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AHHOTaums. B gaHHOW cTaTbe paccMaTpuBaeTcsi hopManzaums B3aMOCBS3W AWUCLMNAMH U KOMMETEHUMIA B
pamKax MpeaoXKeHHON KOHLENUUM WMHTENNEeKTYabHO 06pa3oBaTe/lbHOM 3KOCMCTEMbI. ABTOPbI MCMOMb3YHOT
GMHapHble  OTHOLLEHMSs, WCMOMb3ytOWMe CyLIECTBYOLWME —(efepasibHble  06pasoBaTesibHble  CTaHAApPTb,
npodeccnMoHanbHble CTaHAapTbl, TPe6OBaHKS pPaGoTOAaTeNel, KapTbl KOMMETEHLMIA 1 HOPMATUBHbIE [AOKYMEHTbI,
ANs NOCTPOEHUS HANpPaBMEHHOTO aLMKINMYECKOTO rpadha HaBbIKOB. BBOAATCS NOHATYA TPEGYEMbIX 1 Pa3BUBaEMbIX
KOMMeTEHUWIA aucumnamnH. [anee ¢ UCMONb30BaHMEM [aHHOTO rpada HaBbIKOB OMPEAENsSeTCs U MaTeMaTNYeCcKM
(hopmanmsyeTcs [pyroe OWHApPHOE OTHOLLEHME, KOTOpPOe HEeobXoAuMO [/1i MOCTPOEHMS HampaB/ieHHOro
aLVKNYECKOTO rpagha AUCUMnIvH. MNpeanoXeHo MCnob3oBaHWE TOMOMOMMYECKO COPTUPOBKM /151 ONpeAeneHUs
nopsaKoB 06xoda rpada AUCUMNIMH. PacCMOTPeHHasi B3aMMOCBSA3b MEX/Y KOMMETEHLUMSAMM U AUCLMNMHAMMA
MO3BO/SIET COKPATUTb NPOCTPAHCTBO MOKCKA U NOCTPOWUTL MHOXECTBO BO3MOXHbIX 06Pa30BaTe/IbHbIX TPaeKTopHii
Ha AjaHHOM HanpaB/eHHOM aLK/IMYECKOM rpade.
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Abstract. This article explores the formalization ofthe connection between courses and skills within the framework
ofthe proposed concept of an intelligent educational ecosystem. The authors utilize strong order binary relations to
build a static directed acyclic graph of skills based on existing national education standards, professional area
standards, vacancy requirements, competency maps, and regulatory documents. Authors provide definitions for
required skills and developed skills for a given course. A T~ r strong order binary relation for courses is determined
using a skills graph and terms defined previously, which is necessary for constructing a directed acyclic graph of
courses. The authors present to use a topological sorting algorithm to find out the traversal order ofthe course graph.
In conclusion, that connection between courses and skills can be used later to effectively reduce search space and
find possible available education pathways on that directed acyclic graph of courses.
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BBepeHue

KoHuenunsa mHTennekTyanbHOW 06pa3oBaTe/lbHON 3KOCUCTEMbI, NMpeAcTaB/ieHHas B psage paboT
[O6oneHcknit, WeBueHko, 2019; O6oneHckuii, LleBueHnko, 2020], ncnonb3oBasa MHOXECTBO KOMMETEH-
LUMIA HEeKOTOPOI cneunanbHOCTU SP ANa hopmanu3auumn rpaga gucuymunnand DACG(sp). Ans 3aToro uc-
nofb30Ban0Cb HEKOTOPOe 6MHAPHOE OTHOLWeHMue . PaccmoTtpum nogpobHee popmanunsaunio B3aumo-
CBA3N AWUCLMNAWH U KOMMNETEHUUA C NOMOLWbI OnpefeneHns 4aHHOro 6MHAPHOTO OTHOWEHMUSA C LeNblo
thopmupoBaHna MHAMBUAYaNnbHbIX 06pas3oBaTeNbHbIX TpaekTopuii [FpumyTa, LWeBueHko, 2019; O6oneH-
ckwnii, LWeByeHko, 2020; CepebpoBckuii u gp., 2013].

KomneTeHunn He MOTyT 6bITb OCBOEHbI B CAydyaliHOM nopsigke [KpaBsey, 3acnaeckas, 2012].
CopepxaHue o6pas3oBaTeNlbHON NporpaMMbl M CANCOK OCBaMBaeMbiX KOMOeTeHUM AN Bbl6paHHO-
ro HanpaBfieHWs NOAroToBKW B Poccuiickoin ®epnepauun perynupyetca ®depepanbHbiMmu Focygap-
CTBEHHbIMU O6pa3oBatenbHbiMu CtaHgapTamu (®TrOC) [¢#TOC, 2016; 3 Pd, 2012], a Takxe
HOpPMaTUBHOI AOKYMeHTaunei, Hanpumep, MeToAnkammn u Kaptamum komneteHuuin [¢@TOC, 2016;
Ko3snosa u ap., 2017; MaweHko un ap., 2017].

Ana Takux KOMNeTeHUWA Takxe MOryT OblTb yka3aHbl Tpeb60OBaHWA K YPOBHIO 3HAHUI 00y-
yatouerocs, 4To MOXeT 6bITb TakXe NpeACcTaB/ieHO B BUAE TpeboBaHMA Hanuuua y obyvarwuierocs
HEKOTOPbLIX APYIUX KomneTeHuunii [#rocC, 2016].

Takum 06pa3om, HETPYAHO 3aMETUTb, YTO B LAHHOM C/ly4yae CyL eCcTBYeT HEKOTOpPOE OTHO-
WeHWe nopsagka, CBA3bIBaKLWEEe KOMNETEHLUMN APYr € Apyrom. dopmann3yem gaHHbll nogxoa Ans
HEKOTOPOro HanpaBJ/ieHUs MOATOTOBKM SP.

dopmanusaymns CBA3M AUCLUNANH U KOMMNETEHL WA

Onpegenum Takxe ana mHoxectBa SSP(sp) [O6oneHckuii, WeBueHko, 2020] Ans BblGpaH-
HOro HanpaBfieHWs Sp 6uWHapHOe OoTHowWeHWe [flaBpeHTbeB, WabaT, 1972] cTpororo nopsagka <s,
CBA3blBalLWEe ABE KOMNETEHL NN,

Ecnn gns npou3BOMbHbIX KOMNETeHUMUIA Sj U Sj BbINONHAETCA faHHOe GMHAPHOE OTHOLWEHMUE
Si <s Sj, TO 3TO O3Ha4aeT, YTO ANA OCBOEHUS KOMMNeTeHLUUM Sj HEOBXOLMMO OCBOMTb MpeABapu-
TEeNbHO KOMNeTeHUN0 Sj.

Ecnu ana npousBONibHbIX KOMNeTeHUUn Si u Sj He BbINOMHAKTCA COOTHOWeHNUS Si <s §j
unn Sj <s Si, To 3T0 03Ha4aeT, YTO KomneTeHyun Si n Sj HecpaBHUMbI, T. €. HENb3S CKa3aTb, B Ka-
KOM nopsijgke ux cnepyer ocsauBatb.

Takum o06pa3om, ans Bbl6paHHOI cneynanbHOCTK SP, 3aaaB yHKUUto SSP(sp) n 6uHapHoe oT-
HOWeEeHNE <'S, MOXHO CHOPMUPOBATb HampaB/eHHbI ayuknuueckuin rpad [Kopmen u gp. 2005; Xapapw,
2003; No6ueHko, 2011; TynacupamaH, CBamu, 1992] ocBoeHusa faHHbix komneTeHuunin DASG(sp) (1):

DASG(sp) =< SSP(sp),ESPs(sp) >, (1)
roe MHoxecTBo ESPs(sp) 3apaHo cnegytowum o6pasom (2):
ESPs(sp) = {(sj,sy)|sj € SSP(sp),sj € SSP(sp),si <s sy). (2)

B kauyecTBe BepWMWH faHHOro rpada An9 Bbl6paHHOr0 HanpaBfeHUs NOATOTOBKM SP Mbl
ncnonb3yem mMHoxectBo CSP(sp). B kauecTBe pébep rpadpa ncnonb3yetrca MHoxecTBo ESP(sp),
T. e. Takue napbl (ci,Cj), cocTosiwme U3 3n1eMeHTOB MHOXecTBa CSP(sp), And KOTOPbIX BbINOHS-

eTcs 3afjaHHoe 6MHapHOoe OTHOWeEHMe <5,

Mpumep gaHHoro rpaca DASG(sp) npeactaBneH Ha puc. 1.

CornacHo ®efepanbHblM roCyaapCTBEHHbIM CTaHgapTam, a Takxe pabouum nporpammam
OVCUMNANH, KaXAblii Kypc uanM AucuunanHa MOryT uMeTb TpebOBaHWA K BXOAHbIM pe3ynbTaTam
06yyeHns, He06X0LUMbIE NS OCBOEHWS LAHHOT0 Kypca waw gucumnnuHel [@TOC, 2016]. MNpepe-
KBU3UTAMU MOAYNA (LUCLUNMWHBI) Ha3biBATCA AUCLUUNINHBI, Pa3BUBAKOWMNE 3HAHUA U KOMNETEH-
LMW, Ha KOTOpPbIX 6Gasupyetcsa fAaHHbIA MoAynb (Kypc, AucuunauHa). NocTpekBuanTamun moayns
UAW AUCLUNJIMHBL Ha3blBAKOTCA AUCLUUNAUHBI, KOTOpble 6as3upyloTcd Ha JaHHOM mogyne (Kypce,
avcuunnuue) [®roC, 2016]. bnarofaps faHHbIM ONpefeneHUAM MOXHO onpefennTb OTHOLWEHUE < C,
M CBA3aTb MHOXECTBA AUCLWUNAUH U KOMNETEHLUWNIA.
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OnpefenMm oTHOWeHNe <c ¢ nomowbto rpaa DACG(sp). PaHee 6b1/10 onpefeneHo, 4To
KaXjas KOMMeTeHUMa s MOXeT TpeboBaTb HaNMume Kakux-TO APYrMX KOMMETeHUuii U3 cooTBeT-
CTBYIOLLEr0 MHOXECTBa S. OTM KOMMNETEHUMN ABASOTCA TpebyeMbiM YPOBHEM 3HAHUI ANA Xena-
IOLLero 0CBOUTbL AaHHYK KomneTeHuuto. O603HAYMM [aHHOE MHOXECTBO TpebyeMbiX KOMMETeH-
UWIA ans BbIGPAHHOTO HaBblKa S Kak MpepekBM3nTbl KomneTeHuuu deps(s) (3):
deps(s):S ™ S', LME S": uR-s 3)
roe 6uHapHoe oTHoweHue R- £ R<Ss u ABNAeTCA TPAH3UTUBHLIM 3aMblKaHMEM MHOXecTBa R<s,
npejcraBnstoLLero co60oi oTHoWeHMe <5.

Puc. 1 Mpumep rpada DASG(sp)
Fig. 1 Example ofthe DASG (sp) graph

MprvMep MHOXecTBa 3aBUCMMOCTe NpeAcTaBneH Ha puc. 2. KpacHbIM LBeTOM 0603HaY€eHbI
3aBMCUMOCTM KOMMETEHUMNI $3, sS4 1 S$ a 3eNIeHbIM - 3aBUCUMOCTb HaBblKa S7. B 4aCTHOCTU, HaBbIK
S2 He SIBNAETCA NpAMOi 3aBUCMMOCTbI HaBblKa $7, XOTSl COOTHOLWEHME S2 <S S7 BbIMOMHAETCS B
CUNY CBOWCTBA TPAH3UTUBHOCTM OTHOWEHUS <5.

Puc. 2. NprMep MHOXeCTBa 3aBUCMMOCTE KOMMETEHLUM
Fig. 2. An example of a set of competence dependencies

Kaxablii Kypc UavM gUCLUNANHA MOXET MMeTb OnpeaenéHHble BXOAHble TPe60BaHUSA K KOM-
neTeHUMAM 1 HaBblkam 06y4aloLLeroca nonbL3oBatens. PaHee mMbl onpegennnm MHoxecTso 5C(c) -
3TO MHOXECTBO KOMMETEHLUMWI, KOTopble MOryT OblTb Pa3BUTbl MPU OCBOEHWU COOTBETCTBYHOLLEN
AncuUNANHBLL c. Takum o6pa3om, BbipasuM fAaHHble TPe60BaHUSA - MHOXECTBO 3aBUCUMOCTEN auc-
UUNAWHBI - TPpebOBaHMS K MOAYYEHHbIM 3HaHWAM uepe3 06befMHEHMEe MHOXECTB 3aBUCUMOCTEN
KaXX[0M 13 KOMNeTeHLNn, pa3BMBaeMblX JaHHOW AUCLUNANHONW (4):

deps(c) = deps(si) ,st E SC(c). @)
Takum 06pa3oM, MHOXECTBO 3aBUCUMOCTEN ANCLUNANHBI — 3TO T€ KOMNETEHLNN, KOTOpPbIe

Heo6X0AMMO OCBOUTH [0 Hauasa OCBOEHMS CaMOW AUCLUNAWHBI, NPU 3TOM M3 AaHHOTO MHOXecTBa
MCKOYEHbl TPAH3UTUBHbIE 3aBUCUMOCTMN, BO3HMKAKOLLME N3 OTHOLIEHWS CTPOro nopsgka <5.
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Takxe gucumnnnunHa (Kypc) Q MoXeT MMETb NYCTOe MHOXEeCTBO 3aBucumocTeit deps(ci) = 0,
3TO 03HAYaeT, YTO HUKaKWe KOMMNETEHLWUW W HABbIKW A1 OCBOEHMWA AAHHOW AUCLUM/UHBLI He Tpe-
oytoTCs, eé MOXKeT M3ydaTb N0 060N Xena L nid.

Ecnn 6narofgaps gucumnimHe Q Mbl NOAy4Yaem HaBblKW, ABAAKOWMecs TpebyeMbiMU AN
Kypca Cj, To, 04eBUAHO, HEOOXOAUMO MU3YyUnTb Q paHble, yeM Cj. Takum o06pa3oM, ecim HeKoTo-
pblii Kypc G yaoBNeTBOPSAET, YaCTUUYHO NMOBO MOAHOCTbI, 3aBUCUMOCTU Kypca Cj, TO MOXHO cfe-
natb BbIBOg, uTo A <c § (5):
G <c G, ecnn deps(cj) ftSC(Ci) ¢ 0 nSC(cj)ftdeps(c{) = 0. (5)
Bo Bcex ocTa/nbHbIX ChAyvasax, ecnuM He BbinonHsawTca ycnosma G <c G unm G <c Ci, 10
ancumnnavHel G n G 9BAAKTCSH HECPABHUMbIMUM C MOMOLLbIO OTHOLWEHUALC.
Tak Kak OTHOWeHUe <5 ABnsdeTcqd 6MHApPHbIM OTHOLWIEHWEM CTPOroro nopsgka, To He cocTa-

BMT Tpyda Aokas3aTb, 4To DACG(sp), onpefefneHHbli Ha OCHOBE AAHHOT0 OTHOLUEHUS, ABAAETCA
OPMEHTUPOBaHHbLIM aumnknnyeckum rpaom [Xapapu, 2003].

PaccMoTpuM npumep. MycTb 3alaH0 HEKOTOPOE MHOXecTBO KypcoB C = {c1, c2, c3) U Heko-
TOPOEe MHOXECTBO KOMMeTeHUUNA S:

S = {Si, S2,S3,54,55,56,57,58,59,510,SN }
BrvHapHOe OTHOLWeHMe <S A5 3/1IeMEHTOB MHOXeCTBa S 3a4aHo cleaylLWwmum o6pasom:
51 <s 53,51 <s S4,Si <s S5,S2 <5 S6,S6 <s S7,S3 <s S,
54 <s s8,57 <s 58,58 <s 59,59 <s 510,59 <s 511.
CooTBeTCTBYHO WM rpadh KomneTeHunii DASG npeacTaBfieH Ha puc. 3.

Puc. 3. Mpumep rpada KOMNETEHLMA 1 X B3aUMOCBA3U C AUCLUNIVHAMMN
Fig. 3. An example of a graph of competencies and their relationship with disciplines

dyHKuma SC ans anemMeHToB MHOXecTBa C 3agaHa cnegytowum obpasom:
AC(Cl) = {S1,S3, 4,Ss}
SC(C) = {S2,56,S7}
$C(c3) = {58,59,510,511}

Heobxognmo noctpoutsb rpadp DACG(sp) ¢ nomowbio 31eMeHTOB MHOXecTBa C.

[ns peweHna gaHHoOl 3afayn HeO6XOAUMO ONpesennTb BUHapHOe OTHOWEHKUe <c. Tak Kak
6uHapHOe OTHOWeHMe <5 3afjaHo 3apaHee B rpa0BOM BUAe, TO MOXHO paccyuTaTb COOTBETCTBY-
lowne sHayeHns hyHkumii deps(c) ana kaxgoroc e C

deps(cl) 0
deps(c2) 0

deps(C) = {53,54,57}

378



SKkoHoMuka. WHopmaTtuka. 2022. T. 49, Ne 2 (375-382)
Economics. Information technologies. 2022. V. 49, No. 2 (375-382)

MHO>ecTBO 3aBMcUMOcCTeih deps(c3) NpeacTaB/eHO Ha puc. 4.

Puc. 4. Mpumep 3n1eMeHTOB MHOXecTBa deps(c3)
Fig. 4. Example of elements ofthe set deps(c3)

Onpegenvm 6MHapHOe OTHOLWEHMEe <C 4719 KaXA0ro U3 afeMeHTOB MHOXecTBa C.
[ns napbl (C1,C2) - C1 HECPaBHUM C C2:
deps(c1) MSC(c2) = 0,deps(c2) MSC(c1) =0," c1e< Cc2
[na napbl (c1,€3) - Cc1 ABNAETCA NPEPEKBU3UTOM C3:
deps(c3) nSC(c1) = 0,deps(c1) nSC(c3) =0," c1 <c c3
[na napsl (c2,c3) - c2 ABNAETCA NPEePEKBU3UTOM C3:
deps(c3) MSC(c2) = 0,deps(c2) nSC(c3) =0," c2 <cc3
Mpun aToM NOpALOK 06X0fa BEPLWINH AaHHOTO HanpaBfeHHOro aunknuyeckoro rpadga [Tyna-
cupamaH, Ceamu, 1992; EBcTurHeeB, 1985] mMoXeT 6biTb MOJIyYeH NPU NOMOLLM TOMONOTUYECKOW
copTupoBku [Xapapu, 2003; Kapnos, 2018], npuyém BapnaHToB 06xoga rpaha MOXeT 6biTb He-
ckonbko [Kapnos, 2018].
Torga MOXXHO NOCTPOUTbL MTOrOBbLIA rpad nayyenns gucunnanH DACG(sp) (puc. 5).

Puc. 5. Mpumep rpada DACG(sp)
Fig. 5. Example ofthe DACG (sp) graph

[ns nonyyeHHoro rpada 4onycTuMbl cnefytoLlime BapnaHTbl TONOAOTMYECKOW COPTUPOBKMU:
(G, e,
(C,C, @3
Takum obpa3om, popmMann3oBaB NOPSALOK OCBOEHUA KOMMNETEHUUN <S, MOXHO MOCTPOUTL
HanpaBfeHHbI auukKnnyeckuii rpag HaebikoB DASG(Sp) Ans HEKOTOPOro HanpaBAeHUs MOATO-
TOBKMW Sp. [laHHbIl rpag cTaTUYeH M U3MEHSEeTCHA TOJIbKO MPW U3MEHEHWU HOPMATUBHbLIX AOKY-
MEHTOB U aKTOB.
YCTaHOBMB B3aMMOCBSA3b HEKOTOPOWN AMCLUMINHBLI C N Pa3BMBAEMbIX C €6 MOMOLLLIO KOMMe-
TeHumMin SC(c), monyyeHa BO3MOXHOCTb yCTaHaB/MBaTb NOPSALOK NMPOXOXAEHUA AaHHbIX AUCLK-
NAUH <C 1 cPOPMUPOBATb HAMPaABMEHHbIN auuknnyeckuii rpa kypcos DACG(sp).
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3aKJ/itoveHmne

Onpepenenne B3auMOCBA3N AaHHbIX rpachoB MMeeT 60NblWOe 3HaYeHne. KomneTeHUuUun MoryT
ObITb NOMYyYeHbl Kak U3 HOPMATUBHbIX LOKYMEHTOB, Tak U U3 CNNCKa akTyanbHbIX BakaHcuii paboTtoaa-
Teneil. B cBOW oyepedb, cywecTByeT 60/blOe KONNYECTBO CUCTEM AMCTAHUMOHHOrO obpasoBaHus,
npefocTaBnsAoWee AOCTYN K pa3nnyHblM kKypcam [O6oneHckuii, WeBueHnko, 2020]. Mcnonb3oBaHue
6MHApHOTo OTHOWEHUSA no3BOJIfieT CBA3aTb KOMMETEHLUUMW U KYpCbl, a NPUMeHeHne rpadoB no3Bo-
NnAeT 3HAYUTE/IbHO COKPaTUTb MPOCTPAHCTBO NOKUCKa B x04e paboTbl CUCTEMbI NOATOTOBKW PEKOMEHAA-
UWii B UHTENNeKTyanbHOl 06pa3oBatenbHOi akocucTeme [O6oneHcknii, WesueHko, 2020]

B panbHelwux pabotax 6yayT u3yyaTbCs cnocobbl aBTOMATW3MPOBAHHOTO MOCTPOEHUS
rpaa KoMNeTeHUMWA Npyu NOMOLWMW NapCUHra OHMAKH-pecypcoB C BakaHCUAMU, anroputm Gopmu-
poBaHusl pekomeHgauuii [O6oneHcknin, 2020; O6oneHcknin, 2021] B MHTeNNekTyaNbHON ob6pa3oBa-
TeNbHOW 3KOCMCTEME, a TaKXe BAWSHUE BECOBbIX XapakTepuctuk pebep [leBuTtuH, 2006; Anekce-
eB, TanaHos, 2005] rpahoB gucumnaumH u rpaoB KOMNeTeHUMA AN DOPMUPOBAHWUS UHAWBUAY-
anbHOi 06pa3oBaTe/ibHON TPaekToOpuu.
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