MunucTepcTBO oOpazoBanus U Hayku Poccutickoit deaeparuu
HO>xHO-Y panibCKuii roCy1apCTBEHHBIN YHUBEPCUTET

Kadenpa «lIpuknagnas maTeMaTuka

004(07)
K885

b.M. KyBmnHOB

HEUPOHHBIE CETHU

VYuebHoe mocooue

YensaOuuck
Nznarensckuii nentp IOYpl'Y
2015



VIIK 004.032.26(075.8)+004.8.032.26(075.8)

K885

K885

0006peno yuebHO-MemoouuecKol Komuccuet
Gaxyrbmema Mamemamuxu, MEXAHUKU U KOMIbIOMEPHBIX HAVK.

Peyenzenmui:
A.A. Conosves, A.I'. Komupes

KyBuminnos, b.M.
Heliponnbie cetu: yuebHoe mocobue / b.M.KyBumHoB. —
Yenabunck: Uznarensckuii nentp FOYpl'Y, 2015. — 66 c.

[Tocobue comepKuT 0030pHBIE YUeOHBIE MAaTEpUAbI IO MPUHIIATIAM
MOCTPOCHUS W MAIIMHHOTO OOYYEeHHS HCKYCCTBEHHBIX HEHPOHHBIX
ceteil. PaccMOTpeHbl OCHOBHBIE apXUTEKTYpPHI CETEH W AITOPUTMBI UX
oOyueHHusi, WCIOJb3yeMble TpPU PpEHICHHH 3a1ad  OICHUBAHMUS,
MPOTHO3UPOBAHUS M MOAICPKKH MPUHATHSI PEIICHUIA.

YyebHoe mocoOue MnpeaHa3HAuYeHO MJIA CTYACHTOB MPU H3YYEHUH
Kypca «HelpoHHBIE ceTW», a TakKKe IpPU MOJATOTOBKE BBIMTYCKHBIX
KBAIM(UKALMOHHBIX pabO0T, B KOTOPBIX HCIOJb3YIOTCA MOJAEIHU
HEUPOHHBIX CETEH.

© Uznarenvckuit uentp OYpl'Y, 2015



BBEJIEHUE

Y4yebHoe mocoOue mpelHa3Ha4eHO Uil CTYJEHTOB  HAlpaBIICHUS
noaroroBku 01.03.04 «IlpuknagHas maTeMaTWKa» MpPH H3YYCHHH Kypca
«HeiipoHHbIe CeTH», a TAKXKE MPHU MOJATOTOBKE BBITYCKHBIX KBATU(PUKAIIMOHHBIX
paboT, B KOTOPBIX HCIOJB3YIOTCSA MOJEIM HEeHUpoHHbIX cereil. [locoOue
COJIEPKUT O0030pHbIE Yy4eOHBbIE MaTepuaibl MO MPUHIIMIIAM TOCTPOCHUS U
MalIMHHOTO OOY4YeHHUsI HMCKYCCTBEHHBIX HEHPOHHBIX ceTedl. Paccmorpensr
OCHOBHBIE APXUTEKTYpPbI CETEH U aAITOPUTMBI UX O00yUYEHHUS, UCTIOJIb3yEeMbIE MPHU
pElIEHHH 3a7a4 OLCHWBAHUS, NPOTHOZUPOBAHUS W MOIACPKKA PUHATHS
pEeLIEHUN.

B nepBoii rmaBe o0CykmaroTcs 001re CBOMCTBA MaTEMAaTUIECKIX MOJIETICH,
OTHOCSIIIIUXCSI K KAaT€rOpUM MCKYCCTBEHHBIX HEHPOHHBIX ceTer. PaccmoTpeHsl
pa3nuYHbIe CBOMCTBA OMOJOTUYECKOTO MPOTOTUIIA, KOTOPHIE BOCIPOU3BEACHBI B
M3BECTHBIX HA CETOAHSAIIHUMN I€Hb MOJIEIAX.

Bropas u TpeTbs TJaBbl MOCBSILIEHBI JBYM OOJBIIMM KaTETOPUSIM
HEHPOHHBIX CETEN: ceTsM 0e3 0OpaTHBIX CBsI3EH U CETSIM C OOpaTHBIMU CBSI3IMHU.
JUis 3THUX KaTeropuil cereil paccMOTpeHbl HauOoOJiee W3BECTHBIE M AKTUBHO
IIPUMEHSAEMBIE HA IPAKTUKE APXUTEKTYPbI: MHOI'OCIOWHBIN MEPLENTPOH, CETh
BCTPEUHOIO pacHpOCTPAHEHUs, CETh paJUaJIbHbIX Oa3UCHBIX (DYHKUUH,
CBEpTOYHbIE ceTH, ceTn Xomndmiaa, X3MmmuHra, Kocko, cerb aganTHUBHOTO
pe3oHaHca. [lo KakIoi TemMe H3J0KEHHWE JAaHO B COOTBETCTBUM C E€IUHOM
CXEMOM: CTPYKTypa CETH, aIropuTM oOOy4eHUs CETH, OCOOEHHOCTHU
WCITOJIb30BAHUS CETU IIPH PEUICHUH NMPUKIAIHBIX 3a1a4.

B derBepToil T71aBe pacCMOTPEHBI BOIPOCHI, UMEIOIIKE O0IIee 3HaYEHUE IS
pa3IUYHBIX BUAOB CETEW: 0OecrnedyeHne rIo0aIbHOr0 ONTUMyMa MpU O0YYEHHUH
U HCMOJb30BAHUM OOYYEHHOW CETH, COBMECTHOE MCIOJIb30BAHUE HEHPOHHBIX
CETEl, NeHETHMYECKHUX AJTOPUTMOB W METOJOB HEUYETKOW JIOTMKM. Marepuan
TOrO pasfena MpeArnojiaraeT, 4YTo YHUTATEeNM YXKE HMET 0a30BbIe
IPEACTABICHUS. O METOJAaX HEYETKOM JIOTMKH, METOJAaX 3BOJIIOLMOHHOIO
oOyJeHus.

B KOHIE KaxI0M TIJaBbl IPUBEIEH CIUCOK KOHTPOJIBHBIX BOIIPOCOB,
KOTOpPBIE TIOMOTarOT YSICHUTh B3aMMOCBSI3b PAaCCMaTPUBAEMBIX BOIIPOCOB,
IOHATh JOCTOMHCTBA M HENOCTATKM HEHWPOHHBIX CETEW C Pa3IMYHOU
APXUTEKTYPOH.



I'masa 1. OBIHAA XAPAKTEPUCTUKA UHC

1.1. UHC kak ynpouieHHasi MoJieJIb OM0JI0THYecKoil cucTeMBbI
1.1.1. Mopenupyembie CBOiCTBa OMOJIOrHYECKOH CHCTEMbI

UckycctBennnsie HeupoHHble cetd (MMHC) BO3HHUKIM Kak MOMbBITKA
peanu3anuy NpoCcTOM UAEH: I CO3/IaHUs HCKYCCTBEHHON CUCTEMBI, CIIOCOOHOMN
BEITIOJIHATh Pa3yMHBIE PACCYXICHUS, HEOOXOAMMO MOBTOPUTH CTPYKTYPHYIO
OpraHu3allMi0 €CTECTBEHHOM HEPBHOM CHCTEMBI 4YelOBEeKa. B memom 3ta
rUroTe3a OKa3auach JajeKka OT pealbHOCTH, OJTHAKO caM MPUHIUIT: OCTPOCHHE
CJIOHOM CHCTEMBI U3 MHOXKECTBA MPOCTHIX OJIHOTUITHBIX 3JIEMEHTOB — MOKAa3al
CBOIO JKM3HECIIOCOOHOCTh M TMPHUBEI K IMOSBICHUIO OOJIBIIOTO KOJWYECTBA
POJICTBEHHBIX MaTEeMaTHYECKUX MOJIeei, 0003Ha4aeMbIX CETOJHS TEPMUHOM
«HUCKYCCTBEHHAs1 HEPOHHAS CEThY.

C TOYKHM 3peHUs OpraHU3aIMK BBIYMCIUTEIBHOIO MpoIiecca OHOJOTHuYecKast
HEHWPOHHAs CETh — ATO OOJIBIIOE KOJUYECTBO OAHOTHUITHBIX MPOCTHIX 3JIEMEHTOB
(HEeHpOHOB), MKy KOTOPHIMH 110 OTPOMHOMY KOJIMYECTBY CBSI3CH (CHHAIICOB)
nepearoTes curuaisl (puc. 1.1).

MPECUHAIITHYCCKUC INOCTCUHAIITHYCCKHC

HEHUPOHBI HEHUPOHBI
CHHAIICBI

o \:

Puc. 1.1. ®parmMeHT OMOJOTUYECKON HEHPOHHOM CETH

CocTosiHHE KaXJO0ro HEHMPOHA XapaKTEPU3YETCA TEKYIIMM YPOBHEM €ro
BBIXOJTHOTO cHrHaja (BO30yXJAeHHS). YPOBEHb BO30YXKICHUS MEHSETCS BO
BPEMEHU B 3aBUCUMOCTH OT CIEAYIOMUX (HaKTOPOB:

a) YpOBEHb CHUTHAJOB, MOCTYHAIOIIMX HA JIaHHBIM HEHUPOH OT JpYyrux
(IpecuHaNTUYECKUX ) HEMPOHOB;

0) cuna CBs3€il TaHHOTO HEWPOHA C MPECHHANITUYECKUMH HEUPOHAMU.

Kaxnpii HEWpOH, B CBOK OuYepedb, MEPEAACT CUTHAJ, COOTBETCTBYIOIIUMN
TEKYIIEMy YpPOBHIO €ro BO30yXIeHus, Ha Jpyrue (MOCTCUHANTHYECKHUE)



HelipoHbl. Ha HEKOTOpBIE HEMPOHBI BXOJAHBIE CUTHANBI ITOCTYHAKOT «U3BHE», OT
OpraHOB YYBCTB, C HEKOTOPBIX HEHPOHOB BBIXOJHBIE CUTHAJIBI OTIIPABIISAIOTCS
«BOBHE, K UCITOJTHUTEIbHBIM MEXaHU3MaM, o0ecIeynBaoIIUM
B3aMMO/JICHCTBUE OPTaHU3Ma C BHELTHEH CPEIOM.

Takum 00pa3oM, HEMPOHHYIO CE€Th MOXXHO pPAacCMaTpPUBATh KaK CIIOXKHOE
byHKIIMOHATBFHOE TIPeo0pa30BaHre BXOJHOTO CHTHAJa B BBIXOJHOHM curHai. B
paMkax cymectBytomux Mmojaeneii MHC mnpenmnonaraercsi, Kak MpaBUiIO, YTO
3aBUCUMOCTH BuJa (0) — JIMHEIHBIC, a 3aBUCUMOCTH BHJA (a) — HEJIUHEIHBIC
(0ObI4HO IOPOTOBBIE). [ToaTomy peanuszyemoe (GYHKITMOHATEHOE
npeoOpa3oBaHWe MOXKET OBbITh CKOJb YTOJHO CIOXHBIM — JUISI  DTOTO
HE0OXOJMMO JIUIb, YTOOBI CETh BKIIIOYANa B ce0sl JOCTATOYHOE KOJUYECTBO
HEUPOHOB M CBA3EH MEXY HUMH.

Cuna cBsizel MeXIy HEHpPOHAMU TaKK€ MEHSIETCI BO BPEMEHH — B
3aBUCUMOCTH OT YPOBHS CHUTHAJIOB, IE€PEJAaBAaeMbIX II0 3THUM CBiI3IM. B
pe3ysibTaTe BO3HUKAET 3a/1aya HaCTPOMKU (0OyUeHUs) CeTU: YCTaHOBUTH TaKylO
CHIIy CBsI3€d MEXIy OTAEJIbHBIMU HEHpOHAaMH, YTOObl B OTBET Ha pa3jMyHbIC
BXOJIHBIE CHUTHaJbl CEThb TI'€HEPUPOBAJIa HA BBIXOAE HEKOTOPBIE <OKEIaeMbIE»
BBIXOJIHbIE CUTHAJIbI, 00ECIEUNBAIOLIIME HAWIYUYIIYI0 PEAKIUI0 OpraHu3Ma Ha
TEKYILIE€ COCTOSHUE BHEIIHEW CPEJIBI.

[IpuBeneHHass MOJENb HEWUPOHHOM CETH  COHEPKHUT  CYIIECTBEHHBIE
JOMYIICHUsS] 10 OTHOLIEHHWIO K CBOEMYy OHOJIOTHYECKOMY TmporoTuily. B
YaCTHOCTH, HE NPHHUMAIOTCS BO BHUMAaHHUE 33/I€PKKUA BO BPEMEHHU, KOTOpPHIE
BO3/JICHCTBYIOT HAa IMHAMUKY CHUCTEMBI, HE YUUTHIBACTCS BO3ACUCTBUI (YyHKIIUU
4aCTOTHOW MOAYJISILIMM, CHHXPOHU3UPYIOLIEH JUHAMUKY HEMPOHOB, U T.1. Kpome
TOTrO, peaibHas HEpBHas CHCTeMa BKIrodaeT mopsaka 10 meliponoB, koTopbie
y4acTByIoT npumepHo B 10%° mepenarommx cesssax. VIcKycCTBEHHbIE HEHPOHHBIE
CETH UMEIOT ropa3io MEHbUINM 00bEM — OT €IUHUIL JIO THICSY HEHPOHOB.

HecMoTpss Ha 3TM OrpaHMYEHHs, MCKYCCTBEHHBIE HEHUPOHHBIE CETH
JEMOHCTPUPYIOT MHOTHE BaXKHbIE CBOWCTBA, MPUCYIIUE MO3ry: 00ydaroTcsl Ha
OCHOBE OIlbITa, O0OOILIAIOT MPEABIIYIIHE NPELUEICHTHl Ha HOBBIE CIIydaH,
U3BJICKAIOT CYIIECTBEHHbIE CBOMCTBA M3 MocTynaroumeid uHbopMalm,
coAepKallel U3JTUIIHUE TaHHBIC.

1.1.2. ®opmanbHasi MoJeJIb HelipoHa

OtnenbHbil  HeWipoH B coctae HMHC — 3T0  (YHKIIMOHATBHOE
npeoOpa3oBaHue BUJIA:

O=F(X;W>), (1.1)

rie XeR"“ — BXomHble cHrHAIBI, MOCTYNAIOIINe Ha JaHHbIA HeWpoH ¢ N

IPECUHANITHYECKUX HEWPOHOB (MO0 co BXonoB Bceil cetn); WeR" — Beca

MPECUHANITUYECKUX  CBA3EH; F —  HenuHeiiHOoe  (YHKIIMOHAIBHOE

npeoOpa3zoBanre (HA3pIBAEMOE AKTHUBAIIMOHHOW WM TOPOTOBOM (yHKIIHUEH



HeiipoHa); O €R — BBIXOJHOW CHrHaN HEHpOHA, KOTOPBIM mepemaeTcs Ha
MOCTCUHANTUYECKUE HEUPOHBI (UM Ha BBIXOJ BCEH CETH).
B Hexotopeix Mozensix MHC Ha BXOIHBIE, BBIXOAHBIE CUTHAJbl U Beca
CBSA3€H HEMPOHOB HAKJIAABIBAIOTCS 00JIEe CTPOrUE OTPAHUYEHHUS, HAIPUMED:
X, W e{01}",0 <{0,1}.
HaunbGosnee ynorpeOuTenbHbIC BAPUAHTHI AKTUBAIIMOHHOMN (DyHKITUH:
1) crynendaras:

C, < X;W >>T,
O _ CCJIn (12)
0,nHaue;
rae C, T — KOHCTaAHTHI,

2) noructudeckas QyHKITHS:

L
O e (3)
3) runepOOTMYECKUI TAHTEHC:
e<X;W> _ e—<X;W>
O=th(< X;W >) = T T (1.4)

BHewmHuil BUJ NepeuncICHHBIX AKTUBALMOHHBIX (DYHKUMN NPUBEIEH Ha
puc. 1.2. Bce onn 0051a1at0T IByMsI BAXKHBIMU CBOMCTBAMH.

1. Henuneiinocts. Ecnu Obl Bce HEWpPOHBI B CETH UMEIH JIMHEWHYIO
aKTUBALlMOHHYIO (DYHKLHMIO, MOCJIEOBATEIbHOE PAcIpOCTPAaHEHUE CHUTHAJIAa IO
CeTH CBOJWIOCH ObI K €ro MacmrTaOupoBaHui0. B TakoMm ciyuyae yBenuyeHHUe
MOIIHOCTH  (KOJIMYeCTBAa HEHPOHOB B CETH) HE MNPUBOIWIO OBl K
JNONOJHUTENbHBIM 3 pexram. HenuueliHble aKTUBAIIMOHHBIE  (DYHKIHMH
HEUPOHOB MTO3BOJISIIOT NenaTh (yHKUIHMOHATIBHYIO 3aBUCHMOCTb,
BOCIIPOM3BOJAMMYIO  HEMPOHHON ceTbio, Bce Oojee CI0XKHOW  Mocie
IIPOXOXKIEHUS CUTHAJIA Yepe3 KaX bl HEMPOH.

2. OrpannyeHHass 00JIaCTh JTOMYCTUMBIX 3HAYEHUH MPU HEOTPAaHUYECHHOMN
obnactu omnpezaenenus. Jlaxke mpu OOJBIIOM KOJMYECTBE IMPECHHANTUYECKUX
HEHUPOHOB, CHUTHAJbl KOTOPBIX CYMMHPYIOTCS B JaHHOM HEMPOHE, BEIWYMHA
BBIXOJTHOTO CHUTHAJIa OCTAeTCs B 3aAaHHBIX npenenax. [loatomy KoamdecTsBo
CBsI3eH MeX1y HeHpoHaMH MOXET ObITh CKOJIb YTOAHO OOJIBIIMM, BIUIOTH JI0
ITOJTHOCBSI3HOM ApXUTEKTYPBHI, KOrJa  KaXIbIi HEUPOH ABJAETCS
IIPECUHANITUYECKAM U ITIOCTCUHANITUYECKUM JUIS BCEX OCTAJIbHBIX HEHPOHOB CETH.

Croutr OTMETHUTBh, UTO CylIecTBYET Henblid pan moxeneit MHC, B koTophix
pPaccMOTpPEHHOE onpeeneHne HeilpoHa (popmanbHO He cobmtoaaercs. Peus uaer
O TOM, YTO BBIXOJIbl PA3HBIX HEUPOHOB SBIISIOTCS 3aBUCHUMBIMH APYT OT JIPYTa.
T.e. cylecTByeT HEKOTOpOE JOMOJHHUTENIbHOE, M0 oTHomeHuto k  (1.1),
npaBuio, oOlee sl UeloW rpynmnbl HelpoHoB. Hampumep: TONbKO OIUH
HEUPOH M3 TPYNNbl MOXKET HWMETh BBIXOJHOW CHUTHaN, OTAWYHbIA OT O.
[TonpoOHee 3TOT MOMEHT pacCMOTPEH B riase 3.



4 O(=X;W>)

Puc. 1.2. TunoBsle BapuaHThl aKTUBAIIMOHHON (DYHKITMH HEUpOHA:
a — cTyneH4arasi; 6 — JIOrTUCTHYECKas; B — TUIIEPOOIMYECKUIA TAaHTE€HC

1.1.3. TonoJiorusi HeliPOHHOI ceTH

XOTs OTHENbHBIA HEHUPOH H  CIOCOOCH  BBIMOJHATH  MpocCTeiIee
npeoOpa3zoBaHue curHaia, mnoctpoenue dpdextuBHoi HMHC  tpebyer
BKJIIOUEHHE B CETh OOJBIIOTO KOJWYECTBO HEUPOHOB, Kak MPaBUIIO
OJIHOTUIIHBIX, JIUOO PAa3JCIICHHBIX HAa HECKOJBKO TPYMNI pa3HbIX THUIIOB.
[ToBeneHne cetn ompeAensieTcss HE TOJBKO BHJOM HCIOJIb3YEMBIX B HEU
HEUPOHOB, HO U XapaKTEpOM CBs3el Mexay HUMHU. C TOUKM 3pEHHS] TOTOJIOTUH
CBSI3€i MOKHO BBIJICITUTH JBE OOJIBIINE KAaTETOPUU CETEH.

1. Cnouctsie cetu 0e3 0OpaTHBIX CBSI3EH (CETH MPSIMOTO PaCHpPOCTPAHCHUS)
(puc. 1.3,a). Bce MHOXECTBO HEHWPOHOB PAa3JEJICHO Ha  HECKOJIBKO
MOCJeA0BaTENbHbIX clIoeB. OAUH U3 CIOEB SABJISIETCA «BXOAHBIM» — T.€. Ha €ro
HEWPOHBI MOJAIOTCS TOJBKO BXOJHBIE CUTHAJIBI CETU. BBIXO/IHbIE CUTHAJIBI CETH
MOTYT CHHUMAThCA KaK C OJIHOTO CIELHAIbHO BBIIECIEHHOIO CJOSl, TaAK U C
pa3HbIX cJIOeB ceTu. I1opsAIoK cBsA3EH MEXIy HEMPOHAMH TAKOB, YTO CUTHAJ HE
MOKET PaCIpPOCTPAHATHCS [UKINYECKU: BBIXOJAHOW CUTHAJ JIFOOOT0 HEMpoHa He
MOIA/IAET HA €r0 BXOJl HU HAIPAMYIO, HU KOCBEHHO, MOCJIE MPOXOXKACHUS Yepes3
npyrue Hedponbl. Cerb 0e3 oOpaTHBIX CBA3€d SBHBIM 00pa3oM 3a1aeT
GyHKIIMOHATBHOE TMpeoOpa3oBaHWE W IS HEe MOXHO peliaTh 3ajady
anmpoOKCUMAIIMU TaKoTo (DYHKIIMOHATIBLHOTO MPEeoOpa30BaHUSs M0 AMITUPUUECKUM
naHHbIM. OOCYXKIEHUIO CETEN TaKOro BU/Ia MOCBSIIIICHA TJiaBa 2.

2. Cetn ¢ obpatasiMu cBs3sMmu (puc. 1.3,0). B rpade, coorBercTByromem
HEHPOHHOW CETH, WMeeTCS XOTsS Obl OJMH IWKI. B pesynprare Texyiiee
COCTOSIHUE HEWPOHA, BKIIOYEHHOTO B ILIMKJI, 3aBUCUT HE TOJIBKO OT CHTHAJIOB,
MOJIYYEHHBIX HM3BHE (CO BXOJla CETU WJIM C APYTUX HEUPOHOB), HO U OT €ro
COOCTBEHHOT'O COCTOSIHUSI B TIPEABIAYIIIME MOMEHTHI BpeMeHH. TakuMm o0pa3om,
CeTh C OOpaTHBIMH CBSI3IMHU HE BIIOJHE COOTBETCTBYET TMOHSTHUIO
GYHKIIMOHATFHOTO TTPEoOpa30BaHUs: BBIXOJHOW CUTHAJ BCEW CETH 3aBUCHUT HE
TOJIBKO OT BXOJHOTO CHUTHalla, HO W OT BpeMeHH. MHTepec NpeAcTaBisioT,



NpeXJae BCEro, YCTOWYMBBIE CETH, B KOTOPBIX BBIXOJHOH CHIHAJ IIOCIE
HEKOTOPOTO KOJHMYECTBA UTEPALMil CXOAMTCS K TOCTOSHHBIM 3HAa4YeHUsM. B
3TOM  Ccly4ae MOXXHO TOBOPUTh O (YHKIUOHAIGHOH  3aBUCHMOCTH
YCTaHOBHBILIETOCS BBIXOJTHOT'O CUTHAJA OT BXOJHOTO CUTHaNA. Yarie BCero 3Tot
npoIiecC MHTEPIPETHPYETCs Kak «accornmaruBHas mamsate» MHC. Cern Takoro
BUJa 00CYXIat0TCs B IJ1aBe 3.

BXOJIHOH CJIOHN

BXOJITHOM CUTHAJ
BBEIXOHOW CUTHAI

\ ~ BBIXOJHOM CHUTHAI

BXOJITHOM CUTHAJ

0)
Puc. 1.3. BapuaHTbl TOMIOJIOTHH HEUPOHHOM CETH:
a) CJIOUCTAs CETh; 0) CETh C OOPATHBIMH CBS3SIMH

1.2. 3aga4u MCKYCCTBEHHOM HEMIPOHHOM ceTH
1.2.1. O0yuyeHnue u UCNoJbL30BaHUE 00YUYEHHOM CeTH

Koneunas wnenp wucnonb3oBanuss MHC — obecnieunTh «xKellaeMblib»
BBIXOJHOW CUTHAJ IIPH I10Ja4e€ BXOJHOI'O CUTHAJIA U3 HEKOTOPOTO JOIIyCTUMOIO
MHOeCTBa. B pamkax Takou 3aayu HEUPOHHAsS CEThb MOYKET IMPUMEHATHCS KaK
WHCTPYMEHT alllPOKCUMALIUU CJIO)KHOW (DYHKIIMOHAbHOM 3aBHCHUMOCTH B
CaMbIX pa3HBIX 3aJayax MOJIECPKKUA IPUHATHS PELICHUs, OLIEHUBAHUSA U
yrpaiieHUs. [IOHATUSA «BXONHOM CHUTHAID» U «KEJIAEMBbI BBIXOJHOW CUTHAID»
OTIPENENAIOTCA 371eCh KOHKPETHOW mNpuKiIagHoM 3amaudeir. CeTh, B JIIOOOM
Ciy4dae, JOJDKHA BOCIPOU3BOJIUTH <«OKEJIAEMbIi» BBIXOJAHOM CUTHAJI HE TOJBKO



JUIS. U3BECTHBIX BXOJHBIX CHUTHAJIOB, HO M JJIA JPYTUX, HOBBIX BXOJHBIX
3HAYEHUH U3 HEKOTOPOTO JIOMYCTUMOr0 MHOKECTBA.

ITo »Toit npuunHe B ucnoiab3oBanuu MHC MoxHO BeIICIUTH ABE (ha3bl.

1. Obyuenue cet Ha KOHEUHOM Habope npereaeHToB. CeTu mpeIbsIBIsSeTCS
oOyuaroiasi BBIOOpKa, T.€. HEKOTOPOE KOJMYECTBO OOpa3IoB, KOTOpHIC
IPEACTABIIAIOT COOOM Maphl (BXOAHOW CUTHAJ; BBIXOJHOM CUTHAI), JIMOO TOJIBKO
BXOJIHBIC CHTHAJIBI. 3a/1a4a 00y4eHUs — TaKUM 00pa30M HAaCTPOUTH Beca CBS3CH
MEXIy HelpoHaMu, 4YTOOBI BOCIPOM3BOAMMAS CEThIO (DYHKIIMOHAJIbHAS
3aBUCUMOCTbh COOTBETCTBOBAJIA NIPEIBSBICHHON BBEIOOPKE.

2. Ucnonp3oBaHne OOy4YEeHHOW CETH Ha HOBBIX BXOJHBIX CHUTHAJaX
(pacnioznaBanue). Ha Bxoj y»e oOy4eHHON CeTH MOCTYIMAa0T BXOIHbIE CUTHAIBI,
COOTBETCTBYIOIIME HOBBIM TpEIIEICHTaM, HE 00s3aTeIbHO MPEACTABICHHBIM B
oOyuaronieii BbIOOpke. CeTh TEHEpUpyeT BBIXOJHOMW CHUTHAN, COTJIacHO
(GYHKIIMOHAJIBHONW 3aBUCUMOCTH, KOTopas 3adukcupoBaHa B HeW B (Qopme
3HAYCHUI BECOB CBA3CU MEXIAY HEUPOHAMH.

Hepenko Bropas ¢a3a nomonHsieTcst 10OOyYye€HHUEM CETH: Beca CBsI3ei
HE3HAUUTEIBHO  KOPPEKTUPYIOTCS,  4YTOOBl ~ y4yecTh  JOIMOJIHUTENIbHYIO
uH(pOpMAIMIO O  CBOMCTBaX  BOCCTAHaBIMBAEMOW  (YHKIMOHAJIBHOM
3aBUCUMOCTH, MPEACTABICHHYIO B PEIBSBICHHOM IPUMEPE.

C TOuykM 3peHHs] KOJIMYECTBA HMHPOpPMALMUH, JOCTYIMHOM g OOy4YeHHs,
paznuyatoT pexumbl o0yduenuss MHC ¢ yuurtenem u 6e3 yuurens. OOydeHue c
YUHUTENIEM MPEANnojaraer, 4ro JJig KaKI0ro BXOJHOI'O BEKTOpa B 0Oydarolen
BBIOOpPKE CYIIIECTBYET IIEJIEBOM BEKTOP, MPEACTABISIONIUNA COOO0U TpeOyeMmblii
BbIX0A. PaszHuma Mmexnay <«wkemaeMbiM» U (PAKTUUYECKHM BBIXOJOM CETH IS
33JIaHHOTO BXOJ1a MCHOJIb3YETCS KaK KPUTEPH ONTUMHU3ALMHU MPU U3MEHEHUU
BECOB CBsi3ell Mexay HedpoHamu. OO0yuyeHHE MOKET ObITh MUTEPAMOHHBIM —
KOI'/Ia TIPUMEPHI HNPEABSBISIIOTCA MOOYEPEIHO U KAXKABIA pa3 HE3HAYUTEIBHO
U3MEHAIOT YK€ MOJIyYeHHbIE 3HAUEHUS! BECOB, MO0 €TMHOBPEMEHHBIM — KOTJIa
BCE BECA CBA3EW B CETH OJHO3HAYHO ONPEIEISIOTCS MHOXKECTBOM IPELIEIEHTOB.

HecMoTpss Ha MHOTOYMCIIEHHBIE MPUKIAIHBIE TOCTHXKEHHUS, OOy4YEHHE C
YUYHUTEJIEM JIOCTaTOYHO Jajieko OT Ouosoruueckoro mporotumna. O0yuenue 0e3
YUHUTENSL — 3TO PEKUM, B KOTOPOM OOydaromiasi BEIOOPKA COCTOUT TOJIBKO W3
BXOJIHBIX BEKTOpOB. OOyHaromuii anropuT™ J0JKEH HAaCTPOUTH Beca CBS3EW B
CETH TaK, YTOOBI MOJYYaAJIUCh COTVIACOBAHHBIEC BBIXOJHBIE BEKTOPHI, T. €. YTOOBI
NPEAbABICHUE JOCTATOYHO OJM3KUX BXOAHBIX BEKTOPOB JABAJIO OJWHAKOBBIC
WIN OJU3KUE BBIXOJBI.

1.2.2. ®yuknmnonaabHble cBoiictrea MHC

K nactosimemy BpeMeH: pa3paboTaHO OOJIBIIOE KOJUYECTBO PA3THUHBIX
koH(purypammiit UHC u mpaBui ux HaCTpOWKH, TO3BOJISIIONINX PEIIATh 3aa4u
OOy4YeHHs C yUYHTENIeM WM caMmooOydeHus. Bce 3Tu peleHrs HampaBlICHbI Ha
TO, 4TOOBI O0ECNEYNTh HEHPOHHYIO CETh PSAIAOM CBOMCTB, HEOOXOAMMBIX JIJIS



YCIEIIHOIO PEUIEHUs] C UX MOMOILIBI0 NPUKIAAHBIX 3anad. MoOKHO yKa3aTh
CJIEyIOIlME BaXKHbIE CBOMCTBA, MpUCYIIHE pa3anuHbiM apxurekrypam MHC.

1. Obyuenne. VcKyccTBEHHblE HEHPOHHBIE CETM MOTYT MEHSTh CBOE
MOBEJEHUE B 3aBUCUMOCTH OT BHeWIHEN cpepl. [lociie npexbsBieHns BXOIHBIX
CUTHAJIOB  (BO3MOXHO, BMECT€ C  TpeOyeMbIMH  BBIXOJaMH)  OHHU
caMOHAcCTpauMBaroOTCsA, 4YTOObI oOecrneunBarh TpeOyemMyro peakuui. bbiio
pa3pab0TaHO MHOXECTBO OOYYarONUX QJITOPUTMOB, KaXABIH CO CBOUMH
CWIBHBIMH U cJIa0BIMH cTOpoHaMu. [Ipu 3TOM Bee ellie CymecTBYT Ipo0aeMbl
OTHOCUTEJIBHO TOTO, YEMY CE€Th MOXET OOYYHTBhCS M KaK OOyYEHHE HOJIKHO
IPOBOJIUTHCA.

2. O606menue. OTKIUK CETH TOCe 00y4YeHUSI MOXKET OBITh 10 HEKOTOPOI
CTEIIEHU HEYYBCTBUTEJIEH K HEOONBIINM M3MEHEHUSM BXOJHBIX CUTHAJIOB. JTa
BHYTPEHHE NPHUCYIas CIOCOOHOCTh BUIETh 00pa3 CKBO3b IIYM U HCKAKEHUS
BayKHa U1 paclio3HaBaHUs 00pa30B B peallbHbIX MPUKIAIHBIX 3a1ayax. BaxHo,
yro MHC penaer 06001ieHnss aBTOMaTU4ECKH, Oyarofaps CBOE€ CTPYKType, a
HE C IMOMOUIbI0 CHENMATBbHO HAMUCAaHHBIX AJITOPUTMOB, MPUBS3aHHBIX K
KOHKPETHOM NPUKIIAIHOM 3a1a4e.

3. AGctparupoBanue. HekoTopble M3 HMCKYCCTBEHHBIX HEHPOHHBIX ceTei
00Jaal0T CHOCOOHOCTBIO M3BJIEKATh CYIIHOCTh W3 BXOJHBIX CHUTHAJIOB.
Hampumep, cerb MOxeT ObITh 00ydeHa Ha MOCIEAO0BATEIbHOCTh MCKAKEHHBIX
n300pakeHnii OykBbI «A». [locine cooTBETCTBYIOMIETO OOYUEHUS MTPEAbSIBICHUE
TAKOr0 MCKaXEHHOT0 NpHMepa IMpUBEIET K TOMY, UYTO CETh HOPOAUT
n300pakeHne OYKBBI IPaBUIbHOU (POpMBI. B HEKOTOPOM CMBICIIE OHA HAYUHUTCS
HOPOKJAaTh TO, UTO HUKOI'/Ia HE BUETA.

1.3. Mecto MHC B 3aga4ax npuKkJIaJHON MATEMATUKH

B 5060 r.r. 20 Beka Obutm co3ganbl mepBble MHC — cHawama kak
AJIEKTPOHHBIE CETH, a MO3JHEE KaK CpeAa KOMIIBIOTEPHOTO MOJCIUPOBAHUS.
IlepBbie ycmexu BbI3BAJIM B3PbIB  AKTHUBHOCTM MW ONTUMHU3MA. Takue
uccienoparenu kak M. Munckuii, @.Pozenbnarr, b. Yuapoy u napyrue
pa3pa0oTaii HEWPOHHBIC CETH, COCTOSIIME M3 OJHOrO CIIOS HEHpoHOB [7].
YacTo Ha3pIBacMbIe NEPIENTPOHAMH, OHM OBUIM HMCIOJB30BAaHBI JJIS TaKOTO
IAPOKOr0  KJIacca  3ajad, KaKk  MOpEJICKa3aHue  IOTrO/Ibl, aHaau3
AJIEKTPOKAPIUOTPAMM M HCKYCCTBEHHOE 3peHHE. B TedeHue HEeKOToporo
BPEMEHHM KAa3aJIoCh, YTO HAWJECH YHHUBEPCAIbHBIM MPUHUIUN MOCTPOCHUS
HMCKYCCTBEHHOIO MHTEIUIEKTa W BOCHPOM3BEICHHE YEJIOBEYECKOTO MO3ra
SIBJISIETCS JIUIITb BOIIPOCOM KOHCTPYUPOBAHUS JOCTATOYHO OOJIBIIION CETH.

OnHako 3aTeM 3Ta WUIIO3US paccesiiach. CETH HE MOTJIM pellaTh 3aJayu,
BHEIIHE BEChbMa CXOJHBIE C TE€MH, KOTOpbIe OHU ycmnemHo pemanu. C 3Tux
HEOOBSICHUMBIX HEyAa4 HavaJICsl TIEPUOJi UHTEHCUBHOIO aHanu3a. M.MuHCKuH,
MCIMOJIb3Yysl TOYHBIE MATEMaTUYECKHUE METOJHbl, CTPOTO JOKa3ajl psifi TEOPEM,
OTHOCAIIMXCS K (QyHKIMOHHpoBaHUtO ceter [5]. B wacTHOCTH OBLTO JOKa3aHO,
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YTO OJIHOCJIIOMHBIE CETH TEOPETUYECKH HECIOCOOHBI PEUIUTh MHOTHE MPOCThIE
3aJlayu, B TOM YHUCJE peaan3oBarh QyHKIMIO «uckiItoyatomee NI .

Tem HE MeHee, psan uccienosareneit, Takux kak T. Koxonen, C. I'pocOepr,
JIk. AHACpCOH TPOJOJDKHAIN Pa3BUBAaTh TEOPHIO HEHpoHHBIX ceteit [4, 10].
[TocTeneHHO TOSBUIICS TEOPETHYCCKUN (PYyHIAaMEHT, Ha OCHOBE KOTOPOTO
CEroJIHsI KOHCTPYMPYIOTCSI HanbOojee MOIIHbIE MHOTOcCHoiHbIe ceTu. OlleHka
M. MuHCKOTO OKa3ajiach U3JIUIITHE TECCUMUCTUYHON, MHOTUE U3 TTOCTaBIECHHBIX
B ero pabore 3amad pemarTcs celdyac CETSIMH C TOMOIIBI0 CTaHIAPTHBIX
IpoLETYP.

Ha cerognss HeWpoHHbIE CETH 3aHUMAIOT OMNPEACIICHHYIO HUIIY Cpeau
JIPYTUX MUHCTPYMEHTOB 00pabOTKH MH(POpPMALUU M HA MPAKTHKE WX YCIEIIHO
KOMOWHUPYIOT C APYTMMHU KOHLEHIIMSIMH W3BJICUYCHUS U aHaim3a 3HaHui [1, 2,
8, 11, 13]. Kak mnpaBuimo, MHC oTBeuaeT 3a HHU3KOYPOBHEBYIO 00pabOTKY
uHdopmaiuu, Tpedyromryto ObicTpor peakuuu. Korma MHC ne B coctosHuu
W3BJICYb 3HAHUS W3 aHAJIU3HPYEMBIX JAHHBIX U CHCTEMATU3UPOBATh WX, 3a/1aya
nepeaaercss s o0pabOTKM JpyruMu MeTojnamMu. WX NpUMEHEHHE MOXKET
noTpedoBaTh JOMOJIHUTENBHOM HMHPOpMAaUUU M OONBIIMX PECYpPCOB, HO
Ka4yeCTBO MOJIYYEHHBIX B PE3YJIbTaTE PEIICHUN MOXKET OBITh BBIIIIE.

KounTtposabHbie Bonpocsl K riase 1

1. Kakue acnekTsl GyHKIMOHUPOBAHUS OMOJIOTUYECKOW HEMPOHHOM CETH He
YUHUTBHIBAIOTCS B cymiecTByromux moaensax MHC? Yem 3to o0ycnoBieHo?

2. C xako#l 1enpi0 B HEWPOHAX UCMOJIb3yeTCs] HeMHEHHAas aKTHBAalMOHHAS
byHKIUA?

3. Kakue pomymieHus: UCMoNb3yIOTCSA B KJIACCUYECKOW MO HEHpOHa 1o
OTHOILIEHUIO K €ro OMOJIOTUYECKOMY MPOTOTHUITY?

4. B yeM COCTOMT NpPHUHLMIIMAIBHOE OTJIMYUE B TIOBEJIECHUU CeTel C
OOpaTHBIMH CBSI3SIMH M CETEH, HE UMEIOIIUX B CBOEH CTPYKTYPE TaAKUX CBS3CH?

5. Moryt nu da3el 00ydeHHUs: ceTH U pacrio3HaBaHUsI OBITh COBMEIICHBI BO
BPEMEHU?

6. Kakue kputepun xadectBa 00ydeHHUs UCTIOIB3YIOTCS MPU OOYUCHHUH CETH
C YYUTEJEM U B peKUME CaMOOOYyUEeHUS?

/. Kakum o00pa3oM HCIOJIb30BAHUE HEHUPOHHBIX CETe MOXET ObITh
KOMOMHUPOBAHO C MPUMEHEHHEM JAPYTUX MPOLEAYyp HU3BJICUEHUS 3HAHUN U3
JTAHHBIX ?
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I'maga 2. CETHU ITPAMOI'O PACITPOCTPAHEHUASA

2.1. MHOroC/JI0MHBIA MepuenTpPoH
2.1.1. CTpyKTypa MHOTOCJIOMHOI0 NEepPUenTPoOHAa

MHOTroCI0MHBIN NEPLENTPOH — 3TO CIIOUCTasi HEHPOHHAS CETh 0€3 00paTHBIX
CBsI3€H, Ha KOTOPYIO HAIIOXKEHBI CIICAYIOIne orpanndeHus (puc. 2.1):

— BCE HEHPOHBI COOTBETCTBYIOT Kiaccuueckoi mozenu (1.1); gamie Bcero
OHM HMEIOT OJUHAKOBYIO aKTHUBALMOHHYIO (YHKIMIO, MO3TOMY IOBEICHHE
KQKJOTO HEHPOHA OIpEAeNsIeTCs] UCKIIOUNUTEIBbHO 3HAYEHUSMH BECOB €ro
IIPECUHANITUYECKUX CBS3EM;

— MHOXECTBO HEHPOHOB pa3OMTO HAa KOHEYHOE YHCIIO IOCIIEI0BATEIbHBIX
CJIOEB; BBIXOJHOW CUTHAJI CO BCEX HEHPOHOB JAHHOTO CJIOs IIEpelaeTcs Ha BCe
HEUPOHBI CICAYIOIIETO CJIOS;

— CBs3€M MEXAy HEHpPOHAMU OJHOIO CJIOI M MEXAy HeHpoHaMu
HECMEKHBIX CIJIOEB HET;

— KaXJas KOMIIOHEHTa BXOJHOW CHTHaja IIOCTYIIAeT HA BCE HEHUPOHBI
IIEPBOTO CJOSI, BBIXOJAHOW CUTHAJI CHHUMAETCSA CO BCEX HEMPOHOB ITOCIEAHETO
CJI04.

cion 1 cnoit 2 cmoit 3

ey
L SN2 S

O

Puc. 2.1. CtpykTypa MHOTOCTIOMHOTO MEPIENTPOHA

BXOJIHOM CUTHAJI
BBIXOJTHOU CUTHAMI

[IpaBuna pacnpocTpaHEHHsS CHUTHama JJIs JaHHOH CTPYKTYPBI CETH
OTIPENEISIIOTCS  €CTeCTBEHHBIM 00pa3oM: CHadvalia, COTJIACHO 3HAYCHUSAM
BXOJIHBIX CUTHAJIOB CETH, BEIYHUCIISIOTCS BBIXOJIbI BCEX HEUPOHOB MIEPBOTO CJIOS,
3aTeM OHM WCITOJIB3YIOTCS JJISI BBIYMCICHUS BBIXOJOB BCEX HEHMPOHOB BTOPOTO
CIOS W T.A. BIUIOTH JO BBIYUCJICHUS BBIXOJHBIX CHTHAJIOB BCEH CETH Ha
MOCJIETHEM CJIOE.

Ecnu Bce HEMpoHBI UCMONB3YIOT OAMHAKOBYIO (DYHKIIUIO AKTUBAIIUHU, TO
npeo0pa3oBaHUWE CHUTHAjA, BBIMIOJHSAEMOE CEThI0, YIOOHO TIPEACTaBUTH B
MaTpu4YHOH hopme:

0O, =FW)X);0,=FKW,0,); 0, =FW,0,);...,Y=0,=FW,0,.,), (2.1)
rae X — BEKTOp BXOAHBIX CUTHaJOB ceTH; O, — BEKTOp BBIXOJHBIX CHUTHAJIOB
I-ro cmosti; Y — BEKTOp BBIXOAHBIX CHTHAjI0B ceTd; W, — MaTpuiia BECOBBIX
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K03 GUIMEHTOB CBsi3ell Mexay HedpoHamu (i—1)-ro u i-ro cmoeB; F —
aKTHBAIMOHHAST (QYHKITUS HEHPOHOB.

2.1.2. O6061ma0mas CnocoOOHOCTh CETH: MPUMeEP

3amaya ceTM — NPEACTAaBUTh HEKOTOPYIO CIHOXHYIO (YHKIMOHAIBHYIO
3aBHUCUMOCTH. Bpimie yxxe Obuto ormeueHo, yto MHC mo3BosnsieT 3amath CKOJb
YrOJHO CIOKHYIO 3aBUCHUMOCTh — JJISi 3TOTO HEOOXOIMMO BKIIIOUUTH B CETh
JI0OCTaTOYHOE KOJMYECTBO HEHPOHOB U MPUCBOUTH MPABUIIbHBIC 3HAYCHHS BEcaM
CBA3€M  MeXAy HHAMHM. PaccMoTpuM  4YacTHBIM  Cioydai,  HarJISIAHO
JIEMOHCTPHUPYIOIINNA 3aBUCUMOCTh 0000IIAIONIeH CTOCOOHOCTH MHOTOCIOWHOTO
NEPLENTPOHA OT KOJIMYECTBA CIIOEB U HEUPOHOB B CETH.

[TycTh Ha BXOJ CETH MOCTYMarOT curHaibl X e R?, a jkemaemble BBIXOJBI
Y €{0,1}. Torna MHO>KECTBO 00BEKTOB oOyyJaroriei BBIOOPKHU

{(Xi YY) eR*x{01},i=1, N} MOYXHO MHTEPIPETHPOBATh KaK MHOKECTBO TOUYEK
Ha IUIOCKOCTH, Ka)Klash M3 KOTOPBIX OTHECEHAa K OJHOMY M3 JIBYX KIIACCOB,
COIJIACHO 3HAYEHUIO Y.
[TycTh ceTh CHa4axa COCTOMT M3 €JUHCTBEHHOro HelpoHa (puc. 2.2, a). OH
MIMEET JIBa BXOJIa U CTYIICHYATYI0 aKTUBAMOHHYIO (QyHKIIUIO BHA:
1, ecmu < X; W >>0,5;

0, uHaue.

Torma ypaBuenue < X;W >=0,5 ompexaenseT TrpaHUIly Ha IJIOCKOCTH

XeR? Mexay o0macTsIMH, KOTOpbIE HEHpPOHHAs CETh OTHOCHUT K pa3HBIM
kiaccaM (puc. 2.2, 6). Ilpu mo0bix 3Hadenusx W e R? sra rpaHuna sBiasercs
JUHEWHOM, a KaXXJbId KJacCc MpeJCTaBIsIeT cO00H MoyImiaockocTh. [loaromy
HEHWPOHHAsI CETh, COCTOSMIAS U3 OJTHOTO HEWPOHA, MPUHIIUITUAIIEHO HE CIIOCOOHA
OIMKCaTh, HAMPUMEP, PYHKITUIO OT 2 apryMeHTOB «uckiItovatomiee NIIN».

aXi2
y " (X11<5X12) <X: W> = 0.5
i1 1
(X21,X22)
Yi ° x
Xz W2 < N\fu,)@z)
X1
a) 0)

Puc. 2.2. HelipoHHast ceTh ¢ OJHUM HEHPOHOM:
a) CTpyKTypa ceTu; 0) Kmaccupuiupyembie o0pasbl

[TycTh Teneps ceTh BkItOUaeT 2 ciost (puc. 2.3,a). [lepBrlIii cioii cOCTOUT U3

2 HEHPOHOB, AHAJIOTUYHBIX PACCMOTPEHHOMY BbIIIE. {1151 HEipOHA BTOPOTO CIOS
o0a Beca cBsi3eit paBHbl 0,5, a akTUBAIIMOHHAS (PYHKIIUSI UMEET BUI:
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1 ecou < X; W >>0,75;

0, uHaue.

[TockonbKy HEWpPOHBI TMEPBOrO CJIOS MMEIOT BBIXOJAHBIE CHUTHAIBI U3
mHOxkectBa {01}, HeWpoH BTOpPOro clos C YyKa3aHHBIMU IapaMeTpaMu
peamm3yer (QyHkmuio gormueckoe M. Torma kmacc, COOTBETCTBYIOIIHI
BBIXOJIHOMY 3HAUEHHIO CETH, paBHOMY 1 — 3TO mepecedyeHue MOIyMIOCKOCTEMH,
3aJJaHHBIX KQXIIbIM U3 HEHPOHOB MepBoro cios (puc. 2.3,0).

aXi2

O

Xi1 @ 0.5 Q °
O—v 3
Xi2 \\\
' 0,5 > °
=Xi1
a) 0)

Puc. 2.3. HeliponHas ceTb ¢ TpeMsi HeHpOHaAMHU:
a) CTpyKTypa ceTu; 0) Kinaccupuuupyembie 00pasbl

Jlo0aBUB B MEpPBBIA CIOW JOMOJHUTEIbHBIE HEUPOHBI U MOJIUDHUIIMPOBAB
COOTBETCTBYIOIIUM OOpa3oM aKTUBALMOHHYIO (YHKIMIO HEWpoHa BTOPOIO
CJIOS, TMOJYYUMM NEPLENTPOH, OMHMCHIBAIOIIMM Ha TUIOCKOCTH KJacc B (opMme
MHOTrOorpanHuka (puc. 2.4).

@,

Xi1

aXi2
\ \O
(@]

(O—>Vi

Xi1

v

a) 0)
Puc. 2.4. HeliponHas ceTh ¢ 2 CIIOSIMU U 5 HEUPOHAMHU:
a) CTpyKTypa ceTu; 0) Kimaccupuimpyembie o0pasbl

Jlanee 0OBEIMHUM HECKOJIPKO TEPIESNTPOHOB TAaKOro BHJA C ITOMOIIb
HEWpoHa TpeThero cjos, peanusytomiero ¢yuakmuio WIIM oT BBIXOIHBIX
CUTHAJIOB HEMPOHOB BTOPOro cyiosi. Takas HEHpPOHHAsA CETh MOYKET OMUCHIBATH
Ha TUIOCKOCTH KJIacc, UMEIONTUi (opMy MHOTOTpAHHHMKA MPOU3BOJILHOTO BHJIA

(puc. 2.5).
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Xi2

v

a) 0)
Puc. 2.5. Heiiponnas cetb ¢ 3 ciosiMu 1 9 HelipoHaMu:
a) CTpyKTypa ceTu; 0) Kinaccupuiupyembie 00pasbl

IlycTh, HaKkoOHEL, BecOBble KO3(P(UIMEHTHI CBA3EH ISl BCEX CIOEB OYyIyT
NPUHUMATh MPOU3BOJIbHBIE 3HAYEHUS, a AKTUBALMOHHBIE (DYHKIIMM HEHPOHOB
OyayT HWMETb HENpPEephIBHYIO OO0OJacTh JAOMYCTUMBIX 3HaueHuil. Torna
(yHKUHMOHATIbHAS 3aBUCUMOCTB, MpEJCTaBiIsieMas MEePUENTPOHOM, OyIeT elle
0oJiee CI0KHOU U MOTEPSIET FTEOMETPUUECKYIO0 HHTEPIIPETALIHIO.

2.1.3. Anroputm 00y4eHusi MepuenTPpoHa

[Tepuentpon oOydaeTcs B pexkume oOydeHus ¢ yuurteneM. [l 3toro
HCTOJIB3YETCSl UTEpAIIMOHHAsI MPOIEaypa, KOTOpasi ONMUPACTCA HA CJICAYHOUIAN
0a3oBbIi mpuHIMI. O4yepeaHoit oOpa3 X MmogaeTcs Ha BXOJI CETH U BBIYUCIISCTCS
ee BoIxon Y. Ecim Y coBmamaeT ¢ KedaeMbIM BBIXOJIOM, YKa3aHHBIM IS
JIAHHOTO TIpeIe/IeHTa B 00yJarolield BLIOOPKE, TO HACTPOMKA CETH HE MEHSICTCSI.
B nmporuBHOM ciiydae Beca BceX CBS3ed B CETH MOJU(PHUIIUPYIOTCS, MPUUESM
BEJIMUMHA UX KOPPEKIIMHU TIPOTOPIIUOHATBHA:

a) BEJIMYUHE OIIMOKU Ha COOTBETCTBYIOIIEM BBIXOJIE CETH;

0) BeTMYMHE CUTHAJIA, IEPEAaHHOTO 10 COOTBETCTBYIOIICH CBS3HU.

JIns OMMHOYHOTO HEMpOHAa Takash Mpoleaypa pealu3yercs CIeayrIuM
QITOPUTMOM (ITOPUTM JIMHEMHON KOPPEKIINH).

1. MauumanusupoBath BekTop BecoB W citydailHbIM 00pa3oM.

2. Tlomate ouepeaHO# BXOMHOM 00pa3 X M BBIUUCINUTH BBIXOJ] CETH:

O = F(<W;X;>).

3. Beruncnauth ommbKy BeIXOA!

D= Yi - 0.

4. MoaudunmpoBath Beca 1Mo IpaBuily:

AW =nXD,
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riae N — Ko3hUIMEHT CKOPOCTH O00y4YeHHs, KOTOPBIA B Mporecce 0OydeHUs
JIOJKEH MOCTENEHHO CHUKaThes oT 1 k 0.
5. BeiOparth cienyromuii 00yJaromuii IpuMep U MepeiTr K mary (2).

Kosddumment ckopoctu  0oO0ydeHHs, KOTOPBIM  HA3bIBAIOT  TaKXKe
koddduimeHToM O00XKHra, mpeaHa3HAYeH [Jsi TOTO, YTOOBbl IOCTENEHHO
CHUKaTh BIUSHUE OYEPETHOTO 00OyYaroiero mpumMepa Ha napamerpsl cetu. Yem
OoJIbIIIE UTEpAIil alropuTMa YK€ COBEpILIECHO, TeEM B OOJIbIIIEH CTENEHU Beca
CBA3€H B CETH OIpEACNAIOTCS JaHHBIMU Bceil oOywaromeid BBIOOPKH.
COOTBETCTBEHHO, OYEpPEIHON €AMHUYHBIA TPEIEeACHT JIOJDKEH B MEHbIIEH
CTETICHU BJIMATH Ha 3TH Beca.

Jlis  OAHOCIOWHOTO TepUenTpoHa OOIIero BUAA aIrOpUTM OOydYeHHUs
aHAJIOTMYEH, 32 UCKIOYEHUEM CIIEIYIOIIUX MOMEHTOB:

— BBIXOJHOM CHTHAJ CETH TAKXKE SIBJISETCS BEKTOPOM,;

— Beca cBszell onpenenstores matpuueid W ¢ pasmepHoctero NxM, rae N —
pPa3MEpHOCTh BXOJHOTO BeKTopa X, M — KOIMYECTBO HEHPOHOB, COBMAJAIOLIEE C
Pa3MEPHOCTHIO BBIXOAHOTO BeKTOpa Y.

B cayyae MHOrociodHOro mnepuenTtpoHa oOOy4YeHHE MPOMCXOAMUT IO
aHAJIOTUYHOMY MPUHIUITY, OJJHAKO BO3HUKAET €Il ABE OCOOEHHOCTH.

1. Bxiiag B ounMOKy, BO3HHUKIILYIO JJIsl OUEPEIHOTO 00yUaroulero npuMepa Ha
BBIXOJTHOM CJIO€, JOJDKEH PacHpelnelsiTbCs M0 HEWpOHaM IPEABIAYIINX CJIOEB
IPONOPIMOHAIIBHO WX  BKIAAy B pE3yJIbTUPYIOIIMM  CUTHAN,  T.C.
IIPOIIOPIIMOHAIBHO BECAM COOTBETCTBYIOIIMX CBS3EH MEXAY HEHPOHAMM.

2. HeoOXoquMoO y4uThIBaTh, YTO B KaXXJIOM CJIO€ CUTHAJl IOJBEPraercs
HEJIMHEMHOMY TMpeoOpa30BaHUI0 C TMOMOINBI AKTUBAIIMOHHBIX (PYHKIIHM.
[ToaToMy 1uist ompeneneHust BKJIaAa KaKIO0Tr0 HEWpPOHA MPENbIAYLIEro clos B
OomKOKYy HEHpOHA [AaHHOTO CJIOS pa3Mep OIIMOKU JOMOJHUTENIBHO HYXHO
YMHOXaTh Ha TMPOU3BOJHYI0 OT aKTUBAaUMOHHON ¢yHkuuu. Ilocimennee
O3HAYaeT, 4YTO AaKTUBAIMOHHbIE (PYHKIUU BCEX HEUPOHOB JOJKHBI OBITH
mupdepenuupyemsl. B wacTtHOocTH, Uit HanOojiee YacTO HCIOIb3YyEMOM
akTuBaMOHHOU QyHkimu Buna (1.3) mpoussoanas pasaa O(1— O).

[Iycte MHOTrOCHOMHBIM meprenTpoH BkIO4YaeT N CJIOEB C BECOBBIMU
matpuriamu W4,..., Wy ¥ akTUBaniMOHHBIMH (YHKIUsAMU HerpoHoB Buaa (1.3).
Anroput™M  OOpaTHOrO  PacCHpPOCTPAHEHUS  OMIMOKH, COOTBETCTBYIOIIMI
OTMCAHHBIM BBIIIE TPEOOBAHUSAM, UMEET CJICTYIOIINN BH/I.

1. WuunmanuzupoBath MaTpuilsl BecoB W,..., Wy ciyualiHbIM 00pa3oM.

2. llomatp odepenHoii BXOJHOW 00pa3 Xi U BBIYMCIHTH BBIXOIBI KaXKIOTO
CJIOSI ¥ BBIXOJ] CETH corjiacHO opmysnam (2.1).

3. Bbruucanth ommOKu HEHPOHOB BBIXOIHOTO CIIOS:

DN :(Yi_ON)ON(I_ON)’ (22)
rae | — equHUYHAs MaTpula.
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4. MoauduiupoBaTh Beca CBSI3€H BBIXOIHOTO CJIO0SI COTJIACHO MTPaBUJIaM:
T
AW, =nO,D,. (2.3)
5. TloouepenHo paccuuTaTh OMMUOKH M MOIU(DHUIIMPOBATH BECa CBA3CH IS
caoeB N —1,...,1 cornacHO npaBuiIaMm:

Dn = (Wn+1Dn+l)O(| _On)7
AW, =n0O,.D;; (2.4)
n=N-1..1

rae O, = X.
6. BpIOparth crieayrommii 00yJaromuii MpuMep U MeperTr K mary (2).

Takum o0Opa3om, mpu TOpsAMOM Tpoxojae Mo ciuosMm cetd 1,...,N
pacrpocTpaHsieTcsl CUTHall, a Mpu oOpaTHOM mpoxoje mo ciosim N,...1 —

omnOku. [1o 3TOM MpUUKMHE aNTOPUTM U MOJTYUYUII CBOE HA3BAHHUE.
Ha puc. 2.6 mpuBemeHsl ycinoBHbIE 0003HAYEHMsI, WCIIOJIb30BAHHBIE B
ONMCAHWHU AJITOPUTMA.

Cnorin  Croni n+1

Beca cBsaseit Wh Wh+1
Beixonuoii curmann~ On g On .
Ommbka < Dn 4 Dn-+1

Puc. 2.6. YcnoBHbIe 0003HaYEHUS TSI AITOPUTMA
00paTHOTrO paclpoOCTPaHECHUS OIIUOKHU

Bce 00bekThl 00yuaroriei BBIOOPKH MOAAIOTCS Ha BXOJ CETH IUKIUYSCKH U
MIPOIIECC TMOBTOPSETCS JO TEeX IOp, MOKa He OyJeT JOCTUTHYTO OJHO U3
CJIEIYIOIINX YCJIOBHUM OCTAHOBA!

— CyMMmapHasi omuOKa CeTH Ha BCEeX O00BEKTaxX CTajla MEHbIIE 3aJaHHOTO
1opora;

— Ha TOPOTSHKEHUM HEKOTOPOTrO  KOJHMYECTBA MOCICIHUX  HUTEpaIUud
W3MEHEHUE CYMMAapHOU OIMOKH HE MPEBBINIAET HEKOTOPOU BETUYUHBI.
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2.1.4. TIpo06JieMbl AJTrOPUTMA 0OPATHOTO0 PACTIPOCTPAHEHUS U CIIOCOOBI
yJAy4qIllleHHsI CXOUMOCTH

PaccMoTtpenHas npouenypa (pakTHUeCKH MPECTaBiIsIeT COOOW peann3aluio
METO/Ja TPAAUEHTHOrO0 CHycKa I ONTUMHU3UPYEMOHM MHOTOMEPHOM H
MHOTOMapaMeTPUUYECKON  (PYHKIMU, TPEACTaBICHHOW HEHPOHHOW CEThIO.
[TpyuemM onTuMM3anMKM MOABEpraeTcss HE cama (QYHKIHMSA, a omuoka,
BO3HHMKAIOIIAsl HA BBIXOJE CETH OTHOCHUTEIBHO OYEpPEAHOr0 O0O0YyYarollero
npumepa. [1ockoiapKy Ha KakJIoM Iare oOydeHHUs CEeTH MPEIbSIBISCTCS HOBBIM
IpUMep, KPUTEpPUM ONTHUMHU3ALMU BCE BpEeMs MEHsAETCsI. TeM He MeHee,
HUKJINYECKasl Mojaya Ha BXOJ BCEX IMPUMEPOB 0O0yyaromieil BBIOOPKH J1aeT
BO3MOYKHOCTb IIOCTEIICHHO M3MEHATh BECa CBA3EH CETH B CTOPOHY JIOKAJIBHOIO
MUHUMYMa CyMMapHO# OIIMOKH 110 BCEM 00BbEKTaM BBIOOPKH.

Anroput™M 00paTHOrO pacHpOCTPAHEHHUs] OIIMOKM TMOJYYWJI IIUPOKOE
pacupoCTpaHEHUE IIPU pPEUICHUM CaMbIX pPa3HbIX MPUKIAAHBIX 33034 C
TIOMOIIIBI0 HEHPOHHBIX ceTel [3, 6, 9, 12]. OnHako METO rPaMEeHTHOrO CITyCcKa
CocOOEH OOHAapyXKHUBAaTh TOJBKO JIOKAJBHBIM MHUHUMYM ONTHMH3UPYEMOM
GYHKUIMHM M TUIOXO MNPUCTIOCOOJIEH ISl MOMCKa MHUHUMYMOB B «OBPAKHBIX)»
¢byHkuusx. B To jxe Bpemsi HeMpoHHasi CETb — 3TO MOJENb C OYEHb OOJBIINM
KOJMYECTBOM IMapaMeTpoOB, 3aJalollasi MHOTO’KCTPEMAIbHBIE OBpAXKHBIE
¢ynkuuu. Iloaromy ucnosnb3oBaHUE anropuTMa OOPATHOIO PACIPOCTPAHECHHUS
Y4acTO CONPSKEHO ¢ HECKOJIBKUMH THIIOBBIMU MTPOOJIEMaMHU.

1. [lapanuu cetu. B mpouecce 00yyeHUsi CETH 3HAYEHUS BECOB CBS3EU
MOTYT, B pe3yJibTaTe KOPPEKIHH, CTaTh OYEHb OOJBIIMMHU BEIMYUHAMH. IJTO
MOJKET NpPHUBECTH K TOMY, YTO BCE€ WM OOJBIIMHCTBO HEHUPOHOB OynyT
(GYHKIIMOHUPOBATh NpU OONBIIMX 3HAYEHMSIX AapryMEHTa aKTHUBAI[MOHHOM
(GyHKIUM, TJI€ TPOU3BOHAS aKTUBALIMOHHOW (YHKIMM OoueHb Mana. [lockoiabKy
nocelylaeMasi 00paTHO B Tpoliecce 00y4YeHHUs OImMOKa MPOMOPIMOHAIBHA ITOM
IPOU3BOJHOMN, MpoLecC 00YUEHUS] MOKET MPAKTUYECKU OCTaHOBUTHCS. OOBIYHO
ATOT0 M30€ralT yMeHbIIeHHEM KO3 UIIMEHTa CKOpOCTH OOYy4YEeHHS 1), HO B
TaKOM CITy4ae yBEJIMUYMUBAETCS BpeMsi OOyUEHHS.

2. [lomamanue B JOKaJbHbIE MUHUMYMBI. DYHKIUS OMMOKU CIOXKHOU CETH
CWJIBHO H3p€3aHa M COCTOMT M3 XOJMOB, JOJWH, CKJIaJOK M OBparoB B
MPOCTPAHCTBE BBICOKOW pa3MepHOCTH. CeTh MOXKET MOMNacThb B JIOKAJbHBIN
MUHUMYM (HErJayOOKyI0 JOJMHY), KOTJa psaioM HMeeTcs ropasio Oosnee
rIIyOOKUI MUHUMYM.

3. Bpemennas HeycroitunBocTh. OO0yUeHHE MOXKET OKa3aThCsl OECIIOIE3HbBIM,
€CJIM CETh HaXOAUTCS B MIOCTOSIHHO MEHSFOIIENCS] BHEITHEN CPEJie, KOrJla BTOPOU
pa3 OAMH M TOT K€ BEKTOP MOKET YK€ HE MOBTOPUTHCS. B 3TOM citydae mporiecc
00y4YeHUsI MOKET OKa3aThCsl OECKOHEYHO J0JITUM U HUKOTJa HE COMTHUCH.
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PaccMoTpuM  HekoTopele  cocoObl  OOpBOBI € MEPEUUCICHHBIMU
npobJieMamu.

1. JlobGaBneHue cMmelieHuss K aKTUBALMOHHONW (YHKIMH. AKTHBAILlMOHHYIO
(GYHKIUIO KaXJI0ro HEHMpoHa MOXHO HAJETUTh JTOMOJHUTEIbHBIM MTapaMeTPOM:
HAaCTpauBaE€MbIM CMELIEHUEM BJIOJb OCH abcuHcC. DTO MO3BOJISIET CABUIATH
HayaJlo OTCYETa W MPUBOJUT K YCKOPEHHUIO Tmpouecca oOydeHus. Takas
BO3MOXXHOCTh MOJKET OBITH JIETKO BBEJEHAa B aNTOPUTM C TOMOIIBIO
100aBIIIEMOT0 K KaXKJIOMYy HEHpOHY Beca, IPUCOECIMHEHHOIO K MOCTOSHHOMY
BXOJHOMY CHTHaly co 3HadyeHuemM 1. B mpomecce oOydeHus >TOT Bec
HACTpauBaEeTCs MO TEM K€ IpaBWiaM, YTO U BCE OCTAJbHBIE Beca CBS3EH, 3a
UCKJIIOYEHHEM TOTO, YTO IOJABa€Mbl Ha HErO CUTHaJI BCerjaa paBeH 1, a He
BBIXO/Y HEMpOHA NMPEABIAYIIETO CIIOSL.

2. Ucnonp3oBanue umnyibca. K popmyne KoppeKunu BECOB CBSI3EH MEXITY
HEHpoHaMH J00aBIIAETCS Cl1araéMoe, KOTOpPO€ MPOMOPLHUOHAIBHO BEIMYMHE
U3MEHEHUSI Beca Ha MpeAblAylled uTepanuu ainroputMa. Kak Tonbko
IPOUCXOAUT KOPPEKIIKs, OHA 3alIOMUHAETCS U CIYXKUT U1 MOIU(DUKALUUA BCEX
nocienyrmux Koppekiuit. @opmyinbl (2.4) MOIUPUIHUPYIOTCS CIEAYIOIIHM
oOpazom:

Dn = (Wn+an+l)O(| _On)’
AW (t+1)=n0O_,D! +aAW (t);
n=N-1...1,

rie oo — ko3 durmeHT umnysbca (0OBIYHO MCITONIBb3yeTCs 3HaYeHue nopsiaka 0,9).

IIpy uUCnoONB30BaHMM TAaKOM MPOUEAYPHl ONTHUMHU3ALMOHHBIM  ITOMCK
CTPEMUTCS UATH TI0 JHY y3KUX OBPAroB MOBEPXHOCTH OIIMOKU (€CJIM TaKOBbIC
MMEIOTCA), @ HE JIBUTAThCSl OT CKJIOHA K CKJIIOHY. DTOT METOJI XOpOIIo paboTaer
Ha HEKOTOPBIX 3ajayax, OJHAKO JaeT cJIaObld WIM Jaxe OTPHUIIATEIIbHBIN

s dexT Ha ApyTUx.

2.2. CeTb BCTPEYHOT0 PacCpoOCTPAHEHHUS
2.2.1. CTpyKTYypa ceTH BCTPEYHOIr0 PacnpoCcTPaHEeHHUs

Cerp BcTpeuHoro pacmpoctpanenus [10, 11] (puc. 2.7) coctouT u3 ABYX
CJIOEB, UMEIOLMX Pa3HOE HAa3HAUEHHE W pa3Hble airOpUTMbI 00yueHus. boree
TOTO, OOY4YEHHUS STUX CJOEB BBIMOJHAETCS B Pa3HbIX PEXHUMax: B PEKUME
camooOyueHus B ciayyae cinod KoxoHeHa u B pexume 00ydeHHUs! ¢ yUYUTENEM B
ciydae ciosi ['pocbepra.

Hetiponsl cosi KoxoHeHa UMEIOT CTYMEHYATYIO0 aKTUBAIIMOHHYIO (PYHKITHIO:
JUIsl TaHHOTO BXOJHOTO BekTopa X OJIMH U TOJBKO OJWH HeilpoH KoxoHeHa,
UMEIOIINI BEKTOP BECOB CBs3€H, Hambosee OIM3KHII KO BXOIHOMY BEKTODY,
OOBSBIACTCS «MOOEAUTENEM» U BBIJACT Ha BBIXOAEC 3HadueHWe 1, a Bce
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OCTaJIbHbIC HEHPOHBI MMEIOT BbIXOJ, paBHbIM (. IlpaBuio omnpeneneHus
((HO6CI{I/ITCH}I»:
i =argmin (| X - W,|), (2.5)
i

rne i€l K — "HOMep mobenusiiero Heripona ciosi Koxonena; K — komudecTBo
HelipoHoB B cioe Koxonena; W, e R" — BekTop BecoB CBs3eil i-ro HeipoHa
cnos Koxonena.

Ciont Crnont
Koxonena I'pocbepra

r

W \

Puc. 2.7. CtpykTypa ceT BCTPEUHOTO pacpOCTPaHEHUS

Takum 00pa3oM, BBIXOJIbI pa3HbIX HEHPOHOB ciiosl KoXOHEHa 3aBHCAT ApYyT
OT Jpyra. 3T0 0OCTOATEIBCTBO MOXHO (OpMaIN30BaTh, HUCIOIb3YSA
HE3aBUCHUMbIE HEHMPOHBI M CBSI3U MEXKIy HEWpoHamMu BHYTpH ciosi. OgHako
Takas ¢opManu3anus CUJIBHO YCIOXHHUT JIOTHYECKYI0 CTPYKTYpY CETH,
MOATOMY MPOIIE MPEAnojaraTh 3aBUCUMOCTh BBIXOJIOB, HE 3a(pUKCUPOBAHHYIO
B CBSI3SIX MEX1y HelpoHaMu. C y4yeTOM JAHHOTO JOMYIIEHUS CETh BCTPEYHOTO
pPacIpOCTpaHEHUS MO-TIPEKHEMY MOXKHO CUUTATh CEThIO 0€3 0OOpaTHBIX CBS3EH.

Hetiponsl cios ['pocOepra BBITONHSIOT JIMHEHHOE TpeoOpa3oBaHue

Y=0,=<V;0, >.

[Tockonbky st cnost KoxoHeHa Jiniib y 0JIHOTO HelipoHa BBIXOJ paBeH 1, a
y ocTtasibHbIX 0, TO KaXKIblii HEHpoH ciosi ['pocOepra Juib BBIIAET BEIUYUHY
BECA, KOTOPBIM CBI3BIBAET ATOT HEUPOH C €AUHCTBEHHBIM aKTUBHBIM HEMPOHOM
KoxoHnena.

Takum  obOpazom, oOmmMi nOpuHIMI  pabOTBI  CETHU  BCTPEUYHOTO
PacpOCTPAHEHUS] COCTOUT B CIEAYIOLIEM.

1. Cnoit KoxoneHa kiaccUPUIIMPYeT BXOJHBIE BEKTOPHI Ha TPYMIIBI
CXO0XUX. DTO IOCTUTAETCS C MOMOIIBIO TAKOW HACTPOMKHU BECOB cliosi KoxoHeHa,
YTO OJIM3KUE BXOJHBIC BEKTOPHI AKTUBUPYIOT OJAWH U TOT K€ HEUPOH JAHHOTO
cnos. IIpu 3TOM He MMeeT 3HaYeHHUs, KaKOW MMEHHO HENpOH ciioss KoxoHeHa
OyJeT aKTUBUPOBATHCS ISl KXKIOM TPYIIIBI CXOKHUX BXOIHBIX BEKTOPOB.
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2. 3apmauedr crnost I'pocOepra sBisieTCsl MOJYyYEHHUE BBIXOJOB, KOTOpHIE
HAWJIY4YIIUM 00pa3oM anmpOKCUMHUPYIOT «KEIaeMbIe» BBIXOJHBIC CUTHAIbBI JJIS
Ka)KJIOTO TIOJIMHOKECTBA MPEIIeICHTOB, OTHECEHHBIX ciioeM KoxoHeHa K 0JJHOMY
KJIaccy.

2.2.2. O0y4eHue ceTH

Ooyuenue cnosa Koxonena

Obyuenne cnost KoxoHeHa BhINONHAETCA B pexume camooOyuenus. Llems
caM000ydeHHsI — 00ECIIeYUTh TaKWE 3HAUYCHUS BECOB, YTOOBI OJM3KHE BXOIHBIC
BEKTOPbI AKTUBHUPOBAJIM OJMH M TOT K€ HEMpOH KoXOHEHa, a CylecTBEHHO
OTJIMYAIOIIMECS] BXOAHBIE BEKTOPHI — pa3Hble HelpoHbl KoxoHeHa.

[Ipouenypa o0yyeHHs ONpenensieTcs CAeAyOUIM aIrOPUTMOM.

1. Maunmanusuposatb MaTpuily BecoB W.

2. llomate ouepenHoi BXonHOM 00pa3 Xi U CpaBHUTHb €r0 C BECOBBIMHU
KO3(pPUIUEHTAMH Ka)KJIOTO HEMpOHA ISl ONpPENENICHUS «I100eIUTENsD»
COTJIacHO TpaBuity (2.5).

3. H3MmeHuTs Beca A «IMOOEeIUTENSD IO IPABHITY:

W, (t+1) = W, (1) + (X — W, (1)),
rne W, (t) — 3Ha4YeHHs BecoB cCBsi3eil I-ro HeiipoHa ciost KoxoneHa Ha t-if

UTEpaIU AITOPUTMA; O— KO3 (PUIIMEHT CKOPOCTH OOyUEHHUS.
4. BpIOpaTh craeayronmi 00yJaromuil npumMep 1 nepeiTu k mary (2).

[Ipenienentsl w3 oOydaromiel BBHIOOPKM TMOAAIOTCS HA BXOJ CETU
nukinyecku. KpurepueMm ocraHoBa JUisl alropuTMa CIYKHT YCIOBHE: Ha
OUepEeHON UTEpaIuu BCE BEKTOpa OOydarolied BHIOOPKH aKTHUBUPYIOT TE€ K€
HEHWPOHBI, KOTOPHIE OHU aKTUBUPOBAIU HA MPEIBIIYIICH UTepaIUU.

OkoHuaTenbHbIE 3HAYCHHUS] BECOBBIX BEKTOpPOB ciiosi KoxoHena mocie
oOy4yeHHUs JOJDKHBI OBITh KAaK MOXKHO OJIMJKE KO BXOJHBIMHU BEKTOPAMU.
[ToaToMy mporecc 00ydeHHUS MOXKHO YCKOPUTH, €CIM TPEIBaApUTEIHHO
HOPMAaJTM30BaTh BXOJHBIC BEKTOPA U BEKTOpPA BECOB BCEX HEHPOHOB.

IIpu wucnosb30BaHUM HOPMAJM30BAHHBIX BEKTOPOB TPOIECC yIOOHO
NPEJICTAaBUTh TEOMETPUYCCKH — Ha MOBEepXHOCTH cdepol (puc. 2.8). s
OYepeHOro oOydJaromiero mpuMmepa X s MOOSIUBIIETO HEHpoOHa | HaXOIUTCS
HarpaBlicHHe Koppekuuu Bektopa W, (t) — Bektop (X— W, (t)). 3aTtem stoT
BEKTOp MacCIITaOUpPyeTCs YMHOKCHHEM €ro Ha CKaJSIPHYI0 BEIUYHHY Ol
OxoHuaTenbHO HOBBIM BecoBoil BekTop W, (t+1) sBiseTcs OTpe3KOM,
HaIpaBJICHHBIM W3 Hayajga KOOPAMHAT B KOHEIl BekTopa O. Takum oOpazom,
b dexT 00yueHHs COCTOMT BO BpPAIICHUHM BECOBOTO BEKTOpA B HANPABJICHHUH
BXOJIHOT'O BEKTOpa 0€3 CYIIeCTBEHHOTO H3MEHEHHUS €TO JIJTUHBI.

[Tepemennas o siBnsgeTcss KOAQPUITMEHTOM CKOPOCTH OOYYEHUS, KOTOPHIN
BHauasie oObI9HO paBeH 0,7 U MOXET MOCTENEHHO YMEHBIAThCA B TMPOIECCE
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06yquH}1. DTO MO3BOJISIET ACJIaTh OoJbpIIME HayaJIbHBIC IIaru JJIs1 6BICTpOF0
Fp}I6OFO O6y‘ICHI/I}I N MCHLBIIMC INarvk IIpu IMOAXO0AC K OKOHYATCIbHOMY
COCTOsAHHNIO CCTH.

a(X-Wi(t))

<

~
v

Puc. 2.8. BpameHHe HOPMAJIN30BAHHBIX BCCOBBIX BCKTOPOB CJIOsA Koxonena

Ecnu 6w1 ¢ kaxnapiM HelipoHom KoxoHeHa accolMupoBalics OJIMH BXOJHOM
BekTOp, TO cioii KoxoHeHa mor Obl ObITh OOy4eH C TMOMOIIBIO OJHOTO
BBIUKCIICHUSI Ha BEC. Beca HeMpoHa-moOeauTensl NPUPABHUBAIUCH OBl K
KOMIIOHEHTaM oOy4aroniero Bektopa mnpu o = 1. Kak mnpasuio, oOyuwaroiiee
MHOKECTBO BKJIFOYACT MHOTO CXOIHBIX MEXIYy COOOW BXOJHBIX BEKTOPOB, H
CeTh JIOJDKHA OBITh 0OyueHa aKTUBUPOBATH OJUH U TOT ke HelpoH KoxoHeHa
JUTSL K&KJIOTO M3 HUX. B 3TOM cilydae Beca 3TOro HeHpoHa JOHKHBI OTydaThCs
YCPEIHEHUEM BXOJHBIX BEKTOPOB, KOTOPBIC JIOJDKHBI €ro aKTUBHUPOBATh.
[TocTeneHHOE YMEHBIICHHE BETUYHHBI O YMEHBINACT BO3ICHCTBHE KaXKIOTO
oOydJarommero 1mara, TaK YTO OKOHYAaTeIhbHOE 3HAYCHHWE OyIeT CpemHen
BEITMIMHON OT BXOJHBIX BEKTOPOB, HA KOTOPHIX MPOUCXOAUT oOydeHue. Takum
oOpa3omMm, Beca, acCOUMMPOBAHHBIE C HEHPOHOM, MPUMYT 3HAYCHHE BOJIU3U
[IEHTpPa MOJMHOXXECTBA BXOJHBIX BEKTOPOB, JUIsI KOTOPBIX JaHHBIM HEUPOH
SBIISIETCS «ITOOCIUTETIEM.

Cnocoovt unuyuanuzauuu cnosa Koxonena

Pannomuzanus BecoB ciost Koxonena na mare (1) anroputma oOydeHHs
4acTo OKa3bIBaeTcsi Hed((HEKTUBHBIM BapuaHTOM HHHMIMamu3auuu. [Ipu Takom
crioco0e MHUIMAIN3alUd BECOBbIE BEKTOPHI PaCHpPEIENSIFOTCS PaBHOMEPHO IO
noBepxHocTH rumnepcdepsl. B To ke Bpemsi BXOAHBIE BEKTOPHI, KaK MPaBUIIO,
pacmpesieieHbl HEPaBHOMEPHO M WMEIOT TEHJIEHIMIO TPYIIUPOBAThCA Ha
OTHOCUTEIBHO  MaJlodl 4YacTH  mnoBepxHocTH  runepcdepsl.  IlosTomy
OOJBIIMHCTBO BECOBBIX BEKTOPOB OyIyT TaK YJAJE€HBI OT JIOOOTO BXOJHOTO
BEKTOpA, YTO OHU HUKOT/Ia He OynyT «mobemutenssmMmy». [loaTomy:

— oTu HelipoHbl KoxoHeHa OyAyT Bceria MMeTh HyJIEBOM BBIXOJ M OKAXKYTCS
OeCII0JIE3HBIMU;

— OCTaBLIMXCS aKTUBHBIX HEUPOHOB MOXKET OBITh CIMIIKOM MaJIO, AJIl TOTO
YTOOBI BBIICTUTH HEOOXOIUMOE KOJIMYECTBO KJIACCOB JAHHBIX.
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W3BeCTHBIC CIEIYIONIME BApHAHTHI PEIICHUS MPOOJIEeMbl MHHUIMAIH3ALUH
Becos [10, 11].
1. Meron BeIyKJIOH KOMOWHAIMK. Bee Beca MHUIMATU3UPYIOTCS OJHUM H

1 .
TCM JKC 3HAYCHHCM Wij =——, TAC N — KOJIM4ecTBO BXOA0B CCTH. I[JUI KaXXJI0H1

JN

KOMITIOHCHTHI BXO4a X BBIYHCIIACTCA CKOPPCKTHUPOBAHHOC 3HA4YCHUC

, l1-a
X,'=aX, + —=. Bnauane o O4eHb Majuo, BCIEACTBHE YET0 BCE BXOIHbBIC

| JN

BCKTOPbI UMCIOT HJIMHY, 6J'II/13KYIO K , 1 IIOYTHU COBIIaAAArOT C BCKTOpAMHU

1
N
BecoB. B mporecce 00yueHus ceTu o MOCTENEHHO BO3PACTAET, MPUOJINKASACH K
enunune. T.e. oOydaromue BeKTOpa TOCTENEHHO «Pa3be3kKaloTCs) 0
NOBEPXHOCTU c(dephl, yBiieKas 3a coOOM BEKTOpa BECOB. BecoBble BEKTOPHI
OTCJICKUBAIOT OJIMH WJIM HEOOJIBIIYIO TPYIIY BXOAHBIX BEKTOPOB M B KOHIIE
oOy4eHHsI 1al0T TPeOyEeMYI0 KapTHHY BBIXOJIOB.

2. PaBHOMEpHOE pacrnpeiesieHe BECOBBIX BEKTOPOB U J1I00ABJICHHUE IIIyMa K
BXOJIHBIM BeKTOpaM. TeMm cambIM BXOJHBIE BEKTOPA MOJBEPratOTCs CIyYalHbIM
U3MEHEHUSIM, «CXBAThIBasH», B KOHIIE KOHLIOB, KAKOW-HUOY/1b BECOBOU BEKTOP.

3. Beca mHUIMANM3UpyIOTCS CIydyallHBIMU 3HAYEHUSIMU, HO Ha HayaJbHOMN
CTaauu 00y4eHHsI U3MEHEHUIO MO/IBEPratoTCsl BECa BCEX HEHPOHOB, a HE TOJIBKO
HElpoHa, NPU3HAHHOTO «moOeautenemM». TeM caMbIM BECOBBIE BEKTOPHI
nepeMeraroTcss Oamke K o0JacTH BXOJHBIX BEKTOpoB. B mporecce oOydeHus
KOPpEKLIMs BECOB HAUYMHAET NPOU3BOAUTHCS JIMIIb JJIs OMKaWIuX K
noOeautento HelipoHoB KoxoHeHa. DTOT paanyc KOPPEKUUHU MOCTENEHHO
YMEHBIIAETCS, TaK 4YTO B KOHILE KOHIIOB KOPPEKTHUPYIOTCS TOJBKO Beca,
CBSI3aHHBIE C BBINTPABIINM HEMPOHOM KoxoHeHa.

4. Hanenenue HeEHWpoOHa «4yBCTBOM CIPaBEIJIMBOCTHY. Eciu kakon-mu6o

. . 1
HCUPOH CTAHOBHUTCA HO6€)II/ITCJ'I€M qame CpCaHCH OOJIH CIIYy4dacB E’ TO OH

BPEMEHHO HCKJIIOYAETCSI M3 PACCMOTPEHUS IIPU BBIOOpE «IIOOEIUTENSD), TEM
caMbIM J1aBasi BO3MOKHOCTb 00y4YaThCs U APYTHM HEHMpOHaM.

Ooyuenue cnoa I'pocoepza

Cnoit I'pocOepra oOydaeTcss B pexume OOy4YEHHUs C YYUTEIEM IO paHee
PAaCCMOTPEHHOMY METOAY JIMHEMHOW KOpPpEeKUMH. BenmumHa KOppeKkuuHu Beca
IPOMOPUMOHANIbHA PA3HOCTH MEXAY TEKYIUM BECOM U TpeOyeMbIM BBIXOJIOM
Helpona ['pocOepra, Kk KOTOPOMY OH OTHOCHUTCS

V,(t+D) =V, (1) +B(Y, -V, 1)O,,
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rae O, — Beixox i-ro ueiipona Koxomena; Y, — j-1 KOMIIOHEHTa BEKTOpa

&KenaeMbIX BbIXOJOB. llepBonauansHo [ Oepercss paBHbiM ~0,1 u 3atem
MOCTENEHHO YMEHBIIAETCS B IpOLIECCE OOYUECHUSI.

Otcroga BuUAHO, 4YTO TMpu o0OyueHuu ciosi ['pocOepra Kakaplii Bec
KOPPEKTUPYETCA JUIIb B TOM CIIy4ae€, €CIM OH COEAUHEH C HEUPOHOM
Koxonena, nmeromum HeHyneBoil Beixo. [loaTomy Beca cios I'pocOepra OyayT
CXOIUTBCS K CPEJHUM BEJIIMYMHAM OT >KEJIAEMBIX BBIXOJIOB, KaK B OJHOCIOHHOM
NEePLENTPOHE, HO TOJBKO HE3aBUCHUMO JUISl KaXIOro KJacca MNpPeIbsSBISIEMbIX
00pa3oB.

B uenom, eciaum cpaBHUTH alITOPUTM OOYYEHUSI CETH BCTPEYHOTO
pacmpoCcTpaHEHUsi C aJrOPUTMOM OOpPATHOTO PACTIPOCTPAHEHHUS OUIMOKH, TO
MOYHO BBIICJIUTH CJIEIYIOIINE KIIOUEBbIE OTINYUSL:

— 0OoJee BBICOKAsi CKOPOCTh OOYyYEeHHS; B peajbHBIX 3ajayaxX KOJIMYECTBO
uTepauii, HeOOXOIUMBIX JIJII O0YUEHUS CETH MOXKET OTINYATHCS HAa HECKOJIBKO
MOPSIAKOB;

— Oosiee  HM3Kas TOYHOCTh  aNIIPOKCUMAIIMM  BOCCTaHABIMBAEMOM
(YyHKIHMOHAIBHOM 3aBHUCHMOCTH, IMOCKOJIBKY M1 OOBEKTOB KaXKIOro Kiacca,
BBIJIEJIEHHOTO clioeM KoxoHeHa, BBIXOITHOW CUTHAJ CeTU OYAET OJIMHAKOBBIM.

2.2.3. Ucnojib30BaHue CeTH JI1 BOCCTAHOBJIEeHHUS 00paTHO# PpyHKUIMHI

Ha puc. 2.9 nokazaHa ceTb BCTPEUYHOIO pacIpOCTpPaHEHUs, B KOTOPOU
UHTEpHpETalns BXOJOB M BBIXOJOB CETH OTJIMYAETCA OT MCIOJb30BAHHOU
panee. Ha Bxox cetu noctynaroT BekTopbl X U Y, U 00y4eHHasi CETh BbIIAET Ha
BBIX0jie BeKTOpbl X’ W Y’, SBIAIOMIMECS almpoKCUManusMu i X U Y,
COOTBETCTBEHHO. BXOJIHBIE M KEJIa€MbIE BBIXOJIHBIE BEKTOPBI MPEIITOIATaA0TCS
3eCb  HOPMAJIM30BAaHHBIMU  €IUHUYHBIMH  BekTopamu. (CreaoBaTelbHO,
NOpPOKJAaEMble Ha BBIXOJE BEKTOPHI Takke OyAyT HMETh TEHJIEHIUIO ObITh
HOPMAJIM30BAHHBIMU.

B mnpouecce oOyuenust BekToppl X U Y MOAAIOTCS OJHOBPEMEHHO U Kak
BXOJIHbIE€ BEKTOPbl CETH, U KAaK >KEJIAaeMble BBIXOJHbIE CUTHaibl. Bekrop X
UCIIOJIb3YETCS 1711 00ydeHHUs BBIXOJIOB X', a BeKTOp Y — /1j1s1 00y4eHUsl BBIXOJIOB
Y’ cnost I'pocOepra. CeTb BCTPEUHOIO PACTIPOCTPAHEHUS LIETUKOM O0ydaeTcs C
WCIIOJIb30BAHUEM  ONMCAHHOrO Bbime anroputma. Heilponsl Koxonena
IPUHUMAIOT BXOJHbIE CUTHAJIBI KaKk OT BEKTOPOB X, Tak U OT BEKTOPOB Y, HO C
TOYKU 3pEHHs aJlropuTMa OOYUYEHHsI CETH 3TO HEOTIIMYMMO OT CUTYalluH, KOTr/a
MUMEETCS OJIMH BEKTOP, COCTABJIEHHBIN U3 BEKTOPOB X U Y, U HUKAaK HE BIUSAET HA
aJITOPUTM OO0YUYECHHUS.

HacTtpoenHast cerb anmpoKCUMUPYET €IWHUYHOE OTOOpakeHue, INpu
KOTOPOM NPENBSABICHUE IMapbl BXOAHBIX BEKTOPOB IMOPOKIAET MX KOIHHU Ha
BbIXoJie. Eciu Tenepp npeapsBiasTh Ha BXOJIE€ TOJIBKO BEKTOP X (C BEKTOpPOM Y,
PaBHBIM HYJIIO) TO CE€Th 00ECIEUNT BHIXOIHOM CUTHAN KaK Ha BbIxojax X’, TaK U
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Ha BbeIxojgax Y’. Ecim F — ¢yHknusa, oroOpaxkaromas X B Y’, TO ceTh
anmpokcumupyet ee. Ecnmm F oOpatnMa, TO mpeabsBICHHE TOJIbKO BekTopa Y
(mpu X=0) nopoxmaaet X’.

Ciont Crnont
Koxonena I'pocbepra

Puc. 2.9. [lonHas ceTh BCTPEYHOTO PACTIPOCTPAHCHHUS

CnocoOHOCTh OJHOBPEMEHHO AaNIpPOKCUMUPOBATh KAaK MPAMYI, TaK H
o0paTHy10 (DYHKIMIO JI€JaeT CETh BCTPEYHOIO PACHpPOCTPAHEHHS IOJIE3HON B
psaae npuwioxeHuid. [Jomyctum, uto TpeOyercd mepenarb MO KaHaly CBSI3U C
OTPaHUYEHHON MPOMYCKHOM CIOCOOHOCTBIO HEKOTOpoe wu3zodpaxkeHue. OHO
MOKET OBITh Pa3dUTO Ha MoAM300pakeHus Sjj, Kak MokazaHo Ha puc. 2.10.
Kaxnoe mnonuzoOpaxkeHue pa3OMTO HAa MUKCEIM U OINUCHIBAETCS BEKTOPOM
sapkocred. Ecinu npu nepenaye JOIMyCTUMBI HEKOTOPHIE MCKAXKEHMSI, TO MOYKHO
nepefaBaTb  HE  BCe  MOAM300paKEHUS, a  HECKOJbKO  «THIOBBIX
NOJM300paXEHUI» W  KOABI THUIOBBIX MOAU300pAKEHUH, U3 KOTOPBIX
MPUOJIMKEHHO COCTOUT U300paKeHUe.

TOAU300paKeHNe S11

S12 Sin

Sa1

Sml Smn

Puc. 2.10. CtpykTypa c:kumMaemMoro u300paxeHus

MHO0XECTBO BEKTOPOB MOAM300paKEHUN HMCTOIB3YETCS B Ka4eCTBE BXO/a
s oOydeHust ciioss KoxoHeHa M JaeT BBIXOJA TOJIBKO OJHOTO HEHpoHa
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paBHbIM 1. Beca cios I'pocOepra oOyuaroT BblIaBaTh OMHApHBIA KOJA HOMEpA
Toro HelipoHa KoxoHeHa, BbIXOJ KOTOporo paBeH 1. OTo um Oyaer sABIATHCS
0osiee KOPOTKOM OUTOBOM MOCIIEOBATEIBHOCTBIO IEPEAABAEMBIX CHMBOJIOB.

Ha npuemMHBIi KOHEIl KaHalla CBSA3M OJHOPA30BO IMEPENAIOT Beca
HAaCTPOEHHOM CETH BCTPEYHOTO pacmpocTtpaHeHus. llpm mepemade odepenHoro
U300pakKeHHsI OHO KOJMPYETCs CEThIO Ha CTOpOHE UcTOYHMKA. [lo kaHany cBs3u
NEPENAOTCS TOJBKO KOJBI BCEX MNOAM300pakeHHid. MneHTnuHas ceTp Ha
CTOPOHE MPUEMHHUKA IOJIy4aeT JBOMYHBIA KOJ UM peaJu3yeT OOpaTHYIO
(GYHKIUIO, alMPOKCUMHUPYS IEPBOHAYATIBHBIC MTOU300paKEHUSI.

2.3. CeTb paguajbHbIX 0a3UCHBIX (DYHKIUI

Cerp pamuanbHbIX O0a3uCHBIX (YHKIHMHA (YacTO HCHOJB3YeTCS TEPMUH
«RBF-ceth») wucmonp3yeT W0 OMUCAHUSA KIacCU(PUIMPYEMBIX 00pa3oB C
TIOMOIIBIO TIOJIST ToTeHIHANoB [9]. AkTuBanmoHHasi (YHKIUS HEHPOHOB — HE
oporoBasi, a MogoOHa (YHKUUU TUIOTHOCTH BEPOATHOCTH HOPMAJIBLHOTO
pacnpesiesieHus: HEWpPOH [aeT BBICOKHMI OTKIMK B HEKOTOPOM OKpPECTHOCTH
CBOEr0 BXOAHOro BekTopa. CyMMHpys BBIXOIbl OOJBILIOTO 4YHCIa HEWPOHOB
TAKOr0  BHJA@ MOXHO  alIpPOKCUMHPOBATh  CKOJIb  YTOJHO  CJIOXHBIE
GyHKIIMOHATIbHBIE 3aBUCUMOCTH (puc. 2.11).

Y .
4 OTKJIUK BCEH CETU

OTKIMK OTIENBHBIX
HEHUPOHOB

X

Puc. 2.11. Annpokcumariusi CIOKHOU (PYHKITHOHAIBHON 3aBUCUMOCTH CYMMOM
paaraIbHBIX 0a3UCHBIX (QYHKIIUNA

CtpykTypa ceTH paguaibHbIX Oa3uCHBIX (YHKIMNA TpelncTaBlieHa Ha
puc. 2.12. Ona aHaJOTMYHA CTPYKType IBYCIOWHOTO NEPIENTpOHA C TEM
OTJIMYMEM, YTO aKTUBAIIMOHHBIE (PYHKIIUU HEUPOHOB MEPBOTO CIOS UMEIOT BUJI,
MOJOOHBIA (DYHKITMM TUIOTHOCTH BEPOSTHOCTH HOPMAJBLHOTO PACIIPECIICHHUS.
KonmuecTBO HEHPOHOB BIEPBOM CJIO€ COBMANAET C KOJUYECTBOM OOBEKTOB B
oOyuaroieii BbIOOpKE, KOJIWYECTBO HEWPOHOB BTOPOTO CJOS OMpEnesseTcCs
Pa3MepHOCTHIO BBIXOJHOTO curHaia cetu. Kak OyaeT mokazaHO HUXKE, B XOJE
OOy4eHHS C YYHTEIIeM CETh HACTpauMBaeTCs HE3aBUCHMO 10 KaXJaou
KOMITOHEHTE BBIXOJHOTO CHTHAaJa, II0O3TOMY Ha PHUCYHKE BCE HCHPOHBI
BBIXOJTHOTO CJIOSI, KPOME OJTHOTO, MTOKa3aHbl ITYHKTUPHBIMU JTHHUSIMHU.
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Puc. 2.12. CtpykTypa ceTu paguaibHbIX 0a3UCHBIX (DYHKIIHIA

Ka;xz:mﬁ HCﬁpOH IICpBOI0 CJI0sA PACCUUTHIBACT 3HAYCHHC OI[HOMCpHOﬁ

GbyHKIUU:
X=X [)?
h.(X) = exp(— —(H - 'H) j
20,
rne X — BXOmHOW BekTop; X, — I-i 00pa3 wu3 oOydwaromiedl BBIOOPKH; Gj—
napameTp paccesHus; HX—XiH — HEKOTOpas MeTpuka (OOBIYHO HCIIOJIB3YETCs

CBKJIMIOBO PACCTOSHUE).

Jlis BeIOOpa G OOBIYHO MPUMEHSETCS MeTonx K Ommkadmmx coceme.
CHavajla B cocTaBe OOydJaromiei BBIOOpKH ompenensercs K — Onmkaimmx
coceneit s oobekTa X, . BoiObupaercs Bekrop X,', 3aHuMaromuii k-e Mecrto 1o

yaaneHHOCTH oT Bekrtopa X, . PaccrosHune mexnay X, um X.' CIyKUT MEPOU IS
BbIOOpA 3HAYEHUS MTapaMeTpa Gi.

BeixogHoit  cioii  sBiseTcss  cioeMm  I'pocbepra, T.e.  peamusyer
npeoOpa3zoBaHue BUJIA:

10 =€ h,(X).

OTHOCUTENIBHO ~ KaXJOW  KOMIIOHEHTBHl  BBIXOJIHOTO  CHTHAalla  d3TO
npeo0pa3zoBaHre HE3aBUCHUMO, TTOITOMY KaXIblii BECOBOM KOIPDHUIIUEHT MOKHO
HaWTH KaK PELICHUE CUCTEMBI JIMHEUHBIX YPABHECHUM:

N
> Ch(X)=Y,, j=LN. (2.6)
i=1

BBegem B paccMoTpeHue MaTpHUILy:

hl(Xl) hN(Xl)
hl(XN) hN(XN)

Torma mpoGiemy uHTepnonsuuu (2.6) MOXHO TPEACTABUTH CICAYIOITUM

obOpazom:
HC=Y. (2.7)
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Pemenue 3Toii 3a1aumn onpenensercs oopaTHoi Marpuient s H:
C=H"Y.

Ecnu BXoaHble JaHHBIE UCKAKEHBI (3aIIyMJIEHBI), TO TOYHAS WHTEPIOJISALINS
HEe uMeeT cwmbicia. ClenoBaTeNbHO, ONUCAHHBIA BBINIE METOJ CIEAYET
MOIU(UIIMPOBATH: MPOOJIEMa COCTOMT B TaKOM PEIICHWU CHCTEMbI JTMHEHHBIX
ypaBHeHUH (2.7), KOTOpast SBISIETCS pOOACTHOW OTHOCHTEIHLHO IIYMOB (TIOMEX)
BO BXOJHBIX JaHHBIX. [loaTomy Mmartpuna H 3amensercs wmarpureid (H+Al),
rae | — equHMYHAs maTtpuia, a A — HEOOJbIIOE MOJOXKUTENbHOE uucio. Ero
BEJIMYMHA MPONOPLUMOHAIbHA CHJIE IIyMa BO BXOJHBIX JIaHHBIX. BecoBbie
KO3 UIIUEHTHl BTOPOTO CIIOSI CETU OMPEACNAIOTCS MPH STOM CIEAYIOLUUM
obpazom:

C=H+rD"Y,

OTMeTHM TpeuMyIIecTBa CETU pPaJAHAIBHBIX Oa3MCHBIX (PYHKIUH 1O
CPAaBHEHUIO C APYTMMH BUJAMU CETEH.

1. AxrtuBanuoHHas (QYHKUMS HEHPOHOB TIEPBOrO CJOS MPUHHUMAET
OOJbIIME 3HAYECHMS JIMIIb B TE€X CIIy4asX, KOrJla BXOAHOW o0Opa3 HaxXOIUTCs
BOJIM3U OT OMOPHOW TOYKH COOTBETCTBYIOIIETO 3TOrO HeipoHa. [[s BXOAHBIX
CUTHAJIOB BHE obiactu, TIOKPBITOM» oOpazamu oOyyaroliei
NOCJIE0BATEIbHOCTH, CETh (DOPMHUPYET JIMIIb HEOOJBIINE 3HAYEHHUS] Ha CBOUX
BbIXO/axX. TakuM 00pa3oM, MOXHO pa3IM4UTh CUTyalluu, Korja oOyvarouiei
MH(POpPMaIlMU HEJOCTATOYHO JJIsi ONPENENICHUs BBIXOJA CETH MO HEKOTOPOMY
BXOJIHOMY CUTHAITY.

2. Beca cBs3eil B CeTH pacCUMTHIBAIOTCS HE HTEPALMOHHO, I[OITOMY
BBIYMCIINTEIbHAS CJIOKHOCTh HACTPOMKH CETH CYLIECTBEHHO HHWXKE, YeM JUIS
JIPYTUX BUJIOB CETEN MPSIMOr0 paclpOCTPaHEHHUS .

3acinyKuMBaeT TakKKe BHHUMAaHUS BO3MOXHOCTh WHHIMAIU3ALHUA CETH
paauaibHbIX Oa3uCHBIX (QYHKIMI Ha OCHOBE MPSIMOTO pacyeTa BECOB C
NOCHEAYIOIUM HX J0OOy4eHHEM Ha OCHOBE alropuTMOB OOyYEeHUs C
YUHUTEJNEM, HAalpUMep, Ha OCHOBE aJrOpUTMa OOPATHOTO PACHPOCTPAHECHHS
OIIMOKH.

MOoOXHO paccMaTpuBaTh BAapUAHT, KOrJa KOJUYECTBO HEUPOHOB CKPBITOTO
CJIOSI MEHBIIIE KOJIMYECTBa oOyuaromux o0pa3oB. B aToMm ciiydae mepBbiii cloit
CEeTH HEOOXOJUM MPEABAPUTEIIEHO OOYYUTh METOJOM O0yudeHUs O0e3 y4HTels,
aHaAJIOTUYHO alroputMy ooyuenus ciost Koxonena.

2.4, CeTH ¢ OrpaHMYEHHBIMH 00JIACTAMHU CBA3M

PaccmoTpenHbie 10 cHX TOp CETH UMEIOT NPUHIIMIHUAILHBIN OOt
HEJIOCTATOK: €CJIM KaKOW-TMOO HEWpPOH TMOJydaeT CIUIIKOM CHJIBHOE
MOJKPEIJICHHUEe, TO OH MOXKET 3a0JIOKMpOBaTh pabOTy Bceil ceTh, OECKOHEYHO
yCUJINBAasi COOCTBEHHYIO aKTUBHOCTh. TaKasi CUTyaIusi MOKET BOSHUKHYTD JIJIsI
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CeTel MPSIMOTO PACIpPOCTPAHEHUS MO XOAY HACTPOMKH BECOB, a JJIsI CETEH C
OOpaTHBIMU CBSI3IMHU — MPU BBIYUCICHUU BBIXOJHOTO CHUTHANA. DTy MpodiieMy
MOXHO PEMUTh C TOMONIBIO PAa3JIMYHBIX HCKYCCTBEHHBIX OTrPaHUYECHHIA,
OJTHAKO CYIIECTBYET U JPYroil croco0: JTOKaINu30BaTh YaCcTh CETH, HA KOTOPYIO
MOKET BJIMATH KaXJbld HEUPOH. B 3TOM ciydae CKOJb YrOJHO BBICOKas
AKTUBHOCTh OTJEJIBHOIO HEMPOHA HE CKAa3bIBAETCS HA NMOBEACHUM HEHUPOHOB,
HAXOJLINXCS 32 MpeesiaMy ero o0acTu BIusHuA. Takas uzes peainsyercs B
paMKax CBEPTOYHBIX HEWPOHHBIX CETE€W, B YAaCTHOCTH B KOTHUTPOHE U
Heokoruutpone [10].

2.4.1. CTpyKTypa cBsi3eil 0TAeJbHOI0 HEiipOHA B KOTHUTPOHE

CeTb UMEET CIIOUCTYIO CTPYKTYPY, HO KaXKIblii HEMPOH CBSI3aH HE CO BCEMHU
HEHpOHaMH MPEABIAYLIETO CII0sl, @ TOJIbKO ¢ HEKOTOPBIMU COCETHUMU (B CBOEH
«00JIaCTH CBS3W»). DTO COOTBETCTBYET HPHUHILIMIIAM padbOThl OMOJIOTHYECKOM
HEHPOHHOM CETH, II€ NPSIMBbIE CBS3H MEXIY 3HAYUTEIBHO yIAJECHHBIMU APYT OT
Jpyra HEMpOHaMH HEBO3MOKHBI.

O6nacTu CBSA3M COCEIHMX HEWPOHOB OJHOTO CJOSI B MPECHHANTUYECKOM
CJIO€ 3HAYUTEIBHO IEPEKPBIBAIOTCS, IMOITOMY B IOCTCHHAITUYECKOM CJIOE Y
KaXJIOr0 HEHpOoHa €ecTh 00JIaCTh KOHKYPEHUMH — MHOMXECTBO COCEIHHUX
HEHWPOHOB, KOTOPbIE MMEIOT OOIIME C JAHHBIM MPECHHANTHYECKUE HEHPOHBI

(puc. 2.13).

O6nactn
Oo6nactn ! O | ___— KOHKYypEHIIUHU JIjisl A
cBs3el ms A !
Ob6nacTtb

O061acTh

. KOHKypeHIuu ais B
cBs3eit i B

O061acTh O061acTh

cBsseit qsa C

KOHKypeHuuu st C

Puc. 2.13. O6nactu CBs3M ¥ KOHKYPEHITUH IS TTAPhI COCEHUX CIIOEB KOTHUTPOHA

OO6acTh CBsI3M M 00JACTh KOHKYPEHITUH TS KaXKJ0TO HEHPOHA OTIPEIeIISIOT
CTPYKTYpY €ro cBsizei (puc. 2.14).

B KOrHUTpOHE UCIIONB3YIOTCS ABA TUIIA HEUPOHOB:

— BO30YXXIAIOIIUE — OHW YCWIMBAIOT AKTUBHOCTH IMOCTCHHANTHYECKUX
HEHPOHOB (HA PUCYHKE 0003HAYEHBI CBETIION 3aKPACKOM);

— TOPMO3AIIHUE — OHU CHHXKAKOT aKTUBHOCTh MOCTCUHANTUYECKUX HEHPOHOB
(Ha pucyHKe 0003HaUYEHBI TEMHOU 3aKPACKOM).
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Oo0unacts cBsa3eil O06nacTh KOHKYPEHITUH

=TT —-=-==-- L St 1

v

Croit k Cion (k + 1)
Puc. 2.14. CtpykTtypa CcBsi3eil OTeIbHOTO HEMpOHa

Kaxplit Bo30yxaromuit HelipoH cios (K+1) momydaeT Ha BXoje:

— CHTHAJIBI OT BO30YKIAIOIIMX HEHPOHOB CJI0s K U3 CBOCH 00JIacTH CBSI3H;

— CHTHAJ OT TOPMO3SIIEr0 HEWpoHa ciiosg K, COSAMHEHHOTO C TEMH JKe
BO30YKIIAIONIMMU HEUPOHAMHU cJI0s K;

— curHain ot TopMmo3ssmiero Heipona cmos (kK+1), coemumHeHHOrO C
BO30YKAarommMu Heliponamu ciros (K+1) u3 cBoeld 00J1acTH KOHKYPEHIIHH.

Bxoapl B0O30yx)maroiiero HeWpoOHa, COEAMHEHHBIE C BO30YXXIAIONIMMU U
TOPMO3SIIUMH HEUPOHAMHU, CYMMHUPYIOTCS Pa3/IeIbHO:

E=>au, I=>Ybyv,,
i ]

r7ie aj — Bec I-ro Bo30YXKJIAIOMIEro cUHarca, Ui — BBIXOJ I-TO BO30YKIAIOMICTO
HelipoHa, Dj — Bec J-ro TOpMO3AIIEero cuHarca, Vj — BBIXOJ |-TO TOPMO3SIIETo
HevpoHa. [Ipu 3ToM Beca UMEIOT TOJIBKO MOJIOKUTEIIbHBIE 3HAUEHUS.
Brixoa HelipoHa BBIYHUCIISICTCS CASAYIOITUM 00pa3oM:
1+ E

S=——"-1
1+1

S,ecu S >0;

S,ecnu S <0.

TopMmossimuii HeHpoH He nMeeT MoporoBor PpyHkIMu. Ero Beixoxn:
b, =2.¢cx,
I

rme Y. ¢ =1.
2.4.2. O0yuyeHue KOTHUTPOHA

Cerp oOywaercss ©0e3 yuumtens. [lpuHrun oOydeHHUs KOTHUTpPOHA:
HACTPAMBAIOTCS Beca TOJIBKO HauOoJiee aKTHMBHOTO HEWpoHAa H3 001acTH
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KOHKYpPEHLIUH, [T03TOMY Ha MOCIEAYIOLUX Il1arax oH OyaeT MMeTh emle Ooiiee
BBICOKYIO BEPOSITHOCTh OOEBI.

Beca cBszeld TOpPMO3SIIMX HEHPOHOB IIpU OOYYEHHH HE MEHSIOTCH,
JI0OCTaTOYHO BBIOpATh MX TaKWMH, YTOOBI X CyMMa paBHsIach 1. Beca cBszeit
BO30Y)K/IAIOIIEr0  HEWpOHAa C  BO30YXJAIOUIMMU  [PECHHANTUYECKUMHU
HelpoHaMH B X0/i¢ 00y4eHHUS U3MEHSIOTCS 110 MPaBUITY:

Aa; =qcu;,
TIe ¢i — TOPMO3SIIMUA BeC CBA3M HelpoHa | B cioe K ¢ TopMo3smimm
HEHpPOHOM, uj — BBIXOJ HEWpPOHAa | B MPECHHANTHYECKOM CIIOC, i —
BO30YXJalolUi BEC 3TOro HEWpoHa, ( — HOPMUPYIOUIUN KO3(P(PULHEHT
oOyueHwus.

Beca CBA3EHU B030Y>K/1al0ILIETO HEWpOHa c TOPMO3SAIINMHU
PECUHANTUYECKUMU HEHPOHAMH U3MEHSIOTCS 10 MPABUITY:

Ab; =(q/2) au /3 cu,.

[Iponiecc 0OyueHMs HAUMHAETCA C HYJIEBBIMU 3HA4YeHUsIMU BecoB. [loka
nodeauTeNsl B 001aCTH KOHKYPEHIIMM HEUPOHOB HET, U3MEHEHHUE BECOB CBS3Ei
MPOUCXOIUT CIETYIOIIUM 00pa3oM:

Aa =q'cu;Ab, =q'Y cu;0<g'<q.
I

OnucanHple TpaBWia TO3BOJSIOT BecaM CBs3ed  Bo3pacTaTh  0e3
orpannueHuii. lIpuBeneHHas cTpaTeruss HACTPOMKHU TapaHTUPYET, YTO Y3JIbI C
OOJBIION peaklMel 3acTaBisAIOT Beca BO30OYKIAIOIIUX CBS3EM YBEIUUMBATHCA
CUJIbHEE, YeM Beca TOPMO3SIINX cBsizell. 1 Ha000pOT, y3J1bl, UMEIOIIUE MATYIO
pEaKIMIo, BBI3BIBAIOT MaJO€ BO3pAaCTaHUE BECOB BO30YXKIAIOIIMX CBA3EH, HO
OoJbllIee BO3pacTaHUE BECOB TOPMO3SIIIIUX CBSI3EH.

MOo3KHO cUMTaTh, YTO B KaXKAOW 00JIaCTH KOHKYPEHIIUU CETh BEET ce0s Kak
cetb KoxoHeHa, BblgaBas Ha BBIXOJE HOMEp pacmo3HaHHOro o6Opasza. Ho
MOCKOJIbKY 00JIacCTh KOHKYPEHLIMM Ka)X0ro HeHpoHa JIOKalbHa — B HUTOTE
aKTUBHBIMH MOTYT OCTaTbCS HECKOJIBKO HEMPOHOB CJOs, PACHOJIOKEHHBIX B
HENEePEeCeKAIOINXCs 00JIaCTAX KOHKYPEHIIHH.

2.4.3. IlostHAsI CTPYKTYpPAa KOTHUTPOHA

Jlo cux mop peub 1uIa 00 YIpOIIEHHON MOJIEIH, T/I€ KaKIbIN CII0M SBJISIETCS
OJTHOMEPHBIM (C TOYKH 3PEHHS TONOJIOTMH OOJIACTU CBSI3€H) M CIOEB BCEro 2.
[TosmHas CTpyKTypa KOTHUTPOHA Ipenoiaraet cienyroriee (puc. 2.15).

1. Tononorusa obnacteil cBsA3M ABYMEpHas — T.€. KaXKIbIi HEHMPOH CBsI3aH C
HEHPOHAMM MPEBIIYIIETO CJIOS U3 OKPECTHOCTH, UMEIOIIEH 1B€ KOOPIUHATHI.

2. KomnyecTBO ci10eB MOXKET OBITh JIOCTATOYHO OOJBITNM. BhIX0s Kaxmaoro
CJIOSl TIPEACTaBIsIET COOOM Kiaccu(UKAIMIO BXOAHBIX CUTHAJIOB. Pe3ynbrathl
KJaCCU(pUKALMU MO BCEMY CJOI0 TMepefaroTcsl Ha CIEAYIOIUN CJIoM Kak
UCXOJHbIE TaHHBIE U T.JI.
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Takum 00pa3oM, B KaJOM CJIO€ MPOMCXOTUT KATETOpU3AIMs BXOJHBIX
JAHHBIX, TIOJYYEHHBIX C TMPEIBIAYIIETo clios. Pe3yabTaT Kareropu3aiuu — 3T
Ooyiee KOPOTKHI KO/, B KOTOpBIM CBEPHYTHI BXOJHBIC AaHHbIC. Jlanee OH
UCIIOJIb3yeTCS KaK BXOJHBIC JaHHBIC JUIA CJICAYIOMIETO CJOsl, KOTOPBIN
BBITIOJTHSACT ITOCJICAYIONIEE €ro CBEPTHIBAHWE W T.J. — O3TUM OOBICHSICTCS
IIPOUCXOXKJICHUE TEPMHUHA «CBEPTOYHAS HEHpPOHHAs CeTh». MOXKHO CKa3ath,
9TO C KaXIBIM CJIOE€M KaTeropu3alusi IMPOUCXOIUT Ha Bce 00Jiee BBHICOKOM
ypoBHE 0000meHuss nHpopMamuu. ITO BecbMa OJM3KO K MPUHIMITY PadOThI

KOPBI I'OJIOBHOI'O MO3ra.

)
—T P

Cnoi 1 Crnoii 2 Cuoit 3

NEE=)
M
\ /

Puc. 2.15. IlocnenoBatenbHast KaTErOPU3aIKsl TAHHBIX B KOTHUTPOHE

Ecnu o6acTh CBSI3M HEUPOHOB UMEET MOCTOSHHBINA pa3Mep BO BCEX CIIOSIX,
TO mnotpedyercss OOJNbIIOE KOJIUYECTBO CJOEB [UJII TEPEKPBITHS BCETO
BXOJIHOTO TIOJISl BBIXOJIHBIMH HEMpOHaMU. DTy mpoOJieMy MOXHO PEIIUTh 3a
CYET BEPOSITHOCTHOTO pacrpejiesieHus] 00JacTU CBSI3eH KaXKJI0ro HEHpoHa: OH
Oyner cBsizaH C OOJIBIIMHCTBOM HEHPOHOB W3 OJMKAWIIETO OKPYXEHUS U C
HEKOTOPHIM KOJUYECTBOM HEUPOHOB M3 Y AJICHHBIN 00JacTel MpeablIyIIero
CJI0S1.

2.4.4. HeoKOrHUTPOH

Korautpon u3HauanpbHO ObLT pa3paboTaH Al pelIeHUs 3aJadydl aHalnu3a
n3o0pakeHnit. Ecnu cuuTaTh, 9TO BXOJ MEPBOTO CIIOS KOTHUTPOHA — 3TO HE
IIPOCTO BEKTOP, & paCTpOBOE M300pakeHHEe, TO MOKHO PEIIUTh 00Jiee CI0KHYIO
3a7a4y pacno3HaBaHus. HelWpoHHasi CeTh JOJKHA PACIO3HABAaTh HE TOJBKO
3alllyMJICHHBIA 00pa3, HO W o00pa3, «pacTpoBOE H300PAKEHHE» KOTOPOTO
MOJIBEPTIIOCh TEOMETPUUYECKUM JepopmaIusM: MOBOPOTY, CABUTY, CxKaThio. B
o0IeM ciy4ae, Korja HCXOIHBbIC JaHHBIE HE SIBISAIOTCS H300paKCHHEM, 3TO
O3HAYaeT, YTO HMCXOIHBIC JaHHBIC MOTYT CMEIIATHCS U3 OJHUX KOMIIOHEHT
BXOJIHOTO BEKTOpA B JIPYyTrM€ HEKOTOPBIM CHUCTEMATHYECKUM 00pa3zom. Db ekt
TaKOTO POJ/ia MOXET BOZHUKHYTh, HAIPUMEP, KaK CICJCTBUE KOPPEIALUA MEXKTY
pa3TUYHBIMA KOMITOHEHTAMU BXOJHOTO CUTHAJIA.
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Pemenne ykazaHHOW 3amaun oOecreynMBaeT HEOKOTHUTPOH. CTpyKTypa
HEOKOTHUTPOHA TAaKOBA: CETh COCTOUT W3 IMOCJIEIOBATEIHHBIX CIIOEB, KaXKIbIH
CIIOM COCTOUT M3 JBYX MAaCCHBOB IUIOCKOCTEH, KaXK[asl MIOCKOCTh COCTOUT W3
HelipoHoB (puc. 2.16). MaccuB IJIOCKOCTEH, COJCpKAIIUX MPOCTHIE Y3IIbI,
MOJTy4aeT BBIXOJbI MPEABIAYIIETO CIIOS, BBIACIAET ONpeAesieHHbIe 00pa3bl U
3aTeM MepeacT WX B MAaCCUB IJIOCKOCTEH, COAEp)KaIUX KOMIUIEKCHBIC Y3IIbI,
r7ic OHU 00pabaThIBAIOTCS TAKMM 00pa3oM, UTOOBI CIEaTh BRIICICHHBIC 00pa3bI
MEHEEe MO3UIMOHHO 3aBUCHUMBIMHU.

Cmoit N

HpOCTaH IINIOCKOCTDb CocraBHas IIJIOCKOCTh

Or cimos N-1

—

K cimoro N+1

[Ipocras minockocTs 2 CocTaBHast IIIOCKOCTH 2

MaccuB pOCTBIX MIIOCKOCTEN MaccuB cOCTaBHBIX IUIOCKOCTEN

Puc. 2.16. CtpykTypa 0JTHOTO CJI0S HEOKOTHUTPOHA

Kaxxnasg minockocTh MOKET ObITh BU3yallbHO MPEACTAaBICHA KaK JIBYMEPHBIi
MaccuB y310B. Kaxnas IUIOCKOCTh M3 MacCHUBa IMPOCTBIX Y3JIOB COCIMHEHA

(puc. 2.17):

— TPECHHANTHYCCKHMMH CBSI3IMH — CO BCEMH IUIOCKOCTSIMH MacCHBa
KOMIUTIEKCHBIX Y3JI0B MPEABIAYIICTO CIIOS,

— TOCTCHUHANTHYECKUMHU CBSI3SIMH — C OJHOH TUIOCKOCTBIO MacCHBa

KOMIUJIEKCHBIX y3JI0B CBOETO CJIOS.

Ha xaxxnpiii HEWpOH MOCTYMAIOT CUTHANBI W3 HEKOTOPOWM OOJACTH CBS3H,
OJHOM M TOM k€ i1 BCEX KOMIUIEKCHBIX INIOCKOCTEN MPEABIAYIIETO CIIOS.
Taxkum 00pa3om, Bce TUIOCKOCTU MPOCTHIX Y3JI0B MOJYYalOT Ha BXOJE OJUH H
TOT K€ MAaCCHUB CUTHAJIOB, HO YMHOXAIOT €r0 Ha CBOU BECA CBA3CH.

Kaxxp1ii KOMILJIEKCHBIM y3€1 MoJlydaeT B KadyecTBE BXOJHOr0 oOpasa
BBIXOJIbI HAa0Opa MPOCTHIX Y3J0B M3 CBOEH obnactu cBs3u. Bo3Oyxnenue

33



1:000ro MPOCTOr0 y3ja B 00JacTU CBA3U SBISIETCA JOCTATOYHBIM JIJIst
BO30YXKJICHUSI TAHHOTO KOMILIEKCHOTO y3na. Takum o0Gpa3oMm, KOMIUJIEKCHBIH
y3€eJl pearupyer Ha TOT K€ 00pa3, UTO U MPOCThIE y3Jbl B COOTBETCTBYIOIIEH
€My IJIOCKOCTH, HO OH MEHEE YyBCTBUTEJEH K MO3ULIUH 00pa3za, yeM JIro0oil
U3 HUX MO OTAEIBHOCTH.

Heiiponbl kaxmoi mapel IUIOCKOCTEH 00y4aroTCsi pearupoBaTh Ha
ONpEENEeHHbI 00pa3, MPEICTABICHHBIA B OINPEACICHHOW opueHTauuu. s
JIpyroro odpasza WId JJII HOBOTO yIJjla MOBOpPOTa 0Opasza TpedyeTcs HOBas mapa
wiockocteit. [lpm  Oompmux  obbemMax  uHpOpMAIMHM, HEOKOTHUTPOH
NPEACTABIET COOOM OrPOMHYIO CTPYKTYpy C OOJBIIMM  KOJWYECTBOM
IJIOCKOCTEHN U CJIOEB HEUPOHOB.

Croit N-1 Cmoii N
IimockocTu ITnockoctu IInockoctu

CJIOKHBIX KJIETOK MPOCTBIX KJIETOK  CIOKHBIX KJICTOK

RRRNTA
AN
N\

Puc. 2.17. O6nacTtu CBS3M AJIs1 OJTHOTO CJI0SI HEOKOTHUTPOHA

Ilo mepe pacnpocTpaHeHHs] HHPOPMALIMA OT CJOSI CIIOK0 CETh CTAHOBHUTCS
BCE MEHEE YYBCTBUTEIBHOM K OpPUEHTAllMM M PACHOJIOKEHHIO 00pasza, U, B
ONpENENICHHBIX TMpeaenax, K ero pasmepy. HeupoHbl BBIXOZHOTO CIIOSA
BBITIOJTHAIOT OKOHYATEIbHOE MHBAPUAHTHOE PACIIO3HABAHUE .

Jlist ymensbiieHus: oobema oOpabaTeiBaeMoil MH(pOpMaIMK 00JIaCTU CBSI3H
IIpU  TEPEXOAE CO CJIOA Ha CIOM pACIIMPSAKOTCS, a 4YHUCIO HEUPOHOB
YMEHbIIAETCS. B BBIXOAHOM CJ10€ Ha Ka)KI0M INIOCKOCTH OCTAETCS TOJIBKO OJIMH
HEWPOH, CBA3aHHBIN CO BCEW MOBEPXHOCTHIO INIOCKOCTHU MPEABIIYIIETO CIOS.

MOXHO cuUMTaTh, 4YTO HEOKOTHUTPOH — 3TO MOJENb CIOMCTOW HEUPOHHOU
CETM BTOPOTO YyPOBHA: BMECTO OTAEJIBHOIO HEHWPOHA MHOI'OCIOHMHOIO
IIEPLENTPOHA 3[€Ch HCIOJB3YEeTCS Mapa «IUIOCKOCTh IPOCTBIX Y3JI0B —
IUIOCKOCTh KOMILJIEKCHBIX y3JI0B», KOTOpasi pad0TaeT Kak «METaHEHPOH», T.€.:

34



— IUIOCKOCTh IPOCTBIX Y3JI0B CBf3aHA C BBIXOJAMHU BCEX «METAaHEHPOHOB)»
IPEBIIYILErO €105 U BBIUUCISIET B3BEIICHHYIO CyMMY MX CUTHAJIOB,;

— IUIOCKOCTh KOMIUJIEKCHBIX Y3JI0B, IO aHAJOIMM C aKTUBAllMOHHOU
dbyHkIMel, odbecrneynBaeT HEIMHEWHOE MPeoOPa30BaHNE TOTYUYEHHOW CyMMBI H
OINPEENSIET BBIXOI KMETAHEHPOHAY.

KOHTpOJIl)HbIe BOIIPOCHI K IJ1aB€ 2

1. Kakue JomogHUTENbHBbIE TPEOOBAHUS MPENBABISIIOTCA K CTPYKTYpe
MHOT'OCJIOWHOT'O MEPLENTPOHA 0 CPABHEHUIO C MHOTOCIOMHOM CIIOUCTOU CETBIO
o0riero Buja?

2. Kak 3aBucut 000061aromias crnocoOHOCT, MHOTOCIIOHHOTO TIePIEeNTPOHA
OT KOJIMYECTBA €T0 CJI0EB U KOJIMYECTBO HEUPOHOB B ATHUX CIIOSX?

3. C Kkaxko#l LeNpI0 B aNropuTMe€ OOpPATHOIO PaCHpPOCTPAHEHUS OLIMOKU
TpedyeTcs nuddepeHIupyeMocTb aKTUBAITMOHHOW (PYHKITUN?

4. Kak orpaHnyeHusi npouenypsl rpaJueHTHOrO CIyCKa MPOSIBIAIOT ce0s
npu  OOyyeHUHM  MHOTOCIIOMHOrO  MEpUENTpOHa  METOJOM  OOpaTHOTro
pacrpoCcTpaHeHus OIIUOKU?

5. OOsscHUTE IIPOUCXOKICHHE TEpMHHA «CETh BCTPEYHOI'O
pacupoCTpaHEHUs».

6. Moxer nu cinoii KoxoHeHa B ceTH BCTPEYHOTO pacCIpOCTPAHCHHS
BKJIIOYATh KOJIMYECTBO HEWPOHOB, HE COBMAMAIOIIEE C KOJIMYECTBOM KIIACCOB B
pemaeMor 3TOM ceThio 3amade kiaccupukanuu? YUTo Npous3ouner, eciau
KOJMYECTBO HEWPOHOB OyJET MEHbUIE KOJIMYEeCTBa KJIaccoB, OOJbIIe
KOJIM4ECTBA KJIacCOB?

/. Yem BbI3BaHbI CIIO)KHOCTH NpPHU 33JaHUM HAYaJIbHbIX BECOB HEHPOHOB
Koxonena?

8. Kak cooTHOCSTCS XapaKTepUCTUKH MHOTOCJIIOMHOTO MEPLENTPOHA U CETH
BCTPEUHOT0 PACIPOCTPAHEHUS C TOUKHU 3PEHMSI CKOPOCTHU U KauecTBa 00y4eHUs?

9. Kakum oOpa3om omnpenensieTcss KOJUYECTBO HEUPOHOB B CETH
paaralIbHBIX 0a3UCHBIX (PYHKIUN?

10. C xakoii uensto B HMHC mnpumensercs mpoueaypa OrpaHUYCHHS
oOnacTeil cBsA3eil HeMpPOHOB?

11. OOBsicCHUTE NPOUCXOKIECHUE TEPMHUHA «CBEPTOYHASI HEUPOHHAS CETh.

12. B 4eM COCTOWT aHamoTusi MEXAY CTPYKTYPHBIMH JJIEMEHTaMH
HEOKOTHUTPOHA ¥ MHOT'OCJIOMHOTO NEpLEeNTpOHa?
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I'masa 3. CETU C OBPATHBIMU CBA3SAMUAU

Cetb ¢ OOpaTHBIMH CBSI3SIMH — 3TO CE€Thb, B KOTOPOM HEKOTOPBIE CUTHAJIBI
MOTYT PacIpOCTPAHATHCA 110 HUKINYEeCKOMY IyTH. IIpu 3TOM Tak *ke, Kak U JIs
CJIOUCTOM CETH, Ha HEKOTOPbIE€ HEHPOHBI MOT'YT ITOCTYIIATh BXOJIHbIE CUTHAJIbI, a
C HEKOTOPBIX HEMPOHOB — CHUMAThCS BBIXOJHBIE CUTHAJbI. Hamuune oOpaTHbBIX
CBsI3€M O3HAYaeT, YTO NPHU 33JaHHOM BXOAHOM cHurHaie X BbIXOJHOH curHain Y
MEHSETCS] BO BPEMEHMU:

Y(1) = F(X);

Y(2) = F(X,Y(1));

Y(3) = F(X,Y(2));

U T.JI.

WNHTepec npeAcTaBistoT, MPEXkAe BCETO, CETH, B KOTOPBIX BBIXOJHOW CHTHAJ
Y CXOOUTCS K HEKOTOPBIM MTOCTOSIHHBIM 3HAYECHHSIM.

OCHOBHOE NpPUMEHEHHE CETed C OOpaTHBIMHU CBS3SIMH — 3TO peaU3ALMS
accolMaTuBHOM mamsATU. [lamMsATh MOXHO paccMaTpuBaThb KaK CII0KHOE
(dyHKIIMOHaIbHOE IpeoOpazoBanue. [lpu 7TOM OHa MOXKET OBITH:

a) XKECTKO aJpecyeMod — Korja IO 3aJaHHOMY TOYHOMY BXOay (azxpecy)
OIIpPENENAETCS] TOUHBIN BBIXOJ (COAEPKUMOE MaMSTH);

0) acconMaTHBHOW — KOTJa 10 3aJaHHOMY MPHOJIMKEHHOMY BXOJY
OIPEIENSIETCS. aCCOUMUPOBAHHBIM C HUM BBIXOJ; MCIOJB3YETCS TaKKe TEPMUH
«IIAMSATh, aipecyemasi 0 COAECPKUMOMY».

B 3aBHCcHMOCTH OT BUJIa CETU 3Ta IOCTAHOBKA 33J]a4H YTOUHSETCS.

3.1. Cetb Xondpuaaa
3.1.1. Crpykrypa cetu Xonduiaa

C popmasibHOM TOYKH 3peHUS ceTh Xomduiaga — 3T0 IPOCTO MOJTHOCBSA3HAS
CETh, B KOTOPOH BCE CBSI3U SIBJISIIOTCS ABYHAIPaBIeHHBIME (pHc. 3.1).

Puc. 3.1. Cerp Xondunga kak MoaIHOCBSI3HAS CETh
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Opnako ynoOHee naaTh JApPYryl0 Tpa@UUecKyl0 HHTEPIPETALNIO CETH
(puc. 3.2). BxomHO#i curHaN ceTH TOAAeTCs Ha BXOJ BCEX HEHPOHOB TOJBKO Ha
IIEpBOM UTEpAMU. BBIUKMCICHHBIM HA OYEPEAHOW WUTEPALMH BBIXOJHOW CUTHAI
KQKJI0r0 HEMPOHA HAa CIEAYIOLIEH UTEPALM OISITh NEPENACTCS HAa BXOIbI BCEX
HEHUPOHOB.

Puc. 3.2. AnpTepHaTHBHOE MIpeIcTaBIeHNE ceTr Xonduiga

AKTUBauMOHHAas  (QyHKUMS UL BCEX  HEHPOHOB  MPEAIOJIaraeTcs
CTYyIIEHYATOM:

O_:

N
1, ecim ), W,0, >0;
i1

—1, unaue.

Texyiee cocTOsSTHUE CETH MOXHO MHTEPIPETUPOBATH KaK OJHY U3 BEPIIUH
N-mepHoro rumepky6a. Torja BXOJHOW CHTHAJN CETH OMPEIENSIEeT CTapTOBYIO
BEPIIMHY 3TOTO THMEPKy0a, a B X0/ NUKINYECKOT0 PACTIPOCTPAHCHHS CUTHAIA
0 CEeTH OHa IMepeMellaeTcss MeXay BepliMHaMu runepkyoa. Ecmu ceThb
YCTOWYMBA, TO OHA OKOHYATEIHHO CTAOMIM3UPYETCS B OJHOM W3 BEPIIUH.
Koneunast BepimHa omnpenensieTcss HadaJlbHbIM BXOJIHBIM CHUTHAJIOM U BECaMH
cBszelt cetu. JlokazaHo, YTO JUIsi YCTOWYMBOCTH CETH JOCTATOYHO, YTOOBI
matpuria W Oblla cUMMETpUYHA M UMeJa HYJIM Ha TJIaBHOW JuaroHaiu (Ha
puc. 3.2 COOTBETCTBYIOIIME CBSI3W YKa3aHbl IMYHKTHPOM). OTO YCJIOBHUE
JIOCTaTOYHO, HO M30bITouHO. Ha mpakTuke myig oOecnedeHus yCTOMYMBOCTH
CETH OCTATOYHO MPUOIMKECHHON CUMMETPHH.

3amaya ceTH — peamu30BaTh AaBTOACCOIMATHBHYIO TNaMsSTh, T.€. IS
HETOYHOTO BXOJHOTO BEKTOpa, TMOJAHHOTO B CETh, MEPEHTH B CTAOMIBHOE
COCTOSIHHE, COOTBETCTBYIOIIIEE TOUHOMY BXOJTHOMY BEKTODY.
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3.1.2. O0yueHue ceTn

CorjacHO TOCTaHOBKE 3ajaud, JJI1 MPaBHIBHBIX BBIXOA0B O KaxI0TO0
3arromuHaemoro Bektopa: O(t+1) =F(WO(t)), T.¢ cocrosHue sBISETCS

ycToituuBbIM. Jjist M 3annoMuHaeMbIX BEKTOPOB UMEEM CUCTEMY YPaBHEHUH.
Y (t+1) =F(WY_(t)), m=1LM.
Otcrona 3HaueHHUS BCEX BECOB OIPEIECISAIOTCS BBIPAKEHUEM:

1 M
VVij :W;Ymiij '

Takum o6pazom, oOyueHue cetd Xomduiga SBISETCI HEUTEPALMOHHBIM!
MHOKECTBO 3alIOMUHAEMBIX BEKTOPOB OJHO3HAYHBIM O0Pa30M OMPEIEseT BCE
BECA CBA3EH MEKy HEHPOHAMU.

B npenensHOM ciyyae, pu OAHOM 3allOMHEHHOM 00Opase, ceTb Xonduiaa
pemraer 3amady GUIBTPAMM TOYHOTO oOpa3a oT mrymMoB. [IpM HECKOJIBKUX
3alIOMMHAEMBIX 00pa3ax CeTh JIOIMOJHHUTEIBHO OIPEACIsIeT COOTBETCTBHE
MIPEABIABICHHOTO 3allyMJIEHHOTO 00pa3a OJHOMY U3 COXPaHEHHBIX 00pa3oB.
JlomycTMOe KOJIMYECTBO 3allOMHHAEMBIX 00pa30B OIEHWBAETCS OTHOIICHHEM
M <0,15N , npu GojbIIeM KOJIMYECTBE 00pa30B CETh IMEPECTACT UX KOPPEKTHO
BOCCTaHABJIMBATb.

Texnuyecku paboty J000M ceTh ¢ OOpaTHBIMH CBSI3IMHU  MOKHO
pean30oBaTh:

a) B CHHXPOHHOM PEXHUME. OUEPEIHOE «ITOKOJICHHE)» BBIXOJAO0B BBEIYHCIIACTCS
IIEJTMKOM, W TOJIBKO 3aTeM OOHOBJISICTCSI CHTHAJ, MepeaaBaeMblii M0 0OpaTHOU
CBSI3H,

0) B aCHHXpOHHOM PEXHUME. MOCJIC BHIYUCICHIUE HOBOTO 3HAYCHHS KaXI0TO
BBIXO/Ia €r0 CUTHAJI TI0 OOPATHBIM CBSI3IM OOHOBIISETCS.

B cnyuae (a) cets Xonduima MOXKET MONAcTh B COCTOSTHUE TUHAMHYECKOTO
paBHOBecHs U OyAeT OCECKOHEYHO IUKIMYECKU TEPEeKITI0YaThCs MEXIY
HECKOJBKUMH COCTOsIHUSIMU. B ciydae (6) cerp Xomdunmaa rapaHTUPOBAHHO
COMJIETCA K OJTHOMY M3 CTATUYECKUX COCTOSTHHM.

3.1.3. Ucnosib30BaHUE CeTH JIS pelleHUs ONTHMU3AIMOHHOW 3a1aum:
npumep

JlokazaHo, 4TO B X0l€ (PYHKIIMOHMpPOBaHUSA ceTh Xonduiga Ha KaxiaoM
1iare He yBeJIMYMUBAET 3HAUCHUE SHEPI U

E--2XW,00,.
i.J

Takum o0pazoM, ceTh Xomnduiaaa Takke 00ecreynBaeT ONTUMU3AIUMOHHBIN
MOMCK, HO HE Ha OJTale HACTPOWKM BECOB, a Ha JTane MNpUOIHKEHUs
3alIyMJICHHOTO CUTHQJIA K OJHOMY H3 YCTOWYMBBIX cocTrosHuU. [Ipm sTOoM
(GYHKIUS SHEPrUM MOXET HWMETh JIOKAIbHbIE MHHHUMYMBl Kak B TOYKax
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3allOMUHAaEeMbIX 00pa30B, Tak U B JApPyrux Toukax. [lo Xxomay onTumuzanuu
MO>KHO TIONACTh B TaKyl0 TOUYKY «JIOKHOrOo o0Opasza» — OTCiofa U BO3HUKAET
OTrpaHUYEeHHE HA KOJMYECTBO 3alIOMUHAEMBIX 00pPa30B.

Cerp Xomndwmiga MOXXHO 000OIIUTH C MOMOIIBIO TJIAIKOW aKTHUBAITMOHHOM
byHKITIH:

F(z) = 4 -1.
1+e™

[Ipu OonbiioM 3HaUYeHWH & QYHKIHUS CXOAUTCA K CTYNEHYATOW; mpu
YMEHBUIEHUU & SHEPreTUUYECKUE MUHUMYMBI CETH MOCTENEHHO YIAJSIIOTCA OT
BEPIUINH rMIIepKyOa B €ro BHyTPEHHIOIO YacTh.

PaccmoTpum nmpumep, JIEMOHCTPHUPYIOIIMM HCMOJB30BAHUE CETH  JUIA
pelIeHUsT ONTHMU3AlMOHHOW 3anadd. bylnem pemare CTaHIZApTHYHO 3ajada
KOMMUBOsDKepa: o0oiitu Bce N BepmmH 3amgaHHOro rpada MO MyTH C
MUHHUMAaJIbHOM JUIMHHOM, OJTHOKPATHO MOCEMasl KaXAyl0 BEpLINHY.

Jlist  mpencraBiieHUss pelIeHWs TakoW 3amauyd B ceTh  Xonduiga
BOCITIOJIb3YEMCS CIEAYIOMIEH CUCTEMOW KOJIUPOBAHUA:

— cerb BkoyaeT N xN  HelipoHOoB (0yZeM yCIOBHO CYMTAaTh MX
KBaJpaTHON MaTpHIlei);

— JUIA yCTAaHOBUBLIETOCS BBIXOJA CETH B KaXJOW CTPOKE U B KAXKIOM
CTOJIOIE MATPHUILIbI JOJKEH OBITh aKTUBEH TOJBKO OJIMH HEHWPOH;

— AKTHUBHBIA HEHPOH B KaXJOM CTOJIOLIE ONpENEseT OUEPEAHYIO BEPIINHY
B nopsijike o0xoja rpada.

JUJ1s1 BBIOJTHEHUS! OTPaHUYECHUM, 3aJaHHBIX YCIOBUSAMM 337a4d, CETh JOJKHA
00Ja1aTh CIEAYIOMIMMHI CBOMCTBAMMU:

— KaXIbld HEWPOH MNPENATCTBYET AKTUBALMU JAPYTMX HEUPOHOB CBOEU
ctpoku (ycmoBue A) m cBoero cronbna (ycinoBue B) — sT0o TpeboBanme
o0ecrieunBaeT KOPPEKTHOCTh CUTHAJla B CETU C TOYKU 3pPEHUS] BBHIOPAHHOTO
croco0a KOAUPOBaHUA IMyTH B Tpade;

— KXl HEHPOH B I-M CTOJIOIIE TeM aKTHBHEE MPEMATCTBYCT aKTHBAIUU
HeiiponoB B (i-1) wm (itl) cromdmax, dYem OOJbIlle PACCTOSHHE O
COOTBETCTBYIOMUX BepiiuH rpada (ycmosue C).

B cuMBommyeckoM BHUAE MEpPEUUCICHHbIE TpeOOBaHUA  3a/1al0TCs
CJIEAYIOIIUM BBIPAKEHUEM:

W, =—AS, (1-5,)-BS,(1-S,)-Cr(x,y)(S, ., +S

xi,yj

)+D,

ij-1

rae W, , — BeC CBA3U MKy X-M HEHpPOHOM B i-M cTONOLE M Y-M HEHPOHOM B

. . [Lecmui=j;

J-Mm cronobue; A, B, C, D — xoucrauTsl;, Slj = r(x,y) — paccrosiHue
0, uHaue;

MEX Ty Tapoil BepiivH rpada.
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N3 npoun3BOIBLHOTO HAYAIBLHOTO COCTOSIHUS BBIXOJHOM CUTHAJ CETU JOJKEH
COMTHCh K JIOKaJbHOMY MHUHUMYMY (YHKIMM DHEPrud, TEM CaMbIM

MHUHHUMH3UPYS CYMMApHYIO JUIMHY ITyTH, 3a1aHHoro matpuued W, ..

3.2. Cetb X3AMMHHTIA

Bo MHOTMX mpUKIamHBIX 337a9aX HET HEOOXOIUMOCTH, YTOOBI CETh B IBHOM
BUJIC BbIIaBaja 0Opa3erl. JOCTaTOYHO IMOJYYUTh Ha BBIXOAE CETH HOMEP
pacmo3HanHoro oopasua. [Ipu Takoil mocTaHOBKE 3a7aud aBTOACCOLIMATUBHYIO
naMATh YCIHENTHO peanu3yer ceTb XoMmmuHra. [lo CcpaBHEHHIO € CEeThIO
Xondunga, oHa TpeOyeT MEHBIIHX 3aTPaT NaMATH U 00beMa BHIYUCIICHHM.

Cetb cocrout u3 aAByX ciioeB (puc. 3.3). IlepBblii B BTOPO# CIIOM UMEIOT I10
M netiponos, riae M — yuciao xpaHumbix 00pa3oB. N-MepHBIM BXOJIHOW CHTHAI
NepeIaeTcsl Ha BCe HEUPOHBI TIEPBOTO CJIOS IO CBS3SIM, BECa KOTOPBIX 3aJJaHHBI
matpurieii W. Bce HeHpoHBI BTOpPOro CJIOsSi CBSI3aHBI MEXAY COO0Oi
WHTUOUTOPHBIMU (OTPULIATENILHBIMU OOpPaTHBIMH) CBSI3IMHU C BECaAMU, PAaBHBIMU
—¢. OOpaTHasi CBsI3b HEHWPOHA C caMUM COOOW MMEET MOJOKUTEIBHBIN Bec,
paBHbIH +1.

W \Y

Puc. 3.3. CtpykTypHas cxema ceTd XdOMMHUHTa

[IpuHuun paboThl CETH COCTOUT B CIEAYIOUIEM: BXOJHOW BEKTOP
npeoOpasyercs 1-M cioeM B OMHApHBIA KOJ, a 3aTeM 2-i ClIOi aKTUBHPYET
TOJBKO OJWH HEUPOH — TOT, KOTOPHIA OyAET COOTBETCTBOBATH 3TOMY KOIY.
[Ipn npenpsBieHUHM 2-My CIOK MCKa)XEHHOTO KOJIa BXOJHOTO BEKTOpa
M3HAYaJbHO AaKTHUBHbI OYyIyT HECKOJbKO HEHpOHOB, a 3aTeM 3a CYeT
oOpaTHBIX CBA3€W 2-1 cJIOW COMAETCA K OJHOMY M3 YCTOMUYMBBIX COCTOSTHUM —
B KOTOPOM aKTHBEH TOJIbKO OJuH HelpoH. OH u OyAeT ompenesisTh HOMEp
3alIOMHEHHOTO 00pa3a, KOTOPOMY COOTBETCTBYET MpEIAbsIBICHHBIN CETU
3alIyMJICHHBIN BXOJ.
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AxtuBanmonHass ¢ynkuus F umeer Bun mopora. Ha cragum oOydeHus
BECOBBIM KO3 (UIIMEHTaM MEPBOro CJI0S U MOPOTY aKTUBAIIMOHHOW (YHKIHUU
MPUCBAUBAIOTCS CJIETYIONTUE 3HAYCHUS:

k [ [
i X? i=LN, k=1LM,
Tk:ﬁy k:]'l_l
2

rae X| — i-if anement k-ro o6pasma.

Anroput™M  GyHKIIMOHUPOBAHHMS OOY4YeHHONM ceTh XAIMMHHIAa HMEET
CHEAYIOIINMI BHI.

1. TlomaTe HaA BXOJ CETH pacro3HABaeMbli BEKTOp X U paccuuTaTh
COCTOSIHUSI HEHPOHOB NEPBOro CJIOsl (BEPXHUM HMHJIEKC B CKOOKax YKa3bIBaeT
HOMEP CJI0s1):

N
Of =X WX, +T,, j=1M.

2. I/IHI/IIJ;I/IaJ'II/I?:I/IpOBaTIa BBIXOAbI BTOPOI'O CJIOA:
0®=0%, j=1M.

j i
3. BBIUMCIUTEL HOBBIE COCTOSIHHMS HEHPOHOB BTOPOTO CIIOSL:
(2) _ (2) 1M
O7(t+)=VO’(t), j=1LM.
4. Ecim OP(t+1)=0%(t), To pacmo3HaBaHue 3aKOHYEHO. AKTHBHBIN

HEUPOH 2-TO CII0sl ONpEACIIsIET HOMEP pacrno3HaHHOTO 00pa3a. MHaue nepeiTu k
mary (3).

3.3. JIByHanpaBJjieHHasi accoMaTUBHas namMATh (ceTb Kocko)
3.3.1. Crpykrypa cetu Kocko

C ¢dopmanbHOM TOYKM 3pEHHUs], BYHANpaBJICHHAs aCCOLMATUBHAS MaMsTh
(ecth Kocko) — 3TO ceTh C ABYMsSI KOMIOHEHTAMU: BHYTPU KOMIIOHEHT CBSI3EH
HET, a MEXJy KOMIIOHEHTaMHU CBSI3M TIOJIHbIE, MPUYEM CBS3b MEXAY Mapou
HEHPOHOB B 00€ CTOPOHBI UMEET OJMHAKOBBIN Bec (puc. 3.4).

w

Puc. 3.4. J]IByHanpaBieHHas acCOllMaTUBHAS aMATh

41



Takas  cTpykTypa C€TH  TMO3BOJISIET  MEPEUTH  OT  pealu3aluu
aBTOACCOIMATUBHON MaMATH K peaau3alliu reTepoaccolMaTUBHON MaMsITU: Ha
OJIHYy W3 KOMIIOHEHT NOJAIOTCS BXOJHBIE CHUTHAJIbBI, a C JpYroil, mocie
MOJTYYEHHUSI CTAIIMOHAPHOTO CUTHAJIA, CHUMAIOTCS BBIXOJHBIE CUTHAJIBI.

MoxHO J1athb W Jpyrylo rpaduuecKyl0 HWHTEpPIPETAlMI0 TaKoW ceTu
(puc. 3.5). B npeacTaBieHHOM BUE JABYHANPABICHHAS acCOIMATUBHAS MaMSTh
SBIISICTCS. TPSIMBIM pa3BUTHEM ceTH Xomnduiga, riae CcJIol HEWpPOHOB TO-
MPEeXKHEMY BO3BpalllaeT BBIXOAHBIE CUTHAJBI caM Ha cels. [[Ba cnos cetn Kocko
MO>KHO paccMaTpUBaTh KaK IMOCJIEI0BATEIbHBIE COCTOSHUS CeTH Xomduiia Ha
JIByX WTepanusix MpeoOpasoBaHusi curHaia. [lpum stoM 11 oOoux croeB
UCIIOJIB3YETCS OJIHA U TA K€ BECOBAsi MATPUILA, HO BBIXOJIHOW CUTHAJ HA Ka)JI0M
TaKTE€ TEPEKIIOYACTCS MEXKAYy pPa3sMEpPHOCTBIO BXOJHOIO  BEKTOpa U
Pa3MEpPHOCTBIO BBIXOJHOTO BEKTOPA.

» O1
N\
_>02
— > on

w’ W

Puc. 3.5. AnpTepHaTuBHOE NPEACTABICHUE
JIByHAIpPaBJICHHOW aCCOLMaTUBHOM MMaMATH

Ilycte cerh NEHCTBYET B CHHXPOHHOM PEXHUME — T.€. BCE BBIXOHBI CIOS
BBIUMCIIAIOTCA JI0 TOrO, KaKk OHM OyAyT mnepelaHbl Ha ciefyromui cnoil. Ecmu
MaTpULia BECOB KBajpaTHas M cuMmerpuuHas (T.e. W =WT), To Bxoasl u
BBIXOJIbl — 3TO OJHO M TOXE€, W JBYHAIIpaBJIEHHAs AacCOLMATHMBHAS MaMSTh
BBIPOJKIAETCA B ceTh Xomnduiga, odecreunBas (PYHKIHIO aBTOACCOLUMATHUBHOMN
namsaTi. B ob0mem ciaydae cerb Kocko AaeT BO3MOXKHOCTb OpPraHM30BaTh HE
aBTOACCOLMATHBHYIO, & T€TEPOACCOLMATUBHYIO MaMATh — KOTJa IO 33JaHHOMY
BXOJly BOCCTaHABIJIMBAETCSI aCCOLMUPOBAHHBIN C HUM BBIXOJ.

[lo xomy ¢yHKIMOHMpPOBaHUS OOYYEHHOM CETH OHa CXOAMTCA K
YCTOHYMBOMY COCTOSIHHIO aHAJIOTUYHO CeTH XOm(puiia:

Y(1) = KW, X(1));

X(2) = F(W, Y(1));

Y(2) = F(W, X(2));
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3.3.2. O0yueHue ceTn

Ecnu ¢pynkumonupopanue cetu Xonduiga — 3TO ONTHUMU3AIMOHHBIA TTOMCK
B IIPOCTPAHCTBE BXOJHBIX CUTHAJIOB X, TO ¢yHKIIMOHUpoBaHUEe ceTu Kocko —
9TO ONTHMH3AIMOHHBIA MOUCK B TpocTpaHcTBe curHaioB (X,Y). Ilpu stom
JBH>KCHHUE 110 KOOPJIMHATAM, BXOSIIUM B X, U 10 KOOpJIMHATaM, BXOSAIIUM Y,
MPOUCXOIUT MTOOYEPEIHO.

[IpaBuiio BBIYUCIEHUS BECOB MOCTPOCHO MO TOMY K€ MPUHIIUITY, YTO U JJIsI
cetn Xomndwina. Jns mHOXKecTBa oOydarommx map (X, Yx) 3HAUYCHHS BECOB
MaTpHIIbIL:

K
W= XY/,
i=1
rae K — KonmdecTBO 3aITOMUHAEMBIX 00Pa30B.
MakcuManibHOE ~ JIONMYCTUMOE  KOJIMYECTBO  3allOMHUHAEMBIX  00pa3oB

OLICHUBACTCS BEJIMUUHOU ——— .
4log, N

I[BYHaHpaBJICHHa}I dCCOIIMaTHUBHAA IIaMATh CBO6OI[Ha oT OFpaHH‘IeHHﬁ,
KOTOPBIE MCIOJIB30BAIUCH B CeTU Xomduiiaa sl 00eCIeUeHUsI €€ CXOIUMOCTH
K CTallUOHApPHOMY COCTOAHHIO:

— MaTpHrlia BECOB MOKCT COACPKATDH JIIO6BIC 3HA4YCHUS,

— CETh MOXET paboTaTh U B ACHHXPOHHOM M B CHHXPOHHOM PEXUME;

— AKTHUBAIIMOHHASI (PYHKIUS HEUPOHOB MOXET ObITh HEMPEPHIBHOM.

3.4. MHoOroC/10liHbIE C€TH ¢ 00PATHLIMH CBSI3AMH

Ecnu aByHampaBiieHHasl accollMaTHUBHAs MaMsTh — 3TO OOOOIIEHHE CEeTH
Xondunga Ha ciayyall ¢ 2 CIOSAMH, TO MOXHO paccMaTpuBaTh M Ciy4yau C
OOJBIIMM KOJIMYECTBOM CIIOEB, COXpaHsAs TPEOOBAHHME K HAIMYHUIO OOpPATHBIX
CBSA3EH MEXIy KaKUMU-THOO CIOSMHU.

Cerp JIXopmaHa — 3TO HEHpPOHHAsi CETh, KOTOPYK MOYHO IOJYYUTh
13 MHOTOCJIOWHOTO IEepLEeNTpPOHa, €CJIM Ha €ro BXOJX I0JaTh, ITOMHMO
BXOJHOTO BEKTOPA, BBIXOJHOMN C 3aJ€PKKOW Ha OJUH WM HECKOJBKO TaKTOB
(puc. 3.6). C onmHOH CTOPOHBI, TaKas CETh, MOJOOHO MHOTOCIOWHOMY
HNEpLENTPOHY, MOXET peaJu3oBaTh 0o0jee CI0XHYI0 (PYHKIHMOHAIBHYIO
3aBHUCUMOCTbD BBIXOJHBIX CUTHAJIOB OT BXOJHBIX, yeM ceTb Kocko. IIpu 3ToMm
HOSIBIISIETCSI BO3MOXKHOCTh €€ JOOOYy4YeHHUs C MOMOUIbI0 METOoJa OOpaTHOTO
pacnpoctpaneHuss omubOku. C apyroil CTOpOHBI, MOJOOHO APYTUM CETAM C
oOpaTHBIMM CBSI3sIMU, Beca ceTH J[>kopaaHa MOXHO paccuuTaTh IO
oOyuyaromieii BbIOOpKE 0€3 MNPUMEHEHHUS PECypCOeMKOW HUTEepallMOHHOM
poleaypbl 00yUYEHHUS.
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Puc. 3.6. Ctpykrypa cetu Jlxxopnana

Cerp DnMmaHa OTJIMYAETCS TEM, YTO OOpaTHBIE CBSI3M WAYT HE OT BBIXOJA
CEeTH, a OT BBIXOJIOB BHYTPCHHHUX HEHpoHOB (puc. 3.7). Takas CTpyKTypa ceTh
XOpOIIIO TOAXOAUT Jyuisi 00paboTku WHGOPMAIMKU, MPEICTABICHHON Kak
MOCJIEIOBATENBHOCTh CUTHAJIOB.

KonTtekcrabie Bxonnsie

O
)\

HEHUPOHBI | | HEHPOHBI

Puc. 3.7. CtpykTypa cetu DnmaHa

PaccmoTpum yacTHBIN cilydall, KOTJIa CETh BKIIFOYAET 3 CII0S1 C KOJIUYECTBOM
HeiiponoB 2N, N u 2N, cooTBeTcTBeHHO. BX0OMHOW CUTHAN MoaeTcsi Ha TepBhIe
N HelipoHOB MepBOTro cios (0yaeM Ha3bIBaTh UX «BXOJHBIMHU»), @ HA OCTAJIbHBIE
HEHPOHBI MEPBOTrO CIOS MOAAETCS CUTHAJI CO BTOpPOro cliiosi cetu (Oynem
Ha3bIBaTh 3TU HEHPOHBI «KKOHTEKCTHBIMUY).

Ha mnepBoil uTepanu Ha BXOJ M BBIXOJ CETH TNomaeTcs |-l curHan
MOCJIEIOBATEIBHOCTH U OHA 00y4YaeTcsi METOJOM OOPaTHOTO PACIIPOCTPaHEHHUS
OLIMOKHU.

3aTeM Ha BXOAHbIE HEHPOHBI 1-TO crnos momaercss 2-i1 cuUrHaia, a Ha
KOHTEKCTHBIE HEUPOHBI 1-TO CJI0S — CUTHAII CO CKPBITOrO CJIOS. AHAJIOTHYHBIMI
CUTHAJ TOJAeTCs B KayecTBE IEJIEBOIO Ha BBIXOJ CETH, U OHA J000ydaeTcs
COTJIaCHO METOAY 0OpaTHOTO PaCHpPOCTPAHEHUS OLINOKH.
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Jlanee mpouecc MOBTOpSiETCS Uil MOCIEAYIOIIMX BXOJHBIX CHUTHAJIOB. B
MpollecCe TaKoro PEKypPCHUBHOTO OOyuYeHUsS CeTh MPUOOpPETaeT CBOMCTBA
bunabTpa: BIXOJ CETH 3aBUCHUT HE TOJIBKO OT TEKYIIETr0 BXOJIHOIO CUTHAla, HO U
OT BXOJHBIX CHUTHAJIOB, MOCTYNUBIIUX B ceThb paHee. COOTBETCTBEHHO,
BBIXOJIHOW CUTHAJ MPEJCTABISIET U3 CEOsl CTIaXXEHHYIO BEPCHIO BXOJHOIO, B
KOTOPOM IIyMbI MOAABJISIIOTCSL 332 CUET CPABHEHHUSI CO BXOJHBIMU CHUTHAJIAMH,
MOJTYYEHHBIMU CEThIO PaHee.

3.5. CeTb a1aNITUBHOTO Pe30HAHCA

Eciu npu  oOyuyeHMH  HEHPOHHOM CETH  TPEABABISECTCS  TOJBKO
buKcUpoBaHHBIM HAOOpP OOYy4YalOMIMX BEKTOPOB, OHM MOTYT MOJAaBaThCS
nukinyecku. Eciam, oHaKko, MOJHOCTBIO 00y4YEHHas CeTh JOJKHA 3allOMHHUTH
HOBBIN 00y4YaroIUi BEKTOP, OH MOKET MU3MEHUTH Beca CBSI3€H HACTOJBKO, YTO
noTpedyercst MojgHoe mepeodydyeHue ceTu. [lodToMy K HEWpOHHOH CeTH,
NEHCTBYIOIEH B W3MEHSIONIMXCS ~ YCJIOBUAX,  MNPEABABISAETCS  JIBa
POTUBOPEUNBBIX TPEOOBAHMUS:

— CeThb JIOJDKHA BBIABIATH 00pa3bl HOBBIX  KJIACCOB, paHEe HE
MPECTABICHHBIX B 00yUaroIieil BHIOOpKE (TIaCTUYHOCTH);

— HW3YYCHHBIE KJIACChI 00Pa30B JIOJKHBI COXPAHATHCS (CTAOMIBHOCTD).

[IpoOnemMa CcTaOMIBHOCTU-TUIACTUYHOCTH pEIIACTCI B paMKax TEOpPUHU
aJaliTUBHOTO pe3oHaHca. OOmui mNopsgoK paboThl CETH  aJalTUBHOTO
pe30HaHCca CISAYIOUIHA.

1. 3HayasibHO B c€JI0€ pacro3HaBaHUS BCE HEUPOHBI «CBOOOJHBI» U HE
XpaHAT UHPOPMAIIUIO O KaKOM-JIH00 oOpasze.

2. OuepenHON BXOIHOW BEKTOp KiIacCU(PUIMPYETCS COINIACHO MHOYKECTBY
y’K€ 3allOMHEHHBIX 00pa3oB. B pe3ynbrare akTUBHpYETCS OJAMH W3 HEWPOHOB
CJIOSI pacliO3HaBaHUS.

3. BxomHo#l BEeKTOp CpaBHHBAeTCs C 3allOMHEHHBIM oOpazoMm. Eciu onu
JI0OCTaTOYHO TIOXOKU — MPOIIECC pPAaCIO3HABAHUS 3aKaHYMBAETCA, a HHGOpMAIUs
O Pacro3HaHHOM 00pa3e KOPPEKTHPYETCH.

4. Vlnaue [aHHBIA 3allOMHEHHBIM 00pa3 Mpomyckaercs W BbIOMpaeTcs
CJICYIOIINN TIO CXOXKECTH CO BXOIHBIM BEKTOPOM 00pa3 u T.1.

5. Ecnim BXOQHOWM BEKTOp CIMIIKOM CHJIBHO OTJIMYAETCS OT BCEX YXKe
3alIOMHEHHBIX 00pa30B — B MaMATU CETH OOECIEeYMBACTCS CO3JaHHE HOBOTO
oOpa3za, a CyIIeCTBYIOIIHNE 00pa3bl HE MEHSFOTCS.

3.5.1. Ctpykrypa cetu APT-1

OYHKIIMOHUPOBAHUE CETH OCHOBAHO HA MPOCTHIX MPUHIUINAX, KOTOPHIE
MO>KHO TTOKa3aTh Ha JIBOMYHBIX o0pa3ax (3To cooTBeTcTBYeT Moaenu APT-1). B
moaenu APT-2 »stu mpuHmumsl 0000MIAIOTCS HA Cioy4yall BEIIECTBEHHBIX
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BEKTOPOB, HO MaTeMaTH4ecKkas MOJAeNb TMOoIy4aeTcs Oojiee TPOMO3IKOM.
Orpannunmcs paccmorpenneM mojaenu APT-1 (puc. 3.8).

» I »  Ci0il pacrio3HAaBaHUS |
G2
A
R
C
A 4 A 4 Y
[ Gl n e
- I > Cioii cpaBHEHHUS Copoc
1 r Y

°

X
Puc. 3.8. CtpykrypHas cxema cetu APT-1

CrpykrypHo cetb APT-1 BkitouaeT cienyromue 0J0KH.
1. Cnoii cpaBHenus (puc. 3.9).

R
a I

— _/
X

Puc. 3.9. Cnoii cpaBuenus cetu APT-1

B HeoOy4eHHOM ceTu ciioil cpaBHEHUS TTPOCTO MepeaacT BXOAHONU BEKTOp X
Ha BBIXOJI. B 00yueHHOI ceTu Kax/Iblil HEHPOH MOJTyyaeT Ha BXOJIE:

— KOMIIOHEHTY BeKTopa X

— 00OmMi CKaIApHBIN curHai ot 6j10ka I1;;

— CHUTHaJIbl OOpaTHON CBA3M CO BCEX HEHWPOHOB CJOA pacClO3HABAHUS
(TOJIBKO OJIMH U3 HUX MOXET ObITh paBeH 1), B3BEIlICHHbIE OMHAPHBIMU BECAMHU.
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Boixon HelipoHa cpaBHeHUs paBeH 1, eciu XOTs Obl JBa M3 €ro BXOOB
paBHbI 1.

2. Cnoit pacno3naBaHusg. Cioil pacrno3HaBaHus KiacCUPUUUPYET
NOJy4YEHHbIE Ha BXOJE BEKTOpPAa, AKTUBUPYS TOJBKO OJUH M3 CBOHX
HEMpPOHOB, HMMEIUIMKA Haumbojee NOXO0XUH Ha BXOJHOM BEKTOp Beca.
TexHuuecku Takoe TMOBEACHHE OOECTEYMBACTCS TOPMO3SIIUMHU CBI3SIMU
BHYTPH CJ051 HEUPOHOB.

3. bnok Il; peammszyer mormdyeckoe WMJIM OT KOMIIOHEHT BXOJHOTO
BeKkTOpa X.

4. brnok II; peanmsyer mornueckoe MJIM OT KOMIIOHEHT BXOAHOTO BEKTOpa
X, KOTOpoe IMepeMHOXKaeTcsi Ha oTpuiianue jorudeckoro MJIM ot koMmoHeHT
BekTopa R. Takum o6pazom, Tabauila UICTUHHOCTHU JJISl JIOTUYECKON (DyHKIIHH,
peanu3yeMoi 3TUM OJIOKOM, UMEET CIeAyIomui By (Tadm. 1).

Tabmuma 1
NJIN oT KOMIIOHEHT NJIN oT KOMIIOHEHT
Curnan G1
BekTopa X BekTopa R
0 0 0
1 0 1
1 1 0
0 1 0

5. biok cOpoca BbIpabaThiBaeT CUTHal cOpoca, MOChUIAEMbIA Ha CIIOU
pacrno3HaBaHusl, €CIIA pacCcTosiHuEe XeMMHHra Mexay Bektopamu X u C, T.e.
KOJIMYECTBO OTJUYAIOIIUXCS OUT B 3TUX BEKTOpax, OOJbIIEe HEKOTOPOTO
nopora.

3.5.2. Auroputm padoThl ceTH

[Ipouecc wnmaccupuxammu B cetu APT-1 coctout u3 4 ocHOBHBIX (a3:
pacrno3HaBaHue, CpaBHEHHUE, TTIOMCK U 0Oy4YeHHE.

1. Pacnio3naBanue:

— u3HavanbHO G =0, mosTOMy BCEe HEHPOHBI CJIOS paclO3HABaHUS
MIACCUBHBI;

— Tpu moAaye BXoaHOTo BekTopa X curHaisl Gi u Gy momydarot 3Hadenue 1;

— B pe3yJibTaTe CJIOW CpaBHEHHS HAYMHAET BHINAaBAaTh HA BHIXOJE BEKTOp X
(puc. 3.10, a);

— HEWpOH CJosl pacro3HaBaHUs C BecaMu, HauOosee OJM3KUMHU K X,
BBINTPBIBACT W HA BBIXOJE CJIOS pacro3HaBaHUS BO3HUKAeT BeKTop R, ogHa u3
KOMIIOHEHT KoToporo paBHa 1 (puc. 3.10, 0).

2. CpaBHeHHUE:!

— EIVHUYHBIA CHUTHAJl C €JIWHCTBEHHOIO HEWpPOHA CJIOS PaClO3HABAHUSA
pacchUlaeTCs Ha BCE HEHPOHBI CIIOS CpaBHEHUS depe3 OWHapHBIE Beca (Te ke
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camble, KOTOpbIE SIBJISIIOTCS BXOJHBIMU [UJIi HEMpOHA paclo3HaBaHUs U
OTIPEEIISIIOT 3aIIOMHEHHBIN UM 00pa3);

— cur"an G; oOHyJsieTcs — B pe3yibTaTe B CJIO€ CPABHEHMSI aKTUBUPYIOTCS
TOJILKO HEHPOHBI, OAHOBPEMEHHO MOIYYAIOIINEe SAUHHUILY U CO BXOJa, U OT CJIOS
pacrnio3HaBanus (puc. 3.11, a);

— €CIIM paccTosiHue XeMMHHra Mexay X U P BEIMKO — HECKOJbKO
HelpoHOB Ha (a3e cpaBHeHUs OymyT Bo30Oyxkmatbes u C OyaeT comepkarh
MHOTO HyJIeH, B TO BpeMsi Kak X COJIEPKUT €AMHHULIBI;

— 9TO O3HAYAET, YTO BO3BPAILECHHBIA BEKTOp P He sBIsIETCS MCKOMBIM U
BO30Y>KICHHbIC HEMPOHBI B CJIOE PACIIO3HABAHUS JOJDKHBI OBITH 3aTOPMOIKEHBI;

— 3TO TOPMOXKEHHE MPOU3BOAUTCS OJIOKOM cOpoca, KOTOpPBI CpaBHUBAET
Bx0HOM BekTop X U BekTop C u BbIpabaThiBaeT CUTHAN cOpoca, €Ciu CTEIEHb
CXOJICTBA ATUX BEKTOPOB MEHbIIIE HEKOTOPOTo ypoBH4 (puc. 3.11, 0).

43:'000 D—'CYD,\\
S /R 1

X

a) 0)
Puc. 3.10. Pacnpoctpanenue curnanoB B cetu APT-1 Ha da3ze pacnosHaBanus:
a) JIJIsl CJIOSI CPaBHEHUS;, 0) /IS CJI0sI pacliO3HaBaHUS

Puc. 3.11. Pacnpoctpanenue curnanoB B cetu APT-1 Ha da3ze cpaBHeHus:
a) s cios cpaBHEHuUs; 0) i 610ka cOpoca

3. IMowuck:

— ecnu  He BhIpaboTaH curHaia cOpoca, TO CXOJCTBO MPHU3HACTCS
JIOCTATOYHBIM U TIPOIECC KTacCu(PUKAIIK 3aBEPIIACTCS;
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— B TPOTUBHOM Cllydyae JApYyrue 3allOMHEHHbBIE 00pa3bl JIOJDKHBI OBITh
UCCIJIEIOBAaHbI C LENbIO MOMCKA JIyUIIETO COOTBETCTBHUS; IIPU TOM TOPMOKEHHUE
BO30YKJIEHHOTO HEHPOHA B PacHO3HAIOUIEM CJIO€ IPUBOJUT K YCTAHOBKE BCEX
KoMroHeHT BekTopa R B 0, G; ycranasnuBaetcst B 1 1 BX0HO# BeKTOp X OMSATH
0e3 m3meHeHwuit epenaercs B C (puc. 3.12);

— B CJIO€ pacro3HaBaHWsA CHOBAa MIIETCS HEWPOH C BecaMmH, HauoOoJjee
MOX0XMMHU Ha BXOAHOW BEKTOp; OJHAKO MPEABIAYIIWNA pPAaHEE OTBEPIHYTHIE
0510kOM cOpoca HEHPOHBI B TMOKWCKE YK€ HE YYaCTBYIOT (3TO 0OecreunBaeTCs
BECAMH BHYTPEHHUX CBS3€H CIJIOS paclO3HABAHUA);

— HOBBI HEHPOH BBIMIPHIBAET COPEBHOBAHUE B CJIOE€ PACIIO3HABAHHS H
Jpyroi 3allOMHEHHBII 00pa3 P Bo3Bpalaercs B 0l CpaBHEHUS;

— eciu P He coorBerctByeT X, TO BO30YKIEHHBIH HEWPOH B CIOE
pacro3HaBaHUsl CHOBA TOPMO3UTCHL.

1, 000,
2500 -

Puc. 3.12. Pacnpoctpanenue curHanoB B cet APT-1 Ha (aze moucka

OTOT mpouecc NOoBTOPSAETCSA A0 TEX IMOP, MOKA HE BCTPETUTCA OJHO U3 JBYX
COOBITHI:

— HaiiJleH 3allOMHEHHBII 00pa3, CXOACTBO KOTOPOro C BEKTOPOM X BbIIIE
YPOBHsI IapaMeTpa CXOCTBA,;

— BCE 3allOMHEHHbIE 00pa3bl NPOBEPEHbI, OINPEAENEHO, YTO OHU He
COOTBETCTBYIOT BXOJHOMY BEKTOpPY, M BC€ HEUPOHBI CJIOS pAaCIO3HABaHUS
3aTOPMO’KEHBI.

B nocnennem ciydyae nmpeaBapuTENbHO HE PACIPEACICHHBIN HEMPOH B CJIO€
pacno3HaBaHMsI  BBIAEISETCS 3TOMYy 00pa3y M €ro BECOBOM  BEKTOP
YCTaHaBJIMBAIOTCSI COOTBETCTBYIOUIMM HOBOMY BXOJHOMY 00pa3zy. Heymaunblit
NOUCK Oy/JeT aBTOMaTUYECKHU 3aBEpIIAaThCs HAa HECBSI3aHHOM HEWpOHE, TaK Kak
€ro Beca BCE PAaBHBI €IMHUIIE — CBOEMY HAYAJIbHOMY 3HAYEHHUIO.

4. OOyueHue.

[Tocne Toro, Kak OKOHYATEIHHO BBHIOpAH MOOCAUBIINN HEUPOH, MPOBOJIUTCS
N000y4YeHHe CeTH, B TMpolecce KOTOpOro MoAu(UIUPYIOTCS Beca CBs3ei
BO30YKJICHHOTO HEMpOHa CII0sI paClO3HABAHMSL:

— €CJIM 3TOT HEMPOH YK€ XPaHUT KaKoW-TO 00pa3, TO MHPOpMaIus O HOBOM
BEKTOPE CKOPPEKTUPYET ITOT 00pa3s;
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— €CJIM ATO HOBBIM HEOOYUYEHHBIM HEHPOH, TO €ro Beca OyAyT MICHTUYHBI
BXOJIHOMY BEKTODY.

3.5.3. [loBenenue ceru

JlokazaH psii TIOJIE3HBIX CBOMCTB, KOTOPHIM 00JIalal0T CETH aJanTHUBHOIO
pe30HaHcA.

1. IToBTOpHOE TpEeAbSIBICHUE BEKTOpPA, KOTOPHIM YK€ HCIOJIb30BAICA IS
oOy4eHHsI CeTH, Cpa3dy MpUBENET K aKTHBAIMU HYXXHOTO HEHpoHa Clos
pacrmo3HaBaHus, T.€. Bpems Ha ¢azy moucka He ToTpedyeTcs.

2. ®a3a oOyueHHUsl SBISETCS YCTOMYUBOM, T.. OHAa TapaHTUPOBAHHO HE
MIPUBEJIET K CMEHE aKTUBHOTO HEMPOHA.

3. Ilponecc 3anoMuHanusi 00pa30B KOHEYEH, T.€. CETh MOJOCThIO OOYUUTCS
32 KOHEYHOE YMCJO IIaroB HE TOJIBKO [JII KOHEYHOM MOCIEI0BATEIbHOCTH
BXOJIHBIX BEKTOPOB, HO U I OECKOHEYHOM MOCIEA0BATEIIbHOCTH HUKIMYECKH
MOBTOPSAIOIINXCSA BEKTOPOB (B OTJIMUKE OT JIPYTUX TUIIOB CETEH, KOTOPHIE B ’TOM
clly4ae MOTYT OCHUJUIUPOBATH).

CnenaeM Takke HECKOJIBKO 3aMEUaHUM OTHOCUTEIBHO OCOOEHHOCTEU
peanuzaruu cetu APT-1.

1. Ilpu ucnonb30BaHUU JBOMYHBIX CUTHAJIOB KaXKJIbIA 3alIOMHEHHBIN 00pas3,
0 CyTH, MPEACTaBIsET COOOM JIOTMYECKOE MPOU3BEIICHUE OO0YyYaroInX
BEKTOPOB, KOTOpPbIE OBUIM OTHECEHBI CEThIO K AaHHOMY oOpasy. Ecnu kakas-to
KOMIIOHEHTa 3allOMHEHHOro o0Opasa 1o xoay oOydeHus: moJiyduia 3HaueHue 0,
TO OHA YK€ HUKOTI/Ia HE BEpPHETCS K 3HaUeHUI0 1. IMEHHO Mo3TOMYy M3HAYaIbHO
HEOOy4YeHHbIE HEWPOHBI MMEIOT BECOBBIE BEKTOPA, IIEIMKOM COCTOSIIHE U3
3HaueHuH 1.

2. HeoOGxomuMoe KONMMYECTBO HEMPOHOB B CJIO€ pPACIO3HABAHUS, MO CYTH,
OTIpEeJIeNISIETCSl TI0 XOJly 3allOMUHAHUS TPEAbSIBICHHBIX O0pa30oB: KaK TOJBKO
CeTh OOHAPYKMBAET BXOJHOW BEKTOp, CIMIIKOM CHJIBHO OTIMYAIOIIMICS OT
BCEX paHEe 3allOMHEHHBIX — OHa 3aJCWCTBYET HOBBIM HEWPOH B CIOE
pacro3HaBaHUsl.

3. CeThb NODKHA MPOW3BOAUTH ITOCJIECAOBATEIBHBIA TOUCK CPEIH BCEX
3alIOMHEHHBIX 00pa3oB. B aHaloOroBelx peanu3amusx d3TO MOXKET
MPOUCXOJAUTH OYEHb OBICTPO, OJHAKO MPU MOJEIUPOBAHMU Ha HUDPOBBIX
KOMITBIOTEpaX ATOT MPOIECC MOXKET OKa3aThCs OYEHb JUINTENIbHBIM. Eciu xe
CeTh aJIaITUBHOTO PE30HAHCA pealu3yeTcs Ha MapajjielibHbIX Mpolleccopax,
TO BCE CBEPTKM Ha paclo3HAOUIEM YPOBHE MOTYT BBIUUCISTHCS
OTHOBPEMEHHO. B 9TOM ciydae MOUCK TakXke He MoTpedyeT OOJIBIIOTO
BPEMEHHU.

50



KoHTpoJibHBIE BONPOCHI K TJIaBe 3

1. B 4yemM coCTOMT pa3HMI]a MEXIy  aBTOACCOLMATUBHOM U
reTEPOACCOLMATUBHON MAMSITHIO?

2. Uem 0O0ycCIOBIEHO OTrpaHWYCHHE HAa KOJUYECTBO OOpa3oB, KOTOPHIE
MOryT ObITh coxpanensl B MHC, peanusyronieit acCouaTuBHYIO MaMsITh?

3. UeM OTIMYAIOTCS CUHXPOHHBIN M aCHHXPOHHBINA PEXUMBI PaOOTHI CETH C
TOYKH 3PEHUSI CXOJUMOCTH CUrHaja?

4. B kakux ciydasx ceTb XOMMHUHTa MOXET 3aMEHHTbh COOOI0 CeTh
Xondunga?

5. Moxuno nu cumrtath ceth Kocko o0oOmieHneM cetd XIMMHUHTA Ha
CIIy4ail ¢ AByMsI CIOSIMH HEMPOHOB?

6. Kakxum oOpa3zoM peanusyeTcsi peKUM A000y4YeHUsT B MHOTOCIOMHBIX
HNHC ¢ o6paTHbIMH CBSA3SIMH?

7. UYro Takoe npobieMa miIacTUYHOCTU-CTa0UILHOCTH?

8. Ilouemy cetb APT MOXHO CUMTaTh CETHIO C MEPEMEHHBIM KOJUYECTBOM
HEUPOHOB?

9. Hcnonssyrorcs nu B cet APT cBsi3u BHYTpH OHOTO €051 HEHPOHOB?

10. ITouemy HOBBIE HEUpPOHBI B clloe pacro3HaBaHus cetd APT
WHULMAIU3APYIOTCS] BECAMU, paBHBIMU 17
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I'nasa 4. IPUKJIAJTHBIE ACHHEKTBI UCITOJIB30OBAHMUSI
HEMPOHHBIX CETEA

4.1. ITouck ri100aIbHOTO ONTUMYMA B HEHPOHHBIX CETAX

B OonpmMHCTBE HEHPOHHBIX CETEM MCMOIB3YETCsS MEXaHU3M UTEPATUBHOTO
MOMCKA:

— JUIA CeTe MpSIMOTO PACTIPOCTPAHECHUS] OH MPHUMEHSETCS MpPU O00yYEeHUHU
HEWUPOHHOM CETH;

— A cered ¢ OOpaTHbIMH CBSI3IMM OH IPUMEHSETCA IpPU pacyere
BBIXOJIHOTO CUTHaJIa 00y4YEHHOM CETH.

OTOT MEXaHU3M TOJIBEPKEH CIEAYIOIIEMY MPUHLUUIINAAIBHOMY HEIOCTATKY:
OH 00ecCleYynBaeT CXOJAMMOCTh MPOUEAYPHl K ONKaillieMy JOKaIbHOMY
ONTUMYMY, KOTOPBIN:

a) MOJKET OBITh CYIIECTBEHHO XYK€ INI00aIbHOTO ONTUMYMA,;

0) MOXKET MpeNCTaBIATh U3 Ce0sl WIOKHBIA 00pa3», HE COOTBETCTBYIOLIUHI
00ydJaromuM JTaHHBIM.

Jlis GoppOBI C 3TUM HEAOCTATKOM MOXKHO HCIOJb30BaTh CIIEAYIONINE
HOJIXOJIBIL:

1) BBeneHre WTPadHBIX (QYHKIHUHA, CTPEMSIUXCS BBITOJIKHYTh IOWCK W3
JOKAJIbHOTO MHMHHUMyMa (T€M caMbIM HpUOIHU3UB MHOTOIKCTPEMAIIBHYIO
(YHKLIHIO K OTHOAKCTPEMATIBLHOM );

2) BBEJICHUE CIYYailHO COCTAaBJISIFOIICH B MTEPAIMOHHYIO MPOLEAYPY: €CIH
MOUCK IMOMajl B TOYKY JIOKAJIBHOTO MHUHUMYMa, TO Ojarojmaps CilydalHOM
COCTABJISIFOLIE OH MOXKET OTTY/1a BBIOPATHCH;

3) mapajuIeNbHBIA  TIOUCK PEIICHUST Ha CHCTEME pPAa3JIMYHBIX TOYEK
ONTUMHU3UPYEMON (YHKLHU: OHU OXBATBHIBAIOT OOJACTh MOMCKA LEIUKOM, TEM
caMbIM H30erast JIOKaIu3aluy MOUCKA B OKPECTHOCTH OJJTHOTO ONTUMYMa.

PaccmotpuM moapoOHee metoabl rpynibl (2) (BeposTHOCTHBIE METOMbI) U
(3) (3BOJTFOLIMOHHBIC METO/IBI).

4.1.1. CroxacTnueckoe 00yyeHue HeHPOHHOM ceTH

OO6mrast cxemMa CTOXaCTHYECKOTO OOY4YEHHUs MPEIoyiaraeT CIlIeayromIyo
IIOCJIEN0BATEILHOCTD JCHCTBUM.

1. BoiOpatb  HM3MeHsieMbId  BecoBOM KO3 PuIMeHT (Wiau  rpymnmy
K02 dULIUEHTOR).

2. [logBepruyTh HMX CIy4YalHOMY W3MEHEHHUIO (COTJIaCHO HEKOTOPOMY
BEPOSITHOCTHOMY pPacHlpe/leICHUI0, KOTOPOE 3aBUCHUT OT TEKYIIETO COCTOSHMS
nporiecca 00y4ueHus).

3. O1leHUTh BO3HUKILIEE U3MEHEHHE 11eJIeBOM (PYHKIMU (B cilydae 00yyeHus
C YyudTeNeM — KaK M3MEHEHHWE KadyecTBa pabOThl HEHPOHHOM CeTH Ha
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oOy4aronieil BbIOOpKE, B cllyyae caMOOOYYEHMS — KaK M3MEHEHHE 3HA4YeHMUS
«QHEPTHUN» CETH).

4. Ecnu KoppeKUus yaydllaeT 3HaueHue 1eJ1eBOM (QyHKIIMN — COXpaHUTh €e,
MHa4Ye — COXPAHUTh €€ C HEKOTOPOW BEPOSTHOCTHIO (BEPOSITHOCTH 3aBUCHUT OT
TEKYILIETO COCTOSIHUS MpoIecca 00yUeHHUs ).

5. Ecnu He TOCTUTHYT KpUTEPU OCTaHOBA, TO MIOBTOPUTH Tporiecc ¢ mmara (1).

Pa3mep BBIMONTHAEMBIX BEPOSITHOCTHBIX W3MEHEHUH JODKEH IMOCTEIIEHHO
CHIKAThCS C ONPEACIICHHON CKOPOCTHIO:

— €CJIM W3MEHEHUS CTaHYT CIUINTKOM MaJjbl, KOTJIa CETh €Ile¢ HaXOIUTCS B
OKPECTHOCTH «IIJIOXOT0» JIOKAJIhbHOTO MHUHHMYMa, TO OHAa HE CMOXKET OTTYja
BBIOpaThCH;

— ©CIM W3MCHEHHsI OYIyT CIHIIKOM BEJIHMKH, TO CETh OYJET IOCTOSHHO
MepeCKaknuBaTh MEXKIY JIOKAIBHBIMU OKPECTHOCTSMU «IIJIOXHUX» M «XOPOIIUX»
JIOKaJIbHBIX ONITUMYMOB.

Ha mare (4) q10JDKHBI ¢ HEKOTOPOI BEPOSATHOCTBIO COXPAHATHCS U3MECHEHUS,
YXyAIIafoue 1eneByo (yHkmuioo. MOXHO HMCHOJIB30BaTh  CICTYIOIICE
PaBUIIO:

C
P(c)=e .
rne P(c) — BEpOsITHOCTh M3MEHEHHMsI ¢ B 1eNieBOi (pyHKIMK; K — KOHCTaHTa, { —

0
1+t
KOTOpasi CHIXKAeTCs IO X0y O0y4eHUsI.

BriOupaercst ciiydaitHoe 4HCJIO I' U3 PAaBHOMEPHOIO pPaclpenesieHUus OT
Hyss 1o eauHuiel. Eciu P(c) Oomblie, 4eM I, TO U3MEHEHHE COXPaHSIETCS, B
MPOTUBHOM CJIy4Ya€ BEJIMYMHA BECAa BO3BpAIIACTCA K MNPEABIAYIIEMY
3HAYECHUIO.

Ha mare (5) B kauecTBe KpUTEpHUsi OCTAHOBA MOYKET HUCIIOJIb30BaThCA:

— TIOpPOTOBOE 3HAaYEHUE 1EJIEBOM (PYHKITUY;

— OrpaHUYeHHE Ha 00I11ee KOJI-BO UTEPALINii;

— OrpaHMYEHUE HA KOJ-BO TMOCIEOHUX HWTEpalMil, HE YIyUIIHBIIUX
3HAYCHUE 11eTICBON (QYHKITUU.

HOMep wuteparmu oOyuenus, T (t) = — HCKYCCTBEHHAsl TeMIepaTypa,

4.1.2. Ucnosib30BaHMeE TeHETHYECKUX AJITOPUTMOB B HEI{POHHBIX CETAX

B03MOXHBI pa3iiMuHble BAPUAHTBI COBMECTHOTO HUCITOJIb30BAHNUS HEUPOHHOU
CETU Y TEHETUYCCKHUX allrOpuT™MOB [8]:

1) npenoOpaboTKa  JaHHBIX  JJII  HEWPOHHOH CETH  IEHETHYECKHM
ANITOPUTMOM;

2) o0yueHHe HEHPOHHOM CETH TeHETUYECKUM aJIrOPUTMOM;

3) ompenesieHUe CTPYKTYPbl HEHPOHHON CETH C MOMOIIBIO T€HETHYECKOTO
aNrOpUTMA;
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4) ynpaBJieHHE CKOPOCTbIO OOYy4YCHHMsSI HEHPOHHOH CETH C IOMOIIBIO
F€HETUYECKOr0 alrOpUTMa;

5) reHepanyss  HAYaJIbHOW  MOMYJIALMU  SK3EMIUIIPOB  T'€HETHYECKOTO
ITOPUTMA C IIOMOIIBIO HEHPOHHOU CETH.

PaccMoTprM HEKOTOpBIE M3 3TUX BO3MOKHOCTEM.

IIpedobpadomka ucxoOHvix OAHHBIX 01 HEUPOHHOU cemu

Bxo/1HOI BEeKTOP, OMUCHIBAIOIIUM COCTOSIHUE 00BbEKTA, IPOMYCKACTCS Yepe3
OJIOK TEHETUYECKOTO aJropuTMa, KOTOPBIM CHKUMAET ero. 3aTeM CKaThld
BEKTOp MOJAETCS Ha BXOJ HEHPOHHON CETH, KOTOpas YK€ peliaeT 3agady
KJIacCU(UKAIMM C TOMOINBIO CTAaHAAPTHBIX METOJOB OOY4YeHHUS WM
camooOyuenus. Ilockonbky  pa3MepHOCTh BXOJa  HEHPOHHOU  ceTu
COKpAIlAeTCsl, TO YMEHBUIAETCS U BBIYUCIUTENBbHAS CIOXKHOCTh AJITOPUTMOB €€
oOy4eHHUs.

biok reHeTuuecKkoro anropuTMa MOKET BBIIIOJIHATD CXKaTUE B BUJE!

a) HEJIMHEMHOTo npeoOpa3oBaHMsl MPOCTPAHCTBA MapaMeTpoB OOBEKTOB, C
MCTIOJIb30BAaHUEM METOa OMOPHBIX BEKTOPOB;

0) CeJIeKIMMU YaCTy MTPU3HAKOB M3 UCXOJHOTO BEKTOPA.

B ciuywae (0) Merox KOAMpPOBaHUS SK3EMIUIIPOB W OMNEPATOPHI IS
TeHETUYECKOTO aJIrOprUTMa OYEBHIHBI, HO KPUTEPHI KauecTBa TpeOyeT 00yUuTh
HEHPOHHYIO CETh ISl KaXJOTO MPEIIOKEHHOTO T€HETHUYECKUM aJITrOPUTMOM
Ha0opa OTOOpAaHHBIX MPU3HAKOB; BO3MOXEH BApUAHT, KOTJa IO KaXIOMY
HOBOMY DJK3EMIUISIPY, TOPOXKACHHOMY T€HETHUYECKUM alTOPUTMOM, YK€
oOyueHHas CeTh POAMUTENS TOJIBKO MBITAETCS JOOOYUUTHCS 32 HEOOJIBIIOE YHCIIO
I1aroB.

I'enemuueckue anzopummul 01:a onpeodenenuss CmMpyKmypovl HeUpOHHOU
cemu

I'eHeTYEeCKUM KO MOXKET OINPEAEIIATh TAKUE CTPYKTYPHBIE XapaKTEPUCTUKHU
NHC kak KOJWYECTBO HEWPOHOB, HAJIMYUE CBS3€HM MEKIY HHUMH, BH]
aKTUBALIMOHHBIX (QYHKITUH.

Bo3moxHBI ceayromue noaxoabl K KOJUPOBAHUIO.

1. HemocpencTBeHHOE  KOJUPOBAHHME: KOJA  OMNpPEACNSieT Haluyue WU
OTCYTCTBUE CBSI3U, TUIT AKTUBAITMOHHOMN (DYHKITUU ISl KaXKI0M TTapbl HEUPOHOB.

Paccmotpum mnpumep: kona cetu u3 N HEHpPOHOB — 3TO KBajpaTHas
matpuma pasmepa NXN co 3nadeHusmu u3 mHoxkectBa {0,1}, kotopas
ONpeNesieT HallM4ue CBA3€H U KaXJOM mapsl HEMpoHOB. HemocrtaTtok
TaKOTO BapuaHTa KOJAUPOBAHUS — OBICTPHIN POCT JUIMHBI KOJIa C YBEIMYCHUEM
o0bemMa  ceTw. Ero  MOXHO  HHMBEIMpPOBATH  JOIOJHUTEIbHBIMU
OTPaHUYEHUSIMU, B YACTHOCTH:

— MEXIY Iapod HEUPOHOB CHUTHAI PACHPOCTPAHSACTCA TOJIBKO B OJHY
CTOPOHY — B 3TOM CJy4dae OyJeT JOCTaTOYHO MOJIOBUHBI MaTPHUIIHI;
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— CeTh CIIONCTas — B 3TOM Cllydae B MaTpHIle OyayT 3aeiiCTBOBaHBI TOJIBKO
OTJCNIbHBIC 0J0KH 37eMeHTOB (puc. 4.1).

2. KocBeHHOEe KOIWMpOBaHME: KOJ[ OMPEACNseT TOJIbKO WHTETPAIbHBIC
XapaKTEPUCTUKN CETH, TaKHUe KakK 00Iee KOJIWYECTBO HEHPOHOB, KOJIMYECTBO
ci1oeB, KOO PUITMEHT MOTHOTHI CBA3EH MEXTY CIIOSMH.

Hcnonb3yemas W 1 croit

YaCTb MaTpUulbl

CBsI3el o
2 ciaou

M

3 cion

Puc. 4.1.I1psiMmoe KoaupoBaHuEe CTPYKTYPHI CBSI3€H JJIs1 CIIOUCTOM CETH
(Ha mpumepe 3-cIIoNHOM ceT)

I'enemuueckue ancopummel 014 00yueHUs HEUPOHHOU cemu

Paccmotpum  Temepp  ciy4ail, KOrjga TOIOJOTHS HEUPOHHOM  CETH
(dbUKCHpOBaHa, a Kbl AK3EMIUISP MOMYJISIUA B F€HETUUYECKOM aJrOPUTME
ONpeJeNsieT 3HaYeHUs BECOB BCeX CBA3EH B ceTH. OnTumusupyemas LeeBas
(GyHKUIHST — 3TO KadyecTBO pabOThl IK3EMIUISIpAa CETH Ha 00BEKTaX OOydarolieu
BbIOOpKH. TakuMm 00pa3om, anropuTM oOydeHHs, 00ECIEUNBAIOIINNA HACTPOUKY
BecoB onHoi HMHC, 3amMeHsieTcss Ha TE€HETHYECKYI0 ONTUMM3AIMIO IO
MHOxkecTBy MHC ¢ pa3HbIMU 3HaUEHHUSIMU BECOB.

[Topsimok paboOTHI aJiropuT™Ma OOYUYEHUS CIICTYIOIINN:

1) co3aarTh Ha4yaJlbHOE TOKOJICHHE CETEH, ONMHCAHHBIX CIyYalHBIMU
KOJIaMH;

2) BBIMOJHUTH PEKOMOWHAITUIO U MYTaIHIO KOJIOB;

3) paccuuTaTh YpOBEHB OIIMOOK KaKJIO0W CETHU-3K3eMIUIsIpa Ha oOyJaromei
BBIOOPKE, B COOTBETCTBUU C €€ KOJIOM;

4) ecnu TpeOyeMoe KavyeCTBO paclO3HABaHHS €II¢ HE JOCTUTHYTO —
BBINIOJIHUTH OTOOP KOJAOB ISl CJIETYIOIIEr0 MOKOJICHHS U TepelT K mary (2).

[IpeumyiniecTBa TAKOro aIropuT™Ma 00yUYEHUs MEPE] CTAHIAPTHBIM:

— BO3MOXHOCTbH MOMCKA rI00aIbHOTO, a HE JIOKaJTbHOTO MUHUMYMa,;

— B OTJIMYHME OT aJropuTMa OOpPATHOTO PACHPOCTPAHEHHS OIMMUOKUA HET
HEOOXOMMOCTH BBIYHCIISATH TPAIUCHT, T.€. HE HY)KHO OpaTh aHAIIUTHYECKUE
MPOU3BOAHBIE OT (YHKIUNA aKTUBAIUM HEHPOHOB; TOATOMY (YHKIIUU
aKTUBAIIMU HEHUPOHOB MOTYT OBITh JIIOOBIMH, B T.4. HeTU(PDHEPECHITUPYEMBIMHU.
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4.2. 'nOpuaHble HEYeTKO-HEeHPOHHbIE CUCTEMbI

Hcnonb3oBaHue anmapaTta HEYETKOW JIOTMKH MO3BOJISIET MPEICTABIATH
3HaHUS B (opMe, KOTOpas JErKo HHTepIpeTupyercs skcnepToMm. OmHako
onpeneneHue (QyHKIUU NPUHALICKHOCTH TOCBUIOK UM 3aKJIIOYEHUH,
UCIIOJIb3YEMBIX B HEYETKUX I[paBWJaX, IPOUCXOAUT OSKCIEPTHO, O€3
COrJIACOBAaHUS C JIaHHBIMU HU3MEPEHUM, YTO OrpaHUYMBaEcT 3((PEKTUBHOCTH
Takux cucteM. HelipoHHble ceTH, B CBOIO oOuepelp, O00eCHeunBaroT
BO3MOXXHOCTb H3BJICUCHUS 3HAHUN O CTPYKTYpE aHAIU3UPYEMBIX IPOLECCOB
U3 (opManbHBIX JAHHBIX M3MEPEHUN, OJHAKO 3aBUCHUMOCTb MEXKIY
BXOJHBIMU JAHHBIMH M pE€3yJbTaTaMH HE HaIJISHA U HE MHTEpPIpPETHpYyEeMa
HKCIEPTOM.

Bo03MOXHBI clleqyronIiMe BapUaHThl CHUHTE3a, COBMEIIAIOUINE JTOCTOMHCTBA
3THX ToX010B [8, 13].

1. ®az3udukanys OTAEIbHBIX JJIEMEHTOB HEUPOHHOU CETH:

— 3aMeHa apu(PMETHUECKUX ONEPALMI B HEPOHE HA HEYETKUE JIOTUYECKUE;

— HCIOJIb30BaHUE HEUETKOTO BbIBOJA B Ipolecce OO0ydeHHs HEHMpOHHON
CETH.

2. Vlconb3oBaHUe HEHPOHHOM CETH JUIsl OMMCAHUS OTIENbHBIX AJIEMEHTOB
3HAHMI B paMKax I1apaJurMbl HEYETKOM JIOTUKH:

— MoJenupoBaHue QyHKUUN NPUHAUIEKHOCTH HEHPOHHOMN CEThIO;

— MOJEJIMPOBAaHUE HEUYETKUX JJIOTUYECKHUX ONEPanid HEUPOHHOU CEThIO;

— MOJICIMPOBAHUE OTHOIICHHS «IOCBUJIKA — 3aKIIOUYEHHE» HEHPOHHON
CETBIO;

— YIpaBJIEHUE MPOLIECCOM BBIBOJIA B HEUETKOW MPOAYKIIMOHHON CUCTEME C
MOMOIILIbIO HEMPOHHOM CETH.

4.2.1. HeyeTkue ync/ia B HEHPOHHOM ceTH

Bo3MoXHBI ciemyromuye BapHaHThl 3aMEHBI apu(PMETHUECKUX OIepaluii B
HEHWpOHE HAa HEYETKHE JIOTHICCKHE:

— HEWpOH UMEET YEeTKHE BXOAHBIC CUTHAJIBI, HO HCUETKHE BeCa,

— HEWpOH UMEET HEUYETKHE BXOHBIC CUTHAIBI U HEUCTKHE BECa,

— HEHWpPOH MMEET HEYCTKHE BXOJIHBIC CHTHAJIbI, HEYCTKHE BECAa U HEUYCTKYIO
(YHKITUIO aKTHBAIUH.

Heﬁpon C YeMKUMU 6XO0OHbIMU CUZHAIAMU U HEUeMKUMU 8ecamu

Kaxnp1it BecoBoil K03 (ULIUEHT MPEACTABISIET COOOM HEUETKOE MHOKECTBO,
KOTOPOE 33J]JaHO XapaKTepUCTUUYeCKo (PpyHKIMer. BMECTO B3BEIIEHHON CyMMBI
BXOJIHBIX CHUTHAJOB B AaKTUBALIMOHHYI (YHKIMIO HEHpoHAa B KadyecTBe
aprymMeHTa MojJaeTcsi HEKOTOPBIN «ypOBEHb MPaBAONO 00U, BHIYMCICHHBIA Ha
OCHOBE N BXOJIHBIX CUTHAJIOB U N (YHKUUNA MPUHAIJICKHOCTH IJIs1 HUX:
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m(X,,... X)) =m, (X)®...&m, (X)),
raie ® — HedeTkas JIOTWYECKas olepanrs, [O3BOJIAIONIAs arperupoBaTh
HEYETKHUE JIOTUYECKUE CUTHAJIBL, TIOCTYNAOIINE C Pa3HBIX BXOJOB.
BpIXogHOM CUTHAJI HEWpOHA NPHU 3TOM OCTAETCS YHMCIOBOW BEIMYMHOW U
IIOAAETCS Ha BXOABl JAPYIMX HEWPOHOB, HMEIOIIMX HEYETKUE BECOBBIC
KOA(PPUITUCHTHI.

Heﬁpou C HeUemKuUMU 6X00HbIMU CUCHAIAMU U HEUEMKUMU 6ecamu

Kaxnapiii Bxoq HelipoHa IpeaAcTaBisieT cOO0OM HEYeTKHUH (pakT, ONMMCaHHBIN
XapaKTepUCTUUECKON (yHKIMEH. DTOT HEYEeTKHUH (haKT COIMOCTaBISACTCS C
HEUYETKOM MOCBIIKOU (BecoMm). B pesymibpTare onpeensercs xapakTepucTHIeCKasl
GbyHKIUS TepeceueHus] HeueTKoro ¢akTa M HEYETKOM MOCHUIKM. Jlanmpiie oHU
arperupyroTcss MO BCEM BXOJaM C IIOMOIIBIO KaKOH-IMOO olepanuu Haja
HEUYCTKMMH MHOKECTBAMM:

m(X,,... X)) =(m, *m, )®...®&(m,, *m, ),

r7e * — omepaiusi B3BEIIMBAHMS HEYETKOTO MHOXKECTBA BXOAHOIO CUTHala X;
HEYETKUM MHOKecTBOM Beca Wi, ® — HeueTkas omeparys HaJ MHOKECTBaMH,
MO3BOJISIONIAST arPeTHPOBATh HEYCTKHE MHOKECTBA CUTHAJIOB, IMTOCTYIAIOIINX C
pPa3HBIX BXOJOB.

Takum o6pazom, mM(X,,..., X ) 3amaer HEUYETKOE MHOXKECTBO, KOTOPOE
SBJISIETCS BBIXOJOM HEHpPOHA M MOXKET I0/JaBaThCsl KaK BXOJAHOM CHTHal Ha
MOCIIETYIOIINE HEUPOHBI.

Heiipon ¢ neuemkoii hynkyueit akmusayuu

B ornmuue ot mpeaplaymiero ciydvasi, K MOJy4Y€eHHOMY Ha0Opy HEUETKHUX
MHOJKECTB C XapaKTepUCTUUeCKMMH (yHkuumsmMu (M, *M, ) IpUMEHseTcs

orepanys HMMIUIMKAIMd — T.€. KaXkzas CBA3b «i-i BXOA — BBIXOI»
paccMaTpUBaETCA Kak HEUETKOE MPOIYKIIMOHHOE TTPaBUIIO, & BECh HEMPOH — KaK
0a3a IpOIyKIMOHHBIX MTPaBHUII.

Nx npumeHeHne 03HavaeT, YTO MO KAKJIOMY BXOJY BBITIOJTHSETCS PEAYKIIUS
BBIXO/Ia, @ TIOTOM TIOJYyYEHHbIE HEYETKHE MHOXKECTBA OOBEIUHSIOTCS.
[TonyueHHOE€ B pe3yJibTaTe HEYETKOE MHOXKECTBO M €CTh BBIXOJHOM CHUTHAI
HEUpOHa.

[locne mosydeHWsT CHUTHAJIOB HA BBIXOJE BCEM HEUPOHHOM CETH HAJIO
BBITIOJIHUTDH WX nedazzudukanuro. Yamie Bcero ucnonb3yercs Gopmyina meHTpa
macc. JJig TucKpeTHOM XapaKTepucTUIeCKON (yHKITUN NMEEM:

v _Zm Y)Y,
qeTk sz(YJ) ’

e Y, — BCEBO3MOXKHBIE 3HAYEHUS apIyMEHTA XapaKTEPUCTUYECKOU (DyHKIMM M.

B HCTIPCPBIBHOM CJIydaC CyMMa 3aMCHACTCA HA MHTCIPaJl.
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4.2.2. HeueTkoe 00yyeHue HeHPOHHOI ceTH

BapuaHT ncnonb30BaHUS HEYETKOW JIOTUKHU MPH 00yYEHUH HEHPOHHOH CeTH
CHJIbHO 3aBUCHUT OT €€ apXUTEKTYpbl M HCIOJIb3yeMOU Mpoueaypsl 00ydeHHUS.
Paccmotpum ciyyail 0OydeHHsT OJHOTO HEHpOHA CO CTyNeH4YaToW (yHKIHEH
aKTUBAIlMU METOJOM OOpPATHOTO PACTIPOCTPAHEHHUSI OIIMOKH.

Korma MHOXecTBa OOBEKTOB pa3HBIX KJIAcCOB, MIPEJCTaBICHHBIE B
oOyuaroieil BRIOOpKe, HE MOTYT OBITh pa3/iefieHbl NMEPLENTPOHOM, BO3HUKAET
HEKOTOpasi «30Ha MEPEKPBITHSD pa3eisieMbIXx KiaaccoB. OOBEKTHI U3 3TOM 30HBI
JAlOT QITOPUTMYy OOYYeHHs] TPOTHUBOPEUMBYIO HMH(POpPMAIMIO U JAENA0T
NOBEJCHUE alropuTMa OOy4YeHHs HEYyCTOHUMBBIM. Maes uCHonb30BaHuUsS
HEYETKOCTH COCTOMT B TOM, YTOOBl YMEHBIIUTH BIHUSHHE Ha aAITOPUTM
oOyueHust 00yyaroluX BEKTOPOB, JIEKAIUX B 30HE EPEKPBITHSL.

[Tycts npuHagiexxHocTh N-MEpHOro BEKTOpa BXOJOB HEHPOHA K KaXKIOMY
U3 JIBYX KJIACCOB OMMCHIBAETCS XapaKTEPUCTUUECKON (PyHKIIMEH:

m,(X):R" —[0:];

m,(X):R" —[0:1];

m,(X,)+m(X,)=1 VX, e X",
rae X" — oOyuyaromas BEIGOpKa.

CreneHb BIMSHHS KaXJA0ro oO0bekTa oOywaroiieid BBHIOOPKH Ha ajITrOpUTM
ONpEEIACTCS BEIMUYNHON

S(X,,a)=|m (X,)-m,(X,)[, a=const, a>0.
Takum o0pa3zoM, uYeM OJIKE OICHKH NPUHAUICKHOCTH K CHUTyalluu
HeonpenenenHocty M (X,)=m,(X,)=0,5, — reM meHblIe 00beKT X, TOJKEH

BJIMSITH HA aJITOPUTM OOYUEHUS CETH.
Jlnst anroput™Ma 00paTHOTO PacIpPOCTPAHEHUS OIIMOKH UMEEM:
W, (t+1) =W, ({t)+hS(X,,a)(P, - Y()X,, 4.1)
rae P, — meneBoe 3HaueHue BbIXOAAa HEMPOHA.
Yem Onmke 3HaueHue mapamerpa a k 0, TeM Oirbke MoBeleHHEe alropuTMa
00y4eHus K 9eTkoMmy ciayuaro (T.k. S(X,,a) »> 1, VX, e X*).
Xapakrepuctuueckue pyHKIHUU A7 o0beKTa X, , IPUHAIEKAIIETO KIAcCy
1, 3agarorcs o popmysiaMm:
1 1 edz(X)fdl(X) _e—f
m(X)==+= 1
2 2 e —e
m, (X) =1-m,(X),

rae d (X), d,(X) — paccrossaue ot BekTopa X 10 IIEHTpa Ka)I0TO U3 KJIaCCOB,;

f >2 — mapamerp oOyueHus.
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Xapakrepuctuueckue  GyHKUMM g 0ObEeKTOB  Kiacca 2 —
MPOTHUBOIOJIOKHBIE.
Kpurepuit octanoBa 00y4eHUs! ONpeaeIsieTcs] YCIOBUEM:

m, (X,) >£+8;
% VX, e XX,
mz(Xk)>§+6;

[enukom anropuT™ 0OyYeHUS UMEET CIICAYIONUN BUI.

1. ManmmanusupoBath Beca W ciaydaitHIM 00pa3oMm.

2. Beramcnuts m, (X, ), m,(X,), X, € X*.

3. Ycranosuts ¢mar = 1.

4. Beibpats ouepennoit 0obekr X, € X“. Ecin Y, (X,) =P,, To mepeiitu k
mary (7)

5. CkoppextupoBath Beca W coriacHo npaBuiy (4.1).

6. Eciiv He BBINOIHEHO YCIOBHE OCTAHOBA, TO YCTaHOBUTH (piiar = 0.

7. Ecnu He Bce mpuMepsl 00y4aroliel BHIDOPKU pacCMOTPEHBI, TO MEPEHTH K
mary (4).

8. Eciu dnar = 0, To mepeiitu k mary (3).

4.2.3. MoaeupoBaHue 3JIEMEHTOB NMPOAYKIIMOHHBIX MPABUJI Hel{POHHOI
CeThI0

OOulass uenp MCMIOJAb30BaHUS HEWPOHHBIX CETEH ISl MOJEIUpPOBAHUSA
pPa3IMYHBIX JJIEMEHTOB HEYETKHMX CHUCTEM — O0ecHeYuTh HACTPOUKY
napaMeTpoB XapaKTEePUCTHUYECKUX (GYHKUMH 1O (aKTUYECKUM JIaHHBIM
U3MEpPEHU, BMECTO JKCIEPTHOTO BbIOOpAa 3THX MapameTpoB. JlampHeiime
IIYHKTBl JE€MOHCTPUPYIOT IPUMEHEHHE OTOr0 IPUHIMIIA Ha Pa3IU4YHBIX
dJIEMEHTAaX HEUYETKOU CUCTEMBI, KOTOpBIE OIMCBIBAIOTCS
XapaKTePUCTUYECKUMU (QYHKIHUSIMU.

Mooenuposanue pynkuyuu npunadieincHocmu HeupoOHHOU Cemuio

IlycTp B HEYETKOW MPOAYKIIMOHHON CHCTEME B KAUECTBE MCXOMHBIX JTAHHBIX
WCIIOJIB3YETCSl BEIIECTBEHHBIA MapameTp X, JJII KOTOPOro B IMPOAYKIMOHHBIX
MPaBWJIAX JOJUKHBI HCIOJIB30BATHCSI HEUETKUE IOHATHS «Majo», «CPETHER,
«MHOTO».

QOYyHKIMIO  OPUHAUICKHOCTH  TMOHATHS — «MaJlo»  MOXHO  3a1aTh
JIOTUCTUYECKON (PYHKITHECH:

1

Wy (x+w;) !

mq (X) =

rae W, W, — IapaMeTphl, ONPEAENIAIONINE HON0KEHUE U (POPMY KPUBOM.
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Torna mabop xapakrtepuctuueckux QyHkuuii mg(x), m, (x), m (X) pis
BCEX TPEX HEUETKUX IOHATUN MOXHO IPEACTABUTH CIEAYIOIIEH HEUPOHHOU
cetpto (puc. 4.2, 4.3). OOyuass HEHPOHHYIO CE€Th (HampuMep, METOIOM
o0OpaTHOTO  pacHpoCTpaHEHUs  OMIMOKH) Ha  TNpUMeEpax, MOIYIUM
ONTUMaJIbHbIe PYHKIIMU MPUHAIICKHOCTH.

ms(X)

v

mL(x)

v

Puc. 4.2. HeiipoHHas ceTb, MPEACTABIAONIAS XapaKTEPUCTHIECKUE
(YHKIUM HEYETKUX MHOKECTB JIJISl TOHATHH «MaJlo», «CPEIHE», KMHOTO»

A ms(X) mm(X) mc(X)

— > X
Puc. 4.3. Xapakrepuctuueckue QyHKIUU, TPEACTABIIEMbIC HEHPOHHOU CETHIO

Mooenupoeanue nocuueckoil pynkyuu HeupoHHOU cemvro

AHanoruyHeiM  00pa3oM  MOXHO  TOCTPOUTH  HEUWPOHHYIO  CETb,
MOJEIUPYIOILYIO JIOTUYECKHU OIEPATOPhl: HA BXOJ IOCTYIIAIOT 3HAYECHUS ABYX
HEUYETKUX JIOTUYECKUX APTyMEHTOB, a BBIXOJ MHTEPIIPETUPYETCSA KaK HEYETKOE
3Ha4YeHHE JIOTUYECKON (DYHKIIUU OT HUX.

Torna ¢yHkuuu OynyT arpuOpHO 3a/laHbl B TapaMEeTPUUYECKOM BHUJE U Beca
ceTu OyIOyT OMNpeAeNsATh ONTUMAaJbHbIE XapPAKTEPUCTUKU HTUX JIOTUYECKUX
¢bynkuumii. Hampumep B KkauecTBe HEYETKOro Jjorumdeckoro KM moxer
UCIIOJIb30BAThCS Clieayromas QyHKIUsA:

allb = w :
e +e¢

31eck mapameTp K ompesensieT CTeneHb «KEeCTKOCTH» ONepaluu: mpu K—»oo

9Ta QyHKIMs cxoauTes K Min(a,b) (T.e. k cranmaprHomy HeueTkomy N).
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Mooenupoeanue 102u1uecK020 OMHOUWLEHUA HEUPOHHOU CEMbIO

B crannapTHOM ciydae OTHOIICHHE «IIOCHUIKA — 3aKJIIOYEHHE» B HEYETKON
OPOAYKIIMOHHOM cHUCTEeME€ 3aJaeTcsi NnpaBWiIoM peaykiuuu. OHO sABiseTcs
MaKCUMUHHOM (pyHKIMEN, mo3ToMYy uid npaBuia A — B u HeueTkoro ¢gakra A'
UMeeM:

m;,(y) = max (min (m, (y), m,, (x))).

Takas ¢GyHKOES 3amMaeT TPABWIO ONPEACICHHUS] XapaKTEPUCTHUECKOM
¢ynkumn  m,(y) B KaxIOW TOYKEe Y, B 3aBUCUMOCTH OT 3Ha4eHUH
XapaKkTepucTHueckoi QyHkuuu m, (X) Ha BceM MHOXXecTBe X M OT 3HAYCHUS
m,(y) B TOukeY.

B oOmem ciydae ¢GyHKIMS OTHOIIEHHUS MOXeT ObITh JrobOoi. Ecmu
HCIIOJb30BaTh KOHEYHEIE MHOKecTBa X ={x1,...,xn} nyY ={y1,..., yk}, TO 3Ty

OIcpanro MOXHO 3aIllMCaTb B MAaTPUIHOM BHU/JIC:
[mg (y,) My (y,) .. e (y,)]=
M. (X, Y) oo Me(X,Y,)
=[m, (x)m,.(x,)...m(x)]e] ... NV
m.(X.,y,) ... m.(X,Y,)

rae m.(X,y)— Xxapaktepuctuueckas (YHKIUS OINepalud OTHOIICHHS, ® —

HEKOTOpas ornepanus CBEpTKU BEKTOPA.
B cnywae penykuuu poJib ONepalMd CBEPTKH BBIMOIHSAET MaX, poJib
XapakTepucTiuueckor GpyHkimu m, (X, y) BbImoTHSAET MIN. MOXXHO 00600IIUTH

9T OMepaluu, 3a/1aB UX HEUPOHHOMU CEThIO cleayroniero suaa (puc. 4.4).

ma- (X1)

ms- (Y1)

I

Puc. 4.4. HeliponHasi ce€Tb, MOJICIMPYIONIAs HEYETKOE JIOTHUECKOE OTHOIIICHHUE

ma- (Xn)

B Takoil ceTwm BXOJHBIE CHTHAJIBI B COBOKYITHOCTH COCTaBJSIIOT M,.(X),
BBIXO/IHBIE CUTHAJbl B COBOKYIHOCTH COCTaBJISIIOT M, (Y), Beca CBsI3el MEXIy
CIIOSIMU  33[Ial0T XapaKTepUCTUYecKyr (GyHKIuo M, (X,Y), aKTUBalMOHHAS
GyHKIIASI HEHPOHOB OIPECIIICT OTICPAIMIO CBEPTKH BEKTOPA.
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KouTtposbHbIe BONPOCHI K ri1ase 4

1. Kakum oOpa3zoM mporneaypbl ONTUMUA3ZAIIMOHHOTO TTOMCKA 3a/1elCTBOBAHbI
B paboTe HEHPOHHBIX ceTel 0e3 0OpaTHBIX CBSA3EH U ¢ OOPATHBIMU CBS3SIMU?

2. Kakue BO3MOXHOCTH MOHMCKA II00AbHOTO MUHUMYMa (DYHKIIUU OIITHOKH
MOTYT OBITh UCITOJIb30BaHbI B HEHPOHHBIX CETAX?

3. Kakue xputepum ocTtaHOBa MOTYT NPUMEHSTHCS NPU HCHOIB30BAHUU
CTOXACTUYECKOTO MOAX0/1a K O0yUYCHHUIO HEUPOHHOU ceTr?

4. YeM oTau4aercss NOpsSIMOE U KOCBEHHOE KOJUPOBAHUE CTPYKTYPHI
HEHPOHHOMU CETH NPH UCIIOIb30BAHUH T€HETUYECKUX AIITOPUTMOB?

5. Kakue cCTpyKTypHBIE SJIEMEHTHI HEUPOHHOW CETH MOTYT OBIThH
ONpENENICHbl B pe3yJbTaTe€ ONTUMH3ALUUM C TOMOIIBID TI'€HETUYECKOTO
anroputMma’?

6. KakoBbl mnpeumyiiecTBa M HEJOCTATKM T'€HETUYECKOTO alropuTMa
o0y4yeHus 10 CPABHEHMIO C aJITOPUTMOM OOPAaTHOTO PaCHpPOCTPAHEHUS OLIUOKHU?

7. B onpenenennn kakux 3inemeHToB MHC MoryT ncnosib30BaTbcsi HEUETKHUE
MHO>KECTBA U HEUETKHUE YKciia?

8. C kakoil Ienpl0 CTaHAApTHBIE XapakTepucTtuieckue (PyHKIUH,
UCIIOJIb3yEMbIE B HEYETKON JIOTMKE, 3aMEHSIOTCS Ha XapaKTepUCTUYECKHE
(GyHKUIHUH, MOACIIUPYEMbIE HEHPOHHOMU CEThIO?

9. Kakue »/1eMeHThI CHCTEMbl HEYETKHX MPOAYKIIMOHHBIX MPAaBUI MOTYT
OBITH onucansbl ¢ nomorso MHC?
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SAKJIIOYEHHUE

B ocCHOBY apXuTekTyphl BCEX PACCMOTPEHHBIX BHUJOB MCKYCCTBEHHBIX
HEHPOHHBIX CETEH MOJ0KEH Psi OOIIMX MTPUHITUIIOB.

1. DCcHOMEHONOTMYECCKHI MMOAX0]] (MPUHIUAII «YEPHOTO SIIUKA»): CETh
JIOJKHA BOCIIPOM3BECTU IIPABUIIBHOE)» MOBEIECHUE HEKOTOPOU yIpPaBJISIONICH
CUCTEMBI, HE MOJEIHUPYS €€ CTPYKTYpYy, @ TOJbKO CUMYJIUPYsS €€ BHELIHUE
MIPOSIBJICHUS, T.€. 3aBUCUMOCTb BBIXOJIHOI'O CUTHAJIA OT BXOJHOTO.

2. T'ubkocTh GYyHKIIMOHAIBHOM 3aBUCHMOCTH, MPEICTABIIEMON HEMPOHHOU
CEThIO, KOTOpasi JIOCTUTAETCS 3a CYET HCIOJIb30BaHUSI OOJIBIIOTO KOJIMYECTBA
MPOCTHIX OJHOTUITHBIX 3JIEMEHTOB.

3. BwIcokwmii mapamienu3m BeraucieHui. Peanbabiil aQ ekt oH Hero MoxeT
BO3HHUKHYTH TOJIBKO TPU (PU3MUECKOM paclapauieIMBaHUK BBIYUCICHUH, a HE
MIPU AMYJISIIIUU Ha MOCIEA0BATEILHON BEIYMCIUTEILHON MallIuHE.

Hcnonb3oBaHue 3TUX MPUHIMIIOB MO3BOJISIET 00E€CIEUUTh HEUPOHHYIO CETh
PSAIOM BaXKHBIX CBOMCTB, HEOOXOAMMBIX MPU PELICHUM MPAKTUYECKUX 3ajad
OLICHUBAHMS, TPOTHO3UPOBAHUS, TOAJACPKKU TPUHATHS PEILICHUIA:

— oOydeHue — yeM OoJjblle 00Yy4aroluX MPUMEPOB MPEIBSIBICHO CETH,
TeM 0oJiee CI0XKHbIE 3aBUCUMOCTH OHA MOKET OMKCHIBATH;

— 000011eHre — OTKJIMK CETH Mociie OOYYEeHHsS] CTAHOBUTCS JI0 HEKOTOPOI
CTENICHU HEYYBCTBUTEJICH K HEOOJBIINM M3MEHEHUSIM BXOJHBIX CUTHAJIOB, T.€.
CETh MO3BOJISIET OOHAPYKUBATH 00pa3 CKBO3b IIYM U UCKAXKEHUS;

— aOctparupoBaHne — oOOydYeHHE Ha Ha0Ope MCKaXEHHBIX NPUMEPOB
MO3BOJIIET CHOPMUPOBATH HEHCKAKEHHBIM 00pa3, KOTOPHIA B «UHUCTOMY BHJIEC
HUKOT/Ia HE MPEBSBIISIICS CETH.

[Tono6bHo apyrum kiaccam cucteMm oOHapyxkeHust 3Hanui, UHC wmoxet
oOydaTtbcsi B pexuMe OOydeHuss C YUYUTENIeM WIH CaMOOOy4YEHHS.
Camo00yuyeHue — 0osee OMOJOrMYECKH MPaBAONOJO0HBIA PEXKUM, KOTAa pedb
UJET 0 HU3KOM YpPOBHE aOCTparupoBaHus, 00yUYeHHE C YUUTEIEM — KOTJa pedb
UJIET O BHICOKOM YPOBHE a0CTparupOBaHMUsI.

Yame Bcero na MHC Bo3naraercs 3amada KilacCH(MHMKAIMK BXOJHBIX
curHainoB. OJIHAKO OHA MOJKET UCIIOJb30BATHCSA U JUISl PEUICHUS APYrUX 3a1ad
[11, 12]: onTMMH3alLMOHHBIA TMOUCK, C)KaTHe HWH(POPMAILUH, YIPABICHHE C
oOpaTHOM CBA3BIO. Psiji apXUTEKTyp HEUPOHHBIX CETEH, PACCMOTPEHHBIX B
yaeOHOM mocoOuu, obecreurMBaeT MEXaHWU3MBI  aJalTalld  CeTH K
«MpOOJIEMHBIM» CBOMCTBAM HCXOJHBIX JIAHHBIX, BO3HUKAIOIIMM B PEaIbHBIX
3alayax Takoro pojaa. B wyacTHocTH, OBUIM PAacCMOTPEHBI CIIEAYIOIINE
MEXaHHU3MBbI aJanTaluu.

B cetu aganTUBHOTO pe30HAHCA KUCIONB3YETCS THOKHUM MOAXO K CO3/IaHUI0
KJIACTEPOB: HOBBIC MPEAbSIBICHHBIE 00pa3bl TECTUPYIOTCS Ha CTEMEHb MO00us
YK€ CYILECTBYIOIIMM KilaccaM. B pe3ynbTare B MaMsTh CETU MOXKHO J100aBISATh
JIaHHBIE TIOCTETIEHHO, 110 MEpEe MOTyUeHUs] HHPOpMAIUU B pealbHOM MUpe. ITO
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MEXaHHU3M aJaNTaluyd K [OCTEIEHHOMY TIOSBJIEHUIO HOBBIX O0O0YyYaroIIux
JAHHBIX U UX HEYCTOMYMBOCTH BO BPEMEHH.

B kormutpoHe 3a cyeT OrpaHMYEHHBIX O00JIacTEl CBSI3U OOECIEeUnBAET
nocnefoBarelbHOe O0000IEHHE MAaHHBIX MO CJlOosAM. TeM cambiM 3ajaaya
anMpPOKCUMAIIUN CIUIIKOM CJIOXHOW (DYHKIIMOHAJIBHONW 3aBUCUMOCTH OJTHOM
byHKIMEH 3aMeHsseTCs Ha 3a/1a4yy anmnpOKCHUMAIMK CYNEPIIO3ULIMel HEeCKOIbKUX
byHKIMI. OTO MEXaHU3M aJanTalld K BBICOKOH CIOXHOCTH MOJEIHUPYEMBIX
3aBUCHMOCTEM.

B cetn paamanpHpIX Oa3uCHBIX (QYHKIMN 3a7aya anmnpoKCHUMAaIuu
CIIMIIIKOM CJOKHOW (YyHKIIHMOHAJIBHOW 3aBUCUMOCTH OJHON (yHKIuen
3aMEHseTCd Ha 3aJady alnpoKCUMalMM CyMMOM OOJBIIOr0 KOJIHWYECTBa
IPOCTHIX (PYHKLIHUM. DTO TaK)K€ MEXAHU3M aJallTallud K BBICOKOM CIIOAKHOCTH
MOJEIUPYEMBIX 3aBUCUMOCTEH.

BBeneHne HeUeTKUX 3JIE€MEHTOB B HEMPOHHYIO CETh MO3BOJSET €l padoTaTh
C HEYETKMMHU U YaCTUYHO MCTUHHBIMU UCXOAHBIMU JTAHHBIMU — 3TO PaCUIMPSET
KJIACC JOITYCTUMBIX UCXOJIHBIX JaHHBIX.

BBenenue CTOXaCTHYECKOMW  COCTABISIIONIEM B MPOUEAYPYy  ITOMCKA
HaIpaBJICHO Ha OOpbOY C MPOOIEMON JIOKAIbHBIX MHUHUMYMOB, MPUMEHEHUE
T€HETUYECKOr0 MOUCKa MpEeCcIeAyeT Ty XKe Lelib. ITO MEXAHHM3M aJanTallu K
CUTYallMH, Koraa Kiaccupuuupyemblie 00pa3bl MI0X0 pa3/IeTUMBI.
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