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K. A. KoyuH — cTyneHT Kadhepbl KOMMbIOTEPHON MaTEMATUKK U NPOrpaMM1MpOBaHms
M. [. Monsik — Hay4HbIN PYKOBOAUTENb

HEWPOHHAS CETb 3NIMAHA

Llenbto paboTbl SBNSIETCS U3yYeHne NPUMEHUMOCTI HEMPOHHOM CETU BnMaHa Ans aHanuaa curHana Ha
npumepe pacno3HaBaH1s aMnIuTyabl CUHYCOMAANBHOM CUrHana.

VickyccTBEHHas HEMPOHHAs ceTb OnMaHa UMEET OAMH BXOAHOM, OAWH CKPbITbIA U O4UH BbIXOAHOW CIO
HenpoHoB. CeTb OnMaHa XapaKTepuayeTcst YaCTUYHOM PEKYPPEHTHOCTLIO B hopMe 0BpaTHOW CBS3N Mexay
CKPbITbIM ¥ BXOAHbIM CIIOEM HEWPOHOB, peann3yeMoil C MOMOLLBK 3MIEMEHTOB €AMHUYHOMO 3anasblBa-

Hus z ™ [1]. OBOBLLIEHHAA CTPYKTypa CeTH NpeacTaBneHa Ha puc. 1.
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Puc. 1. CTpykTypa cetn dnmaHa

0603HauMm N — 4uCro BHELLHUX BXOAOB CeTU, K — Y1CNO HEMPOHOB B CKPbITOM crioe, M — uncro

HEPOHOB B BbIXoHOM croe. Beca HeiipoHoB 0603HauMM kak W, Te i — HoMep HelipoHa kyaa noctynaet
CUrHarn, j — HOMEp HelpoHa OTKyda MAET cuUrHanm, KpoMe TOro Beca HEMPOHOB CKPLITOro crost 6yayT uMeTb

BEPXHUA MHOeKC (1), a BeCa HENPOHOB BbIXOAHOTO CrOst MHAEKC (2). Kaxabli CKPbITbIN HEWPOH UMeEeT CBO
aHanor BO BXOAHOM Cfioe ceTu. MOMeHTbl BpeMeHu, COOTBETCTBYHOLWME LiaramM (OyHKLMOHUPOBAHWS CETH,
npoHymepyem 0,1, 2,..., k=1 K,....
O603Ha4Mm BeKTOp BO30YXAEHUS CETU X (B HEr0 BXOAWT TaK Xe eAMHWYHbIA CUrHan Ans nonspusa-
Lym). OBO3HAUMM COCTOSHIS HEMPOHOB CKPBITOrO ¢nost V € R™, a BbixoaHbie curHanbi cet y € RM. Takum
0Bpa3om, BXOOHOM BEKTOP CETW B MOMEHT BpeMeHW K npuHuMaeT Bug;
X =[1% (K)o Xy (K), ¥y (K=1),..0, vy (K1) | (1)
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u, (k) = ZW ', (k) (2)
v() £ (1, (k) ®

ZW(Z)VJ(k )
yi<k>=f2(gi<k>) ©

roe u,(k) — B3BelueHHas Cymma CUrHamoB i -f0 HEpOHa CKPbLITOro Criost B MOMEHT BpeMeHn K; v, (k) -
BbIXOAHOW CUrHan i-ro HepoHa CKPLITOro Criosi B MOMEHT BpeMeHn K ; f, — yHKUNA aKTuBaLmmn HepoHoB
ckpbiToro cnost; g;(K) — B3BelLeHHas cymMMa CUrHanoB i -ro HepoHa BbIXOHOIO CNosi B MOMEHT BPEMEHM
K; y; (k) — BbIXOAHOI CurHan i -ro Hei\poHa BLIXOJHOTO CIIOS B MOMEHT BpeMeHy K ; f, — dyHKuma akTiBa-

LjM HENPOHOB BbIXOAHOIO CMOS.
ObpaTHble CBA3N B PEKYPPEHTHBIX HEMPOHHbIX CETSX CMOCOBCTBYIOT TOMY, YTO CETb CMOCOBHA y4NTbI-
BaTb NPEAbICTOPUIO NPEeAbIAYLLMX COCTOSHUIA CETU, YTO NO3BOMSET UCMONb30BaTh PEKYPPEHTHbIE HEMPOHHBIE
CETW ANg MOAENUPOBaHUS AMHAMUYECKMX OBBEKTOB, NOSTOMY HEMPOHHAs CeTb MOXET NMPUMEHATLCS B Crie-
AYoLWMX Lensx:
—  MMUTaUMS HEMWHENHBIX OMHAMUYECKUX OO BEKTOB;
—  ynpaBneHue HeNMHENHbIMI AMHaMUYECKUMI OO BEKTaMM;
—  obpaboTka curHanos;
—  lumdppoBaHmue n cxaTne uHopmauum [2].
Anroputm 0By4eHns CeTi CBOANUTCSA K MUHUMM3aLMKL LeneBon dyHKumK. Lienesas GyyHKLMS HEPOHHOW
CeTM OnMaHa B MOMEHT BpeMeHn K onpefensieTcs kak nonoBuHa CyMMbl KBagpaToB pasHOCTEN Mexay 3Ha-
YEeHMSMU BbIXOAHbIX CUTHAMOB CETU M NX OXMAAEMbIX 3HAYEHUN 415 BceX M BbIXOJO0B CETH:

E09 =530 (K) -0, (K)? =2 3, () ®

roe d. (k) — CUrHar, Kotopblit TpebyeTcs Nony4uTh OT CETU, B MOMEHT BpeMeHn K; e, (k) — owwubka Ha Bbl-

X04e i -ro HeMpOHa BbIXOAHOTO €0t B MOMEHT BpeMeHm K .

PaccuntaeM yacTHble NPOu3BOAHbIE LieneBoi (yHKLMM OTHOCUTENBHO BECOB BbIXOAHOO crnosi ceTit. C
y4étoMm ¢popmyn Owmnbka! UcTouHMK cebinkn He HanpeH.Owubka! 3aknagka He onpepeneHa.Owwubkal
3aknapka He onpegeneHa. — (6) nonyunm crnegyroLyo opmyny:

aE(k) e (k)dfz(dga (k))

avvaﬂ dga’ (k)

PaccuMtaem YacTHble MPOM3BOAHbIE LieneBoi YHKLMN OTHOCUTENBHO BECOB CKPLITOro crosi cetn. C
YYETOM peKypPEHTHbIX CBSA3ei  hopmyn (2) — (6) nonyuum cneaytowimne Gopmynbi:
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rae &; — Aenbta KpoHekepa.



Takum 0bpa3om, B MOMEHT BpemeHn K, kak BugHo u3 copmyn (8) u (9), rpagmeHT Leneson gyHKLMM
3aBUCUT OT NPOU3BOAHOM CUrHaNa HEMPOHOB CKPBITOTO CROS B NpeablayLLnMit MOMEHT BpeMeHU. B HayarnbHbIN
vy (k) _dv; (k) _avie(k)_

O :

) )
dw,, b dw,,

O6yyeHme cetn BygeT CTPOMTLCS HA OCHOBE peanuaaLmn anropUTMa HancKopeNLero crnycka ¢ y4éTom
MomeHTa. Ipn 1CroNb30BaHUM Takoro NOAXOAA YTOUHEHME BekTopa BecoB GyaeT MpoucxoauTb Mo Creayto-

Len dopmyne:

MOMEHT BPEMEHWN CYMUTAETCH, YTO

AW(K) =—-nVE(K) + a(k)Aw(k —1) (11)
roe a(k) — KO3phMLMEHT MOMEHTA, BbibUpaemblin U3 uHTepaana (0,1); 77 — AONYCTUMBIA NPUPOCT NOrpeLL-
HOCTH.

OB6bI4HO ANs ynpaBneHWs NpoLeccoM 0byyeHns BBOAAT MOHSATUE AOMYCTUMOrO MPMPOCTa NOrpeLHo-
ctn, Hanpumep 3%. T.e. ecnm ans K-it uTepauum 3HadyeHne LeneBo (PYHKLWW yOOBNETBOPSET YCOBUO

E(k)<1.03E(k—1), To yTouHeHMe Becos npoussogutca no copmyne (11) ¢ yuétom MomeHTa
aAw(k —1), nHaye cunTaetcs.

Takum 0bpa3om, anroputm oby4eHns ceTn DnMaHa MOXHO NPeaCTaBUTb B CIeAYHOLLEM BUAe:
1) NpWUCBOEHME BCEM BECAM CRy4YanHbIX 3HAYEHW, UMEIOLLMX, KaK NPaBuUIio, paBHOMEPHOe pacnpe-
Aenexve B uHtepsane (-1,1);

2)  BNs 04epenHoro MOMEHTa BpeMeHn k (k:O,l, 2) onpesenuTb COCTOSIHME BCEX HEMPOHOB

ceTu;
3)  paccuuTatb NOrpeLHoCTb e(k) ANS HEMPOHOB BbIXOAHOTO CIIOS;
4)  no chopmynam (7), (8) n (9) paccuntatb rpagmeHT LENEBOI GyHKLMK;
5)  npousBecTu yTOYHeHMe BecoB Mo dopmyne (11);

6)  nocne yTOYHEeHWst BECOB NEPENTU K MYHKTY 2.

Kpome npeanoxeHHON «OHManH-BepCUn» anroputma ecTb «onanH-Bepcus» anroputma, rae yTouHe-
HWE KOMMOHEHTbI rpagneHTa CyMMUPYIOTCS NpW NOCReAoBaTeNbHO NpeabsBnsieMblX nap obyveHus, u npo-
LiecC M3MEHEHMS BECOB MPOUCXOANT NOCNE NpeabsBneHns Bcex obyyarowmx Bbibopok [1].

[ins MoaenupoBaHus HEMPOHHOW ceT JnmMaHa, koTopas OyheT pacnosHaBaTb aMnaMTY4y CUHYCOM-
AanbHOro curHana, Geina HanucaHa nporpamma Ha s3bike Matlab. B gaHHoM nporpamme 6bina co3gaHa u
obyyeHa ceTb Anmana co 100 HeitpoHamu B CkpbITOM crioe. CTpyKTypa CEeTU NpeacTaBrieHa Ha puc. 2
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Puc. 2. CTpykTypa peann3oBaHHON ceTi dnmaHa

[aHHas ceTb Obina 0byyeHa Ha obydatoLler BbIBOpKe U3 CUHYCOMAAMNbHBIX CUrHAMNOB C amMMNTyAaMu
o1 0 go 5 c warom 0.5. Bce BxogHble curHanbl MMeni uuknmyeckyto yactoty 0.5 'y n yactoTy guckpeTusasmm
1 'y COOTBETCTBYHOLLMI BbIXOAHO CUrHaN Obln NOCTOSHHBLIM, PaBHbIM aMNIUTYAe BXOLHOMO CUrHana.

Ha puc. 3 nokazaHa paboTta nony4yeHHON HEMPOHHON CETW Ha BXOAHBLIX CUrHamax TOW Xe 4acTOoTbl, Ha
KOTOpbIX OHa Bblna obyyeHa. AMNAMTYAa BXOAHOTO CUrHana sBisieTcs cryvyanHom u nexut B uHtepsane (0,5).
Ha HwkHeM rpadvke npeacTaBneH curHan, noaaHHbIn Ha BXxog ceTu. Ha BepxHem rpacuke oTobpaxéH cur-
Han, NOMy4YeHHbIN C BbIXO4A HEMPOHHOW CETU, M aMNANTYAA BXOAHOMO CUrHana.
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Puc. 3. Mpumep paboTbl HEMPOHHO CETH

Ha puc. 4 nokasaHa paboTa ToM xe CeTu, HO YacToTa BXOAHOro curHana obina ymeHblweHa Ha 20%. Kak
BMOHO M3 rpacuka olmbKa pacno3HaBaHWs aMnMTYyObl BXOAHOTO CUrHanma yBenuymunacb, Ho CeTb BCE eLlé
KOPPEKTHO pacno3HaéT amnnuTyay CUHYCOMOAnbHOro curHana.
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Puc. 4. Mpumep paboTbl HENPOHHO CETH

HelipoHHasi ceTb OnMaHa No CpaBHEHWIO C APYrUMM CETAMM (Hanpumep, ceTb [hxopaaHa) obyvaertcs
MeasfieHHo, T.K. npu oOyyeHwWn rpagneHT Bcerga byder 3aBuceTb OT NpedblayWyX COCTOSHUM CeTW, YTo
YCNOXHSAET ero pacyét. OgHaKo HEMPOHHYIO CeTb AriMaHa, MOXHO UCMOMb30BaTh TOrAa, Koraa 3apaHee Heus-
BECTHO, CKOMbKO MpedblayLiyX 3HAaYEHNA BXOAHBIX CUrHAMNOB Hafo yYnTbIBaTh, YTOBbLI NONY4MTh TpebyeMblil
BbIXOAHOW CUrHan
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