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Section 1. Cognitive Modelling

1.1. Conceptual Modelling of Thinking as Knowledge
Processing during the Recognition and Solving the Problems

KOHLENTYAINBHOE NMPEACTABJEHUE OB OMO3HAHWUX OBPA30B W PELLEHUA
NPOBJIEM B MAMATU YENOBEKA U BOSMOXHOCTAX EIO UCMOJIb3OBAHUA
B UCKYCCTBEHHOM WUHTENNEKTE

3.J1. PabuHoBuy

AHHOmauyus: [avHoe kKubepHemuyeckoe npedcmasneHue 8bipabomaHO Ha OCHO8aHUU CceedeHull U3
Helipogbuauonoauu, Heliponcuxomnoauu, HelpokubepHemuku, a makxe npasdono0obHbIX e2unome3 asmopa,
gocnonHsiouux ux Hedocmamox. pexde gceao, yoeneHo eHuMaHue 0bWuM NPUHYUNaM opeaHu3ayuu hamsmu
8 M032e U NpoucXo0sWUM 8 Hell npoueccam, peanuayroujue makue ncuxuyeckue yHKUUU Kak eocnpusimue u
udeHmugbukayus 8xo0HoU 06pasHoll UHGhopMaUUU U Kak pelleHue npobrem, 3a0asaemoli UCX00HOU U yenesoll
cumyayuell. Peanusayusi emopoll (hyHKyuUU, cOBCMeeHHO MbiCumenbHol, paccMampusaemcsl 8 achekmax
00pa3H020 U 53bIKOBO20 MbIWIEHUS HA YPOBHSAX UHMYUUUU U OCO3HaHUs. Bbicka3bieatomcsi cOOBpaxeHus o
yenecoobpasHocmu U npuHyunax 6uUOHUYecKo20 nodxoda & cosdaHuu coomeemcmeyrowux cpedcme
UCKYCCMBEHHO20 UHMeNNnekma.

Knioyesnbie crnosa: 0bpas, socnpusmue, Ono3HaHUe, peweHue, 2eHepamop npobrieM, 0CO3HaHUe, UHMyuyus.

BBepeHue

KoHuenTyarnbHbI YPOBEHb MOZENMPOBAHUS ECTECTBEHHbIX MEXaHWU3MOB MCUXWKW O3HAYaET NMPOHWKHOBEHWE B
HWUX CBEPXY BHW3 — OT OMNpeAeneHHbIX NCUXMYECKUX (YHKLUMA K MHGOPMALMOHHBIM NPUHLMNAM MX (U3NYECKON
peanusauum, T.e. 0T NCUXNYECKOro pesynbTaTa K MHGOPMaLMOHHOMY MeXaHW3My ero nosydeHns [1-4].

Takum 00pa3oM, KOHUenTyanbHasi MOLENb YCTaHaBIMBaeT (Bblpaxasicb TEPMMHONOTMENR Ton-Tematukm) "the
understanding of the relationships between structure and function in biology".

WNHbopmaLMOHHbIE MPOLECChI, MPOMUCXOASLNE B UX (DU3NYECKOI CYBCTaHLMM — HEPBHOW CUCTEME, pa3aeneHbl
Ha [ABa [MaBHbIX Kracca — MPOLECChl YUCTO-KOMOMHALMOHHbIE (KaK HE CBS3aHHble C 3amOMWUHAHMEM),
MPOMCXOASIME B OpraHax uyBCTB, YNpaBMeHWUs [ABWXKEHMEM W T.O. M MPOLECChl KOMOWMHALMOHHO-
HaKannuBaroLLme, NPOUCXOASALLME B CAMO NaMSITH.

B cooTBeTCTBMM C NpeaMeTOM AOKMada B KayecTBe WCXOAHOrO MOcTynaTta npuMeM, YTo K 3TUM nmpoueccam
OTHOCSTCS MPOLLECChl MbILLNeHNs (Bktoyast 06paboTKy BXOAHOW B MaMsiTb M WCXOQHOM U3 Hee MHopmaLmm),
T.6. NAMATb ABMSAETCS OJHOBPEMEHHO M CPEAON MbILUNEHNS, NOrPYXEHHOM B OOLLY0 HEMPOHHYK CeTb BCen
HEPBHOW CUCTEMbI.

['ie e rpaHuLia namMsTy, U KakoBa ee opraHu3aums?

Huxe Mbl paccMOTPUM KOHLENTyanbHyl0 MOAENb NamsiTh U MPOLECCOB B HEWl, OPUEHTUPYSICb Ha ChYHKLMIO
OMO3HAHMS!, OTHOCSLLYIOCS K CaMOMY MOHSITUIO NaMsTU U (OYHKUMIO peLueHnst npobrem, OTHOCALLYICS yxe K
LiereHanpaBneHHOMY MbILLMEHNIO Kak 0COBO0 BaxHyl0 B XXU3HEOEATenbHOCTW Yenoseka. [aHHble yHKUMu
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SBNAITCSH JOMUHUPYIOLWMMI B 3aia4ax UCKYCCTBEHHOMO WHTENNEKTA, 1 B 3TOM MfaHe KOHUenTyarnbHash Mogenb
(nanee KM) npeacrtaBnsieT MHTEpeC Takke B npobnematuke “obpaTHoit — From Nature to Artificial”).

KM - namsiTb 1 ono3HaHue

B hyHKUMIO NamATV BXOAAT TakMe MOHATMSA, KaK “y3HaTb’, “BCMOMHUTL, “BO0BpasnTh” u T.0. OcyLlecTBneHue
BCEX 3TWUX JOEWCTBUW, B OTIMYME OT BOCTPUATUS MHDOPMaLMU M3 BHELUHEN MO OTHOLLEHMIO K MaMsiT cpege,
yaobHO NpencTaBnsTh Kak MpOsBAEHWe Tak Ha3blBaeMOro YMCTBEHHOrO B3opa’, T.e. B30pa, MHULMMPYEMOro
W3HYTPU CaMOW MaMsTU 1 MPOSIBAAIOLLErocs B Buae BO30YXAEHUS OnpedeNieHHbIX CMbICIIOBbIX 3aMOMHEHHbIX
CTPYKTYP B CETU NaMSTU, UX COYETaHWIN, KOMOUHALIA 1 T.4.

Tak YTO Xe 370 3a CTpyKTypa?

UroBbl OTBETUTb Ha [aHHbIA BOMPOC M 4aTb TEM CaMbIM KoY K MOHUMaHWMKO rrobanbHOro onpesensioLero
NPUHLMNA OpraHM3aLuy namsTi (4To M TpebyeTcs OT KOHLenTyanbHOW MOAENM), OkasbiBaeTcs HeobXxoauMbIM
OTMPaBAATLCH OT WCXOAHOM MMMNOTETMYECKOM MPEANOCHINKM, BbITEKAOLWEN kak Obl M3 “30paBoro cMbicna” (He
cornacyloleecs ¢ OmbITHbIMM [aHHbIMW, W3 KOTOpPbIX, OAHAKO, OHA HEMOCPEefCTBEHHO He cneayeT BBUAY
HeOoCyLLECTBUMOCTM JOCTATOYHO NOSTHOM W AeTanbHoN HabnogaemocTy).

W Takoit NpeanockINKOiA, Kak MCXOAHOW rMaBHOM rMNoTe30M, ABNSETCS creayowas:

“Bocnpon3seeaeHne obpasa B namsiTi (BoobpaxeHue, “yMCTBEHHbIA B30p”) onpeaenseTcs Bo30YXIeHNEM BCEX
ee areMeHTapHbIX KOMMOHEHT, KOTOPbIE y4acTBOBaNN B BOCMPUSATIAW 0bpasa’.

OTO MOXET CuMTATLCS 3aKOHOM MPUPOADI, KaK HENPENOXHbIM, HO HEOOBACHUMBIM (hakToM. [leACTBUTENLHO, Kak
nomnyyaertcsi, 4to konebaHWs noTeHUMana KOMMOHEHT HEMPOHHOWM CETW MpeBpallalTcs B Kak Obl BUAMMbIE
U3HYTPU (TOXE CrbILKUMbIE, OC3aeMble W T.4.) 06pasbl? A Beagb nonyvaetcs! 3HaunT, OT 3TOrO SBNEHNS U HYXHO
OTNPaBNATLCS (Kak TaHLEeBaTb OT NeYkK) B AaNbHEALNX NOCTPOEHMSIX.

OTW NOCTPOEHUS LOSMKHbI YKe MPUBECTM K BO3MOXHOCTW 06pa30BaHNS CUTHAMOB U3HYMPU NaMaTy, KoTopble Bbl
B030y)xaanu KOMNOHEHTbl BOCMPUHSATOTO M 3athMKCMPOBAHHOTO B NamsT obpasa, MHopMaLns 0 KOTOPOM Ha
BXOZE B NamsiTb yxe OTCyTCTBYeT. [10 OTHOLIEHWMIO K 3TOW NEPBUYHON MH(OpMaLMK BO3OYXZatowme CurHanmbl
WU3HYTPM yKe NPeACTaBnsoT NOTOK MHchopMaLmn obpaTHon, 0bpasyemon B camoil namsTy.
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Puc. 1. 3nemeHTaprle CTPYKTYPbI BOCNPUATUA 06pasa, 3arnomMmHaHnAa U pacno3HaBaHUs.

CkasaHHOe wnnocTpupyeTcs puc.1, roe namsTb NpefcTaBreHa ee [MaBHbIMM MonsMM (CM. [anee), a
pasrpaHuyeHne npsMOA W obpaTHOM MHopMauun 0003HaYeHO cTpenkamu. Takum 06pasom, NPUXOAUM
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K HEMPEKMOHHOMY BbIBOAY, YTO ‘hamsimb” cOBCMBEHHO HaduHaemcs mam, 20e KoHYatomces obpamHble ¢easu. A
KOHYaIOTCS OHM MMEHHO Ha Croe KOHLEMTOPOB “C”, MOBTOPSIOWMX pelenTopel “r". Ha peuentopsl “r” obpaTHble
CBA3M HE [OMMKHbI PacnpoCTPaHATLCS, MOCKOMbKY MpU “yMCTBEHHOMY B30pe” BO3HMKAnM Obl MAM3MKM, T.€.
BMAWUMOCTb (CbILIMMOCTb, 0CA3aeMOCTb W T.4.) TOTO, YTO Ha OpraHbl YYBCTB B HACTOALLMIA MOMEHT BPEMEHM He
nocrynaet. Takum obpa3som, epaHuya haMsamu Kak pa3 u npoxodum mexdy peuenmopamu “r’ u KoHuenmopamu
“c”, ans yero, COBCTBEHHO, U HY)XHO AY6NMpOBaHME NEPBbIX MOCNEAHUMM.

OTM nocrnegHue — KOHUENTopbl “C”, yXe SBMAKTCA MO CyTW MenbYailuvMh CMbICTIOBLIMM KOMMOHEHTaMM
BOCMPUHMMAEMbIX 00pa3oB U mpumMeHuTenbHO K OBpasy ero cambiMi dneMeHTapHbiMK nogobpasamu. OTu
nopobpasbl ecTECTBEHHbIM MyTEM MEpapXWUyecky rpynnupyloTcs B Gonee kpynHble nogobpasbl, Te, B CBOW
ovyepedp, B ewe 6onee kpynHble W T.4. BNAOTb A0 CMbICMIOBOW KOHUeHTpauun Bcero Obpasa B ogHOM
CTPYKTYPHOW eanHuLe, 03HavaroLen, COBCTBEHHO, NNLLb €ro CUMBOS. TakuMm NyTem, Npu NOCTYNIEHWN HA BXOA
NamsTi ChoPMMPOBaHHbIX MHEHOPMALIMOHHBIX CUTHAMOB 13 BHELLHE N0 OTHOLLEHUIO K HEWt cpeae, (hopmmpyeTcs
B NamsiT HENWHeMHas napamoparnbHas MOAENb BbIPAXEHHOrO 3TON WHGopmauuen obpasa. Ho ans ero
3anoMuUHaHms, T.e. Ans BO3MOXHOCTW BOCNpoM3BeaeHns 0bpasa “yMCTBEHHbIM B3OPOM”, COrMaCcHO NpUBELEHHOM
rMaBHO rMnoTese, HeOOXOaNUMbI yKe HUCXOoAALWMe 0bpaTHbIE CBA3M OT BEPXYLLKM 0Bpa3sHoi nupamuabl BnioTb
[0 ee OCHOBaHMS (COCTOSLLYI0 M3 KOHLLENTOPOB, NOBTOPSIOLLMX BXOAHbIE peLenTopsl). CregoBatensHo, MOL4esb
KOHKpeTHoro obpasa, kak OObekTa WnW CTPYKTYpbl B MamsaTh, NpeactaBnser cobon nupamupanbHoe
nepapxuyeckoe MOCTPOEHWe C BOCXOAALMMN KOHBEPreHTHbIMIA MHOYKTUBHBIMW (OT YacTHbIX K obiemy) u
HUCXOLALLMMM OUBEPTEHTHBIMU AEAYKTUBHLIMI (OT ODLUETO K YaCTHOMY) CBSA3SMM.

13 MHOXeCTBa TakuxX MOLENeN Kak NeTnen naMaTi, accoLMaTBHO CBSA3bIBAOLLMX MEXOY COBON HAaMMUMEM B HUX
obWMX KOMNOHEHT ¥ COCTOMT NamsaTb B LENoM, npeacTaBnsowas Cobon CTPYKTYPHYK peanusaunto
CEMaHTUYECKOM CETM KaK CUCTEMbI 3a(DUKCUPOBAHHBIX B HEil 3HAHMM.

M3anoxeHHOe BbIWE, MOXHO NPOWUMMIOCTPUPOBATL MPEdENbHO MPOCTON AN HarnmsgHoOCTU CeTbio (puc. 1),
CTOSILLEN M3 MOCTPOEHHOrO MOMHOCTHLIO, T.€. 3anevatneHHoro B namati obpasa ABCD v BBeAEHHOro B NamsTb,
HO He3ahMKCMPOBAHHOTO elle B Helt obpasa CDEF.

310 0bycnasnuBaeTcsa TEM, 4TO Npamuaa (T.e. Mogenb) obpasa ABCD yxe cHabxeHa obpaTHbIMK CBA3AMY, a
nupammaa obpasa CDEF eLye B NOMHOM Mepe He JOCTPOEeHa.

Otn 0bpasbl MMeKT oanH obwmin nogobpas CD, SBMAKLIMIACA acCcounaTBHBEIM 3fieMeHTOM oboux 0bpasos.
Takoe wucnonb3oBaHue o6wWwMx 4acTe obpas3oB obecneunBaeTt, BO-NEPBbIX, 3KOHOMWYHOCTb MOCTPOEHUS
CEMaHTUYECKMX CTPYKTYP B NaMATH, @ BO-BTOPbIX, CMIOHTAHHYHO (B CMbICIIe CAMOBO3HUKAKOLLYI0) MapanienbHOCTb
B 06paboTke 00pa3Hoil MHGOPMALWK B HEWN, YTO, KOHEYHO, CyLLECTBEHHO bnaronpusaTcTeyeT 3pgeKTUBHOCTM
obpabotku (cm. ganee).

Hoctpoiika cTpykTypbl obpasa CDEF o3HavaeT hopMupoBaHWe 0OpaTHbIX CBS3ei B HEM (MOKa3aHHbIX
NMyHKTUPOM). OTa [OOCTPOMKA, T.e. MpeBpalleHMe MOMENM MOKa3aHHOrO obpasa B 3aMOMHEHHYH, MOXET
NPOU3BOAMTLCS NMyTEM psiAa NOCNeAoBaTeNbHbIX NOKA30B 3TOro ke 00pasa, YTO NPUBOAMT YKe K NPOTOPEHMI0
reHeTMYeCKM 3anoxeHHbIX 06paTHbIX CBS3en NMBO Jaxe K UX NOSIBNEHUIO.

CobctBeHHO 06pasoBaHne CTPyKTyp 06pa3oB B NamsaTh (MOAENEN) SBSETCH Hay4HO YCTAHOBMEHHBIM (DaKTOM.
Ho Bce e, npuBeeHHOe M3NOXKEHWE MOCTPOEHUS 3TUX CTPYKTYP HyX4aeTcs B criedyloleil npaBaonogobHoim
aunomese, 3aKniYatoLLencs B TOM, YTO OPMUPOBaHIE NPAMbIX BXOASLLMX CBA3EN AN19 BOCIPUATUAS NaMATHIO
KOHKPETHbIX 06pa308 NpefwecTByeT BO3HWUKHOBEHMIO Yyxe myTemM obydyeHnsi obpaTHbIX HUCXOASLIMX CBS3en,
obecrneynBaloLLmx UX 3anOMUMHAHUE (CM. FMABHYIO rMNOTE3Y).

Takum 06pa3om, Npu POXKAEHUN YeNOBeKa (1 ApYrux cyLiecTB, 0bragaloLLmx COOTBETCTBEHHO Pa3BUTON HEPBHOM
CUCTEMON) cpefia MamsiT MO3ra YKe HacbllleHa CBS3SMM, HEeOBXOAMMbIMM Ans npuema WHdopmauum ot
OpraHoB 4yBCTB, @ BOT, COOCTBEHHO, BO3HWKHOBEHME CaMOIi MaMsTM B MOMHOM Mepe OCYLLECTBMSETCS
obpasoBaHnem yxe o0paTHbIX CBS3el B MPOLECCE XU3HELEATENbHOCTH, HauMHas OT POXAEHUS (M B Nopsiake
MOATOTOBKM COOTBETCTBYIOLLMX BO3MOXHOCTEN eLle [0 Hero). CriegoBaTesnibHo, MO3r, kak MeXaH3M MblLUSIeHVS,
TBOPUT caM cebsi, HO MOf BNUSHMEM cpeabl. VI HECKOMbKO OTBNEKasiCh, OT MpeaMeTa W3NOXEHUS UHTEPECHO
3aMETUTb, YTO, NO-BUAMMOMY, TaK HasblBaeMble BPOXAEHHble CMOCOGHOCTM 06ycnaBnmMBaloTCs CBOeobpasnem
TEeHETMYECKN 3anOXEHHbIX MPsIMbIX CBSI3el, HO MPOSIBNEHME 3TUX CrocobHOCTeln (B cMbicne o6pasoBaHus B
namsiT¥  COOTBETCTBYILUMX MOMHbIX CTPYKTYp 00pa3oB) yxe MpoucxoauT B pedynbrate  0obyyeHus.
T.e. heHOMeHarbHble TanaHTbl MPOSIBNSIOTCS BCNEACTBME COBMAAEHUs [BYX (HaKTOPOB — TEHETUYECKM
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06pa3oBaHHbIX NOAX0AALWMX CTPYKTYp B Cpeae namsaT 1 nocneaytoLiero obyyeHns ee B CMbICE BO3LENCTBUSA
BHELLHWX (haKTOPOB.

Wtak, namsTb Mo3ra B ee KOHLeNTyarbHOM NpefcTaBneHny SBNSEeTCS NepapXuYeckon CEMaHTUYECKON CEeTbio
OrpaHUYeHHOM CBEPXY OKOHYaHWEM BOCXOAALLMX (MPAMbIX — B CMbICIe WAYLWMX OT OpPraHoB YyBCTB) U CHU3Y —
OKOHYaHMEM 06paTHbIX CBSA3E K CTPYKTYPHbIM eAuHMLAM HernocpeacTBEHHO BOCMPUHUMAOLLMM BXOAHYIO B
NnamaTb  PELEenToOpHyl  WHQopMauuMo  (CHOPMUPOBaHHYIO — CeuuduyeckuMM  opraHamu  YyBCTB U3
COOTBETCTBYHLLUMX CUrHanoB). M Bce MbleHNe OT NPOCTOr0 Ono3HaHMs 0bpasHoi MHGOPMaLMK BNNOTb 4O ee
aHanu3a v cuHTe3a 1 fanee Npou3BOAUMBIX AEMCTBUI HaZ MHOXECTBaMW 0Bpa30B, CBA3aHHbIX C 0Bpa3oBaHMeM
W npeobpasoBaHMEM pPa3fMYHbIX CUTyaUMA W.T.4., BCE 3TO OCYLIECTBASETCS B YKA3aHHOM 3aMKHYTOM
OrPaHUYEHHOM MPOCTPAHCTBE, CBA3AHHOM A8YXCMOPOHHUMU WH(OPMALMOHHBIMIA CBA3AMU C BHELLUHEHR Mo
OTHOLLEHMO K HeMy cpefoi. OgHa CBS3b - 4N NOMYyYeHUs WHGopmauun u3 cpedbl, BTopas — ANS Bblgayu
WH(OpMaLWK, ynpaBnsatoLLen, OCBEAOMNAIOWEN Uiy Apyron, obpa3oBaHHOW B camoil namsTh. M 3aeck — B
KOHCOpUWMYyME “MaMsiTb — BHEWHSS cpeda’, MPOCNEXMBAOTCA NETNM (Tak HasbiBaeMble “pedineKkTopHbie”),
KOTOpbIE OTNWYAKOTCS, B MPUHUMNE, OT “NeTnei namaT’ TeM, YTO B HWUX NpsMbIMK CBA3SIMU ByayT yxe Te,
KOTOpble MepesatoT ynpasnsioLlee BO3OENCTBUE K UCMOMHUTENBHBIM MeXaHW3MaM (Hanpumep, ABuUraTenbHbIM).
ObpaTHbIMM Xe CBA3AMM, KaK B “NeTnsax namsatu” OyayT oTpuuaTtenbHble, KOHCTaTUPYIOLWe UCTIONHEHVE.

Vo VoW

Puc. 2. Pesynbtat paboTbl MOAENM B MpoLiecce pacrno3HaBaHust 06pasa;

a) Bxogbl namsTi Ha aneMeHTapHble KOHLEeNTopbI (BbIXOAb! PELENTOpPOB);

b) Bbixoabl C anemeHTapHbIX KOHLENTOPOB HUKHErO YPOBHS C y4eTOM 0OpaTHbIX CBA3E;

C) Bbixogpl C anemMeHTapHbIX KOHLIENTOPOB HIKHETO YPOBHS C pa3opBaHHbIMW 0BpaTHbIMM CBA3AMM.

Tenepb 06 0MO3HAHUK, KaK MPOCTENLIEN NCUXMYECKON DYHKLMM, KOTOPas 3aKIio4aeTCcs B YCTAHOBNEHUM HANWYMS
MoZenu ono3HaBaemoro obpasa B NamsTy B BiAE ONPEAENEeHHON ee CTPYKTYPbI.

Ecnu Takas CcTpykTypa ecTb (kak, Hanpumep, Moaenb abed Ha puc. 1), To nocne npeabsaBReHns ee NpoToTuna u
ero OTKIKYEHNS BO3HUKHET MOBTOPHbIA BCrneck (!) BO3OYXAEHWS 3TOM CTPYKTYpbI, yXe nepesaBaeMoro no
obpaTtHbiM C€BS3AM, 4TO W OyaeT O3Ha4aTb OCYLLECTBIEHWEe “yMCTBEHHOrO B3opa’, T.e. OMNO3HaHME
npeabsiBrsieMoro obpasa (CornacHo rmaeHO runoTeae). Ecnn xe NonHOCTLIO 0BpaTHbIX CBSA3EN HET, T.e. 0bpas
He 3amnoMHeH, (kak, Hanpumep, cdef Ha puc. 1), To 3TOro MOBTOPHOTO BCMecka He byaeT.
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Takum 00pa3om, TMNOTETUYECKM YTBEPXKOAETCS, YTO OMO3HaHWe MpedbsBnsemMoro obpasa onpenensieTcs
MOBTOPHbIM BCMIECKOM BO30YXKAEHUS COOTBETCTBYHOLLEN CTPYKTYPbI, Kak €r0 BOCOMUHAHNEM.

OTa rMnoTesa Halina NoAKpenneHne B MOAENMPOBAHUM KOMMOHEHT 0OOHATENBHON NYKOBULbI (MPeabsABIEHHbIX
Henpodmanonorom [.C. BoponkoebiM (MY, Poccus)), pesynbTaTbl KOTOPOro nNpeacTaBieHbl Ha puc. 2
(MOBTOPHLIN  BCMNECK OTCYTCTBYET, €CMN MMetoLme MecTo obpaTHble CBS3W B ODOHATENbHOM yKOBULE
npepBaHbl, 1 IBHO UMEET MECTO, ECIN OHM €CTb, T.€. €CTb NOMHAsA MOAENb NpeLbsBEHHOro obpasa B namsTy).

Mockonbky npouecchl BO30YXAeHNS1 MOTyT BbITb Kak BEPOSTHOCTHbIE, TaK ¥ BO3MOXHOCTHbIE, TO KOHEYHO, Npu
OMO3HaBaHUKM BO3MOXHbI HE MOMHOCTLI0 ONpefeNeHHble Pe3ynbTaTthl U TOXHbIE cpabaTbiBaHWs (Hanpumep, wUs-
33 accoumaTmBHLIX CBA3el (cdef) Mexay mogensamm oByx 06pa3os. Ho 3TO M MMeeT MECTO B AENCTBUTENBHOCTY.

B npencraBneHHoW MHTEpnpeTauuu  “‘OnosHaHue”  ABMANOCh - PyHKUMER, WUCMONMHAEMOW  COBEPLUEHHO
aBTOMATWYECKM B NODLIX OpraHM3max, obrnagatoLmx COOTBETCTBYHOLLEA HEPBHON CUCTEMON.

B WMPOKOM Xe NOHMMaHWUK 3TOro TepMUHA, KaK OXBaTbIBAKOLENO ELLE U “OCMbICNeHNe”, AaHHOE OCYLLEeCTBIEHME
3TON (PYHKUMW YXKe [OIMKHO OTHOCMTBCA K MPOLECCY MbIUAEHUS, B KOTOPOM M3NOXEHHbIE OENCTBUS
OCYLLECTBASIOTCA NNLLb, KaK NepBblii ero atan. lNpu paspaboTke Matematuyecknx mogeneit obpasos B namsTi
MoxeT ObITb 3h(PEKTMBHO UCMOMNbL30BaH annapaTt pPacTyLWmx NupaMmmaanbHeiX ceTen [5] kak TUM CEMaHTUYECKUX
ceTen.

KM - namsATb 1 ueneHanpaBieHHoOe MbillIeHKe

BBeaeHHOE MOHATME CTPYKTYp 0BpasoB B MamMsiTW, Kak UX Mogenen, octaeTcs obwum Ans Bcex (yHKLMI
MbILUIIEHNS — MOCKOMbKY SBNSIETCS OCHOBOW ANs OpraH13aLmm BCen namsTy.

Ho ansa mogenupoBaHus NpoLECcCOB, UMEHHO, YENOBEYECKOro MbIlNeHUs 0COBEHHO BaXHO paccmaTpuBaTb
NamsiTb, KaKk LEeMbHYI0 CUCTEMY, COCTOALLYIO U3 NOACUCTEM: CEHCOPHOW, A3bIKOBOW [2] 1 BbICLIEN acCOLMaTUBHOM
NOACUCTEMbI, TAE XpaHATCs 0bpasbl W UX A3blkoBble 00603HAYEHWST U MOHATUSA. CTPYKTYpbl 3TUX MOACUCTEM
CBA3LIBAKOTCA MexXy cobon NpsMbIMU M 06paTHBIMU CBA3AMM, ONPEeaensioWwMN COOTBETCTBIE MEXAY HUMU 1
WX B3aWMOBNMSHME 4epe3 nepefady BO3OYXKOEHWA. 3aMeTuMm, UTO  MHOrosi3bluMe  peanuayeTcs
[ONONHUTENBHBIMKA A3bIKOBbIMM NOACUCTEMAMM, CTPYKTYPbl KOTOPbIX MOTYT W HE MMETb HemnocpeaCTBEHHbIX
CBSA3eW CO CTPYKTypamu CEHCOPHOW CUCTEMbl, @ B3aUMOAENCTBOBATb C HEW NMLUb MOCPEACTBOM CTPYKTYP
NOACUCTEMBI OFHOIO A3bIKa.

Bug cBsi3en Mexay CEeHCOPHOM 1 TOW UMM UHOW A3bIKOBOW NOACUCTEMOM, UMEHHO, U ONpefenseT BOSMOXHOCTb U
YPOBEHb OCO3HABAEMOTO MbILLIIEHUSI HA TOM UIT MIHOM SI3bIKE.

lpoLecc 4YenoBevyeckoro MbIWNEHUs (B paHee YKa3aHHOW TpaKTOBKe 3TOr0 TepMmuHa) onpefensercs
B3aMMOLEeNCTBMEM CEHCOPHOM 1 A3bIkoBOW noacucTeM Cpedbl HA 0CO3HABAEMOM W UHTYMTUBHOM (B MOHUMaHU
— HE0CO3HaBaEMOM) YPOBHSIX.

Oco3HaBaeMoe MbILUNEHNE XapaKTepu3yeTcs TeM, YTO OHO OPraHUYECKN CBSA3aHO C SI3bIKOBbIM BbIPaXeEHNEM
Mbicriei, T.e. WHAMBMOYYM Kak Obl pasroBapuBaeT cam C coBoii (MO3TOMy OCO3HABaemMoe MblLUfeHNe W
Ha3blBaeTCA BepbarbHbIM, XOTS, B MPUHLMNE, S3bIK MOXET ObiTb M He peyeBol. B nepBoM, [OMUHMPYIOLLEM
cryyae, Hanpumep, Ha opraHbl peuu aaxe nocTynaloT COOTBETCTBYIOLLME UMMYNIbCh).

Otcioga ¥ BO3HMKAET MPUHLMNWANBHO NOCNefoBaTeNbHbIA XapakTep OCO3HABAEMOrO MbILLMEHUS (MOCKOMbKY
OOHOBPEMEHHO 605bLLE OAHOW MbICIIM HEBO3MOXKHO).

B obuwem e, 0CO3HaBaeMble MbICMM MPEACTABMATCA Tak Ha3blBAEMbIMK “MOMHLIMKU®  OUHAMUYECKUMM
CTPYKTypamu, KoTopble OBbeaMHSIOT COOTBETCTBYHLUME BO3OYXOEHHbIE CTPYKTYPbl CEHCOPHOM W S3bIKOBOW
MOACUCTEM Ha Pa3fYHbIX YPOBHSIX MX MEpapXu.

Bo36yxaeHne xe NoMHbIX CTPYKTYP OTHOCMTCS K HEOCO3HABAEMOMY MbILINIEHUIO, HE OrPaHUYEHHOMY CTPOTUM
B3aWMOLENCTBINEM CTPYKTYP CEHCOPHOM M S3bIKOBOM NOLACUCTEM.

MoaToMy Takue AMHAMUYEeCKUe CTPYKTYpbl MOTYT BO3HMKaTb OAHOBPEMEHHO HA PA3NUYHBIX YPOBHSIX 3TUX
MOACKCTEM, HE MPUBOLSA K “NPOM3HOCMMOCTU” BO3DYXAaEMbIX CMbICHOB.

Takum 06pasom, konuyecTso nepepabaToiBaemoit MHhopmauun (MyCTb XOTb W CMOHTAHHOM) 34eCh MOXET BbiTh
BO MHOrO pa3 6onblue, YeM Npy 0CO3HABAEMOM MbILLEHUU.
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Bonee TOro, Ha MHTYUTUBHOM YPOBHE MbILLNIEHUSI MOTYT BO3HWKATL M Takue KOMOUHALMK, KOTOPbIE HE UMEHT
13bIKOBbIX 9KBMBAIIEHTOB, 11 NOSTOMY He BbIXOLAT HA YPOBEHb CO3HAHMS! (MPUMEP — MblLLNEHNE AUKapen).

Takum 00pa3om, W B LeneHanpaBfieHHOM MpoLecce pelleHus npobnem Hapsgy C OCO3HaBaeMolt ero
KOMMOHEHTOM MMeeT BecbMa CyL|eCTBEHHOE 3HayeHWe W KOMMOHEHTa HEOCO3HaBAeMOro WHTYMTUBHOIO
MbILUIEHNS (YenoBek aymaer!).

B cBeTe M3noXeHHOro, BNOSIHE eCTECTBEHHON npeacraendaeTca cnegyollaa runotesa [1]

Pewaemas [lMpobrnema 3agaetcs B NamsaTM MOZENSAMU WCXOQHOW U LIENEBOWN CUTyaUUsiMK), U ee peLueHnem
SBMNAETCA aKTUBM3MPOBAHHAsA Lienb NPUYMHHO-CIEACTBEHHbIX CBA3EN, NPUBOASALLMX K NpeobpasoBaHMio nepBov
BO BTOpYH0. lMpuyem, cam npouecc o6pa3oBaHNs 3TON Lienu COCTOUT UX ABYX OOHOBPEMEHHO AENCTBYHOLLMX U
B3a/MOCBSAI3aHHbIX MPOLIECCOB — MOCrefoBaTeNbHO 0CO3HABAEMOro (TUMa PacCyXOEHWA) W CrOHTAHHOW
aKTMBM3aLWK CTPYKTYP B NaMSTL N0 aCCOLMATUBHBLIM CBA3SM WX C MOLENSMN UCXOAHOM W LieneBoil cutyauui. (B
JanbHenwem W3NoxXeHnn TepmuH “Mofdenb’ Oygem onyckaTb, TEPMUHOMOMMYECKM OTOXAECTBMSASN 3TUM
CTPYKTYPbI B NAMSATH C CaMOil CUTYaLmen.

lNockonbky BonnoLeHne pelwaemoit npobnemsl (MpobnemHomn cutyauun) B namsTi cO3AaET B Helt Kak Bbl kakoe-
TO HanpshkeHue, TO BeCbMa HarnsigHbIM OKasblBAeTCA AN WAMCTPauuM W PacCMOTPEHWUS YKa3aHHOro B
rMnoTese nmpoLecca BBEAEHWS CMeLManbHoro TepMiuHa “‘reHepatop npobnembl” (M) [1], nomocamm KoTOporo
SBMAIOTCS WUCXOAHAs M Leneeas CUTyauuu, W HamnpshkeHWe KOTOpPOro MoAdepXMBAET  CyLLeCTBOBaHWE
lMpobnemHoit cutyaumu.

OGpasoBaHue xe akTUBWU3MPOBAHHOW LieNM, 3amblkatoLLleit 3T NOMChI, 03Havatolen pelleHne Mpobnem, ato
“HanpsbkeHne” NUKBMAMPYET, T.e. Npekpawaer cyuwlecteoBaHue [T1, 3BeHbs ykasaHHOM Lemu, Mo CyTH,
NPeACTaBnAT COBOM NMPOMEXYTOUHbIE CUTYaUUM MEXOY WCXOLHOW W LEneBoi (puc. 3) U MOryT HaxoamTbes
nyTeM He TONbKO OAHOCTOPOHHETO, HO 11 BCTPEYHOrO NpeobpasoBaHns aTUX CUTyaLuiA.

Mpo6nem Hasi CATyauVs
! -— — > )

e
ucxogHas | m
CUTYyauuna CUTyauua

L J
T

MpomeXyToYHble CUTyaLMm

Puc. 3. Llenb pelwenns npobnembl kak npeobpasoBaHne obpasHbIx CUTyaLmit

OpHako Lenb 3amblkaHWst MOXET U He 0Bpa3oBaThCA B CMMOLHOM Hepa3pblBHOM npouecce (Hanpumep, npu
HepoCTaTKe 3HaHWA B NamsTH), YTO, B CBOK 0Yepespb, CnocobCTyeT obpa3oBaHnio HOBOTO NpoMexyTouHoro 1,
onpesenstoLLero paspbiB B NOSy4aeMon Leni 3amblkaHus ero NOMtoCcoB, T.€. HOBOW Napbl UCXOAHOW U LieneBoi
cuTYyauui.

Pewwenue Mpobnembl MoXeT npuBecT kK 06pa3oBaHMI0 HOBOWM CTPYKTYPLI (T.e. HOBOTO 3HaHWS) B NamsTh 3a CHeT
NPOTOPEHUS HOBbIX CBA3EA Mexay ee KOMMOHEHTaMW, npu [OCTAaTOYHOM WHTEHCMBHOCTW W BPEMEHU
CYyLLEeCTBOBAHNS [MHAMMYECKON CTPYKTYPbI. Takoi MPOLECC aHanorMyeH nepexomy AMHaMUYECKM XpaHUMOW
WH(OpMaLK (T.e. B BUAE KPaTKOBPEMEHHOIO 3aNOMUHAHMS) B CTAaTUMECKU 3aKPEMMEHHYIO B NAMATH.

Mo Mepe CokpalleHus “paccTosHUS” MEXOY UCXOQHOM W LieneBoi cuTyaumsmm 3a cHeT obpasoBaHus 3BEHbEB
CKOMOIA LienK VX 3aMbIKaHKs!, BO3paCTaHWEe akTWBHOCTW BTOPOro NpoLiecca 1 obLiuii npouece MoryT npuobpecTu
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NaBMHOOBPA3HbI XapakTep BHE3anmHOro 3amblkaHus nomtocos [T, T.e. pelwenue Mpobnembl, kak pesynbTata
o03apeHusi. Mpuyem, OHO MOXET HacTynaTb COBEPLUEHHO HEOXWAAHHO W CNyyaiHo, a, UMEHHO, B pesynbTaTe
NWLWb BTOPOTO Mpoliecca, koraa Nepsblid, MPeacTaBnss coBOM 0CO3HABaeMble PacCyXOeHWsl, OTCYTCTBYET, a
BTOPOWA BCE e NPONUCXOANT, nockonbky M1 Bce xe Bo30ykaeH.

fBneHne o03apeHuss 0cob0 XapaKTepHO Ans  TBOPYECKMX NPOLECCOB, KOTOPblE CXEMATUYHO MOXHO
paccmaTpuBaTb Kak MOCNEAOBATENbHOCTM LWAroB C MOOYEPEdHbIM MpeBanupoBaHWEM B HWX B ponu
0CO3HABAEMOr0 M UHTYUTUBHOIO MblLLeHNS [6].

B nepBoMm cryyae ocCMbICnMBaeTCs [LOCTUIHYTHIA pe3ynbTaT WM BblABUraeTcs HOBas NPOMEXYTOYHAs Lenb
(noaLenb), BO BTOPOM, T.e. Ha CMeaytoLLeM Luare, aTa NoAuenb yxe JOCTUraeTcs W, BO3MOXHO, U3MEHSIETCS, 1
TaKk 0O OOCTUKEHWS KOHEYHOro pesynbrata. Takum 00pasom, BeCb MpoLecC pelleHust npobrnembl uMeet
BEPOSITHOCTHBIN (MM BO3MOXHOCTHBIN) XapakTep C LUMPOKUM [1ana3oHOM CBOWX KOMWYECTBEHHbIX NoKasaTenen.
Tak, CKOpOCTb M BpeMs ero NpOXOXAEHUS COOTBETCTBEHHO 3aBMCAT OT cTeneHn Bo3Oyxaewws [T u ot
CNOXHOCTW pellaemont pobnembl. Mepsbii hakTop onpesenseTcs TeM, HaCKOMbKO 9Ta npobrema 3aHuMaet
4enoBeka, BTOPOW — ANMHOM Lienk “B3aMMOCBSI3aHHbIX CTPYKTYP, COEAMHSIIOLLMX UCXOOHYHO U LLENEBYIO CUTyaLmmn’
(T.€. “paccTosiHMeM” MeXay HUMM).

B uenom xe, NpuBeaeHHas KOHLUENTyarbHasi Mofenb OGbSCHAET MHOXECTBO MCUXONOrUYeckiXx (PEHOMEHOB,
CBOVICTBEHHbIX MPOLIECCAM MbILLIEHMS, 11 BbICBEYMBAET MaTepuanbHylo CybCTaHLMI0 ero MexaHuamoB, B TOM
yucre cnocoBHOCTEN YenoBeka, ero apyanLmMio, coo6pasUTeNbHOCTb, BAOXHOBEHNE U T.M.

O 6uoHuYeckom ucnonb3oBaHuu KM

KM, nocTtpoeHHas ¢ ucnonb3oBaHuem ugen “From Artificial to Natural’, noMumMo no3HaBaTenbHOMO 3HauYeHMs,
“MeeT U CyLLecTBeHHOEe B1OHMYECKOE 3HaYeHKe cornacHo obpatHoi naee “From Natural to Artificial .

Ho paneko He Bce TO, YTO €CTb B MPUPOAE, HYXHO MEPEHOCUTb B TEXHUKY (MpUMeEpP: HOTU W Koneca). Tak,
Hanpumep, BHeapsis B apxutekTypy OBM aHanoru ceoiictB KM, HyxHO UMeTb B BuZy, npexne BCEro, ee
HasHayeHue.

[Ans  pa3BuTUS  YHMBEpPCambHbIX  BbICOKOMPOM3BOAUTENbHLIX 1 BbICOKOMHTENNEKTYanbHbiXx OBM  (T.e.

obnafatllmx — COOTBETCTBEHHO  Pa3BMTLIM  BHYTPEHHWUM  MHTENneKToM [8])  oka3biBaeTcs  BecbMa

LienecoobpasHbIM OTPaXEHUSt B UX apXUTEKTypax Creaylwmux CBOWCTB (Kak HEKOTOPbIX aHaroroB rMaBHbIX

npuHumnos KM):

- PacnpeneneHHble obpaboTka M omepaTWBHOE XpaHeHWe MHdopmauum (T.e. obpabaTbiBatolas 4acTb
MaLLMHbI JOMMKHA NPeAcTaBnsaTb COBOM HEKOTOPYO NaMATHONPOLLECCOPHYIO Cpesy).

- [1ByXKOMMOHEHTHbIN BbIYACIIMTENbBHLIA NPOLECC B MalUMHE: MOCHeAoBaTeNbHbIN, KOTOPLIA BOCMPUHUMAET
3ajaHus nonb3oBaTenen, WHULMMPYET, OpraHu3yeT W KOHTPONMPYET MpOUECC WX BbIMOMHEHUS, U
napannenbHbli, ABNSIOWMACT KOMNOHEHTOM OBLLEr0 BEIMMCMIMTENBHOTO NpOLEcca 1 BEOAET BhINOMHEHNEM
3aJaHuil B Kaxaow CBOei BETBM.

- B03MOXHOCTb MoOLLIAroBOW opraHusauum o6u4ero BblMMCNUTENBHOIO npouecca C ero AuHamuyeckum
nnaHMpoBaHMEM U KOHTPOMNEM pe3ynbTaToB, NOMy4YaeMbIX Ha KaXKaoM Luare.

- [peacTtaBneHne 3HaHMIA B MaLUMHE B BIUE CEMAHTUYECKMX acCOLMATUBHBIX CETEN, peannayemblx rpagamu,
W UX nepapxuyeckasi 0bpaboTka, Ha BEPXHEM BXOLHOM YPOBHE KOTOPOI 3HAHUS NPEACTABMNEHbI COXHBLIMM
CTPYKTYpaMu AaHHbIX, @ HKHEM, COOTBETCTBEHHO, B A€TaNM3NPOBaHHOM BUAE.

YHuBepcanbHas OBM ¢ apXuTeKTypor, MOCTPOEHHOM C MCMOMb30BaHWEM YKa3aHHbIX MPUHLMNOB, AOMKHA
cnocobcTBoBaTL  3GIEKTUBHON peanu3aumn PasnnyHbiX WHEOPMALMOHHBLIX TEXHOMOMMA anbTepHATMBHbIX
KNacCoB — CMMBONM3MA W KOHHEKLUMOHW3Ma, B TOM YMUCE W HelpokomnbloTepbl. HO BO BTOpOM chnyyae
TEXHONOMN Peanu3ytoTcs Ha NPOrpaMMHbIX CETEBbIX MOZENsX, KOTOpble MpW 3TOM MoryT obnagartb BecbMa
BbICOKUMM XapaKTEPUCTUKaMM (Hanpumep, OveHb GOMbLUMM YUCAIOM HEMPOMOLOBHbLIX 3MEMEHTOB) U YaCTUYHO
CTPYKTYPHO peanu3oBbiBaTbCs Yepe3 pacnapannenuBaHne npoleccoB ob6paboTkn Ha NamMsTHOMPOLLECCOPHOI
cpepe. bonee Toro, Takas OBM pomkHa crnocobcTBOBaTh ApheKTMBHOM peanu3aumm W KOMOWHUPOBAHWIO
TEXHONOMW, rae MOLLIaroBO YepeaoBanuch Obl MPOLECCHl PasnnyHbIX TEXHOMOTMIA, B TOM YWCIE NOTMYECcKom
0bpaboTkn 1 0byyeHns (Hanpumep, peanuayioLmx NOCNeA0BaTENbHOCTYA “pauMOHanbHbIX” U “UHTYUTUBHBIX
BbIBOZOB [6,7]).
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B WHctutyTe knbepHeTukm umenun akagemuka B.M. Mnywkosa HAH YkpanHbl paspaboTtaH (C yyacTem nepsoro
aBTOpa) HOBbIN KNAcc MyMNbTUMUKPOMPOLIECCOPHBIX KnacTepHbix IBM, obnagarolumx ykasaHHbIMM CBOCTBAMU —
TaK Ha3blBaeMble VHTENNEKTYanbHble pellatoiime MamHbl (MPM) 1, B 4acTHOCTW, €ro Mogenu Ans MaccoBoro
nonb3oBaHus. Pabota bbina nogaepxaHa rpaHtom CLUA, PykoBoautens lNpoekta — npoceccop B.H. Koanb.

B cootetctBuM ¢ atum, IPM couetatoT pacnpegpeneHHyto o6paboTky WHopMauun C BHYTPEHHUM S3bIKOM
BbICOKOTO YpOBHSI (obragatolym paseuTbIMKM - CPEACTBAMM MpeACTaBneHns u  obpaboTku  3HaHWN) K
AVMHAMUYECKM LiEHTPanN30BaHHO-AELEHTPaNM30BaHHbIM yNpaBneHneM (COOTBETCTBEHHO NOCNEA0BaTENbHbIM
napannenbHbIM).

VIMEHHO Takasi COBOKYMHOCTb MPW3HAKOB M 00YyCnaBnMBaeT MpUHaAnexHocTb MawnH VIPM k HoBoMy knmaccy.
WHTEpPECHO, YTO K MpuHUMNam noctpoeHus VIPM aBTopbl MpULLAW, B OCHOBHOM, W3 YKUCTO KMOGEPHETUYECKMX
NO3WLMA MaLMHHOMO WHTennekta. W cyllecTBeHHas aHanorus 9STWX MPUHUMNOB C NpeAcTaBneHueM o
MexaHu3Max MbILLMEHNS, BbIPAKEHHBIM B KOHLENTyanbHON MOLEN, NOATBEPKAAET, YTO, BO-NEPBbIX, NpUpoAa
BEeCbMa paLioHanbHa W, BO-BTOPbIX, YTO HAMEYEHHBIN NYTb Pa3BUTIS MALLMHHOMO MHTENNEKTa LienecoobpaseH u
NepCneKkTUBEH.

[aHHas pabota HaxoguTcs B pycrie WCCrefoBaHWii, B COE BPEMS MHALMMPOBAHHbIX, BO3rNaBASEMbIX W
nporHosvpyemsix B.M. MMyLwkoBbIM, HaNpaBNEHHbIX Ha COBMECTHOE MOBbLILIEHWE KaK MPOM3BOAUTENBHOCTH, TaK
W BHyTpeHHero wuHTennekta OBM, obecneunBatowlero  BbICOKOI((EKTUBHOE — YEMOBEKO-MALLMHHOE
B3aMMoaencTene. B 3TOM HanpaBneHWW BLIMOMHEH pAa yHOAAMEHTanNbHbIX NPOEKTOB, OMbIT KOTOPbIX YYTEH B
paspabotke MPM, npuyem, rmasHbIM 0Bpa3omM, MaKpPOKOHBEMEPHOO BbIUMCIIUTENBHOO KOMMIEKCA, apXUTEKTYPY
koToporo B.M. IMyLwwkoB Ha3biBan Mo3ronogobHoM.
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HOBOE COJEPXXAHUE B CTAPbIX MOHATUAX:
K TOHUMAHWIO MEXAHWU3MOB MbILUNIEHKUA U CO3HAHUA

MeHHagun C. BopoHKkoB

Abstract: The work is written in the form of glossary. Its extended papers discuss the pairs of notions comprising
the problem of the brain: thinking and consciousness, consciousness and sensation, mind and consciousness,
model and information. The author is developing the approach, based on the paradigm “The brain as neuron
model”, which introduces the new content in these notions.

Keywords: thinking, consciousness, mind, sensation, model, information.

BsepeHue

C passuTHeM cTapbix MUK NOSBEHNEM HOBbIX KOHLIEMLMA COCTaBNSOLLME UX MOHATUS N3MeHsoTCS. Pa3sutue
NpeaCcTaBneHnA, MOHATUA NO ChMpanu NpeanonaraeT  HanofHeHWe MX KaYeCTBEHHO HOBbIM COAEpXaHUEeM.
HoBoe cofepxaHune MOXeT NOCTENEHHO BbITECHUTL CTapoe, TOrAa NOHATUE KOpeHHbIM 06pa3om npeobpasyetcs,
3BonoUMOHMpYeT. MHoroa npeobpasoBaHHOe NPEACTaBMEHME-NOHATUE MOXET OKalaTbCs, Kak U BETBb
9BOSMIOLIMOHHOrO [peBa, TynukoBbiM. Heob6xoaMmMocTb BO3BpaTa Hay4yHOro moucka K WCXOAHBIM MO3NLMAM, K
MPEXHUM 3HAYEHMAM CTapblX MOHSTUIA BOCMPUHMMAETCS B TakMX Chydvasix kak "HoBoe CyTb 3abbiToe (Mnu
yTpayeHHoe) ctapoe". lNosiBneHne abContTHO HOBBIX MOHATUIA — Ype3BblYaliHO peakoe cobbiTe. Kaxetcs, B
3BOMIOLUMM MOHSATUIA, CBA3aHHLIX C "Mpobrnemon Mo3ra”, MOXHO HabmogaTb NOYTW BCe 3TU "NPEeBpaTHOCTY
cyaebbl". B paboTe paccmaTtpuBatoTCs Napbl OCHOBHbIX MOHSTUIA, COCTABAAKLLMX "NpobnemMy Mosra": MbilneHue
W CO3HaHME, CO3HAHME M OLLYLUEHWe, pa3yM M CO3HaHWEe, MOAEMNb M MHAOPMaUMs - Kak OHU MOHWMAKOTCS B
KOHUenuun Mblwnenus [1-7], passueaemoit Ha 6ase "mogenbHoN napagurMel” = "MogensHoro nogxoga" [8-13].
Mpu 9TOM nNpecnefyeTcs Lenb NokasaTb Te M3MEHEHUS UM HOBblE MOMEHTbI, KOTOpble BHOCUT pasBuThe
mogeneHoro nogxoaa (MI) B aTv noHsiTus. Pabota HanucaHa B hopMe pacLUMpEHHbIX CTaTei K roccapuio.

"noccapun”

1. MblwneHne u co3HaHue. B "mopenbHom nogxoge" (MI) "MbiwneHue" wu  "co3HaHwWe" CTpoOro
anddepeHumpoBaHHble NoHATUS. Mog MblwneHrem B MIT noHUMaeTcs COBOKYNHOCTL onepawuyil (C HEMPOHHbIMM
MOZENsiMK), SBASIOLIMXCS NO CYTW NpoLieccammn peLleHns 3aaaq [1-7], B TOM yncne TBOPYECKOro xapakTepa. Iloa
"Co3HaHMeM" (B 3HaAuYeHWM (DeHOMeH, CYObEKTMBHOE MpPOSIBMEHME AEATENbHOCTM MO3ra) MOHMMAEeTCs
COBOKYMHOCTb  OLLYLLEHUIA, KOPPENMPYIOLMX C  COCTOSHWEM akTyannsaumn  (BO3DYKOEHWS) HEPOHOB,
y4acTByOLMX B MbllwnieHun. MpegnonaraeTcs, Y4To onepauum ¢ HeMPOHHBIMM MOZensaMu MOryT BbiTb ONKUCaHbI
HENpPOMMU3NONOrNYECKUMM TEPMUHAMK, B pamkax MOZenbHOW napagurMbl [8-13]. MMo3TOMYy MblneHne B
NPUHLMNE MOXET BbITb CMOAENMPOBaHO. TPyAHOCTU Ha MyTX MOAENMPOBAHNS MbILLNEHUS 3TO, FOBOPS CIOBaMM
KyHa [14], "ronoBonomkn HopmanbHON Hayku". OLyLleHne e OCTaeTes 40 CUX NOP B MPUHLMNE HEMOHSTHLIM
SBMEHWEM, napaaurmMarbHble pamku Ans HEero He YCTaHOBMEHbI. [103TOMy O MOZenupoBaHUM CO3HaHUS-
OLLyLLIEHWS, KaK aKkTyanbHOW 3afade, roBOPUTb NPEXAEBPEMEHHO.

B nutepatype TEPMUH "MbILLIEHME" UCMOMB3YETCA YacTO, MOYTU TPAAMLMOHHO, Kak CMHOHUMWYHBIA TEPMUHY
"Co3HaHWe" (13 HedaBHWX paboT cM. [15]). ITO roBOPUT O TOM, YTO NOHATUS "MbILLNIEHKUE" W "CO3HaHME" B LUMPOKO
pacnpoCTpaHEHHOM MOHUMaHMK OCTaKOTCA A0 CUX MOp He AuddepeHLMpyeMbIMi NOHATUAMU. (TO Xe OTHOCUTCS
K AndpepeHUMpPOBKe MOHATUIA "padym” 1 "MbllneHne"; 0 NoHATUM "pasym" cM. n. 3). Mpn Takom UX NOHUMaHWK
NPVBOAMMbBIE apryMeHTbl B OTHOLIEHUW MOAENUPYEMOCTU\HE-MOJENUPYEMOCTM CO3HAHUS\MbILLMEHUS SBASOTCS,
C TOYKM 3peHns MIT, cnopHbIMK.

O Apyrux 3HaYEHUSIX MOHATUIA "MblLneHne" u "cosHaHue" cm. . 3.
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2. Co3HaHMe Kak owywweHue. Popm owlyiieHnin MHoro. [onog, xaxaa, pagocTb, nevanb, BUAeHUEe, 000HsHNE —
MWL HEMHOTMMe NpUMepbl YYBCTB, OLylleHWA. Kaxgoe W3 HUX koppenupyeT ¢ paboToil (COCTOSHUEM
aKTUBHOCTHW, BO3DYXOEHUS) HEMPOHOB ONPEAEneHHbIX CTPYKTyp Mo3sra. CriegyeT OTMETWUTb OOHAKO, YTO
aKTUBMPOBaHWE HEPOHOB LIENoro psiga CTPYKTYP HE COMPOBOXAAETCA KakMMW-NNGOo oLlylieHnsmu. Hanpumep,
aKTUBHOCTb HENPOHOB 3(h(PEPEHTHBIX CTPYKTYP, YNPaBASIOLWMX MblLLLAMN.

F3bIk NPAMO Ha3blBAaeT CO3HAHWe 4YyBCTBOM, TO €CTb OLLylleHMEM. TaK, CUMHOHWMOM TepMuHa "MpUATU B
CO3HaHUE" SABNAETCS TEPMUH "NPUIATK B Yy8CMB0"; O NOHUMAHUU, 0CO3HaHUU Yero-nubo roBopsT "c yyscmeom
noHuMMaHus", "C cosHaHuem\dyscmeom [OMra"; Kak O SpKOM yygcmee OBPEeTEeHHOM Mbicnin roBopsaT 06
"03apeHnn". ITU pasHble MPOSIBIIEHNS] CO3HAHWS-YYBCTBA HE MMEKT YETKO BbIPAXEHHON Creuundunyeckoi
ModanbHOCTU. Buaumo, nocnefHee 3atpygHaeT ux AuddepeHuMpoBky. [eicTBUTENbHO, HanpuMep, 4acTo
UCNONMb3YIOT OOHO U TO Xe CMOBO "NOHUMAHUE" NpWU MOHUMAaHUM W YMTAEeMOro CrioBa, W MpU y3HasaHUU
(ocmbicrieHuu) paccMaTprBaeMoro 0bbekTa, XO0Ts paboTalT Npu 3TOM pasHble MO3rOBble CTPYKTYpbl M,
cnejoBaTenbHO, YyBCTBA NOHUMAaHUS TOTO U APYroro AOMKHbI Kak-TO pasfnyaTtbCs. TeM He MeHee, S3blK,
BMOMMO, pasgenun, auddepeHUMpoBan 3TV OLYLWeEHUs - Jan WM pasHble MMeHa, 0603Haumn pasHbIMu
cnoeamu’ (CMm. Hke).

C Toukm 3peHns MM, MmopanbHble OLyleHus (gudeHue, crblwaHue W Apyrue) CyTb KOPPEeNnsaTbl aKTUBHOCTU
HEMPOHOB, COOTBETCTBYHOLLMX (MOCTABNEHHBIX B COOTBETCTBIE) SNEMEHTApHbLIM CTUMYNaM. Toraa kak ¢ paboToi
HEMPOHOB, NOCTABIEHHbIX B COOTBETCTBME KOMMMEKCHBIM CTUMYNaM (Kak eayHUYHbIM 06bekTam), Koppenmpyrot
OLLYLLEHNS1 OCMbICMIEHUS, pa3yMeHus, nOHUMaHus. Hanpumep, MOTOYEYHOE NPEACTaBfEHWe HEeMpoHaMu
3pUTENBHOMO Nons ocylecTsneHo, Buaumo, B HKT; koppensitom paboTbl 3TUX HENPOHOB SBMSIETCS OLLYLLEHUE
AeTarnbHOro 8uUOeHUs BCEro, YTO HaxoaWTCs B JaHHbI MOMEHT B 3pUTENbHOM nosne. KoMnnekcHble, CroXHble
"CTUMYNbI" NpeacTaBneHbl HEMpOHaMM BO MHOXECTBE MOMEN HOBOWM KOpbl; KOppenupytowwme ¢ ux pabotoi
OLLYLLEHNS (pa3yMeHUSs], NOHUMaHUsT) b0 NiWeHbl MoaanbHOCTH, Mo nocneaHss cnabo BoipaxeHa.

B TunoBon cTpykType AnemeHTapHoro ceHcopuyma [7, 10-12] HelipoHaMu, COOTBETCTBYHOLLMMM 3IIEMEHTAPHBIM
CTUMynam", ABNSKTCS KBA3UCUMBOSbHbIE HEAPOHBI — OHU HE UCTIbITHIBAIOT KOHBEPreHLMM NPOEKLMIA PEeLLenTopoB
W coeauHeHbl ¢ HUMM no Tuny 1:1. Tlo nNpuumHe KOHBEP2EHYUU PeLenTOpHbIX MPOEKUMA Ha CUMBOJbHOM
HEMpoHe, Koppenupyrlwee ¢ ero paboTon oOulylleHMe OTIMYaeTcs (TeopeTndeckn) OT  KoppensTa
KBA3UCMMBOMBHOrO HepoHa. OTiMYMe  COCTOMT B YMEHbLUEHUM MOAANbHON BbIPAXEHHOCTU OLLYLIEHNS: YEM
BbILUE MEPAPXMYECKUI YPOBEHb TWUMOBOW CTPYKTYPhLI, TEM MEHEE BbIpaXEHA MOLANbHOCTL KOPPENMPYHOLLMX C
paboTon €€ HEMPOHOB OLLyLLeHMR; cneuudmuyeckas MOLanbHOCTb YTPAYMBAETCA MOMHOCTBIO Y HEMPOHOB
HagMoAanbHbIX none.

OuyyLLeHnsIMM CONPOBOXAAETCA Takke paboTa HEMPOHOB A3bIkoBO cucTeMbI (AC). [lecTBATENBHO, CMbILLMMOE
CMOBO MAEHTUUUMPYETCS, OMO3HAETCS MMEHHO Kak AaHHOe COBO; NocnegHee MoxeT ObiTb MOHSTO, Kak
obo3HavaroLLee YTO-TO KOHKPETHOE; OHO MOXET OblTb OCO3HAHO M B CBSA3M C KOHTEKCTOM AaHHOW peyn. ITUM
MepeyYnCEHHbIM CUTYaLMSM COOTBETCTBYET B DrieMEHTapHON A3bikoBol cucteme [1-3, 10-12] paboTa HellpoHoB
TWNOBLIX  CTPYKTYP  PasHOr0  MepapXuM4eckoro YpOBHS; C paboToil  3TUX HEMPOHOB  KOPPenupyloT
COOTBETCTBYHLLME OLLYLLIEHUS — TaK Xe, Kak B CEHCOpUyMe.

B panHon pabote npegnpuHsTa nombiTka (CM. M. 3), B NEpBOM NpPUONWXEHWW, WMEHOBATb OTAENbHO
nepapxuyeckme ¢opmbl OLLYLLEHWA, Koppenvpyowme ¢ paboToi CeHcopuyma M Koppenupytowme ¢ paboton
S3bIKOBOW CUCTEMBI, COOTBETCTBEHHO CNOBaMM M3 ABYX pasHbIX rpynn cnos. B Tabnuue 1 npeactaeneHb
HeKoTopble M3 3TUX CrnoB. [lepByto rpynny COCTaBNSIOT COBa, OOQHOKOPHEBble M\unu Onmskue cnosy "pasym”,
KOTOPbIMU, Mbl MonaraemM, 3blK O3HAYWMN NPOLecChl U (HEHOMEHbI, XapakTepHble NS CEHCOpUyMa; BTOPYH
COCTaBNAKT COBa, OAHOKOPHEBbIE N\nnK Briakue croBy "Co3HaHWE", XapakTepr3yioLLme A3bIKOBYHO CUCTEMY.

3. Pasym u Co3HaHue. B Tabnuue 2 npeacTaBneHbl 3 nepapxnyeckmx ypoBHS B CEHCOPUYME (3NIEMEHTAPHOM -
3C u ectectBeHHOM - EC) 1 3 ypoBHst B si3bikoBoit cucteme (35C n EAC). Cnosom Pasym (c nponucHom Byksbl)
o603HayeH "OnoK" — COBOKYMHOCTb BEPXHUX YPOBHEN CEHCOpuyMma. 3[eCb HEeMpOHamW, OpraHWM30BaHHbIMW B
TunoBble CTPYKTYpbl, MPEACTaBEHA CEHCOpHas Ccpefa; 30eCb aKTUBMPYKOTCA HEMPOHHble  MOLEnw,
npeacTaBnswowmMe akTyanbHylo cpefdy (0ObekTbl), M OCYLECTBNSETCA ONepupoBaHWE 3TUMKU MOZEnsMu
(MblwneHme; cm. N. 4). BaatbiMm 13 Tabnuusl 1 cnoeamu, npuHagnexawumu rpynne Pasym, 3nech 0603HaueHbl

! MmeeTca B Buay €CTECTBEHHbLIN npouecc nmMeHoBaHu4, I'IpOMCXO,EI,I/IBLLIMI;i B 9BOJTIOLIMN A3blKa YerioBeka.
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nepapxuyeckme opMbl OLLYLLEHUIA, Koppenupylowmx ¢ paboToil HEMPOHOB 3TWUX YpoBHEW. CUMMETPUYHO,
cnoeom Co3HaHue 0003HaueH ONOK BEPXHWX YPOBHEN S3bIKOBOW CUCTEMbI M KOPPenaThl (OLYLIEHNS)
aKTUBHOCTW HEPOHOB 3TWX YpoBHel. CnepyeTt 3ameTWTb, YTO B 0603HAYeHMsIX OBYX OOKOB MMeeT MeCTo
HeKoTOpasl acMMMETpUS: CMOBO pa3yM UMeHyeT Tonbko Ornok Pasym, camo xe owylieHne 3aech 0603HayeHo
CNOBOM "pa3ymeHue", TOrAa Kak ClIOBOM Co3HaHue 0603HaueH 1 briok Co3HaHme 1 camo oLLyLLeHue "cosHaHue".
AcumMMETpUS NPOSIBNSIETCA W MEXAY CNIOBaMM [BYX rpynn CMoB B Lenom (cMm. Tabn.1), B TOM yucne npu nonbiTke
YCTaHOBUTb MEXAY HUMW (MonapHO) aHanmoruio (gea cTonbua cnoB B LeHTpe Tabnuupsl 1). ACUMMETPUIO MOXKHO
0OBACHUTL CNeUMUtKOR KaXKO0M U3 CUCTEM, OTPA3MBLLEICS B S3bIKE.

HakrnoHHon wTpuxoBkoi B Tabnuue 2 BbigeneH 6m0k, o6beauHsoWMA B eauHoe uenoe Gnokun Pasym u
Co3HaHue. OTOT BblgeneHHbIn 6nok MOxHO 0003HauMTb C paBHbIM npaBom W criosom CO3HAHUE
(nponucHbiMu BykBamu) 1 crosom PA3YM. BeposiTHO, Takoe 3HaueHue, BKvatowee B cebs, kpome Toro, no
[Ba Apyrix 3HauveHus (cM. Bbilwe), ckpbiBaeTcs 3a cnosamm CO3HAHUE 1 PA3YM B 06b14HOM, TPAZULMOHHOM,
6e3 andhdepeHUMPOBKM 1 Kak CUHOHUMBI, X yNoTpebneHuu.

3pecb CHOBa MopgyepkHeM, 4TO 06 OLLYLIEHMSIX MOXHO TOBOPUTL MOKA TOMbKO Kak O Koppensimax, -
crepoBaTenbHo, 0603HayYeHHble B Tabnuue 2 CTPYKTypbl He SIBNSOTCS 06si3aTenbHO Mecmom fiokanusayuu

OLLYLLEHNA.

Tabnuua 1. OgHokopHeBbIe 1 6nm3kue criosa k criosam Pasym u CosHaHue
1 NOMbITKA COCTaBUTb U3 HUX Napbl CHOB-aHANOroB

Pasym Co3HaHue
pasymeHue, | CO3HaHUE  3HaHWe
pasymeTb, | CO3HaBaTb  3HaTb, MOHWMATb
ypasymeTb, | OCO3HaTh MOHATb
ypasymeBaTb | 0CO3HaBaTh
ypasyMeHuWe | OCO3HaHWe,  OCO3HaBaHue
YMeHWe, | 3HaHue,
ymeTb, | 3HaTb
YMHUK | 3HATOK
YMHbIA | 3HAKOLMK
yM | 3HaHue ?
OCMbICIMBaTb | OMO3HaBaTb,  O3HAYMBATL, y3HABATH
OCMbICTIEHMe, | OMO3HaHWEe,  OMo3HaBaHWe, y3HaBaHue
OCMbICTIUTb | OMO3HATb, y3HaTb
CMbICIIUTb | MO3HATb, MOHSITb, 3HATb,
CMbICTl, | 3HayeHue, MOHSATUE, 3HaHWe
MbiCNb | 3HaK ? 3HayeHue, NoHATHE
MBICIIT | 3HAYUTB, MOHUMaTb
Mbiwnenue | lNosHaBaHue
YMHWYaTb, HeJOyMEHNE, HeJopasyMeHe
Aymatb, NoAyMaTb, HaaoyMUTb, Ayma no3HaBaTb, NO3HaHWE, 3HaMeHne
YCOMHUTLCS!, COMHEHWE, MHUTb, MHEHWE MOHUMaHue
YMbICES1, 3aMbILUNSATb, 3amMbIcen, BHSITb, BHAMATb, BHEMMUTH
CMekaTb, CMekarnka, CMETKa, BHUMaHWe
HaMEk, MeyTaTb, MeyTa M? H?

4. MbILLNEHKUE. 3Tm cnosom (nponucHbiMK GykBamu) 3aecb 0603Ha4YeHa COBOKYMHOCTb ABYX MPOLECCOB B
obbegnHenHom Onoke CO3HAHME\PA3YM, umenHo, npoueccoB MblwneHusa u lNo3HaBaHus (cm. n. 3;
Tabnuua 2). MNpegnonaraetcs, YTo 3T0 06bEANHEHNE He TOMbKO opmansHoe: oba bnoka, Pasym u Co3HaHue
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= CeHcopuyM K a3bikoas cuctema (F1C), obbeanHeHbl B3aMOOLHO3HAYHBIMW CBA3AIMU WU paboTatoT B TECHOM
B3anmogencTaun. CBA3b OCYLLECTBNSETCH MEXAY WX CUMBOMbHBIMU HENPOHaMK: B ONEMEHTAPHOM CEHCopUyme
nocrnegHue npeacTaBneHbl HEMPOHaMU-CMbICTIaMU (CUHOHUM — CUMBOSTbHbIE HEMPOHBI), B SnemeHTapHon AC —
HerpoHamu-noHaTuamm [1-3, 10-12]. HekoTopble JaHHblE 3aCTaBnAKT npejnonaratb, YTO CBA3b MEXZY napou
HEAPOH-CMbICT — HEMPOH-NOHATE ONOCPEAYETCS eLLe NPOMEXYTOYHBIM HEAPOHOM.

Tabnuua 2. PopMbl OLLYLIEHWUI KaK KOPPENATbl aKTUBUPOBAHHbIX HEMPOHHLIX CTPYKTYp
(3nemeHTapHbIX U ecTecTBEHHbIX ceHcopuymoB, 3C n EC, 1 A3bikoBbIX cuctem, AFAC u EAC)

U UX NeKcnyeckne 0603HaYeHmMs

- y . o
Gopwbl oLLyLLeHNi HelipoHHbIE CTPYKTYPbI 1 NEKCUYECKIe 0B03HAYEHNS OLLYLLEHWI
(onucaHwe B TpagMUMOHHBIX | P
0 .
TepMyHax), B HeipoHHble 3 n .
- HayeHue UMepbI HEAPOHHBIX
Yepapxyeciue ypoeki 1-3 H CTPYKTYPE Tepwiukel TEPMUHOB cpr KTp P ECEI EAC
B 9C, ECn 34C, EAC " 3Cun d5C o
MopansHoe oLyLeHIne KeasvcumBone-
Hbl€ HEeNPOHbI, | "BeccMbicneH -
BUOEHMS (CTbILLaHWS, CooTmeTCTaVID. MnsgeTs HapysHoe
000HSHMSA 1 T.1.) 0ObEKTOB i Hoe bnyxnaHue
M 1 /e aneMenT " He BUas KoneHyaToe Teno
aKTyanbHoi cpegbl w . B30POM o
(dbeHOMEH "CMOTpIO, HO He CTUMynam @
" Q
yaHato, He noHumalo") J e =
=
=<
OuuyLyeHne pasymeHus OBpeTetute S| =
(NOHMMaHMS, y3HaBaHVIfI) [Nons cum- Ocwmbicnetue MbICTIA. YacTblo S|lw
06BEKTOB aKTyanbHoM BOMbHbIX nepnuHan  |= | <
. S| o
_ Cpeqbl (III'IJ"I'IOC theHoMeH ) 2 HeipoHoB MblLine e o kopaurnona S | @
blindsight", "cnenospenue” - MUHYC nepuposaHue accoynats-  |S | o
He BIXY, HO y3Halo, "curHudmkar” (06pasHoe, MbICTSIMY, Hoil" kopel | | 8
NOHVMa =3
) mMnupiieckoe) | o TOM Yncne ux = é
Pasyu TBOpEHNE Bucouasn |S | §
OuwyLeHne ocMbicneHns [Nons cum- bpoHTanbHas | = g
(MOHUMaHwsI, y3HaBaHus) BOMbHbIX - Kopa. = | =
aKTyanbHbIX 0GbEKTOB B UX | 3 HeiPOHOB pasy HaxopuTbes ¢ =
B3aUMOCBSI3 B Cpefie nnc pasymerue HyBCTBOM | =
(MOHUMaHME KOHTEKCTa). "CurHIdpmKaT" oBpeTenHoi ? =
MbICIn. =
OuyLieHre NOHUMaHNs S
TEKyLLE peyn, B TOM yucne COBHaHUe, HaxoguTbea co S
BO B3aMOCBSI3N (B Monst 3HaHuem, =
KOHTEKCT) Kak ¢ 3 HeNpOHOB- cosrasamb MOHUMaHKEM S|,
o = [
NpeALecTBYOLMMA NOHATUM NNOC = %
BbICKa3blBaHUAMU, TaK U C "CMFHM(bVIKaT" Co3HaHve OI'IGpI/IpOBaHVIe § o
UMeroLLMMEs Y cyBbekTa NosHasakme PpoHTankHbie =3
3HAHVMEM. MOHATUAMY, obnactu =3
=| 4
(Mbiwnexue 3HaHMAMY, B 43bIKOBOA S|¢
TOM YMCTE UX =| s
TEOPETUYECKOE., CHCTEMI S| -
OLLfyLLgHMe MOHMMAHIS noruyeckoe) MOPOXAeHHe =9
TONMbKO NPAMOrO 3HAYEHNs Mons =0
HeApOHOB- = | s
CIOB peuu, 6636I'IOHVIMaHVIFI ) ObpeteHue S o
KOngKCTa v 6es yqeta 2 | MOHATUA MUHYC 4yBCTBa 3HaHMA S| 3
co CTBegHbIX 3HaHWi "curHudukar” 0CO3HaHUe, ~TOHMMAHUS. ’ S|3
cyobekTa. NoHUMaHUe iR:
S
— 8
T =
£
"MopganbHoe"oLuyLLeHre Nons [Morosopka Cnblwan Yactb S
pasnuyeHus cnos peun 6es , "CnbllLan 3BOH, | NPU3HECEHHbIE
1 HEeMpOHOB- nons
WX NOHUMaHust (peHoMeH 108 [a He 3HaeT, CroBa, HO He
"CrbllwaTth He NoHUMasn") ' roe oH". MOHSAN X bpoka
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Takas cBs3b Mexay OByms Griokamu=cuctemamu morna 6bl obecrneumBate paboTy Kaaon CUCTEMBI TAKKe B
aBTOHOMHOM (O HEKOTOpOi CTeneHn) pexume. VIMEHHO B aBTOHOMHOM pEXWMe [OMKHa NposiBnsieTcs
cneunduka pabotbl Kaxmoi cuctembl, 6nokoB Pasym u CosHaHue. CyluecTBOBaHWe 3TOA cCreuudukm
npegnonaraeTcs He TOMbKO HA OCHOBE TEOPETMYECKMX MNpPeAcTaBneHuis, HO U 06OCHOBBLIBAETCS
HEMPONCUXONOMMYECKUMI AaHHBIMM, MOMYYEHHBIMM B YCNOBUSX M3OMpaTenbHoi Griokagbl NEBOr0 UM NpaBoro
nonywapust [16]. 3T [gaHHble cornacyltcs ¢ npegnonoxexuem, yto osHaBaHue (MbiwneHne B AC)
OTNNYaeTCs hopMarbHbIM XapakTepoM. Tak, UCMbiTyeMble C ONOKMpPOBaHHLIM NpaBbiM W (B TO XE BPEMS) HE
O110KMPOBaHHbLIM NEBBIMZ MOMNYLLAPYEM MPU PELLEHWM CUITIOMM3MOB C NIOXHBIMU NOCbINIKaMy UCMOSb3YHT TONBKO
thopmanbHo-nornyeckie onepawui, He o0bpallas BHAMaHNUS Ha abcypaHOCTb MOCHINOK.

Helpodmanonornyeckne MexaHuambl  (POPMUPOBAHWUS  HEMPOHHLIX MOAEnen, a Takke MeXaHU3Mbl
OMepUPOBaHNS MOAENAMM, Nexallue B OCHOBE pelleHus 3afdad, MOryT ObiTb, TEM He MeHee, B MpUHLMNe
CXOZHbIMU B 060X Brokax.

OueBnaHo, hopMMPOBaHWE HEMPOHHBIX MOLENEN Cpefd, CEHCOPHOM W S3bIKOBO, OCYLLECTBISETCA CHavana no
reHeTMYeCKoN NporpaMme  BO B3aUMOAECTBIN CO Cpefami, 3aTeM - B OCHOBHOM NyTeM 0by4yeHus:, B TOM Yucne
¢ yuntenem. bnarogaps BbipaxeHHON KOMMYHUKATMBHON dyHKUmMKM, AC urpaeTt, BUAMMO, Ype3BbIHaiHO BaXHYI0
POnb Kak NOCPeaHuK B hopmmpoBaHum Grioka Pasym npu obyyeHnn ¢ yuutenem. BrickasaHo npeanonoxexue [7]
0 KntoyeBoit pon AC B upe3BblvainHO BLICTPOM (MO SBOMIOLIMOHHBIM MEPKAM) Pa3BUTUN MO3ra YenoBeKa.

C Toukm 3perns MI, nepeuncnsemble Hke 6 TMNOB onepauuii B HEMPOHHBIX MOAENAX HENOCPEACTBEHHO (6roKM
Pasym u Co3HaHue) unu C npuBreveHrneM AOMOMHUTENbHBIX CTPYKTYP YXe OOCTaTOYHbl, 4ToObl 06BACHUTL
MexXaHu3M pEeLUEHNs, U CMOAENMPOBAaTL €ro, MO KpaiHen Mepe, AN HEKOTOPbIX OYeHb GOoMbLUMX KnaccoB
3agay. 1) MocTaHoBKa B COOTBETCTBME HEMPOHOB HEMPOHHOWM MOZENM OpuriHanam cpegbl. Jpyrumn crioBamu,
(hOPMMPOBAHME MEPapXUYECKON, COCTaBMneHHoM M3 Tunosbix CTPykTyp (TC) HeMpoHHOW MoOAenn cpegbl,
cdopmupoBanme [, 2) Peanusauusi cOOTBETCTBMS. [pyrMu cnoeamu, W3bMpaTenbHOe akTUBMpOBaHWE
HelpoHoB B TC, COOTBETCTBYIOLLMX ONpedeneHHon cpeae, C NOMOLLbI0 MEXaHW3Ma peanuaauun coOTBETCTBUS
(MPC) npu aktyanusauuu atoit cpegbl. 3) Peanusaums "COCTOSHUS ONO3HAHWS" — AMHAMUYECKOrO aTTpakTopa,
XapakTepuaytoLLlerocs yCTOMYMBON Ha OnpedeneHHOe BPeMsi CUHXPOHHOM PUTMWYHOW aKTUBHOCTLIO HEMPOHOB
TunoBbIX  CTPYKTYp, COOTBETCTBYKOLUMX AaHHOMY 0ObekTy (kapTuHe). 4) BbifBNeHWe WAEHTUYHOCTU
aKTyanuaMpoBaHHOM HEWMPOHHOM Modenu ob0bekTa-o0pasua C OAHOM M3 MHOXeCTBA  MOCNedyHLMX
aKTyann3MpoBaHHbIX HEMPOHHbIX Mogenei apyrux obwbekToB. [lpyrumu criosamu, obHapyxeHue cpeau
MHOXecTBa 0ObekToB 00bekTa, CXOgHOro ¢ 06pasuoMm. 5) BbisBNEHME WAEHTUYHOCTM  (CXOACTBA)
COOTBETCTBYHLLMX MEPAPXMYECKIX YPOBHEN (CBOMCTB) ABYX aKTyanM3vMpOBaHHbIX HEMPOHHBLIX Mogenei. [pyrumu
crioBamu, BbISIBNEHWE aHanorui Mexay obwbektamu. 6) [loctaHoBka B cootBeTcTBME (06pasoBaHue,
YCTaHOBIEHWE CBSA3Ei) HEMPOHOB OAHOM aKTyanM3MpPOBaHHOM MOZENU HEMpOHAM LPYron aKTyanmM3upoBaHHOM
MOZENu.

BoamoxHOCTb peanmm3auyu onepaunii 1-3 B OnEMEHTApPHOM CEHCOpWYME B OMPEAEneHHON CTEeneHu
npoaHanuavpoBaHa B pabotax [6-7]. HekoTopble U3 NepevncneHHbIX onepaumii peanuaoBaHbl B KOMMbIOTEPHbIX
mogensx. Tak, NMpu KOMMbIOTEPHOM MOZENUPOBaHUM OBOHATEMbHOM CUCTEMbI B MPUHLMNE peanv30BaHbl
BapuaHTbl onepauuin 1-4 (cM. ccoinkm B [BopoHkos, M3oToB; HacToswmin ¢6.]). Peanusauus (B pamkax
MOZENbHON MapagurMel) mpouecca 5 nossonuna Obl MogenupoBaTh "pelleHWe 3agad no  aHanmoruu'.
Peanusauus onepauuv 6 no3sonuna Bbl, B NpuHLMMe, pewwatb 3aaady 06pa3oBaHuns YCIOBHbIX CBA3EN, ApYruMm
CcroBamu, - peanuaosatb yHKUMO "ecri - A, To — B", {A, A --> B} => B. 3KkcnepuMeHTanbHbIe U TEOPETUYECKNE
[aHHble UCCeoBaHMA HeMpOhU3MONOroB B 3TOM HanpaBReHWUW yxe NO3BONSKT MOLAENMPOBaTb HEMPOHHbIE
MexaH13Mbl 3TOW ornepaLuu.

5. Moaenb n undpopmaums. "Mogens" - TpagULMOHHO "aHTPONOMOPEHOE" NOHATUE: MOAENb — CNeLoBaTeNLHO,
"wmTe yenoseka", 6e3 ero Co3HaHWA MOLENM He CO3QAKTCS U He CYLLECTBYIOT. TakOB KOHTEKCT TOMKOBAHWA
noHATMS "Mogenb" B cnosapsx. C Touku 3peHus MM, Mo3r CyTb HEMpOHHas Mogenb, OH CO3faH B Xode
NPOrpPECCUBHON 3BOIIOLWM HE MO BOMe, He B pe3ynbTaTe CO3HATENbHOM, NNaHOBOW AEATENbHOCTW YenoBeka — B

2 VIMEHHO B neBoMm nonywapum nokanndyeTtca A3blkoBasa cuctema
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npuHUMNeE, Kak 1 BCe apyrie opraxbl.® Criedys aToi noruke, - NPUPOAE CBOMCTBEHHO co3daBaTh Moaenu. bonee
TOr0, €Ccnv crneaoBaTb MOHUMAHMIO, YTO "MOJENbO SBMSETCS BCE, YTO MOCTABMEHO B COOTBETCTBUE", TO B
OTHOLLEHWM N0Boro 06bekTa MOXHO CkasaTb, YTO B OOHMX YCIOBMSX OH BbICTYMaeT kak oObekT-Moaenb, B
ApYrvX - kak 0ObekT-opuruHan. Moar, kak LienocTHbIn 06BEKT, He SBNSETCA B 3TOM OTHOLUEHWUW UCKMKOYEHNEM W
TOXE BbICTYNaeT Kak "gBynukuii AHyc*": HanpaBneHWe npouecca B CEHCOpUyMe M npouecca B ahdepeHTHO
CUCTEME NPOTUBOMONOXKHbI, UMEHHO, OT CPeabl B MO3r M OT MO3ra B Cpefy, COOTBETCTBEHHO (CM. HUXE; puc. 1).

OpHako, aHanu3 MexaHu3moB, OCYLLECTBSIOWMX COOTBETCTBME (MEXAHWU3MOB MOCTAHOBKM B COOTBETCTBME —
MIC u mexaHu3moB peanusauum cooteetcTBust — MPC), nokassiBaeT, YTo GOMbWWHCTBO 0OLEKTOB, NOCHE TOro
Kak OHW NOCTaBNEHbI B COOTBETCTBME, NuiieHbl MPC, 1 ux coOTBETCTBME He MOXET OblTb peann3oBaHHbIM Oe3
cucteMbl, cnocobHoi Boccosaatb MPC (yHMBEpCanbHOM CUCTEMON B 9TOM OTHOLLEHWW SBASIETCS MO3T; CM. HUXE
NPUBOAWMbBIE MPUMEPI).

[CYEBEKTVBHGIE OWYLERVHA |

| | |
SMOUNOHANTEHAA v MPTWEBAUWMOHHAR CUCTEMBI,

o CHCTEMA LI,EHHDCTEH
OEREKT MOOENB MOOENB P 4: CBEBEKT
-1 HEHFOHHAA HEWFOHHAA ,f“ﬁ_» et
A P TisA € 5 B. 4| B
““—hj 1 \ » -\H:‘:?ﬁ"—\-p ——p
My o
QP :.ﬂ” MPC B CEHCO- PG B SPPEPEHT- MF‘E MOMAENE-
HANEHEIA PITYME HOW CUCTEME HblK
0 =+ I M — I M= 0
CPEOA CEHCOFKYM JPPEFEHTHEIE CUCTEMBI CPEOA

Puc. 1. PehnekTopHas fyra kak nocrefoBaTenbHOCTb NPOLECCOB peanu3aunit COOTBETCTBUS.
MPC - mexaHu3m peanusauum cooteTcteust; O — M HanpasneHue npowuecca oT 06bekTa-opuriHana
cpenbl K HerMpoHHoit moaenu; M — M - oT Mogenu B CeHCopuyme K Mogenu B 3pdepeHTHON cucTeMe;
M -0 - oT mogenu K 06bEKTY-MOAENM Cpeabl.

Ecnu nocmoTpeTb Ha OEKapTOBCKY0 HEMHOTO MOAMMULMPOBaHHYI0 cxemy pedrekca (puc. 1) ¢ TOYKM 3peHuns
MOZAENbHOrO NOAX0Aa, MOXHO BMAETb, YTO BCS pedpnekTopHas Ayra ecTb, NO CYTW, NOCMEAOBaTENbHbIN PAg
MOCTaHOBOK B COOTBETCTBYE. [leiCTBUTENBHO, 0BBEKTY-0pUrnHany A BHELLHEN cpeabl CTaBUTCS B COOTBETCTBUE
HeNpoHHast Moaenb AM B CEHCOPHOW cucTeMe, nocneaHen (AM) CTaBUTCA B COOTBETCTBUE HEMPOHHAs MOZenb
Bm B adbdhepeHTHON cucTeme, a dTon Mopenm (Bm) ctaBuTcs B COOTBETCTBME 0OBEKT-Mogenb B cpedbl —
onpegeneHHas KOMMO3WLMS MbILEYHbIX COKPaLLEeHU, pedniekc, ABUraTenbHbIN akT, ABuraTenbHbIn 06pas,
nosegeHne. Ecnn yyectb BO3MOXHOCTW C MOMOLLbIO ABUraTENbHbIX akTOB MaHMMynMpoBaTb ¢ 0ObekTamu, TO
OKaXeTcsl, YTO B COOTBETCTBME A B KOHEYHOM WUTOre MOXKET ObITb NOCTABMEH B NPUHLMNE NMt060N 00bEKT (06BEKT-
mozenb B moxeT ObiTb BbibpaH U3 OveHb BOMbLIOrO MHOXECTBa OOLEKTOB cpedbl) — Bblbop U3 Hux Bypet
3aBUCETb OT TOTO, Kak OpraHM3oBaH MexaHu3Mm Beibopa (MPC) mexay mogensto Am (B CEHCOPUYME) U MOAENSIMU
B 3(h(PepeHTHOIN CUCTEME M NOL KakUMU BRUSAHWUAMW OH HaxoauTcs. BO3MOXHOCTM MO3ra MOryT nokasaTbCsl B

3 TeopeTuyecky, y4acTue Mo3ra B 3BONIOLMN TKAHEW W OPraHoB, NO-BUAMMOMY, HENb3si UCKNKoYaTh [12].
OpHako npw 3TOM He uaeT pedb 06 0CO3HAHHOM y4acTum.

“B pumckoin Mucbonorin Bor "BxofoB" 1 "BbixofoB"; M3obpaxancs ¢ AByMS nnLamu, 06paLleHHbIMW B NPOTUBOMONOXHbBIE CTOPOHbI.
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KOHTEKCTE M3naraemoro eule 6onee HeOXMAaHHbIMU, XOTS ABMNSOTCS MOBCEAHEBHON MPAKTUKOM: C NOMOLLbIO
MO3ra B COOTBETCTBME MOXKET ObiTb MOCTABMEH NpakThyecku NoboiA 0BbEKT (OOCTYMHBIA OpraHam 4yBCTB)
nobomy apyromy o0bekTy 6e3 okasaHus Ha HKUX Kakoro Obl TO HU ObINO BO3AEMCTBUS, MoMy4as Nuwb crabble
BO3AENCTBNS OT HUX Ha opraHbl YyBCTB. [pn 3TOM CBS3b COOTBETCTBUS MEXAY 3TUMU OOBbEKTaMu, OpUrMHan —
Mopenb, OydeT CyLyecTBOBaTh B BUAE HEMPOHHON CBA3M MEXAY HEMPOHHBIMU MOLENAMM STUX OO BEKTOB.

BbiTb CBSA3aHHLIM CBS3bI0 COOTBETCTBIS O3HAYAET, YTO B Cryyae akTyanuaaumm A obbekta (Mu ero HepoHHON
MOZENM B CEHCOpUYyME) aKkTyanuaupyeTcs (monmyyaeT Bo3geicTeue, aktveupyetcs) MPC, npueogswimin k
akTyanusaumm B obbekt (unn ero HeiponHylo mogenb). MPC (1 MIIC), ero HelpoHHas opraHusaums w
NPUHYMNbI paboTbl — "ronoBonomka" HenpoMU3NONOTK 1 LIENOTO KOMMIIEKCA HENPOHayK.

TonbKko YenoBek (UMK MHOMMAHETSHUH) MOXET YBUAETb B CXEMATUYECKOM U306paxeHU CONHEYHON CUCTEMb
Mofenb nocneaHen - 6narogaps CNOCOBHOCTM MO3ra co3faTh HENPOHHYKO MOAENb CXEMbI 1 HEMPOHHYIO MOAENb
COITHEYHOW CUCTEMbI 1 CMOCOBHOCTW pelnTb 3adady "Ha CXOACTBO" ABYX HEMPOHHbIX Mogenew (cm. n. 4), To
€CTb YCTAaHOBUTb CXOACTBO MOZENeN B HEKOTOPOM acrekTe.

MexaHnam noctaHoskyu B cootsetcTne (MIC) opuruHany n3obpaxeHns Ha hOTOIMYNbLCUMM BO MHOTOM CXOAEH C
MIMC opuruHany u3obpaxeHuss Ha cetyatke. OpgHako, ¢poTorpacms, cama no cebe, He UMEET CBS3M
cootBetcTBUs (MPC) ¢ opuruHanom. Torga kak, B CEHCOpUyME, MeXOy HEMPOHHOW MOLENbI0 (3anOMHEHHOr0
OpWrvHama Wiy paccmaTpyBaeMoro (hboTo) M HEPOHHOM MOAENbI0 OpurMHana (B Crydae ero MOBTOPHOW
aKTyanusauumn), BO3MOXHO YCTaHOBIIEHWE COOTBETCTBMA, cxoacTBa — 6narogaps MPC (ans 3anoMHeEHHoro,
3HAKOMOrO OpuriHana) unu 6Gnaropaps MexaHuamy, OOHapyXuBatOLLeMy — COOTBETCTBME MEXZY ABYMS
HENPOHHbIMK MoAeNaMM (CM. . 4).

MOXHO HanUTW NpUMepbl HEXMBLIX 00bEKTOB, MetoLmx MPC. TakoBbIMM SBNSOTCS WCKYCCTBEHHbIE HEMPOCETH;
B kayectBe MexaHuyeckoro MPC BbiCTynaeT cucTemMa pbl4aroB MeXgy KnaBuaTypoir W nutepamu.
OObIkHOBEHHAsA neyaTtb ecTb MOfeNb, cama xe oHa ecTb U MPC: npu TUCHEHWM OHA CTaBUT B COOTBETCTBYE
opuruHany ero komuio (ero Mogenb). 30ecb OTMETUM BaxHbIM MOMeEHT. [eyaTb M konus obe Mogenu ogHoro
opuruHana. OaHako, ogHa 3epkanbHasi. Tak xe 3epkanbHbl OpurHany u3obpaxeHune (Moaernb) B 3epkane, Ha
ceTyaTke rnasa ¥ Ha aMynbCum POTONMEHKN.

MaTpuuHbIi MexaHu3m BocnpouseoacTBa [HK ectb Huyto mHoe kak MPC. B panHom cnyvae MPC Toxe
3epKareH.

OTM npumepbl  cBuaetenscTytoT, 4to MIMC ecTb onepaTtop, CTaBslWMW B COOTBETCTBME COrMAcHO
onpepeneHHomy npasuny. B npuHumne, ato moxet ObiTb nobas dyHkums. Moatomy obbekT-mogens B He
00s13aTeNbHO ABMSETCS M30MOPMHLIM OpurHany A, Hanpumep reomeTpudecku. MeomeTpuyeckmin (unn noboi
JpYror) n3oMopdraM Mexay MOZENb 1 OPUrMHaNOM — YacTHbIA criyval. TeM He MeHee, Yalle BCEro MMEHHO B
9TOM Cnyyae 0ObeKT-Mofenb WMAEHTUULUMPYETCS Kak MOAenb B OObIYHOM (Y3KOM) MOHUMAaHWW; U UMEHHO
COXpaHeHue u3omMopdmama B KakoM-nbo onpeaeneHHOM acnekTe CBOWCTB OOBLEKTOB (MPOCTPAHCTBEHHbIX
XapaKTepUCTMK, BPEMEHHbIX NOCNEef0BaTENbHOCTEN UNK APYrMX) — OAHO M3 OCHOBHbIX Tpebosanui k MIC u
MPC TexHuyeckux nHGOpMaLMOHHbIX cucteM. TepMuH "nepegasaTtb MHGOPMaLMK" 03HaYaeT, C TOUKU 3peHUs
M1, cTaBuTb B COOTBETCTBME OpUrMHany (€ro CBOMCTBaM) U30MOPCHbIN B OTHOLLEHUN ONpeaereHHbIX CBOCTB
(opurvHana) obbekT-Moaens.

B TO e Bpemsl, BO3HWKaeT BOMPOC 00 OCOOEHHOCTAX W rpaHuUax NPUMEHUMOCTM  (BO3MOXHOCTH
OCYLUECTBIEHNS) 3TUX OMEpauuii Ha pasHbIX YPOBHSX OpraHM3aLuu MaTepun - KBaHTOBOM, MOMEKYNSPHOM
(reHoM), KNeTO4HOM (MO3r), MakpOOBBEKTOB (COLMYM) - B YCMOBUSX 3aAaHHbIX TpeBOBaHMIT M30MOPCHOCTM.

BbiBoAbI

1. MblwneHne, ¢ OOHOIA CTOPOHbI, pasyM W CO3HaHWe, C Apyroi, 0BO3HAYAKT MOHATUS Pa3HOM KaTeropuw.
MblwneHne cyTb HEMPOU3NONOrMYecke NPOLIECCHI ONEPUPOBAHUSA C HEMPOHHBIMW MOAENAMM, TOraa Kak
TepMuHamMu "padym” 1 "cosHaHue" 0003HaYeHbl COBOKYMHOCTM OLLYLLEHWUA, KOPPENMpPYILMX C paboTon
HEe/POHOB 3TUX MOAEneN.

2. lpupoga 1 MexaHu3Mbl OLUYLLEHWA, ecnn nocregHue He omoxdecmensmb C HeMpOdU3NONOrNYEeCKUMM
npoLieccamu, 0CTalTCs HEACHLIMU.
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3. [pepnonaraeTcs, YTo 4Be rpynmbl CrioB (B PYCCKOM 53blke), OAHOKOPHEBBIX MWMK GRM3KMX COOTBETCTBEHHO K
cnoeam "pasym" 1 "cosHaHme", Obinn BblAENEeHbl A3bIKOM AMNS XapaKTEPUCTUKN CYOBEKTUBHBIX NPOSIBIEHNNA,
KOppEnMpyoLLMX ¢ paboToi, COOTBETCTBEHHO, CEHCOPUYMA U A3bIKOBOW CUCTEMBI.

4. PacwupeHo noHsTue "mopens". [lpuBedeHbl npumepbl NpupodHbix "onepaTopoB" COOTBETCTBMS —
MexaHu3MoB rnocTaHoskn B cootBetcTBue (MMC) u mexaHuamos peanusauwm cootsetcteus (MPC).
Hanbonee yHuBepcanbHbIMW Cpeam HUX SBMAKOTCS MO3rOBbIE MEXaHW3MbI (B TOM YnCe MO3T Kak Lienoe).

5. "MiHdopmaumsa" (B Hambornee NMpUHATOM MOHUMaHUM — KaKk "CBeAeHUs") BXOAWT B MOHATME "Mopdenb” Kak
YaCTHbIN CRyyal: OHa eCTb U30MOphHas MOAErb B KakOM-NMOO N3 acnekToB CBOMCTB OpuriHana.

Nutepatypa

[11 Boponkos I'.C., PabuHosud 3..J1. CeHcopHast v si3blkoBasi cUCTEMbI — ABE hOpMbI NMPEACTaBNeHUs 3HaHW.\\ HoBocTu
UCKYCCTBEHHOrO MHTennekta, 1993, Ne 2, ¢. 116-124.

[2] BopoHkos I'.C. A3bikoBas 1 CEHCOpHAst CUCTEMbI; HEKOTOPbIE Mapannient B NPUHLMNAX HENPOHHOW OpraHM3aLmn AByX
cemmoTuyeckux cuctem.\\ BectH. Mock. yH-Ta. Cep. 16, Buonorus, 1994, Bein. 1, ¢. 3-9.

[3] Pabunosuy 3.J1., BopoHkos I'.C. MpeacTasneHne u 0bpaboTka 3HaHWiI BO B3aUMOZENCTBMM CEHCOPHOM W S3bIKOBOM
HenpocucTeMm yenoeeka.\\ KubepHetuka n cuctemHeln aHanus, 1998, Ne2, ¢. 3-11.

[4] G. Voronkov, Z. Rabinovich. Cognitive model of memory and thinking.\\ International Journal on Information theories
and applications, 2000, v. VII, N 4, pp. 164-169.

[5] Boponkos I'.C., PabuHosuu 3. J1. EcTecTBeHHas cpega namsiTi v MbilunieHus: mogenbHoe npeactasnenne.\\ Tpygpl
MexayHapogHo HayyHo-npakTuieckon koHdepeHunn KDS-2001 "3nanue-Auanor-Pewenne”. — CaHkT-lNeTepbypr,
ntoHb, 2001. CI16.: "MNank", Tom |, ¢. 110-115.

[6] G. Voronkov, Z. Rabinovich. On neuron mechanisms used to resolve mental problems of identification and learning in
sensorim.\\ International Journal on Information theories and applications, 2003, v. 10, N 1, pp. 23-28.

[71 BoponkoB I'. C. MexaHu3Mmbl pelueHust 3agay B SNEMEHTAPHOM CEHCOPUYME: HEMPOHHBLIE MEXaHW3Mbl OMO3HaHMS W
ceHcopHoro 0byyenns.\\ HelipokomnbroTepsl: paspaboTka u npumeHerne, 2004, Ne 2-3, ¢. 92-100.

[8] BoponkoB I.C. CeHcopHasi cucTeMa Kak HEMpOHHas CeMMUOTMYEecKass MOZenb ajekBaTHOM cpedbl. B cb.
CpaBHuTenbHas K3nNonorus BbiCLEH HEPBHOW AEATENBHOCTM YernoBeka v xuBoTHbIX, 1990. M.: Hayka, ¢. 9-21.

[9] Voronkov G.S. The neurone-model outlook on sensory system as a novel paradigm in sensory communication. \\ The
RNNS/IEEE Symposium Neuroinformatics and Neurocomputers Rostov-on-Don, Russia, october 7-10, 1992, vol 2,
pp. 1231-1243.

[10] BopoHkos I'. C. MogenbHbIi Noaxop kak HoBasi Napagurma B TEOPUM CBS3M B CEHCOPHBIX cucTemax.\\  BecTtH. Mock.
yH-Ta. Cep. 16, Bronorus, 1993, Bbin. 1, c. 3-10.

[11] Boponkos I.C. WHdopmaums u mo3r.\Tpyabl MexayHapogHoW HayyHo-npakTuieckon koHdgepeHumn KDS-2001
"3Hanue-Auanor-Pewwenue". — CankT-MNeTepbypr, uoHb, 2001. CM6.: "NMaxe", Tom |, ¢. 102-109.

[12] BopohkoB I'. C. WHdopmaums n mo3r: B3rnsg Heipoduanonora.\\ HeipokomnbroTepbl: paspaboTka U NpUMEHEHKE,
2002, Ne 1-2, c. 79-88.

[13] BoponkoB I.C. Moar u uHcopmaums. \\ HayuHas ceccus MUOK-2002. IV Beepocceuiickas Hay4HO-TEXHUYECKas
KoH(pepeHuus  HeipouHdopmatuka-2002.  Matepuansl  guckyceun. - Mocksa 2003,  ¢.137-147.
(http:\\www.biolog.ru\vnd\)

[14] Kyu T. Ctpyktypa HayuHbIx pesoniouuit. M.: OO0 "Mapatensctao ACT", 2001. — 608 c.
[15] MeHpoys P., lWumonu A., Kaptpant H., XokuHr C. Bonbluoe, manoe u yenoseyeckuin pasym. M.: Mup 2004. — 190 c.

[16] HernuH B. J1. MapapokcanbHble CTOPOHbI YENIOBEYECKOro MblneHns. Heiiponcuxonornyeckuii aHanms. CaHkT-
Metepbypr, 1996. — 36 c.

WUHbopmaums o6 aBTope

lenHagui C. BopoHkoB — MocKoBCKUil rocyfapcTBeHHbIn yHuBepeuteT um. M.B. JlomoHocoBa, JleHuHckue
lopbl, 119992, Poccus; e-mail: gsv@comtv.ru



KDS 2005 Section 1: Cognitive Modelling 17

®OPMUPOBAHUE HEMPOHHbIX 3NEMEHTOB B OBOHATENbHOW KOPE:
OBYYEHUWE NMYTEM NPOPACTAHUA

MeHHagun C. BopoHkoB, Bnagumup A. U3oToB

Abstract: The computer model is offered to describe the formation of selective connections of the olfactory bulb
neurons (OB-network) with the olfactory cortex neurons (OC-network) during sensory training. The model is
based on the previously constructed computer model of the olfactory epithelium (OE) — OB. The process includes
the growth of axons from OB-network into OC-network and the establishment the conjunctional input between OB
and OC neurons. Supposedly, the simulated process approximately reflects the natural process in OB-OC.
Likewise, the work concerns some conceptual questions related to the information representation and processing
in the olfactory and other sensory systems, in particular, the "combinatorial explosion " problem.

Keywords: computer modelling, olfactory cortex, learning via axon growth, "combinatorial explosion” problem.

BBepeHue

HacTosiwas pabota npogomkaeTt paboTbl aBTOPOB MO KOMMbIOTEPHOMY MOAENMPOBaHMIO NPOLECCOB 06paboTK
CEHCOPHOM MHdopMaUuu B 0OOHSATENBHOM cucTeme mnekonutawwmx [1-3]. B ocHoBy 3Tux paboT monoxeH
nogxop [4-6], cornacHo KOTOPOMY CEHCOPUYM €CTb HEMPOHHAS MOZENb CEHCOPHOMO MUpa (3KOSOTMYECKOHA HULLIN
BMAA) W, COOTBETCTBEHHO, 0BOHATENbHAA CUCTEMA €CTb HEMPOHHAsA MOZENb 3anaxoBoi CEHCOpHOI cpefpl. Mog
HEMPOHHOW MOZENbl 34eChb MOHMMAETCS MepapXMYecki OpraHM3oBaHHasi CeTb, PELENTOPHbIE W HEMPOHHbIE
3NeMeHTbl KOTOPOI MOCTaBMEHbl B COOTBETCTBME OObEKTaM\CBOWCTBAM Cpefdpl: peLenTopHble — Haubonee
NPOCTHIM CBOWCTBAM, a@ HENPOHHbIE - KOMMMekcam 3TuxX cBOWCTB. COOTBETCTBME MPOSIBISETCA B
N36MpaTeNnbHOCTM  (CENEKTUBHOCTM) aKTMBMPOBAHMS 3TUX 3NEMEHTOB aKTyamnbHbIMM CTUMyNamu Cpegbl.
PeanuayloT cooTBETCTBUE CNELUMUPUIYHOCT PELLENTOPHBIX KNETOK U 13BMpaTeNbHO KOHBEPIMPYIOLWME aKCOHHbIE
MPOEKLMM HEMPOHOB HA HEMpOHaX CredytoLero MepapXxmyeckoro YPoBHS. HuxHME nepapxuyeckue YpOBHM
(hOpMUPYIOTCA B OCHOBHOM MO TEHETUYECKOW MNporpaMme, BEPXHME — [MaBHbIM 06pa3oMm npu 0byyveHuu.
MpeononaraeTcs, 4T0 (POPMUPOBAHME MOZENM SKOOTUMECKOM HWULWWM MPOWUCXOAMT [MaBHbIM 00pas3oM mpu
CEHCOPHOM 00Yy4YeHUn B OHTOreHe3e. MHMLMMPYIOT NpOLECC CEHCOPHOro 0by4YeHust BO3AENCTBUS afeKBaTHbIX
pasgpaxuTenen Ha PELENTOpbI.

Mpumepbl KOMMBITEPHOTO MOAENMPOBaHMS (POPMUPOBAHUS OTAEMbHLIX HEMPOHOB, MPEACTABNSAOLNX KaxabIn
KOMMEKC CBOWCTB CNOXHOMO 06bekTa, "nmyTeM npopacTaHus" (CM.HWXE), HaM He WM3BECTHbI, B TO XE BPEMS,
paspaboTka pacTyLMX MCKYCCTBEHHbIX HEMpoceTel, (POPMUPYIOLLMX MOHATUS, - akTyarnbHas 3ajaya B
pa3paboTke KOMMbIOTEPHBIX CUCTEM NOAAEPKKM MbICTIMTENbHBIX MPOLECCOB [ 7].

OnuncaHHas B npeablaywmx pabotax [1-3] komnbloTepHas Moaenb 0boHsTensHoM nykosuubl (Ofl-ceTb) cocTonTt
13 TPEX OQHOPOAHBIX (CM. HUXE) mogynen. B moayne CMHanTUYecKM COeAMHEHb! (B 0BOHSATENBHOM KnyGouke)
rpynna u3 4-x TMNoB 060HATENbHbIX PELIENTOPHBIX KMETOK 1 rpynna OCHOBHbIX HEMPOHOB (MUTpanbHble - MK 1
kucToukoBble - KK KneTku; y MNeKonuTaroLmx Konm4ecTeo KryboukoB 1, CneaoBaTenbHO, MOAYNeNn HEeCcKonbko
Tbicsy). Mockonbky BOMPOC O KOMMYECTBE TUMOB PELienTOPHBIX KNETOK, KOHBEPIMPYIOWMX B OAMH Kiybouek, u
xapaktepe ux npoekuun Ha MK u KK ocTaetcs oTKpbITbiM, nMpuHaTas B 6a30BO Mogenu opraHusauus
CEHCOPHbIX BXOZOB B Knybouke SBNSETCA NPeAnonoXUTENbHOM - B Criyyae MOSIBNIEHWS COOTBETCTBYHOLLMX
9KCMEpUMEHTaNbHbIX JaHHbIX OHA MOXET ObiTb CKOppekTUpoBaHa. Kaxablii MoZgenbHbIn MOAYNb COCTOUT U3
yetbipex MK (MK1, MK2, MK3 n MK4), kaxgas MK nonyyaet Bxogbl OT OAHOrO TWMa peLenTopHbIX KMETOK.
Kaxabiit TMN peLenTopHbIX KNeTok crneuuduyeH K onpeaeneHHoNn rpynne aneMeHTapHbIX 3anaxoB YCIOBHOM
(BMpTyanbsHoi) 3anaxoBomn cpedbl (cM. [8]). B kaxgom momyne Takke mmetotes 11 KK, kaxgas u3 KoTopbix
nony4aeT OOHO M3 COueTaHui peuenTopHbix BXxogos: umetotcs KK12, KK13, ...KK123, ... n KK1234. Takum
obpasom, MK 1 KK ogHoro mogynst OJfl-ceTu noctaBneHbl B COOTBETCTBME YETHIPEM TUMAM PELIENTOPHBIX KNETOK
W BCEM BO3MOXHbIM COYeTaHUsM U3 9TuX TunoB. B apxutektypy OJl-ceTu BXOOAT Takke HECKONMbKO TWUMOB
NHTEpHENpoHoB. CooTHOLWEHME KonuyecTs HenpoHoB (MK: KK: uHTepHeipoHsb!) B Moayne 6nm3ko cooTBeTCTBYeT
TaKOBOMY, M3BECTHOMY 13 MOpchonornyeckux aaHHbix [cM. 9]. CmoaennposaHHbie mogymm OJ1-ceTvt 0gHOPOAHI
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— B KaXmblil MPOEeLMpyeTcss OaMH M TOT Xe Habop TWUMOB PeLenTopHbIX KNETOK, pasnuyMe  COCTOMT B
COOTHOLLEHUM KONMYECTB B Habope peLenTopHbIX KNEeTOK TOro unu MHoro Tuna. B cuny mocneaHero npwu
NpeabsABNEHNM CIIOXHOTO 3anaxa B KaXaoM U3 OAHOPOAHbIX MOAYNelt M3bnpaTernbHO akTMBMPOBHPYHCS pasHble
KK. 310 obecneunBaeT npeAcTaBneHMe MHOXECTBA OTTEHKOB OAHOPOAHbIX 3anaxoB (couyeTaHusmu u3 KK).
OyeBuaHo, yto B O MHOrO rpynn 13 OAHOPOAHbIX MOLYMEN, a He OfIHa, KaK 3TO MMEEeT MECTO B MOAENM.

Mpn npegbsenenmn Ha Bxog OJl-ceTM CNOXHOrO 3amaxa BMPTYyarnbHOM Cpedbl  MPOMCXOAWMT MpOLEecc
peanusauum COOTBETCTBMUS, TO €CTb, MPUBEAEHME B aKTUBHOCTb Tomnbko Tex MK u KK HeilpoHOB, koTopble
NPEeACTaBNAKT AaHHbIN 3HAKOMbIN 3anax. OJ1-ceTb UMEET OpUTMHATBHYIO CIIOXHYH0 apXUTEKTYPY, YYUTbIBAIOLLYO
pasgenenve dyHkumn MK n KK (kaxgas MK npeacraBnsieT kakon-nubo ogMH TUM PeLienTOpHbIX HENPOHOB,
Toraa kak kaxgas KK — kakoe-nubo coveTaHue W3 3TUX TWMOB) M CHOXHYI CUCTEMY WX CBSi3eM
(beHppodeHapuTHble BO3ByXdalolwmMe W TOPMO3Hble OMoCpedyeMble BCTABOYHbIM HEMpOHaM, a Takke
BO3BpATHblE aKCOHHbIE W Apyrie). OTW CBS3W HOCAT BCMOMOraTeSbHbI XapakTep, OHW obecneynBatoT
npeobpa3oBaHue akTMBHOCTM HEMPOHOB B PUTMIUYECKYHO, YCUMEHME U NOAAEPXaAHUE €€ HA HEKOTOPOE BPeMS.

B pabote npeanonaraetcst, YTO Ha CeayoWEeM CUHANTUYECKOM YpoBHE, B 060HsITeNnbHOM kope (OK), nMeHHo, B
nepeaHen NMpMGOPMHON Kope, SBNSIOLLENCS OAHOM M3 OCHOBHbIX NPoeKUMoHHbIX 30H MK 1 KK o6oHsTEnsHoM
nykosuubl (cM. [9]), WMeeT MecCTO [anbHeiwas reTeporeHHas koHeepreHuus: KK Bcex wmogyneid O
KOHBEPTMPYKT Ha nupamugHblx knetkax (MK) nepegHen nupucOPMHON KOPbl B pasHbIX COYETAHUSIX. TakuM
obpasom oTaenbHeble MK npeactaBnaT 6onee cnoxHole 3anaxoBble covetaHus, yem otgensHble KK. OgHako,
ecnm B OJl umeetcs cpaBHUTeNbHO Hebonbwoe umcno KK, 1o konmmyectBo MK, npeacraenswowmx — Bce
TEOPETUYECKN BO3MOXHbIE coveTaHms u3 KK Bcex mogynei OJ1, ctaHoBUTCS 0YeHb Gonbwmum. Mbl nonaraem, 4to
B OK npeacraBneHbl NMpaMUaHbIMK KNETKaMW He BCE TEOPETUYECKWN BO3MOXHbIE 3anaxu (CoYeTaHus!), a TOMbKO
T€ W3 HUX, KOTOPble COCTaBNSOT SKONOTMYECKYID HWLY LAHHOrO BWAA; B TO Xe BPEMSs, BCE TEOPETUYECKM
BO3MOXHble 3anaxu npu 3TOM  MOryT ObiTb BOCMPUHSATHIMM (O pelueHnn 3Ton "npobnembl KOMBUHATOPHOTO
B3pbiBA" CM. B mocneaHem pasgene). ®opmuposanue atux K mpoucxogut, BMAMMO, MyTEM CEHCOPHOrO
0ByyeHns BCAKU pa3 Npu BO3LENCTBUM Ha PELENTOPHBLIE KNETKM HOBbIX 3anaxoB B OHTOTEHE3e, a Takke BO
B3pOCNOM cocTosHUU. [log hopMUpoBaHUEM MOZENM IKOTOTMYECKON HWLLIW Mbl MOHUMAEM MOCTAHOBKY HOBbIX
MK B COOTBETCTBME aKTMBMPOBAHHLIM HOBbIM coyeTaHusam KK n cosgaHue mexaHuama, obecrneynsaroliero
peanusauuio  cootBeTcTBUA. [pednonaraetcs, YTO NpedbsBrEHUE CMOXHOrO 3anaxa, paHee He
NPeabsBMABLIErocs, NPUMBOAUT K BO3BY:KaeHU0 cOOTBETCTBYOLMX (cM. Bbiwe) MK 1 KK B OJ1 (cchopmmpoBaHHOM
Mo reHeTYeckor nporpamMme). Bo3byxaeHue npusoauT k aktuemsaumumn pocta akcoHoB MK u KK B HanpasneHuu
OK. MMpwn KoHTaKTe TaKoro MpOpacTaloLIero akcoHa ¢ oaHoit u3 ceoboaHbix MK B OK ata MK craHosuTcs
WCTOYHWKOM HekoToporo chaktopa ("Megmatopa’, cm. [10]), HanpaBnsLWEro K Hei PoCT aKkCOHOB ApYriX
HEMPOHOB MpopacTaroLLen rpynmbl. 3T akCOHbI TOXeE BCTYNatoT B KOHTaKT ¢ aToM [1K. B pesynbTate, akCoHbI
pasHblx Mogynei OJl, aKTMBMPOBAHHbIX AaHHBLIM CNOXHbLIM 3aMaxoM KOHBEPrupytoT Ha ogHoi MK. dakTinyecku
3TO €CTb OAMH W3 BapWaHTOB, peanuaylowmx npuHuMn Xe6ba. B cnyyae npegbsBNEHWS HOBbIX OTTEHKOB
OOHOPOAHbIX 3anaxoB, koHBeprupoBaThb Ha [K 6yayT KK ogHOpoaHbIX MOZynen; B Clyyae npeabsBieHns HOBbIX
pasHOpPOAHbIX cmecen, koHeeprupoBatb Ha [K 6yayt KK u3 mogynen pasHoro poga. B pesynbrate aToro
npoLecca CroxHbIi 3anax Kak Lenoe CTaHOBUTCS NpeacTaBneHHbIM oTaenbHoi MK B OK.

B Hactosweit paboTe onucbiBaeTCS NOCTPOEHHas KoMMbtoTepHas mogenb gopmuposanns MK B nepeaHei
nuprdopmHoN kope. Mpn 3TOM yunTLIBAKOTCA crieaytolme Mopdodmusnonormyeckne aaHHble B oTHowweHun OK
(cm. [9]). B nepegHtoto nuprchopMHyto npoeumpytotcs oba Tvna ocHoBHbIX HelpoHos OJf1, MK u KK (Torga kak B
3agHiolo — Tonbko MK); OK coctout u3 Heckonbkux nonynauui MK; B OK curnbHO passuThbl accolnaTuBHble
ceasn mexgy MK ( kak BHyTpeHHue, Tak u ¢ Apyrumu otaenamu OK); UMEoTCH TOPMO3HbIE BCTaBOYHbIE
HelpoHbl; B OK OTCYTCTBYET BbIPaXEHHBIA MOZYMbHLIA MNPUHLMN OpraHu3auuM (M B 3TOM OTHOLLUEHWMM OHa
nogobHa accoumaTuBHLIM 06M1acTsIM HOBOW Kopbl). MocKomnbKy yHKLUMOHANbHAs PONb Pa3HbIX TUMOB HEMPOHOB
W accoumaTtuHbix cBsizeil B OK okoHYaTenbHO He yctaHoBneHa (cm. [9, 11]), npuaaBaemoe MM aBTOpPaMm
Mozenu yHKUMOHANBHOE 3HAYEHWEe HOCUT B OMPEAENeHHOM CTEMEHN NpeanonoxuTENbHbIN XapakTep. Pabota
3aTparuBaet Takxe psg KOHLenTyanbHbIX BONPOCOB OTHOCALMXCS K 06paboTke HdopmaLmn B 060HATENBHON 1
OPYrX CEHCOPHbIX CUCTeMax, MMeHHO: 1) kakum o0bpasom npeacTaBneHa WHGopMauusi B 0BOHATENbHOM
CUCTEME Ha pasHbIX nepapxuyeckux ypoBHsx (peuentophbii, OJ, OK), 2) kakum obpasom gocTUraeTcst TOHKOe
pasnnyeHne 3anaxoB (OTTeHKOB), 3) kakum 00pa3oM HOPMUPYETCS MEXaHW3M peanusauum COOTBETCTBUS
HenpoHoB OK k HOBbIM CIIOXKHBIM 3anaxam, 4) kakum 06pa3om peluaetcst npobnema "kombMHaTOpHOO B3pbiBa".
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Anroput™ ceHCOpHOro o6yu4eHnsi NpopacTaHueMm

B kauecTtBe "MpocTpaHCTBa" KOMbOTEPHOWM MOZenu CryxuTt paboyee none MOHMUTOpa KomnbloTepa. B BepxHen
yacTu akpaHa pacnonaratotcst MK n KK o6oHsTensHON NykoBuLbl. BbIXO4HbIE CUMHAMbI 3TUX OCHOBHBIX HEMPOHOB
OIN dopmupyroTcs B COOTBETCTBUW C anroputmom [1]. B HKHe# YacTu akpaHa pacnonaratoTcsl nupammaHble
knetkn (MK) n BCTaBOYHblE HEWPOHbI NepeaHen NUPUGOPMHON Kopbl. B mogenu peanusoBaHa BO3MOXHOCTb
YCTAHOBKW KaXzom KneTku B NioboM AOCTYMHOM MeCTe aKkpaHa MOHWTOpa. Bes cBoboaHas OT knetok obnactb
npeacTasnseT cobor 30Hy pocTa akcoHOB. Kaxaomy nukceny 30HbI pocTa CrydanHbiM 06pa3oM npuceanBaeTcs
XapaKTepucTuKa, Ha3BaHHas "MNOTHOCTbIO M OTpaxarowas gmsmdeckne cBomnctea cybetpara. Poct akcoHoB MK
1 KK npovcxoamt B pamkax cueHapus paboTbl komnbTepHon mogenm OJ1 [2]. Ha Bxon Mogenu nogaeTcs oauH us
CTUMYMOB YCIOBHOW 060HATENbHON cpefbl (CM.[8]). B OTBET akTUBMPYIOTCS COOTBETCTBYIOLME TOMY CTUMYNY
MK n KK kaxgoro m3 tpex mogenbHbix momynen OJ1. KoHycbl pocTa aKCOHOB aKTMBMPOBAHHBIX KIETOK
NPOM3BOAAT "MOMCKOBBIE" AECTBMUS B NPUNEraloWem K HUM "npoctpaHcTae”. OnpeaenuB nkCen ¢ HauMeHbLUEN
NMNOTHOCTbIO aKCOH NMpopacTaeT B 3TOM HanpaBmneHun. Takum o6pasom, B Cryyae MOBTOPAIOLLETOCS Ha BXOAE
cTMMyna hopmMupyeTcs rpynna OAHOBPEMEHHO MPOpacTaloLLMX akCOHOB OCHOBHbIX HelipoHoB OJ1. Korga oaumH n3
aKCOHOB 9TOWM rpynnbl NPOpacTeT AOCTaTo4HO BnmM3Ko K kakon-nubo u3 ceobogbix MK nupnudopmHOn Kopbl, OH
nonagaet B obnacTb AEHAPUTHOrO AepeBa 3TON KNETKU U B pesynbTate 06pasyeT CMHaNTUYECKUA KOHTaKT C
OOHUM M3 €€ anuKanbHbIX JeHOPUTOB. YcTaHoBMBLLAS KOHTAKT MK HaumHaeT Bbigensate "meamatop”. [Burasico
no rpagueHTy "meamatopa", ocTanbHble pacTyllue aKCOHbl BCTYMawT B KOHTakT ¢ aton xe [K. Mpu
YCTaHOBMEHUM onpegeneHHoro yucna koHtaktoB MK npekpallaeT BblgeneHue "megmartopa”, 3asepluas Tem
cambiM npouecc copmupoBaHusa ceszen ¢ OJl. [lanee, Ha Bxog Mogenu nopaeTcs APyrod CTUMYN W
opmMpyeTCs HOBasi rpynna npopacTalowyX akCOHOB, KOTOpasl YCTAHOBMT KOHTakT ¢ Hosoit K. CornacHo
NPeACTaBMEeHNAM, 3aN0XeHHbIM B MOAenb, Heobxoaumo, ytobel akcoHbl oT MK n KK He cmelwwwsanuch npu
npopacTaHun. IT0 JOCTUraeTCs pasHeCeHWeM BO BPEMEHM NpoLiecca NpopacTaHUst akCOHOB OT pasHbIX TUMOB
HenpoHoB (pa3sHoe Bpems cospeBanus MK u KK). B mogenu nepebimu (kak 1 B OJ1, cm. [9]) npopacTaloT akcoHbl
MUTPanbHbIX KNEeTOK.

Hapsigy ¢ npopactaHuem cassen ot OJfl-cetn k OK, B Moaenu peanun3oBaHo hOpMUPOBAHME rOPU3OHTASBHBIX
cBA3en Mexay pasnuyHbiMu MK, onocpeoBaHHOE BCTABOYHBIMW HEMPOHaMU. Tak, BBEAEHO TOPMOXEHWE MeXay
MK, umerowmmmn ngentnyHole Bxodbl oT KK n3 OJl. Ecnn nocne yctaHoBneHus koHTakta ¢ K npogomkats
nofayy BXOAHOrO CTUMyra, TO aKCOHbI akTueMpoBaHHOW rpynnbl KK HauuHatoT npopactath k gpyron K. B
pesynbTate, nocne ycTaHoBneHns kontakta co stopoi MK, obe nupammaHble knetku ByayT oTBEYaTh Ha OAWH U
TOT Xe BXOAHOM CTUMYN (Takum 0Bpa3oM NpeacTaBUTENBCTBO CROXHOM 3anaxa aybnupyetcsa Heckonbkumm [1K).
Mocne obpasoBaHusi cesaseit O ¢ OK nupammaHble KNeTkM NOCredHen TOXe HauMHAKT npopactath W
YCTaHaBNMBAKT KOHTAKTbl C ORMXaMWMMKU K HUM BCTABOYHbIMM HEMpOHaMU. BCTaBOYHbIE HEMPOHLI, B CBOKO
ouepenb, HanpaBnsioT CBOM aKCOHbI K akTUBUPOBaHHbIM MK 1 ycTaHaBNMBAOT C HUMU TOPMO3HbIE CBA3W. TakuM
obpasom obe 1K okasbiBalOTCs CBA3AHHBIMI APYT C APYrOM TOPMO3HbIMU CBA3SMI Yepe3 BCTABOYHbIE HEMPOHDI.
OTa chopMMpOBaHHAs CBSA3b OCYLLECTBMSET NO CyTU naTepanbHoe TopmoxeHue: u3 asyx (unm 6onee) MK,
NOCTaBMNEHHbIX B COOTBETCTBME OOHOMY W TOMYy e CTUMyny u3 obyyaiowen BblGOpkW, W3bupaTensHo
aKkTueupoBatbes Oyaet Tonbko "cunbHedwas" MK (cchopmupoBasluas 6onblie BX0oAoB). MMpu Bbixoge 3ToM
KNeTKM M3 CTPOs, €€ 3amMeHsieT kneTka-aybnep u T. 4.

CxofHbIN C ONKUCAHHBIM anropuTM peanu3oBaH Takke Mexay Asyms Tunamu MK, nMeHHO, Mexay nonyvatoLumu
Bxogbl 13 mogynen OJl-cet Tonbko ot MK (0BosHaumm ux MK(MK)) u tonbko ot KK (0603Haumm mx MK(KK)).
OpHako TopMoxeHue 3peck ogHoHanpasneHHoe: MK(KK), Topmosut MK(MK). OpraHusoBaHHoe Takum 06pasom
TOPMOXEHWEe MO3BONMNO  peanu3oBaTtb anroputM  ¢opmupoBaHus HobiX K nuMpudhopMHOM  Kopbl,
(OYHKLMOHMPYIOLLMIA NOCNe 3aBepLueHns "oHToreHesa". VIMeHHO, npu nogadve Ha BXof yxe ChopMUPOBaHHON
MOJEenu HOBOro HesHakomoro 3anaxa Hu opHa w3 [IK(KK) He cooTBeTcTByeT aTOMy 3anaxy (MOCKOMbKY
otcyteTBytoT K ¢ Takum HoBbIM coveTaHneM BxogoB oT KK), n Takum obpasom cpeam atux MK akTuBMpOBaHHbIX
He Oyger. B 10 xe Bpems, [K(MK), cooteeTcTBylOWME OTOENMbHLIM KOMMOHEHTaM [aHHOro 3anaxa,
aKTUBMPYIOTCS U HE UCTIbITLIBAKOT TOPMOXeHnst co cTopoHbl MK(KK). Takum obpasom, MK(MK) sienstotcs B OK
"HeipoHamn HouaHbl". 3Tn MK(MK) B kommnbloTepHOM Modenu casasaHbl Bo3Gyxgatowmm nytem ¢ [K ewe
OZHOrO TUNa, KOTOPbIE HA30BEM "BHYTPEHHUMK". MocneaHne umetoT Bo3OyxaaroLme BXoabl OT "3MOLMOHANBbHOM
CMCTEMbI" 1 MOCBINAKT CBOM aKCOHbI K cBOBOAHbIM [1K, He umetowmm Hukakux cesseit ¢ OJ1. Mpu Hanuumm
aktueHocTh oT MK(MK), a Takxe oT "aMoLMoHanbHOrO" Bxofda, NOATBEPXAAOLLEro BaXHOCTb JaHHOrO 3anaxa,
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BHyTpeHHsAs [K Bo3byxgaet ceobogHyto MK, 3ta ceobogHas MK HaunHaeT BblgensaTb "Meauatop" U akCoHbl
KMCTOUKOBbIX KneTok OJl, aKTMBMPOBAHHBIX BXOAHBIM CTUMYNOM, NpopacTalwT K aaHHoi ceobopHon K,
HanpaBnsemMble rpagueHTom "Meaumatopa”. Takum obpa3om [aHHOMY HOBOMY 3amaxy CTaBUTCS B COOTBETCTBUE
HekoTopast cBobogHas [IK w  copmupyeTcs peanuayiowmin 370 COOTBETCTBME MeEXaHW3M (B Buae
KOHBEPrMpyHLMX Ha 3Toit MK akcOHOB OT HOBOTO aKTMBMPOBAHHOTO COYETaHMsI KUCTOUKOBBIX kneTok OJl-ceTn),
HOBbII 3anax "nepeBOAMTCS B pa3psid 3HakombIx". [Mpu MOCTYNNEHWM Opyroro HEe3HaKoMOro 3anaxa npouecc
NOBTOPSIETCS, 1 B COOTBETCTBME APYroMy HOBOMY 3anaxy ctaButcs apyras csobogHas K.

lMockonbky B onuceiBaemoit mogenu OJ1-OK oTcyTcTBYET MOAenb 3MOLMOHANBHON CUCTEMbI, POb NOCMeAHeN
BbIMOMHSETCS  3KCMepuMeHTaTopoM. YTo kacaetcs Guomnormyeckoro npoToTMna MexaHu3ma BOBMEYEHUS
9MOLIMOHANbHOW CUCTEMbI, TO NPeamnonaraeTcs, Y4To NOCMEAHIO aKTUBMUPYIOT "HEMPOHbI HOBW3HBI", TO eCTb
MK(MK), akTvBuMpytoLLMecs TOMNbKO Npu NPeAbsBeHMM HOBOro 3anaxa; Bxodbl, mogyrupyowme OK u Ofl u
SBMSIOLLMECS NPOTOTUMNOM BXOLOB OT 3MOLMOHANBHON CUCTEMbI, NOKasaHbl (cm.[9,11]).

Pe3yanaTb| JKCNepuMeHTpoBaHusa ¢ MOA4enbHo, chym.quMe 1 BbiBOAbI

B akcnepumeHTax B nepeByld ouvepedb u3yyanocb ceoitctBo mogerm OK crasutb MK B cooTBeTCTBME
npeobsiBNsSeMbIM 3anaxaMm W nposepsnack cnocobHoctb  atux K m3bupatenbHo pearnpoBaTb  Ha
npeabsBnseMble 3anaxu BUPTYyanbHOM OOOHATENbHOM cpedbl. [ns aToro opmupoBancs onpeneneHHbIn
HebonbLwoN Habop 3anaxoB BUPTYanbHOW Cpedbl M MoaaBancs Ha Bxo4 mogenu. Mogenb nepesogunacb B
pexum obyyeHnst npopactaHuem. [locne 3aBeplieHns dopmuposaHust cessein MK u KK ¢ K, mogens
NepeBoaMnach B PeXuM OMo3HaHMS CTUMYNOB. B pexume ono3HaHMs Ha BXogbl OOOHATENbHbIX PELENTOPHbIX
KNeToK NoAaBancs TECTUPYIOLWMIA 3anax W PerucTpupoBanach peakuus nupamuaHblx Knetok mopenu. Mogenb
nposiBNsAna cregyoline BapuaHTbl 0TBETOB. ECnM nopasancs OAMH M3 3anaxos, BXOAMBLUMIA B 0By4aroLLmi
Habop, TO Bcerga akTuempoBanack Tonbko ogHa 13 MK(KK). Ecnm ctmyn oTnuyancs ot cTumMynoB obyyaroLero
MHOXeCTBa, To cpabatbiBana nnbo ogHa u3 MK(KK), nnbo cpabateiBanu 0T 0aHOM 40 YeTbipex (B 3aBUCMMOCTH
OT KONM4eCTBa KOMMOHEHT, cocTaBnsowwx 3anax) MK(MK); nHoraa He aktusmpoBanack Hu ogHa u3 K.

W3meHeHre obyvarolero Habopa 3anaxoB NPUBOAMIIO K M3MEHEHMIO TOMOMOMMM aKTUBMPYHOLLMXCS KneTok. Mpu
9TOM BapWaHTbl PearpoBaHNst MOZENW He U3MEHSNUCb. AHanNW3 BapuaHTOB OTBETOB MOZENW Ha TECTOBblE
ctumynbl nokasan, yto TMK(KK), cpabatbiatoTr B TOM criyyae, korga TeCTOBbIA CTUMYN MO KOMMOHEHTHOMY
COCTaBY W KOHLEHTPALMAM KOMMOHEHT nonagjaeT B OAMH W3 AMana30HOB, XapakTepHbIX AN CTUMYNOB W3
obyyatowero mHoxecTsa. MK(MK), cpabaTbiBatoT Toraa, koraa BXO4HOW CTUMYI He MonagaeT no KOMMOHEHTHOMY
COCTaBy (COYETaHWMKO) UMK MO COOTHOLLEHWIO KOHLIEHTPALWMM KOMMOHEHT (OTTEHKY) HW B OOWH M3 AMana3oHOB
oOyyaroLlero MHOXecTBa (TO €CTb, CTUMYIT OMO3HAETCS MOLENb0 KaK He3HakoMbIn, HOBbIA). Hu ogHa MK He
aKTMBMpYETCS B TOM Crydyae, Korfa nofaeTcs CTUMYI, COCTOSLUMA M3 KOMNOHEHT, Ha KOTOpble He pearupyeT Hu
OOUH U3 TUMOB 0OOHSTENBHBIX PELENTOPHBIX KNeTok Mogeni (cM. [7]). OTmeTum 3aech, YTo HelpoHbl Ofl-cetn
(MK v KK) He akT1BMpYOTCS TOMNbKO B NOCNEAHEM BapuaHTe.

[ns n3yyeHns cnocobHOCTN Moaenm k oby4eHnto ono3HaBaTh "HOBbIE" CTUMYIIbI BUPTYarnbHOW Cpedbl Ha BXO4
noaaBancs CTUMYN Takoro KOMNOHEHTHOMO COCTaBa, YTobbl Habntoaancs BTOPON BapuaHT OTBETA, TO €CTb YTOObI
aktvempoBammce  Tonbko [IK(MK). 3atem nogaBanack akTMBHOCTb  OT  "3MOLMOHANBHOM  CUCTEMbI",
noaTeepkaaroLlas BaxHOCTb cTuMmyna ang mogenu. Cpasy nocne 9Toro Habnogancs pocT akCOHOB OT
akTueupoBaHHbIX KK B ctopoHy OK. lMocrne HekoToporo Konuyectsa MOBTOPEHUA JAHHOO BXOAHOMO CTUMYyna
HauMHana aKkTMBMPOBATLCS, B OTBET, 0AHa 13 "Monyasmx" go atoro MK. Mpu aTom Bu3yansHo Habnoganack Ha
9TON KNeTKe KOHBEPreHuUs npopacTatolyMx aKkcoHOB. Tenmepb Npu nogave CTUMyMa, aHarorMyHoro Mo
KOMMOHEHTHOMY COCTaBYy BHOBb 3anOMHeHHOMY, Bcerga oteevana Hosas [1K, a MK(MK) npekpawjanm yepes
HekoTopoe Bpemst paboTbl MOAENW akTUBMPOBATLCS B OTBET HA JaHHbIA CTUMYN — TO €CTb, 3aTOPMaxuBanmch
(hOPMUPYIOLLMMICH  COOTBETCTBYIOLAMM  TOPMO3HbIMM  CBA3AMU.  Takum 0Bpa3om Mogenb nepesBoauna

"He3HaKOMbI" HOBbIN CTUMYN B pa3psg, "3HaKOMbIX".

[ns oLeHKN BO3MOXHOCTW TOHKOTO pasnuyeHnss OAHOPOAHBIX 3anaxoB (OTTEHKOB) BUPTYanbHON 0BOHSATENbHOM
cpeabl Obln NpoBedeH CreaytoLMin aKCNepUMEHT ¢ Mogenblo. B cepum onbITOB Ha BXO4 MOZenW nogasancs
CNoxHblr ctumyn  "abcfghlmn” nmpy  onTumanbHoi "ckopocTW noToka Bo3amyxa"'. KOMMOHEHTHI CTMMYyna
nogbupanuce Takum obpasom, 4Tobbl BO3Byxaanuch BCe TUMbl OOOHATENBHBIX PELENTOPHbIX KNETOK MOLENN.

Ha koMmnoHeHTbI "a", "B" 1 "¢" pearnpyeT nepsbIi TUN peLenTopHbIX KNneTok Mogenu, Ha "f", "g", "h" — BTOpon, Ha

m" 1 "n" — TPeTWU; YeTBEPTLIA TUN PELLENTOPHbIX KETOK COOTBETCTBYET B MOAENM napaMeTpy "CKOpOCTb
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noToKa BO3ayxa". B kaxgon cepum n3aMeHsAnach TOMNbKO KOHLEHTPALWS KOMIOHEHT cTuMyna. Beero npeabsasneHo
27 COYeTaHMn KOHLEHTpauuiA (To ecTb, 27 OTTEHKOB CIOXHOTO OOHOPOAHOrO 3anaxa). B oTBeT Ha kaxmoe
npeabsBreHne ctumyna peructpuposanoch Bo3byxaeHne KK kaxgoro mogyns B OJl-cetu u MK B OK-ceTu.
PesynbTathl aKcnepumeHTa npeactasneHbl B Tabmuue 1. Kak BuaHO w3 Tabmuupl, B nepBoM Moayne
aKTUBMPOBANUCh KIETKK KK1234, KK134, KK124, KK14, BO BTOPOM — KK1234, KK234, KK124, KK24, B TPETbEM — KK1234,
KK134, KK23s, KK34. MOXHO BUOETD, UTO KaXas U3 9TX KNETOK MOyns COOTBETCTBOBANa Heckonbkim (0T 3 Ao 11)
OTTEHKaM. B TO e Bpemsi, KaxaoMmy u3 27 OTTEHKOB BXOAHOrO CTUMYyNa COOTBETCTBOBANa aKTUBHOCTb TOSBKO
ogHoit onpeaenenHoi MK. Takum obpasom Mogens NPoAeMOHCTpUpOBana CnocobHOCTb K TOHKOMY pasfinyeHuio
OTTEHKOB CIOXHOr0 3anaxa.

MpoBoannack oueHka paboTocnocobHoCTM Moaenu npu noepexaeHun Hekotopbix K. B atoir cepum
9KCMEPUMEHTOB BpeMs MpeabsBreHns obydvalowmux CTUMYNOB yBenuuMBanu Tak, 4Tobbl obecneunTb
opmmupoBanne 3-4 pybrmpytowmx K, oTBEYalOWMX Ha WOEHTWUYHble BXOAHbIE CTUMYMbl. TecTUpOBaHWe
rnokasano, YTo B 3TOM Cryyae MpW yaaneHun Kakoi-nubo aktmeupytowencs 3anaxom (K (B mogenu Takas
BO3MOXHOCTb NpeycMOTpeHa) eé 3ameHsana knetka —gybnep, npu BbiBOAe M3 CTpos  KneTku-gybnepa eé
3amellana cnegyowas knetka-gybnép. Takum obpa3om Mogenb NpoAEeMOHCTPUPOBana BbICOKYH0 HafeXHOCTb
paboTbl Npu noepexaeHnn nupamuaHsix knetok OK.

C uerbto onpeaeneHns NoporoBbIX KOHLEHTPaLMIA BXOAHbIX CTUMYNOB AN nupamuaHblx knetok OK mogenu Ha
BXO4 nogasancs ctumyn "c" npu onTUManbHOM "CKOPOCTM MoToka Bosgyxa". [pu 3TOM ero KOHLEeHTpauus
MOCTENEHHO MOHMXanacb. PuKCMpOBanM KOHLEHTpauuio, npu KOTopon cooTeeTcTayrowan MK npekpaiiana
aKTUBMpOBaTLCS. 3aTeM aHanoruyHble 3KCNepUMEHTLI NPOBOAMIMCH CO CTUMynamm "ch" u "chl”, T0 ecTb, co
CTUMyNamu, OXBaTbIBAKLWMMK ABA M TPW TUNA OBOHATENBHBIX PELENTOPHBIX KNETOK. JCNepuMEHTbI nokasasnu,
4To Ana "c" noporoeasi koHUeHTpaums coctaenseT 20% oT onTumansHon, Ans "ch" — 25,7%, ans "chl" - 34,3%.

ToectbC yBENn4eHMeM CrioXXHOCTu CTUMyna noporosasa KOHUEHTpauusa paCTéT.

OuenvBanacs cnocobHocTn mogenn OK  "nmposiBnsath” ncuxouanyeckue (heHOMEHbI, XapaKTepHble A/s
0DOHsHWSA, Takue Kak CrvsiHMe 3anaxoB, nodaBneHne craboro 3anaxa CWnbHbIM, W3MEHEHWE 3anaxa npu ero
ANUTENBHOM BOCTPUSTUAN, NPWU YMEHbLUEHUM KOHLETpaLuun 3anaxa B LEenoM U ero OTAenbHbIX KOMMOHEHT.
AHanu3 nokasan, 4to oteeT [MK nupucopmHON Kopbl Obin  yHMBEPCANbHbIM — MpOMCXOAMNa CMeHa
akTumposaHHbIx [1K. Mpumep Takol cMeHbl akTMBMpoBaHHbIX MK Npy yMEHbLIEHNN KOHLIEHTPALMWN KOMMNOHEHTbI
NepBoii rpynnbl B NPEAbABISEMOM CTUMYNe npeacTasneH B Tabnuue 1: cHavana aktusuposanack K16, satem
- MK30, 3atem - [K20. Kpome TOro, Modenb BOCMPOM3BOAMT XOPOLIO WM3BECTHbIA (HEHOMEH MPUBbLIKAHWA K
3anaxy (agantayus).

lpoBeaeHo cpaBHeHne konuyecTsa MK nMpuchopmMHOI Kopb!, POPMUPYIOLLMXCA B MOAEM "nyTeM npopacTtaHus”
Npu NPeABbSABEHNN TON YaCTW BUPTYanbHOW Cpeapl, KOTOpas COCTaBNSET OBOHATENbHYID 3KOMOMMYECKYHD HULLY
Mogenu, ¢ Tem konudectsom MK, koTopoe Morno Obl NPeAcTaBnsATb BCE TEOPETUYECKM BO3MOXHbIE 3anaxu (1
OTTEHKW) BUPTYanbHO cpedbl. B BbIGOpKy 3anaxoB, COCTABASAIOLWMX BUPTYaNbHYHO 3KOMOTMYECKYH) HULLY, BOLLN
yeTbIpe 3anaxa (MM COOTBETCTBYIOT 4 TUMa PELENTOPHbIX KNeTok 1 4 MK B kaxxgom mogyne ) v BCe COMeTaHuMs 13
aTux 3anaxoB (11) — BCe OHM NpefcTaBneHbl B Kaxaom 13 Tpex mogynen OJl-cetn ogHoumeHHbIMmM KK, a Takke
27 OTTEHKOB 3TUX 3amaxoB — KaXAblil U3 HUX MpeAcTaBneH onpefeneHHbIM coveTaHnem 3-x KK (no ogHoi
onpegenenHon KK wn3 kaxgoro mogyns; OHM npuBedeHbl B Tabnuue 1). MMpu cOCTaBneHMM OTTEHKOB
YUYMTbIBANOCL YCNOBME HEOBXOOMMOCTM HAANOPOrOBOW KOHUEHTPaLMM KOMMOHEHT, BXOAAWMX B obnacTb
pearmpoBaHu1s 0BOHSATENbHBIX pPeLenTopHbx knetok. Mocne obyveHns npopactaHnem copmuposanack OK-
ceTb, coctoswas u3 93 MK, nonyyatowwmx Bxogel o1 KK, n 10 MK, nonyyatowwmx exogsl ot MK. Takum obpasom
oKasanocb, YT0 AN npeacTaBneHus BUPTyarnbHOW akornorudeckon Huwu B OK goctatouHo 103 nupamuiHbIx
KneToK. B TO e Bpems, YACNO BCEX TEOPETUYECKM BO3MOXHbLIX coveTaHWi n3 KK Tpex mogynen Mogenu MHOro
Gornbluee. PacyeT, npoBeaeHHbIN N0 M3BECTHBIM hopMynaM codeTaHuin u3 N aneMeHToB no 'm", gan uucno
10112. Takum obpa3som, chopMUPOBaHHasi B "OHTOreHese" B CTPOrO SKOMOTMYECKON HULIE MOAENb Ono3HaeT 93
3anaxa (c oTTeHkamu); u3 octanbHbIX (10112-93=10019) TeopeTnyecku BO3MOXHbBIX 3amaxoB Kaxabli, Oygyun
npeabsBneHHbIM, He 0no3HaéTea kak uenoe (cootsetcTsylowue MK otcyTcTtBytoT), HO npu atom B Ofl- cetu
aKTUBMpYeTCs COOTBETCTBYHLLEE TONbKO eMy onpefeneHHoe covetaHme u3 KK tpex mogynen. Takum obpasom,
OlN-ceTb BbICTYNaeT Ans HOBbIX HE3HAKOMbIX 3amaxoB B BMAE CBOEro poda Kanempockona: BCE BO3MOXHbIE
KapTUHbI B Kaneigockone MoryT ObiTb BUAUMBI (BOCMPUHUMAIOTCS, OLLYLLAKTCS), OAHAKO, NPAKTUYECKN Kaxaas
W3 HWUX He OMo3HaeTcs Kak "3Hakomoe Lenoe", To ecTb, MMEeT MeCTO (DEHOMEH "BWXKY, HO He Ono3Har".



22 1.1. Conceptual Modelling of Thinking

[ins onosHaHMs 3TUX HE3HAKOMbIX 3aMaxoB, KaK 3HaKOMbIX e4uHUL, HeobXxoaumo, YTOObI Bbinn 4ONONHUTENBHO
chopmmpoBaHbl B OK Hoeble 1K, COOTBETCTBYIOLME STUM KapTUHAM KaK LieNbIM eanH1Lam.

ABTOpbI HaxofsT B Bblle MPUBEOEHHOW TPAKTOBKE (PeHOMEHa "BMXY, HO He Omno3Haw", (MpOSBISIEMOro U
OPYTMMU CEHCOPHBLIMM CUCTEMaMM) peLleHne "npobnembl KOMOMHATOPHOMO B3pbIBA". B TO e Bpems, B CBA3M C
TakuM NOHWUMaHWeM paboTbl OBOHATENBbHOM CUCTEMbI, BO3HMKAET MHTPUTYIOWMA BOMPOC, HE WMEKWMA Noka
0TBeTa, Kakum 0Bpa3oM MO3r "MLLEeNKN" MrHOBEHHO 3amMOMWHAET HOBbIA HE3HAKOMbIA 3anax U 3aTeM Ono3HaeT
ero B nocregytowmx npobax Bosgyxa. [lo-sugumomy, 3TOT npouecc AormkeH obecneymsaTtbcs B OCHOBHOM
MexaHu3Mamu KpaTKOBPEMEHHON MaMSTI U CofepKaTb KOMMNapaTopHYK COCTaBASIOLLY!O.

Ta6nv|ua 1. OnosHaHue CnoXHOro 3anaxa Nnpu N3MEHEHNN KOHLI,GHTpaLI,I/IVI KOMMOHEHTOB CMNOXHOro 3anaxa

KoHLEeHTpaumst KOMMNOHEHTOB AKTMBMPOBaHHbIE
BXOZHOrO CTUMYNa OTHOCUTENbHO |  AKTWBMPOBAHHbIE KMCTOYKOBbIE KNETKA | MUPaMUAHBIE KNETKM
TMNOB OBOHATENBHBIX on
peLenTopoB NoNe
Tunbl peLenTopos Mogaynb Mogynb Mogaynb

1 2 3 4 I Il 11}
B B B B KK1234 KK1234 KK1234 K16
B C B B KK1234 KK1234 KK134 K67
B H B B KK134 KK1234 KK134 K27
C B B B KK1234 KK234 KK1234 K30
C C B B KKi1234 KK234 KK134 M1K43
C H B B KK134 KK234 KK134 K8
H B B B KK1234 KK234 KK234 K20
H C B B KK1234 KK234 KKs4 K26
H H B B KK134 KK234 KKs4 MK12
B B C B KK124 KK1234 KK1234 K37
B C C B KK124 KK1234 KK134 K14
B H C B KK14 KK1234 KK134 K64
C B C B KK124 KK234 KK1234 K23
C C C B KK124 KK234 KK134 MK1
C H C B KKi14 KK234 KK134 K32
H B C B KK124 KK234 KK234 K38
H C C B KK124 KK234 KKs4 K42
H H C B KK14 KK234 KKs4 K5
B B H B KK124 KK124 KK1234 K15
B C H B KK124 KK124 KK134 MK19
B H H B KK14 KKi124 KK134 K29
C B H B KK124 KK24 KK1234 K18
C C H B KK124 KKa4 KK134 K28
C H H B KK14 KK24 KK134 K57
H B H B KK124 KK24 KK234 K4
H C H B KK124 KK24 KKs4 K22
H H H B KK14 KKa4 KKs4 K31

MpumeyaHve. B — Bbicokas koHUEHTpaumsi, C — cpeaHsist KoHUeHTpauus, H — Hu3kasi KOHLEHTpaLus.
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MATHEMATICAL AND COMPUTER MODELLING AND RESEARCH
OF COGNITIVE PROCESSES IN HUMAN BRAIN.
PART I. SYSTEM COMPOSITIONAL APPROACH TO MODELLING AND RESEARCH
OF NATURAL HIERARCHICAL NEURON NETWORKS.
DEVELOPMENT OF COMPUTER TOOLS

Yuriy A. Byelov, Sergiy V. Tkachuk, Roman V. lamborak

Abstract: System compositional approach to modelling and research of informational processes, which take
place in biological hierarchical neuron networks, is being discussed. A number of computer tools have been
successfully developed for solution of tasks from this domain. A raw of computational experiments, investigating
the work of these tools for olfactory bulb model, has been conducted. The common-known psycho-physical
phenomena have been reproduced in experiments.

Keywords: system compositional approach, mathematical and computer modelling, elementary sensorium,
hierarchical neuron networks, computer tools, olfactory bulb.

Introduction

Physics, mathematics and modern computer sciences are universally recognized instruments for research of
complex processes and phenomena of the real world. In addition to traditional research domains of these
sciences more and more disciplines are being involved into their sphere of interest. In scientific literature
dedicated to interdisciplinary research the expression “mathematical and/or computer model” occupies the most
prominent place.
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Recently a lot of scientific researches have been conducted, where those phenomena and processes are
investigated, which have never been involved into the sphere of physico-mathematical and computer
applications. The tendency to formalization appears especially in those knowledge domains, where a direct
experiment giving the possibility to collect reasonably complete and objective information about the reality under
research is practically impossible. It is commonly known that e.g. neuron sciences occupy one of the leading
places in modern biology by the number of physicians, mathematicians and computer science specialists
involved, competing with molecular biology, genetics and biotechnologies. While by complexity of appearing
interdisciplinary problems neuron sciences even leave others behind.

Fast accumulation of enormous amount of experimental data, especially in the last decades of twentieth century
and the beginning of a new century prepared a foundation for trying to develop (on a basis of modern
imaginations and possibilities) a new concept concerning the natural mechanisms of recognition, memory and
purposeful thinking. Also alternative approaches exist, which are dictated by queries of both fundamental and
modern practical medicine and by search of new non-traditional ways of “intellectual” technics creation.

The idea, that theoretical constructions can appear only on a basis of wide experimental material reflecting the
subject under investigation completely, is still popular in the scientific society. However, the history of natural
science from one hand does not prove this concept, and from the other hand numerous examples urge as to
think, that the motivating incentive for development and creation of a new concept is usually a limited set of
fundamental facts. Though, the experiment without any doubts feeds theoretical constructions and serves as a
foundation for a future theory. It is worth to underline, that similarly to the theory, which is supported with
experimental facts, the experiment carries useful information only if it is being conducted according to a specific
theoretical concept.

In the present paper we are interested with questions of mathematical modelling and research of cognitive
processes inside the human brain. For this matter computer tools are introduced and discussed. While being
created, they were oriented first of all to networks with complex architecture, namely non-linear hierarchical
neuron networks of interacting neurons and neuron assemblies (which are created in turn from simpler neuron
networks), generally speaking, with taking into account energy dissipation. The last circumstance, as it is known,
lets us to respect and model very important aspects affiliated with self-organization. It is worth to underline that
we will research and model multilevel hierarchical neuron networks with forward (ascending, aggregating),
backward (descending, decomposition) and circular (parallel, positive and negative) connections. At that we will
operate with so-called typical structures, from which, probably, the complex brain-like structures (e.g. memory),
generally speaking, of large dimension are constructed. We hope that developed in cooperation with our
colleagues [1,2] approach will help to achieve dipper understanding of human’s nature and brain activity. Need for
research and modelling of such neuron networks with complex architecture appears when solving the tasks of
multilevel information processing inside the brain and for computer modelling, complex behavior, decision
making, etc.

At the present moment we ought to ascertain, that existing experimental data and imaginations concerning the
neuron activity characteristics and interaction principles have not yet led to complete understanding of such
information processing procedures as memorization, recognition, thinking, etc., inside the brain. The mechanisms
concerning the functioning of attention, distinction of unconscious and conscious psychical processes, impact of
emotions, etc. are still not explained.

Mathematical Model of Elementary Sensorium: Basic Notions

Under the neuron model of sensorium we will further understand a model, consisting of neurons and synapses,
which incorporate a complex hierarchical network structure (generally speaking, of high dimension) of interacting
neurons and neuron assemblies. Synapse will be regarded as a connection between two neurons. Neurons and
synapses will be considered atomic.

Neurons are connected with each other by means of synapses. In turn, synapses and neurons are connected
with pre- and postsynaptic membranes. If a pathway of a signal transmission is from a neuron to synapse, then
the membrane is called presynaptic, if a signal is transmitted in opposite direction, then the membrane is called
postsynaptic.
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Regard the representation of sensory (non-verbal) information inside the brain. Let's consider, taking into account
[3], that:

1. there is a model of outside world in the brain (neuron engram);
2. information about sensory environment is transmitted into the brain being encrypted by sensory systems;

3. the model of sensory environment is represented with sensory systems with their over-modal level (neuron
model);

4. basic units of neuron system, neurons, correspond to the objects of outside environment;
5. objects of sensory environment effect the neuron model;
6. changes inside the model - “informational processes inside the sensory brain part’

The Main Basic Elements and Compositions of the Model of Elementary Sensorium

Let us pay more attention to the discussion of the main basic notions and elements as well as of the compositions
of the model of elementary sensorium.

The model consists of synaptic levels (SL). There are symbol and quasi-symbol neurons (SN and QSN) on every
synaptic level, which form respectively symbol and quasi-symbol fields. The main difference between symbol and
quasi-symbol neurons is in what functions they perform and how their activity is being interpreted, though both
have a similar structure. Symbol neurons correspond to a particular object as a whole. Those quasi-symbol
neurons, which are connected by positive backward links with some symbol neuron, represent properties of
separate object, to which the symbol neuron corresponds. On a higher hierarchical level they are located, a more
complex object (and its more complex properties) they represent [2]. Symbol and quasi-symbol neurons in
aggregate will be defined as principal.

Let us define symbol neurons SL-0 as receptors. It is possible, that on every level both symbol and quasi-symbol
neurons exist. The only exception from this rule is SL-0 — the level of receptor neurons. This particular level does
not contain quasi-symbol neurons. Receptor neurons correspond to indecomposable elementary objects, by
which the system of generative properties of high-order symbol neurons SL is defined. Receptors are symbol
neurons themselves.

Let us distinguish separately quasi-symbol neurons SL-1. They will be defined as quasi-receptor neurons, as long
as they duplicate receptor neurons [2]. The set of quasi-receptor neurons will be denoted as quasi-receptor field.

Inside the model symbol and quasi-symbol neurons are organized into basic structures (BS), which form a
hierarchical neuron network. The notion of basic structure is introduced based on neuron structures defined in
[2-3]. Every basic structure is defined by some symbol neuron, which is located, for determinacy, on SL-i. This
neuron will be defined as determinative for BS. BS consists of the determinative neuron N itself, the set of quasi-
symbol neurons K; on SL-i, which have positive forward and backward connections with SN N, the set of symbol
neurons Sis from SL- i-1, whose axons converge into the determinative for BS symbol neuron. Also all synapses
and inserted neurons, by which a connection between N and Ki, N and S, K; and S+ is realized, belong to the
basic structure. Aforementioned basic structure will be defined as BS corresponding to the neuron N.

It is worth to underline, that the neuron network, which is not provided with mechanisms for new BS creation,
cannot be trained for recognition of new objects. It is capable to recognize only those objects, for which
corresponding symbol neurons exist.

Further the principal parts of basic structures’ components will be defined.

Let us consider the i-th synaptic level. A symbol group corresponds to each SN. Let us define the symbol group of
the determinative neuron of the i-th synaptic level as a part of corresponding BS, which consists of quasi-symbol
neurons, synapses, inserted neurons and synapses, which belong to the j-th synaptic level and mediate
connections between the symbol neuron and corresponding to it quasi-symbol neurons. It is worth to stress,
that the connections of the symbol neuron with other symbol neurons from the same SL are not included here.

Let us define a notion of converging group for the symbol neuron N from SL-i. This group is formed with symbol
neurons from SL- i-1, which alter, most often indirectly via synapses and inserted neurons, the state of N (i.e.
alter its membrane potential), and also with all intermediate neurons and synapses, i.e. neurons whose exit
signals are entrance signals for N. Note, that even though this influence can be mediated with other neurons,
it cannot be mediated with other principal neurons.
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A notion of type of the neuron and single-type neurons is very important. Non-formally, the neurons are single-
type neurons if they react to equal by quality entrance incentives. Let us introduce formal notions. Let us define a
notion of type of a neuron for symbol neurons. On SL-0 the types of neurons are given as initial characteristics of
the network and are taken from some set of elementary types. This set will be denoted as RT. For SL-i (i > 1) the
notion is given inductively. Let us consider the symbol neuron N from SL-i. Let the symbol neurons from the
converging group of neuron N have types t, f,,...,t.. Then the type of neuron N by definition is {trxo tau... Ut}
The type of quasi-symbol neuron is defined with the types of symbol neurons, whose exit signals are entrance
signals for the considered quasi-symbol neuron. It is worth to underline, that inside the model the types of these
neurons coincide. Two neurons are single-type neurons, if their types coincide. Obviously the uniformity relation
of neurons is equivalence relation.

Based on the paper [4] as well as on papers [1,2] for more precise modelling it is worth to take into account, that
before the impulses of single-type symbol neurons reach the target symbol neuron from the next level, the initial
signals will undergo some modifications, while passing through the inserted neurons and the raw of synapses. At
the same time, the signals from single-type neurons are capable to interact independently on the signals of
neurons of other types. As a result a notion of uniform converging group will be introduced. Its definition is just the
same as one of converging group with a single difference, that uniform converging group comprises those and
only those neurons of converging group from SL-i-1, which are single-type neurons. Consequently, for the symbol
neuron its converging group is decomposable into a set of uniform converging groups. It is worth to say, that
there is a particular set of synapses and neurons, by which the uniform converging groups interact. At the same
time these neurons and synapses are not themselves included into any uniform converging group.

A projective group of quasi-symbol neuron N from SL-i is a set of neurons and synapses, which consists of quasi-
symbol neuron N, single-type symbol neutrons from SL-i-1, whose exits are entrances of N, and also synapses
and inserted neurons, by which these connections are mediated.

A descending group of quasi-symbol neuron Ny from SL-i is formed with neuron Nitself, all quasi-symbol neurons
from SL-i-1 accepting the input (possible indirectly) from Ni without intermediate principal neurons, and also all
intermediate neurons and synapses (if any). Note, that descending groups appear for neurons on SL-i for j > 2,
as long as quasi-symbol neurons appear starting from SL-1.

Horizontal pair of symbol neuron Ns from SL-i is a neuron N’ from SL-i, N itself, to which a signal is passed from
Ns’ without other intermediate principal neurons. All synapses and inserted neurons, through which the signal is
passed from N’ to Ns belong to horizontal pair as well. A notion of horizontal co-pair is analogical to one of
horizontal pair with a single difference that N is not a receptor but a source of a signal.

A horizontal group of symbol neuron N is a union of all its horizontal pairs.
A horizontal co-group of symbol neuron N is a union of all its horizontal co-pairs.

Basic Properties of Notions Introduced for Elementary Sensorium

Taking into account neuro-physiological data [4] particular relations should hold between uniform converging
groups, projective groups and symbol group. Let us define them formally. Consider a symbol neuron N from SL-i.
Let Ni be a quasi-symbol neuron, which belongs to a symbol group of neuron Ns. By definition for aforementioned
notations the following condition hold:

UCP1. Let n;,n,,...,n be a set S of all symbol neurons, which are included into projective group of quasi-
symbol neuron N, on SL-i. Then S coincides with a set of all neurons SL-i-1, which belong to a particular
uniform converging group of the symbol neuron N . At the same time N, is included into the symbol group of
N, . The opposite assertion holds as well. The set of symbol neurons S from SL-i-1 of some uniform converging
group N, coincides with a set of symbol neurons, for which such quasi-symbol neuron N, exists, that S is a set

of symbol neurons of the projective group N, , while N itself belongs to the symbol group of N . A projective

group with a set of symbol neurons S and a uniform converging group with a set of symbol neurons S on SL-i-1
will be defined as corresponding.

UCP2. Vertebrates have the following property for some sensory systems, in particular for olfactory system [4]:
often in the corresponding uniform converging and projective groups intermediate elements between the set S
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and target symbol and quasi-symbol neurons are equal. Only the neuron sprouts, diverging at the exit, are
different. Some of them enter the symbol neuron, others — quasi-symbol. Further such corresponding groups will
be referenced as adjacent. Note, that inside the olfactory bulb (OB) exactly the adjacent projective and uniform
converging groups take place.

Let us specify a property, which connects uniform converging and descending groups (UCD1). Let two single-

type symbol neurons NS1 and st from SL-i-1 belong to the converging group of the symbol neuron N from
SL-i. These neurons belong to the same projective group of some quasi-symbol neuron N, (see UCP1). Let

quasi-symbol neurons N, ,..., N, and Nfll,..., N,f’n (and only they) belong to symbol groups N and

k,m
NS2 . Then these neurons belong to the descending group of the quasi-symbol neuron N, . Let us define the part
of descending group of neuron N, , which consists of quasi-symbol neurons Ni,p---, Nli,m and intermediate

synapses and neurons, by which N il N_  are connected with N, , as descending symbol subgroup of

k,m
the descending group of quasi-symbol neuron N, corresponding to the symbol neuron N . Defined property is
a generalization of some results from the paper [4].

Correspondence of the Sensorium’s Conceptual Basis for the Olfactory Bulb

Let us give a description of the symbol group presenting in the neuron network described in [4]. Tufted cell (TC)
represents a symbol neuron. Mitral cells (MC), which correspond to TC, represent the quasi-symbol neurons,
while signal transmission is mediated with a granule cell.

Converging group cannot be described with a simplest case in the OB. Synaptic connections; so-called olfactory
zones (OZ) are located between receptors (SL-0) and tufted and mitral cells (SL-1). They interact via inter-
glomerular cells. Also inside OZ a pre-synaptic inhibition takes place. l.e. in general the converging groups on SL-
1 inside OB are much more complex than the simplest case. This is a description of the converging group inside
OB on SL-1 for the tufted cell [4].

Inside OB the uniform converging groups are strictly described — there are tufted cell N, some OZ and also all

receptive neurons, whose axons are connected with this OZ. There are also some additional connections
between different OZ, which belong to the converging group N - this interaction takes place via inter-glomerular

cells. Thus, this fact reveals additional connections between uniform converging groups, which were mentioned
above [4].

Regard the horizontal groups and co-groups presenting in OB [4]. High order tufted cells influence low order
tufted cells via vertical short-axon cells. Hence, high order tufted cell together with some vertical short-axon cell
and synapses between them forms a horizontal pair with tufted cell of low order, which has synapses with
corresponding vertical short-axon cell. In turn tufted cells of low order form co-pairs with high order tufted cells.
Analogically tufted cells of the same order influence each other via the horizontal short-axon cells [4]. Here also
pairs and co-pairs exist, which in turn are parts of groups and co-groups.

The common part of adjacent projective and uniform converging groups is represented inside OB with olfactory
zones - they represent the common part, which is specified in the definition of adjacent groups [4].

Description of Tools for Biological Neuron Networks Modelling

The tools are represented with software, which takes as input data a neuron network and its inputs declared in
XML language [5]. The input neuron network is given with oriented graph.

Oriented Graph of Neuron Network. Vertices and Edges. The first stage of the neuron network construction is
specification of vertices. Vertices are intended to define specific points inside the model. Under “specific points”
we understand locations of the neuron network, where some signal transformation, as a rule nonlinear, takes
place. During the modelling these locations with sufficient precision can be substituted with a single point, i.e.
vertex. The examples of specific points are pre-synaptic and post-synaptic membranes, axon hills, etc. The edges
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of the graph define the direction of signal transmission. They have such attributes as type, length, and coefficient
of signal amplification/decrease.

Neurons and Synapses

To specify the network in a more informative way the basic types of biological neuron network elements are
distinguished. Also with their help the way, how to pass signals through the edges, is defined. In a graph, this
represents a neuron network, neurons and synapses represent its sub-graphs, every edge belonging to a single
network element, neuron or synapse (Fig. 1). Some vertices can belong simultaneously to both neuron and
synapse. In this case vertices model either pre- or postsynaptic membranes. Some vertices inside the neuron
network are entrance vertices. They correspond to the endings of dendrites of receptor neurons in Natural Neural
Network (NNN). For each entrance vertex the input signal is given as a set of pairs (moment of time, level of
signal).

_...w-l""""'fﬁ_—n
@® &
= e
Y @ @ @

Fig. 1 Example of neuron network model in computer tools.

For clearness some neurons are rounded with curves. Entrance vertices are marked with squares.
Vertices, where generation of action potential takes place, are marked with circles.

If the level of signal is needed for a particular moment of time, which is not specified in input, the signal is
calculated as a result of linear interpolation. At the same time, the enquired moment of time should be located
between the minimal and maximal moments given in input. All vertices are also exit vertices, i.e. it is possible to
obtain the exit signal from them in any particular moment of time.

The design of data structure for neuron network vertex description provides a possibility to store the history of
signal behavior inside the vertex, which enables to analyze the signal changes inside the vertex during
experiment. Upon completion of simulation of the network behavior the tools enable to monitor the history of
every vertex.

Time Inside the Model. Time inside the model is discrete, tools enabling to define the discretization interval. In
workflow the signal level is recalculated in each point for every discrete moment of time.

Input Data Inside the Model. During simulation of aforementioned processes, which take place inside the
neuron network, there is a possibility of real-time visual representation of signal level in any vertex in every
discrete moment of time. The more intensive signal level is in the vertex in particular moment of time, the bigger
is a circle diameter with a center in this vertex. Also it is possible to view a chart of signal level dynamics in any
point upon the modelling completion. It is possible to visualize a summary signal level of a particular neuron.

Input Data Representation. The input data is being read from XML-document, where the neuron network
structure is defined. Let us refer to three main elements of this document.
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1. ports — vertex description. Each vertex is defined with a title, unique identifier, 2D coordinates, type (regular
vertex or, so-called, generator of action potential (AP), see below). For AP generators the number of vertex
(which stores AP sample), a threshold signal level, coefficients of length and amplitude increment relatively to the
sample is defined. Also a non-obligatory parameter for every vertex is a list, which defines a signal level, as a
rule, of entrance activity by means of pairs <moment of time, the signal level in a vertex in this moment of time>.

2. synapses — signals description. The main characteristics for synapse are its class (chemical or electrical), type
and the list of edges. Every edge is defined with an ordered pair of vertex numbers, length and weight. Note, that
the notions of length and transmission time are similar in tools. In the simplest case synapse consists of two
vertices, which correspond to pre- and postsynaptic membranes, and one edge, which corresponds to synaptic
chink connecting two vertices. Thanks to facilities presented in tools there is a possibility to use several edges for
more adequate synapse description.

3. neurons — neuron description. Each neuron has a particular type. At the moment there is only one neuron type
implemented in tools — simple neuron. Similar to synapse, neuron has a list of edges, the order of which is just
the same as the order of edges in synapses.

Entrance receptor signals of the neuron network are also defined in XML-document, which consists of a list of
elements. Each element defines a signal for one of the entrance vertices as a list of pairs, which specify the level
of entrance signal in a particular moment of time.

Signal Values Calculation. Each vertex of the network is characterized with definite condition in any moment of
discrete time At-i, where i €[0..n], At - discretization interval. Condition is defined with a current signal

level of the vertex, in which stage the action potential is and with other parameters depending on the type of the
vertex. The network condition in the current moment of time At - (i +1) is defined with conditions of vertices in

the network graph.

Let us define a signal processing, which takes place in the vertices. Two types of vertices are used in tools:
simple vertices and AP generators. Signal values are defined on entrances of simple vertices in discrete
moments of time. Linear spline is constructed based on these points. It can be used for exit signal value
calculation in any moment of time. AP generators have more complex behavior. Dependency of the exit signal
from the entrance signal is just the same as in previous item. The exception, however, is in the following. If signal
power reaches the critical level of depolarization and in this moment the vertex is not in condition of refractor
period, then the action potential with predefined parameters is generated. The type of action potential of the
vertex is determined based on the sample taken from [6, p.27-54], given with a list of pairs of coordinates —
dependency of membrane potential from time. In every moment of discrete time for every vertex the values of all
adjacent vertices are being corrected, taking into account to which object this vertex belongs.

Edges in simple neuron have such characteristics as length and coefficient of signal change, i.e. the signal while
passing through the edge is being processed with linear transformation. We stress on simple neuron (not on just
neuron) to underline the flexibility and extensibility of tools. With a time-flow signals change in vertices depending

on their edge connections with other vertices: v (t) = sz(e)(t —1,)-c, , where generally v, (t) - the signal

eel

value in the vertex k in the moment of time ¢, | - set of edges entering the vertex j, |, - the time of signal

transmission through the edge e, s(e) - the beginning of the edge e, C, - weight coefficient of the edge e. Note,

that this transformation is inherent for all vertices and is the first transformation, which can be followed with
specific transformations related for every particular type of vertex.

In most simple implementations of synapse models the signals are transmitted in a similar for edges way with
exceptions in regions, where mechanisms of plasticity are represented. Plasticity is fulfilled with change of the
coefficient of signal transmission in synapse according to the following rule:

X _{cf} . vj(t+lij)2 v,

Ci =19 .0 where ci(j’ - current coefficient of signal transmission, weight coefficient of a
Ci -4 vj('[+lij <V,

dec?
synapse, C; - new coefficient of signal transmission while passing through the edge (i, j), V; (t +1; ) signal

.- coefficient of increase, A, - coefficient of synapse

i dec

level in the vertex j in the moment of time t + Iij . A
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weight decrease, V, - constant, which specifies a border between the increase and decrease of weight coefficient

of a synapse. For more precise modelling a more complex synapse type is implemented, where the signal is
described with integral transformation:

t+| =C; '[v e " dz, where v, ( ) signal level in the vertex i in the moment of time 7,
t-At

v, (t + Ii ) signal level of the vertex j at the moment of time t + IIJ : IIJ time of signal transmission through the

edge (i, J), C;; - weight coefficient of an edge, At - time interval, which is taken into account during the exit
signal calculation, A > 0 - parameter defining signal extinction. In such synapses signal level on post-synaptic
membrane at the moment of time t + Iij depends on the level of signal on pre-synaptic membrane during the

time period [t —At,t]. Thus, during the calculation of the current state for a particular network vertex not only

one previous state is taken into account, but all network states, which appeared during a whole period of time.
Consequently, more precise modelling results are obtained. For each neuron the summary level of signal at the

moment of time t is calculated as a sum of signals of all edges of the neuron, where signal of the edge s; is

[ /A1
calculated as s;(t) = J' v(A)dA ~ ZV(AI kK)Al, where Al - step of discretization of numerical

integration, V(AI . k)- the level of signal at the distance Al -k from the beginning of the edge, |; - length of the
edge (i, j).

Verification of Correspondence of Tools for Olfactory Bulb Model

In this section the testing of tools’ functionality for olfactory bulb model [4] is described. Testing has been
performed on the precisely described in [4] neuron network. Experiments for OB phenomena [7-8] proof have
been tried.

The neuron network of olfactory bulb constructed with use of experimental data based on [4], in major follows the
basic concept. Aforementioned programming environment has been used for olfactory bulb modelling.
Parameters of OB model are given in XML language.

Entrances are represented with four vertices, i.e. four types of receptors were examined in model, which react
differently on complex scents in adequate scent environment [4]. Let us introduce the results of conducted
experiments. Signals to the entrances 1-3 of groups during experiments 2-3 have been passed with conditional
time intervals 0-5 and 10-15. To the last exit corresponding to mechano-receptors during experiments 1-3 the
signal has been passed continuously. Let us describe conducted experiment and obtained results with more
details.

Testing of Mechano-receptors. Pure air has been passed to entrance. Consequently only one mitral cell has
been excited. Other principal neurons have not generated action potentials.

Recognition of Complex Signal. Incentives a, b, ¢, d have been passed in concentration, which is enough for
excitation [4]. MC1 and TC14 have reached excitation. Cells MC1 and TC14 have generated AP. The rest of
tufted cells have not been activated with exception of TC124, which has given a faint response during scent
recognition.

Recognition of Full Odorant Spectrum. A full spectrum of incentives has been passed to entrances. All
receptors have been in excitation. Consequently, all mitral cells and almost all tufted cells have also been excited.
However with a time-flow all of them have been trigged with TC1234.

Excitation of Principal Neurons not Connected with Mechano-receptors. In condition of low air speed
complex scents TC12, TC13, TC123, and TC23 are able to distribute themselves. A component affiliated with
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airflow is absent in them. This happens only given that air speed is low — faint level of signal at the entrance of
mechano-receptors in compare to other types of receptors.

Synaptic Plasticity. We have implemented plasticity of synapses, which are connected with principal neurons.
Taking into account computer simulation it is possible to conclude, that aforementioned modification of synapses
based on the modelling of plasticity mechanisms leads to the following fact. During repeated passing of inputs to
receptors the reaction of corresponding mitral and tufted cells increases in sequence of generated action
potentials and in duration of rhythmic activity. This evidences, that synaptic plasticity is an important component
of short-term memory.

We succeeded to reproduce all phenomena, which were planed during experimentation. This proves the
correspondence of tools to commonly known morphological, electro-physiological and psychological data.

Conclusions

A system compositional approach to mathematical and computer modelling of the particular type of natural
hierarchical neuron networks is discussed. Primary basic components and compositions of the model of
elementary sensorium are described. Also basic properties of introduced definitions and notions are specified.

Computer tools for modelling of informational processes in biological hierarchical neuron networks are developed.

A series of computing experiments concerning the functioning of tools with a model of olfactory bulb was
conducted, where common-known psycho-physical phenomena are reproduced.
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MATHEMATICAL AND COMPUTER MODELLING AND RESEARCH
OF COGNITIVE PROCESSES IN HUMAN BRAIN.
PART Il. APPLYING OF COMPUTER TOOLBOX TO MODELLING OF PERCEPTION
AND RECOGNITION OF MENTAL PATTERN
BY THE EXAMPLE OF ODOR INFORMATION PROCESSING

Yuriy A. Byelov, Sergiy V. Tkachuk, Roman V. lamborak

Abstract: Results of numerical experiments are introduced. Experiments were carried out by computer simulation
on olfactory bulb for the purpose of checking of thinking mechanisms conceptual model, introduced in [1]. Key
role of quasisymbol neurons in processes of pattern identification, existence of mental view, functions of cyclic
connections between symbol and quasisymbol neurons as short-term memory, important role of synaptic
plasticity in learning processes are confirmed numerically. Correctness of fundamental ideas put to base of
conceptual model is confirmed on olfactory bulb at quantitative level.

Keywords: thinking phenomena, olfactory bulb, numerical experimentation, model, neuronal network.

Introduction

More and more papers are dedicated to modelling of brain activity and thinking processes in particular lately.
Because of the great complexity of research object, construction of conception, which doesn't conflict with wide
variety of experimental data and conforms to known psychological and psychophysical phenomena, is hard
enough. One of few such conceptions is conceptual model described in [1]. This one is used as a base in
this paper.

Authors of [1] have carried out qualitative analyses of described conceptual model and haven't found
contradictions with experimental materials. That is why authors of this paper have carried out certain qualitative
analysis of conceptual model. A computer toolbox for simulation of informational processes in natural neural
networks was developed for this purpose.

Olfactory bulb was chosen to carry out numerical experiments because of existence of deep research results in it;
detailed data of structure are known [2]. Some essential constituents of thinking such as appearance of learning
and identification, memory, imagination occur in the olfactory bulb [3-4]. Authors’ attention is concentrated just
on them.

This paper introduces experiment statements and their interpretations as well. When carrying out latest ones
authors make their aim to confirm correctness of conceptual model [1] by computer simulation as much as
possible on experimental object chosen.

Correspondence Among Cells of Olfactory Bulb and Conceptual Model

There are unambiguous correspondence among many cells of olfactory bulb and conceptual model proposed by
the reason of conceptual model and olfactory bulb is in relation of abstract— specific respectively. Basic
correspondences between cells of olfactory bulb and ones of conceptual models are listed in Table 1.

Table 1. Basic correspondences between cells of olfactory bulb and ones of conceptual model

Olfactory bulb [2] Conceptual model [1]

olfactory bulb neuronal model, which satisfies conditions of
conceptual model

tufted cell symbol neuron

mitral cell quasireceptor neuron
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Experimentation on Olfactory Bulb Model

Description of every experiment consists of two items:

1. Experimentation. There is description of actions made my experimenters. Construction of neural network for
toolbox, essential input data to former and measurement of network output data were carried out in this part as

well.

2. Interpretation of the experimentation results. What way obtained results fit the conceptual model were

emphasized in this part in.

Every experiment description follows in detail. Note,
planning of experiments and carrying out them have
concurred because of absence of possible difficulties
while experimenting.

Output Signals and Identification. Input signals
enough for activation were being sent to inputs of
receptor neuron, corresponding to one olfactory zone [2],
during the time interval from 0 till 5 time units. Output
was measured from mitral cell corresponding to olfactory
zone above of. As a result action potentials (APs) were
being generated by receptor neurons for period of time
during which input signals were sent. After that formers
finished (fig. 1). But generation of APs was going on in
mitral cell after timestamp 5 as well.

As well as in mitral cell after stopping sending of input
signal to receptor neuron, input generation of AP of
tufted cell was going on too (fig. 3). That may be caused
by large weight of connection between mitral and tufted
cells.

Output signals of mitral cell but not tufted one were
analyzed in this experiment as distinct from [2] it was
performed. Former inconsistency between [1] and [2] is
caused by fact, that authors of conceptual model
described in [1] hold the opinion, which has some
differences with one described in [2-4].

Since mitral cell excited after input signal to receptor
neuron had stopped secondary spikes have been got [1].
It is evidence of identification of input stimulus because
of mitral cell corresponding excited receptor neuron has
excited. The fact of generation of AP after finishing
sending of input signals to model indicates the short-term
memorizing of stimulus as well.

Checking of “Mental View” Existence. Input signal
was sent to postsynaptic membranes of tufted cells (but
not receptor neurons) during the time interval from 0 till
5. Sending input signals was stopped after. During the
time interval from 0 to 5 tufted cell was generating AP.
Some time after timestamp 5 AP was being generated,
after that it stopped (fig. 4).

When input signals was begun to send to input of tufted
cell, tufted cell began to generate APs too. After finishing
sending signal to inputs of tufted cell at timestamp 5
generation of APs in mitral cells was going on (fig. 5).
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Figure 1. Generation of AP in receptor neuron.
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Exciting of mitral cell took place in this experiment,
quasireceptor neurons were excited in other words. In
conceptual model former corresponds to “imagination” of
object in the moment this one is not represented in
environment. In other worlds mental view [1] existence
was confirmed in olfactory bulb.

Short-term Memory as Feedforward and Feedback
Between Mitral and Tufted Cells. Connections from
tufted cells to mitral ones going through granule cells [2]
were broken before this experiment. During
experimenting on olfactory bulb more precise definition
for breaking had to be done since connections between
tufted cells and mitral ones in our case are not direct, but
though the granule cells [2] and are much complicated
than simplest case of conceptual model. As the result
there are possible several implementations. Thus three
cases of breaking connections from tufted cells to mitral
ones were distinguished in neural network modelling
olfactory bulb:

1. by means of removing granule cell and all input and
output connections with former;

2. by means of removing all connections from tufted cells
to granule ones and from granule cells to mitral ones;

3. by means of removing all connections from granule
cells to mitral ones.

In all three cases input signals were been sent to input of
receptor neuron during the time interval from 0 till 5 time
units. In the issue APs were generated by receptor
neurons by the timestamp 5. APs were stopped after of
course. (fig. 6).

Activity of principal neurons (mitral and tufted cells) had
some differences by different means of experiment
realization.

Let consider realization by means of first and second
cases. When sending signals to receptor neuron inputs
AP were being generated by tufted and mitral cells. After
input signal sending stopped generation of AP stopped
there immediately (fig. 7a, 7b, 8).

Breaking connections by means of 3 case when signal
sending to receptor neuron inputs stop tufted cells
generated additional AP as a response to inputs from
themselves which came to from granule cells.

Figure 3. Generation of AP in tufted cell.
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Figure 4. Generation of AP in tufted cell.
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Figure 5. Generation of AP in mitral cell.
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Figure 6. Generation of AP in receptor neuron.

This experiment confirms well known hypotheses adhered by authors as well. It says closed neuronal cycles

realize a function of short-term memory.

Thus repeated spikes in mitral cells didn't occurred cyclic connections above broken. It can be make up a
conclusion that cyclic connection is one of the realization mechanisms of short-term memory.

Learning by the Synaptic Plasticity. Taking into account of modelling of synaptic connection weight growing
when sending input signal to receptor neurons one of the short-term and long-term memory mechanisms are
realized. It is long-term and short-term synaptic plasticity respectively.
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Figure 7. Generation of AP in tufted cell

a) by means of removing connection in 1 and 2 cases;

Olfactory Bulb [_[O[x]

Madel  Cantrol FPaints |Elemanls|EIemer\ts\gr\alsITnta\Swgnall Edit |

mitraltotalin

miralapg]
mitralapg2
itralapg3
mitraltotaloutd
mitralotalout!
mitralkotaloutz
miralkotalout3
mitralecind_01
mitralecind_02
mitralesind_03
miralrecind_012
mitralrecind_013
mitralrecind_023
mitralecind_0123
mitraecinchd_01

i raerrlr\Piﬂ m_'_l

r— Controls

Save Model | Load Inputs | Process | 2000 _ﬂz steps 20
Refresh r
Load Modsl Fioset Refiesh [t 2 step Close

Figure 8. Generation of AP in mitral cell by means of
removing connections in all three cases.
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Figure 10. Generation of AP in tufted cells during the
time interval from 0 till 15.

b) by means of removing connection in 3 cases.
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Figure 9. Generation of AP in receptor neurons during
the time intervals from 0 till 5 and from 10 till 15.
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Figure 11. Generation of AP in mitral cells during the

time interval from 0 till 15.

During the time intervals from 0 till 5 and from 10 till 15 units input signal was being sent to receptor neurons.

Output signals of tufted and mitral cells were measured.

Receptor neurons were generating APs during former time intervals (fig. 9).
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When sending input stimuli during time interval from 0 till 5 generation of APs by mitral cells and tufted ones held
after input signals sending to receptors had finished (fig. 9-11).

When sending suitable input stimuli separated by short time interval (5 time units) while using toolbox it is obvious
that output signal spread much longer during the second time interval of input stimuli sending (from 10 till 15) than
during the first one (from 0 till 5) (fig. 9-11)

Synaptic plasticity corresponds to growing of weight of feedforwards and feedbacks in conceptual model. Hence
one of the mechanisms of learning is realized in terms of conceptual model. Since outputs of mitral cells and
tufted ones were spreading longer in presence of growing of synaptic weights in complex neuronal interactions of
tufted, mitral and granule cells, it can be concluded that phenomena of synaptic plasticity conform to its function
expected in conceptual model entirely.

Conclusion

Following hypotheses concerning conceptual model have been confirmed in the issue of carrying out of
experiments by computer simulation: key function of quasisymbol neurons at the time of the identification of the
pattern represented in environment, existence of mental view [1], functions of cyclic connections (feedforward and
feedback) between symbol and quasisymbol neurons as short term memory. Important functions of synaptic
plasticity in learning processes are confirmed also.

Described above experiments confirm principal positions of conceptual model on quantitative level. Former
positions were discussed as credible hypotheses of its authors before. But it must be emphasized that results of
experiments do not ensure the full correctness of conceptual model, they can be treated as partial confirmation of
this one.

Principal positions of conceptual model which could be verified on olfactory bulb model were confirmed in this
paper. They confirm validity of fundamental backgrounds of conceptual model not only on qualitative level, but on
quantitative one too.
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O MOAENWUPOBAHUN OBPA3HOIO MbILWMEHUA B KOMMBIOTEPHBIX
TEXHONOrnAX: ObLUUE 3AKOHOMEPHOCTW MbILLUNTEHUA

KOpui BanbkmaH, Bavecnas bbikoB

Abstract. This study considers the problems of modelling the creative image thinking in field of computer
technologies. Special attention concentrates on representation of general thinking rules in knowledge bases of
intelligent system. Such rules are well-known to psychologists, but specialists in computer sciences are less
familiar with these matter. The paper to a greater extent is directed to initialize the discussions on the stated
problem with indicating the main topics of subjects.

Key words: Image, thinking, computer technology, artificial intelligence.

BBegeHue

CrnoxXHOCTb MOAenupoBaHus 0BpasHOro MbILLNEHUS B KOMMBbIOTEPHBIX CUCTEMax oveBuaHa. C Halleil TOuKu
3peHus, BO MHOrOM 370 06YCNOBNEHO OBLMMN 3aKOHOMEPHOCTSMI MbILUIIEHNS, KOTOPbIE AaBHO OMpeaenvnu
ncuxonorn (cm., Hanpumep, [Aphxeim, 1973; Knaukw, 1978, 3uHuenko, 1997; Potenbepr, 1999; [cux.
npoueccbl, 2004]) n KoTopble TPYAHO MOAENUPYEMbI KOMMBIOTEPHBIMU TEXHOMOMMSIMW. ATU 3aKOHOMEPHOCTM
JOMKHbI HaWTWM oTpaxeHns B 6a3ax 3HaHui (B3) obpasHoro MblwneHns. 34ecb Mbl PaccMOTPUM 3T

3aKOHOMEPHOCTU C LieNbo aHann3a BO3MOXHOCTEN "NOSPYXEHUA UX 8 8bIHUC/TUMESIbHYIO cpedy’.

[aHHas pabota ABnSIeTCA NPOAOIKEHMEM MCCNELOBaHWN, HEKOTOPble pe3ynbTaTbl KOTOPbIX M3MOXKEHbI B
[BanbkmaH, 2003a; BanbkmaH, 20038; BanbkmaH, Vcmarunosa 2004; BanbkmaH, beikos, 2004; BanbkmaH, 2004].

B COOTBETCTBUM C MHEHWEM W3BECTHOMO SINOHCbKOro yyeHoro [Mwusoryuu, 2000] B cpege cneuuanuctoB no
WCKYCCTBEHHOMY MHTENNEKTY UMEET MECTO TPM rMaBHbIX CABMra B OCHOBHOW napagurme:

> Nepexod om npoueCccHo-UeHMPUPOBAHHO20 K UHEOPMaLLUOHHO-UEHMPUPOBaHHOMY,
> Nepexod om KOMNbMEPHO-UEHMPUPOBAHHO20 K YEII08EK0-UEHMPUPOBaHHOMY U
> nepexod om (hopMO-UeHMPUPOBAHHO20 K COOePXaMeIbHO-UEHMPUPOBAHHOMY.

C Hawen TOYKM 3peHusi, BCe Tpu (hbakTopa, onpedeneHHble P. Musoryun, SIBHO M HESIBHO OTHOCATCS K
MOAENMpOBaHMio 00pa3HOro MblluneHus. MbllLneHe 3To HeNpepbIBHOE B3aUMOAECTBIE Mbicrsiliero cybbekTa
C 0OBbeKkTOM mno3HaHus. JTO B3aWMOAENCTBME BCerga OCYLECTBMSETCA B Uenax pas3peweHus Kakol-mo
npobnieMbl, OHO OCHOBAHO Ha aHanM3e W CWHTE3e U UMEET CBOMM pesynbTaToM HoBoe 0606LeHne. Takum
06pa3om, NCUXONOrK CHUTAIOT, YTO OOLLMMM 3aKOHOMEPHOCTSIMM MbILLAIEHUS SBASIOTCS: NPOBIEMHOCMb, aHanu3-
cuHmes, 0606wWeHHOCMb, KOHCMaHMHOCMb gocnpusmusi. Kpome 3Toro, npeactaBnsieTcs LenecoobpasHbim
nccrenoBatb  CreaylolMe  3aKOHOMEPHOCTW — MpeacTaBneHns obpa3oB B Mpoueccax — MblLUMEHNS:
Kraccugukauyusi, obbekmugHocmb U cybbekmugHocmb 06pa3os, «bnuzocmby (€duHcmso) ueneli u cpedcms,
OMKpPbIMocmb 06pa308, Ux HeYemMKoCMb, 0bpaski 8 1e80M U NPaBOM NOJTyWapusix 20/108H020 MO32a.

1. Mpo6nemMHOCTb MbIlEeHNs

YENNOBEK. MbiwneHne Bcerga BO3HMKAET B CBA3W C pelueHMeM Kakon-nubo npobnemsl, a cama npobnema
BO3HWKaEeT M3 npobnemHon cutyaumu. MpobnemHas cutyauns aTo Takoe 0OCTOSTENLCTBO, B KOTOPOM YeNoBeEK
BCTPEYAETC C YEM-TO HOBbIM, HEMOHSATHBIM C TOUKM 3PEHWUS MMEKLIMXCA 3HaHuiA. OTa  CcuTyauus
XapaKTepu3yeTcsl BO3HWKHOBEHMEM OMPEAEneHHOro no3HaBaTenbHoro ©Gapbepa, TPYAHOCTENW, KOTOpble
NpeacTouT NpPeoaoneT B pesynbTate MblneHus. B npobneMHbIx cuTyauusix BCErfa BO3HUKAKT Takue Lenu,
ANS JOCTUXKEHUS KOTOPbIX MMEIOLLMXCS CPEACTB, CNOCOOOB 1 3HAHWI OKa3bIBAETCS HEAOCTATOUHO.

Mpobnema ocobas pasHOBWUAHOCTL BOMPOCA, OTBET HA KOTOPbIA HE COAEPXKUTCS B HALLEM OMbITE M 3HAHUSX U
noaTomy TpebyeT COOTBETCTBYIOLINX MPAKTUYECKUX W TEOPETUYECKMX LencTsuit. Mpobnema cocpenotoumBaeT
Halle BHUMaHWe Ha HeJOCTaTOYHOCTI UMW OTCYTCTBUM 3HAHWUA (3MO 3HaHUE O HE3HaHUU).
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Mpobnema - 310 0CO3HaHWE HEODXOAMMOCTI HOBOrO NO3HaHMs. He niobast yMCTBEHHas LeATENbHOCTb SBNSETCS
pelLeHneM npobnembl. Hanpumep, peluas 3agady U3BECTHbIM HaM CMOCOBOM, Mbl OCYLLECTBISIEM YMCTBEHHYHO
[eATeNbHOCTb, HO He pellaem npobnembl. [o3HaHWe, OTKPbITE HOBbIX, MOKA ELLe HEM3BECTHbIX CTOPOH 0DbeKTa
BCerga OCyLLECTBNSAETCS Yepe3 OTHOLLEHWS!, B3aUMOCBSA3N, B KOTOPbIX 3TW CBOWCTBA NposiBNstoTCA. MbilwneHne
9TO MO3HAHWE TOrO, YTO HE AAHO HEMOCPEACTBEHHO, HO HAXOOMUTCS B ONPEOENIEHHOM OTHOLIEHWW K TOMY,
YTO JaHo.

KOMMBIOTEP. fsHo u HessHo modenuposaHueM uHuyuayuu delicmeuli 8 8bMUCIUMENbHOU cucmeme
3aHumaromes 0agHo: npouedypb-0emoHbl 8 ¢hpelimax y M. MuHckozo, udeonoeusi npozpammupogaHus ‘om
OaHHbIX”, Memoldbl Knaccos 8 0ObEKMHO-0PUEHMUPOBAHHOM NPOEKMUPO8aHUU, a2eHMHO-0PUEHMUPO8aHHOE
npozpammuposarue u m.0. [J.A.lNocnenog Hassana amo Heobxodumoe c8olicmeo UHMesnekmyarbHbIX cUCmem
aKmUuHOCMbI0 3HaHUU.

O0Hako, 8 nonHol Mepe 3ama obwas 3aKOHOMEPHOCMb MbIWneHuUsi mpyoHo modenupyemces. [locKonbKy
npednonazaemcs, Ymo Ons nopoxdeHus npobrembl CHavana Heobxodumo, npoaHanuauposas ecto b3,
onpedenums cymb npomusopequsi unu HedocmamoyHocmu 3HaHUl (cghopmynuposams 3adayu 8 hopme:
0aHo..., Heobxodumo cdemamb ...), 3ameM Halmu peweHue (KenamesbHO NOCPedCcm8oM KOMNbIOMEPHOU
MEeXHOMo2uuU, ¢ MUHUMarbHbIM QUano2oM ¢ nosb3ogamesnem). [locmpoums nonHyto Modenb, makum 0bpasom,
03Hayaem co3damb ‘meopyeckuli komnbtomep”. Ho Hekomopbie 3a0adqu 8 3MoM NPUNOXEHUU peLarmces.

2. BzaumopenctBue aHanusa u cuHTe3a

YEJTOBEK. Bcskuit akT MbILWNEHUs, Kaxaash MbICIUTENbHAs onepaums OCHOBaHbl Ha aHanuae W cuHTtese. Kak
W3BECTHO, OCHOBHBLIM MPUHLMMOM BbICLUEA HEPBHON AEATENbHOCTU SABMSETCS MPUHLMN aHanu3a 1 CUHTesa.
MblLLneHVe Kak yHKLMS MO3ra Takke OCHOBAHO Ha 3TOM NPUHLMNE.

Ha aHanuae u cuHTE3e OCHOBaHbI BCE CTYMEHN MbICAIMTENBHOrO npolecca. Beskuii nouck otBeTa Ha kakomn-nbo
BOMpoC TpebyeT W aHanu3a W CUHTE3a B UX Pa3/UYHbIX C8A3AX (NPOM3BOAHLIMW OT aHanMsa U CuHTe3a
MbICIIMTENBHBIMI OnepaLusMn SBNsoTCs abeTpakums u 0606LLeHe).

AHanus - BblaeneHne Tex CTOPOH OObeKTa, KOTOpble CYLECTBEHHbI ANS PELUEeHUs AaHHOW 3ajau; 310
BbISIBIIEHNE CTPOEHUS MUCCredyemoro 0bbekTa, ero CTPYKTYpbl, pacyneHeHne COXHOTO SBAEHUSt Ha MPOCTble
3MEMEHTbI, OTAENEHNe CYLLECTBEHHOr0 OT HECyLleCTBEeHHOro. AHanu3 AaeT OTBET Ha BOMPOC: kakas 4vacTb
Lenoro obnagaeT onpegeneHHbIMM NpusHakamu. PeaynbTaTbl aHann3a 06beanHAIOTCS, CUHTE3NPYIOTCS.

CuHTes obbeanHeHNe 3NeMeHTOB, YacTell, CTOPOH Ha OCHOBE YCTAHOBIIEHWS CYLLECTBEHHbIX B ONpeaeneHHOM
OTHOLLEHWW CBSI3EN MEXAY HAMM.

OCHOBHbIM MEXaHW3MOM MbILNEHUs, ero o6Led 3aKOHOMEPHOCTbIO SIBNSETC aHanu3 4epe3 CUHMES:
BblOEMNEHNE HOBbIX CBONCTB B 0ObeKTE (aHaiu3) OCYLLECTBASETCS Yepe3 COOTHECEHME ero (CUHMe3) ¢ OpyriMun
obbekTamu. B npouecce MbllneHnst 0O6beKT No3HaHUS NOCTOSHHO BKIKOYAETCH BO BCE HOBblE CBA3W U B CUITY
9TOr0 BbICTYNAeT BO BCE HOBbIX KayecTBax, KOTOpble (PUKCUPYIOTCS B HOBbIX MOHSATUAX; U3 0ObekTa, Takum
obpa3som, kak Obl BblYEPMBIBAETCS BCE HOBOE COAEPKaHWeE; OH Kak Obl NOBOpaYMBAETCA KaxAabl pa3 Apyrow
CBOEWN CTOPOHON, B HEM BbISIBISOTCS BCE HOBbIE CBOWCTBA.

KOMNBbIOTEP. B komMnblomepHbIX MEXHOM02USX Mbl 8bIHYX0eHb! paccmampueamb OMOENbHO Yembipe
onepayuu: aHanus, CUHMe3, CUHME3 Yyepe3 aHanu3 u aHanu3 Yepe3 cuHmes. dmu onepayuu 8 3HaqyumesbHoU
cmeneHu 3agucsim om ¢hopMbi U hopmama npedcmagrneHus: aHanuaupyemoz0 U/unu cuHmesupyemoz0 obpasa:
obpasbl mMozym bbimb epacpuyeckumu, gepbarbHbiMu, 38ykogbimMu U m.0. PaHee e BL| PAH cmpounack
cucmema TEKPUC - eeHepayuu pucyHKos Ha OCHO8E meKcmos (aHanu3 mekcma — cuHme3 epaghuyeckozo
obpasa). M3secmHbl cuHMe3amopkl U aHanu3amopb! pedu, My3biKU. SHayumersibHble ycnexu docmueHymbl 8
nOCMPoeHUU ecmecmeeHHO-A3bIKosbIX (ES) uHmepdelicos, aHanuse owubok 6 ES-mekcmax. M3gecmHbl
aghghekmusHble pacno3Hasamesiu meKecmos U epachuyeckux obpaszos. ns aghhekmugHol pabombi makux
KOMNbIOMEPHBIX aHanu3amopos Heobxodumbl bonbWUe MHO20YpOBHESbIE Crlo8apu epageMHbIX, (POHEMHbIX,
MOPChEMHBIX, TIEKCEMHbIX U Np. KOHCMPyKYul. B Hacmoswee epemsi Ha4yuHaom akmueHO UCNOSIb308amb
udeonoeur0 OHMoNozuUll 8 peweHuu npobrem aHanusa. Ycnexu e obmacmu cuHme3a 6onee CKPOMHbI. Tak,
Hanpumep, cuHme3 peghepama unu aHHomayuu boIbWUX MeKCMo8 Henb3si Hasgamb ychewHbiM. Ho amo He
ydusumesnbHO: npou3sodums cuHme3 6e3 aHanusa ceMaHmuKu Hego3MoxHo. [Tpobnema Menbyyka ‘mekcm—
cMbicii—-mekem” ewje x0em cg80e20 peweHus. Cesi3aHO 3amO makkXe ¢ MOAenuposaHue NOHUMaHUsS (CM.,
Hanpumep, [BanbkmaH, bbikos, 2004]). S3amemum, 30ecb Mbl mekcm mpakmyeM gecbMa WUPOKO. 3mo Moxem
6bimb f10bas uHhopMayUs, OmpaxeHHas Ha HeKOMOPOM Hocumerse (N0 Cymu, 3Hako8bili 0bpas).
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3. 0606LeHHOCTb

YEJTOBEK. AHann3 u cuHTe3, B3aMMHO Nepexoan Apyr B Apyra, 06ecneymBaioT HENPepbIBHOE ABWKEHWE MbICN
BCe Kk Bonee v bonee rnyboKOMy NO3HAHWIO CYLLHOCTW SBNEHUiA. [poLecc NO3HaHUS HAYMHAETCS C NepPsUYHO20
CUHMe3a BOCMPWATUS HEPACUNEHEHHOro Lemnoro (aeneHns, cutyauuu). [lanee Ha OCHOBE aHanusa
OCYLLIECTBASETCH 8MOPUYHLIU CuHMe3. Mofy4alTcs HOBble 3HaHWA 0B 3TOM LienoM, a 3T0 NO3HaHHOoe Lenoe
BHOBb BbICTynaeT kak 6a3a 4515 fJanbHeiwero 21y60k020 aHanu3a u T.4.

AHanus - BbIYMEHEHWE TaKWX CBOMCTB (CTOPOH) OObEKTa, KOTOpble MMEKT CyLECTBEHHOEe 3HAYeHue Ans
nocneaytLlero cuHmesa, 0606weHus. Tpn 3TOM NPOSIBNAKTCS TakiMe 3aKOHOMEPHOCTW MbILLMEHUst Kak
cenekmueHocmeb, usbupamesibHoe 8bI4IeHeHUe 0OHONIaHO8bIX CMOPOH 0ObeKTa U PedNEKCUBHOCTb KOHTPOIb
Haj TeYeHWeM MbICTIUTENLHOMO MpoLecca (paccyxaeHue Yenoeeka ¢ camum CoOOM), CaMOOTHET MbILNEHMS!
nepeg camum coboit. [lpu aHanuse pasBMBalOLWMXCS COObITUI BO3HWMKAET 0cobas pPas3HOBWOHOCTb
aHaNMTMYeCKOro MbILLMEHNS aHTULMNaUWs, NPEeABOCXMLLEHUE BO3MOXHOTO HACTYMNEHUS HOBbIX COBbITUN,
npeaBnaeHNe BO3MOXHbIX Pe3ynbTaToB OnpeaeneHHbIX AeCTBUN.

MblILneHne OCyLLECTBASETCSA C Lienblo NO3HAHWS TeX WK WHbIX CYLLECTBEHHbIX CBOWCTB 06beKTa, C LeMbio
nonyyeHuss 3HaHus. CylleCTBEHHOE CBOMCTBO SBMSETCA BCErda OOWUM ANs AaHHOW Tpynnbl OOHOPOAHbIX
npeamMeToB (HO He BCsikoe ODLUee CBOMCTBO SBMSETCH CYLIECTBEHHbIM). K pelueHnio OTAENbHOM KOHKPETHOM
3aga4m Mbl npumeHsiem 0bobLeHHbIe 3HaHWs, obLme npaeuna.

B npoLecce MblLwneHnst eQUHUYHOE BCeraa paccMaTprBaeTes kak KOHKPETHOE BbipaxeHue 06ue2o.

KOMNbIOTEP. lIpobnema obobuweHHocmu ¢ 00HOU CMOPOHbI MECHO C8s3aHa C aHaIu3oM—CUHME3OM, C
Opyeoli — ¢ knaccugpukayuel (cm. pasden 5). B npuknadHol cemuomuke paccmampuearomes [[locnenos,
Ocunos, 2002] onepayuu 0606wWeHUs; NO UMeHaM, N0 nNpu3HakaM, NO Xapakmepucmukam U no cmpykmype.
[Mepeass onepayusi (ycmaHos/ieHUe OMHOWEHUU “aneMeHm-knacc”) 8 Hacmosiuee 8pemsi HOCUM noka He
docmynHbIli  Komnbtomepy xapakmep. [lo cymu, peuyb udem 06 ycmaHOBMEHUU CUHMa2Mamu4yecKux
OMHOWeHUU, Hanpumep, ‘cmon, cmyn, kpogamb, ..— Mebenb”. Mnu kak onpedenums, Ymo OMHOCUMCS K
“UHcmpymenmy”,  “opyxuro”, ‘eanaHmepee”. 0606weHUe no npudHakam (omHoweHue ‘pod-eud’) e
KOMNbIOMEPHbIX MEXHOM02USAX YCNeWHO Npou3goodumcs ¢ Ucnob308aHueM ¢hpelimMosbiX CmpyKmyp noHsmud,
memoda aunepnniockocmed, y3HasaHus (pacnosHagaHus) M.M. borneapda, memoda pacmyuwux nupamudanbHbix
cemel B.M1. MnadyHa. O606weHue no xapakmepucmukam uHoz0a omHocsim K 060bLweHu no npusHakam. Ho
amo HegepHo. [lpusedem npumepbl: Kak onpedenums NPU3HaKU NOHAMUS ‘cuMmnamuyHas XeHujuHa” (30eckh
bornee ymecmHbl HeghOpMarbHble Onepayuu:  paccyx0eHus no  aHanoauu, accoyuamugHbll - umu
memacbopudeckuli 6b1800). Unu ycmaHosneHue omHoweHul “yacme—uenoe” Mex0y NOHAMUSMU PasHo20
YPOBHS: N0 HOXKe onpedenums, Ymo 3mo - cmyi; kopobka nepeday — yacmb asmomoburns. ®akmuyecku, 3mo
— MOoXe CUHMazMamu4eckue OMHOWEHUS, Komopble ¢ mpydom modenupyembl 8 8biduciumensHol cpede.
Onepayusi 0606weHuUst no cmpykmype cesi3aHa ¢ onepayuell noucka no obpasuy [llocnenos, Ocunos, 2002].
30ecb umeromesi Hekomopble ycnexu. Ho e uenom ama obwas 3aKOHOMEPHOCMb MbILUEHUS hoka mpyoHO
80cnpou3go0uUMa 8 UHMeseKkmyasbHbIX MEXHOM0USIX.

4. KOHCTaHTHOCTb BOCNPUATHA

YENOBEK. OgHn 1 Te ke NpeaMeTbl BOCMPUHUMAIOTCS HaMM B PA3MMYHbIX M3MEHSIOLLMXCS YCMOBMSX: MpU
Pa3NMYHON OCBELLEHHOCTMU, C PasHblX TOYEK 3pPEHWsi, C pasHoro pacctosHus. OgHako 0ObEKTUBHbIE KavecTBa
npeameTa BOCTMPUHUMAKOTCA HaMW B HEM3MEeHHOM Buge. KOHCmaHmHOCMb 80CNpusmusi - He3aBUCUMOCTb
OTpaXeHWsi OOBEKTMBHbIX KayeCTB NpeaMeToB (BenMWuWHbI, (hOpMbl, LBETa) OT BPEMEHHbLIX YCMOBUIA.
M3obpaxeHne BenuuMHbl NMpeaMeTa Ha CeTyaTke rnasa npu BOCMPUATUM €ro ¢ BGnW3KOTO paccTosHWUS M C
panekoro pacctosHus Oyaer pasHbiM. OgHaKo 9TO  MHTEPNPEeTUPYeTCS HaMW Kak YAAneHHOCTb  Wnu
NpUONKEHHOCTb NPeaMeTa, a He Kak M3MEHeHMe ero BennumMHbl. [pu BOCMpUATN NPSIMOYroNbHOMO npeameTa
(nanku, nucta Bymary) ¢ pasHbIX TOYEK 3PEHUSI HA CETYaTKe rnasa MoryT oTobpasnTbes U kBagpaTt, U pomb, n
Aaxe npsamas nuHus. OHaKo BO BCEX Cry4asix Mbl COXpaHSieM 3a 3TUM NPeaMeToM NpUCYLLY0 emy opmy.

Benbiin nucT Gymaru BHe 3aBUCUMMOCTM OT €r0 OCBELLEHHOCTM ByeT BOCMPUHUMATLCS Kak Benbli INCT, Tak Xe,
Kak KycOk aHTpauuta OyAeT BOCMPUHAMATLCS C MPUCYLIMM €My LIBETOBbIM KayeCTBOM BHE 3aBMCHMMOCTU OT
YCNOBMIA OCBeLLEHMs. KOHCTAHTHOCTb BOCTIPUSITUSE HE HAacNeACTBEHHOE KauecTBO, OHO (DOPMUPYETCS B OMbITe, B
npouecce OOy4YeHMs. B HEKOTOPbIX  HEMPUBLIYHBbIX  YCMOBMSIX OHAa  MOXET ObiTb  HapylleHa.
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BO3HMKaET aKOHCTaHTHOCTb. TaK, €Cn Mbl CMOTPUM BHWU3 C GOMbLIOA BbICOTbI, TO MPMBbLIYHBIE AN HAC
npeameTbl MOryT BOCTPUHMMATLCS HECKOMbKO WCKaKEHHO (Hanpumep, Mioau, aBTOMOGUNN KaxyTcs Ham
HEEeCTECTBEHHO YMeHbLLUEHHbIMI). Briarogapsi KOHCTAHTHOCTM BOCTIPUSITUSL Mbl Y3HaeM MpeaMeTbl B PasHbIX
YCMOBMSIX 1 YCNELLHO OPUEHTUPYEMCS CPEAM HUX.

KOMNbKOTEP. MoxHo ¢ ysepeHHOCMbI0 CKka3amb, Ymo npobrema KOHCmaHmHoCmu eochpusimusi — 00Ha U3
2/1aeHbIX 8 KOMNBLIOMEPHOM 3peHuu. Haydume poboma pacnosHagams 00beKMbI HE3aBLCUMO OM Yania 3PEeHUS,
npoekyuu, oceeweHHocmu, danbHocmu U m.n. ¢hakmopos Mbl noka He ymeeM. He scHO, kak cmpoumb b3
803MOXHbIX 00pa3zoe daHH020 0bbekma. KOHEYHO, XenamenbHO, 4mobbl 803MOXHbIE NPOEKUUU CMPOUSUCH
asmomamuyecku, HO 8 Kakol yugpogol ¢hopme OomKkeH XpaHUmbCS OBbekm U Kak cmpoumb
coomgemcmeytoujue onepayuu NoKa HeNOHSIMHO.

5. Knaccudmkauyms

YENOBEK. O6pasHoe eocnpusimue Mupa — ORHO W3 3arafOMHbIX CBOWCTB XXMBOTO MO3ra, No3sonsiwllee
pa30bpaTbcsl B HECKOHEYHOM MOTOKE BOCTPUHAMAEMOM MHGOPMALMM M COXPaHATb OPUEHTALMIO B OKeaHe
Pa3pO3HEHHbIX [aHHbIX O BHEWHeM Mupe. BocnpuHumas BHELWHWA MMp, Mbl BCerga NpPOW3BOLMM
Knaccugbukayur 80CNpUHUMaeMbIX ouwlyweHud, T. €. pa3buBaem WX Ha rpynmbl NOXOXMUX, HO HE TOXAECTBEHHBIX
SIBNEHUA. Hanpumep, HECMOTPS Ha CYLLECTBEHHOE pasnnuMe, K OAHOW rpynne OTHOCATCS Bce OykBbl A,
HanMCaHHbIE Pa3NNYHbIMW NOYEPKAMM, UK BCE 3BYKM, COOTBETCTBYHOLLME OAHOM 1 TOM Xe HOTE, B3STON B Nto6oi
OKTaBe W Ha MtobOM MHCTPYMEHTe, a onepaTop, YNPaBNSLWMA TEXHUHECKUM OOBEKTOM, Ha LIeN0e MHOXECTBO
COCTOSIHWN 0BbEKTA pearupyeT OHOM W TOM Xe peakunen. XapakTepHo, YTo Ans COCTABMEHNUS MOHATIAS O rpynne
BOCMPUATUA  ONPEAENEHHOT0 Kmacca [AO0CTATOMHO O3HAKOMUTBCS C  HEe3Ha4yumesbHbIM  KO/TUYECmeoM ee
npedcmasumenell. PebeHKy MOXHO noKas3aTb BCEr0 OAMH pa3 Kakyw-nubo Gyksy, YToObl OH CMOr HaWUTW 3Ty
OykBY B TEKCTE, HAMMCAHHOM Pa3NNYHLIMW LUPUGTAMK, UMW Y3HATb €€, AaXe ECIN OHA HanMCaHa B YMbILIEHHO
NCKaXXeHHOM Buae. ITO CBOCTBO MO3ra N03BONSET CHOPMYNMPOBATL Takoe MOHATME, kak 06pa3.

Ob6pasbl 06naaaloT xapakTepHbIM CBOMCTBOM, NPOSBASIOWMMCS B TOM, YTO O3HAKOMIIEHWE C KOHEYHBIM YMCIIOM
SBMNEHUI U3 OAHOTO M TOTO e MHOXECTBA [aeT BO3MOXHOCTb y3HaBaTb CKOMb YrogHO 6OMbLIOe YMChO ero
npeactasutenen. lNpumepamu obpasoB MoryT ObiTb: peka, MOPe, XUAKOCTb, My3blka YaiKoBCKOro, CTUXM
MasikoBCKkoro u T. 4.

KOMNbIKOTEP. Yenosek 8 cocmosiHuu no yacmu obpasa “yeadbieams” (CuHMe3uUposams 8 M032e) 8ecb 06pas.
Mpu amom e kadecmee Yacmu MoXem ebicmynambs HEKOMopbIU hpaeMeHm (unu ¢paeMeHmbl), Hekomopasi
npoekyusi uHoz0a ‘HeoxudaHHas", HEKOMOPbLIU acnekm (3anax, 8Kyc, makmusbHbIE OUWYWEHUS, 38yKo8bIe ...).
Tak uenosek no hpaemeHmy 20poda Moxem “ebiyuciume” 8ecb 20p0d. Ha 3mom 0CHO8aHbI MHO2UE 3a2adKU.

Moamomy 6 ebiqucumensHol cpede Mbl O0KHbIE NO Yacmu HeKomopo2o obpasa “ebimsaHymb” ece, Yymo
omHocumesi k daHHoMy 06pa3y, Unu accoyuayuu, ces3aHHbIe ¢ NOUCKO8bIM (hpaeMeHmMOoM.

Omyacmu 3ma 3aKOHOMEPHOCMb MbIWIEHUS C8si3aHa C KOHCMaHMHOCMbo 8ocnpusimusi (cm. pasden 4).
[Moamomy MHO2ue cyumarom coomeemcmesyrulyro onepauur Hesocnpoussodumoli e komnsomepe. OAHaKo
“ebaliHpudep” uHo2da ydaqyHo pacnosHaem MHozue bykebl He3agUCUMO Om WpUMos, pamepos, A3bIKos U m.0.

B komnbromepe MbI asmomamuyecku hepexodum om ‘Kupunnuus!” K “apeany’, “eomuyeckomy wpugpmy” u m.o.
Ho amo, koHeyHo, ewe morbKo Hayaro.

6. O0bEeKTMBHOCTb M CYObeKTMBHOCTL 06pa3oB

YEJNNIOBEK. O6pasbl obnagatoT xapakmepHbiMU 06bekmusHbIMU cgolicmeamu B TOM CMbICIE, YTO pasHble
niogw, obyyaioLmecs Ha pasnuyHoM Matepuane HabmoaeHuit, bonbLueil YacTbio 0ANHAKOBO W HE3ABMCUMO Apyr
OT Apyra KnaccuuumpytoT ogHW 1 Te xe 06bekTbl. IMeHHO aTa 06bekTMBHOCTb 06pa30B MO3BONSET MOAAM
BCEro MMpa NoHUMaThb Apyr apyra.

Cnoco6HOCTb BOCTPUATMS BHELLHErO MUpa B ¢hopMe 00pa3oB MO3BOMSIET C ONPEeAEneHHOM AOCTOBEPHOCTLIO
y3HaBaTb DECKOHEYHOEe YNCro 06BEKTOB HA OCHOBAHMM O3HAKOMIIEHWS! C KOHEUHBIM UX YMCIIOM, @ OObEKTUBHbIN
XapakTep OCHOBHOro CBOMCTBa 00pa3oB MNO3BOMSET MOLENMPOBATH MPOLECC MX pacno3HaBaHus. Byayuu
oTpaxeHneM OBbLEKTMBHON peanbHOCTW, NoHsATUE obpasa CTonb Xe ODLEKTMBHO, Kak U cama peanbHOCTb, a
MO3TOMY 3TO MOHATME MOXET ObITb camo no cebe 06LEKTOM CreLManbHOro NCCNea0BaHNS.
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C ppyront ctopoHbl, OBPA3 — cyObekTMBHAs NpPeACTaBMEHHOCTb NPEAMETOB  OKPYXaloLWEero Mupa,
00yCrnoBneHHass kak YyBCTBEHHO BOCTPWUHMMAeMbIMM MpU3HAKamK, Tak M MANOTETUYECKUMI KOHCTPYKTaMM.
ABNssicb OCHOBOM ANS peanuaauuy NpakTUYECKUX AECTBUIA MO OBMAAEHNIO OKPYXaIOLLEro Mupa, 0bpa3s Takxe
OnpeaensieTcs xapakTepoM aTUX AECTBUNA, B MPOLIECCE KOTOPbIX UCXOAHbI 00pa3 Buaou3mMeHsieTcs, Bce Gonee
YAOBMETBOPSIS MPAKTUYECKUM HyXaaM.

HyxHO ckasaTb, YTO NOAOOHbLINA X04 MbICAIM MOXHO OBHapYXUTb HE TOMbKO Y (PU3MOMOroB, HO M Y MCKUXOIIOrOB.
CnepncTareM ero SBMSETCS TO, YTO B NCKUXOMOrMM TEPMUH "06bEKTUBHOE onucaHre" ynotpebnseTcs B kauyecTse
CMHOHMMa TepMWHa "dhuamoriornyeckoe onucaHue", a "meuxonormyeckoe” — B KA4ecTBe  CUMHOHMMA
"cybbekTBHOE",

KOMNbIKOTEP. CybnekmusHocmb 0bpasos, npexde ecezo, onpedensiemcs pasnuduem ‘ecmecmeeHHol 63”
(kak OeknapamueHol, mak U npouedypHol KOMNoHeHm) y pasHbix moded. Ecmb nu Heobxodumocms
ompaxamb 3my 06y 3aKOHOMEPHOCMb 8 KOMNbIOMEPHbIX mexHonoausx? C odHol cmopoHsl, y mob02o
memoda, aneopumma ecmb aemop, Kak U y 6ol b3. lMoamomy coomeemcmeyrowas KoMNbOMepHas
mexHomnoaus cybbekmusHa. C dpy20li CMOPOHbI, NO2PYXEHUE 8 8bINUCTUMENBHYK cpedy cO0MeememayLUX
3HaHUl ocyuwiecmensaemes moada, koeda amu 3HaHUS ke anpobuposaHsi u “Ooka3anu” ceor aghghekmugHOCMb
8 MeX UIU UHbIX npoyeccax, No3mMomy yxe cmainu 8 HeKomopol Mepe 06beKmMUBHbIMU.

PasnuyHble kKomMnblomepHble cucmeMsi (co30amenu-mo pasHbie!) 00Hy u my xe (yHKYUI Mo2ym 8bINOMHAMb
pasnu4Ho. Ho & omnuyue om modeli, Mbl MOXeM 0b6MeHUBambCs KOMnbomepHbiMu b3, 06beduHsamb ux,
dononHams b3 ceoezo komnbomepa “yyxumu” 3HaHUSMU.

7. ERMHCTBO Lenen n cpeacTs

YENOBEK. lNMpuHUMN pa3aeneHuss Cpeacts w Lenei, T.e., Ta uges, YTo ogHa Lenb MoXeT OblTb JOCTUTHYTa
MHOXeCTBOM CrocoboB, a 0O4HO CPeACTBO MPUMEHEHO ANS JOCTUXEHUS! PasHbIX LENen NEXUT B OCHOBE BCEX
BMOOB Yenoseyeckon aeatenbHocTu. B [Mpyakos, 2004] noguepkuBaeTcs, YTO NPUHLMN pasgeneHuns Lenem u
CPELCTB HEMPUMEHUM AN MOHUMaHMS YENOBEYECKOro MblineHus. B oTBeT Ha TpebGoBaHMsA CuUTyauunm moar
BCErga OOHOBPEMEHHO (bopMmuMpyeT Lenb M CpeacTBa Ansd ee LOCTUKEHUs. OTO MPOMCXOauT B mpouecce
CaMoOpraHu3aLun B OnpegeneHHbIX CTPYKTYpax Mosra, MpuyeM npoLecc camoopraHvsauuu npoTekaeT Takum
00pa3oMm, 4Tobbl MUHUMU3MPOBATL 3aTpaThbl Ha (hOPMUPOBaHME Lienn 1 cpeacTs. Iof Lenbio, B AaHHOM cryyae,
He 00s3aTenbHO MOHMMAETCs, Kak 9TO AenaeTcsl 00blMHO, KaKOW-TO OCO3HABaeMblil pesynbTtat, a itobon
COCTOSIHWE, KOTOpOe [OMKHO ObiTb AocturHyto. CpefctBo - 3710 ntobas akTMBHOCTb, Heobxogumas Ans
JOCTKEHNS LIENN: Takast akTUBHOCTb MOXET OCTaTbCs HEOCO3HAHHOM, @ MOXET BbIINTLCA B ANCCEPTALMIO UMK B
MEMOpaHZyM MO MOAroToBke K BOMHE. CamoopraHusauus - MpoLecc COBEPLUEHHO aBTOMATUMYECKMA U He
noagaeTcst CO3HATENbHOMY KOHTPOSH.

r1noTesa 0AHOBPEMEHHOTO (HOPMUPOBaHMS OOBSICHSIET EXEAHEBHYIO PaLMOHAMNBHOCTb TEM, YTO MO3T MbITAETCs
CTPOUTb JOCTUXMMbIE LENM C MUHMMAamNbHbIMU 3aTpaTamu, a NMpuBbIYHbIE CMOCOOLI AEiCTBUI kak pa3 U
MO3BONSIOT MUHUMU3MPOBATL 3aTpaThbl HA CAMOOPraHM3aLMto.

KOMNbKOTEP. OmHoweHus ‘uenb—cpedcmea 00CmUXeHUs” Ha pasiuyHbIX yPOBHAX asmoMamu3ayuu ecezda
modenuposanuch 8 UHMENNEKMYyarnbHbIX (UU UHMENNeKmHbIX) cucmemax ynpagneHus [Bacunbes, 2000].

B Hacmosiwee epemsi npobrnema moOenuposaHusi UenenonazaHus ecmana ¢ ocoboli ocmpomol esudy
deknapayuu H0B020 Hay4yHO20 HanpaeneHus ‘LleneycmpemneHHblie cucmembl”. Buecme ¢ mem 6 pamkax
npobnemamuku MynbmuageHmHbIX cucmem 3mol npobnemol (aHanus pecypcos OocmuxeHus uened,
nnaHuposaHue, npuHamue peweHul, modenuposaHue nocnedcmeuli  coomeememeytouiux  delicmeuli)
3aHumaromces dasHo (cm., Hanpumep, [Tapacos, 2002)).

8. OTKpbITOCTL 0Opa3oB

YENOBEK. OaHo 13 camblX CrOXHbIX CBOWCTB 0Bpa3a — ero OoTKpbITOCTh [3uH4eHKko, 1997]. Passutie obpasa
BeckoHeyHo. ECTb aBTOHOMHAs XW3Hb 00pasa unu xu3Hb B 0Opasax. ECTb HEKOHTPONMPYyEMOe CaMopasBUTME
obpasa, nogobHoe camMopasBuTMIO Mbiciu. BkntoueHne obpasa 1, COOTBETCTBEHHO, BU3YanbHOMO MbILLMIEHUS B
MCUXONMOMMK0 U NOTUKY Pa3BUTUS TEOPETUYECKOTO MbILLMEHUS NpUBNM3MT nocnegHee K pasymy. BusyanbHoe
MbILUNIEHNEe — 3TO YenoBeyeckast AedTeNbHOCTb, NMPOAYKTOM KOTOPOI SIBNISIETCS MOPOXAEHWE HOBbIX 00pa3os,
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CO3/aHNe HOBbIX BM3yarlbHbIX (hOPM, HECYLLMX ONpefeNieHHYK CMbICIIOBYIO Harpysky W Lenatolux 3HaveHue
BUAMMBIM. 3TV 06pasbl, kak 1 CNoBa S13blKa, OTIIMYAKTCS aBTOHOMHOCTHIO 11 CBOOOAO0M MO OTHOLIEHUIO K 0BBEKTY
BocnpusTus. MNopoxaeHue HoBbIX 00pa3oB, MbiCnen ocyLiecTBnsieTcs bnarogaps CnocobHOCTM OnepupoBaHNs 1
MaHunynupoBaHus obpaszamn. VX CTOMKHOBEHME W KOH(IMKTbI BbITEKAKT WCKPbl HOBbIX CMbICIIOB.
[ledaTenbHOCTb BM3yanbHOrO MblWeHUs npeobpasyeT «rma3s BuasAWmin» B «rma3 3Hatowwminy [ApHxeim, 1973].
O6pas3 kak gonyLLeHre, BCeraa runotesa u He ToNbKo NepuenTUBHas, HO U UHTENNEKTyarnbHas.

B pasyme paBHOMPOYHO MpefcTaBrieHbl [AeicTBME, CMOBO (MOHATME) M oBpas, T.e. pasHble, HO
B3a/MOZOMONHAKLIME W B3aUMOZENCTBYIOWME OOHA C APYron MPOEKUMM peanbHOCTW, B TOM 4ucne U
BUpTYanbHON. K B3auMogencTBuio U K OTBETCTBEHHOMY NMOPOXAEHWIO HOBOMO CMOCOGHBI TOMBKO XMBble 06pasbl,
NOHATUS 1 feincTBUS [3uHueHko, 1997].

KOMNbIOTEP. llpobrnema modenuposaHusi onepayull co 3HakogbIMU cucmemamu 6 cpeduHe 90-x 20008
NpOWIo20 8eKa hpusena K OMKPbIMUK HOB020 HanpagneHust 8 npobieMamuke UCKYCCMBEHHO20 UHMernekma
«lpuknadHol cemuomuku». HanomHum, 4ymo 6 npuknadHol cemuomuke K mpaduyUoHHOU Yemeepke,
onuckigarowieli ghopmarnbHyro cucmemy, dobasnsemcs euie 4embipe KOMNOHEHMbI. USMEHEHUSI 311EMEHMO8
08308020 MHOXecmea, USMEHEHUS aKcuoMamuku, MoOugbukauyuu npasuil CUHMAaKCUYecko2o ebigoda U
cemMaHmuyeckoll KoppekmHocmu. 3Hak sienisemcs 4yacmHbIM CriydaeM obpasa. [10amomy, OmKpbImocms
3HaKoebIX cucmem npuknadHol cemuomuku ewe e bonbwell mepe xapakmepHa Ons cucmem 06pa3H020
MbiwneHusi. OCHOBHasi CrOXHOCMb MOOENMUPOBaHUSI COXHbIX CUCMEM 3ak/loyaemcs 8 omcymemeuu
3aMKHymocmu, xapakmepHol 0ns mobbix dedykmueHbIX, (hopMaribHbIX CMPYKMyp. 3mo 03Hayaem, Yymo 8
obpase gceada Mo2ym NoSIBUMLCS HOBbIE KOMNOHEHMbI, HOBbIE OMHOWEHUS KaK «8HympU He20», mak U HoBble
c8a3u ¢ Opyeumu obpazamu. Hekomopble KOMNOHEHMbI Mo2ym y0ansimbCs (Kak U OMHOWEHUS),
moduuyuposamscs. Bee amu gpakmopsi 3acmasunu B.IM1.3uHyeHko Haseamb 06pa3 «xugbiM». Ho, emecme ¢
mem, 8 Kax0blIli MOMEHM epemeHU 06pa3bi obnadarom yenocmHocmeko, docmamoyHoll 015 nposedeHus Had
HUMU HEKOmMOophbIX onepayuli Uu/unu ycmaHoeneHusi onpedeneHHbIX OMHOWEHUL.

[Moamomy, 8 ebrMucnumensHol cpede Mo2ym mModenuposambCsi HEKOMOpbIe NUlWb HEKomopble hpaeMeHmel
(«ocmposku») hopmarnbHo2o npedcmaeneHusi 06pa3o8 U onepayull ¢ Humu. B yernom ama npobrema 8epossimHo
8 obospumom bydywem peleHa He bydem. 3amemum, oHa croxHa u Ans ncuxonozos [3uHdyenko, 1997, Mcux.
npoueccsl, 2004] .

9. HeuetkocTb 06pazoB

YENOBEK. 31a npobnema 06pa3sHoro MelLneHus aHanuauposanack B [Banbkmax, 2003].

1) Obpa3s B namaTtn, YToObl UM MOXHO ObINO MONMb30BaTLCS, 00sI3aTENBHO AOMKEH ObiTb Hewemkum. Ecnu 6bl
0bpasbl OblnM MONHOCTHH AETanMaMpoBaHbl, kak oTorpacui, OHW He MOrnM Obl CYXWUTb ANS XpaHeHus
HenosHoU MHgOopMaLmMK, KOTOPO Mbl B OCHOBHOM onepupyem. KOHTEKCTbI BCeraa onpeaenstTcs OAHON Wi
Heckonbkumu  hpazamn. C MOMOLLBK aCCOLMATMBHBIX OTHOLIEHUIA Mbl Camu  «GOMOMHSEMY» W CTPOUM
cooTBeTCTBYHOWME 0Opa3bl. CriegoBaTenbHO, U KOHTEKCT BCErAa HENOOH, HEOOHO3HAYEH, HEMOYEH.

2) C Hawemn TOYKM 3peHNs 3Ta Heyemkocmb 0BPa30B (WX TEKCTOB M KOHTEKCTOB) SIBMSETCS WX OCHOBHOM
XapaKTepUCTUKOW, OTIINYaloLLen X OT ocTarnbHbIX BUAOB 06pa3oB. J1toboil «BHeLWHMIny 06pa3, NpeacTaBneHHbIN
(3ahMKCMpPOBaHHbI) Ha KakoM-nbo HOcMTene C MOMOLLBID HEKOTOPOro f3blka WKW CUCTEMbI 3HAKOB, BCEraa
ABNAETCH YemkuM. Heyemkocmb 0BpasoB, KOTOPbIE BO3HMKAKOT Y HAC NMpW BOCMPUATUM (M MHTEpNpeTaumm) Tex
UMM MHbBIX AaHHBIX SBASIETCA Pe3ynbTaToOM X TPAKTOBKM.

3) MImeHHO Heyemkocmb 06pa3oB 0b6ecneynBaeT BO3MOXHOCTb XPaHEHUS B NamsT YesloBeKa Takux OrPOMHbIX
06beMOB 3HaHWil. Hevemkocmb W HenosHoma obpasoB 00yCraBIMBaeT MHOXECTBEHHOCTb UX CBS3EN MeXay
cobon. [lo3TOMy MOXHO TOBOPWUTH O CUNTBHOM B3aMMOCBS3aHHOCTM pasNiyHbIX 06pasoB. CunbHas ux
B3aMMOCBS3b MHOXECTBOM OTHOLUEHWA SBASETCS OCHOBOM acCOUMATUBHBIX, MHTYUTUBHBLIX BLIBOLOB U SBMSETCA
OCHOBO/ 06pasHOro MbllUNeHMsl. MIMEHHO MHOXECTBEHHOCTb, HEOOHO3HAYHOCMb W HEonpPedeneHHOCb
OTHOLLEHWI 0Bpa3oB obecneynBaeT 3BPUCTUYECKIE NPOLLEAYPbI MbILLIIEHUS.

4) Heyemkocmb, HENOHOMA, HEOOHO3HAYHOCMb U HeonpedeIeHHOCMb OTHOLUEHWIA onepalnini Mexay coboi
00pasHOro  MbllwneHns sBnstoTcs  6a3oi 4N HETpUBMAmbHbIX PELUEHWA, TBOPYECTBa, NPEOLONEeHMs
CTEPEOTHMOB.
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5) Takue onepauuun, Kak KOHUEHmMpayusi W ebIMECHEHUE, BbISBNIEHUS cxo0cmea-pasnuyus (1, BUAUMO, BCE
«ocTanbHble» onepauuu 00pasHOTO MbILUMEHMS)) B KauyecTBE OMEPaHOOB WCMOMb3YOT TOMbKO HENOSHbIE,
HemoyHble, HEeoOHO3HayHble, HedoonpedeneHHble, Hedemkue o0pasbl. Takue xe obpasbl SBNATCS
pesynbTaToM 3TUX onepaLui.

6) Heyemkocmb, HenonHoma, He0OHO3Ha4yHOCMb U HeonpedeneHHocmb 06pa3oB obecneynBaeT BOIMOXHOCTb
paboTbl 1 JOCTVKEHWNS B3aWMOMNOHMMAHUS C ONpeaeneHnsMu 06bEKTOB Ha YPOBHE «OOrOBOPHON CEMAHTMKMY.
A Tak onpeaeneHHbIX 06bEKTOB — HOMbLLMHCTBO.

Cneunanuctel B 06acTM  KOTHUTMBHOW MCUXONMOTMM  BLIAENSIOT TPW OCHOBHBLIX TUMA (CEMaHTMYeCcKoi)
penpeseHTauuy NOHATUIA B HaLIEN NaMmsaTh: nocpedcmeoM npomomuna (3maroHa), ¢ NOMOWbI0 XapPaKmepHbIX
npu3Hakos, NocpedcmeoM MHOXECmea munu4yHbIX 06bEKMO8.

Bce Tpu TMna 06pa3oB HeYemku, HENOMHbI, HedoonpedeneHbl, HEMOYHbI. JTamnoH CTPOUTCS TaK, YToObl emy
COOTBETCTBOBANO MHOXECTBO «BHelHWX» 00pa3oB. [loatomy Heobxoguma eapuabenbHOCMb 3TanoHHOMO
obpasa. MOXHO rOBOpUTb W O HEOGHO3HAYHOCMU, HEMOYHOCMU, HenosHome 3TanoHa. CuHTe3 obpasoB Ha
ocHoBe 6a30BbIX NPKU3HAKOB, MPeAnonaraeT CyLeCTBOBaHME APYruX XapakTepucTuk obbektoB. CnegoBaTenbHo
1 a10T 06pa3 obnapaeT HenostHomol n HedoonpedeneHHocmbHo. PakTyeckn 3ToT TN obpasa npeacTaBnseT
cobon arperaTHoe OTHOLLEHME. TpeTuin TUM penpeseHTaLum — pogo-BUA0BOE OTHOWEHWE. MHOXECTBO TUMMYHBIX
06BbEKTOB HENOTHO N HEA0ONPEDENEHO.

Tenepb OBLL BbIBO[:

OBpasHoe MbllLNeHMe B 3HAYUTENbHOM CTeneHu (eCnn He NOMHOCTLID) onmpaeTcs Ha HE-thakTopel, Kak B
npeacTaBneHnn OOBEKTOB M WX OTHOLIEHUSIX, TaK M B Onepauusix C HUMM. BbITb MOXET — 3TO rnaBHas
XapakTepucTuka obpasHoro meiwnexus. HE-daktopbl 1 paboTta B 1x ycnoeusix He cnabocTb (Mnn HeLoCTaTok)
00pa3Horo MblLNeHKs, a ero cunal

KOMNbKTEP. [ns modenuposaHusi HE-cpakmopos (cm. [HapuHbsHu, 2003]) e Hacmosiwee epems
pa3pabomaHo HECKOMbKO, 3(heheKmUBHbIX 8 YaCMHbIX NPUIOXEHUSX, (hopMasTbHbIX annapamos: HeYemkas
Mamemamuka, Helipocemu, uHmepearnbHbIl aHanus, eeHemuveckue aneopummsl u m.0. OOHaKo, He 8Ce OHU
adekeamHbl peweHur npobnemamuku modenuposaHusi 06pasHo20 MbIWIIEHUS, 8 YaCMHOCMU, NO2PYXEHUS 8
gblyucnumensHyro cpedy obpasos (komopbie «obpocau HE—-ghakmopamu ecnedcmeue ceoell NpuHyUNUanbHoU
omkpsimocmuy). Ho, enagHoe, Mbl euie He KOHUa pa3obpanuck, Ymo cobecmeeHHo Hado 30echb Modenupogame.
«CrosecHbIX 3MUKEMOK» Maro, Ha0o 4Yemko onpedenumb UX CMbICIT 8 npurnoxeHuu K obpasam. Toz0a
gcmaHem npobnema — KAK amo modenuposams. Y, 803mMoxHO, bydym pa3pabomaHsl coomgemcmeyoujue
opmarbHbie annapamsl.

10 «JleBble» 1 «npaBble» 06pa3bl

YENOBEK. [lea Tvna MbllWneHus, ABe CTpaTeryt NOMylapuii... B HOpMarnbHbIX YCMOBUSX MEXAY HUMM HET
aHTaroHn3ma, HeT KOHKypeHuuu. OHWM TECHO COTPYAHUYAlOT, B3aMMOAEWCTBYIOT, [LOMOMHAS U oboralyas
Apyr Apyra.

CornacHo 3Toit KoHLenuuu, NeBoe nonyLiapue u3 Bcero 06unmus peanbHbIX W NOTEHLManbHbIX CBA3EN BbibupaeT
HEMHOTIe BHYTPEHHE HENPOTUBOPEYMBBIE, HE UCKIOYatoLLMe ApYr ApYra, ¥ Ha OCHOBE 3TWUX HEMHOTMX CBSA3EH
CO30aeT OJHO3HAYHO MOHUMAEMbI KOHTEKCT. [pekpacHbIM MPUMEPOM TaKOr0 KOHTEKCTa SIBMSETCA TEKCT
XOPOLO HaMMUCaHHOrO y4ebHMKa No ecTecTBEeHHbIM HaykaM. OgHO3HAYHOCTb 06ecneymBaeT Takke noruyeckun
aHanu3 npeaMeToB U SBMEHW, NOCNeaoBaTeNbHOCTL Nepexoda OT OOHOTO YPOBHA PacCMOTPEHUs K ApYromy.
[pn 3TOM BCe OCTarnbHbIE CBA3N, CMOCOBHBIE YCNIOXHMTL U 3anyTaTb KapTUHY, CAENaTb ee MeEHee onpeaeneHHo
W, ynacv boxe, BHyTPEHHE NPOTUBOPEYMBON BCE 3TU CBA3N 6E3KANOCTHO yCeKatoTCs.

MpaBoe nonyLwapue 3aHATO NPSAMO NPOTUBOMONOXHON 3agaden. OHO «cxgambigaemy» peasbHOCMb 80 8CEM
6oz2amcmee, npomusopeyu8oCMU U HEOOHO3HaYHOCMU c8si3ell U hopMupyem MHO203Ha4YHbIU KOHmMekem. Peyb,
BO BCAKOM Cryyae, peub He No3TUYeckass, NPUHLMNUANbHO He npefHasHaveHa [ns nepefayun W BblpaXeHus
TaKOro KOHTEKCTa, MOCKOMbKY CTPOUTCS MO 3aKOHaM NEeBOMONYLWAPHOTO MbILUNEHNS. IMEHHO MOSTOMY «MbICHb
“3peyeHHas ecTb NoXb». HakoHel, BCE TO e CaMoe OTHOCUTCS K MOMbITKE ONUCAHWUS YyBCTB U MEXINYHOCTHBIX
OTHOLLIEHWI, KOTOPblEe Y HOPMAnbHbIX, NCUXMYECKN 300POBbIX JH0AEN BCeraa MHorosHauHbl [PoteHbepr, 1999].

Ob6a nonywapus BbIMOMHSAKT PaBHO BaHble thyHKUMK. JTegoe nomywapue ynpowaem mup, YToObl MOXHO ObIno
ero npoaHanuanpoBaTb ¥ COOTBETCTBEHHO MOBMWATL Ha Hero. MpaBoe nonyllapue CXBaTblBaeT MUP TakuUM,
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KakoB OH €CTb, 1 TEM CaMbIM MpeoaoneBaeT orpaHNYeHna, HaknagbiBaemble NeBbIM. bes npasoro nonywapua
Mbl MpeBpaTUIIUCb Obl B BbICOKOPA3BUTbIE KOMMbIOTEPbI, B CYETHble MallKHbl, TLETHO MbiTaloLWNeca
I'IpI/ICI'IOCO6VITb MHOFO3HaYHbIN 1 TeKy‘-II/II;1 MWP K CBOMM OrpaHn4eHHbIM nporpaMmmam.

KOMMNBbKOTEP. lcuxonoeu 0bpasHoe MbIWEHUE €853b18aIOM C NPOUECcaMu NPagonomyLwiapHo20 MbILIEHUS.
Y, kak npasuso, onepayuu cuHme3a obpasa 8 namsamu U 2eHepayuu obpasos 8 hpouecce KOMMyHUKauuu He
OMHOCSIM K npasononywapHoMy MbiwneHuro. 3amemum, obe amu onepayuu OmHOCMcs K MOOenupos8aHur
OMHOWEHUL «cUcmeMbi» 06pazHo20 MbILUIEHUS ¢ 8HewHel cpedodl.

B komnblomepHbIX MexHOMo2usiX K MoOenupogaHud 06pas3Ho20 MbIWIEHUS Mbl OMHOCUM OMpaxeHue 8
gblUCIUMenbHoU cpede 8cex NPoOUECCo8, C8si3aHHbIX ¢ 06pa3amu (8 WUPOKOM CMbICIIE).

Haw uHmepec k uccrnedosaHusM ncuxonoz2o8 8 amol HaydHol obrnacmu obycrnoeneH d0gyms uensmu. Bo-
nepebix, 8 NpasoM nosaywapuu npousgodamcs Haubonee 3Hayumbie Of UHMENIEKMyarnbHbIX NPOUECccos8
onepayuu. Bo-smopbix, Mbl Hadeemcs UCNOMb308amb pe3ynbmambl pabombi NCUX0M0208, Menepb U
koeHumornoeog [Cornco, 1996] 8 coadaHuu 3¢hheKmUBHbIX KOMNLIOMEPHBIX KOMNIIEKCO8.

Hanpumep, aHanus e03MOXHOCMU MOOENUPOBaHUs 8 ebiyucIumenbHol cpede noddepxKu UemoCmHOCMU
HedoonpedeneHHbIX «npasbix» 06pa3oe u UxX MynbMUKOHMEKCMHOCMU (MHO203Ha4YHOCMU) yxXe cellyac MOXHO
cghopmyrnuposamb Kak npobremy.

Cneyuanucmog 8 obnacmu UCKYCCMBEHH020 UHMmesnnekma dasHO UHmMepecosan eonpoc: ecezda /iu 0bpa3s
pacnadaemcsi Ha KOMNOHEHMbI (NPU3HaKU, xapakmepucmuku, ceolicmea). Tak, 00HO u3 MHo2ux onpedeneHul
noHsmus obpasa 0aHo 6  [Knauku, 1978]: «Obpa3 — amo KOH(bu2ypauusi U3 HEeCKOMbKUX 371eMeHmos,
COCMaBnALUX HEKOE Uenoey.

Tenepb NOHAMHO, YmMO «eeble 06pasbly COCMOSM U3 OMOESNbHbIX 371EMEHMO8 (U3 HEKOoe20 Cro8aps,
Hanpumep, epagbem unu mopghem). ¥ amom obpa3 ecezda Haxodumcs 8 0OHOM KOHMeKcme uHmepnpemauuu.
«pasbie 0bpasbly — Hekas UEIoCMHOCMb, Cywiecmeytouiass O00HOBPEMEHHO 80 MHO2UX KOHMeKcmax
noHumaHus. M monbko noddepxka mecHo20 83aumModelicmeusi «/esbix» U «npasbix» 06pa308 Moxem
obecneyums aghhekmugHoe ModenupogaHue 0bpa3Ho20 MbiwneHus. lpu amom e3aumodelicmeue O0MKHO
6bimb OeyeHmpanu3o8aHHbIM.

3aknouyeHue

Mbl npusHaem OTCYTCTBME B MaTepuanax KOHCTPYKTWMBHbIX PELIEHWA MO CO3L4AHMI0 COOTBETCTBYHOLLMX
nporpamMHbIX komnnekcos. Monaraem, npobnema crnoxHa, u TpebyeTcs ewe 6onblias aHanuTUyeckas paboTa.
lMpencTaBneHHbIN MaTepuan B GonbLUel Mepe SBSETCA NpUrnaLleHnem K AUCKyCcun ¢ 0603Ha4eHNEM ee TEM.

P. S. MonHbIN TEKCT CTaTbW COAEPKUT ABaALATh CTPaHWL,. XenatoLe MOryT NomnyyuThb €ro ANEeKTPOH. NOYTOMN.

Nutepatypa

[ApHxeim, 1973] ApHxelm P. BusyanbHoe Mbiwnenne // 3putenbHble 0Bpasbl: (PEHOMEHONMOrMs U KkcnepumeHT. Y. 2.
Hywabe, 1973.

[BanbkmaH, 2003a] Banbkman FO.P. He-aktopbl — ocHoBa obpasHoro Mbiwwnenns // Tpyasl 1l-ro MexayHap. Hay4Ho-npakT.
cemuHapa «/HTerpupoBaHHble MOJENU 1 MSrkie BbIYUCIIEHUS B UCKYCCTBEHHOM MHTennekte». Mocksa: ®duamatnur,
2003. C. 26-33.

[BanbkmaH, 20038] Banbkmar tO.P. Kateropuu «obpas» n «Moaenb» B KOTHUTUBHBIX npoLeccax // Tpyabl MexayHap. KOH.
«MnTennextyansHble cuctembl» (ICAIS'03), Menenmxuk-AusHomopckoe, Mocksa: ®uamatnut, Tom 2, 2003, C. 318-323.

[BanbkmaH, 2004] Banbkmat HO.P. KoHTekcTbl B mpoLieccax 0BpasHOro MblLLMEHsT: ONPeaeneHnst, OTHOLLEHUS, onepawum //
Teaucol goknagos | Poccuiickon KoHepeHLm no KOTHUTUBHOM Hayke, 9-12 okTsbps, KasaHb, 2004, C. 46-47.

[BanbkmaH, beikoB, 2004] Banbkmar FO.P., beikog B.C. VIHTennekTyanbHble CUCTEMBI: O MOLENMPOBAHWUM MOHUMaHMs //
Tpyabl MexayHap. koHd. «MHTennektyansHble cuctemsly» (ICAIS'03), MeneHmxuk-AneHomopckoe, Mocksa: ®uamatnuT,
Tom 2, 2004, C. 318-323.

[BanbkmaH, Mcmarnnosa 2004] Banbkman 0. P., Memaeunosa /1. P. O ssbike obpasHoro mbiwnenus /I Tpygpl
MexayHapogHoro cemuHapa [Auanor'2004 «KomnbtoTepHas MMHIBUCTIKA W MHTENNEKTyanbHble TexHonorumy. 2004. C.
72-80.



KDS 2005 Section 1: Cognitive Modelling 45

[Bacunbes u ap., 2000] MHTennekTHoe ynpaBneHue guHamuyeckumu cuctemamm / Bacunbes C.H., XXepnos AK., ®egocos
E.A., ®egyHos b.E. — Mocksa: ®usmatnut., 2000.

[BnHuenko, 1997] 3uryeHko B.I1. Obpas n pestensHocTb. — Boponex, 1997.
[Knaukm, 1978] Knayku P. MamsaTb yenoseka. CTpykTypbl 1 npouecckl. — Mocksa: W3a-so "Mup", 1978.

[Muzoryum, 2000] Musoeyyu P. Lar B HanpaBneHuu WHxeHepuu oHTonoru // HOBOCTW WUCKYCCTBEHHOMO WHTENnekTa. —
2000. — Ne1-2. — C. 11-36.

[HapuHbsHu, 2003] HapuHbsiHu A.C. HE—hakTopbl: HEOAHO3HAYHOCTb (BOdopMarnbHOE UccnesoBaHie) I HoBocTn
uckyccTBeHHOro uHTennekta. — 2003 — Ne 5, Ne 6.

[Mocnenos, Ocunos, 2002] Mocnenos [.A., Ocunoe I.C. Beegenue B npuknagHyio cemnotuky. Mnasa 5. Onepauun B
cemmoTnyeckux 6azax aHaHui //HoBOCTU UCKycCTBEHHOO MHTennekTa. — 2002 — Ne 6 — ¢. 29-35.

[Mpyzakoe, 2004] Mpydkos I1. MapagoKcbl UCKYCCTBEHHOMO MHTenmekTa hitp://www.aicommunity.org/articles_list.php
[Meux. Mpoueccenl, 2004] Meuxuveckune npouecces! http://azps.ru/articles/proc/proc29.html

[PoTeHbepr, 1999] B. [1.Pomenbepe B. [l. Mo3r u [Be cTpaTer MbllNEHUs: MapadoKkcbl UM TMNOTESbI
http://metaphor.nsu.ru/misc/num1/num1_roten.htm

[Conco, 1996] Conco P.J1. KornutueHas ncuxonorusi. Mocksa: Tpusona, 1996

[Tapacos, 2002] Tapacos B.5. OT MHOroareHTHbIX CUCTEM K MHTENIIEKTYanbHbIM OpraHu3aumam: unocodusi, Ncuxonorus,
nHepopmatuka. — Mockea: Sgutopnan YPEC, 2002.

MUHbopmaums 06 aBTopax

BanbkmaH HOpuin — MexayHapogHbld Hay4YHO-y4ebHbIN LIeHTp MHGOPMaLMOHHBIX TEXHOMOMMIA U CUCTEM, 3aB.
otgenom; Ykpaumna, 03680, Knes—680, MCIT, npocn. Akagemuka nywkosa, 40; e-mail: yur@valkman.kiev.ua

BbikoB BsyecnaB - MexayHapoaHbli HayyHO-y4ebHbIN LIeHTp MHGOPMALMOHHBIX TEXHOMOMMN U CUCTEM,
acnupaHT; YkpauHa, 03680, Kues—680, MCI, npocn. Akagemuka nywkosa, 40; e-mail: yur@valkman.kiev.ua

MOZENW BUOPUTMOB B3AUMOLENCTBUS

CrenaH I'. 30nkuH

Abstract: Models of associative connections of functional sites of a bark of a brain of the person are described
during processing the touch information.

Keywords: a robotics, models, associative connections.

BBegeHue

OfHAM M3 OCHOBHbIX HampaBNEHWA Pa3BUTUS POOOTOTEXHUKN SIBMSIETCS BO3MOXHOCTb MpuAaHust pobotam
HaBblkOB M YMEHWA ueroBeka, CrOCOBHOCTEN K CYXOEHWSM C  MOCNeaylWnM BbITECHEHUEM  UIN
COBEpLLUEHCTBOBAHMEM YXe CyLleCTBYlolen TexHomoruu. Pewenne aTux 3agay  TpebyeT  Hanuuus
MaTeMaTUYecKUX MOAENen U3y4aeMblX SIBMEHWN, NO3BONSIOWMX MPUMEHSITb  KONMMYECTBEHHbIE METOAbI
UCCNEA0BaHMS 1 OLIEHNBAHWS.

HeobxoaMMOCTb  MpPUMEHEHUS! POBOTOTEXHUYECKNX CUCTEM B MPOM3BOACTBE [WKTYETCS, B OCHOBHOM,
crieaylowyumMn NpUYMHaMK: 3HepreTMYeckiue 3aTpathl WM YCIOBUS BbINOMHEHUSt paboTbl Hempuemnembl Ans
YenoBeKka; BbIMNOMHEHME Onepauun BpyYHylO He obecreumBaeT TpebyeMoro KayecTsa; IKOHOMUYECKas
LienecoobpasHoCTb  BHEPEHWUs B MPOM3BOACTBO Goniee  COBEpLUEHHbIX TEXHOMOTMA.  [1Nsl yCnewwHoro
(YHKUMOHNPOBAHUS  POBOTOTEXHUYECKMX CUCTEM  BblgBuralTcs oblime TpeGoBaHMs  MOAENMPOBaHMS,
MepCnEeKTMBHOMO NIaHMPOBaHMS U ONEPaTUBHOrO YNpaBlieHus B pearnbHOM Maclutabe BpemeHu. Bocnpusitue u
WHTEepnpeTaLus AaHHbIX 06 OKpyXatoLlel 0BCTaHOBKe MrpatT BaXHEWMLLY0 POfib MU YNpaBneHnu AeHCTBUSIMA
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apantueHoro pob6ota [1]. OCHOBHble (OYHKUMM CEHCOPHOM CUCTEMbI YESoBeKa M KMBOTHbIX COCTOST B
obecneyeHnn BO3MOXKHOCTK OOHApYXeHUs, Pa3NNYEHUs W ONO3HAHUS CUrHANOB BHELIHEro mupa, T.e.
(hOpPMMPOBaAHMM CEHCOpHBIX 00pa3oB. B cBO oyepenb, peanu3aums aTux YHKUMIA MPUBOAMT K ONPEAEneHHOMY
COCTOSHWKO M (Mnn) ABUraTeNnbHOMY NOBEAEHMIO XMBOTO OpraHvama. lMpu 3TOM OLeHka CBOEro MoBefeHust 1
NOBEAEHUS] BHELIHMX OOBEKTOB SIBMSIETCS OCHOBOW MbllUNeHusl. BbigeneHne nonesHon wHdopMauum w3
CUrHanoB [aT4MKOB TEXHWYECKOro O4yBCTBNEHWS U ee obpabotka cnocobHbl gaTb poboTam BO3MOXHOCTb
cobupatb, OLEHMBATbL 1 aHanNM3MpoBaTh fJaHHble 06 OKpyXaloLen cpeae B pamkax YHKUMOHANbHbIX MOAene
WHTENNeKTyarnbHbIX CUCTEM, MOBEAEHYECKM aHANOTYHBIX YenoBeky [1].

MocTaHoBka 3apaun. Llenbto paboTbl SBNSETCA co3naHne MaTeMaTUYECKUX MOLENeN, MPUroaHbIX ANns NporHo3a
peakuun MHTENNEeKTyanbHo cuctembl pobota Npy BOCMPUATUM U WHTEPMPETaLMU pasfMyHON MHGOpMaLUn —
CBETOBOW, 3BYKOBOM, KOHLIEHTPALMOHHOW (3anaxoBoii), a Takke ONpeAeneHne BO3MOXHOCTW WCMOMb30BaHNS
MONYyYeHHbIX MoZeneit Ans yBENUYEeHUs CKOPOCTWM 3TOW peakuwu. [ns peanusauuu nocTaBMeHHOW 3afauu
NCMONb3YeTCs CUCTEMA PErPECCUOHHDBIX NMOMIMHOMOB, XapaKTepU3ytoLLas akTUBaLMI0 Pa3nnyHbIX Y4aCTKOB KOpb
FONIOBHOrO MO3ra 4enoBeka, HanpaBleHHOCTb W CTENEHb B3aUMOZEWCTBMS MEXOYy Y4acTKamu  Kopbl,
MEXNONYLIapHY (YHKLMOHAMBHYIO aCUMMETPUI0 U MEXNOMYLLapHbIe CBA3W YYaCTKOB KOpbI, BO3HUKaLLWe NOA
BMMSHWEM PA3fUYHbIX BHELUHWX pasapaxuTenei.

OcHoBHas YacTb

CeHcopHas cucTemMa YenoBeka — 9TO COBOKYMHOCTb BCMOMOraTeNbHbIX 06pa3oBaHui, peLenTopoB, HEPBHbIX
nyTe# 1 LEHTPOB, pasapaxeHne KOTOPbIX NPUBOAMUT K NOSABREHUIO Cneuumuyeckoro YyBCTBa, XapakTepHOro Ans
[aHHON CEHCOPHOW MOZANbHOCTU, T.€. AN AaHHOrO TUna pasgpaxutens. CeHcopHas cucTema BbiCTynaeT Kak
onpegeneHHasl rokanu3oBaHHas aHaTOMWYeckas CMCTeMa, BbINOMHALWANA CheLnanusupoBaHHyo (yHKLMIO
obHapyxeHns 1 npeobpasoBaHns MHGOPMALMKM B HEPBHbIN KOA, B KOTOPOM 3aKM0YeHa COBOKYNHOCTb OMMUCaHMS
NPU3HaKOB BOCMPUHIMMaeMoro obbekta unu senexHns. B HacTosLee BpemMs OCHOBHbIE JaHHble MO (hr3nomnorumn
CEHCOPHBIX CUCTEM MOMYYEHb! C MOMOLLBIO JBYX METOLOB — NCUXOPU3NYECKOrO 1 anekTpodmuandeckoro. Mepsbii
W3 HWX AaeT npeacTaBneHne o pabote CEHCOPHOM CUCTEMBI B LIESIOM, BTOPOW BbISBASET aHaNUTUYECKNe AaHHbIE
0 pabote GOnbWKX COBOKYMHOCTEN WM OAMHOYHBIX CTPYKTYPHBIX SMIEMEHTOB, COCTABMSOLNX CEHCOpHbIE
cucteMbl. Kpome 3TuX NOAXOAOB AaHHble O LEATENbHOCTU CEHCOPHbIX CUCTEM MOMYyYeHbl C MOMOLLBIO APYriX
aHaUTUYECKNX METOL0B: BMOXMMNYECKMX, (hapMaKOIOMMYEeCKX 1 MOPONOrnieckux (HanpuMep, yCTaHoBNEHE
CUCTEMbI CBA3EN MEXOY CEHCOPHbIMU LieHTpamm). Mpn 3TOM BCe NepeyncrieHHble Bbille MEeTOAbl HanpaBeHsl
Ha BbIICHEHME ABYX IMaBHbIX BOMPOCOB: @) KakOBbl BO3MOXHOCTU CEHCOPHOM CUCTEMbI MpU (HOPMMPOBaHUM
CEHCOpHbIX 06pa3oB 1 MX onosHaHuu; 6) kakas obpaboTka MHGOpPMaLUUM O BHELUHEM CUrHamne npoucxoauT B
CEHCOPHOM cUCTeMe NS 3Toro ono3HaHus. CornacHo hn3Monornyeckmx AaHHbIX 3a 06paboTky MHGOpMaLU,
NOCTYNAloWE# OT CEHCOPHbIX CUCTEM M peanu3auuio YHKUMA CO3HAHMS, peyn, MbILLMeHUs (MOHUMaHUS |
MaHUMyNMPOBaHUS MOHATUAMM), NaMmATV (BKMKOYas npouecchbl 0byveHus), SMOUMIA Y 4YenoBeka OTBEYAKOT
CTPYKTYpbl, fOKan13oBaHHble rnaBHbIM 06pa3oM B HOBOW KOpe rofioBHOrO Mo3sra (HeokopTekce). lMpouecc
(hOPMMPOBAHMS HOBOM KOpbl CBSI3aH C MPefCTaBUTENbCTBOM BCEW COBOKYMHOCTUM CEHCOPHbIX CUCTEM.
XapakTepHON 4epToid KOPKOBOW MPOEKUMM CEHCOPHbIX CUCTEM SIBAISIETCA WX MHOXECTBEHHbIA XapakTep
npeacTaBuTensCTBa B Kope. PasrpaHMunBaloT nepBUYHbIE, BTOPUYHBIE U TPETUYHbIE MpOeKUmMu. [epBuyHbIe
NPOEKLMM ABNAKOTCH OKOHYaHWEM ObICTPONPOBOASLLMX CEHCOPHBIX KaHANOB M OTBEYAIOT 3a Npuem u 06paboTky
CUrHanbHOM MHopMaumn. OHM UMEKT [LOCTAaTOMHO OnpefeneHHble rpaHuulbl B Mpefenax HeokopTekca.
[NepBrYHbIE KOPKOBbLIE 30HbI OKPYXEHbI BTOPUYHBIMU 30HAMU TOI e CEHCOPHON CUCTEMBI, KOTOPbIE NPUHUMAIOT
WHTErPUPOBaHHYK MHOpMaLMio. BTOpMYHbIE KOPKOBLIE MOMS HE UMEKOT NPSIMON CBSA3W C nepudepneit, B HIUX
ocyulecTtenseTcsa nepepabotka MHPOPMaLMK 1 ee CPABHEHWE C paHee HaKOMMEHHON MHGOpPMaLMen (NamsTbo),
4TO OnpegensieT NpUobpeTeHHbI OnbIT. BTOPUYHbIE KOPKOBbIE MOMS OTBEYAKOT 3a FHO3MC (CMOCOBHOCTL K
Y3HaBaHUIO MOMYYEeHHON MHGOPMAaLMK MO YyBCTBEHHBIM BOCTIPUSATISIM HA OCHOBE OMbliTa, NPaKTUKMA, HaBblKa) 1
npakcuc (OEeMCTBUSI PasfNYHON CTEMEHM CRIOXHOCTM, BblpabOTaHHbIe HAa OCHOBE OMbiTa, HaBblka, NPAKTUKKA U
3aKpenneHHble CTepeoTUnoM). HakoHel, BblAENSIOT 30Hbl MEPEKPbITUS PasHbIX CEHCOPHbIX CUCTEM, [ae
MPOUCXOAUT MEXCEHCOPHOE B3aMMOAENCTBME — TPEeTWYHble 30HbI UMK accoumnaTvBHble nons [2]. Oww
obecneynBaloT CroXHble BUAbl OEATENbHOCTW: NPOrpaMMUpOBaHNe AEWCTBUIM, NOBeAEeHWe, WHAMBMAYaNbHbIE
XapaKTEPUCTUKM YeroBeka. BoisiBrieHne CBA3ER MeXOy NepeqncrieHHbIMU 30HaMK, BO3HUKAKOWMX B npouecce
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npuema 1 06paboTkM CEHCOPHOM MHDOPMALIMKM, MOXET CNOCOOCTBOBATL CO3haHM0 TpebyeMbIX MaTEMATUYECKMX
mozeneit. PacnonoxeHue fonei kopbl FoNOBHOTO MO3ra U KOPKOBbIX MOSEN B HUX NOKasaHo Ha pucyHke 1 [4].
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Puc. 1

B cBOW ouvepenb nepBuyHbIe, BTOPUYHBIE 1 TPETUYHBIE 30HbI BKITHOYAKT B Ce0sl KOPKOBbIE NOSS, OTINYALLMECS
Mo CBOEMY CTPOEHMIO W (DyHKLMOHANbHOCTU. Ha OCHOBE OCOBEHHOCTEN CTPOEHUSI KOpbl M C YY4ETOM [aHHbIX
UNTO-, MMUENno -, IMMO- U aHrMOApXWUTEKTOHWKM B Hel BbigenstoT 11 obnacten, Bknovaowmx 52 nons.
LinToapxutekToHn4eckas kapTa Kopbl FONOBHOMO MO3ra YenoBeka no bpogmaHy [4] ¢ 0603HaueHnem Ludpamm 1
BblAENEHNEM CrielManbHbIMW CYMBOMTAMM Pa3NyHbIX NoNei NPUBEAEHA Ha PUCYHKe 2 (ANs NIEBOrO nonyLapus),
Ha puUCyHKe 3 (Ans npaBoro nonywapws).

Takum 06pa3om, K NepBUYHLIM KOPKOBBLIM NOMNSIM OTHOCATCS: 3puTenbHOe none — 17; cnyxosble nons — 41, 42;
oboHsATensHoe none — 11; comatoceHcopHble nons — 1, 2, 3; MOTOpHOe none — 4 (B HEM MUMeeTcs YeTkas
Tonorpacuyeckas NpoekyMs MbllL Tena, obecneynsarowmx Haubonee ToUHbIE N pasHoobpasHble ABMKeHMs). K
BTOPMYHBIM KOPKOBbLIM MOMSIM OTHOCATCS: 3puTenbHble — 18, 19; cnyxoBble — 21, 22; oboHsTenbHoe — 12;
COMAaTOCEHCOPHble — 5, 7; MOTOPHOE — 6 (OCYLEeCTBNSET BbiCLUME ABUraTenbHble (YHKUMM, CBA3AHHbIE C
NNaHPOBaHNEM W KOOPAWHALMEN NPOM3BOSBHBIX ABIKEHMI). K TPETUYHBIM KOPKOBBIM 30HaM OTHOCSTCS Mons
nobHom obnactu — 8-12, 32, 33, 44-47, a Takxe TemeHHble nons — 30, 31, 39, 40. CurHanbHOe 3Ha4yeHne UMeT
BCE CEHCOpPHbIE CTUMYTIbI, HO CNOCOBHOCTbLIO OnepexaroLero Bo3AeNCTBIS 0bnagatoT 3puUTenbHbIE U CIyX0Bble,
a Takxe 06OHsATENbHbIE CUrHanbl. PaccMOTpUM rpynnbl NOMEN, OTHOCALLMXCS K 3TUM CUTHaMbHbIM CUCTEMAM.

3puTenbHas curHanusauus gns yenoseka obnagaeTr Haubonblieid duanonorudeckon cunon (okono 80%
WHOPMALMN O BHELIHEM MWPE), MO3TOMY CTEMeHb KOPTUKANM3auuu 3pUTENbHONM CUCTEMbl OYEHb BbICOKA.
lNepBuuHast 3puTenbHast kopa Haxogutcs B none 17 (puc. 2, 3), BTopuyHble nonsg — 18 u 19, konbueobpasHo
OKPYXaKT NepBMYHY0 30HY. MHopmaums o dopme, LBeTe, ABKEHUM, YAANEHHOM pPacnonoxeHun o6bekToB
obpabaTbiBaeTcs 4YacTaAMM 3pUTENbHOM CUCTEMbI Kak NOCneaoBaTenbHO, Tak W napannensHo. Haubonee
CnoxHble 0bbekTbl 0bpabaThiBaloTCs B accoLmaTmBHbIX 0bnactsax moara — TpetuyHele nons 30, 31, 33, 39, 40,
45, 46 (puc. 1,2,3), C NOZKMIOYEHNEM MPOLECCOB BHUMAHWS W MamsaTW. Ha BbICLIMX YPOBHSX 3pUTENbHOM
CUCTEMbI MapannenbHo (YHKUMOHMPYIOT ABE CUCTEMbl aHanu3a: OAHa onpefensieT MecTo npeameTa B
NPOCTpaHCTBe, Apyras ONUCbIBAET €ro npuaHaku. Koroa KOHeyHble pesynbTaTbl MOCNEAoBaTeNbHbIX U
napannenbHbIX NPOLECCOB UHTErPUPYIOTCS, BO3HUKAET 3aKOHYEHHbI 3pUTENbHBIN 06pa3 OKpyxaloLLero mypa.

MepBuyHas cnyxoeasi kopa Haxogutcs B nonmsax 41, 42. Ota 30Ha obecneysBaeT MeXaHW3Mb
HenocpeaCTBEHHOro BOCMPUATUS M AuddepeHLMpOoBKy 3BYKOB. BTOpuyHas criyxoBasi kopa npureraeT CHU3Y K
30HE MepBUYHOM npoekuun — B none 22, yactyHo 21. Hambonee CnoxHble CUrHanmbl pPeYeBOil CUCTEMBI
00pabaThIBaloTCs B TPETUYHBIX NMOBHBIX nonsx 44-47.
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OBoHsHMe — nepBoe YyBCTBO, NOSBUBLLEECS B NPOLIECCE 3BOMIOLMN, CaMblil APEBHUIA BUL CEHCOPHON peakLuu.
OHO (byHKUMOHMPYET B TECHOM B3aUMOAENCTBUM C APYTUMW CEHCOPHbIMW cucTemamu, obecneynBas
OPWEHTUPOBKY OpraHuama B npoctpaHcTBe. OCHOBHbIE nons OBOHATENbHOM KOpbl: nepeaHee 0BOHATENbHOE
A0po (nepBuyHas oboHATeNbHas kopa — vacTuyHo none 11); rpylwesugHas kopa — UrpaeT rnaBHyK porb B
pasnuyeHnn 3anaxos (BTOpuYHas 0BoHsATENbHAsA kopa — YacTuiHo none 12) [3].

Puc. 3

MepepaboTaHHasi pasfM4HbIMA  BTOPUYHBIMM  KOPKOBBIMI  MONSIMKA  MH(OPMaLWMst  UHTErpupyetcs B
accouMaTuBHbIX 30HAX (TPETUYHbIX MOMsX) HeokopTekca. Knaccuyeckue CEHCOPHbIE CUCTEMbI CO BCEW
CINIOXHOCTbIO WX MO3TOBbIX KOHCTPYKUMIA He CnocoGHbI obecneuntb (yHKUMIO OMO3HaHWsi curHanoB. OHU
BbINONHSIOT CMOXHbIE MPOLIECCHI OMMUCaHUsI CUTHAOB, OCYLLECTBISI ONEpaLmio KOAMPOBaHWS MHGOPMaLMK.
Onepauusi OMO3HaHWs CUrHamna, T.e. OTHECEHUS! ero K OnpedeneHHoMy Kraccy CMrHanoB, 3anucaHHOMY
B annapatax namstu, TpebyeT JONOMHUTENBHOIO y4acTisi acCOLMATMBHBIX CTPYKTYP Mo3ra. C MOMOLLbHO 3THX
CTPYKTYp CMrHan OLEHMBAETCS Kak WHTErpUPOBaHHOE LENOE, Hecyllee 3HauMMyr WHopMauuio Ans
LEATENBHOCTU OpraHn3mMa — BbINOMHSETCs onepauns AeKoanpoBaHus. MponNCxoauT CenekTUBHLIA 0TOOp OfHMX
BIOB MH(OPMALN C OAHOBPEMEHHBIM COMPSHKEHHBIM TOPMOXEHUEM [IPYriX CEHCOPHbIX BNUSHWIA. BaxHelilas
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WHTerpaTMBHas 4acTb Mo3ra — nobHas [ons, perynupyrowas nporpaMmHoe obecneveHne peun U ABMKEHUI
Tena. o pagy npusHakoB apxuTeKTOHUYeKe nons nobHor obnacti 06pasyioT accoynaTmBHbIE 30HbI — nons 8-
12, 32, 44-47. [InnHHble accouuaTvBHbIE BOMOKHA CBA3bIBAKOT N0BHY0 06nacTb CO BCEMM ApyruMW OTAEnamu
KOpbl, Y4TO CO3AAET YCMOBUS 471 MHTETPUPOBaHNS UHGOpMaLmn. PpoHTanbHbIe 0611acTV KOpbl Takke OTBEYAKT
3a ralueHue OpUEeHTUMPOBOYHbIX peakLnin. TeMeHHas Kopa SBNSeTCs BbICLUMM LEHTPOM (POPMUPOBAHNS B MO3re
«CXeMbl Tenay, SBNSALLENCS YPOBHEM OTCYETa KOOPAWHAT BHELLHEro NPOCTpaHCTBa. HwkHWE TeMeHHbIe nons
NMetoT Hambonee TECHOE OTHOLUEHME K OpraHu3auuu TOHKOAW(®DEPEHUMPOBAHHBIX NPEOMETHBIX AENCTBUIA,
peann3auns KOTOPbIX BO3MOXHA TOMbKO Ha OCHOBE 3PUTENBHOrO KOHTPOIS M OPUEHTMPOBKW B MPOCTPAHCTBE.
Monsa 39 u 40, BO3MOXHO 37, 3aHUMAIOT NEPEXOAHYI0 30HY, COEAMHSIIOLLYIO TaKTUIbHYID BTOPUYHYIO KOPKOBYHO
30HY C BTOPWUYHBIMU 3PUTENBHBIMIA U CyXOBbIMM nonsmu. MMpegnonaraeTcs, YTO TakTurbHas, BeCTUOYNspHas,
3puTenbHas 1 cnyxoBas MHGopMaLms, 0bpaboTaHHas BO BTOPUYHBIX 30HAX, MHTETPUPYETCS Ha BbICLLEM YPOBHE
B 39 1 40 nonsx [2]. HeobxoanmMo yuuTbiBaTh, YTO NPABOE 1 NEBOE MOMYLIAPWS BbINOMHAKT pasHble (yHKLWK,
HO COBMECTHO 0becneynBaloT LieneHanpasneHHoe noseaeHue. MNpasoe nonyLwapue KOHTPOIMPYET U perynupyet
CEHCOPHO-MOTOPHbIE 1 ABUraTenbHble yHKLMKM NeBO NOMOBUHLI Tena (nons 4-12, 17-19, 30-33, 36), a nesoe —
npason (nona 4-11, 17-19, 21, 22, 37, 39-42, 44-47). Kaxgoe nonywapue obnagaet cO6GCTBEHHbIMM
OLLYLLEHUSIMK, BOCTIPUSTUEM, MBICAIAMA U MAEAMMW, XapaKTepu3yeTcs pasHOM 3MOLMOHANBHOWM  OLEHKOM
WOEHTWUYHbIX cOBbITWA, pacnonaraeT COBCTBEHHON LEMbI0 BOCMOMMHAHUIA U YCBOEHHBIX 3HAHWIA, HE LOCTYMHbIX
Apyromy nonywapuio. B onpegeneHHbIX OTHOLIEHWSX Kaxaoe nonyliapue umeeT npeobnagatollee MbilifieHue:
nesoe — peyesoe (nons 41-47), npaBoe — 3puTENbHO-NPOCTPaHCTBEHHOE (mons 17-19, 30, 31, 37). Jleeoe
nonywapue obpabaTtbiBaeT WMH(OPMALWKO aHANUTUYECKM M MOCNEA0BaTENbHO, NPaBoe — OJHOBPEMEHHO U
LienocTHo. XOTS NeBoe roryluapue OTBEYAET 3a A3bIK U peyb, NpaBoe ynpaBnseT MOHUMaHWEM W HaBblKaMu,
CBSI3aHHbIMM C MPOCTPAHCTBEHHBIM W 3pUTESbHBIM BOCTPUSATEM, OHO 0BnagaeT cnocobGHOCTbI0 MOHUMATL Peyb,
HO He MOXeT ee nporpammupoBaTh (rmone 36). JleBoe W npaBoe MOSyluapus B PABHOM CTEMEHM CrMocOOHbI K
pacrno3HaBaHWio CTUMYMOB BHELUHEr0 MMpa, HO MOMb3YKTCS PasHbIMK Cnocobamn UM CTpaTernsmMn peLleHus
3aja4m W MMENT pasHble BO3MOXHOCTM B BbIPaXEHWM PEe3yNnbTaToOB PELIEHWS: SA3bIKOBYID — [N JEBOro
nonyLiapus U NPOCTPaHCTBEHHO-3PUTENBHYI0 — ANS NPaBoro. B MHTaKTHOM Mo3re nonyLapus B3auMOAENCTBYI0T
n obycnaenuBalT NpucnocobnsieMoCcTb YeroBeka K OKPYXatLuMm YCROBWSAM Cpegpl, NNacTUYHOCTb ero
nosegeHusi, obecneynBas LENOCTHOE BOCTIPUSATIE BHELUHEro Mupa 1 camoro cebs [2], [3].

Takium 06pa3om, BCe CEHCOPHbIE CUCTEMbI MOCTPOEHbI MO MpUHLMNY BunatepanbHoOn cuMMeTpui. OCHOBHBIM
MEXaH13MOM MapHON AeSTENbHOCTU CEHCOPHON CUCTEMbI SBMAETCH MEXaHW3M (hyHKLMOHANbHON acCUMMETPUM
npu OeicTBuM pasnuyHbiM 06pa3oM nokKanmaoBaHHbIX B MPOCTpaHCTBE 06bLEKTOB. [lapHas AesTenbHOCTb
CEHCOPHbIX CUCTEM 3aKIO4YaeTCs B CPABHEHWUN NPOCTPAHCTBEHHON MOAENM paHee 4eNCTBOBABLUErO CTUMYNA C
HOBOW NPOCTPAHCTBEHHOI NoKanuaauueit Toro xe ctuMyna. Cuctema cBa3ei Mexay accoumaTMBHbIMU NONSMM
obecneunBaeT TECHOE eAMHCTBO 0Benx NOMOBWH acCOLMATMBHOM CUCTEMbI 1 CO3AAET BbICOKYI0 HAEKHOCTb ee
(YHKUMOHMPOBaHMsA [2]. Kpome Toro, npu BCEM MHOroobpasum CTPYKTyp W CBsA3eh obWmMK npuHUMnamm
opraHusaum npu obpaboTke MHGOPMALK B HEOKOPTEKCE SBASKOTCS MPUHLMM KOHBEPreHLMM — CYLLECTBOBAHNS
Mopdonornyeckn 0BYCMOBMEHHBIX MHOTOYMUCIEHHBIX CBSI3E OT HEMPOHOB Pa3fnnyHbIX  MOAAmNbHOCTEN,
3aKaHYMBAIOLLMXCSH HA OQHOM HEMPOHE, M MPUHLMMN AUBEPreHLMN — MHOrOYMUCTIEHHbIX NapanenbHbIX CBA3en OT
OOHOTO HEMpoHa KO MHOMMM ApyrMM 3a cyeT konnatepanei. [puHLMNbl KOHBEPreHUuMM W OMBEpreHuun
obecneunBaioT aybnupoBaHue nepefadn WHGOPMaLMK, YTO XapakTepHo Ans GonblMHCTBA adepeHTHbIX
CUCTEM, @ TaKKe BO3MOXHOCTb CPOYHOM W MHOTOCTYNEHYaTon nepeaayn uHgopmavmn. CpoyHble nyTu cryxat
ANS nepefadn CurHana O Hanuuuu pasgpaxarollero BO3AEeNCTBUS, @ MHOrOCTyneHuatble nyTu ¢ 60mblinm
YUCTIOM KOHBEPreHTHbIX CBSA3er HeCyT Goree MomHy MHGOpMaLMio O pasapaxarolem cTumyne. B Bbicwinx
oTgenax LUEeHTpanbHOM HEpBHOW CUCTEMbl (HEOKOPTEKCE) MPOMUCXOAWT  COMOCTaBReHMe MOCTynatoLLen
ahdepeHTHON MHopMaLW O BO3AEUCTBUM CTUMYNa C OTBETHOM 3hdepeHTHON peakLMen Ha HacTynaroLee
pasgpaxeHue (adhepeHTHas konus). 3TW KonuM 3apaHee COOOWAKT O NpeanofiaraeMoil  MblLLEYHOM
aKkTMBHOCTU M O CO34aBaeMOM €l ABWKeHuM. OHM MOryT CNyXuTb AN YCTPaHEHUs HEOZHO3HAYHOCTM
adepeHTHOM WHopmaumm. LlenoctHas ceHcopHas oyHKkuMs Mmo3ra obecneumBaeTcs COApYyKECTBEHHOM
[eATeNbHOCTLIO CEHCOPHBIX, MOTOPHBIX M acCOLMATUBHBLIX CUCTEM M HAanpaBneHa Ha OpraHu3aLmnio afanTuBHbIX
OBWKeHUn n aencteui. Jtobas neuxodmandeckas yHKUMS 3aBUCUT OT OJHOBPEMEHHOM PaboTbl HECKOMbKNX
CEHCOPHbIX CUCTEM, TO €CTb SBMSETCA NOMUCEHCOPHOM 1 NMOSTOMY €€ OLeHKa He MOXET BbITb NoKanu3oBaHa B
OrpaHMyYeHHbIX OTAenax Mosra. Haubonee nomHas CurHanbHas 3HAYMMOCTb (DaKTOpa  OKpYXatoLlero
NPOCTpPaHCTBA MOXET peanu3oBbiBaTbCs C y4acTUEM TeX CTPYKTYp Mo3ra, Kyda NpuUXoauT WHGopMmaums
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0 hakTopax cpefbl, pasHbiX MO CEHCOPHbIM KayecTBaM (MOZANMbHOCTW CUrHana), T0 eCTb N0 MeXaHu3My
OLHOBPEMEHHOTO  FeTEPOCEHCOPHOTO  COMOCTaBMEHUS. 3HAYWT, CTEMeHb COBEpLUEHCTBA WHTErpaTUBHOM
JEATEeNbHOCTM MO3ra TECHO CBSI3aHa CO CTPYKTYpHOI AnddepeHumalmen n gyHKUMOHaANbHOW creLman1sawmei
accouMaTMBHBIX MO3roBbIX cucTeEM. Takum 06pa3om, ocobas ponb accoumaTUBHBIX CUCTEM - B MHTErpauum
pasUyHbIX MO huanyeckon npupode (pasHomogdarbHbIX) CTUMYIIOB B €OUHbIA CEHCOpPHbIN 0bpa3. CTpykTypa
acCcoLMaTUBHbBIX CBSI3eM, BOSHMKAMOWMX MEXY y4acTkamu Kopbl B xoge 06paboTku pasnuyHoi WHgopmauum,
MOXET 6bITb NCNONB30BaHa NPY MOLENNPOBAHUM UHTENNEKTYANbHBIX CUCTEM.

B KkayectBe OQHOrO M3 OCHOBHbIX METOAOB W3y4eHUs MexaHu3mMoB 06paboTku MHGopMaLMM W ynpaBneHus
noBeJeHNEM YeroBeka B HACTOsLLEE BPEMS MPUMEHSETCA 3NeKTposHLedanorpaduyeckoe nccneaoBaHme
(Q3I), pesynbTaThbl KOTOPOrO NO3BONAIOT AeNaTh 3aKMHUYEHUS O COCTOSHUW KOPbI TONOBHOTO MO3ra W NpoLeccax,
npoTekawwWwmMx B  Hel  (peakum  npobyxaeHus, — akTuBauuu,  TopMmMOXeHus u  T.4.).  [pu
9NeKTPO3HLedanorpaduyeckoM MccrenoBaHu U3MEPSIOT YPOBHW CUrHAmNOB CriedyloWwmX OCHOBHbIX PUTMOB
3l &-put™ (1-4 Tu), O-put™m (4-8 'y), o1-put™ (8-13 ), a2-putm (9-11 Ty), p1-putm (13-20 'u), B2-put™
(20-30 y). CornacHo ¢m3MoNorMyecknm gaHHbIM perncTpauust curHanos B1, B2-putMoB cBMAETENLCTBYET 00
aKTUBaLMKM MCCreyeMoro yyacTka HeokopTekca B mpouecce npuema u 0bpaboTku CUrHanbHOM MHAOPMALMK.
OCHOBHbIE TOYKM PacroNOXeHUs KOHTPOMbHbIX JaTYMKOB OTBEYAKOT HOPMaM MexayHapoaHow cuctembl «10-20,
B KOTOPOW COOTBETCTBME MeXAY MONOXEHWUAM KXOOro AaTyuka C aHaTOMUYECKUMI CTPYKTYpamu 1 obnactamu
KOpbI FONIOBHOMO MO3ra TOYHO YCTAHOBIMEHO PEHTTEHONOMMYECKN, ONpeaeneHbl UCXOaHbIE TOUKM OTCYETA, YYTeHa
BapunabenbHOCTb aHaTOMWUYECKUX CTPYKTYp, @ Takke pasMepoB M (Popmbl yepena. TOYKM pacronoXeHus
[AaTuYMKOB COOTBETCTBYIOT TeM 00nacTsaM Mo3ra, Ha KOTopble OHM npoeumpytoTes: nobHas — Fp1, Fp2 (frontalis),
LueHTpanbHas - C3, C4 (centralis), 3atbinoynas - 01, 02 (occipitalis), BucouHas - T3, T4 (temporalis), HeyeTHble
WHAEKCbl COOTBETCTBYIOT NEBbIM [ONSM MO3ra, a YeTHble — npaBbiM [5]. COOTBETCTBME NPOEKLNNA TOYEK
pacrnomnoXeHNs AAaTYMKOB MONSM HEOKOpTEKCA M KpaTkas XapakTepuctuka (PYHKUMOHANbHOCTM 3TUX nonen
npueegeHsl B Tabnuue 1.

Tabnuua 1
TOUKM
pacnonoxeHus Fp1 Fp2 C3 C4 01 02 T3 T4
AaT4YMKoB
| 1 2 3 4 5 6 7 8
nors Kopb! 45-47 11,12, 32 4,6 4 18, 19 17 41,42 36
®yHKUMO- Accoupa- Accoupa- nepsuy.M | nepsuy. BTOPUY. nepBuy. nepsuy. BTOPUY.
HarbHble TUBHas TMBHasA 30Ha, | BTOPWY. | MOTOPH. | 3puT.noMe | 3pwT. Mone | Cyx. none | cryx. none
XapaKTepucTHKu kopa nepamy. n MOTOPH. nore
nonen BTOPWY. nons
0b0oHAT. nons

C Lenblo BbIBNEHUS CTAaTUCTUYECKIX CBA3EI MEXAY NONSIMU HEOKOPTEKCA, BO3HMKAIOLLMX B NPOLLEcce npuema u
00paboTkn curHanbHOW MHopmaumn, Obin NpOBEdEH JKCMEPUMEHT MO perucTpauun BuoanekTpuyeckoi
aKTUBHOCTM KOpbl TFOMIOBHOTO MO3ra YerioBeka MpW BO3LEACTBMM PA3NUYHbIX BHELUHUX pasgpaxuteneit ¢
npumeHeHnem metoga J3I. B pesynbrate nocneaytouleir o6pabOTKM OaHHBIX METOAOM CTaTMCTUYECKOTO
KOpPPENALMOHHO-PETPECCUOHHOMO  aHamnu3a, BbISIBMIEHMM  CTAaTUCTMYECKM 3HAYMMbIX CBSI3E C y4eTOM
norpeLLHoCTeN 3MepeHus Bbina nonyyeHa cucTeMa perpeccuoHHbIX NOfIMHOMOB IMHEIHOro Buaa (1):

7 9 4
yi?:mejymj+zbinyin+szxp (1)
m=1 n=1 p=1

TA€ X - MPUMEHSEMbIA (AKTOP BHELUHEro BO3AENCTBIS
yi?—sHaqume YPOBHSI curHana i-ro putma (tTabnuua 2) Ha j-om gatumke (Tabnuua 1)npu NpUMEHEHUM P-TO
takTopa;
Ypmj — 3HAUEHME YPOBHA CUTHana m-ro putma Ha j-OM faTumKe npu NPUMEHEHUN p-ro akTopa;
Y,,— 3HaueHue ypoBHs CUrHana i-ro puTMa Ha nN-oM AaT4MKe Mpu MPUMEHEHUN P-TO (haKTopa;

Dmj sDin 1k p — OLEHKY 3HauEeHM KOIPDULINEHTOB perpeccim;
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Tabnuua 2.
! 1 2 3 4 5 6 7
perucTpupyeMbli putMm 5 0 al B1 2 o2 cpefHee
(1-4ry) | (4-8Mw) | (8-13rw) | (13-20ry) | (20-30Mw) | (9-11Mw) (1-30rw)

Tabnuua 3.

p 1 2 3 4

(paKTOp BHELLUHEro BO3AEUCTBUS | 3puTenbHbIA | CMYXOBOW | 3anaxoBblit | KOMMMEKC BCEX pasapaxurenein

B kauyecTBe CTaTUCTMYECKUX MOZeneNn BbldeneHbl NonnHoOMbI (2) — (16), oTpaxarowwme pacnpeaeneHme sHeprim
curHanoB B1 v B2-pUTMOB MO y4acTkam KOpbl B 3aBUCYMOCTM OT BUOB BO3AEACTBUS:

yis = -0.0868 y15 -0.1013 y25 - 0.1169 y35 + 0.2501 y55 - 0.0280 y65 + 0.5973 y75 - 0.1573 y42 -
- 0.2371 y44 + 0.0802 y46 - 0.3959 y48 +1.6981 y49 - 0.0058 x1
yies: -0.1269 y16 - 0.1096 y26 - 0.2665 y36 + 0.1962 y56 -0.0201 y66 + 0.9327 y76 - 0.4376 y41 -

(3)

-0.2139 y42 - 0.5018 y43 + 0.1190 y45 - 0.2912 y47 + 2.0833 y49 - 0.0096 x1

ya, = 03530 y17 - 0.3765 y27 - 0.4188 y37 - 0.1568 Y57 - 0.0287 Y67 + 19787 y77 + 0.2827 y41 + n
+0.1660 y43 - 0.0449 y44 + 0.0471 y45 - 0.1424 y46 - 0.3573 y48 + 0.8419 y49 - 0.0008 x1

yo. = -0.1469 y15 - 02047 y25 - 0.2046 y35 + 0.2541 y55 - 0.0266 y65 + 1.0785 y75 - 0.6463 y41 - 5
- 0.2599y44 0.1788y47 + 2.2187y49 + 0.0156x2

y5s = 01878 y16 - 0.2209 y26 - 0.4304 y36 + 0.1119 y56 - 0.0330 y66 + 1.5050 y76 - 0.1721 y41 - ©)
-0.1113 y42 -0.2702 y43 + 0.0579 y44 + 0.0613 y45 - 0.3504 y4T - 0.2481 y48 + 1.9117 y49 + 0.0021 x2

Y5, = 02539 y17 - 0.2854 y27 - 0.3164 Y37 + 14045 y77 + 0.1629 y43 - 0.0795 y44 - 0.1156 y45 - )
-0.0864 y46 -0.2577 y48 + 1.3507 y49 + 0.0177 x2

yZ, = -0.2438 y17 - 0.3136 y27 - 0.3538 y37 - 0.0454 y47 + 0.0319 y67 + 1.4057 y77 + 0.7053 y51 - @)
-0.2203 y52 + 0.2659 y53 - 0.3678 y54 - 0.3161 y58 + 0.7690 y59 - 0.0046 x2

yos = 02022 y15 - 0.2056 y25 - 0.4028 y35 - 0.0060 Y65 + 14005 y75 - 0.2292 y41 - 0.2623 y42 - o)
-0.2062 y43 0.2133 y44 + 0.0705 y46 - 0.3771 y48 + 2.0083 y49 + 0.0066 x3

yos = 01562 y16 - 0.1729 y26 - 0.4146 y36 + 0.3302 y56 - 0.0065 y66 + 1.2803 Y76 - 0.4252 y41 - (10)
-0.1288 y42 -0.0763 y43 - 0.0380 y44 + 0.0272 y45 - 0.3261 y47 + 1.9482 y49 + 0.0033 X3

Y5, = 02030 y17 - 0.3014 y27 - 0.3417 y37 + 02188 y57 - 0.0226 y67 + 1.6427 y77 - 0.1419 y42 + (1)
+0.2506 y43 -0.1542 y46 -0.1459 y48 + 0.8199 y49 - 0.0062 x3

yos = 00137 y15 - 0.0747 y25 - 0.1052 y35 - 0.0066 y45 - 0.0085 Y65 + 0.4479 y75 - 0.4321 y51 + 12
+0.2487 y52 - 0.0725 y53 - 0.0322 y54 + 0.3018 y56 + 0.1452 y57 - 0.0107 y58 + 0.3894 y59 - 0.0001 x3

Yo, = 02465 y17 - 0.2714 y27 - 0.3271 y37 + 13579 y77 + 0.4390 y51 - 0.1787 y52 + 0.2493 y53 - 13)
-0.2324 y54 -0.0576 y56 - 0.2367 y58 + 0.8937 y59 - 0.0042 X3

ygs = 01124 y15 - 0.1305 y25 - 0.1737 y35 + 0.2421 y55 - 0.0175 y65 + 0.7332 y75 - 0.1310 y41 - (14
-0.1109 y42 + 0.0344 y43 - 0.2359 y44 + 0.1037 y46 - 0.3347 y48 + 1.6722 y49 + 0.0020 x4

Yas = -0.1343 y16 - 0.1280 y26 - 0.2016 y36 + 0.2198 y56 - 0.0144 y66 + 0.9937 y76 - 0.4756 y41 - 15)
-0.1888 y42 -0.3439 y43 + 0.0909 y45 - 0.3253 y47 + 2.0698 y49 + 0.0110 x4

y§, = 0.2055 y17 - 0.3188 y27 - 0.3354 y37 - 0.0267 y67 + 1.6337 y77 + 0.1906 y41 + 0.2027 y43 - 16)

- 0.0656 y44 -0.1308 y46 - 0.3108 y48 + 0.9604 y49 - 0.0085 x4
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1.1. Conceptual Modelling of Thinking

3HayeHns CTaTUCTUYECKMX OLIEHOK NONMHOMOB (2) — (16) npueeaeHs! B Tabnuue 4.

Tabnwuua 4.
Ne S? F1 R Ne S: F1 R
non1Homa non1Homa

2 0.14179 | 7.07129 | 0.85858 9 0.14571 | 6.91244 | 0.85533
3 0.18462 | 543081 | 0.81587 10 0.17576 | 5.73051 | 0.82550
4 0.19873 | 5.04513 | 0.80179 11 0.17387 | 5.79279 | 0.82737
5 0.16198 | 6.21701 | 0.83915 12 0.19335 | 5.20908 | 0.80803
6 0.19625 | 5.13148 | 0.80512 13 0.16494 | 6.10651 | 0.83624
7 0.19543 | 5.15296 | 0.80594 14 0.14736 | 6.79649 | 0.85287
8 0.16239 | 6.20151 | 0.83875 15 0.18389 | 544612 | 0.81638

16 0.19827 | 5.05117 | 0.80203

lMockonbky nonuHombl (2) — (16) onucbIBatOT NpOLECC reHepauu BUOSNEKTPUYECKOA aKTWBHOCTW MOMen
HeokopTekca B AunanasoHe 31, B2-pUTMOB, TO OHW OTPaXalOT CTaTUYECKNE acCoLMaTUBHbIE CBA3M, BO3HUKAOLLME
Mexay (yHKLUMOHANMbHBIMW y4acTkami KOpbl NOL BRMSHWEM BHELWHUX BO3geicTBuid. Cuna u HanpaBneHHOCTb
3TUX CBS3Eil XapaKTepusyeTcs 3Hakamin 1 BENUUMHAMU OLIEHOK 3HauYeHUi KOI(PULIMEHTOB perpeccum byj U

3Ha4eHui t-KpVITepVIFI 3HAYMMOCTU ANS KaKaon OLIEHKN.

/3 aHanu3a nony4yeHHbIX AaHHbIX MOXHO CAEnaTh Crieaytolmne BbIBOAbI: B npouecce nomnyyeHns n obpabotku
CEHCOPHOM MHOpMAaLMK KOPOW FONIOBHOMO MO3ra CTaTMYECKME aCCOLMATMBHBIE CBSI3M BO3HMKAKOT MPU y4acTuu
BCEX uccneayeMbix oBpasoBaHuin HeokopTekca, T.e. 06paboTka BHELWHEro curHana fobon MoaansbHOCTH
MPOMCXOANT C UCTIONb30BAHNEM BO3MOXHOCTEN BCEX NONEN, HE3aBUCUMO OT UX (PYHKLIMOHAMBHOCTM.

3akniouyeHue

CTaTMCTMYeCKOE MOLENMPOBAHIE peaKLyin HOBOM KOPbI FOMOBHOTO MO3ra YenoBeKa Ha BHELLHWE pa3apaxuTent,
OTPaXXEHHOE NOMYYEHHbIMIU PErPECCUOHHBIMM NOSIMHOMAMM, ONPeaensieT Hay4YHy HOBU3HY AaHHOM paboThl, T.e.
NO3BOMSIET MPOrHO3MPOBATL PEaKLMI0 YernoBeKka, NEPEHOCH ee Ha afleKBaTHOE MOBEAEHWNE MHTENNEKTyanbHbIX
cucteM u pobotos. [pakTuyeckoe 3HayeHWe [aHHOW paboTbl 3aKMYaeTcsl B TOM, YTO 3aKOHOMEPHOCT
COBMECTHOM paboTbl (hyHKLMOHAMbHbIX MOMEN HEOKOpPTEKCa B MpoLecce BOCMpUATMS M 06paboTkn CUrHanbHoM
WH(OPMALK, OTPaXeHHble PErpeccMOHHbIMM NonuHoMamu (2) — (16), moryT ObiTb MCMOMb30BaHbI MpU
NPOrHO3MPOBaHWUM (DOPMUPOBAHNS aCCOLMATUBHBIX CBSI3EN B KOPE rONIOBHOTO MO3ra YeroBeka, YTo MOXET ObITb
YYTEHO NP MOCTPOEHUN CUCTEM TEXHUYECKOTO O4YBCTBNEHMS poboTa.
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