4. MHOroCc/1I0MHbIE HEAPOHHBIE CETU U UX AMNMPOKCUMUPYIOLLME
CBOWCTBA

HelpoHbl MOryT rpynnMpoBaTbCs B CETEBYHO CTPYKTYPY pa3/ivyHbIM 06-
pa3oM. ®yHKUMOHaNbHbIE 0COBEHHOCTM HEMPOHOB M CNocob nx obbeanHe-
HMS1 B CETEBYIO CTPYKTypy 0OYCnaBnMBaOT Ty WM MHYKO Napagurmy Hew-
POHHOM ceTu. [ins pelweHnst 3ajay MaeHTUdMKaUMM U ynpaeneHust Haw-
6onee apekBaTHbIMM, 6€3 COMHEHMS, ABNSIOTCS MHOrOC/IOMHbIE HEMPOH-
Hble cetn (MHC) npsiMoro AencTBMsl MAM MHOTOC/OWHbIE MEPLENTPOHbI
(MCM). Npwu npoektTnpoBaHMn MHC HeMpoHbl 06BEANHSAIOTCS B CIOWN, KaX-
Abl 13 KOTOpbIX 06pabaTbiBaeT BEKTOP CUrHaNOB OT MpeablayLiero cios
(unn BXxoAHOW BeKTOp). MUHMManbHOM peanusaument SBNSIETCS ABYXCNOM-
Has HeMpOHHasi CeTb, COCTOSLWAsi U3 BXOAHOro (pacnpeaenuTenbHOro),
MPOMEXYTOYHOro (CKpbITOro) M BbIXOAHOrO cnos. Mpu noacdete uucna
CNTOEB BXOAHOW C/IOV O6bIYHO HE YUMTLIBAETCS, TaK KaK CIY>XMUT NULb ANS
pacnpeseneHns BXOAHbIX CUrHasoB Mo HeMpOHaM NoC/eayoLWero Cos.

Peanusauunsi Mmoaenu ABYXCNOMHON HEMPOHHOM CETM NPSIMOro AENCTBUS

MMEET cneayruee MaTteMaTu4eCKoe nNpeacTaBEHNE:
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rae n, — pa3sMepHOCTb BEKTOPA BXOAOB ¢ HEMPOHHOW CeTu;
N, — YACO HEMPOHOB B CKPLITOM C/OE;

® — BEKTOP HACTpavMBaeMbIX NapaMeTpPOB HEMPOHHOW CETU, BKJItOYaAIO-

LW BeCOBble KO3MMULIMEHTBI N HEMPOHHBIE CMELLeHUs (W, W;) ;

f;(x) — aKTMBALMOHHas PYHKLMS HENPOHOB CKPbLITOrO C/108;



Fi(x) — aKTUBaLMOHHas dDYHKLl,VIFl HEﬁpOHOB BbIXOAHOI0 Cnos.

Ha puc. 1.4 npeacraBneHa CTpyKTypHasi cxema AyxcrioviHon HC nps-
Moro genctsusi. CUrHanbl B CETM PacnpoCTPaHAOTCS OT BXOAa K BbIXOAY,

CBSI3V MeXAy HepOHaMW OHOrO C/osi M 0bpaTHbIE CBSI3U OTCYTCTBYHOT.

Puc. 1.4. CTpyKkTypHasa cxeMa ABYXC/IOMHON HEeMpOHHOM ceTn

(umcno Bxoaos —3; BbIXOAOB — 2)

Heobxoaumo nokasatb, 4to MHC, umMetowas mMatematudeckoe npea-
ctaBneHune B dopme (1.6), npu ycnosum COOTBETCTBYHOLErO Bbibopa ak-
TMBAUMOHHbIX (PYHKUMI N BECOBbIX KO3((PULNEHTOB MOXET ObITb MCMOb-
30BaHa B KayecTBe MOAESIbHON CTPYKTYpbl ANSt PELeHUs 3a4aduv MAEHTU-
ukaumm. NpeanonoxuM, 4To ANCKPETHAs AMHAMMYECKas CUCTEMA MOXET
6bITb NpeacTaBneHa Kak HekoTopas ¢yHKuus (B oblwem cnyyae, Henu-

HeMHas) OT NpeapblayLMX 3HAYEeHWII BXOAOB U U BbIXOAOB V-

y(t) = f(y(t=1),..., y(t—n),u(t-12),...,u(t—m)). (1.7)



EctectBeHHO npeanonoxuts, 4yto MHC MOXeT annpoKCMMMPOBATb

dyHkumnio (1.7) Npu ycnoBun, YTO B KayecTBe BEKTOpa BXOAOB CETU ¢

BbIGUPAIOTCS 77 NPeAbIAYLIMX 3HAYEHUN BbIXOJOB CUCTEMbI W /M Npeablay-
LLMX BXOAOB.

PaccmoTpuM pyHKUMOHMpoBaHne MHC kak COBOKYMHOCTM B3aMMOCBS-
3aHHbIX 3M1EMEHTAPHbIX 3/IEMEHTOB (HEMPOHOB) C MAaTEMATUYECKOW TOYUKMU
3peHus. Kaxabl CTPYKTYpHbIA 3neMeHT MHC nony4yaeT Ha BXoJe BEKTOP

CUrHanoB ¢, BbIMUCIIAET €ro CKandpHoe npousBegeHNeE Ha BEKTOP BECO-

BbIX KO3(P(ULUMEHTOB HEMPOHA ® M HEKOTOPYHO (PYHKUMIO F B BbIXOAHOM
curHan y. Pe3ynbTaT NOCTYNaeT Ha BXOAbl APYrMX HEMPOHOB MM Ha Bbl-
xoa. TakuM 06pa3oM, HEUPOHHbIE CETM BbIMUCISIOT Cynepno3vunmn yHK-
LUMIA OQHOrO MEPEMEHHOMO M UX JINHENHbIE KOMOUHaumn. [ns obocHoBa-
HMUS BO3MOXHOCTM Mcnonb3oBaHus MHC B kayecTBe Moaenen AMHamuye-
CKMX CUCTEM HYXXHO MONYYMTb OTBET Ha BOMPOC: MOXHO /I NPOU3BOSIb-
HYIO HernpepbIBHYIO (PYHKLMIO /7 NEPEMEHHBIX MONYYUTb C NMOMOLLBIO One-
pauUui CNOXEHNS, YMHOXEHMS U Cynepno3vumm ¢yHKUMA OAHOro nepe-
MEHHOro?

B cepun pabot A.H. Konmoroposa u B.W. ApHonbaa pelueHa cneayto-
Wwas mMaTemMaTuyeckasl npobnema (cocraBnstollas CyLeCcTBO TpUHAALATON
npobnembl M'vnbbepTa): Nobyto HenpepbiBHYD (GYHKUMIO 77 MepeMeHHbIX
MOXHO MOSYYMTb C MOMOLLbIO ONepaLmit COXKEHUS!, YMHOXEHUS U Cynep-
Mo3vuMM U3 HeMpepbIBHbIX (PYHKLUMIA OAHOro MnepeMeHHoro. Ha ocHose
3TUX paboT (CyTb KOTOPbIX U3N0XeHa B [4]) AoKa3aH psaa Teopem [27, 33,
39, 47] 06 annpoKcMMauMn HENpePbIBHbIX (PYHKLUMIA MHOMMX MEPEMEHHbIX
HEMPOHHBIMU CETAMM C WCMOMb30BaHWEM MpPaKTUYECKU MPOU3BOJIbHOM

YHKUMM OAHOrO nepeMeHHoro. MoMUMo NoATBEPXKAEHUS 0BLWIMX annpok-



cuMmpytowmx cBoctB MHC HeobxoamMMo Nony4unTb OTBETHI Ha psia YacT-
HbIX BOMPOCOB, KaCaloLWMXCS CTPYKTYPbl CETU:
e  CKOMbKO CKPbITbIX C/IOEB AO/MKHA COAEP)KaTb HEMPOHHAs CETh?
e  CKOJIbKO HEMPOHOB AO/MKHO 6bITb BKIOYEHO B KaXKAbl CON?
e KaKoOW TMN aKTMBALUMOHHOW (DYHKLMWN A0MKEH OblTh BbIOpPaH?

B pabote [33] noka3aHo, YTo Ntobasi HenpepbiBHasi HENMHENHas (yHK-
UMs MOXET 6blTb annpOKCMMUPOBaHa C AOCTAaTOYHOM TOYHOCTbIO HEMPOH-
HOM CETbl0 C OAHWM CKPbITbIM C/TI0EM, COAEPXKALLMM HEWPOHbI C CUrMOM-
AanbHbiMM (UK TUMA <TUMNEPBOIMYECKMI TaHFEHC») PYHKUMSMU aKTMBa-
UMK, M BbIXOAHbIM CNOEM, COAEPXKALLMM HEMPOHbI C IMHENHON aKTMBaLM-
OHHOW byHKUMeN. [MonbiTka MCCNeaoBaHUS BAMSIHUS YMCa HEMPOHOB B
CKPbITOM CNO€ Ha annpoKCUMMUPYIOLLME CBOMCTBA CETU caeflaHa B pabote
[27], oAHAKO MOMyYeHHbIA pe3ynbTaT NPaKTUYECKU HEBO3MOXHO MpuMe-
HWUTb Ha MpaKTUKe.

TeM He MeHee pe3ynbTaTbl UCCEAOBAHMIN, NPeACTaBNEHHbIE B paboTax
[27, 33, 39, 47], noaTBepXAalOT YHMBEPCAsibHble anmnpoKCUMUpPYLOLLME
CBOMCTBA HEMPOHHbIX CETEMN, YTO MNO3BONSET CAENATb BbIBOA O BO3MOXHO-
CTM ncnonb3oBaHmss MHC B KayecTBe MOAENbHbIX CTPYKTYp Mpu peanusa-
UMM npoueaypbl naeHTUdUKaunn.

B HacTosiwein paboTe paccMaTpuMBaeTCs MUHMMasbHas peanuaums
MHC B cooTBeTCTBUM C BblpaxkeHueM (1.6) 1 akTMBAUMOHHbIMU (YHKUMS-
MU TUNA «runepbonnyeckmin TaHreHc» (1.2) Ans HEMPOHOB B CKPbITOM
CNOE M IMHENHBIMU aKTUBALUMOHHBIMU (YHKUMSIMK (1.3) HEMPOHOB BbIXOA-
Horo cnosi. Bo3aMoxHo, penpe3eHTaTnBHble cnocobHocT MHC MoryT 6biTb
yNy4dLleHbl NyTeM BBEAEHWUS AOMOJTHUTENbHBIX CKPbITbIX CNOEB, 0COBEHHO

B C/lydae MOoAENMNPOBaHUA CNOXXHbIX B3auMocBsizei. OaHako YCNOXHEHUEe



CTPYKTYpbl HEMPOCETU NMPUBOAUT K 3HAYUTENbHLIM TPYAHOCTSIM NPU MNpak-
TUYECKOM peanu3aumun, napaMeTpuyeckor onTummsaumm (obyuyeHun) wu
nocneaytowem aHanmse MHC. 370 o06bscHAeT akT MCnonb30BaHUS
MMEHHO MUWHMManbHOM peanusaumm MHC B GONbLUMHCTBE TEXHUYECKUX

MPUNIOXEHN.
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