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Annomayua. BpicTpble OPTOrOHA/ILHbIC HelPOHHBIE CeTH
SIBJISIIOTCSA HACTPaHBaeMbIM BapHaHTOM ajaroputrva BeicTporo
npeodpazoBanusi ®ypre (BIIP). B cratbe omucan cmocod
00yuyeHHs] OBICTPbIX HEHPOHHBIX ceTell K CHTHAJBHBIM
¢yHknusM Ha ocHoBe MeToaa (pakTajibHOH (uUIbTPaLMH.
Iloxa3aHo, 4YTO @NpHM MCHOJb30BAHHH JAHHOIO MeETOJA
0o0y4yeHHs] Heo0XO0AMMO pelaTh 3aJa4y LEeH3YPHPOBAHUS
HyJIeli mpu nmocTpoeHuu odpasywmux (pynkumii. IIpenso:xen
aJrOpuTM  peaju3allid  HOPMUPYWOLIero  (pPaKkTaILHOIO
¢uabTpa ¢ unensypupopanuem HyJeil. KoppekTHocTh padoThl
aJropuTMa [0KAa3aHA HA KPHUTHYECKHX BHIAX CHIHAJIBHBIX
¢ynxumii. IIpuBenén npumep mocrpoeHusi  ObICTPOIL
HEHPOHHOH ceTH I/ OJHOH M3 KPHUTHYECKHX CHIHAJIbHBIX
yHKumii.

Knwouesvie cnosa: opmozonanvnas Helponnas  cemo,
ovicmpoe npeoodpasosanue; BII®; ¢ppakmanvhaa punempayus,
YeH3ypuposanue nyneii

|. BBEJEHHE

Jnst 3amau knaccuduKkanuy ¥ pacrio3HABaHUS CHTHAJIOB
CYIIECTBEHHOE 3HaUCHHE HUMEIOT TIPOLIE Ty PHI
Npe/IBapUTENBEHON  00pabOTKHM,  OpPHEHTHPOBAaHHBIE  Ha
ycTpaHeHHe M30BITOYHOCTH M BBIZETIEHHE MH(OPMATHBHBIX
MIPU3HAKOB. Hcnons3oBanue OpPTOTOHAJIBHBIX
npeoOpa3oBaHmil UL THX LeNed MO3BOJSIET MPEACTABUThH
nHpopMaIHIo, COIEPIKAILYIOCS B UCXOAHOM CUTHAJIE B BUJIE
B3aMMHO-HE3aBHCUMbIX  CIIEKTPAIbHBIX  COCTABIISIOIIUX.
Ilockonbky DSHEprusi CUTHama OINpeneNsercd CyMMOU
KBaJIpaTOB CHEKTPATBbHBIX KOA(P(UIMEHTOB, TO 1O MOAYIIO
CHEKTPAIFHOTO KOA(QUIMEHTa MOXKHO HEIOCPEACTBEHHO
CYIMTh O 3HAYMMOCTH MH()OPMATHBHOTO ITPU3HAKA.

U3BecTHO, 41O MaKCHMAalbHOE COKpaIleHHe
M30BITOYHOCTH JIAHHBIX O00ECIIEUYHUBACTCS OPTOTOHAIBHBIM
npeoOpazoBanreM Kapynena—JIosBa, kotopoe oOpasyercs
COOCTBCHHBIMH ~ BEKTOPaMH  KOBAPHAI[HOHHOW  MAaTpPHUI[BI

curHana. OTo TpeoOpa3oBaHME HE HMeEET OBICTPOro
ITOPUTMA U TTO3TOMY HE IPUTOIHO st 00pabOTKN JaHHBIX
BBICOKOM  Pa3MEpPHOCTH. Ha  mpaktuke — mmpoxoe
pacnpocTpaHeHHe TOJYyYHIH OBICTpble OpPTOTOHANBHBIC
npeoOpa3oBaHusl, KJIACCUYECKUM  MPUMEPOM  KOTOPBIX
sBIsieTcs ObicTpoe npeodpazoBanne Pypre (BIID).

B KaKOU-TO Mepe HCIOJB3yEMOE  HA3BaHUE

«OpTOroHaNbHasi HeWpoHHas ceTb» [1, 2] sBnsfeTcd JaHbIO
MoOJIe, paHee YHoTpeOIsuIcs TepMHUH «0000mEHHOe OBICTpOE
OpTOrOHaJIbHOE NpeoOpazoBaHue». llepBble NpeIOKEeHUs
() MTOCTPOCHUIO 00001mEHHOTO OpPTOTOHATIHLHOTO
npeoOpa3oBaHUs Ha  OCHOBE OBICTPBIX  aITOPUTMOB
nono6ubIx BII® Obutn BhIckazanbl DHApiocom n Kacmapu
[3] B 70-x romax mpomioro Beka. A TeEpBble MOIXOABI K
00y4eHHI0 TOMOOHBIX IpeoOpa3oBaHMi OBIIM pPa3BUTHI B
paborax A.M. CononoBHukoBa W ero rpymnmbsl [4] B
BOCBMHJIECCATHIX ToO/aX MpONUIOrO Beka. B To Bpems
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MoAOoOHBIN  Kiacc MpeoOpa3oBaHMil  HA3bIBAIM  TaKKe
IepeCcTpanBaEMbIMHA OBICTPBIMU npeoOpa3oBaHUSIMHU.
IMpennoxxeHHBIE B TO BpeMsl aIrOpuTM OOyYeHHs ObII
OCHOBaH Ha T€OMETPUYECKON MOJEIN OPTOTOHAIBHOTO spa
BTOpOro mopsaka (0a30Boil omepanuu THma «0aboukay),
[IPEICTABJICHHOM B  MOJSIPHOM  CHUCTEME  KOOpIMHAT.
ANTOpPUTM TO3BOJSI MPUCTIOCOOMTH TpeoOpa3oBaHHE K
OHOW OMOPHOW (YHKIIHH, TTO3TOMY ATOT KJIAacC OBICTPHIX
OpPTOTOHAJIBLHBIX ~ NpeoOpa3oBaHU  TOrAa  HA3BIBAIU
MIPUCTIOCOOICHHBIMH.

Ha puc. 1 mpeacrasnen rpag ObicTporo npeodpazoBaHus
®ypoe pasmepHocTd 8 ¢ Tomoioruedt Kymu—Trroku
«C TIPOpPEeKXMBAaHWEM II0 BpeMeHW». B Kaxmom cioe
BBIJICJICHBI YeThIpe 0a30BbIX Olepaluu THIa «b6adoukay. s
npeobpazoBanust Dypbe mapaMeTpbl 0a30BBIX OIEparyit
HIOJIHOCTBIO OIPEZENIeHBl, OfHAKO, €CIM IojaraTh, YTO HX
napaMeTpsl MOXXHO M3MEHSTh M HacTpauBaTbh, TO MBI
MPUXOJUM K BapHaHTy ObIcTphix Heiiponusix ceredl (BHC)
[4]. B 3TOoM KOHTEKCTE ©a30BBIE OIEpAld YMECTHO Ha3BaTh
HEHUPOHHBIMU SIIpaMH.

Puc. 1. T'pad ObicTporo npeobpazoBanus Pypse

s opTOroHanbHbBIX HEUPOHHBIX CETEW HEHPOHHBIE AApa
MPEACTaBIAIOTCS  OPTOTOHAIBHBIMH ~ MAaTpUIAMH  MaJIOH
Pa3MEpHOCTH.

ABTOpOM OBUIO JIOKa3aHO, 4YTO CTpyKTypa TpadoB
OBICTPBIX AJTOPUTMOB SIBISIETCSl camMornoi00HoN. Takum sxe
CBOWCTBOM  007agaf0T  (pakTagbl. ITO  MMO3BOJIIIO
pa3paboTrare 0coOble aNTrOpUTMBI OOYYEHHMS HA OCHOBE
METOJIOB (ppaKkTalbHOM (UIBTPALMH, KOTOPBIE IMPUTOJIHEI
JUTsL OPTOTOHANBHBIX SEP MPOM3BOJIBHBIX pazMepHocTel [5].
B [6] mokasano, 4To st caMOTOOOHBIX HEMPOHHBIX CeTeH
3JIEMEHTHI MaTPHIBI OBICTPOTO MPeoOpa3oBaHUs MOTYT OBITh
BBIDQKEHBI Yepe3 IPOU3BEICHHS DJICMEHTOB HEHPOHHBIX
saaep:

h(UV) =W (Uy Vg )Wo2 (U g,V ) Wo (U Vg ) 5 (1)



rne UV
GricTporo  mpeoGpasosanms, W, (U,,V, ) — OIEMEHTEI

— HOMEp CTPOKM M HOMEp CTOJIOLA MAaTpHUIlbl

0asoBoli omepauuu ¢ Homepom Z" B cmoe m, (rme

m=0---n-1). Yucno CIIOEB OIIPENEINAETCS
MYJIbTUIIJIMKATUBHBIM PAa3JIOKEHUEM 3HAUYCHUA Pa3sMECPHOCTU
mpeoOpa3oBaHMs:

N = Prog--PiBg s

a MHOXKUTENU [, — ONPENENIAIOT pPa3sMEPHOCTH HEHPOHHBIX

saep no cinosM. s JaHHOM TOMOJIOTMM HOMEpa CTPOK,
CcTOJONOB W 0a30BBIX  ONEPAlUil  BBIPAKAIOTCS B
MTO3UINOHHON CHCTEME CUNCIICHUS:

U=(UU,--Ug),  V=(V, V... V),
Vo)

OTH BBIPOXEHHS MPEACTABISIOT OO0 TOMOIOTHYECKYTO
MOZENIb M MOTYT OBITh HCIIOJB30BAaHbI JUIS IIOCTPOCHUS
rpada GBICTpOro Mpeobpa3oBaHUs.

m

2" = (U Uy Uy Vi Vi g -+

m+1

Il. OBYYEHME OPTOT'OHAJIbHBIX HEMPOHHBIX CETEN

Ompegnensiroliee 3HAUCHUE AT TIOCTPOCHUS alIrOpPUTMA
oO0y4yennss BHC wmmeno nokazaHHOE aBTOPOM IIOJIOXKEHHE,

uro mobas juckperHas ¢ymkmms f(U), 3amamsas Ha

uaTepBaie N =P, ,...p;p, MOXeT OBITH IpeICTaBIeHa B
BHUJIC TIPOM3BEIeHNUsI 00pasyrorux (yHkmmit [7]:

F(U) =00 (Up) @y (1)@ (U 1) (2)

[IpaBmwio BEIOOpa 0Opa3yroONMX (QYHKIHHA IS KaKIOTO
mara  MYJIBTHIUIMKATUBHOTO  Pa3JIOKEHUS  HOMYUHUM

TOTOJIOTHHU TPE0OPa30BaHHs, MOMOKUB i" = (U, ,U, ,...U,,;) -
JUis HaxoKIEHUsi MyJIbTUILIMKATHBHOTO pasioxeHus (2)

BBE/IEM TOCIIEIOBATEIBHOCTh BCIIOMOTATENbHBIX (DYHKIHH,
OTIPEZIEINB UX PEKYPPEHTHO CIEAYIONINM 00pa3oM:

f(U)=fo(u, U, ,---Up),

fo (Up gl Ug) = F (U Uy ..Uy, (Ug),
f.(u u ..u)="F(u _u ,..uie, (u),
.1< n-1Yn-2 1> 2< n-1Yn-2 2>(/7| ( 1) @A)
fn—2 <un—1un—2> = fn—l <un—1> §Di",z (un—z )’
fn—l <un—1> = (Diﬂfl (un—l)'
U3 3THX COOTHOMICHHUH HEMOCPEICTBEHHO CIICTYET:
@0 (Uy) = P CCPERTY) m=0,1,...,n-2. (4)

u

fm+1 <un—lun—2 tee m+1> '

[IpaBmiao TOCTPOCHUS BCIIOMOTATENBHBIX  (DYHKIIHH,
OyZIeT omucaHO B CIEyIOIIEM pasjele, a ceifuac Oynem
mojiarath, YTO 3TH (PYHKIMKM W3BECTHBI M MHOXXUTCIH B
paznoxennn (2) ompeaeneHbl. PaccMoTpuM  anropuTMm
00yueHHsT OBICTPOH OPTOTOHATBHOW HEHPOHHOW CETH K
onHoit ¢pynkmu f (U), T. e. mocTpoum mpucrnocobienHoe

npeoOpa3oBaHue.

Onpeoenenue. OproroHansHOe npeoOpaszoBaHie,

3aJ]aHHOE MaTpHILCH ||h (U Y )" , IPCIOCOOJIEHO K (PYHKIUH

f (U) mo cronbuy S, eciu BEITOTHEHBI YCIOBHS:
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Zh(U,V) f(U)=1 npu V=5,

zh(U!V)f(U):O npu V£S. (5)

Ipennonaraercs, uto onopHas (QyHKIHS HOPMHPOBAHA
no sueprun yenosuem: » f2(U)=1. IoxcraBus B jeByio
U

vacte (5) Beipakennss (1) m (2) mocme mpeoGpazoBaHmit
HOJIyYUM:

;h(U V)fu) :;Wio (Uo: Vo ) (Uo);Wﬂ (U vy Yo ()
...;Wi",1 (Un_go Vg )2t (U y)-

Uz JAHHOTO BBIPQKCHHS, cleqyer, 41O
MPUCIIOCOOJICHHOCTh ~ CIIEKTPaJbHOTO  MpeoOpa3oBaHuUs
obecrieunBaeTCs, KOTAa sSApa J0O0T0 CI0s IMPUCIIOCOOTIECHBI
K COOTBETCTBYIOIIMM KOMITIOHEHTaM MYJIbTHUILTMKaTHBHOTO
Pa3II0KEeHHs OTIIOPHON (DYHKIUH:

zwi'“ (um’Vm)(Pim (Um)=1 npu v, =S.,
Z"Vim (Um,Vm )(/7im (Um)=0 npu- Vv, #S,,

S =(5S,--Sp_1Sns) -
HACTPOHKH OBICTPOTO MPHUCIIOCOOJICHHOTO CIIEKTPaIBHOTO

npeoOpa3oBaHus CBOAUTCSA K HOCTPOEHUIO
MPUCIIOCOOIEHHBIX OPTOTOHAIBHBIX SIIEP.

rIe Takum  oOpa3om, 3amaga

Hambonee mpocTo MOCTPOMTH OPTOTOHANBHBIE —sApa
BTOPOro mopsifka. JIjs 3TOro J0CTAaTOYHO W3 0OpasyromIei

dyHKIMM go(um):[go(O) (p(l)], 3aJlaHHOI Ha MHTepBaye

JUIMHOW 2, BBIAEIAUTH IMOCTOSHHYIO U  TIEPEMEHHYIO
COCTaBILIIOIIME M OTHOPMHUPOBATH HMX II0 DJHEPrHH K
eaunuIe. J[Be mogydeHHbIE KOMIIOHEHTHI, OUEBUIHO, OyayT
OpPTOTOHATBHEI MEXIy co0oil. B obOmem ciydae s
MIOCTPOCHUSI OPTOTOHAJBHBIX sIIEp CIeXyeT HCIONIb30BaTh
npouenypy oproronamusanuu ['pamma—IlImunra [8].

I1l. ®PAKTAJILHAS OUJIBTPALIAS

B 0000mEHHOM MpPeaCTaBICHUH (QHIbTPAIMI — 3TO
omepanusi B MPOCTPAHCTBE CHUTHAIIOB, PEATU3YIOIIAsT
MPOGKIMI0 CHI'HaNa B MPOCTPAHCTBO CUTHAJIOB MeEHbIICH
pa3MepHOCTH. Lenn (dpakranpHOU ¢uteTparm
3aKJII0YacTCsa B TOM, ‘-ITO6I)I BbIIBUTH TIPOCTPAHCTBECHHO-
pacnpeniesieHHbIe CBOHCTBA N3y4aeMOro 0OBEKTa B KPaTHBIX
BpPEMEHHBIX MacuITabax.

Paccmotpum auckperHsiit ppakranbabiii Guistp. [lycTs
curan ompenenén dymxumeit  f(U), s3amamHoii Ha

JUCKPETHOM  HHTEpBane  JUIMHOU N=p,;.--PP-
[IpencraBum  aprymeHT (QyHKOMH B TTO3UIIMOHHOW
MHOTOOCHOBHOM CHUCTEME€ CYMCIEHUS C OCHOBAHUSIMU
Po: Pis-+-y Py . DPopMynel mepexoza K - MOpaspAAHOMY

MNpeACTABJICHUIO, KaK U3BECTHO, UMCIOT BUA:

U= <un—1un—2 ...U0> =U 1 PoPrge Pt U o PPy Po +-oe
et U Py U,

rae U €[01...p;—1] — paspammbie mepemennpe. B

PpE3IYyJIbTAaTE JAHHOTO IEPEXO0Ja CUTHAT NPEACTABIIACTCA KakK



MHOTOMepHass  (YHKIHs f <un_1un_2 .. .u0> . Kaxnpiit

apryMeHT (YHKLHH ONpeelsieT HEKOTOPhIH MacIITaOHBIH
Cpe3 CUrHaJIa.

3adukcupyeM Bce apryMeHTsl (yHKUuMM Kpome U, .
Bapbupyst cBoO0HBIH apryMeHT U, , oyty4uM BeIOOpKy Q,
pm b
¢unbTpa). OpakranbHbIM (UIBTPOM MAcHITAOHOTO YPOBHS
m GyneM HaspBaTh HPOM3BONBHBIA dynkimonan F(Q, ),

(c 4ucioM 53IEMEHTOB KOTOpoe Ha30BEM 0a3oit

omnpenenéHuslil Ha BeIObOpke Q, . Omepanmro ¢paxranbHOH
(UIBTpAK MOKHO 3aITHCaTh B BUAE:

Ul g --Ug ) = F (Figp (U sty - Ug ).

u,

fout <un—1un—2 M

'm

Hambonee mpocTbIM BapHaHTOM SBISETCS JIMHEWHBIN
(UIBTP BEIYHUCIICHUS CPEIHETO 110 BEIOOPKE:

1
== fip (Up iUy 5 Up) -

fout <un—1un—2 .. -
P o
Bosppamasice K TIpenplIylieMy pasieny, HEeTpyIHO
3aMETHUTh, YTO BCIIOMOTaTeJIbHbIE (DYHKIIMH B BhIpakeHHH (3)
MOTYT OBITh  OINpEHeNeHbl IEeTMOYKOH  (paKTaTbHBIX
(GUIBTPOB, TIOKa3aHHO Ha puc. 2.

f,=f

inp

Up

f1<Un71,...,U1> fz <un71,...,u2> fn—1<un71>

Puc. 2. Ilenouka ¢pakranbHbIX QUIBLTPOB

Cxema mocienoBaTelnbHON (QpaKTATBHON (QUIBTpALiS,
peau3yeT NPUHIMI HEePapXUYecKo KpaTHO-MacIITaOHOM
00pabOTKHN TaHHBIX.

IV. HOPMUPYIOILMI ®WIBTP C [IEH3YPUPOBAHUEM HYJIEN

[pennoxxennas cxema (hopmupoBaHus
BcrioMoratenbHbIX (GyHKimi (3) ¥ oOpasyrommx GyHKIHH
(4) xopomo MOSCHSET NPHUHLUI MYJITHIUIMKATUBHOTO
pasnoxeHuss (QYHKIHA, HO IO/DKHA OBITh JOopaboTaHa IpU
MIPAKTHIECKON pean3aiyy 1o cIeIyIOIIM IPUIHHAM.

Bo-mepBpIX, HEOOXOOMMO TIPH BBIOOpPE OOpa3yIOMINX
GYHKIMH 00ecTieunTh eUHUYHYI0 HOPMY IO SHEPTUH IS

curnansioil dynkuun  f (U). Hopma ompenensiercss kax

KOpPEHb KBaJpaTHBII K3 CYMMbl KBaJpaToOB 3HAYCHUH
(YHKIMH 110 BCEM TOYKaM JIMCKPETHOTO MHTEepBaa:

norm(f (U))= ,;fz(u).

U3 (2) cnenyer

EOEES

Ung:ln-2---lp

S (8 (08 (W) (U ) (u,))

Ung:Up-2.---Up

I (TRITR
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Takum o0pasoM, HOpMa cHrHanbHOM ¢ynkmmu f (U)

paBHa TPOW3BEACHUIO HOpPM oOpa3yrommx ¢QyHKOuA. B
YaCTHOCTH, €CJTH HOPMBbI 00pa3ylonux (yHKIWIH eTUHUYHBI,
TO U HOpPMa CHUTHAIBHOW (DYHKLMHU Taroke OyHeT eIMHUYHA.
[TosToMy anropuT™M MyJIBTUIUTMKATHBHOW JIEKOMIIO3UIIMU
JOJDKEH NpeIyCMaTpuBaTh HOPMHPOBAaHHE OOpa3yIOIIUX
byHKUMIL.

Bropoe oOcrosTenpcTBO  cBs3aHO ¢ (hopMyIoit
BbIUUCICHUS (4) A 3HAYCHUH 00pa3yromux (GYHKIUHA.
MoXeT oKa3aThCs, YTO 3HAMEHATENIb B 3TOM BBIPAKEHUHU
paBeH HYJIO, TOTJa BBIUMCIEHHE HEBBINOJHUMO. MeHee
OUYEBHIHO, YTO HEOOXOJUMO TAaKXKe MPOBEPATh HA HYIb
3HaueHus yucautens. Ecnu ans Bcex 3HaueHU paspsaHOu
HepeMeHHON U, YHCIUTEeNb B BhIpakeHHHU (4) paBeH HYIIO,

TO HOpMa MHOXHTEIS ¢, (u,) TaKKe paBHa HyIIO, 9TO

HEJOMyCTUMO ST OpTOrOHANBHBIX spep. Ha pwuce. 3
Npe/ICTaBIeH MOAN(DHUIIMPOBAHHBIN AITOPUTM (PaKTATEHOTO
¢unpTpa, OOECTIeUMBAIONIEr0 LEH3YPUPOBAaHHWE HYJEH, H
HOPMHUPOBKY IPH BBIYMCIEHUN 00pa3yronmx QyHKIHHI.

[N (TRTRPSRTI E= =4 A TRTRP TR T |

ANropuTM LieH3ypUpoBaHus
Hynewn

=(10..0)

Fout = ., (U, U, 5 . Ui )xnorm(g. (u,, ))

l

g (Un) = 4, (1,)/n0rm (g, (u))

[lepBprif  ONOK  aNrOpUTMa  BBHIIOJHSET
¢bpakTanbHyl0  QUIBTPALMIO, HANpPUMEpP C  [IOMOIIBIO
¢uneTpa cpenHero. Ha Beixome QuubTpa modyduM
BCIIOMOTaTENbHYIO (byHKIHIIO er<uHurF2 ...u

. m+1>’
KOTOpas  SIBIISIETCSl ~ 3HaMeHarejneM  BbIpaxeHus  (4).
Jlormueckuit Omok 1 anropuTMa BBIONHSET KOHTPOJb
3HaueHWH uucauTens BblpakeHus (4). Eciu Bce 3HaueHums
GYHKIMM ~ 9UCIHUTENs. TPH  BAPBUPOBAHUM  PA3PSITHON

MEPEMEHHON U, — HyJIEBbIE, TOTJAa U MAKCUMYM MOJYJIEH 1O

Puc. 3. Anropurt™ 1eH3ypHUpoBaHUs HyJei

OOBIYHYTO

BCEM 3HA4EHUAM U, Takke paBeH Hymo. [ 3Toi BeTBH
aITOpUTMa, BBIXOA (ppakTambHOro (GUIIBTPa CPEIHUX TaKKE
Oynmer HyneBbIM. B aTOoM cityyae oOpasyromias (QyHKIus
BBIOMpACTCS. B BUAC @, :(100...0). Hpyrue BapHaHTHI

Takxke npuemiieMbl. OOpasyromas QyHKIWS JOJDKHA IMETh
XOTs1 OBl OJTHO HE HYJIEBOE 3HAUCHHUE.

Jlornueckuii 60K 2 BBINONHSET KOHTPOJIb 3HAMEHATEIIS
BeIpakeHus (4). Ecnu 3HaMeHaTens He paBeH HYIIO, TO LIS
BBIUUCIICHUI 3HAa4YEeHUH o0pasytoleit byHKIMT
UCTIONB3yeTcsl BhIpakeHHWe (4), a eciii paBeH HYNII0, TO



oOpasytorast pyHKIHs yCTaHaBIMBACTCSI pABHOW YUCIIUTEIIIO
BelpaxkeHus (4), a 3HaMeHaTesb PaBHBIM E€IMHULE,
KOTOpBII 3areM mepemaércsi Ha BbIXxox QuubTpa, rne

JIOMHOXKaeTcsi Ha  HOpMy  oOpasyromiedl  (yHKUIuH.
3aKIIO4YUTENbHBII ook ajnropuTMa BBITIOJIHSIET
HOpMHUpOBaHHe oOpasyromieit QyHkumu. I[lpuBen€HHbIi

ITOPUTM 3aMeHsieT (pakTanbHble (QUIBTPHI B IIEMOYKE,
MIpeICTaBJICHHON Ha puC. 2.

PaccmoTpum  paboTy — anropuTtMa Ha  KPHUTHYHBIX
BapHaHTaX CHTHAJNbHBIX (yHKumu. Ha puc. 4 mpuBeneHa
HOPMHPOBaHHAs CUTHAIbHAas (YHKIUS B BHIC MEaHIpa,
3aJaHHas Ha MHTepBajie AMuHON 16. Bymem momarats, 9To
6aza (pakranpHoro (uibTpa paBHa aByM. Ilocie mepBoro
miara QpakTadbHON (QHUIBTPalU BBHIXOA (HIBTpa CpEemHUX
OyzeT HyJIeBBIM M OIPE/IEIIEHHBIM Ha MHTEpBaje AJIHHON 8.
Ha pucyHke BBIXOJ TOKa3aH KpacHOH IWHHEH, KOTOpas
YCIIOBHO pAacCTSHyTa Ha WCXOJHBIA HHTEpBA IJIHMHON 16.
3HaMeHarens BhIpakeHUs (4) paBeH HYJIO, HO YHCIIHTENb
Hydq0o He paBeH. OOpasyromas GYHKIMS [OPUHEMAET

sHavenns ¢, =[0.25 —0.25], a mocre HOpMHpOBaHMs
&uo :|:]/\/§ _]/\/E:| .

0.25

02

0.15 - 1

0.1}

0.05 -

0

-0.05 - ]

-0.15 1

021 1

-0.25
0

Puc. 4. ®pakranbHas GUIbTpALK MEaHIpa

AJITOPUTM BBITIOJHSIETCS 110 JICBOW BETBHU OJIOK-CXEMBI,
3HAMEHATENI0  MPHCBAMBACTC  €IMHHUYHOE  3HAYEHME,
KOTOpOE 3aTeM yMHOXKaeTcsi Ha HOpMy obpasyrorieit

byukimu ( norm(¢uo):0'25‘/§ ). Pesymbrar mpencraBieH

Ha puc. 5 (KpacHas JIUHUS).

0.4 T T

03 b

02 ]

0.1 i

0.1F ]

-0.2

-0.3 . :
10

15
Puc. 5. Bbixoa HOpMupytoIero GUiIbTpa ¢ IeH3ypUPOBaHUEM HyJIeH

Ecmu nBuratecs mo memnouke GribTpoB (pUC. 2), TO BCE
mocjaeayromre odpasyromme (QyHKIUHA MOCIe HOPMHPOBKH
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OyayT WMeTh 3HAa4YeHUS éum =[1/ \/5 1/ \/E] Herpynno

NPOBEPUTH, YTO TMpousBeaeHHe (2) Oyner MOpoXIaTh
UCXOJIHYIO CHTHAJIBHYIO (DYHKLHIO.

Jpyroii KpUTHYHBIA BapUaHT CUTHAJIBHOW (YHKIMH 3TO
OIMHOYHBIA uMIynbc. Ha pwuc. 6 curHambpHass QyHKIUS
[IOKa3aHa CHHUM L[BETOM.

1 T T

0.9 - 1

0.8 !

0.7 4

06 q

0.5 q

04 r 1

03 a

02r 4

01+ 1

0 .
0 5 10

Puc. 6. ®paxranbHast QUIBTpanys OAUHOYHOTO UMITyIIbCa

[Mocne mara ¢puisTpanuu BcroMoraTeabHas (yHKIUSA HA
BBIXOJIe, ONpeneNn¢HHas Ha WHTEpBaje UIMHON &, Takke
OyJeM WMeTh OJMHOYHBIA WMITyJbC (KpacHas IHHHAS —
KpUBas yCJIOBHO pAacTIHyTa Ha WCXONHBIH HMHTEpBaI
JuTHO#H 16).

B  mHawanpHOT  oOmacTM CHrHajla Ha  BBIXOJE
(pakTanbHOrO QUIIBTPa HOJMB MOSIBISIETCS KaK B YHCIHUTEIE,
Tak W B 3HaMeHarene BbIpakeHUs (4). B stom ciydae

BBINIOJTHACTCSI ~ MpaBas  BeTBb  ajroputma  (puc. 3),
obpazyromas  ¢ymkmmst  (mpu Gasze  paBHOM  2)
YCTaHABIMBACTCS  PaBHOH ¢, = [l O] , a Ha BBIXOX

nepefaeTcs HyleBOW 3HaAMeHaTenb. Tam, TIe CyLIecTBYeT
UMITYJIbC, BBIXOA (GHIbTpa (T.€. 3HAMEHATENb BBIPAKEHUS
(4)) otnuen ot Hyns. M uucnuTens Takke OyJIeT OTIMYCH
OT Hyl, B 3TOM Clydae U TOJydYeHHs oOpasyrolei
¢byHKIMM ucmons3yercs Belpakerne (4). Ha Brxome
ITOpUTMa BHOBb HOJYYHM  HMITYJIBC eIMHUYHON
aMIuTTy o (puc. 7).

C
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Puc. 7. Bbixoa HOpMHUpYIOIIEro GUIbTpa ¢ LEH3yPUPOBaHUEM HyJIeH

[lyctp wmMnynbc CHUrHaNBHOM (QYHKIMM pa3MeméH B
MO3ULUU:

X= (X, 1 Xy 5% )-



B pesynbrate mepBoro miara (QUIBTpPAIMM IO CXEMeE
pHC. 2 MBI NONYyYMM HAaOOp HOPMHUPOBAaHHBIX MHOMKHTENEH

do (Uy) e

1% = (U, Uy,

HO3I/H_[I/H/I HMITyJIbCa 6y,HCT COOTBETCTBOBATh MHOXXHUTCIIb
~ o
¢ (Uy)  nma 1% =(X_1X, 5---%).

o (%) =1. Eciu apryMeHT MHOXHTENS HE aBeH X, TO

KOTOpOI0 [Ipuuém

npousBesieHre (2) OyAeT paBHO HYJIIO.

B pesynmprate BTOpOro mara QUIBTPAIMK IO CXEME
puc. 2 Mbl TONyYMM HabOp MHOXHUTENEH ¢, (ul), e

it = <an1er2 s X > [puuém ¢7i1 (Xl) =1. Ecnu aprymenr

(paKTaIbHOr0 MHOKHTEIS HE PaBeH X, TO MPOU3BEACHHE
(2) 6yzmer paBHO HyTIO.

[pomomkas mNOXOOHBIE pACCY)KOCHUS JANbLIe, MBI
NPUXOJUM K pe3yJbTaTy, 4YTro npousBenenue (2) Oyner
paBHo 1 TOJIEKO TSt 3HAYCHHS apryMeHTa
X:<Xn4xn72...xo>. JUii  Bcex OCTalbHBIX 3HAYEHMAX

apryMeHTa CHTHAIbHON (yHKIMM Tpou3BeneHue Oyaer
paBHo Hymo. Takum oOpa3zom, mpomsBenenue (2) Oymer
MIOPOXKAATh UCXOAHYIO CUTHAIIBHYIO (DYHKIIHIO.

B 3axmoueHue mnpuBenéM  IpUMEp  IIOCTPOCHHUS
OPTOrOHAIBHOTO Ipeo0pa3oBaHUs, IPHUCIOCOOIEHHOIO K
¢byHKIME MeaHzpa Mo BTopoMy crtoibiry. Ha puc. 8 B Buzme
(GYHKIMH TOKa3aHbl CTOJIOLBI ITOCTPOCHHOW MAaTpPHIIBI
OBICTPOTO OPTOTOHAIIFHOTO MPE0OPa30BAHIS.

oo o

I3

o b oo

o & oo

. o b oo , .
L Q801 OIS © S0Rt QDOINL © SIS NV O S ONFOT-

EY

Puc. 8. OproronaneHoe npeodpa3oBaHKe, MPUCTIOCOOICHHOE K QYHKIMH
MeaHzpa

[IpeobpazoBanne peanmzyercs OBICTPOH OPTOTOHAIBHON
HEWpOHHOW CEThI0, OPTOTOHAJBHBIC SJpa TIOJYYEHBI C
MOMOIIBI0 HOPMHPYIOLIEr0 OPTOTOHANBHOTO (HIbTpa C
LeH3yprpoBaHueM Hyneil u npouenypsl I'pamma—IlImunra.
Ilpn  ¢dopmupoBaHMM simep  peanu3oBaHa  CTPATETHs
MHUHUMHM3AIMN YUCIIa BBIYUCIHUTEIBHBIX ONEpalyi, B 3TOM
cIydae  OpTOTOHANbHOE — TpeoOpa3oBaHHME  O0NamaeT
MaKCHMaJIbHOW CTETICHBIO MPOCTPAHCTBEHHOH JIOKaIN3aluu
0a3uCHBIX (DyHKIHI.
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V. 3AKJIIOYEHUE

Beictpeie  mpeoOpa3oBaHMsS HMEIOT  MHOTOCIOHHYIO
CTPYKTYpy, HO B OTJIHYUE OT MHOTOCIOWHBIX HEHPOHHBIX
ceTed, MEXCIIOMHbIE CBS3U PAa3pEKEHbl, a HEJIMHEHHbIe
(YHKIMM aKTHBALMK M CMELIEHHS OTCYTCTBYIOT. BhICTpBIC
HEWpPOHHBIE  CETH 3T0  OBICTpBICE  JIMHEHHBIE
npeoOpa3oBaHus, B KOTOPBIX YHCIO CJIOEB W TOIOJOTHUS
MEXCJIOMHBIX CBS3€H ONpEAENSeTCs MPaBUIOM MOCTPOEHHUS
OBICTPBIX AJITOPUTMOB, a KO3(GHULUUEHTH Mpeodpa3oBaHus
HACTPaWBAIOTCS, T. €. CYIIECTBYET MPOoIeypa 00ydeHHSI.

IIpennosxeHHbIH MeTO 00y4eHHUs OBICTPBIX
OPTOTOHANIBHBIX ~HEWPOHHBIX CeTeil IO3BOJSIET TOYHO
HACTPOUTHCSI HA CUTHAJIBHYIO (DYHKIIMIO 32 KOHEYHOE YHCIIO
maroB. [IpoGmeMbl CXOAMMOCTH 3HeCh HE CYIIECTBYET,

QIrOPUTM ~ aOCONMIOTHO ~ CXOAUTCS, HO  CYIIECTBYET
HEOOXOIUMOCTh KOHTPOISI Hylell B (Ga30BOM BBIPAKECHHH
aJIropuT™Ma 00y4eHws. PaccmoTpeHHbIi croco0

LIEH3ypUpOBaHUsl HyJeW pemaer 5Ty 3aaady. JlaHHBINA
CHoCco0 MOXKET OBITh B PaBHOI Mepe MCIIONb30BaH U ISl He
oproroHanbHbIX BapuanTtoB BHC. IlpemnoskeHHBIH MeTOx
HACTPOWKHU I03BOJISIET OOYYUTH OBICTPYIO OPTOrOHAIBHYIO
HEWPOHHYIO CETh TOJIBKO K OHOW MPOM3BOJIILHOM (YHKIHH.
Ho 3amerum Ttakke, uto BHC oTHocaTcs k Kiaccy
caMomoI00HBIX ceTel, u B paborax [5, 9] mokasano, 4yto
MOTEHIMAI WX OOydeHHs MOXET ObITh KapIUHAIBHO
YBEIMYEH  pacUIMpPEHHEM  TOIOJIOTMYECKOH  CXEMBI
MOCTPOCHUSI CAMOIIOIOOHBIX CETEH.
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