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WHIVBHIYaJIbHOM TPAaeKTOPHUH W3YYEHHUsS CTYACHTOM HEKOTOPOH TPEIMETHOW OoOmacTd 3HaHHH C  ITIOMOIIBIO

HCKYCCTBEHHOM HEMPOHHOM CETH.

KnaroudeBble ciioBa: OMOIMH, AKTUBHBIC HeﬁpOHHBIe CETH, BEKTOP ITapaME€TPOB OLECHKH YPOBHA 3MOL[PII>1, YCBOCHU
3HAHUI Z[I/II[EIKTI/I‘IGCKOI\/'I CAWHUIBI, MHTCJIJICKTYaJIbHAasA 06yqa}01ua;1 CHUCTCMA.

BBeaenune

AKTyaJlbHbIM €  TOYKM  3pEHHS - JIMYHOCTHO
OpUCHTHPOBAHHOTO OOy4YeHHs SBISCTICA  IOHSATHE
WHIWBUAYAIFHOW TPACKTOPUU OOYYCHHS W H3yUCHHS.
®opMupoBaHuE WHIUBUAYaTbHON TPacKTOpUHU
M3yYeHHUs1  SBISEeTCS  3ajadedl  co = MHOXXECTBOM
HEOIIPE/ICICHHBIX IapaMETPOB, HIO3TOMY IpEAIaraercs
JUIsl OLEHKU pE3YyJIbTaTOB €€ pEeLICHUs IPUMEHSTh
HMCKYCCTBEHHYIO0 HEHpOHHYIO ceThb. BaxHoil 3amaueil B
JJAaHHOM Cllyyae SBJIA€TCA IPAaBWIBHBIM IOAXOJ K
KaXJ0My CTYIEHTY, a TakkKe OLEHKAa CTElEHU
MOHMMAaHUS  Marepuaja, 3auHTEPECOBAHHOCTU B
oOcykmaemMoM  Bompoce  cTygeHra. Juas  atoro
HEOOXOTUMO HCITOB30BAHUE CHCTEM, MO3BOJIIOLIIX
MOJEUPOBATh MOBEICHUE CyOBEKTOB
00pa3oBaTeqbHOTO TMpoIlecca B  3aBUCHMOCTH  OT
TEKYIIETO  COCTOSHHWA  y4eOHOro  mporecca H
SMOLMOHAJIBHOTO  COCTOSIHMA ~ CTyAeHTa.  Monynb
pacno3HABaHMUsS COCTOSIHMSI CTYJIEHTa Ha OCHOBE
HEUPOHHOW CETH NOJDKEH BKIIOYAaTh WH(OPMAIUIO O
pPa3IMYHBIX OMOLMOHAJBHBIX M  IICUXOJOTMYECKHUX
COCTOSIHUI YelloBeKa, NX 0COOCHHOCTH, a TAKXKE aHAJIH3
CUCTEM M HEHUPOHHOH ceTu i1 paclo3HaBaHUs
obpa3zoB. s pemieHus OTMEUEHHBIX  IMpoOieM
Ype3BbIYaiHO MOJIE3HBIM MOXKET OBITH ITPOJOIDKEHHE U
Pa3BUTHE KOMIIBIOTEPHOIO MOJEIHMPOBAHMSA AKTHBHBIX
HEHPOHHBIX ceTeil.
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1. Pa3paborka MoaeJM y4eTa BIUSAHUSA
sMonui Ha hopMHUPOBaAHHE
MHIUBHAVAJILHOH TPACKTOPHUH 00YYEHU A
CTYIeHTA HAa OCHOBE HelipoceTeBbIX
TEXHOJIOTUH

CHOXXHOCTH ~ COBPEMEHHBIX  TEXHOJIOTHUECKHX
mpoueccoB, mnepexon Ha @DI'OC 3  mnoxosneHus
TpebSIBIISIET TIOBBILICHHBIE TpeboBaHus K
00pazoBaTeIbHBIM TEXHOJIOTHSIM, u  TpelyioT
aJIeKBaTHBIX M3MCHEHUH B cepe oOpasoBaHmsa. B sroit
CBSI3M Bce 0oJiee aKTyaJbHBIMU CTAHOBSITCSl TEXHOJIOTHH
MHHOBAIIMOHHOTO  OOy4YeHWs,  OCHOBaHHbIE  Ha
(dopMHupOBaHUH WHANBUIYaIbHON TPAaeKTOPHH
00y4eHus CTyAEHTA.

Baxxnoil 3amadueld B JaHHOM cilyyae SIBISIETCS
MPaBUJIBHBIA TOMXOJ K KaXJIOMY CTYICHTY, a TaKXe

OIIeHKA CTETICHU MTOHUMaHHUS MaTepuana,
3aMHTEPECOBAHHOCTH B  OOCY)XJaeMOM  BOIIpOce
CTy/IEHTA.

Pacno3naBanue SMOIMOHAJIBLHOTO COCTOSIHUS

CUCTEMBl B3aMMOJAEHMCTBUS NpenojaBareisi U CTyIeHTa
JOJDKHO — BKIIOYATh  MH(POPMAIMI0 O  Pa3IHYHBIX
METOJMKaX MW S3bIKaX, MO3BOJSIIOLIMX ONMCHIBATh H
MOJIEITUPOBATH poriecc B3aMMOJICHCTBHS
MapajuielbHBIX CHCTEM: MperojaBaTeNisi W CTYACHTA.
Monaynb  pacro3HaBaHHS COCTOSHHSI CTyACHTa Ha
OCHOBE  HEMpPOHHOM  CeTH  JOJKEH  BKIJIIOYATh
MHPOPMAITMIO O PA3TMYHBIX OMOIMOHAIBHBIX H



TICHXOJIOTHIECKUX COCTOSTHUH YeNI0BeKa, ux
0COOEHHOCTH, a TaKXe aHaJIW3 CHCTEM M HEHPOHHOM
ceTd IS pacno3HaBaHus 00pa3oB  [PaOuHOBHY,
Mroesunody, 2010].

Msbl  paccMarpuBaeM 3MOLMH KaK OIMH U3
MEXaHMU3MOB Ui ~ MOTHBalMd  OOydeHHs  H
[UIAHUPOBAHKs Y4eOHOM JeATEeIbHOCTH, JeNas YIop Ha
00y4eHUH, KAaK OCHOBE [IJIsl OPraHU3alluK [OBEICHHS Ha
3aHATHH. YTO KacaeTcsi MOTHBAILUM, TO HAJ0 HMETh B
BHIY, YTO MOTHBalWs 0asupyercs OTYacTH Ha
MHCTHHKTUBHBIX [POIECCAaX, & OTYACTH, SBISETCS
pesynsrarom obydenwus [[Llamuc, 2006].

CpenctBy o0y4deHus, QyHKIIMOHUPYONIEMY Ha 0ase
MHPOPMALMOHHBIX 1 KOMMYHHKAIIHOHHBIX TEXHOJIOTHI,
npu HeoOxommmoctn (mo PobGepr W.B.) wmoxHO
YaCTHYHO mepenars (QyHKIUHM 0Oydaromiero: KOHTPOJIb
pe3yabTaTtoB  0Oy4eHUs; IIPEeJOCTaBICHUS 3aJaHHH,
aJIeKBaTHBIX YPOBHIO oOydaromierocs. IHAuBuayaabpHas
TPAaEKTOpUsl M3YUCHMs] CTYIACHTAa BBIPAKAECT LEIlb
OoOyueHHs1 M COICPXKUT HHPOPMALHUIO O COCTOSHUU
3HaHUH 00y4aeMOro, ero SMOLMSIX.

[TporpamMma AUCHUIUTHHBI CTPOUTCS 10 MOLYJILHOMY
NPUHIKITY, pPa3pabOTaHHOMY M MPEACTABICHHOMY B
MoOHOTpaduu JIOKTOpa MearoruuecKux HayK
0. A. Kosnosa «TeopeTHKo-MeTO0I0THUECKHE OCHOBBI
HH()OPMAIMOHHOM TOJATOTOBKH KYPCAHTOB BOEHHBIX
yueOHbIX 3aBeaeHuit» [Kosnos, 2001].

B kaxxnoM MoayIne BBIAEISIOTCS JJIEMEHThI 3HAHUHN —
munaktnaeckue exmnnnsl ([E), mpencraBieHHbIE B
y4eOHOH TporpaMMe, YCTaHaBIMBAIOTCS CTPYKTYpHBIC
U CEMaHTHYECKHE CBSI3H MEXAYy DOJIEMEHTaMH U
pa3pabaThIBalOTCs CEMaHTHUCCKUE MOJIENN 3HAHUN JUIA
3TuX Moxyned. CBSI3M MeXIy JJIEMEHTaMU 3HAHUH
pean3yroTcs M0 THIEPTEKCTOBOI TEXHOJOTHH, B BUIC
CCBUIOK. B KkauecTBe CChUTKM OepeTcst KIOYeBOoe CIOBO,
TepM, MOHATHE, KOTOPOE NMPHUCYTCTBYET B CTPYKTYPHO
CBSA3aHHBIX MEXIy CO0Oi  dJIeMEeHTax 3HaHWUH
[Muxaiinos, 2001].

BiusiHue sMonuii Ha CTyIEHTa NPOSBISECTICS B
CUTyalluH, KOTJa CTYACHT JOIDKEH OCYIIEeCTBUTh
repexo/l OT YCBOCHUS OAHOW AMAAKTUYECKON equHUuLE
K gapyroil. CTymeHT [OMDKEH CMEHHTh CIIEHapHu
HNPEAbsABICHUS ‘M yCBOEHHsS HOBBIX 3HaHMA. CMEHHTH
nporecc YCBOEHUS, MEPEKITIOUUTD ponecc
npeabsBiaeHus.  [lepeliTh  OT  ycBOeHHMs  OJHOM
JUAAKTUYECKOM eNuHuLEe K ApYyrod JIUAaKTHYECKON
enuHune.  IlepexnrouyeHne mpoleccoB MIM  CMEHa
OUNAKTHUECKUX  eIuHHUI  TpebyeT  aKTHUBH3AIMU
THIIEPCCBIIKM, Ha YTO YXOJHUT OIIPEJeNIeHHOE BpeMs
tnepem

HasoBem »5TO Bpemst B HOpManbHOH paboueit
oOCcTaHOBKE, B OOCTAHOBKE HaJIM4Ms MOTHBAllMU K
U3y4YEHHIO, ONITUMAJIbHBIM BPEMEHEM IepeKitoueHus. B
TEUEHHE 3TOr0 MPOMEXYTKAa BPEMEHHU MBI CUHTaeM, HE
MPOMCXOMUT TOTeps] 3HAHMEBOW WHGpOpMaNUK U3
CO3HAHUS CTY/ACHTA.

OnHako, HaJW4YMe SMOLMH B CO3HAaHMWHU CTY/CHTA,
BHOCUT M3MEHEHHMs B MBICIUTENbHBIM mpolecc.
CTyneHT, Haxosich BO BJIACTH AMOLMH, OTBIEKAETCS OT
IpolLecca YCBOGHHUS 3HAHMWH, IIPEphIBAeT MPOLECC
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ycBoeHHs 3HaHWH. OH HaXOIUTCS BO BJIACTH IMOIIWH,
€ro  CO3HaHWE HE  BOCHPUHHMAECT  3HAHUEBYIO
nHpOpMAIMIO, W HE aKTHBU3UPYET THUIEPCCHUIKY.
Bo3znukaer 3anep:kka BO BpEMEHHU JJisl MEPEKIIOUEHUs
NUAAKTUUECKUX enuHul. BpeMeHHas 3aaepxkka B
Ipolecce nepexoja OT HU3YyYEHHMs, YCBOEHHUs OJHOH
JNAJAKTUYECKOW eUHULBI K ycBoeHuto apyrou [IE.

3amepkka BO BPEMEHH, €€ YHCIOBOE 3HAYCHHE,
BeIMYMHA OTKJIOHEHHS OT ONTHMAaJBHOTO BPEMEHHU
MEPEKITIOUCHUSI CHTHAM3UPYET O (haKTe IOSBICHHUS
OMOLIMIA B CO3HAHHUHU CTYIACHTA.

Bpemennoit  mHTepBanm  QoOpMHpYET  BEIUYHHY
BXOMHOTO  BEKTOpa, KoTopelid  3amyckaer WHC
(hopMupOBaHHUA SMONNOHAIBLHOTO COCTOSIHUS CTYICHTA,
U OLEHKH 3TOTO COCTOSHHS. 3HAYEHHE BEIHMYUHBI
OLIGHKM  SMOLMOHANBHOTO  COCTOSIHHS  BBI3BIBAET
HOpOLEeaypyY YHpPaBICHUS XapaKTepoM  HpedbsBICHUSA
COJIep KAaHUS TUAAKTUYECKUX €UHUILL.

VYmpasienue MpEATIoiaraeT BHE/IPCHHE
MYJAbTUMEAUIHOIO « KOHTeHTa B conepxkanue JIE
[PoGept, 2009].. Hcnonb3oBaHue pelaKCallHOHHBIX,
paccnaONsAonMX CIICHAPUEB YpOKa M IMOCIE 3TOro,
aKI_[eHTI/IpyIOHII/IX, MO6I/IJ'II/I3aIlI/IOHHI>IX CHeHapI/IeB.

Xapaktep CLEHapus OIpenesieTcs 3HaYeHHeM
pesynerara padorer MHC.

MpsI cuuTaeM, 4TO HEOOXOOMMO BBIBECTH CTYIEHTA
M3 OMOILMOHAIBLHOTO TUIeHa, mopadomeHus. Hazmo
HEWTpaiu30BaTh SMOLMH, BIMSHUE SMOLMN Ha
XapakTep IMpolecca YyCBOEHUS 3HaHui [PabuHOBHY,
Mroesunoiy, 2010]. TToracuts 3amepkKy BO BpEMEHH
MEePEKITIOYEHUS CIIEHAPUEB MPEIbSIBICHUST COAEP KaHUS
IMIaKTHYECKUX €MHHII. BosMoxkHbIE MyTH
npeogoneHus smonui [http://www.intuit.ru]:

-IIPEAJIOKUTD BBIOOD (oTorpadwuii,
-WJIM IIBETHBIX H300paKeHHH,

-BBIOOP MY3BIKAIbHBIX ()parMEeHTOB,
-HapuCOBaTh FEOMETPHUECKYIO PUTYDY.

BapunanTst OTBETOB ¢dopmupyror
YETBIPEXAIIEMEHTHBIH BXOAHON BEKTOP AJIsi HEHPOHHOM
ceru. Ilpeanaraercst cmemarb 3TO C LENbIO CO3JaHUS
koM(pOpTHOTO MHTEpdeiica s mocIeyromei paboTsl,
MPOJOJDKEHHS U3YUeHHS YI1eOHOTO MaTepHania.

IIpennaraercst npumenuts aktuBHble NHC A-cetn
JUISL pelleHUs mocTaBjeHHOW mnpobOiemsl [Illamuc,
2006]. Otu UMHC no3Bomstor  chOpMUPOBATH
SMOIMOHAIBHYIO MOJENh CTYISHTa W BBIYHCIHTH
BEJIMYMHY SMOIMOHAIBHOTO TOTPY)KCHHS CTYJIEHTa -
OMmIl. Ora BenuuuHA yBsI3aHA C BPEMEHEM 3aJEPIKKU
THIepEKIOUeHHs clieHapus NpeabaBieHus JE - ey

tsaaep = tnepm - toan (1)
Jna  aktwBmzamum  pabdoret  MHC — moxkHO
YCTaHOBHTb, UTO JUIS YETHIPEX BUJOB SMOLUI 3HAYEHUS
BapHaHTOB IOTPYKEHUS CIIETYIOIIHE;

Pagocts — 0.25.
I'pycts— 0.25.
bespazmiune— 0.25.
3nocts— 0.25.



B panpheitiiem, B Xo[e AKCIIEPUMEHTAIBHOU
Hactpoiiku MHC »TH 3HaueHuss MoryT OBITh
CKOPPEKTHPOBAHBI.

Bapuant Mopenu ydera BIMSHHS OMOIMH Ha
(hopmupoBanme WHIUBUIYaTHHON TpacKTOPUH
oOy4eHHs CTyIeHTa Ha OCHOBE HEHpPOCETEBHIX
TEXHOJIOTMH MIPUBENIEH Ha PUCYHKeE 1.
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1
1 > BocnpusaTue, NpuUHATUE pelleHni
.

M NNaHUpoBaHUe AeATeNbHOCTU
CTVAEeHTOM

T OT rnepccbiNoK B coagepaHum JE

Pucynok 1 — Ob1mas cxema IpezyraraeMovt MOIeJ I

B 3aBucMMOCTH OT TEKyIIErOo ypOBHS 3HAaHUU IIO
M3y4aeMOl JMCLMIIIMHE JBM)KEHUE II0 TPAaeKTOpUU
M3Y4eHUs TUIAKTUYECKON eIUHUIBI MOXKHO Pa3OMTh Ha
TPU OCHOBHBIX HAaIpaBICHMUs: BO3BpaT Hasaj IO

TPAeKTOPUH K  MHPEABIAYHIEMY  JUIAKTHYECKOMY
JNMEMEHTY  HM3y4aeMOHl  JUIAKTHYCCKOH  SIUHUIIC
y49e0HOTO Kypca, ecu 00yJaeMbIii

HEY/IOBJICTBOPUTEIIFHO CIIPABMWIICS C TpEIIaracMbIMU
TECTOBBIMH 3aJaHUSIMHM II0 HW3y4aeMoil Teme ' WiIn
pasneny; IBMXXEHHE BIIEpe K HOBOMY TUIAKTHICCKOMY
3NIEMEHTY, CIEAYIOIEH MopIuK y4eOHOrO MaTepuaa,
OIIpEJICIICHHOW IporpaMMoi Kypca. B ciydae eciu
MpenpIIyIas TeMa Wik pazlien yueOHOro Kypca Obuin
OCBOCHBI Ha XOpolueMm N OTIIMYHOM YpOBHE
BBIITOJIHSACTCA JBUXXCHUC BHEpECH K HOBOU
JUJAKTUYeCKOl  eaMHHMIe  y4eOHOro  Mmarepuala.
Kaxxgoe BbIJIeNIeHHOE HAMpPABICHUE JIBIDKEHHUS 110
WHJMBHIYaIbHOM TpPAaCKTOPHHM W3YYEHHsS BKIIOYAET
HECKOJIBKO BapHaHTOB, TIO3BOJISFOIIHX
WHIMBHIYaJIM3UpOBaTh U AN depeHIpoBaTh Npouecce
o0yJeHusl.

Mogenb aKkTUBHOM HEHPOHHOW CETH CTPOMTICH, C
UCTIOJI30BAaHUEM B €€ apXUTEKType MOCTOSHHOU
BHYTPEHHEH 3a/laudl, COCTOSIEH B HEOOXOJMMOCTH
HENPEPHIBHOTO HMOAAEPKAHUS ONTUMAITBHBIX
(OYHKIIMOHATHHBIX COCTOSHHUI HEHPOHOB M TpeOyromen
UX TOCTOSSHHOM aKTUBHOCTU. BHyTpeHHss 3ajgava, BO-
MEPBBIX, BO3HHMKAET KaK CIJIEACTBHE OTKJIOHEHHUS OT
OonTUMyMa (YHKIIMOHAIBHBIX COCTOSHUI HE
paboTaronux (He BO30YKIAIOIINXCsI) HEHPOHOB 3a CUET
HOSIBJIEHUS y CTyJeHTa sMouuid. Pemaercs 3ta 3ajauva,
NP TPYIIIOBOM B3aMMOBO30YXIEHUM HEHPOHOB, 3a
CUeT TOTO, YTO SMOIMH HU3MEHSIOTCA. BHYTpeHHss
3a/aya BO3HUKACT IPH ITOCTAHOBKE BHEUTHEW 3ajadu
BOCIIPHUSTHS WU NOBEJEHUsS, CBOAALIEHCS, B KOHEUHOM
cuere, K BHEIIHEMY BO3OYXKACHHIO KaKOW-TO TpPYIIIBI
HEeHpoHOB ceTH. BHemHss 3amava, B BUAE OSMOIMIA,
HapyllaeT peXuM oOIIeil paBHOMEPHOH ONTHMHU3ALUU
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W TPUBOANT K  OTKJIOHEHHIO  OT
(YHKIIMOHATBHBIX COCTOSTHUN HEHPOHOB.

ONTHMyMa

Pemenne  3agauM  AOMKHO — NPUBOAUTL K
BOCCTAHOBJIICHHIO PEKUMa ONTUMH3ALMHU, YTO IOJDKHO
yIydmaTh (YHKIMOHAIBHOE COCTOSHHE HEHPOHOB
cetn. Takum oOpazoM, HEOOXOOMMOCTH pPEUICHUS
3aJa4d HE 3aJaeTcs MO3ry W3BHE, a CTaHOBHTCS €r0o
BHYTpEHHEH Lenblo. HanpaBiaeHHbIE HA ONTUMU3ALIUIO
COCTOSIHUSI CTPYKTYpHBIE NEPECTPONKM HEUPOHHOM
CEeTH JOJDKHBI COCTOSTH B 00pa30BaHUM CUHEPTHYECKHX
B3auMocozeiicTByromux rpynn  Heiiporos [Ilamic,
2006]. Otu rpymmnsl (aHCaMOIM HEWPOHOB) CTAHOBSTCS
OCHOBOH ~ MH(OPMALMOHHOW  HEWPOHHOW  MOJENH
poOIEeMHON Cpeabl.

Ananuz nuteparypel [[lamuc, 2006], [Kpyrios,
2001], [PytkoBckas, 2006] mO3BONKI NPEIOKHUTE IS
peanu3alui CXeMbl AKTUBHOW HEHPOHHOW CETH C
BO3BpParHBIM  TOPMOXXEHHEM CXEMy Ha  OCHOBE
KJIACCUUECKOIO TPEXCIOMHOro nepuenTpoHa. Tak xe,
KaK B INEPLENTPOHE, PA3ACICHUE MEPECEKAOIINXCS HA
BXOMHOM YpOBHE WH(OPMAIMOHHBIX BO3ICHCTBHI
MIPOUCXOJUT Ha YPOBHE IPyII HEUPOHOB MEPBOTO CIIOS
U CBA3€H,  MAYIIMX K HEHpoHaM OT CEHCOPHBIX
a5ieMeHTOB. [IpMHIMNNATBHOE OTIMYUE - BO3BPATHOE
TOPMOKEHUE ~ M HAKAIUIMBAIOLIASICS. HEYCTOMYUBOCTH
HEWpPOHOB, BBI3BAHHOEC MPOSIBIICHUEM SMOILUH.
IMocnenHee JGKUT B OCHOBE OOy4YCHHS W CBOMCTBa
aKTUBHOCTH. B omucanHOW  TpexcloiHOW  ceTu
BO3MOKHO 3alIOMUHAaHNE u CIIOHTAHHOE
BOCIIPOU3BEICHUE BPEMEHHBIX IOCIEA0BATEIbHOCTEN,
T. € BO3MOXHBI acCOIMAIlMd MO CMEXKHOCTH BO
BpEMEHU.

Jng  MonemupoBaHMSA ~ IPOLEAYpP  BO3BPATHOTO
TOPMOKEHUS IpeJIaraeTcs HCTIONIB30BaTh
UCKycCTBeHHble HeWpormuansHeiM cetn (MHI'C), B
KOTOPBIX TIIHAJbHBIE KIETKH SBISAIOTCS TaKoi ke
YacThiO CeTH, Kak W Heiponsl [http://aideus.ru], urto
MPOWUIIOCTPUPOBAHO HA TPHUBEICHHOM HHXE PHCYHKE
2

rie O Heitpon
I:l I'muanbHas

KJIeTKa

Pucynox 2 — Mopenb HEHPOHHOM CEeTH C TOPMOKEHUEM

OnpeneneHHble THIIBI DJIMAJIbHBIX KJIETOK,
aCTpOIUTHI, SBISIOTCS  AKTHUBHBIMH  YYaCTHUKAMHU
muddy3Hoir  mepemaunm  wHGOpPMANmMM B MO3TE.
ACTpOITUTB  CITIOCOOHBI K TEHEPalMHd KaJIbIUEBBIX


http://aideus.ru/

OCIMIUIALIMKE W 00pasyloT CETH MOCPEACTBOM rall-
koHTtaktoB [Bezzi & \olterra, 2001]. AcrtpouuTs
BIIMAIOT HA CUHAIITHYECKUE CBA3H HEMPOHOB.

CoanancupoBaHHas pabora CHHANTHYECKOTO
BO30YK/ICHUS/TOPMOXKECHISI W HEHPOMOIYIATOPHBIX
CHCTEM JIGKUT B OCHOBE Iiepemadd, oOpabOTKH u
COXpaHeHMS MHPOPMALMK B MO3Te, a TAKXKe T'eHepalnu
PHTMOB MO3ra, KOTOpPBIC SBISIOTCS CBOEro pona
TaKTOBBIMH pa0OYMMH YacTOTaMH €ro  CTPYKTYp
[Vinogradova, 2001]. DT ke MEXaHHU3MBI JIEKAaT B
OCHOBE (OPMHPOBAHUS ASMOLMOHAIBHON  KapTHUHEI
Mo3ra.

[ToTox »MoIMOHANBHON WHPOPMAIMH Yepe3 TN
NOPUBOAUT K MOAUGHKALUA BECOB CBSI3eU MEXIY
HEWpOHaMH, YTO NMPHUBOJUT K OXKUIAEMOH OOKUPOBKH
oOyueHusi. B uacTHOCTH, € TIOMOIIBIO BBEICHUS
CHEUUaJbHO  IMOJOOpPaHHON  CHUCTEMBl  DIIMAJbHBIX
KJIETOK, B MHOTOCJIOMHBIN MEPLENTPOH, OH MOXET OBITh
pacmiupeH TakuM o00pa3oM, dYTOOBI OH OOyyaics
METOJIOM OOpaTHOTO pPacHpOCTpaHEeHUst OImnOKKH 0e3
BCSIKOTO BHEIIIHETO aJlTOPUTMA.

Wrak, NpoXoXKIEeHHE CHUTHala 4Yepe3 HEKOTOpbIE
CUHAIICl BIMAET HE HAa AKTUBHOCTb HEHPOHOB, a Ha
MPOBOAMMOCTh JAPYIHX CHHAICOB. JTO O3HA4aeT, YTO
«BEca CBA3EH» MEXNy HEHpOHAMHU MOTYT MEHATHCS HE
TOJBKO MEIJICHHO B IIpoliecce OOydeHus, HO U
JUHAMHWYECKH, MO BIMSHHAEM TEKylled WH(pOpMaun
SMOIUH.

OT HEHpOHOB NEPBOTO CJOS Ha HEHPOHBI BTOPOIO
cilosi 00pa3yloTcs TOJIBKO BO3Oyxjaaromue cBsizu. OT
[JIMAJIbHBIX KJIETOK IIEPBOTO CJIOS HA INIHAJIbHBIC KIETKH
BTOPOTO CJIOS 00Pa3yIOTCsI TOJIBKO TOPMO3SIINE CBA3H.
B ¢wmsnonornn momoOHBIE CXEMBI B3aMMOJICHCTBHS
HEMPOHOB HA3bIBAIOT CTPYKTYpel C  BO3BPAaTHBIM
TopmoskeHueM [Lllamuc, 2006].

B otcyrcTBHE amonuil TopMO3siast CBA3b, UAYIIAs
K HEHpOHY MEpBOTO Cj0s OT 3JIEMEHTa BTOPOIO CJof,
HUYEM HE OTJIMYAETCS OT CBSA3EH BHYTPH MEPBOTO CIIOS,
u  GopMHpPYeMBIHi €0  TOTCHOWAN = BXOIUT B
anreOpanvdecKyr0 CyMMYy MOTCHIIHATIOB HEHpOHA, YTO
COOTBETCTBYET CTaOWJIBHOMY TMIPOIIECCY YCBOCHUS
3HaHud. [lpu HanMuuM SMOLMKA TOPMO3AIasl CBA3b,
uayuas K HeMpoHy MEePBOTO CJIOS OT 3JIEMEHTa BTOPOro
CJI0s1, TIOJIHOCTBIO 3ampeniaer cpabaTbiBaHuE HEWpOHA
Ha BpeMs YMEHBUICHUS CO34aBa€MOI0 €10 TOPMO3HOIO
MoTeHIMa a 10 HEKOTOpoil BenuuuHbl. Bee 310 Bpems
MPOMCXOMUT HE3aBUCHMAasi CyMMaIlMsi BCEX JAPYruX
CO3/1aBaeMbIX Ha HEMpOHE MOTEHIMAJIOB.

OMOLUMM W MBILUIEHHE 3TO AKTUBHBIE IMPOLECCHI,
MOSABJIIONIMECST B pe3ylbraTeé  W3MEHEHHH B
OpPTaHU3aIlMM U CHJIE CBI3€H MEXIy pa3IHIHBIMU
[IEHTpaMH MO3ra HENpPEepPBIBHO BO BPEMEHH, TO €CTh
JMUHAMUYECKUH OTKIMK Mo3ra Ha wuH(popmamuoo 00
OKpY’KaroIeM W BHYTpPeHHEM Mupe. JumHammdeckne
MEPEMEHHBIC0 ONMUCHIBAIOIINE AIWHAMHUKY JMOIMHA U
KOTHHTUBHBIX ~(QYHKIUH W WX B3aWMOJeicTBHE
oOpa3yloT coBMecTHoe pabouee wmiaM  (azoBoe
npocTpaHcTBo [PaduHOBMY, Mroesunomy, 2010].

Hcxomst w3 3THX COOOpaXKeHHH, MaTeMaTHYECKyIo
MOJIeJIb HEUPOHHOM CETH MOXKHO MPEJICTAaBUTh B BUJIE
HEeJIMHEWHOMN CHUCTEMBI g pepeHIraIbHbIX
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YpaBHEHHIH, TTOTTYIEeHHBIX Ha OCHOBE
OKCIIEPUMEHTATIBHBIX HCCICMOBAaHUK OMO(DU3MIECKUX
MPOIIECCOB B HEHPOHAX W acTporuTax (TJIHANTbHBIX
KJIETKaX).

CeTn B3aMMOAEHCTBYIOIINX KJIETOK OIHCHIBAIOTCS
MHOTOMEpPHBIMH  cuUcTeMaMHu  JuddepeHnrnaIbHbIX
ypasuennii [[Ipokun, Cumonos, Kazaumes, 2012].
JuHamMuKy ~ MEXHEHPOHHBIX  B3aUMOIEHCTBUH U
aCTPOIUTOB MIPEAIaraeTCs MOZEINPOBATH
ypaBHeHussMu JIu-Punnens. B kadecTtBe Mopenu
OTAENBHOIO HeHWpoHa MpeJlaraeTcsi HCIOJIb30BaTh
Mopensb XomkknuHa-Xakenu [Hodgkin & Huxley, 1952].

Jlns MopenupoBaHUs TPEIIaracTcs HCIOIb30BaTh
TIIATENBHO  TPOBEPEHHBIE,  330KYMEHTHPOBAHHBIC
cumynaTopsl HeWpoHHbIX cereil Tmma NEURON -
cumysstop [[Ipokun, Cumonos, Kazannes, 2012].

3akjaouenue

WnatemexryanbHas  MHQOPMAIMOHHAS — CHCTEMa
OpTraHU3aINH YIeOHOTO MPOoIecca, HA OCHOBE aKTUBHOU
HEHpPOHHOW CETH C BO3BpPAaTHBIM TOPMOKCHHUEM,
MO3BOJIICT YYHUTHIBATh BIMSHHE SMOIMH CTyICHTa Ha
(dbopmupoBaHue VMHIUBUIYaTbHON TpaeKTOpUU
W3YYCHHUS CTYICHTOM, KypCaHTOM HEKOTOpOH
npeaMeTHoOW ob6nactu  3HaHMd. CeTh  coXpaHser,
aHAIM3UPYET M OOBCOUHSCT PE3yJbTaThl KOHTPOJIS
9MOITUHA, CPOPMHUPOBAHHBIC HA OCHOBE y4YeTa YaCTOTHI
cpabarbiBaHUsl ~ TUOEPCCHUIOK. [lo  pesynbraram
KOHTPOIIL (OpPMHPYETCS MYIBTAMEAUWHBIA KOHTCHT
JUIL CONCpKaHUS TUNAKTUUYCCKUX CAMHHUI] MOIYIIS
3HaHWM, 1J11 HEUTpanu3aluu SMOLUH.

B nanHOM craThe NPENJIOKEH METOA KOHTPOJIL
UHAMBUAYAJIHOH TPAaeKTOPUU M3YYEHUS CTYAEHTOM
HEKOTOPO# TpeIMeTHOH 00NIacTH 3HAHWH, C ITOMOIIBIO
aKTUBHOM  HEHUPOHHOM  CeTM ¢  BO3BPATHBIM
TOPMOKEHHEM, OIKCHIBAIOIINX COCTOSHUE U MOBEICHHE
CTYIEHTAa BO BPEMS U3yUYECHHs JTUNAKTUUECKON €IHHUIIBI
MOyl 3HAHUM.

Jng MomenupoBaHUS TakOW CETH TpeIaraercs
MaTreMaTH4ecKuii  ammapaT Ha  OCHOBE  CHCTEM
muddepeHInaNBHBIX  ypaBHEHWH, MoOJeNb HeHpoHa
XoIKKnHa-XaKCIn U Cpesia MOZICIMPOBaHHS HAa OCHOBE
CUMYJISITOpa HEUPOHHBIX CETEH.
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The article describes the approach to the formation of
the assessment of individual trajectory of studying a
certain subject area knowledge through a hybrid
artificial neural network. Key words: the vector of the
parameters of assessment of quality of learning, fuzzy
neural networks, intelligent training system.

Introduction

Relevant from the point of view of learner-centered
learning is the concept of an individual trajectory of
teaching and learning. The formation of individual
trajectory of learning is a task with many uncertain
parameters, it is therefore proposed to assess the results
of its decision to apply an artificial neural network. An
important task in this case is the right approach to each
student, and assess the degree of understanding of the
material, the interest in the subject student. This
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requires the use of systems that simulate the behavior of
subjects of educational process depending on the
current state of the educational process and emotional
state of the student. The module recognition status of a
student on the basis of neural networks should include
information about various emotional and psychological
States of the person, their characteristics, and analysis
systems and neural networks for pattern recognition. To
solve the above problems is extremely useful may be
the continuation and development of computer
modelling of the active neural networks.

Main Part

The complexity of modern technological processes,
the transition to the GEF 3 generations imposes
requirements on educational technology, and require
adequate changes in education. In this regard, become
more and more important technologies in innovative
learning, based on the formation of individual trajectory
of student learning.

An important task in this case is the right approach
to each student, and assess the degree of understanding
of the material; the interest in the subject student.

Recognition of the emotional state of the system of
interaction between the teacher and the student should
include information about the various techniques and
languages that allow to describe and model the process
of interaction of parallel systems: the teacher and the
student.

We consider emotions as a mechanism for
motivating learning and planning of learning activities,
focusing on learning as the basis for the organization of
behavior in class.

The influence of emotions on students is manifested
in a situation where the student must make the
transition from didactic learning one unit to another.
The student must change scenarios presentation and
assimilation of new knowledge.

However, the presence of emotions in the mind of
the student, makes changes in the thought process. The
student, being at the mercy of emotions, distracted from
the learning process, interrupts the learning process. It
is in the power of emotions, his consciousness does not
perceive knowledge, information, and activates a
hyperlink.

The time interval that forms the value of the input
vector, which launches ince the formation of the
emotional state of the student, and evaluation of this
condition. The value assessment of the emotional state
causes the control nature of the presentation of the
content of didactic units.

Control involves the introduction of multimedia
content in the content DE. It is necessary to neutralize
emotions, the influence of emotions on the nature of the
learning process [Rabinovich, Muezzinoglu, 2010].

It is proposed to use active tools A networks to solve
problems [Shamis, 2006]. These tools allow you to
form an emotional student model and to calculate the
value of the emotional immersion of the student. This
value is linked to the delay time switching scenario
presentation.
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Option model considering the influence of emotions
on the formation of individual trajectory of student
learning based on neural network technology is shown
in figure 1.

The model of active neural network is constructed
using the architecture in its ongoing internal challenges,
consisting in the need to continuously maintain optimal
functional States of neurons and require their constant
activity. An internal challenge, first, occurs as a result
of the deviation from the optimum functional status is
not working (not excited) neuron due to the occurrence
of student emotions. This task is solved, for group
vzaimootnosheniito, due to the fact that emotions
change. Internal problem arises when setting the
external task of perception or behavior, reducing,
ultimately, to external excitation of a group of neurons
in the network. External task, in the form of emotions
that disturbs the regime of the General uniform
optimization leads to deviations from the optimum
functional States of neurons.

The analysis of the literature [Shamis, 2006],
[Kruglov, 2001], [Rutkowski, 2006] allowed us to
propose for the implementation of the scheme of active
neuronal network with recurrent inhibition scheme on
the basis of the classical three-layer perceptron.

For modelling procedures pre-synaptic inhibition is
proposed to use artificial neuroglial networks (INGS),
in which glial cells are as much a part of the network, as
the neurons [http://aideus.ru], that is illustrated in the
following figure 2.

Certain types of glial cells, the astrocytes, are active
participants in the diffuse transmission of information
in the brain. Astrocytes are capable of generating
calcium oscillations and form networks through gap
contacts [Bezzi & \olterra, 2001]. Astrocytes affect
synaptic communication of neurons.

Balanced work synaptic excitation/inhibition, and
neuromodulatory systems is the basis for the transfer,
processing and saving information in the brain, as well
as the generation of brain rhythms, which are a kind of
clock operating frequencies of structures [Vinogradova,
2001]. These same -mechanisms underlying the
formation of emotional brain patterns.

The flow of emotional information through glia
leads to modifications of the weights of links between
neurons, which leads to the expected lock training. In
particular; by introducing a specially selected system of
glial cells, in multilayer perceptron, it can be extended
so that it is studied by the method of back propagation
without any external algorithm.

Thus, the signal flow through some synapses does
not affect the activity of neurons and conduction of
other synapses. This means that the "weight of
contacts”" between neurons can vary not only slow in
learning, but also dynamically, under the influence of
current information emotion.

Of neurons in first layer neurons in second layer are
formed only excitatory connections. Glial cells from the
first layer to the glial cells of the second layer are
formed only inhibitory connections. In physiology such
scheme of interaction of structures called neurons with
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recurrent inhibition [Shamis, 2006].

The lack of emotion hindering relationship, going to
the neuron of the first layer from the second layer
element, does not differ from bonds within the first
layer, and formed it potential is included in the
algebraic sum of the potentials of a neuron, which
corresponds to a stable learning process. In the presence
of emotion hindering relationship, coming to the neuron
from the first layer element in the second layer,
completely prohibits the firing of a neuron at the time it
is created reduce the brake capacity to a certain value.
All this time there is an independent summation of all
other created on the neuron potential.

Emotions and thinking are active processes that
appear as a result of changes in the organization of and
power relations between the different centers of the
brain continuously in time, i.e. the dynamic response of
the brain to information about the environment and
inner world. Dynamic  variables describing the
dynamics of emotions and cognitive functions and their
interactions form_ a joint working or the phase space
[Rabinovich, Muezzinoglu, 2010].

Based on these considerations, a mathematical
model of ‘a neural network can be represented as a
nonlinear system of differential equations obtained on
the basis of experimental studies of biophysical
processes in neurons and astrocytes (glial cells).

Network ~of interacting cells are described by
multidimensional systems of differential equations
[Prokin, Simonov, Kazantsev, 2012]. Dynamics of
neuronal interactions and astrocytes is proposed to
model the equations of the Lee-Rences. As a model a
single neuron, it is proposed to use the model of
Hodgkin-Huxley [Hodgkin & Huxley, 1952].

For modeling it is proposed to use a carefully tested,
documented simulation-type neural network NEURON
simulator [Prokin, Simonov, Kazantsev, 2012]

Conclusion

Intelligent information system of educational
process organization, on the basis of active neuronal
network with recurrent inhibition that takes into account
the impact of student emotions on the formation of
individual trajectory of studying, a student of some
subject area knowledge. Network maintains, analyzes
and combines the results of control of emotions, formed
on the basis of the response frequency of the
hyperlinks. The evaluation of results is generated
multimedia content to the contents of didactic units of
knowledge module, to neutralize emotions.

This article proposes a new method of control of an
individual trajectory of studying some subject area
knowledge through active neural networks with
recurrent inhibition, describing the state and behavior of
the student during the study of the didactic units of the
module of knowledge.

To simulate such a network we propose a
mathematical model based on systems of differential
equations, the model neuron of Hodgkin-Huxley and
simulation environment based on the simulation of
neural networks.





