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The article has been conducted an analytical review of the current state of distance learning (DL) on
the basis of multiagent approach. The most widespread intelligent systems in DL have been discussed.
The hybrid systems have been isolated based on various combinations of intelligent methods (artificial
neural networks, evolutionary algorithms, artificial immune systems, fuzzy logics, etc.). Such systems
provide an opportunity to identify a global strategy of supplying of educational material, and effectively
arrange for the training in DL: and personalize it for specific groups of learners. The expert systems have
been marked which have the ability to plan courses in DL and use the problem-oriented methodology
of knowledge formalization, which increase the speed and efficiency of designing educational courses.

Smart learning is widely used in education, which improves DL due to the penetration of smart
components. It is revealed that Smart-learning can provide many useful opportunities for the learners,
but it also positively affects the efficiency of assimilation of course material. Using the multiagent
system (MAS) is of immediate interest in DL on the basis of such intelligent agents, such as: gaming,
cloud, cognitive, personal, ontological, collective, support, and decision-making, etc. The cognitive
factors have particular importance of interaction of students with the DL system which is based on
emotion and mental opinions tracking by agents, among leaners during the learning process. Emotional
mechanism allows to know the most appropriate pattern of interaction with the learner, on the basis of
desires and emotions demonstrated by the students. Cognitive agents improve communication between
users and provide personal support compared to neutral agents. It is revealed that this technology gives
the opportunity to study the causes of different events and make predictions of learning outcomes.

The attention is focused on flexible ways of organizing knowledge with the help of agents based on
personal or collective training as well as ontological methods of structuring data. Agents of collective
learning can analyze the activity of students in the group to identify their role in the team and diagnose
the state of cooperation (taking into account the balance of team roles in an ideal situation). Multiagent
systems of personal training are able to adapt to the characteristics of the students and to use the
experience gained for the modelling of optimal education process. The features of the ontological
approach are distinguished, which allow to efficiently distribute agents and to improve performance for
MAS.

The importance of cloud MAS has been noted, which allows to get an education on computers
with small computing power. The effectiveness of the cloud-based MAS DLapplication has been
highlighted in comparison with traditional DL: the expansion of learning opportunities, broad access
to information from various devices (computers, smartphones and tablets), stronger collective and
collaborative studying, individualized learning, etc. Cloud technology allows agents to process multi-
dimensional data directly on the servers and reduce the load information transmission in DL. The
activities of these agents open the way for the creation of a common training base, in which both
private and public educational institutions will involve. It is analyzed that this technology can treat
multidimensional data directly on the servers and reduces the load on leaner’s devices.
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MAS support and decision-making in DL have been also reviewed enabling the students to find the
right decisions when problems arise. These systems generate the process of learning and support the
work of the student and the teacher, and in a timely manner to assist them in the learning environment.
It is found out that through the support of students, efficiency is increased and the process of learning
in DL is significantly simplified.

Much attention is paid to the role of the agent-oriented approach to improving the flow of knowledge
in public educational institutions. It has been found out that such systems can act as a regulatory
component of the state educational system.

The implementation of agents in a learning environment where the behavioral factor
dominates,allows to understand in what direction to develop basic education and increase its
effectiveness. It is determined that such MAS can simulate training program before applying it in the
real education environment. The game approach of MAS has been considered for better assimilation of
information in DL. The method used allows students to gain experience of conversational interaction
with the virtual world, based on various learning criteria. Such agents can be represented visually in the
form of cartoon characters or orally with the help of machine-simulated voice. This approach increases
the efficiency of information perception.

Thus the review considers DL based on intelligent systems and MAS. The conditions of
implementation of DL educational systems, learning resources, and interaction between the teacher
and the students are considered.

Also education forms have been analyzed, the main directions of DL development based on
intelligent systems have been presented, and the differences of these DL from traditional learning
have been illustrated.

The problems have beenhighlighted that are solved by learners and teachers in DL. It has been
shown that the effectiveness of the DL is determined by the use of agent-based technologies that
underlie the design and implementation of online courses.

It was concluded that DL based on MAS can be considered as an effective form of learning through
intelligent approaches that are rarely implemented in traditional form of education.It was determined
that introduction of DL into teaching practice allows to develop students ’abilities to think critically,
make informed decisions and acquire the skills of communication, both in business and in everyday life.
Also the importance of the DL developmenthas been emphasized on the basis of intelligent systems for
persons with different disabilities.

It is clarified that due to the MAS underlying DL systems, the effectiveness of the training is
increased and many of the processes of educational organizations are automatized. Agent-oriented
technology allows to significantly facilitate the perception and awareness of the information in DL and
creates available individual learning environment of students. Advantages of MAS have been identified,
main ones are: flexibility in the development of various software and hardware solutions, the ability to
use in conjunction with other programming languages, the versatility and the stability of the system
as a whole, and also speed of processing of multidimensional data and independence of the individual
parts.

Key words: intelligent system, distance education, multi-agent approach, agents, cognitive
approach.
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OB30P NMHTEJIJIEKTYAJIbBHBIX CUCTEM JIJI¢
JMNCTAHIIMOHHOI'O OBPASOBAHUNAI, IIOCTPOEHHDBIX
HA OCHOBE MVJIBTATEHTHOI'O IIOJAXO/IA

I A. Camurynuna, A.T. Hrocynos

NuacTuryT nH(MOPMAIUOHHBIX U BRIYUCIUTEIbHBIX TexHoaoruii, 050010,
Pecny6uka Kasaxcran, Aima-Ata

YK 004.85:004.89

B crarhe mpoBenmen amasmTrdecKkuiit 0630p M0 WHTEIEKTYAILHBIM CUCTEMAM B JUCTAHITUOHHOM 00-
pa30BaHUU HA OCHOBE areHTHO-OPMEHTUPOBAHHOTO mojaxoja. Ilokazana akTyaabHOCTH pazpaboTku
MYJBTHAT€HTHBIX CUCTEM TPH CO3/aHWM WHHOBAITMOHHBIX MHTE/IEKTYAJIbHBIX TEXHOJOTUN INCTaH-
IIMOHHOr0 O0yYeHUsi, OCHOBAHHBIX HA IIPUMEHEHUM DPA3JUYHBIX IOJXOJ0B U CHUCTEMHOM aHAJIU3E.
Ocoboe BHUMAHWE Y/IE/IEHO KOTHUTHBHBIM Ar€HTaM, Y KOTOPBIX HMEITCs MOBEJEHYECKNE U IMOIU-
oHaJbHble (DYHKINNA B3aUMOJEHCTBUS CO CTyJeHTamMu B cucrteme obyuenus. [lokazaHna BaKHOCTD
JHUCTAHIMOHHOIO 00PAa30BaHuUs Jijist 00y YaIOIIMXCs C PA3INYHBIMY OIPAHUYEHHBIMU BO3MOYKHOCTAMMU
¥ MePCIeKTUBLI UX pa3suTusd. [IpuBeseHsbl OCHOBHBIE JOCTOMHCTBA, U HEIOCTATKN MTPUMEHEHUS MY Th-
THATEHTHOTO TOJXO0/1a TPU MOCTPOECHNN WHTE/IEKTYAJbHBIX CUCTEM JUCTAHIIMOHHOTO 0Opa30BaHUs.

KimroueBbie cJj10Ba: WHTE/UIEKTYATbHASA CUCTEMA, AUCTAHITMOHHOE 00pa30BaHUEe, MY/JIbTHATCHT-
HBbIE CUCTEMBbI, KOTHUTHUBHBIM TTOJIXO]T.

Beenenune. B nacrosiiiee Bpemsi Juctaninontoe obydenne ([10) saBiasercs oqHUM U3 Tep-
CIEKTHBHBIX HallpaBjeHuit B oOpaszoBanuu. OHO OGepeT cBoe Havaao ¢ 1840 roma, Kormga Opu-
rTaHckuii ydenbiii-crenorpad lcaak [lurMman BiiepBble BBeJ TEPMHUH ,, KOPPECHOHJIEHTCKOE 00-
pazoBaHue” W Hadaa 00yYarTh CTYAEHTOB depe3 MOYTOBYIO CBsi3b B BemnkobGpuranun [1]. Baa-
rojapsi TMOKOCTH W yHWBepcaabHOMY moaxoiy, /IO crajgo KOHKypUpOBaTh ¢ TPAJIUIHOHHBIMEA
cucTeMaMu OOyJeHWs, Tpejjiaras HOBble MeTO/Ibl MOJEePHU3AUN 00pa30BaTeIbHON W Mearo-
rU9eckoii gegrebHocTy [2]. B cBsi3u ¢ GypHBIM pa3BUTHEM BBIYUCIUTETHHON TEXHUKH U WC-
KYCCTBEHHOI'O MHTE/LIEKTa aKTHBHO Pa3padaTbiBAIOTCS COBPEMEHHDBIE MHHOBAIMOHHBIE TEXHO-
gorun JIO jyist yaydrienns KadecTBa W HOBbIeHUsT 3P derkTuBHocTH 00ydenns. Hanbombimit
MHTEpPEeC TPENCTaBJISIOT WHTeIIeKTYalbHble cucTeMbl aucrannnonroro ooyuenust (MCIO) u
smart-TeXHOJOTHH, KOTOPbIe 00/IaJa0T MUPOKIMHI BO3MOXKHOCTIMU [IJIs1 0becredeHns BBICOKO-
ro ypoBHst obyuenus. [log unTeIekTya bHoi cucremoii (MC) moHuMaeTcst TeXHHYeCKast W
IpOrpaMMHAs CUCTEMa, CIIOCOOHAS PemaTh 3341, TPAIUIINOHHO CIUTAIOIIHECS TBOPYECKIMU,
NpUHAJJIeKaIIne KOHKPeTHOH npeamMerroil obmactu [3|. Muoxkecrso VC [4], mocTpoeHHBIX Ha
OCHOBE WCKYCCTBEHHBIX HEHPOHHBIX CeTell, IBOTIONMUOHHBIX AJITOPUTMOB, HCKYCCTBEHHBIX HM-
MYHHBIX CHCTE€M, IMUPOKO HCIOJB3YIOTCS [ MPOTHO3MPOBAHUS DPE3yJbTaTOB OOYyUeHUs, MOJI-
JIEPYKKU U IPUHATHS PellleHnuil, aHaTIM3a MHOTOMEPHBIX JTAHHBIX, KOMIBIOTEPHOH 6e30MacHOCTH

Pabora Boimosaena mo rpauty Kovmurera nayku Munucrepcrsa obpa3oBanus u Hayku Pecnybimku Kazax-
cran Ne TP 0215PK01472 (20152017 rr.) no reme ,, Pazpaborka nadOpManIMOHHON TEXHOIOIMH, AJITOPUTMOB 1
MTPOTPAMMHO-AMTAPATHOTO 00ECTIEYeHNsT I WHTEJIJIEKTYaIbHBIX CUCTEM YIIPABJIEHUS CI0KHBIMUA O0ObEKTAMU B
YCJIOBUSX TTApAMETPUIECKON HEeOIPEeIeIEeHHOCTH .



Camueyauna I A., Hwocynos A. T. 7

B JIO u 1. 1. CoBpemennsie IC ¢ ucno/sip30BaHNeM MyJIbTHATEHTHOrO, KOTHUTHBHOTO U OHTO-
JIOTHYECKOT'0 TIOXO/IOB YCIIENTHO PEMaloT 3a/a49i, CBI3aHHbIe ¢ 00pabOTKON OOJIBIIAX JAHHBIX 1
ONTUMAJBHBIM PacHpejieleHneM BBIYHCIUTETbHBIX pecypco mpu opranusanuu 0. Ocobernno
akTyasbHO ucnosbzoanue VMCIO nns sromeit ¢ pa3IuIHbIME OTPAHTIECHHBIMU BO3MOXKHOCTSIMUI
[5-6|. Dra KaTeropusi 0 HYKIA€TCS B CIEIUATU3HPOBAHHBIX CHCTEMAX, TaK KaK CTAJKABa-
eTCS C TPYAHOCTSIMU MOy IeHUsT 3HAHWIT B OOBIIHBIX 00PA30BATEIBLHBIX YIPEIKIEHUAX U TPAJIH-
nuonubix cucremax J1O. Hanmpuwmep, paszpaborana korautuBHas smart-cucrema J1O mist Jiroeit
C OrpaHUYEHHBIME BO3MOXKHOCTSIME 3peHust Ha ocHoBe KoMOuuuposarnuoit OWL (Ontology Web
Language) moienn [7|, Hane/neHHas Ha TOJydYeHHe KAYeCTBEHHOIO MHKEHEPHOTO 00pa30BaHUS
HA COBPEMEHHOM 00OPYI0BAaHUHU B j1A0OPATOPUSX KOJIJIEKTUBHOIO TOIb30BAHUS IPU HAJTUIUU Y
00y JaIOIIIXCsT PA3JIHIHBIX 0COOEHHOCTEl 3peHust (6JN30PYKOCTH, JATbHO30PKOCTH U aCTHTMa-
TH3ME).

AkryanpHO ucnosnb3oBanue MyiabruareHTHbIX cucteM (MAC) B /IO, mpu paspaboTke Ko-
TOPBIX CO3/ATCST COBOKYITHOCTh A€HTOB (areHT 00ydalonierocs, areHT IPernojiaBaress, areHT
MOJIEP:KKN W MPUHSATHUST PEIeHnii u Ap.) ¢ HeoOXoauMbiMu (DyHKIuAME. Bce areHTB MOryT
IMeTh CeMAHTHIECKOe OIMHCAHHEe CBOEro Kpyra JesSTeIbHOCTH W 3aJad, & TaK:Ke aKTHBHO B3a-
uMoeiicTBoBaTh Mexkay coboit. Takne MAC mmpoko NpUMeHSOTCS 15 PeIlleHnsT Pa3JInIHBIX
3a1a4 1Mo 0OpaboTke 60abImuX JaHHBIX B J1O. HT0o0BI 00ecmednTh TOCTPOSHNE UHANBUIYAIHHOM
TpaeKTOpuu OOYUYEHHS C Y4eTOM HMHTEIEKTYAJbHBIX U ICUXOpU3ndecKux ocobernocreit oby-
qgarormuxcss B J10O, npumenrsiorcs MAC Ha oCHOBe KOTHUTHUBHBIX W OHTOJOTHIECKHX IOIXOI0B
[8, 9]. Ouronornueckue mojen [10] 0OLITHO CO3MAIOTCA HA OCHOBE CTAHJIAPTHBIX METAIAHHBIX
LOM (Learning Object Metadata), KoTopble UMEIOT HepapXuIecKyo CTPYKTYpy. Takue Moeun
HO3BOJISIOT CHCTEMATH3UPOBATH MaTepra OOYUIeHUs U CIIOCOOCTBYIOT (DOPMUPOBAHHUIO €€ OITH-
MaJIbHO# cTpyKTYphl. B crarbe |11] onucanbl areHThbl, CO31aHHbIE HA OCHOBE OHTOJOTHYECKOTO
MO/IX0/1a, KOTOPbIE BBICTYHAIOT B KAYECTBE ACCHUCTEHTOB IO BHIOOPY M3ydIaeMOro MaTepuaia.
MynbTnarenTHast cucreMa MOMOTaeT CTYJAEHTY TMoJ00paTh HEOOXOJMMBIH s HEro MaTepuall
JIIst 00ydeHusi Ha ocHOBe cbopa 1 00paboTKH NHAMOPMAIKMH ¢ UCIOJIb30BAHUEM OHTOJIOTHICCKUX
MOJEJIEH.

1. ITocTtanoBka 3agaum (opmyaupyercs caeayionuM 006pa3oM: HeOOXOAUMO ITPOBECTH
AHAJIUTHICCKHIT 0030p COBPEMEHHOTO COCTOSHHMS HHTE/IEKTYaJIbHBIX CUCTEM I JTUCTAHIIU-
OHHOTO 00Pa30BaHUs, ITOCTPOCHHBIX HA OCHOBE MYJIBTAr€HTHOTO MOIXO/IA.

2. IaTennekTyajlbHbie CUCTEMBI B JUCTAHIIMOHHOM OOydeHum. B macrosiee Bpe-
MsI TITUPOKO UCTOIB3YI0TCs cucTeMmbl [ HAa OCHOBE PA3IMYHBIX MOIXO0B HCKYCCTBEHHOTO WH-
TeJJIEKTa: UCKYCCTBEHHBIX HEHPOHHBIX CeTeil, 3BOJIIOIMOHHBIX aJCOPUTMOB, METOJ0B POEBOI0
AHTEJJIEKTA, UCKYCCTBEHHBIX MMMYHHBIX CUCTEM, HEYeTKOU JIOTUKHU, HeHpO-HeYeTKOU JIOTUKH,
KOPHUTHBHBIX HOJXO0/0B U JAp. B pabore [12] npemnaraercs maTe/siekTyaibHas cucreMa Ha 0C-
HOBE HEYETKOU JIOTUKH, IpEeJHa3HaYCHHaAd /14 aHaJIu3a KadeCTBa O6y‘{eHI/IH. PaCCManI/IBaeTCH
MOJIe/Ib 00Pa30BaHUs ¢ TOYKHM 3PEHUs CJIOKHON COIMAIbHOI CHCTEMBI.

B crarbe [13] omucana MIC mag 10, kotopas ¢nocoGHa aBTOMATHIECKH HAXOIUTH OTBETHI
HA BOIPOCHI CTYIEHTOB. AHAJIN3 NPOUCXO/UT IIyTeM CPABHEHUsI U TOUCKA HAMboJIee OJIM3KUX 110
3HAYEHWIO CJIOB M BbIpaKeHUil, KOTOpble ObLIN BBeJCHBI B Bonpoce. Jlanubii MmeTos obecnevn-
BaeT 60Jiee TECHYIO HHTEIPAIUIO CTYJ/ICHTA U IIPEIoIaBaTeisd, a TaKzKe JaeT ObICTPBIA JOCTYH K
MaTepuagaMm obydenus: B 6ase qaHHbIX. ccaenoBanus [14] nocesimensr pazpaboTke WHTEJLIEK-
TyaJabHOi oOyuatomeit cucteMsl ,, Writing Pal“, koTopast ciyKut a1 (bopMupOBaHUsT HABBIKOB
rpaMOTHOI'O IIKCbMa. HpOBe,ZLeHBI IKCIIEpUMEHTDBI, KOTOPbIE ITOKa3blBalOT, YTO IIPpUMECHCHHE CU-
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crembl , Writing Pal® Bamser Ha moBbillleHEe CAMOOICHKH CTYJAEHTOB W MOBBIIIAET KAaueCTBO
HUCHMA.

B pabore [15] npennaraerca rubpuaHas cucremMa Ha OCHOBE OObLEMHEHUST CAMOOPTaHU3Y-
formeit kaprel (SOM, self-organizing map) ¢ MeToIoM WHTEIEKTYaJIbHOIO AHAIN3a JAHHBIX
(DM, datamining) nis dbopmupoBarusi o6pasoBareabubix Kypcos B J10. Juctannuontoe ooy-
derue Ha ocHoBe Meroga SOM/DM mpooauiock B GU3HEC-KOJLIEKe yHUBepcuTeTa B Taii-
BaHEe W TOKA3AJI0 XOPOoIine pe3yabTarhl. B patore [16| mpumensiercst ummyHsubil anroputm (1A,
Immune Algorithm) ast nosbinenus: 3bGEKTUBHOCTH COCTABIEHUS ONTHMAIBHOIO TECTOBOIO
qucTa (MpH OIEHKe CTaTyca CTYJAeHTa Mo pe3ysbrataM 00ydYeHus ) ¢ yIeTOM MHOIHX KDHTEPHER.

3. MyabpTUareHTHBIE CUCTEMBI B AUCTAHIMOHHOM OOyueHuu. COBpEeMeHHbBIE HCCIIe-
JoBaHus U paszpaboranubie mpuiokenns B cdepe IO HA OCHOBE areHTHO-OPUEHTHPOBAHHOTO
MO/IX0/1a XaPaKTePU3yTCs BHEIPEHUEM MHOKECTBA MPOTPAMMHBIX U TEXHUIECKUX WHHOBAIHIA.
B uactaocTH, Texuomorus P2P (Peer to Peer) moxer 3ddhekTHBHO HCIOMB30BATHCS I KOJI-
JIEKTUBHOI'O 00yYeHUs, IIPA KOTOPOM CTYJEHT OVIET HOJIyYaTh 3HAHUS HE TOJBKO OT yUUTeIel,
HO ¥ OT JPYTUX YUaluXcs ¢ Temu ke unTepecamu [17]. TIpennaraercs noserii mogaxoq HADEL
(Hyperspace Agent-based E-Learning), nozsossiionmumii coxpanuTh KOH(DHICHIMAIBLHOCTD HH-
dgopmanum 0 MOIB30BATEE U OCYIIECTBAATH 0OPA0OTKY MHOTOMEPHBIX JTaHHBIX C HCIIOIb30BA-
HHEeM ceTH areHToB. B crarbe [18] paccmaTpuBaoTess areHThl, ¢ MOMOIIBIO KOTOPBIX KOHTPOJIH-
pyeTcst ydacTue CTYICHTOB B I'PYIIIIE, BBISB/IAETCI UX POJIb B KOMAHJE U ONPEJIE/IIeTCd CTeleHb
coTpyIHmYecTBa. B ciydae, Korjaa moBejieHHe IPYIIBL JAaJ€KO OT HICAJTbHON CHUTyallMH, OCy-
IIECTBJISIETCS IEPEPACIIPE/IeICHUEe KOMAHIHBIX POJIeit.

Bo3MoxkHO KOJLIEKTHBHOE 0OYUEeHHE CTYAEHTOB Ha OCHOBE areHTOB C MOMOIIBI0 MOOHIBLHBIX
yerpoitcts [19]. Hemoctarku KOJLIEKTHBHOTO ODYUEHHsI, CBSI3aHHBIE ¢ HAJMYIHEM MAJIEHBKOTO
9KpaHa y MOOWJIbHBIX YCTPOHCTB, MaJioil CIIOCOOHOCTHIO K XpaHEHHIO U 00PabOTKe JaHHBIX,
orcyTcTBEeM HH(MOPMAIUHU O JAPYTHX MOJIH30BATE/ISIX, PEMIAIOTCA ¢ MOMOIIHI0 TPOTPAMMHOTO
obecriedeHnsi Ha OCHOBE MYJIbTHATEHTOB.

[Momumo kosutekTuBHOrO 00yuenusi B J1O, Takke MMPOKO paCIPOCTPAHEHBI MY/JbTHATCHT-
HbIE TIePCOHAIN3NPOBAHHBIE CHCTEMBI 00y YeHHsI, KOTOPbIe HATIPABIEHBI Ha MOCTPOEHNE WHINBH-
JIyaJIbHBIX TPAEKTOPHUIl 00yIeHNs ¢ YIeTOM WHINBUIYAJTHHBIX XapPaKTEPUCTHK OOy UIAIONIEroCs.
B pab6ote [20] mpesyioxkena MHTE/IEKTYa bHast cucreMa o0ydenns na ocHoBe APLe (Agents
for Personalized Learning), koropast 03BOJIsSIET TPOBOIUTH OOYUEHHE ¢ YIETOM MPEIOYTeHIH
o0y Jalolerocs.

B [21]| mpeaiaraercs uHTe/IEKTYalbHAS cHcTeMa TepcoHatbroro 10, KoTopast COCTOUT U3
Tpex ypoBHeil: Opay3epa, areHTOB U cepBepa. Y poBeHb Opay3epa IpeocTaBIsIeT H0Ib30BaTe/ M
TPH JIPY?KECTBEHHBIX MHTEpdeca /s CTYAeHTa, PENoJaBaTe/s U aJMUHUCTPATOPA. ATEHT-
HBI{l YPOBEHDb BKJIIOYAET B cebs: areHTa CTYIAEHTa, areHTa OOydeHWs, areHTa KOMMYHUKAIHII,
naTepdeiic areHTa W areHTa aHaJn3a BeO-siora. ATeHT CTYAEHT MpeIHA3HAYEH I PAbOTHI C
6a30ii JAHHBIX MOJIEJIM CTY/IeHTa, aHaau3a ydebnoro mporecca. [loce onpenenenus Kiaacca Mo-
Jlesn cTyIeHTa HHMOpMAIus OTIIPABJIAeTCS OT areHTa CTYJAeHTa K areHTy oOydenus. OOydaro-
Ui areHT uMeeT (pyHKINH, AaHAJOTHIHBIE ¢ HACTOSAIIMM MPenogaBaTeaeM, TO eCTh OTIPAB/IgeT
CTY/IEHTY y4eOHble MaTepPUAJBI, TPOBOIUT IK3AMEHBI, BHIOMPAET METO/Ibl O0yUYeHWS U CJIEJUT
3a OOIMM MpOorpeccoM oOpa3oBaHWs. AreHT aHaan3a BeO-JI0ra B XPOHOJOTHIECKOM IMOPSIIKE
3allUChIBACT BCE JEHCTBUMA I0JIb30BaTe g B Ipoliecce oOydeHusd. KoMMYyHUKAIMOHHBIA areHT
CBA3BIBAET yPOBEHL Opay3epa W YPOBEHb cepBepa ¢ KaxKJIBIM areHTOM, ILIAHHUPYeT U KOOPIH-
HUpyeT pabory areHToB. HTepdeiic areHT obecmeduBaeT B3aumMmojeiicTBue nHTepdeiica s
CTY/IEHTOB, npenojaasareseit n aamuaucTparopa. C MOMOIIBIO ITOTO areHTa MOXKHO ONEHUTH
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napaMeTphl areHTa CTYIeHTa, areHTa aHAJIM3a BeO-1ora u mpenogasareist. CepBepHBIN yPOBeHD
COCTOUT W3 CEPBEPOB MOJIETN CTYIEHTa, CEPBEPOB BeO-JI0Ta U CepBEPOB /71 yIeOHBIX PECYPCOB.

[TepcuekTuBabiM Hanpasenuem 1O canraercs: nCob30BaHne UIPOBOTO MOAX0/IA IIPU PA3-
paboTKe WHTeIEKTyanbHbIX cucreM Ha ocioBe MAC. B pabore [22] mokassiBaercs C10, Ko-
TOpast UCIOIH3YeT areHTHO-OPUEHTHPOBAHHBIN TIOIXO/T, TIPH CO3aHUN UTPOBOI CPeIbl 00y IeHU
JJIsl HHZKeHePHOro obpasoBanus. Vcmoabsyercst mojenb 3nanuit GBL (Game Based Learning),
KOTOpas TpeHa3HadeHa I aHAJIU3a IUKJIOB UTPHI ¢ JTOCTUXKEHNEM Pe3yJIbTaToOB B OOYYEHUH.
[Ipomecec urpbl MPOBOAUTCS TMEIATOTHIECKUMEI AreHTAMH, KOTOPBIE TOMOTAaloT HANPABISITL U
KOPPEKTHPOBATH MPOIECC OOyUeHUsI B TEUYEHWE UIPOBBIX IMUKJ/IOB. Takwe areHThl MOTyT OBITh
peCTaB/IeHbl BU3YAJIHHO B BHIE MY/JIbTHILTHKAIMOHHBIX EPCOHAYKEN MJIN C TIOMOIIIHIO MaTIIH-
HOTO CMOJIETHPOBAHHOTO ToJioca. B pabore [23| o0yueHne ocyIecTBAgeTCs Yepe3 NHTePAKTUB-
HYI0 MYJIBTUMEMAHYIO cpejly ¢ mpuMeHeHreM urpoBbix Mogayieit GBM (Game-Based Modules)
JUI U3yYeHUs MAaTeMaTuKu, bU3NKU, JIeKTPOHuKU u wHhopMmaTtnku. lamHas urposast cpena
[O3BOJISIET [TOJIYYUTDh CTYAEHTAaM OIBIT B3aUMOJIEHCTBUS ¢ BUPTYAIbHBIM MUPOM Ha OCHOBE Pa3-
JIMYHBIX KpuTepues oOydenus. J[jis noBbITieHUus YPOBHSA 00y4YeHUs U IIepexo/ia Ha, CJIEIYIONLYIO
CTYyIEeHb UI'PBI HCIOIB3YIOTCS CIIENUAJIbHbIE HHTENIeKTya bHble areHThl Ha OCHOBE HedeTKOI
JIOTHKH.

C apyroii CTOPOHBI, MHOZKECTBO CYIIECTBYIONINX YHUBEPCHTETOB XapaKTePH3YeTCsl OTCYT-
CTBUEM eJNHOI 06pa30BaATEILHON JTUCTAHIIMOHHON CUCTEMBI U JIe(DUITUTOM YCIYT JIEKTPOHHBIX
nHdopManOHHbIX O0uOnoTeK. OJUH U3 BapUaHTOB pELICHUA JTaHHOI MPOOJEMBbI Ipe/IJIOKEeH
B |24], re ommchiBaeTcs 00beIMHEHHAS MYJIbTHATEHTHAST WH(DOPMAIMOHHAS CHCTEMa YHUBED-
curera IABUIS (Integrated Agent-based University Information System), koropast BKI09aer
B cebsl 4eThIpe MOJLYJ/IsA: CHCTeMY yIpaBIeHHs afMAHUCTpupoBanus crygenta (SAMS, Student
Administration Management System), cucremy madopmanuonnoii 6ubanorexu (LIS, Library
Information System), cucremy mucrannunonunoro obydenus (DLS, Distance Learning System)
u cucreMmy uHboOpManuoHHoro yupasienus yauBepcureroM (UMIS, University Management
Information System). Ommcana momcucremMa TeCTHpOBaHUs Kak vacTh cucteMbl DLS. Bee cu-
cTeMbl (DYHKITMOHUPYIOT B3aUMOCBA3aHO, 00eciednBas CJAaKEeHHYI0 padoTy BCeX IPOIeccoB 00-
pa30BaTeJIbHONI CpeJibl.

[MTupoko ucnosb3yercs MAC Ha OCHOBe HHTEPAKTUBHBIX MeTOJI0B 00yueHust. B pabore [25]
paccMaTpUBAECTCS ATeHTHO-OPUEHTUPOBAHHBIN MOIXO0JT ¢ 0OPATHOI CBS3bIO B PeATHHOM BPEMEHN
(TAARF, Interactive Agent-based Approach to Real-time Feedback), B koTopom arenTsr ucmosib-
3YIOTCS B WHTEPAKTUBHOM PEXKHUME, UTO MO3BOJISIET CO3/1aBaTh Mpoduin 00y4IeHus, CTPOUTH
HOCIeIOBATETPHOCTD JIeHCTBUIl 171 JTOCTUKEHUd TIeJId, W3BJIeKATh JOMOTHUTEIbHBIE YieOHbIe
pecypchl B mpoliecce TOaydeHUs 3HaHWM u ap. OCHOBHBIM NMPEHMYIIECTBOM JAHHOTO MeTO/a
SIBJII€TCS BBICOKHIT YPOBEHD BOBJICYEHHOCTH 0DYYAEMBIX MMyTeM OPraHU3alluUd OOPATHOM CBA3M B
pekuMe peajibHOTO BpeMeHH, a Takxke (popmupoBanue 3pGeKTuBHON uHaMuku obyudenus. B
cratbe |26] npuBenena unTeIeKkTYa bHAs Itardopma /10 ¢ ucnonpzosarnem MAC. TTpeacras-
JienHas maTdopma obecrednBaeT COBMECTHYIO PabOTy BUPTYAJILHO CpeJibl MpernojaBaTe/ieil u
cTyeHToB. JlaHHBIH MOAXO0 B Mpolecce 00yUYeHUS 3HAYUTETBHO YIYUIIaeT B3aUMHOe COTPY/I-
HUYECTBO U 00OMeH WHMOPMAIueil MexK1y yIAITUMUCT U YIATETTIMHA.

4. KOrHUTUBHBIE CUCTEMBI JUCTAHIIMOHHOTO OOyYeHUs HA OCHOBE MYJIbTHUATEHT-
Horo moaxona. Cospemennsie MAC /10O Ha ocHOBE KOIHHUTHBHOTO TIOJXO/a HAIPABJICHBI HA
bopMupOBaHKe UHTELIEKTYATbHBIX HABBIKOB 00YYAIOIINXCS (¢ yIeTOM MCHX0IMOIUOHATBHOTO
COCTOSIHUYS ), HEOOXOJMMBIX JIJIs YCIEITHOTo o0yuenus [27]. [IpuMenenne KOrHUTHBHBIX TEXHOIO-
Uil OKa3bIBAET CYIIECTBEHHOE BJNSIHUE HA BOCIPUSITHE U OCO3HAHNE WH(POPMAIINN CTY/IeHTAMHI B



10 Hpuraadnvie uHBOPMAUUOHHBIE METHOAORUL

J10O |28-29]. MeskIMIHOCTHbBIE U SMOIMOHATBHbBIE B3AUMOJIEHCTBHIS CTYIEHTOB UTDAIOT BaXKHY O
poJIb B Tporiecce OOyUeHHUd, a UCIOJb30BaHNe KOTHHUTUBHBIX areHTOB CYNIECTBEHHO IOBBIIIA-
er kadecTBo TpagununoHaeix MAC JIO. B cratee [30] omuchiBaercsi cucTeMa, TO3BOJISAIONIAS
pPACMO3HABATH IMOINUOHATIBHOE COCTOSHHE OOYYAaeMOTO € HCIOJTH30BAHUEM MYJIBTUMOMATBLHOMN
nadopmanuu. Cucrema MCHOAb3yer (PYHKIINNA OTC/ICKUBAHUS TOJOXKEHUSI TOJIOBBI W B3IJISIA,
pacro3HaBaHusd BbIPAZKEHU JIUIA, OCYIIECTB/IAeT KOOPJAMHAIMIO Hporpecca ody4enus u jp. B
pabore [31] onuckrBaercs naTennekryanbtas cucrema (CELTS, Conscious-Emotional-Learning-
Tutoring-System) ¢ ucmoap30BaHHeM KOTHUTHBHOTO arenTa. CnocoGHOCTH 0By YAoK areHToB
B 00pa30BaTEILHBIX TEXHOJIOTHAX OOBIYHO OUeHb OTpaHuYeHbl. [[puMeHeHne KOTHUTUBHOTO 00Y-
YAIOIIEro areHTa OCHOBBIBAETCS HA UCIOJ/IH30BAHUU COOTBETCTBYIOMUX IMOIMOHAIBHBIX 110,10~
HOB JIJIST B3aUMOJieficTBus ¢ 00ydaeMbiM. HTeLIeKTyaibHAsT CUCTEMA ITPOTHOBUPYET Pe3y/ibTa-
ThI OOYUYEHHS U CIIOCOOCTBYET CAMOOOYUYEHHIO CTYJIEHTA Ha OCHOBE COOCTBEHHOTO OIbBITA.

Koruutunsiit mogaxon B JIO mpuMmensieTcss TakKe s YJIYVUIIEHUS 00YYeHUs] CTYIEHTOB C
paCCTpOfICTBOM BHUMaHHA IOCPEACTBOM BHEAPpEHUA NHTCIJICKTYaJIbHOI'O S9MOIIMOHAJIBHOTI'O al'€H-
ta, nogaepxkku [32]. Jlanubiii areHT obecrnedrBaeT KOTHUTHBHYIO HOJIEPIKKY MOTb30BATEISIM
J1O ¢ npobaemamvu B 00yUeHHH BCJIEJICTBHE PACCESHHOCTH BHUMAHMS M CIIOCOOCTBYET CaMOOpra-
HU3aIuu Iporecca odbyuenus. Vcenenosanus, mpoBeieHHbIE ¢ 24-Ms CTYIEHTAMU C TPYTHOCTSIMHA
B OOyYEHWN W PAcCTPOHCTBOM BHUMAHWs, MOKA3BIBAIOT, YTO IMOINUOHAIbHBIE AaT€HTHI YIIyUIIa-
0T CB43b ME2KAY 1IOJIb30BaTe/JIdAMU U IIPpEIIoAdaBaTe/JIdMU 1 OKa3bIBAlOT OLIEPATUBHYIO IIOMOIIL B
HPUHATUN PELICHUN.

B crarbe [33] npesacrasieno onucanue maaTdopMbl , Ipseity ¢ OTKPBITHIM HCXOIHBIM KO-
oM. Jlannas miardopMa HampaseHa Ha co3nanne KOorHuTuBHbIX cucteM B MAC. [Liardopma
BKJIIOYAET B cebgd HAOOP IJIAIMHOB, OCHOBAHHBIX HA KJIACCHMYECKHX METOJaX OOydeHUs C IMOJ-
Kperennem, Taknx Kak Q-Learning m SARSA (State-Action-Reward-State-Action). B pa6ore
[34] mpoBoUTCS cHCTEMHBI aHATH3 W PACCMATPUBAETCS TUIIOTETHYECKAsT CHCTEMa CaMOOpra-
HU3AIUKE PYII HEHPOHOB B TOJI0BHOM Mo3re. Paspaborannas MAC ocHOBBIBaeTCs Ha CBS3U
MeKIy HeHPOHHBIMU areHTaMu MO aHAJOTHH C MPOIECCAMU CAMOOPTAHUBAINN B CJIOXKHBIX KO-
THUTHBHBIX apPXUTEKTYpPax.

3akirodyeHue. TakuMm 00pa3oM, B pe3yJibTaTe MPOBEIEHHOI0 aHAJIUTHIECKOr0 0030pa Obl-
JU PACCMOTPEHBl CUCTEMBI JIMCTAHIIMOHHOTO OOydeHWs, pa3paboTaHHbIE € HCIOJIb30BAHUEM
UCKYCCTBEHHOTO WHTEIEKTa, MYJbTHATEHTHOTO IOX0/a, & TaKyKe KOTHUTHBHBIX areHTHO-
OPUEHTUPOBAHHbIX TEXHOJOI'IN. AHaJH/IS HHTEJIJIEKTYAJIbHBIX ar¢HTOB (SMOHI/IOHaJIbHOFO, KO-
PHUTHBHOTO W JIP.) TOKa3aa BeICOKY0 3 dexkruprocts nx npumenenus: B MIC/10. [Tpumenenne
areHTOB B KOJIJIEKTUBHBIX, I€PCOHATBHBIX, UI'POBBIX U HHTEPAKTHBHBIX (hOpMaxX OOyUeHUs Cy-
MECTBEHHO MOBBITIAET KA9eCTBO 00y IeHUS.

OcuoBabivu goctounHcTBaMu MAC gaBigioTcss THOKOCTH (YHKIMOHHPOBAHKS, OITEPATHBHOE
B3aUMOJIEICTBIE MEXKJy areHTamMu, MOCTPOCHWE WHIMBHAYAJILHON TpaeKTOpuu OOydeHUs C
YIETOM MICHXO3IMOIMOHAJIBHOTO U HHTEIIEKTYAIbHOTO YPOBHS OOYYAIOIINXCs, BOSMOXKHOCTH He
CIyYaiiHO BBHIOMPATH CTPATETHIO TIOBEIeHUS areHTOB, & YIUTBIBATH ONBIT MPEJIBIIYIIEro B3au-
MOJIEHCTBHSI ¢ 00ydYaloleil cpeoil, BO3MOKHOCTh aBTOHOMHOi pabOThl areHTOB, ONTHMAJILHOE
paciipeaeJsjiciHrne BbIYUC/JIUTEeJIbHBIX PECYPCOB, aJdallTallud CTYJAEHTOB B YCJIOBHUAX ,ZLI/IHaMI/ILIeCKOI;‘I
Cpe/ibl, BO3MOKHOCThH CAMOOOYYaThCs W peliaTh y3KOHAIIpaBJeHHbIe U IiobajbHbIe 33719 B
Oo0ydYeHnH, a TaKKe BBICOKAsg CAMOOPTaHW30BAHHOCTb W MHOTOMDYHKIHOHAJBHOCTH. OCHOBHBIE
HEJOCTATKU 3aKJIOYAIOTCS B BBICOKOM TpeOOBATETbHOCTH K BBIUHCIUTENBHBIM pecypcam, a
TaKzKe CJA0KHOCTU npoekTupoBanuss MAC Ha ompeseeHHbIX dTaax.
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