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BBEJAEHUE

[TombITKHM MOHSATH CYIIHOCTb CO3HAHUS MPEAIPUHUMAINCH C IPEBHUX BPEMEH.
C Tex mop 4YemoBEYECTBO HE OCTABJISAET MOMBITOK CO3/aTh MAIIMHBI, HAJECIECHHBIE
MHTEIJJIEKTOM, T. €. CO3[1aTh UCKYCCTBEHHBI MHTEIUIEKT. [Ipuduem uemoBek HazxeeTcs,
YTO Takas MallldHa OyJeT cama pemiaTh, Kakue JACHCTBUS TpEeANpPUHUMATH B
3aBHCUMOCTH OT CUTYyallHH.

Ho moka Bce co3gaHHBIE YEJIOBEKOM «IyMAIOIIME» MAalluHbl TPUHUMAIOT
pEIIeHNs] Ha OCHOBE 0a30BBIX MPABWJI, KOTOPHIC SIBHO WJIM HESBHO OBLIM 3aJI0KCHBI B
HUX TpPU CO3JaHUU WM OpOrpaMMUpPOBAHUM. Eciii 0 MammHe TOBOPAT, YTO OHA
WHTEJUICKTyallbHa, TO UMEIOT B BHUJIY, UTO €€ CIIOCOOBI IPUHATHUS PEIICHUN TTOXO0XKH,
10 KpallHeW Mepe, 10 HEKOTOPOU CTENEHU, Ha T€, KOTOPbIEC MPUMEHSIET YETOBEK.

Knaccuueckoe nonarue uHTemwiekTa 0buio npeioxeHo A. TrropuHrom 6osee
nosyBeka Hazan, B 1950 r. [1]. TIpoOnema Obuia copMyaupoBaHa Ha OCHOBE
MMUTAIMOHHOMN UTPBI, B KOTOPOI YEJIOBEK U MHTEIICKTyaJIbHAsl MAIlIMHA TOMEIIAI0TCS
B pa3finuHble KOMHATHI. MccienoBarenb, 3a1aBasi BONPOCHI, TOHKEH ONMPEICINTh, KTO
€My OTBEYAET — YEJIOBEK WJIM MalllMHa. ECIM OH HE MOXET pacno3HaTh, KTO €CTh KTO,
TO CUHATAETCA, UTO MAIIMHA «UHTEJUIEKTYAJIbHAY.

Pa3Butre KOMIIBIOTEPHON TEXHUKU IIO3BOJISIET MCIOJIb30BaTh B CHUCTEMAax
yIPaBJICHUsS HEWPOHHBIE CETH — OJHO M3 HOBEUIIMX HAINPABJICHUM peaau3aluu
HMCKYCCTBEHHOTO HWHTEIJIEKTa. HeWpoHHbIE CETH HAaXOAAT CBOE IPHUMEHEHUE B
CUCTEMax pacrmo3HaBaHUig o00pa3oB, O0OpaOOTKM CUTHAJIOB, TMpEICKa3aHUi W
JTUArHOCTUKH, B POOOTOTEXHUUECKUX U JPYTUX CIOKHBIX CHCTEMaX.

Cucrema ympaBieHusi, pazpaboTaHHass Ha OCHOBE HEHPOHHBIX TEXHOJOTHUH,
o0JagaeT paoM MPEUMYIIECTB:

- BO-TIEPBbIX, HEHPOHHAsI TEXHOJOTHS YIIPaBICHUS MTO3BOJIIET CTPOUTH MOJEITH
CIIOKHBIX 0OBEKTOB YITPABICHUS IO MPUHITUAITY «YEPHOTO SIITHKAY;

- BO-BTOpBIX, HEUPOHHBIE MOJIEJIM JIETKO aJalTUPYIOTCS MNPU H3MEHEHUU
apamMeTpoOB MOJEIHPYEMOT0 OOBEKTA;

- B-TPEThUX, OHHM TIO3BOJIAIOT PEATU30BATH MOJACIM IS MHOTOMEPHBIX
0OBEKTOB.



I'JTABA 1. OCHOBHBIE IIOHATHUA U OITPEAEJIEHUSA
NCKYCCTBEHHOI'O HHTEJUVIEKTA

1.1. Ilpouecc MbINLJIEHUSA

Ha npoTtsbkeHnn nociaeHUX HeCKOJIbKUX JECATUIIETUI pa3IMUHbIMU YUYE€HBIMH,
MEJUKaMH U (DU3U0JIOTaMH, ¢ OJTHOM CTOPOHBI, U KHOSPHETHKAMU C IPYTOH, JIeTIaIHNCh
3asiBJICHUSI O TOM, YTO OHM TTOHMUMAIOT, KaK paboTaeT Mo3T uenoBeka. OJTHaKO BCKOPE
BBISICHSJIOCH, UTO OHHU, TTIOTIPOCTY TOBOPSI, KITOTOPSIIUITACH.

[Ipotiecc MbIIIEHUS, TPOTEKAIONIUN B YEIIOBEYECKOM CO3HAHHMH, HEBEPOATHO
CJIO’KEH M TOKa He Tojiaetcs pacimudposke [2, 3].

[Ipoiecchl 00paboTku wWHGOPMAIIMM B MO3TY 4YEJIOBEKAa HE COBMAJAIOT C
aHAJIOTUYHBIMU TIpOlleccaMu B KommbloTepe. UenoBek moiydaeT MHPOPMALUIO U3
BHCIITHETO0 MHUpPa OT CBOUX IIATH OPraHOB YYBCTB. JTa MH(POpMAIHS MTOMENIACTCS B
Oydep KpaTKOBpeMEHHOM maMsATH s aHanu3a (puc. 1). B apyroi obmactu mamstu
(TOATOBPEMEHHOI) XpaHATCS CHMBOJIBI M CMBICJIOBBIC CBSI3M MEKy HHUMH, KOTOPBIC
UCTIONB3YIOTCSA N1 OOBSCHEHWS HOBOW HMH(POpPMANMM, TOCTyMHaromen w3
KPAaTKOBPEMEHHOW MaMATH. Ba)KHO MOAYEPKHYTh, UTO B AOJTOBPEMEHHOM MAMATH
XPaHSATCA He CTOJBKO (PAKTHI M JaHHBIE, CKOJIbKO 00bEKTHI ¥ CBSI3H MEKITYy HUMH,
T. €. CUMBOJIbHBIE 00pa3bl. [Ipm 3TOM mocTym K mHMOpPMAIMU B JTOITOBPEMEHHOM
NaMATH OCYIIECTBIISIETCS] O4€Hb 2(P(HEKTUBHO: MTPAKTUYECKH JIFOOON 3JIEMEHT JTaHHBIX
MOXET OBITh HM3BJICUCH B TEUEHHE IIMKJIa OOpalieHuss M 3aTeM IpeoOpas3oBaH.
Hampumep, yenoBek ycmeBaeT OTIEPHYTh PYKY OT TOpsSdYei MEYKU JO0 TOro, Kak
MOJIYYUT OXKOT, M PE3KO BBIBEPHYTh PYJIb AaBTOMOOWJS TPU BO3HUKHOBEHHH
HEOXKMIAHHOTO TIPEMNSATCTBUS Ha gopore. Takol aBToMaTu3M ACHCTBUN OOBICHAETCS
UCIOJIb30BaHUEM 00pa30B, paHee 3alIOMHEHHBIX B JOJITOBPEMEHHOW MaMSTH.

O0padoTka nHGopmManuu

Cucrema BOCIIPUATUHA HOJ’II‘OBpCMeHHaH naMATh

—————————————————— B e —

) KpaTkoBpeMeHHas| | K MBIIIIAM |
MaMsTh |

:I Bydep | peaxuus |
| |
‘{\:\ Ympasienue //['_ ____________ ]

Pucynox 1 — Cxema nipoiiecca 00pab0oTKu HHPOpMAIIMK B MO3TE YelIOBEKa

B cBsa3u ¢ 3TUM HHTEpECeH HSKCHEPUMEHT, NPOBEACHHBIN aKaIeMHKOM
H. M. AMOCOBBIM, BeIyIIUM KHEBCKHM KApJAHOXHPYPrOM U 3aBEAYIOLIUM
naboparopuerr 6uokubepuerukun Wuctutyra xubepuetuku AH YCCP, B 70-e rr.
XX B. Ha camoii O6picTpoaeiicTByIomIel Ha TOT MOMEHT BpeMeHu Mmaimne bOCM-6
ObL1a MPOBEACHA MOIBITKA CMOIETUPOBATH MO3T aHAKOHIbI, KOTOPBIH COJEPKUT BCETO
300 melipoHOB Ha 00pabOTKY W eIe CTOJILKO k€ — Ha mpueM uHpopmainmu. B
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pe3ynbTaTe OTBET Ha BHEIIHEE BO3JCHCTBHE KOMIbIOTEp cuMTai Oonee yaca. [Ipu
MPOBEICHUH TIOJIOOHOT0 PKCIEPUMEHTA HA COBPEMEHHBIX KOMIBIOTEpAX MPUPOIHAS
CKOPOCTb pEaKIM1 aHAKOH/IbI TAKXKE HE OYJET JOCTUTHYTA, HA OCHOBAHUH YETr0 MOMKHO
cienaTh BBIBOJI, YTO MO3T 00pabaThiBacT MH(MDOPMALIMIO HE TaK, KaK MaIllHa.

Opnako Tmpolecc 3aHecCeHHs HHPOpPMAlMd B JIOJTOBPEMEHHYIO MaMSTh
JOCTaTOYHO JJIMTEJIEH W 3aHMMaeT mopsiaka 7 ¢ sl ogHoro o0Opasa (3a 3TO Bpems
yCTaHABIUBAIOTCA BCE CBS3M, HEOOXOAMMBIE JUIsl €r0 M3BICYCHHUS U3 TaMSITH B
Ooyayuiem). O6paboTka MHGOpPMAIUK B KPATKOBPEMEHHOM MaMsATH U MepeMelIeHHe
0TOOpaHHON MHGOPMAIINH B I0JATOBpEMEHHYI0 3aHnMaeT 15-20 mun. Hanmpumep, eciu
MOCJIE MO3TOBOM TpaBMbI B PE3yNbTaTe KAKOW-TUOO KaTacTpo(bl JOJITOBPEMEHHAS
MaMiTh MOXKET IOJIHOCTBIO BOCCTAHOBUTHCS, TO WHMOpMAIMs, MOCTYNHUBIIAs B
nocienuue 15-20 MuH. 10 kKaTacTpodbl, OyAET MOTHOCTHIO YTpadyeHa.

B sTOM 11aHEe MOXHO MPOBECTH aHAIOTHIO MEXY KPAaTKOBPEMEHHOU MaMSThIO
YelloBeKa M OMNEPAaTUBHOM TMaMATBIO KOMIIBIOTEpA, M KOTOpOH  Jlaxe
KPAaTKOBPEMEHHOE OTKJIIOUEHHE OJJICKTPONMTAHUS O3HA4YaeT IMOJHYI0 IMOTepIo
uHpopmManuu. JlodroBpeMeHHas MaMsaTh YelIOBEeKa CKOpee MOXO0Ka Ha JIUCKOBYIO
MaMsTh KOMITbIOTEpA.

Crioco6 xpaHeHUs] CUMBOJIBHBIX 00pa30B B IOJITOBPEMEHHOM MaMsITH BO MHOTOM
HAIIOMUHAET CIOco0 XpaHEHUs YUCT0BOM HH(pOpMaIK B 0a3€ JaHHBIX CETEBOTO TUIIA.
DJeMeHTHI TaHHBIX MPUHAANEKAT oHabopaM, HabopaM U MOZEINAM, OAHA00PHI, B
CBOIO OYepe/Ib, IPUHAAIEKAT HAOOpaM U MOJEIISIM U T. 1.

UenoBeueckasi maMsaTh XpaHUT HE YMCIIOBBIC JaHHBIC, a 00pa3bl U CHMBOJIBI.
CumBoJibHBIE 00pa3bl 0OBEIMHEHBI B MO3T€ B TaK Ha3bIBAEMbIC YAHKHU — HAOOPHI
(GakToOB U CBsA3EH MEX]y HUMH, 3alIOMHEHHBIC W U3BJIEKAEMbIE KaK €JUHOE IIEJIoe.
YaHky XpaHSATCS COBMECTHO C B3aMMOCBA3SIMU MEXAY HUMH. B KaXIblii MOMEHT
BpPEMEHU YeJIOBEK MOXKET 00pabaThiBaTh U UHTEPIPETUPOBATH HE OoJiee 4-7 YaHKOB.

B 3TOM MOXXHO YOEAUTHCSA, €CIIH MOMBITATHCS 1O TAMSITH 3aUCaTh TEKCT:

Cucmema, cnocobnas  Haxooumv  dekmusHvle  peuwleHus,  YaAcmo
HeodcudanHuble 0Jisl Nob308amelisi u oasxce OJisl pa3pabomyuxa.

CoBepiieHHO Ipyroi pe3yabTaT OyaeT, eclid B 3Toi (ppase mepecTaBUTh CIOBA,
TEM CaMbIM HaPYIIUB CBSI3U, C TTOMOIILI0 KOTOPBIX YKPYITHSIOTCS YaHKU:

noav3oeamens peweHus u 0ns oasxce Cucmema, d¢hghexmuenvie pazpabomuuxa
HEeO0HCUOAHHbIE CNOCOOHAsL 07151 HAXOOUMb YACHO.

B mocnenneM ciydyae Kaxaoe CIOBO BOCIPUHHUMAETCS KaK OTIEIbHBIA YaHK,
coJiepKaluil onpeieIEHHOE U U3BECTHOE TTOHITHE PYCCKOTO SI3bIKa, U B 3TOM (ppaze
ux 13, 4ro npeBsbiaeT 00beM KpaTKOBpeMeHHOU nmaMsTH. Torna kak B mepBoi (ppaze
3TH K€ cJI0Ba ObUIM O0BEIUHEHBI U3BECTHBIMU CBA3SIMU B 00Jiee KPYIHbIE YaHKH, UX
TaM Obw10 OT 2 110 4. Ho ecnu B mpepiiyIieM ciayyae Bo BTOpoi (ppasze ObLITU U3BECTHBI
XOTsI Obl 3HAUEHUS CJIOB, HO HE SICHBI CBSI3U MEXK]ly HUMHU, TO B ClIy4ae, €CJIi U CJI0Ba
HE SICHBI, BOCIIPOU3BECTH YAACTCS TOJIBKO HECKOJIBKO CHMBOJIOB:

9KNbIPHMece bIMMCeUc.

B oaroit 3ammcu copepxkarcs Te ke OyKBBI, YTO W B CIOBOCOYETAaHHUU
«3KCIIEPTHBIE CUCTEMBI», HO CJIOBA 3alMCaHbl C NEPEeCTaBICHHBIMU OyKBaMU. JTOTO
JI0OCTaTOYHO, YTOOBI Kaxaasi 0yKBa BOCIPUHUMAJIACh KaK CAMOCTOSITEIbHBIN YaHK, T. €.
B OTOM Cllydae HEOOXOAMMO 3amOMHUTH 17 YaHKOB, YTO 3HAYUTEIHHO MPEBHIIIACT

6



00BbeM KpaTKOBPEMEHHOW NTaMsTH YesioBeKa. B To ke Bpemsi B HOpMaibHOU (ppase Bce
00BEKTHl (CMMBOJIBI) BO3MOXKHO OOBEIMHUTH BCErO B 2 YaHKa, U 3allOMHUHAHHUE HE
COCTaBUT MPOOIIEM.

CpenHuii crienMaancT B KOHKPETHOU mpeaMeTrHou obsactu mnoMuHut 50-100
THICS'Y YaHKOB, KOTOPbIE U MCIOJIb3YET B CBOEH MpPO(deCcCHOHANBHOU ESITeIbHOCTH.
Hakomnenue takoro o6bema UHQOpMaUU B JTOJITOBPEMEHHON MaMSITH U CO3JaHHE
yKkazatesei s Hero Tpedyet 10-20 mer.

1.2. IloHsiTHE HCKYCCTBEHHOT0 MHTEJJIEKTA

OpHUM U3 apryMEHTOB B I10JIb3Y BO3MOXHOCTH CO3/IaHHSI MHTEJUIEKTYyaJIbHBIX
CHCTEM SIBJIICTCS Clieyloliee pa3MblinicHue [3]:
- IIOJIA — UHTEJUIEKTYaJIbHbIE CUCTEMBI,
- TIOJI — CUCTEMBI, NOJUMHSIOIIMEC 3aKOHaM (DU3UKY;
- 3aKOHBI (PU3UKHU MOTYT OBITh AIITPOKCUMHUPOBAHBI C JTHO0O0M CTENEHBIO TOUHOCTH
U TPEICTaBICHBl Kak IporpaMMa KommbioTepa. M3 3TOro nemaercs BBIBOA, 4YTO
WHTEJUIEKTYyallbHOE  TIOBEACHUE MOXKET OBITh  CMOJIETMPOBAHO  MAIUIMHHBIMU
IIPOTpaMMaMH, T. €. CO3aH UCKYCCTBEHHBIN MHTEIIJIEKT.
Pa3paboTunky NepBbIX CUCTEM, OCHOBAHHBIX Ha 3HAHMSIX, OJAYEPKUBAIIU, YTO
L€]b MCKYCCTBEHHOI'O MHTEIUIEKTAa — HE CO3JaHUE HMMUTATOpa €CTECTBEHHOIO
MHTEIJIEKTa, a pa3paboTKa MallliH C UHTEJVIEKTOM B OYKBAaJILHOM U IOJHOM CMBbICIIE
[4]. CBOlO yBepeHHOCTh OHM OCHOBBIBAJIM HAa BO3MOXHOCTHU YK€ T€X KOMITBIOTEPOB
pemate MHOrHe (opMajbHble MNPOOJEMBI JIydlle, YeM 4YeNOBeK. VX ONMOHEHTHI
BIAJAIM B APYTyK KpailHOCTb, TpeOys CO3JaHMs TOTJA TAKUX HMHTEIUIEKTYaJlbHBIX
CUCTEM, KOTOpbIe 00aiainy Obl BCEMU YepTaMHU e€CTeCTBEHHOr0 MHTEJJIEeKTa, T. e.
HAJIMYHEM CO3HAHMS, IPEAHAMEPEHHOCTHI0 [JACHCTBHH, CIOCOOHOCTHIO K
aJanTanuM, rTHOKOCTBHIO pelieHUui U T. 1. B pe3ysbrare MCKYyCCTBEHHBIM HHTEIUIEKT
MONaJaNl B CJIOKHYIO CUTYAIMIO, TAK KaK peaibHO ObLIO HEBO3MOXHO CO3/4aTh YTO-
100, OJTHOBPEMEHHO SIBJISIOIIEECS «MHTEIUIEKTOM» U «MAIIMHON», U CTAaBUJIACH MOJ
COMHEHHE JaKe MOMbBITKA CO3AAaTh XOTA ObI IEpBOE MPUOIMKEHUE K HCKYCCTBEHHOMY
MHTEIJIEKTY, T. €. TaKasl MO3ULMS 10 OTHOLIEHUIO K HICKYCCTBEHHOMY UHTEJIJIEKTY SIBHO
HENpPOAYKTMBHA. Ha JaHHBII MOMEHT HENOCTATOYHO MAAaHHBIX Ui ITOCTPOCHUS
MBICJISILIEN HCKYCCTBEHHOM CUCTEMBI, TaK )K€, KaK M JaHHBIX O pabOTe €CTECTBEHHOTO
pazyma. OTcrozia ONpeaesaTh HHTEIUIEKT UICKYCCTBEHHBIX CHUCTEM BO3MOXHO TOJIBKO B
MOBEJAEHYECKOM CMBICIIE.
HNHTe/uiekTyaIbHON cHcTeMOl OydeT CYMTAThCA CHCTeMa, 00J1axaroimas
X0Ts Obl OJHON MJIM ABYMS M3 INEPEYMCICHHBIX BbIlIe YEPT €CTEeCTBEHHOIO
HHTEJUICKTA 32 HCKJIKYEeHHEM HAJTUYUS COZHAHMA.
[IpoBeneM cpaBHUTEIBHBIN aHATIU3 YEJIOBEYECKOM KOTHUTUBHON CUCTEMBI (T. €.
CHCTEMBI, OCHOBAaHHOH Ha 3HAHWSIX) M KOMITBIOTEPHON CUCTEMBI, KOTOPBIE MOTYT OBITh
OIHCaHbl Ha PA3JIMYHBIX YPOBHSX a0CTparupoBaHMsL.



Tabnuna 1 — YpoBHU OnMcaHUsl CUCTEM, OCHOBAHHBIX HA 3HAHUSIX

YpoBHH KomMmnbrotepHble cucTemMsl KornutusHsie cuctemsl
ONMCAHHUS
Ou3nyeckuin Komnerorep npencrasisercs YpoBeHb HEWPOAHATOMMUH,
MHO>KECTBOM 3JIEMEHTOB, paOOTAIOIINX ONUCBIBAET MaTEPHAIIbHBIE U
o gusnyeckuM 3akoHaM. Ha atom CTPYKTYPHBIE aCIIEKThl HEPBHOMN
YPOBHE HET «CUMBOJIOB» U cucreMsl yenoBeka. Ha aTom
«omepanun», eCTb TOJbKO CUTHAIIBI. YpOBHE JICUCTBYIOT Clia0ble
INEKTPUYECKNE UMITYJIBChI —
CUTHAJIBL.
Jlornueckui Kommnsrotep npeacrasisiet co0oil ceTh VYpoBeHb HelpoduznoIorny,
nornueckux sentuinent (U, NJIN u ap.) ITOKAa3bIBAET HEPBHYIO CUCTEMY
Y MOJKET OBITh OIKMCaHA JABOUYHBIM KaK ceTh (PyHKIIMOHAIBHO
A3bIKOM (OYJ1€BOH JIOTUKH). CBSI3aHHBIX HEHPOHOB.
YpoBeHb YpoBEHb CUMBOJIBHOI'O MAILIMHHOTO Crnenyst KOMIIBIOTEPHOW MOJEINH,
peAcTaBiIe- s3bIKa — accemOiuepa. CBsi3u MexIy cienyeT Ipeanoa0XuTh
HUSA JIOTUYECKUMU CUTHAJIAMU CYyILIECTBOBAaHUE HEKOETO
MHTEPIPETUPYIOTCS CUMBOJIAMH U «acceMm0Oiepa» B UEJIOBEUECKOM
ornepaTropamu. mo3ry. Hanbonee nsBectHa
MOJIENb «SA3BIKA MBICIIN,
BbIIBUHYTas [{. @onopom B
1975 1.
KommyHnuka- YPpOBEHb A3BIKOB IPOTrPAMMHUPOBAHUS VYpoBeHb KOMMYHHUKALUN 1
LIMOHHBIN 0oJ1e€ BBICOKOTO YPOBHS U BBIBOJIOB Ha €CTECTBEHHOM S3bIKE,
WHTEPAKTUBHOTO OOILIEHUS C [IO3TOMY 3TOT YPOBEHB 4acTO
KOMIIBIOTEPOM. Ha3bIBAIOT JIMHTBUCTUYECKHM.
Curyauuosn- PaGota koMIblOTEpa OLIEHUBAETCS C YpoBeHb NOHUMAHUS U
HBIN MO3UIMN PEIICHUS TON UIU UHOU LieJICHATPaBIECHHOU
po0JIeMbI WK 3aJJaHusl. JI€ATEIBbHOCTH.

OTU ypOBHU OMNMCAHUSI BBEJEHBI JJISI JIEKOMIIO3UIIMU BBIYUCIUTEIBHOTO M
MBICIUTEIIEHOTO TIPOIIECCOB U BBIMIOJHEHBI B (DYHKITMOHAIBHBIX TEPMHUHAX, TTOITOMY
CHUCTEMA MOXKET MOJEIUPOBATHCSA U U3YUaThCs HA PA3JIMYHBIX YPOBHSIX HE3ABUCUMO OT
npyrux. JlaHHas Mojmenb HE HAKJIAIbIBACT HUKAKWX OTPAHUYEHUW HA CIOCOOBI €€
peanu3aiuu. [loaTomy, eciam cuuTaTh €€ aIeKBaTHOM, OHA MOXKET ObITh pean30BaHa C
MOMOII[BIO0 UCKYCCTBEHHBIX cpesicTBax [5].

OcHoBHas mpoOiema MpU peaau3aldd TaKOW MOJIETH COCTOUT B OMHCAaHUU
YPOBHSI MIPEACTaBICHUs. B MONIb3y CyIIECTBOBAHUS «A3bIKA MBICJAM» TOBOPUT TOT
dakT, 4TO HAIIM MBICIIM HE 3aBUCIAT OT KOHKPETHOTO s3blKa, HAa KOTOPOM OHH
BBIpAXalTCs, W  HAo0OpPOT, JIMHIBUCTUYECKHE  BO3MOXHOCTH  Pa3JIMYHBIX
€CTECTBEHHBIX SI3bIKOB UMEIOT T€ JK€ CTPYKTYpPHBIEC CBOMCTBA. DT JBa (hakTOpa Iar0T
OCHOBAaHUE IIpeAaronaraTb, 4YTO €CTECTBEHHAas KOTHUTHUBHAsI CHUCTEMa HMEET
BHYTPEHHH S3bIK HU3KOTO YPOBHS (BPOKICHHBIN U OOITUH JIJIsl BCETO YEIOBEYECTRA),
B TEPMHHAX KOTOPOrO M MPOTEKAIOT KOTHUTUBHBIE ITPOLECCHI, B TO BPEMs, Kak
€CTECTBEHHBIE SI3bIKU — JIUIITh KOMMYHUKAITMOHHAS] 000JI0YKA CUCTEMBI.

Cy1iecTBYIOT CIIEIYIOIME MOAXOAbl K ITOCTPOEHUIO CHCTEM HCKYCCTBEHHOIO
UHTEJJIEKTA:



1. Ha ocHoBe 00pa0OTKH CHMBOJIbHOW HH(pOpManmuu. OTOT MOJXOJ]
MpEANojaraeT CHayajga YCTaHOBJIEHHE 3aKOHOB paOOThl CHUCTEMBbI €CTECTBEHHOIO
MHTEJUIEKTa, KOTOPYIO TMbITAIOTCS BOCHPOM3BECTH, a 3aT€M NPEICTaBUTh UX Ha
(dbopMaIbHOM sI3bIKE, YTOOBI peaTn30BaTh Ha KoMITbloTepe [6].

2. Ha 0a3e HellpoHHBIX ceTeil. DTO albTEPHATUBHBIM MOJX0J], KOTOPBII
MO3BOJISIET BOCIPOU3BECTH UHTEIUIEKTyaJIbHOE TTOBEACHUE 0€3 HaM4Msl €ro TOYHOTO
(dhopMaIbLHOTO OMUCAHMS.

JUIs  HMCKYCCTBEHHOTO MHTEIJIEKTAa HET YETKOrO ONpECNICHUs, MO3TOMY
OTIPEICITNM HECKOJIPKO XapaKTEPHBIX MPU3HAKOB HCKYCCTBEHHOTO MHTEIUICKTA:

- HWCKYCCTBEHHBIH HMHTEJUIEKT — 3TO TEXHHKa MporpammupoBanus (software
techniques), ucronp3yroinas npeacTaBiIeHue HHPOPMAIIUK CUMBOJIAMH U IIPOBOIAIIAS
CUMBOJIbHYIO €€ O00pa0OTKy C yYeTOM OTHOIICHHH Mexay HuMH. CHMBOJIbHAS
0o0pa0oTKa He JIydllle U HE XYXKE€ YHCIOBOW — OHa MPOCTO JApyras M, BO3MOXHO, HE
OoJjiee MHTEIEKTyaJbHA, 4YeM YHCIIOBas. Ee MOXXHO OCYIIECTBUTH C MOMOIIBIO
OOBIYHBIX SI3BIKOB TMPOTPAMMHPOBAHMS, HO Jy4Ylle — C IOMOIIBIO0 CIEIHAIHHO
pa3zpadoTtannbix s atoi nenu (ITPOJIOTL, JINCII);

- HCKYCCTBEHHBIM MHTEJUIEKT (Kak Hayka) SBIE€TCS  10J100JIaCThIO
uHpopmatuku (Computer SCience) W ero OCHOBHOM NPOOJIEMON  SBJISCTCS
BOCIIPOU3BEJICHUE HA KOMIBIOTEPE YEJIIOBEYECKHX CIOCOOOB CO3HATEIBHOIO
MOBE/ICHUs, @ KOHKPETHEE, CIIOCO00B PACCY>KIACHUS U PEIICHUS 3aa4 U T. II.;

- TMpOrpaMMbl UCKYCCTBEHHOTO HHTEIJIEKTa pabOTal0T ¢ CUMBOJIAMH, a HE C
YHUCIAMH, XOTSI CAMBOJIBI MOTYT IPUHUMATH (DOPMBI YHCEIT, 3HAKOB, CJIOB (MOTYT OBITH
CYILIECTBUTEIHBIMU WJIM TpuiarateabHbIMH). [Ipu 3TOM, B OTIMYME OT OOBIYHBIX
Iporpamm, MporpaMMbl KCKYCCTBEHHOTO MHTEJUIEKTa YYUTHIBAIOT CBSI3U (OTHOIICHUS)
MeXIy cuMBojamMu. B Takoil mporpamme mH(opmaius BHYTpPEHHE B3aMMOCBS3aHA.
Ota uHpOpMalUg U OTHOIICHHUS] MEXIYy CUMBOJaAMU OOpa3yloT TO, YTO BO3MOXKHO
WHTEPIPETUPOBATH KaK CMBICI HJIA 3HAHUE.

U 3neck HEOOXOAMMO pa3AETUTh TaKKHe MOHATH, KaKk HHPOpMaIus U 3HaHUE.

Nupopmanus — MHOKECTBO OTIAEIBHBIX CJIOB U 3HAKOB.

3HaHMe — CJIOBa M CBSA3M MEXAY CIOBaMH, CTPYKTYPUPOBAHHUE M OTPAKCHHE
OTHOUIIEHHM.

Hanpumep, mporpamMma MCKYCCTBEHHOTO HHTEIJICKTa MOHUMAeT OTHOIICHHE
MEX1y TIOHSATUSIMU «aBTOMOOMIIbY, «CTapT», «O0eH3uH». [loaToMy OHA MOXKET caenarb
U3 9TUX 3HAHWH BBIBOJI: €CJIM aBTOMOOUJIb HE CTAPTYET, TO MOTOMY, YTO HET OEH3HHA.
OObIuHBbIE (YUCIIOBBIE) MPOrpaMMbl TOXKE MOTYT OIEPUPOBAThH C CUMBOJIAMH,
Harpumep, 6a3bl JaHHBIX MOTYT MCIOJIb30BaTh TEPMHUHBI B TEKCTyalIbHOU (hopme, HO
OHH HE SIBJIAIOTCS MPOrpaMMaMy UCKYCCTBEHHOTO MHTEJUIEKTA, XOTs Obl TOTOMY, YTO
HE YYUTHIBAIOT OTHOIICHUS MEXK]Ty 3TUMH TEPMUHAMHU.



I'JTIABA 2. OBJJACTb IPUMEHEHUA UCKYCCTBEHHOTI' O
HUHTEJIVIEKTA

2.1. OcHOBHBIE 00JIACTH MCCJIEJOBAHUN 10 HCKYCCTBEHHOMY MHTEJJIEKTY

— IlpencraBienne 3HaHUNA — HamOoJiee BaxkHas OOJACTh HMCCICAOBAHUN IO
HMCKYCCTBEHHOMY HWHTEJUIEKTY, KOTOpas SIBJIIETCS OCHOBOM ISl MPAKTUYECKU BCEX
OCTAJIbHBIX HAIPaBJIEHUHN TI0 UCKYCCTBEHHOMY MHTEIUIEKTY, TaK Kak Jito0asi cucrema
HMCKYCCTBEHHOTO WHTEIJIEKTa OCHOBAaHA Ha MCIOJIb30BAaHUM 3HAHWM O KOHKPETHOMU
npeaMeTHorr obnacth. Hocurenem 3HaHWMM SBISETCS 4YEIOBEK. 3HAHUS TaKkKe
HAaKaIlIMBAIOTCS B  PA3IMYHBIX JIMTEPATyPHBIX HCTOYHUKAX, PYKOBOJSIINX
MaTepuaiax u T. . DTU 3HAHUS JOJDKHBI ObITh (JOPMaTN30BaHbl, YTOOBI 00ECTICUHUTD
UX UCIIOJIb30BAaHUE B KOMIIBIOTEPE.

— Pemienue 3a1ad CBOAUTCS K MOMCKY MYTEW U3 HEKOTOPOUM MCXOIHONU TOUKH B
IEeJIeBYI0 TOuKy. YenoBeK JenaeT 3TO C MOMOIIbI JEAYKTUBHOTO JIOTUYECKOTO
BBIBOJIa, PACCYXIEHUN, MPOLEIYPHOTO aHAIW3a, aHAJIOTHUW M WHIYKIUM Ha 0ase
3HaHUU U CBOETO OMbITa. KOMIBIOTEpPHI MOKA MOTYT peliaTh 33/1a4d TOJILKO Ha OCHOBE
JIOTUYECKOTO BBIBOJIA U MPOLETYPHOTO aHATN3A.

— OKCHEpPTHBIE CHUCTEMBI MPEJCTABISIIOT COOOM KJIacC KOMIBIOTEPHBIX
MpoTrpaMm, KOTOPHIE BBIAIOT COBETHI, MPOBOISAT aHAIU3, TAIOT KOHCYJIbTALIMU U CTABSIT
JTMArHO3, BBITOJHSIOT KJIACCU(UKAIIUIO U OCYIIECTBIISIIOT YIPABJICHUE. JKCIIEPTHHIC
CUCTEMBI PEIIAOT 3aJa4d B Yy3KOW NpPEeIMETHON o0nacTu (KOHKPETHOH ob0iacTtu
HKCIIEPTU3bl) HA OCHOBE JICTYKTUBHBIX PACCYKJICHUM U CIOCOOHBI HAXOIUTh PEIICHHE
HECTPYKTYPHUPOBAHHBIX U TUIOXO ONPECICHHBIX 3a1au [2, 6].

— CpencrtBa OOIIEHUS C KOMIIBIOTEPOM Ha €CTECTBEHHOM s3bike. llenb
MCCJICIOBAHUM YCTAHOBUTH IMPHUHIIUIIBI B3aUMOJICUCTBUS MEXIy JIOJbMU M Ha X
OCHOBE CO3/]aTh MAIIIMHbI, C KOTOPHIMH MO>KHO OBLIO Obl OOIIATHCS TaK ke, KaK C
JOBMHA. 31€Ch MOYKHO BBIJICTTUTH 4 KITFOYEBBIC MMPOOIIEMBI:

— MaivHHbI| TepeBO/] — UCIOIB30BAHUE KOMITBIOTEPOB JIJ1s1 IEPEBOIA TEKCTOB
C OIHOro s3blka Ha napyrod. B 60-x rr., Ha paHHEM NEpPUOAE WCCIENOBAHUM IIO
HMCKYCCTBEHHOMY HWHTEJUIEKTY, KOT/la Ka3aJloCh, YTO BO3MOXHOCTH HMCKYCCTBEHHOTO
UHTEIJIEKTA HE OrPAaHUYEHbI, Hayajdd AaKTUBHO KCIOJIb30BAThCS MPOrpaMMBbl
MaIllMHHOTO TiepeBoia. OJHaKO MeyTa MOCTPOUTH XOPOIIUH MEPEBOIUMK HE yAaIach.
Kputuku gacto mpuBOJSAT Kypbe3Hble MPUMEPHI TaKUX MepeBosioB. Hampumep, mpu
JIBOMHOM MEPEBO/IE C aHTJIMHCKOro Ha PYCCKUI U 00paTHO MOIYYUIIOCH CIAEAYIOIIEE:

— The spirit is willing, but the flesh is weak — [1yx cuien, a uenoBek — cia0.

— The wine is good, but the meat is rotten — Buno — xopoiiiee, a MCO — THUJIOE.

— Jleno B TOM, 4YTO TMOYTH BCE CJIOBA MMEIOT HECKOJbKO 3HAYCHUH,
OTIpeIeNIIEMBIX 10 KOHTEKCTY: Spirit — ayIa, aJkoroyib; willing — BojeBO#, TOTOBBII;
flesh — sxuBoii yemoBek, Msico; weak — ci1aObIi, IIOXOA.

— WNudopmarmoHHbIii TOUCK — 00ECIIeYeHUE ¢ TOMOIIBIO KOMIBIOTEpa TOCTYTIA
K HGOpMaIlMU 10 KOHKPETHOM TeMaTHKe, XpaHsieicss B Ooblioi 6a3e qaHHbIX. B
HACTOSAIIEE BPEMs OUCK BEJIETCS MO KIFOYEBBIM CJI0BAM UJIU IO KOHTEKCTY, TOUCK I10
aHAJIOTHUSIM MTOKA HEBO3MOKEH.
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— I'enepanus  MTOKyMEHTOB — TiepepabOTKa JOKYMEHTOB, HMMEIOIINX
omnpeneneHHyl0 (GopMy WIM 3aJaHHBIX Ha CHEHUATM3UPOBAHHOM SI3bIKE, B
SKBUBAJICHTHBIA JTIOKYMEHT B Jpyrod ¢opme wiam Ha ApyroM si3bike. Hampumep,
aBTOMAaTHUYEeCKOEe IMpeoOpa3oBaHUE PYKOBOACTBA [JIsi HHXKEHepa Mo pabore ¢
KOMIIBIOTEPOM B TAKOE K€ PYKOBOJCTBO, HO ISl Bpada WIM CTyIEHTa, HE UMEIOIIETO
CHelMalbHON NOATOTOBKH, T. €. JJII «YalHUKA.

— BzaumopeiictBue ¢ KOMIIBIOTEPOM — OpraHu3alys Juajora MExXIy
KOMITBIOTEPOM M HETOJITOTOBJIEHHBIM TOJIb30BATEIEM, YTO OCOOCHHO Ba)KHO IS
oOecrieueHrs B3aMMOJICHCTBUS MEXIY TMOJb30BaTelIeM W, HApUMEp, IKCIEPTHOU
CUCTEMOM HJI POOOTOM.

— OOyuenue. Bmecto TOro, 4ToOBI 3aCTaBISTH MOJIB30BATENSI MPEO0JIEBATH
CJIO)KHOCTH TPOTPAMMHUPOBAHMSI, TPOIIE OOYYUTh KOMIIBIOTEP  CIIOKHOCTSM
BBINOJIHEHUST KOHKPETHOM 3aJa4u, CTOSILEH Iepel IMoJib3oBareneM. B pesymnbrare
MOSIBJISIFOTCST  TAKeThl, OOJaaloIiie 3adyaTKaMd HCKYCCTBEHHOTO HMHTEJUICKTA.
Hanpumep, TectoBbie penaktops! Tuia Microsoft Word u 1. 1., ciocoOHbIe 00y4daThCst
1 o0Jsieryath GOpMHUPOBAHUE TUIIOBBIX JIOKYMEHTOB, TPOBEPSATH IPAMMATUKY U JIP.

— KornutuBHoe wmopenupoBaHue. Lleap0 KOTHUTHBHOTO MOJEIUPOBAHUSA
SBJISIETCA pa3paboTKa TEOPUH, KOHIEMIIUA U MOJEICH YeJIOBEYECKOr0 MBIIUICHUS U
ero ¢pyHkuuii. OHO MO3BOJISIET HE TOJBKO JUATHOCTUPOBATH U JICUUTh MCUXUUYECKUE
3a00JIeBaHUs, HO U BBISBIATH MPOIECCHI, MPOTEKAIONIME B CO3HAHUM YEJOBEKa MpHU
pelIeHny 3aaa4.

— Pob6ororexnuka. IlepBpie aBTOMatel B Poccum CBA3BIBAIOT C WMEHEM
N. TI. Kynubuna. CoBpeMeHHas pOOOTOTEXHHWKA BO3HHUKJIA C TOSBJICHUEM
MUKPOIIPOLIECCOPHOTO YIpaBieHUsA. B pe3yiapTare Ha COBPEMEHHBIX MPEANPUITUIX
pOOOTHI MIMPOKO MPUMEHSIOTCS MPHU CO3/IaHUM PA3JTMYHBIX MAIlKMH, B TOM YHCIE U
camux kommbioTepoB. HccnegoBaHusi B 00jacT pOOOTOTEXHUKH BXOISAT Kak
COCTaBHAs YaCTh B MCCJIEAOBAHUS MO0 UCKYCCTBEHHOMY WHTEIUIEKTY U CTaBSIT LIEJIbIO
OCHACTHUTh KOMITBIOTEPHI CPEACTBAMU ITpHEMa 1 00pabOTKH BU3YyaIbHOU HH(GOPMAITIH,
CpeACTBaMH MaHUITYJIUPOBAHUSI OOBEKTAMU B HEKOTOPOU cpene. ITU HCCIIeIOBAHUS
BEAYTCS B CICAYIOIINX TPEX HAMPABICHUSX:

1) pa3paboTka CEHCOPOB, B YaCTHOCTH, IS BH3yaJlbHOM HWH(pOpMAIUU, U
pacno3HaBaHve HHPOPMAIIUU, TTOCTYITUBIIICH OT CHCTEM BOCIIPUSATHS,

2) co371aHre MaHUTTYJIATOPOB M CHCTEM YIIPABJICHHS HMU;

3) BBISIBIICHUE YBPUCTHUK JIJISL PEIICHUS 33]a4 TICPEMEICHHUS B IPOCTPAHCTBE U
MaHUITYJIUPOBaHUS 00beKTaMU (TUTAHUPOBAHUE JAEATEIHHOCTH POOOTA).

2.2. IlonsiTHe HEHIPOHHOM ceTH

N3 pasnu4HplX ONPEACIEHUM HEUPOHHBIX CETEBBIX MOJEIEH 3]1€Ch
MIPUBOANTCS HanboJiee MPOCTPaHHOE, HO O0JIee MOHITHOE.

Heiiponnas ceTh — mapaJjuie/ibHas pacnpeaejieHHasi CTPYKTypa o0padoTkn
uHpopManuu, cocrodmasi U3 o0padarbIBAIIMX HHPOPMALMIO 3JI€EMEHTOB
(HeilpoOHOB), COeIMHEHHBIX MY CO00H CUTHAJILHBIMHU KAHAJIAMHU (CBA3SIMHM).
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Kaxxnplii HEHPOH UMEET OJHY BBIXOJAHYIO CBSI3b, KOTOPAas MOXET Pa3BETBIATHCS
70 JII00O0H KellaeMOM CTENEHUW W COEAMHSITH €ro ¢ HeOOXOJAMMBIM YHUCIOM JIPYTUX
AJIEMEHTOB CETH. BBIXOJIHOM CUTHAN 3JIEMEHTa MOXKET OBITh JIFOOOW MaTeMaTU4YEeCKOM
dbopmbl, a HHPOPMALMOHHBIN TMPOIECC BHYTPU DHJIEMEHTa, €ro (yHKIUA
npeodpa3oBaHMsl, 33Ja€TCS MPOU3BOJIBHO, U €r0 PEe3yJbTaT 3aBUCUT OT TEKYLIUX
3HAQYEHUN CHUTHAJIOB, NOCTYMNAIOMIUX HA BXOJ JJIEMEHTA, U 3HAYCHUH, XPAHSIIIUXCS B
€ro JIOKaJIbHOW MaMsITH.

[lepBble UCCaeAOBaHUA MO HEUPOHHBIM CETSM MNPHUHSATO OTHOCUTH K Hadally
1940-x Tr., XOTS OHHU TPEACTABISIN CO00M, (aKTHUECKH, OMUCaHUE pabOThHI
OMOJIOTUYECKUX HEHPOHHBIX CHCTEM.

CriocoOHOCTh HEHMpOHHOW CeTH K OOy4YeHHMIO BIEpBBIE HCCIEI0BaHa
VY. MakKamnokom u VY. Ilurrcom. B 1943 r. Beinuia ux pabota «Jlormueckoe
WCYUCIICHUE UJCH, OTHOCAIIUMXCS K HEPBHOM JAESITEIBHOCTU», B KOTOpPOWM ObLiIa
MOCTpOEHA MOJieNIb HeWpoHa U CHOPMYIMPOBAHBI MPUHIMUIB  TOCTPOCHUS
UCKYCCTBEHHBIX HEHPOHHBIX ceTeld [1].

N mume B koHie 60-X IT. MOABWINCHE COOOIICHUS 00 WCHOJIb30BaHUU
HEHWPOHHBIX CETEeW i1 pacrno3HaBaHUs 00pa30B, MOJABICHHS OTPAXKEHHH (3XO0) B
TeNne(OHHBIX CETAX U T. 1.

KpynHplii  TOMYOK pa3BUTUIO HEHUPOKHMOEPHETUKH Jal aMEpPUKAHCKUUN
Helipopuzuonor ®penk PozenbOnarr, npennoxuBmmii B 1962 1. CBOIO MOJENb
HEUPOHHOW CEeTH — TepcenTpoH. BoCHpuHATHIN mepBOHAYAIBLHO C OONBIIUM
SHTY3Ma3MOM, OH BCKOpE MOJABEPICsl HHTEHCUBHBIM HAMaJKaM CO CTOPOHBI KPYITHBIX
HAy4YHBIX aBTOPUTETOB. M XOTs MOAPOOHBIN aHAIN3 UX apIYMEHTOB MOKa3bIBAET, YTO
OHM OCHapHBaJIM HE COBCEM TOT MEPCENTPOH, KOTOphIM mpemnaran PoszenOnarr,
KpPYIHBIE MCCIIEIOBAHUS 0 HEUPOHHBIM CeTsM ObUTH CBEepHYTHI. K aTOMY BpemeHu
OTHOCUTCA TaKXKe KPUTHUKA HEUpOHHBIX cerei M. MuHCckuM, pa3paboTYUKOM
¢peiiMoBOTO MeTOAa MPEACTABICHUS 3HAHWHN, KOTOpas 3aTOPMO3WIIA JalibHEHIIee
pa3BUTHE padOT MO HEHPOHHBIM CETSM Ha HECKOJIBKO JECSITHIETUM.

HaganoM 1mMpOKOro MCHONIB30BaHUS HEUPOHHBIX CETEH B  TEXHUKE
HCKYCCTBEHHOTO MHTEJUJIEKTa IPUHATO cuuTaTh 80-¢€ IT.

B 1982 r. amepuxanckuit Onodpusuk k. Xonuig npeayioxkusl OpuruHaIbHyo
MOJIEJIb HEUPOHHOM CETH, HA3BAHHYIO €r0 MMEHEM. B mocieayromme HECKOIbKO JIET
OBLJIO HaWIEHO MHOXECTBO 3((EKTUBHBIX AITOPUTMOB: CETh BCTPEUYHOIO IMOTOKA,
JBYHAIIpaBJICHHAs1 aCCOLIMATUBHAS MaMSTh U JIp.

B 1986 r. Oplna npenyioxkeHa KoHdUrypaius (apXxuTekrypa) Hanbojee 4acTo
celyac HCMOJIb3yeMOW MHOTOCIOMHOW CETHU C INPSMBIM COCAUHEHUEM HEUPOHOB U
oOpatHbIM pacnpocTtpanenuem ommbok «multilayer feed forward back propagation
neural network — BPNN». C Tex mop o01acTu BHEIPCHHS HEHPOHHBIX CETEH BCE BpeMs
HEYKJIOHHO PACIIUPSIFOTCA.

[TepBbie cooOmIeHNs O TMPUMEHEHWH HEUPOHHBIX CETEH B JUArHOCTUKE WU
YIPABJICHUH TEXHOJIOIMYECKUM IIPOLIECCOM OTHOCATCS K Havyairy 90-X IT.

@akTUYECKH HEWPOHHBIE CETH — 3TO IMIHUPUYECKHE MOJeJH, KOTOpbIE
annpoOKCUMHUPYIOT TIpeJCTaBiIeHHE O paboTe HEHPOHOB YEIOBEYECKOTO0 MO3ra.
HeiipocereBasi TeXHOJOTHS HE ITPeAHA3HAUCHA ISl KIIOHUPOBAHUSI MO3ra U CO3aHus
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€ro KOMIBIOTEPHBIX KOIHM, HO CIIOCOOHA MOJEIUPOBATH MPUPOLY JJIS PeaTU3aIiu
HEKOTOPBIX BO3MOXKHOCTEH €CTECTBEHHOTO MHTEIUIeKTa [3].

Pe3ynpTaToM Takoro MOJEIMpOBaHUs OYyJIET SBISATHCSA PEIICHUE TeX MpoOieM,
CBS3aHHBIX C aBTOMAaTH3allMel, KOTOPbIC HAIPABJICHBI HA KOMIICHCAIIMIO HE3HAHUSI WU
HEMIOHUMAaHUs MEXaHU3Ma IIPOTEKAHUIN TEXHOJOTUYECKOr0 POLIeCcca WK TPYIHOCTEH
TOYHOTO €ro OINMCAHMS, BBI3BAHHBIX HMX CJOKHOCTHIO, HEIMHEWHOCTHIO U TOMY
nogoOHbIMH (pakTOpamMu. Bee 3TO 3aTpyaHsieT co3gaHue MOJCIICH MepBOro Kjacca,
Wi (PeHOMEHOJIOTHYECKUX Mojieseill, KOTopbie, Oyay4u MOCTPOCHHBIMA Ha OCHOBE
onucaHus (U3MYECKUX M XUMHUYECKHX SBICHUM B TEXHOJOTHYECKOM IIpoIiecce,
00J1a1at0T BBICOKOW pOOACTHOCTHIO U MPOTHOZHUPYIONIEH COCOOHOCThI0. OHAKO U3-
3a CBOEU CJIOKHOCTH OHH YacTO HE MOTYT OBITh HCIOJb30BaHBI B CHCTEMax
yOpaBieHus, paboTalmuUX B  pealbHOM  BpEeMEHH, TPeOyrOT  OOJBIINUX
BBIYMCIIUTEILHBIX MOIITHOCTEH U CJIOKHBI B UACHTU(UKAIIIH.

BTopoii kinacc mojeneil — perpeccHOHHbIE, UCIIOIb3YIOT MOJAX0/ K OOBEKTY
MOJICIIUPOBAHUS KaK K UYEPHOMY SIIUKY, T. €. TPEOYIOT HE 3HAHHUS TPOIECCOB,
MIPOMCXO/ISIIIINX B HEM, a JIMIIb 3HAYEHUH BXOJOB U COOTBETCTBYIOIINX MM BBIXOJIOB.
D710 paKTUUECKH IMITUPUIECCKUE MOJIEITH, KOTOPHIE MMPOCTHI, YAOOHBI JIJIsl MPUMCHCHHUS
B cucTeMax ympasieHus. OmHako, Oyaydn WAeHTU(OUIIMPOBAHBI MPU OTIPEICTICHHOM
COCTOSIHUM TEXHOJIOTMYECKOT0 IMpOoIecca, MOTYT OKa3aThCs HEAJCKBATHBIMU TIPH
WCITOJIb30BAaHUN HA TOM K€ MPOIIECCE, HO MPHU APYTUX ero coctosausx. HeliponHas
ceTh SBJSIETCS TakkKe JIMIHUPUYECKON MOAENbI), OJHAKO € YJOy4YlIeHHBIMHU
XapaKTepUuCTUKAMHU.
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TJIABA 3. IOHATHS, BUJIbl U CTPYKTYPbI HEUPOHOB
N UX ITPEOBPA3SYIOIIUX ®YHKIIUN

3.1. HeilipoHbI U CBSI3M MeKI1Yy HUMU

BrenHe cTpykTypa HEMPOHHOM CETH HAallOMUHAET CTPYKTYPY OMOJOTHYECKOMN
HEUPOHHOW CeTH, U OOJIbllIasi YacTh TEPMUHOJIOTMU B 3TOM OOJACTH MOABWIACH U3
HEHpOHAYKH, KOTOpasi HCCIIeyeT MO3T U rmamsTh [1].

Mo3r cocTouT W3 HEUPOHOB, KOTOPBIE SBILIIOTCS MAajbIMU EIWHHULAMU
ob6pabotku undopmaruu. [Ipuponnsiii HEMpoOH (pUC. 2) COCTOUT W3 Tela KIETKH C
ANpOM M TPOTOILIA3MOM, OJHOTO WM HECKOJBKMX JEHAPUTOB, NPOBOIALIMX
MMITYJIbCBl K HEWPOHY, M AaKCOHA, BBIBOAALIEIO HMMIIYJIbC W3 HeWpoHa. Mexny
OKOHYaHMEM AaKCOHAa M HAyaJOM JEHJIPUTOB JPYIrUX HEHWPOHOB HAXOIMUTCS
MPOCTPAHCTBO (IIEJIb) — CUHAIC, YEPE3 KOTOPOE UMITYJIbChI C aKCOHA MepeaaroTcs Ha
JOEHJPUT APYroro HEMpoHa, MO3TOMY TaKasl CBSI3b HA3bIBAETCS] CUHAIITHYECKOM.

JACHIPHTEI

aKCOH
(BEIXO)

CHHaAIIC

=

JACHIPHTBI

JeHPUTHI
(BxoambI1)

aKco
(BBIXOJ)

KJICTKH

Pucynok 2 — buosiornueckuii HelpoH

Cunanc MO>KHO paccMaTpuBaTh Kak TOUKY COEUHEHHUS], B KOTOPOIl MPUHUMAIOT
CUTHAJbl JICHIPUTHL. YHUKAIBHOM CHOCOOHOCTHIO HEHpOHa SBISAETCS TMPHUEM,
00paboTKa U nepeiava JIEKTPOXUMUUYECKUX CUTHAJIOB M0 HEUPOHHOW CETH.

NMnynbChl 4epe3 CUHANC MPOXOIST TOJBKO B OJHOM HampasieHuu. [lpu
MOJyYEHUH UMITYJIbCa HEWPOH OLIEHUBAET €ro CUlly; HEKOTOPbIE HWMIYJIbCHI
UTHOPUPYIOTCSI, HEKOTOpPhIE TMBITAIOTCS BO30YyAUThH HEWPOH, HEKOTOphlE —
BOCIIPEIISITCTBOBATh ATOMY. O(PGEKT IelCTBUS BCEX IMOJYUYCHHBIX HMMITYJIHCOB
CYMMUPYETCS, U, €CJIM CyMMapHbIA 3((EKT MPEBBIIIAET HEKOTOPHII MOPOT, TO HEUPOH
BO30Y’K/1aeTCs, BbIaBasi UMITYJIbC Ha BBIXOJ, T. €. TOChLIAs IO aKCOHY CUTHAJI IPYTUM
HEUPOHAM.

NHTEHCUBHOCTh CHUTHAJA, IIOJy4aeMOr0 HEWPOHOM, a CIEAOBAaTeIbHO U
BO3MOKHOCTh €0 aKTHMBAllMU, CHUJIBHO 3aBUCHT OT AKTMBHOCTH CHHANcCOB. Kaxkablil
CHUHAIIC UMEET MNPOTKEHHOCTh, U CIEIHAIbHBIE XUMUYECKUE BEIIECTBA MEPEAAOT
CUTHaJa BI0Jb Hero. OMH U3 caMbIX aBTOPUTETHBIX MCCIIEIOBATENIC HEMPOCHUCTEM,
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Honansa Xe00, BrIcKa3ai HACI0 0 TOM, YTO 00yUYeHHE 3aKIII0YaeTCs B IEPBYIO OUepeb
B U3MCHCHUSAX CHJIbD» CHHANITUYCCKUX CBS3CH.

B 4enoBeueckoM MO3re HaXOAUTCs OKoJo coTHU Gummonos (10') neiiponos;
0OBIYHO HEMPOH KOHTAKTHPYET WU B3aumoeicTyet ¢ 10% npyrux, uro maer mopsaxa
10*° cBaseii. IMeHHO Takoe GOIIBIIOE KOIMYECTBO HEMPOHOB M MHOTOYUCIEHHOCTh UX
CBs3ei 00ECNeYnBarOT MOIIb YEIOBEYECKOTO0 WHTEIJICKTa. ECTECTBEHHO, 4YTO
KOMIIBIOTEPY 1O OTOT0 OYEeHb JajeKo, HO paldOoThl TO CO3JaHHWIO MAIIWHBI,
MOJICTTUPYIOIIEH MpPOLECChl, TMOAOOHBIE MO3TOBOM JAEATEIbHOCTH  UeJIOBEKa,
MO3BOJISIIOT JOCTHYD Psiia MOJE3HBIX PE3yIbTaTOB.

[ToaToMy MCKYyCCTBEHHBI HEHPOH /Ji YCHEIIHOTO MOJAEIUPOBAaHUS PabOThI
€CTECTBEHHOT'O JIOJDKECH JICHCTBOBATh TOUHO Tak e (puc. 3).

B HelpoH mocTynaer HEKOTOPOE MHOYKECTBO BXOJHBIX CUTHAJIOB U3 BHEIIHEN
Cpelbl Wi U3 Ipyrux HeifponoB: o0o3Haunmm X = {Xjj}, rme | — HOMEp BXOIHOTO
nmapameTpa; j — HoMep HeHpoHa, T.e. Ha BXOJBI Xjj J-T0 HelpoHa K-ro ciost (ypoBH:)
noctynaer uHpopmanms Uij(k-1) c nelipoHoB (K-1)-ro ypoBHs. Dta mHpOpMAIms
YMHO)KA€TCsl B KaKJOM BXOJHOM KaHaJle Ha CBOM BeCOBOM KOA(POUIMEHT Wij
(o603naunm W = {w;j}), Xxapakrepusyromuii ee BiusHue Ha pe3ynabTar. COOCTBEHHO,
OTH BeCa COOTBETCTBYIOT «CHJIC» OJHON OMOJOTUYECKOW CHHANTUYCCKOW CBSI3H H
SBIISIIOTCS HACTPAWBA€MBIMHU TapaMeTpaMu CETH. B HEKOTOPBIX CeTAX aOCOIIOTHOE
3HAYEHHE BECOB OTpaHMYMBaeTCAd MHTEpBajioM [0, 1], Tak kak Takas HOpMaau3alus
MO3BOJISIET N30€kKaTh OOJBINX 3HAYCHU HAa BXOJEC HEHpOHa.

| |
| |
W |
| |
| |
| |
Bxonrl |
¢ (k-1)-ro | X > Wi > 2 5 D(2) |
cnos : :
| |
: : Brixoasr
Xn > Wy > | Ha (k+1)-ii
' I crnoit
| Croii k Hei ) |
X W : 7o k HelpoH j :

Pucynok 3 — CtpykTypa HCKYCCTBEHHOTO HEMpOHa

CBsi3u HEUPOHOB B CETH MOTYT OBITh KaK OJHOHAIPABICHHBIMH, KOT/Ia BBIXOT
OJTHOTO HEHpOHa SBISETCS BXOJOM JUIsl APYroro, TaK W JBYHAIPABICHHBIMH, Kak
MOKa3aHo Ha puc. 4.

W(-1)

\4

Heiipon -1 Hefipon |

‘ Wj (-1)

Pucynoxk 4 — Cxema nByHanpaBieHHOU CBSI3U MEKYy HEMpOHAMU
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Beca nByHampaBlIEHHBIX CBSI3€M, KaK IPAaBWIIO, HE COBHALAIOT: Wjj.1)Z W(j-1);.
OOBI4HO 00J1aCTh 3HAHUM TAKON KOTHUTUBHON CUCTEMBI (DOPMUPYETCS U XPAHUTCS KaK
MHO’K€CTBO 3HAYE€HUI 3TUX BECOB, U CHCTEMA 00YUYEHHS HOBBIM 3HAHMSIM CTPOUTCS HA
IIOMCKE ONTUMAJIbHBIX BECOB CBA3EH.

AHaJIOTUYHO JIEHCTBUIO Tela OMOJIOTMYECKOIO 3JIEMEHTA, B3BEIICHHBIE BXObI
CyMMHPYIOTCs, a IIOJIy4deHHass CyMMa CpPaBHHMBACTCS C HEKOTOPBIM IIOPOrOBBIM
3HadeHneM G (K), Kak B €CTECTBEHHOM HEHpOHE:

_ n n
Zj(k) = | Elwij MORCHOR | Elwij Ui (k=1 -0 ; (k).

Ecmu Zj(k)>0, To HeiipoH TeHepupyeT BO30YKIArOMUK (ITOJIOKUTEIHLHBIN)
curHai, ecimu Zj(K)<O — wHrHOMpyrommii (TOpMO3SIIUI) CUTHAN (WA OTCYTCTBHE
curHaina). BeixogHoi curnan o6pasyercs npeoOpa3zoBaHHeM Zj COTIACHO MPUHSATON
dbyHkIuu ~ npeoOpa3zoBaHus  (aKTUBalMM)  HEWpoHa NAZ)). Haunbonee
pacrpocTpaHeHHBIMU (YHKIIHSIMH SIBIITIOTCS: IOPOT0Basi, CATHYM, CHTMOU/IAJILHAS,
runepooJM4ecKuii TAHTeHC, JTUHeiHAs, TUHeiiHO-TIoporoBas [1].

1. B noporosoii pyHKIHM HEHPOH OCTAETCSA HEAKTUBHBIM JI0 TEX MOP, MOKa
ero BXOJ He JocTHraeT moporosoro 3nadeHus G4(K). Korma 3ToT mopor mTOCTUTHYT,
HEMpPOH BO30YKaeTCs U MOCHIIAET BBIXOJHOE IUCKPETHOE 3HAYCHHE:

0, ecmuX | < ® j
D)= :
1, ecmu X ;> ® j

2.  Ecmm mopor O®j(k) = 0, To moporoBast (yHKIUS Ha3bIBaCTCS CHTHYM-
pyHkumen:

1, ecmu X i > 0
D(Z;) =40, ecmu ;=0 .

-1, ecuu X, <0

[ToporoBass  ¢yHkIHMs  Hambojee TOYHO  MOJACIUPYET  HEITUHEIHYIO
NepelaTOuHYI0 XapaKTePUCTUKY OMOIOTMYECKOTO HEMpPOHA U 1aeT HEHPOHHBIM CETSIM
00JIbI1IEe BO3MOXKHOCTH.

3.  C nomouipto (pyHKIMH NpeoOpa3oBaHUsI MOKHO BBINOJHATH CY>KEHUE
JMama3oHa BBIXOAHOW BEIMYMHBI — 3TO TaK Ha3bIBaeMble CXKMMAromue (QyHKIUH
(puc.5), HampuMmep: CHUIMOMJAJIbHbIE, WIM S—o0pa3Hble  (QYHKIUH, U
runepoouveckre GQyHKIUU (TAHTEHC):

CurmounanbHas QpyHKINA:

()=
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['unepbonnueckuii TaHT€HC:

@(Zj)zw_

-z,
(1+e J)

Jnanazon n3meHenus: @O(Z;) naxomures B npeaenax [0,1] ans curmonganbHO#
byakmm wn [-1,1] mist pyHKIMM rEmepOoIMYecKoro TaHreHca W MOXKET OBITh MpH
HE0OXOMMOCTH U3MEHEH BBeJIeHHEM Ko3(uirenta macmrabupoBanus g:Zj—q -Z;.

Pucynok 5 — I'paduku cxxumarommx QyHKIun

dakTuueckn (QyHKIUS MPeoOpa3oBaHMUsI — 3TO HEJIMHEWHAs YCUIIUTENbHas
XapaKTepUCTHKa UCKYCCTBEHHOTO HelpoHa. Koaduument ycunenus, Hanpumep, s
CUTMOUJIATTLHOW (PYHKITH, BBIPAYKAETCS HAKIIOHOM KPUBOU B 3aBUCUMOCTH OT YPOBHS
BO3OY)KJICHHSI M U3MEHSETCS OT MaJIbIX 3HAYCHHWH MPU OOJBIINX OTPHUIIATEIIHHBIX
BO30OYXIeHus (MpUOIMKEHNE K OCU Z) 10 MAaKCUMAJIBHOTO 3HAYCHHS MPU HYJICBOM
BO30Y)XJICHM U CHOBA YMEHBIIIAETCS TIPU OOJIBIIIUX TOJIOKUTEIBLHBIX BO30YXKICHUS.
Cetp c Takoil (yHKIHEW MOXET ycCmemHo oOpabaTbiBaTh Kak cJIa0ble CHUTHAJIBI,
KOTOpbIE OHA YCUJIMBAET, TAK U CHIIbHbIE, KOTOPHIE HET HEOOXOUMOCTH YCUITUBATb.

4. Jluneitnas ¢pyHkuusa (puc.6) uMeer npocryto hopmy:

N%)=9 %

r7ie § — CHCTEMHBII mapameTp, U B OOJIBIIMHCTBE CIy4yaeB paBeH 1.
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Jluneiinas QyHKUUA
A

Jluneiinas GyHKIHA
C IOPOTOM

O; >

Pucynok 6 — I'paduk nuHeHON QyHKIUH

5. JluneiiHo-noporoBasi GyHKIUS sIBAsIeTCS POPMOM TMHEHHON (PYHKIINH:
0, ecmu X i < ® i

> . —0O. eCJzqu >®j'

J I

D(T,) =

Ota QyHKIMS T0MyCcKaeT BO30yKI€HHUE HEUPOHA TOJIBKO B CIydae TOCTHXKEHUS
Ha CyMMapHOM BXOJI¢ TOPOTOBOTO 3HaueHWs. J[ns JIuHEHHBIX (YHKIUN BBIXOX
HEWPOHA HE OIPAHUYMBAETCS BEPXHEHN IOJIKOM AMana3oHa.

OObuHO QyHKuMs A(Zj) — HeNWHEHHAs, TaKk Kak, OpH JUHEWHOU (7))
HEHUPOHHAsI CETh aHAJIOTUYHA OOBIYHON PETPECCUU U HET CMbICIIA €€ MPUMEHSTh.

Beixon Uj(k)=@(Z;) nckycctBeHHOTO j-TO HElipoHa K-TO CIIosl HCTIONB3yeTcs B
Ka4eCTBE BXOJa JJIsI OJTHOI'O WJIA HECKOJIBKMX BBILIEIIECKAUX HEUPOHOB.

Br10op dhyHKIIMN 0OBIYHO CBSI3aH C MPOEKTOM KOHKPETHOW HEeHpoHHOM ceTu. B
HEKOTOPBIX MHCTPYMEHTAJbHBIX Cpelax pa3padOTYUMK CEeTU CBOOOJEH B BBIOOpE
¢dbyukuu. OgHako, Aaxke eciid BUJA (DYHKIUU 3apaHee OIpesieseH, TO pa3padoTUUK
JIOJDKEH OTPEICUTh mapamMeTpbl (GpyHKIUHM (Topor ¢}, CUCTEMHYIO TEPEMEHHYIO ()
IIyTEM ITOCTAaHOBKHU 3KCIIEPUMEHTOB C KOHKPETHOM HEUPOHHOM CETHIO.

B paccMoTpeHHON MPOCTOM MOAENIM MCKYCCTBEHHOI'O HEHMPOHA OTCYTCTBYIOT
MHOTHE CBOWCTBA €ro OHWOJOTUYECKOTO MABOWHMKA. Hampumep, B Momenu He
YUYUTBIBAIOTCS 33JI€PKKH, KOTOPBHIE BO3JECUCTBYIOT HAa JUHAMUKY CUCTEMBI. BXxonHbIe
CUTHAJbI Cpa3y K€ MOPOKIAIOT BBIXOJHOW CUTHAJI. He mpruHUMAarOTCS BO BHUMAHUE
TaKKe BO3JIEUCTBHUS (DYHKIIMM CHHXPOHU3AIMU MPOIECCOB, MPOUCXOMSIIUX B
OMOJIOTHYECKOM HEHWpOHE, KOTOPhIE PsAJl UCCieAoBaTeeH cunTaroT pemaronmmMu. Ho
HECMOTpS Ha 3T OrPAHUYEHUS, CETH, NOCTPOCHHBIE M3 3THUX HEHPOHOB, UMEIOT
CBOMCTBA, OUYE€Hb HAIIOMUHAIOIINE OMOJIOTHYECKYIO CUCTEMY.

3.2. CTpykTypa npocreiinieii HeiipoHHOI ceTH
Heiponsl B ceTAX TIpynmnupyrTCs CIOAMU. BXOOHOW CJIOM COCTOUT U3

HEUPOHOB, KOTOPBIE MOJyYarOT BXO/I U3 BHELIHEN cpelbl. BBIXOOHOW CIIOM COCTOUT U3
HEUPOHOB, KOTOPBIE CBS3BIBAKOT BBIXOJ CHUCTEMBI C IOJIB30BATEIIEM WJIM BHELIHEU
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cpenoii. O6paboTKa 3HAHWUN B HEHPOHHON CETH COCTOWT W3 B3aUMOJCHCTBUS MEKIY
clossMH HeWpoHOB. [IpoekTupoBaHue CBsi3eld MexAy HEHPOHAMHM SKBUBAJIECHTHO
IPOrpaMMHUPOBAHUIO CUCTEMBI JJ11 00paOOTKHU BXOJa U CO3JaHUs JKEJIaeMOI0 BbIXO/a.

[IpoexkTupoBaHre HEUPOHHOU CETU COCTOUT U3 CIEAYIOIIMX ATAIOB:

1) ynopsiioueHue HEHPOHOB IO CIIOSM;

2) oTIpeNIeICHNE CBS3CH MEXKIy HEWpPOHAMH PA3JIMYHBIX CIIOEB, TaK XK€ Kak U
MeEX1y HEHpOHAMH BHYTPH CJIOS;

3) pelieHre O TOM, KaKUM O0Opa3oM HEHPOH MOJydaeT BXOJ M KaK CO3JacT
BBIXOJ;

4) oripe/ieNiCHHEe CHJIbI CBSI3€i BHYTPH CETH, YTOOBI y3HATh COOTBETCTBYIOIIHE
3HaY€HHUE BECOB ITyTEM HCII0JIb30BAHUS KOHTPOJIBHOI'O HAOOpa TaHHBIX.

CymiecTByeT MHOTO CIIOCOOOB 00OBhETMHEHHSI NICKYCCTBEHHBIX HEUPOHOB B CETh,
IUISL YETO UCTIONb3YIOTCS pa3InUHbIE TUIIBI CBSI3EH:

- IOJIHAAA CBA3b — KAXKIBII HEMPOH IEPBOIO CJIOS CBA3AH C KAXKIBIM HEMPOHOM
BTOPOTO CJIOS;

- YaCTHYHAS CBS3b — KQXIbI HEHPOH MEPBOTO CJIOS HE 00A3aTENBHO JOJIKEH
OBITH CBSI3aH CO BCEMH HEHPOHAMHU BTOPOTO CIIOS;

- OJHOHAMPABJIEHHAS CBSI3b — HEHPOHBI TIEPBOTO CJIOS MOCHIIAIOT BBIXOBI
HEHpOHaM BTOPOTO CJI0s, HO He HA000pOT (MOXKET OBITh MOJTHOW Y YaCTUYHOK);

- JBYHamnpaBJIeHHAs CBSI3b — HEHPOHBI MIEPBOTO CJIOS CBS3aHBI C HEUPOHAMU
BTOPOTO CJI0sI, KOTOPBIE, B CBOIO OY€pe/lb, UMEIOT CBSI3b C HEHPOHAMU MEPBOTO CIOSI
(MOeT OBITH MMOJTHOW U YACTUYHOM );

- Hepapxu4ecKasi CBsI3b — HEHWPOHBI OJHOTO CJIOS CBSA3aHBl TOJIBKO C
HelpoHaMmu cieayrolero ciosi. Ecnu cBs3b He uepapxuyeckas, TO HEHPOHBI OJJHOTO
CJIOSL MOTYT MOCHLJIaTh CBOM BBIXOJIbI HE TOJIBKO HEHPOHAM CIIEIYIOIIEro CJ0s, HO U
JIPYTUM CIIOSIM.

BHyTpu 0AHOTO €05 TPpyNIUPYIOTCS HEHPOHBI OAHOTO TUIA, KOTOPHIE MOTYT
MMETh WJIM HE UMETh CBS3U MEXKIy c000i. OOBIYHO BO MHOTHX BapUaHTaX TOMOJIOTHIA
HEHPOHBI OTHOTO CJIOSI HE CBSI3aHBI MEXKAY COOOIA.

CurmounanbHas QyHKIUS MPUOIMKACTCS K CTyIeH4YaToi ¢ moporom a = 0 mpu
a—+o0. QueBrHO, MOporoBas PyHKIMs OoJiee yaoOHa MPH aImapaTHOW peau3aiim
HEWpOHa, Torja Kak CUrMouAaibHas (QYHKIUS MPEANOUYTUTENbHA B aHATUTHYECKUX
UCCJIEIOBAHMIX, TTOCKOJIbKY OHAa MOHOTOHHA, BCIOAY aud@epeHiupyemMa U HUMeEeT
HEIPEPHIBHBIE TPOU3BO/IHBIE JIFOOOTO MOPSAKA.

CBoiicTBa CHMMETPHH THIIEPOOTNIECKOT0 TAHTEHCA OTHOCUTENBHO TOUkH Y=0,
a Taoke ToT (hakT, yto F(0)=0, ABIAIOTCSA BaXKHBIMU JJIS Psijia CETCH.

Takum 00pa3oM, KaKIblii HEUPOH XapaKTEpU3YETCs BEKTOPOM BECOBBIX
MHOXXUTEJIEH M mapaMmeTrpamu mpeobpasyromeit Qynkuun. Heiipon cnocoben
MoJly4yaTh CHUTHAJIbl M B 3aBUCUMOCTH OT HUX HWHTECHCHUBHOCTH U COOCTBEHHBIX
XapaKTepUCTHK BbIAaBaTh BBHIXOAHOW curHail. Ilpu 3TOM, eciau BBIXOAHOW CHUTHAI
HeWpoHa OJIM30K K €IMHHUIIE, TO TOBOPST, YTO HEUPOH BO30YKIECH.
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TJIABA 4. TOIIOJIOTWHA HEMPOHHBIX CETENA U UX IPUMEHEHUE
JJI KOHKPETHBIX 3AJTAY

4.1. O0bennHeHNe HEHPOHOB B HEHPOHHYIO CeTh

[Ipexxne Bcero, HEOOXOIMMO CHENATh HECKOJIBKO 3aMeyaHui 00 opraHuszanuu
CHUHAIITUYECKOU CBSI3U MEXKY IBYMs OTJIEIbHBIMU HEWPOHAMHU. B npocreriieM ciaydae
CHUHAIIC HE OCYIIECTBISET TMpeoOpa3oBaHusl CUTHalIa TpH Tepemaade. MOoxKHO
paccMaTpuBaTh YCIIOKHEHHBIE MOJENM CHUHanca. Hampumep, MOXKHO MPEANnoIOKUTh
Kakoe-Tn00 HeJIMHEHOoe Mpeo0pa3oBaHWe B HEM CUTHANA WM Ke, MPEATNOI0XKUB
HaJU4KMe Yy CHUHAIMCAa TaMsTH, OCYIIECTBISATH MPeoOpa3OBaHHE CHUTHAIA C YYETOM
COCTOSIHMSL OTOM IMamMATH. BBeaeHWEM B CETh JIOIOJHUTEIbHBIX HEHWPOHOB,
BBITIOJIHSFOIINX 3TH MPEoOpa30BaHUs CUTHAJIA, MOYKHO CBECTH CETh C YCI0KHEHHBIMU
CHHAIICaMU K CETHM C MPOCTHIMHU CHUHAICAMHU W JIONOJHUTEIbHBIMH HEUPOHAMHU.
[TosToMy B JanbHEHIIEM CJIEAYET OrPAaHUYUTHCA PACCMOTPEHUEM CETEU C
MPOCTEUILINMHU CBA3SIMMU.

K HacTosiieMy BpeMeHU NPEJIOAKEHO OOJBIIOE KOJIUMYECTBO CIOCOOOB IS
00bEMHEHUSI HEUPOHOB B HEUPOCETh, MPU 3TOM TOBOPST O KTOMOJIOTMH» HEUPOCETH.
Paccmotpum Hanbosee BakHbIe U3 HUX [1]. be3 orpannveHus oONIHOCTH JIOMYCTHUM,
YTO HEHPOHBI B CETH PACHOJIOKEHBI CIOSIMU. OOBIUHO BBIJCTSIOT BXOJIHOU CJIOH, Ha
KOTOPBIN TOMAETCsl BO30YKIAIONIUN CUTHAJ, BBIXOJTHOM CJIOW, C KOTOPOTO CHUMAIOT
nepepabOTaHHBIM CEThIO CHUTHAJ, a BCE OCTAJbHBIC CJIOU HA3BIBAIOT CKPBITHIMH,
IIOCKOJIbKY OHHM HE BUIHBI ITOJIb30BATEIIIO.

4.2. CeTn IPAMOT0 PACNHPOCTPAHEHHS — MEPCENTPOHBI

CeTH 3TOrO THIIA COCTOST M3 HECKOJBKHX CJIOCB HEHPOHOB: BXOIHOTO CJIOS,
BBIXOJIHOTO M HECKOJIKUX KCKPBITHIX» clioeB [1]. HeipoHbl KaXa0r0 CII0sl He CBSI3aHBbI
MEXIy c0o00i. BBIXOAHOW CUTHAN C KaXIOro HEeMpoHa MOCTYMaeT Ha BXOJbI BCEX
HEUPOHOB CIEAYIOLIETO CIIOS.

HeiipoHbl BXOJHOTrO CIIOS HE OCYIIECTBISIOT MPEOOpPA30BAHUS BXOJHBIX
CUTHAJIOB, MX (DYHKIMS 3aKJIFOYacTCs B PACHPEICIICHUM 3THX CHIHAJIOB MEXIY
HEHPOHAMU MEPBOTO CKPBITOTO CJI0s (pHcC. 7).

DyHKIIMOHUPOBAHKE CETH MPSIMOTO PAaCHpPOCTPAHCHHUS YPE3BBIUANHO MPOCTO.
BxogHolW curHai, mojaBacMblii Ha CETh, MOCTYMAaeT B HEHPOHBI BXOJHOTO CJIOS,
MPOXOJIUT IO OYEPEIU YePe3 BCE CIIOM M BBIJICIIACTCS C BBIXOJ0M HEHPOHOB BBIXOIHOTO
cios. Ilo Mepe pacnmpoCTpaHCHHMsS CHUTHajJa [0 CETH OH MpeTepreBacT psij
npeoOpa30BaHuil, KOTOPBIC 3aBUCST OT €r0 HAYAJILHOTO 3HAYCHHUS, OT MPEoOPa3yIOIICH
(YHKIMH 1 BEJTMIHH BeCOB cBsi3eld. [IycTh ceTh cOCTOUT U3 K CII0CB: OJHOTO BXOTHOTO,
OJTHOTO BBIXOAHOTO U (K-2) CKpHITHIX ciioeB. HaOop BBIXOIHBIX CUTHAJIOB HEHPOHOB K-
ro cmos (k=1, 2,..., K) o6osmauum UX. Jlamee oGosnaumm W* HaGop BecoB
CHUHANTHYECKUX CBS3CH, COSAUHSIONIMX HeHPOoHbI K-ro cios ¢ Heipornamu (K+1) — ro
cios; Wik coemuuset Heliponsl Uik u U (puc. 7) (uk U, uft Uk,
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1-i1 K-H (x+1) -i1
BxomHoii  CKpBITBIIT  CKpPBITHIIT CKpBITHIIT  BhIXxomHOIT
cIIoH cIoH cIon cIIoH cIoi

Pucynox 7 — Cetb npsiIMOTO pacipoCTpaHeHUs

Henuneitnyro npeoOpasyromiyto ¢pyHkiuo 00603HaunM kak f(-). Torma mpsimoe
(GYHKIIMOHUPOBAHHE CETH TMPSMOTO PACIPOCTPAHEHUS OMHCHIBACTCS CIIETYIOIIUM
COOTHOIIIEHUEM:

k+1 n(k) K k
U = H; Wij.Ui)’

e j=12,.....,n(k+1).

4.3. Camoopranusymomuecsi kaptbl Koxonena

Cetp, TOmoOJIOTHIO KOTOpo# mpemioxua TéyBo Koxonen [1], Bbimaromuiics
(GUHCKUN yYEHBIN, COCTOUT U3 ABYX cjoeB (puc. 8). [lepBblii U3 HUX BBIMOIHSIET
(GYHKIHMIO pacmpenesieHruss BXOJHOTO CHTHaja MEXIy HEWpPOHaMH BTOPOTO CJIOSL.
Heitponsl BTOpOro ciosi, Ha3piBaeMoro uHoraa ciioem KoxoHeHa, pacronokeHbl Ha
IJIOCKOCTU M CBSI3aHbl C HEUPOHAMHU CBOETO CJOSI CBA3SAMH, BEIMYMHA KOTOPBIX
3aBUCUT OT PACCTOSHMSI MEXKIYy HEHMpOHAMU M OOBIYHO MMEET BHUJ «MEKCHKAHCKOU
e (puc. 9).

Takoit Bua cBsi3edl oOecreynMBaeT B3aUMHOE YCUJICHHWE CHTHaja OJU3KUMU
HEeWpoHaMM U oOcJla0JeHUue BIUSHUS JajJeKUX HEWpPOHOB, YTO JenaeT Oojee
KOHTPACTHOM TpaHMILy paszjiesia BO30YKICHHBIX HEHPOHOB OT OCTaJbHBIX, JIOKHOE
BO30YKJIEHHE KOTOPHIX ITUM MOAABISETCS.
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.................... (D). PacnpenemurensHbIi

cloil

\r‘/_f l Croit

/T l Koxonena

?

Y; - j-it HelipoH - nobeauTENHL

Pucynok 8 — Cers Koxonena «Kohonen map» (Beca cBsizeld Mex1y HEHpOHaMU
CJIOCB, a TAK)KE HEKOTOPBIC CBS3M MEXy HelipoHaMmu ciiosi KoxoHeHa He ToKa3aHbl)

T

Cumna

CBA3H

[+

PaccTtognne
J1o BO30YKJIeHHOTO

HeiipoHa

Pucynoxk 9 — Bun pyHkimm B3auMHOro BIUsiHUS HEMpoHOB B cioe Koxonena
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Pesynbrarom pabotsl cetu Koxonena mpu nmojayde Ha BXOJIHOM CJIOH HEKOTOPOTO
BEKTOpa SIBJIETCS OIpEACIICHHEe HEeWpoHa, KOTOpbI BO30YyXKIeH Ooyiee Ipyrux —
HEHWPOH-TI0OEeIUTEIb. DTOT HEUPOH OoJiee IPYrux OJIM30K K MPEIbIBICHHOMY 00pa3y,
IIOCKOJIBKY BBIXOJ| Ka)XXIOTO HEHpPOHA BTOPOrO CIIOS ONPENENAeTCS KaKk CyMma
B3BCILLICHHBIX BXOJ0B CETH.

B cBoeii npocreiiment popme cetb KoxoHeHa GyHKIIMOHUPYET MO MPUHITUITY:
«IToGeguTens OepeT Bce». ITO 03HAYAET, YTO JUIs IAHHOT'O BXOJIHOT'O BEKTOpA TOJIBKO
OIMH HEUPOH BTOPOrO CJIOS CETH BBIJAET HA BBIXOJE JIOTUYECKYIO €IMHMILY, BCE
OCTajJbHbIE BBLIAIOT HOJb. OIHAKO TOCHE BBIAEICHHUS MOOEAUTENS] MPOUCXOAUT
CKpBITasi OT IOJIB30BATENSI ONEpanusi KOPPEKLUU BECOB MEXAY NEPBBIM M BTOPBIM
ciosiMu. Jleno B ToM, uto ceTh KoxoHeHa oOy4aetcst 6€3 yuuTens, Mo3TOMY KaXKIbIi
HOBBII 00pa3, NPeIbABICHHBIN CETH, MOXKET U3MEHUTh CHUJIbI CBSI3CH.

[Tocne mpenbsABICHUS CETH JAOCTATOYHOIO KOJUYECTBA 00pa30B BCE HEHPOHBI
Kak Obl pa30MBAIOTCS HA MOJMHOXECTBA, KaXJ0€ M3 KOTOPBIX «OTKIMKAETCS» Ha
o0pa3bl COOTBETCTBYIOIIETO KJjacca, T. €. CEeTh CHOCOOHAa OCYIIECTBIATH
KJIacCU(pUKALUIO MPEIbsABISIEMBIX 00pa3oB, TMpPUYEM MEpeXoJ OT OIHOTO
ITOAMHOXECTBA K IPYrOMYy IIPOMCXOJIUT HENPEPHIBHO. B 3TOM 3aKiroyaeTcs CBOMCTBO
CETH K 0000IIEHUIO — TIOCTATOYHO MPABUIIbHO PACIIO3HABATh OOBEKTHI, KOTOPBIE paHee
CETH HE MPEIbSABISINCH, HO B KAKOM-TO Mepe 001a1aloline CBOMCTBAMU U3BECTHBIX
KJIACCOB.

4.4, Ceru Xonduaga

Cetp Xonunma — ogHocokHast ceThb [1]. Bce HelipoHBI CBSI3aHbI APYT C APYTOM
cBs3simu Wij (puc.10), mpruyem curHai ¢ BbIX0/1a HEMpOHA MOKET MOAABaThCS HA €T0
xe BxoJl, 1 HeoOszatenbHo Wj; = Wi,

Wll

n (1) Vi
\

Wis Wiz ‘ W2 Wi Wil

) T v
/ k/‘\

Was Wis W3

\ % Vs

I 3

Pucynox 10 — Cerp Xondunaa «Hopfield net» ¢ tpemst Hefiponamu
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Kaxnast koMIoHeHTa BXOITHOTO BeKTopa |j mogaercsi Ha COOTBETCTBYIOUIHMA -1
HEHpOH. [I0CKONIBKY CUTHAIl ¢ BBIXOAA KAKIOTO HEWpOHA ITOJAETCS Ha BXOABI BCEX
OCTaJIbHBIX, BXOJAHON BEKTOP HAaUYMHAET LUPKYJIUPOBATh, IPE0Opasysch, O CETU 10
TEX II0p, IT0KA CETh HE MPUACT B YCTOWUNBOE COCTOSIHUE, T. €. KOT1a BCE HEMPOHBI Ha
KQKIOM MOCJEIyIoeM IMKiIe OyAyT BbIpaOaTeIBaThb TOT K€ CUTHAJ, YTO U HA
npenpiaymeM. OueBUIHO, BO3MOXKHBI Cilydad O€CKOHEYHOW LMPKYJISALHUH BXOJHOTO
BEKTOpa 0€3 JOCTUKEHHUS YCTOMUYHUBOTO COCTOSIHUSI.

OynkunonupoBanue cetd  Xondunga  QopMaiIbHO  MOXKHO — OINHKCATh
CJIEIYIOIIUMHU YPaBHEHUSIMU:

) n
W=U o XW v i =120,
]j=

VjZF(Uj) j=1 2...,n,

riae U; — 3HaueHue BBIX0/1a CYMMHUPYIOIIEro 0JI0Ka I-To HelpoHa.

Certu Xonduiga MEIOT MHOTOYUCIICHHBIC TPUMEHEHUS. PsT M3 HUX CBsI3aH CO
CIIOCOOHOCTBIO 3THX CETEH 3alIOMUHATD, & 3aTEM BOCCTAHABIUBATH J]AXKE 110 HEMOJTHOM
BXOJHOM wuH(MoOpManuu pa3iauuHble o0pasbl. Jlpyrve NpUMEHEHHs CBSA3aHbl C
BO3MOXHOCTBIO MCIIOJIb30BaHUA ceteid Xonduiga 1 peleHus ONTUMU3AIMOHHbIX
3a1ad.

Takum oOpa3zoM, BbIIIE OBUIO OMHUCAHO TPU OCHOBHBIX CIIOCO0A OpraHU3aAIMU
CJIOUCTBIX CTPYKTYpP HEHPOHOB B CETH:

1. CeTh mpsIMOTO PacHpoOCTpaHEHUsI — MEPCENTPOH: HEUPOHBI KAXKJOrO CIOSI HE
CBSI3aHBI MEX Ty c000M. CUTHAITBI TEPEAAIOTCS TOIBKO Ha HEUPOHBI CIICTYIOIIETO CIIOSL.

2. Kapra KoxoHena: HeWpoHsl BHYTpH ciiosi KoxoHeHa MOTYT WMETh
HEU3MEHSIEMbIE TOPMO3SIIKE CBSI3U € coceaMu. CBA3U C HEUPOHAMU BXOJHOTO CIIOS
HACTPamBaOTCs B MPOIECCe 00YUEHUS C y4€TOM TOMOJIOTUYECKON OJTM30CTH HEUPOHOB
B cioe KoxoHena.

3. Cetp Xomdunma: Bce HEUPOHBI CBSA3aHBI APYT C APYTOM.

HUcnonb3yd pa3ivdHble COYETAHUSA DJJIEMEHTOB J3THUX CTPYKTYpP, MOXHO
MOCTPOUTh CETh C MPAKTUYECKH J0OOW M3 M3BECTHBIX K HACTOAIIEMY MOMEHTY
TOIOJIOTHEN.

4.5. Jlpyrue apxuTeKTypbl HelipoceTei

B arom paszgene mokaszaHel HEKOTOPBIE IMOMYJISIPHBIE THUIBI MCKYCCTBEHHBIX
HEUPOHHBIX ceTel. Bce OHM COCTOAT U3 JIEMEHTOB CETEM TPEX OCHOBHBIX THUIIOB,
PacCMOTPEHHBIX paHeEe.

Koruurpon «Gognitron».

Korautpon Obu1 peyiokKeH Kak MOJIENb Mpoliecca BOCpUsATHs yenoBeka. OH
IPOAEMOHCTPUPOBAJI 3HAUUTENbHBIE CIOCOOHOCTHM K paclo3HAaBaHUIO OOpPa30B.
KOrHuTpoH umeeT TONoJIOrHI0 CETH MPSIMOTO PacpOCTPAHEHUs, T. €. OH COCTOUT U3
HECKOJIBKHMX CJIOE€B, IPUYEM Ha KaXKIbli HEHPOH MepenaeTcss BO30YKIEHHE TOJIbKO OT
HEWPOHOB U3 OIpEACICHHOM oOsiactu mnpeapiaymero cios. Ilpu  oOyueHun
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KOTHUTPOHA HACTPOMKa CBsI3€dl MPOBOAUTCSA TOJIBKO y Haubosiee BO30Y>KIECHHOTO
HEHpOHA KaXJ0il o0nacTu. DTO COOTBETCTBYET Miee camoopranHuzainuu Koxonena.
MOXHO cKa3aTh, YTO 10 CYTU KOTHUTPOH SIBJISIETCS CETHIO MTPSIMOTO PACIIPOCTPAHEHUS,
KOXIBIA CIIOM KOTOpPOW TMpeACTaBiIsIeT CcOOOH CaMOOPTaHU3YIOIIYIOCS —KapTy
KoxoneHa.

Heoxorantpon «Neocognitron».

Heoxoruutpon  sBisercs JanbHEHIIUM  pa3BUTHUEM  KOTHUTPOHA.
HeokorHuTpoH MoJenupyeT 3pUTENbHYI0 cucTeMy uyeioBeka. OH COCTOMT W3
yepeayrommxcs cioeB 1Byx TUnoB: S u C. B 3agauy S-coeB BXOJIUT pacno3HaBaHUE
o0bekToB, a C-cioil oOecreynBaeT HE3aBUCHMOCTh pe3yJibTaTa PAaclO3HAHHUS OT
M3MEHEHUs MOJIOKEHUs1 00pa3a «MHBAPUAHTHOCTh PACIIO3HABAHUSY.

B ominune OT KOTHUTPOHA, HEOKOTHUTPOH COYETAECT CAMOOPTaHHU3ALUI0 U
0o0y4yeHHEe ¢ YIUTEIEM, YTO CBSA3aHO C OTJIMYHEM B HaCTpouke S- u C-clioeB.

JIByHamipaBjieHHasi acconuaTuBHasi mnamathb «Bidirectional Associative
Memory».

JIByHampaBiieHHasl accollMaTHBHAs MaMATh COAEPKUT JBa cios Xomduiaa,
NpUYeM Kaxzjas CBs3b JByHampanieHa. lIpenbsBigemblil cetn oOpa3 momaercs Ha
HEUPOHBI MEPBOTO CJIOS U HAUMHAET LUPKYJIMPOBATh MEXKIY CIOSIMH, TIOKA CETh HE
MIPUIET B yCTOMUMBOE MoJIokeHUE. [Ipyn 7 TOM Ha HEMPOHAX BTOPOTO CJIOS BBIACISIETCS
3alIOMHEHHBIN 00pa3, KOTOPhI Hanboiee 0JIM30K K peabsiaBieHHOMY. O0ydeHue 3Ton
CEeTH TPOBOJUTCS HA OCHOBE CTaHgapTHoro mpaBwia Xe66a. Ilo cytw,
JBYHAIIpaBJ€HHAsl acCOLIMATUBHAs NaMSTh SBIAETCA NPSIMbIM OOOOIIEHUEM CETH
Xondunaa.

CetH BeTpeuHoro pacnpocrpanenus «Counter propagation Networks».

OpnuMm u3 Haubosiee NEPCIEKTHBHBIX TPUIOKEHUM TaKOM CETH SIBIIETCA
ckatvue JaHHbIX. CeTb BCTPEYHOIO PACIPOCTPAHEHMS COCTOUT M3 JBYX CIIOEB:
BXOJIHOW CJOM — caMoopraHusyromasca kaprta KoxoHeHa, BTOpOM CcCJIOW —
CTAaHIAPTHBIM CIIOM CETHM TMPAMOr0 pacnpocTpaHeHus. B Hacrosmee Bpewms
UCCJIEIOBAHMUSI MO MCKYCCTBEHHBIM HEHUPOHHBIM CETSIM HaxXOHATCA B CTaJHH
MHTEHCUBHOIO pocTa. [loaTomy m000i 0030p M0 UCKYCCTBEHHBIM HEWPOHHBIM CETAM
CTpajaeT HeMmoJIHOTOW. Umcrmo obmacteit, Tle MCKYCCTBEHHBbIE HEHPOHHBIE CETU
YCHEIIHO MPUMEHSIOTCS, TOCTOSHHO PACTET, B CBSI3U C YEM IMOSBIISIOTCS HOBBIE
CTPYKTYpPbI HEUPOHHBIX CETEH U METOJIbI X O0YUEHUSI.
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I'TABA 5. METO/Ibl, IPABUJIA U AJITOPUTMbI, IPUMEHSEMBbIE
MMPU OBYYEHUU PA3JIMYHBIX TOMOJIOI U1 CETEM

5.1. MeToabl 00yueHusi HEliPOHHBIX ceTei

Pemenne 3amaun Ha HEHMPOKOMIBIOTEPE MNPUHIMUIHAIBHO OTJIMYAETCS OT
pelieHuss TOW K€ 3ajJaud Ha OOBIYHOM KommbloTepe ¢ ¢oH HelimanoBckoi
apXuUTeKTypoil. Pemenne 3a1aun Ha 0OBIYHOM KOMITbIOTEPE 3aKII04aeTcs B 00paboTke
BBOJIMMBIX JJAHHBIX B COOTBETCTBUU C IporpaMMoi. [IporpaMmy cocTaBiIleT YEIOBEK.
JUts cocTaBiieHHsT NMPOTPaMMbl HYKHO NPOAyMaTh AJITOPUTM, T.€. ONPEAECICHHYIO
MOCJIEI0BATEILHOCTh MAaTEMATUUECKUX M JIOTUYECKUX JIEHCTBUM, HEOOXOAUMBIX IS
pelIeHus ATOM 3a7auu. AJITOPUTMBI, KaK U POrpaMMBbl, pa3padaTbIBalOTCS JIIOIbMH, a
KOMIIBIOTED HCIOJIb3YeTCSl JIMIIb Ui BBIMOJIHEHHUS OOJBIIOIO  KOJUYECTBA
AJIEMEHTAPHBIX OIEpaIUil: CI0KEHUS, YMHOKEHHUS, IPOBEPKU JIOTUUECKUX YCIOBUH U
T. 1.

HelipokoMIbIOTED K€ HMCHOJIB3YETCS KAaK «YEPHBIN SAIIMK», KOTOPBIA MOYKHO
oOy4YuTh peEHIeHUuI0 3a7ad M3 Kakoro-HuOyAb Kiacca. HelipokoMmmbioTepy
MPEIBSABISAIOTCSI» UCXOAHbIE JAHHBIE 337]a4l U OTBET, KOTOPBIA COOTBETCTBYET 3TUM
JAHHBIM U KOTOPBII ObUI MOJIy4eH KaKUM-TM00 criocobom. HelipokomnbroTep 10KEH
caM IOCTPOUTH BHYTPHU «UEPHOTO SILUIMKa» AJITOPUTM PEILICHUS 3TOM 3a/1ayu, YTOOBI
BBIJIaBaTh OTBET, COBIIAJAIOIINNA C MPaBUIBHBIM. KaxkeTcs: eCTECTBEHHBIM 0XHUAATh,
YTO 4eM OOJIbIlIe PA3JINYHBIX NP «UCXOAHBIC TaHHBIE — OTBET» OYAET MPEAbIBICHO
HEHPOKOMIIBIOTEPY, TEM AJEKBATHEE PELIAEMOM 3a7a4€ OH CKOHCTPYUPYET MOJEIb.

[Tocne 0OydeHus HEUPOKOMITbIOTEPA U MPEIBSABICHUS €My UCXOJIHBIX JaHHBIX,
KOTOPBIX OH PaHbIIIE HE BCTPEUall, OH TEM HE MEHEE BBIJACT PABUIIBHOE PEILICHUE — B
ATOM 3aKJIFOUAETCsl CHOCOOHOCTh HEMPOKOMITbIOTEPA K 0000IIIEHUIO.

[lockonbKy B OCHOBE HEMPOKOMITBIOTEPA JIEKUT UCKYCCTBEHHAs] HEWPOHHAs
CeTh, TO MPOLECC 00YUEHUsI COCTOUT B HACTPOMKE MmapaMeTpoB 3Tou ceTu. [Ipu atom,
KaK MpPaBWJIO, TOMOJIOTMSl CETH CYMTAETCS HEM3MEHHOM, a K MOACTPauBaeMbIM
napameTpaM OOBIYHO OTHOCSTCS MMapaMeTpbl HEHPOHOB U BEJIMYMHBI CHHAIITHYECKUX
BecoB. K HacrosmeMy BpeMeHH B JIUTEpaType Moj 0OyYeHUEM MNPHUHITO MOHUMATh
IIPOLIECC U3MEHEHHUSI BECOB CBA3EM MEXIy HEMPOHAMM.

PaccmoTpuM iBa HanpaBieHHs Kiaccu()UKalMu METOIOB 00y4eHus ceteid [1].

[lepBoe HampaBiieHUE — N0 CIIOCO0AM MCIIOJIb30BAHUS YUUTEJIS.

C yuurteneM: ceTy NPEAbIBIAIOTCS IPUMEPBI BXOAHBIX JAHHBIX U BBIXOJHBIX.
Certb npeoOpa3syeT BXOJIHbIE TaHHbIE M CPAaBHUBAET CBOM BBIXOJ C jkenaeMbIM. [locne
3TOrO MPOBOJUTCSI KOPPEKIUSA BECOB C LIEJBIO MOJYUYUTh JYUIIYIO COTJIACOBAHHOCTD
BBIXO/IOB.

OOy4eHue ¢ mocjie10BaTeIbHBIM MOJKPEIJICHHEeM 3HAHMI: B 3TOM Cilydae
CETH HE J1aeTcd )KeJIaeMO€e 3Ha4€HHE BbIXOJa, @ BMECTO 3TOI'O CETH CTaBUTCS OLIEHKA,
XOpOII BBIXOJT WJIH IIOX.

OOy4yeHue 0e3 yumTeJisi: CETh cama BbIpa0aThIBaeT MpaBuiia 0Oy4eHUs TyTeM
BBIJICJICHUSI OCOOCHHOCTEN M3 Ha0Opa BXOIHBIX TAHHBIX.

Btopoe HampaBienue KilacCUPHUKAMM  METOJOB  OOy4YeHHs — 1O
HCNO0JIb30BAHMIO 3JIEMEHTOB CJIYYaHOCTH.
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JleTepMHMHMCTCKHE METOABI. B HUX LAl 3a [IaroM OCYIIECTBISETCS IPOLENYPa
KOPPEKLIMM BECOB CETH, OCHOBAHHAs HA MCIIOJIB30BAHUU MX TEKYIIUX 3HAYCHUH,
HalpuMep, 3HAUEHUN JKETIaEMbIX BBIXO/I0B CETHU (QITOPUTM 00YUEHMsI, OCHOBAaHHBIN Ha
OoOpaTHOM pacHpOCTPAHEHUH OIIMOKHU, SIBISETCS MPUMEPOM JAETEPMUHUCTCKOTO
0o0yueHus ).

CroxacTudyeckue MeTOAbl OOyUYEHHUS: OCHOBBIBAIOTCS Ha HCIIOJIb30BAHUU
Cly4ailHIX M3MEHEHMH BeCOB B Xoje o00yueHus (anroput™m boiabiMaHOBCKOIrO
00YYEHUS SIBIISICTCS IPUMEPOM CTOXACTUUECKOTO O0YUCHUS).

5.2. lIpaBuja o0yueHus HelpoceTeii

[IpaBuna oOyueHUs OMPENENAIOT 3aKOH, 10 KOTOPOMY CETh JIOJDKHA U3MEHUTh
CBOM CMHAITUYECKHE BEca B MPOIIECCE OOYyUEHHUS.

IHpasuio /1. Xe006a

BonbMHCTBO METOMOB OOYyYE€HHSI OCHOBBIBAIOTCS Ha OOMNIMX MPUHITUIIAX
oOyueHust HelpoceTelt, pa3BuThiXx JloHanbgom XeOOom. [lpunHnmn Xeb66a MOXKHO
chopmynupoBarh ciuenyomuM obpazom: «Eciu nBa HEHpOHAa OJHOBPEMEHHO
AKTUBHBI, YBEJIMYBTE CUITY CBSI3U MEXKIYy HUMU», UYTO MOXKHO 3alKcaTh KaK

dwWi = gf (Yi)- f(Y;j),

rne dWj; — BenrunHa n3menenus cunamnca Wi ;
Yi — ypoBeHb BO30YXKACHHS -0 HEHpOHa;
Y; — ypoBeHb BO30YKICHUS |-TO HEHPOHA;
f(.) — mpeoOpasyromas GyHKIHs;
g — KOHCTaHTa, OIPEIEISIFOIIasi CKOPOCTh O0yUCHHSI.

HdeabTa — npaBuJio

JlenbTa — IpaBUII0, M3BECTHOE, KaK MPABHUIIO CHIKEHUS KBaIPAaTUIHON OIITHOKH,
obuto TmpemioxkeHo Buapoy-Xoddom [1]. Jlempra — mpaBuio HCHOIB3YETCS MpU
OOyUYEHUU C YUUTEIIEM.

dWj =g (Dj -V; ) -Yi,
rae Dj — skenaemblil BBIXOJ |-TO HEHpOHA.

Takum 00pazoMm, M3MEHEHHE CHJIBI CBSI3€H MPOUCXOTUT B COOTBETCTBHU C
omnOKoi BbixoaHoro curHana (Dj — Yj) u ypoBHEM aKTMBHOCTH BXOJHOT'O 3JIEMEHTA
Y. O06oOmenue nenpbra — IMpaBuia, Ha3blBaeMOE OOpPATHBIM PACHPOCTPAHCHUEM
OIIMOKY, UCTIOJIB3YETCsl B HEHPOHHBIX CETAX C IByMs U 00Jiee CIOSMHU.

ART — npaBuio

Teopust amantuBHOro pe3oHanca (ART) Obuta pasBura B [1]. Teopus
aJanTUBHOTO PE30HAaHCA — ATO OOydeHHWe Oe3 ydHTelns, Korja CaMOOpTraHU3aIlus
MIPOUCXOJINT B PE3YJIbTATE OTKINKA HA BEIOOP BXOAHBIX 00pa3oB. ART-ceTh cmocoOHa
K knaccudukanuu oopaszoB. Teopus aIanTHBHOTO PE30HAHCA UCTIOJIb3YET KOHIICTIIIHUIO
JIOJITOBPEMEHHOW M KPAaTKOBPEMEHHOW MaMsITH JJisi 00y4YeHusi HeWpoHHOU ceTu. B
JIOJITOBPEMEHHOW TAaMSITH XPaHATCS peakiuu Ha o0pa3bl, KOTOPHIM CETh Oblia
oOy4yeHa, B BHJC BEKTOPOB BECOB. B KpaTKOBpEMEHHYIO IMaMSTh ITOMEIIAIOTCS
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TEeKYIIUH BXOJIHOW 00pa3, OXKUIaeMbIi 00pa3, KiaccuduKamus BXOJHOTO 0oOpasa.
Oxunaemblii 00pa3 BbIOMpaeTCs U3 JOJATOBPEMEHHON MaMsTH BCAKUN pa3, KOrjaa Ha
BXOJl HEMPOHHOW CEeTH MOJaeTcsi HOBbIM 00pa3. Ecnu oHM CXOXH B COOTBETCTBUHU C
ONpEeNEICHHbIM KPUTEPUEM, CETh KIacCU(UUUPYET €ro Kak MpUHAIJIECKAIUN K
CylLlleCTBYIOIIEMY Kiaccy. Ecnu oHM pa3nuuHbl, (opMUpyeTCs HOBBIA Kiacc, B
KOTOPOM BXOJIHOM BEKTOp OYyJET NEPBBIM YJIECHOM Kiacca.

Takoe oOydeHHE Ha3bIBAIOT COCT3aTeIbHBIM oOydeHueMm. [Ipocreiimmii Tun
COCTA3ATENBHOr0 00YUYEeHUS ONpPEAeIIAeTCs MPABUIIOM «II00eIUTeNb OEpeT Bce», T. €.
aHCaMOJIb C TyYIITUM BBIXOJIOM aKTUBU3UPYETCS, OCTAIbHBIC — MOJABIISIOTCS.

DneMeHT ¢ HanOOJIBIITUM YPOBHEM aKTUBAIIMH HA3BIBAIOT «1oOeauTens». Kormaa
OH BBIOpaH, HEHUPOHHAs CETh M00aBISET YEPThl BBOAMMOrO oO0Opa3a B COCTaB
JOJITOBPEMEHHOW TaMATH MyTeM MOBTOPHOTO MPOTOHA BIEPEN — Ha3zaa 4epe3 Beca
JOJITOBpEMEHHOM mamsiTh. DToT nporecc C. 'poccOepr Ha3zBal pe30HAHCOM.

IIpaBuio Koxonena

T. KoxoHeH wHCMONB30Ball KOHIEMIMIO COCTA3ATENLHOTO OOy4YeHUsS IS
pa3BUTHS OOYYaIOIIEro MpaBHWiia «0€3 YUUTEISI» B HEUPOHHBIX CETAX THUIA KapThl
Koxonena (cMm. puc. 8).

[IpaBmio KoxoneHna 3akiouaercss B cieayronieM. CHayana BbeIOMpaeTcs
NOOEIUTEIb TIO0 CTPATETUH «I00enuTeNb OepeT Bee». [10CKOIbKY BBIXOT j-T0 HEHpOHa
omnpeaensercs ckaasapHbIM npousseaearem (U, Wj) Bxoanoro Bekropa U ¢ BekTopoM
BECOB CBs3CH MEX/Y BXOIHBIM CJIOE€M H |-M HEHPOHOM, TO OH 3aBUCHUT OT yIJIa MEXTY
Bektopamu U, Wj. TlostomMy BbIOMpaercsi HelpoH, BekTop BecoB W] KoTOpOro
HauOoJee 01130k KO BXoiHOMY BekTopy U. JIpyrumu ciioBamu, BeiOUpaeTcs Hanbosee
aKTUBHBIN HehpoH. Jlagee KoHCTpyupyetcs HOBbIM BekTop W) Tak, 4TOOBI OH OBLI
OJIKe K BXOAHOMY BekTopy U:

Wijnew = Wijold + g (U — Wijold), i = 1,2,....k,

rie K — KommaecTBo BXOIOB CETH;
g — KOHCTaHTa O0y4YeHUS.

BoabumaHoBCcKoe 00yueHue

BbonbpimManoBckoe 00ydeHrne COCTOUT B MOAKPETUIEHUN 3HAaHUH B COOTBETCTBUU
Cc 1meneBod (yHKIMEH H3MEHEHHS BBIXOJA HEHPOHHOW ceTu. ITo 00ydeHHe
UCTIOJIB3YET BEPOSTHOCTHYIO (DYHKITUIO JJIsI K3MEHEHUS BECOB. DTa (PYHKIIHS OOBIYHO
uMeeT BuUJ pachpeaeneHuss [aycca, XOTS MOTYT HCHOJB30BaThCS W Jpyrue
pacrnpeiesieHusl.

BonbiManoBckoe 00ydeHUE BHITIOJIHSAETCS B HECKOJIBKO JTaIlOB!

1. Koaddumuenty T mpucBanBaroT 00J1b110€ HaYaIbHOE 3HAUCHHUE.

2. Yepe3 ceTh NpOIyCKAIOT BXOAHOU BEKTOP U MO BBIXO1Y BBIYUCIISIOT IEJIEBYIO
byHKITHUIO.

3. CnyyaiiHpiM 00pa3oM HM3MEHSIOT BEC B COOTBETCTBHM C paclpe/ieICHUEM
lNaycca:

P(x)=exp(-x3/T?),

rjie X — I3MEHEHHE Beca.

4. CHOBa BBIYMCIISIIOT BBIXOJ U HEJIEBYIO (DYHKITHIO.
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5. Ecnu 3HaueHuwe neneBol (QPyHKIMH YMEHBIIUIOCH, T.€. YJIYYIIUIOCH, TO
COXPAHSIOT U3MEHEHUE Beca. Eciu jke HEeT ¥ BeJIMUMHA YXYIIEHNS LeJIeBON PyHKIUN
cocraBisieT AC, TO BEPOATHOCTb COXPAHEHHsS WM3MEHEHHsI BECAa BBIYUCIIACTCS
CJIETYIOITUM 00pa3oM.

Benmunna P(AC) — BepositHOcTh m3MeHeHUss AC B 1eneBOH (QyHKIUU —
OIPENENAETCS C UCIOIB30BAHUEM paclpeesieHus boypnmana:

P(AC)~exp(- AC/KT),

rine K — koHcTaHTa, aHaIOTHYHAsE KOHCTaHTe bosbIMaHa, BEIOUpAeTCsl B 3aBUCMOCTH
OT YCJIOBUM 3aJa4H.

3atreM  BBIOWpAIOT Ciy4aiiHoe 4ucio V, HCHONB3yS paBHOMEpPHOE
pacrpeneneHve OT Hyds A0 eauHuibl. Ecium P(AC)>V, To u3MeHEHHE Beca
COXpAaHSIETCs, UHAaY€ U3MEHECHHE BECA PABHO HYIIIO.

[ITaru 3 — 5 NOBTOPSAIOT JUIsl KAXIOrO U3 BECOB CETH, IIPU 3TOM IOCTENEHHO
yMEHBIIAOT T, MOKa He OyAeT JOCTUTHYTO MPUEMIIEMO HU3KOE 3HAUYCHHE IEIeBOU
¢ynkuuu. [locne 3Toro moBTOPSIIOT BECh MPOIECC O0YyUEHHUS ISl APYTOro BXOAHOIO
BekTopa. CeTh oOydaeTcsi Ha BCeX BEKTOpax, MOKa LiefieBas (DYHKIMS HE CTaHET
JTOMYCTUMOM 1l Bcex HUX. [Ipu aTom myis oGecriedeHus: CXOAUMOCTH U3MeHeHue T
JIOJKHO OBITh TPOMOPIIMOHATILHBIM JIoTapu(my BpeMenn t:

T(t) = T(0) / log(1+t).
OTO o03Ha4yaeT, 4TO CKOPOCTh CXOJAMMOCTH LeJeBOM (YHKIMU HEBENIHKa,
CJIeIOBATEILHO, BpeMs O0yUEHHUSI MOXKET ObITh OYE€HD OOJIBIIIAM.

5.3. Auroput™Mbl 00yueHHsl HelipoceTeii

AJTOpUTM O0OpAaTHOTO PacCHpOCTpPaHEHUS! — 3TO WTEPATUBHBINA TPaTUEHTHBIN
ITOPUTM, KOTOPBIM HCHOJIB3YETCS C LEIbI0 MUHUMHU3AIMU CPEAHEKBAIPATUYHOIO
OTKJIOHEHHSI TEKYIIETrO BBIXO/Ia MHOTOCIOMHOIO MEPCENTPOHA U JKEJIAEMOI0 BhIXOJA.
OH wucnonp3yercs nnsi  OOyYeHHUsST MHOTOCIOWHBIX HEHPOHHBIX CETeH ¢
NOCJIEIOBATEIbHBIMU CBSI3IMH.

B HEHpPOHHBIX CETAX NMPUMEHSIOTCS HECKOJIBKO BAapUAaHTOB CUIMOMJIAJIBHBIX
nepenaToYHbIX QyHKIIUN.

@Oynknus Depmu (3KCIIOHEHITUATIBHAS CUTMOU/IA):

1
f(s)=——<
1+e72®
r€ S — BBIXOJl CyMMaTOpa HEUPOHA,;
O — HEKOTOPBIN MmapameTp.
PanyonannHag curmMouaa.

S

f(s)=—.

S|+ cx
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I'unepO0onuvecKnii TAHT€HC!

f(s)=th>=S_—%

o s s

er +e
CurmouganbHble (PYHKIUN SIBISIFOTCS MOHOTOHHO BO3PACTAIOIIUMU M UMEIOT
OTIUYHBIE OT HYyJs TPOW3BOJAHBIE Ha BCE 0OMacTH ompeaeneHus. OTH
XapaKTePUCTUKN 00€CTICYMBAIOT MpaBUIbHOE GYHKIIMOHUPOBAHKE U OOyUYEHHUE CETH.
Haubonee »>ddektrBHON nepenatoyHod (QyHKUIUEH SBISETCS palMOHAJIbHAS
curmoupa. Jyis BeIuucIeHHs] TUIEPOOIUIECKOr0 TaHTeHca TpeOyeTcs O0bIe BCEro

TaKTOB PabOTHI MIpOIIECCOpA.

OYHKIIMOHUPOBAHUE MHOT'OCJIOMHOM CETH BBINOJHAETCA B COOTBETCTBUM C
dbopmymnamu:

S;, = Zwtmtm_,_ Yi

m
T =1

y, =f(s ), 1,=12,.,N

m—L

_btm Jio=12,..,N_  m=12..L,

m

) m :1121"'1 L1

m

r7ie S — BBIXOJI CyMMaTopa,
W — BeC CBS3H,
Y — BBIXOJl HEUPOHA,;
b — cmewenue;
| — HOMep HelpoHa,;
N — 4KclI0 HEHPOHOB B CJIOE,
M — HOMeED CJIOS;
L — gncio cioes,;
f — pynkums akruBanmy.

CorymacHO METOJy HAaWMEHBIIUX KBAJAPAaTOB, MUHUMH3UPYEMOW IEJIEBOM
GbyHKIMEH OmMOKY HEHPOHHOMN CETH SBISETCS BETMYMHA!

1
EW) =5 2 (1 ~0,)"
ip

(N) . : . .
rne Yjp — peanbHOE BHIXOJHOE COCTOSIHUE HeifpoHa j BEIX0aHOTO ciiost N HeifpoHHOI
CETH TIpHU Moaue Ha €€ BXOJIbI P-To 00pa3a;

djp — nneansHOE (3KEMAEMOE) BHIXOIHOE COCTOSHHUE 3TOTO HEMPOHA.
CymMupoBaHUE BEAETCS 1O BCEM HEWPOHAM BBIXOJHOTO CJIOSI M IO BCEM

oOpabaThIBaeMbIM CEThIO 0Opa3zaM. MUHUMM3AIUS BEACTCS METOJIOM TPAJUEHTHOTO
CITyCKa, YTO 03HAYAET MOJCTPONKY BECOBBIX KOIPDHUIIMEHTOB CICAYIONIUM 00pa3oM:

7=
(m —

1
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rae Wij — BecoBol K03(hUIIMEHT CHHANTUYECKON CBS3H, COCAMHSIOLICH I-ii HEHpOH
ciosi N-1 ¢ j-M HeUpOHOM cJ1051 N;
1 — ko3 punreHT ckopoctu ooyuenus, 0<7<l.

E & dy; &
=S ,
v, & ds; A, @)

1)

3nmech MO Yj, KaKk U paHbIIe, MOApa3yMeBaeTCsl BBIXOJ HEWpOHA |, a TOJ Sj —
B3BEIIEHHASI CYMMa €r0 BXOJIHBIX CUTHAJIOB, apTYMEHT aKTUBAIIMOHHON (QyHKITUHU. Tak
Kak MHOKuTelNb dY;/dS; siBiisieTcsl MpOnU3BOAHOM 3TOW (DYHKIMH O €€ apryMeHTy, U3
ATOr0 CIEAYyeT, YTO TMPOU3BOJAHAS AKTUBALIMOHHOW (yHKUMHU JOJDKHA OBIThH
orpezesieHa Ha Bcel ocu adciucc. B cBs3u ¢ 3TuM QyHKIUS €AMHUYHOTO CKayKa U
MpOYMEe aKTHUBAMOHHBbIE (YHKIMU C HEOJHOPOAHOCTSIMH HE MOAXOIAT JUIs
paccMaTpUBaEMbIX HEHPOHHBIX ceTel. B HUX MpUMEHSIIOTCS Takue TagKkue PyHKIUH,
KaK TUIEepOOINYECKUIM TaHT€HC UM KJIACCUMYECKUM CUTMOU]T C IKCIIOHEHTOM. B ciyuae
runepO0IMYEeCKOro TAHTeHCa
Vs
ds
Tpetuit MEHOXUTENH OSj/OWij, OUEBUIHO, pPaBEH BBIXOY HEHpPOHA NPEABIIYIIETO
crnoa Yi™Y. Urto kacaerca mepsoro MHoxkuTens B (2), OH JIETKO PacKIagbIBAaeTCs
CJIeIYIONTUM 00pa3oM:

E_GE W B g E By
¥; T O & TF ds, J

3nech cyMmmHupoBaHue 10 K BEITIOHSIETCS: cpen HEHpOHOB citos N+1.
BBoautcs HOBast nepeMeHHast:

i~ e
&; ds;
Jlanee nosy4aeM peKypcHBHYIO (GopMyITy U1 pacueToB BenuuuH & ci1os N u3
sesmunH &Y Gonee crapmiero cnos n+1.

dy.

) _ (n41) \p (n41)

s =| > 5w d_sJ (3)
k j

JIJ1s1 BBIXOJHOTO 7K€ CJIOS:

5 = (g ) @

Tenepb MoxkHO 3anucaTh (1) B pacKpbITOM BUJE:

AW =—p -5y, (5)

Wuorma nsi  mpuaaHuss  Opolieccy  KOPPEKUMH  BECOB  HEKOTOPOM
MHEPIMOHHOCTH, CTJIAXKUBAIOIIEH PE3KHe CKAauKU MPU MEPEMEIICHUH 110 TOBEPXHOCTH
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neneBoit pyakmn, (5) AONONHIETCS 3HAUEHUEM W3MEHEHHS Beca Ha IPeIbIIyIei
UTEPALUU:
AP (©) = =7 - AP (=D + (1= ) -5 -y ). (6)

rae 1 — Ko3hPUIUeHT UHEPIIMOHHOCTH;
t — HOMep TeKylIel UTepalnH.
Takum 00pa3oM, MOJNHBIN aIrOpUTM OO0YYEHUS] HEHPOHHOM CETH C MOMOIIBIO
npoLeaypbl 00paTHOTO PACIPOCTPAHEHHs CTPOUTCS TaK:
1. Ha BXozbl ceTH moAaeTcsi OAUMH U3 BO3MOXKHBIX 00yYarouux NpuMeEpPOB U, B
pexumMe OOBIYHOTO (YHKIMOHUPOBAHUS HEHUPOHHON CeTH, KOIJa CHUTHAJIbI
pacIpoCTpaHsIOTCs OT BXOJ0B K BBIXOAaM, CIeAYyEeT pacCUUTaTh 3HAUCHUSI TOCIIETHUX

M
(M _ N 0D 0
s;7 =2 0w
i=0

rae M — unciio HeiipoHOB B cioe N-1 ¢ yyeToM HelpoHa ¢ MOCTOSHHBIM BBIXOJHBIM
cocrosinueM +1, 3agaromero cmemenue; Yi"=x;™ — i-ii Bxox Helipona j cios N,

yj(n) = f(sj(”)), rie f() — curmommansHas GyHKITHS,

yq(o): lg, tite lq — g-st KOMITOHEHTa BEKTOpa BXOIHOTO 06Opasa.

2. PaccunthiBarorca &N qns BeixoaHoro cnos mo gopmyite (4).

PaccuntsiBatorcs 1o gpopmyie (5) nnu (6) nusmenenus secos AWM cros N.

3. Ilo popmynam (3) u (5) unu (3) u (6) paccUUTHIBAIOTCS, COOTBETCTBEHHO, O
1 AW™ s Bcex ocTaipHbIX cioe, N=N-1,...,1.

4. KoppeKTupyroTcs Beca CBsI3€il CeTH:

(n) —_ yy(n (n)
w;i” (1) = wi” (t—1) + Awg ™ (1)

5. Ecniu ommbka cetu cyiiecTBeHHa, nepeiitu Ha miar 1. Maaue — konel.

Cetn Ha mare | MONMEpPeMEHHO B CIIy4allHOM MOPAIKE MPEAbABISIOTCS BCE
TPEHUPOBOUYHBIE 00pa3bl, YTOOBI CE€Th, 0OPAa3HO TOBOPsI, HE 3a0bIBaJIa OJTHU MO MEpe
3aroMHHaHUs Ipyrux (puc. 11).

Knaccuueckuii MeTo 00paTHOTO paclpoCTpaHEHUs OTHOCUTCS K aJITOPUTMAM C
JUHEWHOW CXOAUMOCThIO. [ yBeNWYeHHUs] CKOPOCTH CXOAMMOCTH HEOO0XOJIUMO
HCII0JIb30BaTh MAaTPUIIbl BTOPBIX MPOU3BOJHBIX (PYHKIIUU OIIUOKH.

Anroput™M OOy4YeHHUsS HEUPOHHOW CETU C TMOMOIIBIO MPOLEIYpPhl 0OpPaTHOTO
pacnpocTpaHeHusi — NepBbld A((HEKTUBHBIA ANTOPUTM OOYUEHHS] MHOTOCIOMHBIX
HEHPOHHBIX CETEH, a TAKKE OJIMH U3 CAMBIX MOMYJISIPHBIX AJITOPUTMOB O0yUEHUS, C €TO
MOMOIIBIO OBUTH PEIICHBI U PEIIaloTCS MHOTOYHCIICHHBIE TIPAKTHUECKUE 33 Ja4H.

Taxxe CyIiecTByIOT MHOTOYMCIEHHbIE MOAU(UKAIIMM aIrOpUTMa 0OpPaTHOrO
pacnpoCTpaHEHUs, KOTOpPbIE CBSI3aHbl C HCIIOJIb30BAHUEM PAa3IMYHBIX (YHKIHI
OLIMOKY, pa3IUYHbIX IPOLEAYP ONpENeICHHs HAllpaBICHUs U BEIMUMHBI 11ara:

1) hyHKIIUH OIIMOKK:

- UHTETpaJibHbIe (YHKIMM OMMOKH IO BCEH COBOKYIHOCTH OOYyYaromux
PUMEPOB,;

- (pyHKIIMM OLIMOKHU LEIBIX U APOOHBIX CTETICHEH;

32



2) TIpOIIeAYyPHI OINPEICICHUS BEIMYMHBI I1ara Ha Ka)kJI0W UTEePaIlH:

- HHEPIMOHHBIC COOTHOIICHUS,

- OTXKWT,

3) nporeaypsl ONpeAecHUs HapaBICHHS IIara:

- C HCIOJIb30BaHUEM MATPHUIIBI TPOM3BOIHBIX BTOPOTO MOpPSAAKAa (METOM
Hprotona u ap.);

- ¢ UCIOJIb30BAaHWEM HAIpaBJICHUN HAa HECKOJBKHMX Iarax (mapTaH METOJ U

ap.).

5.4. Onucanne anropurma «Delta Bar Deltay

Anroputm «Delta Bar Delta» 6s11 co3aan P. JIxkekoOCoM ¢ 1eNbI0 YCKOPCHHUS
OOy4YeHHsI CETH 3a CUET HCIIOJIb30BaHUS IBPUCTHUECKOro moaxona [1]. Anropurm
UCTIOJIB3YeT MPEABIIYINNE 3HAUCHUS IPpaJieHTa PYHKIUHU. 3Has 3Ty HH)OPMAITUIO, OH
COBEpILAET M3MEHEHHUS B IMPOCTPAHCTBE BECOB C IMOMOIIBIO Psijia 3BPUCTHUECKUX
MIPaBHJL.

CKPBITBIH BBIXOJ
CJIOH

BX 0/

@_

Pucynox 11 — JIluarpamma CUTHAJIOB B C€TU IIPU O0YUYEHHUH T10 AJITOPUTMY OOPATHOTO
pacrpoCcTpaHeHUs OITUOKH
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OmnBIT MOKA3bIBAET, YTO PA3MEPHOCTU MPOCTPAHCTBA BECOB MOTYT 3HAUUTEIHHO
pa3INyYaThCs C TOYKHU 3pEHUS OOIIEH MOBEPXHOCTH OMMOKU. SIKOOC MPEemioxKui psij
IBPUCTHUK, CyTh KOTOPBIX B TOM, YTO KaX/IbIil BEC TOJDKEH U3MEHSITHCS B COOTBETCTBHH
CO CBOEH WHAMBHUIYAIBHON CKOpOCThIO oOydeHus. CyThb B TOM, YTO pa3Mmep Iiara
oOydeHus Ui OTHOTO Beca He BCeTr/a MOXOANT B Ka4eCTBE €MHOTO I1ara 00ydeHus
U1 BceX BecoB. bonee Toro, 3TOT pazMep MOXKET CO BpEMEHEM H3MEHSThCSI.

[lepBBie IBPUCTUKH 1O U3MEHEHUIO MHAWBHIyaTbHBIX IIArOB 00y4YeHUs ObLIH
npenoxenbl X. Kecrenom. OH npeioxkus, 4To €Cliv MOocje10BaTeNIbHbIe H3MEHEHUS
BeCa MMEIOT NMPOTHUBOIOJIOKHBIE 3HAKH, TO 3HAYUT, JAAHHBIM BEC OCIWUIMPYET, H,
CJIEIOBATENbHO, CKOPOCTh OOyUYEHUs JOKHA OBITh YMEHBIICHA.

[Tozxxke JI. Cagupuc mnpenyioxuin CIAEAYIOUIYI0 3BPUCTUKY: €CIU CEpHs
HOCeIOBAaTENbHBIX M3MEHEHUN Beca HMMEET OJMHAKOBbIE 3HAKH, TO CKOPOCTb
o0y4eHus JT0HKHA ObITh YBEJIMYEHA.

wli+1] = wli] + a[i]*g[i],

rae W[i] u W[i+1] — 3Hauenue Beca Ha mmare i u i+1;
a[i] — xoaddurmeHT ckopocTr 00ydeHUs Ha mare i;
g[i] — rpagueHT M3MEHEHUS Beca Ha Imare |.

Pacuer cpenHero namMeHeHus rpaiueHTa Ha 1are I
gav[i] = (1 — convex)*g[i] + convex*g[i-1],

r1e Jay — B3BELICHHOE CpEe/IHEEe N3MEHEHUE IPaleHTa Ha miare ;
convex — ¢akTop BBIMYKIOCTH BECOB.

Pacuer u3meHeHHs CKOPOCTH OOyUYCHHS Ha mIare I

Ky ecau Qay[i-1]*g[i] > 0
dafi]= -k*a[i] ecau ga[i-1]*g[i] <O
0 ecau Qay[i-1]*g[i] = 0,

rne dafi] — u3meHenne ckopocty 00y4deHus Ha mare i,
ki — KOHCTaHTa yBeIMYCHUsI CKOPOCTH OOyUCHUS;
Kk, — KOHCTaHTa yMEHBIICHUS] CKOPOCTH O0YUCHHSI.

JIuneliHOoe yBeNMUYEHHUE U3MEHEHUsI CKOPOCTU MO3BOJISIET M30ekaTh ObICTPOTO
pocTa CKOpPOCTH. l'€OMeTpHuYecKO€ YMEHBIIEHHE MPEANOIaracT, 4ro CKOpPOCTh
oOydeHHsl Bcerja MOJoXKUTeNbHasd. bonee TOro, CKOpoCTh MOXKET YMEHbIIATHCS
OBICTpEE Ha y4acTKaX ¢ CUJIbHOW HEIMHEHHOCTBIO.

[Tapagurma «Delta Bar Deltay sBisieTcss NONBITKOH YCKOPUTH IPOIIECC
CXOJUMOCTH aJropuTMa OOpaTHOTO PACHPOCTPAHEHHUs 3a CUYET HCIOIh30BaAHUS
JOTIOTHUTENbHOW HHpOpMau 00 HM3MEHEHHWHU MapaMeTpOB W BECOB BO BpeMs
oOy4eHwus.

Cranpaptaeiii anmroput™ «Delta Bar Deltay ©He wucnonb3yer 3BpHUCTHKH,
OCHOBAaHHOM Ha MOMEHTE.

Jlaxxe HeOOJIbIIIOE TUHEHHOE yBEIMYCHHE KOd(DPUIIMEHTa MOXKET MPUBECTU K
3HAYUTEIBHOMY POCTY CKOPOCTH OOYYEHHS, YTO BBI30OBET CKAYKH B IPOCTPAHCTBE
BECOB.
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['eomeTpruyeckoe  yMmeHblleHHe Kod(pduimeHTa UWHOrAa  OKa3bIBaeTCA
HEJO0CTAaTOYHO OBICTPBIM.

5.5. Aaropurm «Extended Delta Bar Delta»

Anroputm «Extended Delta Bar Delta» Obu1 co3gan D. MuHaeM wu
P. BuibsMcOM Kak eCTECTBEHHOE MpojaosbkeHue paborel fkobOca. Mmu Obun
UCTIOJB30BaH TapaMeTp MOMEHT CBS3H «MOMentum», mpeacTaBisiomuid coboii
HEKOTOPOE YHCIIO, MPOIMOPLIUOHATIBHOE MPEABIIYIIEMY W3MEHEHHIO Beca. ABTOPHI
UCTIOJh30BANI 3HAYCHHS MOMEHTA Il YCKOpeHHS OOydeHHUs C IMOMOIIBI0 psiaa
IBPUCTUYECKUX MTPABHIL.
M3MeHeHne Beca Ha TIOCIIEIYIOMIEM are:
dw[i+1] = a[i]*g[i] + m[i]*dw([i];
wli+1] = w[i] + dw[i+1],
rae dw[i] — u3MeHeHue Beca Ha mare i;
W[i] — 3HaueHue Beca Ha miare i;
a[i] — xoadbduimeHT ckopocTr 00yUEHHUS Ha Iare i;

g[i] — rpagueHT M3MEHEHKS Beca Ha Iare i;
m[i] — 3Ha4YeHuss MOMEHTA Ha mare I.

Pacuet cpennero usmMeHeHus rpaiueHTa Ha 11are i:
gav[i] = (1 — convex)*g[i] + convex*g[i-1],

7€ Jav — B3BELICHHOE Cpe/IHEe N3MEHEHNE IPaleHTa Ha mare ;
convex — ¢akTop BBIMYKIOCTH BECOB.

Pacuet usmenenust ckopoctu oOydeHus Ha Iare i:

Ka1*eXp(-Ya*|dav[i]]) ecau ga[i-1]*g[i] > 0
dafi] = -ka2*a[i] eciu Qav[i-1]*g[i] <O
0 ecau Qa[i-1]*g[i] = 0,

rne dafi] — u3meHenne ckopoctu 00ydeHHs Ha mare i,
Ka1 — hakTOp MaciTabupoBaHUs CKOPOCTH OOYUYCHUS;
Ya — DKCIIOHECHIIUAIBHBIN (PaKTOp CKOPOCTH O0yUECHUS;
Ka2 — hakTOp MacITabupoBaHUs CKOPOCTH OOYUCHHUS.

PacueT u3MeHeHHss MOMEHTA Ha Iare i:
K *eXp(-ym*|Gav[i]]) ecnu Qav[I-1]*g[1] > 0
dm[i] = -km2*m[i] ecau Qay[i-1]*g[i] <0
0 ecau Qay[i-1]*g[i] = 0,
rae dm[i] — u3MeHeHre 3HaYCHUS MOMEHTA Ha Iare I;
Km1 — akTop MaciiTaOupoOBaHUs MOMEHTA,;

Ym — 9KCIIOHEHIIMATbHBIA (PaKTOp MOMEHTA;
Km2 — hakTop MacmTabupoBaHUs MOMEHTA.
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KoaddurmenTs ckopoct 00yueHUss U CKOPOCTH U3MEHEHHUSI MOMEHTA UMEIOT
pa3IUYHbIE KOHCTAHThI, KOHTPOJIUPYIOIINE UX YBEIMUEHHE U YMEHbIIIEHHE.
Jlist Bcex cBsized MPUHUMAIOTCS CIICAYIOIINE OTPAaHUYCHUS:

a[i] <amax,
/1€ Amax — BEPXHSSI TPAHUIIA CKOPOCTH OOYyUCHUS;
m[i] < M max,

r71€ Mmax — BEPXHSIS TPAHHULIA MOMEHTA.

Ecnu texymas ommOKka MpeBbIIIAET MUHUMAIBHYIO MPEIBIIYIIYI0 OMIMOKY C
Y4€TOM MaKCHUMaJIbHOTO OTKJIOHEHHUS, TO BCE CBS3M BOCCTAaHABIMBAIOTCS IS
HAWTy4Ilero BapuanTa u Ko3QpUIMEHTb 00yueHUsI 1 MOMEHTa YMEHBIIIAt0TCsl.

OOyuenue cereii KoxoHeHna, nocrpoeHne KapT Npu3HAKOB

Jlia noctpoenust kapThl KoxoHeHa TpeOyeTcsi JOCTaTOYHO MpPEeICTaBUTEIbHAS
BbIOOpKa oOy4aromux BekTopos npu3Hakos (U). [1ycTts kaxapiii Bekrop U MHOKecTBa
(U) umeet pazmeprocts k: U=(U1, Uz, ... ,Ux).

Torma mepBblii «pacipeaeauTeIbHbIi» ciIoi cetn KoxoHeHa aomkeH uMeTh K
HEHUPOHOB; N HEUPOHOB BTOPOIO CJIOS KKAPTHD» PACIIOJIATrat0TCs Ha INIOCKOCTH B KAKOW-
100 peryaspHOd KOH(GUTypaIluu, HapUMED, U3 KBAAPATHOW MPSAMOYTOJIBHON CETKU
(cm. puc. 8). HacTparBaeMbIM CBSI3sIM MEXy HEHPOHAMHU TIEPBOTO U BTOPOTO CJIOCB
Wij npucBauBaroTcs cilydyaliHble 3HAUEHUSI.

3nech nHACKC | 0003HaYaeT HOMEp HEHpPOHA MEPBOTO CJIOS, HHICKC | — HOMEP
HelpoHa BTOporo cios. Jlo Hayana oOyueHus 3aat0T QYHKIHIO BIUSHUS HEHPOHOB
BTOpOTO cjos npyr Ha apyra ¢(r,t), rme r — paccTosHHe MEXAy HelipoHamu, t —
napaMmeTp, XapaKTepu3yIOLIHil BpeMs 00ydeHus.

Ota GyHKIMS TPAJAUIIMOHHO UMEET BHJ KMEKCHMKAHCKON HUIAb» (cM. puc. 9),
KOTOpYIO B Ipoliecce o0ydeHus, 0 Mepe yBelIuueHus napamerpa t, nemaror Oosee
«y3K0i1». OJJHAKO YacTO UCIOJIb3YIOT O0JIee MpOoCThie PYHKIUU, HATIPUMED:

Lifr<D/t, t=123...
g(r't)z - 1
0,ifr>D/t, t=123...

rae D — koHcTaHTa, XapakTepu3ylolllas HadyajdbHbIA PaInyC MOJIOKUTEIBHOrO MUKa
«MEKCHKAHCKOM IIISAIIBI».

Kaxnpiii mukn oOydeHus: 3aKIr04aeTcsl B MOOYEPEAHOM TMPEAbSIBICHUU CETH
BEKTOPOB OOYyYarollero MHOYKECTBA C MOCJIENYyIOIed KoppeKTHpoBKoi BecoB Wi
KoppekTupoBka oCyIecTBIseTCs CISAYIOMMUM 00pa3oM.

1. Ilpu mosiBIeHHHM Ha BXOJI€ CETH ouepenHoro odydyaromero Bekropa U ceth
BBIYUCIISIET OTKJIMK HEMPOHOB BTOPOTO CJIOS:

K
Y, = ;Wij U, j=12,...,n.

2. Beibupaercst HeMpoH — moOeuTeNb, T. €. HEHPOH C HAUOOIBIINM OTKIUKOM.
Ero nomep C onpenensiercst Kak:

C =argmaxy;j , j=1,2,...,n.
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3. Koppektupoka BecoB cBsizeit W ocyIiecTBisieTcs 1o cienyromniei hopmyre:
WijneW — Wij0|d +a.g(r’t) . (UI _WijOId )’ i:l’ L ’k, j:l’ ...n,

r7ie 0L — KOHCTaHTa, XapaKTepHU3yrolas 00y4eHue.
Ecnu mocne ouepenHoro Mmukia OOy4YeHHUs MPOLECC H3MEHEHUs BECOB
3aMeIWIICS, YBEJIMUMBAIOT napamerp t.

OOy4enue cereit Xondpuiaa

3mech clueayeT BBIICTUTH JBE BO3MOXKHOCTH, CBS3aHHBIE C IOCIETYIOIIAM
HCIIOJIb30BaHUEM CETH: OyAeT JIM OHAa MCIOJb30BaThCS KaK acCOIMAaTHBHAS MaMSTh
a100 OyAET UCIOJIb30BATHCS JJIS PEIICHUS ONITHUMHU3AIMOHHON 3agaun [1].

CeTb HCTIONB3YETCS KaK aCCOIMATHBHAS MaMsITh, @ UMEHHO: JUIsl XpaHEHUS M
JBOMYHBIX BEKTOPOB Vs, $=1,2,...m: Vs=(V1,V2,...,Vn).

DT0 O3HAYaeT, YTO MPH MPEABSIBICHUU CETH JIIOOOTO M3 ATUX BEKTOPOB OHA
JOJDKHA TIPUATH B YCTOWYUBOE COCTOSTHUE, COOTBETCTBYIOIIEE ATOMY BEKTOPY, T. €. Ha
BBIXOJIE HEMPOHOB JOJDKEH BBIICTUTHCA 3TOT ke Bektop. Ecimm xe cetu Oyaer
MIPETbSIBICH HEM3BECTHBIN el BekTop U, TO Ha BBIXO/Ie CETH JOKEH TOSIBUTHCS OJIMH
13 3aIOMHEHHBIX BEKTOPOB Vi, KOTOpbIN Hanbosee 61130k K U.

O4eBHIHO, KOJIMYECTBO HEHPOHOB B TaKOW CETH JOJDKHO OBITH PABHO JJIMHE
XpaHUMBIX BEKTOPOB N.

[IpocTelimuii  crocod QopMHUpOBaHUS BECOB TAaKOW CETH JOCTHUTAeTCs
CIIEIYIOLIEU TTPOLIEAYPOM:

m
Wj =D ViseVijs,
=1

OngHako €MKOCTh TaKOM CETH, T. €. KOJMYECTBO XPAaHMMBIX BEKTOPOB m,
HeBelMKa, M ~log n.

Cerb wucnonp3yercss JUisi pEUIEHUS ONTUMHU3AIMOHHOM 3agaud. Takas
BO3MOXKHOCTh OOYCIIOBJICHA CIEAYIOIINM 3aMEYaTeIbHbIM CBOWCTBOM  CETEH
Xondunga: B mporecce GyHKIIMOHUPOBAHUS CETH BEIMYNHA, KOTOPYIO B IUTEpaAType
MIPUHSTO HA3bIBATh «IHEPruei» ceTn Xomduiaa, He Bo3pactaet. OauH U3 BapUAHTOB
«3Heprum» cetu Xonduiaa:

Eh =ézn: Zn:Wij oV, OVJ. +Ezn:vi ol,,
23 j=1 2=

rae A,B — koHcTaHTBI, onpezenseMble 3a1adeil.

3aaya “ccae10BaHusl COCTOUT B (DOPMYIMPOBKE UCXOAHON ONITUMU3ALIMOHHON
npo0OsieMbl B TEPMUHAX HEHPOCETH W 3alMcH MUHHUMH3UpyeMoro (yHKimoHana Ep.
[Tomyuennoe st Wij BeIpaskeHHE JaeT 3HAYEHNE BECOBBIX MHOKUTENEH. B pesynbrare
(GYyHKIIMOHUPOBAHUSI CETh MPHUXOAUT B PABHOBECHOE COCTOSIHUE, KOTOPOE
COOTBETCTBYET  JIOKAIbHOMY  MHUHUMYMY  (yHkumonHama Ep.  Bemuuuns
BO30Y>KJICHHOCTH HEMPOHOB MPHU 3TOM COOTBETCTBYIOT 3HAUEHHUSM apryMEHTOB, Ha
KOTOPBIX JOCTUTAETCA MUHUMYM.
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I'JIABA 6. CO3JAHUE UHTEJUVIEKTYAJIBHBIX CUCTEM
YIPABJIEHUS. CTPYKTYPHBIE CXEMbI C HEUPOPEI'YJIITOPOM

6.1. CTpyKkTypHBIE CXeMBbI HEIPOHHOM CUCTEMBbI YIIPaBJICHUS

CymiecTByeT HECKOJNIBKO  Pa3iIU4HBIX CXEM IIOCTPOEHUS  aJalTHBHBIX
HEHPOHHBIX cucTteM ympasienus [/, 8, 9, 10], ognako Bce OHM ACNATCA Ha TPH
OCHOBHBIE T'PYIIIBI:

- ¢ TmnpuMeHeHweM oOy4aemMoil  HEHpOHHOW Moaenu OO0BeKTa s
MOCIIEAYIOIEro 00yueHUs HEHPOHHOTO PETYNIATOPA;

- € ONOPHOM MOJIEIBIO 3TAJIOHHOIO MTEPEXOJHOTO NPOLECCa,;

- HMHBEPCHOE UCIO0JIb30BAaHUE HEMPOHHON MOJIENN B KAUYECTBE PETYIATOPA.

Jlns BpiOOpa Hambojee NOAXOASAIIEH CTPYKTYpbl PacCMOTPUM CXEMBI,
OTHOCAILMECS K 3TUM TPYIIIAM.

CrpykTypHas cxema ¢ IpUuMEeHEeHHeM 00y4aeMoil HEHPOHHOM MOJenn 00beKTa
IUI TIOCTIEAYIOMIET0 O0y4YeHUs HEMPOHHOTO peryjsTopa MpejacTaBieHa Ha puc. 12,
Heliponnas mozens nponecca Heooxoauma JJisi OOy4eHHsI PerysiTopa JMHAMUYECKUM
0COOEHHOCTSIM O0OBEKTA UJTU €CJIM HEM3BECTHBI YIIPABIISAIOIINE BO3ICUCTBHUS.

Ha Bxoa Mozenu noaaroTcs ynpasiisitouiue curnansl Uy 1 3aiep>kaHHbIe HA OJJUH
TaKT BBIXO/bI 00bEeKTa AY k.1 (KOIMYECTBO TAKTOB 33JI€PKKH 3aBUCUT OT AMHAMUYECKUX
XapakTEpUCTHK 00BbeKTa). Ha BXO1 HEHPOHHOrO pErysisTopa MOAAKOTCS CUTHAJBI C
BbIX0/1a 00beKTa AYy ¥ MX 3aJep’KaHHbIE HA OJUH TaKT 3HaueHus AYy.1.

HeiiponHas Mozenbs oOydaercsi Ha 00bEKTE YIIpaBJIEHHUs, IPU TOM OIIMOKA CETH
BBIYMCIIIETCS KaK Pa3sHOCTb MEXKIY BBIXOJHBIM CHUTHAJIOM HEHPOCETEBOWM MOJEIU U
pealIbHbIM 3HAYEHHUEM BBIXOJHOTO CHUTHaja ¢ 00beKTa. 3aTeM Beca HEHpOHHOU CeTH
MOJIETIH «3aMOPAXKUBAIOTCS» U MPOUCXOAUT O0yUEeHUE HEUPOHHOM CETH peryisTopa.
[locne 0oOydeHHs HEWPOHHBIN PETYISATOP CIOCOOEH T'€HEPUPOBAThH YINPABISIOLINE
BO3/ICHCTBUS B COOTBETCTBUH CO CBOMCTBAMU OOBEKTA.

JlanHast cxema MocTpoeHa ¢ y4eTOM TOTO0, YTO Ui 00y4EeHUsI HEHPOHHBIX CeTel
UCIOJIB3YETCs AJITOPUTM OOpaTHOTO pacipocTpaHeHus ommoku «Back-Propagation».
ToJbKO ¢ MOMOIIBIO ATOTO METO/Ia MOYXKHO OCYIIECTBUTH 0OpAaTHOE PACIPOCTPAHEHHE
OIIMOKHU Yepe3 «3aMOPOKEHHbBIE» CIOM HEHPOHHOM MOJENM Ha BBIXOJ HEHPOHHOIO
peryisTopa U Jajiee yepe3 HEHPOHHBINA PEryssiTop Ha €ro BXOJ. DTO JOCTOMHCTBO
ABJISIETCS, B TO K€ BPEMsI, 1 OTPAHUYECHUEM TAHHOW CXEMBI, TaK KaK B CIy4ae MI0X0on
TOYHOCTU 00YUYEHUSI HEBO3MOKHO HUCIIOIb30BATh IPYTUE CTPYKTYPhI CETEN WU APYTHe
AIrOpUTMbI OOYUYEHHUS.

CrpykTypHas cxema ¢ ONOPHON MOJIEBIO 3TAIOHHOTO MEPEXOIHOTO IpoIiecca
npencraBieHa Ha puc. 13. OmmOka HEHPOHHOTO PETyIATOpa ONpPENeNseTcs Kak
Pa3HOCTh MEXIY 3aJaHHBIM 3HAUYECHHWEM I1apaMeTpa COIVIACHO STAJOHHOM MOJENIU
NEPEXOTHOTO TMpollecca M TEKyIIMM 3HadeHueM napaMerpa. Jlamee ommOka
HCTOJIB3YETCs JJIs1 MOJACTPOMKH BECOB HEMPOHHOIO peryiiaTopa. Ha Bxox peryistopa
IIOCTYIIAET 3a/laHKe, TEKyLIee U Npeaplayliee 3HaueHus: napameTpoB. Kak BUIHO Ha
puc. 13, nis oOydeHUs HEUPOHHOIO PEryjaTopa HEOOXOJUMO HMETh 3TAJIOHHBIN
MEePEXOIHBIA MPOIIECC, KOTOPBIM MOIy4aroT, ucnoyib3ys oObruHbId [T wmm TTN]]
perynarop. OOyudaromniasi BbIOOpKa pETyJsiTOpa MNpPENCTaBiIseT coOOW 3HA4YeHUs
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ATAJIOHHOTO TMEPEXOAHOro Ipouecca. B TedueHne oO0ydeHHs] HEMPOHHOM CETH
OPENBABISICTCS OAMH M TOT K€ NEPEXOAHBIM MPOLECC, ITOKA CETh HE HAYYMTCS €ro
HOBTOPSITh, T. €. IOCJIe OOy4EeHUs HEHPOHHBIM PETYJATOp IOJDKEH I€HEpUpOBATH
YHOPABISAIOIME BO3JCHUCTBUSA TaK, YTOOBI NEPEXOIHBIM Ipolecc Obl1 ONM30K K
ATAJIOHHOMY.

Em
HeiiponHaa Modens /
AYik-1
Ec
HeiiponHnsiii pezynamop /

AYik-1

Rk Y
—>

Yk

Z-I

A

Pucynok 12 — CtpykrypHas cxema ¢ IpuMeHEHHEeM 00ydaeMOi HeUPOHHON MOJCIH
00beKTa JJ1s1 00yUeHUsI HEHPOHHOTO PEryisiTopa

CxeMbl Takoro poja MPUMEHUMBI TOJIBKO TOTJa, KOIJa XOPOILIO HM3BECTHA
IMHAMHKa OOBEKTa, T.€. MMEETCS MOJENb >KEeJaeMOro IMepexoAHoro mpouecca. B
HaIlleM Ccllydae HMMeeTcs OOBEKT ¢ OOJBIIMM KOJIMYECTBOM B3aMMOCBS3aHHBIX
[apamMeTpoB, AMHAMHKA KOTOPBIX CJOKHAa M CBSI3aHA C KOHKPETHOW CHUTyaluei.
[TockonbKy yIpaBiaeHUE HJIET IO MHOXKECTBY KaHAJIOB OJJTHOBPEMEHHO, TO IPOCYUTATH
BJIMSIHUE KaHAJIOB JPYT HA JIpyra B MEPEXOJHBIX MPOLIECCaxX BECbMa 3aTPYAHUTENBHO.

Kpome Toro, B TakoM pacnpeeIeHHOM 00bEKTE CYLIECTBYET ajieKO HE OJUH
BAPUAHT YIPABISAIOMIUX BO3JEHCTBUN, MPUBOJAIIMX K HEOOXOJUMOMY CHUKEHUIO
omnOku ynpasieHus. [loaTomy npuMeHeHHe JaHHOM CXeMbl 3aTpyJHEHO U, MpU
MOMNBITKE peaTu3aliu, MOXKHO 0KUAAaTh 3HAUUTEIbHYIO OIIMOKY YIIpaBiICHUS.
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Ec

HeiipoHHbiil pe2ynamop /

Rk

Uk OO0OBeKT

YIpaBICHHS

Yk
Yi-1

Z-I —

Pucynox 13 — CTpykTypHas cxema ¢ OIOPHOU MOEINbIO 3TATIOHHOTO MEPEX0HOTO
npoiecca

HeidipoHHBLIL pe2ynamop (HHEEPCHAA Modes)

O0OBexT
_Vl'[paBH CHHUA

4

Pucynoxk 14 — CtpykTypHas cxeMa HHBEPCHOTO UCII0JIb30BaHUSI HEHPOHHON MOJIeNN
B Kau€CTBE pEryJsTopa

CtpykTypHas cXe€Ma HWHBEPCHOTO UCIIOIb30BaHUS HEUPOHHONW MOJEIH B
KaueCTBE peryJsTopa mpejacraBieHa Ha puc. 14. JlanHas cxema siBisieTcs Hanbolee
IPOCTOM M 3aKioyaeTcs B OOy4YeHHWH HEHPOHHOM MOJenu OObeKTa YIpaBJICHUS C
MOCJICYIOIIEM WHBEPCUENW €€ B HEUPOHHBIM perynsatop. bmaromapst takon cxeme
MCKITIOYAeTCs IBOMHOE 00y4YeHHE CHavajaa MOJIEH, a IOTOM — PETYJISATOpa.

OcHoBHas mpoOyieMa MCIOJIb30BAHUS TAaKOW CXEMbl 3aKIIOYaeTcs B
HEOOXOJIUMOCTH OOpaIlleHUs MaTpUIlbl BECOB HEUpOHHOU ceTu. [l HeOoJbImX
pa3MepHOCTEN BEKTOPOB BXOJHBIX M BBIXOAHBIX JaHHBIX OOpaIllEHHE MATPUIIbI
CIO)KHOCTeM He BbI3bIBaeT. [Ipu ciaMIKOM OOJBIIMX Pa3MEPHOCTIX OIepalus
oOpallleHus] MaTpUIlbl JAeT 3HAUYUTENIbHYIO MOTPEITHOCTh BBIYMCIICHUS BECOB, YTO
CKa3bIBa€TCs HAa KauecTBE pabOThl HEUPOHHOTO peryisTopa. Kpome Toro, Takas cxema
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MOKET UCTIOIH30BATHCS TOJIBKO B 00BEKTAX, UMEIOIINX CTATUIECKUE XapAKTEPUCTUKH
1 HEe TpeOYIOMMX yueTa TUHAMUKH.

J1J1s KOCBEHHOT'O y4eTa TMHAMHUYECKUX CBOMCTB OOBEKTA CIIEYET UCIIOIh30BaTh
nepByro cxemy (cM. puc. 12) , a BTopas cxema (cM. puc. 13) yuuThIBaeT JUHAMHKY
HATPSIMYIO.

6.2. MeToab! co3panns 00y4yawmux Boi00pok. Mcnosib30BaHue anpuopHoii
uHpopmaunu 00 o0beKTe

VYnpasiieHue ocymecTBisiercss 00y4eHHbIM MOYJIEM HEHPOHHOTO PETyJsiTopa C
y4€TOM OTpaHUYCHW Ha yIpaBisiome Bo3zaeicTBusa. llepuon mnepeoOydeHus
HEWPOHHOTO PETYISITOPA 3aBUCUT OT TOTO, KaK YaCTO OIMIMOKA YIPaBICHUS BBIXOJIUT
3a TIpejiebl IOMYCTUMBIX 3HaueHu. HelipoHHas mMoesnb mpoiiecca Heo0xoauma npu
O0Oy4eHHH HEHPOHHOTO PEryysiTopa, KpOME TOr0, OHA MOXKET MCHOJb30BAThCS AJIs
MPOTHO3UPOBAHUS IIPU PYYHOM YHPABICHUH TEXHOJIOTHUECKUM MPOLIECCOM.

Curyanuu Takoro pojia MOryT BO3HUKATh IIEPE]T ITyCKOM HOBOT'O 000pY0BaHUS,
KOI'/Ia €1lle HE CTeHepupoBaHa neppasi o0ydaromiasi BEIOOpKa.

[Ipumep HelipoceTeBOM CUCTEMBI yNpaBlieHUs TpoduiieM OyMa)KHOTO MOJOTHA
MOKa3aH Ha puc. 15.

[Tocne kaxmoro mepeoOydYeHHs] HEMPOHHOW MOJIENH €€ CIeAyeT IPOBEPATh Ha
aJIeKBaTHOCTh 00BEKTYy ympaBieHusa. IIpoBepka Monenu OCYLIECTBISETCS C
UCIIOJIb30BAaHUEM psila TECTOBBIX IPHUMEPOB, COOTBETCTBYIOLIUMX II0 BPEMEHH
npuMepam u3 oOydaronieil BHIOOPKH, HO HE BXOJISIIMX B HEe.

[TockonbKy HEHPOHHBIE CETH MUMEIOT Ipenen 00y4yaeMOCTH, T. €. CYLIECTBYET
IpeleabHOE KOJUYECTBO HMH(OpPMAIMKM, KOTOPYIO CETh CIIOCOOHA 3alOMUHAaTh,
0000111aTh U BOCIPOU3BOAUTH, TO MEPEOOYUEHHE YCTAPEBLIETO MOAYJST HEHPOHHOIO
peryisTopa 4epe3 HEKOTOpOe BpeMs MPHUBEIET K TOMY, YTO HEHPOHHAas CETb,
nepeHachllenHas uH(opmammen, MepecTaHeT aJeKBaTHO BOCIHPUHUMATH BHOBD
MOCTYMAIOIINE AaHHBIE O MPOLEcce. DTOT HEIOCTATOK MOXHO MPEOJO0JIETh BYMS
My TSIMU:

1) BBecTH Tak Ha3bIBAEMBIN «KOA(PPUIMECHT 3a0BIBAHHS» B AITOPUTM O0yUYCHHSI
HEHUPOHHOW ceTu. DTOT KOA(D(UIIMEHT yMEHbIIAeT CHHANTUYECKHME Beca CETH Ha
KaKIoM TakTe o0yudeHus. COOTBETCTBEHHO, T€ Beca, KOTOPbIE YyCTapelu W
UCIIOJIB3YIOTCS PEJIKO, UEePE3 ONPEEICHHOE BPEMS CTaHyT OJU3KUMU K HyI0. OTHAKO
ATO CBSI3aHO C YMIIUPHUYECKON MOACTPONKON TaKOTO KO3(PPUIIMEHTA B 3aBUCUMOCTH OT
TOTO, HACKOJIbKO OBICTPO MEHSETCS cojepkamasics B oOydaronieil BBIOOpKE
anmnpokcuMupyemasi (QyHKIUSI, 4YTO CO3JAaeT JIOMOJHHUTEIbHbIE TPYAHOCTH TPH
HACTpOiiKe anroputMma ooyueHus [1];

2) Kaxaelii pa3 00ydaTh HOBBIA MOIYJIb HEHPOHHOTO perynsropa. [Ipu stom
oOy4arorasi BRIOOpKa JOHKHA OBITH CKOJIB3SIIEH 1O BPEMEHH, T. €. BKJIIOYATh B CeOs
HEKOTOPOE KOJIMUYECTBO JAHHBIX U3 MPEIbITyIEH BEIOOPKH.
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KPOMOK OVMaKHOTO ITOJOTHA

onpejejeHHA
NTHHAMHYeCcKOH

=4

ITsMmepeHHEI]

IT3mepeHHBIE 3Ha4UeHIIE
TOI0KeHIIA
HCIIOTHUTEIEHEIX
MEXaHI3MOB B.aok

B

ap oIk

Maccsl 1m?

x

giopmuposaHun

v Bb.aok
IToacHcTeMA

KOHTPOJIA H v ¢
YHnpaB/JdeHHA
MOJTOREHHAMH
HCTIOTHHTE/IBHBIX
MEXAHH3IMOB

F 3

HEHPOHHAS [* Baok

MOJE/1b o6yueHun
F

Y

Y b4

? HEWHPOHHBIH PETYJIATOP

'y

3a1aHHBI OpodIIs

OnepaTtop

Pucynok 15 — Cxema HelipoceTeBoil cHCTEeMbI yIpaBeHus Maccoi 1 M? Oymaru

[Tocnenuuii cnoco® sBiseTcs HanboJee MPOCTHIM U HAJEKHBIM, TaK KaK IpU
MOSIBJICHUH HEXEJIAaTeNbHBIX OTKJIOHEHWH B padoTe HEHPOHHOrO peryssTopa,
CBSI3aHHBIX CO CIIy4alHBIMH IMPOILIECCaMU IIPU 0O0YUEHHH, OHH MOJHOCTHIO UCUE3HYT
IIOCJIE 3aMEHBI MOYJISL PETYISATOPA.

To ecTb HOBBII MOXYJb PEryJsiTOpa HE HAclIeAyeT U, COOTBETCTBEHHO, HE
HaKaruiuBaeT yCTapeBIyI0 WH(OpMAIKIO O MpoIlecce, MOJIHOCThI0O OPUEHTUPYSCh Ha
nHpopMaIuio, CoACpKaIllylocs B TEKylled oOydaromei BbIOOpKe. AJNTropuT™M
ajganTaluu mnpeAcTaBieH Ha puc. 16. OH coxepxut anroputMm (HOpMHUPOBAHUS
00yyaromux BIOOPOK, MOKa3aHHBIN OT/IEJIBHO Ha puC. 17.

42



3aMeHA MOIY.IH

Anropat™ popmMEpOBAHEA
oDy4aroiei BHIOOPKHA

Omudra
VIOpPAB/1eHAA 00bIIE

HeHpOHHOH MO/IeIH

v

JONYCTHMOH
BeTHYHHEIT

Odyuenne MoaAY.IsA
HeApOHHOTO peryjsTopa

Omudka odyueHHA
00/IbIIe JOMYCTHMOH
Be/THYHHBI

F Y

TectapoBanne
HelPOHHO20 Pecyaamopa

Omnadra
TecTHPOBAHHA D0Jb e
JONYCTHMOH
l'?

Ilapannensvhoe 6K10UEHIE HOB020
u cmapoz2o mooyae pezyiamopa

Omudra
YOPABJIeHHA MeHbIIIe

Hem

npeabIayIeH
BeIHYHHEI?

Yoanenuernosozo
MOOYIA HEUPOHHOZO
pezyaamopa

Yoanenue cmapozo
MOOYIA HEUPOHHOZ0
pezyaamopa

Pucynok 16 — Anroput™m QyHKIIMOHUPOBAHUS aAaTUBHON CHCTEMBI YIIPABJICHUS

h/”m\\, v

»(__ Komem e

C HEUPOHHBIM PETYIIATOPOM
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Ilo CMYIRJIEHHE HOE020 MACCHEN
HIMEPEHHBIX SHaA4YeH Ul

H3MeHeHHA NOM0KeHHH
HCNOJ/IHHTE/IBHBIX MEXaHH3MOB 3a
BpeMA T 40 H3IMepeHHA?

Hem

hd

k.
Onpeodenedue Hﬂmﬁ@a ur:n: Hsmepennsiii
MEXAHUIME C HaUOOoNbueN npoduns e
GETUYUHOU NEPEMEN|eH A codepucum
] OMKIUKOE OM
DopMupoearue Hoeotl UCHOMHUMETb-
obasnenue e es100pRy - -
ELI00PKU De3 yuacmua HBIX
HOB6020 00yUaIOME2D —>
. yemapesuie2o npumMepa MEXAHUIMOE
HpUMEPA 0nA 5
14 MO20 HCe HoMepd
HOJIYUEHHO20 HOMEPA &
h 4
OdyueHue HeillpoHHOIL
Modenu
Tecmuposanue
HellpoHHOI Owubka o6yueHus Mode
Mooenu teHblue donycmumoli

Ouiuora

Hem
MECHUP 06 aH UA MOOETH MEHLULE
donycmumoi?

b
Voanenue uz exioopru yemapeguie2o Yoanenue us estoopru Hoso2o
odyuawuezo npumepda o0ydarwuezo nPUMeEPa

Pucynok 17 — Anroputm popmupoBanus o0yyaromieil BBIOOpKu
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AnropuTM HauMHaeT (YHKIIMOHUPOBATH, KOTJA CPEMHSIS BEIWYMHA OUTHOKU
yIpaBJeHUs, OlEHUBaeMas MO BeNWYMHE 20, MPEBBINIACT 3aJaHHOE 3HayeHuWe. B
cllydae eCiIM HOBBIH MOJYJIb HEWPOHHOTO PETYIATOpa YXYAIIAeT KauyecTBO
yIpaBleHUs, TO OCYIIECTBIISICTCS BO3BPAT K cTapoMy Moy Iro. Crienyromiee o0yueHne
HEWPOHHOTO perysaTopa nHumansupyercs nocie 20-50 % o6HoBieHHs 00y4daroniei
BBIOOPKH C MOMEHTA HEYJJAYHOT'O 00YUEHHS PEeryisTopa.

[Ipn OOHOBJICHMHM HEWPOHHOTO PETYISITOpAa BO3HUKAECT BOIPOC O IIJIABHOM
MepPeXoie MEXKTy CTAPbIM M HOBBIM MOJIYJISIMHU, TEM 00JIe€ YTO HEHPOHHBIN PETYIIATOP
HCIIOJIB3YET, KpOME TEKYIIEH OMMOKHU YIIpaBICHUS, €IIe U €€ MPEIbIIYIINe 3HAUCHUS.
JlanHyro mpo0OieMy MOKHO PEIINTh, BKIIOYUB B pabOTy HOBBIA MOAYJIh PETyIATOpa
napajuieIbHO CO CTApPhIM U YCPEIHSIS 3HAaUEHUS YIPABIISIONINX BO3JEHCTBUN OT 000MX
MOJyJIEH B TEUCHHE BPEMEHH MEPEKITIOUCHHMS, KaK 3TO MOKa3aHo Ha puc. 18.

Yi Yi1
Heliponnsiil peryusarop Heiiponnsiii peryisitop
(crapbii) (HOBBIH)
Uit ur

Moayns ycpenHeHus
YHOPaBJIAKIIHX BO31eCTBHH

Ui

Pucynox 18 — CtpykrypHas cxema aJjig 00ecrieueHtsl INIaBHOTO Mepexo/ia
[P CMEHE MOJYJISI HEUPOHHOIO PETYIATOpa

[Tpu Gonpmmx ommOKax ympaBieHHS U COOTBETCTBYIOUIUX MM 3HAYUTEIHHBIX
YOPABJISIONIMX BO3ACHCTBUAX HEOOXOAMMOE KOJIMYECTBO OOYYAIOLIUMX MPUMEPOB
HaKaruiMBaeTcsl 3HAuMTeNbHO ObicTpee. lIpu nocTatoyHOM KauecTBe YHpPABICHHS
CYILLIECTBEHHBIX YIPABJISIOLIMX BO3JCUCTBUII HE HaAOMIOIAaeTCd U, COOTBETCTBEHHO,
HaKOIIEHUE 00YyYaroIIMX MPUMEPOB MPOUCXOTUT HAMHOTO MEJICHHEE.
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6.3. MeToauka yJy4lieHUsl Ka4ecTBA NepexXoAHbIX IPOLEeCCOB CHCTEMbI
yIPaBJIeHHS C HEHPOHHBIM PeryJasaTopoM

JUia moJaBiIeHUsT BO3MOXHBIX KOJIEOAHMN CUCTEMBl Y TOYKHM PAaBHOBECUS U
CHDKEHUS BIMSIHMSI ITYMOB BBE/IEHA HEOOJIbIIAsl 30Ha HEUYBCTBUTEIBHOCTH, B paliOHE
HYJIsl CUTHAJIa pacCorIacOBaHus, U KOPPEKIUs K03(pPUIMEHTa yCUIIEHUS PEryisaTopa,
MPOMOPIIMOHAIEHO MPOU3BOIHON curHana U;.

C 1enpio MOBBIIIECHUS HAJEKHOCTH OILICHKU MPOU3BOIHOM sl yIPABISIOLIETO
BO3JICHCTBUS UCTIONb3yeTCa TU(HepeHINPYIOMINNA MOJIMHOMHUAIBHBIN (QUIBTP:

2m+1 . .
rr 2ujeo (M= UK = ]]
Uf[k]_ 2m+1 -2,
2o J
rJie K — HoMep mara (TeKyliee Bpems);
M — 00BbEM BBIOOPKHU.

B mpocreiimiem  ciyuae, mnpu  BeIOOpke o0bema  (2m+1)=3 wu
AMMpPOKCUMHPYIOIIEM TOJIMHOME MEPBOI CTEIICHU MOTYYHM:

U'f[k] — (U[k]—U[k—Z]%.

CTpykTypa CHCTEMBI YIpaBICHUS C MCIOJB30BAaHUEM TaKoro (uibTpa
npeacTaBieHa Ha puc. 19. DToT QuibTp yMEHbIIAET KoJeOaTeIbHOCTh TIEPEX0THOTO
nporecca M MPUBOAUT CHUCTEMY K YCTOMUMBOMY COCTOSIHHIO, KaK 3TO BHJIHO HA
rpadukax nmepexoaHbIX mpoieccoB (puc. 20) CUCTEMBI YIIPaBIICHUsS 00BEKTOM YHCTOTO
(TpaHCTIOPTHOTO0) 3ara3AbIBaHuUs.

Heupounnas mooenw —
AYk-1 %
Uk |
Ec o
Hetiponnwiu pecyramop [/
AYk-1
e
—® > K
Rk AYk O6bext | Yk
TIPABJICHUS
- yrp
K2%dY/dt
Yk 4
dayzdt [

Pucynoxk 19 — CtpykTypHas cxema CUCTEMBI YIIpaBJiIeHUs! C HEHPOHHBIM
peryasTopoM U GUIBTPALIMEN CUTHAJA YIIPaBICHUS
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6)

yHKUMA OTKAMKAa

_______________________________________________________________________________

Bpena Bux . nepemeHHan YUnpasnetme Cp.uB. OoTHKA.

19.45 -8 .888 —a.88a a.189
OTrknoHeHue Hakc. oTkn.
8.998 B8 .888

ml_-lHl(l.l,MSl OTHKAHKA

Bpema Brix . nepeMeHHasi YnpaeneHuwe Cp.uB.
36.91 —B.8688 —A.888 B.894
OrwnoHeHue Hawc. oTwn.
B.998 B8 .888

Pucynok 20 — [IepexoiHbI€ MPOLIECCHI B CUCTEME YIPABICHUS
C HEHPOHHBIM PETYJIATOPOM:
a — ¢ punpTparyei curaana ynpasiaeHus; 6 — 6e3 GuibTpanuu
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