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BBEAEHHUE

OOmMMH CBOWCTBAMHM HMHTEIJIEKTYaJIbHOW JESTEIbHOCTH 4YEJIOBEKa U
OBM sBnsitores coop u oOpaboTka mHbopmanmu. B nenom OGuooruyeckyro
HEPBHYIO CUCTEMY (B TOM YHUCJIE U YETOBEUYECKYIO) MOXKHO MPEJCTABUTH B BUJIE
UH(OPMAITMOHHON CUCTEMBI, KOTOpasi coOupaeT nHpopmaIuo 00 OKpyKaromien
cpene, oOpabaThIBaeT €€ U T'C€HEPUPYET BBIXOJHOM MH(POPMAIMOHHBINA MOTOK.
DTOT MOTOK MPEACTABISAET COOOM HaOOp YIPaBISIONIMX KOMaHA ISl BCEX CHC-
TeM OMOJIOTHYECKOTO OPTaHU3Ma.

HepBHas cructema KUBBIX CYIIECTB B MPOLECCE IBOJIIOLUHN MPONUIA MIYyTh
OT COBOKYMHOCTH MPUMHUTHUBHBIX Pe(PIEKCOB y MPOCTEHIINX 0 CIOKHOM CHcC-
TEMBbI aHAJIM3a ¥ CHHTEe3a HH(OPMAIIMU Y BBICIIAX MpUMaToB [1].

Hepsnas cuctema TpedyeTcst He BceM KUBBIM cyliecTBamM. OHa He HyXHa
TEM, KOMY JIJIsl BEDKMBAHUS HE TpeOyeTcss HU ObICTPOM peaKiiK, HU MTHOBEHHOM
NePECTPONKU OpraHu3Ma. ITO XapaKTEPHO IS T€X, KTO ObUT U Oy/ieT HeMo/IBU-
KEH, TO €CTh JJII PAacCTeHH, a TaKXKe JIJII OPraHU3MOB, JKUBYIIUX B «HJI€AIb-
HOV» JUIsl HUX Cpejie 0OUTaHus, HalpUMep, JJIs apa3uTUIECKUX YepBeil.

OpHUM U3 3TANoOB B PBOJIIOIMKN HEPBHOM CHCTEMBI CTaJIO MOSBICHUE YII-
peXIaronie aganTaiuy, MO3BOJSIONIEH OPraHUu3My IMOATOTOBUTHCS K M3MEHE-
HUIO OKPYKAIOILEH Cpe/lbl 3apaHee, 10 HEMOCPEACTBEHHOTO KOHTaKTa ¢ pasjipa-
xuTeneM. [ 3Toro pa3BuIIMCh pa3HOOOpPAa3HbIE OPTaHbl UYBCTB, B OCHOBE pa-
O0TBI KOTOPBIX JIEKAT TPU MEXaHH3Ma: XMUMHUYECKas, (pu3uueckas U dJIEKTPO-
MarHuTHas 9yBCTBUTEIHPHOCTh MEMOpaHbl HEPBHOMW KIICTKH.

OpHako C MOSABICHUEM YIPEXKIAIOIIEH aJanTallud BOZHUK Psi MPOOIIEM.
Bo-niepBbIX, pa3HOTUITHOCTH MOTYYaEMBbIX OT PEIENTOPOB CUTHAJIOB U KaK CJIE/I-
CTBUE — Pa3HOPOIHOCTh MH(popManuu. COMOCTaBUTh CUTHAIBI MOXXHO TOJIBKO
IPY UX OJTHOTUITHOM KOJAUPOBKE. YHUBEPCAIBHBIM KOJIOM, MTO3BOJISIONINM CpaB-
HUBATh CUTHAJIBI U3 PAa3HBIX OPraHOB YYBCTB, CTal JJIEKTPOXUMUYECKUU HM-
MyJIbC, TEHEPUPYIOLIUINCSA B HEPBHBIX KJIETKaX (Heliporax) B OTBET Ha WHMOpMa-
110, MOJYYEHHYIO OT OPraHOB UyBCTB.

Bo-BTOpBIX, HEOOXOUMOCTh aHAIM3a TMOJYYSHHBIX OT Pa3HBIX OPTraHOB
YyBCTB CUTHAJIOB. CHUTHaNBI JODKHBI IPUUTH B OAHO U TO K€ MECTO, TJIe UX
MOHO OBLJIO OBl CPaBHUTH M BHIOPATh CaMblii BAKHBIN HA JTaHHBIH MOMEHT, KO-
TOPBIN M CTAHET MOOYXACHUEM K AeUCTBUIO. JlJig CpaBHEHUS CUTHAJIOB OT pas-
HBIX OpPTaHOB YYBCTB y O€CIO3BOHOYHBIX MOSIBISIFOTCS CKOTUICHUSI HEPBHBIX
KJIETOK, HA3bIBAEMbIC 2aH2AusMU WIW y31aMu, KOTOPbIE OTBEYAIOT 3a BOCIPHU-
atie MHPOpMAIMU Pa3IUYHON TPUPOIBL. B y3max pacronaratoTcsi 4yBCTBH-
TEJNbHBIE HEHPOHBI WM WX OTPOCTKH, YTO TIO3BOJISIET KJIETKaM MOJydaTh WH-
dbopmaruio ¢ nepudepun Tena.

OnHako cucTeMa BOCHPUATHUS U aHaJHM3a OKpY’Karolleh cpeisl Oecrones-
Ha 0€3 CUCTEMBbI yMPaBIICHUS PEAKIIUSIMHA Ha CUTHAJBI — COKpPAIIEHUEM HIIA pac-
ciabJeHueM MBIIII, BBIOPOCOM pa3IUYHBIX (U3HOJOTUYECKA AKTUBHBIX Be-
mecTB U ap. Jns ocymecTBieHus GyHKIUN CpaBHEHUS CUTHAJIOB U YIIPABJICHUS
PEAKIMSIMU Y XOPJOBBIX BOZHUKAET TOJIOBHOW Y CTUHHOM MO3T.



B NOCTOSAHHO MEHSIOMIMUXCS YCIOBUAX OKPYXKAIOLIEH Cpelbl MPOCTHIX
aJJanTUBHBIX PEAKLMl CTAaHOBUTCS HENOCTATOYHO. B TO e BpeMsl M3MEHEHUs
Cpelbl MOJUYUHSIOTCS HEKUM (DU3UYECKHMM U IUJIaHeTapHbIM 3akoHam. Crhenartb
aJICKBaTHBIA TMOBEJCHUYECKUN BBHIOOP B HECTAOMJIBLHOM cpelieé MOXKHO, TOJIBKO
CpaBHUBAsI Pa3HOPOHBIE CUTHAJIBI C AHAJIOTUYHBIMU CUTHAJIAMH, TIOJTyYEHHBIMU
panee. [ToaTomMy B mpoliecce BOJIIOIMU OPTaHU3M BBIHYXAEH ObLT IPHOOPECTH
ellle OJIHO BaXKHOE MPEUMYIIECTBO — BO3MOKHOCTh CPaBHUBATh HH(POPMAITUIO BO
BPEMEHH, OLIEHUBAsI ONBIT MPEABbIIYIIECH KU3HU. ITO HOBOE CBOMCTBO HEPBHOM
CUCTEMBI HAa3bIBACTCS NAMAMbIO.

OBOJIOLHS HCKYCCTBEHHBIX BBIYMCIHMTENBHBIX CHCTEM MPOUCXOJWIA, B
OCHOBHOM, B HAIIPABJIICHUM COBEPLICHCTBOBAHUS alNapaTHOW OCHOBBI: YBEIIH-
YUBAJIACh TAKTOBAs 4acTOTA, PaspsAHOCTs U Ap. [Ipn 3TOM BRIUMCIUTENBHBIN
IIpoLIECC B LEJIOM OCYIIECTBIIIETCS MOCIEA0BaTeNbHO. OpraHu30BaTh TaKyIo
MOCJIeIOBATENbHYI0 00pabOTKy HMH(OpMaIMU OKa3ajoch MPOIIEe U MOHSATHEH:
CO3HAHME YeJIOBEKA TakKe (QYyHKIIMOHUPYET MOCIIEI0BATENBHO.

OnHako Ha HM3IIEM, «allapaTHOM» YpOBHE MH(popMalus B Mo3re oopa-
OaTbIBaeTCs NMapajuIeIbHO MHOXECTBOM OTHOCHUTEIBHO MPOCTHIX U MENJICHHBIX
BBIUHCIIUTENBHBIX 3JIEMEHTOB (HEHpPOHOB). DTO MO3BOJIIET MO3TY OBICTPO pe-
11aTh pa3HOOOpA3HbIE CIOXKHBIE 33JauM, 3HAUUTEIBHO OINEpeXas caMble MOIII-
HBIE COBPEMEHHBIE BBIUNCIIUTEIBHBIE CUCTEMBI, CO3aHHBIE YEIIOBEKOM.

O4eBUIHO, YTO MPUMEHEHUE MPUHIMIIA MACCOBOrO Mapajijiesin3mMa B 00-
paboTKe MH(POpMaLMHU, UCIOIB3YEMOTO IPUPOIOH, MO3BOJIUT MEPEUTH HA Kaue-
CTBEHHO HOBBI YPOBEHb pPa3BUTHUS BBIUMCIUTENBHBIX cucTeM. Hambosee mpo-
CTBhIM, Ha MEPBbIM B3I, NyTEM PEIIEHUEM TaKOW 3aJadyd MOXKET ObITh KOIH-
pOBaHME JEUCTBYIOIIEro Ouosiornyeckoro odpasua (wim ero gparmenta). On-
HAaKO Ha MPAKTUKE 3TO 0KA3aJach YPE3BBIYANHO CIOKHO BBINOJHATH. OrpoMHOE
KOJINYECTBO HEUPOHOB, TECHO B3aUMOJCHCTBYIOIIMUX APYT C APYIOM, IPEICTAB-
JSI0T cO0OM OYEHb CIOXKHYIO CUCTEMY, NETaJbHO MOHATh BCE aCHEKThl pabOThI
KOTOPOU IOKa HE YJaeTCHl.

Tem He MeHee, pa3paboTka MHPOPMAIMOHHBIX KOMIIBIOTEPHBIX CHUCTEM,
MCIOJIB3YIOUINX MPUHIUIBI padOThl MO3ra, CTaja Ba)KHBIM IIarOM B Pa3BUTUHU
MHTEJJICKTYaJIbHBIX TEXHOJIOTHM, B pe3ysbTaTe 4ero ObUI CO3/1aH HOBBIN KJIAccC
CHUCTEM MCKYCCTBEHHOTO MHTEJJIEKTA — NCKYCCTBEHHBIE HEMPOHHBIE CETH.

Teopust HICKyCCTBEHHBIX HEUPOHHBIX CETEW BBITEKAET U3 MHOXKECTBA JUC-
LUIUIMH, BKJIIOYasi (U3UOJIOTHIO, MaTeMaTUKy, HEMpOOMOHUKY, (hU3uKy, Guio-
couio, OMOJOTUIO U JIMHIBUCTUKY, TO €CTh HEHMpPOCETEBbIE TEXHOJIOTMH — pe-
3yJbTaT padOThl MHOTMX HAYK MO OJHOMY HAaIlpaBJIECHUIO — CO3JJaHUIO0 UHTEIIICK-
TyaJIbHBIX CHCTEM, UMEIOIIHNX MPAKTUYECKOE MPUIIOKEHUE B PA3IMYHBIX 00J1ac-
TSIX 3HAHUMU.

[Tocobue pexomenayetcst il u3ydeHus aucuuiuinHbl «HelpocereBbie
TEXHOJIOTUW.

JucuunnuHa GopMUpPYET MPEACTABICHHUE O MOJACTUPOBAHWU Ha OCHOBE
HEUPOHHBIX CETEH, AAET BO3MOXKHOCTbH CTYJICHTAaM pellaTh MIMPOKUNA KJ1acC Ta-
KHMX 33Ja4 KaK MPOTHO3UPOBAHUE PA3BUTHUS CUCTEM U MPOLECCOB, ONTUMHU3ALIHS
U TOJJIEPKKA MPUHATHUS YIIPABICHYECKUX PELIEHUH, TOCTpoeHue Moaesneil 00b-
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€KTOB M HX HCClenoBaHHe. MecTO NHUCHMIUIMHBI B CTPYKTYPHO JIOTMYECKOU
CXEME U3YyYEHHMS CHELUAIBHOCTH — 3TO JUCLUIUIMHBI, KOTOPHIE CO3Jal0T HAaBBIKU
MOJIETUPOBAHUS OOBEKTOB.
JlucuMniauHa cBs3aHa ¢ TAKUMHU JTUCUUIUVIMHAMU Kak «AnreOpa u reoMer-
pus», «JluckpeTHas mMaremaTuka», « Teopus BEpOSTHOCTEH M MaTeMaTH4eCKas
CTaTUCTHKa», «MeToabl ONTUMHU3ALMYA U MCCIEA0BAaHUA onepanuin»y, «Monxenu-
POBaHHE CIIOKHBIX CUCTEM», «METObl HCKyCCTBEHHOTO MHTEIUIEKTay, «HTEIN-
JEKTYaJIbHBIA aHaIN3 JaHHBIX Data mining», a Takke UCIONIb3yeTcsl B KYPCOBOM
Y JUTUIOMHOM IIPOEKTHPOBAHUH.
[enbio u3y4yeHUs: Kypca sIBISeTCS HEOOXOAUMOCTh (POPMUPOBAHUS TIPEI-
CTaBJICHUM O METOJOJIOTHHM MOJEIUPOBAHMS, IPOTHO3ZUPOBAHUS, ONITUMH3ALINH,
JVUArHOCTUKU U YIIPABJICHUS C IPUMEHEHHMEM allllapaTa HEUPOHHBIX CETEMN.
B pe3ynbTaTe n3yd4eHHs IUCUUILIMHBI CTYAEHThI JOJIKHBI
3HATh:
— DJIEMEHTHYIO 0a3y HEMpOHHBIX CETEH;
—  CMOCOOBI COCTMHEHUSI HEUPOHOB;
— TEOpPETUYECKHE OCHOBBI (DYHKIIMOHUPOBAHUS HEHPOHHBIX CETEH pa3-
HBIX TUIIOB;

YMETB:

— (opManIM30BBIBATH 33Ja4u JJI UX HOCIEeAyIouieil 00paboTKU CpeacT-
BaMH HEUPOCETEBBIX TEXHOJIOTUI;

— OCYILECTBIISITH BHIOOP KOHKPETHON HEHpPOCETEBOW MapajurMbl, KOTO-

past 00yCJIOBIIMBAETCS] TUIIOM PEIIAEMON 3a/1a4u;

—  BBIIOJIHATh 00yYEHUE HEMPOHHOU CETH, HUCIOJb3YS PA3JIUYHBIE METO-

JIbl HACTPOMKH;
—  BBITIOJIHATH MOCTOOPAOOTKY U aHaU3 PE3yJbTaTOB PaOdOTHI HEHPOH-
HOM CETH, a TAaK’K€ ONTUMHU3ALNIO CTPYKTYPBI CETH.

B Hacrosmem 1mocoouu, moMMMO OCHOBHBIX ITOJIOKEHUN TEOpHUU HEHPOH-
HBIX CETEH, MPUBOIATCA MPUMEPHI MPUMEHEHUS HEMPOCETEN Pa3NINYHbIX BHUJIOB
JUISL pelieHusl MPUKIAIHBIX 3a/1ad, OCHOBAHHbIE HAa OMNbIT€ pabOThl B 00JACTH
HEWpOHHbIX ceTeld B JloHOAcCKOM rocynapCTBEHHON MAIIMHOCTPOUTEIBHOM
aKaJeMUHU.



1 BUOJIOTUYECKHUE OCHOBBI HEMPOHHBIX CETEN

1.1 CBoiicTBa 6H0JIOTHYECKHX HEIPOHHBIX ceTel

OO6beM roioBHOro Mos3ra (WM €ro macca), Kak MpaBuio, ONpenesseT
YPOBEHb WHTEJUICKTA, TIOCKOJIbKY, YeM OOJIbIlIE Macca TOJOBHOTO MO3ra, TeM
OoJpITIee KOTMYECTBO HEHPOHOB OH COACPKUT. B TOJOBHOM MO3Te cpeHero ye-
JIOBEKA COJEPIKUTCS OKOJO 10" HelpoHoB. [lo cratucthke macca mosra Ta-
JIAHTJIUBBIX U T€HUANbHBIX JIIOAEH B OCHOBHOM cocTaBiiieT 1700-1800 r, B TO
BpeMs KaK y cpeHero 4enoBeka oHa nopsaka 1300 r, XoTs ecTb U HCKITIOUEHMUS.

I"'omoBHOM MO3I YeI0BEKa, 3aHNUMAsT TOJIBKO OKOJIO 2 % MaccChl Tena, siBIs-
€TCSl OCHOBHBIM TOoTpeduTeeM sHeprun — okojio 20 Bt wm 10 % sHepreTtnue-
CKHX 3aTpar Bcero opranmsma (B 5 pas 0oJjblle, YyeM 000N Ipyroil opras),
MpUYEM B HEAKTHBHOM COCTOSIHUU. YUYUTHIBAs SHEPTrONOTPEOJICHHE CIUHHOTO
Mo3ra U nepudepudecKoil HEpBHOM CHUCTEMBI, OOIIME 3aTpaThl HA COJIEPIKAHHE
HEPBHOW CHCTEMBI COCTABJISIOT OKOJIO 15 % sHeprum Bcero opraHusma B CO-
CTOSIHUU TIOKOSl. B aKTUBHOM COCTOSIHMM SHEPreTUYECKHE 3aTPaThl TOJIBKO TO-
JIOBHOTO MO3Ta BO3pacTaroT Oosiee ueM B 2 pasza [1]. AHanoruuHas cUTyarus
CKJIaJIbIBACTCS M B OTHOUIIEHHWU MOTpeOJieHHs Kuciopoja. B cocrosiHuu mokos
TOJIOBHOM MO3T YeJIOBEKa ucnoiib3dyet 10 20 % kucmoponaa tena.

B cBsi3u ¢ 3TUM y MHOTUX HEOOJIBIIUX KUBOTHBIX C OTHOCUTEIBHO 00JIb-
[IIUM MO3TOM BO3HUK MEXaHU3M 3alllUThl OPraHU3Ma OT Mepepacxojia FHEPrun —
MopnuoHOCmMb WIHA BIIAJICHUE B CISTYKY HA HECKOJBKO 4acoB. Menkue Temno-
KPOBHBIE BOOOIIE MOTYT HaXOJUTHCS TOJIBKO B JIByX OCHOBHBIX COCTOSHHSIX:
TUTNIEPAKTUBHOCTU M cristuku. [IpomexxyTouHoe coctosHue ManodhexkTUBHO,
MOCKOJIBKY SHEPreTUYECKHE PACXO0/Ibl HE KOMIIEHCHPYIOTCS MOCTYIAOUIEH Mu-
mieil. B ¢pu3nonoruu KpymHbIX MIIEKOTIUTAIOIINX TOPIUAHOCTh HEBO3MOXKHA, HO
BCE€ K€ KPYITHbIE TEIUIOKPOBHBIE TOXKE PA3TUYHBIMU CITOCOOAMU 3aIIUIIAIOT Ce-
051 OT TOBBLIIICHHBIX PHEPro3arpar (HapUMeEp, 3UMHSS IMCEBAOCIIAYKA MeEJIBe-
nel, nmpeObIBaHue KolIaubux B mosyapeme 10 80% cBoel KU3HN).

Uem MeHbIIIe BpEMEHU MO3T padOTaeT B MHTEHCUBHOM PEXHUME, TEM Je-
1IeBJie O0XOIUTCS €ro cojepkanue. MuHUMH3alKUs BPEMEHHM WHTEHCHUBHOIO
pexuMa paboThl HEPBHOM CHCTEMBI B OCHOBHOM JIOCTHUraeTcsi OOJbIIMM HabOo-
POM BpPOXKACHHBIX, MTHCTUHKTUBHBIX IIPOTrpaMM MOBEACHUS, KOTOPhIE XPAHITCS B
MO3Te KaKk Ha0op MHCTPYKUMM. B 1esiX 5KOHOMUU SHEPTUH MO3T MOYTH HE UC-
MOJIB3YETCS JJIsl IPUHATHS PElIEHU, OCHOBAaHHBIX Ha JIMYHOM OIIBITE JKUBOTHO-
ro.

B To ke Bpems cieayeT OTMETUTh, UTO €CJIU CPaBHUBATh YACIbHBIC YHEP-
ro3arpathl Mo3ra 1 DBM npu penieHnn oAMHAKOBBIX 33/1ad, TO MO3T C dHEpre-
TUYECKOW TOYKHU 3peHus HamMmHoro 3 dextuBHee DBM: Ha 0/HY JI€eMEHTAPHYIO
omepanuio B cekyray mo3r tparut 10™° [k, a kommsrorep — 10° [k [2].

[Ipu pemenun psiga 3aaad MO3T MPEBOCXOAUT B MPOU3BOAUTEIHHOCTH
o0bryayt0 OBM Ha 4-6 nopsiakoB. [Ipu sTom peaxius HEHpOHOB Ha 5-6 mopsiI-
KOB MEJICHHEE PEeaklMH KPEMHHUEBBIX JOTUYECKUX 3JIEMEHTOB: JIUTEIbHOCTh
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COOBITHI B KPEMHHMEBBIX 3JIEMEHTaX U3MEPSETCS B HAHOCEKYHIaX, a B HEMpoOHax
— B MWJUTMCEKyHJaX. Pa3HuIla KOMIEHCUpPYETCsl MapajyieIbHOCThI0O 00pabOTKH
uH(pOopMaIU B MO3Te€.

OcHOBHBIE 0COOEHHOCTH paboThl Mo3ra [3]:

1 Iapannenvnocms obpabomku ungopmayuu. Kaxapiii Helipon GopMu-
PYET CBOM BBIXOJ TOJBKO Ha OCHOBE CBOMX BXOJIOB U COOCTBEHHOTO BHYTpPEHHE-
IO COCTOSIHUS O/ BO3/ICHCTBHUEM OOIIUX MEXaHU3MOB PETYIISALUN HEPBHOU CHC-
TEMHI,

2 Cnocobnocms k noaHot oopabomie ungopmayuu. Bce n3BeCTHBIE Ue-
JIOBEKY 3aJa4M PElIatoTCs HEHPOHHBIMU CeTsIMU. HEen3BEeCTHO HUKAaKUX MPUH-
[UTTHANBHBIX OTPAaHUYCHUN Ha CIOXHOCTB 33J1a4, PEIIaeMbIX OHOIIOTHUYECKUMHU
HEUPOHHBIMU CETSMU,

3 Camoopeanuzayus. B mpouecce paboThl OMOIIOTUYECKHE HEHPOCETH
CaMOCTOSTENIbHO, IOJ BO3JCUCTBHEM BHEIIHEH cpeibl, 00ydaroTcsi pelIeHUIo
pa3HooOpa3HbIX 3a1ad. HepBHas cuctema cama (GOpMUPYET aNrOpPUTMBI CBOEH
NEATEIIBHOCTH, YTOUHSISL U YCIIOKHSISI UX B TEUEHUE KU3HU;

4 Buosornueckue HEUPOCETH SBISIOTCS aHAlo208biMu cucmemamu. VIH-
(opManus MOCTyNaeT B CETh MO OOJIBIIOMY KOJMYECTBY KAaHAJIOB U KOIUPYETCS
[0 NMPOCTPAHCTBEHHOMY NPUHIUILY: BUJ MH(GOPMALMU ONpPEAEIAeTC HOMEPOM
HEPBHOT'O BOJIOKHA, [10 KOTOPOMY OHa IepelaeTcs;

S Haoeorcnocms. Borixon u3 ctpos naxe 10 % HEpOHOB B HEPBHOM cHUC-
TEME He TpephiBaeT ee padoThl. B mocnenoBarenbubix IBM, OCHOBaHHBIX Ha
npuHimnax (oH-Helimana, c00il OAHON SYEHKHU MAMSTH UM OJHOIO y3J1a B al-
napaType IpUBOJUT K Kpaxy CUCTEMBI.

1.2 buosoruvyeckuii HelipoH

Heupon — »3TO KJE€TKa, SBIAIOLMIASACS OCHOBHOM  CTPYKTYpPHO-
(GYHKIIMOHATBHOM €TUHUIIEH HEPBHOMN CHCTEMBI.

CxeMa 6MOJIOTUYECKOr0 HeMpoHa MpecTaBieHa Ha puc. 1.1.

buonornueckuii HEUPOH COIEPIKUT CIECAYIOIIME OCHOBHBIE CTPYKTYPHBIC
€IUHULIBIL:

Coma (meno xkremxku) CONEPKUT SIIPO, MUTOXOHIIPHU, 00ECTICUNBAIOIIHE
KJIETKY DHEpPTrU€i, U JIPyrue OPTaHEIUIbl, MOJICPKUBAIOIINE >KU3HEACATEb-
HOCTb KJIETKU. Teso KIETKH 3aKII0UYEHO B MEMOpaHY.

JlenOpumul — BXO/IHBIE BOJIOKHA, cOOMparome MHPOPMALMIO OT APYTHX
HelpoHOB. J[JInHa UX 0OBIYHO HE OOoJIbIIe 1 MM.

Axcon — NIIMHHOE, MHOTJIa OOJIbIlIe METpa, BHIXOJHOE HEPBHOE BOJIOKHO
KJIETKH, OOecreurBaroiee MpoBeICHNEe HEPBHOIO MMITYJbCa U Tiepenady BO3-
JECUCTBUS HA IPYrMe HEMPOHBI WIIA MBIIIEYHbIE BOJIOKHA. IMITyIbC reHepupyeT-
Cs B AKCOHHOM XOaMuKe. bilmke K KOHIY aKCOH YaCTO BETBUTCHL.

CuHnanc — MECTO KOHTAKTa HEPBHBIX BOJIOKOH, YEPE3 KOTOPOE MEpPEeAacTCs
BO30YKJIEHHUE OT KJIIETKHU K KIJIETKE.



Coma

Bﬂem{pm

«— Cunarc

AKCOHHBIA XOJIMHUK

Cumnarnc

ey

-
MpEI11eYH0€e BOJIOKHO

Pucynok 1.1 — Cmpyxkmyprnas cxema 6uoni02uueckoeo Heupoua

Heiipon obyiaiaet cieayomuMi CBOMCTBaMU:

1 MeHsieT BHYTpEHHEE COCTOSIHUE C TEYCHHMEM BpPEMEHH, pearupys Ha
BXOJIHbIE€ CUTHAJIbI U (DOPMUPYS BBIXOAHBIE BO3JAEHCTBUA. TakuM oOpa3oM, Hel-
POH SIBJIAETCS] aKTUBHOM JUHAMHYECKON CUCTEMOM.

2 BzaummopeicTByeT ¢ ApyrMMH HEHpOHAMH IyTeM OOMEHa 3JIEKTPOXH-
MUYECKUMHU CUTHAJIAMH.

3 Hmeer OoJbllioe KOJWYECTBO CHHAIICOB — KOHTAKTOB JUIS Tepenadn
uHdopmaIuu.

B nenTpanbHOM HEpBHOM cHUcTeMe YenoBeka HacuuThiBaeTcs A0 1000 Tu-
OB HEWpOHOB. OHU OTIMYAIOTCS KapTUHOW AEHAPUTOB, JJIMHON aKCOHA, pac-
MpeJIeJICHUEM CUHAIICOB OKOJIO KJIETKA U UMEIOT auameTp oT 5 10 100 MKMm.

bruskue mo GyHKIUAM KIETKA 00pa3yroT CKOIUICHHS, IIAPOBUIHBIC WU
napasuiesibHbIe CJIIOUMCThIe. B MO3ry BbI€NEHBI COTHM CKOIUIeHUN. Hampumep,
KOpa roJIOBHOr0 Mo3ra. ToJmuHa Kopbl — 2 MM, a miomaab — okosio 1000 cM’

HelipoHbl OKpYXEHBI 2nuaibHbiMy KIeTKaMu (HEUpOTJIUS — «HEPBHBIN
KJIeH»). DTH KJIETKU 00Jie€ MHOTOUUCIICHHBI, YeM HEUPOHBI, U COCTABJISIOT OKO-
710 50 % ot oObema IeHTpalbHOW HEPBHOUM cucTeMbl. OHU CIIOCOOHBI K Jefie-
HUIO B TeueHue Bcel xu3Hu. [1o pasmepy riauanbHbie KIETKU B 3-4 pa3a MEHbIIIE
HEePBHBIX, MX 4HcI0 gocturaeT 1,4*10™. C Bo3pacTOM OIS [IHANBHBIX KIETOK
B MO3I€ YBEJIMYMBAETCS, @ YUCJIO HEUPOHOB yMeHbIIaeTcs. [ ranbHble KIETKU
(bOpMUPYIOT 3aIUTHBIN ecemamosnyedaruveckuti 6apvep. Kpome 3T1Or0, OHH
00ecreunBalT CTPYKTYPHYIO OCHOBY Mo3ra. Bech 00beM Mo3ra, HE 3aHSATHIN
HEUpOHAMH U KPOBEHOCHBIMU COCYJIaMH, 3alOJIHEH TJIHAJIbHBIMU KJIETKAMHU.
Takoke OHU BBITIOTHSIOT CHA0KEHIE HEMPOHOB MUTATEILHBIMU BEIIIECTBAMH.
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Heliponbl cBsi3aHbl MexAy cOOON MOCPEACTBOM CHHAINCOB B HEUPOHHYIO
cems. CHHAICBl MPEACTABISIIOT COO0M HE MPOCTO «CPOCIIUECS» HEPBHBIE BO-
JIOKHA, a YCTPOWCTBa Mpeodpa3oBaHre UHPOPMALIUU. YTIPOILIEHHAs cXeMa Mpo-
XOKJICHUSI CUTHAJIa Yepe3 CUHAIC MpeJicTaBlieHa Ha puc. 1.2.

Cunanrtnueckas o
[Ipecunantuyeckue HelpoMeuaTop

enb
ITy3BIPBKHU

Hepsaeii
AMITYJIbC

—_—

AKkcoH
Hennpurt

— N /
N
[Ipecunantuyeckui [TocrcuHanTnyeckas
OTPOCTOK 4acThb

Pucynox 1.2 — Cxema npoxoosicoenus cuenana uepe3 CUHanc.

B mecTe koHTakTa MeMOpaHbl KJIIETOK HE CIIMBAIOTCS, MEXI1y HUMHU BCEra
CYILIECTBYET HEOOJBIIION MPOMEXKYTOK — CHHANTHYecKas 1ienb mupuHoi 40-50
HM, MO3TOMY CHUTHaJ Tepenaercsi ¢ 3ajepxkkoit okoso 0,5 c. Ilepenaua uepes
CUHAIIC TIOYTH BCETJa OJTHOHAIIPABICHHAS.

[To addexty paznuyaroT Bo30ykIarolme U TopMossiue cuHarncbl. Cu-
HaIlC MOKET YCUJIMBATh WU OCNA0ISITh BXOJHOW CUrHaj, npuyeM KO3 PUimeHT
YCUJICHHUSI MOKET MEHSThCS. TakuMm 00pa3oMm, CHHAIC MOKHO YNPOUIEHHO pac-

CMaTpuBaTh KakK ycunumenvHoe 36eHo ¢ koddduimentom ycuienus K (cm. puc.
1.3).

Pucynok 1.3 — Ilpeocmasnenue cunanca ycunumenbHbiM 36€HOM.

VY oxnoro Heitpona MoxeT ObITh OT 300 10 20 000 cunaricoB. CuHaICHI
SBJISIFOTCSL BAXXKHEHIIIMMU dJIEMEHTAaMU HEPBHOW cHCTeMbl. biokupoBka paboTh
CUHAIICOB BBI3BIBACT MOYTH MTHOBEHHYIO CMEPTh. TakuM JeHCTBHEM 001a1atoT,
HarpuMmep, Kypaperno100HbIe sSIbI.
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1.4 HepBHBIH MMIYJIbC

HepsHnutii umnyivse (cnaiik) — mpolece pacupocTpaHeHus: BO30YKACHUS 110
aKCOHY OT TeJla KJIETKU (aKCOHHOTO XOJIMHUKA) 10 OKOHYaHHUS akcoHa. JTO OcC-
HOBHAsl €AMHMILIAa UHQOpMAIUK, NIepeJaBaeMas 1o BOJOKHY. [loTeHnman Heps-
Horo mMmityiibca cocrapisieT 80-110 MB. MMmybscsl 10 BOJOKHY MepeaaroTcs B
BHJIE CKAYKOB MOTEHLHAJA BHYTPUKIETOYHOM CpPEIbl O OTHOLUEHHIO K BHEII-
HEW cpene, OKpYKaroller KIETKy. B kaduecTBe 3apsyKEHHBIX YacCTHUIl MCIOJIb3Y-
I0TCSI MOHBI HaTpusa U Kayiugd. CKOpOCTh NEpenadyd HEPBHOTO UMITYJIbCA COCTaB-
asiet ot 1 7o 100 m/c.

Ha puc. 1.4 nokasan BujJ HEPBHBIX UMIIYJIbCOB B 3pUTEILHOM HEPBHOM
BOJIOKHE TIPH BO3/ICHCTBUY BCIIBIIICK CBETA PAa3HOW MHTEHCUBHOCTH [3].

¢
Ul'l.—" t
— 1
@ 1c
t
P
MMINYILCOB HOT ¢

Pucynok 1.4 — Hepgnble umnynscol, 603HuUKaowue 8 3pumenbHoM Hep8HOM
B0JIOKHE, NPU 8030€liCMBUU BCULIUWKU C8emMAa NOCMOSHHOU OIUMENTbHOCU,
HO PA3HOU UHMEHCUBHOCU

Ceet nmeiicTByeT Ha (pOTOPEIENTOPHI M BHI3BIBAET MMITYJIHCAITUIO B COOT-
BETCTBYIOIIIEM 3pUTEIHLHOM BOJOKHE. OT MHTEHCUBHOCTH CBETA 3aBUCUT HE aM-
IUTMTY/Ia UMITYJILCOB U UX (opMa, a TIIOTHOCTh U 0011ee KOJUYecTBO. JnuTesnnb-
HOCTh UMITyJIbca coctaBisieT okono 0,5 mc. [Tocme mmmynbca HacTynaeTr abco-
JIOmMHas pegpaxkmepuas gaza — TMOTHAS HEBO3OYIUMOCTh KIIETKH, KOTOpas
poJIoJpKaeTes 1-2 Mc M IPSIMO 3aBUCHT OT JITTUTEIIBHOCTH UMITYJIbCA.

MnynibC TIOMUMHSIETCSI 3AKOHY «6Ce UNU HU4e20». OH MO0 COBCEM HE
BO3HHMKAET Ha pa3ApaKeHNE KICTKH, TU00 OH MAaKCUMAaJIbHON BETMYHHEI.

Jlst TOro 9TOOBI pa3IpakUTeNIb BBI3BA BO30YKIEHUE, TOJDKHBI BBITOJ-
HATHCSI CIICAYIONINE 3aKOHBI:

1 3axown cunvl: 9TOOBI BO3HUKIIO BO3OYXKICHHE, Pa3IpaXKUTENb JTODKCH
OBITH JOCTATOYHO CUIBLHBIM — MIOPOTOBBIM WJIU BHIIIIE IIOPOTOBOTO;
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2 3akon epaduewma: s TOTO YTOOBI pa3Apa’kKUTENIb BbI3BAJI BO30YXKIe-
HUE, OH JIOJDKEH HapacTaTh JOCTAaTOYHO OBICTPO. Ecnu pasnpaxkurens HapacTaeT
MEJIEHHO, TO MPOMCXOJUT TOBBIIMIEHUE MOpora pazapaxkenus. [lostomy nms
NOJTy4eHUs] BO30YKJICHUS BETMYMHA CTUMYJAa JOJKHA OBITH OOJBINE, YeM MpHU
MT'HOBEHHOM HapacTaHUU;

3 3akxon épemeHu: pa3apa)kKUTeIb, BRI3BIBAIONINN BO30YKICHHE, TOJDKEH
OBITH JOCTATOYHO JTUTEIBHBIM, YTOOBI BBI3BATH BO30YKIICHHE. 3aBHCHUMOCTD
oporoBoi cuitbl pazapaxkurtens (F) or mmrensHOocTH ero neiicTBus (t) HocHT
THIEPOOTMYECKHIA XapakTep — YeM MEHbIIE 10 BPEMEHHU JICHCTBYET Ha TKaHb
pasIpakuTellb, TEM BBIIIE TPEOyeTCsl €ro cuia Jjisl WHUIMAIMA BO30YKICHHS
(cm. puc. 1.5).

F

Pucynok 1.5 — 3akon epemenu

Koumponvnwvie éonpocwl no meme 1.
[IpuBenuTe cBOMCTBA OMOJOTMYECKUX HEUPOHHBIX CETEH.
N3o0pa3ute cxeMaTUyHO YCTPOUCTBO OMOJIOTUUECKOTO HEUPOHa.
[lepeuncnure CTPYKTYpHBIE €IUHULIBI OMOJOTUYECKOT0 HEUPOHa.
[lepeuncnure cBOMCTBA OMOIOITMYECKOTO HEMPOHA.
KakoBa ponb cuHarcoB B HEHPOHHOM ceTu?
Kakum oOpazom cuHarnc ydyactByeT B 00padoTke nHdopmanuu?
Yrto Takoe HePBHBIA UMITYIIHC?
N3noxuTe 3aKOHBI, HEOOXOAMMBIE I TOTO, YTOOBI Pa3apaKUTEIh
BBbI3BaJI BO30YK/ICHHE HEUpPOHA.

9 Kakum 00pa3oM UMITYJIC OTpPa)Ka€T WHTECHCUBHOCTBH Pa3IpaKUTEII,
KOTOPBII €ro BbI3Baj?

co~NOoOOlTh~ WN B
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2 OCHOBBI HICKYCCTBEHHBIX HEMPOHHBIX CETEN

2.1 UckyccTBEeHHBIH HEHPOH
[TepBbIii UCKYCCTBEHHBIM ((POpMasIbHBIN) HEUPOH, UMUTHUPYIOIIUN CBOM-

CTBa OMOJIOTMYECKOTro HelpoHa, OpuT pazpadboran ¥Y.C. Makkaokom u Y. ITuTt-
tcoM B 1943 r. [4]. Ero cxema npeicrasiena Ha puc. 2.1,

CuHaricel JleH1puThI Coma

o)

AKXcoH

Pucynox 2.1 — Cxema uckyccmeennozo neupona

Kaxxnplii HEUPOH XapaKTEPU3YETCS CBOMM TEKYIIUM COCTOsiHMEM. OH co-
CTOUT M3 DJIEMEHTOB TPEX TUIIOB:

1 VYMHOXHTENeH — aHAJIOTOB CUHAICOB OMOJIOTMYECKOT0 HEMPOHa;

2 Cymmaropa (B OMOJOrH4ecKOM HelpoHe (HYHKIIMIO CyMMAaTOpa BBITOJI-
HSIET aKCOHHBIN XOJIMHUK);

3 Henuneiinoro npeobpaszoBateiis — MOPOT HEPBHOTO UMITYJIbCa OMOJIO-
ruyeckoro Heipona (curHan «T» Ha puc. 2.1).

CuHarchl OCYIIECTBISIOT CBSI3b MEX]Yy HEHpOHAMU, YMHOKash BXOJIHOM
CUTHAJI Ha YHUCJIO, XapaKTEePU3YIOIee CHIIy CBSI3U. DTO YUCIIO HA3bIBACTCA 8eC
cuHanca WM 8eco8otl Koagguyuenm.

CyMMaTop BBITIOTHSIET CIIOKCHUE CHTHAJIOB, MOCTYMAIONIUX 110 CHHAIITH-
YECKUM CBS3SIM OT APYTUX HEHPOHOB M BHEIIHUX BXOJIHBIX CUTHAJIOB.

Henuueitnsiii mpeoOpazoBaTesib peaiu3yeT HEITUHEUHYI0 (PYHKIIUIO OHO-
ro apryMeHTa — BBIXOJla cymmaropa. Jta GyHKIUS HA3BIBACTCS (YHKyueu ax-
musayuu HelupoHa Uil akmueayuoHHoU yHKyuell.

Heiipon B 1eoM peanusyeT cKasipHyo (GyHKIIHIO HEKOTOPOTO apryMeH-
ta, T. €. Y = F(X1, X, ..., Xp), rne F — dyHKIMs BXOA-BBIXOA Hekpona. Omnpene-
JUTH 3Ty (PYHKIHMIO MOXKHO C TIOMOIIBIO MamemMamuyecko Mooeau HenpoHa:

s:iz_llwixi 2.1)
y=1(s),
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=1...

I1I€ X; — KOMIIOHEHT BEKTOpa BXOJHOTO BEKTOpa (BXOAHOW CHUTHAN),
n;

N — 4KCII0 BXOAOB HEMPOHA;

W; — BEC CHHarIca,

S — pe3yJbTaT CyMMHUPOBAHMS;

f —byHKIMS akTHBAIH;

Y — BBIXOJHOM CUTHAJI HEUPOHa.

Kak BugHO u3 dopmyiibl (2.1), cyMMaTOp BBIMOJHSAET CKAISPHOE MPOU3-

BEJICHHE BXOJHOTO BeKTOpa X U BEKTOpa BecOBbIX koddduumentoB W, T. e.
S= (x, W) .

B o0miem cityuae BXOJIHOM CUTHAJI, BECOBBIE KOA(PPHUIIUEHTHI M CMEIIIEHUE

MOI'yT IIPUHUMATb I[CﬁCTBHTCJ'IBHBIC 3HadueHusa. CHHANTHYECKHUE CBSI3H C I10JIO-
ZKHUTCJIBbHBIMU BE€CaMH HA3bBIBAIOT 6036_)/.91‘0061}011/;14]1/1”, a C OTpHUIaTCJIbHBIMU BECaA-
MU — MOPMOSAUWUMU.

2.2 OyHKIUH AKTUBAIUA

HaunGoiee yacTo UCMONB3YIOTCS CASAYIOMNE (PYHKIIMU aKTUBAIINH:
1 Iopocosas (cmynenuamas, pynkyus X>6ucaiioa)

0,s<T
f(s)= Ls>T, (2.2)
rae T — mopor.
N
f -1s<T
)= 1s>T. (23)

B nepBoM ciyuae (popmyna (2.2)) GyHKIIMS UMEET CIEAYIOMIUA BUI:

f(s) ,

1 b

v

0 T S

Pucynok 2.2 — Ilopocosas ¢pynrxyuu akmusayuu ¢ ouanazornom usmenenus {0;1}

Bo BTopowMm ciyuae (popmymna (2.3)):
15



v

Pucynox 2.3 — Ilopocosas ¢pynkyuu akmusayuu ¢ ouanazonom usmeHeHusl

{-1;1}

[ToporoBasi ¢pyHKIMS HE TO3BOJISIET MOJEIMPOBATH CXEMbI C HEMPEPHIB-
HBIMU CUTHAJIAMH, YTO OTPAHUYUBAET €€ IIPUMEHEHHUE.
2 Ilonocas cmynenvka (1unelinas ¢ HacvliyeHuem)

0,s<T
s—T
f(s)= T,T§S<T+A (2.4)

1s>T+A,

rae A — mapameTp, ONpeAeIsIIoNNi IUPUHY JTUHEHHOTO yJacTka (yHK-

WY,
['padux dbyHKIIMM TTpeACTaBICH HA pUC. 2.4.

f(s) ,

0 T S

Pucynok 2.4 — @ynkyusn akmusayuu «Jlunetinas c HacvlujeHuem»

Taxke KaKk U B IOPOTOBOM (DYHKIIMM MOKET MPUMEHSATHCS TUANa30H H3-

MEHEHHUs BBIXOIHOTO curHaina [-1;1].

3 DOyHKIHUH cUeMoUdaIbHO20 THIIA.

OTH (QYHKIMH SBISIOTCS CTPOrO0 MOHOTOHHO BO3PACTAIONIMMU M HUMEIOT
OTJIMYHYIO OT HyJIS NMPOU3BOJHYIO Ha Bceil oOsactu ompeneneHus. CHUrMou-
nanbHas (YHKIUSA O3BOJISIET PELIMTH MPOOJEMY IIIYMOBOI'O HACBHIIICHHS, TakK
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KaK pa3JMYHbIE YYAaCTKU CUTMOMJbl UMEIOT Pa3HbId KOADPUIIMEHT YyCUIICHUS:
IeHTpajabHas 00acTh QYHKIIMU, UMEIOIas OO0 KOADPUIIMEHT YCUICHHUS,
pemaet npobiaeMy 00pabOTKH clladbIX CUTHAJIOB, B TO BpeMs Kak 00JacTH ¢ ma-
JAIOIUM YCHJICHHEM Ha MOJIOKHUTEIBHOM U OTPHUIATEILHOM KOHIIAX BXOIHOTO
JMana3oHa MO3BOJIAIOT BOCIIPUHUMATH CEThIO OOJIBIIINE CUTHANBI O€3 HachIlle-
Hus. Takum 00pa3om, HEHPOH PYHKIIMOHUPYET C OOJIBIINM YCUIIEHUEM B IIIUPO-
KOM JIMara3oHe YPOBHS BXOJAHOTO CUTHAIA.

K curmonpanbHbIM (YYHKIIHSIM OTHOCSITCS:

3.1 Oxcnonenyuanvnas cuemouda (noructuueckast QyHKIUS, QYHKIUS

depmn)

1
f(S) - 1+ e—c(s+T) ! (25)

I7ie C — MapaMeTp, ONPEACIIAIONINN HAKJIOH (YHKIMU aKTUBalUUU (OOBIYHO
IPUHUMAIOT ¢ = 1);

T — 3HaUEHUE HelpOHH020 cMeujerusi (FIKBUBAJICHT TTOPOTa).

Kak BunHO u3 ¢popmyibl (2.5), HEMPOHHOE CMEILIEHUE MOKHO MHTEpIIpe-
TUPOBATh KaK JIOTOJHUTEIbHBIA BXOJ, HA KOTOPBIA MOCTOSIHHO MOJAETCs €IU-
HUIIA, @ BecoBOM ko durineHt paseH T.

['paduk SKCIIOHEHIIMATBHON CUTMOU/IBI ITPE/ICTAaBIIEH Ha pUcC. 2.5.

HakJioH [IEeHTpalbHOTO y4acTKa CUTMOUBI ONpeaenseT ee Ko3pPpuuueHt
YCHJICHUS: YeM Kpyde CUTMOMJA, TEM BbIlIe KodpuiueHT ycunenus. Helipon-
HOE CMEUIEHUE CABUraeT CUTMOMY BJIOJb OCH a0CIIMCC, HE U3MEHSS €€ (POPMBI.
[lepemenienne CUrMouAbl MO3BOJSET MEPEHOCUTH padounii (LEHTPaJIbHBIN)
Yy4acTOK CUTMOH/IBI K JOMUHUPYIOLIEMY JUANa30Hy BXOJHOTO CUTHAIA.

f(s)

»
>

0l s

Pucynok 2.5 — Jxcnonenyuanvras cuemouda
HenoctaTtkoM 3KCIIOHCHITMAIBHONW CUTMOWMJIBI SIBJIIETCS TO, YTO OHA IPH-
HUMaeT 3HaveHus B nuaras3one (0; 1), TOCKOJIBKY JTI0Ka3aHo, YTO MPH HUCIOJIb30-

BaHUM CUMMETPUYHOIO JIhana3oHa, Hanpumep, (-1; 1) BpeMst oOydeHus: Henpo-
cereli cokparaercst Ha 30 — 50 % [5].
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3.2 CMMMempMpOGClHHCl}Z IKCNOHEHYUAJIbHAA cuemouoa

2

—c(s+T) o

M=

(2.6)

OyHkums sBiasercs Moaudukanuedt ¢yHkuuu (2.5) U UMeeT aAuanazoH
M3MEHEHUs BhIX0aHOro curHana (-1; 1):

f(s)
1

Pucynok 2.6 — Cummempuposarnas 5KCnoHeHyuaibHas cuemMouod
3.3 Payuonanvuas cuemouoa

S+ T

f = )
©) C+|s+T|

(2.7)

r7ie ¢ — MmapaMeTp, Onpeaesstonui KodOPUIMEHT ycuiieHus (yHKIUU.
Ero HeoO6xoaumo 1100 onpeaensTe B MPOLEecce HACTPOMKHU CeTH, MO0 3aaBaTh
KaK KOHCTaHTY (00br4HO mpuHUMAOT ¢ = 0,1).

JloctonHCTBOM (DYHKITMH SBIISIETCS TO, YTO HA €€ BBIUYMCIICHUE TpeOyeTcs
MEHBIIIE BCETO BPEMEHHU.

3.4 Apxmaneenc

£(s) = %arctg (5+T). (2.8)

3.5 Tunepbonuueckuii maneeuc

s+T

e —e
f(S):th(S-FT):W.

—(s+T)

(2.9)

JInst BeruMciienust 3To GyHKUUU TpeOyeTcst 00JIbIIe BCEro MpoleccopHo-
r'0 BPEMEHHU.
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Oynkuuu (2.7) — (2.9) Takxke SABISIOTCS CUMMETPUYHBIMU OTHOCHUTEIIBHO
ocu abcmucc u ux rpaduk aHaiorudeH no popme rpaduky dyskiuu (2.6) (cMm.
puc. 2.6).

4 Kpusas I'aycca (panuaiibHO-0a3ucHass PyHKIIHS)

f(s)=e°, (2.10)

r7ie ¢ — mapaMeTp, 3a1al0IIUi MUPUHY OKHA (YHKITHH,
S — €BKJIUJIOBO PACCTOSIHUE MEXTYy BXOJIHBIM BEKTOPOM U BEKTOPOM BECO-
BBIX KOA((PHUITHEHTOB:

s=[x—w]= [3 0 -w P @.11)

=1

rae W — BEKTOp KOOpPJAMHAT LEHTPA OKHA aKTUBALMOHHON (PYyHKIUH, 3a-
JlaBaeMbIi BECOBBIMHU KO3 (ULIMEHTaMH HEUPOHa,;

X — BXOJIHOM BEKTOD;

N — pa3MEPHOCTh BXOJHOI'O BEKTOPA.

TakuM 00pa3oMm, CUTHaJ S BBIUUCISETCA 3/1€Ch YXKE HE KaK CKaJsipHOE
IPOU3BEICHHUE, YTO JEJIaeT OTIINYME OT HelpoHa MakKaJlOKKa elle 3HaYuTeNb-
HEH.

['pacdux panuanbHO-0a3uCHON PYHKIIMHU NIPEICTABIIEH Ha pucC. 2.7.

OyHKIMSA TPUMEHSETCS, KOT/la peaklus HeWpoHa JIOJKHA ObITh MaKCH-
MaJbHOM J1J11 HEKOTOPOT'O BXOJAHOIO CUTHAJA.

fs)

»
»

0 W s

Pucynox 2.7 — Paouanvho-6a3zucuas ¢)yukyus

Br16op GyHKIMM aKTUBALIMK OTPEIETAETCS:
1 Cnenudukoit 3axauu;
2 Yno0CTBOM peanu3aluu;
3 AJNroputMOM OOYYEHHS: HEKOTOPBIE aJITOPUTMBI HAKJIAJbIBAIOT Orpa-
HUYEHUS Ha BUJ HYHKIIMHA aKTUBAIUU.
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2.3 CBoiicTBa HCKYCCTBEHHBIX HEHPOHHBIX ceTeil

Hckyccmeennvie netiponnvle cemu — COBOKYITHOCTb MOJIENIEH Ouooruye-
CKHX HEUPOHHBIX ceTeil. VICKyCcCTBEHHBIE HEMPOHHBIE CETH IIPEICTABIAIOT CO-
OO0l CeTh 3JIEMEHTOB — MCKYCCTBEHHBIX HEMPOHOB — CBA3aHHBIX MEXKIY COOOMH.
Cetb 00pabaTbiBaeT BXOJHYI MH(OPMALMIO U B MPOILECCE U3MEHEHHSI CBOETO
COCTOSIHUSI BO BpEMEHH (OPMHUPYET COBOKYIMHOCTH BBIXOJHBIX CHUTHAJIOB.
OOBIYHO HEHPOHHBIE CETH ONEPUPYIOT HU(POBHIMU BETUUNHAMH.

HeiiponHyio ceTb 0OBIYHO MPEJCTABISIOT B BUJE HAIMPABICHHOTO rpada,
BEPILIMHAMHU KOTOPOTO SIBIIAIOTCS HEMPOHBI, a AYTaMHU — CUTHAJIBI, IPOXOISAIINE
no cetu. HelipoHsl, pacnosiokeHHbIE B psd, GOPMUPYIOT 10t HEHPOHOB (CM.
puc. 2.8).

Xy —>

Xn—>

Bxonnot cnoit Cioit HEHpPOHOB

Pucynox 2.8 — Pacnonosicenue HetipoHog 6 suoe cios

Ecnu HelipoHbl ToJly4aloT Ha BXOJ OOIIWE CHUTHAJIBI, TO OOBIYHO IS
yA00CTBa MPEACTAaBICHUSI BXOIHBIE CUTHAJbI MEPEAAOTCS 4Yepe3 pacnpeoenu-
meibHble Helponsl. PacnpenenurenbHble HeWpoHbl (Ha puc. 2.8 0003HAYCHBI
YePHBIMHM KpPY>KKaMH) HE Y4acTBYIOT B 00paOOTKe CHUTHAJIOB M HE MMCIOT Ha-
cTpauBaeMbIX nmapameTpoB. OHU HE MPOU3BOAAT BBIUUCICHUN U CITyXKaT JJIsl Tie-
pelayu CUTHAJIOB HA OCHOBHBIC HEUPOHBI, T.€. SIBJISAIOTCS TOUYKAMU BETBJICHUS.
Bunx BxogHOTO HElipoHa mpeacTasieH Ha puc. 2.9.

Pucynok 2.9 — Cmpyxkmypa pacnpedenumenbHoeo HelupoHa
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Hapuc.2.9 X, =x =x"=...=x".

OOBIYHO BXOAHBIE HEHPOHBI HE YUUTHIBAKOTCS B OOLIEM KOJIMYECTBE CJO-
€B, a BBIICIISIOTCS KaK 6X0OHOL CO.

B obmeM ciaydyae HEMpOHHAsI CETh MOXET COJEP’KaTh MPOU3BOJIBHOE KO-
JIMYECTBO CIIOEB, CBSI3aHHBIX MEXY COOOM BBIXOJHBIMH CUTHAJIaMU HEHPOHOB.

Pa3nuuaroT HECKOJBKO THIIOB CBS3EH MEXKIY CIOSMHU C HOMepaMu K u
(k+s):

— nocnedosamenbHuvle, €cIu s = 1. 371ech CUTHAIl pacIpOCTpaHseT OT Mpe-
JBITYIIETO CIIOS K CIIEAYIOIIEMY;

— nepekpecmuule, eciu s > 1. CurHai pacnpocTpaHsieTcsi, MUHYs MOcCJie-
IYIOLINH CIIOM;

— obpammusie, ecau s < 0. CurHan nojaercs Ha CJIOW, HAXOAIIUNUCS OIu-
e K BXOJTHOMY CIIOIO, YeM CJIOH, (POPMUPYIOIINI CUTHAI;

— aamepanvhole (bokoswie), eciin s = 0. Takue CBA3M COCAUHAIOT HEHPO-
HBI OJIHOTO CJIOS U ABJISIIOTCS PA3HOBUAHOCTBIO OOPATHBIX CBA3EH.

Ha puc 2.10 n3o0pakeHbl BO3MOXHBIE BUJIbI CBSA3EH.

O6paTHa;1 CBA3b HaTepaHBHaﬂ CBi3b

e

7 IIpsimast cBA3b

» Ho

IlepekpectHas CBsI3b

Cnori k-1 Cnoii k Cnorik+1 Cnoni k + 2
(s=-1) (s=0) (s=1) (s=2)

Pucynok 2.10 — Cés3u mesncoy crosamu HelupoHHOU cemu

CetH, B KOTOPBIX BCE HEHPOHBI COEAMHEHBI APYT C IPYroM BCEMH BO3-
MOHBIMH CITIOCOOaMU, Ha3bIBAIOTCS MOJHOCBSI3HBIMU (puc. 2.11).

Ecnu B HelipoceTu Bce HEHPOHBI UMEIOT OJAMHAKOBBIC (DYHKIIMH aKTUBA-
IIUM, TO TaKasi CETh HA3BIBACTCSA 0OHOPOOHOU (20MO2eHHOll), B TIPOTUBHOM CITy-
qyae — HeoOHOPOoOHOIL (cemepo2enHoi).
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Pucynox 2.11 — Ilonnocesasnas cemo

CBoOIICTBa COBPEMEHHBIX HEUPOHHBIX CETEH:

1 Ob6yuaemocms. 11onoOHO OMOJOTMYECKUM CHUCTEMaM, KOTOpPbIE OHH
MOJICTTUPYIOT, HEHPOHHBIE CETH CaMU MOAUPHUIIUPYIOT CeOsI B pe3yIbTaTe MOIbI-
TOK JOCTHYb JyUIIICH MOJICTTN TIOBEICHHSI;

2 Cnocobnocms k 0606uenur0 — CIoCOOHOCTh HEHPOHHBIX CETEeH M3BIIC-
KaTh M3 KOHEYHOro Habopa JaHHBIX 3HAHUS, MO3BOJIAIOIINE PACIO3HABATh HE-
3HAKOMBIEC CETH 00pa3bl. OHO MPOSBIACTCS TaK)KEe B HEUYBCTBUTEIHLHOCTH K Ma-
JIBIM W3MEHEHHUSIM BXOJHBIX CUTHAJIOB, B TOM YHCJIE U IIIyMY;

3 Cnocobnocms Kk abcmpazuposaHuro — CIOCOOHOCTh HEMPOHHBIX CeTel
CaMOCTOSATENIbHO MHIYIIUPOBATh W3 HA0Opa JaHHBIX CHUCTEMHbIE BBIBOJIbI, Yac-
TAUYHO TPOTHUBOPEYAIME OTACIbHBIM DJIEMEHTaM B HCXOJHBIX JaHHBIX. OJTO
CBOMCTBO J/a€T BO3MOXKHOCTh BOCCTaHABIWBATh MPaBUJIBHBIN 00pa3 1Mo He-
CKOJIbKUM MCKaKCHHBIM BapUaHTaM.

HeliponHble ceTr MPEeBOCXOAT MOCIEI0BATEIbHBIE MAIIMHBI B PEIICHUU
TeX K€ 3a7]a4, B KOTOPHIX MAIIMHYy TPEBOCXOAMT YEJIOBEK. 3a7auu, TpeOyoIIue
00JBITIOr0 00beMa BBIYUCIICHUH WU BBICOKOW TOYHOCTH, JTYUIE BHITIOTHSIIOTCS
00b1yHO DBM.

Heiiponnsie cetu Hanbomee 3(pPEeKTUBHO UCTIOIB30BATH IS

1 Pemenus He GopMaIM3yeMbIX U MI0X0 (HOpMAIU3yEeMbIX 3a]ady, ajiro-
PUTM peIIeHUs KOTOPHIX CBSI3aH C HEOOXOIMMOCTHIO BKIIFOUCHHSI B IPOIIECC
00y4YeHUsl PeaTbHOTO SKCIIEPUMEHTAILHOTO MaTepHaia;

2 Tlomcka 3akOHOMEpPHOCTEH B MacCHBaX JIaHHBIX;

3 HenuneliHo# anmpoKcHUMAaIlii MHOTOMEPHBIX (QYHKITUN;

4 Knaccudukaruy BXOJHOTO MPOCTPAHCTBA TI0O MHOTHM TPU3HAKAM;

5 PacnosnaBanus 06pa3os;

6 ITowmcka 1o acconmaiusM;

7 TlocTpoenust Mojene, ClIOCOOHBIX aaNTUPOBATHCS K UBMEHEHUSIM yC-
JIOBUY pabOTHI;

8 Pemenus 3amau, XxapaKTepU3YIOUIUXCS PE3KUM YBEIUYEHHEM pazMep-
HOCTH MPOCTPAHCTBA PEIICHU, OOJBIIMMHU 00beMaMi BXOAHOW MH(OpMAIUH C
3aIIyMJICHHBIMH, YaCTHYHO TMPOTHUBOPEUYUBBIMH, HEMOJHBIMU WJIM W30BITOYHBI-
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MU JaHHBIMH.

Ipeumywecmesa annpokcuMaruu (yHKIIUN ¢ TIOMOIILI0 HEHPOCeTe:

1 Bosbiiast ruOKocTh 0a30BBIX (PYHKIHMN HEMpOCeTel, CBSI3aHHAs ¢ ajarl-
TalKel K BXOAHBIM JaHHBIM;

2 Bpicokas mapajuienbHOCTh M CUHXPOHHOCTBH BBITIOJIHAEMBIX OIepaiui
Ha HEUPOHHBIX CETHX;

3 OpHOpoaHOCTh 0a30BBIX OIEpaluii B HEHPOHHBIX CETSIX (YMHOXKEHUE,
CIIO)KEHHE, HETMHEMHOe OE3bIHEPIIMOHHOE MpeoOpa3oBaHnME) M OTCYTCTBHE
CJIOKHBIX UPPALMOHAIBHBIX ONEepaluii HaJ onepaHaaMu (IeJeHHe, U3BICUCHUE
KOpHS U T. [I.), XapaKTEPHBIX ISl aJITOPUTMOB, CBOMCTBEHHBIX OJHOIPOLIECCOP-
HBIM MalllMHAaM;

4 TexHosornyeckasi NPOCTOTA BBINOJHEHUS 3TUX ONEpaluid IpHU pa3any-
HBIX CcIToco0ax GU3NUEeCKON peann3aliuu;

5 B03MOXXHOCTB yIpaBjieHUs 3JIEMEHTAMU U CTPYKTYPOU HEHPOHHBIX Ce-
TEH B IIPOLIECCE IMOMCKA HAMTyYIIEel alllIPOKCUMALINN;

6 B03MOXHOCTH UCIIOJIB30BAHUS HEMPOHHBIX CETEH /Ui aHAIIUTUYECKOTO
OMHCaHUsl MpeoOpa30BaHUs BXOJHOIO INPOCTPAHCTBA B BbIXOJAHOE. CTpyKTypa
HEHPOCETH MO3BOJISAET TAKKE AHAINTUYECKH IOJIy4aTh AJITOPUTM €€ HACTPOMKH
¥ KOHTPOJIUPOBATh €ro (PyHKIIMOHUPOBAHKE B IIPOLIECCE PEIICHUS 3a/1a4H;

7 VHBapuaHTHOCTH (HE3aBUCHUMOCTh) METOJIOB CHUHTE3a HEHPOHHBIX Ce-
TEW OT Pa3MEPHOCTH MTPOCTPAHCTBA NPU3HAKOB;

8 OtobpakeHHe CIIOKHOCTH PEIIaeMOM 3a/1auu B CIOKHOCTH HEHPOHHOM
CETH, WCIIOJIB3YEMOU NI PEIICHUs] KOHKPETHOU 3anauu. 1Ipu aToM mapamerpsl
HEHWPOCETH HE MMEIOT HEMOCPEICTBEHHOW (PU3MYECKON CBSI3U C MapameTpamu
00BEKTa, T. €. HEMPOCETH SIBIISIIOTCA HEMAapaMeTPUUYECKUMU MOJCIISAMY;

9 3aBUCHMOCTH CKOPOCTH CXOJUMOCTH alTOPUTMa HACTPOUKH HEHpPOH-
HOW CeTH OT pa3Mepa TPEHUPOBOYHOI'O HAOOpa JaHHBIX, B OTJIMYHE OT IJIAJKUX
(YHKIMI ¢ OrpaHUYeHHBIMU MPOU3BOJIHBIMU MOpsAaKa s > 0, y KOTOPBIX CKO-
POCTh CXOAUMOCTH 3aBHCHUT OT Pa3MEPHOCTH BXOJIHOIO IPOCTPAHCTBA IPU3HA-
xoB [8 — 10].

CnooicHocmu peanusaluy napaiieibHOW 00paboTKH:

1 Tupanus mesrccoeounenuti. Kaxapii mponeccop B napajjiesibHOM cHc-
TE€ME CBSI3aH C OOJIBIIMM KOJIMYECTBOM Jpyrux. KonmdecTBo cBsizeil 3aHMMaeT
HaMHOTO OOJbIIMIA 00BEM, UEM CaMU Mpoleccophl. Takas MIOTHOCTh CBSI3€l HE
peanu3yeTcsi B OOBIYHBIX HHTETPAIbHBIX CXEMaX;

2 Tpexmeprocmv cmpykmypul cészeli MEXAy TpoieccopamMu. TexHOoJ0-
TMYECKHU TAKUE€ CBSI3U TOKE MOKA HEBBITOJIHUMBI.

3 CnoarcHocmv npocpammuposaHus.

M3-3a BhIlIEyKa3aHHBIX CIOXKHOCTEW OOJbllas YacTh MCCIIEIOBAHUN TIPO-
BOJUTCS IBYMSI CTIOCOOaMMU:

1 MopaenupoBaHue HEHMPOHHBIX CeTel Ha OOBIYHBIX ITOCISIOBATEIBHBIX
OBM;

2 Coznanue crenualn3upoBaHHbIX HEHMPOIIIAT U HEWPOIIPOLIECCOPOB IS
yckopeHust padboTel 9BM ¢ HEHPOHHBIMU CETSIMHU.
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[TepBbiii cOCOO Ja€T MPOUTPHIIT B OBICTPOICUCTBUH JaXKe 110 CPAaBHEHUIO
¢ oO0bryHOM DBM, a BTOpO# crioco® He MO3BOJISET MEPEXOIUTh OT OJHON MoJIe-
JIA HEUPOCETHU K IPYTOMU, T. K. MOAEIb ONPEAEIACTCA UCIOJIb3YEMOW HEUPOILIA-
TOM.

2.4 IlpuMeHeHUe HEHPOHHBIX ceTel B 3a/1aUyax pacno3HaBaHUs 00pa-
30B

Obpa3z — xknaccuuKamoHHasl TPYNITUPOBKA B CUCTEME KilacCHU(UKAIUH,
oObeauHsIOMAs (BBIICISAIONIAs) ONPENCICHHYIO TPYNIy OOBEKTOB MO HEKOTO-
pomy mpu3Haky. OOpa3el 0051aal0T CBONCTBOM, MPOSBIISIONIMMCS B TOM, YTO
03HAKOMJICHUE C KOHEYHBIM YHCJIOM SIBJICHUH M3 OJJHOTO U TOTO € MHOXKECTBa
Ja€T BO3MOXHOCTh y3HABaTh CKOJIb YTOJIHO OOJIBIIOE YHCIO €0 MpeACTaBUTE-
nei. B kadectBe o0Opa3a MOXHO paccMaTpUBaTh U HEKOTOPYIO COBOKYITHOCTH
COCTOSIHUI 00BEKTa yIPABICHUS, IPUUEM BCSl 3Ta COBOKYITHOCTh COCTOSTHUM Xa-
paKTEepU3yeTCs TEM, UTO JJIs JOCTHXKECHUS 3aJIaHHOU EIu TpeOyeTcs OJMHAKO-
BOE Bo3JielicTBIE HAa 00beKT. OOpa3bl 00J1aJal0T XapaKTepHbIMU OOBEKTUBHBIMU
CBOMCTBaMHU B TOM CMBICJIE, YTO Pa3HbIC JIIOJIU, OOYYAIOIIMECsS Ha Pa3IuYHOM
Martepuane HaOJtoIeHUH, OOJIbIIeH YacThI0 OJUHAKOBO W HE3aBUCHUMO IPYT OT
apyra K1acCUPHUIIUPYIOT OJHU U T€ )K€ OOBEKTHI.

[Ipobiiema pacrio3HaBaHusi 00pa30B COCTOMUT W3 JBYX YaCTEU: oOyueHus u
pacnosuasanus. OO0ydeHNE OCYIIECTBIISICTCS MyTeM TO0Ka3a OTASIbHBIX O00BEK-
TOB C YKa3aHHEM WX MPUHAJISKHOCTH TOMY WIH Apyromy oopa3sy. B pe3ynbra-
Te 00y4YeHHUs paclio3Harolasi CucTemMa JI0bKHA MPHOOPECTH COCOOHOCTh pea-
TUPOBATh OJIMHAKOBBIMH PEAKIMSIMU HAa BCe 0OBEKTHI OJTHOTO Kjlacca M pa3ind-
HBIMH — Ha BCE OOBEKTHI PA3IMUHBIX KiaccoB. IIpoiecc oOyueHus MOJKEH 3a-
BEPIIUTHCS TOJBKO MyTEM TTOKA30B KOHEYHOTO YKciia 00bEKTOB 0€3 Kakux-11bo
JIPYTUX TOJCKa30K. 3a OOyYeHHEM CIIeyeT MpOoIecC HASHTU(PUKAIIMN HOBBIX
00BEKTOB, KOTOPBIN XapaKTepU3yeT NEeUCTBUS YK€ 00YUEeHHOUN cucTeMbl. ABTO-
MaTHu3aIys 3TUX TPOIETYp U COCTaBIsAET MpobiemMy oOydeHHUs] pacro3HaBaHUIO
00pa3oB.

B xpyr 3amad, KOTOpble MOTYT pEHIaThCS C MOMOIIBIO PACIO3HAIOIINX
CHUCTEM, BXOJIAT HE TOJBKO 33/1a4l PacClO3HABAHMSI 3PUTEIBHBIX U CITYXOBBIX 00-
pa3oB, HO M 33/1a4X PACTIO3HABAHUS CJIOKHBIX IPOIIECCOB M SIBJICHHM.

OmHako KaXOblii OOBEKT HAOJMIOAEHUS MOXKET BO3IEHWCTBOBATH II0-
pPa3HOMY, B 3aBUCUMOCTH OT YCJIOBHI BocnpusaTHs. Kpome TOro, 00BEKTHI OJTHO-
ro M TOTO ke o0pa3a MOTYT JIOCTATOYHO CHJIBHO OTJIWYATHCS APYT OT JIpyra u
M0-pa3HOMY BO3JCHCTBOBATH Ha BOCIIPHHUMAIOIINE OpPTaHbl. BEIOOp MCXOIHOTO
OMHCaHUS OOBEKTOB SIBJISICTCS OJHOM M3 IIEHTPAIBHBIX 3a/1au MPOOJIEMbI pacmo-
3HaBaHMS 00pa3oB.

3amaua pacrmo3HaBaHUs CBOJUTCS K CIEMYIONEH MaTeMaTHYECKON mocTa-
HOBKE: HEOOXOJUMO MOCTPOUTHh O0ToOpaxkeHue X—Y Takoe, YTOObI Ha KaKIbIi
BO3MOXKHBIN BXOIHOUM curHaNI X (hOpMHUPOBAJICS MPABUILHBIN BHIXOAHOW CUTHAT
Y. OrobpakeHne 3a1aeTcsi KOHEYHBIM Ha0OpOM Tap «BXOJI-U3BECTHBIM BBIXOI»
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[6]. Yncno Takux map (oOyuarowux npumepog) CylleCTBEHHO MEHBIIIE OOIIEro
YrClia BO3MOXKHBIX COYCTaHWN 3HAYCHHW BXOJHBIX M BBIXOAHBIX CUTHAIOB. Co-
BOKYITHOCTh BCEX OOYYarOMIMX MPUMEPOB HOCUT HA3BaHHUE 0Oyyaiouell 8b100p-
KU.

B pesynpraTe moctpoenus otoOpaxkeHus X—Y HEOO0XOJIUMO JTOOUTHCS
TOT'0, YTOOBI:

1 Ob6ecneunBanocs HopMHUpOBaHHE MPABUIBHBIX BBIXOJHBIX CUTHAJIOB B
COOTBETCTBUH CO BCEMU MPUMEpaMH 00yJaroIiei BHIOOPKH;

2 ObecneunBanoch GOPMUPOBAHUE MPABHIBHBIX BBHIXOJAHBIX CHTHAJIOB B
COOTBETCTBUHM CO BCEMHU BO3MOKHBIMH BXOJHBIMU CHUTHAJaMH, KOTOpbIE HE BO-
IIUTA B 00YyYaIOIIyI0 BEIOOPKY.

B 3amauax pacno3naBaHusi 00pa3zoB X — HEKOTOpPOE MpPeACTaBICHUE 00b-
exTa (n300pakeHue, BEKTOp 4ucerd U T.1.), Y — HOMep Kiiacca, K KOTOpoMy TMpu-
Ha/IJIS)KUT BXOJTHON OOBEKT.

Ecnn o0BexT (Miau mpoliecc) ONMUCHIBACTCS N XapaKTEpU3YIOLIUMHU €ro
OpU3HAKaMH, TO KKl TaKOW OOBEKT MPEACTABISAETCS B BUJIE XapaKTEPUCTHU-

YCCKOI'0 BCKTOpa X= (Xl' Xz,. . .,Xn ) CormocTaBuB KaXXA0MY IIPU3HAKY KOOPOH-

HAaTHYIO OCbh U «HATSIHYB» Ha IOJYYEHHYIO CUCTEMY KOOPAMHAT IPOCTPAHCTBO,
MOJIYYUM N-MEPHOE NPOCMPAHCMBO NPUHAKOS8, OOBEKTHI B KOTOPOM IPEICTAB-
JIAOTCS B BUAE TOYEK. ECiIM 3TH TOUKM NMPUHAJIEKAT K PA3JIMYHBIM KilaccaM U
TOYKH OJMHAKOBBIX KJIACCOB PACIIOJIOKEHBI B IPOCTPAHCTBE IIPU3HAKOB I'PYII-
namu, TO 00J1acTu (MOANPOCTPAHCTBA), B KOTOPHIX OHM HAXOJATCS U SIBISIOTCS
oOpazamu. Torna pacrio3HaBanue o0pa3oB reOMETPUUECKH 3aKJIIOYAETCS B 3a/1a-
HUU B MPOCTPAHCTBE MPU3HAKOB TaKOM MOBEPXHOCTH, KOTOpas cMorjia Obl pas-
JeNUTh 3TU obOsacTu. Peanmuzanuss Takoro MHOTOMEPHOTO (hYHKLIHOHAJIBHOTO
npeoOpa3oBaHus SABISETCA 3a7avyeil anmpoKcUMaled, K KOTOPO MOXKET ObITh
CBeJieHa 0OJIbIIas 4acTh MPUKIIAHBIX 3a/1a4.

B oTHolIEHNN pacnooKeHHusi 00pa30B B MPOCTPAHCTBE MPU3HAKOB ObLIa
BBIJIBUHYTA eunome3a komnakmuocmu. ECIU NPEAnoNokKUTh, YTO B MPOLECCE
oOyudeHusi MPOCTPAHCTBO NPU3HAKOB (POPMUPYETCS HUCXOAS M3 3aTyMaHHOM
KJIaCCU(PHUKALIMU, TO TOTJa MOXKHO HAJEAThCS, UTO 33JaHHOE IPOCTPAHCTBO IPHU-
3HAKOB CaMO IO ce0e 3aJaeT CBOWMCTBO, MOJ JEHCTBUEM KOTOPOro oOpasbl B
9TOM IIPOCTPAHCTBE JIETKO PA3IEIIAIOTCS.

I'unomesza xkomnaxkmuocmu: oOpa3aM COOTBETCTBYIOT KOMIAKTHbIE MHO-
’KECTBA B IIPOCTPAHCTBE ITPU3HAKOB.

OpHako ATy THNOTE3y HE BCErJa yJIaBaJloCh NMOIATBEPINUTH SKCIIEPHUMEH-
TanpHO. [I03TOMy rumoresa KOMIIAKTHOCTH MPEBPATHIIACH B MPU3HAK BO3MOXK-
HOCTH yJIOBJIETBOPUTEIIBHOTO PELICHUS 3a/1a4 PACIIO3HABAHUS.

Takum 00pa3om, 3aJ10roM BO3MOKHOCTH PEILICHUS 337a4M pacliO3HABaHUS
o0pa3oM sIBJIIeTCS MPABUIbHO CHOPMHUPOBAHHOE IPOCTPAHCTBO MPU3HAKOB, T. €.
IpaBUIbHBIN TOAOOP MPU3HAKOB, XaPAKTEPU3YIOIIUX O0BEKT MOJAETUPOBAHUS.

Bo Bpems cBeit paboThI, HEMpPOHHAS CETh MTPEOOPA30BHIBAET BXOTHON BEK-

Top X B BBIXOJHOU — Y . Wnum, pemas 3agaqy pacrno3HaBaHusi 00pa3oB, BHITIOJ-
HsET MpeoOpa3oBaHKe MPOCTPAHCTBA MPU3HAKOB B MPOCTPAHCTBO PEMICHHN. ITO
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npeoOpa3oBaHue OCYIIECTBISAETCA (DYHKIIMEH BXOA-BBIXOJ] CETH, SBIISIONICHCS B
JTAHHOM CJTy4dae anmpOKCUMUPYIOIIUM BhIPAKCHUEM.

2.5 IlpuHIMIIBI 00y4YeHNsI HEHPOHHBIX ceTeil

Obyuenuem Ha3BIBAIOT MPOIIECC BBIPAOOTKU B HEKOTOPOUM cCHUCTEME TOMU
WM MHOW peaKIMM Ha TPYNIbl BHEIIHUX WICHTUYHBIX CUTHAJIOB ITyTEM MHOTO-
KPAaTHOTO BO3ACHCTBHS HA CUCTEMY BHELIHEH KOPPEKTUPOBKU. MeXaHU3M reHe-
paiyu 3TOH KOPPEKTUPOBKU MPAKTHUYECKH TMOJHOCTHIO OIpPEAEseT alrOpUTM
obyuenus. CamoobyueHue OTIHYACTCA OT O0yYEHHUS T€M, YTO 3/€Ch JOIOIHU-
TenbHAst UH(POpMAaILK O BEPHOCTH PEAKIIMU CHCTEME HE COOOIIaeTcs.

Aoanmayus — 3TO MPOLIECC U3MEHEHUS MapaMeTPOB U CTPYKTYPhI CUCTe-
Mbl Ha OCHOBE TEKYLIEH MH(pOpMAIUHU C LEJIbI0 JTOCTHKEHUS ONPEIEICHHOTO
COCTOSIHUSI CUCTEMBI IIPU HayaJIbHOM HEOIPEEICHHOCTH U W3MEHSIOIIUXCS yC-
JIOBUSIX paOOTHI.

OOyuaromuye aaropuTMbl MOTYT OBbITh KJIacCHU(PUIMPOBaHbI KaK alrOpUT-
MBI 00yueHus ¢ yuumenem U 6e3 yuumeins. B iepBoM ciydae CyIECTBYET yuHu-
Te€Jb, KOTOPBI NPENbIBISIET BXOAHBIE OOpa3bl CETH, CPABHUBAECT PE3YJbTH-
pYIOIIre BBIXOBI C TpeOyeMbIMHU, a 3aT€M HACTPaMBAaEeT Beca CETU TaKUM 0Opa-
30M, YTOOBl YMEHBIINTH pazianuus. Takoil oOydaroniuii MexaHu3M Ouooruye-
cku HempasaononobeH. [loaTomy, XOTS MaHHBIA MOAXOA MPHUBEN K OOIBIINM
ycmexaM MpH PEelIeHnH MPUKIATHBIX 337a4, OH 9acTO OTBEPraeTcsl MCCle0Ba-
TEJSIMH, TIOJAralolMMK, YTO HMCKYCCTBEHHBIE HEMPOHHBIE CETH 0053aTeIbHO
JOJHKHBI UCTIOIB30BaTh TE€ )K€ MEXaHU3MBI, UYTO U YEJIOBEUECKUN MO3T.

Bo BTOpOoM ciyyae oOydeHHe NMPOBOAUTCS O€3 yUMTeNs: MpU NpeabsBlie-
HUU BXOJIHBIX 00pa30B CETh CaMOOPraHU3YeTCsl OCPEACTBOM HACTPOMKH CBOUX
BECOB COIJIACHO OIpEAEIEHHOMY alropuTMy. BeneacTBue oTcyTeTBUS yKa3aHUs
TpeOyeMoro BBIXOJla B Mpoliecce OOy4YeHHs! pPe3yJbTaTbl HEMpPeNCKa3yeMbl C
TOYKH 3PEHUs ONpeAesieHUs] BO30YXKAA0MUX 00pa3oB il KOHKPETHBIX HEUpo-
HOB. [Ipu 3TOM, OJHAKO, ceTh OpraHusyercs B (opme, OTpakarolell CyliecT-
BEHHbIE XapaKTEpPUCTUKH oOyuarolero Habopa. Hanpumep, BXoaHbIE 00pa3bl
MOTYT OBITh KJIaCCU(UIIMPOBAHBI COTJIACHO CTEMEHHU MX CXOCTBA TaK, 4TO 0Opa-
3bI OIHOTO KJIACCa aKTUBU3HUPYIOT OJIMH M TOT YK€ BBIXOTHOW HEHPOH [7].

Konumponvnuvie sonpocwl no meme 2:
N3obpaszute cTpykTypy hopMabHOrO HEHPOHA.
[IpuBenuTe MaTeMaTUUECKYIO MOJEIb HEMPOHA.
[IpuBenute GyHKIMHM aKTUBALUKA HEUPOHOB.
[IpuBenuTe TUIIBI CBA3EN MEXKAY CIIOAMU HEUPOHHOM CETH.
Onuiure CBOMCTBA COBPEMEHHBIX HEMPOHHBIX CETEH.
Jlist kakux 3ama4 Hanbosee 3QGEeKTHBHO UCTIOIH30BaTh HEUPOCETH?
[Tepeunciure mpeuMyIecTBa ampoOKCUMANKA (DYHKITHI C TOMOIIIBIO
HEHUPOHHBIX CETEH.
8 Uro Takoe 0OyueHus C yUuTeaeM U 0e3 yuuTess?
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3 IIEPCEIITPOHBI

3.1 OgHoc/10iiHBIN TEPpCENTPOH

[epcentpon (perceptron) paspadoran @. Pozenomartom B 1959 1.

[lepcenTpoH COCTOUT U3 psiza HEHPOHOB, POPMUPYIOIINX CION (HEHUPOHBI
H1 — Hn). HeiipoHsl uMeroT BU, MPEACTABICHHBIA Ha pucC. 2.1 1 QyHKIIMOHU-
pytoT cornacHo mnpaBwiry (2.1). OyHKIMS aKTHUBAUM HEUPOHOB MOPOTOBast
(bopmyma (2.3)).

CxemaTH4ecKu OJJHOCIOMHBIN MEpCENTPOH MPECTaBlIeH Ha puc. 3.1.

yl y2 Ym

Pucynox 3.1 — Oownocnotinsiii nepcenmpon

OmHOCOWMHBINA MEepCenTPOH CIOCOOEH paclo3HaBaTh MpocTeiiiie odpa-
3bl. OTIENBbHBIA HEUPOH MEPCENTPOHA BbIAAET 3HaYeHus 1 mnu muHyc 1. B 3a-
BUCHMOCTH OT 3HA4Y€HUs BBIXOJHOTO CHrHaja MPUHUMAETCS pemeHue: 1 —
BXOJIHOM CHUTHAJ MPUHAUICKUT Kiaccy A, MUHYC 1 — BXOIHOM CUrHaj nMpuHaj-
nexuT kiaccy B. IlepcenTpoH, cocTosiiuii U3 OJHOro HeWpoHa, (GOpMHpPYET
pa3IEAIONIYIO NIPSMYI0, YPAaBHEHHE KOTOPOU 3aBUCUT OT 3HAYEHUI CHHAIITHYE-
CKHX BecoB U mopora. Ha puc. 3.3 npencraBiieH npumep paszieiaeHus nepceer-
TPOHOM OOBEKTOB Ha 2 Kjiacca.

Xz XiW1 + XoW, =T
A|AA LT
= A /, B
y=1] A >R =1
.1 B B

” Xl

-

Pucynox 3.3 — I[Ipumep pazoenenus nepcenmpornom 06vexmos na 2 kiacca
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B ciydae N BXOJHBIX CUTHAJIOB pa3Jelisiolias MOBEPXHOCTb OyIET Mpe/l-
CTaBJIATh COOOM TUIIEPIITIOCKOCTh B N-MEPHOM MPOCTPAHCTBE MPU3HAKOB.

Jns pazmeneHuss MpOCTPaHCTBA MPU3HAKOB Ha OOJIbIIEE YHMCIO KJIACCOB
HEO0OXOJUMO B35ITh COOTBETCTBYIOIIIEE YMCIO HEMPOHOB. MUHUMAaIBHO HEOOXO-
JAUMOE KOJIMUECTBO HEHPOHOB JUIs BOMYHOTO nepcentpona m=log, K, rae K —

yucio kKiaccoB. OgHaKo Ha MPAKTUKE Jydlle BBLACIATH JUIS KaXXIOro Kiacca
OTAEIbHBIA HEMPOH.
B 1962 r. ®. PozenOnarT qokaszan teopemy o0 0Oy4eHUHU MEepCenTpoHa:
NEePCENTPOH CIOCOOEH HAYYUTHCA BCEMY, YTO OH CIIOCOOEH MPECTABIATh.
OOyueHue nepcenTpoHa siBsieTcs oOydeHueMm ¢ yuutenem. llepcentpon
o0y4aroT, mojiaBasi MHOKECTBO 00pa30B 10 OAHOMY Ha €r0 BXOJI M MOJICTpanBas
Beca JI0 TeX IMop, MoKa JUisi BceX 00pa3oB HE OyJeT AJOCTUTHYT TpeOyeMblil BbI-
XO/I.
Aneopumm 06yueHUus OUCKPemHO20 nepcenmpoHa
1 TloaaTe BXOAHOM BEKTOP U BBIYUCIUTH BBIXOJ;
2 a) ecid BBIXOJ MPaBWIbHBIN, TO IEPEHTH Ha mar 1;
0) ecyi BBIXOJT HEMIPABUJIBHBIN U paBeH MUHYC 1, TO 100aBUTH Bce BXO-
JIbI K COOTBETCTBYIOIINUM UM BECaM;
B) €CJIM BBIXO/Jl HETPABUJIBHBIN U paBeH 1, TO BBIYECTh KaX bl BXO U3
COOTBETCTBYIOILIETO EMY BECA;
3 IlepeiiTn Ha mar 1.
Obracmu npumeHenusi 0OHOCIIOUHbIX NEPCenmpoHO8: paclio3HaBaHUEe 00-
pa3oB, Kiaccudukaius.
Ilpeumywecmea: mporpaMMHBIC WU amnllapaTHbIC pealu3aldd MOJEIH
oueHb MpocThl. [IpocToit anroputM oOydeHUs.
Heoocmamku:
1 He noka3aHo, 4TO MEPCENTPOHHBINA AITOPUTM 00yueHUs ObIcTpee Mpsi-
MoOro nepedopa BECOB;
2 IlpumuTHBHBIC THHEWHBIE pa3AESIONINe TTOBEPXHOCTH NAlOT BO3MOXK-
HOCTh PEeIIaTh JIMILb CaMbI€ IPOCTHIE 3374l PACIIO3HABAHMUS.
B 1969 r. M.JI. MuHcKkuii 10Ka3aji, 4TO UMEIOTCSl KECTKUE OTPaHUYCHUS
Ha TO, YTO MOTYT BBITIOJHATH OJHOCJIOMHBIE TIEPCENTPOHBI. B 4acTHOCTH OJTHO-
CJIOMHBIN MEPCENTPOH HE MOXET BOCIPOU3BECTH TaKyI MPOCTYIO (YHKLHIO,
kak MCKJIFOUAIOHIEE WJIN (XOR). D10 OyneBa (GpyHKIHS OBYX IEpEeMEH-
HBIX, MPUHUMAIOIIAS 3HAYCHUE «HUCTHHA», KOTJa 3HAYEHUS TEPEMEHHBIX pa3-
JUYHBI, U «JI0Kb»— KOT/1a OJIMHAKOBBI.

Tabauya 3.1 — Tabauya ucmunnocmu ona @yuxkyuu UCKJIIFOYAFOIEE
HJIH

Toukn X1 X2 Brerxon
A 0 0 0
Bo 0 1 1
B: 1 0 1
Az 1 1 0
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Ha puc. 3.4 rpaduyuecku npoaeMOHCTpUpPOBaHA HEBO3MOXKHOCTh Peallv-
3aruu ogHocsoMHbIM niepcentpoHoM (yHkiun MCKIIFOYAIOIIEE WJIN.

X2 A

0

Pucynox 3.4 — Hegozmoorcnocmo peanusayuut 0OHOCIOUHBIM NEPCENMPOHOM
@yuxyuu UCKJIIFOYAIOUEE UJTH

Kak BugHO U3 prCyHKa NEPCENTPOHHAs IUHUS HE B COCTOSIHUM Pa3JECIUTh
Kkiaccel A u B. D10 cnpaBeaiBO W I TPOU3BOJBHOIO YKCIIA MPU3HAKOB U
BBIXOJ/IHBIX KJIACCOB.

Takue ¢pynkiun kak MCKJIFOYAIOIIEE WJIN nHa3wiBatoTcs unHetino He-
pazoenumvimu. [IpuyeM Takux GyHKIUN 3HAYUTEIIBHOE OOJBIIMHCTBO U HE CY-
HIECTBYET crioco0a mpeaBapUTEILHON MPOBEPKU PYHKIIUM HA JIMHEHHYIO pasje-
JUMOCTb.

3.2 MHOroc/10iHbI| NEePCenTPOH

Mnozocnotineim nepcenmpornom (MLP — Multi layer perceptron) Ha3biBa-
€TCsl IEPCENTPOH C KOJIMUYECTBOM CJIOEB OOJIbIIE OHOTO.

[IpeooneHre OrpaHUYEHUs] JUHEWHOM Pa3AEIMMOCTA BO3MOXHO IIpU
IIPUMEHEHHUH JBYXCIIOWHOI'O MEPCENTPOHA, MOJYy4YaeMOTO KAaCKaJIHbIM COCIUHE-
HUEM JBYX OJHOCJIOMHBIX NIEPCENITPOHOB.

Ha puc. 3.5 mpencraBiieH IBYXCIOHHBIM MEPCENTPOH, peaTu3yroLIui
dbynkuuo UCKIIFOYAIOIIEE WJIN.

Tabnuna 3.2 WJUTIOCTPUPYET po1ece pelIeHus 3a1a4uu
NCKIIIOYAIOIIETO WJIM. B Tabmuue mnpuBeaeHa WCXOJHAs 3ajaya
NCKIIIOYAIOIIET'O WJIN, a Takke MmociaeqoBaTEIbHbIA pacuyeT BCEX CUTHa-
JIOB, MPOXOJSIIMX IO HEUpoceTH (111 CUMMETPUYHOCTH HYJIM 3aMEHEHbl Ha
MHUHYC 1).

Kak BuIHO W3 TaOIWIBI, BBIXOJHON CHTHAJI HEHPOCETH Y COBIAJACT C
TpeOyeMbIM 3HaueHUuEM «BorIxomy.
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x1

X2

T=w

Pucynox 3.5 — Jlgyxcrotinwiii nepcenmpon, pearusyiowiutl pyHKyuio
HUCKIIFOYAIOLIEE UJINH

Tabnuya 3.2 — Tabauya ucmunnocmu cemu

x1 | x2 | Beixon | Sl s2 |yl |y2 ]| s y
-1 -1 -1 0 0 1] -1 -2 -1
11 1 2w | 2w | -1 | 1 0 1
1] -1 1 2w | 2w | 1 | -1 | 0 1
1 1 -1 0 0 1] -1 -2 -1

Pemaromiass moBEpXHOCTh JIBYXCJIOMHOTO MEPCENTPOHA SABJIAETCS KOMOH-
Hauuen oT o0yacTeld, co31aBaeMbIX HEMpOHAMU MEpBOro ciios. Bux komOuHa-
UM ONpEAENseTCs mapaMeTpaMyd HEHMpoHa BTOPOro cios. JIByXCIOWHBIN Tep-
CENTPOH MOXKET (HOPMHUPOBATH MPOU3BOJIbHBIE BBIMYKJIbIE MHOTOYTOJbHBIE pe-
nraromue oonactu. Yucio CTOpOH B MHOTOYTOJIBHHKE COBIAAAET C KOJMYECT-
BOM HEHPOHOB B NEPBOM CJIO€. B 3aBUCMMOCTH OT MOJIOKEHHSI TUIEPILUIOCKO-
CTel 00JaCTh MOKET OBITh OTKPBITON WJIH 3aKPBITOM.

Ha puc. 3.6 mpuBeneH mpumep OTKpHITOW 005acTH, ChHOPMHPOBAHHOMN
JBYXCIIOMHBIM MEPCENTPOHOM C YETBIPbMS HEMPOHAMU B IIEPBOM CJIO€ (BBIXOJIbI
o0o3HaueHsl yl...y4). BHyTpu 0071acT BBIXO/ CETH PaBEH AMHUIIE.

%yg,: 1

Pucynok 3.6 — Obnacmo, cghopmuposannas 08yXciolunbiM nepcenmpoHoM
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TpexcnoitHpiii mepcentpon (cM. puc. 3.7) sBasercs O6ojee oOmmM. Heii-
POH TPEThEro CIIosi MPUHMMAET B KadyecTBE BXOAa HAOOP BBIMYKJIBIX MHOTO-
YTOJILHUKOB, U MX JIOTHYECKast KOMOMHAIIHSI MOXKET OBITh HEBBITYKIIOM.

Caon 0 Cmoit1 Cnon2 Croit3

Pucynoxk 3.7 — Tpexcnotinwiii nepcenmpon

[lepBbiii cllol nepcenTpoHa Ha3bIBaeTCs 6x00HbIM (Ha puc. 3.7 — Cioii 0),
nociaeaHu — 6vixoouvim (Ha puc. 3.7 — Cnoit 3), oCTalmbHBIE - CKPbIMbIMU.
BxoaHo# ciioit 4acTo He yUUTHIBAE€TCA B OOIIEM KOJUYECTBE CIOEB, MOCKOJIbKY,
KaK yXe OblIO OTMEYEHO B II. 3.1, HEHPOHBI BXOJAHOIO CJIOS HE MPOU3BOISAT BbI-
YUCIICHUM.

Ha puc. 3.8 npuBeneH npumep HEBBIMYKIONH 001acTH, chOpMHUPOBAHHON
TPEXCIOUHBIM MEPCENTPOHOM.

Hesbimykias ponacts «A u He By

TpeyFOHLHI/H\AA — Tpeyromsnuk B

Pucynox 3.8 — [Ipumep obracmu, cgpopmuposanHot mpexciotHblM nepcenmpo-
HOM

B oOmiemM ciydae MHOTOCTIOWHBIN MEPCENTPOH MOKET UMETh JI000€ KO-
JIMYECTBO CJIOEB C JIFOOBIM KOJIMYECTBOM HEHPOHOB B KAXJIOM CIIO€.

[lepcenTpoH ¢ HE MOPOTOBBHIMU (DYHKITUSIMU aKTUBAIlMU HEHPOHOB Ha3bI-
BAIOT MHO2OCIOUHOU NPAMOHANPABIEHHOU HeuponHou cemvio. [1o cTaTucTuke
IPUMEHEHUS] HEUPOCETEN TAKUE CETU 3aHUMAIOT 10 75 %.

JNokazan psa teopem (A.H. Koamoropos, B.M. Apuoasa (1957 r.); P.
Xext-Hunbcen (1987 r.); I'. Hubenko (1988 r.); K. Xopuuk, K. ®dynaxamm
(1989 r.)) 0 TOM, yTO JIIOOYIO HEMPEPHIBHYIO (DYHKIIMIO HECKOJIBKUX MEpEeMEH-
HBIX MOKHO C J1000H TOUYHOCTHIO PEaM30BaTh C MOMOIIBIO TPEXCIOWHON HE-
POHHOI ceTu (C OJJHUM CKPBITBIM CIIOEM) C HETMHEWHBIMH (DYHKLUSMU aKTHUBA-
IIUU C JOCTATOYHBIM KOJMYECTBOM HEHPOHOB B CKpbITOM ciioe. Mnu mis pyHk-
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Ui, 3aJaHHBIX TaOJMYHO: IS JII000oro MHOKecTBa map (Xy,Yy), rae Yy — cka-
JSIp, CYILIECTBYET JBYXCJIOMHAs OJHOpOAHAs (C OAMHAKOBBIMU (PYHKIUSIMHU aK-
TUBAIMM) HEHPOHHASI CETh C MOCJEI0BATEIbHBIMU CBI3IMHU U C KOHEYHBIM YK C-
JIOM HEMPOHOB, KOTOpas BBINIOJIHAET OToOpakeHne X—Y.

Cormacuao teopeme M.H. Croyna, o6o6mraromieit Teopemy Beiiepmrpacca
0 BO3MOKHOCTH PaBHOMEPHOTO TPHUOIMKEHUS HEMPEPHIBHBIX (DYHKIMIT MHOTO-
YICHAMH, HEIMHEHHOE MpeoOpa3oBaHUE, MPUMEHSIEMOE B HEUPOHHBIX CETSX,
MOKET OBITh TIPOU3BOJILHOMN (POPMEI.

[IpeoOpa3zoBaHue BXOJIHOTO MPOCTPAHCTBA B BBIXOAHOE OCYIIECTBIISETCS
3a CYET MOCTPOCHUS ANIPOKCHUMHPYIOUIEH KyCOUYHO-TMHEUHOW MOBEPXHOCTH C
MOMOIIBIO TTOOYEPETHOTO pacyeTa JTUHEHHBIX KOMOMHAIINI U HEIMHEWHBIX TIpe-
oOpazoBanuii. Takum 00pa3oM, HEHPOHHBIE CETH SIBISIOTCS YHUBEPCAIbHBIMU
anmpoKCUMaTOpaMHU, CIIOCOOHBIMHU C JIHO0OM TOYHOCTHIO UMUTHUPOBATH JIHOOOU
HEIPEPBIBHBIN aBTOMAT.

[IpuMeHeHne MHOTOCJIOMHBIX MEPCENTPOHOB OBLIO 3aTPYJHEHO U3-3a OT-
cyTcTBUS airoput™Ma o0yuenusi. Onnako B 1986 r. JI. Pymensxapt, I'. XvHTOH U
P. Bunbsimc paszpabotanu azeopumm obpamuoz2o pacnpocmpaneHus OulubKu
(back propagation). Oopamnoe pacnpocmpanenue — 3T0 CUCTEMAaTHYSCKUN Me-
TOA sl 0Oy4eHUs] MHOTOCJIOMHBIX MCKYCCTBEHHBIX HEMPOHHBIX ceTeil. IIpore-
ypa 00paTHOTO PaclpOCTpPaHEHUS MIPUMEHHUMA K CETSIM C JIFOObIM YUCIIOM CIIO-
eB. Jlns anroputMa oOpaTHOTO pachpocTpaHeHHs TpeOyeTcs, YTOObl aKTUBAIIU-
oHHas QyHKIMs OblIa Beroay nuddepennupyema. Onrcanue anropurma odopart-
HOTO pacTPOCTPAHEHUSI OLTUOKHU MPUBEIIECHO B pazzeie 4.

Obracmu npumeHeHUus MHO20CIOUHBIX NepCenmpoHOs8: PACIO3HABAHUE
o0pa3oB, Kiaccudukaiys, MporHo3upoBaHueE.

Ipeumywecmea: BO3MOKHOCTD alllIpOKCUMAIIMK (QYHKIIHMIA JTI000TO BUA.

Heoocmamku: HenoiHoTa T€OPUU MPOSKTUPOBAHUS U HACTPONUKH HEUPO-
CETEH.

3.3 ITocTpoeHue MHOTOCJIOHHBIX NEPCENTPOHOB

3.3.1 dmanwvt nocmpoenus MHOZOC/A0UHBIX NEPCENMPOHOE

|

[IpenBapurenbHas 00pabOTKAa UCXOIHBIX JTAHHBIX;

Bb160p apXuUTEKTYphl HEUPOHHOM CETH;

AHamUTUYECKOE OTMpeeieHue MpeoOpa3oBaHus, OCYIIECTBISIEMOTO
HEUPOHHOU CETHIO;

dopmupoBanue GyHKIIMOHATA ONTUMHU3AIMN HEHPOHHOU CEeTH;

Br160op MeToma 00yueHns HeHPOHHOU CeTH;

Bb160p HaYaJIbHBIX YCIOBUIM U 00y4YeHHE HEUPOHHOU CETH;
HNHuTteprniperaiivisi MOJIy4EeHHBIX pPe3yJIbTaTOB,;

TecTtupoBaHHE CETH.

w N

oo ~No 01 b~
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3.3.2 IIpeosapumenvnasn 00padbomka ucxooOHvlx OAHHbHIX

[TockoIbKYy KOMIIOHEHTHI BXOJIHBIX BEKTOPOB MMEIOT Pa3jUYHbIEC €IUHH-
bl U3MEPEHUS M JUana3oHbl BapUallMd, HEOOXOAMMO BBIMIOJHUTH OIEPaIUIO
macuimabupoganus, I TOTO 4YTOOBI MPEACTaBUTh BCE AJIEMEHTHI BXOJHOIO
CUTHAJIa YMCJIaMH OJHOTO THIIA W3 OJHOro auamnaszoHa. [lomaua Ha BXOJ HEH-
POHHOW CETH HEMacCIITaOMPOBAHHBIX MAHHBIX 3aTPYIHSECT OOy4YEHUE CETH H
MIPUBOJMT K OIMMOKaM B €€ paboTe Tak Kak

1 Pabota BecoBbIX KO3(h(UIMEHTOB CETH B pa3jHYHBIX MacliTabax yc-
JIOKHSIET HaYaIbHYIO0 HHUIIHAIN3AINIO BECOB;

2 BecoBbie k0d(hPUITMEHTHI HEHPOHOB B 3aBUCUMOCTH OT BEITHMYUHBI
TUCTIEPCHH TIPUMYT OYEHB OOJIBINKE WIIA OYCHb MaJIble 3HAUCHUS, YTO YBEITUIHT
BpeMs 00YUYEHUS U CHU3UT TOYHOCTh ITPOTHO30B;

3 HeiipoHbl BXOJHOTO CJIOS WM OKaXyTCsl B MOCTOSTHHOM HACBHIIICHUU
u3-3a OOJIBIIOTO YCPEAHEHHOTO 3HAYEHUSI COBOKYMHOCTH BXOJHBIX JAHHBIX U
MaJol AUCTIEPCUH, WIH OyIyT 3aTOPMOKEHBI U3-3a MAJIOTO CPEIHETO 3HAUYCHUS
BBIOOPKH.

Takxe HE0OXOIMMO MacIITAOUPOBAHUE STATOHHBIX BBIXOJHBIX CUTHA-
JIOB, MMOTOMY 4YTO OOBIYHO JIMAINa30H BBIXOJHBIX 3HAYCHUN HEUPOHOB JICKUT B
OTpaHUYCHHOM HWHTEpPBAJIC U HEHPOHHAS CETh B NMPHUHITUIIE HE CMOXKET BBIIATH
OTBET B peaJIbHOM MacIiTade JaHHBIX.

[TockonbKy HEMpPOHHBIE CETH AHAIM3HPYIOT HE aOCOJIIOTHBIC 3HAYCHHUS
BXOJ/IHBIX CHUTHAJIOB, 2 MX W3MEHCHHUS, TO JISl TTOBBIIICHUS PAa3TMUYUMOCTH CHUT-
HaJOB KpOME MaclITaOMpOBaHUSA MPU TMPEABAPUTENBHOU O00pabOTKE aHHBIX
CJEAYET BBIMOJHATEL cO8U2 6X00HbIX daHHbix. CIBUT 00eCTIeYuBACTCS MPU UJICH-
TU(UKAITIY TPaHUI] TUaNla30Ha U3MCHECHMSI TTPU3HAKA U PaCCMOTPEHUH UX B Ka-
YeCTBE TPaHUIl BXOJHOTO Auamna3zoHa. Omepanuy CABUTAa U MacUITaOMpPOBAHUS
BMECTE MPEACTABIISIIOT COO0M HopMmanuzayuio BXOAHBIX TaHHbBIX.

JInst HopManu3aluK JTaHHBIX B 3aJIaHHBIN JAWana3oH TPUMEHSIOT MUHU-
MaKCHOE Mpeo0pa30oBaHue B TUIIEPKYO:

X_H:(Xi _Xnin)(b_a)+a’ (31)
X —X

i
max min

rac 1 — MHJICKC anMepa B MaCCHUBC UCXOAHBIX JAHHBIX,
XiH — HOpMaJ'II/ISOBaHHOG i-e 3HAQUCHUEC CUTHAJIA,

Xj — UCXOJTHOE I-€ 3HAYCHUE CUTHAIIA,

Xmins Xmax — MUHAMaJIbHOE U MAaKCUMAJIbHOEC 3HAYCHUE CUTHAJIA B MACCUBE
VCXOJHBIX JaHHBIX;

a 1 b — COOTBETCTBEHHO HUXHSS U BEPXHsISl TPAHUIIBI HOPMATU30BAHHOTO
Jyara3oHa.

IIpyr OTCYTCTBUH KECTKUX OIPAHUYEHUM HA JMAIIa30H 3HAYEHUN BXOJIHO-
ro MpU3HAaKa MOXET OBbITh BBIIIOJIHEHA HOpPMaJIM3alys, Jal0Ilas HYJIEBOE Cpe-
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Hee W EAMHUYHYIO AWCIIEPCHI0 HOPMAaJIM30BAaHHOW BEIMYHHE, YTO YCKOPSET
oOyueHue:

S H X; = M(x)

(3.2)
o(X)

rae M(x) — BRIOOpOUYHOE CpeHee KOMIIOHEHTa BEKTOpAa MCXOHBIX JaH-
HBIX;

o(X) — cpeaHee KBaAPATUUYECKOE OTKJIOHEHUE JJAHHBIX KOMIIOHEHTA.

[Tocne HopManu3aluu TaHHBIX HOPMUPYETCS 0Oyuarouas 6b100pKa, B KO-
TOPYIO BBIJEISACTCS YacTh MPUMEPOB M3 OOIIETO MHOXKECTBA MCXOMHBIX JIaH-
HeIX. Kak mpaBuio, B oOyuaromryto BeIOOpKY BkirodaeTcs 70-80 % mpumepon
HCXOJTHOTO MHOKECTBA JAHHBIX, HO HE MEHEE HECKOIBKUX JACCATKOB (JTydIle He-
CKOJIBKUX cOTeH). B oOmiem ciiydae mpumepsl oTOMparoTcs CiaydallHbIM 0Opa-
30M. OJTHAKO TOCKOJIBKY OOBIYHO MHTEPIIOJISIIIUS OCYIIECTBIISIETCS TOUHEE, YeEM
AKCTPAMOJIALMS, TO JUIsl MOBBIIMICHUSI TOYHOCTH MPOTHO30B CeTel 00ydarollyro
BBIOOPKY ciieqyeT (OpMUpPOBaTh U3 penephvix (OnopHwuix) MPUMEPOB, XapaKTe-
PUBYIOIIUX OCOOCHHOCTH (YHKIHUU, KOTOPYIO JOJDKHA OylIeT pealiu30BbIBATH
oOydeHHast HelipoHHas ceTb. K TakuM mpumepaMm OTHOCSTCS BCE MPUMEPHI, Y
KOTOPBIX 3HaUEHUE XOTs OBl OJJHOTO KOMITOHEHTA JIC)KHUT Ha TPAHUIIC TaIla30Ha
W3MEHEHUS ATOTO KOMIIOHEHTA.

Taxke wHOTAA M3 OOIIET0 MHOXKECTBA WMCXOJHBIX JAHHBIX BBIACISCTCS
KOHTPOJIbHASI BEIOOPKA, KOTOpas MUCIOJB3YETCS BO BpeMs 00ydeHUs HEHPOHHOMN
ceTu JyIs mpeaoTBpaiieHus 3 exra nepeoOyueHus ceTu.

[Tomumo HOpMaIHM3aIUK U 0OTOOPa MPUMEPOB JIJIs1 00YUAIOIIEr0 MHOXKECT-
Ba B MPEIBAPUTEIHHYIO 00paObOTKY NAaHHBIX BXOISAT pAHOOMU3AYUS OAHHBIX W
AHANU3 00YUAIOUIe20 MHONCECEA HA NPOMUBOPEUUBOCD.

Pannomuzanusi mpennosiaraeT pacrojoXeHWe MPUMEpPOB B CIydyallHOM
MOpsIIKE BHYTPU OOYYAIOIIEr0 MHOXKECTBA JUISl JTUKBUAAIIMK [ITyMa, MOSBIISIO-
IIETOCs TIPH YIOPSIOUYUBAHUH PUMEPOB, KOTa UX MOPSIOK HE COOTBETCTBYET
3aKOHOMEPHOCTSIM, XapaKTEPHBIM JIJII OITMCHIBAEMOTO TPOIecca.

HemnpotuBopeunBocTh 0Oyuaroieid BBIOOPKM O3HAYaeT, YTO JJIS JIBYX
OJIMHAKOBBIX BXOJHBIX BEKTOPOB JOJDKEH CYIIIECTBOBATH TOJHKO OJUH BBIXOJI-
HOHM BekTop. IIpoTMBOpEUMBBIC TPUMEPHI MOTYT TOSBJISATHCS BCICACTBHE I10-
IPEITHOCTEH B MCXOAHBIX MaHHBIX. [[03TOMY Takue mMpuUMeEphI CIEITyeT HUCKITIO-
4aTh U3 00PabOTKHU.

3.3.3 Buibop apxumexkmypol HelipOHHOU cemu
[TOCKONBKY BBIYMCIIUTENIbHAS MOIIHOCTh HEWPOCETEN 3aBUCUT OT YHUCIIA

CBSI3EH MEXIy HEMpOHAMU, TO TPU UCTIOJIL30BAHUH CETEH C OOpaTHBIMH U TIEpe-
KPECTHBIMU CBSI3SIMH JIJISI alMPOKCUMAIIMH OJTHOM U TOM ke GyHKIIUU TpeOyeTcs
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MEHbIIIEE YUCJIO HEHPOHOB B CKPBITOM CJIO€, YEM MPHU UCIIOIB30BAHUU CETEU C
OPSIMBIMH CBSI3SIMU.

OpHako CKOPOCTh CXOAMMOCTU IIPU 00YYEHUU CeTeil ¢ OOpaTHBIMU U TIe-
PEKPECTHBIMU CBSI3IMH HAMHOTO HUKE, YEM IPU OOYUYEHUHU CETEW C MPSIMBIMU
cBs3siMU. [[71s1 ceTelt ¢ 0OpaTHBIMH CBSA3SIMU TaKXke€ HEOOXOAMMO pelIaTh BOIPO-
Chl JTUHAMUYECKOM YCTOMYMBOCTH MPU UX OOYYEHUU U (PYHKIHUOHUPOBAHHH.
[ToaTOMy HEWpOHHBIE CETH ¢ OOPATHBIMH U TIEPEKPECTHBIMU CBS3SIMU IIEJIECO-
00pa3HO MPUMEHSTh P UX allapaTHOW peanu3allii, a CETH C MPSIMBIMU CBS-
3sIMU TIPHA UCTIOIB30BAHUH TTPOTPAMMHOMN IMYJISIINH.

OKCIIEpUMEHTAIBHO JI0Ka3aHO, YTO KayecTBO pabOThl HEUPOHHOU ceTH ¢
MPSMBIMH CBSI3SIMM MOHOTOHHO BO3pacTaeT MPH YBEIWYCHUH YHCTIA CIIOCB H
YHUCJIa HEUPOHOB B KAXKJIOM CJIOE.

OnpeneneHne ONTUMAIBHOTO YHCIAa HEHPOHOB B CKPBITOM CJIO€ MO 3a-
JaHHOM 0Oywaroleil BEIOOpKE B HACTOSIIIIEEe BpeMsl HE UMEET MaTeMaTH4eCKOTo
perieHus (MO ONTUMAJIBHBIM 3/1€Ch MOHUMAETCS MHUHHMAJIbHO HEOO0XOIUMOE
JUTSL pEIICHUS 33]1a4¥ YUCII0O HEUPOHOB).

[Tpu yncne HeHPOHOB HUMKE ONITUMAIIBHOTO

1 Cetb He 00yuyuTCS U OMIKOKA MPHU padOTE CETH OCTAHETCS OOJIBIION;

2 CeThb HE CMOXKET aIlpPOKCUMHUPOBATh pe3KHUE KOJIeOAHUsS] HCXOIHON
GyHKUIUU.

Yem Oompllie KOJUYECTBO HEHPOHOB, TEM BBINIC ANPOKCHMHPYIONTHE
BO3MOKHOCTH ceTH. OJTHaKO N30bITOYHOE YHCIIO HEHPOHOB PHUBOJIUAT

1 K yCloXHEHUI0 U 3aMeJIEHUI0 O0y4YeHNUs HEUPOHHOU CETH;

2 K mepeoOyueHuto, mpu KOTOPOM HeipoceTh OyneT oToOpaxaTh Hecy-
IIIECTBEHHBIC JACTAIA B U3y9aeMOU 3aBUCUMOCTH, HaIPUMeEP, IITYM HJIA OITHO0Y-
HBIC IaHHBIC;

3 K cHmwkennto 00001Iar0IIMX CBONCTB CETH.

KosimuecTBO HEMPOHOB CKPBITOT'O CJIOSI CBSI3aHO

1 Co cl0KXHOCTBIO 3a7a4H;

2 C KOJIMYeCTBOM JIaHHBIX ISl OOYUCHUS,

3 C tpebyeMbIM KOJUYECTBOM BXOJIOB M BBIXOJIOB CETH.

OneHuTh YMCI0 HEHPOHOB B CKPBITHIX CJIOSIX MOXHO C MOMOIIBIO HEpa-
BEHCTBA JIJIsl OLIEHKW YHCJia BECOBBIX KOA(DPUIIMEHTOB B CETH HEOOXOIUMOTO
JUTSI OCBOEHUS 3a/IaHHOT0 YUCJa MPUMEPOB B 00y4daronieil BEIOOpKeE:

NN o 1+ﬁ(N +N, +1)+N (3.3)
l+log, N, " U0 N )Y 4

X

riae Ny, — 9YHUCJIO BECOB B CETH;

Np — YHCII0 JIEMEHTOB 00y4arouiel BBIOOPKH;

Ny 1 Ny — COOTBETCTBEHHO pa3MEPHOCTb BXOJHOI'O M BBIXOJHOI'O CUTHAJIA.
Torna uncio HeiiporoB (Ny) B IByXCIIOHHON CETH MOKHO OMNPEACTUTH I10

dbopmyre
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N
L =— (3.4)
N, +N,

[Toacrasmsis B dopmyny (3.4) rpanuunbie 3HadeHus N, pacCUnTaHHBIC
o dopmyrie (3.3), nomydaem muaumansHoe (NHq; ) 1 Makcumanbsaoe (NH, . )
YHCII0O HEUPOHOB B CKPBITOM CJIO€ CETH.

[Tomumo oOwvema oOyuaroieil BEIOOPKH HAa pa3Mep CETH TaKKe BIHUSIET
CIIOKHOCTH perraeMoit 3amauu. CII0KHOCTh 3a/1ad4ll COOTBETCTBYET CIOKHOCTHU
anmpOKCUMAIlMU HUCXOTHOW (YHKIUU HEHPOHHOM CEThI0O M OINpEAeIseTCs
CTPYKTYpPOH U 3HAUEHUSIMH UCXOAHBIX JaHHBIX. OUEHUTHh CIOXKHOCTH ammpoK-
CUMaIMU TaOJWYHO 3a7aHHON (QyHKIMHU (0Oydaromied BHIOOPKH) MOXHO C TIO-
MOIIIbIO BBIOOPOYHOM OIEHKM KOHCTaHTHI JIumimi@a, BbIYMCISEMOW IO cle-
nyromien popmye:

i —
|_{, y= maxw (3.5)

X,y i%] dE(;I’;.)’

rae i, j=1 ... N — HHJIEKCH IPUMEPOB B MACCHUBE UCXOIHBIX JTAHHBIX;
N — KOJIMYECTBO MPUMEPOB B UCXOJIHBIX JTAHHBIX;

i )
X — BEKTOPbI BXOJHBIX CUTHAJIOB HEHPOCETH;
Yy — BEKTOPHI TPEOYEMBIX BBIXOJHBIX CUTHAIOB HEHPOCETH;
de(y , Y ) — €BKIMIOBO PAaCCTOSIHHE MEKIY BEKTOpPAMH BBIXOIHBIX CHI-
HAJIOB;

de(x', X') — eBkIMIOBO paccTOsIHAE MEXKIAY BEKTOPaMU BXOJHBIX CHTHA-
JIOB.

B kauecTBe €BKIIMIIOBA PACCTOSIHUS MEX/Y BEKTOpPAMH BXOJHBIX (BBIXOI-
HBIX) CUTHAJIOB MCIIOJIb3YETCsl HOpMa, BeIYHCIIsieMas 1o Gopmysie

dE(ii,i"):H? —i"Hz i(xik—xik)2 | (3.6)

k=1

rae k=1 ... K— HHIEKC KOMITOHEHTa BXOIHOTO BEKTOPA;

K — 41ciio KOMIOHEHT BXOJHOTO BEKTOPA.

Torna, ucxoas u3 gopmyin (3.5) u (3.6), BeIOOpOUYHAs OlIEHKA KOHCTAHTHI
Jlunmmmia Oyaet onpeaensaTbes mo Gopmyse
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Syt -yi)
> (i - 1)

k=1

K 2
k=

[SEY

L{ = MmaX

i)

Xy} 7 . (3.7)

Bri6opouHasi orieHka KOHCTaHTHI JIMMIIIKIIA MO3BOJISET OLICHUTh CKauYKU
anmpokcumupyeMmoit Gyakmun. Uem 6osee pe3kre CKauku jaenaeT QyHKIH, TeM
CJIOKHEE €€ alMpPOKCUMHUPOBATH C 3aJaHHOM TOYHOCTBIO H, COOTBETCTBEHHO,
TeM Oosiee MOIIIHAs HeHpOoceTh TpedyeTcsl.

OnpenenuB BBIOOPOUYHYIO OLIEHKY KOHCTaHThI JIMmmiuia, MOXHO HpoOBe-
PUTH BO3MOXXHOCTh HEMPOHHOW CETH 3aJaHHOM apXUTEKTYPhbl AllIPOKCHMMPO-
BaTh MPEIJIOKEHHYIO 00y4aronryto BeIOOpKy. st 3TOro HE0OX0AMMO OLIEHUTH
KOHCTaHTy JIunmmia HeHpoCceTn U CPaBHUTH €€ C BHIOOPOYHOW OLIEHKOW KOH-
cTaHThl JIunmmuua.

Hanpumep, koHcTanTa Jlunmmna roMOreHHOM IPsSIMOHAIIPABICHHON HEW-
POHHOI ceTu ¢ (PyHKUMSMU aKTUBAllMU BUAA «3KCIOHEHIHUAJIbHAS CUTMOUAA»
ompenenseTcs mo dhopmyie

k-1
Ly <cX /N N, JNg;, (3.8)
i=1

rJie C — MapaMeTp aKTUBAIMOHHOW (QyHKIMHU (cM. dhopmyiy (2.5));

K — urcio ciioeB cetu (6e3 yuera BXOAHOTO CJI0s);

Ny — pa3MepHOCTh BXOJIHOTO CUTHAJIA;

Ny — pa3MepHOCTb BBIXOJHOTO CUTHAJIA;

NH; — 4K CII0 HEHPOHOB B 1-M CJIOE.

YroObl HEWpOHHAS CETh CMOTJIA AMMPOKCUMHUPOBATh UCXOIHYIO (DYHK-
IO, HEOOXOMMO BBINOJIHEHHA ycnoBus Ly 3 < L. Torma nns neyxcinoiiHon
cetu, ucxoasa u3 dhopmyna (3.7) u (3.8), 9MCIO CKPHITBIX HEUPOHOB HE JOJIKHO
OBITH MEHBIIIC

S5 (3.9)

Takum o6pazoMm, ¢ yueroM (opmyn (3.8) u (3.9) MUHMMATBEHOE YHUCIIO
HEUPOHOB CKPBITOIO CJIOSI JABYXCIOMHOM T'OMOI'€HHOW IPSIMOHAIPABICHHOU
HEHPOHHOM ceTH ¢ (PYHKUMSIMU aKTHBAI[MU BHUJIA «IKCIIOHEHUMAJIbHAs CUTMOU-
J1a» COCTaBUT

N i = Max{Nub,, , Ni%, | (3.10)
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YTOYHUTH YHKCIIO HEWPOHOB B CKPBITOM CJIOE MOYKHO B MPOLIECCE HAa-
CTPOMKHU HEUPOHHBIX ceTel. CriocoObl HACTPONKH pa3MepOB HEMPOCETEH MOKHO
pa3eNuTh Ha ABE TPYIIbL: KOHCMPYKMUBHbIE ANCOPUMMbL U ANCOPUMMbL CO-
KpaujeHusl.

Aneopummul coxpawenusl.

B oCHOBE aJITOPUTMOB COKpAILEHHUS JISKUT MPUHLHI MOCTENEHHOTO yAa-
JIEHUs1 U3 HEMPOHHOM CETH CHHAIICOB M HEMpOHOB. B Hauase paboThI anropurma
00y4eHHs ¢ COKpPAlIEHUEM YHUCIO HEMPOHOB B CKPBITHIX CIIOSAX CETU 3aBEJOMO
M30BITOYHO.

Cy1iecTByIOT /1Ba NOJIX0/1a K peaanu3alyy arOpUTMOB COKPAILIEHHUS:

1 Memoo wmpaghnvix ¢hynkyuii, Ipu KOTOPOM B TIEIEBYIO (DYHKITHIO aJIro-
puTMa 00yueHUsI BBOAUTCS IITpadsbl 3a TO, YTO 3HAUCHUSI CHHANITHUYECKUX BECOB
oTan4Hbl OT HyJs. [Ipumep mrpada:

r7Ie Wij— J-ii CHHANITHYECKUI BEC 1-TO HEHPOHA,;
N — YKCJI0 HEUPOHOB;
M — pa3MEPHOCTh BXOJTHOI'O CUTHAJIa HEHPOHOB.
2 Memoo npoekyuii, Ipu KOTOPOM CHHANITUYECKUN BEC OOHYJISETCS, €CIH
€ro 3Ha4YeHHeE MOIIaJI0 B 3aJaHHbBIM JUaIla30H:

W.., ©Ha4e

ij
I'JI€ € — HEKOTOpasi KOHCTAHTA.
ANTOpUTMBI COKpAILIEHUSI UMEIOT, IO KpailHell Mepe, Ba HEAOCTaTKa:
1 Her MeTOauKH ONpeAeneHus Yuciaa HEHPOHOB CKPBITHIX CIOEB, KOTOPOE
ABJISIETCSI M30BITOUHBIM, MO3TOMY IEpej] HayajioM padOThbl alfOPUTMA HYKHO

yrajiath 9T0 YMCII0. B KadecTBe MaKCHMAIbHOIO MOXKHO MPHHSTH Yuciao NH,

(dbopmyust (3.3) u (3.4)). OmHako MOCKOIBKY onpezenenne yncia Nu,. 6as3u-

pyercsi TOJNBKO Ha YMCiIe IPUMEPOB B oOydaromiei BbIOOpKE, TO €ro 3HaueHue
MO’KET 0Ka3aThCsl HEAOCTATOYHO OOJIBIINM;
2 B mporiecce paboThI aropuT™Ma CeTh COJIEPKUT U3OBITOYHOE YNCIIO HEH-
POHOB, MO3TOMY O0yUYEHHE UJIET MEIJICHHO.
Koncmpyxkmuenwvie ancopummbi.

Haubonee npocTbiM BapHaHTOM KOHCTPYKTUBHOTO MOJIX0Ja SIBJISIETCS Me-
TOJIMKA, B COOTBETCTBUH C KOTOPOH MEPBOHAYATIHLHO YMCIIO HEHPOHOB MIPUHUMA-
eTCsl PaBHBIM MHUHUMAJIbHOMY KOJHYECTBY (HAampuUMEp, PACCUUTAHHOMY IIO
dbopmyie (3.10)). B cnydae HeygauHOro o0y4deHuUs B CKPBITBINA CJION 100aBIIsCT-
Csl OJJUH HEUPOH, BECOBBIM KO3(PPUIIMEHTaM KOTOPOTO MPUCBAUBAIOTCS CIIydai-
HbIC 3HaueHus. [Ipu 5TOM ceTh B OCHOBHOM COXpaHSET HaBbIKH, TIOTyYEHHBIC Ha
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OpeabLAyIuX 3Tanax oOy4eHus, XOTs U HabOtogaeTcss HeOOobIIOe YBEIUUECHUE
3HaueHus pyHkuuu omuOku. [locne nmpoBeneHrs NOBTOPHOTO 00yUYEHHUs 3HaYe-
HUEe (QYHKIMH OUIMOKM CHUYKAETCS O BEJIMYMHBI MEHbIIEH, yeM ObLia JIOCTHUT-
HYTa CEThI0 C MEHBIIUM YKCIIOM HeWpoHOB. JloOaBieHrne HEMPOHOB MPOAOIIKA-
€TCs 10 TeX MOp, MOKa KauecTBO pabOThl HEUPOCETH HE JOCTUTHET TPEOyeMOoro
3HAYEHHUS.

bonee cioxkHble KOHCTPYKTUBHBIE aJTOPUTMbI COXPAHSIIOT HABBIKH, MIPU-
0OpeTEeHHBIE CEThIO 10 YBEIMYEHHS 4YnciIa HEMPOHOB. Takue aaropuTMbl OCHO-
BaHbI Ha TOM, YTO 3HAYCHMSI CUHANITUYECKUX BECOB HOBOTO HEHpPOHA OMpeaes-
1orcs myteM pacuyenaenus (Splitting) oHOTO M3 CTaphIX HEUPOHOB.

Puc. 3.9 wmocTpupyer cyTh airopuT™Ma paciieTICHHs.

Hampasnenue 1/ Bexkrtopsr
U3MEHEHUI
“~._ BECOB

BexkTtop Becos
HCXOJHOTO

N  HanpaBnenwue 2
HelpoHa .

Pucynox 3.9 — Unnrocmpayus aneopumma pacwenyieHust HeUpoHa

Ha puc. 3.9 nokaszan BEKTOp BECOB MCXOJHOTO HEUPOHA CKPBITOTO CIIOS
Ha HEKOTOPOM II1are 00y4eHus U BEKTOPbl U3BMEHEHHS BECOB, COOTBETCTBYIOIIIHE
OTJIETLHBIM O0YyYaroIUM MpuMepaM (T.€. BEKTOPHI, MOKa3bIBAIOIINE HEOOXOIu-
MbI€ U3MEHEHHS BECOB JIJIsI PELIEHUsI OTACIBHOIO pUMepa 00yJaroiiei BEIOop-
KH).

BekTopsl n3MEHEHNI UMEIOT JBa IPEUMYIIIECTBEHHbIX HanpasieHus (Ha-
npasyienre 1 1 Hanmpasnenue 2) u 00pa3yroT B NpOCTPaHCTBE 00JIaCTh, CYIIECT-
BEHHO OTJMYAIONIytocsi OT cepudeckoid. CyTh aaropurMa 3aKiIt0uaeTcsi B BbI-
SIBJICHUM U PaCUICINICHUU TAKUX HEMPOHOB. B pe3ynbpTare paciienieHus BMECTO
OJIHOTO UCXOJHOTO HEHpPOHA B CETH OKAa3bIBACTCS JIBA HOBBIX HEHPOHA, KAXKIbIH
13 KOTOPBIX 00pa3yeTrcs MyTeM CI0KEHUsI BEKTOpa BECOB UCXOJHOTO HEMpOHA U
OJIHOTO U3 BEKTOPOB U3MEHEHU BECOB MIPEUMYIIIECTBEHHOTO HAIIPABJICHHUSI.

Hannune B ceTw HEMPOHOB, BEKTOPHI M3MEHEHHM KOTOPBIX MUMEKOT JIBa
MIPEUMYIIECTBEHHBIX HAMPABJICHUSI, PUBOIUT K OCIIILISAIUSAM MPU OOYUICHHH
KJIACCHYECKUM METOJ0M O0OpaTHOTO pacmpocTpaHeHus: omuoku. [Ipu oOyduennn
METOIOM C WHTErpalibHON (DyHKIMEH OMMOKN HAIM4YMe TaKUX HEUPOHOB MPH-
BOJWT K MOMAJaHHUIO aITOpUTMA OOYYCHUS B JIOKAJIBHBI MUHUMYM C OOJIBIITAM
3HaueHueM omuoku. [loaTomy paciienyienne Takux HeHPOHOB (YAAJICHUE UX U3
ceTn) obseryaeT nmporecc oOydeHus] HeMpOoceTH.
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Henocrarkom anroputMa pacileryieHusl SBISETCS SKCIOHEHIMATbHBIN
pocT 0ObeMa BBIUMCICHUHN IPU YBETUYEHUHN Pa3MEPHOCTHU CETH.

3.3.4 Ananumuueckoe onpeoeneHue npeodpaz0eanus, Ocywiecmense-
MO20 HEUPOHHOU CemMblo

Anmnpokcumupyemasi QyHKUIHS MPEACTABISIETCS B HEMPOCETEBOM JIOTHYE-
cKkoM 0Oa3uce 0a30BbIMH (QDYHKIMSIMH (¢ (aKTUBAIIMOHHBIMH (DYHKITUSIME) C MHO-
KECTBOM KO3(PPUIIMEHTOB W (BecoBble KOA((GUIIMEHTH U HEHPOHHBIE CMEIIIe-
HUS1), KOTOpbIE HACTPAMBAIOTCS B IMpOIIECCE MOUCKA HAaWIydIlIed amnmpoKcuMa-
uu. Ha aToMm 3Tamne 3anuceiBaeTcs: GyHKIUS, OMPEIEIIAIONIas 3aBUCUMOCTD BbI-
XOJIOB CETU OT ee Bx0/0B. T. e. ompexaensercs ¢popMylia aHATUTUYECKOTO Tpe-
o0pa3oBaHUsI BXOJHOTO MPOCTPAHCTBA MPU3HAKOB B BBIXOJHOE MPOCTPAHCTBO
KJIACCOB.

JlJis BbIBOJIa aHAJIMTUYECKOTO MPEeoOpa30BaHusl, OCYIIECTBISEMOTO HEM-
POHHOM CeThI0, HEOOXOAMMO OIPEAETUTh BBIXOJHBIE CUTHAIBI KaXJ10T0 HEUpO-
Ha ceTu. [lockonbKy HEHPOHBI (PYHKIIMOHUPYIOT corjiacHo ¢opmyne (2.1) u
UMEIOT aKTUBaIMOHHbIe GyHKIMH (2.5) — (2.9), TO UX BBIXOJHBIE CUTHAJIBI pac-
CUUTHIBAIOTCS TIO CIETYIOMNUM (hOopMyIam:

Nk k
Yi=1 (3.11)
1
o D WY T L k>1
j=

riae K — Homep ciios;

I =1... Ny — HOMep HelipoHa B ClIoe;

J = 1... Ny.; — HOMep BXOja HEHpPOHa;

N — gucno HeiiporoB B K-m cioe (ipu K = 1, Ny — 41CI0 BXOJHBIX CHT-
HaJIOB);

Yik — BBIXOJHOM cHUTHAJ I-r0 HelpoHa K-ro cios;

Xj — -1 BXOJHOW cUTHAI;

Wikj — J-i BecoBo#t ko3 uIHMeHT I-To HelpoHa K-ro cios;
( — aKTHBAI[MOHHAsT (QYHKITHUS,

T — HeiipoHHOE cMemenue i-To HelipoHa K-To cos.

Wnu, npeodpasys (3.11), oOiee BrIpakeHHE aPOKCUMHUPYOIICH (yHK-
UM HEWPOHHOW CETH C IMOCIEA0BATCIbHBIMUA CBS3SIMH MOXKHO TPEICTaBUThH
CJIeIYIONUM 00pazoM:
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Ny Ny Ng
y(X)=...... O D Wi, ® D Wi @ D Wi X +Te [+ T [+To |, (3.12)
k2:1 k]_:l kozl

- _/
~

1-# cioit

——
2-1 cion
\__ -/
~

3-1i ciion

rae Ko — HoMep BXOIHOIO CUTrHaja;

Ky, Ko, K3, ... — HOMepa HEHpOHOB B ci10sx HOMEp 1, 2, 3, ...

[IpuBeacHHbBIE BHIPAKEHUS OMUCHIBAIOT HEHPOHHYIO CETh C OJHUM BBHIXO-
noM. Ecin ceTs mMeeT 0O0JbIle BBIXOJO0B, TO OCTAILHBIE €€ BBIXOAHBIE CUTHAIIBI
pPacCUMTHIBAIOTCS aHaaoru4yHo. OTiauune OyIeT 3aKI0YaThCs JIHUIIb B IapaMeT-
pax BBIXOJHOI'O HEUPOHA.

3.3.5 @opmuposanue pynkyuonana onmumuszayuu

3HaueHHUs] BECOB M CMEILIEHUN CETH JOJDKHBI COOTBETCTBOBATH MUHU-
MaJIbHOM pa3HULE MEXAY 3HaueHHEM B OOydarolield BbIOOpKE M 3HAYEHUEM,
pacCUMTaHHBIM HEHUPOHHOW CEThIO MJII COOTBETCTBYIOLIErOo mIpumepa. Takum
oOpasoM, 3ajadya 00yueHUs HEHPOHHOUM CeTH SBISICTCS 3a/laueii MUHUMU3AINH
MHOXeCTBa (PYHKIIM MHOTUX TIEPEMEHHBIX, T/I€ MO/ MEPEeMEHHBIMU MTOHUMAIOT-
csi 0Oydaemble MmapaMeTphl CETH, a Mo (PYHKIUSAMH — OIEHKH PEUICHUSI CEThIO
OTAEJIbHBIX IpUMEpoB. T. €. MHOTOKpHUTEpHabHAsl 3a/laya ONTUMHU3ALUU CETU
11 BCEro 00y4aroliero MHOKECTBA pacCMaTpUBAETCsl Kak Ha0Op OJHOKPUTEPHU-
AJBHBIX JIJI1 OTACJIBHO B3SITHIX TPUMEPOB.

DTO MOXET MPUBOAUTH K, TAK HA3bIBAEMOU, 8DEMEHHOU HEYCMOUYUBOCMU,
KOTOpasi BOBHUKAET MU3-3a TOTO, YTO MPU ONTUMU3ALMHA OJHON U3 (PYHKIIMH 3HA-
YeHUs! OCTABIIMXCSA (DYHKIMI HE KOHTPOJIUPYIOTCS. BeneacTBue 3Toro Benuyu-
Hbl OIIMOOK YK€ ONTUMU3MPOBAHHBIX (PYHKIMH MOryT BO3pactarb. Bce 310
CHUKAET CKOPOCTh OOYYEHHS U B PsIJI€ CIYyYaeB aJrOPUTM MOKET HE CXOJUTCH.

Jlnst mpeoosieHrs: BpEMEHHOM HEYCTOMYMBOCTH HEOOXOAMMO, YTOOKI Ce-
TH TPEABIBISUINCH BCE BEKTOPHI O0YUYAIOIIETO MHOKECTBA, MPEXKIEC YEM BBITIOJ-
HsJIach KOppekius BecoB. T. €. HE0OX0aMMa BbIpaOOTKa €IUHON OILICHKH BCETO
oOyuarolero MHOXKeCTBa. Takas OI€HKa HA3bIBACTCS DYHKYUOHANOM ONMUMU-
3ayuu UM QyHKyuell owubKy HEHPOHHOM CeTH.

B kadectBe QyHKIINN OMUOKH UCTIOIB3YIOTCS:

1 CymMmaphas KBaJpaTuyHas ommoOKa

41



=33 (i~ Y5 f - min, (3.13)

rae i = 1...n — HoMep BBIXO/1a CETH;
j = 1...m — HOMEp IpHMepa B 00yUaroIiei BEIOOPKE;

00
YlJ ]

BBIX0J1a PACCUYUTAHHOTO CeThIO (1Mo popmye (3.12)).
2 CpenHsst KBagpaThudHas ommoOKa (31ech U aajiee A yIporieHus Gop-
MYJIBI PACCMAaTPUBACTCS CETh C OJJHUM BBIXOJIOM)

Yi? — COOTBETCTBEHHO 3HAYCHHS BBIXOJa B 0OydJaromieil BHIOOpKE U

m

> (v - vif

z=\%2 — min.. (3.14)
m
3 Cymma mojynen
m
Z=3|Y;°=Y5| > min. (3.15)
j=1

4 MaxkcuMyMm MOTyJIs

Z = max|Y;® = Yf| —> min . (3.16)
J

5 CymMapHas KBaJipaThuyHas omuoka c JrodToM

Z=>P(A)—>min, (3.17)

i=1
rae
A _ Yj06 _ YJC
- ;
2
(a) | (4117 a1

0, Al <1.

OneHkr ¢ MFO(QTOM IMO3BOJISIIOT MPEKpaIaTh ONTHMH3AIMIO, KOTJaa JT0C-
TUTHYTA 33/IaHHAs BEJIMYUHA a0COFOTHOM OIITMOKH €.

OyHKIIMOHAJT ONTUMHU3ALMK TPUHUMAET HEOTPULIATEIIBHBIE 3HAYCHHS.
OOy4deHHBIE COCTOSTHUSI HEUPOCETH SBJIAIOTCS TOUKAMU MUHMMYMa (PyHKIIMOHA-
JIa ONITUMM3AI1H.
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[Tpu smynsamuu HelipoceTn Ha [I9BM ydeT Bcex npuMepoB 00ydaroIiero
MHO>KECTBA IIPU €ro OOJIBIION pa3MEPHOCTU MOXKET ObITh HEBO3MOKEH M3-3a OT-
paHUYeHHs 1Mo O0beMYy MaMATH. JTa MpodiieMa MOXKET ObITh MPEOJI0JICHA TPU
UCIIOJIb30BAHUU NaKemHou Koppexyuu (W1 MHO20CMPAHUYHO20 00)YeHUst), KO-
raa oOydarolniee MHOXECTBO pa30uBaeTcs Ha psjl MOAMHOMKECTB C MEHBIIUM
YUCJIOM MPUMEPOB, U 3aT€M HEUPOCETh MOCIEAOBATEIbHO O00ydaeTcs Ha ATUX
MMOJIMHOKECTBAX.

3.3.6 Bvibop memooa nacmpoiiku Heupocemu

[Ton HacTpoiikoil WM 00y4YeHHEM HEUPOHHON CETH MOHUMAETCS HaXO0X-
J€HNE TaKUX 3HAYCHHUU BECOB M CMEIIECHUM HEMPOHOB CETH, IIPU KOTOPBIX CETh
croco0Ha PeluTh 33/1auy C 33JaHHON TOYHOCTHIO. J[pyrumMu cioBaMu HEOOXO-
IUMO MHUHHUMHU3HPOBaATh (YHKIMOHAJ ONTHMHU3ALMM, T.€. PELIUTh KJaccuue-
CKYIO 3aJ1ayy OITUMHU3ALUU.

Jli1sa HacTpoWKM HelpoceTel pa3paboTaHbl ClIEHUATIN3UPOBAHHBIE METObI
(cMm. riaBy 6). Taxke xopolio padoTar0T MHOTHE METOABI TEOPUH ONTUMHU3ALIUHY,
4acTo JIydlle, YeM CIelHMaaIu3upoBaHHble. BoIOOp MeTona ompezensercs oco-
OEHHOCTSMM pelIaeMoil 3aja4n: TUIIOM HEHPOCETH, YUCIIOM IEPEMEHHBIX U JIP.

JIns onpeneneHnss MOMEHTAa OCTAHOBKH MPOLIECCa HACTPOUKH HEMPOHHOMU
CETH MOYKHO MCITOJIb30BATh CIEAYIOIINE KPUTECPUN:

1 JlocTmwkeHre 3aJaHHOM BEIMYMHBI CXOJMMOCTH. BemnunHa CX0auMMO-
CTH 3a/1a€TCs al[pUOPHO U OOBIYHO MPUHAJICKUT JUATIA30HY 10°...10°;

2 Pemenne Bcex mpuMepoB oOydaroiieil BHIOOPKH C 3aJaHHON TOYHO-
CTBIO;

3 JoctmxeHue 3HaUY€HUEM (PYHKIMOHANIA ONTUMU3ALMU 33JJaHHOW BEJu-
YUHBI.

Kak mpaBuio npu oOy4eHUM HEHPOHHBIX CETEH CleayeT OnmupaThCcs Ha
OCHOBHBIE TI0JIOXKEHUS TEOPUU ONITUMM3ALIAH.

3.3.7 Bbl6op HauanvHwiX YCa08uil Npu HACMPOIIKe HEUPOHHOI cemu

Hanuune Oonpmioro yucia 3KCTPEMYyMOB (PYHKIIMOHANA ONTUMH3ALUU
MPUBOJAUT K HEOOXOJUMOCTH BHECEHHMS AJIEMEHTOB CIYyYaHOCTH B MPOLEAYPY
HACTPOMKHN HEUPOHHOU ceTu. s HaxoxkaeHus rio0aibHOro MUHUMyMa (PyHK-
[MOHAJIa ONTUMU3ALMK WJIM HAUMEHBILEr0 CPeAr BCEX HAMJIEHHBIX JIOKAJbHBIX
MUHUMYMOB HEOOXOIMMO MPOBEICHUE PsAJia ONTUMU3AUOHHBIX PACUYETOB MpPHU
Pa3IMYHBIX HAYAJIBHBIX YCIOBUSX (3HAUEHHSIX BECOB U CMEILIEHUN).

[IpakTrka MOKa3bIBa€T, YTO HayalbHbIC 3HAYEHHS] BECOB M CMELICHUI
JIOJKHBI OBITh HEOOJBIIMMH TI0 BeIMYUHE (OOBIYHO PEKOMEHIYETCS HUAMa30H
[-0,1; 0,1]). DTO rapaHTHUpyET, YTO B CETH HE MPOU30MIET HACHIIIICHUS HEHPOHOB
OOJIBIIMMU 3HAUYEHUSMU BECOB. 3aKOH paCHpeleIeHUs CIIydailHON BEITMYMHBI
OOBIYHO MPUHUMAETCSI PABHOMEPHBIM.
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3.3.8 Humepnpemayus nonyueHHbIX pe3yibmanos

Ecnu ncxonuble naHHBIE OBLIM MOJBEPIKEHBI MPOLIEAYPE HOPMATHU3ALUH,
TO TOCIE OKOHYAHMs MpOIlecca HACTPOMKH HEWPOCETH BBIXOIHBIC CHTHAIIBI
JOJDKHBI TIPE0OPa30BBIBATHCS B TUANA30H peallbHBIX 3HaYeHUi. Hampumep, npu
MCTIONTb30BAHUY JUISI HOPMAJIU3aIlMd MUHIMAKCHOTO TipeoOpa3oBanus (popmyia
(3.1)), uHTepripeTamus BHIIOTHISTCS IO (hopMyIie

= (X|H _a)éxn‘ax _Xmin) X
—a

(3.18)

3.3.9 Tecmupoeanue cemu

Jl71st MpoBEpKM HABBIKOB, MPUOOPETEHHBIX CETSIMHU B MpOIEcce 00yUeHus,
HEOOXOJMMO TMPOBECTH HMX TECTUPOBAHME HAa TECTOBOM BbIOOpKE. TecTroBoe
MHOKECTBO JIOJDKHO MMETh (popMaT NaHHBIX U CTPYKTYpPY aHAJIOTUYHYIO 00Y-
YaloleMy MHOXKECTBY U TaK)KE€ COCTOATh U3 Map BXOJ-KelaeMblid Bbixoa. O0y-
qarolas ¥ TeCTOBasi BHIOOPKU HE JOJDKHBI IepecekaTbes. Uucio npumepoB B
TECTOBOM BBIOOpKE NOKHO cocTaBisITh 20 — 30 % OT Bceil COBOKYIMHOCTH JlaH-
HBIX, HO He MeHee 10 — 20.

B o6miem cityyae mpumepsl OTOMpAIOTCs CIydailHBIM 00pa3oM € paBHO-
MEPHBIM paCHpe/IeICHUEM BHYTPH OOJACTH MPOEKTUpOBaHMs. B "acTHBIX ciy-
4asiX B TECTOBYIO BBIOOPKY MOTYT JOTOJHUTEIHLHO BBOJUTHCS MPUMEPHI, MPEI-
CTaBJISIOIIME OOJIBIITUI MHTEPEC JJIS peiaeMoi 3aJaum.

3.3.10 Onpeoenenue noxazameieil 3HAYUMOCHU CUZHANIO08 U IJ1EMEH-
mo6 HeUpPOHHOU cemu

B pesynbrate HACTPOMKHN HEMPOCETH MOKET 0KA3aThCs, UTO OJIMH WJIU He-
CKOJIbKO BXOJIHBIX CUTHAJIOB HE OYJyT OKa3blBaTh CYHIECTBEHHOI'O BIIMSHMS Ha
TOYHOCTBh pacyeTa BBIXOJHBIX CHUTHAJNOB. Takas cuTyauus MOXKET BO3HHUKHYTD,
HaIpuMep, U3-3a MEePEOLICHKU CTENEHU BIMSHUS (PaKTOPOB HA PE3yIbTUPYIOIINE
MOKa3aTeNld MpU MOCTAHOBKE 3a/aud. B 3ToM ciyyae Takue BXOJbl MOXKHO Oy-
JEeT UCKIIOYHUTh U3 PACCMOTPEHUS, YTO MO3BOJHUT COKPATUTh 0OBEMBI IPUBIIE-
KaeMo# Juist paboThl HeWpoceTu MH(POpPMALMKU M MOBBICUT CKOPOCTh PACUETOB.
Coxkparmenue coctaBa BXOJAHBIX CUTHAJIOB CIIEAYET pacCMaTpUBaTh KaK ONTHUMHU-
3aIHI0 CTPYKTYPHI YK€ MOCTPOECHHOUW U oOydueHHOU HewpoceTu. T. €. 3TOT ATan
paboThl ¢ HEMPOCETHIO BBHIMOIHIETCS MOCIE 3aBEPIICHUS €€ MOCTPOSHUS U MO-
KET OTCYTCTBOBATb.

Jns onTUMHU3anuMKM CTPYKTYpPBI BXOJOB HEUPOCETH MOKHO HCIIOJIb30BaTh
OILIEHKH MOKa3aTeNel 3HAYUMOCTH BXOIHBIX CUTHAJIOB.
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Tokazamenem 3nauumocmuy 1-ro BXOJHOTO CUTHAJIA MIPU PEUICHHH K-To
npuMepa SBISETCS BEJIMYMHA, KOTOPasi MOKa3bIBAET, HACKOJIBKO U3MEHHUTCS 3Ha-
yeHue (PYHKIMU OLEHKHU PEIIeHHs] HEUPOHHOU CEeThI0 K-ro mpumepa, e€ciu Te-

k *
KyoIe€ 3Ha4YCHUC BXOAHOI'O CUT'HAJIA Xi 3aMCHUTDH BBIJCJICHHBIM 3HAYCHUCM X:(

. B kauectBe BBIACIICHHOI'O 3HA4YCHUA X:( HUCIIOJIB3YIOTCA CPpCAHHUC 3HAYCHMUA
KaXXJ0ro BXOAHOI'O CMIruajia.
k
I[J'I)I KaXJ1oro npumepa X 3HA4YMMOCTH CUTHaJIa X:( OLCHUBACTCA 110 CJIC-

nyromien Gpopmyiie:

k
¥ = 0Z(X )(Xlk —x¥). (3.19)
OX;

rie Z(xX) — onenka peleHns HeipOHHOM ceTbio K-ro mpuMepa.

Takast olieHKa IpeArnoiaraeT uCojIb30BaHNE B Ka4eCTBE (DYHKIMH OIINO-
k1 ¢yHkimo Buaa (3.13). Ecnu ucnosb3yroTes crieliain3upoBaHHbIe (YHKIIUN
OLICHKH, TO Ha 3Tale¢ BBIYHUCICHUS 3HAYMMOCTH HEOOXOJIMMO BO3BpAIIATHCSA K
omnenke (3.13).

Ecnu 1y HOpManu3aluy TaHHBIX UCTOJIb30Bajgack Gpopmyia (3.2), npen-
moJiararomiasi MoJiydeHHe HYJICBBIX CPEIHHX, TO JUIS BCEX BXOIHBIX CHTHAJIOB

-

Xy = 0, YTO 3KBHBAJICHTHO HCKIIIOUCHHIO CHI'HAJIa U3 CCTH. Torna (bOpMy.]'Ia

(3.19) mpumer BuA

k
gl =P K (3.20)
OX;

Kak ormewanocs B m. 3.3.2, HEHPOHHBIE CETH AHAIU3UPYIOT U3MEHEHHS
BXOJIHBIX CUTHAJIOB. [109TOMY eciii B MHOYKECTBE MCXOJHBIX JAHHBIX OKaKETCH,
YTO KaKOW-THOO CUTHAJI MMEET BO BCEX MPUMEpax UMEET OJIMHAKOBOE 3HAUCHNE,
TO TaKOW CHTHA SBJIACTCS HE3HAYMMBIM.

®opmyisl (3.19), (3.20) oneHUBAIOT 3HAYUMOCTh CUTHAJIA JJIS PEIICHUS
OTIENbHBIX MpUMepoB. OlleHKa 3HAUMMOCTH CUTHAJA JIJISl BCErO OOYyYaromiero
MHO’KECTBa MPOU3BOAUTCS C MCIOJIB30BAHUEM HOPMBI B BUJE CYMMBI OLIEHOK
pelIeHnsT HEHPOCEThI0 NMPUMEPOB 00YYAIOIIETO MHOXECTBA WJIM MaKCUMyMa
Cpelu TMOJIyYeHHBIX OLIEHOK. B mepBom ciydae oOmiasi 3HAaUMMOCTh CUTHajia Oy-
JeT ONpEeaeNiaThes Mo Gopmyre

Np
Li= D0 (3.21)
k=1

rae Np — uncino nmpuMepoB 00y4daroIero MHOKECTBA.
Bo Bropom cinyuae
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% :m&xx:‘_ (3.22)

Onenka (3.21) sBasieTcst 6osiee 0ObEKTUBHON B CIIyyae MPUCYTCTBUS IIIy-
Ma B UCXOJIHBIX JAHHBIX, IIOCKOJIBKY B 3TOM CIIy4ae pacdyeT 3HAYMMOCTH MPOU3-
BOJUTCA C YUYETOM BCEX IMPHUMEPOB 00yYaromie BHIOOPKH, YTO MPUBOIUT K yC-
PEAHEHUIO TOIPEIIHOCTH ONPENEIEHUs 3HAYMMOCTH OTIEIBHBIX IPHUMEPOB,
CHWXKasi TEM CaMbIM €€ MAKCUMAaJIbHBI YPOBEHb.

3HAYMMOCTh CHHAIICOB HEHPOCETH MOKHO OLIEHUBATH, YA UX U3 CETU
U BBIYUCIIAS WU3MEHEHHE 3HaueHUs] pyHKIMM omuOku. Eciu ynaneHue cuHamca
HE YBEJIMUYMBAET MOIPELIHOCTh pabOThl CETU WIN YBEJIMYUBAET HE3HAUYUTEIIBHO,
TO TAKOM CHHAIIC MOXHO YJaJUTh U3 CETHM OKOHYATEIBHO. Takke MOXKHO yza-
JATh HYJIEBbIE U OJIM3KWE K HYJIIO CHHAICHI, IOCKOJIBKY HYJIEBOW CHHAIIC 3KBHU-
BAJICHTEH OTCYTCTBHIO CBSI3U MEXIYy HEMPOHAMMU.

VY aneHve y ceTM MaJIO3HAYMMBIX BXOJIOB M CHHAIICOB MOXET IPUBECTH K
YAQJIEHUIO U3 CETH HEMpoHa. Ecin y HeMpOHa HET HU OJHOTO BXOJHOI'O CHUTHA-
J1a, TO TAKOW HEMPOH MOKHO UCKIIFOYUTh U3 HEMPOCETH, TOCKOIBKY OH HE BIIUS-
€T Ha €€ BBIXOJHOW CUTHAJ. Y JAJIMB HEMPOH, MOKHO yIAJINTh U CUHAIICHI IPY-
TUX HEUPOHOB, MPUHUMAIOIINX CUTHAI OT yJajdeHHOro HedpoHa. M HaoOopoT,
€CJIM YJAJICHbl BCE CHUHAICHI, II0 KOTOPBIM HEUPOH PACChUIAN CBOM BBIXOIHOU
CUTHAJ, TO MOXXHO YJIJIUTh 3TOT HEUPOH CO BCEMHU €0 CUHAIICAMM.

Crnenyer OTMETHTB, YTO COKPAILEHUE 3JIEMEHTOB HEMPOHHOM CETH BayKHO
IIPY €€ alllapaTHOM pealu3aliyd U He CTOJb CYLIECTBEHHO IIPU IPOIPAMMHBIX
OMYJIALHSIX.

3.3.11 Ancopummost nocmpoeHus MHO20CIOUHBIX NPAMOHANPABIEHHBIX
HeUupoOHHbIX cemeil

O6o0uasi TeopeTUYeCKHe CBEACHHUS MO MPOEKTHPOBAHUIO HeMpoceTeH,
M3JI0)KEeHHbIE B MyHKTax 3.3.1 — 3.3.10, npencraBuM mpouecc MmocTpoOeHUss MHO-
TOCIIOMHBIX MPSIMOHANPABIICHHBIX HEUPOHHBIX CETEH B BHUJAE OJOK-CXEM alro-
PUTMOB.

[IpoekTrpoBaHME MHOTOCIOMHOM MHPSIMOHANPABICHHONM HEMPOCETHU MPO-
BOJMUTCA B COOTBETCTBUHU C aJITOPUTMOM, OJIOK-CXeMa KOTOpPOTo NpHBEIEHA Ha
puc. 3.10.
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A 4

Onpenenenue nokasa-
TecTupoBanne HEUPOCETH TeJIe 3HAYUMOCTH

A 4

Otuer
0 pe3yJibTaTax

[Torpemuocts
YIOBIIETBOPUTEbHAS

y

T m D

Pucynox 3.10 — brok-cxema aneopumma npoekmupo8anus MHO2OCAOUHOU Npsi-
MOHANPAGIeHHOU HEeUPOHHOU cemu

[Tpeno6paboTYHK BHITOIHIET MOJATOTOBKY MCXOIHBIX JAHHBIX JJIsi pado-
Thl HEHPOHHOU ceTH. B pexxnme oOydeHus pabora mpeaodpaboTIrKa OCyIIECT-
BJISIETCS TI0 AJITOPUTMY, OJIOK-CXeMa KOTOPOTro MpuBeieHa Ha puc. 3.11.
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IIpoBepka npumepa Ha IPOTHU-
BOPEUYMBOCTb U TOXKIECTBEH-
HOCTb JPYTUM IIpHUMepaM

IIpumep ynosnerso-
puTeneH

Hcknrouenue ImpuMepa u3 MHO-
JKCCTBA JaHHBIX

A 4

Hopmanuzanus BXOIHBIX
U BBIXOJHBIX CUTHAJIOB

'

Brienenre onopHbIX TPUMEPOB

v

dopmupoBaHue 00yJaroniel u
TECTOBOMN BHIOOPOK

\ 4

Pannomuzarus o0yvaromiero
MHOECTBA

A

T o D

Pucynok 3.11 — Brok-cxema ancopumma pabomul npedobpabomuuxa 8 pexcume
00yyeHUs

B nmpuBeaenHoit 6510k-cxemMe Np — 4MCIIO MPUMEPOB B UCXOJTHOM MHOXKE-
CTBE AaHHbIX. HopMan3anusi BXOIHBIX U BBIXOJHBIX CUTHAJIOB OCYLIECTBIISIETCS

o ¢opmyiam (3.1) — (3.2). Takxe cormacHo 3TUM GopmyaaM HYHKITHOHUPYET
peaoopadoTIHK B PEKUME IKCIUTyaTaIllud HEHPOHHOW CETH.
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KoHcTpykTop HElpoHHOH ceTu paboTaeT B COOTBETCTBUU C aJITOPUTMOM,
0JIOK-cXeMa KOTOpOro mpuBejieHa Ha puc. 3.12.

< Hatiano >

®opMHUpOBaHUE BXOJAHOIO CIIOSI

'

Ouenka ynucia
CKPBITBIX HEHPOHOB

!

DopMHUpPOBaHUE CKPBITHIX CIIOEB

.

(DOPMI/IpOBaHI/Ie BBIXOJHOI'O
CJI0s

|

T om D

Pucynox 3.12 — Brok-cxema aneopumma pabomsi KOHCMPYKMOPA HEUPOHHOU
cemu

[Ipu oleHKe YMCIIa CKPBITHIX HEMPOHOB HCIONB3YIOTCS (hopmyisr (3.4) u
(3.10).

Ha puc. 3.13 npencrapiieHa 0JI0K-cXeMa alropuT™Ma ONTUMU3AIMK Tapa-
METPOB HEHPOHHOM CETH, COOTBETCTBYIOLIEIO0 KOHCTPYKTHMBHOMY MOIXOIY
dbopMHUpOBaHUS €€ CTPYKTYPHI.

VY 10BNETBOPUTENBHBIM MPU3HAETCS pEUIeHHE, IPU KOTOPOM oOecreurBa-
€TCsl pelIeHHE BCEeX MPUMEPOB 00yUaroIIei BEIOOPKHU ¢ 3aJaHHOW TOYHOCThIO. B
Clly4ae HEYyJOBJIETBOPUTEIBLHOIO PEUIEHUS BBIIOJIHSIETCS MOBTOPHBIA CITyCK U3
HOBOM CTapTOBOI TOUKH JJIsI HAXOXKICHUSI OYEPETHOTO JOKAJIbHOIO MUHUMYMA
(yHKIHOHANTA ONTUMHU3ALIH.

ITonck 2KCTpEMYyMOB MPEKPAIIAETCSA, KOTA B PE3YJbTATE Spmax CIYCKOB
(Smax = 10 ... 15) He ymaercs HalTH HU OJHOTO HOBOTO IKCTpemyMma. B aToMm
CJIy4ae YUCJIO CKPBITHIX HEMPOHOB MPU3HAETCS HEIOCTATOUYHBIM ISl allPOKCH-
Malliy UCXOJHBIX JAHHBIX C 33JJAHHON TOYHOCTBHIO U B HEHPOCETh BBOAUTCS J10-
IIOJIHUTEJIbHBIN CKPBITBIM HEUPOH.
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3amanue HavyaJIbHBIX 3HAYCHUH
BECOB U CMECIICHUN

»

A 4

Munumuzanus GyHKIHOHAIA
ONITUMHU3AINH

KauectBo pemenns
VIIOBJIETBOPUTEIBHOE
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CpaBHEeHHE MOTY4YEHHBIX I1apa-
METPOB C paHee HalJCHHBIMH

[TapameTpsl
OTCYTCTBYIOT
CoxpaHeHue mapaMeTpoB
\ 4
s=0 s=s+1
S > Smax
+

BoccraHoBieHne Haumy4dmero
HaWJICHHOTO PEIICHUS

A 4

BBenenne 10O THUTENEHOTO
CKPBITOTO HEMpOHa

Pucynox 3.13 — Brok-cxema aneopumma onmumuzayuu napamempos HetipoHHoU
cemu
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Omnpenenenre nokasaTesie 3HAYMMOCTH BXOJHBIX CHUTHAJIOB OCYIIECTB-
JSIeTCS B COOTBETCTBUU C AJTOPUTMOM, OJIOK-CXE€Ma KOTOpPOro IMpHUBEIEHA Ha
puc. 3.14.

\4

A 4

Onpenencaue 3HaUUMOCTH ();)
I-r0 BXOIHOTO CUTHAJIA

I
o

A

Xi

+

Uckirouenue i-ro BXOIHOI'O
CHUTrHaJIa A 4

T om D

Pucynox 3.14 — Brok-cxema aneopumma oyeHKu nokazameetl 3HauumMocmu
BXOOHbBIX CUCHAIO8

B cnydae HyneBol 3HauMMOCTH (DaKTOpa OH MOXKET OBITh MCKJIIOUEH W3
COCTaBa BXOJHBIX CUTHAJIOB C€TU (Ha COOTBETCTBYIOIMM BXon mopaetcs 0).
AHAJIOTUYHO MOKHO UCKJTIOUYATh JPYTHE dJIEMEHThl HEUPOCETH.

HNutepnperatop oTBeTa mMpeoOpasyeT BBIXOJHBIC CUTHAJIBI HEHUPOCETH B
dbopmaT MCXOAHBIX JaHHbIX. PaboTa MHTeprperatropa OTBETa B PEXUME Ha-
CTPOMKH CETH HE OTJIMYAETCS OT pabOThl B PEXKUME IKCIUTyaTaIlUU.

Koumponvnvie éonpocwl no meme 3.

KakoBa cTpykTypa 04HOCIOWHOTO K MHOTOCJIOMHOTO EPCENTPOHOB?
[IpuBenute anroput™M oOyueHUs! AUCKPETHOTO MEPCENTPOHA.

Urto Takoe JuHEHHas HePa3aeIMMOCTh?

[IpuBenuTe 3Tansl NOCTPOEHNSI MHOTOCJIOMHBIX MEPCENTPOHOB.
[IpuBenute hopMysbl HOpMAIU3AUU BXOIHBIX JTAHHBIX.

[TpuBenuTe GopMysIbl OLIEHKH YUCIa HEMPOHOB B CKPBITHIX CIIOSIX.
UYTo Takoe anropuTMbI COKpaIEHNUs U KOHCTPYKTUBHBIE AJITOPUTMBI?
[IpuBenuTe ucnoyib3yembie (PYHKIIMU OLIUOKH.

[IpuBenute GhopmMysbl OLIEHKH MOKA3aTeNe 3HAYMMOCTH

O©Ooo~~NoO ol WN -
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4 METO/JIBI OBYYEHUSI HEMPOHHBIX CETEN

4.1 MeToa 00y4ennsi X300a

B 1949 r., ocHOBBIBasiCh Ha (YU3MOJOTUYECKUX M TMCUXOJIOTHUECKUX HC-
cnenoBanusix, . X200 BbIIBUHYI THIIOTE3Y O TOM, KAKUM 00pa3oM MOKeT 00y-
4aThCsl HA0Op OMOJIOrMYEeCKUX HEMPOHOB. Ero Teopus mpeamnoiaraeT TOJIbKO JIO-
KaJIlbHOE B3aUMOJICHCTBUE MEX]y HEMpPOHAMH TMPH OTCYTCTBHM TJIOOATBHOTO
yuutens. CrenoBarenbHo, 00ydeHue SBISETCS HEYIPABIIEMbIM.

X360 mpeanosoKui, YTO CHHANTUYECKOE COCTUHEHHE IBYX HEHPOHOB
yCHJIMBAeTCs, eclii 00a 3TH HEeWpoHa BO30OYXKIEHBI. JTO MOXKHO MPEICTABUTh
KAaK YCHUJIEHUE CHHAICa B COOTBETCTBHM C KOpPpEIsUUEd YpOBHEH BO30YKIECH-
HBIX HEPOHOB, COCAMHIEMBIX JTaHHBIM CHHATICOM. [1o 3TOW mpuurHEe alropuT™M
oOyuenus: X2060a HHOTIa HA3BIBACTCS KOPPEIAYUOHHBIM ANCOPUMMOM.

Wnes anropuTMa BbIPa)KaeTcsl CIEAYIOIUM PABEHCTBOM:

wij(t+1) = wi(t) + Yi()Y;(t), (4.1)

rae wij(t) — Bec cuHarca oT HeifpoHa i K HEHPOHY j B MOMEHT BPEMEHHU t;

Yi(t) — ypoBeHb BO30YXIIEHUS NPEACHHANTHYECKOTO HEHPOHA B MOMEHT
BpPEMCHHU t;

Y(t) — ypoBeHb BO30YKA€HHS NOCTCHHANTHYECKOTO HEHPOHA B MOMEHT
BpEMcEHHU t.

Paznuyaror memoo cuenanvrnoco obyuenus Xo66a n memoo oughgepenyu-
anbHo2o ooyuenus X206a.

Meron curHanbHOro 00yueHus X»00a peanusyercs ¢ TOMOIIBIO TTpaBuia
(6.1). Merton nuddepeHimanbHOro 00ydeHus: X300a, UCHONB3YET CIEAYIONIES
PaBEHCTBO:

wii(t+1) = wi(t) + [Yi(t) - Yi(EDIIY;0) - Yi(t-1)].

Konnenmusa X»00a oTBe4aeT Ha BOIMPOC, KaKUM 00pa3oM oOydeHue Mo-
KET MPOBOAUTHCS O0e3 yuutens. B metone X200a oOydeHue sIBISETCS UCKITFOYHU-
TEIbHO JOKAJIBHBIM SIBIICHUEM, OXBATHIBAIOIIMM TOJIKO J[BA HEHpOHA M COEIH-
HAOIMKA ux cuHamc. T. e. He TpeOyeTcs riao00anbHON cUCTeMbl OOPaTHOW CBA3U
JUTSL pa3BUTHUSI HEHPOHHBIX 00pa30BaHUM.

Opmnako TmocieAyroIee HMCIoib30BaHUe MeToaa X200a s oOydeHus
HEeHpoceTel MoKazaao OrpaHMYEeHHOCTh METOA, T.K. HEKOTOPBIC 3aja4l HE MO-
I'yT OBITh PEIIEHBI C €T0 MOMOIIBIO.
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4.2 Metoa o0ydenusi Yuapoy-Xogda (meapTa-npaBuiio)

B 1959 r. b. Yunpoy u M. E. Xobd pacummpunu aaroput™M oO0ydeHHs
JTUCKPETHOTO MEPCENTPOHA Ha CITy4aidl HEMPEPHIBHBIX BBIXOJIOB, UCIIOIB3YS CHUT-
MOHJIATbHYI0 (YHKIIUIO aKkTUBaluu. VX mepBas Mojenb — AJaIWH — UMEET
OJIMH BBIXOJHON HEHpOH, Oosee Mo3aHsAsS MoAens — MajanuH — paciimpsieT ee
Ha CJIy4ald CO MHOTUMH BBIXOJIHBIMU HEUPOHAMMU.

[Iar 2 anropuTmMa 0OydYeHHsI MIEPCENTPOHA MOKET OBITH CHOPMYITUPOBAH
B 000011eHHON (hOpME C TIOMOIILI0 BBEICHHS BEIMUUHBI O, KOTOpas paBHA pa3-
HOCTH MEXTy TpeOyEeMbIM HJIH IIEJICBBIM BBIXOJIOM | M pealbHBIM BBIXOAOM Y

5= (T-Y).

Crnyuyaii, koraa 6 = 0, COOTBETCTBYET 1Iary 2a, KOr/ia BbIXOJ] IPABUJICH U B
ceTd HU4Yero He usMmensiercs. llar 26 coorBercTByeT ciayyato 6 > 0, a mar 2B
ciyyaro o < 0.

B n11060M U3 3THX clly4aeB MepCenTPOHHBIN alTOPUTM OOyUEHHUS COXpaHs-
eTCsl, €CIM O YMHOXKAETCA Ha BEJIMYMHY KaXJI0T0 BXOJA Xj U 3TO IPOU3BE/ICHUE
n00aBisieTcsl K COOTBETCTBYIoLEMY Becy. C 1enpio 0000LIeHs] BBOJUTCS KO-
3QPUIUEHT «CKOPOCTU OOYYEHUS» 1], KOTOPBIM YMHOXAETCS Ha OXj,4TO MO3BO-
JSIET YNPABIATh CPEAHEN BEIMUNHON U3MEHEHHSI BECOB.

B anredpanueckoit opme 3anucu

Ai = 1’]8Xi,
wi(n+1) = w;(n) + A;,

riae Aj — KOppeKius, CBA3aHHas ¢ I-M BXoJ0M X;j; Wi(N+1) — 3HaueHue Beca
| TOCTIC KOPPEKITUH;

w;(n) — 3HaYeHKE Beca | 10 KOPPEKIIHH.

Jlenpra-npaBuiao MoAU(GUIMPYET Beca B COOTBETCTBHU C TPEOYEMBIM U
JICHCTBUTEIILHBIM 3HAUCHUSIMHM BBIXOJA KAXKIOH MOJSAPHOCTH Kak JUIsl Hempe-
PBIBHBIX, TaK U JIJI51 ONHAPHBIX BXOOB M BBIXO/IOB.

Tpyonocmu, o3uuxarowue npu 00yueHuU nepcenmpond.

1 TpyaHOCTh MPOBEPKH YCIOBHUS PA3ACIMMOCTH JJIsi KOHKPETHOTO 00Y-
YAFOIIEr0 MHOYKECTBA.

2 Bcrpeuarorcst cuTyaluu, Korja BXOAbl MEHSIOTCSI BO BDEMEHU U MOTYT
OBITH pa3JCIUMbI B OJTMH MOMEHT BPEMEHH U HEepa3IeIuMbI B IPYTOM.

3 HewusBecTHO, CKOJIBKO 1IArOB NOTPEOyeTCs 17151 O0yUEHUS CeTH.
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4.3 AnropuT™M 00paTHOr0 PacnpoCcTpPaHeHUsl OIIUOKHU

[lenbto OOyueHUs: ceTH SABJIAETCSA Takas IOJCTPOHKa €€ BECOB, YTOOBI
IPUIIOKEHUE HEKOTOPOrO0 MHOXKECTBA BXOOB MPUBOAWIO K TpeOyeMOMY MHO-
’KECTBY BBIXO/IOB.

Ilepen HauyanoM 0Oy4eHMsI BCEM BecaM JIOJKHBI OBITh IPHCBOEHBI He-
0oJbIlIMe HAYaJbHBIC 3HAUYEHUS, BbIOpAHHBIEC CIy4dailHBIM 00pa3oMm. DTO rapaH-
THUPYET, YTO B CETH HE MMPOU30MIET HACKIILIECHHS OOJBIINMH 3HAUEHUSIMU BECOB.

OOyuenne ceTu 0OpaTHOTO PacHpPOCTPAaHEHUS TPEOYET BBHIIOJIHEHUS Clie-
OYIOIINX ONEpaInii:

1 BeiOpaTh ouepeqHyro 00y4arouryto mapy u3 oOydaromero MHOKECTBa;
M0/1aTh BXOAHOM BEKTOP HA BXOJI CETH.

2 BBIYHCIUTH BBIXOJ CETH.

3 BblYMCIUTE pa3HOCTh MEXAY BBIXOJIOM CETHU U TPeOyEeMbIM BBIXOJOM
(11es1IeBBIM BEKTOPOM OOYYArOIIEH maphl).

4 TloaxoppeKTHUpOBaTh BECa CETU TaK, YTOObI MUHUMHU3UPOBAThH OLINOKY.

5 IloBTopsaTh maru ¢ 1 mo 4 st Kaxa0ro BeKTopa 00y4daroero MHOXKe-
CTBa JI0 TE€X MOp, MOKa OINOKa HAa BCEM MHOXECTBE HE JJOCTUTHET MIPUEMIIEMOTO
YPOBHS.

Onepannu, BBINOJHIEMBIE aramMu | U 2, CXOOHBI C TEMH, KOTOPBIE BbI-
MOJIHSIFOTCS TPU (PYHKIMOHUPOBAHUH YK€ OOYUYEHHOMU CETH.

Ha mare 3 kazaplii U3 BBIXOJIOB CETH BBIYUTAETCS U3 COOTBETCTBYIOUIEH
KOMITOHEHTHI II€JIEBOIO0 BEKTOpPA, YTOOBI MOJYYUTh OLIMOKY. JTa omMOKa HcC-
MOJIb3yeTcsl Ha 1mare 4 Juisi KOPPEKUUU BECOB CETH, IPUYEM 3HAK M BEJIUYMHA
M3MEHEHUH BECOB ONPEAEISIOTCS aJrOPUTMOM O0yUYEHUS.

[ITarn 1 1 2 MOKHO paccMaTpUBaTh KakK «IIPOXOJ BIIEpEI», TaK KaK CHT-
HaJl paclpoCTpaHsAeTcs MO CEeTH OT Bxojaa K Beixoay. lllarm 3, 4 cocraBisroT
«0OpaTHBINA MPOXO», 3/1€Ch BHIYUCISEMBI CUTHANI OIIMOKU PaclpOCTpaHseTCs
0OpaTHO MO CETH U UCIOJIb3YETCs JJIsl OJACTPOIKU BECOB.

ObpamHuuwiii npoxoo.

Iloocmpoiixa ecos bixo0Ho20 cnos. T. K. sl KaXKA0ro HEUPOHA BBIXO/I-
HOTO CJIOS 33JIaHO LIEJIEBOE 3HAYEHUE, TO MOJACTPOMKA BECOB OCYIIECTBIISIETCS C
MCIIOJIb30BaHUEM MOAM(PUIMPOBAHHOTO JIeJbTa-paBuia. [[is BBIXOAOB CKpbI-
TBIX CJIOEB HE MMEETCs LIeNEBbIX 3HaUeHU A cpaBHeHUs. [loaTomy oOyueHue
YCIIOXKHSETCS.

[Tycts HE0OXOAMMO OOYYUTH BEC OT HEHPOHA p B CKPBITOM CJIOC | K HEW-
poHy ( B BbIXOJHOM cjioe K. Beixon HelipoHa ciiosi K, BBIYMTAsACH U3 1EJIEBOTO
3Hauenusd (T), naet curHan ommOku. OH YMHOXKAETCsl Ha MPOU3BOJHYIO aKTHBA-
IMUOHHOW (YHKIIMU, BBIYMCICHHYIO JUJISl 9TOTO HEeipoHa ciios K, mpaBas, Takum
00pa3oM, BETUUHHY 0.

[Ipon3BoaHBIE HEKOTOPHIX AKTUBALMOHHBIX (DYHKIUH MOXHO pacCUUTATh
C MOMOIIBIO BBIXOHBIX CHTHAIOB HelipoHoB (OUT):

—  JUIS SKCIIOHEHIMaIbHOM curmonsl F = OUT(1 — OUT);

— 1S TUNEpOOIUYECKOr0 TaHTeHCa F=1-0UT%

Torna, HanpuMep, A7l SKCTIOHEHIIMATIBHON CUTMOUBI
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5 = OUT(1 -OUT)(T — OUT).

3arem 0 ymHOXkaetcs Ha BenmuunHy OUT HelipoHa j, U3 KOTOPOTO BBIXO-
JUT paccMaTpUBaeMbIil Bec. DTO MPOU3BEACHHE B CBOIO OUEPEIb YMHOXKAETCS
Ha kKod(dunmeHt ckopoctu o0yuenus 1 (o6eraro ot 0,01 10 1,0), u pe3ynbrar
npuOaBIsSeTCS K BECy:

AWpgk = N8qOU Ty,

rae Wygk(n) — BeslmunHa Beca OT HelipoHa P B CKPBITOM CJI0€ K HEHPOHY (
B BBIXOJIHOM CJIO€ Ha I1are n (10 KOPpEeKLUHHn);

Wpqk(N+1) — BemmunHa Beca Ha mare N + 1 (1ociie KOppeKuun);

dqk — BEITMUYMHA § JUIs HEHpOHa (], B BBIXOAHOM citoe K;

OUT; — 3HaYeHHE BBIXOAHOTO CHT'HAJIA HEWPOHA p B CKPBITOM CIIOE .

Takas >xe mpoueaypa BBIIOJHAETCS I KaXKI0r0 Beca OT HEHPOHA CKPBI-
TOTO CJIOSI K HEUPOHY B BBIXOJIHOM CJIO€.

Iloocmpoiika eecoe ckpvimozo cnos. PaccMOTpuUM OJIMH HEUPOH B CKPBI-
TOM CJIO€, IPEILIECTBYIOUIEM BBIXOAHOMY cioro. [Ipu mpoxozae Bmepen 3TOT
HEWPOH IEPENAET CBOM BBIXOJHOM CUTHAJI HEWPOHAM B BBIXOJHOM CJIOE€ 4Yepes
coeMHsIoNMEe uX Beca. Bo Bpemst o0ydueHus: 3T Beca (QyHKUHUOHUPYIOT B 00-
pPaTHOM MOPSIIKE, MPOMYCKask BEIMUYMHY O OT BBIXOJHOIO CJIOS Ha3al K CKPBITO-
My ciio10. Kakaplil U3 3THX BECOB YMHOKAeTCA Ha BEIMYMHY O HEMpOHA, K KO-
TOPOMY OH MPHUCOEAUHEH B BBIXOJHOM ciioe. Benuunna o, HeoOXoaumas st
HEWPOHA CKPBITOTO CIIOS, MOJYYaeTCs CYMMHUPOBAHUEM BCEX TAKUX MPOU3BEIE-
HUI 1 YMHOKEHUEM Ha MTPOU3BOJHYIO aKTUBALMOHHON (PYHKIIUH:

q

Korna 3nHauenue 0 mosiydeHo, Beca, MUTAIOIIUE TEPBBIA CKPBITBHIA ypoO-
BEHb, MOTYT OBITH MTOJAKOPPEKTUPOBAHBI.

Brruucnenue 6 v moJacTpoika BECOB JIOJKHBI OBITh BBITIOTHEHBI I KaK-
JI0TO HEMpoHa B JAHHOM CKPBITOM Cji0€. DTOT Mpoliecc MOBTOpPSIETCS CIOW 3a
CJIOEM TI0 HaIpaBJIEHUIO K BXOJy, ITOKa BCE Beca HEe OYIyT MOJKOPPEKTUPOBAHBI.

Jocmouncmea memooa:

1 Bo3moxkHOCTb 00y4eHHsI MHOTOCIIOMHBIX HeHpoceTeH;

2 IlpocrorTa;

3 Hessicokue TpeOOBaHMs K 00bEMY MaMSITH.

Heoocmamxku:

1 Heonpeoenenno ooneuit npoyecc obyuenusi. B CIOXKHBIX 3a/1ayax CETh
MOKET BOOOIIE HEe O0yuHuThCs. JmuTenbHoe BpemMsi OOyd4eHUsI MOXKET ObITh pe-
3yJIBTaTOM HEONITUMAIBHOTO BHIOOpA AJTMHBI II1ara.
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2 Ilapanuu cemu. B nponecce 00y4eHUs] CeTH 3HAUEHHS BECOB MOTYT B
pe3ynbTaTe KOPPEKIUHU CTaTh OYE€Hb OOJIBIIMMU. DTO MOXKET MPUBECTH K TOMY,
YTO BCE WJIM OOJIBIIMHCTBO HEUPOHOB OYyAYT (PYHKIIMOHMPOBATH IMPU OYEHD
oonpimx 3HaueHusix OUT B oGmactu, rjie mpon3BoHAs AaKTUBALIMOHHON DyHK-
U o4eHb Masia. Tak kak mochliaemMasi OOpaTHO B mpolecce 00yyeHus ommnoka
IPOIOPIIMOHATIbHA 3TOM MPOU3BOIHOM, TO MPOIECC 00YUEHHUSI MOXKET MpaKTuye-
cKku 3amepeTh. OOBIYHO ATOr0 U30eraloT yMEHbIIEHUEM pa3Mepa miara 1, HO 3TO
YBEJIMYUBACT BPEMsI OOyUCHHSL.

3 Jlokanvuvie munumymsl. OOpaTHOE pacmpoCTpaHEHHE UCIIONIBb3YET pas-
HOBHIHOCTH TPAJUEHTHOTO CIIyCKa, T. €. OCYIIECTBIISICT CITyCK BHU3 IO MOBEPX-
HOCTU OINMOKH, HEMPEpPHIBHO MOJCTparBas Beca B HaIPaBICHUW MHUHHUMYMA.
CeTh MOXET MOMNACTh B JIOKAJIbHBII MUHUMYM, KOT/Ia PAJOM HMEETCS TropasJio
6osee riy0oKknii MUHUMYM. B Touke TOKaJIbHOrO MUHHUMYMa BCE HAIpaBICHHUS
BEyT BBEPX, U CETh HECTIOCOOHA U3 HErO BHIOPATHCS.

4 Bpemennas neycmouyugocms. MHOTOKpUTEpHUATIbHAS 3aJla4ya ONTUMU-
3allMM paccMaTpUBAETCs KaKk HAOOp OJTHOKPUTEPHAIBHBIX — HA KaXJIOW HTepa-
LIUU TIPOUCXOIT U3MEHEHUS 3HAUEHUH MMapaMeTpOB CETH, YJIydllarouue padoTy
JMILb C OJHUM NpUMeEpoM oOyuaroieil BoIOOpkU. Takol moaxo/ CyIeCTBEHHO
YMEHBIIAET CKOPOCTh 00yueHus. [loaTomy nmponecc o0yueHust A0IKEH ObITh Ta-
KUM, 4TOOBI CETh 00yuanaach Ha BCEM 00ydarolieM MHOXXECTBE 0€3 MpOIMyCKOB
TOTO, YTO y>K€ BbIyueHO. [[1s1 3TOro HeoOxoaMMble U3MEHEHHUSI BECOB JOJKHBI
BBIYHCIISTHCS HA BCEM MHOXKECTBE, @ HE Ha OJIMHOYHBIX TPUMEpax.

5 Tpyonocmu 6 evlbope pazmepa waza. Koppekiiuu BECOB B arOpUTME
MPEeIoiararoTcsi OECKOHEYHO MaJIbIMH, OJHAKO 3TO HEOCYIIECTBUMO Ha IMpak-
THKE, TaK KaK BeJeT K 0ECKOHEUHOMY BpeMeHH 00yueHus. Pazmep mara qomxeH
OpaTbcsi KOHEUYHBIM. Ecnmu pasmep mara o4eHb Mas, TO CXOAUMOCTH OyAeT
CJIMIIKOM MEJUICHHAs, €CIIU K€ OYEeHb BEJIHMK, TO MOXKET BO3HUKHYTh Mapajuy
WM NTOCTOSIHHASL HEYCTONUNBOCTb.

4.4 Moaudukanum ajJropurMa o0paTHOro pacnpocTpaHeHusl OUIUuo-
KH

4.4.1 Ilakemnoe oopamuoe pacnpocmpanenue

[TakeTHOE 00paTHOE pacrnpocTpaHEeHHEe MOAUDPUIIUPYET aNrOpUTM 00paT-
HOTO PACIPOCTPAHEHUS OLITMOKH, B YaCTH BPEMEHH OOHOBJICHHUS BecOB. B oTnu-
qre OT 00paTHOTO PacIPOCTPAHEHUs, T/Ie OOHOBIICHHE BECOB MPOUCXOIUT TIOCTIE
KaKI0ro HaOIIOeHNs, B TTAKETHOM OOpPaTHOM pacHpOCTpaHEHUH BCE U3MEHE-
HUSL CYMMHPYIOTCS, 1 OOHOBJICHHE MTPOUCXOIUT TOJIBKO MOCIE TOT0, KaK BCE Ha-
omoneHust oOyuaroiero Habopa OyayT HCHOJIb30BaHbl, TO €CTh MOCIE AMOXH
oOydeHwus.

IIpeumywecmeo: IpOTUBOAECUCTBHE BPEMEHHON HEYCTOMYUBOCTH.
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4.4.2 @pazcmenmapnoe oopammnoe pacnpocmpaneHue

OOHOBNIEHUST BECOB TMPOUCXOAAT Yepe3 Kaxable N HaOMIOACHMIA, TJIe
0<n<N - pasmep pparmerTa, N — KOJTUYECTBO IPUMEPOB B 00YyUaIOIICH BbI-
oopke.

JlaHHBIN aNTOpUTM SBJIsIETCS 0000IeHHeM MoaxoAa K mpobjaeMe 0OHOB-
nenus. [Ipu n = N monydaeM makeTHOE OOpaTHOE paclpoCTpaHEHWe, a TPH
n =1 — 0O6bpIYHOE 0OpAaTHOE PACTIPOCTPAHCHHE.

IIpeumywecmso: BO3SMOKHOCTh YIIPABIICHUS TIEpHOiaMi OOHOBJICHHUS Be-
COB.

4.4.3 Obpammnoe pacnpocmpanenue ¢ y2acanuem 6ecos

[Tpennoxxeno Bepbocom B 1988 r. OHO COCTOWT B yMEHBIIICHHH Beca B
mporecce oOydeHHs OOpaTHBIM pacIpocTpaHeHHeM. Bmo06aBok K OOBIYHOMY
M3MEHEHHIO BECOB 3HAUYCHHUE BECa YMEHBIIAETCS HAa HEKOTOPYIO YacTh d cTaporo
3HaueHHUs Beca. Takum oOpa3om, 00ydeHHe Beca OT I-ro K J-My HEHpOHY OCyIle-
CTBIIAETCS 110 hopMmyJie

Awij(t + 1) = n§;0UT; — dwij(t),

rae 0 <d< 1.

IIpeumywecmeso: B mporecce 00ydeHNs HE3HAYUMBIC BECA YMCHBIIAIOTCS
U B KOHIIE O0YYEHHUs CTAHOBSITCS PABHBIMHU HYJIIIO, T.€. IPOMCXOIUT YIPOIIEHNE
CETH.

4.4.4 Bvicmpoe obpamnoe pacnpocmpanenue

brictpoe oOpaTHoe pacnpocTtpanenue (Quickpropagation — Qprop) npen-
noxxeno ®@enmanoM B 1988 r. BeicTpoe oOpaTHOE pacnpocTpaHEHHE MPeEIoia-
racT, YTO TMOBEPXHOCTh (DYHKITUU ONIMOKH JIOKAJIBHO SIBIISICTCS KBAIPATHYHON H
MBITACTCS TIEPEMECTUTHCS 33 OJIMH IIar MPsSMO B TOYKY MUHUMYyMa. [locie BEI-
YUCJIEHUS TPagueHTa OOBIYHBIM CIOCOOOM OOPaTHOTO PaCIpPOCTPAHEHUS KOP-
PEKIIMS BECOB MPOU3BOIUTCS M0 cienytoumei popmyre:

Siilt+1)
Siilt) — St +1)

Aw(t+1) = At

rae Awij(t + 1) — Texymiee I3MEHEHNE Beca MEXTy HEHPOHAMU 1 U ;
Sjj(t + 1) — vactHas mpou3BoHAS PYHKIMN OIIHOKH IO Wij;

Sjj(t) — npenpITyIas YacTHASI IPOM3BOJHAS (DYHKIMHU OLIMOKH IO Wij;
Awij(t) — npeapITyIiee N3MEHEHUE Beca MEXKLy y3/1aMU 1 1 j.
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IIpeumywecmeso: yckopeHue o0ydeHHs.

4.4.5 Anecopumm /[enoma-/lenvma c uepmoii

Anroput™m [enbra-/lensta ¢ yeproit (DBD — Delta-Bar-Delta) paspa6o-
TaH Slko6com B 1988 .

PasMepHOCTH TIpOCTpaHCTBa BECOB MOTYT 3HAYUTEIBHO Pa3IMUYaThCS C
TOYKH 3peHUs 00I1el MOBEpXHOCTH OomMOKU. Pasmep mrara oOydenus 1uist OJHO-
ro Beca He BCerJa MOJIXOAUT B Ka4eCTBE €IUHOTO Iara OOy4eHus sl BCeX Be-
coB. bosee Toro, 3TOT pazmep MOXKET CO BpeMEHEM U3MEHSThHCS.

SIk00C TIPEUIOKUI PSJT IBPUCTUK, CYTh KOTOPBIX B TOM, YTO KaXKIIbIi BEC
JOJDKEH U3MEHSTHCS B COOTBETCTBUU CO CBOEH WHIMBUAYAIBHOW CKOPOCTHIO
oOyuenus. [Ipu 3TOM UCTIONB3YIOTCS MPEIBIIYIINE 3HAYCHUS TpaieHTa (PyHK-
WY,

M3MeHeHre Beca Ha OCIETyIONIEM Iare:

wli+1] = wli] + (a[i] + da[i])g[i],

rie W[i] — 3HaueHne Beca Ha mare |;

a[i] — koo PunmenT ckopocTr 0OyueHUs Ha TIare i;

gli] — rpaguent Ha mare i;

da[i] — BemuurHa H3MEHEHUsT CKOPOCTH OOYYEHUS Ha IIare i.

ky, gc[i—1g[i] >0
da[i] = {—koali],gc[i —1g[i] < 0
0,9c[i —19[i] =0,

riae k; — KOHCTaHTa yBeJIMYEHUsI CKOPOCTH O0YUYEHUS;
K, — KOHCTaHTa yMEHBIIIEHUS CKOPOCTH 00yueHus, koe (0;1);
g.[i] — cpenHee B3BeIIEHHOE M3MEHEHHE TPAUCHTA HA IIIare i.

deli] = (1 - c)g[i] + cgl[i-1],

rzie ¢ — akTop BHIMYKIOCTH BecoB, ¢ € [0;1].

JIuneitHOe yBeNMYEHHE W3MEHEHHS CKOpPOCTH IMO3BOJSIET H30€XaTh
CJIMILIKOM OBICTPOrO pOCTa CKOPOCTH. ['€OMETprUEeCKOe YMEHbIIICHHE TTO3BOISIET
OCTaBJISITh CKOPOCTh OOYyYEHHS! BCErja MOJOXKUTENbHOU. [Ipu 3TOM CKOpOCTbH
MOKET YMEHbIIAThCA 00Jiee OBICTPO HA CUIILHO HEIMHEMHBIX YYaCTKaXx.

brum npeioKensl U Apyrue I3BPUCTUKH.

Kecmen: ecnu mocienoBarelbHble U3MEHEHUSI BECA MMEIOT MPOTUBOIIO-
JIO’)KHBIE 3HAaKH, TO JaHHBIA BEC OCIMUIMPYET, U CKOPOCTh OOy4YeHUs JOJKHA
OBITH YMEHBIICHA,

58



Caoupuc: ecnu cepusi IOCIEA0BATEIbHBIX U3MEHEHUI Beca UMEET OJIMHA-
KOBBIE 3HAKHU, TO CKOPOCTh 00YUEHHUsI JOJDKHA OBITh YBEJIUYECHA.

IIpeumywecmea: yckopsieTcsi MPOLECC CXOIAUMOCTH aJIropuT™Ma oOpaTHO-
IO paclpoCTPaHEHMs 3@ CUET UCIIOJIb30BaHUS AOMOJHUTEIBHON HHPOpMAIUK 00
M3MEHEHUU 1apaMeTPOB U BECOB BO BpeMsI 00yUECHHUSI.

Heoocmamku:

1 Jaxxe HeOosbloe JWHEHHOE YBENUYECHHE KOI(PPHUIMEHTa OO0ydeHHs
MOKET MPHUBECTH K 3HAYUTEIBHOMY POCTY CKOPOCTH OOYYEHHS, YTO BBI3OBET
CKa4YK{ B IPOCTPAHCTBE BECOB.

2 T'eomeTpuueckoe yMeHbllIeHHE KO PUIIMEHTa HHOTIa OKa3bIBACTCS HE
JOCTATOYHO OBICTPBIM.

4.4.6 Pacuwupennasn /lenoma-/lenrvma c uepmoii

Mumnaii u Bunbssamc B 1990 r. ycoBepienctBoBanu anroputm DBD, npen-
noxuB pacimmpennyro Jlenpra-Jlensra ¢ ueptoii (EDBD — ExtendedDelta-Bar-
Delta).

AJNTOPUTM BBOJAUT Mapamerp momenm ceszu (MOMENtUM — UMITYJIbC),
MPEACTABIISIIONINI cOO0M HEKOTOPOE YKCIIO0, MPONOPLUHUOHATBHOE MPEAbITYIIEMY
M3MEHEHUIO Beca.

M3meHeHune Beca Ha MOCAEAYIOIIEM IIare:

wli+1] = w[i] + (a[i] + da[i])g[i] + (m[i] + dm[i])dw(i],

rae dw(i] — u3MeHeHue Beca Ha Iare i;
m[i] — 3HayeHMss MOMEHTA Ha IIare i;
dm[i] — u3MeHeHHe 3HAYEHUST MOMEHTA Ha IIare i.

kaze Y2l g i ~11g[i] > 0
dali] = | —kaal[il, gc[i ~1lg[i] < 0
0,9¢[i-1]9[i] =0,

e Kai, Koo — pakTopsl MacrabupoBaHus CKOPOCTH O0YUICHHS,
Ya — SKCIIOHEHIIMAJIbHBIN (PaKTOP CKOPOCTU 00YUYEHHUSI.

ke Y™ g i - 13q[i] > 0
dm{i] = { - Kmzmii], g¢[i —11g[i] < 0
0,9c[i —1Ja[i] =0,

riae Kmi, Km2 — hakTopsl MacIiTabupoBaHUs MOMEHTA,
Ym — KCITOHEHITHATBHBINA (DAKTOp MOMEHTA.
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Jia ckopocty OOydeHUss M MOMEHTA 3aJal0TCs BEPXHUE TI'PAHUILIBL:
a[i] < amax, M[i] <Mpax.

Kpome 3TOro B anroputm BCTpauBaeTCsl MaMATh CO CBOMCTBOM BOCCTa-
HoBiieHUs. [locie Kaxxaoi smoxu OO0y4yeHMs, OLCHUBAETCsl HAKOIUIEHHas IO-
rpemHOCTh. Ecau Tekymias ommOKa MpeBbICHIIa MUHUMAJIBHYIO MPEABLIYIIYIO
OLIMOKY C y4€TOM MaKCHMaJbHOrO OTKJIOHEHHUS (f), TO BOCCTaHABIMBAIOTCS BCE
Beca Ui HaWIydIlero BapuaHTa, a Kod()(PUIMEHTH CKOPOCTH OOYYEHUS U MO-
MEHTa YMEHBIIAIOTCA.

Ipeumywecmsa:

1 OGyuenue mpoucxoauT ObIcTpee, yem B anroputme DBD, 3a cuet mpo-
XO0XJICHUS TIOJIOTUX MECT Ha MOBEPXHOCTU (PYHKIIMH OIIUOKU OOJBIIMMH IIIara-
MU.

2 CHmXaeTcs BEpOSITHOCTh OCIUILISIIUN BECOB.

Heoocmamku: 3(pPeKTUBHOCTh METOJIa 3aBUCUT OT KOHKPETHOM 3aJauu.
Ha HexoTOpbIX 3a/1ayax OH MOXKET JaBaTh 1a)K€ OTPULIATEIbHBINA AP PEKT.

4.4.7 dnacmuynoe oopamuoe pacnpocmpanenue

DnactuuHoe obpatHoe pacnpoctpaHeHue (Resilientpropagation — Rprop)
npenoxkeno Puamumiepom u bpaynom B 1993 r.

MeTon y4uTBIBAET TOJNBKO 3HAK YACTHOM MPOU3BOAHOW ISl TOTO, YTOOBI
yKa3aTh HampasjeHue mara. Pazmep mara omnpeaensercs Npyu MOMOIIM CHEIHU-
(udHOrO 11 KXKI0ro Beca «3HaueHus: 00HOBIeHUs» Ajj(t + 1):

—Aj(t+1), econ % = 0,
Awg;(t4+1) = +A(t+1), ecmm % <0
Ly
0 umaqe,

rae E —pynkuusa ommOku no BceM HaOMIOJEHUAM B 00y4arolien BbIOOp-
Ke.
Jlyis onpeneneHusl BEMTUYMHBI KOPPEKIIMH MCTIOIB3YETCs CIEAYyoIee mpa-
BUJIO:
OE(t) OF(t+1) ~

n A]._\I,I.‘f-all, ecIl 5o —

Aylt+1) =3 5= Ay(t), ecom ZZD2EULD

O“"‘ij 'L-?u.'éj

=

Agj(t) wnnrage,

rie 0 <n < 1<n" (pekomenayercan =0,5un’ =1, 2).

Conydaii, Korja 4acTHasi IIPOM3BOJAHAS 110 BECY Wij U3MEHSET CBOW 3HAK,
CBUJIETEIBCTBYET O TOM, UTO IOCJEJHEe OOHOBJIEHHWE BECOB OBLIO CIMILKOM
OOJBIINM, U JIOKAJIbHBIM MUHUMYM ObLI TipoiiieH. Torna 3nayeHne 0OHOBIIEHUS
Ajj(t + 1) ymensmmaercs B | pa3s. Ecnu npousBojHas HE MEHSET 3HAK, TO HIar
YBEJIMUMBAETCA B 1| Pa3, 4TOOBI ObICTpEE HOJOWTH K MUHUMYMY.
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YT1o0Onl HE AOIIYCTUTDH CJIIMIIKOM OOJIBIINX WA MaJIbIX 3HAYECHUI BECOB,
BEJIMYMHY KOPPEKLMH OTPAHUYUBAIOT: Amin < Aj < Apx (pexoMenmyercs
Amin = 10 i1 Apax = 50).

Hauanbuble 3HaueHus JJIS1 BCEX Aij YCTAaHABJIIMBAIOTCS PABHBIMU 0,1.

Ipeumywecmeo: anroput™M cxoauTcs B 4-5 pa3 ObICTpee, UeM CTaHAapT-
HBII aIrOPUTM 0OPAaTHOTO PACTIPOCTPAHEHUSI OIIUOKH.

4.5 ANropuT™M MMUTAIMU OTKUTA

Llazeu ancopumma:

1 Onpenenuth nepeMeHHyI0 1, MPEACTABISIONYI0 UCKYCCTBEHHYIO TEM-
neparypy. [Ipugars 7 6ompiioe HauaabHOE 3HAYCHHE.

2 IlpenvsBUTH CeTH NPUMEP U BBIUMCIUTH LENEBYIO (yHKLHUIO (3HEp-
ruo) — E(w).

3 Hartb cinyuyaiiHOe M3MEHEHHE Becy (W) U NepecuuTaTh LeNeByro QyHK-
0. BennunHa n3MeHeHus onpenesnseTcs pa3InyHbIMU CI0c00aMu, HalpuMep,
0JJ0OHO TEIJIOBOM CUCTEME B COOTBETCTBUU C rayCCOBBIM PacCHpeeICHUEM:

w2

P(w) = e_Ti2 .

4 a) Eciom ueneBas (PyHKUMS yMEHBIIMIACh, TO COXPAaHUTh W3MEHEHHE
Beca.
0) Ecnu n3aMeHeHne Beca IPUBOAUT K YBEIIMUCHHIO IIEICBON (PYHKIIHH,
TO BEPOSITHOCTh COXPAHECHUS 3TOr0 M3MEHECHUS BBIUMCIISACTCS C MOMOIIBIO pac-
npenenenus bonsumana:

_AE
P(AE)=e KT,

rae AE — usmenenue B 11eneBoit GyHKINU;

k — koHCTaHTa, aHAIOrMYHAast KOHCTaHTe bosbiMaHa.

Bri6upaercs ciydaliHoe 4nciIo I' U3 paBHOMEPHOTO pactpeneiaeHus ot 0
1o 1. Ecu P(AE) > r, To u3MEHEHHE COXPAHSETCs, MHAYEe — HET. DTO MO3BOJISCT
CUCTEME JieJlaTh CIIy4YalHBIM 1Iar B HANpaBJI€HUHU, TOPTALIEM IEJIEeBYIO (PYyHK-
M0, TTO3BOJISISL €M TEM CaMbIM BBIPHIBATHCS U3 JIOKAJTBHBIX MUHUMYMOB.

5 IloBroputh maru 3 w4 s KaXJAOro M3 BECOB CETH, IMOCTEIEHHO
yMeHblIas Temneparypy T, 10 AOCTHXKEHHUs LEIeBON (yHKUMEH IOIMyCTUMO
HU3KOTO 3HAYEHHUSI.

6 IlpenbsaBUTH CIEAYIONINI MPUMEP U TOBTOPUTH OOYUYEHHE.

lpeumywecmsa:

1 Tlpeononenue mpoOIeMbl JJOKAIBHBIX MUHIMYMOB.
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2 B03MOXHOCTH UCTIOTIB30BAHUS JIJIs1 O0yUEHUS TIOTHOCBSI3HBIX CETEH.

3 Meron He TpeOyeT HemnpepbhiBHON aub(EpEeHITUPYEeMOCTH aKTUBAIU-
OHHBIX (PYHKIIUH.

Heoocmamox: Hr3Kast CKOPOCTh 00yUYEHUS.

4.6 I'eHeTHYeCKHE AJITOPUTMBI

OcuHoBononoxHuK — Xomtaum, 1975 r.

ANTOPUTMBI OCHOBaHBI Ha MOJCIMPOBAHWU PA3BUTHS OHMOJOTHIECCKOM
MOMYJISIIUU.

[Tycth Z(W) — dhyHKIUS OMIUOKK HEUPOCETH, W — BEKTOP BECOB M CMEIIIE-
Huid. [lonynsayuerina3piBaeTcst HAO00P BEKTOpoB W = {wi} = Wy ... W,. N — pa3mep
HOMYJIAIUU. DIEMEHTBl Wi — ocobu (W xpomocomst). Kaxmas u3 MO3UIUI
BEKTOPa XPOMOCOMBI Ha3bIBAETCS 2EHOM.

DneMeHThl MHOKecTBa W CITOCOOHBI ABOJTIOIIMOHUPOBATH T10 CIEAYIOIIUM
npaBujam:

1 Ecnu Z(wj) — Maya, To 0cO0b Wj CUUTAETCs YAa4yHON M MOJyJaeT Hpu-
OpUTET MPU pa3MHOKEHUH. BeposaTHOCTh rubenu 3Toil ocodu cHmxkaercs. Eciu
Z(W;) — Belmuka, TO BEPOSATHOCTh THOCITN YBEIUIHBACTCA.

2 Mymayuu. Jlrobass Touka UMEET PaBHYI BEPOSTHOCTh MYTAaIlWH, T. €.
CMEILICHHS Ha HEOOJBIIYIO BEIMUUHY: Wi — Wi + Awj, 1€ AW — HEOOBIIOHN 110
MOJIYJIF0 BEKTOP, XapaKTepU3yoIUid BeIMUUHY MyTauuu. OOBIYHO U3MEHSETCS
OJINH WJIM HECKOJIBKO I'eH.

3 PaszmHootceHue: B COOTBETCTBUH C BEPOSITHOCTSIMH, OTIPEICIICHHBIMUA HA
mare 1, Kaxaas TOYKa UMEET BEPOSTHOCTh PAa3MHOKEHHS, TEM OOJIBIIYIO0, YeM
TouKa yaauHee. [[puMepbl 3aKOHOB pa3MHOKEHHSL:

a) OelleHue — paslieliecHue Ha JiBe (MU HECKOJIBKO) ONHM3JIeKAIIUX TOYKU:
Wo + M1 1 wo + My, 1€ BEKTOPBI M U My ONIPEACIIAIOTCA aJIrOPUTMOM;

0) KpoccuHeosep — HACIENOBAaHUS YYACTKOB XPOMOCOMHBIX HaOOpOB poO-
JTUTENEH(Pa3MHOXKEHUE CO CKPEIIMBAHUEM): JBE OJIM3KUX TOYKUA W1 U W TaKHX,
4TO ||[W1 — W,|| Masa, CKpeuBaroTcs, AaBasi OAHOTO WM HECKOJIBKUX TOTOMKOB,
COCTOAIIMX U3 HAOOPOB I'€H POJIUTENEH.

[Ipensoxensl cneayrone BUabl KPOCCUHTOBEPA:

— oOHOmoueuHbvlll Kpoccuneosep. CiydallHbIM 00pa3oM BbIOHMpaeTCs
OJIMH M3 T€HOB, HOMEP KOTOPOTO MPUHUMAETCS 3a TOUKy paspbiBa. O0e poau-
TEJIbCKUE XPOMOCOMBI B 3TOM TOUYKE pa3phIBAIOTCS HA JBa CETMEHTA. 3aTE€M CO-
OTBETCTBYIOIINE CETMEHTHI PAa3HBIX POAMTENCH CKJIEHBAIOTCs, oOpa3ys liBa Te-
HOTHIIA IOTOMKOB.

— 08yxXmoueyHvlil Kpoccunzogep. BeiOnparoTcs 1Be TOUKH pa3pbiBa, U PO-
JTUTEIIbCKUE XPOMOCOMBI OOMEHHBAIOTCS CETMEHTOM, HaXOJSIIUMCS MEXITY
ATUMH TOYKaMHU.
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— pasHomepHblll Kpoccuneosep. Kaxaplii OUT NEPBOTO pOAUTENsT HACTe-
JyeTcsl IEPBbIM MMOTOMKOM C BEPOSITHOCTBIO, ONPEEIeHHON Ha mmiare 1, B mpo-
TUBHOM CJIy4ae 3TOT OUT nepesaeTcs BTOpoMy NoToMKy. M Hao00poT.

Cuuraercs, YTO MyTallUK SBISIOTCS TPUUUHOMN MOSBJICHUS HOBBIX OMOJIO-
TUYECKUX BHJIOB, & KDOCCHHTOBEP OMPEEIsieT H3MEHYNBOCTh BHYTPU BHIA.

4 ['ubenv: B COOTBETCTBUU C BEPOATHOCTHIO, OMpE/IEICHHON Ha miare 1,
TOYKa MOXKET MOTHOHYTH, T.€. ObITH OeccienHo yaaleHa u3 MHOkectBa W. B
ATOT MIAr MOXKET OBITh BBEIEH MPHUHIUI 3JUMHOCHU, KOTOPBIM TapaHTUPYET,
Y4TO MPHU O0TOOpE 00s13aTeabHO OYAYT BBEDKMBATH JYUIIHN WIIA JTYUIINE YJICHBI
MTOTYJISTINH.

Texymumit Habop W cocTaBisieT eenogono nonynsiuu. Ha kaxaom miare
ABOJIIOIMH TIOJIyJaI0TCs Bee 00siee COBEPIICHHBIE 0CO0H (C MeHbIIeH Z(W)).

B renernueckux anroputMmax MpUCYTCTBYIOT HACJIE€ICTBEHHOCTb, U3MEH-
YUBOCTh U €CTECTBEHHBIH OTOOP — ABMKYIIUE CUITBI OUOJIOTHYECKOM IBOIOIUH.
TouHas KoJIMYECTBEHHAs TEOPHS HBOJIIOIMHU TMOKa HE nocTtpoeHa. [loaTomy om-
TUMaJILHOCTh BBIOPAHHBIX MAPaMETPOB AITOPUTMA TOKA MOXKET OBITh OIICHEHA
TOJIBKO 9KCIIEPUMEHTAIIBHO.

Jlocmouncmea.

1 Bops0Oa ¢ NoKaIbHBIMU MUHUMYMaMU;

2 MaccoBslif apamuienu3M mpu 00padboTke: 0codu B MOMyJsuu (pyHK-
IMOHUPYIOT HE3aBUCHUMO;

3 buonogo06HOCTD

Heoocmamxu:

1 Jlnst kaxxmoit ocobu TpedyeTcs MHOTO MaMsITH.

2 CKJIOHHOCTH K Mapajinuy npu 00y4eHUH.

3 Huskas >ddextuBHOCTS HAa (hoH-HeHMaHOBCkUX DBM wu3-3a orcyTcT-
BUS MMapajuiein3ma.

Koumponwvnwvie éonpocwt no meme 4.

1 Onwmmmrte MeToa o0ydeHuss X300a.

2 Omnumute Metox ooydeHust Yuapoy-Xodda.

3 Onummre anropuT™M 00paTHOTO PACIPOCTPAHEHUS OITHUOKH.

4 Onumure Moau(UKaIMU alropuTMa OOpaTHOTO PacHpoCTpaHEHUs

OIIIHOKHU.
5 Onuiure anropuT™M UMHUTALIMN OTXKUTA.
6 OnumuTe TeHETUYECKUI ATOPUTM OOYUCHHS.
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5 IPAMOHAITIPABJIEHHBIE HEHPOHHBIE CETH

5.1 PaauajbHo0-0a3MCHAA CeTh

Hpyeue nassanus. RBF-cets (RBF — Radial Basis Function), cets paau-
albHOTO OCHOBaHMs. Aémopuwl. D. S. Broomhead, D. Lowe — 1988 r.; J. Moody,
C.J. Darkin — 1989 .

RBF-cem» — 3TO HelipoHHasi ceTh, KOTOpPasi COAEPKUT CIOM paguaibHO-
CUMMETPUYIHBIX CKPBITBIX HEUPOHOB — wiabnonHwlil ciot (cM. puc. 5.1).

clion

Pucynok 5.1 — Paouanvno-ba3zucnas cems

JInst Toro 4ToOBI MAOIOHHBIN CIOW OBUT pagualbHO-CUMMETPUYHBIM He-
00XOMMO BBITIOJIHEHUE CIEAYIONTUX YCIOBUM:

1 Hanuuue ueHTtpa, NpeACTaBICHHOTO B BUJE BEKTOPa BO BXOJHOM IpO-
ctpancTBe. OOBIYHO ATOT BEKTOP COXPAHSETCS B MPOCTPAHCTBE BECOB OT BXOJ-
HOTO CJIOS K CJIOIO IMIa0JIOHOB;

2 Hanmuwme crocoba m3MepeHus: pacCTOSHUS BXOJHOTO BEKTOpa OT IICH-
Tpa. OOBIYHO 3TO CTaHJAPTHOE €BKJINIOBO PACCTOSHHUE;

3 Hamuume cnenuanbHOM (QYHKIIMKA, KOTOpas OMPENENsieT BBIXOIHOMN
CUTHAJI HelpoHa Kak (PyHKIui0 paccTosHusi. OOBIUHO HCTONIB3YETCS (YHKIIUS
I"aycca (cm. popmyisl (2.10), (2.11)).

T. e. BBIXOJHOM CUTHAJI MA0JIOHHOTO HEHpPOHA 3TO (DYHKIUS OT paccTos-
HUS MEXIY BXOJHBIM BEKTOPOM M COXPAHEHHBIM LEHTpoM. [[ns MonenupoBa-
HUS 10001 QyHKUMK HEOOXOAMMO B3ATh JIMHEHHYI0 KOMOWMHAIUIO (T.€. B3Be-
HIEHHYI0 CYMMY T'ayCCOBBIX (DYHKIIMIT) JOCTaTOYHOIO YMCIa paguabHBIX 3ie-
MEHTOB.

B oTimume oT MHOTOCIOMHOTO mepcenTpoHa, pa30MBAIOMIEro MPOCTPaH-
CTBO MPHU3HAKOB TunepruiockoctTsiMu, RBF-ceTh pazdouBaet ucxoaHoe mpocTpaH-
CTBO runepcgepamu, KOTOpbIE 33Jal0TCs CBOMMH LIEHTpaMu U paauycamu. Ha
puc. 5.2 moka3aHbl pUMephl pa3OMeHUs MPOCTPAHCTBA MPU3HAKOB I1A0JIOHHbI-
MU HEHPOHAMM.
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Pucynok 5.2 — Ilpumepwr pabomur RBF-cemu

Ha puc. 5.2, a) 00bexThI K1accuuKaium, MpecTaBIsieMble TPU3HAKOM X,
pazOuBaroTCs ABYyMs I1aOJIOHHBIMU HelipoHamu Ha kiacchl A u B. Llentpsr 1 u 2
COOTBETCTBYIOT HamOOJiee XapaKTEPHBIM IMPEICTABUTEISAM COOTBETCTBYIOIIUX
kiaccoB. Kak BUAHO U3 pUCYHKa — 4eM OJIMKe KIacCUPUIUPYEMbI OOBEKT K
LEHTPY, TEM OH 00Jiee MOX0XK Ha ITATIOHHBIN O0BEKT KJlacca U, COOTBETCTBEHHO,
TEeM CUJIbHEe OyaeT OTKJIMK HelpoHa. Paguycel maGIOHHBIX HEHPOHOB OIpee-
JISIOT TpaHUIlbl Kilacca. B mpuBeneHHOM mpuMepe paauychl BHIOpaHbI TaKUMH,
YTO MEX]y ABYMsI KJIACCAMHU OCTAETCSl «MEPTBAsi 30Ha». ITO O3HAYAET, UTO 00b-
€KTBHI, JIXKAITNUE MEXTy KjlaccaMu He OYIyT «y3HAHbD) HU OJHUM HEHPOHOM.

Ha puc. 5.2, 6) moka3aHbl KJIacChl, 3a/1aBaeMbI€ IBYMsI TPU3HAKaMU. 371eCh
rpaHuia kiuacca B compukacaercs ¢ rpaHuiieil kiacca A U MepecekaeT rpaHuIly
kiacca C. T. e. CyIIECTBYIOT «IIOTPAHUYHBIEY» 0OBEKTHI, KOTOPHIE MOXKHO OTHE-
CTH Kak K kjaccy B, Tak u k kinaccy C.
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Takum 00pa3om, MpaBUILHOCTH BHIOOpA LIEHTpa M pajuyca Ompenesser
YCHEIHOCTh KJIACCU(PUKALMU: IIEHTPbI JOJKHBI COOTBETCTBOBATH HCTHUHHBIM
LEHTpaM KJjacca, a paJuychl — ero pasmepy. Eciu paauyc HeiipoHa OyneT Bbl-
OpaH CIAUIIKOM OOJBIIUM, TO BMECTE C NMPABWIBHBIM OTBETOM BO3MO>KHBI JIOXK-
HbI€ CpadaThIBaHUSI COCEAHUX HEHUPOHOB. EciiM CIUIIKOM MallbM, TO 4acTh 00b-
€KTOB He OyaeT kiaccupuumponana. OmnpeneneHue HEHTPOB U PaJUyCOB CO-
cTaBisieT 3agauy ooyuenuss RBF-ceru.

OpHuM W3 METOMOB 3aJaHMsl LIEHTPOB SABIIETCS BulOOpKa U3 @vibopku. B
KayecTBE IIEHTPOB OEpyTCsl HECKOJBKO CIydyailHO BBHIOPAHHBIX TOYEK O0yvaro-
IIEr0 MHOXKECTBA. B cuily ciay4allHOCTH BbIOOpa OHU MPEACTABIISIIOT CTATUCTH-
YecKoe pacripenesieHre oOydarolmux AaHHbIX. HemocTaTkom 3TOro meroaa siB-
JSIE€TCA TO, YTO €CJIM YKCIIO PaJualbHbIX AIEMEHTOB HEOOBIIOE, TO TAKOE MPEI-
CTaBJICHUE MOKET OBITh HEYOBIECTBOPUTEIHHBIM.

[Tocne ompeneneHus pacmnoyiokKEHUs! IEHTPOB, HEOOXOUMO HAUTH BeIU-
YUHBI pagnycoB. Ecnu paanychl BEIOpaHbI CIUIIKOM MaJIeHBKUMHU, TO CE€Th HE
OyJeT WMHTEpHOJUpOBaTh JaHHBIE MEXIYy H3BECTHBIMH TOYKAMH U TOTEpSET
CIIOCOOHOCTH K 000011eHn0. Ecii pagnychl BEIOpaHbI CIUIIKOM OOJBITUMU, TO
obnactu kiaccupukanuu, GopMHUpPyeMbIe CEThIO OYIyT MMETh OONbIIME Tepe-
CEKAaIOIIMECs 30HbI, YTO MOXKET MPUBECTH K OMIMOKaM mpH Kiaccudukaiuu. Me-
TOABI 33JIaHUS PATNYCOB:

1 Aeswuwii — 3a1a10TCS MOJIB30BATEIEM.

2 Hzomponusiii. Pamquychl 3a1a10TCSI OJUHAKOBBIMH TSI BCEX DJIEMEHTOB
U OTPEACISAIOTCS IBPUCTUYECKU C YIETOM KOJIMYECTBA PAIHAIbHBIX 3JIEMEHTOB
1 00beMa MOKPHIBAEMOTO MPOCTPAHCTRA.

3 K bnuorcariuux cocedeti. OTKIOHEHUE KAXKIOTO AJIEMEHTA YCTaHABIIH-
BaeTCsl MHAMBHUIYAIbHO PAaBHBIM CpeHeMy paccTosiHuio 10 K ero Gmmkaimmx
coceneii. I[Ipu a3ToM paamychl OynyT MEHbIIIE B TE€X YacTsIX MPOCTPAHCTBA, TIIE
TOYKHU PACIIOJIOKEHBI PSIJIOM, a TaM, TIe TOYEK Majo, PaJanychl OyayT OOJbIIN-
MHU.

Taxoke 711 HAXOXKJICHUS IIEHTPOB U PAJNYCOB MOKHO HCIIOIh30BaTh UTE-
PATUBHBIE METOJIbI ONITUMU3AIUH.

[Tocne Toro, kak BeIOpaHBI IEHTPHI U PATUYCHI, MTAPAMETPHI BBHIXOTHOTO
CJIOS ONTUMU3UPYIOTCS C MOMOIIBIO CTAHJAPTHOTO METOJA JIMHEWMHOW anreo-
pPBI — METOJIa TICEBIOOOPATHBIX MATPHIl, MUHUMHU3UPYIOMUN CPEIHUNA KBaapaT
OIIINOKHU.

Bektop BecoBbIX KOA(PQUIIMEHTOB I-r0 BBIXOJHOTO HEHpPOHA PAaCCUHTHI-
BaroTCA 1o popmye

Wi = (HTH)_lHT\_(i ,

rae Yi, i = 1...M — BeKTOp JTalOHHBIX BBIXOJHBIX 3HAYEHUH /IS i-TO BbI-
XOJTHOTO HelpoHa (110 Bceil 00yuaroniei BhIOOpKe);

M — KOJIMYECTBO BHIXOJAHBIX HEHPOHOB;

H — uHTEpIIONSIIIMOHHAs MaTpHIIA.
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hl(il h, (Xl hk (Xl
o h(X2) hy(X: he (X2
hl(ip) hz(ip) hK(Xp

rmue hk()_() — BBIXOJIHOM curHaIT K-ro paamansHoro HelipoHa, K=1... K;

K — 4ucno paguanbHbIX HEHPOHOB;

X — BEKTOP BXOJHOTO CUTHAJIA;

p — pa3mep oOyugaromei BEIOOPKH.

Ipeumywecmsea RBF-cemerti:

1 To4yHO M3BECTHO KOJIMYECTBO CJIOEB CETH;

2 IlapameTrpsl TMHEHOW KOMOWHAIIMK B BBIXOJHOM CJIO€ MOKHO OITHU-
MU3HPOBATh C MOMOIIBI0 CKOPOCTHBIX METOJIOB JMHEHHOTO MOJEIUPOBAHUS.
[ToaTomy cets RBF o0Oyuaetcsi oueHnb ObICTpo (Ha MOPSJIOK ObICTpee SKBUBA-
JICHTHOTO MHOTOCJIOWHOTO TIEPCEITPOHA).

Heoocmamku RBF-cemeii:

1 HeoOGxoauMocCTh OMpeNesieHHUs] Yuciaa paguaibHbIX 3JIEMEHTOB, IMOJIO-
KEHUS WX IICHTPOB U PAJINYCOB,;

2 JIns MOCTWKEHHS OJHOW M TOM ke TouHOCTH ceTh RBF Tpebyer 607b-
LIEro YMCJIa DJIEMEHTOB, YEM MHOT'OCIIOMHBIN IepcentpoH. Ilostomy cets RBF
paboTaeT MeJIeHHEee U TpeOyeT O0JIbIIe aMsITH;

3 Ilpu ynmanenwu OT 0OydYaromero MHOXKECTBA 3HAUYEHHWE (QYHKIIUU OT-
Kiuka ObicTpo magaeT g0 Hyna. [lostomy RBF-ceth mioxo skctpamonupyer
(XOTs1 B KOHKPETHOHM 3a/a4e 3TO MOXKET OKAa3aThCsl JOCTOMHCTBOM: JIydIlle HE
MOJIYYUTh OTBET, YEM TOJIYUUTh JIOKHBIN);

4 Ceru RBF 0onee uyBCTBUTEIBHBI K «IPOKISITHIO Pa3MEPHOCTH» U
TPYJIHO MPUMEHHMBI, KOTJa YUCJIO BXOJIOB BEIUKO (B JAHHOM CIydae «IpPOKJIsi-
THE PA3MEPHOCTU» — OUYEHb OBICTPHIA POCT Pa3MEPOB CETH TMPHU YBEIHMUYCHHUU
YHClia BXOJIOB).

5.2 3Be3ab1 I'pocchepra

Bxoouas 36e30a

Bxonnas 3Be3aa (Instar) paspadorana C. I'poccoeprom B 1974 1.

3Be3/1bl PACCMATPUBAIOTCS KaK MOJAEIH OTJEIbHBIX YYaCTKOB MO3Ta.

Bxonnas 3Be3/1a COCTOMT U3 HEMPOHA, HA KOTOPBIM MOJAETCA TPYIIIAa BXO-
JIOB uepe3 CHHANTU4eckue Beca (cM. puc. 5.3). BxoaHas 3Be3na oOydaeTcs pea-
TUPOBATH HA ONPEACICHHBIA BXOJHOW BEKTOP, U HU HA KaKOW JIpyrou. Xopouo
oOyueHHasl BXOJIHasl 3Be3/]a OyJIeT pearupoBaTh HE TOJILKO Ha OMPEICJICHHBIN
BEKTOP, HO U HAa HE3HAUWTEJIbHbIC U3MEHEHHS ATOTO BeKTOopa. Takum obOpaszom,
3Be3/1a OyJIeT MPOSIBISATH CIIOCOOHOCTH K 0000IIEHMUIO.
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Pucynox 5.3 — Bxoonas 36e30a

[Iporecc 00yueHus BeIpakaeTcs ciaeayromiel GopMynoii:
Wi(t+1) = W,(t) + (X[Xi — Wi(t)],

rae W; — Bec i-ro Bxoga (I = 1...n);

t — HOMep uTepanuu;

Xi — I-1 BXOZ;

0. — HOpMHPYIOIMHHN K0P PUIIMEHT 00yUeHUs, KOTOPBII UMEET, Ha4allbHOE
3HaueHue 0,1 ¥ MOCTEeNnEeHHO YMEHbIIIAETCs B MPOIECCEe 00yUCHMUS.

Buvixoonas 36ez0a

Breixoanas 3Be3na (Outstar) paspaboTaHa cCOBMECTHO ¢ BXOJHOH 3Be3/10H
Y COCTOUT M3 HEHPOHA, YIPABIISIONIETO IPyMIoi (cM. puc. 5.4).

BrixogHasi 3Be3na BbIpaOaThiBaeT TpPeOyeMblil BO30YKIAIOIIUI CHUTHAI
JUTSL IPYTUX HEMPOHOB BCAKUI pa3, KOTJa BO30YK1aeTCA.

B mporecce oOydenust HeiipoHa BBIXOHOM 3BE3/IbI, €T0 Beca HacTpauBa-
IOTCSI B COOTBETCTBHUH C TPeOyeMbIM I€JIEBBIM BEKTOpOM. Beca BBhIXOIHOM 3BE3-
Il TOCTETICHHO HACTPAMBAIOTCSI HA MHOXKECTBO BEKTOPOB, MPEACTABIISIONINX
co0ol BapuaIuu WaeabHOTO (MCXOJHOTO) BEKTOpa. B 3TOM citydae BBIXOAHOMU
CUTHAJI HEHPOHOB MPEACTABIISIET COOOM CTATUCTUYECKYIO XapaKTEPUCTHKY 00Y-
Jaromero Hadbopa.
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Pucynok 5.4 — Bvixoonas 36e30a
[Iporecc 00yueHus BeIpakaeTcs CAeAYOIIeH HopMyIIOi:
wi(t+1) = wi(t) + blyi — wi(t)],

rae b — HOpMupyromwmii k03 uIeHT oOyueHHs, KOTOPHIA B Hadaje
NpUOIMKEHHO PaBEH €IMHHULIE U TIOCTENICHHO YMEHbILAeTCs A0 HYJIs B IIpOLecce
00yueHwus.

Obnacmu npumeHenus 36e30: TPUMEHSIOTCS B COCTaBE HEUPOCETEBBIX
CUCTEM.

Ipeumywecmesa 36e30: BXOIHAs 3B€3/la XOPOIIO MOJEIUPYET HEKOTOPHIE
(YHKUIMY KOMIOHEHT OMOJIOTUYECKUX HEMPOHHBIX ceTell. CeTh, BKIIOUaroIas B
ceOst BXO/IHBIE 3B€3/IbI, MOXKET OBITh JOCTATOYHO XOPOIIIEeH MOJIETBIO OT/ICIBHBIX
y4acTKOB Mo3ra. [Ipu pemeHuH mpakTHUECKHX 3a7ad BXOJHBIE 3BE3/IbI MOTYT
OBITH UCIIOJIH30BAHBI JIJISl TOCTPOEHUS MTPOCTHIX OBICTPO 00yUaeMbIX CETEH.

Heoocmamku 36e30: xaxnas 3Be37la B OTAEIbHOCTU PEATU3YET CIUILKOM
npocTyto GyHKIuio. M3 Takux 3Be3/1 HEBO3MOXHO MOCTPOUTH HEHPOHHYIO CETh,
KOTOpasi peanu3oBajia Obl J1000€ 3a7aHHOE OTOOpa)keHUEe. ITO OTPaHUYUBACT
MPAKTUYECKOE MPUMEHEHUE BXOAHBIX 3BE3/I.

5.3 HeiipoceTeBoii rayccoB KjaaccupukaTop

Mogens npemnioxkena P.I1. Jlunnmanom B 1987 1.
B ocHoBe moctpoeHus rayccoBa KiaccupukaTopa JexkaT MpernoaoKeHHUs
O pacrpeneseHUsIX BXOAHBIX CUTHAIOB. CUMTAETCS, UTO 3TU PACIIPEICIICHUS U3-
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BECTHbI U COOTBETCTBYIOT 3akoHy ['aycca. Torja OJHOCIONHBIN NepcenTpoH
MO>KET OBITh MCIOJIb30BaH JIJIsl peaju3allii rayccoBa Kiaccu(ukaropa mo Mak-
CUMYMY BEpOSITHOCTH.

[Tycte Mjj 1 S,Za\i — MaTeMaTHYeCKOe OXKHUIAHWE M JUCIEPCHUS BXOJIHOTO

curnaia X; (I = 1...N), xorga BXOJHOW CUTHAJ HPUHAIICKHUT Kinaccy A, Mg u
2 2 — o2 — @2

Sg; — kimaccy B, a S = Sg; = Si. Torna 3Ha4eHust BEPOSITHOCTH, UCIIOJIb3Ye-

MBIC KJIaCCI/I(l)I/IKaTOPOM 10 MaKCUMYMY BCPOATHOCTU IIPOIIOPHUOHAJIBHBI CJIC-
AYIOIIUM BCIINYUHAM:

N (%, ~M,)° X’ M, N M2
e L

i=1 i i=1 i=1 i=1

LB=—Z—(Xi_S';/IBi) = Z_:Sz ZM x ZN:MB'Z.

i=L i 1 i=1 i=1

Knaccudukarop no MakcumMymy BEpOSITHOCTH BbIUUCIAET Lo U Lg U BBI-
Oupaer knacc ¢ HauboJbLIEH BeposTHOCTHIO. [lepBbie ciaraemble B (opmysax
UICHTUYHBI U UX MOXKHO OMYCTUTh. BTOpBIE claraeMbie MOTYT OBITH BBIYHCIIEC-
HBl TIyTEM YMHOXXCHHS BXOJHBIX CHUTHAJIOB Ha CHHANTHYECKHE Beca. TpeTbu
cllaraeMble — KOHCTAHThI, 3HAYEHHUs KOTOPBIX MOXXHO HPHCBOUTH CMEIIECHUIO
HelipoHa. Torza mapaMmeTpbl HEUPOCETEBOrO rayccoBa Kiaccu(pukaropa MOXKHO
BBIYHMCIIUTH T10 CIEAYIOIUM (HopMyIam:

1 3HayeHHs] CHHAITUYECKUX BECOB

~ 2(MAi—Mgi)
Wi ZS—.Z'
1

2 3HauyeHUEe CMEIIEHNS

Obnacmu npumeHenusi cemu: pacrio3HaBaHue 00pa30B, KiIacCUupUKaIlus.

Ipeumywecmsa: ipoctas u OpicTpas HelipoceTh. [IpocToit criocod dop-
MHPOBAHHNS BECOB U CMELICHUM.

Heoocmamxku: Heobxoaumo, 4ToObl paclpeiesICHUs] BXOJHBIX CUTHAJIOB,
COOTBETCTBYIOIIIME Pa3HBIM KJlaccaM, OBIITH aliPHOPHO U3BECTHBI.
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5.4 CeTb nmoucka MaAaKCMMYyMa ¢ PSIMbIMH CBSI3SIMH

Cerp momcka MakcumyMmMa ¢ npsMbiMu  cBs3smu  (Feed-Forward
MAXNET) npennosxxena P.I1. Jlunomanom B 1987 r.

B ocHoBe ceTu NexKUT NBYXBXOJOBBIM HEMpOCETeBOM KommapaTop (dJie-
MEHT CPaBHEHMSI), KOTOPBIM BBIMIOJHSAET CPaBHEHUE JBYX aHAJIOTOBBIX CUTHAJIOB
— X1 1 X (cM. puc. 3.19). Ha BbIxozie Z — cpeiHee 3HaUY€HUE BXOAHBIX CUTHAJIOB.
Brixonbl y; ¥y, MOKa3bIBalOT, KAKOWM MMEHHO BXOJHOW CUTHAJI UMEET MAaKCH-
MajpHOE 3HadeHue: «1» coOTBETCTByeT OOJbIIEMy BXOAY, «-1» — MEHbIIeMy.
BecoBbie k03 GUIEHTHI GUKCUPOBAHBI U OMPEICIICHBI 3apanee (cM. puc. 5.5).
[Topor HelpoHOB, GOPMHUPYIOITUX CUTHAJIBI Y1 U Y, PABEH HYIIIO.

Pucynok 5.5 — J[gyxexoooswiii netipocemesoii komnapamop

JIns cpaBHEHHS N CUTHAJIOB ABYXBXOJIOBBIE HEUPOCETEBBIE KOMIIAPATOPHI
00BEIUHAIOTCS B 00JIee CIIOKHBIE MHOTOCIIOWHBIE CETH.YHCIO CI0EB B TaKUX
ceTsx paBHO |0g, N, okpyrieHHoe n0 Onmkaiimero Gossliero menoro. Iomy-

YEHHAsl CETh BBIMOJIHSET MONAPHOE CPAaBHEHHE BXOJIHBIX CUTHAJIOB JAPYT C JAPY-
roM. Uwuciio BeIX010B Tako# ceT paBHO N+ 1 (Y; ... Yy, Z).

Obnacmu npumeHenus cemu: TPUMEHSETCS B COCTaBE HEHPOCETEBBIX CHUC-
TEM pacro3HaBaHUsg 00Pa30B.

Ilpeumywecmeso: 3apaHee W3BECTHBI 3HAUCHUSI BECOBBIX KOI(D(DOUIIUEHTOB
HEUPOHOB.

Heoocmamok: 4ucno ciioeB CeTH pacTeT C YBEIMYEHHEM Pa3MEpPHOCTH
BXOJIHOTO CUTHAJA.

Koumponvnuvie sonpocvl no meme 5:
1 OnummTe ycTpoicTBO U pabOTy paauaibHO-0a3UCHOM CETH.
2 OnuimmTe yCTPOMCTBO U pabOTy BXOIHAS 3BE3/IBI.
3 OnuimmTe yCTPONUCTBO B padOTy BBIXOHAS 3BE3/IbI.
4 Onumwure ycTpoucTBO U paboTy HEHPOCETEBOro rayccoBa Kiaccu@u-
Karopa.
5 Omnumure yCTpOHUCTBO U pabOTy CETH MOUCKA MAaKCUMyMa C MPSIMBIMU
CBSI3SIMMU.
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6 CETU ECTECTBEHHOM KJIACCU®UKAILIUA

6.1 Cerb Koxonena

Cetb Koxonena (kapma Koxonena) npennoxkena T. Koxonenom B 1984 r.

B Mo3re HeMpOHBI pacnonararoTcs B ONPEACIICHHOM NOPSIIKE TaK, YTO He-
KOTOpBI€ BHEIIHWE (PU3NUYECKUE BO3JCHCTBHS BBI3BIBAIOT OTBETHYIO PEAKIIMIO
HEHPOHOB U3 oMpeAeNieHHOM obmacTu Mo3ra. Hampumep, B To# yacTu Mo3ra, Ko-
TOpasi OTBEYAET 33 BOCIPHUATHE 3BYKOBBIX CUTHAJIOB, HEUPOHBI TPYIITUPYIOTCS B
COOTBETCTBUM C YaCTOTaMH BXOJHOI'O CUTHAJIa, HA KOTOPBIX OHU PE3OHUPYIOT.
XOTsl CTpOEHHE MO3ra B 3HAYUTENIBHOW CTEIICHH NPEIONpeaAeIeTCs TeHeTHYe-
CKH, OTIENIbHbIE CTPYKTYpbl MO3ra (OpMHUPYIOTCS B IMPOLIECCE CAMOOpPTraHHU3a-
uu. Anroput™m KoxoHeHa HalmOMUHAET MPOLIECCHI, TPOUCXOAIINE B MO3TE.

Anroputm KoxoHeHa JaeT BO3MOKHOCTb CTPOUTh HEWPOHHYIO CETh IS
pazzie’eHusl BEKTOPOB BXOHBIX CUTHAJIOB HA MTOATPYIIIIBIL.

Cetb cocTouT U3 M HEHpOHOB, OOPA3YIOIIKUX MPSIMOYTOJIBHYIO PEILIETKY
Ha IJIOCKOCTH (CM. pHC. 6.1). DneMeHTbl BXOJHBIX CUTHAJIOB MOJAIOTCS HA BXO-
Ibl BCEX HEMPOHOB ceTu. HellpoHbl 3aIOMUHAIOT B CBOMX BECOBBIX KO3 (UIIU-
€HTax OJHO SAPO Kjacca U OTBEYAIOT 3a OIpesesieHne 00ObEKTOB B CBOUX KJlac-
cax.

BLIZOIHEIC
HCHPOILL

Pucynox 6.1 — Kapma Koxonena

Kax b1l HeipoH B030y»KaaeTcst TeM OoJbliie, YeM OJMkKe 3HAYEHUE BXO/I-

HOTO BeKTOpa X K BEKTOPY €ro BeCOBbIX Kod(dumueHtoB W . CpaBHEHHE BeK-
TOPOB OCYIIIECTBIISCTCS C MOMOIIBIO BEIYUCIICHUS €BKJINI0BA PACCTOSHHUSI.

[TokazaHo, 4TO /TSI CpaBHEHUSI PACCTOSIHUM JOCTATOYHO BBIMIOJIHUTH JIH-
HelHOe MpeoOpa3oBaHue BXOIHOTO CUTHAJIA TTO (hopMyIie:
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R oL
d(X, W) => x,w, _iﬂT'
i=1

Oty GopMyny OyaeT pealn30BbIBATh JTUHEHHBIN HEUPOH C MOPOTOM PaB-
HBIM BTOPOMY CJIaraéMoMy.

Cetp KoxoHeHa MoxkeT (PyHKIIMOHUPOBATh B JIBYX PEKHUMAX: peHcuMe aK-
Kpeoumayuu v pexcume uHmepnoasayuu.

B pexxume akkpenuTanuu BHIXOHBIC HEUPOHBI (PYHKIMOHUPYIOT IO TMpa-
BUIIy «MOOEIUTENb MOIy4YaeT BCE»: HEUPOH, BO3OYXKIECHUE KOTOPOTrO MaKCH-
MaJIbHO BBIJIAET €MHUILLY, OCTAIbHBIE — HYJIU.

B pexxnMe MHTEPNOSALMY MPOUTPABLIINE HEUPOHBI HE 3aTOPMAKUBAIOTCS
U TOTJa 1O YPOBHSIM HX BO30YXKJIEHHUS MOXHO OILEHUTH CTEMEHb CXO0XKECTU
BXOJIHOT'O BEKTOpa C BEKTOPaMH, KOTOPBIE XPAHATCS B HEHPOHAX.

I'maBHOI 0coOeHHOCTBIO KapThl KoXoHEeHa siBisieTcs TO, UTO MPOCTPAHCT-
BEHHO OJIM3KHE BXOJHBIE MPUMEPHI BO30YKIAI0T TOMOJIOTUYECKU OJM3KHUE HEeM-
POHBI, T.€. COCEJHHUE Y3JIbl KAPThl OKa3bIBAKOTCS COCEIHUMH B IPOCTPAHCTBE
JTAHHBIX.

[Ipu 3TOM HEBO3MOXKHO 3apaHee MpecKa3aTh, KAKOM UMEHHO HEHPOH Oy-
JI€T aKTUBUPOBATHCS IS 3aIaHHOTO BXOJHOTO BekTopa. HeoOxoaumo numib ra-
PaHTUPOBATh, YTOOBI B pe3yJbTaTe OOYUYECHHs Pa3IEIsJIUCh HECXOKUE BXOHBIE
BEeKTOpbI. neHTu(UKaIMs KIacCOB MPOBOAUTCS IMMyTEM TECTUPOBAHUS CETH MO-
cie 00y4YeHusl.

Aneopumm knaccuguxkayuu:

1 Ha Bxoj HEHpOHHOM CETH MOAAETCS BEKTOP X.

2 Howmep HelipoHa, BBIIABIIETO0 MUHUMAJIBHBIN OTBET, SBIISETCS HOMEPOM
Kjacca, K KOTOPOMY IIPUHAIEKHUT BEKTOP X .

Jlns peanuzanuu anropurMa HEOOXOJIMMO ONPENETUTh MEpPY COCEICTBA
HeHpoHOB (Mepy Onm3octu). Ha puc. 6.2 30HBI TOMOJIOTUYECKOTO COCEACTBA HA
KapTe NPU3HAKOB B Pa3JINYHbIE MOMEHTHI BPEMEHU
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Pucynok 6.2 — 3061 mononozuueckoeo coceocmea Ha kapme NPUHAKOS 8 Ppa3-
JIUYHbLIE MOMEHMbL BPEMEHU

NE;(t) - MHO>XXECTBO HEHPOHOB, KOTOPbIE CUUTAIOTCS COCEAIMH HEHPOHA |
B MOMEHT BpeMeHH t. 30HBI COCE/ICTBA YMEHBIIAIOTCS ¢ TCUCHHEM BPEMEHHU.
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Obyuenue kapmoi Koxonena

CeTb UCTIONB3YET NPUHILIUI «O0OyUEHUE O€3 YUUTESN.

DTanbl aNropuT™Ma:

1 Vaunumanuzanus ceTu.

2 IlpenbsiBieHHe c€TH HOBOT'O BXOJHOIO CUTHAJA.

3 Bbluncienue paccTosIHUS 10 BCeX HEHPOHOB CETH.

4  BpIOOp HEHPOHA-TTOOEUTEIIS.

5 Hactpoiika BecoBbIX K03(PuImeHTOB M0oOCIUBIIETO HEWPOHA W €T0
cocenen.

Beca koppekTupyroTcs Tak, 4TOObl OHHM CTaJIM 00JIee MOX0KHU Ha TEKYIUH
BXOZHOM IIPUMEP MO MPABUILY

W (E+1) = wy (1) + r()h () (%, () —wy (1)),

rae t — Homep uTeparu o0ydeHUs;

Wij(t+1) — 3HadeHue i-ro BecoBoro koddduuueHTa j-ro HeipoHa mocie
mara o0y4eHus;

Wij(t) — Tekymee 3HaueHHe i-ro BecoBoro koddduuueHra j-ro HelpoHa
(10 0oOyueHus);

Xi(t) — Texyinee 3HaYEHUE I-r0O KOMITOHEHTA BXOJIHOTO BEKTOPA;

r(t) — koadumment ckopoctr 00yUeHHUs, HaYaTbHOE 3HAYCHUE KOTOPOTO
YCTaHABIIMBAETCsA OJM3KMM K CIWHUIIC W YMEHBIINACTCS JIO HYJIA B IpoIecce
o0yueHus;

h(t) — dynkuus cocenacTra, ompeAesOmas MEpy COCEICTBAa HEHpOHa-
NoOeUTENST W OKPYXAIMUX ero y3ioB. OOBIYHO HCIIONB3YyEeTCS TrayCccoBa
byHKIUSA

2

‘v_v* _W,
%(t)

h(t) =exp| —

*

rie W — koopauHathl HeiipoHa-noOeauTens Ha kapTe KoxoHeHa;

W, — koopauHaThI j-T0 HelipoHa Ha kapte Koxonena (j = 1...m);

o(t) — paguyc 3axBaTa coceliei, HauajlbHOE 3HAaYeHUE KOTOPOro yCTaHaB-
JMBAETCS TaKWM, YTOOBI B JIBIDKEHWHW YYacTBOBAJO OOJiee IMOJIOBUHBI y3JI0B U
YMEHBIIAETCS 0 HYJISI B Ipouecce 00y4eHusl.

3HadeHne GyHKIUUA COCECTBA PABHO CIMHMUIIC JJIS BHIMTPABIIETO HEHPO-
Ha ¥ YMEHBIIIACTCS C YAAJIICHUEM OT HETO.

6 Beruucnenne ommoku padboThl kKapThl KoxoHeHa.

Ommbka OLEHUBACTCS MO CPEIHEKBAIPATHUECCKOMY PACCTOSIHUIO OT KaK-
JIOM TOYKHU JAHHBIX J0 OJM>KaWIero HelpoHa KapThl.

7 TlpoBepka ycrmoBus BBIXOJa U3 MPOIIEAYPHl OOyICHHUS.
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Kpurepuu octaHoBKU:

— BECOBBIE KOA(PPUIIMEHTHI HEUPOHOB MIEPECTAIIN MEHATHCS;

— BEJIMYMHA OMMUOKK HEUPOCETH CTaOMIM3MpOBANach U MEpecTalla CHU-
KaTbCs,

— JIOCTUTHYT MUHUMYM OIIUOKH padOTHI CETH;

— BCE MpUMeEpHI 00ydaromiel BRIOOPKH KIAaCCU(UIIMPOBAHBI C 3aJIaHHOMN
TOYHOCTBIO.

AnpTepHaTUBON MeToly MooO0BeKTHOro 00yuyeHusi KoxoHeHa sBisercs
Memoo OuHamudeckux soep.

PaccMoTpuM MHOXECTBO M3 OOBEKTOB X, KaXKIbIM U3 KOTOPBIX SIBISETCS
N-MEPHBIM BEKTOPOM. 3aJlaiM MPOCTPAHCTBO SiAep KIACCOB, U Mepy OIM30CTU

diSt(a,)_(), r7ie @ — TOYKa U3 MPOCTPAHCTBA sifiep, @ X — TOYKa U3 MPOCTPAHCTBA

o6bekToB. Torma ns 3amanHoro yucia kimaccoB K HeoOxoaumo mogodpars K
sIep TakuM oOpa3oM, 4ToObl cymMMapHas Mepa O0Jau30CTH Obljla MUHHMAaJIbHOM.
CymMapHas Mepa O0JIM30CTH 3alMCBIBACTCS B CIICIYIONIEM BH/IE:

K o1 _
H=> Zdist(ak,in),
k=1i=1

rie | — kommuecTBo 00bekTOB K-TO KItacca.

Metoa HanpsMyI0 MUHIMHU3UPYET CyMMapHY0 Mepy ommsoctu H.

[IpeaBapuTenbHO 3a0ar0TCsA HaYalbHBIC 3HAYCHUS saep. Ecim sapa sBis-
I0TCS TOYKAaMHU TOTO K€ MPOCTPAHCTBA, UTO U OOBEKTHI, TO B KAU€CTBE HAYaJb-
HOTO IPHUOTMKEHUS 3HAUCHUN s/Iep BHIOMPAOT 3HaueHus1 00bekToB. Korma mpo-
CTPAHCTBO SiJIEp M MIPOCTPAHCTBO OOBEKTOB HE COBIAJIAIOT, TO 3a7aCTCs HaYalb-
HOe pa3dueHne o0bEeKTOB Ha Kiacchl. [Ipu 3TOM B HaualbHOM pa30MEHHUU MOTYT
y4acTBOBAaTh HE BCE OOBEKTHI.

Meton sIBISIETCS UTEPALIMOHHOW MPOLIEAYPOU, KaxKaash UTepauus KOTOpOU
COCTOUT U3 JIBYX IIIAarOB:

1 Pa3z0Ouenne Ha KJIacChl P (PUKCUPOBAHHBIX 3HAUCHUSAX STCP:

A ={X: dist(ai, X) < dist(a}, X}

2 OnTtumuzanus 3HaYCHWH saep Tpu (UKCHPOBAHHOM pa3OWEHWH Ha
KJIACCBI:

Z(3) = st (A, Xt ) > min.

B cnyuae paBeHcTBa B hopMyJie IEPBOro 1iara 00bEKT OTHOCST K Kiaccy
¢ MeHbIIUM HoMepoM. ITponeaypa octanaBinuBaeTcs, €CIM MOCIIE OUYEPETHOTO
BBINOJIHEHHS Pa30MEHMsI Ha KJIACChl HE U3MEHWICS COCTAaB HU OJIHOTO KJiacca.
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[Tpouemypa cxoauTcs 3a KOHEYHOE YUCIIO IIaroB, IPUYEeM HHU Ha OJTHOM IIare He
IIPOUCXOJIUT BO3PACTAaHUS CYMMapHOW Mephl OJIU30CTH.

Obnracmu npumenenus: KIaCTEPHBIM aHAIW3, pacllO3HaBaHUE OOpPa30B,
KJ1accuuKaIms.

Ipeumywecmesa: cetb KoxoneHa cnocooHa (pyHKIIMOHHPOBATH B YCJIOBU-
X TIOMEX, TaK KaK YMCJIO KJIacCOB (DUKCUPOBAHO.

Heoocmamku: ceTb MOXKeET OBITh MCIIOJIb30BaHA JJIs KJIIACTEPHOTO aHAN3a
TOJIBKO B TOM CITy4yae, €CJIHM 3apaHee U3BECTHO YHCIIO KIACTEPOB.

6.2 CeTh BCTPEYHOI'0 PacPOCTPAHEHUS

Pa3zpaboTtana Po6eprom Xext-Hunscenom B 1987 r.
Ipunyun oeticmsus

B cetn BcTpeuHoro pacmpoctpaHeHusi oObenuHeHbl kapta KoxoHeHa u
BBIXOJIHBIE 3Be3/Ibl ['poccOepra. CuuTaeTcs, YTO B MO3re BHIYMCIICHUS OCYIIIECT-
BIISIFOTCS] KACKQITHBIMU COCIMHEHHUSIMU MOJIYJIEH pa3InuyHOM Crieluain3aluu.

CeTb BCTPEUHOTO PACIpPOCTPAHEHUS MMEET JBA CJIOS C MOCIEI0BATEIb-
HbIMU cBsi3siMu. [lepBriit croit — ciiori Koxonena, Bropoit — cioit ['poccbepra.
Kaxnp1ii 31eMEeHT BXOJHOTO CUTHAja MOJAETCsl Ha BCE HEUpPOHBI ciiog KoxoHe-

Ha. Kaxnpii HelipoH cnosi KoxoHEHa COEIMHEH CO BCEMHM HEMPOHAMH CIOA
I'poccOepra (cm. puc. 6.3).
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Pucynok 6.3 — Ilpunyun oeticmeusi cemu 6CmpeuHo20 pacnpocmpaneHus

B npouiecce oOydeHust ceTd BCTPEUHOTO paclpOCTPAHEHUS BXO/IHbIE BEK-
TOPBI ACCOLUUPYIOTCSA C COOTBETCTBYIOIMMU BBIXOJHBIMU BEKTOPaMU. JTH BEK-
TOpPbl MOTYT OBbITh JABOMYHBIMU WM HempepbBHBIMU. [locie oOyudeHus cetb
bopMUpYyeT BBIXOJHBIE CHTHAIbl, COOTBETCTBYIOLIME BXOJHBIM CHUTHAJIaM.
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Oo6o0maroias cnocoOHOCTh CETH JIaeT BO3MOXKHOCTb MOJIy4aTh MPaBUIIbHBIM
BBIXOJI, KOTJIa BXOJIHOM BEKTOP HEMOJOH WJIM UCKAXKEH.

Crnoit KoxoHeHna (GyHKIMOHUPYET MO MPaBWIY «IOOEAUTENb MOTy4YaeT
Bce». Boixon kaxaoro Heiipona KoxoHeHa siBlsieTCs CyMMOM B3BEIICHHBIX dJe-
MEHTOB BXOJIHbIX CUTHAJIOB:

Heiipon KoxoHeHa ¢ MakcCUMalIbHBIM 3HaueHHEeM K SIBIISCTCS «IOOeauTe-
JaeM».

Beixon cnos I'poccOepra (Y) sBiseTCS B3BEIICHHOW CYMMOM BBIXOJIOB
cnost Koxonena:

Yo = Zl KV
j=

Kax b1l HelipoH cnost ['poccOepra BbIAaeT BEIMUYHHY Beca, KOTOPBI CBsI-
3BIBAET 3TOT HEUPOH C €IUHCTBEHHBIM HEMpOHOM KoXOHEHa, 4el BBIXOJ OTJIH-
yeH oT Hynst. T. e. cioit ['poccOepra npeodpaszyer Boixo ciost Koxonena B jiu-
HEWHBIN KOJI C KOJIMPOBAHHEM IO HOMEPY KaHaja.

Hopmanu3zanusi BXOAHBIX BEKTOPOB BBITIOIHAETCS MYTEM JICIICHUS KaXKI0U
KOMIIOHEHTBI BXOJJHOTO BEKTOpa Ha JJIMHY BEKTOpa. JTO MpPEBpaIlacT BXOIHOU
BEKTOP B €IMHUYHBIN BEKTOP C TEM K€ HAMPABJICHUEM, T.€. B BEKTOP €IMHUYHON
JUIMHBI B N-MEPHOM MPOCTPAHCTBE.

Ilonnasa cemv 6cmpeuno2o pacnpocmpanenus

B npornecce 00yueHus BEKTOPHl X U Y IIOJAIOTCS OJHOBPEMEHHO M KaK

BXOJHBIE BEKTOPHI CETH, M KaK JKEJIAeMbI€ BBIXOJHBIE CUTHAJEBL Bekrop X wc-

MOJIB3YyEeTCs JUIsl 00y4YEeHUS! BBIXOJIOB x/ , @ BEKTOp Y — sl 00y4eHHs BBIXOIO0B

Y! crost Tpocc6epra. TlomHast ceTh BCTPEUHOTO PacIpOCTpaHEHHs TOKa3aHa Ha
puc 6.4.

B kadectBe pe3yabTUPYIOLIETO MOJIydYaeTcs 0TOOpaKeHUe, Mpu KOTOPOM
MpEBSBICHUE TIaphl BXOJHBIX BEKTOPOB MOPOXKAAET WX KOMHUM Ha BBIXOJE.
Kpome TOro, mpeabsiBieHHE OJHOTO M3 BEKTOPOB (IIpU OOHYJIEHHH BTOPOTO),
TaK)Ke MOPOXKIAET Ha BbIXoJie 00a BekTopa. CienoBaTrensHO, CETh U3Y4aeT OJl-
HOBpEMEHHO 2 oToOpakenus: npsimoe X—Y u o6pataoe Y —X.

Obnracmu npumenerus: pacrio3HaBaHHe 0o0Opa30B, BOCCTAHOBIIEHHE OOpa-
30B (accollMaTUBHAs NaMsITh), C)KATHE TAHHBIX.
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Pucynox 6.4 — [lonnas cemov 6cmpeunoco pacnpocmpaneHus

Ilpeumywecmsa:

— ObIcTpoe OOydeHHue (IJIUTENbHOCTh 00yueHusi MoxkeT ObITh B 100 pas
MEHBIIIE [0 CPAaBHEHUIO C OOpaTHBIM pacnpocTpaHeHueM OomuOkH). IlosTomy
CEeTh MOJIE3HA ISl MPUIIOKEHUHN, B KOTOPBIX TpeOyeTcst ObICTpas HayaibHas am-
MIPOKCUMAITHS;

— YHUKaJIbHAs CIIOCOOHOCTDH MOPOXKAATh QYHKIIUIO U OOPATHYIO K HEM.

Heoocmamxku: 6onee HU3Kas TOYHOCTh, YeM B CETH ¢ OOpaTHBIM pacmpo-
CTpaHCHHEM.

6.3 Koruutpon

boeun pazpaboran @ykymmMoi B 1975 r. kak MOZENb CUCTEMbI BOCIPHU-
ATusl yenoBeka. KOrHUTpOH KOHCTPYHpYETCS B BUJAE CIOEB HEHUPOHOB, COEIU-
HEHHBIX CHHarcaMu. VIMeroTcs 1Ba TUIa HEUPOHOB: 6030yHcoarowue y3/vl, Ko-
TOpBIE CTPEMSATCS BbI3BaTh BO30YKJIEHUE MOCTCUHANTUYECKOTO Yy311a, U MOpMO-
35uue y3ibl, KOTOPbIE TOPMO3SIT ATO BO30YykneHue. Kaxkmpiii HEWpOH CBsS3aH
TOJIbKO C HEMPOHAMHU B coceqHEl 001acTu, Ha3bIBaeMOM o0iacmuio céa3u. AHa-
JIOTUYHO B 3PUTEIHHONU KOPE PEAKO COCAMHSIIOTCS MEXKITY cO00il HEUPOHBI, pac-
noJlararoluecs Apyr oT Apyra Ha pacctossHuM O6ojnee 1 mm. O6macTH CBSI3U CO-
CEHUX Y3JIOB 3HAUUTENIbHO NMEPEKPHIBAIOTCS, UTO BBOJUT B3aUMHYIO KOHKYpPEH-
U0 MeXAy Ommkaiiiumu y3namu. [Ipu oOydeHun B 3a7aHHOM 00JACTH CIOS
oOyyaeTcs TOJIbKO HanboJiee CUIILHO BO30YKJACHHBIN HEUPOH. ITO TOCTUTACTCS
C TIOMOUIBIO JTATEPATTLHOTO TOPMOKEHHUSI.
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CyMMapHblii BO30YXJAIOIMMK BXOJ B HEWPOH SBISETCS B3BEHICHHOU
CYMMOM BXOZIOB OT BO30Y:KIalOIIUX HEHPOHOB B MPEAIIECTBYIOIIEM CIIO€

E=>au;,
:

IJie @ — Bec I-ro BO30YKIArOIIero CUHarca, Ui — BBIXOJ I1-TO BO30YK1ar0-
1IETr0 HEMPOHA.
AHAJIOTUYHO ISl TOPMO3SIINX HEHPOHOB:

I=2bjv;,
j

rae bj — Bec J-ro TOPMO3SIIEro CHUHAICA, Vj — BBIXOJ J-TO TOPMO3SILETO
HEWpOHa.

Beca UMEIOT TOJIBKO MOJOXKUTENbHBIE 3HAUCHHUS.

Ha puc. 6.5 noka3an BuJ KOTHUTPOH.
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Pucynox 6.5 - Koecnumpon

Brixoa HelipoHa BBIUUCIISIETCS CASAYIOIUM 00pa3oM:

NET=1FE 1.
1+1

OUT = NET, mpu NET > 0;
OUT =0, mpu NET <O.

79



CuHanTuyeckre Beca TOPMO3SIIUX Y3JIOB HE M3MEHSIOTCS B Ipolecce
oOyuenus. VX Beca 3apaHee yCTaHOBJICHBI TAKUM 00pa3oM, 4TOOBI CyMMa BECOB
B JIFOOOM M3 TOPMO3SIIUX HEHMPOHOB OblIa paBHA enuHHIE. T.€. BHIXOA TOPMO-
3IIETO y3/a SBJISIETCS B3BEUICHHOW CYMMOH €ro BXOZIOB, KOTOPBIE IpE/ICTaB-
JSIOT co00it cpeiHee apu(METHUECKOE BBIXOI0B BO30YKIAIOMINX HEHPOHOB, K
KOTOPBIM OH IOJICOCTUHEH.

IIpeumywecmsa: OronOruyecKkoe nogooue.

Heoocmamxku: HecIOCOOHOCTh paclo3HaBaTh CMEUIEHHBIE WJIA ITOBEPHY-
Thl€ OTHOCUTEIBHO HCXOAHOTO MOJIOXEHUs 00pasbl (ureapuanmuoe pacro3Ha-
BaHUE).

6.4 HeokorHuTpoH

[Ipensoxen dykymumoirr B 1980 r. B KauyecTBE YCOBEPIICHCTBOBAHUSA
KorHuTpoHa. Ha puc. 6.6 nokaszaH BuJ HEOKOTHUTPOHA.
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Pucynok 6.6 - Heoxoenumpon

HeokorHuTpoH COCTOMT U3 MEpapXuy HEUPOHHBIX CIIOEB, KAXK/BIA U3 KO-
TOPBIX COCTOMT U3 MacCUBa MJIOCKOCTEN. KaxapIil 351eMEHT MacchBa COCTOUT U3
Mapbl WIOCKOCTEN HEMPOHOB. [lepBast INIOCKOCTh COCTOUT U3 NPOCMbIX HEUPOK-
JIETOK, KOTOPBIE MOJYYarOT CUTHAJIbI OT MPEIBIAYIIErO CJIOS U BBIICIISIIOT OIpe-
neneHHble 00pasbl. OTH 00pasbl gajiee 00padaThIBAIOTCS CIONCHHLMU HEUPOHAMU
BTOPOU IUIOCKOCTH.
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[IpocTbie HEMPOHBI YYBCTBUTENIbHBI K HEOOBIION 001aCTH BXOJHOTO 00-
pasa, Ha3bIBaeMon peyenmusHot o0aacTeio. [IpocToit HEHPOH NMPUXOAUT B BO3-
OyXIE€HHOE COCTOSIHUE, €CJId B €ro PelenTUBHOM 00JacTH BO3HHUKAET OIpeje-
JIEHHBIN 00pa3. PerienTuBHbBIE 00IACTH MPOCTHIX KIETOK MEPEKPHIBAIOTCS U T0-
KpBIBaIOT Bce M300pakeHue. CokHbIe HEUPOHBI MOJYYalOT CUTHAIIBI OT MpO-
CTBIX KJI€eTOK. [Ipu 3TOM 17151 BO3OYXKACHHS CIO0KHOTO HEHPOHA TIOCTATOYHO O/I-
HOTO CHTHaja OT JI0OOro mpocToro HeiipoHa. Takum o0pa3oM, CIIOKHAs KJIETKa
PETUCTPHUPYET ONpeAETEeHHBIA 00pa3 HE3aBHUCHMO OT TOTO, KaKOW W3 MPOCTHIX
HEHWPOHOB BBINOJHWI JETEKTUPOBAHHE, U TEM CaMbIM CHUYKAET YYBCTBUTEIb-
HOCTb K PacrojIOKEeHUIO o0pasa.

PenenTuBHbBIE 1O HEUPOHOB IIPU MEPEXOAE CO CIJIOSA HA CIOM pACIIMpS-
FOTCSl, @ YUCJIO HEMPOHOB YMEHbIIAETCSA. B BBIXOJTHOM €I0€ Ha KaXKIO0M IIOCKO-
CTH OCTaeTCd TOJBKO OJUH HEHUPOH, PELENTHUBHOE IOJE KOTOPOrO MOKPHIBAET
BCE I0JIe 00pa3a NpebIAyIIero CIOos.

[To mMepe pacmpocTpaHeHuss UHGOPMALMU OT CJIOS CJIOK0, KapTHHA HEM-
POHHOI AKTHBHOCTH CTAHOBUTCA BCE MEHEE UYBCTBUTEIBHON K OpPUEHTAIINH,
pacrojoXKeHU0 U pa3mepy obpas3a. HelpoHbI BBIXOJHOTO CIJIOSI BBIMOJHSIOT
OKOHYATEJIbHOE MHBAPUAHTHOE PACIIO3HABAHMUE.

llpeumywecmea: iHBapHUaHTHOE pacro3HaBaHUE 0OPA30B.

Heoocmamku: o4eHb ClOXKHas CTPYKTypa CETH M OOJIbIIONH 0O0bEM BBI-
YUCIICHUM.

Koumponvnwvie 6onpocwt no meme 6:
1 Onummre yctpoiictBo 1 padboty cetn Koxonena.
2 IlpuBenute anroput™ o0y4yeHus kaptel KoxoHneHna.
3 Onummre yCTpOMCTBO W MPHUHIUI JECHUCTBUS CETH BCTPEUYHOTO pac-
IPOCTPaHEHUS.
4  Onumure NPUHLMI ASHCTBUS MOJTHOM CETH BCTPEUHOTO PacIpoOCTpa-
HEHUS.
5 Onuimre yCTpoiCcTBO U pabOTy KOTHUTPOHA.
6 OnummTe yeTpoicTBO U paboTy HEOKOTHUTPOHA.
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7/ CETU IUKINYECKOI'O ®YHKIIMOHUPOBAHUSA
(PEKYPPEHTHBIE CETH)

7.1 Cetb Xonduiaaa

Pa3zpaboTtana Xomndwmimom B 1984 r.

CeTp QYHKIIMOHUPYET MUKINYECKU. BBIXOM KaXI0ro U3 HEUPOHOB MOja-
€TCA Ha BXOJbI BCEX OCTAJIbHBIX HEMPOHOB. HEMPOHBI UMEIOT KECTKUE TTOPOTO-
Bble PyHKIMU. BbIX01 HEHPOHOB BRIUUCIISIETCA CIEAYIOINIMM 00pa3oM:

i#]
OUT =1, eciu NET; > Tj;
OUT =0, ecmu NET; < Tj;
OUT ne n3mensercs, ecnu NET; = T;,

rae 7j — nopor j-ro HeipoHa.
Pa3MepHOCTH BXOJHBIX U BBIXOJHBIX CUTHAJIOB COBIIA/IAOT.
Ha puc. 7.1 noka3an Buj cetu Xonduia.

oo

aur

Lo & Lwoi ¥

Pucynox 1.1 — Cemwv Xongunoa

Tekyliee COCTOSIHUE CETH SBJISIETCS TBOMYHBIM yuciaoM. Jiis 2-x Helpo-
HOB B BBIXOJITHOM CJIO€ OHO TIPEJCTaBJIsICTCS KBaapaToM (CM. puc. 7.2).

B o6meM ciydae cucteMa ¢ n HelipoHaMu uMeeT 2" pa3auuHBIX COCTOS-
HUM U MIPEJICTABIISIETCS. N-MEPHBIM THIIEPKYOOM.

Korna nomaercst HOBbIY BXOJHOW BEKTOP, CETh MEPEXOAUT U3 BEPIIMHBI B
BEPILIMHY, TTOKa HE cTa0uIm3upyercs. Eciu BXOAHOW BEKTOp YaCTHUYHO HEMpa-
BWJICH WJIM HETIOJIOH, TO CETh CTaOMIM3UPYETCS B BEpIIMHE, OJIMKANIIEH K Ke-
naemoil. Ctabunuzanusi B BEPIIMHE COOTBETCTBYET JIOKAIIBHOMY JHEpTreTHYe-
CKOMY MUHUMYMY CETH, Ha3bIBAEMOMY ammpaxmopoM.
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a1 71

a0 77

Pucynok 7.2 — Cocmosanus cemu Xongunoa

VYcroiiunBas BepIlIMHA ONPEIEIAETCS CETEBBIMU BECAMU, TEKYILIMMH BXO-
naMu ¥ BennunHoW mopora. Koxen u I'poccOepr mokasaiu, 4To ceThb ¢ 00part-
HBIMU CBSI3SIMH SIBJIIETCSI YCTOWYMBOM, €CIIM €€ MaTpHIla CHMMETPUYHA U UMEET
HYJIM B TJIaBHOM JUaroHaiy, T. €. €Cla wij = W;j; 1 wj; = 0 a1 Beex 1. CummMeTpust
CETH SIBIISIETCSA JOCTATOYHBIM, HO HE HEOOXOJIMMBIM YCIOBUEM JIsl YCTOMYUBO-
CTH CUCTEMBI.

Cerp Xon¢unna MoxeT paboTaTb B KaU€CTBE ACCOYUAMUBHOU NAMAMU.
DTO0 03HAYaeT, YTO MO BEKTOPY, MOJAHHOMY Ha BXOJ, CEThb C(HOPMHUPYET Ha BbI-
XOJIE€ OJIUH U3 3alIOMHEHHBIX paHee BEKTOPOB, HAU0OJIEe «IIOX0KHID» Ha JTaHHBIN
BXOJHOU BekTOp. Takoil croco® M3BJI€UEHUsI JAHHBIX HA3bIBACTCS adpecayueti
nO CO0epI*HCUMOMY, B OTIIMUME OT aJipecally 10 HOMEpY S4YEHKU MaMsTH, NpHU-
HAToMy B OBM (oH-HeiiMaHOBCKOrO Tuma. B COOTBETCTBUU C 3THUM CHOCOOOM
aJpecallid OpPraHM30BaHa MaMATh YEJOBEKa, T. €. HEKOTOPOE BOCIOMHHAHHE
MOKET MOPOKIATh OOJBUIYIO CBA3AHHYIO C HUM 00J1acTh.

JIns peann3anuu acCOUMATUBHOM MaMsTH BECOBbIE KOA(PMULUEHTHI OMpe-
JeJSI0TCS 1o MpaBuiTy Xeb0a:

koK = ¢
2Xi X, 1# ]
0,i=],
e Wij — I-i CHHaNnTHYeCcKHi Bec j-To HeHpoHa;

Xj — I-1 2JIEMEHT BXOJHOT'O CUTHAaJIa CETH;
K — HOMep 3ammoMHHAEMOTr0 BEKTOPA.

[Ipennoxena Mmogudukanus cetu Xomnduiiaa, UCIOIb3YIolasi HEUPOHBI ¢
CUTMOMJIAJIbHON (PyHKIIMEN aKTUBAIUU.

Obnacmu npumeHenus: aCCOIMATUBHAS TTaMsITh, paclio3HaBaHHE 00pPa30B,
3a/1a4M ONTUMU3AIIUH.

Ilpeumywecmea: mpocroTa.

Heoocmamkxu:

1 Cetp obnamaeT HeOONBIION eMKOCTBIO. I'poccOeprom B 1987 1. ObLIO
JI0Ka3aHo, 4yTO B o0meM cirydae npenensHoe 3Hauenune emkoctu 0,15N, roe N —
YU CJIO HEUPOHOB;

2 Hapsny ¢ 3annoMHEeHHBIMH 00pa3aMu B CETH XPAHATCS U UX HETATHUBBI,
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3 PasMmepHOCTh M TUN BXOJHBIX CUTHAJIOB B TOYHOCTH COBIIQJIAlOT C pas-
MEPHOCTBIO M TUIIOM BBIXOJHBIX CUTHAJIOB, YTO OTPaHMYMUBAET 00JIACTh MpPUMeE-
HCHUS,

4 Tlpu UCTOJIb30BAHUM KOPPEIUPOBAHHBIX BEKTOPOB-00pA3II0B BO3MOXK-
HO 3allMKJIMBAaHHUE CETH B Iporiecce QyHKITMOHUPOBAHMUS;

5 Tlpu yBenuueHHH pa3MEPHOCTH BXOJHOI'O CHUTHaja KBaJpPaTUYHO pac-
TET YMCJIO CUHAIICOB.

7.2 IByHanIpaB/IeHHAs1 ACCOLMATHUBHAS NAMSTH
Pa3paborana B xonie 80-x ronoB. Hanbonpmmii Bkian Buec Kocko.

CrpykTypa nByHamnpaBieHHON accouuaTuBHOM mamsatH ([IAIl) mokazan
Ha puc. 7.3.

—==

o=

Cron 0 Crof | i Crmoit 2

Pucynox 7.3 — Jlgynanpaenennas accoyuamugHnas namsamo

JAII oTHOCUTCS K eemepoaccoyuamugnol TaMsITH: BXOJIHOW BEKTOp MO-
CTyIaeT Ha OJAWH HAOOp HEMPOHOB, & COOTBETCTBYIOIINI BHIXOIHON BEKTOP BHI-
pabaTbiBaeTCs Ha IpyroM Habope HelpoHoB. BxogHbie 00pa3bl acCOMUpPYIOTCS
¢ BbixoaHbIMU. CeTh Xonduiga SBISETCS asmoaccoyuamugHou: BXOIHON 00-
pa3 MOXeT ObITh BOCCTAHOBJIEH WJIM UCIIPABJIEH CEThIO, HO HE MOXET OBITh ac-
COLIMMPOBAH ¢ ApyruM obpazom. B cetn Xonduiaa ucnoiab3yeTcss OAHOYpPOBHE-
Basl CTPYKTypa aCCOUMATUBHOM NaMSATH, B KOTOPON BBIXOJHOW BEKTOpP MOSBIIS-
€TCSl Ha BBIXOJE TeX K€ HEMPOHOB, HA KOTOPBIE MOCTYNAET BXOJHOM BEKTOP.

JAII cnocoOHa k 00001IeHNIO, BbIpaOaThIBasi MPaBUJIbHBIC BBIXOIHBIC
CUTHAJIbI, HECMOTPS HA UCKAKEHHBIE BXO/IbI.

JAII pyHKIHOHUPYET CIEAYIOIUM 00pa3oM:

B = F(AW);
A=FBW),

rac B - BCKTOP BBIXOAHBIX CUTHAJIOB;
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A — BCKTOP BXOJHBIX CHUTHAJIOB;

W — MaTpUIA BECOB CBS3EU MEXIY CJIOSIMU | U 2;

F — curmonnanpHas q)yHKuHﬂ AKTHUBAILIUH.

CHOﬁ O HC IIPOU3BOIUT BBIYUCJICHUN U HE UMEET MaMSTH. OH SIBJISICTCA
CPCACTBOM PACIPCACICHUA BBIXOIHBIX CUTHAJIOB CJIOA 2 K 3JICMCHTAM MaTpPHIIbI
W',

CuHanTHYeCKHe Beca BRIYUCISIOTCS 0 (hopmyrie

W=>A'B;,
i

r7ie 1 — HoMep mpuMepa B o0ydaromieil BRIOOpKe.

Hoxkazano, yto JIAIl 0e3ycioBHO cTaOuiabHa MpU JTHOOBIX 3HAUYECHUSAX BE-
COB CETH.

Obnacmu npumenenus: acCOIMaTUBHAS aMATh, paclio3HaBaHUE 00pPa30B.

IIpeumywecmsa: 1aetT BO3MOKHOCTb CTPOUTH aCCOLMALIMU MEXKY BEKTO-
pamu A u B, xoTOpble B 00111€M Cllydae UMEIOT pa3Hble pazMepHOcTH. CeThb ObI-
CTPO CXOJUTCS B IpoLiecce (PyHKIIMOHUPOBAHUSI.

Heoocmamxku: émkocth JIAIl xecTko orpanudeHa. Uucio BEKTOpPOB, KO-
TOPbIE MOTYT OBITh 3aIIOMHEHBI B CETH HE MPEBBIIIAET

o
2log,n’

1€ N — KOJIMYECTBO HEUPOHOB B MEHBIIIEM CIIOE.

Ecnu 3TOT TMMUT NpEBBIIIEH, CETh MOKET BHIpa0OTAaTh HEBEPHBIN BBIXO/I-
HOW CUTHAJI, BOCIIPOU3BO/Isl aCCOLMAIIUH, KOTOPhIM HE 00y4YeHa.

Moougpuxayuu.

1 Heromorennas JIAIIL IloporoBoe 3HaueHUE BBHIOMpAETCS MJIs KaXJOTO
neiipona. Takas JIAIT MoeT UMeTb 710 2" CTAGMIIBHBIX COCTOSHUIA;

2 HenpepwiBaas JIAIL. HelipoHbl MOTYT H3MEHSTH CBOE COCTOSIHHE B JIIO-
00e BpeMsl, Korja ux BXOJ NpeanuchiBaet 3To caenath. T.e. takas J{AIl paborta-
€T B aCHHXPOHHOM PEXUME;

3 AnantuBnas JIAIl Peanmn3oBano o0yueHue 0e3 yuuTens;

4 Konkypupytomas JJAIl. BBenenbs! natepaibHbie CBSI3U BHYTPU CIIOEB,
YTO MPUBOJIUT K YBEIMUEHUIO BbIXOJa HarOoJiee BHICOKOAKTUBHBIX HEMPOHOB 3a
cueT coceqHUX. Takue cucTeMbl yBEJIUNYMBAIOT KOHTPACTHOCTh BOCTIPUATHS 00-
pasa.

7.3 CeTh moMcKa MaKCUMYyMa

[Tpu pabote cetu noucka Mmakcumyma (MAXNET) Ha kaxxaoil urepanuu
OOJIBIIME CUTHAJIBI HA BhIXOAAaX HEHPOHOB MOJABIISIIOT CJIa0ble CUTHAJbI HA BbI-

85



X0Jax Ipyrux HeWpoHoB. Eciu B Hauane (pyHKIMOHUPOBAHUS CETH CUTHAJ Ha
BBIXO/I€ OJJHOTO U3 HEMPOHOB MMEJ MaKCUMaJIbHOE 3HaYEHHE, TO B KOHLE (QyHK-
MOHUPOBAHUS BCE BBIXOJbI HEMPOHOB, KPOME MAaKCHUMAaJIbHOIO, UMEIOT 3Ha4e-
HUS Onn3kue K Hymro. Takum 00pazom, HEMPOH ¢ HAUOOJIBIIUM BBIXOJHBIM CHUT-
HaJIOM No0eXk1aeT. DTO JOCTUTAETCS 3a CUET UCIOJIb30BaHUs JaTePaIbHbIX CBS-
3ei.

Bun cetn norcka MakcuMyMa rokas3aH Ha puc. 7.4.

}II }IJ }IH 1 }II'-'I
VAN 4 pl
A A P
[ {7
M S
W
H‘I K“'-" :{‘I.II RI‘-.I

Pucynox 1.4 — Buo cemu noucka makcumyma

q)OpMI/IpOBaHI/IG CHHAIITHYCCKHNX BCCOB CCTH

1, i=j
Wy = .. 1
-5, I#J, £ a—
M
1=1j=< M,

O yHKIIMOHUPOBAHUE CETU

yih=x, 1=j= M
yiit+l= fly -3 yin), 1=ij= M,
'y,

rae Wij — I-ii CHHalTHYecKuii Bec J-ro HelpoHa,

Xj — J-I 2JIEMEHT BXOJJHOTO CUTHAJIA CETH,

Yj — BBIXOJ |-TO HEHpOHa,

M — KoJIMYeCTBO 3JIEMEHTOB (Pa3MEPHOCTh) BXOJHOTO CUTHAJa, KOJIUYe-
CTBO HEMPOHOB B CETHU.

f — akTuBanMoHHas QyHKIUS (JTMHEWHAS C HACBIIIICHUEM).

Yucno cunancoB B cet — M(M — 1). PasMepHOCTH BXOJIHBIX M BBIXOJIHBIX
CUTHAJIOB COBMAJAIOT.

Wtepanum ceT 3aBepIIatOTCs TOC]IE TOTO, KaK BBIXOJHBIE CUTHAJbI HEM-
POHOB MEPECTAIOT MEHSTHCS.
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Obnacmu npumeneHuss: UCTIOIb3YETCSI B COCTABE HEHPOCETEBBIX CUCTEM
pacrio3HaBaHus 00pa3oB.

Ilpeumywecmea: nmpocrora.

Heoocmamku:

1 Ywucno urepauuii pyHKIIMOHUPOBAHUS CETU 3apaHee He OMpeCIICHO;

2 Certb ompeensier, Kakoil U3 BXOJHBIX CUTHAJIOB UMEET MaKCUMaJIbHOE
3HaYCHHE, HO B Tpoliecce (HYHKIIMOHUPOBAHUS TEPSIET CaMO 3HAYCHHE MAaKCH-
MaJIbHOT'O CUTHaJIa;

3 Ilpu yBenmnueHWW pa3MEPHOCTH BXOJHOTO CHUTHAja KBAJPATHIHO pac-
TET YHUCIIO CUHAICOB.

7.4 CeTtb XeMMHHTA

Pazpabortana Jlunnmanom B 1987 r. Momudukanuu: Mromiep, Pelin-
xapar — 1990 r.
Bun cetn XeMMmuHra nokasas Ha puc. 7.5.

L] Ya Yar

( J

P

j\)// @ -

Pucynok 1.5 — Buo cemu Xemmunea

B nau6osnee mojgHoOM BapuaHTe cOCTOMT U3 3-X cioeB. llepBriii cioit pea-
JU3YET NapajuieIbHOE BBIYMCICHUE PACCTOSHUN XEMMUHTa OT BXOJHOTO BEKTO-

pa 10 HECKOJIBKUX BEKTOPOB. Paccmosanue Xemmunea (d (Xl, Xz)) MEX]y JIBY-

MsI OMHApHBIMU BEKTOpPaMU OJIMHAKOBOM JIJTMHBI — 3TO YHCJIO HECOBITAIAFOIIUX
OHUT B 3TUX BEKTOpAX.
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dopmupoBaHue BecoB U cMemenuii 1-ro cxos (WY):

XK
w =1 Tk=N2

rae 1= 1...N — HoMep KOMIOHEHTa BXOJHOTO BEKTOPA;
k =1...M — HOMED HelipoHa;

N — KOIM4YECTBO IEMEHTOB BXOJHOIO CUTHAJIA;

M — KoJIMYECTBO HEMPOHOB B CETH;

(l) — i1 Bec k-ro HeitpoHa 1-ro cios;
Tk — cMenienne K-ro HelipoHa;
K o
X; — I-i smemeHT K-To BexTOpa-odpasma.
KonuuectBo HelipoHOB (M) paBHO KOJMYECTBY 3aIIOMHUHAEMBIX JBOUYHBIX

BekTOpOB. [Ipn momaye Ha BXOJ MBOWYHOTO BEKTOpa X Ha BhIXOAaX HEHPOHOB
(hopMUPYIOTCS CUTHAJIBI

i=1

T.€. YACIIO COBMAIAIOIIUX OUT C 3aTIOMHEHHBIMH BEKTOPAMH.

Bropoii cnoii npencrasnser coboit cetb MAXNET, koTopast onpenensier
HEUpOH 1-TO €JI0si ¢ MaKCUMAaJIbHBIM BbIXOJIOM. [Ipu 3TOM AJig TOro, 4YTOOBI HE
MIPOUCXO/IUIIO HACHIIIEHUE CETH, BEJIMYMHA TMOpPOTa aKTUBAIMOHHON (YHKIIMH
JI0JKHA OBITH JOCTATOYHO OOJIBINION (00BIYHO paBHA M).

Hetipon-nobeaurens 2-ro ciiosi 4epe3 Beca JTUHEHHBIX HEHPOHOB BBIXO/I-

—k .
noro ciost (W®) mpencrasmsier Bekrop Y, KOTOpBIl COOTBETCTBYET BEKTOPY

—k
X, IPU3HAHHOMY OJMKANIINM K BXOJTHOMY BEKTOPY X. Jnst aToro W(S) = yI .

Takum oOpazom, cetb XeMMHUHTa peaau3yeT I'eTepoacCOlMaTUBHYIO Ma-
MSTb.

Obnacmu npumeneHus: pacrio3HaBaHHe 00pa3oB, KiaccU(UKaIUs, acCco-
IMAaTUBHASI TAMSATh, IOMEXO0YCTONYMBAs TIepeIada CUTHAIIOB.

Ipeumywecmsa:

1 EmkocTh ceT XeMMMHIa HE 3aBUCUT OT Pa3MEPHOCTH BXOJHOTO CHT-
Haja: OHa B TOYHOCTH paBHA KOJIMYECTBY HEUPOHOB MEPBOTO CIIOS;

2 HeOonblioe KOJIMYECTBO B3BEUICHHBIX CBA3CH MEXIy HEHpOHaMH.
DOKCNEepUMEHTAIBHO JO0Ka3aHO, YTO MPH OJMHAKOBOM YHCJIE BECOB CETh XEM-
MUHTA JaeT Jy4IIue pe3yabTaThl, 4eM CeTh Xonuiaa.

Heoocmamku:

1 Cetb ciocoOHa MPaBUIIBHO PAcTO3HABATH TOJIBKO CJIa00 3alTyMJICHHBIC
BXOJIHBIC CUTHAJIBI;

2 Ecnu 3amymiieHHbIE 00pa3bl HAXOMSTCS Ha OJMHAKOBOM PAaCCTOSHUHU
XeMMHUHra OT ABYX Wi 00Jjiee 3TaJOHOB, TO BHIOOP CEThIO XEMMHUHTA OJHOTO
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N3 3TAJIOHOB CTAHOBUTC: CﬂyqaﬁHBIM;
3 Hcnoap30BaHHUE TOIBEKO 6I/IHapHI>IX BXOJHBIX CUTHAJIOB.

7.5 CeTb TeopuHu aIaNITHBHOTO PE30HAHCA

Pa3zpabortana Kapmenrepom u I'poccoeprom B 1986 1. IlepBas moaens —
APT-1 pazpaborana ansi oOpaOOTKM JIBOMYHBIX BXOJHBIX BEKTOpOB. bomee
no3aHee 00ooueHne APT-2 MoxeT Takke paboTaTh C HENPEPHIBHBIMUA BEKTO-
pamu.

[Tpu co3manum acCOUMATUBHOM MaMATH CYIIECTBYET Mpobdiiema cTaOuiIb-
HOCTHU-IUIACTUYHOCTH: MaMATh OCTAETCSI CIIOCOOHON K BOCIPHUSATHUIO HOBBIX 00-
Pa3oB U B TO K€ BPEMsI COXpaHsET CTaOUIBHOCTh, TAPAHTUPYIOILYIO, YTO 00pa3bl
HE paspyarcs B npouecce pyHKInoHUpoBaHUs. OcOOEHHO 3Ta mpoliema ak-
TyaJibHa IIPU paboTe B pEXKHUME pealbHOI0 BpEMEHH, KOrja o0ydaroliee MHOXKe-
CTBO BCE BPEMS MEHSETCA.

CTpyKTypB ceTH TEOpUU alallTUBHOTO pe30HaHca M0Ka3aH Ha puc. /.6.

Mpm | G2 C10i pacro3HaBaHMA G3 M
2 M weiip., m=1..M
M N
R C
Mpm | 61 Cioit cpaBHeHMsI Cbpoc
] N wneiip., n=1..N p
4 lllV /
X

Pucynox 7.6 — Cemv meopuu aoanmuHnozo pe3oHaHca

Cnoui cpasnenus. Kaxplii HEMPOH B CJIO€ CPpaBHEHUSI MOJIy4aeT TPU ABO-
WYHBIX BXOJa:

1 KOMIIOHEHT X; BXOJHOT'O BEKTOpa X |

2 Curnan obOpaTHOM cBsizM R; — B3BelleHHass CyMMa BBIXOJOB pacIio-
3HAIONIETO CJIOS;

3 Bxonx ot IIpuemnauka 1 (oguH ¥ TOT e CHUTHAJ IOJACTCS HAa BCE HEM-
POHBI 3TOTO CJIOSA).

[Topor uelipoHoB paBeH 2. [loaTomy, 4TOOBI MOTYYUTH HA BBIXOJE HEHPO-
Ha |, MUHMMYM JIBa U3 TPEX €ro BXOJIOB JOJIKHBI paBHATHCA | (IpaBWIIO «IBYX
TpeTei»).
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CtpykTypa ci10s cpaBHEHHUs 1TOKa3aHa Ha puc. 7.7.

C

N
g =2
T

Gi

Pucynox 7.7 — CtpykTtypa ciosi CpaBHEHHS

PaGoTa cnost onpenensiercst hopmynamu

P,=T R=YTARm:
m

NET, =P, + X, + GL;
_ [0,NET, <2
" |1, NET, >2.

Cnoti pacnosnasanus. B nporiecce PyHKITMOHUPOBAHUS KaX bl HEUPOH
CJI0Sl PacloO3HABAHMs BBIYMCISET CBEPTKY BEKTOpAa COOCTBEHHBIX BECOB Bj M
BxozHOrO Bektopa C: OUT; = F(Bj C), rae F — moporosast pyHKIms.
CTpyKTypa cj0s cpaBHEeHHs IMOKa3aHa Ha puc. 7.8.

Pucynox 1.8 - Cmpykmypa cnos cpasHenus

B omimumne ot ciios cpaBHEHMS Beca CJ0sl paClIO3HABAHUSL HENPEPBIBHBIC.
Heiponsl B3aMMHO COEAMHEHBI B JIATEPAIBHO-TOPMO3SAIILYI0 ceThb. HelpoH,
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uMeronuil Beca, Hauboee OIu3KKe BEKTOpy C, OyleT UMeTh caMblii GOJbIION
BBIXOJl, TEM CaMbIM BBIUTPBIBAsi COPEBHOBAHKE M OJTHOBPEMEHHO 3aTOPMaKUBAs
BCE OCTaJIbHbIE HEHPOHBI B CIIOE.

Ilpuemnux 1 renepupyet curHan Gl, koTopbiii paBeH 1, ecnu XoTs Obl
O/IHa KOMIIOHEHTa X paBHa 1, a BEKTOp R — HYJIEBOIA.

Ilpuemnux 2 renepupyer curHain (G2, KOTOpbIM paBeH 1, ecinu BXOJHOU
BEKTOp X MMEET XOTS Obl OJHY €IMHUYHYIO KOMIIOHEHTY (T.€. HACHTUPUIMDY-
€T MoJlayy CUTHaja Ha BXOJ).

Mooynb copoca. Monynb cOpoca U3MepsieT CXOJICTBO MEXKIY BEKTOpaMHU
X u C. V3MepeHne cOCTOMT B CPaBHEHHHU KOJIMYECTBA €IMHHUIL B BEKTOPax I10

dbopmyie

 2Cn

1, —<p
Gamy =|" 3%
n

0, nnaye.

[TapameTp p ompenensier ypoBEeHb CXOXKECTH BEKTOPOB U 3a/1a€TCSl B HUH-
tepBasie oT 0 10 1. Yem MeHbLIE p, TEM MEHEE MOX0XKHE BEKTOPBI OYAYyT OTHE-
CEHBbl CEThIO K OJHOMY KJlaccy. Eciu OHM OTIMYarOTCs CUJIbHEE, YeM TpeOyeT
napameTp CXOJICTBA, BbIpa0aThIBAETCS CUTHANI cOpoca BO30YX ACHHOTO HEWPOHA
B CJIO€ PaCIIO3HABAHMSI.

Aneopumm @hynkyuonupoeanus

1 ®asa pacnosunasanusi.

a) Iogaercs Ha Bxox X . [lpu astoMm G2=0u R =0;

6) T. k. X #0, T0 Gl = 1. Curnan Gl «noAmuTHIBA€T» HEHPOHBI CIIOS
cpaBHeHHSA U C = X ;

B) B cnoe pacnio3HaBaHus akTHBU3UPYETCS HECKOJIBKO HEMPOHOB, HO Oia-
rojaps JiaTepalbHOMY TOPMOXKEHHUIO TOJBKO OJWH HEHWPOH IMOJ HOMEPOM Mg
MMEET HeHyJeBoi BeIxo. T. €. popMupyeTcst BEKTOp R, y KOToporo Ry =1, a
BCE OCTaJbHbIC KOMIIOHEHTHI HYJICBHIE.

2 Dasza cpasHeHus.

a) T. k. R £ 0, 70 G1 = 0, 4TO CHUMaET «IOAKAYKy» HEHPOHOB B CJIOE
cpaBaeHus. Ha Bxon cnost cpaBHeHus nogaercs Ry = 1. Dta egunamma ymHoOXKa-
eTcs Ha BeCoBble KOd(P(UIUEHTH T", KOTOPBIE SBISAIOTCSA JBOMYHBIMHU SAPAMU

knaccos. Toraa NET, =X, +Tg . Tlockoubky nopor pase 2, 70 Cp = Xp AT

0) PaccunthiBaeTcst KpuTepuii CXoACTBa B MOIyse cOpoca.

3 ®asza noucka.

a) Ecnu xputepwuii cxo1cTBa BBIOTHSIETCS, TO TIOUCK HE TPeOyeTCs;

6) B npotuBHOM cityqae G3pp = 1, HEMpPOH my 3aTOPMAKUBAETCS U IIIaru
16 — 26 moBTOpSIOTCS;
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B) Eciiii HM 0J1uH U3 HEWPOHOB HE YJOBJIETBOPSAET KPUTEPHUIO CXOJICTBA, TO
CUMTAETCsI, YTO BXOJHOW CUTHAJI OTJIMYAETCSl OT BCEX 00pas3lioB, U OH paccMmar-
pHUBaeTCsl KaKk HOBBIM 0Opa3zell. JIjist Hero B CE€Th BBOJUTCS] HOBBIM HEHPOH.

da3za noucka HE0OX0uMa, MOCKONbKY ceTh APT ncnons3yeT nBa Kpute-
pUsl CXOJICTBA BEKTOPOB:

1 MakcuMyM CKalIspHOIO MPOU3BENAEHUS BEKTOPOB B M X IPH BHIOOpE
noOeauTeNs B CJIOE PacO3HABAHUS;

2 Kpurepuii cxoqcTBa B MOofyJie copoca.

OTU J1Ba KPUTEPHUS HE SIBISIOTCS DKBUBAJICHTHBIMHU, U MOXET OKa3aThCHl,
YTO JPYrod HEMpPOH B CJIOE paclio3HaBaHUs Oyner oOecreuuBaTh Oosee Xopo-
1iee COOTBETCTBUE, HECMOTPS Ha TO, YTO CBEPTKA MEKIY €r0 BECOBBIM BEKTO-
POM U BXOJHBIM BEKTOPOM MOXKET UMETh MEHbIIIEE 3HAUCHUE.

Obnacmu npumenenus: paclio3HaBaHue 00pa30B, KJIACTEPHBIN aHAIN3.

Ilpeumywecmsa:

1 OOyuenue 6e3 yuurens;

2 Pemenue nuinemMmbl cTaOuiIbHOCTH-TUIacTUYHOCTH. HOBBIN 00pa3 mo-
KET CO3/1aBaTh JOMOJHUTEIbHBIC KIACCU(DUKAIMOHHBIC KaTErOpUHU, OJJHAKO HE
MOKET U3MEHUTH CYIIECTBYIOIIYIO ITaMSITh.

Heoocmamkxku:

1 B npucyTcTBUM IIIyMa BO3HUKACT PA3ZMHOMCEHUE KAACCO8, CBSI3AHHOE
C HEKOHTPOJIMPYEMbIM YBEJIMYEHHEM 4YMCJIa KJIaCCOB B Ipoliecce (PYHKIMOHU-
POBaHMS CETH;

2 UYyBCTBUTENHHOCTH K MOPSAKY NPEIbsIBICHHS BEeKTOpOB. Pactipenene-
HUE Jep KJIACCOB 3aBUCUT OT BUJIA YIOPAIOUYECHHS BXOJHBIX BEKTOPOB.

Koumponvuwvie 6onpocwt no meme 7.
1 OnummTe ycTpoilcTBO U padboTy cetn Xonduia.
2 KakoBbI yCIIOBUSI YCTOMUMBOCTH HEHPOHHBIX CHCTEM C OOpaTHBIMHU
CBSI3SIMU?
3 KakoB npuHIUI paboThl aCCOIMATUBHON MTaMSITH?
4 Onumure yCTpOMCTBO M pabOTy ABYHAIPaBICHHOW acCOIMATUBHOM
MaMsITH.
5 KaxkoB mpuHImun padoTsl reTepoaccoMaTUBHON MamMsITh?
6 IIpuBegure mMoamdUKaIMA JBYHAIPABICHHOW acCCOIMATUBHOW IaMs-

TH.

7/ OnummuTe ycTpoMCcTBO U paboTy CETH MOKUCKAa MAaKCUMYyMa.

8 OmnuiuTe ycTpoHUCTBO U pabOTy CeTH XEMMUHTa.

9 OnumuTe ycTpoicTBO U pabOTy CETH TEOPUHU aJANTUBHOTO PE30HAH-
ca.
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