3. CTPYKTYPA TEXHUHYECKOIO HEMPOHA

Brnepsble (opMannsoBaHHass MaTeMaTMyeckasi MoAeNb HeMpoHa 6bina
pa3pabortaHa Y.C. Mak-KannokoMm u Y. lNuttcom [66]. Mak-Kannok wu
MWUTTC NpeanoXuam UCnonb3oBaTb B KAyecTBe MOAENM HeWpoHa 6uHap-
HbIA MOPOroBbIM 3M1EMEHT, BbIYMCISIOWMI B3BELIEHHYIO CYMMY BXOZHbIX
CUrHanoB M (OpMUPYIOLWMIA Ha BbIXOAE CUrHaN BeNMYMHbI 1, ecnn 3Ta
CyMMa MpeBbILAET onpeaenieHHoe Noporosoe 3HadeHne, n 0 — B NpoTMB-
HOM cnyyae. K HacTosileMy BpeMeHu MoAeNlb MCKYCCTBEHHOrO HeMpoHa
He npeTeprena CyweCcTBEHHbIX U3MEHEHUN, 3a UCKIIOYEHUEM, 6biTb MO-
XET, BBEAEHWUS Pa3/INYHbIX TUMOB aKTUBALMOHHBIX PyHKUMIA. CTPYyKTYpHas

CXeMa MCKYCCTBEHHOrO HepoHa npeacTaBieHa Ha puc. 1.2.
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Puc. 1.2. ®opMmanbHasa MoAeNb UCKYCCTBEHHOro HEMpOoHa

Ha BX0A WCKYCCTBEHHOrO HeMpoHa MOCTYMAET HEKOTOPOE MHOXECTBO
CUFHaNoOB ¢, (i=1nr), KaXabll M3 KOTOPbIX SB/SETCA BbIXOAOM APYroro
HeMpOHa WM BXOAHbLIM CUrHaNOM HeMpoceTeBOM Moaenu. Kaxabii BXoa
YMHOXQ@EeTCS Ha COOTBETCTBYHOLUMIA BEC, @HANIOTMYHbIA CUHANTUYECKOW CU-
ne, BCE NPOU3BEAEHWUS CYMMUPYIOTCS, OMpeaensis yYpoBeHb aKTuBauuu
HelpoHa s. [laHHOe npeobpa3oBaHMe C MaTEMATUYECKON TOYKM 3PEHMUS

3KBMBAJIEHTHO CKaJIIpHOMY MPOM3BEAEHMIO BEKTOPA BXOAOB ¢ W BEKTOpa



BECOBbIX KO3((PULMEHTOB HEMPOHA . [lanee cKanspHbl curHan s npe-
obpa3syeTcsl akTUBaUMOHHOM (NepeaaToyHon) dyHKUMeNn HempoHa F B Bbl-
XOfHOM curHan y. Takum o6pa3oM, opMasnbHbI HEMPOH peannsyeT OTo-

6paxeHne R "— R' B COOTBETCTBMW C COOTHOLUEHUEM:

y=F[iwi@i+W0J=F£iwi@ijv (1.1)

i=1

rae ¢,,i=1n — BXOAbl HEMPOHa;
n — Pa3MEepHOCTb BEKTOPA BXOAOB;
w;, i=1,n —BeCoBble KO3(DOULMNEHTbI HEMPOHA, HAaCTPaMBaeMbIe B MPo-

Lecce 0by4yeHus;

Wy — «HEMPOHHOE CMELLEHNE>», BBOAMMOE A/ MHULUMANU3aumMm ceTum, —
NOAK/IIOYAETCS K HEU3MEHSIEMOMY BXOAY ¢, = +1;

F(*) — aKTUBaUMOHHas yHKUMS HEVPOHA;

Hambonbluee pacnpocTpaHeHWe NonyyYnnv cneaytowme akTMBaUMoHHbIE

dyHkumm (puc. 1.3):
1) nuHenHas (puc. 1.3a):

F(x)=k-x; (1.2)
2) dyHKums runepbonuyeckoro TaHreHca (puc. 1.36):
F(x)=th(x)=(e* —e ) /(" +e™*); (1.3)
3) curmompanbHas (puc. 1.38):
F(x)=1/(1+e™*); (1.4)

4) 6uHapHble YHKUMW Ppa3nMYHOrO onpeaeneHns, Hanpumep (puc.
1.3n):



F(x) =sign(x). (1.5)

A Fi(x)=0,5x / AF,(x)=tanh(x)
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Puc. 1.3. AKTUBaLMOHHbIe (PYHKLUN UCKYCCTBEHHbIX HEUPOHOB:
a) JIMHeIHas, 6) runepbosIM4eckni TaHreHC, B) CUrMoniaabHas; r)

r1oporoBasi ( CTyrneH4Yaras)

PaccMoTpeHHas npocTast MoAeNb UCKYCCTBEHHOMO HEMpPOHA UrHOpUpyeT
MHOrMe CBOMCTBa CBOero 6monormyeckoro npototuna. Hanpumep, oHa He
NPUHMMAET BO BHMMaHWE 3ai€PXXKM MO BPEMEHW, KOTOPbIE BO3AENCTBYIOT
Ha AMHAMWKY CUCTEMbI: BXOAHblE CUrHasbl Cpa3y MOPOXAAIOT BbIXOAHOM
curHan. Takxke He y4nTbiBaeTCs BAMSIHUE (PYHKLUMM YaCTOTHOW MOAyNsaumm
WU CUHXPOHM3MPYIOLLEN (PYHKUMM BMONOrMYeckoro HempoHa, KoTopble C
6MONOrNYECcKNX MNO3ULIMIN CYUMTAOTCA PELLAOLLMMM.

HecMOTpsa Ha 3TV HECOOTBETCTBUS, CETU, MOCTPOEHHbIE M3 (POPMarbHbIX
HEMPOHOB, OBHapY>XMBaKOT CBOWCTBEHHbIE BMONOrMYECKMM CUCTEMAM OCO-
6eHHocTW. Bonee Toro, Npu NoAobpaHHbLIX COOTBETCTBYHOWMM 06pa3oM Be-

COBbIX KO3(dUUMEHTAX COBOKYMNHOCTb MNapannesbHO (YHKLUNOHMPYHOLLMX



HEMPOHOB MOAOGHOr0 TUMa CrocobHa BbIMOMHSATL YHMBEPCASIbHbIE BbIYMC-

JNIEHUA.
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