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Abstract. The purpose of the article is to find ways to solve the actual problem of the perfecting processes and
improving results in the practical application of information technologies for the computer-aided training through the
intellectualization of approaches to their selection and integration on the basis of the criterion of the full functionality and
compatibility of tools. The research’s methods. The methodological basis of researches is the means and methods of the
information theory, information systems and technologies, computer systems, the computerized training, expert systems
of the artificial intelligence. The main research’s results. The actual aspects in the subject sub-branch of information
technologies for computerized distance training are analyzed, as a result of which their specifics and problematic issues are
detected. A conceptual model of the generalized structural composition for the knowledge base in the expert system of the
artificial intelligence, assigned for the selection and integration of information technologies for the computerized distance
training, has been developed. The research of actual aspects in the subject sub-branch of information technologies for the
optimization of the user's interaction with electronic resources of computerized training systems is carried out, as a result
of which, their features and problem moments are outlined. The approaches to the conceptual modeling in the generalized
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structure for the knowledge base of the expert system of the artificial intelligence, aimed at the supporting in the formation
of high-performance information technologies for the optimizing of the user's interaction with electronic resources of
computer-based training systems, are developed. The scientific novelty. The new approaches to the conceptual modeling
of information technologies for the computerized distance training and for the optimization of the user’s interaction with
electronic resources of computerized training systems, based on elements of the theory in knowledge bases of expert systems
of the artificial intelligence, allowing to the increase of the efficiency for these information technologies, are created. The
practical significance. The practical use of the obtained theoretical approaches allows you to increase of the efficiency for
the computer-based training by a few percent on the basis of the working with more appropriate information technologies.
Keywords: information technology, computerized system, training, artificial intelligence system, expert system.

Problem’s statement. The computer-based training
more widely and more deeply covers all educational
processes without exception, including [1]:

— training processes at all levels of the training and
retraining for specialists carried out within educational
institutions;

— various processes of self-education (self-training,
self-study, etc.), which are carried out outside of educational
institutions.

Educational processes in general and, in particular,
the processes of computer-based learning, in their main
essence, are mainly informational in nature, characterized
by: the active transmission and reception for sufficiently
significant amounts of the information; the dynamic
information interaction with feedback and correction of
information influences, etc. [2-3].

Therefore, when trying to improve approaches to the
implementation of the computer-based training, first of all
it should be taken into account that one of the most crucial
roles for its successful implementation is played by the
effectiveness of information technologies underlying it.

Namely, successful concepts of the development,
selection and integration of information technologies
for computer-based training directly contribute to the
ensuring of the high productivity in the functioning of those
information objects, processes and environments that are its
components.

One of the most actual directions for the
implementation of educational processes is computerized
distance training [4].

This educational technology covers many different
segments of the population, for which the main and
extremely critical factor was the availability of the
organizational opportunity to implement the training
in conditions of the territorial distance from certain

educational institutions, teachers, target groups of
students and more.

The practice has shown not only the theoretical
possibility, but also the real feasibility of such situations,
when it becomes extremely necessary to cover by the
computerized distance training not only taken separately
categories on students of educational courses, but also the
one hundred percent of all those studying in educational
institutions for a long time and in conditions of significant
territorial and time constraints, increased psychological
tension, etc.

The providing of the highly productive computerized
distance training with its significant duration, mass
and in conditions of force majeure social and economic
crcumstances  requires  the significant  addition,
strengthening, and development of existing approaches to
its organization.

Based on the above, the urgent question is the research
and elaboration of actual aspects in the subject sub-branch
of information technology for computerized distance
training in order to find efficient and powerful reserves for
their improvement.

Both within the distance training and in general, for
modern high-intensity educational processes, which are
characterized by rather strict time limits, the optimality
in the information interaction of users with numerous
electronic resources of computer-based training systems has
become the quite critical.

The problem is largely due to the coincidence of the
factors that the choice of these electronic resources is almost
endless, the possibilities are very diverse, and the limitations
of actual practical use are not always clearly defined and
fully understood at first view.

Accordingly, another actual direction of the research
and development is the elaboration of actual aspects in
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the subject sub-branch of information technologies to
optimize the interaction of users with electronic resources
of computer-based training systems.

The recent research’s and publication’s analysis.
Methodological foundations for the subject sub-branches of
information technologies in the computer-based distance
training and in the optimization of the user interaction
with electronic resources of computer-based training
systems studied in this consideration, take their origins
from a number of fundamental branches of knowledge, are
currently relevant and have a progressive development.

First and foremost, to specified areas of knowledge
include information theory, information systems and
technologies, software engineering, computer science,
computer systems and networks, artificial intelligence,
information security, technical means for training,
information and communication technologies, pedagogy,
psychology, physiology, and others [5-7].

However, we cannot say that the above subject
subsectors only elaboration (subjected to monitoring,
accumulate, analyze and integrate etc.) achievements in
other branches of knowledge [8].

Subject subsectors of information technologies for the
computer-based distance training and for the optimization
of the user interaction with the electronic resources of
computer-based training systems can be safely called as fully
independent directions of the research and development,
where the desired result is not always possible to achieve by
a simple collecting together of the separate achievements.

To the least researched and tested aspects of a specified
subject subsectors belong those questions that lie at the
intersection of the sciences that are their subsoil, and
require the careful mutual coordination [9].

In particular, it should be noted that the issues related to
the following aspects have been insufficiently studied [10]:

— the conceptualization of environments, phenomena,
states, objects, properties, mechanisms of the functioning,
totalities of the key data, processes, flows, and interactions
of key elements in the subject subsector;

— information components of objects, processes, flows,
and relationships of the subject subsector;

— significant amounts of the information congestion,
saturation, density, redundancy;

— the insufficient completeness, exhaustiveness,
accuracy, clarity, and reliability in the definition of the
information;

— manifestations in the essences of the subject
subsector with the high dynamics of changes and their
uneven distribution in the space and time;

— the complexity of the systems in the subject
subsector, their elements, components, relationships, and
external influences;

— the interaction of elements, components and
systems in the subject subsector with the environment and
its separate components;

— the control of complex systems in the subject
subsector, their components and interaction.

Based on the above, the research and elaboration on
actual aspects in the subject subsectors of information
technologies for the computerized distance training and
for the optimization of user interaction with electronic
resources of computerized training systems should be
carried out using the methodology of expert systems of
artificial intelligence.

The study’s objective. The defining goal of the
work is to solve the actual problem on finding approaches
to strengthening the effectiveness of information
technologies for the computerized distance training
and for the optimize of user interaction with electronic
resources of computerized training systems based on the
application of methodological elements in expert systems
of the artificial intelligence.

The research’s findings. Let's start with the issue on
the research and elaboration of actual aspects in the subject
sub-branch of information technologies for computerized
distance teaching using the methodology of expert systems
of artificial intelligence.

The main feature of modern information technologies
of computerized distance training is that, taken as a whole,
they provide enough powerful, universal, convenient,
and easy to master functional opportunities, tools, and
organizational approaches to the implementation of the
highly efficient distance education.

Atthe same time, if we study the advantages and features
separately for each of the representatives in the totality of
existing information technologies for computerized distance
training, the results of such consideration will show now the
far from ideal state of affairs.

First of all, there is takes place an insufficient full
functionality for each of the taken separately representatives
of these information technologies in relation to the set of
functions that is actually objectively necessary.
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This is accompanied by a high degree of the specificity
for each of the representatives of the researched information
technologies and their narrow specialization in certain types
of educational tasks.

Both theoretical and practical solutions to the above
problem should be sought through the integration of
separate information technologies for computerized
distance training into all-in-one fully functional systems.

We have that fact that ready-made ideal and universal
integrated solutions do not currently exist, and the
implementation of integration processes is not a simple and
unambiguous success case. It is largely due to the need for
successful adaptive linking of these solutions to the practice
of organization and operation of each computerized distance
training system.

Accordingly, there is an urgent need to the create of such
methods and tools that, based on the initial data about the
features of specific computerized distance training systems,

and about the characteristics of existing information
technologies for computerized distance training, will be
able to consult, issue recommendations and decide on
approaches to the choice of specific representatives of these
technologies and approaches to their integration.

Therefore, it seems an appropriate to propose the
use of the methodology in expert systems of the artificial
intelligence.

Namely, first of all, it is necessary to carry out the
conceptual modeling for bases of facts and rules, within the
framework of creating the knowledge base for the expert
system in the selection and integration of information
technologies for computerized distance training.

The main categories of facts and rules for the knowledge
base of the expert system that will support the intelligent
choice and integration of information technologies for
computerized distance training should reflect the conceptual
approach presented in Tables 1-2.

Table 1 - The generalized structural composition for the initial prototype of the facts base as part of the knowledge base
in the expert system for the selection and integration of information technologies for the computerized distance training

The available information sources with which the
The semantic filling for predicates of the facts base as | arguments and meanings of the predicates for the facts
Ne | apart of the knowledge base in the developed expert |  base as part of the knowledge base for the developed
system expert system must be agreed
(the state of their order)
The presenting by the facts in the knowledge base | The lists of names and addresses for information resources
of the determining information about the existing | with descriptions of characteristics on existing information
information technologies for the computerized technologies for the computerized distance training
distance training (require the prior systematization)
, . . The lists of names and addresses for information
The presentation of the key information on the B L n !
L . : resources with descriptions of characteristics for tools on
tools of existing information technologies for the e . . .
2 o L existing information technologies for the computerized
computerized distance training using the facts of the . .
distance training
knowledge base . . N
(require the prior systematization)
. - . The lists of names and addresses for information
The presentation of the basic information about the B -  Tor INtorma‘io
o . . : resources with descriptions of functional possibilities of
functionality of existing information technologies for e . . .
3 . L existing information technologies for the computerized
computerized distance training using the facts of the . .
distance training
knowledge base . . N
(require the prior systematization)
: : The lists of names and addresses for information resources
The presentation as facts in the knowledge base of the | ! - ! ! !
. with descriptions of correspondences between elements
existent correspondences between the names, tools L . .
4 . o . .| and components of existing information technologies for
and functionality of existing information technologies o .
T o the computerized distance training
for the computerized distance training . . .
(require the prior systematization)
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Table 2 — The generalized structural composition for the initial prototype of the rules base as part of the knowledge base
in the expert system for the selection and integration of information technologies for the computerized distance training
The available information sources with which the
arguments, meanings, and logical constructions of the
predicates for the rules base as part of the knowledge
base for the developed expert system must be agreed
(the state of their order)

The lists of names and addresses for information
resources with descriptions of conceptual approaches
to choose of existing information technologies for the
computerized distance training
(require the prior systematization)

The semantic filling for predicates of the rules base
Ne as a part of the knowledge base in the developed
expert system

The presenting by the rules in the knowledge base of the
ways to choose of certain information technologies in
1 | order to form on their basis of the full-fledged system of
tools and functional possibilities for the implementation
of the computerized distance training
The presenting by the rules in the knowledge base of
the ways for the integration of certain information
technologies into the holistic system in order to ensure
proper opportunities for their communication in the
process on the implementation of the computerized

The lists of names and addresses for information
resources with descriptions of conceptual approaches on
integration of existing information technologies for the

computerized distance training
(require the prior systematization)

distance training

We will move on to consider of the question about the
research and elaboration in actual aspects of the subject
sub-branch of information technologies to optimize of the
user's interaction with electronic resources for computer-
based training systems using of the methodology in expert
systems of the artificial intelligence.

On the one hand, we have a variety of opportunities
and benefits in the using of electronic resources for the
computer-based training systems and interaction with
them, as well as the relevant information technologies for
the implementation of the optimal interaction.

On the other hand, there are take place:

— the specifics of the use, in the process of the
information communication with users, electronic resources
of computer-based training systems as a means of purely
artificial origin;

— features of those information environments in which
the specified resources are applied;

— the specifics of those information objects with which
these resources are used.

It is because of the large number for alternatives and
specific features, often decisions about the feasibility,
resource consumption and efficiency of the use and
information communication with each of the many types
of electronic resources for computerized training systems
and complexes of these resources cannot be made on the

basis of simple unambiguous considerations and need of
optimization approaches.

It should be noted that now especially acute appear of
following questions that relate to the effective information
communication and information technologies for optimal
user'sinteraction with the electronic resources of computer-
based training systems:

— the adequate ergonomics of resources and
communication with them (moreover, their safety from
the point of view of standards on the life safety and labor
protection);

— the comprehensive availability of resources
(informational, physical, time, cost, etc.);

— the warranty of the acceptable time for the
user's access to resources with the aim of the informational
interaction with them;

— the easy in study of technologies for the information
interaction with the resources;

— thecomfortintheimplementation of theinformation
communication with resources;

— the efficiency of the information consumption
and assimilation in the process of the interaction with the
resources;

— theaccuracy and stability in functioning of resources.

Based on the analysis was performed, there is a need,
similar to the first of the above tasks, relating to the creating
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and maintaining of the appropriate knowledge base for the
expert system of the artificial intelligence.

First, it is actually to create of a facts base what will
reflect of the key knowledge on:

— electronic resources of computer-based training
systems;

— information technologies of the interaction with
these resources;

— concepts and models of the optimization of this
interaction.

Secondly, it is the development required of a rules base
that will reflect of concepts and methods:

— to develop of effective strategies for the interaction
with electronic resources of computer-based training
systems;

— the formation of information technologies for the
optimization of user's interaction with these electronic
resources.

In particular, one of the most important roles is played
by intelligent rules for the reasonable choice of information
technologies to optimize of the user's interaction with
electronicresources of the computer-based training systems,
which are based on time criteria that take into account
the average time limits of the interaction with resources
and possible deviations from the specified limits what are
inherent and acceptable in these systems (initially, in the
course of work, upon completion of activities) for certain
training scenarios and types of information resources.
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The research’s conclusions. The topical issue of
improving the approaches to the application of information
technologies for the computer-based training on the basis
of the intellectualization of their choice and integration
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branches of information technologies of computerized
distance training and optimization of user's interaction
with electronic resources of computerized training systems
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structural composition for knowledge bases of expert
systems of artificial intelligence intended for the realization
of the expedient choice and integration for information
technologies of computerized distance training, and
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technologies for the optimization of the user's interaction
with electronic resources of computerized training
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to the conceptual modeling of information technologies
for the computerized distance training and for the
optimization of the user's interaction with electronic
resources of computerized training systems can enhance
the effectiveness of these information technologies. The
practical use of the obtained developments allows increase
the efficiency of the computer-based training by a several
percent on the basis of working with more appropriate
information technologies.
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AHoTauia. MeTa CTaTTi NONATa€e y NOWYKY WAAXIB BUPILLEHHA aKTYanbHOr0 3aBAaHHA BAOCKOHANOBAHHA NpoLeciB
i MOKpALLeHHA pe3ynbTaTiB NPaKTUYHOrO 3aCTOCYBAHHA IHPOPMALiAHNX TEXHONOTI KOMN'I0TEPU30BAHOT0 HABYAHHH
Ha OCHOBI iHTenekTyaniauii nigxodis Ao iXHbOro BMOOPY il iHTerpauii 3a KputepieM MOBHOTU ¢yHKLiOHANbHMX
MOXNNBOCTEN i CyMiCHOCTi iHCTpymeHTapito. MeToAm focnifxeHHA. MeTogonoriyHMM nigrpyHTAM AOCTIAXeHb € 3ac00u
Ta meToan Teopii iHpopMaLii, iHGOpMaLiiHUX CMCTEM | TEXHONOTII, KOMN'TEPHMX CUCTeM, KOMN'TepU30BaHOro
HaBYAHHA, eKCMePTHUX CUCTEeM LITYYHOro iHTenekTy. OCHOBHI pe3ynbtatn AOCNifXeHHA. [TpoaHanizoBaHo akTyanbHi
aCneKTyU NpesMmeTHOI nigrany3i iHGopmaLiliHIX TEXHONOTiI KOMN'0TEPU30BAHOM0 AMCTAHLIAHOTO HABYAHHS, Y NiACYMKY
4oro, BUABNEHO iXHI0 cneumndiky Ta npobnematuky. Po3pobneHo KoHUeNTyanbHy MOAeNb y3aranbHeHoro CTPYKTYPHOro
CKnagy 6asu 3HaHb eKCNepTHOI CUCTeMM LUTYYHOTO iHTeNeKTy, Npu3HayeHoi AnA BUOOPY il iHTerpauii ingopmauiinHmx
TEXHOMOili KOMN'I0TEPU30BAHOMO ANCTAHLiiHOMO HABYAHHA. 3AiiACHeHe JOCNIAKEeHHA aKTYaNbHIX acNeKTiB npeaMeTHOT
nigranysi iHGopmaLifiHuX TexHoNoriil ONTUMI3auii B3aEMOAil KOPUCTYBAYiB i3 €NeKTPOHHUMU pecypcamin CUCTem
KOMN'l0TepU30BAHOr0 HaBYaHHA, 3a pe3ynbTaTaMii AKOro, OKPecnaeHo ixHi 0co6nuBocTi Ta npobnemHi MOMeEHTH.
Po3pobneHo migxoan [0 KOHUENTYanbHOro MOAENIOBAHHA y3aranbHeHoi CTpyKTypyu 6a3u 3HaHb eKCnepTHOI CucTemu
LUTYYHOTO iHTENEKTY, CNPAMOBAHOI Ha NIATPUMKY (OPMYBaHHA BMCOKO Pe3ynbTaTUBHMX iHYOPMALiHMX TeXHONOT il
ONTUMi3aLii B3aEMOAIT KOPUCTYBaYiB i3 eNeKTPOHHMMM pecypcamm CUcTeM KOMN'0TepU30BaHOr0 HaBYaHHA. HaykoBa
HOBWU3Ha. (TBOPEHO HOBI NiAX0AM 0 KOHLENTYaNbHOro MOAENBAHHA iIHGOPMALIiHIX TEXHONOTII KOMN'KOTePU30BaAHOT0
AVCTAHUINHOTO HABYAHHA il ONTUMI3auil B3aEMOAIl KOPMCTYBAuiB i3 eNeKTPOHHUMU pecypcamum  cuctem
KOMN'l0TepU30BaHOr0 HaBYAHHA, OCHOBAHI Ha eneMeHTax Teopii 0a3 3HaHb eKCNepTHUX CMCTEM LUTYYHOTO iHTeNeKTY,
o A03BONAKTD MOCMAUTU AI€BICTb 3a3HaueHMX iHGOpMaUiitHUX TexHomorii. MpakTUuHa 3HauMmicTb. [pakTuyke
BMKOPUCTAHHA OTPUMAHMX TEOPETUYHUX MNiAXOAIB A03BONAE HA AeKinbka BifCOTKIB NiABULLYBaTM edeKTUBHICTb
KOMN'I0TEepPM30BaHOr0 HaBYAHHA Ha 0CHOBI po60Ty 3 6inbL AOLINbHUMI iHYOPMALIAHUMU TEXHONOTiAMM.

Kntouoei cnoea: inghopmayitiHa mexHonozis, Komn'tomepu308aHa cucmema, HagYaHH, CUCMeMA WMyY4H020 iHmesnekmy,
eKcnepmHa cucmemd.
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AHHOTaI.lMﬂ.LlEJ'IbCTaTbVBaKJ'IIOanTCﬂBI'IOI/ICKEI'I)/TEVIpEMEHMﬂaKTyaﬂbH0ﬂ3aﬂaqMI'IOCOBEpLLIEHCTBOBaHVIIOI'IpOLI,ECCOB
N YNyylEHNo pe3ynbraToB NPaKTUYeCKOro NpUMeEHEHnA VIH(I)OpMaLlVIOHHbIX TEXHONOrni KOMMbOTEPU3NPOBaHHOTO
06yHEHVIFI Ha 0CHOBE MHTENIEKTYa3aLUun noaXo40B K X Bbl60py N NHTErpauumn no KPUTEPUIO NONHOTDLI (I)yHKLlI/IOHaJ'IbeIX
BO3MOXHOCTEA W COBMECTUMOCTH NHCTPYMEHTApKA. MeToabl mccnenoBaHua. MeTogonornyecknm OCHOBaHMEM
NCCNeaoBaHNi ecTb CpeacTea U MeToAbl Teopun VIH(I)OpMaLl,VII/I, VIH(I)OpMaLlI/IOHHbIX CUCTEM W TEXHONOTWIA, KOMMbKOTEPHbIX
CUCTEM, KOMNbIOTEPU3NPOBAHHOTO 06yl-IEHI/1ﬂ, JKCMEPTHbIX CUCTEM UCKYCCTBEHHOTO WHTENNEKTA. OcHoBHble pe3ynbratbl
ncenenoBaHnA. ﬂpoaHaJ'II/Bl/IpOBaHbI dKTyaNlbHbl€ aACNEKTbI I'IpEZI,METHOVI noaoTpacnun VIH(I)OpMaLl,VIOHHbIX TEXHONOrnit
KOMMbIOTEPU3NPOBAHHOIO ANCTAHLIUOHHOIO OﬁyquMﬂ, B uUTOre 4ero, BbIABJIEHO WX CI'IELI,I/I(I)I/IKy n HpOﬁﬂEMaTMKy.
Pa3pa60TaHa KOHUENTYaNnbHaA MoaeNb 060611eHHOr0 CTPYKTYPHOro (C0CTaBa 0a3bl  3HaHMWiA 3KCI'I€pTH0[7I CUCTeMbl
NCKYCCTBEHHOTO  UHTENINEKTA, npenHaaHaueHHoﬂ anAa Bbl60pa N WUHTErpauumn VIH(I)OpMaLI,VIOHHbIX TEXHONOIiA
KOMMbIOTEPU3NPOBAHHOIO ANCTAHLIMOHHOIO OﬁleEHVIﬂ. OcyLI.IECTBHEHO nccnenoBaHne akTyalibHbIX aCneKkToB HpenMETHOIZ
noaoTpacn VIH(I)OpMaLI,VIOHHbIX TEXHONOTMIA ONTUMU3ALUM B3aUMOJEACTBUA NoIb30BaTeNeil ¢ 3NEKTPOHHbIMU pecypcamu
CUCTEM KOMNbHOTEPU3NPOBAHHOTO OﬁleEHI/Iﬂ, no pe3ynbratam KOTOPOro, onpeaeneHbl ux 0cobeHHOCTY 1 I'IpOﬁJ'IEMHbIE
MOMEHTDbI. Pa3pa60TaHb| noaxodbl K KOHUENTyaJibHOMY MOAENNPOBaHUI0 0606L1eHHON CTPYKTYPbI 0a3bl  3HaHMIA
3KCI'I€pTH0[7I CUCTEMbI UCKYCCTBEHHOTO UHTENINEKTA, Hal'lpaBJ'IEHHOI7I Ha NOAAEPXKKY (I)OpMVIpOBaHMﬂ BbICOKO pe3yNnbTaTUBHbIX
I/IH(I)OpMaLlI/IOHHbIX TEXHOMOTWIA ONTUMM3ALUKN B3aUMOAENCTBUA Nosb30BaTeNeil ¢ NEKTPOHHbIMU pecypcami CUCTEM
KOMMbOTEPU3NPOBAHHOTO 06quHVIFI. Haquaﬂ HoBW3Ha. (03aHbl HOBbIE NOAXOAbI K KOHUEeNTyaibHOMY MoAeNnnpoBaHuio
I/IH(I)OpMaLlI/IOHHbIX TeXHONorni KOMNbKOTEPU3NPOBAHHOTO ANCTAHLIUOHHOIO 06)NEHI/I${ U ONTUMM3ALUN B3aUMOJEIACTBMA
nonb3oBarteneii ¢ SNIEKTPOHHbIMK pecypCaMit CUCTEM KOMMNbHTEPU3UPOBAHHOIO OG)NEHVIFI, OCHOBAHHbIE€ Ha 3IEMEHTAX
Teopun 06a3 3HaHwmil IKCNEPTHbIX CUCTEM WCKYCCTBEHHOTO WHTENNEKTA, KOTOPblE MO3BOJIAKT YCUNUTD AeiCTBEHHOCTb
YKa3aHHbIX MH¢0pMaLI,VIOHHbIX TEXHONOTNiA. ”paKTVNECKaFI 3HaYUMOCTb. npaKTI/l'-JECKOE ncnonb3oBaHue NoNyYeHHbIX
TEOPETYeCKNX noaxonoB no3BOJIAET Ha HECKONbKO NMPOLEHTOB MOBbIWATb 3¢¢EKTI/IBHOCTb KOMMbKOTEPU3NPOBAHHOTO
06yHEHVIFI Ha 0CHOBE pa60TbI c bonee LIEJ'IE('.006pa3HbIMI/1 MH¢0pMaLlIAOHHbIMVI TEXHOJIOTMAMN.

Knioueswte cnosa: UH(I)OPMGL{UOHHGH mexHo/i0eus, KomMnblomepusuposaHHasa cucmema, 06)/LI€HLI€, cucmema
UCKycCmeeHH020 UHmMesiiekma, 3KCnepmHas cucmema.
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