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AHHOTANUA

B crarbe npe/icTaBiIeHO MPOIOJIKEHUE UCCIEOBAHUHA aBTOPOB B 00JIACTH BU3yaTU3AIMU
KOTHUTUBHBIX MO/Jiejledd, OCHOBAaHHBIX Ha HEUeTKUX KOTHUTHBHBIX KapTax. PaccmoTpeHo
npuMeHeHHe MeTadop BU3YUIN3AllMM HEUYETKHUX KOTHUTUBHBIX KapT I BepudUKaluU
IIPUYNHHO-CJIE/ICTBEHHBIX CBfA3€ll B KOTHUTUBHBIX MoAesAX. IlokazaHO, YTO MOBBIIIEHUE
5¢dekTUBHOCTU Bepu(PUKAIUUA BO3MOKHO IIyTEM AaKTUBU3AIUHU KOTHUTHUBHOTO IIOTEHIIMAJIA
aHasmTuka. HamboJsiee ecTeCTBEHHBIM CIIOCOOOM TaKOUM aKTUBU3AIIUU SIBJISIETCS MOBBIIIEHUE
KOTHUTUBHOHN SICHOCTH MOJIeJIM 32 CUET HUCHOJIb30BaHHUA BO3MOXKHOCTEN Bu3yanusanuu. C
BTOM LeJbI0 IpeyioKeH pAja MeTadop BUByAIM3AUM HEYETKUX KOTHUTUBHBIX KapT,
HAIIpaBJIEHHBIX HA MOBBINIEHNE UX KOTHUTUBHOU SICHOCTU B Xo/e Bepudukanuu. Kaxxaaa us
MeTadOp OPHMEHTHPOBAaHA HA BU3YAIM3AlUIO0 OIpeJleJIeHHOro TUmna (GparMeHTOB HeYeTKOU
KOTHUTHUBHOM KapThl, IOTEHIIHNAIBHO CO/IEPKAIIUX OIMUOKYU, H30BITOUHOCTD HJIU HETIOJIHOTY
¥ IIOTOMY IIp€e/ICTABJIAIOIINX UHTEPEC C TOUKU 3peHus Bepudukanuu. IIpuBesieHbl npuMepsl
IIpUMeHeHUs NPeJI0KeHHbIX MeTadop BU3yaIn3aIum.

KiroueBbie cj10Ba: HeyeTKass KOTHUTUBHAA KapTa, BU3yajausanus rpagoB, KOTHUTHB-
Has ACHOCTb, MeTadopa BU3yaIN3alliy, BepuduKanusa KOTHUTUBHBIX MO/IeJIeN.

1. BBegeHnue

Hacrosimas paboTta mpo/ioKaeT CepHIo MyOJIMKAIUi MaTEPUAJIOB UCCIIEIOBAHUNA aBTOPOB
B 00J1acTH BU3yasTU3aIlMi KOTHUTHUBHBIX MOJeJiell, OCHOBAHHBIX HAa HEUETKHUX KOTHUTHUBHBIX
kaptax (HKK). HKK orpaikaeT cy0ObeKTHBHOE IPEAICTABJIEHNE HCC/IEOBATENIS O CUCTEME B
BUJIe MHOKECTBA CEMAaHTHUYECKUX KaTeropuil (Ha3piBaeMbIX (haKTOpaMU WK KOHIIENTaMU) U
Habopa MPUYNHHO-CJIEICTBEHHBIX CBA3elN Mexxay Humu [1]. Takum o6paszom, HKK nomyckaer
HarJIsZHOe TpeJicTaBjieHNe B BUJIe B3BEIIEHHOTO OPUEHTUPOBAHHOrO rpada, BepUIMHbBI KO-
TOPOTO COOTBETCTBYIOT KOHIIENITAM, a IyTH — IPUUYHNHHO-CJI€/ICTBEHHBIM CBSA3SIM.

OnauM U3 yeaoBuil 3¢ ¢GeKTUBHONU PaboThl ¢ KOTHUTUBHOM MOJIEJIBIO SIBJISETCS o0ecreve-
HUe ee BU3YaJIbHOTO IipesacTaBienus. [Togxos k susyanuzanuu HKK, ocHOBaHHBIN HA TTOHSA-
TUU MeTadophl BU3yaIu3anuu, ObUT NpeasioKeH aBTopaMu B paborax [2, 3]. Metadopa Bu-
3yayin3aliiy TPAAUIIMOHHO BKJIIOUAET B ce0s JIBe COCTABJIAIOIINE: TPOCTPAHCTBEHHYIO MeTa-
dbopy u metadopy npexacrasienus [4].

ITpoctpancTBeHHass MeTadopa omnpesiesisgeT o0Ire IPUHIUIBI IIEpeH0ca BU3yaIn3Upye-
MOTro 00BEKTa B MPOCTPAHCTBO Bu3yasbHOU Mozenu. [Ipumenurensno k HKK, Takas mera-
¢opa cTpouTcsa Ha OCHOBe aJITOPUTMOB BU3yaIn3anuu rpadoB u GOpMaJn30BaHHBIX KpUTe-
pUeB KOTHUTUBHOU sICHOCTH [3]. [laHHBIE KPUTEPUU ONMUCHIBAIOT TPeOOBAaHMA K KAUECTBY BU-
gyasibHOTO 0O6paza HKK, cobiiofieHre KOTOPBIX YIPOIaeT BU3YaJIbHOE BOCIIPUATHE KOTHU-
TUBHOM MOJIeJIU aHAIUTHUKOM. JTO MPUBOJUT K OOIEMY YBEJIUUYEHHIO CKOPOCTH pabOTHI C


https://doi.org/10.26583/sv.12.4.01
mailto:ruslan-isaev-32@yandex.ru
mailto:apodv@tu-bryansk.ru

MO/IEJIBIO, a TAKXKe CHOCOOCTBYeT CHIKEHUIO YHCJIa OUINOOK, JOIMYCKAeMbIX HAa Pa3IMYHBIX
aTanax Mo/eJINPOBAHUA.

Mertadopa npezacraBieHus, IpUMeHsaeMas Jajee, OTBEYaeT 32 JOPabOTKY MOJIyIEHHOTO
BU3YaJIbBHOTO 00pa3a C IeJIbI0 BhIJIEJIEHUS €r0 COCTABJIAIONINX, Han0ojiee BaXKHBIX B KOHTEK-
cre pemaemoit 3azaun. [Ipu Busyanusanum HKK npumensieTcss psAja pasjindHbIX MeTadop
IIpEe/ICTABJIEHUS, YIUTHIBAIOIINX TOTPEOHOCTH aHAJIMTUKA HA PA3HbBIX 3TAllaX KOTHUTUBHOTO
MO/IeJIMPOBAHUA.

B pabore uccienyioresa BodmoxkHocta Busyanusanuu HKK npu pemnieHuy ofHON U3 BaX-
HBIX 33J1a4 KOTHUTUBHOT'O MOJIEJTMPOBAHUSA — 33/1a4l BepU(PUKAIUN KOTHUTUBHOU MOJIEH.
B ocHOBY ucciieoBaHus IOJI0XKEHA TUIIOTe3a O MOBBIIIeHNH 3 (EKTUBHOCTU BepupUKauuu
IIPUYNHHO-CJIE/ICTBEHHBIX CBA3€UM B KOTHUTUBHOM MO/IEJIN 32 CUeT MOBBIIIEHNS] KOTHUTHBHOMN
SICHOCTH BHU3yaJIbHOTO 00pasa cooTrBercTByMoIeir HKK.

2. 3a/1aqa BepI/I(I)I/IKaIII/II/I KOTHUTHUBHBbIX MOZ[eHeﬁ

Bepudukanus KOTHUTUBHBIX MOJIEJIEH SIBJISIETCS OJJHUM W3 BaKHEHUIIIUX 3TAIlOB UX IIO-
CTPOEHHs — OT YCIIEIITHOTO BBITNIOJTHEHU BEPU(PUKAIUN BO MHOTOM 3aBHCHT JIOCTOBEPHOCTH
pe3yJIbTaTOB MOCJIEIYIOIIET0 MOJETUPOBaHusA. 3a1ada BepupUKalli KOTHUTUBHON MOJIETH
HaIlpaBJIeHA Ha BBISABJIEHHE BO3MOYKHOTO €€ HECOOTBETCTBUSA CAMOU MOZIEJITIPYEMOI CUCTEME.
[To/1o6HOE HECOOTBETCTBHE MOKET BBIPAXKATHCS B CIIEAYIOIINX OCHOBHBIX (hOopMax.

1. B cocraBe KOTHUTHBHOI MOI€JII MOTYT OTCYTCTBOBATh KOHIIEIITHI, OTPAKAIOIIHE BaXK-
HbIe IapaMeTPhbl MOJIEJINPYEMOU CUCTEMBI, HJIU, HA0O0POT, MOTYT IIPUCYTCTBOBATh U30BITOU-
HbI€ KOHIIEIITHI, He SABJISIONINECS BaXKHBIMU 110 OTHOIIIEHUIO K IEJTU MOJIeJINPOBAHUS.

2. MHOKeCTBO IPUYNHHO-CJIEICTBEHHBIX CBSI3€H, 3aJITaHHBIX HA MHOKECTBE KOHIIENTOB,
MOJKET XapaKTEPU30BAThCA KaK HETIOJTHOTOU, TaK ¥ U30BITOYHOCTHIO.

3. MoryT OBITh JOMYIIEHbI OIMUOKY IIPY 3aIaHUU MTapAMETPOB IIPUYNHHO-CJIECTBEHHBIX
cBsi3ell (HampaBJyieHHe, 3HAK, THTEHCUBHOCTD).

MeTo/1pI IOMCKA U yCTPaHEHHE HECOOTBETCTBUU IIEPBOTO THIIA TPEOYIOT OT AKCIIEPTOB BBI-
COKOM KBUTM(UKAIMN U TIIYyOOKOTO MOHMMAHUS IPEAMETHON 00JIaCTH U, KaK IPaBUJIO,
HanboJsee CI0KHBI /U1 popManuzanuu. OJHUM U3 BO3MOKHBIX ITOAXO0B 371€Ch MOKET SIB-
JIITHCS OHTOJIOTUYECKUY WHXKUHUPHHT [5].

OmmbKy, OMyIeHHbIE TPU MapaMeTPUYEeCKON uJIeHTHdUKAUU Mozeau (TPeTUH THIl
HECOOTBETCTBUS ), SIBJISIIOTCS HauMeHee OYEBHTHBIMHU JIJ1si OOHAPYKEHUsI U Yallle BCETO MOTYT
OBITh BBISIBJIEHBI YK€ HEIOCPEJCTBEHHO II0 Pe3yJibTaTaM MOJEeJUPOBAHUSA, HA OCHOBAHUHU
aHaJIN3a UX IIPaB/IoNnoio0HOCTH [6]. BMecTe ¢ TeM, omrpeieIeHHbIN KOHTPOJIb JOCTOBEPHOCTH
mapaMmeTpoB cBsa3edd HKK MoskeT BBITTOJIHATHCS B paMKaX caMHUX METOIO0B HAEHTHU(DUKAITUN
[7].

[Ipemiaraemoe wuccienoBanue (OKyCHpPyeTcsl Ha BTOPOM THIIE HECOOTBETCTBHUS, KakK
HanboJiee MPOCTOM JJIsi MpUMeHeHHus (opMasbHBIX MeTOZI0B Bepudukanuu. Kpome Toro,
Kak OyzleT IOKa3aHo Jiajiee, B 3TOM CJIydae CTAHOBHUTCSA BO3MOXKHBIM 3G (GEKTHBHOE COYeTa-
HHe GOPMaIbHBIX METO/IOB C METOJaMU, OCHOBAHHBIMH Ha aKTHBU3AI[UH KOTHUTHBHBIX BO3-
MO>KHOCTEeH aHa/IuTHKa [8].

3. OOmaa wMeroguka BepudHUKAIUU  IPUIYNHHO-
CJIE/ICTBEHHBIX CBA3€l B KOTHUTUBHBIX MOJEJIAX

OnumieM mpezJjlaraeMyl0 MeTOANKY BepudUKallMM KOTHUTUBHBIX MOJlejiel, OpUEHTUPO-
BAHHYIO Ha BBIIBJIEHNE U YCTPAHEHUE OIMINOOK Ha MHOKeCTBe IIPUYUHHO-CJI€/[CTBEHHBIX CBS-
3ell 1 OCHOBAaHHYIO Ha IIPUMEHEHUH JITOPUTMOB IOMCKa Ha rpadax u Meradop BU3yariusa-
nun HKK. Ha puc. 1 nmpezacraBiieH 0000IIeHHBIN aJITOPUTM, PEATU3YIONTAH JaHHYIO0 METOIU-

KY.
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Puc. 1. O600111eHHBIN aITOPUTM BepUUKAIIUYA TPUIHNHHO-CJIE/ICTBEHHBIX CBA3€eN
B KOTHUTHUBHOU MOJieJ I ¢ mpuMeHeHreM MeTadop Buzyatusanuu HKK

Ha nepsom amane ocymecrsiserca ouck B cocrase HKK Bcex CTpyKTypHBIX 3JIEMEHTOB,
IIPEe/ICTABJIAIOIINX UHTEPEC C TOUKU 3peHUsA BepudHuKaluy IPUYNHHO-CJI€/ICTBEHHBIX CBA3EH
B KOTHUTUBHOU Mozeanu. OTMeTHM, UTO MEeTOIJUKA NMHBApUAHTHA OTHOCUTEJIBHO KOHKPETHBIX
TUIIOB CTPYKTYPHBIX 3JIEMEHTOB, IPUHUMaeMbIX BO BHHUMaHUe. B Hacrosmel pabore mo-
ZIPOOHO paccMaTPUBAIOTCSA CTPYKTYPHBIE 3JIEMEHTHI TPEX THUIIOB.

[Ipu BbISABIEHUN W30BITOUYHOCTH MHOJKECTBA CBs3eld Hanbojiee BaXKHBIMH /I aHAIN3a
ABJIAIOTCA TaKue TUIIbI 5JIEMEHTOB CTPYKTYPhl KOTHUTHUBHOTO rpada, Kak OpueHTUPOBaHHbIE
I[UKJIbI ¥ TIAphl TPAH3UTHBHBIX IyTeH. 3HAYNMOCTh OPUEHTUPOBAHHBIX ITUKJIOB 00YCIOBIEHA
TE€M, YTO OHU, IIPECTABJIAS COOON KOHTYPHI OOPAaTHOU CBA3U, B PsJie CIy4aeB MOTYT IIPUBO-
JIUTh K HApYIIEHUI0 YCTOMYUBOCTH KOTHUTUBHOU MOJIEJIM B XOJi€ €€ CII€HApPHOTO aHa/In3a.
[Tapsl TPAaH3UTHUBHBIX MYTEH OTPAKAIOT HATUUYME AJIbTEPHATUBHBIX MEXaHU3MOB Il€pefaun
BJINAHUA MeX]ly KOHIleNITaMU. Takre MeXaHU3MBbI JIOJKHBI OBITh OIleHeHbl aHAJIUTHKOM, C
OJIHOM CTOPOHBI, HAa IpeAMeT B3aUMHOM HENPOTHBOPEUUBOCTH, a C JAPYrodl CTOPOHBI, HA
IpeZIMeT 11e1ecO000Pa3HOCTU UX COBMECTHOTO OTPAXKEHUS B MOJIEJIU.

3asaya MOWICKa OPHEHTHPOBAHHBIX IIUKJIOB W Iap TPAaH3UTUBHBIX myTed B coctaBe HKK
OTHOCSITCA K THIIOBBIM 3a7iauaM Teopuu rpacdoB. Cpeau psizia BO3MOXKHBIX CIIOCOOOB ee pe-
IIIeHUsA HauOOJIBIITUI MPAaKTUUEeCKUH HHTepeC IIPeCTaBJIsAeT ClI0CO0, ONMUCAHHBIN HIKE.

1. BrImosiHAETCA MOUCK BCEX IUKJIOB B HEOPHUEHTHUPOBAHHOM rpade, KOTOPBIM MOXKeT
OBITH TIOCTaBJIeH B cOOTBeTcTBHE paccmaTpuBaeMor HKK (myrem ycTpaHeHUsI OPUEHTHPO-
BAHHOCTH JIyT). DTOT IOUCK MOKET OBITh OCYIIIECTBJIEH Ha OCHOBE aJITOPUTMA IOUCKA B TULy-
6uny [9].

2. [l KaXJ0T0 U3 HaW/IeHHBIX HEOPUEHTHUPOBAHHBIX ITUKJIOB HEOOXO/IUMO YCTAaHOBUTD,
COOTBETCTBYET JI1 OH OPUEHTHPOBAHHOMY ITUKJTy WJIN IIape TPAH3UTUBHBIX IyTel B UCXOHOU
HKK. C 3T0#i mebio MOKET OBITh MCIOJIb30BaH aJTOPUTM, COCTOSIIUN U3 CAEAYIOIIUX IIa-
TOB.



2.1. Bribop B HalifileHHOM HUKJIE JI000W BEPIINHBI, U3 KOTOPOU UMeeTcs XOTs Obl
0/lHA UCXOAAIAA JyTa.

2.2, ITepexon k cienyrolieli BeplinHe 10 IAHHOW UCXOAAIeN JyTe.

2.3. [Ipogomxenne o6xoAa IUKIIA B U3HAYAJIBHO BBIOPAaHHOM HampasiieHuu. [Ipu
3TOM (UKCUPYEeTCA KaXKAbIU CIydail CMEeHBI HAIIpaBJIEHUA OUYePEeTHOMN JIyTU OTHOCUTEb-
HO BBIOPAaHHOTO HAIIpaBJIeHUs 00X0/1a, U MOJ[CYUTHIBAETCA KOJTUUECTBO TAKUX CIIyYaeB.
2.4. O06xop 3akaHUMBAETCS IIPU BO3BPAIIEHUH B UCXO/IHYIO BepiinHy. Ecu 3a Bpe-
Ms 00xo0/1a He ObUIO 3a(UKCUPOBAHO HU OJIHOTO CJIydasi CMEHbI HaIpaBJIE€HUs YT, TO
HaliZleH OpUeHTUPOBAHHbBIN UK. Ecyin Obp1Hn 3aUKCUPOBAHBI OJIUH WJIH JIBA CJIy4asi, TO
HalifileHa mapa TpPaH3UTUBHBIX ITyTeH.

Kak 6bpUI0 cka3aHO paHee, MHOXKECTBO CBA3EH MeXKy KOHIIEITAMH MOXKET XapaKTepHU30-
BaTbCs HE TOJIBKO M30BITOYHOCTHIO, HO U HETIOJIHOTOH, II0JT KOTOPOM TOHUMAETCS OTCYTCTBUE
HeOOXOZMMBIX CBfA3eH. 371ech HEOOXOUMO OTMETUTb, UTO OTCYTCTBHE B KOTHUTUBHOM Ipade
OPUEHTUPOBAHHBIX IyTeld MeK/ly HEeKOTOPbIMU IapaM{ KOHIIENTOB fBJIAETCS BIOJHE THU-
MIUYHOU CUTyalliel NP IIOCTPOEHUHN KOTHUTHUBHOU MoJiesiu. Kak ciieficTBre, M3MeHEHUs CO-
CTOSTHUN HEKOTOPBIX KOHIIENTOB JIasKe B JIOJITOCPOYHOU IEPCIIEKTHBE He OyAyT OKa3bIBaTh
BJINAHUSA Ha COCTOSIHUA PAZa APYrux KoHIenToB. C MO3UIUU IIPpeMETHON WHTEepIIpeTaIriuu
9TO O3HAYaeT MPUYMHHO-CJIE/ICTBEHHYIO HE3aBUCHMOCTh COOTBETCTBYIOIIUX [TapaMeTPOB MO-
ZleJINPYyeMOU CUCTEMBI JIpYT OT ApPYyra, UTO fABJAETCA BIIOJIHE JIONyCTUMBIM. TeM He MeHee, B
psze cydyaeB MpoITyck cBsa3u mpu nocrpoennu HKK mpoucxoaut nmo ommbOKe, U TaKUe CUTY-
anuu TpeOyIOT OOHAPYKEHUS U UCIIPABJIEHUS.

[Tapsl KOHIIENITOB, MEXKAY KOTOPHIMU OTCYTCTBYIOT OPHEHTHUPOBAHHbBIE IIyTHU, MOTYT OBITH
JIETKO BBIABJIEHBI HA OCHOBAHMWU OIlepallul TPAaH3UTHUBHOTO 3aMbIKaHUSA KOTHUTUBHOU Mart-
puIipl, cooTBeTcTByWOIe paccmatpuBaemoil HKK. Ilpum3HakoM OTCYyTCTBUSA IYTH MEXKY
KOHLENTAMU ABJIIETCA PABEHCTBO HYJIO COOTBETCTBYIOIETO BJJIeMeHTa TPaH3UTUBHO-
3aMKHYTON MaTPHUIIBI.

Takum o6pa3oMm, B pe3ysbTaTe BBHIMIOJIHEHUS IEPBOTO 3Tama 00OOIEHHOTO aJropuTMa
(gopMupyercss MHO:KeCTBO CTPYKTYpHBIX aseMeHTOoB HKK Tpex TUMOB: OpueHTHpOBaHHBIE
I[UKJIBI, TAphl TPAH3UTUBHBIX ITyTel, OTCYTCTBYIOIIME MIyTH MeXAy KOoHIenTtamu. Jlasee 3Tu
BJIEMEHTHI JIOJKHBI OBITHh PACCMOTPEHBI AHAJTUTUKOM HA MPEeAIMET HeOOXOAUMOCTH UX KOP-
PeKTUPOBKHU. [Ipy 5TOM MpPaKTHUYECKH BCEI/a, B CHJIy OOJIBIIOr0 00beMa chOPMHUPOBAHHOTO
MHOKECTBA, a TAKXKe U3 COOOparkeHNH 9(PHEKTUBHOTO HCITOJIH30BAHUA JOCTYITHOTO BpDEMEHHU,
BO3HUKAaET HEOOXOMMOCTD 33/JaHUSA MTOPSA/IKA MIPEABABIEHUS €T0 JIEMEHTOB AHAJIUTHKY, YTO
COOTBETCTBYET 8MOpPoMYy amany o00011IeHHOT0 aJITOpUTMA.

[Tpu ompenesieHNH YKa3aHHOTO MOPS/KA, IOMUMO CyOBEKTHUBHBIX MPEAIIOYTEHUNA CaMOTO
aHAJIUTHKA, HEOOXOAMMO IMPUHUMATh BO BHUMaHUE OOBEKTHUBHBIE (DAKTOPHI, XapaKTEPU3Y-
I0IlIMie 3HAYMMOCTh KOHKPETHOTO CTPYKTYPHOTO 3JIeMeHTa B KOHTeKCTe BepUdUKAIUU JIaH-
HOU KOTHUTHUBHOI MOJEJIH.

Tak, B cjiydae ¢ OpUEHTUPOBAHHBIMU IUKJIAMH, 11€J1eCO0OpAa3HO YUUTBIBAThH, YTO PHUCK
HapymeHus ycroituuBoctu HKK B nepByio ouepe/ib 00yCyIOBJIEH HAJIMYKEM ITUKJIOB C MI0JIO-
JKUTEJIbHBIM BecoM (I10JT BECOM ITUKJIa IIOHMMAEeTCs IMPOU3BE/IEHNE BECOB BXOJAIINX B HETO
BJINSTHUI): KOHIIENTHI B COCTaBe TAKOTO ITMKJIAa UMEIOT TEHEHIIUIO YCUJIMBATh CBOU COO-
CTBEHHbIE M3MEHEeHUs COCTOSIHUM. IIpu HajMuMKU HECKOJIbKHUX TaKUX ITUKJIOB IPUOPUTET
cyleiyeT OTAaBaTh IUKJIAM C HAauOOJIBIITUM BECOM.

ITo anasioruu ¢ MUKJIAMHU, JIOOOMY OPUEHTHPOBAHHOMY IyTH B Tpade Takke MOKeT OBbITh
IIPUIIKCAH BeC, OIpeJiesIeHHbIN MOA00HBIM 00pa3oM. IIyTh ¢ MOJIOKUTETBHBIM BECOM COOT-
BETCTBYeT ME€XaHU3MY YCUJIEHUs OJTHOTO KOHIIEITa APYTUM, a ¢ OTPUIIATEIbHBIM BECOM — Me-
xaHU3My ociabnenus. Takum oOpa3oMm, Mmapa TPAH3UTUBHBIX IIyT€H MOKET OMKCHIBATh KaK
IIPOTHUBOPEUNBbIE, TAK U MOATBEPIKAAOIINE JIPYT JIpyra (1 OTOMY, BEPOATHO, U30BITOUHBIE)
I[ETIOYKU BJIUAHUM OJHOTO KOHIENTa Ha Apyroil. OueBUAHO, B KOHTEKCTe BepuduUKanuu
HanOOJIBIIYI0 3HAUMMOCTb UMEIOT Maphl, BKJIIOYAIOIINeE IIyTU ¢ HAMOOJIBIITUM 0 aOCOTIOTHOU
BeJINUMHE BECOM.



[Ipu aHanu3e HAWJEHHBIX Map HE CBSI3aHHBIX MEXKAY COOOU KOHIIENTOB, HAaWOOJIBIIHN
IIPUOPHUTET IeJ1ecO00pPa3HO OT/aBaTh TAKUM IapaM, J00aBJIEHUE CBSI3U MEXKAY KOTOPHIMH
OKa’KeT HanboJIee CyllleCTBEHHOE BJIMSHUE Ha Pe3yJIbTaThl MOJAETUPOBAHUA. DTOT BOIIPoc Oy-
JleT pazobpan 6oJiee TOAPOOHO Ha KOHKPETHOM IIPUMEPE B CJIEAYIOIIEM pasieie.

Ucnosnp3ysa 3a/laHHBIN MOPAIOK, HA 3aKJIIOUUTEIBHOM, mpembem amane o00bIeHHOTO
aJITOpUTMa HalleHHbIE CTPYKTYpHbIE a1eMeHThl HKK nperbsaBiisioTces aHaINTUKY, IPU 3TOM
JUIST Ka)KZIOTO THUIIA CTPYKTYPHOTO 3JIEMEHTAa HCIIOJIb3yeTcsl CBOsA MeTadopa BU3yaIHM3alllU
HKK. PaccmoTpuM 3T MeTadopbI OJIPOOHEE.

4. Meradopbl BU3yATU3ANUU HEUYETKUX KOTHUTHUBHBIX
KapT, IpUMeHsAeMble B mpounecce sepupukanuu NpuInHHO-
CJIeICTBEHHBIX CBA3€M B KOTHUTUBHBIX MO/IEJIAX

Pacemorpum HekoTopsie MeTadopsl Busyanuzanuu HKK, koTopbsie MOTYT OBITh UCIIOJIH30-
BaHBI B IIpoliecce BepupuKauy NIPpUINHHO-CJIe/ICTBEHHBIX CBA3€U B KOTHUTUBHBIX MOJEJIAX.
AddeKT OT MpUMEHEHUA STUX U JPYTHUX MOA0OHBIX MeTa(op COCTOUT B IMOBBIIIEHUN KOTHU-
TUBHOH ICHOCTH BepUUIIMPYEMBIX MOJIeJIel, YTO OyAET CIIOCOOCTBOBATh AKTUBU3AIUU KO-
THUTUBHBIX CIIOCOOHOCTEH aHAJIUTUKA IIPU PEIIeHNU PsA/la KOHKPETHBIX 33J1a4 B paMKaxX Be-
pudukanuu. /[y wUTIoCTpanuu pe3yIbTaTOB MPUMeEHEHUs MpejjaraeMbeix Mmetadop oyaem
ncnosnb3oBath HKK, npencrasieHHyo Ha puc. 2.

Puc. 2. ITpumep HKK, nogiiexxareii Bepudukanmuu

4.1. Bugyaiusanua OpueHTHPOBAHHBIX ITUKJIOB

Paccmorpum mMetadopy Buayasmsaiuu, MpeiHa3HAUYEHHYIO JJIs OTOOPa*kKeHUsA OPUEHTH-
POBaHHBIX ITUKJIOB, HalAeHHBIX B coctaBe HKK. IlycTh /11 BU3yasim3anuu 3a/laH OUH U3
uKI0B. CyTh IPOCTPAHCTBEHHOM COCTaBJIAIOIIEH JaHHONW MeTadophl COCTOUT B M300pake-
Hun HKK takum oO6paszom, 4ToOBI Ha MHOKECTBE JIyT, BXOAAIIUX B 3aJaHHBIN ITUKJ, OBLI
MaKCUMHU3UPOBAH KPUTEPUU OJHOHAIIPABJIEHHOCTH TOCJIEN0BATENbHBIX AyT. ['OBOps MeHee
dopmanbHO, MeTadopa CTPEMUTCA Pa3MECTUTh BEPITUHBI KOTHUTHBHOTO rpada Tak, YTOObI
obecrieynTh OJHOHAMPABJIEHHOE MU300pa*keHNe KaK MOXKHO OOJIBIIIETO YMCJIa AYT B COCTaBE
IMKJIa. 3aMedeHo [10], UTo Takoe pa3MeIleHHe CIIoCOOCTBYeT OXBaTy ITMKJIAa «OJHUM B3TJIA-
sioM». [Ipu 5TOM B KayecTBe IPUOPUTETHOTO HaIpaByieHus (T.e. HallpaBJIEHUs OOJIBIITMHCTBA
JIyT) IiejecooOpa3HO BBIOMpATh HAIpaBJIEHUE «CJeBa-HAIpPaBO» JIMOO «CBEPXy-BHHU3», UTO
00ycyI0BJIEHO TpeOOBaHMEM TaKKe YIUTHIBAEMOTO KPUTEPHsS ONTUMU3AIMU HAIlPaBJIEHUU
ayr [3].

OcobeHHOCTh COOTBETCTBYIOIEW MeTadophl IIPEJICTaBJIEHUS COCTOUT B KOHI[EHTPAITUH
BHUMAaHUSA aHAJIUTHKA HEIOCPEJICTBEHHO Ha pacCMaTpuBaeMoM IUKJIe. IIpocThIM peleHneM



9TOH 3a7jlauM MOTJIO OBl CTATh IMOJIHOE OTCYTCTBHE M300pakeHUs «JIUIIHUX» ydacTkoB HKK.
OpHako TakoOM MOAXOJ, UMEET OUEBHU/IHBIM HEIOCTATOK, COCTOSIIUN B Y&JIEHUU U3 BOCIPUS-
THS aHAIUTHUKA IOJIE3HOTO /I BepuduKanuu KoHTekcTa. [loaTromy Oojiee pariioHaIbHBIM
pelreHneM IpeacTaBiseTcsa n3o00pa3uth Bee ayemeHThl HKK, He BXopsAIue B IUKJ, MOJIY-
mpo3payHbIMU. Takike ciie/lyeT OTMETHUTH I1eJIecO00pa3HOCTh UHAWBUAYTLHOU HACTPOUKH
CTEIeHH ITPO3PAYHOCTH C YI€TOM 0COOEHHOCTEN BOCIIPUATHA KOHKPETHOTO aHAJIUTHKA.

Ha puc. 3 npuBesneH npumep npuMeHeHus faHHON Metadops! k TectoBoit HKK npu Bu3sy-
aJIN3aIUM KA «1-5-7-6-4-1». JIerko BUAETD, UTO IiepecTpoiika nzobpakennsa HKK 3naun-
TeJIPHO Jiydllle (0 CPaBHEHUIO C MCXOAHOU MeTadopoil) ciocoOCTByeT MPUBJIEUEHUIO BHU-
MaHHs aHAJIUTUKA K BBIIEJIEHHOMY ITUKJIY. DTO MO3BOJI€T TOBOPUTH O MOBBIIIEHUN KOTHU-
TUBHOU SICHOCTH MOJIEJT! B KOHTEKCTE PacCMaTPUBAeMOM 3a7jauH.

Puc. 3. IIpumep npumeHeHus MeTadpopbl BU3YTU3AIUN IUKJIOB

4.2. Buzyanusanusa nap TpaH3UTHUBHBIX IyTeU

Cnenyromas Meradopa BU3yIHM3allUU IpeHa3HauYeHa /i M300paskeHUs Iap TPaH3U-
TUBHBIX ITyTell MexJy KoHIenTamMu. Kak u B mpenpliymieM ciydae, IPOCTPAaHCTBEHHAA CO-
CTaBJIAONIAA JaHHOU MeTadopbl YUUTHIBAET KPUTEPUN OJHOHAIPABJIEHHOCTU IIOCJIE/I0OBA-
TeJIBHBIX JYT, HO JIOIOJHUTEJIbHO IO BO3MOKHOCTH MaKCUMU3UPYeT CUMMETPUYHOCTh MO/ -
rpada, nozsexaiiero susyanusanuu [3]. Meradopa npezicraBiaeHus, 10 aHAJIOTUH C IIPeJbI-
ZYIINM CJIy4aeM, UCIOIb3yeT 3¢ @eKT MOIYIIPO3PAUYHOr0 H300pKEHUSA «JIUITHUX» YUACTKOB
rpadpa /11 aKkIleHTUPOBaHUA BHUMaHUs aHAJINTHKA Ha Bbl/leJIeHHbIE TPAH3UTUBHBIE Iy TH.

Ha puc. 4 npuBezieH npuMep NpuMeHeHUA JAHHOU MeTadopsbl PU BU3yaTIU3allUU Mapbl
myTeH «1-3-6-4» U «1-5-7-4». 3a cUeT PaBHBIX JJINH MyTel yZajoch 00ecnequTb CHMMETPUY-
HOCTb I1€JIeBOT0 Ho/irpada OTHOCUTETHLHO TOPU30HTAIFHOM OCH.

Konnenrt Konnenrt
5 7.

Puc. 4. IIpumep npumeHeHus MeTapOphbl BU3yaTU3AIUH [Tap TPAH3UTHBHBIX IIyTeH



ITo anasioruu c mpeapIAyIned MeTaopoi, IPUOPUTETHBIM HAIIPaBJIEHUEM JIyT MOXKET sIB-
JISIThCS KaK «CJIeBa-HAIIPaBO», TaK U «CBEPXY-BHHU3», B 3aBUCUMOCTHU OT IIPEAIIOYTEHNI aHa-
JINTUKA.

4.3. Budyasusanus mpoiycKka CBA3U MeKAy KOHIeIITAMU

IIycrs B HKK Ha puc. 2 n3HayajbHO OTCYTCTBYET CBA3b, HallpaBjaeHHad oT KoHuenra 6 kK
Kounenty 4. Jlerko BuzieTh, UTO 3TO IMPUBOAUT K OTCYTCTBHUIO OPUEHTUPOBAHHBIX IyTEN OT
KoHnnenra 3 ko BceMm KoHIlennTaM, kpoMe Konnenra 6, a Takxke oT KoHnenra 6 kKo BceM KOH-
I[erTaM.

[Ipeamonmoxkum, Oyzer mobamiieHa cBsA3b OT KoHienTa 6 K JI000My W3 KOHIIEIITOB
Cc HOMepaMH 1, 2, 4, 5. O4eBUHO, YTO 3TO IPUBEAET K MOSABJIEHUI0 OPUEHTUPOBAHHBIX ITyTel
ot camoro KoHnenra 6 Ko BceM KOHIlenTaM, a Tak:ke oT KoHIenTa 3 Ko BceM KOHIlenTaMm. B
cJIydae ke, ecJIi Takas cBA3b OyzeT nobasyieHa ot Konnenra 3, To Konnenr 6 no-npexxaeMmy
ocTaHeTcs M30JIMPOBAaHHBIM. IloaTomy paccmorpenuio Konnenrta 6 B kauecTBe KOHIIEIITA-
IPUYUHBI [1eJIecO00Pa3HO HAa3HAYUTDH O0JIee BBICOKUN TPUOPUTET.

lasiee TpebOyeTcsi OIpPeAeUTh IOPANOK IMPEAbABIEHUs IMOTEHIIUAIbHBIX KOHIIENTOB-
CJIeZICTBUU, TO €CTh KOHIIENTOB C HOMepaMH 1, 2, 4, 5. Bo3aMoXkHOe pellleHue 3eCh MOXKET CO-
CTOATH B TOM, YTOOBI OPUEHTUPOBATHCH HA WHTEHCHUBHOCTH BJIUSAHUI, OKa3bIBAEMbBIX STHUMU
KoHIlenTaMu Ha apyrue koHnenTsl HKK. /lanHas nHpoOpMaus Tak:ke MOKeT ObITh HOJIyde-
Ha U3 TPAaH3UTUBHO-3aMKHYTOU MaTpuilpl. Hanbosblee cyMmmMapHOe BIUSHUE HA KOHIIEIITHI
B coctaBe HKK okasbiBaer KoHnenr 1.

[Ipumep npuMeHeHUsA MeTadOpPhl BU3YAIU3AIlUU, YUYUTHIBAIOIIEW IPUBE/IEHHbIE BHIIIE
paccyk/ieHus, MpeJicTaBJeH Ha PUC. 5. AHAINTUKY IpejJjiaraercs 100aBUThH CBiA3b oT KoH-
nenTa 6 k KoHnenry 1, mpyu 3TOM OH MOKET KaK COIJIACUTBCA C JAHHBIM IIPEJJIOKEeHNEeM, TaK
U OTKa3aThCs OT Hero. Ecjin aHaIMTHK corsiamaercs A00aBUTh CBA3b, TO Jajiee eMy Heobxo-
JIUMO 33J1aTh ee MmapaMeTphl, YTO, B CBOIO 0OUYepe/b, TpeOyeT MpUMeHEeHUs METO/IOB ITapaMeT-
pudeckoit uneHtTudukanuu HKK [7].

BaxHO# 0cO6EHHOCTHIO IpeIaraeMoi MeTadOpbl BU3YAJIN3ALNH SBJISIETCS BO3MOXKHOCTD
KOPPEKTUPOBKH ee IIPOCTPAHCTBEHHOUN COCTABJIAIOIIEH C I1eJIbI0 MOBBIIIEHUA KOTHUTUBHOU
sAcHocTH BudyasibHOro oopasa HKK. Tak, ecsiu KOHIIeNTHI, IPeAbABIIsIEMble aHAJIUTUKY C Iie-
JIBIO 100aBJIEHUS CBSI3U, HAXOATCS JAJIEKO IPYT OT APyra U pa3/iesieHbl IPYTUMU SJIeMEHTa-
vu HKK, To BBIIIOJTHSIETCA TIEPECTPOEHNE BU3yaJTbHOTO 00pa3a, HallpaBJIeHHOE OJTHOBPEMEH-
HO Ha MPOCTPAHCTBEHHOE COJIMKEHUE JIAHHBIX KOHIIENITOB U HA COXpaHEHHE MPUBBIYHOTO
pacnosioxkeHus octayibHbIX 371eMeHToB HKK. IIpumep paboTel MeTadopsl B MOIOOHOU CUTY-
anuu npuBezieH Ha puc. 6. Ciexyer OTMETUTD, UTO C TOUKU 3peHUsA aBTOMATU3AIUU KOPPeK-
TUPOBKHU BU3YaJIbHOTO 00pa3a MHTEPEC MPEAICTABIISAET IMOAX0/l, OCHOBAaHHBIM HA METO/E UMU-
TaIUH OTIKUTA, IPEJIOKEHHBIN B [11].

Puc. 5. I[Ipumep npumeHeHus1 MeTadOpbl BU3YAIU3AIUY 1JI yCTPAHEHUA MIPOITYCKA CBA3U
MeK/Iy KOHIlenTaMu (cyydail coxpaHeHUs UCXOJHOU MPOCTPAaHCTBEHHOU MeTadoph)



Puc. 6. [Ipumep npuMeHeHU MeTaOpbl BU3YyIU3AllUH JJI YCTPAaHEeHU IIPOITyCKa CBA3HU
MesK/Iy KOHIlenTaMu (cyydail KOppeKTUPOBKYU IIPOCTPAHCTBEHHON MeTadOophl)

5. JarJI0ouYeHue

B pabote mokazaHbl BO3MOKHOCTH MPUMeHeHUs moAxoAa K Budyannsdanuu HKK Ha ocHo-
Be MeTadop BU3yaIU3aIUH 111 BepupUKauu IPUUNHHO-CJIe/ICTBEHHBIX CBA3EU B HEUETKUX
KOTHUTHUBHBIX MOJIEJIAX.

IIpencraBieHa MeToiKa BepuduKauy NIPpUINHHO-C/IEICTBEHHBIX CBA3EN, IT03BOJIAIONIAA
coYyeTaTh MPUMEHEeHNEe JITOPUTMOB IOKMCKA Ha rpadax ¢ mocjeAyoleld BU3yabHON obpa-
OOTKOH MOJIyYEeHHBIX Pe3yJIbTaTOB Ha OCHOBe MeTadop BU3yaau3aruu. PacCMOTpeHBI MpU-
Mepbl BUBYyTN3AIUN CUTYallli, KOTOPbIe MOTYT XapaKTepu30BaTh HEIIOJIHOTY WU U30bITOY-
HOCTh MHOXKECTBA INPUYUHHO-CJIE[ICTBEHHBIX CBA3eU MeXJy KoHIentamu. IlokazaHo, 4To
3¢ eKTUBHOCTh Bepu(UKaU KOTHUTUBHON MOJIeJIM MOKET ObITh MOBBIIIIEHA 34 CYeT I0-
BBIIIIEHUSI KOTHUTUBHOM sicHOCTH BU3yasabHOTO obpasda HKK, siexkarneii B ee OCHOBe.

K HampaBsieHUAM AaJIbHEUIITUX UCCIIEJIOBAHNU OTHOCSTCS:

e PaspaboTka u uccienoBaHue Apyrux meradop BU3yaJIN3alUU, MOJIE3HBIX IPU BEPU-
pukanum HKK.

e IIporpammHuas peaynu3zarus pa3paboTaHHOU METOAWKHU B BHJIE MOACHCTEMBI BepudU-
KallU KOTHUTUBHOU MOJIeJIU B COCTaBe CUCTEMBI MOAAEPKKU nNpuAaTusa pemeHuii « UTJIA»
[12], a Takke oneHKa ee 3HEKTUBHOCTU MPU MOCTPOEHUU U HCCIEIOBAHUHM HEUETKHUX KO-
THUTHUBHBIX MOJIeJIel peaIbHbIX IPUKJIAIHBIX 33/1a4.

UccnenoBanue BbIosIHEHO Tpu GUHAHCOBOU nofep:kke POOU B pamkax HayqHOTO MPO-
ekta N2 19-07-00844.
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Abstract

The paper presents the continuation of the authors' research in the field of visualization
of cognitive models based on fuzzy cognitive maps. Application of visualization metaphors of
fuzzy cognitive maps for verification of cause-and-effect relationships in cognitive models is
considered. It is shown that increasing the effectiveness of cognitive model verification is pos-
sible by activating analyst's cognitive potential. The most natural way of such activation is to
increase cognitive clarity of the model through the use of visualization capabilities. For this
purpose, a number of metaphors for visualizing fuzzy cognitive maps have been proposed,
aimed at increasing their cognitive clarity during verification. Each of the metaphors is fo-
cused on the visualization of a certain type of fragments of a fuzzy cognitive map potentially
containing errors, redundancy or incompleteness and therefore is of interest from the point of
view of verification. Examples are given of applying the proposed visualization metaphors.

Keywords: fuzzy cognitive map, graph visualization, cognitive clarity, visualization met-
aphor, cognitive model verification.
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