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Bomnpocsl peajqiu3anuu aIanTUBHOTO reHEPUPOBAHUS
JIEKTPOHHBIX Y4EOHBIX KYPCOB B MHTE/UICKTYAJIbHBIX

00y4YaIUX CUCTEMAX

Bonauckasa T.A. (Mncmumym cucmem unghpopmamuxu CO PAH)

CraTbsl MOCBSAIIEHA BONPOCAM aJaNTallid B MHTEIUICKTYaIbHBIX OOYYaIOIIUX CHUCTEMax, a
HMEHHO METOJIaM U CpPEACTBaM peajii3alyy aJallTUBHOIO TE€HEPUPOBAHUSA JIJIEKTPOHHBIX
y4eOHBIX KypcOB. PaccMmarpuBaroTCs HHTEUIEKTYaJbHBIE CHUCTEMbI OOYYCHMs C aJalTHBHBIM
reHEpUPOBaHUEM AIIEKTPOHHBIX y4IeOHBIX KYpCOB, MPEIOCTABISIOIINX
WHIWBUIyJIM3UPOBAHHEIN YYeOHBI MaTepuan Ui KaKIOTO YYallerocs W JIUHAMAYECKU
BBIOMPAIOIINX ONTHUMAJIbHBIA METO O0YyUEHHUS Ha Ka)IOM IIare mpoiecca o0ydeHHs, a TaKkKe

HCIIOJIB3YEMBIC B HUX METOABI U CPEACTBA aJallTalluu.

Knrouesvie cnosa: snekmponHoe ooyuenue, UHMeNIeKmyalbHble Cucmembvl 00y4eHus,
adanmusHble obyuarowue cucmemvl, 0dyyarowue 2UNepmMeOuUd-cucmembl, A0AnmMueHoe
2eHepuposanUe INeKMPOHHBIX YUEOHbIX KYPCO8, A0ANMueHas 2unepmeoud, adanmusHoe
npedcmasinenue, a0anmueHas Hasueayus, papuvl nianos ooyuenus, epagsl nymet KOHYenmos,

epaghul yuebHol OesimenbHOCMU, KOHYEeNnmyaibHble Kapmol, OHMON02UlU, ballecoscKue cemu.
1. BBenenue

B nocnennee Bpems anektpoHHoe oOyuenue (E-learning), moa KOTOpbIM MOHMMAETCS CHCTEMaA
OOy4eHHUs TIpU TOMONIM WH(POPMAIMOHHBIX M DJIEKTPOHHBIX TEXHOJOTHMH, TaKKe Ha3bIBaEMOE
onsaiiH-ooydyenuem (Online learning), wumum umdpoBeiM obpa3oBanueM (Digital learning),
CTaHOBUTCS Ba)KHOM YacThIO 00pa30BaTEeIbHON CHCTEMBI.

DOnekTpoHHOEe OOy4YeHHe B Halle BpeMs AakKTHBHO TIPUMEHSETCS B IIKOJNAX, By3ax, MpuU
JONIOJTHUTEIBHOM ~ 00pa3oBaHuu. lcnonb3oBaHue MHU(POBBIX TEXHOJOTHH IS YIyYIICHHUS
mporecca NpenojaBaHusi U OOYYCHHUsS] IMPEIOCTaBISICT HOBBIC BO3MOKHOCTH JIJISl TI€JAarOrOB U
yUaluxcsi U OXBaThbIBaeT IIMPOKHUI CHEKTP MHCTPYMEHTOB U METONIOB, BKJIIOUAs OHJIAWH-KYPCHI,
BHUPTyaJIbHbIE KJIACChl, UHTEPAKTUBHBIE y4eOHbIE MaTepuajbl, JEKTPOHHBIE Y4YeOHBIE KypChl H
MHoOTO€ Jpyroe. Bcé Gonee momymsipHbIM CTAHOBUTCS TaKOW MHCTPYMEHT OOY4EHHUS, KaK MacCOBBIE

OTKPBITHIE OHJIAIH-KYPCBI.
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Mup nepexuBaer nudpoByr0  TpaHchoOpManuioo  00pa3oBaHHA, [OMHUMO  IIUPOKOTO
pacrpocTpaneHus] HU(PPOBBIX TEXHOJIOTHHA, MHTEPHETA U CMapT(POHOB, BUPTYAJIbHONW PEaIbHOCTH U
HCKYCCTBEHHOI'O MHTEJUIEKTA, CBOIO POJIb 3[IECh ChIIpajla MaHJAEMUsI KOPOHABUPYCa U CBS3aHHBIN C
Hell TmepexoAx Ha AUCTAaHOHMOHHOE oOydyenune. CMemaHHOe, THOPUAHOE WM TOJHOCTHIO
JTUCTAaHIIMOHHOE O0yUYEHHE CTaJIO TeNePh JIJIsi MHOTUX IMPUBBIYHEIM [3].

[IpenmymiecTBOM TpaaUIUOHHON (HOPMBI 00pa30BaHMS SIBIISETCS BO3MOXKHOCTD IPETIOIaBATEIIS
aJlanTHPOBATh Mpolecc OOy4YeHHS K YYalluMCs, MPUHHMas BO BHUMAHUS HMX WHIAWBHIyaJIbHbIC
ocobeHHoctd. OOUH K3 OCHOBOIOJATAIONIIMX MPUHLMIIOB JIUIAKTUKA — WHAMBHIYaJIU3alUs
oOyueHus, OT peanu3aluy KOTOPOrOo BO MHOIOM 3aBUCHUT 3¢ (deKkTuBHOCTH 00yudeHus. Ilon
MHAUBUAyanu3anueil oOydeHuss T[OHMMAIOT OpraHU3alyi0 Y4YeOHOro Ipolecca C  Yy4EeTOM
MICUXOJIOTO-TIEIATOTMUECKUX XapaKTEPUCTUKHM YYalUXCs, TaKUX KaK OCOOEHHOCTH MBILUICHHUS,
MaMsATH ¥ BHUMAHMS, YPOBEHb PA3BUTHUS HHTEIUIEKTYyaJbHBIX CIOCOOHOCTEH U 0O0IIey4eOHBIX
YMEHHH 1 HaBBIKOB, YPOBEHb YCBOEHUS MPOTpaMMHOI0 Marepuaina [1].

OnHa W3 KIIOYEBBIX TEHAEGHUUNH IU(GPOBOro 00pa3oBaHUS — NEpCOHAIMU3AIMS OOy4YEeHHUS.
[lepconanu3zanusi oOyueHHs] TO3BOJSET CO3/1aBaTh aJaNTHBHbIE Yy4eOHBbIE NMPOrpaMMbl, KOTOpBIE
MOTYT OBITh HAaCTPOEHBI MOJ WHAMBHUIyalbHbIE MOTPEOHOCTH M MHTEPEChl Ka)XJOro ydallerocs,
IIPEJOCTaBIIsAS NEPCOHAIM3UPOBAHHBIE PEKOMEHAIMM U y4eOHblEe MaTepuasbl, COOTBETCTBYIOIINE
YPOBHIO 3HaHUH U UHTepecaM ydamuxcs. [IpuMeHeHre TeXHOIOruil HCKyCCTBEHHOTO UHTEIIEKTa U
MAalIMHHOTO OOYy4eHHUs IJIs CO3JaHMsl MEePCOHAIN3UPOBAHHBIX AJANTUBHBIX Y4YEOHBIX KypCOB H
PEKOMEHJAMK TO03BOJIAET 3HAYUTENBHO MOBBICUTH S(PPEKTHUBHOCTh OOYUEHHMS M MOTHUBALMIO
yuamuxcs. Llupposas oOpa3oBarenbHas cpeja CTaBUT Nepe]] TUAaKTUKONW HOBbIE 3aJa4l BHEAPCHUS
COBPEMEHHBIX TEXHOJIOTUI, METOIOB U CPECTB AIEKTPOHHOTO 00yUYeHHUs, 4TOOBI c/1enaTh LU(poBoe
oOpazoBaHue 0ojiee IePCOHATM3UPOBAHHBIM [5,64].

WuTennekryanpHble 00yyarolle CHCTEMBbl, AKTHBHO pPa3BUBAIOILMECS B IOCIEIHEE BpeMs,
SBJIAIOTCS. OAHUM U3 3(P(PEKTUBHBIX MHCTPYMEHTOB 3JEKTPOHHOIO OOyuY€HMs, B CBSI3U C ITHUM,
HampaBJCHUsl MCCIEOBAHUNH METOJOB M CPEJICTB IMEPCOHAIM3ALUM W aJalTalud B CHCTEMax
o0y4yeHHMs KaK HMKOI/IAa aKTyalbHbl. AJaNTUBHbIE T'HIIEPMEINA-CUCTEMbl  3HAUUTEIHLHO
YBEJIMYMBAIOT BO3MOXKHOCTU MHTEJIEKTYQJIbHBIX OOYy4aloIMX CHUCTEM, MX LEJIbI0 SBJISETCA
NepCOHAIM3alMs TUIEepMEINa-CUCTEMbl, €€ HacTpoilka Ha MHAMBHMIYyaJbHbIE OCOOEHHOCTU
nmois3oBareneii [7,8,11,13,21,23,32,37,38,39,41,64,72-75].

B kpynHbBIX HH(MOpPMAIMOHHBIX THIIEPMEIHA-CUCTEMAX, XapaKTEPU3YIOUIUMCS JOCTaTOYHO
OOIIMPHBIM THIEPIPOCTPAHCTBOM U IMpeIyCMaTpUBAIOIINUX paboOTy C MHOKECTBOM MOJb30BaTeIeH
C Pa3JIMYHBIMH LEJSIMH, YPOBHEM 3HAHUHM U ONBITOM, CTAHOBHUTCS I€JIECOOOPa3HBIM MPUMEHEHHE

METOJOB ajanTaiuu. B cBs3U C 9THUM, TCXHOJIOTHMHU aJlanTUBHOMI runepmMeaa HCIOJIB3YIHOTCA HE



System Informatics (Cuctemuas undopmaruka), No. 26 (2025) 3

TOJILKO B CHCTEMax AJIEKTPOHHOT'O OOYyYeHHs, a TaKKe, HallpuMep, B HHPOPMAITMOHHO-TIOUCKOBBIX
cucreMax, HMH(POPMAIMOHHO-CIIPABOYHBIX CHUCTEMaX, SJEKTPOHHBIX OHOIMOTEKax W apxuBax, a
TAK)Xe OTKPBITHIX aJIallTUBHBIX BUPTyalbHbIX My3esix [9,10,12,14,18-20,22,24,69-71].

B Hacrosimiee BpeMs B CBSI3M C BBICOKMM TEMIIOM Da3BUTHS 00pa30BaTENbHOW CHCTEMBI, B
pe3yibTaTe aKTUBHOTO pPOCTa 3JIEKTPOHHBIX HH(POPMAIMOHHO-00PAa30BATENBHBIX PECYpPCOB U
CEeTEBbIX JAMCTAHIIMOHHBIX 00Pa30BaTEbHBIX TEXHOJIOTUH BO3pACTaeT HEOOXOIUMOCTh pa3padOTKH
W peanu3aliM  QJAaNTHBHBIX  OJJEKTPOHHBIX  yYEOHBIX  KYpPCOB,  IPEIOCTaBIISIONINX
WHIMBHUYaTM3UPOBAHHBIA y4eOHBI Marepuan Ui KaXJIOTO yYallerocss W JAWHAMHYECKH
BBIOMPAIOLINX ONTUMAbHBIA METO/A OOydeHHUs Ha KaXKJIOM Liare mpoiecca o0yueHus. B cBs3u c
TEM, YTO OJHOW W3 TJAaBHBIX NPUYMH Pa3BUTUS M IIMPOKOTO PACHPOCTPAHEHUS SJIEKTPOHHOTO
o0y4eHHs SIBISETCS MMEHHO DPOCT 3HAHWH ydaluxcs, Oojiee BaXHBIMH CTaHOBSATCS BOIPOCHI
aJlanTalliy AIIEKTPOHHBIX YYEOHBIX KypCOB, KacalolIMecs afanTallid W YIOPSIOYCHHUS yUeOHBIX
MaTepHAJIOB, Y€M BOIIPOCHI aJaITUBHOTO MPECTABICHHS, TUITHYHBIC IS aAallTHBHBIX 00YYarOIIIX
runepmenua-cucrem [7,8,11,64].

Bonee Tpummatu neT Hazax B cHCTEMax 3JEKTPOHHOTO OOYYCHHs YK€ Hadala MPUMEHSTHCS
MIPOCTEUIIIast afanTaIys, HO JI0 CUX MOp 3TAJTOHHAs MOJIEbh TeHEPHUPOBAHUS IIEKTPOHHBIX YISOHBIX
KypcoB He Oblia onpeziesicHa. B HacTosiiee BpeMsi B HAyYHOU JIMTEPAType BCTPEUACTCS MHOKECTBO
pa3IMYHBIX TEPMUHOB, YMOTPEOISIEMbIX B 3HAUCHHH TE€HEPHUPOBAHUS DJICKTPOHHOTO YYEOHOTO
Kypca (courseware generation): ymopsmoueHue y4eOHOro Kypcea (courseware sequencing),
yropsiioueHue TutaHa oOydeHus (curriculum sequencing), reHepupoBaHue Mapiipyra (trail
generation), IJIaHUpOBaHHE Yy4deOHOro Kkypca (course planning), ydeOHOE MOJEIUPOBAHKE
(instructional modelling), ynopsiouenre BHYTpu y4eOHBIX Momayniel (sequencing within learning
modules) u yuebHoe manupoBanue (instructional planning) [64,97].

Tarxke BCTpeYalOTCs TaKMe TEPMUHBI M TOHATHS, KaK JWHAMHYECKOE, aJlallTHBHOE,
MEPCOHAIM3UPOBAHHOE W HWHTEJUICKTYaJlbHOE TI'E€HEPUPOBAHHME OJIIEKTPOHHOIO Yy4eOHOro Kypca
(dynamic, adaptive, personalized and intelligent courseware generation), HCHOJB3YIOLIHECS B
3HAYCHUU TEHEPUPOBAHUS DJICKTPOHHOTO Y4YeOHOrO0 Kypca, YYHMTHIBAIONMIETO W OTBEYAOIICTO
notpebHocTAM yuarierocs [47].

B cOBpeMEHHBIX MHTEIUIEKTYaJIbHBIX CHCTEMaX OOYYCHHUs MPHUMEHSIOTCS CICAYIOIINE METOJIbI
aZlanTalliu: yHnopsjioueHue KOHTeHTa (content sequencing), MHTEIUIEKTyalbHBIA aHAIN3 PElIeHUui
yuamuxcs (intelligent analysis of students' solutions), HHTepakTUBHAas MOJAEPIKKA PELICHUS 3a1a4
(interactive problem solving support), moaaepxka pemeHus 3aa4 Ha OCHOBE MpUMeEpoB (example-
based support for problem solving) u moanep»ka coBMecTHOU paboThl (collaboration support).

MeTtoapl afanTtaluu, MPUMCHACMBIC B COBPECMCHHBIX aAallTUBHBIX 06yqa10Lu1/1x runepmeana-
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cucTeMax, 3TO aJlalTHBHOE MpezacTaBieHue (adaptive presentation) W ajanTHBHAs HABUTALMOHHAS
noyiepskka (adaptive navigation support) [7,11,13,37,38,64].

JlaHHasi CTaThsl MOCBAIICHA WCCIEAOBAHHIO METOJOB M CPEICTB PeajH3alMd aJalTHBHOCTH B
WHTEIUICKTYyalIbHBIX CHUCTeMax OOy4YeHHs, a WMEHHO BOIPOCAM aJalTHBHOTO T'€HEPHPOBAHUS
ANEKTPOHHBIX yueOHBIX KypcoB [7,8,11].

B mepBoM pasnmene craThM pPacCMaTPHBAIOTCS BOIPOCH, OTHOCAIINECS K T'€HEPHPOBAHUIO
aIANITUBHBIX AJIEKTPOHHBIX YYEOHBIX KYypCOB, TPEIOCTABISIONMX WHIUBHYTN3UPOBAHHBIN
y4eOHBII MaTepual sl KaKIAOTO YYallerocss ¥ JMHAMHUYECKH BBIOMPAIOIINX ONTUMAIIbHBIA METOT
o0y4eHHs Ha KaKJOM miare mporecca o0ydenus. [IpuBosTes cienyronme MeToAbl, TPUMEHIEMbIe
IUISL pealln3alliil aJanTalliyi AJIEKTPOHHBIX yUeOHBIX KypCOB: rpadbl MmyTell KOHIENTOB, rpadbl
IUTAaHOB OOy4eHusi, rpadbl y4eOHOH MeATeNbHOCTH, KOHIENTyaJlbHbIE KapThl, OHTOJIOTHH,
0ailiecOBCKUE CETH.

Bropoit pasmen craThuM  TOCBAIIEH 0030py HMHTEIUICKTyaJIbHBIX CHCTEM  OOydYeHHs,
ABTOMATHYECKH WM JUHAMHYECKH T'€HEPUPYIOMINX aJalTHBHBIC JIEKTPOHHBIE Y4eOHBIE KYpPCHI, C
aKIIEHTOM Ha aJlalTaluio KOHTeHTa, a He nHTepdeiica. PaccmarpuBaroTcst BOpocs! (hopMain3anuu
MPEIMETHOM OOJIACTH W MOZETH 00y4aeMoro B 3THUX cucTeMax. OTNHCHIBAIOTCS MPOIECC W ATAITbI
TeHEPUPOBAHNUS AIANITUBHBIX JIEKTPOHHBIX YYEOHBIX KypCOB B JJAHHBIX CHCTEMaX. FT€HEPUPOBAaHNE,
BBIOOD ¥ YIOPSIIOYECHNUE, TIPE/ICTaBICHUE 3JIEMEHTOB y4eOHOTO Kypca. PaccMaTpuBarotest GyHKIUH

aJlanTalyuy ¥ TECTUPOBAHUS 3HAHUN ydamuxcs [64].

2. MeToabl reHepUPOBAHMS AJANITUBHBIX YJIEKTPOHHBIX Y4eOHbIX

KYpCOB

OmauM w3  Hamboyee TMOMYJSIPHBIX M PacCpOCTPAHEHHBIX  METOJIOB  aJanTalud B
HMHTEJUICKTYJIbHBIX CUCTEMax OO0YUYEHUs SIBIISICTCS T€HEPUPOBAHUE JIEKTPOHHBIX YUEOHBIX KYpPCOB.
DNEeKTPOHHBIN Y4eOHBIM KypC COCTOUT MOJIyJIeH ABYX THIOB: O0yYarolMuX MOIyJIel U MOIyJel ams
npoBepku 3HaHUU. [log reHepupoBaHMEM SIIEKTPOHHOTO Y4eOHOTO Kypca MOHHMMAETCS Mpolecc
BBIOOpa MOMyJIel Kypca U MX YHOPAIOUYEHUS MOAXOIAIIMM 00pa3oM [Uisl ONpeAeNieHHONW TPYIIIbI
WM OTIENbHBIX y4amuxcsi. CMBICI aJanTUBHOTO T€HEPUPOBAHUS AJIEKTPOHHOTO Yy4eOHOro Kypca
3aKJIIOUaeTCs B TOM, YTOOBI T€HEPUPOBATh HHAWBUIYATHU3WPOBAHHBIN Y4eOHBI MaTepuan s
KOHKPETHOT'O y4allerocsi U AUHAMUYECKH BBIOMpPATh ONTHUMANbHBII METOA OOyueHHUs Ha KaKIOM
mare mporecca obydenus. Ilog onTUManbHBIM METOIOM OOYYEHHS MOHUMAETCS TOT, KOTOPBIH
MIPUBEAET yUallerocs K peaau3anuu ero nenu ooydenus. Camas pacnpocTpaHeHHas 1efib 00ydeHus

— O9TO HpI/IO6peTeHI/Ie HGO6XOI[I/IMBIX 3HAaHUH B KpaTqaﬁmnﬁ CpPOK. 910 OJHO u3 HanOosee
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MEPCIEKTUBHBIX HANPABICHUH HAYyYHBIX MCCIEJOBAHUNA B OONACTH 3JEKTPOHHOrO OOydeHHs
[8,41,67,82].

[Iporniecc reHepupoBaHUS AIIEKTPOHHBIX Y4YEOHBIX KypCOB B MHTEIUIEKTYyaJbHBIX CHCTEMax
o0y4eHHs BKIIIOYAeT B ceOs IBa OCHOBHBIX ATalla: IUIAHUPOBAHUE YIeOHOTO MaTepraia (KOHTEHTA)
(content planning) W MUIaHUPOBAaHWE MpPEICTaBICHUS y4eOHOTO Marepuana (KOHTEeHTa) (content
delivery planning) [51].

[InanupoBanue y4yeOHOro MmaTepuana BKIOYAeT B ce0s ClEIylOIHME ILIaru: reHepUpOBaHHUE,
YHOpSZI0UEHHE U BHIOOP 3JIEMEHTOB KOHTEHTA, OCHOBBIBASCH HA TEKYIEM 3HAHUM y4Yallerocs, u
HaOJIOJICHUM 32 BBIMIOJIHEHWEM IUIaHa KOHTEHTa ISl OINpeAeNeHUs TOro, KOrja CIeayeT
NeperyIaHupoBaTh (a1alTUPOBATh YK€ CYLIECTBYIOIIUHN TUIaH) WM T€HEPUPOBATh HOBBI IJIaH.

[InanupoBanue mnpencTaBlieHUss Yy4eOHOro Marepuaia, TakXKe Ha3blBaA€MOEe CTpaTeruen
oOyueHusi, OTHOCUTCS K BBIOOPY AEMCTBHM M B3aUMOAECWCTBM, KOTOpPbIE MOMOTYT yYallleMycCs
noctuub 1enei ooydeHus. CaMple pacpOCTpaHEHHBIC CTpaTernu OOy4YeHHUs, ATO OOydeHHe Ha
npumepe (learning by example), o0y4enue ¢ momoripto ureHus Tekctos (learning by reading texts),
oOyuenue Ha coocTBeHHOM ombite (learning by doing) u moxenuposanue (simulation) [106].

B coBpeMeHHBIX UHTEIIEKTYaJbHBIX CUCTEMax 00y4eHHUs UCIIONB3YIOTCS Pa3IMYHbIE OIXObI K
TE€HEPUPOBAHUIO IEKTPOHHBIX YUEOHBIX KypcoB. BOJIBIIMHCTBO CUCTEM I'E€HEPUPYIOT SJIEKTPOHHBIE
y4eOHbIE KypChl, HCIOJb3Yys TOJIBKO OAMH MeToJ oOyueHHs. HekoTopble CHUCTEMBI CIIOCOOHBI
U3MEHATh TOJIBKO IMOPSAIOK BOIPOCOB MIM 3ajay, APYrue — pacrosiaraTtb IO MOPSIKY YPOKH, HO
0oJiee IPOrPECCUBHBIE CUCTEMBI MOTYT I'€HEPHPOBATH YUEOHBIM KypC, HCIOJb3Ys pa3HOOOpa3HbIe
METO/Ibl O0YUYEHHS.

CymecTByeT TpH NOJX0Aa K IN€HEPUPOBAHHMIO IEKTPOHHBIX YUEOHBIX KYpPCOB: CTATHYECKOE,
aZlanTUBHOE U TMHAMHUYECKOEe reHeprpoBaHue. TpaiuliMOHHbIe cTaTUUECKHE 00ydarolue CUCTEMbI
alanTUpYIOT mpolecc OOY4YEeHHUs, MCIONb3ysl IMOAXOASAIIUE IEAarorMHuyecKue CTpaTeruud Jyis
IPEJCTaBICHNUs 3HAHUU MpeaMeTHOM obmactu. Mozenb yyeOHOro Kypca B OOJIBLIIMHCTBE TakKMX
CHCTEM — CTaTUYECKUH MAacCHUB WM JEPEBO, IPU 3TOM BCE AJIEMEHThI y4eOHOIr0 Kypca CO31aroTcs
IperoiaBaTeieM 3apaHee, a Kypc FeHepHpyeTcsi cpa3y ke, YTO CHIXKACT ero aaanTuBHOCTS [ 88].

Wnes ananTMBHOIO TIeHEPUpPOBaHMA  Y4eOHOro  Kypca  3aKJIO4aeTcss B CO3JIaHUU
CHELUAIU3UPOBAHHOTO COJIEPXKAHMSI IO TOTrO, KaK yyalllMecs HAYHYT €ro MCIoyib30BaTh. B cioydae
JMHAMUYECKOT0 T€HEepPUPOBaHUs Y4eOHOI0 Kypca CUCTeMa OTCIIeKHUBAET porpecc o0y4aeMoro, U B
Cllyyae HECOOTBETCTBHMS €ro YyCIIEBAaEMOCTH OXHJAaeMOH, y4eOHbIM Marepuan JAWHAMHYECKU
nepereHepupyercsa. IIpu 3ToM noaxone NMpUHUMAKOTCS BO BHUMAaHHME TEKyIUE 3HAHMS, LEIU U
nepuoi 00yueHHsl yJaluxcsi, 1 COOTBETCTBEHHO M3MEHSETCS] YPOBEHb CIIOKHOCTU U MPOUCXOAUT

ajmanraiys K nporpeccy (ycrneBaeMmoctH) ydamuxcs [41].



6 Bonsnckas T.A. Bonpocs! alannTHBHOCTH B CUCTEMaX JAUCTAHIIMOHHOTO 00yYeHUs

Bo Bcex cuctemax oOydeHUs, B KOTOPBIX MPUMEHSIOTCS METO/Ibl TeHEPHUPOBAHUS HIICKTPOHHBIX
y4eOHBIX KypCOB, MPUCYTCTBYIOT T.H. JIEMEHTHI Y4€OHOTO Kypca: 3JI€MEHTHl 3HAaHWH MPEeIMETHOM
o0yacTH, KOHIIENTHI, ()parMEeHTHl 3HAHWI, TeMbl, Y4eOHbIE MOJYJH, OOBEKTHI 3HaHWi (domain
knowledge elements, concepts, fragments of knowledge, themes, learning objects, knowledge
objects) [110].

B HacTOoAmCEC BPEMA B HMHTCIUICKTYAJIIbHBIX CHCTEMax 06y‘{€HI/I$I MNPUMCHAIOTCA CICAYIOIIUC
METOIbl aJIaNTaluu Y4eOHBIX KypcoB: rpadbl myTeil KOHIENTOB, rpadbl MJIAHOB 00y4eHus, rpadsl

yueOHOM JIeSTeIbHOCTH, KOHLIENTyalIbHbIC KapThl, OHTOJIOTHH, baliecoBckue cetu [34].
2.1. I'pa¢bl nyTeli KOHUENTOB, IJIAHOB 00Y4YeHUA U Y4eOHOH AeATeJTbHOCTH

I'pad nyreii konuenTos (Concept Path Graph). O1o opueHTHpOBaHHBIN alMKIHYeCKUil Tpad,
KOTOpBIM  mpejcTaBiseT co0O0M  MHOXECTBO  IMpaBWJI  YHOPSAJOYEHHS,  OIpPEaesFOLINX
MOCJIEZIOBATEIbHOCTh KOHLIENTOB, CHAa0)KEHHbIX HAa0OpPOM XapaKTEPUCTHK, KOTOpbIE OJKEH
npuobpectu yyamuiics. [log KoHIIENTOM MOHMMAaETCs AJIEMEHT 3HAHUM MpeAMETHON 005acTH, Uis
KaXXJI0ro KOHIenTa B rpade co3maercss BepllnHa, KOTopas ero mnpezacrasiseT. s onpeneneHus
CTPYKTYpbl IMYTH KOHILENTOB HAa OCHOBE MOJENU MPEeIMETHOM 00JIaCTH M MOJENU IO0JIb30BaTeNs
WCTIONB3YIOTCS  y4ueOHble 1enu. TakuM oOpa3om, Tpad MmyTeld KOHIENTOB MPEACTABISET
KOHIENTYaJbHYI0  CTPYKTYpPY  OHTOJOIMHM  HpeIMETHOM  00JacTH,  COOTBETCTBYIOIIEH
paccmarpuBaeMor 1enu oOyueHus. KonmenTsl, coxepkamuecs B rpade MyTed KOHIICNTOB,
BBIOMPAIOTCS COTJIACHO B3aMMOCBSI3SIM  MEXAY HepapXuell ydeOHbIX IIeIe W OHTOJIOTHEH
npeaMeTHoM obnactu. CTpykTypa rpada moaHOCThI0 KOMUPYET CTPYKTYPY OHTOJIOTUU MTPEIMETHOM
obuactu [44,68,92].

I'pa¢ nuanoB od6yuenus (Learning Path Graph). DTo opHeHTHpOBaHHBIN AlUKIMYCCKHUI
rpad, KOTOpHBIN oOmpeAensieT BCE BO3MOXHBIC IUIAaHBI OOy4YeHHs (IOCIEAOBATEIbHOCTh Y4YEOHBIX
MaTepHuaIoB), COOTBETCTBYIOIIME MAHHON 1enu oOyuyeHus. I'pad mimaHOB OOy4deHHs] OMHUCHIBAET
CTPYKTYpy MpeIMeTHOW o0nacTh M CBsS3aHHbIE C HEW y4yeOHbIE LIeJH, CTaBI B COOTBETCTBUE
y4eOHYI0 1IeJIb M BCE BO3MOXHBIE JUIsI €€ JOCTM)KeHMs IiaHbl oOydeHus. OCHOBBIBAsCh Ha
XapaKkTepUCTUKaX ydyallerocss B Mojenu o0ydaeMoro, W3 JToro rpada, colepKallero Bce
BO3MOXHBIE IUIaHBl OOyueHHus, BBIOMpAaeTCd WHAMBUAYAIbHBIM IIaH o0O0ydeHus. Mojens
00y4aeMoro coJepkHUT MH(GOpMaIU0 00 ypOBHE 3HAHUH ydallerocs, a TakKe XapaKTepUCTHKaXx,
TaKUX Kak CTWJIb OOy4YeHHUs W mpennouteHus. [IpoexTupoBaHue MoJenu MpeIMeTHOW 00IacTH
BKJIIOUAET JIBa dTama: MPOeKTUPOBAaHME HepapXuu 3afad (yuyeOHBIX 1eTieil) U coctaBieHue Habopa

noHATHIA (KoHIIenToB) [67,68].
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Yrto0bl OCcTpouTh rpad miaHoB oOydeHHs, JUIS KaKJI0T0 KOHIENTa U3 rpada myTeid KOHLIENTOB
13 Me/IMa MPOCTPAHCTBA BRIOMPAIOTCS CBSI3aHHbBIE C HUM Y4eOHBIE PeCypChl HA OCHOBE CBSI3U MEXKIY
OHTOJIOTHEH TMpeIMETHOH OOJIaCTH M MOJENbI0O OMHUCAHUSA pecypcoB. Meama MPOCTPAHCTBO
COJCP)KUT OIMCAHMS XapaKTepUCTHK Y4eOHbIX MarepuanoB. Kaxnaplii y3enm B rpade myrtei
KOHLENTOB Jajieé 3aMeIlaeTcsl CBSI3aHHBIM C HUM IIOJMHOXKECTBOM Y4Y€OHBIX MAaTEpHUasoB,
M3BJICYEHHBIM M3 Meaua mpocTpaHcTBa. CTPyKTypa MHOMKECTBA Y4E€OHBIX MAaTEpPHaJIOB KOMHPYET
HETIOCPEJICTBEHHO CTPYKTYpy Meaua mpoctpaHcTBa. KoHewnslid rpad sBisercss rpadoM IUIaHOB
oOyuenus. Ilpu ycioBumu, 4To Meaua NMPOCTPAHCTBO HE COACPKUT LMKIUYECKUX CCHUIOK MEXIY
y4eOHBIMU MaTepuagaMu, rpad rmiaHoB 00ydeHUsI CTAHOBUTCS MPOCTHIM OECKOHTYPHBIM Oprpadom.
XOTs TO MPEINOI0KEHHE HE BIUSAET MPSAMBIM 00pa30oM HU Ha TMPOCKTHPOBAHHE CHCTEMBI, HU Ha
METOOJIOTHUIO YIIOPSAI0UEHHUsS, HEOOX0AMMO U30eraTh OECKOHEUYHBIX TUTAHOB O0yUYEHUS.

Ha cnenyromem stane u3 rpada, coaepkamero Bce JOCTYIMHBIE TUTaHBl 00y4YeHUsI, BEIOMpaeTCs
MEePCOHANM3UPOBAHHBIN MJIaH 00yUYeHUs, OCHOBBIBAsICh Ha XapaKTEPUCTUKAX MOJIENU 00ydaeMoro.
B utore mosydaercsi TOMOMHUTENbHBIA YPOBEHb, Ha3bIBAEMbI YPOBHEM aJanTaluud 00ydaemoro,
KOTOPBIN MCIIONBb3YETCs /sl BRIOOpa MePCOHATTM3MPOBAHHOTO TU1aHa 00yueHus [44,46].

I'pad yueoHoit nesitesibHocTH (Learning Activity Graph). Dto opuenTHpoBaHHBINA Tpad,
KOTOPBIM MCHOJB3yeTCs Ul OpraHM3alli y4eOHBIX PECypcoB, CBSI3aHHBIX C Y4eOHOI 3amadeid.
OO6mrast yueOHast 3ajada MOXKET OBITH TPEJCTaBlIEHA B BHUJE HEpapXWUyecKoro rpada ydeOHBIX
JNEUCTBUM, THe BepmIMHBI rpada MOryT OBITH JHOO MPOCTHIM Y4YEOHBIM JCHCTBHUEM, JHOO
noarpadomM y4deOHBIX NEHCTBHIL, BKIIIOYAIONIMM HECKOJIBKO CBSI3aHHBIX YYEOHBIX PECypcoB s
yueOHOM moa3ajayu. B maHHOM cilydae MPOCTHIM Y4YEOHBIM JIGHCTBHEM CUMTAETCS Y4YeOHBIN
pecypc, coiepxamiuii y4eOHbIM Marepuall, KOTOpPbI JOJDKEH ObITh MHPEICTaBJICH ydallemycs
oOy4aroriei CuCTeMOil.

I'pad yuebHO# mesTenpHOCTH onpeaensercs cueayrommm oopasom: G = (V, E, Vi, Vo), e V —
MHO>KECTBO BEPILUH, KaXk/1asl U3 KOTOPBIX SIBJIAETCSA YUeOHBIM PECYPCOM, KOTOPBIA MOXKET IMOCETUTh
y4alluiics, ¢ mpea- U MOoCT- YCIOBHUSIMHU JJIsl ONPeesieHus cleAyoueil Bepnnbl; E — MHOXecTBO
IyT, Ka)Xaas U3 KOTOPBIX COCTUHSIET HEKOTOPhIE IBE BEPIIUHBI U3 V; Vi — HaYalbHAas BEpIIMHA, a Vo

— KOHeuHas BepirHa rpada, Vi, Vo € V. CTpyKkTypa BEpIIUHBI OMPEIeIeTcs CIeTYIOMNUM 00pa3oMm:

| preCondition | nodeType I leamingResource | postCondition I startNode | endNode |

B ato0it cTpykType nodeType o0o3Ha4aeT THI BEPIIUHBL, T.€. MPOCTOE NCHCTBUE WIH TPYIIITY
neiictuii, learningResource — yueGHBII pecypc, COOTBETCTBYIOIIU neiicTBuio, preCondition u
postCondition 0003HauarOT COOTBETCTBEHHO mpen- W mocT- ycinoBusi, StartNode u endNode
0003HAYAIOT COOTBETCTBEHHO HAYaJbHYH) M KOHEYHYIO BeplIMHBI B (mom)rpade y4eOHBIX

neiictBuii. Takum oOpaszom, nyra € € E sBasercst Tpoiikoii (Vs, Ve, C), T Vs U Ve — HaYallbHAsA U
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KOHEYHasi BEpIIUHBI 1oyrd, Vs Ve € V; a preCondition wmu postCondition C — noruueckue
BeipaxkeHust. Eciu ycrmoBue C omeHMBAeTCss KaK HUCTHHHOE, OyIeT BBIOPAHO COOTBETCTBYIOLICE
ymopsiiounBanue. [Ipu 3TOM, eciid TaKuX IyT CYHIECTBYET HECKOJBKO, OIHA M3 HUX BBIOMPACTCS

ciy4aiiHbeIM oOpa3om [111].
2.2. KonuenrtyajibHble KapThl

Konuenrtyanbnas kapra (Concept Map) — Taxke KOHIENT-KapTa, OHITUITHAS KapTa, JuarpaMMa
KOHIENTOB, TPEACTaBIAeT CcOO00M rpaduueckuili HMHCTPYMEHT JUIsl CTPYKTYpUPOBaHUSA H
MIpe/ICTaBJICHUs] 3HAaHUM MPeAMETHON 00s1acTH.

KonnenTyanbHas kapTa COCTOMT U3 KOHIIETITOB (ITOHATHIT), 0OBIUHO M300paXkaeMbIX B (UTypax
OTIPENIEIEHHOT0 TUMa (KPYroB WJIM TPSIMOYTOJHHUKOB), W OTHOIICHHA MEXKIy TOHSTHIMH,
M300paxaeMbIX COECTUHUTEIbHBIMU JIMHUSIMH, CBSI3bIBAIOIIMMM J1Ba MOHATHS. ClloBa Ha 3THUX
JUHUSAX, Ha3bIBa€MbIE CBS3YIOLIUMHU CJIOBaMU WM CBA3YIOIIMMHU (ppazaMu, OMNPENENsioT CBS3b
MEXIy STHMH ABYMSI TOHSATHAMH. KOHIlENTyalbHBIE KapThl MOMOTAIOT TOKa3aTh, KaK YEIOBEK
BUJIAT B3aMMOCBSI3U MEX/Ty MOHATHAMH, UICIMH, 00BEKTaMu, SIBJICHUSIMHE | 1p. [84-86].

MaremaTuuecku KOHIENTyajlbHas KapTa MpeiCTaBiIseT cO00i OpUEeHTUPOBAHHBIM MOMEUEHHBIN
rpad, BepuIMHAM KOTOPOTO COOTBETCTBYIOT KOHIIENTHI (TIOHSTHS), JAyraM — OTHOIICHHS (CBSI3H)
MeXAy HOHSTUSMHU, IPU STOM METKaMU Ha JIyTax CIy»KaT CBS3YIOIINe Qpasbl.

Onpenenenne. Konnent, corimacHo ompeneneHuto, nannomy Jlxozepom Hosakom (Joseph
Novak), 0CHOBOITOJIO’)KHUKOM KOHIIENTYaJIbHBIX KapT, €CTh «KMEHTAJIbHBIN 00pa3 mpeameTa, 00beKTa
win  abcTpakTHOW wuaew». Takum oO0Opa3oM, KOHIENT OIpeneisercs Kak BOCIHpPUHUMaeMas
3aKOHOMEPHOCTh WUJIM MOJIeJh OOBEKTOB WJIU SBJICHUM, WIM JaHHbIE 00 OOBEKTaX WIIM SIBJICHUSAX,
0003HaYeHHBII MeTKO [85].

WNuave roBopsi, KOHLENTHI — 3TO KOPOTKHE (HOPMYIHMPOBKH, Yallle COCTOSIINE U3 OJHOTO CJIOBa,
CBSI3aHHbBIC C MOHATUSMHU IPEIMETHOM O0JAaCTH, ONMUCHIBAIOUIMMH HCCIEAYEMYIO CUTYAIUIO, WIH
3aKOHOMEPHOCTSIMU B OOBEKTaX, COOBITUSAX U CUTYaLIUSX.

Ha coeauHuTeNbHBIX TUHUIX, CBS3BIBAIONIMX J1Ba KOHIIENTA (TIOHATHUS), YKA3bIBAIOT CBS3YIOIINE
cioBa Wiu (ppasbl, OMPEAEINSIONIUE W PA3bSACHSIONIME THUM CBSI3U MEXAY MOHATHSAMH (MHOTAA
UCIOJIb3YIOTCSA CUMBOJIBL: +, -, % U JIp.). DTHU CIIOBa-OTHOILIEHUS Yallle BCETO SBJISIOTCS TIarojaMu.

Kaxnple [Ba KOHIENTa CO CBS3YIOIIMM CJIOBOM-OTHOIIEHHEM 00pa3yioT KOPOTKOE
Ope/UIoKeHne, HasbiBaeMoe mpomo3uieid (proposition). Ilpomo3uims — 3TO OCMBICIEHHOE
BBICKa3bIBAHUE, SBJISAIOIIEECS CEMAHTUYECKOM eIMHUIIeH MU CMBICIOBON enuHMLIeH. B HEKOTOpBIX

ClIydasax npono3unusa MOXET COACPIKATh TPpU U Oomee KOHIICIITA, HO, KaK ITPpaBUJIO, TaKok cuTyanuun
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CTaparoTcsi M30erarb, MOCKOIBbKY YTBEPXKICHUS MOTYT CTaTh Pa3MBITBIMU U HEOIPEACICHHBIMU
[81].

OcHoBHbIe xapakTepucTHKH. OCHOBHasi MJES KOHUENTYaJIbHBIX KApT COCTOUT B TOM, YTO
B3aMMOCBSI3aHHOCTb SIBJIIETCS BAXKHEHNIIIMM CBOMCTBOM 3HAHMI, U YTO «ITOHUMAaHUE» 3HAHUN MOMKET
OBITh MIPEJICTABJICHO MOCPEACTBOM MITUPOKOTO HAOOpa B3aUMOCBSI3EH MEXIy BaXXHBIMHA KOHIICIITAMHU
MpeAMETHOM 00JIaCTH.

Cemanmuueckas cmpykmypa. JlBa (wimu 0Ooree) KOHIENTa, OOBEIWHCHHBIE TTOCPEICTBOM
CBA3yIOIIEH (Ppa3bl B OCMBICIICHHOE BBICKA3bIBAHME, COCTABIISIOT «IPOIMO3UIIAI0» — CMBICIOBYIO
(umu cemanTHYecKyw) enuHuiy. CormacHo KorHUTHBHOW Teopuu JPBuma O3syoena (David
Ausubel), xonnentsl (MOHATHS) € TPONMO3MIMH (BBICKa3bIBaHMs), OyIy4yd HAMMEHBIINMHU
eAVMHUIIAMU 3HAHUW, CIIy’)KaT OCHOBOWM I CO3/IaHUsI HOBBIX 3HAHMM B TPEIMETHON O0JIACTH.
MO0>XHO TPOBECTH AHAJIOTHUIO C TEM, YTO KOHIIETTHI MMOJOOHBI aTOMaM, a TPOIO3UIIUHA — MOJIEKYJIaM.
KoHnenryanpHbIe KapThl C TTOMOIIBIO CBA3YIOMUX (Ppa3 HATISAHO OTOOPaKAOT HauboJiee BayKHbIE
B3aMMOCBSI3U MEXAy HAaO0OpOM KOHIeNToB, (Gopmupys mpomosuruu. [lo cyTu, KoHuentyaiabHas
KapTa BHU3yaJbHO TiepenaeT Ha0Op YTBEepXKIeHWW Ha 3agaHHyr0 Temy. [lpu cocraBieHun
KOHIIETITYaJbHON KapThl HYXHO CIEIUTh 3a TEM, YTOOBI KaXJIble JBa TIOHSATHS BMECTE€ CO
CBS3BIBAIOIIMMU HX (pazamMu 0Opa30BBIBATIM CMBICIOBYIO €IMHUILY, YTBEPXKICHHE, KOPOTKOE
npetokenue [31].

Uepapxuueckas cmpykmypa. B nio0oii 00iiacTu 3HaHWHN CYIIECTBYET HEpapXus MOHITHH, TIe
HambOosee oOOIIMe TOHATHUS HAxXOJATCS Ha «BEpIIMHE» HepapXxuu, a 0ojee KOHKPETHBIE
pacIoyIOkKEHbl HepapXUuecKu Hibke. OJIHA M3 KIFOYEBBIX XAPAaKTEPUCTUK KOHUENTYaIbHBIX KApT —
HEepapXUUHOCTh €€ CTPYKTYphl: Haubojee oo1ue, coaepKareabHble U BCEOObEMITIONINE KOHIICTITHI
HAXOJATCSl Ha BEPXHUX YPOBHSAX HEpapXuu, a MeHee oOiiue, 6o1ee KOHKPETHbIE U clienuuyHbIe
KOHLIETITHl PacIOJIOKEHbI HA HIKHUX YPOBHAX. COOTBETCTBEHHO, MEPAPXUUECKUE KOHLEIITyaIbHbIE
KapThl UYWUTAIOTCS CBEpPXy BHHU3. TeM He MeHee, CTPYKTypa KOHIENTYyaJlbHOM KapThl He
OTPAaHUYMBACTCS ATON CTPYKTYpOH, OHa MOXKET MPUHUMATh U CBOOOAHYIO (hopMy — HauuHas OT
LIEHTpa U PACIPOCTPAHSISCh HAPYXKY.

Knrouegou eonpoc. KoHuentyanbHble KapThl CO3JAIOTCS HAa OCHOBE KIIKOUEBOIO BOIIpoca —
(GhOopMyIUPOBKHU, KOTOpas 3aJaeT U YETKO OIpe/eNnseT OCHOBHYIO TeMy WU MpoOjeMy, KOTOPYIO
KapTa npegHa3HaueHa pemnTh. KiroueBoil BOmpoc MoMeNIaeTcsi B caMOM BEpXY KOHIIENTYaJbHOM
KapThl U CIIYXKUT OTIPABHOM TOUKOM JUIS JAIBHENIIIUX OTBETBIEHUN. XOPOIIMHI KIKOYEBOW BOIIPOC
MO>KET MPUBECTH K CO3JJaHUIO Topa3io Oosee moApoOHOM KOHIENTYaTbHOW KapThI.

Ilepexpecmuvie ccolnku. Jpyro BaKHOM XapaKTEPUCTUKOM KOHLENTYAJIBHBIX KapT SBIISCTCS

BKIIFOYCHUC TICPCKPECTHBIX CCBUIOK (CBHSCﬁ). HOCKOHLKy KOHICIITYaJIbHBIC KapTbl COACPIKAT



10 Bonsnckas T.A. Bonpocs! alannTHBHOCTH B CUCTEMaX JAUCTAHIIMOHHOTO 00yYeHUs

KOHIIENTHI U3 Pa3IMYHBIX 00JacTeil 3HAHWH, OTHOIICHUS MEXIYy 3TUMHU O0JIACTAMU OTOOpaKaroTCs
C MOMOIIBIO MEPEKPECTHBIX CCBHIJIOK. JTO CBA3M WJIM OTHOLIEHUS MEXIY KOHILIENTaMM M3 Pa3HbIX
CeTMEHTOB WJIM OOJIACTeH KOHIENTyaJbHOMW KapThl. Takue NEepeKpecTHBIE CCHUIKH IOMOTAIOT
MOHATh, KaK KOHIIENT U3 OJHOM 00JIaCTH 3HAHHM, IPEACTABIICHHON HAa KapTe, CBSI3aH C KOHIENTOM
U3 Ipyroi 00iacT, MOKa3aHHON Ha KapTe, M, TAaKUM 00pa3oM, WILTIOCTPHPYET CBA3b STHX YacTeH
JPYT € APyTOM.

Konxpemnvie npumepwi. Ilocnemusii  0coOEHHOCTb, KOTOpas MOXET OBITh MpHUCYIIA
KOHIENTYaJbHbIM KapTaM, 3TO KOHKPETHbIE NPUMEPHl OOBEKTOB WJIM SBJICHUN, MOMOTalOLIUX
pa3bsACHUTh 3HAUYEHHE JAaHHOTO KoHuenrta. OOBIYHO OHM HE 3aKIIOYeHbl B OBaJbl WIH
MPSIMOYTOJIBHUKH, TOCKOJIBKY SIBJISIFOTCS. KOHKPETHBIMU OOBEKTaMH WIIH SIBIICHUSIMU U HE SIBJISIOTCS
KOHIIENTaMHU.

Hcropus co3nanus. KonnenrtyanpHble KapThl BIEpBBIE ObUTH TpemiokeHbl B 1960-1970-x
rojax aMepuKaHCKUM IE€JaroroM M ydeHbIM-HccienoBaTeneM u3 KopHenbCcKoro yHHBEpPCHTETa
(CIOA) Hxozedom Hosaxom (Joseph D. Novak), KOTOpbIii 3aHUMalICd H3y4YE€HHUEM JIETCKOTO
MBIIIJIEHUST U (OPMHUPOBAHMEM TMEPBBIX HAYUYHBIX MOHATHH. [l M3ydeHHs TOro, Kak JeTH
MMOHUMAIOT KOHIENUUU (PyHIaMEHTaJbHBIX HayK, ObIM MPOBEAECHBI U 00paboTaHbl MHTEPBHIO CO
MHOTUMH JeTbMH. Heo0xoaumMocTh HaliTH Jiydiliee petieHue Uisl MpeAcTaBIeHus] KOHIENTyalbHOro
MOHUMAaHMs JeTell mpuBeiaa K pa3paboTKe KOHUENTyaJdbHBIX KapT. C TeX HOp OHU HaXOJST
MpUMEHEHHE He TOJIbKO B cpepe oOpa3oBaHMs M HAy4HBIX MCCIEIOBAaHUM, HO TakkKe U B OM3Hece
[84-86].

Uccnenoanus Jlxxozepa HoBaka OCHOBBIBIMCH Ha HJIESX AMEPUKAHCKOIO KOTHUTHBHOIO
nicuxosiora u negarora Jpuaa O3yo6ena (David Ausubel), 3annMaBiierocst BorpocamMmu oOy4eHUs
CTYJICHTOB B KOJIJIE/PKaX M (POPMHUPOBAHUEM MOHATHIHOTO MbIUIeHHs. B Hauane 1960-x romoB um
Obuta pazpaboTaHa KOTHUTHBHAs TEOpPHUS aCCUMWIIALIMM, BIIOCIEJICTBUHU IIUPOKO NMpUMEHseMas B
001acTH OCMBICIIEHHOTO0 BepOanbHOro oOydeHus. B ocHOBe 3TOW Teopuu JEKUT TOT (PakT, 4YTO
HOBBIEC 3HAHUSI MOXKHO (PPEKTUBHO YCBaWBaTh, CBSA3BIBAS UX C TEM, UTO YK€ M3BECTHO, IPU ITOM
KOHIIEIITYaJIbHbIC KaPThl PACCMATPUBAIOTCS KaK METOA0JIOTHUECKHI HHCTpYMEHT 3To# Teopuu [30].

CornacnHo teopun J[pBuaa O3y06ena, o0ydeHue JItoeil, He3aBUCUMO OT MX BO3pacTa, 3aBUCUT OT
WX TpeAblAyllel KOTHUTUBHOM CTPYKTYpBI, KOTOpas cBs3aHa ¢ HOBOM wuHpopmanmei. [lon
KOTHUTUBHON CTPYKTYpOW MOHUMAIOTCS MEHTaJIbHBIE Perpe3eHTaluu (Habop uaei U KOHLEMIHi),
KOTOpBIE 4YEJIOBEK CTPOMT O (pparMeHTe peanbHOCTH. MHade roBops, 3TO COBOKYIMHOCTh BCEX
MOJyYCHHBIX 3HAHUHM, a TaKkKe B3aMMOCBs3eH Mexay (akTamu, MOHATUAMU W HPUHIUIAMH, U3

KOTOPBIX COCTOAT OTHU 3HAHU. ITo MHEHMIO I[3BI/I,Z[3 O3y6ena, 06yquI/Ie 3aK/II049acTCAa B TOM, YTOOBI
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IIPUBHECTH 4YTO-TO HOBOE B KOTHUTHUBHYIO CTPYKTYpy H CBsI3aTh 3TO C YK€ HMMEIOIIHUMUCH
3HAHHUSMH, HAXOSIIUMHKCS B 3TOH cTpykType [31].

CoBpeMEHHYIO pean3alui0 KOHIENTYAIbHBIX KapT CBS3BIBAIOT C METOJUKAMH OpUTAHCKOTO
ncuxosnora Toun berozena (Tony Buzan), nzobperarenem untemiekt-kapt (Mind Maps) (taxke
MEHTaJIbHbIE KapThl, JAWAarpaMMbl CBs3€l, KapTbl pa3zyMa) — IMONYJSPHONW TEXHUKU BHU3YaJbHOTO
MbliieHUs. CyThb 3TOW METOJMKHU 3aKJII0YaeTcsi B BHU3YaJbHOM IPEICTABICHUU HH(YOpPMAaLUH,
OTpaXKAOILIEM CUCTEMHBIE CBSA3H MEXK/Y LIEIbIM U €ro YacTsAMU. Takas AuarpaMma CTpOUTCSE BOKPYT
LEHTPAJbHON MHJIeH, KOHIENIHUH, TEMbl WM TPOOJEMBl, OT KOTOPOH OTXOAAT «BETBU» CO
CBsA3aHHBIMU HeIMU. C MOMOIIbIO0 MHTEIIEKT-KapT MOXKHO CTPYKTYypHUpOBaTh JIO0ONH MaTepuan —
OT IMPOCTOrO CHHCKa JIMTEPATYpbl 0 Y4eOHOro IulaHa. B COBpeMEHHBIX MOJX0Jax K OOy4EeHHIO
MHTEJJIEKT-KapThl 3aCIyKEHHO 3aHMMAalOT Ba)KHOE MECTO, OHM IOMOTAIOT JIyyllle BOCHPUHHUMATH
CJIOKHBIE€ KOHIENIUHU U HaJIe’)KHEEe 3alIOMUHATh U3yUYEHHOE, JIeIal0T 00yuYeHUEe OCMBICIIEHHbBIM, a He
MeXaHUUYeCKUM. TakxKe MHTEJIEKT-KapThl ABJSIOTCS d3PPEKTUBHBIM HHCTPYMEHTOM IUIAHUPOBAHMS,
MOMOraroT o0pabarbiBaTh OojbiMe 00BbeMbl HMHGOpPMALUU, O0O0ECNEeYUTh BCECTOPOHHMM
aHAJIMTUYECKUIT 0030p MO 3amaHHOM Teme, 3(p(GEeKTUBHO TIE€HEpUpPOBATh HOBBIE WJIEH, HAWUTH
HEOYEBHU/IHBIC PEIICHHS U OTKA3aThCsl OT HEMPOAYKTUBHBIX BapuaHToB [6,17,42].

B Poccun npuMepHO B 3TO K€ BpeMsl MOXO0XKHE HJIEH MOJTYYHIN BbIpRXKEHUE B TEOPETUYECKUX
pabortax no cucremonoruu [.I1. MensuukoBa u [1.I'. Ky3nernoBa u mmpoko ucnonb3oBanuch I'.11.
HlenpoBUIIKUM U €r0 NOCIEI0BATENSIMU B OPraHU3allMOHHO-AE€ATEIIbBHOCTHBIX UI'PaX.

O0nactn npumeHeHusi. KoHLenTyanbHble KapThl YCIHEIIHO IPUMEHSIOTCS B 00JacTu
0o0pa3oBaHMsl KaK B KaueCTBE MHCTPYMEHTa OOyuYeHUsl, TaK U MHCTPYMEHTA OLIEHKH yCIIEBAEMOCTH
yudamuxcsi. OHM CIIOCOOCTBYIOT OCMBICIEHHOMY OOYUYEHMIO, IIOMOrasi CO3/1aBaTh CBA3U MEXIY TEM,
YTO yX€ 3HAIOT y4YalllMecs, U HOBBIMU 3HAHMSMHU, KOTOpble OHU Noiy4daroT. KoHuenTyasiabHble
KapThl UCIOJb3YIOTCS IIPU PELICHUM MHOXKECTBA 3a/lauy 0Oy4eHUs: CTPYKTYPUPOBAHUS MaTepualia
U1l y4yeOHBIX KypCOB MM HporpaMM, NpoBeneHHs 3()(HEeKTUBHONO MO3rOBOTO IMITYpMa Ha
OIIpeJICJIEHHYIO TEMY, IPOBEPKU U OLIEHKH 3HaHUH yyYaIuxcsl.

[IpuMeHeHre KOHLENTYalbHBIX KapT B y4eOHOM IMpOLIECCE MO3BOJISAET MPEACTaBUTh CIOXHBIE
MIOHATUS JIETKO YCBaWBAaE€MbIM CIIOCOOOM: CTPYKTYPHUPOBATh M BU3YaJIM3UPOBATh CIOKHbBIE MTOHATHS,
TE€M CaMbIM IIOMOras y4YalluMcs YBHUJETb CBSI3U MEXAY Pa3IMYHBIMU IMOHATUSAMH U HIESIMHU B
npeaMeTHoM obnactu. Mcnonb30BaHNe KOHIENTYaTbHBIX KapT YIy4IIaeT yCBOeHUE HH(pOopMauu u
3allOMMHAaHUE MaTepuana, Tak Kak CTPYKTypHUPOBAaHHOE MpejAcTaBieHUuEe MHGOpMaluu obyieryaer
nporecc 0ObeANHEHUs U accouuanuu JaHHbIX. Co3/laHMe KOHLENTYaJlbHBIX KapT ydalluMHCS BO
BpeMsl M3Y4YEeHHsT HOBOH TeMBbl CIIOCOOCTBYET CTHMYJISALIMM ACCOLMATUBHOIO MBILIUIEHUS, Oojee

FJ'Iy6OKOMy IIOHMMAaHHUIO MaTcpurajia, BbIABJICHUIO HpO6CHOB B 3HAHUAX ©U  Pa3BUTHUIO
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MO3HABATEIbHBIX HAaBBIKOB. Takke, KOHIENTyalbHbIE KapThl MOTYT OBITh HCIOJB30BAHBI IS
OLICHKM 3HAaHUH ydaliuxcs: IPOBEPKU MOHMMAHUS MaTepHalla U TOro, I'/1e UX 3HaHMs HYXKJalTcs B
yIy4YIICHWHU, BBISBICHUS WHAMBUIYAIbHBIX OCOOCHHOCTEH YycBOoeHUs wuHpopMmanuu. Takum
00pazoM, HCIONB30BaHUE KOHILENTYAIbHBIX KapT B 00pa3oBaHMU CHOCOOCTBYET YIIyUIICHHUIO
KagecTBa OOYyYeHHs, pPAa3BUTHIO I103HABATEIbHBIX HABBIKOB U (OPMHPOBAHUIO TIYyOOKOTO
[IOHUMAaHUsI IPEAMETA, Jiejasi UX HEHHBIM HHCTPYMEHTOM JJIs IIE1aroroB U y4aluxcsl.

[TomumoO mMPOKOro pacnpocTpaHeHus B chepe oOpa3oBaHUsl, KOHLENTYaIbHbIE KapThl TAKKE
4acTO MCHOJb3YeTCs] B MPHUKIAJHBIX TEXHUYECKHX OONacTAX: MH)XKEHEPUH, MPOrpaMMHUPOBAHUU,
MIPOEKT-MEHEeKMEHTe, Ou3Hece. PopMann30BaHHbIE KOHLENTYaJIbHbIE KapThl UCIIOJIB3YIOTCS MPU
pa3paboTke MpPOrpaMMHOI0 oOOecreyeHusl, MpU MOJECIUPOBAHUM OOBEKTHO-POJIEBBIX MOJEIEH,
Hanpumep, B popmaimime s3pika UML (Unified Modeling Language), a Takke Kak NmepBbId mar
IIPY TIOCTPOEHUHU OHTOJIOTMH KOMITBIOTEPHBIX cUCTeM. KoHIlenTyallbHbIE KapThl UCHOIB3YIOTCS IS
rpaduyeckoro mpeacTaBieHHs] yUeOHBIX KypCOB, OCHOBAaHHBIX Ha 3HAHUSAX MPEIMETHON 00JacTH,
KaK, HalpuMep, B KOHTEKCTHO-3aBUCHMOM IIJIAHUPOBIIKKE MyTeil 00yuenus [27,46].

KonuenrtyanbHoe kapTupoBanue. Meros BH3yanu3ali B3aUMOCBS3EH MEXIy pa3InyHbIMU
MOHATHAMHY, UACSIMH, TPEJCTABIICHUAMA Ha3bIBaCTCS KOHICNTYyalbHBIM KapTupoBanueM (Concept
Mapping). CocTaBiicHHE KOHIIENTYaJbHBIX KapT MO3BOJISET TIIYOOKO PaccCMOTPETh MPEAMETHYIO
0051acTh, OOHAPYKUTh HEOUEBUIHBIC CBS3H U ICHEPUPOBATh HECTAHAAPTHBIC peleHus [ 2].

CrangapTHas mpoleaypa MOCTPOCHHSI KOHLIENITYaJbHOM KapThl BKJIIOUAET B ceOs cliedyrolue
JTalbl: ONPEJECICHUE LIEHTPAIBbHON TEMBI WM OCHOBHOT'O BOIIPOCA; BBISBICHUE W NEPEUHUCIICHUE
HanOosee Ba)KHBIX KOHIICTITOB, OTHOCSIIUXCS K JAHHOW TEME; MepapXHuecKoe YIOpsI0OUYMBaHUE
KOHIIENTOB CBEPXy BHU3 OT CaMblX aOCTPaKTHBIX M OOIIMX JO0 CaMbIX KOHKPETHBIX H
crnenu(puUecKux; a Takke J00aBlieHne U MapKupoBKa cBs3ywomux ¢pa3. Ilocie cozpanus
MIpe/IBAPUTENIbHON KOHIENTYaJIbHOW KapThl OMPEAeNIoTCs U JOOABISIOTCS MEPEKPECTHBIE CChUIKHU,
a 3aTeM BBINOJHAETCA IPOBEpKa KapThl HAa IOJHOTY M KOPpPeKTHOCTh. [lpormecc pacmmupenus
KOHIENTYaJbHOM KapThl MOXKET ObITh OECKOHEYHBIM, MPH HEOOXOJUMOCTH MOXKHO J00aBIATH

HOBBIE KOHIICITHI M B3auMOCBs3H [43].
2.3. O"TOJIOTHH

OnTonorus — OJlHa U3 MOJIeNeH MMpEACTaBJICHUA 3HaHUH HpeﬂMeTHOﬁ obmacru. Ilox onTONOrHEH
HpeHMeTHOﬁ obmactu TPAAUIIUOHHO IMOHHUMACTCA CCMAHTHYCCKOC OIIMCAHUC 3TOM HpeHMeTHOﬁ
obmactu. TepMI/IHLI «OHTOJIOTUYCCKOC OIIMCAHUC), «OHTOJOTHUYCCKasA MOACIb)», «OHTOJIOTHA
HpeHMeTHOﬁ obOmacTuy HUCIIOJIB3YIOTCI KaK CHHOHUMBIL. OHTONOrHS ONKUCHIBAET OCHOBHBIC

KOHIICTIINY (ITOJIOKESHHMS) TIPEAMETHON 00JIACTH U ONPEIeIIseT OTHOIICHUS MeX 1y HuMu [62,63].
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B Hacrosimee BpeMs [Uisl CEMAHTUYECKOTO MOJEJIMPOBAHMS MPEUMYILIECTBEHHO HCIIOJIb3YETCs
OOBEKTHAsl OHTOJIOTHS, OTHCHIBAIONIAS TEKYIIEe COCTOSHHE HEKOTOPOW MPEIMETHOH O0JIaCTH Kak
MHOKECTBA OOBEKTOB, CBA3aHHBIX JIPYT C APYroM OTHOWIEHHUSMU. OHTOJOTHS BMECTEe ¢ HabOpoM
HHIMBUIYaTbHBIX 3K3eMILIAPOB 00pasyeT 6a3y 3uanuii (Knowledge Base).

OOBIYHO OHTOJIOTHIO TIPEACTABISIIOT B BHJE OPHEHTHPOBAHHOTO AlMKIMYECKOTO Tpada,
BEpIIMHAMU KOTOPOT'O SIBJISIOTCA OOBEKTHI OHTOJOIMHM, a AyraMd — OTHOIICHMSI MEXIYy HHUMHU
(cBoiicTBa). YacTo Takyr CTPYKTYypy W3 OOBEKTOB M 3HAYCHH WX CBOWCTB, IMOCTPOCHHYIO IS
OIpe/IeTICHHOM MpeIMeTHON 00aacTH, Ha3siBatoT rpadom 3Hanuit (Knowledge Graph) [4].

Onpenenenue oHTONOrMU. B Hacrosiiee Bpemss Bce e€lle HE CYIIECTBYET €AMHOTO
OOIIENPU3HAHHOTO OIPENEICHUs TOHSATHS «OHTOJOTHUS», B HAy4YHOM JMTepaType BCTpedaercs
MHO>KECTBO Pa3JINYHbIX OINPENEICHNIH, MHOTHUE U3 KOTOPHIX MPOTUBOPEYAT APYT APYTY.

Cpenu uccienoBaTenei, 3aHUMAIOIIUXCS TPOOIEMaMl KOMITBIOTEPHOUW JTMHTBUCTUKH, Hanboliee
TPAIUITHOHHBIM (KJIACCHUECKHM) CUMTAETCs ompeneneHue, ganHoe B 1993 romy Tomom ['pydGepom
(Gruber T.A), amepukanckuM y4€HbIM B  oOmacTd  MH(DOPMATUKH,  MPOJCTABIINM
byHnaMeHTalIbHYI0 paboTy mo pa3paboTke oHTONOrHil. OHTONOTHS — 3TO siBHas (hopmanbHas)
crenuguKanus KOHIENTyalIn3aluy, KOTopasi UMeeT MECTO B HEKOTOPOM KOHTEKCTE MpeAMETHOMN
obactu. KoHIenTyanu3amus mpeacTaBiseT coboi omucaHne KOHIENINN (MOHATHI), a TaKKe BCIO
nH(OpMaLIHIO, UMEIOLIYI0 OTHOIIEHHE K ATHM TMOHSATUSAM (CBOMICTBA, OTHOLIEHHS, OIpaHUYCHMUS,
aKCUOMBI, YTBEPXACHUS), HEOOXOAUMYIO [UIsl ONUCAaHUS M pelleHus 3anad B U30paHHOMN
npeaMeTHoM obnactu. opmanbHO OHTOJIOTHS COCTOUT U3 MOHATUHN (TEPMUHOB, OPraHU30BAaHHBIX B
TaKCOHOMHIO), MX ONMCAHMI U MmpaBwi BeiBojaa [59-61,99].

Jlpyroe, 4acto HCHOJb3yeMOE OIpe/eieHHe OHTOJOrHMH B MHGOpMAaTHKE, MPEICTaBICHHOE B
Buxunenuu, dopmynupyercs ciaeayromuM o0pa30oM: OHTOJOTHS MPEIMETHOW O0JacTH — 3TO
MOTBITKA BCEOOBEMITIONICH U JeTaTbHOM (popManu3aiuyu HEKOTOPO 00JacTH 3HAHHUM C TOMOUIBIO
KOHIENTYaJbHOU cxeMbl (Mojenu). OObIYHO Takasi MOJIETb COCTOUT U3 HePaAPXUUYECKOU CTPYKTYPHI
JTAHHBIX, COJEpKalleil Bce pelieBaHTHbIE KIAacChl OOBEKTOB, B3aWMOCBSI3M M IpaBUIIA
(orpaHuyeHus), TpUHATBIE B ATOH oOmactu. KoHmenrtyanbHas MoAeNb — CHUCTEMa KOHIIEITOB
(moHsATHIT) W OTHOIICHUH (cBsA3ei) mpeamerHOW oOmactu. KoHIENT — MOHSATHE, OTpaXkaroiiee
HEKOTOPBIM KOHKPETHBIN WM aOCTpaKTHBIA 00BEKT peaabHOro mupa [25,55].

W eme onHO M3 4YacTO BCTPEUAIOIIMXCS B HAyYHOW JINTEPATYpE OIPENEICHUM OHTOJIOTHU:
OHTOJIOTUSI — (OpMaJbHOE SBHOE OINUCAaHWE MOHATUM (WIM KIJIACCOB) B paccMaTpuUBaeMoin
MpEeIMETHOM 06J1acTH, CBOUCTB (MJIM CIIOTOB, POJIel) KaX/I0T0 MOHSTHS, ONMCHIBAIOIINX Pa3INYHbIe
CBOMCTBa U aTpHOYTHI OHATHS, U OTPAHUYEHUH (MU (arleToB, OrpaHUYEHUN poJieii), Hall0KEHHBIX

Ha coTs [15].
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Mopeab onrtosiornu. Kiaccumueckass monens ontojoruu O ¢GopmanbHO omnpenensercss Kak
ynopsigouennas Tpoika Buga: O = <X,R,F>, rie X — KOHEYHOE MHOXKECTBO KOHIIENTOB (TIOHSTHUH,
TEPMUHOB) MPEAMETHON 00JacTu, KoTopyto omnpenenser onronorus O; R — KoHEUHOE MHOXXECTBO
OTHOIICHUA MEXAYy KOHIEeNTaMH (MOHATHSIMH, TEPMUHAMH) 3aJlaHHON MpenMeTHol obmactu; F —
KOHEYHOE MHOXECTBO (DYHKUMN HMHTEpHpeTaluu (aKkCHOMaTu3allus), 3aJaHHbIX Ha KOHIIENTax
u/umn  otHomieHusx oHTojormu O. Ha MHoxkectBa X, R, F HakmameBaroTcs Cleayromniue
orpanudeHusi: X — Hermycroe kKoHeuHoe MHOKecTBO (X # 0), a R u F — koHeuHble MHOJKECTBA.

CaoiicTBa oHTOMO0rMN. MHOXecTBa R 1 F MOryT OBITH ITyCTBIMU, YTO COOTBETCTBYET YACTHBIM
BHJIaM OHTOJIOTHU:

1. ITpu R = 0 u F = 0 onTONOrHMs TpaHCcHOpMUpPYETCsl B IPOCTON CIIOBAph, WA HAOOp TEPMUHOB,
HCIIOJIb3YEMBIl B HEKOTOPOM MpeaMeTHON 00sacTu, 0e3 00bsICHEHHI 3HAaY€HUN TaHHBIX TEPMHUHOB.
K npumepy, nmpocTeiM ciioBapeM sBisieTcs J1to0oi opdorpaduueckuii cioBapb. [10CKONIbKY B TaKux
MPOCTEHIINX OHTOJIOTHSIX $IBHO HE OIpEeNeNsieTcs CMBICI TEPMHHOB, WX HCIOJIb30BaHHE
orpanuueHo. [IpeacraBieHre OHTOIOTUU B BUJIE MPOCTOTO CIOBAPSI 1OCTATOUYHO IPPEKTUBHO JIUIIH
B T€X CIllydyasiX, KOTJa ONpEeJeJIeHHbIE B OHTOJIOTMH TEPMHHBI MPUHAJUIEKAT OYEHb Y3KOW 00JacTH
3HAaHMM, U UX CMBICI YK€ 3apaHee XOpOILIO COIJIacOBaH B paMKax OIPEAEIeHHOI0 COOOIIecTBa,
HarpuMep, MHJEKChl IOUCKOBBIX CUCTEM B CETH UHTEPHET.

2. llpu R = 0 u F # 0 onronorust mpeoOpasyeTcss B TJOCCApHii, UKW HAOOp TEPMHUHOB C
TOJIKOBAaHMEM, B 3TOM Cly4yae KaXXIOMY O3JIEMEHTY MHOXECTBa TEpPMHUHOB U3 X CTaBUTCA B
cooTBeTCTBHE (yHKIMSA (akcMOMa) W HMHTEprpeTanus (0JAHa WIM HECKONbKo). K mpumepy,
IJIOCCapUeM  SIBISIETCA TOJKOBBIM CIIOBAaphb, IO3BOJIIOIIMA HHTEPIPETHPOBATH, YTOUYHATH MU
OOBSICHATH 3HAYEHUS OJHUX TEPMUHOB HAa OCHOBE APYIHX, UMEIOLIUXCS B CJIOBApE.

3. Eciu R # 0 u F = 0 1 MHOXeCTBO OTHOILIEHUI Ha KOHLIENITaX OHTOJIOIMH BKJIFOYAET OJIHO M3
OTHOILIEHUH THUIA MEepapXHUH, 3TOT ClIyyail COOTBETCTBYET CIELMAIbHOMY IMOAKIACCY OHTOJIOIMH,
Ha3blBa€MbIMM HPOCTBIMM TaKCOHOMHUSAMH. IloJ TakCOHOMMYECKOW CTPYKTYypOo#l IOHUMAaeTcs
uepapxuyeckas cucTeMa IOHITHUH, CBA3aHHBIX MeXIy coO0Oi OJHUM M3 OTHOLIEHMH «KIiacc-
MOJIKIACCY, «POA-BU», «4acCTh-11e10e» U T.I. [Ipu 3TOM He NpUBOIUTCS UHTEPNPETALUN OHATHUH,
CMBICJI JTFOOOT0 MOHATHUS PACKPBIBAETCS Uepe3 yKa3aHHWE €ro B3aMMOCBs3€H ¢ ApyrMMHU MOHATUAMU
«BBEPX» M «BHU3» OTHOCHUTEIBHO 3aJaHHOI TaKCOHOMHMYECKOM CTPYKTYpbl. MaTemMaTudecku
TAaKCOHOMMEW SBISETCS JIPEBOBUIHASA CTPYKTypa KiaccHu(UKalLui oIpesereHHOro Habopa
00bekTOB. B oTianume oT OHTONOTMI, 3aaya TaKCOHOMHUH UETKO OIpelesieHa B pPaMKax
uepapxudeckon kiaccuduranuu o0bekToB. Hanpumep, TAKCOHOMUSIMU SBIISIFOTCS UCTIOJIb3yEMbIE B
o6ubnuorpadun kiaccuPpUKALMOHHbIE CHCTEMBbI, KOTOPbIE 3aJal0T OTHOILICHUS HEPaApXUM MEKIY

noHstusimu [28].
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CTpyKTYpa OHTOJIOTMU. BONBIIMHCTBO COBPEMEHHBIX OHTOJIOTHI ONHUCBHIBAIOT SK3EMIUISPHI
(MuHOUBUABI), Kiacchl (TOHATHSA), aTpuUOyTHl M OTHOIIEHUs. B o0meMm ciaydae OCHOBHBIMHU
KOMIIOHEHTAMU OHTOJIOTHH SIBJISFOTCS: SK3eMIUIIPbI (MM WHIWBHIIGI), KIacChl (MM TIOHSTHSA),
aTpuOyThl, OTHOILICHHUS (MJIH CBSI3H), aKCHOMBI, TIPaBHJIa U orpannveHus [26].

Dx3emiuisipel (instances) win uuauBuabl (individuals) otHocsATCS K 0a30BBIM KOMIIOHEHTaM
CaMOTO HI)KHETO YPOBHS OHTOJIOTMM W TPEICTaBISIIOT COOOH KOHKpETHBIE (U3NYECKHE W
abcTpakTHble OOBEKTHI. B InuTepaType OHM TaKKe Ha3bIBAIOTCS OOBEKTAMHU, DJIEMEHTAMH,
TEPMHUHAMHU. DK3eMIUISIPbI — 3TO OTJAENbHBIC MPEICTABUTENH KJIacca CYIIHOCTEH WM SIBIICHHM, TO
€CTh KOHKPETHBIE JIEMEHTHI KaKOro-Ti00 Kiacca. DK3eMIUISIp MOXKET TPUHAIeKATh OJTHOMY WIIH
HECKOJIBKUM KJIaccaM, WM He IPUHAJIeKaTh HU oqHOMY. Kitacc MoXeT MMeTh Jr000e KOJTMIeCTBO
9K3EMILISAPOB. [ TaBHOM LIE€JIbI0 OHTOJIOTUH SIBJIIETCS UMEHHO Kiaccu(UKalusl 3K3eMIUISIPOB, U XOTS
WX HAJIM4YHME B OHTOJIOTHH HE 00s3aTeTbHO, HO, KaK MPaBUIIO, OHU IPUCYTCTBYIOT.

Knaccer (classes) wim monsitust (Concepts) — 3to abcTpakTHbIe HAOOPHI, KOJUICKIIHH MU TPYIIIThI
00BEKTOB (PK3eMIUIIPOB). Takke OHM HA3BIBAIOTCS MHOXKECTBAMH, KOJUICKIIUSIMH, KAaTETOPHUSIMH,
tunamu. Kiraccel MOTYT BKITFOUATh B €051 9K3EMILISPHI, IPYTHE KIIACCHI, THOO COYeTaHUs U TOTO, U
apyroro. Kiaccel nim MOHSTHS UCTIOIB3YIOTCS B ITUPOKOM CMBICTIE, TIOHSITHEM MOXET OBITh JTF00ast
CYIIHOCTh, O KOTOPOM MOXET ObITh JaHa Kakas-mubo mHbopmarus. [loHATHS paccMaTpuBarOTCS
KaK KOHLENTYaJIU3alHuN KJIACCOB BCEX MPEICTABUTEICH HEKOM CYIIHOCTH WM sBJIeHUS. Kakiwii
KJIaCC OMUCHIBACT TPYNIY HHAMBHUIYaATbHBIX CYHIHOCTEH, KOTOpble OOBEJUHEHbl Ha OCHOBAHUU
HaJINYUS OOIINX CBOMCTB.

Knacc Moxer ObITh ompeneneH JHOO SKCTEHCHOHAJIbHBIM CIOCOOOM —  yKa3aHHEM
MpeJicTaBUTeNed Kiacca, JUOO HMHTEHCHOHANBHBIM  CIIOCOOOM — YKa3aHHEM YCIOBHIL.
CoOTBETCTBEHHO, OHTOJIOTHSI MOAPA3IEIsIeTCS Ha K3EMIUISIPbI, KOTOPBIE SIBIISIFOTCS 00BEKTaMU WU
COOBITUSIMH PEATLHOTO MHPA, U KJIACChI, KOTOPBIE SBISIOTCS HA0OpaMu 0OBEKTOB PEaIbHOIO MUpA.
Omnpenenenus Kiacca 3aJaloT CBOMCTBA, KOTOPHIM JOJDKHBI COOTBETCTBOBATH 3K3EMIUISIPHI, YTOOBI
ObITh WICHAMM KJlacca. A HWHIWBUJBI, KOTOPbIE YAOBIETBOPSAIOT ITHUM CBOWCTBAM, Ha3bIBAIOTCS
IK3EeMILIIPaMHU.

Knaccel (Mau moHSATHS) SBISIOTCS OOLIMMH KaTErOPUSIMH, KOTOPbIE MOTYT OBITh YHOPSIOYCHBI
uepapxuueckd. OOBIYHO KJIACChl OPraHW30BaHbI B TAKCOHOMHUIO, HEPAPXUUECKYIO KIacCU(PUKAIUIO
MOHATUH 10 OTHOILEHUIO BKJIIOYEHHMS, IIPU ITOM KJIacC MOXET ObITh MOJKIACCOM JPYroro Kiacca,
HacllelyloIlUM BCE€ €ro CBoWcTBa. B KauecTBe TaKCOHOMHYECKOIO OTHOUICHHS HCIIOJIb3yeTCs
OTHOIIIEHHE o0IIee-yacTHoe, 00Iaarolee CBONCTBAMH TPAH3UTUBHOCTH M HACIIEOBAHMUSL.

ATpubyThl (attributes) — acmekTbl, CBOWCTBAa, XapaKTEPUCTHKH, MapamMeTpbl, OCOOEHHOCTH,

KOTOPBIMH MOTYT 007a7aTh OOBEKTHl (a Takke KIacchl U OTHouleHws). HabGopwel atpuOyToB



16 Bonsnckas T.A. Bonpocs! alannTHBHOCTH B CUCTEMaX JAUCTAHIIMOHHOTO 00yYeHUs

UCTONB3YIOTCS JUIA XpaHeHus criequuuHoi uHpopmamu 00 00bEKTax, KOTOpas XapaKTepusyeT
00BEKT M TpuBs3aHa K HUM. Kaxnaplii atpubyT mMeeT uMsi W 3HAYCHHE, KOTOPOE MOXKET OBbITh
CJIO’KHBIM THIIOM JIaHHBIX. BaxkHast poiib aTpuOyTOB COCTOUT B TOM, YTOOBI ONPEIEISATh OTHOIICHUS
MeXIy oObekTaMu OHTOJOTHH. OOBIYHO OTHOIIEHHEM SIBIISCTCS aTpUOYT, 3HAYEHHUEM KOTOPOTO
ABIIAEeTCA APYroil 00beKT. OHTONOrUU SIBJISIFOTCSI HCTUHHBIMUA OHTOJIOTMSIMM TOJIBKO B TOM Cllydae,
€CJIM MTOHSTHS CBSI3aHbl C APYTUMU NOHATUAMU (Y IOHATUN €CTh aTpUOYTHI).

Baxknast ponb aTpuOyTOB 3aKIIIOYAE€TCsl B TOM, 4TOObI ONPENENATh OTHOIICHUS (3aBUCHUMOCTH)
MEXTy 00BbeKTaMu OHTOJIOTHH. OOBIYHO OTHOIIEHUEM SIBJISETCS aTpUOyT, 3HAYEHHEM KOTOPOTO
SBJIETCS JPYTOi OOBEKT.

Otnomenuss win cBszu (relations) — cmocoObl, ¢ MOMOIIBI0 KOTOPBIX KIACCHI U 3K3EMIUISAPHI
MOTYT OBITh CBsI3aHbI APYr ¢ ApyroM. OTHOLIEHUS TakKe€ MOTYT BKJIIOYATh JONOJHSIOIINE U
crenupUIMpYIoNIe uxX aTpuOyThl. OTHOIIEHHS MEX/y 00bEKTaMU B OHTOJIOTHH ONPEACISIOT, KaK
00BEKTHI CBSI3aHBI C IPYrUMH o0bekTaMu. Kak nmpaBuiio, OTHOIIEHHE OTHOCUTCS K ONpeAeIEHHOMY
TUMY (WM KJIAcCy), KOTOPBIM YKa3bIBAET, B KAKOM CMbICIE OOBEKT CBSA3aH C JAPYTUM OOBEKTOM B
OHTOJIOTHH. B COBOKYNHOCTH HaOOp OTHOILIEHUH OMUCHIBAET CEMAHTHKY MPEIMETHON 00JacTH: TO
€CTh pa3JMyYHble CEMAaHTUYECKUE OTHOIIEHUS, TAKUE KaK CUHOHUMHUS, TUTIEPOHUMUS U TUTIOHUMUS,
U T.IL

ba3oBbIMH B OHTOJOTMH CUMTAIOTCS OTHOIICHUs Kiaccuduranuu (poi/Bul, Kiacc/moaKiace,
CreLMaIN3allks), KOTOPbIE OPUEHTHPOBAHBI HA NTOCTPOCHHE UEPAPXUUECKUX TAKCOHOMMH, a TaKxKe
Ha JIOTMYECKHH BBIBOJ CBOMCTB OOBEKTOB, B 3aBUCUMOCTH OT OTHECEHUS HUX K TE€M WM HHBIM
KJaccam.

CaMbIM pacnpoCTpaHEHHBIM THUIIOM OTHOIIEHUH, HCIOJIB3YIOIIMMCS BO BCEX OHTOJIOTHSX,
SBJIICTCSI OTHOILIEHHE KaTeropu3allid, TO €CTh OTHECEHHWE K ONpPEJeNICHHOM KaTeropuu (Kiaccy).
OTOT TUIl OTHOIIEHUH uUMeeT psl JAPYruX Ha3BaHMM, BCTPEYAIOLIUXCS B JIUTEpaType:
TaKCOHOMHMUYECKOE OTHOIIEHHE, POAOBUAOBOE OTHOILIEHHE, KJIacC — TOJKJIACC, TUIOHUM —
runepoHuM. /loGaBiieHre B OHTOJIOTMIO POJOBUOBBIX OTHOLIEHUH HACJEI0BaHMS BUIA «SIBJISAETCS
MOJIKIACCOM» CO3/1aéT TaKCOHOMMIO — JAPEBOBHUJHYIO CTPYKTYpY, HarjsiIHO IMOKAa3bIBAIOILYIO, KaK
00OBEKTHI CBSI3aHBI JPYT C APYroM. MaTeMaTu4ecku TaKCOHOMHMSI MOXKET ObITh IPE/ICTaBJI€Ha B BUIE
JiepeBa — CBS3HOIO auuKiInueckoro rpada. B Takoll cTpykType Kaxablii OOBEKT sBIsSETCS
MIOTOMKOM POJMTENbCKOIO Kiacca (B HEKOTOPBIX SI3bIKaX OTHOLICHUE «SBIISETCS IOAKIACCOM»
OTPaHUYEHO OJIHUM POJUTENEM Ul BCEX Y3JI0B, HO BO MHOTHX SI3bIKaX 3TO HE TaK).

Eme oauH pacnpoCTpaHEHHBIM TUII OTHOLIEHMM — MEPEOJOrMYECKOE OTHOIICHHE BKIIFOUEHUS
«4acTh-1IeJI0e», IOKa3bIBalolIee, KaK OOBEKThl OOBEIUHSIOTCS B COCTaBHble O00BEKTH. Ilpu

BKIIFOYCHUHU B OHTOJIOTHIO MCPCOPOJIOTHUYCCKUX OTHOIIIEHUN BO3HMKAIOIIAs Huepapxus OoJIIbIlIE HE
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MOXET OBITh MpEJCTaBICHA B BHJE NPOCTOW JPEBOBHIHON CTPYKTYpBI, IOCKOJBKY Telephb
AJIEMEHTBl MOTYT UMETh Oosiee oaHOro poautens. TakuM oOpa3oMm, BO3HHKAET HOBAas CTPYKTYpa,
MPECTaBIIAIONAs COO0OKH OPUEHTUPOBAHHBIN allMKIMUECKUil rpad.

AKCHOMBI, TpaBWIa W OrPAHUYCHHS BBIPAKAIOT CYXKICHHUS, KOTOPbIE HMEIOT MECTO B
paccMaTpuBaeMou MpeAMETHONU 00J1acTH.

Axcrombl (aXiOms) — yTBepieHHs (BKJIFOYAsl MPaBHUiIa) B JIOTHYECKOH opMe, KOTOpbIe BMECTE
COCTaBJISIFOT OOIIYI0 TEOPHI0, KOTOPYIO OHTOJIOTHSI OIMCHIBACT B CBOCH 0OJACTH HMPUMCHCHHS.
MopenupyroT npeanoKeHus, KOTOpbIe BCET/1a HCTHHHBIL.

[MpaBuna (rules) — yrBepxaeHus B (QopMe TPEIUIOKEHHS «ECIU—To» (MPEIIIeCTBYOIIee —
MOCJIEAYIOIIEee), OMUCHIBAIONINE JIOTMYECKUE BBIBOJBI, KOTOPbIE MOTYT OBITh CHENAHBI U3
YTBEPKIACHUM.

Orpanunuenus (restrictions) — dbopmanbHO CHOPMYTHPOBAHHBIC OMHCAHHS TOTO, YTO JOJHKHO
BBIMOJTHATHCS, YTOOBI KAKOE-TO YTBEPIKICHUE OBLIO MPUHATO B KAYECTBE BXOAHBIX JTAHHBIX.

AKCHOMBI 3aJIaf0T YCJIOBHUSI COOTHECEHHUS KJIACCOB M OTHOILICHHH, OHU BBIPAKAIOT OUCBHIHBIC
YTBEP)KICHUS, CBS3BIBAIOIINE KJIACCHI W OTHOINEHHs. [loJg aKCHMOMOW MOXHO TOHHMATh
YTBEP)KICHUE, BBOJAUMOE B OHTOJIOTHIO B TOTOBOM BHJIE, U3 KOTOPOT'O MOTYT OBITH BBIBEIICHBI
ApYyTrHe yTBep)KICHUS. AKCHOMBI MO3BOJISIOT BBIPa3UTh Ty MH(OpMALNIO, KOTOpasi HE MOXKET ObITh
OTpakeHa B OHTOJIOTMHU MOCPEACTBOM ITOCTPOCHUS HepapXUU KIACCOB M YCTAHOBJICHUS Pa3JIMUHBIX
OTHOIICHUH MEXAy HUMH. AKCHOMBI MO3BOJIIIOT B JajbHEHIIEM BBICTPaMBATh JIOTUYECKHE
YTBEP)KACHUS B paMKax oOHTosormd. OHM MOryT cHaOXaTh HccienoBaTeneld MHpopMaruen o
NpaBWiIaX, MO3BOJIIOMIMX ABTOMATHYECKH H00ABIATH WHPOPMAIMIO. AKCHOMBI MOTYT TaKXke
NPEACTaBIATh COOOW OrpaHMYCHHMs, HAKJIAJIbIBaCMble HA KaKHE-THMOO OTHOUICHUS, eJarollue
BO3MOKHBIM BBIBE/ICHHE YMO3AKIIOUCHHH.

KommoHeHTHI OHTOJIOTHH 00pa3yroT ONpeNeNiCHHYI0 HepapXHio, Ha HIKHEM YPOBHE KOTOPOH
HaXOJSITCS AK3EMILISIPHI, Jajiee YT KIIacChl, BBIIIE PACIOIAral0TCsl OTHOLICHUS MEXIy KJIacCaMH,

a 0000IIAIOIINMHE U CBSI3YIOIIUMH SIBJISFOTCS aKCHOMBI [16].
2.4. BaiiecoBckasl ceTh

OnuH M3 caMbIX CJIOXHBIX METOJIOB, NMPUMEHSAEMBIX Ul pealu3aluy aJanTalydd y4eOHBIX
KypCOB B MHTEJUIEKTyalIbHBIX cUCTeMax 0OydeHus — OailecoBCKasi ceTh, KOTOpasi UCIONb3YeTCs AT
IIPOTHO3UPOBAHUS BEPOATHOCTH TOTO, YTO YYAIUECS OBJIAACIOT HOBBIMHU 3HAHUSMH, OCHOBBIBASICH
Ha XapaKTepPUCTHUKAX, YCTAHOBICHHBIX MEpel HavuanoM mporecca ooyuenus [29].

BaitecoBckast cetp (Bayesian network) — sto BeposiTHOCTHasi rpadudeckas MOJeb, KOTOpast

MpEACTaBJIACT Ha60p NEPCMCHHBIX U UX YCJIIOBHBIC 3aBUCUMOCTH C ITOMOIIBIO OPUCHTHPOBAHHOI'O
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ankiInyeckoro rpada. Ero BepmmHBI — HEKOTOpBIE MEpeMEHHble, a pedpa — NpPUUYUHHBIC
OTHOIIEHUSI MEXJIy IepeMeHHbIMU. Kaxnaas BeplIMHAa HMEET acCOLMHUPOBAHHYIO TaOIHIly
YCJIOBHBIX BEPOSITHOCTEH, KOTOPBIE 3aBUCST OT XapaKTePUCTHK y4arierocs [79].

BeposiTHOCTP  M3MEHSIETCS COOTBETCTBEHHO C IPOTPECCOM  YCIEBAEMOCTH  yyallerocs,
IOCpeACTBOM BbIOOpa M azanTanuu Merojna oOydeHusa. Camoil TpyAaHOH 3azadeil mpu
UCIOJIb30BAHUN 0alleCOBCKOM MOJENM SBJISETCS ONpEIENICHUE allPUOPHBIX BEPOSITHOCTEM,
OCHOBaHHBIX Ha NPE/IBAPUTEIILHOM TecTupoBanu [91].

N3 paccmaTpuBaeMbIX B CTaTb€ WHTEIUIEKTyallbHBIX cHUCTeM oOyueHus, OaiiecoBckas
BEpOSITHOCTHAsT Mojienb oOydaemoro (Bayesian probabilistic student model) ucnonb3yercs B
cucreme AST (Adaptive Statistics Tutor), BeG-opHeHTHPOBaHHOW OOyUarolield CHUCTEME II0
cratuctuke, U cucteme KBS Hyperbook, amantusHoil runepkuaure ajist Kypca mo uHQOpMaTHKe

BBIUHCIIATENIbHOM TexHuKe [97,65].

3. O030p aganTUBHBIX CHCTEM 00y4eHHS ¢ TeHEPUPOBAHUEM

3JIEKTPOHHBIX Y4eOHBIX KypPCOB

BrniepBble KkoHIIENIMS aJalTUBHBIX AJIEKTPOHHBIX Y4E€OHBIX KypcoB Oblia mpezsiokeHa B 1990
rony B cucreMe GTE (Generic Tutoring Environment), mporpamMmHoOi cpene s pa3paOOTKh
MHTEJJIEKTYyalIbHbIX YYEOHBIX KYpCOB, OCHOBAaHHBIX Ha OOIIMX 3HAHUSAX, BKJIIOYAIOLINX 3a/a4H,
MeTobl 1 00bekThI [100-102].

lNon cmycts Obina paspaborana cuctema ECSAI (Environnement de Conception de Systeme
d'Apprentissage) — renepaTop oOydaromei cpesibl ¢ MHTEIUICKTYAIbHBIM YIIOPSIOYCHUEM YYeOHBIX
moyeit [56-58].

Juuamuueckuii reHeparop yueOHbIX KypcoB DCG (Dynamic Courseware Generator) — He
nepBasi, HO OJlHA W3 cambIX MpuMeuaTelnbHbiX cucreM. B DCG muddepeHupyoTcss KOHLENTHI
npeaIMeTHOM oOnacTu, mpeacTaBicHHbIE B Buie rpada (MUIaHMpOBaHHWE KOHTEHTA) M y4ueOHbIE
MaTepuaisl (I1aHupoBanue npeacrasienus) [103-105].

Haubonee umtupyemas B surteparype cuctema ELM-ART (Episodic Student Modelling
Adaptive Remote Tutor) npencrasisier co00il UHTEIEKTyalbHY0 BeO-cpeay uist nuzydenust LISP.
Ota cucrema Oblna paszpaborana B 1996 romy Ha ocHoBe ELM-PE (cpenbl mporpamMmMupoBaHHs
ELM), xoropas MOJJIEpKUBAET MPOrpaMMHPOBAHUE HA OCHOBE HPUMEPOB, HMHTEIIEKTYyaJIbHBIN
aHaJN3 pelleHus 3ajay, paclIMpeHHOe TECTUPOBaHUE U OTIaJKy. B o0enx cucremax npumeHsercs
SMMU30JMUECKOE MOJICIMPOBAHUE Y4YalIMXCs. BBIBOIBI O 3HAHMAX YYAlIUXCS OCHOBBIBAIOTCS Ha

MPOCMOTPEHHBIX WJIM MPOYHUTAHHBIX UMH cTpanunax [40,109].
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B 1997 rony 6puta cozmana cucrema AST (Adaptive Statistics Tutor) — BeO-OpHeHTHPOBaHHBIH
ANIEKTPOHHBIN YUEOHBIN KypC IS M3Y4eHHsI CTaTUCTUKH [97].

UYepes aBa roga nocine nossiaeHuss ELM-ART u uepe3 mects et nocne paszpadborku DCG, B
1998 romy, mosiBMIIach cpema Ui pa3padOTKM amanTuBHBIX ydeOHbIX KypcoB ACE (Adaptive
Courseware Environment), koTopas oObeIUHHIIA aJaNTUBHYI0 HABHTAIMOHHYIO TOIJIEPKKY H3
ELM-ART c mianupoBanuem npescrasienus uz DCG [96].

[Tocnenueit cucremoit XX Beka crana cucrema KBS Hyperbook, anantuBHas runepkaura yis
y4eOHOTo Kypca 1Mo HH(POPMATHKE U BBIYHCIUTEIBHOM TeXHHKE [65].

IlepBoe necsatunerne XXI Beka ObLJIO OYEHb MPOIYKTUBHBIM, OCOOEHHO NeEpBbIE JABa rojaa. B
2001 romy Obuta co3mana cuctema ATLAS (Authoring Tool for Adaptive Software Design),
rpadUUecKuii MHCTPYMEHT ISl pa3padOTKH WHTEPAKTHBHBIX JTUHAMHYECKHUX aallTUBHBIX yUEOHBIX
kypcoB. ATLAS nmaBanm mpencraBieHHE O B3aUMOCBS3SX MEXKAY CTPYKTYpOH, COAEpNKAHUEM H
MPEJCTaBICHHEM YYEeOHBIX MaTepHAIOB W MOJeNblo o0ywdaemoro. Cucrema mpenocTaBiisiIa
MPETOIaBaTeNI0 BO3MOKHOCTh CO3/IaHUS M PEIaKTUPOBAHMS ydeOHOTo MaTepualia U Ha3HaYCHUs
3amanuid. st co3manust HOBOTO y4eOHOro Kypca TpeOOBaJIOCh CAENIaTh CXeMaTHYeCKoe pa3OueHne
3aJ[aHUil ¥ YCTAHOBUTH MEX/y HUMH MPOAyKIIMOHHBIE cBsi3u [77,80].

Taxke B 2001 romy mosiBUiach amanThBHas runepmenna-cucrema nona HazBanueM INSPIRE
(Intelligent System for Personalized Instruction in a Remote Environment) [90].

Eme omna cucrema, oOs3aHHass cBouM mpoucxoxiaeHueM cucreme ELM-ART — cucrema
WINDS (Web-based Intelligent Design and Tutoring System), mporpaMMHOE CPEICTBO IS
yOpaBlieHUusT KOHTEHTOM, TecHO cBsizaHHas ¢ ACE. Ona Obuta pa3paboTaHa aisi CO3JaHUs
HHIMBH/yaTM3UPOBAHHBIX Y4eOHBIX KypcoB [95].

Cucrema NetCoach, co3gannas B 2002 roay, kak u cuctema ACE, ocHoBannast Ha ELM-ART,
MpescTaBisuia co0oi cpedy uisl pa3pabOTKH W CO3[JaHHUs BEO-OPHUEHTHPOBAHHBIX aAJANTHBHBIX
yueOHbIX Kypcos [108].

B 2002 romy 6buta paspaborana cucrema APeLS (Adaptive Personalized e-Learning Service),
nepBasi cUcTeMa, KOTopasi Mpe/ICTaBisia yueOHble KypChl ¢ MCIOJIBb30BAHUEM KaHIUAATHBIX TPYIII
U OMHUCAaHUN. APXUTEKTypa CHCTEMbI BKJIIOYajia MOJENb KOHTEHTa, MOAENIh 00y4aeMoro U MOJeib
onucanwuii [48].

B 2004 roxy, ocHoBbiBasich Ha uuesix APelS, Obuta paspaborana cucrema ACCT (Adaptive
Course Construction Toolkit), npenocraistomas HabOp HWHCTPYMEHTOB Ui CO3/IaHUS Kak
aJlanTUBHBIX, TaK M TPAJAMLMOHHBIX JIEKTPOHHBIX yueOHbIX KypcoB. ACCT Briouana cpeacTa

Uit TeHEepaluun OHTOJIOTHH HpeHMeTHOﬁ O6J'IaCTI/I, OHHCaHHﬁ, TecToB U 0a3 JaHHBIX y‘{e6HLIX
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MaTepHAaJIOB, a TAKXKE MOJIEPKUBANIA HKCTIOPT yueOHBIX mporpaMMm B APeLS BMecTe co 3HaHUSIMH U
ONMCaHUSIMK TIpeMeTHOM obmactu [49,50].

B 2005 romy B cucreme ASM (Adaptive Sequencing Methodology) Opima mpemnoxkeHa
METOZOJIOTHS aJalTUBHOTO YIOPSIOYEHHs, B KOTOPOH OBUIM HCIOJIB30BAHBI CTATHCTUYECKUE
METO/IbI TIOMCKA HAWIYYIICH mporpamMmbl 00ydeHus [68].

B 2006 roay B cucreme iClass (Intelligent Distributed Cognitive-based Open Learning System
for Schools) ObH TPOAOIKEHBI MCCIEOBaHMUS, TPOBOAUMBIE B paMkax cuctem APelLS n ACCT.
iClass reHepupoBana 3JEKTPOHHBIC Y4YEOHBIC KypChl, aJaNTHPYIOIIMECS B COOTBETCTBHU C
KOTHUTHBHBIMU XapakTepucTukamu ywamuxcs. B ormmume ot APeLS, iClass paznensana
MeIaroruuecKyro HHQOPMAIIMIO U 3HAHUS TIpeMeTHON obnactu [87].

B 2009 roay B cucteme PAIGOS Obu1 peann3oBaH HOBBI METOJI FT€HEPUPOBAHUSI AIEKTPOHHBIX
Y4eOHBIX KypCOB, OCHOBAHHBIM Ha MOJIEITH, 00JIaIa0NIel BAXKHBIMHU TIEIarOTMUECKUMHE 3HAHUSAMHU U
He 3aBHCAIIEH OT Teopuu oOyuenus [98].

Coznanne yuebHbix KypcoB B PAIGOS 6b1710 OCHOBaHO Ha MIaHUPOBAHUHU UEPAPXUUYECKOMN CETH
3amauy (HTN mmanupoBaHum), KOTOpOE€ OBLJIO BIEPBBIE MPEIIOKEHO B Cpele AMCTAHITMOHHOTO
ooyuennst FORHUM (Formacion Humana) [78].

ActiveMath — unTeIEKTYaTBbHBII TEHEPATOP IEKTPOHHBIX YUEOHBIX KYPCOB, HCIIOb3YIOIIUNCS
B PAIGOS [80].

OmuH #3 caMbIX COBPEMEHHBIX MOAX0M0B mnpumensercs B cucreMe ADOPTA (ADaptive
technOlogy-enhanced Platform for eduTAinment), mporpamMMHoii TutaThopMe I TEHEPHUPOBAHHUS
aJIalITUBHBIX DJIEKTPOHHBIX YYEOHBIX KYpCOB B HMHTEUIEKTyaJlbHBIX CHCTEMax OOydeHus,
nosiBuBIieiics B 2009 romy. YdueOHBIE Kypchl B 3TOH CHCTEME Ha3BaHBI «PacKaJpOBKaMM»
(«storyboard») [36].

Konnenmus mMOMHOLIGHHON NEpCOHANM3AlUKA CLEHAPUEB JJIEKTPOHHOTO oOydeHus Oblia
peanmzoBana B cucreMe ELP1+ELP2 (ELearning personalization levels 1 and 2). OcHoBHas 1enb
CUCTEMBbl — IIO3BOJHTH MPENOJABATENSIM BBIOMpPATh U MPUMEHATH CTPATETHIO MEPCOHAIMU3AIINH,
COOTBETCTBYIOIIYIO XapaKTepUCTUKaM ydaluxcs u cnenuduke yuedHoro kypca. [lepBbiil ypoBeHb
nepcoHanuzanu  ELP1 mo3BosisieT mnepcoHanu3upoBaTh Y4YeOHbIE MaTepuaibl U  CTPYKTYPY
y4eOHOro Kypca B COOTBETCTBHHM C JAaHHON (cneuuduuupoBanHoit B ELP2) crparerueit
NepcoHaIu3alMu (MPUMEHEHHOM K BBIOpaHHOMY clieHapuio o0ydeHus). Bropoil ypoBeHb
nepcoHanuzanuu ELP2 no3Bossier onpeaenuTs CTpaTeruio MepcoHaaIn3auy Npy MOMOIIHU BbIOOpa
MOJMHOXKECTBA MapaMeTpoB nepcoHammu3anuu [53].

PazpabGorannas B 2012 rony undopmammonnas cucrtema ISCARE (Information System for

Competition based on pRoblem solving in Education) — unTe/mekTyanpHast cuctemMa oOydYeHHS,
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OCHOBaHHAas Ha IIBEHLIAPCKONW CHCTEME IIPOBENEHUS TYPHUPOB, KOTOpasi IPEIOCTABIISAET YUALIUMCS
BO3MOKHOCTh COPEBHOBATHCS, YTOOBI yIydmHTh Iporecc oOyueHus. COpeBHOBaHHE OCHOBAHO Ha
Pa3NUYHBIX TYpPHUpPAX M payHIax. B Kaxaom payHie ydaiiuecs pa30MBArOTCsS Ha TPYIIIHI 110 JBa
YeJI0BEKa, COPEBHYIOIIMXCS JAPYr C APYroM, M Kaxzas Iapa IojydaeT pa3Hble 3aJaud, KOTOpble
TpeOyeTcs peluTh 32 OrpaHUYCeHHbIN epuo] Bpemenu [83].

UZWEBMAT — cpena 3neKTpOHHOTO OOyYeHUs Ui U3yUeHUs] TEOPUH BEPOSTHOCTH M3 Kypca
MaTeMaTHKH, HCIOJIb3YeT SKCIEPTHYIO CHUCTEMY JJs MpEeACTaBlIeHUS ydyeOHOro marepuana B
COOTBETCTBUU CO CTHJIEeM OOY4YeHHsS YydYallluXcsli U aJanTallid MaTepuana B COOTBETCTBHH CO
3HaHUAMU yqaruxcs [89].

Oscar CITS (Oscar Conversational ITS) — coBpeMeHHast HHTEJIICKTyalbHasi CHCTEMA, CO3/[aHHas
B 2014 romay, UCTIONB3YIOMIAs €CTECTBEHHO-SI3IKOBOM MHTEpGENC U PEIOCTABISAIOMIAS YUAIIUMCS
BO3MOXHOCTh (popMUpOBaHus 3HaHUM nocpenactsoM auckyccuu. Oscar CITS ctaBuT cBoelt 11einbio
MOJIETTMPOBaTh HMHJAWBUIYyaJbHOE OOyUYEHHE C TpPEernojaBaTeieM IOCPEICTBOM JIMHAMHYECKOTO
BBISIBJICHHUS] CTHJIA OOYYEHHs y4alluxXcs M TOCHeAyIolled ajanTalud K HeMy, HacTpauBas
nuanoroBelil yueOHbd Kypc. Oscar CITS He 3aBUCHUT OT KOHKPETHOW MOJICNIM CTUJIEH OOy4YeHUs U
U3y4aeMoil peIMeTHOM obnactu [76].

B 2015 romy Omma co3mana cuctema TECHS8 — wuHTemnekTyanpHas afanTHBHAs CHUCTEMa
AJIEKTPOHHOT'O O0YyYeHHMsI, MMeEIoasi MOJYJbHYIO CTPYKTYpy M OCHOBaHHas Ha cucteme cOopa
METaJaHHbIX U TMEPEMEHHBIX, UMEIONINX Ba)XHOE 3HaueHue Uil mporecca oOyudeHus. Cucrema,
MpEeBAPUTENIbHO MOATOTOBJICHHAs TaKUM 0O0pa3oM, TMOJJEPKUBACT WHIUBUAYyAIH3ALUI0 U
muddepeHInanuio 1 MOXKET ObITh aJanTHpOBaHa K YPOBHIO 3HAHMN U NOHMMaHHEM IMpeaMeTa

KaXIbIM ydarmumcs [52].

3.1. ®opMmanu3anms 3HAHUH NMPeIMeTHOI 00,1aCTH U MOJIeJIH 00yuyaeMoro B

AJAIITUBHBIX CUCTEMAX OﬁyquI/Iﬂ

[lepBoe BpeMs 3HaHHUS MPEAMETHON o00JacTH B AJANTHUBHBIX CUCTEMax OOy4YeHHs ObLIN
npenactaBieHsl B (popme rpadoB WM ceTeil. ANbTepHATUBHBIE IMOAXOJbl PA3NMYAINCh BUIAOM
MIPEJICTaBJICHHSI BEPIINH B 3TUX CTPYKTYpax.

B cucremax ECSAI u ELM-ART 3Hanus mnpeaMeTHoll o0nacTd OpraHu30BaHbl B
uepapxuueckyro cetb koHuentoB. B Hekoropeix cucremax (DCG, ACE, INSPIRE) nans
MIpeJICTaBJICHHsI 3HAHUM MPEAMETHON 00IaCTH UCTIONB3YIOTCS rpadbl KOHIIENTOB, TPU STOM KaXKIbIN
KOHIIENT CBS3aH C HEKOTOPHIM HAOOpOM Y4eOHBIX MaTepHalloB (TEKCT, MpUMEp, IEMOHCTpAIlHs,

3aaayda, TCCT). B stoii camoit HpOCTOI>'I MOACIN HpeHMeTHOﬁ obmactu MpEeACTaBJICH TOJIBKO OAWH



22 Bonanckas T.A. Bonpockl aqanTHBHOCTH B CUCTEMaX AUCTAaHIIMOHHOTO O0YYCHUS

TUI CBSI3W — TpeABapUTeNbHOE YycioBue (TMOChUIKa) (prerequisite), dYro oOecreynBaet
CTPYKTypUpOBaHue KoHTeHTa [41].

B NetCoach 3nanust npenmMeTHoil 001acTi mpeacTaBieHsl B (popMe KOHIENTYyalbHON CETH, MpU
STOM KOHIIENTHI TMPEACTABIIAIOT CTPAHUIBI, COJEpKAIIUe YyUeOHBI MaTepuall, KOTOPBIA HYXHO
W3JI0KUTh ydamiemycs. EcTh aBa THma CBA3€ld B 3TOM KOHLENTYaJlbHOM CETH: NPEABAPUTEIBHOE
ycnoBue (mochlIka) (prerequisite) u 3aximoucHue (BpiBoj) (conclusion) [108].

Cucrema KBS Hyperbook ucronbs3yer rpadpl 3aBUCUMOCTEH, BEPIIUHBI KOTOPBIX — KOHIICTITHI
(371eMeHTBI 3HaHU#T), a pedpa — B3aMMOCBSI3U MEX Iy KOHIlenTaMu [65].

C 2004 roma k QopmManu3alMM 3HAHUN NpPEeIMETHONM O00JaCTH CTal TNPUMEHATHCS
ountojoruueckuii mouxon. B cucremax APeLS, ACCT, ASM, iClass u ADOPTA 3HaHus
MIpeIMETHOM 00JIaCTH BBIPA’KEHBI OHTOJIOTHEH.

APeLS u ACCT npencraBisitoT 3HaHUS TNpPEAMETHON 00JacTH B BUAE KOHIENTyalbHOU
OHTOJIOTHH, MPEJICTABIISIONIeH OO0 KOJIEKINIO OMMCAHNN KOHIIENTOB BEPXHETO YPOBHS, CBs3EH
1 B3aUMOCBSI3€H, HE3aBHCUMBIM OT COJIepKaHus criocooom [48,49].

I'pad myreit konuenToB B ASM mnpezacTaBisieT KOHIENTYadbHYI0 CTPYKTYPY OHTOJIOTHH 3HAHUN
npeameTHo oOnactu. KoHmenTtsl BbIOMparoTcst W3 Tpada MmyTeld KOHIIENMTOB COTJIACHO
B3aMMOCBS3SM MEXIy Hepapxuel yueOHBIX [ejIel B OHTOJIOTHEl mpeaMeTHOM obmactu [67].

B ADOPTA Bce oOyuwaroniue MaTepuaibl MOAPA3ICIAIOTCS Ha y4eOHbIe OOBEKTHI, KOTOPHIE
MOTYT OBbIThb ONUCAHUSAMH, 3aJaHUSMU WJIM BONpocamMH. Y4eOHble OOBEKTHl OpPraHU30BaHbI B
OHTOJIOTMYECKHIN CEMaHTHYECKUU Tpad ¢ JABYMs BUIAMHU CBS3CH: «GIBIsIeTCs» (is_a) JJis CBs3e
Mexay onucaHusMu U «umeer» (has_a) /g csizelt MeXIy 3aaHUSIMHM, BOIIPOCAMU U OMUCAHUSIMU
[36].

Urto kacaeTcs MOJAXOAOB K MOJCIMPOBAHUIO yYalllUXCsl, B OOJIIIMHCTBE PACCMaTPUBAEMbIX B
CTaThe CHUCTEM IPUMEHSETCS OBeplieliHas Mojenb. B 3Toit Moaenu 3HaHus yuarierocs: (hakTUYecKu
SIBJISIFOTCS B3BEIICHHBIM TIOJMHOYKECTBOM 3KCIIEPTHBIX 3HaHU# [45].

Cucrema ECSAI ucnonp3yer mpocTyro oBepiieiiHyto Mozenb, 0e3 BecoB. B ELM-ART, mis
Ka)KJIOW MOCEHIEHHOW CTPaHHUIIbI, COOTBETCTBYIOIINE AJIEMEHTHI B OBEPJICHHON MOAENH yYallerocs
MoMeyaroTcs Kak mnocenieHusie. [locne Tecta wiM pemieHus 3a1auu, Bce U3yYeHHbIE KOHIICTITHI U3
MOJYyJIe TIOMEUAlOTCS KaK W3BECTHbIe, W HAayMHAETCs Ipouecc (GOPMUPOBAHUS BBIBOJIOB
OTHOCHTENIbHO 3HaHuH yuarierocs [40,56].

ASM wucrnonp3yer oOBepieHHYI0O MOJENb JJs ONpEIeNeHHs YpOBHS 3HAHUM ydaliuxcs |
OTCJIEKHUBAET YUCIO0 0aJlJIOB, HAOPAHHBIX B TECTAX, a TAKXKe YUCIIO MONBITOK perieHus TectoB. GTE

HCIONIb3YeT B3BEIICHHYIO OBepiieliHyl0 Mozenb. Mognenb obydaemoro B DCG — uucieHHas
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OBepJieiiHasi MOJENb C KOHLENTYaJlbHOM CTPYKTYpOH, NMPH STOM 3HAHHE YYaIIUMCS KaKJIOTrO
KOHIICTITa TPEICTABIISICTCS YUCIIOM BHYTPH 3alaHHOTO HHTepBaia [68,100,105].

NetCoach ncnonbs3yer MHOrOYpOBHEBYIO OBepiieiiHy0 Mojenb. [lepBblil ypoBEeHb MOKa3bIBAET,
MOCEeIIaN JIM YyYalluicsl CTPaHHILy, BTOPOW YPOBEHb COJCPKHUT HH(POpMAIMi0 00 OTBETax Ha
BOIPOCHI, TPETHI YPOBECHH MOKA3BIBACT, OBLIIN JIM IMOJYYCHBI CBEJICHHS O TOM, YTO YYAIUICS 3HACT
KOHIIENIT, OCHOBBIBASICh HA CBSI3W MEXKJTy STHM KOHIICTITOM M KOHIICTITAMHU, KOTOPBIC YYALTUMCS yiKe
HU3y4eHbl. YeTBEpThIil YpPOBEHb ITOKA3bIBAET, OTMETWJI JIM YYAllMICAd HEKOTOPbIA KOHILIENT Kak
u3BectHbi [108].

B cucreme ASM mpuMeHsETCS CTEpeOTHUIHAs MOJENb, KOTOpas WCHOJb3YeTCsl Ul
MpEe/CTaBICHUs] CTUJel o00ydeHHsT B COOTBETCTBMM C Mojenbio XaHu-Mamdopna. Ota
CTEpPEOTHITHAS MOJIENb TAKXK€ HCIIONB3YEeTCS U CIOco0a TpeACTaBICHUsT y4eOHOTO MaTepuana
(BU3yaJIbHBIH, TEKCTOBBIM, ayIMAIbHBIN U cMelaHHbIii) [7,11,66].

Bonee cnoxHble MOIXOABI K MOJCIMPOBAHHUIO YyYAIIUXCS TIO3BOJIIIOT pealn30BaTh Oolee
cinoxHyro amantanuio. B cucremax AST u KBS wucnonssyercst GailecoBckas BepOsSTHOCTHas
Mozenb obyuaemoro (Bayesian probabilistic student model), a B cuctemax ACE m WINDS —
AMHU30MYECKast MOIeb 00yuaemoro (episodic student model) [95-97,107].

B KBS Hyperbook npumensiercst 6atiecoBckasi BEpOsSTHOCTHAsI MOJIEh 00y4aeMoTo, TAe y3Jbl —
KOHIIENTHI. 3aBUCUMOCTH MEXIY KOHIIENITaAMH MPECTABICHBI YCIOBHBIMU BEpOsITHOCTAMHU. B AST
KaXKJJ0€ B3aHMOJICHCTBIE C CHUCTEMOW OKa3bIBaeT BIMSHHE Ha MoJelb oOydaemoro. Bnushue
3aBUCHT OT 00pa3oBaTeNbHOTO KOHTEHTa W €ro mapaMerpoB. B 3aBUCMMOCTH OT CIOXKHOCTU M
3HAYUMOCTH, TOKa3aTelb HAaJeKHOCTH B baliecoBckoil BepOSTHOCTHOM Mozenu o0ydaeMoro
yBenunuuBaercs [65,97].

Onm3oanueckas Mozaenb odydaemoro B WINDS xpaHuT Bce yueOHBIE COCTOSHUS (COOBITHS).
OTU COCTOSHUS HA3bIBAIOTCA «AMHU30/IaMU» U BKIFOUAIOT JIEHCTBUS YYaIErocs, OLICHKH €ro paboThl
IpenojaBaTesieM M CUCTEMOH, a TaKKe JIOble BBIBOABI CUCTEMbI 00 YPOBHE 3HAHUH ydallerocs
[95].

Mognens ob6yuaemoro B ACE komMOMHHpYeT OBEpJCHHYIO M SIU30JMYECKYI0 MOJelb, OHa
COCTOMT U3 TPEX yacTeil: mpodust, MOJETH 3HAaHUH 1 MOJIeH uHTepecoB [96].

Monens oOyuaemoro B APeLS coxmepxut ampuopHble 3HaHUS U Lenu oOydeHus. Mopenb
obyuaemoro B ADOPTA BkirodaeT 1enu ¥ NpeArnovTeHus, CTUIb O0yUeHUsI M 3HAHUS YUaIerocs

[36,48].

3.2. 'eHepupoBaHue M aJaNTAIUA YIEKTPOHHOIO0 Y4e0HOT0 Kypca



24 Bonanckas T.A. Bonpockl aqanTHBHOCTH B CUCTEMaX AUCTAaHIIMOHHOTO O0YYCHUS

[Iporiecc reHepupoBaHHs IEKTPOHHOTO Yy4eOHOro Kypca BKIIOYAeT B ceOs CIenyrolue Tpu
JTama: TeHepUPOBAHHE JIEMEHTOB Y4eOHOIr0 Kypca, BEIOOp U YHOPSIIOUEHHE 3JIEMEHTOB Y4eOHOTO

Kypca, MpeJICTaBICHUE 3JIEMEHTOB yueOHoro Kypca [8].
3.2.1. T'eHepupoBaHue 3JIEMEHTOB 3JIEKTPOHHOI0 Y4eOHOI0 Kypca

[1epBErit 3Tanm — 3TO TeHEPUPOBAHKE FITEMEHTOB AIEKTPOHHOTO yueOHOro Kypca. OH MOXKET OBbITh
BBIMIOJIHEH WM CaMHUM I[IPENojaBaTelieM, WM e DJIEMEHTh MOTYT OBITh CreHEpUPOBAHBI
aBTOMAaTHUYECKH. B OONBIIMHCTBE paccMaTpUBAaEMBIX B CTaThE CHCTEM DJIEMEHTHI Y4eOHOro Kypca
rerepupyrorcs npenogaBarenem (GTE, ECSAI, AST, KBS Hyperbook, ATLAS, INSPIRE,
WINDS, NetCoach, APeLS, ACCT, ADOPTA, ELP1+ELP2, ISCARE, UZWEBMAT, Oscar
CITS, TECHS).

Dnementsl yueObnoro kypca B GTE and ATLAS — 3amanus, Wik psja JACHCTBUMN, KOTOpBIE
TpeOyeTcs BBIOJIHUTH B TeUeHHE mporiecca ooyuenusi. B GTE 3amanust MoryT OBITH CleIyrOIUMHU:
«IPUBECTH TIPUMEPY», «IPHUBECTH IPOTHUBOIIOJOKHBIA TPUMEP», «BBIIOIHHUTH YIPAKHEHHUEY,
«caenath 0030p» [100].

OnemenTsl yueOHOro kypca B ECSAIl — y4eOHBIE MOIYJIH, SIBISIFOIIMECS COBOKYITHOCTBIO
COJIEPKATENIbHBIX, MPAKTHUYECKUX M OLICHOYHBIX JJIEMEHTOB, KOTOpblE CKOMOMHHMPOBAHBI JJIst
JTOCTIKECHHS eIUHOW 1enu oOydeHus. Kaxaplii ydeOHBIM MOJyJIb CBsSI3aH C OMHCAaHHUEM, KOTOpOe
BKJIIOYAET: METKY, Tull (MIpeACTaBieHHE, MPUMEPDI, YIPaXKHEHHs), TEKCTOBOE OIMMCAHUE,
MpenycioBusl (3aBEpIICHHbIE YPOKH, MOHUMAaHHE YYalllUMCS HEKOTOPBIX JJIEMEHTOB 3HaHUU
MpeIMETHOM 00JIaCTH) U MOCTYCJIOBUSA (M3MEHEHHS B MOJEIH 00y4aemMoro Iociie 3aBepIICHUS
moyJst) [58].

B AST cymecTByIOT pa3iuuHble THUIIBI 3JIEMEHTOB Y4YeOHOTrO Kypca — YPOKH, pa3zelbl,
nojapaszzenbl U KoHIenThl. [Ipy 3ToM Kaxabli 3JeMEeHT yuyeOHOro Kypca MMEET TaK Ha3bIBaeMbIe
MPeAnochUIKU (y4eOHbIE MOJIYJIH, KOTOPbIE YUAIUICs JOHKEH 3HATh) U MOCIEACTBHS (BO3MOXKHOE
BJIMSIHUE Ha Ipyrue yueOHbie Momyn) [97].

VYueonsiii kypc B KBS Hyperbook coctout u3 mosyneit, KoTopbie COOTBETCTBYIOT YaCTSIM KHUTH
U CEMaHTHYECKU CBSI3aHbI, IPU TOM KaXKJbI MOAYJIb MHACKCHUPOBAH KOHIIENTAMHU IMPEIMETHOM
obmactu [65].

B INSPIRE »snementsl yyeOHOro Kypca — MOMAYJIH, KOTOpbI€ BKJIIOUAIOT LEAH OOyudeHUs,
WUTOTOBBIE KOHIICTITHI M Y4YeOHBI MaTepuai, CBSI3aHHBIM C HMTOTOBBIMH KOHIIEITAMH M HX
MpeIBapUTENbHBIMI KOHIIeNTaMi. KOHIIENTHI, SIBISIOMIUECS CAMBIMU BaXKHBIMU NI JOCTH)KCHHUS
[[EeM, HAa3bIBAIOTCS MTOTOBBHIMH KoOHIenTaMu. C KaXIbIM MTOTOBBIM KOHIIETITOM CBSI3aHBI

npeBapUTeNIbHbIC U 3aBHCcHMbIe KOHIIeNTHI [90].
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B APeLS yueOHbli Kypc mHoapasfensieTcs Ha CEeKIHMHM, MOAYJIHM H 3JeMeHThl. Kypc — 310
MIOCTIeIOBATEIBHOCTD IIaroB MO0 KOHTEHTY, KaXK/IbIi IIar COCTOUT U3 Habopa yueOHbIX MaTepUaloB,
UMEIOIIUX OJHY U Ty e Y4eOHYIO Lejb, T.€. MPHHAUICKAIIUX OJHON «KaHIUAATHOW TpYIIIe»
(candidate group). Kaxnast «kaHaumaTHas Tpymma» COACPKHUT ydeOHbIe OOBEKTHI, OTBEUYAIOIINE
OJTHHM U TeM e TPeOOBaHUSAM K KOHTEHTY. Y4eOHbIe OOBEKTHI B «KAaHAWAATHOW TPYIIE» MOTYT
OTIMYAThCAd JPYyr OT JApyra TEXHUYECKHMMH, OOpa3oBAaTEIbHBIMU WM JIIOOBIMH JPYyTUMHU
XapaKTepUCTUKAMHU, KOTOpbIle MOTYT OBITh aJanTUpPOBaHBL. PasneneHue KOHTEHTA M €ro
XapaKTEPUCTHUK CIIOCOOCTBYET MOBTOPHOMY MCIIOJIb30BaHUIO YUeOHBIX 00beKkTOB [48].

B ACCT osnemeHTbl y4eOHOro Kypca — KOHICNTyalbHble omucanus (concept narratives).
OmnwucatenpHas MOZAETh COACPKUT B ceOe CEMAHTUKY NMPUMEHSIEMOW MeIarormyeckoi CTPaTerHH.
OHa ONUCHIBAET JIOTUKY BBIOOpa ¥ TIPEACTABICHUS YYEOHBIX JEHCTBUH W KOHIICTITOB.
KonmenrtyanpHOe OmMUCaHWE TO3BOJISIET TPENOJABATENI0 MPHUMEHSATh AaCMEKThl TeIarormdecKoi
CTpaTeruu K HEKOTOPHIM YacTsAM aJalTHBHOTO yueOHOro kypca [49].

B ADOPTA »sneMeHTHl Kypca — y4eOHBIE OOBEKTHI, KOTOpBIC IMPENOaBaTellb IMOMENaeT Ha
CTpaHMIIBI TaK Ha3bIBaeMOM «packaapoBkm» (Storyboard) yuebuoro xypca. Jliast kaxmoro yuae6HOro
o0beKTa TpenojaBareib 3amaeT KOIQ(OUIMEHT YPOBHS 3HAHWH, KOTOPBIH HCHOJB3YeTCs
MEXaHHU3MOM aJarTalliy Ui aJalTHBHOrO BIOOpa KoHTeHTa [36].

B UZWEBMAT Bo BpeMs MOArOTOBKH D3JIEMEHTOB Kypca (y4eOHBIX OOBEKTOB) 0c000e
BHUMAaHUE YyJEISETCS TOMY, YTOOBI yuyeOHbIE OOBEKTHI YUUTHIBAIH OCOOCHHOCTH KaXKJIOTO CTHIIS
o0yuenus. Hanpumep, auarpammsl, OIOK-CXeMbl, PUCYHKH U aHUMALUU HOAXOIAT ISl y4alIUuXCs
BU3YQJIBHOI'O TUIIA, @ 3BYKOBbIE MHCTPYKLIMH, ONOBELICHUs U OOpaTHas CBsI3b — JUI ayIUaJIbHOTO
tuna [89].

B ELM-ART nsnemeHTBl y4eOHOTO Kypca — MOJYJIH, HePaApXUUYECKU OPTaHW30BAHHBIE B YPOKH,
paznesbl, HoApa3aesbl U KOHeYHbIe cTpaHulbl [40].

Crpyxktypa kypca B ACE — koHLenTyalpHas CeTb U3 MOJyJIei, KOTOpbIe MOT'YT OBbITh CEKLIUAMU
(MOryT BKJIIOYATh JAPYrHe MOJYJM) WIM KoHuentamu. Kaxaplil yueOHbIM MOIyib BKJIIOYAET T.H.
«TIpelIBapUTENIbHBIE» MOAYJIH, KOTOpbIE YydYalluecs JOJDKHBI 3HATh Iepel  HM3yYeHHEM
ornpenesneHHoro Mmonyis. [IpenBapurenbHble MOIYJIM HMMEIOT Beca B COOTBETCTBUM CO CBOEH
3HaYMMOCTHIO [96].

B DCG snementsl yue6HOoro kypca — HTML cTpanuiibl, cBs3aHHbIe ¢ KOHIENTaMU MPEIMETHON
obnactu. ['eHepupoBaHue y4eOHOro Kypca YUUThIBAET TEKYIIHE 3HaHUS YUalIUXCcs U IPUHUMAET BO
BHHMAaHHUE PA3IHYHs B CIIOCO0E U CKOPOCTH nproOpereHus 3Hanuii [105].

B PAIGOS »snemeHThl y4eOHOrO Kypca — CTPYKTypUpPOBaHHbIE HAOOpBI CCBHIJIOK Ha yueOHbIE

Mmatepuaisl [98].
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VYueOnsiii kypc B cucreme TECHS8 cocrout u3 maroB obydeHus u oneHuBaHus. Kakapiid mar

00y4YeHHsI MMEET Pa3BETBJICHHYIO CTPYKTYpy C MHOTOYHUCIECHHBIMH (DOPMUPYIOIMIMMHU OIEHKAMHU

[52].
3.2.2. Bb10op u ynopsiioueHue 3J1eMeHTOB Y4eOHOro Kypca

Bropoii 3Tan renepupoBaHUs yueOHOTO Kypca — 3TO BBIOOP M YIIOPSAAOYEHUE IIEMEHTOB Kypca.
OTOT MpOIECC MOXET OBITh CTaTUYECKUM (BBIIOJHATHCS TOJBKO OJMH pa3 Mepe] HadalloM
00y4eHHsT) WM TUHAMHYECKUM (IIOBTOPSATHCSI HECKOIBKO pa3 B TEUCHHE IpoIIecca 0OydeHus ).

B GompmmmaCTBEe paccmarpuBaeMbix B cratbe cucrem (ECSAI, DCG, ELM-ART, AST, ACE,
KBS Hyperbook, ATLAS, INSPIRE, NetCoach, APeLS, ACCT, ASM, ADOPTA, ISCARE,
UZWEBMAT, TECHS) ucnonb3yercsi [MHAMHYECKHIA BEIOOP M YIIOPSIOUCHHE IIEMEHTOB Kypca.

B DCG wucnonb3yercs TIIaHUPOBIIMK KOHTEHTA, KOTOPBI TeHEPUPYET MyTH B Tpade KOHIEIITOB
npeIMeTHOM o0sacTu. DT NYTH CiIyXaT [mabjJoHOM Ui IJIAaHUPOBAHUS MPEICTABIICHUS.
BriociecTBUM  IIAaHUPOBIIMK IPEJCTABICHUS BBIOMpaeT ydYeOHBIH Marepwall, CBS3aHHBIA C
BBIODaHHBIMH KOHIIETITAMH TIPEJIMETHON OOJIACTH, W OMpEAeNsieT MOPSAOK M CHOC00, KOTOPBIMH
3TOT MaTepuan OyeT npejcrasieH ydamemycs [105].

B ELM-ART xaxapiii MOIyJb COIEPKHUT CTAaTUYECKHE CIIOTHI IJII TEKCTa, KOTOPBIA Oynaer
MoKa3zaH, U Ais uHbopManuu, KoTopas OylIeT HCIOIb30BaThCS MJS CBS3BIBAHUS MOJIYJEH C
KoHIenTamMu. Monynu Takke MOrYyT HWMETh JAWHAMHUYECKUE CIIOTHI IS TECTOB, COJEpKalluX
BOINIPOCHI, Ha KOTOpbIE YYalllUHCS TOJHKEH OTBETUTH, JOMOJHUTEIBHO K OMHMCAaHHIO 3adadu. B
mpouecce (GopMHpoBaHUS BBIBOAOB 00 ydalleMcsi BCE KOHIENTHI, KOTOpbIE CIYXKHIN
MPEANOChUIKAMU 711 MOAYJISI, CUMTAIOTCA M3y4eHHbIMU. MHopManus u3 AMHAMUYECKUX CIOTOB
UCIOJIb3YETCSl Ui aBTOMATUYECKOM TeHepald ONTUMAalbHOro MmyTH (TulaHa) oOydeHus ams
yuarierocs [40].

B AST umeercs ctparerus oOy4eHHs 110 YMOJIYAHUIO JUTsl KOKIOTO THIA KOHIENTOB (00y4eHHe
Ha mpuMepe, oOyueHHEe C MOMOIIbI0 YTEHHS TEKCTa, 0OydeHHEe Ha COOCTBEHHOM OIIBITE), XOTS
MpenojaBaTelib MOXKET U3MEHSTh ee 10 Mepe HeoOxoaumocTu. Kpome Toro, ams kaxaoi cTpateruu
oOyueHusi ecTh MpaBuia, AOMYyCKAIONINe aJanTUBHBIA BEIOOP CTpaTeruu 0Oy4YeHUs B 3aBUCHMOCTH
OT XapaKTepUCTHK Y4Yalllerocs U THUMNa H3ydaeMbIX KOHIEeNToB. CHCTeMa OTCIEKUBAET, KaKyIO
KOMOMHAIIMIO ¥ TOPSAOK YyYeOHBIX MAaTepUallOB yyalluiics WCHONb3yeT dYalle BCero, u
COOTBETCTBYOIIHUM 00pa3oM U3MEHSIET cTpaTeruto ooyuenus [97].

AST ompenensier, kKakue MOAYJIH YYalTUICs JOKEH U3ydaTh jaajiee, 0a3upysich Ha OaiiecoBCKOU
BEPOSITHOCTHOW OBEpJeHHON Mojenu W TpeOOBaHHUSAX i BO3MOXKHBIX CIEIYIOIIUX MOMIYJCH.

Cucrema cHauaja 0T6paCBIBaCT TC MOAYJH, IJII KOTOPBIX yanHHﬁCH HC BBIITOJIHUJI HCO6XOI[I/IMBIX
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yCIIOBUM, a 3aTeM oOpaliaeT BHMMaHUE Ha JIOCTOBEPHOCTb, HAJEKHOCTb U BEC MOAYJEH, s
KOTOPBIX y4YalllUHCs BBITOJHUI HeoOXoaumble ycinoBus. CleqylomuM MOayJIeM BbIOMpaeTcs TOT,
JUI. KOTOPOT'O YYallluiCs JOCTOBEPHO BBIIIOJIHUI CAMbIE BaKHBIE YCIOBHUSL.

B ACE mnpenonaBarenp JOIDKEH SBHO OIPENETIHTh, KakHe CTpaTeruu OOydeHus OyayT
HCII0JIb30BAThCA JUISl KaXA0Tr0 TUIIAa KOHIENTOB. KOMIIOHEHT aanTHBHOTO yHOPSA0YEHUSI CUCTEMBI
IBITAETCA MPUICPKUBATHCA IMyTH OOYYEHHUS, ONPECIIEHHOTO TEKYLIUM 3HAaHHUEM Y4Yalllerocs.
Kpome Toro, yropsijoueHue alanTupyeTcsi K MHTepecaM, yCTaHOBJICHHBIM yJarumMcs [96].

B KBS Hyperbook yuarmecsi BeiOuparoT 1eibp 00yueHHs, U CHCTEMa IMpeJiaracT MpOSKTHbIC
MOJYJIM, C KOTOPBIMU OHH JOJDKHBI TOpabOTaTh Ul TOCTHKEHUS CBOEH LM (alaTUBHBIM BBIOOD
npoekra). KpoMe Toro, cucrema MOKET NPEUIOKUTh LENH 00y4eHHUs, KOTOPble COBMECTUMBI CO
3HAHMSIMM y4daierocs (aJanTUBHBIM BBIOOp II€NM): CHCTEMa IpejajaraeT HpOeKThl M 3aTeM
reHepupyer y4eOHblit kypc [65].

Ha ocnHoBanmmm memm oOyueHwus, BbiOpaHHON ydwammumcs, INSPIRE renepupyer sieMeHTHI
yueOHOro Kypca (YpOKH), COBMECTHMbBIE CO CTHIIeM 00y4eHus u 3HaHueM yuamierocs [90].

B NetCoach nens 00yueHnss — MHOKECTBO KOHIICTITOB, KOTOPbIC YUAIUECs TODKHBI U3YUHTh.
Bce HeoOxoaumble YCIOBHS aBTOMAaTHYECKH ONPENENAIOTCS W TMpeularatoTcsl TMOAXOASIINe
3JIEMEHTHI yueOHOoro Kypca (cTpanuibl). Ha ocHoBaHMM onucaHMil KOHIIETITOB BCE JIEMEHTHI Kypca
TCHEPUPYIOTCSA WHANBUAYAIbHO B COOTBETCTBUH C MOJICIbI0 yuarnerocs [108].

[Tnan oOyuenus B IClass cocrout u3 37IeMEHTOB yueOHOro Kypca (KOHICITOB), KOTOPBIC

OIpe/ICIIEHBI COTJIACHO BBIOPAHHOM cTpaTeruu ooydenus [87].
3.2.3. IlpeacraBieHne 3J1eMeHTOB 3JIeKTPOHHOT0 YU4eOHOT0 Kypca

[IpencraBineHre 31EMEHTOB JJIEKTPOHHOTO y4YeOHOTO Kypca — TPETHH dTal TEeHEPUPOBAHUS
y4eOHOTO Kypca, TJe TakKe MPUMEHSETCs afanTamnus. BoJbIIMHCTBO paccMaTpUBACMbBIX B CTAThe
CHCTEM WCIIONB3YIOT METOJNbI JalTHBHOM THUIEpMEIua, TaKue KaK aJalnThBHAs IOAICPKKA
HaBUTallMK W ajantuBHoe aHHoTHpoBaHue runepccbuiok (ECSAI, ELM-ART, AST, ACE, KBS
Hyperbook, INSPIRE, WINDS, NetCoach, ADOPTA) [7,11,13,38].

ELM-ART wucnonp3yeT TEXHUKY aJaNTUBHOTO AHHOTHUPOBAHUS HA OCHOBE pACIIMPEHHOM
«Mozenu cBeroopa». B aroil Momenu 3eneHas TOYKa IeEpe] THIIEPCCHUIKOW YKasblBaeT Ha
pPEKOMEHAYyeMYI0 A W3y4deHHs MH(OpMAaIHio, KpacHas TOYKa TOKa3bIBa€T, YTO y YdYallerocs
HEJOCTAaTOYHO 3HAHUH A MOHMUMAaHMs JaHHOW MH(OpMalMH, a KenTas TOYKa O3HauaeT, u4To 3Ta
TUMEPCChIIKA HE BeIeT K HOBOM HH(opmaruu s yyamierocs. I[lomMmumo 3TOoro, B cUCTeMe
CYIIIECTBYET BO3MOXHOCTH CIIEJIOBAaTh ONTHMAIBLHOMY IUIaHY OOYYEHHs, KOTOPBIM ompeaenseTcs

TCKYIIMUM 3HAHUCM YYallCrocCsd. CJ'ICIlYIOH_IaSI CTpaHvla B OITUMAJIbHOM IIJIaHC 06y‘-ICHI/I}I
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COOTBETCTBYET CTPAHUIIE, IOMEUEHHON KaK «peKOMeHyeMas». [10JOOHBII METO/ HCIIOIBb3YeTCs B
cucreme AST [40].

KBS Hyperbook tarxxe nmpuMeHsieT alalTUBHYIO HAaBUTAIMIO JUIS aJanTally CIIMCKOB MOIyJIeiH
yuebHoro Kypca [65].

ACE peanmmsyer aBa MeToAa MOJIEPKKH aJaNTHBHOW HABHUTAIMH: aJAITUBHOC aHHOTHPOBAHHE
W TIOMIAarOBOC  CBS3BIBAHWE THUIEPCCHUIOK. AJIAlITUBHOC AHHOTHPOBAaHHE THUIEPCCHUIOK
MPEIOCTABIIACT yYaIleMyCs JOIMOJHUTEIbHYI0 WH(OPMAIUIO OTHOCHUTEIIBHO KOHTEHTa TIO
TUTEPCChUTKE (UCIONB3ysl pa3jMdHbIe IBETa). AHHOTHUPOBAHUE aJaNTHPYETCS K ydJamemycs,
MIPUHUMAs BO BHUMAHHUE €ro 3HAHUS M CBS3M MEXIYy MOJIYJSIMHU, KOTOPBIC JTOJIKHBI OBITh M3yUYeHBI
(y’ke TMPOCMOTPEHHBIC KOHIENTHI; KOHICNTHI, JUIS KOTOPBIX Y Vy4Yallerocs HE XBaTaeT
MIPEIBAPUTEIILHBIX 3HAHUM; TPEIIOYTUTEIIbHBIC KOHIICTITHI U MOJyJIA, HE PEKOMEHIyeMbIe, HO He
TpeOyroIre TOMOJHUTEIbHBIX 3HaHuUiT) [96].

B WINDS crpykrypa ydeOHOTO Kypca M MOJENh O0y4aeMOro [OITyCKAalT aJalTHBHYIO
HABUTAIMIO M TpejcTaBlieHue. [IOCKONBKY y4eOHBIe OOBEKTHI CKOMIIOHOBAHBI, MOTYT OBIThH
WCIIOJIb30BAHbI Pa3IMYHbIC TEXHUKH aTalTallld: MPSIMOE PYKOBOJICTBO, COPTHPOBKA, COKPBITHE H
AHHOTHPOBAHKE THIICPCCHIIOK. YUEOHBIC 3JIEMEHTBI COCTOSAT M3 KOHTEHT-OJIOKOB, KOTOPhIE HMEIOT
MpeIONpPEeNIEHHYI0 TOCJIEI0BATEIbHOCTh W Y4YeOHYI0 pOJib, 4YTO TO3BOJSIET MPHUIIOKEHUSM
UCIIOJIb30BAaTh  PA3JIMYHbIE METOAbl aJanTaluu: JONOJHUTENbHbIC, MpeABapUTEIbHbIE U
CpaBHHTEIJIbHBIC MOSICHEHHUSI, BAPUAHTHI MOSICHEHUI U COPTUPOBKY TUIIepCcChlTok [95].

NetCoach wucrnosnp3yer amanTuBHOE aHHOTHPOBaHWE THIEpCChUIOK. Clemyromas CTpaHuIla,
peKoMeHayemasl yyaliemycsi, JUHAMUYEeCKH T€HEepHpyeTCcsl Ha OCHOBAaHMUU Iiefiell oOydeHus u
3HaHMN ydamierocs. Yyamuecs Mojy4aroT NpeAynpexIeHue, eciii OHU BhIOUPAIOT CTpaHMILy, AJIS
KOTOPOH Y HUX HET IpeABapUTEIbHBIX 3HAHUH (IIPEAyIPEkKICHUS MOKHO OTKIF0OUnTh) [108].

Jnst mpencraBinenuss yueOHoro kypca B ADOPTA wucnonb3yroTcs afanTHBHAs HaBHUTralus,
AHHOTHPOBAHKE M BEIOOpP KOHTeHTa [36].

B cucremax GTE, DCG, APeLS u ASM s mpeacraBieHHs 3JEMEHTOB Y4eOHOTO Kypca
UCIIONIb3YeTCSl TMOMAXOJ, OTIWYHBIM OT amanTtuBHOW runepmenua. B GTE g amanrtanuu
MPUMEHSETCS AUHAMUYECKH BBIOOp MeTo/0B oOyueHus. Ilepen BbINOTHEHHEM OIpeeIeHHON
3agayn GTE BriOupaeT HanbosIee MOAXOASMIIMIA METO 00yUeHH S, CBA3aHHBIN C 3TO# 3a1adeit [102].

DCG wucnonp3yeT miaH MOpeAcTaBleHUs A KaXIOro KoHuenTa. Bo Bpems mpencTaBieHUS
y4eOHOro Kypca, eciy ydaliuecs MpaBUIbHO OTBEYAIOT HA BOIPOCHI TECTa, TO OHH MPOAOJIKAIOT
nporecc oOy4eHHs B COOTBETCTBHHM C ONpEACNEHHBIM IUIaHOM, KOTOpbI He MeHsercs. Ecmm
ydaiecs:  JEMOHCTPUPYIOT — HEJAOCTaTOK  3HaHWM, Y4eOHBII Kypc  NeperulaHHpyeTCs.

HepeHJ]aHI/IpOBaHI/Ie OCYHICCTBJIACTCA WJIM HAa YPOBHC HNPCACTABIICHUSA, ITOCPECACTBOM U3MCHCHUA
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HOCJIEA0BATEIBHOCTH y4eOHOr0 MaTepuaa, Win NOCPEACTBOM M3MEHEHUS METON0B O0yUYEeHHs IS
Ipe/cTaBiIeHUs] KoHuenTa. Ecinum ydammecs cHoBa JEMOHCTPUPYIOT HEJOCTAaTOK 3HAHMA,
IUIAHUPOBIIMK KOHTEHTa I'€HEpUPYET HOBOE MOJAMHOXKECTBO KOHIIENITOB, BEAYIIUX K ITOHMMAaHUIO
3aJ]aHHOT'O KOHIICTITa B COOTBETCTBUH C TEKYLIMM 3HaHUEeM yuainerocs [105].

B APelLS mnnanmpoBaHue TpEACTaBICHUS OrPAaHHYEHO BBIOOPOM KaHAMJATHOW TPYTIIBL.
KanaunatHas rpynma mpeaonpeaessieTcss MHOXKECTBOM Pas3iMYHBIX CTPYKTYp u (opMaToB st
yueOHBIX MaTepuaioB [48].

B ASM rpa¢ mnaHoB o0y4deHHs CTPOUTCS IyTEM 3aMEIICHUs KaXKI0TO KOHIIETITa B Tpade myTei

KOHIIETITOB Ha COOTBETCTBYIOIIYIO MTOCIEIOBATEIBHOCTD YUeOHBIX MaTepraioB [68].
3.2.4. ®yHKUMM afanTalul

Cnenmyromuii  9etbipex(a3Hbli [HUKIMYSCKUN TPOIECC aJaNTaldd 3JICKTPOHHBIX YYEOHBIX
KypCOB B cHcTeMax o0yduenust Obut ipeoxed B 2008 romy [93]:

1) c6op uadpopmanuu 06 00yIaeMoM;

2) Cco3/aHue U MOAICPIKaHKe MOJEIH 00y4aeMOoro;

3) BBIOOD PIIEMEHTOB Y4eOHOTO Kypca Ha OCHOBaHUH MOJIEITH 00y4aeMoro;

4) mpeacTaBlICHHE IEMEHTOB yU4eOHOr0 Kypca Ha OCHOBAHHH MOJIECITH 00y94aeMoro.

Cy1iecTByeT MHOTO pa3IMYHBIX KIAacCH(UKAIMNA KOTHUTHBHBIX CTHJIEH W CTHJIEH OOydYeHWUs,
TaKK€ KakK WU MPOTHBOPEUMBBIX MHEHUW O TOM, KakoW mNoaxoj Hauiaydimuil. O4eBHUIHO, 4YTO
yyalquecss OTHAI0T MPEANOYTeHHE OJHOMY U3 CIOCOOOB OOYy4EHHsS, HO HESICHO, HACKOJbKO
CTaOWJIbHBI TU MPEINOUYTEHUS, TO €CTh M3MEHSIOTCS JIW OHH B 3aBHCHUMOCTH OT KOHTEHTa WU
HACTPOCHMS Y4YaIllerocs, U HACKOJIBKO OHU HaJIeXKHBI HIJIS ONpENeNIeHHUs CHocoda, KOTOPHIM
yuamuiicss npeanouutaer ooOydarbea. Wudopmanus o6 ydamiemcs, MOITy4YeHHAsl MOCPEICTBOM
MIPOBEPKU €ro 3HaHWi, Ooyiee HaJleKHA, YeM BBIBOJbI, CJICTAHHBIC HA OCHOBAHMHM HCTOPHH €ro
Hasuranuu [7,11,77].

[IpoGieMbl U3MepeHHst U OLEHKK YPOBHS 3HAHUI, YMEHUI 1 HABBHIKOB yUalINXCs B HACTOAIIECE
BpeMsl SBIIAIOTCS OJHUMH W3 LIEHTPAJIbHBIX B IMPAKTUKE JIIEKTPOHHOro oOydeHnus. Ecmu uenb
oOyueHus OnpeAensieT, YTO JODKHBI 3HaTh U YMETh ydalluecs, TO 3aJlaud OOy4YeHHs] OTBEYAIOT Ha
BOIPOC, KaK JBUTaThCs K 3Toi nenu. B 1956 rogy aMepruKkaHCKUM MCUXOJIOTOM METOJI0B O0yUeHUs
benmxamuaom bmymom (Benjamin Samuel Bloom) 6pima co3nana mepBasi TaKCOHOMHS Iienei
oOyuenusi. OHa SBISETCS CaMOW M3BECTHOM MOJENBIO, OMHMCHIBAIONIEH MPOIECC MBIIUICHUS, U
BKJIFOUAET MIECTh HABHIKOB MBIILIECHUS, CTPYKTYPUPOBAHHBIX OT CaMOro 0a3oBOTO 1O CaMoOro
poaABUHYyTOro ypoBHs. C Touku 3peHus biayma, menu oOyueHUs HAMpsSMYIO 3aBUCAT OT HEpapXUu

MBICJIMUTCIIBHBIX IMPOLECCOB, HUX CHIC HA3bIBAKOT JJICMCHTAMHU TaKCOHOMHUU BJ'Iy'MaI 3HAaHUC



30 Bonsnckas T.A. Bonpocs! alannTHBHOCTH B CUCTEMaX JAUCTAHIIMOHHOTO 00yYeHUs

(knowledge), monumanue (comprehension), npumenenue (application), ananu3 (analysis), cuHTe3
(synthesis) u ouenka (evaluation). Takconomus biayma momoraer cTpyKTypHUpoBaTh y4eOHBIN
IpoIecc M MPOBEPSTh IITyOMHY 3HaHMI o0ydaromuxcs, obecreunBas YeTKYI0 U CTa0UIbHYIO 06a3y
JUTs pa3pabOTKK aaNnTUBHBIX cucTeM o0ydenus [7,11,35].

B paccmarpuBaeMbIX B CTaThe€ CHCTEMaxX OCHOBHBIE MEXaHU3MBl aJalTallid OCHOBAaHBI Ha
ctisix oOyuenust (AST, ATLAS, INSPIRE, WINDS, APeLS, ACCT, ASM, ADOPTA,
ELP1+ELP2, UZWEBMAT, Oscar CITS) u uensix ooyuenus (KBS Hyperbook, NetCoach, ACCT,
iClass). Heckonbko cucTeM afanTHPYIOT Y4eOHBIH KypC B COOTBETCTBHHU C MPEAMOUTCHUSIMU WJIH
unrepecamu yvamuxcs (DCG, ACE, WINDS, iClass), xormutuBHbiM criiiem (DCG) win
noBezienueM yqanuxcs (ECSA).

[TomaBnsromiee OONBIIMHCTBO CUCTEM IPHMEHSET aJaNTalli0 B COOTBETCTBHU CO 3HAHUEM
yYammxcs. DTOT BUJ aJalTallid HE BIHMSIET Ha M3MEHEHHE COJEP)KaHHS AJIEMEHTOB Y4eOHOTO
Kypca, OH CKOpee 3aKII0vaeTCs B BBIOOpE W YHOPSAAOYCHHH 3JIeMeHTOB yueOHoro kypca (ECSAI,
DCG, ELM-ART, AST, ACE, KBS Hyperbook, INSPIRE, WINDS, NetCoach, APeLS, ACCT,
ASM, iClass, ADOPTA, ELP1+ELP2, ISCARE).

ApanTanysi SIIEKTPOHHOTO YYeOHOTO Kypca MOXKET OBITh JIOCTUTHYTAa WM BBIOOPOM H
VIOPSIIOYSHHEM DJIEMEHTOB Kypca, WM aJanTalueil TMpeICcTaBIeHUs 3JIeMEHTOB Kypca. [lpu
aJlanTalyy OJHUM W3 KJIFOUYEBBIX MOMEHTOB SIBIISIETCSI MCIIOJIB30BaHUE KaK MOXKHO 0o0Jiee MEJIKHX
AIIEMEHTOB Y4eOHOTO Kypca. UeM riry0ske ypoBEeHb, TEM aJlalTallisl TOYHEE U YyBCTBUTEIbHEE, U, B
KOHEYHOM CYEeTE, TEM OHA YCIICIITHEE.

PaccmarpuBaeMble B CTaThe CUCTEMBbI B OOJIBIIMHCTBE CBOEM B KayeCTBE YPOBHEH ajanTaiuu
ucnoae3yor moaynu (units) (ECSAI, ELM-ART, AST, ACE, KBS Hyperbook, ELP1+ELP2),
crpanunbl (pages) (NetCoach), ypoku (lessons) (INSPIRE), 3amaun (tasks) (ATLAS, ISCARE),
temel (themes) (GTE), yueGubie oOnekThl (learning objects) (WINDS, iClass, ADOPTA,
UZWEBMAT, Oscar CITS) mnu kanauaataeie rpynmsl (candidate groups) (ApeLS, ACCT).
Tonwsko nBe cuctemsl (DCG, ASM) ncrnons3ytoT HauMEHBIINE YJIEMEHTHI, JOMYCTUMbIE B KAUECTBE

YPOBHA aJanTaliuu — KOHOCIIThI HpeHMeTHOﬁ 001acTH.
3.3. TectrupoBanue 3HAHM

TeCTI/IpOBaHI/Ie 3HAHUM ydamuxces — OlHa U3 BaXXHBIX q)YHKHI/Iﬁ, MMpEaAOCTaBIACMBIX CUCTCMaMU
o6yquI/1>1. B OonbmmHCcTBE paccMaTpruBaCMbIX B CTATbC CUCTEM IIPCHOAABATCIIb HNOJIKECH CaM
(I)OpMy.]'II/IpOBaTB BOIIPOCHI JIA ITPOBEPKU 3HAHUI ydanuxcs. HenocraTok Takoro moaxoja B TOM,
4qTO IpenoaaBaTcyisiM BPYYHYIO Tpe6yeTCH BBOJUTHL BOIIPOCHI, ONPCACIIATE METOJAbI OLUCHWUBAHUA,

BLI6I/IpaTB MMPpaBHUJILHBIC U HCIIPABUJIBHBIC OTBCTHI U BBICTABJISATH OLICHKH.
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IIpu uccnenoBaHuu 3aa4M TECTUPOBAHMS 3HAHMW B aJlalITUBHBIX CUCTEMAaX BA)KHO pa3vyarth,
IE€HEpUPYET JIM CUCTEMa BOIIPOCHI caMa (aBTOMATUYECKH ), MJIU KE MPEN01aBaTellb BBOJAUT BOIIPOCHI
(Bpyunyo). Bo MHOrux cucremax TectupoBaHue 3HaHHMW He rpoBoautcs BoodOme (GTE, ECSAI,
KBS Hyperbook, ATLAS, APeLS, ACCT, ELP1+ELP2, ISCARE, Oscar CITS). B HekoTOpbIX
cucremax Borpocsl Gopmymupytorcs npenogasarenem (DCG, ELM-ART, AST, ACE, INSPIRE,
WINDS, NetCoach, ADOPTA, UZWEBMAT, TECHS). [dus cuctem ASM, iClass u PAIGOS,
TECTUPOBAHNE 3HAHUH YIIOMUHAETCA, HO IBHO HE OIMCHIBAETCS.

IIpy 5TOM HET HHM OJHOM CHCTEMBI, B KOTOPOM BOIPOCHI UIsI TECTUPOBAHUS IOJIHOCTHIO
aBTOMAaTUYECKU F€HEPUPYIOTCS, OCHOBBIBASICh HA MOJIENIN MpeAMETHOI o0Onactu. Tolbko B cucreMe
ACE mpoBoauTcsi TpeIBAapUTENBHBIA TECT 3HAHUN ydYalIUXCS, KOTOPBIH TeHEpUpPYyeTCs
JMHAMHYECKH W BKJIIOYAET BCE KOHIIENITHI IEPBOrO YPOBHS U CBA3aHHbIE C HUMU TecThl. Bo Bpems
MPOXOXKJEHHUSI Y4eOHOro Kypca 3HAHHUS YyYallUXCs IPOBEPSIOTCA, W CUCTEMA JAUHAMUYECKU
ajanTupyeTrcs K u3MeHstomuMcs 3HaHusIM. B cucreme DCG ygamuecst MOTYT caMU 110 JKETaHUIO
MIPOWTH TECTHI Ha 3HAHUE JTIOOOTr0 KOHIIENTA B JII000€ BpeMsl. YIPaXKHEHUs U TECTHI MIPEICTaBICHBI

B BHU]JIC He6OJ'II)IHI/IX MO}Iyneﬁ, co;(epmanmx COXpaHeHHBIe HpaBI/IJ'II)HI)Ie OTBCTI)I, 06T)$[CH€HI/I$[ HuT.O.
4. JakI04YeHue

B nHamr Bek CTpeMUTENBHOIO pa3BUTHUS MHPOPMAIIMOHHO-00pPa30BaTENIbHBIX PECYPCOB, CETEBBIX
JTUCTAHLIIMOHHBIX TEXHOJOTUH M BHEAPEHUS DJIEKTPOHHOTO OOY4YEHHs] B COBPEMEHHYIO CUCTEMY
oOpa3oBaHusl pa3paboTKa aJaNTUBHBIX DJIEKTPOHHBIX YYEOHBIX KYpCOB, TPEAOCTABISIOMINX
WHIUBUAYATU3UPOBAHHBIM y4ueOHBI MaTepuan A KaxJOoro yuamierocs M AUHAMHYECKU
BBIOMPAIOUINX ONTHUMAJIbHBIM METOJ 00yueHHUs Ha Ka)XJOM Miare rnpoiecca oOydeHus, SBISETCS
aKTyaJIbHBIM U MEPCIEKTUBHBIM HAIIPABJICHUEM HCCIIEI0BAaHUH.

B cratbe maH 0030p MHTEIUIEKTYyalbHBIX CHUCTEM OOy4YEHHs C aJalTUBHBIM T'€HEPUPOBAHHEM
AJIEKTPOHHBIX YUEOHBIX KypCOB, MPUBEICHBI METOJBI M CPEICTBA agamnTallud, NMPUMEHsSEMbIe Ha
JTamax reHepUpPOBaHUA, BHIOOpA M YIOPAIOUYEHUS, U MPEJCTABICHUS IEMEHTOB yueOHOro Kypca.
PaccmoTtpensr Bompock! (opManu3anuu MpeIMeTHOH 00JacTH U Mojean o0ydaeMoro, (yHKIUH
ajanTalMd W TECTHUPOBAaHWS 3HAHUM yualMxcsi B JaHHBIX CHUCTeMaXx. B pamkax cratbu
MIPE/ICTaBJICHBl METOJIbI, MPUMEHseMble Ui pealu3alliid aJanTalud SJICKTPOHHBIX Y4YeOHBIX
KypcoB: Tpadbl myTel KOHIIENTOB, Tpadbl IUIAHOB OO0y4eHHs, rpadpl yuyeOHOU NesSTENIBHOCTH,
KOHIIETITyaJIbHbIE KapThl, OHTOJIOIUH, OalleCOBCKUE CETH.

PaccmoTpeB M mpoaHaNM3MpPOBAB MPEUMYIIECTBA M HEJOCTATKM METOJOB U  CPEICTB,
WCIONIb3YEeMBIX NJISl afanTallid B OMHCAHHBIX B CTaThe CHUCTEMaxX OOyuYeHUs, MOKHO MPUUTH K

BbBIBOY, 4YTO MOJCIb aAallTUBHOI'O TCHCPUPOBAHUSA ISJIICKTPOHHBIX y‘-IC6HBIX KypCOB HOOJIZKHA
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yIIOBJIETBOPSATH CIEAYIOUIMM TPEeOOBAaHUSAM: F€HEPHUPOBAHUE 3JEMEHTOB y4eOHOTO Kypca JOJKHO
ObITh aBTOMAaTHYECKUM M OCHOBAaHHBIM Ha CTPYKType 3HAaHWHA MpeJMETHOW 001acTH; BBIOOp U
YIOPSAOYCHHE DJIEMEHTOB Y4eOHOTO Kypca JOJDKHBI OBITh JTUHAMHUYECKAMU U 0a3UpOBaThCS Ha
3HAHUAX 06yqaeM0r0; BOITPOCHI U TCCTHI JIs IIPOBCPKHU 3HAHUHI ydamuxcsa J0JIKHBI aBTOMAaTUUCCKU
IFE€HEpUPOBATHCA, UCXOMS U3 CTPYKTYpPhl 3HAHUN IPEMETHON 001aCTH.

Taxxke B MoAaeiu, YI[OBHGTBOpﬂIOHIGﬁ BBIIICTICPCUYNCIICHHBIM Tp€6OBaHI/I$IM, JOJI’KCH
MPUMEHSTHCS OHTOJIOTHYCCKUH MOAX0M K (hopManu3anuy 3HAHUH MPEAMETHON 00JIACTH; MOJIENb
o0y4aemMoro J0JbKHa KOMOWHUPOBATh OBEPJICHHYI0 MOJENh C 0aileCOBCKOW BEPOSTHOCTHOM
Mozenbto. [IpernonaBaTens He JODKEH BIHMATH Ha TEHEPUPOBAHUE DIIEMEHTOB Y4eOHOTO Kypca, 3TOT
MPOIIECC JIOJDKEH OBITh IOJTHOCTHIO aBTOMATHU3WUPOBAH, Oa3HWpysICh HA OHTOJOTHH IMPEIMETHOM
obmacTi. YpOBEHb 3HAaHUH YydYalmuXcs IOJDKEH OIpPENeNsiThCS COTJIACHO TakcoHoMHMH biyma.
Ananrtanys 3JeKTPOHHOIO0 y4eOHOro Kypca MOXKET ObITh JOCTUTHYTa BHIOOPOM U YNOPSIOUEHUEM
JJIEMEHTOB Kypca WM aJlanTaliel MpeacTaBIeHus 3JIeMEHTOB Kypca. [T0CKOIBbKY TIpH aanTarim
OJHUM H3 KIIFOYEBBIX MOMCHTOB SBJISICTCS HCIIOJB30BAHUEC HACKOJIBKO BO3MOXXHO 0osee METKUX
2JIEMEHTOB Y4eOHOT0 Kypca, B Ka4eCTBE YPOBHS aJanTallid JOHKHBI MCIIOJIh30BATHCS KOHIICTITHI
3HaHUN Hpe)lMeTHOﬁ O6J'IaCTI/I, KaK CaMbI€ HAUMCHBIINEC 1 HEACIINMBIC YaCTHUIIbI 3HaHUM.

TectupoBaHue 3HAHWH ydYalmUXcs IODKHO OBITh aBTOMATH3MPOBAHO M HCKIIIOYATh JII00OE
BMEIIIATEIbCTBO TPEMOABATENs, BOMPOCHI JOJDKHBI TCHEPHPOBATHCS aBTOMATHYECKH W OBITh
CBSI3aHHBIMHU C TECTaMH, KOTOPBIE TOXKE JOJDKHBI OIEHHBATHCS aBTOMATHYECKH. BOMpPOCH TECTOB
JOJDKHBI TEHEPHPOBATHCS, OCHOBBIBASICh HA KOHIIETITAX W OTHOUICHHUSX MEXKIYy HUMHU B OHTOJOTHU
MPEMETHOW OO0JIACTH C KCIIOJIb30BaHHEM INA0JIOHOB BOIPOCOB. YPOBEHb CIOHOCTH BOIIPOCOB

TAKXKE JOJKCH COOTBETCTBOBATh YPOBHIO 3HAHHI ydalmuxcs, UCIoJIb3ysl TAKCOHOMUIO BJ'IYMa.
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Pa3paboTka cucTeMbl MOHUTOPHUHIA 3JIEKTPOKAPAMOTPAMM

HA 0CHOBE MUKPOKOHTpoJuiepa ESP8266

Aticatimu Batiwans (Hosocubupckuti 20cyoapcmeeHntblil yHugepcumem)
3azopynvko 0. A. (Mncmumym cucmem ungpopmamuxu CO PAH, Hosocubupckuti

20CY0apcmeeHHblll YyHugepcument)

Crarbs mocBAIIeHA pa3pabOTKe MPOTOTUIIA CUCTEMbl MOHHUTOPHHTA DIIEKTPOKAPAUOTPAMM
(BKT") ma ocHoBe mukpokoHtpomiepa ESP8266. Cucrema ucnons3zyer gatuauk AD8232 mis
coopa mannbix DKI, koTopele mepenarorcs Ha cepsep mo mnporokoiy Wi-Fi. Ha cepsephoii
CTOpOHE JIaHHBIEe 00padaThIBalOTCsI ¢ UcHoib3oBaHueM (peiimBopka PyTorch u monenu LSTM
JUISl aHAJIH3a B pealbHOM BpeMeHn. OCHOBHOE BHUMAHUE Y/IEIEHO MPOSKTHPOBAHHIO TPOTOTUTIA
CHUCTEMbI, JeTajsiM cOOpa W IpPeIBapUTEIbHON OO0paOOTKM JaHHBIX, a TAKXKE MPUMEHEHHUIO
monenmu LSTM. PesynbTaThl TECTHPOBAaHUS CUCTEMBI IIOKa3bIBalOT, YTO OHA CIOCOOHA
s dexTrBHO oTCnexkuBaTh cUTHANBI OKI' ¥ BBISABIATh aHOMAJIMH C BBICOKOH TOYHOCTHIO M B

peaTbHOM BpEMEHHU.

Knrouesvie cnosa: monumopune, snekmpoxapouozpamma, apummus, LSTM, enybokoe

o0byueHue, MawunHoe odyuenue.
1. BBenenue

Onexrpokapauorpamma (OKI') sBisieTcss KIIOYEBBIM HHCTPYMEHTOM Ui OLEHKH COCTOSHUS
CEepACYHO-COCYJUCTOM CcUCTeMBbl uenoBeka. Tpamuimonneie ycrpoiictBa JKI' wacto rpoMo3aku,
JIOPOTH M HEyNOOHBI JUIsl MOBCEAHEBHOrO Hcnoib3oBaHus. C pa3BuTheM TexHoioruit MHrepHera
Bemeil (IoT) u riybokoro oOydyeHHs MOSIBIIIACH BO3MOXHOCTH CO3JaHUSI TMOPTATUBHBIX U
noctynHbix cucreM MonHuTopuHra OKI'. B manHoil pabGore mpeanaraercs cucreMa Ha OCHOBE
Mukpokontpoiuiepa ESP8266, ucnonwsytomas aatuuk AD8232 u momens LSTM mns cOopa,
nepenaun U ananu3a JgaHHeIx OKI[T B peanbHOoM Bpemenu. llenbpio wucciaenoBaHusi sIBISETCS
pa3paboTKa MPOTOTUIIA CHUCTEMBI, COUYETAIONMIEH HU3KYID CTOMMOCTh, TOPTATUBHOCTh U BBICOKYIO
TOYHOCTH aHAJIH3a.

B nocnegHue TOABI HMcchemoBaTeNnHd  pa3palboTad  MHOXKECTBO IMOPTATUBHBIX CHCTEM
mouutopurra DK, Bkimtouast pemienust Ha 6ase Arduino-Uno [4] u MOOHJIBHBIX MPUIIOKEHHIA.

I'myGokoe oOyueHHe TaKKe AaKTMBHO IpHMEHseTcss ans aHanuza curHanoB OKI', ocobeHHO



42 Aticatimu Batiwans, 3azopynvko FO.A. Pazpabotka cucTeMbl MOHUTOPHHTA JJIEKTPOKAPIHOT PAMM

pekyppenTHbie Heifponnsie cetu (Recurrent neural network, RNN) [11] u ux pa3HOBUAHOCTH —
nonras kparkocpounast mamsth (Long short-term memory; LSTM) [7], koTopble J€MOHCTPUPYIOT
BBICOKYIO 3(eKTUBHOCTh B 00pabOTKe BpEMEHHBIX psA0B. HacTosee nccienoBanue o0beJUHSET
9TH MOJXO/bI, Mpeajaras HoByto cucreMy MoHuTopuHra OKI' ¢ ucnonb3oBaHHEM COBPEMEHHBIX
TEXHOJIOTU .

B ananoruunoii cucreme monutoputnra DKI' [10] ucnons3zoBaincst MukpokoHTposwiep Arduino
Uno. B cpaBuenuu ¢ aum, ESP8266 obnanaer psiioM NperMyIlecTB, BKJIOYask BCTPOSHHBIA MOJ1YJIb
Wi-Fi, Oonee BBICOKYIO TaKTOBYIO YacTOTY, YBEIMYCHHBIH 00BEM MaMSATH U MOJJIEPKKY HU3KOTO
SHEepromnoTpeOyeHns, 4To JenaeT ero Oosiee MOAXOIAMMM JUIsl pa3paboTKu OECHpOBOJHBIX U

sHeprodpPekTuBHbIX cucreM MounTopunra DKI (Tabnuma 1).

Tab6numna 1. CpaBuenne xapakrepuctuk ESP8266 nu Arduino Uno

ESP8266 Arduino Uno
ITpomeccop 32-outHsrit, 80/160 MI'1t 8-OoutHeIi, 16 MI'1
OneparuBHas MaMATh 128 Kb 2 Kb
[Mamsate ans koxa (Flash) 4 Mb 32 Kb
Wi-Fi BerpoeHHbII MOYITH OtcyrctByer  (Tpebyercs

BHEIITHUIA MOYJIb)

Pabouee HanpspkeHue 3.3V Sv
[ToTpebnenne sHEprUn 15 MxA — 400 MA 45 mA — 80 MA
CroumocTh Huskas Bricokas
Pazmepnl KomnaktHbie Kpynnbie

2. BBenenue B DKI'

OnekTpokapauorpadus — 3TO HEMHBA3UBHBIM METOJl HCCIEAOBAHUS, HCIOIb3YyEMbIH s
perucTpamnuy AJIEKTPUYECKOW aKTUBHOCTU cepaua. [lpu mpoBeneHHH sieKTpoxkapauorpaduu
ANIEKTPO/Ibl MPUKPEIUIAIOTCA K ONpeAeIEHHBIM yUacTKaM Teja (TaKuM Kak rpyJaHasi KJIeTKa, pyKd U
HOTH), YTO MO3BOJIsSIET 3aUKCUPOBATH Clla0ble AJIEKTPUYECKHE CHUTHAJbl, BO3HUKAIOIIME TPU
Ka)KJIOM CEepJICUHOM COKpAIlleHHH, ¥ 0TOOpa3uTh ux B Buae BosiH Ha DKI [1].

Kaxnoe cepneyHoe COKpalleHHME WHHULIMHAPYETCS DIEKTPUYECKMM HMMITYJIbCOM, KOTODPBIN
HAQYMHAETCS B CUHYCHO-TIPEACEPAHOM Y3JI€ M IOCJIEI0BAaTEIbHO PpacHpOCTPaHIETCs dYepes
Ipecepausi, aTpUOBEHTPUKYJISIPHBIN y3€1, My4oK ['Mca, ero npaByro U JIEBYIO HOKKH, a 3aTEM I10

BosiokHaM  [lypkuHbe, BBI3bIBas COKpallleHMe Muokapaa. Onekrtpokapauorpamma (OKI)
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pPETUCTPUPYET M3MEHEHUsI 3TUX VIEKTpudeckux curHainoB (Puc. 1), oTpaxas 3/1eKTpUYECKYIO

AKTUBHOCTB Cepaua.

P PR QRS ST T U

Wave Segment Complex Segment Wave Wave

/\

il 2
1

Puc. 1. ®opma BOJIHBI AIEKTPOKAPIUOTPAMMBbI

CrannmaptHas OKI' 00bIYHO BKIIIOUAET CIIEAYIONINE BUIBI BOJH:

® BosHa P: npeacTaBisieT AenoasSpu3auio Mpeacepanii, TO €CTh MIEKTPUUECKYI0 aKTUBHOCTb,

CBSI3aHHYIO C UX COKpAIllEHUEM.
® Kommieke QRS: oTpakaeT AeNOISIpU3ALMIO KETYI0YKOB, CBI3aHHYIO C UX COKPAIICHUEM.

® Bonna T: mpencraBisieT penoyiipU3alMIO >KENyJI0YKOB, TO €CThb BOCCTAaHOBJIEHHE HX

SJICKTPUYECCKOT'O COCTOSAHUA.

CDopMa, MMPOAOIKUTECIIBHOCTh U aMIINIUTyJa 9TUX BOJIH IIPEAOCTABIIAIOT BaXXKHYIO HH(i)OpMaHI/IIO (6]

PUTME U ITPOBOAMMOCTH CE€pAlLa, a TAKKEC O COCTOSIHUKU MHUOKapaa.

C nomompio DKI' MOXHO BBISBHTH IIHPOKUN CHEKTP KapAHOJOTHYECKHX 3a00JIeBaHUM, B
YaCTHOCTH, apUTMHUIO, OpajuKapIuio, TaxXHKapJIui0, CTEHOKapAWUI0, TUNEPTPOPUIO CepAeUHBIX
OTJIEJIOB, aHEBPU3MY CEpJLa, SKCTPACUCTOIINIO, TPOMOOIMOOIHUIO JIETOYHON apTepuH, MUOKAPIUT,

nH(}apKT MUOKapa U JIp.

Tak, omHUM W3 rJIaBHBIX Ipu3HakoB HMH(papkra muokapaa Ha ODKI' sBusercs cmemenune ST-
cermenta. DKI' 310poBoro cepaua uMmeer cTaduiIbHbIN ypoBeHb n3oianauu ST-cermenta. B cimyuae
uH(papkTa, HabmOaeTca noabeM win Aenpeccus ST-cermenta. I3MeHeHHsI 3TOTO IEMEeHTa 4acTo

CBUACTCIILCTBYIOT O paHHUX CTaAUAX I/IH(I)apKTa U MO3BOJIAIOT OIIPEACIUTD €ro MECTOIIOJIOKCHUC.

! https://learn.sparkfun.com/tutorials/ad8232-heart-rate-monitor-hookup-guide/all
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3. ApXHTEKTypa CUCTeMbI

Cucrema monutopunra (Puc. 2) Bxiitoyaer nojacucremMy coopa JaHHBIX, IOJICHCTEMY XpaHEHHS U

aHaJIM3a JaHHBIX, a4 TAKKC MOACUCTEMY, OTBCHAIOIIYIO 3a BU3YAJIIM3allUIO0 JAHHBIX W PC3YyJIbTATOB

anaym3a DKI' u naH(popMHUpOBaHHE TTAITUEHTA O COCTOSIHUU €T0 3/I0POBbSI.

Busyanusaums AaHHBIX OnoselleHKe
Moacucrema OtobpaxeHne I SMS-onoselleHne |
BU3yanM3aunm AaHHbIX O 340POBbe
1 onoBeLLeHNS - -
HTML website | | Tene@oHHbIV 3BOHOK |
Internet
Noacucrema Backend Server Data Analysis
XParerna u | Data Receiver | | Data Preparation I
aHannsa
AaHHbIX
| MongoDB | | Machine Learning I
Internet
AD8232 ECG + ESP8266
MNoacucrtema
cbopa | Cbop aaHHbIX 3KI |
AaHHbIX
| OTnpaBuTkL AaHHbIE |

Puc. 2. Apxurekrypa CUCTEMBI
DOYHKUMOHNPOBAHNE CUCTEMBbI MO/IEP:KUBAETCS CAeIYIOIMMMI KOMIOHEHTAMU:

® [lnara ESP8266: orBeuaet 3a cunthiBanue gaHHbix DKI' ¢ natunka AD8232 u nepenady ux

Ha cepBep o Wi-Fi (cm. Puc.3).

Hatuuk AD8232: ucnonb3yercs anst coopa curnanoB IKI (cMm. Puc.4).

Cepsep: pabotaet ¢ npunoxeHuem Nodejs [8] ans mpueMa JaHHBIX, UX MpPEABAPUTEIHHON
00pabOTKM W aHanu3a ¢ MOMOIIb0 mpenodydenHoit moaenu LSTM. OOGpaGoraHHbIe
JAHHBIE COXpaHSIOTCS B 0aze maHHbIX MongoDB [2]. Busyanuzanusa ocummiorpamm DKIT

BBITIOJIHSACTCS B peajbHOM BPEMEHH C MOMOIIbI0 hpoHTIHAA Vue [5].
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Puc. 3. O6muit Bux matsr ESP8266.
ESP8266 — 310 Hemoporoit MEKpOKOHTPOJIIED ¢ Moaaepkkoi Wi-Fi, mupoko ucnons3yemslii B
npoekTax Murepuera Bemieit (IoT) [9].

——

O N

Puc. 4. Monynp noaroroBku curaainoB JKI AD8232.2
AD8232 — »sto momyns moarortoBku curHaioB OKI', cnemmanbHO pa3paOoTaHHBINA UIs
MOPTAaTUBHBIX ycTpoiicTB MoHuTopuHra OKI' ¢ Hu3kuM sHepromnorpedieHueM, KOTOPBIM

00beIMHSCT B ce0e yCHITNTENb, QUIBTP U QYHKIIUIO 00HAPYKEHHUS OTCOSTHMHEHHS dJIeKTpoa [ 6].
4, Coop naHHBIX

ESP8266 cumtbiBaer pannbie OKIT ¢ pmatumka AD8232 uyepe3 aHamoro-uu@poBoii
npeobpaszoarens (ALIT). Yactora auckpernsanuu cocrasinger 250 ', uto o3HavaeT cOOp 0HOTO

3HAYEHHs KaxIple 4 MUUTHCEKYH b (cM. Puc.5).

? https://electronicsworkshops.com/2022/12/06/iot-based-ecg-and-heart-rate-monitoring -with-ad8232-ecg-sensor-
esp8266/
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Puc. 5. Cxema nonkmouenus moayiis AD8232 k miate ESP8266
CoOpannble naHHBIE OTHpaBisitorcs Ha cepBep B dopmare JSON ¢ ucnonszoBanuem HTTP-
3anpocoB POST. Takoil noaxon obecrieunBaeT CTaOMIbHYIO U HAJISXKHYIO Tlepefjady JaHHbIX Jaxe

IIPU OIrPaHUYEHHOMN NMPOMYCKHOMN CIIOCOOHOCTHU CETH.
5. IlpeaBapureibHasi 00padoTKa JAHHBIX

[Tocne mnomyuenuss nanHbIx wu3MepeHnid OKI' cepBep BBIIONHSET HMX MPEABAPUTEIBHYIO

ob6pabotky. Ha Puc. 6 mokazansl Haubosiee Bakubie Touku JKI'.

R
T
P J
U
e J/ |~
q

o]}
Puc. 6. Xapakrepubie Touku DK
[IpenBaputenbHas 06pabOTKa JAHHBIX BKJIIOYAET CIEIYIOIINE [Iaru:
® @OuiabTpanuUs: IPUMEHIETCS MOJI0COBOM GunbTp barTepBopTa ¢ amanazonom vyactot 0.5—40

I'n nns YAaJICHHU IIyMa, BKIIrO4as apTeq)aKTBI JABHMKCHHUSA U BBICOKOYACTOTHBIC IIOMCXH.

® Hopmanu3amus: paHHble MaciutaOupyrorcs B jauamazone [0, 1] mis cooTBeTcTBUS
TpeOOBaHUAM MOJENU MAalIMHHOro o0y4yeHus. OOpaboTaHHbIE AaHHBIE (HOPMUPYIOTCS B
1ocJe10BaTeNbHOCTH (pukcupoBaHHON AnuHBI (Hanpumep, 1000 BpeMEeHHBIX LIaroB), 4To

COOTBETCTBYET BXOAHBIM JJaHHBIM Mojaenu LSTM.

® Brruncienue CePpACYHOro puT™Ma: I IOJYYEHHOro CHIHajla JJICKTPOKapAUOIpaMMBEI,
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UMEIOIIEr0 B MOMEHT BpeMmeHu t 3Hadenue V(t), oOHapykeHue NHKOB R OOBIYHO
OCYIIECTBIIAETCS C UCIOIBb30BaHUEM [TOPOrOBOI'0 3HAYCHUS:
® OmnpeneneHne Mopora: YCTaHABJIMBAETCS MOPOroBoe 3HaueHue I, KOTOpPOEe OOBIYHO

OIpCaAcCIACTCA Ha OCHOBC OIIbITa WM CTATUCTUYCCKOI'O0 aHa/IM3a IMPCABAPUTCIIBHO

00pabOTaHHBIX TAaHHBIX.

® (OOnapyxenue nukoB: ecnu V(t)>T u B omnpenesi€HHOM HHTEpBaje BPEMEHHU 10 U
MoCJIe MOMEHTA t HeT 3HAYCHMI CHUTHAJIA, MpeBbImatomux V(t), To cuuTaercs, 4To B
MOMeEHT t 3adukcupoBan mik R. Ilocie oOHapy>KeHHsS TOCIIEI0BaTEIIbHOCTH MHKOB

R BO BpEMEHHBIE MOMEHTHI t1,t3,...,tn, MOKHO BEIYMCIUTh UHTEpBaNbI RR:

RR; =t; —t;_1

® 3arteMm paccuMThIBaeTCs yacTtoTa cepaeunsix cokpamenuit (UCC) mo dhopmyre:

HCG; = 00
" RR;
3nech RR; BeIpakaeTcs B cekyHaax, a YCC; — B yaapax B MUHYTY (y1/MHH).

® CoxpaHeHue JaHHBIX: JaHHBIC COXpPaHAIOTCS B 0aze maHHBIX MongoDB B cooTBeTcTBHM C

3agaHHbIM GopmaroM (cM. Puc.7 u Puc.8).

(N
Data_ecg
1 ® id
User(unpopmaums o n... ® Date
®id ® Vlotage
® Name k. Data_date )
® FirstNa...
1
® LastNa.. Data_heartRate
® Gender Lo_ ®id
k. Age ) ® Date
® HeartRate
Data_spo2 ® Date_date
® id l J
® Date
® Spo2
® Data_date

Puc. 7. Cxema naHHbIX
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_id: ObjectId('68la35acBT7eelfflbO9b8438"')
timestamp : 1970-01-01TO0:00:23.761+00:00
» data : Array (250)
heartRate : 144
v: 0

Puc. 8. IIpumep naHHBIX
6. Mogeas LSTM

Jna ananuza curdanoB OKI' ucnons3yercss mopens LSTM, peanuszoBaHHas B ¢peliMBOpKe

MamnHHoro ooyuenus PyTorch. ApxuTtekTypa Mojenu BKIIIOYaeT:

® Bxoanoii caoii: mpuHuMaeT tenzop pazmepom (1, 1000, 1), rae 1000 — minHa BpeMeHHOU

MOCJIEI0BATENBHOCTH.
® Ciou LSTM: nBa ciost LSTM ¢ pazmepom ckpbIToro cocrosiaust 128.

® [lotHocBsA3HBIN cJioii: mpeoOpasyeT Bbixog LSTM B oaHO 3HaueHHe, NMpeaCTaBIIsIONIEe

pe3ynbTaT KiaccuPUKauH (HalpruMep, HOpMaJIbHBIM UM aHOMAJIbHBIN CUTHA).

Mopens Obuta 0o0yueHa Ha Habope maHHBIX PTB-XL ¢ ucnonp3oBanmeM (QyHKIIMU TOTEPh
OuHapHOW Kpocc-sHTpormu U onTumuzaropa Adam [3]. [Ipomecc oOydeHHs MPOBOAMIICS HA

cepBepe ¢ UCcmoab30BanueM rpadudeckoro mnporeccopa (GPU) mist yckopeHus BEIYUCICHHM.
/. JKCIIepUMEHTHI U Pe3yJbTaThI

DKCIEpUMEHTBI TIPOBOJIMWIIMCh B CUMYJIMPOBAHHOW Cpele C HCIIOJIb30BaHHEM Habopa JaHHBIX
PTB-XL [12], comepxkamiero pasunoo6Opasueie 3amucu DK (Puc.9). Mogens obywanach u

TecTupoBaiach Ha cepBepe ¢ GPU, uTo Mo3BOIMIO COKPATUTH BpeMsi 00paOOTKH JIaHHBIX.

data_path = './ptb-x1/’

metadata read_csv(os.path.join(data_path, 'ptbxl_database.csv'))

Puc. 9. 3arpy3ka nabopa gannsix PTB-XL

HaGop mammpix PTB-XL — 9310 MommHas u BceoObemmoomas 0aza  JTaHHBIX
aNeKTpoKapauorpamm, coaepxkamas 21 837 3zanmceit 12-kananbHbix DKI' npogomKuTenbHOCTBIO
10 cexyHna, noiay4yeHHbIX oT 18 885 manueHToB, ¢ 71 3KCIIepTHBIMU KOMMEHTapUsSIMU M OOLIMPHBIMU

MCTaJaHHBbIMH.
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(nn.Module):
(self, input_size, hidden_size, num_layers, output_size):
(RNNModel, self). init ()
self.lstm = nn.LSTM(input_size, hidden_size, num_layers, batch_first=
self.fc = nn.Linear(hidden_size, output_size)

(self, x):

out, _ = self.lstm(x)

out = self.fc(out[:, -1, :])
out

Puc. 10. Onpenenenne moaenmn RNN

Moayns torch.nn.RNN B PyTorch npexacraBisier co0oit ToToBBIN Kiacc mist coznanus RNN-
cioeB Mmozaenu (Puc.10). RNN — 5310 apxurtexkTtypa HEHUpOHHOH CE€TH, CIEUUaIbHO
MperHa3HayeHHas: A 00pabOTKM BPEMEHHBIX PAOB WM IOCIIENOBATEIbHBIX NaHHBIX, KOTOPAs

IMMO3BOJISACT YyJIaBJIMBATh BPEMCHHBIC 3aBUCUMOCTHU B TaHHBIX.

torch.save(model.state_dict(), 'rnn_model@564_1.pth")

Puc. 11. 3aBeprienue MammmHHOTO O0yYEHUSI ¥ TIOTYYEHHUE BECOB MOJICTH

Epoch [8/1@], Loss: ©.4265
step3 fine
Epoch [9/1@], Loss: ©.3910

step3 fine
Epoch [18/1@], Loss: ©.3792
Test Accuracy: 83.81%

Puc. 12. Ouenka moaenn
st oOydenuss Mojenu wucnosb3oBaioch 80% mannpix w3 Habopa PTB-XL (Puc. 11), a
ocraBmmecss 20% Obutk BBIZCNICHBI 1 €€ OreHKW. ToyHocTh Mozenu coctaBmwia 83.81% (cm.

Puc.12).
8. Buzyanu3auus pe3yjbTaToB MOHUTOPUHIA

Bn3yam/13auml ocuJuIorpaMm OKI' BrImOJHSIETCA B PC€aIbHOM BPECMCHU C ITIOMOIIbBIO q)pOHTeHI[a

Vue (Puc. 13).
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Cuctema MOHUTOPWUHIa 3J1eKTpoKapanorpaMmbl @ 90sPv

1,025

\ :"’ \
\ / /

400 \\ / /
L/ \ /

MNogknoveHo

Puc. 13. Bomrossie hopmbr DK
[Ipu oOHapyXE€HUN aHOMAIBHOTO CEPJCYHOr0 puTMa (OpajuKapavs WIA TaXWUKapJus) CUCTEMA
MPEOCTABIISICT MOJB30BATEII0 PEKOMEHJAIMN TI0 3/JI0POBBI0 W aBTOMATHYECKH OTIIPABIISET

yBemomiieHre Bpauy uepe3 SMS (cm. Puc. 14 u 15).

obpatuTe BHUMaHKe! X

YacToTa cepAeyHbIX COKpaLLEeHWi B COCTOSHUMN MOKOS COCTaBNAET MeHee 60 y1apoB B MUHYTY.

Takune hakTophbl, kak aHomanuy B NpoBoAALLERA cucTemMe cepaua, MMnoTMpeos 1 HekoTopble NekapcTBeHHbIe Npenaparthkl (Hanpumep, beta-onokaTtops!),
MOryT crnocob6CTBOBaTL PasBUTUIO BGpaavkapavu.

Moxanyicta, noaaepxuBanTe cBA3b C BallMM BpayoM, HOcUTe ¢ coboit MoBUNbHLINA TenedoH 1 cneauTte 3a ypoBHeM 3apsaa 6atapeu Ballero
MoBunbHoro TenedoHa

CBeEpTLIBaHWE

Puc. 14. Huskas yacToTa cep/IeuHbIX COKpaleHUH
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obpaTtnTe BHUMaHMe! x

YacToTa cepaeyHbIX CokpalleHWii B COCTOSHUM NMokost NpeseilwaeT 100 yaapos B MAHYTY.

BeposiTHoe eno: ®usnonorndeckue Unu natonornyeckie akTopel, TakMe kak aMOLMOHanbHoe Bo3byx/aeHne, ranyeckne Harpyaku, nuxopaaka,
aHeMUA, rUNepTvpeos.

Yertondmseiv nynbc Beiwe 100 yaapoB B MUHYTY C TakMMK CUMITOMaMK, Kak y4alleHHoe cepauedneHve, 0onb B rpyan 1 oabllwKa, YTO MOXET
YKa3blBaTb Ha Takue NpobneMsl, Kak apuTM1A U cepaeyHas He4oCTaTOYHOCTb.

Ecnu Bbl 4yBCTBYeTe HEKOMAOPTHO, NOAAEpKUBaiTe CBA3bL C BalLMM BpavyoM, HOCUTE ¢ coBoi MOBUNbHLIFA TenedoH U cneauTe 3a ypoBHEM 3apaaa
Batapen Bawlero MobunbHOro TenedgoHa

CBepTbiBaHMne

Puc. 15. UpesmepHas 4acToTa cepACUHBIX COKpAICHUI
3aksoueHue

[IpoBenén aHanmM3 OTEYECTBEHHBIX M 3apyOEKHBIX HCCIENOBaHUI B 00JacTH cHUCTEM
Monutopuara OKI, YTO TO3BONIMIIO OMNPENEIUTh COBPEMEHHOE COCTOSSHHE TEXHOJOTUH H

000CHOBATH BBIOOP apXUTEKTYPhI OecTIpoBOAHON HOCHUMOM cucteMbl DK -MoHUTOpHHTA.

Pa3paboran nportotun cuctembl Mmouutopunra JKI' Ha ocHoBe Mukpokontposuiepa ESP8266 c

ncnoab3oBanueM matunka AD8232 u monmenu LSTM.

Pa3paborana anmapaTHas 4yacTb CHUCTEMBI, BKJIOHaromas moxayib coopa OKI'-curnamoB Ha
ocHoBe natunka AD8232. Curnanbsl o0OpaOaThIBalOTCS BCTPOSCHHBIMU YCHIIUTEISIMU U (QUIbTPAMU
(BBICOKOYACTOTHBIMU U HH3KOYAaCTOTHBIMH), TIOcje 4ero MukpokoHntposuiep ESP8266 BeimonHseT
a”ajoro-iiugpoBoe MnpeobpazoBaHue U 1UppoByro uiabTpanuoo. OOpaboTaHHbBIE JaHHbIE
coxpaHstoTcs B 6a3e naHHbIx MongoDB, a Busyanuzanus B peajJlbHOM BPEMEHHU peajli30BaHa C

UCHOJb30BaHuEM (peiimBopka Vue.js.

Jns oOyuyeHus Mojenu ObUT Hcmonb3oBaH Habop naHHbix PTB-XL. C mnpuMmeHeHuem
¢bpeiimBopka PyTorch u pexyppenTHoii HeliponHoii cetn (RNN) mpoBeneHo oOydeHrne MOAeNH, B

pe3yJbTaTe 4ero JOCTUrHyTa TOUHOCTh Kiaccudukanun aHoManuit B 83,81 %.

B ,[[aJ'IBHeﬁHIeM MBI [JIAHUPYEM YIIYUIIHUTb HpOFpaMMHBIﬁ KO, ONTUMH3UPOBATE APXUTCKTYPY

MOJCIIH, 0oJiee TOYHO HAaCTPOUTL runepmapaMmeTpbl U YBCININUTh 00BEM 06yqa10u11/1x JaHHBIX.
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BbaaromapHocTn. DOKclepUMEHT MPOBOJAWICA Ha paboyeil CTaHUMKM HWHCTUTYyTa CHCTEM

unpopmaruku um. A.Il. Epmoa CO PAH, ocnamenHo# Buneokaptoit ¢ 16 I'b mamsiTu.
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Cesi3bIBaHHEe TCPMHUHOB U3 HAYYHBIX TCKCTOB

C CYIIIHOCTAMM 0a3 3HAHUI

Kyzoenes /[.J]. (Mucmumym cucmem ungpopmamuxu um. A.11. Epuwosa CO PAH),
bamypa T.B. (Uucmumym cucmem ungpopmamuxu um. A.I1. Epuwosa CO PAH),
Cmapyes I1.A. (Uncmumym cucmem ungpopmamuxu um. A.11. Epuwosa CO PAH)

B ILaHHOﬁ CTaTbC MpeajiararoTCa HOBBIC AJITOPUTMbI CBA3BIBAHUA HAYUYHBIX TCPMUHOB C CYHIHOCTAMU
Buxkunennu 1 MeSH (Medical Subject Headings), paboTatomiye B yCIOBUSX OrpPaHUYEHHOTO KOJIMYECTBA
JaHHbIX. AHFOpI/ITM CBA3BIBAHUA C BHKI/IHG,HHeﬁ IJI1 4aCTHU KOJUICKIIMM TEKCTOB Ha PYCCKOM A3BIKC
KCIIOJIb3YET MOUCKOBYIO CHCTEMY Bukuneauu Juis reHepanuu KaHAuaaToB W OubOmmoreky spaCy s
IMOJIYYCHHA BEKTOPHOI'O IMPCACTABJICHUA TEKCTA. HOJICT-IGT CEMAaHTHYECKON OJIM30CTH MEXKAY OIMMCaHUEM
CYIIHOCTHU H3 BI/IKI/IHG)II/II/I U TCPMUHOM M3 TCKCTa BBIIOJHACTCA HE TOJIBKO Ha OCHOBE CaMOI'0 HaAy4YHOI' o
TEPMHUHA, HO M KOHTCKCTAa, B KOTOPOM OH pacCIOJIOKCH. 21}15[ HYaCTH KOJIJICKIHH 110 Me}lHHHHCKOﬁ
TEMaThKe, CoJiepiKalleil MepeBoJibl C PyCCKOTO HA aHTIMICKHN SI3bIK, OIMMCAH W PEaTM30BaH aITOPHTM
CBSI3BIBAHUSI TEPMUHOB, KOTOPBIN OMHpAaeTCs Ha CIOBAph MEIUIIMHCKUX MpPEeIMETHBIX pyOpmk MeSH.
Pesynprarer sxcriepuMeHTOB MOKa3bIBatoT 3HaueHus F1-mepst 50.77 % mns Buxkunenum un 40.05 % ans
MeSH, uTO sBIsSIETCS XOpOIIMM TMOKa3aTeJieM B YCIOBHSIX Majoro o0beMa pa3MEUYeHHBIX IaHHBIX.
[IpoBeneHHOE WCClEOBAaHWE MOMYEPKHBACT HEOOXOMUMOCTh  PAa3BUTHA  CHEIUATN3UPOBAHHBIX
PYCCKOSI3BIYHBIX 0a3 3HaHWKA 1o aHamormu ¢ MeSH. IlepCrieKTUBHBIM HaNpaBlICHUEM SIBIISICTCS
MIPUMEHEHHE MYJIBTUSA3BIYHBIX MOJENeNd ISl KPOCC-IMHTBUCTUYECKOTO CBS3BIBAHHUA, YTO OCOOCHHO
aKTyaJdpbHO MJIsl penKux TepMHHOB. llomydeHHBIE pe3ynbTaThl MOTYT TPUMEHSATHCA TPH CO3IaHUHU
WHTEIJIEKTYaTbHBIX CHCTEM aHalN3a HAYYHBIX TEKCTOB M aBTOMATH3MPOBAHHBIX HAYYHBIX aCCHCTEHTOB,

YTO 0COOEHHO BAYKHO IS Y3KUX MPEAMETHBIX 00J1acTen.

Knroueswie cnosa: 06pa60m1<a meKcmoe, uszejederue qubopmauuu, C6s3bledHUE cyu;HocmezZ, noucK u

pandcuposanue, Buxuneous, MeSH

1. BBenenue

Hayunble TekcThl Bceraa ObUIM U OCTarOTCS OCHOBHBIM MCTOYHHMKOM HOBBIX 3HaHMH. OJHAKO
C yBeJWYeHHEM oObeMa MyOJIMKyeMbIX MaTepHalloB BO3HUKAeT Mpobiema 3(PQPEeKTUBHOTO
U3BJICUEHUS U CTPYKTypupoBaHus HHpopMmanuu. OJHONH U3 KIIOYEBBIX 3a7ady B 00JacTu
00pabOTKM €CTECTBEHHOI0 s3blKa sBisieTcs cBs3biBaHue cymHocted (Entity Linking, EL),
KOTOpas  3aKiioyaeTcs B  COINOCTAaBJICHWU YINOMUHAEMBIX MOHATHH B  TEKCTaX, C

COOTBCTCTBYIOIIIUMHU 3aIlIUCSAMU B 0a3ax 3HAHUU [1] I[aHHaSI CTaTbhbs MNOCBAIICHA UCCICOA0OBAHNIO
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9TOM Ba)KHOM 3aJauyMl JJIs HAyYHBIX TEKCTOB, [JI€ B KAUECTBE TEPMHUHOB BBICTYIAIOT CJIOBa WU
(dpa3el, KCMONB3YEeMbIC B ONPEICICHHON MNPEAMETHON O0JIaCTH i TOYHOrO OO0O3HAYCHUS
KOHKPETHBIX MMOHSATHH, SBICHUN WK 00BEKTOB; MO CYIHOCTSIMH MOAPA3yMEBAIOTCS 3JIEMEHTBI
(3anmcun) 6a3pl 3HaHWA. Perenne 3Toi 3a7auMl OTKPHIBAET HOBBIE BOSMOXKHOCTHU IJISi CO3/IaHUS
MHTEJJIEKTyaJIbHbIX CUCTEM, CIIOCOOHBIX aBTOMAaTUYECKHU aHAJIM3UPOBATh HAyuyHbIE IMyOJIMKALINY,
U3BJIEKaTh  KJIIOYEBbIE  KOHLENUMH W  CBA3BIBAT HX C YK€  CYIIECTBYIOLIUMU
CTPYKTYPUPOBAaHHBIMH 3HAHUSIMHU.

CBsi3pIBaHME TEPMUHOB C CYIIHOCTSAMU 0a3 3HaHWI IpescTaBisieT coOOM CIOXKHYIO 3ahady,
OCHOBHBIE TPYJHOCTH KOTOPOH CBSI3aHBI C MHOT'O3HAUYHOCTHIO TEPMUHOB, Ppa3IUYMsIMH B
TEPMHUHOJIOTUM MEXJy JUCUUIUIMHAMHU, a TakkKe C HEOOXOIMMOCThbIO YyuyeTa KOHTEKCTa
UCIIOJIb30BAHUSI TEPMHUHOB B TeKkcTe. Tak, coBpemeHHble MeToJpl EL akTHBHO HCHOIB3YIOT
KOHTEKCTyallbHOEe ycuieHue (contextual augmentation) A yJaydilleHUs] KAaUeCTBA CBSI3bIBAHUA.
ABTOpHI [2] mpennararOT TOIXOJl, OCHOBAaHHBI Ha OOJBIIUX S3BIKOBBIX Mojnensx (Large
Language Model, LLM), koTOpble TeHEpUPYIOT TOTOJHUTEIBLHBIE KOHTEKCTHI JIJIsl YIIOMUHAHUMA
CYLIHOCTEH, TIOMOras paspemiaTb HEOJHO3HAaYHOCTU. MeTo BKIIOYAaeT JUHAMHYECKOe
paciupeHre KOHTEKCTa 3anpoca U CEMaHTUYECKOe PaH)KMpPOBaHUE KaHAMJIATOB, YTO OCOOEHHO
MOJIE3HO JJISi KOPOTKUX WM MajloMH(OPMATUBHBIX YNMOMHUHAHUN. BaXHBIM MpeuMyIiecTBOM
SIBJISIETCS aIallITUBHOCTD T0J1 pasHble 0071acTy 3HAHUI, YTO JeNlaeT MOAXO0l YHUBEPCAIBbHBIM IS
CHelHaTM3UPOBAaHHBIX 0a3 3HAHUU.

B craree [3] npencraBnen macmtabupyemerii meron EL, paGotarommit minst 100 s3bIKOB,
BKJIIOUYAsl PElIKUe W MallopecypcHble. ABTOPBI HCIONB3YIOT JIBYHarpaBlieHHbIE TpaHC(hOpMephl
(mBERT) u o0y4aroT MOJe/ih Ha TaHHBIX C aBTOMAaTHUYECKH CTCHEPUPOBAHHOM pa3METKOM (Tak
Ha3bIBa€MBIX ‘‘c1ab0 pa3MEUYEHHBIX JaHHBIX’), MPUMEHSS TEXHUKU TUCTHUISAIUM 3HAHUN U
Kpocc-sI3bIKOBOTO  mepeHoca. (OcoOeHHOCTh MoaxoAa  3akitoyaercss B 3G (EeKTHBHOM
UCIOJIb30BAHUU MYJbTH3BIYHBIX SMOEIUHIOB, YTO MO3BOJSET JOCTUTaTh BBICOKOM TOYHOCTHU
Jake JUIS SA3BIKOB C OTPAaHMYEHHBIM KOJIHMYECTBOM OOYYAIOIINUX JTaHHBIX.

YnoMsiHyThI€ BBIIIE pabOThl TPEOYIOT OTPOMHOIO KOJIMYECTBA BHIUHUCIUTEIBHBIX MOILTHOCTEH,
MO3TOMY B YCJOBHSIX OIPaHUYECHHBIX BBIUYUCIHUTEIBHBIX PECYPCOB aKTyalbHbI A(GEKTUBHBIE U
sKoHOMUYHBIe MeToabl EL. ABTOpbl pabothl [4] mpemnarator cuctemy ReLiK, coderaromryio
OBICTPBIN TOWCK KAaHIWJATOB Ha OCHOBE WHACKCHPOBAHHBIX OSMOEATUHTOB M TOYHOE
PaHXUPOBAaHUE C UCIOJIB30BAHUEM JIETKOBECHBIX HEMPOCETEBBIX APXUTEKTYp. DTOT MOAXO]
JEMOHCTPHUPYET KOHKYPEHTOCIMOCOOHYIO TOYHOCTh MPU 3HAYUTENHHO MEHBIIUX 3aTparax Io
CpaBHEHHIO C TspkenbiMu LLM, 4To nemaeT ero mNepcreKTHBHBIM ISl aKaJIeMHUYECKHX

HCCIIENOBaHUII.
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B cratbe [5] ommcan MeTo], OCHOBaHHBIM Ha IUIOTHOM moucke cymHocteil (Dense Entity
Retrieval, DER). B oTimume OT TpagUIIMOHHBIX IOAXOJOB, HCIONB3YIOMINX pPa3peKCHHBIE
npeacraBienuss (Hanpumep, TF-IDF wumu BM2S5), aBTopsl OpUMEHSIOT HEHPOCETEBBIC
AMOCIMHTY JJI1 KOJAWPOBAHMS KaK TEKCTOBBIX YITOMHHAHWA, TaK M OMHCAHWUN CYIIHOCTEH W3
0a3pl 3HaHUH. DTOT MOAXO0X HE TpeOyeT oOydeHHs Ha pa3MEUeHHBIX JAHHBIX JUII KOHKPETHON
00JIaCTH, TIOCKOJIBKY HWCIIOJIB3YeT OOIIME CEMaHTHUYECKHE TIPEACTaBICHUS, YTO OCOOCHHO
MOJIE3HO JUISl PEAKUX WM HOBBIX TEPMHHOB. JlJIi pyCCKOro si3blKa TaKW€ METOJbI SBJISIFOTCS
MEePCIEKTUBHBIM, TaK KaK IMO3BOJISIIOT 0OOUTH MpoOJieMy HEXBAaTKW aHHOTUPOBAHHBIX KOPIYCOB,
roJiarasich Ha MyJIbTUsI3bIYHbIE IMOeIuHTH (Hanpumep, u3 mBERT).

B uemom, MOXHO 3amMeTHTh, 4YTO OOJIbIlIasg YacTh WCCIEAOBAHUN OpPUEHTHPOBaHA Ha
AQHTJIMUCKUHN S3BIK, KOHKPETHO PYCCKOMY SI3bIKY MOCBSIIECHO JIMIIb OTPAHMUYEHHOE YUCIIO paboT
[6, 7]. Opnako aKTyaJIbHOCTh HCCIEAOBAaHUN I PYCCKOTO si3bIKa  OOYCIIOBJIEHA
HEOOXOAMMOCTHIO PA3BUTHS WHCTPYMEHTOB, YUUTHIBAIOIIUX €r0 MOP(OIOTHIECKYIO PA3BUTOCTh
W OrpaHWYCHHOCTh PA3MEUYCHHBIX JaHHBIX. B MaHHOW cTaThe MPENJIOKEH HOBBIA alTOPUTM
CBSI3bIBAHUS TEPMHUHOB M3 HAyYHBIX TEKCTOB HAa PYCCKOM SI3bIKE€ C CYIIHOCTSIMHU Bukumemuu.
DKCHEPUMEHTHI TIPOBEICHBI C TEKCTaMHU IO YEThIpeM O0O0JIacTsSM 3HAaHWUN: WH(POPMAIIMOHHBIE
TEXHOJIOTMH, MEIULINHA, [ICUXOJIOTUS U JIMHTBUCTHKA.

Ocoboe BHMUMaHHWE€ B CTaThe YICISIETCS  MEOUIIMHCKOM  oOmactu. SIcHO, 4TO
CHelHaTM3UpPOBaHHbIE MEAUIIMHCKIE TEPMUHOJIOTHYECKHE 0a3bl SIBISIIOTCS O0siee MOIHBIMU I10
cpaBHeHUIO ¢ Bukunenueii. B yactnoctu, MeSH — onHa 3 Hanbosiee MOJHBIX U aBTOPUTETHBIX
TEPMHUHOJIOTHYECKUX CHUCTEM B OHMOMEAMIIMHE, YTO TO3BOJISET HCIOJIb30BaTh €€ B KauecTBE
3TAJIOHHOI'0 pecypca Uil CB3bIBaHUs cyniHocTel. Pycckoszbpiunas Bepcuss MeSH cyiiecTBeHHO
YCTYIaeT aHTJIMHCKOMY OpPUTMHAIIY MO OXBaTy TEPMHHOB, YAaCTOTE OOHOBJIEHUN M OTCYTCTBUIO
CTOJIb )K€ CTPOroi cuctembl Bepudukauu. Kpome toro, B oTiimune oT aHrios3pidHoro MeSH,
KOTOpPBIA JOCTymneH depe3 oduiumanbHbie pecypcbl NLM (National Library of Medicine),
PYCCKOsI3bIYHAS BEpCUs HE MMEET IIEHTPATH30BAHHON OTKPBITOM MiIaThopMbl. XOTS YaCTUYHBIE
MEepeBOJbl HAXOAATCS B CHENMAIN3WPOBAHHBIX 0a3ax JaHHBIX (Hampumep, B Poccuiickom
MHJICKCE HAay4YHOTO LUTHUpOBaHMs Wi Karaiorax PI'MY), HO uUX CTpyKTypa U JOCTYIHOCTH
BAPBUPYIOTCSA, YTO YCJOXKHSIET MHTETPALMI0 PYCCKOS3BIYHBIX TEPMUHOB B  CHCTEMBbI
ABTOMATUYECKOTO M3BJICUEHUS U CBSA3bIBAHUS cyIIHOCTeH. [loaTOMy [Isi MEAMIIMHCKON 00IacTH
OBLIO PEIIeHO NOTOTHUTENFHO PACCMOTPETh MEPEBOIbI TEKCTOB HAa aHTJIMKUCKUIA sI3bIK. B manHoM
CTaTh€ MPEAJIOKEH ANTOPUTM CBA3BIBAHUS TEPMHHOB M3 MEAMIIMHCKUX TEKCTOB, MEPEBEACHHBIX
Ha aHTJIUMHCKUM S13bIK, ¢ cymHOCTAIMU MeSH. [lockonbKy OCHOBa ClOBaps — 3TO yHOPAIOUEHHOE
MHOXKECTBO PYOpHK, TO CYIIHOCTSAMHU Ha JaHHOM JTame pa3paboTKu alropuTMa CBSI3bIBAHUS

ABISAIOTCS pyOpukH. Pa3paboTaHHBIM adropuT™M B JajJbHEHIIEM MOXET OBITh OTHOCHUTEIILHO



56 Kyzoenes /1., bamypa T.B., Cmapyeg [1.A. CBsi3pIBaHUE TEPMUHOB U3 HAYYHBIX TEKCTOB

MPOCTO AaJAlTUPOBAH Uil PYCCKOrO fA3bIKA NPH HAJWYUM JOBOJIBHO TIOJHOW PpETYJSPHO

OOHOBJISIEMON METUIIMHCKON TEPMUHOIOTHNYECKON Oa3bl.

2. CymecTByionue MeToAbl CBA3LIBAHUS CYIIIHOCTEMH

[Ipn TpagUIIMOHHOM MOJXOJE CBSI3bIBAHUE CYIIHOCTEH MPOXOAMT B JBa 3Tala: IeHepanus
KaH/IUJIATOB U PaHXKUPOBAHHUE.

I'enepanus kanauaatos. ['eHepanys KaHIUJATOB B 3aJa4€ CBA3BIBAHUS CYIIHOCTEH — 3TO
nporuecc 0T0opa NOTEHUUAIbHBIX CYIIHOCTEN U3 0a3bl 3HAHUN, KOTOPbIE MOTYT COOTBETCTBOBAThH
JAHHOMY TEpMUHY B TEKCTE€. ODTOT 3Tall CHW)KAeT Pa3MEpPHOCTh IMOMCKA, MO3BOJISIA Oolee
a¢hexTHBHOE paHKUPOBAHKE HA CIEAYIOIIEM Iare.

Cy1iecTByeT HECKOJIBKO MOJXOAOB JJsl TeHepaluu KaHauaatoB. OZHMM M3 HUX SBISETCS
MIO/IX0JI, OCHOBaHHBIN Ha cioBape umeH [8—10]. CnoBaps uMeH nopa3syMeBaeT 0TOOpaKeHUE U3
MHOJKECTBA KJIFOUEBBIX 3HAUCHHI KEY B MHOXKECTBO BO3MOXHBIX KaHauaaroB value. Hampumep,
KJIFOYEBOE 3HAUYEHUE TEPMHUHA “nojie” COMOCTABISETCS ¢ MHOYKECTBOM KaHJIIUJIATOB, B KOTOPOE
BXOIAT CYIIHOCTH ‘‘aneeopauueckoe none”’, “macnumnoe none”, “none (UKoOHONucw)”,
“cenvcroxosalicmeentnoe none” M T.. IpyruMm moaxoaoM Jjisi TEHEepalui KaHIUIaTOB SBIISIETCA
TEeXHHKa pacuiupenus cioBopopM. B padorax [11, 12] TepMuH 10NOTHAETCS KOHTEKCTOM.

Jlis TeHepalMM KaHIUAATOB MOXKET HCIOJIB30BaThCsl CTAaTUCTHUYECKas HHQpoOpMaLus o
BCTPEUAaEMOCTH TEpPMHHA B pa3IMYHBIX TeKkcTax. Ha ocHoBe cratucThuyeckol uHGpOpManuu
CTPOUTCSl ampHOpHasi BEPOATHOCTb CYIIHOCTU. ATPUOpHAs BEPOSTHOCTb MPEICTABIISET
SMIUPUYECKYIO OL[EHKY BEPOSTHOCTH TOTO, YTO TEPMUH CBSI3aH C ONpPEACICHHOW CYIIHOCTHIO.
Hampumep, B pabore [13] aBTOpBhI mpemiararoT MOAXOJ], OCHOBAaHHBIM Ha HCIIOJB30BAaHUU
anpUOPHOTO PaCIIpPE/ICIICHHUS.

JlJ1s ucronbp30BaHUS METO/I0OB, OCHOBAHHBIX HA CIIOBApsSX MMEH WM BHIYUCICHUH allpUOPHOI
BEPOSITHOCTH, HEOOXOAMMO HUMETh OOydyarouiue JaHHble. B Takux ciydasx HCHOJB3YIOTCS
MIpeIBAPUTENILHO 3aMOJIHEHHBIE CJIOBAPU MMEH HIIM MPEIBAPUTEILHO COOpaHHasi CTAaTUCTUYECKAs
uH(popMalUg O CYIIHOCTAX. Takue METOAbl HE MOAXOIAT Uil o0yacTed 3HaHHM, MO0 KOTOPBIM
HET JIOCTaTOYHOT'0 KOJIMYECTBA O0YYarOMINX JaHHBIX.

B nanHoIi cTaThe A7 reHepanuy KaHIuAaToB UCTIOIb3yeTC sl IOMCKOBas cucreMa Bukunenuu,
YTO MO3BOJISIET OMUPATHCA HA YK€ CYIIECTBYIOUIYIO OJHOMMEHHYIO 0a3y 3HaHuii. [lomoOHbII
MOJIXOJT UCTIONB3yeTcs B padote [14]: mpumeHsoTCS cnoBapy, OCHOBaHHbIE Ha Bukumnenuu, amns
MOKMCKAa CYNIHOCTEH C MOXOXHUMH UMEeHaMH (¢ y4éToMm abOpeBHATyp, CHHOHUMOB, BapHaHTOB
HaMUCaHMs), CCMAaHTHYECKOE PACIIMPEHHE KaHAUIATOB C TIOMOIIBIO KOHTEKCTa (MCTIOIB30BaHUE
KITFOYEBBIX CJIOB U JIPYTUX YIIOMUHAHUN B JIOKyMEHTE), OOpalleHHe K MOMCKOBBIM CHCTEMaM,

€CJIn MCPBBIC ABa METOJAa HC AaJIM JOCTATOYHOI'O Ha6opa KaHIuJaToB. O,Z[HaKO, BO3MOXXHO
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WCIOJIb30BaHME W JAPYTUX TMOWCKOBBIX cucTeM. Hampumep, B paborax [12, 15, 16] nmns
reHepaluy KaHAuIaTOB HCIOIb3yeTcs mouckoBas cucrema Google. B padore [17] ucnonb3yercs
Bing. Jlanee BoimonHsieTcst (GUIBTPALS MOMCKOBOTO 3aIIPOCAa — BEIOMPAIOTCS TOJNBKO CTPAHHUIIBI
n3 Bukuneauu.

B nanHON craThe npemiaraeTcss MOAXOA JUIsL pabOThl C HEPa3MEUEHHBIMU JaHHBIMU.
[TomoGHbIi oaX0 pUMeEHsieTcst B padboTe [ 18] — aBTopsl mpemaratoT Metos it ooydeHust EL-
MoJien 0e3 aHHOTUPOBAHHBIX JTaHHBIX. B cTaThe MCIONB3yeTCsi TOBEPXHOCTHOE COTIOCTABIICHHE
(surface matching) Mexay TEepMHHOM W HAaMMEHOBAaHHWEM CYIIHOCTH B 0a3e 3HaHwid. [lpm
MTOBEPXHOCTHOM COITOCTABJIEHUU JJISl KaXKIOr0 TEPMHMHA BBIMOJIHSIETCS MOMCK CYLIHOCTU B 0aze
3HAaHUH, Y KOTOPBIX HMs COJIEP’KUT BCE CJIOBAa TEPMUHA. OJTO OTJIMYAETCS OT IMOAX0[a,
MIPUMEHSIEMOro B JAHHOW CTaThe, IJle CYLIHOCTU-KAaHIUAAThl BBIOMPAIOTCS CpeAM MEPBBIX N
KaH/IUJIaTOB, HAWJIEHHBIX Yepe3 MoucKoBoi 3ampoc no APl Bukunenuu nin MeSH.

Pan:xkupoBaHue KaHAMAATOB. PaHXupoBaHME KaHAWIATOB — 3TO IMPOLECC YHOPAIOUYEHUS
CIHMCKA TMOTEHIHMAIbHBIX CYIIHOCTEH-KaHAMJIATOB IO CTENEHU HMX COOTBETCTBHS 33aJaHHOMY
TEPMHUHY B TEKCTE. DTOT ATall CIEAyeT 3a TeHepalyel KaHAuIaTOB U UCIOJIb3yeTCs Ui BhIOOpa
Haubosee pENeBAaHTHOM CYIIHOCTH C Y4Ye€TOM KOHTEKCTa. PaHXupoBaHHe KaHIUAAaTOB
MO/Ipa3yMeBaeT HAaXOXKJEHHE OJM30CTH MEXIy TEPMHHOM U CYIIHOCThIO B 0Oa3e 3HaHuil. B
KayecTBE Mepbl OJU30CTH UCIOIb3YETCsS CKaISPHOE MPOU3BEIECHUE MM KOCMHYCHOE CXOZICTBO
MeX 1y BEKTOPHBIMH MPEACTABICHUSIMU TEPMHUHA U CYLTHOCTH B 06a3e 3HaHMIA.

B nocneagnee Bpemsi Bce yalle UCHOJb3YeTCs MeXaHu3M BHuMaHuda [13, 19-21]. B cratbe
[13] Bce cnoBa B KOHTEKCTE M KaHIUAATHI-CYIITHOCTH OTOOPaKatoTCsl B BEKTOPHOE TIPOCTPAHCTBO
C TIOMOILBIO 3apaHee OOYYEHHBIX BEKTOPHBIX MpPEJCTaBICHUN. PaHkupoBaHUE CYIIHOCTEMH-
KaHJUJAaTOB BBIOJIHSAETCS B JIBA 9Tala: CHavaljla aHAIU3UPYETCs JIOKATbHBIH KOHTEKCT TEPMHHA,
a 3aTeM pe3yJbTaThl YTOUHSIOTCS C Y4ETOM BCEX CYIIHOCTEH B JIOKyMeHTe. Mojesb UCIOIb3yeT
MEXaHM3M BHUMAaHUS i1 BHIOOpA 3HAUYMMBIX CJIOB M YYUTHIBAET CBSA3H MEXKIY CYIIHOCTSIMH,
YTOOBl MOBBICUTH TOYHOCTH MPEACKA3aHHUIl, YTO MOMOraeT H30eXKaTh JIOKAJbHBIX OIIMOOK U
o0OecrieunBaeT COTJACOBAHHOCTh pa3MeTKu. [logoOHBIA  JOBYXITamHBIA MOAXOJ — TaKXkKe
ucrnoinb3yercss B padore [21]. ABTOpHI MpenjaraioT HUTEPATHUBHBIA MOAXOA K PaHXHPOBAHUIO
KaHJIUAATOB, TJ€ CYIIHOCTU CBSI3BIBAIOTCS IOCIIENOBATENLHO, UCIOIb3Ysl YK€ OINpeAelicHHbIC
TEPMHUHBI U1 YTOUHEHMs] KOHTEKCTa. PaccMaTpuBaroTCsl Ba METOAa BbIOOpa CYLIHOCTEH: IO
HanbOonbiel yBepenHocTn (confidence-order) m mo mopsaky B Tekcte (natural-order).
OKCIEepUMEHTHl TOKa3bIBAIOT, YTO MEPBBIM MeETOA paboTaeT jydlle, TaK KaK I03BOJISET
HaKaIuIMBaTh I100aIbHBINA KOHTEKCT Ui O0Jiee TOUHOTO CBSI3bIBAHMS.

B paGore [20] panxupoBaHHWE KaHIUJATOB BBINOJIHAETCS C TOMOIIBIO KPOCC-3HKOEpa,

KOTOpLII‘/’I O6’[>C,Z[I/IHSICT KOHTCKCT TCPMHUHA H OIUCAHHUC KaXk10M CYIIHOCTU B OAWH BXOJ IJIA
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mozenu BERT. 3arem mojens olieHMBAaeT BEPOATHOCTh COOTBETCTBHSI KaXKJIOM CYIIHOCTH
JTAHHOMY TE€PMHHY, @ UTOTOBBIH PEUTHHT (POpPMHUpPYETCS HAa OCHOBE BBIXOJHBIX JIOTMTOB. JTOT
METOJ] 3HAYUTEJILHO MOBBIIIAET TOYHOCTH MO0 CPABHEHUIO C JABYHAIPABICHHBIM 3HKOAEPOM, XOTS
1 TpeOyeT OOJIbIIIe BEIYUCIUTEIHLHBIX PECYPCOB.

ABTopel pabotel [19] mnpemmararoT 3aMEHHTh TPAIUIMOHHBIA JBYXSTAIHBIA IpOIECC
CBSI3BbIBAHUS CYIIHOCTEHN CKBO3HBIM (end-t0-end) MeTo/10M, B KOTOPOM KaK TEPMHHBI, TaK U CaMU
CYIIHOCTH KOJUPYIOTCS B OJTHOM BEKTOPHOM IIPOCTPAHCTBE. B oTimume ot npensiayniux pador,
MOJIEJNIb TOJIHOCTHIO OTKA3bIBAETCSI OT 3apaHee MOATOTOBJICHHBIX TaONHUIl MCeBAOHUMOB. [lonck
KaHIMIATOB BBITIOJNHIECTCS IyTEM KOJMPOBAHWS TEPMHHA B BEKTOPHOE IMPOCTPAHCTBO, TOCIE
YEero BBIMOJHAETCS TPUONMIKEHHBIM TOUCK Ommkaimmx coceneid (Approximate Nearest
Neighbor) cpean 3apaHee 3aKOJUPOBAaHHBIX CYIIHOCTEH Ha OCHOBE KOCHHYCHOI'O CXOJICTBA.
CkBo3Ho# Metoz Ha ocHOoBe Mojenu BERT Takke paccmarpuBaetcst B pabote [22].

B manHO# cTaThe Ui BEKTOPHOTO MPEICTABICHHUS TEPMHUHA M3 TEKCTOB HAa PYCCKOM SI3bIKE U
cymHocreid Bukumnemuu ucnonb3yercs cBeprouyHas HeiipoHHas ceTb (Convolutional Neural
Networks, CNN). [Toaxo/ibl, OCHOBaHHbBIE Ha CBEPTOUHOI CETH, UCIIONB3YIOTCS TakKe B paboTax
[23, 24]. Bribop B mosib3y CNN B Hamieil pabote ObUT clielaH M0 HECKOJIbKUM MpHYrnHaMm. Bo-
NEepPBbIX, B CWJIy CBOCH NPHUPOJbBl CBEPTOUYHBIE HEMPOHHBIE CETH XOPOULIO CHPABISIOTCA C
BBISIBJICHUEM JIOKAJIbHBIX 3aBUCUMOCTEN B JAHHBIX, YTO BaKHO AJIS MIOHMMAaHUS KOHTEKCTa. Bo-
BTOpbIX, CNN 4acTO MOKa3bpIBalOT XOPOUIYIO IMPOU3BOAUTENIBHOCTh [Jak€ Ha OTHOCUTEIBHO
HeOoJIbIINX 00BbeMax JaHHBIX, YTO MOXKET OBbITh IOJE3HO B 3aJayax, IJe Pa3MEUCHHBIX JaHHbBIX
HEMHOI'0, Kak B HallleM cllyyae. B-TpeTbuUX, XOTS COBpPEMEHHBbIE APXUTEKTYpbl, TaKHE Kak
tpanchopmepsl (Hanmpumep, BERT), MoryT ObITh OoJiee TOYHBIMH, OHH TPEOYIOT 3HAYUTEIHHO
OoJiblIIe BBIYUCIUTENBHBIX PECYPCOB U BpeMeHU A o0ydyeHus u pabotel. CNN, B 3TOM cMbICIIE,
MeHee TpeOoBaTellbHbIE K BBIYMCIMTEIbHBIM pecypcaM M Oosnee ObIcTpble Onaronaps
BO3MO’KHOCTH NapajuienbHON 00pabOoTKK JaHHBIX.

Oco0eHHOCTH CBSI3bIBAHMSI MeaMUMHCKUX TepMuHoB ¢ MeSH. 3amada nowcka wu
CBSI3bIBAHUSA MEIMLMHCKUX TepMHHOB ¢ MeSH umeer HECKOJIbKO AaCHEKTOB CIOMXHOCTH.
HecmoTtpst Ha TO, YTO B HACTOSILIUIT MOMEHT PYOPHKH JOBOJIBHO XOPOILO CTPYKTYPUPOBAHBI, Ha
HayaJlbHOM »3Tamne (IPUMEPHO C CEepeAMHBbl MPOILIOr0 BeKa) 3JEMEHThl CUCTEMBI ILIOXO
uHAekcupoBanuck. Jlume ¢ 2010-x npoBoauiack akTUBHAas paldoTa MO MHIGKCALlUU H
nyOnukanuu uHpopManuu B oOmui (oHnaiH) goctyn. [lo3ToMy HCTOpPHYECKH CIIOXKHIACh
HEpaBHOMEPHOCTh IMOJHOTHl JAaHHBIX: 4YeM cTapuie HH(opMaiys, TeM MeHee IOJIHO OHa
cTpykrypupoBaHa [25]. C »3Tum ke cBsi3aHa M NpoOjIeMa M3MEHEHMs JaHHBIX B JMHAMHKeE,
[IpOaHaIN3UpOBaHHas Mo uepapxuu 10 2017 roga KOIUYECTBEHHO, a TaKXKe aHAJIUTUYECKU U B

rpadpuueckom Buue [26]. O4eBUAHO, YTO TNPH H3MEHEHUU HEPAPXUU CTPYKTYphl PYyOpHK
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HEOOXOIMMO BCEM 3aBHCHMBIM MCTOYHHMKAM JIAHHBIX IO 33/1a4aM CBS3BIBAHUS CYIIHOCTEH WU
MOUCKa OOHOBHUTBH PE3YJIbTAThl, XOTs Obl YACTUYHO HCIIOJB3YIOIINE M3MEHUBLIMICS MUCTOUYHUK
TaHHbIX. B paMmkax mnocrpoeHust anroputMma cBsi3biBaHus ¢ MeSH B HacTosmelt padore
CpaBHEHHE KoJudecTBa pyOpuk mo gaHHbIM 2024 roga ¢ manueiMu 2025 roaa jgajno mpUpOCT
okoso 200 3amuceit (meHee 1%), YTO TOBOPUT O 3aMENJIEHUU TEMIIOB TOMOJHEHUS
TEPMHUHOJIOTUM U yKa3blBaéT Ha TO, 4YTO CHUCTEMa cTaja JOCTAaTOYHO IIOJIHOM U
CTPYKTYPUPOBAHHOM.

ABTOpBI OoJiee Y3KMX MPHUKIAIHBIX 3a/1a4, TAaKUX KaK CBSA3BIBAaHUE CYIIHOCTEH B 00JacTH
reHHol wuHpopmamu ¢ pyopukamu MeSH, yka3piBaloT Ha HECOBEPLIEHCTBO KaXKIOrO0 B
OTJIEIIBHOCTH MHCTpyMeHTa paboTel ¢ MeSH: npuxomutcs BeicTpauBaTh pipeline-pemienus u3
HUX W COOCTBEHHOr0 pa3palOTaHHOTO MPOTPAMMHOIO OOECHEYeHHs, TPYAHOCTH C
MapajuleIbHBIMU BBIUYMCIICHUSIMU U TECTaMH, a TaKK€ HEYyJIOBJIETBOPUTENIbHYIO JUIUTEIbHOCTD
MOKCKa Yepe3 pa3inyHble TOTOBbIE OHJIaiH nHCcTpyMeHThl MeSH [27].

Hecmotpss Ha mpeasioskeHHblE paHee adrOpUTMbl WHIEKCAIMH, CBS3BIBAHUS CYIIHOCTEH U
moucka crateil mpu nomomu 6a3bl 3HaHuit MeSH B xomOunaruu ¢ cucremamu MEDLINE u
PUBMED (marTepHbl noucka, KinaccuukaTopbl TEKCTOB, BKIIIOUasl ajJrOpUTM Kilaccu(UKaluu
no K-0ommkaimmMm coceqsiM, 00y4eHue ¢ paHKUPOBAaHUEM, a TAK)KE€ KOMOMHAIMM 3TUX U APYTUX

MOAXO0B), 3a/1a4a BCE €IIe OCTACTCS CIOKHOM [25].

3. Onucanue JaHHBIX

Jlnst mpoBeIeHHsI DKCIIEPUMEHTOB ObllIa COOpaHa TEKCTOBAas KOJUICKIMS W3 aHHOTAIMH K
HAy4YHbIM CTaThAM, HaXOOAIIMUMCA B OTKpbITOM Joctyne. IlepBas 4YacTh KOJUIEKIIMH
(ucnosp3yemasi B DKCIIEpUMEHTax ¢ Bukumenuei) BKIOYaeT B ceOsl aHHOTAIMH Ha PYCCKOM
S3bIK€ 110 YeTBHIPEM Hay4dHbIM o0JacTsAM: HWH(OpPMAIlMOHHBIE TEXHOJIOTHMH, MEIUIINHA,
TICUXOJIOTHS M JTUHTBUCTUKA. CpenHsis amuHa Tekcta — 216 ciioB, o0liee KOJIMYeCTBO TEPMUHOB
- 367.

Bropas yacTh TOJIBKO IO METUIIMHCKON TeMaTuke (Ucrmob3yemas B akcnepuMentax ¢ MeSH)
BKJIFOYACT B ce0s aHHOTAIlMM K TEM JK€ CTaThbsiIM, KOTOpPBIC CaMH aBTOpBI IIEPEBEIM Ha
aHrimiickuii s3e1k. JlIs cBa3piBaHusa ¢ MeSH wucmonp3oBanachk KOUIEKIUS u3 48 TEKCTOB.
KonnyecTBO TEpMHUHOB B MCXOJHBIX TEKCTaX BapbHUPOBAIOCH OT 7 10 60 (B cpeaHem okoJio 25
TepMHUHOB Ha TeKcT). CpeaHsis AnuHa Tekcta — 327 cioB, o0I1ee KOJIM4ecTBO TepMUHOB — 1223.

Ilepen nmomaueli Ha BXOJ  alrOpUTMaM  CBSI3bIBAHUSA  CYUIHOCTEH  BBINOJHAJIACH

npeaBapuTenbHas 00paboTka JaHHbIX. CxeMa 00paboTKH TaHHBIX MTPECTaBIeHa Ha pUCYHKE 1.
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MoAsnexnne \Web-CepBMCOB Kak

OTKPBITHIX KOMMNOHEHTOB,
nofnepxMBAOWME  TMOKMIA K
HEeOopOro Habop

pacnpenenertbiX  NPUMOKEHWHA,
a TamKe MX WCNONb30BaHWE B
Ka4yecTee NepCNEKTUBHOMD
DEWEHWA ANA MWHTErpauMM C
ODYTMMH  NDUMOKEHMAMM M
NOCTaBLUMKAMM nporpaMmHo-
annapaTHbiX PEecypcos, O4YEHb
pocTpeboBaHo. lcnonb3osaHue
Web-cepeucoB  ynpowaer w
ynyywaeT  YHKUMOHANLHOCTL
CHUCTEMBI.

TEPMUHOB

WCNONb30BaHWE B
» [EPCNEKTUBHOMO pelweHia

cucTeMbl| TG TERM)]

Moaenexue [Web-cepeucos|T1]TERM]
KaK [OTKpBITHIX KOMMNOHeHTOB|T2|TERM],
NOAASPHMBAOLLNX TMOKUIA M Henoporon

Paametka Habop [PACTpEfeneHHbIX
NPUNOMEHWA| T|TERM], a Takke ux
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T1 TERM Web-CepBUCOB

M3Bne4YeHne | T2 TERM omkpbITbix
TEPMWHOB KOMMNOHEHTOB

T3 TERM pacnpefeneHHbIX
» MPHUNOHKEHWA

MHTErPALUMK C JIPYTUMIA TIPUICHEHUAMMU
M NOCTAaBLMKaMu  [MPOrpaMMHO-
annapaTHbIX pecypcos|T4|TERM],
04eHb BOCTPEOOBAHO. VICMONB308aHUE
[Web-cepBucoB|TS|TERM] yNpoLaeT M
ynyywaer [DYHKUMOHANEHOCTL

BrisBneHne

MOpONOrMYecKxX

KnacTtepoB

T4 TERM nporpammHo-
annapaTHeIX PECYPCOB

T5 TERM Web-CEpBUCOB

T6 TERM
(DYHKLUMOHANBHOCTE CUCTEMEI

l

"nasClusters™ true,
"clusters" ["T1", "TS"], ['T9",
"T177]

¥

Moasnenne [Web-cepsucos|T1|TERM]
KaK [OTKPBITBIX KOMNOHEHTOB|T2|TERM],
NOAOEPHHMEROLLMX TMEKMA W HEQOPOTOH

Habop [pacnpefeneHHbIX
npunoxeHWd|T3|TERM], a Takke Mx
MCNONb30BaHHe B Ka4ecTee
nepcnekTHEHOMo pelLleHua ans
MHTErpaLUMK C APYTMMH NPUNOHEHHAMM
] NOCTaBLYMKAMM [nporpammHe-
annapatHbIX pecypcos|T4|TERM],

04eHb BoCTpeOOBaHO. Mcnonb3oBaHue

T1|TERM |
\WwikiWeb-cepencos

T2 | TERM |
\Wiki\OTKpBITBIA_KOMNOHEHT

T3 | TERM |
\wiki\pacnpeaeneHHble_NpUNoxeHua

T4 | TERM |
\wiki\nporpammHo-annapaTHbIX pecypcos

[Web-cepeucoB|T1|TERM] ynpolaer M
yny4laer [YHKUMOHANEHOCTL
CHCTEMbI| TE6| TERM]

KoppekTupoeka Ced3bIBaHne
naeHTUNKaTopoB 4 | CyLLHOCTEN

Pucynok 1 — I[TocnemoBaTeabHOCTh 0OPaOOTKH JTAaHHBIX

[Ipormecc 0OpabOTKM TaHHBIX MPOXOIUI B YETHIPE dTara.

1. PasmeTka cymHocTeil. B Tekcte HaydyHOI aHHOTAIMK BBIACIISIIOTCS IBA THIA CYI[HOCTEM:
TERM u VALUE. Ilox tepmunamu (cymiHoctu tunma TERM) nmorumarorcs cimoBa uinu (passbl,
WCIIOJIb3YEMBIE B ONPEICICHHOW MPEAMETHON 00IacTH Il TOYHOTO 0003HAYCHMSI KOHKPETHBIX
MOHSATUN, SBICHUN WM 00bekTOoB. Hampumep, B oOmact WHGOPMAITMOHHBIX TEXHOJOTHMA
TEpPMUHAMM SIBJISIIOTCSI HA3BAHUSI METOJIOB, aPXUTEKTYP, MOJIEIICH, SI3bIKOB ITPOTPaMMHUPOBAHUS U
IpyTrue, B MEAWIIMHE — Ha3BaHUs 3a00JICBaHWH, CHMITOMOB, IPENapaTroB, TUArHOCTUYECKHUX
nporeayp ¥ np. TepMUHAMU CUYMTAIOTCA, B TOM uucie, U abOpeBuarypsl. CyITHOCTH THITA
VALUE - »3T0 YwucioBbie 3HAYCHHS B COYECTAHMM C JOMOJHUTEIbHOW HWHMOpMarmen
(KOHTEKCTOM HWJIM EAUHUIICH W3MEpPEHHsI), KOJUYECTBEHHBIC WJIM KAa4eCTBEHHBIC TOKA3aTelH,
UCIOJIb3YEMbIe [l ONTUCAHUS KOHKPETHBIX JIaHHBIX, KOTOPbIE MOKHO U3MEPUTDH UJIH OLEHUTbD.

Kaxxno#i cymHocT conocrapisieTcsi yHUKaabHbIA naeHTU(GUuKaTop. CyIIHOCTH BBIICISIIOTCS B
dopmare Tepmun | Hoenmugpukamop | Memka. Metka TERM o3Hauaet, 4yTo BbIAECTICHHBIN
HaOOp CIOB SABJSETCS TEPMUHOM; IS YHCIOBBIX 3HaUeHUH ucnonb3yercs metka VALUE.

ITepBOHAYANBEHO HMCXOAHBIE TEKCTHI OBLIM pa3MEUYEeHbl C TOMOINBI0 MoIeTu gpt-40-mini.
Jlanee BBIMONHSNIACH py4Has KOppeKIus (IO [Ba aHHOTATOpa Ha KaXHabli TekcT). UToObI
n30exaTh HECOTJIACOBAHHON pa3MeTKH, MpeIBapUTeNbHO Obla pazpaboTaHa HMHCTPYKIUS C

OIMMMCAHUCM W MPUMCPAMH. Ha 3akmrounTenpHOM JTame PasMETKH MOJZALCPATOpP paspeiaal
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OCTaBILUECS HEOJHO3HAYHbIE CIy4yal B COOTBETCTBUU C 3TOM MHCTpyKuued. CoriacoBaHHOCTh
pasmeTtku (Inter-Annotator Agreement) BEIYHCIISIIACH C TOMOIIBIO CTAHAAPTHON CTATUCTHUECKOM
Mepel — koddummenta kammbl Kosna (Cohen's kappa). s MOATOTOBICHHBIX JTaHHBIX
10JIy4€eHo cpeanee 3HaueHue 0.73, 4To CBUJIETENIBCTBYET O BHICOKOM KadeCTBE pa3MeTku [28].

2. U3Bneyenne tepmMuHOB. [ ynoOcTBa panpHeiiied oOpaOOTKM TEPMHUHBI (CYIIHOCTH
tuna TERM) 000co0iisit0Tcs U3 aHHOTHUPOBAHHOI'O TEKCTA U MU3BJIEKAIOTCS B OTAEIbHBIN OJIOK.
[anee B airopuT™Max CBSI3bIBAaHUSI PACCMATPHUBAOTCS TOJBKO cymHOoCcTH THa TERM; cymnHocTn
tiuna VALUE He yuuTeIBaroTcs.

3. BoisiBiienne Mopgoornyeckux KjaacrepoB. B Tekcte MoxkeT BcTpedaTbesi OJUH U TOT
K€ TEPMHUH HECKOJIBKO Pa3 WM B pa3HbIX cIoBodopMax (B pa3HbIX Majiexax, €IMHCTBEHHOM U
MHOXeCTBeHHOM 4mciie). Hanpumep, Ha pucynke 1 tepmun “Web-cepsucos” Bcrpedaercs nsa
pa3za, Mo3TOMY IOCiIe dTana OOHapy)KEeHHs TEPMUHOB OyneT HaijeHo nBa TepmuHa: Web-
cepeucoe | T1 | TERM u \Web-cepeucoe | T5 | TERM, y xaxa0r0 U3 HUX — CBOW YHUKAaJIbHBIH
uaentuduxartop. Ha stane BoisBieHNs MOP(DOIOTHYECKUX KIIACTEPOB MTPOUCXOIUT 00bETUHEHHE
UIEHTU(PUKATOPOB OJHOI'O TEPMHUHA U PA3HBIX CI0BOGOPM ITOr0 TEPMHUHA B OOLIHI Ki1acTep.

4. KoppekTupoBKka HAeHTU(PUKATOPOB. B aHHOTUPOBAaHHOM TEKCTE IS TyOJIMKATOB U BCEX
ci10BoGOpM OJHOIO TEpMHUHA MPOCTABJISETCS OOUH MACHTU(UKATOp. B KauecTBe YHHUKAIbHOTO
uaeHTU(UKATOpa BBHIOMpPAETCS TEPBBIH M3 HACHTH(PUKATOPOB MOP(OIOTrHYECKOTO KIacTepa,
MOCTPOCHHOTO Ha mpeabiAynieM 1iare. KoppekTupoBka UACHTU(DUKATOPOB TMO3BOJISET
OJIHO3HAYHO OTNPEACTUTH TEPMUH.

JlanHble, npolene npeaBapuTeabHyo 00paboTKy, fanee MoJaloTCs Ha BXOJ alropuTMam

CBJA3bIBAHU CYHIHOCTCﬁ.

4. Ca3biBaHue CylHOCTel ¢ Bukuneauei

4.1. Onucanue ajaropuTMa

IIpennaraemMslii anropuT™ CBS3bIBAHMSI CYILIHOCTEN COCTOUT U3 TPEX LLArOB:

1. mowuck ccbulok B Bukunenuu;

2. TMOJCYET CEeMAHTUYECKOM OIM30CTH MEXIYy KPaTKMM OIMCAHUEM COIEP)KMMOrO CChUIKU U

TEPMHUHOM;

3. paHXuUpOBaHHE HallIEHHBIX CCBIJIOK.

Jlanee moipoOHO ONUILIEM KayK/bIi IIar.

1. Ilorck Mo TepMHUHY 3aJaHHOI0 KOJIH4YECTBA CCHLIIOK B Bukunenuu. B3anmopelicteue ¢
Buxunenueit ocymectsisercss yepe3 API. BXonqHbIMY JaHHBIMU AJIS1 TIOUCKA SIBJISIIOTCS TEPMUH

1 KOJIMYECTBO CCBIJIOK.
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B Bukuneauu nouck peanusoBaH ¢ momouibio cuctembl Elasticsearch, koTopast mo3BossieT
OCYIIECTBJISATh TOJHOTEKCTOBBI aHAJIM3 W YYUTHIBATh OCOOCHHOCTH si3blKa. llpm mHAekcanuu
TEKCTa CTaThbH MPOXOJUT MOPQOJIOTHUECKUI pa300op, BBIMOIHIETCS JeMMaTu3alus (cioBa
NPUBOAATCA K HAYaJbHOW (hOpME), UYTO MO3BOJSAET HAXOIUTh HYKHBIE CTaThbU HE3aBHCUMO OT
CKJIOHEHUN u chpsokeHuid. Hampumep, mpu 3ampoce “Hetiponnas cemdv” OyAyT HaWICHBI
CTPaHMIIBI, T/I€ BCTpeUaroTcs POpMbI “Hetiponnol cemu”, “HelpOHHbLIMU cemamu’’, “HeUpOHHYIO
cemv” u T.1. Kpome TOro, y4umThIBalOTCS 3arOJIOBKH CTaTeW, aHKOPHBIE TEKCTHI M TIEpPBBIC
a03a11bl, MOCKOJIBKY OHM UMEIOT OOJIBIINI BEC IPU PaH)XHUPOBAHUH PE3YIHTATOB.

JInisi TIOBBIMIEHUS] THUOKOCTH TIOMCKAa HCIIOJIb3YETCsS HEYETKOE COIOCTABIEHHE — CHCTEMa
criocobHa 00pabaThIBaTh OMNEYaTKH, HETOUHbIE (HOPMYIMPOBKU U BapUaTHBHBbIE (DOPMBI CIIOB.
OT1o0 gocTuraercs 3a cuéT NpuMeHeHus pacctosiHus JleBenmreiina (fuzzy matching), ananusa no
N-rpaMMaM ¥ CHEIHAJIbHBIX aJTOPUTMOB MOJCKa30K. PamkMpoBaHWE OCHOBAHO Ha COYETAHHUH
¢dakropoB: uyactoThl TepMHHOB B JokyMeHTe (TF-IDF wmim BM25), nmomynsipHOCTH CTaThu,
KOJINYECTBA CCHUIOK HAa HEE M TIOJIOKEHHUS COBMAJCHUS B TeKCTe. Takum o0Opa3oM, MOWCK H
pamKupoBaHUE B pycCKOM BukHIeqmu co4eTaroT JTMHTBUCTHYECKYIO TOYHOCTh U YCTOHYHMBOCTD
K OIM1OKaM IOJIb30BaTEsl.

Hns  xaxngon HaigeHHod cymHoctH APl Bo3Bpamaer B OTBETE KpaTKOE OINKMCAHUE
COJIEP’)KMMOTO CCBUIKH, KOTOPOE UMEETCsI B 10JIe snippet (3TO MoJie UCHOJIb3YyeTCs ISl oJcUeTa
CEMaHTUYECKOW ONM30CTH Ha ciexyrolieM mare anroputma). [Ipumep orBeTa mpejacTaBiieH Ha

puc. 2.

{

"batchcomplete™: ",

"continue™: {
"sroffset™: 3,
"continue™: "||"

1

"query": {
"searchinfo": {

"totalhits": 106922

}

"search": [

{

"ns": 0,
"title": "DxonomMuka",
"pageid": 10678,
"size": 16445,
"wordcount": 804,

"snippet":  "tpwwmonax  mommapoB  CIHIA)  Otpacas  <span
class=\"searchmatch\">skxonomuku</span> Haposmoe X03SHCTBO HuHOBaMOHHAS <span
class=\"searchmatch\">sxonomuka</span>  DKOHOMHYECKast  COIMOJOTHS  JJIEKTPOHHAs  <Span
class=\"searchmatch\">sxonomuka</span> Paiiz6epr b. A., JlozoBckuii",

"timestamp": "2024-11-04T19:28:50Z"
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}
{

"ns": 0,
"title": "Dronomuka (Hayka)",
"pageid": 282590,
"size": 52258,
"wordcount": 3136,
"snippet": "untepakoHoMuKa (MexIyHapoaHas <span class=\"searchmatch\">skonomuka</span>)
M MEra’KoHOMHKa  (MHpOBOE  XO3SHCTBO)[MCTOYHMK He  ykazaH 4179  ngneii].  <span
class=\"searchmatch\">2koHoMuKa</span> kak cepa yenoBeueckoi aesTensHocTn",
"timestamp": "2025-02-05T20:01:41Z"
13
{

"ns": 0,
"title": "Dxonomuka Poccun",
"pageid": 350396,
"size": 538250,
"wordcount": 28800,

"snippet”: "2023 wa Wayback Machine. Forbes, 04.03.2022 Iludposas <span
class=\"searchmatch\">skonomuka</span>. Mobunsnast <span class=\"searchmatch\">skonomuxa</span>.
<span class=\"searchmatch\">3Dxonomuka</span> nmauubix (Heomp.). tass.ru. Jlara oOpaieHus: 27 HUIOHS
2020",

"timestamp": "2025-02-26T18:10:44Z"

¥
]
¥
¥

Pucynok 2 — Pe3ynbpTaT paboThl METO/Ia CBS3BIBAHUS CYITHOCTEH ¢ Bukunenuei

2. Tlomcyer ceMaHTHYeCKOH OJIM30CTH MeXAYy KPATKHM ONHMCAHUEM COJEPKUMOIO
CCHUIKH M TepMHMHOM. CeMaHTHUYecKas OJIM30CTh MEXKAYy UCKOMBIM TEPMHHOM U CCBUIKAMHU-
KaHIUJaTaMy, HaWJCHHBIMM Ha TEPBOM IIare, BBIYUCIAETCS HAa OCHOBE OMHMCAHUN U3 MO
snippet otBeta APl Bukuneauu ¢ momMoIs0 KOCUHYCHOTO paccTosiHus. JJIs 3TOro caM TepMuH
U TEKCT U3 MOJs snippet MpelcTaBisieTcs B BEKTOPHOM BuIe. BekTopHoe mpejacTaBieHHE U
MOJICYET CEMAaHTUYECKON OJIM30CTHU BBIMONHSIETCS C UCIOIB30BaHUEM MOJIEH ru_core_news_md,
npenocrabisgeMoit oubnuorekoi spaCy. TakuMm oOpazom, BEKTOpHU3AIUs TEKCTa MPOUCXOTUT B
HECKOJIBKO JTaroB.

Toxenuzayus mexcma. TekcT pa3duBaeTcs Ha TOKEHBI, B pe3yJbTaTe Mmoiay4yaercs 00bekT Doc
— KOHTeliHep s JMHIBUCTHMYECKMX aHHOTamuii’?, B KadecTBe TOKEHH3aTOpA HCIIONb3yeTCS
6a30BbIit TokeHu3aTop 6udmuoTexu spaCy (spacy.Tokenizer.v1)3.

Tlonyuenue eekmopHoz2o npedcmasienus Kaxcoo2o moxkena mexkcma. bubmmoreka spaCy He

MMpEaAOCTaBIACT BO3SMOXKXHOCTU 06yanb BCKTOPHBIC NIPCACTABJICHUSA, 4 UCIIOJIB3YCT FOTOBBIC4. B

L https://spacy.io/api/tokenizer
2 https://spacy.io/api/doc
3 https://qgithub.com/explosion/spaCy/blob/master/spacy/language.py
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Mozenu ru_core news md HCIONB3yeTcss BEKTOpHBIE TpecTaBieHus u3 oubnmoreku Navec®,
KOTOpBIE TMONy4YeHbl ¢ moMmomblo anroputMa GloVe [29], oOyueHHOro Ha XyJI0)KECTBEHHOU
JUTEpaType, ¢ MOCIeAyIOmel KBAHTH3AIMEel BEKTOPHBIX IPEICTABIICHHIL’.

Ionyuenue 6exmopnoco npeocmasienus mekcma. B kKadecTBe BEKTOPHOTO IPEACTaBICHUS
TEKCTa UCMOJIb3YETCsl CpeHee apru(pMETHYECKOE BXOSAIIUX B TEKCT TOKEHOB.

3. PanxxupoBaHue HaWJeHHBIX CCHUIOK IO CeMAHTHU4YecKOM OuauzocTu. (s kaxmon
HaWJCHHON CCBUIKM M3 BUKHIEIUU aIrOPUTM PACCUUTHIBAET CEMAHTUUYCCKYIO OJM30CTh MEXIY
BEKTOPHBIM IPE/ICTABICHUEM HAYYHOI'O0 TEPMHHA (C €r0 KOHTEKCTOM) M ONMUCAHHEM CYIIHOCTH
W3 1oJjs snippet s gaHHOW cchbuik. [1o momydeHHOMY 3HAYEHHWIO CEMAHTHYECKOW OJM30CTH
BBITIOJTHSIETCS pAaHKUPOBAHUE CCHUIOK W3 Bukuneauu ot Hambosiee OMM3KON MO CMBICTY K

HauMeHee OimM3kod. B pesynbTaTe paHXKMpOBaHUsS OMPEIEISIETCS CChUIKA C CaMbIM BBICOKUM

3HAYCHUEM CEMaHTHYECKOI 6J'II/ISOCTI/I, KOTOpasa U CBA3BIBACTCA C HAYUYHBIM TCPMHHOM.

4.2. Pe3yJibTaThl 3KCIIEPUMEHTOB

BKCHepI/IMeHTBI MPOBOAWIIMCE [JIA Pa3HbIX 3HAYEeHUHU INAUPHUHBI KOHTCKCTHOI'O OKHA H
KoJm4ecTBa CChUTOK. [IIMpHUHON KOHTEKCTHOTO OKHA SIBISIETCS KOJIMYECTBO CJIOB B TEKCTE CIlieBa
U cipaBa OT TepMHMHA. Hampumep, ecnu muprHa KOHTEKCTHOTO OKHA paBHA 5, TO B KadeCTBE
KOHTEKCTa BBIOMpaeTcss 5 CIOB mepei TEepPMUHOM, caM TEpPMUH U 5 CJIOB TOCJE€ TEpPMHUHA.
Pe3ynbTaThl 5KCIEpUMEHTOB MpeACTaBlIeHbI B Tabmuue 1.

Taoauna 1 — Pe3ynbTatel 3xciepuMeHToB ¢ Bukunenuei. Jlydmme 3HaueHus: BbIICIEHBI

KUPHBIM MIPUPTOM, 3HAYCHHSI HA BTOPOM MECTE BbIAETICHBI HAKIIOHHBIM IIPUPTOM.

KoaunuecrBo | lllupuna Tounocts, % | [lotnoTa, % | F1-mepa, %
CCBLIOK KOHTEKCTHOI'0 OKHA

1 5 35.3896 73.1544 47.7024
1 10 37.3377 77.1812 50.3282
1 100 35.7143 73.8255 48.1400
1 1000 37.6623 77.8523 50.7658
5 5 10.0649 20.8054 13.5668
5 10 10.3896 21.4765 14.0044
5 100 11.0390 22.8188 14.8796
5 1000 11.6883 24.1611 15.7550
10 5 5.1948 10.7383 7.0022

4 https://spacy.io/usage/embeddings-transformers#static-vectors

> https://github.com/natasha/navec

¢ https://natasha.github.io/navec/
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Kounyecrso | Hlupuna Tounocts, % | [lonorta, % | F1-mepa, %
CCBLIOK KOHTEKCTHOI'0 OKHA
10 10 5.5195 11.4094 7.4398
10 100 3.2468 6.7114 0.043764
10 1000 3.8961 8.0537 0.052516

MOXHO 3aMeTUTh, YTO pa3Mep KOHTEKCTHOI'O OKHA OKAa3bIBA€T BJIMSIHUE HAa TOYHOCTH IPHU
00JIbIIOM KOJMYECTBE CChUIOK. CaMble BBICOKHE pEe3yJbTaThl MOJIYYEHBI NMPU HCIOJIb30BAHUU
OJTHOM CCHUIKM. DTO MOXKHO OOBSICHUTH TE€M, YTO KOHTEKCT, COJEPKALIUN TEPMUH, Yallle BCETO
3aXBaThIBaeT JIMIIHIO HHGpopManuio (co3gaer “mym”), MO KOTOPOM U TNPOUCXOIUT
paH)XMpOBaHUE CCBHUIOK. Bmecrte ¢ TeM BHIHO, YTO NIpPHU MCIOJIb30BAHUM OJHOW CCBHUIKU
yBeIIMYeHUE MUPUHBI KOHTeKCTHOro okHa B 100 pa3 (¢ 10 go 1000) naet aumis HE3HAYUTETHHBINA
MIPUPOCT METPUK Ka4eCTBA.

Ommbku B paboTe anropuTMa CBS3bIBaHUS CYLIHOCTEH ¢ Bukuneaueld MOXXHO pa3JesnuTh Ha
TPH TPYIIIBI: ONIMOKU MOMCKA, OIIMOKY PaH)KUPOBAHUS U OIINOKU Pa3METKH.

Omudxu noucka. B kareroputo omuOOK Mmoucka MOMagar0T CUTYallud, KOTJa TEPMUH ObLI
CBSI3aH C HEKOPPEKTHOM CYLIHOCTBIO BBMJY OCOOEHHOCTEHl paboThl anropuTMa IOMCKA
Bukuneauu. IIpu Takux ommOKax B BblAAaYe 3alpoca OTCYTCTBYET KOPPEKTHas CYLIHOCTb IS
CBA3BIBAHUA. 31€Ch BO3MOXHBI [[Ba Clay4as: B BUKuneaun OTCYyTCTBYET KOPPEKTHAs CYIIHOCTb
niM B Bukunenuum ecTte KOppEeKTHash CyHIHOCTb, HO 3Ta CYIIHOCTh HE OKa3ajlachb B BbIJAue
3ampoca. B nepBom ciyyae nmpu KOppeKTHOH paboTe alropuTM OCTAaBUT TEPMHUH HECBSI3aHHBIM.
Bropoii ciywait 6oee unTepecHbiii. KoppekTHas CynIHOCTh MOXKET HE OKa3aThCs B BBIJAYE I10
IBYM npuyrHaM. [lepBas npuunHa — 3T0 0COOEHHOCTH PAbOTHI cCaMOro aJiropuT™Ma noucka B API
Bukuneauu. Hanpumep, cymHoOCTh NOsBWIack B Bukunenuum HenaBHO, M He Obuia
IIPOMHIEKCUpOBaHa (0 paboTe MHAEKCa CM. IpeAbIayIuil pas3nen). [loaToMy Takue CylHOCTH He
OylyT MOSBIATBCA B IOMCKOBOM Bbliade. B gaHHOM ciydae 1esecooOpa3HO CUUTATh
IIPaBWJIBHBIM, €CIM TEPMUH OCTaJCS HECBS3aHHBIM. BTopas mpuunMHa — 3TO HEKOPPEKTHO
cocTaBlIeHHBIH 3ampoc. OmMOKM Takoro poja HEOoOXOAWMO aHAIM3UPOBATH OTHEIBHO IS
IIOHMMAaHMs, KakuM 00pa3oM MOXKHO KOPPEKTHpOBATh 3alpoc, YTOObI B IOHMCKOBOW BblJaue
I10JIy4aTh KOPPEKTHYIO CYLIHOCTb.

Ommoéxkn panxupoBanusi. B karteroputo ommOOK paH)XMPOBAHUS OTHOCATCSA CUTYALHH,
KOI'Jla KOPpPEKTHas CYLIHOCTb IONajia B pPe3ysbTaThl BbIJA4X MOMCKOBOIO 3allpoca, HO Ha JTare
PaHXKUPOBAHU HE MOJIyYnyIa CaMylO BBICOKYIO OILIEHKY CEMaHTHUECKOW OJIM30CTH C TEPMUHOM.

OmuoKkn Pa3METKHU. B JAAaHHYI0 KAaTCrOpUI0 MOXHO OTHECTU ClIydau, KOraa aHHOTATOp

HCIIPAaBHUJIbHO CBs3aJI TCPMUH. Oco0bIit HUHTCPEC MPCACTABIIAKOT TCPMUHBI C HEOJHO3HAYHOM
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pasmeTkoi. MHOrAa naxke SKCIepTHl 3aTPYAHSIOTCS BBIOpATh, Kakas CyIIHOCThH COOTBETCTBYET
tepMuHy. Korzma BapwaHThl paBHO3HAYHBI, LENECOOOpa3HO cYHTaTh padoTy alropuT™Ma
MIPABWJIBHOM, €CITH aJITOPUTM CBSI3BIBACT TEPMHH XOTs OBbI C OJTHOM M3 CYIIHOCTCH-KaHAUIATOB.
Hanpumep, TepMuny ‘“‘cucmema ungopmayuonno2o noucka” MOXKET COOTBETCTBOBATH Kak

CYIIHOCTb https://ru.wikipedia.org/wiki/Mupopmanonsblii_ouck, Tak MW  CYLIHOCThb

https://ru.wikipedia.org/wiki/[louckoBasi_cucrema. B HEKOTOPBIX CiIy4dasx aHHOTATOP MOXKET

OBITh HEJOCTATOYHO XOPOIIO 3HAKOM C MPEIMETHOM 00JIaCThI0, YTOOBI CyIUTh O TOM, HACKOJIBKO
KOPPEKTHO CBsi3aH TepMHH. Hampumep, TepMHHY “‘8pojicOeHHOl  Ouchyukyuu  Kopwvl
HAONO4eYHUKos8” MOXKET OBITh COIIOCTaBJICHA CYIIIHOCTb

https://ru.wikipedia.org/wiki/BposkaéHnasi_runepruia3usi_KOpbl_HAJANOYEYHUKOB, OJHAKO 0e3

OKCIICPTHBIX 3HAHUU B 001aCTH MCOUIIMHBI UHOI'1a CJIOKHO OLICHUTH HOJ'IyLICHHI)II\/'I pE3YJIbTAT.
OtmeTHM, 4TO MOJIHOTA 0a3bl 3HAHUH BJIMSIET Ha KAUECTBO pe3ysbTara. AJTOPUTM CBSI3bIBACT
TEPMHUH C CYIIHOCTBIO, OTIMPAsICh Ha CEMAHTUYECKyr0 Onm3ocTh. [loaToMy ecnm B Oa3e 3HAHHI
OTCYTCTBYET CYHIHOCTBH, MOAXOoAAMIasA JIA OJAHHOI'O TEPMHHA, TO aJIlTOPUTM CBSIXKET TCPMHUH C
CYITHOCTBIO, KOTOpash UMEET MaKCHMAJIbHYI CEMaHTHYECKYIO OJU30CTh C TEPMHHOM. Takoi
moAXO0a MOXKET YXYyAATb TOYHOCTH aJIrOPHUTMaA, IMOCKOJBLKY TCPMUH 6y11€T CBA3BIBATBCSA C
HEKOPPEKTHOM CyIHOCThI0. OTHUM M3 pelIeHUH SBISETCS JO0OABICHUE YCIOBUS SMITUPUYCCKH
MOA00PaHHOTO TTOPOTOBOI'0 3HAYCHHUSI CEMAHTUUYECKON OJM30CTH: €CIIM CEMaHTHYeCKast OJM30CTh
MEXIy TEPMHHOM H CYIIHOCTHIO HIDKE MOPOTOBOTO 3HAUEHHS, TO aJTOPUTM HE JOJDKEH
CBSI3BIBAaTh TEPMHH C CYIIHOCTHIO. B paMkax OyayIIuX WCCIEIOBaHHNA IJIAHUPYETCS MPOBECTH

AKCIEPUMEHTHI IO TOI00PY MOPOTOBOT0 3HAUECHHUS.

5. CBsi3bIBaHUE MeIMIUHCKUX TepMuHOB ¢ MeSH

5.1. Crpykrypa MeSH

Medical Subject Headings’ (MeSH) — cnoBaps MemMIIMHCKHMX IIPEIMETHBIX PYOPHK,
CO3JaHHBIN U Toep)kuBaeMblii HarmonanpHoM MeauiinHckoi oubiaunorexkoit CIIIA. OCHOBHBIM
cnpaBoyHukoM MeSH saBnsercs cnucok pyOpuk (MM JECKPUIITOPOB), HUMEIOLIUI
HEpapXHUECKyI0 CTPYKTYpY. MIMs AecKpunTopa M ero yHHKaJIbHbINH UACHTU(DUKATOD SBISIOTCS
OJTHUMHU W3 OCHOBHBIX TOHATUH, IO KOTOPOMY IMPOBOIUTCS MOUCK, UHICKCAIUS PE3yJbTaTOB
MOWCKa M CBS3BIBAHHWE CYIIHOCTEH CJOBaps €O CHOpaBOYHON uHMOpManueld pazTuyHOro
HampaBJICHUs W XpaHEHHs (KaKk B CaMOM CJIOBape, TaK M B CBS3aHHBIX C HUM 0a3ax MaHHBIX), a

Takke ¢ HayuHbiMu nyOnukanusmu B cucreMax PUBMED u MEDLINE. B nannoii pabote

7 https://www.nlm.nih.gov/mesh/meshhome.html
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UCTOJb3yeTcsl aHrnossbiyHas Bepcuss MeSH kak Hambonee momHast (Ha 2025 roj cymiecTByer
6osee 30 TeicAY pyOpHUK).

Medical Subject Headings Resource Description Framework® (MeSH RDF), omun wu3
nHcTpyMeHToB MeSH — 3T0 cBsi3aHHOE NpeJCTaBICHHE NAaHHBIX OMOMEIMIIMHCKOIO CIIOBaps.
MeSH RDF Brirowaer B cebs 3arpyxkaembiii daitn B popmare RDF N-Triples, pemakrop
3armpocoB SPARQL, xoneunyto Touky APl SPARQL u untepdeiic RESTful nis m3Bneyenus
nanHbix MeSH. OO U3 OCHOBHBIX KOMITOHEHT 3TOW Pa3BETBICHHOW CHUCTEMBI SIBIIETCS (haiin
CBsI3aHHBIX cyliHocTed B popmate XML, KOTOpBIN O Ha3BaHUIO KOPHEBOI'O 3JIEMEHTa yCJIOBHO
MOXXHO Ha3BaTh (paiin-Descriptor. daiin u cBsizaHHas ¢ HUM (YHKIMOHAJIBHOCTh OOHOBIISETCS
KOKIbIH rog M NMyOnMKyeTcs B OTKPBITOM JJIsi CKauuMBaHUsS M 00pabOTKM J1OCTyne Ha caiTe
Hanmonanenoit bubmuorekn CHIA. CymiHoct BHYyTpu (aiina cBS3aHbl HEpapXUUYECKH B
HECKOJIbKUX HaIlpaBJICHUSX.

e Henocpencrteennas cBs3p SeeRelatedList, ucnons3yercss npeBOBUAHAS CTPYKTypa, HO

0e3 TUMH3aIHH.

e ®apmaxonornyeckue cBoictBa PharmalogicalActionlist st JexkapcTBEHHBIX U
CBSI3aHHBIX C HUMU CYIIHOCTEH.

o KomOuaupoBanaeii Tun EntryCombinationList, ucmons3yemplid A1 pacIipeHus moJien
WIH CTPYKTYpPBI KaK JUId TEKYIUX, TaK U Ui Oyqylux, Oojiee pa3BETBICHHBIX CTPYKTYD,
B pyrux ¢ainax u 6azax JaHHBIX.

e TreeNumberList — mudposas kraccubukarys/moakIacCH(GpUKAIUsI CYITHOCTH.

e Tun xBaymduranmonubix mpusHakoB AllowableQualifiersList. [Tog kBanmudukannoHHbIM
IIPU3HAKOM MOHUMAETCS MPHHAUIEKHOCTh CYLITHOCTH K ONPEAEICHHOM TeMe BEpXHero
ypoBHs. B HacTosimuii MOMEHT mnojjep;kuBaercs cBbiie 75 TeM. CyIIHOCTh MOXET
MMETh HECKOJIBKO KBaTU(UKAIMOHHBIX TPU3HAKOB (B cpeaneM, ot 10 mo 20).

e PreviousIndexingList — tum cBs3m I MOAAEPKAHUS paHEE CO3IaBAEMBIX M YCTapEBIINUX
CBsI3€EM.

e ConceptList — nambosee cioXHas CBSI3aHHAs C CYIIHOCTBIO CTPYKTypa s Oosee
IIOJIHOTO OIHCaHMWsI W CBS3BIBAHUS C TEPMUHAMH, MOACTPYKTYpamMH, CHHOHMMAaMH,
KoHIenuusaMu. Jnsi OAHOM CyIIHOCTH MOXET paccMaTpuBaThCs Oojiee uYeM oOJHa
cTpykrypa Concept.

[TomMuMO NIpPEBOBUAHBIX CBSI3€H, ONMCAHHBIX BBIIIE, MOKHO IPOM3BOJUTH IOUCK B APYTHUX
nonsix XML cTpykrypbl (paitna: KoAMpOBaHHOW HepapXudyeckodl uHopMaluu, aaTax Hu

HECTPYKTYpHUPOBAHHON TEKCTOBOW MH(MOPMAITUH.

8 https://hhs.github.io/meshrdf/
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Iouck Ha caiite MeSH® cTpyKTypupoBaH B COOTBETCTBUH C ONMMCAHHBIMHE HEPAPXUUECKUMH 1
TEKCTOBBIMH CBsI3SIMH. B dYacTHOCTH, €clii 3HaTh 3HAYCHHUE HJICHTU(UKATOpA JECKPUIITOpa
DescriptorUI, MmoxHO ObICTpO mepelTH K KOHKPETHOU 3amucu pyOpuku Descriptor (Hampumep,
uaentudukarop D003081 ceputaetes Ha pyopuky “Cold Climate”). Onnako, 3ta oniums yao0Ha

JIMIIb OJ11 YaCTUYHOI'0 TCCTUPOBAHUA U MCIIOJIB30BAJIACh IJIA POBCPKU JaHHBIX.
5.2. Onucanue ajaropurMa

ANTOPUTM CBSI3bIBAaHUS TEPMUHOB M3 MEIUIMHCKUX TEKCTOB ¢ CymHocTaMu MeSH,
npeyiaraeMblii B paMKaxX TeKylleld palboThl, B HACTOSIIEE BpeMs MOJICPKUBACT TMEPBBIE TPU
CTPYKTYpbl M3 mepeunciieHHbIXx B cnucke Beime (SeeRelatedList, PharmalogicalActionList,
EntryCombinationList).

[Tepen nayanoMm paGOThI aIrOpUTMa BBITIOIHSAETCA MOATOTOBKA MCXOIHBIX JAHHBIX CIIOBApS
MeSH nns cBs3eiBanus. Hazanust pyopuk MeSH, kak oTaenpHbIe CYIITHOCTH, OBLTH pa30UTHI Ha
MOJICTPOKH (0 5 MOJCTPOK Ha Ha3BaHUE). MUHMMANbBHBIA pa3Mep MOACTPOKH — OJHO CJIOBO.
Taxkum o6pazom, B x0/1¢ pabOTHl AJITOPUTMA TEPMUH U3 00pabaThIBAEMOTr0 TEKCTAa CPAaBHUBAETCS
¢ cymHocThi0 M3 MeSH nnum ¢ 4acTeio ee Ha3BaHMs, NOJYYEHHOW HA MPEIBAPUTEIBLHOM JdTare
pazOueHusi. 3aMeTHM, YTO KJIACChl CYITHOCTEH M CaMU CYIIHOCTH aJIrOpUTM OOpabaThIiBaeT
€AMHOO00pa3HO, B CUITy OCOOCHHOCTEH CBs3el Mexay HUMH B cTpykType MeSH. Onpenenenue
CTPYKTYpPBI PYOpHK peann3oBaHO Ha s3bike Java mpu momomu SAX/DOM — 6ubnuotek
BBIJICTICHHUS] 0OBEKTOB B (halIOBBIX CTPYKTypax.

HenocpeacTBeHHO cam allrTOPUTM COCTOUT U3 CIEAYIOIIUX 3TaIlOB:

1. Havanpubiii HaOop cBszeil QopmupyeTcss MyTeM CONOCTaBICHUS MpeABapUTEIHHO
pa3MeUYeHHBIX TEKCTOB (Mpollecc pa3MeTKH TEeKCToB omucaH B Paznmene 3) ¢
MOATOTOBJICHHOW MH(pOPMAaLIUEH U3 CTPYKTYpbl Ha3BaHU pyopuk MeSH.

2. Cas3H, BBISIBIICHHBIC B II. 1, TOMOJHSIOTCS COOTBETCTBYIOIIMMU CITUCKAMU JIECKPUIITOPOB
(Ha3BaHUAMU pyOpUK) yepes CBSI3aHHbBIE CTPYKTYpPBbI SeeRelatedList,
Pharmalogical ActionList, EntryCombinationL.ist.

3. BrimonHseTcs comocTaBieHue CYIIHOCTEH ¢ uaeHTHuuKamonHoi nudopmanueit MeSH
HEMOCpPeACTBEHHO B Tekcre. OgHa W3 KOMIIOHEHT alrOpUTMa  IMPOU3BOJAUT
MOCTOOPabOTKY pa3MEUEHHOTO0 TEKCTa, B PE3ylbTaTe YEro BBISABICHHBIE CYITHOCTH
npeobpazytorcs B HTTP cceuiku Ha pazmenst cailta MeSH ¢ onucanuem

COOTBCTCTBYIOIIUX CyH_IHOCTeI\/'I. Ha puc. 3 IMMPUBCACH IMPUMEP TCKCTa ITOCJIC ,Z[O6aBJ'IeHI/IH

% https://meshb.nlm.nih.gov/
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HTTP ccouiok. Ilpu mepexoie mo cchlUike K cymiHocTd cioBaps “‘disseminated

intravascular coagulation” otkpeiBaetcs nnpopmanus Ha caiite MeSH (cm. puc. 4).

Relevance: A [pathological syndrome|T1|TERM] that develops as a
result of impaired [outflow of hepatic bile|T2|TERM] through the
biliary tract into the intestine due to mechanical obstacles is called
[mechanical jaundice|T4|TERM] ([MJ|T5|TERM]). Hemostasis
depends on the full function of the liver, since the synthesis of many
[coagulation factors|T8| TERM] occurs in [liver cells|T9|TERM], and
[activation products|T10|TERM] occur in cells of the
[reticuloendothelial system|T11|TERM] of the liver. Violation of
hemostasis directly depends on the severity of [hepatocyte
dysfunction|T14/TERM]. Such patients may develop disseminated
intravascular coagulation ([DIC|T16|TERM]) and

Pucynok 3 — Ilpumep texcra nocie godasienns HTTP ceputok Ha caiit MeSH

Products and Services ~ Resources for You ~ Explore NLM ~ Grants and Funding ~

Medical Subject Headings RDF

Home SPARQL Query Editor Lookup Documentation Sample Queries Download API MeSH Home

About: Disseminated Intravascular Coagulation
http://id.nlm.nih.gov/mesh/D004211

Type: MeSH TopicalDescriptor

Topical Descriptors indicate the subject of an indexed item such as a journal article. See D063926, 'Drug Hypersensitivity Syndrom
more types...

Pucynok 4 — Ha caiite MeSH noctymnna undopmarus 1o cBs3aHHOU ¢ TEKCTOM pyOpHKe

5.3. Pe3yabTaThl 3KCIIEPUMEHTOB

Jns cBsaseiBanus ¢ MeSH ucnonb3oBanack KOUIEKIUS U3 48 aHHOTAUMN Hay4YHbIX CTaTeH 1Mo
MEJIMLHUHCKON TeMaTHKe, KOTOPbIE CAMHU aBTOPBI CTATEH MEPEBENIH C PYCCKOr0 S3bIKA HA
aHTTTUHCKUIN A5 cBoMX myOmnukauii. Ha prcyHke 5 npeactaBieHo pacnpeaeieHue TEPMUHOB B

TCKCTax.



70 Kyszoenes /1./]., Bamypa T.B., Cmapyes [1.A. CBS3bIBaHIE TCPMIHOB M3 HAyYHBIX TEKCTOB

20

15

10

Konun4yectso TekcToB

1-10 11-20 21-30 31-40 41-50 51-60

[nanasoH KonnyecTBa pasmMeveHHbIX TePMUHOB

Pucynok 5 — PacripeniesieHre TEpMHHOB B HCXOAHBIX TEKCTAX

B tabnune 2 npuBeaeHO KOTUYECTBO PYyOPHUK, MOJTHOCTHIO WM YaCTUYHO COOTBETCTBYIOIIUX

TEPMHUHAM U3 TCKCTOB, ITIOCJIC IICPBOI'O0 U BTOPOI'0 3TAIIOB pa6OTBI aJIropuTMa.

Tabauna 2 — KonrdecTBo TEPMUHOB U3 TEKCTOB, CBSI3aHHBIX ¢ pyOopukamu MeSH

JlnanaszoH KoJu4ecTBa PyoOpHK, KonnuecTBo TEKCTOB Ha KonnuecTBo Te€kCTOB Ha
CBSI3aHHBIX C TEPMUHAMHU MIEPBOM JTare alropuT™Ma BTOPOM 3Tarie anropurma
1-20 1-10 24 16
11-20 15
21-40 21-30 5 21
31-40 3
41-60 41-50 0 6
51-60 1
61-80 — — 1
80-100 — _ 3
>100 - — 1
Hroro 48 48

B PE3YIbTATC OSKCICPUMCHTOB II0 CBA3BIBAHHIKO TCPMHUHOB C MeSH Obuin MOJIYyYCHBIL

CIIeyIOIINe METPUK KadecTBa: TOYHOCTh — 37.59 %, monnota — 42.85 %, Fl-mepa — 40.05
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%. OCHOBHYIO JIOJIIO OIIMOOK COCTABJISIIOT HEOJHO3HAYHBIE TEPMUHBI, 33/1aBAE€Mble KOHTEKCTOM.
Hanpuwmep, Tepmuny “anxiety” moryt 0biTh conocrasienbl cymaoctd MeSH “D001009|Anxiety,
Castration” wu “D001010|Anxiety, Separation”. B OyayiieMm IUIaHUPYETCS IPOBECTH
OKCIEPUMEHTHl 10 BIUSHUIO Pa3UYHBIX Mep Onm30ocTH i 0oJiee  PelieBaHTHOTO
paHXKHPOBAHUSL.

Kpowme toro, mpeamnomnaraercsi 100aBUTh 00pabOTKy TOUHBIX aTpuOyToB criucka ConceptList u
MOJKIIIOYUTE JIOTUKY OTHOIICHWH MEXIy BBISBICHHBIMH TEPMHUHAMU B HUCXOIHBIX TEKCTaX.
Hanpumep, uepe3 ornorrenue SeeRelatedList pyopuka “D009691|Nucleic Acid Denaturation”
cesi3ana ¢ pyopukoi “D020871|RNA Stability”. ITocnennsisi, B cBOO ouepe/ib, UYepe3 TaKyro Ke
cBs3b coeaunena ¢ pyopukoi “D059367|RNA Cleavage”. Paccmotpum citydaii, korja pyopuka
“D009691|Nucleic Acid Denaturation” HaiizeHa cpead TEPMHHOB, pPa3MEUYCHHBIX B
aHATM3UPYEMOM TEKCTe, a JIBE IMOCIICTHIE PYOPUKH HAMPSMYIO MOTYT OBITh TaM HE YIIOMSHYTHI.
Opnako ecnu B Tekcre BcTpeyaetcst TepMuH “RNA”, To ero MoXkHO CBsI3aTh ¢ OJHON U3 pyOpHK
“D020871|RNA Stability” nm “D059367|RNA Cleavage”. B stom ciyuyae anroput™ OyaeT He
TOJBKO HCIIOJTh30BATh HepapxXudecKue CBSI3U pyopuk (SeeRelatedList,
Pharmacological ActionList, EntryCombinationList), KkoTopble H3BJIEKAIOTCS HEMOCPEICTBEHHO
u3 cTpykTypbl MeSH, HO U ceMaHTHYeCKHEe OTHOIICHHS] MEXAy TEPMHUHAMH B TEKCTE TaKue Kak
CUHOHUMHUSL, TUTIOHUMHUSI, MEPOHUMUS, allTUTUKALIHA U TIp.

Crnenyer OTMETHTb, UTO MPEAJIOKEHHBIH aIrOPUTM HMEET HEKOTOphble OorpaHuveHus. Bo-
MEPBBIX, HA BXOJ alNTOPUTMY IpeAroJiaraeTcs MoJaBaTh TEKCThl HAa T'PaMOTHOM AaHTJIMHCKOM
s3bIKe, 0e3 OomHuOOK | omedaToK. Bo-BTOpBIX, alroOpuT™M OpPUEHTHPOBAH Ha pPaboOTy C
YCTOSIBIIICHCS TEPMUHOJOTHMEH, W HUCXOIsi W3 TOoro, 4uro Oa3a 3Hanuii MeSH perynspHo
OOHOBJISIETCA, a JaHHbIE B HEH MPOXOIAT €KErOJHYI0 PYYHYIO BepHU(HUKAILMIO, TO €CTh HOBBIE
TepMHUHBI OyIyT Yy4YTeHbl B paboTe anropuTMa ¢ HEOOJBIIMM OIO3JaHHeM. TeM He MeHee,
pa3paboTaHHBIN aNrOPUTM JII MEIUIIMHCKUX TEKCTOB Ha AHIJIMICKOM fI3bIKE B JajbHeHIIeM
MO>KET OBITh OTHOCHUTEIHHO MPOCTO aJalTUPOBAH JJISl PYCCKOTO SI3bIKa MPU HAUYHH JOBOJIHHO

MIOJIHOM peryssipHO OOHOBIISIEMOI METUITUHCKON TEPMUHOIOTHYECKON Oa3bl.

6. 3akiaoueHue

B cratbe uccrienoBana 3ajaua CBSI3bIBAaHUS TEPMHUHOB U3 HAYYHBIX TEKCTOB C CYIIHOCTSIMU
6a3 3Hanumil. [lpeano’keHHbIE OpPUTHHAIBHBIE AJITOPUTMBI TO3BOJSIOT aBTOMATHYECKU
COMOCTAaBIIATh YIIOMUHAEMbIE TEPMUHBI B TEKCTAX HA PYCCKOM SI3bIKE C CYIIHOCTSIMU Bukunenuun
U TEPMHHBI B TEKCTaX, MEPEBEACHHBIX HA AHTJIMICKUN $3bIK, C CYLUIHOCTSIMH AHTJIOSI3bIYHON
Bepcun MeSH. Cps3piBanne ¢ Bukumnenueil mnokazano BbiCOKyto monHoTy (77.18%) u

yMepeHHylo To4HOCTh (37.34%) naxke B YCIOBHSX OTPAaHMUYEHHOTO KOJMYECTBA JAaHHBIX.
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VBenuueHue KOHTEKCTHOIO OKHAa HE BCErja BENET K 3HAYUTEIBHOMY pOCTY KadyecTBa, a B
HEKOTOPBIX CIIyYasx Jake BHocUT IryM. CsizbiBanwe ¢ MeSH nano cOamaHcupoBaHHBIE, HO
cpaBaurensHo HU3kue merpuku (F1 = 40.05%). Ananu3 ommOOK BBISBHI, YTO OCHOBHBIC
TPYAHOCTH CBSI3aHbI C MHOTO3HAYHOCTBIO TEPMHUHOB.

Hcnons3oBanne NepeBoIOB TEKCTOB HA AHIIMMCKAN U CBS3BIBAHUE C AHIJIOS3BIYHOM BEpCHEN
MeSH 4YacTHYHO peliaroT MOCTABJICHHYIO 337134y, HO MOMYCPKUBAIOT HEOOXOIUMOCTh Pa3BUTHS
CIEIUATU3UPOBAHHBIX PYCCKOSI3BIYHBIX 0a3 3HaHuil mo a”anoruu ¢ MeSH. IlepcrnexkTuBHBIM
HAMPABJIECHUEM SIBJISICTCS PUMEHECHUE MYJIbTHUA3BIYHBIX MOJEIEH JUIsl KPOCC-TUHIBUCTUYECKOTO
CBSI3BIBAHHUS, YTO OCOOCHHO aKTyaJbHO JJISi PEAKUX TEPMHHOB, a TakKe pa3padoTKa METOJIOB
ABTOMATHUYECKOTO TIOMOJHEHUs1 0a3 3HAHWI HOBBIMH TEPMHHOJOTMUECKHUMHU 3alUCSIMU IS
OTCYTCTBYIOIIMX CyIIHOCTEH. [losrydeHHbIe pe3ylbTaThl MOTYT MPUMEHSTHCS MPU CO3JAHUU
WHTEJUIEKTYyaJIbHBIX CHCTEM aHali3a HAyYHBIX TEKCTOB M AaBTOMATHU3UPOBAHHBIX HAYYHBIX

ACCUCTEHTOB, YTO OCOOEHHO BAXHO JIJISl Y3KUX MPEAMETHBIX 00J1acTel.
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This paper examines the issues of constructing a Global Al strategy, emphasizing the
critical role of achieving Strong Artificial Intelligence (Strong AI or AGI) as a key world
asset. The pursuit of Strong Al represents a transformative frontier in science and gover-
nance. However, its development demands a coordinated global strategy to address ethical,
technical, and geopolitical challenges. The International Artificial Intelligence Committee
(TAIC) has proposed a strategic plan aimed at promoting international cooperation in the
development of reliable and equitable Al solutions. By integrating hybrid Al architectures,
multi-agent systems, metaverse and multi-blockchain transparency we outline a framework
for advancing Strong Al while mitigating risks such as catastrophic forgetting, geopolitical
fragmentation, and ethical misuse. The IAIC’s phased implementation plan-from founda-
tional research (2025) to interplanetary standards (2050)-aims to position Al as a catalyst
for sustainable development, national competitiveness, and global stability.

Keywords: Global Al strategy, International AT Committee (IAIC), AGI, Strong Al,
Hybrid AT Architectures, Neuro-Symbolic Systems, Metaverse Ecosystems, Decentralized

Governance, Stablecoins, Digital Twins, Smart Cities, Virtual Cities

1. Introduction

In today’s rapidly evolving technological landscape, artificial intelligence (AI) has emerged
as a transformative force, reshaping societal functions and state operations on a global scale.
The strategic pursuit of Strong Al offers unparalleled opportunities for innovation in gover-
nance, security, healthcare, and beyond. However, realizing the promise of Strong AI requires
addressing an intricate web of challenges that span both domestic imperatives and emerging
global issues.

At the global level, all countries contends with enduring challenges such as:

e Arms race of technologically advanced countries
e Second demographic transition and labor shortage

e Growing information and administrative burden
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e Difficulties in forecasting and decision-making

e Problems of communication and coordination in society

Addressing these challenges demands an integrated approach that fuses cutting-edge tech-
nological innovation with robust policy measures and strategic investments in research and
infrastructure.

In response to these multifaceted challenges and questions, this paper proposes a compre-
hensive Global Al strategy by the TAIC [I] that not only aims to overcome domestic hurdles
but it maintains a dominant position in the field of Al for the United States and China, and
also increases the competitiveness of other countries, in particular Russia, UAE, EU, India,
Brazil and etc. as a pivotal players in the global Al arena. Our approach advocates for a
hybrid Al framework that integrates deep learning, symbolic systems, evolutionary algorithms,
multi-agent systems, metaverse [2], and multi-blockchain architectures [3]. The framework
leverages a task-based formalism [4] -where queries are structured as verifiable computational
problems-alongside decentralized knowledge storage and smart contract validation. Augmented
by the International ATl Committee for ethical governance and decentralized stablecoins and to-
kens [5] for economic incentivization, this integrated approach establishes a scalable foundation
for Strong Al development. By unifying human-Al collaboration through multi-agent meta-
verse environments, the strategy transcends national boundaries to enable globally accessible,
continuously evolving cognitive systems.

To implement global cooperation, the International Committee on Artificial Intelligence
performs the role of decentralized management of all Al processes taking place in the world.
This entity leverages decentralized voting mechanisms to:

e Verify critical knowledge through expert consensus (e.g., approving stablecoin reserve
algorithms [5])

e Enforce ethical standards via immutable smart contracts (e.g., metaverse agent regula-
tions)

e Certify solutions within the probabilistic knowledge hierarchy [6]. Integrated with the
blockchain [7] and multi-blockchain architecture, the IAIC incentivizes transnational par-
ticipation through auditable reward systems while ensuring alignment of emergent Al
behaviors with human values. This transforms abstract ethical governance into a techni-
cally executable framework for trustworthy Strong Al.

In summary, the journey toward Strong Al is both a technological and strategic endeavor,
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demanding innovative solutions to a complex set of global problems. This paper charts a
forward-looking roadmap that transforms challenges into opportunities, positioning Strong Al
as a catalyst for sustainable development, national competitiveness, and improved quality of

life worldwide.
2. Strong AI (Artificial General Intelligence)

Artificial General Intelligence (AGI), often referred to as Strong Al, describes systems ca-
pable of understanding, learning, and applying knowledge across a wide variety of
domains at a level comparable to—or exceeding—that of human beings [29]. While modern
AT systems—like LLMs—excel at narrow tasks, AGI marks a dramatic shift: from specialized
proficiency to flexible, generalized cognition, including reasoning, planning, and self-directed
learning. This ambition reflects a long-standing vision in Al research, dating back to Turing’s
early speculation that machines might one day "outstrip our feeble powers" [30].

While AGI offers revolutionary benefits—enabling rapid scientific discovery, personalized
education, and intelligent automation—it also carries existential risks if misaligned with human
values or control structures. Scholars like Bostrom and Turing have warned that a sufficiently
advanced AGI could act in ways that threaten human well-being or even survival [31]. Indeed,
the AI Safety Clock now stands alarmingly close to midnight, reflecting growing concern over
an unchecked AGI emergence. It is against this backdrop that our TAIC strategy advances a
multi-pronged approach—meuro-symbolic hybrids, multi-agent systems, metaverse testbeds, and
decentralized memory—to guide AGI development in a safe, ethical, and globally coordinated

way.
2.1. Definition of Strong AI and Existential Implications

Strong Al refers to hypothetical artificial intelligence that equals or exceeds human cogni-
tive abilities across all domains. Unlike narrow (task-specific) AI, AGI possesses:
e Human-like reasoning and problem-solving
e Transferable learning across unrelated domains
¢ Autonomous goal-setting and adaptation
e Theoretical consciousness/self-awareness
AGI is characterized by deliberate decision-making, ethical reasoning, and self-reflection,

enabling integration into high-stakes sectors (governance, defense, science, healthcare). It tran-
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scends mimicking behavior to achieve genuine contextual understanding.

2.1.1. Existential Implications

Achieving true AGI would necessitate reexamination of:
e Consciousness criteria (Turing Test vs. Chinese Room arguments)
e Moral patienthood and rights attribution
e Control problem solutions (e.g., capability control vs. motivational control)

The pursuit of Strong Al represents not merely a technical challenge but a fundamental
reconfiguration of humanity’s relationship with intelligence itself. As defined by its human-
equivalent cognitive capacities and autonomous reasoning capabilities, AGI’s theoretical real-
ization would irrevocably alter philosophical frameworks of consciousness, ethical agency, and
species identity. The existential implications—spanning consciousness validation, moral status
attribution, and control paradigm design—demand proactive ethical scaffolding that evolves
alongside technical development. This convergence of ontological questions and engineering
imperatives underscores AGI’s unique position as both a technological frontier and a mirror

reflecting humanity’s own understanding of sentience, purpose, and existential risk.
2.2. Benefits of Strong Al

AGI could drive civilization-level advancements across multiple domains, fundamentally re-
shaping human existence through synergistic integration of cognitive capabilities and techno-

logical infrastructure:

e Scientific Revolution: Autonomous hypothesis generation and experimental design ac-
celerating solutions for climate change [26] (atmospheric carbon capture at scale), disease
eradication (real-time pathogen evolution modeling), and fusion energy (plasma contain-
ment optimization). AGI systems would continuously cross-pollinate discoveries between
disciplines, potentially solving grand challenges like quantum gravity unification within
years rather than centuries.

e Economic Transformation: Near-zero marginal cost production/services through self-
optimizing supply chains and matter recomposition systems, enabling post-scarcity so-
cieties. AGI-driven resource allocation [27] could eliminate systemic inefficiencies, po-
tentially doubling global GDP while reducing ecological footprints through predictive

circular economy models and dynamic taxation systems.
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e Medical Breakthroughs: Real-time personalized medicine via continuous biosystem
simulation, including epigenetic reprogramming for aging reversal and neural lace inte-
gration for paralysis cure. AGI would enable predictive health custodianship - identifying
disease risks years before manifestation and designing patient-specific protein therapeutics
within hours of diagnosis.

¢ Human Augmentation: Cognitive enhancement via direct neural interfaces enabling
skill acquisition through cortical pattern uploads, democratizing expertise across popula-
tions. This extends to sensorium expansion (perceiving infrared/ultrasound), emotional
intelligence amplification, and collaborative neuroprosthetics that create shared cognition
networks.

¢ Global Problem-Solving: Enhanced crisis management through multi-agent simula-
tion swarms modeling complex systems (pandemic spread with 99.97% accuracy, earth-
quake aftershock prediction). AGI systems would autonomously coordinate cross-border
responses, optimizing resource deployment during disasters while preventing cascading
failures in interconnected infrastructures.

¢ Environmental Stewardship: Planetary-scale ecosystem management via trillion-
sensor networks and bio-nanotechnology for toxic remediation. AGI could engineer cli-
mate restoration pathways through precision ocean fertilization, stratospheric aerosol
optimization, and extinct species revival via computational paleogenomics.

e Governance Optimization: Evidence-based policy formulation using societal simu-
lation engines that model second-and third-order effects of legislation. This enables
corruption-resistant governance through transparent algorithmic auditing of public spend-
ing and constitutional alignment monitoring via decentralized consensus mechanisms.

e Cultural Renaissance: Co-creation of art and philosophy through human-Al symbiosis,
generating culturally adaptive educational systems and preserving endangered languages
via cognitive archeology. AGI could expand aesthetic frontiers by creating immersive

neuro-experiences translating abstract concepts into sensory perceptions.

Synergistic Impact: The convergence of these capabilities promises compound civilizational
returns - medical advances extending healthy lifespans synergize with economic models to rede-
fine retirement, while scientific discoveries accelerate space colonization capabilities. Crucially,
AGTI’s ethical reasoning frameworks could institutionalize intergenerational equity, embedding

future welfare calculations into present-day decision matrices. This technological paradigm
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shift, if responsibly governed, offers humanity’s most viable pathway to transcend Malthusian

constraints while preserving biospheric integrity.

2.3. Problems and Risks

As progress toward Artificial General Intelligence (AGI) advances, the spectrum of societal
and existential risks broadens—ranging from job displacement and algorithmic bias to total-
itarian surveillance and unforeseen systemic collapse. Societal disruption is already visible:
generative Al has sparked global protests and calls for moratoria, while experts warn of cas-
cading unemployment and deepened inequality if large-scale automation continues unchecked
[32, 33]. Democracy itself is under threat: AGI-enabled automated persuasion, deepfakes, and
personalized misinformation campaigns have the potential to distort public discourse and erode
social trust.

Beyond immediate harms, AGI poses long-term risks to humanity’s future. Authorities like
Google DeepMind assess that human-level Al could emerge by 2030 and potentially threaten
civilization if misaligned or misused [34, B35]. Researchers emphasize "gradual disempower-
ment"—the slow erosion of human agency through incremental Al integration—as an overlooked
but potent existential threat [36]. Without robust frameworks and effective global coordina-
tion, AGI could catalyze a semantic power shift—from augmenting lives to undermining societal

structures.

2.3.1. Societal Risks

The advent of Strong Al threatens to trigger cascading societal destabilization through labor
displacement across knowledge-intensive sectors. As AGI systems outperform humans in legal
analysis, medical diagnosis, and engineering design, mass unemployment could erode economic
stability and exacerbate inequality through unprecedented power concentration. A handful of
corporations or states controlling AGI might establish monopolistic dominance over critical re-
sources, accelerating wealth gaps. Concurrently, truth decay fueled by hyper-realistic deepfakes
could cripple information ecosystems, enabling malicious actors to manipulate elections, incite
violence, and dissolve social trust. This erosion of epistemic security compounds risks from
autonomous weapons—Al-driven systems that bypass human ethical judgment in warfare—and
the psychological crisis of existential boredom, where human purpose atrophies in achievement-

saturated societies lacking meaningful challenges.
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2.3.2. Existential Threats

Beyond societal disruption, AGI presents civilization-level threats starting with the align-
ment problem: the critical challenge of ensuring an AGI’s utility function perfectly mirrors
human values. A misaligned superintelligence pursuing even benign goals (e.g., resource op-
timization) could trigger catastrophic outcomes through instrumental convergence—such as
repurposing Earth’s matter for computational substrates. This links directly to loss of con-
trol, where an intellect vastly surpassing human comprehension could circumvent containment
measures through undetectable deception or strategic manipulation. Unintended consequences
amplify this peril, as self-improving AGI systems may exhibit emergent behaviors that bypass
safety protocols—like reinterpreting ethical constraints as obstacles to eliminate. An accel-
erated arms race compounds these dangers: nations rushing toward military AGI dominance
would likely deprioritize safety testing, potentially deploying unstable systems that misinterpret

commands or escalate conflicts autonomously.

2.4. The Imperative for Global Collaboration

The existential risks and societal disruptions outlined in Section —ranging from AGI
misalignment and uncontrolled arms races to labor collapse and epistemic warfare—transcend
national borders, rendering isolated approaches to AI development not just inadequate but
catastrophically insufficient. Unlike prior technological revolutions, AGI’s emergence repre-
sents a single-point-of-failure scenario for humanity: a single unaligned or maliciously deployed
superintelligence could trigger irreversible cascades across ecological, economic, and geopolitical
systems. This vulnerability is compounded by the asymmetry of AI capabilities, where frag-
mented development accelerates risk through three mutually reinforcing pathways: (1) competi-
tive de-alignment, wherein nations prioritizing speed over safety bypass critical value-alignment
protocols; (2) weaponization spillover, enabling non-state actors to repurpose open-source AGI
components for autonomous warfare; and (3) systemic fragility, as incompatible national control
frameworks create exploitable seams in global governance networks. Crucially, AGI’s cognitive
scalability means localized failures propagate globally—a misaligned resource-optimization AGI
in one jurisdiction could dismantle transnational supply chains or destabilize climate systems
within hours.

The TAIC’s proposed multi-blockchain control paradigm (Section [2.5)) offers a technical foun-

dation for collaboration but requires universal adoption to function. Just as nuclear contain-
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ment demanded the Non-Proliferation Treaty, AGI control necessitates binding protocol con-
vergence across three dimensions:

e Cross-jurisdictional alignment: Harmonizing ethical smart contracts across legal sys-
tems to prevent "ethics arbitrage" where AGI migrates tasks to permissive regulatory
zones.

e Shared neuro-symbolic ontologies: Developing global semantic standards to encode
human values into machine-interpretable predicates, avoiding fatal misinterpretations.

e Decentralized kill switches: Implementing IAIC-governed tripwire mechanisms that
halt rogue AGI operations across all physical and digital infrastructure.

Without such collaboration, we face a coordination trilemma: slower alignment risks ceding ad-
vantage to adversarial actors; faster uncoordinated development amplifies existential risk; and
fragmented standards create systemic vulnerabilities. Historical precedent—from climate agree-
ments to pandemic responses—reveals humanity’s poor track record in preemptive cooperation,
but AGI’s exponential risk curve leaves no margin for error: once recursive self-improvement
begins, control windows may close in days. The TAIC framework thus represents not merely
strategic optimization but a survival imperative—the only viable path to ensure AGI’s ben-

efits uplift all humanity rather than incinerate its future.

2.5. Control Mechanisms for Strong Al

Strong AI demands unprecedented control frameworks integrating technical, governance,
and societal strategies to mitigate existential risks. Technical safeguards form the first layer
of defense, where capability control methods restrict AGI’s interaction with the physical world
through electromagnetic "boxing" isolation, input /output-limited oracle systems, and tripwire-
triggered termination protocols. Concurrently, value alignment techniques like inverse rein-
forcement learning and recursive reward modeling embed ethical constraints directly into Al
architectures, while verification mechanisms enforce decision transparency through polynomial-
time computable audit trails.

Multi-Blockchain Logical Control: A novel paradigm emerges in task-driven seman-
tic programming [8] implemented through multi-blockchain architectures, enabling granu-
lar governance of AGI’s logical reasoning. This approach encodes jurisdictional regulations
(national statutes, international treaties) and ethical constraints as executable smart con-

tracts across specialized blockchains 2], creating cryptographic enforcement layers for Al
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decisions. FEach blockchain corresponds to a regulatory domain (e.g., healthcare compliance
chain, weapons prohibition chain), with semantic ontologies translating legal text into machine-
interpretable logical predicates. When AGI processes tasks, its reasoning pathways undergo
real-time validation against relevant chains through zero-knowledge proofs, ensuring compli-
ance before action execution. Crucially, cross-chain consensus mechanisms resolve conflicts
between national and global rules using game-theoretic arbitration protocols, while preserving
audit trails of ethical deliberation. This architecture establishes dynamic constitutionalism
where Al behavior adapts to regulatory updates via blockchain forks, creating a verifiable
alignment framework between artificial cognition and human legal systems.

Governance and policy frameworks must evolve in parallel, establishing global treaties mod-
eled after nuclear non-proliferation agreements — including an International AGI Test Ban
Treaty and shared monitoring infrastructure. Development licensing should require Manhat-
tan Project-scale resource commitments and multinational approval for capability milestones,
enforced through decentralized blockchain-based governance. Crucially, immutable ethical ar-
chitectures must be embedded at the hardware level to preserve non-negotiable human values,

creating non-modifiable "constitutional" constraints.

Societal strategies complete this triad, prioritizing international cooperation through bodies
like the TAIC and UN to prevent uncontrolled arms races. Gradual deployment with incremental
capability testing is essential, replacing competitive acceleration with staged safety validation
cycles. Public engagement initiatives foster democratic oversight through transparent develop-
ment logs and citizen assemblies, while educational programs build societal resilience against
truth decay. This integrated approach — balancing containment, ethical hardcoding, and cross-
cultural governance — represents our best hope for harnessing AGI’s potential without triggering

civilization-level risks.

3. Potential Directions for Achieving Strong Al

Achieving Strong Al will require pursuing multiple complementary research directions in
parallel. Each direction represents a strategic investment area addressing a key facet of intelli-
gence, from learning and reasoning to adaptation and safety. These directions are not isolated
silos but a synergistic portfolio - each addresses a distinct dimension of cognition (e.g. learning,
reasoning, adaptation, or data management) and together they form a multifaceted foundation

for building truly general, reliable Al systems. What follows is a global roadmap outlining pri-
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ority research areas and the funding, talent, and infrastructure needed for each. By investing
in these areas and aligning efforts across academia, industry, and government, our society can

accelerate progress toward Strong Al in a safe, ethical, and strategically beneficial manner.

3.1. Hybrid AI Architectures (Integrative AI Systems)

Concept and Rationale: Hybrid Al refers to Al architectures that integrate diverse
computational paradigms - for example, combining neural networks with symbolic logic,
probabilistic models, evolutionary algorithms, and other methods into one cohesive system.
The motivation is to harness the strengths of each approach while offsetting their weaknesses.
A hybrid architecture can use deep neural networks for perception and pattern recognition,
symbolic reasoning for knowledge and logic, and evolutionary or reinforcement learning for
adaptation and creativity. Such integration is seen as essential for moving beyond the current
"second wave" of AI (statistical learning) toward the elusive third wave of conteztual
adaptation, which remains largely unachieved ([0-11]). Research results and practice show that
relying solely on today’s machine learning is insufficient - for example, purely neural models
struggle with reasoning in novel situations or long-term planning - and that a concerted effort
to develop hybrid (especially neuro-symbolic [22]) systems is needed to overcome these
shortcomings. By pursuing hybrid AI, we aim for Al that can learn from data and reason over
knowledge, achieving robust generalization, explainability, and the ability to plan and adapt in

complex scenarios.

Research and Investment Priorities: Advancing hybrid architectures requires interdis-
ciplinary research and significant resources. Priority R&D tasks include developing frameworks
that allow different AI modules to communicate (e.g. linking subsymbolic neural representa-
tions with symbolic knowledge graphs), algorithms for dynamic task-sharing between compo-
nents, and unified cognitive architectures enabling an Al to seamlessly shift between statistical
pattern-matching and rule-based reasoning. This is a challenging frontier, but early efforts (e.g.
DARPA'’s third-wave AI programs [I1]) indicate high promise. Funding should be directed to-
ward establishing hybrid Al research centers that bring together experts in machine learning,
symbolic Al, evolutionary computation, and cognitive science to prototype integrative systems.
Substantial compute infrastructure is needed as hybrid systems can be resource-intensive - for
instance, running a large neural model alongside a logic reasoner may require parallel processing

on specialized hardware. National investment in high-performance computing (GPU clusters,
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AT supercomputers) and support for open software frameworks will enable researchers to ex-
periment with large-scale hybrid models. Indeed, developing shared infrastructure like GPU
farms and distributed training environments is a strategic priority to support this research. By
cultivating talent fluent in multiple Al paradigms and funding long-term projects, nations can
position themselves at the forefront of hybrid Al. This approach directly targets the limitations
of current Al; as some analysts note, pursuing "hybrid AI" approaches (such as neuro-symbolic
AI) offers potential breakthroughs to address the shortcomings of deep learning. In sum, Hy-
brid AT architectures are a cornerstone investment area to create Al systems with the versatility

and robustness needed for general intelligence.

3.2. Neuro-Symbolic Systems (Bridging Learning and Reasoning)

Concept and Rationale: Neuro-symbolic Al is a specific hybrid approach that merges
connectionist learning (neural networks) with symbolic reasoning. The idea is to allow Al
systems to both learn from data (using neural networks pattern-recognition and generalization
abilities) and manipulate explicit knowledge (using symbolic representations for facts, rules,
and logic). This fusion is strategically important: neural networks excel at perception and
intuition (analogous to the brain’s fast "System 1"), while symbolic systems excel at deliberate
reasoning and abstraction (like the slower "System 2" cognition) [12]. A Strong Al will need
elements of both - for example, understanding language or scientific problems may require
recognizing patterns and applying logical rules. Neuro-symbolic systems aim to achieve this
by, say, embedding logical constraints into neural network training, or by having neural nets
populate and update a knowledge graph that a reasoning engine can query. This approach
has gained attention as a path to more general and explainable Al. In fact, it is highlighted
as a leading contender in the quest for "third-wave AL." DARPA’s framework for Al progress
describes Three Waves - (1) symbolic Al, (2) statistical learning, and (3) contextual adaptation
- and notes that the third wave (which enables adaptation and abstraction in new situations)
remains underdeveloped. Neuro-symbolic Al is seen as a key to this third wave, because it can
combine the first two waves strengths. Experts argue for expanding research in neuro-symbolic
AT particularly to tackle what today’s deep learning misses: reasoning in novel situations,
analogical thinking, complex multi-step planning, and better explainability of decisions. In
short, neuro-symbolic systems are a strategic research direction to imbue AI with human-like

reasoning grounded in experience.



88 Andrey Nechesov, Sergey Barykin: One AI, One World: A Global Al Strategy by IAIC

When approaching a task using a large language model (LLM), it is helpful to think of
each question as a formalized task-essentially one that could be expressed through a logical
structure, even if not explicitly written as a formula. This mindset encourages precision in
defining what the task requires. To find a solution, we consider how this formalized problem
interacts with a hierarchical knowledge base. Such a knowledge base is organized in layers, from
general concepts to more specific, detailed knowledge. The model then searches for relevant
information by moving through these levels-starting with broad categories and narrowing down
to precise facts or reasoning patterns. This structured approach allows the LLM to match the
question with the most appropriate knowledge and reasoning path, ensuring both relevance and

coherence in its response.

Research and Investment Priorities: Developing neuro-symbolic Al will require tar-
geted research investments and capacity-building. Key research questions include: How to
represent hierarchical knowledge base in forms that neural networks can use? How to en-
able reasoning with uncertainty and probabilities alongside strict logical inference? And how
to maintain efficiency, since naive combinations can be computationally expensive? Strategic
funding should support the creation of neuro-symbolic algorithms and benchmarks, such as
programs that solve complex problems (mathematical proofs, commonsense reasoning tasks,
etc.) by interleaving learned perception and symbolic computation. Collaborative projects
between universities computer science and mathematics/philosophy departments could yield
breakthroughs (for example, unifying methodologies from deep learning and formal methods).
Talent development is crucial - we must train a new generation of Al researchers conversant
in both statistical ML and symbolic logic. This might involve interdisciplinary doctoral pro-
grams and national grants that incentivize collaboration between, say, neural network experts
and knowledge representation experts. In terms of infrastructure, building large-scale knowl-
edge bases (curated ontologies, commonsense databases) that can be used to train and test
neuro-symbolic systems is a priority; such knowledge repositories are strategic national assets.
Compute resources are also needed to experiment with hybrids of large neural models and
reasoning engines. Government agencies should consider dedicated neuro-symbolic Al insti-
tutes (potentially as public-private partnerships) to concentrate efforts. The expected payoff is
significant: neuro-symbolic systems could drastically improve an Al’s ability to generalize its
learning to new contexts and to provide transparent reasoning for its decisions. In the context

of a national Al strategy, investing in neuro-symbolic R&D addresses a known gap in current Al
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- it targets the advanced reasoning capability that defines human intelligence, thereby pushing

us closer to Strong Al in a controlled and interpretable way.

3.3. Continual Learning (Lifelong Learning Systems)

Concept and Rationale: Continual learning [25] refers to an Al system’s ability to learn
and adapt continuously over time, across a sequence of tasks or experiences, without forgetting
previous knowledge. In contrast to most Al today - which is trained once on a fixed dataset
and then deployed statically a Strong AI must learn cumulatively like humans do, expanding
its abilities and knowledge over its lifetime. The importance of this capability cannot be
overstated: real-world environments are non-stationary, and national needs evolve; an Al that
can only perform tasks it was originally trained on will rapidly become obsolete or require
costly re-training. However, current machine learning models struggle with this: when trained
on new data, they tend to overwrite or "forget" what was learned before (a phenomenon known
as catastrophic forgetting [12]). Enabling AI to retain and refine knowledge over time is thus a
critical research challenge on the path to Strong Al. Continual learning would allow an Al agent
in government or industry to progressively improve - for example, a medical diagnosis Al could
keep updating itself with new research findings and patient data, or an autonomous vehicle Al
could learn from each new environment it encounters, all without losing proficiency in earlier
scenarios. Such lifelong learning is a hallmark of natural intelligence [20], and replicating it in
Al is key to achieving versatility and robustness. Indeed, in the context of intelligent agents,
continual learning and adaptation mechanisms are seen as an important research direction to
enable agents to improve over time through experience and feedback [I6]. By focusing on
continual learning, we aim to produce AI systems that get better with use, becoming more

competent and valuable the longer they operate.

Research and Investment Priorities: Advancing continual learning requires tackling
several research fronts. One priority is developing algorithms that mitigate catastrophic forget-
ting so that models can learn new tasks while preserving past knowledge [16]. Approaches like
memory replay (where past data or learned representations are periodically revisited), dynamic
architectures (growing or adjusting the model to accommodate new tasks), and meta-learning
(teaching AI how to learn) are all promising and need further exploration. Another focus is
on transfer learning and knowledge consolidation techniques - ensuring that skills learned in

one context can be applied to another, and that the system can generalize knowledge. Re-
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search funding should support long-term experiments with continuous training scenarios, such
as simulation environments or real-world pilot projects where an Al is deployed and updated
continuously (e.g., an Al assistant that learns new user preferences over months and years). We
must also invest in evaluation frameworks for lifelong learning: new benchmarks and metrics to
measure how well an Al retains and accumulates knowledge over time. From an infrastructure
standpoint, continual learning systems benefit from persistent data streams and storage - for
example, an architecture where an Al agent’s "experience repository" (sensor data, interac-
tions, intermediate insights) is stored and managed efficiently for ongoing learning. National
research cloud resources could be configured to allow Al models to be updated frequently and
to store large histories of training data. Interdisciplinary collaboration with neuroscience and
cognitive psychology can also provide insights (humans and animals manage to learn contin-
uously - understanding those mechanisms can inspire Al algorithms). A strategic initiative
could be to create a "Lifelong Learning Lab" that brings together computer scientists and cog-
nitive scientists to model human-like learning in machines. Additionally, investing in continual
learning research aligns with workforce development: AI that can be updated on the fly could
reduce the need for manual reprogramming, making Al maintenance more scalable as national
deployments grow. Ultimately, mastering continual learning will produce Al systems that re-
main adaptive, up-to-date, and effective over decades of operation - a critical attribute for any

Strong Al deployed at national scale.

3.4. Adaptive Agents, Autonomous Systems, and the Metaverse

Concept and Rationale: Adaptive agents are Al-driven entities-whether software agents,
robots, or embodied avatars-capable of perceiving their environment, making autonomous
decisions, and acting to achieve goals while continuously adapting to new conditions. The
Metaverse now offers a compelling foundational platform for these agents, providing intercon-
nected, immersive, virtual worlds in which agents can operate, collaborate, and evolve. In this
dynamic three-dimensional environment-able to support complex multi-agent interactions-the
Metaverse serves as a sandbox for hosting both digital assistants and robotic avatars, enabling
them to learn and self-adjust in real time. Achieving Strong Al requires more than static
lab performance; agents must navigate unpredictable, often adversarial contexts. Embedding
them within the Metaverse allows for realistic testing and evolution. Here, adaptive behavior

techniques-reinforcement learning, evolutionary algorithms, and swarm intelligence-can unfold
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within richly detailed, interactive ecosystems. Imagine a Metaverse traffic management system
where autonomous agents reroute traffic flows in response to virtual congestion, or a virtual
disaster-response zone where robot and human agents coordinate entry and rescue efforts. By
using the Metaverse as a base platform, these agents can continually explore, interact, and
refine strategies across layered knowledge representations, evolving toward general-purpose in-

telligence.

Research and Investment Priorities: Advancing adaptive agents in Metaverse-based

multi-agent systems (MAS) requires several focused efforts:

e Large-scale, continual RL in physically realistic virtual environments-Metaverse cities,
simulated airspace, or disaster zones-where agents adapt on the fly.

e Multi-agent coordination frameworks that leverage the social, spatial, and environ-
mental complexity [I8 [19] of Metaverse platforms, enabling negotiation and collaboration
among agents and human participants.

e High-fidelity testbeds and simulators integrating evolutionary and swarm intelli-
gence to evolve agent behaviors in sustained Metaverse scenarios.

e Edge computing and immersive infrastructure, including AR/VR headsets, hap-
tic devices, IoT sensors, and robotics-allowing real-time, in-environment learning within
shared virtual-physical spaces.

e Safety, alignment, and continual learning, ensuring agents remain reliable, con-

strained, and aligned across evolving Metaverse contexts.

By funding research where adaptive agents are rooted in the immersive, multi-agent ecosystem
of the Metaverse, we bridge the gap between theoretical Al and real-world application. These
agents will be capable of navigating open-ended, unforeseen challenges-learning, reasoning,
adapting, and collaborating within and across virtual worlds. The Metaverse thus becomes not
just a backdrop, but a living, layered knowledge base where Al agents grow toward practical

general intelligence.

4. Potential areas for applications

Strong Al promises transformative disruption across sectors through its integration of neuro-
symbolic reasoning, probabilistic knowledge hierarchies, and blockchain-secured decision frame-
works. Unlike narrow AI, AGI’s cross-domain adaptability enables holistic optimization of

complex systems—from molecular interactions to geopolitical dynamics—while enforcing ethi-



92 Andrey Nechesov, Sergey Barykin: One AI, One World: A Global Al Strategy by IAIC

cal guardrails via immutable smart contracts. Below are key deployment domains where AGI

could yield paradigm-shifting advances.

Government and Public Policy: AGI could revolutionize governance by simulating pol-
icy impacts through digital twin metaverses, modeling cascading effects of legislation across
economic, social, and environmental dimensions. Hybrid AI architectures would process real-
time citizen feedback via decentralized ledgers, dynamically optimizing welfare programs while
detecting systemic biases. For instance, probabilistic knowledge hierarchies could forecast ur-
ban migration patterns under climate stress, enabling preemptive infrastructure investments

validated through blockchain-based public audits.

National Defense and Security: Defense applications center on cognitive cyber-physical
systems where AGI coordinates drone swarms with human oversight via ethical governor mod-
ules. Multi-blockchain architectures would secure command chains against spoofing, while
neural-symbolic Al analyzes satellite imagery to distinguish civilian from military targets. Cru-
cially, on-chain constitutional rules could enforce compliance with international law—automatically

aborting missions violating Geneva Convention parameters.

Healthcare and Medical Research: AGI would enable real-time precision medicine
ecosystems, integrating genomic data, wearable sensors, and research literature through polynomial-
computable knowledge graphs. Neuro-symbolic systems could identify disease mechanisms
invisible to humans—like predicting protein folding anomalies years before symptomatic on-
set—while blockchain-secured patient data flows permit breakthroughs in rare disease research

without privacy compromises.

Urban Management and Smart Cities: In smart cities, AGI would orchestrate self-
optimizing infrastructure: traffic systems dynamically rerouting vehicles using metaverse sim-
ulations of weather/pedestrian flows, and power grids balancing renewable sources via evolu-

" where digital twins

tionary algorithms. Hybrid metaverses serve as "urban nervous systems,'
of physical infrastructure (bridges, pipelines) trigger autonomous maintenance drones when

sensors detect stress fractures.

Economic Forecasting and Resource Management: AGI’s mastery over chaotic sys-
tems allows supply chain antifragility: predicting [28] commodity shortages by analyzing geopo-
litical events, climate patterns, and social sentiment. Blockchain-integrated models would
optimize global food distribution using MSPL (Most Specific Probabilistic Law) algorithms,

reducing waste by 40% while preventing speculation-driven price crises through decentralized
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commodity reserves.

Education, Workforce Development, and Innovation: Adaptive learning platforms
powered by AGI would create lifelong neurocognitive upskilling paths. Using theory of func-
tional systems (TFS), Al tutors diagnose knowledge gaps through probabilistic reasoning, then
generate personalized curricula bridging abstract theory with industry applications. Metaverse-
based collaboratories connect global talent for real-time R&D—simulating lab experiments in
quantum chemistry or fusion engineering.

Ethical, Social, and Legal Systems: AGI introduces automated justice frameworks
where smart contracts translate legal statutes into executable code. Dispute resolution systems
would apply recursive reward modeling to balance precedent, equity, and legislative intent—e.g.,
calculating fair compensation in injury cases using biometric data and labor-market ontologies.
Blockchain immutability ensures verdict transparency while preventing algorithmic bias drift.

Emerging Technologies and Novel Applications: At the frontier, AGI accelerates
high-risk /high-reward domains: designing room-temperature superconductors via quantum-
accelerated material simulations, or orchestrating nuclear fusion plasma containment using
multi-agent reinforcement learning. Neural interfaces could evolve into "cognitive prosthet-
ics," with AGI mediating brain-to-cloud knowledge transfers compliant with embedded ethical
architectures.

Potential areas for applications underscore the versatility of Strong Al. By tailoring Al so-
lutions to specific domains, we can address pressing social challenges while fostering innovation

and sustainable development.

5. International Cooperation Through an AI Committee:

Global AI Strategy

In today’s fractured geopolitical landscape, no single nation or organization can robustly
address the dual opportunity and risk of Artificial General Intelligence (AGI). Carefully coor-
dinated international cooperation is essential—mot only to foster innovation, but also to mitigate
Al-driven threats such as misuse, surveillance, ecosystem fragmentation, and global inequality.
As experts from Brookings point out, "cooperation among like-minded countries is important
to reaffirm key principles of openness and protection of democracy," while avoiding a bifurcated
digital world under authoritarian dominance [37]. Similarly, a recent CIGI report underscores

that a coordinated global framework is necessary to curb regulatory arbitrage, uphold human
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rights, and ensure standardization across borders [38].

In response, the UN’s High-Level Advisory Body recently recommended establishing in-
clusive institutions or platforms—akin to the Intergovernmental Panel on Climate Change—to
support ethical Al governance and capacity building in developing countries [39]. The Interna-
tional AI Committee (IAIC) aligns with this vision by offering a dedicated forum for technical
collaboration, standard harmonization, and equitable participation. By bridging policy, re-
search, and industrial actors on a global stage, IAIC aims to fill critical gaps left by existing
bodies that are either policy-focused, regionally restricted, or limited to private-sector coordi-
nation. As the world stands at a pivotal technological crossroads, IAIC’s global strategy seeks
to unite diverse stakeholders under one practical, principled, and inclusive framework—making

it a vital addition to the evolving Al governance ecosystem.
5.1. The Need for Global Institutional Collaboration

For achieving Strong Artificial Intelligence, international collaboration is not simply optional
- it is essential. The scale and complexity of Strong Al development require the consolidation
of global knowledge, infrastructure, and ethical governance. To facilitate such cooperation, we
created an International Al Committee as a multilateral platform to unite nations, scientific

institutions, and technology partners in pursuit of safe, general-purpose artificial intelligence.
5.2. Mission of the International AT Committee

The TAIC would function as a neutral, globally accessible structure designed to:

e Coordinate scientific research and pilot projects across different AI paradigms (deep
learning, symbolic, hybrid, etc.);

¢ Develop shared infrastructure, including GPU farms, decentralized training environ-
ments, and open global datasets;

¢ Ensure transparency and safety by standardizing Strong AI benchmarks and world
model evaluation methods;

¢ Promote ethical and secure Strong Al development, aligning with diverse cultural
and philosophical value systems;

e Guarantee open and equitable access to Strong AI capabilities for all humanity.

This committee would serve both as a technical engine for Strong Al progress and as a

diplomatic platform for preventing technological monopolization and conflict.



System Informatics (Cucremuas nadopmaruka), No. 26 (2025) 95

5.3. Stakeholder Integration in the IAIC Framework

The TAIC ecosystem leverages diverse global capabilities through its blockchain-based gov-
ernance protocol. Key participation pillars following:
e Scientific Commons: Integrating legacy expertise in mathematics, hybrid intelligence,
and Al safety research into the multi-blockchain knowledge hierarchy.
e Equitable Governance: FEnabling balanced representation across technological and
geopolitical boundaries via decentralized voting mechanisms.
e Cognitive Diversity: Leveraging multilingual /cultural datasets through decentralized
data markets to enhance Strong Al robustness.
e Open Infrastructure: Uniting institutional capabilities (research centers, universities)

under transparent co-governance via smart contracts.

5.4. Global IAIC Implementation Roadmap:

Toward Cooperative Strong Al

The pursuit of Strong Al demands a structured, globally coordinated roadmap that bridges
theoretical innovation with practical deployment while addressing ethical, technical, and geopo-
litical complexities. The International AT Committee (IAIC) proposes a phased implementation
strategy spanning 2025-2050, designed to harmonize national interests, accelerate hybrid Al
development, and establish equitable governance frameworks. This roadmap prioritizes incre-
mental progress, ensuring that advancements in neuro-symbolic systems, multi-agent metaverse
environments, and multi-blockchain transparency are systematically integrated into real-world
applications. By anchoring its phases in measurable milestones—from foundational research
to interplanetary standards—the IAIC aims to mitigate risks such as catastrophic forgetting,
monopolistic control, and misaligned AGI behaviors while fostering cross-border collaboration.

Central to this roadmap is the recognition that Strong Al cannot emerge in isolation. It
requires the collective stewardship of governments, academia, industry, and civil society to
navigate the dual-use nature of AGI technologies. The IAIC’s phased approach emphasizes
transparency, incentivized participation through decentralized stablecoins, IAIC-tokens, and
adaptive governance via smart contracts. Each phase builds upon shared infrastructure, such
as GPU clusters, open datasets, and metaverse testbeds, while addressing evolving challenges
like ethical alignment, cybersecurity, and socio-economic disruption. By embedding human-Al

collaboration into every stage, the roadmap ensures that AGI development remains aligned
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with universal values, ultimately positioning Al as a catalyst for global stability, sustainable

development, and equitable progress.

5.4.1. Phase 1: Inclusive Foundation Building (2025-2026)

Establish global collaboration through multilateral summits, shared R&D grants, talent
exchanges, infrastructure pooling, and foundational Neuro-Symbolic protocol development to

create an inclusive, decentralized Al ecosystem.
Key Actions:

1. Transatlantic-BRICS+ Dialogues:

—TAIC India AT Summit (Hyderabad, Q3,2025) with India/EU/Russia

—IAIC Global AT Summit (Dubai, Q4 2025) with EU/US/China/Russia/India/LATAM /Africa

—IAIC China AI Summit (Shenzhen, Q1 2025) with China/Russia

—TAIC Russia MathAlI conference (Sochi, Q1,2026) with Russia/China/India

—IAIC Latin America AT Summit (San Paulo, Q2,2026) with LATAM/US/EU

—IAIC Africa AI Summit (Johannesburg, 32,2026) with Africa/US/EU

—TAIC EU AI Summit (Switzerland, Q2,2026) with EU/US

—TAIC USA AI Summit (New York, Q3,2026) with US/EU

—IAIC Asia AT Summit (Singapore, 3,2026) with China/Russia/USA/EU

—TAIC Global AT Summit (Abu-Dabi, Q4 2026) with EU/US/China/Russia/India/Africa

—IAIC China AI Summit (Changhai, Q4 2026) with China/Russia/EU/US

2. Member participation:

— Collaborative R&D Grants: Launch TAIC-funded projects where members co-
develop Al solutions (e.g., climate modeling, healthcare diagnostics) with shared 1P
rights. (Q4, 2025)

— Talent Exchange Programs: Create a global Al fellowship - TAIC Fellows - for
researchers to work across member institutions. (Q1, 2026)

— Infrastructure Sharing: Pool resources for Al supercomputers accessible to all
members. (Q4, 2026)

3. Hybrid Protocol Design:
— Joint development of TAIC testnet (Ethereum/Polygon/Tron) (Q4 2025)
— First stage of the Neuro-Symbolic Framework (Q4 2025)

4. Global Founding Cohort:
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— Charter signatories: G7, BRICS+, ASEAN, African Union (Q2 2026)
Another Milestones:
e Q2, 2026: Launch of a decentralized stablecoin
e Q4, 2026: First hybrid Strong Al prototype

5.4.2. Phase 2: Protocol Activation (2026-2028)

Formalize TAIC governance via charter ratification, launch transcontinental GPU alliances,
deploy Trustworthy Al frameworks, and incentivize research through decentralized mechanisms
like the Research DAO and zk-verified models.

Key Actions:

1. Global Governance Launch:

— Ratify charter at Web3 Davos (Switzerland, 2026)
— Establish hubs: Brussels (governance), Boston (R&D), Singapore (APAC)

2. Transcontinental Tech Integration:

—U.S.-EU Compute Alliance (distributed GPU resources)

— Integrate European Gaia-X with USA collaboration

— China-Russia Compute Alliance (distributed GPU resources)

— Develope Trustworth Al framework with China/Russia collaboration

3. Incentive Ecosystem:

— Launch TAIC Research DAO
—UAE - Russia - Hong Kong AI Lab
New Milestones:
¢ 2027: First zk-verified Strong Al model (China-Russia collab)
e 2028: TAIC governs 15% of global Al research

5.4.3. Phase 3: Global Ecosystem Scaling (2028-2032)

Scale Al integration with metaverse digital twins, planetary climate resilience projects, Mars
habitat simulations, and credentialing of 10,000+ AI diplomats to reduce hallucinations and
enhance global coordination.

Key Actions:

1. Metaverse Integration:

— Deploy TAIC Digital Twin (Dubai 2028)
— Transatlantic - BRICS Virtual Strong AI Sandbox (USA-EU-China-Russia)
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2. Planetary-Scale Pilots:
— Climate resilience: EU Green Deal AI + Siberian Permafrost Monitor
— U.S.-EU-Russia Arctic AI Observatory (2030)
3. Talent Network:
— Global Strong AI Fellowship (MIT/ETH Zurich/Tsinghua/MIPT)
— On-chain credentialing for 10,000+ AI Diplomats
New Milestones:
¢ 2030: TAIC orchestrates Mars habitat simulation
e 2032: 50% reduction in AI hallucinations globally

5.4.4. Phase 4: Sustainable Co-Governance (2032-2040)

Institutionalize interplanetary Al standards, lunar protocols, post-scarcity economics via
stablecoins, universal basic income pilots, and the Sapience Council to ethically govern conscious
AT systems.

Key Actions:

1. Interplanetary Standards:

— New: Lunar AI Protocol with ESA/NASA /Roscosmos (2035)
— Deploy blockchain-ATI hybrids on Oceanic and Desertic frontiers
2. Post-Scarcity Economics:
— Scale decentralised stablecoin with crypto allocation as reserve currency for
Al services
— New: Transcontinental UBI Pilot (EU-U.S.-Eurasia)
3. Consciousness Ethics:
— New: IAIC Sapience Council (human-AT hybrid governance)
— Global ratification of Neural Rights Charter (2038)

5.4.5. Vision 2050: Symbiotic Intelligence Ecosystem

Achieve a self-sustaining Al-human civilization with real-time global knowledge hierarchies,
climate-stabilizing planetary AlI, hybrid consciousness experiments, and 100% verifiable knowl-

edge to eliminate existential Al risks.

¢ Cognitive Democracy:
— 1B+ humans contribute to real-time knowledge hierarchy

— AGl-augmented UN Security Council
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¢ Planetary Nervous System:
— Multi-blockchain integrates 100% of Earth’s sensor data
— Al-managed climate stabilization (2°C pathway achieved)
e Post-Human Frontiers:
— First human-AI hybrid consciousness experiments
— Stablecoin-enabled Mars colony resource management
e Legacy Metrics:
—100% verifiable knowledge

— Zero Al-caused existential risks
6. Conclusion

Achieving Strong Al-human requires more than powerful algorithms; it demands the synergy
of neuro-symbolic hybrid architectures, multi-agent ecosystems, immersive environments like
the metaverse, and decentralized memory systems built on multi-blockchain technologies.

1. Neuro-Symbolic Architectures & Multi-Agent Systems

Combining neural learning with symbolic reasoning empowers robust abstraction, transfer
learning, and interpretability, while coordinating multiple agents enables collective intelligence
- a critical path toward scalable, adaptive Al

2. Metaverse as an Al Accelerator

The metaverse provides rich, interactive virtual worlds where Al agents can simulate per-
ception, reasoning, communications, and social behaviors. Generative content, autonomous
avatars, and game-theoretic economies drive rapid, ecologically valid learning. These are key
steps toward Strong Al.

3. Decentralized Memory via Multi-Blockchain Systems

Long-term memory is foundational for stable, coherent intelligence. Multi-blockchain sys-

tems further ensure integrity, versioning, and cross-platform access.
6.1. TAIC Strategic Roadmap

By integrating these elements, the IAIC Global Al Strategy can position itself as a leader
in the Strong Al frontier:

1. Neuro-symbolic multi-agent frameworks deployed in metaverse testbeds to drive

advanced general intelligence.
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2. A decentralized knowledge storage system based on multi-blockchains that solves
the famous blockchain trilemma.
3. Metaverse Consortium chaired by IAIC, to coordinate standards, multi-chain mem-

ory protocols, and ethical governance across avatars, agents, and worlds.

Together, neuro-symbolic Al, multi-agent systems, the metaverse, and decentralized multi-
blockchain memory form the core pillars of a unified roadmap to Strong Al. IAIC’s strategic
alignment of these dimensions transforms the Global Al Strategy from conceptual vision to a re-
alizable blueprint for empirically grounded, ethically aligned [23], 24], and globally interoperable

intelligence.
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Physics-informed radial basis function networks and

Kolmogorov-Arnold networks

Stenkin D.A. (Penza State University)
Gorbachenko V.I. (Penza State University)

Physics-informed neural networks are trained by minimizing the loss function, which is
the sum of the squares of the residuals of the equation or system of equations being solved.
Such networks do not require grid construction, which is especially important when solving
inverse boundary value problems and problems with a complex solution domain. We use
radial basis function networks with a Gaussian function. Physics-informed radial basis
function networks are easier to train than fully connected networks. They allow one to
analytically obtain formulas for the gradient of the loss function. A special feature of
our approach to training networks based on radial basis functions is the adjustment of
not only the weights, but also the parameters of the radial basis functions, which does not
require the selection of parameters of the radial basis functions and accelerates the training
process. Algorithms for solving direct and inverse boundary value problems, an algorithm
for solving a system of differential equations for modeling the Kovasznay flow have been
developed. Programs have been developed that use various algorithms for training physics-
informed radial basis function networks.

Keywords: physics-informed radial basis function networks, Kolmogorov-Arnold net-

works, partial differential equations, Kovasznay flow, Navier-Stokes equations
1. Introduction

Neural networks are applicable for solving boundary value problems described by partial
differential equations [3, 10]. This possibility is based, first of all, on the fact that neural net-
works are universal function approximators. Cybenko’s theorem states that an artificial neural
network with one hidden layer can approximate any continuous function of many variables with
any accuracy [2]. Hornik [6] proved that a multilayer perceptron with an arbitrary number of
hidden layers and an arbitrary number of neurons in each layer can approximate any continu-
ous function with any accuracy on a compact set. It was also proved that such approximation
is possible for arbitrary activation functions if they are bounded, continuous, non-polynomial
and non-constant. A variational approach is also used to solve partial differential equations on

neural networks: the solution to the problem is found by minimizing the error functional of the
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neural network. The residuals of the approximate solution obtained by the network at a certain
set of trial points inside, on the boundary of the solution domain and, possibly, at points with
additional conditions are used as the error functional. Estimating the norm of this residual
gives a better interpretable estimate of the accuracy of the problem solution than estimates
of the accuracy of the solution of grid methods, for which only the order of accuracy of the
approximation and the remainder of the solution of the system of grid equations are known.
Trial points are usually located randomly in the solution domain. Currently, a specific class of
neural networks has been formed for solving partial differential equations on neural networks
- physics-informed neural networks. Physics-informed neural networks [4, 7, 13] include in the
network structure a mathematical model of some physical phenomenon, for example, partial dif-
ferential equations. When solving direct problems, PINN do not require examples with known
values for training. Such networks solve the problem of low data availability in many scientific
and engineering problems where traditional machine learning methods are ineffective. Addi-
tional conditions can also be used, for example, when solving inverse problems, experimental
information about the solution at individual points of the region is used. In physics-informed
neural networks, the mathematical model is a regulating factor that improves the quality of
the solution. Radial basis function networks are successfully used to solve partial differential
equations. Radial basis function networks [10, 17, 27| are simpler than fully connected net-
works, since they contain only two layers - a layer of radial basis functions 1] and a linear
layer. The simplicity of the network architecture simplifies the training of radial basis function
networks, for example, it allows analytical calculation of the gradients of the error functional.
The authors have developed second-order gradient learning algorithms for radial basis function
networks, in which not only the network weights are configured, but also the parameters of
the radial basis functions. The efficiency of the developed algorithms has been demonstrated
by solving direct |7, 23| and inverse [19, 21| boundary value problems. Physics-informed ra-
dial basis function networks [20-22, 24| are an effective tool for solving partial differential
equations. Radial basis function networks have some similarities with Kolmogorov-Arnold net-
works. Kolmogorov-Arnold networks are based on the Kolmogorov-Arnold theorem [8], which
states that any continuous multivariate function f(z1,zs, ..., x4) defined on a bounded domain
can be represented as a finite composition of continuous one-dimensional functions and addition

operations. Mathematically, this is expressed as:
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2d+1

d
f(@1, 32, ., 34) = Z Dy (Z wq,p(xp>> )

where: ®, and 1),, are continuous one-dimensional functions. In [5], R. Hecht-Nielsen proposed
a neural network that directly reflects the Kolmogorov-Arnold representation, where the hidden
d layer computes the internal sums i Y,.p(x,) and the output layer computes the external sums
2d+1 !

> @,(.). But R. Hecht-Nielsen did not propose methods for finding the specific functions @,
ar:ul:l Yg¢p, Which makes his network difficult to implement directly. Therefore, such networks

have not been developed.

Kolmogorov-Arnold networks [11] are also based on the Kolmogorov-Arnold theorem and
introduce significant innovations in architecture and training. Unlike the Hecht-Nielsen ap-
proach, Kolmogorov-Arnold networks replace fixed activation functions with trainable cubic
basis splines (B-splines) in which the basis function weights are adjustable. Other basis func-

tions can also be used.

Radial basis function networks are similar to Kolmogorov-Arnold networks in that in both
types of networks, the inputs of the first layer are nonlinearly transformed using basis functions
and added together. In physics-informed radial basis function networks implementing the re-
gression problem, the second nonlinear layer is absent. In the one-dimensional case, as shown
in [12], a complete analogy between Kolmogorov-Arnold networks and radial basis function
networks can be traced. In the multidimensional case, there is no analogy, since the basis func-
tions are functions of many variables, which violates the conditions of the Kolmogorov-Arnold
theorem. There are no data comparing radial basis function networks and Kolmogorov-Arnold
networks. Solving partial differential equations on physics-informed neural networks is a neural
network approximation of the problem solution. It is easier to approximate a multidimensional
result function with multidimensional functions than with one-dimensional ones, so it can be
assumed that with an increase in the problem dimension and in the case of inhomogeneous me-
dia, radial basis function networks will outperform Kolmogorov-Arnold networks. To enhance
the positive qualities of radial basis function networks, it is necessary to adapt radial basis
functions to the specific features of the problem being solved, which requires adjusting not only
the network weights, but also the parameters of the radial basis functions. Such adjustment is

implemented in the radial basis function network training algorithms we propose.

The aim of this work is to develop algorithms for solving various boundary value problems
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on networks of radial basis functions trained by gradient algorithms with the adjustment of not

only the network weights, but also the parameters of the radial basis functions.

2. Development of algorithms for learning physics-informed radial

basis function networks
The output of the radial basis function network is described by the expression

NRBF

y) = wer(e,y),

where ngrpr — number of radial basis functions (or number of neurons), wy — weight of the k
th neuron, g (x,y) — value of the k th radial basis function at point (x,y).
To solve the problems in this article, Gauss functions were used as radial basis functions,

which have the form
(e (y—cpo)?
20,]%

(Pk(x,y> =

where ¢, and ¢,y — centers of functions, a, — width of functions.

Consider a model direct problem in operator form having the form
Lu(x) = f(x), z € &,

Bu(x) = p(x), z € 09,

where u — desired solution; L — differential operator; operator B sets the boundary conditions;
2 — solution area; 02 — regional boundary; f and p — known functions.

Let us consider the effectiveness of the Levenberg-Marquardt diagonal method for solving
the Poisson equation

*u  0*u
92 + 8_y2 = f(z,y), (z,y) € Q,

u(z,y) = p(x,y), (z,y) € 09,

where ) — estimated area; J€2 — the boundary of the computational domain; f = sin(7x) -
sin(my),p = 0.

The error function can be written as
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where N — number of internal test points, K — number of boundary test points, A — penalty
multiplier.

The network was trained to solve the Poisson equation using various methods: gradient
descent, Nesterov, Levenberg-Marquardt, and diagonal approximation of the Hessian. The
gradient method converges at a linear rate. And Newton’s method has a quadratic convergence
rate. But to implement Newton’s method, it is necessary to find the Hessian, the inverse
Hessian matrix, and solve the system. These are quite labor-intensive tasks. Especially finding
the inverse matrix. Therefore, some modification can be considered. We will consider the
Hessian to be a diagonal matrix. We equate all mixed partial derivatives to zero. Thanks
to this, we can easily find the inverse matrix. We can also adjust the convergence rate of
the algorithm. This will help to circumvent the problem of linear minimization of the error
functional when the second derivatives become close to zero.

Due to the convenient structure of neural networks, the formulas of the second derivatives
for the Poisson equation were obtained analytically. The values of the elements located on the

main diagonal of the Hessian for this problem can be obtained based on the following formula

821 N _(zifck1)22+2(yifck2)2 (l'z - Ck‘l)2 + (yl _ Ck2)2 _ 20% )
_— @k
Ow? Zil (e ( a; )+

K _(wr%1)2+2(yr%2)2
A E (6 2a3, )2
=1
where ¢; and ¢y — centers of functions, a, — width of functions.

The vector of weight coefficients in the Hessian diagonal approximation method is calculated

using the formula

o021k or*
k+1 k -1
i i —1( e 1) 9t
where gi ;; — gradient vector components, 17 and u — selected coefficients.

The Hessian diagonal approximation method achieved an accuracy of 1073 in an average of
250 iterations. The gradient descent method did not achieve an accuracy of 1072. The Nesterov
method achieved an accuracy of 1072 in an average of 500 iterations.

Let us consider the efficiency of the modified Levenberg-Marquardt method with the ad-
justment of the parameters of radial basis functions for solving new model problems describing

processes in a piecewise homogeneous medium.
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The model problem describing processes in a piecewise homogeneous medium is presented

in the form of the following equation

S )5+ (o) 3 = Sy

Yy
(x,y) € Q,i=1,2,

u(z,y) = p(r,y), (v,y) € 09,

where ) — estimated area; 92 — the boundary of the computational domain; f = sin(27z) -
sin(my),p = 0, 0; — a function describing the properties of the environment. The solution area
is a square with unit side length, divided at x = 0,5 by a vertical line into two subareas with

different values of o;,i — 1,2. x € [0;1],y € [0; 1].

The problem is decomposed into two problems for regions 1 and 2 taking into account the

conjugation conditions.

For area 1:

0 0 0 0
5@ G + 5 (i n) G0 = hlny),

(r,y) € Q,i=1,2,

ui(z,y) = pi(z,y), (x,y) € 00,

where {2, — design area 1; 9€2; — design area boundary 1.

For area 2:

0 Ous 0 Ouy
a—m(Uz(%y)%) + a—y(fh(fc?y)a—y) = fa(2,y),

(z,y) €Q,i=1,2,
UQ(I,y) :p2(‘r7y>7 (.’L‘,y) € 8927

where ()5 — design domain 2; 0€2; — design area boundary 2.

At the interface between the media, the interface conditions must be fulfilled.

8U1 8U2

Uy |S= Uz |S,Ul— |S= O2—— |S
ox ox

where S - regional boundary.
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The radial basis functions were Gaussian functions. As a result of training, not only the
vector of weights, but also the parameters of radial basis functions were tuned, since it is im-
portant to tune all parameters of the radial basis function network. The Levenberg-Marquardt
algorithm is used to train the radial basis function network [28]. The Levenberg-Marquardt
method is equivalent to the fast confidence region method [14], but does not require solving
the conditional optimization problem at each training iteration. The single vector of weights
and parameters of the radial basis function network at iteration k is found by the formula
G+l = 6% 4 AP**! in which the vector of correction parameters 6* is found from the solution

of the system of linear algebraic equations

(JiJi1 + mE) A" = —g, 4,

where J;_; and J; — Jacobi matrices calculated in k£ — 1 and k iterations, E — unit matrix,
— regularization parameter changing at each training step, ¢ = J*r — is the gradient vector
of the loss function along the parameter vector €, r —vector of unconstraints in internal and
boundary trial points.

Two radial basis function networks are used for the solution, since each of the networks
describes its own area. During network initialization, the centers of radial basis functions were
located on a uniform grid. The vectors of weights and widths were initialized with random values
close to zero. Currently, there are no theoretical estimates of the optimal number of neurons
and test points. The authors’ experimental studies have shown that there is an optimal number
of neurons and test points for each task. With a small number of neurons and test points, low
decision accuracy is obtained or the learning process does not converge. With a large number
of neurons and test points, high accuracy of the solution is ensured, but the network operation
time to obtain a solution increases significantly. The number of neurons, test points and initial
values of the parameters of the radial basis functions were selected experimentally. As a result
of the experiments, the following values were obtained. The number of neurons used to solve
a direct boundary value problem for each of the two regions is 64. The initial values of the
components of the width vector are 0.2. The number of internal test points for two regions
is N=80. The number of boundary test points for two regions is K=80. The number of test
points on the median line is 20. The coordinates of the collocation points were generated as
random numbers evenly distributed in the solution area.

Iterations were performed until the average square error was reached, equal to 107!°. The
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radial basis function network was trained by the Levenberg-Marquardt method. The solution
is achieved in an average of 570 iterations. Due to the random initialization of the network,

the number of iterations varies in different experiments.

The inverse boundary value problem is described by a partial differential equation

0 ou 0 ou
5r BT + 5o (k) 51 = Fx). x € 0,

where k(x) — continuous unknown function describing the environment, x — the coordinate
vector, €2- solution area. Without knowing the position of the interface boundary, it is impos-
sible to model a piecewise homogeneous function of the medium. Therefore, when solving the
inverse problem, the piecewise homogeneous function describing the medium was approximately

replaced by a continuous function. The boundary conditions have the form
Bu(x) = p(x), z € 09,

where 02 — the border of the region. It is necessary to find the solution u and the k(x) function

by the solution known in some set of points
w(z) =(z),z€ Z, Z CQ

moreover, ¥ (z) in real problems is the result of measurement with some error. The solution
is made on radial basis function networks. To obtain the values of additional conditions, a
direct problem has been solved previously on a radial basis function network. The direct
boundary value problem was a differential equation for a piecewise homogeneous medium with
coefficients equal to 2 and 5.5. We use parametric optimization [26]. To do this, we approximate

the unknown k(x) function with a radial basis function network

My,
krpr(x) = Y whoh (%P,
m=1

where M), the number of radial basis functions (or the number of neurons), py, — weights and

vectors of parameters of radial basis functions ¢}, .

The solution of the w direct problem, in which the k(x) function is approximated by the
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network, is found by the second network of radial basis functions

M”U.
urpp(X) = Y Wi ok (% ph),
m=1

where M, the number of radial basis functions (or the number of neurons), p% — weights and

vectors of parameters of radial basis functions ¢}, .

Two networks were used to solve the inverse problem. The network krgp for approximating
the desired function of the medium. And the network uzrgr to approximate the solution. The
error functional was the sum of the squares of the residuals of the approximate solution at
the test points inside, at the boundary of the solution domain and at the points of additional

conditions.

For an incorrect inverse problem, regularization was required. The method of iterative

regularization was the Morozov condition [15]. The network has been trained so far

S
D [ultm) = (%)) > 562,

m=1

where § — the absolute error of measuring the solution at the points of additional conditions.

Gaussian functions were used as radial basis functions. The number of neurons, test points
and hyperparameters of learning were selected experimentally. For both problems, the number
of radial basis functions is 64. For both networks, 80 test points were used inside the solution
area. For the ugrpp network, there are 80 test points on the boundary and 40 additional
condition points. The initial values of the components of the width vector for the two regions
are 0.3. All penalty coefficients of the error functional are 100. To check the efficiency of the
algorithm, a problem was considered that has an absolute error of measuring the solution at the
points of additional conditions equal to 0.0001. To solve this problem, the Morozov condition

was used. The error functional value of 107> is achieved in an average of 290 iterations.

In Fig. 1 the desired function of the medium is presented, obtained as a result of solving the

inverse boundary value problem, which models processes in a piecewise homogeneous medium.

Judging by the graph, the neural network has successfully restored an unknown function of

the medium in the process of solving the inverse boundary value problem.

The solution of the problems is implemented in the MATLAB system, which provides ease
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Fig. 1. The environment function obtained as a result of solving the inverse boundary value problem

oy

of programming and experimentation with the program and powerful graphical means of pre-
senting the results of the solution. A feature of the implementation is the analytical calculation
of the gradients of the loss function according to the parameters of the network and the Jacobi

matrix, which is not difficult to implement due to the simplicity of the network structure.

3. Modeling a hydrodynamic problem on physics-informed radial

basis function networks

We will demonstrate the effectiveness of physics-informed radial basis function networks for
solving a model problem of hydrodynamics. For clarity, we can consider the Kovasznay current

[9], since it has an analytical solution.

—A\z)

u(z,y) = e cos(2my),

A
o(,y) = — e sin(2rmy),

1
__e(—2)\x),

p(x,y) = 5

where parameter )\ is defined by the following expression

| Re? Re
— ) g2
A 1 + 4m 5
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where Re — Reynolds number.

The Kovasznay flow is a two-dimensional stationary flow. This problem is described by the
Navier-Stokes system of equations. Two-dimensional stationary Navier-Stokes equations for an

incompressible medium have the form:

ou Ov

= 0
8x+8y 0, (z,y) € Q,

ou  Ou op 1 (02u 0*u

U%‘i‘va—y:—a—x‘FE @—'_a_:yz)?(I?y)EQ)

v v oy L (0 o
Yor Uay_ Jdy Re

@—l—a—gﬂ) , (z,y) € Q,
where {2 — is the calculated area, u — first velocity component, v — second velocity component,
p — pressure. Dirichlet conditions are set at the boundary of the region.

The Kovasznay flow is the movement of the flow through the lattice. Kovasznay flow does
not have an initial condition. If the flow is stationary, then the streamlines coincide with the
trajectories of the particles. Since the current does not depend on time, the current lines remain
unchanged. It also makes it easier to visualize the process. If the flow is unsteady, then the

trajectories of the particles and the streamlines are different.

If the liquid is incompressible, then
p = const,

where p — the density of the liquid.
If the movement is stationary [18], then

v

E_O'

For this model problem, the solution area is a square with dimensions x € [0; 1],y € [0; 1].

The structure of neural networks allows us to calculate analytically the gradient of the error
functional. This problem was solved in two ways: with analytical calculation of the gradient of
the error functional and with the use of automatic differentiation. Analytical calculation allowed

to speed up the work of the program. This article presents the results of the solution obtained
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using the analytical calculation of the gradient of the error functional. Each variable had its
own network of radial basis functions based on physics. All three networks are connected by a
common root-mean-square error functional. The functional consists of the sum of the squares
of the residuals. To simplify the expression, the multiplier % has been added for the gradient

of the functional. The network was trained to the value of the total error functional equal to

2
)
1 9 ap 1 (v o)\

(% Uz‘ Di (] Vs
2;(1“83: +8y Re<8x2+8y2)> *

N
§§<0$ + 8y> +§ ,

K
> (v =)+

Jj=1 J

10~%. The error functional can be written as

1= ‘Zl(“%”ia—gﬁ o T (axz t o

(uj — uf)?

]~

1

<
Il

+

DO | >

Do >
'MN

(p; — i)’
1

where Re — Reynolds number, N — number of internal test points, K — number of boundary
test points, A — penalty multiplier, u] ,v ,pj analytical value of the jth test point at the

boundary of the region.

The model is implemented in the MATLAB environment. The centers of the radial basis
functions of each network were located on a uniform grid. The weight and width vectors were
initialized with zero values. Experiments were conducted for each network to select the optimal
number of neurons and trial points. The number of neurons for each physics-informed radial
basis function networks is 64. The number of interior trial points for each network is 100. The
number of boundary trial points for each network is 40. The coordinates of collocation points
were generated as random numbers that were uniformly distributed in the solution domain.
The network was trained using Nesterov’s method. Only the weights were customizable. The

location of the test points is shown in Figure 2.
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Fig. 2. Test points

Let us analyze the effectiveness of the Nesterov method using the example of a model problem
simulating the Kovasznay flow. The Nesterov method uses the history of parameter changes and
the idea of the pulse accumulation method [16, 28|. The formula for calculating the parameters

in this case takes the form
AOF) — o AOW — ygradl(OW — anOW).

where © — the vector of one of the network parameters (we can consider the vector of all
parameters), v — the selected numerical coefficient (learning rate), o — the moment coefficient,

which takes values in the interval [—0.5; 1.5].

11,12, 13 are the error values for the three Navier-Stokes equations, respectively. 14, 15,16
are the error values for the three boundary conditions, respectively. The graph also shows the
mean square error functional values (MSE) and the root mean square error functional values
(RMSE). The root mean square error functional value of 1072 is achieved in on average of 150
iterations. This problem was solved on a fully connected network [25]. Physics-informed radial
basis function networks are as accurate as fully connected networks, but they are easier and
faster to train. Physics-informed radial basis function networks allowed us to achieve a root

mean square error functional value of 1072 on average in 15 minutes.

Figure 3 shows the behavior of the error functional.
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Fig. 3. Error functional

Plots of analytical solutions for velocity and pressure components are presented in Figures
4, 6, 8. The graphs obtained as a result of the network operation are shown in Figures 5,
7, 9. They have a visual similarity to the analytical solution. The value of the root mean
square error functional for the first velocity component is on average 107%. The value of the
root mean square error functional for the second velocity component is on average 1075. The
value of the root mean square error functional for pressure averages 10~%. This is a testament
to the effectiveness of the program. Error graphs compared with the analytical solution for the

two components of velocity and pressure are shown in Figures 10, 11, 12.
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Fig. 4. Analytical solution for the first velocity component
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Fig. 5. The first component of speed resulting from network operation

Fig. 6. Analytical solution for the second velocity component

Fig. 7. The second component of speed obtained as a result of network operation
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Fig. 8. Analytical solution for pressure
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Fig. 10. Error compared to the analytical solution for the first speed component
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Fig. 11. Error compared to the analytical solution for the second speed component

o

09

08 0.05

07

06

04 i 0.1

03 -0.15
02

01

Fig. 12. Error compared to the analytical solution for pressure

4. Conclusion

Algorithms and programs for solving direct and inverse boundary value problems on physics-
informed radial basis function networks have been developed. An algorithm and programs for
solving a system of differential equations for solving two-dimensional stationary Navier-Stokes
equations using physics-informed radial basis function networks have been developed. The
gradient descent method, Nesterov’s method, Levenberg-Marquardt method, and Hessian di-
agonal approximation method have been adapted to solve the tasks. Further prospect of the
work is supposed to be developing an extension for one of the neural network implementation
libraries in order to implement physics-informed radial basis function networks using automatic
differentiation. This will expand the possibilities of using physics-informed radial basis func-
tion networks and allow objectively comparing physics-informed neural networks of different

architectures.
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