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AHHOTAIUA

Beenenue. B coBpemenHOM 00pa30oBaHMM I€Jaroruka akTUBHO alaliTUPYETCs K HOBBIM 00JIacTsIM
3HaHU#, (opMUpys CHeNHaI3UPOBAHHBIC «IIEJArorHKU Tpodeccuity, Tpedyromue 0codoro
MBIIIJIEHUSI W KOMIIETEHUUH. Pa3BUTHE BBIUMCIMTENBHOW TEXHUKU [EPEBOAUT  3aJauu
KJaccuukanuy o0pa3oBaTeIbHbIX MPAKTUK U3 TEOPETUUYECKOH MIOCKOCTU B chepy MpakTHUECKON
peanu3alui, 4YTO OCOOEHHO BAaXHO JJS CTYICHTOB I€AAarOrMYecKuX BY30B. TaKCOHOMHHU
00pa3oBare/bHbIX NPAKTUK CETrOAHS HMEIT IMPAKTUYECKYI0 LEHHOCTb, IMOCKOJIBKY I103BOJISIOT
O0BEAMHATD pa3IMyHble NMPO(ecCHOHANbHbIE MEarOTKU U CIIOCOObI OpraHU3allu JeATeIbHOCTH,
pa3paboTaHHbBIE B Pa3HBIX HAYYHBIX 00JIACTAX, B €IMHYIO Pa0OTAIOIIYIO CHCTEMY.

MarepuaJibl 1 MeTOIbI. B paMKax mocTpoeHus: BEEPHOI MaTPULIbI HCTIOJIB30BAaH METOI0JIOTUYECKU
nogxon C. B. UebanoBa, mpemanonararomuii (OpMHpPOBAaHHWE IBYX B3aMMOCBS3aHHBIX OCEH W3
OHOPOAHBIX Kareropuil. Ocu, npencrapieHHble chepaMu JeSTEIbHOCTH (IUIaKTHKA, UHKEHEepHs,
uH(popMaThKa, MOJCIMPOBAHME) M TOAXOJAMH MBIIUICHUS (AMJAKTUYECKUN, WHKEHEPHBIH,
BBIUUCIIUTENIbHBIA, MOJICNbHBIN), pacloyiaraloTcsi OpTOrOHANbHO, 00pa3ysl KBaJpaTHYIO TaOJHILy.
CchopmupoBaHHasi OHTOJIOTHSI OTHOLIEHMH TpUMEHEHa M cbopa M CcUCTeMaTu3aluu
oOpa3oBarenbHbIX MpakTUK Ha Semantic MediaWiki, Mo3BoJIsisi HHTErPUPOBaTh KOHTEHT Pa3IMuHON
IPUPOABI U YUUTHIBATh CEMAHTHUECKUE PA3TNUUs MEKAY OObEKTaMH.

PesyabTarsl uccienoBanus. [IpuMenenne quaakTHUECKOTO MOAX0AA K HHKEHEPUH, HHPOpMaTUKe
U MOJeNUpoBaHHIO (opMUPYET NpPOoPeCcCHOHANBHBIE IEJarorvK, HaleJIeHHblE Ha pa3BUTHE
MHXEHEPHOTO, BBIYUCIUTENIBHOTO U MOJAEIBLHOrO MbIIIeHUS. MHXXeHepHbIN OoaXo K MeJaroruke
MpeNIoaraeT MCIOJIb30BaHUE WHKEHEPHBIX METOJOB B 00pa3oBaTeIbHOM Ipoliecce, a B
BBIUYHCIIUTEIBHON JEATEIBHOCTH TO MPOSIBISAECTCSA B IPUMEHEHHUH SI3BIKOB JUI CO3JIaHUS AMAarpamm
ClIeHapHueB 00pa3oBaTeNbHbIX MpakTHK. Oco0oe BHUMaHUE YENsAeTCs] B3aUMOACHCTBUIO JUIAKTHKH
U MOJENUPOBaHUs, (OPMHUPYS MOJECIBHYIO JTUAAKTUKY, HCIOJIB3YIOIyI0 MHOTOAareHTHOE
MOJIETUPOBaHUE JJISi MPOEKTHPOBAHUS OOpPA30BATENbHBIX MPAKTUK, YTO IO3BOJSET CTYACHTaM
MeAaroru4eckux By30B 3(h(PEeKTUBHO MPOEKTUPOBATh U aHAJTU3UPOBATh 00pa30BaTeNIbHbIE MPAKTUKH.
OOcy:xaenue u 3akiawodenus. [IperioxeHHblii GpeiMBOpK B BHJI€ BEEPHOW MaTpHUIIbI TO3BOJISET
BBISIBUTH NEPCIIEKTUBHBIEC HAIIPABJICHUS UCCIIEI0BAaHUH Ha TEPECEUEHUH Pa3IMUHbIX TUCIUIUINH, YTO
OTKpBIBAa€T HOBBIE BO3MOXKHOCTH JJisi 00pa3zoBaTeibHBIX MpakTUK. lcciegoBaHue akIeHTHPYET
BHUMaHHME Ha TOM, KaK JMJAKTHKAa MOXET 3aMMCTBOBAThH JJIEMEHTHI M3 JPYTUX OOJIaCTed, YTOOBI
pa3BuBarh 3pQeKTUBHbIE yueOHbIe Kypchl U (POPMUPOBATH KIIHOUEBbIE KOMIIOHEHTHI HHKEHEPHOTO,
BBIYHCIUTEIBHOTO U MOJEIBHOIO MBIIIEHUS.
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ABSTRACT

Introduction. In contemporary education, pedagogy is actively adapting to new fields of knowledge,
leading to the formation of signature pedagogies for professions that require distinct thinking and
competencies. The advancement of computing technology shifts the classification of educational
practices from a theoretical framework to practical implementation, which is particularly significant
for students in pedagogical universities. Taxonomies of educational practices today hold practical
value as they enable the integration of various professional pedagogies and organizational methods
developed across different scientific domains into a cohesive operational system.

Materials and methods. In constructing the fractal matrix, the methodological approach of
S. V. Chebanov was employed, which involves forming two interrelated axes from homogeneous
categories. These axes, represented by spheres of activity (didactics, engineering, computer science,
modeling) and thinking approaches (didactic, engineering, computational, modeling), are arranged
orthogonally to create a square table. The developed ontology of relationships is applied for the
collection and systematization of educational practices on Semantic MediaWiki, enabling the
integration of diverse content and accounting for the semantic differences among objects.

Results. The application of a didactic approach to engineering, computer science, and modeling
fosters signature pedagogies aimed at developing engineering, computational, and modeling thinking.
The engineering approach to pedagogy involves the use of engineering methods in the educational
process, while in computational activities, this is manifested through the application of languages for
creating scenario diagrams of educational practices. Special attention is given to the interaction
between didactics and modeling, forming a model-based didactics that utilizes multi-agent modeling
for designing educational practices, enabling students in teacher training institutions to effectively
design and analyze educational practices.

Discussion and conclusions. The proposed framework in the form of a fractal matrix allows for the
identification of promising research directions at the intersection of various disciplines, opening new
opportunities for educational practices. The study emphasizes how didactics can borrow elements
from other fields to develop effective curricula and shape key components of engineering,
computational, and modeling thinking.
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BBenenune

B coBpeMeHHOM MUpE CTPEMUTENIBHO MOSBISIOTCS HOBBIE O0JIACTH 3HAHUI, Tpedyromue oT
MEarorukd aKTHMBHOTO OCBOCHHMS U aJalTallud s [OJATOTOBKH  KBaTU(UIIUPOBAHHBIX
CHEIHAIMCTOB. JTO B3aUMOJICHCTBUE MEXKY MEarorukoil U APYruMHu TUCIHUILUIMHAMU TPUBOIUT K
(GOpMUPOBAaHUIO PA3NMHYHBIX «IeAaroruk mpodeccuit» (signature pedagogies) [25; 35]. Otu
MEIarOTUKU PA3INYAIOTCS MEXKAY cO00H 1o 00pa3y MBIIUICHHUS U HAOOpy KOMIIETCHIIUH, KOTOphIE
OHH XOTAT c(hOPMHUPOBATH Y yueHuKa. Kpome Toro, HOBbIe 00JIaCTH 3HaHUI OKa3bIBAIOT BO3/ICHCTBUE
HAa TEJaroruKy, ¥ 3TO MPUBOIUT K MOSBJICHUIO TAKUX HANPABICHUN W MIOHITUN BHYTPH MEAArOTHKH,
Kak neparorudeckas nHxenepus (L'ingénierie pédagogique) [29] mnu yueOnas mexanuka (learning
mechanics) [36]. BzauMooTHOIIEHHE pa3IUYHBIX MEJArOTHYECKUX TUCKYPCOB M 00pa30BaTeNbHBIX
MPAKTHK, BO3HUKAIOIIMX HAa MX OCHOBE, SIBISETCS aKTyalbHOW MPOOJIeMOM, KOTOpOH yaensercs
Cepbe3HOEC BHUMAHHE B OTEUECTBEHHOW U 3apyOexkHOl memaroruke. Cpeny OTeYecTBEHHBIX padoT
cienyetr orMmetuth padotel [. A. bamma [1], M. B. Knapuna [4] u WM. M. OcmoinoBckoii [2] 1o
Kiaccuukanuy 00pa3oBaTeNbHbBIX 3a/ad, MPAKTUK U TexHoJoruid. Cpean 3apyO0eKHBIX BBIIEITHM
paboter I. Konomu [16], B KOTOpBIX OHa MOAPOOHO paccMaTpuBaeT HE TOJIBKO pPa3HOOOpa3HBIC
crocoObI KIaccupukauy 00pa3oBaTeIbHBIX NPAKTUK, HO U ()OPMATHI UX OMKMCAHUS M MOBTOPHOTO
WCTIOJIb30BaHMSL.

C pa3BUTHEM BBIUYHCIUTEILHON TEXHHKU 3a7addl TPEACTAaBICHUS U KilaccuPUKAIIK
00pa3oBaTebHbIX MPAKTUK BBIXOJIAT Ha HOBBIM YpPOBEHb, Mepexoas M3 OOJIACTH TEOPEeTHUECKUX
JTMCKYCCUH B cpepy NMPaKTHUECKOM peaju3aluu. JTa MpakThyeckas JeATeIbHOCTh UMeeT 0coloe
3Hau€HHeE /ISl CTYACHTOB MEeJarorHuecKuX By30B, KOTOPBIM BaXKHO YMETh OOBEIUHATH B CBOEH padoTte
pa3nnyHbIe TPOPEeCCHOHATBFHBIC TIENArOTUKNA U CITIOCOOBI OPTaHU3AIUH JICATEIIEHOCTH IPYTUX HAYK.
B pamkax maHHO# CTaThu paccMaTpUBAETCS TOJIHKO B3aWMOICHCTBUE TENAaroruku, NHPOPMATHUKH,
WH)KEHEPUHU U MOJICITMPOBAHMS, HO CaM TIO/IXO/l MOYKET OBITh pacIIMPEH U Ha IPyTrue 00IacTH 3HAHHA.

O030p JuTEpaTypbI

Obpa3zoBarenbHas npakThka (learning activity) — B3aMMOACHCTBHE MEXIY YYalUMCS WU
y4yallUMHUCS U OKpYyXarolled cpenoil (BKiIIOYash pecypcbl KOHTEHTA, CPEACTBA M HMHCTPYMEHTHI,
KOMITBIOTEPHBIE CUCTEMBI U CITYKObI, COOBITHS M 00BEKTHI pEalIbHOTO MUPa), KOTOPbIE BBIOIHSIIOTCS
B OTBET Ha 3a/laHUE C IpPEIIojaraéMbIM pe3yiabTaToM o0ydeHus. OOpa3oBaTellbHas MPAaKTHUKA
COCTOMT M3 Habopa 3aJay, BBINOIHIEMbIX YUEHUKOM B ONPECICHHOM ME€AarornyecCkoM KOHTEKCTE
JUISL JIOCTHO)KEHHST CepUM 3apaHee OIpe/eNieHHbIX pe3ynabTatoB oOydenus [14]. Tlpumepamu
00pa3oBaTEeNbHBIX MPAKTHUK MOTYT OBbITh: NMPAKTHKH, OCHOBAaHHBbIE HAa AKTHBHOM IMO3HABaTEJIbHON
JeSITeNbHOCTH ydaluxcs (MpOoeKTHas JesTeIbHOCTb, UCCIeoBaTeIbCcKas paboTa, JUCKYCCHOHHBIE
¢dopmbl (nebGaTbl, Kpyrible CTOJBI)); MPAKTUKW, HUCIONB3YIOUIME WIPOBbIE M HHTEPAKTHBHBIC
(dbopmartsl (J1el0BbI€ U POJIEBBIE UTPHI, KBECThI, KOMIIBIOTEPHBIE UI'PbI); IPAKTHUKH NEPEBEPHYTOTO U
CMELIAHHOTO OOyUYeHUs; MPAKTUKH CETEBBIX MPOEKTOB, PA3BUBAIOIINE MEKIIPEIMETHBIE U CETEBbIE
cBsi3u. CylecTBYIOT MHOTOYHCIEHHbIE TaKCOHOMHMM 00pa3oBaTeNbHbIX MpakTUK. CamMbpIiMU
MIPOCTHIMH TAKCOHOMHMSIMU SIBIISTFOTCS TIEPEYUCIICHIS] BO3MOKHBIX BAPHAHTOB OPTaHU3aIUH YIeOHBIX
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B3aUMOJIEVCTBUI, KOTOPBIE TOMOJTHSAIOTCSA TEOPETUUECKUMHU OCHOBAaHUSMU U KEMCaMH MTPAKTUYECKOU
peanu3arun. Cpeau paboT, OCHOBAaHHBIX Ha CTPYKTYpE CIHCKa, HAUOOJBIIUI HHTEPEC IMPEACTABISIET
kaura J[. llIBapna u Kojuier, B KOTOPOW aBTOPBI Ui KaXAOro u3 26 crnocoOoB oO0yuyeHHS
MPONKCHIBAIOT MHOXKECTBO CBOWCTB, oOOpamias BHMMaHHE HE TOJBKO Ha JI0Ka3aTelbCTBa
3 PeKTUBHOCTH crocoba 00y4YeHHUs, HO M Ha KIIOYEBYI0 yueOHywo MexaHHKy [34]. OtnenbHble
pasjiesl KHUTH MOAPOOHO pa3duparoTcs B 6oiee mo3auux cratbix [32; 33; 37]. I'. Konomu takxke
UCIIOJIb3YET CTPYKTYpPY CIHCKOB, HO M MOJPOOHO pa3bupaer, Ha 4€M MOTyT 0a3HMpOBATHCS TaKHe
criucku [15]: TeopeTuueckue OCHOBaHHMS, MOIXOMbI M TEXHUKHU, 337a4d M JCHCTBUS YYACTHUKOB,
CpEeICTBa IeATEIbHOCTH, PECYPCHI JEATEIHOCTH, (DOPMBI MOJACPKKU U MPOTYKTHI AEATEIbHOCTH.

b. IsBuc u xosmern [17; 21] wucnosnp3oBagM s CHUCTEMaTH3allMd 0Opa30BaTEIbHBIX
JUCKYPCOB KJIACTEPHYI0 MOJEJb, KOTOpas IO3BOJSET NOCTPOUTH BU3YaJIbHO-IPOCTPAHCTBEHHYIO
KapTy, OOBEKThI KOTOPOW pacmpeiesieHbl BIOJb JABYX HampaBisiiommx oceid. Kaxknmas teopus
3aHMMAET CBOE MECTO Ha ATOW KapTe B 3aBUCUMOCTH OT TOTO, KAK OHa OTHOCUTCS K CBS3H MEXKAY
BHYTPEHHUM M BHELIHUM MHPOM, U OT TOTO, YTO JIJISl HEEe Ba)KHee: MOHATh O0yYeHHE UM Ha HEro
NOBIUATh. [ OpH30HTaIbHAs OCh MOKAa3bIBAET, KaK TO, YTO CYIIECTBYET B PEAIbHOM OKPYKaOIIEM
MHUpE, COOTHOCUTCS C TE€M, YTO MPOUCXOIHUT B TOJIOBE ueioBeka. Ha neBoM moiroce KOHCTPYKTa
HAXOJATCS TEOPHH, KOTOphIE CYHTAIOT, YTO OOY4YEHHE SBISETCS KOMUPOBAHHWEM BHEIIHEH
pEaTbHOCTH B TOJIOBE YUCHUKA, M YEM JIYUIIe YICHUK CKOIMMPOBAJ M BOCIIPOHU3BEN HHPOPMALIUIO U3
OKpY>KaIoIllero Mupa, TeM Jiyulle oH Hay4ywicsa. Ha npaBom nostoce KOHCTpYKTa HaXOSATCSl TEOPUH,
KOTOPBIE TOBOPST, YTO 0O0yYEHHE — ATO HE MPOCTO KOMUPOBAHKE, & aKTUBHBIN MPOILIECC TOCTPOCHHUS
3HaHWH, TJIe YETIOBEK SIBIJISICTCS YaCThIO OOJIBIION CHCTEMBI M pa3BUBaeTCs BMecTe ¢ Hell. Hampumep,
B TEOpUU KOTHUTHBHOW HArpy3KH CUUTAETCs BaXXHBIM HE IMEPErpy3uTh y4eHHKa HWH(OpMalUEH,
9TOOBl 4YETOBEK MOT MPAaBUIBHO CKOMUPOBAaTh HHGPOpPMAIUI0 M3 y4eOHHMKA. A COIMAIIbHBIN
KOHCTPYKTHUBU3M F'OBOPHUT, YTO Mbl YUYUMCS, OOIASCh C IPYTHUMH JIOJbMU U BMECTE CO3/1aBasi HOBBIE
3HaHUA. BepTukanabHas OCh MOKA3bIBAET, YTO VIS TEOPUHU BakHEe: OOBSICHUTD, YTO TaKOE 00yUEeHHE,
WJIM TIOMOYb JIFOJISIM JTy4Ille YUuThCs. Ha 0JIHOM KOHIIE OCH HaXOASTCS TEOPHH, KOTOPbIE MBITAIOTCS
pa3o0paThCs B IPUPOJAE U MEXAHU3ME 00YUEeHMUsI, IOHATh, KaK OHO pabOTaeT, U3 Yero COCTOUT. DTH
TEOPUH HAIIOMHUHAIOT YYEHBIX, KOTOPBIE XOTST MOHITh MEXaHW3M 00y4eHus. Ha npyrom koHie ocu
HAXOJATCS TEOPUH, KOTOPbIE XOTAT pa3padoTaTb METOMAbl U TOAXOJBI, YTOOBI CIENaTh 0O0ydYeHHe
6osee 3¢ HeKTUBHBIM. DTH TEOPUHU OOJIbIIIE TOXO0KU HA HHKEHEPOB, KOTOPHIE XOTST MOCTPOUTH YTO-
TO moJsie3Hoe. Hampumep, KylIbTypHO-HCTOPUYECKAsT TEOPHUS AEATEIBHOCTH [22] 0OBSICHSAET, YTO
oOyueHue 3aBUCUT OT KYJIbTYpbI, UICTOPUU U OKPYXKEHUS YeJoBeKa. DTO MPUMEP TEOPHUH, KOTopas
COCpEIOTOUCHA Ha WHTeprpeTanuu ooydeHus. A oOydeHue Ha ocHOBe au3aiiHa [18] mpemmaraer
YUUTBCS, CO3/IaBasi YTO-TO CBOMMH pyKaMH, MPoOys, UCIIPABIIAL U yaydiias. DTO IpUMep TEOpUH,
KOTOpAs MBITAETCS MOBIUATH HA TIPOIIECC OOYICHHUS.

CxomHble KJIACTEPHBIC MOJIETH HCIOJIB30BAMCh B KIACCH(UKAIMOHHBIX paboTax
A. 10. YBaposa (tumonorus mkon) [7], B. A. Siceuna (tunosorus obpasosatensHbix cpemn) [10],
E. /1. [Tatapakina (THHONOTHS OOpa30BaTEeNbHBIX MPAKTHK COBMECTHOH nesrenbHocTH) [11]. B
nocineaHei paboTe B KadecTBE TMOJSPHBIX KOHCTPYKTOB — HCIOJNB30BANMCH  KOHIICTIIIUU
MEeIarOrMYECKOr0 JM3aiiHa, BBISIBICHHBIC NMPU TMOMOIIU TEXHHWKH pernepTryapHbix perretok [30].
[lepcrieKTUBHBIM ~ TMPEACTABISETCS  aHAIMW3  Pa3NUYHBIX  OOpa30BaTEIbHBIX  NPAKTHK  C
MCIOJIb30BaHNEM MOJIENIM BeepHbIX MaTpull. CaMa mpolieiypa mMoCTPOSHUSI MaTpHIL ObLIa TIIATEeIHHO
paszpaborana B Tpynax C.I. Kopaonckoro u C. B. UebaHoBa, mpeaioKUBIITNX BEEPHBIC MATPHUIIBI
KaKk WHCTPYMEHT, TIIO3BOJIIIONINIA CHCTEMATH3UPOBATh W BHU3YAIM3WPOBATH pa3IM4YHbIE, HO
OJTHOTHUITHBIC CYIITHOCTH — 3HAHMsI, METO/IBI HJIH Iporiecchl [5; 8; 9; 26].
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MarepuaJjibl 1 METOIbI

B pamMkax mocTtpoeHuss BEEpHOM MaTpHIlbl, IPUMEHAEMON Ul CUCTEMAaTU3aluu U aHalIu3a
CIIOKHBIX ~KOHLENTYaJbHBIX 0ONacTeif, Mbl ONUPAJIMCh HA METONOJOTHYECKUN TOAXOL,
npemioxkennblii  C. B. YUebanoBeiM.  JlanHbBId  moaxoJ mpeanosaraeT (GOpMHpPOBAHUE ABYX
B3aMMOCBSI3aHHBIX OCEH, IPEJCTABICHHBIX OJHOPOAHBIMU KaTe€ropusiMi, KOTOPbIE PA3JINYAIOTCS IO
OIIpeJIeICHHOMY KpUTepHIo. B kauecTBe npumepa Kareropuil Ajas HOCTPOEHHs MEPBOH OCH MOT'YT
ObITb BBIOpPAaHBbI Pa3yIM4Hble CEpbl ACATEIbHOCTH, 3HAUYMMBbIE Ul IEeJaroruyeckoro KOHTEKCTa:
IUJIaKTHKa, MHXKEHepHsl, MtH(popMaTuka, MofeaupoBaHue. Bropas ocb MOXeT pecTaBiIsTh COOOH Te
K€ KOHLENIMHM, HO PACCMOTPEHHBIE B MHOM AacleKTe, HalpuMep, Kak MOJXOAbI MM CIIOCOOBI
MBIIUICHHS: TUIAKTHYCCKUH, MHKCHEPHBIN, BEIYUCIUTEIBHBINA, MOAENbHBINH. ChopMupoBaHHBIE OCH
pacronaraloTcsi OpTOTOHAJILHO APYT APYyry, 0Opa3ys 3arojOBKH CTOJIOIOB M CTPOK KBaJpaTHOU
TaONMUIBI. DJIEMEHTHI, HaxOIAIIMecs Ha IVIABHOM [OUaroHai M, TNE IEPEeCceKaroTCs HWACHTHYHBIC
MOJAJIbHOCTU (HampuMep, MeJaroruka M JAWJAKTUYECKUH IOAXON, MHKEHEpUs U WH)KEHEpHBIN
croco0 MBbIIIJIEHUs), 3aIlOJHAITCS TPUBHMAJIBHBIM 00pa3oM, oOTpakas Oa30Bble OIpeIeseHHs
COOTBETCTBYIOIIMX oOsiacTei. OAHAaKo KiIr04YeBas LIEHHOCTh BEEPHOM MarpHlbl 3aKiouyaercs B
BO3MO)KHOCTH  BBISIBJIGHUSI IIEPCHEKTUBHBIX HAlpaBlIeHUM MCCIENOBAaHUM, HaXOASIIUXCS 3a
npenenaMu aBHOM juaroHand. OHa TO3BOJSET IPOTHO3UPOBATh BO3HUKHOBEHUE HOBBIX
HaIpaBJI€HU HA CTBIKE DPA3JIMYHBIX JAWCLUUIUIMH, KOIZa CHEHHAJUCThl B 00NAacTH AMJIAKTUKH,
WH)KEHEpUH, WH(POPMATUKUA M MOJCIUPOBAHHUS NMPHUMEHSIOT CBOHM CHEIH(PHUYECKUE IOIXObl B
00NIacTSx, KOTOpbIE HM3HAYAJIbHO HE SIBISIIOTCS Ui HUX OYEBUAHBIMH. B KOHTEKCTE IaHHOTO
UCCIIEIOBaHU OCOOBI HMHTEpeC MpPeJCTaBIAIOT SYEHKH, OTPaKaIOLIME B3aMMOCBI3U MEXITY
IUJIAKTUYECKUM IIOJXOJOM IPUMEHUTEIBHO K KOHIENUUSAM HHXXEHepUuu, HHQPOPMATHUKU U
MOJICTUPOBAHUSA, a TaKXKe SUYCHKH, OTpaKkarollhe CBA3b HH)KEHEPHOrO, BBIYMCIMTEIBHOIO U
MOJIEJIBHOTO TIOAXO0AA K KOHIIETIIIMH [TEAArOTHKH.

CdopmupoBaHHas ¢ TOMOIIBIO BEEPHOM MaTPULIBI OHTOJIOTUS OTHOILIEHUH MEX]Ty pa3IMuHbIMU
KOHILIETIUAMY U TIOAXOAAMU Obljla MCIIONb30BaHa JJid cOopa U cucTeMaTu3alii 00pa3oBaTeIbHbIX
npakTuk Ha 1uiargopme Semantic MediaWiki [20; 27; 31]. IIpumenenne Semantic MediaWiki
MO3BOJINJIO MHTETPUPOBATh KOHTEHT DPA3JIMYHOW MPUPOAbI, BKIIOYas JUHAMMUYECKHM (Harmpumep,
MIPOrpaMMHBIM KOJ, MCIIOJIHAEMBIM HemocpencTBeHHO B cpene Semantic MediaWiki), a taxxke
YUUTHIBaTh CEMAHTUUECKHE PA3INYUS MEXTY OObEKTaMHU.

B o6pasoBarenbHoii chepe Semantic MediaWiki npegocTaBisieT BO3SMOXKHOCTHU sl CO3/IaHUS
CTPYKTYpUPOBAHHBIX Y4e€OHBIX MarepuanoB, GopMupoBaHus 0a3 3HAHUWM, OpraHU3alMU KypcoOB H
IPOEKTOB, a TaKXke M opraHu3auuud 3((EeKTUBHOW COBMECTHOH paldOThl CTYJEHTOB U
npenonaBareneit. [lmardopma Digida mpencrammsier co0oil mpumep HWHTETpaldd TPUHIIUIIOB
cinoxHbIX ananTuBHBIX cucteM (Complex Adaptive Systems, CAS) B undpoByro o6pa3oBaTenbHyI0
cpeny [6]. KiroueBbIM 371€MEHTOM JaHHOTO IMOJXOJA SBISETCS MCIOJIB30BAaHUE «AKTHUBHBIX ICCEM,
WIN «aKTUBHBIX MyOnuKanuii» [3], © areHTHOr0 MOJEIMPOBAHUS B paMKaX OOydarolUX KYpCOB U
cemMuHapoB. Takoil moOxXon TMpearnonaraeT oONHcaHue y4yeOHOM TpakTHUKH B BHIE Tpex
B3aMMOCBSI3aHHBIX Juarpamm: auarpammsl kiaccoB (Class Diagram), nuarpamMmbl JeSTEIbHOCTH
(Activity Diagram) u auarpammsl nocienoBarenbHocTd (Sequence Diagram). OOmumit 1mabiox
auarpamMmsl J1€ATEIbHOCTH, MCIIONb3YEMBIN MPENOJaBaTeeM JUIsl ONUCAHMs IMOCIE0BATENbHOCTH
NercTBUi OT (OpMyIHUpOBaHUS IieNiel ydeOHoro mpoiiecca (oOpa3oBaTelbHBIX IPHEKTOB) 10
JOCTHKEHUS] 00pa30BaTeNIbHBIX PE3YNIbTAaTOB, MPECTABIIEH Ha cxeMe (PUCYHOK 1).
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Pucynok 1 — Il1abnoH noctpoenus yuedbnoro kypca / Figure 1 — Course Design Template
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Planned learning outcomes Knowledge -
’ Skills

Key concepts Concepts
are embedded in the course P
Books Books,
Articles are embedded in the course

Embedded in concept pages Multi-agent models
and course pages -

(Programming languages )<: Choose available language B]

(Data analysis tools % Choose available tool %

BehaviorSpace CODAP I RAWGraphs II

Acﬂve essay Learning activity results
Active publication

Nf<"Results achieved?" %5
[Results not achieved ) [Results achieved ]

| h - o |

”~ Y

Figure 1 — Course Design Template
PesyabTarsl HccIe10BaHUS

OHTOJIOTHSI OTHOIICHUM MEXIy KOHIICTIUSIMU U TOAXO/IaMH, TIpe/ICTaBlieHHass B Tadmuie 1,
JEMOHCTPHUPYET MEXKIUCIUIUIMHAPHBIE CBS3W B 00Opa3oBaTeibHOM Tporecce. MBI HauHEeM
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paccMOTpeHHE ¢ MEpPBOM CTPOKM TAOMUIIBI, TJE€ PAacCMAaTPUBACTCS NPUMEHEHHE TUAAKTUYECKOrO
MOAXOAa K TakUM O0JacTsAM 3HAHUSA, KaK HHXXEHepHs, MHPOpMaTuka M MoAeIupoBaHue. Mbl
IBITAEMCST TOHATh, KAaKHE CTPOHUTEIbHBIC OJNOKM HYXHBI JUISI YCIEUIHOTO OOy4YeHHs JTUM
JUCLUIIIMHAM U KAaKUE IEeJarornyecKue MOAXOAbI JJIL TOrO JIYYIle BCETO MOAXOIAT. MBI XOTHUM
BBIJICIUTh OCHOBHBIC HABBIKM M 3HAHUS, KOTOPbIE HYXHO C()OPMHUPOBATH Yy CTYIEHTOB, YTOOBI OHU
MOIJIA MBICJIUTh KaK MHKEHEPBI, IPOIrPaMMUCTBI WM CIELUAINCTHI 110 MOAEIUPOBaHUIO. B cBs3HM €
3TUM JUAAKTUYECKUM IOIXOJ NIPUMEHMTEIbHO K KOHLEHLMAM WHXXEHEPUM, HWH(POPMATHKU U
MOJIETUPOBaHUS IPUBOAUT K HOSBJICHUIO B sfueiKaXx MOHATUH NPOPEeCCHOHANBHBIX IEArorukK,
KOTOpBIE 3aHUMAIOTCA  (HOPMHUPOBAHUEM HH)KEHEPHOIO, BBIYMCIMTEIBHOIO M MOJEJIBHOIO
MBIIUIEHUS. A B TIEpBOM CTOJOLE TaOMUIBI COOpaHbl BO3MEHCTBHS PA3MUYHBIX IOJXOAOB Ha
KOHLENIUIO IEeIarorukKyv, KOTOPBIE IPUBOIAT K IIOSBICHUIO B sS4YEHKAX IOHATHM MH)KCHEPHOM,
BBIUUCIIUTENIFHOW W MOJAETBHOM JMJAKTHKH KaK JAWJAKTHKH, KOTOpas HMCIOIb3yeT CIIOCOOBI
NEeATEIbHOCTH APYTUX AUCLUIUIMH.

Tabnuma 1 — OHTOJIOTHS OTHOIICHUH MEX Ty KOHIICSTIIIMSAME U TIOAXOAaMHU

IToaxon Konnenmus
JAupakTuka HNuxenepus HNupopmaTuka MogaeanpoBanue
JAupakrTudeckuii Junaktuka WnxenepHoe BeruncnurensHoe MopenbHoe
MBIIIJICHHUE MBIIJICHHUE MBIIIJICHHUE
HNH:keHepHBbIT WNuxeHepHas NHuxenepus
JUIAKTUKA
BerunciurenbHsblii | BeraucnurensHas Nudopmaruka
JUIAKTHKA
MoaesibHbIH MonenbHas MopenupoBanue
JOUAJAKTUKA
Table 1 — Ontology of Relationships between Concepts and Approaches
Approach Concept
Didactic Engineering Computer Science | Modeling
Didactic Didactic Engineering Computational Model Thinking
Thinking Thinking
Engineering Engineering Engineering
Didactics
Computational Computational Computer Science
Didactics
Model-based Model-based Modeling
Didactics

ITosicHUM HMCTOIB30BaHUE MAaTPULBI HA KOHKPETHOM IPUMEPE TOTO, KaK B3aUMOJECHUCTBYIOT
MHXEHEepUsT M IeJaroruka Ha mosie uudpoBod AMIAKTUKH. B J1aHHOM KOHTEKCTe AMJIaKTHKa
CTPEMHUTCS BBISIBUTH OCOOCHHOCTH MHXXEHEPHOTO MBIIUICHUS, HEOOXOAMMBbIE Ui YCIEUIHON
MOJITOTOBKH CIEIMAIUCTOB B MHKEHEPHOH cdepe. DTO BKIIOYAET B ceOs OINpeaesieHNe KIII0UYeBbIX
KOTHUTHUBHBIX HAaBBIKOB, METOIOB PELICHUS 3a/1a4 U IPUHIUIIOB IIPOCKTUPOBAHUS, KOTOPBIE JTOJIKHBI
OBITH YCBOEHBI ydalmuMucs. [Ipy 3TOM yUUTBHIBaIOTCS KaK TEOPETUUYECKHE OCHOBBI MH)KEHEPUH, TaK
U IPaKTUYECKHE ACMEKThl TPUMEHEHHMS WH)XXECHEPHBIX 3HAHUM B PEAJIbHBIX CUTYyalMSX.
JlunakTUuecKuii MOIXOH B MPHJIOKEHUH K WH)XXEHEPUH TIO03BOJISIET BBIACIUTh HEOOXOAMMbIE
KOMITOHEHTBl Yy4eOHOM cpeabl JUisi (OPMUPOBAHUS MH)KEHEPHOIO MBIIUIEHUS UM coOparb UX B

KOHKPETHBIX y4e€OHBIX Kypcax, MCIONb3Ys JJIs 3TOro 1mabiaoH, MpeACTaBIeHHbIN Ha pucyHke 1. A

Vestnik of Minin University. 2025. Volume 13, no. 2



Teopusi u MeToR0/10THSI 00PA30BAHMSA

WH)KEHEPHBIN ITOIXO]I K MeIar0TUKe MPEIoiaraeT MPUMEHEHHE HHKCHEPHBIX METOIOB U TPHHITUTIOB
K TPOCKTHPOBAHUIO M OpTraHU3alu 00pa30BaTelbHOrO mporecca. Ha moje BBIYMCIUTENLHOU
JESTeIBHOCTH ATOT MOAXO/ MPOSBIISETCA MPEXKIE BCETO B COCO0aX U MHCTPYMEHTAX JEATEIbHOCTH,
B TOM, 4TO JJISl CO3JIaHMSI CXEM U AMArpaMM UCTIONIb3YIOTCS TAKHE SI3BIKH CO3aHUs U PEIaKTUPOBAHUS
nuarpamm, kak graphviz, mermaid u plantUML. Co3maHHbIe Ha WX OCHOBE TEKCTHI JHArpaMM
CIICHapHeB 00pa30BaTENbHBIX MPAKTHK MOTYT OBITh B JaJbHEUIIIEM HCIOJIb30BaHBI U W3MEHEHBI
YUUTEISIMU TI0]1 IPYTHe KOHKPETHBIC 33]]a9K U CHUTYaIUH.

To4HO Tak ke AUTAKTHUECKUN TIOAXO0]T K KOHIICTIIUY HH()OPMATUKY TPEIoJIaraet, 4YTo aHaIIN3
BBIYUCIIUTEIILHOTO MBIIUICHHSI C TOYKH 3pPEHHS TUAAKTUKUA TO3BOJISICT OIPENCIUTh HamOoee
3¢ deKTUBHBIE METOABl OOYYEHHUs MPOTPAMMHUPOBAHUIO, aJTOPUTMHU3AINN U padOTe C JaHHBIMH.
Ocoboe BHUMaHME YAETSETCS PA3BUTHIO y YYAIIUXCS CHOCOOHOCTH K JEKOMITO3UIIMH CIIOXHBIX
3aad, abCTParupoBaHHUIO M TIOCTPOCHHUIO JIOTUYECKUX Mojened. JumakTuueckuil IMOIXon B
MPUIIOKEHUH K HH(POPMATHKE TIO3BOJIET BBLACTUTH HEOOXOIMMBIE KOMITIOHEHTHI Y4€OHOM CpesIbl st
(bopMHPOBaHUS BBIYMCIIUTEIILHOTO MBIIIICHUSI U COOpaTh UX B KOHKPETHBIX yUeOHBIX Kypcax. [Ipu
TOM BO3MOXXHOCTH TIOJISi BBIYMCIMTEIBHON JUAAKTUKA TO3BOJISIIOT COOMpAarh HEOOXOIUMBIN
MPEIoaBaTellio Kypca MaTepuall, MOCIe0BaTelIbHO 3ajlaBas CUCTEME 3alpochl OOIMIero BHIa Ha
s3bike ask. Hampumep, eciu Mbl XOTHM BBIJICIUTh BCE COOpPAHHBIC Ha IUIOMIAJIKE KOMIICTCHIIUH,
CBsI3aHHBIE C PAa0OTON C TAHHBIMH, TO 3aIPOC OYAET BHIIISACTh CIEAYIOIIUM 00pa3oM:

{{#ask: [[~*data*]] [[Kareropus:Competence]] | ?Description | ?HcTounuk | ?Environment } }

TakuMu Ke 3ampocamMH IPErojaBarelb MOXET C(HOPMHPOBATH IEPEYHH KHHUT I10
NPOrPaMMHUPOBAHUIO WM  SI3BIKOB mporpammupoBanusi. [lpm stom  Semantic MediaWiki
obecrieunBaeT pa3inyHbie GopMaThl BEIBOA MO/ TOCTABJICHHBIC 3a1a4n oOydeHus. Hanmpuwmep, eciu
MBI XOTHM TOJIyYHTh JICHTY BpEMEHH, Ha KOTOPOW OyIyT MPEICTaBICHBI SI3bIKU cemeiicTBa Logo, To
3arpoc OyneT BBINIAICTD CIEAYIONIMM 00pa3oM:

{{#ask:

[[Category:S3bIk  TpOrpaMMHUpPOBaHMS || [[Ancestors::Logo]] OR [[Logo]] OR
[[Descendants::Logo]]

[format=moderntimeline

|?launch year

|? Ancestors

|?Descendants

| background = grey

iy

BreruncnutensHas numakTuka. J[aHHoe HampaBleHue, (GopMmHpyolleecs Ha TMepecedeHHH
KOHIIENIIMN TearOTUKA W BBIYMCIUTEIHBHOTO TOAX0/a, MCIIONB3YEeT BBIUYUCIUTENEHBIE METONBI U
WHCTPYMEHTHI JIUTsl aHaJn3a 00pa30BaTebHBIX AaHHBIX, MIEPCOHAIN3AINN OOyUSHHS U Pa3padOTKU
aJIalTHBHBIX 00pa30BaTENbHBIX CHCTEM. M TOYHO TaK ke, KaK 3TO OBLIO ¢ MHKEHEPHBIM TTOIXO0/IOM,
BBIYUCITUTENLHBIA TIOAXON K TEIaroruke MpeArnoiaraeT MPUMEHEHHE BBIYNCIUTENBHBIX METOJIOB U
MPUHIUIIOB K OpraHU3allui 00pa3oBaTeNbHOTO Ipolecca. Ha mosje BBIYUCIUTENbHOMN eI TeNbHOCTH
3TOT MOJXOJ] MPOSBIISIETCS MPEXkIE BCEro B croco0ax U MHCTPYMEHTAX JAEATENbHOCTH, B TOM, YTO
TEKCThI TIEIATOTHYECKHUX CTaTe PacIIUpPSIOTCS MPOrPaMMHBIM KOZOM, KOTOPBI MO3BOJISET HA JIETY
o0OpabaThIBaTh TaHHBIE U BU3YAJIM3UPOBATh UX B COCTaBE CTATeH.

HanOonpiree BHUMaHHE B paMKax JaHHOW CTAaThH YIEICHO B3aMMOOTHOIICHHUSM TUIAKTUKH
U MOJACTHPOBaHUs. J[MAaKTUYECKWA IMOAXOA K KOHIICTIMH MOJCIMPOBaHMs. B maHHOM citydae
JMIaKTHKA HalpaBlIeHA Ha M3YYCHHWE MOJIEIBHOTO MBIIUICHHS, HEOOXOMUMOTO UIsl CO3NaHUS U
aHaJv3a MojeNied pa3IUYHBIX CHUCTEM M MPOIECcCOB. DTO BKIOYAaeT B cels (opMUpOBaHUE Y
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yyaluxcsd INOHUMaHMUA NPUHIUIOB TMOCTPOSHHsI MOJENei, yMEHHUs OLCHMBaTh aJeKBaTHOCTb
MOJIeTICH, U YMEHHS MCIIOIb30BaTh MOAEIH JUIS IPOTHO3UPOBAHMS U NPUHATHS pemeHuii. Ocoboe
3Haue€HHEe NPUOOpETaeT WCIOIb30BaHNE KOMIBIOTEPHOTO MOJICITUPOBAHUS M CHUMY/SALHHA B
00pa3oBaTeIbHOM IPOLECCE, YTO MO3BOJSIET yYAIIMMCS HAIISAHO M3Y4aTh CIIOXKHBIC SBICHUS U
OKCIIEPUMEHTUPOBATh  C  PA3IUYHBIMH  CIICHAPUAMH. MHOTOAareHTHOE  MOJEIMPOBAHUE,
3aMMCTBOBAaHHOE M3 O0JACTH CIIOXKHBIX aJalTUBHBIX CHCTEM, NMPEIOCTABISACT MeAaroraM MOIIHBIN
MHCTPYMEHT JJIsl aHaJIM3a U NPOEKTUPOBAHUS 00pa30BATENIbHBIX MPAKTUK. DTOT MOAXOA MO3BOJISET
CO3[1aBaTh KOMIIBIOTEPHBIE MOJENM, B KOTOPBIX Y4alllMecs HpPEACTaBICHbl B BHUJE AarcHTOB,
B3aUMOJCHCTBYIOLINX JPYT C APYIOM U C OKpYXarolllel Cpeaoi B COOTBETCTBUU C ONPEIeIE€HHbIMU
npaBUjIaMyd. AHATU3UpPYs TMOBEJCHHE ITUX areHTOB B PA3JIMYHBIX CICHAPHSAX, MMEAArOrM MOTYT
BBISIBIISITh 3aKOHOMEPHOCTH M TEHJICHIIMH, KOTOpPHIE TPYIHO OOHAPYKUTh IMPH TPAIUIMOHHBIX
METO/aX MCCIEeOBaHUs. DTO, B CBOIO OYepenb, MO3BOJIAET pa3padarsiBarh Ooiee 3(h(deKTuBHBIC
o0pa3oBarebHbIe CTPATETUH U MPAKTUKHU, YYUTHIBAIOIINE 0COOCHHOCTH B3aMMOJICHCTBUS yJaIuXcs
B KoJuiekTHBe. [IpernosaBarenb MOKET MOIYYUTh OT MOJIs HU(PPOBOM TUAAKTUKY IIEPEUCHb KHUT € X
OAPOOHBIM ONUCAHUEM IO 3aIPOCY:

{{#ask: [[Category:Book]] [[Field of knowledge::Monenuposanue]] | ?Description } }

Onucanue MHOTUX KHHUI COICPXKHUT B cebe BCTPOEHHBIE MOJAEIM, C KOTOPBIMH MOXHO
HKCTIIEPUMEHTUPOBATH Ha CTpaHHUIax. Kpome 3Toro, eCTh BO3MOXKHOCTH BBIOpAaTh BHYTPH KaTeTOPHU
KOMITBIOTEPHBIX MOJIETIEH, T€, KOTOPBIE CBSI3aHbI C ONpPEACIEHHON 00acThio 3HaHu. Hanpumep:

{{#ask: [[Category:Model]] [[Field of knowledge::O6pa3oBanme]] | ?Description } }

Hano ormeruTh, 4YTO MOIenei, CBA3aHHBIX C COOOIIECTBAMU HMCKYCCTBEHHBIX AareHTOB,
KOTOpbIE€ UMUTHPYIOT IIOBE/IEHUE CYILIHOCTEH, CBSI3aHHBIX C 00pa30BaHUEM, CTAHOBUTCS Ha IUIOLIA/IKEe
Bce Oosblle. B kauecTBe nmpumepa MOXKHO NPUBECTH MOJIENb BBIOOPA YUEHUKAMH ILIKOJ, KOTOpBIE
pasnuyaroTcs M0 reorpapuueckoMy IOJIOKEHHI0, CTOMMOCTH OOYyY€HUs, YPOBHIO JIOCTHXKCHHMH
CTYACHTOB, MaKCHUMaJIbHOM BMECTHMMOCTH, JOCTYHNHOCTH MyONn4HOM mHpopmanuu o mxkone [19].
B3aumMoneiicTBue Mexy y4eHHKAaMH M IIKOJIAMH HPOMCXOTUT uepe3 MPOLEecC MOAauu 3asiBOK U
BbIOOpa. YUEHUKHU MOTYT 0OMEHMBATHCS MH(OpPMalMel O MIKoJaX Yepe3 CBOU COIMAJIbHbBIE CETH, U
ATOT OOMEH MOXKET BIUATH Ha UX BBIOOD. J[pyroii mpumMep — MOJIeNTb B3aUMO/ICHCTBHS aKTOPOB BHYTPH
cucteMbl IHTepHETa Bemiel, mpencrabienHas B paborax M. Huazu [12; 13; 28], roe ananusupyercs
IMHAMUKa (POPMHUPOBAHUS CETEBBIX OTHOIICHUH MEXKIY Pa3IMIHBIMH YCTPOUCTBAMH, KOTOPBIE MOTYT
BXOJIUTh B COCTAaB YMHOTO KJjacca.

B pamkax paHHOW paboTel 0co0O€ BHUMaHME YAEISAETCS IEPECEUCHUIO0 IUIAKTUKH U
MOJIETTLHOTO TOJIX0/1a, YTO MPHUBOIUT K (DOPMHUPOBAHUIO MOJEIBHOW AMIAKTHKH, WIN JUAAKTUKU
HCKYCCTBEHHBIX COOOILIECTB. DTOT MOAXO MPeAoiaraeT UCIOIb30BaHHE METOI0B MHOTOareHTHOTO
MOJIETTUPOBAHUS IS M3YYEHUS M MPOCKTUPOBAHUS 00pa30BATENLHBIX CPEM, B KOTOPHIX ydaruecs
B3aMMOJICHCTBYIOT JApPYr C JPYroM W C HCKYCCTBEHHBIMH areHTamu. B KadecTBe mpumepa
MCIIOJIb30BaHUSI MOJIEIBHOTO TMOJIX0/1a B JMJIAKTUKE HCKYCCTBEHHBIX COOOIIECTB paccMaTpHUBAeTCS
MEPEeHOC TPHUHIIMIIOB JW3alilHa MHOTOAreHTHBIX MOJENeH Ha Iu3aifH 00pa30oBaTENbHBIX MPAKTHK.
[TpoexTHpoBaHWE M HCHOIb30BAaHHWE MHOTOAr€HTHOM MOJENIM BKIIOYACT HECKOJBbKO KIIFOYEBBIX
3TaroB, MoJpoOHO OoNMUCcaHHBIX B paboTax 1o npotokoiy The Overview, Design concepts and Details
(ODD) [23; 24]. MbI nonaraemM, 4To 3TH 3Tallbl U MPUHLIUIB MOTYT OBITH YCIEIIHO IEPEHECEHBI
CTyACHTaMH Nearorn4eckux BY30B Ha MPOEKTHPOBAHUE COOCTBEHHBIX MEJAarorH4eCcKUX MpPaKTHK.
[MpuHIMNIBL ¥ JTanmbl JW3aifHAa MHOTOAreHTHOH MOJENH, aJanTHpPOBAaHHBIC TSI TMPUMEHEHHS B
y4eOHOH TMpakTHKe, TpeAcTaBieHbl B Tabmuie 2. Vcrmonb30BaHWE 3TUX MPHHIMUIIOB IMO3BOJSIET
CTyIEHTaM IIeJJarOTHYeCKUX BY30B Oojieeé OCO3HaHHO U J(PPEKTUBHO MPOECKTUPOBATH U
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aHaM3UpPOBaTh 00pa30BaTENbHBIC MPAKTUKH, Pa3BHBas CBOE MPOPECCHOHAILHOE MacTepPCTBO H

HUCCICA0BATCIIbCKUEC KOMIICTCHIIMH.

Ta6nuna 2 — [punnunsr ODD npuMeHUTENEHO K TPOSKTUPOBAHHUIO 00pa30BaTEbHBIX MPAKTHK

Hpunuun ODD

MHuoroarenTHast MojJeJb

Oo0pa3zoBaTesibHasi IPAKTHKA

Lens

Omnpenenenue 1e MOJICTH U
11abJIOHOB, KOTOPBIC OHA
JIOJKHA BOCTIPOU3BOTUTH

YeTkoe omnpeaeneHye Ienel 1 3amad oopa3osa-
TEIBHOU MPAKTUKH, a TAKXKE 03KUIAEMBIX PE3YIIb-
TaTOB 00OYYEHMS, BRIPAKEHHBIX B KOHKPETHBIX H
M3MEPUMBIX HHIUKATOpax

CymHocTH, NepeMeH-
HBIE COCTOSIHUSA U

Onucanue KIFYEBBIX CYITHO-
CTel (areHToB, OKpYy>KaromIeit

Onucanue KIIOYEBBIX YIaCTHUKOB 00pa3oBa-
TETHHON MPAKTUKN U UX XapaKTEPUCTHK (3HAHUS,

OMEPPKCHTHBIX IaT-

MacITaobl Cpeabl), X aTpuOyTOB U MPO- | HABBIKHU, MOTHBAILIHS)
CTPaHCTBEHHO-BPEMEHHBIX
MaciuTaOoB
BosznukHOBeHHE OOmBsicHeHUE, KaK B MOJICITH Onwucanue yciaoBuil 1 MEXaHU3MOB, CIIOCOOCTBY-

BO3HHKAIOT CJIOXKHBIC I1aT-

OLIMX (POPMUPOBAHUIO CAMOOPTaHU3YIOIIUXCS

TEpHOB TEPHBI IOBEICHNUS MoOJIeJIeH TTOBEICHHUS YYCHUKOB B 00pa3oBaTelib-
HOM NPAKTHUKE, TAKUX KaK HHULMATUBA, COTPY -
HUYECTBO M CAMOCTOATEIBHOE PELIeHrE TPodieM
Ananranus Omnwucanne ciocoOHOCTH Omnpenenenue crnocoOOB, IPH MOMOIIN KOTOPBIX
arcHToOB aJallTUpPOBAThL CBOC YUCHHUKHU aJallITUPYIOT CBOU CTPATCTHUU OGy‘IC-
MOBEJCHNE B OTBET HAa U3ME- | HUS, IOJXOMbI K PELICHUIO 3a/1a4 U B3aUMOJEHi-
HEHUA B Opr)KaIOHICﬁ cpenc CTBHUA B KOMaHJC B OTBET HAa U3MCHSAIOIIIHUECS
yCIIOBUS
[Ipurognocts OO0BbsacHeHue, KaK MOZEITh Omnmcanne TOro, Kak 00pa3oBarenbHas MPaKTHKa
OLICHMBAET «IPUTOIHOCTHY cnoco0cTByeT (POPMHUPOBAHHIO KOMIIETEHIINH,
areHTOB M KaK 3TO BJIMSET HA | HEOOXOIMMBIX AJISl YCIIELIHOTO PELIeHHUs IPO-
WX TIOBEJICHNE (heccroHaNbHBIX 3a/1a4
Bocnpusitue Omnmcanue TOro, Kak areHTel | OnpeereHne KaHAIOB B CIIOCO00B, KOTOPBIMH
BOCIIPHHUMAIOT U MHTEPIIPE- | YUYEHHKH MTOJY4ar0T U HHTEPIPETHPYIOT HHDOP-
TUPYIOT HHPOPMAITHIO U3 MAIUIO U3 Pa3TUYHbIX UICTOYHUKOB (JIEKIIWH,
OKpy>KaroIei cpeasl yueOHbIE MaTepHabl, IKCIIEPTHBIE OLEHKH, 00-
paTHas CBsI3b OT IIperogaBareieii), U Kak 3To
BJIMSIET Ha X OOYyYEHHE U MOBeJIeHHe B 00pa3o-
BaTeNIbHON MPaKTHKE
BsaunmoneiictBue OOnbsicHeHHUE, KaK areHThI Onucanne MEXaHU3MOB B3aUMOJICHCTBHS MEKIY
B3aUMOJIEUCTBYIOT JPYT C YYE€HHKaMU BHYTPU KOMaHJI, MEXIY KOMaHIaMU
JOPYTOM U C OKpYXKaroleH U C IIPeroiaBaTessiMU, BKJIIOYast CHOCO0BI 00-
cpemoit MeHa HHpopMaIen
CTOXacTHIHOCTH Onncanue CIyJaiHbIX WIH OrnrcaHye JIEMEHTOB CIIyJalfHOCTH W HEeOTIpeie-
BEPOSITHOCTHBIX JIEMEHTOB, | JICHHOCTH, BKIIFOYEHHBIX B 00pa30BaTEIbHYIO
BIIWAIOIINUX HA ITIOBEACHUC NPAKTUKY IJId UMHUTAlUN pe€aibHbIX CI/ITyaHI/Iﬁ
areHTOB
Habmonenue Omnucanue Toro, Kak Moziesis | OnpezaeneHrne METOJJ0B M HHCTPYMEHTOB, UC-

MO3BOISET HAOIIOAATH 3a I10-
BEJICHUEM areHTOB U UX pe-
3yJbTaTaMu

MOJIB3YEMBIX IJId HaGHIOZIeHI/ISI 3a ITOBCJICHHUEM
YUYCHHKOB, ITpOoLCCCaMUn 06yquI/1;1 " pe3yJibTa-

TamMu 00pa30BaTEIbHOMN TPAKTUKN
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Nunmmanuzamus

Onucanue Ha4albHBIX yCIIO-
BUI 1 TapaMeTPOB, UCTIONb-
3yEMBIX IS 3aITyCKa MOJCTH

[onpobHoe onucanne HaYaIBHOTO dTarna oopa-
30BaTENILHOM MPAKTHUKH, BKIIOYAIOLIET0 ycTa-
HOBKY Y4eOHBIX IIeJiel, pa3paboTKy 3a1aHHid,
MOATOTOBKY HEOOXOINMBIX PECypCOB, OpTaHH3a-
LU0 y4eOHOM cpebl

BXOI[HI)IC JaHHBIC

Onucanue J100bIX BHEITHUX
JIAHHBIX,, UCTIOJIb3YEMBbIX JIJISI
yIpaBJICHUS MTOBEICHUEM MO-
bi (0317

OrnpeneneHre BXOIHBIX JaHHBIX, BIUSIONINX Ha
XOJI ¥ pe3yJIbTaThl 00pa30BaTENBHOMN MPAKTHKH,
TaKUX KaK ypPOBEHb IIPEIBAPUTEIBHON MTOATO-
TOBKH

IlonMmonenn

[ToapoOHOE omMCaHUE KITFO-
YEBBIX MPOIIECCOB U AJTOPUT-
MOB, COCTABIISIOIINX MOJICITh

IToapo6HOE omHcaHme KITFOYEBBIX 3TAMOB U TOI-
MIPOLIECCOB 00pa30BaTEIbHON PAKTUKH

Table 2 — ODD Principles Applied to Educational Practice Design

ODD Principle

Multi-Agent Model

Educational Practice

Purpose

Defining the model's purpose
and the patterns it should
reproduce

Clear definition of the goals and objectives of the
educational practice, as well as expected learning
outcomes expressed in specific and measurable
indicators

Entities, state
variables, and scales

Description of key entities
(agents, environment), their
attributes, and spatiotemporal
scales

Description of key participants in the educational
practice and their characteristics (knowledge,
skills, motivation)

Emergence of
emergent patterns

Explanation of how complex
behavior patterns arise in the
model

Description of conditions and mechanisms that
promote the formation of self-organizing
behavior patterns of students in educational
practice, such as initiative, collaboration, and
independent problem-solving

interact with each other and
the environment

Adaptation Description of agents' ability | Definition of ways in which students adapt their
to adapt their behavior in learning strategies, problem-solving approaches,
response to environmental and team interactions in response to changing
changes conditions

Fitness Explanation of how the Description of how educational practice fosters
model evaluates agents' the development of competencies necessary for
"fitness" and how it successful professional problem-solving
influences their behavior

Perception Description of how agents Definition of channels and methods by which
perceive and interpret students receive and interpret information from
information from the various sources (lectures, study materials, expert
environment assessments, teacher feedback), and how this

affects their learning and behavior in educational
practice

Interaction Explanation of how agents Description of mechanisms of interaction among

students within teams, between teams, and with
teachers, including methods of information
exchange

Stochasticity

Description of random or
probabilistic elements
affecting agents' behavior

Description of elements of randomness and
uncertainty incorporated into educational practice
to simulate real situations
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Observation Description of how the model | Definition of methods and tools used to observe
allows observation of agents' | students' behavior, learning processes, and
behavior and outcomes outcomes of educational practice

Initialization Description of initial Detailed description of the initial stage of
conditions and parameters educational practice, including setting learning
used to start the model goals, designing assignments, preparing

necessary resources, organizing the learning
environment

Input data Description of any external Definition of input data influencing the course
data used to control model and outcomes of educational practice, such as the
behavior level of prior preparation

Submodels Detailed description of key Detailed description of key stages and
processes and algorithms subprocesses of the educational practice

constituting the model

OO0cy:x1eHue ¥ 3aKJII0YEeHUs

KiroueBass LEHHOCTb MNPEANIOKEHHOrO (peMBOpKa, MPEACTABIEHHOIO B BUJE BEEPHOMU
MaTpullbl, 3aKIIOYAETCS B BBISIBICHUM NEPCIEKTUBHBIX HAIpPABICHUN HUCCIEIOBAaHUM, JEXKalIUX Ha
[ePEeCeUYEeHUN Pa3IUYHbIX AUCLUUIUIMH. B oTinume oT TpaAuLIMOHHOIO 1oaxoa, (poxycupyromerocs
Ha yn1yOJIEHHOM HM3y4eHMHM KOHKPETHOM 001acTH, BeepHas MaTpulla MO3BOJSET MPOrHO3UPOBaTh
MOSIBJICHUE HWHHOBALIMOHHBIX PELIECHUM M TOAXOAOB, BO3HUKAIOIIUX HAa CTHIKE pa3IU4HBIX
aucuuiuivH. CyTh 3aKJII04aeTcsi B TOM, YTOObI B3MISSHYTh Ha JAMJIAKTHKY 4yepe3 MpU3My 3HaHUU U
METO/IOB, 3aMMCTBOBAHHBIX W3 JAPYTrUX JUCLHUIUIMH, YTO OTKPBIBAET HOBBIE IMEPCHEKTUBBI IS
pa3BUTHs 00pa30BaTeNbHBIX MPakTHK. JlaHHOE MCCIIEJOBAaHNUE HAIIPaBJIEHO Ha M3y4EHHUE TOrO, Kak
JUIaKTUKa OCBAaMBAaeT JApyrue oONacTu 3HAHUM, TaKMe KaK WHKEHEpUs, KOMIBbIOTEPHbIE HAyKd U
MHOroareHTHoe MojenupoBaHue. C AMIAKTUYECKONW TOYKU 3pEHUs Ul TUIAKTUK KOHKPETHBIX
npodeccuii BaKHO MOHATh, YTO XapaKTEpPU3yeT HHKEHEPHOE, BBIYMCIMTENbHOE U MOAEIbHOE
MBILIIEHUE, a TaKKe ONpPEIeNUTh KIIOUEBbIE OJIEMEHThl, HEOOXOIuMble s pa3pabOTKu
3P PEeKTUBHBIX Y4EOHBIX KYPCOB 110 3TUM JUCHUIUIMHAM. [Ipr 5TOM MBI HCTIONB3YeM TEOPETUUECKYIO
paMKy Nenaroruk npodeccuid, MOCKOJIbKY OHa MO3BOJsAET cHenu(UKy IEHCTBHI B pa3lIWYHbBIX
obnactsx. [IpeanoxeHHbIH M01X0/] MO3BOJISET YBUAETh, KAaK pa3IMUHbIC [1€arornyeckie KOHIEenIuu
U JUAAKTHYECKHE TOAXOAbl B3aUMOACHMCTBYIOT C NPHUHLMIIAMU WHXXEHEpUH, MHGOPMATUKH U
MozenupoBanus. Hanpumep, nmpuMeHEHHE IHMIAKTHYECKOTO IOAX0Ma K HMHYKEHEPUHU IO3BOJIAET
BBIIETIUTH KJIFOUEBbIE ACTIEKThl MH)KEHEPHOI'O MBILUIEHUS, KOTOpble HEOOXOAUMO YYUTHIBATh MpU
pa3paboTke 00pa3oBaTeIbHBIX MPOTrPamMM JUIsl HHKEHEPOB. AHAIOIMYHO, aHAIN3 BBIYMCIUTEIbHBIX
HayK C JWJAKTUYECKONW TOYKU 3PEHHUS IO3BOJISIET OINPENEIUTh KOMIIOHEHTBHI BBIYUCIHUTEIBHOIO
MBILIEHUS, HEOOXOAMMBIE JUIsl YCHEIIHOTO OCBOCHUS MH(OPMALIMOHHBIX TeXHoJorui. Y, HakoHer,
NPUMEHEHHE TUIAKTUKHM K MHOTOAreHTHOMY MOJEIMPOBAHHIO TO3BOJIAET BBIACIUTH OCOOEHHOCTH
MOJIETLHOTO MBILIUIEHUST U Pa3paboTarh 3(pQEKTUBHBIE METOAbl OOYyYEHHsI CO3JAHHUI0O M aHAJIHU3Y
CIIOXKHBIX MoZeleld. B cBOrO odepenb, B3NS Ha MEJArOruKy ¢ TOYKH 3PEHHSI MHKEHEPUH MOMKET
MIPUBECTH K Pa3BUTHIO HHKEHEPHOU AMIaKTUKH, HAITPABICHHON HAa ONTUMH3AIUI0 00pa30BaTeIbHbIX
IIPOLIECCOB C UCITOJIB30BAHUEM UHKEHEPHBIX METOI0B. AHAJIOTUYHO TPUMEHEHNE BBIYUCINTEILHOTO
MOJX0/1a K MeIaroruKe MPUBOIUT K BOZHUKHOBEHUIO BBIYMCIUTENBHON TUIAKTUKH, UCTIONb3YIOLIEH
MH(GOPMALIMOHHBIE TEXHOJOTMH MJISi MEepPCOHAIM3alUU OOydyeHHMs W aHalu3a o00pa3oBaTeNbHBIX
naHHbIX. HakoHel, paccMOTpeHME MENAaroruku ¢ TOYKH 3PEHUs MHOTOAreéHTHOTO MOJEJIMPOBAHUS
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MOXXET CIOCOOCTBOBAaTh PA3BUTHIO MOCIBHOM IUAAKTAKH WU JUJIAKTHKHA HCKYCCTBEHHBIX
COOO0IIECTB, U3YUAIOIICH MOBEJACHHUE U B3aMMOJICHCTBHE O0YJIAIOIINXCS B IIU(PPOBBIX Cpeax.

Ham orpanudeHHBI BBIOOp AWIAKTUKH, WHXXCHEPHH, WHPOPMATHUKU W MOJACTUPOBAHUS
00yCJIOBJIEH TOJBKO TEM, YTO ITH JUCIMIUIUHBI OBUIH M OCTAIOTCSl KJIFOYEBBIMU COCTABISIONTUMU
nonst mudpoBoi aunaktuku digida.mgpu.ru. B Marpuily Moryr OBITH BKIIOYEHBI M JApYyTrHe
KOHIIEIIIUN U CBS3aHHBIC C HUMU MOAX0/bI. Hanmpumep, 3T0 MOXKeT ObITh KOHIEIIHUS TeHM-Tn3aiiHa
1 UTPOBOTO TOJX0/1a, IO KOTOPHIM YK€ B JIAHHBIM MOMEHT Ha IoJie ITU(POBOM AMITAKTUKHA COOpPaHO
MHOXXECTBO CTaTei, M caMa dTa KOHIICMIIMS aKTMBHO OCBAaMBACTCS JHMJIAKTHUKOM, a pa3paboTaHHBIC
BHYTPH UTPOBOTO IOJXO/1a CIIOCOOBI OpPraHU3aIuU JEATEILHOCTH aKTUBHO BIMSIOT Ha JUIAKTHKY.
Crnenyroiiee orpaHuy€HUE JAHHOTO MCCIEAOBAHMS CBS3aHO C TEM, UYTO Mbl PACCMOTPEIH TOJIBKO
SYEUKH, CBSI3aHHBIE C JHUJAKTUKOM W AUAAKTHYECKMM mnoaxogom. Ilpm 3ToM 3a pamkamu
WCCJIEIOBAHMUSI OCTAJUCh SYEMKH, B KOTOPBIX pPAacCCMaTPUBAIUCh OTHOIICHHUS HWHXKEHEPUH,
WH()OPMATHKU W MOJICTHPOBAHMSI, & OHU MOTYT CIY)XUTh Ba)XHBIM MCTOYHUKOM WHHOBAIIMOHHBIX
00pa3oBaTeIbHBIX MTPAKTHUK.

Cnmcok MCno/ib30BAHHBIX HCTOYHMKOB

1. BamnT. A. Teopus y4eOHBIX 3aau: icuXoioro-nenarornyeckuii acnexkt. M.: [lenaroruka, 1990.
183 c.

2. JlupakTUdeckoe — MOJCIMPOBAHWEC  HMHHOBAIMOHHBIX  OOpa3oBarelbHBIX  MPAKTHK  /
N. M. Ocmonosckas, E. O. Banosa, M. B. Knapus [u 1p.]. M.: UHCTUTYT cTpareruu pa3BUTHs
obpazoBanmst ~ Poccmiickoii ~ akagemmum ~ oOpasomanms,  2019. 226 c¢.  URL:
https://www.elibrary.ru/item.asp?id=44166609 (mara obpamenus: 15.09.2024).

3. Hyaxo B. B., Ilarapakun E.]JI. UccinenoBaHue Hay4HBIX IIKOJ YHHBEPCHUTETa CPEICTBAMU
oubmuomerpuueckoro kaptupoBanus // Tepputopuss HoBeix Bo3moknHocrteid. BectHuk
Brnanuocrokckoro ['ocynapctBenHoro Yausepcutera. 2023. T. 15, Ne 1 (65). C. 150-167. DOI:
10.24866/VVSU/2949-1258/2023-1/150-167.

4. Kmapun M. B. HHHOBanmonueie Monenu oOydeHus: lccriemoBaHue MHPOBOTO OIBITA:
MoHorpadus. M., 2016. 632 c. URL: https://www.elibrary.ru/item.asp?1d=27454515 (nara
oOpamienusi: 15.09.2024).

5. Kopnonckuit C., bapaun B. Kaptunel mupa u uHpopmanmronHas repmeHeBTrka // Teneckor:

KypHaJI COLIMOJIOTMYECKUX U MAapKETUHIOBBIX ucciaenoBanuil. 2018. Ne 3. C. 19-23.

6. [larapakun E.JI. Ilemarormueckuil aAu3aiiH COBMECTHOM CETEBOM NEATETBHOCTH CYOBEKTOB
oOpa3oBanus: aBroped. Auc. ... A-pa nen. Hayk. M., 2017.

7. Tlarapakun E. J[. rpoBoe nose BblYMCIUTENbHOM MuIakTUKU // CoBpeMeHHas <«audpoBas»
munaktuka: MoHorpadus / U. M. Pemopenxko, E. JI. [Tarapakun, B. B. I'punmkyn. M.: OOO
«punllpunt», 2022. C. 35-70. URL: https:/elibrary.ru/item.asp?id=54099495 (nara
obpamenust: 15.09.2024).

8. VBapos A. 0. MonenupoBaHue pa3BUTHS IIKOJIBI B YCIIOBUSX HH(POpMATH3auu oOpa3oBaHus //
WNudopmaruka u odpazosanue. 2007. Ne 2. C. 42-51.

9. Yebanos C. B. Jloruko-ceMHMOTHYECKHE OCHOBAHHUS KJIaCCU(PUKALIMI B IMHTBUCTUKE: JIUC. B BUJIE
HAy4YHOTO JI0KJIaja ... A-pa ¢umon. Hayk . CII6., 2001. 54 c.

10. Yeb6anos C. B. KoruutusHas rpaduka kak cnocod nzodpaxenus uaeit / METO/I: MockoBckuit
€XKETOTHUK TPyAoB u3 obmecTBoBequeckux nucuurinH. 2020. Ne 10. C. 309-376.

11. Sceun B. A. O06pa3zoBarenbHas cpeia: OT MOACTUPOBAHUS K MpoeKkTupoBaHuio. M.: CwmbIcH,
2001. 368 c.

Vestnik of Minin University. 2025. Volume 13, no. 2


https://www.elibrary.ru/item.asp?id=44166609
https://www.elibrary.ru/item.asp?id=27454515
https://elibrary.ru/item.asp?id=54099495

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Teopusi u MeToR0/10THSI 00PA30BAHMSA

Batool K., Niazi M. A. Self-organized power consumption approximation in the internet of things
// International Conference on Consumer Electronics (ICCE). Las Vegas, NV, USA, IEEE, 2015.
Pp. 313-314. Available at: https://ieeexplore.ieee.org/abstract/document/7066427/ (accessed:
15.09.2024).

Batool K., Niazi M. A. Modeling the internet of things: a hybrid modeling approach using

complex networks and agent-based models // Complex Adaptive Systems Modeling. 2017.
Vol. 5. P. 4. DOI: 10.1186/540294-017-0043-1.

Beetham H., Sharpe R. Rethinking Pedagogy for a Digital Age: Designing and Delivering E-
Learning. London, 2007. 281 p.

Conole G. Describing learning activities: tools and resources to guide practice / H. Beetham, R.
Sharpe (Eds) Rethinking pedagogy for a digital age: Designing and Delivering Elearning.
Oxford: Routledge Falmer, 2007.

Conole G. Learning Design and Open Education // International Journal of Open Educational
Resources. 2018. Vol. 1, no. 1. DOI: 10.18278/ijoer.1.1.6.

Davis B., Francis K. Discourses on Learning in Education: Making Sense of a Landscape of
Difterence // Frontiers in Education. 2021. Vol. 6. DOI: 10.3389/feduc.2021.760867.

Delen I., Sen S. Effect of design-based learning on achievement in K-12 education: A meta-
analysis // Journal of Research in Science Teaching. 2023. Vol. 60, no. 2. Pp. 330-356.
DOI: 10.1002/tea.21800.

Diaz D. A., Jiménez A. M., Larroulet C. An agent-based model of school choice with information
asymmetries // Journal of Simulation. 2021. Vol. 15, no. 1-2. Pp. 130-147. DOL:
10.1080/17477778.2019.1679674.

Falda M., Atzori M., Corbetta M. Semantic wikis as flexible database interfaces for biomedical
applications // Scientific Reports. 2023. Vol. 13. P. 1095. DOI: 10.1038/s41598-023-27743-9.
Gierus B., Davis B. The Hyperlinked Visual-Spatial Map as a Novel Way to Explore an Academic
Discipline // Emerging Perspectives: Interdisciplinary Graduate Research in Education and
Psychology. 2024. Vol. 7, no. 1. Available at:
https://journalhosting.ucalgary.ca/index.php/ep/article/view/80451 (accessed: 15.09.2024).
Grimalt-Alvaro C., Ametller J. A Cultural-Historical Activity Theory Approach for the Design of
a Qualitative Methodology in Science Educational Research // International Journal of
Qualitative Methods. 2021. Vol. 20. DOI: 10.1177/16094069211060664.

Grimm V. [et al.] The ODD Protocol for Describing Agent-Based and Other Simulation Models:
A Second Update to Improve Clarity, Replication, and Structural Realism // Journal of Artificial
Societies and Social Simulation. 2020. Vol. 23, no. 2. P. 7. DOI: 10.18564/jasss.4259.

Grimm V. [et al.] Using the ODD protocol and NetLogo to replicate agent-based models //
Ecological Modelling. 2025. Vol. 501. P. 110967. DOI: 10.1016/j.ecolmodel.2024.110967.
Kelly T. Signature Pedagogies — A Cautionary Tale // Imagining SoTL. 2022. Vol. 2, no. 1. Pp.
10-18. DOI: 10.29173/is0t1599.

Kordonsky S. Fractal matrix tables as a tool for ontologies’ creation. Washington, South Eastern
Publishing House, 2011. 66 p.

Kutt K., Nalepa G. J. Loki — the semantic wiki for collaborative knowledge engineering // Expert
Systems with Applications. 2023. Vol. 224. P. 119968. DOI: 10.1016/j.eswa.2023.119968.
Niazi M. A. Technical Problems With «Programmable self-assembly in a thousand-robot
swarmy. 2014. Available at:
https://figshare.com/articles/journal_contribution/Technical Problems With Programmable se
If assembly_in_a_thousand robot swarm_/1185186/1?file=1694296 (accessed: 15.09.2024).

Bectnnk MunuHckoro ynuBepcutera. 2025, Tom 13, Ne 2


https://ieeexplore.ieee.org/abstract/document/7066427/
https://journalhosting.ucalgary.ca/index.php/ep/article/view/80451
https://figshare.com/articles/journal_contribution/Technical_Problems_With_Programmable_self_assembly_in_a_thousand_robot_swarm_/1185186/1?file=1694296
https://figshare.com/articles/journal_contribution/Technical_Problems_With_Programmable_self_assembly_in_a_thousand_robot_swarm_/1185186/1?file=1694296

Theory and methodology of education

29.

30.

31.

32.

33.

34.

35.

36.

37.

Paquette G. L’ingénierie pédagogique. 2002. Available at:
https://books.google.ru/books?id=k6RIrEbV2GAC&printsec=frontcover&hl=ru&source=gbs_
ge_summary_r&cad=0#v=onepage&q&f=talse (accessed: 15.09.2024).

Pidzamecky U., van Oostveen R. The pedagogical evolution of repertory grid technique for
diverse learning communities: a review // Trends in Social Sciences. 2021. Vol. 3, no. 1. Pp. 10-
23.

Rogushina J., Gladun A., Valencia-Garcia R. Reuse of Ontological Knowledge in Open Science:
Models, Sources, Repositories // Valencia-Garcia, R., Bucaram-Leverone, M., Del Cioppo-
Morstadt, J., Vera-Lucio, N., Centanaro-Quiroz, P.H. (eds) Technologies and Innovation. CITI
2023. Communications in Computer and Information Science, vol. 1873. Springer, Cham, 2023.
Pp. 157-172. DOI: 10.1007/978-3-031-45682-4 12.

Schwartz D. L. Physically active learning // Science. 2021. Vol. 374, no. 6563. P. 28. Available
at: https://scholar.google.com/scholar?cluster=1906011187756501822 &hl=en&oi=scholarr
(accessed: 15.09.2024).

Schwartz D. L. Achieving an adaptive learner // Educational Psychologist. 2025. Vol. 60, no. 1.
Pp. 7-22. DOI: 10.1080/00461520.2024.2397389.

Schwartz D. L., Tsang J. M., Blair K. P. The ABCs of How We Learn: 26 Scientifically Proven
Approaches, How They Work, and When to Use Them. W. W. Norton & Company, 2016. 412 p.
Shulman L. S. Signature Pedagogies in the Professions // Daedalus. 2005. Vol. 134, no. 3. Pp.
52-59.

Tan C. T. [et al.] The effect of gamification mechanics on user experiences of AdventureLEARN:

A self-driven learning platform // Proceedings of the ACM on Human-Computer Interaction.
2023. Vol. 7, issue CHI PLAY. Article no. 416. Pp. 1091-1114. DOI: 10.1145/3611062.

Yang S. [et al.] Decoding Debugging Instruction: A Systematic Literature Review of Debugging
Interventions // ACM Transactions on Computing Education. 2024. Vol. 24, issue 4. Article no.
45. Pp. 1-44. DOI: 10.1145/3690652.

References
Ball G. A. Theory of educational tasks: psychological and pedagogical aspect. Moscow,
Pedagogika Publ., 1990. 183 p. (In Russ.)
Didactic modeling of innovative educational practices / I. M. Osmolovskaya, E. O. Ivanova, M.
V. Klarin [et al.]. Moscow, Institut strategii razvitiya obrazovaniya Rossijskoj akademii
obrazovaniya Publ., 2019. 226 p. Available at: https://www.elibrary.ru/item.asp?1d=44166609
(accessed: 15.09.2024). (In Russ.)
Dudko V. V., Patarakin E. D. Study of scientific schools of the university by means of
bibliometric mapping. Territoriva Novyh Vozmozhnostej. Vestnik Viadivostokskogo
Gosudarstvennogo  Universiteta, 2023, vol. 15, no. 1 (65), pp. 150-167, doi:
10.24866/VVSU/2949-1258/2023-1/150-167. (In Russ.)
Klarin M. V. Innovative learning models: Study of world experience: monograph. Moscow, 2016.
632 p. Available at: https://www.elibrary.ru/item.asp?id=27454515 (accessed: 15.09.2024). (In
Russ.)
Kordonskij S., Bardin V. Pictures of the world and information hermeneutics. Teleskop: zhurnal
sociologicheskih i marketingovyh issledovanij, 2018, no. 3, pp. 19-23. (In Russ.)
Patarakin E. D. Pedagogical design of joint network activities of education subjects: abstract of
the dissertation of the doctor of pedagogical sciences. Moscow, 2017. (In Russ.)

Vestnik of Minin University. 2025. Volume 13, no. 2


https://books.google.ru/books?id=k6R9rEbV2GAC&printsec=frontcover&hl=ru&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.ru/books?id=k6R9rEbV2GAC&printsec=frontcover&hl=ru&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://scholar.google.com/scholar?cluster=1906011187756501822&hl=en&oi=scholarr

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Teopusi u MeToR0/10THSI 00PA30BAHMSA

Patarakin E. D. The playing field of computational didactics. Sovremennaya «cifrovayax
didaktika: monografiya / I. M. Remorenko, E. D. Patarakin, V. V. Grinshkun. Moscow, OOO
«GrinPrinty Publ., 2022. Pp. 35-70. Available at: https://elibrary.ru/item.asp?id=54099495
(accessed: 15.09.2024). (In Russ.)

Uvarov A. YU. Modeling the development of the school in the context of informatization of
education. Informatika i obrazovanie, 2007, no. 2, pp. 42-51. (In Russ.)

CHebanov S. V. Logical and semiotic foundations of classifications in linguistics: dissertation in
the form of a scientific report of a doctor of philological sciences. St. Petersburg, 2001. 54 p. (In
Russ.)

CHebanov S. V. Cognitive graphics as a way of depicting ideas. METOD: Moskovskij ezhegodnik
trudov iz obshchestvovedcheskih discipline, 2020, no. 10, pp. 309-376. (In Russ.)

YAsvin V. A. Educational environment: from modeling to design. Moscow, Smysl Publ., 2001.
368 p. (In Russ.)

Batool K., Niazi M. A. Self-organized power consumption approximation in the internet of
things. International Conference on Consumer Electronics (ICCE). Las Vegas, NV, USA, IEEE,
2015. Pp. 313-314. Available at: https://ieeexplore.ieee.org/abstract/document/7066427/
(accessed: 15.09.2024).

Batool K., Niazi M. A. Modeling the internet of things: a hybrid modeling approach using
complex networks and agent-based models. Complex Adaptive Systems Modeling, 2017, vol. 5,
p. 4, doi: 10.1186/s40294-017-0043-1.

Beetham H., Sharpe R. Rethinking Pedagogy for a Digital Age: Designing and Delivering E-
Learning. London, 2007. 281 p.

Conole G. Describing learning activities: tools and resources to guide practice. H. Beetham, R.

Sharpe (Eds) Rethinking pedagogy for a digital age: Designing and Delivering Elearning.
Oxford, Routledge Falmer, 2007.

Conole G. Learning Design and Open Education. International Journal of Open Educational
Resources, 2018, vol. 1, no. 1, doi: 10.18278/ijoer.1.1.6.

Davis B., Francis K. Discourses on Learning in Education: Making Sense of a Landscape of
Difference. Frontiers in Education, 2021, vol. 6, doi: 10.3389/feduc.2021.760867.

Delen 1., Sen S. Effect of design-based learning on achievement in K-12 education: A meta-
analysis. Journal of Research in Science Teaching, 2023, vol. 60, no. 2, pp. 330-356,
doi: 10.1002/tea.21800.

Diaz D. A., Jiménez A. M., Larroulet C. An agent-based model of school choice with information
asymmetries. Journal of Simulation, 2021, vol. 15, no. 1-2, pp. 130-147, doi:
10.1080/17477778.2019.1679674.

Falda M., Atzori M., Corbetta M. Semantic wikis as flexible database interfaces for biomedical
applications. Scientific Reports, 2023, vol. 13, p. 1095, doi: 10.1038/s41598-023-27743-9.
Gierus B., Davis B. The Hyperlinked Visual-Spatial Map as a Novel Way to Explore an Academic
Discipline. Emerging Perspectives: Interdisciplinary Graduate Research in Education and
Psychology, 2024, vol. 7, no. 1. Available at:
https://journalhosting.ucalgary.ca/index.php/ep/article/view/80451 (accessed: 15.09.2024).
Grimalt-Alvaro C., Ametller J. A Cultural-Historical Activity Theory Approach for the Design of
a Qualitative Methodology in Science Educational Research. [International Journal of
Qualitative Methods, 2021, vol. 20, doi: 10.1177/16094069211060664.

Bectnnk MunuHckoro ynuBepcutera. 2025, Tom 13, Ne 2


https://ieeexplore.ieee.org/abstract/document/7066427/
https://journalhosting.ucalgary.ca/index.php/ep/article/view/80451

Theory and methodology of education

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Grimm V. [et al.] The ODD Protocol for Describing Agent-Based and Other Simulation Models:
A Second Update to Improve Clarity, Replication, and Structural Realism. Journal of Artificial
Societies and Social Simulation, 2020, vol. 23, no. 2, p. 7, doi: 10.18564/jasss.4259.

Grimm V. [et al.] Using the ODD protocol and NetLogo to replicate agent-based models.
Ecological Modelling, 2025, vol. 501, p. 110967, doi: 10.1016/j.ecolmodel.2024.110967.

Kelly T. Signature Pedagogies — A Cautionary Tale. Imagining SoTL, 2022, vol. 2, no. 1, pp. 10-
18, doi: 10.29173/is0t1599.

Kordonsky S. Fractal matrix tables as a tool for ontologies’ creation. Washington, South Eastern
Publishing House, 2011. 66 p.

Kutt K., Nalepa G. J. Loki — the semantic wiki for collaborative knowledge engineering. Expert
Systems with Applications, 2023, vol. 224, p. 119968, doi: 10.1016/j.eswa.2023.119968.

Niazi M. A. Technical Problems With «Programmable self-assembly in a thousand-robot
swarmy. 2014. Available at:
https://figshare.com/articles/journal _contribution/Technical Problems With Programmable se
If assembly_in_a_thousand robot swarm /1185186/1?1ile=1694296 (accessed: 15.09.2024).
Paquette G. L’ingénierie pédagogique. 2002. Available at:
https://books.google.ru/books?id=k6RIrEbV2GA C&printsec=frontcover&hl=ru&source=gbs
ge summary r&cad=0#v=onepage&qg&f=false (accessed: 15.09.2024).

Pidzamecky U., van Oostveen R. The pedagogical evolution of repertory grid technique for
diverse learning communities: a review. Trends in Social Sciences, 2021, vol. 3, no. 1, pp. 10-23.
Rogushina J., Gladun A., Valencia-Garcia R. Reuse of Ontological Knowledge in Open Science:

Models, Sources, Repositories. Valencia-Garcia, R., Bucaram-Leverone, M., Del Cioppo-
Morstadt, J., Vera-Lucio, N., Centanaro-Quiroz, PH. (eds) Technologies and Innovation. CITI
2023. Communications in Computer and Information Science, vol. 1873. Springer, Cham, 2023.
Pp. 157-172. DOI: 10.1007/978-3-031-45682-4 12.

Schwartz D. L. Physically active learning. Science, 2021, vol. 374, no. 6563, p. 28. Available at:
https://scholar.google.com/scholar?cluster=1906011187756501822 &hl=en&oi=scholarr
(accessed: 15.09.2024).

Schwartz D. L. Achieving an adaptive learner. Educational Psychologist, 2025, vol. 60, no. 1,
pp. 7-22, doi: 10.1080/00461520.2024.2397389.

Schwartz D. L., Tsang J. M., Blair K. P. The ABCs of How We Learn: 26 Scientifically Proven
Approaches, How They Work, and When to Use Them. W. W. Norton & Company, 2016. 412 p.
Shulman L. S. Signature Pedagogies in the Professions. Daedalus, 2005, vol. 134, no. 3, pp. 52-
59.

Tan C. T. [et al.] The effect of gamification mechanics on user experiences of AdventureLEARN:
A self-driven learning platform. Proceedings of the ACM on Human-Computer Interaction, 2023,
vol. 7, issue CHI PLAY, article no. 416, pp. 1091-1114, doi: 10.1145/3611062.

Yang S. [et al.] Decoding Debugging Instruction: A Systematic Literature Review of Debugging

Interventions. ACM Transactions on Computing Education, 2024, vol. 24, issue 4, article no. 45,
pp. 1-44, doi: 10.1145/3690652.

© Ilarapakus E. /1., [Ilnmkos M. C., 2025

Nudopmanus 06 aBTopax

Iarapakun EBrenmii [IMuTpueBHY — JOKTOp TMEAAroTMYECKUX HaAyK, IOLEHT, mpodeccop
JenapTaMeHTa HH()OPMATHKH, YIIPABICHHS U TEXHOIOTHI, MOCKOBCKUI TOPOACKOH MeIarorndeckuit

Vestnik of Minin University. 2025. Volume 13, no. 2


https://figshare.com/articles/journal_contribution/Technical_Problems_With_Programmable_self_assembly_in_a_thousand_robot_swarm_/1185186/1?file=1694296
https://figshare.com/articles/journal_contribution/Technical_Problems_With_Programmable_self_assembly_in_a_thousand_robot_swarm_/1185186/1?file=1694296
https://books.google.ru/books?id=k6R9rEbV2GAC&printsec=frontcover&hl=ru&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.ru/books?id=k6R9rEbV2GAC&printsec=frontcover&hl=ru&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://scholar.google.com/scholar?cluster=1906011187756501822&hl=en&oi=scholarr

Teopusi u MeToR0/10THSI 00PA30BAHMSA

yHuBepcuteT, MockBa, Poccuiickas @enepanus; mnpodeccop HHCTUTYTa 00Opa3oBaHMS,
HannoHanpHbI HMCCIEAOBATENbCKUM yHUBEPCUTET «BbIcmias IIKosa 3KOHOMUKHM», MOCKBa,
Poccwuiickas @enepanus; ORCID: https://orcid.org/0000-0002-1216-5043, patarakined@mgpu.ru

umkoB Muxaua CepreeBHY — acnHMpaHT, HHCTUTYT LUQPpoBoro oOpa3oBaHus, MOCKOBCKUI

TOPOJICKOM  meparoruueckuii  yHuBepcuteT, MockBa, Poccuiickas ®enepanusi; ORCID:
https://orcid.org/0009-0008-9991-9776, shishkovms@mepu.ru

Information about the authors
Patarakin Evgeny D. — Doctor of Pedagogical Sciences, Associate Professor, Professor, Department

of Informatics, Management and Technology, Moscow City Pedagogical University, Moscow,
Russian Federation; Professor, Institute of Education, National Research University Higher School
of Economics, Moscow, Russian Federation, ORCID: https://orcid.org/0000-0002-1216-5043;
patarakined@mgpu.ru

Shishkov Mikhail S. — graduate student, Institute of Digital Education, Moscow City Pedagogical
University, Moscow, Russian Federation; ORCID: https://orcid.org/0009-0008-9991-9776,
shishkovms@mgpu.ru

BxJiiag aBTopoB
IMarapaxkun EBrennii IMuTpueBu4 — pazpadboTka oOIIel Haeu UCCIIeI0OBaHMUs;, TPOBEIeHHE 0030pa

JUTEPATypbl; MOCTPOCHUE BEEPHON MAaTpHIlbl; aHAJIN3 TAKCOHOMHUM Y4YEOHBIX IMPAKTHUK B cpene
Semantic MediaWiki; moAroToBka u pe1akTHpOBaHHE TEKCTA CTAThH.

Mumkos Muxauna CepreeBU4 — U3yuyeHUe y4yeOHBIX NPAKTUK MHKEHEPHOW NUIAKTHKHU; aHAIU3
BO3JECMCTBUSI MH)KEHEPHOTO MBIIUIEHUS Ha IOCTPOCHHE Y4YeOHOro mpolecca; ydacTHE B
MHTEpIPETALUHU PE3YIIBTATOB.

Contribution of the authors
Patarakin Evgeny D. — developed the overall research concept; conducted literature review;

constructed the fan matrix; analyzed the taxonomy of educational practices within the Semantic
MediaWiki environment; drafted and edited the manuscript.

Shishkov Mikhail S. — investigated educational practices in engineering didactics; analyzed the
influence of engineering thinking on the design of the learning process; contributed to data
interpretation.

[ocrynuna B pepakuuto: 14.02.2025
[punsTa k mybmukamum: 16.06.2025
OnyonukoBana: 30.06.2025

Bectnnk MunuHckoro ynuBepcutera. 2025, Tom 13, Ne 2


mailto:patarakined@mgpu.ru
https://orcid.org/0009-0008-9991-9776
mailto:shishkovms@mgpu.ru
mailto:patarakined@mgpu.ru
https://orcid.org/0009-0008-9991-9776
mailto:shishkovms@mgpu.ru

