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AHHOTAIUA

Brenenne. CoBpeMeHHOE 00yueHHEe HEBO3MOXKHO O€3 CHCTEM aBTOMAaTH3MPOBAaHHOMN MpOoBepKH 3HaHuil. Hanbomee
MPOrPECCUBHBIMU B HACTOALIEE BPEMsI SIBJIAIOTCS JalTUBHBIC MOJIEIIN TECTUPOBAHUS, B KOTOPBIX CIIOKHOCTD 3a1aHHUH
MEHSeTCs B 3aBUCUMOCTH OT NPaBHJIBHOCTH OTBETOB HCIBITYeMoro. [IpeacraBiena pa3paboTka HHTENIEKTYaIbHON
CHUCTEMBI aJJallTUBHOTO TECTHUPOBAHMS C MCIIOIB30BAaHHEM amliapara HedeTKod mMaTematuku. Meroa. Pazpaborana
WHTEIUIEKTyalbHAs CUCTEMa aIallTUBHOTO TECTHPOBAHUSL, B MOJYJIE, PEATU3YIOIIUM SKCIIEPTHYIO CHCTEMY, HCIIOIB3YETCs
MPOAYKIMOHHAs 0a3a MpaBmi. BXoJHBIMU TTapaMeTpaMu MpU padoTe SKCIEPTHOW CUCTEMBI SBISIOTCS: MPOIEHT
BEpHBIX OTBETOB, CTENIEHb IPABUIILHOCTH OTBETA, JJIUTEILHOCTb OTBETA, YUCIIO MOMBITOK. BBIXOAHBIMU — HU3MEHEHUE
TEKYILEro YPOBHS MOATOTOBKH 00y4aeMOro, Ha OCHOBAaHUHU KOTOPOTO MOJ00PaHbI TECTOBBIE BOMPOCH! COOTBETCTBYIOIICH
CJIO)KHOCTU. B KauecTBe MeTO/a JIOTMYECKOTO BBIBOJA MIPUMEHEH METOJ MamaaHu, KOTOPbIH COCTOUT M3 IIECTH
OTePALMOHHBIX JEUCTBHI: (a33udukannm — npeodpa3oBaHHe TOUHBIX 3HAYCHUI BXOAHBIX EPEMEHHBIX B 3HAUCHUS
JUHTBUCTHYECKUX MEPEMEHHBIX MOCPEACTBOM QYHKLIMHA MPUHAAIEKHOCTH; IPOCKTUPOBAHUS HEUETKON Oa3bl
MPaBWJI HKCIIEPTHON CHCTEMBI; arperHpOBaHUS NOAYCIOBUN — OMpeAeeHIEe HCTHHHOCTH YCIOBUH ISl KaXKI0TO
JTUHTBUCTHYECKOTO MPAaBUIIa CUCTEMBl HEYETKOTO BBIBO/IA; AKTUBALIUU TTOA3AKIIOYEHNN — HAXOKICHHE CTEICHU
HMCTUHHOCTH Ka)KI0T0 U3 MOA3AKIIOUCHUH B JIMHTBUCTUYECKOM TPaBUJIIE; aKKYMYJIMPOBAHUHU 3aKJIFOUEHUN — HAXOXK/IEHUE
(YyHKIHH MPUHAUIC)KHOCTH JUJIS KaXKJ0W M3 BBIXOJHBIX JTUHTBUCTUYCCKUX NMEPEMEHHBIX; Acda33uGuKanu —
HaXO0XKJAEHHUE YUCICHHOTO 3HAYCHUS JUIS KaXKJ0W U3 BBIXOJIHBIX JUHTBUCTUYECKUX TepeMeHHbIX. OCHOBHBbIE
pe3yabTaThl. [IpeacraBieHa pa3paboTaHHass HHTEUICKTyalbHasl CHCTEMa aJallTUBHOTO TECTHPOBAHUS, KOTOpas
MO3BOJISIET HA OCHOBAaHMM aHAJIN3a PE3yNbTaTOB MIPOXOXKIEHHS TECTOB ONpPEIEeIUTh TEKYLIHH YPOBEHb MOATOTOBKU
00y4aroIierocst 1 aAanTUPOBaTh MaTepHal K YPOBHIO €ro NOAroToBkH. CrucTeMa TMHAMUYECKH, B PEKUME PEaTbHOTO
BPEMEHH, IPEOCTABIISIET BOMPOCH! COOTBETCTBYIOLIEH cIoKHOCTH. Ofcy:kaeHue. [Ipu ncrmonp30BaHUH pacCMOTPEHHOM
HWHTEJUICKTYalIbHOM CHCTEMBI aJJallTHBHOTO TECTHPOBAHMS 00yUJaroIUMcs OyIyT 3a1aHbl BOIPOCH! COOTBETCTBYIOIIETO
YPOBHS CIIOKHOCTH, YTO TIO3BOJIUT BBICTPOHUTH HHIMBHIYAIBHYIO TPACKTOPHIO 00y4YeHUs. BHeApeHUe MpeioKeHHOH
CUCTEMBI 00CCIICYHT PeaTN3aIUI0 MEPCOHATU3UPOBAHHOTO TIOIX0/Ia K OPTaHU3aIK Y4eOHOTO MPOIecca, MOBBICHT
TOYHOCTh OICHKH 3HAHUN 00yYaroluXcs, U, KaK Pe3yJIbTat, TOBBICUTh KA4eCTBO UX O0yUCHHSI.
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Abstract

Modern learning is impossible without automated knowledge testing systems. At present, the most progressive are
adaptive testing models in which the complexity of tasks varies depending on the correctness of the patient’s answers.
This article describes the development of an intelligent adaptive testing system using a fuzzy mathematics device. An
intelligent adaptive testing system has been developed; the module that implements the expert system uses the production
base of the rules. The input parameters of testing are the percentage of correct responses, the degree of correctness of the
response, the duration of the response, and the number of attempts. The output is a change in the current level of training
of the student on the basis of which test questions of related complexity are selected. As a method of logical inference,
the Mamdani method is used which consists of six operational actions: phazification — conversion of exact values of
input variables into values of linguistic variables through belonging functions, this served as the basis for designing a
fuzzy base of rules of the expert system; aggregation of sub-conditions — determination of the truth of conditions for
each linguistic rule of the fuzzy inference system; activating sub-conclusions — finding the degree of truth of each of
the sub-conclusions in the linguistic rule; accumulation of conclusions — finding the belonging function for each of
the output linguistic variables; defazzification — finding a numerical value for each of the output linguistic variables.
A developed intelligent adaptive testing system (ISAT) is presented that allows, based on the analysis of test results, to
determine the current level of training of students, to adapt the material to the level of their training. This system allows
you to dynamically present questions of appropriate complexity in real time. When using the developed intelligent
adaptive testing system, students will be provided with questions of the appropriate level of complexity, this will allow
building an individual learning trajectory. The introduction of a predefined system will ensure the implementation of a
personalized approach for organizing the learning process; will increase the accuracy of assessing students’ knowledge.
The use of the technology of fuzzy expert systems allows for automated, intelligent control of students’ knowledge.
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BBenenune

CoBpeMEHHbBIE TEHIEHIIMN PA3BUTUS MUPOBOTO DIIEK-
TPOHHOTO 00Pa30BaTEIHLHOTO MPOCTPAHCTBA OMPENCISIOT
HEO0OX0AMMOCTh HU(PPOBOH TpaHchopMmaluu oOpa3oBa-
HHS 33 CYET PaspabOTKU U BHEAPEHUS PA3IUYHBIX DIIEK-
TPOHHBIX OOYYAIOIINX CUCTEM M PECYPCOB.

Brinyien psii IOKYMEHTOB, PEIIAMEHTUPYIOIIUX JIe-
STENBHOCTH 00Pa30BATE/ILHBIX OPraHU3AalUil B YCIOBHAX
uudpoBoit Tpancdopmaniu oopazoBanus 234,

I Pacniopsikenue Munnpocsenierust Poccun ot 18.05.2020
N P-44 «O6 yTBep»xIeHUN METOJUYSCKUX PEKOMEHIALUMN IS
BHEJIPEHUS B OCHOBHBIE 0011e00pa30BaTeIbHbIC IIPOrPAMMBI
COBPEMEHHBIX LHU(PPOBBIX TEXHOJOTHI» [DNeKTpOHHBIN pe-
cypc]. Pexxum moctyna: https://legalacts.ru/doc/rasporjazhenie-
minprosveshchenija-rossii-ot-18052020-n-r-44-ob-utverzhdenii/
(mara obpamenust: 01.04.2023).

2 Yxa3 Ilpesunenrta Poccuiickoit @enepaunu ot 21.07.2020
No 474 «O nHanuMoHaNbHBIX LENsX pa3BuTHsl Poccuiickoi
®enepanunn Ha nepuox 10 2030 roxay [DnekTpoHHBIA pecypc].
Pexxum pocrymna: http://www.kremlin.ru/acts/bank/45726 (narta
obpamenus: 01.04.2023).

3 MMacnopt ®enepansroro npoekra «Llupposas o6paszosa-
TeNbHAs cpeiay [ DnekTpoHHbIN pecypc]. Pexxnm noctyma: https://
minobr.gov-murman.ru/files/Nach_proekty/Tsos/fp_cifrovaya
obrazovatelnaya sreda 04102019.pdf (mara oGpamenus:
01.04.2023).

4 Tlpukas MunucrtepcTBa npocsemenus PO or 2 xe-
kabps 2019 r. Ne 649 «O6 yrBepxaenun LleneBoit mMome-
1 nudpoBoil 006pa3oBaTeNbHON cpeabl» [DIEKTPOHHBIN

CornacHo?, cyth nuppoBoii Tpanchopmaruu 06pazo-
BaHMS 3aKJIIOYACTCS B TIOCTH)KEHUH HEOOXOIMMBIX 00pa-
30BaTEIBHBIX PE3YIBTATOB TOCPEICTBOM ITEPCOHATN3AINHT
yueOHOTO Iporecca Ha OCHOBE MCIOJIb30BaHUS MHHOBAIIN-
OHHBIX JOCTIKCHHH B 0OJIACTSIX aNmapaTHOTO W IIPOTrpaMM-
HOTO0 00€ecIedeHNsI COBPEMEHHBIX IU(PPOBBIX TEXHOIOTHH.
TIporiecc nudpoBoii TpanchopMari 00pa30BaHIsT HHULH-
UpYeT COBEPILICHCTBOBAHUE BCEil CHCTEMbI 00pa30BaHMUs,
B TOM YHUCJIC CPEACTB OLCHKU y‘-IC6HI)IX }:[OCTI/I)KCHI/Iﬁ n
yInpasieHust 00pa3oBaTeIbHbIM Mporeccom [1].

[TepcniekTHBHBIM HaIpaBJICHUEM B 00JIACTH TIEPCOHAIIHN-
3aruy 00pa30BaHus BBICTYIIAET CO3IaHHUE U BHEJPCHUE HH-
TEJUIEKTYaJIbHBIX CHCTEM aJalTHBHOIO TeCTHUPOBaHus [2].
ARanTHBHBIMH 00yYarOIMMHU CHCTEMaMH SIBIISTIOTCS SJICK-
TPOHHBIE 00pa30BaTEIbHBIC PECYPCHI, MTPEI0CTABISIONINE
o0yuaroneMycst HHANBHYaJIbHYIO TPACKTOPHIO 00yICHUS
3a CUET «IIOJCTPANBaHMD) MEPCOHAIBHOTO 00pa30BaTeIb-
HOTO TIPOCTPAHCTBA IOJ] €T0 COOCTBEHHBIE OCOOCHHOCTH
[2]. Cuctembl a1anTUBHOTO TECTUPOBAHUS MIPUMEHSIOTCS
MHOTHUMHU OTCUYCCTBCHHBIMU U 3apy6e)KHLIMI/I ucciaeno-
BaTCIIsIMU, MpeajiaralomiuMu pa3jIniHbIC MOAXOAbI K €€
peanu3anum.

[TpoBeneHHbIN aHanu3 HayuHbIX pabor [2—13] moka-
3all, YT0 HanOOoJbIIee KOINIECTBO COBPEMEHHBIX TEOpe-
THUYECKUX M ITPAKTHYECKUX UCCIIEIOBAaHUI B 00IacTH pas-
paboOTKH CHUCTEM aJlallTUBHOTO TECTHPOBAHUS CBSA3aHO C

pecypc]. Pexxum gocrtyna: https://cdnstatic.rg.ru/uploads/
attachments/180/25/89/56962.pdf (nara obparenust: 01.04.2023).
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N1.®. Taruposa, T.M. 3ybkoBa

MIPUMEHEHHEM MCKYCCTBEHHBIX HeliponHbix ceteit (MHC)
B Pa3JIMuHbIX NPeAMETHBIX oOnactsix. Hanpumep, B padore
[2] npennoxeno ucnonszoBanre MHC nist apromaruzanuu
TIporiecca BBICTABJICHUS OLIEHOK MPHU pa3padoTKe TpeHa-
KEPHO-00yJarOIIe CUCTEMBI IPH MOJITOTOBKE CIEIHA-
JUCTOB B aBHAIMOHHON obmactu B [3] mpuMmeHeHa Tex-
wvonorust MHC mipu permeHnu 3amadn BEIOOpa CIOKHOCTH
BOTIPOCA aJaNITUBHON CHCTEMBI TECTHPOBAHHS.

B pabore [4] ucnonb3oBaH anropuT™ balieca mis
TIPOSKTHUPOBAHUS aJaNTUBHONW MOJENIH TeCTUPOBAHMS HE-
CKOJIbKHX KOMIICTEHI# oOy4aroruxcs. B [S] ¢ momoribio
anroputMa baiieca npemyiokeHo alanTUBHO MPOBOAUTH
MIEPCOHAIN3UPOBAHHYIO (POPMHPYIOIIYIO OLIEHKY ydallie-
roCsl, TMHAMUYECKHU BBIOMPAsl SJIEMEHTBI U TECTHI B COOT-
BETCTBUH C UX CIIOCOOHOCTSIMH.

B [6] npeanoxkeH MOTYIbHBINA NPUHIUII HOCTPOECHUS
AaNITHBHON CHUCTEMBI TECTUPOBAHUS ISl OOyUCHHS HHO-
CTPaHHOMY SI3BIKY KYpCaHTOB BOCHHBIX By30B. B pabore [7]
HCTIONIF30BaHa MapKOBCKas MaTeMaTHIeCKast MOJICNb TNHA-
MHYECKOTO aJalTHBHOTO TECTUPOBaHMS aKTHUBHOTO areHTa
JUTA pa3pabOTKH CHCTEMBI OIICHKY 3HAHUN CTYICHTOB.

Ha ocHoBe Onosornueckol TeOpur pa3BUTHS YeIOBEKa
K. Tuaxke mpeaiokuiI alropuT™ pa3padoTKA JTUHAMUYEC-
CKHUX aJalTHBHBIX TECTOB-TPCHAKEPOB JUISl INArHOCTHKH
MpoLeCcCyalIbHBIX XapaKTEPUCTUK OOyUCHHUs yUaIIUXCs
BpEMCHAM aHDIMHCKOTO si3biKa [8]. B pabore [9] nucmosnb-
30BaH KPUTHKYIOLIUH TTOIXO0/ K TIOCTPOCHHIO IKCIIEPTHBIX
CHCTEM JUIsl pean3aliiy aIallTHBHOTO TECTHPOBAHUS, a B
[10] mpencraBiena Moaeab aJanTUBHOIO TECTUPOBAHUS C
HCTIOTF30BaHIEM HEYCTKOW MaTeMaTHKH.

B paborte [11] pa3paborana ruOkas oHIaiH-IaTGOpMa
JUTSL KOMITBIOTEPU3NPOBAHHOTO aAaTHBHOTO TECTHPOBAHHS,
B KOTOPOW MPUHATA BO BHIMAaHNE OCOOCHHOCTH HEOJTHO-
ponHOCTH oOyuatomuxcs. [IpunoxeHnue mo3BonseT JUHA-
MHYECKH MOJCTPANBATh HE TOJIBKO TECTOBBIC 3aJIaHHs, HO
U TI0JIb30BATE/IbCKUN HHTEpdETiC.

B [12] yuren a¢dexT 3a0biBaHUs CO BpeMeHeM 00y-
YaloUMMUCS Marepuaia AuCiMIumHbL. [Ipenoxeno pea-
JM30BaTh aJallTHBHYIO (DOPMUPYIOLIYIO CHCTEMY OLICHKH,
OCHOBAHHYIO Ha KOMITBIOTEPHOM TECTHPOBAHWHU U IIUKJIC
aMATH 00y4YeHHUsT, YTOOBI 00ECIIEYNTh TOBTOPHYIO OLICHKY
3HAHUH yYaIlIuxcs.

B [13] pa3paboTrana KOMIBIOTEpU3UPOBAHHAS CHCTE-
Ma aJIalITUBHOTO TECTHPOBAHUS ISl N3MEPEHUS YPOBHS
BIIQJICHISI aHTJIMHCKUM SI3BIKOM OOyYaroIuXcsi Ha OCHOBE
IIECTUATAMHON MPOIIEAYPHI.

[Ipobnemarnka pa3pabOTKU aJalTHBHBIX TECTOB SIB-
JIIeTCS aKTyaJbHOW HE TOJIBKO B PaMKax peIleHUs 3aj1ad
TECTUPOBAHMs 0OyJaIOIIUXCs, HO M B IPYTHX cdepax, Tpe-
OyIOIIMX ITPOBEPKU YPOBHS KOMIICTCHIUH, a TAKKe JINY-
HOCTHBIX MHTEIJIEKTYaJIbHBIX U MCUXO(U3NOIOTHIECKUX
Ka4ecTB UCIBITyeMOoro. HampumMep, B MEITUITHHE: TIPH pa3-
paboTKe KOMITBIOTePU3NPOBAHHON aIAIITHBHOM TECT-CUCTE-
MBI (DYHKITMOHAIEHOU OIICHKH HHCYIBTA [ 14], mcuxomoruu
TIpH OTIeHKe (PU3NIECKIX HABBIKOB MBIIIUICHHS KOMITBIOTE-
PHU3UPOBAHHOTO aIaITUBHOTO TECTUPOBAHUS [15].

B HacTosmeit pabote B kKadecTBe puMepa MpeicTaBie-
HO perieHne mpoOeMbl pa3pabOTKH CHCTEMBI a/ITallTHBHOTO
TeCTUpOBaHUsI 1y1sl 00yyarormxcst noarorosku B [T-cepe
NPU U3yYCHUH CHCUUATBHON AUCIUILUINHBL.

IlocTanoBka 3agauu

s peanmu3aiiiy MoCTaBICHHON 1IN PaOOTHI BHITION-
HEHO CO3/IaHME MHTEIUICKTYaIbHON CHCTEMBI aJallTUBHOTO
tectupoBanus (MCAT), mo3Bosisironieid OlleHUBaTh 3HAHUS
oOyuvarontuxcst. J{jst 3Toro paspadoraHna cTpyKTypa o0Oyda-
IOIIEH CUCTEMBI, OTpeieieHbl HH()OPMAIIMOHHBIE TOTOKH 1
MHCTPYMEHTBI JUTSl a[alTallii PaHKUPOBAHHOTO TECTOBOTO
Marepuaia.

CrpykTypa o0yuarorieil CHCTeMBI (pHc. 1) COCTOUT U3
mecTH OJOKOB: Tpex 0a30BBIX (KJIACCHYECKHX CTPYKTYp-
HBIX enHUI): «bIoK yueOHBI», «BIIOK MeToIIaeCKmin»y
1 «BIJIOK 3JIEKTPOHHOTO KypHAJa» U TPEX HHTCIUICKTYallb-
HBIX, HAIIPABJICHHBIX Ha Pa3HOCTOPOHHIOKO aJIalTaIIIo 00-
YUaroIe CHCTeMBI K 0COOCHHOCTSIM 00ydarormmxcst: «biok
aJIalTaIiA TTOJTF30BATEILCKOTO HHTEepdetica», «biok anar-
Tanuu y4eOHOTo KOHTEeHTa» U «bBIIOK aganTupoBaHHOTO
TECTUPOBAHUS.

JlanHast aieKTpoHHAs 00y4Jarolas cucTeMa aHaJIorn4Ha
JICUCTBUSIM, KOTOPBIE POBOJUT IIPEIIOaBaTelb B YCIOBHUSIX
TpaxuIoHHON (Gopmbl Ha 3aHATHsAX. Bompockl, 3axaBa-
€MbIe CUCTEMOM, pa30MBAIOTCSl HA HECKOJIBKO YPOBHEH
110 Mepe BO3pACTaHuUs CIOKHOCTH BOnpocoB. Ha mepBom
JTare BCEM MCIBITYEMBIM BBIAACTCS OJTMHAKOBBI BXOIHOM
TECT, IIeJh KOTOPOTO — OCYIIECTBICHUE MPEIBAPUTEIEHON
muddepenimanun odydatoruxcs. [1o pesymasratam aud-
(hepeHNIMAIIE HA BTOPOM ATaIle OPTaHNU3YETCS aTaNTHBHBIN
PEXUM, U CTPOSATCSI COOTBETCTBYIOIINE TECTHI [4].

Pe3ynbpraThl OTBETOB Ha BOMPOCH KaXXJIOTO YPOB-
Hsl 00yCJIaBIMBAIOT BBIOOP CIEAYIOMIEro YpOBHs (MO-
’KET TOBBIIIATHCS, TTOHUKATHCS, OCTABATHCS MPEKHUM ).
KomruiekcHas onieHka (hOpMHPYETCsi ¢ Y4ETOM MPOILICHTa
MPaBUJIBHBIX OTBETOB, JUIMTEIBHOCTH OTBETA, CTEIICHH
MPaBWJILHOCTH OTBETA, YHCJIA MTOTIBITOK.

Ha puc. 2 npencrasieHa quarpaMMa MOTOKOB JIaH-
HBIX Tpollecca aBTOMAaTH3aIlMy aJalTHBHOTO TECTH-
poBanusi B Case-cpenctse BP-WIN B nHorauuu DFD.
C cructeMoi MOTYT B3aMMOZCHCTBOBATE MPEITIOIaBaTEIh
(BBICTYMIaeT B pOMH «DKCIEPT») U 00ydaromuiics (B poiIu
«CTyneHT»), KOTOpBIE BXOIAT B CHCTEMY C pa3HBIMH Ipa-
BaMH JIOCTYTIA.

B kauecTBe MHCTpyMEHTA JUIsl aJlallTAllid PaHKUPO-
BaHHOTO TECTOBOI'0 MarepHaja UCIOJb30BaHa dKCIIePTHAs
cHucTeMa, SIIPOM KOTOPOH sIBIIsieTCs] HedeTKast 0a3a 3HaHHH.
B kauecTBe MaTeMaTHuECKOTO METO/A UCTIONB30BaH aJro-
PHUTM HEYETKOTO BbIBOJIa Mam/1aHu, B KOTOPOM ITPUMEHEHa
MHUHHMAaKCHasi KOMITO3UIIUSI HEUETKUX MHOXKeECTB [ 16].

Taknm 0Opa3zoM, cucrema aIanTHBHOTO TECTUPOBAHUS
MIO3BOJIAIIA MAKCUMAITBHO TIPUOIN3UTH MTPOIIECC DICKTPOH-
HOTO KOHTPOJIS K HETIOCPEJICTBEHHOMY KOHTPOITIO 3HAHUH
TIperoiaBaTeseM, IIPH ATOM OIIEHKa CTAHOBUTCS OoJee MoI-
HOW ¥ JTOCTOBEPHOM, YeM TPH HCIIOIB30BAHUU OOBITHOTO
TecTupoBanus [4].

MaremaTudeckasi MoJeJIb 3KCHepTHOﬁ CUCTEMBbI

JIuist peanu3aiivi HHTEIUICKTYalbHOTO KOHTPOJISE 3HAHUH
UCIoNb30BaHa 12-0asutbHast IKalia, MPEUMYIECTBO KOTO-
PO¥, TT0 CpaBHEHHIO C TPAJUIIMOHHOHN 5-0aIpHOM — OoJee
BBICOKAsI pa3nuyaromnias criocoorocTs [10]. lannas nikana
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Fig. 1. Structure and interconnection of electronic training system components

MI03BOJIMJIA OMKCATh PE3YIBTAT C OMOIIBIO HEUETKHX MO-
HATUH «MEHee 4eM ...» U «Dojee YeM», YTO COOTBETCTBYET
OLIEHKAM THMA «5 ¢ MUHYCOM», «3 C ITFOCOM» U T. 1., KOTO-
pBI€ YacTO MCMONIB3YIOTCS MPENOAaBaTeIIMH AT OLIEHKU
yUueOHBIX JOCTHIKEHUH 00yYaroIuXCsl.

Ha puc. 3 nokazano coorerctBue 12-6ayibHOi 1 Cy-
IICCTBYFOIICH 5-0aJTbHOM MK OIICHUBAHUS.

Ha puc. 3 BuaHO, uTo B 12-0ayutbHOM MIKaje ompene-
JICHBI BO3MOXKHBIE OLCHKH ISl HCIBITYEMOTO Ha OCHOBE
HEYETKNX MHOXKECTB: «HET 3HAHUN», «HEYIOBICTBOPH-
TEJIEHO», «MAJIOyAOBIETBOPUTEIHLHOY, «ITOYTH yIOBIETBO-
PHUTEIBHO», «yAOBICTBOPUTEIBHOY, «00JIee YeM yIOBIET-
BOPHUTEIBHOY», IIOYTH XOPOIIO», «XOPOIIO», «Oojee ueM
XOPOILIOY», KIOYTH OTIINYHO», KOTIUIHOY, KIPEBOCXOTHON.
JlaHHBIE YPOBHU H3MEHSAIOTCS B 3aBUCUMOCTH OT yCIIeXa OT-
Bevaronero. J{is Kayka0ro ypoBHS CIOKHOCTH « DKCTIEPTY»
(mperiofaBareo 1o AUCIMILIMHE) HEOOX0ANMO pa3pado-
TaTh COOTBETCTBYIOLIMI HAaOOp Borpocos. TecTupoBaHue

MPOBOJUTCS O METOAY «Bonpoc — oTBeT». [locie oTBeTa
Ha KaKJ0€ 3aJlaHue NMPOU3BOAUTCS OLIEHKA NPaBUIIBHO-
CTH OTBeTa. B kadecTBe MHCTPYyMEHTA ISl OMPEACICHUS
TEKYIIEro YPOBHS 3HaHUH 00y4arolerocs NCIoIb30BaHa
He4eTKas SKCIepTHasl CUCTEMa, a B KaueCTBE aJlrOpuT™Ma —
QITOPUTM HEUETKOTO BbIBOAA MaMaaHu, KOTOPBIH COCTOUT
U3 MIECTU ONEPAIOHHBIX ACHCTBUIL.

1. ®a3z3uduxanus. [IpeodbpasoBaHne TOYHBIX 3HAYE-
HUH BXOJIHBIX IIEPEMEHHBIX B 3HAUCHNUS JIMHT BUCTHYECKUX
MEPEMEHHBIX MOCPEACTBOM (YHKIMH MPUHAIICKHOCTH.
Ha nHavanesHOM 3Tare XxapaKTepUCTHKH 00yJaOnXCs OTH-
CaHBl B BUJIC BXOJHBIX JMHIBUCTHUECKHUX ITEPEMEHHBIX,
3a/1aHbl MX TEPMBI U TapameTpsl [ 16].

Mopesnb HeUeTKOTO BBIBOJIA COAEPKUT UEThIPE BXOJHBIX
MIepeMEHHBIX: POLICHT BepHBIX 0TBeTOB Ha TecT (OT), nu-
tenbHOCTh oTBeTa (DO), cTeneHs MpaBUIBHOCTH OTBETA
(SPO), uucno nomnsitox (KP) 1 01HyY BBIXOHYIO TEpeMEH-
HYI0 U3MeHeHue ypoBHs noarotosku (CHP).
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PesynpraT BXOOHOTO TeCTHPOBAHUA
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PesynpTaT OnEHKH TOCTI)KEHUN CTYASHTOB ‘
Texymmii ypoBeHb IOATOTOBKH
basa snaumit
) y ) 9KCHEPTHOMN
[TapameTpsr (IpaBUIBLHOCTH OTBeTa,/ \\ CHUCTEMBI
YHUCITO MOTBITOK, BPEMs ) TeCTa . DKcnepTHAS CHCTeMA A
IpenogaBaTtens JIuHrBHCTHYECKHE TTEPEMEHHbIE . ONPE/eeHHs H3MeHEeH st IIponyKumoHHbIe npasuia
(3xcmepT) [pomyKUHOHHBIE paBHIa TEKYLIEro yPOBHsI Heuetkuii Br1BON Mamnanu
Y poBeHb OATOTOBKH 00y4aeMOro NOArOTOBKH

_

Y,

Puc. 2. ,HI/IanaMMa IIOTOKOB JaHHBIX ITpOIE€cCa aganTalnnuu T€CTOBOIO MaTre€puaia

Fig. 2. Test material adaptation process data flow diagram
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Fig. 3. Compliance with 5- and 12-point rating scales

Jlunreucruyeckas nepemenHas «II[poLeHT nmpaBUiIbHbBIX
OTBETOBY OIUCHIBAET B MPOLEHTAX YUCIIO BEPHBIX OTBETOB
Ha TECTHI U CONEPKUT IIECTh TEPMOB: «OUEHb HU3KHUII»,
CHUBKUWY», «CPEHUW», «BBILLIE CPEAHETO», «BBICOKHII»,
«OYE€HBb BBICOKUIY.

I'paduk GpyHKIIMN TPUHAATIEKHOCTH JTHHTBUCTHYECKOM
nepeMeHHoON «IIpoleHT npaBUIILHBIX OTBETOBY» MPEJICTAB-
JIeH Ha puc. 4.

J1s 3HaYeHN sl BXOZHOM JINHI'BUCTUYECKOU IIEPEMEHHON
«JIMmUTenbHOCTH OTBETaY» MPUHATO €AUNHOE BPEMS JIsl OTBETA
Ha BCE TECTHl — 5 MUH (YCTaHOBJICHO KaK ONITHMAIIbHOC BPE-
Ms1). OTpUIaTeNbHBIC 3HAYCHUSI OTKIIOHCHHS 03HAYAIOT, 4TO

00y4JaeMBblif 3aTpaTUIl Ha OTBET MEHBIIIC BPEMEHH, YeM yCTa-
HOBJICHO B KQU€CTBE ONTUMAJILHOTO JIJIS JTAHHOTO 33 TaHuS.

JIJIst OTICHKH CTETIeH! TPaBIIEHOCTH OTBETA IPUMe-
HEH CIIOCO0 C MCII0JIb30BAHMEM HEYETKOM MaTeMaTHKH.
IIpemnokeHa cieayronias HeUYeTKas IIKala ONCHKH: «He-
TIPAaBIIIBHOY, HETOUHO», HE COBCEM MPABHIBHOY, «ITOYTH
MIPABWIIBHOY, «IIPABUIHHOY.

JIunrBUCTHYECKAs TIEpEMEHHAs «IUCIIO MOTBITOK» MO-
JKET PUHUMATh 3HAYCHHUS «HEOOIIBIIIOEY, KCPEIHEE YHCIIO
[TOILITOKY, «O0JIBIIOE YHUCIIO MOIMBITOKY.

BpiXoHOM TUHTBUCTHYECKONW MEPEMEHHOU SIBISET-
csa nepemeHHas «M3MeHeHHne ypoBHS MOATOTOBKUY, CO-

Hay4HO-TeXHUYeCcKnii BECTHUK MHDOPMALIMOHHbLIX TEXHONOM A, MexaHukn n ontuku, 2023, Tom 23, N2 4

Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2023, vol. 23, no 4

761



VIHTennekTyanbHas cuctemMa aganTUBHONO TECTUPOBAHUS

—»

1,0

0,8

0,6

0,4

0,2

e

HpOHGHT IIpaBUJIbHBIX OTBETOB

0 20 40

OYEHb HU3KHH ® HU3KHH B CpeIHMI

B BBIIIC CPEAHETO

60 80 100

W BBICOKHI B OYCHB BHICOKHH
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Fig. 4. Graph of the memebership function of the linguistic variable “Percentage of correct answers”

JiepKaias naTh TEPMOB: «YMEHLIIUTEL HA B YPOBHI,
«yYMEHBILIUTh Ha OJIUH YPOBEHbY», «HE U3MEHSTH YPOBEHb
TIO/ITOTOBKM», KyBEJIMYUTH Ha O/INH YPOBEHbY, KYBEIMUHUTh
Ha JIBa YPOBHSI».

2. llpoexkTupoBaHue HeYeTKOH 0a3bl mMpaBHJI
JKCMEePTHOI cucTtemMbl. Onycanue mapaMeTpoB JIMHT-
BUCTHYECKHX IEPEMEHHBIX MOCIY)XHJIO OCHOBOM ISt
MIPOSKTHUPOBAHNS HEUSTKON Oa3bl MPaBMII HIKCTIEPTHOM CH-
cteMbl. [IporoTun 6a3sl MpaBwUiI MPEACTABICH B TAaOIHIIE.
VYeioBHbIE 0003HAYEHNUS HCIIOIB30BaHbI aHAJIOTMYHBIE (a3-
3uuKanum.

3. ArperupoBanue noaycjaoBuii. OnpeaenceHme UCTHH-
HOCTH yCJ'IOBl/lﬁ JUTA KQXKJ0T'0 JIMHITBUCTUYCCKOIO IpaBuia
CHCTEMBbI HEUETKOTO BBIBOAA. TaKk Kak BO BCEX IpaBHIIaX
ncroibp3oBana omnepanus «M», To arpernpoanue npo-
BEJICHO 110 METOAY JIOTHYECKOW KOHBIOHKIIMH, KOTOPOE
3aKJTIOYACTCSl B HAXOXKICHUN MUHUMAJIBHOTO 3HAYCHUS
HCTUHHOCTH BCEX €T0 MOy CIIOBHH:

b; = min{p(OT), W(DO), W(KP), W(SPO)},

e { — 00IIee KOJMYSCTBO JIMHIBUCTUYCCKHUX TTPABHLIL.

4. AKkTHBanusa noa3akJaoueHnii. Haxoxaenne cre-
[ME€HU UCTUHHOCTH Ka)KJIOT0 M3 MOA3AKIIOUCHUH B JIMHI-
BHCTHYCCKOM IpaBmiie. J{JIs KakIoro MOA3aKIIOYCHUS B
COOTBETCTBHH C (PYHKITHECH MPHHAICKHOCTH BBIXOIHOM
TUHTBUCTHYECKON nepemeHHon W(CHP) n pe3ynbpTaToM
MIPEIBITYIIEr0 OMEePAIIIOHHOTO JACUCTBUS MONTy9IeHA CTe-
MeHb UCTUHHOCTH. OmpeieleH0 MUHUMAIIbHOE 3HAYCHUE
(YHKINHU TPUHAICKHOCTH MOA3AKITFOYCHHUH:

W(CHP) = min{c;, (CHP)},

rne W(CHP) — ¢(yHKIUA TpUHAIC)KHOCTH BBIXOIHON
nmuHTBHCTHYecKON iepemennoil CHP; ¢; — anemeHT MHO-
xectBa C = {c;} KOTOPBIN OIpenesieH KaK MPOU3BEICHUE
3JIEMEHTOB MHOXECTBA UCTUHHOCTH ycioBuil B = {b;} u
3HAQUEHHUH BECOBBIX KOI(P(PULIUEHTOB F; IS KaKAOTO M3
JIMHIBUCTHYECKHX MTPABUII CUCTEMbl HEUETKOTO BBIBOJIA.
5. AkkymyaupoBaHHe 3aKkj04ennii. Haxoxnenue
(YHKIIMM TPUHAJICKHOCTH ISl KQXKJI0H U3 BBIXOAHBIX
JIMHIBUCTUYECKUX NepeMenHbx CHP = {CHP;}, ocymiect-

BJSIEMOC HA OCHOBE Max-00beIMHEHUS (DYyHKIIMN TPUHAI-
JICKHOCTHU:

W(CHP) = min{y;(CHP)}.

rae ' (CHP) — (GyHKIUS IPUHAUISKHOCTH, TOIyYeHHAas
B pE€3YJIbTAaTEC aKTUBALIUHN JIMHI'BUCTUYCCKUX ITPABUJL.

6. ledazzudurkanus. HaxoxaeHue 4MCIEHHOTO 3Ha-
YEeHUs JUIS KaXK10H U3 BHIXOIHBIX JIMHTBUCTUYECKUX TIEpe-
MeHHBIX MHOkecTBa ST. Pe3ynbrarom JaHHOTO orneparu-
OHHOT'O JICHCTBUSI OJTYyYEHHE KOIMUECTBEHHBIX 3HAYCHUI
BBIXO/IHOM nepeMeHHOH «l/I3MeHeHne ypoBHs MOTOTOBKI.
Jeda3z3udukarus BITIOIHEHA [T0 METOIY JICBOTO MOJIANb-
HOTO 3HAYCHHUS:

y=min{CHP,,},

rne CHP;;— MopabHOe 3Ha4eHUE HEYETKOTO MHOKECTBA
Ju1st BeIxonHOM nepemenHoid CHP nociie akkymysisiiuu.

B pesynbrare paboThl HEYETKOTO JIOTHYECKOTO BBIBOIA
JUTSL K&KIOTO 00YYaromierocsi ONMpeesieH TeKyIUui ypo-
BEHbB TO/ITOTOBKHU, B COOTBETCTBHHU C KOTOPBIM ITO00paHa
HamboIee oNTUMAaNbHAs PEIAKIMS TECTOBOTO MaTepuana,
MaKCHMAaJIbHO aTallTHPOBAHHAS MO €T0 HHINBUIYaIbHBIE
ocobennoctu [16].

IpakTnueckas peanuzanus UCAT

Ha ocHOBaHMU ONMUCAHUSI HEYETKUX MHOKECTB U Ipa-
BuT BeiBoza peanu3oana VICAT [17, 18]. B npemnoxen-
HOM MPOrPAMMHOM CPEJICTBE PETyCMOTPEHO J[BA YPOB-
Hi noctyna: «CtyneHT» u «DKcrept». «CTyneHT» IMeeT
BO3MO)KHOCTb: U3YUYHTh MPEITIOKEHHBIH TEOPETUUCCKUI
MaTepHall; BBIIOJHUTE JIA00OPATOPHBIC M MPAKTHYCCKHEC
pabOThI; MPONTH TECTHPOBAHUE.

[Ipu mepBoM 3amycke MPOrPaMMHOIO CPEICTBA MO
ypoBHeM joctyna «CTyIeHT» HEOOXOMUMO MPOUTH BXOJI-
HOE TECTUPOBAHUE JIJISI ONIPE/ICIICHHS HAYaIbHOTO YPOBHS
moaroToBKu. OKHO MPOX0XKICHHUS TCCTUPOBAHUS TIPE/I-
CTaBIICHO Ha PUC. 5, @, MOCIIC TSCTUPOBAHUS OyJCT BBIBE-
JICH PE3yJNIbTaT C YKa3aHUEeM U3MEHCHUS TEKYIIEro YPOBHS
MOATOTOBKH oOydJaromerocs (puc. 5, b).
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Tabnuya. ®parMeHT 6a3bl MPaBUI

Table. Rule base fragment

ECJIN OT=ouenn DO=ouenn u KP =ouenp u SPO=npaBunbHO TO CHP=YBennuuts
BBICOKHIA KOPOTKas Mainoe HAa JIBa YPOBHS
ECIIN OT=ouenb DO=xkopotkas | U KP=ouenn u SPO=npaBunbHO TO CHP=VYBenunuurs
BBICOKUI Majoe Ha JIBa ypOBHs
ECJIN OT=ouenn DO=ouenn u KP=ouenn u SPO=noutn TO CHP=VYBennuuts
BBICOKHIA KOpOTKast Maioe MIPaBUIIBHO HAa JIBa YPOBHS
ECJINX | OT=BbIcokuii DO=xopotkas | U KP=ouens )41 SPO=moutn TO CHP=YBennuuth
Majoe MIPABUJIBHO Ha JIBa YPOBHS
ECJIN | OT=BbIcokuit DO=xopotkas | U KP=mamnoe u SPO=noutn TO CHP=YBennuutpb
MIPaBUIIEHO Ha OJIUH yPOBEHb
ECJIM | OT=BbIcokuit DO=xkopotkas | U KP=cpennee u SPO=npaBuiabHO TO CHP=VYBennuurs
Ha OJIH YPOBEHb
ECJIN | OT=BbIcokuit DO=xopotkass | U KP=mamnoe u SPO=noutn TO CHP=YBennuutb
MIPaBUIIEHO Ha OINH yPOBECHb
ECJIN | OT=BbIicokuit DO=oueHb n KP =maioe n SPO=nouTtn TO CHP=VYBennuuth
KOPOTKast MIPABUIILHO Ha OJIMH yPOBEHb
ECJIN OT=gsImmre DO=cpemnsts | U KP=cpennee nu SPO=nourn TO CHP=OcraBurs
CPEeAHero TIPaBIIILHO MPEKHUN YPOBEHB
ECJIN OT=gbI1e DO=cpenuss )41 KP=mainoe u SPO=noutn TO CHP=OcraButh
CPEAHETo MIPABUIIBHO MIPEKHUH ypOBEHb
ECIIN OT=sbl11e DO=xopotkas | U KP=cpenuee n SPO=noutu TO CHP=OcraButb
CpeAHero MIPaBHIBHO MIPEKHUN YPOBEHb
ECJIM | OT=Huzkuii DO=mmunnas | U KP=06omb110e W | SPO=ne npasunsHo | TO | CHP=YMmenbmuTh
Ha OJIMH yPOBEHb
ECJIX | OT=nu3kuit DO=ouenn n KP=ouenn n SPO=netouno TO | CHP=YmeHbmuth
JUINHHAS Majoe Ha OJIUH YPOBEHb
ECJIN OT=Hus3kut DO=nmnunHas )51 KP=mamnoe N | SPO=ne npasunsHo | TO CHP=YMeHbIIUTH
Ha OJIUH YPOBEHb
ECIIN OT=oueHnb DO=ouenn U | KP=6omsmoe | M | SPO=ne npaBmisno | TO | CHP=YmenbmmTsb
HHU3KHI JUTMHHAsI Ha JIBa yPOBH:I
ECJIN OT=o4enn DO=ouenn WU | KP=6ompmoe | U SPO=nerouno TO | CHP=Ymenpmmrh
HU3KAN JUTHHHAS HAa JIBa YPOBHS
ECJIN OT=ouennb DO=nnunnas u KP=6omnb110€ N | SPO=ne npaBunbuo | TO CHP=YMeHb1uThH
HU3KHUH Ha J1Ba yPOBHsI
a b
e aas TS T eT el Saced YpogeHb Nog2omoBKuU 06yualouie2ocs
PaBoma co cmpokamu & C++ Cmygenm: Cepzees AA. Tpynno: 22N rx(60)PIUC-1
H40A0 MecmupoBamus: 2002.2023 14:5627 Mpowno Bpemenu: 06015903 Terywull yposens nogeomosku: 9 - Boaee, uem xopowo (4+)
Boews 1a sonpos 00001004 = e e
® & © . s 6 9 0 n » 1 " ® w 1 "

Bonpoc: 3us 20

Caegyrowutl sonpoc

Hauono mecmupoeanus; 2002.2023 14:5627

Oxonuanue mecmuposarus: 2002.2023 15:09:13

Vimozosuill peayasmam: 17/20 (85%)

Npouenm epHbix omoemos: 85% (Buicokul)

A omeema: -40%

Cmenerb NPGBUALHOCMU OMBEMOB: 4 60AAG (NOMMU NPOBUALHO)

Yucao NonbIMGK: 1 NONBIMKG (OueHb MoAGE)

Peayaomom: YEeAunums Mo GBO YPosHA

Hoeuil yposens nogzomoexy: 11 - Omauuno (§)

Puc. 5. Bua okoH POXOXKACHUS TECTUPOBAHNUS (@) M PE3yIBTaTOB OMPEACICHHUS TEKYIIET0 YPOBHS OATOTOBKH oOydatomerocs (b)

Fig. 5. View of the windows for passing the test () and the results of determining the current level of training of the trainee (b))
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:
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MsmeHenne ypoBHA NOAroToBKM
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Pesyasmam: YBeAuuums Ha gea yposHa

Hosbili ypoBeHs N0920moBKu o6yuaemozo: 11 - Omauuo (5)

s 4 3 24 0 1 2 3 45

Puc. 6. Buj okoH: paObOTHI C JIMHIBUCTHYECKUMH ITEPEeMEHHBIMHE (a); 0a3bl MPAaBUII HEYETKOH SKCIIEPTHON cucTeMsl (b); onpeaeseH s
YPOBHsI HOTOTOBKH JJIsI poiin «JKctiepT» (¢) u paboTsl anroputma Mamaanu (d)

Fig. 6. View of windows: working with linguistic variables (@); the rule bases of the fuzzy expert system (b); determining the level of
training for the role of “Expert” (¢) and the operation of the Mamdani algorithm (d)

OtMmeTnM, 4TO 00y4aroeMycsi MOT'YT OBITh OIpeiernie-
HbI TEMbI TIOBTOPHOT'O U3YUCHUSA [JIsI TIOBBIMICHUSA YPOBHA
TIIOATOTOBKH.

[Tpu paboTe ¢ MHTEIUIEKTyaIbHON CUCTEMOM 110]] yPOB-
HEM JI0CTyMa « DKCIepT» MPea0CTaBIeHb! 0ojee MHPOKne
(YHKIIMOHAIBEHBIE BO3MOYKHOCTH.

[IpenonaBaTento TOCTYIHBI Cleaylomne QyHKINN:
3aroJHeHne 0a3bl TAaHHBIX, KOTOpPAsk BKIIIOYAET TEOPETH-
YeCKUI MaTepuall; 3aaHus IS IPaKTHIECKUX U J1abo-
paTopHBIX paboT; TECTOBBIM MaTepHal; HacTpoiika mapa-
METPOB CIOKHOCTH Ka)JI0T0 TecTa (BOMPOCHI, KOTOPbIE
MMEIOT OOJIBIINKN BeC, O0BENMHAIOTCS B 00JI€€ CIIOKHBIN
TecT (MPenyCMOTPEHO JIBEHAIIATh YPOBHEH CI0KHOCTH));
NPaBUJIBHOCTE OTBETOB U PEKOMECHAOBAHHOC BPpEMA IJId
oTBeTa Ha BoIpoc. Takke BO3MOXKHO YCTaHOBHUTbH YUCIIO
TMIOTIBITOK TPOXOXKICHHS TECTA, IIPH ITOM BPEMSI MEXK1y
TIOTIBITKAMH TIPOU3BOJILHOE, HO JIOJDKHO YKJIaJIbIBAaThCS B
pamku yueOHoro npouecca. [IpernogaBarens 3amnonHser
W HacTpauBaeT 0a3y NMpaBWI — 3aJacT JIUHTBUCTHYECKUE
TepeMeHHbIe, Ha OCHOBaHMHU KOTOPBIX (hopmupyercst Oaza
TIPaBUJI KCIIEPTHON CHCTEMBI.

Ha puc. 6, a mpuBenen npumep paboThI C TMHTBUCTH-
yecKoil nepeMeHHOH «IIpoLeHT NpaBUIbHBIX OTBETOBY, IIE
3aJ1al0TCs TEPMBI, TApaMeTPbl U X 3HadeHUsL. [y paboTbl
C OCTAJIbHBIMH XapPAKTCPUCTHUKHU BBITIOJTHAIOTCA aHAJIOTHY-
HbIE JICHUCTBHUS.

I[Tpu HacTpoiike FIKCIIEPTHON CUCTEMBI 3HAYCHUS (DYHK-
HI/Iﬁ MPUHATTICIKHOCTHU BCEX HECUCTKUX MHOXKECTB MOT'YT
OBITH U3MEHEHBI «JKcrepToM». KomnuecTBo ypoBHEH U3-
MepeHHs (IeTau3alysl) KaXk10ro mapamMmeTpa TakKe MOXKET
OBITH M3MEHEHO, ATO TIOBJIEYET 32 COOON M3MEHEHHE Ipa-
BUWJI, NCIIOJIB3YIOIINX JaHHBIM apaMeTp.

[Tocre onmcanne Bcex TMHTBUCTHYECKHIX MEPEMEHHBIX
«DKcnepT» UMeeT BO3MOKHOCTB 100aBICHNS HOBBIX Tpa-
BuJI. B pesymerare popmupyeTcs 6a3a mpaBUII HEUSTKOH
9KCTIIEPTHOH CUCTEMEI (puc. 6, b).

Taxxe «DKCHepTy» MOCTymHA (PYHKIHS MPOCMOTpPA
TEKYIIETo YPOBHS MTOATOTOBKY BEIOPAHHOTO O0YHYArOIIETOCs
(puc. 6, ¢) 1 BO3BMOXXHOCTH BBIOOpA CIIOco0a MOTyUeHUs
JTAHHOTO pe3ylibTara BO BKJIAJKe «AJIroput™M MamIaHm»
(puc. 6, d).

Ha puc. 6, d noka3zana peanu3zanus stana aedassudu-
Kalluu, 1 Kak cpaboraiio nmpaswio. B nanuoil peanuszanun
AJITOPUTMa MCIIOIB30BaH MeTO/ Ae(ha3z3n(uKaum JICBOro
MO/IQJIBHOTO 3HAYCHUSI.

3akJoueHnne

Pa3paboTaHHas HHTEIUIEKTyalbHasl CUCTEMa a/lallTHB-
HOTO TECTHPOBAHUS MO3BOJIMIIA HA OCHOBAaHUM aHAIIN3a
pe3yabTaToOB TECTUPOBAHUS aJ€KBaTHO OLIEHUTb YPOBEHb
MO/ATOTOBKH 00ywaronuxcs. Vcronp30BaHNE TEXHOIOTHH
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N1.®. Taruposa, T.M. 3ybkoBa

HEYETKUX HKCHEPTHBIX CHUCTEM a0 BO3MOXHOCTb OCY-
LIECTBUTH aBTOMATU3UPOBAHHBIN U MHTEIJIEKTYaIbHbBIN
KOHTPOJIb 3HAHUH 00Yy4aIOIINXCsl.

[MoaTBepkaA€HO, UTO HMHTENNEKTyalbHa CHCTE-
Ma aJIalTUBHOTO TeCTHUPOBaHUS 3()(HEKTUBHO coOMpaeT
TIEPCOHAM3UPOBAHHYIO JUATHOCTHYECKYI0 HH(DOPMAIIUIO
0 KaX/I0M 00y4aeMOM, Ha OCHOBAHWH KOTOPOH Mpej-
JlaraeTcsl TECTOBBIM MaTepuall COOTBETCTBYIOILEN CIOXK-
HOCTH.

B xozie mpoBeieHHO# paboThI:

— HCCJICOBAHbI I/IH(i)OpMaI_[I/IOHHI)Ie IIOTOKH, IMPOTCKaro-

IKE MPH TPOXOXKICHUU OIICHKH 3HAHUIN 00YYarOIiXCst

U IPEJOCTAaBICHUS aJJallTUBHBIX TECTOBBIX 3aJaHUIl.

OnpeneneHa CTpyKTypa U B3aUMOCBSI3b KOMIIOHEHTOB

HMHTEJUIEKTyallbHON CHCTEMBI aJJallTUBHOIO TECTUPO-

BaHMS;

Jluteparypa

1. Cemenosa H.I'., Tomuna W.I1. Pa3paboTka 1 IpUMEHEHUE JICKTPOH-
HBIX 00pa30BaTElIbHBIX PECYPCOB B YCIOBUSX IU(POBOI TpaHCchOp-
Manuu obpasosanusi: Monorpadus. Opendypr: OI'Y, 2022. 139 c.

2. Tpuropses A.IL., Bypnyukwuii C.I. HelipoceTeBas HaBUTallMOHHAS
TpeHaxkepHo-o0yyaromas cucreMa // HpOpMamoHHO-yIpaBiIsio-
mue cuctemsl. 2017. Ne 3. C. 89-98. https://doi.org/10.15217/
issnl684-8853.2017.3.89

3. UYywmaxkosa E.B., Kopuees /I.I'", 'acnapran M.C. PaspaboTka metona
aJalTUBHOTO TECTUPOBAHUS Ha OCHOBE HelpoTexHonorui / OTKpbI-
toe obpazoBanme. 2022. T. 26. Ne 2. C. 4-13. https://doi.
org/10.21686/1818-4243-2022-2-4-13

4. TycsaraukoB B.H., Coxonosa T.H., be3zpykos A.l., Katokosa 1.B.
ApanTtuBHasE MOJETb TECTUPOBAHUS HECKOJIBKIX KOMIECTCHIMN Ha
ocHoBe anropurma baiteca // CoBpeMeHHbIE HayKOEMKUE TEXHOIOTUH.
2022. Ne 1. C. 40-46. https://doi.org/10.17513/snt.39007

5. Choi Y., McClenen C. Development of adaptive formative assessment
system using computerized adaptive testing and dynamic Bayesian
networks // Applied Sciences. 2020. V. 10. N 22. P. 8196. https://doi.
org/10.3390/app10228196

6. TI'epacumona T.H., I'ycera H.B. Hcnons3oBanue npodeccroHaibHO
AIANITUBHOTO TECTHPOBAHUS B MPOLECcCe 00ydeHUsI HHOCTPAHHOMY
S3BIKY KypCAaHTOB BOGHHBIX BY30B // MUp HayKH, KyJIBTypBI, 00pa3o-
Banust. 2019. Ne 3(76). C. 224.

7. Tleperynosa W.I1. /lunamMuueckoe aganTuBHOE TECTUPOBAaHHUE y4eO-
HOH JESTEIBHOCTH CTYICHTOB IIPH U3YYCHUH BPEMEH aHIIHHCKOTO
A3b1Ka // MexXayHapoHbIi Hay4YHO-HCCIEI0BATEIbCKHUI XKy PHAIL.
2020. Ne 10-2(100). C. 40-45. https://doi.org/10.23670/
1RJ.2020.100.10.042

8. bposka H.B., [Issauyk ILII., Hocko M.B., Ileperynosa M.II.
MapkoBcKasi MaTeMaTH4ecKast MOAE/b MHAMHYECKOTO aalTHBHOTO
TeCTHPOBAHMs aKTUBHOTO areHra // Mupopmaruka u obpa3oBaHHe.
2018. Ne 10(299). C. 29-35. https://doi.org/10.32517/0234-0453-
2018-33-10-29-35

9. Yactukosa B.A., Korecunx H.M. Cucrema aganTHBHOIO TeCTHPOBa-
HHS Ha OCHOBE KPUTHKYIOIIETO MOJIX0/1a K TIOCTPOSHHIO SKCIIEPTHBIX
cucTteM // DIEKTPOHHBIN CETeBOM MOIUTEMATHUYECKUN KypHAI
«Hayunste Tpyast KYBI'TV». 2018. Ne 3. C. 506-517.

10. Jlynauk C.B. Mozenb aianTHBHOIO TECTMPOBaHHUs HAa HEYETKOH Ma-
tematuke // OTKpBITOE M AMCTaHIMOHHOE oOpaszoBanue. 2004.
Ne 4(16). C. 78-88.

11. Oppl S., Reisinger F., Eckmaier A., Helm C. A flexible online
platform for computerized adaptive testing // International Journal of
Educational Technology in Higher Education. 2017. V. 14. N 1. P. 2.
https://doi.org/10.1186/541239-017-0039-0

12. Yang A.C.M., Flanagan B., Ogata H. Adaptive formative assessment
system based on computerized adaptive testing and the learning
memory cycle for personalized learning // Computers and Education:
Artificial Intelligence. 2022. V. 3. P. 100104. https://doi.org/10.1016/].
caeai.2022.100104

13. Huang H.T.D., Hung Sh.T.A., Chao H.-Y., Chen J.-H., Lin T.-P.,
Shih C.-L. Developing and validating a computerized adaptive testing

— BBISIBIICHBI OCHOBHBIE [TApaMETpPbl, HA OCHOBAHUH KO-
TOPBIX PEajJIU30BaHA OLIEHKA TEKYILUEro YPOBHS MOAr0-
TOBKH 00y4aeMOTo: MPOIICHT BEPHBIX OTBETOB Ha TECT,
CTEIEeHb NMPABUJIBHOCTH OTBETA, JIUTEIBHOCTD OTBETA,
YHCIIO MOIBITOK;

— pa3paboTaHa PKCIIEpPTHASI CHCTEMa, KOTOpast TO3BOJISI-
€T Ha OCHOBE aHaJIW3a BXOJHBIX JIaHHBIX ONPEIENSTh
YpOBEHB MOATOTOBKH oOydarommuxcs. B xagecTse an-
roOpUTMa HEUYETKOTO BBIBOJIA MCIIOJIL30BAH AJITOPUTM
Mawmpaanu.

[IpumeneHne cucteM aJlaliTUBHOIO TECTUPOBAHUS C
BHEJPEHUEM METOJ0B HCKYCCTBEHHOTO MHTEJIEKTA IO-
3BOJISIET PEATTM30BaTh YIIPABJICHNE MPOLECCOM OLICHKH 3Ha-
HUI ¥ MPOIEeCcCOM OOYYEHUS B I[EJIOM, YTO COOTBETCTBYET
COBPEMCHHBIM TPCOOBAaHUSAM W 3aJladuaM, KOTOPBIC CTOST
nepesi BhICIIEH KOO MOJTOTOBKH CIIELUATNCTOB.
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