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KoBaneBcbkuii C.B. ([Jounbacvka Oepoicasna mawunobyoiena axademis, m. Kpamamopcok-
Tepnoninw, Ykpaina)

XXI MIZKHAPOJTHA HAYKOBA KOH®EPEHIIISA «HEMPOMEPEXHI TEXHOJIOI'TI
TA IX 3ACTOCYBAHHS - HMTI13-2022».

Yeproa naBaAusaTh mepiia MiKHapoJHAa HAyKOBO-TEXHIYHA KOH(EpPEHIIis
«Hetipomepexxni TexHonorii Ta ix 3actocyBanHs HMT3-2022» mpoxomuts y
CKJIaJIHUX YMOBax arpecii pocii, sika po3B'si3aja MPOTH HAIIOI KpaiHH HIYUM HE
CIPOBOKOBaHY, »KOPCTOKY, BapBapChKy, 3arapOHHUIIbKY BiifHy. Bopor mocrtaBuB 3a
METy 3HUIIEHHS YKpaiHW, i1 1HTEJEeKTy, KyJIbTypH, 11eHTuuHocTi. Hapon Ykpainu
MY>KHBO TPOTHUCTOITh IMIEPCHKUM IUIAaHAM 3arapOHuKa 1 poOUTH yce, 00 BUCTOATH
y IIbOMY MPOTHCTOSTHHI. | MU BiT4yBaeMO BEIMYE3HY MIATPUMKY Ta JOTIOMOTY BCHOTO
JTEMOKPATUYHOTO  CBITY, SKHH BHPI3HSAETHCS BHCOKMMH  MOpaJbHUMH  Ta
IHTEICKTyaIbHUMH SIKOCTSIMU.

[lepen BITUM3HSHOIO HAYKOIO CTOSITh 3aBJIAHHS, BUPIIMICHHSA SKUX € YXUTTEBO
BOXJIMBUM 3 ypaxyBaHHSM BHUKJIMKIB, aHAJIOTIB SKUM Yy CBiTI Hemae. HeoOximHo
BUpIIYBaTH 3aBJaHHs Oe3MOocepeaHbO TMOB'SI3aHI 3 BUKOPHUCTAHHSIM  BKpaii
OOMEKEHUX pecypciB y HaWKopoTmil TepMiHU. [IpydyoMy 1 pimieHHs MarTh OyTH
ONTUMAJILHUMH y KOXXHMM MOMEHT 4acy Ta y JOBIOCTPOKOBIM MEpCHEeKTHBI. A
TEXHIYHI, CKOHOMIYHI, OpraHi3aliiHi 3aXO0Jd, 10 BXXHUBAIOThCSA, IMOKJIMKAHI
Oe3nepepBHO (OPMYBATH COIIaTbHO-EKOHOMIYHE CEPEOBUIIE, B IKOMY TapMOHIMHO
1 0e311€YHO PO3BUBAETHCS SIK CYCHUIBCTBO B IIIIOMY, TaK 1 KO>KHA JIFOJIUHA.

CporosiHi 00'€IHaHHIO THCTPYMEHTApPII0 JOCHIJKEHHS Ta MOOYJOBU TJIMOOKO
KOMIT'FOTEPU30BAHOTO CEPENIOBUINIA 3 METOI0 OaraTOKpuUTepiadbHOI ONTUMI3aIli
CIPUSIIOTH PO3POOKH B Tally31 MEPCIEKTUBHUX 3aCO01B MOJICIIIOBAHHS PI3HUX 00'€KTIB
Ta MPOILIECIB 13 BUCOKUM CTYIIEHEM 1IeHTU]IKALll TaKUX MOJENEH peanbHOro CBITY.
Jlo Takux 3aco0iB y mepuly 4epry MOKHa BIJIHECTH HEUPOMEPEKHI TEXHOJIOTI SK
nporecu 1IeHTU(IKaIli HEUPOMEPEKHUX MOJIEIEH, 1[0 HAOIMXKaI0Th, 10 MPOIECIB
CUCTEMHOT B3a€MOJIIi JKMBOI Ta HEXHBOI TPHUPOAM HA OCHOBI I1HTEICKTyaJIbHHX
O0YHCIICHb.

VY 3B'S3Ky 3 BUKJIQJICHUM MPUPOJTHUM PO3BUTKOM CHCTEMHOTO MOJICITIOBAHHS €
po3pobKku 'y cdepl PO3BUTKY IITYYHOTO IHTEIEKTY SK HAWBUIIOTO pPIBHS
MOJICITIOBAHHS JOBKULIS Ta ONTHMAJIBHOTO yIpaBiiHHSA Her. [Ipu 1boMy mocCBin
3aCTOCYBaHHS HEHUPOMEPEKHIX TEXHOJOTIH [JIi BUPINICHHS PI3HOTO KoJia
MPAKTUYHUX 3aBJaHb CIPHUSE PO3YMIHHIO Ta CIYKUTh TMOJAJBIIOMY PO3BUTKY
HAyKOMICTKMX  3acO0IB  Ta  METOJIB MOOYJAOBHM  CepeloBHINA  Oe3medyHol
KUTTETISTBHOCT1 KOXKHOT JIFOJUHU OKPEMO Ta BCHOT'O CYCH1ILCTBA 3arajioM.

Ueproa nBanusaTh mepina HaAyKOBO-TeXHIYHA KoH(epeHiis «HelpomepexHi
TexHonorii Ta ix 3acrocyBanHs HMT3-2022» Takox copusituMe UM
nepepaxoBaHUM BHUILE IIJISIM.
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Shevchenko A.l., Vakulenko M. O., Klymenko M. S. (Institute of Problems of Artificial
Intelligence, Kyjiv)

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 npoexm Cmpamezii pozeumky wmyynozo inmenexmy ¢ Yxpaini na 2022 — 2030 poxu,
CMBOPEeHUll SPYNOIO YKPATHCLKUX HAYKOBYI6 Ni0 Kepignuymeom Incmumyny npobiem wmyuHo2o inmeniexmy
Minicmepcmea ocsimu i wayku Ykpainu ma Hayionanvnoi axademii nayx Ykpainu. Ilpoexm ypaxosye
nOOIOHI cmpamezii po36UMKY WMYYHO20 [HMeAeKmy, NputiHami 8 iHwux kpainax ceimy, Cmpameziro HATO
w000 wimyynoz2o inmenexmy, a maxosic Konyenyiio poseumky wmyunozo inmenexkmy 6 Yxpaini. Iloxazano,
WO MAWUHA 3 PO3GUHEHUM WIMYYHUM [HMENeKMOM NOBUHHA MAMU WMYYHY C8I00MICMb, KA NPU3BOOUNb OO0
BUHUKHEHHS WmYyYHOIL ocobucmocmi, nodionol 0o nodunu. Tlpoananizoeano 3HayenHs i O4iKy8aHi HACTIOKU
peanizayii Cmpamezii po36umky wmyyHo2o inmeiexmy 6 Ykpaini.

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. Glugkov 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 "Atrtificial 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 NATO’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 Al [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 SYSTEM —I
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| Machine | _| Cutting Auxiliary | |
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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 INNOCENT]I 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]:

r@) =e- 0,0054 t (@))

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.

R@® A
F@® [h]
@

%] 100

F (@

80 \
601 A0

0 ol 1025 2075 3125 4175 5225 6215 tthy

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 PGP015 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 t 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 Gumball s distribution for grouped experimental data the chosen one is Weibull s
distribution, and its reliability functions is as follows [6, 9-10] :

Ry = e-(1/16,4777) 15202 ‘

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

figure 3.
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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
INNOCENT!I 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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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 Italy). 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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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

22



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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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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BUKOPUCTAHHS MOJEJIEH MAIIUHHOT' O HABYAHHS 1A IIOIITYKY
MEIUYHUX JAHUX

Bukxopucmanus wmyunoeo inmenekmy 6 meOuyuHi mae be3niy gapianmia: ye nOpMamueHi npucmpoi
KOHMPOJII0 NOKA3HUKIB 300p08's, 3acobu onmumizayii npoyecy 0iaeHOCMUKY, NPOSPAMU O AGMOMAMU3AYIL
00KyMeHmoobi2y, niosuuerHs echeKkmueHoCmi JiKy8anus i m.o. Ane ciio susHamu, wo y RUMAHHI JTIKAPCbKUX
piuenb ma CniiKy8aHHs 3 NAYIEHMOM MAWUHA HIKONU He 3MOoXce 3aMiHUmu 8ucoxonpogecitinozo gaxisys.
Ha oanuii momenm uemae owcoonux cymmisie, wo LI cmae ocHogHow yacmunor yugposux cucmem
OXOPOHU 300P08 51, AKI (YOPMYIOMb I NIOMPUMYIOMb CYYACHY MeOUYURYY C8Iimi 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.

HITyyHuii 1HTENEKT Yy MEIUIMHI — 116 BUKOPUCTaHHSA MOJIeNIell MAalllMHHOTO HAaBYAHHS JJIs
MOIITYKY MEIUYHUX JIAHUX Ta OTPUMaHHA iH(opMaIlii, sika JOMOMOKe TTOKPAIUTH CTaH 3A0POB’ S Ta
JIOCBIJ] 30€peKEeHHs 3J0POB’S MALIEHTIB. 3aBJSKU OCTAHHIM JIOCATHEHHSM KOMIT IOTEpHUX HayK Ta
iHpopmaTuku WTyYHUN iHTeNeKT (mami — LI) mBuaKo crae HEBiN €MHOIO YaCTHHOIO CydYacHOI
OXOpPOHH 3/I0pPOB’Sl y CBITI. ANTOPUTMM MITYYHOTO 1HTENEKTYy Ta iHIIN JogaTku Ha ocHosi LI
BUKOPUCTOBYIOTHCS JUISI TIATPUMKH MEIUYHUX MPALIBHUKIB y KIIHIYHUX YMOBAX Ta IS peaji3arii
NOTOYHUX JAociipkeHb. Ha cboroani HainommupenimmMu posssmu 11 B MenuuHux ycraHoBax €
NIATPUMKA KIIHIYHUX pIIIeHb Ta aHali3 300pakeHb. Y MeAMuHINd Bi3yamiizalli 1HCTPYMEHTH
IITYYHOTO 1HTEJIEKTY BUKOPHCTOBYIOTHCS ISl aHAi3y KOMIT I0TepHOI ToMorpadii, peHTTeHIBChKUX
npoMeHiB, MPT Ta iHmmx 300pa)keHb Ha HAsSBHICTb YypakeHb a00 IHIIMX BHCHOBKIB, SIKI
PEHTI'€HOJIOT MOX€ MTPOMYCTHUTH.

Po3rnsiHeMo MiXHApOJHHUM AOCBiA 3aCTOCYBAHHS IITYYHOTO IHTEJIEKTY B Taly3i MEIULMHU.
3rigHO 3 JAaHWMU, HaBeleHUMH y cTaTTi JIxoBanHi bpiranTi [1], 3acTocoBaHUil 10 €IEKTPOHHUX
3aMMciB PO CTaH 370POB’S MAaLI€HTIB IITYYHUI 1HTENIEKT BUKOPUCTOBYETHCS I MPOTHO3YBAHHS
PHU3UKY CEpLEBO-CYJUHHUX 3aXBOPIOBAaHb, HAMPHUKIAJ, TOCTPOr0 KOPOHAPHOTO CHHIPOMY Ta
CEpLIeBOi HEAOCTAaTHOCTI, PAHHbOIO BHsBIEHHSA (iOpwisauii nepexncepab. JlucTtaHmiiHMMA
moHiTopuHr EKI' 3a gonmomororo Kardia y amMOymaropHUX Naii€HTIB 3 OUIBLIOW HMOBIPHICTIO
BU3Hauae QiOpUIIALio mepencepib, HIX 3BUYaiiHE JIIKyBaHHS. Apple Tako oTpuMana CXBaJeHHS
FDA nnsa cBoro Apple Watch, sikuit no3Bossie serko orpumyBatu EKID 1 BusBnsatu ¢ibpuiisnio
nepeacepb, SIKUMU MOKHA MOJUIMTHCSA 3 BUOpaHUM JiKapeMm depe3 cMapT@oH. Y poOoTi aBTOp
pO3IIIAJIa€ IBa OCTAHHIX 3aCTOCYBAHHS TOYHHUX 1 KJIIHIYHO 3HAUYLIMX aJITOPUTMIB, SIKI MOXYTb
MPUHECTU KOPUCTH SIK MAalllEHTaM, TaK 1 JIKapsM, MOJETLIYI0UN A1arHOCTUKY XBopoO. [lepmiwuii 3
[IUX AITOPUTMIB € OJHUM 13 06araTboX ICHYIOUHMX HPUKJIAAIB aITOPUTMY, IKUHA JOMOTa€e JIKapsM y
3aBlaHHAX Kiacudikauii 300paxkeHb: nocaigHUKA CeylnbChbKOTO HAI[lOHATBHOTO YHIBEPCUTETY
po3pobwmn anroput™ LI mix HazBoro DLAD (anri. Deep Learning based Automatic Detection),
o0 aHali3yBaTH PEHTTEHOTpaMH TPYAHOI KIITKM Ta BHSBIATH aHOMAJIbHUNA PICT KITHH,
HANPUKJIA] MOTSHIIMHMIA pak. J[pyruil 3 uX alropuTMiB HaIXOIUTH BiJl MTochigHUKIB 3 Google Al
Healthcare, sxi crBopmiu anmroputm HaBuaHHid LYNA (anrn. Lymph Node Assistant), sikwuii
aHaJli3ye TICTOJIOTIUHI claiau 3a0apBiIeHMX 3pa3KiB TKAaHWHU JUIS BUSIBIEHHS MeETacTaTMYHHUX
MyXJIMH MOJIOYHOI 321031 3 Oiomcii miMdaruanoro By3na. LYNA Ha 99% TouHO Kiacudikye 3pa3ok
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K PaKoOBUW a00 HEPAKOBUH Ta BJBIUI CKOPOYYE CEpPEAHIN Yac Meperysiay claiiiB TKaHuH. 273 Y
nociikeHHsax bepranana Mecko 3a3HadaeTbes, mo anroputmu LT MoXyTh 101aTKOBO JOIOMOTTH
y TOPUUHATTI pillleHb UIS TiABUINEHHS TOYHOCTI JmiarHo3iB. Hampukman, 3a pomomororo I
paioNory MiJABUIIYIOTh TOYHICTH BUSBICHHS PaKy 3a JIOTIOMOTOI0 PalioJIOTIYHOTO CKaHYBAaHHS.
IBM Watson 3amycTwiia CBOK CHELIajbHY I[porpamy Ajsl OHKOJIOTIB, HAJAlOud KIIIHIIUCTaM
oOrpyHTOBaHi BapianTu JikyBanHs. Watson for Oncology mae po3mmpeHi MOXKIMBOCTI aHaJIi3yBaTH
3HAYEHHS Ta KOHTEKCT CTPYKTYPOBaHMX 1 HECTPYKTYPOBAHMX JAHUX y KJIIHIYHUX HOTATKax Ta
3BITax, SKi MOXKYTh MaTH BHUpIIIaJbHE 3HAYECHHS ISl BUOOPY METONY JIKYBaHHS JUIsl KOHKPETHOTO
namienta [3]. CywacHi JOCHIKEHHS MIiATBEP/KYIOTh, IO INTYYHHH I1HTEJIEKT Ma€ MOTCHIAT
HA/JaBaTH TMAaIll€HTaM TIePCOHATI30BaHI PEKOMEHJAIl B PEeXHMi peabHOro dYacy IiIog000BO.
Kommaniss Babylon Health, mo 6a3yerbcs y BenukoOpuTanii, cTBOpmiIa AUCTAHIIHHY
KOHCYJIbTAIlIIHY CTy»)0y, Opi€eHTOBaHY Ha marieHTa. Po3poOka Bxe mpamroe B PyaH[i, a Takox y
BenukoOpuTanii, mpononyroun MeaudHi Al-kKoHcCynbTaiii Ha OCHOBI 0COOMCTOT icTOpPii XBOpOoOH Ta
3arajibHUX Ta CIELiali30BaHUX MEIWYHUX 3HaHHAX. KopucTyBayi MOBIIOMIISIOTH PO CHMIITOMHU
CBO€1 XBOpOOU B Mporpamy, sika mepesipsie iX y 6a3l JaHUX XBOPOO 3a JOMOMOIOI0 PO3Mi3HABAHHS
MOBJICHHS. bepyuu 10 yBarum icTopiro Ta OOCTaBWHHM Maii€HTa, Babylon mporoHye BiammoBigHUIMA
Kypc aiid. JluctaHmiitHi KoHCybTalii Habpanu o0epTiB y 3BA3KY 13 MaHAEMIEI0, 1 BOHH 3aJIMILIATHCS
3 HAMHU Y MallOyTHHOMY.

HaykoBui Bim3HawarooTh, 1m0 HaiiHOBimmMM 3actocyBaHHsAM Il B rmobanbHil 0XOpOHI
3I0pOB’Sl € TPOTHO3YBAaHHA HOBUX TapsYMX TOYOK YOTO CIlajaxy XBOpoO 3a JOMOMOTOI0
BIJICTe)KEHHSI KOHTAKTIB 1 JaHUX MPO MAaHAPIBHUKIB I OOpOTHOM 3 TaHACMIED HOBOTO
kopoHaBipycy (COVID-19). BiacrexxeHHS KOHTAaKTIB — Iie 3axiJ OOpoThOM 3 XBOPOOOIO, SIKHIA
BUKOPUCTOBYETHCS JIEPKAaBHUMM OpraHaMu Jjisi OOMEXEHHs HOLIMpPEeHHsI XBopoOH. BincrexeHHs
KOHTAKTiB 3IMCHIOEThCA MUIAXOM 3B’s3Ky Ta iH(GOpMYyBaHHS o0Ci0, SKi 3a3HaNM KOHTAKTYy 3
JIOIMHOO, sIKa 3apa3uiacs, Ta IHCTPYKTYBaHHS iX IPO KapaHTHH, 1100 3ano0irty nogaibiiomy 274
NOMMpeHHI0 xBopoOu. Sk moimomisie Apple Newsroom, TexHiuHi rirantu, Taki sk Google i
Apple, o6’emgnanu 3ycwins, OO0 CTBOPUTH IUIATGOPMY BIACTEKEHHS KOHTAKTIB, fKa
BuKopuctoByBatume cuctemu Il 3a pomomororo iHTepdeiiciB mporpaMyBaHHS MPHUKIAIHUX
nporpaM. Ciry>x0u jokauii J03BOJIATh MIATPOPMI 3B’ A3yBaTHCA 3 JIIOJIbMH, SIKI MOIJIM MepedyBaTu
no0nu3y iHdikoBaHoi moauHu. Kanaacebka xommnanis BlueDot cTBoproe nmporpamue 3a0e3nedeHHs
JUI aHaJli3y pU3UKY cnanaxy iH(ekuiiHux 3axBoproBaHb. BlueDot onmyOnikyBana nepury HayKoOBY
crartio po COVID-19, sxa ToyHo mnepenbaumna rinoOanbHe MouIMpeHHs Bipycy. Kommanis
BUKOPHCTOBYE TaKi METOJH, sIK 00poOka nmpupoaHoi MoBH (anrn NLP), mammHHe HaBYaHHS (aHIIL
ML), a Takox aBTOMAaTU30BAaHUN HarJs[ 3a IHPEKUIHHUMU 3aXBOPIOBAHHAMH, IMIOJAHS aHATI3YIOUH
npubsmzHo 100 000 keiiciB 3 6ibII HXK 65 KpaiH, iHGopMallio Ipo MapLIpyTH MOIbOTIB, KIiMart,
TEMIEpaTypy Ta HaBiTh MICLEBY XyA00y, MO0 JOMOMOITH HepeAdayuTH MailOyTHI crnajaxu
1H(EeKIIHHUX 3aXBOPIOBAHb.

Bukopucranns teneMequIMHUA 0a3yeThCsl HA YIOCKOHAJIEHHI KOHTAKTIB MK JIKapeM Ta
NAlliEHTOM 33Ul TOJIETIIEHHS OTPUMAaHHS MEAMYHHMX KOHCYJbTAllli 3a JIOMOMOIOK B3aEMOAIL
KOMIT IOTEPHHUX Ta TEJIEKOMYHIKAIIHUX TEXHOJIOT1H 3 JIOAUHOIO JUIsl CYTTEBOIO 3MEHILIEHHS 3aTpaT
qacy NMpH HaJaHHI MEIUYHOI JTOMOMOTH. 3a JaHUMH YKpaiHCHKOIO IHCTUTYTY MaiOyTHBOTrO [6] B
VYkpaini TenemequuHi MpoekTH BhpoBakyoTh Vodafone Vkpaina, Liki24, Bookimed, MeViCS,
Yod.ua, FORCE, Doc.ua, Eliky, Helsi Ta CancerLog.

PosrnsiHemMo 3a3HaveHi paHimie npoekTu jetanbHime. Vodafone VYkpaina coinbHO 3
[actutyrom iMm. H.M. AmocoBa po3po0isioTh miaTGopMy TEIEeMETUIINHA, KA BKIIIOYAE MOPTaI
MedBrama ta Mmo6ineHUI gogatok «llomryk nikaps». 3anpornoHoBaHi po3poOKHU € MepCOHATEHUMHU
€JIEKTPOHHUMH TTOMIYHUKAMH JIKapsl UTsl aBTOMATH3allii MPOIecy MPOBEICHHS KOHCYIbTYBAaHHS 3
nalieHTaMM Ha pI3HMX eTamax: peabumiTamii abo JiKyBaHHS B JOMAIIHIX yMoBax. MoOinbHUI
nonatok «llomryk mikapsi» € JNi€BUM JUIsl MALI€HTIB y MPOLECl 3alucy Ha MpHUoM 10 JiKaps Ta
BEJICHHS MMEPCOHANBHOI MenuuHoi KapTku. 275 IT-rutatdopma Bix Liki24 knacudikye Oinbire 40
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THCSY HAaMEHYBaHb JIIKAPCHKUX 3acO0IB Ta Ja€ MOXKIIMBICTh MOPIBHATH aCOPTUMEHT Ta I[iHU Ha
MEIMKaMEHTH, TMEPEBIPUTH iX HAsBHICTH y alTeKaxX BKAa3aHOTO PETiOHY Ta MEPEBIPUTH MOKIHMBICTH
iX JIOCTaBKHU 3a BKa3aHOIO aJIPecolo.

Buxopucranas mikaapoaHoi miaatdopmu Bookimed 3a0esmedye maimieHTam JIOCTYI 10
HEOOXITHUX MEJWYHUX PIllIeHb, HAJA€ TOTOMOTY Ta MIATPUMKY Ha KOXXHOMY €Talll JIKyBaHHS
naimienTa. 3anpornoHoBaHui ramker Binm MeViCS nomomarae chopmyBatu mpaBHIIBHY OCAHKY
3a]Isl YHUKHEHHS 3aXBOpIOBaHb XpebOrta. ['amker HEoOX1JHO 3aKpiMUTH Ha OJ31 32 JIOMOMOIOIO
MarHiTa 3 METOIO CJIiIKYBaHHS 3a MOJOXEHHSM CIIMHU KOPUCTYBada. SIKIIO JIIOJMHA CYTYIUTHCS —
rajpker BiOpye 1 CHTHaji3ye Mpo HEOOXITHICTh BUIPABJICHHS IOJIOKEHHS TMamieHta. Yod.ua —
iHTEepHeT-TUIaTdOopMa, 110 JAO03BOJISE KOPUCTYBauaM KYIyBaTH JIKM 32 3HHKECHOIO IIHOIO, B TOMY
YHCIi 3 JocTaBKow Joaomy. Ctapran mpaiioe 3 6araTbMa anTekaMy Ta alTeYHUMHU MEpeXaMu IO
Bciil Tepuropii Ykpainu. FORCE po3pobuna cMmapT-OpacieT amis JITHIX JIIOJeH, SIKHiH Ma€e JaTduK
CEpLIEBOTO PUTMY, TaTUUK peecTpallii KpoB’sTHOTO MOTOKY, NaTYUK €JIeKTPOAepMaibHOI aKTUBHOCTI
HIKipY, JaTYMK TaJiHHSA Ta CHCTEMY HaraJyBaHHS NPUHOMY JiKapcbkux 3aco0iB. Takox Opacier
Ma€ KHOIIKY EKCTPEHHOrO BHKIMKY, sKa Micls HATUCKaHHS Hajicuiae mnoBigomieHHs 3 GPS-
koopauHatamu. Po3pobiiena miargopma CancerLog cTBOpEHO Il OHKOXBOPUX Ta OHKOJIOTIB JIS
BiJICTE)KEHHS IMOJIMIIEHHS CTaHy Mali€HTiB. 3aBAsSKU MIaT(GOpMI MalliEHT MAa€ MOXKIIUBICTh BHOCUTH
iH(pOpMaIIiO TPO IIOJICHHI CHMIITOMH 33Ul MOAAIBIIOT0 aHami3y (haxiBISIMH-TIKApPSIMU 3 METOO
BIJICJTIIKOBYBaHHS peajibHOr0 CTaHy OpraHi3My Ta BUKOHYBATH BYACHY Ta HEOOXIJHY J1arHOCTUKY
namieHTiB. Onco.stop — MPOEKT, M0 MOETHYE MOMJIMBICTh JIarHOCTUKM KUTBKOX CIIEI[aliCTiB 3
pPI3HUX KYTOYKIB CBITYy JJs JOMOMOTH (DOpMyBaHHS JOPOKHBOI KAapTH OHKOIAII€HTa Ta
BUKOPUCTAHHS TEJIEMEAWIIMHU TPOTATOM pealiamitamiiinoro mnepioxy. 276 BigmoigHo 10
MPOAHANI30BaHUX POOIT HAYKOBIIB, CIiJ 3a3HAYUTH, 110 MOauBocTi LI mpuHOCHTH KOPHUCTH
KIIIHIIUCTaM, TOCIITHUKAM 1 MaIi€HTaM, SIKUX BOHA 00CITYTOBYIOTh, TIOCTIHHO 3POCTAIOTh.

[lepcneKTHBY BUKOPHCTaHHS HITYYHOTO IHTENIEKTY B MEIWIUHI NMPaKTHYHO OE3MEXHi: Ie
MOPTATUBHI MPUCTPOi KOHTPOJIIO MOKA3HUKIB 37J0POB'sI, 3aCO0M ONMTHMI3allii POIECy J1arHOCTUKH,
nporpaMu Jijisl aBTOMaTHu3allii JOKyMEeHTOOOITy, MiaBUIIeHHS €(eKTUBHOCTI JIKyBaHHS 1 T.O. AJe
CJIJI BU3HATH, 110 Yy NMUTAHHI JIKAPChKUX PIIIEHb TA CHUIKYBaHHS 3 MAI[lEHTOM MallliHA HIKOJIU HE
3MOX€ 3aMIHUTH BHCOKompodeciiiHoro ¢axisug. Ha naHuii MOMEHT HeMae KOAHUX CYMHIBIB, L0
I cTae OCHOBHOIO YAaCTUHOIO IM(PPOBUX CHCTEM OXOPOHU 3/I0pOB’s, sKI (QOPMYIOTH 1
HiATPUMYIOTH CyYacHY MEIMIIMHYY CBITI Ta B YKpaiHI.
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INPOLHEAYPA TBOKPOKOBOI'O OHOBJIEHHSI IIAPAMETPIB INTYYHHUX
HEWPOHIB 3 AJAIITUBHUMHU AKTUBAIIIMHUMMU ®YHKUIAMUA

3anpononosano HO8Yy npoyedypy HANAWMYBAHHA NAPAMEMPIE WMYYHUX HeUpOHi6 3 a0anmueHUMU
aKmueayiiiHuMu QYHKYismu — npoyedypa 080KpOK06020 oHogleHHs: napamempis (2SPU procedure). [Ipoyedypa 2SPU
nepeobauac OHOGNEHHS NAPAMEMPIE OKpeMux Heupouie y 0ea emanu. 1) oHoGlenHs napamempié a0anmueHUX
aKmueayiiHux @yukyit;, 2) OHOGNEHHSA 3HAYEHb CUHANMUYHUX A2 HEUPOHA 3 YPAXYEAHHAM YMOYHEHO20 3HAYEHHS
noxubku. Y pobomi nponouyromvcs ma O00CHONCYIOmbCs pizHi  eapianmu  imnaemenmayii npoyedypu 2SPU.
Egexmusnicme eapianmie 2SPU nopisuioembcsi 3 mpaouyiiiHumu nioxooamu 8 HA6UAHHI WMYYHUX HEUPOHHUX MEPEedC
ma ix Heupowie. Y nopienauni 3 mpaduyiunumu npoyedypamu, 2SPU epaxosye ocobausocmi adanmueHux
akmueayiinux yHKYil, a Maxoxc 0036014€ 00CAeMU KpAWux pe3yibmamie HAGUAHHS Mepexci 3a MeHuly abo
exsiganenmny Kiibkicmb enox. Knwouosi cnosa: adanmuena axmusayiuna @QyHKYis, OB0KPOKOGE OHOGNEHHS
napamempis, Wimy4Ha Helupoxa mepesica, npoyedypa HaABYaHHA HeUPOHHOT Mepexci.

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.

Beryn.

Crporonni mtyyHi HeWipoHHi Mepexi (artificial neural networks, ANNS) € momynspHHM
3ac000M MamuHHOI 00poOKku naHux [1]. BoHn BUKOpHCTOBYIOTHCS Ui Kiacugikalii 300paxeHb
[2], mepeknany TEKCTOBUX (parmMeHTiB [3], mepeTBOpEHHs MOCHIIOBHOCTEH AaHUX [4], reHepaii
MY3UKH [5] Ta HaBITh KApTUH 3 TEKCTOBUX 3aIUTIB [6].

B 3anexxHocT1 Bi cepu 3acTOCYBaHHS, IITYYHI HEHPOHHI MEpEXi BIJIPI3HAIOTHCS MO CBOIM
apxiTekTypi Ta OyAYIOTbCS 3 PI3HOMAHITHUX CTPYKTypHUX OJOKiB. PekypeHTHI Mepexi
BUKOPHUCTOBYIOThCSI I OOpOOKM MOCIIAOBHOCTEW, 3rOpTKOBI — JUIsl Kiacu@ikaiii Ta o0poOku
300paxkeHb, Tomo. OfHAK MOLIMPEHOI0 CTPATETIE0 IMiJIBUIIECHHS alpOKCHMYIOUUX MOKIMBOCTEH
peamizamiii ITY4YHUX HEHPOHHHX MEpPEX € 30UIBIICHHS KUIBKOCTI IIapiB Ta HaJAIITOBHHUX
napamerpis [7].

OpHuM 3 anbTepHATUBHUX PILIEHb JUISl MIABUIIEHHS alpOKCUMYIOUOl 3J1aTHOCTI MEpExXi €
BUKOPHMCTaHHS aJallTUBHKUX akTuBaIliiaux ¢yukiiit (Trainable, Adaptive Activation Functions) [8],
10 3JaTHI 3MIHIOBaTH CBOKO (opMy Ta amIUliTyqy B Mpolieci HaByaHHSA. BukopucrtanHs
aanTUBHUX (QYHKIINA J03BOJSE YHUKHYTH PYYHOIro MiAOOpYy akTuBaliiHOT (QYHKIIT mix dyac
PO3pOOKH Mepexki, a TAKOK CHHTE3yBaTH HOBI aKTHBaliiHI QyHKIIT, 10 OyAyTh cenu(iuHUMH Ta
ONTUMAIBHUMH JIJIS IIOTOYHOT 3a1a4i [9].

[Tpuknanamu amantTuBHUX aktuBaninHux ¢yakuid € AGSig [10], UAF [11], SinLU [12] Ta
ACLU [13]. Heitponu 3 Takumu GyHKIISIMA (PAKTUIHO MAIOTh JIBOIIAPOBY CTPYKTYPY:

1) map cuHanNTHYHKX Bar W,

2) 1map mapameTpiB aaanTHBHUX (QYHKIIIH aKTHBAIIT.

[Tpuknan HelipoHa 3 aganTuBHOIO akThBauiiiHOO ¢yHKuielo ACLU naBeneno Ha Puc. 1.
Tyt W — Habip CHHaNTHUYHUX Bar, a p Ta { — HAJIAIITOBHI MapamMeTpu (QYHKIIT aKTUBAIIi].
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Xn O—>» wp ——
Pucynok 1 — Hefipon 3 agantusHoto ¢pynkiiero ACLU [13]

Crin 3a3Ha4uTH, 110 poOoTH [10-13] BBOAATE aflanTHBHI aKTUBaIiiHI (yHKIIIT O€3 BBEICHHS
CHeniaTi30BaHuX MPOLEAyp HAJAIITyBaHHS IMapaMeTpiB HEHPOHIB 3 aJalTUBHUMH aKTUBAIlITHUMU
byukmismu. OTXe, AOUUIBHUM € JOCHIIKEHHS albTepHATUBHUX MPOLEAYp HalallTyBaHHS
napaMeTpiB, ski O BpPaxoBYBaTM OCOONHMBOCTI HEHPOHIB 3 aJaNTHBHUMH aKTUBAIMHUMU
GyHKIIIMU Ta JO3BOJSUIM OTPUMATH Kpallli pe3yibTaTh HaBYAHHA MEpPeXi Yy TMOPIBHSHHI 3
TPaIUIITHUMU TPOLIEAYPAaMHU 3BOPOTHOTO MOIIUPEHHS.

Mertoro poboTH € po3poOka ambTEPHATUBHUX TNPOIEAYp HAJIANITYBaHHS TapamMeTpiB
HEHpOHIB 3 aJaTMBHUMHU aKTUBALIHHUMH (YHKIISIMH, SKi O BpaxoByBaJid OCOOIMBOCTI TaKHX
HEHPOHIB Ta JO3BOJSUIM JOCATTH KpAlMX pPE3yJbTaTiB HAaBYaHHS 3a CKBIBAJICHTHY a00 MEHIIY
KUTBKICTh enox. IIponenypu moBUHHI BpaxOBYBaTH OCOOJMBOCTI MIMOMHHUX HEMPOHHUX MEPEXK Ta
po30UTTS BXigHOrO HAOOPYy MaHMX Ha MiHI-BUOipkH (mini-batches). ImmmemenTamis mpoueayp
posrisinaerbes Ha npukiiani LIIHM 3 anantusaoto Gynkiiero aktupanii ACLU.

1. Ilpouexypa 1BOKPOKOBOIO OHOBJIEHHS mapaMeTpiB HelipoHis IITHM
[tyuni HelpoHHI MepexKi MoOyI0BaH1 HAa OCHOBI IIAPIB MITYYHUX HEHpoHiB. [lepeTBopeHHs
JaHUX, 110 peani3yeTbcs HEHPOHOM, Y 3arajJbHOMY BUTJISAL MOXKeE OyTH OIHUCAHO SIK:

y=1f() = f(bo P = o] S 1= 1 (o ),

it ) = )

Je X — BXIHWI CHUTrHajd, Y — BHUXimHMWA curHan, f — HemiHiiiHa ¢(yHKIis akTuBamii, N —
KIJIBKICTh €JIEMEHTIB BEKTOpa BXIJHOTO cUrHany, I € [1, n] — iHaekc eneMeHTa BEKTopa BXiJHOTO
CUTHAIly, Zi — €JIEMEHT BEKTOpa BXIJHOTO CUTHalTy, Wi — €JeMEHT BEKTOpa CHHAITHYHUX Bar
(synaptic weights), 1110 BifmoBiaae i-Mmy BXxoay HelipoHa, Wo abo b — 3mimenns (bias).

VY nopiBHAHHI 3 «TpaguiitauMm» QyHkuiamu (sx SiLU [14]), agantuBHi ¢yHKUii akTuBanii
(ssxk ACLU) mMaroTh J0/1aTKOB1 HAJIAIITOBHI MTapaMeTPH, Ha MPUKIIA;

ACLU(2) = &zo(pz) = L_

1+e

1€ Z — BXiTHUIA curHaN QYHKIIT akTUBalii, S — cirma-QyHKIis, p — HaJaTOBHUH ITapaMeTp
dopmu QyHKIIIT Ta { — HANAIITOBHUM NapaMeTp aMILTITYAH.

TakuM 4YMHOM TIEpPETBOPEHHS, WO peaizye HEUpOH 3 aJaNTUBHOK aKTUBALIHHOIO
(byHKILI€I0, MOKHA 3aITUCATH Y 3arajJbHOMY BUTIISIL SK:
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_f(z)_f(iwx,,pl P2 K ; pp\| f(WTX:pl;PziK;IOP),
\l—O )

JI¢ X — BXIOHWI CHTHAJ, ) — BUXIAHMH curHai, f — amanTuBHa (QyHKIS akTHBAIii, N —
KIJIBKICTh €JIEMEHTIB BEKTOpa BXIJHOTO curHaiy, I € [1, n] — inaekc eneMeHTa BEKTOpa BXiTHOTO
CUTHAIly, Zi — €JIEMEHT BEKTOpa BXIJHOTO CHUTHANTy, Wi — €JIEeMEHT BEKTOpa CHHANTHYHUX Bar
(synaptic weights), mo Biamoimae i-My Bxomy HelipoHa, Wo a6o b — smimenns (bias), p1, ... pp —
Ha0ip mapaMeTpiB aganTUBHOI aKTUBAIIHOI GyHKIIii f.

Mu mpomoHyeMO HOBY TMpOLEAYPY OHOBJICHHS IapaMmeTpiB IITYYHUX HEHpOHIB 3
QJIaNITUBHIMU aKTHBALIMHUMH (YHKIISIMA — TPOLEAYPY JBOKPOKOBOT'O OHOBIICHHS MapaMeTpiB
(the 2-step parameter update procedure, the 2SPU procedure). [Tporenypa nependayae OHOBICHHS
napamMeTpiB KOKHOTO HEHpPOHA y JIBa OKPEeMi KPOKH:

1) oHOBJEHHS 3HaYEHb MAPAMETPIB ANANTUBHOI aKTHBAIIHOT QyHKLIT Py, ... PP;

2) YTOYHEHHsI 3HA4YEHHsI MOXHUOKU Ta OHOBJICHHS 3HAYE€Hb CHHANTUYHKX Bar Wo, ... Wn.

Ha npuxnani neiipony 3 ACLU s KBagpaTHIHOTO KpUTEPisi HOXHUOKH:
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MOYKHA 3aIlucaTu o-TIpaBuJia JUIsl OHOBJIEHHS MapaMeTpiB aJalTUBHOI aKTUBALIHHOT (yHKI:
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[Ticnst oOHOBNIEHHSI TApaMETPiB aJallTUBHOT aKTUBALIIHOI QYHKIIT BiI0OYyBAa€THCS TOTOYHEHHS
3HAYEHHS MTOXUOKU:
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Ta OHOBJICHHS CHHAIITUYHUX Bar:

_ o (700.400i0)
wji (k) = wji (k =1) + 7w (k) &j (k) o2,

= wji (k1) + 7w ()&} (<0 (2 (K)2 (K))
(1420000 (1- o 09200 I ().

xi (k)

Jlns mpakTHYHOTO BUKOpHUCTaHHS mporeaypu 2SPU HeoOXigHO BpaxoBYyBaTH OCOOJMBOCTI
MONIMPEHUX T1IXO0/iB B HABYaHHI IITMOMHHUX HEUPOHHUX MEPEK:

1) npu HaBYaHHI €JIEMEHTH AaHUX MEPEIAIOThCS Y BUTIISAI MiHi-BHOIPOK;

2) HEOoOXiTHO OHOBUTHU ITAPAMETPH KOKHOTO 3 IIapiB HEMPOHIB Yy TIIMOMHHIN MEpPEKi.

s BpaxyBaHHS IUX OCOOTMBOCTEH, MU MponoHyeMo 4 Bapiantu nponeaypu 2SPU: 2SPU-
1, 2SPU-2, 2SPU-3 Tta 2SPU-4. Bapiantu npouenypu 2SPU Bigpi3HSAIOTHCS TOPSIKOM OHOBIICHHS
napamMeTpiB B HaBYaHHI INIMOMHHUX HEHPOHHUX Mepexkax 3 MiHi-BuOipkamu. Y Bapiantax 2SPU-1
ta 2SPU-3 OHOBIIEHHS TMapaMeTpiB MOYMHAETHCS 3 TMapaMeTpiB aJanTHBHOT (QYHKIIT akTHBAmii
OCTaHHBOTO (BUX1JIHOTO) HIAPY Ta 3aKIHUYEThCA CUHANTUYHUMU BaraMu Nepuioro (BXiJHOTO) LIapy.
V Bapiantax 2SPU-2 ta 2SPU-4 0HOBIIOIOTECS MTapaMeTpH aKTHBALIWHUX (PYHKIIH 3 ycix mapis, a
MOTIM — CHHANTUYHI Baru. KopoTkuii onuc KOKHOTO 3 BapiaHTiB HaBeaeHu y Tabnumi 1.

Tabmnus 1
BapianTtu npouenypu 2SPU.
Bapiant Onuc mpoueaypu 3pa3ok Koxy
2SPU-1 | B oamH MOMEHT 4Yacy OHOBIIOIOThCs | for epoch in epochs:
. . for 1 in reverse (net.layers()):
napaMeTpu TUIBKH OJHOTrO IIapy. 3MiHa for mb in minibatches:
: l.train_aclu(mb)

Ha60py Tpe?IOBaHHX napaMeT'p%B for mb in minibatches:

BiZIOyBa€eThCs Imiciss 00XOAy BCIX MiHi- 1.train non_aclu(mb)

BUOIPOK.
2SPU-2 | B oH MOMEHT 4Yacy OHOBIIIOIOTHCS abo | for epoch in epochs:

e o . for mb in minibatches:
napaMeTpy aKTUBALIMHUX (QYHKIIH ycix net.train all aclu(mb)

: : . : for mb in minibatches:
miapiB, ab0 Barm YyciXx IIapiB. 3M1ga het-toain ALL mon anlumb)
Habopy TPEHOBAHUX napameTpiB
BiIOYBa€ThCS Mmichsi OOXOAy BCiX MiHi-
BUOIPOK.
2SPU-3 | B oamH MOMEHT 4Yacy OHOBIIOIOThCS | for epoch in epochs:
. . for mb in minibatches:
napameTpu TUIBKA OJHOI'O IHapy. 3MiHA for 1 in reverse (net.layers()):
. l.train_aclu(mb)
Hg6opy TPEHOBAHHX MapameTpis L train non aolu ()
BiIOYBa€ThCS Micis OOXOJy YeproBoi
MiHi-BUOIPKH.
2SPU-4 | B oiMH MOMEHT Yacy OHOBIIIOIOTBCs abo | for epoch in epochs:

e o . for mb in minibatches:
nmapaMeTpl aKTUBAIIMHUX (QYHKIH ycix net.train all aclu(mb)
mapi, abo Baru ycix miapiB. 3miHa net.train_all non aclu(mb)
Habopy TPEHOBAHUX napameTpiB
BiZIOyBaeThCs micasg 00XOAy ueproBoi
MiHi-BUOIPKH.
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2. EkcnepuMeHTAJIbHI pe3y/bTaTH

EdextuBHicTs mpoueayp HamamTyBaHHS mnapamerpiB IIIHM Oyno ouineHo st 3amadi
knacudikamii 300paxens y Habopi manux CIFAR-10 [15]. YV skocti 06a30BOi apXiTeKTypHu
BUKOpPHUCTaHa 3ropTKoBa HeiiponHa Mepexa KerasNet [16]. YV npoueci ominku 6a3oBa apXiTekrypa,
MOPSIIOK  1HIIIai3ali Bar, BXimHI AaHi Ta iHmi napamerpu [IIHM 3anumanucs HE3MIHHHMH,
3MIHIOBAJIUCH JIMIIIE MPOLEAYPU HAIAMITYBAaHHS ITapaMeTpPiB aKTHUBAIMHUX (QYHKIIIH (32 HAsIBHOCTI)
Ta CMHaNTHYHHUX Bar. ExcnepuMeHT mpoBeneHo 3 BukopucTaHHsM Python 3.8.10 ta 6i0mioTexu
PyTorch 1.10.1 [17] na xomm’rotepi 3 NVIDIA GTX 1650 Max-Q.

ExcriepuMeHT MpoBeNeHUH OKpPEeMO Ui KOXKHOI 3 MPOIeNyp HANAIITyBaHHsS HapameTpiB
npotsirom 100 emox. Bukopucrana ¢yHKHis MOMMIKK binary cross-entropy Ta ONTHMI3aTop
RMSprop 3 kpoxkom 0.001.

VY Tabn. 2 HaBeAeHI HaWKpalli pe3yiIbTaTH HAaBYAHHS Ul KOXHOTO 3 BapiaHTIB MpPOLEIYp
HaJIalITYBaHHS NapaMeTpiB. 3aJeKHICTh MOKa3HUKIB BiJl €ITOXH JJIs KOYKHOTO 3 BapiaHTIB MPOIEAYP
IpOUIIOCTpOBaHA HA puC. 2.

Tabmurs 2
Pesynpratn HaBuanHs npotsaroM 100 emox — moka3HUKK GYHKIIT TOXHOKH Ta TOYHOCTI
kiaacudikariii Ha TECTOBOMY Ha0OPi JaHKUX JUIS IITYYHUX Mepex Ha ocHoBi SiLU ta ACLU

OyHKIIIsA Inimiamsanisa ¢ Ta HaBuanus 3HaueHHSI TouHicTb
aKTHUBAaLlil p IMOXUOKHU knacudikarii, %
SiLU — Knacuune 0,770 79,87
ACLU SiLU-nioni6na Knacuune 0,735 80,31
ACLU SiLU-noxiona 2SPU-1 0,794 79,16
ACLU SiLU-nioxi6bna 2SPU-2 0,736 80,38
ACLU SiLU-noxiona 2SPU-3 0,707 80,82
ACLU SiLU-toxiona 2SPU-4 0,724 81,39
80 A 2.0 —— SiL AF, Classic
- SiL-like ACLU, Classic
- 1.8 —— Sil-like ACLU, 2SPU-1
< —— SilL-like ACLU, 2SPU-2
& @ 7 - SjlL-like ACLU, 2S5PU-3
& 60 - 2 —— SilL-like ACLU, 2S5PU-4
é E 1.4 -
b | —— SiL AF, Classic “%
7 =0 - Sil-like ACLU, Classic | S 1.27
+ —— SilL-like ACLU, 2SPU-1
40 - —— Sil-like ACLU, 25PU-2 L]
- SjlL-like ACLU, 2SPU-3 0.8 1
30 - —— SjlL-like ACLU, 25PU-4

0 20 40 60 80
epoch

100

40 60 80 100

epoch

Pucynok 2 — Pesynbratu HaBuanHs Mepexi 3 ACLU npotarom 100 ermox
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3a pesynapTaTaMH EKCIEPUMEHTY MOXHaA BIAMITHTH, 10 mnporeaypa 2SPU-4 nosBossie
OTpUMATH HaWKpaIlli pe3ylbTaTd HaBYAHHS Ha 3aaHOMy HaOopi manux: Ha 0,57% BUILY TOYHICTH
knacudikamii Bix 2SPU-4 ta Ha 1,08% BHINa TOYHICTH BiJl TPAJAUIIIHHOTO OJHO KPOKOBOTO METOY
HaBuaHHA. Y mopiBHsHHI 3 2SPU-3, npouenypa 2SPU-4 3abe3neuye HIKYY IIBUIKICTH HABUAHHS
Mmepexi, ate 2SPU-4 menm cxunpHa 1o overfitting. 3aramom mponenypu 2SPU-3 ta 2SPU-4
3HauyHO BumepemkaroTh npouenypu 2SPU-1 ta 2SPU-2 no orpumaHuM pe3yibTaTaM HaBYaHHS
MEpPEeKi.

[Tonanpiie MOKpalieHHS pe3y/ibTaTiB TOYHOCTI PO3IMI3HABAHHS Ta IIBHJIKOCTI HaBYaHHS
MEpeXi MOMJIMBE 3a PaxXyHOK 3MIHM pO3MIpy MiHI-BUOIpKH, ONTHUMI3aIlli TimeprapameTpis,
MOKpAIEHHsT TPOIEAYp MOYaTKOBOI iHimiamizamii ta 3amiam ontumizatopa (RMSprop Ha HOBI
ontuMizaropu Tuny ADAM).

BUCHOBKH

3arponoHOBaHO HOBY NPOLEAYPY HAJAIUTYBAHHS MapaMeTpiB IITYYHUX HEHPOHHUX Mepex
3 aJanTHBHUMHU akTuBaliiiamMu ¢(yskmismu — 2SPU. 3amporoHoBaHa mpouenaypa BpaxoBYe
0COOJIMBOCTI HEHPOHIB 3 aJanTUBHUMM akTUBaliiHuUMHU ¢yHKIisMU. [Ipouenypa nependauae
OHOBJICHHS MapaMeTPiB aJIaNTHBHUX aKTUBAIIMHUX (PYHKII Ta HANAIITYBaHHS CHHANIATHYHUX Bar
K OKpeMI KpOKHU B IPOLIECI HaBYaHHS Mepexi. 3anpornoHoBaHo 4 BapiaHTu npoueaypu 2SPU, mo
BIZIPI3HSIOTHCS TIOPSIIKOM OHOBJICHHS MTApaMETPiB MEPEXi B IPOIIECi HaBYaHHS.

ExcrniepumeHTanbHO BU3HAUEHO, 1110 1po npoueaypa 2SPU 1o3Bojisie MOKPALIUTA TOYHICTD
posmizHaBanHa 300paxkeHp Ha 1,08% B MOpIBHSAHHI 3 TPagMLIKHOI TPOIETYPOIO OHOBIICHHS
napametpiB. [Ipu npoMmy HaiGuIbIly eeKTHBHICTH Mokazye mpouenypa 2SPU-4, mo oHOBIIOE
napaMeTpH 3 JIeKIJIbKOX MIapiB HEHPOHHOT MEpeXkKi 3a OJJUH KPOK.

Cepen HanpsSMKIB IS TOJANBIINX JOCTIKEHb JOIUIFHO BHIUIMTH aHAIIi3 BIUIUBY pPO3MIipy
MiHi-BHOIpKH, MPOIEAyp MOYaTKOBOI iHimiami3amii mapaMeTpiB Mepexi, 00paHuX rineprnapamerpiB
Ta ONTUMI3aTopa Ha pe3yJIbTaTH HABYaHHS MEPEX 3 aAallTHBHUMH aKTHBALIHHUMH (QYHKIIISIMU.
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VIK: 004.93

Maumuii P.1., XagxukoB A.C., Knumenko M.C., Cimuenko C.B. (Incmumym npobrem wmyunozo
inmenexkmy MOH i HAH Ykpainu)

PO3POBKA CUCTEMMU KEPYBAHHS I'PYIIOIO BE3IIIVIOTHUX AITAPATIB

Maiibymus po3pobka Macosux YHIGEpCANbHUX 2PYNOBUX OE3NIIOMHUX anapamie CMUKAEmoves 3
npobaemMoI0 8i0CYMHOCMIE HAOQIHUX CYYACHUX 3AC00i8 368 A3KY MA YAPAGIIHHA 8 PI3HOMAHIMHUX KPUMUYHUX
YMO8ax, OJisi GUPIULEHHs KOI po3p0oONeHO YHIsepCcalbHull 6azamo@yHKYIOHAIbHULL cepeep 0OMIHY OaHUMU
MidC yciMa yuacHuxamu epyn Oe3ninomuux anapamig. Pospobxa mpancnopmmuoco npomoxony 6yna
EeKCHepUMEenmanbHo nepesipeHa Ol OO0CACHEHHs. HeOOXIOHUX NOKA3ZHUKIE KepOoBAHOCMI OUCMAHYIUHUX
pobomig 3a 00NOMO2010 34C00i6 WMYUHO20 [HMENEeKmM).

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.

CTpiMKHif pO3BUTOK 1 MaCOBE BUKOPHCTaHHS YHIBEPCATBHUX POOOTOTEXHIYHUX KOMILIEKCIB
nependadyae BHUCOKY HAAIMHICTH yNpaBiiHHS OE3MUIOTHUMH TPAaHCIOPTHUMHU 3aco0amu B
PI3HOMAaHITHUX KPHUTUYHHX yMOBax Oe€3 ImpaBa Ha MOMMJIKY i BTpaTh KepoBaHocTi. HaiGimbn
ypa3MBUM MICIIEM TaKUX MPUCTPOIB € KaHAIU Mepeaadi JaHuX, LEHTPATbHOK YaCTUHOIO SKUX BCE
yacTinie crae riodagbHa Mepeka [HTepHeT, 1o T03BOJISE KOHTPOJIIOBATH MPAKTUYHO OYIb-SKUM
OPUCTPOEM Yy OyIb-sKil Touli Hamoi ruianetu [1]. Takuil 3B'SI30k Mae CKIagHy OararomapoBy
CTPYKTYPY 3 HEIIPUIHATHOIO HAJIIHHICTIO Ta BiMOBIAAIBHICTIO 32 aBapiiHICTh, HEIPHUHIATHOIO IS
VHIBEpCATbHUX MacoBHX MPHUCTPOiB [2]. Mertorwo naHoi poboTH € (opMyBaHHS apXiTEKTypH
HAJIHHOTO KEepyBaHHsS TPYNor0 OE3MIJIOTHHX amapariB Ta JEMOHCTpAIS MPAKTUYHOI MOKJIMBOCTI
peaiizailii moAiOHOT CHCTEMHU.

ABTOpaMH pOOOTH 3aMPOMOHOBAHO METACTPYKTYPY B3a€MOAIl YYaCHHKIB CIEHAPII0
KEepyBaHHsS TPYyMol (poeM) OE3MIJIOTHUX amapaTiB HAa OCHOBI OOMIHY JaHUMH 13 €JIUHUM
KOMYHIKaI[iiHUM cepBepoM (puc. 1).

— — —Cwucrewma BigaaneHoro ynpasniHHA 6e3ninoTHUMHK anapatamu . ___
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PisHOMaHITHI ¢hisnyHi cepegoBuLLa
Puc. 1. VHiBepcanmbHa cxema OOMiHY JaHMMH MK yYacHHUKaMHM TpynH OE€3MUIOTHHMX arapariB

Po3pobiiennii cepBep € yHIBepcaaTbHUM JJISI HABEJEHOTO BUIIE KJIACy pOOOTIB 3 HACTYITHOIO
METacTpykTyporo. BiHn miarpumye HeoOMEXKEHy MpOTpaMHHUMH 3ac00aMH KUIBKICTh TEPMIHAJIIB
JTUCTaHIIHOrO KepyBaHHA. KoXkeH 3 TepMiHaIiB Ma€ 3MOTY MIJKIIOYUTH HHU3KY KIUJIBKICTH
BIJIJAJIEHUX CHEI1aliCTIB-0NepaTopiB, KIIbKICTh SIKUX OOMEXeHa MOKIMBOCTSIMH TPAHCIIOPTHUX
KaHalliB 3B’s3Ky. Omneparopu 00'eHaHI €IUHUM CEPBEPOM 3B'SI3KY BCIX KOMIIOHEHTIB B €IUHY
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CHUCTEMY YIpABIIHHSA, SKa MIAKIIOYAE X A0 HEOOMEXEHOI KiJIbKOCTI JHUCTAHIIMHO KEePOBaHUX
0€3MUIOTHUX TPAHCTIOPTHUX 3aCO0IB.

TpancnopTHi 3aco0M TNpamIOIOTP Ha BIACTaHAX Yy MeEXaxX peakiii, MT03BOJCHUX YAaCOBUMHU
3aTpUMKaMH, B DI3HOMAHITHHX cepenoBHIax (TOBITPs, 3eMJis, BOAAa Ta Ha iX Mexax) i3
MO>KJIMBICTIO TI€pefiavi CUTHAIIIB Yepe3 MPOMDKHI Oe3MiJIOTHI 3aco0M 3 BUKOPUCTAHHSM IIUPOKO
JOCTYITHOI eeMeHTHO1 6a3u, pobotoTexHiku Ta 1L

Byno BHKOHaHO MOpPIBHSUIBHUIN aHAJi3 XapaKTEPUCTUK KOMEPUIHHO AOCTYHMHHX IHTEpHeT-
IPOTOKOJIIB IIepeayl JaHUX Ta TEXHOJOTi Ha iX OCHOBI JUIsl JOMEHHO-OPIEHTOBaHUX cepBiciB [3]
3a TIOKa3HMKaMW HaJIWHOCTI/MIBUIKOCTI IMOAO TNCUXO(i310JIOTIYHOI peakIii JIOJWHU, sKa
cranoButh 0,1-0,2 cekyHau. Y pe3ynbTari aHalli3y BHSBIICHO, 0 OUTBIIICTh TEXHOJIOTIH HECYyMiCHI
3 yMOBaMH AMCTAaHLIIHOTO KepyBaHHS OC3MUIOTHHX amapariB. 3alpoNOHOBAaHO Ta PEasli30BaHO
CreniajJbHUNA MPOTOKOJM, [0 BUKOPHCTOBYE CTaHAApPTHI iHCTpyMeHTH TpaHcnopTHoro piBHs TCP/IP
Ha CTUKY anapaTHOTO Ta MPOrPaMHOrO 3a0e3MedYeHHS I HU3BKOPIBHEBOTO KOHTPOJIIO OOMiHY
JaHUMU 4epe3 BIpTyalbHiI 3'€MHAaHHS 2 JaHUX MEpPEXKEeBUX TepMiHamiB. TecTyBaHHS
NPOJIEMOHCTPYBAJO, IIO MPOITYCKHA 3JaTHICTh 1 HIBHAKICTH MEpeXi B YMOBaX KpPUTHYHOTO
HABaHTAXXCHHS 3AJIMIIAE€THCS JOCTATHBOIO JUIS TIepeaadl Bileo Ta JaHWX TeleMeTpii 6e3 BTpar, 1o
JI03BOJISIE TOBOPHUTH PO HAIiHICTH JaHOTO crocoOy mepenadi JaHuX sl OMUCAHOI CHCTEMH.
JlonaTtkoBy HafiifHICTh 1 rapaHTiio mepenavi JaHWX 3a0e3nedye MOBTOPHA BiAIpaBKa MaKeTIiB 3a
BIJICYTHOCTI MiITBEPXKEHHS OTPUMAHHSI OJHIEI0 31 CTOPIH CUCTEMHU.

Creniansauii Tpancnioptamii mpotokon TCP/IP mepenae Ta «3abyBae» Bci nani. OHaK BiH
BOyI0BaHMI y BCl 3acOo0M mepeaayi JaHUX cepBepa 0OMiHY JaHUMHU MDXK yciMa y4aCHUKaMH TPYIH
0E3MUIOTHUKIB, IKWH CHHXPOHHO 30epirae Ii JaHi y BHYTPIIIHBOMY apxiBi BCi€l cecii y4acHUKIB i
MOCIIZIOBHO CTBOPIOE KOIIiI0 BCi€T Mpoiiec KOMIUIEKCY JUIsl aIEKBaTHUX BUCHOBKIB 1 MOJANBIINX i,
0COONMMBO B KPUTHYHHMX CHTYalifX, IOCTAaTHIX s HacTymHOi crabimizamii, dopmamizamii Ta
aBTOMAarHu3arii.

BUCHOBKU

VY 1iit poOoTi MokazaHa NPUHIUIIOBA MOKJIMBICTh MIIXOY A0 CUCTEMU KEPYBAaHHSI I'PYIOIO
0e3MUIOTHUX amapaTiB B paMKax ICHYI040i Mepexi I[HTepHeT 3a paxyHOK CHeI[iaJIbHOTO MPOTOKOIY
tpa"cnoptHoro piBHs TCP/IP Ta yHiBepcanbHOro cepBepa 0OMiHY JaHUMU MK yCiMa y4aCHUKaMH
rpynu O€3MUIOTHHX TPAHCHOPTHHUX 3aco0iB y CKJIQJHUX YMOBaX KOMIUIEKCHOI poOoTu 3
BUKOPHCTAHHSM €JIEMEHTIB IITYYHOTO IHTEJIEKTy. Pe3ynmpTath eKclepuMEeHTaTbHOI TepeBipKH
KOMITIOHEHTIB CHCTEMH 3acBITUMIM IMPHHLUIIOBY MOJIMBICTH peaiizalii KOMIUIEKCY B Mexax
po6040i mcruxo(di310I0TTYHOT peaKIlii JIIOAUHU-OIepaTopa.
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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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YJIK 004.67:643

Iitic B.b., CaeaneB JI.C. (/[onbacvrka Oepoicasna mauwunobyoisna axademis, m. Kpamamopcok-
Tepnonins, Yxpaina)

JOCIIIVKEHHA EOEKTUBHOCTI METOIIB IHTEJIEKTY AJIBHOI'O AHAJII3Y
JAHUX JJIS1 BUPIINEHHSA 3ATAY I'OTEJIBHOT'O BIBHECY

Y cmammi posensoaemuvca moorcnusicmo 3acmocysanHs Mmemooi@ IHMeNeKmydaibHo20 AHANi3y OAHUX O
NPOCHO3Y8AHHS NOKA3HUKIE 20menbHo20 OisHecy. Bukonyemuvcs nopieHanus e@exmueHocmi HU3KU Memoois
NPOCHO3Y6aNH MaA Kiacu@ikayii, y momy uucii memooie HelpoMepedtce6o20 MOOEN08ANHs, HA Mecmosoi 3a0ayi
NPOCHO3Y8AHH OOHO20 3 BAJNCIUGUX OJisl KOJCHO20 20MeN0 HOKA3HUKIG — UMOGIDHOCMI 6i0MO8U 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.

lotenpHmii Oi3HeC — 1e Oi3Hec, TOB'S3aHUN 3 TPOQPECIHHUM HAaJaHHAM TOCIYT 3
NPOKMBAHHS Ta IOBHOTO NOOYTOBOTO OOCIYrOBYBaHHS KJIi€HTa B TOTeNsX. Bucokuii piBeHb
HAKJIaJHUX BHUTpPAT B IHAYCTpil TOTENbHOTO Oi3HECY BCEe dacTille 3MYIIye BIIACHUKIB
3aMHUCIIOBATUCS HAJl HEOOXITHICTIO YCTAaHOBKH CHCTEMH, sKa 3a0€3Me4YUTh YITKY OpraHizaliio i
B3a€MO3B'SI30K MDK pI3HUMH CcIOy)k0aMu oOprasizamii, JOIMOMOXE 3HU3UTH EKCIUTyaTalliiHi,
E€HEepPreTUYHI Ta OTEepaIliiiHI BUTpaTH.

JIist miABHINEHHS €KOHOMIYHOT €()eKTUBHOCTI TOTEII0 3aBXKAM Tpeda MparHyTH, mobd Oyio
3allOBHEHO SKOMOTa Oinbiie HoMepiB. [ mocsrHeHHs I1i€i METH BUKOPHCTOBYETHCS IOIEPEIHE
OpoHIOBaHHsS HOMEpiB KiieHTamu. [IporHozyBaHHs piBHS OpOHIOBaHHS 1, 30KpeMa, BHIIAJKiB
BiIMiHU OpOHIOBAHHS — SABJISIE€ COOOI0 HAWBAXKIIMBIIIY YaCTUHY ONTHMI3allii TOTEIBHOTO O13HECYy.

Tomy MeTOI0 CTBOpeHHs iH(pOpMaliiHOI CHCTEeMH € BIJNOBIIb HA HMUTAHHS: YU CKacye
OpOHIOBaHHS KIIEHT?

TakuM YMHOM 3HAY€HHs MOKa3HMKA, 110 MPOrHo3yeThes, mMae 0 abo 1. JIBiiikoBicTh
MOKa3HMKa JI03BOJISIE 3aCTOCYBATH JJIsl HOTO0 BU3HAYEHHS TAKOXXK HE TIIbKM METOJU MTPOrHO3yBaHHS,
a i1 knacudikaii.

Jns nocmipkeHHs: e(peKTUBHOCTI MPOTHO3YBaHHS MMOBIPHOCTI BiIMIHM OpOHIOBaHHS Oynu
00paHi HaCTyH1 METO/IH:

—  Meron JiHiitHOT perpecii (Linear regression);

—  meron sorictiuunoi perpecii (Logistic regression);

—  Merton Hanommwkunx cycigis (KNN);

— Meron aepesa npuiiHsaTTsa pimensb (Decision Tree Classifier);

— Mertox Bunaakosoro jicy (Random Forest Classifier);

—  Meroau rpaaientHoro oycrinry: XGBoost, CATBoost, LGBMClassifier;

—  wMetoj amantuBHOro Oycrinry AGABOOSt;

— wmerox ancamb6iio mozeneit (Voting Classifier);

—  Oararomaposuii nepcentpor (ANN).

Jns peamizanii HaBeIEHUX AITOPUTMIB Oyna po3pobieHa iHpopMmaliiiiHa cucrtema JUis
NIPOTHO3YBaHHS TMOKAa3HUKY CKAacyBaHHs OpOHIOBaHHS 3a JOMOMOTOI HACTYIMHHX IPOTPaMHHUX
3aco0iB:

—  Python Bepcii 3.9;

—  Oibmioreka scikit-learn;

— Jupyter-notebook;

—  OibmioTeku Bi3yamizanii seaborn ta matplotlib.
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Metoro Oynab-SKOTO TPOTHO3YBaHHS € CTBOPEHHS MOJIENI, SIKa JIO3BOJISIE 3ariisiHYTH B
MaHOyTHE 1 OLIIHUTH TEHJCHIIII B 3MiHAX TOTO YH IHIIOTO MOKa3HUKA. SIKICTh MPOTHO3Y B TAKOMY
BUITQJIKy 3aJI&KHUTh BiJ HASABHOCTI MEPEAICTOPil 3MIHIOBAHOTO IMOKa3HUKA, TOXHUOOK BUMIPIOBaHHS
JTaHO1 BEJIMYUHHU.

Jis mpoBeeHHS aHai3y Ta CKJIAaJaHHS CTaTUCTHKH OyB BHKOpHCTAaHMM HaOip JaHUX 3
wiomanku Kaggle. Habip maHMX CKIIaZaeThCsl 3 BEIMKOI KITBKOCTI KOJOHOK, TOMY HEOOXiTHO
BHOpaTH Ti, 1110 HAHOUIBIII KOPETIOIOTH 3 BIIMIHOKO OpoHIOBaHHS (puc. 1).

Pucynoxk 1 — Kopensiist pakropis 3 Binminoro 6pontoBanust (is_canceled)

is_canceled 1.e00000
lead_time @.292876
total_of_special_requests 0.234877
required_car_parking_spaces 08.195701
booking_changes @.144832
previous_cancellations #.110139
is_repeated_guest 0.083745
company 0.083594
adults @.058182
previous_bookings_not_canceled @.857365
days_in_waiting_list 0.054301
agent 0.046770
adr 0.046492
babies @.0832569
stays_in_week_nights 0.825542
arrival_date_year 0.016622
arrival_date_week_number @.808315
arrival_date_day_of_month @.805948
children 0.004851
stays_in_weekend_nights 0.081323

Pucynok 2 — 3HaueHHs KOpemsiil aesikux (akTopis 3 BiaMinoro oponroBanus (is_canceled)

Ha pucyHky 2 MokHa TOOAYHTH, 1[0 HANHOLIBII BaKITMBUMH [TAPAMETPAMH €:
—  bac, 3a KOTpHii BigOyBaeThcst OpontoBanus (lead_time);
—  KUIBKICTB crieriianbaux mpomnosuitiii (total_of special_requests);
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—  HasBHICTH Miciis s crossHkH aBTo (required_car_parking_spaces);

— 4u OyB ricTh Y MUHYJIOMY KilieHTOM ToTeto (iS_repeated_guest);

— 1e myTiBKa abo mpuBaTHe OpoHIOBaHHs (Company).

Ha pucyHky 3 Ta 4 HaBeleH1 MTOKa3HUKU TOYHOCTI poOOTH MOieNe. SIk BUIHO 3 PUCYHKIB,

Halikpamuii noka3Huk BusBuBcs y CatBoost Ta y 6araTomapoBoro nepcenTpony.

Model

Model Score

0 Cat Boost 0.995918
1 ANN 0.994184
XgBoost 0.982356

LGBM 0.959455

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

®© 0O N O O s~ W N

Logistic Regression 0.808210
10 Linear Regression 0.790761

Pucynok 3 — IlokazHuku TOYHOCTI pOOOTH MOJenei

Linear Regression Score

Logistic Regression

KNMN

Decision Tree Classifier 0.95

Ada Boost Classifier
Random Forest Classifier 0.9
Voting Classifier
LGEM
0.85
XgBoost
ANN

Cat Boost 08

0 0.2 0.4 0.6 0.8 1

Score

Pucynok 4 — I'paciune nopiBHSHHS TOYHOCTI IPOrHO3Y CKaCyBaHHs OpPOHIOBAHHS

BUCHOBKH
Haiikpammumu metomaMu  JUIsi NPOTHO3YBAaHHS CKAacyBaHHS OpOHIOBaHHS BUSBUIINCS

OaraTolapoBUil MEPCENTPOH Ta Cy4acHI METOAM TpaaieHTHoro OyctiHry. Hacmigkom iHTerparii
po3pobneHoro mnporpamHoro 3adesnedueHHs y CIIIIP roremto Oyne miABUINEHHS EKOHOMIYHOL
e(eKTUBHOCTI TOTEIII0, 0 TOKPALTUTH MMO3ULIII0 TOTEII0 Cepel] KOHKYPEHTIB.

44



VIK: 004.93

Kaumenko M.C., Cimuenko C.B. (Ilncmumym npoonrem wmyunoco inmenexmy MOH i HAH
Yrpainu)

3ACTOCYBAHHSI CEMAHTHYHOI METPUKH JIJISI PO3III3HABAHHS OCOBH 3A
JIIHI'BICTUYHUMHM O3HAKAMMW MOBJIEHHS

Pozensnymo cyuachi 3a60anmst po3nizHA8AHHSA 0COOU 34 20]10COM 8 YMOBAX YMUCHO20 CNOMEOPEHHS
AKyCmuyHux o3Hax. IIpoananizogano MoxicIugoCmi 6UKOPUCMAHHS TIHSGICMUYHUX O3HAK OJi NiOGUUEHHS.
ehekmusHocmi  po3nizHasaHHs 0codu. 3anponoHo8aHo BUKOPUCMAHHL CEMAHMUYHOL MEMmpPUuKU MIdxiC
cnosamu 0Nl (POPMYBAHHS CEMAHMUYHUX NONIE 0ianocy, MemMamuku ma o0codu, Ha OCHO8I Y020
VOOCKOHANEHO KAACUPDIKAYito 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.

[lpuknagHe 3acTOCYBaHHS METOMAIB pO3II3HABaHHS OCOOM 3a TOJOCOM € AaKTyaJIbHUM
3aBlaHHsAM Yy cdepax aBToMaTH3allli KPUMIHAIICTUYHHX JOCHI[DKEHb Ta PpO3POOKH CHCTEM
OioMeTpu4HOI aBTopuM3alii. Y cydacHHX yMoBax iH(popMamiifHOI BiifHM Ta BOEHHOI arpecii 3amada
po3Mi3HaBaHHsA 0coOM 3a ronocoM HaOyna mupokoro 3acrocyBaHHs y OSINT-pocmigHukiB Ta
(daxiBIiB PO3BIIKH.

3Bakaroud Ha IPAKTUYHE 3aCTOCYBaHHS METOMAIB pO3II3HABaHHS, 3 SBISIOTbCA HOBI
BUKJIMKH II[0JI0 HABMUCHOTO CIIOTBOPEHHS aKyCTHYHHMX O3HAK JJIsl 00XOIy CHCTEM PO3Ii3HABAHHS
[1,2]. HocmimkeHHs 3 migBHIICHHS €QEKTHBHOCTI pPO3IMi3HaBaHHS O0COOM 3a (parMeHTaMH
TOJIOCOBHX TIOBiJJOMJICHP BUKOHYIOTBCS Y JIBOX HANpsSMKax: IMOIIYK HOBUX aKyCTHYHHX O3HaK, SKi
c1abo MiAJAIThCSl MPUMYCOBOMY CHOTBOPEHHIO, Ta BUKOPUCTAHHS JOAATKOBOI iH(opMarii 5K
ineHTudikaniiHux o3Hak. /laHa poboTa opieHTOBaHa Ha BUPIIIEHHS 3aBJIaHHS caMe 3a APYTUM
HanpsiMoM. JIiHrBomepcoHoJoris, 30KpeMa BiTUM3HSAHA [3], MPOMOHYE HU3KY HampalfoBaHb s
HIJBUIICHHS €(EeKTUBHOCTI PO3Mi3HAaBaHHSA 0COOM B yYMOBAaX, KOJM aKyCTUYHI O3HAKW HAaBMHCHO
CIIOTBOpEH1 a00 HE MOXKYTh OyTH 0OuHCIeH] yepe3 cnenudiky nepenadi 3ByKOBOTO CUTHATY.

bauspkuM HampsMoM 10 3aBIaHHS JTaHOi pOOOTH € JIIHIBICTHUYHE JOCIIIKEHHS aBTOPCTBA
TEKCT, JIe Y e(eKTHUBHO 3acCTOCOBYIOThCS Kiacugikatopu Ha ocHoBi LSTM-tum pekypeHTHHX
HEHpOHHUX Mepex [4], a TakoK HEHPOHHUX MEpEX, L0 BKIKOYAIOTh MOBHI MOJENI INTMOMHHOTO
HaBUYaHHA 13 MexaHi3Mamu yBaru [5]. OcoOnuBICTIO OLTBIIOCTI METOMIB BHU3HAYEHHS aBTOPCTBA
TEKCTy € 3aJy4eHHs NYHKTYal[liHUX O3HaK, I[I0 3HAYHO IMIJBUINYE €(PEKTUBHICTH MIJAXO/IIB,
0COOJIMBO MPH ONpAIfOBaHHI A1aJIOTIB Y CUCTeMax OOMiHY MOBIJOMJICHHSMH, i€ CHeUu(IYHUM €
BUKOPUCTaHHS pO3PUBIB MDK IOBIJOMJIEHHSIMU, €MOJ31, CTIKepiB Toulo. Y jAaHii poOoTi
NYHKTYallis He MOKe OyTH 3alydeHa yepe3 HeoOXiIHICTh poOOTH caMe i3 TOJIOCOBUM CUTHAJIOM.

JUis  CTBOpEHHsI O3HAKOBOTO OINHUCY O0COOM Oy/no 3alpoNOHOBAaHO BHUKOPHUCTaHHS
CTaTHUCTUYHOI XapaKTePUCTUKHU BXXMBAHHS CJIIB Ta iX KOMOIHaII{. 3 METOI0 CKOPOYEHHSI CJIOBHUKY
3aCTOCOBAHO (DUIBTPALil0 MHOKMHM HaBYaJbHUX BUOIPOK Ha OCHOBI OOYMCIIEHHS CEMaHTUYHOI
METPUKH MDK CJIOBaMH [6] Ta BH3HA4YCHHS MiJAMHOXKHWH CJiB, IO CTaTUCTUYHO PIBHOMIPHO
pPO3MOAIIEHUX MDK aBTopamMu. OTpHUMaHHS TEKCTOBUX JaHMX 13 (parMeHTiB 3BYKO3AIMUCY
ABTOMATH30BaHO 3a JOMOMOTOI0 TOIMEPEIHHO HABUECHHX MOJENIeHl MAalmIMHHOTO pO3ITi3HABaHHS
tekcty Vosk [7].

JlocnimkeHHsT MOXIIMBOCTI  MiABUINEHHA €(EeKTUBHOCTI pO3Mi3HaBaHHSI ocodu 3a
JIOTIOMOT'0I0 JITHTBICTUYHHMX O3HAaK MPOBOJWIOCH 13 3alydeHHAM MoJeni A Kiacugikamii
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aKyCTHYHUX o0pa3iB 13 momepenHix poOiT [8]. Takum uymHOM, peamizamito LSTM-moneni
Bepudikamii TUKTOpa 3a aKyCTHUYHUMH O3HaKamMu [9] moemaHaHO 13 BEKTOPOM CTATHCTUYHOTO
PO3IO/IiTY BXKMBAHHS CIIIB Ta CIIOBOCIIONYUYECHb.

BUCHOBKU

3anponoHOBaHUN MiAXiA 3aJydeHHS CEMAaHTUYHOI METPUKH [UIs (HOpMYBaHHS BEKTOPY
JIHTBICTUYHUX O3HAK JIO3BOJIMB MIJABUIIMTH €(PEKTHBHICTH pO3Ii3HaBaHHA ocobw Ha 2-4% y
HOPIBHSAHHI 13 pO3Mi3HABAaHHSIM BUKJIIOYHO 33 aKyCTHYHUMH O3Hakamu. CTBOPEHHS O3HAKOBOTO
ONMCY HAa OCHOBI CEMAaHTUYHHX METPUK € aJbTEPHATHBHOIO BHUKOPUCTAHHA NOOYIOBaHUX Ha
Tpanchopmepax MOJENAX TUOMHHOTO HAaBYAHHS JJS 3aBJaHb, 1[0 BUMAraloTh KOMIAKTHHX a0o
00YHNCITIOBAIBHO JIETKUX 3ac00iB 200 MaloTh By3bKYy crpsiMoBaHicTh [10]. Bukopucranus cnoBHuKa
BEJIMKOTO pO3MIpy Ha JaHOMY eTami poOOTH He BUpILIye NpoOieMy IepeHaBYaHHSA, L0 €
MOKJIIBHM HAIIPSIMOM TPOJJOBXKEHHS TOCIPKEHHS.
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BUKOPUCTAHHSA NEURAL NETWORK MODELS AJIs1 MAILIMHOBY 1YBAHHS.

B pobomi Oosedeni eucnoexu pobomu agmopié 6 HANPAMKY GUKOPUCTAHHS HEUPOMEPEeHCHUX
MexXHON02IU 0N MAWUHOOYOY8AHHA, a came HAOAHI OCHOBHI 8UOU OisIbHOCHI NPU MOOeN08aKHI 00 €kmig i
npocecie, sKi No8 s13aHi ¢ MeXHIYHOI Ni020MOBKOI0 BUPOOHUYMEA 0151 NPOOAEMA ONMUMIZAYIT BUKOPUCMAHHS
pecypcie y ymosax, wo weuoxko sMiHI0msCs.

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.

CoorojHi aenani OuIble akTyani3yeTbes MpodiieMa OonTUMi3allii BUKOPUCTAHHS PeCypCiB y
yMOBaxX, IO IIBUAKO 3MIHIOIOTHCA. YCKIQJHEHHS TIIOCTAHOBOK 3aBJaHb ONTHMi3amii B
MaIIMHOOYAyBaHHI MOTpeOye OCOONMBOrO MiAXOAy 10 BHOOpPY amapaTy MOJAENIOBaHHS Ta
OIITHMI3aLlii.

Benuki MOXJIMBOCTI BIAKpUBAE Iepes MALIMHOOYIyBaHHSM 3aCTOCYBAaHHsS Teopii Mepex 3
HEHpOMoAiOHNMH €JIeMEHTaMH Ta PO3BUTOK HEMPOMEPEXKHIX TeXHOJOTiH. LI MOKITMBOCTI Tak camo
3HAYHO BIAPI3HSAIOTHCS BiJl BUKOPUCTAHHS TPAAUIIIHHUX I1IXO/IB, HACKIIBLKH, CKa)XIMO, 3BUYaiiHa
dororpadis BiapizHIEThCA Bix (oTorpadiunoro rosorpadigaoro. CripaB/i, BAKOPUCTAHHS TOHSITTS
MO/JIeNIb-00pa3 CTBOPIOE BUHATKOBI MOXJIMBOCTI 3aCTOCYBaHHsS ()OpPMaJIbHUX METOMIB 3a YMOB
HETIOBHOI YM IIBUIKO MIHJIMBOI iHpOpMAITii.

B nanuit yac MokHa rOBOPUTH MPO Te€, 1110 JOCUTH TIMOO0KO po3poliieHo (popManbHy TEOpito
HEHpOHHUX Mepex. BupilieHHs pi3HUX 3aBAaHb Yy HelpoMmepexeBOMy JIOTIYHOMY Oa3Hci cTae
MOJJIMBUM Ha OCHOBI BHUKOPHUCTaHHSA 0araTOpiyHOIO HAyKOBOTO JOPOOKY B LbOMY HAIPSMKY.
KinpkicTh Takux 3aBJaHb 3pOCTa€ CTPIMKMMHU TEMIIAMH, OCOOJMBO 31 30UIBIIEHHSM iXHBOI
po3mMipHOCTi. ChOro/iHI MO’KHA TOBOPUTH PO YHIBEPCAJIbHICTh HEHpOMepeKeBUX TEXHOJIOTH, po
Te, 0 Oy/Ib-sKe 3aBJaHHS MOYXHA BUPIIIUTH 32 iX BUKOPHCTAHHSM.

HeiipomepekHi TeXHOJIOTIi € CYKYHHICTh II€BHHMX €TalllB, BKJIQJAEHUX Y pO3POOKY
HelpoceTeBbIX MOAENe Ta HOro BUKOPHUCTaHHS HA BUPILICHHS IOCTABICHUX 3aBAaHb. TakuMm
YUHOM, OCHOBOIO HEHpOMEpEekKEeBUX TEXHOJIOTIH € METOJOJIOTisl CTBOPEHHSI HeHpoMepexeBuX
Mojenell Ta iX 3acTOCYBaHHS Yy pi3HHX YyMoBax. MoxHa chopMymOoBaTH Takl eTamnu
HelpoMepekeBOoi TEXHOJIOT i

1. CopmynroBaTu 3aBAaHHS 11€HTH (KA, AIarHOCTUKH Ta (a00) yrpaBIiHHS.

2. BuzHauuTu cTaH Ta ckiaj iHpopmariifHoi 6a3u i moOynoBU HelpoMepexeBoi MOIei.

3. [TobynyBatu iHpOpMaIiitHy MOJIe]Ib-00pa3 MOJIETHOBAHOTO 00'€KTa (TIPOIIECY).

4. JlocniguTu MOZenb-00pa3 Ha BIJMOBIAHICTh pealbHOMY 00'€KTY (CTYIIHB 11eHTH(IKALLT).

5. Hocninutu cepu icHyBaHHS (A1ana3oHy iqeHTH(iKalli 00'ekTa) MOIENi.

6. ChopmymnroBaTi OCHOBHI BUCHOBKH, IO BiJTIOB1/1al0Th TTOCTAHOBII 3aB/IaHHSI.

[Tomanuii ciMcoK BiJIOBIJIA€ JIMINE €TarmaM Mmo0ynoBU HelpomepekeBoi moaeni. OaHak He
MEHII BiMOBIIaJbHUM € BUKOPUCTaHHS PO3POOJICHMX HEWPOMEpPEkKEBUX MOJEEH A BUPIIISHHS
NPaKTUYHUX 3aBJIaHb.

B nanuii yac HaiOLIbII PO3pOOJIEHUMH MUTAHHSIMH € MUTAaHHS MOOYJOBH PEKYPEHTHHUX
3JIEKHOCTEH BIJMOBITHO O OCHOBHOI TMapaJWrMu HEHPOMOAIOHOTO BIAOOpaKEHHS HEIHIMHUX
nepeTBOpeHb. Takoxk, JOCUTh 0arato poOiT y ramysi HaJalITyBaHHS KOE(IIiEHTIB MIKHEHPOHHHUX
3B'I3KIB y TIPOIECI HaBYaHHS HeWpomepexeBux wmoaened. OMHAK 3aJUIIAIOTHCA BIIKPUTHMH
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MATAHHS ONTUMI3AIlll CTPYKTYPH MEPEXK 3 IMO3WIIN JOCTATHOCTI MO0 IMIBUIKOJII Ta MOKIHUBHX
€BOJIIOLIH cUCTEM KepyBaHHSI.

MoxHa BHUSBUTH JOCUTh Oarato oOyacTeil 3acTOCYBaHHS HEHpOMepe)KHOi TeXHOJOrii Ha
BUpILICHHS 3aBJlaHb MAalIMHOOYTyBaHHs. [lepepaxyemMo HallBaXITUBIIII 3aBIaHHS.

1. Po3poOka TexHONOTiYyHUX MOBiMHUKIB. Lleil HampsAMOK € OgHMM i3 HalaKTyaJIbHIIIHX.
Crmpagni, icHyroua J0BijKoBa 0a3a (OpPMYyeThCs SIK CYKYMHICTh TaONMYHUX JaHUX Ha HaBYAHHS
HelpocereBol Mojeini. TakuM YMHOM MOJAETIOETHCA ANPOKCUMYIOUMH IOBEPXHIO B N-MIPHOMY
IPOCTOPI MOXKIIMBHUX JIOBITKOBHX 3Ha4eHb. ATIPOKCHUMYIOYA IMMOBEPXHS MOXKE HECTH iH(POpMALIil0 HE
JUIIE PO KUIBbKICHI 3MiHM 00'€KTa, a i MOJICTIOBATH SIKICHI MEPEXOJH, 10 HE 3aBXKIU MOXKIHNBO
IpY BUKOPUCTAHHI TPAAULIHHUX MOJIeNeii, CTBOPEHHX HAa OCHOBI pErpeciiHoOro aHaizy.

2. Po3poOka oOuncCIOBaIbHUX aJITOPUTMIB Ta iX peanizamis. LI anroputmu € CkiIagoBUMHU
3arajibHOi CUCTEMH aHaJi3y Ta CHHTE3y BUPOOHUYHX PIllICHb.

3. Po3poOka miarHOCTHYHUX TPOrpaMHUX 3aco0iB. 3a3HaueHa cdepa 3acTOCYBaHHS
HEHPOMEPEKEBUX TEXHOJIOTIH € HaWOUIbII aKTyallbHOIO, OCKUIBKH JI03BOJISIE BHKOPHCTOBYBATH
HAWOUIBII aleKBATHI MOJEIII.

4. Po3poOka cuCTeM KOHTpOIIO siKOcTi. Ll o0nacTe € JOCUTHh MEpPCIEKTHBHOIO 332 YMOB
3a0e31e4YeHHS BiIMTOBITHOCTI BUMOT SIKOCT1 BUPOOHHUIITBA Ta BUPOOiB.

5. Po3pobOka cucTteM aBTOMAaTH30BaHOTO HOPMYBaHHS. Y pa3i OOMEXEHOCTI pecypciB,
30KpeMa — yacy, 3a3Ha4eHa 00JIaCTh CTa€ OCHOBOIO JUIsl €KCIpec-00PKeTYyBaHHS i Y OCTaTOUHOMY
HiJICYMKY — OIIIHKH KOHKYPEHTOCTIPOMO>KHOCTI TTPOYKITii.

6. Po3poOka cucteM MOHITOPWHTY Ta YIpaBIiHHS TEXHOJOTIYHUMH Tporecamu. B ymoBax
HEBU3HAYEHOCTI 3IHCHEHHS BUPOOHMYMX 1 30KpeMa TEXHOJIOTIYHMX TPOIECIB TaKi CHUCTEMHU
MOBUHHI MaTU BUCOKHUH PIBEHb IEHTHYHOCTI pealbHOMY 00'€KTY 1 MiANAIITOBYBATHCS MiJl HOTO
3MiHH B peaIbHOMY MaclITadi gacy.

7. Po3poOka mopaJHUKIB MalTMHOOY/IIBHUKA (T€XHOJIOTa, KePIBHUKA MiAPHUEMCTBA YU HOTO
APO3ILTY).

8. Po3poOka cuctem aganTHBHOTO YIPABIIHHSA TEXHOJIOTIYHUMH, EKOHOMIYHHMHU Ta
opranizariinumMu mnporecamu. CTBOpPEHHs €TaJOHHUX MOJENEH 03BOJIAE€ MPOBOJUTH MAIIUHHI
€KCIEPUMEHTH 3 METOIO MOIIYKY Halle()eKTUBHIIINX TEXHOJIOTYHUX UM YIPABIIHCHKUX PIIIEHb.

9.1Iporao3yBaHHsI TIOKa3HUKIB €KOHOMIYHOI ISUTBHOCTI MAIIMHOOYIIBHOTO MiANPHEMCTBA.
@akTHYHO L1 00JacTh € OJAHIEI0 3 HAMBAXIIMBINIMX, NPOTE MOTpedye MOAAIBIIOTO PO3BUTKY
arapary MpOTrHO3YBaHHs HA OCHOBI HEUPOMEPEIKEBUX TEXHOJIOT 1.

10.IIporHo3yBaHHs ~TEXHIYHMX XapaKTEpUCTHK HOBUX BHPOOIB  MAIIMHOOYIBHOTO
BUpoOHHMIITBA. DOPMYBaHHS KOMIUIEKCHUX MOJIENIEH, IO BPaXOBYIOTh TEXHIUHI XapaKTEPUCTUKHU Ta
MOKa3HUKH SKOCTI MPOJAYKIIii, 110 BUITYCKA€ETHCS, 1 MOKa3HUKHA BUPOOHUYO-TEXHOJIOTTYHOI CUCTEMH
BIJIKpMBA€ MOXJIMBOCTI JJIsi IPOTHO3YBaHHS HaOLIbII e(PEeKTUBHUX HANPSMKIB TEXHOJIOTTUHHUX 1
TEXHIYHHX PILIECHb.

11. Mapkerunrosi gochimxeHHs. OCKITBKH 11 JOCHIIKEHHS € KOMIUIEKCHUMH, IO
BUMAararoTh OOJKYy Halpi3HOMaHITHIKX (AKTOPiB BUPOOHMYOI AISITBHOCTI MaIIMHOOYIIBHOTO
HIAIPUEMCTBA, OpIEHTAIlil Ha KOMIUIEKCHI HEHpOMEpe)KeBl MOJeNi, 3/aTHI MOJENOBaTH
CYKYIHICTh BHYTPIIIHIX 3B'S3KIB Yy CHCTE€Mi, M0 MOJENIOEThCS, JIO3BOJSE BHUPINTYyBaTH
Halpi3HOMAHITHIIII 3aBJJaHHS.

12. AxruBHmii excnepument y mnpoBeneHHi HJIJIKP. Lls ocoGmuBicTe 3acTocyBaHHS
HelpoMepekeBUX Mojiesiell poOUTH eTar TeXHIYHOI MiATOTOBKY BUPOOHUIITBA HAHOUIBII 3HAYYIIIUM
ta edextuBHUM. Ha panionansaux pimenHsx HJIJAKP Oyayerscs paiioHanbHa BUpOOHHMYA
cHucTeMa.

13. Po3poOka cepemoBHIa IS IHTETPOBAHOI CHCTEMHU TPAIUIIHHUX MOJEIICH MPOIECiB Ta
cucreM. Po3maiTTs mareMaTMYHUX MOJEJeH, sIKi BpaxoBYIOTh (i3WUHYy HPUPOAY ONHCYBAHHX
SBMIL, 1 HaBITh iX PI3HOPIAHICTh CTaBUTh 3aBAAHHS CTBOPEHHS aJalTHBHOI OOYHCIIOBAIBHOT
CepeIoBUINaA, 31aTHOI BUKOPHUCTOBYBATH PI3HUX YMOBAX Pi3HI BUIAM MojieNell BUPOOHUYNX 00'€KTIB.
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AanTUBHI Ta TOCTIHHO PO3BUBAIOTHCS AITOPUTMHU 3BEPHEHHS N0 TAaKHUX MOJENeld poOIsiTh
HelpoMepeKeBe CEPeIOBUINE YHIBEPCATHHUM 1 CAMOHABYATIHLHUM.

14. PospobOka intenekryansbHux CAIIP. Bce BumieBukianeHi mnepeBard 3acTOCYBAHHS
HEHpOMEpEKEBUX TEXHOJIOTIH y MAaMHOOYTyBaHHI BIIKPHUBA€E IIMPOKI MOXKIIUBOCTI /Uil CTBOPCHHS
IHTErPOBAHOTO CEPEIIOBHINA ABTOMATH30BAHOTO IPOCKTYBaHHS BHPOOIB MamMHOOYAYBaHHS Ta
CHHTE3Y TEXHOJIOTIYHUX MPOLECiB IXHHOr0 BHPOOHHITBA. TYT CIiJ Bi3HAYUTH ICTOTHI IEepeBaru
HEHPOMEPEIKEBOro 0a3uCy SK OCHOBH OOYHMCIICHBb OO0'€KTIB 3 PO3MOIUICHUMH TapaMeTpaMu —
HaNpyramy 4 TEMIEPATyPHUMHU MOJISIMU y KOHCTPYKLISAX TOILO.

15.CtBopenHst mozeneil po3poOku MexaHi3miB MoTuBaulii mpami. OCKUIBKM s Tany3b
HAJISKUTH J10 C1abodopMan3yeMbIM, a O4iKyBaHUI Pe3y/ibTaT € HAWNEPCHEKTUBHIIINM 3 TO3HLIN
YIOpPaBIIHHS MPOIECAaMH 1 SKICTIO 00'€KTIB, YCIIIIIHE BUPIIICHHS 3aBIaHb Y I Taly3i J03BOJIUTH
3HaYHO CKOPOTUTH BUTPATH BUPOOHUIITBA Ta YIOCKOHAIUTH HOTO.

16. CTBOpeHHs1 MOAENeH CTPYKTYpH YIPaBIiHHS MiANPHEMCTBOM Ta HWOro po3BHTKY. Lls
001acTh € HaWOUIBII CKJIaJHO0, IPOTE B JAHUN Yac ICHYIOTh MiJXOAHM, IO J03BOJIIOTH HA OCHOBI
CTBOPCHHSI TaKWX MOJEICH IPOCTEKUTH EBOJIOIII0 CUCTEM KEpyBaHHS BHUPOOHHUIITBOM 3
ypaxyBaHHSM i1 0COOJIMBOCTEH.

17. Po3poOka iHTeNeKTyalbHUX TpeHaxepiB. MOXKIUBICTh CTBOPEHHS CUCTEMH €MYIIATOPIB
KOHKPETHUX 00'€KTIB Ta MPOIIECIB HAJIA€ MOMJIMBICTH BIANPAILIOBAHHS HA HIK YMiHb Ta HaBHYOK
Y4aCHUKIB BUPOOHHUOTO MPOIIECY.

18. CrBopenHs koMm'toTepHHX cucTeM (Mepex) 3a Lon Work — texHomorii Ta CiThOBUX
BUPOOHUIITB.

Ha ocHOBI BWpIIICHHsS TOCTaBJICHUX 3aBJaHb CKJIAJAEThCA MOXIIMBICTh OpTraHi3aiii
BipTyasibHOI JabopaTopii, 1€ Ha OCHOBI KOMIUIGKCY HEUPOMEpPEKEBHX MOJCIEH MOXKe
3MIHCHIOBATHCA TOIIYK MMOJANBIIMX [UIAXiB Ta METOMIB MHiABHIIEHHS e€(QEKTHBHOCTI
MaIIMHOOYAIBHOTO BUPOOHUIITBA. 30KpeMa — Il HampsMOK MOXHAa OXapaKTepu3yBaTH SK
MOJICIIIOBAHHSI Ta ONTUMI3aIlil0 EKOHOMIYHHMX CHCTEM Ta Oi3HEC-TPOLECIB MAIMHOOYIBHOTO
MIPUEMCTBA.
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MeabHukoB O.FO., Ko3yo I.C. (/Joubacvka Oepocasna mawmunoOyoieHa axademis, M.
Kpamamopcwk, Yrpaina)

3ACTOCYBAHHS HEHPOHHUX MEPEX JIJISI ONIHIOBAHHSI EOPEKTUBHOCTI
IMPOTHEINIAEMIYHHUX 3AXOAIB TA IIPOI'HO3YBAHHA 3MIHHM BIICOTKA
TH®IKOBAHUX TA IEPEHECEHHMX XBOPOB V¥ TSAXKKIIA ®OPMI

Poszenauymo npobnemy eusuenns eniugy npoOmMuenioeMiyHux 3axodié Ha GI0COMOK IHEHIKOBAHUX
naunoemiunum 3axeopiosanusam. Onucano cmeopenuil pawiute 000AMOK, AKUU 00380J5€ 30IUCHIO8AMU
00pobnenns ingopmayii wooo eaxyurnosanux ocio. Chopmyavosano 3adayy pos3podoKu cneyianizosanozo
NPOSPAMHO20 3a0e3NeUeH s — CUucmemu NIOMpPUMKU NPUUHAMMA pilieHb 015 OYIHIO8AHHS eheKmUEHOCMI
npomMuenioeMiuHux 3axo0i6 ma NpPOSHO3Y8AHHA 3MIHU BI0COMKA IHEIKOBAHUX MA NepeHeceHux Xeopod y
maxckii ¢opmi. Onucano 3acmocy8aHHs 080X NEPCENMPOHIE: OOUH 3 N'Amu XIOHUX HeUpoHi8, 080X
BUXIOHUX T 1 MU HEUPOHI8 NPUXOBAHO20 WAy, OPYeUll — 3 UiCMbOX 6XIOHUX HEUPOHI8, 00HO20 GUXIOHO2O0 I
n’amu HelpoHie npuxosarnozo wapy. Hasedeno npuknad pose’szanns 3a0aui y cepedosuufi aHamimuiHo2o
naxema. Pe3ynomamu c8iouams npo 00CASHEeHHs HANEHCHOI MOYHOCHI.

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) € HeOe3neyHUM 3aXBOPIOBAHHSM, K€ MOXE MPOTIKATH 5K y
¢dopmi roctpoi pecmipaTopHoi BipycHOi iH(ekwii jerkoro mepediry, Tak 1 y Baxkid Qopmi.
Bakuunaris € ogaum 3 Halikpanux MetoaiB st 3axucty Bim COVID-19. Xou Bin He mae 100%
rapanTii 3axucty Big COVID-19, ane 3abe3neuye mpoxo/KeHHsS XBOpoOM Yy Jerkiit ¢dopmi, 0e3
YCKJIAJHEHb Ta TapaHTye MmBHAKE oxyKyBaHHi [1-3]. CTBOpeHHS Ta BUKOPUCTAHHS
CHeNiaTi30BaHOr0 MPOrpaMHOro 3a0e3NedyeHHs JUIsl OLIIHIOBaHHS €(PeKTUBHOCTI MPOTHEIIIEMIYHIX
3aX0/11B Ta MPOTHO3YBaHHS 3MIHHM B1JICOTKA 1H(QIKOBAaHUX Ta MEPEHECEHUX XBOPOO y TXkKKIH (opmi
MOY€ 3/11IHCHUTH CYTTEBU TUIMB 1010 MOKPAILIEHHS CUTYAIlil Y IbOMY HalpsMKYy.

Hapasi Hemae cmemiamizoBaHUX TIPOrpaMHUX 3aco0iB  a00 OHJIAH CEepBICIB, SIKI
3a0e3nedyBany O po3B’si3aHHS MOCTABICHOI 337a4i. ABTOPU CIPOEKTYBalu [4] Ta peanizyBanu [5]
JOJJATOK — TporpamMHe 3a0e3MeveHHs Il MOHITOPHHTY BaKIIMHOBAHUX CTYJIEHTIB Y HaBYAIBHOMY
3aKJiaji, ane BiH He PO3B’A3yBaB 3ajiaul BUBYEHHS €(QEKTHUBHOCTI NMPOTHEMIEMIYHUX 3aXOJiB Ta
IIPOrHO3YBaHHS KUIBKOCTI XBOPHUX a00 OyKaJHX.

OcHoOBHa 1/1€4: € CTaTUCTUYHI J1aH1 (IOMICAYH1) IPO 30UIbIIEHHS B1ICOTKA 1H(IKOBAHUX M1
yac emizeMii (maHaeMii) Ta THUX, XTO MEPEHOCUTh XBOpPOOY y TSXKKIH (opMi, a TakoXK Mepeltiky
NPOTHEMIIEMIYHAX 3aXOJIiB, IO 3aCTOCOBYIOThCS B IIed mepion y maHomy perioni [6-7]. (Ilix
MOHATTSIM «PErioH» MAE€ThCA Ha YBasi MICTO, pailoH abo 00JacThb, KEPIBHHUIITBO SIKOTO HAJiJICHE
MOBHOBA)KEHHSIMU BBOJUTH a00 CKacOBYBATU OyJb-K1 IPOTHEMIIEMIYH] 3aX0/1, 1 IEPEMILLIEHHS 32
MEXl SKOTO MOXHa CYTTEBO OOMEXHTH). 3aBHaHHS — OIIHUTA €(QEKTUBHICTh BXKUTHUX
MPOTUENIAEMIYHUX 3aXO0JIB 1 3/1MCHUTH MPOTHO3YBAHHS 3MIHM BIJICOTKA 1H(IKOBAHUX 1 THX, XTO
NEPEHOCUTH XBOPOOY y TAKKIH Gopmi.

MOJKHA BUJIIUTH TAKI BXITHI ®AKTOPH HAIIIOI MPOTHO3HOI MOJIEJI:

— 000B's13K0BUI «MackoBuii pexxumy» (Masks);
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— BBEJICHHS KapaHTUHY, TOOTO CKaCyBaHHS MaCOBHUX 3aXO0/IiB, BCTAHOBJICHHS aHTHCEIITHKIB Y
BCIX aJIMIHICTpaTHBHHX 3akiagax Tomo (Quarantine);

— BBEJICHHS AMCTAHI[ITHOrO HaBYaHHs y HaBYalbHUX 3akianax (Distance Learning);

— MOKJIMBICTB BiJIbHOTO BaknuHyBanHs (\Vaccine_optional);

— 3ampoBaKEHHs 000B'13Kk0BOr0 BakimHyBanHs (Vaccination_is_mandatory);

— BijicoTok BaknuHoBanux (Percentage_of Vaccinated).

Buxinni gakropu:

— 3MmiHa BijcoTka iHdikoBanux (Infected);

— 3MiHa BIJICOTKA THX, XTO IIEPEHOCHTH XBOPOOY y TsLKKiH popmi (Severe_cases).

Yactuna (axTopiB € OIHOMIaJbHUMHM, a YaCTUHA — YUCIOBUMHU Oe3lepepBHUMHU. TakoX CJiJ 3a3HAYHUTH, LIO

Juist ipyroi 3amadi (TOOTO pO3paxyHKY 3MIHEHHs BiJICOTKAa THX, XTO NEPEHOCHTh XBOPOOY Yy TSDKKiil ¢opmi) 3MiHa
BiZICOTKA 1H()IKOBaHMX MOXE CTaTH JOJATKOBHM BXiIHUM (PaKTOPOM.

Region Masks |Quarantine |DistancqVaccin Vaccination_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 13,53 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 — Ilpuknag BXiTHUX JaHUX

Masks

Distance_Leaming Infected

Vaccine_optional

Vaccination_is_mandatory Severe_cases

Percentage_of !

Pucynok 2 — Apxitektypa HelipoHHOT Mepexxi MLP 5xX5x2

Jlanmi 3amady NPOTHO3YBaHHS MOXKHA PO3B’s3yBaTH PI3HUMHU MeToaamu. st mpukiamy
HaBeZieMo pimeHHs1 B cepenoBuini Deductor Studio Lite MeTomoM mTydyHUX HEHPOHHUX MEPEXK.
ApXITeKTYpy Mepexi (OaraTomrapoBuii mepcentpoH 5X5X2, 5 HeWpoHIB B OJHOMY HMPUXOBAHOMY
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mapi, pi3HOBHUJ HEHUPOHHOI MEpeXl — NEPCeNTPOH, METOJ HaBYaHHSI — 3BOPOTHE MOIIMPEHHS
MOMHJIOK, (PYHKIIISl aKTUBAIlIT — CUTMO1/1a) 300pakeHo puc. 2., pe3yIbTaTH PO3PAXyHKIB — HA pUC. 3.
BukopucranHs Mojeni JUIsl TPOTHO3YBaHHS (pUC. 4) TMOKa3zye, MO BBEICHHS OOOB’SI3KOBOTO
BaKLMHYBaHHS 3HMWXKYE 3POCTaHHA BifcoTKa iH(ikoBaHuUX Ha 1,5%, a BiICOTKAa XBOPHX Ha TSKKY
dbopmy — mMaibke BABIYI.

Region | Mazks | Quarantine ‘ Distance_Leaming |Yaccine_optional| Vaccination_is_mandatory Percentage_of Yaccinated Infected Infected_OUT Sevele_cases Severe_cazes OUT
| Kyieskyi 0 1 0 0 0 1198 42,12 40,001 1845051581 17 16,2594789214857
| 1 1 1 0 0 2015 38,62 31.5073371423768 138 12,70732860174533
| 1 1 1 1 0 4422 2413 22.275104321315 9.3 9.07407487331311
| 1 1 1 1 1 4728 13,53 13,767217E085EEE 5 5,83285699135621
| Donetsk 0 1 0 0 1] 72 29,74 2975241261422 16,1 1E.1119646870163
| 1 1 1 0 1] 3.08 18,12 18,03 0727227571 121 12,160797671705
| 1 1 1 1 0 1367 11,62 11.6165701472529 87 8,70052889732756
| 1 1 1 1 1 15,59 543 5535000105068 5.4 5,86440295309101
| Dripras 0 1 0 0 0 18,74 36,12 39.4742872189235 159 16,6048310345423
| 1 1 1 0 0 36,12 24,35 22,4397359748433 14.1 13,130585701 5608
| 1 1 1 1 0 4043 15,24 21,7699517800451 81 9.07756215042054
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Pucynok 4 — Jliarpama po3citoBaHHs

@|l msasﬁﬂﬂ;hFIQIM B | 1ussE| | o » w1 | O |

None 3HaueHue Mone BHaMeHMHE
= [km BroaHele = Pigy Broareie
9.0 Masks 1 9.0 Mazks 1
9.0 Distance_Learning 1 9.0 Distance_Leaming 1
9.0 Yaccine_optional 1 9.0 Yaccing_optional 1
9.0 Yaccination iz m... 0 9.0 Vaccination_iz_m... 1
9.0 Percentage:nf:"f"... 11.92 9.0 Percentage of V... 11,38
= .['> EblxoaHee = & Buoaneie
9.0 Infected 7,30212563642563 Sliceles 5.96719201285747
9.0 Seveie_cases  12,039951740415 SR 204 27 4222547166

Pucynox 5 — BukoprcTanHsS MO A IPOTHO3YBAHHS
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Masks

Distance_Leaming

Vaccine_optional

Severe_cases

: Lviv

Infected
: ' . .
Pucynok 6 — Apxitektypa HeliponHOi Mepexi MLP 6x5x1
— e = e | =
Region Masks Quarantine | Distance_Leaming | Yaccine_optional | “accination_is_mandatory | Percentage_of_Yaccinated | Infected ‘ Severe_cases Severe_cases_0UT
| |Kpivsleyi 1} 0 1} 0 0 1198 4212 17 16,596820001 4042
1 1 1 0 0 2018 3862 138 135850106472044
1 1 1 1 0 4422 2413 92 9,250EE7E9957847
|| 1 1 1 1 1 47.28 1353 5 5,56994916349088
| |Donetsk 1} 0 1} 0 0 7.2 29,74 181 16,0905135834117
1 1 1 0 0 906 18,12 121 12,0053703710401
1 1 1 1 0 1367 11,62 a7 8,70262419392325
|| 1 1 1 1 1 1553 549 54 589967 206868565
| |Dripra 1} 0 1} 0 0 1874 3;k12 189 16,20E2643248102
1 1 1 0 0 12 24,35 141 135030032634019
1 1 1 1 0 4048 16,24 a1 9,03482803667287
|| 1 1 1 1 1 44.439 0. 6.2 5.57011853583305
| |Kharkiv 1} 0 1} 0 0 1388 ETAL) 189 16,5974593430611
1 1 1 1} 1} 2135 24,66 131 13,285830195393
1 1 1 1 0 3”82 1644 249 9.230426438632025
L 1 1 1 1 1 4205 11.84 64 5.57062560538536
| |Odesa 1} 1 1} 0 0 1634 481 183 1E,238427752243
1 1 1 1} 1} 248 3.3 128 12,884A969927933
1 1 1 1 0 3228 19,728 92 9.64796279215781
1 1 1 1 1 3615 1413 51 B.20086393621625
1} 1 [t} 0 0 183 383 164 16,1602925321719
1 1 1 1} 1} 247 355 158 10,4124320651047
1 1 1 1 0 k23 227 11.1 10,6256E25179737
L 1 1 1 1 1 4037 1242 6.1 5.671223415945202
| |Poltava 1} 0 1} 0 0 1454 475 171 16,5875075692013
1 1 1 1} 1} 3541 232 a4 10,1780434733152
1 1 1 1 0 420 181 71 7.13698340077294
L 1 1 1 1 1 46.34 1476 51 5670081 33271427
| |Zaporozhye 1} 0 1} 0 0 184 97 185 16,05EE029921049
1 1 1 1} 1} 238 293 168 13,3346723633938
1 1 1 1 0 32E4 287 107 11,12EEE21391746
L 1 1 1 1 1 3632 1383 72 B.167614E3206792
| [Wineytsia 1} 0 1} 0 0 13.2 341 189 16,5978260684876
1 b 1 n n e 7a 111 11 A4ANEEID ARG

PucyHnok 7 — Pe3ynbTaTi po3paxyHKiB
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Pucynok 8 — Jliarpama po3ciroBaHHS

[NI=FITe

[=} "m BrogHeIE
9.0 Masks 1
9.0 Distance_Leaming 1
1

PETRTEE TRTTITe

9.0 VYaccine_optional

9.0 Vaccination_is_m... 0 9.0 Percentage_of ... 11,98
9.0 Percentage_of ... 11,93 9.0 Infected 4212
9.0 Infected 4212 = & Buoaneie
= 'b ELixogHsle 9.0 Severe_cazes 5. 783651 22043918
9.0 Severe_cases 16596320007 4042

Pucynoxk 9 — BukopucTtanHs MOAENi JIsl TPOTHO3YBaHHS

BUCHOBKH

byno chopmynboBaHO 3a7auy CTBOPEHHS CIIELIaTi30BAHOTO MPOrPaMHOro 3a0e3neueHHs
JUISL OILIIHIOBAHHS €(QEKTUBHOCTI MPOTHEMIAEMIYHUX 3aXOIB Ta MPOTHO3YBaHHS 3MIHH BIJCOTKA
1H(IKOBaHMX Ta MEPEHECEHUX XBOPOO Yy TSKKIHM dopMmi, sike Moke 3MIHCHUTH CYTTEBUH IUIMB 11010
MOKpAIIEeHHsT CHTYallii y oMY HampsMKy. OmHcaHO 3aCTOCYBaHHS IBOX IEPCENTPOHIB: OIHMH 3
O'ITH BXIJHUX HEWPOHIB, JBOX BUXITHMX 1 I'STH HEHpPOHIB MPUXOBAHOIO MIApy, APYrHd — 3
IIICTROX BXIJHUX HEHWPOHIB, OJHOTO BUXITHOTO 1 M’SITH HEUPOHIB MpuUxoBaHOTO mapy. HasegeHo
OPUKIAJ PO3B’SI3aHHS 33/7a4l y CEpeJOBHUINl AHATITHYHOrO Makera. Pe3ynpTatu cBiI4aTh IMpo
JOCSATHEHHS HAJIS)KHOT TOYHOCTI.
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VIK 004(06)

HleBuyk O.®., Xacupbka O.I1., KoBaneBchkuii C.B. (Binnuuyvkuii HayioHanbHUuil azpapHuil
9 9

yHigepcumem, J{onbacvka Oepoicagna mawunobyodiena axademis, m. Kpamamopcox — Tepnonino,

Yxpaina)

INPOI'HO3YBAHHSI PO3BUTKY CKJIAJHUX CUCTEM HA IIIJACTABI
HEWUPOMOJEJIEN.

B pobomi nokasano, wo cyuacui komnauii 6yoyiomos ceoi cmpamezii IHHO8AYINIHO20 PO3BUMKY Hd
ONnepy8aHHi GeUKUMU OAHUMU, AKI Gopmyrombcsa 8 npoyeci (QYHKYIOHY8AHHA SUPOOHUYOI cucmemu i 8
npoyeci it 83acmo0ii 3 308HIWHIM cepedosuiyem. Bonu cmeoproroms cucmemu, wjo 30iticHioloms 30ip i ananiz
idetl [ npono3uyiii W00 PO3BUMKY SUPOOHUYOL cucmemu, A MAaKoNIC NPULMaroms piulenHs 6 obnacmi
peanizayii IHHOBAYIUHUX NPOEKMi8 HA OCHOBI pecypcié wmyuHozo inmenekmy. Haodawi 3a60anmsa, sKi
BIUPIULYIOMbCSA 30 OONOMO2010 IHMENeKMYATbHUX MOOeel, 30KpemMd noOYO008AHUX 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.

[IpuBaGnuBicTh KpaiH 1 PErioHiB, KOHIIEHTpallis B HUX KBaTi(ikoBaHOI poOOYOi CHIIH,
pecypciB, BHUPOOHUYMX TMOTYXHOCTEH, a pa3oM 3 HHMH OCBITHIX YCTAaHOB, IiJIIPHEMCTB
BUCOKOTEXHOJIOTIYHOTO BUPOOHHUITBA, IHPPACTPYKTYPHUX Ta KYJIBTYPHUX O0'€KTIB Oe3mocepesHb0
3aJIeKUTD BiJ CTYIEHsI 030pOEHOCTI IITYYHUM 1HTENEKTOM. TeXHOOorii 1 BAPOOHUIITBO € CEKTOPaMU
3 HaWOLIBIIUM TmoOTeHIiamoM TpaHcopmaniii 3a gomomororo LI IITy4ynwii iHTENEeKT cTae
KJIIOYOBUM €JIEMEHTOM BUPOOHHYMX CHUCTEM, SIKMH /103BOJIs€ OyayBaTH 1HTENEKTYyalbHI CHCTEMHU
YIOpaBIiHHSA 1HHOBAIIMHOIO MISUIBHICTIO, @ TaKOXX pPO3BUBAaTH PO3YMHI CHUCTEMH IPOCYBaHHS
IHHOBALIHHOT IPOAYKIIII.

Hosgi (iHHOBawiiH1) 1udpoB1 TEXHOJIOTIT MiIPUBAIOTH TPAAULINHI TIAX0ANU O aBTOMAaTH3allli
BUpOOHHUIITBA 1 Oi3Hecy. PO3BUTOK BUPOOHMUYUX CHCTEM HAlpaBJIEHUI Ha 3aMIIIEHHS JIIOICHKOTO
IHTEJIeKTY 3aco0aMi MalIMHHOTO YIPaBIIHHS Ha OCHOBI BHUKOPHUCTaHHS 3ac0o0iB LH(POBOIro
MEHE/UKMEHTY 1 aKTHUBHOI'O 3aJlydeHHS B MEPEXKEBY CTPYKTYpY YIPaBIiHHSI MOKIMBOCTEH
HITY4YHOT'O 1HTEJIEKTY.

KomOiHaTOpHI mpolecH ONTHMI3yIOTh IJIaHyBaHHS BHPOOHMIITBA 1 MOCIIZOBHOCTI POOIT.
[lepeBara 111€i mpoIeAypH MOJSITa€ B yCYHEHHI KOHKYPYIOUUX IIJIEH B CEHC1 BCEOCSIKHUX CTpaTeTii
3 ypaxyBaHHIM cnenudikaiiii KOHKPETHOrO HMiAPHEMCTBA.

VYrpaBiiHHS 1HHOBALIMHOIO NISJIBHICTIO B Cy4YaCHUX BUPOOHMYMX CHCTEMaxX 3aCHOBaHE Ha
BUKOPUCTaHHI 3Ha4HOro o0csry naHux. CydacHi koMnaHii OyAyroTh cBOI cTparerii iIHHOBaLIHHOTO
PO3BUTKY Ha OINEpyBaHHI BEIMKUMH JaHUMH, iKi (HOpMyroTbcs B mpoleci (YyHKIIOHYBaHHS
BUPOOHMYOI CHCTEMH 1 B Ipoleci ii B3aeMOJil 3 30BHIIIHIM cepeloBHIeM. BOHM CTBOPIOIOTH
CHUCTEMH, M0 31HCHIOIOTH 301p 1 aHAMI3 171eH 1 MPOMO3UIIIN 1010 PO3BUTKY BUPOOHUYOI CUCTEMH, a
TaKOXX NPHUIMalOTh pilleHHs B oOiacTi pearizamii 1HHOBaLIMHUX MPOEKTIB Ha OCHOBI pecypciB
HITY4YHOT'O 1HTEJIEKTY.

3apa3 poiap CHUCTEM INTYYHOTO IHTENEKTY B I1HHOBAIIWHIMA MISUTBHOCTI B yMOBax
MHOXHUHHOCT1 Cy0'€KTIB 3 PI3HOPITHUMHU CHCTEMaMH BU3HAUYCHHS METH i MOTHBAaMHU IOBEIIHKH,
HETOYHOCTI 1 AUHAMIYHOCTI X IiJIel 1 3aBlaHb BUBUYEHA HEJOCTATHLO.

Ki104oBOI0 KOMIIETEHIIEIO YIPABIIHIIB B MEpPEKEBUII BUPOOHMUOT CHUCTEMI CTA€ BMIHHSA
OpraHizyBaTM MacoOBY TBOPUICTh 3alliIKaBIE€HHX, HEHUTPAJIbHUX 1 HE3aI[IKaBICHUX JIIOJEH,
[IJIECITPSIMOBAHA PO3YMOBA aKTUBHICTh SIKUX YTBOPIOE IHTETIEKT COIIIyMY.
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HanamryBanss Ta moctiiiHa nmepedy1oBa BAPOOHUYOI CUCTEMHU - 11€ CKIAAHI Ta TPYIOMICTKI
nporecd. KomriekcHa iHkeHepHa IuiatdopMma MIATPUMYE BUPOOHUITBO iHXKEHEPIB Yy IIbOMY
MpoIIeCi Ta CYTTEBO 3MEHIye BUpOOHUIITBO IHkeHepHa miatdopma: Big 3D-Momem npoaykTy 10
KIHIIEBOI KOHIIEMI[i1 BUPOOHHIITBA.

3MiHa XapakTtepy poOOTH B BUPOOHUYMX CHUCTEMaX 3 BUKOPUCTAHHSAM IITYYHOTO iHTEJIEKTY
BIUIMHE Ha BCIX MNpAaIiBHUKIB yciX piBHIB KBamiikamii. byae MeHme pyTHHH 1 MOBTOprOBaHa
poboTa, 3acHOBaHa Ha 3aCHOBaHId Ha TMpaBUaxX MiSUIBHOCTI, OCKUIBKM II€ MOXE OyTH
aBTOMATHU30BaHO JuIsg OaraThox mpodeciii Ta ramyseii. lle, B CBOO 4epry, 03HaYUTHME, IO MOXKE
3HQIOOMTHUCS OaraThOM IpalliBHMKaM HaOyBaTH HOBHX HaBUYOK. PoOoue Mmiclie cTaHe MOCTIHHUM
OinpIIe MicIl B3a€MOJIl JIrOEH Ta TEXHOJNOTIH mpoaykTuBHe. OCHOBHAa 4YacTWHA OUIBIIOCTI
JIOJICBKUX POOIT BKJIIOYATHME CIUJIbHA po0OTa 31 IITYYHHM iHTEJIEKTOM, POOOTOTEXHIKOIO, Ta
IHIIMX TEXHOJIOT1. ABTOMAaTH3aIllsl BIUIMHE OLIbIe HIK pi3HI poOodi Jii: mpolecu Ta mporeaypu
TaKO’, HMOBIPHO, T€X JA0BEAEThCs ananTyBaTcs. Lle B cBoro uepry Marume riavOOKi HACIIAKH JUIs
CTPYKTypu poOodoro Micis 1 opranizaimito. /s camMux TEXHIKIB aBTOMATH3allisl MOXE 3MIHUTH
pobode miciie Ta iX poJIi.

3acTocyBaHHA HEHPOMEPEKHHUX TEXHOJOTIH Y HAyKOBUX JOCIHIIKEHHSIX 1 Yy BUPOOHHYHX
LUJIAX BXKE JaBHO CTaJIO JIOCUTh MOIIUPEHUM SIBUILEM. Bynyun jerko ajanToBaHUM IHCTPYMEHTOM,
IO JO3BOJISIE 3 JOCTaTHBOIO /ISl NPAKTUKA TOYHICTIO MOJENIOBAaTH OO0'€KTH 3 iX BIATYKIB,
oJiepKyBaHUM a00 B MpoOIEC €KCIEpUMEHTY ab0o B peaJbHMX yMOBax Ui CyTO NparMaTHYHUX
[iIeld, BiH 3HAXOAUTHh SK NPUXHWIBHHUKIB Tak 1 omoHeHTiB. OCHOBHI NepeBarn BUKOPUCTAHHS
HEeHponoaiOHNX €JIEMEHTIB /JIs1 KOHCTPYIOBAHHS OOYMCIIIOBAIBHUX CUCTEM IOJIATal0Th Y OCHOBHIN
napaaurMi mMoOyJIOBH HEUPOHHUX MEpeX — «ycl HeWpOmoJiOHI €JIeMEHTH IOB'sI3aHl 3 yciMay.
BinmMiHHOCTI y TpakTyBaHHI L€l HapaJurMd BUAAIOTHCS Y BHUIJISAL PI3HUX BiIOMUX BHUJIIB
apXiTeKTyp HEWPOHHUX MEpekK. Y 3B'SI3KYy 3 MM MOKHA BiJ3HAYMTH, 10 HAWOUIBII MOBHUM, Ha
Halll MOIJISA, € CTBOPEHHS HEWPOHHUX MEpPEeX — «TOMEOCTaTiB», sKI (PaKTHYHO BiJOOpa)karoTh
NIMPOKE BHW3HAHHSA sSK B YKpaiHi Tak i 3a il MeXaMH METOJ TPYIOBOTO OOJIIKY apryMEHTIB.
3acToCyBaHHS TaKUX «HEHPOMEPEKHHUX FOMEOCTATIBY JO3BOJIMIIO BUPIIIUTU HU3KY TaKUX 3aBJaHb,
SIK:

-yIpaBJliHHA €(eKTUBHICTIO BUKOPUCTaHHS OCHOBHHUX (DOH/IIB MIANIPHUEMCTB;

-opMyBaHHS OCOOMCTICHUX SIKOCTEW CTYAECHTIB BUILY;

-CTPYKTypHa ONTUMIi3allisl BAPOOHUYUX MPOLIECIB 1 T.I1.;

Bupimenns 6aratb0X NpakTUYHHUX 3aBAaHb Ha HelipomepexeBoMy 0a3zHci IUIKOM KOPEKTHO
JIOCATAETHCS 1 MPH 3aCTOCYBAaHHI IIMPOKO MOUIMPEHMX IHCTPYMEHTAIbHUX 3ac00iB, cepel SKHUX
0COOJIMBO cHiA BIJ3HAYUTH BiJOMHH HeilpomepexeBuil maker NeuroPro-0. Maroun npozopy
17Ie0JIOT110, THYYKE HaJAlITYBaHHs, 3pYYHICTh 3aCTOCYBaHHA 1 MOJKJIMBICTH IHTepHpeTanii
pe3yabTaTiB, [Ed MakeT I[IKOM BHIIPABIAHO MOXKE IIMPOKO BHKOPHCTOBYBATHUCS B HAyKOBHX
JOCIIJDKeHHSAX. Y TO€AHaHHI 3 TpaJuLIHHUMHM 3aco0amMH NEpeBIpKH aJEKBaTHOCTI CTBOPEHUX
Mojiele Takui MifaxXiJl Moxe OyTH PEeKOMEHJOBaHUM SIK CBOIO POJy CTaHAapT, aje 3a YMOBHU
3a0e3MeueHHs] OJHOPIAHOCTI JIaHUX, L0 BHUKOPHCTOBYIOTHCS, @ TAaKOXK NPABHIIBHOTO MO€IHAHHS
PIBHIB NMOXUOKM HaBYAJBHUX 1 TECTOBUX MHOXHH. J[0 HEOJIKIB IIbOIO MaKeTa MOXHa B1JHECTH
Bukopuctanus dbf - ¢opmary BuXiTHUX JaHMX 1 BIACYTHICTH rpadiyHOro intepdeicy s
IHTEpIpeTalii OTpuMaHuX pe3ynbTariB. OHAK 3pYUYHICTh 3aCTOCYBAHHS Ta ONTHUMI3aliiHI QyHKIIT
1010 apXITEKTYpPU MEpexXi poOJATh Iei MakeT KpaliuM JJs BUPIMIEHHs OUIBIIOCTI MPUKIaTHUX
3aBJIaHb, 10 BiTHOCSITHCS IO KJIACy «HABYAHHS 3 YUHTEIEM». Y 3B'S3KY 3 IIUM, Y PaMKax PO3BHUTKY
HanpsIMy 3aCTOCYBaHHS HEHPOMEpPEKHHUX TEXHOJOTiH, po3po0JIeHO METOAWYHI MIAXOAU Ta
BUPIIICHO 3aBJaHHS ONTUMAJBHOIO NMPOEKTYBAHHS BUPOOHMUYMX MPOLECIB Ta YIPABIIHHA HUMHU
JUIS:

BinpmiicTe 3aBIaHb ONTUMANBHOI KiacTepu3alii, SKi CTOCYIOTBCS KJIacy «HaBuaHHS 0e3
BUMTEJISD» YCIIIIHO BUPIIIYETHCA 13 3aCTOCyBaHHSIM mHakeTiB kiacy Data Mining. Illupoko Bimomi
kaptu KoxoHeHa 03BOJISAIOTH BUPIIIYBATH 3aBAAHHS, L0 IPYHTYIOTbCS Ha 3aCTOCYBaHHI TaKHX
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KOMIUIEKCHO-IHOPMAaTUBHUX O3HAK, SK YaCTOTHUH CHEKTP BJIACHUX KOJMBaHb BUPOOIB.
3acTocyBaHHS 3a3HAUYEHUX O3HAK JUIS KJjacTepu3alii 00'eKTiB 3a CyKYIHICTIO BIJOMHUX 1 HEBIJOMHUX
XapaKTepUCTHK, JT03BOJISIE CTABUTH 1 PO3B'A3yBaTH 3a/adi He TIIbKU KiacTepu3aulii, a i 3aBIaHHA
3abe3meueHHs SKOCTI 00'ekTa. Lle, 30kpema, Taki 3aBIaHHs, SK:

-OuiHKa BiANOBIAHOCTI TapaMeTpiB 00'eKTiB HEOOX1THOMY (3a1aHOMY) TIOJIO JIOIIYCKIB;

-BusHaueHHst aOCONMIOTHUX 3HAYEHb MApaMETpiB SKOCTI O0'€KTIB B MeXaxX 3aJaHHUX IIOJIB
JIOTTYCKIB;

-CTBOpEHHS aJITOPUTMIB IMMOBEAIHKH 00'€KTIB y ¢1a00 MEBHOMY CEpEIOBHILLI;

-Ominka sKocTi BUpOOiB 3a OararbMa SIKICHUMH Ta KUTbKICHUMH O3HAKaMHU.

EBodroriss mapagurMu IMTYYHOTO HEMPOINOJOOHOTO eleMEeHTa Aa€ MiACTaBU HPUITYCTHTH,
0 Mnojajiblli poOOTH B LBOMY HANpSIMKY CIiJ 3AIHCHIOBaTM B HANpsIMKy CTBOPEHHS
CaMOOOYHCITIOBAILHUX KOHCTPYKIIiH, II0 CaMOpPO3BUBAIOTHCS B N-MIPHOMY IMPOCTOPI Ha OCHOBI
KJIIITHHHUX aBTOMATIB. Y 3B'I3KYy 3 IIMM HEOOXI1THO BIJMOBICTH Ha TaKi MUTaHHS:

-SIKUMH MarOTh OyTH MpaBuiia KJIITHHHAX aBTOMATIB;

-sIK Ma€ OYTH MpeACTaBIeHO 0araTOBUMIpHE MPOCTIP KIITUHHUX aBTOMATIB;

-sIK 3a0€31eUNTH HEeCKIHUYEHHI MOXKIIMBOCTI €BOJIFOIIT KIIITHHHUX aBTOMATIB Ha KIHIICBOMY
KIIITUHHOMY TOJi;

- SIK CJIiJI TECTYBAaTH MOJICJI Ha TAKUX MHOXXHHAX KIITHHHUX aBTOMATIB;

-sKa  ©(QEeKTUBHICTb  BHUPILICHHS MNPAaKTUYHUX  3aBJaHb HA  3alpOIIOHOBAHOMY
o0uHCIIOBAIEHOMY 0a3uci.

Hamy BUKOHYIOTBCSL JOCHIJKCHHS, IO JO3BOJISIOTH BiJIIOBICTH Ha Ii 3allMTaHHS 1 BXKE
OTpPHMaHI TIEBHI PE3yJabTATH, IO JO3BOJSIOTh HAMITHTH PSIJI IEPCIICKTUBHUX HAyKOBUX HAIPSMIB,
YaCTHHA 3 AKHUX MPEICTaBI€Ha HACTYITHUM MEPETIKOM:

-HayKOBe 3a0e3MeueHHs MOAAIBIIOT0 PO3BUTKY CHCTEM Ta 3aC00iB IITYYHOTO 1HTEIEKTY IS
CTBOPEHHS €KCIEPTHHUX Ta KEPYOUUX CUCTEM HOBOI'O IIOKOJIIHHS;

-HayKOB€ 3a0€31eYCHHS IPOCKTYBAHHS Ta CTBOPEHHS €BOJIIOLIHIX aJlTOPUTMIB;

-(pi3uuHE MO/IETIOBAHHS CUCTEM IUTYYHOTO 1HTEJIEKTY;

-JIOCJTI/DKEHHSI MOXKJIMBOCTEH peaiizaiii KBaHTOBOI MaTEMaTHKH Ha OCHOBI MOJIEIIOIOUUX
CHCTEM;

-HayKoBe 3a0e3MeueHHsl MiJBUIIEHHS €()EeKTUBHOCTI CHCTEMHO-1H(GOpMaliiHUX 3ac00iB
PO3BUTKY perioHaJIbHUX 1HPPACTPYKTYD;

-HayKOBe 3a0e3MeYeHHs] 1HTEJEeKTYaJbHOTO MOJETIOBAaHHS TPOIECIB  PO3BUTKY Ta
NOJ0JIaHHS Ha/I3BUUAiHUX COL[IaJIbHUX, €KOJIOTTYHUX, BAPOOHUYNX T4 eKOHOMIYHUX CUTYaLlil;

-CTBOPEHHS KOMIUIEKCY CHCTEM IHTEJIEKTYaJIbHOTO YIPABIiHHSI BHPOOHHYUM ITPOIIECOM;

-CTBOPEHHSI ~ KOMIUIEKCY CHUCTEM  IHTEJEKTYaJIbHOTO  YIPAaBIiHHSI  TEXHOJOTIYHOIO
MiTOTOBKOK BUPOOHUIITBA;

-CTBOPEHHsSI KOMILJIEKCY CHCTEM I1HTENEKTyalbHOI0 YIPaBIiHHSA €HEepro3oepiralouuMu
nporecamu

Takum yuHOM, B 1aHUI Yac He TIIbKU HE MOXKHA HelipoMepekHe MOJENIOBaHHS PO3IIIsIaTH
SK MOBHICTIO pO3pO0JIEHNI HAYKOBUM HAINPSAMOK, aje CJIiJ MPOJIOBKYBATH PO3LIMPIOBATH Jlana3oH
HAYKOBOTO MOIIYKY 1 MPaKTHYHOTO 3aCTOCYBAHHS OTPUMAHUX PE3YJIbTaTiB.
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HIABUIEHHA TOYHOCTI POBOTH JIBOKPOKOBOT'O METOAY
IHTEJIEKTYAJIBHOI'O AHAJII3Y JAHUX

Y pobomi posenadaemoca 3a0aua nioguwenns mounocmi pobomu 080KpOK08020 mMemody Kiacugikayii OaHux,
Mema pobomu docaeacmbcs 3a paxyHok mMoougikayii npoyedypu Kiacmepusayii, wo 6UKOHYEMbCS HA NEPUIOMY KPOYL
Memooy. Mooudgbikayis nonsieae y 8paxyeanui 3an1edcHol 3MiHHOT nio uac kiacmepusayii, wo 3abesneuye nio8uUeHHs.
MOYHOCMI BU3HAYEHHSI KOMINAKMHUX MHOMCUH MOYOK Y 3a0aHoMy Habopi danux. Excnepumenmanvhi docniodcenms na
MeOUYHOMY HAOOPI Oanux NIOMEepPOUNU Cymmese NiOBUUEHHS. MOYHOCTI 08OKPOKOB020 Memoody Kiacupixayii 0anux
HA OCHOGI uleCmu JHIHUX Memo0i8 MAUWUHHO20 HAGUAHHS i3 6UKOPUCMAHHIM 3aNPONOHO8AH020 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

[TigBUIIEHHS TOYHOCTI IHTENEKTYalbHOTO aHaNi3y JaHMX € BAKJIMBOIO 33/1a4ei0 B PIZHHUX
NPUKIAJAHUX 007acTax. ICHyrouli METOAM MAaIIMHHOTO HaBYaHHS HE 3aBXIU 3a0e3MeuyroTh
JOCTaTHIN piBEHb TOYHOCTI KJIacU(iKalii/MporHo3y Juisl X BUKOPUCTaHHS Ha mpakTulli. Came ToMy,
B OCTaHHI POKM IOYAJ PO3BUBATHCS TiOPHIHI METOMM IHTEIEKTyalmpHOro aHamizy [1, 2]. B ix
OCHOBI TOKIIQJIeHO CyMICHE BHUKOPHCTAHHsI TpOIEeAyp Kiactepusauii Ta kiacudikarii/perpecii.
Takuii miaxia 3a0be3nedye IMiIBUIMICHHS TOYHOCTI KiacudikaTopa/perpecopa Ha OCHOBI MAIlIMHHOTO
HaBYaHHS.

OnuH 13 MOMYJISIPHUX HAMPSAMKIB JOCTIKEHB Yy il obnacTi [1] nependadae BUKOPUCTAHHS
KJacTepu3alii BeTUKUX HAOOPIB JAaHUX Ta MOJANbBIIY poOOTYy KiacudikaTopa/perpecopa B Mexax
KO>KHOTO OKPEMOT0 KJlacTepa. Sk Mmoka3yroTh pe3ylbTaTH eKCIIEPUMEHTAIBHUX JOCIIIKEHb, TAKHN
MiJX1J JeMOHCTPY€E MiABHUINEHHS TOYHOCTI aHamizy AaHux. IIpoTe, HEOOXITHICTH pOOOTH B Mexkax
KO)KHOTO OKPEMOTo KjacTepa HakiIagae psii OOMeXeHb Ha HOro BHKOPHCTaHHS, 30KpeMa IJis
aHalizy KOPOTKMX HaOOpiB JaHUX, Ji€¢ KJIAaCTepd MOXXYTh MICTUTH JyK€ Maily KUIbKICTb
CIIOCTEPEKEHb, HE MPUAATHY JJs 3aCTOCYBaHHS KIacU(IKaTOpIB YU PErpecopiB Ha OCHOBI
MAaIIMHHOTO HaBYaHHS.

3 MeTOI0 YHHKHEHHS BHIIEBKa3aHOI'O HEAONIKY, Yy poOoTi [2] aBTOpamu po3pobieHO
JBOKPOKOBMM METOJ] IHTEIEKTYaJbHOTO aHali3y, SIKUH TakKoX O0a3yeTbcsi Ha BHMKOPUCTaHHI
KJlacTepu3alii 3 MOJaIbIIMM BpaxyBaHHAM ii pe3yabTaTiB 00paHUM KI1acu(piKaTOpOM/PErpecopoM.
B upomy Bumaaky, Ha NepuHIOMY KpoIll METOAY, B1IOyBaeTbcs KiacTepu3alli AaHUX IS
BU3HAYEHHS KOMITAKTHUX MHOKMH TOYOK Yy 3aJaHOMy Habopi JaHux. [pyruit xpok mnependadae
PO3IIUPEHHS TPOCTOPY BXIAHUX MaHUX 3a7adli MapKepaMH TPUHAJICKHOCTI CIIOCTEPEKEHb J10
KOXKHOTO 13 BM3HAYEHHMX KOMIIAKTHUX MHOXMH Touok. Came Ha TakoMy, po3LIMpeHOMYy Habopi
JTaHUX B1J1I0YBaTUMETHCS Mpolec Kiacudikalii/anpokcumaliii MeTolaMy MallliHHOTO HaBYaHHS.

3aranoM, e(peKTUBHICTb POOOTH BHUIIEONMHCAHUX METOMAIB, BEIMKOIO MIpOIO 3aJICKHUTh BiJ
KUIBKOCTI Ta SIKOCT1 HaBYaJIbHUX JAHUX, KUIBKOCTI aTpUOYTIB Ta B3a€EMO3B’ I3KM MK HUMH, a TaKOX
BiJl eeKTUBHOCTI poOOTH 00paHoro Meroay kiacrepusaiii. Lle mocmiKeHHsT OpiEHTOBAHO BJIACHE
Ha MMOKPALIeHHS NPOLeypH KJIacTepHu3allii y TBOKPOKOBOMY METO/Ii KiacudiKallii JaHuX.

Meroro miei poOOTH € TMABUIIEHHS TOYHOCTI POOOTH JBOKPOKOBOTO METOMY
IHTENEKTYalbHOTO aHaJli3y JaHUX 32 PaXyHOK MiJABHUILEHHS €(PeKTUBHOCTI MpOoLEayp KiIacTepu3arii
Ha MepUIOMY KPOILll METOY.
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JIBOKpOKOBHI MeTOJ ampokcumarlii maHux 3 [2] mepembavyae BUKOHAHHS TPOIEAYP
KJacTepu3alii i3 BUKOPUCTAHHAM METOAY K-Means Ha OCHOBI YyCiX HE3aJIeKHUX aTpHOyTIB 3
Habopy. Y 1id poOOTI MH TPOIOHYEMO BUKOHYBAaTH KJIACTEPHU3AIlI0 3 BpaxyBaHHSIM TaKOX 1
3aJIeKHOTO aTpuOyTy. Takuil miaxia 3a0e3MeunTh MiABUIICHHS TOYHOCTI KiacudikaTopa/perpecopa
JBOKPOKOBOrO Merony. B ubomy Bumanky BinOynerscs Hepennka Moxudikanii TpoLe/ypH
HABYAHHS 1 3aCTOCYBAaHHs JIBOKDOKOBOro Meroiy Kiacubikamii. Kimacrepusauis HaB4albHOL
BUOIpKH BigOyAeThCs 0O€3 3MiH 3a BHHATKOM JOJIaBaHHS HOBOTO JIOJAATKOBOTO aTpHOYTY.
Kiacrepusairisi TecToBOi BUOIPKH BiIOYBAaTHMETHCS IIJISIXOM BIIHECEHHS KOKHOTO CIOCTEPEIKEHHS
J0 SKOICh 13 KOMIIAKTHHX MHOXMH TOYOK HA OCHOBI IEHTPIB KJIACTEepiB, OTPUMAHHUX JJIs
HABYAIILHOT BUOIPKH.

MopentoBanHs — BIiIOyBaJIocss Ha TMPUKIAAI  PO3B’si3aHHS  3amadi  kiacudikamii 13
BUKOPHCTAHHSM LICCTH JIHIHHUX KiacudikaTopis i3 6i0mioreku Python ta nabopy nanmx 3 [3].
3ajada mojsirana y BiZTHECEHH]1 KOXKHOTO 13 294 BeKTOplB 313 anI/I6yTaMI/I JI0 OJTHOTO 13 IBOX
knaciB. Habip nanux Oyno OYMINCHO BiJ| IPOIYCKIB, KAaTeropialbHi 3MiHHI IEPETBOPCHO HA
iHaukatopHi  (6inapHi). OOpoOyeHmi Ha61p HOPMAJII3yBaBCsA 13 BHUKOPHUCTaHHAM (QYHKIIIT
MinMaxSclaller(). [lns MonenroBaHHS AOCHIKYBaHMX METONIB 00paHO 0a30Bi mHapaMeTpu
ITOPUTMIB MAIIMHHOTO HaByaHHs. KinbkicTh kinactepiB metoay K-means cranoBuia 6. PesynbraTu
3BE/ICHO Ha puc. 1.

Jlorictiuna perpecis

CToXacTHYHUM rpalieHTHUH CITyCK

I'peGenena perpecist

k-HaiiGmmkaux cyci’ nis

Knacudixarop

HaiBuuii 6aeciB kinacugikarop

JliniiiHa MaIluHa OMOPHUX BEKTOPIB
0 0,2 04 0,6 08 1

. N ToYHICTh B pe)KUMI 3aCTOCYBaHHS
¥ TouHicTh Kinacupikanii yZOCKOHAJIEHOTO METOIY

Tounicts kiIacudikauii ABOKpokoBoro Meroxy 3 [2]
TounicTb knacudikaii anropuTMy MalIMHHOTO HABYAHHS
Pucynok 1 TounicTh poO0oTH 6a30BOT0 Ta IBOKPOKOBUX METOIB KiIacu(iKallii MeIUIHUX TaHUX

Sk BuaHO 3 puc. 1 Meton 3 [2] 3a0e3neuye miABUIIEHHS TOYHOCTI B MOPIBHSIHHI 13 ASSIKUMU
0a30BMMH QJITOpUTMaMH MalllMHHOTO HaB4aHHA. [IpoTe cyTTeBe miJBUILEHHS TOYHOCTI MO yciM 6
aIropuTMaM MAIIMHHOIO HAaBYaHHS OTPUMAaHO JJIs JBOKPOKOBOIO METOAY Kiacudikamii 13
BUKOPHCTAHHSAM 3allpPOIIOHOBAHOTO MiIXOMy A0 KiacTepu3anii Habopy JaHUX Ha MEPIIOMY KpOIIi
MeTony. OTpuMaHi pe3ynbTaTH 3a0e3MeuyloTh MOKJIHMBICTh BUKOPUCTAaHHS YIOCKOHAJIEHOTO
METO/Ty Ha IPAKTHIII.

BUCHOBKU

Y poGoTi po3risimaeTbest 3ajada MiABUINEHHS TOYHOCTI pOOOTH JBOKPOKOBUX METOJIIB
IHTENIEKTYaIbHOTO aHaII3y JaHMX HUIIXOM MOAuQIKaIii Mpoueaypu KiacTepusallii Ha Mepriomy
Kpotri Metony. Takuii miaxia 3abe3neqns HiI[BI/IH.IeHH}I TOYHOCT1 BU3HAYEHHS KOMIAKTHUX MHOKHUH
TOYOK. EKCHepI/IMeHTaJ'IBHl JOCTI/DKCHHS Ha BUTBHOLOCTYIIHOMY Ha0Opi MEAWYHHX JaHHX i3
BHKOPUCTAHHS IICCTH JIHIHAX METO/IB MalIMHHOrO HABYAHHS ITIATBEPMIIN CYTTEBE IiIBUILICHHS
TOYHOCTI POOOTH YJAOCKOHAJICHOTO JIBOKPOKOBOIO METONy Kiacudikamii i3 BUKOPHCTAHHSIM
3aMpOTNIOHOBAHOTO MiIXOdY.
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3. Heart Attack Prediction. [Enexmponnuii pecypc] Peocum docmyny:
https://www.kaggle.com/datasets/imnikhilanand/heart-attack-prediction (0ama ssepnenns: 26.10.2022).
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MOXKJIUBOCTI HEUPOMOP®HUX OBYNCITIOBAJIBHUX AJITOPUTMIB I
IMPOI'PAM

Anomayis: Hetipomop@ui 004ucio8aivHi mexHono2ii Mamumyms 8axiciuee 3Ha4eHHs 0as Maubymui
obuucnens, are OLbwa YaAcMuHa podomu 6 HeUpoOMOPOHUX O0OUUCTIEHHAX 30CepeddiceHd HA po3podyi
anapamuozo 3abesneyents. [IponoHyo pozensiHymu oCmanHi pe3yibmamu HeupomMop@OHUX 0OUUCTIOBATIbHUX
aneopummie i 0ooamkie. Buceimaumu xapaxmepucmuxu HeupoMop@OHUX 0OYUCTIOBANbHUX MEXHON02IU, KL
poonams ix npusabaueumu 011 MaudYmMHb020 OOUUCTIOBATLHOI MEXHIKU, MaA MOICIUBOCMI MAUOYMHbO20
PO3BUMKY AN2OPUMMIB | 000AMKI8 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

OOumcnioBanbHa CHUIBHOTa Bce OUIbIIe 3BEpTa€ yBary Ha HOBI TEXHOJIOTI, 11100
3a0€3MeUnTH MOCTIHHE MOKPAUICHHS MPOXYKTHBHOCTI. O/HIEI0 3 TaKMX HOBUX OOYHCITIOBAIBHUX
TEXHOJIOTiN € HelpoMop(hHI KOMI'IOTepH. Y Mipy TOTO, SIK Taly3b IPOJOBKYE PO3BHBATUCS Ta 3
MOSIBOIO IIMPOKOMACIITAOHNX MOMJIMBOCTEH (hiHAHCYBaHHS OOUYHMCIIOBAIBHUX CUCTEM, HATXHEHHUX
MO3KOM, Taki npoektH, ik DARPA Synapse Ta npoekt €Bponeiicbkoro Coro3y «Mo030K JIIOJUHI
Ta TEPMiH «HEeHpoMOpHUID» cTanyu HabupaTu MOYNyISPHICTb.

VY HelipomoppHOMY KOMIT'IOTepi sIK 00poOKa, Tak 1 mam’ATh KEepylTbCs HEHpOHAMM Ta
cuHarcamu. Ilporpamu B HelipoMop(dHUX KOMIT'IOTepaX BU3HAYAIOTHCS CTPYKTYPOI HEWPOHHOI
Mepexi Ta ii mapameTpamM, a He SBHUMM IHCTpyKuUisMu. KpiM Toro, y Toil wac sk iHmI
KOMIT FOT€pU KOAYIOTH 1H(OPMAITiO K YUCITOBl 3HAYCHHS, TPEICTABJICH] JBIMKOBUMHU 3HAYCHHSIMU,
HepoMop(hHI KOMIT IOTEpU OTPUMYIOTh CIIaliKu, SIK BXiAHI JaHi, J€ 3a3Ha4Ye€HUW Yac, KOJIU BOHH
BUHUKAIOTh. IX BeauuumHa Ta (OpMa MOXKYTh OyTM BHKOPHCTaHi I KOAYBaHHS YHCIIOBOI
1H(popMartii.

BpaxoByroun BuIle3a3HaueHI KOHTPACTHI XapaKTEpPUCTUKM MIK JBOMa apXIiTEKTypamu,
HelipoMop(dHI KOMIT I0TEpU MaOTh AesKl pyHIaMeHTaIbH1 onepalliifHi BiIMIHHOCTI:

e BucokoedeKkTuBHI NmapaieibHi oneparii: HeipoMopdHi KOMIT FOTEPH 33 CBOEIO CYTTIO
€ TIapaJIeIbHAMH, JI€ BCl HEWPOHU Ta CHHAIICH TOTEHIIIHHO MOXYTh MPAIIOBaTH oMHOYacHO. OmHaK
OoOYMCIIeHHS, Kl BHUKOHYIOTbCSI HEHpOHaMH Ta CHHAICaMH, BIAHOCHO TPOCTI MOPIBHSHO 3
po3napaneeHUMH CUCTEMaMH.

e (CminbHa 00poOKa Ta maM’siTh: y HelpoMoppHOMY anapaTHOMY 3a0e3nedeHH1 HeMae
HOHATTS MOJUTY 00poOKHM Ta mam’siTi. Xoda HEHpPOHHU 1HOJ BBaXKAIOTHCS OJUHHULISAMU 0OpOOKH, a
CHHAIICH 1HO/1 BBAXKAIOTHCS MaM’ATTIO, HEHPOHU Ta CUHAIICH BUKOHYIOTH 00pOOKY Ta 30epiratoTh
3HaYeHHd B OaraTbox peamizauisx. CrijgpbHe po3MillleHHS OOpOOKM Ta mam’sATi Joromarae
HOKPAIIUTH (PYHKIIIIO TOUTY IMPOLEcCOpa Ta MaM’sTi, 10 CIPUYUHSIE YIOBUIbHEHHS MaKCUMaIbHOT
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MIPOITYCKHOI 3JaTHOCTI, AKOI MOKHa Jocsarth. Kpim Toro, 1me chijJibHE pO3MIIICHHS IO0MoMarae
YHUKHYTH JJOCTYIy 1O JAHUX 13 OCHOBHO{ I1aM’ATI.

e BHyTpimHS MacmTaboBaHICTh: HEHPOMOP(HI KOMIT IOTEPH 32 CBOEIO MPUPOIOIO
MOBUHHI OyTH MaciTabOBaHUMH, OCKUTBKU JOJaBaHHS JIOAATKOBHX HEHPOMOpP(HUX UimiB TATHE 32
c00010 30UIbIIIEHHS KUIBKOCTI HEMPOHIB 1 CHHAIICIB, K1 MOXHa peajtizyBaTh. Mo)KHa B3SATH KiJIbKa
GBUYHNX HEHPOMOPGHUX YilliB 1 pO3MIAAATH iX K OAHY BEIUKY HEepoMopdHY peaiizallito s
3amycky Bce Oumbmmx 1 Outbmmx Mepex. lLle Oymo  ycmimHO —JOCATHYTO B Pi3HHX
BEJIMKOMAcCIITaOHUX HEHPOMOP(HHUX anapaTHUX CUCTEMaX.

e OO0uucieHHs, KepoBaHe TaHUMU: HEHPOMOpP(HI KOMIT I0TepU BUKOPUCTOBYIOTh
o0unceHHs, KepoBaHI AaHUMHU (TOOTO OOYMCIIEHHS JIMIIE 32 HAasSBHOCTI JaHHWX) 1 THUMYAcCOBY
NepeMiHHY aKTUBHICTh, 00 3a0e3meunTH BUCOKOe(eKTuBHE oOumcieHHs. Heliponu Ta cunamncu
BUKOHYIOTh pOOOTY JIMIIE TOA1, KOJIU € MiKK AJIsi 0OpOOKH, 1, K MPaBUJIIO, KU BIIHOCHO Pi/IKiCHI B
poOoTi Mepexi.

e CroXacTHYHICTh: HEHPOMOP(HI KOMIT IOTEPH MOXKYTh BKJIIOUATH B ce0€ MOHSTTS
BUIIAJIKOBOCTI, HAIIPUKJIAJ, Y poOOTI HEMPOHIB, 1100 JO3BOJIUTH KEPYBATH 300IMHU.

Opniero 3 HaWOUIBII TPUBAOIMBUX OCOONMBOCTEH HEHPOMOP(HHUX KOMIT'IOTEPIB IS
o0uMciIeHb € X HaA3BUYallHO HU3bKE E€HEProClOKMBAaHHS: BOHM 4YacTO MOXYTh IpalllOBaTH Ha
MEHII{ TOTY)XHOCTI, HIXK TpaguIiiHI OOYMCIIOBAJIbHI CHUCTEMH. Y 3B’S3Ky 31 30UIBIICHHSM
BapTOCTI €HEPTii A1 0OYMCIIeHb, @ TAKOXK 30UTBIICHHSM KIIBKOCTI JOJATKiB, EHEPTOePEKTHBHICTh
camMa 1O co0i € BaroMOl NPUYMHOIO JUIA JOCHIPKEHHS BUKOPUCTAHHS HEUPOMOPGHHHUX
KoM totepiB. KpiM TOro, OCKUTbKM HEHPOMOP(HI KOMIT'IOTEPH 3a CBOEID CYTTIO pPEai3yloTh
00YMCIIEHHS y CTUJI HEMPOHHOI Mepexi, 1€ € MPUPOIHOI MIATGOPMOIO i 6araTbOX CydacHUX
porpam MITY4YHOTO 1HTENEKTY Ta MAIIMHHOTO HaBYaHHS.

KoxxHa 3 nux ocoOnmMBoCcTel HEHPOMOP(PHUX KOMIT IOTEPIB HATXHEHHA XapaKTepUCTUKAMHU
MO3KY Ta € IPIOPUTETHOIO MPH peatizaiii HeHpoMOp(HUX KOMIT IOTEPIB OCTAHHIMH POKAMHU.

BUCHOBKHA

HeiipomopdHi nporecopu eneproe@ekTuBHI Ta 3py4yHi Y BUKOHAHHI MAallITMHHOTO HAaBYaHHSI,
Ta HaBITh JIeIKUX 0OYMCIeHb 0€3 ydacTi MallMHHOTO HaB4YaHHA. MoyHa nepeadaynT NpuHaMHI
TP BUINAAKUM BHUKOPUCTaHHS HeillpomoppHux mnpomecopiB. Ilo-mepmie, uyepe3 HuU3bke
€HEeprocrnoXUBaHHs HeWpoMop(dHi mpouecopu OyayTb HE3aMIHHMMM JUid  nepudepiiiHux
00YMCITIOBAJIBHUX TPOrpaM, TaKUX SIK aBTOHOMHI CHUCTeMHM (HampHuKiIaJ, TPaHCIOPTHI 3aco0H Ta
JIpOHM), POOOTOTEXHIKA, AMCTaHIIMHE 30HAYBaHHsS, HOCHUMI TexHousorii Ta [HTepHer peueil. Ilo-
Jpyre, HEHpOMOpQHI KOMI'IOTEPH MOXKYTh CTAaTH NPUCKOPIOBAYaMHU INTYYHOT'O IHTENEKTY Ta
CHIBIPOLIECOpPAaMH NEPCOHATBHUX KOMII IOTEPHUX MPHUCTPOIB, TAKUX K CMapT(OHHU, HOYTOYKH Ta
HACTUIbHI KOMIT 10Te€pU. BHCOKOPO3BHHEHI TEXHOJIOTI] BXKE HIMPOKO 3aCTOCOBYIOTHCS B MOOITBHUX
tenedoHax, 1 morpeda B HAA3BUYANHO €HeproeeKTUBHUX oOIeparisx A 30UIbIICHHS TepMiHY
ciyxOu OaTtapei B MX CHUCTEMax 3ajluiaThcs BaxJIuBUM (axTopom. HelipomopdHi koM roTepu
MO3KYTh JIOTIOMOTI'TH Peaji3yBaTH 111 onepaiii 3 Ha MOPAIKH MEHIIOK MOTYXHICTIO.

[Torenuian  HeillpomMophHUX  KOMIT'IOTEPIB y  MailOyTHOMY  KOMII'IOTEpHOI  Ta
00YMCITIOBAIBHOT HAayKM TIIBKM MOYMHAE POCTH, 1 € BEIMYE3HA MOXKJIHMBICTH BHUKOPHUCTOBYBATH
BJIACTUBOCTI OOUMCIIOBAIBHUX XapaKTEPUCTHK IIMX CHUCTEM JJISi MAIIMHHOIO HaBUAHHS Ta JESKUX
0o0YHCIIeHb, HE TOB’A3aHUX 13 MAalIMHHUM HaBYaHHSM. J[71 HalOUIbII eeKTUBHOTO BUKOPUCTAHHS
HelpoMOp(HUX KOMIT IOTEpiB MOTpiOHA 3MiHA MapaJurMU y MpPEICTaBICHHI TOCIITHUKIB LI0J0
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nporpamyBaHHsA. €  MOXJIMBOCTI I JOCSITHEHHS  O€3MPEIEeACHTHOI  aJrOpUTMIYHOT
MPOJIYKTUBHOCTI 3 TOYKH 30pYy IIBHAKOCTI Ta €HEproeeKTHMBHOCTI B 0araThoxX Iporpamax i3
HelipoMophHUMHE KOMI'OTepaMu. 30Kpema, Ha JO0JaTOK JIO0 iXHIX OYEBHUIHHMX IepeBar Jyis
o0unciIeHb y CTHJII HEHPOHHOI MEpEeXi, MOXKHA J0JaTh Ie TpadoBi anropuTMu Ta 3ajaadi
ontumizanii. Bei 1i TUOM alropuTMiB i MporpaMm MarOTh MOMJIMBICTH PO3BHBATUCS 3 MAacOBOIO
napajieiabHOI0, KEPOBAHOIO JaHUMHU Ta CTOXAaCTHYHOIO POOOTOI0 HEHPOMOPPHHUX KOMII'tOTepiB. 3i
3MUTTAM 0araTbOX PI3HUX THUIIB aJTOPUTMIB 1 J0JATKIB y HEHpoMopdili, a TaKoXK 3 aKTUBHUM
PO3BHUTKOM BEJIIMKOMACIITA0HOTO HEHPOMOP(HOTO arnapatHOro 3a0e3nevyeHHs Ta HOBUX MPUCTPOIB i
MmarepiaiiB, 3apa3 HACTaB dYac MOYaTH pPO3MNIAIATH HEHpOMOp(HI KOMIT'IOTEpH SK YaCTUHY
00YHCITIOBAIBHOTO JIAaHIIA]TY.
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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 systeméw neurocybernetycznych, pozostaje otwarte. Istnieje
wiele mozliwo$ci. Omoéwimy rozne techniki modelowania, w tym te, ktdre pozwalaja na bardzo
realistyczne modele5 (ale drogie, poniewaz model pojedynczego neuronu wymaga wprowadzenia
do komputera ponad 32 000 réwnan rézniczkowych) oraz te, ktore pozwalaja na modele w bardzo
duzej skali. Ich projektowi przy$wiecal przede wszystkim pragmatyczny cel: powinny nasladowac
(w pewnym stopniu) elementy prawdziwego ukladu nerwowego, ale przede wszystkim w celu
sprawnego przetwarzania réoznych sygnaldw i analizy réznych danych. Oznacza to, ze modele
neuronowe powinny by¢ jak najprostsze, poniewaz wtedy koszt ich wdrozenia bgdzie najnizszy.
Powstaje jednak wazne pytanie: czy wiasciwe jest wykorzystywanie tak prostych (zeby nie
powiedzie¢ prymitywnych) narzgdzi, jak sztuczne sieci neuronowe do modelowania tak ztozonej
jednostki, jaka jest mozg? Odpowiedz brzmi: tak, jest to uzasadnione. Co wigcej, z tego powodu
siecl neuronowe maja szans¢ sta¢ si¢ uzytecznymi narz¢dziami, pokonujacymi jedna z gtéwnych
barier, z jakimi spotykamy si¢ w badaniu mézgu — barierg jego zlozonosci. Gdybysmy uzyli
wystarczajaco ztozonego narzedzia do modelowania do analizy wynikéw badania super ztozonego
systemu, prawdopodobienstwo, ze co$§ z nich zrozumiemy, bytoby znikome. Z drugiej strony, za
pomocg bardzo prostego (aczkolwiek niedoskonatego) modelu mozemy sprobowaé znalezé
interpretacje, ktora przyblizy nas do sedna rzeczy. Niezwykle ztozone kreacje robig wrazenie 1
budza podziw, ale tylko to, co proste i przejrzyste, jest naprawd¢ pigkne! Mozna tu wyciagnaé
analogie z innymi galeziami nauki. Jesli chemik moze zaobserwowac reakcje w matej probowce,
jest bardzo prawdopodobne, Ze ta sama reakcja zachodzi w gigantycznym oceanie. Ale tylko w
probowce mozna przesledzi¢ t¢ reakcje jako izolowang 1 kontrolowang cato$¢, 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 strukture nowoczesnych sztucznych
sieci neuronowych. W tej czesci rozwazymy fakt, ze skladniki tych sieci, tak zwane sztuczne
neurony, uwzgledniajg tylko trzy najprostsze wtasciwosci ich biologicznych odpowiednikow. To:

» mozliwos$¢ agregacji wielu sygnatow z roznych zrodet (zwykle z innych neuronéw lub
wejs¢, ktore dostarczajg danych potrzebnych do rozwigzania zadania);,

* umiejetno$¢ rozrozniania sygnalow z roznych zrodel na podstawie wiedzy zdobytej
podczas szkolenia sieciowego;

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

Prostszy model jest nastepujacy: neuron agreguje sygnaty wejsciowe oznaczone x1, x2, ...,
xn przez proste dodawanie, réznicuje je, przypisujac kazdemu sygnatowi wejSciowemu
wspotczynnik wagowy, oznaczany odpowiednio wl, w2, ...,wn , oraz generuje sygnal wyjsciowy y
taki, Zze sygnat ten jest rowny 1 (co mozna interpretowac jako wygenerowanie przez neuron
potencjatu czynno$ciowego W postaci impulsu szczytowego), gdy catkowita stymulacja neuronu
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przekroczy warto$¢ progowa, oznaczong p , a gdy catkowita stymulacja jest niska (narysuj sytuacje,
oznacza si¢ to skrotem wpw , czyli inaczej), sygnat wyjsciowy neuronu wynosi 0 (neuron pozostaje
nieaktywny).

Wczesniej taki opis aktywno$ci neurondOw uznawano za wystarczajacy w $wietle
wspoélczesnych wynikéw badan neurofizjologicznych, a zasada generowania impulsu po
przekroczeniu okreslonego progu przy pelnej stymulacji lub odmowa jakiegokolwiek dziatania w
przypadku, gdy stymulacja byta stabszy nazywano ,,wszystkim lub nicig”. Wspotczesna 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 osiggni¢cia wspomnianego
praktycznego celu .

Sztuczne neurony mozna wykorzysta¢ do budowy struktur do konkretnych zastosowan
praktycznych (m.in. na bazie takich neuronéw dziatajg perceptrony — uczace si¢ sieci neuronowe
przeznaczone do klasyfikacji i rozpoznawania sygnaléw). 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 polaczen, ale
nie jest to doktadny model powstawania odruchu warunkowego w mézgu. Jednym z powoddéw, dla
ktoérych powinnismy porzuci¢ ten model, jest to, ze jest on zbyt skuteczny jako model uczenia sig.
Skojarzenie powstaje w nim z pojedynczego zbiegu okolicznos$ci, a utworzony §lad pamigciowy jest
niezniszczalny (chyba, ze jakis czynnik calkowicie wylgcza na pewien czas aktywnos¢ sieciows, co
ma miejsce w przypadku ciezkiego urazu lub utraty przytomnosci, ktére dziataja na biologiczny
mozg jak sygnat resetowania w uktadach elektronicznych).

Rozwazany w tej czgsci problem modelowania elementow uktadu 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 modelowac absolutnie kazdy obiekt, w ktorym mozna rozrézni¢ wejscia i wyjscia oraz dla
ktérego mozna zdefiniowac¢ zbior przyktadow uczacych, czyli danych ilustrujacych (konkretnymi
przyktadami) dziatanie takiego obiektu.

Poniewaz prace¢ wielu obiektéw technicznych, ekonomicznych, spolecznych,
przyrodniczych 1 innych mozna modelowa¢ za pomocg sieci neuronowych, z pewno$cig mozliwe
jest wykorzystanie modelu w postaci sieci neuronowej do modelowania niektérych czgsci ukladu
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 dziatania. Mozna
sobie wyobrazi¢ np. sytuacj¢, w ktoérej sie¢ neuronowa MLP zachowuje si¢ doktadnie tak samo, jak

pewna cz¢s¢ uktadu nerwowego (zbudowana z neurondéw) po procesie uczenia. Jednak dzieki temu,
ze osigga si¢ zgodnos¢ behawioralng (a wiec sie¢ i symulowana cze$¢ uktadu nerwowego
zachowujg si¢ doktadnie tak samo, reaguja identycznie na bodzce, wytwarzajg te same sygnaty
wyjsciowe itp.), nie ma absolutnie nic do zrozumienia budowa i funkcjonowanie symulowanej
czesci uktadu nerwowego. Wrecz przeciwnie, struktura i zasada dziatania sieci modelujacej MLP z
pewnoscig bedzie sie roznic¢ od struktury i zasady dziatania symulowanej czgséci uktadu nerwowego.
Okoliczno$ci te powoduja, ze gdy mowimy 0 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 neuronéw 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
towarzyszgcego), co jednak moze by¢ krokiem w kierunku zrozumienia, jak dziata 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

68



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 HEYITKOI JIOT'IKH JJI1 OGPOBKH JAHUX HEJATOTTYHOI'O
EKCIIEPUMEHTY

Y pobomi npedcmasneni pesyrvmamu 00CaioiceHb, AKi NPOGOOAMbCA ABMOPOM NPOMALOM OCHAHHIX
niemopa OecAmunimmsa HA OCHOGI AHKEeMYGAHHA MA MeCmy8aHHs CMYOeHmie ni0 4ac mpusanioco
neoazociyHo20 excnepumenmy. Y ybomy HOKA3AHO NEPCHEeKMUBHICMb AK NPOBEOCHHS NOPIGHANLHOZO
CMAMUCMUYHO20 AHANIZY 2PYR Nedazo2iuno20 eKCnepuMeHmy, a U CMEOPEeHHs aAOeK8AMHUX Mooenel
docnioacysanux o00'exkmie. Takum YUHOM, 60AEMbCA He MINbKU OYIHUMU CIAMUCMUKY pe3yibmamie
neoazcociynol OisIIbHOCMI, @ U NPoBecmuU MAWUHHI eKChnepuMeHmu OJil ORMmuMIizayii nedacociyHux
MEXHONO02IH.

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.

MogentoBaHHsT 00'€KTIB JOCHIDKEHHS JIO3BOJISIE JIOCHIIHUKY CTBOPUTH YMOBM IS
HAUTIOBHIIIOTO B1IOOpaXeHHsSI pealbHOTO 00'ekTa. IlpM 1IbOMy MOCIIOBaHHS Mae BigOyBaTHCS
BIJIMOBITHO 10 JOTPUMaHHS HHU3KM BHMOT Ta BHKOHAaHHS HAOOpy NpaBWI, OJHO3HAYHUX IS
PO3YMIHHS Ta €IUHUX JJIsl BCIX YUaCHUKIB MOJICTFOBAHHSI.

KonnenryanbHa Mojenp cremiangicta, MIATOTOBKA SKOTO 3IIMCHIOETHCS Yy BHUILIOMY
HaBYaAJIbHOMY 3aKJIaJll, BKJIIOYA€ YOTUPH OCHOBHI OJIOKH — MOJIENI:

-MO/1eJIb MTPOLECY MiATOTOBKH (haxiBLis

-MO/1eJIb OCOOUCTOCTI CTyIeHTa

-Mo/ie1b (POPMYBaHHS KOHKYPEHTOCIPOMOXKHOCTI (haxiBLs

-Mopenb KOpropaTUBHOT KyJIbTYpH OpraHizariii.

be3yMoBHO, MeTa MIATOTOBKM Ta CYKYNHICTh IICHUXOJOTrO-MEAaroriyHuX yCTaHOBOK
JIO3BOJISIFOTH C(POPMYBATU 3MICT MIATOTOBKH CIHEIlaNiCTa, BKIIOYAIOUM i SK aKMEOJOT14HI, TaK 1
aKCIOJIOTIUHI acmeKkTH. Bike 1poMy erami MaioTh OyTH BHM3HAuY€HI BMMOTM HpodecioHalizMy, 1
HaBITh I[IHHICHA cHcTeMa KOOpAWHAT creramicrta. i BUMOrH € OCHOBOIO Mojeni ¢axiBIs SIK
CYKYITHOCTI 3HaHb PO IUISIXM BUPILICHHS MOCTaBJIEHUX 3aBJlaHb, YMiIHb Ta HaBUYOK IpodeciiiHol
JUSITBHOCTI.

VY mnporeci ¢popMyBaHHS creriagicTa HaWBaKIMBIIIE 3HAYEHHS MAlOTh BUXOBHA JisSUTbHICTD
By3y Ta IICHXOJIOTO-TIelaroriyHa MiATPUMKA PO3BUTKY ocobuctocti. Came 1 CKJIaJ0Bi
OCOOHMCTICHOI MIJACUCTEMH MOJEII TPOIeCy MiATOTOBKH CIIEIialicTa J03BOJISIOTh peaizyBaTu y
CIeriagicTi aCIEKTH.

Cucrema 1iHHOCTEH, 0 (POPMYIOThCA, € BU3HAYAIBHOIO YMOBOIO JOCATHEHHS HEOOXI1THUX
npodeciiiHux gxoctei ¢axiBug. I[Ipy 1boMy KOMIETEHTHa CKJIaJ0Ba MOJENI JisUIBHOCTI TICHO
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MOB'SI3aHAa XAPaKTEPUCTUKOIO 30BHIMIHBOTO CEpPEJOBHINA MOJENI KOPHOPATUBHOI KYIbTYypHU
opraHizarii. ¥ pasi opraHizailis BUCTyMa€ sSK 3aMOBHUKa (DaxiBIli, MPESBISIOYM IIOJI0 HHOTO
CUCTEMY BUMOT J0 KOMIETECHIIISIM.

B igecanpHOMY BHMAIKy KOHIICNTyallbHA MOJENhL Iependavyae aganTHBHE JO YMOB
OCBITHBOTO TIpoIiecy (OpPMYyBaHHs €TamiB Mporecy MiarotoBku ¢axiems. CamMe TyT MOYHMHAIOTH
dbopmyBaTHCs TEXHOJOTIT MIArOTOBKH, 3ac00M Ta Metoau. [Ipote, y mporeci peaizaiiii TeXHOJIOTT
MIATOTOBKU (haxiBlsgl BH3HAYAIOTHCS THMYACOBI Ta 3MICTOBHI IMapaMeTPH OCBITHHOTO IIPOIECY
(Mozenb ¢opMyBaHHS KOHKYPEHTOCHPOMOKHOCTI), 110, O€3MepeyHO, BU3HAYA€ TaKy CKIIaJOBY
MOJIeNII KOPIOPATHBHOI KYyJbTYpH OpraHizaiii, K CTymiHb peam3amnii muteid. OgHOoYacHO
dbopMyeThes cucTeMa KOMIETEHINIH crenianicta. KoxkHa 3 mpejacTaBieHnX y MoIeli KOMIETEHITIH €
KOMIUIEKCHOI, IO TMependadae 3HAYHY CaMOCTIHHY poOOTy CTyAeHTa, Mo O0a3yeThCs SK Ha
MeAaroriYyHUX TEXHOJIOTISMX, TaK 1 HA OCOOUCTICHUX SKOCTSX CTY/ICHTA.

CaMooIiHKa JXUTTA CTa€ LEHTPOM (OPMYBaHHS KOHKYPEHTOCHPOMOXHOCTI CTYACHTA.
[{pomy crpusiec hopMyBaHHS CaMOOLIIHKM Ha OCHOBI TPYIOBUX I[IHHOCTEH CTyJIeHTa Ta 3aco0iB
¢i13uunoro BuxoBaHHs. el 3B'130K MiATBEPHKEHO pe3ylibTaTaMU HAIIUX AOCTIIKEHb, BAKOHAHUX
Ha OCHOB1 BUKOPHCTAHHSI MAaTEMAaTUYHOTO anapary Ha HeHpoMepekeBoMy 0asuci.

Pesynbratn HeWpOMEpe:KHOTO MOJEIIOBAHHS, BHUKOHAHOTO 3 YpaxyBaHHSIM OOpOOKU
pe3yNIbTATIB aHKETYBaHHS, MPOBEACHOTO HAMHU 3 ypaxyBaHHSM PO3POOJICHOT aHKETH, IMOKa3aau
cienytoniee. OmiHKa CTYNEHs JOCATHEHHS pPe3yJbTaTiB (OpMyBaHHS HEOOXITHMX KOMITETSHIIIN
BeJIC JI0 HEOOXITHOCTI CBOE€YACHOI KOPEKIlii TEXHOJIOTIl OCBITHBOI JisSUTBHOCTI. | juime mocraTHs
MOTHUBAIlisl, 3aCHOBaHa Ha JIyXOBHOMY, COIliaJIbHOMY Ta (Ii3UYHOMY BHXOBaHHI (BHXOBaHHI
KyJIbTYpH) Ta Ha HOTpedax OCOOMCTOCTI cTyAeHTa (Mojeidb OCOOMCTOCTI CTYAEHTa) I03BOJISE
nificHo chopmyBaTu Taki npodeciiiHi SKocTi (axiBls, SKi T03BOJATH Y KOMIUIEKCI 3a0e3MeYuTu
BI/ITIOBITHICT MiATOTOBJIEHOTO (haxiBls KOPIIOPATUBHINA KyJIbTYpi OpraHizarii 3arajiom.

Sk BUITHO 3 IILOTO OMHUCY KOHIENTYaIbHOI MOJIETIi, HAMHU MPEACTaBIeHa JOCUTh y3aralbHEeHa
MOJeNlb, NpOTe, M0 BiJoOpaxkae IUHAMIYHI BJIACTMBOCTI JIOCSTHEHHS HEOOXIJHOro piBHSA
KOMIIETEHIII  CIeliajicta Ha OCHOBI MOTHBAIIHHOTO MEXaHI3My, OCBITHIX TEXHOJOTIH,
aJlanTOBaHUX JO0 OCOOMCTICHMX AacCHeKTIB CTYACHTa, MOB'A3aHUX 13 3aCTOCYBAHHSIM B OCBITHIM
JISITBHOCTI 3aC001B Ta METO/IB (h13MYHOTO BUXOBAHHS.

BuxigHi naHi ans MozentoBaHHS MpoleciB (OopMyBaHHS OCOOMCTICHUX SIKOCTEH CTYyAEHTa
MPUIHATO 3 TOCIIKEeHb, MpoBeieHNuX y JloHOackKiil neprkaBHiM MammHOOYMiBHIN akagemii. Y mux
JAHUX BUKOPHUCTAHO JIMIIE CePEe/IHI 3HAYCHHs eKCIIEPTHHUX OLIHOK. Y BiAMOBIIHICTh IM MOCTaBIEHI
3HAUEHHS TOKA3HUKIB THX CaMUX CTYICHTCHKUX TpYI, SKi TEBHOI MIpOI0 XapaKTepU3YIOTh
¢bi310JI0TIYHY CKJIAOBY TpyHH CTyneHTiB. lle Taki NMOKa3HUKH, fK: CTaTh, €KCIIEPTHA OI[iHKA
MaTepiaJbHOr0 CTAHOBUIIA CTYAECHTA, KUIbKICTh CTYAEHTIB, TPYIH, K1 BIABIAYIOTH Ti UM 1HIII BUJIU
CIIOPTUBHUX 3aHATH TOIIO. TakoXX BUKOPHCTAHO PE3yJIbTaTH TECTYBAaHHS CTYACHTCHKHX TPYII.
be3ymoBHO, Mo1i0HE ysIBIEHHS BUX1THUX JAaHUX 1€ HE Ja€ 117101 KapTUHH, aJie T€ 1110, 10 HACTYITHI
pe3ynbTaTH MOKA3yITh ICHYIOUY 1X B3a€MO3B'S30K JTO3BOJISIE BBAXKATH 111 BUXIIHI JaH1 10 TTEBHOL
Mipu IpoOHUMH y OiK BUBYEHHS IIi€T MPOOIEMH.

Jyxke MiKaBOK 3 TMO3WIIA METOMONOTIi AOCTIIKEHHS CKJIAJHUX CHUCTEM, SKOWO € 1
JOCHIJKyBaHa cHucTeMa (OpMYBaHHS y CTYAEHTIB LIHHOCTEH, € po3poOiieHa MeTOoAMuKa
MoenroBaHHs. CripaBa B TOMY, 1[0 TUTAHHS MOJIEIIOBAHHS JTOCII)KYBaHUX MPOLIECIB Ta CUCTEM —
1€ TUTaHHS CTBOPEHHS NpO aJeKBaTHUX Mozened. ['pyHTyrounch Ha BIAOMIA 1CTHHI PO

HEMOJIMBICTh CTBOPEHHS «IpPaBUIBHUX» MoJeiel (BCl Mojaenl — «HENpaBUJIbHI»), SKI
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3aJI0BOJIBHSIIOTh HAC TIPU BHUPINIEHHI KOHKPETHOI MOCTABJICHOI 3a7a4i, HEOOX1THO BII3HAYUTH, IO
MOJICITIOBAHHS COIIaJIbHUX CHCTEM CIpaBa 3arajioM «HeBasuHa». [IpoTe, OCHOBOIO MPUMHATOTO
HaMH ITiJIX01y 10 MOJICIIIOBAHHS MOKJIAJCHO HACTYITHUN MIPUHITUTI, BITOUTHI CUCTEMOIO PiBHSHb.

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

X, =F, (X, X3, X,,..X,)

Xs = FS(XlI Xzy X4,...Xn)

X =Fo (X, X5, X5, X 11)

C TOuKM 3peHusi CUCTEMHOTO MOJXOAa 3TO OMHCAHWE MHOTOCBSI3HOM CHUCTEMBI (CHCTEMBI,
UMEIOIIEH MHO)KECTBO BHYTPEHHHX CBsI3€l), HE3aBUCHUMO ()OPMHPYIOLICH BBHIXOIHBIE [TOKA3aTEIH, B
TO JK€ BpEMs SBIIIOIIMECS apryMEHTaMHu JpYruX BBIXOJHBIX IOKa3areneil. To ecTs Mojenb
NpeCTaBIsieT COOOW TOMEOCTaT, B KOTOPOM MOJACPKUBACTCS PABHOBECHE, KOTJAa BBIXOJBI,
(dopMupyIOLME 3HAUEHUSI OJHUX IIOKAa3aTesIeld CHCTEMBI, SIBISIOTCS BXOAAMM, OIpPEAEISIOLIUMU
3HAYEHUS IPYTUX ee MoKa3aTene.

Ha sTom sTane Hamu ObLT MPUMEHEH MaTEeMaTHYECKUW ammapar MOJIEIHPOBaHUS O0BEKTOB
HAa OCHOBE HEHpOMOJOOHBIX 31eMEHTOB. OCOOEHHOCTHIO MPUMEHEHHsS HaMU 3TOTO armapara
ABIISIETCS BBISBICHUE 3HAUMMBIX CBSI3ed MEXIy IOKa3aTeNIMU B YAaCTHBIX MOJENSAX, a 3aTeM
00beIMHEHNE JTHX YACTHBIX MOJENeH B €IUHYI0 KOMIUIEKCHYI0. BpiOop Takoro ammapata
MOJIEIMPOBaHUS ObUI MPOAMKTOBAH CIEAYIOIIMMHU COOOpaXeHUsIMU. Bo-TiepBbIX, MOJIeNMpOBaHHUE
Ha OCHOBE HEMPOMOJOOHBIX AJIEMEHTOB BBIMOJIHSACTCS MyTeM OOyUEHUsI MOJIEIH T.€. HACTPOUKHU €€
BECOBBIX KOX(PPHUIIMEHTOB TaKUM 00pa3oM, YTOOBI MOCie ee OO0Y4YEeHHs MO JaHHBIM 00ydarouien
BBIOOPKU MoJielbh Moryia 0e301MO04YHO paclo3HaBaTh TECTOBOE MHOXKECTBO HMCXOJHBIX ITaHHBIX.
Bo-BTOpBIX, HEMMHEWHOCTh AKTUBALMOHHBIX (DYHKUMH TaKMX MOJENEH MO3BOJSET CUUTATh, YTO
paccMaTpuBaeMasi MaTeMaThyeckas KOMIUIEKCHas Mofelb OyIeT HaxOIUThCA B COCTOSHUH
paBHOBECHSI, TO €CTh HauboJiee BEPOATHOIO COYETAHUs 3HAUEHUH MoKa3aTeneil MoiemHy.

Ha ocHoOBiI mnpoBeaeHUX MOCHIIKEHb MOKHAa 3pOOMTH BHUCHOBOK MPO HEOOXITHICTH
BpaxOBYBaTH B CHUCTEMI MEAAaroTiYHUX TEXHOJIOTIM KOMIUIEKCHHM BIUIMB 3acO0IB Ta METO/IIB
(GI3UYHOTO BHXOBaHHSI, SIKI OUIBIIOI MIPOIO JI03BOJISIIOTH (POPMYBAaTH CHUCTEMY IIIHHOCTEH Ta
KOPIOPATUBHUX YCTAaHOBOK, HEOOXIAHHUX Ta IIyKaHUX POOOTOMABIIEM.
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CHUCTEMA MIATPUMKHU IPUHHATTS PIIIEHS IS OLIIHIOBAHHS SIKOCTI
TOPI'IBEJIbBHOI'O OBCJIYI'OBYBAHHS NOKYIIHIB HA OCHOBI HEYITKOI'O
JIOTTYHOI'O BUCHOBKY

Iloxaszano axkmyanvricmb OYIHIOBAHHA AKOCMI MOP2i6eNbHO20 00CNY206Y6aAHHS NOKYNYIE 6DaAX08YIOUU
ocobaugicms nionpuemcms po3opionoi mopeieni. Hagedeno emanu memoo0onociuno2o nioxody 0o nobyoosu Heyimkoi
EKOHOMIKO-MAMeMamuiHoi Mooeni OYiHIO8ANHA AKOCMI MOP206eIbH020 00CNY208Y8aHHA NOKYNYIE MOP2i6eIbHO20
nionpuemcmea. Ilokazano cmpykmypy po3pooaenozo npozpammno2o 3abesneuenHs Oas peanizayii eKoOHOMIKO-
MamemamuyHoi MoOei OYiHIOBAHHS AKOCMI MOP206ENbHO20 00CIY208Y68ANHA NOKYNYIE MOPIGENbHO20 NIONPUEMCIEA
HA OCHOBI HEYIMKO020 JI02IYHO20 6UCHOBK) .

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.

Oco0muMBICTh TIANPHEMCTB PO3APiOHOI TOPriBiIi mossArae y 0e3mocepeHbOMY KOHTAaKTI
TOPIiBEJIbHO-ONEPATUBHOIO IE€PCOHANTY 13 KIHLIEBUMHU cHoKuBadamu. lle BHUCyBae mHiiBHIIEHI
BUMOTH JI0 SIKOCTI 0OCIyroByBaHHA 1 KBasi(ikamii mepcoHary HiANPHEMCTB po3apiOHOI TOpriBii
[1]. OOGcayroByBaHHsI CrpaBli BHCOKOTO PIBHA, IO IUIKOM BiANOBiJa€ HAaWBUIIUM IMOTpedam i
3aruTaM CIIOKMBaviB, MOKe OyTH 3a0e3redeHe JIMIIe TUMH YJ9aCHHUKAMH TOBapHOTO PHHKY, SIKi
MparHyTh A0 JOCSATHEHHS BUMOT HallBUIIMX cTaHAapTiB [2]. BiamoBimHo, 4uM Okl JOCKOHAINA
CHCTEMa TOPTIBEIHHOrO OOCITYrOBYBaHHS, TUM BHIIMHA pIBEHb HOTO SKOCTI Y KOHKPETHOMY
HiANPUEMCTBI TOPTIBII 1 TUM 3HAUHINIOW OyAe MOoro KOHKypeHTHa mnepeBara. Came HEOOXiAHICTh
LIJECTIPSMOBAHO BIUIMBAaTH Ha MIJABUILEHHS KOHKYPEHTOCIIPOMOXXHOCTI 00’ekTa TopriBmi [3]
BU3HAYa€ aKTyaJbHICTh JOCIIJKEHHS 3 MUTaHb OLIHIOBAHHS SIKOCTI 0OCIyroBYBaHHS, 30KpeMa 3a
JOTIOMOT'0I0 CY4aCHOTI'O0 €KOHOMIKO-MaTeMaTHYHOTO IHCTPYMEHTapIIO.

B ymoBax puHKOBOi KOHKYpEeHILli ocoOnMBa yBara NPUAUISETHCS SKOCTI TOPTOBEIBHOTO
oOcnyroByBanHs [4]. Cepen nocniHUKIB BKazaHoi nmpodsemu Bapto Ha3zeatu H. O. 'omomry0OoBy,
C. B. Kypaka, A. ®. Mopryna, B. B. Hikimikina, B. B. Anomis, 1. I1. Mimyka, B. M. Pe6uipkoro,
C. 1. Pynaunskoro, 0. M. Xom’sika. 3aBaaHHs TOPriBili NOJSArae HE JIUMIIE B JOBEIEHHI TOBApiB J0
CHOXHBAYiB, ajle i B aKTUBHOMY CIIPUSIHHI (POPMYBAHHIO CIIOKMBYOTO MOMHUTY, 1[0 € HEMOXKIUBUM
0€e3 SIKICHOrO TOPTOBEIbHOIO O0CITYTOBYBaHHS.

Metow podoTH € po3poOKa CUCTEMM MIATPUMKH NPUHHATTS PpIilIeHb A OLIHIOBAHHS
SKOCTI TOPTiBEJILHOIO OOCIYTOBYBaHHS MOKYIIIIB HA OCHOBI HEUITKOT'O JIOTIYHOT'O BUCHOBKY.

B exonomiuHiii miteparypi [9] 3Halinum BigoOpaxkeHHs (pakTopu, sKi BIUIUBAIOTh Ha PIBEHb
TOPrOBEJILHOT0 0OCIYrOBYBaHHS 1 BIJMOBIIHO BU3HAYAIOTh SIKICTh MOCIYT MIAIPUEMCTB TOPTIBIIL.
Lle Taki pakTOpH: aCOPTUMEHT 1 SIKICTh TOBApiB Ta MOCIYT, iX BIAMOBIHOCTI MONMUTY; €()EKTUBHICTD
oprasizamii TOpriBJi; >XKUTTEBUIl pIBEHb HACEJIEHHS;, KYJIbTYpPHUH pIBEHb OOCIYrOBYIOYOTrO
NepcoHalTy; MICIe CMOXKHMBaya Ha PUHKY; MOTHBAIlS Mpalli; MPOrPECHBHICTh BHUKOPHCTOBYBAHOI
TEXHOJIOT1] TOPTrOBEIbHUX MPOIECIB; CTAaH MaTepiaibHO-TEXHIYHOI 0a3u TOPriBiil; CTaH PO3BUTKY
€KOHOMIKM KpaiHW, BITYM3HSIHOTO BHUPOOHMIITBA CHOXXKMBYMX TOBAPiB; CTYIiHb €(PEKTUBHOCTI
B3a€MO/I11 BUPOOHUKIB, ONTOBUX MOCEPEIHUKIB 1 Cy0’ €KTIB roCIOAapIOBaHHs po3ApiOHOI TOPriBiIi;
CTYHiHb €(EKTUBHOCTI 3a0€3MEUCHHS 3aXUCTY MPaB CII0KUBAYIB; CTYIIHb KOPCTKOCTI KOHKYPEHIIi{
Ha CIIOXUBYOMY PUHKY; (pIHAHCOBUH CTaH CyO €KTIB PHHKY; SKICTh JIIOUMX MpaBUJI TOPTiBIl Ta
HOPM TOPIOBEJIBHOTO OOCIYrOBYBaHHS HACEJEHHS; SKICTh TPYJAOBOI MAISIIBHOCTI KOJEKTHBIB 1
OKPEeMHUX MpaLliBHUKIB.
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ExoHomiko-MareMaTnuyHa  MOJENIb  BU3HAUEHHsS  PIBHA  SKOCTI  TOPTOBEIHLHOTO
00CIIyroByBaHHSI TOKYIIIB TOPTiBEIBHOIO MIANPUEMCTBA 13 BUKOPUCTAHHSAM 1HCTPYMEHTAPIIO
HEYITKOI JIOTIKH J103BOJIsiE (pOpMYBaTH MOJENb HE JIMIIE 3 YpaxyBaHHAM CIenU(piku KpaiHw,
nepiofy dYacy, eKCIepPTHHX 3HaHb. ETamy METOAOJOTiYHOTO MiAXOMy M0 MOOYJOBH HEUITKOi
€KOHOMIKO-MaTeMaTHYHOI MOJIEJ OIIHFOBAHHS SIKOCTI TOPTOBEJIIBHOTO OOCIYTOBYBAaHHS MOKYIIIIIB
TOpriBesbHOTO mignpremctsa [10-11].

[Iporpamue 3a0e3nedeHHs Ui OIIHIOBAaHHSA SKOCTI TOPTIBEIBHOTO OOCIyrOBYBaHHS
MOKYNI[IB Ma€ HACTYIHY CTPYKTYpY: po3ain «HediTka 06a3a 3HaHb»: HaJa€ MOXIMUBICTH OOYIOBU
HEYITKOi  eKCIEPTHO-TIHTBICTUYHOI 0a3W MpaBWJ CTOCOBHO BHW3HA4YCHHS PIBHA  SIKOCTI
TOPTOBEJILHOTO OOCIYrOBYBaHHS MOKYMIIB; po3ain «KiUIbKICHI 3HAYEeHHS BXIJIHUX MapameTpiBy:
MICTUTh MATPHIIO KUIBKICHUX 3HA4€Hb BXIJHHX MOKAa3HHKIB, 110 BIUIMBAIOTH Ha PIBEHb SKOCTI
TOPTiBEIBHOTO OOCITYrOBYBaHHSI MOKYIIB; po3nain «Bara mpaBuia»: MICTUTh 3HA4YEHHS, SKE
XapaKTepu3ye 3HAYMMICTh MpaBWia B Mojeli; po3aun «HamamryBaHHs 0a3u 3HaHBY: 3a0e3meuye
HAJIAIITYBaHHSA 3HA4Y€Hb BXIJHHUX IapaMeTpiB, IO HAJa€ MOXJIMBICTh aHaNi3y BIUIMBY 3MiHU
3HAa4YeHb BXIJHUX MapaMeTpiB Ha 3HAYCHHs Pe3yibTYyI0uoi 3MiHHOI; po3aii «lloscHioroul 3MIHHI»:
MICTHTH TMEPEeTiK KOHTPOJIHOBAHUX IMAapaMeTpiB, MI0 BUKOPUCTAHI JUIS OI[IHIOBAHHS PiBHS SKOCTI
TOPTiBEIbHOIO OOCTYroBYBaHHA TMOKYMIB; po3nain «PekoMeHpamii»: MICTUTh pe3yjbTaT
OLIIHIOBAHHS SKOCTI TOPTiBEIBHOTO OOCIYrOBYBaHHS IOKYIIIIB Ta BiAMOBiIHI peKOMEHAAMii y
BIJITIOBITHOCTI J10 OTPUMAHOTO PO3PAXYHKOBOT'O 3HAUCHHSI PE3y/IbTYIOY0T 3MIHHOI.

TakuM 4YMHOM, 3aCTOCYBaHHS HEYITKOTO IJIXOAY CHUCTEMI MiATPUMKHA TPUHHATTS PIllICHb
JUTSI OLIIHIOBaHHS SIKOCT1 TOPTiBEIILHOTO 00CIYyroBYBaHHS MOKYIIIB HA OCHOBI HEYITKOTO JIOTTYHOTO
BUCHOBKY JIa€ MOXXJIMBICTb OTPHMATH aJIeKBAaTHI pe3yabTaTd i (OpPMYBATH BiIIMOBiIHI BUCHOBKU
1010 TPUUHATTS YIPABIIHCHKUX PIlIEHb 32 BIJICYTHOCT1 JOCTOBIPHUX JaHUX, HEMOBHOI 1 HEYITKOL
cTatucTHyHOi iH(popMamii, CKIagHUX (YHKIIOHATBHUX 3aJEKHOCTEH, MK HOro CKJIaJOBHMU;
JI03BOJIE B IOBHOMY 00Cs131 BpaXOBYBaTH YKpPAiHCHKI peaiii oprasizaiii Ta BeZ€HHs TOPTiBeIbHOTO
Oi3Hecy.
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axaodemis, M. Kpamamopcwk-Tepronine, Yxpaina)

3ACTOCYBAHHS AITAPATY HEUITKOI JIOT'TKH AJI51 ONTHKHA ITOKA3HHUKIB
JIAJNBHOCTI 3AKJIAAIB BUIIIOI OCBITHU

Posenanymo cyyacni acnexmu oyinku Axocmi OisnvHocmi 3axkaadie euwoi oceimu. Busnaueno nabip
NOKA3HUKIB, 3a AKUMU MONCHA NPOGeCmU OYIHKY OifAIbHOCMI 6UW020 HABYANILHO20 3aKAAdy. 3anponoHosano
BUKOPUCIMOBY8AMU MAMEMAMUYHUL anapam Hewimkol 102iku OJi1 OYIHKU NOKA3HUKIE OIsUIbHOCMI 3aK1adié euujoi
oceimu. Cghopmosano wikany 3 n’simu AKICHUX mepmie 015 Qasugikayii NOKA3HUKIE 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.

Jiis cydacHOI OCBITHBOI cHCTeMH 0cOOJIHMBE 3HaueHHsS HaOyBae MUTAHHS MPO e(EKTUBHUIMA
aHaJIi3 Ta HAYKOBO-OOTPYHTOBaHI KPUTEpii Ta MOKA3HUKH IsIIBHOCTI HABYAIBHUX 3aKIamiB. Y
JOBIIKOBI Ta crHemianbHIi JiTepaTypl MOHSITTS «KPUTEPId» TPAKTYeETbCA 3a3BUYAM SIK MipHIIO
OLIHIOBAHHS TpeIMeTa YW SBHUINA; O3HAKa, II0 B3sATa 3a OCHOBY Kiacudikamii, depe3 sKy
MPOBOAMTHCA TOPIBHSAHHA DPI3HUX SBUI 4Yd TporeciB. SIkicHa c)OpPMOBaHICTh, CTYMIHb MPOSIBY
KPHUTEPII0 BUPAKAETHCS Y KOHKPETHUX MOKA3HUKAX, AKi 32 CBOIM 00CSTOM Ta 3MICTOM € BY)KYHMHU
KaTeropisiMu. Sk KOMITOHEHT KpPHTEpil0, IMOKa3HUK BiJ0Opakae THUIIOBI IIE€BHI BJIACTUBOCTI 1
XapaKTEPUCTUKHU TPOIIECIB 200 SBUII, IO MiUIATal0Th BUBYEHHIO [ 1; 2].

AHani3 mpoOneMu SIKOCTI BHIIOI OCBITH 3acBiguye ii mepuioyeproBe 3HAYCHHS IS
JeMOKpaTu3alii BUIIOI KoM B YKpaiHi, 3MIITHEHHSI CYCIIUIBHOI JIOBipH, IMiBUIIEHHS aBTOPUTETY
HAI[IOHAJIFHOI CHCTEMH BUIIOI OCBITH Ha MiKHAapoJIHOMY piBHi. [IpoTe HanmaromkeHHs epeKTUBHOT
CUCTEMHM 3a0e3NeUYeHHs SKOCTI BUIIOI OCBITH 3aJI€KUTh BiJ MPOJYMaHOI 1 BUBA)KEHOI JI€p>KaBHOI
HOJITUKHM B Tajy3i OCBITH, BiJl KOMIJIEKCHOTO MiJXOAY IO PO3B’s3aHHS 1[I0 HU3KU aKTyaJbHUX
COLI1aJIbHO-€KOHOMIYHHX, HayKOBO-JOCIIIHULBKUX, YHIPaBIIHCHKHUX, KYJIbTYPHO-IIPOCBITHULIBKHUX,
MaTepiaibHO-TEXHIYHUX 3aBAaHb, SKI MOTPEOYIOTh HAJIEKHOTO OOIPYHTYBaHHS, pO3pOOJICHHS Ta
IPAKTHUYHOI peani3alii B yMoBax MOJEpHi3allii yKpaiHChbKO1 BUIIIO1 IIKOJIH.

Metoro poOOTH € 3aCTOCYBAaHHSI Cy4aCHUX METOJIIB OIIHIOBAHHS MOKA3HUKIB Ha OCHOBI
amapaty HeYiTKOT1 JIOTiKH JIJIsl OIIHKH JTisSUTbHOCTI 3aKJIaIiB BUIIOT OCBITH.

Jlnst po3B'A3aHHs MOCTABIEHOI 3a1a4i \3aCTOCOBAHO METOJIMKY HPUIHATTS pilleHHs, 3a

JIOTIOMOTOI0 ~ 5IKOT ~ (DIKCOBAHOMY ~BEKTOpPY BXIMHHX 3MiHHUX X = <X X e X >, X eU
1 2 n i i

. . . *
OJIHO3HAYHO CTAaBHUBCS O Yy BIAMOBIJIHICTh PO3B'SI30K Y €Y 11 06'ekTa 3 JUCKPETHUM BHXOJOM.
HeuiTka Moaenb OI[iHKM MOKa3HUKIB ISJIBHOCTI 3aKJIaly BUIIOI OCBITH OLIHKY B iH(GOpMaIiiHIN
cucTeMi MOxe OyTH ONHMCaHa B TaKU CHOCiO:

O=(0,000), (1)

gme G — rpap mepesa 3 Bepmmmamu ¢i (1 =1,N), xoxmiii 3 sxkux mnocraeieHo y
BIAMIOBIAHICTE OJHE 3 MOXKJIMBUX 3HAYEHb JHIBICTHYHOI 3MIHHOI X; € L, sxa XapakTepusye
MOKA3HUK SIKOCTI 1H(HOPMaLIIHHOTO pecypcy 3a BIAMOBITHUM KPUTEPIEM;

L — maOip TiHTBICTUYHUX 3HAYEHB (IKICHUX OIIIHOK) KOXKHOTO IMOKa3HUKa, L = {L i :L_N};

S — cucrema BiHOLIEHb PIOPUTETIB (TIEpeBaru) OJHUX MOKA3HUKIB Mepe]] IHIINMHU;
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A — amroput™m arperyBaHHs iHoOpMaIlii, SKHA 03BOJIIE OTPUMYBATH Yy3arajibHEHUU
MOKa3HMK JiSUTBHOCTI 3aKJIa/ly BUIIOi OCBITH

Bepmnam rpada G mpoOmOHYEThCS TMOCTABUTH Y BIAMOBIIHICTh HACTYIHUU PO3IMOILT
MOKA3HUKIB JiSUTBHOCTI 3akiaay BUIIOi OCBITH [3]: Xo — IHTerpaidbHHI MOKa3HWK; X1 — OCBITHS
JISITBHICTD, X2 — HAYKOBO-JIOCHIIHA JISUIbHICTh, X3 — MIKHApOJHA IisSIbHICTH, X4 — (piHAHCOBO-
€KOHOMIYHA JisIbHICTB; X5 — iH(pacTpyKTypa; X7 — MpaneBIamTyBaHHS.

ArperoBaHmii TOKa3HUK Xo BH3HAYAEThCS HACTYNMHUM crocobom. Ilomepennro 3a
JIOTIOMOTOF0 €KCTIEPTHUX METO/IiB OILIHIOBAaHHS BU3HAYAIOTHCS 3HAUCHHS JIHTBICTHYHUX 3MIHHUX Xi
JUIS KIHIIEBUX BepiuH rpada. 3a rpadhoM BHU3HAYAETHCS IMIJIMHOKWHA BepIIH (MMOKa3HUKIB). Jlis
KIiHIIEBOI BEpIIMHU BU3HAYAETHCS 3BAXKEHA CyMa BIAMOBIAHUX (YHKIIN HAIEKHOCTI. 3 IIEI0 METOIO
Moxe Oyt Bukopuctanuii OWA-oneparop Arepa [4]:

Ooop(0) = 2 0o o(D), @)

j:D 0

e -1k (X) — (byHkis HanexHocTi K-ro mokasuuka (I-1)-ro (craprioro 3a iepapxi€ro) piBHs;
Lui (X) — (hyHKIIiS HAIEKHOCTI I-r0 MoKa3HuKa |-ro (HUKHBOTO) PiBHS;

Oli — BaroBuii KOe(iIlieHT i-ro MOKa3HUKA % o; =1 I-ro piBus;
i=1

N, , — KUIBKICTh ITOKa3HUKIB HM)KHBOTO PiBHS, 10 3B’s13aHi 3 K — TM nokaszuukom (I-1)-ro
PiBHSI.

VY 3amponoHoBaHi Mo BaroBi Koe(imi€eHTH BU3HAYAIOTHCS Ha OCHOBI METOy aHAJI3y
iepapxit [5].

BUCHOBKHA

TakuM YWHOM, BUKOPUCTAHHS JIHTBICTUYHUX 3MIHHHX B MOJEINI aHali3y MOKa3HHUKIB
JISUIBHOCTI  TO3BOJISIE OTPUMYBAaTH IHTETpajbHUN (arperoBaHuii) moka3HUK. [lopiBHSHO 3
ICHYIOYMMH METOJaMH Ta MOJESIMH 3alpOIIOHOBAHUH TMiAXiJ XapaKTepU3YEThCS HACTYITHUMHU
nepeBaraMu: pilIeHHs Mpo SKICTh AISUIBHOCTI 3aKJIaay BHIIOI OCBITH NMPUUMAETbCS HE TUIBKU HA
OCHOBI 1HTErpaJbHOrO IOKa3HUKA, aje ¥ 3 ypaxyBaHHAM OOMEXKEHb Ha 3HAUYEHHS OKpPEMHX
NOKa3HMKIB; Ui MIJBUILIEHHS TOYHOCTI alrOpUTMY KOOpPAMHATH TpamneuienoJioHux ¢GyHKIini
HAJIEKHOCTI, 110 OOYMCIIOIOTHCS Ha KOXKHOMY KpOIli, MEpEeBIPSIOTHCS HAa OMU3BKICTh 10 OAHIET 3
1’ STH QYHKIIIH HATEeKHOCTI 3 1IeHTU(DIKAII€r0 3HAYEeHHS JTIHTBICTUYHOI 3MIHHOI.
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BUKOPUCTAHHSA HEHPOHHUX MEPEX 151 JOCJII)KEHHA BILIUBY
3ACTOCYBAHHSA THOOPMAIIMHO-KOMYHIKATUBHUX TEXHOJIOT'TIA HA
PIBEHb OITAHYBAHHSA CTYAEHTAMMU IIEBHUX ®AXOBUX
KOMIIETEHTHOCTEM TA IIPOI'PAMHUX PE3YJbTATIB HABUAHHSI

Posenanymo ocnosHi nonamms, nog'azami 3 AKiCM0O 0c8imu y yilomy ma 3AC60€HHAM CIYOeHmamu
HagyanvHoco mamepiany. Chopmynvosano 3adauy O00CHONCEHHS GNAUGY 3ACMOCYBAHHA THHOPMAYIHO-
KOMYHIKAMUGHUX MEXHOL02Il HA PiBeHb ONAHYBAHHS CIYOeHmamu NeGHUX (haxoeux KoMnemeHmHocmell ma
NpOSpPaMHUX pe3yibmamie HagyauHa. OnucaHo NOCMAHOBKY 3a0aui NPOSHO3VE8AHHS 3ACBOEHHS 3HAHL MA
HABUYOK, BUKOPUCHAHA APXIMEKMYPA — NEPCENMPOH 3 YOMUPMA BXIOHUMU HEUPOHAMU, YOMUPMA UXIOHUMU
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.

OrmiHKa 3aCBOEHOTO CTYACHTAMHM Yy MEXaX HaBYaJIbHOI NUCIMIUIIHE Marepialy, a TaKoX
00’ €KTHBHICTh TPOBEJICHHS] KOHTPOJIIO 3HAHB 3 HHOTO € OJTHUMH 3 OCHOBHUX €JI€MEHTIB BU3HAUYCHHS
akocti ocBiTH [1]. Bimomo, mo piBeHb 3aCBOEHHS I1HAMBIAYYMOM HOBUX 3HaHb 3aJICKHUThH
HacaMIiepe] BiJi HOro crapaHHOCTI Ta 0a30BOTO PiBHS 3HaHb, IO € MaiKe MOCTIHHUM 3a Mepion
HaBYaHHS, TOMY pi3Ke BIAXWJIEHHS Y MPOLEC] OLIHIOBAaHHS MOX€E CBITYUTH MPO HASIBHICTH MPOOIIEM,
00'eKTUBHHUX 1 CY0'€eKTUBHUX (DAKTOPIB, SIK1 3/{1HCHIOIOThH BILJIMB Ha OCBITHIN MpOLIEC.

VYci OCBITHI KOMIIOHEHTH Ha BIJAMOBIIHOMY piBHI BHIIOI OCBITH, MEpeNiK HaBYaIbHHUX
JUCIUILIIH 1 JIOTIYHY IOCIHIJIOBHICTh iX BUBYEHHs, KUIbKICTh KpeauTiB €EKTC, a Takox odikyBaHi
pe3ysbTaTH HaBYaHHS Ta KOMIIETEHTHOCTI, sIKi IIOBUHEH ONaHyBaTH 3700yBay BiAMOBIHOTO PiBHS
BUIIO1 OCBITH, MICTATHCS B OCBITHIN (OCBITHBO-TIpO(eciiinuit) nmporpami [2]. OIIII mictuTh nepenik
3araJibHUX Ta (DaxoBUX KOMIIETEHTHOCTEHW, Ha BHIYCKOBIM Kadenpi po3poOistoTbes pobdoui
IpOrpaMu 3 KOKHOI JUCIMIUTIHY, 1110 KOHKPETU3YIOTh, 32 SIKI caMe€ KOMIIETEHTHOCTI BIJNOBIA€ 11
JUCLMILIIHA.

Cnig 3a3HaYUTH, 10 PIBEHb BUKOPUCTAHHS 1HPOPMAIIHHO-KOMYHIKaTUBHUX TEXHOJIOTIHN MiJ
4yac MPOBEJCHHS 3aHATh MOCTIMHO 3pocrae. | sKIIO paHille BUKOHAHHS JaOOpaTOpPHUX pPOOIT
3aiiicHioBaniocst 0e3 BukopucranHs IKT, To 3apa3 Mo)KHa HPUITYCTUTH MOKPAIIEHHS YCHIIIHOCTI
CTY/ECHTIB caMe 3aBJSKU HOro BTUIEHHIO.

[ToTpiOHO: a) MiATBEPAUTH, 110 PIBEHB YCIIIIHOCTI peayibHO 301IbIIMBCs (a00 CpocTyBaTH,
ale ToAl HeMa pauii B po0OoTi); O) BHU3HAYMTH, HACKUIBKM BIH 30UIBIIMBCA IO PI3HUX
KOMITIETEHTHOCTSIX 1 IPOrpaMHHX Pe3yJIbTaTax HaBYaHHS.

[TocranoBka 3amayi Moxke OyTH Takoro. MaeMo naHi mo cryaeHtax. [lo KoxHOMY — psn
BXIJJHMX Ta BUXITHUX (hakTOpiB, HanpuKian [3]:

— VStup — cepeaHiii Oan mpu HaIXOAKEHH1 (BU3HaYae Oa30BUil piBEHb CTY/IEHTA);

— Session — cepeHild 6al 32 OCTaHHIO CECii0 (BU3HAYAE «IIOTOYHUI» PIBEHb CTYACHTA, HOTO
BIJIHOIIICHHSI 7O HAaBYAHHS ),

— subject — migcymMKoBHii 621 3 KOHKPETHOT TUCIIUTUTIHH;

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

— FKi — 6anu 3a axoBi KOMIIETEHTHOCTI;
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— PRNIi — 6anu 3a mporpamMHi pe3yabTaTi HaBYaHHS.
PesynbraT — po3paxoBaHi OIIHKH 3 ()aXOBUX KOMIETEHTHOCTEH 1 MPOrpaMHUX PE3y/IbTaTiB
HaBuaHHs. [Ipuknan — Ha puc. 1.

A B Z D E F €] H I
1 Student Vstup | Session | Subject | IKT | FKT | FKR2 | PRMNZ | PRMZ
2 | Studenti 57,7 75,33 75 0 729|730 763 | 774
3 | Student2 524 84,33 85 0 86,5|891] 8,0 | 854
4 | Student3 69,4 84,67 55 0 72216837 700 | 63,1
5 | Studentd 52,2 56,47 55 0 5511605 293 | 57.3
B | Students 325 55 55 0 5281517 291 | 56,8
7 Studentd 504 35,67 75 1 TEE | 800 842 | 849
g | Student? 56,8 91,17 an 1 888|930 943 | 879
9 | Studentd 59,9 94 an 1 8971935 901 | 90,1
10 | Student® 42 55 B5 1 573|554 | 632 | 634
11 | Student10 524 85,33 75 1 7851|1828 817 | 86,2

Pucynox 1 — IIpuknaa HasBHUX JTaHUX

Busnauenns OaniB came 3a KOMIIETEHTHOCTI Ta MPOTpaMHi pe3yabTaTd HaBYAaHHS MOXKHA
3IIACHUTH 3a METOUKAMH, K1 HaBeaeHO B [4 — 5.

Jlamni 37ificHeHO pillIeHHs] METOJIOM HEHPOHHHX MEpeX. BUKOPHUCTaHO Mepexy 3 YOTHPHOX
BXIJJHMX HEWPOHIB, YOTUPHOX BUXIJHUX 1 JBOX HEHPOHIB MpuxoBaHOro mapy (puc. 2). PisHoBHI
HEHPOHHOI MEpeXi — MEPCENTPOH, METO/ HABYAHHS MEPEKi — 3BOPOTHOTO TMOMIMPEHHS TTOMHJIOK,

¢dyHKIis akTHBaLii — curMoiga. Pe3ynbraTu cBiq4aTh, 10 METO/ 3a0e3Meuye aJeKBaTHI pe3ynbTaTu
(puc. 3 —4).

Vstup FK1
Session FK2
Subject PRN1
IKT PRNZ

Pucynok 2 — Apxitektypa HelipoHHOI Mepexxi MLP 4x2x4

A, B c n] E F ] H | J K L I i 8] P o] R 5 T U
1 Student | VWstup | Session | Subject | KT | FK1 | FK2 |PRNZ | PRN2 Fk1r FE2r PREM1r PRM2Y MopieHAHHA
2 | Studenti 577 | 7833 75 0 [799|730| 763 [ 774 | 79.7 [854 | 758|679 | 757|556 763|654 1 1 1 1
3 Student2 524 | 8433 85 0 [B65)891 | 860 (859 | 868|867 |87,0[6893 86,7500 866|859 1} 1 1 1
4 Student3 624 | 8457 a5 0 |722|687| 700|681 |72,2|765|68,0[795|696|513|688|545 1 1 1 1
9 | Studentd 922 | a4y a5 0 |551|6E05 583 | 573 | 96,1547 59,5950 |61,4)615 590|597 a a 1 1
B | Student 3258 55 a5 0 |528 517|591 | 565 | 93,1534 (524|530 |99,5)|599 571|576 1 1 1 1
7 Studentd S04 | 8aF7 7a 1 |76F| 800|842 | 849 | 751|769 ) 719|807 | 727|823 | 733 854 1 1 1 1
g | Student? a68 | 9.7 a0 1 |888]930) 943 | 879 | 891|890 ) 919)92,2 | 924|928 | 89 6) 89.7 a 1 1 1
9 | Studentd 583 a4 a0 1 |897)935)901 | 907 | 692|892 923|925 | 925932 | 89.7) 89.8 a 1 1 1
10 | Student9 42 55 55 1 |57 353|554 632 | B34 | 551|563 | 545|576 | BOS| 63,3 | 55.4) 62,7 1 1 1 1
11 Student1d | 524 | 8833 75 1 |785)828 | 817 | 862 | 787|784 | 757|819 | 759833 | 770] 86,0 a 1 1 1

12 50% 90% 100% 100%
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Pucynoxk 3 — Pe3ynbpTaTi po3paxyHKiB

T T T T
52,7698441823644 72,1521343854914  78,5343841167102 86,5142305447077

Pucynok 4 — Jliarpama po3citoBaHHS

BUCHOBKHA

[TpoBeneHi AOCHTIKEHHS JOBENH, IO 3aCTOCYBaHHS HEHPOHHUX MEPEX JIJIs aHaJi3y BILTUBY
3aCTOCYBaHHS 1H(OPMAIlIITHO-KOMYHIKATUBHUX TEXHOJOTI Ha pPIBEHb OMAaHYyBaHHS CTYJICHTaAMH
NeBHUX ()aXxOBUX KOMIIETEHTHOCTEH Ta MPOTpaMHUX pe3yJIbTaTiB HaBYAHHS MPHU3BOIUTH JI0 AYXKE
OpURHATHUX pe3ynbpTaTiB. ONUCAaHO MOCTAHOBKY 3a/adl MPOrHO3YBaHHS 3aCBOEHHSA 3HaHb Ta
HaBUYOK, BUKOPUCTAHA apXiTEKTypa — MEpPCENTPOH 3 YOTHPMa BXiJHUMHU HEHPOHAMH, YOTHpMa
BUXIJHUMH Ta JBOMA HElipOHaMH MPUXOBaHOTO 1apy. HaBeaeHo npukiaan po3paxyHKiB.

OTpumaHi pe3yslbTaTH MOXHa OyJe 3acTocyBaTH y poOOTI Kadeapu M Yac aHalizy
YCIIIIHOCTI CTYJEHTIB TowIo [6].
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VJIK 519.6:94

MeabaukoB O.10., Kanenemyk A.O. ([onbacvka Oepoicasna mawunodyodiena axkademis, M.
Kpamamopcwk, YVrpaina)

3ACTOCYBAHHA HEfII:OHHPIX MEPEX JIJISI IIJIPAXYHKY HE BOMOBUX BTPAT
BIMCBKA IIIJI YAC BOEHHHUX ITOXO/IB

Poboma npucesuena pospaxynky uucemvbHocmi 6mpam CepeoHbOSIYHUX apMiti 3d OONOMO2OI0
Memooie wmyyHo2o iHmenekmy. Po3ensinymo O0eKiibKa MOXNCIUGUX Memo0die NIOPAXYHKY, NPOAHANIZ08AHO
icmopuuni Oocepena. Ilposedeno ananiz gaxmopis, wo enausaioms Ha He Oouosi empamu. Po3pobieno
MOOeb HeUPOHHOI Mepeici.

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.

Biiilna — sBuIIe, SIKE CYNPOBOJUKYE JIIOJCTBO Y BECh ICTOPUYHHMIA Yac, TOMY IHTaHHS
YHCEIBHOCTI BIMCHK Ta BOEHHUX BTpaT CTaBUTH mie ['epomor. Ha xanmb, Ha naHWil 4ac He iCHYe
€IMHOI CUCTEMHU HiJipaXyHKYy OOHOBHX BTpaT Ta HaBiTb BTPATH Yy JAOCUTb Cy4aCHHUX KOH(IIKTax
3/1e01TbIIIe OIIHIOIOTHCS MPUOJIM3HO, a MiJ Yac MOCTIMHUX BIAH CEpeIHBOBIUYS MiJApaxOBYBaTH
BiliCbKOBI1 BTpaTH OyJo mpocTo HikoMy. Tpeba 3a3HaunTH, 1o 10 Kinusg XIX cromitta qo 70% BTpar
BIJIHOCHJIOCH JI0 TaK 3BaHHX He OOWOBHX BTPAT (CMEPTh BijJ XBOPOO, TpaBM, X010y Touio) [1-2].

Y OinpmiocTi KpaiH CTaTUCTHYHI JaHi He OoioBHX BTpar mourHaioTh BecTtd 3 XVIII
CTONITTS, TOMY, KOJIM MOBa Hie NP0 YHCEIbHICTh apMiil MiJ Yac MOBTUX BIHCHKOBHX IOXOIIB
CepeqHBOBIUYSl a00 MEPIIUX CTONITh €MOXM HOBOIO Yacy MpU MiAPaXyHKY iX YHCEIbHOCTIi, Tpeba
BpPaxOBYBaTH TaKOXX He OOMOBI BTpaTH, yepe3 Te, M0 3a PiK MOXOJYy YHCENbHICTh BiliChbKa 3HAYHO
CKOpOUYyBajlach came yepe3 He 00HO0B1 BTpaTH.

Y 1916 pomi marematukom @. V. Jlanuectepom Oyiio po3po0IICHO CUCTEMY, SKa CKIIaaaliacs
3 1BoX AudepeHuiiHux piBHsHb (1) 1 cyryBana JUIsl MiApaxyHKY KepTB BiHU, siKa BpaXxOByBaja sK
00i10B1, Tak 1 He 00IOBI BTpaTH [4]:

dx
—=ax+bxy+cy+d
|8§ @)
[mzey+ fyx+ gx+h
Jie: 8 Ta € — MBUAKICTh He OOMOBUX BTpAT;
b i f — mwBHAKiCTH BTPAT i3-32 BIUIMBY 110 MaiTaHHUX IIUISX;
C Ta § — BTpaTH Bij Jii IPOTUBHUKA Ha MEPEIHBOMY Kpai,
d Ta h — migxigni abo BigxiaHi pe3epsu [4].
Ane Taka MozieNb ORI TpUCTOCOBaHa 70 BiitHU KiHIs XIX — modyarky XX CTOMITTS, HIXK
JUIS BIiH CEpeHbOBIYYsS, TOMY IO TaKi mapaMerpu, sk b Ta f, BiCyTHI mij yac cepeHbOBIYHUX
31TKHEHb, a MPUMITHBHA HE BOTHEMaJIbHA apTUJIepis (K 1 mepiia BOrHeNnanbHa) BUKOPUCTOBYBAIACs
3ne01IbIe I ITYypMy Ta NPOpHBY 0O0OpoHU GoOpTelb, HDK JUIsl 3HUIIEHHS KXWUBOI CHIIH
MPOTUBHUKA Yy BiAKpuTOMY moii. s cepeaHbOBIYHUX OOIB OUTBII MiAXOAWUTH JiHIKHHA MOEIH
Ocunosa-Jlanyecrepa.
CTBOpHMO MaTeMaTHYHy MOJENb PO3paxyHKy He 00MOBHX BTpaT. MaeMo HACTYIHI BXiIHI
TaHi:
tcp — cepeTHbOMICSYHA TEMIIepPaTypa;
T — BIAXWJICHHSA B1J KJIIMAaTUYHOTO ONITUMYMY;
d — kinbKicTh 110 y MOXOi;
81



Ky — KOe(IIlieHT CKIaTHOCTI MiCIIEBOCTI;

kol — kibKicTh BOTHIB sIKi OEpYTh y4acTh Y MOXO/II;

0S — cepeHs KUIbKICTh OMa/IiB Ha MICSIIb.

a — He 00110BI BTpATH 3a JICHb.

KinbkicTb 3arn6imx Bijg XBOpoO MOXKHA po3paxyBaTu 3a opmynamu 3 Ta 4.

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

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

d =consv+c, (4)

KoHcTanTH — 11e KiIBKICTh 3aru0IuX Y BiICOTKAX, BABHAYCHHI IIJIIXOM Tig0opy, 6a3yrounch
Ha pnaHux 3 BiMH XIX cromitta. Koncrantn 1-3  BIANOBIZAIOTH Pi3HUM  KJIIMaTHYHUM
3aXBOPIOBAHHSAM (CE30HHMI TPHII, MEPEOXOJOKCHHS, 3aCy/DKCHHS, 3alaJieHHs JIETeHIB TOIIO),
HATOMICTh KOHCTaHTa V BIAMOBIJA€ 32 XBOPOOH, K1 HE 3aJIe)KaTh BiJl CE30HY.

UYepes Te, 1110 y OUIBIIOCTI perioHiB €Bponu yaiTKy KUIBKICTh OMaiB JIOCUTh HEBEIHKA, TO
VIITKY Koe(ilieHT Oyae HAMHMKYUM, TAKOX 1 Y 3MMOBI MiCAILll XOPOILUH IIap CHITY 3 OIHOTO OOKY,
YCKJIQJTHIOE TIPOCYBaHHS, 3 1HIIIOTO — TaKi MICIIs, K 00J10Ta, CTal0Th MEeHII Hebe3neunumu. CaMumMu
HeOE3MEeUYHUMH € Micslll Oepe3eHb, KBITCHb, )KOBTCHb Ta JIMCTOIAJl, KOJW BUIAJA€ JOCUTH 0arato
XOJIOJHHUX OMAMIIB Ta 3HIKYETHCS TeMIleparypa MOBITps. Mo)KHa MOMITUTH, IO «HEOE3MEUHICTH
M03POCTAE MPOMOPIIHHO TOMY, HACKIJIBKU 3HIKYEThCS TEMIIEpaTypa TOBITPsS, Ta 30UIbIIYEThCS
KUIBKICTh omajiB. [l 3WMOBHX MiCAIB «HEOE3NMEUHICTh» Tpeda 3HIKYBATH. 3alUIIEMO YCe
HanucaHe y BUTIsAl popmyni (5):

1 .
p:E*os—zne (5)

ne zile — KoediieHT XOJIOAHUX 3MM Ta KapKOro KIiMary — Hpu KOMQOPTHIN TUTIOCOBIH
Temreparypi npuiimae 3HadeHHs 0; IpU MIHYCOBIH UM IpPU €KCTPEMalbHO IUIIOCOBIN — 3HAUYEHHS
O11b1 K 0.

CymapHi He 60OBI BTpaTH Ha JICHb:

a=(p+d) 6)

®opmyna (6) HE BpaxoBYe BENMKI emifeMii, ajie BpaxoBye 3BUYaWHUN HaAOIp BIpyCHUX Ta
OakTepiaJbHUX 3aXBOpIOBaHb. J{Jis po3paxyHKy emimemiil 10 uucen P ta d Tpeda qoaaTH BiICOTOK
3aruOanX Mmijx Jac emigemii.

Ha puc. 1 mMoXHa MOMITUTH 3aJI€KHICTh HE OOWOBHUX BTpaT BiJl MOTOJHUX YMOB, 1 T€
HACKUIbKHM CHJIBHO eMifieMii MOXYTh BIUIMBAaTH Ha KiHLEBUIl pe3ynbTar. (CTpHOKH kKOBTOI Ta CHHI
JiHii BUKIKKaHi enigemiero uymu y 1710-1711 pp. [2, ¢ 58-59]).

VY Hamiif Mojeni 3aJuIIMIachk OJHA HEBU3HAUEHICTh, @ caMe€ — 3HAYeHHsA YCIX HalluX
KOHCTAHT. IX TpeOa BU3HAYaTH OKPEMO, IPOPAXOBYIOUM Pe3yIbTaT KoxkeH pas. ToMy mopedHo Oye
BUKOPHCTOBYBAaTH HEHPOHHY MEpPEXy INpPsIMOTO PO3MOBCIO/PKEHHS — mepcentpoH [6]. Ha Bxomau
MepCenTpoHa MOJaEMO HACTYITHI NapaMeTpH: Cepe/iHs TeMIeparypa Ha Micsilb, CepelHsl KUIbKICTb
OTaJIiB Ha MiCALlb, HOMEP MICIIEBOCTI, KUIbKICTh Ai0 y moxoi. TakuM YMHOM, Ha HepIIoMY IIapi MU
Oynemo matu 4 HeHpoHU. Y Hac € 6 KOHCTAaHT, 3HAYEHHS AKUX Tpeda miadupaTu, TOMY Ha JpyroMmy
mapi po3MicTUMO 6 HEMpOHIB, HA TPETHOMY IIApi — OJMH BUXIIHUI HEHpOH, sikuil OyJe BUIaBaTH
MpOIeHT He OOHOBMX BTpaT Ha JAeHb. Mojenp HEHPOHHOI MEpeki MPEeACTaBICHO Ha puc. 2.
[TepcenTpoH Buaae MPOLEHT 3aruOIuX y ACHb.
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SN

1705 1706 1707 1708 1709 1710 1711 1712

e [TYLIKHEA JPEMYHCHHA NOAK HapBcHWA JparyHCKHA NonK
BonorogckHi OparyHCKHE NoaK CaHkT-MNeTepiypreckuid nonk
TEAHLKHA NOAK TonGyriHa noakx

Pucynok 1 — Ilokaznuku He 00MOBHX BTpaT y pi3HUX HiApo3ainax Pocilicekoi immepii 3 1705 mo
1711 pp. [2]

0.406

% 1.000

Pucynok 2 — Apxitektypa HelipoHHOI Mepexi y cepenoBuili NeuroNet

Ane cepenHbOJO0OBY TemIeparypy Ta KUIBKICTh OMaJaiB MU OepemMo 3 JIOCHTh
HEeNepeBIpeHuX JKepen (II3HATUCS KUIBKICTh OMaJiB y CEpPEeIHbOBIYYS HEMOXKIHMBO), TOMY
IPOTIOHYETHCS 1HIIA MOJETh HEHPOHHOI Mepexi, sika Oy/le BpaxOBYBAaTH TUIBKU THUIT MiCLEBOCTI,
Mopy POKy, Ta KUIBKICTh 110 y moxomi (puc. 3). 3aMiCTh AaHUX MPO TEMIEPATypy Ta KUIbKICThH
OTaJIiB 1I0/1a€MO J[Ba BHYTPILIHI IIapH (SIKi eMyJIIOI0Th TeMIIepaTypy Ta onaau) 3 12 HelipoHamu, 1o
YHCITy MICSIIIB y POLIL.
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0.323

= 0.329

5 0.347

__, 0.400

Pucynoxk 3 — ApxitekTypa HelipoHHOI Mepexi y cepenonuiiti NeuroNet

JInst CTBOpEHHS TECTOBUX MOJISIICH JaHH1 JJIsl HaBYaHHs OyJ0 CTBOPEHO TaKMM YHHOM, 1100
Oynu mye CXO0Xi Ha peanbHi (MOKa3HUKH TEMIIEpaTypu Ta KUIBKOCTI ONajiB BUKOPHUCTOBYBAIIUCH
peanbHi). MeTol0 LBOro eramy OyJa0 BH3HAUUTH CaMy MOXJIMBICTh MOJIOHMX pPO3paxyHKIB Ta
nigiOpatu apxiTekTypy HeipoHHoi mepexi. s momadi JaHMX Ha Mepexy Oylio MpoBeneHO ix
HOpMaJTizalito B aiama3oni Big 0 1o 10 [6].

Ha erami ocrarouHoro HaBYaHHS I YTOYHEHHS  BaroBUX  Koe(illi€HTiB
BUKOPHUCTOBYBAJIMCA CTaTUCTHUHI AaHi He 60ioBux BTpaT XVIII — XIX cTomiTh.

BUCHOBKH
[IpoBeseHi MOCTIKEHHS JIOBENM, IO 3aCTOCYBaHHS HEHPOHHUX MEPEK MOXIIMBO IS
BUPINICHHS JIOCUTh CKJIAJHUX Ta HE CTAaHIAPTHUX 3a7a4 PO3PaxyHKY, 1 MO0 BUKOPHUCTOBYIOUH
JIOCUTh CUHTETHYHI JaHi Ha BXO/(1, MOXKHA OTPUMYBATH JIOCUTH KOPEKTHI JaHi Ha BUXO/II.
Onmcany Tyt Mozens Oyno peamizoBaHo y Buriigi WEB-cuctemu s po3paxyHKy
BiliCbKOBHX BTpPAT y CEPEHbOBIUYI Y paMKax JUIJIOMHOTO TIPOEKTY OakanaBpy.

HEPEJIIK IIOCUJIAHb
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VJIK 004.9:81

MeabaukoB O.FO0., MuxaiisioB B.1O. ([Jonbacvka Oepoicasna mawunobdbyoiena axkademis, M.
Kpamamopcwk, YVrpaina)

3ACTOCYBAHHSI HEHPOHHUX MEPEX JIJISI BA3HAYEHHS HAJIEXKHOCTI
PEYEHHSA 10 KOHKPETHOI MOBHA

Posensinymo npobremy po3nizHagants MOGIEHH MA BUHAYEHHS MOBU CKA3AHO20 meKcmy. 3pobieHo
BUCHOBOK, WO HAPA3L ICHYE 0esKa KilbKicmb 000amKie, 0e 051 BUSHAYEHHS MOBU GUKOPUCTNOBYEMbCS MEemOo0
WMYHYHUX HelpoHHUx mepedic. Hasedoeno moodens Heliponnoi mepedici. 3asHaueHo, AKi OaHi HAOX00AMb HA
6Xi0 Mmepedici 1 SKI NepemeoOpeHHs NPOBOOUMUCS HAO GXIOHUMU OAHUMU. 3A3HAHEHO  KIH0HO08I
Xapaxmepucmuxu, sKi GU3HAYANUCS eKCnepUMeHmanvuum wiasxom. Hasedeno pesyromamu 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 TexHiuHUX 3ac00iB, SKi 374aTHI cnpuidiMaTH (pO3Ii3HABAaTH) MOBIJOMJICHHS,
10 BUMOBJISIFOTBCS — 11€ KOMI'IOTEPH, MEAMYHE €JIEKTPOHHE 00JiagHaHHS, aBTOMOOLII, MOOLIbHI
tenedonn Ta iH. Takok Ha PUHKY MPEICTaBICHO O€3JY KOMEPIIHHUX CHUCTEM pO3Ii3HABAHHS
moBu: Voice Type Dictation, Voice Pilot Ta ViaVoice Big IBM; Dragon Dictate ta Naturally
Speaking Big Nuance Communications; Voice Assist Bix Creative Technology; Listen for Windows
BiJ Verbex tomro. Lli cuctemu 103BOJIAIOTH JUKTYBATH TEKCTOBI JOKYMEHTH Ta KEpyBaTH POOOTOIO
KOMIT'FOTEpa 3a JOMOMOTOI0 ToJIOCOBHX Komaia. OJMHaK CiiJ 3a3HAYMTH, 10 OUIBIICTh 3 HUX
JOCUTH J100pe Mpalfol0Th TUIBKU 3 PO3MOBHOIO aHIMHCBKOIO [1]. CTBepaKy€eThCs, O JIBI KJIFOYOBI
3a/1a4l po3mi3HaBaHHs MOBU — aocsirHeHHs 100% po3nizHaBaHHS Ha 0OMeXEHOMY Habopl KOMaHJ
xo4ya 0 JUIs OIHOTO JMKTOpA 1 He3aleXHEe BiA JUKTOpa po3Mi3HaBaHHSA Oe3MepepBHOTO MOBHOTO
MOTOKY B peajbHOMY MaciTall yacy JAOBUIbHOI MOBHU 3 MPHUHHATHOIO SIKICTIO — JJOCI HE BUPIILIEHI,
HOTIPH YMCIICHHI CIPOoOU BUPILIEHHS IIUX 3aBAaHb NPOTIroM ocTaHHiX 50 pokis [1].

Sk mpaBwmIl0, clcTeMa PO3Mi3HABAHHS MOBJIEHHS CKJIQA€THCS 3 IBOX MOJEJEH: aKkyCTUYHOT
Ta JHrBicTu4yHOi. Kommn'toTep 3amucye 3ByK MOBHM Yy BUIVISAI LU(PPOBOrO CHUTHANYy, aKyCTUYHA
MOJIeNIb BIJIOBIJAa€ 3a IEPETBOPEHHS MOBHOIO CHUTHATy Ha Hallp O3HaK, B SKHMX IIOKa3aHa
iH(dopMallisi mpo 3MICT MOBHOTO TNOBiZoMJIeHHA. [Iporpama BHKOHYe CKJIaJHUI aHai3 MOBH,
HOPIBHIOIOYH ayioparMeHTH 13 3alIMCAaHUMU Ha 3TaJKy MOBHUMHU 3pa3kaMu. JITHrBicTHYHA MOJETb
aHaiizye iHdopmarllito, ofep>KyBaHy BiJl aKyCTUYHOI Mojeli, 1 (opmMye OCTaTOUHMI pe3yiabTaT
po3mnizHaBaHHi. Ha OCHOBI HMOBIpHICHOTO pPO3paxyHKYy KOMIT'IOT€p BHM3HA4ae€, L0 CaMe€ MIr
BUMOBHUTH KOpHCTyBau. B OCHOBI Mozeni JeXHUThb HOHATTS (POHEMU — HAMMEHIIOi aKyCTHYHOL
OJIMHUIII MOBH. Y TpoIeci HaBYaHHS KOMIT'IOTE€pP pPO3MI3HAE HaWBaXIMBIII O3HAKW BHUMOBH
KOpucTyBaueM (OHEM 1 3ammcye OTpUMaHi JaHi K Ipodiito KopucTyBaya [2].

VY Mexax 3aBAaHHs pO3Mi3HaBaHHS MOBH MOXKHA Ha3BaTH OKpEMY IiJ[33a4y — BU3HAYCHHS
MOBH CKa3aHOTO TEKCTy. TyT He BaXKJIMBO, L0 caMe€ MII' BUMOBHUTH KOPHCTYBad, 1 HE MOTPIOHO
BUIUICHHS OKpeMUX (DOHEM 31 CKa3aHOTO TEKCTY, 1[0 CHPOILY€E PillICHHS.

[IpoBenenuit aHami3 po3poOOK TMOKa3aB HASABHICTh HM3KM AojaTkiB [3-5]. ¥V Bcix
PO3MIIAHYTUX TNPHKIAZax sl BU3HAYCHHS MOBHM BHUKOPHUCTOBYETHCS METOJ INTYYHHX HEHPOHHUX
Mepexx. Pazom 3 THM Hijle HE HaBOIAUTHCS KOHKpPETHA apXIiTEKTypa 3acTOCOBAaHOI Mepexi. Yci
OIKCaHi CUCTEMHU € KOMEPLIHHUMHU PIIICHHSIMH Ta MAIOTh BUCOKY BapTiCTb.
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[TocTaBieHo 3aBnaHHs pO3poOKH 1HGOPMAIIIITHOT cHCTeMH (CITOYaTKy — CUCTEMH ITATPUMKH
NPUAHSATTS pillieHb, HAAali — MOOUIBHOTO JOAATKa), IO JO3BOJISE MICIS MPOBEICHOTO aHANI3y
3a1Kcy rojiocOBOTO MOB1IOMJICHHSI BU3HAUUTH, SIKOKO MOBOIO 0YJI0 BUKOHAHO 11€ MTOBIJOMJICHHSI.

Jlis nporo MOLIIBHO BUKOPUCTOBYBAaTH MOBY IporpamyBaHHsi Python i 6i6mioTexu pywt,
soundfile, pickle, numpy. Takox Hajgam iCHye MOXXJIUBICTh 3aCTOCYBAaHHSI CTOPOHHIX BIAKPUTHUX
API cepgicy Silero.

ApXiTeKTypa Mepexi — OaraTomapoBuil MepCenTpPoH, SIKUH MICTUTh N HEHMPOHIB BXiJHOTO
mapy, TpU NPHUXOBaHi Imapu po3mipom (n + 2) KoxeH 1 BuUXimHuM map posmipoM 2 (puc. 1).
BinnoBigs Hagaetbest y ¢opMi iimMoBipHOCTI. [l HABUAHHS HEMPOHHOT Mepexi Oy10 BUKOPUCTAHO
METOJI 3BOPOTHOTO MOIIMPEHHS MMOMHJIOK 13 3aCTOCYBaHHSM allTOPUTMY TpadieHTHOro cmycka. Ilix
yac iHimiamsamnii HEHPOHHOI MepeXi Barm HEHPOHIB 3aJal0ThCA BUIAIKOBUM oOpazoM 3
NOJANIBIINM KOPEKTYBaHHAM. Sk (yHKIIs akTHBalii Bukopucranacs ¢ynkuis sigmoid. [Tomunka
oOumncIIOBaNIacs 3a JIOMOMOTOI0 CePEAHBOKBAIPATUYHOTO BIAXUIICHHS [6].

3 é’.’:‘ T ‘.-- .égr

RS

Input Layer € B Hidden Layer € R* Hidden Layer € R*? Hidden Layer € B»? Output Lay

Pucynox 1 — Ilpuxan vefiponHoi mepexxi MLP 10x12x12x12x2

BxiaHi 1aHi HAXOAATH y BUTIISAI TIEPETBOPEHUX TUCKPETHUX 3HAa4eHb. [1in mepeTBOpeHHIM
Ma€eThCsl Ha yBasi, IO JAUCKPETHI 3HAUYEHHS 3a JOMOMOIOI0 JHUCKPETHOTO BEHBIIET-NIEPETBOPEHHS
Oynu MPOPIIKEH]1, y Pe3yJIbTaTl YOT0 3’ IBISIOTHCS KOS(IIIEHTH anmpoKcuMarlii i aeramizamii. Taky
nOpolenypy MOXKHA TOBTOPUTH Kilbka pa3iB. KitouoBMM mapaMeTpoM BHCTYNa€e piBEHb
poskmaganns — dl [7].

Kinpkicte cxoBanumx mapiB hl = 3 obymoBiaeno tum, mo mpu hl < 3 edexkTuBHICTH
BU3HAYEHHS MPUHANISKHOCTI MOBU najiana Ha 20%, 110 0yJ0 HEMPUITYCTUMHUM.

Jlnst mepeBipKM Mpane3gaTHOCTI OyJ0 CTBOPEHO 5 TUpEeKTOpil, siki HAIOBHEHI 3pa3kaMu
pociiicekoi Ta aHriiicbkoi MoBH. KoXXHa TUpEKTOpis HapaxoByBajia Mo S5 3pa3kiB KOKHOT MOBH. Y
Tabs. 1 HaBeeHO pe3yabTaTh POOOTH HEMPOHHOI MepeXKi ABOX AUPEKTOpii. PesynpraTn iHIMX 3-X
HE 3HAYHO BIJIPI3HSIOTHCA.
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Tabmuus 1 — Pezynpratu poO0oTH HEHPOHHOT MEpexXi

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 1.60860732¢-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

BUCHOBKH
MoxHa 3poOUTH BUCHOBOK, II0 3 25 3pa3KiB BIpHO po3Mi3HAHO 23, a e CTaHOBUTH 92%.
[Bunkicts posmizHaBaHHS 1 gupextopii 3 10 3paskamu nopiBHioe 0.0269. 3'scoBaHo, mo i
BUKOHAHHS MOCTABJICHOT'O 3aBJAaHHS ONTUMAaJIbHUM PIBHEM JEKOMIO3MLIT (piBHEM PO3KIIAJaHHs) €
dl = 8. [Ipu dl > 8, sKicTe HaBYaHHS HEMPOHHOI MEPEkKl 3HAUYHO MOTIPIIYETHCS W 3HUKYETHCS 0
85%. Y Bunanky dl < 8 e(eKkTHBHICTh 3aJMINAETHCA TAKOIO K, 0 i npu dl = 8, ane KiIbKICTH
BXIJHHMX JAHUX 30UIbIIYETHCS, 1110 CIIPUYMHSIE 3MEHILIEHHS IIBUJIKOCTI pO3ITi3HABAHHSL.

ITEPEJIIK TIOCUJIAHb
14. BoHOapeHKO M.®. PosmisHaBaHHS MOBI : erann PO3BBUTKY, cyyacHI1
TEeXHOJIOr'11 1 NepCHeKTmBM 1X B3acrocyBaHHs / M.®. BoHmapeHko, A.B. Pa6orsaros, C.B.
llenxkoBCcekmit // BiOHIKAa 1HTEJEKTYy: HAyK.-TexH. XypHasn. - 2010. - N 2 (73). - C.
164-168.
15. Spoken Language Identifier - API wu pgemoBepcus. [EnexTpoHHMII pecypc]

- URL: https://translatedlabs.com/spoken-language-identifier. JlaTa 3BEpPHEHHS:
12.11.2022.

16. Speech-to-Text: Automatic Speech Recognition. [EJeKTpOHHMUI pecypc] -
URL: https://cloud.google.com/speech-to-text. IlaTa 3BepHeHHs: 12.11.2022.

17. HernpoHH1 Mepexl nisd noyaTkiBiiB. YactwmHa 1. [EJNeKTpOHHMII pecypc] -
URL: https://habr.com/ru/post/312450/ Jlara 3BepHeHHs: 25.11.2022.

18. Discrete wavelet transform. [ElexTpOHHMMT pecypc] - URL:
https://en.wikipedia.org/wiki/Discrete wavelet transform. Jara B3BEPHEHHS :
25.11.2022.

87



VIK 621.2

Koanescbkuii C.B., KoBanescbka O.C. ([Jorbacvka Oepocasna mawuunodyoiena akademis, M.
Kpamamopcovk — Tepnonins, Yxpaina)

YHIBEPCAJIbHI ETAJTOHHI MOJEJI HA HEHPOBA3ICI

Tlobyodosani moodeni sHcopcmrocmi MexHONI02IUHOI cucmemu epcmamy Ha 0asi HEeUPOHHUX MeEPedlC
0036011A110Mb  6CIAHOBUMU  B3AEMO38'A30K MidC napamempamu (pexcumamu pi3auHs, 6eJUHUHOW ma
HANPSIMOM CUNU DI3AHHA, NPYICHUMU NEPeMilyeHHAMU @ CUCMeMi 6epCcmam-iHcmpymenm). Ynpaeninus
MOYHICIIO HA  YbOMY YCMAMKYBAHHI 30TUCHIOEMbCS 34 PAXYHOK 68C0€HHS CKOPUSOBAHUX 6XIOHUX
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 TIEPCTIEKTUBHUX IMIIXOAIB A0 YIPABIiHHS MPOIECOM MEXaHOOOPOOKH Ha OCHOBI
€TaJIOHHOT MOJIEINI € 3aCTOCYBAaHHS HEHPOHHUX MEPEK.

3acTocyBaHHS HEWPOHHOT MEpeXi, IO HABYAETHCS, SIK MOJENb JIO3BOJIUTH 3aMIiHHUTH
CKJIaJIHy 0araToBUMIpHY (PYHKIIOHAIBbHY 3aJI€KHICTh OUIBII MPOCTOI0 MEPEKEBOIO CTPYKTYPOIO.

KoopauHariro niii Ta ymnpaBiiHHS BXIJHUMH TPUCTPOSIMH MOJENi BUKOHYE CHUTHAJIBHHMA
MIpoIIeCcOop, a Bce 0OYMCIIIOBAIbHE HABaHTAXKEHHS 110 00poO01Ii JaHuX Oepe Ha cebe creriani3oBaHui
HEHPOMEPEIKEBUI TPOIIECOp, IO MICTHUTh Y CBOIX pericrpax mam'sti HeWpoMepeKeBY IMITalliifHy
MO/JIeJIb KOHTAaKTHUX IPOLIECIB IPU Pi3aHHI, OTPUMaHy Ha eTari HaBYaHHS.

VY 3aragpHOMY BUTISAL iH(OpMaIiiiHa MOJeNs MPOCTOPOBOI YKOPCTKOCTI BKIIOYA€E BCi
YUHHUKY, 110 JAiI0Th y mpoleci (OpMOYTBOPEHHS, @ TAKOXK HAOUHO JIEMOHCTPYE B3a€EMO3B'A30K MIXK
yciMa mapamMeTpamM# TEXHOJIOTIYHOT CHCTEMH.

[Ipu 3MiHI peXHUMIB pi3aHHS 3MIHIOIOTBCA 3YCWIIS Ta BeIMYMHA JAedopMariii, OTxKe
3MIHIOETBCSI TPAa€eKTOpis pyxy iHcTpyMmeHTy. Il[o6 3a0e3meunTd HEOOXiTHY TOUHICTH PO3MIpY,
HEOOX1IHO CKOPUTYBAaTH KOOPAMHATY MOJOKEHHS IHCTPYMEHTY.

BukopucrtoByroun perpeciiiHi MeTO/IH, BAAETHCS 3a0€3MEUYUTH alpOKCUMAII0 JAAHUX IPH
o0poO1l KOHTYpYy JeTajlll HE IIOBHOIO MIpOI0, TOMY 3alpONOHOBAaHO BHMKOPUCTOBYBAaTH
KOMYHIKaTHBHI cucTeMu obuucmoBanbHux enemeHTiB (HC).

VY Ttakomy pa3i HeoOXigHa KOpEeKIis BiJOyBaeTbCs 3a MPOrpamMor0 mepea 0OpoOKoro
3aroTiBii. 3a JOTIOMOIOK0 €TaJIOHHOI MOJEeli, M00YA0BaHOT Ha OCHOBI PEKYPEHTHHMX 3alIeKHOCTEN
(HC), 3natHOi KoMIleHcyBaTu MHpyxH1 aedopmariii, MO)KHa BHUSBUTH 3HAYEHHS BIAXWJIEHHS BiJ
HOMIHAJIBHOTO PO3MIPY KOHTYpYy. BBeleHHSM yTOYHEHHUX KOOpAMHAT 3 MOINpaBKow A (MKM) B
nporpamy, L0 YIpaBisie, MOXKHA 3a0€3MEeUUTH TOUHE IMOJIOKEHHS (pe3u 100 3aroTiBii, TOOTO
ABTOMATUYHO KOPUTYETHCS TPAEKTOPIS PyXy IHCTPYMEHTY, a OTXKe, 1 pexxuMu pizaHHs. [Ipuuomy
pPyX 1HCTPYMEHTY BiIOyBa€ThCs 3 OJHOYACHUM CKOPOUYEHHSM 4YHCIa MPOXOJIB Ta HEOAPYKEHUX
XOJIIB IHCTPYMEHTY.

KommuiekcHe MopentoBaHHS JI03BOJISIE BpaxyBaTH SIK MaKCHMajbHE YHCIO 30BHIIIHIX
BIUIMBIB, a i, HAMrOJIOBHIIIIE, TPOCTEKUTH BIUIMB YUHHUKIB JAPYT HA APYyTa 1 CUCTEMY Y LILJIOMY.

[TopiBHSIHHSI CTAaTUYHMX Ta JWHAMIYHUX pE3yJbTaTiB IOKAa3al0 IXHIO 1JI€HTUYHICTb.
ExcniepuMeHTanbHi AaHi, OTpUMAaHi Mij 4ac JOCHTIKEHb, 3aMIHIOIOTHCS CYKYITHICTIO MaTeMaTUYHUX
3aJI€KHOCTEM.

Sk BuXinHI gaHi Oyau MPUIHSITI:

X, Y, Z — KOOpJAWHATH KOXKHOI 3 TOCIIPKYBAaHUX TOYOK 32 BIATIOBITHUMH OCSIMU;

AX, Ay — BIIXUJICHHS BiJl 3a/IaHOTO PO3MIpY IO OCSIX X Ta Y.
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3HavyeHHS BIAXWICHb (IKCYBAIMCS MIKPOMETpPax. 3a TOMAJBIINX PO3PAXyHKIB JIs
NPUBEJCHHA JaHUX JI0 OJIHAKOBOi PO3MIPHOCTI 3 METOIO MOOYIOBH HEHPOHHOI MEpeXi BC1 3HAYCHHS
OyJu B3SITI 32 MOJTYJIEM.

PX, Py — BenuuuHa MpUKIAJEHOTO 3YCHJUIS MO KOOPAMHATHUX OCAX X Ta y. 3HAYCHHS
3ycwuis crasuiiocs y H.

[Tpu cTBOpEeHHI MepeKi BUKOPUCTOBYBAIIUCS MEPEXi 3 ABO- Ta TPHUILAPOBOIO CTPYKTYPOIO.
[Ticnss mpoBeneHHs aHali3y HaBYaJNbHOI MHOKMHU, CKOPOYEHHS HEHPOHIB, CKOPOUYEHHS YHUCIa
HEOJHOPITHUX XO/iB Oy/H CKJIa/ieHi BepOabHi ONMCH HEHPOHHOT MEpexi.

Jlns yrpaBIiiHHS TTPOIIECOM KOPEKIIii, IepIr 3a Bce, HEOOX1THO BHECTH JI0 €TAJIOHHOT MOJIEII
XapaKTEPUCTHKN CTaHy €JIEMEHTIB TEXHOJIOTIYHOI CHCTEMH, MPOBIBIIM aHai3 poOodoi 30HHU 3a
JIOTIOMOTOF0 METOJMKH JOCHIKEHHS NPYKHUX nepemiiienb TC BepcTara Ta IHCTPYMEHTY.

OTpuMmaBIIK HA BUXO/11 MEPEXi 3HAaUEHHSI KOMIIEHCOBAHUX KOOPJHMHAT JJIsi 00pOOKH, MOXKHA
BBECTH B Kepyrouy mnporpamy Bepctata 3 UIIY 1 3ab0e3neuntn Oumbln TouHy 0O0poOKy. Ilin
TOYHINIOK OOpPOOKOI0 PO3yMI€ThCS 3MEHIICHHS TOJS PO3CIFOBAHHS BIIXWIEHb BiJ 3aaHOl
TpaeKTopii.

BBenenns B kepyrouy mporpamy HOBUX KOOPJAMHAT 3 ypaxyBaHHSM YCyHEHHs A3a0esnedye
TOYHE TIOJIO’KEHHS IHCTPYMEHTY 010 KOHTYPY AETalll, 0 00pOOIIIEThCS.

VY mpomeci 00poOku ruOuHA t, MIMPHHA pI3aHHSA 3MIHIOIOTBCS B IIMPOKHUX MEXax, IO
00yMOBITIO€ 3MiHY OKPY>KHO1, paJiaibHOI 1 OChOBOI CKJIaJI0BUX CUIH pi3aHHsi. Ha Bxoxi daxTuune
3HAYCHHS CHJIM Pi3aHHS KOPHUTYETHCS 3 YPaxXyBaHHSIM MOKJIMBHX MPY)KHUX TepeMillleHb y poOodii
30H1 BepcTara, 1 3a1eKHO BiJ )KOPCTKOCTI €JIEMEHTIB TEXHOJIOTTYHOT CUCTEMH Ha BUXO/Il OTPUMYEMO
MIOTIPABKy KOOPAWHATH TpaeKTopii. TaKuM YMHOM aBTOMAaTHYHO KOMIIEHCYETHCS BIIXUJICHHS CHIIN
pi3aHHS BiJl 33JIaHOTO 3HAYCHHS.

Po3pobneHmii MeTOJ MOMICITIOBAaHHS KOPCTKOCTI €JIIEMEHTIB TEXHOJIOTIYHOI CHUCTEMH
BepcTrarta Tmependavae MPOBEACHHS KOPUTYBAHHS IOJIOKEHHS IHCTPYMEHTY Iiepel 0O0poOKoro
netani. ToOTO MOCATHEHHSI TOYHOCTI 3a0€3MeUyeThCs TEXHOJOTIYHHUM CIOCOOOM 3a pPaxyHOK
BBEJICHHS B IIpOTrpamy, IO yIpaBJisie, HOBUX KOOPAUHAT TPAEKTOPII.

3acTocyBaHHS MOJiellell Ha OCHOBI PEKYPEHTHUX 3alIe)KHOCTEH OyJI0 BUNPaBAAHO HASBHICTIO
BEJIMKOro o0cAry BXiJHOI iH(popMalii Ta JOCTaTHbOI KUIBKOCTI NMPUKIAAIB, a HEHPOHHI Mepexi
ONTUMANBHO TWIiAXOAATH JJs pO3Mi3HABaHHS oOOpa3iB Ta BUPINICHHS 3aBlaHb Kiacudikailii,
ONTHUMI3ALll Ta IPOTHO3YBAHHS.

Jns monanpiioi 3pydyHOCTI OOpOOKM JaHUX 3a JIOMOMOTOI0 HEHpOMEpEekKEeBUX Mojelnei
eKCIIEpUMEHTAJIbH1 3HaYeHHsI IPU3BOATH J10 €IUHOI PO3MIPHOCTI.

JUis mpejacTaBieHHS JaHMX 3 METOI0 peaizauii HeilpoMmepexkeBoi Mojeni HEeoOXiIHO
BpPaxoOBYBaTH pPO3MIPHICTb, TOOTO JaHI HaBOAATHCS J[MHakoBa pPO3MIPHOCTI (BIUIUB OJMHHIIL
BHUMIPIOBAHHS B JaHOMY BHUIMAJIKy HE BaXKIIUBO).

Takum 4rHOM, TIEpEeBaror0 MoOJENl € 1i He3aJIEKHICTh BiJl 3aKOHY PO3MOJLITY PO3MIpIB, IO
YaCcTO YCKJIAJHIOBAJIO 1HII METOJM MOJIETIOBaHHS.

[Tpuctynatoun 1O CTBOPEHHS KEPYIOUOi MpOrpaMu, HEOOXI1JHO BHUKIIOYUTH HMOBIPHICTH
rpyOuX BIOXWJIEHb BiJi HOMIHAJIBHOTO po3Mmipy aAaHux. Ilpu po3pobui mopmeni TpaauLiiHUMU
METO/IaMH HaBiTh NPH MPOBEACHHI PETEIBHOTO CIUTAHOBAHOTO €KCIIEPUMEHTY MOXKYTh BUHUKHYTH
HEOJIHOPIJIHI J1aHi, 1 iX apoKCUMallis BiTOMUMHU MOJESIMU Jla€ JOCUTh BUCOKY TTOMUIIKY.

[ToOymoBani MoOJeni KOPCTKOCTI  JO3BOJSIOTH  MPOCTEKUTH  B3a€EMO3B'SI30K  MiXK
napaMerpamMu (peXUMaMH pi3aHHS, BEJIMYMHOI Ta HAMpsAMOM CHIM pi3aHHA, MPYKHUMHU
NEPEMILIEHHSIMU B CUCTEM1 BEPCTAT-IHCTPYMEHT). YIIPaBIiHHS TOYHICTIO HAa [IbOMY YCTaTKyBaHHI
3IHCHIOETHCS 32 PaXYHOK BBEJICHHS CKOPUTOBAHUX BX1JTHUX KOOPJIUHAT.
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Y JIK 629.735.083.03.004.58

KoBanescbkuii C.B., Cuaok .M. (Honbacvka Oepoicasna mawunobyOi6Ha akademis, M.
Kpamamopcovk — Tepnonins, Yxpaina)

BUKOPUCTAHHSA NEURAL NETWORK MODELS AJisl AIATHOCTUKHU CTAHY
OB’€EKTIB MAIIMHOBY IYBAHHA

Llenv mpedcmasnennoli pobomu NOAAE 8 CMEOPEHHI MAMEMAMUYHOL MOOeni 3aneHCHOCHI
napamempie CAPAGHOCMI MA HeCHPAGHOCMI 00 °’€Kkmie 8i0 AMNAIMYOHO-4ACMOMHOL XaApPaAKMepUCmuKi.
Bupiwenns npobnemu nonseac y SUKOPUCMAHHI [HCMPYMEHMIE HEUPOMEPEeHCHO20 MOOen08AHH Ol
KOPMedHCY NpeyeoeHmis y 8Uisioi CUCHAMYp.

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.

[TpoGnema cknaganHg BUPOOIB y MAIMHOOYAYBaHHI MOJIATAE Y KOHTPOJ1 FOTOBOI MAIIUHU
Ta TMPU3HAYCHHI ONTHMAIBHOTO CTPOKY ekcruryatamii. KoHTpons BHpOOy moJsrae y CXOIDKEHHI
PO3MIpHUX JIAHIIOTIB Ta BIACYTHOCTI 3aiiBUX IIyMiB, BiOpallii, MOJaMOK Ha eTari BUNPOOyBaHHS. Y
pa3i BHXOIy XapaKTepPHCTUK 32 MEXI HOPMH, BUHUKae moTpeda po3OMpaHHs, OKPEeMOi MEepeBipKU
BY3JiB Ta SKOCTI ckiamaHHs. lle 3alimae Benukuid TPOMIKOK dYacy, OUIBIIMK 3a CTaHIApTHE
CKJIaJaHHs TOro X BHPOOy, MOTpedye KBami)iKOBaHMX NPAIIBHUKIB Ta JEKUIBKOX BHIIIB
obnmamHanHsA. Pa3oMm 3 TuUM, BIIMIHHICTh TO3HUIIIHHUX PO3MIPIB JAcTajied OAHA BiJIHOCHO OJHOI,
BeJIMuYMHA TIO(MTIB, HATATY, BHYTPIIIHIA CTaH Marepialy Ta MOBEPXHI BiJ iJCabHUX MOXYTh
CYTTE€BO HE BIUIMBATH Ha IIyM Ta BiOpallii, ajle CKOpOdyBaTH CTPOK CIY)KOM BHUpPOOY, MPU3BOIIUN
710 ojlaMKH. PimeHHsaM 1€l mpo6yieMu € CTBOPEHHS MOJIeNI JUIs BU3HAYEHHS IPUJATHOCTI MAlllUHU
Ta MO>KIIMBOTO HECTIPABHOTO CTaHYy.

Merta poGoTH TmONsTaE y CTBOPEHHI MaTeMaTHYHOI MOJENI 3aJIeKHOCTI IapaMeTpiB
CIPABHOCTI Ta HECIPABHOCTI BiJl aMIUIITYyJHO-4aCTOTHOI XapaKTepUCTUKU. BupimeHHs npobdiemu
HOJISITa€ Y BUKOPUCTAHHI IHCTPYMEHTIB HEMPOMEPENKHOI0 MOJIEITIOBAHHS JJIs1 KOPTEKY MPELECHTIB
y BUIJIAII CUTHATYP.

[Toriepennst rimore3a — aMIUTITYJHO-4aCTOTHA XapaKTePUCTUKAa BUPOOYy Mae JOCTaTHIN
piBeHb 1H(QOPMATUBHOCTI JUIsl J1arHOCTUKM CTaHy HECHPAaBHOCTI MEXaHI3My 3a JAeKUIbKOMa
napaMmeTpamH.

IIpoBeneHHs eKCIIEPUMEHTAIBHUX 10CTIIKEHb

VY sKocTi 00’€KTa NOCHIKEHHS BHUCTYyNae AOBIIbHA Ipyla penyKTOpiB OJHiel cepii Ta
TUNIOPO3Mipy. YacTHHA 3 HUX MPHUJIATHA MIiCIs KOHTPOJIIO Ta BUIPOOYBAaHHS, a YaCTHHA (JOBUIbHA)
Ma€ TIeBHI NOpPYIIEHHS 3 OOKYy $KOCTI CKJaJaHHs, SKOCTI MOKYIIHHUX BHPOOIB Ta THX, IO
BUTOTOBJICHI Ha MiANpUEMCTBI. OCKINBKH JOCHI/PKEHHS BUMAara€ HasBHOCTI BEJIMKOi KIUJIBKOCTI
OJTHAKOBHX PEAYKTOPIB 3 TMEBHUMH IIOJIAMKAMH, TO MPHUHATO PIIIEHHS CKIACTH TEOPETHUIHHN
KOPTEX JaHuX g TeopeTuyHoi Moxeni (puc.16). Y sKOCTi NMpHUCTOCYBaHHS Uid TeHeparil
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CKJIAJTHOTO BIUTMBY Ha BUPIO Ta MPUUHSATTS CUTHATY MOYKE BUCTYMATH KOHCTPYKIIisl, TOAIOHA 10
panimie npuitHATol (prc.13) Ta ckiIanaTrcs 3 JaTYUKa-TeHepaTopa Ta IaTYNKa-34HTYBaHHS.

[Ipunatne
X1 3a30
J.  Mogens 1 p >
IMAIITUITHUKA
Xn '
> Pi3n0oBe
KpIIDICHHS

Pucynox 1 — Teopernuna Moenb BU3HAUYEHHS NMPUIAATHOCTI BHPOOY Ta MPHYUH BIIXWICHHS Bil
HOPMH Y 3aJISKHOCTI BiJl aMILTITYTHO-4aCTOTHOI XapaKTEPUCTHKHU

Koprexx manmx (tabm.l) D0 KOMyBaHHS CKJIAQNA€ThCS 3 CHTHATYpH BHUPOOY Ta HaboOpy
napameTpiB, sIKi MalOTh 3HAYEHHS CIIpaBHE/HeCHpaBHE (Tak/Hi).
Tabmuus 1 — 3aranpHuii BUTIISAA TaOIHII IPELEICHTIB

Ne Curnarypa [TapameTpu BUpOOY
| Xy | ... XNt | XN | TIpuparue 3a3o0p migmunHauka 1,2 Pi3p00Be KpituIeHHS
1
2
n

Vi napamerpu, okpim «lIpugaTHey», MarOTh BIAHOIIEHHS 10 HECTIPABHOTO CTaHy 00’ €KTY Ta
M03HAYAIOTh €JIEMEHT HECHpPaBHOCTI 0€3 YTOYHEHHS (30UIBLIMTH/3MEHIIUTH JTIOQT, SK 3MIHUTH
MOJIO’KEHHS 1LIECTEPEHb, CUITY HATATY KPIMUIBHUX 3’ €/IHaHb, KUTbKICTh TYMOBHX MPOKJIAJIOK TOIIO).
VY 3a51eKHOCTI BiJl HOMEHKJIaTypH BUpOOY IpaBa 4acTHHA TaOJIMIlI MOKE 3MIHIOBAaTHUCH.

VYci pe3ynbTaTH NMEepeTBOPIOIOTHCS HA HaBUAIbHY Ta TECTOBY MHOKHMHY, HAa OCHOBI KOTPHUX
OyayeTbcs HelipoMepeKHa MOJIENb.

JlonaTkoBe g0CTiTKEHHSI

AHAJIOTIYHO 3 OCHOBHHUM JOCIIUKECHHSIM BU3HAYEHHS CIPABHOCTI CKJIAJaHHS BUPOOY,
JOJTATKOBE TOCIIPKEHHS MPOBOJIUTHCS JUIsl JAOBUTRHOI TPYMH PEIyKTOpiB OJHIEI cepii oJHOTO
TUTIOPO3MIPY MPOTATOM HYacy 10 MEepmoro peMoHTy. OCKUIbKH TOCHiIKeHHs BUMarae€ HasBHOCTI
OJIHAKOBUX CIPAaBHUX PEIYKTOPiB, TO MPUUHATO PIIICHHS CKJIACTH TEOPETHUYHUN KOPTEXK ITaHHUX
(Tabmn.2) ans TeopeTWdyHoi mojeni (puc2). 3HATTS CUTHATYpU MPOBOJUTHCS HA OAHOMY M TOMY
caMOMy PEIyKTOpl dYepe3 OJHAKOBO TPHUUHATI TPOMDKKH dYacy /O TepHioi TMOJaMKH.
[TpucTocyBaHHS JUTsl TeHEepallii Ta IPUWMaHHS CUTHAITY HE 3MIHIOEThCS.
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Tabnuist 2 — 3aranbHu BUTIIS TAOTUII TTPEIICICHTIB

No Curnarypa [TapameTrpu BUpoOy
Tl Xe | oo XNt | XN | Texkenm | Mgl IMigm.2 | Ilecr.1 ect.2 | Bont
1
n
TEKCH
X1 3a30
Monuens 2 p .
IMAIMTAITHUKA
Xn .
> Pi3600Be
KPITUICHHSI g

Pucynoxk 2 — TeopeTrnuHa MoJielTb BU3HAYEHHSI 4acy eKCIUTyaTallii O MepIIoro peMOHTY y
3aJIeKHOCTI Bl aMIUTITYTHO-4aCTOTHOI XapaKTEePUCTHKH

Koprex maHux CKJIagaeThCsi 3 CHTHATYPH CHPAaBHOTO PEAYKTOpA Y JiBiM YacTHHI, sIK BXOJIB
mopeni. [IpaBa yacTuHa CKIIaa€ThCs 3 TIOKA3HUKA Yacy, SIKUH MPOMPAIIOBAaB PEAYKTOP 10 MEPIIOi
MOJIAaMKH Ta MapaMeTpiB MOXKIUBUX HeclpaBHOCTEN. Yac ekcriyaTallii BKa3yeTbes y TOAMHAX, 1HIII
MOKA3HUKH MMO3HAYAIOTHCS Yy MeXaxX CIpaBHe/HecTpaBHe (Tak/Hi). Yci pe3yabTaTH MEePETBOPIOIOTHCS
Ha HaBYaJbHY Ta TECTOBY MHOKHHY, HA OCHOBI KOTPHUX OYAYy€ThCS HEMpoMepeKHa MOAECIb.

¥Y3aranbHeHHS pe3yJbTATIB

[lepeBipsieThCs TIMOTE3a AOCTAaTHHOI 1H(HOPMATUBHOCTI aMILIITYJTHO-4YaCTOTHOI XapaKTepu y
SKOCT1 CUTHATypH JJIsl BU3HAYEHHS CIIPaBHOCTI. JlOCHI/PKEHHS NepIIoi MoJieli J03BOJIsi€ BU3HAYATH
CHPABHICTh MAIMHU Ta BHU3HAUaTH HEJIOJIKM CKIaJaHHA O0e3 MpoBeAeHHS 0araTo4acoBOro
BUNIPOOYBaHHA Ha XOJIOCTOMY XOJYy Ta IIiJi HaBaHTaXeHHsM, Oe3 MpOBEJEHHA po300py,
JOCIIJKEHHSI KOKHOTO eJIEMEHTa Ta SIKOCTI CKJIQJAaHHSA 3 HAaCTYIHUM HMOBTOPHUM CKJIaJIaHHSM.
3aMICTh 1IBOTO, Y 3@JEKHOCTI B KIUJIBKOCTI JOCHIDKYBAaHMX MapaMeTpiB y IMpaBiii 4YacTHHI,
MO>XKJINBO BH3HAYATH CIPABHICTH 3a JIOTIOMOTOIO OJHIET omeparlii 3 TOYHOI BKa31BKOIO CIA0KOi
JIaHKH.

Hpyra Monens opieHTOBaHA Ha KOHTPOJIb CTaHy BUPOOY IMiJI Yac €KCIUTyaTallii Ta IporHO3y
iMOBipHOTO Hacy Oe3mepepBHOiI poOOTH 10 MEpIIOro pPeMOHTY. BupimeHHs 3BOpOTHOI 3amaui
MOJISITa€ B YIPaBIIHHI TEXHOJOTTYHUM IpoiiecoM (puc.3).
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Punox »  HX. KOHCAIITUHT

HoBsuii Bupi6 Ton
A\ 4 A\ 4
> TII —» Bump. > DKCILIL.
TCKC
3arorTos. Omn.1 TO .. On.N v
| Dr1. mom. _>®
HC
ATy
\4
: CBI/IF L AC(Ty) :
Hi
S Tak

Pucynok 3 — Mogens ynpasninas TII Ha ocHOBI yacy ekcrutyararii

PuHOK nWKTye yMOBM BHUKOPHUCTAaHHS HOBOTO OOJaJHAaHHS, HOBHX TEXHOJIOTIH,
onTUManbHUIl cTpok ekcruryaranii MamuHu (Ton) m1st ctBopenHs: TII HoBux BupoO6iB. Lleit cTpok
BU3HAYAETHCS JJISI KOXKHOTO THITy MAaIlMH OKPEeMO TaKMM YMHOM, IO ICHYIO4Ye OOJIaJHaHHS HE
3aTPUMYBAJIO OHOBJIEHI MAlIMHM (OBTUHM yac poOoTH) Ta 3a0e3ledyBajlo BUKOHAHHS IPOTPaMH.
OpHak, 3Ha4eHHs Tmepiogy poOoTH, sike TmepeadavdaeThCsi HA e€Tamll MPOEKTYBaHHS, MOXKE
BIJIPI3HATHUCS BiJl pealbHOTo yepe3 HempaBuwibHO cTBopeHuil TII (Benuki BHYTpIIIHI HaNpy>KEeHHS,
HU3bKa SIKICTb NOBEpPXHI, HEMPaBUJIBLHO OOpaHl PEeKUMHU pi3aHHA), MOXUOKY CKIAJaHHS, HU3BKY
AKICTh OKYITHUX BUPOOIB TOILIO.

Taki MamMHW CTadW ETAJIOHHUMH MOJCISAMHU JJIsi HEHPOMEpPEKHOTO MOJICIIOBAHHS 1
bopmyroTs HOBHUiT yac poOOTH (Texc). Pi3HUIS Yacy excrutyaTaitii 10 MOJIaMKH (PO3paxyHKOBOTO) Ta
ONTUMAJIBHOTO Yacy Jae€ MiJCTaBU ab0 JJi1 BU3HAUEHHS MPHUAATHOCTI O eKcIulyarauii (pi3HULA
6inpire 0), abo JUIsl ynpaBiliHHA TEXHOJIOTIYHUM MPOIIECOM BHUTOTOBIEHHs JeTajei (3a yMOBHU
BIJIMOB1THOCTI TOKYITHUX JIeTaJeil CTaHaapTaM) 3 METOIO0 ONTUMI3AIlii.

VY cBorO uepry, MeToJ] OTpUMaHHS 3aroTOBKM, omepallii MexaHi4YHOi oOpoOKHu, TepMIYHA
00po0OKka, ckJIaaHHs Ta BUIPOOYBaHHS BU3HAuUa€ cOOIBApPTICTh BUPOOY, AKY 3aKJIafatoTh y 9ac Texc.
SKkmo coGiBapTICTh PI3HMII HampalboBaHOro 4dacy Ty Oifblna 3a Hylb, TO BUPIO HpuaaTHE A0
eKCILTyaTartii.

[ToGynoBaHi MoJeni yHiBepcaibHi 3a PaXyHOK 3MiHM BHUXIJHUX CHUTHATIB y 3aJI€XKHOCTI BiJ|
HOMEHKJIATypU peayKTopa. Mojieias Moxe OyTH 3acTOCOBaHA ISl PI3HUX THIIIB MAIIMH OYIIh-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). SOCIAL'NO-PEDAGOGICHNE PARTNERSTVO YAK
DEMOKRATICHNA MODEL' DERZHAVNO-GROMADS'’KOI VZAEMODII TA KOMPONENTA
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BUSINESS PARTNERSHIP MODELING USING NEURASL 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.
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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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KAPTH KOXOHEHA JUIA OITUMI3AII OCBITHIX KOMIIOHEHT HOBUX
OCBITHIX ITPOT'PAM IHAUBILAYAJIBHOI IIIAI'OTOBKU ®AXIBLIB.

Memoro pobomu € pexomenoayii w000 pPaAyioHATLHO2O GOPMYBAHHS OCGIMHIX 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 oOMexxeHu BHOIp AMCHMILUIIH HABYAIBHOTO IUIAHY, KU JTUKTYEThCS
METOAMYHHUMH KOMICISIMH TIpM MIHICTEPCTBaX OCBITH, a ONTHMi3alis HaBYAJbHUX IUIAHIB
NPOBOJWIIACS Ha pIBHI TMOPIBHSHHS pE3yNbTaTiB HAaBUaHHS Ta Yy3araJbHEHHX OYiKyBaHb
poOoTofaBIiB. 3 TOro yacy 0araTo 4oro 3MIHWJIOCS. 3pOCIH BHMOTH JI0 BHUITYCKHHKIB BUIIIB,
PO3IIUPWINCA TIOBHOBXCHHS BUIIIB y BUTIISAAI akaJeMidyHuX cBoOoxa. Ha me Buii BiapearyBaiu
HOBHMMH OCBITHIMH IPOTpaMaMH Ta BJOCKOHAJICHHSIM HAsBHUX, 3alIPOBA/KYIOYN B HUX JAUCHHUILTIHH
BiIbHOTO BHOOpY. Peainii chOromHIMIHROTO IHS BHECIM CBOI KOPEKTHBH, 1 HAa PUHKY OCBITHIX
Iporpam 3pociia KOHKYPEHIIis K Y KpaiHi, Tak 1 Ha piBHI BIAKPUTHX OCBITHIX uiatdopm: Coursera,
edX, Udemy, SkillShare, Kadenze, DataCamp, Canvas Network, EduOpen, OpenLearn Ta iHrii.

Pi3ke 3011b1I€HHS PI3HUX OCBITHIX IPOrpaM y MeKax HaBITh OJJHOTO HANpsSMY YCKJIaJHUIIO
3aBJaHHA IXHbOIO BHOOpPY Yy KOHKPETHHX YMOBax, a TaKOX ONTHUMI3alii CTBOPEHHS
iHAMBinyanbHUX. Hemomiku BuUOOpY 3 4YMCiIa HasBHUX Ta CTBOPEHHS HOBHMX IPHU3BOJIUTH JIO
3HWKEHHS e(EeKTMBHOCTI HABYAJIBHOTO MPOIECY Ta PE3yJbTaTiB HAaBYAHHS Y BUIVIAI MMOKa3HUKIB
HAIIAHOCTI OCBITHIX KOMIIETEHIIIIH.

VY poboTi 3ampomnoHOBaHO MiAXiJ, SIKAH J03BOJSE CPOPMYBATH CUCTEMY ONTUMAIBLHOTO
BUOOPY Ta pO3pOOKM HOBHUX OCBITHIX MpOrpaM Ha OCHOBI (hOpMalbHUX MPaBUII KJIACTEPHOIO
aHanmizy 3a Jomnomororo kapT KoxoHeHa, II0 caMOOpPraHi3ylTbCs, IO BHMKOPHCTOBYIOTh
HEKOHTpOJIbOBaHEe HaB4YaHHs. Lle no3Bossie ysIBUTH OaraTOBUMIpHUN MPOCTIP BXIAHUX (AKTOPIB Y
JBOMIDHOMY BHIJISII, B SIKOMYy WOTO JIOCHTh 3pyYHO aHali3yBaTH Ta BUKOPHUCTOBYBATH B
NPAaKTUYHUX LJISAX.

Ha mizcraBi BXigHHX apameTpiB OyJi0 OTpUMAHO KapTH mapaMeTpiB Ta Kiactepis (puc. 1).
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Pucynok 1 — Kaptu mapamerpiB Ta Kiactepis.

Habip nanunx Xi BkItovae:
-3arajabH1 KOMIIETEHIIIT;
-paxoBi KOMIIETEHITIT;
-Pe3ynprati HaB4aHHS;
-XapaKTePUCTUKU OCBITHIX KOMIIOHEHT
CdopmoBaHi KIacTepHi TPYIMH MICTITh CaMOJOCTAaTHI HAaBYAJIbHI OJMHHIII, SIKi CTBOPIOIOTH
nporpaMHy 0a3y OCBiTHHI mporpamu. Hanmami — ¢opMyeTbcss HaBYQIBHHUNA TUIAH 1HIUGUANAITEHOT
OCBiITHBOI Tporpamu. be3ymoaHo, 3ampoNOHOBaHWI MiAXiJ € KOHICNITyalbHUM, aje HaJae

MO>KJIUBICTh TIOCTIHE CIIKYBaHHS BUMOTaM 3a0€3MeYeHHS SKOCTI OCBITHIX MPOTrpaMm.
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PO3MIPHUI AHAJII3 TEXHOJIOTTYHUX IMPOLECIB HA HEMPOMO/IEJISIX

B naoanoi pobomi posensamymi, na niocmaei npeyeoeHmis, MONCIUBOCTT GUKOPUCTNAHHS WINYYHUX
HelMepexcHUxX Mmoodeneti ONa aHaui3y AKOCMI MEXHONO2IYHUX Npoyecie  6US0MOGNeHHA Oemaiel
MAWUHOOYOI6HO20 GUPOOHUYMEA 3 MOUKU 30PY NOKAZHUKIE MOYHOCMI PO3MIPIE 8U20MOBIEeHOI NPOOYKYIL.

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 gxocTi 00’€KTy JNOCTiIKEeHHs BUCTynae Habip netaneii. Ha ocHOBI iCHYIOUOTO KOPTEXKY
JAHUX JUIS JOCIIKEHHS TEOMETPUIHUX PO3MIPIB CTBOPEHO HEHUPOMEPEKHY MOJIeNb (puc.1).

h

dx
Mogemns 2 Dk

d

D

Pucynok 1 — Mojienp BU3HaYeHHS TEOMETPUIHHUX PO3MIPIB JeTajl y 3aJIe)KHOCTI BiJl aMIDTITyTHO-
YaCTOTHOI XapaKTEPUCTUKHU

HaByanbHa Ta TECTOBI MHOXHHH BHUKOPHUCTAaHO Ti K caMi, IIO W y JOCHIDKEHHI Hepuioi
mogeni. CTyniHb MOXMOKM IMpH BU3HAYEHHI T€OMETPUYHHMX PO3MIpIB 3aJE€KUTh BiJl TOYHOCTI
BUXIJIHUX CUTHaJiB. BUKOHAaHO ABa BapiaHTM MOJAENI — JJIi aBTOMAaTHYHO 33JaHOI TOYHOCTI Ta
Bu3HaueHoi ToynocTi 0,1. ITicist omTuMi3zarii:

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

II BapianT — mpo3opa Mepexa ckiafaerbes 3 5 3Hauynmx BxoniB X13, X90, X104, X105,
X128. Cepenns moxubOxa Bapitoetbes y Mexkax 0,05-0,09, a makcumansna — 0,08-0,09.

[Tonepeans rimore3a mpo OUTBII MPO30PY MEPEXKY JUIsl BU3HAUECHHS TPYNH MapaMeTpiB K
HIATBEPKYETHCS (JJIs1 IEPUIOro BaplaHTy 3arajibHoi Mojelni 3 4 BX0JlaMH), TaK 1 CIIPOCTOBYETHCA
(mmst mpyroro BapiaHTy 3 7 BXITHAMH CHUTHAJIaMH). AHAQJIOTIYHO 3 IIMM MOJIOHO 3 TOYHICTIO
Bu3HadyeHHs. Skmo mopiBHioBaty | Ta Il BapiaHTM nBOX MOeNel BIAMOBIIHO, TO MOJETH 2 Mae
MeHIIMH po30ir mokasHukiB cepeanboi (0,1-0,65 y mopiBasHHI 3 0,095-0,73 ™momeni 1) Ta
MakcumanbHoi (0,11-0,65 y mopiasHHI 3 0,17-0,75) moxubok (puc.2).
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n Cp.moxubka D Mogens 1 Bl B Cp.noxubka D Monens 2 Bl B Makc.moxubka D Mozens 1 Bl
B Makc.noxubka D Mogens 2 Bl = Cp.noxubka d Mozens 1 Bl ® Cp.noxubka d Mozens 2 Bl
B Makc.noxubka d Mozens 1 Bl ® Makc.moxu6ka d Mogens 2 Bl Cp.noxubxa H Monens 1 Bl
Cp.moxubxa H Monens 2 Bl Maxkc.moxu6xa H Mogens 1 Bl Makc.moxn6oxa H Monens 2 Bl
0,8
IMoxudka 0,736 0,653
0.7 1—TecTyBanns 0,643 0,642 0,656

0,172

B Cp.moxubka h Mogens 1 Bl B Cp.noxubka h Mogens 2 Bl ® Makc.nnoxu6ka h Mogens 1 Bl

B Maxc.nioxubka h Mozens 2 Bl H Cp.moxudka DK Mogens 1 Bl B Cp.noxudka DK Mogens 2 Bl

B Maxkc.nmoxu6ka DK Mogens 1 Bl  ®Maxkc.moxu6ka DK Mogens 2 Bl Cp.moxubka dK Mogens 1 Bl
Cp.moxubxa dK Mogens 2 Bl Makc.moxubka dK Moxens 1 Bl Makc.moxubka dK Monens 2 Bl

Pucynoxk 2 — IopiBusuns I Bapianty mozeni 1 ta 2

TobTo0, mMoOyI0Ba OKpeMOi HEHPOHHOI MEPEX1 3 3aJIaHOI0 TOYHICTIO BUX1THUX CUTHAJIIB Ja€
3MOT'Yy OTPHMATH OUTBII TOYHI PO3MIpH 3 MEHIIIMM KOJHMBaHHAM cepenboi (3 0,1-0,65 1o 0,05-0,09)
ta MakcumanbHOi (3 0,11-0,65 1o 0,08-0,09) moxubok 3 0THAKOBOIO KITBKICTIO BXITHUX CHTHAIB.
OxkpiM 11bOTO, Y APYTOMY BapiaHTi MPHUCYTHI K HU3HKOYACTOTHI BXxoau (X13) Tak 1 BUCOKOYACTOTHI
(X90, X104, X105, X128), a y nepuromy — Tiibku BucokodactotHi (X90, X91, X104, X123, X128).
VY TOpiBHSAHHI, TpPU OJHAKOBIM KIUTBKOCTI BXIJHUX CUTHANIB, ONTHUMAJIbHUM € BHMKOPHUCTaHHS
JPYroro BapiaHTy yepe3 BUCOKY TOUYHICTh BU3HAUYCHHS T€OMETPUUYHUX 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.

o Atmosphere in an organization stimulating innovative solutions increasing

production should be created.

o 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
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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
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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. I 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.

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

o 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.

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

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

o 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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HEWPOAJTOPATMH CIHTE3A CUCTEM YIIPABJITHHS CKJIAJTHUMHA
KOMIUVIEKCAMUAX

B pobomi npedcmasneni pesynomamu mooeniosanHs 00 ’€kmis, AKi Maomv OUHAMIYHI O3HAKU.
3anpononosana xonyenyis 00’ €OHAHH MEXHONO2I HEUPOMEPeICHO20 MO0eN08ANHA | Meopii KIUMUHHUX
agmomamie i Ha0aHi peKoMnHOayii Woo0o nobyYO08U MAKUX MOOEIIL.

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.

[TocTaHoBKa IHOTO 3aBIAHHS TOB'A3aHA 3 HEOOXITHICTIO TEPETBOPEHHSI KOOPAMHAT TAaKUM
YHHOM, 11100 3 6e3miyi kopTexiB Y = {X1; X2; ... Xn; y} OTpUMAaTU PIBHSAHHS BUIY:
y: ao + alxl + a2X2 +...+ aan.

CyTb Bif ILOTO MEPETBOPEHHS MOJIATAE B TOMY, 1100 MOKHA OyJI0 3HAWTH Taki KOe(illieHTH
Q0. » PN SIKMX:

1. 3piiicHIOEThCA KiacTepu3amisi (kmacudikais) 00'€kTiB, TOOTO. BHU3HAYECHHS TaKUX
3Ha4YeHb KOC(IIIEHTIB @;, Y IKUX BiJICTAHb M) IIEHTPOM TPYITyBaHHS KOPTEXKIB OJIHI€T TPYIH MIO/IO0
IHIIMA - MakCUMaJIbHE, a PO3KUJ IX 3HAYeHb — MiHIMaJIbHHMA, TOOTO. HEOOXiMHO 3HAWTH TaKi
3HAYEeHHS @;, NpU SKUX Oe3Iid Yoty OyoyTh MaKCHMaJbHO BiJasieHi Bix Oe3miui Yeary »

A=(Yray = Yeany)> ——max, a npu ubomy Dyry 1 Dyrqry OymyTs MiHiManbaumm:
Dyr(l

y ——>min

VY npuknaai mokazaHo po30MTTS MHOXKMHHU Ha /Bl Tpynu (Kinacy). AHaJIOTI4HO AJi Oynib-

AKOI KIJIBKOCTI TpyH (KJIaciB).
2. 3nilcHIOEThCA 11eHTUdIKalis 00'€KTa, KOJIM Ha MiJICTaBl KapTexXiB Yy = {X P X X }
i 1 2 i"jz1-n

BU3HAUAETHCS PIBHAHHA Y =a, +a;X; +a,X, +...+a,X,. Lle piBHSIHHSI Mae BIANOBIAATH BCIM
3HaYEHHSAM YaCTHHU KOPTEKY — TECTOBOI BUOIPKH.

OueBHUIHO, CTBOPEHHS 1ACHTUQIKALIHOI MOJeNl YTPYAHEHO uepe3 HeNiHIIMHICTh
KoeQILIEHTIB @&; 3aJeKHO BiJl 3HaueHb Xi. Takuil BHCHOBOK IPYHTYETbCS Ha HAIIMX paHHIX

po0oTax, TMPUCBAYECHUX T'OMEOCTATUYHUM HEHUpOMepeKeBUM MOJEIsIM Ta MOZEIsIM 3
JIEPEBOTIOIIOHOI0 CTPYKTYPOIO HEHpoHHOI Mepexi. [lomyk 3HadeHb KOe(DIIEHTIB TpaaulliHHIMHU
MeToiaMu (MeToJ rpajieHta, meron ['aycca-3aiinens, metoq Monrte Kapio Toio) miarBepaus e
TIPUITYIICHHS.

CrBep/uKyBaTH TaKUM YHMHOM, IIO IIi METOJIM YHIBEpPCaJbHI AJs Oylb-sSKUX MOE€THAHb Y =
{X1; X2; ... Xn; y} HE 3aBXKAN MOXJIHBO. TOMY /Ui BU3HAYCHHS 3HAYCHb KOE(QIIIEHTIB HAMHU
pPO3po0IIEHO 1 peali3oBaHO METO]I, 3aCHOBAaHMN Ha CTBOPEHHI MOjeel KIITMHHOTO MPOCTOpY SK
CYKYIHOCTI HEWpOMOMIOHMX €JIEMEHTIB KJIITHHHUX aBToMmariB. KopTex BHXIIHHUX JaHHUX
IpeCTaBICHUH TaK:
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Xy X Xy Xy W
Xy, Xp Xy X Y
Xo Xom X o X Yo

Martpuriis koedimieHTIB @; MpeacTaBieHa y BUTIISIII:

8 a a .. a,

B pe3ynbraTi «pyXy» KIITHHHHUX aBTOMATIB y KIITHHHOMY MPOCTOP1 JO CTAJIOr0 CTaHy 3a

MHOXHHOIO KOOPJMHAT Ma€e OyTu chopMoBaHa MATPHUI KOS]ILi€HTIB &,

X, X, Xy n 111y
Xy Xp Xy oy, X 111 )’; = a4 a4 a g
Xy Xy Xy 0, 111 y;

CtBopeHHs ineHTH(IKAIHHOT MOJAENi Yy KIITHHHOMY MPOCTOPl KIITUHHUX aBTOMATIB
nepeadayvae peaizamito ABOX CTAAIA «KUTTEBOTO LUKITY» MOJIEI.

-HaBuanns.

-BinrBopenHs.

Ha cranii HaB4aHHS KOPTEXKY BXOIB MOJIENI Ma€ BiMOBIAATH KOPTEXK MOJCIbHUX BUXOMIIB
13 3aJJaHOF0 TOYHICTIO BiITBOPCHHS.

—»XO—»Ym

MoOeb

Bpemennoe xpanunuwe
Pucynok 1 — KonuenryanbHa cxema MoJeni

Po3y3ro/pkeHHsT MOJEIBHOIO BHMXOJY Ta JIOCBiYy € (DaKTOpOM, IO BIUIMBAE€ Ha 3MiHY
(MpoaoBXKeHHs) Mpolecy nepeTBopeHHs Xo B Ym. I KIIITHHHOTO aBTOMAaTa 11e MOKe OyTH Miporo
3aKiHYEHHS OyIb-SIKOTO ITEpaIlifHOTO MPOIECY: SKIIO HEY3TOKEHICTh MopiBHIOE «0», Tpoiiec
OyIIBHULITBA MOJIEN] 3aBEPIIYEThCS. AHANOrIS KIITUHHOIO aBTOMara MpH TaKoMy MEpPEeTBOPEHHI
acoIIOEThCS 3 (OPMYBaHHSIM HOBHX HEHMpOHIB 10 THX Tip, HOKM iXHS CYKYIHICTh He
BijjoOpaxatume pe3ynbTaTr Ym= Yo npu Xo (puc.2).

[Tpu upomy mMoxe Oyt Oyap-sika KOHGIrypallis KIITHHHOTO NMPoCcTOopy: ado Ha 3a3/aierijb
PO3MIYEHOMY MHOKHUHI, a00 Ha 6e3uiui, 1m0 A00yA0ByeThcs. Taka HEBU3HAYEHICTh 3yMOBIIIOE TaKy
BUMOTY JI0 KJIITUHHOTO TIPOCTOpY: 0e37114 KJIITHHHUX aBTOMATIiB y MOJIeNi Ma€e OyTH (piKCOBaHOIO Ta
KiH1IeBOI0. POpMalIbHO KIITUHHUN MPOCTIp MOKe OyTH OTPUMaHUM IIJISXOM «CKIJICIOBaHHS» «@» 1
«@», «b» 1 «b», «ab» 1 «aby (puc. 3)
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Hexaii € KOHCTpYKIlisS BUIY:

Buxio Y
Ym

-—

Bxio Xo

IIpocmoposa & /
iHmepnpemayis
no6yoosu /

KAIMUHHO20
npocmopy

Pucynok 2 — ®opMyBaHHS KIITHHHOTO IPOCTOPY

ab a a a a a a a a a a a ab

Pucynok3 — Po3roptka KIiTHHHOTO TPOCTOPY

"CxiecH1" TaKUM YMHOM KJIITUHHU CTAIOTh "€ IMHOIO KJIITHHO'.

OCKUTBKM PO3MIPHICTh TAKOTO NXmM MHPOCTOPY BHMara€ IpaHUYHUX YMOB, sIKi JKOPCTKO
peraaMeHTy0Th 00CST KIITUHHOTO MPOCTOPY 1 MPU IIbOMY BUMAraroTh po3BUTKY HOTr0 TepUTOPii, TO
BIJICYTHICTh TAaKMX Y HaWIpPOCTIIOMY BHIAJKY CIIOCTEPIraTUMEThCS Yy TOpa, Jie BCl KIITHHHU
MaTUMYTh CYCI/IIB 3 yCiX OOKIB I Oy/Ib-SIKOT KJIITUHU KIIITUHHOTO MPOCTOpyY (puc.4).

Xo

Pucynok 4 — KiniTuHHUI POCTIp 3 «HECKIHUEHHUM) 0311440 MOKIIMBUX I1EPETBOPEHD
[IpencraBnennii Buine BapiaHT («a»-«a»; «b»-«by; «aby»- «aby) € nuile MoBepxHEIO TOpoiaa,

1o 30iraeTbcs 3 XapaKTCPUCTUKOI  KIIACHUYHHUX Mojenei KIIITHHHUX aBTOMaTiB, SK1 €
MMOBCPXHCBUMHU MOACIIAMMU.
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Ouiiinuk C.FO. ([Jonbacvka depoicasna mawunobydiena akademis, m. Kpamamopcox — Tepuonino,
Ykpaina)

KOMIIVIEKCHA OIIIHKA E®OEKTUBHOCTI BUXOBHUX 3AXO/1B B JI/IMA 3
BUKOPUCTAHHSM AIIAPATY HEUITKOI JIOT'IKH.

Cyuacni cucmemu OYIHIOBAHHA HACMO BKINOYAIOMb GIOKpUMI 3aNUMAHHA ab0 3aNUMAHHA 3
sapiaumamu 8ionogioeu. Toomo npu po3e’a3y8anHi 3a0aHoi 3a0aui OYIHIOEMbCS pe3yibmam, a Oii yuHs
MOJCHA ieHOpYy8amu, NOKU GIH He docsAcHe pesyabmamy. Heuimka nozika € 0OHUM i3 Memooi8, AKULL MOXCHA
BUKOPUCMO8YBAMU OJisL HAOAHHS MAKO20 POOY OUIHKU MA YCYHEHHA HeGUSHAUEHOCMI. Y YboMy 00CHIOHCEeHH]
npeocmasiena Mooeib YCNiuHOCMI ma OYIHIO8AHH NIOCYMKOBUX [ Op2aHi3ayiliHO-8UX08HUX 3AX0018, sKd
b6azyemvcst Ha HewimKil 102iyi, AKa 63aemodic 31 cmyOdeHmamu, wobd epexmusHiule enopamucs 3 yumu
HEeBU3HAYEeHOCMAMU MA UMIPAMU NeBHUU PigeHb 83AEMOOII.

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€THCS SIK IPOLIEC CTBOPEHHSI Oa’kaHUX 3MiH Y ITOBEJIIHII JIFOJIe HABMUCHO Ta
yepes ixHii BiaacHmid qocBia. 1100 nepekoHaTucs, mo IO UHA HABYAETHCS BCE KUTTS, CIIOYATKY 11
noTpiOHO HaBUMTU. HaB4aHHSA MPOTATOM YChOTO KUTTS, 3 IHIIOTO OOKY, MOKe OyTH JOCSTHYTO
3aBISKHA PO3BUTKY 1HPOPMALIHHO-KOMYHIKAI[IHHIX TEXHOJIOT1H 1 MPOTPecy B OCBITHIX TEXHOJIOTISX.
JucraniiiiHe HaBYaHHs — 1€ OCBITHSI CHUCTE€Ma, B SIKi BUKJIagad i CTYJCHT HE MOILISIOThH
onHe (i3uyHe cepenoBHINE, 03 YacOBHX OOMEXEHb, CHHXPOHHO YM ACHHXPOHHO 32 JOMOMOTOIO
iH(pOpMalifHUX TEXHOJIOTIH, 1 sKa 3a0e3meuye MOXKIUBICTh PETPOCIIEKTUBHOTO NOBTOPeHHs. Jlesiki
npo0JIeMH TaKOXK BUHMKIJIM 3 IIMPOKUM BUKOPUCTAHHSIM CHCTEM AMCTAHLIMHOrO HaB4YaHHs. BuOip
OCBITHBOI CHCTEMH, sKa OyJe BHUKOPUCTAaHA, OI[iHKA YCIHIIIHOCTI, akaJeMiyHa eTHKa Ta
BIJIBI/IyBaHICTh € OCHOBHHUMH OCBITHIMH TpoOnemamu. Ha pomaTtoxk 10 HUX, HEaJeKBAaTHICTH
TEXHOJIOT1YHOT IHPPACTPYKTYypH BUHHKIIA SIK TEXHIUYHA Mpoliema.
3 NOLIMPEHHSIM METOJIB IITYYHOTO 1HTEJEKTY Ta iX 3aCTOCYBAaHHIM y KOXHiH ramysi BOHH
TaKOX 3HAWIIUIA 3aCTOCYBaHHS B OCBITHIX Haykax. OcoOIMBO TOMY, 110 HEYITKA JIOTIKa Ta CUCTEMHU
JOTIYHOTO BHUCHOBKY JOCATAIOTh YCHIIIHMUX pPE3YyJNbTaTiB Yy BHIAJKaX HEBU3HAYCHOCTI, BOHHU
e()eKTUBHO BUKOPUCTOBYIOTHCS B OCBITHIX HayKax 1 iX BUKOpPHCTaHHA 3pocTa€. Pi3H1 KOTHITUBHI Ta
a(eKTUBHI CTPYKTYpH CTY/I€HTIB, HEBU3HAYEHICTh B OILIIHIOBAHHI Ta OL[IHIOBaHHI, a TAKOX PO3BUTOK
OCBITHIX TEXHOJIOTi1 € OCHOBOIO 30UIBIIEHHS OJATKIB Ha OCHOBI IITYYHOTO iHTeNekTy. OmaHa 3
BOXJIMBUX MPOOJIEM Y IMCTaHIIMHOMY HaBYaHHI MOJIATA€ B TOMY, SIK OLIHUTH YCIILIHICTh CTYAECHTA
Ha npobseMHuX Kypcax. CydacHi CHCTEMH OLIIHIOBaHHS YacTO BKJIIOYAIOTh BIAKPHUTI 3alIUTaHHS 200
3anuMTaHHd 3 BapiaHTamu Bignosijeil. ToOTO mpu po3B’sa3yBaHHI 3a/laHOi 3ajadi OLIHIOETHCS
pe3yJbTaT, a JIii y4HsS MOXHa ITHOpYBaTH, MIOKH BiH HE JOCSATHE pe3ynbTaTy. Koiau MeToro icnuTiB €
BU3HAYEHHS PiBHSA HABYaHHS YYHS Ta OLIHIOBAHHA JIMIIE YCHIIIHUX YU HEYCHIIIHUX YPOKIB, SIKi
BKJIIOYAIOTh BUPILIEHHS MPOOJIeM, 11€ CTBOPUTh HEBU3HAYEHICTh Y BU3HAUEHH1 piBHSA HaBuaHHs. Ha
TaKMX ICOMTaX pIiBeHb HABYEHOCTI CTYAEHTa MAa€ IHTEpHpPETyBaTHCS 3 OUIbII HIK JBOMa
pesyibratamu. HediTka jorika € oJHUM 13 METOMIB, KM MOKHAa BUKOPHCTOBYBATH JJIsl HAaJaHHS
TaKOTO POy OIIIHKHM Ta YCYHEHHS HEBU3HAYEHOCTI. Y IbOMY JOCIIDKEHHI TpeACcTaBIeHa MOJEIb
YCIIINIHOCTI Ta OIHIOBAHHS ICNHUTIB, sfIKa 0Oa3yeThCs Ha HEYITKIM Jorimi, ska B3aeMoJi€ 3i
CTyleHTaMH, o0 e(pEeKTUBHIIIEC BIOPATUCS 3 IIMMH HEBU3HAYCHOCTSMH Ta BUMIPSITH B3a€EMOJIIIO.
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[IpencraBnena Mojenb BKIIIOUa€E B ceO€ MMiJIXiJ HA OCHOBI HEYITKOI JIOTIKM JJIsi BU3HAYCHHS
YCIINIHOCTI CTyIEHTa 3 MpeaMeTa Ta HANpHUKIHII CeMecTpy. 3 PO3BUTKOM TEXHOJIOTIH BimOyBcs
nepexiJ A0 BeO-Mojesi AUCTaHIIHHOrO HaBYaHHS, sIKa BUKOPHCTOBYEThCS ChOroJHI. B nanuii yac
icHye 6arato MOCIIKeHb IMPOTPAMHOTO 3a0€3MEeUCHHS, 1110 BUKOPUCTOBYETHCS B JAUCTAHIIHHOMY
HaBYaHHI. Y IUX JOCIIPKEHHIX OyJI0 MOPIBHSAHO 0araTo MporpaMHOro 3a0e3rnedeHHs. Y i MeToIH,
SKi TIeJaror BHUKOPWUCTOBYE JUIsi OTPUMAHHS 3BOPOTHOTO 3B’SI3KY TMiJ 9ac abo Micias Tporecy
HABYaHHS, MOXYTb OYTHM BHpaKeH1 SK OLIHIOBAaHHS Ta OI[IHIOBaHHA. XoOdYa OIIHIOBAaHHS Ta
OIIHIOBAHHS 3a3BHYail PO3TIIAJAIOTHCS SIK OCTAHHI €Taly OCBITH, OCKUIbKM HAaBYaHHS BKITFOYAE
mporiec, BOHW HeoOX1HI Ha KO)KHOMY €TaIli MpoIecy HaBUaHHS. 3 i€l MPUYMHHU OIIHIOBAHHS, SKE
IPOBOJUTHCA MPOTATOM YChOI'O HABYAJIBHOTO IMpPOIECY, Mae Ha MeTi (JOPMyBaHHS Ta CIIPSMOBaHE
Ha BHM3HAYCHHS PIBHSA HAaBYaHHS CTYJIGHTAa HANPHUKIHII ceMecTpy a00 HAImPHKIHIN PO3JIITy.
[TizcymMKoBi icriUTH, 3aBAaHHS a00 MPOEKTH BKJIIOYAIOTHCS B OLIHKY JJISi BU3HAYEHHS DIiBHA. Y
JiTepatypi, y JOCIIDKCHHSIX JUIsl OI[IHIOBAHHS Ta OI[IHIOBAHHS Ta OI[IHKHM YCHIITHOCTI CTY/CHTIB,
IITYYHUX HEHPOHHHUX MEpEeX, TNTMOOKOTO HaBUaHHS, BHIIAJKOBOTO JICYy, JIOTICTHYHOI perpecii,
6araToiapoBoro nepcenTpoHa.

VY pociimKeHHSX 3 OLIHKM YCIINTHOCTI BIUIMB Ie/arora, mporpaMHe 3a0e3reyeHHsl iCIuTy,
PYXH CTYACHTa B CUCTEMIi, CTaTyC BiJBiyBaHOCTIi, aHai3 KOHTPOJBbHOI POOOTH, OLIHKA MPOEKTY 1
BUPXCHHS TPAHWYHUAX OaniB 3a JOMOMOTOK HEYITKOTO BUCHOBKY. Y MOCIHi)KEHHI, B SIKOMY
VCHIIIHICTh  CTYJCHTIB  OIlIHIOBaJacs 3a JONOMOIOK  HEYITKOrO JIOTIYHOTO  BUCHOBKY,
BUKOPUCTOBYBAIUCS ABI (DYHKIIT MPUHAIEKHOCTI Ta MpeAMETHI Oanu CTyaeHTiB. Y JOCIHiIKEHH]
BUKOPUCTOBYBaJIacsl HEUiTKa HEMPOHHA Mepexa, sika BpaXxoBYe Taki (aKTopH, sIK BiK, CTaTbh, OCBITA,
MHUHYJIa YCIIIIHICTh, cTaryc poOoTH Ta poboYe cepeoBHIIE ISl MPOTHO3YBAaHHS YCHIIIHOCTI
CTY/ICHTIB.

JlinrBicTuuH1 BHpaszu ayxe no0pe, moOpe, HEmoraHo, MOMIPHO, MOTaHO Ta YK€ MOTaHO
MOXYTh OYTH BUKOPUCTAHI Y BUXOJl CHCTEMH HEYITKOI'O JIOTIYHOTO BUCHOBKY. Y JOCIHIJIKECHHSX,
MOKE TPOBOAMTHCS OIliIHKa €()EeKTHMBHOCTI HAa OCHOBI HEYITKOi JIOTIKH, OIIHKA €(QEKTUBHOCTI
MIPOBOJIMJIACS 3a JIONOMOTOI0 JOMAIIHIX 3aBJaHb, TECTIB, NMPOMDKHHMX 1 (iHAJIBHUX ICIIHTIB,
NEepEerisily BiI€0, YNTAHHS KHUT, OCOOMCTOrO PO3BUTKY, KOMYHIKATUBHUX HaBUYOK Ta 1H(popMarlii
npo y4actb. IIpu OIiHIOBaHHI YCHIIIHOCTI CTYJEHTIB iICHYIOTb JOCIHII)KEHHS, B SKUX MONEpeaHIi
pIBEHb HaBUaHHS BHUKOPUCTOBYETHCS Pa30M 13 IMOTOYHOK CHUTYalli€ro. Y IUX JIOCHIIKEHHSIX
BUKOPHCTOBYBABCSI HEUITKUH JIOITYHUM BHCHOBOK 13 3BOPOTHHM IOHIMPEHHSM 1 KOMOiHallisg J1BOX
CUCTEM HEYITKOrO JIOTIYHOI'O BUCHOBKY. Y JOCIHIUKEHHI, SIK€ BUKOPHUCTOBYE 4-3HAUHY HEYITKY
JIOTIKY 3BOPOTHOIO 3B’SI3KY JUIS OLIHIOBAHHS JOCSITHEHb YUYHIB, KOXKHE 3HAYEHHS MpPECTaBIIsE
MICSLII HaBYAJIBHOIO Mpolecy. Buxig cucteMu Moke MaTu YOTHPHU 3HAUEHHS: «IOTPIOHO Olblie
3YCHIIb», <K OUIKYBaJOCS», «I00pe» 1 «Iyke ao0pe». Y HOCHIKEHHSAX 3 BHKOPHCTAHHIM
HEYITKO{ JIOTIKH 3 METOI0 YCYHEHHS HEBU3HAUEHOCTI B IPOX1IHUX Oajax CTy/IEHTIB YCHIIIHICTh a00
HEYCIIIIHICT, CTyAeHTa OIIHIOBAIM 32 JOMOMOTOI JIHTBICTUYHUX BHUpa3iB. B iHImOMY
JOCTIPKEHHI K BX1JIHI TapaMeTpH Il HEUITKOIO JIOTIYHOIO BUCHOBKY BUKOPHCTOBYBAJIU OLIIHKY
icnuTy, y4actb y (opymax, BIICYTHICTb Ha 3aHATTI, a SIK BUXIJHUI NapamMeTp BUKOPHCTOBYBAIU
YCHIIIHICTh CTyJEHTa. BiINoBiAHO 10 pe3ynbTaTiB AOCHIKEHHS, K€ BHBYA€ BIUIUB HEYITKOI
JOTIKM Ha YCIHILIIHICTh CTYAEHTIB Ha MiJICYMKOBOMY ICIIHTI, CTYIEHTH 3 BHCOKHMH OHJIalH-
OIIHKAMHU Ta TMPOIECAMH CaMOHABYAaHHS MOXYTh TOKAa3aTH BHUCOKY YCITIIIHICTh Ha BHUITYCKHOMY
icriuTi. BXigHi 1aHi ocodu, sika mpuiiMae HEYiTKi PillleHHs, TOBUHHI BKIIOYATH OI[IHKU 32 MPOMIKHI
Ta MpoOHI ICIUTH, a BUXIJHI JaHl - 5 JTIHIBICTUYHUX 3HAY€Hb (Iy’Ke claOKui, cnabkuil, cepenHi,
no0puit 1 gyxe xopowuit). Sk QyHKIIiS HaJIEKHOCTI MOKE BUKOPHCTOBYBATHCS TPUKYTHA (YHKIIIS
MPUHANIEKHOCTI. Y KJIACHYHIM MHOKHHI €JIEMEHT ab0 € eIeMEHTOM MHOKHHU, a00 HUM HE €.

BuxopuctoByroun HagaHWUW TMiAXiA O KOMIUIEKCHOI OITIHKH €(EeKTUBHOCTI BHXOBHHX
3aX0/liB 3 BUKOPHCTAHHIM amapaTy HEYITKOI JIOTIKH MOKJIMBO BHKJIIOUUTH CyO €KTUBHHUM MiAXid B
[OMY TIpOILIEC] 1 CTBOPUTHU CHUCTEMY Oe3MepepBHOTO MOHITOPUHTY BHUXOBHHUX 3axojiB B JIJIMA 1
YMOBax AMCTAHIIKHOTO HAaJIJaHHS OCBITHIX TOCTYT.
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3ACTOCYBAHHA HEﬁPOHHHX MEPEXK JIJISI BATATOKPUTEPIAJIBHOI
OIITUMIBALII TEXHOJIOI'TYHUX ITPOLHECIB.

B pobomi nadanuii npuxnad mozo, AK pe3yibmamu HelpoMepexrcesoc0 MoOent08anHs 00360510Mb
cmeopumu  a0anmugHy cucmemy YHpaeninHs. Buxopucmosgyiouu yi Hetipomepedcui mooleni, ModxcHa 3a
00NOMO2010 CHeKmMpad KOAUBAHb 8 MEXHONO02IYHOI cucmemi GU3HAYUMU BIOHOCHE 3HOULYBAHHA DIdNCYH020
IHCMpYMeHmy ma pexcumié pi3aHHA, WO O0038018€ NIOiOpamu PAayioHANbHI pedcumMu  eKcniyamayii
MEeXHONI02TYHOI 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.

JocBin ekcruryaTamii TEXHOJOTIYHMX CHCTEM IIOKa3zye, IO pi3ajJbHUHA IHCTPYMEHT €
HaliMEHII HaAIAHUM eleMeHTOM. Po3citoBaHHS CTIMKOCTI 1HCTPYMEHTY, HemepeadaueHi BiIMOBU
IPU3BOJATH IO 3HUKEHHS MPOJYKTUBHOCTI Ipalli, BAHUKHEHHS 100y OCHOBHOTO BUPOOHMIITBA,
MiJBUIICHOI BUTPATH IHCTPYMEHTY € NecTaOimi3yrounM (GaKkToOpoM MEXaHOOOPOOHOTrO IpoIiecy.
[TinBuiIeHNI 3HOIIYBaHHS IHCTPYMEHTY MOXKE€ MAaTH MICLle BHACIIIOK HE3HAHHs a00 HENpPaBUIbHOT
OLIHKH PEXHUMIB pi3aHHS B JaHUX KOHKPETHUX TEXHOJOTIYHMX YMOBax. Y TakoMmy pasi
PCKOMEH/TYEThCS HAKOMMICHHS Ta BUKOPHCTAHH 0aHKy JaHUX IIO0/I0 3aCTOCYBaHHS IHCTPYMEHTY, B
SIKOMY  BPaxOBYBAIHCS 0 yMOBM eKcIulyaTauii Ta CTIHKICTb 1HCprMeHTy KOHKPETHOIO  BHILY,
MaTeplany, BiJ[ KOHKPETHOTO IOCTaYa/IbHAKA MPH 3aCTOCYBaHHI HOTO 3a PI3HUMHU MaTepianamu, 3
pi3HUMU pexxuMamu pizanss, pizaumu COTC.

VY Mipy HaKONWYEHHS CTATUCTUYHOTO Marepiaixy, MOKIHBE 3aCTOCYBAHHS TPUMYCOBOI
3aMiHU 1HCprMeHTy, HE YeKarouu Horo KaracTpodiuHOro 3HOIIYBaHHS a00 HAJAMIPHOTO BIUIMBY Ha
TOYHICTh 1 CTaOUIBHICTh MOBEPXOHb, IO O6p06J'I}II-OTBC${ Ane nns upboro HeoOXiTHUM BceOIUHMI
aHayi3 Ta OOTPYHTOBaHE NPUHHATTS pIIMIEHh NIOA0 BHOOPY pPEKUMIB pi3aHHS 3 METOIO
3a0e3nedeHHsl, 3 OAHOro OOKy, JOBIOBIYHOCTI 1HCTPYMEHTY, 3 IHIIOTO — HEO0OXiaHOI
MPOIYKTUBHOCTI OOPOOKH.

TaxuMm unHOM, METOIO € pO3pOOKa METOly JIarHOCTHKHU SIKOCT1 TEXHOJIOTIYHOI CUCTEMH.

Jlns nocsrHeHHS MOCTaBJI€HOI METH Cc(OpMYIbOBAaHO OCHOBHI 3aBJIaHHS, sIKI HEOOX1JIHO
BUPILLIUTH:

1.Po3po0OuTH METOIUKY €KCIIEPUMEHTAIBHUX JOCIIKEHb Ta MPOBECTH EKCIIEPUMEHTANbHI
JOCIIJDKEHHS. JUIS JIIarHOCTUKU SIKOCTI TEXHOJIOT1YHOI CHCTEMM Ha OCHOBI KOMIUIEKCHOI OIIIHKH
napameTpiB MIOPCTKOCTI 0OPOOKH.

2.3a pe3ynpTaTaMu €KCIIEPUMEHTAIbHUX JOCHI/KEeHb BHUKOHATH OOpPOOKY BHMMIpIB.

3.Po3pobutu MaremMaTW4yHi MOJeNi BHU3HAYEHHS pAIliOHAIbHUX PEXKHUMIB pi3aHHA Ta
BEJIMYMHHM 3HOCY JIJISl 3aJIaHMX YMOB €KCILTyaTallii TEXHOJIOTIYHOT CHCTEMH.

4.ChopmMynoBaTl TPaKTHYHI pPEKOMEHMAAIIi I0J0 3aCTOCYBaHHS JIIarHOCTUKH SKOCT1
TEXHOJIOTIYHOI CHCTEMH Ha OCHOBI KOMIUIEKCHOI OIIIHKH IapaMeTpiB HIOPCTKOCTI 0OpOOKH
MaIIMHOOYIBHUX MpOIIecax.

V 3B'SI3Ky 3 BHPIIIEHHSM TIOCTaBJIICHUX 3aB/IaHh MOYKHA BUIAUTUTH OCHOBHI O3HAKH HAYKOBOI
HOBU3HU poOOTH, a caMe:

1. BusiBneHo eeKTHBHI HanpsMU BU3HAUEHHS palliOHAJBHUX PEXHUMIB Pi3aHHS Ta 3HOCY
PLKYUYOTO IHCTPYMEHTY.

2. 3amponoHOBaHO HOBUH METOJl JA1arHOCTHKHU SIKOCTI TEXHOJOTIYHOI CHCTEMHM Ha OCHOBI
KOMIIJIEKCHOI OILIIHKH ITapaMeTpiB IOPCTKOCTI 0OPOOKH.
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B sikocti 00'exTiB mocmimkeHHs: O0yia0 o0paHO BYTJeleBy KOHCTPYKIIHHY cTanb 45 1 cranb
20. O6pobka npoBoamiacs Ha Bepctati 1K62. 3aroroBku 31 crani 45 1 20 cranu oOpoOsiics Ha
pI3HUX peXUMax TphbOMa Pi3HUMH MIacTuHamu. DikcyBaacs BeIMYMHA 3HOUTYBAHHS iHCTPYMEHTY
1 TepeBoAWIIacS Yy BIMHOCHUHW 3HOIIyBaHHS (MKM/KM). IlmactmHum Oynm mpencraBieHi (ipmamu
Sandvik Coromant, Vandurit Ta Seco:

1 - Sandvik Coromant CNMG 120408 PF, crutas 4015;

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

3 - SECO CNMG 120408 PF, crinas 4015.

O6po0Oka mpoBoamiiacs 3 pexkumamu pizanas: VI1=80 m/xB., V2=130 m/xB., S1=0,2 Mmm/00.,
S2=0,4 mm/00., t1=0,25 MM, t2 = 1 MM.

B pesynbrari Buiinuio 48 3paskiB. JlJis BUMIpY MIOPCTKOCTI B3JOBXK CHiAy 1HCTPYMEHTY 3
KOXKHOTO 3pa3ka 3pOOMIM 3MOK. 3IIMOK pOOMBCS HACTYITHUM YHHOM: Ha TMallip HAHOCHUBCS
HEBEJIMKUN Iap CHJIIKOHOBOI'O KIJICKO, 3pa30K MPOKOUYBaBCS UMM IIApOM, 3aCTUTIIMN Kiei
YTBOPIOBAB Ha Marepi 37IMOK TapHoi sKocTi. BUMiproBaHHS mapaMeTpiB MIOPCTKOCTI MPOBOAUIOCS
3a moroMororo npodinomerpa TR200.

[Ticnst mpoBeAeHHS eKCIIEpUMEHTY MPOBOAMBCS aHaui3 ¢igorpam. I1ig yac anamizy dinorpam
OynyBanmucsi Tpadiky CHCKTpaTbHOI IIIIBHOCTI — crhekTporpamMu. CrHekTpalibHa TYyCTHHA €
(GYHKIIIEIO, MO OMUCYE PO3MOJAUT JUCHepcii HEepIBHOCTEW 3a yacToTaMu. BoHa mokasye ski
HEPIBHOCTI MEPEBAXKAIOTH y LIbOMY MPOdii.

OYHKIS CHEKTPaATbHOI MIUTBHOCTI JIO3BOJISIE BUKOHATH TapMOHIWHWUN aHAi3 1 BHSIBUTH
HallHTEHCHUBHIIII CKJIaJoBi y mpodinakrorpami. Lle mo3Bossie BUSBUTH (PakTopH, IO AIIOTH 3
MEBHOIO TMEPIOJUYHICTIO B TMpoleci (OpMyBaHHS IIOPCTKOCTI IMOBEPXHI Ta CKOpPUTYBaTH (3a
noTpedw) mapaMeTpH MPOIeCy Pi3aHHS.

3acToCcyBaHHS 1HCTPYMEHTapil0 HEHpPOMEpPexKEeBOro MOICIIOBAHHS JIO3BOJIMIO BHKOHATU
aHayi3 OTpUMaHUX (QiuTorpaM Ta CIEKTOPOrpaM, OCKUIBKH HEHpPOMEpe:KeBe MOICITIOBAHHS
BUKOPHCTOBYETHCS JIJIsl BUPIIICHHS cl1abo popMai3oBaHUX 3aB/IaHb 3 HETIOBHOIO iH(OpMAIIi€l0 U
BEJIMKIH KIJIBKOCTI BX1THUX (haKTOPIB.

Ha ocHoBi BuKOpucTaHOi TaOnuIll KOPTEXIB JaHUX (TOOTO pE3y/lbTaTiB EKCIEPUMEHTY 3
BIIOMUMH BXiTHUMHM Ta BUXIIHUMH (akTOpaMu) BHUKOHAHO HaBYaHHS HEHUPOHHOI Mepexi. Sk
BiJOMO, HaBU€Ha HEHpOHHa Mepeka HaOyBae 3MAaTHOCTI 3MIMCHIOBATH acOIIaTUBHI 3B'SI3KH MiXk
BXITHUMHU Ta BUXITHUMHU (PaKTOpaMH TEXHIYHOI CHCTEMHU 1 € MOJEINb SBUINA, 3a JOTIOMOTOI0 SIKOT
MO>KHA POOUTH Pe3yIbTaTUBHI BUCHOBKHU.

3a pe3yJbTaTaMH €KCIIEPUMEHTY 3a JIOTIOMOTOI0 TporpaMHoro 3abesneuennst NeuroPro 0.25
Oyno moOymoBaHO TpU MaTEeMaTH4YHI MOJENI Ha OCHOBI HEMPOMEPEKEBOTrO MOJENIOBaHHA. Y
nepirii - BXiATHUMH CUMIITOMaM# Oy MOKa3HUKU 4acTOoTHUX QinbTpiB (x1, X2, X3, x4, X5, X6, X7,
x8, x9, x10, x11, x12, x13, x14, x15, x16, x17), a X BIZHOCHOTO 3HOCY. Y Ipyrid — BXITHUMHU
cCUMOTOMaMU Oyl Martepian 3aroTiBii, BUJ IJIACTUHU, TTMOMHA pi3aHHs, MOoJava Ta IIBHIKICTb
pizanns (x1, x2, x3, x4, x5), a KIHIIEBUMU CHHJIPOMaMHU — 3HAYEHHsI BITHOCHOTO 3HOCY. Y TpPETii -
BXITHUMU CUMIITOMaMH OyJIM MOKa3HUKHM 4acTOoTHUX GunbTpiB (X1, X2, x3, x4, x5, x6, x7, x8, X9,
x10, x11, x12, x13, x14, x15, x16, x17), a 3aroTOBKH, BUJ MJIACTHHH, TTHOMHA pi3aHH:], TIOa4ya Ta
HIBUIKICTH pi3aHHS.

Pesynbratu HelipomMepekeBOro MOAETIOBAHHS JO3BOJIAIOTH CTBOPUTH aJIalITUBHY CUCTEMY
yrpaBiiHHSA. BHUKOpUCTOBYIOUM 1i HEHpOMEpexHI MOAeNi, MOXXHAa 3a JIOTIOMOTOI0 CIIEKTpa
BU3HAUUTH BIJHOCHE 3HOILIYBaHHS Ta PEKUMHU pIi3aHHS, a 3HAYUTh MiIOpaTH palliOHAIbHY
MIBUIKICTh pi3aHHS Ta 3HOIIYBAHHS JJIs 3aJaHUX YMOB €KCILTyaTallii TEXHOJIOTTYHOT CHCTEMHU.

Ha ocHOBI oTpuMaHuUX JaHUX Ta HEHPOMEPEIKEBOTO MOJICIIOBAHHS, OylI0 poO3poOJIeHO
HOBUU METOJl MIarHOCTHUKH 3a JIOMIOMOTOIO OIHKK IIOPCTKOCTI B3JOBXK CIIAYy IHCTPYMEHTY.
[lepeBaroro JaHOTO METOAYy MIarHOCTHKK € T, IO BIH J03BOJSIE BHU3HAYUTH 3HOIIYBAaHHS
IHCTPYMEHTY, a TakoX BHOpaTH peXMMHM pi3aHHA Ta IHCTPYMEHT, 10 HAWOUIBII MITXOASTH IS
TaHOI TEXHOJIOTTYHOI CHCTEMH.
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