiased approach where model building is based on
computationally intensive use of data. At the same time, researchers use models at different
biological scales and at different levels of abstraction. Combining these models while validating
them against experimental data improves understanding of the multiscale brain. However, the lack
of interoperability, transparency, and reusability of both the models and the workflows used to build
them creates barriers to integrating models that represent different biological scales and are built
using different modeling philosophies. We argue that the same imperatives that guide data
resources and policies, such as the principles of FAIR (searchable, accessible, compatible,
reusable), also support the integration of different modeling approaches. The FAIR principles
require that data be provided in formats that are searchable, accessible, interoperable and reusable.
Applying these principles to models and modeling workflows, and the data used to constrain and
validate them, would allow researchers to find, reuse, question, verify, and extend published
models, whether implemented phenomenologically or mechanistically. as multiple equations or as a
multiscale hierarchical system. To illustrate these ideas, we use a classic model of synaptic
plasticity, the Bienenstock—Cooper—Munro rule, as an example because of its long history, different
levels of abstraction, and implementation at many scales.

Dynamic models are an essential analogue of experiments in trying to understand the brain,
and today there is a large ecosystem of model types and approaches. For example, hypothesis-
driven modeling typically focuses questions to create a model to investigate a specific hypothesis
about how the brain works. Data-driven modeling, on the other hand, often takes a more unbiased
approach where model building is based on computationally intensive use of data. Although
hypothesis-driven and data-driven modeling approaches are not mutually exclusive, a large number
of modeling formalisms, modeling platforms, and data formats have fragmented the neuroscience
modeling community, especially when modeling at different biological scales or levels of
abstraction. This diversity is useful: most models and modeling tools have a clear and specific role,
but at the same time combining these approaches in a mutually compatible way would have a huge
impact on our understanding of the brain. FAIR (Findable, Accessible, Interoperable, Reusable)
principles (Wilkinson et al., 2016) have been widely discussed and applied to data management
(Wittig et al., 2017) and more recently to computational workflows (Goble et al., 2020). . We
hypothesize that these principles will also be useful for models and simulation workflows in the
neurosciences. In this review, we examine the different steps in the general modeling workflow and
consider different alternatives for model building, refinement, analysis, and use. For each step, we
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consider how FAIR principles can be applied to different aspects of the modeling process. We focus
on models at the intracellular or cellular level, where the field of computational neuroscience meets
systems biology modeling, with an emphasis on models of brain plasticity and learning. However,
the methodology and concepts discussed can also be applied to other biological systems and scales
(see, e.g., Einevoll et al., 2019).

Model development begins with the collection of information that forms the basis of the
modeling study, such as relevant experimental literature, published models, and additional
experimental data.

Different types of models can be useful, but their value is greatly increased if they can be
integrated to understand the same experimental data and phenomena at different scales or at
different levels of abstraction. For example, an abstract model of reward prediction can be given
details through multicomponent simulations, allowing direct comparison of this new form with
experimental data. The experimentally validated model can then be used to design new experiments
or predict effective therapeutic interventions. For all types of models, it is also important to support
new tools for model validation and refinement, including methods for efficient parameter
estimation, global sensitivity analysis, uncertainty quantification, and other data science approaches
(Alber et al., 2019). This is important not only for increasing accuracy and reproducibility of model
development, but also for efficient incorporation of new data. FAIR's modeling infrastructure,
which includes both models, data and software, is essential for establishing synergies between
modeling approaches and for improving and validating models.

Searchability and accessibility principles for models and modeling workflows require
databases and repositories where models, software, and associated data can be stored, and the use of
persistent unique identifiers and metadata. When it comes to model interoperability, our main focus
is on being able to run the same model using different modeling platforms and model analysis tools.
However, we also discuss interactions between neighboring scales, such as when the output of a
higher-resolution model is used as input to a coarser-resolution model. Regarding reusability, our
main focus is to enable different laboratories to reuse and efficiently rebuild each other's models,
while acknowledging the origin of the model and the data used to constrain and validate the model.

Reusability is related to the issue of research reproducibility, which is discussed in many
scientific fields. In a recent study (Tiwari et al., 2021), the authors attempted to reproduce over 400
kinetic models of biological processes published in peer-reviewed research articles in conjunction
with the curation process in BioModels (Chelliah et al., 2015). repository, and they found that only
about half of the models were directly reproducible. They note that there is a difference between
reproduction stability and repeatability. Basically, the simulation process is repeatable if someone
else can run the same code and get the same results. On the other hand, reproducibility requires that
another researcher, starting with the same information but with a different implementation, achieves
the same result. Thus, reproducibility provides a stronger check on the quality of computational
science results. There are other interpretations of these terms, as discussed in a recent study
(Plesser, 2017), but here we follow the terminology described above.

A tightly integrated ecosystem of databases, software, and standardized formats is needed to
further develop FAIR-compliant modeling workflow capabilities.

In summary, the history of models implementing the BCM rule shows a clear progression
from abstract, qualitative, and FAIR formulations to more mechanistic, quantitative, and FAIR
formulations of the same conceptual model using data-driven parameterization. This development is
a natural consequence of the accumulation of experimental data and the birth of the concepts of the
FAIR principles.
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PamazanoB C.K., Makapenko M.b., BoBuak A.B. (Kuiscvkuti HayionanbHuti eKOHOMIUHULU
VHisepcumem imeni Baouma ['emvmana, Yrpaina)

BUKOPUCTAHHSI MOJIEJIEM MAIIMHHOT'O HABYAHHSI JIUIsI MOIIYKY
MEJIAYHUX JAHAX

Bukopucmanusa wmyunoeo inmenexkmy 68 MeOuyuHi mae 6e3niy apianmis: ye nOpmMamueni npUcmpoi
KOHMPOTII0 NOKA3HUKIB 300p08's, 3acobu onmumizayii npoyecy 0iaeHOCMUKU, NPOSPAMU 0151 ABMOMATRU3AYTT
00KYyMeHmoo0bi2y, Ni0sUWeHHs eqheKMUGHOCMI IKY8aHHs i m.0. Ale cli0 eusHamu, wo y NUMAHHL TiIKaAPCbKUX
piulenb ma CniiKy8aHHsA 3 NAYIEHMOM MAULUHA HIKONU He 3MOXce 3aMIHUmMU ucoxonpogecitinozo ghaxisys.
Ha oOanuti momenm nemae swcooHux cymuigie, wjo LI cmae 0cHO8HOI0O HACMUHONW YUPDPOBUX CUCHEM
OXOPOHU 300P08 51, AKI (YOPMYIOMb | NIOMPUMYIOMb CYUACHY MeOUYUHYy ceimi ma 8 Yxpaiui.

The use of artificial intelligence in medicine has many options: these are portable devices for
monitoring health indicators, tools for optimizing the diagnostic process, programs for automating document
processing, increasing the effectiveness of treatment, etc. But it must be recognized that in the matter of
medical decisions and communication with the patient, the machine will never be able to replace a highly
professional specialist. At the moment, there is no doubt that Al is becoming the main part of digital
healthcare systems that shape and support modern medicine in the world and in Ukraine.

I TyyHnii IHTENEKT Y METUIMHI — 116 BUKOPUCTAaHHS MOJICJICH MAITMHHOTO HAaBYaHHS IS
HOLIYKY MEIMYHUX JJAHUX Ta OTpUMaHHs iH(opMallii, sika J0IoMOXe IMOKPALUTH CTaH 3/10pOB’s Ta
JOCBiJ 30€peXeHHs 3/J0POB’S MAaIi€HTIB. 3aBJSKM OCTaHHIM JOCATHEHHSM KOMIT IOTEpPHUX HAYK Ta
iHpopmatuku WTydHud iHTenekT (gami — III) mBuaKO cTae HEBi’ €MHOI YaCTHMHOIO CYYacHOT
OXOpPOHHU 3/I0pPOB’Sl y CBITi. AJNTOPHUTMH INTYYHOTO IHTEJIEKTY Ta iHIN jgoxatku Ha ocHoBi LI
BUKOPHUCTOBYIOTHCS JUISI TIATPUMKHA MEIWYHHX MPAIIBHUKIB y KIIHIYHUX YMOBax Ta AJis peanizalii
NOTOYHMX JociikeHb. Ha choronni Hainommupenimumu posnsmu I B MennyHux ycraHoBax €
HOiATpUMKA KIIHIYHMX pIIIEHb Ta aHami3 300pakeHb. Y MEIUuHIN Bizyasizalii 1HCTPYMEHTH
HITYYHOT'O 1HTEJIEKTY BUKOPUCTOBYIOTHCS JUIsl aHAI3y KOMII IOTEPHOT ToMorpadii, peHTTeHIBChKUX
npomeHiB, MPT Ta iHmuX 300pa’keHb Ha HAasABHICTh YypakeHb a00 IHIIMX BHMCHOBKIB, SKi
PEHTTEHOJIOT MOKE TPOITYCTUTH.

Po3rnsiHeMO MI>KHapOJHHUM JAOCBiA 3aCTOCYBAaHHS IITYYHOT'O 1HTENEKTY B rajly3l MEAULIUHHU.
3rilHO 3 JMaHUMH, HaBeleHUMH y ctaTTi J[>koBanHi bpiranTi [1], 3acTocoBaHuii 70 €IEKTPOHHHUX
3aMKCiB MPO CTaH 3[0pPOB’S MAlLlI€HTIB IUTYYHHH 1HTENEKT BUKOPUCTOBYETHCS AJISi MPOTHO3YBAaHHS
PU3UKY CEpLEBO-CyIMHHUX 3aXBOPIOBaHb, HANPUKIAA, TOCTPOr0 KOPOHAPHOTO CHHIPOMY Ta
CeplLeBOi  HEMOCTAaTHOCTI, paHHbOrO BHsBIEHHS (iOpunanii nepencepab. JucraHuiiHui
monitopudr EKI' 3a nonmomoroto Kardia y amOynaTopHMX Hali€HTIB 3 OUIBIIOI MMOBIPHICTIO
BU3Havae (GiOpmIIALio nepeacepib, HK 3BHUaiiHe JiKyBaHHA. Apple Takok oTpuMaia CXBaJEHHS
FDA nns cBoro Apple Watch, sxuit no3sosse snerko orpumyBatu EKI' 1 BusBisaTu ¢idpumisiito
nepeacepib, SKUMH MOXHA MOJIUIMTUCS 3 BUOpaHUM JiKapeM uepe3 cMapTdoH. Y pobOoTi aBTOp
pO3TJsifae /1Ba OCTAHHIX 3aCTOCYBAaHHS TOYHMX 1 KJIIHIYHO 3HAUYLIUX AITOPUTMIB, SKI MOXYTh
NPUHECTH KOPHUCTDH SIK Malll€EHTaM, TaK 1 JiKapsM, MOJIETIIYIOYH JiarHOCTHKY XBopo©O. Ilepmuii 3
[IUX aJTOPUTMIB € OJTHUM 13 0araThb0X ICHYIOUMX MPUKIIAIIB AITOPUTMY, KU JOMOTae JiKapsMm y
3aBIaHHAX Kiacu(ikamii 300paxeHb: HochiHUKKH CeynbChbKOro HAIliOHAIBHOTO YHIBEPCUTETY
po3pobunu anroput™m LI mix vazBoro DLAD (anrn. Deep Learning based Automatic Detection),
mo0 aHami3yBaTH PEHTTEHOIpaMH TPYAHOI KIITKM Ta BUSBISATH aHOMAIbHUH pICT KIITHH,
HAIpUKIJIAJ MOTeHIIHHUN pak. Jpyruii 3 ux aaropuTMmiB HaIXOAUTH BiJ AOCHIAHUKIB 3 Google Al
Healthcare, sixi ctBopunm amroputM HaBuaHHS LYNA (anrn. Lymph Node Assistant), sxuii
aHaJI3ye TICTOJNIOTIYHI Claiau 3a0apBICHUX 3pa3KiB TKAHWHHM JUISl BHSIBJICHHS METAaCTaTHYHHX
MYyXJIMH MOJIOYHO] 351031 3 Oiomcii gmiMmdarnynoro By3na. LYNA Ha 99% touno kitacugikye 3pa3ok
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SK paKoBHii a00 HEpaKOBHIA Ta BJBIUlI CKOpOUYE Cepe/HIl Yac Meperjsiy chainiB TkaHuH. 273 Y
nocnikeHHsax bepranana Mecko 3a3HauaeTrsbces, o anroputMu I MoxxyTh 10JaTKOBO 1OIIOMOI'TH
y TPUHHATTI pilleHb A MiABUIICHHA TOYHOCTI aiarHo3iB. Hampuxiax, 3a momomororo 1M1
pajioyory MiABULIYIOTh TOYHICTh BUSBJIECHHS PAKy 3a JONOMOIOK PaiOJOriYHOIO CKaHyBaHHS.
IBM Watson 3amycTwiia CBOIO CIELiaJbHY MpOrpaMmy JUIsi OHKOJIOTIB, HaJal04M KIHIIMCTaM
oOrpyHTOBaHi BapianTu jJikyBaHHsa. Watson for Oncology Mae po3mupeHi MOKIMBOCTI aHaIi3yBaTH
3HAYEHHA Ta KOHTEKCT CTPYKTYPOBAaHUX 1 HECTPYKTYPOBAaHMX MaHMX y KIIHIYHUX HOTATKax Ta
3BITax, sIKI MOXKYTb MaTH BUpIIAJbHE 3HAUCHHS JJI1 BUOOPY METOAY JIKYBAaHHS AJIs1 KOHKPETHOTO
namienta [3]. CywacHi AOCHIIKEHHS HiATBEPIKYIOTh, IO MITYYHUH IHTENEKT Ma€ MOTEHINa
HaJaBaTH TMallleHTaM IePCOHANTI30BaHI PEKOMEHJallli B PEeKHMMI peajbHOTO 4Yacy Iij01000BO.
Kommanis Babylon Health, mo 06a3yerscst y BenukoOpurtanii, cTBOpwiIa IUCTaHIIHHY
KOHCYJIbTAIIINHY CITy0y, OpiEHTOBaHYy Ha marfieHTa. Po3poOka Bxke mpaiftoe B Pyanui, a Takox y
BenukoOpuranii, mpornonyoun MeauuHi Al-KoHcynbpTamii Ha OCHOBI 0COOMCTOT icTOpii XBOpOOH Ta
3arajibHUX Ta CIELiali30BaHMX MEIUYHUX 3HaHHAX. KopucTyBadl NOBIIOMIISIOTH PO CUMITOMHU
CBO€E1 XBOpOOHM B Tporpamy, sika mepesipsie ix y 6a3i JaHux XBopoO 3a JIOIOMOTO0 PO3Ii3HABAHHS
MoByieHHA. bepyun no yBaru icropio Ta obcrtaBuHU manieHTa, Babylon mpononye BiamosinHuit
Kypc aiit. Jlucranmiitni koHCynbTamii HaOpaau 00epTiB y 3BA3KY 13 MAHJEMIEI0, 1 BOHU 3aJTUIIATHCS
3 HAMM y MailOyTHbOMY.

HayKOBui BiJ[3HAYAIOTh, IO HaiHOBImMM 3actocyBanHsM Il B rinobanmbpHi OXOpOHI
3I0pOB’Sl € NPOTHO3YBAHHs HOBHX TapsuhX TOYOK HOIO  ClANaxy XBOpPOO 3a J0IOMOTOK0
BIJICTEKCHHSI KOHTAaKTIB 1 JaHUX IPO MAaHAPIBHUKIB UIi OOpOTHOM 3 TMaHAEMI€0 HOBOTO
koponagipycy (COVID-19). BincrexeHHs KOHTakTiB — Iie 3axig O00poThOM 3 XBOPOOOIO, SIKHiA
BUKOPUCTOBYETHCS JIEPKAaBHUMH OpTraHaMH JUIs OOMEKEHHS IOIIMPEHHs XBOpoOu. BimcrexeHHs
KOHTAKTiB 3AIMCHIOETbCA MLUISIXOM 3B’S3Ky Ta iHGOpMyBaHHS o0ci0, sKi 3a3HAU KOHTAaKTy 3
JIOJIMHOO, SIKa 3apa3uiiacs, Ta IHCTPYKTYBaHHS iX PO KapaHTHH, 00 3armo6irty noxaisiiomy 274
MOLIMPEHHIO XBopooOu. Sk moBimomisie Apple Newsroom, TexHiuHi rirantu, Taki sk Google i
Apple, o0’emHamm 3ycwiuid, OO0 CTBOPUTH 1IarGopMy BiJACTEKEHHS KOHTAKTIiB, sKa
BukopuctoByBarume cuctemu Il 3a nomomororo iHTepdeiciB mporpaMyBaHHS TNPHKIATHUX
nporpam. Ciyk0u JIoKatlii 103BOJIATH MIaTdOpMi 3B’ A3yBaTHUCS 3 JIIOJAbMH, SIKI MOTJIA TIepedyBaTu
no6nu3y iHdikoBanoi moauHu. Kananceka koMmnanis BlueDot cTBoproe nporpamte 3a0e3nedeHHs
JUISL aHaIi3y PU3UKY crnanaxy 1H(ekuiiHux 3axBopioBaib. BlueDot omy6iikyBana nepiry HayKOBY
crartio npo COVID-19, ska ToyHOo mepenbaumna riaobaibHe MOIMIMPEHHs Bipycy. Kommanis
BUKOPHCTOBYE TakKl METOH, K 00poOka nmpupoHoi MoBU (aHri NLP), mammHHe HaBuaHHS (aHTJI.
ML), a Tako aBTOMaTHU30BaHUH HArjsA 3a 1HOEKIIHHUMH 3aXBOPIOBAHHIMHU, IIOTHS aHATI3YIOUU
npuban3Ho 100 000 keiiciB 3 OuIbpII HIX 65 KpaiH, 1H(GOpMAaLIiIO PO MApLIPYTH MOJIBOTIB, KJIIMaT,
TeMIeparypy Ta HaBiTh MicLeBy Xyao0y, 1100 JOMOMOITH nepeadaunTd MailyTHI chaiaxu
1H(DEKIIMHUX 3aXBOPIOBAHb.

Bukopucranas TeneMeIuIMHU 0a3yeTbCs Ha YAOCKOHAJIEHHI KOHTAKTIB MK JIKapeM Ta
MAIiEHTOM 33Ul TOJIETIICHHS OTPUMAaHHS MEIWYHHMX KOHCYJBTAIl 3a JIOTIOMOTOI0 B3a€MOIIi
KOMIT FOT€PHUX Ta TEICKOMYHIKAIlIMHUX TEXHOJIOTIN 3 JIOAMHOIO JUIsl CYyTTEBOTO 3MEHIIEHHS 3aTpaT
Yacy MpH HaJaHHI MEJUYHOI JOMOMOTH. 32 JaHUMH YKPaiHCHKOTO iHCTUTYTY MailOyTHhOTO [6] B
VYkpaini TeneMeIuuHi MpoeKkTu BrpoBakyoTh Vodafone Vkpaina, Liki24, Bookimed, MeViCS,
Yod.ua, FORCE, Doc.ua, Eliky, Helsi ta CancerLog.

PosrnsiHemMo 3a3HaveHi paHimie npoekTu pAetanbHime. Vodafone VYkpaina croiuibHO 3
[acturyrom iMm. H.M. AmocoBa po3po0isitoTh miatGopmMy TeIeMeTUIINHN, SKa BKIIIOYAE MOPTa
MedBrama ta Mmo6insHMI noaaTok «llomyk jikaps». 3aponoHOBaHI pO3pPOOKH € MePCOHATbHUMHU
€JIEKTPOHHUMH TTOMIYHUKAMH JIiKapsl UTsi aBTOMATH3allii TIPOIleCcy MPOBEICHHS KOHCYIBTYBaHHS 3
nalieHTaMM Ha pI3HMX eTamax: peabiumiTamii abo JIIKyBaHHS B JOMAIIHIX yMoBax. MoOiTbHUI
nonatok «llomyk sikapsi» € Hi€eBUM JUIs MAalI€HTIB y MpoLEcl 3alucy Ha MpHoM A0 JiKaps Ta
BEJICHHS NepcoHalbHOi MeauuHoi kapTku. 275 IT-margopma Bin Liki24 xiacudikye Ounbme 40
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TUCSIY HalMEHYBaHb JIIKapChKHUX 3aC00IB Ta Ja€ MOXKJIHUBICTh MOPIBHATH aCOPTUMEHT Ta IiHU Ha
MeAMKAMEHTH, TIEPEBIPUTH iX HASBHICTh y anTeKaxX BKAa3aHOI'O PETiOHY Ta MEPEBIPUTH MOKIUBICTh
iX TOCTaBKHM 32 BKa3aHOIO aJJpecoro.

Bukopucranas wmiknapoanoi ruiatdopmu Bookimed 3abesmeuye mamieHTam JOCTYN 10
HEOOXITHMX MEAMYHHUX pillleHb, HAJA€ JOMOMOIY Ta MIATPUMKY Ha KOXKHOMY €Tami JIKyBaHHS
narieHTa. 3anpornoHoBaHui TamkeT Big MeViCS pomomarae chopmyBaTH TMpaBHIBHY OCaHKY
33711 YHUKHEHHS 3aXBOpPIOBaHb Xxpebra. ['ajpker HEOOXIAHO 3aKpIMUTH Ha O3l 32 JOIMOMOTOIO
MarHitTa 3 METOIO CIIiJIKYBaHHS 3a MOJOXEHHSIM CIIMHU KOPUCTYBaya. SIKIIO JIIOUHA CYTYIUThCS —
raJuker BiOpye 1 CUTHaNi3ye Mpo HEOOXIAHICTh BHIIPABICHHS TMOJOKEHHS mamieHTa. Yod.ua —
iHTepHeT-TuIaTopma, 110 J03BOJISE KOPUCTYyBayaM KYMYBaTH JIIKH 33 3HUKEHOIO I[IHOIO, B TOMY
YHCIIi 3 JOCTaBKOIO AojaoMy. Crapran mpaifioe 3 6ararbMa anTeKaMu Ta alTeYHUMU MEPEKaMH 10
Bciit Teputopii Ykpainu. FORCE po3pob6wiia cMapT-OpacieT ajis JiTHIX JIIOJICH, SKUH Ma€e TaTuuK
CEpIIEBOTO PUTMY, JATYUK PEECTpaIlii KPOB SHOTO MOTOKY, JaTUUK €IIEKTPOIePMAIbHOT aKTUBHOCTI
IIKIpH, JaTYMK TaJiHHSA Ta CUCTEMY HaraJyBaHHs NPUHOMY JIIKapchKuX 3aco0iB. Takox Opacier
Ma€ KHOIKY EKCTPEHHOTO BHWKJIMKY, SKa IICIs HATHCKAaHHSA Hajcuiae moBigomieHHs 3 GPS-
koopauHatamu. Po3pobiiena miargopma CancerLog cTBOpeHO [Isi OHKOXBOPHX Ta OHKOJIOTIB IS
BiJICTS)KCHHS TOJIIITIICHHSI CTaHy MAaIli€HTIB. 3aBIAKH IIATGOPMI MAIIEHT Ma€ MOMJIUBICTh BHOCUTH
iH(dopMalLliI0 PO MIOJCHHI CUMITOMH 3aJUIsl TIOJANIBIIOT0 aHamizy (haxiBUAMU-TIKAPSIMU 3 METOIO
BiJICTIIIKOBYBAHHSI PEaJbHOTO CTaHy OpraHi3My Ta BUKOHYBAaTH BUaCHY Ta HEOOXIJHY JiarHOCTHKY
namieHTiB. Onco.stop — MPOEKT, IO MOEIHYE MOMIJIMBICTh AIarHOCTUKHM KUTBKOX CHEIIalliCTiB 3
pI3HMX KYTOYKIB CBITYy [UIi JOMOMOTH (OpMyBaHHS JIOPOKHBOI KapTH OHKOMAIIEHTa Ta
BUKOPDUCTAHHA TENEMEAMIMHU TPOTIroM pealbiamitaniiiHoro mnepioxy. 276 Biamosigno g0
MPOaHATI30BaHUX POOIT HAYKOBIIB, CiA 3a3Ha4ywMTH, 0 MoxumBocTi I mpuHOCHTH KOpHCTH
KIIHIIUCTaM, TOCTITHUKAM 1 Malli€eHTaM, sSIKHX BOHU OOCIYTOBYIOTh, IOCTIHHO 3pOCTAIOTh.

[TepcrieKTHBY BUKOPHUCTAHHS IITYYHOTO IHTEJIEKTY B MEIUIIMHI MPAKTHYHO OE3MEXHi: Ie
MOPTAaTUBHI MPUCTPOi KOHTPOIIIO MOKA3HUKIB 370POB'sS, 3aC00M ONMTUMI3aIlil MpoIlecy A1arHOCTUKH,
porpaMu JUIsl aBTOMaTH3alii JOKyMEHTOOOITY, MiABHIECHHS e(QEeKTHUBHOCTI JIIKYBaHHA 1 T.JI1. Aue
CJIiJT BU3HATH, 110 Y MUTAHHI JIKAPChKUX PIIIEHb Ta CIIIIKYBaHHA 3 MAI[IEHTOM MallliHA HIKOIU HE
3MOX€e 3aMIHUTH BUcoOKomnpodeciiiHoro ¢axiBug. Ha gaHuii MOMEHT HEMa€e *OJHUX CYMHIBIB, L0
I cTae OCHOBHOIO YAaCTHHOI HHU(PPOBUX CHUCTEM OXOPOHH 3I0pPOB’sA, 5KI (GOPMYIOTH 1
HIATPUMYIOTh CY4acHY MEIUILIMHYY CBITI Ta B YKpaiHi.
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Boasincbkmii €.B., Koctiok C.O. (Xapkiecokuii nayionanvHull yHieepcumem paoioeieKmpoHiKu,
Xapxis, Ykpaina)

INPOHEAYPA IBOKPOKOBOI'O OHOBJIEHHA IIAPAMETPIB ITYYHUX
HEWPOHIB 3 AJAIITUBHUMU AKTUBAINIMHUMMU ®@YHKIIAMU

3anpononosano HO8Y npoyeoypy HANAWIMYEAHHS NAPAMEMPIE WMYYHUX HEUPOHIE 3  A0AnmMueHUMU
AKMUBAYIHUMU YHKYIAMU — NPoYeOypa 080KPOK08020 oHosenns napamempis (2SPU procedure). Ipoyedypa 2SPU
nepedbauac OHOGNEHHsT NAPAMEMpI6 OKpeMux Heupouie y 06a emanu: 1) oHoeneHHs napamempié Aa0anmueHUX
aKmueayiiHux @QyHkyit;, 2) OHOGIEHMS 3HAYEHb CUHANMUYHUX 642 HEUPOHA 3 YPAXYBAHHAM YMOYHEHO20 3HAYEHHS
noxubku. Y pobomi nponoHyromecs ma 00CHONCYlOmMbCs pisHi  eapianmu  imniemenmayii npoyedypu 2SPU.
Egexmusnicme sapianmie 2SPU nopisnioemvcst 3 mpaduyiinumu nioxooamu 6 HagUaHHi WMYyYHUX HEUPOHHUX MepeiC
ma ix Heupowie. Y nopienauni 3 mpaouyitinumu npoyedypamu, 2SPU epaxoeye ocobrueocmi adanmusHux
AKMUBAYIUHUX QYHKYIT, a MAKoNHC 0036015€ OO0CASMU KPAWUX De3YIbIMAmie HAGUAHHSA Mepedci 3a MeHuty abo
eksiganenmuy Kinbkicmb enox. Kmouosi cnosa: adanmuena axmueayiuna QyHKYIS, OB0KPOKOBE OHOGICHHS
napamempig, WmMy4Ha HetupoHa mepedicd, NPoyedypa HAGUAHHS HEUPOHHOT MePediCL.

The new parameter tuning procedure for artificial neurons with adaptive activation functions is proposed — the
2-step parameter update (2SPU) procedure. The 2SPU procedure performs the parameter update in two discrete steps:
1) updating the adaptive activation function parameters; 2) updating the synaptic weights based on the refined error
value. This work proposes and studies different variants of the 2SPU procedure implementation. The effectiveness of the
variants is compared to the effectiveness of traditional approaches in training of artificial neural networks. Comparing
to the traditional procedures, the 2SPU procedure takes into account the features of adaptive activation functions and
allows to achieve better training results with the lower or equivalent number of training epochs. Keywords: adaptive
activation function, two-step parameter update, artificial neural network, the neural network training procedure.

Berym.

Croroani mty4ni HeWiponni mepexi (artificial neural networks, ANNS) e momynspHuM
3ac000M MamuHHOI 00poOKM aanux [1]. BoHM BHKOPHCTOBYIOTBCS sl Kiacudikarii 300pakeHb
[2], mepeknany TexcroBux (parmeHTiB [3], mepeTBopeHHs mociuigoBHOCTeW naHux [4], reneparrii
My3uKH [5] Ta HaBITh KapTHH 3 TEKCTOBUX 3amuTiB [6].

B 3anexHoCTI Bij chepu 3acTOCYBaHHS, IITYYHI HEMPOHHI Mepexki BIJIPI3HAIOTHCS MO CBOTH
apxiTekTypi Ta OyayloTbCs 3 pPI3HOMAHITHUX CTPYKTYpHUX OJOKiB. PexkypeHTHI Mepexi
BUKOPUCTOBYIOTbCS JJIsi OOpOOKM MOCHTIIOBHOCTEH, 3rOpTKOBI — s Kiacudikamii Ta oOpoOku
300pakeHb, Tomo. OJHAK MOMIMPEHOI0 CTPATETIEI0 IMiBUIIEHHS alPOKCUMYIOUMX MOXIIMBOCTEH
peamizaliii IITY4YHUX HEHPOHHMX MepeX € 30UIbLIEHHS KIUIbKOCTI IIapiB Ta HAJAMITOBHHUX
napameTpis [7].

OnHUM 3 albTEepPHATHUBHUX DIlIEHb JJIS MiJBUILEHHS alpOKCHUMYIOUOI 3TaTHOCTI MEpexi €
BUKOPHMCTAHHS alaliTUBHUX akTuBaminaux Qynkiii (Trainable, Adaptive Activation Functions) [8],
10 3JaTHI 3MIHIOBaTH CBOIO (opMy Ta aMIUIITYAy B Tpolleci HaBYaHHA. BuKopHCTaHHS
aanTUBHUX (YHKIINA J03BOJISIE YHUKHYTH PYYHOIrO MiAOOpYy akTuUBalIiHOT (YHKIT mia yac
PO3pOOKH MEpeXki, a TAaKOK CHHTE3yBaTH HOBI akTHBalilH1 QyHKIIT, 1110 OyaAyTh ciennpiyHUMHU Ta
ONTUMAJILHUMH TS TOTOYHOT 3a1au4i [9].

[Tpuknagamu agantuBHUX akTuBamiiHux ¢ynkuid e AGSig [10], UAF [11], SinLU [12] Ta
ACLU [13]. Heitponwu 3 TakuMu QyHKIIAME (PaKTUIHO MAIOTh ABOIIAPOBY CTPYKTYPY:

1) mwap cMHaNTUYHUX Bar W,

2) 1Iap mapaMeTpiB aTanTUBHHUX (QYHKIIINA aKTHBAIIil.

[Tpuknan HeilpoHa 3 aganTHBHOKO akTuBaliiiHoio ¢yHkuieto ACLU naBeneno Ha Puc. 1.
Tyt W — Ha0lp CHHaIITUYHUX Bar, a p Ta { — HAJIAIITOBHI MapaMeTpu (QyHKIIIT akTUBAIlii.
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Pucynok 1 — Heiipon 3 agantusHoto ¢yukimiero ACLU [13]

Cuip 3a3HauynTy, o poooTu [10-13] BBOAATH afanTHBHI aKTHBALiiHI QyHKIIT O€3 BBEJICHHS
CHeMiaTi30BaHuX MPOIEAYp HaJATYBaHHS IMapaMeTpiB HEHPOHIB 3 aJaNTUBHUMH aKTUBAI[IHHUMU
¢yskmisMu.  OTke, JOIMUIBHAM € JOCTIDKEHHS QJIbTePHATUBHUX TIPOICAYP HATAMITYBAHHS
napaMmeTpiB, ki O BpaxoByBaJdM OCOOJMBOCTI HEWPOHIB 3 aJaNTUBHUMU AaKTUBALIHHUMHU
GYyHKIISIMA Ta JO3BOJSUIM OTPUMATH Kpalli pe3yJbTaTH HAaBYAHHS MEpEeXi y TOpPIBHSAHHI 3
TPATUIIITHAMU MPOLIEAYPaMHU 3BOPOTHOTO MOIITHUPEHHS.

Metoo poGoTu € po3poOKa ambTEPHATHBHUX TPOLEAYp HAaJAIITyBaHHS I1apaMeTpiB
HEHPOHIB 3 aJalNTUBHUMHU aKTUBAIIMHUMH (yHKLIAMHU, sIKI O BpaxoByBalld OCOOJUBOCTI TaKUX
HEHPOHIB Ta JO3BOJSUIM JOCATTH KPAlIUX pe3yJbTaTiB HAaBYAaHHS 32 €KBIBaJCHTHY ab0 MEHIIY
KUTbKicTh enox. [Ipoueaypu moBMHHI BpaxOBYBaTH OCOOIMBOCTI IITMOMHHUX HEHPOHHUX MEpEexX Ta
pPO30OHUTTS BXiJHOTO HabOpy MaHWX Ha MiHi-BuOipku (Mini-batches). Imruiemenrariis mpouemyp
posrasigaeTbes Ha npuknaai [IIHM 3 anantuBHoro dyHKiiero aktuBanii ACLU.

1. IIpouenypa ABOKPOKOBOI0 OHOBJICHHA apaMeTpiB Heliponis HITHM
HITyuHi HeHpoHH] Mepexi ToOyI0BaH1 Ha OCHOBI IIApiB MITYYHUX HEepoHiB. [lepeTBopeHHs
JaHUX, 110 peaii3yeTbcs HEHPOHOM, Y 3arajJbHOMY BUTJIS1 MOXeE OyTH OMUCAHO SIK:

n n T
y="1(2)=f|bg+ 2 wiX |= | 2 wix :f(w x),
i=1 i=0

7€ X — BXIIHUHM CUTHAN, Y — BUXIiAHMN curHai, f — HemiHifiHa (QyHKIisS akTHBaIii, N —
KUTBKICTh €JIEMEHTIB BEKTOpa BXIAHOrO curHaity, i € [1, n] — inmekc egeMeHTa BEKTOpa BXiJHOTO
CUTHAIly, Zj — €JIEMEHT BEKTOpa BXIJIHOTO CUTHAalIy, Wj — €JIEeMEHT BEKTOpa CHHANTUYHHUX Bar
(synaptic weights), 1o Biamosigae i-My BXoay HelipoHa, Wy abo b — 3mimnenns (bias).

V nopiBHsIHHI 3 «TpaauiiiauMuy Gyakuismu (sk SiLU [14]), anantusHi QyHKIT akTHBAIIiT
(sx ACLU) MaroTh 101aTKOBI HAJIAIITOBHI TapaMETPH, HA TPUKJIAI;

ACLU(2) = Czo(pz) = —
1+e #*

1ie Z — BXiIHUH curHan QyHKIil akTuBallii, S — cirma-QyHKIis, p — HAJAIITOBHUN MapaMeTp
dopmu GyHKIIT Ta ¢ — HATAIITOBHUM MapaMeTp aMILTITYIH.

TakuM YMHOM TEpPEeTBOPEHHs, WO peali3ye HEHpPOH 3 aJalTUBHOIO AaKTHUBALIHHOIO
GbyHKIII€I0, MOXHA 3alMCaTH y 3arajlbHOMY BUIJISAL SIK:
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n
y=1(2)= f(zWiXi; P1; P2iK pp)= f(WTX: P1; P2:K pp),
i=0

Je X — BXIAHMH CHUTHAJ, y — BHXigHui curHan, f — amanTtuBHa QyHKIisS akTHBaIii, N —
KIJIBKICTh €JIEMEHTIB BEKTOpa BXiIHOTO curHany, | € [1, n] — iHaekc enemMeHTa BEKTOpa BXiJIHOTO
CUTHAIly, Zj — CJIEMEHT BEKTOpa BXIIIHOTO CUTHAIy, W — €JIEMEHT BEKTOpa CHHANTUYHHUX Bar
(synaptic weights), o BiamoBinae i-my BXony HeipoHa, Wo abo b — 3mimenns (bias), p1, ... pp —
Ha0ip mapaMeTpiB aAanTUBHOI aKTUBALiHHOT QyHKIIii f.

Mu mponoHyeMo HOBY NpOIENypy OHOBIEGHHS TIapaMeTpiB IITYYHUX HEHWPOHIB 3
QIaNITUBHIMH aKTHBAIMHUMH (QYHKIISIMA — TIPOILEAYPY IBOKPOKOBOT'O OHOBIICHHSI HapaMeTpiB
(the 2-step parameter update procedure, the 2SPU procedure). Ipoueaypa nependadae OHOBICHHS
napameTpiB KO>)KHOTO HEHpPOHA y JIBa OKPEeMi KPOKH:

1) oHOBIJICHHS 3HAUCHB IMAPAMETPIB JANTUBHOI AKTUBAIIIHOT QYHKIIT P1, ... Pp;

2) YTOYHEHHS 3HAYCHHS MMOXMOKH Ta OHOBJICHHS 3HAYECHb CHHANITHYHHX Bar Wo, ... Wh.

Ha npuxnani neiipony 3 ACLU 1t kBaipaTUIHOTO KPUTEPist MTOXUOKH

Ej () =550 = 5 (y00 - ACLU 200
1 L 2
= E[y j(k)— ACLU j[;ow jiZi (k)B

BPaxXOBYIOYH 3HAUCHHS MTOXITHUX:

— - =70 7)) = ,
g 173255 14+e Pi%i
of 2% —PjZ]
J 2 j e
=é”j2j0(,0j2j)<1—0(,0j2j )=§j —— —,
pj 1+e Pi%i 14 i

MO’KHA 3aIllMcaTH J-TipaBuJIa JIsl OHOBJIEHHS TapaMeTpPiB alallTUBHOT aKTUBALIIHOT (PYHKIIIT:

2E j (K)
84“1-
= &ik=D+n k) -y 00 - (200, k=D, pj (k=D))- 2; K)o (o (k-Dz;(K)),
OE j (K)
P10 =Py k=D=n, 00—
= pjk -1 +1,K)ej (K23 K) - ook -)z; ()i o)k -1z (K)))

gjk) =gk =1)—n,(k)

[Ticnist oHOBIIEHHS MapaMeTpiB aJaNTUBHOI aKTUBAIIIHOI (PyHKIIIT BiTOYBa€ThCS MOTOYHEHHS
3HAYEHHS MOXHOKHU:

g (k) =y () - fjlz;().¢(K), pj(K)

£z (k)

. o ¢ (kw] (k —1)x(k)
) yj(k)_ue—p;(k)uj(k) =yjl-

Lo Pi (Ow] (k=Dx(k)
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Ta OHOBJICHHS CHHAIITUYHUX Bar.:

= 0 2 K). ()0 (K)
wji (K) = i (K =)+ 77, () (K) d &jik) il

= wji (k=) + 7, (K)&; ()¢ (K)o (k)2 (K))
(L4200 2(k) = oo (k)2 k) i (K).

Xj (k)

Jlnist IpakTUYHOTO BUKOpUCTaHHA mpouenypu 2SPU HeoOXinHO BpaxoBYBaTH OCOOIMBOCTI
MOIIMPEHUX T1X0/iB B HABYaHHI IITHOMHHUX HEUPOHHUX MEPEK:

1) npu HaBYAHHI EJIEMEHTH JaHUX NEPENAIOThCS Y BUIIIS MiHi-BHOIPOK;

2) HeoOXiIHO OHOBHUTH IApaMETPH KOXKHOT'O 3 IIapiB HEHPOHIB Y MIMOMHHIN MEPEKI.

Jlyis BpaxyBaHHS IUX OCOOJIMBOCTEH, MU MPOMOHYeMO 4 BapianTu nporeaypu 2SPU: 2S5PU-
1, 2SPU-2, 2SPU-3 Tta 2SPU-4. Bapiantu npoueaypu 2SPU Bigpi3HSAIOTHCSA TOPSAKOM OHOBICHHS
napamMeTpiB B HaABYaHHI TTMOMHHUX HEMPOHHUX Mepekax 3 MiHi-BuOipkamu. Y Bapiantax 2SPU-1
ta 2SPU-3 OHOBJIEHHS MapaMeTpiB MOYMHAETHCSA 3 MapaMeTpiB aJanTUBHOI (YHKIIT akTUBAIli
OCTaHHBOTO (BHXIJHOTO) APy Ta 3aKIHUYETHCS CHHANITUYHUMH BaraMu Iepiioro (BXiJHOTO) miapy.
VY Bapiantax 2SPU-2 ta 2SPU-4 oHOBIOIOTHCS NMapaMeTpu aKTUBALIMHUX (YHKIIIH 3 yCiX IapiB, a
NOTIM — CHHANTU4HI Baru. KopoTkuii onuc KOXHOTO 3 BapiaHTiB HaBeAeHud y Tabmumi 1.

Tabmums 1
Bapiantu nponenypu 2SPU.
Bapiant Onuc nporeaypu 3pa3ok Koay
2SPU-1 | B o0aMH MOMEHT 4Yacy OHOBIOIOTHCs | fOT epoch in epochs:
B . for 1 in reverse (net.layers()):
napamMeTpu TUIbKM OJHOrO Imapy. 3MmiHa for mb in minibatches:
Habopy TPEHOBAHUX apameTpiB L
BIIOYBa€eThCS Michas OOXOAYy BCIX MiHI- 1.train_non_aclu (mb)
BUOIPOK.
2SPU-2 | B oauH MOMEHT Yacy OHOBIIOIOThCS abo | for epoch in epochs:
A o . for mb in minibatches:
napamMeTpy aKTHBAaLIWHUX (QYHKIIH ycix net.train_all aclu(mb)
wapis, abo Baru ycix wmapis. 3mima | T TP I minbarenes: o
Habopy TPEHOBAHUX napameTpiB T
BiZIOyBaeThCs micast 00XOAY BCIX MiHi-
BUOIPOK.
2SPU-3 | B 0aMH MOMEHT 4Yacy OHOBIKOIOThCs | foF epoch in epochs:
. . for mb in minibatches:
nmapamMeTp TUIBKH OJHOTO MIapy. 3miHa for 1 in reverse (net.layers()):
Habopy TPEHOBAHUX apameTpiB e ) )
BIIOYBa€eThCs Micisg OOXOQy 4eproBoi -
MiHi-BHOIpKH.
2SPU-4 | B oaMH MOMEHT 4acy OHOBIIKOIOTECA abo | for epoch in epochs:
> o i for mb in minibatches:
napaMeTpy akTHBalIMHUX (QyHKIIH ycix net.train all aclu (mb)
mapis, abo Baru ycix mapiB. 3MiHa L
Habopy TPEHOBAaHUX napameTpiB
BIIOYBa€eThCS Michas OOXOJy UeproBoi
MiHi-BHOIpKH.
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2. ExciepuMeHTAJIbHI pe3yJbTaTH

EdextuBHicts mpoueayp HamamTyBaHHsS mnapamerpiB IIIHM Oyno omineHo anst 3amadi
kiaacudikamii 300pakenr y Habopi manux CIFAR-10 [15]. ¥V skocrti 6a30Boi apxiTeKTypu
BHUKOPHCTaHa 3ropTKOBa HeriponHa mepexxa KerasNet [16]. V mporieci ominku 0a30Ba apXiTeKTypa,
MOPSIIOK  1HIIasi3alii Bar, BXigHI jJaHi Ta iHmi mapamerpu [IHM 3amumanucs HE3MIHHUMH,
3MIHIOBAJIUCH JIMIIIE MTPOLEYPH HAJIAIITYBAHHS MapaMeTpiB aKTUBALIWHUX (DYHKIIIH (32 HASIBHOCTI)
Ta CHMHaNTHYHUX Bar. ExcriepuMmeHT mpoBeaeHo 3 Bukopucranasm Python 3.8.10 Ta 6iGmioreku
PyTorch 1.10.1 [17] na xomm 'totepi 3 NVIDIA GTX 1650 Max-Q.

ExcniepuMeHT mpoBeneHHI OKpPEeMO Ui KOXHOI 3 HpOIEIyp HalalITyBaHHS IapameTpiB
nporsirom 100 enox. Bukopucrana QyHkIisi moMuwikd binary Cross-entropy Tta omrtumizatop
RMSprop 3 kpokom 0.001.

VY Tabn. 2 HaBeneHi HalKpaili pe3yibTaTH HABYAHHS JUISI KOKHOTO 3 BapiaHTIB MPOLETYp
HaJIalITYBaHHS MapaMeTpiB. 3aJIeKHICTh TOKA3HUKIB BiJ] €OXHU JIJIsl KOXKHOTO 3 BapiaHTIB MPOIETYP
IpOUTIOCTpOBaHA HA pUC. 2.

Tabmuus 2
PesynpraT HaBuanHs npotsrom 100 ermox — noka3HUKH (QYHKIIT TOXUOKH Ta TOYHOCTI
KJ1acudikaiii Ha TeCTOBOMY Ha0Opi JaHUX JUIsl IITyYHUX Mepesk Ha ocHoBi SiLU ta ACLU

OyHKIIIsA Inimiamisamia { Ta Hasuanng 3HaUYeHHS TouHicTh
aKTUBALil p IMOXUOKHU kiacudikaiii, %
SiLU — Knacuune 0,770 79,87
ACLU SiLU-noni6na Kitacuune 0,735 80,31
ACLU SiLU-moniona 2SPU-1 0,794 79,16
ACLU SiLU-noniona 2SPU-2 0,736 80,38
ACLU SiLU-moniona 2SPU-3 0,707 80,82
ACLU SiLU-noniona 2SPU-4 0,724 81,39
80 A 2.0 4 —— SiL AF, Classic
SiL-like ACLU, Classic
70 4 1.8 - —— SilL-like ACLU, 2SPU-1
° —— Sil-like ACLU, 2SPU-2
= 0 1.6 - —— Sil-like ACLU, 2SPU-3
@ 60 1 o —— SilL-like ACLU, 25PU-4
é E’ 1.4 -
2 | —— SilL AF, Classic .%
7 >0 SiL-like ACLU, Classic | S 1.2-
- —— SilL-like ACLU, 25PU-1
40 A —— SilL-like ACLU, 25PU-2 1.0
—— SilL-like ACLU, 25PU-3 0.8 -
—— SilL-like ACLU, 25PU-4
30 A
0 20 40 60 80 100 0 20 40 60 80 100
epoch epoch

Pucynok 2 — Pe3ynbratu HaBuanHs mepexi 3 ACLU npotsrom 100 enox
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3a pesynbTaTaMH EKCIEPUMEHTY MOXHa BiAMITUTH, o mnpoueaypa 2SPU-4 nosBosnse
OTPUMATH HaWKpalli pe3yabTaTh HaBUaHHs Ha 3allaHOMy HabOopi manux: Ha 0,57% BUILY TOYHICTH
knacudikamii Big 2SPU-4 ta Ha 1,08% BuIa TOYHICTH BiJl TPAAHUIIIHHOTO OJJHO KPOKOBOTO METOMY
HaBuaHHA. Y nopiBHsHHI 3 2SPU-3, npouenypa 2SPU-4 3a6e3nedyye HWKYY IMIBHIKICTh HaBUYAHHS
mepexi, ane 2SPU-4 menm cxwibHa go overfitting. 3aramom mporenypu 2SPU-3 ta 2SPU-4
3HaYHO BHUIEpemKaTh nporeaypu 2SPU-1 ta 2SPU-2 mo oTpuMaHuM pe3ysibTaTaM HaBUYaHHS
Mepexi.

[Tonmanpine MoOKpamieHHs pe3ybTaTiB TOYHOCTI PO3IMi3HABAHHS Ta IIBUAKOCTI HaBYaHHS
MepeXi MOXJIMBE 3a paxyHOK 3MIHM pO3Mipy MiHI-BUOIpKH, ONTHMI3allii TrineprnapaMeTpis,
MOKpAIIeHHsT TPOIeayp MOYaTKOBOI iHimiami3amii Ta 3amiam onrtumizaropa (RMSprop Ha HOBI
onrtumizaropu Ty ADAM).

BUCHOBKUA

3anporoHOBaHO HOBY IPOIEIypy HAJTAIITYBaHHS MapaMeTPiB MITYYHUX HEHPOHHUX MEPEex
3 aJanTUBHUMHU akTuBaliiiHumu ¢yHkmisMu — 2SPU. 3ampornoHoBaHa Npoleaypa BpaxoBYe
0COONMBOCTI HEWpOHIB 3 aJanTHBHUMHU akTUBaliiiHuMu ¢yHkmismu. IIponemypa mepenbadae
OHOBJICHHSI MapaMETPIB aIANTHBHUX aKTUBAIIMHUX (DYHKIIIH Ta HANAIITYBaHHS CHHANIATHYHHUX Bar
SK OKpeMi KPOKHM B IpOIeCi HaBYaHHS Mepexki. 3ampornoHoBaHo 4 Bapiantu npoueaypu 2SPU, mo
BIJIPI3HAIOTHCS MOPSIKOM OHOBJICHHSI ITApaMEeTPiB MEpPEeXki B MPOIIeCci HAaBYaHHSI.

ExcnepumeHTanbHO BH3HAUEHO, 10 1po mporexypa 2SPU no3Bossie MOKPAIUTH TOYHICTh
posmizHaBaHHs 300pakeHb Ha 1,08% B MOpIBHSAHHI 3 TPaIUIIAHOIO MPOLEIYPOI OHOBIIECHHSA
napametpiB. [Ipu 1pomy HaiOiIbITy epeKTHUBHICTH MoOKazye mponenypa 2SPU-4, mo oHOBIIOE
napamMeTpH 3 JISKiJIbKOX MIapiB HEHPOHHOT MEPEXkKi 3a OJMH KPOK.

Cepen HanpsAMKIB /ISl TOJANBIIMX JOCITIKEHb TOLIIBHO BUIUINTH aHAJI3 BILUTUBY PO3MIipy
MiHi-BUOIpKH, MPOLIEyp MOYATKOBOI iHiIiami3alii napaMeTpiB Mepexi, OOpaHHX TimeprnapaMerpiB
Ta ONTHMI3aTOpa Ha Pe3yIbTaTH HABYAHHS MEPEXK 3 aJallTUBHUMH aKTUBALITHUMU (YHKIISIMU.
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Cmocap B.U. (lJenmpanvruii Hayko80-00ciioHul iHCMumym 030pO€EHHS Ma BiliCbKOBOT MEXHIKU
3C Vkpainu)
Cmocaps U.N. (Ilonmascokuii 0epacasnuil azpapuuii yHigepcument)

AHAJIA3 9@PEKTUBHOCTA MEXAHU3MOB BHUMAHUSI B 3AJTAYE
CEI'MEHTAIIUM U30BPAKEHUU IUPEPBJIATOB AHAJIOI'OBBIX CHETYUKOB

Paccmompenvr  pesynomamul  ucciedosanus mouyHoOCMU pa3iuyHblX apxumekmyp Heupocemei U-Net ¢
MEXAHUSMOM BHUMAHUA NPU peuleHUulu 3a0auy ceeMeHmayuy u300pasxcenull yugepobaiamos aHAI0208bIX CHEMUUKOS.
Coenan 661600 06 omcymcemeuu dpghexma yeeauvenus moUHOCMuy 3a cCuem unmezpayuu 00HO- U 08YXKAHAIbHLIX CXeM
BHUMANUSL, NPU IMOM OOCIUSHYMAL MOYHOCIb ceemenmayuu cocmasuna 86.3 %.

The results of studying the accuracy of various architectures of U-Net neural networks with an attention
mechanism in solving the problem of image segmentation of analogue counter dials are considered. It is concluded that
there is no effect of increasing accuracy due to the integration of one- and two-channel attention schemes, while the
achieved segmentation accuracy was 86.3%.

Baxnoit 3amaveii npu peanuzanuu xkonuenuuid Smart City, Smart Home, Industry 5.0 u T.1.
ABJISICTCA YIAJNCHHBI CcOOp JaHHBIX C MHOMKECTBA AaHAJOIOBBIX CPEJICTB KOHTPOJIS pacxona
pECYpCoB, HampuMep, CUYETYMKOB IMOTPEOJICHUS DIIEKTPOIHEPTHH, BOJBI, rasa, Temwia U Ap. Bo
MHOI'MX CIy4asX HX 3aMEeHa Ha COBPEMEHHbIC LU(POBbIC MPHUOOPHI SBISAETCS HEPEHTAOEIbHOM.
HemanoBakHyto poiib MPH 3TOM HUTpArOT OOJBIIOE pa3zHOOOpa3sue M KOJWYECTBO aHAJIOTOBBIX
CpeACTB ydeTa B TOW MM HWHOHW HHQPACTPyKType, 3alpeTbl Ha BHECEHHME HW3MEHEHUH B
KOMMYHHKAIIMH, BBICOKAas CTOMMOCTH pa3pabOTOK MPOCKTHO-TEXHUYECKOH JTOKYMEHTAlUU TI0
MoJepHu3aluu obopynoBanus. [lo 3Tol mpuuMHE HEKOTOpblE pa3pabOTUMKU HMAYT IO IIyTH
MCIIOJIb30BaHUsl ONTUYECKUX KaHAJIOB CHATHUS MOKAa3aHUM aHAJIOIOBBIX CUETYMKOB C MOCIEAYIOLIEH
nepefayel  u3oOpaxkeHMH UX 1UQepOIATOB Ha  BHU3yalbHblE CpEACTBA  HAOIIOACHUS.
O} PexTUBHOCTh TAKOro MOJAXO0Ja MOXET ObITh yBEJIWYEHa IyTeM KOMOMHALUM TEXHOJOTHUI
WMuTepHeTa Bele 1 ONTUYECKOT0 PACIIO3HABAHUS JaHHBIX HA OCHOBE MCKYCCTBEHHOT'O MHTEIIEKTa
(loT + Al).

B kadecTBe BO3MOXXHBIX MPUMEPOB MOJOOHOM MHTErpanuu cieayeT ykas3arh perieHus [1].
OpnHako MX MaccOBOMY BHEJPEHHUIO NMPEMSTCTBYET psAJl HEJAOCTATKOB, CBSI3AHHBIX C OTCYTCTBUEM
yHU(UKAIUU 1O TUNaM CYETYMKOB, BIIMSHUEM BUOpalMil Hpu ompenesieHHON crenupuke
TEXHOJIOTMYECKHUX IPOILIECCOB, BBICOKMMM TpPEOOBAHUAMM K IPOCTPAHCTBEHHOW CTAOMIJIBHOCTH
n300pakeHU M mapaMeTpaM JKcno3umuu. Kpome Toro, HCHOJIb30BaHUE OTpPaHUYEHHBIX
BO3MOXKHOCTEH ammapaTHbIX CpelacTB edge computing BBIHY)XKIA€T MOJACTPauBaThCi IOJ
MUHHMMAaJIbHbIE BBIYMCIUTEIbHBIE pecypchl. [Ipm 3TOM BO3HHMKaeT HEOOXOIUMOCTb pPYYHOU
CEerMeHTalu, TOYHON NIEPBOHAYAIIbHOM HACTPOUKH, PYYHOU KOPPEKIIMN CYMTAHHBIX JAHHBIX, H BCE
3TO — B YCJIOBMAX HH3KOHM pazpelaromiedl crocoOHocTH n300paxeHui (0ObIuHO, mopsaka 28x28
THKCETICH).

OfHMM W3 BapuaHTOB PELICHMS YKAa3aHHBIX MPOOJEM SBISIETCS MCIOJIb30BAHUE MPOLETYPHI
MpeJBapUTENbHOIN cerMeHTalu n3o0pakeHuit undepo61aToB, 10 TOrO MOMEHTA, KaK OHH MOCTYIIAT
Ha ONTHYECKOE paclo3HaBaHWE. OJTO MO3BOJUT CHHU3UTh OOBEM MepeaaBaeMoil ONTHYECKOH
uH(pOpMallMY, yIaIUTh C TOJYyYEHHBIX H300paxeHuil Memaromuid (GoH W Ccy3uTh mose Uit
pacnio3HaBaHus. BapuaHThl Takoit 00pabOTKH paccMOTpeHsl, HarpumMep, B [2, 3]. [lomumo ananmmsa
7 (PEKTUBHOCTH PA3IMYHBIX APXUTEKTYp HelpoceTed B [3] OBLIIO IPOBEIEHO TaKXKe MCCIICIOBAHNE
BIMSIHUSA HACTpOeK mNapameTrpoB MX TunoBbiX cioeB (Conv2D MaxPool u ap.) B pasmuuHbIX
KoMOWHanusIX. BMecte ¢ TeMm 3a npeaenamMu paccMOTpeHus B [3] oCTaMCh CTPYKTYPBI HEHpoceTen
C MEXaHM3MOM BHHMAaHHUS, NPUMEHEHHE KOTOpOro B 3aJauye CerMEHTallud H300pakeHui
1upepOIaTOB CYETUNKOB PaHEEe HUKEM HE ObUIO U3YUE€HO.
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Llenbio paOOTHI ABIAETCS aHATIU3 PE3Y/IbTaTOB TECTUPOBAHUS HOBBIX apXUTEKTYp HeHpoceTen
JUIS CETMEHTALMU U300pakKeHUH CUETUMKOB C IPUMEHEHUEM MeXaHH3Ma BHUMaHMSL.

Jns o0ydeHust BceX MPEUIOKEHHBIX BAapUAaHTOB HEMPOHHBIX CTPYKTYP HMPUMEHHUTEIBHO K
paccMaTpuBaeMoi cdepe CerMeHTaluu H300pakeHui 1uQepOIaToB CUETUYUKOB HCIIOJIB30BANICA
obmenoctynHblii  ngaracer  Water  Meters, pa3merieHHblii  Ha  Web-moprane  Kaggle
(www.kaggle.com/datasets/tapakah68/yandextoloka-water-meters-dataset).

B kauecTtBe 0a30BOi apXUTEKTYpHI HelipoceTn ObLTa BhIOpaHa cpenusis mo pasmepam  U-Net
[4] (puc. 1) ¢ komuuecTBOM mapamerpoB 1721730, 3 KOTOPBIX HE MOJICKATH TPEHUPOBKE TOJIBKO
2688 mapamerpoB. OcobeHHOCTHIO AaHHOW CTPYKTYpbl U-Net sBisercs 4-KpaTHoe yMEHBIICHHE
dopmara wMmarpuubl nukcened B mpouecce oOyueHus. Ilostomy pasmep u300paxkeHUH,
NOCTYNAaKOIIMX Ha BXOJ TaKOM HEMpoceTH, AOKEH Haleno aeiautbes Ha 4. Bmecre ¢ Tewm,
cnenudukoit maracera Water Meters sBisieTcsi pa3mep HCXOAHBIX wu300paxkenuin 1000x1778
MUKCENIeH, YTO JIUIIb YaCTHYHO YJOBJIETBOPSIET YKa3aHHOMY TpeOoBaHMIO0. UTOOBI ajianTHpOBATh
JlaTaceT, Bce ero M3o0pakeHHsi ObUIM MpeABAPUTEIBHO IEepexarbl B pa3Mepbl, kpaTHblie 4. B
YacTHOCTH, ISl HOBOTO (popmara m3o0paxxeHnid Oblia BeIOpaHa marpuna 224x128 nukceneid, Kak
HauOosiee OnM3Kasg MO CBOMM HPONOPUMAM K HCXOAHBIM (poToCHMMKaM. CTporo rosops, s
n300pakeHnit co CTOpoHOW Kaapa 128 mmkceneir mepecder ¢ kodddummentom 1778/1000 maer
pesynbTar 227,584. B aToM ciiydyae okpyrienue 10 224 mukcened JOMKHO OBITh MPAKTUYECKU
HezaMeTHbIM. (Cienyer OTMETHTh, YTO TpH BBIOOpE KOHKPETHOrO Qopmara IepekaToro
U300pakeHUs MOMHUMO MAaKCHUMalIbHOM BO3MOXKHOCTH COXPAHEHHUS HPONOPLUMNA HMCXOIHBIX
(OTOCHUMKOB Jaracera TakKe HEoO0XO0AWMO OBbUIO YYMTHIBATH OTPAHUYCHHS JTOCTYITHBIX
BBIYUCIIUTENBHBIX PECYPCOB, Ha KOTOPBIX BBINOJIHAETCS 00yueHue HeipoceTH. s Makcumu3anuu
TUX pECypcoB B paMKax HCCIIEJOBaHMS HCIOJIb30BAIMCH BO3MOXKHOCTU TIpapHUuecKuX Kapr,
npefocTaBIIsieMbIX MIaTHEIM cepBucoM Google ColabPro+.

TpenupoBouHbIM natacer coaepkan 870 CHUMKOB, TOrJa KakK MPOBEPOYHBIA CErMEHT
nataceta BKIoudan 374 wmzoOpakeHus. Macku Uil cerMeHTanuu LudepOIaToB ObUIM 3aJ1aHbI
4yepHO-0epiMi. COOTBETCTBHHO MPOIEHT MPOCTPAHCTBA, 3aHATOTO YEPHBIM (DOHOM, COCTaBHII
98 %, a Ha Oeunblil BeIpe3 moa uuppoBoe Tabso cueTuuka mpuxoauinock 2 %. [Iporecc oO0ydenus
ueipocetn U-Net (puc. 1) Bemonssuics ¢ marom oOydenus 0.001 u Oaruem 32. Bpewms
BhinosiHeHus 80 amox o0y4yeHus: COCTaBUWIIO / MUH B CTaHJApTHOM pexuMe nojkitodeHus Kk Google
ColabPro+ ¢ Bugeokaptoit A100-SXM4, ocnamennoit 40 I'b O3Y. B mporecce oOydenus: ee
pecypchl Ha HEKOTOPBIX 3Tamax ObLIM 3aaeicTBOBaHbI Oosiee, ueM Ha 87 %. Ilpu stom Taxxke
cepsucom Google Colab 6sut0 mpenocrasneno O3Y mporeccoproro moayns oobemom 83,48 T'b u
JMCKOBOE IpocTpaHcTBO 166,77 I'b, x0T MX BO3MOXHOCTH MCIOJIB30BAINCH HA YpOBHE 6 u 15
MPOLIEHTOB COOTBETCTBEHHO.

MaxkcumanbHass JoCTUrHyTast TouHocTh oO0yueHuss U-Net B mpenenax 400 smox cocraBuia
86.3 %. KoMMeHTHpysI CpaBHUTEIFHO HEBBICOKMI TMOJYYECHHBIH pE3yNbTaT CIEAYyeT yKa3aTh, YTO
naracer Water Meters ot Kaggle comepxur moctaro4Ho MHOro ommOOYHBIX Macok. Hampumep,
HEKOTOPBIM  BEPTHKAJIbHO pPACMONOKEHHBIM Iu(epdIaTaM COOTBETCTBYET T'OPU30HTAIBHO
OpUEHTHpPOBaHHas Macka. B Apyrux ciydasx mpu peallbHOM HakJIOHE IupepOiaTa BIEBO Ha Macke
COOTBETCTBYIOIIUNA CErMEHT W300pa)K€HHs] HAKJIOHEH BIpPaBO. BrojiHe MOHATHO, YTO Ha TaKHX
U300pakeHUsIX HEMpOHHAs CeTh JaeT 3HAUMTENbHYI0 OIIMOKY, M O0IIas TOYHOCTh CErMEHTalluu
cHUXaercs. B mogo0HBIX ciydasx UCXOAHBIN JaTaceT ciaeayeT MpeaBapuTeIbHO OTQUIBTPOBATH OT
apredakToB. OnHAaKO, MPUMEHHUTEIBHO K peIlaeMoi 3ajade, HaMuMe YKa3aHHOTO HEIOCTaTKa,
HanpoOTUB, SBUJIOCH  MOJE3HBIM  (AaKTOPOM,  CO3JABLUIMM  CTPECCOBBIE  YCIOBUSA IS
(YHKIIMOHUPOBAHUS aHATU3UPYEMBIX HEHPOCETEH.

Ha cnenyromem »srtame HcCleAOBaHUS MPOBOAMIUCH C MPUMEHEHHEM pAa3JIUYHBIX 110
CTPYKTYpE U MECTY BKIIIOUEHHUs B HeHpoHHYIO ceTh Thna U-Net mexanu3moB BHuManus. OCHOBHas
ujess TPUMEHEHHs CTPYKTYp BHUMAHHS COCTOSJIa B TOM, YTOOBI B3BECHTH MATPHILy IHKCEIEH
n300pa’keHHii ¢ MOMOIIBIO 0COOOH MacKH, CENEKTUPYIOIel uX Hanbosee 3HaYMMYyto o0nacTs. [lpu
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TOM COOTBETCTBYIOIIME Beca MOJOMPAIOTCS B Ipolecce OO0Y4YEeHHUs, MAaKCUMHU3UPYs TOYHOCTD
CerMEeHTAaLUU.
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Puc. 1. bazoBas apxurekrypa Heifpocetu U-Net B ¢ppeitmBopke “Terra Al”.

[Tpouecc aHanm3a TPOBOAMIICS B OTHOLIEHUHU OJHO- U JIByXKaHAJIbHBIX CTPYKTYp BHUMAaHUS.
Ha puc. 2 npexncraBineH OJuH M3 HUCIOJIb30BAaBLIMXCA BAPUAHTOB OJHOKAHAJIBHOIO MEXaHM3Ma
BHHUMAaHUs1, OXBaThIBAIOIINN HECKOJIBKO CII0EB HEWPOCETU C MPOOPOCOM BBIXOJa KaHalla BHUMaHUS
BIIEpE]l 110 €€ CTPYKType. JleranusupoBaHHas Ha puc. 3 cxeMa MEXaHU3Ma BHUMAHHUS COJEPKUT Ha
BxoJie cBepTouHbIi cioit Conv2D ¢ ogHUM GUIBTPOM, POPMUPYEMBIM C MOMOIIBIO €TUHUYHOTO
BECOBOTO sfpa W TaKoro e mara ckoibxkeHus. Ha Bxox ConvZ2D moctymaer u3oOpaxkeHue
dopmara 112x64 mukceneit. Jlanee ciexyer BeIpaBHHBaromuii cioi Flatten, BBIXOIBI KOTOPOTO
MOJKJIIOUYEHBl K TOJIHOCBA3HOMY HeWpoHHOMY cioto Dense ¢ ¢ynkiueit aktuBanuu Relu. On
MMEET KOJIMYECTBO HEMPOHOB, paBHOE KOJIMYECTBY MUKCENEH B OJHOM KaJIpe Ha BBIXOJIE MEXaHU3Ma
BHUMaHUs (1792). Cronbko ke HEHPOHOB COAECPKHUT U Mocnenyroumii cnoil Dense ¢ dyHKuumei
aktuBanuu Softmax. BekTopHbIil BeIXxon BTOporo cios Dense mamee TpanchopMupyeTcsl Cloem
Reshape B m3o0Opaxenue ¢dopmara 52x32 nukceneit. [[ns cormacoBaHHsl CTPYKTYpbl MacCHBOB,

MOCTYMAIOIIMX B KaYeCTBE COMHOXKUTENIEH Ha BXOJ ciios ymHOkeHuss Multiply, Ha Beixoae kanama
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BHUMaHus B cinoe Conv2D dopmupyercs 256 (QuUIbTPOB, BBIXOJBI KOTOPBIX IOIABEPraroTCs
HOpMAaJTM3alUK B COOTBETCTBHH ¢ Iporeaypoir BatchNormalization.

Puc. 2. U-Net ¢ MexaHi3MOM BHHMAaHUSI, OXBATHIBAIOIINM 3 CJIOS HEHPOCETH.
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Puc. 3. CtpykTypa 0JlHOKaHaJILHOTO MEXaHU3Ma BHUMAHHUS Ha puUC. 2.

OOydeHne HEUPOCEeTH PACCMOTPEHHOM CTPYKTYPHI TO3BOJIMIIO MOMYy4UTh TOYHOCTH 85.1 % B
npeaenax 200 smox. Ilpm 3TOoM HaOmOmANOCH 3aTATHMBAHWME Hayajga Ipolecca OOydeHUs Ha
MPOBEPOUYHOI BBIOOpKE 10 18 »9mox, uyto OBUIO OOYCIOBICHO YBEIMYCHHEM KOJUYECTBA
TPEHUPYEMBIX MTAPAMETPOB.

bonee BwICOKyrO TOuHOCTH, 85,3 %, MO3BOJMUIIO TOJYYUTHh BKIIOYCHHUE OIMCAHHOMW BBIIIC
CXEeMbl BHUMaHHsI B CEIMEHTE CETH, COOTBETCTBYIOIIEM MHUHHMAJIBLHOMY pa3Mepy H300paKCHHUS.
IIpy 3TOM BXOJ M BBIXOJ KaHajla BHUMAHUS MOJKJIIOYAIUCH MApaJUICIbHO CTBIKY JBYX COCEIHUX
cioes (puc. 4).
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Puc. 4. Ctpykrypa U-Net ¢ omHOKaHAJIPHBIM MEXaHU3MOM BHUMAHH S, HHTETPUPOBAHHBIM
MEXy IBYMS CIIOSIMHU.

AJNbTepHATUBHBIA BapuaHT MOJAKIIOUYEHUS MEXaHU3Ma BHUMaHMs COCTOUT B €r0 MHTETPAIlUH
napajielbHO JIMHUH CBSI3M MEXIY IBYMS CJIOSMH HENOCPEICTBEHHO TIEpPEll CIO0EM YBETHUCHUS
nzo0paxenuss Conv2DTranspose, kak moka3zaHo Ha puc. 5. OOIIee KOJIMYECTBO IapamMeTpOB
HelipoceT B JaHHOM ciydae paBHO 8151683, u3 Hux TpenupoBke nojiexar 8148483. Taxoii
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BAPUAHT HEUPOCETH MO3BOJWI JOCTUYL TOYHOCTH 86.3 % Ha 418-i1 smoxe, YyTO COBHAAAET C
TOYHOCTBHIO 0a30Boi Bepcun U-Net 6e3 MmexaHn3Ma BHUMaHUSI.

PykoBOZICTBYSICh KOHIIENIIMEH MHOXECTBEHHOTO BHHMaHUs, Jajiee ObLIa CHHTE3HpPOBaHA
cxema U-Net ¢ nByms nmocnenoBaTeIbHBIMU KaHala BHUMAaHUs, Ipe/IcTaBlIeHHas Ha puc. 6. [IpoTus
OXXKUJAHUS, TaKOE€ YCIOKHEHHWE HEWPOCEeTH MPHUBEIO K YXYAIICHUIO TOYHOCTH CETMEHTAIIWH,
KOTOpasi cHU3Wjach 10 BenuuuHbl 75.3 %. Ilpu sToM Takke 3aMETHO yXYALIMIACh U CKOPOCTh

00y4eHusl.
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Puc. 5. AnprepHatuBHas apxurekrypa U-Net ¢ oqHOKaHAIEHBIM MEXaHU3MOM BHUMAHWSI,
MOJKJIFOYEHHBIM B MEXXCIIOMHBIN HHTEPBAJ.

llaHHLIﬁ pPE3YyIbTAT IMO3BOJWII CHACIIATH O)IHO3Ha'-IHI)H71 BbBIBOJI, 4YTO MNPHUMCHUTCIIBHO K
paccMaTpuBaEMOMY JaTaceTy OAHOKAHAJIBHBIM (OJHOKACKaJHBIM) MEXaHNW3M BHMMAHHUS SBIIAETCS
MNPpCAITIOYTUTCIIBHBIM PCUHICHUCM. Tax:xe Ooee BBIUTPBIIIHBIM BApUAHTOM ABJIAACTCA HCIIOJIB30BAHUC
B CXEME€ BHHMMaHHA IOCIEIOBATENbHO ABYX cioeB Dense BMecTo onHoro. Takoi mnpuHIUI
peain3anuu MCXaHMW3Ma BHHMAHHA Ha CIIapKE CJIOCB Dense Aa€T MpeUMYIICCTBA B TOYHOCTHU
CEerMEHTAallMd U II0 CpPaBHEHHIO C CYry0Oo CBEpTOYHON CXeMOl, cojepKalie HEeCKOJIbKO
NIOCJIEA0BATENBHO BKJIFOUEHHBIX CBEPTOUHBIX CJIIOEB U CIIOEB HOPMAIU3ALINH.
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EcrecTBeHHO, B paMKaX MPOBEICHHBIX HMCCICOBAHUN HEBO3MOXHO OBLIO OXBaTHTh BCE
BapHUaHThl peau3alliil MeXaHHW3Ma BHUMaHHs. BronHe BEpOSTHO, YTO HEKOTOpBIC M3 HUX MOTYT
okazatbcs Oonee dddekruBHbIMU. [IpoBepka NaHHOTO TPEANONOKEHUSI SBISCTCS LEIBIO
NAJILHEUIINX UCCIIEIOBAHUN.
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Puc. 6. U-Net ¢ aByxkaHaabHBIM MEXaHU3MOM BHUMaHHUSI.

BbIBO/IbI

[Tony4yeHHble pe3yabTaThl MO3BOJIMIN C/IeNaTh BBIBOJI, YTO MPUMEHUTENBHO K faTacety Water
Meters mexanusM BHUMaHMs, UHTerpupoBaHHbIH B U-Net cpenneill cioXHOCTH, HE MO3BOJIMUII
YAYYIIATh TOYHOCTh CEIMEHTAllMM IO CPaBHEHHUIO C 0a30BOM apXUTEKTypoil. B mpoBeaeHHBIX
HKCIIEPUMEHTAX YAAJ0Ch MOJYYUTh TOYHOCTh CerMeHTauu 86,3 %, Kak B ciydae MCIOJIb30BaHUS
MeXaHU3Ma BHUMaHMA, Tak U 0e3 Hero. OnHAaKo, HE MCKIIOYEHO, YTO MCIIOJIb30BaHHE OoJiee
CIIOXKHBIX CXEM BHUMaHHUS B COYETAHHM CO CTPYKTYpHBIM pa3zHooOpazuem apxutektyp U-Net
MO3BOJINT IPEOJOJIETh YKAa3aHHBIM IAapUTET B IOJb3Y HEHpPOCETEW € MHTErPUPOBAHHBIM

MEXaHU3MOM BHUMAaHMUS.
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YIK: 004.93

Maauii P.I., XagkukoB A.C., Knumenko M.C., Cimuenko C.B. (lncmumym npobrem wmyunoeo
inmenexkmy MOH i HAH Yxpainu)

PO3POBKA CUCTEMMU KEPYBAHHS I'PYIIOIO BE3IIIJIOTHUX AITAPATIB

Maiibymus po3podxka macosux YHIGepCaNbHUX 2pynogux Oe3nilomHUx anapami@ CMuKacmvcs 3
npooOeMOoI0 8IOCYMHOCMIE HAOIUHUX CYYACHUX 34C00I8 36 13Ky ma YNPAGIIHHSA 6 DI3HOMAHIMHUX KPUMUYHUX
yMo8ax, Oisl 8upiuleHHs AKOI po3pobOieHO YHIGepcanbHUll 6azamo@QyHKYiOHANbHULL cepeep 0OMIHY OaHUMU
MidC ycima yuwacHuxamu 2epyn Oesninomuux anapamis. Po3pobxa mpancnopmHozo npomoxony oOyia
eKCHepUMEenmanvHo nepesipeHa 07 OOCACHEHHS HeOOXIOHUX NOKA3HUKIE KepoBaHoCcmi OUCMAHYIHUX
pobomig 3a 00NOMO2010 34C00i6 WMYUHO20 [HMENEKM).

Upcoming development of mass universal group unmanned vehicles is facing the problem of the
complete absence of reliable modern means of communication and control in a variety of critical conditions,
to solve which a universal multifunctional data exchange server between all members of groups of unmanned
vehicles have been developed. The development of transport protocol has been experimentally tested to
achieve the required indicators of controllability of remote robots using Al tools.

CtpiMKUll pO3BUTOK 1 MAaCOBE BUKOPUCTAHHS YHIBEpCAIbHUX POOOTOTEXHIUHUX KOMIUIEKCIB
nepeadavyae BUCOKY HAAIWHICTh YNpPaBIiHHS O€3MIIOTHUMH TPAHCHOPTHUMH 3aco0amMH B
PI3HOMaHITHUX KPUTHYHUX yMOBax Oe3 MpaBa Ha MOMIIIKY 1 BTpaTH KepoBaHOCTi. HaifiOinbiu
ypa3IMBHM MiCLIEM TaKUX MPHUCTPOIB € KaHAIW Mepeadi JaHuX, [IEHTPAIbHOI YaCTHHOIO SIKHX BCE
yacTile crae riodaibHa Mepexa [HTepHeT, 10 J03BOJIsi€ KOHTPOIIOBATH MPAKTUYHO OYIb-SKUM
MPHUCTPOEM Yy OyIb-sIKid Toumi Hamol Turanetd [1]. Takuii 3B'SI30K Mae CKIaJHYy 0araromrapoBy
CTPYKTYPY 3 HEIIPUIHATHOIO HAJIMHICTIO Ta BIAMOBIIATBHICTIO 32 aBapiiiHICTh, HEIPUIHHATHOIO JIJIS
YVHIBEpCAJIBHUX MAacoBUX MpHUCTpoiB [2]. Mertoo apaHoi poOoTH € (opMyBaHHS apXITEKTypu
Ha/lIHHOTO KepyBaHHs IPYIOI0 OE3MUIOTHUX amapaTiB Ta JEeMOHCTpallis MPAaKTUYHOI MOXJIMBOCTI
peanizaiii mo1i0HOT CUCTEMHU.

ABTOopamMH pOOOTH 3allpONOHOBAHO METACTPYKTYpy B3aeMOJIli YYaCHUKIB CLEHApito
KepyBaHHS Tpymnor (poeM) OE3MIJIOTHHX amapariB Ha OCHOBI OOMIHY [JaHMMH 13 €IUHUM
KOMYHIKaIiiiHuM cepBepoM (puc. 1).
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Puc. 1. YHiBepcanbHa cxema 0OMiHY JaHUMH MK yYaCHUKaMU T'pyny O€3MIJIOTHUX arapariB

Po3pobnennii cepBep € yHiBEpCaIbHUM Ul HABEJCHOTO BHUIIE KiIacy poOOTiB 3 HACTYITHOIO
METacTpyKTyporo. Bin miarpumye HeoOMeXKeHy MpOTpaMHUMH 3ac00aMH KUIBKICTh TEpPMIHAJIIB
JTUCTaHIIiHOrO KepyBaHHsA. KoXkeH 3 TepMiHaliB Ma€ 3MOTy MIJKIIOUYUTH HU3KY KUIBKICTh
BIJIJAJIEHUX CIelialliCTIB-0NepaTopiB, KUIbKICTh SAKUX OOMEXKEHa MOXJIMBOCTAMHU TPAHCIOPTHUX
KaHaliB 3B’s3Ky. Omeparopu 00'€ZJHaHI €IMHUM CEPBEPOM 3B'SI3KY BCiX KOMIIOHEHTIB B €JUHY
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CUCTEMY YNpaBIiHHS, fKa MIAKIIOYAE iX 10 HEOOMEXKEHOi KiTbKOCTI AMCTAHIIHHO KEePOBAHUX
OE3MUIOTHUX TPAHCIIOPTHHUX 3aCO01B.

TpancropTHi 3aco0M TMPAIIOIOTh HA BIJACTAHAX Y MeXaX pEeakIliil, T03BOJICHUX YacOBUMU
3aTpUMKaMH, B PI3HOMaHITHUX cepeaoBHmax (MOBITPSA, 3€MJIA, BoJa Ta Ha iX Mexax) I3
MOYJIMBICTIO TIepe/adi CUTHAJiB Yepe3 MPOMIXKHI Oe3MiIOTHI 3ac00M 3 BUKOPUCTAHHSAM IIHPOKO
JIOCTYITHOI el1eMeHTHO1 06a3u, podoroTexHiku Ta 1.

Byno BUKOHAHO MOPIBHSUIBHUI aHaNi3 XapaKTEPUCTHUK KOMEPIIHHO nocTynHuX [HTEepHET-
IPOTOKOJIIB TIepeiadi JaHuX Ta TEXHOJIOTIH Ha X OCHOBI ISl JOMCHHO-OPIEHTOBaHUX CEpBiciB [3]
3a TOKa3HUKaMHM HaAIHHOCTI/IIBHIKOCTI MO0 Tmcuxodizionoriunoi peakmii JTIOAWHHU, sKa
ctanoBuTh 0,1-0,2 cexynau. Y pe3ynbTaTi aHaji3y BUSABJICHO, 110 OLIBIIICTh TEXHOJIOT1H HECYMICHI
3 yMOBaMH IHMCTaHI[ITHOTO KepyBaHHs OE3MiJIOTHUX amapariB. 3alpoNOHOBAHO Ta pealli3oBaHO
CreliaJIbHUNA MPOTOKOJI, 110 BUKOPUCTOBYE CTaHAAPTHI IHCTpyMEHTH TpaHcrnopTHoro piBHs TCP/IP
Ha CTUKY alapaTHOTrO Ta MPOTPaMHOrO 3a0e3MEYCHHS I HU3bKOPIBHEBOTO KOHTPOJIO OOMiHY
JaHAMM dYepe3 BIpTyaldbHI 3'€qHAHHA 2 JaHUX MEPEXKEBUX TEepMiHAIIB. TecTyBaHHS
MPOJEMOHCTPYBAJIO, IO MPOIYCKHA 3JAaTHICTh 1 IIBHJKICTH MEPEeKi B yMOBaxX KpPUTHIHOTO
HABaHTaXCHHS 3aJIMIIAETHCS JOCTATHBOIO JUIS TIepeiadl Biieo Ta JaHWX TeleMeTpii 0e3 BTpar, 1o
JI03BOJISIE TOBOPUTH TPO HAMIWHICTH AAHOTO CHOCOOYy Tepenadi JaHuX ISl ONMHCAHOI CHCTEMH.
JonaTkoBy HaAifHICTH 1 rapaHTiiO0 Nepenadi JaHuUX 3a0e3redye MOBTOPHA BIAIpPaBKa MaKeTiB 3a
BiZICYTHOCTI MiATBEPKEHHS OTPUMAHHS OJIHIEIO 31 CTOPIH CHCTEMH.

Crneuiansauii Tpancnoptauii npotokon TCP/IP nepenae ta «3abyBae» Bci gani. OqHak BiH
BOyZOBaHUi y BCi 3acO0M mepeaayi JaHUX cepBepa OOMiHYy JaHUMHU MK yciMa YYaCHUKaMH TPyId
0e3MJIOTHUKIB, KU CUHXPOHHO 30epirae Ii JaHi y BHYTPIIIHBOMY apXiBi BCi€i cecii y4acHHUKIB 1
TIOCITIZIOBHO CTBOPIOE KOIIIO BCi€T MPOIleC KOMIUICKCY JIIsl aJICKBATHUX BHCHOBKIB 1 TIOJJAIBIIUX JTiH,
0COOJIMBO B KPUTHUYHHUX CHUTYaIlisiX, JOCTATHIX s HACTymHOi cTabimizamii, Qopmanizamii Ta
aBTOMaTH3aIlii.

BUCHOBKU

VY wiit poGoTi MOKa3aHa MPUHLUIOBA MOXIIMBICTh MIJXOAY A0 CUCTEMU KEPYBaHHS I'PYIOIO
0e3nI0THUX amapariB B paMKax ICHYI0UOoi Mepexi [HTepHeT 3a paXyHOK cHelialbHOro MPOTOKOIY
tpancnoptHoro piBHg TCP/IP Ta yHiBepcaabHOro cepepa 0OOMiHY JaHUMHU MiX yciMa y4aCHUKaMU
rpyny O€3MUIOTHUX TPaHCIOPTHUX 3aco0iB y CKIAJHUX YMOBAaX KOMIUIEKCHOI pOOOTH 3
BUKOPUCTAHHSAM €JEMEHTIB LITYYHOTO IHTENEKTy. Pe3ynbTaTu eKcliepUMEHTalbHOI IepeBipKu
KOMIIOHEHTIB CHUCTEMH 3acBIIYWIM MPHUHIMIIOBY MOXIIMBICTh peaii3alli KOMIUIEKCY B MeKax
po60o40i Tcuxo(}i31070T1YHOT peakiii Jr0AUHU-0NepaTopa.
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UDC 621.03.9

Dilip Kumar, Neha lakhwan, Anita Rawat (Department of Civil Engineering, Govind Ballabh
Pant Engineering College, Pauri, India)

STUDY AND PREDICTION OF LANDSLIDE IN UTTARKASHI, UTTARAKHAND,
INDIA USING GIS AND ANN

Our work represents a community-wide effort to create a document database that meets the
requirements of machine learning. It should be noted that our APSE system, which facilitates the annotation
process, was not intended as a stand-alone search engine. Rather, it was designed and used solely for data
collection.

More than 1,500 scientists from around the world participated in the RELISH consortium
and annotated relevance to more than 180,000 pairs of documents representing diverse fields of
research, covering 76% of all PubMed MeSH descriptors without apparent bias. These annotations
are of high quality, with more than 90% of article pairs annotated by original authors and 63% by
scientists with 5 or more years of post-doctoral research experience. While the majority annotated a
single original article, several researchers annotated more than 50 original articles, and some
independently commented on the same original articles. Together, the dataset provides the largest
manually annotated benchmark for document similarity detection in biomedical literature searches.

A number of potential biases were taken into account when creating this database.
Potentially affected aspects of our methodology primarily include the way in which the documents
provided to the annotators are selected and the way in which the annotators themselves are selected.
Here we discuss the biases we were able to identify and explain why they were resolved.

Inherent selection biases can be argued for the underlying methods used to generate
document sets for annotation. First, because only the top 20 nonredundant papers from each method
were presented to the annotators, we necessarily excluded potentially related papers with lower
similarity scores from this pool. We could get more results from one method, but then there would
be a bias towards that single method. In addition, we decided to take as many results from each
method as possible to reduce the burden on the annotator's time because we understand that
volunteered time is valuable. Second, since the underlying methods rely solely on exact term
matches to generate appropriate similarity scores, it is possible that semantically related documents
are missing from this pool.

Potentially subjective bias is a major concern affecting the relevance of documents manually
annotated by such a diverse group of scientists. This may be in terms of a biased view of
recommended documents according to the annotator's close-up view of their domain, as opposed to
the more objective view that general knowledge annotators might have. We decided to use the
authors of their own papers as relevance judges to increase the level of participation, again taking
into account the effort required from the participants. This is because our goal for this benchmark
was to detect subfield similarity so that articles marked as relevant could be eligible to be cited by
the original article. This task requires highly specialized experts in the relevant subfields to make
this determination. In other words, the more experience the annotator has in the subfields, the more
accurate the annotations will be. Although non-PhD researchers are underrepresented in their
participation in the database, this does not affect the overall accuracy of the annotations, as we
demonstrated no bias according to the level of experience of the annotators and the different fields
of the researchers. In fact, the use of expert annotations will ensure that relevant articles are
produced for all searching non-PhD researchers, clinicians and the general public. this will not
affect the overall accuracy of the annotations, as we have demonstrated that there is no bias
according to the level of experience of the annotators and between different fields of researchers. In
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fact, the use of expert annotations will ensure that relevant articles are produced for all searching
non-PhD researchers, clinicians and the general public. this will not affect the overall accuracy of
the annotations, as we have demonstrated that there is no bias according to the level of experience
of the annotators and between different fields of researchers. In fact, the use of expert annotations
will ensure that relevant articles are produced for all searching non-PhD researchers, clinicians and
the general public.

Taken together, the results indicate that, despite any subjective biases, there is consensus on
what actually constitutes relevant literature for most researchers, despite differences in research
areas and levels of expertise.

The high-quality data collected by the RELISH consortium provided an unprecedented
opportunity to compare the three basic methods (PMRA, BM25 and TF-IDF). Somewhat
surprisingly, all three methods performed similarly, with a slight advantage for TF-IDF. All three
methods evaluated here showed only moderate performance with a mean AUC of about 0.7 and a
mean MCC of about 0.5. This is an application indicates the need for large baseline data sets for
evaluation, there is considerable room for improvement in the literature search with future
development of the method.

Encouraging method development was the main motivation for compiling this database. Our
database should enable the development of new methods based on modern deep machine learning
techniques to address the major shortcomings of current methods. In addition, benchmark data sets
resulting from our database will enable objective comparisons between old and new methods,
increasing the uptake of new methods and their implementation in practice.

We expect that the dissemination of this manuscript will attract more scientists to contribute
more annotations. Participant recruitment was a major challenge for us, with the first phase of our
recruitment strategy (internal referrals, personal invitations, social media posts, and a mailing list)
ultimately failing to attract enough contributions to generate a meaningful data set. Because of this
error, we reluctantly decided to proceed with the second phase of sending direct emails. Although
the response rate was low (around 1%), it was sufficient to generate the substantial database we
now have. Our server will continue to collect annotations. We hope to publish the next version of
the database with at least double the number of available annotations.
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YK 004.67:643

Citic B.b., Cnennes JI.C. (/[onbacvka Oepoicasna mawiunodydisna axademis, m. Kpamamopcok-
Tepnoninw, Yxpaina)

JOCIIOKEHHSA EPEKTUBHOCTI METOIIB IHTEJIEKTYAJIBHOI'O AHAJII3Y
JAHUX IS BUPIINEHHA 3AJIAY 'OTEJIBHOI'O BIBHECY

Y cmammi posensoaemvca modcaugicme 3acmocy8aHHA Memooie HMeNeKmyaIbHO20 AHANI3Y OaHUX O
NPOCHO3Y8AHHA NOKA3HUKIE 2omenbHo2o OisHecy. Bukonyemvca nopieHAuHA e@ekmugHocmi HU3KU Memooie
NPOCHO3Y8AHHA Ma Kiacugixayii, y momy uucii memooié Heupomepetcesoco MOOent08aHHs, HA Mecmosoi 3a0ayi
NPOCHO3YB8AHH OOHO20 3 BAJNCIUGUX Ol KOJCHO20 20MeNl0 HNOKA3HUKIE — UMOBIPHOCMI BIOMOGU KIIEHMA 6i0
3a0poHbLOBAN020 HOMEPA.

The article considers the possibility of using data mining methods to predict the indicators of the hotel
business. The effectiveness of a number of forecasting and classification methods, including neural network modeling
methods, is compared on the test task of predicting one of the important indicators for each hotel — the probability of a
client refusing a booked room.

lotenbHuii 6i3Hec — 1e Oi3Hec, NOB'SI3aHUIl 3 MNpoQeciiHUM HaJaHHSIM MOCIYT 3
NPOXKMBAaHHS Ta TIOBHOTO MOOYTOBOrO OOCIYrOBYBaHHsS KIII€HTa B TOTENsX. BUCOKHI piBEHb
HAKJIQJHUX BUTpaT B 1HAYCTpii rorempbHOro Oi3HECYy BCe 4YacTillle 3MYIIye BIIACHUKIB
3aMHUCIIOBATUCS HAJ HEOOXiJHICTIO YCTaHOBKH CHCTEMH, SIKa 3a0€3MEUUTh YITKy OpraHi3amiio i
B3a€MO3B'SI30K MDK pI3HUMH CiIy)X0aMu opradizaiii, JOMOMOXE 3HH3UTH eKCILTyaTalliiiHi,
€HEepreTUYHI Ta OmepalliiiHi BUTpaTH.

Jlyia miBUIEHHS €KOHOMIYHOI €)eKTUBHOCTI TOTENI0 3aBXkAU Tpeba mparHytu, uod 0ymio
3alOBHEHO sIKOMoOra Oinbie HoMepiB. sl JOCATHEHHS Ii€i METH BHKOPHCTOBYETHCS TONEPEIHE
OpoHIOBaHHS HOMEpiB KiieHTaMu. [IporHo3yBaHHsS piBHS OpOHIOBAaHHS 1, 30KpeMa, BUMAJKIB
BiZIMiHM OpOHIOBAHHS — SBJISIE COOOI0 HABAXKIIMBIITY YaCTUHY ONTHUMI3allii TOTEIBFHOTO Oi3HECY.

Tomy MeTor0 CTBOpeHHs iH(QOpMALIHHOI CUCTEMH € BIANOBIAb HAa NMHUTAHHI: YU CKacye
OpOHIOBaHHSA KJIIEHT?

TakuM uYMHOM 3Ha4yeHHS MOKa3HHMKa, L0 MPOrHo3yerscsi, mMae 0 abo 1. JIBilKOBicTh
MOKa3HHKA JI03BOJISIE 3aCTOCYBATH ISl HOTO BU3HAYSHHS TaKOX HE TIJIBKM METOJIW MPOTHO3yBaHHS,
a ¥ knacudikarii.

Jlia nocnipkeHHs e(pEeKTUBHOCTI MPOTHO3yBaHHS MMOBIPHOCTI BiAMIHM OpOHIOBaHHS Oynu
o0OpaHi HaCTYIHI METO/IU:

—  MeToj JiHiiHOT perpecii (Linear regression);

—  Meton sorictuyHoi perpecii (Logistic regression);

—  Merton Haiommwkuux cycigiB (KNN);

—  MeroA aepesa npuitHaTTa pimens (Decision Tree Classifier);

— wmerox Bunaakosoro jicy (Random Forest Classifier);

—  wMetoau rpaaientHoro Oycrinry: XGBoost, CATBoost, LGBMClassifier;

— Meton anantuBHoro oyctinry AGABoost;

— wmerox ancamOito mogeneit (Voting Classifier);

—  Oararomaposuii mepcentpoH (ANN).

Jlns peanizanii HaBeJeHHX anropuTMmiB Oyna po3pobieHa iHopmaliliHa cucTeMa A
NIPOTHO3YBaHHS TOKa3HWKY CKacyBaHHS OpOHIOBaHHS 3a JOMOMOTOK HACTYITHHX MPOTPAMHUX
3ac00iB:

—  Python Bepcii 3.9;

—  0Oibmioreka scikit-learn;

— Jupyter-notebook;

—  OibmioTeku Bizyamizauii seaborn Ta matplotlib.
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MeToro OyIb-SKOrO TPOTHO3YBAaHHS € CTBOPCHHSI MOJENi, SKa JO03BOJSE 3ariisHYTH B
MalOyTHE 1 OLIHUTU TEHJEHIIi B 3MiHaX TOTO YU IHIIOTO MOKa3HHKA. SIKICTh MPOTHO3Y B TaKOMY
BUNAJIKY 3aJI€KUTh BiJl HAABHOCTI MEPENiCTOPii 3MiHIOBAHOTO MOKa3HUKA, MOXUOOK BUMIipIOBAHHS

AaHOI BEJIMYMHU.

JInst IpOBEZICHHST aHali3y Ta CKIAJAaHHSA CTATHCTUKA OyB BHUKOpHCTaHHMH Hallp JaHUX 3
wiomanku Kaggle. Habip nanux ckiagaeTbcs 3 BEIMKOI KUIBKOCTI KOJOHOK, TOMY HEOOX1THO
BUOpATH Ti, 110 HAMOLIBII KOPETIOIOTH 3 BiIMiHOIO OpoHIoBaHHS (pHC. 1).

Pucynok 2 — 3HaueHHsI Kopensiiii gesikux (akTopis 3 BigMiHOK OpoHtoBanHs (iS_canceled)

Ha pucyHky 2 MoKHa MOGAYHTH, 1[0 HANOLIBII BAYKIMBUMH [TapaMETPAMH €
yac, 3a KOTpHii BigOyBaeThcs OpontoBanus (lead_time);
KiJIbKiCTh crieriianpaux nporo3uiiii (total_of _special_requests);

is_canceled

lead_time
total_of_special_requests
required_car_parking_spaces
booking_changes
previous_cancellations
is_repeated_guest

company

adults
previous_bookings_not_canceled
days_in_waiting_list
agent

adr

babies
stays_in_week_nights
arrival_date_year
arrival_date_week_number
arrival_date_day_of_month
children
stays_in_weekend_nights

'

e

-

Pucynox 1 — Kopensiiist pakropis 3 Bigminoro OpontoBanus (iS_canceled)

1.000000
0.292876
0.234877
0.195781
0.144832
0.110139
0.@83745
0.0883594
0.058182
0.@57365
0.054301
0.046770
0.046492
0.032569
0.025542
0.016622
0.008315
0.005948
0.004851
0.001323
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Model

—  HasABHICTH MicCIl s cTossHKH aBTo (required_car_parking_spaces);
— uu OyB ricTh y MUHYJIOMY KiTieHTOM ToTemro (iS_repeated_guest);
—  1e myTiBKa abo mpuBaTHE OpoHIOBaHHs (COmpany).

Ha pucynky 3 Ta 4 HaBeJieHI MOKa3HUKU TOYHOCTI POOOTH Mojesei. Ik BUIHO 3 PUCYHKIB,
Halikpamuii noka3Huk BusBuBcs y CatBoost ta y 6araromapoBoro nepcenTpony.

Model Score

0 Cat Boost 0.995918
1 AMM  0.994184
XgBoost 0982356

LGBM 0.959455

Voting Classifier 0.958141
Random Forest Classifier 0.954590
Ada Boost Classifier 0.952241
Decision Tree Classifier 0.946090
KMM  0.889131

w @ =~ @ o Rk W N

Logistic Regression  0.808210

-
(=]

Linear Regression 0.790761

Pucynok 3 — [1oka3HUKHM TOYHOCT1 poOOTH Mozenei

Linear Regression Score

Logistic Regression

KNN
0.95

Decision Tree Classifier
Ada Boost Classifier
Random Forest Classifier 0.9
Voting Classifier
LGBM
0.85
XgBoost
ANN

Cat Boost 08

0 0.2 0.4 0.6 0.8 1
Score

Pucynok 4 — I'padiyHe nopiBHAHHS TOYHOCTI IPOTHO3Y CKaCyBaHHS OpPOHIOBAHHS

BUCHOBKHA

Hailikpamumu MeTonamMu AJis TPOTHO3YBAaHHS CKAacyBaHHS OpOHIOBAHHS BHSIBIIIUCS
OaraTolapoBUi MEPCENTPOH Ta CydacHI METOAM rpajieHTHoro Oycrinry. Hacmigkom iHTerpaii
po3pobneHoro mporpamuoro 3adesnedeHHs y CIIIIP rortemto Oyne miABHIEHHS E€KOHOMIYHOI
€(hEeKTUBHOCTI TOTEJIO, 0 MOKPAITUTH MO3HUIIII0 TOTETIO CEPEl KOHKYPEHTIB.
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YIK: 004.93

Kianmenko M.C., Cimuenko C.B. (lucmumym npobrem wmyunoeo inmenexmy MOH i HAH
Ykpainu)

3ACTOCYBAHHSI CEMAHTUYHOI METPUKH JJ151 PO3MI3HABAHHS OCOBU 3A
JIHI'BICTUYHUMHU O3HAKAMM MOBJIEHHSA

Posensinymo cyuacni 3a60amms po3niznasants 0cobu 3a 2010COM 8 YMOBAX YMUCHO20 CHOMBOPEHHS
akycmuunux o3nax. Ilpoananizoeano mMoxciueocmi GUKOPUCMAHHS NIHSGICIUYHUX O3HAK 015 NIOGUUYEHHS
egpexmugnocmi  po3nizHaAanHs 0codu. 3anpPONOHOBAHO GUKOPUCHAHHS CEMAHMUYHOI MempuKu Midc
cnosamu 011 (POPMYBAHH CEMAHMUYHUX NONI6 OIanocy, MeMamuku ma o0codu, HA OCHOBL 4020
VOOCKOHANEeHO Kiacugikayito ppasmenmy MoeieHHs 3a OUKIMOPAMU.

Abstract. Modern tasks of recognizing a person by voice in the conditions of intentional distortion of
acoustic features are considered. The possibilities of using linguistic features to increase the effectiveness of
person recognition have been analyzed. The use of semantic metrics between words is proposed for the
formation of semantic fields of dialogue, subject and person, based on which the classification of the speech
fragment by announcers has been improved.

[IpuknagHe 3acToCyBaHHs METOMIB pO3II3HABaHHS OCOOM 3a TOJOCOM € aKTyaJlbHUM
3aBIaHHsIM y cdepax aBromarusamii KPUMIHATICTUYHUX JOCHIIKEHb Ta PO3POOKH CHUCTEM
OioMeTpuuHOi aBTOpH3aIlli. Y cydyacHHX ymoBax iH(popMaliiHOI BIHHU Ta BOEHHOI arpecii 3amaua
po3mi3HaBaHHS 0ocoOu 3a rojocoM HaOyma mupokoro 3acrocyBanHs y OSINT-mocmigHuKIB Ta
(baxiBIIiB PO3BIIKH.

3BakalouM Ha TPAKTUYHE 3aCTOCYBAaHHS METOJMIB pO3IMi3HABAaHHS, 3 SBISIOTHCS HOBI
BUKJIMKH I110JI0 HABMHUCHOI'O CIIOTBOPEHHS aKyCTHUYHMX O3HAK Ul 00XOJy CHCTEM pPO3Ii3HAaBaHHS
[1,2]. HocmimxkeHnHs 3 migBUIICHHS e()EKTHBHOCTI pO3IMi3HABaHHS OCOOM 3a (parMeHTamMu
rOJIOCOBHX IOBIJOMJIEHb BUKOHYIOTBHCS Y JIBOX HalpsIMKax: MOIIYK HOBUX aKyCTUYHMX O3HaK, SIKi
c1abo MiIAl0ThCsl MPUMYCOBOMY CIIOTBOPEHHIO, Ta BHUKOPUCTAHHS JOJATKOBOI 1HQoOpMalii sk
ineHTudikaniiaux o3Hak. J[aHa poboTa Opi€eHTOBaHA Ha BUPILIEHHS 3aBAaHHSA caMme 3a JPYTUM
HanpsiMoM. JIIHMBOTIEPCOHOJIOTIS, 30KpeMa BiTuM3HsIHA [3], POMOHYe HU3KY HAIpPAIIOBaHb JUIs
HiABUILEHHS €(EeKTUBHOCTI pO3Mi3HaBaHHA OCOOM B yMOBaX, KOJIM aKyCTHYHI O3HAKM HAaBMHCHO
CIIOTBOPEHI a00 HE MOKYTh OyTH 00UYHMCIIEH] Yepe3 cretndiky nepeaadi 3ByKOBOro CUTHaIYy.

bau3pkuM HanpsMoM 10 3aBAaHHS JJaHOT POOOTH € JIIHIBICTUYHE NOCHIIKEHHS aBTOPCTBA
TEKCT, JIe¢ y e(EeKTHBHO 3aCTOCOBYIOThCS Kiacudikaropu Ha ocHOBI LSTM-tum pexkypeHTHux
HEHpPOHHUX Mepex [4], a TakoK HEHPOHHHMX MEpeX, 110 BKIIOYAIOTh MOBHI MOJeNi MIMOMHHOTO
HaBUYaHHA 13 MexaHi3Mamu yBard [5]. OcoOnuBICTIO OLIBIIIOCTI METOJIB BU3HAYEHHS aBTOPCTBA
TEKCTY € 3aly4yeHHs IMyHKTYyallliHUX O3HaK, I10 3HA4YHO MiJBHUILYe e(EeKTUBHICTh MiAXOMIB,
0COOJIMBO MpHW OMPAIIOBAaHHI JIAJIOTIB y CUCTEMax OOMIHY MOBIJIOMJIEHHSIMH, 1€ CICIU(PIIYHUM €
BUKOPUCTaHHS pO3PHUBIB MIXK IOBIJOMJIEHHSIMHM, €MOJ31, CTiKepiB Tomo. Y jaHiil poborti
MYHKTYyalis He MoXe OyTH 3ajlydeHa yepe3 HeoOX1IHICTh pOOOTH caMe 13 TOJIOCOBUM CUTHAJIOM.

Jlnst  CTBOPEHHS O3HAKOBOTO OMHUCY o0cobu Oylo  3ampoOlNOHOBAHO BHKOPHUCTAHHS
CTaTHUCTUYHOI XapaKTePUCTUKHU BXKMBAHHS CIIB Ta X KOMOiHaIi}l. 3 METOI0 CKOPOUYEHHS CIIOBHUKY
3aCTOCOBAHO (DUIBTPAII0 MHOKMHM HaBYAJbHUX BUOIPOK HAa OCHOBI OOYHMCIIEHHS CEMaHTUYHOT
METPUKH MDK CJIOBaMH [6] Ta BH3HA4YeHHS MIAMHOXXHWH CIIB, IO CTaTUCTUYHO PIBHOMIPHO
pO3MOAIICHUX MDK aBTopamMu. OTpuUMaHHS TEKCTOBUX JaHUX 13 (parMeHTiB 3BYKO3aIHCy
ABTOMATH30BaHO 3a JOMOMOTOI0 TIOMEPEIHhO HABUEHHX MOJENICH MAaIIMHHOTO PO3Ii3HABAHHS
tekcty VOsK [7].

JlochikeHHsT MOXKJIMBOCTI  MIABUINEHHS e(EeKTHUBHOCTI poO3Mi3HaBaHHA ocol0u 3a
JIOTIOMOTOI0  JIIHTBICTUYHUX O3HAK MPOBOAMJIOCH 13 3alydeHHSAM Mojemi i Kiacudikarii
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aKyCTHYHHX o00pa3iB 13 monepenHix poOit [8]. Takum uymHOM, peamizauito LSTM-moneni
Bepudikanii AUKTOpa 3a aKyCTHYHUMH oO3Hakamu [9] mMOeqHAHO i3 BEKTOPOM CTATHCTUYHOIO
PO3MOILTY BXKMBAHHS CIIIB TA CIIOBOCIIONYYCHbD.

BUCHOBKHA

3anponoHOBaHMI MiAXiJ 3aydeHHS CEMAaHTUYHOI METPHUKH it (OpPMYBaHHS BEKTOPY
JIHTBICTHYHUX O3HAK JI03BOJIUB IMIIBUIMUTH €()EKTHBHICTH pO3Mi3HaBaHHS ocobu Ha 2-4% y
MOPIBHSHHI 13 pO3Mi3HABAaHHSIM BUKJIIOYHO 33 aKyCTHYHMMH O3HakaMu. CTBOPEHHS O3HAKOBOTO
ONMHKCYy HA OCHOBI CEMAaHTHYHUX METPUK € aJIbTEPHATUBHOIO BHKOPHCTaHHS MOOYJOBAHUX Ha
TpaHchopMepax MOJENAX TMIMOMHHOTO HABYAHHS IUISl 3aBllaHb, 10 BHMAararTh KOMITAKTHUX a00
00YHMCITIOBAJILHO JIETKUX 3aC00iB 200 MaroTh BY3bKy cipsiMmoBaHicTh [10]. Bukopucranus ciioBHHKA
BEJIMKOTO0 PO3MIpy Ha JaHOMY eTami poOOTH HEe BUpINIye MpoOieMy IepeHaBYaHHSA, IO €
MO>KJTUBUM HAMPSMOM TPOJTOBKCHHS TIOCIIKCHHS.
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BUKOPUCTAHHSA NEURAL NETWORK MODELS UIA MAIIMHOBY IYBAHHAI.

B pobomi oOosedeni eucnosxu pobomu aemopié 6 HANPAMKY GUKOPUCHIAHHS HeUpOMEpPed’CHUX
MexHON02Tl 0151 MAWUHOOYOYBAHHSA, A caMe HAOAHI OCHOBHI 8UOU OIILHOCME NPU MOOETBAHHI 00 €Kmis i
npocecis, sKi N08 ’a3aHi ¢ MeXHIUHOI Ni020MOBKOoI0 UPOOHUYMEA 051 NPOobeMa ONMUMIZAYLT BUKOPUCIAHHS
pecypcis y ymosax, wo ueuoKo 3MiHIOIOMbCAL.

The paper proves the conclusions of the authors' work in the direction of using neural network
technologies for mechanical engineering, namely, the main types of activities in the modeling of objects and
processes, which are related to the technical preparation of production for the problem of optimizing the use
of resources in rapidly changing conditions, are provided.

CroronHi nemani Ouble akTyali3yeThesl MpodiieMa ONTHUMI3allii BUKOPUCTAHHS PECYPCiB y
YMOBax, IO IIBUAKO 3MIHIOIOTBCA. YCKJIQJHEHHS I[IOCTAaHOBOK 3aBJaHb ONTHUMI3allil B
MaIIMHOOYAyBaHHI MOTpedye OCOOJMBOrO MiAXOAY JO BHOOpY amapary MOJICITIOBAaHHS Ta
onTuMizarii.

Benuki MOXIJIMBOCTI BiIKpUBaE Tepes MaIIMHOOYIYBaHHAM 3aCTOCYBAaHHS TEOpil Mepex 3
HEHPOMOIIOHUMH €JIEMEHTAMH Ta PO3BUTOK HEUPOMEPEIKHIX TeXHOOTiH. L{i MOKIMBOCTI Tak camo
3HAYHO BIJPI3HAIOTHCS BiJi BUKOPUCTAHHS TPAJAMIIIMHUX MiAXO/iB, HACKUIBKH, CKaXiMO, 3BHYaliHA
dororpadis BinpizHaeThCs Bl GpoTorpadiyHoro rogorpadiunoro. Crnpapi, BAKOPUCTAHHS MTOHSATTS
MOJIENIb-00pa3 CTBOPIOE BHHATKOBI MOXKJIMBOCTI 3aCTOCYBaHHS (OPMajJbHHX METOJIB 32 YMOB
HEITOBHOI YM IIBUIKO MIHJIMBOI iH(pOpMAaIIii.

B nanwuii vac MOXHa TOBOPUTH TIPO Te€, IO JOCUTH INIMOOKO po3pobIeHO GOpMaTIBHY TEOPIi0
HEHMpOHHUX Mepex. BupilmeHHs pi3HMX 3aBAaHb y HEHPOMEpEKEBOMY JIOTIYHOMY Oa3uci cTae
MOXJIUBUM Ha OCHOBI BHKOPHUCTAaHHsI 0araropigyHOro HAayKOBOT'O JOPOOKY B IIbOMY HAIPSMKY.
KinpKicTh Takux 3aBJaHb 3pOCTa€ CTPIMKUMH TeMIaMM, OCOOIMBO 31 30UIbIIEHHSAM iXHBOT
po3mipHOCTi. ChOTOJIHI MOXHa TOBOPUTH PO YHIBEPCAIbHICTh HEMPOMEPEKEBUX TEXHOJIOTIH, PO
Te, 10 Oy/Ib-sKe 3aBJaHHS MOYKHA BUPIIINTH 3a X BUKOPHUCTAHHSIM.

HeiipoMepekHi TeXHOJIOTIi € CYKYNHICTh MEBHUX €TalliB, BKJIAQJEHUX Yy PO3POOKY
HEHpOCEeTEBBIX MOJIENe Ta HOro BUKOPHCTAHHS Ha BHUPIIICHHS IIOCTAaBJICHUX 3aBlaHb. [akuM
YUHOM, OCHOBOIO HEMpPOMEpEekEeBHX TEXHOJIOTIH € METONOJIOTisl CTBOPEHHS HeWpOMepeKeBUX
Mojele Ta iX 3acTOCYyBaHHA Yy pI3HMX yMmoBaxX. MokHa cQopMyIOBaTH Takl eTanu
HelpoMepeKeBOT TEXHOIIOTII:

1. ChopmymroBatu 3aBiaHHs 17IeHTU]IKALIT, 11arHOCTUKU Ta (a00) yrpaBiIiHHS.

2. BuzHauutu ctaH Ta ckiaj] iHpopmaniiHoi 6a3u i noOyI0BH HeHpoMepeKeBOoi MOJIElI.

3. [To6ynyBatu iHpopMaliifHy MO/IeNIb-00pa3 MOIETLOBAHOTO 00'€KTa (MPOIIECY).

4. Nocniautu Mo/Ieb-00pa3 Ha BiIMOBIAHICTh peallbHOMY 00'€KTy (CTYIiHb 11eHTU(IKAIIiT).

5. Hocniautu chepu icHyBaHHs (Aiana3oHy i1eHTHdIKAIIl 00'€KTa) MOJIEIII.

6. ChopmymnroBaT OCHOBHI BUCHOBKH, 1110 BIATMOBIIAIOTH TOCTAHOBII 3aBIaHHS.

[Toganuii ciucox BiJIMOBIA€ JIMIIE €TanaM Mo0yI0BU HelpomepekeBoi Mozemi. OnHak He
MEHII Bi/MOBIaJbHUM € BUKOPUCTaHHS PO3pPOOJICHUX HEHpOMEpex eBUX MOAEeH sl BUPIIICHHS
NPaKTUYHUX 3aBJIaHb.

B nanmit yac HailGinemI po3poOJEHUMMU NMUTAHHAMU € MUTAHHS NOOYIOBU PEKYPEHTHUX
3QJIEKHOCTEH BIMOBITHO O OCHOBHOI TMapaJurMu HEHPOIOAIOHOTO BiAOOpaKCHHS HENTIHINHUX
nepeTBOpeHb. Takoxk, JOCUTh 0arato poOiT y ramxy3i HaJIAITYBaHHS KOe(IIiEHTIB MIXHEHPOHHHUX
3B'I3KIB y TpOIECI HaBYaHHS HEUPOMEpPEKeBUX Mojened. OaHak 3aJuInaroThCs BIIKPUTUMHU
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MUTaHHS ONTHUMI3allii CTPYKTYpH MEpexX 3 MO3WIIA JOCTATHOCTI MIOAO0 IIBHIKOMIT Ta MOXKIUBUX
€BOJIOLII CUCTEM KepyBaHHS.

MosxHa BHSIBUTH JOCUTH Oarato oOyacTell 3acTOCYBaHHS HEHMPOMEPEKHOI TEXHOJIOTIi Ha
BUPILLIEHHS 3aBJlaHb MAalIMHOOY1yBaHHs. [lepepaxyemMo HallBaXXJIUBIIII 3aBIaHHS.

1. Po3poOka TexHONOTIYHUX NOBiAHUKIB. Lleli HampsMOK € OJHMM i3 HalaKTyaJIbHIIIHX.
CnpaBji, icHyro4a J0BiIKOBa 0aza (OpMYEThCA SK CYKYITHICTh TAOJMYHUX JAHUX HA HaBYAHHS
HelipoceTeBol Mojeni. TakuM YMHOM MOJENIOETHCS AlpPOKCHUMYIOUUH ITOBEPXHIO B N-MipHOMY
IPOCTOPI MOXKJIMBHX JOBIJJKOBHX 3HA4€Hb. ATIPOKCHUMYIOYa [TOBEPXHS MOXKE HECTH 1H(opMaIiito He
JUIIIE MPO KiMBKiCHI 3MiHU 00'€KTa, a i MOJCIIOBATH SIKICHI MEPEXO0H, 0 HE 3aBXKIU MOMIIUBO
MIPU BUKOPUCTAHHI TPAJAMUIIIHHUX MOJIENECH, CTBOPEHUX HA OCHOBI PErPECiHHOTO aHai3y.

2. Po3pobka 0OUYMCITIOBATIBbHUX allTOPUTMIB Ta iX peanizamis. Lli aaroputmu € CKi1aJjoBUMHU
3arajibHOi CUCTEMH aHali3y Ta CUHTE3y BUPOOHUYMX PIIIEHb.

3. Po3poOka niarHOCTMYHUX MpOrpaMHHUX 3aco0iB. 3a3HaueHa cdepa 3acTOCYBaHHA
HEHpOMEpEeKEBUX TEXHOJIOTIH € HaWOUIbII aKTyallbHOI, OCKUIBKM JI03BOJISIE BHUKOPHCTOBYBATH
HaOLIBII a/IeKBAaTHI MOJIEII.

4. Po3poOka cucteM KOHTpOJItO gKocTi. Llst 0o6sacTh € JHOCUTh MEpCHEeKTUBHOIO 3a YMOB
3a0e3MedeHHs BiAMOBITHOCTI BUMOT SIKOCTi BUPOOHUIITBA Ta BUPOOiB.

5. Po3poOka cucTteM aBTOMAaTH30BAaHOTO HOPMYBaHHs. Y pa3i OOMEXKEHOCTI PecypciB,
30KpeMa — 4Jacy, 3a3HayeHa 00JIaCTh CTa€ OCHOBOIO ISl €KCIIPEC-0I0KETYBAaHHS i Y OCTAaTOYHOMY
MiJICYMKY — OI[IHKYA KOHKYPEHTOCIIPOMOXHOCTI TPOAYKIIii.

6. Po3poOka cucteM MOHITOPUHTY Ta YNpPaBIIiHHS TEXHOJOTIYHUMH Ipouecamu. B ymoBax
HEBH3HAYCHOCT1 3MIIMCHEHHS BHPOOHMYMX 1 30KpeMa TEXHOJIOTIYHUX IIPOLECIB TaKi CHCTEMHU
MOBMHHI MaTW BUCOKWH piBEHb 1IEHTHYHOCTI peabHOMY OO'€KTY 1 MiAJAmITOBYBAaTHCS Mia HOTro
3MiHH B peallbHOMY MacIiTadi Jacy.

7. Po3po0Oka mopagHUKiB MaIIMHOOY/iBHUKA (TEXHOJIOTa, KePIBHHUKA MAIPUEMCTBA YU HOTO
HiAPO3ILTLY).

8. Po3poOka cucTeM aIanTHBHOTO YIPABIIHHSA TEXHOJOTIYHHUMH, EKOHOMIYHMMH Ta
opranizauiiHumMu mporecamMu. CTBOPEHHsI €TaJOHHUX MoOJeneil 103BoJsi€ MPOBOAUTH MAIIWHHI
€KCIIEPUMEHTH 3 METOIO0 MOUIYKY Halle(peKTUBHIIINX TEXHOJIOTTYHUX YU YIPABIIHCHKUX PIIIEHb.

9.IIporHo3yBaHHs MMOKa3HUKIB €KOHOMIYHOI AisUIbHOCTI MalIMHOOY/IBHOTO MiIPHEMCTBA.
@akTUYHO LI 00JIaCTh € OAHIEI0 3 HAMBaKIUBIIINX, MPOTE MOTpeOye MOAAIBLUIOTO PO3BUTKY
amapary NporHO3yBaHHs Ha OCHOBI HEHpOMepeKeBUX TEXHOJIOTIH.

10.ITporHo3yBaHHs TEXHIYHMX XapaKTEPUCTHUK HOBUX BHUPOOIB  MalIMHOOYJIIBHOTO
BUpOOHHUIITBA. POPMYBaHHS KOMIUIEKCHUX MOJIENIEH, 1110 BPaXOBYIOTh TEXHIYHI XapaKTePUCTUKU Ta
MOKA3HUKH SKOCTI MPOJYKIi, 1[0 BUITYCKAETHCA, 1 TOKa3HUKU BUPOOHUYO-TEXHOJIOTIYHOI CUCTEMU
BIJIKpMBA€ MOXKIIMBOCTI JUIsl MIPOrHO3YBAHHS HAWOUIbII €(peKTUBHUX HANpPSIMKIB TEXHOJOTIYHHUX 1
TEXHIYHUX PIIIEHb.

11. Mapketunrosi pocnikeHHs. OCKUIBKM 1Ii JIOCHIKEHHS € KOMIUJIEKCHUMH, II10
BUMararoTh O00JIIKYy HaWpi3HOMaHITHIIKX (PAKTOPIB BUPOOHMUOI IISUIBHOCTI MalIMHOOYIIBHOTO
MiNPUEMCTBA, OpIEHTAIlI Ha KOMIUIEKCHI HEHpoOMepex eBi MOJeni, 37aTHi MOJEIIOBaTH
CYKYIHICTh BHYTPIIIHIX 3B'SI3KIB Yy CHCTE€Mi, IO MOJEIIOEThCS, JO3BOJISIE BUPINIYBATH
HalPi3HOMAHITHIIII 3aBJIaHHS.

12. AxtuBHuii ekcnepumeHT y mposemenHi HJIJIKP. I{s ocoOnuBicTh 3acTOCyBaHHS
HelpoMepekeBUX Mojiesiell poOUTh eTarl TeXHIYHOT MiATOTOBKM BUPOOHHIITBA HAMOLIbII 3HAUYIIIUM
ta edextuBHUM. Ha panionaneHux pimenasx HJJIKP Oynyerbcs parionanbHa BUpOOHHYA
cucrema.

13. Po3pobka cepenoBuIa AJisi IHTETPOBAHOT CUCTEMH TPAAMIIITHUX MOJIETEH MPOIIeCiB Ta
cucreM. Po3MmaiTTs maremMaTMYHMX MOjEJNeH, sKi BpPaxoBYIOTh (PI3UUHY NPHUPOAY ONMHUCYBAHHUX
SBMIL, 1 HaBITh iX PI3HOPIJIHICTh CTABUTh 3aBJIaHHS CTBOPEHHS aJanTUBHOI OOYMCIIOBAILHOL
CepeoBUINaA, 371aTHOT BUKOPHCTOBYBATH PI3HUX YMOBAX Pi3HI BUIU MOJAETIeH BUPOOHHUYUX 00'€KTIB.
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AnanTuBHI Ta TOCTIHHO PO3BUBAIOTHCS AITOPUTMH 3BEPHEHHS [0 TAaKUX MoJeNed poOsiTh
HelipoMepekeBe CepeIOBHILE YHIBEPCATbHUM 1 CAaMOHABYAJILHUM.

14. Pospobka intenekryansHux CAIIP. Bce BuieBHKIazeHi mepeBaru 3acTOCYBaHHS
HEHPOMEPEIKEBUX TEXHOJIOT1H y MAIIMHOOY1yBaHHI BIJIKPUBA€E MHUPOKI MOMIIMBOCTI IS CTBOPEHHS
IHTETPOBAHOTO CEPEJOBHINA ABTOMATU30BAHOTO IPOCKTYBAaHHS BUPOOIB MAmIMHOOYAYBaHHS Ta
CHUHTE3Yy TEXHOJIOTIYHUX MPOIECIB iXHhOI0 BUPOOHHUIITBA. TYT CIiJl BiA3HAYUTH ICTOTHI TMEpeBaru
HelipoMepexkeBoro 0a3ucy SK OCHOBHM OOUYHMCIIEHb O0'€KTIB 3 PO3MOAUICHHMMH IapaMeTpaMu —
HAIpyraMy 4 TeMIIEPaTypPHUMH MOJIIMU Y KOHCTPYKIISIX TOLIO.

15.CtBopennst mojeneil po3poOku MexaHi3miB MotuBamii mpari. OCKITbKH ISl Taxy3b
HaJICKHUTh 10 cllaboopMaan3yeMbIM, a O4IKyBaHUH PE3yJbTaT € HAMMEPCIIEKTUBHIIINM 3 TTO3UIIIN
YIIPaBIIiHHS MPOLECAMH 1 AKICTIO 00'€KTiB, yCIIIIHE BUPILICHHS 3aBJaHb y LIl raiy3i J03BOJUTH
3HaYHO CKOPOTUTH BUTPATH BUPOOHMIITBA Ta YIOCKOHAIUTH HOTO.

16.CTBOpeHHS Mojeneil CTPYKTYpH YHPAaBIiHHS MiJIPUEMCTBOM Ta HOro po3BUTKY. Ll
00J1aCTh € HaOUTBII CKJIAJHO0, MTPOTE B JaHUW Yac ICHYIOTb IIIXO0H, IO JO3BOJISIOTH HA OCHOBI
CTBOPEHHSI TaKMX MOJCIEH TMPOCTEKHUTH CBOJIOMIID CUCTEM KEpPYBaHHS BUPOOHHUIITBOM 3
ypaxyBaHHSM ii 0COOIHBOCTEH.

17. Po3po0OKka iHTEeNIeKTyadbHUX TPeHaXepiB. MOXKIIMBICTh CTBOPEHHSI CHCTEMH E€MYJISITODIB
KOHKPETHHX OO0'€KTIB Ta MPOILECIiB Ha/la€ MOXKIIMBICTh BiANpPAlLIOBAaHHS Ha HIK YMiHb Ta HaBUYOK
YYaCHHKIB BUPOOHUYOTO MPOLIECY.

18. CtBopenHs komm'rorepHux cuctem (Mepex) 3a Lon Work — TexHousorii Ta CiThOBHX
BUPOOHHUIITB.

Ha ocHOBI BupIlIEHHS T[IOCTAaBJICHUX 3aBIaHb CKJIAJAEThCS MOXKIMBICTH OpraHizarii
BipTyasmbHOi JabopaTopii, 1€ Ha OCHOBI KOMIUIEKCY HEHpOMEpEeKEeBUX MOJCICH MOXKe
3MIACHIOBATHCA TOIIYK MOJANBIIMX [UISXiB Ta METOMAIB  MiABUIICHHS e()EeKTUBHOCTI
MaIIMHOOYAIBHOTO BHUPOOHMIITBA. 30KpeMa — II€i HampsSMOK MOXKHA OXapaKTepH3yBaTH SK
MOJICJIIOBaHHSI Ta OITHUMI3allil0 E€KOHOMIUYHUX CHCTeM Ta Oi3HEec-MpoIleciB MalIMHOOYIIBHOTO
HiAPHEMCTBA.
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3ACTOCYBAHHS HEMPOHHHUX MEPEX JIJISI OIHIOBAHHS EGEKTUBHOCTI
MNMPOTUENIAEMIYHUX 3AXOAIB TA IIPOI'HO3YBAHHSA 3MIHU BIJCOTKA
TH®IKOBAHUX TA IEPEHECEHUX XBOPOB V¥ TAXKKINA ®OPMI

Poszenanymo npobnemy eusuenHs 6naugy NPOMUEnioemMivHux 3axo0ié Ha 6i0COmMOK I[HQIKOBaAHUX
nanoemiunum 3axeopiosanusam. Onucano cmeopenuil pauiue 000amok, AKUUl 00380J€ 30IUCHIOBAMU
00pobnenns ingopmayii wooo eaxyunosarnux ocio. Chopmynvosano 3adauy po3pobku cneyianrizo8ano2o
NPOSPAMHO20 3a0e3neUeHHss — cucmemu NiOMpUMKY NPULIHAMMS PilueHb 05l OYIHIOBAHHS eheKmusHOCHi
NPOMuUEnioeMiuHuUx 3ax00i6 ma NPOSHO3Y8AHHSA 3MIHU 6I0COMKA IHMIKOBAHUX MA NEePEeHeCeHUX X8opobd y
maxckii gpopmi. Onucaro 3acmocy8auHs 080X NEPCEenMpPOHI8: O00UH 3 N'amu 6XiOHUX HelupoHis, 080X
BUXIOHUX T N MU HEUPOHI8 NPUXOBAHO20 WAPY, OpyeUull — 3 WICMbOX 6XIOHUX HEUPOHIE, 00HO20 BUXIOHO20 |
n’amu HelupoHie npuxosanozo wapy. Haedeno npuxiad poss’szamHs 3a0adi y cepedosuiyi anarimuiHozo
naxema. Pezynomamu c8iouams npo 00CASHEeHHs HALEHCHOI MOYHOCHII.

The problem of studying the impact of anti-epidemic measures on the percentage of people infected
with a pandemic disease is considered. The previously created application is described, which allows
processing of information about vaccinated persons. The task of developing specialized software - a decision
support system for evaluating the effectiveness of anti-epidemic measures and forecasting changes in the
percentage of infected and transmitted diseases in a severe form has been formulated. The use of two
perceptrons is described: one with five input neurons, two output neurons and five hidden layer neurons, the
second one with six input neurons, one output neuron and five hidden layer neurons. An example of solving
the problem in the environment of the analytical package is given. The results indicate that the appropriate
accuracy has been achieved.

COVID-19 (SARS-C0V-2) € Hebe3neuyHUM 3aXBOPIOBAaHHSM, SIKE MOXE IMPOTIKATH 5K y
dopMi TOCTpOi pecripaTOpHOi BipycHOI 1HQEKIIi Jerkoro mnepediry, Tak 1 y Baxkiil Qopmi.
BaknuHaris € oqHUM 3 Haikparmmx meTtosiB s 3axucty Big COVID-19. Xou BiH He mae 100%
rapanTii 3axucty Binm COVID-19, anme 3abe3neuye mpoxoKeHHs XBOpPOOW y Jerkii ¢opmi, 0e3
YyCKJIaJHEHb Ta rapaHTye ImBuake oxyxyBaHHs [1-3]. CTBOpeHHS Ta BHUKOPUCTaHHS
CHEI1aJ1130BaHOr0 IPOrpaMHOro 3a0e3MneyeHHs IS OLIHIOBaHHS €()EeKTUBHOCTI MPOTHEMIIEMIYHUX
3aX0/IiB Ta MPOTHO3YBaHHs 3MiHU BiICOTKA 1H(IKOBaHMX Ta MEPEHECEHUX XBOPOO y TSKKiM (opmi
MOYK€ 3IHCHUTH CYTTEBHIA TUIMB MO0 MOKPAIEHHS CUTYAIlil Y IIbOMY HaIlpsIMKY.

Hapasi Hemae cremiaiizoBaHMX MpOrpaMHHUX 3aco0iB abo OHJIAHH CcepBiciB, sKi
3abe3neuyBasid 0 poO3B’sI3aHHS MOCTABJICHOI 3a7a4i. ABTOPH CHpoeKTyBanu [4] Ta peanizyBaiu [5]
JI0JJaTOK — MporpamMHe 3a0e3NedyeHHs A MOHITOPUHIY BAaKIIMHOBAaHUX CTYJIEHTIB Yy HaBYaJIbHOMY
3aKiajii, aje BIH HE PO3B’s3yBaB 3ajaul BUBUEHHS €(EKTUBHOCTI MPOTHEMIIEMIYHUX 3aXOJiB Ta
IPOTHO3YBaHHS KUIBKOCTI XBOPUX 200 Oy XKaJuX.

OcHOBHa 1/1e4: € CTaTUCTHYHI JIaH1 (IIIOMICSYH1) PO 301IbLICHHS BIJICOTKA 1H(PIKOBAHUX ITi]T
yac emizeMii (maHaemii) Ta THUX, XTO NMEPEHOCUTh XBOPOOY y TSKKIM (Gopmi, a TakoX Meperiky
MPOTUENIAEMIYHUX 3aXO0JiB, L0 3aCTOCOBYIOTbCA B Iied mepioa y naHomy perioHi [6-7]. (Ilin
MOHATTSIM «PErioH» MAaEThCs Ha yBa3l MICTO, pailoH abo 00jacTh, KEPIBHULTBO SKOTO HaJiIEeHE
MOBHOBA)KEHHSIMHU BBOJUTH a00 CKAaCOBYBATH Oy/b-K1 MPOTHEMIIEMIYH] 3aX0/1, 1 IEpEeMIIIIEHHS 3a
MEXI SKOrO MOXHA CYTTEBO OOMEXKHTH). 3aBHaHHS — OLIHUTH €(QEKTUBHICTh BXKUTHX
MPOTUENIAEMIYHUX 3aXOJIIB 1 3/11MCHUTH MPOTHO3YBAHHS 3MIHM BIJICOTKA 1H(IKOBAHUX 1 THUX, XTO
HEPEHOCUTH XBOPOOY y TSKKIiHM popmi.

MOXHA BUIIJINTHU TAKI BXIJHI ®PAKTOPU HAIIOI TPOI'HO3HOI MOJEJII:

— 000B's13K0BUI «MackoBuil pesxxumy» (Masks);
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— BBCJICHHS KapaHTHHY, TOOTO CKaCyBaHHS MaCOBHUX 3aXOJIiB, BCTAHOBJICHHSI aHTUCEIITHKIB Y
BCiX aJMiHICTpaTHBHUX 3aKiaaax Tomo (Quarantine);

— BBEJICHHS TUCTaHIIIHOTO HABYAaHHS y HaBYaIbHUX 3akianax (Distance_Learning);

— MOKJIMBICTH BiIbHOTO BakiuayBanHs (Vaccine_optional);

— 3aMpoBaKCHHS 000B'I3K0BOTI0 BakimHyBaHHs (Vaccination_is_mandatory);

— Bizcorok BakimHoBanux (Percentage _of Vaccinated).

Buxinni ¢axropu:

— 3MiHa BijacoTka indikoBanux (Infected);

— 3MiHa BiJICOTKA THX, XTO IIEPEHOCUTh XBOPOOY Yy TsDKKiit (hopmi (Severe_cases).

YactuHa (akTopiB € OIHOMIaTFHIMH, a YaCTHHA — YHCIOBUMHE Oe3repepBHUMHU. TaKoX CIi 3a3HAYHTH, IO

UL apyroi 3amavi (TOOTO po3paxyHKY 3MIiHEHHS BiJCOTKa THX, XTO MEPEHOCHUTh XBOPOOy y TSDKKiH (opmi) 3MmiHa
BiZICOTKA 1H()IKOBaHMX MOXE CTATH JOJATKOBHM BXiIHUM (PaKTOPOM.

Region Masks |Quarantine |DistancgVaccinVaccination_is_mjiPercentagqInfected Severe_cases
Kyivskyi 0 1 0 0 0 11,98 42,12 17
1 1 1 0 0 20,15 38,62 13,8
1 1 1 1 0 44,22 24,13 9,3
1 1 1 1 1 47,28 13,532 5
Donetsk 0 1 0 0 0 7.2 29,74 16,1
1 1 1 0 0 9,06 18,12 12,1
1 1 1 1 0 13,67 11,62 8.7
1 1 1 1 1 15,59 5,49 5,9
Dnipro 0 1 0 0 0 18,74 36,12 15,9
1 1 1 0 0 36,12 24,35 14,1
1 1 1 1 0 40,48 15,24 8.1
1 1 1 1 1 44,49 10,32 6,2
Kharkiv 0 1 0 0 0 13,86 37,14 15,9

Pucynok 1 — [puximan BXiTHUX TaHUX

Masks

Distance_Learning Infected

Waccine_optional

Vaccination_is_mandatory Severe_cases

Percentage_of_Vaccinated

Pucynok 2 — ApxiTekTypa HelipoHHoi Mepexi MLP 5x5x2

Jani 3amady NpOTHO3YBaHHS MOXKHA PO3B’sI3yBaTH pPi3HMUMH Merofamu. Jlis mpukiamgy
HaBeJieMo pimieHHs1 B cepepoBuili Deductor Studio Lite mMeTomoMm mTydyHHX HEHPOHHHX MEpPEK.

ApXITeKTypy Mepexi (OaraTomapoBuii mepcentpoH 5x5x2, 5 HEHPOHIB B OJHOMY NPHXOBAHOMY
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mapi, pi3HOBUJ HEHPOHHOI Mepexi — MepCeNnTpOH, METOJ] HaBYaHHA — 3BOPOTHE IOIIMPEHHS
MMOMUJIOK, (YHKITIS aKTUBAIlIl — CHTMO1a) 300pakeHO puUC. 2., pe3yJIbTaTH PO3paxyHKiB — Ha pHC. 3.
Bukopucranuss mozpeni ans HporHo3yBaHHS (pHcC. 4) MOKa3ye, IO BBEACHHS O0OOB’SI3KOBOTO
BaKLMHYBAaHHS 3HUXKYE 3POCTaHHA B1ICOTKA 1H(]ikoBaHuX Ha 1,5%, a BiACOTKA XBOPHUX Ha TSIKKY
dbopmy — maiike BABiUi.

Region ‘ Masks |E!ua|ant\ne‘ Distance_Leaming |Vaccine_optional| Yaccination_is_mandatory Percentage_of_Vaccinated Infected Infected OUT Severe_cases Severe_cazes OUT
| Kyioskyi 0 1 0 0 1198 4212 40,0011845051581 17 16,2534789214857
| 1 1 1 1] 2015 38,62 31.5073371423768 138 12.7073860174533
| 1 1 1 1 1] 44.22 2413 22 2751043213315 43 9.07407487331311
| 1 1 1 1 1 47.28 13,53 1376721 7E0B566E 5 5.832856991 95621
| Donetsk 0 1 1] ] 1} 7.2 29,74 2975241261422 181 16.11159646870169
B 1 1 1 ] 1] 906 1812 18.0910727227571 121 12160797671705
| 1 1 1 1 0 1367 11,62 11.6165701472523 a7 8700528897 32756
| 1 1 1 1 1 1659 549 5.6950006105062 53 5,86440295303101
| Dnipro 0 1 0 ] 0 1874 36,12 39,47428721803235 164 16.60485910345423
| 1 1 1 0 1} k12 24,30 22,4997309748433 141 13.1905857015608
| 1 1 1 1 0 40,48 15,24 21,763951 7800451 8.1 9,07756215042054
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Pucynoxk 4 — Jliarpama po3citoBaHHS

@|. 1H355%ﬂﬁ’:."..'||c.2||§ B 1uosh| R e > » | Q|

MNane 3HaveHWe Mane 3HaueHE
= Pigy Broareie = bigy Broareie
9.0 Masks 1 9.0 Masks 1
9.0 Distance_Leaming 1 9.0 Dizgtance_Learning 1
9.0 Vaccine_optional 1 9.0 Yaccing_optional 1
9.0 Yaccination iz m... 0 9.0 accination_iz_m... 1
9.0 F'eru:entage:cufi\-’... 11.93 9.0 Percentage_of ... 11.38
= ¥, BemoaHole = ¥, Brmoaee
9.0 Infected 73021 2563642563 9.0 Infected 5.9E719201 285787
9.0 Severe cazes 12 039951740415 9.0 Severe_cazes 0427 4222547166

PucyHox 5 — BukopucranHs MOAEI AJIsl IPOTHO3YBaHHS
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Masks

Distance_Learning

Yaccine_optional

Severe_cases

Infected
: ) . .
Pucynok 6 — ApxiTekTypa HelipoHHOi Mepexi MLP 6x5x1
—e— e = e | s
Region Masks Quarantine | Digtance_Learning ‘ Waccine_optional | Waccination_is_mandatory ‘ Percentage_of Waccinated | Infected ‘ Severe_cases Severe_cages OUT
|| Kyivskyi 0 0 0 0 0 1198 4212 17 16.5968200014042
L 1 1 1 1} 1} 205 3862 1338 13.58507106472044
|| 1 1 1 1 0 44,22 2413 93 9.25066768957647
L 1 1 1 1 1 47.28 1353 5 5,G6534516343088
| |Donetsk 0 1} 1} 1} 0 7.2 29,74 181 1€,09051359234117
|| 1 1 1 0 0 906 1812 121 12,0053703710401
L 1 1 1 1 1} 1367 11.82 87 8,70262419392325
|| 1 1 1 1 1 1559 5.43 59 5.89967 206860565
|_|Dripra 0 1} 1} 1} 1} 1874 3612 153 16,2063643248102
|| 1 1 1 1} 0 3EI12 2435 141 12,50300326234019
|| 1 1 1 1 0 4048 18.24 8.1 9.03483553567287
L 1 1 1 1 1 44,43 1032 B2 5,57011853583305
| |Kharkiv 0 1} 1} 1} 0 1388 ETALS 163 1€,5974599490611
|| 1 1 1 0 0 2135 2466 131 13,209830195392
L 1 1 1 1 1} 35,82 1644 83 9,23042643863035
|| 1 1 1 1 1 4205 1184 53 5.57062560530536
| |Odesa 0 1 1} 1} 1} 1634 481 163 16,238427752243
|| 1 1 1 1} 0 248 3B 123 12,8848969927932
|| 1 1 1 1 0 3z2m 1978 98 9.64795675215781
L 1 1 1 1 1 316 1413 51 E,20086393621625
|| Luiv 0 1 0 0 0 183 383 164 16.1602925331719
|| 1 1 1 0 0 247 }/5 159 10.4124920551047
L 1 1 1 1 1} 3623 227 1 10,62566851 759737
|| 1 1 1 1 1 40.37 1242 61 5.57122341945202
| |Poltava 0 1} 1} 1} 1} 1454 475 171 16,5875075532013
|| 1 1 1 1} 0 /N 232 93 10,17230494793192
|| 1 1 1 1 0 4201 18.1 Al 7.13688340077294
L 1 1 1 1 1 46,34 1478 51 5,57008133271427
| |Zaporazhye 0 ] 0 ] 0 184 397 165 16.0666088321049
L 1 1 1 1} 1} 238 233 1538 13.5348789533938
|| 1 1 1 1 0 3264 267 o7 11,126662139174E
|| 1 1 1 1 1 36.32 1392 7.2 E.16761469206792
|| Vinnytsia 0 1} 1} 1} 1} 132 341 153 16,5978260584876
1 1 1 n n

Pucynok 7 — Pe3ynbraTu po3paxyHKiB

B

7o

111

11 naInocaoanaIt
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551 54 58 61 6971 81 87899193 98 10,1 107 11 121 129 133 138 141 158 161 184 16817

| @ severs_cases OUT @ Severe_cases — SranoH BepxHan rpaniLa Hipkwan mariua |

Pucynok 8 — Jliarpama po3citoBaHHS

Lo PETRIEE PRI

Mone SHaueHWE = ."I A
= .'| Broaneie 9.0 Maszks 1
9.0 Masks M 9.0 Distance_|earning 1
9.0 Distance_Learning 0 9.0 Vaccine_optional 1
9.0 Yaccine_optional 0 9.0 Y accination_iz_m...
9.0 Yaccination_is_m... 0O 9.0 Percentage_of V.. 11.33
9.0 Percentage_of ... 11.98 8.0 Infected 421z
9.0 Infected 4212 = ® Bowanere
= .i> B Lo 9.0 Severs_cazes 5, 7836512204318
9.0 Severe_cazes 16596820001 4042

Pucynox 9 — BukopucraHHs MOAeNi sl IPOTHO3yBaHHS

BUCHOBKHA

Byno chopmynboBaHO 3a7auy CTBOPEHHS CIIEIiali30BAaHOIO MPOTPAMHOTO 3a0e3NeueHHs
JUISL OLIHIOBaHHSI €(PEKTUBHOCTI MPOTHEMIJAEMIYHUX 3aXO/IB Ta MPOTHO3YBAHHS 3MIHHM BiJICOTKA
1H(IKOBaHMX Ta EpeHECEeHUX XBOPOO y TSLKKIM Gopmi, sike MOKe 3JIIHCHUTH CYTTEBHM IUTUB II00
MOKpAIIEHHST CUTYaIlii y I[bOMY HanpsMKy. OnucaHO 3aCTOCYBaHHS JIBOX TMEPCENTPOHIB: OJWH 3
O'SITH BXIJHUX HEWpOHIB, JABOX BHUXIAHMX 1 I'STH HEMPOHIB MPHUXOBAHOTO IIApy, APYrud — 3
IIICTROX BXIAHUX HEHPOHIB, OJHOTO BUXIAHOTO 1 IT’SATH HEHPOHIB MpuXxoBaHoro mapy. HaegeHo
NpPUKIAJ PO3B’sI3aHHS 33/adi y CEpeloBHINI aHAJTITUYHOIO MakeTa. Pe3ynbTaTu cBig4aTh IpO
JOCSATHEHHS HAJIS)KHOT TOYHOCTI.
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VIIK 004(06)

leBuyk O.D., Xaeupka O.1I1., KoBaneBcbknii C.B. (Binnuyvkuti HAYIOHANbHUU  A2PapHUl
yHisepcumem, Jlonbacvka Oepocasna mawunodyoiena axademis, m. Kpamamopcok — Teprnonins,
Ykpaina)

ITPOIrHO3YBAHHS PO3BUTKY CKJIATHUX CUCTEM HA IIJICTABI
HEUWPOMO/JEJIEUN.

B pobomi nokazano, wo cyuachi komnanuii 6yoyoms ceoi cmpameeii IHHOBAYIUHO20 PO3GUMKY HA
ONnepy6amHi GeluUKUMU Oanumu, AKi gopmyromscia 6 npoyeci yHKYIOHY8AHHA GUPOOHUYOI cucmemu i 8
npoyeci it 83aemodii’ 3 308HIUHIM cepedosuwem. Bonu cmeopioioms cucmemu, wo 30iicHIO0OMb 30ip i ananiz
idetl i npono3uyili WOOO0 PO3GUMKY SUPOOHUYOI CUCTEMU, d MAKOJC NPUUMAlOmMb pieHHs 8 o0baacmi
peanizayii IHHOBAYIUHUX NPOEKMI6 HA OCHOGI pecypcié wimywHozo iHmenekmy. Haodani 3a80amHs, sKi
BIUPIULYIOMbCSA 30 OONOMO2010 IHMENeKMYATbHUX MOOeel, 30KpemMd no0YO008AHUX HA HEUPOHUX MEPENCAX.

The work shows that modern companies build their innovative development strategies on the basis of
big data, which is formed in the process of functioning of the production system and in the process of its
interaction with the external environment. They create systems that collect and analyze ideas and proposals
for the development of the production system, as well as make decisions in the field of implementation of
innovative projects based on artificial intelligence resources. Tasks are provided that are solved using
intelligent models, in particular, built on neural networks.

[IpuBaGauBiCTh KpaiH 1 pErioHiB, KOHIIGHTpallis B HUX KBali(ikoBaHOI poOOYOi CHIIH,
pecypciB, BHPOOHHWYHMX TMOTYKHOCTEH, a pa3oM 3 HHMH OCBITHIX YCTaHOB, IiJIPHEMCTB
BHCOKOTEXHOJIOTIYHOTO BUPOOHUIITBA, 1HOPACTPYKTYPHHUX Ta KYJIbTypHUX 00'€KTIB O€3m0CcepeHbO
3aJISKUTH B/l CTYIEHS 030pOEHOCTI IITYYHUM 1HTEIEKTOM. TeXHOJOr1l i BAPOOHHIITBO € CEKTOPaMHU
3 HalOUIpmMM moTeHmiamoM TpaHchopmamiit 3a gomomororo I IITyynuil iHTEnekT crae
KIIFOYOBUM €JIEMEHTOM BHUPOOHUYMX CHCTEM, SIKMM JJO3BOJII€ OyAYyBaTH 1HTEJIEKTYaJIbHI CUCTEMU
yIpaBlliHHSA 1HHOBALIHOIO iAJBHICTIO, @ TaKOX pO3BUBAaTH PO3YMHI CHCTEMH IPOCYBAaHHS
IHHOBAIIIHOT MPOTYKIIII.

Hogi (iHHOBAI11#iH1) 1M POBI TEXHOJOTIT MiAPUBAIOTh TPAAULIIKHI X0 O aBTOMAaTH3aIli i
BUPOOHUITBA 1 013HECY. PO3BUTOK BUPOOHMYMX CHCTEM HaIlpaBJICHUH Ha 3aMILEHHS JIIOJCHKOTO
IHTEeNEKTy 3aco0aMu MAIIMHHOTO YIPAaBIiHHS Ha OCHOBI BUKOPHUCTAaHHS 3aco0iB LH(POBOTO
MEHE/DKMEHTY 1 aKTHBHOTO 3allydeHHS B MEPEXKEBY CTPYKTYpPY YIPaBIIHHS MOXKINBOCTEH
HITYYHOTO 1HTENEKTY.

KoMm6iHaTopH1 mpoliecu ONTUMI3YIOTh IUJIaHYBaHHS BUPOOHUITBA 1 MOCIIJOBHOCTI POOIT.
I[TepeBara 1i€i mpoueaypH MoJyiAira€ B yCyHEeHHI KOHKYPYIOUHMX L1JIeH B CEHC1 BCEOCSKHUX CTpaTerii
3 ypaxyBaHHsM crienu}ikaiiii KOHKPETHOTO MiANPUEMCTBA.

VYnpaBiiHHS 1HHOBALIMHOIO AISUIBHICTIO B CyYaCHMX BUPOOHMYMX CHUCTEMax 3aCHOBaHE Ha
BUKOPHUCTaHHI 3Ha4yHOro o0cAry aanux. Cy4yacHi KoMmaHii OyAyroTh CBOI cTparTerii 1HHOBaliifHOTrO
PO3BUTKY Ha OIEpYyBaHHI BEIUKUMH JaHUMH, sIKI (QOpPMYIOTbCS B Tpoueci (DYyHKIIOHYBaHHS
BUPOOHMYOI CHCTEMH 1 B Tporeci ii B3aeMOii 3 30BHINIHIM CEepeaoBHUINIEM. BOHU CTBOPIOIOTH
CHCTEMH, 110 31IHCHIOIOTH 301p 1 aHAJI3 i71eH 1 MPOMO3MILIN 00 PO3BUTKY BUPOOHUYOT CHCTEMH, a
TaKOXX MPHUIMAalOTh pIlIeHHS B 0o0JiacTi peani3alii 1HHOBaLIWHUX IMPOEKTIB HAa OCHOBI pPeCypciB
HITYYHOTO 1HTENEKTY.

3apa3 pojap CHUCTEM INTYYHOTO IHTENEKTY B 1HHOBAIlIWHIA [ISUIBHOCTI B YMOBax
MHOXHHHOCTI CYO0'€KTIB 3 PI3HOPITHUMM CHCTEMaMH BHM3HAYEHHS METH W MOTHUBaMH IOBEIIHKH,
HETOYHOCTI 1 AUHAMIYHOCTI X I{1JIeH 1 3aBaHb BUBYE€HA HEJOCTATHLO.

Ki11040BOI0O KOMITETEHIIIEI0 YIPABIIHI[IB B MEpeXeBUH BUPOOHUYOI CHUCTEMI CTa€ BMiHHS
OpraHi3yBaTH MacOBY TBOPYICTh 3aIllKaBICHUX, HEUTPAIbHUX 1 HE3AIIKABICHUX JIIOJCH,
iJIeCIpsMOBaHa PO3yMOBA aKTUBHICTh SIKUX YTBOPIOE 1HTEIEKT COLIIyMY.
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HanamryBanns Ta nocriiiHa nepe0y0Ba BUPOOHHYOI CHUCTEMH - L1€ CKJIaIHI Ta TPYAOMICTKI
nponecu. KomruiekcHa iHkeHepHa IiaTdopma MIATPUMYE BHUPOOHMIITBO 1HXKEHEPIB Yy IbOMY
MPOIIECi Ta CYTTEBO 3MEHIIye BUPOOHUIITBO [HxkeHepHa rardopma: Big 3D-Momeni mpoaykTy 1o
KIHIIEBOT KOHIIEMIIIi BUPOOHHIITBA.

3MiHa XapakTepy poOOTH B BUPOOHMYMX CHUCTEMaX 3 BUKOPUCTAHHSAM IITYYHOTO IHTEIEKTY
BIUITMHE Ha BCIX IMpAaIiBHUKIB YCiX piBHIB KBamidikaiii. byge MeHme pyTMHH 1 MOBTOpIOBaHA
poOoTa, 3acHOBaHa Ha 3aCHOBaHId Ha TMpaBWIAX MiSUIBHOCTI, OCKUIBKH II€ MOXeE OyTh
aBTOMATHU30BaHO Juisg OaraThox mpodeciii Ta ramyseid. Lle, B cBowo 4epry, o3Ha4UTUME, L0 MOXKE
3HamoOuTHCS OaraTboM MpaiiBHUKaM Ha0yBaTW HOBUX HaBHYOK. PoOode Miciie cTaHe MOCTIHHHM
OinbIIe MiCIl B3a€EMOIi JIIOJEH Ta TEXHOJOTIH mpoaykTuBHe. OCHOBHA 4YacTHHA OUIBIIOCTI
JIOACBKUX POOIT BKIIOYATUME CIiJIbHA po0OTa 31 MITYYHUM IHTEIEKTOM, pOOOTOTEXHIKOIO, Ta
IHIIUX TEXHOJIOTIH. ABTOMAaTH3aIlisl BIUIMHE OiIbIIe HiXK pi3HI poOO0di Mdii: mpolecHu Ta MPOoIeaypH
TaKO’, IMOBIPHO, TE€X JI0OBEIEThCs afantyBaTucs. Lle B cBOro uepry MaTuMe TuO0KI HACHIIKY IS
CTPYKTYpu pobodoro Micisl 1 opranizamiro. Jljisi camMux TEXHIKIB aBTOMAaTH3allisl MOXKE 3MIHUTH
poGoue MicIie Ta iX poi.

3acTocyBaHHS HEMPOMEpPEKHUX TEXHOJOTIH y HAYKOBHX MOCHIDKEHHAX 1 Y BUPOOHUYHX
[UIAX BXKE JaBHO CTAJIO IOCUTH MOIIUPEHUM SIBUILEM. Byyuu Jerko ajanToBaHUM IHCTPYMEHTOM,
IO JI03BOJISIE 3 JIOCTaTHBOIO [UJIsl MPAKTHUKK TOYHICTIO MOJENIOBaTH 00'€ekTH 3 iX BIATYKIB,
oJlep)KyBaHUM a00 B TpoIeci eKCIepuMEHTy abo B pealbHUX YMOBAX JJISl CYTO NMparMaTHUYHHX
[ijei, BiH 3HAXOAUTh SK MPUXWIHHHUKIB Tak 1 OmoHeHTiB. OCHOBHI IepeBard BUKOPUCTAHHS
HEHPOMoAiOHNX €TIEMEHTIB JUIsi KOHCTPYIOBAaHHSI OOYMCIIOBAIBHUX CHUCTEM TOJISTAIOTh Y OCHOBHIM
napagurmMi moOyJOBH HEMPOHHHX MEPEK — «yCl HEHpomoIiOHI eleMEHTH TMOB'A3aHi 3 yciMay.
BinMiHHOCTI y TpakTyBaHHI Ii€i TapagurMd BUAAIOTHCS Y BHIJISAI PI3HUX BIJIOMUX BHUJIIB
apXxiTEeKTyp HEHMpPOHHHX Mepex. Y 3B'A3Ky 3 IIUM MOXHA BiI3HAYUTH, II0 HAMOLIBII MOBHUM, Ha
HAIll TIOTJIS, € CTBOPCHHS HEWPOHHUX MEpPEeX — «TOMEOCTaTiB», sIKi (PaKTHYHO BiZOOpakaroTh
HIMPOKE BHU3HAHHS K B YKpaiHi Tak 1 3a il MeXaMu METOJ TPYNOBOro OOJIKYy apryMeHTIB.
3acTOCyBaHHS TaKHX «HEHPOMEPEKHUX TOMEOCTATIBY JO3BOJIMIIO BHPIIIMTH HU3KY TaKUX 3aBIaHb,
AK:

-yIpaBJliHHA €()EeKTUBHICTIO BUKOPUCTAHHSI OCHOBHUX (DOH/IIB MIANPUEMCTB;

-(opmyBaHHS OCOOUCTICHUX SIKOCTEH CTYJEHTIB BUILY;

-CTPYKTYpHa ONTUMI3allisl BUPOOHUYMX MPOLECIB 1 T.I1.;

BupimenHs 6ararboX NpakTUYHHUX 3aBJaHb Ha HepoMepekeBOMY 0a3uCl IIUIKOM KOPEKTHO
JIOCATAETHCS 1 MPU 3aCTOCYBaHHI LIMPOKO IMOIIMPEHUX IHCTPYMEHTAJIbHUX 3ac00iB, cepell SAKUX
0COOJMBO CHil BiJ3HAYMTH BioMUN HeilpomepexkeBuil maker NeuroPro-0. Maroun mnposopy
17IeOJIOTII0, THYYKE HalalUTyBaHHS, 3pYYHICTh 3acCTOCYBaHHS 1 MOXIJIMBICTh IHTEpHpeTarii
pe3yibTaTiB, LEel MakeT WIIKOM BHUIPABAAHO MOXeE IIUPOKO BHUKOPHUCTOBYBATHCS B HAYKOBHX
JOCIIIJDKEHHAX. Y TIOEAHAHHI 3 TPATUIIMHUMH 3aco0aMy TEPEeBIPKU aJEKBATHOCTI CTBOPEHHUX
Mojenell Takui MmiaxiJ Moke OyTH pEeKOMEHJOBAaHUHM SK CBOTO POAY CTaHAapT, aje 3a YMOBH
3a0e3nedeHHs] OJHOPIAHOCTI JaHUX, [0 BHKOPHCTOBYIOTHCS, a TaKOX IMPABHIBHOTO ITOETHAHHS
piBHIB MOXMOKM HAaBYAJIbHUX 1 TECTOBUX MHOXHMH. [0 HEMOMIKIB I[FOTO MakeTa MOXHA BiIHECTH
BukopuctanHa dbf - QopmaTy BHUXITHUX AaHHUX 1 BIACYTHICTH TrpadidHoro iHrepdeincy s
iHTepIpeTalii OTpUMaHuX pe3yiabTariB. OJHAK 3pYUHICTh 3aCTOCYBaHHS Ta ONTHUMI3aliiH1 QyHKIIT
I0JI0 APXITEKTYpH MEpeXi poOJATh el MakeT KpaIliuM JJIs BUPIMICHHS OUIBIIOCTI MPUKIATHUX
3aBJlaHb, 1110 BIAHOCATHCA JI0 KJIACy «HABYAHHS 3 yUUTeNeM». Y 3B'SI3KY 3 IIUM, Y PaMKax PO3BUTKY
HampsiIMy 3aCTOCYBaHHS HEHPOMEPEKHUX TEXHOJOTIH, pO3pOOJICHO METOAWYHI MiJAXOAU Ta
BUPILICHO 3aBJIaHHS ONTHUMAJIBHOTO MPOEKTYBAaHHS BUPOOHWYMX MPOIECIB Ta YNPABIIHHA HUMH
TUTSL:

binbuiicTe 3aBAaHp ONTHMAJIBHOI KiacTepu3allii, sKi CTOCYIOTbCS KJlacy «HaBYaHHs 0e3
BUMTEJIS» YCIIIIHO BUPIIIYETHCA 13 3aCTOCYBaHHSIM MakeTiB kiacy Data Mining. [llupoxo Bigomi
kapTu KoxoHeHa 103BOJSAIOTH BUPINIYBAaTH 3aBAAHHS, IO IPYHTYIOTbCS Ha 3aCTOCYBaHHI TaKUX
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KOMILIEKCHO-iIHpOPMATUBHUX O3HAK, $SK YaCTOTHUHM CIEKTp BJIACHUX KOJHMBaHb BHUPOOIB.
3acTocyBaHHsI 3a3HAYEHUX O3HAK JUIs KJIacTepu3allii 00'€KTiB 3a CYKYITHICTIO BIIOMHUX 1 HEBITOMHUX
XapaKTePUCTHK, JO3BOJISIE CTABUTH 1 PO3B'sI3yBaTH 3a7adl HE TIIBKU KJIacTepu3arllii, a il 3aBJaHHS
3abe3neveHHs sKocTi 00'ekTa. Lle, 30Kkpema, Taki 3aBIaHHS, SK:

-O1miHKa BiAMOBIHOCTI MapaMeTpiB 00'€KTiB HEOOXiTHOMY (3a1aHOMY) TIOJIO AOIMYCKIB;

-Bu3zHaueHHs aOCOMIOTHUX 3HAYEHb MMapaMeTPiB SKOCTI 00'€KTIB B MEKax 3aJlaHUX IIOJIIB
JIOITYCKiB;

-CTBOpEHHS aJITOPUTMIB ITOBEIIHKH 00'€KTIB y 1200 MMEBHOMY CEPEIOBHIIIL;

-OmiHka SKOCTI BUpOOiB 3a OararbMa SIKICHUMH Ta KUTbKICHUMH O3HAKAMHU.

EBoutroniiss mapagurMu ITYy4YHOrO HEHpPOMOJ00HOrO elieMeHTa Ja€ MiJICTaBU MPHUITYCTUTH,
M0 MojAajiblli poOOTH B LBOMY HAmpSAMKY CIiJ 3IIHCHIOBATM B HAmpSMKY CTBOPEHHS
CaMOOOUYHNCITIOBATBHUX KOHCTPYKI[iM, 10 CaMOPO3BUBAIOTHCS B N-MIPHOMY MPOCTOPI HAa OCHOBI
KJIITHHHUX aBTOMATIB. Y 3B'A3Ky 3 IUM HEOOX1IHO BiMOBICTH HA TaKi MUTAHHS:

-SIKUMHU MalOTh OYTH MpaBuja KIITUHHUX aBTOMATIB;

-sIK Ma€ OyTH TpeCcTaBIeHO O0araToBUMipHE MPOCTip KIITUHHUX aBTOMATIB,

-sIK 3a0€3MEeUYNUTH HECKIHUEHHI MOXIIMBOCTI €BOJIOIIT KJIITHHHUX aBTOMATIB Ha KiHIIEBOMY
KJIITHHHOMY TI0JIi;

- SIK CIIiJ] TECTYBaTH MOJIEJ HAa TAKUX MHOKMHAX KIITUHHUX aBTOMATIB;

-sika  €(EKTHUBHICTh  BUPINICHHS MPAKTUYHUX  3aBJaHh HA  3alpPOIIOHOBAHOMY
004HCIIIOBAILHOMY 0a3uci.

Hamu BUKOHYIOTBCS JOCHIJDKEHHS, IO JO3BOJISIOTH BIAMOBICTH HA IIi 3alIMTaHHS 1 BXKe
OTpUMaHi MEeBHI pe3ylbTaTH, IO J03BOJSIOTH HAMITUTH P MEPCHEKTUBHUX HAYKOBUX HAIPSMIB,
YaCTHHA 3 SKUX MPEJICTABICHA HACTYITHUM MEPEIiKOM:

-HayKOBE 3a0€3MeYeHHsI MOJANIBIIOT0 PO3BUTKY CHCTEM Ta 3aC00iB IITYYHOTO 1HTENEKTY IS
CTBOPEHHS €KCIIEPTHHUX Ta KEPYIOUHUX CHCTEM HOBOTO ITOKOJIIHHS,

-HayKOBE 3a0€3I1eYeHHsI POCKTYBAHHS Ta CTBOPEHHS €BOJIOLIMHUX alTOPUTMIB;

-(pi3UYHE MOJICITIOBAaHHS CHCTEM IITYYHOTO 1HTEIIEKTY;

-JIIOCITIKEHHST MOYKJIMBOCTEH pearizailii KBaHTOBOI MaTeMaTHKHU Ha OCHOBI MOJENIOIOYHX
CHCTEM;

-HayKoBe 3a0e3Ne4eHHs MiJBUILEHHSI e(QEeKTUBHOCTI CHCTEMHO-iH(pOpMaliiHuX 3aco0iB
PO3BUTKY perioHaIbHUX 1HQPACTPYKTYP;

-HayKOBE 3a0€3MEeYeHHs I1HTENEeKTYaIbHOTO MOJICNIOBaHHS TMPOIIECIB  PO3BUTKY Ta
MOI0JIAHHS HAJ3BUYAMHHUX COIlaJIbHUX, €KOJIOTTYHUX, BUPOOHUYUX Ta EKOHOMIUYHUX CUTYaIIii;

-CTBOPEHHSI KOMILJIEKCY CHCTEM 1HTENIEKTYaJIbHOTO YIIPAaBIiHHS BUPOOHHUUUM MPOIECOM;

-CTBOPEHHSI  KOMIUIEKCY CHCTEM  IHTEJIEKTYaJbHOI'O  YIpPaBIIHHS  TEXHOJIOTTYHOIO
MirOTOBKOIO BUPOOHHUIITBA;

-CTBOPEHHSI KOMIUIEKCY CHUCTEM IHTEJNEKTYaJbHOTO YIIPaBIIHHS €Hepro30epirarounMu
npolecaMmu

Takum 4MHOM, B IaHUI Yac HE TUTbKU HE MOKHA HEHPOMEPEKHE MOJICTIOBAHHS PO3TIISAIATH
SK TTOBHICTIO pO3pO0JIEHNI HayKOBUI HAMPsIMOK, ajie CIiJ] MPOJOBXKYBAaTH PO3IIMPIOBATH Jialla30H
HAyKOBOT'O TIOMIYKY 1 MMPAKTHYHOTO 3aCTOCYBAHHS OTPUMAHUX Pe3yJIbTaTiB.
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HIABUIMEHHA TOYHOCTI POBOTH IBOKPOKOBOI'O METOY
IHTEJIEKTYAJIBHOI'O AHAJII3Y JAHUX

Y pobomi posensoacmovca 3a0aua niosuwenta mounocmi pobomu 080KpOK08020 mMemody Kiacugixayii 0anux,
Mema pobomu docsieacmbcsi 3a paxyHok Moougikayii npoyedypu Kiacmepuzayii, wo SUKOHYEMbCS HA NEPULOMY KPOYL
Mmemooy. Mooughikayin nonseae y 8paxy8anui 3a1excHOi 3MiHHOI ni0 uac Kiacmepusayii, wo 3abe3neyye niosuujerHs
MOYHOCMI BU3HAYEHHSI KOMNAKMHUX MHOJICUH TMOYOK Y 3a0aHOoMy Habopi oanux. Excnepumenmanvui docniodcenns na
MeOUYHOMY HAbOPi Oanux nNiomeepouny Cymmeee NiOSUUIeHHS MOYHOCME 080KPOKO8020 Memody Kiacugikayii OaHux
Ha OCHOGI uleCmu JHIHUX Memo0i8 MAUWUHHO20 HAGUAHHS i3 BUKOPUCMAHHIM 3aNPONOHOBAH020 NIOX0OY

The paper considers the task of increasing the accuracy of the two-step data classification method, which is
implemented by modifying the clustering procedure performed at the first step of the method. The modification consists
in taking into account the dependent variable during clustering, which ensures an increase in the accuracy of
determining compact sets of points in a stated dataset. Experimental studies on a medical dataset confirmed a
significant increase in the accuracy of the two-step data classification method based on the six linear machine learning
algorithms using the proposed approach

[TigBUIIICHHS] TOYHOCTI IHTEICKTYalbHOTO aHANi3y JAaHWX € BAKIMBOKO 33/1a4Ci0 B PI3HHUX
OPUKIAJAHUX oOnacTsx. IcHyrodl MeToIu MAaIIMHHOTO  HaBYaHHS HE 3aBXAU 3a0e3NedyroTh
JOCTaTHIN PiBEHb TOYHOCTI KJIacU(iKaIii/mporHo3y A iX BUKOPUCTaHHA Ha npakTuii. Came Tomy,
B OCTaHHI POKU IOYaU PO3BUBATHCS TiOPHIHI METOAM IHTENEKTyalpHOro aHamizy [1, 2]. B ix
OCHOBI TIOKJIQJICHO CYMiCHE BHKOPHCTaHHS MpOIenyp Kiactepusamii Ta kiacudikarii/perpecii.
Takuii miaxia 3abe3nevye MiJBUIICHHS TOYHOCTI KiacudikaTtopa/perpecopa Ha OCHOBI MAIIMHHOTO
HaBYaHHSI.

OnuH 13 MOMyJISAPHUX HANPSAMKIB JOCHIKEHb Yy LIl obnacTi [1] nepeabavae BUKOpUCTaHHS
KJIacTepu3allii BEeJIMKUX HaOOpiB JJaHUX Ta MOJalblly poOOoTy Kiacudikaropa/perpecopa B Mexax
KO>KHOT'O OKPEMOTo Kjactepa. Sk moka3yloTh pe3yabTaTu eKCIIEPUMEHTAIbHUX JOCHIKEeHb, TaKUH
MIIX11 JEMOHCTPYE MiABUIICHHS TOYHOCTI aHamizy maHux. [Ipore, HeoOXiqHICTh pOoOOTH B Mexkax
KO)KHOTO OKPEMOTo KiacTepa Hakilajgae psiji oOMeXeHb Ha HOro BHUKOPUCTAHHS, 30KpeMa JUis
aHali3y KOPOTKUX HaOOpIB JaHMX, J€ KJIacTepu MOXKYTh MICTUTH JyXK€ Mally KUIbKICTh
CIOCTEpE)XE€Hb, HE MNPHUAATHY s 3aCTOCYBaHHS KJIAacH(IKaTOpiB YM PErpecopiB Ha OCHOBI
MaIIMHHOTO HaBYAHHS.

3 MeTOI0 YHHKHEHHS BHIIEBKa3aHOI'O HENOJIKY, Yy poOoTi [2] aBTOopamMu po3pobiIeHO
JIBOKPOKOBHMI METOJ] IHTEJNEKTYalbHOI'O aHalidy, SKHM TakoXX O0a3yeTbCs Ha BUKOPHUCTaHHI
KJlacTepu3anii 3 NoJaJIbIIMM BpaxyBaHHAM ii pe3ynbTaTiB 0OpaHUM KIIACH(IKaTOPOM/PErpecopom.
B upomy Bumanky, Ha MepuIiOMy Kpolll MeTo1y, BIIOYBaeThCS KiacTepusalii JaHuX s
BU3HAYEHHS KOMITAKTHUX MHOXKMH TOYOK Yy 3aJaHOMy HabOopi nanux. [pyruil xpok nepeabadae
PO3IIUPEHHS TPOCTOPY BXIAHUX JaHUX 3a7adi MapKepaMu TPUHAICKHOCTI CIIOCTEPEKEHb [0
KOXKHOTO 13 BM3HAYEHHMX KOMIIAKTHUX MHOXXHMH TO4YoK. Came Ha TakoMmy, pO3MIMPEeHOMY Habopi
JTAaHMUX B1I0YBaTUMEThCS Mpollec Kiacu(ikallii/anpokcumariii MeToJjaMu MallliHHOTO HaBYaHHS.

3aranom, e(eKTUBHICTh pOOOTH BHUIICONMHMCAHUX METOIB, BEJIMKOK MIPOIO 3aJEKHTh BIJl
KUJIBKOCTI Ta SIKOCTI HAaBYAIBbHUX JIAHUX, KUIBKOCTI aTpHOYTIB Ta B3a€MO3B’A3KH MK HUMH, a TAKOXK
BiJl e(peKTUBHOCTI poOOTH 0OpaHOro MeTony Kiactepusaiii. Lle 1ocmipkeHHs] OplIEHTOBAHO BJIaCHE
Ha MMOKPALIeHHS NPOLeypH KJIacTepHu3allii y TBOKPOKOBOMY METO/Ii KiIacudiKallii JaHuX.

Meroro 1iei poOOTH € MABUIICHHS TOYHOCTI POOOTH JBOKPOKOBOTO  METOMY
IHTENEKTYalIbHOTO aHaJI3y AaHUX 32 PaXyHOK MiJABHUIIEHHS e€(EeKTUBHOCTI MPOLEAYp KJIacTepu3arii
Ha MEepUIOMY KPOILll METOY.
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JIBOKpOKOBUI MeETOA ampokcumarlli gaHux 3 [2] mepembavyae BUKOHAHHS MPOIEAYP
KJIACTepU3alil i3 BUKOPHCTAHHIM METOLY k-means Ha OCHOBI YCIX HE3aIeKHHX aTpHOYTIB 3
Habopy. ¥V uiif po6oTi MM MPOMOHYEMO BUKOHYBATH KIIACTCPU3ALIIO 3 BPaXyBaHHSIM TaKOXK i
3aneHOro arpudyTy. Takuii miaxia 3a0e3nednTh MiIBUIEHHS TOYHOCTI KitacudikaTopa/perpecopa
JIBOKPOKOBOTO MeToy. B mbomy BHmaaky BinOyaeThcs HeBenmka Moxudikarii npouesypu
HAaBYAHHS 1 3aCTOCYBaHHs IBOKPOKOBOTO MeTofy Kiacuikamii. KmacTepusaiis HaBYalbHOI
BUOIpKK BigOymeTbcss 0Oe3 3MiH 3a BHUHSATKOM [IOJIaBaHHS HOBOTO JOJATKOBOTO aTpHOYTY.
Kracrepusairisi TecToBOi BUOIPKH BiJJOYBaTUMETHCS MIJISTXOM BiIHECEHHS KOJKHOTO CIIOCTEPEIKEHHS
0 fAKOiChb 13 KOMIIAKTHUX MHOXHH TOYOK Ha OCHOBI IIEHTPIB KJAcTepiB, OTPUMAaHHUX IS
HABYAIILHOT BUOIPKH.

MogenmtoBanHsi  BiOyBajiocss Ha TpUKIaAl  PO3B’s3aHHA 3afadi  kinacudikamii 13
BUKOPHUCTAHHSM IIIECTH JiHIHHUX KiacudikaTopiB i3 6i0mioreku Python ta mHaGopy manux 3 [3].
3amava mossrajia y BiIHECEHHI KOXKHOTro 13 294 BektopiB 3 13 arpubyramu 10 OJHOTO 13 JBOX
knaciB. Habip nanux Oyno OYMINEHO Bi NPOIYCKIB, KaTeropiaibHi 3MiHHI MEPETBOPCHO HA
iHMKaTopHi (biHapHi). OOpoGieHuili Habip HOPMani3yBaBCs 13 BHKOPUCTAaHHAM — (yHKUI]
MmMaxSclaller() Jns  monentoBaHHS ,Z[OCJ'II,I[)KyBaHI/IX MeToaiB oOpaHo 0a30Bi mapameTpu
AJIITOPUTMIB MAllTHHHOTO HaBYaHHs. KibKicTh KiacTepiB MeToay K-means cranoBuia 6. PesysibpraTu
3BE/ICHO Ha puc. 1.

JlorictraHa perpecis
CroxacTHYHUIl TpalieHTHHUI CITyCK
I'pebenesa perpecist

K-HaMOMKIHMX CYCIiB

Knacudikarop

HaiBuuii OaeciB knacudikaTop

JliniiiHa MalMHa ONOPHHUX BEKTOPIB
0 0,2 04 0,6 08 1

. N To4HICTE B peXXNUMI 3aCTOCYBaHHS
TounicTs Kacugikanii y10CKOHAICHOTO METOY

TounicTs KiIacudikarii JBOKPOKOBOro Meroxy 3 [2]
TounicTh Knacu¢ikarii anropuTMy MalIMHHOTO HABYAHHS
Pucynoxk 1 TouHicTh poO0TH 0a30BOTO Ta JTBOKPOKOBUX METOIB Kiacuikaiii MeJUUHUX JaHUX

Ax BugHO 3 puc. 1 meton 3 [2] 3a06e3neuye MiABUIIEHHS TOYHOCTI B TIOPIBHSIHHI 13 ACSIKUMH
0a30BHMH JITOPUTMaMH MALIMHHOTO HaBuaHHs. [IpoTe cyTTeBe MiABMILEHHS TOYHOCTI MO yCiM 6
QITOPUTMaM MAIIMHHOTO HaBYaHHS OTPUMAHO JUIs JIBOKPOKOBOTO MeETOJy Kiacudikarii i3
BUKOPHCTAHHSAM 3aIllpOIIOHOBAHOIO MIXOYy A0 KiacTepu3auii Habopy AaHMX Ha MEpLIOMY KpOIl
Metony. OTpuMaHi pe3yapTaTH 3a0e3MeuyloTh MOXJIMBICTH BHUKOPUCTAHHS YAOCKOHAJIEHOTO
METO/Y Ha IPaKTHUIL.

BUCHOBKUA

Y poboti po3riAfaeThes 3ajaua MiABHMIICHHS TOYHOCTI POOOTH JBOKPOKOBHMX METOJIB
IHTEJICKTYaIbHOTO aHalli3y NaHMX IUIIXOM MOIHMQIKAIii Mpoleaypn KiacTepusalii Ha mepriomy
Kporyi Metoxy. Takuii mifxis 3a0e3Me4rB MiABUIIEHHS TOYHOCTI BUSHAYCHHS KOMIAKTHAX MHOXXHUH
TOYOK. EKCHepI/IMeHTaJ'ILHl JIOCTI/DKCHHS Ha BIUTbHOJLOCTYIIHOMY Ha0Opi MEAWYHHX JaHHX i3
BHKOPHCTAHHSI IIECTH JIHIHHAX METO/IB MAIIMHHOTO HABYAHHS MIITBEPIMIA CYTTEBE MiIBUIICHHS
TOYHOCTI POOOTH YIAOCKOHAJIEHOI'O JBOKPOKOBOIO METOJYy Kiacudikaiii 13 BUKOPHCTAHHSIM
3aMpoIOHOBAHOTO MiIXOMY.
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MOXKJIUBOCTI HEHPOMOP®HUX OBYUCJJITIOBAJILHUX AJITOPUTMIB I
IMPOI'PAM

Anomayisi: Hetipomopdui 06uuciiosanvi mexnonoeii Mamumyms 6axiciuse sSHa4eHHs 0t MatloymHi
obuucensb, ane OLbWa YACMUHA poOOMU 6 HeUPOMOPPHUX OOUUCTIEHHAX 30CepeodceHa HA po3pooyi
anapamuozo 3abesneyenns. IIponoHyro posenaHymu oCmauHi pe3yibmamuy HeupomMop@OHUX 00UUCTIOBATbHUX
aneopummie i 000amkie. Bucgimaumu xapaxmepucmuku HeupomMop@OHUX 0O0HUCTIOBATbHUX MEXHONO02IL, KI
pobnsme ix npusabausumu 01 MAUOYMHb020 OOYUCTIOBALHOL MEXHIKU, MA MOJNCIUBOCHE MAUOYMHbLO2O
PO3BUMKY AN2OPUMMIE I 000AMKIE Y YUX CUCEMAX.

Abstract: Neuromorphic computing technologies will be important for the future of computing, but
much of the work in neuromorphic computing has focused on hardware development. Here, we review recent
results in neuromorphic computing algorithms and applications. We highlight characteristics of
neuromorphic computing technologies that make them attractive for the future of computing and we discuss
opportunities for future development of algorithms and applications on these systems. Keywords:
Neuromorphic computing technologies; Neural Network Model; Hardware; General Neural Network;
Correlation Neural Network

OOuucnroBaibHa CHUIBHOTa Bce OIinbIle 3BEepTa€ yBary Ha HOBI TEXHOJOTrii, 1100
3a0e3MeUuTH MOCTIHHE MOKpAIIeHHs MPOAYKTUBHOCTI. OJIHIEIO 3 TAaKUX HOBHUX OOUYHMCIIIOBAJIBHUX
TEXHOJIOT1H € HelpoMop¢HI KOMI'IOTepHU. Y MIpy TOro, SK Taiy3b IPOJOBXKY€E PO3BUBATHUCA Ta 3
MOSIBOIO IIMPOKOMACIITAOHUX MOXIIMBOCTEH (piHAHCYBAHHS OOUMCITIOBAIbHUX CHCTEM, HATXHEHHHUX
MO3KOM, Taki npoekTH, ik DARPA Synapse Ta npoekt €Bponeiicbkoro Coro3sy «Mo030K JTHOAUHI
Ta TEPMIH «HEUPOMOPPHUI» CTaIN HAOUPATH NOYMYISIPHICTb.

VY HelipoMopdHOMYy KOoMIT'tOTEpl K OOpOOKa, Tak 1 MaMm’sATh KEpyHOThCS HEHpoHaMH Ta
cuHarcamu. IIporpamMu B HeWpoMOp(HUX KOMIT'IOTepax BH3HAYAIOThCS CTPYKTYPOIO HEHpOHHOT
Mepexi Ta il mapameTpamH, a He SBHUMM IHCTpyKuissMu. Kpim Toro, y Toil wac sk  iHmI
KOMIT I0TE€PU KOAYIOTh 1H(pOPMaIlio SIK YUCIOBI 3HAYEHHS, IPECTaBJICHI JBINKOBUMH 3HAUEHHIMH,
HelipoMop(dHI KOMIT'IOTEpH OTPUMYIOTh CHAMKH, SK BXiJIHI JlaHi, A€ 3a3HA4eHUIl 4yac, KOJM BOHU
BMHHUKAIOTh. I1X BenumuMHa Ta (opMa MOXKyTh OYTH BUKOPHCTaHi [/ KOIYBaHHS YMCJIOBOI
iHdopmaii.

BpaxoBytoun BuIll€3a3HAUE€HI KOHTPACTHI XapaKTEPUCTUKU MK JBOMA apXITEKTypaMu,
HelipoMop(hHI KOMIT I0TEpU MaIOTh AesiKl (PyHIaMEHTalIbHI OnepaliiiHi BIIMIHHOCTI:

e BucokoedekTHBHI mapasnenbHi onepaiii: HeHpoMop(HI KOMIT IOTEPH 332 CBOEIO CYTTIO
€ TIapaJIeIbHAMH, JIe BCi HEWPOHU Ta CHHAIICH TOTEHIIIHHO MOXKYTh MpaIfoBaTH ogHOYacHO. OHaK
OoOYMCIIeHHS, fKI BUKOHYIOTbCSI HEHpOHaMH Ta CHHAlCaM{, BIJIHOCHO TPOCTI MOPIBHSHO 3
po3napasereHuMU CUCTEMaMHU.

e (CminbHa 00po0OKa Ta maM’siTh: y HeMpoMoppHOMY anapaTHOMY 3a0e3nedeHH] HeMae
MOHSATTS TOJIITy OOpOOKHM Ta mam’siTi. X0o4a HEHPOHH 1HO/1 BBAXKAOTHCSA OJUHHUIISIMH OOpOOKH, a
CHHAIICH 1HOJII BBAXAIOTHCS TaM’SITTIO, HEUPOHU Ta CHHAIICH BUKOHYIOTH 0OpOOKY Ta 30epiraroTh
3HayeHHd B Oaratbox peamizamisx. CHiabHE pO3MILIEHHS OOpOoOKM Ta maM’sATi JoIoMarae
MNOKPAIIUTH (PYHKIIIO MMOALTY MpoLecopa Ta maM sTi, 0 CIPUYUHSE YIOBUIBHEHHS MaKCUMaIbHOT
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MIPOITYCKHOI 3JaTHOCTI, AKOI MOKHa nocsarth. Kpim Toro, 1me chijibHe pO3MIIICHHS IOMoOMarae
YHUKHYTH JJOCTYIy 1O JaHUX 13 OCHOBHO{ I1aM’ATI.

e BHyTpimHs MacTaboBaHICTh: HEHPOMOPGHI KOMIT IOTEPHU 32 CBOEIO TTPUPOJIOI0
MOBHHHI OYTH MaciTabOBaHWMH, OCKUIBKU JIOJaBaHHS JOJATKOBUX HEMpOMOp(HHUX UiIMiB TIATHE 3a
c00010 30UIbIIIEHHS KUJIBKOCTI HEUPOHIB 1 CHHAICIB, sIKI MOJKHA peai3yBaTd. MoOKHA B3SITH KUTbKa
GIBUYHUX HEHPOMOPGHUX YiliB 1 pO3MBIATH iX SK OJHY BEJIHMKY HepoMmMopdHY peaiizallito s
3amycky Bce Ougpmmx 1 Oimpmmx wmepex. lLle Oyno  ycmimmHoO JOCATHYTO B Pi3HHX
BEJIMKOMACIITaOHUX HEHPOMOP(HUX anmapaTHUX CUCTEMaXx.

e OO0uucieHHs, KepoBaHe JaHUMU: HEHPOMOpP(HI KOMIT I0TEpU BUKOPUCTOBYIOTh
0o0YMCIIeHHs, KepOBaHI JaHUMH (TOOTO OOYMCIICHHS JIMIIE 332 HASBHOCTI JAHUX) 1 THMYAcCOBY
NepeMiHHY aKTHBHICTh, 100 3a0e3neuuTH BHUcOKoe(hekTuBHEe oOumcieHHsa. Heliponu Ta cuHarcu
BUKOHYIOTh POOOTY JIMIIIE TOAI, KOJH € MiKK U1 00pOOKH, 1, SIK TPAaBUIIO, KK BIAHOCHO PiJIKiCHI B
po0OoTi Mepexi.

e CroxacTHUHICTh: HEHPOMOP(DHI KOMIT I0TEPU MOXKYTh BKIFOUATH B c€0€ IOHATTS
BUMIA/IKOBOCTI, HAIPHUKJIAM, Y POOOTI HEUPOHIB, 1100 T03BOJIUTH KEPyBaTH 3005MHU.

Opniero 3 HaOLIBII TPUBAOIMBUX OCOOIMBOCTEH HEHPOMOP(HUX KOMII IOTEPIB LIS
o0YHCIIeHb € X Ha/J3BHMYAiHO HU3bKE CHEPrOCIIOKMBAaHHS: BOHM YacTO MOXYTh IPAIlIOBATH Ha
MEHIII MOTY)XHOCTI, HIXK TpaguliiiHI OOYMCIIOBANbHI CUCTEeMH. Y 3B’S3Ky 31 30UIbLICHHSIM
BapTOCT1 €Heprii i1 00YMCIICHB, a TAaKOXK 301IBIICHHSAM KUJIBKOCTI JOJATKIB, eHEProe)eKTUBHICTh
camMa 1O co0l € BaroMOW MPUYUHOK JUIS JIOCHIKEHHS BUKOPUCTaHHA HEWpOMOpGhHHUX
KoMI'1oTepiB. KpiM TOro, ockinbku HEUpPOMOP(HI KOMIT'IOTEPU 3a CBOEIO CYTTIO peani3yroTh
OO0YHCIICHHSI y CTWJII HEMPOHHOI MEpexi, e € MPUPOTHOI TIATPOPMOIO At 6araTboX CydacHHX
[pOTpaM MITYYHOTO IHTENEKTY Ta MAIIMHHOTO HAaBYAHHSI.

KoxHa 3 1ux ocobinBocTel HEMpOMOP(HHUX KOMIT IOTEPIB HATXHEHHA XapaKTepUCTUKAMU
MO3KY Ta € MPIOPUTETHOIO MPHU peasizaiii HeHpoMOp(HHUX KOMIT IOTEPIB OCTAHHIMU POKAMH.

BUCHOBKH

HeiipomopHi nporecopu eneproedekTuBHI Ta 3py4yHi y BUKOHAHHI MAlllMHHOI'O HaBYaHHS,
Ta HaBITh JIEAKUX OOUYMCICHb 0€3 ydacTi MalIMHHOTO HaBYaHHSA. MoykHa nependaduTu npuHaiMHI
TPU BHIIQJAKM BHKOPHCTaHHS HeWpomoppHux mnporecopiB. Ilo-mepmie, dYepe3 HuU3bke
€HEeprocroXUBaHHs HeHpoMop(dHi mpouecopu OyayTb HE3aMIHHUMHU Ui [epUQepiiHuX
O0YMCIIIOBAIBHUX TPOrpaM, TakuX SIK aBTOHOMHI CHCTeMHU (HAlpuUKIIaJ, TPAHCHOPTHI 3aco0u Ta
JpOHU), poOOTOTEXHIKa, AMCTAaHLIWHE 30HIYBaHHS, HOCUMI TexHosorii Ta IHtepHer peueil. Ilo-
apyre, HelpoMop(dHI KOMIT'IOTEPU MOXYTh CTAaTH HPHUCKOPIOBAYaMH ILITYYHOTO IHTEJEKTY Ta
CHIBIIPOLIECOPAaMU NEPCOHATBHUX KOMI FOTEPHUX MPUCTPOIB, TAKUX SIK CMapTPOHU, HOYTOYKH Ta
HACTIJIbHI KOMII'I0TepH. BHCOKOPO3BHHEH] TEXHOJIOTIT BXKE IHPOKO 3aCTOCOBYIOTHCS B MOOUTBHHUX
TeneoHax, 1 moTpeda B HaA3BUYAMHO €HEProeeKTUBHUX OMNepalisx Juis 30UIbIIEHHS TEPMiHY
ciy:kOu OaTtapei B IMX CHCTEMax 3allUIIaTHCs BaKiIMBUM (pakropom. HelipomopdHi xomm roTepu
MOXYTh JIOTIOMOT'TH peaji3yBaTu Il onepariii 3 Ha HOPsIIKM MEHILOO MOTY>KHICTIO.

[Torenumian  HelipoMopdHUX  KOMIT'IOTEpIB y  MaOyTHbOMY  KOMIT'IOTEpHOi  Ta
O0YHCITIOBAIEHOT HAayKHW TUTBKH TMOYMHAE POCTH, 1 € BEIMYe3HAa MOXIMBICTH BHKOPHUCTOBYBATH
BJIACTUBOCTI OOYHCITIOBAIEHUAX XapaKTEPHUCTHK IMX CHCTEM JIJIsl MAITMHHOTO HABYAHHS Ta JCSIKHX
0o0YHCIIeHb, HE MOB’3aHUX 13 MAIIMHHUM HaBYaHHAM. |1 HailOub e(eKTUBHOTO BUKOPUCTAHHS
HelipoMop(dHUX KOMIT'IOTepiB MOTpiOHA 3MiHA MApaAMIMH y NPEACTaBICHHI JOCHITHHUKIB 100
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mporpamyBaHHsA. €  MOXJIMBOCTI  JIJI1  JOCATHEHHS  O€3MPELENEeHTHOI  alrOpPUTMIYHOI
MIPOJIYKTUBHOCTI 3 TOYKH 30PYy MIBHJAKOCTI Ta €HeproeeKkTHBHOCTI B OaraThoX mporpamax i3
HelipoMopdHUMHE KOMIT'toTepaMu. 30Kpema, Ha JOAATOK [0 IXHIX OUYEBHIHUX IepeBar ajs
0o0YMCIeHb y CTWJI HEHPOHHOI Mepexi, MOXKHA J0oAaTH me TpadoBi aNrOpuTMH Ta 3amadi
ontumizanii. Bci 1i THOM anropuTMiB i MporpamM MarTh MOXIIMBICTH PO3BHBATHUCS 3 MAacCOBOIO
napajieabHOI0, KEPOBAHOIO JAHWMHU Ta CTOXAaCTHYHOIO POOOTOI0 HEHpPOMOP(PHHUX KOMI IOTepiB. 3i
3MUTTAM 0araTbOX Pi3HUX THUIIB aNTOPUTMIB 1 IOJATKIB y Helpomopdimi, a TaKoXK 3 aKTUBHUM
PO3BUTKOM BEITMKOMACIITA0OHOTO HEHPOMOP(HOTO anapaTHOro 3a0e3NeueHHs Ta HOBUX ITPUCTPOIB 1
MarepianiB, 3apa3 HAcTaB dYac IOYaTH PO3MIIAJATH HEHPOMOpPGHI KOMIT'IOTEPH SK YaCTUHY
00YHCITIOBAIBHOTO JIAaHIIA]TYy.
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MODELOWANIE ELEMENTOW SYSTEMU Z WYKORZYSTANIEM SZTUCZNYCH
SIECI NEURONOWYCH.

These circumstances mean that when we talk about modeling with artificial neural networks certain
mechanisms or certain structures occurring in the real nervous system, we must try to create models of the
type described in this chapter. Such models, related to the use of simple models of neurons and their simple
structures, can be related to information processing in artificial neural systems (hypothetical, as in the case
of the conditioned reflex, or realistic, as in the case of the accompanying reflex). , which, however, may be a
step towards understanding how the natural nervous system works.

Pytanie, jak budowa¢ modele systemdw neurocybernetycznych, pozostaje otwarte. Istnieje
wiele mozliwosci. Omoéwimy rézne techniki modelowania, w tym te, ktore pozwalaja na bardzo
realistyczne modele5 (ale drogie, poniewaz model pojedynczego neuronu wymaga wprowadzenia
do komputera ponad 32 000 rownan rozniczkowych) oraz te, ktore pozwalajg na modele w bardzo
duzej skali. Ich projektowi przy$wiecal przede wszystkim pragmatyczny cel: powinny nasladowaé
(w pewnym stopniu) elementy prawdziwego uktadu nerwowego, ale przede wszystkim w celu
sprawnego przetwarzania roznych sygnalow i analizy réznych danych. Oznacza to, ze modele
neuronowe powinny by¢ jak najprostsze, poniewaz wtedy koszt ich wdrozenia bedzie najnizszy.
Powstaje jednak wazne pytanie: czy wilasciwe jest wykorzystywanie tak prostych (zeby nie
powiedzie¢ prymitywnych) narzedzi, jak sztuczne sieci neuronowe do modelowania tak ztozonej
jednostki, jaka jest mozg? OdpowiedZ brzmi: tak, jest to uzasadnione. Co wigcej, z tego powodu
sieci neuronowe majg szans¢ sta¢ si¢ uzytecznymi narzedziami, pokonujacymi jedng z gtownych
barier, z jakimi spotykamy si¢ w badaniu mozgu — barier¢ jego ztozonosci. GdybySmy uzyli
wystarczajaco ztozonego narzedzia do modelowania do analizy wynikéw badania super ztozonego
systemu, prawdopodobienstwo, ze co$§ z nich zrozumiemy, byloby znikome. Z drugiej strony, za
pomocg bardzo prostego (aczkolwiek niedoskonatego) modelu mozemy sprobowaé znalez¢
interpretacj¢, ktora przyblizy nas do sedna rzeczy. Niezwykle ztozone kreacje robig wrazenie i
budza podziw, ale tylko to, co proste i przejrzyste, jest naprawde pickne! Mozna tu wyciagnac
analogie z innymi galeziami nauki. Jesli chemik moze zaobserwowac reakcje w matej proboéwce,
jest bardzo prawdopodobne, ze ta sama reakcja zachodzi w gigantycznym oceanie. Ale tylko w
proboéwce mozna przesledzi¢ t¢ reakcje jako izolowang i kontrolowang calo$¢, poniewaz w badaniu
oceanu przeszkadza nam jego skala oraz fakt, ze rozwazanej reakcji towarzysza setki innych
procesoOw. Wymog prostoty jest w duzej mierze wbudowany w struktur¢ nowoczesnych sztucznych
sieci neuronowych. W tej czesci rozwazymy fakt, ze sktadniki tych sieci, tak zwane sztuczne
neurony, uwzgledniaja tylko trzy najprostsze wtasciwosci ich biologicznych odpowiednikow. To:

* mozliwos¢ agregacji wielu sygnatow z roéznych zrodet (zwykle z innych neuronow lub
wejs¢, ktore dostarczaja danych potrzebnych do rozwigzania zadania);

* umiejetno$¢ rozrdzniania sygnaldéw z roznych zrodel na podstawie wiedzy zdobytej
podczas szkolenia sieciowego;

* mozliwo$¢ generowania sygnatu wyjsciowego kierowanego do dodatkowych elementow
sieci lub wysytanego na zewnatrz jako sktadnik rozwigzania problemu sieciowego.

Prostszy model jest nastgpujacy: neuron agreguje sygnaly wejsciowe oznaczone x1, X2, ...,
xn przez proste dodawanie, roznicuje je, przypisujac kazdemu sygnalowi wejSciowemu
wspotczynnik wagowy, oznaczany odpowiednio wl, w2, ...,wn , oraz generuje sygnat wyjsciowy y
taki, ze sygnat ten jest rowny 1 (co mozna interpretowac jako wygenerowanie przez neuron
potencjatu czynnosciowego w postaci impulsu szczytowego), gdy catkowita stymulacja neuronu
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przekroczy warto$¢ progowa, oznaczona p , a gdy catkowita stymulacja jest niska (narysuj sytuacje,
oznacza si¢ to skrotem wpw , czyli inaczej), sygnal wyjsciowy neuronu wynosi 0 (neuron pozostaje
nieaktywny).

Wczesniej taki opis aktywno$ci neurondOw uznawano za wystarczajacy w  $Swietle
wspotczesnych wynikéw badan neurofizjologicznych, a =zasada generowania impulsu po
przekroczeniu okre$lonego progu przy pelnej stymulacji lub odmowa jakiegokolwiek dziatania w
przypadku, gdy stymulacja byla stabszy nazywano ,,wszystkim lub nicig”. Wspodtczesna wiedza na
temat funkcjonowania neuronu pokazuje, ze jego praca jest znacznie bardziej ztozona, a mozliwosci
przetwarzania sygnatow znacznie bogatsze, ale w sztucznych sieciach neuronowych ograniczamy
si¢ do tego bardziej prymitywnego opisu, gdyz wystarczy on do osiggnigcia wspomnianego
praktycznego celu .

Sztuczne neurony mozna wykorzysta¢ do budowy struktur do konkretnych zastosowan
praktycznych (m.in. na bazie takich neurondéw dziataja perceptrony — uczace si¢ sieci neuronowe
przeznaczone do klasyfikacji 1 rozpoznawania sygnatow). Skupimy si¢ jednak na mozliwosci
wykorzystania tych sieci jako modeli struktur rzeczywistego uktadu nerwowego.

Nasz model ilustruje, jak dziataja neurony i proste systemy wynikajace z ich potaczen, ale
nie jest to doktadny model powstawania odruchu warunkowego w moézgu. Jednym z powodow, dla
ktoérych powinnismy porzuci¢ ten model, jest to, ze jest on zbyt skuteczny jako model uczenia sig.
Skojarzenie powstaje w nim z pojedynczego zbiegu okolicznosci, a utworzony $lad pamigciowy jest
niezniszczalny (chyba, ze jaki$ czynnik catkowicie wytacza na pewien czas aktywnos¢ sieciowa, co
ma miejsce w przypadku cigezkiego urazu lub utraty przytomnosci, ktore dziataja na biologiczny
mozg jak sygnat resetowania w uktadach elektronicznych).

Rozwazany w tej czesci problem modelowania elementéw ukladu nerwowego za pomoca
sztucznych sieci neuronowych mozna podzieli¢ na dwa odrebne problemy.

Pierwsza zwigzana jest z faktem, ze przy pomocy sztucznego neuro Za pomoca tych sieci
mozna modelowa¢ absolutnie kazdy obiekt, w ktorym mozna rozrézni¢ wejscia i wyjscia oraz dla
ktérego mozna zdefiniowac zbior przyktadéw uczacych, czyli danych ilustrujacych (konkretnymi
przyktadami) dziatanie takiego obiektu.

Poniewaz pracg¢ wielu obiektow  technicznych, ekonomicznych, spotecznych,
przyrodniczych i1 innych mozna modelowa¢ za pomoca sieci neuronowych, z pewnosciag mozliwe
jest wykorzystanie modelu w postaci sieci neuronowej do modelowania niektorych czesci uktadu
nerwowego. M, 1 sg takie powody.

Model w postaci typowej sieci neuronowej (np. typu MLP14) moze doskonale symulowac
zachowanie konkretnego systemu, ale nie wyjasnia ani jego struktury, ani zasady dzialania. Mozna
sobie wyobrazi¢ np. sytuacj¢, w ktorej sie¢ neuronowa MLP zachowuje si¢ doktadnie tak samo, jak
pewna cze$¢ uktadu nerwowego (zbudowana z neurondéw) po procesie uczenia. Jednak dzieki temu,
ze osigga si¢ zgodno$¢ behawioralng (a wigc sie¢ 1 symulowana cze$¢ uktadu nerwowego
zachowuja si¢ dokladnie tak samo, reaguja identycznie na bodZce, wytwarzaja te same sygnaly
wyjs$ciowe itp.), nie ma absolutnie nic do zrozumienia budowa 1 funkcjonowanie symulowanej
czegsci uktadu nerwowego. Wrecz przeciwnie, struktura i zasada dzialania sieci modelujacej MLP z
pewnoscig bedzie si¢ rozni¢ od struktury i zasady dziatania symulowanej czegsci uktadu nerwowego.

Okoliczno$ci te powoduja, ze gdy moéwimy o modelowaniu za pomocg sztucznych sieci
neuronowych pewnych mechanizmow lub pewnych struktur zachodzacych w rzeczywistym
uktadzie nerwowym, musimy postara¢ si¢ stworzy¢ modele typu opisanego w tym rozdziale.
Modele takie, zwigzane z wykorzystaniem prostych modeli neurondéw i ich prostych struktur,
mozna odnie$¢ do przetwarzania informacji w sztucznych uktadach neuronowych (hipotetycznych,
jak w przypadku odruchu warunkowego lub realistycznych, jak w przypadku odruchu
towarzyszacego), co jednak moze by¢ krokiem w kierunku zrozumienia, jak dziala naturalny uktad
nerwowy.
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ANALYSIS OF MECHANISMS USING NEURAL NETWORKS

The paper considers the motion of a body in the field of forces. The force F acting on a material
point is a vector function of a point in space r, a vector of the velocity dr / dt and time t, ie. F = F (r, dr / dt,
t). In some cases the function F depends only on r, such as, for example, the gravitational force of a
stationary center, in other cases F depends only on the velocity dr / dt, as, for example, in the case of free
motion of a body with resistance from the environment in which it is located.We have considered individual
cases, for example, motion in the central force field, motion in the parallel force field, motion of a material
point in the gravitational force field, motion of electrically charged particles in an electromagnetic field,
motion of particles in a constant electromagnetic field.

Sustainable development is not a matter of choice, but the necessity of the principles of
sustainability that have to be integrated into all development plans, primarily because Serbia
bases its development on sectors that depend on natural resources. In order to ensure more
intensive, long-term sustainable economic development and improve the competitiveness of the
economy, structural changes must be made in the economic sphere of Serbia. World Economic
Crisis 2008-2011 showed strong structural problems and became a challenge for science and the
political structures of the country. The global economic crisis has exposed the weaknesses of our
economy and its institutions to take appropriate measures.

The concept of sustainable development connects environmental protection with social
development planning, economic and political issues [1, 3, 5]. It represents a new development
program, a new strategy of social development which implies a balanced relationship of natural
resources, economic development and ecology, in order to preserve the health of present
generations, and preserve the economic wealth of the planet for future generations. There are
many reasons for accepting the concept of sustainability as a condition for the survival and
progress of humanity, and in the first place there are strong moral reasons for today's generations
to leave their descendants an equal chance for development, as they existed in the past and today.
Today's generations must not endanger the same right to future generations by exploiting
resources and the environment. Nature is a value in itself and that is the reason why man has a
responsibility to nature as a whole and not only to future generations, therefore preserving the
diversity of the whole living world, there is justification in the view that man as a part of nature
has no right to change it and any activity that disrupts the diversity of the living world or the
richness of resources is unacceptable.

Justifying the concept of sustainability, with economic arguments, leads to inefficient
economic development, in the sense of increasing waste of natural resources and energy. The
fact is that the global economy depends on the stability of the biosphere to provide the constant
reserves of resources necessary to meet the basic human needs for life as they live today, such as
food, water and energy.

The pursuit of raw materials as a source of food, building material or energy is a constant
aspiration of human society. In order to ensure the sustainability of human society, three topics
prevail: the exploitation of ores, especially coal and wood; the exploitation of surface soil
resources, especially forests and the effects of population growth [4].

The concept of sustainable development requires balancing economic, social and
environmental requirements for the benefit of both present and future generations. To ensure the
integration of sustainability requirements into development policies and their implementation in
practice, Serbia has prepared and implemented the National Strategy for Sustainable
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Development Serbia (NSSD-S). NSSD-S considers the main challenges facing Serbian society
and formulates a vision for sustainable development. The vision of sustainable development of
Serbia is derived from: economic development, ethical, cultural and finally ecological vision, i.e.,
the requirements for environmental protection and sustainable management of natural resources,
while promoting joint action between development and environmental protection and bearing in
mind the right of future generations to the quality of life.

To ensure the sustainable development of a society, a comprehensive approach to the
management of complex social processes and a careful balancing of economic, social and
environmental goals and natural resources is necessary. Sustainable development also requires
the engagement of all social actors and constant dialogue in order to overcome the patterns of
unsustainable growth and development, and provide the final results that will bring the greatest
benefit to society as a whole, taking into account the future and prosperity. NSSD-S contributes
to the improvement of regional cooperation, which is a precondition for peace and stability, i.e.,
for sustainable economic development and environmental protection.

The process of drafting the NSSD-S is a step in that direction, in the direction of
sustainability and responsibility. By establishing the Environmental Protection Agency, the
Government of Serbia has made a significant step in implementing EU goals and standards
regarding environmental protection, and finding answers and solutions to a large number of
environmental problems, which are increasingly present with the development of human society.

There are several definitions of sustainable development, what is meant by this term and
process. The most appropriate definition is given in the National Strategy for Sustainable
Development of Serbia. Thus, sustainable development is defined "as a long-term concept that
implies constant economic growth which, in addition to economic efficiency, technological
progress, cleaner technology, innovation of the whole society and socially responsible business,
provides poverty reduction, long-term better use of resources, health and quality of life and
reducing pollution to a level that can be withstood by environmental factors, preventing new
pollution and preserving biodiversity” [7]. This definition of sustainable development greatly
expands the original understanding of sustainable development. The most commonly cited
definition, which has managed to avoid such pitfalls, is the one given in the book Our Common
Future, created as a 1987 report by the World Commission on Environment and Development.
According to this definition, sustainable development is "the development that meets the needs of
the present without compromising the ability of future generations to meet their own needs" [8].

We can accept this as an official definition of sustainable development, even if there are
many different interpretations of what sustainable development is and what it actually refers to.
The same is the case with the criteria that must be met and constantly applied in practice, social,
economic and environmental, in order for the process of sustainable development to gain
efficiency. Thus, the interpretation of the principles of sustainable development comes from the
United Nations and the Declaration on Environment and Development from Rio, the definition of
sustainable development is expanded by listing 18 principles of sustainability.

Sustainable development combines three dimensions: environmental sustainability,
economic efficiency and social responsibility. This concept of the term is known as the
"three-pillar model™ [2].

The ecological dimension deals with the preservation of the diversity of all living beings
on the planet, the preservation and rational use of natural resources, the reduction of
environmental pollution, the care of endangered species, their habitats, and the like. There are
five areas on which the ecological dimension of sustainable development is monitored:
atmosphere, land, oceans, seas, water and biodiversity.

The social dimension refers to social relations, respect for human rights, achieving social
well-being, transparency of social activities, involvement of people in decision-making and it is
monitored through five areas: health, social justice, education, population, security and housing.
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The economic dimension of sustainable development is based on the principles of
harmonization of economic development with resources and production capacities and it is
observed through two areas, namely: production and economic structure and consumption [6].

The National Strategy for Economic Development of the Republic of Serbia also
recognizes these three pillars of sustainable development. In the part of the Strategy that deals
with the economic dimension of sustainable development, the basic assumptions are given, when
it comes to the economy of the Republic of Serbia, which are based on knowledge, as the most
important resource of today. Further, specific goals and selection of appropriate economic policy,
further transition flows, sustainable production and consumption, education and other areas
included in the concept of sustainable development within the economic pillar were presented.

The part of the Strategy that deals with the social dimension of sustainable development
analyses social values, quality of life and social well-being, population policy, social security,
poverty, gender equality, public health and many other indicators.

The third pillar of sustainable development presented in the Strategy is the ecological
dimension and it analyses the issues of protection of natural resources: air, water, land,
biodiversity, forests, mineral resources and renewable energy sources.

All three dimensions of sustainable development are connected by the existence of an
adequate institutional framework, which is a necessary precondition for the implementation of
goals, measures and policies of regional development. That is why in recent scientific analyses
and conclusions, the institutional framework has been highlighted as the fourth dimension of
sustainable development.

The first National Strategy for Sustainable Development of Serbia (NSSD-S), adopted in
2007, was a step in the effort to concretize and implement Serbia's declarative commitment. In
the period when it was drafted, it relied on the guidelines and goals of the then strategic
documents, the Strategy for Development and Poverty Reduction at the national level, as well as
the Mediterranean Strategy for Sustainable Development, the conclusions of two world summits
on sustainable development and their key documents.

Since its adoption, the NSSD-S has undergone a revision through the evolution process in
the part of its Action Plan when a number of objectives have been revised.

By adopting the UN Agenda in 2015, Serbia has made a decisive turn on the path of
accelerated and sustainable development, because the principles of the Agenda provide an
opportunity to shape and realize all the goals of sustainable development through a broad social
dialogue.

Accordingly, the National Sustainable Development Strategy integrates its three "pillars":
the knowledge-based economy, socio-economic conditions and perspectives, and the
environment and natural resources. The key influence on the harmonious functioning of the
system is certainly exerted by the economy, which has a decisive influence on the social
structure, but also on the quality of the environment. In order to achieve the vision of
development of the Republic of Serbia determined by the Strategy, five development priorities
have been defined: the development of a competitive market economy, balanced growth and a
knowledge-based economy; the human resources development, increasing employment and
social inclusion; the infrastructure development and balanced regional development; the rational
use of natural resources and protection and improvement of the environment and the EU
membership.

The main strategic goal of the Republic of Serbia is integration into the European Union
and in accordance with that it is necessary to adapt to the trends defined in the Lisbon Strategy
(2007): greater investment and the possibility of applying science, technology and education by
the private and public sector; investing in training of workers and management with the aim of
creating more and better jobs; flexible domestic labour markets with strong and active labour
and social security policies; liberalization of trade and knowledge-based services; orientation
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towards the most successful models in the EU in the ability to quickly adapt to new conditions
and circumstances based on:

a) asociety in which competitiveness supports social security, an efficient, flexible and
accountable government;

b) cooperation and harmonization of actions of the government and the business sector
in a way that respects competitiveness and sustainable development;

c) the need to invest in lifelong learning and training.

Sustainable development is no longer a matter of choice as it was considered in previous
decades, nor is it more a matter of will, but a matter of survival. The solutions given in the
National Strategy for Sustainable Development of Serbia are in line with European integration:
the EU Sustainable Development Strategy and the Lisbon Strategy. The strategy is in line with
the development goals of the United Nations and the National Development Goals of Serbia,
which were adopted by the Government of Serbia.

5. CONCLUSION

There are strong moral reasons for today's generation to leave their descendants no
less chance for development than they have now. This means that the planet Earth, with its
potential, must not be degraded by existing people, but deny the right of the current
generation to use resources and the environment, which would jeopardize such a right for
future generations.

The drafting of the text of the Sustainable Development Strategy of Serbia began at
the end of 2007, within the projects assisted by the EU, which was realized through the
United Nations Development Program UNDP. The development of the Strategy was
preceded by the process of determining development priorities. The basic priorities have
been identified, the fulfilment of which will enable the realization of the vision of
sustainable development to the greatest extent by 2017, after which the UN Agenda was
adopted.
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ATIAPAT HEUITKOI JIOI'IKH JIJIs1 OBPOBKU JAHUX MEJATOT'TYHOI'O
EKCIIEPUMEHTY

Y pobomi npedcmasneni pezyromamu 00cioxdcens, AKi NPOBOOAMbCI ABMOPOM HPOMALOM OCIMAHHIX
niemopa Oecamunimms HA OCHOGI AHKeMYSAHHA MA MeCmy8anHs CMYOeHmie ni0 Yac mpueanozo
neoazociyHo20 excnepumeHmy. Y ybomy HNOKA3AHO NePCHneKMUBHICMb AK NPOBEOeHHSA NOPIBHANbHO20
CIMAMUCMUYHO20 aHANI3Y 2PYR Neodz202iuHo20 eKCHepuUMeHmy, a U CHEOPeHHs adeK8amHux modenell
docnidocysanux o0'cxkmis. Taxkum yuHOM, G0AEMbCA He MINLKU OYIHUMU CIMAMUCIMUKY pPe3VIbmamie
neoazcociynol  OiAIbHOCMI, a U NpPo8ecmuU MAWUHHI eKCnepuMenmu Oas Oonmumizayii neoazoziuHux
MexXHON02IH.

The paper presents the results of research conducted by the author over the past decade and a half
on the basis of questioning and testing students during a long pedagogical experiment. At the same time, the
prospects are shown not only of conducting a comparative statistical analysis of the groups of the
pedagogical experiment, but also of creating adequate models of the objects under study. Thus, it is possible
not only to evaluate the statistics of the results of pedagogical activity, but also to conduct machine
experiments to optimize pedagogical technologies.

MopnentoBanHss O0'€KTIB JTOCHIIKEHHSI JO3BOJISIE JTOCTHIAHUKY CTBOPUTH YMOBH s
HAUTIOBHIIIOTO B1IOOpaXeHHS pealbHOTO 00'ekTa. I[lpm 1IbOMYy MOJEIIOBaHHS Ma€ BigOyBaTHCS
BIJIMOBIAHO 10 JOTPUMAaHHS HU3KM BHMOI Ta BUKOHAHHS HAOOpYy MpaBWil, OJHO3HAYHUX JIJIS
PO3YMIHHS Ta €UHUX JIJISl BCIX YYACHUKIB MOJICITFOBAHHS.

KonuenrtyanbHa Mojenp cremiagicta, MIJrOTOBKA SKOTO 3IIMCHIOETHCS Yy BHUILOMY
HaBYaJIbHOMY 3aKJa/li, BKJIIOYA€E YOTUPH OCHOBHI OJIOKH — MOJIENI:

-MO/1€JIb MPOLECY MiATOTOBKH (paxiBIsd

-MO/ieJIb OCOOMCTOCTI CTYACHTA

-Moie1b (POpMyBaHHS KOHKYPEHTOCTIPOMOXKHOCTI (haxiBIIs

-Mopenb KOpopaTUBHOI KyJIbTYPH OpraHizalii.

be3syMoBHO, MeTa MIATOTOBKM Ta CYKYNHICTh IICHUXOJIOTO-NIEAArOTIYHUX YCTaHOBOK
JIO3BOJISIFOTH C(POPMYBATHU 3MICT MIATOTOBKH CHEIialicTa, BKIIOUYAIOUX ii SIK aKMEOJIOT14HI, TaK 1
aKCIOJIOTIYHI acnekTu. Bike mpoMy erami MarooTh OyTH BH3HAu€HI BUMOTH IpodecioHanizmy, 1
HaBiTh I[IHHICHA CHCTEeMa KoopawHAT cremiamicta. L[i BuMoru € ocHOBOIO Mojeni (haxiBIs SK
CYKYITHOCTI 3HaHb PO IUISIXM BUPILIEHHS MOCTaBJIEHUX 3aBJaHb, YMiIHb Ta HaBUYOK IpodeciiiHol
USIIBHOCTI.

VY mporeci popmyBaHHsI crieliagicTa HaWBaX/IUBIIIEe 3HAYECHHS MAalOTh BUXOBHA JiSUTbHICTh
By3y Ta IICHXOJIOTO-TI€JlaroriyHa MigTPUMKa pPO3BUTKY ocobuctocti. Came 1l  CKJIaI0Bi
OCOOHMCTICHOI MIJICHCTEMH MOJEII TPOIeCy MiATOTOBKH CIEHiallicTa JO3BOJSAIOTh peali3yBaTH y
CIeriagicTi aCIEeKTH.

Cucrema miHHOCTEH, MO0 POPMYIOTHCS, € BU3HAYAIIBHOI YMOBOIO JOCSTHEHHS HEOOXI1THUX
npodeciiinux sikocted ¢axiBug. Ilpu 1npoMy KOMIETEHTHa CKJIaJoBa MOJEN! AISUIBHOCTI TICHO
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MOB'SI3aHAa XApPaKTEPUCTUKOIO 30BHIMIHBOTO CEpPEAOBUINA MOJEN KOPHOPATUBHOI KYJIbTYpPH
opraHizariii. ¥ pasi oprasizaimisi BUCTYyIa€ SK 3aMOBHHUKA (haxiBIs, MPEA'SIBISIOUN IIOJ0 HBOTO
CHCTEMY BUMOT JI0 KOMITETCHIIISIM.

B igeanmpHOMYy BHUMAAKy KOHLENTyaJlbHA MOJENb Iependavyae aJanTUBHE JO YMOB
OCBITHBOTO TIpoIlecy (opMyBaHHS eTamiB Ipoiecy MiAroToBku (axisig. CaMe TyT NMOYHMHAIOTH
(dbopmyBaTHCS TEXHOJOTI MIArOTOBKH, 3acobu Ta Meroau. [Ipote, y mpoueci peainizaiii TeXHOIOTT
MiArOTOBKU (PaxiBIsi BU3HAYAIOTHCS THMYACOBI Ta 3MICTOBHI MapaMeTpud OCBITHBOTO IPOIECY
(Mozens (GopMyBaHHS KOHKYPEHTOCIPOMOXKHOCTI), IO, O€3MepeyHO, BU3HAYAE TaKy CKJIAIOBY
MOJIeNII KOPIOPAaTHBHOI KYJABTYpHM OpraHizailii, SK CTymiHb peanizamii 1iie. OxHo4acHO
dbopMyeThCs cUcTeMa KOMITETeHIIH crierianicta. KojkHa 3 peAcTaBiIeHUX Yy MOJIeIl KOMIIETEHITIN €
KOMIUIEKCHOIO, L0 Mependadae 3HAYHY CaMOCTIHHY poOOTy CTylneHTa, 1o 0a3yeThcsi SK Ha
MeAaroriYyHUX TEXHOJIOTISMX, TaK 1 HA OCOOUCTICHUX SIKOCTSX CTY/ICHTA.

CamooIliHKa XHUTTSA CTa€ LEHTPOM (OPMYBAaHHS KOHKYPEHTOCIPOMOXKHOCTI CTY/EHTA.
[{pomy crpusiec (hopMyBaHHS CaMOOIIIHKH Ha OCHOBI TPYJIOBUX I[IHHOCTEH CTyJIeHTa Ta 3aco0iB
¢iznynoro BuxoBaHHs. Lleil 3B'A30K MiATBEPHKEHO pe3ynbTaTaMH HAIIUX JOCIiIKEeHb, BUKOHAHUX
Ha OCHOBI1 BUKOPHUCTaHHSI MAaTeMAaTUYHOTO anapary Ha HelpoMepekeBoOMY Oa3Huci.

Pesynbrat HeWpOMEpEe)KHOTO MOJENIOBAHHS, BHKOHAHOTO 3 YypaxyBaHHSM 0OpoOOKU
pe3yNbTaTiB aHKETYBaHHS, MPOBEACHOTO HAMH 3 ypaXyBaHHSM pPO3pOOJEHOI aHKETH, MOKa3aliu
cnenyromee. OIiHKa CTyNeHs AOCATHEHHsS pe3ynibTariB (OpMyBaHHS HEOOXIIHUX KOMIIETEHIIIN
BeJIC JI0 HEOOXITHOCTI CBO€YACHOI KOPEKIIii TEXHOJIOTii OCBITHBOI AISUTBHOCTI. | jnmime moctaTHs
MOTHBAIlisl, 3aCHOBaHa Ha IyXOBHOMY, COIliaIbHOMY Ta (i3WYHOMY BHUXOBaHHI (BHXOBaHHI
KyJbTypH) Ta Ha moTpebax OCOOMCTOCTI CTyaeHTa (MOJAeIb OCOOMCTOCTI CTYAEHTA) JI03BOJISE
niiicno copmyBatu Taki mpodeciitHi sKocTi QaxiBig, SKi JO3BOIATH y KOMIUIEKCI 3a0€3MeYnTH
BIJITIOBITHICTh MiATOTOBJIEHOTO (haXiBls KOPIIOPATUBHIN KyJIbTYpi OpraHizarii 3arajiom.

SIK BUJTHO 3 ILOTO OMKCY KOHIIETITYalbHOT MOJIENi, HAMU MPeJCTaBlIeHa JOCUTh y3arajibHeHa
MOJeNlb, NpOTe, M0 BiJoOpaxkae JMHAMIYHI BJIACTUBOCTI JIOCATHEHHS HEOOXIIHOTo piBHS
KOMIIETEHIII Cremiagicta Ha OCHOBI MOTHBAI[IHHOTO MeEXaHi3My, OCBITHIX TEXHOJIOTI,
aJlalTOBaHUX J0 OCOOMCTICHUX AacIleKTIB CTY/EHTa, IMOB'I3aHUX 13 3aCTOCYBaHHSM B OCBITHIN
TISITBHOCTI 3aC001B Ta METO/IB (h13MYHOTO BUXOBAHHS.

BuxigHi gaHi 1uisi MOJETIOBaHHS MpOIECiB (POPMYBaHHS OCOOMCTICHHUX SIKOCTEH CTYy/EHTa
MPUAHSATO 3 TOCHIIKEeHb, MPOoBeeHNX y JloHOackKiil nep:kaBHiN MalmuHOOYAIBHIN akageMii. Y 1ux
JIAHUX BUKOPHUCTAHO JIMIIIE CEPE/IHI 3HAUCHHS €KCTIEPTHHUX OIIIHOK. Y BIIMOBIIHICTH IM MOCTaBIICHI
3HAUEHHS TOKA3HUKIB THX CaMUX CTYICHTCHKUX TpYM, SKi TEBHOI MIpOI0 XapaKTepU3YIOTh
¢bi310JI0TIYHY CKJIAIOBY TpYHH CTyJeHTiB. Lle Taki MOKa3HUKHM, SK: CTaTh, €KCIEpTHA OIliHKa
MaTepiaJbHOTO CTAHOBUIIA CTYACHTA, KUIbKICTh CTYACHTIB, TPYIH, K1 BIABIAYIOTH Ti UM 1HII BUIU
CIIOPTUBHUX 3aHATH TOIIO. TakoX BUKOPUCTAHO pE3YyJbTAaTH TECTYBAaHHS CTYICHTCHKHX TpPYIL.
be3ymoBHO, Mo1i0HE ysIBJICHHS BUXIIHUX JaHUX 1€ HE Ja€ 1101 KapTHUHH, aJie T€ 110, 10 HaCTYITHI
pe3ybTaTH MOKAa3yIOTh ICHYIOUY 1X B3a€MO3B'S30K JI03BOJISIE BBAXKATH 111 BUXIIHI JaH1 10 TTEBHOL
MipH IPOOHUMU y O1K BUBUEHHS I1i€1 MTPOOIEMH.

Jly’)ke 1iKaBOIO 3 TIO3WIA METOIOJIOTI] JOCTI/DKCHHSI CKJIQJHUX CHCTEM, SKOK € 1
JOCHIJKYBaHa cHucTeMa (OPMYBaHHS Yy CTYIEHTIB I[IHHOCTEH, € po3pobiieHa MeTOoJuKa
MojenroBaHHs. CripaBa B TOMY, IO MUTAHHS MOJEIIOBAHHS JOCTIKYBaHUX MPOIIECIB Ta CUCTEM —
1€ TUTaHHS CTBOPEHHS NP0 aJEeKBAaTHUX Mojeneil. ['pyHTyrodnch Ha BIiOMIiM ICTHHI MpPO

HEMOXJIUBICTh CTBOPEHHS «IIPaBUJIBHUX» MoOJeNed (BCl MoJeni — «HENpaBWIbHI»), SKi
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3aJI0BOJIBHSIIOTh HAC TIPH BUPIIMICHHI KOHKPETHOI TIOCTABJICHOI 3a7a4i, HEOOX1AHO Bi3HAYUTH, IO
MOJICTIOBAHHS COLIAJIbHUX CHCTEM CIIpaBa 3arajoM «HeBAs4Ha». [IpoTe, OCHOBOIO MPUIHATOrO
HaMH MiXO0y 0 MOJEIIOBAHHS MOKJIaIeHO HACTYITHUHN MPUHIIMII, BiIOUTHI CHCTEMOIO PIBHSHb.

X, =FR(X,, X5, X,,...X,)

X, =F, (X, X5, X, X))

X, =F(X, X,, X,,...X,)

X, =F, (X, X5, X5,.. X, 1)

C TOYKHM 3peHUsi CUCTEMHOIO MOJAXO0Ja 3TO ONHUCAHUE MHOTOCBSI3HOW CHUCTEMBI (CHCTEMBI,
UMEIOIIEH MHO)KECTBO BHYTPEHHHUX CBS3€i), HE3aBUCUMO (POPMHUPYIOIIEH BBIXOIHBIC TIOKA3aTENH, B
TO K€ BpeMs SIBIIAIONIMECS apryMEeHTaMH APYruX BBIXOJHBIX Moka3ateneil. To ecTb Mozelnb
IpeJcTaBiIsieT co00l romMeocTaT, B KOTOPOM IOJJIEPKUBAETCS PAaBHOBECHE, KOI/A BBIXOJbI,
dbopMupyrole 3HauUCHUSI OJHUX TOKa3aTelield CHCTEMBI, SBJSIIOTCS BXOJAaMH, ONPEACTSIONIUMU
3HAYEHUS IPYTUX ee MoKa3aTenei.

Ha sTom sTane Hamu ObUT IPUMEHEH MaTeMaTHMYECKUN ammapar MOJEIMPOBAHHS 0ObEKTOB
HAa OCHOBE HEUPOMOAOOHBIX 31eMEHTOB. OCOOEHHOCTHIO NPUMEHEHHUS HaMU STOro ammapara
SBJISICTCSI BBISBJIICHHE 3HAYMMBIX CBSI3€M MEXKIy IOKa3aTeJSIMH B YAaCTHBIX MOJEIAX, a 3aTeM
00BeIMHCHUE JTHX YaCTHBIX MOJCICH B EIUHYI0 KOMIUICKCHYI. BwIOOp Takoro ammapara
MOJICIUPOBAHUS OBLI MPOAMKTOBAH CIEIYIOUIUMU COOOpaKEHHUSIMHU. Bo-TIEpBBIX, MOJIETUPOBAHHE
Ha OCHOBE HEHPOMOJOOHBIX AJIEMEHTOB BBITIOJIHSIETCS IIyTeM OOyYSHHS MOJEIH T.€. HACTPOHKHU ee
BECOBBIX KOX(P(UIIMEHTOB TaKUM 00pa3oM, 4TOOBI Tocje ee 0O0ydeHHs MO JaHHBIM OOydaroinei
BBIOOPKU MoOJielb Moryia 0e30IHO0YHO Paclo3HaBaTh TECTOBOE MHOKECTBO MCXOIHBIX JIaHHBIX.
Bo-BTOpBIX, HENMHEWHOCTh AKTUBALMOHHBIX (YHKIUN TaKUX MOJETEeH MO3BOJIIET CUUTATh, YTO
paccMaTpuBaeMasi MaTeMaThyeckass KOMIUIEKCHAass MOJAeNb OyAeT HaXOIUThCS B COCTOSHUU
paBHOBECHS], TO €CTh HauOO0JIee BEPOSITHOIO COYETaHUsI 3HAUEHU TToKa3aTesed MOJIEH.

Ha ocHOBI npoBeeHMX JOCHIIKEHb MOKHa 3pOOMTH BHCHOBOK IPO HEOOXIJHICTH
BpaxOBYBaTH B CHUCTE€MI MEAAroTiYHUX TEXHOJIOTIM KOMIUIEKCHUM BIUIMB 3aC00IB Ta METOIIB
(GI3UYHOTO BHXOBAHHSI, sIKI OUIBIIO MIPOIO JO3BOJIAIOTH (OPMYBATH CHUCTEMY I[IHHOCTEH Ta
KOPIOPATUBHUX YCTAaHOBOK, HEOOXIAHHUX Ta IIyKaHUX POOOTOMABIIEM.
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OuanxoBcbka O. JI., I'yakosa K. 10., Cadaiinam 1. O. (/Jonb6acvka depacasna mawunobydisna
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CUCTEMA NIATPUMKHA NPUHHATTSA PIIIEHD JIJISI OIHIOBAHHSA SAKOCTI
TOPI'IBEJIBHOI'O OBCJIIYT'OBYBAHHA INTOKYIIHIB HA OCHOBI HEYITKOT'O
JJOI'TYHOI'O BUCHOBKY

THoxkazano axkmyanvuicme OYIHIOBAHHA SKOCMI  MOP2IiBEIbHOZ0  0OCIY208Y68aHHSI NOKYAYIE  8PAX0BVIOUU
ocobugicme nionpuemcmes po3opionoi mopeisni. Hageoeno emanu memooonociuno2o nioxody 0o nobyoosu Hewimkoi
EKOHOMIKO-MAMeMaAMU4HOi MOOeli OYIHIOBAHHA SKOCMI MOP208ENbHO20 00CIY208Y8AHHA NOKYRYIE MOP2IBENIbHO20
nionpuememea. Ilokazano cmpykmypy po3pobieno2o npocpamuo2o 3abesneyenus O peanizayii eKOHOMIKO-
MamemMamuyHoi MoOeli OYiHIOBAHHSL SIKOCI TOP208ENbHO20 0DCIY208Y6aHHSL NOKYNYIE MOP2IBeIbHO20 NIONPUEMCNEA
HA OCHOBI HEYIMKO20 102I4HO20 BUCHOBKY.

The relevance of assessing the quality of trade services to customers and the specifics of retail trade
enterprises is shown. The stages of a methodological approach to the development of an economic-mathematical model
for assessing the quality of trade services for purchasers of a trade business on the base of fuzzy logic were introduced.
The structure of the software for the implementation of the economic-mathematical model for assessing the quality of
trade services to customers and trade enterprises on the basis of a fuzzy logical pattern is shown.

Oco0nMBICTh MIANPUEMCTB PO3APIOHOI TOPTiBIi Moisirae y 0e3mocepeHbOMY KOHTAKTI
TOPTiBEIHHO-OIEPATHBHOTO TIEPCOHANY 13 KIHIIEBUMH ClOXHBa4aMu. lle BucCyBae mmiBHIIEHI
BHUMOTHU /IO SIKOCTI 0OCIyroByBaHHs 1 KBamidikalii mepcoHanty MmiJnpHEMCTB po3apiOHOT TOpPriBii
[1]. ObcayroByBaHHsI CIpaBIi BHCOKOTO PiBHS, IO I[UIKOM BIiIOBiJae HAWBHIIUM IOTpedam i
3alUTaM CIHOXKUBauiB, MoXke OyTu 3a0e3leueHe Juille TUMHU y4YaCHUKaMHU TOBAPHOTO PUHKY, SIKi
NParHyTh A0 JOCATHEHHS BUMOT HaWBUIIMX CTaHAapTiB [2]. BiamoBimHo, unM OinbIn JOCKOHANA
cUcTeMa TOPTiBEJIbHOIO OOCIYrOBYBaHHS, TUM BHIIMHA pIBEHb HOro SIKOCTI Y KOHKPETHOMY
HIIPUEMCTBI TOPTiBIl 1 TUM 3HAYHINIOW Oyne MOro KOHKypeHTHa mnepeBara. Came HEOOX1JHICTh
LIECHPSIMOBAHO BIUIMBAaTH Ha MiJABUIIEHHS KOHKYPEHTOCIPOMOXHOCTI 00’€kTa TOpriBmi [3]
BU3HAYAE aKTYAJIbHICTh JOCIIKEHHS 3 MUTaHb OLIHIOBAHHS SKOCTI OOCIYrOoBYBaHHS, 30KpeMa 3a
JIOTIOMOT'0}0 CYy4aCHOT'O0 €KOHOMIKO-MaTEeMAaTHYHOTO 1HCTPYMEHTApI0.

B ymoBax pHHKOBOI KOHKYpeHILi 0coOiMBa yBara MHpUIUISIETbCA SIKOCTI TOPTOBEIBHOTO
oOcnyroByBanHs [4]. Cepen nocmiIHUKIB Bka3zaHoi npoOiemu Bapto Ha3Batu H. O. [N'onomry6GoBy,
C. B. Kypaka, A. ®. Mopryna, B. B. Hikimkina, B. B. Anomis, L. [1. Mimyxka, B. M. PeGunpkoro,
C. L. Pynaunskoro, FO. M. Xom’ska. 3aBaaHHsl TOPTiBIIi MOJIATae HE JIMILE B JIOBEJICHHI TOBapiB 10
CTOXXHBAYiB, aJie i B aKTUBHOMY CHPUSHHI (HOPMYBaHHIO CIIOKUBYOTO TOIUTY, IO € HEMOXKIMBUM
0€e3 SIKICHOrO TOProBeJIbHOT0 0OCITYrOBYBaHHS.

Metoro poGoTH € po3poOKa CUCTEMM MIATPUMKH HPUHHATTS pIIIEHb JJI OL[IHIOBAHHS
SKOCT1 TOPTiBeJIbHOTO 00CIIyrOBYBaHHS MOKYIILIB HA OCHOBI HEUITKOT'O JIOTIYHOTO BUCHOBKY.

B exonomiuHil diTepatypi [9] 3HaimM Bi1oOpaxkeHHs (akTopH, K1 BIUIMBAIOTh HA PIBEHb
TOPTOBEJILHOTO OOCIYrOBYBaHHS 1 BIAMOBIAHO BH3HAYAIOTh SKICTh MOCIYT MiJIPUEMCTB TOPTIBIIL.
I1e Taxi hakTOpH: aCOPTUMEHT 1 AKICTh TOBApPIB Ta MOCIYT, iX BIAMOBIAHOCTI NOMUTY; €(EKTUBHICTh
opraHizauii TOpriBIi; >XUTTE€BUH pIBEHb HAaCENEHHS; KYyJIbTYpHUHA piBEHb OOCIYTrOBYIOYOTrO
NepCcoHally; MiClLle CIOKMBauya Ha PUHKY; MOTHBAIlisl Ipalli; MPOTrPEeCUBHICTb BUKOPHUCTOBYBAHOI
TEXHOJIOT1i TOProBEJIbHHUX IMPOLECIB; CTaH MaTepiajJbHO-TEXHIUHOI 0a3u TOPriBIli; CTaH PO3BUTKY
€KOHOMIKM KpaiH{, BITYM3HSHOIO BUPOOHMIITBA CHOXKMBUMX TOBApiB; CTYMiHb €()EeKTHUBHOCTI
B3a€MO/Ii1 BUPOOHHKIB, ONTOBUX MOCEPETHHKIB 1 Cy0’€KTIB TOCHOapIOBaHHS po3/piOHOT TOPTiBIi;
CTYIIHb €(EeKTUBHOCTI 3a0€3ME€UEeHHS 3aXUCTy IIPaB CMOXKUBAYIB; CTYIIHb dKOPCTKOCTI KOHKYpPEHII1i
Ha CIOKMBUYOMY PUHKY; (piHaHCOBMI CcTaH CyO’€KTIB pUHKY; SKICTh JiIOYMX MpPaBMJI TOPTiBIi Ta
HOPM TOPTOBEIBLHOTO OOCIYTOBYBAaHHSI HACEJICHHS; SIKICTh TPYIAOBOi MisUTBHOCTI KOJIEKTHBIB 1
OKpeMUX HpaIiBHHUKIB.
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ExoHOoMiKO-MaTeMaTH4Ha  MOJENb  BH3HAUEHHS  PIBHSI  SKOCTI  TOPTOBEIHHOTO
00CITyTOBYBaHHsI TIOKYIIIIIB TOPTIBEJIBHOTO MIANMPUEMCTBA 13 BHKOPHUCTAHHAM 1HCTPYMEHTAPilO
HEUITKOI JIOTIKH JO03BOJISIE (OPMYBaTH MOJENb HE JUIIE 3 ypaxyBaHHiIM crneunpiku KpaiHw,
nepiofy dYacy, KCHepTHUX 3HaHb. ETamu METOMONOriYHOro MiAXOoay MO IMOOYIOBH HEYITKOL
€KOHOMIKO-MaTeMaTH4YHOI MOJIEJi OI[IHIOBAHHS SIKOCTI TOPTOBEJIILHOTO OOCIYrOBYBaHHS MOKYIIIIIB
TopriBeabHOro mianpuemcraa [10-11].

[Iporpamue 3a0e3nedeHHs] Ui OIIHIOBAHHS SKOCTI TOPTIBEIBHOTO OOCIYrOBYBaHHS
MOKYII[IB Ma€ HACTYIIHY CTPYKTYpY: po3ail «HediTka 6aza 3HaHb»: HaJa€ MOXKJIUBICTh MOOYIOBH
HEYITKOT eKCHEpTHO-TIHIBICTHYHOI 0a3W TMpaBWJ CTOCOBHO BHM3HAYEHHS PIBHSA  SKOCTI
TOPTrOBEJIBLHOTO OOCITYrOBYBaHHS IMOKYIIIB; po3aisl «KiuIbKICHI 3HaY€HHS BXIJHUX IHapaMeTpiB»:
MICTUTh MATPHIFO KUIBKICHMX 3HAYCHb BXIJHUX IMOKa3HHKIB, IO BIUIMBAIOTH HA PIBEHb SKOCTI
TOPTiBEILHOTO OOCITYrOBYBaHHsSI MOKYIIIB; po3ail «Bara mpaBwia»: MICTUTh 3HA4YCHHs, SKE
XapakTepu3ye 3HAUYMMICTh MpaBWia B Mojeini; po3aun «HamamryBanas 06a3u 3HaHBY»: 3a0e3mneuye
HAJIAIITYBaHHS 3HAYEHb BXIJHHUX IapaMEeTpiB, IO HAJAa€ MOXJIHMBICTh aHANI3y BIUIUBY 3MiHU
3HAa4YeHb BXIJHUX MapaMeTpPiB HA 3HAYCHHS PE3yIbTYIOUOi 3MiHHOI; po3ain «lloscHioroui 3MiHHI»:
MICTUTh TIEPEJIiK KOHTPOJHOBAHUX IapaMeTPiB, IO BUKOPUCTAHI IS OI[IHIOBAHHS PIBHS SKOCTI
TOPTiBEIBHOTO OOCIYrOoBYBaHHS MOKYHNIIB; po3ain «PexoMmeHpamii»: MiICTUTh pe3ysbTar
OILIIHIOBAHHS SIKOCTI TOPTiBEILHOTO OOCITYrOBYBaHHS MOKYIIIIB Ta BIJAMOBIAHI PEKOMEHIAIl y
BiJITOBITHOCTI JI0 OTPIMAHOTO PO3PaXyHKOBOTO 3HAYCHHS PE3YIbTYIOUO01 3MIHHOI.

TakuMm 4KMHOM, 3aCTOCYBaHHSI HEUITKOTO MIAXOJIy CHUCTEMI MIATPUMKH MPUUHSATTS PilIeHb
JUTSI OLIIHFOBAHHSI STKOCT1 TOPTiBEJILHOTO OOCITYTOBYBaHHS MOKYIIIIIB HA OCHOBI HEYITKOTO JIOT1YHOTO
BHCHOBKY J1a€ MO>XJIUBICTh OTPUMATH aJI€KBaTHI Pe3yJbTaTH i (OpMyBaTH BIJIMOBIIHI BUCHOBKH
1010 IPUHAHATTS YIPABIIHCHKHUX PIIICHb 32 BIJICYTHOCTI JIOCTOBIPHUX JaHWX, HEMTOBHOI 1 HEUITKOT
CTATUCTUYHOI 1H(oOpMaIlii, CKIagHUX (QYHKIIOHAIBPHUX 3aJICKHOCTEH, MK HOTO CKIIAQJOBUMHU;
JI03BOJISIE B TIOBHOMY 00CsI31 BpaXOBYBaTH YKpaiHCBKi peaii opranizaiii Ta BeACHHs TOPTiBEIbHOTO
Oi3Hecy.
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3ACTOCYBAHHS ATIAPATY HEYITKOI JIOT'TKH AJI51 OUTHKH ITOKA3HUKIB
AIAJTBHOCTI 3AKJIAAIB BUIIIOI OCBITHU

Posenanymo cyuacni acnexmu oyinku aAxocmi OisnbHocmi 3akaadie euwjoi oceimu. Busnaueno Habip
NOKA3HUKIB, 30 SAKUMU MOMCHA NpoGecmu OYIHKY OIAIbHOCMI 6UUj020 HABUANLHO2O 3AKIAOY. 3anponoHO8AHO
BUKOPUCIMOBY8AMU MAMEMAMUYHUL anapam Hewimkoi 102iKku 01 OYIHKU NOKA3HUKIE OIsIbHOCMI 3aK1a0ié Suujoi
oceimu. Cghopmosano wikany 3 n’simu AKiCHUX mepmie 015 Qasugikayii NOKAZHUKIE OYIHKU.

Modern aspects of assessing the quality of higher educational institutions are considered. A set of indicators
has been defined by which it is possible to evaluate the activities of a higher educational institution. It is proposed to
use the mathematical apparatus of fuzzy logic to assess the performance of higher educational institutions. A scale of
five qualitative terms has been formed for the fuzzy evaluation indicators.

Jlnst cydacHOT OCBITHBOI CHCTEMH OCOOJIMBE 3HA4YEHHS HaOyBae MUTAHHS MPO €(EeKTUBHUI
aHali3 Ta HAayKOBO-OOIPYHTOBaHI KpHUTepli Ta MOKA3HUKU AISUIBHOCTI HAaBUAIBHHX 3aKJaiB. Y
JIOBIJTKOBIM Ta CHeUiaNbHIA JITEpaTypl MOHATTA «KPUTEPI» TPAKTYETbCS 3a3BHYAM SK MIPHIIO
OIL[IHIOBAaHHS TMpeAMeTa 4YM SBUINA; O3HaKa, IO B3ATa 3a OCHOBY Kiacudikalii, depe3 sKy
IPOBOJIUTHCA TIOPIBHSHHS PI3HUX SIBUII YW TpoueciB. SIKicHa cOpMOBaHICTh, CTYIIHb MPOSIBY
KPUTEPII0 BUPAKAETHCA Y KOHKPETHUX MOKA3HUKAX, SIKI 32 CBOIM OOCSTOM Ta 3MICTOM € BY)KUUMU
KaTeropissMu. SIk KOMITIOHEHT KpPHTEpil0, IMOKa3HUK BiloOpaka€ THIOBI IE€BHI BIACTHBOCTI i
XapaKTEPUCTHKH MPOIECIB a00 SBUIIL, IO ITiUIAraloTh BUBYCHHIO [1; 2].

Amnaimiz mpoOieMHu SIKOCTI BHIIOI OCBITH 3acBiguye ii MepHIoYeproBe 3HAUCHHS IS
JEMOKpaTu3allii BUIIOI KON B YKpaiHi, 3MIIIHEHHS CYCHUIbHOI IOBIpH, MiABUIICHHS aBTOPUTETY
HAIIOHAIBHOI CUCTEMH BHIIOI OCBITH Ha MKHAPOAHOMY piBHI. [IpoTe HamarokeHHs eQeKTHBHOT
cUcTeMH 3a0e3MedeHHs SKOCTI BUIIOI OCBITH 3aJ€KUTh BiJl MPOAYMaHO! 1 BUBAXKEHOI Jep>KaBHOI
MOJIITUKU B Taiy3l OCBITH, BlJ] KOMIIJIEKCHOTO MIAXOAY 0 PO3B’SI3aHHS LIJIOI HU3KU aKTyaJIbHUX
COLIaTbHO-€KOHOMIYHHMX, HAyKOBO-JOCHIAHULBKUX, YHIPABIIHCHKHUX, KYJIbTYPHO-TIPOCBITHUIBKHUX,
MaTepialbHO-TEXHIYHUX 3aBJIaHb, SKI MOTPEOYIOTh HAJICKHOTO OOTPYHTYBaHHS, pO3pOOJICHHS Ta
NPaKTUYHOI peastizalii B yMoBax MoJepHi3alii yKpaiHCbKOi BUILOT IIKOJIH.

Metoto poOOTH € 3aCTOCYBaHHS CYYacCHHX METOIB OIIHIOBaHHS TOKa3HUKIB HA OCHOBI
amapaTty HeYiTKOT JIOTiKH JUJIs OIIHKH JTisSUTbHOCTI 3aKJIa/IiB BUIIIOT OCBITH.

Jlns po3B's3aHHS TOCTABJACHOI 3ajadi \3aCTOCOBAHO METOJIMKY MPUNHATTS pIllIeHHsS, 3a

. . . * * * * *
JIOTIOMOTOK0  sIKOT  (DIKCOBAaHOMY BEKTOPY BXIJHUX 3MIiHHHX X =<X1,X2,...,Xn>, X eUi

*
OJIHO3HAYHO CTaBUBCA O y BiANOBiAHICTL po3B's30k Y €Y s 00'€KTa 3 IUCKPETHUM BHXOIOM.
HeuiTka Mozienp OIIHKM MOKAa3HUKIB AISUIBHOCTI 3aKJIaAy BHILOI OCBITH OLIHKY B 1H(OpMaliiHii
cucTeMi Moxe OyTH OIMcaHa B TaKUii crocio:

Q =(G,L,S, A), 1)

ne G — rpad gepeBa 3 BepmIMHAMHU (j (i =1,N), koxmiii 3 sKEX mOCTaBICHO y
BI/IMOBIAHICTS OXHE 3 MOXIMBHX 3HaYeHb JiHrBictmunoi 3mimuoi X; € L, sxa XapakTepu3ye
MOKA3HUK SIKOCTI 1H(HOPMaLIIHHOTO pecypcy 3a BIANOBITHUM KPUTEPIEM;

L — HaOip JHrBICTHYHKUX 3HAUCHbB (IKICHUX OIIIHOK) KOXHOTO MOKa3HHKa, L = {L = LN };

S — cucrteMa BiTHOIIEHB TPIOPUTETIB (TIEpEeBaru) OJHNUX MOKA3HUKIB TIepe/T iHIIHMHU;
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A — anroput™m arperyBaHHs iH(opMaIllii, SKAN 103BOJISIE OTPUMYBATH Yy3arajibHEHUH
MOKa3HUK JISTILHOCTI 3aKJIaly BUIIIO OCBITH

Bepmunam rpada G mponoHyeThCsl MOCTaBUTH Y BiANOBIAHICTE HACTYIMHHUH PO3IOALT
MOKAa3HMKIB MisILHOCTI 3akiany BuIoi ocBith [3]: Xo — iHTerpanbHUil MOKa3HUK;, X; — OCBITHA
TiSUTBHICTH; Xz — HAYKOBO-JIOCIHIHA AISUTBHICTB, X3 — MIXKHapoJHa MisUIbHICTh; X4 — (iHAHCOBO-
€KOHOMIYHA AISUTBHICTE; X5 — IHPpAaCTpyKTypa; X7 — MpaleBlIalTyBaHHS.

ArperoBanuii TOKa3HUK Xp BH3HAYa€TbCS HACTymHUM criocoboMm. I[lomepeanbo 3a
JIOTIOMOT'OF0 €KCTIEPTHHX METOJIIB OILIHIOBAHHSI BU3HAYAIOTHCS 3HAYCHHS JIIHTBICTUYHUX 3MIHHUX X;
JUTSL KIHIIEBUX BepiuH rpada. 3a rpadomM BU3HAYAETHCS MiAMHOXKWHA BEepIIUH (TOKa3HUKIB). s
KIHIIEBOT BEpIITMHN BU3HAYAETHCS 3BAKEHA CyMa BIIMOBITHUX (DYHKIIN HAJIEKHOCTI. 3 €0 METOIO
Moxe Oytu Bukopuctanuit OWA-oneparop frepa [4]:

ti—1k(x) = Zli\;kl Wy (x), 2)

e gy (X) — (byskuis HanexxHOCTI K-ro nokasznuka (I-1)-ro (crapmioro 3a iepapxi€ro) piBHs;

i (X) — (byHKIIis HATIGKHOCTI I-r0 OKa3HUKa |-ro (HIKHBOTO) PiBHS;

®,; — BaroBuit KoeilieHT i-ro MOKa3HUKa i‘”n =1 l-ro piBHs;
i=1

N, — KUIbKICTh MOKa3HHKIB HIXKHBOTO PiBHSI, 1110 3B’s13aHi 3 K — TiM mokazaukoM (I-1)-ro
piBHSL.

VY 3ampomnoHOBaHii MOENi BaroBi KOeQilli€eHTH BH3HAYAIOTHCS HA OCHOBI METOAY aHAIi3y
iepapxiit [5].

BUCHOBKUA

TakuM YMHOM, BUKOPUCTAHHS JIHTBICTHYHUX 3MIHHUX B MOJEJI aHaji3y NOKa3HHKIB
TiSUTBHOCTI  TO3BOJIAE OTPUMYBATH 1HTErpasibHUN (arperoBaHuii) moka3HUK. [lopiBHSHO 3
ICHYIOYMMH METOJIaMH Ta MOJEISIMU 3alpOIIOHOBAHUH TMiAXiJ XapaKTePU3YEThCS HACTYIHHUMHU
nepeBaraMu: pilleHHs Mpo SKICTh AISIIBHOCTI 3aKJIaay BUIIOI OCBITH NPUHMAEThCS HE TIABKU Ha
OCHOBI 1HTErpaJbHOr0 IOKAa3HUKA, aje W 3 ypaxyBaHHSAM OOMEXEeHb Ha 3HAYEHHS OKPEMHUX
NOKa3HMKIB; JJIA MIABMILEHHS TOYHOCTI alrOPUTMY KOOPJIMHATH TpaneuienogiOHux QyHKIii
HAJIEKHOCTI, 110 OOYMCIIOIOTHCA Ha KOKHOMY KpOLll, HEepEeBIPSAIOThCA Ha OJM3BKICTh A0 OJHIET 3
T QYHKIIHA HANIEKHOCTI 3 17IeHTU(IKAII€I0 3HAUYSHHSI JTIHTBICTUYHOI 3MIHHO].
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BUKOPUCTAHHSA HEUPOHHUX MEPEX 1151 JOCJII)KEHHS BILIUBY
3ACTOCYBAHHS IHOOPMAIINHO-KOMYHIKATUBHUX TEXHOJIOI'TA HA
PIBEHb OITAHYBAHHSA CTYAEHTAMM IIEBHUX ®AXOBUX
KOMIIETEHTHOCTEM TA TIPOTPAMHUX PE3YJIBTATIB HABUAHHSA

Poszenanymo ocnosHi nonamms, nog'a3ami 3 AKiCMI0O 0ceimu y Yiiomy ma 3aC80€HHAM CMYOeHmMaMu
HasuanvHozo mamepiany. Chopmynvosano 3a0auy O0O0CHIONCEHHA 6NAUBY 3ACMOCYBAHHA IHGOpMayiiHO-
KOMYHIKAMUBHUX MEXHON02Il HA Pi6eHb ONAHYB8ANHHS CITYOSHMAMU NeGHUX (Paxosux KomMnemenmuocmet ma
NPOSPAMHUX pe3yavmamie Hasyanus. Onucano nocCmanosKy 3a0adi NpoSHO3VEAHHS 3ACBOCHHS 3HAHL MA
HABUYOK, BUKOPUCMAHA APXIMEKMYpa — Nepcenmpor 3 YOMUpMa 6XiOHUMU HEUPOHAMU, YOMUPMA GUXIOHUMU
ma 080Ma HeUpOHAMU NPUX0BAH020 wapy. Hasedeno npuxnadu po3paxyHkis.

The main concepts related to the quality of education as a whole and students' assimilation of
educational material are considered. The task of researching the impact of the use of information and
communication technologies on the level of students' mastery of certain professional competencies and
program learning outcomes is formulated. The formulation of the problem of forecasting the assimilation of
knowledge and skills is described, the architecture used is a perceptron with four input neurons, four output
neurons and two neurons of the hidden layer. Examples of calculations are given.

OmiHKa 3aCBOEHOTO CTYACHTAMH Y MEXax HABYAJIbHOI TUCIMIUIIHM Marepialy, a TaKOX
00’ €KTUBHICTb MPOBEJICHHSI KOHTPOJIIO 3HAaHb 3 HBOT'O € OJAHUMHU 3 OCHOBHMX €JIEMEHTIB BU3HAUECHHS
sakocTi ocBitd [1]. Bigomo, mo piBeHb 3aCBOEHHS IHAMBIIyyMOM HOBHX 3HaHb 3aJIC)KUThH
HacaMIiepe] BiJi HOro crapaHHOCTI Ta 0a30BOTO pIBHS 3HaHb, 10 € MaibKe MOCTIHHUM 3a IMepioj
HaBYaHHSI, TOMY Pi13K€ BIIXWJIEHHS y MIPOLIECI OI[IHIOBAHHS MOK€ CBITYUTH PO HASIBHICTH IPOOIIEM,
00'eKTUBHHUX 1 CY0'€eKTHBHUX (DaKTOPIB, SIK1 31CHIOIOTH BILJIMB Ha OCBITHIN MpoIleC.

VYci OCBITHI KOMIIOHEHTHM Ha BIJNOBIIHOMY PIBHI BHILOI OCBITH, IEPENiK HaBYAJIbHUX
JUCITUTIIIH 1 JIOT1YHY TMOCIIOBHICTh iX BUBYEHHS, KiIbKICTh KpeauTiB €KTC, a Takox odikyBaHi
pe3ysbTaT HaBYAaHHS Ta KOMIIETEHTHOCTI, 5Kl IOBUHEH OMaHyBaTH 3/100yBay BiAMOBITHOTO PIBHS
BUIIOT OCBITH, MICTAThCS B OCBITHIl (OCBITHBO-TIpOdeciitauii) mporpami [2]. OIIII micTuTh nepemik
3aralbHUX Ta (axoBUX KOMIIETEHTHOCTEH, Ha BHITYCKOBIM Kadeapi po3polisitoThes podoul
IpOrpaMy 3 KOXHOI JUCHMIUTIHM, IO KOHKPETU3YIOTh, 3a sIKI caMe KOMIIETEHTHOCTI BiANOBiAa€ L5
JUCIHUINIIHA.

Cain 3a3HaYMTH, 110 PiBEHb BUKOPUCTAHHS 1H(MOPMAIiTHO-KOMYHIKaTUBHUX TEXHOJOTIH 1]
yac MPOBEJCHHS 3aHATh MOCTIMHO 3pocTae. | SIKIIO paHille BHUKOHAHHS JaOOpaTOpHHUX pOOIT
3nificHioBasiocst 6e3 BukopuctanHs IKT, To 3apa3 MokHa NMPUIMYCTUTH MOKPAIIEHHS YCHIIIHOCTI
CTYJICHTIB came 3aBJISIKM HOTO BTIJIEHHIO.

[ToTpiOHO: a) MiATBEpAUTH, 110 PIBEHb YCHILIHOCTI peanbHO 30UIbIIMBCS (200 CIPOCTYBATH,
ale Toal HeMa pauii B po0OoTi); O0) BHU3HAYMTH, HACKUIBKM BIH 30UIBIIMBCA 1O PI3HUX
KOMITIETEHTHOCTSIX 1 MPOrpaMHUX pe3yJibTaTax HaBYaHHS.

[TocranoBka 3amayi Moxke OyTH Takoro. MaeMo naaHi mo cryaeHrtax. [lo KoxxHOMY — psij
BX1/IHUX Ta BUXIHUX (hakTopiB, Hanpukiay [3]:

— VStup — cepezHiil 6an npu HaAXOKEHH1 (BU3Hauae 0a30BUI PiBEHb CTY/IECHTA);

— Session — cepe/Hii 0an 3a OCTaHHIO Ceciro (BU3HAYAE «ITOTOYHUI) PiBEHb CTYACHTA, HOTO
BIJIHOIIICHHSI /IO HABYAHHS ),

— Subject — migcyMKOBHIA Oall 3 KOHKPETHOI AUCITUILTIHY,;

— ikt — Bukopucrtanucs IKT (1) uu Hi (0);

— FKi — 6ayu 3a paxoBi KOMIIETEHTHOCTI;
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— PRNi — 6anu 3a mporpaMHi pe3ysibTaTH HaBYaHHSI.

Pe3ynpraT — po3paxoBaHi OLIHKY 3 ()aXOBUX KOMIIETEHTHOCTEH i IPOTpaMHHX Pe3yIbTaTiB
HaByaHHs1. [Ipuknan — Ha puc. 1.

A B Z D
1 Student Wetup | Session | Subject | |
2 | Studentt 57,7 75,33 75
3 | Student2 524 84,33 85
4 | Student3 69,4 84 67 55
5 | Studentd 52,2 56,47 55
B
7
3
9

F 5 H |
FK1 | FK2 | PENZ | PRNZ
798 | 730 763 | 774
86,5881 | 85,0 | 859
7221687 | 700 ) 881
551 1605 | 893 | 573
528 | 517 | 581 | 5638
766 800 | 84,2 | 849
88,6 | 930 | 943 | 879
89,7 | 835 | 80,1 | 901
57,3 | 554 | 63,2 | 634
7851828 | 817 | 8672

Pucynox 1 — [Ipuknan HasBHUX JaHUX

Students 325 55 55
Students 50,4 85,67 75
Student? 56,8 91,17 90
Students 58,9 94 90
10 |Students 42 55 65
11 |Student10 524 38,33 IS

—\—\—x—x—xoooooﬁrﬂ

Busnauenns OaniB came 3a KOMIIETEHTHOCTI Ta NMPOTPaMHi pe3y/ibTaTH HaBYaHHS MOXKHA
3IICHUTH 32 METOIMKAaMH, sIKi HaBeJieHo B [4 — 5].

Jai 31iiiCHEHO pillIeHHs] METOAOM HEHpPOHHUX Mepex. BUKOpHCTaHO Mepexy 3 4OTHPHOX
BXITHUX HEWPOHIB, YOTUPHOX BUXIJHHX 1 JBOX HEHPOHIB MPHUXOBaHOTO mapy (puc. 2). PizHoBUA
HEWPOHHOT MepexXi — NepCenTPOH, METO HABYaHHS MEPEkKi — 3BOPOTHOTO IMOLIMPEHHS MOMUJIIOK,

¢byHKIisA akTUBAIil — curMoina. Pe3ynpTaTtu cBiguaTh, 0 METO/ 3a0e31edye aleKBaTHI pe3ysIbTaTH
(puc. 3 —4).

Vstup FK1
Session FK2
Subject PRN1
IKT PRN2

Pucynok 2 — Apxitekrypa HeliponHoi Mepexi MLP 4x2x4

A B E D E F G H | J K L il il 0 P a R 5 T U

1 Student | Vstup | Session | Subject | IKT | FKI1 [ FK2 |PRNZ |PRNZ FE1r Fk2r PRNTr PRMN2r MopieHAHHA

2 |Student! 577 | 7533 75 0 |7/8|730| 763 | 774 | 797|554 (758|879 | 75,7 886|763 |8384 1 1 1 1
3 |Student2 524 | 8433 85 0 [855|891|B60 | 859 | 868|857 |67,0 893867 500866889 0 1 1 1
4 | Student3 B94 | 8457 55 0 | 722|887 | 700 | B8 |72,2 | 765|680 795|696 5815|688 |848 1 1 1 1
5 |Studentd 522 | 56547 55 0 [551|6E05|593 | 573|561 547|555 |552 (614615590597 0 0 1 1
B |Students 325 55 55 0 |528]|517 591 | 868 | 93,1 534|524 | 530595 595|571 |57 6 1 1 1 1
7 |Students 504 | B5E7 75 1 |7665 (800|842 | B42 | 751|769 719[807 | 727[82,3| 733|854 1 1 1 1
8 |Student? 568 | 9117 90 1 | B85 ([930| 943 | 579 | 891|890 919922 | 924|928 | §95| 89.7 a 1 1 1
9 | Studentd 599 94 90 1 |857 (935901 | 901 | 892|892 923(925| 925(93,2| 897) 89.8 a 1 1 1
10 | Studentd 42 55 65 1 | 573|554 | 632 | 634 | 551|56,3| 545|576 | 60,3| 63,3 | 55.4] 62.7 1 1 1 1
11 |Student1D | 524 | 88,33 75 1 | 785828817 | B62 | 767|784 | 757819 | 755(83,3| 77.0| 86,0 a 1 1 1
12 50%  90% 100% 100%
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Pucynok 3 — Pe3ynbratu po3paxyHkiB

u T T T
52,7693441823644 T21521348854914  78,5348841167102 86,514230544707 7

Pucynok 4 — Jliarpama po3citoBaHHS

BUCHOBKHA

[IpoBeneHi goCiKEHHS JOBEIH, M0 3aCTOCYBAaHHS HEHPOHHUX MEPEK IS aHATI3y BIUIUBY
3aCTOCYBaHHS 1H(OPMAIIITHO-KOMYHIKATUBHUX TEXHOJOTI Ha piBeHb ONaHyBaHHS CTYyIEHTaMHU
NeBHUX (aXOBUX KOMIIETCHTHOCTEH Ta MPOTPAMHUX PE3YJIbTATiB HABUAHHS TPU3BOJIUTH 10 JTYKE
NPUKAHATHUX pe3yabTariB. ONMUCAHO IOCTAHOBKY 3ajadi NMPOTHO3YBAaHHS 3aCBOEHHS 3HAHb Ta
HABUYOK, BUKOPHCTAHA apXiTEKTypa — TEPCENTPOH 3 YOTHPMA BXIIHHUMH HEHPOHAMH, YOTHpPMA
BUXIJIHUMH Ta IBOMA HEHPOHAMH MPUXOBAHOTO mapy. HaBegeHo mpukIiiaam po3paxyHKiB.

OtpumaHi pe3ylbTaTh MOXHa OyJe 3acTocyBaTd y poOOTi Kadenpu mig dYac aHamizy
YCIIIIHOCTI CTYEHTIB TOMIO [6].
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YJK 519.6:94

MeabnukoB O.FO., Kanejgemyk A.O. (/Joubacvka Oepoicasna mawiunodyodisHa axademis, M.
Kpamamopcwk, Vrpaina)

3ACTOCYBAHHA HEFIIT'OHHI/IX MEPEX IS IIJIPAXYHKY HE BOMOBUX BTPAT
BIMCBKA IIIJI YAC BOEHHUX ITIOXO/1B

Poboma npucesuena pospaxynky uucenvHocmi 6mpam cepeOHbOSIYHUX apMill 3a OONOMO2010
Memodig wmyyHo2o iHmenekmy. Po3ensiHymo O0eKilbKa MOXMCIUSUX Memo0ieé NiOpaxyHKy, NPOAHANi308aAHO
icmopuuni Oxcepena. IIposedeno ananiz gpakmopis, wo enausaromev Ha He 6Oou06i empamu. Po3pobreno
MOOelb HeUPOHHOT MepediCi.

The paper is devoted to calculating the number of losses of medieval armies using artificial
intelligence methods. Several possible calculation methods are considered, and historical sources are
analyzed. The analysis of factors affecting non-combat losses is carried out. A neural network model has
been developed.

BiifHa — sBuIIe, sIKE€ CYNMPOBOPKYE JIIOACTBO y BECh ICTOPUYHUEN Yac, TOMY HHUTAaHHS
YHCENbHOCT1 BICHK Ta BOEHHUX BTpaT cTaBUTh e [epomor. Ha sxamp, Ha naHuii yac He icHYe
€IMHOI CHUCTEMH TMiApaxyHKy OOMOBMX BTparT Ta HABITh BTPATH Yy JOCUTH CyYaCHHX KOH(QIIIKTax
31e01IblIe OIIHIOIThCA NPUONM3HO, a MiJ 4Yac MOCTIMHUX BIiMH cepelHbOBIYYS MiJPaxOBYBaTH
BiliCBKOBI BTpaTH Oyio mpocto HikoMy. Tpeba 3a3naunTH, 1mo 1o KiHmst XIX cromitrs 1o 70% Brpar
BIJTHOCHJIOCH /IO TaK 3BaHUX HE 00MOBUX BTpar (CMEPTh BiJ XBOPOO, TpaBM, Xoioay Toio) [1-2].

VY Oimpmocti KpaiH CTaTHCTUYHI JaHi He OOHOBHX BTpar mounHaroTh BectH 3 XVIII
CTOJITTS, TOMY, KOIM MOBa HJE MPO YMCEIBHICTh apMill MiJ 4yac JOBTUX BIMCHKOBHUX TMOXOIIB
CepeHbOBIUYS a00 MEPIINX CTOJNITh €MOXH HOBOTO 4Yacy IpH MiIpaxyHKy iX 4HCEIbHOCTI, Tpeba
BpPaxoBYyBaTU TaKoK He OOIOB1 BTpaTH, 4yepe3 Te, IO 3a PiK MOXOAY YHCENbHICTh BilfichbKa 3HAYHO
CKOpOUyBajlach came uepe3 He 00i0oBi BTparTy.

V¥ 1916 poui marematikoM @. V. JlaHuectepoM Oyno po3pobiIeHO cucTeMy, sIKa CKIaganacs
3 1BOX nu(epeHuiHuX piBHAHB (1) 1 ciyryBana i miipaxyHKy *epTB BiiiHH, sika BpaxoByBaJia sk
00ii0Bi, Tak i He OoioBi BTpatH [4]:

%:ax+bxy+cy+d

q 1)
—y=ey+ fyx+gx+h

7ie: & Ta € — IBUAKICTh He 00MOBUX BTpaT;

b i f— mBHAKICTH BTpAT i3-3a BILIMBY [0 MaiJaHHUX IIIIAX;

C Ta § — BTpAaTH BiJ Jii NPOTUBHUKA HA NIEPETHHOMY Kpai;

d Ta h — miaxignai abo BiaximHi pesepsu [4].

Are Taka Mojenb OUTBII MpUCTOcoBaHa 110 BiHM KiHIS XIX — modatky XX CTOMTTS, HIXK
JUIS BiiH CepeHbOBIYYs, TOMY IO Taki mapameTpu, sk b Ta f, BimcyTHI mig yac cepeIHbOBIUHUX
31TKHEHb, a IPUMITHBHA HE BOTHEMaJbHA apTuiepis (K 1 mepiia BorHenajibHa) BUKOPUCTOBYBaIacs
31e0iplIe s WTYypMy Ta HpOpUBY OOOpOHM (opTelb, HIK JUIS 3HUIIEHHS >KUBOI CHIIH
NPOTUBHUKA Yy BiAKpUTOMY moii. s cepeaHbOBIUHUX OOiB OUIBII MIAXOAWUTH JIiHIHHA MOJEIH
Ocunosa-Jlanuecrepa.

CTBOpHMO MaTeMaTHYHY MOJIENIb pO3pPaxXyHKy He 00ioBHX BTpaT. MaeMo HAcTymHI BXiAHI
JlaHi:

t.p — cepeHbOMICAYHA TEMIIEPATYPa;

T — BigXuieHHS BiJ] KJIIMATUYHOTO ONTHMYMY;

d — kinpKkicTh 10 y OXO/I;
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Ky — Koe(illieHT CKIaHOCTI MiCIIEBOCTI;

kol — kinbKkicTh BOTHIB sIKi OEpyTh y4acTh y MOXO/I;

0S — cepe/THs KITbKICTh OMaJliB Ha MiCSIIb.

a — He OOMOBI BTpATH 3a JICHb.

KinbkicTh 3aru0iux Big XBOpoO MOKHA po3paxyBartu 3a popmynamu 3 Ta 4.

t= tcp +T (2)
constl,mput <5

c, = {const2,mpu b <t < 15 (3)
const3,uput > 15

d =consv+c, (4)

KoHcTanTH — 11€ KUIBKICTB 3aru0iuX y BiJICOTKAX, BUBHAYCHHI IIITXOM IT1100py, 6a3yr04iCh
Ha gjaHux 3 BiHH XIX cromitts. Koncrantu 1-3  BiAMOBi#alOTh pi3HUM KIIMAaTUYHUM
3aXBOPIOBAHHIM (CE30HHUH TPHII, NEPEOXOJIODKECHHS, 3aCy/KEHHsI, 3allaiecHHs JIETCHIB TOIIO),
HATOMICTh KOHCTaHTa V BI/MOBi/Ia€ 3a XBOPOOH, K1 HE 3aJIeXKAaTh BiJ] CE30HY.

UYepes Te, 110 y OUIBIIOCTI PETiOHIB €BPOMNU YIITKY KUTBKICTh OMaAiB IOCUTh HEBEIHKA, TO
YIITKY KOe(iieHT Oyae HaHHMKIMM, TAKOXK 1 Y 3MMOBI MICSIIi XOPOIIHUii Iap CHITY 3 OAHOTO OOKY,
YCKIIQJHIOE TIPOCYBaHHSI, 3 HIIIOTO — TaKi MICIs, K 00JI0Ta, CTAlOTh MEHII Hebe3neyHuMu. Camumu
HeOE3NeYHUMHU € Micsii Oepe3eHb, KBITeHb, JKOBTEHb Ta JIMCTOMAJ, KOJM BUIAJA€ JIOCHTH Oarato
XOJIOJHHUX OMAiB Ta 3HIKYETHCS TEMIIeparypa MOBITPs. MO)KHA MOMITUTH, IO «HEOE3MEUHICTh
M03POCTAE MPOMOPLIHHO TOMY, HACKUIBKH 3HM)KYETHCS TEMIIepaTypa IOBITPs, Ta 30LIBIIYETHCS
KUIBKICTh omajiB. [[is 3MMOBUX MicALIB «HEOE3NMEUYHICTh» Tpeda 3HWKYBATH. 3alUIIEeMO Yce
HamMcaHe y BUTIsiAl popmymu (5):

1 :
p:E*os—zne (5)

ne zile — koedilieHT XOMOTHUX 3MM Ta KAPKOro KiIiMary — mpu KOM(OPTHiH IUTOCOBIi
Temneparypi npuiiMae 3HadeHHs 0; mpu MIHYCOBIM YM IpPHU €KCTPEMaJIbHO IIFOCOBIM — 3HAUEHHS
oinb sk 0.

CymapHni He 6010OB1 BTpaTH Ha JCHb:

kol
=(p+d)— 6
a=(p )100 (6)

®opmyna (6) HE BpaxOBYe BENMKI €MmijeMii, ajie BpaxoBye 3BHYAHUN HaOip BIPYCHHX Ta
OakTepiaJbHUX 3aXBOpIOBaHb. [ po3paxyHKy emimemiil 1o yucen P ta d Tpeba 101aTH BiCOTOK
3aruOaMX MiJ Jac emgemii.

Ha puc. 1 MoxHa MOMITUTH 3al€XKHICTh He OOMOBHMX BTpAT BiJl MOTOJHUX YMOB, 1 T€
HACKIJIbKU CWJIBHO €MiieMii MOKYTh BIUIMBAaTH Ha KiHLIEBUH pe3ynbTaT. (CTpuOKM *KOBTOI Ta CHHI
TiHiT BUKJIMKaHi emigemiero uymu y 1710-1711 pp. [2, ¢ 58-59]).

VY Hamii Moneni 3aJMIINAIAch OfHA HEBH3HAYEHICTh, a CaMe€ — 3HAYEHHs YyCIX HalIMxX
KOHCTaHT. IX Tpe6a BU3HAYaTH OKPEMO, MPOPAXOBYIOUH Pe3y/IbTaT KoskeH pa3. ToMmy Jopeuno Oyje
BUKOPHCTOBYBaTH HEHPOHHY MeEpexXy MpsSMOTo PO3MOBCIOJKEHHS — mepcenTpoH [6]. Ha Bxoau
NepCcenTpoOHa MOAAEMO HACTYIIHI apaMeTpH: CEepeHs TeMIlepaTrypa Ha Micsllb, CepeHs KiJIbKICTbh
OMaJliB Ha MICALlb, HOMEp MICIEBOCTI, KUIbKICTb /110 y moxoai. TakuM YMHOM, Ha HEepUIOMY Iapi MU
Oynemo matu 4 HeHpoHU. Y Hac € 6 KOHCTAHT, 3HaUEHHs SIKUX Tpeba miaduparu, TOMy Ha Jpyromy
nrapi po3MicTUMO 6 HEMpOHIB, HAa TPETHOMY APl — OJIMH BUXIIHUN HEHpOH, kUil Oyle BUJIaBaTH
IpPOIIEHT He OOHOBMX BTpaT Ha JAeHb. Mojelb HEHpOHHOI Mepexi NpeACTaBIeHO Ha puc. 2.
[TepcenTpoH BUIa€ MPOLEHT 3aru0INX y J€Hb.
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I SN

1705 1706 1707 1708 1709 1710 1711 172

— JTYUKHA JpEryHCHUA MoK HapBcKWA OparyHCHKWA Nonk
BonorogckHi OparyHCKHA NoaK CaHkT-MNeTepfyprchiil nonk
TENHLKHA MoK TonGyrHHa noak

Pucynok 1 — [Toka3Huku He O0WOBUX BTpAT Yy pi3HUX Migpo3aiinax Pociiicekoi immepii 3 1705 mo
1711 pp. [2]

0.406

Pucynok 2 — Apxitektypa HelipoHHOI Mepexi y cepenoBuill NeuroNet

Ane cepenHbOJO000BY TeMIlepaTypy Ta KUIBKICTh OMaaiB MU OepeMo 3 JTOCHTh
HEMepeBipeHuX JuKepen (Ai3HATHUCSA KUIBKICTh OMAaIiB y CEpPeIHbOBIYYS HEMOXKIHMBO), TOMY
IIPOMOHYETHCS 1HIA MOJENb HEMPOHHOI Mepexi, ska OyJae BpaxoBYBaTH TUIBKH THUI MiCLIEBOCTI,
HOpy POKY, Ta KuUIbKicTh Ai0 y moxoxi (puc. 3). 3aMmicTh AaHUX MPO TEMIEpPaTypy Ta KUIbKICTh
OMaJliB JOJIA€MO JIBAa BHYTPIIIHI IIapu (SIKI eMYJIIOI0Th TEMIIEpaTypy Ta onaau) 3 12 HeilpoHamu, 1o
YUCITY MICSIIIB Y POLI.
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0.323

0.329

0.347

0.400
0.544

> 0.268
0.481

0.321

] &

0.349

Pucynok 3 — ApxiTekTypa HelipoHHOI Mepexi y cepenoBuili NeuroNet

JInist CTBOpPEHHSI TECTOBUX MOJIENIECH JaHHI Uil HaBYaHHS OyJI0 CTBOPEHO TaKUM YHHOM, 100
OyiM JIy’Ke CXOX1 Ha peaibHi (MOKa3HUKU TeMIepaTypH Ta KUIbKOCTI OMaJliB BUKOPUCTOBYBAJIKCH
peanpHi). MeToro 1pOro eramy Oyja0 BHU3HAYUTH CaMy MOXIIMBICTH IMOAIOHMX pPO3paxyHKIB Ta
migiopaTi apxiTeKTypy HeilpoHHOi mepexi. s momaui JaHUX HA Mepexy Oylo IpOBEAeHO ix
HopMaJti3aiiito B aiana3oni Big 0 go 10 [6].

Ha erami ocraroyHoro HaB4YaHHA JJIi  yTOYHEHHS  BAaroBUX  KOEQIIiE€HTIB
BUKOPHCTOBYBAJIUCS CTaTUCTUYHI JaHi He 60ifoBux BTpar X VIII — XIX cromiTs.

BUCHOBKH
[TpoBeneHi MOCHIIHKEHHS JOBEIH, IO 3aCTOCYBaHHS HEHPOHHHUX MEPEK MOXKIHMBO JUIS
BUPINICHHS JIOCUTh CKJIAJHUX Ta HE CTAaHIAPTHUX 3aJad PO3PaxyHKY, 1 M0 BHKOPHUCTOBYIOYHU
JIOCUTh CHHTETHYHI JIaH1 Ha BXOJ1, MOJKHA OTPUMYBATH JIOCUTh KOPEKTHI JaHi Ha BUXO/II.
Onucany Tyt mogmens Oyno peanmizoBaHo y Buriigi WEB-cucremu mis pospaxyHky
BiliCbKOBHX BTpPAT y CEPEIHbOBIYYI Y paMKax JAUIJIOMHOTO MPOEKTY OaKanaBpy.
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MeabnukoB O.FO., MuxaiisioB B.}O. (Jounbacvka oepoicasna mawunobyoiena axademis, M.
Kpamamopcwk, Vrpaina)

3ACTOCYBAHHS HEMPOHHUX MEPEX JIJIsSI BAUSHAYEHHSA HAJIEXKHOCTI
PEYEHHS 10 KOHKPETHOI MOBH

Posensinymo npobnemy po3nizHagants MOGIEHH MA BU3HAYUEHHS. MOBU CKA3AH020 MeKCmYy. 3poOaeHo
BUCHOBOK, WO HAPA3L ICHYE 0esaKa KilbKiCmb 000amKie, 0e 05l BUSHAYEHHS MOBU UKOPUCTHOBYEMBCSL MEMOO
wmyyHux Hetipounux mepexc. Hagsedeno mooens netiponnoi mepeosci. 3asnaveno, axi 0ani HA0X00amsb Ha
6Xi0 Mmepedici 1 AKI nepemeopeHHs NpoBoOUNUCS HAO BXIOHUMU  Oanumu. 3a3HAYEeHO  KIOYO08L
Xapaxmepucmuxy, siKi U3HAYANUCS eKCcnepumenmanvhum wiasxom. Hasedeno pesynomamu pobomu mooeii.

The problem of speech recognition and determining the language of the spoken text is considered. It
was concluded that currently there are a number of applications where the method of artificial neural
networks is used for language recognition. A neural network model is given. It is specified what data is
received at the network input and what transformations were performed on the input data. The key
characteristics that were determined experimentally are specified. The results of the model are given.

Hapasi € Hu3ka TexHIYHUX 3ac00iB, sKi 3/1aTHI cipuiMaTH (pO3Ii3HABATH) ITOBIIOMJICHHS,
10 BUMOBJISIFOTBCS — II¢ KOMIT'FOTEpU, MEIUYHE CJIEKTPOHHE OOJaJHaHHS, aBTOMOO1II, MOOLITHHI
tenegonu Ta iH. Takok Ha PUHKY MPEICTaBICHO Oe3/liu KOMEpIIHHUX CHUCTEM PpO3Ii3HABAHHS
moBu: Voice Type Dictation, Voice Pilot Ta ViaVoice Bix IBM; Dragon Dictate Ta Naturally
Speaking Big Nuance Communications; Voice Assist Bij Creative Technology; Listen for Windows
Bix Verbex tomo. Lli cuctemu 103BONSIOTH TUKTYBaTH TEKCTOBI JOKYMEHTH Ta KEPyBaTH POOOTOIO
KOMIT'IOTE€pa 3a JIOIOMOIOI0 TOJIOCOBUX KOMaHJ. OAHaK CiiJi 3a3HAYUTH, IO OUIBLIICTE 3 HHUX
JIOCHUTH TOOpE MPAIIOITh TUTBKH 3 PO3MOBHOIO aHTTIHCHKOIO [1]. CTBEpIKY€EThCS, IO JIBI KIIFOYOBI
3ajadi po3Mi3HaBaHHS MOBU — focsirHeHHs 100% po3mizHaBaHHS Ha OOMEKEHOMY HAabOpi KOMaHJ
xoya O JUId OJHOTO JMKTOpA 1 HE3aJeXHE BIJl AUKTOpa pO3Mi3HAaBaHHSA O€3MEepepBHOTO MOBHOIO
MOTOKY B peaJlbHOMY MacIITabi yacy JOBUIbHOI MOBH 3 MPUHHATHOIO SIKICTIO — JI0CI HE BUPILIEHI,
MOTPY YHUCIICHH] CIpoOU BUPILLIEHHS IIUX 3aB/JaHb MPOTAroM ocTanHix 50 pokis [1].

Sk mpaBmII0, cHcTeMa PO3Mi3HABAHHS MOBJIEHHS CKJIAJA€ThCA 3 JBOX MOJAEJEH: aKyCTHYHOI
Ta jiHrBictuuHoi. Komn'torep 3ammcye 3ByK MOBHM y BHUIVIAAI LU(POBOrO CUTHANY, aKyCTHYHA
MOZIETb BIJNOBIZJA€ 3a IMEPETBOPEHHS MOBHOTO CHUTHAlIy Ha Hallp O3HaK, B SKHUX IIOKa3aHa
iHdopMalis mpo 3MICT MOBHOrO moBinomiieHHs. [Iporpama BHUKOHYe CKJIaJHUN aHalli3 MOBH,
MOPIBHIOIOUM ayniopparMeHTH 13 3allMCaHUMHU Ha 3TaJKy MOBHUMHU 3pa3kaMu. JIIHIBICTHYHA MOAETb
aHamizye iH(dopmarllito, ofep>KyBaHy BiJl aKyCTUYHOI Mojeni, 1 (OpMye OCTAaTOYHHM pe3yibTar
posmi3HaBaHHsA. Ha OCHOBI MMOBIPHICHOTO pO3paxyHKYy KOMIT'IOTEp BH3Ha4ae, L0 caMe MIr
BUMOBHTH KOPHUCTYBad. B OCHOBI Mojeni JIeKHTb TOHATTS (poHEeMH — HaWMEHIIOi aKyCTHYHOI
OMHMLI MOBH. Y Tpoleci HaBYaHHS KOMI'IOTEpP pO3Mi3HA€ HAWBaXJIMBIIII O3HAKU BHMOBH
KopuCTyBaueM (OHEM 1 3alKcye OTpUMaHi J1aHi K MpoQuIio KopucTyBaya [2].

VY Mexax 3aBlaHHs pO3Mi3HaBaHHS MOBHM MOXXKHA Ha3BaTW OKpEMY IiJ[33aady — BU3HAYCHHS
MOBH CKa3aHOTO TeKCTy. TyT He Ba)KJIMBO, L0 CaMe€ MII BUMOBHMTHU KOPHUCTYBad, 1 HE MOTPIOHO
BUUICHHS OKpeMUX (DOHEM 31 CKa3aHOTO TEKCTY, 1110 CIIPOIILYE PIlLICHHS.

[IpoBenennii aHamiz po3poOOK TMOKa3aB HASBHICTP HU3KM JaoaarkiB [3-5]. VYV Beix
PO3MISHYTHX MPUKIAAAX sl BU3HAYCHHS MOBHU BHUKOPHUCTOBYETHCS METOJ IITYYHHX HEWPOHHUX
Mepek. PazoM 3 TUM HiJle HE HABOAUTHCA KOHKPETHA apXiTEKTypa 3acTOCOBAHOI Mepexi. Yci
OIMCAaHI CUCTEMH € KOMEPIIMHUMU PIIIEHHSMH Ta MalOTh BUCOKY BapTiCTh.
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[TocTaBneno 3apnaHHs po3poOku iHGOpMaIiiiHOl cucTeMu (CIIOYaTKy — CUCTEMH MiATPUMKH
OPUMHATTA pillieHb, Hajalli — MOOUIRHOTO J0AaTKa), IO JO03BOJSE MICIS MPOBEICHOIO aHali3y
3aIMCy TOJI0COBOTO MOBIIOMIICHHS BU3HAYUTH, SIKOIO MOBOIO OYJI0 BUKOHAHO II€ MTOB1IOMJICHHS.

JlJis 1poro NOIUIBHO BUKOPHCTOBYBAaTH MOBY IporpamyBaHHsi Python i GiGmiotexu pywt,
soundfile, pickle, numpy. Takoxx Hazmani iCHye MOXIJIMBICTh 3aCTOCYBAaHHSI CTOPOHHIX BIJIKPHUTHX
API cepsicy Silero.

ApXITEeKTypa Mepexi — OaraTomapoBHil MEPCENTPOH, SIKUH MICTHTh N HEHPOHIB BXiTHOTO
niapy, TpYU NPUXOBaHI IIapu po3MipoM (n + 2) KOXKEH 1 BUXIAHHM mmap po3mipom 2 (puc. 1).
Binnosine HagaeTses y ¢opmi iMoBipHOCTI. [l HAaBYaHHS HEHPOHHOT Mepexi OyI0 BUKOPUCTAaHO
METOJI 3BOPOTHOTO MOIIUPEHHS MMOMHJIOK i3 3aCTOCYBAaHHSIM aJTOPUTMY IpalieHTHOTO cirycka. [lin
yac iHimiamizamii HEHPOHHOI Mepeki Bard HEWPOHIB 3aJal0TbCs BUIAJAKOBUM 00pa3oM 3
NnoJajbIIUM KOpeKTyBaHHAM. Sk (yHKuis akTuBalii Bukopucranacs ¢pynkuis sigmoid. [Tomunka
o0umcIToBaIacs 3a JOMOMOTOK CePEIHbOKBAIPATHYHOTO BIAXUIICHHS [6].

Input Layer € R'® Hidden Layer € R

Pucynok 1 — IIpuknan veifponnoi mepexi MLP 10x12x12x12x2

BxingHi gaHi HAAXOAATH Y BUTIIAII IEPETBOPEHUX AUCKPETHUX 3HaUeHb. [1i7 mepeTBopeHHsIM
Ma€ThCSl Ha yBa3i, IO JUCKPETHI 3HAUYEHHS 3a JOMOMOTOI0 JHMCKPETHOTO BEHBIIET-TIEPETBOPECHHS
Oyiu TpOpiKeHi, y pe3yabTaTi 4oro 3’ BISIOThCA KOe(illieHTH anpoKkcuMartii i aeranizamii. Taky
MpoIeNypy MOXHA TOBTOPUTH KuTbka pasiB. KirodoBuM mapamMeTpoM BHUCTyMae piBEHb
posknaganns — dl [7].

Kinpkicte cxoBanux mapiB hl = 3 obymoBneno tum, mo mpu hl < 3 edexTuBHICTH
BU3HAYEHHS MPUHANIEKHOCTI MOBH najana Ha 20%, 1110 Oys10 HEMPUITYCTUMHM.

st mepeBipku Tpare3aTHOCTI OyJ0 CTBOPEHO S5 JMPEKTOpId, SIKI HAIMOBHEHI 3pa3KaMu
pociiicekoi Ta aHrmiiicbkoi MoBU. Ko)kHa TUpeKTopis HapaxoByBaia Mo 5 3pa3KiB KOXKHOT MOBH. Y
Tabn. 1 HaBeAeHO pe3yabTaTh poOOTH HEUPOHHOI MEPEXKI IBOX TUPEKTOPIh. PesympraTn iHmmx 3-x
HE 3HAYHO BIJPi3HSIIOTHCS.
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Tabmuus 1 — Pesynbratit po60TH HEUPOHHOT MEpPEXKi

eng 0.99979599 0.00020401
eng 0.99975415 0.00024585
eng 0.99976293 0.00023707
eng 0.99995951 4.04938865e-05
eng 0.99808374 0.00191626
rus 1.15805388e-05 0.99998842
rus 3.49035619e-05 0.9999651
rus 5.7168482e-06 0.99999428
rus 1.18034111e-05 0.9999882
rus 1.60860732e-05 0.99998391
eng 0.99979636 0.00020364
eng 0.99979615 0.00020385
eng 0.99972935 0.00027065
eng 0.9997959 0.0002041
eng 0.99979615 0.00020385
rus 5.52566322e-06 0.99999447
rus 1.11128233e-05 0.99998889
rus 1.19122191e-05 0.99998809
rus 5.70699932e-05 0.99994293
rus 1.6217521e-05 0.99998378
BUCHOBKHA

MosxHa 3poOUTH BHCHOBOK, 110 3 25 3pa3KiB BIpHO pO3Mi3HAHO 23, a 1€ CTaHOBUTH 92%.
HIBuaxicTs po3mizHaBaHHs 1 mupekrtopii 3 10 3paskamu nopiBHioe 0.0269. 3'acoBaHo, 1m0 1Jis
BUKOHAHHS TIOCTABJICHOTO 3aBJaHHS ONTHUMAJIBLHUM PIBHEM JIEKOMITO3UIT (pIBHEM PO3KJIAIaHHs) €
dl = 8. Ilpu dl > 8, sKicTh HABYAHHS HEWPOHHOI MEPEXi 3HAYHO MOTIPLIYETHCS i 3HUKYETHCS 110
85%. V Bunaaky dl < 8 edeKkTHBHICTb 3aJUIIAETHCS TAKOIO X, 1m0 ¥ mpu dl = §, anme KiIbKICTh
BX1/IHUX JJaHUX 301IbIIYETHCS, 0 CIPUYMHSE 3MEHIICHHS IIBUKOCTI PO3ITi3HABAHHS.
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22. BongapeHko M.O. PosmizHaBaHHSI  MOBM: eranu  pPO3BUTKY, CydJyacHI
TeXHOJIOr1l 1 HepcHexTuBy Iix 3acTocyBaHHs / M.®. BoHmapeHko, A.B. Pa6orsros, C.B.
llenxkoBCcekmit // BioHIka 1HTEJEKTy: HAayK.-TexH. XypHasa. - 2010. - 8w 2 (73). - C.
164-168.
23. Buumpox T. K. AHamm3, pacrnosHaBaHME M MHTepHpeTalusa PeYeBEX CHUI'HAJIOB
/ T. K. BuHipk. — Kues: Hayk. Oymka, 1987. — 262 c.
24. Spoken Language Identifier - API mu pgemMoBepcus. [EJIeKTPpOHHMI pecypc]
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YK 621.2

KoBaaeBcbkuii C.B., KoBaneBcbka O.C. ([Jonbacvra depocasna mawuno6yoiena axaoemis, M.
Kpamamopcvk — Tepnonins, Yrpaina)

YHIBEPCAJIbHI ETAJIOHHI MOJIEJII HA HEHPOBA3ICI

Tlobyoosani modeni scopcmrocmi MexHOI02IUHOT cucmemu gepcmamy Ha 0a3i HelupOHHUX Mepedic
003601IA110Mb  6CIAHOBUMU  83AEMO38'I30K MIdIC NaApamempamu (pexcumamu pisauHs, 6elUdUHON ma
HanpamMoM CUNU PI3AHHA, NPYICHUMU NepeMIilyeHHAMU 8 CUCmeMi eepcmam-iHcmpymenm). Ynpaeninus
MOYHICINIO HA  YbOMY YCMAMKYBAHHI 30IUCHIOEMbCS. 3A  PAXVHOK B68E0HHS CKOPULOBAHUX BXIOHUX
KOOpOuHam.

It is proved in the work that the constructed models of rigidity of the technological system of the
machine tool based on neural networks make it possible to establish the relationship between the parameters
(cutting modes, the magnitude and direction of the cutting force, elastic movements in the machine-tool
system). Accuracy control on this equipment is carried out by entering adjusted input coordinates.

OpHuM 13 MEepCHeKTUBHUX MIAXOJIB J0 YIPABIiHHS MPOLIECOM MEXaHOOOPOOKHM HAa OCHOBI
€TAJIOHHOI MOJIETIl € 3aCTOCYBAaHHS HEHPOHHUX MEPEK.

3acTocyBaHHS HEMpPOHHOI Mepexi, L0 HaBYAEThCA, SIK MOJENIb JIO03BOJUTH 3aMIHUTH
CKJIagHy 0araToBUMIipHY (DYHKIIOHAIBHY 3aJI€KHICTh OUIBII MPOCTOI0 MEPEKEBOIO CTPYKTYPOIO.

Koopaunarito aiif Ta ynpaBiiHHS BXiJHUMHU NPUCTPOSIMU MOJENI BUKOHYE CUTHAIBHUN
POIIECOop, a BCE 0OYNCITIOBAIBHE HABAHTAXKEHHS 110 00po01Ii JaHuX Oepe Ha cebe crierianizoBaHui
HEHpOMepeKeBUN MPOIIECcOp, 10 MICTUTh Yy CBOIX PETiCTpax MaM'sTi HEUPOMEPEKEBY IMITAlIHY
MO/JIeNIb KOHTaKTHUX MPOIIECIB IPU Pi3aHHI, OTpPUMaHy Ha eTari HaBYaHHSI.

VY 3aranpHOMYy BUIIIAII iH(OpMaIlliiiHa MOAENs MPOCTOPOBOI MKOPCTKOCTI BKJIKOYAE BCI
YHUHHUKH, IO JIOTh y mporeci GOpMOYTBOPEHHS, a TAKOK HAOYHO AEMOHCTPYE B3a€EMO3B'SI30K MiXK
yciMa napamMeTpamMH TEXHOJIOTIYHOT CUCTEMH.

[Ipn 3MiHI pexuMIB pi3aHHS 3MIHIOIOTBCA 3YCWIIS Ta BelIMYMHA jAedopmariii, OTKe
3MIHIOETBCSI TPAEKTOpis pyxy iHcTpyMmeHTy. I1[o6 3abe3nmeunTd HEOOXiTHY TOUHICTH PO3MIpY,
HEOOX1IHO CKOPUTYBAaTH KOOPANHATY MOJOKEHHS IHCTPYMEHTY.

BukopucroByroun perpeciiiHi MeTOAM, BAAETHCS 3a0€3MEUUTH alpOKCUMAII0 JAHUX TPH
o0poO1l KOHTYpYy JeTajli He IIOBHOIO MIpOI0, TOMY 3alpOlOHOBAaHO BHUKOPUCTOBYBaTH
KOMYHIKaTHBHI cucTeMu oouncioBanbHuX enementis (HC).

VY Takomy pa3i HeoOXiJHa KOpEKIis BiIOYBAa€ThCS 3a IMPOrpaMor0 Imepes 0OpoOKOro
3aroTiBii. 3a JOMOMOIOI0 €TaIOHHOI MO, MOoOy/I0BaHOI Ha OCHOBI PEKYPEHTHUX 3aJIeKHOCTEN
(HC), 3matHoi koMmmeHcyBaTu TpyxHI nedopmailii, MO)KHAa BUSBUTH 3HAUYCHHS BiJIXWICHHS Bif
HOMIHAJIBHOTO PO3MIPY KOHTYpY. BBeleHHSM yTOYHEHHMX KOOpAMHAT 3 TOMpaBkow A (MKM) B
porpamy, 10 yIpaBisie, MOKHA 3a0€3MeYUTH TOYHE MOJIOKEHHS (pe3u I1110A0 3aroTiBii, TOOTO
ABTOMATHYHO KOPHUTYETHCS TPAEKTOPIS PyXy IHCTPYMEHTY, a OTXKe, 1 pekuMu pizaHHd. [Ipuuomy
pyX 1HCTPYMEHTY BiIOyBa€TbCAd 3 OJHOYACHUM CKOPOYEHHSIM 4YHCIa MPOXOAIB Ta HEOAPYKEHHX
XOJIIB IHCTPYMEHTY.

KommiekcHe MonenmoBaHHS J03BOJISIE BpaxyBaTH SIK MaKCHUMaJIbHE YHCIO 30BHINIHIX
BIUIMBIB, a i, HAMrOJIOBHIIIIE, TPOCTEKUTH BIUIMB YHHHUKIB APYT HA APYyTa i CUCTEMY Y LIIJIOMY.

[lopiBHSIHHS CTaTMYHMX Ta JWHAMIYHUX pPE3yJbTaTiB IOKAa3aJ0 iXHIO 1IEHTUYHICTb.
ExcniepuMeHTanbHi 1aHi, OTpUMaHI MiJ Yac TOCIiKeHb, 3aMIHIOIOTHCS CYKYITHICTIO MAaTEMaTHUYHUX
3AJIEKHOCTEM.

Sk BuXimHi qaHi Oynu NIPUIHATI:

X, Y, Z — KOOPAUHATH KOXKHOI 3 TIOCHIPKYBAaHUX TOYOK 32 BIATIOBIAHUMHU OCSIMH;

AX, Ay — BIAXWJIEHHS BiJ 3371aHOTO PO3Mipy IO OCAX X Ta Y.
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3HayeHHA BIAXWIEHb (iKCyBaJHCs MIKpoMeTpax. 3a TMOJANbIIMX PO3PAXyHKIB IS
IPUBEJCHHA JAHUX IO OJTHAKOBOI PO3MIPHOCTI 3 METOIO 1100y 10BY HEHPOHHOT MEpEsK1 BCl 3HAUEHHS
Oynu B3STi 32 MOJYJIEM.

PX, Py — BenuumHa NpUKJIAACHOTO 3YCWUIA IO KOOPIMHATHUX OCAX X Ta y. 3HA4YECHHs
3ycuiuis ctaBuiocs y H.

IIpu cTBOpEeHHI Mepeki BUKOPUCTOBYBAIIUCS MEPEXI 3 JIBO- Ta TPULIAPOBOIO CTPYKTYPOIO.
[Ticnss mpoBeZieHHs aHaNi3y HaBYaJbHOI MHOXXHUHHU, CKOPOYECHHS HEHPOHIB, CKOPOUYEHHS YHCIIa
HEOJHOPITHUX XOA1B OYy/Iu CKJIaZeH1 BepOalibHI ONMCH HEUPOHHOI MEpPEexi.

Jlnist yripaBIliHHS IPOIIECOM KOPEKIIil, IepIl 3a Bce, HEOOX1AHO BHECTHU JI0 €TaJOHHOT MO
XapaKTEePUCTUKH CTaHy €JIEMEHTIB TEXHOJIOTIYHOI CHUCTEMH, IPOBIBLIM aHali3 poOouoi 30HM 3a
JIOTIOMOTOI0 METOJIMKHU JAOCIIPKEHHS MPYXHUX nepeMinienb TC BepcTaTa Ta iIHCTPYMEHTY.

OTpumaBIlM Ha BUXOJIl MEPEeXi 3HAUE€HHsI KOMIIEHCOBAaHUX KOOPAMHAT JJIs1 0OpOOKH, MOYKHA
BBECTH B Kepywody mporpamy Bepcrara 3 UIIY i 3abesmeuntn Oinbin TouHy 00poOKy. ITifm
TOYHIIIOK OOpPOOKOI0 PO3YMIETHhCS 3MEHIICHHS IIOJIsI PO3CIIOBAaHHS BIIXWICHb BiJ 3agaHOl
TPa€EKTOPIi.

BBenenns B kepyrouy nporpamy HOBHX KOOPIMHAT 3 ypaxyBaHHSIM yCyHEHHs A3abe3mneuye
TOYHE TIOJIOKEHHS IHCTPYMEHTY III0JI0 KOHTYPY ACTalIl, 0 00pOOIISEThCS.

VY mnporeci 06poOku rubOuHa t, MMpPUHA Pi3aHHS 3MIHIOIOTHCS B IIMPOKHX MEXKax, IO
00yMOBITIO€ 3MiHY OKPYKHOI, paJiajibHOT 1 OChOBOI CKJIQIOBUX CHJIM pizaHHsA. Ha Bxomi dakTmune
3HAYEHHS CUJIM PI3aHHS KOPUTYEThCS 3 ypaXyBaHHIM MOXIIMBUX MPYXKHHUX MEPEMILIEHb Y poOOUiii
30H1 BEpCTara, i 3aJIeKHO BiJl Y)KOPCTKOCTI €JIEMEHTIB TEXHOJIOTTYHOI CUCTEMH HA BUXO1 OTPUMYEMO
HOINIPABKY KOOPJIMHATH TPAa€eKTOpii. TaKuM YMHOM aBTOMATUYHO KOMIIEHCYETbCS BIJXUIICHHS CHUIIM
pi3aHHS BiJ 3a7]aHOTO 3HAYCHHSI.

Po3pobnenuii MeToJl MOJENIOBaHHS JKOPCTKOCTI €JIEMEHTIB TEXHOJIOTIYHOI CHCTEMH
BepcraTa nepeadavae IMPOBEIACHHS KOPUTYBAaHHS TMOJIOXKEHHS I1HCTPYMEHTY Iiepes 0oOpoOKOro
netani. ToOTO MOCATHEHHS TOYHOCTI 3a0e3MeuyeThcss TEXHOJOTIYHMM CIOCcOO0M 3a paxyHOK
BBEJICHHS B TIPOTPaMy, IO YIIPABIIs€, HOBUX KOOPIMHAT TPAEKTOPII.

3acTocyBaHHs MOJIEJIel HAa OCHOBI PEKYPEHTHUX 3aJIe)KHOCTEN OyJI0 BUNPaBAaHO HASBHICTIO
BEJIMKOro o0cAry BXiJHOI 1H(popMallii Ta JTOCTaTHHOI KUIBKOCTI MPHUKIAIIB, a HEMPOHHI Mepexi
ONTUMAJIBHO MIJIXOAATh Ul pO3Mi3HaBaHHA o00pa3iB Ta BHpIIEHHS 3aBJaHb Kiacugikarii,
ONTHUMI3AIlll Ta IPOTHO3YBAHHS.

Jlns moJanplioi 3pyvyHOCTI OOpPOOKM JaHUX 3a JIOMOMOTOI0 HEWpOMEpekKeBHX Mojelei
eKCIIEpUMEHTAaJIbH1 3HAaYeHHSI IPU3BOASATH 10 €JMHOI PO3MIPHOCTI.

Jlns mpencTaBieHHs JaHUX 3 METO peaii3aiii HelpomepekeBoi Mojiesi HEeoOX1AHO
BpPaxoOBYBaTH pPO3MIPHICTh, TOOTO JaHi HaBOIATHCS JIMHAKOBa PO3MIPHOCTI (BIUIMB OJUHMUIID
BUMIPIOBAHHS B IaHOMY BHIIAJIKy HE BaXKJIUBO).

Takum yrHOM, TIEpeBaror Mojesi € 1 He3aJIeKHICTh BiJl 3aKOHY PO3MOJLTY PO3MIpiB, IO
YaCcTO YCKJIAJHIOBAJIO 1HII METOH MOJIETIOBaHHS.

[Ipuctynatoun 10 CTBOPEHHS KEpYyrOuoi Mporpamu, HEOOXIAHO BUKIOYMTH HMOBIPHICTH
rpyOuX BIOXWJIEHb BiJi HOMIHAJIBHOTO po3Mipy aAaHux. IIpu po3pobui mopmeni TpaauuidiHUMU
METOJaMH HaBiTh MPH MPOBEACHHI PETEIHHOTO CIUIAHOBAHOTO €KCIIEPHUMEHTY MOXYTh BUHHKHYTH
HEOJIHOPI/IHI J1aHi, 1 iX apoKCUMallis BiTOMUMHU MOJESIMU Ja€ JOCUTh BUCOKY TTOMUIIKY.

[ToGymoBani Mopem  OPCTKOCTI  JTO3BOJISIIOTH  MPOCTEKHUTH  B3AEMO3B'SI30K  MIXK
napameTrpamM (peKMMaMM pi3aHHS, BEJIMYMHOIO Ta HANPsIMOM CHJIM pi3aHHA, MHPYKHUMH
NEePEeMILIEHHSIMU B CUCTEM1 BEPCTAT-IHCTPYMEHT). YIIpaBIiHHS TOYHICTIO Ha I[bOMY yCTaTKyBaHHI
3IHCHIOETHCS 32 PaXYHOK BBEJICHHS CKOPUI'OBAHUX BX1JHUX KOOPAMHAT.
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VK 629.735.083.03.004.58

KoBaaeBcbkuii C.B., Cugwk .M. (Hounbacvka Oepocasna mawunobyoiena axaoemis, M.
Kpamamopcvk — Tepnonins, Yrpaina)

BUKOPUCTAHHSA NEURAL NETWORK MODELS AJIA JIATHOCTUKH CTAHY
OB’€EKTIB MAIIMHOBY 1YBAHHA

Llenv npeocmaenenuoli pobomu NOAA2AE 8 CMBOPEHHI MAMeMAMU4HOI MOOeni 3anedCHOCI
napamempie CHpasHOCMi Ma HeCHpPAasHOCmi 00 €kmie 6i0 amniimyOHO-YACMOMHOI XAPAKMEPUCTUKU.
Bupiwennsa npobremu nonseac y GUKOpUCMAHHI THCMPYMEHMIE HEUPOMEPENCHO20 MOOENI08AHHA 04
KOpmedxcy npeyedeHmis y eueisiol CUeHamyp.

The purpose of the presented work is to create a mathematical model of the dependence of
parameters of serviceability and malfunction of objects on the amplitude-frequency characteristic. The
solution to the problem is to use neural network modeling tools for a tuple of precedents in the form of
signatures.

[IpoGnema cknaganHs BUpoOiB y MaIMHOOYAyBaHHI MOJSATA€ y KOHTPOJIl TOTOBOT MAlllMHU
Ta NPU3HAYEHHI ONTUMAJBHOTO CTPOKY ekcrutyatauii. KoHTponas BupoOy mHojsrae y cXo[KeHHi
PO3MIpHHUX JIAHIIIOTIB Ta BIACYTHOCTI 3aiiBUX IIyMiB, BiOpallii, MoJaMoOK Ha eTari BUIPOOyBaHHA. Y
pa3i BHXOIy XapaKTepPHCTUK 32 MEXI HOPMH, BUHUKae morpeda po3OMpaHHs, OKpEeMOi mepeBipKu
BY3JIiB Ta SKOCTI ckianaHHs. lle 3aiimae BenMKWH MPOMIKOK dYacy, OUIBIIMH 3a CTaHAapTHE
CKJIaJaHHs TOTOo X BHPOOY, MoTpedye KBalmi(iKOBaHMX TPAIIBHUKIB Ta JEKUIBKOX BHUJIB
oOmagHanHA. PazoMm 3 THM, BIAMIHHICTH TMO3WIIHHUX pO3MIpIB JAeTanell OJHAa BITHOCHO OJHOI,
BeJIMYMHA TIO(TIB, HATATY, BHYTPIIIHIA CTaH Marepially Ta MOBEPXHI BiJl 1I€ATbHUX MOXYTh
CYTTE€BO He BIUIMBATH Ha IIyM Ta BiOparii, ane cCKopouyBaTH CTPOK CIyX O BUPOOY, MPU3BOATUH
710 oJlaMKH. PimeHHsAM 11i€l mpo6ieMu € CTBOPEHHS MOJIeN AJIsi BU3HAUEHHS PUIATHOCTI MallIMHU
Ta MO>KJIMBOTO HECTIPABHOT'O CTaHYy.

Mera poboTu TONSITaE 'y CTBOPEHHI MAaTeMAaTHYHOI MOJEINI 3aJIeKHOCTI IapaMeTpiB
CIPAaBHOCTI Ta HECIPABHOCTI BiJl aMIUIITYHO-4aCTOTHOI XapaKTepUCTUKU. BupimeHHs npobdiemu
MOJIATa€ Y BUKOPUCTAHH1 IHCTPYMEHTIB HEHPOMEPEHKHOTO MOJEIIOBAHHS JUIsl KOPTEXKY IPELEICHTIB
y BUTJISZII CUTHATYP.

[lomepenns rimore3a — aMIUNTYIHO-4acTOTHA XapaKTepUCTHKAa BHUPOOYy Mae JOCTaTHIN
piBeHb 1H(GOPMATUBHOCTI JAJS JAIarHOCTMKH CTaHy HECIpPaBHOCTI MEXaHi3My 3a JeKiIbKoMa
napaMeTpamH.

IIpoBeneHHs eKCIEPUMEHTAJBLHUX J0CTIKEHb

VY skocti 00’€KTa AOCHIIKEHHS BHUCTYNA€ JOBUIbHA Ipyla peryKTOpiB OfHIEI cepii Ta
TUnopo3Mipy. YactuHa 3 HUX NpUaTHA MICIsI KOHTPOJIIO Ta BUIPOOYBaHHS, a YacTHHA (JIOBUIbHA)
Ma€ IMEBHI MNOpYyIIEeHHS 3 OOKy SKOCTI CKJIaJaHHS, SKOCTI TOKYIMHUX BHpOOIB Ta THUX, IO
BUTOTOBJICHI Ha MiANPHEMCTBI. OCKUIBKM JOCTIDKEHHS BHMAara€ HasBHOCTI BEJTUKOI KUTBKOCTI
OJTHAKOBHX PEAYKTOPIB 3 MEBHUMM MOJAMKaMH, TO HPUHHATO PILIEHHS CKJIACTH TEOPETHYHHM
KOPTeX JaHUX Ui TeopeTWyHoi mojeni (puc.16). ¥V SKOCTI NPUCTOCYBaHHsS JJsl TeHeparii
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CKJIAJTHOTO BIUIMBY Ha BHPIO Ta MPUUHATTS CUTHATY MOKE BHCTYINATH KOHCTPYKIIis, ToMi0OHA 10
panimie npuitHATol (prc.13) Ta ckiIanaTrcs 3 JaTYMKa-TeHepaTopa Ta JaTYnKa-34UTyBaHHS.

[IpunaTtHe
3a30
Xl Mogens 1 P .
IMAOINUITHHUKA
Xn '
> Pi3n00Be
KpIiIlUICHHSA

Pucynok 1 — TeopeTruuna mojienb BU3HAUYEHHS MPUIATHOCTI BUPOOY Ta MPUYUH BIAXUJICHHS BiJ
HOPMHU Y 3aJIe)KHOCTI BiJ] aMILTITYyJTHO-4aCTOTHOI XapaKTePUCTUKU

Koprexx manux (tabn.l) A0 KOAyBaHHS CKJIQJa€TbCs 3 CHUTHATYpH BHpPOOYy Ta HaboOpy
napameTpiB, SKi MalOTh 3HAYCHHS CIIpaBHE/HECTIpaBHE (TaK/Hi).
Tabmuus 1 — 3aranbHuil BUTIISL TA0IUI TIPEIeICHTIB

Ne Curnarypa [Tapametpu BupoOy
Tl Xy | ..o XNt | XN | TIpuparne 3a30p miamunHauka 1,2 Pi3p00Be KpirieHHS
1
2
n

VYci napamerpu, okpiM «lIpuaatHey, MatoTh BIIHOIIEHHS 10 HECIIPABHOTO CTaHy 00’ €KTY Ta
MO3HAYal0Th €JIEMEHT HEeCHpaBHOCTI 0e3 yTOYHEHHs (30UIBLIMTH/3MEHIIUTH JHOQT, K 3MIHUTH
MOJIOKEHHS ILIECTEPEHb, CHITy HATATY KPIMMIBHUX 3’€HaHb, KIJIbKICTh TYMOBUX MPOKJIAJ0K TOIIO).
VY 3a1eXHOCTI1 BiI HOMEHKJIATypy BUpOOy MpaBa 4acTUHA TaOIUI[l MOYKE 3MIHIOBATUCH.

VYci pe3ynbTaT MEepeTBOPIOIOTHCS Ha HABYAIbHY Ta TECTOBY MHOXKHHY, Ha OCHOBI KOTpPHUX
OyIyeThCsl HEHPOMEpEKHA MOJICIIb.

JlonaTkoBe g0CaiTKeHHS

AHAJIOTIYHO 3 OCHOBHHM JIOCHIJKEHHSIM BH3HA4YE€HHS CIPABHOCTI CKIJIAJAaHHS BHUPOOY,
JIOJJATKOBE JIOCHIJKEHHSI MPOBOJAUTHCS JJIS JOBUIBHOI TPYNMU PEIyKTOPIB OJHi€l cepii OJHOro
TUIIOPO3MIPY MPOTATOM Hacy JI0 MepuIoro peMoHTy. OCKUIbKM JOCHIIKEHHSI BUMara€ HasiBHOCTI
OJTHAKOBHX CIPAaBHUX PEIYKTOPIB, TO MPHUUHATO PIMICHHS CKIACTH TEOPETHYHUH KOPTEX JaHUX
(Tabn.2) mms TeopeTHyHOi Momemi (puc2). 3HATTS CHTHATYPH MPOBOIUTHCS HA OAHOMY W TOMY
caMOMy PEIYyKTOpi depe3 OJHAKOBO TPUMHATI TPOMDKKH dYacy [0 TIEpIIOi IOJaMKH.
[TpucTocyBaHHs A5t TeHepallii Ta MpUHMaHHS CUTHATY HE 3MIHIOEThCSL.
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Tabnuus 2 — 3aranbHuil BUTIIS TAOJIUI TPEIe/ICHTIB

No Curnatypa [TapameTrpu BupoOy
T Xyl ] Xner | XN TEekcn i 1 ITigm.2 Ilecrt.1 Ilect.2 Boar
1
n
TEKCH
X1 3a30
s Monens 2 P s
M AOIXUITHUKA
Xn '
> Pi3s00Be
KPiIJIEHHS g

Pucynoxk 2 — TeopeTnyna Mo/ie/b BU3HAYCHHS Yacy €KCILTyaTalii 10 Mepioro peMoHTy y
3aJIeKHOCTI Bl aMILTITYTHO-4aCTOTHOI XapaKTEPUCTHKH

KopTtex nanux ckianaeThCcs 3 CUTHATYPU CIIPABHOTO PEYKTOpa y JiBii YacTHHI, K BXO/IB
mozeni. [IpaBa yacTuHa CKIIaAaeThCs 3 TOKa3HUKA YacCy, KU MPOIPAIIOBAaB PEAYKTOP 10 MEepIIoi
MOJIaMKH Ta TapaMeTpiB MOKJIMBUX HeclipaBHOCTEH. Yac ekcrutyaTailii BKa3yeThCsl y TOJUHAX, 1HIIT
MOKa3HUKH [MO3HAYAIOTHCS y MeXax ClpaBHE/HeCIpaBHE (Tak/Hi). Y Ci pe3ysbTaTH MepeTBOPIOIOTHCS
Ha HaBYaJIbHY Ta TECTOBY MHOXXHMHY, Ha OCHOBI KOTPHUX OYAY€EThCSI HEMpOMEpEeKHA MOJIETIb.

¥Y3aranbHeHHS pe3y/bTaTiB

IlepeBipsieTbes rinoTe3a 10CTaTHHOI 1HPOPMATUBHOCTI aMIUTITYTHO-4aCTOTHOT XapakTepu y
SKOCT1 CUTHATypH JJIsl BU3HAYEHHs cIpaBHOCTI. JlocmipkeHHs nepIoi MoJieni J03BOJIsie BU3HAYaTh
CIPABHICTh MAIMHM Ta BHM3HAYaTH HEJOJIKM CKJIaJaHHsS Oe3 MNpoBeaeHHs 0araroyacoBOTro
BUNIPOOYBaHHSA Ha XOJIOCTOMY XOAY Ta IiJ HaBaHTaXEHHsAM, Oe3 NpoBeleHHS po30opy,
JOCIIJKEHHSI KOYKHOTO €JIEMEHTa Ta SKOCTI CKJIaJaHHS 3 HACTYIHHM TOBTOPHUM CKJIQJIaHHSIM.
3aMicTh 1LIbOTO, Yy 3aJI€KHOCTI BiJ KUIBKOCTI JOCHIDKYBAaHMX NapaMeTpiB y IMpaBiii 4YacTHHI,
MOXXJIUBO BH3HAYATHU CIPABHICTH 3a JOTIOMOTOIO OJHIET omeparii 3 TOYHOK BKa3IBKOI CIA0KOi
JaHKH.

Jlpyra MoJiesib Opi€HTOBaHA Ha KOHTPOJIb CTaHy BUPOOY MiJ] Yyac eKCIUTyaTallii Ta MporHo3y
IMOBiIpHOTO uacy Oe3nepepBHOiI poOOTH 10 MEpIIOro pPeMOHTYy. BupilieHHs 3BOpOTHOI 3amadyi
MOJISITa€ B YIPABIIHHI TEXHOJIOTIYHUM TporiecoM (puc.3).
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Pucynok 3 — Monens ynpasninus TII Ha ocHOBI yacy ekcrutyaTarii

PuHOK 1MKTye yMOBM BHMKOPHCTAaHHS HOBOrOo OOJaJHaHHS, HOBHUX TEXHOJIOTIH,
ONTUMAIIBHUM CTpOK ekcruryaTamii Mamuan (Toy) s crBopennst TI1 noBux Bupo6iBs. Lleit cTpox
BU3HAYAETHCS AJI KOXKHOTO THIYy MAlllMH OKPEMO TaKUM YMHOM, IO iCHyroue OOJiaJiHaHHS He
3aTPUMYBAJIO OHOBJICHI MAalIMHK (IOBruid yac poOOoTH) Ta 3a0e3redyBasio BUKOHAHHS MPOTPaMH.
OpHak, 3Ha4yeHHs Inepiogy poOoTH, sKe ImependadaeTbCsi Ha eTall HPOSKTYBaHHS, MOXe
BIJIPI3HATHUCS BiJ pealbHOTO Yepe3 HempaBuibHO cTBOpeHuid TII (Bemuki BHYTpIIIHI HANpy>KEHHS,
HU3bKa SKICTb MOBEPXHi, HEMPAaBUIbHO 0OpaHi peXHMHU pi3aHHS), MOXUOKY CKIIAJaHHS, HU3BKY
AKICTh MOKYITHUX BUPOOIB TOILIO.

Taki MamMHU CTanM ETaJOHHUMH MOJENSAMHU Il HEHpOMEpPEKHOTrO0 MOJENIOBAHHA 1
dopMmyroTh HOBHI yac poOOTH (Tek). P13HMIIS yacy ekcrryarartii 1o moiaMkH (po3paxyHKOBOIO) Ta
ONTUMAJILHOTO Yacy Ja€ MiJCTaBU abo sl BU3HAYEHHS MPHUJATHOCTI O eKCIulyaTtamii (pi3HUIL
outpiie 0), abo [7si yMpaBIiHHS TEXHOJOTIYHHUM TPOILIECOM BUTOTOBIICHHS JIeTajed (3a yMOBH
BiJIMOBIAHOCTI MOKYITHUX JeTallel CTaHapTaM) 3 METOI OMTUMI3allii.

VY cBow dYepry, MeTojJ OTPUMaHHS 3aroTOBKH, ONepalii MeXaHI4HOi OOpoOKH, TepMiduHa
00poOKa, CKJIaJlaHHs Ta BUIIPOOYBaHHS BU3HAYa€e cOOIBApTICTh BUPOOY, AKY 3aKIalaloTh y Yac Te.
Sxmo coOiBapTICTh Pi3HMII HampanboBaHOro yacy Ty OuIpIIa 3a Hynb, TO BUPIO NpHIATHE 10O
eKCIUTyaTarllii.

[ToOynoBaHi Mozenl yHIBEpCcallbHI 3a paXyHOK 3MIHU BUXIJIHUX CUTHAJIIB Y 3aJIEKHOCTI BiJl
HOMEHKJIATypH peaykTropa. Mojens Moxke OyTH 3aCTOCOBaHA ISl PI3HUX TUIIB MAaIlIUH OYAb-IKOTO
KJIacy.
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NEURAL NETWORK MODELING OF SOCIO-ECONOMIC PARTNERSHIP IN
EDUCATIONAL SPACE

To prepare for the work of the future, it is necessary to understand which social institutions will be involved in
working with young people and will influence the formation of demands in the labor market. In this perspective, the
main "whales" to work with will be business, the public sector and formal and informal, public and private institutions
of secondary, higher education, lifelong learning institutions, which not only shape the quality of human capital, but
also act as a place of work .

Young people need help and guidance in finding employment, although they are ready to
take responsibility for their preparation for future work.

Already today, business literally "hunts" for youth, which is critically lacking.
Representatives of many companies claim that they are extremely interested in attracting young
people. They are actively looking for talent, and strive to motivate and attract young people. Some
businesses are trying to attract young people from the school desk and are fully working with
student youth. Companies invest resources, funds and creative solutions to attract young people
both to themselves and to the industry in general.

A significant barrier to employment is the youth's lack of a sufficient level of competence,
knowledge and skills to work with modern equipment/technologies.

However, most of the barriers are subjective in nature, they are related to the expectations of
young people from work and the employer. Young people have inflated demands regarding the
level of pay and working conditions, unrealistic ideas about the content of the work that will have to
be performed, and overestimate their own level of competence and skills [1].

Unfortunately, their attitude and general expectations from work are incompatible with
reality. Salaries are the first thing, as well as responsibilities: what they will be responsible for, what
tasks will be assigned to them.

Young people mostly do not consider the possibility of working in industrial enterprises,
preferring creative industries. Also, young people are not ready to start a career "from the bottom™.
Therefore, young people ignore the positions and industries that experience the greatest personnel
hunger. The mentioned barriers make it much more difficult for young people to enter the labor
market. To overcome them, joint efforts of the state, business, educational institutions, and youth
are needed.

Education is no longer a linear process with the final point of obtaining a single diploma, but
a continuous and fluid process that should help people adapt to changes in technological, economic
and social conditions.

Education should develop both the skills needed for innovation, including complex problem-
solving, flexibility, analytical thinking, creativity and systems analysis, as well as technological
skills.

To achieve this, it is necessary to implement such elements of education as:

- student-centeredness, i.e. the curriculum should be designed around students and learners
to motivate them and recognize their prior knowledge, skills, attitudes and values;
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- complexity, i.e. the topics should be complex and provide the opportunity for deep
thinking and reflection;

- a higher priority of knowledge, skills and values that can be learned in one context and
transferred to others (interdisciplinary approach).

Unfortunately, the school systematically does not encourage initiative, does not teach how to
develop a complex solution to a problem, how to apply acquired knowledge in practice, and how to
work in a team. School education is criticized for the lack of a well-thought-out vocational guidance
program, when 11th grade graduates do not understand which specialty they are inclined towards.

Of course, it is difficult to implement changes quickly with public funds.

In this context, it will be important to establish cooperation between schools and higher
education institutions and businesses in various formats: mentoring of business representatives,
visits by schoolchildren to enterprises, vacancies for schoolchildren as assistants at enterprises
during the holidays.

An important element of career guidance for schoolchildren is work with the parent
community. Consultations for parents on successful models of career guidance for their children,
popularization of modern professions are important given the fact that often it is parents who
determine the profession of their children, taking into account their own ideas about what will be
promising in the future.

Young people need more information about professional opportunities and prospects. It is no
less important that this information applies not only to the professions relevant today, but also to the
professions of the future.

Informal or corporate education, according to respondents’ forecasts, will occupy an
important place in the education system in the next 10 years. It will not necessarily supplant
classical education, rather it will provide additional development opportunities for those who want
it.

Forms of alternative/informal education:

- Short-term courses. Experts pay attention to the short duration of courses/trainings as an
alternative to long-term classical higher education. It is predicted that the courses will last two to six
months and, thanks to a practice-oriented approach, will allow you to effectively master the material
and even master new professions. First of all, it is about mastering creative professions, such a
model is unlikely to be applicable for science/medicine.

- Corporate education. The success of companies also depends on the level of competence of
specialists, so the private sector is actively taking on an educational role. The business has a wide
range of staff training/retraining tools. Big business creates corporate universities and training
programs. IT companies that work on the development of young IT specialists from school age also
have this strategy. In this context, training-internships are popular - dual training.

The majority of young people have a rather positive attitude towards vocational and
technical education, but believe that it needs to be transformed, namely to add:

- financing;

- material and technical support;

- effective advertising;

- demonstration of benefits;

- and also destroy stereotypes about her.

The role of professional (vocational and technical) education (VET/college, etc.) for career
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development is seen by young people as the first step towards mastering a certain profession.
Regarding higher education, young people agree that it is a really important link in preparing for
future work.

Education should be practical, because at work we apply acquired skills, not just theorems
or laws.

3.CONCLUSIONS.

Thus, in order to prepare for the work of the future, it is necessary to clearly understand
which social institutions will be involved in working with young people and will influence the
formation of demands in the labor market. In this perspective, the main "whales" to work with will
be:

- Business — as employers, on the one hand, and as a subject of quality professional
education in the working environment, on the other.

- The public sector, which performs the functions of rule-making, regulation of relations in
the spheres of business, education, work with youth, and also serves as a sphere of employment.

- Educational institutions and organizations (formal and informal, public and private
institutions of secondary and higher education, lifelong learning institutions), which not only shape
the quality of human capital, but also act as a place of work.

REFERENCES

1.Kalinina, L., & Lisova, N. (2019). SOCJ/AL'NO-PEDAGOGI/CHNE PARTNERSTVO YAK
DEMOKRATICHNA MODEL' DERZHAVNO-GROMADS'KO/ VZAEMODII TA KOMPONENTA
P/DRUCHNIKA DLYA KERIVNIKA OSVITI. Problemi suchasnogo pidruchnika, (22), 105-120.
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BUSINESS PARTNERSHIP MODELING USING NEURA5L NETWORKS

To prepare for the work of the future, it is necessary to understand which social institutions will be involved in
working with young people and will influence the formation of demands in the labor market. In this perspective, the
main "whales" to work with will be business, the public sector and formal and informal, public and private institutions
of secondary, higher education, lifelong learning institutions, which not only shape the quality of human capital, but
also act as a place of work .

1.INTRODUCTION

Young people need help and guidance in finding employment, although they are ready to
take responsibility for their preparation for future work.

Already today, business literally "hunts" for youth, which is critically lacking.
Representatives of many companies claim that they are extremely interested in attracting young
people. They are actively looking for talent, and strive to motivate and attract young people. Some
businesses are trying to attract young people from the school desk and are fully working with
student youth. Companies invest resources, funds and creative solutions to attract young people
both to themselves and to the industry in general.

A significant barrier to employment is the youth's lack of a sufficient level of competence,
knowledge and skills to work with modern equipment/technologies.

However, most of the barriers are subjective in nature, they are related to the expectations of
young people from work and the employer. Young people have inflated demands regarding the
level of pay and working conditions, unrealistic ideas about the content of the work that will have to
be performed, and overestimate their own level of competence and skills [1].

Unfortunately, their attitude and general expectations from work are incompatible with
reality. Salaries are the first thing, as well as responsibilities: what they will be responsible for, what
tasks will be assigned to them.

Young people mostly do not consider the possibility of working in industrial enterprises,
preferring creative industries. Also, young people are not ready to start a career "from the bottom™.
Therefore, young people ignore the positions and industries that experience the greatest personnel
hunger. The mentioned barriers make it much more difficult for young people to enter the labor
market. To overcome them, joint efforts of the state, business, educational institutions, and youth
are needed.

Education is no longer a linear process with the final point of obtaining a single diploma, but
a continuous and fluid process that should help people adapt to changes in technological, economic
and social conditions.

2.BASIC PART

Education should develop both the skills needed for innovation, including complex problem-
solving, flexibility, analytical thinking, creativity and systems analysis, as well as technological
skills.

To achieve this, it is necessary to implement such elements of education as:

- student-centeredness, i.e. the curriculum should be designed around students and learners
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to motivate them and recognize their prior knowledge, skills, attitudes and values;

- complexity, i.e. the topics should be complex and provide the opportunity for deep
thinking and reflection;

- a higher priority of knowledge, skills and values that can be learned in one context and
transferred to others (interdisciplinary approach).

Unfortunately, the school systematically does not encourage initiative, does not teach how to
develop a complex solution to a problem, how to apply acquired knowledge in practice, and how to
work in a team. School education is criticized for the lack of a well-thought-out vocational guidance
program, when 11th grade graduates do not understand which specialty they are inclined towards.

Of course, it is difficult to implement changes quickly with public funds.

In this context, it will be important to establish cooperation between schools and higher
education institutions and businesses in various formats: mentoring of business representatives,
visits by schoolchildren to enterprises, vacancies for schoolchildren as assistants at enterprises
during the holidays.

An important element of career guidance for schoolchildren is work with the parent
community. Consultations for parents on successful models of career guidance for their children,
popularization of modern professions are important given the fact that often it is parents who
determine the profession of their children, taking into account their own ideas about what will be
promising in the future.

Young people need more information about professional opportunities and prospects. It is no
less important that this information applies not only to the professions relevant today, but also to the
professions of the future.

Informal or corporate education, according to respondents’ forecasts, will occupy an
important place in the education system in the next 10 years. It will not necessarily supplant
classical education, rather it will provide additional development opportunities for those who want
it.

Forms of alternative/informal education:

- Short-term courses. Experts pay attention to the short duration of courses/trainings as an
alternative to long-term classical higher education. It is predicted that the courses will last two to six
months and, thanks to a practice-oriented approach, will allow you to effectively master the material
and even master new professions. First of all, it is about mastering creative professions, such a
model is unlikely to be applicable for science/medicine.

- Corporate education. The success of companies also depends on the level of competence of
specialists, so the private sector is actively taking on an educational role. The business has a wide
range of staff training/retraining tools. Big business creates corporate universities and training
programs. IT companies that work on the development of young IT specialists from school age also
have this strategy. In this context, training-internships are popular - dual training.

The majority of young people have a rather positive attitude towards vocational and
technical education, but believe that it needs to be transformed, namely to add:

- financing;

- material and technical support;

- effective advertising;

- demonstration of benefits;

- and also destroy stereotypes about her.
104



The role of professional (vocational and technical) education (VET/college, etc.) for career
development is seen by young people as the first step towards mastering a certain profession.
Regarding higher education, young people agree that it is a really important link in preparing for
future work.

Education should be practical, because at work we apply acquired skills, not just theorems
or laws.

3.CONCLUSIONS.

Thus, in order to prepare for the work of the future, it is necessary to clearly understand
which social institutions will be involved in working with young people and will influence the
formation of demands in the labor market. In this perspective, the main "whales" to work with will
be:

- Business — as employers, on the one hand, and as a subject of quality professional
education in the working environment, on the other.

- The public sector, which performs the functions of rule-making, regulation of relations in
the spheres of business, education, work with youth, and also serves as a sphere of employment.

- Educational institutions and organizations (formal and informal, public and private
institutions of secondary and higher education, lifelong learning institutions), which not only shape
the quality of human capital, but also act as a place of work.
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PEDAGOGICHNEPARTNERSTVOYAKDEMOKRATICHNAMODEL' DERZHAVNO-GROMADS'KO/ VZAEMODII
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KAPTH KOXOHEHA JJI51 ONTUMIBALII OCBITHIX KOMIIOHEHT HOBHX
OCBITHIX TPOT'PAM IHAUBIAYAJIBHOI HIATOTOBKHU PAXIBIIIB.

Memorw pobomu € pexomenoayii w000 pPayioHarbHO20 GOPMYSAHHA OCEIMHIX KOMNOHEHMIE HA
OCHO8I MemoOy Klacmepusayii, Wo peanizyemuvcs 3a 00nomozoio kapm Koxonena, wo camoopearnizyromucs.

The purpose of the work is recommendations for the rational formation of educational components
based on the clustering method, which is implemented with the help of self-organizing Kohonen maps.

Y Munyni poku 0yB oOMexeHUU BHOIp AMCIMIUIIH HABYAIBHOTO IUIAHY, SKUM JTUKTYEThCS
METOJMYHUMHM KOMICIIMH TpH MIHICTEPCTBAaX OCBITH, a ONTHMI3allil HaBYAJbHUX I[LIAHIB
NPOBOJIWJIACS Ha pIBHI TOPIBHSHHS pE3yNbTaTiB HaBUYaHHS Ta Yy3arajJbHEHHWX OYiKyBaHb
poGoronaBiiB. 3 Toro yacy 0araro 4oro 3MiHWJIOCS. 3pOCIM BUMOTH 1O BUIYCKHUKIB BHIIIB,
PO3IIUPWINCA TIOBHOBXCHHSI BHILIB y BUTJISAI akaaeMidyHuX cBoOon. Ha me Bumii BimpearyBaiiu
HOBHMMU OCBITHIMH IPOrpaMaMHi Ta BJIOCKOHAJIEHHSM HasiBHUX, 3alIPOBA/PKYIOUN B HUX AUCLUILIIHU
BiIbHOTO BUOOpY. Peainii chOromHIMIHROTO THS BHECIH CBOI KOPEKTHBH, 1 Ha PUHKY OCBITHIX
porpam 3pociia KOHKYPEHIIis K y KpaiHi, Tak 1 Ha piBHI BIAKpUTUX OCBiTHIX 1uiatdopm: Coursera,
edX, Udemy, SkillShare, Kadenze, DataCamp, Canvas Network, EduOpen, OpenLearn Ta inmi.

Pi3ke 3011bIIIEHHS PI3HUX OCBITHIX MPOTpaM Y MeXax HaBiTh OJHOTO HaNpsMy YCKJIaJHHIIO
3aBJlaHHS IXHBOTO BHOOPY Yy KOHKPETHHX YMOBaX, a TaKOX ONTUMI3alii CTBOPEHHs
iHauBiAyanpbHUX. Hepomiku BUOOpY 3 dMclia HAasBHUX Ta CTBOPEHHS HOBHX MPU3BOAUTH 0
3HI)KEHHSI €(EeKTUBHOCTI HaBYAJBHOTO MPOLECY Ta Pe3yJbTaTiB HaBUAHHS Yy BUIJIS/AI MOKA3HUKIB
HaQIAHOCTI OCBITHIX KOMIIETEHIIN.

VY poOoTi 3amponoHOBAHO MiAXiJ, KU J03BOJIAE€ CPOPMYBATH CUCTEMY ONTHMAIBHOTO
BUOOpY Ta po3poOKM HOBHMX OCBITHIX IpOrpaM Ha OCHOBI (hOpMambHUX MpPaBUIl KIIACTEPHOIO
aHayizy 3a JomoMororo kapr KoxoHeHa, IO C€aMOOPraHi3ylOThCS, IO BHUKOPHUCTOBYIOThH
HEKOHTPOJIbOBaHe HaB4yaHHA. Lle 103Bossie yABUTH OaraToBUMIpHHUI MPOCTIp BXIAHUX (AKTOPIB Y
JIBOMIDHOMY BHIJIZi, B SIKOMYy HOTO JOCHTh 3py4YHO aHai3yBaTH Ta BUKOPUCTOBYBATH B
MPAKTUYHUX LUISAX.

Ha migcraBi BXiTHUX TapamMeTpiB OysI0 OTpEMaHO KapTH IMapaMeTpiB Ta kiactepis (puc. 1).
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Pucynok 1 — Kaptu napamerpiB Ta KjacTepis.

Ha6ip nanux Xi BKITIOYaE:
-3arajbH1 KOMITETEHIIIT;
-paxoBi KOMIIETEHIIT,
-Pe3ynbraTi HaBYaHHS;
-XapaKTePUCTUKU OCBITHIX KOMIIOHEHT
CdopmoBaHi KTacTepHi TPYNH MICTATH CaMOJIOCTaTHI HaBYAJIbHI OJMHUIN, SKi CTBOPIOIOTH
nporpaMHy 0a3y OCBiTHHI mporpamu. Hamam — ¢gopmyeThess HaBYANBHUHN TUIaH 1HAUDHUITATBHOT
OCBITHBOI TporpaMu. be3ymMoaHO, 3amnporOHOBaHWK MIiAXil € KOHIENTYyaJbHHM, ajie¢ HaJae

MO>KJIUBICTh TIOCTIHE CIIKYBAaHHS BUMOTaM 3a0€3MeUYeHHS IKOCTI OCBITHIX MPOTrpaMm.
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PO3MIPHUIA AHAJII3 TEXHOJIOTTYHUX ITPOIECIB HA HEHPOMO/EJISIX

B naoanoi pobomi posenamymi, Ha niocmasi npeyeoeHmis, MONCIUBOCTT GUKOPUCIAHHS WIMYYHUX
HeluMepeXCHUX Mooenell O0nd aHAli3y AKOCMI MeXHONO2IYHUX Npoyecié BU2OMOBIeHHs Oemanell
MAwuHo6y0i6H020 8UPOOHUYMEA 3 MOUKU 30PY NOKAZHUKIE MOUYHOCHIE PO3MIPIE 8U20MOBIEHOI NPOOYKYII.

Based on precedents, this paper examines the possibilities of using artificial non-network models to
analyze the quality of technological processes of manufacturing parts of machine-building production from
the point of view of indicators of the accuracy of the dimensions of manufactured products.

VY sKocTi 00’€KTy TOCHIIKEHHs BUCTYyNae Habip aeraneid. Ha ocHOBI iCHYI0HOTO KOPTEXY
JaHUX IS JOCHIPKEHHS TEOMETPHYHHUX PO3MIPIB CTBOPEHO HEHpoOMepexkHy Mozenb (puc.l).

h
————
H
> —b
X1 dx
e EEE—
) Dk
xn Monens 2
d
D

Pucynok 1 — Mojens BU3HaYSHHSI TEOMETPUYHUX PO3MIPIB A€Talli Y 3aJI€)KHOCTI BiJI aMILTITY/IHO-
9aCTOTHOI XapaKTePUCTHKU

HaByanbHa Ta TECTOBI MHOXHHH BUKOPHUCTAHO Ti X cami, IO ¥ y JIOCHIIKEHHI MepIoi
mogeni. CTymiHb MOXMOKM MpH BU3HAUYEHHI T€OMETPUYHUX PO3MIpIB 3aJIEKHUTh BiJl TOYHOCTI
BUXIJJHUX CUTHalliB. BUKOHaHO /Ba BapiaHTU MOZENi — AN aBTOMATHYHO 3aJlaHOi TOYHOCTI Ta
Bu3HaueHoi ToyHocTi 0,1. ITicis onTuMisarii:

I BapianT — mpo3opa Mepexa ckiaaaeTbes 3 5 3Hauymux BxoziB X90, X91, X104, X123,
X128. Cepennst moxubka Bapiroetbes y mexkax 0,1-0,65, a makcumansaa — 0,11-0,65.

IT BapianT — mpo3opa Mepexa ckiagaetbes 3 5 3Hauymmx BxoaiB X13, X90, X104, X105,
X128. Cepenns moxubka Bapitoetbes y Mexax 0,05-0,09, a makcumansha — 0,08-0,09.

[Tonepenns rimore3a mpo OUTBII MPO30PY MEPEXKY A BU3HAYCHHS TPYHH MapaMeTpiB sK
MiATBEPKYETHCS (IS TIEPIIIOTO BapiaHTy 3araibHOi Mojemi 3 4 BXOAaMH), TaK i CIPOCTOBYETHCS
(11 pyroro BapiaHTy 3 7 BXIJHUMM CHUTHaJaMu). AHAJOTIYHO 3 LUM MOJIOHO 3 TOYHICTIO
BU3HavyeHHs. SIkmo nopiBHioBaTH I Ta Il BapianTH ABOX Mojeneil BiANOBITHO, TO MOJEIb 2 Mae
MeHIMi po30ir mokasHukiB cepeanboi (0,1-0,65 y mopiBusuHi 3 0,095-0,73 momem 1) Ta
makcumanbHoi (0,11-0,65 y mopiBusiHHI 3 0,17-0,75) moxubok (puc.2).

108



0.8 0.754

0.7 IToxnoxa
' TeCTyBaHHSA
0,6
0,5
0,307
B Cp.moxubka D Mogens 1 Bl B Cp.noxubka D Mogens 2 B1 B Makc.rmoxubka D Moneins 1 Bl
B Makc.nmoxubka D Mopens 2 Bl B Cp.noxudka d Mogens 1 Bl B Cp.nmoxuOka d Mogens 2 Bl
B Makc.moxubka d Mozgens 1 Bl B Makc.moxubxa d Moznens 2 Bl Cp.moxubxa H Mogens 1 Bl
Cp.noxubxa H Mogens 2 Bl Makc.noxubxa H Mogens 1 Bl Maxc.noxubxa H Mogens 2 Bl
0,8
07 | Moxudka 0,736 0,653
[ T TecTyBaHHs 0,643 0,642 0,656
0,172
B Cp.moxubka h Mogens 1 Bl B Cp.noxubka h Mozens 2 Bl B Makc.noxubka h Mogens 1 Bl

B Maxkc.nmoxubxa h Mozens 2 Bl B Cp.moxubka DK Mogens 1 B1 B Cp.moxubka DK Mogens 2 Bl
B Makc.moxubka DK Mogens 1 B1 ™ Makc.moxu6ka DK Mogens 2 Bl Cp.nioxubka dK Mogerns 1 Bl
Cp.noxubka dK Mogens 2 Bl Makc.noxubka dK Mogens 1 Bl Makc.noxubka dK Mogens 2 Bl

Pucynok 2 — IlopiBusiHas | BapianTy mozeni 1 ta 2

TobT10, moOyI0Ba OKpeMOi HEHPOHHOI MEPEXKI 3 33JJaHOI0 TOYHICTIO BUXITHUX CUTHAIB J1a€
3MOT'Yy OTPHMATH OUTBII TOYHI PO3MIpH 3 MEHIIIUM KOJIHUBaHHIM cepeauboi (3 0,1-0,65 mo 0,05-0,09)
ta MakcumanbHOi (3 0,11-0,65 mo 0,08-0,09) moxuOoK 3 OJHAKOBOIO KUTHKICTIO BXITHUX CHUTHAJIB.
OxkpiM 11bOTO, Y APYTOMY BapiaHTI IPUCYTHI SIK HU3bKOYacTOTHI BXoau (X13) Tak i BUCOKOYACTOTHI
(X90, X104, X105, X128), a y nepuiomy — TUtbku BucokoudacToTHi (X90, X91, X104, X123, X128).
VY NOpiBHSAHHI, MPU OJHAKOBIA KIJIBKOCTI BXIJHUX CHTHANIB, ONTUMAJbHUM € BUKOPUCTAHHS
JPYroro BapiaHTy yepe3 BUCOKY TOUYHICTh BUSHAUYCHHS T€OMETPUYHUX PO3MIPIB.
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RATIONALE FOR APPLICATION OF NEURAL NETWORK MODELING FOR
ENVIRONMENTAL MONITORING

The authors aim to explain the connections between ecology, democracy, and leadership in a green
economy. The ecology and the economy could be of equal importance with the assistance and guidance of a
democratic eco leader. Ecological leadership builds on the knowledge of how to recognize environmental
opportunity costs of underutilized resources and achieve eco-friendly innovation. Democracy is the basis of
leadership because it is the only system that can win in the process of changing modern organizations
towards green development. The eco leader is the fuel of the green economy development process.

1.INTRODUCTION

This paper aims to point out the strong bonds among ecology, democracy, and leadership. In
the first part, we will show that ecology and economy are not inevitably on the opposite poles, as
the Holland flower industry and the new technologies for pollutant reduction cases can prove. In the
next part, we will deal with the greatest of all social experiments, democracy. It is the only system
able to cope with the challenges of the ecological environment. Finally, the last part has a focus on
the eco leader and his/her focal point.

2.ECOLOGICAL ENVIRONMENT IMPACT ON LEADERSHIP
Porter [1], the greatest expert for competition, showed in one of his works how leadership
effectively responds to dynamic changes of environment. Many people have fixed opinion that
economy and ecology are on opposite poles. On one hand, here is a social advantage of a clean
environment and, on the other, the costs of private capital for preventing pollution and improving
environment. This statistical approach neglects the fact that companies constantly find innovative
ways how to adapt themselves to changes under pressures of competition, consumers and
legislation. These innovations lead to more productive use of inputs — from raw materials to energy
and labor force and the increased productivity makes companies more competitive and more green
[2]. These improvements in productivity reject greater yield for companies than additional costs
based on new regulations. The Holland flower industry was under great pressure of the public and
State because of land pollution caused by artificial fertilizers [1]. The producers, under the pressure,
ceased growing flowers on the land and started to grow flowers on water and stones - and improved
their productivity, competitiveness and share in world market. The pollution, releasing toxic and
waste maters into environment, should be considered as uneconomical and ineffective use of
resources. In this is a key of the story why the Holland flower industry today is not an exception in
the world economy but ever more a rule. Also, the blame for uneconomical use of resources has
been shifted to direct consumers through prices. For many leaders this concept has opened new
roads towards the increase in productivity both through closed production technologies and through
substitution of materials. As leaders have made a deviation from the costs of ecology, because of
legal regulations, towards opportunity costs of ecology — the loss of resources, loss in profitability,
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diminished value of products for consumers, the ecology and economy have found themselves at
the same level. The sustainable economy of the 21st Century will be green economy [3].

In researches of 29 leading chemical plants [1], 181 new technologies for pollutant reduction
have been discovered. Only one of them has caused increase of costs. Out of 70 activities on
products, 68 has shown rise of productivity, 7% of them at annual level. 48 activities have been
carried out without capital, two thirds of the remaining activities paid off within 6 months or in
shorter time. In the mass of these activities, 1 dollar of expenditure for preventing pollution has
brought 3.49 dollars of increased revenue. In 1990, the prohibition of the CFC because of ozone
bought about disturbing titles in newspapers on disappearance of refrigerator, but luckily the
companies dealt with innovations and not with reading black forecasts. The modern industry is
based on propane-isobutene. The results are: 10% greater power efficiency and 5% lower final
prices for consumers. What stand should the leaders and business organization take in these
industries? The authors message is the following:

o Direct and indirect impacts on environment are to be compared.

o It should be learnt how to recognize opportunity costs of insufficiently used
resources.

. Atmosphere in an organization stimulating innovative solutions increasing

production should be created.

. They should be proactive in defining new type of relationships with regulation
makers and ecologists.

We would like to add another one, the primary one [4]. They should, with the assistance of
leaders of changes, on a democratic basis, create a high-performance organization. That type of
leader named eco leader would be a champion of green development.

3.DEMOCRACY AND LEADERSHIP

The democracy, the greatest of all social experiments, has not yet been rounded up nor
finalized either. The democracy is being transformed. And it supports transformation. The
democracy is related to people [4] and the rule how we live our lives, how we behave at work, what
principles and values we adhere to, what kind of authorities we have on local and higher levels, and
what are our hopes for the future. The democracy inspires the freedom, equality, individual values,
justice, and openness. The democracy is open and sensitive to changes. A democratic organization
is based on people who are free, intelligent and competent. The democracy is not one man — one
voice, everyone-does-what-he-pleases, chaos and anarchy. It is highly organized, purposeful,
accountable and disciplined.

The democracy is inevitable because it is the only system able to cope with the requirements
of the modern civilization changes, both in business and in political sense [5]. In the past the
business leaders were of opinion that the democracy was beautiful but not efficient in the business
world. Their attitude was the “democracy is a good thing for good people, but they do not work for

111



me”. The history has shown that nations with democratic systems have had relatively richer and
more stable development than those with authoritative regimes that have been suffocating either in
blood or in poverty. The democracy has been the only one that has coped with the requirements of
the modern civilization changes, and it may be said that it is the only one capable of adapting itself
to changes in the future as well. The practice also shows that growing number of business
organizations are aware of efficiency of the democracy, not only the newly founded ones but also
those with a long tradition, and they implement it successfully.

It is well known that most of the scientific institutions have always had a democratic system
of organization. In the atmosphere of equality, liberalism and pluralism the forms stimulating new
and more advanced ideas have been built. This is necessary to be done in the green economy as well
— particularly when a change is omnipresent and when new creativity is needed. For these
organizations the democracy is not an idealistic concept but an everyday reality based on
effectiveness. The democracy is becoming a necessity whenever a social system strives for survival
under the conditions of chaotic changes. For the organization to subsist and survive, it has to be
prepared to everything and to be future-oriented, it has to develop products, services and
technologies irrelevant for the present, if they may be relevant for the future.

The leader who is required to create a business environment of high-performance is
undoubtedly a democratic leader [6]. Democracy is the basis of leadership because it is the only
system that can cope with the demands of changes of modern civilization. The success of
sustainable economic reforms depends on a series of small steps towards the establishment of high-
performance with smaller organizations, organizations on the basis of a new philosophy, functions
and forms of leadership, as well as the vision and values, change the strategy, structure and system
of the organization.

The ideal of an organization of the future is a model preparing an enterprise to successfully
face many complex problems and to respond to them in a manner which would be of utmost benefit
for it [7]. In such an organization the power is not on the top but in leader's working teams. The
power lies in the position, but the root of power is in expert knowledge of the team members. Such
teams and organizations may not be managed in an autocratic manner.

A new leader is certainly not an autocrat but a democrat. A democrat will succeed to
stimulate and motivate. A democrat will know how to use all potentials. A democrat will allow the
leader’s jobs to descend from the top level to the team level. A democrat will strengthen teams and
team work. Such approach is the right approach that will contribute creating high performance
organizations because such organizations are a set of strengths of all teams and team members in
them. It may not be designed by a wish of any brilliant individual in the top position; it may be
designed only if a vision of all people in the organization is a common one. Thus, the democracy
lies in the core of high performance organization and a democratic leader - the leader eliminating
the worn-out hierarchical systems in management, is the right type of leader for a high performance
organization.

4.ECO LEADER
The best way to obtain an answer about an eco leader would be by doing researches on
leaders of effective companies [8]. Out of 1,435 companies from the Fortune 500 in the period
112



1965-1995, by using the process of selection, it was found that there were companies which had
index of growth at least three times greater than the New York Stock Exchange average, and they
maintained it for at least 15 years. Such companies are called great companies. They had to be good
companies that had rate of growth of shares at least 1.25 times greater than the Stock Exchange rate.
They had to be the companies already existing and not the newly established ones, while their
success should have not stemmed out of the economic branch success. The final number of such
companies was 11, with an average growth of 6.9 times greater than the average growth of
American economy. A dollar invested in these companies in 1965 after 30 years was worth 471
dollars, while investing in general markets would have rejected 56 dollars. In the paper they were
compared with good companies of similar size and age, in the same branch and with similar
products and services. Also, a group of unstable companies was introduced having some similarities
but which had a distinctive peak in growth and fell fast, with the cycle that lasted less than 10 years.
It is important to notice that with great companies the criterion was to further maintain the growth
of shares at the time of researches.

The greatest shock for researchers was that all 11 great companies had leaders which were
of the “same kind” [9]. The leaders leading great companies are called the level 5 leader. Level 1
includes individual competency, level 2 the team work skills, level 3 a competent manager, level 4 a
traditional leader. Level 5 contains all from the preceding levels along with an “extra dimension”:
paradoxical mixture of personal modesty and professional will. A level 5 leader directs his ego
further from himself setting as his higher goal the creation of a great company. This does not mean
that he is not ambitious, he is actually very ambitious, however, his ambitions are directed towards
the institutions and not towards his own self. An interesting dual character of personality is
reflected with them: modest, but willful, humble, but fearless. They as a rule do not speak about
themselves but about the organization. The researches show that they as a rule come “out of home”
contrary to the leaders of the compared and vanished companies. The compared companies have
engaged six times more outsiders for the leadership position. Also, compared to them a level 5
leader appoints his successor at quite early stage and trains him for a successor. They will stoically
and uncompromisingly do all that is necessary for the existence and growth of their organization.
They are fanatically infected with producing results. When they speak about their success they say
that they have been lucky. When they speak about failures they blame only themselves. Level 4
leaders do the very opposite, for their failures they blame bad luck, while they ascribe a success to
their credit. | would like to notice once again that level 5 leader is not an ideological guideline, but
an empirical fact.

Collins [10] has gathered a great base of level 5 leaders from all spheres of society. He has
concluded that in human population there are much more of such leaders than of egocentric ones
who are more represented in media. Our culture and media like leaders who are greater-than-life,
and those quiet, modest and effective ones. The problem is not in shortage of the level five leaders.
They are actually everywhere around us. The dynamic changes expected in this century will
condition our attention towards them so that green economy and sustainable society could
successfully cope with changes, because they are the key to overcoming them effectively. The task
of society will be to identify, cultivate and develop them.

Effective eco leaders [11]:
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o Define mission of an organization as a framework for performing environmental
activities.

o Create eco-friendly environment in which people are not only esteemed but also
encouraged to achieve their full potential, where everyone is treated equally.

o Shape corporate culture in order to replace conformity, obedience and mechanical
behavior with eco-friendliness, creativity, autonomous and continual learning.

J Transform organizational forms from a rigid pyramid towards the fluid circle,
towards the developed network of autonomous units.

J Encourage innovating, experimenting and risk taking.

. Anticipate the future by reading the present.

. Make new bonds within organizations and new connections within collaborating
teams.

. Establish new alliances outside their organizations.

o Constantly study organizational forms of both their own organizations and those
advanced in ecologically sustainable environment.

o Identify environmentally hazardous links and replace them.

. Think globally rather than nationally or locally.

o Identify and respond to new and unforeseeable needs of collaborators.

. They are proactive, not reactive, and comfortable towards ambiguity and uncertainty.

. For them eco-friendliness is not an option, but the focal point.

5.CONCLUSION
Very vivid connections among ecology, democracy, and leadership have built a clear path
toward an ecological leadership. The eco leaders are a basis for democratic development in modern
green economy, in which the power is distributed and not concentrated. It is crucial that he/she
accepts the human nature as such and to respond to it. A level 5 eco leader will succeed in
responding to changes of this century. Eco leader would be a champion of the green development
and an engine of the green economy. For them eco-friendliness is not an option, but the focal point
of their vision.
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HEMPOAJITOPUTMHU CIHTE3A CUCTEM YITPABJIHHS CKJIAJTHUMHU
KOMIIVIEKCAMMA

B pobomi npedcmasneni pesynbmamu MoOento8anHs 00 '€kmis, AKi Maromvs OUHAMIYHI O3HAKU.
3anpononosana xonyenyis 00’ €OHAHH MEXHON02I HEUPOMEPeNCHO20 MOOeN06aHHA | meopii KIUMUHHUX
aemomamie i HA0aHi peKoMIHOAyii Wo0o No6YO08U MAKUX MOOETIL.

The paper presents the results of modeling objects that have dynamic characteristics. The concept of
combining the technology of neural network modeling and the theory of cellular automata is proposed and
recommendations are given for the construction of such models.

[TocTanoBKa HBOTO 3aBIaHHA IMOB'SI3aHA 3 HEOOXIJHICTIO MEPETBOPEHHS KOOPAWHAT TaKUM
YHHOM, 1100 3 6e3miui KopTexkiB Y = {X1; Xo; ... Xn; Y} OTpUMaTH PiBHSHHS BUIY:
y=2a, +aX +ayX, +..+aXx,.

CyTb BiJ IbOTO MEPETBOPEHHS MOJSTaE B TOMY, 00 MOXKHA OYII0 3HAHTH Taki KoeilieHTH
&(i—0..n) » TPH AKHX:

1. 3nuilicHioeThcst Kiactepm3amis (kinacudikaiiis) o00'€kTiB, TOOTO. BHU3HAUEHHS TaKUX
3HA4YeHb KOE(]ILI€HTIB a;, Y IKUX BIJICTaHb MK LIEHTPOM I'PYIlyBaHHS KOPTEXKiB OJHI€T IpyIu 1110710
IHIMUHA - MaKCHMMaJIbHE, a PO3KHJ iX 3Ha4eHb — MiHIMaJIbHUH, TOOTO. HEOOXIAHO 3HAWTH TakKi
3HaYCHHA &;, NpU AKUX Oesmid Y, Oyayrb MakcuManbHO BijjaneHi Bix OGesmidi Y, .,

vy 1 Dyrany
D,y ——>min

A= G’ru) - 9“"))2 ——> Mmax, a npu ubomy D OyAyTh MiHIMaJIbHUMMU:

Dyr(,,) ———>min

VY npuknaai nokazaHo po3OUTTS MHOXKHMHM Ha JBl rpynu (Kjacy). AHajoridyHo aist Oynb-
SKO1 KIJIBKOCTI Tpym (KJaciB).

2. 3niiicHIOEThCS ineHTUdIKamig 00'ekTa, KOJIM Ha MiCTaBl KapTexXiB Y, = {Xl; X, X, }H_n

BU3HAYAEThCS PIBHAHHA Y =4a, +a X +a,X, +...+a,X,. lLle piBHAHHA Mae BIANOBIAATH BCIM

3HaYeHHSM YaCTHHM KOPTEXY — TECTOBOI BUOIPKHU.
OueBHIHO, CTBOPEHHS I1ACHTU(]IKALIAHOI MOJAENl YTPYAHEHO uepe3 HeNIHIHHICTh
KOe(]III€HTIB &; 3aleXHO Bl 3HaueHb X;. Takuil BUCHOBOK IPYHTYETbCS Ha HAIIMX PaHHIX

po0oTax, TPUCBAYCHUX TOMEOCTATUYHUM HEUPOMEPEKEBHUM MOJCIAM Ta MOJEISIM 3
JIEPEBOTIOIIOHOI0 CTPYKTYPOIO HEHpoHHOI Mepexi. [lomyk 3HaueHb KOE(IiEHTIB TPATUIIHHUMHA
MeToJaMu (MeToa TpaaieHTa, Meton ['aycca-3aiiaens, meroq Monte Kapino Toiio) miaTBepauB 1ie
MPUITYIIEHHS.

CtBepmKyBaTH TaKUM YHHOM, IIO Ili METOAM YHIBepCalbHI JUIsl OyAb-sIKUX MOE€IHAHb Y =
{X1; X2; ... Xp: y} HEe 3aBXIM MOXIWBO. TOMy Il BU3HAUEHHSI 3HA4YCeHb KOE(IIIEHTIB HaAMU
pO3po0IIeHO 1 peani3oBaHO METOJ, 3aCHOBAaHWN Ha CTBOPEHHI MOJeNel KIITUHHOTO MPOCTOPY SIK
CYKYMHOCTI HEMpOMOMIOHMX €JIEMEHTIB KIITHHHUX aBTOMariB. KopTexx BUXIAHUX JaHUX
MPEICTABICHUH TaK:
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Xy Xy Xy oo Xy W1
X, Xy Xy oo Xg Vs
le X2m X3m e Xnm ym .

Marpuiist KoeQilieHTiB @; MpeACTaBICHA Y BUTIISIL:

a & a .. a

B pesynbTari «pyXy» KIITHHHHUX aBTOMATiB Y KJIITHHHOMY IPOCTOPI JIO CTAJIOTO CTaHy 3a
MHOXHHOIO KOOPJIUHAT Ma€ OyTH c(hopMOBaHa MaTPUILs KOSQILIEHTIB &, :

*

Xy Xy Xao 0 111 y
Xy Xy Xyp v, X 111y = a a a q
Xa Xy Xy 3 111 y,

CtBopeHHs ineHTU(}IKALIKHOT MOJen y KIITHHHOMY MPOCTOpPi KIITUHHUX aBTOMAaTiB
nepeadayvae peaizamito ABOX CTAAIN «KUTTEBOTO HUKITY» MOJIEI.

-HaBuaHHs.

-BigTBOpeHHs!.

Ha cranii HaBuaHHS KOPTEXKY BXOIB MOl Ma€ BIJMOBIAATA KOPTEX MOJAEITHLHUX BUXOIB
13 33JJaHOI0 TOYHICTIO BIATBOPEHHSI.

_>Xo_iYm

Mo0enb

Bpemennoe xpanunuwye

Pucynok 1 — KonnentyanpHa cxema Mozeni

Po3y3rokeHHs MOJIEIBHOTO BHUXOJY Ta JOCBiAY € (akTopoMm, L0 BIUIMBAE Ha 3MIHY
(mposioBxKEeHHs) mpoliecy nepeTBOpeHHs! Xo B Y. I KIITHHHOTO aBTOMAara 1ie MoXe OyTH MIpoIo
3aKiHUEHHsS Oy/b-sIKOTO ITepaliifHOro mpolecy: SKIIO0 HEY3roJUKEHICTh JIOpiBHIOE «0», mporec
OyAiBHMIITBA MOJIENi 3aBEpUIYEThCA. AHAJOTIS KIITHHHOIO aBTOMaTa MpHU TaKOMY INE€pEeTBOPEHHI
acouliloeTbess 3 (OpMyBaHHSIM HOBHX HEHPOHIB [0 THX Iip, TMOKMA iXHS CYKYIHICTH HeE
BiToOpaXkatuMme pe3ynbTar Ym= Yo npu Xo (puc.2).

ITpu oMy Moxe OyTH Oyab-sKa KOH(Irypaiis KIITHHHOTO IPOCTOPY: ab0 Ha 3a37alierib
PO3MIYEHOMY MHOKHUHI, a00 Ha 6e31idi, 1m0 100y10BYyeThcs. Taka HEBU3HAUEHICTh 3yMOBIIIOE TaKy
BHUMOTY 10 KJIITUHHOTO MPOCTOPY: 0€37114 KIITUHHUX aBTOMATIB Y MOJiesi Ma€e OyTH (P iIKCOBAHOIO Ta
KiH1IeBOI0. POpMaAIbHO KIITUHHUM MPOCTIp MOXKE OyTH OTPUMAHUM MITSXOM «CKJICIOBAHHS» «@» 1
«@a», «b» 1 «b», «aby» i «aby (puc. 3)
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Pucynok 2 — ®@opmyBaHHS KIITUHHOTO IPOCTOPY

Pucynox3 — Po3ropTka KJIITUHHOTO IPOCTOPY

"CxkJieeH1" TaKMM YMHOM KJIITUHHU CTAIOTh "€ IUHOIO KIIITUHOIO".

OCKibKM PO3MIpPHICTh TAaKOTO NXmM MPOCTOPY BHMAarae TpaHWUYHMX YMOB, fKi JKOPCTKO
peraaMeHTyoTh 00CAT KIITUHHOTO TPOCTOPY 1 MPH LIbOMY BUMAararoTh PO3BUTKY HOTO TEPUTOPIi, TO
BIJICYTHICTh TAaKMX Y HaWIpPOCTIIOMY BHUIAJIKY CIIOCTEPIraTUMEThCS y TOpa, A€ BCl KIITUHH
MaTUMYTh CYCI/IIB 3 yCiX OOKIB i OyAb-SIKOT KJIITHHU KIIITUHHOTO MPOCTOPY (puc.4).

Xo

Pucynok 4 — KiniTuHHUH NPOCTIp 3 «<HECKIHYEHHUMY 0€3J11Y4I0 MOMKIIMBUX ITEPETBOPEHD
[IpencraBnenuii Buiie BapiaHT («a»-«a»; «b»-«by»; «ab»- «aby) € nuie noepxHero Topoina,

mo 30irae€TbCs 3 XapaKTEPUCTUKOK KJIACHYHUX MOJENed KIITHHHUX aBTOMATIB, SIKI €
MMOBEPXHEBUMH MOJIEIISIMHU.
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VJIK 004.032.26

Ouaiiinuk C.FO. ([Jonbacvra depoicasna mawunodydisna axademis, m. Kpamamopcok — Tepnoninw,
Ykpaina)

KOMIIVIEKCHA OHOIHKA E®OEKTUBHOCTI BUXOBHHUX 3AXO/IB B I/IMA 3
BUKOPUCTAHHSM AIIAPATY HEUITKOI JIOTTKH.

CyuacHi cucmemu OYIHIOBAHHA HACMO BKIIOUAOMb GIOKPUMI 3aNUMAHHA ab0 3aNUMAHHA 3
sapiaumamu 8ionogioei. Toomo npu po3e’s3yeanHi 3a0anoi 3a0aui OYIHIEMbC pe3yibmam, a Oii YuHs
MOJICHA ieHOpY8amu, NOKU 6IH He 0ocseHe pesyavmamy. Heuimka nocika € 00HUM i3 Memooie, SIKUll MOJNCHA
BUKOPUCMOBYBAMU OJisL HAOAHH MAK020 pOOY OYIHKU MA YCYHEHHs HeBUSHAYEeHOCMI. Y yboMy 00Cai0HCeHHI
npedcmasiiena Mooeib YCHIUWHOCMI ma OYIHIOBAHHS NIOCYMKOBUX | Op2aHI3ayiliHO-8UX0BHUX 3aX00i8, AKA
bazyemvest Ha HewimKil A02iyi, AKa 63aeMo0ic 3i cmyoenmamu, wod epexmugHiue enopamucs 3 yumu
HEeBU3HAYEHOCMAMU MA UMIDAMU NeBHULL PIgeHb 83AEMOOI.

Modern assessment systems often include open-ended or multiple-choice questions. That is, when
solving a given problem, the result is evaluated, and the student's actions can be ignored until he achieves
the result. Fuzzy logic is one technique that can be used to provide this kind of estimation and remove
uncertainty. This study presents a fuzzy logic-based success and evaluation model for summative and
organizational learning activities that interacts with students to more effectively deal with these uncertainties
and measure a certain level of engagement.

OcBiTa BU3HAYA€ETHCS SIK MPOLIEC CTBOPEHHS OaKaHWX 3MiH Y IMOBEIIHIII JIIO/ICH HABMUCHO Ta
yepe3 ixHii BiacHui nocsia. {06 nepekoHaTHcs, M0 JIOAMHA HABYAETHCS BCE )KUTTS, CIIOYATKY 11
notpiOHO HaBuYMTH. HaBYaHHS MPOTATOM YCHOTO XKHTTS, 3 IHIIOTO OOKY, MOXE OyTH JOCSITHYTO
3aBJSIKU PO3BUTKY 1H(opMalliiiHo- KOMYHlKaI_III/IHI/IX TEXHOJIOT1H 1 IPOrpecy B OCBITHIX TEXHOJIOT1X.
JlucraHiiiiHe HaBUYaHHS — [I€ OCBITHS CHCTEMa, B SKiil BUKJIA/Jad i CTYACHT HE MOIUIAIOTH
onHe (i3UyHe cepeloBHILE, 0e3 4acOBHX OOMEXKEHb, CHHXPOHHO UM aCHHXPOHHO 3a JOMNOMOIO0
1H(hOopMaLIMHUX TEXHOJOTIH, 1 fiKa 3a0e3Medye MOKIUBICTh PETPOCIEKTUBHOTO MOBTOPEHHS. Jleski
npoOJeMH TaKOX BUHHUKIIM 3 IMIMPOKUM BUKOPUCTAHHSAM CHCTEM JUCTaHLIHHOrO HaB4aHHA. Buobip
OCBITHBOI CHUCTEMH, fAKa OyJe BUKOPHCTaHa, OLIHKAa YCIIIIHOCTI, akKaJeMiyHa €eTUKa Ta
BiJIBITyBaHICTh € OCHOBHMMH OCBITHIMH TpobOremamu. Ha momaToxk A0 HUX, HeaJeKBaTHICTh
TEXHOJIOTTYHOI 1H(PACTPYKTYpH BUHHKIIA K TEXHIYHA MTpodiemMa.
3 MOIIMPEHHSIM METOJIIB IITYYHOTO 1HTEJEKTY Ta iX 3aCTOCYBaHHSM y KOXHIH raiy3i BOHH
TaKOX 3HAWIIUIA 3aCTOCYBaHHS B OCBITHIX HaykaxX. OCOOIMBO TOMY, IO HEYITKA JIOT1KA T4 CUCTEMH
JOTIYHOTO BHUCHOBKY JOCATAIOTh YCHIIIHUX pe3yJibTaTiB Yy BHIAJKaX HEBU3HAUEHOCTI, BOHHU
e(eKTUBHO BUKOPUCTOBYIOTHCS B OCBITHIX HayKax 1 iX BUKOPHCTaHHA 3pocTa€e. Pi3H1 KOTHITUBHI Ta
a(eKTUBHI CTPYKTYpH CTYJI€HTIB, HEBU3HAYEHICTh B OL[IHIOBAaHHI Ta OLIIHIOBAaHHI, a TAKOK PO3BUTOK
OCBITHIX TEXHOJIOT1 € OCHOBOIO 30UIBIIEHHS JIOJATKIB Ha OCHOBI IITYYHOTO iHTENekTy. OmaHa 3
BOXJIUBUX MPOOJIEM Y IUCTAaHLIHHOMY HaBYaHHI MOJIATA€ B TOMY, SIK OLIHUTH YCIIIIHICTh CTY/AE€HTa
Ha npobseMHuX Kypcax. CydacHi CHCTEMH OL[IHIOBaHHSI YaCTO BKJIIOYAIOTh BIJIKPUTI 3allUTaHHS abo
3alMTaHHd 3 BapiaHTamMu Bignosijeil. ToOTo mpu po3B’A3yBaHHI 3aJaHOi 3a7ayi OIIHIOETHCS
pe3ysbTar, a il y4Hs MOXHA ITHOPYBaTH, IOKH BiH HE JOCSATHE pe3ynbraTy. Komu MeToro icuTiB €
BHU3HAUEHHS PIBHS HABYaHHS y4YHS Ta OI[IHIOBAHHA JIMILIE YCHIINIHMX YW HEYCHIIIHMX YPOKIB, fK1
BKJIIOYAIOTh BHUPIIIEHHS MPOOJIeM, 1€ CTBOPUTh HEBU3HAUEHICTh Y BU3HAYCHHI piBHS HaB4YaHHA. Ha
TaKMX ICIHUTaX piBEHb HABUYEHOCTI CTyJEHTa Ma€ IHTEpHpeTyBaTHCs 3 OUIBII HIK JBOMA
pesyibTatamu. HediTka jorika € OJHUM 13 METO/iB, KU MOXXHa BUKOPUCTOBYBATH Ul HaJaHHS
TAKOTO POy OIIIHKHM Ta YCYHEHHS HEBH3HAUEHOCTI. Y IOMY JIOCIi/DKEHHI TpeIcTaBiIeHa MOICTh
YCIIIIHOCTI Ta OIIHIOBaHHS ICMUTIB, sfKa 0a3yeThCs HA HEWITKIM JIOTili, sfKa B3aeMoie 3i
cTyneHTaMu, o0 e(EeKTUBHIIIEC BIOPATUCS 3 IIMMH HEBU3HAUYECHOCTSIMU Ta BUMIPATH B3a€EMOIIO.
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[IpencraBiena Moienb BKIIOYAE B ceOe IMiIXiJ HA OCHOBI HEUITKOI JIOTIKH ISl BU3HAUCHHS
YCHIITHOCTI CTYJEHTa 3 NpeIMeTa Ta HAMPUKIHIII CeMECTPy. 3 PO3BHUTKOM TEXHOJIOTIH BigOyBCS
nepexiz 10 BeO-MoAesi AMCTaHLIHHOTO HaBYaHHS, SIKa BUKOPUCTOBYETHCS ChOTOHI. B manuii yac
IcCHye 0araTo JIOCIIIKEHb IPOrPaMHOr0 3a0€3NEeUeHHs, 1110 BUKOPUCTOBYETHCS B JUCTAHLIHHOMY
HaBYaHHI. Y IUX JOCIIIKEHHIX OYyJI0 MOPIBHSAHO OaraTo mporpamMHOro 3abe3neyeHHs. Yl MeTou,
AK1 TeJaror BUKOPHUCTOBYE JUIsI OTPUMaHHS 3BOPOTHOTO 3B’S3Ky HiA yac abo micis mporecy
HaBYaHHS, MOXYTh OYTH BHUpPaXEHI SK OIIIHIOBaHHS Ta OIIHIOBaHHA. Xo4a OLIHIOBAHHS Ta
OLIIHIOBAHHS 3a3BUYail PO3IJISNAIOTHCS SK OCTAHHI €Taly OCBITH, OCKUIBKM HaBYaHHS BKJIIOYAE
npoliec, BOHM HEO0OXiTHI Ha KOXKHOMY €Talll MpoLecy HaBYaHHs. 3 i€ IPUYMHU OL[IHIOBaHHS, SIKE
IPOBOJUTHCS MPOTATOM YChOI'O HAaBYAJIBHOI'O IPOLECY, Mae Ha MeTi (JOPMYBaHHS Ta CIPSIMOBaHE
HA BU3HAYCHHS pIBHA HaBYaHHS CTYACHTAa HANpPHKIHII ceMecTpy ab0 HaNpHKIiHII pPO3IiTy.
[TimcymMKOBi icniuTH, 3aBAaHHS a00 MPOEKTH BKJIIOYAIOTHCS B OIIHKY JJIs BU3HAUCHHS PIBHA. Y
JiTepatypi, y JOCTIIKCHHSX IS OI[IHIOBAHHS Ta OLIHIOBaHHS Ta OI[IHKM YCHINIHOCTI CTY/ICHTIB,
IITYYHUX HEHPOHHHUX MEpeX, INIMOOKOro HaBYaHHs, BMIIAQJAKOBOIO JIICY, JIOTICTUYHOI perpecii,
0araTomapoBoro nepcenTpoHa.

VY nocniKeHHSIX 3 OI[IHKM YCHINTHOCTI BIUIMB MEJarora, mporpaMHe 3a0e3reyeHHs iCIuTy,
PYXH CTyIeHTa B CHCTEMI, CTaTyC BiJBIIyBaHOCTI, aHaNi3 KOHTPOJBHOI POOOTH, OIIHKA MPOEKTY i
BUPQXXEHHSA TPaHUYHUX OajiB 3a JOMOMOIOK) HEYITKOTO BUCHOBKY. Y JIOCHIIXEHHI, B SKOMY
VCIIIIHICTG ~ CTYACHTIB  OI[IHIOBAaJlacs 3@  JIOTIOMOTOI0  HEYITKOrO JIOTIYHOTO  BHUCHOBKY,
BUKOPHUCTOBYBaUCA JAB1 (PyHKIIT MPUHANEKHOCTI Ta MPEAMETHI Oalu CTyIEHTIB. Y JOCIIIKEHH]
BUKOPHCTOBYBAJIACsS HEUiTKA HEMPOHHA Mepeka, sSIKa BpaXxoBYe Taki (paKTOpH, sIK BiK, CTaTh, OCBITa,
MUHYJA YCHIIIHICTh, CTaTyC POOOTH Ta poOoue CepeloBHINE JJIsi MPOTHO3YBAHHS YCHIIIHOCTI
CTYJICHTIB.

JlinrBicTuuHi BUpa3u Oyxke Ao0pe, noOpe, HEMOraHo, MOMIpHO, MOTaHO Ta AYXKE MOraHo
MOKYTh OYTH BUKOPHCTaHI Y BHXOJI CHCTEMH HEYITKOTO JIOTIYHOTO BHUCHOBKY. Y IOCIIIKCHHSX,
MOXXE TIPOBOIUTHLCS OIliIHKAa €(PEKTUBHOCTI HA OCHOBI HEUITKOI JIOTIKM, OIliIHKa €(QEKTHUBHOCTI
MPOBOAMIIACS 3a JOIMOMOTOK JOMAIHIX 3aBJaHb, TECTIB, MPOMDKHUX 1 (IHAIBHUX ICIUTIB,
neperisay Bijieo, YUTAaHHS KHUT, OCOOMCTOrO PO3BUTKY, KOMYHIKaTUBHMX HABMYOK Ta iH(opmarii
npo y4yacTb. [Ipu OLiHIOBaHHI YCHINIHOCTI CTYJEHTIB ICHYIOTh JOCIIJKEHHS, B SIKUX MOIEpenHIn
piBEHb HaBYaHHS BHMKOPHUCTOBYETHCS pPa30M 13 IMOTOYHOI CHTYyali€ro. Y IHMX JOCIIIKEHHIX
BUKOPHCTOBYBABCSl HEUITKUN JIOTTYHUI BUCHOBOK 13 3BOPOTHUM IOLIMPEHHAM 1 KOMOIHAIisl ABOX
CHCTEM HEYITKOI'O JIOTIYHOTO BHUCHOBKY. Y JOCHIKEHHI, sIKE BUKOPUCTOBYE 4-3Ha4HY HEUITKY
JIOTIKY 3BOPOTHOTO 3B’SI3KY JJIsl OLIHIOBAHHS JIOCSITHEHb YYHIB, KO)KHE 3HAUEHHS MPEJCTaBIIsE
MiCsIll HaBYAIBbHOTO Mpouecy. Buxia cucremMu Moxe MaTh YOTHUPU 3HAYEHHS: «IOTPiOHO Oliblie
3YCUIIbY, QK OUIKYBAIOCS», «100pe» 1 «mayxke maobpe». Y NOCHIIHKEHHSX 3 BHKOPUCTAHHSIM
HEUITKOT JIOTIKM 3 METOI0 YCYHEHHSI HEBU3HAUYEHOCTI B MPOXIJHUX Oajax CTYAEHTIB yCHIIIHICTh a00
HEYCIIIIHICTh CTyJeHTa OILIHIOBAIM 3a JOMNOMOIOI0 JIHTBICTUYHMX BHpasiB. B iHmomy
JIOCIIJKEHHI K BX1/IHI apaMeTpH JUIsl HEYITKOTO JIOTITYHOIO BUCHOBKY BUKOPUCTOBYBAJIH OLIIHKY
ICIIUTY, y4acThb y (opyMmax, BIICYTHICTb Ha 3aHATTI, a SIK BUXIJHUHN MapamMeTp BUKOPHUCTOBYBAIU
YCHIIIHICTh CTyIeHTa. BiANMOBIAHO 1O pe3yNnbTaTiB JOCHIHKEHHS, SK€ BHUBYA€ BIUIMB HEUYITKOI
JIOTIKM Ha YCHIIIHICTh CTYJAEHTIB Ha MiJACYMKOBOMY ICIHUTI, CTYJEHTH 3 BHCOKMMH OHJIANH-
OLIIHKaMHU Ta TpOLIeCaMHU CAMOHABYAHHS MOXYTh MOKA3aTH BHCOKY YCIIIIHICTh Ha BHITYCKHOMY
icniuTi. BXiaH1 1aH1 ocobu, sika mpuiiMae HEYiTKI pillIeHHs], TOBUHHI BKJIIOYATH OLIIHKH 32 IPOMIXKHI1
Ta MpoOHI ICIUTH, a BUXIIHI JIaHi - 5 JIHTBICTUYHUX 3HA4YeHb (Ayxke ciaOKuil, clraOkuii, cepeaHii,
no0puil 1 nyxe xopomuii). Ak GyHKIIS HaJeKHOCTI MOKE BUKOPHCTOBYBAThCSI TPUKYTHA (PYHKIIIS
MPUHAIEKHOCTI. Y KJIACHUHIN MHOXXHHI eleMEeHT abo € eleMEeHTOM MHOKMHH, a00 HUM HE €.

BuxopuctoBytoun HamaHuW MiAXiA A0 KOMIUIEKCHOI OITIHKHM €(EeKTHMBHOCTI BHXOBHHX
3aX0/liB 3 BUKOPHCTAHHIM amapaTy HEYITKOi JIOTIKM MOJIMBO BUKIIIOUMTU CYO’€KTUBHUH MiJXi[ B
[OMY IIPOILIECI 1 CTBOPUTHU CHUCTEMY O€3MepepBHOTO MOHITOPUHTY BUXOBHUX 3axojiB B JIJIMA i
YMOBax AMCTAHIIHHOTO HAaJJaHHS OCBITHIX TOCTYT.
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VJIK 681.518.54

Ounumyk C.I'., Tynynos B.1. (Jonbacvka oepoicasna mawunobyoiena axademis, m. Kpamamopcok
— Tepnoninw, Yxpaina)

3ACTOCYBAHHS HEMPOHHUX MEPEX JIJISI BATATOKPUTEPIAJIBHOI
ONTUMI3ALI TEXHOJIOTTYHUX IMMPOIIECIB.

B pobomi nadanuii npuxnad mozo, AK pe3yibmamu HetpomMepetces020 MOOeI08aHH S 003601AI0Mb
cmeopumu  a0anmueHy cucmemy Ynpaeninusa. Bukxopucmosyiouu yi uelipomepedicHi moleni, MOJCHA 3a
00NOMO2010 CheKmpa KOIUBAHL 8 MEXHOA02IUHOI cucmeMi GUHAUUMU BIOHOCHE 3HOULY8AHHS DIdHCYH020
IHCMpYMeHmy ma pexcumie pi3auHs, Wo 0036014€ NidiOpamu payioHanbHi pexcumu  eKchayamayii
MexXHONI02TUHOI cucmemu.

The paper provides an example of how the results of neural network modeling allow creating an
adaptive control system. Using these neural network models, it is possible to determine the relative wear of
the cutting tool and cutting modes using the spectrum of fluctuations in the technological system, which
allows choosing rational operating modes of the technological system.

JlocBix ekcruTyaTamii TEXHOJIOTIYHHMX CHUCTEM IMOKa3ye, IO pi3albHUN I1HCTPYMEHT €
HaliMEHII HaIIHHUM elneMeHTOM. Po3citoBaHHS CTIHKOCTI 1HCTPYMEHTY, HemependayeHi BiIMOBHU
NPU3BOJATH IO 3HWKCHHS MPOJYKTHBHOCTI Ipalli, BUHUKHEHHS HUTI00Y OCHOBHOTO BHPOOHHIITBA,
MiJBUIICHOI BUTPATU IHCTPYMEHTY € JAecTaOuni3yrounM (aKTOpoM MeXaHOOOPOOHOro MpOIECy.
[TinBuIIeHUI 3HOIIYBaHHS IHCTPYMEHTY MOKE MaTH MicClle BHACHIJIOK HE3HaHHs a00 HEeNpaBUIbHOT
OLIHKH PEXHMIB pi3aHHA B JaHUX KOHKPETHHX TEXHOJIOTIYHMX yMOBaXx. Y TakoMy pasi
PEKOMEH/YEThCSl HAKOIIMYEHHS Ta BUKOPUCTaHHS 0aHKY JaHUX 1110710 3aCTOCYBaHHS IHCTPYMEHTY, B
SKOMY BpPaxOBYBAJMCS O YMOBH €KCIUIyaTamii Ta CTIMKICTh IHCTPYMEHTY KOHKPETHOTO BHIY,
marepiany, BiJl KOHKPETHOTO MMOCTa4ajJbHUKA MPH 3aCTOCYBaHHI HOTO 3a pi3HUMH Marepiajamd, 3
pi3HUMU pekuMamu pizanHs, pizaumu COTC.

Y Mipy HAaKONMUYEHHS CTAaTHCTUYHOTO MaTepialy, MOXIMBE 3aCTOCYBaHHS IPHMYCOBOL
3aMiHU IHCTPYMEHTY, HEe YeKalo4M HOro KaTacTpo(iqHOTo 3HOLIYBaHHS a00 HaAMIPHOTO BILUIUBY Ha
TOYHICTh 1 CTaOUIBbHICTh MOBEPXOHb, IO OOpOOIAIOThECA. Asle A IIbOTO HEOoOXiAHUN BCeOIUHUN
aHali3 Ta OOIPYHTOBaHE MPUMHATTS pIlIEeHb HIOJ0 BUOOPY pEXHUMIB pi3aHHA 3 METOI0
3a0e3nedeHHsl, 3 OJHOro OOKy, JOBrOBIYHOCTI I1HCTPYMEHTY, 3 IHIIOTO — HeoOXixHOi
MIPOJIYKTUBHOCTI 0OPOOKH.

Taxkum 4MHOM, METOIO € pOo3p0o0Ka METOAY JIIarHOCTUKH SKOCTI TEXHOJOT1YHOI CUCTEMH.

Jlnsi TOCATHEHHs TOCTaBJIEHOI METH C(hOPMYJIbOBAaHO OCHOBHI 3aBJIaHHS, SIKI HEOOX1IHO
BUPIIINTHU:

1.Po3pobutu METOAMKY €KCIEpUMEHTAIbHUX JOCHIPKEHb Ta MPOBECTH E€KCIEPUMEHTAJIbHI
IOCIIDKEHHS UI JIarHOCTUKU SIKOCTI TEXHOJIOTIYHOI CHCTEMH Ha OCHOBI KOMIUIEKCHOI OIlIHKH
napameTpiB MIOPCTKOCTI 0OpOOKH.

2.3a pe3yabTaTaMH €KCIIEpUMEHTAIbHUX JOCIIPKEHb BUKOHATH 00pOOKY BUMIpIB.

3.Po3poOutu MaTemaTWyHi MOJENlI BHM3HAUEHHS palllOHAIbHUX pPEXUMIB pI3aHHA Ta
BEJIMYMHHU 3HOCY JUIS 33JJaHUX YMOB €KCIUTyaTallii TEXHOJIOTYHOT CUCTEMH.

4.ChopMyntoBaTi TPaKTHYHI PEKOMEHJAIlli II0J0 3aCTOCYBaHHS JMIarHOCTUKH SIKOCTI
TEXHOJIOTIYHOI CHCTEMH Ha OCHOBI KOMIUIEKCHOI OLIHKHM IapaMeTpiB IIOPCTKOCTI OOpOoOKH y
MaIIMHOOY/IBHUX IpoIlecax.

V 3B'SI3Ky 3 BHpPIIIEHHSIM TIOCTABJICHUX 3aBJIaHb MOYKHA BUIUTUTH OCHOBHI O3HAKH HAYKOBOL
HOBU3HU poOOTH, a caMme:

1. BusiBieHo eeKTHBHI HaNpsiMM BU3HAYEHHS pAIllOHANIBHUX PEKUMIB pi3aHHS Ta 3HOCY
PLKYYOro IHCTPYMEHTY.

2. 3anporoHOBaHO HOBHUH METOJ JIarHOCTUKU SKOCTI TE€XHOJIOTIYHOT CHCTEMH Ha OCHOBI
KOMIIJIEKCHOI OILIIHKH ITapaMeTpiB IOPCTKOCTI 0OPOOKH.
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B sikocTi 006'ekTiB AOCHiKeHHST Oyli0 00paHO ByIJeLeBy KOHCTPYKIIHHY cTanb 45 1 crajib
20. O6pobka mpoBoamitacs Ha Bepcrari 1K62. 3aroToku 31 ctami 45 1 20 cranu oOpobisaucs Ha
PI3HUX peXHMMax TpbOMa pi3HUMHU acTuHaMu. DikcyBanacs BeIMUYMHA 3HOLUTYBAHHS 1HCTPYMEHTY
1 mepeBoaMiacs y BIJHOCHHH 3HOmIyBaHHA (MKM/kM). Ilmactunu Oynu mpencraBiieHi Qipmamu
Sandvik Coromant, Vandurit Ta Seco:

1 - Sandvik Coromant CNMG 120408 PF, cuias 4015;

2 - Vandurit CNMG 120408-4D V122, crinas P20,

3 - SECO CNMG 120408 PF, crutas 4015.

OO6pobka mpoBoamacs 3 pexxumamu pizanas: V1=80 m/xB., V2=130 m/xB., S1=0,2 MM/00.,
S2=0,4 mm/00., t1=0,25 MM, t2 = 1 MM.

B pesynbrari Buiinuio 48 3paskiB. s BUMIpy HIOPCTKOCTI B3JOBXK CIiNy 1HCTPYMEHTY 3
KOKHOTO 3pa3ka 3pOOMIHM 3IMOK. 3TMOK pOOMBCS HACTYITHUM YHMHOM: Ha TMAarip HaHOCHBCS
HEBEJIMKUI Iap CUJIIKOHOBOI'O KJICKO, 3pa30K MPOKOUYBaBCA IUM IIIApOM, 3aCTUTIIMN KJei
YTBOPIOBAB Ha Marepi 3JIMOK TapHOi sKocTi. BuMiproBaHHS mapaMeTpiB MOPCTKOCTI MPOBOAMIIOCS
3a monomoroto mpodinomerpa TR200.

[Ticns mpoBeeHHS eKCIepUMEHTY TPOBOAMBCS aHani3 ¢inorpam. I1ix yac ananizy ¢izorpam
OynyBamucsi Tpadiku CIEKTpaIbHOI HIUIBHOCTI — crekrporpamu. CreKkTpaibHa TyCTHHA €
byHKIII€I0, M0 OMUCYe PO3MONIN JHcHepcii HepiBHOCTEW 3a yactoTamMu. BoHa mokasye ski
HEPIBHOCTI IEPEBAKAIOTH y IbOMY TTPOdiI.

OyHKINS CHEKTPATBHOI IIITFHOCTI JTO3BOJISIE BUKOHATH TapMOHIWHUWI aHali3 1 BUSBHTH
HalliHTEeHCHUBHIII CKJIaoBi y mpodinakrorpami. Lle mo3Bossie BUSABUTH (PakTopH, IO AIIOTH 3
NEBHOIO TEPIOAMYHICTIO B Tpomeci (OpMyBaHHS IIOPCTKOCTI TOBEPXHI Ta CKOpPHUTyBaTh (3a
noTpedu) mapaMeTpH MpoLecy pi3aHHs.

3acToCyBaHHS I1HCTPYMEHTapil0 HEHMpOMepeKeBOro MOCIIOBAHHS JI03BOJIMIO BHKOHATH
aHai3 OTpUMaHWX (QiTorpaM Ta CHIEKTOPOrpaM, OCKUIBKH HEHPOMEpek eBe MOJICITIOBAHHSI
BUKOPHUCTOBYETHCA JUIS BUPILIECHHS cabo ¢hopMani3oBaHUX 3aB/aHb 3 HEMOBHOIO 1H(POPMAIIIEI0 TPU
BEJIMKIH KUTBKOCTI BXiTHUX (DaKTOpiB.

Ha ocHoOBi BHKOpHCTaHOI TaOMUIII KOPTEXKIB JaHUX (TOOTO pe3yiabTaTiB €KCIIEPHMEHTY 3
BIJOMUMH BXIJHUMHM Ta BUXIIHUMH (AKTOpaMu) BHUKOHAHO HaBYaHHSA HEHPOHHOI Mepexi. Sk
BIJIOMO, HaBU€Ha HEHpOHHa Mepeka HaOyBa€ 3/1aTHOCTI 3[1MCHIOBATH ACOLIaTHBHI 3B'I3KHM MIX
BXIJHUMH Ta BUXITHUMHU (DaKTOpamMH TEXHIYHOI CHCTEMH 1 € MOJENb SIBUINA, 32 JOMOMOTOI0 SIKOT
MO>KHA POOUTH Pe3yabTaTUBHI BUCHOBKHU.

3a pe3yJbTaTaMH €KCIIEPUMEHTY 3a JIONOMOT0I0 IMporpaMHoro 3abe3nedeHHs NeuroPro 0.25
Oyn0 moOymoBaHO TpPHU MaTeMaTHU4HI MOJENl Ha OCHOBI HEHPOMEpPEKEBOTO MOIETIOBaHHSI. Y
MepIIii - BXITHUMU CUMIITOMaMH OYJIM TTOKa3HUKU YacTOTHUX GuisTpiB (x1, x2, X3, x4, x5, X6, X7,
x8, x9, x10, x11, x12, x13, x14, x15, x16, x17), a X BiAHOCHOTO 3HOCY. Y IpYTiii — BXITHUMH
CUMITOMaMHu Oy Marepial 3aroTiBili, BUJ IUIACTUHU, IIHOWHA pi3aHHS], MOJaya Ta IIBUAKICTh
pizanns (x1, x2, x3, x4, x5), a KIHIIEBUMHU CUHIPOMaMHU — 3HaY€HHS BITHOCHOT'O 3HOCY. Y TpeTii -
BXIJHUMH CUMIITOMaMH OynTu MOKa3HUKU 4acTOoTHHX ¢inbTpiB (x1, x2, x3, x4, x5, x6, x7, x8, X9,
x10, x11, x12, x13, x14, x15, x16, x17), a 3arOTOBKH, BUJI TUIACTUHU, TTIMOMHA pI3aHHS, ITOJa4a Ta
HIBUIKICTH pi3aHHS.

Pe3ynbratu HelpomMepekeBOro MOJAETIOBAHHS JO03BOJSIOTH CTBOPUTH aJalTHBHY CHCTEMY
yrnpapiiHHA. BukopucToByrouum 11 HeHpoMepexxHI MOJei, MOXHa 3a JIONOMOIOK CIEKTpa
BU3HAYUTH BIJIHOCHE 3HOLIYBAaHHS Ta PEXHUMHU pI3aHHSA, a 3HAYUTH MiAIOpaTH paliOHAJIBHY
MIBUIKICTh pi3aHHS Ta 3HOIIYBAHHS IS 33JaHUX YMOB €KCILTyaTallii TEXHOJIOTTYHOT CHCTEMHU.

Ha ocHOBI oTpuMaHHMX AaHUX Ta HEHPOMEPEKEBOTO MOJCIIOBAaHHS, Oyl0o po3pobOJIeHO
HOBHUII METOJ] JIarHOCTHKH 3a JIOMOMOTOK OIIHKH IIOPCTKOCTI B3/IOBXK CIHiy 1HCTPYMEHTY.
[lepeBaroro maHOTO METONY MIarHOCTHKH € Te€, IO BiH J03BOJISIE BU3HAYWTH 3HOITYBaHHS
IHCTPYMEHTY, a TakoX BUOpaTH peXMMHM pi3aHHSA Ta IHCTPYMEHT, L0 HAWOUIBbII MIAXOASTH IS
TaHOI TEXHOJIOTTYHOI CHCTEMH.
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