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HEUPOHHBIEC CETHU

Masen MNaHdunos

B npecce npo neiipocemu coéopsm, kak npaguno, obuwumu gpasamu
u yacmo 6 gocmopicennvix monax. Cneyuanrucmol, 3aHUMarOUjUecs
2moil npobaeMoil, Mpe3go OUEHUBAIOM B03MOICHOCHb UCHONb308AHUSL
Helipocemeli, NOHUMAS UX UCMUHHble JOCMOUHCMEA U HedOCMAMKLU.
Tlomenyuan y HelipoHHbIX MEXHOA0RUL 02POMEH, HO UX dPdeKkmugHoe
uUcnoawv3oganue mpebyem onpedesenHo2o ypogHs 3HaAHULL U NOHUMAHUS

Hcropusa BO3HUKHOBECHHA
HEHPOHHBIX CETEH

YenoBeka BCerga MHTEPECOBAIO YCTPOIt-
CTBO MO3T4, IPUHIUIIBI €70 pabOThI U Opra-
Husanuu. ITepBas MaTeMaTHdecKast MOLeENb
HeifpoHa (6a30BOTO dJIeMeHTa MO3ra) OblIa
co3faHa B 1943 rony, Korga aMepuKaHCKUI
ydenslit Yoppern Maxkamnok (McCulloch
W.) u ero yuenuk Y. ITurrc (Pitts W.)
chopMynIHpOBaIM OCHOBHBIE IIOJOKEHUS
TEOPUU [EATeNbHOCTH FOJOBHOTO MO3Ta.
WMu 6bLIO CeNIaHO CllenyIoliee:

* paspaboTaHa MOfieIb HeHpOHA KaK IIPO-
CTeJIIIIer0 IIPOIIECCOPHOTO IJIEMEHTa,
BBIITOJIHABIIETO BBIYHCIIEHUE IIE€PEXON-
HO! (YHKIUH OT CKLIPHOTO IIPOH3Be-
JE€HUA BEKTOPAa BXOIHBIX CUTHAJIOB U BEK-
TOpa BeCOBBIX KOI(DDHUIINEHTOB;

* [peNJIO’KeHa KOHCTPYKIMS CeTH TaKUX
OJIEMEHTOB [JIs BBIIIOJHCHUA JIOTUYEC-
KUX 1 apupMeTHIeCKUX OIIepaIlnii;

* C[IeJTaHO OCHOBOIIOJIATAIOIIEe IIPE/IIONIO-
JKEHHEe O TOM, UTO TaKas CeTh CIOCOOHA
00y49aThCsl, pacrio3HaBaTh 06pasbl, 0606-
IIaTh [OTyYeHHYI0 HHPOPMAIIHIO.
3a mpoilefiue AeCATUIETUS TeOPUS

HEMPOHHBIX CeTeN yIIljIa OCTaTOYHO Jajie-

KO BIIEpe[l, OMHAKO MHOTHWE YTBEpPKIECHUA
V. MakKaJIJIoOKa OCTAIOTCSl aKTyaJIbHBIMU U
0 ceil meHb. B wacTHOCTH, IpU 60JIBIIIOM
pasHoo6pasuu Mozeseil HeMPOHOB IPHH-
UL UX OeNCTBUS, 3aJ0KeHHBIH Y. Mak-
KayutokoM u Y. IIutTcom, ocraercs Heus-
meHHbIM. Hemocrarkom mopenu Y. Mak-
KaJIJIOKa SIBJISIETCSI CaMa MOJIeJIb HellpoHa —
«IIOPOTOBBII» BHJ, AKTHBAIIMOHHON (DYHK-
nuu. [loporossrit Bup beHKL{I/II/I He gaeT
HEHPOHHOW CeTH JOCTATOYHYIO I'MOKOCTBb
pu 00y9IeHUU U HaCTPOUKe Ha IIOCTaBJIeH-
HYIO 3aady.

JanbHeiiee pa3BUTHE TEOPUsl HEUPOH-
HBIX CeTell MOJTydmIa B paboTax aMepUKaH-
cxoro Heipodusuonora Ppencuca Pozen-
6sara (Rosenblatt F.). B 1958 romy oH mpes-
JIOKWI CBOIO MOJeIb HEHPOHHOM CeTH.
®. Posenbiar BBes B Mofenb Y. Makkawio-
ka u Y. [IurTca ciocoOHOCTD CBsA3EH K MO-
nuduKanuy, 4TO CHeIaao ee o0ydaeMoil.
Dta Mozesb OblIa Ha3BaHA IEPCEITPOHOM.
ITepBOHaYaIBPHO HEPCENTPOH IIPENCTAaBIISIL
€060 OTHOCIONHYIO CTPYKTYPY C SKECTKOI
[OpPOroBO¥ (YHKUMEH NPOLECCOPHOTO
JJIEMCHTA U 6I/IHaprIMI/I I MHOTO3HAY-
HBIMH BXOJaMU, B laJIbHEHUIIIEM 3Ta MOAEIb
6bLTa 3HAYUTEIBHO YCOBEPIICHCTBOBAHA.

nscalp @mail.ru

npuHuunos ux deticmeus. Pabomarowue mpeiidepsi, kaxk npasuio, He
uMerom cneyuanbHoll n0020moBKU No HelipocemeabiM MexXHOA0UIM, 4
akademuyeckue cmamou He 00BACHANOM, KAK UMU NOAb308AMBCH.
B smoii cmamve deaaemcsa nonvimka onpedeaums Kpye 6a308bix
NOHAMUIl, HA OCHOBe KOMOPLIX HOBUYKU NPUOOpemym HeKomopble
HABbIKU pabombl 8 Mol UHMepecHoll obaacmu.

IlepcenTpoH, BOCOPUHATHIN IepBOHAYATb-
HO 6€30TOBOPOTHO U € 6OJIBIINM IHTY3HA3-
MOM, BCKOp€ IIOABEPTCA NHTEHCUBHBIM Ha-
IafiKaM CO CTOPOHBI KPYITHBIX HayYHbIX aB-
TOPHUTETOB.

B 1982 roxgy amepuxaHckuit 6umodu3nx
k. Xondunpn (Hopfield J.) mpemmoxun
OPUTUHAJIbHYIO MOJIEIb HEMPOHHON CEeTH, B
ﬂaﬂbHeﬁmeM Ha3BAaHHYIO €ro MMEHEM.
Cerb JIx. Xomndrmima nmeer o6paTHbIe CBsI-
3U MEXNY CI0AMHU, YTO YyBEJIUYUBAECT €€
o6o01maoIue CBOMCTBA, TaKUe CEeTH Ha-
LIUIM [IIMPOKOE IIPUMEHEHHeE [IPU PACIIO3HA-
BaHMU 00pa3oB. B mocienyore HeCKOIb-
KO JIeT ObLIO HAaMIEHO MHOXKeCTBO a9 dek-
THUBHBIX QJITOPUTMOB M  apXHUTEKTYp
HelpoceTell, TaKUX KaK ceTb 0OpaTHOro
PacmpocTpaHeHus, [BYHaIIPaBJIeHHAasI aCCO-
[MIaTUBHAS [IaMSTh, CAMOOPTaHU3YOIIHeCs
KapThI ¥ JIp.

[TocTpoenune m060i HEHPOHHOU CeTH
ImpefIoaraeT 60IbLION 00beM BBIUHCIIE-
Hui (oOydeHMe ceTH OOBIYHO SIBJISETCS
HATepallHOHHBIM IporeccoM). IToatomy
TOJIBKO € POCTOM BBIYMCIUTENBHOM MOLII-
HOCTH KOMIIBIOTEPOB IOSIBUIACH BO3MOXK-
HOCTb IIPAKTHYECKOTO [IPUMEHEHsI Helpo-

ceTel, YTO JIaJI0 MOIIHBIN TOJIYOK K IIUPO-
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KOMY PacIpOCTpaHEHUIO IIPOTPpAMM, MC-
MMOJAb3YIOIIUX MPUHIUIILI HEMPOCETEBOU
06paboTKY TaHHBIX.

HcKyCcCTBEHHBIH HEHPOH

HckyccTBeHHBIE HEHPOCETH UPe3BBIYANHO
PasHOOOPA3HBI [0 CBOEH aPXUTEKTYPeE, U B
HACTOsIIIIee BpeMs co3aHo 6oee 20 ux ma-
panurm'. Bce oHE mMeeT IPOCTOI OOIIMIT
6a30BBIIl BJIEMEHT — UCKYccmBeHHbLTl Heli-
pow (puc. 1), KOTOPBIt UMUTHPYET CBOMCT-
Ba CBOETO OUOJIOTUIECKOTO POIHUTES.

Ha BX0m HCKyCCTBEHHOTO HelpoHa (cM.
puc. 1) momaercs HabOp BXOJHBIX CUTHAIOB
X}, X5 ooy X, (BXOHOI BeKTOP X), IPECTAB-
JISTIOIIMIL OO0 BBIXOMHBIE CUTHAIBL [IPY-
Tux HeI“/IPOHOI[O()HbIX JJIEMEHTOB UJIN BXO[ -

BOIUTCS HEOOXOIMMOE HeJIMHENHOEe IPent-
pasoBaHue:

Y = F(S).

Dra PyHKUMS Ha3BIBACTCS akmubayuon-
HOIl, TPUMePBI TAKUX QYHKIIHIT IPUBeIeHbI
Ha puc. 2. Hanbosnee 4acTo Ha mpakTuke
IIPpUMEHAETCA CUTMOUJAIbHAA (HOI‘I/ICTI/I‘{e‘
cxast) pyHxums Buna:

F(S) =3 <.

Dra yHKIUA 1103BOJIsIET paboTaTh Kak
€O CJ1abbIMU YPOBHIMHY BO30YKIeHUs (3Ha-
geHus1 0KosIo 0), Tak U € OOJIBIINMHE YPOB-
HAMU BO3OY)XIeHUs HelipoHa. [lpu cuib-

Bxogm  CuHance (seca)

Cymmarop

BEHOGT Y C KN
HadpoH
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Puc. 1. Mopenb HelpoHa

Hble CUTHaJIbl HEMPOCETH. Kaxxnopiii Bxop-

HOH CHUTHAI YMHOKaeTCs Ha
COOTBETCTBYIOIIUI Bec cBs3u w,, W,, ..,
w,— aHayor 3¢ eKTUBHOCTH CHHAIICA. Bec
3TOU CBSI3U SBJISIETCS TOJIOKUATEIbHBIM JJIA
B036Y>I<I[3.IOH1€I7I U OTPULATEIbHBIM IJId
TOPMO3SAIIEN CBSA3U HEHPOHA. Bssemnrennnie
BeCaMu CBHSeﬁ, BXOHBbI€ CUTHAJIBI IIOCTY-
marT Ha GJIOK cymMManuu (1o cBoeil cyTu
SIBJISIIOIIIMIACS AaHAJIOTOM TeJla KJIETKU B Ou-
OJIOTUYeCKOM HeMPOHE), I7le BbIYUCISAETCS
ux anrebpanveckasi CyMMa U OIpeiesIsieTCst

YpPOBeHb BO30y>KIeHUs HellpoHa S:

S= i Xiw,+0
el

rie: 6 — mopor Bo30OY)KIeHHs HeHpOHa.
3aTeM Haf| ypOBHEM BO30OYIKIEHHUS S IPOU3-

HBIX YPOBHSIX CUTHAJa IIPOUCXONUT HACBI-
dyuxnun’, u
TaKUM 06pa3oM, HeHpoH (pyHKUHOHUpYeT

IIleHe aKTUBAaIlMOHHON

B IIIMPOKOM JiMalla30He BXOMHBIX CUTHAJIOB.
Koaddumuenr f ompenesnsier KpyTH3HY
CUTMOWUJA.

HenuneitHOCTh (QYHKUUU aKTHUBALUH
F(S) oueHb Ba)kHa M IPUHIUIHATIbHA; €CITU
6Bl HEMPOHBI OBUTH TMHEHHBIMU 3JIEMEHTA-
MU (HMCIOJIB30BAIN JIMHENHYIO (PYHKIHIO
AKTHUBALMK), TO J00ast MOCIEeNOBaTENb-
HOCTh HEMPOHOB TaKXXe MPOU3BOAUIA ObI
JIMHeHOe npeoOpa3oBaHie U BCS HENPO-
ceTh ObUTa ObI 9KBUBAJIEHTHA OTHOMY Heli-
pPOHY (MM OTHOMY CJIOI0 HENPOHOB — B
CJlydae HECKOJIbKUX BbIXOmOB). Hemuneit-
HOCTh pa3pyllIaeT JIMHEHHYIO CYyIepIIo3u-
LIMIO U IPUBOIUT K TOMY, 9TO BO3MOXKHOC-

'Mapaamnrma (3aecs) — UCXOAHOA KOHLENTYANbHAA CXeMA HEHPOHHOM ceTh (6a30BbIH BAPHUAHT).
2 HacbileHne aKTUBALMOHHOM QYHKLMM — COCTOSIHUE HEMPOHQA, NMPK KOTOPOM 3HAYUTENBHOE M3MEHEHWE NAPAMETPOB BXOAA NMPUBOAMT K OYEHb MASTbIM

M3MEHEHNAM MAPAMETPOB BbIXOAA.

T HEMPOCETH CYILIECTBEHHO BbIIIE BO3-
MOYKHOCTEN OTHEIbHBIX HEMPOHOB.

Beilre onumcaHHasg MoOpeab HeHpoHaA
npeHe6peraeT MHOTUMU H3BECTHBIMU Xa-
pPakTepUCTUKAMU OGHOJIOTHIECKOTO IIPO-
TOTHUIIA, KOTOPbIE HEKOTOPbIE MCCIIENOBA-
TeIHW CUYMTAT KpuTudeckumu. Hampu-
Mep, B Hell He YYUTHIBAIOT HEIMHENHOCTD
IPOCTPAHCTBEHHO-BPEMEHHON CyMMa-
UM, KOTOpas 0COOEHHO CYyIIeCTBeHHA
IJISL CUTHAJIOB, MPUXONSIIUX II0 BO36YXK-
JAOIIUM U TOPMOSSAIIUM CHHAIICaM; pas-
JIMYHOTO pOJa BpeMeHHbIe 3a/IePIKKH; 3~
(bexThI CHHXPOHU3AIIUU U TACTOTHOM MO-
DYAALAY;
HeB3upas Ha 3T OTKJIOHEHMS, CE€TH, 110~

pedrextopHOCTF W T. I

CTPOCHHBIE Ha OCHOBE TAKUX HEUPOHOB,
IeMOHCTPUPYIOT aCCOIMAaTUBHbIE CBOUCT-
Ba, HAIIOMHMHAIOIIE CBOMCTBA OUOIOTH-
YeCKHUX CHCTEM, U YCIEeIIHO IPUMEHSIOT-
Csl Ha IpaKTHUKe.

MHOrOCI0OMHAaA
HEHPOHHAA CETh

Kak ¥ 4esoBe4ecKHil MO3T, HEHPOCETh CO-
CTOMT M3 MHOKECTBA IPOCTEHUIITNX IEMEH-
TOB — HEWPOHOB, B3aMMONEUCTBYIOIIUX
Ipyr ¢ npyroM. FIMeHHO UX COBOKYIIHOCTb
obecrieunBaeT YHUKaIbHOCTh CBOVCTB Heil-
POHHBIX CeTell, TAKUX KaK CIIOCOOHOCTD K
0600111eHII0, paboTa C 3aIIyMIEHHBIMU U
HEIIOJHbIMU JAaHHBIMU U 1IP.

Cpenu Bcero pasHOOOpas3usi apXUTEKTYP
HEMPOHHBIX CeTell HanboJIbIee pacmpocT-
paHeHUe IOaYIMIn MHOozocnoliHble. PakTH-
YEeCKH 3TU CEeTH CTald «KJIACCUYECKUM», H
KOT/Ia B TUTepaType TOBOPHUTCS O Helpoce-
TSIX, OOBIYHO IIOfIPa3yMeBal0T MHOTOCIIOM-
HbIE [IOJIHO CBsI3aHHbIe ceTu. [ToaTomy pac-
CMOTPUM HUX IOAPOOHee U IpUBENeM IIPU-
MeEpPBbI UCITIOJIb30OBaHUS.

B Taxoi1 apXUTEKType HeUPOHbI 0OBenU-
HEeHBI B TaK HasbiBaeMble crou. Ilon cioem
IIOHUMAETCA COBOKYIIHOCTb HeﬁpOHOB,
BXOIbI KOTOPBIX CO€IUHEHBI C BbIXOJaMU
HEHPOHOB IPENBIAYIIEro CJIOsl, a B CBOIO
o4epenb, BIXObI HEMPOHOB 3TOTO CJI0S AB-
JIAIOTCS BXOJAMHU ISl CJIEYIOIETO CJIOS.
O6bI‘{HO CJIIOUCTBIE CETHU ABJIAIOTCA IIOJHO
CBSI3aHHBIMU, TO €CTh BXOAbI KAXKIOTO HEM-
POHa CJIOSL CBA3AaHBI CO BCEMHU BBIXOIAMHU
HEWPOHOB MpeawIAymero ciosd. Ilpumep
IBYXCJIOMHOM IIOJIHOCBSI3AHHOM HEMPOCETU
IIpHUBefieH Ha puc. 3. B Heiiponporpammax
[I0JIb30BATENb MOKET JIETKO 3a1aTh Tpebye-
MYIO CTPYKTYpy HelpoHHOU cetu (puc. 4),
OTIpeJIeSIUB JJIsl TOTO JIMIIb YHCJIO CJIOEB U
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HeNpoHOB B HUX. [TpakTuyeckoe pacrpoct-
paHeHUe TaKUX ceTeil OOBSICHIETCS XOPO-
110 OTPabOTAHHBIMHU AITOPUTMaMHU 06Yy-
YE€HUA U HIHPOKHUM KJIAaCCOM peIIaeMbIX

KiIaccuUKauy, MPU KOTOPO BBIIeEIsie-
Mbl€ KJIaCChl MOKHO Pa3leJIuTh TUIepPILIOC-
KOCTSIMU (11 HEMPOCETH C IBYMS BXOIa-
MU — MPSIMBIMU JINHUSIMH).
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Puc. 2. ®yHKunn akTmBaumm

He monHOCBsI3aHHBIE HEMPOCETH SIBII-
I0TCSI 9aCTHBIM cirydaeM. OTCYTCTBHE CBS3U
9KBUBAJICHTHO HYJIEBOMY K03 dUIIneHTY
Beca CBA3M.

Yaire IpUMEHSIOTCS HEHPOCETH HUMEIO-
e gBa U 6osee cioeB. OJHOCIONHbBIE
HeHPOHHBIE CETH UMEIOT OJUH CYL[eCTBeH-
HBIN HEIOCTAaTOK, OHU He PEILIAIoT 3amady

OOyueHHne HEHPOCETH

OnHO U3 Ba’KHEWIIHUX CBOMCTB HEUpOH-
HOYI CeTH — ee CIIOCOOHOCTh K CaMOOpra-
HU3allUH, CaMOaflaliTAlluy C LeJIbI0 yJIyd-
IIeHUsT KadecTBa (PYyHKIHMOHUPOBAHUSL.
Dra menb KOCTUTAETCS MyTeM OOydeHHUs
ceTd, aJrOPUTM 3agaeTcss HabOpOM Ipa-

Bxaas

Mhspmeai cnos
HERDOHOE

BTopol cnok

HERDOHOE

B0

Pwuc. 3. OBycnoitHas HeMpoHHas ceTb

KJIaCCI/Id)I/IKaHI/II/I JIMHENHO HepasaeInMbIX
KJIACCOB, KOTOPasl B JINTepaType HOCUT Ha-
3BaHHe 3amadyu «HucKiaodaooiero MJI».

JIuHeitHO pasfenumas 3afada — 3amada

Bwi1. O6ygaroniyue mpaBuia ONpeesior,
KakuM 00pa3oM U3MEHSIOTCS CBSI3U B OT-
BeT Ha BXOAHOe BoauericrBue. O6yueHme
OCHOBAHO Ha YBeJIHYEHUH CUJIBI CBA3HU

(Beca cuHamca) MeXay OTHOBPEMEHHO
aKTUBHBIMH HeilpoHamu. YacTo McHoib-
3yeéMbl€ CBA3U YCHUJIUBAKTCA, U I3TUM
o0bsicHsIeTCsT QeHOMeH 06yIaeMoCTH
HelipoceTell IyTeM IIOBTOPEHUA U IIpU-
BBIKaHUs. B Hacrosiee Bpems: BbIpaGo-
TaHO JOCTATOYHOE KOJIMIECTBO Pa3HO06-
PasHbIX 00yYanOmNUX MpaBui (aIrOpuT-
MOB 06y4ueHUs).

Bce ato MHOTOOOpasue MOXHO paspe-
JINTHh Ha IB€ YCIIOBHBIC I'PYIIIIbI — «05}/116-
Hue 6e3 yuumens» U «00yueHue ¢ yuume-
nem». Ilpu «ob6ydueHun 6e3 ydurenss» Her
3TAaJIOHHBIX BBIXOJHBIX 3HAYE€HUU, U HEWU-
poceTh cama 06y4aeTcst Ha BXOJHBIX HPH-
Mepax, BbIABJIAA B HUX 3aKOHOMEPHOCTU U
mpoBoxnst camoopranusanuio. Hauboiee
HM3BECTHOM apXUTEKTYPOU TaKOU HEMpoce-
TH SIBJISIIOTCSL CAMOOPIaHU3YIOLUeCs Kap-
ol Koxonena (Self-Organizing Maps), o
KOTOPBIX OYIeT paccKa3aHO B HaJbHEM-
LIeMm.

B npouecce «o6yueHus ¢ yuureaem» Ha
BXO/Ibl HEMPOCETH IONAIOTCS BXOIHBIE
3HAYEHUA U 3aTE€EM IIPOU3BOJUTCA CpaBHE-
HUE ITOJIYYE€HHBIX BBIXOJHBIX 3HAa4YeHUH C
TpebyembiMu. daxTudecku Tpebyemble
(aTasOHHbIE) 3HAYEHUsS BBIXOIOB UIPAIOT
POJIb «y4YUTEJISA», Ka)KIbIA pa3 gaBas YPoOK
HelipoceTn. PaccmaTrpuBaemble B 3TOH
cTaThe MHOTOCJIOMHBIE CeTH 00ydarTcs
110 5TOMY IPUHIIUILY.

Korga B ceTu eCcTb TOJBKO OfUH CIIOI,
TO AJITOPUTM ee OOYUeHHS C yIUTeIeM
[IOBOJILHO OY€BUMIEH, TAK KaK IIPABUJIb-
HbI€ BBIXOJHBIC COCTOSAHMUIIA HeﬁpOHOB
eMHCTBEHHOTO CJIOS 3aBEJOMO U3BECTHBI
U HOACTPOIIKAa BeCOB (CHHAITHYECKUX
CBH3CIZ) UAeT B HAIIpaBJIEHUU MUHUMU3A-
AU OIMMOKU Ha BBIXOMAE. B MHOTOCIONM-
HBIX JK€ CETAX OIITHUMAJIbHBIC BBIXOIOHBIC
3HaUeHMsI HEPOHOB BCEX CJIOEB, KPOMe
[IOCJIe[JHET0, KAK [IPABUJIO, He U3BECTHBI,
U UX YK€ HEBO3MOXHO O6Y‘II/ITB, PYKO-
BOIACTBYACH TOJIBKO BE€JIWYMHAMU OIIN-
60k Ha Beixomax HC.

TpeHUpPOBKa MHOTOCIOMHBIX HENPOH-
HBIX CeTeil IPOBONUTCS C IIOMOIIBIO aJIro-
purMa  O06PaTHOTO  PacHpPOCTPAHEHUS
omnbku (back propagation). DToT anro-
PUTM sBJsieTCss 00006IIeHUeM ONHOM U3
mpouenyp o6ydeHus IPOCTOTO MEPCEITPO-
Ha, U3BECTHOM KaK JIeJIbTa-IIPABUIIO, U Tpe-
6yer Hanuuus obydvarorneil BEIOOPKH. Boi-
60pka cocTOUT U3 HabOpa Mapbl BeKTOPOB
(BXOZHOI U BBIXO[(HOI1), MEX/Y KOTOPBIMHU
HAJI0 YCTAaHOBUTH COOTBETCTBYE.

AnropurM 06paTHOTO PacIpOCTPaHEHHs
OLIMOKY SIBJISIETCSL OHOM U3 Pa3HOBUAHOC-
Teji TPaiueHTHOrO CITyCKa, MUHUMU3UPYIO-
LIl CYMMAapHYIO KBaIpaTUYHYIO OIIUOKY:
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— peasbHOE BLIXOMHOE COCTOS-
HUe HeMpOHa i-TO BBIXOTHOTO ciost N Heli-
POHHOI CeTH IpH I0fIade Ha ee BXOAbI k-T0
obpasza; Y, —
XOIHOE COCTOsIHMe 3TOoro HeripoHa. Mpes

nneanbHoe (KeraeMoe) BBI-

aJIropuT™Ma COCTOUT B TOM, YTOOBI BBIYUC-
JIATH 9YBCTBUTEJIIBHOCTD BbIXOA HeﬁpOHa K

N3MEHEHHUIO BECOB B ClIy4ae BO3HUKHOBE-
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ITepen HauamoM OOyUeHUs CBS3SIM IIpU-
CBAaUBAIOTCSI HEOOJIbIIINE CIyIaiHble 3HaTe-
uust. Kaxxgas utepariust mporenypsl coCTo-
ut u3 AByx ¢a3. Bo Bpems mepBoit ¢ass
(psiMOiT TIPOXO[) HA CeTh MOIAETCS] BXOM-
HO BEKTOp IIyTeM YCTaHOBKH B HY)XHOE
COCTOSIHHE BXONHBIX OJJIEMEHTOB. 3aTeM
BXOIHbIe CUTHAIBI PACIPOCTPAHSIOTCS IO
CeTH, IOPO>KAAst BEIXOTHOU BEKTOP.

[TosryueHHBII BHIXOJHOW BEKTOP CPaBHU-
BaeTcs ¢ TpebyeMbIM (OOpAaTHBIN MIPOXON).
Ecnu oHE cOBIafaoT, 06y4eHUs He IPOUC-
XOIUT. B IpPOTUBHOM CiIydae BBIYUCISIETCS
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Puc. 4. CospaHue HemnpoceTun B nporpamme NeuroScalp

HUuA OH_II/I6KI/I. HTIH 3TOTO BBIYUCIISAKOTCA Ya-
CTHBIE IPOU3BOMHBIE OT OLINOKH II0 BeCaM.
st paboTsl amropurMa Tpedyercst, ITOObI
aKTUBALMOHHBIE (PYHKINU HEHPOHOB ObI-
JIn Hey6bIBaIOH_[I/IMI/I U uMeJIn OrpaHUY€H-
HyI0 TpousBonHyto. [Ipu nposenenun nan-
HOW Oomepanuy OObIYHO HCHOIB3YIOT CHT-
MOUIANbHYI0 aKTUBALMOHHYIO (YHKIUIO
(puc. 2.).

pasHuIa MeXAy dakTUIecKUMU U Tpedye-
MBIMH BBIXOMHBIME 3HAYeHHUSIMHU, KOTOPast
IepeaeTcst IOCIefOBATEIbHO OT BBIXOLHO-
ro ciosi K BxogHoMy. Ha ocHoBanum uH-
¢opmanuu 06 ommbKe MPOU3BOTUTCI MO-
nudUKanys BECOB CBSI3€N.

OIHCaHHBII AITOPUTM XOTS U SIBIISIETCS
ITUPOKO PaCIpOCTPaHEHHBIM, HO BCe Ke
HMeeT HeKOTOPbIe HeJOCTATKH:
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Puc. 5. Oby4eHne HeiipoHHON ceTn

* B mporecce 0OydIeHUs MOXET BO3HUK-
HYTb CUTyaIus, KOrfa GOoJbIIIe I0JI0-
JKUTEJIbHBbIE WJIXW OTpUILATEJIbHbIE 3HA-
YeHHS! BeCOB IlepeBeyT HEMpPOH B 06-
JIAaCTb HACBIIICHUA aKTHBaHI/IOHHOﬁ
dyuxuuu;

¢ IpUMEHEHUuE MeTONa TIPaJUuEHTHOIO
CIIyCKa He TAPAHTUPYET, ITO OyaeT Hail-
IeH IriI06aJbHbIHA, a He JOKaJIbHBIA MU-
HUMYM I[eJIeBOM DYHKIUY;

* HET HUKAKUX IIPpEeABAPUTEJIbHBIX OIle-
HOK TpeGyeMOro BpeMeHHU st o0yde-
HUS HEUPOCETH.

Hanuuue stux u gpyrue, IpobjiaeM mo-
ABUIJIO pa3pabOTYNKOB, B CBOIO OYepe/b,
K CO3IaHUIO GOJBIIOrO YMCIA YIYUIIeH-
HBIX aJITOPUTMOB 06PATHOTO PacpocTpa-
HeHMsA OIIMOKM, TAKUX KaK MCIIOJIb30Ba-
HUE IIPOU3BOJHBIX BTOPOI'O IIOpAAKaA, I1a-
KeTHO¥ 06pabOTKH | T. II.

OTtaenbHOM IPO6IeMON IPH 00y IeHUH
C yduTeseM SIBJISIeTCS TepeobydeHue Heil-
poceru. Ilox mepeoGydeHneM MOHUMAET-
cst Takoe o0ydeHue, IPU KOTOPOM Tepsi-
0TCs 06001Ia0II e CBOUCTBA M HENPO-
CeThb NPOCTO «3AIOMHUHAET» BBIXOJHBIE
maHHble. [Ipyrumu cioBaMu Ha o0ydaio-
el BLIGOPKe CeTh IIOKA3BIBAET BEIHMKO-
JIEIITHBbI€ PE3YJIbTAThI, a HA HOBBIX JAaHHBIX
WM Ha IOATBEP)KIAIOIeil BEIGOPKe, pe-
3yJabTaTHI rOpasno xyxe. Ha puc. 5 moka-
3aH MOMEHT HACTYIUICHUs IepeoOydeHus
Heitpoceru. [Ipu nasnbHelileM yMeHbIlle-
HUU OUINOKH Ha oOydarolell BHIOOpKe Ha
[IOATBepP)KAAOIIell BEIGOPKe OLInOKa yBe-
JIMYUBACTCSL.

OCHOBHBIM MeTOIOM «60pBOBI» C Iepe-
obydueHUeM SIBISETCS BBeJleHUE MEXaHU3-
Ma KaJuOPOBKH B QITOPUTM OOyUeHUS.
Kanu6poBka mompasyMeBaeT BbIIeIeHIe
13 00ydarlero MHOXeCTBa — CIelu-
QJIBHOTO KaIMOPOBOYHOrO (IIOATBEPK/IA-
fourero). ITporecc 06ydeHusT MIPOBOAUTCS
Ha o0ydJaleM MHOXeCTBE, & MOHHUTO-
PHHI U IPUHSTHUE PellleHus: 06 OCTaHOBKe
00ydueHUs] IPUHUMAETCS IO Pe3yJIbTaTaM
[IPOroHa 4Yepe3 HeMpoceTh KaIuOPOBOY-
HOT'O MHOJeCTBA IIPHUMEPOB.

B GonblinHCTBe CiydaeB omubKa mpo-
IHO3d HEMPOCETH CKJIAbIBAETCS U3 [BYX
OCHOBHBIX cocTaBasooumux. IlepBas us
HUX OIIpefielIsieTCsl HeJOCTATOYHBIM Kade-
CTBOM AaNNPOKCUMAIlUM M HaJIUINEM
«IIIyMa» BO BXO[HBIX JAHHBIX, BTOpast —
HefoCTaTKOM MHGpOPMAIUU, MOLAHHOM
Ha BXOJ Helipocety npu o6yvennn. Heno-
cratok HHGOpPMAUUU OOGBIYHO BBI3BAH
1160 OTCYTCTBHEM BO BXONAX BaXKHBIX
IJIS [POrHO3a I[epPeMeHHBIX WIH/U Ma-
JIBIM pa3MepoM oOydarolreil BBIOOPKH, He
OTpa)kaloII[eil BCEH ITOJHOTHI KAPTHHBL.

N2 22001 B CoBpeMeHHbIV TperguHr




[MepBbIi HE3ABUCUMbIV XXYPHAN O TPEWONHIE HA PYCCKOM $i3blKe

3amauu, peraemMsie
HEHPOHHBIMH CETAMHU

HeitpoHHbIE CUCTEMBI MIPEACTABIISIOT COO0I
He YTO MHOE, 4eM TO, YTO MBI IIPUBBIKIU
Tofpa3yMeBaTh I10J], KoMmImbioTepamu. Heti-
POHHas CeThb UCIOJB3YEeTCs MJIs M3YdeHUs

00pasIoB JaHHbBIX, BbISBIEHHS UX B3aHMO-
CBsI3ell U 3aKOHOMepHOCTel. BxomHbIMU maH-
HBIMH MOTYT ObITb, HAaIIpHUMep, KOTUPOBKU
[eHHBIX OyMar Ha OIpele/eHHbI JIeHb Ha
HEKOTOPOI1 OUpsKe MK >Ke pe3yJIbTaThl IPo-
H3BOJCTBEHHOTIO IIPOIECCA IPU PA3HBIX IIPO-
U3BOACTBEHHBIX ycioBusax. HesaBucumo ot

THUIIa TAHHBIX WK CrenuuKu Habiogae-
MOTO ABJICHU HeﬁpOHHaH CETh ABJISICTCA HE-
KM a6CTpaKTHI)IM METOOM peUIE€HUs, B OT-
Jirgue OT TpagUuIInOHHBIX.

IlepBoHaYaIbHO HEMPOHHBIE CETH ITPUMe-
HSUINCD B 3aadaX KIaCCU(UKAINHY, TePCell-
TpoH ®. PosenbiaTa perrran 3afady KiIaccu-
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Manuu. B tabnuie mnpuBeneHb! HEKOTOPBIE
NIpUKJIafIHble SKOHOMUYECKUE 3aa4H, pellla-
e€Mbl€ HEHPOCETSIMU CETOMIHA.

BO3MOKHOCTD IPOTHO3ZHUPOBAHHUS
BPEMEHHBIX PAJOB

Iyt TpefinuHra Haubosee IPOCTOM, U3 IIe-
PeUnCIeHHbIX 3aad U He MeHee aKTyajb-
HOM SIBJISIETCS 3a[jada IPECKa3aHusI IieH aK-
THUBOB U UX aHAIN3. Kak U3BeCTHO, CYIIeCT-
BYIOT IBa OCHOBHBIX IIOAXOJAa K aHAJIUIY
PBIHKA — TeXHHUIECKUil U PpyHIaMeHTaIb-
Hblil. [lepBblit U3 HUX GAa3UPYETCs Ha TeOo-
puu 1oy, KOTOPBIiI BBIIBUHYII €Ille B Hadaje
20 Bexa J103yHT: «L]eHbI yYUTBIBAIOT BCe», U,
COOTBETCTBEHHO, TEeXHUYECKUU aHAJIUTUK
HCIIOJIB3YET TOJIBKO I[eHbI aKTUBA U Pa3Iud-
Hble NHAUKATOPH! (yHKIuN neH). OyHma-
MEHTaJIbHBIN aHAIN3, HA060POT, UIIET B3a-
HMMOCBA3b II€H aKTHUBAa U BHCIITHUX COG])ITI/Iﬂ
" TAaHHBIX THUIIA MAKPOIKOHOMUYECKUX I10-
KasaTeJseil 1 (PUHAHCOBOM OTIETHOCTH KOP-
IIOpALUA U T. [I.

IIpuMeHeHNe HEPOHHBIX CeTell B Kade-
CTBE OOIIOJHEHUA NAa€T YHUKAJIBbHYIO BO3-
MOYKHOCTb OOBEIUHUTH OTU OBa METOMa.
Taxoi ananu3, B OTJIMYNE OT TEXHUIECKOTO,
HE UMEET HUKAKUX OI‘paHI/I‘IeHI/Iﬁ 110 Xapak-
Tepy BXOmHOM mHGOpMAnUU. DTO MOTYT
6bITb KaK UHAUKATOPbI JaHHOTO BPEMEHHO-
IO psAla, TaK U CBEJEHUs O MOBEIEHUU IPY-
T'UX PbIHOYHBIX UHCTPYMEHTOB, 1 BHEIITHUE
cob6biTust. HemapoMm HeHpoOcCeTH aKTHBHO
UCIIONB3YIOT Ha 3amaje MMEHHO KPYIIHbIe
KOHCEpBAaTUBHbIE MHBECTOPHI (HaIpuUMep,
IICHCUOHHBIC (bOHHbI " CTpaxoBbI€ KOMIIa-
HUH), paboraromire ¢ 6OIbIIMME TOPTQe-
JISIMH, 1L KOTOPBIX 0COOEHHO BasKHBI KOP-
pexanuu MeXy pas3jindYHbIMU PbIHKAMU U
KOTOpPbI€ TATOTEIOT K (byHﬂaMeHTaHLHOMY
aHayIuay.

B otnmume ot TexaHanu3a, OCHOBAaHHOTO
Ha OOIINX PEKOMEHIAIUAX U OIBITE TPeil-
nepa, HepoceTu CIIOCOOHBI HAXOIUTDH OII-
TUMAJIBHBIC IJIsI HJAHHOI'O aKTHMBAa MHIMKA-
TOPBI U CTPOUTH IIO HUM OITUMAJIBHYIO
Mofelb NPOTHO3UPOBaHUs, Oojiee TOrO,
oHa (MoJeJb) aJaliTUBHA, 1 MEHSIETCS BMe-
CTe C PBIHKOM, ITO OCOOEHHO Ba)KHO IS
COBPEMEHHBIX BBICOKO NUHAMUYIHBIX (bI/I‘
HAHCOBBIX PBIHKOB. B

ukaruu rpacdugeckux usobpaskeHuit 6yKB. Pew sapava Tun sanaum O6yyetue
. MporHo3npoBaHue LieH akTMBOB BpemeHHble psfbl O6yyeHue ¢ yuntenem
D10 0OBSICHSIETCS CTYIEHIATON aKTHUBAIIM- 11 UX MHOVKATOPOB
" M " - CocTraBneHve penTuHros naccupukaums O6y4yeHune 6e3 yuutens
OHHON (bYHKLII/IeI/I HEMPOHOB. B nanbueit HelipoHHble TOproBble CUCTEMbI naccuukaums O6y4eHue C yumtenem
I11eM, C BBEIIEHUEM B HEHPOH HENPEPbIBHBIX OnpepneneHve «KpeauTocnocoGHOCTH» naccudrkaums O6yueHue c/6e3 yuutenem
. 3aemiumka
AKTUBAIlMOHHBIX ¢)YHKHHH (pI/IC. 2) IIOsIBU- MaKpO9KOHOMUYECKMUI aHann3 CMellaHHbIn Ob6y4yeHue c/6e3 yuntenem
6 Ontnmunsaums noptdens CMelaHHbIN O6y4yeHune ¢ yyutenem
JIaCb BO3MOJKHOCTb pELICHUSA OOIINPHOIO Be30nacHOCTb TpaH3aKLnn CMeLaHHbIN O6yueHue c/6es yuutenem
KJIacca 3a/iad IPOTrHO3UPOBAHUS U AlIPOKCHU- JOINIACTMKOBbMIEADTOMKAM
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