TeopeTnyeckun matepuan K nabopatopHoun pabote Ned
PACIMO3HABAHUE MNEYATHbIX U PYKOMUCHbLIX BYKB

Ha puc. 1 npeacrasiena cxema nepcenTpoHa, MpeaHa3HauYeHHOro AJis pac-
no3HaBaHus OYKB pycckoro andasuta. [lepcentpon nmeer 33 BBIXOIHBIX HEUPO-
Ha! KaXJ0i OyKkBe anaBUTa COOTBETCTBYET CBOM BBIXOJHOU HelpoH. [lomaraercs,
YTO CUTHAJ NEPBOrO BBIXOJAHOI'O HEMpOHA Y; NOJKEH ObITh paBeH €IUHUIIE, ECIU
NepPCENTPOHY MpeabsiBieHa OYKBa «A», U HYJIO JJI1 BCEX OCTaIbHBIX OYKB. Bbixon
BTOPOTO HEWPOHA Y, JOJKEH ObITh PaBEH €IMHULE, €CIU MEPCENTPOHY MPEAbSB-

nena OykBa «b», 1 HyJI0 BO BceX ocTalbHbIX ciaydasx. U Tak panee 10 OykBbI «S1».

Y, (A)

Puc. 1. Ilepcentpon, npeaHa3sHaueHHBIN A7 pacro3HaBaHUS OyKB pyCCKOTO andaBuTa

[Tpu BeIMONMHEHNHU TIPEABIAYIIEH 1ab0paTOPHOM pabOTHl Mbl YO€IUIUCH, YTO
NEPCENTPOH HAyYUJICS PACIIO3HABATh HE TOJIBKO OYKBBI, HA KOTOPBIX €r0 00y4au,
HO ¥ OYKBBI, KOTOPBIX B 00y4arolleM MHOKECTBE HE ObLIO, €CJIM OHU HE CIHUILKOM
OTIMYATIUCH OT OyKB OOydyaromero MHoxkecTBa. CBONCTBO paclio3HaBaTh HOBBIE
o0pa3bl, KOTOpbIE MEPCENTPOH HUKOTJa «HE BHUIEI», Mbl Ha3Bajl CBOICTBOM
000061eHH.

JlanpHeliee pa3BUTHE HJIEM MEPCENTPOHA OBLIO CBSI3aHO C TMOIMBITKAMU
pacIIMpUTh KPyr €ro IPUMEHEHHS M YCOBEPIICHCTBOBATH AJITOPUTM OOy4YEHUS.
CylecTBeHHOE pa3BUTHE MEPCENTPOHA OBLIO CAEITAHO aMEPUKAHCKUMH YUCHBIMU




b. Yugpoyw M.E. Xo@@om, koTopble BMECTO N3YUYEHHOU Ha MepBOM JIabopaTOpHOU
paboTe CTymeH4YaTod aKTUBALIMOHHOW (PYHKIIMM BBEJIM HEMPEPBIBHYIO HEITUHEH-
HYIO0 (DYHKIMIO aKTUBALUH
1
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rpaduk KoTopoit n300pakeH Ha puc. 2.
Oty (yHKUUIO Ha3Balu CHIMOH/OH, W3-3a TOTO, YTO €€ rpaduyeckoe u3o-
OpakeHHe HalIOMUHAET JIATUHCKYIO OYKBY «S». J[pyroe Ha3BaHue CUTMOUIBI — JIO-

THCT HYECKAas () YHKIHA.
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Puc. 2. Curmounpuas akruBarmonHas pyukuus Y = f_(S)

[Tono6HO 0OBIYHOM MOPOTOBOM (PYHKIIMM aKTHUBAIIMU, CUTMOHUIA OTOOpa)a-
eT TOYKH 00JIacTH ompeneieHus (—oo,+o0) B 3HaueHUs u3 uHTepBana (0, +1).

[IpakTrueckn curmMoujia 00ECIIEYMBACT HEMPEPHIBHYIO ANMPOKCHUMAITUIO KJIACCH-
YECKOU MOPOTOBON (PYHKITUH.
Jnst curmounel npuHsuin o6o3Hauenue Yy = f_(S). Ilepcentpons! ¢ curmo-

UJHBIMH AKTUBALMOHHBIMU (YHKUUSAMH C OJHUM BBIXOJOM HAa3BalW 4JaJakH, C
HECKOJIbKUMH BBIXOJIAaMU — Magasadd (0T aHriauiickux cioB ADAotive Linear
NEuronwu Many ADALINE).

[TosiBneHne nepcenTpOHOB C HEMPEPHIBHBIMU AKTUBAIMOHHBIMH (PYHKIIMSIMH
00yCJIOBWIJIO TIOSIBIIEGHHE HOBBIX TMOJAXOJOB K HUX o00yuyeHuto. b.Yuapoy wu
M.E.Xod¢d mpennoxxuinu MUHUMHU3HPOBATh KBAJAPATUUHYIO OIIMOKY, Ompesese-
Myt0 (popmMyJIoit:

2= (- )P, @

B KOoTOpoil d; — TpeOyemblil (;kemaemblil) BBIXO[ | -ro HEpoHa, a Y; — TOT, KOTO-

PBIM MOJIYYHIICS B PE3YJIbTATE BBIYUCICHUN NIEPCENTPOHA.
PaccMoTpuM anroputM KOppeKIuu BECOBBIX KOA(()UIIMEHTOB NEPCENTPOHA,
umeroniero J BXoJoB u | BeIxos0B (puc. 3).



Puc. 3. Ilepcentpon ¢ J Bxomamu u | BbIXOgaMM

KBagpartuynas ommOka 00y4deHus: mepcenTpoHa € 3aBHCHUT OT TOrO, KaKu-
MH SIBJISFOTCS BECOBBIC KOO UIMECHTBI W; . JpyrUMu CIIOBaMu € sBIsSCTCS PYHK-

LMEeH OT BECOBBIX KOXPGUIMEHTOB W;: & =¢&(W;). B mKoIbHBIX Kypcax 0OBIYHO

U3y4aroTcs (PYHKIUHU TOJBKO OT OAHOTO aprymenta: Y = Y(X), KOTOpbIe Ha KOOp-
JUHATHOM TMJIOCKOCTH X, Y H300pakaroTcsl, KaK M3BECTHO, B BUJE KPUBBIX JIMHUM.
Ecmu dyHKIMs z 3aBUCUT OT ABYX apryMeHTOB: Z = Z(X,Y), TO OHa u300paxaercs
B TPEXMEPHOM CHCTEME KOOpAMHAT X,Y,Z B BHIE MOBEepXHOCTU. DyHKIMS-

ommbka nepcentpona &=g(W;) 3aBUCUT OT OOJBIIOrO KOIUYECTBA APIYMEHTOB

W, , TIO3TOMY J1JIs €€ TPahuIecKoro MpeCTaBlIeHUs TPEOyeTCss MHOrOMEpHask CUC-
TeMa KOOPJMHAT, KOTOPYIO Mbl B HallleM TPEXMEPHOM MHUpE NPEICTaBUThH cebe He

MOKeM. B 31O MHOromepHo# cucrteme koopauHar GyHkuus €= g(W;) nsobpa-

YKAETCS B BUJIE MHOTOMEPHOM MOBEPXHOCTH, HAa3bIBAEMOU 2UNEPnoGepPXHOCHbIO.
UT0oOBI XOTh KaK-TO MPEACTaBUTH ce0€ TUIEPIOBEPXHOCTD, MPEIAIOI0KHIM,
YTO BCC apIyMEHThI W;; HMEIOT IIOCTOSIHHBIC 3HAYCHHS 32 HCKIIFOYCHHEM JIBYX, Ha-

npumep W, U W,,, KOTOpbIE SIBIISAIOTCA NEPEMEHHBIMU. Toraa B TpEXMEPHOH CHC-
TEME KoopauHaT W,,, W,,, € THIEPIOBEPXHOCTb OyleT UMETh BUA (UIYpbI, HAIO-

MUHAIOIIEH mapadoyion], KOTOPYIO Ha30BeM ncegdonapabanoudom (puc. 4). Ilpo-
1ecc 0O0y4YeHHsl MepCenTPOHa Tereph MOXKHO TMPEJICTaBUTh KaK OTHICKAHUE TaKOTO

COUYCTaHUus BCCOBBIX KOC—)(I)(i)I/IHI/IGHTOB Wij , KOTOpOMY COOTBCTCTBYCT CaMasl HUXK-

HSISL TOYKa eunepncesoonapabonouda. 3aaadu mogo0OHOTO poja Ha3bIBAIOTCS On-



mumu3ayuOHHbIMU. FOBOp}IT, YTO OIITHMH3aIIMOHHAasA 3aJgada COCTOUT B MUHUMU-

sayuu pynkyuu € =€(Wj;) B MHOTOMEPHOM IPOCTPAHCTBE APaMETPOB W;; .

€

Puc. 4. Tpaduueckoe usobpakenue GyHkimu-ommOKy nepcentpona & = &(W; ) B Tpex-

MepHOM cucreme koopauHat W, , W,, €

Taxkum 06pa3zom, eciu paHblle TOBOPUIIH, YTO MEPCENTPOH 00y4YaroT METO-
JIOM «IOOMIPEHUS — HaKa3aHUs», TO TEIEepPh CTaJIl TOBOPUTH, UTO 3a7a4a 00ydeHus
HepcenTpoHa — 3TO 3aJa4ya ONTUMH3AIUK (MUHUMH3AIMN) [IePCENITPOHHON OImuno-
KU (ITOTPELIHOCTH).

CymiecTByeT MHOKECTBO METOJOB pELICHHS ONTUMHU3AIMOHHBIX 3ajady.

Hanbostee mpocThiM METOIOM SIBISICTCS TIEPeOOp BECOBBIX KOI(PGULUHCHTOB W C

MOCJICTYIOIITUMU BEIYHCIICHUSIMHA M CPABHEHHSIMU MEXKTY COO0H COOTBETCTBYIOIIHNX
3TUM Ko3(dunumentam 3HadeHul QyHkiuu €. bonee a3 dekTuBeH MeTon 1pagu-
eHT HOI'O CITYCKa, COTJIACHO KOTOPOMY M3MEHEHUe (KOPPEKLHs) KaKJ0ro BECOBOTO
Kod(duureHTa AW NPOU3BOAUTCS B CTOPOHY, IPOTHBOIOJOXHYIO epaduenmy

byakuun €. 'paarieHT QyHKIIUN SIBISETCS OYEHDb BAXXHBIM MATEMATHYECKUM T10-
HSTHEM, KOTOpOE€ OOBIYHO MPOXOAST Ha MEPBbIX Kypcax By30B. 3/1€Ch Mbl HE Oy/1eM
Ha HEM OCTAaHABIIMBATBCS, & TOJBKO YKaXKEM, YTO IPAJUeHT QyHKUMH € =& (W;;)

MIPEACTABIISIET COO0M BEKTOpP, MPOCKIIUSIMHI KOTOPOTO Ha OCH KOOPJIWHAT SIBIISIFOTCS
IPOM3BOAHBIC OT PYHKLMH € 110 3THM KOOpAMHATaM (MX 0003Ha4aroT Og/0W;), U

YTO TPaJAUEHT (YHKIIMHM BCET/Ia HANPABIIEH B CTOPOHY €€ HauOOJBIIEro BO3pacTa-
Husa. [lockonbKy Halla 3ajada COCTOMT B OTBHICKAHMM MHUHUMyMa (GYHKUIUU
& =¢&(Wjj), TO HaM HaJI0 OIyCKAaThCsl [0 MOBEPXHOCTU OLIMOOK, YTO OOECIeYnBaET-

Csl IBMKEHUEM B CTOPOHY, MPOTUBOIIOJIOKHYIO TPaIUeHTy 3Toi GyHKImu. OTcrona
U YIIOMSIHYTOE BBIIIE HA3BAHUE — Memo0 epaoueHmHo20 CnycKa.



JIBU>KEeHUE B CTOPOHY, TPOTUBOIIOIOKHYIO TPAAUEHTY (T.€. MPOTUBOMOJIOXK-
HYIO HaIlpaBJICHUIO BO3pacTaHusi GyHKINN), OYJIET OCYIIECTBISATHCSA, €CIM Ha Ka-
JKIIOW MTEpalMi K KOOpAMHATAM TeKYIIeH TOYKH W Mbl OyjeM J100aBisTh BEJu-

YKMHY, OPSIMO MPONOPUMOHAIBHYIO MPOM3BOJHON MO KOOpAMHATE W, B3ATYIO C

HpOTI/IBOHOJ'IO)KHBIM 3HAKOM.
o<

Aw;j = i 3)
]

I7Ie M — HEKOTOpHhIi K03 puuneHT, 00pIuHO 3a1aBaeMblil B ipenenax ot 0,05 no 1,
Y Ha3bIBa€MblH, KaK U paHblUE, KOIQHIUHEHT OM CKOPOCT H OOYHCHHUA.
OOpaTtuTe BHUMaHHE, YTO COINIacCHO Gopmyre (3) Mbl ABMXKEMCS HE TOJIBKO B

CTOpOHY YyObIBaHUS (YHKIHMH, HO M CO CKOPOCTHIO, MPSMO MPONOPIUOHAIBHON

CKOpOCTH yObIBaHWs (KpYTH3HE) (QYHKLMH, T.K. JeJaeM Iuar Aw,

IIPOIIOPLIMO-
HAJIBHBIA ITPOU3BOIHOM, B3SITOM CO 3HAKOM MUHYC.
KBanpatuunas ommbka € sBIsSETCS CIOKHON (DyHKLMEH, 3aBUCALIECH OT BbI-

XOOHBIX CUTHAJIOB MEPCEIITPOHA Y;, KOTOPHIC, B CBOIO OYEPEIb, 3aBUCAT OT Wij’

1.¢. €= ¢g(Y;(W;)). [lo npauny nuddepeHunposanus cnoxHon GpyHKimm

Ot _ Ot OY;
OW;  OY; OWj

(4)

BI)IXO,Z[HBIC CHUTHAJIbI H€I>’IpOHOB Y, BBIYHCIIAKOTCA C MOMOIIBIO CUTMOUIHBIX

akTUBaLMOHHBIX (QyHKuUH Y; = f (S;), apryMeHTOM KOTOPBIX SIBIIAIOTCS CyMMBbI
J

S; = Zwijx j - CenoBatesbHO,
j=1

ayi — afcs(si) aSI — fc;(SI)XJ.
ow, S, ow,

ij

()

Kpome Toro, ecnmu npoauddepenmposars (2) mo y,, rae ne[L 1], To mo-

JTYYUTCS o8 _ —(d, —Y,), 3HauuT
n

oe
a:_(di_yi) : (6)
[ToncraBuB (5) u (6) B (4) u 3aTeM MOJTy4YeHHOE BhIpaxeHue B (3), OKOHYa-
TEIHHO OyJIeM UMETh



Aw, =-n(=(d; = y,) £,(S,)x; )=n(d, - y)) f.(S))x;. (7)

DTO0 BBIpRXXEHUE MOJIYUYEHO ISl HEUPOHOB C aKTUBAIMOHHBIMHU (PYHKIIHSIMU

moboro Buna. Ecmn  f_(S;) — curmonna, 3agannas ¢popmynoii (1), To

f(s)=(@re™) ) = 1,(5)2-1(5)). ®)
[ToncraBuB 3TO BhIpakeHHE B (7), MOTYUUM:

Awg =n(d; = y) T (SDA= F(S)x; =n(di = y)yi@-y)x;.  (9)

Wtak, Mbl IONYYUIHN HT €panHOHHYIO (OpMy/Iy Ajid 00y4eHUs MepCenTPOHa
W (t+1)= W; )+ Awj , (10)

rae

AW;; =nd;X;, (11)
i =Yi(l—-yi)d; — ;). (12)

BBenennyto 31echk ¢ momoinbio Gopmyisl (12) BenmuuuHy O; B AaibHEHIEM

OyzaeM Ha3bIBaTh HEWPOHHOU ommoOKoi. Anroput™m (10)-(12) Ha3siBatOT 00001CH-
HBIM JeJIbT a-1paBrioM. Ero mMperMyIecTBo M0 CPaBHEHUIO ¢ OOBIYHBIM JeNIbTa-
IIPABUJIOM COCTOHUT B 00jiee ObICTPOIl CXOAMMOCTH M B BO3MOXKHOCTH Oo0jiee TOd-
HOW 00pabOTKM BXOIHBIX M BBIXOJHBIX HENPEPHIBHBIX CUTHAJIOB, T.€. B pacIIMpe-
HUH KpyTa pelIaeMbIX MePCeNTPOHAMH 33]1a.

Wtak, BegeHMe CHUTMOMIHOM (YHKUIMU AaKTUBALMU BMECTO (YHKIMH-
CTYNEHbKHU W TIOABIIEHWE HOBOTO alropuTMa oOydeHHs — 000OIIEHHOrO JenbTa-
IpaBuia, pacIIupUiIo 00JIACTh NPUMEHEHUS TepcenTpoHa. Ternepb OH MOXKET ore-
pPHpOBATh HE TOJILKO C OMHAPHBIMU (THIIA «HOJIB» U «EIWHUIIA»), HO U C HEmpe-
PBIBHBIMHU (aHAJIOTOBBIMH) BBIXOHBIMHU CUTHAJIAMH.
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