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Annotation. This paper examines the intricate links between artificial intelligence (Al) and education, delving into
both theoretical and practical aspects while evaluating possible ramifications for labor market dynamics, professional
activity, and wider educational paradigms. Our research methodology involved analyzing relevant scientific literature,
classifying data, consulting with subject matter experts, and synthesizing the results. Our research suggests that Al has the
ability to greatly improve pedagogical processes, personalize learning experiences to meet individual student needs, and
successfully address the time and financial limitations that are inherent in traditional educational models. However, our
study also reveals challenges related to data confidentiality, potential plagiarism and fraud associated with Al use, and
socioeconomic disparities resulting from unequal technology access.

Additionally, we identified a significant gap in current Al usage standards legislation. It is essential for researchers,
educators, and policymakers to recognize the potential risks of Al implementation in educational settings and proactively
develop strategies that prioritize ethics, safety, and effectiveness. With labor market trends favoring specialists
knowledgeable in utilizing Al tools, a consequent change in curricula is expected. In response to our findings, we
recommend the creation of new academic disciplines that concentrate on the cultivation of Al expertise; the establishment
of comprehensive national Al strategies; the crafting of retraining roadmaps for those who may be affected by Al
automation; the inclusion of online Al courses in existing educational programs; and the promotion of grant funding for
future Al research. Our future research will concentrate on reducing the potential negative impacts of integrating Al into
educational systems.

Keywords: artificial intelligence, innovations, educational technologies, future competencies.

BIIVIMB ITYYHOI'O IHTEJIEKTY HA CYYACHY OCBITY:
HEPCHHEKTHUBHU TA BUK/IUKHU

A. O. HukoHeHKo

YepkacbKuii Aep)KaBHUI TEXHOJIOTIYHUI yHIBEpCUTET, YKpaiHa
0-p lleBuenka, 460, m. Yepkacu, 18006
andrey.nikonenko@gmail.com
https://orcid.org/0000-0002-9442-1601

AHoTtaunia. Crarts mocnimkye BIumB mrydHoro intenekty (LHI) Ha ocBiTy, aHanmizye TEOpeTHYHI Ta MPAaKTUYHI
ACTIIeKTH TAKOTO BIUIMBY, a TaKOX OI[IHIOE MOXKJIMBI HACHIIKU Ui JUHAMIKM PUHKY Tpalli, mpodeciiiHoi TisbHOCTI Ta
IIUPIINX HAYKOBO-OCBITHIX MapaaurM. MeTOooJoris JOCHIIKEHHsST BKIIOYAE OTPAIOBAHHS BiIMOBIIHOT HAyKOBOI
JiTeparyp, kinacu@ikamiio JaHWX, KOHCYJbTAIlil 3 €KCIepTaMH i CHHTE3 OTPUMaHHUX pe3ynbTariB. Hamie mociimkeHHs
BKasye Ha Te, mo LI1I Mae moTeHIian 3Ha9HO MOKPAIIUTH HEeJaroTidHi MPOIeCH, IEPCOHANTI3YyBAaTH HAaBYAHHS 3 ypaxyBaHHAM
IHIUBINAIBHUX TMOTPEO CTYAEHTIB, a TaKOX YCIIIIHO BHUPIMIUTH NPOoOJeMH 4YacoBHX 1 (DiHAHCOBMX OOMEXKEHb, IO €
BJIACTMBUMH JUI1 TPAaIMUIHHMX OCBITHIX Mojenei. OpHak, JOCIIDKEHHS TaKOXX BKa3ye Ha BHUKJIMKH, IOB'I3aHI 3
KOH(IICHIIIHICTIO NaHUX, MOTEHIIHHMM IUIariaToM 1 maxpaicTBoM 3 BukopuctaHHsm I, a Takox coIiaabHO-
€KOHOMIYHOIO HEPIBHICTIO, 1110 MOX€ BUHUKHYTH 4epe3 HEPiBHUHI JOCTYI J0 TEXHOJIOTIH.

JlonaTkoBO, MM 3BEpTAaEMO yBary Ha 3HAuHI NPOTaJlMHM B IIOTOYHOMY 3aKOHOJABCTBI IIOJI0 CTaHJapTiB
Bukopuctanus IlII. IcHye morpeba B ToMy, mI00 AOCHIIHHUKH, OCBITSHMA Ta 3aKOHOJABIII BH3HAIM MOTCHIIWHI PU3IUKU
3actocyBanHsa LI B OCBITHBOMY CepeloOBHIII Ta aKTUBHO BKIIOUMIINCA B PO3pOOKy crpareriii Bukopmctanus I,
CIPSAMOBAHMX Ha €THKY, Oe3meKy Ta e(eKTHBHICTh. 3 ypaxyBaHHAM TPEHIIB Ha PUHKY Ipami Ta POCTy MOTpeOH B
criemiajicrax, sKi BOJIOJIIOTh HaBMYKaMH BUKOpHcTaHHS iHcTpymentiB I, morpiOHa BiAmoBigHA 3MiHA B HAaBYAIBHHUX
nporpamax. IIpoBeneHe MOCHTIIKEHHS BUSBHIO MOTPEeOy Y CTBOPSHHI HOBHX aKaJeMiYHHMX JUCIMIUIIH, chOKycOoBaHHMX Ha
PO3BUTKY KoMIteTeHIIi# y ramy3i LI; po3poOky BCeOXOIUTIOI0Y0i HAiOHAIBHOI CTpaTeTii po3BUTKY Ta BrpoBamkeHHs 1111,
CTBOPEHHS JOPOXHBOI KapTH IJIS MEPermiAroTOBKH 0cCi0, SKHX MOXKe OyTH CKOpPOUYEHO [epe3 aBTOMaTH3allilo 3
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BukopuctanHsaMm L1I; BkiarouenHs onnaiH-Kypeis 31 LI 10 icHyl04HX OCBITHIX MPOTpaM; CIIPUSHHS OTPUMAHHIO TPAHTOBOTO

¢uHAHCYBaHHs U1 MalOyTHIX pociipkeHHs 111

Kiro4uoBi cjioBa: MITy4HU# IHTENEKT, iIHHOBAIIi, OCBITHI TEXHOJIOTI1, KOMIECTEHIIT Maii0yTHHOTO.

Introduction

In the modern world of information
technologies, artificial intelligence (Al) is
increasingly permeating various spheres of
human activity, which is especially noticeable
in the field of education. Expanding the
capabilities of Al provides new perspectives for
pedagogical practice and requires adaptation of
educational processes to changing conditions.
That’s why research on the impact of Al on
education, identification of possible prospects
and challenges in the future is becoming
relevant.

Recent studies and publications show a
mixed view on the impact of artificial
intelligence on education. On the one hand,
modern technologies contribute to the rapid
acquisition of information; on the other hand,
they raise concerns about children's readiness
for a wide use of new technologies [1]. This
raises questions about possible changes in
teaching methods as a result of the use of Al
[2]. The need to teach modern students to
effectively use digital tools is also noted [2].

One of the key challenges is the
authorship of educational materials developed
using Al. Legal regulation of copyright is faced
with the problem of defining the role of the
author [3]. In addition, digitalization is
accompanied by new risks and unforeseen
consequences [4], in particular with regard to
interpersonal communication [5]. At the same
time, one cannot ignore the positive side of the
use of Al, which is already beneficial today, for
example, in medicine for the diagnosis of
diseases [6]. On the other hand, the growth of
fake news and disinformation due to digital
manipulations can be observed [6].

The main purpose of this article is to
analyze the theoretical and practical aspects of
the application of artificial intelligence in the
educational process, as well as to evaluate its
impact on the labor market, professional
activity and education.
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In order to achieve the goal, a
comprehensive study was conducted. The main
research methods were: analysis of scientific
literature, systematization and classification of
the obtained data, consultations with experts
and synthesis of the obtained results. The use of
these methods allows for an in-depth analysis of
the impact of artificial intelligence on education
and the development of recommendations for
its further use in the pedagogical process.

This work aims to reveal the prospects
and potential problems of using artificial
intelligence in the educational process and to
offer appropriate recommendations for its use
in pedagogical activities.

Positive consequences of Al application

At the current stage of society's
development, the traditional education system
is undergoing dramatic changes, one of the
leading directions among which is the
introduction of information technologies and
artificial intelligence should take a significant
place among them. General expectations from
this process can be described by the following
thesis: "modern innovations make people's lives
easier" [3], and in education they should lead to
increased learning efficiency and the creation of
new knowledge. These technologies can
contribute to both increasing the level of
educational achievement and knowledge
assimilation, as well as increasing the
convenience of the learning process itself, for
example, "thanks to the use of artificial
intelligence, teachers will have the opportunity
to work more efficiently and save their time"
[5].

According to researchers, the changes
will affect not only education but also
professional activities: "the labor market will
need new specialists in mathematics, physics,
logic, engineering, medicine, and economics"
[4]. 1t is quite expected that these specialists
should receive training that includes the ability
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to work effectively with Al. This will also
contribute to changes in curricula and revision
of the educational process in general.

Great expectations are placed on the
implementation of innovations in  the
organization of the educational process.
"Thanks to the digitalization of education,
teachers have more time for research, the
results of which can be incorporated not only
into electronic learning materials, but also into
production solutions” [7]. In order to maximize
the benefits of innovation, the authors suggest
following certain principles: "The digitization
of education can be successful if the
educational process, which is based on the use
of information and communication technologies
and is focused on specific users, has specific
subject matter, is based on the correct
methodology and approaches, interesting
content, good student motivation, and a well-
established software and hardware base™ [8].

The use of Al can also lead to improved
learning efficiency. For example, studies show
a significant impact of Al-assisted learning on
student outcomes: "The program uses
technology developed by the Center for Game
Science at the University of Washington. It was
able to improve the efficiency of learning
seventh-grade algebra by an average of 93% in
just an hour and a half of use” [9]. Another
useful application can be the flexible adaptation
of learning to the individual characteristics and
needs of students: "The program identifies
strengths and weaknesses, gaps in knowledge,
and then assigns tasks to correct them." [10].

Individualized education, together with
the use of Al in professional activities,
contributes to increased efficiency: "the use of
machine learning can significantly reduce time
and financial costs and contribute to labor
productivity" [11]. The positive impact of Al is
based on the thesis that "artificial intelligence
technologies should contribute to the
transformation of the economy, the labor
market, government institutions, and society as
a whole" [12]. This shows that the importance
of Al goes beyond the education sector and
affects other areas of public life. General
expectations from the introduction of Al

12

technologies can be described by the following
quote: "The wuse of artificial intelligence
technologies will help reduce costs, increase
production efficiency, and improve the quality
of goods and services™ [12].

Thus, the main positive effects of the use
of artificial intelligence are to facilitate the
work of teachers, adapt to the individual needs
of students, reduce the time and financial costs

of the educational process, and provide
additional  opportunities  for  successful
transformation and socio-economic

development of society.

Negative consequences of Al
application
The use of artificial intelligence in

education has its benefits, but potential
drawbacks must also be considered. For
example, there are concerns about the
confidentiality of personal data and the
undermining of the status of teachers [1]. This
could lead to a complete discrediting of new
ways of teaching. Serious concerns are being
raised about the possible emergence of a
personality in artificial intelligence, which
could lead to it escaping human control [1]. The
risk of job losses falls into the same category:
"Working with new technologies and artificial
intelligence will leave few areas where humans
need to work: medicine, education, personal
services, households" [4].

Unregulated access to Al can lead to
problems with plagiarism and fraud. For
example, ChatGPT has been banned in public
schools in New York, Los Angeles, and Seattle
due to concerns about these issues [2]. The
legal definition and regulation of Al is currently
lacking in current legislation [3], making it
difficult to develop standards for the use of Al
and to draw a line between acceptable and
unacceptable use cases. Other common
concerns include a shrinking labor market, for
reasons such as the automation of routine,
repetitive tasks, which could lead to job losses
[13]. Al can also take over routine homework,
which can lead to a reduction in effort and
create the illusion of independent work for
students [5]. This, in turn, can lead to a
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decrease in student and teacher motivation.
Another issue is the objectivity of assessing the
results of educational activities by artificial
intelligence [5]. For example, biased decisions
of systems due to distortion of initial
educational data (algorithmic bias) [13, 3] can
lead to discrimination against certain groups of
students in the assessment.

There are also issues of a more global
nature, for example, unequal access to the
benefits of artificial intelligence can perpetuate
socioeconomic inequalities between different
populations and nations around the world [13].
Another global risk is that technological
development can also lead to technological
dependency [5], which in turn can limit human
curiosity and creativity. The question of the
impact on social interaction [5] may be related
to the possible isolation of students from real
communication if all learning is mediated by
Al. This can lead to a deterioration of
interpersonal skills and empathy. The use of Al
may also lead to a violation of privacy [5], as
students' personal data may be inappropriately
stored and processed. In addition, the
proliferation of Al makes it increasingly
difficult to ensure the confidentiality and
security of information, requiring the constant
development of protection mechanisms.

Thus, the negative consequences of the
use of artificial intelligence in education can
have a serious impact on the quality of the
educational process and the social aspects of
students' and teachers' lives. It is important that
researchers, educators, and lawmakers consider
the potential risks and actively develop
strategies to ensure the ethical, safe, and
effective use of Al in education and society.

Impact on education

The impact of artificial intelligence on
modern education can be seen in a number of
ways, including the development of technology,
the updating of curricula and methods, and the
changing roles of teachers and students in the
learning process. Al can help create more
effective teaching methods and materials, as
well as more opportunities to individualize
education.
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Al can create personalized learning
programs that take into account the needs and
abilities of each student [5]. This is important
because the uniformity of curricula is
considered one of the drawbacks of modern
higher education [10], and the use of artificial
intelligence eliminates this by providing the
opportunity to develop and change the
curriculum  together with students [10].
Chatbots can be an effective tool to improve
communication and coordination in an
educational institution, as well as to build an
educational path [1]. Al can also help improve
the quality of materials, for example, ChatGPT
can be a mentor or co-author, supporting
teachers in their learning and teaching activities
and creating interesting and interactive content
[2]. Artificial intelligence also provides
students with access to more diverse and
relevant sources of information [5].

However, without a revision of
educational standards and programs, the
implementation of Al will remain incomplete
[1].

The automation of learning also poses
certain risks that need to be managed:

- Widening the gap between rich and poor
students due to unequal access to technology
[5].

- Lack of direct contact between the teacher
and the student (pupil), which can have a
negative impact on the quality of education and
future professional activity [7].

It is also necessary to take into account
the possible technical risks associated with the
occurrence of malfunctions of programs and
equipment, incorrect storage and archiving of
data, etc., as well as the likelihood of increased
cyber risks associated with hacker attacks on
university servers and software [7]. The quality
of Al performance depends on the accuracy of
the data provided. If inaccurate information is
included in the training data, the results of Al
analysis will be incorrect [9]. Therefore, the
role of experts to ensure the quality of
educational content is important.

Thus, artificial intelligence influences
modern education and opens a number of
prospects in the development of technologies,
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curricula and pedagogical methods. At the same
time, ensuring the quality of education and
balanced access to new technologies for all
stakeholders are important aspects that should
be addressed.

Recommendations for

Al implementation

In view of the above changes, the
implementation of artificial intelligence
technologies is an important aspect of the
development of education in the modern world.
Education can become a way to adapt to the
future [1] if it provides high-quality knowledge
and skills to work with innovative technologies.
At the same time, ensuring the objectivity and
fairness of student assessment using Al
becomes a particularly important task [5, 3].
The proliferation of Al in education cannot be
ignored [5], and the need to improve the digital
literacy of teachers and other staff is becoming
increasingly apparent [7]. The digitization of
education can be successful if it is targeted at
specific users, has a specific focus, is based on
the right methodology and approaches,
interesting content, good student (learner)
motivation, and a well-established software and
hardware base [7]. At the same time, the
insufficient level of quality of higher education
and educational programs aimed at training
specialists in the field of artificial intelligence
in higher education institutions [12] jeopardizes
the successful implementation of such
innovations.

The Concept of Artificial Intelligence
Development in Ukraine was approved by the
Decree of the Cabinet of Ministers of Ukraine
dated December 2, 2020,' 1556-r [3]. However,
Ukraine is not yet properly prepared to study
artificial intelligence, develop it, and formulate
strategies and principles for its implementation
[4]. The modern educational system should
much better train competitive specialists in the
field of artificial intelligence [12]. To ensure
this, it is necessary to create new specialties that
will be able to train specialists in the field of
artificial intelligence [4] and enable them to
compete in the international labor market. It is
also necessary to create conditions for
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participation in the activities of international
organizations and the implementation of
initiatives to formulate strategies for the
development, regulation and standardization of
artificial intelligence [12].

Another  important aspect is the
development of a roadmap for retraining people
whose work can be automated in the next five
to ten years [12]. It is also necessary to
integrate leading online courses on artificial
intelligence into educational programs, to
promote the attraction of grants for scientific
activities in the field of artificial intelligence in
order to stimulate the transition of Ukrainian
scientists to effective models, standards, and
forms of cooperation [12, 4]. The use of
artificial intelligence  technologies in
information security is one of the factors that
will contribute to the protection of national
interests [12]. A society of creators, where
artificial intelligence systems will help people
to get rid of routine, feel solidarity and spend
their free time on creative activities [13], may
be a prospect for Ukraine.

Thus, for the successful implementation
of Al in education, the following
recommendations should be taken into account:
creating new specialties for training specialists
in the field of artificial intelligence; creating
conditions  for international cooperation;
developing national strategies, principles and
standards for the development of Al
developing a roadmap for retraining people;
integrating online courses on artificial
intelligence into educational programs; and
promoting grant funding for research in the
field of artificial intelligence.

Conclusions and prospects for further
research

This paper examines the impact of
artificial intelligence on education, analyzing

the main prospects and challenges. The
conclusions can be summarized as follows:
- Aurtificial Intelligence will have a

significant impact on the world, but it will take
a number of years to determine the exact depth
of the changes.
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- Many of the risks associated with Al are
exaggerated, based on fears of the new
technology.

- Job losses due to automation can be offset
by the creation of new, highly skilled positions.

- Negative consequences of Al can be
avoided through proper regulation and
continued research.

- Al has a significant impact on education
through automation, curriculum changes, and
learning approaches.

The arrival of Al in education highlights
the importance of rethinking the skills and
knowledge that students acquire. Implementing
Al in education today will provide competitive
advantage in the future.
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OIITUMAJIBHI PIIEHHSA B CUCTEMAX, IO CKVIIAZJAIOTBHCA 3
PAIIIOHAJIBHUX AT'EHTIB
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AHoTanis. Po3rnspaioTbes palioHanbHI areHTH Ta CHCTEMH, IO CKIAJalOThCsl 3 TaKUX areHTiB. ATEHTOM
BBA)KAETHCSI aBTOHOMHHUI 00’€KT, sIKuil Mae Jukepena iHdopMalii Mpo HABKOJIMIIHE CepeloBHUILe (HampuKiIa, (izudHi
ATIUKH) Ta BIUIMBAE Ha I CepeAOBHUINE (HANPHKIAA, 3a JOIOMOTOI0 BHKOHABUMX MEXaHi3MiB). PamioHamsHHM
areHTOM HAa3WBA€TbCs AarcHT, SKUHW 3apagd JOCATHEHHS IIOCTABICHOI METH 3IaTeH MiATH e(QeKTHBHO, TOOTO
BHKOPHUCTOBYBATH CTpPATETii MOBEAIHKU, OMU3BKI 10 ONTHMAIBHUX. BBaxkaeThcs, MO iCHye (QYHKIliS KOPUCHOCTI, sIKa
BHM3HAYCHA Ha MHOXKMHI MOXKJIMBHX TOCIIJOBHOCTEH il areHTa (areHTiB, SKIIO PO3TIISNAETHCSA CHCTEMa arcHTiB) i
mpuiiMae 3HAYCHHS B MHOXWHI NiHCHMX duceln. ParioHadpHUN areHT Ji€ TakuM CII0coO0M, MO0 MaKCHMi3yBaTH
¢GyHKIiI0 KOpUCHOCTI. CHCTEMOIO paIliOHANBHUX AarcHTIB HA3WBAEThCA CHCTEMA, IO CKIANAEThCS 3 PAlliOHATBHUX
areHTIB, sKi MAalOTh CIIIBHY METy 1 JiOTh ONTHMAaJbHHM CIIOCOOOM [Iss ii JOCSTHEHHS. ATCHTH JilOTh,
BUKOPHCTOBYIOYH ONTHMalbHUK (200 ONM3bKMH 110 ONTHMANBHOTO) pO3B’A30K EKCTpeMalbHOI 3ajadi, MIo
chopMybOBaHa Uil CHCTEMH. B po0OOTI HABOAATHCS MPHUKIAIM CHUCTEM, IO CKIAMAIOTHCSA 3 PalliOHAJHHHUX arcHTIB.
Bu3HauaroThCsl OCHOBHI Ipyny 3aja4 i BIANOBIJHI MaTeMaTHYHI METOIU iX PO3B’si3aHHSI, 10 MOB’s3aHi 3 KepyBaHHAM
areHTaMH i CHCTEeMaMH PalllOHAIbHUX areHTIB. KOONEPYBAHHS areHTiB (CTBOPEHHS CHCTEMHU areHTIB), TUIAHYBaHHS Ta
KOOpJAWHAIS Iilf areHTIiB, pO3MIIIyBaHHS CHCTEMH areHTIiB, posmizHaBaHHA. KoomepyBaHHS HE0OXimHE, SIKIIO JKOICH
areHT He BOJIOJI€ TOCTAaTHIM JOCBIIOM, pecypcaMu Ta iH(QOopMaIli€ro s po3B’I3aHHA 3a/1a4i, HATOMHICTD Pi3HI areHTH
MAarTh JOCBIJ Ta MOXJIMBOCTI JUI pO3B’S3aHHS Pi3HHX YacTHH mpoOnemu. IlnaHyBaHHSIM Ha3HUBA€THCS PO3POOIICHHS
crocoOy miif areHTiB Ta BCi€i cucTeMH B MalHOyTHHOMY B 3aJI€KHOCTI Bifl CHUTYyaIliif, [0 MOXYTh BUHHKHYTH, BHOIp
e(pEKTHBHOTO CIIOCO0Y Miif, ONTUMATIBHUN PO3MOIiN pecypciB. KoopauHamiero BBaXkaeThCsI Taka OpraHizallis Jif pi3HUX
areHTIB, 0 CKJIAJAIOTh CHCTEMY, sKa 3a0e3nedye eeKTUBHICTH poOOTH IMi€i crcTeMu. BaxkimuBuMmu € 3amadi momryky
ONTHMAJIFHOTO PO3MIIIEHHSI CUCTEMH areHTiB Ta 3a/adi po3Mi3HaBaHs CTaHy HaBKOJIMIIHBOTO cepepoBuiia. HaBeneHo
NPUKIIaAN TAKUX 33/1a4 Ta BKa3aHO MaTeMaTH4HI METO/IM X PO3B’sI3aHHS.

KoarouoBi cioBa: paimioHanbHH areHT, CUCTEMa, KOONEPYBaHHs, IJIaHYBaHHS, KOOPJAWHALS, PO3MIlIEHHS,
PO3Mi3HABAHHS.

OPTIMAL SOLUTIONS IN SYSTEMS CONSISTING
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Abstract. Rational agents and systems consisting of such agents are considered. An agent is an autonomous
object that has sources of information about the environment (for example, physical sensors) and affects this
environment (for example, with the help of actuators). A rational agent is an agent who, in order to achieve a set goal, is
able to act effectively, that is, to use behavioral strategies that are close to optimal. It is assumed that there is a utility
function, which is defined on the set of possible sequences of actions of the agent (agents, if a system of agents is
considered) and takes values in the set of real numbers. A rational agent acts in such a way as to maximize the utility
function. A system of rational agents is a system consisting of rational agents that have a common goal and act in an
optimal way to achieve it. Agents act using the optimal (or close to optimal) solution of the extreme problem formulated
for the system. The work gives examples of systems consisting of rational agents. The main groups of problems and the
corresponding mathematical methods of their solution related to the management of agents and systems of rational
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agents are determined: cooperation of agents (creation of a system of agents), planning and coordination of actions of
agents, search of placement of the system of agents, recognition. Cooperation is necessary when no single agent has
sufficient experience, resources, and information to solve a problem, but different agents have the expertise and
capabilities to solve different parts of the problem. Planning is the development of a method of action of agents and the
entire system in the future depending on the situations that may arise, the choice of an effective method of action,
optimal distribution of resources. Coordination is such an organization of the actions of various agents that make up the
system, which ensures the efficiency of this system. The tasks of finding the optimal placement of agent system and the
task of recognizing the state of the environment are important. Examples of such problems are given and mathematical

methods of their solution are indicated.

Keywords: rational agent, system, cooperation, planning, coordination, placement, recognition.

Beryn

B ocranHi AecATHIIITTS B paMKax Teopii
MITYYHOTO 1HTEJICKTY PO3BHBAETHCS areHTHO-
OpIEHTOBaHMU WIiAXiA. ATEHTH, HaJICHI
MTYYHUM IHTEJIEKTOM, Ha3UBAIOThCSA
IHTENIeKTYyalbHUMH 200  palioHAIbHUMHU
areHtaMd. BOHH  MOXYThb  YTBOPIOBATH
O0araroareHTHI CHCTEMH Ta iSITH 3apaau
JIOCSITHEHHS CIIJILHOI METH.

BararoarentHi CUCTEMU noyaiu
BUBYaTuCs 3 modatky 1980-x  pokiB;
NOCHIMKEHHS B ik oOiacti  craiu

IHTEeHCUBHO TpoBOAHUTHCS 3 cepenuan 1990-x
pokiB. Teopito 0OararoareHTHUX CHCTEM
JIOCUTHh TIOBHO TIPEJICTaBICHO B MOHOTpadii
M. Bynapimpka, e pO3MISHYTO IUTaHHA
KOMYHIKaIlii Ta B3a€EMOJIii areHTiB, MpooIeMu
dbopMyBaHHS KoOalilliii areHTiB, IJIaHYBaHHSA
CYMIiCHOT poOOTH Ta KOOPAWHAIIO il YICHIB
KOaJTimii. BararoarenTHi CUCTEMU
BHUBYAIOTHCSA MiJl PI3HUMHU KyTaMH 30py: B
acrekTax MporpaMHoi iH)keHepii, Teopil
iHdopmarlrii, comiagbHOl  IMCHUXOJIOTIi, B
KOHTEKCTI TIOHATH EJEeKTPOHIKH, 3 TO3MIIl
Teopii KOH(MIIKTHUX MPOLIECIB.

C. Paccen Ta II. Hopsir Ha3uBawTh
palioHaJIbHUM areHTOM aBTOHOMHHU 00’ €KT,
AKMM Mae MeTy Ta Ji€ ONTHUMaJIbHUM
croco0oM 3apaau ii JocsSTHeHHs. B maHiif
poOOTI  pO3INANAIOTECS  OCHOBHI  BHJIHU
TISUIBHOCTI,  TOB’A3aHI 3 KEpyBaHHIM
areHTaMM 1  CHUCTEeMaMH  pPalliOHAJIbHHUX
areHTiB:  yTBOPEHHS  CHUCTEMHU  arcHTIB
(xoomnepyBaHHs), IJIaHyBaHHs 1
KOOPJAMHYBAaHHS il areHTiB, PO3MIIyBaHHS
CHCTEMH, pO3Mi3HABaHHS. PosrnsHyTO
MaTeMaTH4Hl METOJM BHOOpPY ONTHUMAaIbHHUX
pilleHb B CHUCTEMax, WI0 CKJIAJaloThcad 3
parioHaTBbHUX areHTIB, K1 TIOTh
ONTUMAJILHUM CIIOCOOOM 3apajiy JOCSTHEHHS
CHUIBHOI METH.
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ATeHTH, CHCTEeMH areHTiB  Ta
MaTeMaTHYHi MeTO/IH, 10 iM MPUTAMaHHI

B miteparypi icHye Kinbka BH3HAYCHb
noHATTS “areHT”. B poboti [1] arentom
BBAXKAETHCS ABTOHOMHMI 00’€KT, SAKHH Mae
kepena  iHdopmarmii PO  HAaBKOJIMIIHE
cepenoBuine (HANMPUKIAA, (I3HMYHI JTATIUKH)
Ta BIUIMBAE Ha II€ CEPEJOBHINEG (HAIIPUKIIA,
3a JIOTIOMOTOI0 BHKOHABUMX MEXaHI3MiB).
AreHTOM MOXe OyTu JIOAMHA, PoOOT,
KOMIT'IOTEpHA Tporpama. B 1iit ke poOorti
HaBEICHO HACTYIIHE BU3HAYCHHS
pamioHaJILHOTO  areHTa: Oyab-AKoi
HOCJIITOBHOCTI aKTIB CIPUIHATTS
paIlioHaTbHUN areHT MOBHHEH O0paTH ilo,
gKa, fAK OYIKYy€TbCA, MAaKCUMI3ye HOro
MMOKa3HUKH TPOJYKTUBHOCTI, 3 BpaxyBaHHIM
(dakTOpiB, HAJAHWX JAHOK TIOCIITOBHICTIO
aKTIB COPUHHATTA Ta BCiX BOYJOBaHUX 3HAHB,
[0 HUMH BOJOJie areHT’. [HaKmie Kaxyuw,
paIlioOHaTbHUM areHTOM BBaXKA€ThCS AarcHT,
SKUW 3apaJid JOCATHEHHS TMOCTaBJIEHOI METH
3/1aTeH JUSATH e(EeKTUBHO, TOOTO
BUKOPUCTOBYBAaTH  CTparerii  MOBEMIHKH,
OJM3BKI 10 ONITUMAJIEHUX.

B po6ori [1] cTpykTypa areHTa yMOBHO
BH3HAYAETHCS (HOPMYJIOIO:

areHT = apxiTeKTypa + mporpama.

Maetbcst Ha yBa3i, IO TporpaMa arcHra
TTOBUHHA MpaloBaTH B TESIKOMY
OOYMCIIIOBAIBHOMY — NPUCTPOI, SKUH  Mae
¢G13UYHI TaTYMKU Ta BUKOHABYI MEXaHi3MH.
Taka mporpama MOBMHHA NMPUWMATH AaH1 Bij
JaTYMKIB, PO3Mi3HABATH Ta aHAI3yBaTH JlaHi,
BUPOOIATH ONTUMAJIbHY CTpaTerito
MOBEJIHKKM areHTa 1 ToJaBaTH KOMAaHIH
BUKOHABYUM MEXaHI3MaM.

SIKII0 areHT 3HaXOJIUTHCS B CKIATHOMY

“ s

OTOUYIOUOMY  CEpElOBMILI, HEIOCTAaTHbO
3aJaTl  MeTy, $Ky HOTpiOHO  JIOCATTH,
OCKUIbKH, SIK TIPaBUJIO, ICHYIOTh pIi3HI

MOCIIJOBHOCTI [Ii areHTa, MmO BeAyTh [0
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MeTH. B Takux BHmaskax JOIJIFHO BBaXKaTH,
mo icHye (QYHKIS  KOPHUCHOCTi,  sKa
BU3HAYCHa  HAa  MHOXHHI  MOXIMBHX
MOCIIITOBHOCTEH il areHta (areHTiB, SKIIO
PO3IIISIIAEThCSI CHCTEMA areHTIB) 1 MpUiiMae
3HAYEHHS B MHOXHHI JiCHUX uwmcen. B
pobori  [1]  oOrpyHroBaHo  HaCTyIIHE
TBEp/UKCHHS:  “Bynp-sKkuil  panioHaIbHHUNA
areHT MOBUHEH IIiATH TaKHM CIIOCOOOM, 1100
MaKCUMi3yBaTu (YHKIIII0 KOPUCHOCTI”.

Jami parioHaJIbHUM areHTOM
HA3MBAETHCS arcHT, KWW 3apajii JOCSITHEHHS
METHU Iie OIITHUMAJIbHUM CII0Co00OM.
Cucremoro parfioHaTbHUX areHTIB

HA3MBAEThCA CHUCTEMa, WLI0 CKIAJA€ThCA 3
pamioHaJIbHUX AareHTiB, SIKI MalOTh CILUIbHY
METy 1 JiI0Th ONTUMAJIBHUM CIIOCOOOM IS 11
JOCSITHEHHSI. AreHTH TIOTB,
BUKOPUCTOBYIOUHU ONTUMATbHUHN (abo
ONMM3bKUH 70 ONTUMAIBHOTO) PO3B 30K
eKCTpeManbHOi 3a;aui, mo chopmyaboBaHa
s cuctemu. llpukinazamMu Takux CHUCTEM
MOXKYTh OyTH HACTYyTHI:

— cHucTeMa poOOTiB-TaKCHUCTIB;

— CHCTeMa pyXOMHX areHTiB-/aTYHKIiB,
K1 3JICHIOIOTH CIIOCTEPEKEHHS 32 JACSIKUM
00’ €EKTOM;

— TpyIa JAPOHIB, IO MEPECTIAYIOTh ISIKY
LB,

— CIOpPTUMBHA KOMaH/A;

— cHCTeMa EKOHOMIK PI3HHMX KpaiH, sKi
PO3BUBAIOTHCS Y B3a€EMO/III.

OnHi€r0 3  LEHTpalbHUX MpolieM
CTBOPEHHSI CHCTEM pAal[lOHAJIbHUX AareHTIB €
3a0e3MeyeHHs] areHTiB MEeTOJaMH, IO Jal0Th
3Mory aisTé edekTuBHO. [l MeTonu moBUHHI
BpPaxoBYBaTH CTaH OTOYYIOUOTO CEpPEeOBHIIIA,
MOCTaBJEHI IIJTl, a TaKoX TOH ¢akrt, Mo
areHTH JII0Th Y CKJIa/li CUCTEMHU.

PamionaneHi  areHTM Ta  CHCTEMH
MOBUHHI MaTH B CBOEMY PO3MOPSKEHHI
MaTeMaTU4Hi METOAU, 10 JIO3BOJSIOTH
OyIyBaTh ONTHMAalIbHI CTpaTerii MOBEMIHKH,
TOOTO CKOOpPJWHOBAaHI IUTAHHW i Ha OCHOBI

JaHUX, SIKUMU BOJIOJIIFOTh arcHTH.
BaxnuBumu € 3amadi  CTBOPEHHS CHUCTEM
ONTUMANBHOIO  CKJIaAy, TOOTO  3amadyi
KOOMEpYyBaHHS areHTiB, TOLIYKy iXHBOTO

ONTUMAJBHOTO PO3MIIIEHHS Ta BiIMOBIIHI
METOAM ONTHUMi3amii. ATeHTH Yy Tpoleci
PO3BUTKY TIOMAIM TOBHUHHI  PO3Mi3HABATH
MMOTOYHHI CTaH HABKOJUIITHBOTO CEpPEIOBHIIA
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Ta Ha OCHOBI pe3yJbTaTiB pO3Mi3HABAHHSI
npuiiMaTH e€(eKTUBHI PIMICHHS LI0OJ0 CBOIX
noganbmux Ai. Tomy areHtam moTpiOHI
SKICHI MaTEeMaTU4YHI METOAM PO3Mi3HABAHHS.

MokHa BHUIITUTH HACTYyIHI OCHOBHI
rpynu 3adad 1 MareMaTudHi MeToaH ix
pO3B’s3aHHSA, IO OPraHiYHO TMPUTAMAHHI
CUCTeMaM pallilOHaJbHUX AareHTiB  (Jami
3aMICTh Ha3BH “‘CHCTEMa  pallioHaJIbHUX
areHTiB” BUKOPUCTOBYEMO Ha3BU ‘‘cHCcTEMa
areHTiB” abo “cucrema”):

— KOOIIEpYBaHHS  arcHTIB
CHUCTEMH arcHTiB);

— TUIaHyBaHHS /i areHTiB;

— KOOpIUWHAIIA T areHTIB;

— PpO3MIIIyBaHHS CUCTEMH areHTiB;

— PpO3Mi3HaBaHHS.

CucreMu, 10 CKJIaJal0ThCS 3 arcHTIB,
MOXKYTh OyTH JIOCIIJ)KEeHI B PI3HUX aCMeKTax
[2]:

— aCIIEeKT MPOTpaMHOI IHKEeHepiT;

— MaTeMaTUYHHH acleKT,

— acmekT Teopii iHpopMarii;

— aCHIEeKT COoLaIbHOI IICUXOJIOTI;

— CTpOTO JIOTIYHUH aCIeKT;

— IrpoBUI acIeKT;

— B KOHTEKCTI ITOHATH €JIEKTPOHIKH.

B nawniif po0OOTi pO3rIAgaeThCs acmeKT
omTHMIi3amil mifi, MOB’A3aHUX 3 CHCTEMaMH
areHTiB.

Posriasguemo BIIMIHHOCTI MIDK
palioHaIbHUM areHTOM Ta areHTaMH 1HIITUX
THIIIB. Baxxnusum € TTOHSTTS
IHTENIeKTya bHOTO areHTa. ABTOp pobotu [3]
BBaXKae, M0 1HTENEKTyallbHUN areHT MOBUHEH
MaTH HACTYIHI BIaCTUBOCTI:

— PEaKTUBHICTh — 3JaTHICTh CHpUNMaTH
CTaH OTOYYIOUOTO CEpelOoBUINA Ta disTH
BIMOBIAHUM CIIOCOOOM;

— MPOAKTHBHICTH  —  3JaTHICTh  JIO
IIJIECTIPSIMOBAHOI TIOBEIIHKH Ta BHUSBICHHS
BIIACHOI 1HILIaTUBHU 3apajii JOCATHEHHS METH;

— COIiaJIbHy aKTUBHICTh — 3JIaTHICTH JO
B3aeMoll 3 1HIIMMH areHTaMH, MOXIHBO 3
JIIOABMH, JIJIS JOCATHEHHS MCTH.

[HTENeKTyabHUII  areHT BBAXKAETHCA
ABTOHOMHHUM. ABTOHOMHICTh O3HA4ae€, IO
MOBEJIHKA  areHTa  BH3HAYAETHCA  HOTO
BJIACTUBOCTAMU [4], Hakasu Ta pecypcu
OTPUMYIOTHCS TaKUM areHTOM BIJ 1HIIUX

(cTBOpEHHS
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areHTIB TUIBKH 1HKOJHM a00 HE OTPUMYIOTHCS
30BCIM.

SIKu0 BU3HAYEHHS 1HTEJIEKTYaJlbHOTO
areHTa MICTHTbH TUTHKU ONMHUCAHI BHIIE O3HAKH
(peaKTUBHICTh, IPOAKTUBHICTh, COIIAJIbHY
AKTHBHICTD, ABTOHOMHICTB ), BOHO
Ha3uBaeThes “‘cimabum” [5]. Skmo kpiMm 1ux
O3HaK Yy BHU3HAUCHHI IHTEJEKTYaJIbHOTO
areHTa MPUCYTHI JOAATKOBI O3HAKW, TakKe
BU3HAYCHHS HA3UBAEThCA “‘CIbHUM . CHIIbHE
BH3HAYCHHS 4YacTO BKIIOYAE “‘MEHTAJIbHI~
BIIACTHBOCTI areHra:

— 3HaHHS — YaCTUHY 3HaHb arcHTa, sKa He
3MIHIOETBCS Ha TIPOTA31 HOT0 iICHYBAaHHS;

— MEpPEKOHAHHS — YAaCTUHY 3HAHb arcHTa,
sIKa MOX€E 3MIHIOBATHCS;

— OakaHHd — CTaHW, CHUTyalii, §Ki €
OaXKaHHUMH IS areHTa;
— HaMipy — Te, IO AareHT IIOBUHEH

3po0UTH 3 ONIALYy Ha CBOi 3000B’s3aHHS
nepe.l iHIIMH areHTaMu, abo Te, 10 BUTLITUBAE
3 fioro O0akaHb;

— Uil —  MHOXHHY
MPOMDKHUX LIJICH areHTa;

— 3000B’s13aHHS MEpe]] iHIIUMHU areHTaMu
— 3ajadi, sKi areHT BUKOHYE 3a JOPYYCHHSIM
IHIIIUX areHTIB.

BBaxaemo, 110 paiioHajdbHI areHTH
MOXXYTh BOJIOMITH JIEIKHMH 3 HaBEACHHUX
BJIACTUBOCTEH B Tilf Mipi, B sIKiH 11 HEOOX1HO
JUIS  pO3B’SI3aHHS 3a/1a4, 10 BUHUKAIOTH
nepesl HUMU, Ta BUKOPUCTAHHS PO3B’SI3KiB.

KIHIIEBUX  Ta

MaremaTuuai MoaeJi Ta MeroaM
BHOOPY ONTHUMAJILHUX PillieHb JJIsl aTreHTIiB
i 0araToareHTHHUX CHCTEM

JIns  JOCSATHEHHS METH, IO CTOITh
mepel  CHCTEMOI0  areHTiB, HeoOXigHe
KepyBaHHs [IissMu areHTiB. B poOoti [6]
KepyBaHHIM Ha3HBAEThCSA “CYKYITHICTh

LIJIECPSIMOBAaHUX [il, IO BKIIOYAE OIL[IHKY
cuTyamnii Ta crany o0'ekTa KepyBaHHs, BHOIp
KepiBHUX i Ta ix peam3amito”. OIiHKY
CUTyalii CiliJ po3yMITH $K BHU3HAYECHHS
(dazoBoro BekTopa X (a00 WOro HaAOIMKEHOTO
3HA4YeHHs), 10 I[f0 CHUTYaIlil0 OIMCYE.
KepyBanns cmcremoro B cuTyamii X
BuOUpacThes y Burnsadi sektopa U(X), sikuit

omucye KepiBHI Aii 171 BCiX areHTiB. DyHKIis
U(X) HasuBaeThcA cTpaTeTielo TOBEIiHKH

cucremu (mIaHoM poGotn). Bona Bu3Hawae
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KEpyBaHHs B 3aJIeKHOCTI BiJ CHUTyarlii, 110
CKJIAJIacs B JESAKUI MOMEHT 4acy.

Ilepen  BuzHaueHHSIM  ePEKTUBHOL
crparerii U(X) cmig mobymyBatu cuctemy

areHTiB, TOOTO  po3B’sA3aTH  TpPOOIEMY
koonepyBaHHs. KoomepyBaHHSIM Ha3MBalOTh
o0’€THaHHA  areHTiB y CHCTeMY  JJs
JNOCATHEHHS chuibHOI MeTu. Jlig moOynoBu
cTpaTerii MOBEOIHKA CHUCTEMH MOTPiOHO
po3B’si3aTu 3ajaui IJIaHyBaHHS Ta
koopauHaiii  miii  arentie  [3]. Iz
IJIAaHYBAaHHSAM CIIIJT PO3YMITH PO3POOIICHHS
criocoOy [iii areHTiB Ta BCi€l CHUCTEMHU B
MaiiOyTHROMY B 3aJIS)KHOCTI BiJl CHTYaIliid, 110
MOXYTh BHHHMKHYTH, BHOIp €(pEKTHBHOTO
crocoOy  niif, ONTUMAIbHUM  PO3MOILI
pecypciB. KoopauHaiiero Ha3WBa€TbCS Taka
opraHizariss Jiii  pI3HUX  areHTiB, IO
CKJIQIal0Th ~ CHUCTeMy, sKa  3abe3mnedye
e(eKTUBHICTh poOoTH 1iel cuctemu. Ilix vac
IUIAHYBAaHHSA Jid OKPEMHX areHTiB CIij
BpaxoByBaTH HEOOXIIHICTh KOOpAMHALIT s
3a0e3neueHHs] BUCOKOTO PiBHS €()EeKTUBHOCTI
BCi€i CUCTEMH.

Koonepamuene po3eé’azanna 3amadi
MOTPiOHE TOJI, KOJU CKJIAJHICTh IPOOIEMH
BUXOJIUTh 32  pPaMKH  IHJAWBIAyaJIbHHX
MOXXJIUBOCTEH  areHTiB. KoonepyBanus
HeoOX1gHe, SIKIO JKONEH areHT HE BOJIOIE
JOCTAaTHIM  JIOCBiOM,  pecypcamMu  Ta
iHopmarltiero s po3B’sA3aHHA  3ajadi,
HAaTOMICTh Pi3HI areHTH MaloTh JOCBiJ Ta
MO>KJIUBOCTI /ISl PO3B’SI3aHHS PI3HUX YaCTUH
npobiemu [3, 7].

Y pobGori [8] cTBepIKYETHCH, IO
KOOTIepaTUBHE PO3B’sI3aHHS 3agadi
CKJIAJIAETHCS 3 TPHOX HACTYITHUX €TaIliB.

3aoaua oexomno3zuyii. Ha mnepimomy
erami 3ajJada po30MBA€ThCS Ha IMiJ3a]adl.
Jlexommosuiiist Moxke OyTH 1€papXiuHOIo,
mig3agadi MOXYyTh pO30MBAaTHCS Ha MEHIII
mig3agadi ax 10 “atoMapHuX’ [id, AKi He
MOXHA JICKOMIIO3yBaTH JaJli.

Pose’azanns niozadau. Ha nupomy erami
PO3B’SI3yIOThCS MMiJ3aJadi, 1[0 OTPUMaHl Ha
erami  JeKOMNO3ULii. ATreHTH  MOXYTh
OoOMiHIOBaTHCS 1H(QOpPMAIIEIO: OAMH AareHT
MOXK€ JOTIOMOTTH IHIIOMY, SIKIIO BOJOJIIE
KOPHUCHOIO iH(OopMaIIi€ro.

Cunme3 po36’a3ky. Po3B’s13ku migzamay
BHKOPHUCTOBYIOTHCS JUTST dbopMyBaHHS
3aralbHOTO pO3B’s3Ky. Sk 1 nusg 3amadi
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IEKOMIIO3MINI, Lel
iepapXiuHuM.

Cnocobu peanizaiiii HaBEIEHOI CXEMH
JUIS Pi3HUX TPEAMETHHX O00JacTel MOXKYTh
3Ha4yHO BigpizusaTucs [3]. B meskux oGmacTsax
OKpeMi eTany MOXKyTb OyTH BiICyTHIMH.

B nporieci KOOTIEPAaTHBHOTO
pPO3B’sI3aHHS PO3MOJUICHOT 3a7adi BUHUKAE
BOKJIMBA MpoOieMa po3MOAUTY Mia3aaad Mixk
arenTamd. B pobGorax [3, 8] omucano
NPOTOKOJI  YKJIQJaHHS KOHTPAKTIB, SKUN
BUKOPUCTOBYE  Ti K  MOHATTSA, IO
3aCTOCOBYIOTBCS ~ KOMIIaHISIMH ~ MiJ]  4Yac
opraHizamii TeHAEpiB. ATEHT, i1 SKOTO
BUHUKJIA TOTpeda Yy pO3B’s3aHHI CKJIAIHOI
3ajgadi, Jga€e o00’sBy TMpo HEOOXIAHICTh
BUKOHaHHS pOOIT. ATEHTH, L0 MOXYTb
BUKOHaTH  poboTry abo il  yacTuHy,
3TOJKYIOTBCS Ha MIPOTIO3HIIIFO Ta
MOBIJOMJISIIOTh ~ 3aMOBHHUKY  TIPO  CBOI
MOJKJIMBOCTI Ta BUMOTH. 3aMOBHHK 0OHUpae
BUKOHABI[IB, II[0  BIANOBIZAIOTH  HOIO
BAMOTaM,  MICJIS  4YO0r0  YKIAJalThCs
KOHTPAKTH.

BaxJmBo BCTaHOBWTH, YW BIAMOBiIae
areHT-BUKOHABEIb BUMOTaM areHra-
3aMOBHHMKa.  [Ipumyctumo,  BUKOHAaBellb
noBinomiisie iH(opMarito mpo cede y BUIIISII

eram  Moxe OyTtu

YHUCJIOBOT'O BEKTOPA O3HAK (Xl, X2,...,Xn), e

N — HarypanbHe uucao. Koxxna o3naka X,

XapakTepu3ye OJHY 3 MHOro BJIACTHUBOCTEMN
(MPOOYKTUBHICTH  Mpali, piBEHb OCBITH
tomo). Hexall 3aMOBHMK Ma€ y CBOEMY
PO3MOPSA/UKEHH] HaBYallbHYy BUOIPKY, sKa
MICTUTh ~ CKIHYEHHE  YHUCJIO  BEKTOpIB
(Xl,XZ,...,Xn), 10 BIAMOBIAAIOTH PI3HUM

areHTtam, Mpo sKi BIJOMO, YH MiAXOASITh BOHH
JUIsi  BUKOHAHHS  BIJMOBIIHOI  pOOOTH.
BuxopuctoBytoun HaB4YanbHy BHOIpKY Ta

BEKTOP (Xl,XZ,...,Xn), arcHT-3aMOBHHK Mae

BUPIIINTH, YW BIANOBIJIA€ BUKOHABELb HOTO
BuMoraMm. OmnucaHa 3ajada €  3a7ayero
po3mi3HaBaHHA OOpa3iB Ta PO3B’SI3ye€TbCs 3a
JIOTIOMOT'OX0 BIMOBIAHUX METO/IB.
YTBOpeHHsT e(QEeKTUBHUX KOANIIINH €
OJTHUM 3 KJIIOYOBUX AaCIHEKTIB Teopii cucTemM
arenTiB. B po6oti [9] moOymoBaHa 3araibHa
TEeOpis  ONTHMI3allii  KOamIiii  areHTiB.
[To3sHaunmo A MHOXMHY areHTiB. Hexait S —
MiAMHOKHHA  areHTiB, sKI  CKJIaJaroTh
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koaninito. IlozHaunmo V winy koamimii S.
mwo V,=0.
crpyktyporo (CS) Ha3uBaeTbcs pPO3OUTTS
MHOXHUHHU A, TOOTO HaOIp NIIMHOXUH
(koamimid) MHOXMHH A Takwif, IO
MIIMHOKWHU HE TIEPETHHAIOTHCH, a iX
00’enHanHs ctaHOBHUTH A. LliHOO KoamiIiHHOT
CTPYKTYPHY Ha3WBAETHCS BEJIMYUHA

V(CS) =D v,.

SeCS
B 3amaui CS  BuMmaraerbcs

ONITUMAJIbHY KOAIIIHHY CTPYKTYpY

CS* =argmaxV (CS).
CS

BBaxxaemo, Koamnimiitaoro

3HAUTH

Bxomom 3amaui CS € MHOXMHA I[iH BCIX
koamuiii {vg}. B pobori [9] moBemeHo

teopemy npo NP-ckmaanicts 3amaui CS Ta
MoOyZ0BaHO AQITOPUTMH, IO PO3B’SI3YIOTh
3a/1a4y 13 3a/1aHOI0 TOYHICTIO.

BBaxkaeTbcs, M0 BEIUUMHHU V MOKYTb

NpUMaTH JOBUTbHI 3HAUEHHS HE3AICKHO
oJHa BiJ ofHOI. He3anexHicTh LUX BETHYHH
CYTTEBO  BHKOPHCTOBYETbCS  TiJ  dac
nosenennst NP-cxkmagnocti 3amaui CS Ta
IHIIUX TBepKeHb gaHoi Teopii. OgHak 1e
NPUIYIIEHHS CIIPAaBKYETHCS JAIEKO HE JJIs
BCIX 3a7a4, Ha IO BKa3ylOTh HPOCTI
MPUKIIa]IH.

Posrnsinemo mnamyeanmns Oiii cuctemu
3a yMoBH, 10 pyX (hazosoi Touku X = X(t) B
npocTopi

N-BUMIpHOMY ¢bazoBomy

OMHCYETHCSI  CUCTEMOIO  Tu(epeHIiabHUX
PIBHSIHB
X, = f.(X,...x,u,.,u), i=L..,n,
a0, y BEKTOpHI dopmi,

X = f(x,u).
B TakoMy pa3i BenMuMHY KepyBaHHS
U=U(X) wuacTo Ha3suBalOTh CTpaTeTicio
MOBEAIHKM  CHUCTEeMHU.  3ajada  BHOOpY

ONTHMAJIFHOTO KEPYBaHHS TOJIATAE B TOMY,
11106 nepeBecTd (a3zoBy TOUKY X 3 MOJTOKEHHS
X°, sKe BOHa 3aiiMac B MOMEHT qacy 0, B
OyIb-sIKE  TTOJIOKCHHS X', mo HaNEeXUTH
3aaHli TepMIHATBHIN MHOHHI M,
MIHIMI3yIO4H BETHUUHY

] f,(x,u)dt;
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TyT T — mepmuii MOMEHT Yacy, TaKuH, IO
x'eM [10, 11]. Hns  noOynoBu
ONTHUMAJIBHOTO TMaHy i U (X) CUCTEMH

MOKHa BHUKOPUCTATH MNPUHIUI MAKCHUMyMY
[onTpsrina. 3agaua nobynosu ¢pynxii U(X)

HasuBaeThes 3amadero  cuaresy [10]. B
3araJbHOMY BUIIAIKY st 3aj1a4a
pO3B’SI3yETBCS 3@ JOMIOMOTOK)  METOJIB

HEJIIHIHHOTO POTrpaMyBaHHS.

Hexait pyx $a30Boi TOYKH ONMHUCYETHCS
CHUCTEMOIO g epeHIiaTbHUX PIBHSIHB
x=f(X,u,v), ne u ta v — crparerii
MOBEIIHKK JBOX CHCTEM a00 JBOX areHTiB,
0 MalOTh NPOTHIEXKHI iHTepecu. lleprmmit
areHT HaMaraeTbCsl MIHIMI3YBaTH 3aJaHy

(hyHKIIIIO TUIaTH, BUKOPUCTOBYIOUN CTPATETiI0

U, apyruidi — MakcumizyBaTH 1ii 3a
normomororo  crparerii V. Taki 3anmadgi
HA3WBAIOTHCS  TU(EpeHIIaTbHIMUA  iTpaMu,

a00 KOH(]IIIKTHO KepOBaHUMH Tporiecamu |12
— 16]. B Teopii audepeHmianbHUX irop

pO3pOOJICHO  METOAM, SIKi  JO3BOJISAIOTH
OynyBatu omnTHMalnbHI ab0 ONU3BKI 10
OIITUMAIBHUAX IUIaHU Bighs CTOpIiH
KoH(pmikTHOrO Tpouecy. B pobori [17]
BUBYAIOTLCS  BJIACTMBOCTI  ONTHMAJIbHUX
CTpaTeriii mepeciiyBaHHs.

Tabmums 1.

YacToTa BUKOpPUCTaHHS MaTeMaTUYHHX MiIXO0/IB y 3aJ1a4i IUIaHyBaHHS pyXy poOOTiB

Haspa MaTeMaTHYHOTO HiIXOAY Kimpkicts (%)
HediTki MHOXIHH 18.6
['eHeTHYHI AJITOPUTMH 12.8
HetipoHHi Mepexi 12.8
MaTemMaTHYHE IpOTrpaMyBaHHsI 8.8
AJNTOPHTM KOJIOHIT Mypax 7.8
AJNTOPHTM POIO YaCTOK 5.9
AJNTOPHUTM BiInaIy 4.9
THmi 28.4

MoskHa HaBeCTM 3HAYHy KUIBKICTb
MPUKIAIIiB 3aCTOCYBaHHS 3adad 1 METOJIB
ONTHMI3allil B IUIaHyBaHHI A1 panioHaJIbHUX
areHTtiB Ta cucteM. B po6oti [18] HaBemeHO
OTJISIJ] TIpallb, B SIKUX JJISI MOOUTHHUX POOOTIB
PO3B’A3YIOThCS 3agaui noOy10Bu
JOMyCTUMOTO MapIIpyTy MiX IBOMa TOUYKAMHU
Ha IUIOIMIMHI a00 Yy TPUBUMIPHOMY HPOCTOPI.
Yacto HamararoTbcsi OyAyBaTH ONTHUMAaJIbHUN
a00 OMU3BKUI 10 ONTHUMAJIBHOTO MapupyT. B
[18] posrmsayro 198 HaykoBuX mparib, sKi
Oynu HaapykoBaHi B mepiog 3 1980 p. mo
2010 p. B Tabmumi 1 HaBeAeHO KUIBKICTh
BUKOPUCTAHUX MAaTEMaTHYHUX TMIIXOMIB Yy
B1JICOTKOBOMY BiJTHOIIICHHI.

IcHyroTH HACTYTHI MOYKJIMBOCTI
IJIaHYBaHHS T CHUCTEMH [19]:
LEHTpaJIi30BaHe IIJIaHyBaHHs, pPO3MOJIICHE
pO3poOJIeHHsT  IEHTPATi30BaHOTO  TUIAHY,

pO3MOJIijieHe PO3POOJIEHHST  PO3MOIIIEHOTO
nnany. HaBeneni Buie 3amadi BiTHOCATHCS B
OCHOBHOMY bifo) po3polIIeHHs
LEHTPAJTI30BaHOTO  IUIAaHy Jild  CHUCTEMH
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areHTiB. Jlyi1 po3poOeHHs Takoro IUIaHy Ta

KOOpAMHAI1 Tt BUKOPHUCTOBYETHCS
CTpyKTypa (MOXJIMBO, BHJIUJICHUH areHrT)
MeTa-piBHS, B PO3MOPS/KEHHI SKOi €

HeoOX11H1 pecypcH Ta iHhopmalisl.

Poznoninene PO3pOo0IIEHHS
pO3NOAIIEHOTO  IUIAaHYy  O3Ha4ae, IO
CTPYKTYpH MeTa-piBHS HE ICHYye€, areHTH

OyIyI0Th 1HAMBITyaJIbHI TUTAHHU, B3aEMOIIFOYN
Mk co0oro. B Takomy BHMaaKy BBajKaeThCH,

0O areHTd  BOJIOOIIOTE  OOMEKEHUMU
00YHCITIOBAILHUMU MO>KJIMBOCTSIMH,
iHopmaliero Tpo  JIOKaTbHE  OTOYEHHS,

OOMEXEHHUMH MOKIUBOCTSMH CIUIKyBaHHS.
[Mpukiaann BKIIOYAIOTH TPYNU aBTOHOMHHUX
TPAHCIIOPTHUX 3ac00iB, MOOUIBHI CEHCOPHI
Mepexi, MapuIpyTH3aIlil0 B Mepekxax MaHUuX,
CUCTEMU TPAHCIIOPTYBaHHS,
OaratompoiiecopHi OOYMCIICHHS, €HePreTHYHI
cucremu [20].

Jlnst  y3ro/uKeHHST TIOCIHIJIOBHOCTI T
areHTiB Yy CHCTEeMaX BHKOPUCTOBYIOTHCS
Memoou Koopounayii, 110 ONHUCaHI B
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poborax[3, 21]. MeTtoau KOOpAHHALli 4acTO
3aCTOCOBYIOTBCS B TEOpii PO3MOALIEHOTO
HITYYHOT'O 1HTEJEKTY, a TAaKOX Ul CUCTEM, Y
SAKUX  BUKOPUCTOBYIOTBHCSA “MeHTaNbHI”
BJIACTUBOCTI areHTis [5].

B po6oti [21] posrinsHyTO ABa piBHA
KEpyBaHHsI: KOOpIAWHAIIMHUNA Ta TiOpUIHUI.
Ha xoopauHamiiiHoMy piBHI BHKOHYIOTHCS
MpoLEAYpH TUIaHyBaHHS Ta KOOpIMHAIUT Aiif
arenTiB. Ha riOpuaHomy piBHI Ha OCHOBI
iHdopmarii, 1 (0) HAJIXOOUTh BIJI
KOOp/JMHAIIIMHOTO  pIBHA,  BUPOOISETHCA
KEepyBaHHs BCI€I0 cucTeMOI0. Po3rmsaaroTses
HENIEPEPBHUN Ta JUCKPETHUN BUIANKU. Y
HEMEepepBHOMY BHIAJKy PyX (ha30BOi TOUKH
BU3HAYAETHCS CHCTEMOIO TU(epeHIiaTbHIX
pPIBHAHb Ta MIHIMI3Y€ETbCS 4Yac MEpPexoay
($a30BOi TOYKH 3 MOYATKOBOTO TOJOKEHHS Y
TepMiHAJIbHY MHOXHHY. Pe3ynbTatu pobotu
3aCTOCOBYIOTHCSl JUIsI KEPYBaHHS CHCTEMaMH
areHTiB, IO CKJIAJalThCid 3  poOOTIB-
MaHIMyJIATOpPIB, MOOUTBHUX po0orTiB,
MOCTOBUX KpPaHIiB.

[Ipobnema pos3miuwgyeanna cucmemu
areHTiB € BaXJIHMBOIO 3aJa4yelo, BiJ SKOCTI
PO3B’SI3aHHS SIKOT 3aJCKHTh YCIIX il Ii€l
cuctemd. B pobGori [22] ommcaHa
MaTeMaTHYHa TeOPis PO3MILTyBaHHS 00’ €KTIB,
Ky MO>KHa 3aCTOCOBYBATH JUIS ONTHUMi3allil

PO3MIIIEHHST ~ CUCTEM  areHTiB. TepwmiH
“00’€KT” TpPaKTyeTbCS JOCHTb  LIMPOKO.
O06’ektoM  MoOke  OyTH  TOMIICHCHKHMA
BIUTUIOK, TOXKEKHA 4YacThHa, (abpuka,
KapeTa IIBUIKOI JOMOMOTH ToIo. B poboTax
[23, 24] BuBuaroTbcs 3amavi  MOLIYKY

ONTUMAIILHOTO PO3MIIIICHHS CEHCOPIB st
BUSIBJICHHS 3arpo3u. Takok 00’€KTOM MOXe
OyTH parioHaJIbHHUI arcHrT.

B [22] posrmsHyTa HacTymHa 3amada

pPO3MINIYBaHHSA, $KY Ha3WBAIOTh 3a/1a4ei0
@epma, 3amadyero Bebepa uym 3amadero
Creitnepa. Hexaiti m icHyrouux 00 €KTIB
3HAXOSATHCS B TOYKAX [JIOIIUHU
pl,pz,...,pm, a N HOBUX — B TOYKax
IUIOIMHHI Xl,XZ,...,X". Bimcranp Mk

HOBHM Ta iICHYIOUHM 00’€KTaMH MO3HAYUHMO
d(Xj, pi), a BiACTaHb MDXK JBOMa HOBUMH
o0’ekTamMu  — d(Xj,Xk). Hosnaunmo W,
BUTpPAaTH 3 IME€peBE3€HHsA (Ha OAMHUIIO
BiZICTaHi) MK HOBHUM |-M Ta ICHYIOUUM I-M
o6’exramu. Hexaii V; — aHajoriuxi BuTpaTy
3 TEpPEeBe3CHHs MK HOBUMH J-M Ta K-M

o0’exkTamu. 3araibHi BHUTpaTH, IOB’S3aHI 3
PO3MIIIEHHSIM HOBHX O0’€KTIB y TOYKax

1 2 n
X", X%,..., X", BU3HAYAIOTHCS POPMYIIOIO

P X) = S v, d(d x)+ S wd(x, p).

1< j<k<n

o 1 2 n
Bumaraerbcs 3HaWTH TOUYkHM X, X ,..., X,

JUIST SIKUX
f(x, x%,...,x").
B uucno 3amau po3MinryBaHHS BXOMASTH
3aa4i MpPO TOKPUTTS MHOXHHU, B SKHUX
BHUMAra€ThbCcs BHU3HAYUTH KUIBKICTH 00’ €KTIB
Ta Mmicig iXx posmimenHs [22]. Tlpuknagom
MoO3ke OyTH 3a7a4a po3MillyBaHHS TOKEKHHUX
KOMaHJI y Takuil crocid, mob BiACTaHb 10
OyIb-sIKOT TOYKM MICTa Jojajacs OJHIEI0 3
KOMaHJ He Oilplle, HDK 3a II'STh XBHJIMH.
3anaga Mmoxe 0yt c(hopMyIbOBaHA TaK:

MIHIMI3YIOTbCS BUTpaTH

n
min» c X,
j=t

Yax =1 i=12..,m,
i1

X, e{03, j=12,...n.
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=1 i=1

Bemuuuna aij JIOPIBHIOE OJUHMII, SIKIIO I-i

CTIOKHMBAY HAJIC)KHUTh - obmacri
(TTOKPUBAETBCSL  j-10 00JACTIO), B IHIIOMY

BUMAAKY &; NOpiBHIOE Hymo. Bemuumna X,

JIOPIiBHIOE OJWHMIN, SKIIO B j-ii oOmacTi
3HAXOAMThCA JEIKUH O00’€KT, IHAKIIE X

JOpiBHIOE HyJt0. Bumaraerbcs “noxkputu”

BCIX CIIOKUBAYiB 3 MIHIMAJIbBHUMU
BUTpPATaMH.
Haseneni 3amayl MOXYTh

pPO3B’SI3yBaTUCS METOJIaMH MAaTEeMaTUYHOTO
nporpamyBaHHs. Jlnsg  gUCKpeTHMX — 3amad
3aCTOCOBYIOTHCSI METOJIM BeKTopa cnany [25],
€BPUCTUYHI  QJTOPUTMH,  MOJIIHOMIiaJbHI
HaOMIKEHI CXEeMHM, METOJ TIIOK Ta MEK,
JTUHAMIYHE porpaMyBaHHS, METOJ
BUIAJKOBOTO  TOMIYKY 3  JIOKAJbHOIO
ontuMizaitiero [26]. s HenmepepBHUX 3a/1a4



ISSN 2710 — 1673 Artificial Intelligence 2023 Neo 2

MO’XHa BUKOPHUCTOBYBAaTH METOJIM JIIHIHHOTO,

HEJIIHIHHOTO Ta CTOXaCTHYHOT'O
nporpamyBanas  [27 — 38]. Baxmuse
3HAYCHHS MaroTh pobacTHi METOIU
ONITHMI3alii, $Ki J03BOJAIOTh 3HAXOIWUTH

OJU3BKI 710 ONTUMAIBHUX PO3B’S3KH 32 YMOBU
HeBusHaueHocti ganux [37]. CybonrumManbHi
MeToau (TOOTO Taki, TPYAOMICTKICTh SIKHX
0JIM3bKa 0 CKJIAJIHOCTI BIAMOBIHOTO KJacy
3aJ1a4) OMYKJIOTO IIpOorpaMyBaHHs MO0y T0BaH1

B pobori [27]. EdexktuBHi  MeTOaM
BHYTPILIHBOT TOYKH PO3BUHYTI B [38].
Teopiero  posniznasanns  oobpasie

HA3WBAIOTh MAaTEMAaTU4YHY TEOpilo, B SKIii
PO3BHBAIOTHCS OCHOBH Ta METOI!
knacudikamii 06’ekTiB pizHOTO poxy. Koxen
00’€KT Ma€e MHOXHHY O3HAK, 32 JJOIOMOTOIO

ﬂKOi MOXHa BH3HAYUTHU KJlaC, OO0 SAKOIo
HAJEXUTh JaHUU 00’ €KT.
3arajgpHa IOCTAaHOBKA 3a1ayi

po3Mi3HaBaHHs 00pa3iB HaBeAcHa B POOOTI
[39]. TMo3naummo B ckiHYCHHY MHOXUHY
06’cktiB b. Kowxen o6’exr beB
OTOTOXKHIOETHCS 3 LIJIOYUCETBHUM BEKTOPOM

(X, Xy 5o X, T).
Jle N — HaTypalibHE YHCIIO,
X e{01],...,9 -1},
j=12,...,n,
fe{0l...h—13,

g,h — warypameni wmcma, g>2,h>2.

Hexait na wMHOXUHI B
HMOBiIpHOCTEH P, SIKHAH BBAYKAETHCS
HeBIIOMUM. 3 11i€] MHOXHWHH OTpPHUMaHa
HaByalbHa BHOIpKa (MHOXXHMHa 00’€KTiB) V.
Hexait nesikuit 00’€KT OTpUMaHO 3 MHOXXUHH
B wHesanexxno Bix BUOipku V 3rigHO 3
posnoniioMm P, mpuuomMy BIiIOMI TIIBKU

ICHY€ PO3MOILT

3Ha4eHHsA O3HaK X, X,,...,X . Bumaraerbcsa

3a IMMU O3HaKaMH, BPAXOBYIOUM HaBYAIbHY
BUOIpKY V, 3HalTH 3HaYEHHS LIJIbOBOT O3HAKU
f, ToOTO KI1ac 00’exTa. B pobori [40] onmcana
3a/1aua Ha3MBAETHCS 33/1a4€I0 JUCKPUMIHAIII.
B poGoti [41] HaBedeHi HACTyIHI
MIPUKIIAIN 337124 pO3Mi3HABAHHS.
PosznizHaBanHs 300pakeHb. 3a Gopmoro
npeaMera, HOro  KOIBOPOM,  PO3MIpOM,
IHIMMMHA  O3HAKaMU BHMATaeThCsl BII3HATH
peaMer.
Meanuna
pe3ysbTaTaMu

1arHOCTHKA. 3a
aHami3lB  Ta  OOCTEXKEHHS
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BUMAra€TbCsi BCTAHOBHTH  3aXBOPIOBAHHS
narfiera abo (akTt BiCyTHOCTI XBOPOO.

Texuiuga miargoctuka. Ha ocHOBI
pE3yNbTATIB TECTIB T4 BUSBIICHUX O3HAK CJIiJ{
BU3HAYHUTHU TMPUYMHY HECTIPABHOCTI TEXHIYHOI
CUCTEMH.

Knacudikaris B 6ionorii. Bumaraerscs
BCTAHOBUTH MICIIe HOBOTO (BIAKPHUTOTO)
JKUBOT'O 00’€KTa B MPUUHATIN 1€papxii KUBUX
OpraHi3MiB.

Knacudikamiss curyamii. HeoOximHo
pPO3MI3HATH THUI CUTYyaIlii, 0 BUHUKIA, JJIs
NPUHAHATTSA BIJIIIOBITHOTO pIIICHHS.

KoHKpeTHUM TpHKIAIOM € Ppo3Mi3HaBaHHS
CUTYyaIlii Ha BUPOOHUIITBI IUCIIETUYCPOM, SIKUIA
Kepy€ TEXHOJIOTTYHIM MPOIIECOM.

Kpim UX MIPUKJIAIIB 3a1ay
PO3Mi3HaBaHHS MOYXHA HABECTH HACTYIIHI.

OnrtuyHe posmizHaBaHHS TekcTy [42].
Heo0xigHO po3mi3HaTH CUMBOJIH (JPyKOBaHI,
PYKOIIMCHI) 3 METOIO 3aIlUCy TEKCTy B GopMi,
OpUIaTHIA i1 OOpOOKH  KOMII FOTEPOM
(mampurian, y koai ASCII).

Po3nizHaBaHHs IITPUX-KOIIB.

BusnaueHHs MOBHU ayaiONOBIIOMIICHHS
[43]. Bumaraerscsi aBTOMaTHYHO BCTAHOBUTH
MOBY,  Mawoud  (oHOrpaMy  MOBHOTO
MOB1JIOMJICHHSI.

PosmizuaBanus mosineHHs. HeoOximHO
ABTOMATUYHO ITEPETBOPUTH 3BYKOBUI CUTHAJ,
0 CKJIAQJa€ThCs 3 BHUMOBIEHUX CIiB, Yy
TEKCTOBHU TMOTIK, MPUIATHUNA i1 O0OpOOKH
KoM 1oTepom [44].

B pobGori [45] omwmcani wmetoau
pO3B’si3aHHS 3a/ad PO3Mi3HaBaHHS: METOJ
HaWOIMKYMX CYCIJIB, JIIHIWHI BHPILIyIOUl
MpaBWiia, METOJ ETaJloHIB, OaifeciBChbKi
MpoLeaypu posmizHaBaHHs. B pobortax [46,
47] onMcyeTbCsi METOJT OOPHUX BEKTOPIB, B

pobori [48] — MeToaq MOTEHINATBHUX
¢byukuiid, B poborax [49, 50] — cTpykTypHIi
(miurBictuuHi) Meronu. Kpim  Ha3zBaHUX
METOIB  pO3Mi3HaBaHHSA  ICHye  3HayHa
KUTBKICTD 1HIIUX.

Icuye mpobiema BHOOpPY SIKICHOTO

METOJIy PpO3Mi3HABaHHS JUISI JTAHOTO KJIacy
3amad. Jlns  posB’s3aHHsA  1i€l  mpoOiemMu
noTpiOHO ¢opMaiizyBaTH TakKi MOHATTS, K
KJIac 3aJla4y, METOJ pO3Mi3HaBaHHS, MOXUOKa
METOJly  TOomo, MoOyayBaTH  TEOPIIo
CKJIQJIHOCTI KJIAciB 3a/a4 pO3Mi3HABaHHS Ta
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cybonTuManpHi MeTOMU posmizHaBaHHsS. Llii
npobiemi npucesiueHo podotu [51, 52].
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Abstract. The article is devoted to the study of discussion issues of scientific developments in the field of legal
support of the implementation of the technology of "artificial intelligence” in the judicial procedures of Ukraine on the
basis of international experience and taking into account the latest changes in the legislation of Ukraine.

The article deals with the main international legal principles of artificial intelligence application, their practical
implementation in Ukraine, the problems of defining the main institutional categories, separating the technical aspects of
the functioning of “artificial intelligence” from the legal ones and trying to determine the key factors that the legislator
should consider in the development of legislation in the field of implementation of “artificial intelligence” in legal
proceedings. The legal analysis of five principles of artificial intelligence functioning in legal proceedings is carried out,
the development of four forms of interaction between artificial intelligence and human in legal proceedings is presented,
the risks of artificial intelligence application in democratic societies are analysed. Separately, the article analyses the
controversial introduction of the category of “electronic person (personality)”, expressed a position on the inadmissibility
of granting the legal personality of artificial intelligence technology.

Keywords: Justice, artificial intelligence, process of justice, judgment, commercial process, civil process,
principles of artificial intelligence, electronic person.

Introduction Analysis of recent research and

The widespread use of “artificial publications
intelligence” technologies (hereinafter referred The issue of artificial intelligence in
to as Al), in particular the court “Chat-bots”, legal proceedings is analyzed by Ukrainian
has led to discussions on the implementation of scientists, in particular, Gudima T.S., Baranov
the use of Al in court procedures in Ukraine O.A., Grabovskaya T.G., Katkova M.V.,
and the use of international experience, in Karmaza 0.0., Kamyshansky V.S,
particular, Chinese, Brazilian and the United Martsenko, T.V. Fedorenko O.0., Yastrebov
States. Research on these issues is focused on E.O., Kharitonov O.l. and others.
scientists, lawyers and legislators from many International research on the
countries. Automation of court processes and implementation of artificial intelligence in
the use of existing systems from the USA and justice and legal activities are engaged in
China can positively affect the rule of law in scientists among which should determine the
Ukraine and contribute to the improvement of study of the Hague Center for Artificial
the investment climate, which is objectively Intelligence (Netherlands), the Corporation of
associated with the acceleration of the post- Legal Services (USA), Innovation Center of
war revival of Ukraine. the American Bar Association (USA), the

At the same time, there are risks Hulton Society of Legal Services Ontario
identified by international and Ukrainian (Canada), Stanford University (USA),
experts that require deep analysis and Edinburgh, Cambridge, and Edinburgh Napier
consideration in the development of state University.
strategies and laws of Ukraine. Among the studies should be noted the

study of the Hague Centre for Artificial
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Intelligence [1], as well as documents of
international organizations, in particular:

European Parliament resolution of 16
February 2017 with recommendations to the
Commission on Civil Law Rules on Robotics
(2015/2103 (INL) [2]

European ethical Charter on the use of
Artificial Intelligence in judicial systems and
their environment, [3]

Organisation for Economic Co-operation and
Development, Recommendation of the
Council on Artificial Intelligence,
OECD/LEGAL/0449 [4]

White Book of Artificial Intelligence [5]
Declaration on the risks of decision-making
using a computer or Al in the field of social
protection [6]

The article is aimed at defining the
basic principles of application of Al in legal
proceedings, description of risks and negative
consequences of uncontrolled application of
Al in terms of violation of fundamental human
rights and freedoms, definition as a priority
principle “under user control” in the
development of all scientific and practical
models of using Al in legal proceedings.

Results of research

As part of the implementation of the EU-
Ukraine Action Plan [7], one of the priority
areas is the establishment of the rule of law and
judicial reform.

In 02.12.2020, the Cabinet of Ministers
of Ukraine approved the Concept for the
Development of Atrtificial Intelligence in
Ukraine (hereinafter — “Concept”).  This
document defines in particular the directions of
state policy in the economy and public
administration, in which technology of
artificial intelligence can be involved.

Among the problems of the concept and
problems that the development of artificial
intelligence technology should solve are
defined — “the lack of implementation of
artificial intelligence technologies in judicial
practice”.

The development and implementation of
artificial intelligence technologies in the
judicial systems of the leading countries of the
world, contributed to the need to develop
common principles and rules for their use. In
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December 2018, the European Commission on
the effectiveness of Justice adopted an ethical
charter on the use of artificial intelligence in
judicial systems and their environment,[8]
which was the first step of the Commission in
the field of regulating the risks of uncontrolled
use of Al in legal proceedings.

In particular, the Charter enshrines five
principles regarding the use of artificial
intelligence in the administration of justice:

— respect for fundamental human rights
during its use;

— the use of artificial intelligence
technologies to identify unfair judicial practice
by analysing the texts of court decisions and
other data that are formed in computerized
systems/ registers in the process of justice;

— non-discrimination, namely prevention
of development of any discrimination between
individuals or groups of persons;

— quality and safety related to the
processing of court decisions and data in a safe
technological environment;

— the principle of "under user control”/
“user-controlled”; transparency, impartiality
and justice.

These five principles are elaborated in
detail by scientists in order to develop and
implement into practice and should be
implemented in legislation, in order to prevent
the replacement of the justice system with the
system of automatic formation of court
decisions.

The principle of respecting fundamental
human rights in the use of Al is that the entire
process of applying Al in legal proceedings
should be subject to international human rights
standards, and not ignore them in a deal of
technical progress. The basis of the legal
understanding of Al  Martsenko  N.
distinguishes the principle of the rule of law as
a prerequisite for technical development. [9, p.
95]. Which emphasizes the primacy of the rule
of law over the technological part and should
always be taken into account when using Al.
The observance of rights and freedoms also
consists in the observance of Article 6 of the
Convention for the Protection of Human
Rights  and Fundamental Freedoms
(hereinafter — the Convention). Given that
Ukraine is the “leader” in appeals to the ECHR
(3th place in the number of appeals [10]),
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which indicates the bed quality of the court
procedures, the development and
implementation of the concepts of the use of
artificial intelligence technology in legal
proceedings is of priority for ensuring
Ukraine's compliance with Article 6 of the
Convention and the implementation of the EU-
Ukraine Action Plan for the post-war
restoration of Ukraine.

The principle of application of Al
technologies to identify unfair judicial practice
is already widely used. In particular, in China,
Argentina, France, Great Britain, USA, Brazil
[11] uses a variety of Al systems, even in
China, when judges are required in case of
disagreement with the decision of the formed
Al to argue in writing their disagreement [12].
But analysis of judicial practice, prevention of
unfair judicial practice and risks of
interference or distortion of the justice process
must be distinguished among themselves.
Thus, in order to protect the justice process in
France, restrictions have been imposed on the
use of Al to “predict the court decision”,
because in the opinion of the judiciary, this
undermines the foundations of justice. [13]
Therefore, the principle of using Al to identify
unfair judicial practice should not be absolute,
but to ensure the use of Al specifically to
identify unfair actions, rather than forecasting
court decisions or simulating the justice
process.

The development of the principle of non-
discrimination in the application of Al in legal
proceedings, reasoned by the fact that the
computer system programmed for certain
algorithms, may not take into account the
principles of equality and non-discrimination
important for modern justice on the grounds of
race, article, age, language, etc. In 2016, a
report was published in the United States that
exposed the issue of racist conclusions used by
the  well-known  American  program
“COMPAS” (“correction of offenders with
profiling of alternative sanctions”). According
to the report, the Al program "COMPAS" was
prone to the erroneous labelling of African
Americans and identify them as "black
violators".  [14] The principle of non-
discrimination requires assessing the risks of
discrimination and applying user control to
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programmed algorithms, in accordance with
the principle of “user-controlled”.

The study of the principle of quality and
safety of the use of Al in inter-industry studies
has established certain limitations on the use of
Al, namely:

— Difficulty imagining problems using
mathematical functions is often difficult or
impossible for Al;

— Overfitting, when Al can generate
functions that do not exist and which are not
needed,

— Lack of effective generalization due to
limitations (poor quality or unreliable data)
[15].

This confirms, in turn, the importance of
compliance with the principle of "under the
control of the user".

As noted above, the most important
place in the application of Al in court
procedures is the principle of "user-controlled"
(under user control). The paradox is that from
the point of view of mathematical algorithms,
legislation and law enforcement may not be
ideal (or as mentioned above, not to be
transformed into mathematical functions), so
according to Sandra Watcher (Oxford
University, Alan Turing Institute), "the current
laws regardless of the country do not
correspond to the ideal path of Al technology
development" [16]. That is why Al should be
controlled by the user because, from the point
of view of justice and justice, decisions
generated by Al can be absurd or violate
fundamental human rights (as noted, in
particular in the analysis of the principle of
non-discrimination). The study of the issue of
Al control in the legal proceedings and
responsibility of the user was carried out by
Karmaz O. and Grabovska O., which defined
the category of human responsibility for the
use of Al in legal proceedings. [17,p.9] this
separates the issue of responsibility for the
judgment taken from the implementation of
auxiliary functions of analysis of judicial
practice, technical set of the text, which cannot
be equated to the judicial process.

Depending on the impact of man on the
Al systems, it is necessary to distinguish
between the amount of responsibility for the
quality and fairness of court decisions created
by Al. On the example of proposed schemes of
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human and Al participation in the management
of automated navigation systems and the study
of the issue of liability for damages in the event
of marine accidents, conducted by Lucy Karey
(University of Aberdeen) [18], it is possible to
determine the following options for the work
of Al and man in the process of justice.

Al helps produce managerial (judicial)
decisions by offering behavioural options.
Direct justice is carried out by a person.

The Al carries out current activities
(actually generates court decisions). A person
checks the proposed solutions and at any time
can intervene in the process of Al.

Artificial intelligence independently
conducts the process of justice, a person can
cancel the decision in the order of appeal
review.

Acrtificial intelligence fully
independently conducts the process of justice.

Based on these four types of human-Al
interaction, it is possible to determine that the
use of fully autonomous Al (the fourth type) is
contrary to the task of justice and can be
fraught with distortion of justice, so the
introduction of a fully autonomous Al in a
democratic society is impossible.

At the same time, the issue of legal
regulation of the “electronic person” remains
controversial, the possibility of being a subject
of legal relations in Al (in particular, to
perform the functions of the judiciary), as
noted Karmaz O., regarding the possibility of
acquiring the legal status of such an “electronic
person (personality)” [19] given the significant
involvement of the use of artificial intelligence
technology, it is important to determine, that
artificial intelligence cannot have its own legal
entity, it is a coordinated entity in a way to
simplify the performance of functions by the
subjects and for the actions committed,
transactions performed, calculations must be
responsible for the person using artificial
intelligence and who acquires rights and
responsibilities in connection with the actions
committed by artificial  intelligence.
According to the author, Al can not have its
own legal personality, precisely because a
person should monitor compliance with the
five principles of using Al, taking into account
the three technical limitations of Al,
determined by cross-industry research.
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Conclusion

The introduction of artificial intelligence
technologies without reasonable scientific
development of the main institutional
provisions, carries the risks of discrimination
of the technology itself, abuse of application,
distortion of information used by artificial
intelligence, loss of state and public control
over the process of justice. Therefore, there is
a need for scientific justification and
development in the field of artificial
intelligence in economic justice, in particular:

— determination of scientifically grounded
level of use of technology of artificial
intelligence in legal proceedings;

— determination of state mechanisms for
control over information used in calculating
the results of artificial intelligence technology
in legal proceedings;

— development of legal mechanisms to
protect the technology of artificial intelligence
in legal proceedings from the use of fake, false
(false) information;

— determination of the legal status of
artificial intelligence technology in legal
proceedings;

— Creating a system to prevent the risks of
using Al and distinguishing Al from software
[19. p.405];

— definition of legal status of subjects of
use of technology of artificial intelligence in
legal proceedings, etc.

These issues require scientific research
using international experience and
involvement of domestic scientists in the
exchange of developments conducted by
international scientific circles.
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Abstract. The view of the science of translation as an applied branch of linguistics, which developed in the middle
of the last century at the stage of formation of this scientific discipline, does not correspond to the current state of scientific
knowledge of translation, which can only be transdisciplinary. Given that currently, the training of translation personnel
is carried out mainly by teachers of foreign languages who do not have the necessary understanding of translation activity
and the differences between linguistic didactics and translation didactics, it is also important to develop professional
retraining programs in educational institutions with a pedagogical or philological focus. Thus, today the professional
training of a translator, which already competes, so far successfully, with Al, poses many pressing questions to the
scientific and pedagogical community, the solution of which cannot be delayed: how many translators will be needed in
the digital space; with what competencies and cognitive abilities; For which fields of activity and with which language
combinations; what will be the nature of human interaction with artificial intelligence; will the translation remain as we
are used to imagine it today. All these and many other questions of a futuristic plan are necessarily faced by those who
are entrusted by society to prepare translators for the digital age because those who come to master the speciality of
translator today will enter the labour market only in 4-6 years when Al reaches such a level of abilities, which is difficult
to predict today.

Keywords: translation, digital age, artificial intelligence, neural machine translation.

Translation is never just about languages, features of training translation staff for the
it is also influenced by culture. Compared to successful functioning of the "digital society".
machine translation, human translation is more Throughout its history, translation has
unique and cultural because translations also often been defined as an art. French
reflect a way of understanding and encyclopedist scientist D'Alembert in the
interpretation. In  other words, human middle of the 18th century in his "Observations
intelligence will make it possible to translate on the Art of Translation" wrote about
them into living human experiences and translation as an art that should not be required
contribute to a better understanding by the to obey rules and laws too rigidly, because this
target audience. Today, a new concept is born could equate the translator to a king captured
— "digital translation”, which defines a new by slaves (d'Alembert, 1822). Art, as is known,
type of translation technology, a system of is an activity based on the figurative
interaction between a translator and digital understanding of reality; it is also a form of
information and communication tools, creativity, directed in such a way as to reflect
artificial intelligence (Al), designed to increase what is interesting not only to the creator
the efficiency of translation art and the quality himself but also to other people; finally, it is
of translation products. In this regard, three one of the ways of knowing the world. The
types of approaches are considered: cognitive- word art has Slavic roots in both Church
technological — correlation of translation Slavonic and Old Slavic languages - it is
technologies and digital information and "experience, test".
communication technologies in the modern The art of speech transformation, the art
world; socio-economic — possible social of mediation, the art of decision-making in an
changes that may affect the translation environment of uncertainty, translation is the
profession in the next 20 years; Pedagogical — work of the intellect, which involves not only
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linguistic knowledge, a broad outlook, and
technological mastery, but also creativity, even
cunning, dexterity and intelligence, as well as
the ability to social and psychological
adaptability.

These and many other qualities form the
cognitive portrait of a person who devotes his
life to translation - a type of verbal art -
regardless of the historical era, for what
purpose, and in which language pair it is
carried out.

The 20th century turned translation into
a mass profession, and the art of translation
could not be passed on from master to master:
a scientific understanding of the phenomenon
of translation was needed. At the dawn of
modern scientific knowledge of translation,
two hundred years after D'Alembert's
observations on the Art of Translation, the
French linguist Munin (1963) stated that
translation remains an art, but like medicine,
an art based on science.

Modern technological transformations
caused by the transition of society to the
"digital™ era are revolutionary and affect all
aspects of social life - from the development of
social institutions to the organization of
everyday life and socialization of the
individual, and therefore the problem of
digitalization today attracts special attention of
science and society (Koliasa et al., 2021).

The onset of a new industrial revolution
was announced by Klaus Schwab, the initiator,
ideological inspirer and permanent president
of the Economic Forum. known for his
economic predictions that often come true:
“We are standing at the beginning of a
revolution that will fundamentally change our
lives, our work and our communication. In
terms of scale, volume and complexity, this
phenomenon, which | consider the fourth
industrial revolution, has no analogues in all
previous human experience" (Schwab, 2016:
8).

2002 is considered the beginning of
digitization. At the same time, many questions
arise, the main of which is how to make a
digital transition with all the consequences for
security, sovereignty and quality of life, what
the result of this transition can be, what society
will emerge as a result of all these changes, and
whether humanity will change.
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The assessment of the prospects of
digital transformation thus turns out to be one
of the key tasks along with the implementation
of the digital transition strategy itself. In these
conditions, one cannot help but think about the
future of the art of translation.

Indeed, the history of translation
convincingly shows that the evolution of this
type of cognitive-communicative activity is
directly related to the development of
technologies that ensure perception, fixation,
storage, reproduction and transmission of
information. The invention of technical means
for receiving and transmitting sound at a
distance led to the birth of simultaneous
interpretation. The development of algorithms
for automatic interlanguage transitions
initiated the so-called machine translation.

Over the centuries, information carriers
have also changed: stone, clay tablets, wax
tablets, papyrus, parchment, paper, and then
diskettes, CDs, and flash drives, all the way to
cloud storage, which surpasses the largest
classical libraries in terms of the volume and
speed of stored information.

In the 21st century, another invention
gave another impetus to this development —
the network interaction of computers and
remote transmission of information from one
machine to another, which was called the
Internet. The properties of the modern digital
format of information presentation — the
possibility of copying without loss of accuracy,
increasing the recording density, transmission
speed, and, as a result, the scale of replication
— is another milestone in the course of those
technological trends that have contributed to
the evolution of translation activity throughout
its history. The benefits of using the new
opportunities  associated with ICT in
translation are that they save resources, such as
time. Editing a text, making changes to it,
copying takes less time today than it did 30-40
years ago. Another example is the absence of
the need to use bulky material carriers. If
earlier you needed paper, stationery, a large
number of dictionaries and reference books,
special literature, and much of this could be
obtained only in libraries and even then not
always, today translation requires a personal
computer, software and an Internet connection,
which have limitations in terms of resources
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since the entire toolkit is virtual. Add to this the
adaptability and flexibility of programs. The
costs of searching for information are reduced.
The translator can change the workspace,
characteristics and properties of translation
tools (translation memory programs, automatic
translation programs, databases and corpora)
optimally for him, creating conditions for the
most comfortable and efficient work.

Artificial intelligence in translation

Technological progress has changed and
continues to change the face of the profession.
It affects the translation process and its
qualitative and quantitative characteristics.
Active developments in the field of artificial
intelligence (Al), designed to become the next
round of scientific and technical progress,
cause certain fears: does it not harbour a threat
to the art of translation, as a kind of human
creative activity and the source of its existence,
does it not mark the beginning of the art of
translation the end

If we are guided not so much by the
desire to follow intellectual fashion, but by the
need to predict possible answers to the
challenges of the modern era, to reveal the
essence of changes in translation practice and
in the training of translation personnel, which
are happening today before our eyes, and those
predicted for the next 10-20 years, then the
issue of the correlation of the art of translation
of activity and artificial intelligence in the
global information and communication system
turns out to be far from empty.

In this regard, three groups of questions
relating to the following aspects can be
considered first of all:

1) cognitive-technological: about the
possible correlations of traditional cognitive
operations, which constitute the art of
translation, and digital information and
communication technologies of Al in the
modern world,;

2) socio-economic: about possible social
changes that can affect the translator
profession in the next 20 years;

3) pedagogical and psychological: about
the peculiarities of training translation
personnel for uninterrupted communication,
which ensures the functioning of the "digital
society” of the future, and about the
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development of constructive behavioural and
activity reactions in response to predicted
changes in the translation profession.

The concept of *neural machine
translation™ (NMT)

Neural machine translation is a new type
of translation that is a system of network
interaction of the cognitive-communicative
activity of a human translator and digital
information and communication tools.

The idea of interaction between human
translators and Al (machine) is not new. At the
beginning of the 90s of the last century, due to
the introduction of computerization in many
types of human activity, the issues of
automatic translation were once again at the
centre of the attention of translation
researchers. It was also necessary to study the
nature of human-machine interaction in
translation activity. And the simplest and most
logical way seemed to be the distribution of
functions between a human translator and a
machine by the goals of communication and
requests from society. At a scientific
conference in Montreal in 1993, dedicated to
determining the place of automatic and
"human” translation in public translation
practice, one of the reports admitted that in
terms of translation methodology, it is very
tempting to talk about competition and even
antagonism between human and machine
translation, that these two processes are
irreconcilable and lead to completely different
results. However, in the market of translation
services, these two types of translation can
complement each other under different
requests and requirements for quality, volume
and terms of product submission and financial
capabilities of the consumer-customer, i.e.
coexist with each other (Derieux, 1994).

NMT appeared in 2016. To date, this is
the most successful translation software. In
addition to being able to reduce error by 60%
compared to its predecessor, statistical
machine translation (SMT), NMT is also
significantly faster.

NMT is based on a model of neurons
created in the likeness of the human brain. This
set allows the software to create contextual
links between words and phrases. She can
make these connections by learning language
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rules. It scans millions of blocks from your
database, identifying common features. The
machine then uses the learned rules to create
statistical models that help it understand how a
sentence should be constructed.

An innovative feature of the creation of
NMT is a new language of numbers, which
helps with translation. The machine encodes
each word into a number, into the so-called
vectors: 1, 2, 3, 4, 5, 6. This number series is
transmitted to the neural network and further
decoding takes place. Based on the learned
language rules, the system outputs the
corresponding words in the translation
language. The numbers 7, 8, 9, 10, and 11
corresponding to the words of the entire
sentence are generated. Then these numbers
are deciphered and as a result, are turned into
sentences.

Essentially, the system translates words
into its language and then "thinks" about how,
based on what it already knows, it can shape
those words into an understandable solution —
just like the human brain did.

NMT can successfully translate different
types of literature because it slowly but surely
understands the context. The system focuses
not only on the translated word but also on the
words before and after it.

Key events in the development of neural
machine translation:

2010. How Google Translate Works

Google Translate online translator
already knows how to translate not only
individual words but also entire sentences and
texts. And if you look at these translations, you
will see that the translated words do not always
go in the same order as the original ones: the
translator tries to generate sentences taking
into account the meaning and rules of the
language. For translation, a person needs a
wide variety of knowledge about the world and
the language. But Google Translate uses a
different hack: it analyzes millions of texts and
human translations and generates patterns
from frequently occurring phrases. The more
translations he processes, the better its
translation becomes.

2016. Google Translate starts using
meaning to translate
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Until then, Google Translate has used a
statistical method of translation. It broke the
sentence into phrases, and analyzing millions
of previously made translations, determined
the most likely translation of a given phrase.
This works much better than literal translation
but is still significantly worse than human
translation. The new version of the service,
based on Neural Machine Translation
technology, translates not words or phrases,
but entire sentences. The system extracts
objects, events and connections between them
from the sentence, and then expresses the
meaning in another language. It consists of two
8-layer neural networks, analyzing and
synthesizing. An additional attention module is
installed between the neural networks, which
controls that rare words that are important for
the meaning of the sentence are not missed. At
the moment, the new algorithm works with 9
languages: English, French, German, Spanish,
Portuguese, Chinese, Japanese, Korean and
Turkish. Support for all 109 languages will be
added in the future.

2016. Facebook abandoned Bing
Translator in favour of its translator

Facebook has been providing the ability
to translate posts into your language for several
years now. Until now, this function was carried
out using Microsoft's Bing Translator, but
Facebook decided to abandon it and developed
its own. It is said that Bing is suitable for
official texts, but does not cope well with
ordinary human hacks filled with errors and
phraseological units. To train the translator,
Facebook uses its huge database of user
messages, i.e. everything you write on
Facebook can be used as a translation of other
posts.

2017. Google introduced wireless
headphones with a built-in translator

In a big reveal, along with a new phone,
laptop and other goodies, Google introduced
the $159 Pixel Buds wireless earbuds, which
are designed to get you closer to your Google
Assistant. At first glance, this is just a pathetic
parody of Apple AirPods + Siri. However,
Google has a big advantage - a translator that
translates speech in real-time. And with the
new headphones, you will be able to negotiate
with foreign partners like a President. The
speech recorded by the built-in microphone in



ISSN 2710 — 1673 Artificial Intelligence 2023 Ne 2

a foreign language (and 40 languages are
supported) will be played back in your
language in the headphones. And your partner
will hear a simultaneous translation of your
speech in his headphones.

2019. PROMT released a corporate
translation server based on neural networks

PROMT has introduced a translation
solution using neural networks and big data
technologies - PROMT Neural Translation
Server. Modern machine translation systems
mainly use a statistical or neural method.
PROMT Neural - uses a hybrid approach,
where both the statistical model and the neural
network offer their translation option.
Algorithms developed by the company analyze
the text and decide which technology is best
suited for translating a particular piece of text.
At the same time, according to the developers,
the system takes into account the full context
of the sentence in the source text and the
previously created translation. This approach,
according to PROMT, provides a translation
without a "machine accent"”, the closest to a
"human" one. The cost of the solution may
vary depending on the client's requirements for
customization and the number of users.

2019. Google introduced Translatotron -
a technology for the simultaneous translation
of the oral speech

Google has introduced a new technology
for simultaneous translation of oral speech -
Translatotron. Typically, systems use a
waterfall model to translate spoken language
from one language to another. First, the system
automatically recognizes speech for its
transcription, then the received text is machine
translated, and then the text is converted into
an audio recording. Such a system is also used
in  Google Translate. Google's new
experimental algorithm skips the speech-to-
text step. The neural network created by the
developers receives a spectrogram of the
original audio recording with a voice and
synthesizes a spectrogram with a speech in

another language. The algorithm then
synthesizes the audio file.
2019. Google Assistant learned

simultaneous translation for 27 languages,
including Ukrainian

The Google Assistant virtual assistant
can now help you communicate more easily
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with foreign partners and clients. It has a
simultaneous translation mode into 27
languages. The first device to support it was
the Google Home Hub smart display. To
activate the function, you need to ask the
Assistant to be a translator in the selected
language. While the translator does not work
perfectly, therefore, in addition to
simultaneous translation, you will also get
funny meanings that will create a more relaxed
atmosphere for communicating with foreign
partners and clients.

2020. i0OS 14 introduces offline
translator, browser selection, camera
indicator

Apple introduced a new version of i0S
14 mobile OS. The new "App Library"
automatically organizes applications into
categories - like folders, only better. It will also
be possible to hide entire screens with
applications on the main page. Apple Translate
has more language pairs for translation and a
simultaneous translation capability that uses
machine learning-assisted speech recognition.
The application can work completely offline.
Also, there is a choice of browser and mail
service by default. Before this, links only
opened in Safari by default. Now you can
assign various commands by tapping on the
back cover of the phone. An indicator of a
working camera or microphone has appeared.
If some application is using your camera right
now, you will see a green dot in the upper right
corner. If using a microphone, yellow.

2022. Facebook releases Al technology
for translating texts into 200 languages

Mark Zuckerberg said that his company
has opened the source code of an Al model that
can translate text into 200 languages.
According to him, the multilingual model has
more than 50 billion parameters, it was trained
using the Research SuperCluster
supercomputer. Advances in this area will
enable more than 25 billion transfers per day
across the company's apps, Zuckerberg wrote.
This is part of the No Language Left Behind
(NLLB) project that the company announced
in early 2022. In particular, the NLLB-200
model can perform "high-quality™ translations
in 55 African languages.
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2023.  Online  translator  DeepL
introduced the Write Al assistant to correct
errors in the text

The German company DeepL has
released a beta version of DeepL Write, an Al

assistant for writing texts in a foreign language.

Like the similar service Grammarly, this tool
corrects grammatical errors and suggests
options to improve style or find more accurate
words. The team decided to launch the tool
after noticing that users often translate text
from their language into a foreign language
and vice versa to catch possible errors. The
next step in the development of the tool will be
to focus not on the content of the text, but on
"elusive tones and wording".

Like the brain, deciphering different
information, this artificial neural network
looks at the received information and generates
the next word based on the previous one. In
this way, it will learn which words to focus on
and, relying on existing examples, determine
which context is of primary importance. This
method is a type of multi-level learning and
can improve as the system receives more and
more data. In NMT, the context of decryption
is called "alignment", it occurs with the help of
the Attention mechanism, which takes an
intermediate place in the system between
encryption and decryption.

In this methodological system, both
outright antagonism and mutual benefit are
indeed combined. The antagonism between
machine and man is caused, on the one hand,
by the ever-increasing concern about the future
of the human profession of the translator, who
will try to replace artificial intelligence in all
situations of interlanguage communication,
which is more economically advantageous,
and on the other hand, by criticism of
automatic translation programs that offer
options, are not able to compete in various
situations of interlanguage communication
with the options of a human translator.

The mutual benefit of the human-Al
relationship in this system is obvious. On the
one hand, a smart machine that instantly
operates with large data allows the translator to
quickly review a possible large number of
options for a "specific case" that caused
difficulties, and make a choice based on
individual logic. On the other hand, each new
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version of the "specific case" translation
proposed by the translator and entered into the
cloud of big data in the global information
system enriches the system and allows the self-
learning machine to predict it in the future for
new translation decisions.

Thus, thinking about "digital translation”
and the binomial human translator/Al as a
system of human interaction that takes
advantage of information technology in
translation and Al that performs so-called
automatic translation should not be limited
solely to the ability of Al to perform with that
or to some other extent the functions of a
human translator, completely or partially
replacing him in some situations of
interlanguage communication. It is also
important that the Al systematizes the previous
decisions of the human translator by constantly
learning itself.

Cognitive aspect

It would be naive to assume that the
interaction between humans and artificial
intelligence affects only the technological
processes of translation, as well as the fact that
only Al is subject to development and
evolution.  Human  cognitive  abilities,
constantly interacting with Al, also remain
unchanged. Cognitive operations carried out
by a person in the process of translation
directly depend on the degree of development
of such abilities as perception and attention,
speed of information processing, memory,
simultaneous operation of language systems,
and language activity.

By delegating some functions of
working with information to artificial
intelligence, a person frees his mind from some
cognitive operations, which in the process of
evolution can lead either to the weakening of
human intelligence, up to complete
degradation, or, on the contrary, to the filling
of the vacated intellectual space with new,
until known cognitive abilities.

It is hardly possible to predict all
possible changes in the translator's cognitive
activity. Therefore, let's focus on only two, but
extremely important for the art of translation,
phases of the translation process - perception
and understanding of the original message.
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Socio-economic aspect

In the socio-economic sphere, it is still
too early to make predictions about the
translator. Of course, compared to human
translation, automatic translation is more
profitable for translation consumers: volumes
increase, and translation speed increases with
minimal costs. Therefore, the question of
whether Al can displace humans from this
activity is not entirely accurate. Rather, the
question should be asked whether human
society will want to entrust the performance of
this social function to Al, and if so, in which
areas of communication, in which language
combinations, in which types of translation, in
which communicative situations.

Today, there is a lot of talk about the fact
that the introduction of new technologies and
the achievement of the level of digitalization
that is already possible today will inevitably
result in the release of huge masses of workers,
and the disappearance of entire classes of
professions. Mass professions, both workers
and intellectuals  (drivers,  salesmen,
accountants, economists, lawyers, porters, etc.)
will be under threat. At the same time, the
shortage of highly qualified personnel capable
of working in new economic conditions will
worsen. The development of digital
technologies is designed primarily to optimize
the work of translators and to fall into
pessimism about the future of the profession
and its demand is at least unconstructive. A
study conducted by Frey and Osborne from the
University of Oxford 6 years ago ranked the
professions of translators and interpreters only
265 out of 702 professions susceptible to full
or partial automation with a probability ratio of
0.38 (Frey, Osborne, 2).

Indeed, "technological unemployment”,
associated with the complete replacement of
man by machine, threatens translators only to
a weak extent. Of course, complex algorithms
and developments in the field of robotics and
artificial intelligence based on big data make it
possible to automate many non-standard tasks
today. But activities involving complex
perception and awareness tasks, creative
intelligence tasks, and social intelligence tasks
are difficult to automate.

The art of translation, whether it is an
oral or a written form, includes the tasks
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inherent in creative intelligence and, of course,
the tasks of social intelligence. The main
obstacle to automating the art of translation is
the difficulty or impossibility of classifying
creative values in such a way that they can be
coded in a program (Boden, 2003). In addition,
human values change over time and differ
from culture to culture. If art and creativity by
definition involve not only innovation but also
value, and since values vary widely, it follows
that many of the arguments, counterarguments,
and controversies about creativity stem from
disagreements about value itself. Even if we
could discover, categorize and encode our
creative values so that a computer could then
operate and control these algorithms on its own,
the differences would remain the same. They
would relate to how creatively the computer
approached the solution of the problem, and
how skillful it was. The task becomes even
more difficult when it comes to translation
evaluation.

However, although some algorithms and
robots can reproduce certain aspects of human
interaction in society, recognizing natural
human emotions in real-time is still very
difficult for artificial intelligence, and
responding to them adequately is more
difficult.

Thus, it can be assumed that under the
influence of new digital technologies, the
profession of translator will not disappear, but
will change. The axiological aspect is
important in connection with the prospects of
the digital revolution and its impact on social
life. Thus, according to scientists, the
consequence of the globalization model
approved in the 90s was not only the financial
and economic and power pressure of some
countries on others.

Pedagogical aspect

To prepare translators to ensure
successful interlingual communication in the
conditions of digitization of most types of
human activity, it is necessary to carefully and
comprehensively consider the issue of changes
in the content of the education of translators,
which provide not only an effective dialogue
between human intelligence (translator) and
Al (automatic translation programs) within the
framework of the translation binomial and
features of electronic media.
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The considered example of reading in a
digital environment makes us take a closer
look at the main tasks of translation didactics
for the formation of translation personnel of
the future, which needs to resolve the main
contradiction between the cognitive abilities
formed spontaneously by the digital
environment during the mastering of the main
program of secondary general and higher
special education. translation is necessary,
under conditions when the former opposes the
development of the latter.

Accordingly, it is necessary to clarify
and supplement the content of the education of
a translator in the digital era, which involves,
first of all, the introduction of new disciplines
aimed at both the development of new
competencies and the improvement of
previously acquired ones in the secondary
general education system, in particular:
professional “translation reading”, “home”
text processing, post-machine editing of texts,
search, processing and verification of
information in the “big data” system, etc.

Currently, the so-called post-editing, i.e.,
editing texts translated by machine translation
programs. To clarify the content of translator
training, it is also necessary to determine the
areas of interlanguage communication that are
most prone to automation soon. This involves
a careful study of the feasibility of including in
the training program the development of
branch translation skills (legal, medical,
technical, etc.), based on mastering complexes
of special terminology, to establish the most
effective balance between memorizing and
searching for linguistic information.

Conclusion
In the conditions of a competitive
dialogue between natural and artificial

intelligence in translation activities in the
digital era, more attention should be paid to the
formation of the translator's personality as a
specialist in interlingual and intercultural
communication, capable of rationally making
the most effective decisions based on a
systemic transdisciplinary view of translation
activities. At the beginning of the 20th century,
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there was a popular saying: "Generals always
prepare for the last war." If we continue to train
translators today according to the models and
ideas about translation activity that were
developed decades ago and have not yet lost
their relevance, then we can resemble such
generals, and the new generation of translators
that is being formed today may not be ready for
future changes in society. As for the threats
posed by artificial intelligence to the art of
translation, let's remember that art and
technology have always intersected and fed
each other — the experiments of Leonardo da
Vinci and Michelangelo are a vivid
confirmation of that. How and what will be
demanded and appreciated by society is
another question.
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Abstract. In areas such as landmine detection, where obtaining large volumes of labeled data is challenging, data
augmentation stands out as a key method. This paper investigates the role and impact of different data augmentation
methods, and evaluates their effectiveness in improving the performance of deep learning models adapted to landmine
detection.

Landmine detection is governed by international security requirements on the one hand, and urgent humanitarian
needs on the other. This field, characterized by its urgency and the requirement for meticulous accuracy, is key against
the explosive ordnance. The hidden dangers of these munitions go beyond direct physical damage, leaving their mark on
the socio-economic structures of the affected regions. They hinder agricultural activities, impede the restoration of
infrastructure and create obstacles to the return and resettlement of displaced populations. The mission to detect and
neutralize these hidden hazards combines advanced technology with an unwavering commitment to humanitarian
principles to leave future generations with a land cleared of the heavy legacy of past wars.

The effectiveness of machine learning models in detecting landmines is inextricably linked to the diversity, volume
and reliability of the data they are trained on. The effort to collect a diverse and representative dataset is fraught with
challenges, given limitations related to accessibility, ethical considerations and security issues. The lack of comprehensive
data poses significant obstacles to the development and refinement of machine learning algorithms, potentially limiting
their ability to operate effectively in diverse and unpredictable areas.

In response to these limitations, data augmentation has become an important method. It is a way to circumvent
data limitations by supplementing existing datasets with synthesized variations. Augmentation strategies include spatial
alignment, pixel intensity manipulation, geometric transformations, and compositing, each of which is designed to give
the dataset a semblance of real-world variability.

This study explores the various applications of data augmentation in the field of landmine detection. It emphasizes
the importance of augmentation as a means of overcoming data limitations.

Keywords: Landmine Detection, Data Augmentation, Machine Learning, Dataset Enhancement, Computer
Vision, Deep Learning Architectures.

1.Introduction Landmine detection is not only a

Landmine detection plays a key role in technical challenge; it has profound
global security and humanitarian efforts, humanitarian ~ implications. Undetected
ensuring the safety of people in war-torn areas. landmines continue to pose risks that result in
Detecting these often invisible threats is a casualties, hindering socio-economic
process accompanied by many challenges, one development and impeding post-war recovery
of the most important of which is the lack of and the return of people to their homes. For
reliable and diverse data suitable for training example, the de-occupied territories of
pattern recognition systems. This article Ukraine are a continuous zone of
discusses the importance of landmine contamination by landmines and other
detection, the challenges associated with explosive hazards [1]. Therefore, effective
limited datasets, and explores an innovative landmine detection systems are becoming
solution for data augmentation to improve essential to ensure both human safety and the
detection capabilities. rapid recovery of the affected areas.
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Modern landmine detection relies
heavily on algorithmic approaches, such as
machine learning models, which require
diverse and comprehensive datasets to perform
optimally [2], [3]. However, obtaining such
datasets is challenging. Conflict zones, which
are often prime locations for data collection,
pose logistical, ethical, and geopolitical
obstacles that make data collection limited and
difficult.  This scarcity impedes the
development of robust algorithms, leading to
the risk that models will not generalize and will
not be effective across different territories.

To address the challenges posed by data
scarcity, data augmentation emerges as a
promising approach. This technique amplifies
both the volume and diversity of datasets
through artificial means. Employing a range of
transformations, such as spatial, pixel-based,
and temporal (spanning day-night shifts), data
augmentation enriches the quality and scope of
training data. This not only curtails the
potential for model overfitting but also equips
models to adapt to real-world variability,
enhancing the accuracy of landmine detection.

In the realm of pattern recognition,
augmentation serves as a pivotal instrument to
enhance data utilized in machine learning,
especially deep learning. Through diverse
transformations, including rotation, scaling,
cropping, flipping, and noise addition, it
bolsters data diversity and quality. These
modifications are vital for elevating model
precision and recall rates. This manuscript
offers an overview of augmentation
methodologies employed within a broader
project dedicated to constructing an explosive
ordnance detection system [4].

2.Related Work

Different types of images and tasks
require specialized augmentation methods. To
this end, many studies have developed
frameworks and libraries to provide a wide
range of image augmentation methodologies.
Paper [5] made a significant contribution to a
broad overview of image data augmentation
methods, assessing their impact on the main
tasks of computer vision, namely semantic
segmentation, image classification, and object
detection.
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The imgaug library [6] contains many
methods, such as flipping, rotation, noise
addition, contrast change, and others, which
are used in the study. Also, in [7], the "Keras
preprocessing layers™ were introduced, a
module integrated into TensorFlow that
facilitates image resizing, scaling, rotation,
flipping, and other augmentation processes.
This paper also includes a practical guide that
explains how to use these layers to process
datasets and train models.

Among recent developments, the
"albumentations” library [8] deserves special
attention. This library offers an efficient and
flexible tool for image augmentation,
presenting a variety of methods optimized for
various computer vision tasks. The flexibility
and extensibility of "albumentations” position
it as an essential asset for researchers and
practitioners in this field.

3.The need to supplement the
detection of landmines: Overcoming dataset
limitations and issues of overfitting

In the complex field of landmine
detection, collecting comprehensive datasets is
a huge challenge, which emphasizes the
indispensable role of data augmentation. The
foundation of effective landmine detection
models is a dataset that reflects the diverse
typologies of landmines scattered across a
range of terrains, atmospheric conditions and
types of emplacements. However, the effort to
assemble such a comprehensive collection
faces pragmatic obstacles. The search for
authentic, multifaceted images of landmines
faces many logistical, ethical and security
challenges. The lack of diverse images of
landmines poses a huge obstacle, making it
difficult to develop models that are universally
adaptable.

Against this backdrop, augmentation is a
reasonable solution. By skillfully applying a
variety of transformations to existing images,
augmentation  artificially  increases the
diversity in a dataset. This careful process
produces a dataset that, while based on a
limited set of authentic samples, resonates with
the unpredictability and complexity of real-
world landmine encounters.

Limited datasets invariably raise the
spectre of overfitting, a phenomenon where
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models, in their quest for accuracy, become
constrained by the specifics of the training
data, decreasing their effectiveness in new
scenarios. The lack of real landmine imagery
exacerbates this problem. Without sufficient
variability, models tend to memorize the
features of the dataset, which makes them
poorly adapted to real-world conditions.

This is where augmentation comes in. By
generating many synthetic variations based on
a base set, it effectively expands the variability
of the model. This augmentation reduces the
risks associated with overfitting the model,
contributing to models that, although based on
limited real-world data, are able to recognize
the diverse environmental combinations
associated with landmines.

4.Common augmentation methods:
Exploring the complexities of data
augmentation in landmine detection

4.1. Basic augmentation techniques

Landmine detection benefits greatly
from data augmentation, which uses a set of
techniques to enhance and diversify the
dataset. This section focuses on the main types
of augmentation techniques relevant to this
field: spatial transformations, pixel-level
variations and geometric changes. The impact
of different techniques on different objects
may vary. Determining which algorithm to
apply to an object is learned through
experience and experimentation. For example,
grayscale for some types of mines (round
MON-100 and MON-200) (Fig.1.c)
significantly reduces the accuracy of the
models, while for others, such as PFM-1
(petal) (Fig.1.a), it increases it. This is because
the former, when grayscaled, becomes simple
round objects, while for the petal, which has a
wide range of colors, this, on the contrary,
helps to improve accuracy. For MON-50
grayscale is an option - it can be different
colors (Fig.1.b).

4.1.1. Spatial transformations

Spatial transformations change the
overall arrangement of an image without
changing its content. The most common
methods include rotation, scaling, cropping,
and flipping. Rotation provides different

angles of the same image (Fig. 2). Zooming
allows you to get a close-up or wide view.
Cropping focuses on specific parts, and
flipping creates mirror images, adding variety
to the dataset.

(@) (b) (c)
Fig. 1. Grayscale: PFM-1 (a), MON-50 (b),
MON-100 (c)

el |
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Fig. 2. Rotate PFM-1

4.1.2. Variations at the pixel level

Pixel-level adjustments adjust
brightness, contrast, saturation, and even
introduce noise (Fig. 3). These adjustments
help models train on images that simulate
different lighting conditions and minor
imperfections that are common in the real
world.

Fig. 3. Noise 25% PFM-1 (left),
MON-100 (right)
4.1.3. Geometric and morphological
transformations
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Geometric alterations involve
manipulating an image to distort its structure,
such as stretching or curving it. Morphological
techniques, such as dilation and erosion, shear
(pic. 4), change the contours and features of an
image. Both types help models to recognize
landmines in different terrains and under
different conditions.

4 ™
T rige
Vi lew

Fig. 4. Shear PFM-1 (left), MON-100 (right)

Thus, these augmentation techniques
expand and diversify the training data. By
simulating different conditions and scenarios,
they prepare models for real-world challenges
in landmine detection, increasing accuracy and
reliability.

4.2. Advanced Augmentation Techniques

In the study, advanced data
augmentation holds a pivotal position. These
techniques are integrated into the YOLOvVS8
training process, enhancing the data's variety
and subsequently the model's performance.
Let’s introduce definitions of some metrics.

In machine learning, the term "loss"
refers to a measure of how well a model's
predictions match the true values. There are
many different loss functions, such as Mean
Absolute Error (MAE), Mean Squared Errors
(MSE), Sum of Squared Errors, etc. The latter
is mathematically expressed by the formula:

n
Lsse(0,9) = Z()’i - 5’\1)2;
i=1

where y is the true value and y - is the
predicted value. A larger loss, or also error,
indicates a larger discrepancy between the
predictions and the true values.

The Box loss is the specific metric that
measures how close the predicted bounding
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box is to the actual labels on the image in the
dataset. In YOLO the Mean Square Error loss
function is used to calculate the Box loss [15]:

n
1
Lyse(y,9) = EZ(}G - )’1)2:
i=1

~

where y is the true value and y - is the
predicted value.

The Class loss is calculated on the
Binary cross-entropy loss (or Log-loss)
function for the confidence values of each
bounding box between predicted and ground
truth ones:

n
1
Loce(7,9) = =+ > (¢log, + (1~ y log(1 — 7)),
i=1

~

where y is the true value and y - is the
predicted value.

Box loss is usually understood as the
difference between the predicted coordinates
of the object's bounding box and the actual
coordinates of the bounding box. In contrast,
cls_loss quantifies the difference between the
predicted class labels and the true class labels.

With mosaic and mix-up augmentations
activated during YOLOVS8 training, we have
noted elevated values for “box loss® and
“cls_loss’. This is due to the nature of the
Mosaic method — it combines 16 images from
a dataset, and Mix-up makes these pictures
merged from several files [9]. That is why the
box loss and the class loss in these
augmentation methods becomes higher with
increasing precision and, particularly, recall
(Fig 5-6). However, when these parameters are
turned off, their values are significantly
reduced to less than 0.01. It should be noted
that even with these loss values, the precision
and recall remain very high — both exceed
90%.

Maintaining high precision (1) and recall
(2) remains crucial so it is acceptable not to pay
attention to high "box loss™ and “cls_loss
metrics.
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[terations

Fig. 5. Box loss for training with Mosaic and Mix-up (top line) and without them (bottom line)
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Fig. 6. Class loss for training with Mosaic and Mix-up (top line) and without them (bottom line)

Figures 5-6 show the last 10 epochs of
the learning processes when Mosaic was
disabled (the default YOLOV8 setting), the
upper lines on Fig. 5-6 go down because there
are no combined images in the training process
(Fig. 8).

Precision is an indicator of how often the
model's predictions are correct, and recall
indicates how many true alarms were
identified by the model (Fig. 7 and formulas

1), (2)).
True Positives

Precision = — — (1)
True Positives+False Positives

Recall = True Positives (2)

True Positives+False Negatives

Positive MNegative

S

i True Positive False Positive

c B
B
=
2
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=

‘g False Negalive True Negative

@

z

Actual

Fig. 7. The Confusion Matrix

Balancing these metrics, as well as
managing box_loss and cls_loss, is vital to
achieving optimal performance, especially in
tasks such as object detection.
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Here, some advanced strategies that add
depth and adaptability to the data are explored.
The current study uses algorithms from the
YOLO family. So, one of the methods used by
default is a Mosaic - a set of several images
grouped into a single image.

4.2.1. MixUp and CutMix

MixUp and CutMix [9, 10] are the
techniques that go beyond simple image
modification. They combine parts of different
images and their labels. This not only
diversifies the labels, but also provides models
with a wider selection of images to learn from.
This approach helps the models understand
different types of landmines and reduces the
likelihood of false positives. In the study, we
use Mix-Up together with Mosaic (Fig. 8).

Fig. 8. The Part of the mosaic of mix-ups

4.2.2. GAN-based Augmentation

Generative adversarial networks
(GANSs) [11] have reshaped the perspective on
data augmentation. They are adept at
producing images closely resembling actual
mines. A GAN is structured with two
components: a generator, which crafts images,
and a discriminator that evaluates their
authenticity. This interplay aids models in
deepening their understanding of landmine
appearances. The inclusion of these synthetic
images in the dataset enriched the training
examples of the models. This approach is
earmarked for implementation in upcoming
study phases.

4.2.3. Sim2Real augmentation
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Sim2Real [12] combines virtual
simulations with real data. These simulations
contain a diverse set of scenarios and
challenges, allowing the models to learn from
both simulated and real environments. The
main benefit is the enhanced ability of the
models to identify landmines under different
conditions, surpassing the limitations of simple
camera snapshots. Although we have
considered this method, it has not yet been
integrated into research.

In summary, by applying these advanced
techniques, it is possible to manage diverse and
complex data sets for the models. This
enriched data bolsters the precision and
adaptability of the models. Such strategies
redefine the potential in landmine detection,
enhancing the efficacy and safety of the
solutions.

5.Experiment and results: Testing the
preprocessing methods

In this section, we will discuss the
different data preprocessing methods we used
and how they affected the performance of the
model.

While the primary focus of the study is
on data augmentation, it's crucial to touch upon
the initial steps of preprocessing. Although
preprocessing doesn't increase the dataset size
like augmentation, it remains a foundational
phase in most machine learning processes. One
such integral process is resizing all images to
maintain consistency across the dataset. The
study recognized and used numerous pre-
processing tools to improve data quality.
Specifically:

— Auto-Orient was used to standardize
image orientation, ensuring uniformity in
model input.

— Resizing all images
consistent  dimension,  ensuring
consistency.

— Leveraging the auto-adjust contrast
ensured clearer, more discernible images,
facilitating improved pattern detection by the
models.

— While it was initially considered
converting all images to grayscale, later it was
opted to augment only 30% of the dataset in
this manner, as it yielded superior outcomes.

provided a
dataset
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The repercussions of these preprocessing
strategies on the model's effectiveness are
elaborated upon in the provided Table 1.

Table 1. Results of experiments with preprocessing

Augmentations

No

Grayscale: Apply to 30% of images

Grayscale: Apply to 30% of images.,
Cutout: 3 boxes with 21% size each

Grayscale: Apply to 40% of images

Grayscale: Apply to 40% of images.,
Cutout: 3 boxes with 21% size each

Grayscale: Apply to 30% of images.
Cutout: 3 boxes with 21% size each

Grayscale: Apply to 30% of images.
Cutout: 3 boxes with 21% size each

Grayscale: Apply to 30% of images.
Cutout: 3 boxes with 21% size each

Grayscale: Apply to 30% of images.
Cutout: 3 boxes with 21% size each

Grayscale: Apply to 30% of images.
Cutout: 3 boxes with 21% size each

Grayscale: Apply to 30% of images.
Cutout: 3 boxes with 21% size each

Version mAP / Recall Preprocessin
ID [Precision P g
6 94.4/82.4/93.6 Auto-Orient, Resize: Stretch to 640x640
Auto-Orient, Resize: Stretch to 640x640,
17 89.1/83.0/91.3 Auto-Adjust Contrast
Auto-Orient, Resize: Stretch to 640x640,
19 91.0/84.2/93.4 Auto-Adjust Contrast
Auto-Orient, Resize: Stretch to 640x640
0, 1 y
20 88.8/81.4%/91.2 Auto-Adjust Contrast
Auto-Orient, Resize: Stretch to 640x640,
21 89.6/81.1/92.1 Auto-Adjust Contrast
Auto-Orient, Resize: Fit (white edges) in
26 88.7/84.6/89.0 640x640
Auto-Orient, Resize: Fit (black edges) in
27 89.5/82.1/91.7 640x640
29 91.3/85.9/90.3 Auto-Orient, Resize: Fit within 640x640
Auto-Orient, Resize: Fit within 640x640,
39 91.2/85.2/91.7 Auto-Adjust Contrast: Using Contrast
Stretching
Auto-Orient, Resize: Fit within 640x640,
41 94.2/90.2/96.1 Auto-Adjust Contrast: Using Contrast
Stretching
Auto-Orient, Resize: Fit within 640x640,
42 93.7/89.4/95.2 Auto-Adjust Contrast: Using Contrast
Stretching, Flip: Horizontal, Vertical
6.Dataset Overview: Utilizing

obtained with Cutout 21% and Grayscale

YOLOV5 and Roboflow [13]

We started with a diverse collection of
landmine photographs. This collection of
different types of landmines captured under
different conditions laid the foundation for the
experiments. Our initial modifications to the
data were done on the Roboflow platform,
where the model was also published [16].
Several augmentations were applied here,
including grayscale, cutout, rotation, flip, shift,
blur, and noise, adapted specifically for the
YOLOVS5 model. The best results were
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(Table 1, Version Id 41). At this stage, we
switched to the more modern YOLOV8 model
and tested different augmentation techniques
again. After testing different configurations,
the following techniques were selected, as
shown in the Table. 2.

These methods were chosen based on the
qualitative performance of each method
applied to the same dataset, and the metrics of
all experiments are shown in Table 3 (There
are all experiments listed — for stages 1 and 2).
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Table 2. The best methods of augmentation
on the first stage

‘

Augmentation
Flip: Horizontal, Vertical

90° Rotate: Clockwise, Counter-Clockwise, Upside Down

Grayscale: Apply to 30% of images
Noise: Up to 15% of pixels

Al N (P

Table 3. The metrics of methods of augmentation on the 1 and 2 stages

Augmentation Precision Recall mAP50 mAP50-95 Fitness

Technique(s)

No 1 stage and ALL 2nd
stage(YOLO) aug 99 89.2 95.3 76.7 78.6
Grayscal, Rotate, Noise,
Flip, ALL 2nd stage 97.4 92.6 95.7 77.3 79.2
augment
Grayscal,Rotate, Noise,
Flip. 96.6 79 89.1 68.1 70.2
No 2™ s,
Grayscale
No 2 st 96.2 68.9 84.6 66.1 68
Noise
No 2 st 93.3 74.9 86.4 64.7 66.9
Rotate
NoO 2 st 90.8 733 86.6 65.7 67.8
Flip
N 2Tt 90.2 76.1 86.9 68.4 70.2
Bounding Box Rotate
No 21 st 90.1 70.5 83.6 63.3 65.4
Mosaic
No 2 st 91.6 71.8 82 61.3 63.4
No augmentation 91.6 71.8 82 61.3 63.4
Blur
No 2 st 87.6 75.1 83.8 61.6 63.8
Bounding Box Rotate
No 21 st 88 75.8 85.3 59.6 62.2
Cutout
No 2" st 86 63.2 80.2 61.5 63.3
The second stage: Switching to YOLOv8 were used and additional augmentations were
implemented, as shown in tab. 4. Results also
When YOLOvV8 was selected for could be found in the tab. 3.

training, the best practices from the first phase
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Table 4. The YOLOV8 augmentation parameters

YOLO Code

Augmentation Method

Description

Mosaic mosaic Create a mosaic of four images
HSV Hue Shift hsv_h Shift hue in HSV color space
HSV Saturation Shift hsv_s Shift saturation in HSV color space
HSV Value Shift hsv_v Shift value in HSV color space
Degrees Rotation degrees Rotate images by specified degrees
Translate translate Translate images by specified values
Scale scale Scale images by specified factors
Shear shear Apply shear transformations
Flip Vertical flipud Flip images vertically
Flip Horizontal fliplr Flip images horizontally
Mixup mixup Apply mixup to combine images

At this point, it worth to mention the
mixing and mosaic techniques. It is worth
noting that mosaic gave the best results among
all the methods that were tested. The Table 3
shows that Blur and Bounding Box Rotate,
although they give lower precision, increase
the recall, the best methods applied together
(Grayscale, Rotate, Noise, Flip) give the
maximum result, and when paired with the
above-mentioned techniques from stage 2
(Tab. 4), the best result was achieved with an
precision of 97.4 and a recall of 92.6. Although
the experiment with only stage 2 augmentation
is on the first place in the table, the recall is
much lower, so the following methods were
considered: Grayscale, Rotate, Noise, Flip, All
2-nd stage augmentations set to be the best
model.

The following notations are worth
noting:

— Average Precision (AP) is a metric that
calculates the precision of an object detection
algorithm for a specific class. It is calculated as
the mean of the precision at various recall
levels, generally visualized using a precision-
recall curve. The formula is represented as the
area under the precision-recall curve, typically
computed as:

AP = j p(r)dr
0

where p and r are precision and recall, which
are calculated using formulas (1) and (2).

— Mean Average Precision is calculated
as follows:
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n
1
mAP = —Z AP,
n
k=1

where APy is Average precision of a class k.

— mMAP50: Mean Average Precision at
50% loU (Intersection over Union). loU
measures the overlap between two bounding
boxes. mAP50 is the mean of the average
precision scores at loU of 50%.

— mAP50-95: This is the mean average
precision calculated at different loU thresholds
from 50% to 95%. It's a more rigorous metric
than mAP50 as it averages mAP over a range
of loU values.

— Fitness: a value that YOLO defaults to a
weighted combination of metrics: mMAP@0.5
with 10% weight, and mAP@0.5:0.95 with
90%. In the Table 3 it can be observed that the
Fitness metric is the highest for 2 row that we
chose as the best.

Model training and results

Using the YOLOvV5 model and later the
YOLOvV8 model for recognition, the models
were trained on augmented data from both
stages. The combination of different
augmentations ensured that the models were
exposed to a wide range of variations, which
contributed to better generalization. As a
result, it can be observed a big jump compared
to the data without augmentation and with
augmentation.

6.1. Progressing to YOLOvVS8

Transitioning to YOLOvV8 for further
training, we blended the top methods from the
previous phase and introduced new
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augmentation processes. In this phase, a strong
reliance was placed on the mixing and mosaic
techniques, with the latter demonstrating the
most promising results in the evaluations
conducted.

For example, in Fig. 9 it can be observed
that the lines are arranged in ascending order
for the Precision of Cutout, Greyscale, and
methods delineated in Table 2, as well as the
combined methods from Tables 2 and 4 (the
top line).

The better difference for recall (same
line order as in Fig. 9) in Fig. 10 is the main
reason why we chose the 2" set of
augmentations from Table 3. Since the recall
metric given in (2) plays a crucial role for
landmine detection, the precision can be lower
if the recall increases significantly. Simply put,

it is acceptable that not all detected landmines
are landmines (lower precision), but it is very
important not to have objects that are
landmines but were not detected as landmines
at all.

6.2. Training Process and Findings

Our training kicked off with the
YOLOvV5 model, moving later to YOLOVS.
We harnessed data enriched with variations
from both the initial and advanced phases. This
diverse exposure allowed the models to
experience a vast array of data changes,
resulting in more adaptable models. The stark
improvement was evident when comparing the
graphs from Figures 9-12.

metrics / precision(B)

lterations

Fig. 9. Precision of Cutout, Greyscale, Methods from Table 2 and Methods from the Tables 2 and 4

metrics / recall(B)

N
N
\\'
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Fig. 10. Recall graph Also the same order of lines for mMAP@50 and mAP@50-95 given in Fig. 11-12
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Fig. 11. mAP@50 graph
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Fig. 12. mAP@50-95 graph

The experiments with different types of
augmentation emphasized the importance of
data diversity when training robust models.
Mosaic, blending, and other methods from
Phase 2 (Table 4) proved that augmentation
can significantly improve important metrics
such as recall. Our findings pave the way for
further research into advanced augmentation
techniques to improve landmine detection.

7. Challenges and insights in landmine
detection through data augmentation

There are both benefits and challenges to
using data augmentation for landmine
detection. Appropriate application of these
techniques is essential to ensure the accuracy
of the model and its application in the field.
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7.1. Unnatural scenarios

Data augmentation can inadvertently
lead to the creation of images that do not reflect
real-world mine risk scenarios. For example,
converting images to grayscale may improve
certain characteristics, but it may also prevent
the model from distinguishing between
different types of landmines. It is important to
use augmentation methods that are appropriate
for the real world.

7.2. Achieving balance with
augmentation
While augmentation techniques can

enrich a dataset and improve model
performance, over-reliance on them can
intuitively  harm  model  performance.

Excessive or inappropriate augmentation can
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cause the model to prioritize irrelevant
features. Regular performance evaluation is
crucial for monitoring and adjusting
augmentation strategies.

7.3. Ensure consistency of the dataset
across classes

Some augmentation methods may
disproportionately affect different classes in
the dataset. This can lead to an unbalanced
dataset ~ where  some classes are
overrepresented (overfitted). It is very
important to use augmentation methods that
maintain a consistent representation of all
classes.

8.Conclusions and next steps: The role
of augmentation in landmine detection

Given the limited amount of data and the
dangers of experimenting with explosive
objects, augmentation provides important
information to improve the quality of effective
landmine detection models and expand the
capabilities.

Our research efforts clearly emphasize
the effectiveness of data augmentation in
enhancing the capabilities of the landmine
detection model. Incorporating techniques
such as Mix-up, Grayscale, among others, has
enriched the datasets, encapsulating an
expansive gamut of landmine detection
scenarios. This enrichment has subsequently
rendered the models more adaptable for
diverse deployments.

Harnessing the YOLOvV5 [14] and
YOLOv8 [15] frameworks has proffered
profound insights, particularly elucidating the
interplay between augmentation and detection
precision. However, the use of augmentation

for detecting landmines requires further
development. We strive for innovative
augmentation  methodologies,  potentially

using state-of-the-art models, GANs, and real-
time data emulation. Nonetheless, armed with
our current understanding, we are poised for
further model optimization. In parallel, a
mobile application project is being developed
to expand the data set and classes of landmines
to be recognized.

A paramount forthcoming endeavor
involves subjecting the models to rigorous
testing in genuine conditions. The goal is to
ascertain their competency across varied
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topographies and ambient  conditions,
transitioning from the confines of labs to on-
ground implementations.

It is also planned to conduct a series of
experiments to improve the model's response,
as this indicator is of great importance in the
case of searching for explosive objects.

In  conclusion, notwithstanding the
substantial journey ahead, the steadfast
commitment is evident: progressing towards
outcomes that promise enhanced safety and
preservation of human lives on a global scale.
Saving lives is the cornerstone of the project,
which gives us the strength to move forward
with the implementation of the system for the
future safe environment and happy life of
future generations.
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BUKOPUCTAHHAA HEWPOEBOJIIOLIII ITPU MOUIYKY MNOJIITHK B
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AHoTanis. Po3rystHyTO MiaXiq 70 BUKOPUCTAHHS HEWPOEBOIIONIT IS TOIIYKY MOJITHK HEHMPOHHOI MEpPEXi JJIs
3aBIIaHHA ITO3UIIOHYBaHHI poOOTH30BaHOI pyku. PoboToTexHiIuHI 3a1a4i, SIK MPaBHUIIO, MAIOTh BiTHOCHO BEITUKi IPOCTOPU
PO3B’S3KiB, TOMY TYT HEHpPOCBOJIIOLIHHI aJrOPUTMH BHCTYHAIOTH TapHOK albTEPHATHBOI TPAAULIHHUM METOoAaM
IIHOOKOT0 MaNIMHHOTO HaBYaHHS. HeHpoeBOMIOLIHHMI anropuT™M aBTOMATHYHO PO3BUBAE HEHPOHHI Mepexi Uit
KOHKPETHOTO 3aBJaHHs Ta cepeoBHILa. [lepeBara mossrae B ToMy, M0 HEOOXiTHO JIUILe a0CTPAKTHO BU3HAYUTH Oa)kaHy
MOBEIIHKY, a aJrOPUTM MAaKCHMAaJbHO ONTHMI3y€ IITYYHY HEHPOHHY Mepexy Uil BUKOHAHHS BHMOT. Po3risHyTuit
anroput™ NEAT no3Bossie 00po0iisiTi 0araToBUMIipHI IPOCTOPHU CTaHy Ta [il, 3a0€3MeuyroYr THYUKICTh JUIS KepyBaHH:I
CKJIaHUMH pyXamMH pyku pobora. BiH TakoX 34aTHUN BUSBJIATH TONITHKH KEPYBaHHSA, SKi JEMOHCTPYIOTh
HerepeabdauyBaHy MOBEAIHKY, SIBHO HE 3alIpOrpaMoBaHy JIIObMH — iHXKeHepaMu. HelipoeBouTtoList 103BOJIsIE MapaieibHO
OLIIHIOBATH KiJIbKa HEHPOHHUX MepeiK, 3a0e3mneuyroun e)eKTUBHE JIOCITIPKEHHSI IPOCTOpY mouyKy. Poboty airopurmy
OCTIKCHO Y EKCICPUMEHTI, MPOBEACHOMY Y JBOBHMIPHOMY CEpEIOBHIN 3 POOOTH30BAHOI PYKOKO Ui 3ajaadi
MO3UI[IOHYBaHHSI.

KoarouoBi ciioBa: HelipoeBOIIOLIsI, MaHIIyIIOBaHHS 00'€KTaMH, KOHTPOJIEP POOOPYKH.

USE OF NEUROEVOLUTION FOR NEURAL NETWORK POLICIES
SEARCH FOR ROBOTIC ARM
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Abstract. An approach to using neuroevolution to find neural network policies for the task of positioning a robotic
arm is considered. As a rule, robotic problems have relatively large solution spaces, so here neuroevolutionary algorithms
are a good alternative to traditional methods of deep machine learning. A neuroevolutionary algorithm automatically
develops neural networks for a specific task and environment. The advantage is that it is only necessary to define the
desired behavior abstractly, and the algorithm optimizes the artificial neural network as much as possible to fulfill the
requirements. The considered NEAT algorithm allows processing multidimensional state and action spaces, providing
flexibility to control complex robot arm movements. It is also capable of detecting control policies that exhibit
unpredictable behavior that is not clearly programmed by human engineers. Neuroevolution allows multiple neural
networks to be evaluated in parallel, providing efficient exploration of the search space. The operation of the algorithm
was investigated in an experiment conducted in a two-dimensional environment with a robotic arm for the positioning
task.

Keywords: neuroevolution, objects manipulation, roboarm controller.
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Beryn

B ocranHi pokM MamMHHE HaBYAHHS
3poOMIIO PEBOMIONII y cdepl poOOTOTEXHIKH
Ta aBTOMaTH3aIlii. Bukopucrosyroun
QIropuT™MH, poOOTIB  MOXXHA  HABYHUTH
BUKOHYBAaTH pi3HI 3aBAaHHA 1 HAaBiTh
HaByaTthcs  camocTiiiHo. Ile  mo3Bommiio
CTBOPUTH OUIBII JOCKOHAIUX POOOTIB, SKi
MOXYTh  CaMOCTIMHO  Opi€HTyBaTtucsi B
CKJIIAJHUX CEPEIOBUIIAX, B3AEMOAIATH 3
JIOIBMU OUTBII MPUPOJHUM YMHOM, a TaKOXK
BUKOHYBAaTH BHUPOOHWYI 3aBJaHHS OiIbII
e(EeKTUBHO.

Marmnnae HaB4aHHS J103BOJIsiE poOOTaM
0o0poOJIATH BENWYE3HI OOCATH JIaHUX Yy
peaIbHOMY 4aci, JO03BOJSIOYM iM TpHiMATH
OumbIl MBUAKI Ta TOYHI pimeHHs. Lle
gornomarae  poOoTaM  Kpamie — po3yMiTH
HABKOJIMIIIHE CEPEIOBUIIE Ta 00’ €KTU HABKOJIO
Hux. Hanpukian, iX MOXHaA 3amporpamyBaTu
imeHTudikyBaTH 00’€KTH 3a JOMOMOIOIO

KOMOiHaIii  Bi3yaJIbHUX, TAKTHIBHHX 1
3BYKOBHUX JIATYHKIB. Le JIO3BOJISIE
pO3Mmi3HaBaTh pi3Hi 00’exTH B
HABKOJIMIIIHBOMY CEPENOBUII Ta BIANOBIIHO
pearyBaTH.

MamvHHe HaBYaHHS TaKOX JI03BOJISIE
poboTam BYHWTHCS Ha IXHBOMY JOCBIJI.
BuxopuctoBytouu gai, 3i0paHi 3 monepeaHix
3aBJIaHb, POOOTH MOXYTh KOPHUTYBATH CBOIO
MOBEJIIHKY, 11100 Kpallle BUKOHYBaTH MaiiOyTH1
3aBaaHHs. Lle 0coOaMBO KOPUCHO B 00JIaCTsIX,
7e podoTaM MOTPIOHO IIBUIKO aJanTyBaTHUCS
JI0 MIHJIMBUX YMOB 1 cepelioBHINa. bibmiicTh

pOOOTOTEXHIYHMX  3aBJaHb  BHMMAararmThb
0araToKpoKOBUX IIUJIEH, SKI BUMAararoTh
MeXaHI3My IJTaHYBaHHS. Tpaauuiitai
poOoTH30BaHi KOHTpOJIEPH 3a3BUYail

MIPOEKTYIOTHCS BPYUHY, @ PO3MOLT 3aBJJaHb Ha
Mi/13a/1a41 BUKOHYE JroauHa [1].

barato crienapiiB BUMararoTh aganTtaiii
pOOOTIB 10 HOBUX YMOB a00 HaBITh HaBUYAHHS
a0coOoTHO HOBIM moBexAiHLi. PoGoty, skuii
BUpOOJIsie aBTOMOOLT, HANpUKIaA, Yac BiA
qJacy JJOBENEThCS aNanTyBaTHCS 10 HOBUX

Mojeneir  aBromoOumB. Jlng  GaraThox
peabHUX JTOJIATKIB JOCTaTHBO
3amporpaMyBaTd  HEOOXITHY  TOBEIIHKY

BpYUHY, aJie 4acTo 1€ HEMOXKIIMBO, OCKLIBKH
CepE/IOBHINIE MOXKE IPOCTO 3MIHIOBATHCS
HAATO 4YacTo abo0 HaBiTh OyTH 3a3Jayeriib
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HEBIJIOMUM 1HXEHEpaM, SKi TPOrpamyroTh
CUCTEMY.

Meron HaBYaHHA Ta €BOJIFOLIIHI
TEXHIKHU MPU3HAYCHI IJIs1 ONTUMI3aIlii BUIKOT
peaxiiii, sika OTiM BUKOPUCTOBYETHCS IEIKHM
KOHTPOJEpOM BHUIIOTO piBHA.  OCKUIBKH
3aBJaHHs Ta poOoUe cepeOBHIIE sl pOOOTIB
CTalOTh BCE OUIBII CKIQJHUMH, 3POCTAE
notpeda B MeTOaX HaBYaHHS Ta MOIIYKY, SKi
MOXXYTh ITUIAHYBaTH JOCSATHEHHS METH, HE
MOKJIQJJAI0OYUCh Ha BXKE ICHYIOUY CTPYKTYPY
mia3anad, po3poOICHIX JIFOUHOIO.

OCKUIBKH TpaguIliiH1 METOU
rIuOOKOro HaBYaHHS JOCHTH OOMEXEHI, BCE
OuTbIIE  JOCHITHUKIB  TIOYadd  IIyKaTH
QNbTEPHATHBHI ~ MIAXOAW A0  HABYAHHSA
WTYYHUX HEHpoHHMX Mepex. [nmuboke
MallMHHE HaBYAHHS HAJ3BUYAMHO IOTY)KHE
JUTSL pO3Ii3HABAHHS 00pa3iB, aje HE JT03BOJISIE
BUKOHYBaTH  3aBJIaHHS, SKI  BUMAararmTh
PO3YyMIHHS KOHTEKCTYy a0o0 MpaIonTs 3
HEe3HAOMHMH HaHMMH. barato mOCIIIZHUKIB
CXOASATHCS HA TyMIIi, IO CYYacHUM MiAXiJ JI0
MPOEKTYBAaHHS CUCTEM INTYYHOTO IHTEJICKTY
BXK€ HE B 3MO31 BHOpATHCS 3 aKTyaJbHUMH
npobIeMaMu.

AJbTEpHATUBOIO TPAJAUIIIHHUM METOIaM

IMOOKOT0  MANIMHHOTO ~ HAaBYAHHA €
HEWPOCBOJIIOIIHI ANTOPUTMH.
HeiipoeBomoriiss — 11¢ CIMEUCTBO METO/IIB

MAIIMHHOTO HaBYaHHS, SKi BUKOPHCTOBYIOTh
€BOJIIOIIMHI ~ QJITOPUTMH I TIOJIETTIICHHS
BUpIILIEHHS CKJIAJHUX Mpo0JieM, TaKuxX SsK
irpu, poOOTOTEXHIKa Ta  MOJEIIOBAHHS
npupogHux  mpoueciB.  HeipoeBomoniiini
QITOPUTMHU  IMITYIOTH MpPOLIEC HPUPOJHOTO
BiIOODY. Kinnesum pe3yJIbTaTOM
HEUPOEBOJIIOIT € ONTHUMaJbHA TOMOJIOTIS
Mepexi, fKka poOUTb MOAedb  OiIbII
pecypcoedeKTUBHOIO Ta JIETTIO0 JJI aHAI3y
[4].

HetipoeBomomiitHuii AITOPUTM
aBTOMAaTHYHO PO3BHMBA€ HEHPOHHI MEpexi JUIs
KOHKPETHOTO 3aBJaHHS Ta CepeJOBHIIA.
[lepeBaroto € Te, 1O HEOOXIHO JIHIIIE
abCTpakTHO BU3HAUUTU Oa’kaHy MOBEIIHKY, a
QITOPUTM MAaKCHUMAaJIbHO ONTHMI3Y€ IITYYHY
HEHPOHHY MEpeXy JUIsi BHKOHAHHS BHMOT.
OnHak 3acTocyBaTd HEHpPOHHI Mepexi JUls
pPOOOTOTEXHIKK BCE IIE CKIAIHO, 1 JOCATHYTA
NPOAYKTUBHICTH ~ YacTO  HWXKYa,  HIK
ouikyeTbcsi. OCKUIbKM HEHpOHHI Mepexi
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3arajJjoM 1 HEHPOEBOJIOMINHI  aITOPUTMH
30KpeMa MaroTh 0araTo mepeBar i HEJOJIKiB
MOPIBHSHO 3  QJIbTEPHATHBAMHM,  IIIKABO

PO3TIISIHYTH  iX TIOPIBHSHHA 3  IHIIMMH
nigxonamu [9]. JlocmipkeHHs MOKa3yoTh, M0
BCE M€ JIOCUTh CKJIAJJHO BUKOPHUCTOBYBATH
ITYyYHI HEWPOHHI MEpeki B 3aJI0BUILHHM
Croci®é A7 KOHTPOJIF0 CTaHy aBTOHOMHOTO
po6ora [5]. Illo6 oTpumarn HPUAHATHI
pe3yJIbTaTH BiJl TEHETUYHUX aJITOPUTMIB,
noTpiobHo Oarato dyacy. OCKUIBKH IITY4HI
HEHPOHHI MepeXi MPsIMOTO 3B 3Ky HE MAIOTh
KOHOTO BHYTPIIIHBOTO CTaHy, ix
00YHCITIOBANIEHI MOXKIIMBOCTI y’Ke 00MEXeH,
oo MOXE 3pOoOMTH iX TIPIIMMHU  Bif
KOHKYPYIOUUX I AXOM1B. OnHak
HEHPOCBOMIONISI € a0CONIOTHO —3arajlbHUM
MiXO0A0M, SKH MOXHa 3acTOCOByBaTtH 0e3
OyIb-SKHX JCTaTIbHUX 3HAHb TIPO HABKOJIUIIIHE
cepenoBuine. Kpim Toro, e kiac anropuTmis
MOJKE aJanTyBaTHUCS JI0 HenepeA0aueHnX 3MiH
y cepenoumi [6]. Ilpum mpoekTyBaHHI
KOHTPOJIEPIB CHEiaJbHOTO MPU3HAYCHHS JIs
TOCSITHEHHS NPUHHATHUX pe3yJbTaTiB
noTpiOHa AeTanpHa iHpopMallis mpo 3a7ady Ta
cepenosuie. KpiMm TOro, Bakko abo HaBITh
HEMOXIIMBO PO3POOUTH IIi KOHTPOJIEPH TAKUM
YMHOM, MI00 BOHM MOTJIM aJanTyBaTHCS 0
OyIb-SIKUX 3MiH Y CEpEOBHILI.

TakuMm uynMHOM, HEHPOEBOJIOLII0 BAPTO
BUKOPHUCTOBYBATH, SIKIIO 3HAHHS PO 3a/1ady
ny)ke oOMexeHl abo SKIIO 3ajadya MOXKe
3MIHUTHCS Hemepen0auyBaHUM UYHHOM Y
MaioytHeoMy. IIpoTe, sikio cepenoBuile Ta
3ajaya  Jo0pe  BU3HAY€HI,  HaIMCAHHSA
QITOPUTMY 3 HYJIS € KpalluM MiIXOJ0M. Y
Tabmuii 1 HaBejeHO orAA  mepeBar i
HEIOJIIKIB IBOX IIIXOIIB.

Jlana poOoTa mpuCBAYEHA PO3POOLI

3aco0iB aBTOMaTH3alii MPOEKTYBAHHS
HEeHpPOKOHTpoIIepa IS yIpaBIiHHA
POOOTH30BaHOIO KIHI[IBKOIO. Toune

po3TalryBaHHS pyKH poOOTa T03BOJSIE TOYHO
Ta MOBTOPIOBAHO BHKOHYBATH 3aBIIaHHS, IO
MPU3BOAUTH JI0 MiABHUILEHHS e(heKTUBHOCTI Ta
MTPOTYKTHBHOCTI. [Tpwu MIPABHIIEHOMY
MO3MIII0HYBaHHI POOOTH MOXYTh BUKOHYBAaTH
3aBJaHHS IIBUJIIE, 3 MEHIIOK KUIBKICTIO

IMMOMHMIIOK 1 IUJIOA000BO, IO  3HAYHO
€KOHOMHTHL  dYac 1  KOIITH. Toune
po3TallyBaHHS  KIHI[IBKH Ma€  BaKJIHMBE

3HAYCHHA AJId BUKOHAHHA TaKUX 3aBJaHb, SAK
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o0poOka nerasnei, CKJIaJlaHHS, 3BapIOBaHHS
abo ¢dapOyBannsa. Ilo3uilioHyBaHHA pPYKH
po0oTa Mae BaXKJIMBE 3HAYCHHS JUIsl POOOTH B
CKJIQ/IHUX 1 JUHAMIYHUX CepeloBUIIax. TouHO
po3ramioBaHi  pyku  poOoTa  MOXYTh
aIanTyBaTUCS 0 MIHJIMBHX yMOB, YHHKATH
MepemKoa 1 TepeMilaTucs  CKJIJHUMH
nusixamu. Lle 0coOJIMBO BaKJIMBO B TaKUX
raryssx, SIK JIOTICTHKA, CKJIaJIChKE
rOCIIOIAPCTBO  Ta OXOpPOHA 3I0POB’s, Je
poboram noTpiOHO B3AEMOJTISITH 3
JUHAMIYHUM 1 HE3HAHOMHM CEPEIOBHUIIICM.

Tabmums 1. IlopiBHAHHS HEHPOEBOIIOLIT Ta
KOHTPOJIEPIB CIELiaTbHOTO MPU3HAYCHHS [ 5]

IMigxin [TepeBaru Henomiku
He motpi6Hi .
P Henepenbauysani
JieTalbHi 3HaHHS .
Ta CymepedwInBi
po MpooIeMy.
N . pe3yIbTaTH.
Heiipoesomronis AreHTtHn
Cumymsmii 3
aJanTyOTHCS 10 .
. IHTCHCUBHUMHU
3MiH
00YUCTCHHAMH.
CepeIoBHIIa
HeoOxingne
U JieTaJIbHE 3HAaHHS
3a3Buyaii 61T
npoOsieMu.
BHCOKa o
KonTponepu . 3a3Buuaii He B
. MIPOIYKTHBHICTb. .
CIIeIiaTEHOTO 3MO03i
PesynbTatu
NpU3HAYCHHS . aJIanTyBaTUCS 10
nepenbadyBaHi .
.. 3MiH
Ta 3pO3yMiJi.
HABKOJHIITHEOTO
CepeIOBHIIIA.

1. IMoniTnkM NO3ULIOHYBAHHA
pPo00OTH30BaHOI PYKH

[To3uiionyBanHs pOOOTU30BaHOI PYKH —
1€ MPOLIeC TOYHOTO KEPyBaHHS MOJOXKEHHSM 1
OpIEHTAIIIEI0 KIHIIBKA POOOTHU30BAaHOI PYKH
(iHcTpyMeHTa ab0 3aXBAaTHOT'O MPUCTPOIO) IS
BUKOHAHHS NEBHHUX 3aBjaaHb. lle moioxeHHs
Ma€ BHpilIadbHE 3HA4YEHHS U1 B3aeMOJIT
pyKH 3 00’€KTaMH, MaHIMyJIOBaHHS HUMH Ta
TOYHOTI'O BUKOHAHHS PI3HUX Omepartiil.

PoGotuzoBana pyka 3a3BUYal
CKJIaJa€ThCs 3 KIUIBKOX INAPHIPIB, sIKi
3a0e3neuyroTh pPYKy CTYNEHSAMH CBOOOAN
(DOF). DOF  mpencraBisie  KUIBKICTb
HEe3aNeKHUX TapaMeTpiB, HEOOXIMHUX JUIS
ornucy kKoHpirypauii pyku. KoxkeH cyrio6
JI03BOJISIE PYIIi 0OepTaTHCs a00 MepeMilaTUCs

B3/IOBX IE€BHOI OCi, JI0O3BOJISIIOYM  PYIIi
pyxaTucs B KUJTBKOX HanpsMKax.
[lo3uiionyBaHHS ~ pOOOTHM30BAaHOI  PYKH
0a3yeTbcss  Ha  BUKOPHCTAHHI  CHCTEM

KOOpJWHAT /ISl BU3HAYEHHS TOJOXCHHS Ta
opieHTarii PYKH. Haiinommpenimoro
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CHCTEMOI0 KOOPJIWHAT € JIEKapTOBa CHCTEMA
KOOpIWHAT, € TMOJOXCHHS BU3HAYAIOTHCS
koopauHatamMu X, Y 1 Z. OpieHTamis pyku
MOXe OyTH TmpeiacTaBiieHa 3a JOMOMOTOIO
kyTiB Eiinepa, KBaTepHIOHIB a00 MaTpHIlb

o0epTaHHSI.
[Tpsima KiHEMaTHKa nepeabdavae
BU3HAUCHHS TIOJIOKEHHS Ta  OpieHTAIil

KiHIIEBOTO edeKkTopa Ha OCHOBI KYTIB abo
JIOBKUH 3’€THaHb. 3 iHIIOro OOKy, 3BOPOTHA
KiHEMaTHKa Tiependadae 3HAXOMKCHHS KYTIB
a00 JOBXMH 3’€JHaHb, HEOOXITHUX s

JNOCSTHEHHS ~ Oa)KaHOTO  TIOJIOXKCHHS — Ta
Opi€HTAII] KIHI[IBKH.
[InanyBanHs TpaekTopii mependayvae

CTBOPEHHS IIJIABHOTO i ONTHMAJIBHOTO LIIAXY,
AKUM pyKa pobora Oyne pyxaTucs miA yac
MepexoJly 3 OJIHOTO IOJIOKCHHS B iHIIE. BiH

BpaxoBy€ Taki (aKTOpH, SIK YHHKHCHHS
MEPEeLKO/I, CTIUTBHI O0OMEXEHHS Ta
ONTHUMI3Allisl NUIAXY Ha OCHOBI TaKHX

KpUTEpiiB, SK Yac, CHOKUBAHHS €Heprii abo
TOuHICTh. [I7TaHyBaHHS TpaeKTOpii rapaHTye,
IO pyKa PyXaeTbesi €PeKTHBHO Ta OE3MEYHO,
J0CSTal0u 0a)KaHOTO TIOJIOKCHHS.

Hist TOYHOTO MO3HIIIOHYBaHHS
POOOTH30BaHUX PYK BUKOPHUCTOBYIOTHCS Pi3HI
MeToan KepyBaHHs. llpm ympaBmiaHI 3

Puc. 1. B3aeMoist KOMITOHEHTIB HABYAJILHOTO CEPEIOBHUINA

Bzaemonis 3 minmkoBUM  00’€KTOM
notpeOye  meBHOro  raHyBaHHsA. [l
yCHIMHOT MaHINmyJsii 00 €KTOM 3aBIaHHS
OyJie po3aiIeHO Ha JIB1 MiJ3a/1a4l 3 OKPEMUMU
koHTponepamu. [lepmia mig3agada monsrae B
TOMY, 100 MEPEeMICTUTH KIHIIBKY BIJIHOCHO
ONMM3bKO [0 IJIbOBOI MO3MUII, YHHMKAIOUu
nepemkoa. Jpyra mia3agada BiTHOCUTHCS 0
MPSIMOTO MaHIyJTIOBaHHS 00’ €KTOM,
HAIIPHUKITA]T TepeMiIIeHHS BHITa]TKOBO
PO3MILIIEHUX 00’ €KTIB 13 MOYATKOBOT'O CTaHy

BIIKPUTHM IUKJIOM TIIONIEPEAHHO BU3HAYCHI
KOMaHIW HAJICWUIAIOThCS Ha pykKy 0Oe3
3BOPOTHOTIO 3B 53Ky, IPUITYCKAIOUH, 110 pyKa
pyXaTUMEThCS  3TiIHO 3 IHCTPYKIISIMH.
KoHTpoip 13 3aMKHYTUM KOHTYPOM, TaKOX
BiJJOMUH SIK KOHTPOJIb 13 3BOPOTHUM 3B’ SI3KOM,
BKJIIOYA€ 3BOPOTHHUM 3B’SI30K JaT4yMKa JUIs
MOCTIHOTO PETYIIOBAHHS MOJIOKCHHS PYKH Ta
KOpPUTYBaHHS OyIb-IKUX BIAXUJICHbD.

s 3amadi HaBYaHHS MM PO3TIISTHEMO
MOJIeTIb POOOTHU30BAHOI PYKH, MPEJCTABICHY
SK IHTEJIEKTyaJbHUN areHT B 0OMEXEHOMY Ta
CIPOIICHOMY CEpeloBHUIIl. ATEHT e
Cy0’ekT, SKUHA 3IAaTHUH CHOPUEMATH CBOE
OTOYEHHS 3a JOMOMOTOI0 JaTYMKIB, a TaKOX
BIUTUBATH Ha CBOE OTOYCHHS 32 JOMOMOIOIO
NpUBOMIB. ATEHTH  3a3BUYall  MOXKYTb
cpuiiMaTy BiacHi Aii, ane He O0OOB'SI3KOBO
BIUTUB IIUX Jiii HA HABKOJMIIHE CEPEOBHUIIIE.
AreHT MOXe OyTHM MaTEeMaTU4YHO OIHMCAHHI
(GYyHKIIEIO areHTa, ska BH3HAYA€ JII0 areHTa
Ha OCHOBI BCi€l HOro TOCTIAOBHOCTI
CHpUMUHATTA. TakuM 4YMHOM, TOBEIIHKA areHTa

MOXe OyTH TIOBHICTIO ONHMCAaHA MUISIXOM
BU3HAYEHHS [ii UIL KOXKHOI MOXKJIHUBOI
nociigoBHocTi  cnpuidHATT  [10]. Cxema

B3a€EMO/Iii areHTa i cepe[0BHILA MTPEACTaBICHA
Ha puc. 1.
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bi (o) 3a7aHo1
HeoOxinHicTh
KOHTPOJIEPiB

inboBoi  KOH(irypartii.
BUKOPHUCTAHHS JIBOX
U1 L[OTO 3aBJIaHHA
JNEMOHCTPY€E, W0 HEWPOEBOMIONIT  Jierie
PO3BHUHYTH  pEakTHBHY IOBEHIHKY, HIX
JIOBFOCTPOKOBY CTPATEriuHy MOBEIIHKY.
JlaBaiiTe OKpEMO pO3IJITHEMO IIEpIIY
BU3HAUEHy IMiJ3a1auy MO3UI[IOHYBaHHS
KIHIIIBKA pOOOTU30BaHOI PyKH 3a JOMIOMOTOO
cepenosuma OpenAl Gym i3 JBOBUMIPHOIO
POOOTH30BAHOIO PYKOIO 3 JIBOMA CYIJI00aMH.
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Ile cepenoBuie MOJCTIOBAHHS, MPHU3HAYCHE
Juia 3a0e3neueHHsl BipTyalbHOI miatdopmu
JUIs TECTyBaHHS Ta pPO3POOKH alrOPUTMIB
KepyBaHHS Il JTBOBHUMIpHOiI poOOTH30BaHOI

pyku [7]. Ilpukian ctaHy HaBKOJHUIITHBOTO
cepe/loBUINA MPEACTaBICHUHN Ha pHC. 2.

RobotArm-Env - 9

Puc. 2. Cepenouiiie OpenAl Gym 2D Robot Arm

PoboT cknanaerbcs 3 JBOX 3’€/lHaHb,
KokHe noBxuHOK0 100 mikcermiB, 1 MeTa —
JIOCSITTA YEPBOHOI Kpamku, SKa BHUIAJKOBUM
YMHOM TEHEepPYEThCS B KOXKHOMY EMi30[1i.
[Ipoctip niif mpenacTaBise MOXIUBI Ail, AKi
MOKE€ BHKOHATH areHT. Y JBOBUMIpPHOMY
CEpEeIOBUINI  MAaHIMyNIATOpa TPOCTip i
CKJIQJIa€ThCS 3 KePYBaHHS KyTamH 3’ €JIHAHHSA
MaHIyJIaTopa podora:

— 0: 3ayUmMTH MOTOYHE 3HAYEHHS KyTa
3’€IHaHHA,
— 1: mpupict kyTa 3’e¢aHaHHS 1,
. 3MEHIIIEHHS KyTa 3’ €HaHHs 1;
! IPHUPICT KyTa 3 €THAaHHS 2,
' BMEHIICHHS KyTa 3’ €THAHHSA 2;
. IPUPICT KyTiB 3 €HAHD 1 1 2;
. 3MEHIIIEHHS KyTIB 3’ €HaHb 1 1 2.

[pocTip CTIOCTEPEKEHB nae
iH(popMallito po MIOTOYHUM CTaH
HaBKOJIMIIHBOTO CEPEIOBHINA. Y CEepeIOBHIII
JBOBUMIPHOi ~ pyku  poOoTa  MpOCTip
CIIOCTEPEe)KEHb € Oe3NepepBHUM 1 MICTHTH

|
o O, WN
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BIIMOBIAHY iH(OpMaIlito, HEOOXiIHY IS
KOHTPOJTIO Ta IPUHHSATTS PillICHb:

— I[UTbOBA TMO3UIS B HANpIMKy X (y
MKCENAX);

— LIbOBA TMO3UIS B HampsAMKy y (Y
MKCeIsX);

— IOTOYHE TOJOXKEHHs 3’efaHaHHs 1 (y

pamiaHax);

— TOTOYHE TMOJIOKEHHS 3’enHaHHd 2 (Y

pamiaHax).

HaBkonumine cepenoBuie 3abesmneuye
BHHAropoxy JUisi YIPaBIiHHSA  IPOIECOM
HaByaHHSI. Bwunaropoma  3ajexuTh  Bif
IOCSATHEHHS IUILOBOT O3MIIT:

— pobor otpumae mrpad -1, sSKIIO
IIOTOYHA BIACTaHbL MK KIHIIIBKOIO 1
IILOBOIO  ITO3HMINEI0 OijbIla, HIX
MoTepeIHs BiACTaHb;

— poboT oTpuMae BUHAropody 1, sIKIIo
HOTOYHA BiICTaHb MDK KIHI[IBKOIO 1
LIILOBOKO To3uIliero > -E < €, e € =10
MKCEJIB.
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Kpim  ToOro, BU3HAU€HO  yMOBH
3aBepILIEHHs, 00 BKa3aTH KiHEIb eMi30fdy:
MMOTOYHA BUHArOpoJa CTaHOBUTH -10 a6o +10.

2. HeiipoeBoJtioniiiHe HABYaHHA

Hapuanns 3 migkpimienssm (RL) Gyno
YCIIIIHO 3aCTOCOBAHO JI0 MOJITUK KOHTPOIIO
HaBYaHHS i1 pyK poOotiB. AnroputmMu RL
JI03BOJIIIOTh POOOTaM BHMBYATH ONTHUMAJbHI

cTparerii KepyBaHHS MeETOJOM TMpobd i
IIOMHJIOK, B3a€MOMJIIOYM 3 HABKOJHIIHIM
CCpEIOBUIEM 1 OTPUMYIOYH 3BOPOTHIH

3B’s130K y (hopMmi BuHaropos abo mrpadis.

Y RL Mu TpeHyeMO TOJITHKH areHTIB
Ty, n =1, ..., N g BUpILICHHS OKpPEMHX
BUIAJKIB CEPEIOBUINA: AJII KOKHOTO KPOKY
CepellioBHIa t areHT CIOCTepirae craH
CepeIOBHILA Sy, 1 TIONMITHUKA BUPIIIYE, KA Mis
a; Mae OyTu 37ilicHeHa. ATEHT OTpUMYE
BuHaropony (St At Sey1) 32 KOXEH
CIOCTEpEeXKyBaHM CTaH i 4Yac emMi30ay
HaByaHHs. lle mpu3BoauTh 10 TpaekTopii 3 T
kpokiB. CyKyIHa BUHATOPOAA Yk_o¥ “Teik+1
HampUKIHII  eMi30Jy, JOUCKOHTOBaHa 3a
KOeiIieHTOM Y, 3a3BUYail BUKOPUCTOBYETHCS
K LiTb0oBa (YHKIIA TOJITUKUA TPOIEeCy
orntuMizamii. HasuBatumemo  R; MOBHOTO
€mi30/1y IPUCTOCOBAHICTIO MOJITUKH [2].

AnroputMu RL HaBuaroTbes uepes
iTepariitauit porLec B3a€MO/I1T 3
cepenoBuieM. Pyka poOoTa BUKOHYe Jii Ha
OCHOBI TOTOYHOI MOJITHKH, CIIOCTEpIrae 3a
KIHII[EBUM CTaHOM 1 BHHaropojow Ta
BIJIMOBIHO OHOBIIOE CBOK mMomiTuKy. Lleit
MpoIec TPUBAE, JIOKM areHT He HaOIM3UTHCS
70 ONTUMAJIBHOI MOJITUKH KOHTPOIO, sKa
MaKCHUMI3y€ CYKyIHY BHHAaropogy 3 4YacoM.
HaBuyanHs MOXHa MPOBOJUTH OHJIANH, KOJIU
pyKa HaBYaeTbCsd IMiJ dYac B3aeMonii 3
¢izuyHMM  cepenoBuIleM, abo  oduaiiH,
BUKOPHUCTOBYIOUHM MOMNEpeAHbO 310paHi AaHi
9i CUMYJIAIMil. BUKOpUCTOBYIOUM HaBYaHHS 3
MIJKPIIUIEHHSAM  PYKH  poOOTIB  MOXKYTb
ABTOHOMHO HAaBYATHUCS MOJITUKAM KepyBaHHS,
K1 JO3BOJISIOTH 1M BUKOHYBAaTH CKJIAIHI
3aBaHHA, aJanTyBaTHCA JO 3MIHIOBaHHX
CepeZIOBUILl 1 HaBiTh BYMTHCS Ha MPUKIAAIL
monae. Tlonitukn kepyBaHHs Ha ocHOBI RL
Oynu yCHINTHO 3aCTOCOBAaHI JO0 IIMPOKOTO
niama3oHy 3a/lad, 30KpeMa MaHiMyJIIoBaHHS
00’€eKTamu, CKJIaJTaHHS, 3axBara  Ta
MIPOMHCIIOBOI aBTOMATH3AIIii.
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Heiiponna mepexa oOpaHa sIK TOJIITUKA
KepyBaHHS poOoTOM. MepexeBa apXiTeKTypa
3a3BMYAll CKIIQIA€ThCS 3 BXITHUX HEWPOHIB,
0 TMPEACTaBISIOTh CTaH pPYyKd pobOoTa,
NPUXOBAaHUX HEUPOHIB IS TPOMDKHUX
Oo0YMCIEeHb 1 BHXIIHUX HEHpPOHIB, sKi
TEeHEPYIOTh  Kepyloul  curHaimd.  Barosi
KOe(QIIIEHTH Ta 3MILICHHS HEHPOHHOI MEpexi
€ TlapaMeTpamMH, SKi MOTPiIOHO ONTUMI3yBaTH.
[Tlim dYac KOXHOTO TIOKOJIHHS HEHpOHHI
MepeXi  OIIHIOITBCA  Ha  OCHOBI  iX
MPOJIYKTUBHOCTI B TOMEPEIHBO BU3HAYCHIH
¢byukmii  BignmoBimHOCTI.  DiTHEC-QyHKITIS
BUMIPIOE, HACKUTbKH J1I00pe pyka pobota
BUKOHYE TIEBHE 3aBJIaHHS, HAIIPUKJIAJ TOCATAE
i, MaHimymaoe o0’ektamMu abo  yHUKae
nepemko. OliHKa NPUAATHOCTI MOXe OyTH
MpOBEJIcHAa [IUIIXOM  MOJICIIOBAaHHS  a0o
(I3UYHUX ~ CKCIIEPUMEHTIB, 3aJICKHO  BiJ
HasiBHHUX PECypCiB.

EBomtoniiftHi  anroOpuTMH  BUKOPHCTO-
BYIOTh pi3HI OIEpaToOpH, Taki sK BiAOIp,
KpocoBep 1 MyTalisi, 1mo0 CTBOPUTH HOBI
MOKOJIIHHA HeWpoHHux Mepex [1]. Binbip
HaJIa€ TepeBary HaWKpamMm Mepekam, 10

J03BOJISIE 1M TMepeJaBaTd  CBOi  T'€HH
HACTYIMHOMY  MOKOJiHHIO.  CXpelryBaHHS
MOEAHYE TapaMeTpu JABOX OaTbKIBCHKUX

MEpEeK U CTBOPEHHSI HAIA/IKIB 13 CYMIIIIIIIO
iXHiX oO3HaK. MyTalis BHOCUTh HEBEJIHUKI
BUIAJKOBI 3MIHM B TapaMeTpH, CIPHUSIOUYU
JOCTIKEHHIO [TPOCTOpy MOuIyky [3].

[Ipouiec  HelipoeBOMIONIT  ITEPATUBHO
PO3BHBAE TOMYJAIiI0 HEHPOHHUX MEPEK
MPOTATOM  KIIBKOX  MOKOMiHb.  OriHKa
MPUAATHOCTI,  BIAOIp, CXpEUlyBaHHS Ta
MyTallisi TMOBTOPIOIOTHCS, JOKH He Oyxe
3HAWZCHO 3aJ0BUIHHY TMOJITUKY KOHTPOJIIO.
[Ipouiec cmnpsiMoBaHuit Ha 30DKHICTH [0
rapaMeTpiB HEHPOHHOT Mepexki, Kl HaJalTh
MOJIITUKA KEPYBaHHS 3 BUIIUMH 3HAYCHHIMHU
MIPUCTOCOBAHOCTI, €(EKTUBHO IOKPAILyIOUH
POAYKTUBHICTb pyKH podoTa [8].

NEAT (NeuroEvolution of Augmenting
Topologies) — 1me HeHpoeBOIIOIIHMIA
QITOPUTM, CHEI[albHO PO3pOOJIeHUN JuIs
PO3BUTKY IITYYHUX HEUPOHHUX Mepex (ANN)
31 CKJIaJTHOIO Ta 3MIHHOIO TOTIOJIOTi€r0. Bid OyB
npencrasieanit Kennerom O. Ctenini ta Picto
Miiikynaitnenom y 2002 pori 1 3 TUX Iip CTaB
MOMYJISIPHUM Hi1X010M y ramysi
HelipoeBoroIIii [3].
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NEAT Bupimye npoGiemMu pO3BUTKY
IITHM i3 pi3HOIO KUIBKICTIO HEHPOHIB 1
3’eqHaHb. Ha BigmiHy Bifg TpaguIiiiHUX
METOMIB €BOJIIOLII HEWPOHHUX MEpex, sKi
cnuparoTbes Ha (ikcoBani tomosorii, NEAT
JI03BOJISIE CTBOPIOBATH Ta pPO3BHUBAaTH HOBI
MEpEXKEBI CTPYKTYPH.

[Tiaxig BUKOPUCTOBYE iICTOPHUHY CXEMY
MapKyBaHHS, 100 3a0e3MeunTr 30eperKeHHs
IHHOBaIil y CTPYKTypi Mepexi mix dyac
nporiecy eBoiolii. KoxkHoMmy TeHy B reHomi
MPUCBOIOETHCSA  ICTOPUYHUN  Mapkep  JUis
BIICTOKCHHS  HMOr0  MOXO/DKCHHS  Ta
30epeKeHHs] ICTOPUYHOTO 3aluCy iHHOBAIlIH.
Ile nmo3Bosisie 30epiraTd Ta pPeKOMOIHYBaTH
HOBI CTPYKTYpPHI OCOOJIMBOCTI TMPOTATOM
MOKOJIiHb. BiH BKIIOYAa€e BUIOYTBOPEHHS ISt
320XOUEHHs 30€peKeHHsI PI3HOMAHITHOCTI B

nomyssnii. Ilig wdac eBomromii  ocoOuHU
IPYNYIOTHCS y BUAM Ha OCHOBI iX IOIOHOCTI B
CTPYKTYpi Mepexi. BunoytBopenns

JI0TIOMarae 3armoOirTé BTPaTi MepCreKTUBHUX
CTPYKTYp 4epe3 HaJMIpHY KOHKYPEHIII0 Ta
T03BOJISIE AOCIIHKYBATH Pi3HI TOMOJOTI].

ANropuT™ J103BOJISIE MEPEXKAM POCTH Ta
301TBIITYBATH CKJIAIHICTH MPOTATOM OKOJiHb.
BiH mnoctynoBo BBOAWTH HOBI BY3/IM Ta
3’€IHaHHS, TOYNHAIOYHN 3 TIPOCTUX CTPYKTYP 1
IIOCTYNOBO YCKJIAJHIOIOYM iX Yy TpoLeci
esomonii. Kpim Ttoro, NEAT mniarpumye
CIPOILIEHHS MEPEK NPH BUSABJIEHH1 3aliBUX a00
HEnoTpiOHUX 3'€THaHb, MTOKpaITy 04X
e(EeKTUBHICTb 1 MPOTYKTUBHICTb.

NEAT OyB ycHilmiHO 3aCTOCOBaHUU Yy

pi3HUX O0JAcTsSX, BKIIOYAIOUH  CUCTEMHU
KepyBaHHs,  IrpU,  poOOTOTEXHIKy  Ta
po3mi3HaBaHHs o0Opa3iB. Moro 3nmaTHICTBH

MpaioBaTd 3 AUHAMIYHUMH Ta 3MIHHUMH
MEpEeXEBUMHU TOMOJOTISIMA  pOOUTH  Horo
no0pe TpuIaTHUM  JJIs  3aBlaHb,  SKi
noTpeOyI0Th aIallTUBHOCTI, MacIITAOOBAHOCTI
Ta BIAKPUTTS HOBUX MEPEKEBUX apXITEKTYP.
[linxin  moeqHAHHS  EBOJIOIIHHUX
QITOPUTMIB 13 HEWPOHHHMH  MeEpeXaMH
HQ/IMXHYB Ha MOJAAJbII PO3POOKH B raiysi
HelpoeBomonii. Po3mmpenHs Ta Bapiamii
NEAT Oynu 3anporoHoBaHi Ui BUPIMICHHS
KOHKPETHUX 3aB/aHb, TaKUX SK MeEpexi
CTBOpEHHS KoMIo3uIliiHuX 1mabnoHiB (CPPN)
Ui reHepaTuBHUX 3aBlaHb a00 HyperNEAT
st PO3BUTKY BEJIMKOMACIITaOHUX
HEUPOHHUX MEpEeX. 3arajoM BiH BUSIBUBCA
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MOTY)KHUM 1 THYYKHM HEHPOEBOIIOMIHHIM
QITOPUTMOM, IO 3a0e3leuye  eBOJIOLII0
CKJIATHUX CTPYKTYp HEWPOHHOI Mepexi Ta
npocyBae chepy eBONIOIiHHOT pOOOTOTEXHIKU
Ta MTYYHOTO 1HTEJICKTY.

3. 3acTocyBaHHsI miaxoay s 3ajadi
NO3MIiOHYBaHHS Po0040i KiHIliBKHM podoTa

Jns exkcnmepumenty Oyma  oOpaHa
6i0moreka NEAT-Python sk peamizamis
anroputmy NEAT. Sk BumivBae 3 Ha3BH, 1€
peamizariss  anroputmy NEAT Ha MoOBI
nporpamyBanHsa Python. biGmioreka NEAT-
Python 3abe3neuye peanizaiiro CTaHIAPTHHUX
meroniB NEAT g MozenroBaHHs T€HETUYHOT
€BOJIIOII] T€HOMIB OpraHi3MiB Y MOITYJIALII.
Bona MicTUTh YTWIITH Ui IEPETBOPEHHS
TCHOTHITy OpraHi3aMy B Horo QeHoTHIl
(WTyuHy HEHPOHHY MEpexy) 1 HaJae 3pydHi
METOAM Uil 3aBAaHTAXKCHHA Ta 30€peKeHHs
KoH(Iirypariii reHoMy pa3oM i3 mapameTrpamu
NEAT. KpiMm TOro, BoHa Hajae KOpPHCHI
npouenypu, SKi JOloMaraiTh 30uparu
CTaTUCTHYHI JaHi TPO XiJ] EBOJIOLIIHOTO
nporecy Ta 30epiraTtu/3aBaHTaKyBaTH
MPOMDKHI KOHTPOJIbHI TOYKH. KOHTpOIJIBHI
TOYKH JI03BOJISIIOTH HAM MIEP10ANYHO 30epiratu
CTaH EBOJIIOLIMHOTO Tpolecy 1 Mi3Hime
B1JIHOBJIIOBAaTH BUKOHaHHA Mpouecy [10].

VY mporeci HeHpOeBOIONIT BUKOPUCTO-
BY€ETbCS JIBOBUMIPHUH CUMYJIATOP
poOOTH30BaHOI PYKH IS peaiizallii MeToxy
HaBYaHHSI METOJIOM CHpoO 1 MOMWIOK. Bin
MIATPUMY€E  TIOMYJIALII0 ~ TEHOMIB, Kl
PO3BHUBAIOTHCA 3 TOKOJIIHHS B TOKOJIIHHS, JJOKU
He OyJe 3HaiiIeHO YCHIIIHUI po3’BA30K. Y
mporeci  eBONIIOLii  KOXKEH OpraHiaMm y
MOMYJIALIl TepeBipseTbcs Ha NPUIATHICTD
LUIAXOM IMiTalii pyKd 3 JIBOMa CyTJo0amu.
Hanpuxkinni cumymnsmii  opraHisM  OTpUMYE
CUTHaJl BUHAroOpogd Yy BHIJISAL KUTBKOCTI
YacOBUX KpOKIB, MPOTATOM SIKUX BIH MIr
JOCATTH  IIUJIbOBOI  YEpBOHOI TOYKH Ta
MakCUMaibHOI  BHHaropoau. OtpumaHuit
CUTHAJI BAHArOPOJIM BU3HAYAE MPALe3/JaTHICTh
Opra”i3mMy 1 BHpIIIyE WOTO JIONIO B TpOIeci

HelpoeBoITIoii.
ExcriepyMeHT MigKpECcIuB BaXIJIHUBICTb
MIATPUMKH  30aaHCOBAaHOI MOMyJSMmii i3

MOMIPHOIO KUTHKICTIO BH/IIB. 3aHAJITO BEIHMKA
PI3HOMAHITHICTh BUJAIB y MOMYJALil MOXe
MEPENIKOPKATH  TPOIECy  HEHPOEBOJIIOIII,
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3MEHIIYIOYM HWMOBIPHICTh CIIapIOBaHHS MK
OprasizMam, 10 HaJle)XaTh J0 PI3HUX BHIIB.
Kpim Toro, BpaxoByrouHu, MIO YHCEIbHICTH
nomyJsmii ¢gikcoBaHa, YUM OLUTBINEC BHIIB Yy
MOIYJIALT, TAM MEHIIIA YUCEIBHICTh KOXHOTO
BUIy. MeHII BUIM 3MEHIIYIOTh HMOBIpHICTh
KOPUCHHUX MYyTalliid. 3 iHIIIOTO OOKY, HAsSBHICTh

OKpEMHUX BHJIIB JO3BOJISIE HAM MIATPUMYBATH
KOpUCHI ~ MyTamii B KOXHIA  Himi
BUJIOYTBOPEHHSI Ta BHKOPHUCTOBYBAaTH KOXKHY
MYTallil0 B HACTYNHHUX NOKOMIHHAX. Takum
YHHOM, 3aHa/TO HU3bKa BHUJIOBA
PI3HOMAaHITHICTb TAKOK IIKOAUTH €BOJIIOII].

811

Puc. 3. Heiiponna mepesxa micns 1000 mokomiHb

Bukopucranass ~ HeiipoeBomomii B
NOWIYKY TMOJITUKH JUId TO3UI[IOHYBaHHS
poOOTH30BaHOI pYKH Ma€ BpaxOBYBaTH
KOMIIpOMIC ~ MDK  TphOMa  IapaMeTpaMu
CUCTEMH, 110 PO3POOIISIETHCS:

— o0csr TPEeHYBaJBHUX 3yCHIIb,
HEOOXITHUX JUIsI BHUKOHAHHS 3aBJaHHA 3a
JIOTIOMOT'010 pO0OTa;

— 4Yac Ha BUKOHAHHSA 3aBJaHHS TICIA
OTpPUMAaHHS KOMaH/M yNpaBJIiHHS;

— SIKICTh pe3yibTaty BUKOHAHOTO
3aB/IaHHA (TOYHICTH MO3UIIIOHYBaHHS).

BucHoBku
PozrmsiayTui niaxiza IIOKa3ye
MEPCIEKTHBHICTh 3aCTOCYBaHHS

HelpoeBomoNii 17151 aBTOMaTu3aLii po3poOKu
HEHPOHHUX MepeX Ui 3aaad yIpaBITiHHS
pPOOOTHM30BaHMMHU CHUCTEMaMH 3 BEIMKHUMHU
MIPOCTOPaMU PIllIEHb.

HeiipoeBomonist B ympaBiliHHI PYKOIO
poOoTta Mae Kinbka nepeBar. Bona wmoxe
00poOsATH GaraTOBUMIpHI IPOCTOPU CTAHY Ta
aii, 3a0e3nevyoud THYUKICTh AJIsi KepyBaHHS
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CKIagHUMH poOoTamu. BoHa Takox 3maTHa
BUSBISITM  TOJITUKM  KEpyBaHHs,  sKi
JIEMOHCTPYIOTh Herepe0auyBaHy MOBEIIHKY,
SBHO HE 3alporpaMoBaHy 1H)KEHEpaMH.
HeiipoeBomroniss  1103Bosisie  mapasiesibHO
OLIIHIOBATH  KiJbKA HEMPOHHUX  MEpex,
3a0e3neuyroun  €QEeKTUBHE  JOCITIKEHHS
MIPOCTOPY TMONIYKY.

Opnnax HepoeBooLis TaKOX
CTHKa€eThCs 3 pobiemamu. Bona moxe Oytu
O0YHCITIOBAJIFHO 3aTPAaTHOIO, OCOOJUBO MpHU
poOOTi 3 BEIMKUMH HEHPOHHHUMH MeEpeKaMu
Ta CKJIQJIHUMU 3aBJaHHAMMU.

BuxopuctoBytoun mnepeBaru NEAT,
MOKJIMBO  BHKOPHCTOBYBAaTH  €BOJIIOLINHI
MPOIECH U PO3BUTKY HEHPOHHHX MEpEX,
3MaTHUX JIO TOYHOIO Ta  aJalTHBHOTO
KepyBaHHS MO3UI[IOHYBaHHSAM POOOTH30BaHOT
pyku. ['Hyuki  Tomozorii, — MOXJIMBOCTI
OTMTHUMI3aIli] Ta 3/1aTHICTh OOPOOIATH CKIIATHY
JTUHAMIKY CIPUSIOTH M1 IBUILIEHHIO
MIPOYKTHUBHOCTI, a/IalITUBHOCTI Ta
€(pEeKTUBHOCTI ~ CHUCTEM  MO3MIIOHYBaHHS
pOOOTHU30BaHOT PYKH.
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AHoTamnis. Po3risgHyTO MiIXix 10 CTBOPEHHS IHTENEKTYaIbHUX CHCTEM, IO MOENHYE el anreOpu anropuTMiB
I'mymkoBa 3 BiIOMHMH HEHPOCBOJIOLIMHMME — aNrOpUTMAMH  OOYMCIIOBAIBHOIO  IHTENEKTY, IO MOXYTh
3aCTOCOBYBATUCh Ul aBTOMAaTH3allii NMPOEKTYBaHHA Ta CHHTE3y HpOrpaM. MeTox HeHpoeBOMIOUil HapoCTar4HX
TONOJIOTI MpU3HAYEHHH Uil 3MEHIICHHS PO3MIPHOCTI MPOCTOpPY IIOLIYKY MapaMeTpiB HeHpomepexi y BUIIIAAL
MOCTYIOBOTO PO3BUTKY ii CTPYKTYpH Y mpolieci eBoowii. Po3pobieHo mporpaMHuii iHCTpyMeHTapiil Ha MiATPUMKY
TaKOro MiJIX01y, € B OCHOBY IOKJIa/IEHO KOHCTPYIOBaHHS BUCOKOPIBHEBHX CIieIH(DiKaIiil anropuTMiB, IpeICTaBICHUX
y CHCTEMax aJIrOPUTMIYHUX anredp, Ta reHeparliio BiAMOBIAHUX IMPOrpaM Ha OCHOBI MIAOJIOHIB peasi3alliil MibOBOIO
MOBOIO MPOrpamMyBaHHs. BUKOPHCTOBYIOTBCS 3aCO0M TilepcxeM — IMapaMeTPU30BaHUX aITOPUTMIB JJIsI PO3B’SI3aHHS
MEBHOTO KJIACy 3ajay. YCTaHOBKA KOHKPETHHX 3HAYCHb MMapaMeTpiB I HACTYIHA IHTEPIPETALlis TIilEPCXEeM JT03BOJISIE
OJIepIKaTH alNrOPUTMH, aJalTOBaHI 10 KOHKPETHHX YMOB 3aCTOCYyBaHHS. Po3poOiieHunii iHCTpyMeHTapiii NpOEKTYBaHHS
Ta CHHTE3y NporpaM 3a0e3medye IMOKPOKOBY pPO3pOOKYy MporpaM, MOYMHAIOYW Bill BHCOKOPIBHEBOI crermdikarii,
nojaHol anreOpo-arOpuTMIYHOK MOBOIO. Ha BHXOHIi iHCTpyMEHTapiro aBTOMATH30BAaHO T'€HEPYEThCsA IMporpama
onHi€r0 3 miboBUX MoB mporpamyBaHHi (C, C++, Java, Python Tta iH.), 10 SKHX HaJICKHUTh TaKOX IPEIMETHO-
opieHTOBaHa MOBa MPOEKTYBaHHS HeHpoMepex. 3raaHa MOBa BKIFOYAE ONEPATOPU Ta YMOBH POOOTH 3 MOMYJIALISMH,
KOH(piryparismu, TeHOMaMH Ta (yHKIi€0 mpugaHocTi. PoOoTy iHCTpyMeHTapiro MPOITIOCTPOBAHO Ha TMPHUKIAII
MPOEKTYBAHHS MapaMeTPU30BAHOTO AJITOPUTMY OLIIHIOBAHHS IJIs ABIHKOBOTO MYJIBTHIIJIEKCOpA Ta reHepalii nporpamu
JUIsl 3a]1a4i OaJlaHCyBaHHsI 31 3BOPOTHUM MasiTHUKOM.

KoarouoBi ciioBa: anreOpa ajaroputmis, reHepatlisi Iporpam, HeipoeBoJIIOLs, HelipoMeperka, IITYYHU IHTEJIEKT.

INTEGRATION OF THE METHODS OF ALGEBRA OF ALGORITHMS
AND COMPUTATIONAL INTELLIGENCE FOR AUTOMATION OF
PROGRAM SYSTEMS DESIGN

A.Yu. Doroshenko %, I.P. Sinitsyn 2, V.L. Shevchenko 3, O.A. Yatsenko 4, 1.Z. Achour®
1234 nstitute of Software Systems of National Academy of Sciences of Ukraine, Ukraine
Glushkov ave., 40, Kyiv, 03187

125 National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institutex», Ukraine
Peremohy ave., 37, Kyiv, 03056

ta-y-doroshenko@ukr.net

%ips2014@ukr.net

“oayat@ukr.net

Silyaachour@gmail.com

https://orcid.org/0000-0002-8435-1451

2https://orcid.org/0000-0002-4120-0784

3https://orcid.org/0000-0002-9457-7454

66



ISSN 2710 — 1673 Artificial Intelligence 2023 Ne 2

“nttps://orcid.org/0000-0002-4700-6704
Shttps://orcid.org/0000-0003-2348-8777

Abstract. An approach to the creation of intelligent systems is considered, which combines the ideas of
Glushkov’s algebra of algorithms with the well-known neuroevolutionary algorithms of computational intelligence,
which can be used to automate the design and synthesis of programs. The method of neuroevolution of augmenting
topologies is intended to reduce the dimensionality of the space for searching for neural network parameters in the form
of gradual development of its structure in the process of evolution. A software toolkit has been developed to support the
approach, which is based on the construction of high-level specifications of algorithms represented in systems of
algorithmic algebras, and generation of corresponding programs based on implementation templates in a target
programming language. Parameterized algorithms called hyperschemes are used to solve a certain class of problems.
Setting specific values of parameters and subsequent interpretation of hyperschemes allows obtaining algorithms
adapted to specific application conditions. The developed program design and synthesis toolkit provides step-by-step
development of programs, starting from a high-level algebraic-algorithmic specification. At the output of the toolkit, a
program is automatically generated in one of the target programming languages (C, C++, Java, Python), that also
include a subject-oriented language for designing neural networks. The mentioned language includes operators and
conditions for working with populations, configurations, genomes, and fitness function. The work of the toolkit is
illustrated by the example of designing a parameterized evaluation algorithm for a binary multiplexer and generation of

a program for the single-pole balancing problem.

Keywords: algebra of algorithms, program generation, neuroevolution, neural network, artificial intelligence.

Beryn

B mpomeci po3Butky pobiT B obmacti
IITYYHOTO I1HTENEeKTy Ha moudatky 90-x pp.
IUIXOM 1HTErparii HHU3KH IHTEIEeKTyaJIbHUX
TEXHOJIOTiM Ta MeToliB chopMyBaBcS HOBUI

HAIpPSIMOK, 110 OTpUMaB Ha3By
06YUCTIIBANLHO2O IHmenexmy.
OOGuucmoBanbHuii  iHTenexkt [1, 2] €

CYKYIIHICTIO T€XHOJIOT1{, MOJIeNei, METOIIB 1
IPOrpaMHUX 3aco0iB, MNPU3HAYEHUX  JUIS
pO3B’sA3aHHSA HehOpMalbHUX, TBOPUUX 3a]ay
y PpI3HUX cdepax JIOACHKOI MISJIBHOCTI 3
BUKOPHUCTaHHAM 3acO0iB HEYITKOi JIOTIKH,
HITYYHUX HEHPOHHUX MEpEeXk, E€BOJIOLINHUX
00YHCIIEHb, MAaIIMHHOTO HaBYaHHS,
HMOBIPHICHUX METO[IIB, II0 IEBHOI MIPOIO
MOJICJIIOIOTh  BUAM PO3YMOBOi  JiSUIBHOCTI
JOIUHU (Taki SK HEYITKICTh MIPKYBaHb,

SIKICHUH Ta IHTYITUBHHHA MiIX00H,
KpEaTUBHICTb, JIOTTUHHI BHUBIJ,
CaMOHaBYaHHS 1 T.1H.), 30Kpema, B ranysi
MPUHHATTSA pillIEHb, KJacugikaii,

po3mi3HaBaHHA 00pas3iB 1 T. 1.

VY naniii poOOTI MU 30CEpEKYEMOCH
HAaBKOJIO OJHOTO 3 IIEHTPAJbHHUX TIOHSThH
OOYHCITIOBAJILHOTO 1HTEJNEKTY, a caMe —
MOHATTS IUTYYHOI HEWPOHHOI Mepexi, M0
o3Havae rpad By3IiB, 00’ €THAaHUX 3B’ SI3KaAMH,
KOKeH 3 sKHX Mae meBHy Bary [3]. Bysox

HEHpOMepeXKl € CBOTO POy MOPOTOBUM
OIEpaTOpOM,  SIKHH  JI03BOJISIE  CUTHAIY
MPOXOJIUTH nam TUTBKH Ticast

CHpalbOBYBaHHS MeBHOI (DyHKLII akTUBaii.
Sk mpaBmII0, IpoIleC HaBUaHHs Helpomepexi
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CKJIIa€ThCSl 3 BUOOPY BIAMOBITHUX 3HAYCHb
BarM JUIA BCIX 3B’SI3KIB y Mepexi. Takum
YHHOM, Heiipomepexa 34aTHa apOKCUMYBaTH
OyIb-sKy (DYHKIIFO 1 MOXKE PO3TIISAIATHCS SK
yHIBepcaabHU arpoKCcCUMaTop, SIKUIA
BH3HAYAETHCS  TEOPEMOIO  YHIBEpPCAIBLHOT
arpoKcuMartii.

3a ocTaHHI KUJIbKa JECATKIB POKIB OyJI0
BUHaWeHO ©Oarato  MeTOMIB  HABYAHHS
Heiipomeperxk. OpHa 3  HaWNOMYJSPHIMINX
TEXHIK, 110 3700yJia MOIIUPEHHS 32 OCTaHHI

JECSTUIITTS, Oyna 3alpOIIOHOBAHA
J. Xintonom [4]. Bona r1pyHTyeThcs Ha
3BOPOTHOMY MOIIUPEHHI TIOMHUJIKH

MIPOTHO3YBAaHHS 4Yepe3 Mepexy 3 Ppi3HUMHU
METOJaMH ONTHUMI3alli, MOOyJOBaHUMU Ha
OCHOBI TPaJliEHTHOTO CHYCKY (YHKIIi BTpar
T10 BIJTHOIIICHHIO JI0 BAr 3B’SI3KIB MK By3JaMHU
Mmepexi. Ilopsn 3 MeTogamMu 3BOPOTHOTO
MOITUPEHHS 3aCTOCOBYIOTHCS TyKe
Oaratoo0irrodi eBomomiiHi anroputmu [3],
SKI ~MOXYTb  BHpIUIYBaTH  BHUIIE3raJlaHl
npobaemu. Ili MeToaM BHKOPHCTOBYIOThH
NPUHLIMINA €BOJIOUII BHUAIB IS PO3POOKU
HITYYHUX HEHPOHHUX MEPEXK.

OcHoOBHa 111€s Helipoegontoyii TIONSITaE B
TOMy, 1100 CTBOpIOBaTH HeHpomepexi 3a
JIOTIOMOTOI0 CTOXaCTUYHUX METOJIIB IOIIYKY,
10 IPYHTYIOTBCS Ha MOy JIAIII.
BukopucTtoByroun  €BONIONMIMHMA  MiIXif,
MO’KHa PO3POOMTH ONTHMAJbHI apXiTEKTypu
HEHPOHHUX MEpPEeX, SKI TOYHO BHUPILIYIOTh
KOHKpeTH1 3aBJaHHs. B pesynbrari MOXYyTb
OyTH CTBOpEHI KOMITaKTHI Ta
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eHeproe()eKTUBHI MEpexXi 3 TOMIPHUMHU
BUMOTaMH 10 OOYHMCIIIOBAIBHOI MOTYXHOCTI.
[Tporiec  eBomromii  peanizy€eTbcs MUIIXOM
3aCTOCYBaHHS  TCHETUYHHX  OINEPATOPiB
(MyTalisi, KpOCOBEP) A0 MOMYJIAIIT XPOMOCOM
(reHeTMYHO KOJOBaHI ySBJICHHS HEUPOMEPEK
ab0 pilIeHb) TMPOTATOM 0OaraTbOX IOKOJIHb.
[Ilo6 ycyHyTH  HEIOJIKM  METOHIB 3
¢dikcoBanoro Ttonosoriero, Kenner O. Ctenm
3aMporoHyBaB 0CO0JIMBHIA METO/T
HelpoeBoMOIii 3  PO3BUTKOM  TOIOJIOTIT
NeuroEvolution of Augmenting Topologies,
NEAT) |[5, 6]. OcHoBHa igess IBOTO
QITOPUTMY Yy TOMYy, IO  EBOJIIOIIIHI
OIIEPaTOPHU 3aCTOCOBYIOTHCS SIK JIO BEKTOPY 3
BaraMM BCiX 3B’S3KiB, Tak 1 JI0 TOIOJOIil
CTBOPEHOI HEUPOHHOI MEPEXKI.

Jlana poOota mpuUCBAYEHA PO3POOII

3ac00iB aBToMaTu3arii MIPOEKTYBAHHS
porpam, 11(0) BUKOPHUCTOBYIOTh
HelpoeBoOLiiHI  anroputMu. OgHUM 3
HampsIMiB Y po3poOmi Ta  JOCHIJKEeHHI

IIPOrpaMHUX CUCTEM € 1100y 10Ba MPOrpaMHHUX
abcTpakmii y BUTJISI I anre0po-
AITOPUTMIYHUX MOB 1 MOJEJeH, 110 CTaBUTh
CBOEI0 METOI0 PO3BUTOK apXiTEKTypHO- 1
MOBHO-HE3aJIS)KHUX 3ac00iB MPOrpaMyBaHHS.
VY nonepeanix podoTax aBTopis [7, 8, 9] Oyiu
3amlpoOIOHOBAHI  TEOpis, METOMOJOriI Ta
IHCTpyMEHTapii A aBTOMAaTHU30BaHOTO
IIPOEKTYBAaHHS MapajelbHUX Iporpam, M0
IPYHTYIOTbCSI Ha 3ac00ax BHCOKOPIBHEBOI
anreOpo-aaropuTMI4HOT dopmannizarii.
3okpeMa, B IHCTUTYTI HpOrpaMHUX CHUCTEM
HAHY 06yno po3po0ieHo iHCTpYMEHTAJIbHY
CHCTEMY aBTOMAaTW3alii MporpaMyBaHHS,
Ha3BaHy IHTETPOBAaHUM  IHCTPYMEHTapieM
MPOEKTYBAHHS Ta CHUHTE3y Mporpam (aHri.
Integrated Toolkit for Designing and
Synthesis of programs, IDS Toolkit).
IncTpymeHTapiii  3abe3nedye  MOKPOKOBY
po3poOKy  mporpaMm,  TOYHMHAIOYU  BIJ
BHCOKOPIBHEBOI anre0po-aaropuTMIuHOL
cnerudikarii 1 3aKIHIYIOYH KOJAOM ILITHOBOIO
MOBOIO IporpamyBaHHs (30kpema, C++, Java,
Python). V¥V  namiii  po0OoTi  poO3MIAHYTI
pe3yabTaTh 3aCTOCYBAHHS 1HCTPYMEHTapiio
TUISE aBTOMAaTHU30BaHOT PO3poOKH
HEHPOEeBOMIOIMHIX Iporpam, 110
BUKOPHUCTOBYIOTh  Oibmioreku  SharpNEAT
[10] Ta NEAT-Python [11], sxie
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peanizamisimu  anroputMmy NEAT moBamu
nporpamysanus C# ta Python, BiamoBiaHo.

1. Anredpo-ajaropurmMiyHui
iHCTpyMeHTapiii aBTOMaTH3aMlii NMPOEKTY-
BaHHS Mporpam

MatemaTuuHuM Oazucom TUIs
dbopmamizarii Ta aBToMaru3aii
MIPOEKTYBAaHHS QJITOPUTMIB Ta TMporpam B
JaHiii poOOTI € CHUCTEeMH aITOPUTMIYHHX
amre6p (CAA) TI'nymkosa [7, 8], mo
BUCTYNAIOTh YHIBEpCAIbHIM 3aco0oM
BrcokopiBHeBUX crenudikamiin (CAA-cxem)
OyAb-KMX  alrOpPUTMiB,  BKJIIOYHO 3
MOCIIJOBHUMH i napaneJbHUMU
iMIIepaTUBHUMH, a TAKOXK HEHPOMEPEIKEBUMHU
aJIropuTMaMH. 3rajjaHi CUCTEMH IOKJIaJeH] B

ocHoBy  amroputmiunoi moBu  CAA/I,
NpU3HAYCHOT JUISt OaraTopiBHEBOTO
CTPYKTYPHOTO IPOEKTYBAHHS i
JIOKYMEHTYBaHHS [MOCJIIIOBHUX i
napajeIbHUX aJITOPUTMIB Ta IPOTPaM.
OcHOBHUMHU OIIePaTOPHUMHU
KOHCTPYKILISIMU MOBH CAA/1, 110

3aCTOCOBYIOThCA B JIaHiil po0OOTi, € TaKi:

— KOMIO3HILis (MOCIiIOBHE BHUKOHAHHS)
orepaTopis: “operator 17; “operator 2”;

— ymoBHuil oneparop: IF ‘condition’
THEN “operator 1” ELSE “operator 2”;

— muxi: FOR EACH (“variable 1”7 IN
“expression 1”) LOOP “operator 1” END OF
LOOP.

IlepeBaroro  BHMKOpPHCTaHHS  MOBHU
CAA/l1 € MOYJIUBICTB [MOJAHHS
i1eHTudiKaTOpiB ONeparopiB Ta YyMOB Yy
¢dbopmi, OnM3bKIH 110 HOpuUpogHOi MoBH. B
MOJBIMHUX JIallkax B CXeMax aJlropUTMiB
BKa3ylOThCS 1AEHTU(]IKATOPU OIepaTopiB, B
OJIMHApHUX — YMOBH (TIpEIUKATH).

OpHi€ero 3 BaXXIMBUX NMPOOJIEM B paMKax
anre0po-aaropuTMIYHOTO iAX0Ty €
MIJBUIIICHHS]  aJIalTUBHOCTI  MPOTpaM 0
KOHKPETHUX YMOB iXHbOI'O BUKOPUCTAHHS.
30kpema, BOHAa BHUPINIYETbCS 3a pPaxyHOK

3aCTOCYBaHHS napaMeTpuYHO-KepOBaHOT
reHepanii crneuudikamiii - aaropuTMIB  Ha
OCHOBI CXeM OuIbIl BHCOKOTO pPIBHS, IO
Ha3WBalOThCA  rimepcxemamu  [7, 8]
L'inepcxemu € napaMeTpu30BaHUMU
QITOPUTMAMH 11  PO3B’SI3aHHSA  TIEBHOTO
KJacy 3ajady.  YCTaHOBKa  KOHKPETHHUX
3Ha4YEHb napaMmeTpiB 1 HAacCTyIlHa
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IHTepIpeTaIlis rinepcxeM J03BOJISIE OJIEPKATH
QITOPUTMHU, AAANTOBAHI 0 KOHKPETHUX YMOB
3aCTOCYBaHHSI.

Po3pobnenmii IHCTpYMeHTapiit
MPOEKTYBaHHs Ta CcuHTe3y mporpam IDS
3a0e3neuye MOKPOKOBY pO3poOKy Tmporpam,
MMOYMHAKOYM Bl BHCOKOPIBHEBOI aiureOpo-
QITOPUTMIYHOT cnenmdikartii, MOJaHOL
MoBoto CAA/1. Ha Buxoni iHCTpyMeHTapiro
aBTOMAaTH30BaHO  TEHEPYETbCA  Mporpama
OJHIEID 3 MIIBOBUX MOB IpPOrpamMyBaHHS
(C, C++, Java, Python Tta iH.), 70 sIKuUX
HAJICKHUTh TaKOX IPEIMETHO-OPIEHTOBaHA
MOBa IIPOEKTYBaHHS HeHpoMepe. 3rajaHa
MOBa BKJIFOUYAE OMEPATOPH Ta YMOBU POOOTH 3

MOMYJIAIISAMHU, KOH(ITYpaIisiMu, TeHOMaMHt Ta

¢bynkuietro npuganocti (fitness), 30kpema:

— “Create feedforward neural network (net)
for (genome) and configuration (config)”;

— “Create the population (p), which is the
top-level object for a NEAT run,
for configuration (config)”;

— ‘Genome (fitness) is greater or equal to
fitness threshold (fitness_threshold) for
configuration (config)’;

— ‘Genome (fitness) is less than fitness

threshold (fitness_threshold) for
configuration (config)’.
[Ipomiec aBTOMATH30BaHOI  PO3POOKHU

QITOPUTMIB Ta TporpaM B IHCTpyMeHTapii
300paxkeHo Ha puc. 1.

~

Koncrpykrop BucokopisHesa
cxeM N cxema
aNTOPUTMIB aNTOPUTMY

basa
aNrOpUTMIYHHX
KOHCTPYKLIit

["'enepatop
nporpaM Ha
OCHOBI CXEM

[Tporpama 1iab0BO0O
MOBOKO
MporpaMyBaHHsl
(C++, Java, Python)

Y

Puc. 1. TIpoexTyBaHHS aNTOPUTMIB Ta CHHTE3 IIporpaM B cuctemi IDS

B po3ainax 2 Ta 3 po3riisHyTI NpUKIaau
3aCTOCYBaHHS IHTETrpOBaHOI O
IHCTpyMEHTapI0 711 po3poOKH Mporpam, 1o
BUKOPHUCTOBYIOTh HelpoeBoMoLiHHI
AIITOPUTMH.

2. 3acTocyBaHHs iHCTpyMeHTAapiI0
st reHepamii  aJaropuTMis OI[IHKH
ABIIIKOBOr0 MYJ/IbTHILJIEKCOPA

Y naHoMy po3niTl  IHCTpyMEHTapii
anre0p  aJIrOpUTMIB  BHUKOPUCTAHO  JISI
napamMeTpu4Ho-kepoBaHoi reHepamii CAA-
cXeM OLIIHIOBaHHS IS JIBIHKOBOTO
MYJIBTHILIEKCOPA (BinaryMultiplexer-
Evaluator) wa  ocHOBi  rimepcxem 3
MOJAJIBIIOID  TEHEpalli€elo KOOy  MOBOIO
MporpamMyBaHHs 13 BHKOPUCTaHHSIM METO/IIB

¢bpetimBopky ~ SharpNEAT  [10].  /lauuit
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(bpeliMBOpK €  peamizalli€elo  aIroOpUTMy
HelpoeBoMIoONii  HApOCTalOUUMX  TOMOJOTiH
MoBoto C#  mna mmarpopmm  NET,
po3pobuenoro K. I'pinom.

MynbTUIUIEKCOP — MPUCTPIN, M0 Mae

nekinpka BxomiB manux X; (1=0,..,n-1),
aJipecHi BXOIH S (j=0,...m=1), ta ogun
Buxig Y . [Ipuctpiit nepenae curxan 3 oHOTO
31 BXOJIB JIaHUX HA BUXIJ; MPH I[bOMY BHOIp
MOTPIOHOTO BXOAY 3IIMCHIOETHCS HUISIXOM
noJiavi  BiAMOBIAHOT KOMOIHAIT Kepyrouux
CUTHAQJIIB Ha aJpecHuX Bxonaax. KiibkicTh
BXOJIIB JaHMX N Ta KUIBKICTh aJpecHUX
BXOAIB M  3B’A3aHl  CIIBBIIHOIIEHHIM
n=2"

@parmMeHT nMoOyJ0BaHOI 3a JIOIOMOTI'OIO
IHTETPOBAHOTIO 1HCTPYMEHTApil0 TilepcxeMu
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JUIsL  TeHepalii aJIroOpuTMIB  OIIHIOBAHHS MOXUJIMBAX KOMOIHamiii BxomiB. Buximhe
IBIIKOBOTO  MYJBTHIUIEKCOpPA  HaBEJICHUMN 3HaYeHHS HEHPOHHOI Mepexi IOBHHHE
nami. [TapameTrpamu rinmepcxemu € taki: P1 — 30iratucs 31 3HAYEHHSIM OJHOTO 31 BXOZIIB
KUTBKICTh aJpEeCHUX BXOJIB MYJIbTUILIEKCOPA; JaHWX, 110 MPEICTaBICHUH ABIMKOBOIO
P2 — kuibkicTh iH(MOpMAIIHHUX BXOIB; aZpecord 3  aapecHUX BXOMiB. BuximHe
P3 = P1 + P2 — 3aranpHa KiIbKICTb BXOZIB. 3HaueHHd, MeHme 3a 0.5, BBaxaroTb
Bci Bxoau npuiitmaroth nBilikoBi 3HaueHHs (0 NBIMKOBUM  HYJIEM, BHXIJIHC 3HAYCHHI,
abo 1). JIpiiikoBa aapeca IIOMAEThCA HA oimpme abo pieHe 0.5, — [BiIKOBOIO
aApecHI BXOJHW, MO0 PEMNPE3eHTYE BHOIP OJIMHMIICIO. 3HAYEHHS OIIHKA MPHUAATHOCTI
OJTHOTO 31 3HaU€Hb BXOMIB JJs AaHuX. OiHKa aJUTUBHO  PO3PaxOBYIOTh Yy  pPe3yibTaTi
CKIIQJIAEThCS 3 BUYEPHHOI  TEPEBIPKH BHYCPITHOT IIEPEBIPKH.

HelpoHHOT Mepexi Ha koxkuid 3 2P

SCHEME BINARY{P3}MULTIPLEXEREVALUATOR ====
“Binary {P3} MultiplexerEvaluator”
==== NAME SPACE SharpNeat.Domains.Binary{P3}Multiplexer (
CLASS Binary{P3}MultiplexerEvaluator OF TYPE public
INHERITS IPhenomeEvaluator<IBlackBox>
“Declare a constant (StopFitness) of type (double) = (10E+[P1])”;
“Declare a variable (_evalCount) of type (ulong)”;
“Declare a variable (_stopConditionSatisfied) of type (bool)”;
REGION IPhenomeEvaluator<IBlackBox> Members
METHOD public Fitnessinfo Evaluate(IBlackBox box)
“Declare a variable (fitness) of type (double) = (0.0)”;
“Declare a variable (success) of type (bool) = (true)”;
“Declare a variable (output) of type (double)”;
“Declare a variable (inputArr) of type (ISignalArray) =
(box.InputSignalArray)”;
“Declare a variable (outputArr) of type (ISignalArray) =
(box.OutputSignalArray)”;
“Increase (_evalCount) by (1)”;
FOR (i FROM 0 TO [Pow(2, P3)-1]) LOOP
“Declare a variable (tmp) of type (int) = (i)”;
FOR (j FROM 0 TO [P3-1]) LOOP
(inputArr[j] := tmp&0x1); (tmp :=tmp >> 1)
END OF LOOP;
“Activate the black box (box)”;
“Read output signal (output)(outputArr)”;
IF (((1<<([P1]+(i&0x[P2-1])))&i) != 0)
THEN
(fitness := fitness + 1.0 - ((1.0 - output) * (1.0 - output)));
IF (output < 0.5) THEN (success := false) END IF
ELSE
(fitness := fitness + 1.0 - (output * output));
IF (output >=0.5) THEN (success := false) END IF
END IF;
“Reset black box state ready for next test case (box)”
END OF LOOP;
IF success THEN (fitness := fitness + 10E+[P1]) END IF;
IF (fitness >= StopFitness) THEN (_stopConditionSatisfied := true)
END IF;
“Return value (new FitnessInfo(fitness, fitness))”
END OF METHOD
END OF REGION
END OF CLASS)
END OF SCHEME BINARY{P3}MULTIPLEXEREVALUATOR

Ha OCHOBI rimepcxemMu B MYJBTHIUIEKCOPIB 3 TpbOMa, MLIICThMa Ta
IHTETPOBAaHOMY IHCTpyMeHTapii Oynu OJMHAAIATbMA BXOJaMHU  BIAMNOBIIHO IO
3reHepoBaHi CAA-cxemMu OLIHKHA BCTAQHOBJICHHUX 3HaueHb mapamerpiB P1l, P2,
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P3. 3a cxemamum OyB 3reHepOBaHUU
nporpamMHuid  kox Mmoo  C# g
SharpNEAT [10].

Hami HaBE/ICHO pe3yibTaTu

EKCTICPUMEHTIB 3 BUKOHaHHS 3TE€HEPOBAHOT
OporpaMM  OIIHKH  MYJIbTHIUIEKCOpa 3
OJIMHAIIATHMA BXOJaMH TPU BHKOPHCTaHHI
OJTHOITPOIIECOPHOT 0araTomnoToKOBO1
peamizamii  HEHPOEBOJIONII  HAPOCTAIOUUX
Tomosorii, po3podienoi K. I'pinom [11], Ta
pO3MOAUICHOI  peami3alii, 3amporoHOBaHOT
B [12]. ¥V sxocTi cepemoBHII I BUKOHAHHS
0araTonoTOKOBOI Ta PO3MOJIICHOT peanizaiii
Oynu oOpani Taki KoH(Iryparii:

— nokanbHe cepenosuie, Intel Core i9-
9900K CPU (3.60 I'Tu — 5.00 I'Tw), 8 sanep,

2snpa, 4.0 T'b RAM, pno 12.5 TI6it/c
MEpEeXKeBOi MPOITYCKHOI 31aTHOCTI Ta 10 6600
MGiT/c TpOIMyCKHOI 3JaTHOCTI CXOBHIIIA.
Posmopinena  peamizamiss 3 KUIBKICTIO
XMapHUX KITE€HTIB-BUKOHYBauiB 16, 32 ta 64.
Ha  puc.2  300paxeno  rpadik
3aJIEIKHOCTI LIBUIKOCTI OL[IHIOBaHHS
(K1TPKOCTI OLIIHIOBaHb B CEKYH]Y) BiJI HOMEpa
MOKOJIHHS I JIOKAIbHUX KOH(DIiryparii
cepenoBuila. Sk  BUAHO 3  PHUCYHKA,
po3moiieHa peaizarist OYIKyBaHO
JIEMOHCTPYE TipIili pe3yJIbTaTH y MOPIBHAHHI 3
OJTHOIIPOIIECOPHOIO peati3alli€lo y 3B’s3Ky 3
HAasBHICTIO HAKJIQJHUX BUTPAT HA B3aEMOJIIIO
MDK TIpOIlecaMu. 3 pOCTOM CKJIAIHOCTI 3ajadi
OLIIHIOBAaHHS (POCTOM pPO3Mipy 3reHepOBaHOT

16 noriunux mpouecopis, 32.0 I'b RAM. HeHpoMepeKi) e()EeKTUBHICTb
OnmuH mporec, 0araTOmoTOKOBa peajizallis, OZIHOIPOLIECOPHOT Ta JIOKAIIbHOT
16 OTOKIB; po3mojiieHoi  peamizamii  BUPIBHIOETHCS,
— T€ K caMe¢ IJIOKaJIbHE CEpeIOBHIIIE, OCKUIbKH HaKJIaH1 BUTpPATU
po3mnojniiieHa peamizaris, 16 JTOKaJIbHHX 00UYHCITIOBATILHUX pecypciB CTal0Th
KHiGHTiB-BI/IKOHYBa‘-IiB; HENOMIPHO MCHIIMMH 3a BHTpaTM Ha
— xmapue cepenosuie, 3rd Gen AMD OLHIOBAHHA.
EPYC Amazon EC2 Ceéa.large, 3.60 I'T,
25000
20000
o
~~
0
=
©
8 |
F 15000
o )
o
]
G
%, . .
5 10000 : !
>
Tk
A N: "‘
Sl b o 'ﬂ‘mt"-““ A w‘uni’-- - 2
i )-’“Q" ‘\l,‘u
0
e AN NN NNM M N < < N OO v O~
Homep NOKOoNIHHA
Local Grid, 16 clients Local Single-Process, 16 parallel
--------- Poly. (Local Grid, 16 clients) «wsesenee Poly. (Local Single-Process, 16 parallel)
Puc. 2. I'padix 3a1ex]HOCTI IIBUIKOCTI OLIHIOBAHHS BiJl HOMEpa MOKOJIHHS
JUTS JIOKATBHUX KOH(QIryparii cepeoBuIa
Ha  pwuc.3 300pakeHo rpadik HOMEpa MTOKOJTIHHS TUTST XMapHUX
3aJIe)KHOCTI  IIBUIKOCTI OLIHIOBAaHHS  BiX KOHirypaliii cepeoBHIIIa.

71



ISSN 2710 — 1673 Artificial Intelligence 2023 Ne 2

KiabKicTbowjHIOBaHb / €
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Homep NoKoniHHA

Cloud Grid, 16 nodes Cloud Grid, 32 nodes
--------- Poly. (Cloud Grid, 16 nodes)

Poly. (Cloud Grid, 32 nodes) =«+==+++- Poly. (Cloud Grid, 64 nodes)

Cloud Grid, 64 nodes

Puc. 3. I'padik 3ameKHOCTI MIBUIKOCTI OLIHIOBaHHS BiJl HOMEpa MOKOIIHHS
UL XMapHAX KOHQIrypatiii cepeoBua

Sx BumHO 3 Tpadika, po3moAiIeHa OanaHCcyBaHHS Bi3Ka 3i 3BOPOTHUM
XMapHa peaii3alisi OYiKyBaHO JEMOHCTpY€ MasTHUKOM. Y  JJaHOMYy  €KCIIEPUMEHTI
ripari  pedynpTaté (32 Ti€l K KUIBKOCTI HEHPOEBOMIOIIHHII JIITOPUTM
KIII€HTIB-BUKOHYBauiB) y TIOpPIBHAHHI 3 3aCTOCOBYETBCS JJIsl peaiizallii KOHTposepa,
OJTHOITPOIIECOPHOIO Ta JIOKaJIBHOIO mo kepye Bi3kom. IlocranoBka 3amadi
PO3MOAIIEHOI0  peaji3allielo  y 3B S3Ky 3 OajmaHCcyBaHHS 3BOPOTHOTO MasTHHKa Ta
HAsBHICTIO HAKJIAJJHUX BUTPAT HA B3a€MOIIIO BUKOPHCTOBYBaHa  MaTreMaTHYHa  MOJEIb
MDK — IpolecopaMu  0araThbOX  KII€HTIB- (piBHSIHHS PyXY) JA€TalbHO po3risHyTI B [3].
BUKOHYBauiB. IIpore, 3 pPOCTOM KIJIBKOCTI Kontponep OaaHCYBaHHS MasTHHUKA

KIII€HTIB-BUKOHYBAUiB MU MO>KEMO HEXTYBaTH
CTAIMM 3HAYCHHSIM HAKJIATHUX BHTpaT 1
OTpUMYBAaTH JHIAHUHA pICT ePEeKTUBHOCTI
PO3MOAICHOI CHCTEMH.

JlaHuii ekcriepuMeHT MPOJEMOHCTPYBaB
MOXJIMBICTh pO3MOALIeHOT CHUCTEMU
MPOBOAMTH OIIHIOBaHHA Ha 64-0X XMapHHUX
KJIIEHTaX-BUKOHYBaydax 1 OTPUMYBATH MPUPICT
y 60-100 % BIJ MaKCHUMAaJIbHUX
MOYJIMBOCTEN OJHONPOLIECOPHOI JIOKAIBHOT
peamizaiii.

3. 3acrocyBanHs anredpo-
AJITOPUTMIYHOIO iIHCTPYMEHTAPII0 IS
3aja4i 0ajaHCYBaHHA

Y pgaHoMy poO3[imi  pO3TIATAETHCS
BUKOPUCTAHHS IHTETPOBaHOTO
IHCTpyMEHTapilo Ui MNPUKIAAHOT 3amadyi
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npuiiMae MacimTaboBaHi BXiHI 3HAu€HHS 1
BUJA€ BUXIAHHWH CUTHAI, IO € JBIHKOBUM
3HAUEHHSM 1 BU3HAYae i, sSka Mmae OyTH
3aCTOCOBAHA y NIEBHUI MOMEHT 4acy.

ITouaTtkoBa KOoH(piryparist Heilpomepexi
KOHTpoOJiepa MoOXe OyTH TIpeincTaBieHa Yy
BUIIISIII cxemMH Ha puc. 4. BoHa BkiIodae
II’SITh BXIAHUX BY3JIIB: JIJI1 TOPU30HTAIBLHOTO
MOJIOXKEHHS Bi3Kka (x1) 1 fioro mBuUaKOCTI (X2),
JUIST BEPTUKAIBHOTO KyTa MasTHUKa (x3) 1
HOro KyTOBOiI IMIBUJAKOCTI (X4) 1 10JaTKOBUI
BX1HHI By301 /i 3MmiteHHs (x0) (ske Moxe
OyTh  HEOOOB’SI3KOBUM  3QJIEKHO B
KOHKPETHOI BHMKOPHCTOBYBaHOi 0i0JioTekn
NEAT). Buxigauii By3on (a) € ABIHKOBUM
BY3JIOM, 10 BuAae kepyrouuit curnan (0 abo
1). IlpuxoBanuii By30:1 (h) € He000B’ I3KOBUM
1 MOke OYTH MPOITYILIEHHH.
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Puc. 4. [TouarkoBa koH}irypais HelipoMepexi OaJaHCyBalbHUKA

®parment opaniei i3 CAA-cxeMm, M0
peaitizye eKCIepUMEHT, HaBEICHHWH HUXKYeC.
®yukmis (miamporpama) “Run experiment”

MTOYNHAETHCS i3 3aBaHTAKEHHS
rineprapameTpiB 3 dainy koHpirypamii i
MOPOJIKYE MOYaTKOBY OISO,
BUKOPUCTOBYIOYH 3aBaHTAXKCHY
koH(irypamito. Ilicns 1poro  QyHKIisS
HQJIAMITOBYE  penopTepu s 30UpaHHs
CTATHCTUKH, M0 CTOCY€ThCS BUKOHAHHS

eBotoliifHoro mporecy. Ilpomec eBomromii
BUKOHYETHCSI TPOTATOM BKa3aHOI KIJIBKOCTI
MOKOJIIHb, a pe3ylbTaTH 30epiraloTbcs y
BHUXITHOMY Katanosi. [licias Toro, sk B Xomi
€BOJIFOLIITHOTO rnpouecy 3HalieHn
HaliKpamuii TeHOM, BUKOHYETBCS IEPEBipKa,
Yyl  BIAMNOBia€e BIH KPUTEPIAM MOPOTY
MPUJATHOCTI, BCTAHOBJICHOMY Yy  (aiim
koH(iryparii. [Iporpama BUBOAUTH T€HOM C
(dhopMaIbHO HAHKPAIIOIO BiIIOBIIHICTIO.

“Run experiment (config_file, n_generations=100)”
==== “Load configuration (config) from file (config_file)”;
“Create the population (p), which is the top-level object for a NEAT
run, for configuration (config)”;
“Add a stdout reporter to show progress in the terminal for
population (p)”;
“Run neuroevolution for up to (n) generations and display the best
genome (best_genome) among generations”;
“Create feedforward neural network (net) for (best_genome) and
configuration (config)”;

“Output the message (\n\nEvaluating the best genome in random runs)”;
(success_runs := “Evaluate best net (net, config, additional_num_runs)”);
“Output successful (success_runs) and expected runs
(additional_num_runs) and check if the best genome is a winner”;
“Visualize the experiment results for configuration (config), best
genome (best_genome) from directory (out_dir)”;

Ha oOcHOBI CKOHCTpyHOBaHHMX CXEM
JITOPUTMIB 3a JIOMIOMOTOI0 1HTEPOBAHOTO
IHCTpyMeHTapit0o Oyla BHKOHAHA TeHepallis
nporpamMHoro koay wmoBowo Python. [lani
HABEJEHO pe3yJbTaTH EKCHEPUMEHTY 3
BUKOHAHHS 3T€HEpOBaHOl nporpamu. Y daiini
koH(irypauii NEAT-Python Gyno Bu3HaueHo
nonyJsito 3 150 okpemMHux oOpraHi3MiB Ta
BCTAHOBJIEHO mopir  MPUAATHOCTI 31

73

3HaueHHsM 1.0 B SKOCTI  KpHUTEpIIO
3aBEpILEHHS. 3Ha4YeHHs MOYaTKOBUX
nmapamMeTpiB  HeilipoMepexi Oyiau TaKHUMHU:
KUIBKICTh ~ NpuxoBaHuUX  By3miB — 0,
Bximnux — 4, Bumximnux — 1. I'pad
Helipomepexi KOHTpOJIEpa-TIePEMOXKIIS
OamaHCYBaHHS ~ OJAMHOYHOTO  3BOPOTHOTO

MasiTHUKA HaBeJICHUN Ha puc. 5.
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dot 0

dot x

Puc. 5. I'pad onTuMansHOTO KOHTpOJIepa OanaHCyBaHHS 3BOPOTHOTO MasTHHKA,
3HaHACHNI HEHPOCBOIIOMIHHNAM aJTOPUTMOM

I'padik 3MiHM 3HAYEHb MPHUIATHOCTI HA
MPOTSI31 TMOKOJIHb €BOJIOIIT ITOKa3aHO Ha
puc. 6. Sk BuaHO 3 Tpadika, cepemHs
MPUAATHICTh MOMYJANii Yy BCIX MOKOJIHHAX

MEBHY JIIHIFO OpraHi3MmiB. [3 TOKONIHHS B
MOKOJIiHHS 00/1apoBaHi OCOOMHM 3 IIi€i JIiHii
3MOIJIM HE Jinme 30eperTd CBOI KOPHCHI
O3HAaKH, ajle ¥ IMOKpAIIUTH IX, IO B PEIITi

Oylna HHU3BKOIO, aje 3 CaMOro I0YaTKy pelIT TpPUBEIO J0 TOSBU  MEPEMOXKIISA
BUHUKIIA KOPHUCHA MyTallif, IO MOpoaAuia €BOJTIOLI].
1.0+
0.8-
—~
o
o
o
E
= — Haiixpaine 3naueHHA
E 0.6 —- +1 CraHgapTHE BLIXILICHHA
o
EI —_ Cepeﬂue 3HAYCHHA
= —- -1 CragnapTHe BIAXHICHHA
E o4
0.2
0] 2 4 6 8 12 14
IToxominHg
Puc. 6. Cepenne 1 Halikpaiie 3HaUeHHSI QYyHKIIT IPUAATHOCTI B €KCIIEPUMEHTI 31 3BOPOTHUM MasiTHUKOM
BucHoBkH MOJIaHUX B CHCTEMax aJIrOPUTMIYHHUX anreop
PosrnsinyTo  po3pobsiennit  anredpo- I'mymkoBa, Ta reHepaiio  BIAMOBITHUX
TOPUTMIYHUN IHCTpYMeHTapiil, 110 porpaM Ha OCHOBI IIAOJOHIB peasizaii
3aCTOCOBYETBCS  JUISl  INPOEKTYBAaHHA  Ta LIJTbOBOIO MOBOIO TporpamyBanHs. [liaxig
CHUHTE3y TporpaM, sSKi BUKOPHUCTOBYIOThH MPOLTIOCTPOBAHO HA MPUKIIAI MPOEKTYBAHHS
HEHpoeBOMOLIHI anroputMu. B ocHOBY MapaMeTpU30BaHOTO AJNTOPUTMY OLIIHIOBAHHS

IHCTpYMEHTAapil0 MOKJIaJeHO KOHCTPYIOBAHHS
BHUCOKOPIBHEBUX crielu(iKalliii aJiropuTmis,

74

JUIS  JBIMKOBOrO  MYyJbTHIUIEKCOpa 3
MOJAJIBIIIOI0 peajizali€l0 alrOpUTMy MOBOIO
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C# nna dpeiimBopky SharpNEAT Ta Ha
MpUKIaAl TeHepalii mporpamu s 3axadi
OaaHCYBaHHS 31 3BOPOTHUM MAasiTHUKOM, IO
BUKOPHUCTOBYE HEHPOECBOIIOIIMHNAN aJITOPUTM
6i16morexu NEAT-Python.
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AHoTanis. Y maHifi cTaTTi MPOBEICHO aHANi3 TEXHOJIOTIH i Cy4acHHMX 3aco0iB BIHCHKOBOTO TNpU3HAYCHHS i3
IHTEJIeKTyaIbHUMHU KOMIT FOTEPHUMHU cucTeMaMu (ruatdopmamu). Jlo Takux 3aco0iB MOXHA BIHECTH «PO3yMHI» KyJIi,
IBHHTIBKH 3 OKYyJIIpaMH JIOTIOBHCHOI pealbHOCTI, a TaKOX OaJiCTHUHUMH KOMIT IOTEPaMH, «PO3YMHY» 30pOI0
(MiHOMETH), BHCOKOTOYHI Ooempumack, poOOTH30BaHi OOHOBI aBTOMOOUNI ¥l IHINY TEXHIKy, Ja3epHi CHUCTEMH
MPOTHUIOBITPSIHOT OOOPOHU JUIsl HA3EMHHUX, MOBITPSHHUX, a TAKO)XK MOPCHKUX CHJI, OE3IJIOTHI JITANbHI anapaTy TOLIO.
HaBeneHo mpukiany iHTENEKTyalbHUX 3ac00iB BIMCHKOBOTO MPU3HAYEHHS, IX TAKTHKO-TEXHIYHI XapaKTEPUCTUKU H
raiysi 3aCTOCyBaHHs. BHCBITJICHO mepeBard Ta HEIOJIKM BUKOPUCTAHHS TEXHOJIOTIH 1 3ac00iB i3 IHTEICKTYalbHUMHU
cucreMami (TUIaTGopMaMu), a TaKoXK OOTPYHTOBaHA AOIIBHICTD iX BUKOPHUCTAHHS AJIS BIICEKOBOTO MPU3HAYCHHS.

[epeniueni Bumme mpHUKIAAA 3aco0iB 13 IHTENEKTYaNbHUMH cHCTeMaMH (TuaTdopmaMu) ePEeKTHBHO
BHKOPUCTOBYIOTBCS y TPOBIMHUX KpaiHax cBiTy, a came: CIIA, Bemuka bpuranis, SAnonis, ®pannis, HimedunHa,
[3pains, Hinepmanau Tormo.

JlocBiT 3acTOCYBaHHS BIHCHKOBUMHM IMX KpalH ITOKa3aB, IO 1HTEIEKTYalbHI CHCTEMH JO3BOJITIOTH CIIPOILYBATH
BHKOHAHHS BiMTOBITHUX 3aBAaHb, 3aX0/(IB 3aXUCTY BiJl HEIIACHUX BHUITAJKiB a00 HaIMIpHOI arpecii 37I09HHIIIB (BOPOTiB),
a TaKOX IMiZBUIILYIOTH O€3MeKy IMBIIBHOTO HACEIICHHS.

Bu3zHaueHo, 1110 3anpoBaPKEHHSI CBITOBUX JOCATHEHb, @ TAKOX PO3pPOOJIEHHS BITUM3HIHUX CHCTEM 1 3ac00iB i3
IHTEJIEKTyaIbHUMU CUCTEMaMH € OJJHHUM i3 NMPIOPUTETHUX HAIPSIMIB PO3BUTKY BiHCHKOBO-IPOMHCIOBOTO KOMILIEKCY
VYkpainu.

Ile, B cBoO 4Yepry, moTpedye TICHOI CHiBIpalli HAYKOBINB 3 BINCHKOBHMH, IO CIIOHYKa€ 10 BHUBYCHHS
MOXKIIMBOCTEI 3aCTOCYBaHHS IHTEJNIEKTYalIbHUX CHCTEM y PI3HHX cdepax, 30kpema y cdepi po3BUTKY HaI[lOHAIbHOI
Oesnexn Ykpainu. BuokpemiieHi moaanbIi NepereKTHBHI TOCTIKEHHS 3 TAHOTO HANPSIMKY.

KarouoBi ciioBa: iHTenekTyaibHa KOMIT'IOTEPHA CUCTeMa, IUIaTGopMa, «PO3yMHI» Ky, TBHHTIBKH, 30pos,
BHUCOKOTOYHI Oo€enpunacy, OE3MiIOTHI JiTajbHi anapaTH, JIa3epHi CHCTEMH, HaI[lOHAIbHA Oe3MeKa.
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Abstract. This article analyzes technologies and modern means of military use with intelligent computer systems
(platforms). Such means include "smart" bullets, rifles with augmented reality glasses, as well as ballistic computers,
"smart" weapons (mortars), high-precision ammunition, robotic combat vehicles and other equipment, laser air defense
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systems for ground, air, as well as naval forces, unmanned aerial vehicles, etc. Examples of intellectual means of military
use, their tactical and technical characteristics and fields of application are given. The advantages and disadvantages of
using technologies and means with intelligent systems (platforms) are highlighted, as well as the justified expediency of
their use for military purposes.

The examples of tools with intelligent systems (platforms) listed above are effectively used in the leading countries
of the world, namely: the USA, Great Britain, Japan, France, Germany, Israel, the Netherlands, etc.

The experience of use by the military of these countries has shown that intelligent systems make it possible to
simplify the performance of relevant tasks, measures to protect against accidents or excessive aggression of criminals
(enemies), and also increase the safety of the civilian population.

It was determined that the introduction of world achievements, as well as the development of domestic systems
and means with intelligent systems, is one of the priority directions of the development of the military-industrial complex
of Ukraine.

This, in turn, requires close cooperation between scientists and the military, which prompts the study of the
possibilities of using intelligent systems in various fields, in particular in the field of national security development of
Ukraine. Further prospective studies in this direction are highlighted.

Keywords: intelligent computer system, platform, "smart" bullets, rifles, weapons, precision munitions, unmanned
aerial vehicles, laser systems, national security.

[lepcneKTHBH  PO3BUTKY  IHTENEKTY- TaKO)K  HECTPYKTYPOBaHHX JaHUX IIOCTAE
QTBbHUX CHUCTEM 1 TEXHOJIOTIH B 30pOMHMX OJIHIEIO 3 HaWBOKJIMBIIIUX  MPUYUH
cuJiaX TEepelOBUX KpaiH CBITYy Ha JaHUU Yac pO3pOOJICHHST PI3HUX CHCTEM BIHCHKOBOTO
aKTyaJabHI JUIsl BCiX BIMCHKOBHX (PaxiBIiB Ta MpU3HAUeHHs. [HIIa mnpuyuHA TONIATaE B
acoIlIIOIOTBCS, B MepOry  4epry, 3 HEOOX1THOCTI aBTOMAaTH3AII1 OKpEMUX
iHopmaTu3aii€ro, poboTu3ariero, nporeciB  (MOUIyKy Ta BHUSBJICHHS IIUICH,
aBTOMATH3AII€I0 KEPYBAHHSAM  JIIOJICHKUMHU HaBelleHHS  30poi,  pO3KpUTTA  (akTy
pecypcamu Ta TEXHIKOIO BiiCBKOBOTO, 8 TAKOXK BUSBIICHHSI ce0e MPOTUBHUKOM TOIIO), VIS
MOJIBIHHOTO MIPU3HAYEHHS. [Ipore, BOTO BIANOBITHI (PYHKIIOHATIBHI MPHUCTPOT
3anpoBa/KEHHST MOJIOHMX CHUCTEM 3a)aJaajio OCHAIIYIOThCS CIIEli1alli30BaHUMHU O0OYHCIIIO-
300py Ta OOpOOJICHHS BEIWYE3HOI KITBKOCTI BAJIbLHUMH MOJTYJISIMH.
pi3HOi 1HOpMAaIIil, TPUHHATTS ONEPATHBHUX PosrnssHemMo  nmokiadHilIe — OCHOBHI
pilleHb 3a YMOB 3HAa4YHOI HEBHU3HAYEHOCTI. cepu 3acTocyBaHHs y BIMCHKOBIH cITpaBi
Bunukia npoGiema MOIIIYKY 1HTEJIEKTYaIbHUX CUCTEM Ta TEXHOJIOTIH.
IHCTpyMEHTapito, SKUH 3MIr OM 3aMIHUTH ATEHTCTBO NEPCHEKTUBHUX O00OPOHHHUX
TIOJUHY TpU BUPINICHHI HaBEJACHUX 3a/ad. nocmiaauipkux npoektis (Defense Advanced
3HaUYHUH IMIYJIBC B PO3BUTKY HH(PPOBUX Research Projects Agency — DARPA)
TEXHOJIOT1H Hajajio  3alpoBaHKEHHS Mino6oponu CIOA 3asBUJIO po
IHTEJICKTYaTbHUX CHCTEM. po3pobienns kommaniero Teledyne Scientific

Bimomo, 1m0 oaHiel0o 3 mepesar & Imaging «po3ymHoi Kkymi (Ooempuracy)
BUKOPHUCTAHHS 1HTEJIEKTYaJbHUX CHCTEM € eKcTpeManbHOl  TO4HOCT» (puc. 1) 3
BHCOKAa IIBUJAKICTb 1 OOpOOJIEHHS BEJIMKHX €JIEKTPOHHOIO CHCTEMOIO HaBe/IeHHS
obcsarie ganux. Came  HEOOXigHICTh EXACTO (Extreme Accuracy Tasked
aHAJIITUYHOTO OOpOOJIEHHSI 3HAYHUX OOCATIB Ordnance), sixka IOTIOMOJKE CHalnepam
CTPYKTYpOBaHHUX JaHUX B KOPOTKI TEPMiHH, a BIIy4yaTH B 111 6e3 mpomaxy [1].

a o

Puc. 1. Po3ymHa KyJis 3 eneKTpOHHOKO cucteMoro HaBeaeHHss EXACTO
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Cucrema mepeTBOpIOE Takl KyJi Ha
CaMOHAaBIJIHI ISl ypaXCHHsSI OOpaHUX I[IICH.
Ilicns HaBeneHHs Ha [UIb  Kyasd 3
€JIIEKTPOHHOIO CUCTEMOIO HaBEJICHHS
EXACTO Moxe KOpPUTYBAaTH TPAEKTOPIIO
CBOTO TOJLOTY (pHcC. 1, 0), HIBEIIOIOYH BITED,
a TakoX 1HIN (hakTopH, IO BIUIMBAIOTH HAa
BIy4HiCTb. TEXHONOriss BHUKOHY€E OUIBIIY
YacTUHY pOOOTH CHaifrepa i moJjernrye

MonajaHHs M0 PYXOMHX LUIAX K BIACHB, TaK 1
BHOUYI.

Beneriticeka kommanis FN  Herstal
OroJIOCWJIa TIPO  CBOE  TIEpIIe  BEIIUKE
3aMOBJICHHS OaicThyHuX KoM torepiB FN
Elity s TBUHTIBOK pi3HOro KanmiOpy, IO

Puc. 2. I'BuntiBka (a) 3 npunineHum komiuiekcom FN Elity (6)

FN Elity — ne npumigbHUN KOMILIEKC
400 Bin
OLED-exkpanoM 1 Ja3epHHM JaleKoMipom,

Baroro rpaM. OCHAILCHU I
KU MOXXE BHMIPIOBAaTH IAlbHICTh IO I
3pOCTOM JIFOAWMHU 3 BiactaHHo 10 1750
METpIB. JI03BOJIsIE

I_[iJ'IeHaBe)IeHHH y

Kowmrnekc O0aunTtu
BUIMMOMY Ta
iHppayepBOHOMY CHEKTpi, BiH OCHAIECHUIl
1H(pauepBOHUM OCBITJIIOBAYeM 31 3MIHOIO
IHTEHCHUBHOCTI CBITJIA, IEKIILKOMA JaTYNKaAMHA

JUIs BUMIPIOBaHHS TeMIepaTypH, THCKY Ta

BOJIOTOCTI. Kommnexc Ipaloe 13
3aCTOCYBaHHSIM CIIeNiaII30BaHOTO
IIPOrpaMHOTO 3a0e3nedeHHs s
OaJiCTUYHOTO pO3paxyHKy BiJ KOMMaHii
ApexO,  ske  BUKOPUCTOBYETbCA  JUIS
OOYMCIIEHHS HEOOXIAHUX IMONPaBOK IpH

CTpLIB01 B pEKUMI peabHOro yacy. Pazom i3
KOMIUIEKCOM TIOCTAYa€ThCsl 3aCTOCYHOK JIJISt
Android 3
HaJIaITYBaAaHHAM JJId KOXHOI'O IIapaMETpa

onepaminHol CHUCTEMU

KOMIT FOTEpA.
Y 2022 pomi miA eriior0 JOCTiAHOTO
neHtpy Battle Lab Terre i Texuniunoro Bimminy

apmii @panuii Ha 06a3i LlenTpy omepatuBHOL
MIJTOTOBKM Ta HaBYaHHS B CTPUILO1 IPOBEIH

79

3aCTOCOBYIOTHCS 30poitHUMU CHJIaMHu
Opanrii.
BUMIPOOYBaHHS Ha pI3HUX BHIAX 30poi:

IBUHTIBKax Kaniopy 12,7-mm ta 7,62-MMm.

Byno Bu3HaueHo, 1m0 OaiCTUYHHIA
komi’torep Big FN Herstal snauno migBumms
MPOAYKTUBHICTh CTPUIBLSA, CKOPOTHBIIM Yac
«BUSBIICHHA-HeWTpamizamisi» Ha 40% 1
MIJBUIIMBIIA TOYHICTH CTPimOM Ha 25%.
Moro 3ampoBajkeHHS TakoX  3aMiHMIO
YacTUHY OOJanHaHHs, SKE€ 3aCTOCOBYIOThH
CHaiimepu, IO MOJETIIWIO CTaHAapTHY Bary
ekimipyBanHs Ha 6 kr [2].

AmepukaHcbka — Kommanis  Tracking
Point po3pobuna  KOMM'TOTEPU30BAHUMN
PO3YMHHUIA CHaliTIepChbKUit KoMILIekc Precision
Guided, B OCHOBY $KOro IOKIAJCHO
caMo3apsiIHy CTpLIeIbKy 30poto (puc. 3).

Hosgi cHaiinepchki komriekcu Precision
Guided Ha maHmii Yac MOCTYIHI Ml MATPOHU
5,56x45 Ta 7,62x51, Winchester Magnum
(7,62x67 mimimerpa).

v CHAMNEPCHKUX KOMIUIEKCaX
peanizoBana TexHosoris Tag-and-Shoot. TIpu
il BHMKOpPHUCTaHHI CTpiJielb IOBHHEH 3a
JIOTIOMOTOF0 KHOTIKM Ha CITyCKOBIH CKOO1
«BIAMITHUTH» I1b, @ TOTIM HATUCHYTH Ha
cryckoBuii rayok. [licis nporo BiaacHUK 30poi
MOBUHEH TMO€JHATH MPULIIBHY MITKY 13
3p00JICHOI0 BIAMITKOIO Y MPUIUIL. Y MOMEHT
CYMIIIIEHHS MPUIIIbHA MITKa CTa€ YePBOHOIO,
a 30pos aBTOMATUYHO 3pOOUTH MOCTPL.


http://zbroya.info/ru/blog/6_tracking-point-vysokie-tekhnologii-v-snaipinge/
http://zbroya.info/ru/blog/6_tracking-point-vysokie-tekhnologii-v-snaipinge/
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CryckoBHil TauOK MOJKHAa HAaTHCHYTH 1 B
MOMEHT, KOJH TOYEpPBOHIE€ MiTKa B MPHILIL.
Komm'torepuzoBanuii mpuiiisi 30poi BpaxoBye

TPEMTIHHS PYK CTPUIBII, JATBHICTH 10 LTI 1 i1
TIePEeMIIICHHS.

PRECIVION GUIDED

Puc. 3. Po3ymunii cHalinepcrkuii koMmiuteke Precision Guided

[IpoayKTUBHICTH 004HCITIOBAIBHOT
CUCTEeMH KOMIUICKCY JO3BOJISIE 3 BEIIUKOIO
IIBUJKICTIO BiJ3HA4YaTH 1 BpaxaTH pi3HI
00'€KTH, a TaKOX BECTH BOTOHb IO PYXOMHM
isiM. 3okpema, reuHTiBKa Tracking Point i
Habii  Winchester Magnum nmos3Bosisie 3
BHCOKOK) TOYHICTIO BpaXaTh LI  Ha
nanpHOCTI 10 800 MeTpiB, IO PyXarOThCs Ha
LIBUIKOCTI 40 32 KM/TOZ.

[lle onmmiero 3 pPO3pPOOOK KOMITaHIi
Tracking Point € moexHaHHS TBHHTIBOK 13
OKyJIsIpaMH J0onoBHEHOi peaibHOCTI Google
Glass, 1110 103BOJISIE CTPUIBLSIM BECTH BOTOHB
3-3a POTy, YKPHUTTSI, HE3pyYHHUX MOJIOKEHb 0e3
PU3UKOBOCTI Ta 13 30€pEeKEHHSIM BIIACHOTO
KUTTA (puc. 4).

Puc.4. I'sunrika Tracking Point i3 oxynsipamu nonoBHeHoi peangsHOCTI Google Glass

Komn'torepuzoBana cucTemMa
YIOpPaBIiHHSA, CHCTEMA BUSBJICHHS Ta CTEXKEHHS
3a MULTIO, TIOE/THAHI 3 KEPOBAHUM CITYCKOBUM
MEXaHI13MOM, JO03BOJIAIOTh MPAKTUYHO OY[Ib-
SIK1{ JIFOJMHI TOYHO BPa)KaTH IIUII Ha BiJICTaHI
900 1

outeie  metpiB. Poborta cuctemu
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ynpaBiiHHs rBUHTIBKamu Tracking Point Oyna
OLlIHEHa aMEPHKAaHChKUMHU BIHCHKOBUMH, SIKi
3aMOBUJIM B MHHYJIOMY pOLI Yy KOMIaHii
nepury 10
CKJIQIIAETHCS 13 IIECTH OAMHUID «PO3YMHOI»
30poi.

eKCIIEpUMEHTaJIbHy  MapTilo,
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[Togibno go  Takoi, €  30pos,
3allpONOHOBAHA Ta 3alpoBajpKeHa Yy CBITI
i3painbepkor0  mnatgopmoro «Corner Shoty,

The ComerShot

SIKa TIEPETBOPIOE ITICTOJIET Y KOPOTKOCTBOJIBHY
I'BUHTIBKY, JJISl BEIGHHS CTPLIBOU 1O LIAX 3-

3a pory (puc. 5).

@ g

Cumorpers noawe  logemmrecs

ok B M PSS PO 1T r]

Puc. 5. Tlmatrdopma «CornerShot»

Corner Shot ckiamaetrbest 3 mepeaHbOT
YaCTUHM, sIKa KPIMHUTBCS UIApHIpaMH Ha
wiatgopmi. 3a TOMOMOTOI0 PYYKH CTpiIeb
3MOXK€ IIBUAKO M JIETKO HAaIpaBUTH CTBOJ Y
NOTPiIOHOMY HAIPSIMKY.

[Inardpopma  103BOJSIE  BCTAaHOBHUTHU
3HIMHY KaMepy BHCOKOI pO3A1JIbHOI 3/1aTHOCTI,
CEHCOpHU I Tiepenadi aymio/Biieo, MICTUTh
BUIAMMI Ta iH(pPAaYEepBOHI JIa3epH, TAKTHYHI
JiXTapi Ta TIYUIHUKU. [CHYIOTH 1 Bepcii it
MICTOJICTIB 1 HaBITh I 40 MM I'paHATOMETIB.
Bei  nmimpkuTan-HanamTyBaHHS  JTO3BOJISIOTh
BUKOPHUCTOBYBATH CHUCTEMY Yy SIKOCTI 3aco0y

CIIOCTEPEIKEHHS, BUBOASYM Bigeo Ha 2,5-
moimoBuil PK-nucnineit 3 mepexpectsMm Ta
¢byHKIiE0 HIYHOTO OaveHHs. JlocTymHi pi3Hi
J0JIATKOBI 3HIMHI KamepH [3].

CkiaiHa eNeKTPOHIKa 1 IHTENeKTyalbHi
CUCTEeMHM  3HAaXOAiATh Miclle B  1HHIH
MEepeHOoCHI  BorHenaypHi  30poi.  Tak,
kommanii Heckler & Koch (Himewyunna) Ta
Alliant Techsystems (CILA) 3anpononyBaim
po3pobiieHuit KOMIT'FOTEPU30BaHUI
rpaHaTOMETHUI KOMILIEKC XM25,
MpPU3HAYCHUN JUIsI 3HUIICHHS J>KUBOI CHIIH
npoTuBHUKa (puc. 6).

Puc. 6. Komn'roTepu3oBaHuii rpaHaTOMETHHN KOMIUIEKC XM25

['panaTOMETHUI KOMIUIEKC OCHAIEHUN
CHUCTEMOIO TPHUIIUIIOBAHHS 13  JIa3epHUM
JaleKoMipoM, IO BigoOpaskae BiJICTaHb [0
T, 3HaHHS MUX JaHUX JIO3BOJISIE COJIATy

MporpaMyBaTH TpaHAaTH Tak, MI00 BOHH
BHOyXaJli B TIOBITPI BiApa3y 3a YKPUTTAM
npoTUBHUKA (pHC. 7).
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Trenches aren't safe any more

The XM25rifle can target an enemy hidden behind awall, inaroom orin a trench

Laser rangefinder determines
distance to the abstruction

Soldier can adjust distance by
1 to 3metres toreach target

Bullet explades when ithas
travelied the set distance

Puc. 7. [lpuHInn aii KOMIT'TOTEpU30BAHOTO TPAHATOMETHOTO KOMILUTEKCY XM25

binpmie Toro, mpuUIN migKazye, K
BHUCOKO CTpUIEb IMOBHMHEH TPUMATU CTBOI,
00 CHAps MPOXOAMB MOTPIOHY TPAEKTOPIFO.
JlucraHiiro AETOHYBaHHS BIHCHKOBUH MOXKE
CaMOCTIHO 301IbIIUTH 200 3MEHILIUTH HA TPH
Metpu. Ilg po3pobka edexktuBHa I
YpaKEHHs  WLijel, sAKi TpuxoBaHi 3a
YKpIIUICHHAMU a00 3HAXOJIAThCS B OKOIax.
Po3poOHUKH CTBEpIXKYIOTH, IO CHCTEMa Ha
300% edexTuBHIlIa 32 3BUYalHI TPaHATOMETH
[1].

IIpoBigHi  KpaiHM  CBITY  aKTUBHO
MIPOBOJISATH NEPCIEKTHBHI TOCIIKEHHS 11010
po3pobsieHHsT (CTBOPEHHSI) PI3HUX 3a CBOIM
NPHU3HAYCHHSAM  POOOTH30BaHMX  3aco0iB
(mnatdopM, cuctem), 31aTHUX Yy MEPCIEKTUBI
MOBHICTIO BHKIIIOYHTH TPHUCYTHICTH JFOJWHHU
6esnocepenHbo Ha Tmoni Oor. TexHiUHOIO
MOBOIO Taki OOMOBI CHCTEMH BXKe OTPHUMAIH
Ha3BY, K «aBTOHOMHa 30p0si».

Ha  TemepimHiii 4Yac  aBTOHOMHI
poOOoTH30BaHI 3aco0M 3 IHTENIEKTYyaJIbHUMHU

CHCTEMAMM BIMNCHKOBOIO Ta IOABIMHOIO
IIPU3HAYEHHS BXKE 3aCTOCOBYIOTHCS Ha 3eMII,
y BOJI 1 B IOBITpi, a iX rabapuTH 3MiHIOIOTHCS
Bi KUIBKOX CAaHTHMETPIB IO aHaJoriB
MOBHOLIIHHKUX 00HOBUX MamuH [4, 5].

B sxocTi mpukiamiB MOXHa HABECTH,
cucreMy <«Gamizauid  kymom»  (I3painm)
(puc. 8, a), 3CHITHO-apTUICPINCHKUI
kopabensHuii kommiekc Mark 15 Phalanx
(CIIA) (puc. 8, 6), poboru3oBaHy OOWOBY
wiathopmy Mission Master
(BenmukoOpwutanis) (puc. 8, B), SKi MOXYTb
3a0e3nedyBaTd ~ AaBTOHOMHUH  TOMIYK 1
BUSIBJIGHHS LiJIEHl y BHU3HAYEHOMY CEKTOpI,
OLIIHUTH CTYIIHb IX 3arpo3u, BUOIp HAHOUIBII
HeOe3MeyHol I, 3aXOIUIEHHs, CYMpOBiJ 1
BU3HAYCHHS TapameTpiB i1 pyxy, BIAKPUTTS
BOTHIO, aBTOMAaTHYHE KOPUTYBaHHS CTPiIbOU
y 3aMKHYTOMY KOHTYpi, IPUITUHEHHSI BOTHIO
Ta 3aXOIJICHHS HOBOI I[ii.

Puc. 8. ABroHOMHI po60TH30BaHi 3ac00M BIiCHKOBOTO NIPU3HAYEHHS 3 IHTEJIICKTYIbHUMHU CUCTEMaMHU
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[TiBneHHOKOpEUCHKUMU (haxiBIsIMU MTOPYITHUKIB IEPKABHOTO KOPIOHY (puc. 9). YV
po3pobIIeHO po0OT-BapTOBHIA SGR-1 HBOMY 00’€HaHI JBI CUCTeMHU 3 (PYHKIIISIMHU
(Intelligent Surveillance and Guard Robot) ms CIIOCTEPEIKEHHS Ta CTPUILOM, a TaKoX
OXOPOHH Ta CIOCTEPEXKEHHs, SKUU 30aTHUN PO3Mi3HaBaHHS TOJIOCY.

ABTOMAaTU4HO BUABJIIATHU 1 SHUINYBATH

Puc. 9. Po6or-Baprosuii (Intelligent Surveillance and Guard Robot) SGR-1

€ mnoniOHI cucTteMu 1 y POCIHCBHKIN JUCTAHIIMHOI PO3BIIKM, a TAaKOXX BOTHEBOL
benepanii, Hanpukianm, — 0araToIILOBHMA NIATPUMKH  3aBAaHb, IO BHPIMIYIOTHC Yy
poboTu3oBaHUN 60HOBHI aBTOMOOLIL « Y paH- MICBKHX YMOBaX.

9 (puc. 10), npusHadeHUN Isi BEACHHS

Puc. 10. Po6oTnzoBanuii 60iioBuiA aBTOMOOLITE «YpaH-9»

CyuacHi apTHIIEPIACHKI CUCTEMU Tak omHUM 13 TPUKIAAIB MOKHA
OCHAIYIOThCSI HOBITHIMH ~BHUCOKOTOYHHMH HaBECTH HIMEIbKHIA BHCOKOTOYHUI
IHTENIeKTYaJTbHUMHU OOETPUTIACAMH. IHHOBAIIHIM OOEMIPHUTIAC 3 KYTAPHHUM SIPOM»

SMART 155 (puc. 11, a).
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Puc. 11. boenpunac 3 «ynapuum siapom» SMART 155

Lle apTunepiiicbkuii cHapsi kamiopy 155
MM, CIIPOEKTOBAHUHM AJIs CTPLILOM 3 TayOulh
Ta CAaMOXIJHUX YCTaHOBOK JUIS YPaXKECHHS, SIK
CTalllOHAPHOI, TaKk 1 OpPOHBOBAHOI TEXHIKH
BEPXHBOI YACTHHH KOPIyCy IIiJ] 4Yac pyxy.
boenpunac  BiACTPUIIOETbCA 1O 3alaHUM
KoopauHaTaM. BiH Hece okpemi gBa 0OHOBI
cy60oemnpumnacu, sKi mcist BUOyXy CHapsly Ha
NEeBHIM BHCOTI HAA LULTIO PO3AUIIOTHCS 1
OIlycKaroThcd Ha napanrytax (puc. 11, 6) ta
3MIIACHIOIOTH MOIIYK IIiJi.

Koxen cyObOoempumac  OCHaIIeHHA
IHAWBIAYaTbHOIO CHCTEMOIO CaMOHABEICHHS,

gKa TIO€JHAHA 3 paAiOJIOKAI[IfHUMHU Ta
1H(ppayepBOHUMU CEHCOpaMH. [Ticnsa
inenTudikamnii nit cyoboenpumac IeToOHye Ta
BUCTPUIIOE «yAapHE SApO», SKE 1 Bpakae
3ropu 00ii0BY MammuHy [6].

Bucokotouna cucrema JDAM-ER (The
Joint Direct Attack Munition — Extended
Range) — Ooenpumac mpsMoi araku, SKHi
KOPHUTYETHCS, 1€ Ma€ HA3BY «PO3yMHa O0MOay
(puc. 12). Bona 3a6e3neuye BUCOKUN piBEHb
TOYHOCTI HAaBEIEHHS TMiJ dYac ynaapy IO
IPOTHUBHHUKY.

Puc. 12. Bucokorouna cucrema JDAM-ER

JDAM - 1e cnemiaaibHMI KOMILIEKT,
SKUH CKIIQJA€ThCS 3 HEBEIUKHX «KPUID»,
PYJIBOBUX MOBEPXOHB HA KOPITYCi Ta XBOCTOBOT
JaCTHHHA. Y XBOCTOBY YacTHHY BMOHTOBAHO
0ok GPS-uasirari.

Jlana cucTeMa TIPAMIOE HACTYITHHM
ypHOM: JiTaK 13 JDAM netutsh 10 moist 6010;
nutoT Moxe 3Hath GPS-xoopaunaté cun
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MPOTUBHUKA, 32 SKUMH MOXE 3a7aBaTHCh
yaap. [110TH MOXYTh OTPUMYBAaTH OHOBJICHI
KOOpJIUHATH B TOJBOTI BiJl KOPUTYBAJIHHUKIB
13 3emui. [IUIOT BBOAUTH KOOPIWHATU I B
KOHCOIIb, SIKa Tepefac JaHi depe3 HuppoBe
3'€IHaHHS, 10, TUM CaMHM, 3allporpamye
60MmOy. Jlitak kugae 6oMOy Ta Bijtitae. bomba
npuiiMae curHanu 13 cymytHukiB  GPS,
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BU3HAYa€, Ji€ BOHA 3HAaXOJUTLCI, 1 JI€
3HAXOJIUTKCS 11 UTh Ta IEPEMIMIAETHCS O THX
Iip, TOKK HE HATPAIUTh Ha TBEPAY MOBEPXHIO.

[IBuaKe BIOCKOHAJICHHS PAKETHUX Ta
apTUJICPINCHKUX 3HAPSAAb IIIITOBXYE JO
N3EePKATBHOTO PO3BUTKY OOOpPOHHUX 3ac00iB.

B arenrctBi MinicrepctBa oboponu CIIA
DARPA BBaxarTh, 110 TiAHOK BiAHIOBIIIIO
Ha 3arpo3H, sIKi MOCTIHHO 3POCTAIOTh, MOXKYTh
CTaTH BHUCOKOGHEPTeTUYHI JIa3€pHI CHCTEMH
3axucry (puc. 13).

Puc. 13. Jlazepna cucrema HELLADS

AMepuKaHChKi BIHCHKOBO-MOPCHKI CHITH
Ta peryispHa apmis BXKe pO3MOYaIH
BIPOBA/DKCHHSI  MOMIOHMX  TEXHOJIOTIH Yy
pamkax npoexty HELLADS (High Energy
Liquid Laser Area Defense System).

OdiKy€eThCs, 0 CTBOPEHI 32 TPOTPaMOF0
HELLADS ycraHoBku OyAyTh JIOCHTH
TOYHHMH, MIBHIKAMH Ta TOTYXHHMH, II00
BUaCHO  JIIKBIAyBaTH  BOPOXKI  pakeTw,
apTHIEPIAChKI CHapsau Ta Oe3MUIOTHUKH. B
OCHOBI TEXHOJIOTii JIeKUTh TBEPAOTIUIHHHIA
BUCOKOCHEPreTUYHUIN Ja3ep 13 pPLAMHHUM
oxonomkeHHsM. [1[06 yKOMIUIEeKTYBaTH TaKUM
oOnajHaHHSAM JIITaJbHUW amapar, BOHO Mae€

Oyt B Mipy JerKUM Ta KOMIIAKTHUM,
30epiraroud  MpU  LBOMY  IOTYXKHICTb
monaimenme 150 xkBt. VYcnmixiB y 1mpomy
HanpsMi gocsriia kommnadis General Atomics,
saka mpamoe 3 apxitektyporo HELLADS i
He3abapoM Moxke ykiaactu KoHTpakt i3 BIIC
CIHA wma  ocHameHHs  O€3MIJIOTHHKIB
nasepamu [7].

Kommanisi Rafael Advanced Defense
Systems mnpencraBuna Ha Buctabmi IMDEX
2023 y Cinramypi HOBY J1azepHy cuctemy 11110
aust kopa6utie Naval Iron Beam (NIB) (puc. 14)

8],

Puc. 14. Jlazepna cucrema I1I10 s kopa6nie Naval Iron Beam
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Ile Mopchka Bepcisi Ha3eMHOI CHCTEMHU
Iron Beam, sxa BuUKOpHCTOBYeThCs I[3painem
JUIS TIEPEXOIUICHHS pakeT 1 OE3MUIOTHUKIB.
Naval lron Beam mnpu3HaveHa Jyisi 3aXHUCTy
KOpaOJTiB BiJl paKeT, OC3MIJIOTHUKIB Ta 1HIIIOTO

3HaAPSIAIA.
Cucrema CKIaIa€cThbCA 3 IBOX OCHOBHHUX
KOMIIOHEHTIB: Ja3epHOTO Ta OITHKO-

€JIEKTPOHHOTO0 MOAYJiB. JlazepHuii MOmyJb
reHepye BUCOKOCHEPTeTHYHUI MPOMiHb, KU

HABOIWTHCA  HA b  3aBOAKA  OITHKO-
€JICKTPOHHOMY MOJYJIIO. OcranHniit
3a0e3neyye  BUSABJICHHs,  ieHTU(DIKaIIIO,

CYIIPOBIJ 1 IPUIIIJIEHHS 32 JOIIOMOTOI0 KaMep
Ta pajaapis.

BaxmmBuM  HampsiMOM  3aCTOCYBaHHS
IHTENEKTYaTbHUX TEXHOJOTIN IS BIICHKOBOI
TISTTBHOCTI € PO3BUTOK O€3MJIOTHOT aBialtii.

BiiicpkoBi BUKOPHUCTOBYIOTh
OC3MUIOTHUKA Yy  SKOCTI  CIEHiaIbHOTO
TEXHIYHOTO 3ac00y, 30KpemMa i pO3BIIKH Ta
(dboTorpadyBaHHs CUTYyaIlil, IKi BAHUKAIOTh Y
B2XKOJOCTYITHUX  MICISIX. besymoBHO,
BUKOPUCTAHHS «JTiTaru01 KaMepm»
BUIIPABJaHE B YMOBaX BiJIKPUTOTO MPOCTOPY,
B SIKOMY 3BHYaHUN mudpoBHil (oToamapar
HE MOJKE BIIOPATHCS.

Kommnanis Northrop Grumman
OroJIOCWJIa  TPO  IOCTaYaHHS  MEPIIOro
cepiiiHoro 3pa3ka OesnutoTHuka MQ-4C
Triton Mo udikarii IFC-4 3
1HTeNeKTyanbHUMH cucteMamu (puc. 15) [9].

Puc. 15. besninorauk MQ-4C Triton monudikauii IFC-4

MQ-4C Triton — BUCOTHMIA O€3MIIOTHHIA
TMTAJIBHANA  amapar BEIUKOiI  TPHBAJIOCTI
MOJIbOTY, MIpU3HAYECHU N JUTST 300py
iHpopMarii, crocTepeXeHHsT Ta PO3BIIKU y
npubepexkHiid 30Hi. Triton moOymoBaHuii Ha
0a3i apona RQ-4 Global Hawk, sixuit Takox
po3pobnenuii kommnaniero Northrop Grumman,
MOK€ TIHIMATHCS HA BUCOTY TOHAM 17 KM,
jiTaTd 31 IMBUAKICTIO 575 KM/rog Ta
nepedyBaT 'y TOBiTpi A0 24 TOAMH.
PosBinmyBanpHa amaparypa HOBOTO JApOHA

BKJTFOYAE Oarato(yHKITIOHAJIbHY PJIC,
BiJIeOKaMepy, eJNeKTPOOINTHYHI/iH(payepBOHi
JaTYUKH, 3aco0n pamiopo3BIAKH,

aBTOMaTH4HY cucteMy ineHTudikamii (AIS) i
anmaparypy petpancisamii. lle oOmagHaHHS
JIO3BOJISIE anapaTy BHSIBJIATH Ta aBTOMATUYHO
KIacupikyBaTu pi3HI TUNH  HAJIBOJIHHUX
00'eKTIB.
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3acHoBHUK KommaHnii SpaceX Lmon Mack
BIIEBHEHO 3asBUB, IO Y BiifHaX Mail0yTHHOTO
BHUHHUIIyBaui HEe OyAyTh MaTH KOJIHOTO IIAHCY
B TPOTUCTOSIHHI OOWOBMM  OE3MIIOTHUM
amapartam (IpoHaMm), a TaKoX 3BEPHYB yBary
Ha Te, 10 caMe cydacHwuit jitak F-35 mporpae
0e3MJIOTHOMY BHHHUIIYBauyy, OCHAIIEHOMY
THTENEKTYaIbHOIO CHCTEMOIO.

Omxe, HaBelCHI BHILE AOCATHEHHS Yy
HaNpsSMKY 3aCTOCYBaHHS 3aC00iB BIIICBKOBOTO
Ta MOJIBITHOTO MIPU3HAYCHHS 3
IHTEJIEKTyalbHUMH CHUCTEeMaMH  e€(DEKTHBHO
3aCTOCOBYIOTHCS MPAKTHYHO B yCiX KpaiHax
cBiTy. BoHuM  copomlyloTb  BHUKOHAaHHSA
BIAMOBIAHMX  3aBAaHb, 3aXMIAIOTL  Bif
HEIaCHUX BHUIAJKIB a00 HaaMipHOi arpecii
3JI0YMHIIIB (BOPOTIB), a TaKOX IiJBUIIYIOThH
0e3IeKy HaceIeHHH.

B cBowo uepry, 3ampoBaKEHHS
CBITOBHUX JIOCATHEHb, a TaKOX PO3POOJICHHS
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BITYM3HAHUX  cucTeM 1  3acol0iB 3
IHTEJNIEKTYaTbHIMH ~ CUCTEMaMH  IIUPOKO
BUKOPUCTOBYIOTBCS,  HAa  CBOTOJAHI, Yy
nisutbHOCTI MiHicTepcTBa 000pOHH, 30pOoitHUX
Cun VYkpaiHum, a TakoX € OJHHM i3
MPIOPUTETHUX HATIPSMIB PO3BUTKY BiiCHKOBO-
MIPOMUCIIOBOTO KOMIUIEKCY Kpainu. lle, B
CBOIO uepry, MoTpedye TICHOI cHiBmpaii
HAYKOBI[IB 3 BIMCHKOBHUMH, L0 CIOHYKA€E 0
BUBUCHHS  MOXJIMBOCTEH  3aCTOCYBAaHHS
IHTEJICKTyalbHUX CHCTEM Yy pi3HUX cdepax,
30kpeMa y cdepl PO3BUTKY HAI[lOHATBHOL
Oe3reku YKpaiHu.
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AHoTtanis. Yepe3 crpimMke 3poctanHs mrydHoro intenekty (LLI) akTwBHO TpWBaIOTh AWCKYCii, YU Mae BiH
MTO3UTHBHUH BIUIMB Ha €KOHOMIUHUIT po3BUTOK. OTHAK iCHYE€ JIHIIIE AesKE YSBICHHS PO TE, SKY POJIb 1 MiCIe TEXHOIOT1l
IITYYHOTO 1HTEJIEKTY HACIPaB/i BilirpaloTh B eKOHOMIYHOMY PO3BHTKY. Y NaHiil cTarTi Oye po3TIHyTO TOCIiIKEHHS,
30CcepeKeHe Ha CTBOPEHHI IMPOTPaMHOTO 3a0e3ledeHHs 3 MPOTHO3YBAaHHS €KOHOMIYHOI MOJENi Ta OOTOBOpPEHHS Ha
MepeTHHI MITYYHOTO IHTEJEKTYy Ta €KOHOMIYHOTO PO3BUTKY. 30KpeMa, Oyjo MpoaHaji30BaHO ICHYIOYl JIOCHIPKCHHS B
rajgy3i eKOHOMIYHOTO MOJENIIOBAaHHS 32 JOIOMOTrol0 0ibmioMeTpuuHOro iHcTpyMeHTty Bibliometrix, mpeacTaBisiroun
BHYTPIIIHIO CTPYKTYpy Ta 30BHILIHI XapaKTEpPUCTUKW Trally3i d4epe3 pi3HI METPHKH Ta alropuT™mu. PesynbraTi
010,TI0OMETPHYHOTO aHaJi3y CBIMYATh MPO TE, IO KIIBKICTh MyOJiKaIliil y ramxysi 3a octaHHi poku 3pocia. Kpim toro,
r0OKe HaBUAHHS Ta JOCIIJDKEHHs, MMOB’S3aHi 3 IHTEIEKTyalbHHM aHAJli30M JIaHUX, € KIIOYOBUMH HANpsIMKaMHU Ha
MaiiOoyTHe. ToMy HayKOBIi, BilIaHi il Tamy3i, pO3BUHYJIH TiCHY CITiBIPAITIO Ta CHUIKYBAaHHS 3a BCiMa HamlpsMKaMH. 3
iHmoro OOKy, aHali3 JEMOHCTPYE, IO OUIBIIICTH AOCTIIHKEHb 30CEPEIKCHO Ha ITSITH ACMEKTaX IHTEIEKTYalIbHOTO
MPUHHATTA pilieHb, COLIANBHOTO YIPABIIHHS, Mpalli Ta KaliTaly, MPOMECIOBOCTI Ta iHHOBamid. PesymbraTn
JOCIIJKEHHS € MIEPCIIeKTUBHUMH JUTsl BUCHUX y CTparerii eKOHOMIYHOTO pO3BUTKY YKpaiHH.

Kuro4oBi ciioBa: Benmmki gaHi, eKoHOTpagoIorisi, eKOHOMiKa, EKOHOMIYHE MOJICIIIOBaHH:, HAaBYaJIbHA MAIlINHA,
HEWPOHHI MEpexKi, IITYYHUIT IHTEIIEKT.
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Abstract. Due to the rapid growth of artificial intelligence (Al), there are active discussions whether it produces
a positive effect on economic development. However, there is vague understanding of what role and place artificial
intelligence technology actually plays in economic development. This article will review the research focused on the
creation of economic model forecasting software and discussion of the intersection of artificial intelligence and economic
development.

In particular, the existing research in the field of economic modeling was analyzed applying the bibliometric tool
Bibliometrix, presenting the internal structure and external characteristics of the field through various metrics and
algorithms.

The results of the bibliometric analysis indicate that the number of publications in the field has increased in the
recent years. In addition, deep learning and research related to data mining are key areas for the future investigations.

Therefore, scientists dedicated to this field have developed close cooperation and communication in all directions.
On the other hand, the analysis shows that the bigger part of the research is focused on five aspects of intellectual decision-
making, social management, labor and capital, industry and innovation.

The results of the study are prospective for scientists within the Strategy of Economic Development of Ukraine.

Keywords: big data, econographology, economics, economic modeling, learning machine, neural networks,
artificial intelligence.
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Beryn

OctanHiM 4acoM BUKOPHUCTAHHS
mryyHoro iHtenekty (III) y pizHux ramyssx
JNOCTIDKEHb, y TEXHIYHMX Haykax abo
COIIAIPHUX HayKaxX € OUIbII MOUIUPEHUM 1
MBUJIKUM Yy Hami 1aHi. BiH mpomonye pi3Hi
BapiaHTH MoJeJel 1 JIoAaTKiB (MalImHHE
HaByanss). LI 3 koxuHuM gHEM Oepe
aKTUBHIIIY y4acTh Y HAIIOMY MOBCSKACHHOMY
JKUTTI. A 0T)KE, EKOHOMIYHE MOJIEIIFOBAHHS HE
MOKe€ YHHKHYTH 1boro. OcHOBHa ifes
MITYYHOTO 1HTENEKTY MOJSArae B TOMY, 1100
MepeBecCTH JIIOJICbKE MHUCIEHHS Ta Jii B
CNIEKTPOHHY a00 MeXaHIYHy MalluHy, 0100
JIOTIOMOT'TH OIIHUTH Ta BUPINIYBAaTH LIOJICHHI
npobnemu. IIII He € yuMoOCh HOBUM, BIiH
HAcOpaBli ICHye JaBHO. 3rigHO 3 IIUM
JOCHIJUKCHHSIM, IITYYHHH 1HTENEeKT OyB
odimiitHo i1HCTHTYIIOHANI30BaHUH Yy 1940-x
poKax Imia Yac CTBOPEHHS  IEPIIOTO
amapaTHoOro (KOMIT’IOTEpPHOTO) Ta
MIPOrPAMHOTO 3a0e3neyeHHs (pyusne
mporpaMmyBaHHs) y cepenuni Jpyroi cBitoBoi
BilHU. 3aCTOCYBAaHHS IITYYHOTO IHTEJIEKTY B
el iICTOPUYHUM Yac MoJsraio B TOMY, 11100
[IEPEXOITIOBATU 3amuQpoBaHi KOJIOBI
IOBIIOMJIEHHS BIJ HIMELLKUX HAIMCTIB Ta
STIOHCBKOTO IMIEpaTopchKoro (iory, Mmoo
3amo0irTd  HamaJy Ha BEJIMKI BaHTaXHI
KopaOii, sKI  TOCTa4aad  TOBapu [0
Benuko6puranii 31 CHHIA B KpuUTHYHI Yacu
Jpyroi cBiToBoi BiliHu [1].

Takox HeEOOXiZHO 3rajgaTh BEIUKUNA
BHecoK AnaHa TropiHra, «0aTbka IITy4YHOTO
IHTEJIEKTY» Ta Cy4acHOi KOMII FOTEpHOT HAyKH,
Yy CTBOPEHHI MEXaHIYHOTO EJIEKTPUYHOTO
KoMmI’toTepa miag Ha3zBow Enigma (mpoekt
OpUTAaHCHKOT PO3BIJIKH) 1 EPILIOT TEOPETUYHOL
OCHOBU py4yHOro anroput™my. OCHOBHOIO
i1eero ctBopeHHs Enigma 0yso nepexorieHHs
Ta IeKOyBaHHs 3alIM(POBAHUX MTOBITOMIICHB
B1Jl BTOPTHEHb HIMEIBKHX 1 ATIOHCHKUX BIHCHK
MOBITPSIM, MOpPEM 1 CyII€ Ha CTpaTeriyHi
MO3MIIT COFO3HMKIB 1 ITI TPOMAISHCHKOTO
cycniberBa [2]. 1li akameMiyHi BUHAXOIU
BiIKpuBaoTh HOBY epy B III. Ilporte Oyino
BUSIBJICHO, 110  3actocyBanHa I B
€KOHOMIYHOMY MOJICTIOBaHHI TPEICTABIISE
HECKIHUEHHI BHUKJIMKH Ta  MOXJIMBOCTI.
HeoOximHo cka3zatu, 10 BHKOPHUCTAHHSI
MporpaMyBaHHs, TPOTPAMHOTO 3a0e3neueHHs
Ta nogatkiB € nmovyarkom LI B ekoHOMIYHOMY
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MOJICIIIOBaHHI. J[Js IbOr0 MOXKEMO 3rajgaTh
KUTBKOX JIOCIIITHUKIB, SIKi BHKOPHUCTOBYBAJIU
111 B €KOHOMIYHOMY MOJIEJIFOBAHHI,
eKOHOMIIII Ta (piHaHcax, Takux k. Acemoglu,
Daron 1 Pascual Restrepo (2018); bixm, C.
k., Yan, X. @. i Topraep, b. (2022);
KanbBano, E., Kanenonapi, I'., Jlenikomno, B.,
XappinrtoH, J{x. E., i [Tacropemno, C. (2020);
Kok6epn, .M., Xennepcon, P., i Crepn, C.
(2019); Duarte, P.G., & Giraud, Y., (2020);
Dyer-Witheford, N., Kjosen, A., & Steinhoff,
J. (2019); Ghoddusi, H., Creamer, G.G., &
Rafizadeh, N. (2019); I'maiinep, P. i Xapnep,
M., (2021).

Vi i 10CIiTHUKY TPEACTABIISIIOTh Pi3H1
MOTJISIAM BiJl ICTOPUYHUX JIO TEXHIYHUX. Y
JTaHUX JOCIIHKEHHSIX MOXKEMO CIIOCTEpiraTh
3aCTOCYBaHHS  INTYYHOTO  IHTENEKTy B
€KOHOMIYHOMY MOJIECNIIOBaHHI, a E€KOHOMiKa
MOXKE IoKa3aTu BEJIMKUH CITHCOK
MOTEHIIHHUX ~ 3acTocyBaHb. ToMy, jJaHa
JNOCTIHHUIIBKA CTATTS PO3KPUBAE TUTAHHS
PO3pPOOKH MPOrpamMHOro 3a0e3MEYCHHS Ha

ocHoBl IIII, ske 3Moxe MpPONOHYBaTH
€KOHOMIYHE TPHUHATTA  pimeHb. JlaHe
MporpaMHe 3a0e3meueHHs

BUKOPUCTOBYBaTUME IITY4YHUI iHTENeKT (Al),
BeNMKI JlaHl, HAyKy TpO JaHi, HEHpOHHI
Mepexki Ta exoHorpadoinorito. OCHOBHOIO
METOI0 PO3POOKM € BUpILIEHHS Oyab-IKHX
eKOHOMIYHUX a00 (iHaHCOBUX MPOOIEM.
Takox nane [13 Mae 101TOMOTTH HAYKOBIISIM Ta
€KOHOMICTaM IIBHJIIE Ta e(QeKTUBHIIIE
3HAUTH MOJKJIMBI PIIIEHHS YU PEKOMEHJaLll.
[13 BuKOpHCTOBYBaTHME BEIUKY 0a3y JaHMHX,
sIKa CKJIQJaTHMETHCS 31 cTaTeH, OB’ sI3aHUX 3
€KOHOMIYHUM PO3BUTKOM Ta MojensMu. [lns
YCIIITHOTO MPOBEJICHHS JTOCITIIKEHHS
HEOOXITHO BH3HAUUTH 3arajibHe BU3HAYCHHS
€KOHOMIYHOI'O MOJEJIOBaHHS. J3TrigHO 3
MpoaHaTi30BaHUMHU JOCTKEHHIMU
«EKOHOMIYHE MO/ICITFOBAHHS» MO’KHA
BU3HAYUTU SIK aKaJeMiuHy abo eMIipuyHy
JNOCTIAHULIBKY pPOOOTY, fKa MiIATPUMYETHCS
BUKOPUCTAHHSIM PI3HUX TeOpii, a TaKkox
KUIBKICHUX a00 SIKICHHX MOJENEH 1 METOIIB
JUIST aHATITHYHOI OI[IHKA MPUYUH 1 BIUIMBIB
Oy/1b-KO1 €KOHOMIKH Ha CYCH1JIBCTBO Oy/Ib-/1€
Ta OyJIb-KOJIH.

Sk HEBII'EMHY  YacTHHY  IIbOTO
BU3HAUCHHS, «CKOHOMIYHHID» BHU3HAYAETHCS
K «TEOPETHYHUN a00 TEXHIYHUM IHCTPYMEHT,
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SKAA ~ po3poOJieHnid It BUPIMICHHS
KOHKPETHHUX MPOOJIeM, 10 BIUTUBAIOTH, MPSMO
YU OIOCEPEJIKOBAHO, Ha CYCIIJILCTBA B Pi3HI
nepioju 4yacy Ta reorpadiuni mpoctopu» [3].
baza manux mns mporpamu IPOTHO3YBaHHS
noBuHHa OaszyBatHcs Ha  Kiacudikamii
JEKUIBKOX €KOHOMIUHUX KaTeropii, Ae KOXHa
KaTeropis € mMicueM 30epiranas 0a3u JaHuX.
OcHoBHa imest BUKOPUCTAHHS
MPAKTUYHUX EKOHOMIYHUX ITiIXO/1B MOJIATae B
TOMY, 1100 3HAWTH BIANOBIAHY Ta 3aCTOCOBHY
MOJIITUKY, SIKA MOYE JIOTIOMOITH 3MCHIIUTH
HETaTUBHUM BILUIUB OY/b-SKHX CKOHOMIYHHX 1
COLIIAIbHUX MIPOOJIEM y CYCIIIbCTBI HAMOLIBIIT
e(EKTHBHKMM 1 peaicTHIHUM crrocodom [3].

Po3pooxka 113 Ha ocuHosBi III
OCHOBHOIO METOIO €KOHOMIYHOTO
MOJIEJTFOBAHHS € CTBOPCHHS pI3HHUX

BiKaMiOpOBaHMX CIEHAPiiB Ta Pi3HUX PiBHIB
PU3UKY JJIS OLIIHKM MOXIIMBUX pillleHb Oyab-

Scope root
auto input
auto hiddenWeights

auto hiddenBiases
auto hiddenLayer

Scope: :NewRootScope();

Variable(root, {2,
Variable(root,

A

Variable(root,
Variable(root, {1},

auto outputWeights
auto outputBiases
auto outputlLayer

auto labelsPlaceholder
auto loss
auto optimizer
auto train_op

Placeholder(root, DT_FLOAT);
18}, DT_FLOAT);
DT_FLOAT);

Relu(root, Add(root, MatMul(root, input, hiddenWeights

AU

101
497,

AKOI EKOHOMIYHOI mpobseMu. [0JoBHHM
3aBJAHHSIM MOJCIIOBAHHSI €KOHOMIKH €
nmepexiji BiJ JAUHAMIYHOTO EKOHOMIYHOTO
MO/ICTIOBAHHS 110 €KOHOMIYHOTO
MOJICJIFOBaHHS B peadbHOMYy daci. Jlpyroro
mpoOJieMor0 B aHami3i  €KOHOMIYHOTO
MOJICITFOBaHHS € BHUKOPHUCTAHHS IITYYHOTO
IHTENIEKTY, TaKOX BIIOMOTO SK MiAXiJ
HEUpOHHUX Mepex. HelipoHHi Mepexi €
IMOTEHIIITHO BaXKJIUBUM 1 IIIHHUM
IHCTpYMEHTOM ISl aHal3y EKOHOMIYHOTO
MOJEIIIOBaHHS. OcHOBHUM 3aBIaHHIM
HEUPOHHUX MEpeX € BHOIp Benukoi 0azum
MaHUX, a TaKo)XX HaHOLIbII OINTHMAIbHUX
PEKOMEHIAIlii 1 TPOIO3HININ 1T BUPIIICHHS
Oyab-KO1 COIiaIbHO-€KOHOMIUHOT IPOOIeMH.
i pekoMeHaaIlii Ta MPOMO3HIIiI OTPUMYIOTHCS
3 BeNMMKOi 0a3W JaHWX MHUHYJIOTO JOCBIIy
YCHIIIHUX TEOPETHUYHUX abo
eKcrepuMeHTanbHuxX BunaakiB (Puc.1).

hiddenBiases

18, 1}, DT_FLOAT);
}» DT_FLOAT);
Add(root, MatMul(root, hiddenLayer, outputWeights), outputBiases);

Placeholder(root, DT_FLOAT);

Mean(root, Square(root, Sub(root, outputlayer, labelsPlaceholder)), {2});
GradientDescentOptimizer(root, 2.201);

optimizer.minimize(loss);

Puc.1. [ToOynoBa HelipoHHOT Mepexi

Takum uynMHOM, ajamTauis IITYYHOTO
IHTEJIEKTY 0  aHajmi3y  €KOHOMIYHOTO
MOJICJIIOBaHHSL Oe3MocepelHb0 OB’ sA3aHa 3
HOBHMH MAaTEeMAaTHYHHMH METOJAaMH  Ta
TeXHIKaMH, TEOpi€l0  Xaocy, JIOTIYHOIO
MaTEeMaTHKOI0, €KOHO(I3UKOI0, HEHPOHHUMHU
MepexXaMH,  MEepeOBUM  KOMII IOTEPHUM
MpOrpaMyBaHHSM, BIPTyaJIbHOIO PEaJbHICTIO,
POOOTOTEXHIKOI, IMIBHIIIOK  PO3POOKOIO
MPOrpaMHOro 3a0e3NeyeHHs] Ta HaIliHO0
arnapaTHOIO MiJITPUMKOIO.
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HaCTyrIHI/IM TITMOOKUM NEPCTBOPCHHAM

aHai3y EKOHOMIYHOTO MOJCIIOBAaHHA €
MIPUPOSHUN OpraHiuHui IHTEJIeKT
€KOHOMIYHOTO MOJIEJTFOBAHHS. Bin

3aCHOBaHUHN Ha B3a€MOJIIi MErakoMIl I0TEepiB,
HOBOTO IPOTPAMHOTO  3a0e3MEYeHHS Ta
JOJIaTKiB, 3aCHOBAaHWX HAa BHUKOPUCTaHHI
CKJIQJTHUX 1 TEePEJOBUX KOMIT IOTEPHUX MOB 1
CHeIliali30BaHUX MaTEeMAaTHYHUX alTOPUTMIB,
a TaKO>XK THCTPYMEHTIB IITYYHOI'O IHTENIEKTY Ta
pobororexHiku. Kpim TOro, icHye BHCOKa



ISSN 2710 — 1673 Artificial Intelligence 2023 Ne 2

HMOBIpHICTH 3aCTOCYBaHHS HOBUX
OaraToBUMIpHUX rpadidyHUX MOJENeH pa3oMm 3
rojorpamMamMu. ['ojorpamMu 3M0KyTh TOKa3aTH
OyIb-SIKOMY  TOCIITHHUKY CKJIaIH1 Ta
JMHaMIYHI JaHi B peaibHOMY 4aci. e Takox
Jla€ JIOCHIIHUKY HOBE Bi3yaJIbHE CIIPUHHSTTS
€KOHOMIYHUX TpoOsieM 3 OaraToBUMipHOL
nepcnexktuBu (Puc.2).

JlocaiiHUK ~ MOXe  BKIIOYUTH B
rojorpamy 3MiHHI Ta DIBHSHHA OyIb-sKOi
€KOHOMIYHOT npo0aeMu B rporieci
CIIOCTEPEIKEHHS, aHalli3y Ta EKOHOMIYHOTO
MozentoBaHHA. OTxe, MOXHa CTBEpKYyBaTH,
0 BIJICYTHICTh HEEKOHOMIYHHMX 3MiHHUX
MOXE 3HAYHO 30UIBIIUTH BPa3IUBICTh OYIIb-
SIKOTO EKOHOMIYHOTO MOJIENIOBaHHS. Takum
YUHOM, II¢ Tnependayae, mo Oyab-ske

€KOHOMIYHE MOZCIIIOBAHHA Ma€ BpaxXOBYBAaTH

IIMPOKHIA  CHEeKTp (aKTOpiB, BKIIOYAIOUU
Heriependaueni  ¢akropu. Ili  dakropu
BKJIFOYAIOTh,  CEepeJ  IHIIOrOo, TEHJIEHIIl

CTUXIMHUX JIUX, 3MIHY KIIMary, TEPOPHU3M,
3JI0YMHHICTE 1 HACWIBCTBO, IOMIMPEHHS
O1AHOCTI, PENiriro Ta MEPEeKOHAHHS, CHUCTEMY
OCBITH, COIllaJIbHI IMOAIl Ta SBHILA, COLIAIbHI
Hopmu. OpHAK CJiJ MPUIYCTHTH, IIO BCI IIi
(akTOpH MIATPUMYIOTH MOCTIHHY KUIBKICHY Ta
SKICHY TpaHchOpMaIlit0o B Pi3HI 1CTOPUYHI
Mepi0JIU CYCIUTLCTBA 3T1THO 13 3aCTOCYBaHHIM
npumyineHss [4].

PoGora mporpamHoro 3a0e3rnedyeHHs 3
MPOTHO3YBAaHHS EKOHOMIYHOI MoOJeIl Mae
JIEKiJTbKa eTarliB:

.

1. Hocemauosia exoromivnol npobies

|

2. Hobvdosa anarimiunof Modes

Koperxmysanus smodeni

)

3. Erxonomiubuii ananiz moderi

Hu icHye posg a3yeanHA?

4. Hidzomoeica novamxosol indopsaiit

5. Huceasne pititein

!

G, AHQTIZ HUCERBHUX PEFVABIANTIS

Puc. 2. ITponec Bubopy eKOHOMIYHOT MOAETI

— BBEJCHHsA Ta 30epiraHHs  BEIUKOI
KITBKOCTI IOKYMEHTIB;

— Bi3yauizauisg 0araToBUMIpHUX TpadikiB
y pealbHOMY Yaci;

— CIOBIIIEHHS MpPO MOXIMBHM 301 y
pI3HUX CIIEHapisIX TMOJNITUKA B  OJHOMY

rpadiyHOMY IIPOCTOPI;
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— TOIIYK MOXKJIMBOTO Ha0Opy pilieHs (260
€KOHOMIYHOI  MOJIITUKHM)  BIAMOBIAHO [0
no3uuii Ha rpadiky B Horo OaraToBUMIpHIi

CUCTeMi KOOpPAMHAT (DI3SUYHOTO TPOCTOPY
BIJIIIOBITHO;

— 3BIT 13 KOpPOTKHM CIIMCKOM
pexkoMeHaanid  abo  mpomo3umii 100

BUPIIIEHHS] MpPOOJIeMHU HENpPaBUIBHOI YH
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HEeCTaOUIbHOI
rpagdixka.

3BiT BUXOUTH 3 OCTAHHBOT'O YaCTKOBOT'O
mudepenniroBanns (f;) 13 BETUKOrO CIHCKY
JOKYMEHTIB 13 BHUCOKMM DIBHEM LUTYBaHHS
(Sxy).

Tomy, nana nporpama 3acTOCOByBaTuMe
yacTkoBe audepeHuitoBanns (f;) Bix nepmioi
IpyNy TOKYMEHTIB i3 PIIICHHSMH 3 BUCOKHUM
piBHEM LUTYBaHHA, [OOKM HE TMpPHHLE 0
OCTaTOYHOTO pilICHHS 3 BHCOKHM
[IUTYBaHHSM. Ines noJssrae B
HanarokeHHi (V), MOKH MU HE 3MOXKEMO
JOCSITTH HaMKpamioi cTarTi 3 OLIbII BUCOKHM
IUTYBAaHHAM Yy PILICHHI 3 MEHIIUM PU3UKOM 1
MEHIIOI0 BPA3JIUBICTIO.

MOBEJIIHKK 0araTOBHUMIPHOTO

f(Sx1) = Sx1VSx,V ... VSxq
f(Sx3)" = Sx,VSx,V ... VSxq
f(Sx3)" = Sx,VSx,V ... VSx,

f(Sx))=0thusi=1,2..00

Omxe mryuynmii iHTenekt (LII) — me
JUIIE MEXaHIYHMK 1 JIOTIYHHUH TOPSA0K
iHpopmanii, skuii 30epiraeMo B 0asi JaHHX.
[Ti3Hime, OIIHIOEMO BeNUKy 0a3y JaHUX
BIJIMOBI/THO JI0 MMAPaMETPIB 1 JJOTIYHUX PIIICHb
I0JI0 BUJUICHHS Ta TOUIYKY 3arajbHUX CIIiB
4yl peyeHb (sIKicHI JaHi) abo cyMm 1 jar
(KiBKICHI JaHi), sIKI JOTPUMYIOTHCS TEBHOL
JIOTIKH Ta MOPSIAKY BIAMOBIIHO 0 THCTPYKITiH.
3rosoM, OyJI0 OTPHUMAHO CIHCOK MOYKIMBHUX
pe3yIbTaTIB M7 KOPOTKUM YH JJOBT'MM OITUCOM
a0o rpadiuHo, 1100 MaTH Kpallle ysIBIEHHS PO
MOXJIMBI PE3yJbTaTH Ta MOMJIMBI YacCTKOBI
pexomeHaalii. 3riHO 3 UM JOCITIIKEHHSM,
LT Moxe TomOMOrTH MPOLECY MOAETIOBAHHS
NOJITUKM B PO3paxyHKOBIH 4YacTWHI Ta

YaCTKOBO aHami3 OyJb-IKOI  COILIaJIbHO-
€KOHOMIYHOi MpoOJeMH B JaHUH MOMEHT.
Tomy, MoOXeMo0 crmocTepiraTd, 10 B

MO/ICJIIOBaHHI TOJITUKA B TENEPIIHbOMY YU
MaiOyTHROMY dYacl 3aBXKIH MOXE OyTH Tak
O6arato OOMeEXeHb, TaKWX SK BIJICYTHICTb
KpeaTuBHOCTI,  iled,  IppalioHaNbHOCTI,
JIAKOHIYHOCTI, YSBH Ta JIOASHOCTI. MoxHa
CKa3aTH, 110 LITYYHOMY IHTEJIEKTY MOTPiOHO
OutbIle dYacy, Mm00 BKJIOYUTH WOTO B
MOJENIOBAaHHSA MOMTHKH. baummo, mo I
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MOXE  BifirpaBaTM  BaXJIWBY pOJb B
PO3paxyHKOBIM 4YacTHHI Ta aHali3l JaHUX.
[Toxw 1110 116 HE MOYKHA CKa3aTH PO BUCHOBKH,
OPUAHATTS ~ pilleHb 1  pEeKOMEHJAliH.
JlocImipKeHHS TOKa3ye, M0 IITYYHUH IHTEJIEKT
y MOJICTIOBaHHI TIONMITHKHA MOXE BiJKPUTH
HOBE II0JI€ IS HAYKOBI[IB, IIOJITHKIB 1
COLIONOTIB Yy  BHBYEHHI  CKJIQJHUX 1
JTUHAMIYHHAX COIIAJIBHO-EKOHOMIYHUX
npobneM, SKi MOXYTh BIUIMHYTH Ha Halle
CYCHUIBCTBO B OYyIb-sKHI Yac 1 B OyAb-sIKOMY
MicIii 6e3 KOp/IOHIB.

BucHoBku

MojenoBaHHS  IOJITUKH  IOCTIMHO
PO3BUBAETHLCS TA 3MIHIOETHCS 3 HAJI3BUYAMHOIO
MIBHAAKICTIO BIAIOBIIHO A0 IMIBHUAKOI 3MIHU
coLlaIbHUX, €EKOHOMIYHHMX 1 MOJITHYHHX
peamiii  cBity. MoaenoBaHHS  MOCTIIHO
30arady€erbcsi Ta TOKPAIIYEThCS 3aBISKU
BHKOPHUCTAHHIO HOBHX JIOCTITHULIBKHAX
HIIXONIB 1 JOCJIIKEHHIO HOBUX
JOCTIAHULBKUX oOjacrer, oxnoro 3 IIII.
OTxe, IITYYHUH I1HTENEKT Yy MOJEIIOBaHHI
MOJIITMKA €  TOTY)XHUM  aHATITHYHUM
IHCTpYMEHTOM, SIKHH aJantye OyIb-sKy
TEXHIKY, METOOJIOTIIO, METOJT 1
JOCIITHULIBKUN TIAX1iA 13 HIMPOKOro KoJjia
mucuurutid. LTyyHuid iHTENeKT, HEeHpOHHI
Mepeki, BENMKI JaHi, HaBYallbHAa MaIllMHa,
HayKd Tpo JlaHi, ekoHorpadoioris —
HEOOXIgHI JUI TOTO, 00 YITKO IMOSCHHTH
CKJIJTH1 COI1aJIbHO-€KOHOMIYHI IPOOJIEMH, SKi
BIUIMBAIOTh Ha Pi3HI COLiaibHI IPYNHU B PI3HUX
reorpaiyHUX perioHax MPOTITOM pPIZHUX
icropuynux  emizoaiB. I 06oB’s3k0BO
3pOOUTH NICHTPATBHHUI BHECOK Y ITI0 KHUTTEBO
BKJIMBY CIIPaBY MOJIETIOBAHHS €KOHOMIKHU Ta
Crparerii po3BUTKY YKpaiHu.
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PE3OHAHCHA JIA'HOCTHUKA BUPOBHHUYOI'O ITPOCTOPY
I'EHEPATUBHUX CUCTEM HITYYHOI'O IHTEJIEKTY
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AHoTanis: Po3BUTOK reHepatuBHUX cucTeM mty4dHoro intenekty (['CILI) B cydacHoMy CBITI BUMarae
BUpIIIEHHS Mpo0iieM, MOB'A3aHUX 13 SKICTIO, CTIMKICTIO Ta €()EKTUBHICTIO T€HEPOBAaHOTO BMIcTy. B 1jboMy KOHTEKCTi
PE30HAHCHA [IarHOCTHKA HAOyBa€ BaXJIMBOIO 3HAYCHHsI. MeTor maHoi poOOTH € JOCHIDKCHHS MOXIIHBOCTEH
3aCTOCYBAaHHS PE30HAHCHOI MIarHOCTUKU IS BUSBJICHHS, aHAI3y Ta YCYHCHHS MPOOJIEM B FCHEPATUBHHUX CHUCTEMax
IITYYHOTO IHTENeKTyY. 11 JocsATHeHHS mocTaBiIeHOI MeTH OyJM BU3HAYCHI HACTYITHI 3a/1a4i: aHAIi3 TCOPESTUIHUX OCHOB
PE30HAHCHOI MIarHOCTUKH; TOCTIIKCHHS MOXKIMBOCTEH BHUKOPHUCTAHHS PE30HAHCHOTO CHUTHAY U HAaJallTyBaHHS
napameTpiB HaBuaHH: [ 'CILII; BUBYEeHHS BIUTMBY pe30HAHCHOI IIarHOCTHUKH Ha CTiMKicTh Ta aganTanito I'CIII mo 3miHHAX
yMoOB poboTu. Y poOOTi poBEACHO aHANTI3 pe30HaHCHOI MiarHocTuky B KoHTekcTi ['CIII Ta BUsBICHO 11 MOTY)KHUIA BILTHB
Ha BHUPIIICHHS Tpo0ieM, MOB'SI3aHUX 3 AKICTIO Ta MPOAYKTHUBHICTIO cucTeM. JlOCHTiKeHHS TOKa3ald, 0 Pe30HAHCHA
IiarHOCTHKAa MOKe OyTH BHUKOpPHCTaHAa Ui JOCATHEHHS PEaJiCTUYHOCTI, PI3HOMAHITHOCTI Ta SKOCTI T€HEpOBAaHOTO
BMicTy. Tako) BCTaHOBJICHO, 110 BOHA MOXKE CIPUSITH MOKPALICHHIO CTIHKOCTI Ta ajanTaiii CUCTeM 10 3MiHHHX YMOB
pobotu.

Kawu4oBi ciioBa: pe3oHaHCHa IarHOCTHKA, TCHEPATHBHI CHCTEMH IITYYHOTO IHTEJIEKTY, SKIiCTh, CTIHKICTb,
peasicTHYHICTh, PI3HOMAHITHICTb.

RESONANCE DIAGNOSTICS OF PRODUCTION SPACE OF GENERATIVE
SYSTEMS OF ARTIFICIAL INTELLIGENCE
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Abstract: The development of artificial intelligence generative systems (AIGS) in the modern world requires
addressing issues related to the quality, stability, and efficiency of the generated content. In this context, resonance
diagnostics become of paramount importance. The purpose of this study is to explore the possibilities of applying
resonance diagnostics for detecting, analyzing, and resolving problems in artificial intelligence generative systems. To
achieve the set goal, the following tasks were identified: analysis of the theoretical foundations of resonance diagnostics;
investigation of the potential of using resonance signals to adjust AIGS learning parameters; studying the impact of
resonance diagnostics on the stability and adaptation of AIGS to changing operating conditions. The study conducted an
analysis of resonance diagnostics in the context of AIGS and revealed its powerful influence on addressing issues related
to system quality and productivity. The research demonstrated that resonance diagnostics can be used to achieve realism,
diversity, and quality of generated content. Additionally, it was determined that it can contribute to enhancing the stability
and adaptation of systems to varying operational conditions.

Keywords: resonance diagnostics, artificial intelligence generative systems, quality, stability, realism, diversity.
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Beryn

3pocraioya  3aJEXKHICTb  Cy4acHOTO
cycmiibcTBa Bix mTydHoro iHtenekty (1)
CYTTEBO 3MIHWJIA TMapagurMy pPO3BUTKY
TexHOoJIOT1# Ta mpomuciioBocTi. Cuctemu 111,
Taki SIK TEHEpPAaTUBHI CHCTEMH, BXE CTald
HEOOXITHOIO CKJIQJ0OBOI0 I  BUPIIICHHS
CKIaJHUX 3aBJaHb Yy Oararbox ramyssx,
BKJIFOYAIOYH 1H)KEHEPilo, MEIUIINHY, (DiIHAHCH
Ta MHCTENTBO. IXHili BIIMB Ha eeKTUBHICTD
Ta MPOAYKTUBHICTh AISUTBHOCTI MiAMPUEMCTB 1
oprasizariii HaJ3BH4aifHO BETUKUH.

OpnHak pa3oM 31 CTPIMKUM PO3BUTKOM
I BUHMKAIOTH HOBI BUKJIMKH Ta MpoOieMHu,
OB’ sI3aH1 3 HOr0 €)EKTUBHUM 3aCTOCYBaHHIM
y BUpOOHWMYMX mpoctopax. OpHielo 3
KJIFOYOBHX MPOOJIEM € Ha/liifHa JIIarHOCTHKA Ta
KOHTpOJIb reHepatuBHuX cuctem LI 3aBasku
CBOIll 37aTHOCTI T€HEpYyBaTU Ta aHANI3yBaTH
ckimanHi gani, cucremu LI MOXyTh BUABISATH
HenependadyBaHi aHOMaI] Ta HECIPABHOCTI Y
BUPOOHMYMX TIporecax, W0 3a0e3neuye
MIJBUIICHHS SIKOCTI MPOIYKIIi Ta 3HUKCHHS
BuTpar [1].

BuxopuctanHs NPUHIMIIB pPE30HAHCY
Ta B3a€MOJII1 13 30BHIIIHIM MPOCTOPOM MOXKE
HAJaTU YHIKaJIbHY MOXJIMBICTH aHali3yBaTH
Ta BU3HAYATH CTaH TCHEPATUBHUX CHUCTEM Y
peaibHOMY qaci. I3 PO3IIMPEHHSM
3aCTOCYBaHHS PE30HAHCHOI JIarHOCTHKH 0
TeHEPATUBHUX CHUCTEM BIJAKPUBAIOTHCS HOBI
MEPCIEKTUBU 10710 T IBUTIICHHS
epeKTUBHOCTI Ta HATIMHOCTI  IITY4YHOI

IHTEJIEKTYallbHOI TEXHIKM Yy BHPOOHHYHUX
YMOBaX.
I[Ipy 1poMy 3pocTaHHS CKJIaJHOCTI

TeHepaTUBHUX CHCTEM Ta PO3IIUPEHHS iX
3aCTOCYBaHHSA TPU3BOJAUTH O 3POCTAHHS
KUTBKOCTI ()aKTOpIB, sIKI MOKYTh BIUTMHYTH Ha
iXHIO Tpare3aaTHicTh. BuHuKae HEOOX1IHICTh
J0JaTKOBO BIOCKOHAJIMTHU METOIN
JIarHOCTUKHU Ta KOHTPOJIIO, 1100 3a0e3neunTH
cTabimpHy Ta  Oe3mepebiiiHy  poboTy
TCHEPATUBHUX CHCTEM Y BUPOOHUYMX YMOBAxX

[2, 3].

AKTyaJIbHICTB i MeTa po0oTH

Pe3onancHa miarHocTHKa — 1€ Cy4acHUH
miaxig y cdepi AIarHOCTHKHM IpoOiieM 3
TCHEPATUBHUMH  CHUCTEMaMH  IITYYHOTO
intenexty (ILI). Lleit metox OGa3yerhcst Ha
BUKOPHCTaHHI PE30HAHCHOTO CHTHAITYy ISt
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BHSIBJICHHSI TpoOsieM Ta ycyHeHHs ix y I
PezonancHuili curHan BigoOpakae CTYIiHb
BIIMOBITHOCTI MK T€HEPOBAaHUM BMICTOM Ta
OUIKyBaHMM pe3yJbTaToM. [neHtudikamis ta
BHUpIIICHHS Mpo0JieM y  TI'eHEepaTHBHUX
CUCTEMax CTaloTh BAXKIWBUM 3aBIaHHSIM 3
MOTJISIAY PO3UIMPEHHS IXHBOTO 3aCTOCYBaHHS
Ta MIABUIIEHHS SKOCTI TEHEPOBAHOTO BMICTY.

Mera mi€i cTaTTi moysirae B PO3TIISAIL
TEOPETUYHUX OCHOB PE30HaHCHOI
JMIarHOCTMKKM ~ Ta  aHami3i  pe3yJIbTaTiB
MPOBEAECHUX JOCTIKEHb I0J0 il
edextuBHOCTI. CTAaTTA TaKOX CHpPSIMOBaHA Ha
BHUBUYCHHS MIEPCIICKTHB BUKOPHUCTAHHS
PE30HAHCHOI M1arHOCTUKU JJIsl MOKpAallleHHs
Ha/IIHHOCTI Ta MPOAYKTUBHOCTI T€HEPATUBHUX
cuctem II. Po3ymiHHS  MOXIHMBOCTEH
PE30HAHCHOI JIarHOCTHKU MOXE CHPHUATH
CTBOPCHHIO OUIBII SKICHMX Ta €(PEKTHUBHHUX
TCHCPATUBHUX CHCTEM, IO BiJIIMOBITAIOTh
Cy4aCHHM BHMOTaM Ta 3aBJIaHHSIM.

OcHoBHA YacTHHA

[Ipomec  pe30HAHCHOI  JIaTHOCTUKH
JI03BOJISIE JOCATTH KUIBKOX BaXJIMBUX LJIEH y
BJIOCKOHaJICHHI reHepatuBHuX cuctem L1I:

1. IlinBuieHHs PEATICTUYHOCTI
TE€HEPOBAHOI'0 BMICTY. 3acToCyBaHHS
PE30HAHCHOI'O CHUTHAy [JO3BOJISIE BUMIPSTH
CTYIIHb CX0KOCT1 M1’ T€HEpOBaHUM BMICTOM
Ta O4YiKyBaHHUM pe3ynbTaTtoM. lle cmpuse
HaJalITYBaHHIO TapaMeTpiB HaBYAHHS JUIS

JOCATHEHHS O1TBIII peaTiCTUYHUX
pe3yNIbTaTIB.

2. 301bLICHHS PI3HOMaHITHOCT1
reHepOBaHOro BMICTy. Pe3oHaHCHUI cUTHAN
Joromarae OLIIHUTH PI3HOMaHITHICTh

T€HEPOBAHOTO BMICTY, WO BXKIWBO IS
CTBOPEHHS TBOPYOT'O Ta IIKABOTO BMICTY.

3. 3HWKEHHS KUIBKOCTI HEBIIIMOBITHOTO
BMICTY. Bukopucranus PE30HAHCHOTO
CUTHAJIy J03BOJISIE BUSIBUTH HEBIAMOBIIHUMA
BMICT Ta HaJlAlITyBaTH MapaMeTpy HaBYaAHHS
JUISL  TIOKPAIIEHHS  SKOCTI  T€HEPOBAHOTO
BMICTY.

4. IlpuckopeHHsT IIBUAKOCTI HaBYaHHS.
Pesonancuuit CUTHAII MOXe OyTH
BUKOPHCTAaHHM  JUUII  aHaNi3y  JUHAMIKH
HaBuaHHs TreHeparuBHOi cuctemu LI Ile
03BOJIsiE  ©(EKTUBHINIE  HAJAIITOBYBATH
rnapamMeTpy HaBYaHHS.
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5. 3HIDKEHHST BUTpaT Ha  HaBYaHHI.
BuxopucTtanHs pe30HAHCHOTO CHUTHANY JUIs
BUMIPIOBaHHS  €()EKTUBHOCTI  HaBYaHHI
JoroMarae  €KOHOMHTH  PeCcypcd  IpH
TOCSITHEHH1 Oa)KaHUX Pe3yJIbTaTiB.

6. 30UIbIIEHHS  CTIMKOCTI 70  IIyMy.
Pe3onancHa qiarHOCTHKA JoTIOMarae 3po0UTH
reaepaTuBHi cuctemu LI Ginbir cTiikumu 10
IyMmy.

BuxopucTtanHs pe30HaHCHOTO MiAXOIY Y
reHepaTUBHUX CUCTEMAaX IITYYHOTO 1HTENIEKTY
Ja€  MOXJIMBICTH 3HAaXOJUTH ONTHUMAJbHI
pillleHHs JJi1 HallallTyBaHHS MapaMeTpiB Ta
NOJINIIEHHS  (YHKUIOHATBHOCTI  CHUCTEMH.
Pe3onaHcHI cHUTHamM CTalOTh KIOYOBUMHU
IHAMKATOpaMH VIS BHUMIPIOBaHHS
BIJIMMOBITHOCTI MK T€HEPOBAHMM BMICTOM Ta
OuiKyBaHUM pe3ynbraroM. Lle, y cBoro uepry,
PO3KPUBAE MOXIIUBOCTI U1l BJAOCKOHAJICHHS
poOOTH TeHepaTUBHUX CUCTEM, 3a0€3METYI0UN
iXHIO ajanTaiiio J0 3MIHHUX YMOB Ta HaBiTh
BJIOCKOHAJICHHS X SIKOCTI B YMOBaX IIyMy YH
HeBiamoBigHoCTI [4].

Teopernunuii OOTPYHTOBAHUH IMiJIX1JT
BUKOPUCTAHHS  PE30HAHCHOI  J1arHOCTUKH
0a3yeTbCs Ha BJIACTUBOCTSX PE30HAHCY, SKi
BUABIAIOTHCS y  (izmunux cucremax. lle
SBUINE BIJIOOpa)ka€ CITIBBIHOIICHHS MIiXK
BIJIUBOM 30BHIIIHBOTO CTHUMYJY Ta BIAT'YKOM
CUCTEMH, KOJIM YaCcTOTa CTUMYJTy CITIBIIAJacE 3
BJIACHOI0 YAacCTOTOI KOJMBaHb cucTteMu. Ha
i TOYIll CHCTEeMa pearye HaWOLIbII
e(eKTHBHO, CIPUHMAaOYu MiHIMaTbHY
eHeprito ais ctumyisnii. Llel koHuenT Bxke
YCIHIIIHO BUKOPUCTOBYETHCS Y PI3HUX Tally3aX
(Takux sk iHXKeHepis Ta (i3uKa) i cTae HIHHUM
THCTPYMEHTOM JUISI 1IaTHOCTUKU Ta KOHTPOJIIO
TCHEPATUBHUX CHUCTEM.

Y BiIHOIIEHHI TE€HEPAaTUBHUX CHUCTEM
pE30HAHCHA JIIarHOCTHUKA TMPOIOHYE HOBUM
MOTJISA]] Ha YHPABIIHHA iX (QYHKLIOHAJIBHICTIO.
Bona Hazae MOXIIMBICTD BUSBUTU IIPOOIIEMH,
Taki SK HeCTaOUIbHICTh, YYyTJIHMBICTH JIO
rmapamMeTpiB  Ta HEBIAMOBIAHUN BMICT, 1
po3poouTH ONTUMAaNbHI cTpaterii
HamamTyBaHHs. Lle gomomarae CTBOPUTH
TeHepaTUBHI CHUCTEMH, SIKI MAalOTh BHIIY
SKICTh, CTIHKICT Ta €(EKTUBHICTD, 1110 B CBOIO
4epry MOK€ IIO3UTHBHO TIO3HAUUTHUCS Ha
pI3HUX acIleKTax BUPOOHUIITBA Ta
3acTocyBaHH1 [5, 6, 7].
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MartemaTu4He MOJCJIIOBAHHS
dopmaltizoBaHHil OMUC (MaTeMaTHYHA

MO/IEJIb) HaJallTyBaHH napameTpiB
HaBYaHHs reHepaTuBHUX cucteM IHI s
OTpUMaHHs  Oa)kaHOro  pe3yJNbTaTy  Mae

HaCTynHUi BUTisia [8].

Hexait G - reneparwBHa cuCTeMa, SIKY
MOTPi16GHO HaJalITyBaTH, a D -
JTUCKPUMIHAIIIIHA CHCTEMa, SIKa HABYAETHCS
BIJIpI3HATH T€HEPOBAHMUI BMICT BiJl peaJIbHOTO

BMicTy. PesonaHcHuii curhan R(6)moxna

BHU3HA4YUTH SK:

R(®) = Ex ~ D[D(x)] — Ez ~ N(0,1)

[p(6@)] €
ne 6 - mapamerpu reHepaTuBHOI cuctemu G .
Pe3onancHuii  curHan € MIpOIO
KOTE€PEHTHOCTI MK T'€HEpOBaHUM BMICTOM 1
pearbHIM BMICTOM. HanamroByroun
nmapameTpu 6  Tak, 100  30UTBIIUTH
PE30HAaHCHMM CUTHAJI, MOXHa OTpPUMaTH

reHepaTtuBHy cucteMy G, sika FeHepy€e BMICT
O1JIBII BUCOKOT SKOCTI.

HanamryBanas mapamerpiB 6 MoXxHa
3pOOMTH 32  JOMOMOTOK  aJITrOPUTMY
TPAJIIEHTHOTO CIYCKY, SIKAH TOYUHAETHCS 3
[IOYAaTKOBOTO 3HA4YEHHS MapamerpiB 6, 3

HACTYITHUM  OOYHCIIOBaHHSM  Tpaji€HTa
PE30HAHCHOTO CUTHAJIy IO BIAHONICHHIO 10
napameTpiB 6!

VOR(0) = Ex ~ D[VOD(x)] — Ez ~

~ N(0,D[VOD (G (2))] 2)
AJNrOpUTM  TPaiEHTHOTO  CIYCKY
OHOBJIIOE TapameTpu 0O 3a JOIOMOroo

HACTYIHOI (GOpMYyJIH:
ot +1=60t—nVOR(Ot) (3)

ne 1 - KoeilieHT HaBYaHHS.

Anroputm IpaJieEHTHOTO CIIyCKYy
MIOBTOPIOE 1€l mpolec AOKHM pPEe30HAHCHUMN
CHTHAJI HE TOCATHE 33JJaHOTO 3HAUYCHHS.

VY KOHTEKCTI 00roBOpEHOro Marepiaty
PE30HaHCHMI CUTHAI — IIe Mipa KOT€peHTHOCTI
MK TEHEpPOBAaHMM BMICTOM 1 peaJlbHUM
BMicTOM. ToJl pPEe30HAHCHUN CHUTHAJI MOXKHA
BU3HAYUTU SIK PI3HUIIO MK OYiKyBaHOIO
IIHHICTIO JUCKPUMIHAIIMHOI MeEpexi JyIst
peasbHOro BMICTY Ta OYiIKYBAaHOIO I[IHHICTIO
JTUCKPUMIHALIIMHOT MEepexXi AJIsi T€HEPOBAHOTO
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BMICTY. HanamroByroun napameTpu
TCHEepPAaTUBHOI Mepexi Tak, m00 30UTbIINTH
PE30HAHCHMM CHUTHAJ, MOXHA OTpUMaTH
TCHEpAaTUBHY CHCTEMY, SKa TEHEpPY€E BMICT
O1JIbIII BUCOKOI SIKOCTI.

Hanpuknan, gxmo €  HamaraHHs
CTBOPHUTH T€HEPATUBHY CUCTEMY, sIKa T€HEPYE
peaticTU4HI 300paXeHHS JIFOIeH, MU MOXKEMO
BHKOPHCTOBYBATH PE30HAHCHHM CHUTHAI ISt
HAJTAIITYBaHHS  IapaMeTpPiB  TeHEPAaTUBHOI
Mepeki Tak, mo0O 300pakeHHs, sKi BOHA
reHepye, Oynu CXOXHUMH Ha  peaibHi
300pakeHHS JIFO/ICH.

PezonancHi curHanmu MOXyTh OyTH
BHUKOPHUCTAaHI K  CHUTHaTypu  OO0'€KTiB
inerTudikaii. Curnarypa 00'exTa
ineHTudikarii — e yHIKaJbHa
XapakTepuCTHKa 00'€KTa, sSKa MOXe OyTH
BHKOPHCTaHA I Horo  imeHTHdikarii.
Pe3onancHi CUTHAJIN MOXYTb OyTn
BUKOPHUCTaH1 IS iAeHTu(iKalii 00'€KTiB y
peanbHOMY yaci. Lle Moxe OyTH BUKOPHCTAaHO
JUTSL PI3HUX IUJICH, TAKUX K KOHTPOJIb SKOCTI,
MOHITOPHHT CTaHy Ta OXOPOHa.

[Ipobnema puHAMiyHOI imeHTH IKALIT
00'€KTIB MOJISITae y po3poOIli MaTeMaTHIHOTO
amapara MOJICIIIOBaHHsI, SKUH BOJIOAIB Ou
MOJKITUBOCTSIMH, SIKi 3a0€31eUyI0Th HEOOX1THI
XapaKTEPUCTUKA TOYHOCTI Ta aJeKBaTHOCTI
IUHAMIYHOL MOJIel. Bukopucranus
CUTHATypHOTO MiAXOAy M0 ineHTudikamii
00'eKTIB J03BOJISIE BUKIIOUUTU CyO'€KTHUBHI
YUHHUKA B OIIHII MapamMeTpiB 00'€KTiB,

3MEHILNUTH PECYPCOEMHICTh ornepariii
KOHTPOJIIO. Maremarnuna MOJIETb
PE30HAHCHOI  JIarHOCTHMKM  BHUPOOHUYOTO
IIPOCTOpPY TEHEPATUBHUX CUCTEM IUTYYHOTO
IHTEJIEKTY (cn 3aCHOBaHa Ha

BUKOPHUCTaHHI PE30HAHCHOT'O CUTHAITY, KU €
MIPOI0 KOTE€PEHTHOCTI MI)K T'€HEpOBaHUM
BMICTOM 1 peaslbHUM BMIicTOM. Pe3oHaHCHUI
CUTHaJ MOXXHAa BU3HAYUTH SK PI3HUIIO MIXK
OUIKYBaHOIO I[IHHICTIO JUCKpUMIHAIIHHOT
MepeKi JJI peaibHOTO BMICTY Ta OYIKyBaHOIO
IIHHICTIO JUCKPUMIHAIIHOI Mepexi s
TeHEepOBaHOTO  BMicTy.  HamamroByroun
napaMeTpy TEeHEpaTHUBHOI Mepexi Tak, 1100
30UTBIIMTH PE30OHAHCHUN CHUTHAJ, MOXKHA
OTpPUMATH F'eHEpaTUBHY CUCTEMY, sIKa TEHEpY€
BMICT OibI BUCOKOT sikocTi [10].
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Maremaruana
MIaTHOCTUKA  MOXKE
HACTYITHUM YHHOM:

MOJIETTb
Oyt

PE30HaHCHOL
MpeJICTaBIcHA

RO)=Ex~D[D(x)]—Ez~
N(0,1) [D(G(2))] (4)

ne 6 - mapameTpu renepaTuBHOI Mepexi G , a
D - oJuwckpuMiHaliiHA Mepeka, sKa
HABYAETHCS BIAPI3HATH TEHEPOBAaHWN BMICT
BiJI p€aIbHOTO BMICTY.

Pe3onancHuiéi  curHan € MIpoOrO
KOTE€PEHTHOCTI MK T'€HEpOBaHUM BMICTOM 1
pealbHUM BMIiCTOM. HamamroByroun
nmapameTpu 6  Tak, 100  30UTBIIUTH
PE30HAHCHHWM CHUTHAJ, MOXXHAa OTPUMATHU
reHepaTuBHy cuctemy G, sika TeHEpy€e BMICT
OUIBIIT BUCOKOT SIKOCTI.

MarematuuHa MoJiedb  PE30HAHCHOT
TIaTHOCTHKH MOXKe OyTH BHUKOpHUCTaHA JUIS
BUSIBJICHH Ta ycyHeHHs nipobiem 3 ['CLII, o
BIUTUBAIOTh Ha SKICTh TCHEPOBAHOT'O BMICTY.
Pe3onancHuit CUTHAJ MO>KHA
BUKOPUCTOBYBATH JIJISl BUSBJICHHS IIHPOKOTO
koJia mpo6sem 3 I'CILLI, Bkirovaroum:

HecraGinpnicts: ['CILII wmoxe Oytu
HECTINKOIO, IO O3Hayae, [0 BOHA MOXKeE
3aCTPATTH B JIOKATHHOMY MIHIMYMI 1 HE MOXe
HABYUTHCS T€HEPYBATU BMICT BUCOKOT SKOCTI.
Pezonancna  giarHoctmka — Moxe — OyTH
BUKOPHUCTAaHA JJIsl BUSIBJICHHS HECTAOLIBHOCTI
I'CIII 1 HanamTyBaHHS apaMeTpiB HaBYaAHHS
JUTSL I ABUIIEHHS CTA01IBHOCTI.

UyTnuBICTh [0 HapaMeTpiB HaBYaHHS:
I'CHII moxxe OyTH 4yTJIMBOIO 10 HapaMeTpiB
HaBYaHHA, 1[0 O3HA4Yae, 10 HEBEJIHMKI 3MiHH
napaMeTpiB HaBYaHHS MOXYTh MPU3BECTH JI0
3HAYHUX 3MIH SKOCTI F€HEPOBAaHOTO BMICTY.
Pe3onancHa  nmiarHocTuka — Moxe ~— OyTH
BUKOPUCTaHA JUIS BUSBJICHHS TapaMeTpiB
HaBuaHHs, uymmBux go ['CHII, 1
HaJAITYBaHHS TIApaMETPiB HaBYAHHS JUIS
MMIBUILEHHS CTA0LILHOCTI.

['eneparis  HEBIANOBIIHOTO  BMICTY:
I'CHII wmoxe TreHepyBaTH HEBIAMOBIIHUN
BMICT, HampuKIaga, 300paxkeHHs, SKI €

o0Opa3nuBUMH a00 HIKIUIUBUMH. Pe3oHaHCHa
JIarHOCTHKAa MOKe€ OYyTH BHUKOpPHUCTaHa JUIs

BUSIBJICHHS HEBIAMIOBITHOTO BMICTY,
reiepoBadoro ['CIII 1 HanmamtyBaHHS
napaMeTpiB  HaBYaHHS JUId  3amoOiraHHs

reHeparlii HeBiIMOBITHOTO BMICTY.
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3amaua  igeHTu(ikamii B yMoBax
PE30HAHCHOI  JIarHOCTMKH  BUPOOHHMYOTO
npoctopy I'CILI moxxe Oyt chopmysiboBana
HACTYITHUM YHHOM:

— Hexail G - reHepaTMBHA Mepexa, sKa
TreHEpY€e BMICT y peajibHOMY 4aci;

— Hexai D - auckpuMiHaniliHa Mepexa,
fAKa HAaBUYAETHCA BIAPI3HATH TEHEPOBAHUN
BMICT BiJ] peaJIbHOTO BMICTY;

— Hexai R(6’) - P€30HAHCHUI CUTHAT M1k
GiD.

3amaua monsrae B HaJAIUTYBaHHI
nmapameTpiB @  Tak, 100 30LIBIIUTH
pesonaHcHuit curnan R(6).

s 3amaga Moxe OyTH BHpilIeHA 3a
JIOTIOMOT'0I0 HACTYITHUX KPOKIB:
— HaBYaHHS IUCKPUMIHAIIHHIA MEpexi D
Ha Ha0OP1 TaHKX 3 PEATbHOTO BMICTY;
— BH3HAYCHHS PE30HAHCHOTO

R(0).

— HaJIalITyBaHHA

CUTHAILY

napameTpiB 0

TreHEPATHBHOT MEPEeXKi G rax, mo6 36i1bmmTH
) R(0)

PE30HAHCHHI CHTHAII :

Jani ciin TOBTOPIOBAaTH  IONEpEIHi
KPOKH JI0 JOCSITHEHHSI 0)KaHOTO pe3yJIbTary.

AKYCTHYHA Pe30HAHCHA JiarHOCTHKA
JJIs1 BAPOOHUYHX CHCTEM

Mopnens aKyCTUYHO-PE30HAHCHOI
JarHOCTUKHU BUPOOHHYOTO MPOCTOPY
0a3yeTbcs Ha TOHATTI PE30HAHCHOTO CUTHAITY
Ta  Horo  B3aemMoaii 13 30BHILIHIM
cepenoBuiieM. Hexaii R mpencrarnse
pesoHancHmii curHan, a C e Mipowo

KOT€PEHTHOCTI MIX TI'€HEpOBaHHM BMICTOM i
0a’kaHUM BMICTOM.

Mogens Moxe OyTH MpeJcTaBieHa
HACTYITHHUMHU MaTeMaTHYHUMH CKJIa/IaMU:

Bupas  3BMYallHOrO  PE30HAHCHOIO
CHUTHAITY:

R(t) = A*sin(at + @)  (5)
ne A - amMmuiTyAa CUTHaly, @ - 4YacToTa
PE30HAHCHOrO KoJIuBaHHsA, t - wac, ¢ -

(azoBuii 3cyB.
Bupas uist Mipu KOrepeHTHOCT!!

C = [Corr(G, D)| (e)
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ne Corr - kopensmiina ¢yskmiss, G -
TCHEPOBAaHUM BMICT TE€HEPAaTHUBHOI CHUCTEMH,
D - 6axxanuit BMICT.

3acTocyBaHHs MOjeNi  BUPOOHHUYOTO
NpOCTOpPY BIiAOYBA€TbCs y  BUMIPIOBaHHI
pe30HaHCHOTO curHany R Ta oGumcnenHii mipi
KOT'€pEHTHOCTI C. Bzaemogis MiX
PC30HAHCHHM CHUTHAJIOM Ta TEHEPOBAaHHUM
BMICTOM TIOKa3y€ HasBHICTb aHOMaiid abo
HecmpaBHOCTEH y cuctemi [11].

3acTocyBaHHS 1Ii€i MOl JI03BOJISE
3a0€3MEUYUTH  JIIATHOCTUKY  T€HEPaTUBHUX
CUCTEM INTYYHOTO IHTEJCKTYy B pEaTbHOMY
4aci Ta BUSBUTH MOXJIMBI IPOOJIEMH, TaKi K
HECTINKICTh, HEBIAMOBIAHICTh MapaMerpam
HaBYaHHsI Ta 1HII. MOJenb TaKoX MOXKe OyTH
BUKOPHCTaHA JUIsl ONTHUMI3aIlil mapamerpiB

HaBYaHHS  TEHEpPATUBHUX  CHUCTEM 13
3a3Ha4YEHHSIM JIOCSITHEHHS 0a)kaHOTO
pe3yJbTary.

MaremaruuyHa MOACNIb JJS  BIATYKY
aKyCTUYHOTO CIIEKTpa 3pa3ka Ha 30y/HKCHHS
3paska "OutuM mrymom" Moke OyTH OomnMcaHa
HACTYITHUM YHHOM:

AwmrriTyia
A(f):

CHEKTPAIBHOTO  BIITYKY

A(f) =H(f) *S(f) (7)

- wacrora, H(f)- mnepenaBanbha

yHKLis S(f)-

HIUTBHICTD O1I0TO IIyMYy.
IlepenaBanbHa ynkuis cucremu H ( f ) :

H(f) = [H(F)] *exn(ig()) @

ae ‘H (f)‘- aMIUTITYJJHA ~XapaKTepUCTHKA

ne f

CHUCTCMH, CIICKTpPAJIbHA

nepenasanbHoi  Qynkuii, ¢(f)- Qasosuit

3CYyB.
CriekTpanbHa UIUIBHICTH OLI0TO HIyMy
S(f) = const

st Mmosieste Moske OyTH BUKOPUCTAHA TSt
JIOCHIJDKEHHSI Ta aHalli3y peakiii 3pa3ka Ha
BB  "OuUtoro - mymy", 10  BHU3HAE
BJIACTUBOCTI Ta CHUCTEMY BIUIMBY 3pa3ka Ha
Horo criekTpabHUM BIATYK. Biaryk o6'ekra Ha
30y KeHHs "OUTUM IIyMOM" TO3HAYAETHCA SIK

H(T) ,me A(f) f -medacrora. Biaryk R(f)
(akTUYHO € aMIUTITY1010 BiOpauii abo iHmIo1
BIJIMOBIAHOI (PI3UYHOT BETMYMHU 00'€KTa MPHU
gacroti f .
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VY wdacrotHomy niama3oHi BiAryk R(f)
MOJKHa PO3TISAATH SK 3TOPTKY YacTOTHOI

¢dbyHKIii  BIAryKy o00'ekTa H(T) 1
CHEKTPATBLHOT T'YCTUHU MOTY>KHOCTI
30ypkeHHss  "OuuM  1irymMoM” Swhite(f)

MaTteMaTH4HO ¢ MOXHa BUPA3UTHU TaK:

R(f)=H(f)-Swhite() g

Tyt H(T) OTIUCYE, SIK 00'EKT pearye Ha

30y KeHHS TIPH KOXKHIM 4acToTi, 1 Swhite(f)
XapaKTepU3ye PO3IO/ALT SHEpPrii 10 YacTOTax B
30y KkeHH1 "01uM rymom".

l'omoBHa izmes momArae B TOMY, IIO

4acTOTHA (YHKIIS BIATYKY H(T)  micrurs
iHQopMmarIlifo Tpo PE30HAHCHI YacTOTH Ta
pexxumu 00'exrta. L1i pe3oHaHcH BIAMOBIAAIOTH
IPUPOJHUM YacTOTaM, MpPHU SKUX O0'€KT Mae
TEHICHIIIFO BiOpyBaTu 3 OUTEITUMHU
amIniTygamMu.  30ykyroun  00'ekt  "Oimum
mymoM", SIKMH ~ MICTHTH  €HEpril0  TI0
IIMPOKOMY CHEKTPY YacTOT, MU €(PEKTHUBHO
BHBYAEMO BiJIIOBIIb 00'€KTa IO BCbOMY HOTO
YaCTOTHOMY CIIEKTDY.

Jlnsi BU3HAUEHHS PE30HAHCHUX YaCTOT
Ta peXXHUMIB 00'€KTa MOXKYTh 3aCTOCOBYBATHUCS
pi3HI TeXHIKH OOpOOKHM CHTHaJiB, TakKi SK
a”aniz dyp'e, OLIHKA CNIEKTPAIBHOI I'yCTUHH
YW XBWJIBOBHH aHaii3. L1 MeToau 103BOJISIOThH
BUSIBIISITH MIKA y YacTOTHOMY JIOMEHI, SKi
BIJIITOBIJAIOTh PE30HAaHCHUM JacTOTaM
00'ekTa.

[lincymoByeMO: MaTeMaTUYHHUIA MPOIIEC
MOJISITA€ B 3rOPTLI YaCTOTHOI (PyHKIT BIATYKY
o0'ekTa 31  CHEKTPAIbHOIO  T'YCTHHOIO
NOTYKHOCTI 30y/pKeHHS "OutuM 1mrymom" 1uist
OTPUMAaHHS CIEKTPY BIATYKY. AHaji3 IBOTO
CIIEKTpa JO03BOJIS€E BHM3HAYMTHU PE30HAHCHI
4acTOTH 00'€KTa Ta OTPUMATH YSIBIECHHS MPO
MEXaHiuH1 BJaCTUBOCTI Ta MOBEIHKY 00'€KTa.

Otrxe, po3nin 30ymkeHHS 00'ekTa
"OimuM 1mrymMoM" € BaKIMBOIO CKIIAJOBOIO
PE30HaHCHOI A1arHOCTUKH, OCKUTBKH JT03BOJISIE
OTPUMATH  CHEKTPAIbHY  XapaKTEPUCTUKY
o0'exTa, sIka MICTUTH 1H(pOpPMAIIO PO HOro
PE30HAHCHI BIACTUBOCTI. 30YMKyrOuu 00'€KT
"011UM urymom", oMy HaJIa€ThCA
BUMAJKOBUH CHEKTp €Heprii 3 pi3HUMH
gactotamu. OCKUIbKH 00'€KT pearye Ha I
30y KyBabHUHN CUTHAJ pi3HUMH
PE30HAaHCHUMH YacTOTaMH, CIIEKTP BIATYKY
BiJJOOpaxae 11l pe30HAHCH.
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3actrocyBaHHs ~ 30y/mkeHHS — "OlnuM
myMoM"  J03BOJIIE  OTpUMATH  I[OBHUM
YaCTOTHMM  CHEKTp  BIATYKY  00'ekTa,

BKJIIOYAIOUM SIK OCHOBHI PE30HAHCHI 4acTOTH,
TaK 1 J0aTKoBi Moy BiOpamiit. Lle mo3Bossie
TOYHIILIE BHU3HAUUTHU CHEKTpaJbHI
XapaKTepUCTHKH O00'€KTa, Taki SK HOro
MPUPOJHI YaCTOTH, aMIUTITYAH PE30HAHCHUX
MKIB Ta IXHIA pO3MOAT IO YaCTOTHOMY

Jiama3oHy.

30ymkeHHss  "OUMM  IIyMoM"  TaKOX
JIO3BOJISIE BUSBISATH HEBUAMMI a00 MEHII
OYCBHJ/IHI PE30HAHCHI peXUMHU  00'eKTa.

Ockinbku "OumMid myM" MICTHTB €HEprilo 10
BCbOMY CIIEKTPY YacTOT, 1€ MOXKE JOIIOMOI'TH
BUSIBUTH MEHII BUAMMI PE30HAHCH a00 HaBiTh
CTPYKTYpHI JAe]exTH, SKi MOXyThb OyTH
MPUXOBaHI B IHIIUX PEKUMAX 30YKESHHS.

Orxe, 30ymkeHHs o00'ekta "OinuM
mIryMoM" € TOTY>KHUM METOJIOM JIJIsi BUBUCHHS
HOro  pe3oHaHCHUX  BIAcTUBOCTEH  Ta
BU3HAYCHHS CHEKTPAJIbHOI XapaKTePHUCTUKU
BiAryKy. Lleil Meron no3Boisie oTpuUMaru
JOCTaTHBO MOBHY 1H(GOPMAIIif0 PO PE30HAHCH
o0'ekTa Ta JOHOMarae 3po3yMiTH HOro
MEXaHIYHI XapaKTePUCTUKH Ta JHHAMIYHY
MOBE/IIHKY.

IIpukiaagu NPaKTUYHOIO BHUKOpHC-

TaHHA aKyCTHYHOI pe30HaHCHOI
AIATHOCTHKH  CKJIAJ0BHX  BHPOOHHYHX
CHCTEM.

Ilpuknao 1.

Hiaenocmuka posmawiysants poooyux
JAHOK MEXAHI3MIE 3 KIHeMamuKoo
napanenvHoi cmpyKkmypu

Ha migcraBi 30ymKeHHX — BIIACHUX
KOJINBaHb 00" ¢exTa 3a JIOTIOMOT' OO
3aCTOCYBaHHS YJaCTOTHUX CIIEKTPiB
MHOTJIMHAHHSA aKyCTHIHUX CUTHAJIIB

HOPMOBAHOTO «O170T0 IIyMY» MTPOCTOPOBUMHU
MEXaHI3MaMU  BCTAHOBJIEHA  MOJKJIUBICTH
imeHTudikyBaTu iX KoH(irypamii B cTaTui 1

IAHAMIII, a TaKOK, JIIarHOCTYBaTH
KOOPJAUHATH TpaeKTOPii 1 TTO3UITIH
BHKOHABYHUX oprasiB 1 JTUHAMIYHUX
XapaKTEPUCTHK PYyXOMHUX €JIEMEHTIB

BEPCTATHOIO OOJIagHAHHA 3 MeXaHi3MaMHu
napajienabHoi CTpykTypH (puc. 1).

Peanizaris 3ampONOHOBAHOTO 1
Ppo3pobIIeHOTrOo METOTy iaeHTudikaii
BUKOHAHAa Ha HATypHIH MOJENi NUISIXOM
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BIUTUBY Ha KOHCTPYKIIIIO MAaJOMOTYXHUM
AKyCTUYHUM CHTHAJIOM 3 PIBHO IMOBIPHICHUM
PO3MOIIJIOM CUTHAJIIB OJHAKOBOI aMILTITY U B
mianazoni 20-20000 I'm. YacToTHHMI CHEKTp

BIATYKY, IO TPEIACTaBIs€ COOOK CymMy
30y/DKEHUX, TIOTJMHEHUX 1 BiOOpaKEHUX
aKyCTHYHUX XBWIb MiJAA€Thcss oOpoOIii Ha
IIIMOOKUX HEHPOMOAiOHUX Mepekax (puc. 2).

EtazoHHa MOens
I'eneparop G Hi OCHORE
«BiToTo YJacTOTHHH TNOOKIIX
IVAY 5 CIIEKTP HETIPOHHIIX Mepex
T 1 KACKAIHOIO
APXRITEKTYPOIO
B0k kepVBaHHA -
Kpecaennsa | CAIIPUNY | —p| [Hocrnpouecop - T
BlpoOY eMYTIATOP

1

Puc. 1. CTpykTypa cHCTeMH YUpaBJIiHHS 3 BHKOPHCTAHHAM STAIOHHOT MOJIEI Ha TTTHOOKHX
HEeHpommoaiOHIX Mepekax i KacKaJHOO pealizalliero

Ai(f7) — 4s(Sf)
20

-40

25000

po  260; -150; 25.
260; -150; 150,

C5  0;-300; 1125.

Puc. 2. Ilpuknany CeKTpiB aKyCTHYHNX CUTHAIB JJIs1 KOOPJIMHAT MO3UIIIOHYBaHHS BUKOHABYOTO MEXaHI3My
TEXHOJIOTIYHOI MaIllMHU 3 KIHEMATHKOIO ITapalielIbHOT CTPYKTYpH

Pesynbratom  Takoi  00OpoOku €
yteHTUdIKAIlIIiHA ~ MOJENb, IO  IHTETPYE
0COOJIMBOCTI OaraTolapoBux MepLENTPOHiB 1
kapT Koxonena. Take oO'€lHaHHS MOXIJIMBE 3a
JIOTIOMOTOF0  HEUPOTOMIOHMX MEpEeX KaCKaTHOI
KOHIrypatiii 1 MoaM(piKOBaHUM HEWPONOIIOHNM
efeMeHTaM. BHKopHCTaHHS Takoi eTaloHHOI
MOJICTTi  JIO3BOJIMJIO  OTPUMATH  TOXHUOKY
TMIO3MIIIOHYBaHHs poOOYOi JIAHKM MEXaHi3MiB Ha
piBHI 1+2 MKM.

100

Ipuxnao 2.

Komnnexmysannsa 6acamonesosux ¢pes
MEepOOCnAASHUMU NIACMUHAMU

KommiektyBanusi Gararone3oBux ¢pe3
TBEPAOCIUIABHUMHU TIJIACTUHAMHU € BaXKIHBOIO
CKJIa/IOBOIO MPOIIeCy MiATOTOBKH IHCTPYMEHTA
710 poOOTH. 3 MPAaBWJILHUM BIJOOPOM TIIIACTHH
MOKHa MIABUIINTH €()EeKTHBHICTh Ta SKICTh
00poOKM MaTepially, a TaKOoX 3MEHIIUTH
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BUTpPATH Ha 3aMiHy TBEPAOCIUIABHUX TUIACTHH
Ta PEMOHT 1HCTPYMEHTY.

OnHi€l0 3 TOJOBHUX HEBUPIIIEHUX
npo0JieM Mpu ekcruryaTanii gppes 31 3SMIHHUMH
TBEPAOCIUTABHIUMHY TUTACTUHAMU 3aTUIIAETHCS
iX HepiBHOMIpHE 3HOUICHHS, K€ MPU3BOJUTH
70 psJly HEraTMBHUX HacliikiB. Yacto B
po0OTi OfHA 3 TUIACTUH MOXE BUUTH 3 Jamy
a00 cKopile 3HOCHTHCS BiJHOCHO 1HIIUX
wiactuH. TuM caMuM 1 y IHIOIMX IUIACTUH
MMOYMHAETHCSI 3HOIICHHS, BIAKOIU 1 MOXYTh
OyTH repeHarpiBaHHs W 1HII TpOOIeMH.

Bracnigok aHayizy NPUYHH
HEPIBHOMIPHOTO 3HOCY KOMIUIEKTIB TUIACTUH

1
2

3

4
5
6

7

a)
Puc. 3. a) npuHIMIIOBa cXeMa 1 30BHILIHIN BUTIISL TPUCTPOIO (1-3pa30K pikydoi MIacTHHY, 2-11" €30/JaTYHK CIIEKTpa
BJIACHUX KOJINBaHb, 3-nemidep, 4-130/si11iliHa MIacTUHA, S-1'€30BUIIPOMIHIOBAY «O1IOT0 HIyMy», 6-nemidep,
7-cranesa ractuHa); b) CTpyKTypa AiarHOCTHYHOTO CTEH/TY

Y  1npoMy  HampsMKy  37iliCHEHO
NPUITYIIEHHs, 110 30y/UKeHHS  IUIACTHH
IIMPOKOCMYT'OBHUM CIIEKTPOM B aKyCTUYHOMY
JianasoHi 1 MOCTIHHUM IO aMILTITY 1 BIUTHBOM
JI03BOJISIE  OTpUMATH caMe€ IHJUBiAyallbHI
PEe30HaHCHI KOJMMBaHHA IIacTUH. [lopiBHAHHS
CIEKTpPIB  BJIACHUX  KOJHMBaHb  PLKYUYHX
IUTACTUH HAJA€ MiJCTAaBU IS BiAHECEHHS

A | 8 | e | o

1’ €30/1aTYHK CIIEKTpa
BJIACHUX KOJINBAHb

3pa3oK piXkydoi IIIaCTHHU

11'€30BHIIPOMIHIOBAY
«O1IIOTO 1IyMY»

Oararone30Bux (¢pe3 3’sCOBaHO, MO HA IIe
BIUIUBAE Maibxe HEBEJIMKa PI3HULSA Y
(GI3MYHUX BIACTHBOCTSAX IUIACTUH 3 OAHIET
naptii. Tomy 1miyutro miei po6otu € po3podka
3ac00iB 1 METOMiB iX BHUKOPUCTAHHS IS
imenTudikamii Ta rpymnyBaHHs MJIACTUH OJHIET
napTii.

JI1st TOCATHEHHS L[bOTO 3aIIPOIIOHOBAHO
imeHTUdIiKaIiio  TUIACTHH 32  O3HAKOIO
MOPIBHSAHHS 1HAWBIAYaJbHUX CIEKTPIB iX
BIIACHUX KOJIMBaHb.

[IpyHIMIIOBY CcXeMy HPUCTPOIO  JUIsS
BU3HAUCHHSI CIEKTpa BIACHUX KOJUBaHb
KO’KHOT pIyKy4oi IUIACTHHU HaBEACHO Ha puc.3.

aHaNi3aTop CIeKTpa
4acToT

>

IDKEPeIIo «O1Ioro mymy»

L

b)

KOXHOI 3 HUX JO Ti€i 4u iHIIOI Tpymu 3a
03HAKOI0 MOJIOHOCTI.

AHali3 CHeKTpiB KOJHMBaHb PIKYUYUX
IJTACTUH BHUKOHYBABCS Ha micrasl
BUKOPUCTaHHA TmpucTporo (puc.la) 1 3a
CXEMOI0 JIlarHOCTUYHOro cTeHaa (puc.l10).
@parMeHT OIU(POBAHOIO CIEKTpa YaCTKH
PLKYUYHX IJIACTUH MIPEJICTaBICHUI Ha puc. 4.

E (e = | R

1 |Hz pl p2 p3 pd p5 pb p7 |
2 0,00 -17.23 -18,86 -19,38 -20,87 -21,61 -21,20 -21,18
3 172,30 -16,11 -17.32 -17.67 -18,96 -19,51 -19,15 -19,07
4 344,50 -33,96 -34,37 -34,68 -35,20 -35,45 -35,48 -35,00

Puc. 4. ®dparmenT onudpoBaHOTO CHEKTPa BIACHUX KOJIMBAaHb YaCTKH PIKYUYHX IUIACTHH

Po3paxyHOK KOMIUIEKCHOTO MOKa3HHUKa
HaBEJICHOI PE30HAHCHOT YaCTOTH KOXHOTO
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3pa3Ka — PiXKyd4ol IUIACTHHU BHKOHYBaBCS 3a
dopmyoro (10):
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fj_

Y pesyabTaTi OOpOOKHM aKyCTHYHHX
CIEKTpPIiB  BJIACHUX  KOJHMBAHb  PLKYUIHX
TUTACTHH OTPUMAHO 1X PO3MOJILT 32

_ Xiz1 fijAij
i=m
Yiz1 Aij

(10)

MOKA3HUKOM f] 1 Tojaspllie TPYMyBaHHS 3a
03HAKaMHU HAMOJIMKYUX BIACTUBOCTEN

(tabu. 1).

Tabmaus 1. I'pynyBaHHs IJIACTHH 32 TIOKA3HUKOM f;

KinpKicTh IIIACTHH B TPYITI Homepa mmactua

11 3,5,12,13, 15,16, 19, 20, 21, 22, 23

10 2,4,7,8,9,10,14,17,18,30

7 1, 24, 25, 26, 27, 28, 29

2 6,11

3aBIgKM  TakoMy MOJAUTYy  MOKHA Ilpuknao 3.

nigOupatu miacTuHu Uit ppe3 3 pi3HOIO Maenimno-pesonancna 0bpodxa
KUIBKICTIO TUTACTUH. Y MEpPILy TPYyMy yBIHILIO mamepianie
11 mmactun. Lo rpyny MoOXHa BUKOPUCTATH Oco0nuBuit HayKOBHU iHTEpEec
i miaxomsamoi ¢pesu. Y apyry rpymy NpEJCTaBIs€  JOCHIUKEHHS  BIUIMBY  Ha
yBilinwio 10 riacTuH, B TPETIO TPYIy YBIHIILIO aTOMHHMI 1 cy0aTOMHHMI piBeHb MaTepiaiiB
7 mnactuH. Takwil MO M03BOJIsTE OOMpaTH 3pa3KiB, YaCTHHKM  SKHX  IJIAF0ThCS

TpyIH IJIACTHH 1A BIANOBIAHUX Ppe3, B IKUX
BOHH OyIyTh MAaKCHUMaJbHO e(EKTUBHO
BUKOpUCTOBYBaTHCA. B  uerBepry rpymy
VBIUIDIM 2 TUIACTMHU 3 TOKa3HUKaMH, SKi
CWJIBHO BIPI3HSIOTHCA BiJl iHIIMX Tpyn. Taki
IUIACTHUHM HE MOXKHa BUKOPUCTOBYBAaTH B
KOMOIHaIIi1 3 IHIIUMH TpyHaMH, OCKUTBKU TaKi
TUTACTHHA MOXXYTh TPU3BECTH 0 MIBUIKOTO
3HOCY, Opaky, CKOIiB. AJie BOHM MalOTh
OuTblIy MOAIOHICTH OJIHA 10 OAHOI, TOMY IX
MO’KHa BUKOPHCTOBYBAaTH OKPEMO.

Binbip KOMIUIEKTIB IUIaCTUH MO 1X
IHTEeTpaIbHUM XapaKTepUCTUKaM IS
YCTAaHOBKH Ha (pe3y M03BOJUTH 30LTBIIUTH
CTIMKICTh (pe3n, a TaKoX CTaOUIbHICTb
pizaHHA, 3a0e3Medyloud PIBHOMIPHHMM 3HOC
BCIX IUIACTUH KOMIUIEKTY. TakoX BeNMKHI
PO3KHU]] TIOKAa3HHKIB f; B O;HIA (QipMOBii
naptii piKyYMX IUIACTUH  CBITYUTH PO
JOLUIBbHICTh HPOBOJUTH npuiimanbHe
PO3MOJIITICHHS] TUIACTUH 1J€HTHUYHUX MapTiH.
Takuii T TX 1T 3HA4YHO 30iBIIyE
KOMIUTEKTaIlito  Oaratone3oBux ¢pe3 Ha
MalMHOOyAiBHOMY Hianpuemctsi. [lonepeani
BUNIPOOYBaHHS TaKOi METOAMKH 30UpaHHs
dbpe3 mokazanu MIABUINCHHS iX CTIMKOCTI B
cepenabomy Ha 35-50 %.
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BiOpamisiM 'y CHJIBHOMY  pPIBHOMIPHOMY
MarHiTHOMY TIOJIi Ha BJIACHUX PE30HAHCHHUX
4acToTax 3 aMIUNTyAaMHd HaHOMETPUYHOIO
mianasony [12, 13, 14].

JocnikeHHs BUKOPHUCTaHHS
PIBHOMIPHOTO TOTOKY MAarHiTHOTO TIOJIS,
YTBOPEHOTO MNOTYXHUMHU NOCTIHHUMHU
MarHiTamM, BUKOHAHO JUIsl BIUIUBY Ha 00’€M
Marepialy — HENepeTodyBaJIbHUX  IUIACTHH
pixyuoro iHcTpymenta CNMG 120508E-M.
Hamana cxema  BIUIMBY — PIBHOMIPHOTO
Mar"iTHOro IOTOKY, 1HILIHOBAaHOTO B
pe3ynbTaTi Pe30HAHCHHUX KOJIMBaHb 3paskKa,
BUKIIMKAHUX  IIHPOKOCMYTOBHM  BILTUBOM
PIBHOI aMILTITyAM 3a JOMOMOIOK0 T'€HepaTopa
«O1710T0 1IYMY» 1 II’€30BUIIPOMIHIOBAYA (pHC.

5ai 5B).

JlonaBaHHA 3pa3kaM  MeXaHIYHHUX
KOJMBaHb B  PIBHOMIPHOMY IOCTiHHOMY
Mar"HiTHOMy  TOJi  JI0O3BOJIUB  JOCATTH

o0'emHOrO 3MilHEeHHs 3pa3kiB Big 150 HB no
240+250 HB, t00TO Ha 60+65% 3a 10-12
XBHJIMH, 110 CKJIa/Ia€ 3MIITHEHHS 3pa3KiB Ha 5-
6% 3a OmHY XBWIHMHY. 3pa3Kd TBEPAOTO
CIJIaBy, TOMIiIIEHI B  MAarHiTHE I0Je
MOCTIMHOrO MarHiTy, MiJJaHl pe30HaHCHUM
KOJIUBAHHSM, BUKJIMKAaHUM HIMPOKOCMYTOBUM
BIUIMBOM TIOCTIMHOI aMIUNITYau - «OUTHM
IIyMOM», 3MIHIOIOTh TBEPJICTb 1 JOCSTAIOTh
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MaKCUMAaJIbHOI'O 3HayeHHs Bxke mmicast 10
XBHJIMH MarHiTOpe30HaHCHOI 00pOOKH.

a)

Puc. 5. [IpyHIUTIOBI CXEMU MPUCTPOIB ISl 3MIITHEHHS 3pa3KiB 3 BEpXHiM (a) i HIKHIM (b)
TIOJIOXKEHHSIM 3pa3ka MO0 IT'€3030y/JHUKA

Bapiantu B3a€MHOro po3TallyBaHHs
€JIEMEHTIB CKJIaIaHHsA inie:
CKCTICPUMEHTAIIBHUX JIOCHIKEHD

MarHiTOPE30HAHCHOI OOpOOKH EBTEKTOIqHOT
cTaji 3 BiAMOBIAHUM XiMiYHMM cKjiagoM (3 =
0,8%; Si=0,15%; Mn=0,15%; P=0,012%;
S5=0,017%; Cr=0,10%,; Al=0,009%;
Cu=0,10%) wmoxyTh OyTH TNpeICTaBICHI
naHiroxkamu: NM-PD-S-PV-NM (Bapiantu
1-3) i PD-S-PV-NM (Bapiant 4), ne NM -
HEOJMMOBUM MarHit; S - 3pa3ok; PV -
m'e30eeMeHT Sk 30yaHuk BiOpamiid; PD -
'€30€JIEKTPUIHHINA JATUHK.

3pazku miamani PE30HaHCHUM
KOJIMBAHHSM 1 MOMIIIIEH] BCEPEAUHY

PIBHOMIPHOTO MAarHiTHOTO IOJIsi, CTBOPEHOTO
HEOJUMOBUMHU  MarHiTamMy,  HiABHILMIN
TBepAiCTh Marepiamy 1 micias 30 XBWIHH
CTab1113yI0Th 3HAYE€HHS TBEPIOCTI.

[opiBHsuTbHA e(EeKTHUBHICTH
MarHiTOpe30HaHCHOiI O00poOKM 3pa3KiB 3a
MPEICTaBICHUMHU CXEMaMH [IHPOKOCMYTOBUM
'€30€JIEKTPUYHUM 30yTHUKOM IOTYKHICTIO
10 5 BT B MarHiTHOMY TOJi MOCTIHHOTO
HEOJJUMOBOTO MarHity niATBEpAMIIA
i ABUILEHHS TBEPIOCTI 3pa3kiB Ha 35-40%.

Meranorpagiusi JOCHIJKEHHS
pe3yabTaTiB PO3TISTHYTOTO TPUHIUITY
3MILHEHHS marepiainy MOJKHA
MPOLTIOCTPYBATH Ha pHC.6.

b)

Puc. 6. Crpykrypa craneBux 3paskis: (a) - 10 MarHirope3oHaHcHOT 06poOku, HB = 145;
(b) - micnst MarniTopezoHancHoi 06po6ku, HB = 197
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®dororpadii  CTpyKTypu  OTpHMaHIi
IIPOTPAaBIIIOBaHHAM 4% CIUPTOBUM PO3UMHOM
HNO. Mexi 3epeH NpOSBISIOTHCS IICIA
MPOTPABIIOBAHHS MO po3ipBaHiil (GeppuTHiit
CITIIl B MO37I0BXKHHOMY HanpsMKy. [Ipu npomy
croctepiramocss  GopMmyBaHHS B 00Cs3i
Marepialy  3pa3KiB  CITKH  apMyK4oro
XapakTepy 3 IUJIaCTHHYACTOTO  MEpPIIUTY.
3011b1IeHHS aMILTITY/IH KOJINBaHb
M'€30€JIGKTPUYHOTO  pe30Haropa 1, OTXKe,
3pa3KiB MPHU3BOIUTH A0 3pPOCTaHHS TBEPIOCTI
Marepialy 1  TPUBAJIOCTI  JOCATHEHHS
BCTAHOBJICHOTO 3HAYEHHS HOro TBEPAOCTI,
MpOTe  XapakTep TaKUX 3MiH  HOCHTH
eKCTpeMaJIbHUI Xapaxrep. Otpumani
pe3yabTaTH JI03BOJIAIOTH 3POOUTH BHCHOBOK
PO TEPCIEeKTUBHICTh MarHiTOPe30HAHCHOT
OOpOOKM ISl IMIBHINEHHS 3HOCOCTIHKOCTI
HernepeTaduyBaHUX IUTACTUH piKydoro
THCTPYMEHTY, JUIS TiIBUIIICHHS JOBTOBIYHOCTI
€JIEMEHTIB MEXaHIYHUX nerajgen 1
KOHCTPYKIIii. Takox 3'IBISETHCSI MOKITHBICTb
PO3LIUPHUTH TIEPEIIIK TEXHOJIOTTYHUX BILIHMBIB
Ha po0OoUi OBEPXHI JieTaJIeld MaIlluH TOPs 3
MOBEPXHEBO-IJIACTUYHUM JIe(DOpMyBaHHAM 1
TEPMOOOPOOKOIO.

BucHoBku

VY nmicyMKy JOCIIIKEHHS pe30HAHCHOI
T1arHOCTUKY T€HEPATUBHUX CUCTEM IITYYHOTO
intenekty (I'CLLI) moxkHa BHIITUTH KillbKa
KJIFOYOBUX BHCHOBKIB, $IKI IIJKPECIIOIOTH Il
BOXJIUBICTh Ta TIOTEHILIad Yy BHUPILICHH]
aKTyaJIbHUX MPoOJeM:

[To-mepiie, MOCHiIKEHHS MiATBEPIKY-
I0Th, 110 PE30HAHCHA JIarHOCTHKA JIHCHO €
MOTYTHIM I1HCTPYMEHTOM MJisi BHSIBJICHHS Ta
aHayizy npoOieM, SKi MOXYTb BUHHUKATH Y
TeHEepPaTUBHUX cucremMax HITYYHOTO
IHTEJIEKTY. 3 BUKOPHUCTAHHSM PE30HAHCHOTO
CUTHaNly,  SKHM  BimoOpakae  CTyHiHb
KOT'€pEHTHOCTI M)XK T€eHEpOBaHUM Ta O0akaHUM
BMICTOM,  MOXXHa  BYaCHO  BUSBIATH
HECTAOUIbHICTh, HEBIAMOBIAHICTE Ta I1HIII
npobiemMH, IO BaXJIMBI sl 3a0e3NedeHHs
SIKOCT1 TEHEPOBAHOI'O BMICTY.

[To-gpyre, pe3oHaHCHa JiarHOCTUKA
MOke OyTH YCHIIIHO BHUKOpPUCTaHa JUIS
HaJalTyBaHHA napaMeTpiB HaBdaHHs ['CIIIL
AHani3 pe30HaHCHOTO CUTHANy JI0IOMarae
JOCSATTH  TOKpAllleHHA  PealiCTUYHOCTI,
PI3HOMAHITHOCTI Ta SKOCTI TE€HEPOBAHOTO

104

BmicTy. lle Mae cyTTeBe 3Ha4YeHHS IS
JOCSATHEHHST OakaHUX pe3yJbTaTiB poOoTH
CUCTEMH Ta OINTHUMAJIbHOIO BHUKOPUCTAHHS
pecypciB HaBYaHHS.

[To-tpere, BaXIMBUM ACIEKTOM
PE30HAHCHOI JIarHOCTHKH € 1i BHECOK Y
BHPIIICHHS MPOOJIeM CTIMKOCTI Ta amarnTarii
I'CHII no 3MiHHUX yMOB poOOTH. 3MaTHICTh
BUSBIIATU PE3OHAHC B CUCTEMI  MOXKe
BKa3yBaTH Ha ii cTaH Ta e(EeKTUBHICTH B
yMOBax 30BHIIIHBOTO BIUIMBY a0o0 IIyMmy,
JOTIOMAraruu 3a0e3nevynT OUIbIN CTIHKE Ta
HaJiliHe (PYHKI[IOHYBaHHS.

3Bepraroun  yBary JIOJTATKOBI
NpUKIaAd  BUKOPUCTaHHA  PE30HAHCHOI
TIaTHOCTHKH, sKi OynM JojaHi 10 CTaTTi,
MOXHa  BUCJIOBUTH  BIEBHEHICTh Yy 1i
YHIBEpCAJILHOCTI Ta IMHUPOKOMY 3aCTOCYBAHHI.
Hesane:xxHo  Big ~ KOHKpeTHOro  00'ekTa
JOCTIPKEHHS, pE30HAHCHA JIIarHOCTHKA MOXKE
OyTu e(peKTUBHOIO AJIs BUSABIICHHS, aHAIII3Y Ta
YCYHEHHS TIPOOJIEeM Pi3HOTO POIY.

Y wninomy, pe3ynbTaTd JIOCIHIKEHHS
PE30HAHCHOI JIarHOCTHKU B TEHEPATHBHUX
CUCTEMaXx IITYYHOTO 1HTEJIEKTY HaroJouylTh

Ha

Ha TOMYy, IO IEH MiaXil Mae 3HAYHUI
MOTEHINA I  IOKpAIeHHS SKOCTI Ta
MPOIYKTHUBHOCTI ~ CHUCTEM.  3aCTOCYBaHHS

PE30HAHCHOI JIIarHOCTHKHU JIOTIOMarae BYacHO
BUSIBJIATH, AaHAJI3yBaTH Ta pearyBaTH Ha
MOJKITUBI Tpo0JemMH, 3a0e3neuyodn CTIHKICTb,
SKICTh Ta €QEKTUBHICTh (YHKIIOHYBaHHS
["CILLI.
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OIITUMIBAIIISA CTOKIB 3 BUKOPUCTAHHSAM HEMPOHHOI MEPEXI
ITPU OYUIHIEHHI ITPOMUCJIOBUX CTIYHUX BO/I
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AHoTanis. 3pocTaHHs HACEJeHHS IIAHETH NMPU3BOJUTH JI0 30UIBIICHHS MPOOIEMH JOCTYIY /O MPiCHOI BOIH.
OCHOBHI JpKepena Boau Ha 3eMili — COJIOHyBaTa Ta MOPChKa BoJa. Y 3B'S3Ky 3 BOJHOIO KPU30I0, OUHMILEHHS BOJH CTa€E
Ha/3BUYAlHO BAXJIMBUM NPOLECOM 1 HOro JOCSATHEHHS 3IIHCHIOETHCS NLISXOM OIPICHEHHS Ta PI3HUX METOJIB
BOJIOIIATOTOBKU. B 1IbOMY KOHTEKCTI, JOCHIPKEHHSI MOXKIMBOCTI BUKOPUCTaHHSI HEHPOHHHUX MEPEX s MOKPAIeHHs
poOOTH OUHCHUIX CTIOPY € HeoOXimHNM. MeToro mociiKeHHs OyJI0 BCTAHOBJICHO ONITUMI3AIli0 Ta aHajli3 e(eKTHBHOCTI
poOOTH OYNCHUX CIIOPY. MIPH OYHIICHHI MPOMHCIOBUX CTIYHUX BOA. [lyis omTuMizartii 3ariponoHOBaHUX Mojenel 0yio
BUKOPUCTAHO METOAU M'SKMX OOYHCIeHb. Y IIbOMY HOCTI/DKCHHI OynM BU3HAUCHI TOYHI Pe3yJbTaTH 3aCTOCYBaHHS
HEHPOHHOI MEpeKi 3a TOTIOMOT0I0 aHATITHYHOTO Ta TMOPIBHILHOTO MiAxoaiB. OUHIIEHHS BCIX CTIYHHX BOJ 1 BIIXOIIB,
10 YTBOPIOKOTHECSA B OYHCHIM NMPOMHUCIIOBOCTI, BKJIIOYAE Psf MPOLECIB, BKIIOYAIOYH IOBITPSAHY (DIOTAIifo, XiMIYHY
KOAryJIAIifo, BiIICTOIOBAHHS 1 OIOJOTIYHE OYMIINCHHS 3 BHKOPHCTAHHSIM I[OBHICTIO 3MIIIAHOTO AKTHBHOTO MYILY.
Posrmsinanuicst pizHi GyHKIIT HaBYaHHsI, BKIIOYA0YH MITY4H] HeliporHi Mepexi (ILITHM) 3 mpssMuM MOMTHPEHHSM, TaKi SIK
Gararomraposuii mepcentpor (MLP), kackamgui IIIHM 3 mpsMuM TONmIMPEHHAM Ta MOJENi perpecii 3 OMOpHUMHU
Bekropamu (SVR). Ilporiec HaBuaHHs BKJIIOYA€E BUKOPHCTAHHS alTOPUTMIB onTuMisanii JleBenOepra-Mapksapara Ta
MOCIIOBHOTO MiHIMYMYy. Y CTaTTi TaKOXK HaBeJleHO rpadiuHi 300paXkeHHs, 0 UIIOCTPYIOTh Pi3HI TUMHX 3a0py THIOBAYIB,
BUTpATH, MOB's3aHI 3 OYHNCHUMHU CIIOPYIAaMH, Ta 3MiHHM KOJbOPY CTIYHHMX BOJ, LIO CIOCTEPIraroThCs MICIs MPOLECy
ounmeHHsd. OTpuMaHi pe3yJabTaTH IEMOHCTPYIOTh BHCOKHH CTYHiHb MOMIOHOCTI MiXK MPOTHO30BaHUMH Ta
eKCIICPHUMEHTAIEHIMH JaHUMH, IO MmigKpecitoe ehekTuBHicTh ANN-Mozeni 31 3BOPOTHHUM PO3MOBCIODKCHHIM JUTS
TOYHUX MporHo3iB. KpiM Toro, iHTerpamis MaIllHHHOTO HABYAaHHSA y BHPOOHHUITBO MHIOUHX 3aCO0IB MoOxe OyTH
HaJ3BUYailHO €()EKTHBHOIO, CIPHAIOYN ©(EKTUBHOMY Ta CTaJOMy BHKOPHUCTAHHIO BOJHHX PECypCiB. 3arajiom, CTaTTs
HaJa€ [iHHI BUCHOBKH 111010 BUKOPUCTAHHS MAIIMHHOTO HABYAaHHS JUIS PO3B’A3aHHS NPOOIeMH AeilUTy IpicHOT BOIH.

Kiro4oBi cJioBa: 04KCHI CIIOPYAU, MOJCTb, PECYPCH, PETPECIs OMOPHUX BEKTOPIB, MOJICITIOBAHHS.

OPTIMIZATION OF EFFLUENTS USING A NEURAL NETWORK IN THE
TREATMENT OF INDUSTRIAL WASTEWATER
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https://orcid.org/0000-0003-1669-3924

Abstract. The growth of the planet's population leads to an increase in the problem of access to fresh water. The
main sources of water on Earth are brackish and sea water. In connection with the water crisis, water purification becomes
an extremely important process, and its achievement is carried out through desalination and various methods of water
treatment. In this context, research into the possibility of using neural networks to improve the operation of sewage
treatment plants is necessary. The purpose of the research was to optimize and analyze the efficiency of the work of
treatment facilities in the treatment of industrial wastewater. Soft computing methods were used to optimize the proposed
models. In this study, the exact results of the application of the neural network were determined using analytical and
comparative approaches. Treatment of all wastewater and waste generated in the treatment industry involves a number of
processes including air flotation, chemical coagulation, settling and biological treatment using fully mixed activated
sludge. Various learning functions have been considered, including forward-propagation artificial neural networks
(ANNS) such as multilayer perceptron (MLP), cascaded forward-propagation ANNSs, and support vector regression (SVR)
models. The learning process includes the use of Levenberg-Marquardt optimization algorithms and sequential minimum.
The article also provides graphical images illustrating the different types of pollutants, the costs associated with treatment
plants, and the color changes in wastewater observed after the treatment process. The obtained results show a high degree
of similarity between the predicted and experimental data, which emphasizes the effectiveness of the backpropagation
ANN model for accurate predictions. In addition, the integration of machine learning into the production of detergents
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can be extremely effective in promoting the efficient and sustainable use of water resources. Overall, the paper provides
valuable insights into the use of machine learning to address freshwater scarcity.

Keywords: treatment facilities, model, resources, regression of support vectors, modeling.

Beryn

HeoOxiaHiCTh MOZEITIOBAHHS KOHIIEH-
Tpaliii Ta XapaKTEPUCTHK CTIYHUX BOJ Y cepi
BOJOMIATOTOBKA  BIJKPUBAE  MUIAX  JO
MiBUIICHHS €(DEKTUBHOCTI OUYMCHUX CIIOPY.
[IpobneMa HETOCTaTHHOTO BOAOIIOCTAYAHHS €
HaWBaXUIMBIIOKD B  0araTb0X  KpaiHax,
MIPU3BOISIYM IIOAHS JI0 CMEPTI COTCHb JIIOJICH

y  claDOpO3BMHEHUX  perioHax  d4epes
HEJIOCTaTHE BOJONOCTAYaHHS Ta IIOTaHi
caHiTapHi yMOBU. BopomocrauaHHs crae

npo0ieMoI0 HaBiTh y Oaratux KpaiHax, Jae
BIJIIPAIbOBAaHI BOAM CTAlOTh MOIIUPCHUM
sBunieM. HeeheKTUBHI CENTUYHI CUCTEMHU Ta
CUCTEMH OYHWIICHHS CTIYHUX BOJ MPHU3BOISTH
10 3a0pyJHEHHS 03€p, PiYoK Ta MiA3EMHHUX
BoJ [1]. Lli cToku BijoMi SIK CTi4HI BOAH, ajie
MOYXHa BHUKOPHUCTaTH Ta BIJHOBUTH 3HAYHY

YaCTUHY oux BO JJISL II0AAJIBIIIOIO
BUKOPUCTaHHSA. Y 3B'SI3Ky 3 TJI00QIBHOO
BOJHOIO  KpH30I0 Ta  mependavyBaHOIO

HEeCTauero BOJIU y MailOyTHhOMY, CTI4HI BOJIH,
10 BUXOJAATH 3 NMPOMHUCIIOBUX IiAIPHUEMCTB,
MIBUKO CTAIOTh OC3IIHHUM AJIbTePHATUBHUM
pecypcoM TMPHIATHOI s BUKOPUCTAHHS
BOJIU.

ITocTanoBka npodaemu

Crorogdi HaJIe)KHE TIOBOJDKCHHS 3
MIPOMUCIIOBUMH CTIYHUMH BOJIaMU CTAaHOBUTH
BEJIMKY MpoOJeMy, OCKUTBKM BOHO BKIIOYA€E
pi3HI  TPYOOMICTKI Ta  JOpOri  €Tamu.
Po3paxynok OHJIaWH-3HAYCHD SIKOCTI
KOMITOHEHTIB Yy CTIYHMX BOJaxX IMiJ dYac iX
OYHIICHHS € BEJINKUM BHKJIUKOM.
[IpoMuciOBICTh, 110 BHUKOPHUCTOBYE MHIfHI
3aco0M, BUMarae 3a0e3IeueHHsS SKOCTI Ta

€(eKTUBHOCTI IIpOILIECY. bioximiune
CMOXXMBAHHS KHCHIO, XIMIUYHE CIIOKMBaHHS
KHCHIO, 3arajlbHa OpraHiyHa pe4YyOBHHA,

3arajibHi pO3UMHEHI TBEpl PEYOBHHH, PIBEHb
BomHeBoro mnoteHmiany (pH) Tta opraniuni
PEUOBMHM 3arajbHOrO BYTJELUI0O — BCi I
3a0py/HIOIOUI PEYOBHHH MAIOTh BaKJIUBE
3HAauYeHHS JUI1 €PEeKTUBHOI Ta HAAIMHOT poOoTH
OYUCHUX CHOpYH, TOMYy iX MOTpiOHO
0€3MOMHIIKOBO Ta CBOEYAaCHO BHMIPIOBATH.
OpmHak  BIOPOBaKEHHS  MPUCTPOIB LIS
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OHJIAMH-MOHITOPUHTY B O0JIACTI OYHILIEHHS
CTIYHMX BOJ € CKJIQIHUM 1 BUMarae 3HauyHHUX
¢dinaHcoBuUX BHUTpaT. Y TaKUX yMOBax M'sKi
OOYHMCIICHHS CTAIOTh MOMYJIIPHAM Ta 3pYYHAM
IHCTpyMEHTOM 1 pO3pOoOKH  MOJeIeH.
3acTocyBaHHS METOJIB M'SKHX OOYHCIICHb,
TaKUX SIK HEMPOHHI MEpeXi, HEUITKI MHOXKHUHH,
MalIMHNA OIIOPHUX BEKTOPIB, JepeBa perpecii
TOILIO, CTAa€ TOMYJSPHUM Y PI3HHX Taly3sx
MIPOMHCIIOBOCTI 3 PI3HOMaHITHUMHU
3aCTOCYBaHHAMHU 3aBISKM I1X TPOCTOTI Ta

3aTHOCTI /10 HAQAIMHOTO MPOTHO3YBAaHHSA
3HAYCHb.

AHaAJI3 oCTaHHIX JOCHigKeHbL i
nyOsikanin

3BakalOud HA aKTyallbHY MPOOJIeMy Ta
HEeOOXI1IHICTh yIOCKOHAJICHHS porecy
OUHUIICHHS MPOMHUCIOBHX CTIYHUX  BOJ,

JNOCTIAHUKU TPOBOJIMIN EKCIIEPUMEHTH Ta
aHaii3u, abu 3HalWTH HEOOXiMHWH BapiaHT
po3B’s3anns npodiemu. V. L. Filipchuk et al.
[2] nmocmimmnu OHOBIIGHI  TEXHOJOTIYHO-
TEXHIYHI 3aCO0M /U1 OYMILIECHHS BUPOOHUYHMX
CTIYHHUX BOJ BiJ BaXKKHX METAJIB, Kl MICTSITH
OpraHiyHi Ta HEOpraHiYHi JOMIIIKHU PI3HUX
(dazoBo-nucnepcHUX cTaHiB. B pesynbrari
MIpOBeIeHOi po3p0oOKH OyJIU CTBOPEHI CydyacHi
CHCTEMH OYHIIEHHS 0araTOKOMIIOHEHTHHUX
METAIOBMICHUX CTIYHHUX BOJI, o
BUKOPHUCTOBYIOTh aBTOMAaTH30BaHe KePYBaHHS
pH 1 Eh 3 BUKopricTaHHAM MIKpOIIPOLIECOPHUX
3aco0iB  Ta mepefoBUX  iH(OpMaIiitHUX
TEXHOJIOT1H.

M. M. Tymkiv [3] mocmimkysana
ONTHUMI3AII0 MEPEXi TIAPOreOeKOJOTIUHOTO
MOHITOPUHTY 3a JOTIOMOTOF0
reoiHdopMaIifHOTO 1  Te€OCTaTUCTHUYHOTO
a”amizy. JlocnmiaHuI BUBYANa PSAM JAQHUX 3
MpOMycKaMu Ta po3paxyBaja eKOJOTIYHI
PU3UKHU ISl OKpeMUX cyOOaceiHiB, a Takox
nmoOyayBaiga KapTy aOCOJIOTHUX  PIBHIB
MiJ3eMHUX BOJI HA OCHOBI MOHITOPHMHTOBHUX
IOCIIIKEHD UL JOCHIIKEHb  PIBHIB
MiA3€MHUX BOJ Ta IPOrHO3YBaHHS MeEpexi
T1IpOreoIoriyHOrO Ta €KOJIOT'TYHOTO
MOHITOPUHTY.
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V. M. Shtepa [4] nocmimkyBaB
3MEHILICHHS TEXHOICHHOI'0 HABaHTAXXCHHS Ha
HABKOJIMIIHE CEPEIOBUIIE Yepe3 MOJIIIIICHHS
YIpaBITiHHSA €KOJIOT1YHOIO 6e31eKoro
TEXHOJIOTi OYMIIEHHS CTIYHMX BOJ Ha
MPOMHCIIOBUX 00'€KTax. Y HOCHIHKEHH] OyIIH
BpaxOBaHI PU3MKHU HA[3BHUAHHUX CUTYaLlil Ta
BUMOTH €Heproe()eKTUBHOCTI. 3acTOCYBaHHS
BIpTyalbHOI ~ MIpH  €Heproe(eKTUBHOCTI
BOJIOOYHIIICHHS JIO3BOJIMIIO CTBOPUTH CUCTEMH
IIPOMHCJIOBOTO BOJIOOYHIIEHHS 3 00'€KTHO-
OpPIEHTOBAaHMM MIAXOJOM IO YIPAaBIiHHA
€KOJIOTIYHOI0 O€3IEeKOI0 Ta MNOTEHI[IMHUMHI
HAJ3BUYAITHIMH CUTYAIlISIMH.

L. M. Predzymirska [5] po3pobuia
3aXO0/I1 JUIS I ABUILEHHS €KOJIOTIYHOI Oe3IeKn
IIPOMHUCJIOBHX BHUPOOHMIITB Yepe3 CTBOPECHHS
KaBITAI[IMHOI TEXHOJOTIl OYHMIIECHHS CTIYHHX
BOJ  Bil  Opra”iyHMX 1  OIOJIOTTYHHX
3a0pyaHeHb. BBeeHHS a30Ty B 00po0IItOBaHEe
CepeIOBHILIE TMIABHUINYE KUIBKICTh 3apOAKiB
KapiTanii B piamHi, 1o  30uIbOIyE
IHTEHCUBHICT,  KaBITALIMHOIO IIOJIA  Ta
e(EKTUBHICTH OUUIIICHHS.

B excnepumenti gocmigaukis Y. Xie et
al. [6] npoBogwiKCh CIPOOM TMOKpALICHHS
npoIriecy TMPOTHO3YBaHHS SKOCTI  POOOTH
OYHCHUX CHOPYJ IIPHU OYUIICHHI CTIYHUX BOJI
13 BHKOPUCTaHHSIM HEHPOHHOI Mepexi Ta
ANTOPUTMY onTHUMI3alIii. Buennmun
PO3p0o0IIEHO MOJIENb ITYYHOTO iHTEeNneKTyY ML
Ha ocHoBi FFNN i GA pansg To4HOro Ta
€(eKTUBHOTO MPOTHO3YBaHHS SKOCTI CTIYHUX
BOJ Y pETbHOMY Yaci B OYHCHHX CIOPYJIaX.
s momenp Moke BUpINIYBAaTH 3aBIaHHS 3
BUJANICHHA  3a0pyJHIOIOYUX  PEUOBUH 1
pearyBaHHS Ha HHX, 3a0e3neuyroun 0e3neuny
eKCIUTyaTallio Cropy;I.

JlocmimkeHb IHIIHAX BUCHUX
HEJAOCTaTHRO, a0W  TIOYaTH  MPAKTUIHE
BUKOPUCTAHHS  HEHUPOHHOI  Mepexi  Juis

OIITHMI3alll] OUUIIEHHS IPOMHCIOBUX CTIYHUX
Boa. lle moB’sM3aHO0 3 THM, IO 3
BUKOPUCTAHHSIM KOHKPETHHX IapaMeTpiB He
MPOBOAMINCH TMOMAIOHI EKCIIePUMEHTH, a
Tako)Xk He OyJo JOCATHYTO TMOIIOHOTO
pe3ynbTary 3a AOMOMOIOK I1HIIUX METO/IIB.
Came TOMYy HEOOXiTHO OYyJIO MPOJIOBKHUTU
BUBUEHHS I[i€] TeMU Ta MPOBECTU IIe OIHE
JIOCHTIKEHHS, SKE JOIOMOIJIO BHU3HAYUTH
YITKUH METOJ BHUKOPUCTAHHS HEHPOHHUX
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MepeX Ui BHUKOPDUCTaHHA B OYHILEHHI
MPOMHCIIOBHUX CTIYHHMX BOJI.

Meta goc/aigKeHHA

OcCHOBHI [UT JOCIIHKEHHS ONTUMI3ail
OUUIICHHS TPOMHCIOBUX CTIYHHX BOJ 3
BHUKOPHCTAHHSIM HEHPOHHHX MEpEexK:
MIIBUIICHHS €(QEKTUBHOCTI OYHMIICHHS Ta
3MEHIIICHHS 3a0pyJAHCHHS HAaBKOJIMIIHBOTO
CEPEeIOBHINA; 3HIKEHHS BUTPAT HA OYUIIICHHS
IUBSIXOM ~ ONTUMAaJIbHOTO  BHUKOPHUCTaHHS
pecypciB; JOTpPUMAaHHS CTaHIAPTIB MO0
SIKOCTI OYHIIEHHS CTIYHUX BOJ;, 3MEHIICHHS
HETaTHUBHOI'O BILTUBY Ha MIPUPOJIHE
cepeloBHUIle, 30epeKEHHS BOJHHX PECypCiB;
PO3po0Ka ONTUMATHFHOTO METOTy OYHUIICHHS 3
BHKOPHCTAHHIM HEUPOHHUX MEPEXK, SIKUU
OyJie IPOBOJMUTH JICTAITBHUAN Ta YITKUN aHAJI3
IMOKa3HHKIB.

Buxkiax 0cHOBHOro MmarepiaJry

VY nocmikeHH1 OyIJI0 POBEICHO OLIHKY
e(deKTUBHOCTI pOOOTH OUUCHUX CIHOPY.
IUIIXOM aHaTi3y OYMIICHUX CTIYHUX BOJ, SKi
Oynu OTpUMaHi 3 BOJIOTIPOBITHO-
KaHaJi3aiiHOTO roCIOIapCTBa.
JlocmipKeHHsT  BKJIIOYAJIO  aHami3  PI3HUX
mapameTpiB  SKOCTi BoaW, 30Kkpema pH,
TeMIIepaTypu, KOJIbOpy, 3amaxy, XiMIYHOTIO
cnoxuBanHs kucHi (XCK), OioximiuHOTrO
cnokuBanHs kucHio (BCK), 3arampHOrO
BMicTy 3aBuciuX pedoBuH (TSS), 3araipHOro
BMicTy po3urHeHHX TBepaux pedoBuH (TDS)
ta HadrompoayktiB i mactun (O&G). Ili
napameTpu Oyl BHUKOPUCTaHI JUIsl OLHKH
SKOCTI BOJM Ta €(PEKTUBHOCTI PpOOOTH
ouMcHUX  crnopyd. JochimxenHs — Oyio
MPOBEACHO /IS OLIHKU €(PEeKTUBHOCTI poOOTH
OYMCHUX CropyA npu OUUILEHHI1
MPOMHUCIOBUX  CTIYHMX BOZA. OCHOBHOIO
METOIO JIOCHIJKeHHsI OyJI0 BU3HAUUTH SIKICTb
BOAM TMIiCHs NPOXO/DKEHHS 4Yepe3 O4YHCHI
CHOPYIX Ta OIIHUTH, HACKUIbKU €()EeKTHBHO
BOHU BHJAJISAIOTH 3a0pyIHIOOYI PEUOBUHHU.
JIoCIiDKEHHST  TakoX JO3BOJISIE  BUSBUTH
MOXJIUBI MpoOIeMu abo HENOJIKH B poOOTi
OYMCHUX CHOpYJH. SIKIIO SKICTh OYHMIIEHOI
BOJIV HE 33]I0BOJIbHSIE BCTAHOBJICH] CTAHIAPTH,
TO 1€ CBIAYUTH NP0 HEEPEKTHBHICTH YU
HECTIPaBHICTh OYMCHHUX CHUCTEM, IO BUMArae
MOJIAJIBLIIOTO BJIOCKOHAJICHHS abo
BITHOBJIEHHSI.
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Takoxx y cTarTi BUKOPHUCTOBYBAJIUCH
JOCITIAHULIBKI METO/IU, a cCaMe aHATITUYHHH Ta
MOPIBHSJILHUM. AHaTITUYHAT METON
BUKOPUCTOBYBABCS ISl PO3TIISAY Ta OLIHKH
pI3HUX MMapaMeTpiB Ta BJIACTUBOCTEH CTIUYHHX
BOJA, SKi Oynu OTpuUMaHi 3 MPOMUCIOBUX
JOKeper. [TopiBHsmbHUN ~ MeTOx  OyB
BUKOPHUCTAHHMA TUTSE 3icTaBIICHHS
€(hEeKTUBHOCTI PI3HUX IMIIXO/IIB Ta TEXHOJIOTIN
OUMIIIEHHS CTIYHMX Boj. Lleit MeTos BKiIIOYaB
MTOPiBHSHHS pe3yibTaTiB JTOCITIJIPKEHb,
MIPOBEJICHUX HA PI3HUX OUMCHUX CIIOPYax a0o
3 BUKOPUCTAHHSM PI13HUX METOJIUK OUUIIICHHS.

v bOMY JOCTIIKEeHH1
BHKOPHUCTOBYBAJIMCH JiBa pi3HuMX Turu [TTHM
JUIS  TIPOTHO3YBaHHS 3HAYEHb IapaMeETpiB
cTiuHux BoA. OAMH 3 HUX — OararomapoBHii
nepcentpon (MLP), sxuii € oxpemum
BUIAJKOM HEHPOHHOI Mepexi MpsIMOro
nowmupenHst (FFNN), 110 € gyxe nonyiaspHuM
tuiom [IHM. Ilpoctima KOHCTpYKIIis
HEHPOHHOI MEpeXi MPSMOTO TOMIMPEHHS Ma€e
mepeBard MAIIMHHOTO HaBuaHHA. Jleski
mepexi Feedforward moxyTs mnparroBaTH
CaMOCTIHHO, 3 HEBEIHMKOI0 B3a€MOJMIEI0 s
3abe3neueHHss wmozepamii. [lpu BUKOHaHHI

CKIIAHUX  3aBJaHb Mepexa  mnoTpelye
cmiBmpani KiabKoX HeiponiB. HeliponHa
Mepeka CIpolrye oO0poOKy Ta  aHani3

HEeMHIMHUX JaHuUX 1 JOoloMarae yHUKHYTH
npobjaeM MPUUHATTS pillieHb. Y IbOMY THIII
Mepexi mepenava iHdopMarii BiOyBaeThCs
OJTHOCTOPOHHBO, JIMIIE Y HANpPSMKY BIEpE.

Buxonu  HeWpoOHIB  MPHUXOBAHOrO APy
MOCTIJOBHO CTAalOTh BXOJAMHM  BHXIJHHX
HEUpOHIB, J€ BOHH IMIJNAOTHCI PI3HUM
3MiHaM.

e mocmimkeHHs TaKOXX BUKOPHUCTOBYE
MpaBWJIO KEPOBAHOT'O HABUaHHS, € BXIJAHI
naH1 Ta OaxkaH1 pe3yiabTaTh
BUKOPUCTOBYIOTBCS ISl MPOTHO3yBaHHS.
[IporHo3oBaHi 3HAY€HHS MOPIBHIOIOTHCA 3
OakaHUMH BUXIIHUMU 3HAYCHHSIMHA
rmapamMeTpiB 1 Ha OCHOBI IIbOTO TOPIBHSHHS
O0YHCITIOETLCST BeanunHa nNoXuOKH. Ilicusa
IIBOT'O Bard 1 3MIIICHHS KOPUTYIOTHCS 3 METOIO
3MEHIIIEHHS MOXUOOK 1 MPOIIEC TOBTOPIOETHCS.
VY nocnikeHH1 BUKOPUCTOBYBAJINCH HACTYIIHI

bopmymnu:

1.PiBustaus muis akTuBariii “Purelin” (1):
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f(n) = n. 1)

2.IlpoBenenns pospaxynky RMSE (2):

1
RMSE=\/;Z?=11 (Yacti_Ypredi)z, 2)

JIe M — KUIBKICTh CIIOCTEPE)KECHb a00 JaHUX,
JUTSL IKUX TIPOBOMIIOCH POTHO3YBAHHSI,

i — IHIEKC, SKUH BHKOPUCTOBYETHCS JUIS
iTepariii uepe3 KO>KHE CIIOCTEPEIKEHHS,

Yact; — DaKTHYHE 3HAYEHHS CTIOCTEPEIKEHHS i-
T'O BUIIAJIKY;

Vpred; — TPOTHO30BAHE 3HAYEHHS IS i-TO
BHIIAJIKY.

3.3HaxoKeHHs KoedimieHTa JeTepMiHali

3):

Yizg (Yacti_Ypredi)2

m 2
2z, Yacty

RZ=1

(3)

4 BuszHaueHHsI abcomroTHOT

nmoMuJyIkH (4):

CepeHbOI

MAE = éZfil |Yacti - Ypredil- (4)

Otpumani  gaHi  MOXyTb  OyTH
BUKOPHUCTaHI ISl MOAANBIIMX JOCHTIKEHb 1
pO3pOOKM  HOBHX  METOIB  OYHIICHHS,
BJIOCKOHAJICHHsSI ICHYIOUMX TEXHOJOrii Ta
CTBOpEHHS OuIbII e()EeKTMBHUX OYUCHUX
CIIOPYA.

OnTumizailis poOOTH OYHMCHUX CHOPY.
H1IKPECITIOE BaXJIUBICTb TOYHOTO
MOJIETIIOBAHHA CHEU(pIYHUX KOHIIEHTpAIiil 1
XapaKTepUCTHK, K1 3a3BHYail 3yCTpidaroThCs
Yy BOJOOYHCHIA mnpomucioBocti. [edinut
BOJAM  IIUPOKO  BU3HAHMH  KPUTHUYHOIO
npo0iieMoro B 0arathox Kpainax [7]. YV meHn
PO3BHUHEHUX KpaiHax HE/I0CTaTHE
BOJIOIIOCTaYaHHS Ta HEaJeKBAaTHA CaHITapis
OPU3BOJATh /10  YHUCICHHUX  IIOJICHHHUX
cmepreil. | HaBmaku, y 3aMOXXHMX KpaiHax
MOIIMPEHE  MapHOTPAaTCTBO  BOJAM  Ta
HENOCTAaTHSA KUIBKICTh CENTHUKIB 1 CHCTEM
OYMILEHHS CTIYHUX BOJ NPU3BOIATH 10
3a0pyHEHHS 03€p, PIYOK 1 MiA3eMHHX BOJ.
Bopna, sika 3anumiaeTbes micias BUKOPUCTAHHS,
3a3BMYail HA3WBAETHCA CTIYHHMH BOJAMH,
X04a ICHYIOTb MOXJIMBOCTI MEpepoOssaTH i
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BIJIHOBIIIOBAaTH 3HA4YHYy 11 YacTHHY JJIA
MOIAJIBIIIOT0 BUKOPUCTAHHS.

VY cBiTal TpUBar4oi r100aNbHOI BOIHOT
KpU3U Ta MPOTHO30BAHMX MailOyTHIX piBHIB
nedinuTy BOAM, CKHJIAHHS CTIYHUX BOJ 3
MPOMHCIOBUX OO0'€KTIB IIBUAKO HabyBae
BU3HaHHS SK I[IHHE aJlbTCPHATHBHE JDKEPEIIO
NOPUAATHOI Ui BHKOpUCTaHHS Bomu [8].
Bukua BigxoiB y HaBKOJHIITHE CEPEIOBHIIEC
4yepe3 BOJy € KPUTHYHOKO IMPOOJIEMOIO JUIS
MMPOMHCIIOBUX MIAMPHEMCTB. 3a0pyIHIOK0OU1
pPEUOBHMHHM, TPHUCYTHI y CTIYHUX BOJAX,
MOXYTh CTAHOBHTH PH3HKHU IJII €KOCHCTEM,
30pOB's JMoJieit Ta Beix GopMm KHUTTA. Tomy
eheKTUBHE  BUJAICHHS  3a0pyAHIOIOYHX
pPEYOBMH 31 CTIYHHX BOJ TMeped IXHIM
MOTPAIUITHHSIM Y HAaBKOJIUIITHE CEPEIOBHIIEC
HaOyBae mepriodeproBoro 3HadyeHHs. CTidHi
BOAM MICTATh Pi3HI TUOHU 3a0pyAHIOBaUiB,
30Kpema:

1. Boguesuit morenmian (pH) BuMiproe
KHCJIOTHICTh a00 JYXHICTh CTIYHOT BOJM.
Pienb pH Moke BIiMBaTH Ha €PEKTHBHICTH
00poOKkH Ta MOXKe OYyTH KOPHTOBAaHUHN IS
JOCSITHEHHS] ONTHMAaJIbHUX YMOB.

2. 3aranbHUA BMICT 3aBUCIUX PEYOBHH
(TSS) Bka3ye Ha KUTBKICTh TBEPANX YACTUHOK
abo marepiaii, siki nepeOyBaroTh y Bofi. Lle
MOXYTh OyTH TMiCOK, TJWHA, OpraHiuHi
PEYOBHHHU TOMIO.

3. 3aranbpHU BMICT PO3YMHEHHUX TBEPAMX
peyoBuH (TDS) BimoOpakae  KUIBKICTH
pPEUOBHMH, pO3UMHEHHX Yy Boal. Lle MoxyTh
OyTH coJil, METallu, XIMIUH1 PEUOBUHH Ta 1HIII
PO3UMHEH] PEYOBHHHU.

4. Hadronponyktu Tta mactuia (O&G)
MPEJCTABISAIOTH HA()TOMOXIIHI PEUOBHHH, SIK1

5. MOXYTh OyTH IIPUCYTHI y CTIYHUX BOJIAX
BiJl MPOMHUCIIOBUX TPOIECIB a00 BiJ CTIYHUX
BOJI aBTOTPAHCIIOPTY.

6. bioximiune cnioxuBaHHs kucHiO (BCK)
Ta xiMiyHe crnoxkuBaHHa KkucHio (XCK)
BKa3ylOTh Ha KUIBKICTh KHUCHIO, SIKHI
BHUKOPHUCTOBYEThCSA JUIsl  010J0TIYHOTO  a00
XIMIYHOTO PO3KJIAQy OpraHiyHUX PEUOBHH Y
Bozai. lle momomarae BH3HAUUTU OpraHiuyHy
3a0pyHEHICTh CTiyHUX Box [9].

3a0pyAHIOI0YI PEYOBUHH, IO MICTATHCS
y CTIYHHMX BOJIaX, MOXKHA PO3JAUIMTH Ha Pi3Hi
TUIH, K MOKa3zaHo Ha puc. 1. 3 Touku 30py
XapaxkTepy i CTYHCHS BUJIAJICHHS
3a0pyaHIoBayiB, OyJ0 3alpOMOHOBAHO 1
3aCTOCOBYETHCS KUIbKAa METOJIIB OYHIICHHS
Boau. OIiHKA AKOCTI CTIYHHMX BOJ BKIIIOYAE
OLIIHKY iX XiMIUHUX, (Pi3MYHUX Ta O10JIOTIHYHUX
XapaKTEePUCTHK. XIMIYHI  XapaKTEPUCTUKH
OLIIHIOIOTh KOHIEHTPAII0 Pi3HUX PEYOBUH Yy
CTIYHUX BOJAX, TAKUX SIK PO3UMHEHI METalH,
XIMIYHI CHOJTYKM Ta IHIII 3a0pynHIO0Yi
PEYOBUHHU. ®Di3uyHi XapaKTePUCTUKU
BKJIIOYAIOTh Taki MapaMeTpH, SK KOJip,
CTYIiHb MYTHOCTI Ta TemImepaTypy CTI4HOi
BOJM. Bionorivni XapaKTePUCTUKU
BU3HAYAIOTh HAABHICTh Ta KOHIEHTPALIIO
OakTepid, BOJHUX BOJOPOCTEH Ta IHIIMX
OpraHi3MiB, fKi MOXYTb OyTH HpPUCYTHI Y
CTIYHUX BOJAX.

Polluting substances

P

Suspensions

Soluble substances Floating

Sand and silt Anions Eoam
Organic substances Acids and bases oil

Organic substances

Heavy metals

Pesticides

Radioactive materials

Puc. 1. Tunu 3a6pyAHIOI0YHAX PEYOBHH, MIPUCYTHIX y cTidHuX Bomax (mxepeno: O. B. Akpor et al. [10])
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MopentoBaHHS KOHKPETHHUX KOHIICH-

Tpauid 1 XapakTepUCTUK CTIYHUX BOJ
JoroMarae BU3HAYUTH ONTHMAJIbHI METOIU
OUYMILIEHHS Ta 3a0e3meynTd  ePEeKTHUBHE
BUaieHHs 3a0pyaHiorounx pedoBuH. Lle

MOXKE BKJIIOYATH (Pi3UUHI HPOIECH, TaKi K
BiACTIHMKY, (inbTparis abo aepoOHI Ta
aHaepoOHI TIPoIeCH G10JIOTIYHOTO OYHUIIICHHS.
JUist TOCATHEHHS 3a/laHuX CTaHAAPTIB SKOCTI
BOJM B@KJIMBO BPAaxOBYBaTH KOHKPETHI
oTpeOu Ta XapaKTEePUCTUKH CTIYHUX BOJ, 1110
00pOOIISIFOThCSI.

Y  mammuHoMy  HaByaHHi (ML)
KOpUCTYBadaM HE MOTPIOHO MaTH JeTajbHEe
PO3yMiHHS BHYTPIIIHBOI peaiizamii. 3riIHo 3
II€I0 KOHIICTILI€I0, MOYaTKOBI HAabOpW JaHHMX
MOXKYTh CIYKHTU SIK HaBYaJIbHI BUOIPKHU IUIs
MOCTIHOTO OHOBIJIEHHS Moieneld. dpeitMBOpK
BUKOPHUCTOBYE METO/M MALIMHHOTO HaBYaHHS
JUIL CTBOPEHHS OCTaTOYHOI IIPOrHO3YIOYO1
Mozeni. IcHye Oarato pi3HHX aJITOPUTMIB
MAIIUHHOTO HaBYaHHS 3 pi3HUMH
TEOPETUYHHUMM OCHOBaMHU JJIi HABYAHHSA
Mojeneit. Bubip Halikpamioro anropurmy abo
YHIBEpPCAJIbHOI'O METOy HaBYaHHS MoJelel €
CKJIATHIM 3aBJaHHSAM. Y TaHOMY JOCIiKEeHHI
JUIS HAJIAIITYBAaHHS MoJieNi OyJIM 3aCTOCOBaHi
IBa MeTOIU M'sskux o0ugmcieHs — MLP ta SVR
[11]. Monessb, sika IeMOHCTpYBalla HallKpariy
BIJIOBIAHICTh, Oyjla BKJIIOYEHA B CTPYKTYpPY
JUISL TOCSITHEHHSI KpaIuX pe3yJIbTaTiB.

OnTtumizailis IITYYHUX  HEHUPOHHMX
mepex (ILIHM) mae BupimanbHe 3Hau€HHS
JUTSL TIIBUIIIEHHST TIPOJTYKTUBHOCTI MEpExi. Y
IIbOMY JOCIHI/PKEHHI OyJl0 BUKOPUCTAHO
GYHKITITO aKTUBAIil “Purelin” JUTS
MiABUILEHHS TOYHOCTI MPOTHO3YBaHHS JaHUX
3a JOMOMOTOI0 PI3HUX METOJIB HaBYaHHS
IIHM [12]. ®yukmis aktuBamii “Purelin”
Moke OyTH MaTeMaTHYHO BHU3HAYEHa 3a
J0TIOMOror0 piBHIHHS (1).

30BHINIHIN A1ana3oH QyHKIIT aKTUBALi
“Purelin” ckmamae [+1, -1]. Ha puc. 2
rpadigyHO MOKa3aHO CHMBOJ Ili€l QyHKII. Y
JaHOMY JOCIHI)KEHHI BUKOPUCTOBYBAJIACh IIs
byHKIis  akTHBAmil UL HOpMai3arii
BUXIIHUX JIaHUX, 3 METOI 3a0e3nedyuTu ix
3HA4YCHHS B MEXax JaHOoro miamazoHy. Jlis
onTuMizaiii Mepexi Oylu BHUKOPUCTaHI JIBi
MOJIeNIi INTYYHHX HEHPOHHHX MEpex 3
pisHuMH (QYHKUiSIMH HaB4yaHHA. [l 1poro
OITUMI3AIIHOTIO TOCJIIIKEHHS Oymo
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HaBYaHHS
TIOMHUJIKH
(LM) TUTSt
Modenen 3 5
IS KOXKHOI 3

BUKOPHUCTAHO AITOPUTM
3BOPOTHOT'O MOIIMPEHHS
JleBenGepra-MapkBap/ira
TPEHYBaHHS MEpPEKEBUX
MPUXOBAaHUMH  IlIapaMH
HaBYAJIBHUX (YHKIIH.
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Puc. 2. ®akTuuHU Ta MPOTHO30BAHUM PE3YIbTAT
yepe3 CFNN (mkepeno: Q. Xinyi [13])

Anroputm LM BHSIBUBCS
Hale()eKTUBHIIINM 1 MaB HAMEHIIY KiJIbKICTb
iTepariii cepen pi3HHX KOMOiHamii (QyHKIIIH
aKTUBALIl IS anpoKcuMarlii GyHKIIi 3 MEHII
HDK COTHEIO TIOHOBJIIOBAaHMX Bar. [Hmm
QITOPUTMHU  3a3BUYail BUMArarTh OuIblIe
iTepariii, Hixk anmroputM LM, xoua me came
TOW BHIIQJOK, SKUH PO3IIIAJAETHCS B I[LOMY
nociiykenHl.  Ilpaktuuno, anroputm LM
4acTo MOKa3ye Kpallli pe3yJbTaTH ONTUMIi3arii
JUIS PI3HUX THUIIB 33]1a4 NOPIBHAHO 3 1HIIUMHU
anropuTMamMu. Yci i aNrOpuUTMH BigOMi
CBOEIO MIBUIKOIO 301KHICTIO HAa PI3HUX TUIIAX

3amad. OriHka Mojeneil NpoBOAUTHCA 3
BUKOPHUCTAHHSAM TECTOBHUX JaHUX,
MOPIBHIOIOYM  OTPUMaHI  pe3yibTaTH 3

MIPOrHO30BaHUMHU 3HauyeHHsAMH. Kpim Toro,

JUIS  OLIHKH e(dEeKTUBHOCTI Ta TOYHOCTI
MOJIeTICH TIPOTHO3YBAaHHSI BHKOPHUCTOBYIOTHCS
pi3Hi METPHKH, 30Kpema

cepennbokBaapatuyHa nomuika (RMSE) Tta
xoedimient aerepminamii (R?). PospaxyHok
RMSE wMoXHa BHKOHATH 3a JOIIOMOTOFO
piBHSHHS (2).

Jletepminamiiiauii  xoedimienr  (R?)
BHU3HAYAETHCS 32 JOMOMOTOI0 piBHSHHSA (3) 1
BHKOPHUCTOBYETHCS IS OIIHKH Y3TOKEHOCTI

MDK OYIKYyBaHMMH Ta IPOTHO30BAHUMHU
3HaYeHHsAMHU. KpiMm Toro, s OIIHKH
eKCTO3ULLIT Ta MIPOAYKTUBHOCTI
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MIPOTHO30BAHUX  MOJIENIEH  3aCTOCOBYETHCS
cepenns abcomotHa momuika (MAE), ska
BH3HAYAETHCS PIBHAHHM (4).

VY wmiii poOOTI JOCHIIKY€ETHCS SKICTH
MIPOTHO30BAHUX MOJICNIeH, BHUKOPHCTOBYIOUH
i METPH, IO JO3BOJISIFOTH OIIHHUTH IXHIO
TOYHICT, Ta HAAIWHICTB. BpaxoByroum
XapaKTePUCTHKU IMBUAKOI 30DKHOCTI Ta
MPOJYKTHUBHOCTI ~ PI3HMX  THIMIB  3ajady,
AITOPUTMHU  ONTUMI3allil, BUKOPUCTAaHI B
IIbOMY  JIOCJTIPKCHHI, MAarOTh  BIJIIIOBIJIHI
nepeBarn Ta oOMexeHHsa. Anroputm Bl
JleBenOepra-Mapkpapara (LM) e ocoGimBo
eeKTUBHUM JUIsl ampokcuManii QyHKIii Ta
3a0e3rneuye HalKpalli pe3yibTaTH It JaHOTO

KOHTEKCTY, OCKUIBKM BiH 30iraerbcs 3
MEHIIIOK KUIBKICTIO iTEpalliii MOpIBHSIHO 3
iHmumu ~ anroputmamu  [14].  Ogpnak,
Bi/I0yBa€eThCs iTepaTUBHA onTUMi3aLig
MOJIeNIeH, M0 MOXKE 3aMHATH NEBHUM Yac Ta
pecypceu.

[linx wac mpoBemeHHS JOCTIIKEHb

BaXJIMBO BPAaxXOBYBAaTU SIK OI[IHKY TOYHOCTI
MOJIeIIeH, TaK 1 IXHI0 eeKTHBHICTh. OTpUMaHi
pe3ynbTaty, Taki sk 3HadeHHs RMSE, R? ta
MAE, wMoxyTh OyTH BHUKOPUCTaHI JJIs
MOPIBHSHHS PI3HUX MOJENEHd Ta OIIHKH iX
BiJIMTOBIAHOCTI Iepe10auyBaHUM 1 O4iKyBaHUM
3HAYCHHAM. MoJeNb 3 MCHITUMH 3HAYCHHSIMHU
RMSE Tta MAE BinoOpakae BUILYy TOYHICTb
MPOTHO3YBAHHSA IaHUX. Y TOM )K€ Yac, MOJIeIb,
ne 3HauyeHHs R? HaOmmkaerses 10 1,
JIEMOHCTpY€E OLIBINY y3TOIKEHICTh 3 JaHUMH.

Jns OLIIHKH e(eKTUBHOCTI
noOyI0BaHUX MoOJeNell BUKOPHUCTOBYIOTHCS
TaKi OKa3HUKH, K KoePiieHT kopemsmii (R)
1 cepenHbokBagpatnuHa mnomuika (MSE).
OnTUMaIbHOIO  BBAXKAETHCI  MOJACIb 3
MaKCHMaJIbHUM 3HAa4YeHHSIM R 1 MiHIMalIbHUM
3HA4YEHHSIM MSE. i napameTpu
JOTIOMAararoTh BH3HAYHMTH, HACKUIBKH TOYHO
MO/IEJIb IPOTHO3YE JaHi.

VY pesynbrati 0yno copMybOBaHO JB1
pi3HI MoOJENl: ITy4HI HEWPOHHI Mepexi
(ILTHM) Tta wmogenmi perpecii 3 ONOPHUMH
BekTopamu (SVR). J1yist miiBHIIEHHS] TOYHOCTI
MPOTHO3YBAHHSA /Ui HAaBUaHHS IITYYHUX

HEHPOHHUX Mepex OyJo BUKOPHUCTAHO
anroput™m JlesenGepra-Mapksapara (LM). ¥V
mporeci  HaBYaHHA  OyJI0O  BHKOPHCTAHO

¢ynkuiro HaByaHHsd TRAINLM ta ¢yHkuio
amantuBHoro HaBuaHHs LEARNGDM [15].
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MepexxeBa Monenb Oyina CTBOpPEHa HUIIXOM
HaJIAIITyBaHHS Bar Ta 3CyBIB HEHMPOHIB, sKi
3'€MHYIOTh pi3HI mapu Mepexi. KiibkicTh
MIPUXOBAHUX HEWPOHIB y NMPUXOBAHOMY Imapi
OyJ0 BHU3HAYEHO MUISIXOM 1TEPaTHUBHOTO
EKCIIEPUMEHTY, OLIHIOIOYH MPOAYKTUBHICTD
MOJICNI JJIA PI3HUX KUTBKOCTEH NMPUXOBAHHUX
HEHPOHIB.

CraTtucTruui na”i e(heKTUBHOCTI
MOJCJIEH INTYYHUX HEHPOHHUX MEpex s
MPOTHO3YBAaHHS PI3HUX TOKA3HUKIB SKOCTI
ctiunux Boj, Takux sk bCK, XCK, TSS, TDS
ta O&G, Oynmm po3paxoBaHi OKpPEMO IJis

KOXXHOrO  IIoKa3zHmka. Ile  J103BOJIHIO
aJICKBaTHO  OIIHUTH  BIUIMB  KOXXHOTO
napamerpa i OTpUMaTH 3HA4eHHS JJIsl CTIYHUX
Boa. TakuM dYMHOM, pO3IIISAAAUCS Ta

MOPIBHIOBAIKMCS PI3HI MOJEINI 3aJIEKHO BiJ
iXHBOT €(PEeKTUBHOCTI y MMPOTHO3YBAaHHI PI3HUX
MTOKA3HUKIB SKOCT1 CTIYHUX BOJI.

s OLIIHKH MPOAYKTUBHOCTI
PO3pOOJICHUX MOJIENCH BUKOPHCTOBYIOTHCS
3HAYEHHS, SIK1 MTOPIBHIOKOTHCS 3

nepea0aYeHuMH pe3ybTaTaMH, OTPUMAHUMHU
3a JIOMOMOTOI0 JBOX aJITOPUTMIB — IITYYHUX
HeiiporHux Mepex (ANN) i anroputmy SVR
[16]. ITix gac orinku poOOTH MOJENIEH TaKOXK
BPaxOBYIOTHCS OXUOKH, 10 BUHUKAIOTH TPH
00YHCIIeHH] BIAXUJICHb M1 MMPOTHO30BAaHUMHU
Ta IIJTLOBUMU pe3yibTaTamMu. J[s OImiHKH
TOYHOCTI pPOOOTH Mojeneld IMPOBOAUTHCS
BI3yaJIbHUH OIJISI TA aHaJll3 HU3bKUX 3HAUYEHb
MOXUOOK.

MopentoBaHHs 3 BHUKOPHUCTAaHHSM
METO/IB HaBYaHHS HEHPOHHUX MEpex Jae
perpeciifHi 3HayeHHsA. B ycix Bumaakax
3Ha4yeHHs1 KoedimieHta kopemuii (R) myxe
Onu3bke 110 1, 10 CBIAYUTH IPO TapHUM
IU3aiiH MoJeNi 3 TOYKH 30pYy HapameTpis.
[Momunku anmst  KOXKHOI  MOAET  TaKOXK
BPaxoBYIOThCS, 1 1€l MEeTOJ Ha/lae BakKIMBI
JaH1 71t T0OYI0BU MOJIEIIEH.

ITig qac MO/IEJTIOBAHHS 3
BukopuctanasiMm  Merony CFNN  Oynum
OTpUMaHi1 3HaYEHHs perpecii, 1 Bci 3HaAUYCHHS
koegiuienta kopemsuii  (R)  perpeciitHux
Mojened Oymu Omuspkumu jgo 1 [17]. Lle
CBITYUTH TPO BHUCOKY SKICTh MOJENEH, M0
Oy/nM HaBYeHI 3a JOMOMOIOI0 LIbOTO METOY.
Takum 9MHOM, BUKOPUCTAHHS IIHOTO HOBOTO
MiAXO0ly 1O MAIIMHHOT'O HABYAHHS JI03BOJIUIIO
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YCHIITHO MPOTHO3YBAaTH JaHI Ta CTBOPIOBATH
edexTrBHi Mozeni (puc. 3-5).
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Puc. 3. ®axtuunuit Ta nporHo3osanwuii pezynsratr BCK uepe3 SVR (mxepeno: D. K. Jana et al. [18])
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Puc. 4. ®axtnunuii Ta npornoszosanuii pesyaprat XCK yepe3 SVR (mxepeno: D. K. Jana et al. [18])
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W

Response (ogpred)

ogout

Puc. 5. ®axkTuuHuit Ta MporHo3osanuii pesyaprar TSS uepe3 SVR (mkepeno: D. K. Jana et al. [18])

[TopiBHSIHHS BUXITHUX 3HAYCHb CTIYHUX
BOA 3  IPOTHO30BAaHMMH  3HAYCHHIMH
napamerpiB BCK, XCK, ta TSS, orpumannmu
3a gomnomoror anroputMy SVR, 300paxkeHo
Ha puc. 3, 4 Ta 5, BiAMOBinHO. BizyanbHwMii
OIVISAJ Ta MEHIII 3HAYEHHS IMOXMOOK CBia4yaTh
po ycmimHy po3poOky moxeni. Koedimient

nerepminamii  (R?), cepemns abGcomoTHa
noxubka (MAE), cepenHs kBajgpaTudyHa
noxubka (MSE) Ta cepeaHbokBajpaTHUHA

noxubka (RMSE) Oynu pospaxoBaHi s
KO)KHOTO TapaMeTpa Ta METOJy HaBYaHHS.
[IpencraBieHO KOMIUIEKCHUN MOPIBHSAIbHUM
aHaJi3 IUX pEe3yJIbTaTiB pa3oM 3 OLIHKOIO
MPOJAYKTUBHOCTI MOJENI JUIsl KOKHOTO THITY
BXIIHUX-BUXITHUX JAHUX.

Tabmuist 1 MICTATH CTHUCHHI OIJIAL
pe3yabTaTiB MoHiTOpHHTY. Llelt perpeciiinuit
aHami3  JOCHDKY€  BIAMOBIAHICT  MIDK
OYIKyBaHMMHU Ta BHUMIPSIHUMHU 3HA4YE€HHSIMHU
naHuX. Pe3ympTatW TOKa3yloOTh, WO BCi
METOAM HaBUaHHs], BUKOPUCTAHI B IbOMY
JOCIiKEeHHI, JIEMOHCTPYIOTh BHCOKY
TOYHICTh Yy MpPOrHO3yBaHHI naHuX. OnHak,
SKIIO TTOPIBHIOBATH, TO IITy4YHa HEWpPOHHA
mepexka  (IHHM)  nemoHcTpye — BHILy
€(EeKTHUBHICTb 3 TOYKH 30py MPOTYKTUBHOCTI
MoOJIeJIi TIOPIBHSAHO 3 METOJOM perpecii Ha
OCHOBI onopHHX BeKTOopiB (SVR).

Ha puc. 6 mnpencraBieno rpadidne
MOPIBHSIHHSI PE3YJIbTATIB MOHITOPUHTY JUIS
BCIX mapameTpiB, o OyJd B3ATi 3 BIIKPUTHUX
JaHuX iHmEX gociimkeds [18]. I'padiunumii
aHaJIi3 OJIHO3HAYHO IiITBEPIKYE, IO MOJIENb
ANN € HaileQeKTUBHIIIOW Yy JOCATHEHHI
BUCOKOI BIAIIOBIJHOCTI MK JAHUMH JUIS BCIX
napameTpiB. 3aleXHO BiJl HAsBHUX JaHUX,
METO]T HaBYAHHSI ITYYHUX HEHPOHHUX MEPEK
MOke OyTu 3MiHeHHH, 000 3a0e3neyuTH
ONTHUMAJIbHY BIANOBITHICTh MK BUMIPSIHUMHU
napameTpamu Ta MIPOTHO30BAHUMU
3HAYCHHSIMHU.

OTxe, 3aCHOBYIOUHCh Ha MPOBEACHHUX
JOCTIPKEHHSAX, MOKHa 3pOOMTH BHCHOBOK,
10 BCl BUKOPUCTaHI METOJM HAaBUAHHS JajH
BHUCOKOSIKICHI TPOrHO30BaH1 AaHi, mpote ANN
BUSIBIJIACS Halle()eKTUBHILIOW 3 TOYKHU 30pYy
MPOAYKTUBHOCTI ~ Moxeni.  [IpencraBneni
rpadiky Ta aHali3 MOKa3yloTh, 110 PO3p0o0IIeH]
Mozenl 3a0€31evyI0Th TOYHICTB 1
BIIIOBIAHICTH TaHUM. BpaxoBytoun
XapaKTePUCTHKH JIOCTYITHUX JaHHWX, MOXKe
OyTu BUOpaHUil BIAMIOBITHII METO1 HABYAHHS
TUTSL HAMKpAIIUX pe3yJIbTaTiB.

Tabnuit 1. Pesynpratu MmoHiTopuHry (mkepeno: K. Sharma [19])
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Tpenver Metox R2 | MAE | MSE | RMSE
MOHITOPUHTY
[Ipsme 3BopotHe posnoscromkenns (MLP) | 0.99914 | 0.33251 | 0.23816 0.48801
BCK Kacka/iHe 3B0pOTHE HOIIUPEHHS 0.99845 | 0.21291 | 0.42838 0.65451
SVR 0.92 0.34729 | 0.24948 0.49948
[Ipsme 3BopotHe posnoscromkenns (MLP) | 0.99949 | 1.60832 | 5.55047 2.35595
XCK KackajiHe 3B0OpOTHE HOIMIMPECHHS 0.99999 | 0.006 0.00031 0.01771
SVR 0.85 1.5873 5.0358 2.2441
[Ipsme 3BopoTHe posnoscrokenns (MLP) | 0.99919 | 0.46111 | 0.36018 0.60015
TSS Kacka/tHe 3B0OpOTHE HOIIUPEHHS 0.99994 | 0.11892 | 0.02743 0.16562
SVR 0.89 0.38755 | 0.29855 0.5464
IIpsime 3BopoTHE po3noBcropkenHs (MLP) | 0.99997 | 2.85359 | 36.30566 | 6.02542
TDS Kacka/tHe 3B0OpOTHE HOIIUPEHHS 0.99992 | 8.00436 | 110.00656 | 10.48841
SVR 1 6.1056 76.129 8.7252
[Ipsme 3BopotHe posnoscromkenns (MLP) | 0.9978 | 0.12155 | 0.03571 0.18898
0&G KackajiHe 3B0OpOTHE HOIMIMPECHHS 0.99973 | 0.03509 | 0.00433 0.06582
SVR 0.96 0.12371 | 0.03133 0.17701
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Puc. 6. I'padivune npencTaBieHHs BUMIPSIHAX 3HAYCHD PI3HUX ITapaMeTpPiB CTIYHUX BOJ
BanOBYIOqI/I PE3YIbTATH MMPOBEACHOTO CBOIN CTarTi BOHHU MMPpOACMOHCTPYBAJIN

JOCITIIKEHHS, MOXHa  CKa3arw, 110
BUKOPUCTaHHS HEHPOHHOI Mepexi Moxe
3HA4YHO MOKPALIUTH OKa3HUKU BUMIPY SKOCTI
CTIYHMX BOJ Ta OLIHKM HPOJYKTUBHOCTI
poOOTH OYMCHUX CHOpyA. Takoxk J0JaTKOBO
BapTO TMpOAHATI3yBaTH I1HIN JaHI JESIKHX
BUCHHMX, $KI TaKOX BHBYAIA OCOOIMBOCTI
BUKOPUCTaHHS HEMPOHHMX MeEpeX y MAaHii
cdepi.

Hocmigauku N. D. Singh et al. [20]
NPOBEJIM  EKCIIEPUMEHT, CIPSMOBAHUH Ha
pO3poOKy MOJEINI OYHWINEHHS CTIYHUX BOJ 3
BUKOPDUCTaHHAM IITYYHOTO IHTENEKTy. Y
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nepeary mnporHo3yBaHHs XCK (xiMmiuHOT
CIIO’KMBAHOCTI KUCHIO) 3a ponomororo [HTHM
(IITYYHUX HEWPOHHUX Mepex) MOPIBHSAHO 3i
CTaHJApTHUM MaTeMaTHIHUM
MOJICNIIOBaHHSAM. JIOCIITHUKH BUKOPUCTAIN
WTY4YHI HEWpPOHHI MEpexi, Kl € OJHUM 3
OCHOBHMX IHCTPYMEHTIB LITY4YHOT'O 1HTEJIEKTY,
mis  nporHosyBanHs XCK y  mporreci
OYMILEHHS CTIYHUX BOJ. BoHU mnoOpiBHAIM
pe3ynabTaTd TPOTHO3YBaHHs, OTpPHMaHi 3a
ponomororo  IIMIHM, 3 pesynbraramu,
OTPUMAaHUMH 3 BHUKOPHCTAaHHIM CTaHIAPTHOL
MaTeMaTHuHoi Mozeni. BusBumocs, 1m0
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Bukopuctanass [IIHM y  moxpemtoBaHHI
nporHody XCK mpusBeno npo Kpammx
pe3yabTaTiB  TMOPIBHSAHO 31 CTaHIAApTHOIO

MaTeMaTu4HOI0 Mojeiutro. Ile o3Haugae, 1110
MTYYHUH 1HTEIEKT MOXKe OyTH e(EeKTHBHUM
IHCTpyMEHTOM sl  NPOTHO3YBaHHS 1
KOHTPOJIO SKOCTI OYHINEHHS CTIYHUX BOJI.
Xoua AoCTiIKEHHS, CIIPSMOBAaHE Ha PO3POOKY
Mozenl OUUIIEHHA  CTIYHHUX  BOA 3
BUKOPUCTAHHSM IITYYHOTO 1HTENEKTY, MOXKE
MaTH CBOi IepeBaru, BOHO TaKOX Mae€ JesKi
HE/IONIIKH, $IKi MO)XKHa BpaxyBaru. Jleski 3
TaKuX HEIOJIKIB BKJIFOYAIOTh: IUIA
e(eKTUBHOTO HABYAHHS MOJEJICH MITYYHOTO
IHTEJIEKTY HEOOX1HI BEJIMKI OOCATH SIKICHHX
Ta  PENpe3CHTAaTUBHUX  JAHWUX;  BHOIp
MPaBWIBHOTO alNTOPUTMYy Ta apXiTEKTypH
IITYy9HOI HEHPOHHOI MepeXi € BaKIUBOIO
3a/1auer0 Mpu po3poOIl MOJeNi OYHIIEHHS
CTIYHUX BOJ; IITYYHI HEHPOHHI MEPEXKi 4acTo
BBAXKaIOThCS “qopHUMU CKpUHBKaMHU”,
OCKUTPKM  IX  pIIEHHA MOXYTh OyTH
CKJIQJIHUMHU [UIsl TIOSICHEHHS; BUKOPHCTAHHSA
IITYyYHOTO 1HTEJNEKTY Yy cdepi OUYHUIIECHHS
CTIYHUX BOJ TaKOK BUKJIMKAE MUTAHHS €TUKU
Ta OE3MEKH.

S. Pezhhanfar et al. [21] mnpoBenu
JOCTI/DKEHHS, M0 BKIIOYAIO 3aCTOCYBAaHHS
HEHPOHHUX MEPEX, 130TepPM Ta KIHETHYHUX
BUMIPIOBaHb JIJIi OYMILNEHHS CTIYHHUX BOJ 3
BUKOPUCTaHHAM  0Opi3aHOro  MaTepiaiy
Populus alba. Ile gocmikeHHs BUSBHIIO, IO
oOpi3aHa Tupca TBEpAOi JEPEBUHH JepeBa
Populus alba wmae Bucoky ancopOriitHy
3/IaTHICTh, fKa MOXXe OyTH BHKOpPHCTaHa B
MpoLeaypax OYMILIEHHS CTIYHUX BOJ. AHai3
OTPUMaHUX JaHHUX 130TEPMIYHUX TOCIIIHKEHb
MOKa3zaB, IO Mporec aacopOuii HaWkpaiie
MOSICHIOETHCSI MOJIEIITIO 130TepMu JIeHrMiopa 3
BHUCOKUM KoedirieHToM kopesnsuii. Kpim toro,
i Jac MIPOBEICHHS OCHIKEHHS
BHKOPHUCTOBYBajiach HelipoHHa ANN-MO/Ieb,
gKa 3MOTJla TPOBECTH JOJATKOBHUI aHali3
oTpuMaHux  pesyapraTiB. [Ipore, Oyio
BHIIJIEHO [EKIJIbKa HEIOJIKIB, a caMme:
OOMEXEeHICTh Y BHUKOPUCTaHHI aHaJIOTOBUX
pPEYOBUH JUISI OYHMINEHHS CTIYHUX BOJ,
MO>KJIUBICTh Bapialliil pe3yJbTaTiB OYUIIEHHS
B 3QJICKHOCTI BiJl YMOB MPOBEICHHS OYHCTKH,
€KOHOMIYHI BUTpaTH JIOCUTh BHCOKI ISt
MOCTIHOTO BUKOPHUCTAHHS TiJ] 4aC OYUIICHHS
BOJIY, y JOCTIPKCHH] HE BpaXOBaH1 HEraTHBHI
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BIUTUBY HA HABKOJIMIIHE CEPEIOBHIIE TOIIO.
BpaxoByroun 11i HENONIKH, TOCIHITKCHHS
BHOCSITh BXKJIMBUH BHECOK Yy PO3YMIiHHS
MOXKJTUBOCTC  BHKOPUCTAHHS  IITYYHOTO
MaTepiany IS OYHUINCHHS CTIYHHX BOJ. Jlis
MO/IAJIBIIIOTO PO3BUTKY Ii€1 Tamy3i JOCTITHUKH

MOXYTb  30CEPEOUTHCS HA  BHPINICHHI
BUSIBJICHUX  HEAONIKIB Ta  PO3IIUPEHHI
MOXIIMBOCTEH  3aCTOCYBaHHS  IITYYHOTO

MaTepiaiy Ui OYUIIEHHS CTIYHUX BOJI.

B. Yang et al. [22] mnposeu
JOCIIJKCHHSI, BUKOPUCTOBYIOUM  TIHOOKE
HaBYaHHS 7151 IPOTHO3YBaHHS SIKOCT1 CTIYHUX
BOJ y BOJIHO-00JOTHHX YTiISX.
BukopucroByrouu HEUPOHHY MEpEKY
ITMOOKOT0 HABYaHHS, BOHHM 3MOTJIM YCIIIIIHO
MIPOrHO3YBaTH AKICTb CTIYHUX BOJI

HACTYITHOTO JHS JUJIS BEIMKOMACIITaOHUX
KOMIUIEKCIB ~ BOJHO-OONIOTHHX  YTiAb Ta
BCTaHOBUTH 3B'A30K MiX 310paHuMu Habopamu
JAHUX 3 PI3HUX JPKEpe 1 IKICTIO CTIYHUX BOJI.
[NopiBHsBIIM YOTUPH MoIei JUISL
MPOTHO3YBaHHS TPHhOX TIOKA3HHKIB SKOCTI
CTIYHMX BOJ, MOCHIIHUKU IIMIIIA KIJIBKOX
BHCHOBKIB. Y BHIaJKaxX, KOJIM BXigHi JaHi
JEMOHCTPYIOTh 3HAYHI KOJIMBAHHS, METO]
KOB3HOI'O  CEpPEJHBOI0 MOXKE €(PEKTUBHO
YCYHYTH BHCOKOYACTOTHHM ITyM, TUM CAMHM
MiBUIIYKOYHA  TOYHICTH  MPOTHO3YBaHHS,
0COOMBO B peajbHUX BEIMKOMACIITAOHUX
nojaTkax. Y TOPIBHSHHI 3 METOJOM
MHOXHMHHOT  JiHidHOi  perpecii  (MLR),
HEHPOHHOI0 MEPEXKEI0 MPSIMOT0 MOUIUPEHHS
Ta HCHPOHHOIO MEPEkKEI0, ONTHMI30BAHOIO 32

JOTIOMOT'OX0 TE€HETUYHOTO ITOpUTMY,
HEWpOHHA Mepexa TIUOOKOTO HaBYaHHS
LSTM [IPOAEMOHCTPYyBaja qyI0BY

e(eKTUBHICTb MPOTHO3YBAHHA [UIsl JAHUX
YacoOBUX psJiB, TakUX SK SAKICTb BOJH.

BukopucroByroun CBOIO 3/1aTHICTh
BpaxoBYBaTH nornepeHi pe3yabTaTh
HaByaHHs, Mepexka LSTM  BusBuiacs

MPUAATHOK JJIi TOYHOIO IPOTHO3YBAHHS
sakocti Boau. lleW mimxin mo3Boiisie poOutu
IIBUJIKI MPOTHO3M B peallbHUX CIEHapisX,
BUKOPHCTOBYIOUH BEJIMKHUI Hab1p
JIETKOJOCTYITHUX TOKa3HMUKIB SKOCTI BOJM.
KpiMm Toro, BUKOpUCTaHHS HEMPOHHOI MEpexi
LSTM ycyBae HEOOXIAHICTh MPOBEACHHS
JOPOTUX EKCIIEPUMEHTIB JUIsl OTPUMAaHHSA
pi3HuX mnapameTpiB s MmojaemoBaHHs KC
(xinetuuHoi cxemu). OTxe, 1€ JOCTIIKEHHS
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BHCBITIIIOE IIOTEHIAJ METOMIB TJIMOOKOTrO
HaBuaHHs, 30kpema LSTM, 'y cdepi
NPOTHO3YBaHHS  SIKOCTI  CTIYHMX  BO[I,
MPOIMOHYIOUM 0araToo0IIM0Yl TEPCIeKTHBH
JUIsl MalOyTHIX 3acTtocyBaHb. L[i BHCHOBKH
MiJKPECIIOITh ~ BAXKIMBICTh  BPaxyBaHHS
3MIHHUX (hakTopiB, BUKOPUCTAHHS
BIJMIOBITHUX AITOPUTMIB Ta 300py SIKICHHX
MaHUX Ui I[IOJIIIIIEHHS TOYHOCTI Ta
e(pEeKTUBHOCTI IIPOrHO3YBaHHS. Hani
JOCIIJDKEHHS B I raigy3i MOXYTh CIPHUATH
PO3pOoO0IIi OUIBIIT TOYHUX Ta HANIUHUX MOJIETICH
JUIsl  YOPAaBIIHHSA SKICTIO CTIYHUX BOJ 1
30epeKEeHHsI BOJTHUX PECYpPCiB.

[IpoBeneHe NOCTIIKEHHS OKa3ajIo0, 0
Mojiesib ANN IeMOHCTpY€ BUCOKY TOYHICTB Ta
HAJIMHICTD y BHU3HAYCHHI ONTHUMAJbHUX
mapaMeTpiB JUIsi OYHUIICHHS TPOMUCIOBUX
CTiuHUX BoJl. BoHa MO>Ke BpaxoByBaTu 0araro

daktopiB, Takux K  (i3HKO-XIMIYHI
XapaKTePUCTUKH  CTIYHUX  BOJ, PEKUMH
poboTtu OYMCHUX CHopy, 00'eMHi

HAaBaHTAKCHHS Ta IHINI BXIJHI IapaMeTpH.
3aBAsSKM 3MATHOCTI HEHPOHHUX MEpEeX 0
CaMOHaBUYaHHS Ta aJIalTallii 10 3SMiHHUX YMOB,
Mozmenb ANN MoXe ONTHUMI3yBaTH TPOIIEC

OYHUIICHHA CTIYHHX BOJ IIIAXOM
ABTOMAaTU4YHOI'O BI/I60py OIITUMAJIBHUX
HaJIalITYyBaHb CHUCTCMU. I_Ie JO3BOJIsIE
JocAraTtu e(i)eKTI/IBHOFO BUJJAJICHHA
3a6pyz[H10}0qu pPCUYOBUH Ta 3HUIKYBATU

eKcIuTyaTaniiiai Butpatu. Kpim toro, Mmozaens
ANN  3alesmedye  IIMPOKHMH  CHEKTp
MOJKJIMBOCTEH ISl aHAITI3Y Ta MPOTHO3YBaHHS
BIUIMBY TPOMHUCIIOBUX CTIYHMX BOJ Ha
MOBKULIA Ta €KOCHCTEMH. BOHA [103BOIISIC
OLIHUTH PHU3UKU 3a0pyJHEHHS  BOJHUX
pecypciB Ta BUBHAUUTU ONTUMAJIbHI CTpaTerii
JUIi 3MEHILIEHHS HEraTMBHOIO BIUIUBY Ha
HABKOJIMIIIHE CEPEOBHUILIE.

YV mifi TeMi MOXINWBI  ITOJAIBIII
JOCTIKEHHS, CIpPSIMOBAaHI Ha PO3IIMPEHHSA
3HaHb 1 MOKPAIIEHHS e()eKTUBHOCTI OUUILIEHHS
cTiuHuX BoA. Ocb JeKUIbKa HaNpPSMKIB
JOCHIJIKEeHb, SIKI MOXYThb OYyTH KOPHCHUMHU:
BUBUEHHS 1 pO3poOKa HOBHX METO[IB
OYMILEHHS  CTIYHMX  BOJ,  BKJIIOYAIOYH
BUCOKOE(EKTUBHI  (QUIbTpAIiiiHI CUCTEMH,
Ipolecd  BIAHOBJIEGHHS  pecypciB  Ta
IHHOBAIIIHI METOau OOpPOOKH CTIYHHX BOJI;
JOCHIJKEHHsT MOXYTh OYyTH CIpsSIMOBaHI Ha
BUKOPHUCTAHHS  HOBUX  MaTepiaiB A
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MOKpAIICHHs ~ OYMINEHHS  CTIYHHX  BOJ,
HanpuKiaa, BIOPOBA/KCHHS HaHOMAaTEepialiB
IUIs BUJIQJICHHS 3a0pYIHIOIOUYHUX PEUOBHH 200
po3poOKa  cHemianbHUX  MeMOpaH Ui
¢dbimpTparii; momnimeHHs e(QeKTUBHOCTI Ta
ONTUMI3AIlI0 PI3HUX MPOIECIB OYHIICHHS
CTIYHUX BOJ, IO BKIIOYAE OITHMI3AIIIO0
pexuMiB poOOTH, BHUKOPHCTAHHS PO3YMHHX
CHCTEM  KEpyBaHHsS, MOJCIIOBaHHS  Ta
MPOTHO3YBAHHS  MPOILECIB;  JTOCIIIKCHHS
MO>KJTMBOCTEH BUKOPUCTAHHS
QIbTEPHATHUBHUX JDKEPEN BOAM, TaKUX SK
JI0IIOBA BOJIA, BiJIXO/IH Xap4oBOi
MIPOMHCIIOBOCTI a00 BiAmpanboBaHi BOIU, IS
MOJIAJIBIIIOT0 BUKOPHCTAHHS, IO CIPHITAME
€KOHOMIi TpicHOI BOJU Ta 3MCHIICHHIO
BUKOPHUCTaHHS BOJHHX PECYpCiB; po3poOka
HOBHX METOJIB aHaNi3y Ta MOHITOPUHTY
CTIYHUX  BOJ, IO MOXE  BKJIKOYATH
BUKOPDHUCTaHHA  CyYaCHUX  aHATITUYHHUX
IHCTPYMEHTIB, CEHCOpPIB Ta JaTYMKIB IS
BU3HAYCHHS KOHKPETHHUX XapaKTEPHCTUK 1
3a0py/IHIOIOYMX PEUOBHH y CTIYHHMX BOJAX; 3
ypaxyBaHHSM 3POCTaHHS KJIIMATHYHUX 3MiH,
JOCITIJKCHHST MOXYTh  30CEPEIMTHUCS Ha
BUBYCHHI BIUTUBY 3MiH KJIIMaTy Ha SKICTh Ta
XapaKTePUCTHKH CTIYHUX BOJ; PO3poOKa
e(pEeKTUBHHIX CHCTEM TIOBTOPHOTO
BUKOPHUCTAHHSI Ta YTUIi3allil CTIYHUX BOJ, 110
BKJIIOYA€ BUBYCHHS TEXHOJOTIH OUYHUIIECHHS
CTIYHUX BOJI AJISl MOAAJIBIIOT0 BUKOPUCTAHHS
y TPOMHCIOBUX TpOIECcaX, CUIbCBKOMY
TOCHOJApCTBl, a TaKoX pPO3pOOKY METOIB
OoOpoOKM CTIYHMX BOJA JUIsl OTPUMAHHS
pecypciB, TakuX SIK eHepris, noOpuBa abo
MTUTHA BOJIA.

BucHoBKH

Ie nocnimxeHHs Oyno 30cepeakeHe Ha
BUBYCHHI YIPABIIHHS CTIYHUMH BOJAMH, IO
YTBOPIOIOThCST Ha  mignpueMcTtBax. s
pO3B'sI3aHHS MPOOJIEMH YTUJII3AIll CTIYHUX
BOJA Ta BIAXOMIB BUPOOHUIITBA MHUIOYUX
3aco0iB  OyJ0 MOCHIDKEHO Pi3HI METOIH
ounteHHs. L{i METOM BKITIOYAIOTh MOBITPSHY
(raorarito, XIMIYHY KOaryJisiio,
BIJICTOIOBAHHS Ta KOMIUIEKCHHUI IAXIT 10
010JIOTIYHOTO OYMILEHHS 3 BUKOPHUCTAHHSIM
pPETENbHO MEePEMIIIAHOTO aKTUBHOTO MYTy. Y
IbOMY  JIOCHIIJDKEHHI ~ BUKOPHUCTOBYBABCS
niaxig SVR 11 nporHo3yBaHHs mapaMmeTpiB
cTiuHux BoA. LI mapamerpu BKIIOYAIOTH
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ximiune  crokuBaHHa ~ kucHiO — (XCK),
Oionoriuae cnoxuBanHs kucHio (BCK),
3arajbHy KUIBKICTh PO3YMHEHHX pPEYOBHH
(TDS), 3aranbHy KiJbKiCTh 3aBUCIIUX PEUOBHH
(TSS), a Takox opraHi4Hi pEYOBHHU 1 MY
(0&QG). Hnst 1IOTO JIOCITIJIDKEHHS
BUKOPHUCTOBYBaBCs Ha0Ip JaHUX, 1110 OXOIUTIOE
MIECTUMICSYHUHN TIEPIOJI.

Mopgeni MTYy4YHUX HEUPOHHUX MEPEexK
(ANN) Ta amroputmy SVR Oynum mimmaxi
omnrTuMizamii 3a JOIIOMOIOK  BIAIIOBIIHUX
MeToJiB. Pe3ynbratu CBig4arh, IO OLIBII
TOYHI MPOTHO3M MOKHA OTPUMATU MPH
HAsSBHOCT1 OUTBIIOT KUTBKOCTI BXIJHUX JIaHUX.
30kpeMa, MoJieNb, sIKa BUKOPHUCTOBYE METOJ
npsiMoro 3BopoTHoro mnowmupeHHs (MLP),
TI0Ka3ana HaiKpaii pe3yapTaTu (3HaueHHs R2
= 0.99, MAE = 0.33, MSE = 0.24 i RMSE =
0.49) nna mnokasmuka BCK mopiBHSHO 3
IHIIAMA METOJaM{ MAIIMHHOTO HaBYAHHS.
OtpumaHni MoJeni MOXYTh 3aCTOCOBYBATHCS
Uil onTUMi3alii poOOTH OYUCHHUX CIIOPYA Y
HACTYITHUX JIOCIIIKCHHSIX.

Haiikpama monenp moka3ana BHCOKY
kopemsnito (r = 0.99). IlopiBHiorOYM 1Ii
pe3yJIbTaTH 3 TIOMEPEIHIMU JOCITIKEHHSIMH,
OyJ10 MOMIY€HO, 110 TPOTHO30BaHI PE3yIbTaTH
MEPEBUIIHIIH pe3yabTaTi MoTepeHiX
nociimkens (N = 0.74), He3Baxaroun Ha
BUKOPHUCTAHHS MIHIMaJbHUX Napamerpis. Lle
MIATBEP/KY€E BAMIIHICTh 1 JOCTOBIPHICTH
OTPUMaHUX JAHUX Ta MPAKTUYHY LIHHICTh
MoOJieNli 3 1HKEHEPHUMM PEKOMEHAALISIMHU.
Baninnicte Mopeni, po3poOsieHOI B I[bOMY
JOCIIIJIKEeHH, Oyne NepeBIpeHo B
JOBIOCTPOKOBHX MPOTHO3aX, KOJIU CTaHYTh
JIOCTYITHUMH JTOJIaTKOBI JaHi.

3anpornoHOBaHUIl METOA MOXe OyTu
pPO3MIMPEHU 10 BUKOPUCTAHHS MOJEJeH
HeuiTKoi Jioriku 2-ro tumy Ta simulink-
Mojenielt 'y MaiOyTHIX nociijpkeHHsax. Lle
BIJKpHBA€ TEPCHEKTUBH ISl TIOAAIBIIOTO
PO3BUTKY Ta YJOCKOHAJEHHS METOJO0JIOrI]
OUHMIIEHHS  CTIYHMX BOA y  MMHHHIN
npoMHUCIOBOCTI. OUUIIEHHS CTIYHUX BOJ €

BOXJIMBOK  3aJader0 A 30epeskeHHs
JOBKULIS Ta 3a0e3MeyeHHs MUTHOI BOJU.
BukopucranHs ~ HEMpOHHUX  Mepex Yy

METOAOJIOTI] OYMIEHHS CTIYHHX BOJA MOXeE
MNPUBECTH JO MOJAJIBIIOTO PO3BUTKY Ta
ylnockoHaneHHss — mporecy. Ocb  KijbKa
HampsIMKiB, SIKI MOXHA PO3MJISHYTH JUIs
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JNOCSTHEHHS IMX IUIEH: TPOTHO3YBaHHS
SKOCTI CTIYHMX BOJ Ha OCHOBI BXIJHUX
napaMeTpiB, TAKUX K KOHIIEHTpPAIlisi pEYOBHUH,
Temneparypa, pH Toio; ontuMizarisi pi3HUX
€TalliB MpOIECY OYUIIECHHS CTIYHHX BOJI,
TakuX K  (i3uko-xiMiyHe  0OpOOIeHHS,
OloJloTiyHEe  OuYMINEHHS Ta  (UIBTpALis;
BUSIBJICHHSI aHOMAJII Yy TPOIECI OYHUIICHHS
CTIYHUX BOJI.
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template is available at: http://www.ipai.net.ua).
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e license agreement authorizing the use of the work signed by the author (sample license agreement is available at:
http://jai.in.ua/images/pdf/LicDogovirUA2.pdf);

e under the terms of a Creative Commons «Attribution-NonCommercial-NoDerivs» License, the founder of the journal («Licensor») grants a
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A0 YBAI'M ABTOPIB

Kypuan «ryunnii inrenext» («Artificial Intelligence») e nepioguusnm HaykoBMM BupaHHsAM, pekomenmoBanuM MOH Vkpainn s
oIy OJIiKyBaHHS OCHOBHHUX Pe3yJIbTaTiB HAYKOBHX JOCIII/KEHb 32 rainy3samu « Dizuko-mareMaTH4Hi HayKu» Ta « TeXHI4HI HayKi» 3 METOK BUCBITICHHS
OTPUMAaHUX HOBHX HAYKOBHX 1 IPAaKTUYHUX PE3yJIbTATIB, IO HE MyOIiKyBaIucCs paHilie y BIAKPUTIH npeci.

J1o po3riIsiLy NpHUilMaroThCs PYKOINCH 38 HAYKOBHUMH HAINPSIMAMHU:

KOHIIENTYaJIbHO-TEOPETHYHI MPOOJIEMHU LITYYHOTO IHTEIEKTY i MO/ICITIOBAHHS;
OioxibepHeTHYHI Ta ()i3HIHI OCHOBHU IHTEINIEKTY,
IHTEJIeKTYyaJIbHI TEXHOJIOTIi B KOMYHIKAI[IHHUX CUCTEMAaX;
IHTEeNEeKTya bHi CHCTEMU HABYAHHS;

MPUPOTHOMOBHI CHCTEMH;

CHCTEMH PO3Ii3HABAHHS 1 CIPUIHATTI 00pasiB;
MPOrPaMHO-TEXHIYHI 3aCO0H IHTEIEKTyalbHUX CHCTEM;
IHTeNeKTyas bHi TEXHOJIOTi MPUHHATTS PillieHb;

Teopis Ta 3ac00U 0OUHCITIOBANBHOTO IHTENEKTY,
MIPUKJIA/IHI IHTENEKTyalbHI TEXHOJIOTIT Ta CUCTEMH;
KOH(epeHLil, AUCKYCil.

Po6oui MoBH: aHIIilichKa, ykpaiHchka. CTaTTi MyOMiKyIOTECS 2 pa3d Ha Pik MOBOIO OpHTiHaTy. baxkaHo HajCHIaTH CTATTi AaHITIIHCEKOI0 MOBOIO.
Pykoricu MaioTh OyTH peTenbHO BiapenaroBati it oopmiIeHi 3rigHO 3 BUMOTaMu
(Bebpecypc HaykoBoro BunanHs «LLTy4nuit intenekm»: http://jai.in.ua/index.php/iadopmauis-is-aBropis?f =46):

o6csr crarti 10 -15 cTOpiHOK, BKIIOYAI0OYH PHCYHKH, TabuLi, rpadiku, 6i6miorpadidnuii omic mxepen Ta ingeke Y JIK;

Ipi3BHILE, iM s, 0-0aTEKOBI aBTOpa (-iB), Ha3Ba CTATTi, Ha3Ba Ta ajpeca YCTAHOBH aHIJIHCHKOIO MOBOIO y pa3i yKpaiHOMOBHOI CTaTTi
JIyOII0€TBCS YKPATHCHKOI0 MOBOIO;

aHoTawis (KopoTKa iHpopMalis PO OTPUMaHi pe3yIbTaTH) Mae HanidyBaTd 1800 npyKoBaHHX 3HAKIB 3 MPoOiIaMH aHIIIIHICEKOI0 MOBOIO (Y
pasi yKpaiHOMOBHOI CTaTTi AyOIIOETHCS YKPATHCHKOIO MOBOIO);

KJIFOUOBI CJIOBa: 6—8 cIIiB (CIIOBOCIIOINYYEHb) aHTITIHCHKOI MOBOO (Y pa3i yKpalHOMOBHOI CTAaTTi yOIIO€THCS YKPATHCHKOK MOBOKO);
ORCID ko>xHOTO 3 aBTOPIB CTAaTTi;

omuc 6ibmiorpadivyHuX MHKEPEs HATAETHCS 3aralbHAM CIIHCKOM HAPHKIHII CTATTI y ali(paBiTHOMY HOPSIAKY MOBOIO OPHTiHATY (IOCHIAHHS
Y TeKCTi II03HAYAIOTHCST apaOChKUMH HU(paMHu y KBaJJpaTHHUX JIyXKKax);

Mepeik MOCHIaHb HajaeThest 3rigHo 3 Bumoramu APA (American Psychological Association), 3pasku odopmienus 3a popmarom APA
JIMBITHCS Ha cTOpiHLI «[H(pOpMalis s aBTOPiB» BEOKOHTEHTY BHIaHHS;

JI0 nocuiaHHs B 6i6miorpadiunomMy onuci 0608’ 13k0B0 HazsaeTbes inentrdikatop DOI (ineHTrdikaTop MOXKHA IEpEBIPUTH 3a IOCHIAHHAM
www.crossref.org);

TpaHCHIITepPOBAaHUH OIuC Kkepel (y pas3i yKpaiHOMOBHOI CTaTTi) € MOBHHM aHAIoOroM 6i0iorpadiqHoro ommcy ykpaiHCBKOIO MOBOIO i
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