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BBEJAEHHUE

B kauecTBe BBEACHUS KPAaTKO PACCMOTPUM HCTOPHUIO CO3JaHUS U PA3BUTHSA
HMCKYCCTBEHHBIX HEUPOHHBIX CETEM.

Bnepseie 0 Hux 3aroopwin B 1940-x romax. Cuumtaercs, 4TO TeOpus
HEWPOHHBIX CETEH, KaK HAy4YHOE HaMpaBjieHUE, Oblla 0003HAYEHA B KJIACCUUECKON
pabote Max Kamnnoxa v IHummca B 1943 1., B KOTOPOH YTBEPKIAIOCh, UTO, B
npuHIMNE, JHOOYyI0 apu(METHUSCKYI0 WA JIOTHYECKYIO (DYHKITHIO MOXKHO
peanru30BaTh ¢ MOMOIIBIO MPOCTOW HEUPOHHOM CETH.

Cpenu OCHOBOIOJAralonMx padoT CleayeT BBIACIUTbL Mojenb /[. Xa60a,
KoTopblid B 1949 r. npennoxun 3akoH 00y4YeHUA, SABUBIIUICSA CTAPTOBOW TOUKOH
JUISl QITOPUTMOB O0YUYEHHA MCKYCCTBEHHbBIX HEHPOHHBIX CETEH, a TaKkKe TEOPEMBbI
M. Munckoco W WCCIENOBaHUS WM PsAJa TUIOBBIX 3a7a4y, B TOM YHUCIE,
nonyJiapHo# 3aaaun «ckmouaromero « JIA» [6].

B 1958 r. @. Poszenbramm npennoxusl HEHUPOHHYIO CE€Th, HA3BAHHYIO
nepcenTpoHoM [7], #M mocTpows TEepBbIA  HeHWpokommbioTep  «Mapk-1».
[lepcenTpon ObuT TIpeAHA3HAYECH IS Kiaccuukaimu OOBEKTOB W TOydan Ha
sTane OO0YUYEHUsS] OT «YUUTeIsA» COOOIICHHE, K KAKOMY KJIacCy MPUHAIJIEKUT
npeabsaBaAeMbii  00bekT.  OOyueHHbIH  mepcenTpoH  ObLT  CcMocoOeH
Kiaccu(pummpoBaTh OOBEKTHI, B TOM UHCJE, HE WCIIOJB30BABIIHECS TPH
o0y4eHuH, feas Mpu ’TOM OUYE€Hb MaJIO OIITMOOK.

3atem, nocie paspadotok 1950-x u 1960-rr. HacTynwi mepuo 3aTUILIb,
auBimiicsa ¢ 1968 mo 1985 rr.

B 1985-1986 rr. Teopusi HEHPOHHBIX CETEH MOJIyUMJIa «TEXHOJOTHUCCKUN
HUMITYJIbCY», KOTOPBIM ObLT BBI3BAH BO3MOXXHOCTHIO MOJECIUPOBAHUS HEHPOHHBIX
ceTel Ha MOSABMBIIMXCS B TO BPEMs JOCTYIHBIX M BbICOKOMPOWU3BOIAUTEIBHBIX
MEPCOHAIBHBIX KOMMbIOTEPAX [3].

HactonpHO#l KHUTOW CHEnuajgucTa, MOJCIUPYIOMIEr0 U MNPUMEHSIONIETO
HEHWpOHHBIE ceTH, cTajna padota . Yoccepmena «HeHpoKOMIBIOTEpHAS TEXHUKA»
(M31aHa HA PyCCKOM si3bike B 1992 1)) [8].

B  HacTosiiee Bpems, 1O OLECHKAM  CHCHHMAIUCTOB,  O0XUAAETCSA
3HAUUTEJIbHBIA TEXHOJOTUYECKUI POCT B 00JACTU MPOEKTHUPOBAHUS HEHPOHHBIX
ceTel U HEHPOKOMIIBLIOTEPOB. 3a MOCJCIHUE TOAbl YK€ OTKPHITO HEMAJIO HOBBIX
BO3MOXKHOCTEH HEHpPOHHBIX ceTei, a padoThl B JAHHOW OOJACTH CTaHOBATCA
BOKHBIM BKJIQJIOM B MPOMBIILJICHHOCTh, HAYKY W TE€XHOJIOTHMH, UMEIOT OOJIbIIIOE
SKOHOMHUYECKOE 3HaueHue [9].

OnHako BCE TMOMBITKM TOHATH M MOJACIHUPOBATH OOBEKTHUBHBIC MPOILECCHI
06paboTkn WHGpOPMAIIMH MO3IOM 4YEJIOBEKAa ITOKa 0OCOOOro ycrexa He HMENH.
Hecmotpa Ha TO, uTO pa3pabOTKU MO HEHPOHHOMY MOJCIMPOBAHUIO BEIYTCS
HelipoOuosioramu yxke 0onee 50 jeT, HET HU OAHOM 00NacTH MO3ra, rie MpoIecc
obpaboTku uHpopManuu ObUT OB ICEH 10 KOHIA. Takke HU JJI1 OJHOTO HEHpOHa
B MO3r€ MOKa HEBO3MOXKHO OMNPEACIUTh KOJ, KOTOPbIA OH HWCHOIb3YEeT JJIs
nepeaaur nHoOpMaIu B BUIE TIOCIE0BATEIEHOCTH UMITYJTLCOB.



['psaayimumii B3pbIBHOW POCT B 00JACTH HEHUPOKOMMBIOTEPHBIX TEXHOJIOTUH
MO0 BCEH BEpOATHOCTUM OyAET CBA3aH C HOBBIMH OTKPBITHSIMU B 00JacTH
HEWPOHHOTO  MOJCJIMPOBAHMS — KAk TOJIbKO Mbl  pasrajaeM TaiHy
(hyHKITMOHWPOBAHUA XOTS OBl OJHOM O0JACTH MO3Ta, TakK Cpasy, MO-BHIAAMOMY,
MOJIYYUM TIPEJCTABIICHUE O PA00Te MHOTHUX APYTUX €ro 00JacTeH.

IIpennonaraercsi, YTO OTKPBHITHE OHOJIOTHYECKUX OCHOB 00padOTKH
uH(}OpPMAITMK BBI3OBET CYIICCTBEHHYIO aKTUBH3AIMIO paldoT B TMOCTPOSHUH
HMCKYCCTBEHHOTO MO3Ta M WHULHALMIO OECMpELEeICHTHOr0 MO CBOEMY pa3Maxy
HAy4YHOTO M TEXHOJIOTMYECKOro MpoekTa. [0 CcpaBHEHUIO ¢ HUM TIJI00AJbHbIE
MPOEKThI MPOIUIOr0 W HACTOAIETO, TAKUE KAK UCCIICIOBAHUE KOCMOCA, OTKPBITHS
anepHo (pU3WKHA, MOJICKYJIsApHAS OWOJIOTHS W TEeHHAasd WHXXCHEPUS TOKAXKYTCS
BeChMa CKPOMHBIMHU. OKHAETCS, YTO HOBBIHM MPOEKT OYAET CMIOCOOCH AJOCTAaTOUHO
OBICTPO N1aTh 3HAYUTEIHHBIM SKOHOMHUYECKHH Y(PPEKT W, HAKOHEI-TO, TOSBHUTCA
BO3MOXKHOCTh CUHTE3UPOBATh «YMHBIC» MAIIMHBI U CUCTEMBbI, CIIOCOOHBIE BMECTO
JIFOJIeH BBIMOJHATh MOHOTOHHBIC, CKyUHbIE U OMACHbIE 3aAaHus [§, 9].

CnpaBeyIMBOCTH paJll OTMETHM, UYTO JJiA JOCTHKCHHS HTUX LENEH, TaKxKe
BKHO PA3BUTHC W PsAfa IPYrux obnacTed mHOPMATHKH, MUKPOIICKTPOHUKHA U
UCKYCCTBEHHOTO MHTEJIEKTA.



1. OCHOBHBIE HAIIPABJIEHUA HPUMEHEHWA
HEHPOHHBIX CETEI U HEMPOKOMIIBIOTEPOB

1.1. TunoBsbIe pemaemMsblie 3a1a494

[ToTreHuMambHbIMA OOJACTAMM TMPUMEHEHUS HMCKYCCTBEHHBIX HEHPOHHBIX
CeTell SBISIFOTCA Te, TJAC UYENOBEUSCKHH WHTEIUIEKT ManodddexTuBeH, a
TPAJAMIIMOHHBIC BBIYMCICHUAA TPYJAOEMKH WM (PU3NUECKH HeaneKBaTHBI (T.€. HE
OTPaXKAIOT WX TJIOX0 OTPAXKAKOT PeaibHble (PU3HUECKHE IPOLECCH U OOBEKTHI).

JIeHCTBUTENBHO, AKTYaJbHOCTb TMPHMEHEHHSI HEHPOHHBIX ceTeil
MHOTOKPaTHO BO3pacTaeT TOrAa, KOraa mNoOsIBJsSIeTCS Heo0X0AUMOCTh
peLeHus n10X0 OPMAIU306aAHHBIX 3a1a4.

HelpoHHas

CeTb

Puc. 1.1. Tunosbie 3axa4u, pemaeMbie ¢ TOMOIIbIO
HEHPOHHBIX CeTeH U HEHPOKOMIILIOTEPOB
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Ta6auua 1.1. OcHoBHbIe 00J1aCTH IPUMEHEeHHUsI HelPOHHBIX ceTeH

IIpombimeHHOCTH

YpaBiacHUE TEXHOJOTHICCKUMH
TPOLIECCaMHU

OreHKa YKOIOTHIECKOM
00CTAHOBKH

OnTHManpHOC TIAHHPOBAHIC

Wnenrndpukanma Buaa
TOJTHMCPOB

O0Hapy>KCHHC TTOBPCKACHIH

ITpunoskeHHUs AaHATUTHICCKOH
XHMHAH

WnerTn(ukanus: XHMAIECKUX
KOMIIOHCHT

IIporuo3upoBaHuE CBOICTB
CHHTE3HPYEMBIX IOITHMEPOB

Paspaborka wedrn u raza

YrpaBiacHUE UEHAMH H
IPOU3BOACTBOM

OnTuMmu3anust 3aKyTOK ChIPbS

Anamms mpodneM (PyHKIHOHHPOBAHAS
32BOJOB H MATa3HHOB

Kontpons kauecTBa
APTE3HAHCKUX BOJ

YrpaBiacHUE BOIHBIMU
pecypcaMu

YupasncHue paboTolt mpecca

Onrummzanust padboTs
MOTOPOB

KonTposb kauecTBa u3aeaui

IIporuosuposBanue
TOTPEOICHHST SHEPTHHI

Bruicoxue TexHOJO0rHH

Oo6opona

IIpoexTHpoBaHue U
ONTHMH3AIHA CCTCH CBI3H

AHanm3 u ckatue H300paKeHUH

Pacno3HaBaHue MEYaTHBIX

H PYKOIIHCHBIX CHMBOJIOB
DarpCcH(UKALNA B THIICBOH |
nmap(QroMEpPHOH MPOM-CTH
OO0c1yXuBaHHE KPEAUTHBIX KapT

Wnenrndpukanma u
Bepu() KA TOBOPALICTO

Bunconabmoacuue

ABTOMATH3UPOBAHHOE PACIIO3HABAHHC
PECUCBBIX KOMAH

Pacnmo3HaBaHuE CITUTHON pe4H C
(1 6¢3) HACTPOHKH HA TOBOPSILCTO

PeucBoii BBOJ TEKCTA B KOMIIBEOTED

Ananm3 BU3yaIbHOH
A3pPOKOCMHUYECKON HH(OpMAIMH

Ot0op menci

O0HapyKCHHC HAPKOTHKOB H
B3PBIBYATHIX BCIICCTB
CrmucHue H300pakeHUH

¢ KPpUMHHATBHOH 04308 TaHHBIX

Ipeackaszanue nenecoodpas-
HOCTH YCJIOBHOTO OCBOOOX/ICH.

Hayka u Texnuka

3apaBooxpaHeHue

TTouck HencmpaBHOCTEH

B HAYYHBIX PHOOpPAx
JIMarHOCTHKA TICUATHBIX IUIAT
WaeHTHHKALHSA TPOIYKTOB
CHHTE3 HOBBIX BHIOB CTCKIIA

ABTOMATH3HPOBAHHOC
MPOCKTHPOBAHIC

OnruMu3anusa OHOIOTHYESCKHX
JKCICPHUMCHTOB

I'eodpm3uteckue u CCHCMOIOTH-
YECKHE HCCIICIOBAHHAS

Pacno3HaBaHHE HHTPEIUCHTOB

CrickTpa IbHbI AHATH3 H
HHTCPIPETALHS CIICKTPOB
HHTepnperanmst NOKa3aHUN CEHCOPOB
MoaempoBanue (PH3HUCCKIX CHCTEM
AHanmH3 JAaHHBIX B OOTAHHKS

[NnaHUpOBaHHE XUMHICCKHX
JKCTICPHMCHTOB

OT00p CCHCOPOB AT KOHTPOJIA
XUMHICCKUX MPOICCCOB

[TporHo3 TeMIepPaTypHOTo PexKuMa
TEXHOJOTHYCCKHX MPOLIECCOB

JluarHocTukKa COOCB CHTHATH3AIUH

WnenTnpukamma MakpoOoB
u OaxTepui

Jlnaraoctuka 3a001¢BaHIH
Wnrepmperamus KT
AHanmm3 KauecTsa IeKapcTB

O0paboTka u aHATH?3
MCAUITHHCKHUX TCCTOB

[TpOrHO3HPOBAHHE PE3YIBTATOB
MPUMCHCHAS METOAOB JICUCHHS

OnruMu3anys aTIeTHIECKOR
IOATOTOBKH

Juarsocruka ciayxa

buznec u punaHChI

Bo100p COBITOBOM MOTUTHKH

ITpunaTHe a IMUHHCTPATHBHBIX
pemeHui

IIpenckazanus HA POHAOBOH
ompxe

AnHanm3 (pHHAHCOBOTO PBHIHKA
Hccrenosanue (haxkropa crpoca
MogempoBanue
Om3HEC-CTpaTETHH
IIpenckazanue HACTYIIICHUA
(PMHAHCOBBIX KPH3HUCOB

[Tporxo3s npudsLm (Cash-flow)

IIpenckazanue u pacHIMBKA
«Y3KHX MECT»

[Iporuo3 3¢ppekTuBHOCTH
KPCAUTOBAHUS

ITporuo3upoBaHKE BAMIOTHOTO Kypca
[TporHo3upoBaHNE M aHATN3 IICH
IToctpoenue Makpo- u
MHKPOIKOHOMHYECKUX MOJCITCH
[peackazanne HCOOXOIMMBIX
TPYAOJHEH A peanu3alui MPOSKTa

IIporuo3upoBaHue MPOAAK

AHamm3 nenei MApKCTHHTOBOH
MOJTUTHKA

IIporuosuposBanue
HKOHOMHYECKHX HHIHKATOPOB
AHanmm3 cTpaxoBbIX HCKOB
OT100p NEPCTICKTUBHBIX KAIPOB
Crparteruu B 0071aCTH
FOPUCTIPYACHIHA

Or11eHKA ¥ IPOTHO3UPOBAHUC
CTOHMOCTH HEIBHKHMOCTH

11




HelipoHHble ce€TM MPOAEMOHCTPUPOBAIM CBOK CIOCOOHOCTh PpeIlaTh
cioxHbie 3a1aun. OHA UMEIOT YHUKAIBHBIC TTOTCHIIMAIEHBIE BO3MOXHOCTH, XOTS
HE CBOOOMHBI OT OTPAaHWYCHWA W BOMPOCOB, HA KOTOPHIE JO CHX TIOp HE
CYILIECTBYET OTBETA. Takas CUTyalus HACTPAUBAET HA YMEPEHHBIN ONTUMU3M [§].

Tunosvie 3a0auu, pemiaeMbie C TIOMOIIBIO HEHPOHHBIX CETEH W
HEHPOKOMITHIOTEPOB ciieaytomue (puc. 1.1):

" aBTOMATH3AlMs Mpoliecca KiaccupuKaluy;

"  QBTOMATH3AIUs MPOTHO3WPOBAHMS,

" aBTOMAaTH3alMs MpoLecca NMPEACKA3aHUA,

" QBTOMATH3AIUS MPOIIeCcca MPUHATHS PEIICHHIA,
"  yIpaBJICHUE,

"  KOAMPOBAHWE U ACKOAMPOBAHWE WH(MOPMAITHH,
"  ANMPOKCHMAITUS 3aBHCUMOCTEH U Jp.

1.2. O0630p o01acTeii npuMeHeHus

[Ipumepsl NPUMEHECHUST HEUPOHHBIX CETEH W HEHPOKOMMBIOTEPOB
npeacTaBieHbl B Ta0. 1.1. be3ycnoBHO, JaHHBINA NEpeUYeHb HE MOJIOH, OJTHAKO OH
MO3BOJIACT  MOJYUYUTh MPEJCTABICHUE O  XapakTepe BOCTPEOOBAHHOCTHU
HENPOCETEBBIX U HEUPOKOMITBIOTEPHBIX TEXHOJIOTHH.

B kauwecTBe WUIIOCTpaUMM YCHEIIHOTO TPUMEHEHWS HEHPOHHBIX CETEH
pPaccMOTPHUM clieAyIoIue mpumMepsl [14].

1.2.1.  IIpoexkTHpoBaHUE ¥ ONTHUMU3ALUSA CeTell CBI3U

C noMmoIlbl0 HEHPOHHBIX CETEH YCMEIIHO PElIaeTcd BaXKHasd 3ajaya B
00J1aCTH TEICKOMMYHHUKAITI — HAX0XKICHUE ONTUMAILHOTO TyTH Tpaduka MEX Ty
y3JaMU. YUUTHIBAIOTCS JBE OCOOCHHOCTH. BO-TEPBbIX, PEUICHUE JOJIKHO OBITh
aJanTUBHBIM, T. €. YUYUTHIBATh TEKYIIEE COCTOSAHHE CETH CBSI3M WU HAJIU4YUE
COOMHBIX YUaCTKOB, a BO-BTOPBIX, ONTUMAJILHOE PEIICHUE HEOOXOAMMO HAXOJUTh
B PEAJIbHOM BPEMECHU.

Kpome ympapieHuss wmapHipyTu3alMed MOTOKOB, HEHWPOHHBIE CETH
UCTIONIB3YIOTCS  JUTd  monydeHuss  >(PEeKkTuBHBIX  pemieHnidi B 00JacTH
MIPOCKTUPOBAHUSA HOBBIX TEJICKOMMYHUKAIIMOHHBIX CETEH.

1.2.2. Pacno3HaBaHue peyu

PacriosnaBanme peun — ojaHAa U3 HambOoJiee TOMYyJSIPHBIX OOIacTel
NPUMEHEHUN HEUPOHHBIX CETEN.

JleMOHCTpaIrmoHHAsT CUCTEMA JUI  JUKTOPO-HE3aBUCHMOTO  PEUEBOTO
yTIpaBIIEeHU BCTPOCHHBIM KanbkyJisaTopoM Windows (Poccmiickas kommaHus
HetiponipoekT) cnocoOHa pacmo3HaBaTh 36 KOMaH]I, CKa3aHHBIX B CTaHIAPTHBIA
mukpodoH. Jlns  kmaccudukammu  CIOB  WCTOJB3YETCS  ABYXKacKaaHas
uepapxudeckas HEWpOHHAs CEeTh, TJI€ TEPBBIM KAacKaj COCTOMT W3 OJIHOTO
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nepcentpona (1000 BxomoB, 24 HEWpoHA B CKPBHITOM CJIo€, 6 BBIXOMIOB), a BTOPOH
Kackaja — u3 6 IepCcenTpPOHOB C PA3IMUHBIMU MAPAMETPAMH CIIOEB.

[Ipu 5TOM mTEpBBIH TEPCENTPOH OCYMIECTBISAET TpyOdOe pacro3HaBaHUE
CJIOBA, OTHOCA €ro K OJHOMY M3 0 KIIacCOB, pOJIb BTOPOTO Kackada — TOYHO
KIaccupuIMpoBaTh KOMaHAYy BHYTpM Kimacca. Jlns mocTpoeHus AaHHOH
HEHPOHHOW ceTH wucnojp3yercss Oumbmuoreka NeuroWindows, a Take
CHEUUAJIbHBIA  aJITOPUTM  HEpapxuueckoro oOyueHuda. B oOydeHum cetu
MPUHUMAJIA ydacTue 19 TuKkTopos.

1.2.3. VYmpasjeHue HeHAMU H MPOU3BOJICTBOM

YacTto HEIOONEHHUBAIOTCS IMOTEPH OT HEONTHMAIBHOTO TUIAHUPOBAHUS
TIPOM3BO/JICTBA.

B cBs3u ¢ TeM, 9TO COPOC M YCJIOBHS PEATH3ANUN TPOAYKIHHA 3aBHCAT OT
BPEMCHH, CE30HA, KypCOB BAIOT W MHOTHUX APYrux (akTopoB, TO U 00BEM
NPOW3BOJCTBA JOJDKEH THOKO BapbUPOBATBCA C  IIEIBIO  ONTHMAIBHOTO
MCTIOJIb30BAHMS PECYPCOB.

HeiipoceteBas  cucrema  (kommanuss ~ Neural — Innovation  Ltd.),
npeaHa3HAuYCHHAA [UTA IDIAHWPOBAHUS 3aTpaT MPH M3IAHUM ra3eT, OOHAPYKUBAET
CIIO)KHBIE 3aBHUCHMOCTH MEXAY 3aTparaMi Ha pekiamy, oObeMaMH MPOJaK,
[ICHOM, IICHAaMW KOHKYPEHTOB, JHEM HEICITH, CE30HOM W T.I. B pesymbprare
WCTIOJIb30BAHMSI CUCTEMBI OCYIIECTBIISAETCS BHIOOD ONTHMAIBHOW CTpPATErHu
U3JaTEIbCTBA C TOUKU 3PSHUS MAKCUMU3AIHKA 00beMa MTPOAAK WITH MPUOBLITH.

1.2.4. AHajgu3 NoTpedUTEILCKOI0 PhIHKA

OnuH #3 MOMYJAPHBIX MAPKETHHTOBBIX MEXaHU3MOB — PaCIpOCTPaHCHHE
KyTIOHOB, JMAIONIHAX MPABO TMOKYIIKHM OMPEACIICHHOTO TOBapa co CKUAKOH. Tak kak
3aTpaThl HA PACCHUIKY KYIIOHOB JIOBOJIGHO BEJIMKH, PEMIAONUM (haKTOpOM
ABIIACTCS 9Q)heKkmusHOCmb pacculixu, TO €CTh TIOBBIINICHUE O KIWEHTOB,
BOCTIONTB3YIOMUXCS  CKuAKOW. Jlns moBbimenns 3G @EKTUBHOCTH  KyTMOHHOMN
CHUCTEMBbI HEOOXOJMMO TPOBEICHHUE MPEABAPUTEIHLHON CETMEHTAIlMU PHIHKA, a
3aTeM ajpecarus KIMEHTaM KaKJI0TO CETMEHTa MMEHHO TeX KYMOHOB, KOTOPHIMH
OHH ¢ OOJIBLIEN BEPOSITHOCTHIO BOCIIOJIb3YIOTCS.

HetipocereBas cucrema (kommanmsi IBM Consulting), mporro3upyromias
CBOMCTBA TMOTPEOUTEIHCKOTO PBHIHKA THUINEBBIX MPOJYKTOB, PEIIaeT 3aaady
kiacmepuzayuu ¢ Tniomomeio cereii Koxonmena. Ha Bropom oartame s
NOTPEOUTENCH KAXKIO0T0 U3 KJIACTEPOB MOAOMPAIOTCA MOAXOAAIINE KOMMEPUYECKUE
MPEAIOKEHHS, a 3aTeM CTPOMUTCS MPOTHO3 00beMa MNpPOAAXK AJIA  KaKIO0ro
CErMEHTa.

Jlpyroii MOMyJSApHBIA MapKETUHTOBBIA MEXAHU3M — PaCIpPOCTPAHECHUE
MOOIIPHUTEITFHBIX TOBAPOB (KOT/MA, HAMpUMEpP, MPUCHUIAs 5 STUKETOK OT KOQde,
KIIMEHT  OecIlaTHO  TOJIy4aeT  KPYXKKY).  37eCh,  OOBIYHBIE  METOJbBI
MPOTHO3UPOBAHMS OTKJIUKA MOTPEOUTENEH MOTYT OBITh HEAOCTATOYHO TOYHBHI:
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WHOTa, CIPOC HA KPY)KKHM OKa3bIBACTCS CIIAIIKOM BEJIMK W MHOTHE TOKyHaTelTH
TOJaMH JKIYT TOJTYYCHHS TPH3a.

[Tpornosupyromas HeiipoceTeBas cuctema (kommanusa GoalAssist Corp.)
HCIIOIB3YET CETh C aJalTHBHOM apXuUTEKTypou Helpocumyisaropa NeuroShell
Classifier (kommanuu Ward Systems Group).

Ha Bxomsl manHO# HEHWPOHHOW CETH, MPUMEHAEMOW UTS KJIacCH(pUKAIAN
BO3MOJKHBIX OTKJTHKOB IMOTPEOUTENCH, MOAAI0TCS Pa3IMuHbIC TTapaMeTPhl TOBApOB
U PCKIAMHOMN TOJIMTHKW JUIS pa3zelieHUs BXOJMOB Ha 4 BUAA OTKIMKOB. Te ke
BXOJIbl BMECTE C OTBETOM IIEPBOM CETH MOJAIOTCS HA BXOJ CETH HEHPOCHMYJTIATOPA
NeuroShell Predictor (komnmanuun Ward Systems Group), npeaHa3HaueHHOW IS
PEIICHUS 33/1a4H KOJIMUECTBEHHOTO MTPOrHO3HPOBAHHS.

[Tpu sTom cpemusas ommobka mpeackazanuii dpdexra oT pacmpocTpaHEHUs
MOOIIPUTEIBHBIX TOBAPOB COCTaBIAET Bcero okojio 4,0 %.

1.2.5. HccaenoBanmue cripoca

Jlns  coxpaHeHuss OW3HEeca B YCIOBUAX KOHKYPEHIIMH KOMTAHWUH
MPUXOAUTCS  TONJAEPKUBATh TIOCTOSHHBIM KOHTaKT ¢ TMOTpeOHUTEIsIMUA  —
«oOpaTHyiO CBS3b». KpymHbie KOMIIAHWHM TIPOBOSAT OMPOCH TMOTpeOUTENEH,
MO3BOJISIFOIITNE BBIACHUTH, Kakue (PAKTOPHI ABIIAIOTCS JUIS HAX PEIMIAIONIMMH TIPH
MOKYMKE JAHHOTO TOBapa WM YCIyTH, TOYeMYy B HEKOTOPHIX CIIydasx
MPEAMOYTCHUE OTAACTCS KOHKYPEHTAM M KaKWe TOBaphl MOTPEOUTENH XOTET OBl
YBUJETh B OyayllleM. AHAJIU3 PE3ybTaTOB TAKOTO OMPoca — JOCTATOUHO CIIOXKHAs
3a/aya, TaK KaK CYMIECTBYET OONBIIOE KOJHYECTBO KOPPEITMPOBAHHBIX
napaMeTpoB.

HetipocereBas cucrema  (kommanmss Neural Technologies) mossossier
BEISIBJISITH CJIOXKHBIC 3aBUCUMOCTH MEXIy (pakTopamu cmpoca, TPOTHO3HPOBATH
MOBEACHUE MOTPEeOUTENECH TTPU M3MEHEHUH MapKETUHTOBOM TOJUTHKH, HAXOJIUTh
HanOoJiee 3HAUMMbIC (PAKTOPHI W ONTHMAJBHBIC CTPATETHHM PEKJIAMbI, a TaKKe
OUYepPUMBATh CETMEHT TMOTpeOuTeNeH, HanmboIee TEPCICKTUBHBIA I JAHHOTO
ToBapa. B wacTHOCTH, cHUCTeMa MPUMEHSETCS IS WCCIICOBAHUN TPEIMTOUTSHAN
Pa3TUYHBIX COPTOB MHWBA B 3aBHCHMOCTH OT BO3pacTa, J0X0/a, CEMEHHOTO
TIOJIOKECHUS TIOTPEOUTENA U IPYTHX TTAaPaMETPOB.

1.2.6. AHaju3 CTPaxoOBbIX HCKOB

HeiipoceteBas cuctema Claim Fraud Analyser (kommanms Neural
Innovation Ltd.) mnpemnasHaueHa I BBHIABICHUS B PEATbHOM BPEMEHH
MOTO3PUTENBHBIX CTPAXOBBIX WCKOB, TIOCTYMAIOIINX B CBA3U C TOBPEKICHUSIMH
asTomoOwmieit. Ha BXoabl CHCTEMBI TIOMAIOTCS TaKWE TMapaMeTphl, KaK BO3PacT u
OTIBIT BOJMTENISA, CTOMMOCTh aBTOMOOWIIA, HAJIMYME TOMOOHBIX MPOUCIICCTBUM B
MIPOIILIIOM | JIP.

B pesynbrare 006padoTku Takoi mHGOPMAIMA HEHPOHHAS CETh ONPEaACIIcT
BEPOSITHOCTH TOTO, YTO AAHHBIA MCK HE CBS3aH C MOIICHHWYECTBOM. CucTema
MO3BOJISIET HE TOJNIKO OOHapyxkwBaTh (dambcudukanmu, HO € YJIydIlIaTh
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OTHOILIEHHUS C KJIMEHTAaMU 3a cueT Oosiee OBICTPOrO  YAOBJIIETBOPCHHMS
CIIPABEJTUBBIX HCKOB.

1.2.7.  OOcay:kuBaHue KPeAUTHBIX KapT

HetipocereBas cucrema Falcon (kommanmsa HNC), pazpabGortannas mis
OTCJIC)KUBAHUS OTICPAlMA C KPAJCHBIMH KPEAUTHBIMU KapTaMu W TOAJCITbHBIMHA
YeKaMH, TIO3BOJIACT IO YACTOTE CHACIOK M XapaKTepy TMOKYIOK BHIACINATH
MOO3PUTENBHBIC CIAEIKA W CHUTHAIM3UPOBATH 00 ATOM B KOHTPOJUPYIOITHE
cayxObl. baarogaps maHHoOH cucTeMe, OTCieKUBarolie Oonee 260 MUIIHOHOB
c4eToB 16 KpYyMHEHIIHMX SMUTEHTOB KPEAWTHBIX KApT, MOTEPH OAHKOB OT TaKHUX
Onepanui 3aMETHO YMEHBIIUIIUCH.

Ananornunas cucrema (xkommanusi [TC), mcmonws3dyemas mist oOpaboTkh
onepaiii ¢ kpeauTHbIMU Kaptamu VISA, npenotspatmia B 1995 r. HeneranbHbie
caenku Ha cymmy Oojiee 100 MH 1071apoB.

1.2.8. MeanuuHCKash AMArHOCTUKA

Cucrema 00BEKTUBHOM NMArHOCTHKH ClyXa y TpyaHbIx neteit (Poccuiickas
kommanus Heiipollpoekt) oOpabaTeiBaeT 3aperuCTPUPOBAHHBIC ''BHI3BAHHBIC
MOTCHIHMAB"'  (OTKJIUKA MO3ra), TPOSABIAIONIAECS B BHAEC BCIUIECKOB Ha
ANEKTpOdHIIE(daTOrpaMMe, B OTBET HA 3BYKOBOU pa3ApaKUTENb, CAHTE3UPYEMBIi B
npoiecce 00CIe10BaHuS.

OObIUHO, I YBEPEHHOM JMArHOCTHKU ClyXa PEOEHKA OIMbITHOMY
AKCIEPTY-ayAUOJIOTY HeoOXoauMo mposectd okosio 2000 TecToB, 4TO 3aHUMAaET
okoimo uaca. CucTemMa Ha OCHOBE HEMPOHHOM CE€TH chocoOHAa € TOH ke
JIOCTOBEPHOCTBIO OMPEACTNTh ypoBeHb ciiyxa yxe 1o 200 HabmoaeHusM B
TEUCHUE BCETO HECKOJBKMX MHWHYT, MPUYEeM 0€3 ydacTus KBATH(PHUITUPOBAHHOTO
MEePCOHAJIA.

1.2.9. Oonapy:xenue paabcudukanuii

[Toncuntano, uto mnotepu Owmkera CIIA or MOIIEHHUYECTB U
dbampcudukanuii B 00acTH  3ApaBOOXPAHEHUS COCTABILIFOT OKojao 730 wmuH
JOJIApOB B T0A. TecTUpPOBaHWE CUCTEMBI OOHApPYXEHHS (CTOUMOCTh — 2,5 MJTH
nomnapos, kommanus [TC) mokazano, uYro HEHWPOHHAs CETh TMO3BOJISAET
oOHapyxuBath 38,0%  MOIICHHUYECKHX CJIydya€B, B TO BpeMs  Kak
CYyIIIECTBOBABIIIAs PaHee SKCIEPTHAA cucTeMa — Tojibko 14,0 %.

1.2.10. OueHka HeABUKUMOCTH

CtomMOCTh KBAPTHPHI WM JIOMa 3aBUCHT OT OOJBIIIOTO Ymclia (DaKTOpOB,
TaKUX Kak 0011as mioaas, yAAICHHOCTh OT LIEHTPA, SKOJOTHUECKas 00CTaHOBKA,
MPECTUIKHOCTh, TUM J0MA, U T.1. Tak KaK BUJ 3TUX 3aBUCUMOCTEH HEU3BECTEH, TO
CTaHAAPTHBIC METOABI aHanMM3a HeA(EKTUBHBI B 33/1a4U€ OIECHKU cTomMocTh. Kak
MPaBUJIO, 3Ta 33/lauya PEHIAETCA SKCIEPTaMU-OLICHIIMKAMH, padOTaloIUMU B
areHTCTBE MO HEABWXKUMOCTH. HemocrarkoM Takoro mnoaxoja SABIACTCS
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CYOBEKTMBHOCTh OLICHIIMKA, a TakKXXe BO3MOXKHBIE PA3HOTJIACHA MEXKIY
Pa3IMYHBIMA YKCIIEPTAMHU.

Cucrema Ha OCHOBE HeHpoHHOHN cetn (kommanms Attrasoft) cmocoOHa
3 (dEeKTHBHO pemaTh IMAPOKHA CIIEKTP 331a4 OOBCKTHBHOW OIICHKH CTOMMOCTH
HEIBM)KAMOCTH, B YaCTHOCTH, C ydeToM 13 ¢akTopoB NpH OIEHKE CTOMMOCTH
aomoB B T. bocton (CHIA).

['pynma uccnenosareneii u3 yausepcuteta r. [lopremyT (Benmkobpuranms)
B CHCTEME€ Ha OCHOBE HEWPOHHON CETH HCHOJb30BAJIAa JAHHBIE MO OLECHKE
HEIABM)KAMOCTH W3 0030pOB PHUAJIITEPOBCKHX (PHPM U CIIMCKOB ayKITMOHHBIX TICH.

Pesynbrarel ucclieqoBaHMA TOKAa3ajdHM, 4YTO CHUCTEMa JellaeT OLCHKH
CTOMMOCTH OJIM3KME K OIEHKAM JIyUYIIWX 3KCIEPTOB W CHELMAJIUCTOB JAHHOTO
npodwus.

1.3. Pacno3zHaBaHue CHMBOJIOB

Pacno3naBaHusi OykB U CUMBOJIOB, C OJTHOM CTOPOHBI — OJIHA W3 Haubosee
pa3pabOTaHHBIX U OCBEIICHHBIX B CHEIUAIBHON JIUTEpaType mpodseM, a ¢ Apyrou
— HE CMOTPS Ha KaXYIIYIOCS MPOCTOTY, YPE3BBIUAMHO TPYAHO peaju3yeMas Ha
MPaKTHKE 3a7a4a.

Paccmotpum  0COOCHHOCTH TIPUMEHCHHWS HEHPOHHOH ceTh (KOMITaHUA
AT&T Bell Laboratories) mpu coptupoBke nucem Ha moute B T. byddamno, CIIA.
3ajada COCTOUT B MPUMEHEHUH HEUPOCETEBBIX METOJOB MPHU Pa3padOTKE CUCTEMBbI
pacmo3HaBaHUA PYKOMHUCHBIX (P, KOTOPHIE OTIMPABUTETN MHUCEM YKa3bIBAJIH Ha
KOHBEpPTaxX B KauecTBe MHAEKca. MccienoBanuch IB€ CTPOYKHA UHACKCOB: MEPBbIC
— HaIMWCaHHbIe OBICTPO M, KaK MPaBWJIO, HEPA3OOPUMBO, U BTOPHIE — HANTMCAHHbBIC
0oJiee TIIATEIBHO NEYATHBIMU OYKBAMMU.

Pazpabotunkn HanojgHwiau 0a3y gaHHbix Oojiee 9000 cumBonamu,
MEPEBEICHHBIX C KOHBEPTOB, KOTOPbHIE MPOIUIM 4YEPE3 MOUTOBYHO CIIy KOy T.
byddano B 1988 r. Ha pumc. 1.2 mokazaHsl HEKOTOPHIC IOUTOBHIC HHICKCHI
(BBEPXY) W YK€ WM30JUPOBAHHBIE NMH(PPHI, TOATOTOBJCHHBIC JJIA PACIO3HABAHUS
(BHMBY).

BuaHo, 4To MHACKCHI MUIIIYTCSA KpaliHEe HEPA300pUMBO, TaK YTO COTPYAHUKHU
MOYThl CUMTAKOT, UTO HEKOTOPBIC OTHPABUTEIN B ACHCTBUTEIILHOCTUA HE MKEJIAIOT,
yTOObl UX MUCHbMA JOXOAWIM MO HA3HAUCHHIO. B CBA3M € 3THUM, K COXKAJICHUIO,
OOJIBIIMHCTBO MOAOOHBIX CHUCTEM paclo3HaBaHUA 00JagaloT TOYHOCTHIO 95,0%,
YTO SIBJISETCA €/1BA MPUEMJIEMBIM MOKA3aTEIIEM.

B nienom psae ciaydaes, HamOoliee TPy aHas mpodiemMa NpHu pacio3HaBaHUH
CUMBOJIOB — HE€ COOCTBEHHO pacno3HaBaHUE, a OOHAPYXEHUE CHUMBOJIOB U
BBIICHCHHUE WX MECTOMOJOXKEHUS, T.€. — BEPHAas WHTEpPOpeTalus WHIACKCA,
COCTOSIIIIETO U3 U3BECTHOT'O KOJMUYECTBA MO3UIMH, N30JIMPOBAHUE U MOJATOTOBKA K
pacno3HaBaHUIO OTACIBHBIX (P WHACKCA.

[TosToMy 1 mpocToThl  OyJeM Tmosiarath  Jajee, 4YTo  MpoIece
pacno3HaBaHWA HAUMHAETCS YKE TTOCIIC U30JTUPOBAHUS TIA(PHI.
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Puc. 1.2. PykonucHbie HHIEKCbI, 00padaTbiBaeMble MOYTOBOI ciayx0o0k r. Byddano
(BBEpXY) H B35IThbIE H3 HUX OTAEJbHbIE H30JHPOBAHHbIE LU(PPLI (BHU3Y)
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Jma  kaxmodt 1mmdpsl  pa3paboTUMKHA  CTPOWJIM  PEIIETKY  (CETKY)
pasmepHocThio 16 x 16 mukceneit. B xome wuccaemoBanuit B 1988 r. ObLio
BBISICHEHO, 4YTO TMPUMEHEHUE CTaHJAPTHOTO TMOJXO0Ja, OCHOBAaHHOTO Ha
MPUMEHEHUN OOYyUYCHHOW HEWpPOHHOU ceTh OOpaTHOro PacHpOCTPAHECHUS K
ChIPOMY MACCHUBY MUKCEJIEH U YUCEN, MPUEMIIEMOTO PE3yJIbTaTa HE JAET.

B 1988-1990 rr. ObuT IpeUIOKEH METOJ JIOKAIM3auH WH(POPMATHBHBIX
YYaCTKOB, BOKPYT KOTOPBIX CTPOWJIUCH PEIICTKU 5 X 5 W 7 X 7 MUKCENEH, Mociie
Yero Ha BXOJ HEHPOHHOM ceTw oOpaTHOro pacnpoctpaHenus nocrynan 180-
MEPHBIN BEKTOP.

Koneunas HelipoceTeBas cucTeMa pacrno3HABaHUA NPEACTaBIsAECT COOOU
anmnapaTtHbiii MOAyJb, peasn3oBaHHbli Ha 0a3e [IIJOC u coemmnenuwiii ¢ I1K.
OOyueHre HEUPOHHOW CETH CHUCTEMbl MPOBOAMTCA E€AWHOXKJIBI, OJHAKO
JIOCTATOYHO MEJIJIEHHO C UCToyb30BaHueM 167693 npeacTaBUTeIbCKUX BhIOOPOK.

Ommbka cUCcTeMBI B TIpoliecce pacmo3HaBanus cumBosioB — 0,14 % mnpu
NPEABABICHUA O0OydYaroled mnapsl W3 Hadopa MNPEACTABUTEIILCKUX BbIOOPOK,
UCIOIb30BaHHOW mipu o0yuenun, u 5,0 % nmpu pacrno3HaBaHUM «HOBBIX»
cuMBOJIOB. Takum 00pa3om, pa3pabOTUMKU W TOJb30BATENN MPUHAIA PELICHUE O
MPUEMJIEMOCTH PE3YJIbTATOB W HEOOXOJMMOCTH HCIMOJIb30BAHUS CHUCTEMbI IS
MPEABAPUTETBLHON COPTUPOBKU KOHBEPTOB.

1.4. UcKycCTBEHHBIH HOC

1.4.1. IlpuHiun aeiicTBUsI HCKYCCTBEHHOT0 HOCA

Cpenu nsaTu 4yBCTB, UyBCTBO 3aaxa HauboJiee 3arajouHoe.

UenoBedeckuili HOC cTaJl OOBEKTOM MCCIIEAOBAHUSA YUCHBIX U WHKEHEPOB,
CNEHUATTM3UPYIOIINXCA B 00JIACTH BBICOKUX TEXHOJIOTHHA W MBITAOIIUXCS TOHSTH,
KaK HOC (DyHKITHOHHPYET. TaKol MOBHIICHABIH HHTEPEC K OOOHSITEIILHON CUCTEME
YEJIOBEKAa BO3HUK B CBSI3M C TOCJICAHMMH JOCTHXKEHHUSIMU B  00JacTu
MPOCKTHPOBAHUS IEKTPOHHOTO (MCKYCCTBEHHOTO) HOCA.

B kiaccuueckoM TMOHMMAaHWU 3JEKTPOHHBIN HOC MPEACTaBiIseT co0oit
MYJIBTHCEHCOPHOE LM(POBOE YCTPOMCTBO, MpPEAHA3HAYEHHOE JJs aHajau3a
COJICP’KUMOTO BO3AYIIHON cpenbl myTeM Kiaccudukanum 3amnaxoB. Hecmorps Ha
TO, YTO DSJEKTPOHHBIA HOC CEroAHs HE CHOCOOEH 3aMEHHMTh YEJIOBEUYECKYIO
OOOHATENBHYIO CcHCTEMY, cepa TPUMEHEHHS AAaHHOW TEXHOJOTHH JOCTATOYHO
HIAPOKA.

B mnpou3BOACTBEHHBIX MENAX BO3MOXKHOCTH OOOHATEIBHONH CHUCTEMBI
YEJIOBEKA IHUPOKO MCMOJIb3YETCA BO MHOTMX CTPAaHAaX, HaOpUMEp, IS NPOBEPKH
Pa3IMYHBIX MPOJOBOJIBCTBEHHBIX MPOAYKTOB. TPEHUPOBAHHBIA YETOBEUCCKUMN
HOC, JCTAJIbHO W3Y4YHMB 3allaxyd MPOJOBOJIBCTBEHHBIX NPOAYKTOB, TaKHX,
HalpuMep, Kak 3€pHO, ChbIp, BUHO, BOJKA, Pbida, CNOCOOEH B MOCJEACTBUU
OMpeNeyiATh WX KA4eCTBO M CBEXKECTb. AHAJIOTMYHBIM 00pa30oM  «HIOXAum»
OIICHUBAIOT TEPCICKTUBHOCTh TOTO WM WHOTO MapOMEPHOTO 3araxa,
oOHapykuBaloT  (ambcupumpoBaHHbie TyXd ©  JAC30J0pPaHTHI.  3amaxu
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YUHUTHIBAIOTCA TAKXKE M JIOKTOPaMHU TPH BBISBICHUM OOIIMX 3a00JICBAaHUMN: TaKue
00e3Hr, KaK TMTHEBMOHUS WM AUA0ET, BBHI3BIBAIONINAE CICIM(PUICCKOE TBIXaHHUE
WIN JKUJKUE BBIJACICHUS C XapPaKTEPHBIMHM 3amaxamu, MOTYT ObITh 3aMEUCHbI
KBATH(PUITMPOBAHHBIMHU BPAUaMH.

Ecnau uCKyCCTBEHHBIM MHTEUIEKT 3JICKTPOHHOTO HOCA OKAXKETCA CIOCOOEH
KJaccu(pummpoBaTh 3amaxu mo00HBIM 00pPa3oM, TO TOT/IA JEKTPOHHBIH HOC CMOT
OBl CIIPaBUTCS ¢ TOM ke padOTOM, MPUUEM TOpa3Io JyUIIuM 00pa3oM.

[Tpobsiema B TOM, UTO 4YeJiOBEUECKass OOOHATEIbHAA CUCTEMA YPE3BbIYANHO
CyObEKTHBHAS: 3a4aCTyIO, Pa3HbIE JIIOJU MO-PA3HOMY PEarupyroT Ha OJHU U T€ KE
3amaxu. OJEKTPOHHBIM HOC pelaer 3Ty MpoOJieMy, HAaBEPHSIKA YCTAaHABIIMBAs
«CTaHAAPT» YIS KaXA0ro TpeOyeMoro 3amaxa, HampuMmep CTPOro omnpeaesss
3anax UCIOPUYEHHOTO 3€pHA.

B HacTtodiiee BpeMs pa3iauyHbIe MPOTOTHUIIBI 3JIEKTPOHHOTO HOCA YXKe
IIUPOKO HCIMOIb3YIOTCS B MPOMBIIIJIEHHOCTH. B 4acTHOCTH, B arpoKOMILIEKCE
[IIBenMu >AE€KTPOHHBIA HOC MPUMEHSIETCA Il HE3aBUCUMOTO KOHTPOJIA KAueCTBa
3epHA MyTEM aBTOMATHYECKOH Kiaccupukanuu nmpod 3epHa HA KOHIAWIIMOHHOE U
ucnopueHHoe (moctoBepHOCTh — 90,0 %).

Jlpyrue npoOieMHO-OPUEHTUPOBAHHBIE PA3HOBUHOCTU  SJIEKTPOHHOIO
HOCAa TIO3BOJIAIOT KOHTPOJIMPOBATh HWCMAPECHHMS BPEAHBIX Il 3/10POBbSA
XUMUYECKUX, B T.4. AJJICPTUYECKUX, BEILIECTB.

[TpuBneKaTeNbHOCTh HMCIOJIB30BAHKS AJICKTPOHHOTO HOCA B 3THUX LEIAX
3aKJIH0UYACTCS B CIEAYIONIEM:

" OOHApYXEHUE TEX WM HUHbIX KOMIOHEHT HOCUT OOBCKTUBHBIA, a HE
CyOBbEKTUBHBIN XapaKTep;

" COOCTBEHHO Mpouecc 0OHAPYKEHUSI TOKCHUUHBIX BEIIECTB MYTEM BIbIXAHUA
BO3/yXa uepe3 HOC MOKET ObITh BPEJICH,

" HEKOTOPbIE XWMHUECKUE BEIIECTBA W KOMOWHAIMK BEIIECTB, KOTOPHIC
JIETKO  OOHApPYXUBAKOTCS  BJICKTPOHHBIM ~ HOCOM, B  TPAJAUIMOHHOM
MOHUMAHUU MOTYT HE UMETh 3a1axa;

" 3JIEKTPOHHBIA HOC CMOCOOEH (PYyHKIIMOHWUPOBATH B MECTaX, TJI€ HE MOXKET
(hyHKITMOHMPOBATH YEJIOBEUCCKUH, HAPUMED, B YCIOBHUAX KpaiiHE BHICOKHAX
W HHM3KUX TEeMIepaTyp, BHYTpPU Tejla 4YEJOBEKAa, B MAC/SHbIX WIH
OCH3UHOBBIX pe3epByapax, B CTOUHBIX TPyOaX, HA KOCMHUECKUX CITyTHUKAaX
U T
JIJist MOHUMaHUS MPUHLKMNA JEHCTBUS 3JIEKTPOHHOTO HOCA, YTOUHUM, KaKUM

00pa30M BO3HUKAET 3amax: MHOTAA €ro CO3/1aeT KaKoe-Tu00 OAHO XUMHUYECKOE
BCIIIECTBO, HO 4Yallle — KOMOMHAIMA MHOXECTBA PA3JUUYHBIX  XUMHUYECKHUX
KOMITIOHEHT. Tak, Hampumep, 3amax Kkode (GOPMUPYIOT COTHH Pa3THIHBIX
MOJIEKYJl. OJEKTPOHHBI HOC JIOMKEH pearupoBath Ha  OMNPEACICHHYIO
KOHIICHTPALIMIO TPEOYEMbIX MOJICKYJT U UX KOMOWHALIMM,

CyuiecTByloT JBa MNPUHIMOWAIBHO PA3HbIX MOAXOAAa K Ppean3aluu
AJIEKTPOHHOTO HOCA:!
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" C HWCMONB30BAHUEM METOJIOB Tra3oBOW xpomarorpadum ©  macc-

CIICKTPOMETPHH,

" ¢ WCHOJIb30BAHUEM HEUPOCETEBBIX METOAOB U AJITOPUTMOB.

Onnako, TPUMEHEHUE METOIOB XpoMaTorpaui U MacC-CIIEKTPOMETPHH, B
OTJIMYME OT HEUPOCETEBBIX METOJOB, HE MO3BOJSACT PETUCTPUPOBATH 3alaxu, a
JIMIIb TPUCYTCTBHE TEX WIM HWHBIX OTIACIbHBIX XUMHUYECKAX KOMITOHECHT.
[Tostomy, xpomarorpadpl ¥  MacC-CIIEKTPOMETPHI ~ MOTYT  Ha3bIBAThCSA
3JIEKTPOHHBIM HOCOM JIWIIb YCIIOBHO.

Jlocmouncmea ACONIB30BAHUSA HEMPOCETEBOTO MTOAX01A CIICAYIOIIHUE:

1. TlpumeHeHuWe HEHPOCETEBBIX METOJOB IO3BOJIACT OTKa3aThCA OT

WCMOJIB30BAHUS PEIKUX W AOPOrOCTOSAIIMUX CEHCOpoB. Hcmosb3yercs,
KaK TPaBWJIO, MYJIBTHCCHCOPHAS KOMOWHAIMsA («TOJOBKA» WM
Marpuia), cocrosmas w3 Habopa (oT 5 mo 15) cmabocenmeKTHBHBIX
JOCTYTIHBIX MO [EHE XUMHUYECKUX CEHCOPOB.

2. HelipoHHble ceTH CHOCOOHBI OOHAPYKUBATh OOJBIIEE KOIUYECTBO
XAMHAYECKAX KOMIIOHEHT, YE€M KOJIMYECTBO CEHCOPOB HEWPOCETEBOU
CHUCTEMBI.

3. IlpomomKuTenbHOCTh M3MEPEHWH CYIIECTBEHHO Kopoue. Crnemyer
OTMETUTh, YTO BPEMCHHBIC 3aTpaThl MEHbBIIE KaK Ha COOCTBEHHO
PErUCTPALMIO, TaK U HA ATarbl NOATOTOBKUA U 00Pa0OTKH N3MEPEHUH.

['oBopst 0 Hedocmamkax WCTOAL30BAHUS HEHPOCETEBOTO MOAX0/AA, MOYKHO
YIOMSIHYTh O HEOOXOJAMMOCTH MPEIBAPUTEILHON HACTPOUKH 3JIEKTPOHHOTO HOCA
Ha TpeOyembie 3amaxu (MOATOTOBKHA 0as3bl JAHHBIX «CTAHAAPTOBY» 3aIlaxoB),
BBIPAXKAIOIIEHCS, B YACTHOCTH, B TPEABAPUTEILHOM 00YUYEHUN HEHPOHHOM CETH.

Hanee, 1(V)i 3JIEKTPOHHBIM HOCOM Ooynem MOPa3yMeBATh
WHTEIUICKTYaJIbHbIE CHCTEMBI, PEAJTM30BAHHBIC HA OCHOBE HEUPOCETEBBIX METOHOB.

1.4.2. AnmapaTtypa HCKYCCTBEHHOT0 HOCA

ONEKTPOHHBIH HOC COCTOMT M3 JBYX OCHOBHBIX (DYHKIIMOHAIBHBIX YACTEH
(puc. 1.3); MyJIBTHCEHCOPHOTO H3MEPUTEIHHOTO MOIYJS M HHTEUICKTYaJIbHOTO
udposoro 6J0Ka.

ConepxaHue KHUCJIOPOJA B  BO3AYLIHOM Ccpele U3MEHSAETCS H3-3a
MPUCYTCTBUS B HEW OMNpEeNeieHHbIX XuMuueckux Bemect. CoaepkaHue
KHUCJIOPO/Ia, B CBOKO OUEPE/h, U3MEHSET BBIXOJIHOE HAMPSIKEHUE CEHCOPA, KOTOPOE
U3MEPACTCS KaK Pa3HOCTh MEXAY TEKYITUM 3HAUCHHEM W HOPMAIBHBIM (WU
CTaHAAPTHBIM) YPOBHEM. AHAJIOTOBBIM CHTHAN 3aTeM npeodpazoBeiBacTes ALl B
madpoBoli  KOJA, TOTOBBIM Ui JalbHedmeidn  mud)poBoit  oOpabOTKH.
H3mepuTenbHbIii MOIYIb COACPIKUAT AHAIOTOBBIM WM ITU(POBOH IpEmporeccop
arperupyromun, a TakKkKe YCWIMBAKOIIMKA UW3MEPUTENbHBIA  CHUTHAN I
YMEHBIIICHHS IIIyMa U «MTOBBIIICHU» UYBCTBUTEIBHOCTH CEHCOPA.

Wurennexryansabiii  mudpoBoit 610k (B wactHocth [IK) peructpupyer
CUTHAJTBI, TIOCTYTIMBIIAE OT BCEX CEHCOPOB, U (POPMUPYET ucciedyemulii 8eKmMop.
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Ta6auua 1.3. Pe3yibTaThl TECTHPOBAHHS HCKYCCTBEHHOI0 HOCA

(1)

Koamaecr BepositHocTh HaenTHpHUKanHH, Yo
Konuue
BO IIpeassiBasiemoe
CTBO Aaroputm
o0y4arou BeLIeCTBO Heuerkasn
TECTOB o0parHoro
X map ART-cetb
pacnpocTpaHeHHsI

1 67 28 | Her 96,4 96,4
2 75 22 | Aueron 100,0 100,0
3 64 14 | Ammuax 100,0 100,0
4 93 28 | Uzonponanon 92.9 100,0
5 5 3 | AMMHaK U U30MPOIAHON 0,0 66,7
6 106 25 | bemprit «anTpux» 100,0 96,0
7 74 27 | Amvuak u OSIBIH «IITPUX) 100,0 92.6
8 66 21 | Ykeye 81,0 95,2
9 68 26 | AMMHaK H yKCyC 92.3 76,9
10 1 2 | M3omponaHon u YKCYC 0,0 0,0
619 196 | B uenom 92,9 93,4

Cnenyer  OTMETUTh, UTO  OBICTPOASHCTBHE  BJIEKTPOHHOTO  HOCA
OTPAaHUYMBACTCS TMPAKTUUYECKH JIMIb BPEMEHEM OTKIIMKA XHUMHUYECKUX CEHCOPOB,
YTO COOTBETCTBYET €IMHULIAM CEKYH/I.

JIist HACTpPOWKM M TECTHUPOBAHUS MPOTOTHIA 3JICKTPOHHOTO HOCA ObLIH
WCIOIb30BaHbl MPOOBI MATH U3 BHIIENEPEUNCICHHBIX BEIIECTB: all€TOH, aMMHaK,
M30MpPONaHo, Oenbiil «Tpux» U ykeyc. Takxke nobasneHa kareropus «Her» ms
0003HAUYEHUsI CUTyallud, KOTJa OTCYTCTBYIOT BCE TMEPEUUCIICHHbIE 3araxu.
[TapameTpsl, KMcnoab3yeMbie AJjid OOYUYEHUS U TECTUPOBAHMS HEUPOHHOU CETH ¢
arOpuTMOM OOpPATHOIO pacnpocTpaHeHus U HeueTko ART-ceTu, mpeacTaBieHbl
B Tabm. 1.2.

OO0e HelpoHHBIE ceTH ObUTM OOyYE€HBI C HMCIOJIB30BAHUEM MPOU3BOJILHO
BHIOPAHHBIX MPEACTABUTEIBCKUX BBIOOpPOK. Cleayer OTMETHThb, UTO TMpHU
00y4eHHMU BO MHOTHX CJIydasX HE CTaBUTCA 3aJauda, 4ToObl MOJArOTaBJIMBaEcMast
HEHWpPOHHAsA CETh OMPENENAIAa YPOBHU KOHUEHTPALMKW TOTO WM MHOTO BEIIECTBA.
HaoGopor, mnpu 0OyueHMH HEHMPOHHOM CETH MOTYyT IIOCJIEA0BATEIHHO
NPEABABIATECS OJHM M T€ K€ BEIIECTBA, HO B PA3IUYHON KOHIIEHTPAIWU.
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bnarogapsa sTomy HelipoHHas CE€Th CTAHOBHUTCA CHOCOOHON OJWHAKOBO YCIIEITHO
OTIPENENATh KaK «TYCTBIC» 3allaxH, TaK W €JI¢ Oy TUMBIC.

TectupoBanue mMmokaszajao MPUOIMZUTEIBHO OJAMHAKOBBIE PE3YJIbTATHI IS
MPUMEHEHHBIX BHJIOB HEMPOHHBIX ceTel. [Ipn 3TOM MOCTOBEPHOCTH OOHAPYKEHUS
3amaxoB (ommOka uACHTU(UKAIMK) BapbHpoBaiach Ha uHTEpBaJie oT 89,7 % mo
98,2 % B 3aBUCMMOCTH OT WUCIHOJB3YEMBIX TMPOO, KOTOPHIE BbIOUPATUCH
MPOU3BOJIbHBIM 00pa3zoM. B Tabn. 1.3 mpuBeneHbl KOJIMUECTBEHHBIE PE3YJIbTAThI
TECTUPOBAHMSI P OOHAPYKCHUH PA3TUIHBIX COCTABOB.

[Tokazanust  CEHCOPOB M pe3yJbTarhl  OOHAPYXKEHUA  3aIaxoB,
OCYIICCTBIICHHBIX WHTEUICKTYaIbHBIM TH(ppoBeiM Ojokom (puc. 1.6 u 1.7),
WUTIOCTPUPYIOT TOT (PaKT, 4YTO KAuecTBEHHO OOy4YeHHAass HEHPOHHas CeTh
crocoOHa  MPaBWIBHO  KJIAcCU(UIIMPOBATh  MPEABSBIAEMbIE  3aMaxud  C
MIPUEMJIEMBIM ypOBHEM focToBepHOCTH (BEITIEe 90,0 %).

[loka3zaHusi CEHCOPOB CBUAECTENHCTBYIOT (pUC. 1.6), UTO MO OTHOLIEHHUIO K
Kaccu(pummpyemMpIM  3amaxaM OHW  HE  SABIIAIOTCS MOHOCEIICKTHBHBIMH M
pearupyoT C Pa3HOW CTETECHBIO WHTCHCUBHOCTH HA BCE TPEIBABISEMBIE UM
3anaxu. OOHapy>KeHHE OTIEIBHOTO 3amaxa MpHu MPeabsABICHUH HEHPOHHOW ceTh
cocTaBa W3 JIBYX WM HECKOJIbKHAX 3alaxoB, B TMPWHIIUAIE, MOXET BBI3BAThH
HEKOTOPbIE 3aTPYIHEHUS 3IEKTPOHHOTO HOCA, OJHAKO, U3 puc. 1.7 ¢, d, e BuaHO,
4yTO ommMOKa W 3TON MACHTH(PUKAIINN TAaK:KE HEBEITHUKA.

1.4.4. UckyccTBEHHBIH HOC /ISl KOHTPOJIsSI OKPY>KAKOLIEeil cpeabl

B cBmBu ¢ O0OBEKTHBHOW TEHICHIWEH PACTIPOCTPAHEHUS BBICOKHX
TEXHOJIOTHH M BBICOKOTEXHOJIOTHUYECCKUX TPOW3BOJICTB, CYIIECTBEHHO BO3PACTET
CIpoC HA T€ WJIM WHBIE MPOTOTHIBI AJIEKTPOHHOTO HOca. OKMmaercs, 4uTro B
ommkaiieM OyaylneM 3JIEKTPOHHBIA HOC OyJeT BOoCcTpeOOBaH IS peau3aiiuu
KPYIHBIX 3KOJIOTHYECKUX MPOTPaMM, HAIMPABJICHHBIX HA 3aIUTy OKPYXKAromeH
BO3YLIHOW ¥ BOJHOM CPEbI.

['mrantckue 00BEMBI OTTaCHBIX (SIICPHBIX, XUMHUYECKUX |
KOMOMHHMPOBAHHBIX) OTXOJOB HAKOIUIEHBI 3a Oosee uem 40 jeT mpou3BOACTBA
opyxus B CIIIA. [To nopyueHuto OTAeNa SHEPTETUUECCKOTO OpYkusi MUHOOOPOHBI
CIIA Cesepo-3anaaHas aTJIaHTHUECKasd HAIMOHAJIbHAA JIabOpaTOpUs U3Yy4aeT
TEXHOJIOTHHU TI0 BOCCO3JAHMIO OKPYKAIOMICH CPE/Ibl M PEHTAOCIBHON YTHIIN3aIiN
OTMACHBIX OTXO0JIOB. /laHHAs mporpaMma MmoaApa3yMeBacT, B TOM YHUCIE, pa3paboTKy
MOPTAaTUBHBIX, HEIOPOTHX CHUCTEM, TaKWX KaK AJICKTPOHHBIA HOC, CTIOCOOHBIX B
pealbHOM MacmTade BPEMEHW HWISHTU(DUIIMPOBATH OMACHBIC 3aTrPA3HSIONINE
BCIECTBA B BO3YIIHBIX U KUIAKAX CPEIaX.

[TpoToTHMHI 3JIEKTPOHHOTO HOCA MOTYT OBITh IIIMPOKO MUCTIOB30BAHbBI TAKKE
Py KOHTPOJE W HACHTU(HUKAIMH TOKCHUYHBIX BBIOPOCOB B aTMmocdepy; MpH
aHaM3¢ TOIUITMBHBIX CMECEH;, Tpu OOHAPYKCHWH BHIOPOCOB MACIISTHBIX CMECEH;
MIPU HMCCIICIOBAaHWM KAadeCTBA, B TOM YHCJIC W 3araxa, apTEe3MaHCKWUX BOM;, JUISA
KOHTPOJIS KadecTBa BO3AyXa B TIOMEIICHHUAX, OOHAPYXEHUS HAPKOTUKOB |
B3PBIBYATHIX BEIIECTB H JIP.
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MokasaHKA

CeHCOpOB
[a] "Her"

1224 B 7 2819

[c] AMMMAK

1 23 4 5 67 8 9
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1224 L 67 29

Howep ceHcopa

0
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11

11

11

BelxoAHOW cNOW HEMPOHHOHW CETH

Cers ODpaTHOro
pacnpocTpaHeH A

1 2 2 46 6

Kareropuu KknaccHpMKauMn (HoMep 3anaxa)
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Puc. 1.6. IToxa3aHusi CCHCOPOB U Pe3yJbTATbl ABTOMATHYECKOH
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Puc. 1.7. Iloka3aHusi CCHCOPOB H Pe3yJbTATbhl ABTOMATHYECKOH
KJIaCCI/I(l)I/IKaHI/II/I 3anaxa npu npeaAbaBJCHUHA COCTaBa U3 IBYX 3a1aX0B
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1.4.5. UckyccTBeHHBIH HOC B MeTUIIMHE

[TpuMeHeHUE 3JIEKTPOHHOTO HOCA B KAUE€CTBE JAMArHOCTHUYECKOTO Mpudopa
00YCJIOBJICHO TEM, UTO 3aMax MHUPOKO UCIOJIb3YETCS MEUKAMU MPU AUATHOCTUKE
ueaoro psaaa Oosie3Hel. (DYyHKIMOHAJbHBIE BO3MOXKHOCTH 3JEKTPOHHOTO HOCA
MO3BOJIAIOT AUArHOCTUPOBATh T€ WJIM WHBIC OTKJIOHCHHWS OpraHu3Ma IMpu
WCCJICIOBAHUM JIBIXAHUWsA, 3alaxa paH, Pa3IudHbIX (PU3HOOTHYECKUX W JPYTHX
JKAJIKOCTEH U T.I1.

Tak, 3amaxu MNpu JAbIXaHUM MOTYT CBHUJETEIBCTBOBATh O JKEIYIOYHO-
KHIIEYHBIX OO0JIC3HAX, auadeTe, OOJIC3HAX TEUCHW W HEKOTOPBIX MH(EKITMOHHBIX
3a00JIEBAHUSAX.

Nudexmmonasie panbl W TKAaHW TAKXE BBIICIAIOT OTUCTIMBBIC 3aTaxw,
XapaKTep KOTOPBIX MOXKET aHAJIM3UPOBATHCS ¢ MPUMEHEHUEM 3JIEKTPOHHOTO HOCA.
B nacrosiee BpeMs OpOTOTHI TaKOro 3JEKTPOHHOTO HOCA HUCHOIb3YyEeTCA IS
UCCIIeOBaHN WH(QEKITMOHHBIX pPaH B YHUBEPCUTETCKOW OOIBHUIE FOKHOTO
paiiona r. Manuectep (BenmkoOpuranus).

AHaJii3 3amaxoB KUAKOCTEH Tejia, MOXKET ObITh MCIOJIb30BAH TAKXKE IS
JUArHOCTUKH 3a00JICBaHUHN TEUEHU U JIPYTUX OPTaHOB.

CoTpyTHUKH MEAYUPEKACHUN NPU BOSHUKHOBEHUH MOJO3PEHUN C yCIEXOM
UCTIONB3YIOT  BJEKTPOHHBIM  HOC  JyIi  OOHApyXKEHUsA  MPOCPOUYEHHBIX,
HE0OPOKAYECTBEHHBIX WK (DaTbCH(PHITMPOBAHHBIX JICKAPCTB | MPEMapaToB.

Oxupaercda, 4ro B OyAylIEM SJEKTPOHHBIA HOC OyneT BOCTpeOOBaH B
JUCTAHIIMOHHOW xupypruu. B HacTosmiee BpemMa B 3THUX LEIAX I[IHPOKO
pacrpocTpaHeHa Mepeiadya BU3YyalbHbIX, 3BYKOBbIX U MEXAHWYECKUX CHUTHAJIOB, B
TO BpPEMS Kak 3HAU€HUE 3amnaxa urHopupyercs. [[oTeHInanibHO, 3JIEKTPOHHBIA HOC
croco0eH HUACHTU(UIIUPOBATh ONEPANMOHHBIE 3alaxv W MPEIOCTABIIATH IS
nepeaayn OOOHATEIbHBIE CHUTHAJIBI, CO3/AaBas Uil JIUCTAHIIMOHHOW XWUPYpPruu
MOJIHOTY CPEABl TAK HA3IBAEMOU BUPTYAJIbHON PEATIBHOCTH.

1.4.6. UckyccTBeHHBIH HOC B MUIEBOI MPOMBIILIEHHOCTH

B Hacrosmee BpemMs HauOOJNBINMI PBIHOK JUIS  AJIEKTPOHHOTO HOCA
MPEIOCTABJISAETCS B arpOITPOMBITTUICHHOM KOMIIJIEKCE.

[TpoTOTHMBI AMEKTPOHHOTO HOCA MPUMEHSIOTCS KaK JJIA OICHKHA KadecTBa
MPOYKTOB MUTAHUSA, TaK ¥ KOHTPOJIA KQ4eCTBA MPUTOTOBJICHHS TTHIIIH.

[Ipeanpuartus  arpoKOMIIeKCa  PacCHIUPSIIOT  TPUMECHEHHE  JAHHBIX
TEXHOJIOTHUH, B YAaCTHOCTH, I KOHTPOJISI CBEXKECTH PHIOBI HA MPOMBICIIAX W
OTITOBBIX CKJIAAaX; KOHTPOJS MPOLECcCOB OpOXKeHUs; 00CIeA0BaHNA KOHTEHHEPOB,
pe3epByapoB M 3JIEBATOPOB; MPOBEPKHA HATYPAJIbHOCTH arelbCHHOBOTO COKa;
MPOBEPKH  TPOTOPKJIIOCTH  MaloHe3a, OTrpaHWdYeHHs JIYKOBOTO  3araxa;
YCTAaHOBJICHUS  COPTHOCTH  (BBIACPKAHHOCTH)  BHUCKH W KOHBSIKOB,
aBTOMATHUYECKOTO YIIPABJICHAS BKYCOM H T.JI.

Bakneiiimee  HampaBiieHWE ~ NPUMEHEHHWS  JJCKTPOHHOTO  HOca  —
oOHapy>K€HWUs Ha ONTOBBIX CKJIaaX W B TOProejie (aabCuUIMPOBAHHBIX
MPOIYKTOB MUTAHUS, HAIMUTKOB (B YaCTHOCTH, BOJKW) M TIUIIECBHIX TO0ABOK.
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B psane ciaydasx pesyabTaThl padOThl 3JEKTPOHHOIO HOCA MOTYT OBITh
WCIOJIb30BAHBl B KAUECTBE JIOMOJIHATEILHOW aHAIUTHUESCKOW WH(pOpMAyu s
AKCIIEPTOB — CICNHAIMCTOB B 00NacTh 3amaxoB. B apyrux  ciydasx,
HCIIOIb30BAHUE AJICKTPOHHOTO HOCA MPU XMMHUYECKOM aHAIN3€ B arpOKOMILIEKCE
MIPEATMOYTHTEITEHEES pUOOpPETCHUS AHATMTHYECKON anmaparyphl,
XapaKTEPU3YIOLICHCs ~ OOJbIICH  CTOMMOCTBIO M MPOAOJIKUTEIBHOCTHIO
SKCIEPUMEHTOB. IJTO OCOOCHHO 3aMETHO, Korja TpeOyeTcs IIOIyuyeHHE He
KOJIMYCCTBCHHBIX, a KAUYECTBCHHBIX PE3YJIbTATOB THIIA «CBEXKEE — HE CBEXKEEY,
«HaTypaJbHOE — HE HATypaJbHOE», «KAYECTBEHHOE — HE KAYCCTBECHHOESY,
«HacTtogiee — panbCU(PUITMPOBAHHOS» U T. .

1.5. IIporuo3upoBanue

[Iporno3upoBanue — BAKHEUIIMH DJIEMEHT COBPEMEHHBIX
WH()OPMAITMOHHBIX TEXHOJIOTHH IPUHSITHS PEIICHUN B YIIPABJICHUH.

D¢ heKTUBHOCTD TOTO WA WHOTO YIPABICHUCCKOTO PEIICHUS OIICHUBACTCS
Mo COOBITHAM, BO3HUKAIOIIUM YK€ Mocje ero mnpuHatus. [losTomy nporHos
HEYTNPABJISIEMbIX ACMIEKTOB TaKUX COOBITUH Mepe]l MPUHATUEM PEIIEHUA MO3BOJISAET
clenaTh HaWIydlluid BHIOOP, KOTOPBIN, 0€3 MPOTHO3MPOBAHHUS MOT Obl ObITh HE
TaKUM yJauHbIM.

[Tporuo3upoBaHue — OJHA U3 CaMbIX BOCTPEOOBAHHBIX, HO MPHU 3TOM OJIHA
U3 CaMbIX CJIOXKHBIX 337a4 HHTEIJICKTYaJbHOTO aHaju3a AaHHbIX. [IpoOiembl
MMPOTHO3UPOBAHUS CBSI3aHbl € HEJOCTATOUHBIM KAYECTBOM U  KOJIMYECTBOM
UCXOJIHBIX JIaHHBIX, W3MEHEHUAMHU CpEAbl, B KOTOPOM MPOTEKAET MPOLECC,
BO3/ICHCTBAEM CYOBEKTUBHBIX (hakTopoB. [IporHo3 Bcerma OCYIIECTBISETCS C
HEKOTOPOH MOTrPEITHOCTBI0, KOTOPAsk 3aBUCUT OT UCHOJIB3YEMON MOIENTU MTPOrHO3a
¥ TIOJTHOTHI MCXOAHBIX AAHHBIX. [Ipy yBenmmueHun WHOOPMAITMOHHBIX PECYPCOB,
UCIOIb3YEMBIX B MOJEIN, YBEJIUUMBACTCA TOYHOCTh NPOTHO3a, a YOBITKH,
CBA3aHHBIE C HEOTPEEIEHHOCThIO MPU MPUHATHH PEIICHUH, YMEHbBIIIAIOTCA.

XapakTep 3aTpar, CBSI3aHHBIX C MPOTHO3UPOBAHMEM, TAKOB, 4YTO 3a
OMPECIICHHBIM MPEAECTIOM JOMOJHUTEIIbHBIEC 3aTPaThl HE MPUBEAYT K CHUKCHHIO
MOTEPh. ITO CBA3AHO C TEM, YTO OOBEKTUBHO HEBO3MOKHO CHU3HUTh MOTPEIIHOCTh
MIPOTHO3UPOBAHUS HUXKE OMPEJCICHHOIO YPOBHS, BHE 3aBUCUMOCTH OT TOTO
HACKOJIBKO  XOpOIl  MPUMEHECHHBIH  METOJ  MpOTrHO3upoBaHusA.  llostomy
OMpENENICHHE MOTPEIHOCTH NPOrHO3a, Hapsay € CaMHUM IMPOTHO30M, MO3BOJISET
3HAQUUTEJIBHO CHU3UTh PUCK MPU MPUHATHU PEILICHUM.

H3BeCTHBI ¥ IUPOKO MPUMEHSIOTCA PA3IUUYHbIE METOAbl TPOTHO3UPOBAHUS
QITOPUTMbl  SKCTPAMOJIALMKA  AKCICPUMEHTAIBHBIX JAHHBIX B  HECIOMHBIX
WHKEHEPHBIX pacueTax U MPOrpaMMHBIX MPOAYKTaX, a Takxke 00Jiee TPOMO3JIKUE
CTATUCTUYECKUE METObI, UCTIOJB3YIOIINE MAPAMETPUUECCKUE MOIEITH.

B nocnennue pecaTuneTus Jisi TPOTHO3MPOBAHMS IIUPOKO MPUMEHSIOTCS
JIPYrue€ MOJAXOJbl, U B YaCTHOCTH, HEHPOHHBIE CETH. PaccMOTpuM OCOOEHHOCTH
MPUMEHECHUSI HEUPOHHBIX CETEH, KOTOPBIE MOKA3BIBAOT UX MpeUMyUyecmed 1o
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CPaBHEHHUIO C JPYTMMH CYLIECTBYIOIUMHU METOAAMU TP BbIOOpE MOJECIH
nmporHo3a (oepanudenuss U HeOOCMamky TPUMCHCHHS HEUPOHHBIX CETCH MpH
MIPOTHO3UPOBAHKH CM. B 11. 1.5.4).

1. PezynvmamusHocms npu peuienuu HeGOPMAIU08AHHBIX UIU  NI0XO
Gopmanuzosanueix 3a0ay. V13 oOIMEN3BECTHBIX MPEUMYIIIECTB METOIOB HA
OCHOBE  HEHMpPOHHBIX  CETeH  ClAeAyeT  BBIACIUTH  OJHO  CaMoeE
MPUBJICKATEIBHOE  —  OTCYTCTBHUE  HEOOXOJMMOCTH B CTPOroi
MaTeMaTHIecKkol crherupuKanui MOJEIN, YTO OCOOCHHO IIEHHO TIPH
MPOTHO3UPOBAHUK TUIOXO (pOpMATU3yeMBIX TMpoIeccoB. I3BecTHO, UTO
OONBIMMHCTBO (DMHAHCOBBIX, OW3HEC W APYTrUX MOAOOHBIX 3a7ad IJIOXO
dbopmanmzyeTcs.

2. Vcemoiuusocmv Kk wacmeim usmeneHusiM cpedwvl. JIOCTOMHCTBA HEHPOHHBIX
CeTel CTAHOBATCS 3aMETHBIMM, KOTJIa YAaCTO U3MEHSIOTCA «IIPaBUJIA UTPHIY:
cpeda, B KOTOpPOH CYIIECTBYET MNPOTHO3UPYEMBIM TPOLIECC, a TaKKe
XapakTep BozaeucTBHs Bimstomux (daktopos. [losToMy, HEWipoHHBIE ceTH
HaWJydlMM o0Opa3oM TOAXOAAT Ui PEIIeHWH TakuxX 3a7ad, Kak
MPOTHO3UPOBAHUE TCHACHIMN (DOHIOBOTO PHIHKA, XapaKTEPU3YIOIMIUXCS
BJIMSTHUEM TIEJI0TO HAbOpa MOCTOSTHHO H3MEHSIOMMXCS (DAaKTOPOB.

3. Pezynemamuenocms npu pabome ¢ O01bUUM 00BEMOM NPOMUBOPEHUBOT
ungpopmayuu. Heliporasle cetn OyayT TPEeANOUYTHTENIEHEE TaM, Te
UMEETCS OYEHb MHOTO AHAJM3UPYEMbIX JAHHBIX, B KOTOPBIX CKPbITHI
3aKOHOMEPHOCTH. B 3TOM cljiyuae aBTOMATUYECKH YUWTBHIBAIOTCS TaKXKE
Pa3TUYHBIC HETMHEHHBIC B3aMMOICHCTBUSA MEXKTy BIHSIONTUME (DakTOpamu.
DTO 0COOCHHO BAXKHO, B YACTHOCTH, Il MPEABAPUTENIBHOTO aHAIN3A WIIH
oTOOpa WCXOMHBIX JAHHBIX, BBISBJICHUS «BBIMAMAONTNX (DAKTOB» WJIH
rpyOBIX OMIMOOK MPU NPUHATHU PEILICHUH.

4. PezynvbmamusHocms  npu  pabome ¢  HENOAHOU  uHpopmayueil.
IlenecooOpa3Ho HMCIOIL30BAaHUE HEHMPOHHBIX CETEH B 3a7auax C HEMOJHOM
un "3amyMiieHHoN" mH(pOpManMe, a Takke B 3aJauax, IS KOTOPBIX
XapaKTEPHbl UHTYUTHUBHBIC PELICHHUS.

1.5.1. ITocTaHoBKa 3aJa4H NPOrHO3UPOBAHUS

3agaya MPOrHO3UPOBAHUS B OOIIEM ClTydae CBOJMTCS K MOJYUSHHUIO OLICHKH
OyAylIuX 3HAUEHWH YHOPSAAOYEHHBIX BO BPEMEHHM JAHHBIX HA OCHOBE aHAJINM3a
y)K€ HUMEIOUIMXCSA, a Takke (Ipu HEOOXOOUMOCTH) TEHIACHIMH W3MEHEHUS
Biausonmx  (GakropoB. lIporHosupyemoil BENWYMHOW ABIAIOTCA 3HAYCHUS
BpeMEeHHOro psaa Ha uHTepBajie [1(n+l), T(ntf)], rae 7(n)— Texymmii MOMEHT
BPEMEHH, a f — MHTEPBAI NPOTHO3MpoBaHuA. HOTa BO3HMKAaET HEOOXOIUMOCTh
HE B MTPOTHO3€ 3HAUECHUH BPEMEHHOTO Ps/ia Ha 33/IaHHOM MHTEPBAJIe, a B IPOTHO3E
BEPOSATHOCTU TOrO, YTO OHM OyAyT BECTH Ce€0S TeM WM HHBIM 00pa3om
(Bo3pacTarb, yObIBaTh, HAXOAUTHCSA B HEKOTOPBIX Mpeaeax u T.1.).

PaccMoTpum THMOBO# alrOpUTM MPOTHO3UPOBAHUS, OCYIIECTBIISIEMOTO C
UCTIOJIb30BAaHMEM HEWPOHHBIX ceTel (puc. 1.8).
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Puc. 1.8. Tunosoii aaropuT™M NporHO3MpPOBAHHS,
OCYIIeCTBJISIEMOr0 ¢ HCMOJIb30BAHHEM HEeHPOHHLIX ceTel

Omobop  s3Hauawux  ¢gaxmopos. Ha mepBoM 9Tame  BBIACTAETCA
MaKCUMaJIbHOE YHUCJIO0 W3 3HAUAIUX, BIMSIONIMX HA MPOorHo3, (akTopos. Takue
JOTIOTHUTENIbHBIE  (DAKTOPBI, BIMSIONINE HA TMOBEJACHHE MPOTHO3UPYEMO
BCJTMUMHBI, HA3bIBAIOT SK30TCHHBIMY (BHEITHAMH ) MJTH apTedakTamu.

3nmech e BBHIOMpAETCS WHTEpBaN HAOMIOACHUS (OKHO CKOJIBXKCHHS), T. €.
BBISICHAETCSA, MO KAKOMY KOJIMUECTBY NPEALICCTBYIOIINX 3HAUCHUU BPEMEHHOTO
psAla OCYIIECTBIISIETCS MPOTHO3.

IIpedobpabomka  OanHbIX. Ha  Bropom  »3rame  ycTpaHSAIOTCA
HECYIIECTBEHHbIC, IO MHEHUIO 3KCIEPTA, U HE BIUAIOIIME HA MPOTHO3, JAHHBIE.
[Ipn HEOOXOMMMOCTH, TakKe, BOCCTAHABIMBACTCS TMPOMYyIEHHAs WH(pOpMAIUA,
YCTPAHSIOTCS AHOMAJIbHbIE BBIOPOCHI, YOHUPAIOTCS BbICOKOYACTOTHBIE IITYMBI.
YMeno npoBeaeHHas mpenoopadoTka JaHHBIX MO3BOISET 3HAYUTEIIBHO YIYUIITHTh
KaueCTBO MPOTrHO3a.

Ilocmpoenue mooeau. Ha cnenyroiiem 3Tamne Ajid JaHHOTO aHAJTU3UPYEMOro
mporecca BbIOMpaeTcs HamOosiee TMOAXOMsINas MmapagurMa M CTPYKTypa
HEUPOHHOU CETH, a TAKXKE AJITOPUTM U MTapaMeETPhl €€ OOyUCHMUS.
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CoOCTBEHHO npocHO3Uposanue (noaydyenue pe3yavmama). IKCIEPUMEHTHI
OCYIIECTBIIAIOTCA II0 CXEME, AHAJIOTMYHOM TOH, NMPU KOTOPOU MNPOU3BOAMIIOCH
oOyueHHe.

PaccmoTpyM Tak Ha3bIBaEMbIil METOM CKOJB3AIIMX OKOH. OH mpeanonaraet
WCIIOJIb30BaHNE ABYX OKOH Wi m Wo ¢ (dukcupoBaHHBIMU pa3MepamMu n U m
COOTBETCTBEHHO. JTHU OKHA MEPEMEIAOTCA C HEKOTOPHIM IIArOM CKOJIbKECHHUS S
M0 BPEMEHHOM MOCJIEAOBATEIBHOCTH HMEKOIIMXCSA JAHHBIX, HAUWHASA C MEPBOTO
anemenTa. [lpu stom mepBoe okHO Wi mnmuHOW n (POpMUPYET BXOMHOH BEKTOP
HEWUPOHHOM CETH, a BTOPOE — /0 — BBIXOJTHOW BEKTOP PA3MEPHOCTHIO 771.

[TocnemoBaTenbHOCTH OOYUAOIIMX BEIOOPOK (0OYJArOINX Tap)

Wi— Wo

dbopmupyet T.H. 010K 00yJarOIIUX HIIH MPEICTAaBUTEIIBCKHX BEIOOPOK.

IIpumep 1.1. IIpocTeiimas Moae/ b NPOrHO3UPOBAHHS MPOAAK
¢ MOMOIIBLI0 HEHPOHHOH CeTH

amno:

Nudopmarus 06 exxeHeneabHBIX TpoJaxkax KoOMIboTepoB (Tadm. 1.4.) 3a
YyeThIpe Mecsana (ancio Heaens k = 16).

Ta6anua 1.4. /laHHbIe 0 e;keHeAeJIbHBIX TPOJAKaAX KOMIILIOTEPOB

100 94| 90 96| Ol | 94 95| 99| 95| 98| 100| 97| 99| 98| 96| 98

Hoyuurs:
MHoromaroBsli 1 OJTHOIIATOBBIA MPOTrHO3 MPOAAXK.

IIpumep pemenus:

B nmanHOW BpEeMEHHON NOCHENOBATEIBHOCTH MPEANONIATAaeTCA HATAYHEC
CKPBITBIX HEJIMHEHWHBIX 3aBUCUMOCTEH. [losToMy 111 mOCTpoeHWA MOJeIu
MMPOTHO3a MPUMEHUM HEUPOHHYIO CETh:

1. CuHTe3upyeM HEHPOHHYIO CETh CO CJICAYIOIIMMHU MapaMeTpaMu:

"  YUCJIO HEMPOHOB BXOAHOTO €0 (IIMPUHA OKHA) 11 = 4;
"  YKUCJIO HEUPOHOB BBIXOJIHOTO CJost m = 1;
" CIBUT (CKOMbKEHUsA) s = 1.
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2. C mnomMoupl0 METoAa CKOJIB3AIIMX OKOH JUIi HEUPOHHOH ceTH
dhopmupyeTcs 6710k 00ydaromHX (MPEACTAaBUTENHCKIX ) BEIOOPOK (Tadi. 1.5).

Ouepennas oOydaromias BeIOOpKa IMOJIy4YaeTCs B PE3yJbTare CABHra OKOH
Wiwn Wo BnpaBo Ha oauH 3meMenT (s = 1). Helipornas cets oOyuaercs Ha JTaHHBIX
BBHIOOpKax, HacTpamBas CBOWM Kod(pduruentsl, u (OPMHPYET B KAYECTBE
pesynbrara Tpedyemyto (PyHKITHIO TPOrHo3a P,

CoOCTBEHHO MPOIIECC MPOTHO3UPOBAHUS OCYIIECTBIIAETCA MOCIe 00yUeHUS
HEHPOHHOW CETH, MPOBOJAMMOTO TO TOMY € TMPUHIWIY, YTO W TIPOIECC
dhopmMupoBaHusa 00yUaromieii BEIOOPKH.

Tab6aunua 1.5. Byiok o0yuaomux BIOOPOK HelPpOHHOI ceTH,
NPHMEHsIEeMOH 1JIA 1eJiell MPOrHO3HMPOBAHHS NMPOJAK

Ne Bxoanoii
00y4arouX cJ10i BoixoaHoii
BBIGOPOK cJI0i
1 2 3 4
1 100 94 90 96 91
2 94 90 96 91 94
3 90 96 91 94 95
4 96 91 94 95 99
5 91 94 95 99 95
AT.O.

Heitponnas cetb gomkHa OOYyYMTCA HAa BPEMEHHOHM MOCIIEAOBATEILHOCTH,
B3ATOM U3 Tadj. 1.4 ¢ ucnonp3oBaHueM 0Ji0Ka 0OyJaromux BeIOOPOK U3 Tadu. 1.5.
3aTeM, MpHU MOJaue Ha BXOJ HEMPOHHOM CETH TMOCJIEIHEH M3 M3BECTHBIX BHIOOPOK
99, 98, 96, 98 (cm. xomem Tabn. 1.4), mporHozupyetrcs (k+1)-ii snmemeHT
MOCJIeA0BATENBHOCTH, HAPUMEP, 95.

Ha nmanHOoM mipocTeiiiieM mpuMepe pacCMOTPUM  JICUCTBUS  TIPH
MHO20ULA2080M T OOHOULA2OBOM TIPOTHO3UPOBAHUH.

Oonouwaeosoe npoenosuposanue. lIpuMeHseTCs JUIS  KPaTKOCPOYHBIX
NMPOTHO30B Ha OJWH Iar Brepen. Ha odepeaHOM TEKyIIeM Iare B KadecTBE
UCXOMHON  WH(pOpPMAIMH  WCIOJB3YIOTCS  TOJBKO  OOBCKTHBHBIC  JaHHBIC
(pe3ynmbTaThl  MPOTHO30B,  MOJIyYEHHBIX HA  NPEIBIAYIIAX  IIarax, He
UCITOJTB3YIOTCS).
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Ecmm wa mare (k+1)-m Ut BpeMEHHOUW TOCIICIOBATEIBHOCTH, B3STOW W3
tabn. 1.4, mporHosupyerca 95, a Ha camom pene mpoaaercs He 95, a 96
KOMIBIOTEPOB, TO Ha mare (k+2)-M B KadecTBE BXOJHOTO BeKTopa Oyner
KCMoJib30BaHa BeIOOpKa 98, 96, 98, 96.

Mmnocowazcoeoe npoenozuposanue. llpuMeHsieTcst s OCYIIECTBICHUS
JIOJITOCPOYHOTO MPOTHO3a U MPETHAZHAUEHO IS OMPEACIICHUsS OCHOBHOTO TPEHA
W TJIaBHBIX TOUYEK M3MEHCHMs TPEHIA JJIsi HEKOTOPOTo WHTEpBajia BpemeHu. [Ipu
ATOM TPOTHOZUPYIOIIAs CHCTEMAa WMCTOB3YET Pe3y/IbTaThl MPOTHO3a (BBIXOIHBIE
JAHHBIC), TIOJYYEHHBIC JUISI MOMCHTOB BpeMeHW k+1, k+2 m T.1. B KauecTme
BXOJIHBIX JTAHHBIX JJISI MPOTHO3WPOBAHUSA HA MOMEHTHI BpeMeHH k+2, k+3, k+4 n
T.J.

MHoroImmaroBoe mporHo3upoBanve Ha (k+2)-M Imare MpoaoInKaeTcs Mpr
Mojilaue Ha BXOJ HEHPOHHOM ceTH BbIOOPKHU 98, 96, 98, 95, B koTOpO# mocHeHMH
AJIEMEHT SIBJISIETCS Pe3y/IbTaTOM MPOTHO3a Ha MpeAblaymeM mare. M tak mnanee.

1.5.2. IIporuo3upoBanue B cepe 6m3Heca u GUHAHCOB

[Tonasmsirorniee  OONBIMAHCTBO — 3a7a4  TPOTHO3MPOBAHWS HA  OCHOBE
HEWPOHHBIX CETCH TaK MJIM MHAYE CBSA3aHBI cO cepoii On3Heca u (UHAHCOB. DTO —
KPaTKOCPOYHBIE W JIOJITOCPOYHBIE  TPOTHO3BI  TCHACHIMH  CIICIYFOTINX
(hMHAHCOBBIX PHIHKOB:

" PBIHKOB KYMOHHBIX M O€CKYTTOHHBIX OOIUTaInid,
* (hOHAOBBIX PHIHKOB (PHIHKOB AKITHH ),
"  BAJIFOTHBIX PHIHKOB.
Croa sxe€ MOXHO OTHECTH MPOTHO3HI:
"  TUIATEKECMOCOOHOTO CIPOCa;
" TPOJAX W BHIPYUKH,
" PHCKOB KPEJAWTOBAHWS,
* (UHAHCHPOBAHUSA YKOHOMHUYECKHX W MHHOBAIIMOHHBIX MTPOCKTOB;
" (BIOYEPCHBIX KOHTPAKTOB U PS APYTHX.

[To omerkam 3KcnIEpPTOB, OYM BOKPYT CHCTEM HUCKYCCTBEHHOTO WHTEIUICKTA B
(mHaHCOBOM WMHIYCTpUU mpuiiencs Ha nepuoa 1984 - 1989 rr. B ocHOBHOM OH
3atpoHys CIIA u BenukoOpuTaHHIO, TAE CO3JaTeIX CIO0XHBIX CHCTEM JIJiA
BOCHHBIX (TAaKMX KakK MporpamMma «3BE3/IHbIC BOWHBD)) PEIIMIIN TOMBITATh CYACThS
Ha Y OJI-CTPHT.

®onnosas Oupxka B Hero-Mopke B 1987 Tony Hauama HCIOH30BATH
MPOTPaMMHBINH MPOAYKT mporaosupoBanus Stockwatch Alert Terminal (SWAT) 11
W BeJa MEPETOBOPHl O €ro BHEApPeHWH ¢ psiaoM Owmpk EBpomsl u permona HOro-
BOCTOUHOUW A3uu. B 3TOT mepmoa BpeMeHN Ha PHIHKE MOABIIAIOTCS MPOTPAMMHBIE
MPOIYKTH MOJCITMPOBAHUS M MPOTHO3UPOBAHUS OAHKPOTCTBA, aHAIM3a MOPTQhEs
IIEHHBIX OyMar, ONTUMAIBHON TOPTOBIIA aKITUSAMH, & TAaK)Ke MTPeAHA3HAYCHHBIC TS
OTIPEICIICHAS] BEPOSTHOCTHA PUCKa TPH Bbigade kpeamta. [loapazaenenne Mellon
Bank B ITuttcOypre (CILIA) mpumenuno mporpammuyio cuctemy Neural-Works
Professional 1I/Plus 5,0 xommanum Neural-Ware (ITurrcOypr, CIUA) ansa
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pactpeaencHus (JOHIO0B B CIEIHUABHON CEICKIINH aKIIMK, Tak KaK B X0J1¢ pabOThI
ObUT0 OOHAPYKEHO, YTO MEXIy BIUSIOMWMH (HaKTOPaMH W TPOTHOZHPYEMBIMH
napaMmeTpaMy CyIIECTBYIOT HEJIMHEHHbBIC CBA3U, HE MOAAAIOIIUECS TOUHOMY YUETY
C IOMOIIIbIO CTAHJIAPTHBIX CTATUCTUUECKUX METOJIOB.

JlenapTaMe€HT  TOProBJAM WU TPOMBIILICHHOCTA  MNPABUTEIbCTBA
BenukoOpurannn (uHAHCHpPYET ABE TPOTPAMMBI, HAMpaBJCHHBIC HA PA3BUTHE
HEHUPOHHBIX BBIYMCIICHU I B (brHAHCOBOM cepe. [lepBas —
«Heipormporno3upoBanuey, HHUIUMUPOBAHHAs JIOHJOHCKOW IIKOJIONW Ou3Heca
COBMECTHO ¢ YyHuBepcurerckuMm komemkeMm Jlongona (UCL). Bropas —
«Hetiponnbie cetn mius ¢uHaHCOBBIX yoimyr» co3mgana TBS Bank Technology
copmectHo ¢ UCL u llentpom mporno3upoBanus Henley. Cpenn ¢uHaHCOBBIX
WHCTUTYTOB, HCIIOIB3YIOMIMX TEXHOJOTHIO HeWpOoHHBIX ceTeli — Chemical Bank,
Citibank, JP Morgan u ap.

Cnemmanuctel  nporpammbl  «HeliponporHo3upoBanue»  paspadotaiu
MOJEITb I BHIPAOOTKH TaKTUKH pacrpeneneHns (PoHa0B Ha T00aTbHBIX PHIHKAX
obmuranmii.  Mogens  OXBaTBIBA€T  CeMb  TeOrpauuecKuX  PETHOHOB:
BenukoOpuranuto, ®pannuto, ['epmanuto, Anonuto, CIIIA, Kanany, ApcTpanuto,
KQXJIBIA U3 KOTOPBIX MOJEIUPYETCA C MOMOLIBIO HEUPOHHBIX CETEN C PA3JIMYHOM
CTPYKTYpoi. JIJisi moJiydeHuss KPaTKOCPOUHBIX MPOTHO30B OOYUYEHUE HEHPOHHOM
CEeTH TPOU3BOAWIOCH C HWCIOJIB30BAHUEM CTATUCTHUECKOW wH(OpMaImw,
XapaKTEPU3YIOIICH CHUTyallul0 Ha 3TOM pbIHKE 3a Kakabld wmecsi. Jlanee,
MOJIYYEHHBIE JIOKAJIbHBIE TPOTHO3bI OOBECAMHSIOTCS B LIEHTPE YMOPaBJICHUSA
equabsIM TopTdenem neHabx Oymar. C Hosa0ps 1992 roma mannHas mporpaMMHas
cucTeMa HCnojib3oBajiack (CeBepoaMepPUKAHCKOW CTPaxoBOW KommaHue# (T.
bocron, CIIIA). B pe3ynbraTe MCTONB30BAHMS KANTUTAI KOMITAHAH YBETUUHJICS C
25,0 mo 50,0 My moutapoB, a mMOPTQENb IEHHBIX OyMar MOBBICHI JOXOTHOCTh Ha
25,0 % B mepBbIi O] BHEAPEHUS CUCTEMBI.

B kadecTBe MHCTpyMEHTA /AJi1 ONTUMU3ALMU NTAPAMETPOB HEUPOHHBIX CETel
YacTO WMCTOJIB3YIOTCSA TEHETHYECKUE aaropuTMbl. B wactHocTH, kommanmer Hill
Samuel Investment Management pa3paboTraHa mnporpamMMHas CHCTEMa I
MIPOTHO3UPOBAHUS PE3YJIBTATOB KOHTPAKTOB MO JIOJITOCPOUHBIM IIEHHBIM Oymaram
MOBBIIIEHHON HaACKHOCTU. [Ipu MOAETMPOBAHUM HECKOJIBKUX CTPATETHil TOPros
B 33/lau€ MPOTHO3UPOBAHUS HAMNpPAaBJICHUN MBUKEHUSA PbIHKA OHA JOCTUTJA
toudoctH 57,0 %.

B crpaxoBoii kommammm TSB General Insurance (r. Heromopt, CIIIA)
UCIIONb3YETCA CXOAHAsA METOJAMKA JUIsl TPOTHO3a YPOBHS PUCKA MPU CTPAXOBAHUU
YACTHBIX KPEIWUTOB. JTa HEHPOHHAA CE€Th CaMo00yuyaeTcs Ha CTAaTUCTUUYECKHUX
JAHHBIX O COCTOSIHMM O€3pabOTHIIBI B CTPAHE.

IIporaozupoBaHusi KPATKOCPOYHBIX M A0JITOCPOYHBIX TEHIACHIMH
(pHAHCOBBIX PHIHKOB

3ajauei aBTOMAaTHU3UPOBAHHOMN CUCTEMBI ITPOTHO3UPOBAHUSA
KPaTKOCPOUYHBIX M JOJTOCPOYHBIX TEHACHUWH (DPUHAHCOBBIX PBHIHKOB SBISAETCS
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aHaJM3 HEKOTOPOTO Habopa BIMSAIONMX (PAKTOPOB C MOCISAYIOMAM BBIBOJOM O
JTATBHEHUIIIEM KPATKOCPOYHOM WJIH JIOJITOCPOYHOM TOBEACHUH IMPOTHO3UPYEMOH
BCJTUUHHBI.

BO3MOXHBIMH TPOTHO3MPYEMBIMH BEITUUMHAMH 1T TIOJOOHBIX CHCTEM
ABJIAFOTCS JOXOJHOCTh M TICHOBBIC TMOKA3aTeNIA. CPEAHEB3BEIICHHAS TICHA, IICHBI
3aKPHITHS W OTKPBITHS, MaKCUMajbHasd ¥ MWHWUMajbHas TIeHBl. [Ipruem
MPOTHO3UPOBATHCS MOTYT KaK IOKa3aTeNid, OMPEACICHHBIC IS TICJIONH TPYIIITHI
WHCTPYMEHTOB WJIM HEKOTOPOTO PBIHKA B IIE€JIOM, TaK ® TIOKa3aTely,
OTIPENIENICHHBIC TOJIBKO JUTSl OJTHOTO MHCTPYMEHTa (PMHAHCOBOTO phiHKA. Kak s
COBOKYITHOCTH HWHCTPYMEHTOB, TaK H IS KaXJAOTO WHAMBUAYATHHO MOXKET
OTIPEACTATHCSA JAOXOAHOCTh, IICHOBBIE TMOKA3ATENM ONPEIACISAIOTC Ul KaKI0To
KOHKpPETHOTO MHCTpyMeHTa. Llemsamu mporHo3a (IpOrHO3UPYEMOW BETMUHWHOW) B
obOnacTh (PMHAHCOBBIX PHIHKOB MOTYT SIBJSATHCSA, HAMPUMEP, CPETHEB3BEIICHHASA
JOXOMHOCTh  OECKYMOHHBIX  obOjuramuii (s TPpynmsl  WHCTPYMEHTOB),
cpeaHen3BenieHHas neHa akinuu PAO «EDC Poccum», Kypc aMepHKaHCKOTO
JoJU1apa K pyostio 1 Jp.

B kadecTBe WCXOAHBIX MAAHHBIX (BAMAOIUX (PAKTOPOB) AN TaKOTO
MPOTHO3a MOTYT WCTOJIb30BATHCA PA3IMUHBIC MAKpO- U MHKPOIKOHOMHUYECKHE
nmokasarenii, WH(opMaIus ¢ TOPTOBHIX ILIOMAMOK, AAHHBIC, MPEAOCTaBIIICMbIE
WH(OPMAITMOHHO-TOPTOBBIMU ar€HTCTBAMH, SKCIIEPTHHIE OIEHKH CTCIIHAIICTOB.
KonuuecTBo Bausomux Ha MPOTHO3 (DaKTOPOB 3aBHUCHUT OT PAcCMaTPUBAEMOTO
PBIHOYHOTO WHCTPYMEHTAa W KOHKPETHOW PBIHOYHOW CHTyarnuu (BPEMEHHOTO
MomeHTa). To ecTh ogHM (haKTOPHI OKA3BIBAIOT BIHMSHHUE HA BCE (PMHAHCOBBIE
PBIHKH, APYTHAE — TOJBKO Ha ompeneiaeHubsie. Kpome Toro, pmusane (GpakTopoB Ha
PBIHKH MOXET MEHAThCS C TEUCHHUEM BPEMEHH (MEHSIOTCS PBIHOUYHBIE
TeHJeHIMN). Tak Kak B ONPEICICHHBIC MOMEHTHI BPEMEHHU MMPOCIEKUBACTCS
sABHAS B3aWMOCBSA3b MEXKIy (DMHAHCOBHIMHU PHIHKAMHU W WHCTPYMEHTAMH PHIHKOB,
1eecoo0pa3Ho B KaueCTBE WMCXOMHBIX JAHHBIX I MPOTHO3UPOBAHMS OJTHOTO
pPBIHKA WJIM €ro WHCTPYMEHTOB WCIOJb30BaTh HWH(POPMANAIO O TECHACHIIASIX
JIPYTHX PHIHKOB. Hampumep, mpu MpOTHO3MPOBAHUHU TIEHBI OTKPBITHS «CETOTHSD)
JUTSL JTFOOBIX MHCTPYMEHTOB BCEX (DMHAHCOBBIX PBIHKOB, 3TOT TPOTHO3 CHIIBHO
3aBUCHUT OT IICHBI 3aKPHITHS «BUEpa» W 00€ ITH BEIMYHUHBI MOTYT BBICTYINATh KaK
MTPOTHO3UPYEMBIE.

[IpornosupoBanrie  KPaTKOCPOYHBIX H  JIOJTOCPOYHBIX  TCHICHIIAN
(pMHAHCOBBIX PHIHKOB BKJTFOUAET CJACAYIONINAEC TATTHI.

1. Coop m xpaHEeHHME CTAaTMCTHYECKHUX JAHHBIX — BO3MOKHOW MCXOJHOM

uHopMaIu a1 nporHo3a (J1ub0 B KaUeCTBE UCXOAHBIX JAHHBIX, JIHOO
B KQUeCTBE MPOTHO3UPYEMOM BEJTMUHHBI, JIMOO KaK M TO U APYTOE);

2. OnpeneneHue s pacCMaTpUBAEMOro pbhIHKA WM HWHCTPYMEHTA
MPOTHO3UPYEMOI BETMYMHBI M HAaOOpa BIHSIONMX (DaKTOPOB (MPHUUEM
HE BCeraa MOTYT OBITh WCIIONB30BAHBI JaHHBIC, HEMOCPEICTBEHHO
XpaHdmuecs B 0a3e JaHHBIX, 3a4acTyl0 TpeOyeTcs MPOU3BECTH
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HEKOTOphIe TpPeoOpa3oBaHWA MAHHBIX. HANPHUMEP, YacTO B KA4YECTBE
Takux ()aKTOPOB MCTIOIB3YIOTCS OTHOCUTEIHHBIC N3MEHEHHS BEJTUUHH ),

3. BoiABreHrWe 3aBUCHMOCTH MEXKIY TMPOTHO3MPYEMOW BENMUMHON U
HAa0OpPOM BIHSAIONTHX (PAKTOPOB B BUJIE HEKOTOPOH (DYHKITHH,

4. Boluucnenne  WHTEPECYIONIEH  BEWYMHBI B COOTBETCTBHUH  C
OTIpENICNICHHON (DYHKIMEH, 3HAUCHUSMH BIHSIONMX (PaKTOpOB Ha
MPOTHO3UPYEMBIT MOMEHT W BHJJIOM MPOTHO3a (KPaTKOCPOYHBIH WIIH
JOJTOCPOYHBIH ).

[Ipouieaypa BBHIMOMHEHUA KPATKOCPOUHOTO TMPOTHO3a OTJIMYAETCS OT
OpOLEAYPbl TOJTOCPOYHOTO Ha TMEPBOM M YETBEPTOM HJTamax. B ciyuae
KPaTKOCPOYHOTO TPOTHO3a CUMTACTCS, UYTO BCE yYACTBYIONIME B HEM 3HAUUMBIE
BAUSIONMME (HAKTOPHI HA MPOTHO3UPYEMYIO AAaTy M3BECTHHI M XpaHATCS B 0Oasze
JMaHHBIX. [ OpU30HT KPaTKOCPOYHOTO MPOTHO3a HE mpeBbimaeT 3—4 aasa. B cioydae
JOJTOCPOYHOTO TPOTHO3a CYMTAETCSA, YTO 3HAUMMBbIE BIUAIOUIME (DAKTOpHI Ha
MPOTHO3UPYEMYIO JaTy HEW3BECTHBI W JOHKHBI OBITh YKa3aHbl 0XKHIaCMbIE
3HaUEHWA ® TOrpemHocTH. COOTBETCTBEHHO TOTPEITHOCTh — OMPEACICHUS
MPOTHO3UPYEMON  BEIMUMHBI  CYIICCTBEHHO YBEIWUMBACTCS (WUeM  JaJTbIe
TOPU30HT TPOTHO3a, TeM OONbIle TMOTPEUTHOCTh OMPEAEICHHUS BIUAIOLUINX
(hakTOPOB W BEPOATHOCTh OIMMOKK aHAJWTHKA). [ OPU3OHT JOITOCPOUYHOTO
MPOTHO3a, KaK MPaBujIo, MpeBbiaeT 3—4 mHs.

KpeautoBanue
XapakTepHbId MNPUMEP YCHOEHIHOTO NPUMECHEHHS HEWPOHHBIX CETEH B
(¢uHaHCOBOM cdepe — ympaBleHHE KPSAWTHBIMH pHCKaMmHu. llepen BbIgaueit

KpeauTa Jjid OLICHKH BEPOATHOCTH COOCTBEHHBIX YOBITKOB OT HECBOCBPEMEHHOTO
BO3BpaTa (PpMHAHCOBBIX CPEACTB KPYIHBIC OaHKH, KaK MPABHIIO, MPEIMPHHAMAIOT
CJIIOJKHBI€ CTAaTHCTHUCCKHE PAcCyeThl IO ONPEACIICHUIO (PMHAHCOBON HAICKHOCTH
3aemiuka. Takue pacueTsl OOBIUHO 0A3UPYIOTCA HA OLEHKE KPEAUTHON MCTOPUH,
JUHAMHMKA Pa3BUTHS KOMIIAHMH, CTa0MIBHOCTH €¢ OCHOBHBIX (DHHAHCOBBIX
nokasareyied u mMHormx Apyrux ¢akropoB. Tak, Bank of New York, CIIIA
onpoOOBaB METOJ HEHUPOHHBIX BBHIUMCIICHHUH W MPUMEHHB €ro ja oneHkud 100
TBIC. OaHKOBCKHMX cueTOB, BBIABHI cBbime 90,0 % mOTCHIMATBHBIX
HETUTATENBIITUKOB.

IIporuo3upoBanue TeHaeHMii (OHAOBOr0 pbIHKA (PHIHKA AKIIMIA)

Baxxnas obmacte mpumeHeHWs HEHpOHHBIX ceTell B cdepe (uHAHCOB —
MPOTHO3UPOBAHKWE CUTyanmnu Ha (OHAOBOM phIHKE. CTaHAAPTHBIM TOAXOM K
PEIICHUIO ATOW 3ajaur (HE WCTOJIB3YIONINI HEHPOHHBIE CeTH) Oa3upyeTcs Ha
KECTKO (PUKCUPOBAHHOM HAOOpPE «IIPABWII MTPHD», KOTOPBHIH CO BPEMEHEM TEPSET
CBOIO aKTyaJIbHOCTh HW3-32 W3MCHEHHS YCIIOBHWA TOProB Ha (HOHIAOBOW OHMpKeE.
[TomumO TOTO, CUCTEMBI, IOCTPOSHHBIE HA OCHOBE TAKOTO CTAaHAAPTHOTO TOAX0/1a,
OKa3bIBAIOTCSA CJIMITKOM MEJICHHBIMHU JUIsl CHUTyalui, TpeOyrommx OT Tpenaepa
(Y4aCTHHKA TOPTOB) MTHOBEHHOTO MIPUHATHS PEIICHUH.
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PaccmoTrpum, HEKOTOpPBIE OCOOCHHOCTH ACHCTBHM HAa (DOHIOBOM PHIHKE.

Tpeiigep, NPUHUMAKOIIMKA PEIICHUS O KYIUIE-TPOJAXKE aKUWHA, HMEET
JOCTYI K OAHOMY WJIM HECKOJIBKUM 53JIEKTPOHHBIM HMCTOYHWUKAM WH(OpMaIn
(Reuters, Dow Jones Telerate, Bloomberg, Tenfore). On nabmomaer Tekyrue
3HaUEHWA W TpaduKW WHTEPECYIOMMUX €ro WHIACKCOB Ha MHPOBBIX (DOHIOBBIX
OMp:Kax, OCHOBHBIE KPOCC-KYypCHl BAIOT W JAPYTMe€ MOKa3aTeld BaJIOTHOIO,
(hOoHAOBOTO W KPEIWTHOTO PHIHKOB B MHOTOOKOHHOW Cpele C pPa3udHON
CTEIMEHBIO JETANN3ALINH,

Ha npunsTre ero peiieHus 0 Kyrie—npoaake aKiui, €CTECTBEHHO, BIUSIOT
MaKPOSKOHOMHUYECKUE W OOIIECTBEHHO-MOJUTUUECKUE COOBITHS, COOOIIEHUS O
KOTOPBIX depe3 Kakpie 5—10 MUHYT MOSBIAIOTCS B TEKCTOBOM OKHE MOHHUTOpPA M
COMPOBOXKIAIOTCS KOMMEHTApPUAMM SKCHEPTOB, O3BYUMBAIOIIUX PA3HOOOpPA3HbIE
CIIyXd W TPOTHO3BI. Tpeimepy Takke MOCTYIHA TOTIOJHUTENbHAS WH(MOpMAIHs,
Takas kKak cooOueHus u3 llenTpanbHoro 6anka Poccun WM OT Ipyrux 3Hadamiux
HUCTOYHWUKOB 00 OCHOBHBIX TTOKA3ATEIIAX PHIHKOB.

O06s13aTeTbHO YUATHIBASTCS TICUXOJIOTHS KOHKYPUPYIOIIAX TPEHACPOB, IS
KOTOPBIX BOXKHYIO POJIb UTPAIOT OXHIAHMS PsAAa BaUstomux coobrtrii. Hampumep,
B 16:00 MHOrue MOCKOBCKHE TpEHAECpbl BHYTPEHHE TOTOBbI K HW3MEHEHUIM
TeH/CHIMN noBeaeHus uHiekca Jloy-JxoHca Ha Hero-Hopkckoii (hoHmoBOM
OWpike, KOTOpas ¢ y4eTOM CJIBUra MO YacCOBBIM MOSCaM OTKPBIBAETCSA JIUIIb B
17:30 Mo MOCKOBCKOMY BPEMEHH.

®OHIOBBIN PHIHOK XapPaKTEPU3YETCS TAKXKE CICTYIONMUMEA 0COOCHHOCAMU:

" PpBIHOYHBIC TMPOIECCHl BEChbMA HEOTHOPOIAHBI BO BPEMEHHU. HaAINpPUMED,

COCTOSIHUE PBbIHKA OCEHBIO CYIIECTBEHHO OTJIMYAECTCS OT €ro COCTOSHUA

JIETOM TOTO € TO0J/ia, TOITOMY HE BCErJga WMEET CMBICT (HOpPMHUPOBATH

o0yuJarorue BbIOOPKH OOJIBIIIOT0 00BHEMA;

" (BarpsA3HCHUSAMN) AHHBIX U UX HEOJHOPOIHOCTHIO,
" HAIMYHEM MAJOWH()OPMATHUBHBIX TMOKA3aTENICH TPH OTHOCHUTEIIEHO MajiOM
00bEME CTATUCTUKH.

B nenom, 3agada KpaTkOCpPOYHOTO MPOTHO3a KOTHUPOBOK AKIMH MYCTh U C
UCIOIb30BAHUEM HEHUPOHHBIX CETeH TPEACTABIAETCA JOCTATOYHO CJIOKHOM,
0COOEHHO HA CTPEMUTENHHO N3MEHSIOMEMCS POCCUIUCKOM (DOHAOBOM PBHIHKE.

[IpumepoM TPOTHOZMPOBAHUSA TEHACHIWNA (POHIOBOTO PHIHKA MOMKET
CykuTh HelpoceTeBas cuctema (kommanusa Alela Corp.), npeaHazHaueHHas Ui
MPOTHO3a M3MEHEHUs1 OWpkeBbIx WHAeKCOB Dow Jones, S&P500 u Merval. Ha
caliTe KOMMaHUU MOXHO O€CIUIATHO BOCIMOJIb30BAThCS MPOTHO30M W3MEHCHHS
JAHHBIX WHIAEKCOB W, WCTIOB3YsSl €r0 B KaueCTBE MOMOJHUTENBHONW WH(pOpPMAITUH,
yOeIUTHCS, UYTO A0JIS BEPHBIX MPOTrHO30B cocTapsieT He MmeHee 80,0 %.

SnoHCKHME KOMTIAHWH, ONEPUPYIONINE HAa PHIHKE IEHHBIX Oymar, Takke
IMMUPOKO TIPUMEHSIOT HeWpoHHBIE ceTh (kommanus Mitsubishi). Jlma Bxona
HEHPOHHOW CETH WCIMOJb30BaJlachk WHGOpPMAIMsd O JEJIOBOW aKTUBHOCTH
HECKOJIbKMX OpraHu3aivii, mojaydeHHas 3a 33 roja, BKJIIOYas Takxke oOOpoT,
MIPEABIAYIYI0 CTOMMOCTh aKIWid, YPOBHH 10XoAa W T.1. JlaHHas HEHpOHHAs CeTh
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camooOyyajach Ha peajibHbIX TMPUMEpPaX U TOKa3ajda BBICOKYKD TOUYHOCTh
MPOTHO3UPOBAHUA, a Takke ObicTpoaeicTBue. OOmas pe3yabTaTUBHOCTD
MPOTHO3a MO CPaBHCHHIO C CHCTEMaMH, HCIHOIb3YIOIIUMHA CTAHAAPTHHIE
CTATUCTUYECKKUE MOAX0AbI, yiyuiuiack Ha 19,0 %.

OnTumasibHOE pacnpeaeieHe CBOOOHBIX CPEeICTB 0aHKAa MeKIY
Pa3IMYHBIMHA (UHAHCOBBIMU PHIHKAMH

VYcnenHoe NPOTHO3MPOBAHUE TOBEACHUS KaK (PUHAHCOBBIX PBHIHKOB B
IIEJIOM, TaK W WX OTIACIBHBIX MHCTPYMEHTOB TMO3BONSET OaHKy »(dexTuBHEES
YTPABIIATH UMEIOIIUMHUCS B €70 PACTIOPSHKEHUN CPEICTBAMM.

3amaua  ONTUMAIBHOTO PACTPEACIICHUS CBOOOJHBIX CPEACTB MEXITY
pa3TUYHBIMA (DUHAHCOBBIMH PHIHKAMH W WX WHCTPYMEHTAMH BCTAeT TIEPEe.
OaHKOM exemaHeBHO. J[1000# 0aHK MMEET B CBOEM PACIOPSKECHUH «ITOPTHETH),
KyJa MOTYT BXOJWTHh pa3IMYHbIC IICHHBIE OyMarn W Bamorta. [lpuHIMn
dbopmupoBanusa mopTdens - MoaydeHHe MPUOBLIM ¢ BIOKECHHOTO B (hpMHAHCOBEIC
WHCTPYMEHTHI KanuTajla HEe HIDKE HEKOTOPOTO (PMKCHPOBAHHOTO YPOBHSA TMPH
MWHWAMAJIFHOM JIJTS STOTO YPOBHS PHCKE.

ExenHeBHO MOTYT TPOWCXOAWTH CIEAYIONTHE B3aWMOUCKITIOUAIOTHE
MPOIIECCHI: TIOCTYIUICHUE JCHEKHBIX CPENICTB MJIsi WX BJIOKCHHUA B (PMHAHCOBBIE
WHCTPYMEHTHI U OTTOK JICHEIKHBIX CPEJICTB IS BBITIOJIHEHUS 00A3aTENIbCTB OAHKA.
To ecTh CyImecTBYIOT ClIeIYIOITNE TPUYHHBI 711 U3MEHEHHS COCTaBa MOPTQEIS:

" C TCUCHWEM BPEMEHHU OTHCIbHBIC (DPMHAHCOBBIC MHCTPYMEHTH HAUMHAIOT
TEPATH CBOIO MPHUBJIEKATSILHOCTh U HEOOXOIMMO BBHITIOJTHUTH ONTHMATBHOE
(TOXOMHOCTh HE HMXKE (PUKCUPOBAHHOTO YPOBHS, PUCK - MUHWUMAJTHHBIN)
MEPEPACTIPESICIICHAE CPEICTB  MEXay (DUHAHCOBBIMH HWHCTPYMEHTAMH
BHYTpHU TIOpTders;

" (0aHKy HEOOXOJHMMO BBIMOJHUTh HEKHWE TPEeOOBAHUS, ISl YETO peau3yerca
HEKOTOPOE KOJMYECTBO (DUHAHCOBBIX WHCTPYMEHTOB, BXOJAIAX B
noptdenb, Ha OMPEACNIEHHYI0 CyMMY, €CTECTBEHHO, YTO (PHHAHCOBBIE
WHCTPYMEHTHl  JOJKHBI  ObITh  BBIOpaHBl TakuM 0Opa3oM, UTOOBI
XapaKTePUCTUKH MOPTQENS TI0 BOSMOKHOCTH HE YXYAIIUIUCH;

" y 0aHKa yBEIIHUUJIICS 00bEM CBOOOJHBIX AECHEKHBIX CPEACTB MU HEOOXOIUMO
MPOM3BECTH WX ONTUMAJIBHOE PACTPEACICHHE MEKIY PpPa3HuHbIMHU
(hMHAHCOBBIMU MHCTPYMEHTAMH.

HezaBucumo OT mpuumHB M MEXaHW3Ma W3MEHEHHWS cocTaBa TopTdens
pacdeT BBITOAHOCTH STHX W3MEHEHWH MPOW3BOAWUTCA Ha (DUKCHUPOBAHHYIO ATy,
HA3bIBACMYIO TOPU30HTOM MOPTQEIS.

HexomupiMu  MaHHBIMA  JUIS  337a9d  ONTHUMAIBHOTO  PaCIpeaeTCHUs
CBOOOJHBIX CPEICTB MEXKIY Pa3IUYHBIMA (PUHAHCOBHIMH DPBHIHKAMH H WX
WHCTPYMEHTAMH ABJIAIOTCS MO0 PE3yJIbTaThl JOJATOCPOYHOTO TMPOTHO3A JAJIA BCEX
paccMaTpPUBAEMBIX HMHCTPYMEHTOB, JIHOO BEPOATHOCTHBIA aHAIA3 TOBEACHUS
paccMaTPUBAEMBIX HHCTPYMEHTOB B CXOJAHBIX PHIHOYHBIX CUTYAITHAX.
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Bribop ¢mHAHCOBOTO HWHCTPyMEHTa € MAKCUMAJIbHOW TPEAroIaracMon
JOXOJHOCTBIO HE COCTaBJISAET OOJBIIOrO0 TPYJAa, HO 3a4aya yYCIOXKHIETCH
HEOOXOJUMOCTBIO  YUMTBHIBATH  PUCK  MPEANOJIaracéMbiX  BJIOKEHHH, T.€.
BO3MOKHOCTh MHCTPYMEHTA HE PEATM30BaTh 3Ty AOXOAHOCTh. Kak mpasuio, yem
BBIIIIC JOXOJHOCTb, TEM BBIIIE PHUCK, U CHH)KCHUE PHUCKA BEIET K CHUKCHUIO
noxoaHocTu. [lo3TOMy Tmpu MJIAHUPOBAHMM PACHPEACIICHUS CPEACTB OaHKa
paccMaTpUBarOTCA JBE 3a1AYH:

" BJIOKCHUE CPEJICTB C MUHUMAJIBHBIM PUCKOM;
" BJIOKEHHUE CPEACTB C JOXOAHOCTHIO HE HIDKE (PUKCHPOBAHHOTO YPOBHA H

MHHUMAJIBHBIM JJI1 3TOTO YPOBHS PUCKOM.

Kiaccnmueckum nprMepoM CHIDKCHHSI prucka MOPTQENs B IEIOM SBIISETCS
COUETAaHWE B HEM HMHCTPYMEHTOB C OTPHUIATEIBHBIM  KOIPPHUITUEHTOM
KOPPEJSALUN.

[locTynieHWe OaHHBIX B CHCTEMY. B nOporpaMMHOM  MPOIYKTE,
npumensemom B [IpomcTpoiibaHke, peajii30BaH aBTOMATU3MPOBAHHBIN BBOJA B
HEHPOHHYIO CETh HOBOW MH(OPMAITHH U3 CICAYIOMNX HCTOUHHKOB!

* uHpOpMaNMOHHO-TOProBeie nannbie areaTcTBa REUTERS;
" TOproBeie AaHHbIE ¢ iomanok MMBB u PTC;
" [pPOYME JAHHBIE C UCMOJB30BAHUEM PYYHOTO BBOAA.

BriOOp M MOATrOTOBKA JMAHHBIX JUIS VYACTHA B MPOTHO3€. 3adadya AAHHOTO
JTama MPOTHO3MPOBaHMSA — BBEIOOp u3 Oomee yem 200 BHaAOB MH(POPMAIMOHHO-
TOProOBBIX JAaHHBIX HamOOJee 3HAYMMBIX BIUAIONHMX (PAKTOPOB ISl HPOrHO3a
WHTEPECYIOMIEH CTOMMOCTHOM BEJIIMYHMHBI HEKOTOPOro (PMHAHCOBOI'O MHCTPYMEHTA
WIH Tpynnbl (UHAHCOBBIX MHCTPYMEHTOB. IlepBHUHBIN BHIOOP BIHMSIOIMIHNX
(haKTOPOB OCYIIECTBIIACTCS CIICITHATMCTOM M 3aBHCHT OT €r0 ONbITa U WHTYHIIHH,
B BHIY TOI'0, UTO aBTOMAaTH3alldsg ATOr0 Ipollecca, KaK MpaBmiIo, HeddPeKTHBHA.
B nomorps crienuaanucty mpeaoCcTaBISIOTCS HHCTPYMEHThl TEXHUUECKOTO aHaIn3a
B BHJC T'PaUKOB, aHATU3HPYS KOTOPHIE MOJKHO YJIOBHTH CKPHITBIC B3aHMMOCBSI3H.
CrnenuanmcT TakKe MOXXET HMCMOJIb30BaTh JOCTYMHBIE €My MaTPHIIbl KOPPEIaiun
Y KOBapHaIluK JJI1 YKa3aHHOM BRIOOPKH BIIHMSIOMUX (PAKTOPOB M MPOTHOZUPYEMOM
BEJIMUMHBI, OJHAKO, C MOMOIIBIO MATPHUIl KOPPENALMM U KOBApUAIIMK HE yAAeTCA
YJIOBUTh HENMHEHHYIO, PEAKO BO3HHUKAIOIIYI0 3aBHCHUMOCTBH, KOTOpas, TEM HeE
MEHEE, MOJKET OKa3aTh CYIECTBEHHOE BIMSHHUE HA MPOTHO3UPYEMYIO BEIMUUHY.

[Tocne  ocyumiecTBAEHUS  MPOrHO3a  AHAIUTHUK  MOXKET  ONPEACIUThH
3HAQUMMOCTh YyYaCTBOBABIIIUX B HEM BIUAIONMX (DAKTOPOB 110 H3MEHCHHIO
(byHKIIMM OIICHKW W BBIXOJHBIX CHTHAJIOB CHCTEMBI C IICJBIO OKOHYATEIHHOM
KOPPEKIMH YYaCTBYIOIUX B IPOTHO3€E BIMAIOMNX (DAKTOPOB.

JlocTaTouHO YacTO BO3HMKAET CHUTYyallUs, KOrja B KauyeCTBE BIIMSAIOIIETO
(hakTOpa  WIM  NPOTHO3HUPYEMOM  BEIWYHHBI  IIOJIC3HO  KMCIOJIB30BaTh
MH(POPMAIMOHHO-TOPTOBBIC JAaHHBIC B MPEOOPA30BAHHOM C IMOMOIIBIO HEKOTOPOH
¢bysaxknum BHae. Hampumep, B KadecTBe 3HAUMMOTrO BIUSIONIETO (akTopa IpH
MPOTHO3€ IIEHBl YaCTO HCIOJB3YETCSA Ta K€ camasd IieHa, HO C OJHOJHECBHBIM
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caeuroMm.  IlosTromy s mpeoOpa3oBaHHMs — BIMSIOMUX — (PAKTOpOB |
MIPOTHO3UPYEMBIX BEIWYMH ObLT OMNPENCICH PAa ONepaluii, KOTOPblE MOKHO
NPUMEHATH B JII00OM mocnenoBarenbHocTH. Kpome TOro, ¢ MNOMOIIBIO
COOTBETCTBYIOIIMX TMOCJICAOBATESIbBHOCTEH AaHHBIX OMNEpalUi peain3yroTCa BCE
HauOoJsiee MOMYJISAPHbIE MHCTPYMEHTBI TEXHUUECKOTO aHAJIN3A.

[Tpomiecc ompenencHus BEIWYWH, YYacCTBYIOIIMX B TIPOTHO3€, KaK B
KAueCTBE 3HAUMMBIX BIUSIONMUX (DAaKTOPOB, TaK U B KAYECTBE MPOTHO3ZUPYEMOI
BEJIMUUHBI, SABIACTCS HanOojee CyObEKTUBHBIM U TPYAOEMKUM. M, €CTECTBEHHO,
HET HEOOXOJUMOCTH TMOBTOPATh €ro KaXAbld JEHb Uil BCEX HMHTEPECYIOIINX
aHaNMMTHKA (PUHAHCOBBIX MHCTPYMEHTOB. CyIECTBYET BO3MOKHOCTh COXPAHCHUS
MEPeUHs BBHIOPAHHBIX BIHSIOMMX (DAKTOPOB, YYACTBYIOIMUX B TMPOTHO3E, H
BHITIOJTHEHHBIX C HHAMH TpPeoOpa3oBaHWd I  HEKOTOPOro (DMHAHCOBOTO
WHCTPYMEHTA WJIN TPYMIbl HHCTPYMEHTOB.

1.5.3. IlpuMeHeHue HEHPOHHBIX ceTell AJ1sl MPOrHO3UPOBAHNS KYPCOB
BAJIIOT

Ipumep npocHoO3UposaHUs 8ATIIOMHBIX KYPCO8 WEEHYAPCKO20 (PPAHKA K
00J1apy U WBETIYAPCKO20 PPAHKA K HeMeyKol MapKe

Takoe MOAENMPOBAaHHWE C HMCHOJIB30BAHUEM HEHWPOHHBIX CETEH W TEXHU-
yeckoit 6a3pr Sun SPARCstation LX mposenu crienmanucTsl komnanuu Logica mo
3akazy Oanka Chemical Bank. BeiGop MMEHHO STHX BaIiOT B TO BPEeMs OOBsIC-
HAJICA BBICOKMM YPOBHEM TNOJBUXHOCTH TIEPBOTO COOTHOILICHHUS W MaJIbIM —
BTOpOro (0 kpwm3uca B 1993 roxay). /lanHeie 0 NWHAMHKE KPOCC-KYPCOB ATHX
BAMOT cobupauch ¢ 1 oktadpa 1992 roaga mo 1 oxtadpsa 1993 roma, mpu 3ToM
LICHOBBIE TPOTHO3bl XAPAKTEPU30BAJIMCHh MATHIO KATErOpUsIMU: OOJIBIIONW POCT,
MaJlbli pocT, 0€3 M3MEHEHM, MaJlbli craj, OONbIION craja. B utore mpuMensemas
HEWpPOHHAA CE€Th TMO3BOJWJIA CHUHTE3UPOBATh MPOTHO3 34 BHIIICYNOMSIHYTHIN
nepuoAa 55,0 % naHHBIX, COBMABIIMX C PEAJbHBIMU, MO MEPBOMY COOTHOILICHHIO
BamoT 1 23,0 % — 1o BTOpOoMYy.

IIpumep npocno3uposanus Kypca yKpauHcko2o kapbosanya k 0oiapy

Crnenyromuid npuMep WUTIOCTPUPYET Pe3yJIbTaThl MPOTHO3UPOBAHUS Kypca
AMEPUKAHCKOTO JIo/UIapa MO OTHONIIEHUID K YKPAaWHCKOMY KapOOBaHILy
(UKB/USD).

Hccnenoannsi mpPOBOAWIMCH HA OCHOBE MOJCIH CETH C OOpaTHBIM
pacripocTpaHeHueM. llenpt0 AKCHEpPUMEHTOB ObLJIO MPOTHO3UPOBAHUE Kypca
UKB/USD. Jlng mocTwKeHWS MaHHOW Iemd OBUIO TPOBEACHO HWCCICIOBAHUE
BJIMAHUS TPEACTABICHUA UCTOPUUYECKUX U TIPOTHO3UPYEMBIX JAHHBIX HA OIIMOKY
mporuo3upoBanus. Takxke ObLJIM PAacCMOTPEHbI BOMPOCHI BJIMSHUA CTPYKTYPbI
HEWPOHHOU CETH HA CKOPOCTh 00YUYEHHUA U OIIMOKY nporHo3upoBanus. [Ipu s3tom
CTaBWJINCH CIICAYIOIINE 3a0a4K:

" TIOWCK 3HAYMUMBIX BIUSIOMUX (PaKTOPOB;
" [IOMCK ONTHUMAJIbHOTO MPEACTABICHUS CTAaTUCTHUECKUX TAHHBIX O KYpCe;
" [IOMCK ONTUMAJIbHOTO MPEACTABICHUA PE3YJIbTaTa MPOrHO3UPOBAHUS,
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" [OMCK ONTHUMAJIBHOTO Pa3Mepa OKHA «CKOJIbKEHUS,
" [IOMCK ONTHUMAJIbHOW CTPYKTYPHI CETH.

[TporaozupoBanue kypca UKB/USD npoBoamiiock Ha OCHOBE BPEMECHHOM
MOCJIEAOBATENIBHOCTH  €XKEJHEBHBIX JaHHBIX O Kypce. Takod moaxon K
MPOTHO3UPOBAHUID OCHOBAH HA HJIE€ AMEPUKAHCKUX SKOHOMMCTOB, 4TO i
MIPOTHO3UPOBAHUS HEKOTOPBIX SKOHOMUYECKHUX MOKA3aTEIEH BIIOJIHE HOCTATOYHO
UCCIICTIOBAHUSI WCTOPUM KX W3MEHECHMS. YCHOEIIHOE MPUMEHEHUE JAHHOTO
MOIX0/1a IPYTUMHU HCCIISAOBATEIAMA JIjIsl TporHO3upoBanus KypcoB DM/USD wu
SUR/USD no3Bonser HaneaTbes Ha ycnex nporaosuposanns UKB/USD.

HcxoaHbIMU TAaHHBIMU [1J19 SKCIIEPUMEHTOB CIYKWJIU €XKETHEBHBIC U3ME-
penus kypca UKB/USD ¢ 15.06.93 mo 26.06.95 Bcero 842 m3mepenuii (1anHbie
B3ATH W3 apxmBoB OaHka Porto-Franco). IlporHosmpoBanock cpenanee 3HaueHHE
Kypca 3a JeHb (cpemHee apudMETHUeCKOe HEBHBIX KypCOB TOKYIKA W
IPOAAXKH).

Kaxapiit u3 3KCOEPUMEHTOB COCTOST U3 HECKOJIBKO 3TAMOB;

1. ®opmupoBanue oOyuaroniel BeiOOpku. Ha 3ToM 3Tarne onpenesnsics BUa
MPEJACTABJCHUS  UCTOPUYECKUX W MPOTHO3UPYEMbIX  JAHHBIX,
OCYIIECTBIIAIOCH dhopmupoBaHue 0JioKa MPEJCTABUTEIIbCKUX
(oOyuaromux) BHIOOPOK. BONBITUHCTBO TPOBENCHHBIX JKCIEPHUMEHTOB
OBLIO HAMPAaBJIEHO HA MPOTHO3 HE (DPAaKTHUECKOTO Kypca BATIOT, a €T0
OTHOCHUTEJIbHOTO U3MEHEHUA:

GKt:(Kt+]'Kt)/Kt . (11)

2. OOyueHre HEWPOHHOW CETH C MCIOJIb30BaHWEM C(OPMUPOBAHHOTO Ha
nepBoM stane Onoka oOydaronmx BblOOpok. KauectBo oOyueHus
XapaKTEpU30BAJIOCh  OMIMOKOW  OOyueHMs, OmpeAcsisieMod  Kak
CyMMapHO€ KBAQJPaTUYHOE OTKJIOHEHWE 3HAUCHUH HaA  BBIXOJAX
HEWpPOHHOU ceTu B oOydaromiedl BBIOOPKE OT peajbHbIX 3HAUYCHUH,
MOJYYCHHBIX HA BBIXOAAX HEWpPOHHOW cetu. Kpurepuwii npekpaineHus
o0yuenus — 1500 urepauumii v yMEHbIIEHUE OITMOKHA HA BBIXOJAX CETH
Ha JIBa MOPsAJKA, MO CPABHCHUIO C MEPBUUYHON ommOkol. B Tom ciyuae,
€CIIM TMpU ONHCAHWUU OMNbITA HE YKA3aHO, YTO NPOU3OIILIO CHHUKCHHE
OomMOKM Ha JBa MOpAJIKa, OOYYEHHWE OCTAHABJIMBACTCS MO TEPBOMY
KPUTEPHUIO.

3. Tperuii 3Tan — TecTUpOBAHKE HEHPOHHOMU ceTu. Onpenensercs KauecTBo
MpOrHo3upoBaHuss npu noxade Ha Bxox 4,0-5,0 % wnHabopoB u3
oOyyJaromed BbIOOPKH. OKCIEPUMEHT ABJISIETCA YCMCIIHBIM, €CJIU
OTHOCHUTEJIbHAsA 10cTOBepHOCTHh HE MeHee 80,0 %.

4. Ha yerBepTOoM 3Tame OCYIIECTBIAETCA MpoOHOE MporHo3upoBanue. Ha
BXOJIC HEUPOHHON CeTM — HAOOpbI, KOTOPhIE HE ObUIA BHECCHBI B
00y4aroryro BEIOOPKY, HO PE3yJIbTAT MO0 KOTOPHIM (TIPOTHO3) U3BECTEH.
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1.5.4. Orpannyenusi ¥ HeA0CTATKH, CBSI3AHHBIE C HUCTOJIb30BAHHEM
HEHPOHHBIX CeTed AJIs1 MPOrHO3UPOBAHUSA

1. JIna »ddexTuBHOrO TPOTHO3MPOBAHWA, KaK TPABWIIO, HEOOXOIUM
HEKOTOPHI MUHUMYM HaOmoAcHUM (0ojiee MATHUACCATH W JaXKe CTa).
OnHako  CyIIECTBYET MHOIO 3a7a4, KOrJa Tako€ KOJIUYECTBO
CTATUCTUYECKUX JIAHHBIX HEAOCTYNMHO. Hampumep, mpu MNpoU3BOJICTBE
CE30HHOTO0 TOBApa, CTATUCTUKHU MPEIbIAYIIUX CE30HOB HEAOCTATOYHO
JUISi TTPOTHO3a HA TEKYIIMA CE30H M3-3a U3MEHCHHS CTHIS MPOJYKTa,
MOJINTUKY MPOAAX WU T.1. Jake mpu mporHo3upoOBaHUM MOTPEOHOCTEN B
JOCTaTOYHO CTaOWJIBHOM TOBape Ha OCHOBE WHOpPMAIMU O
€KEMECIUHBIX MPOJAXKAX HEBO3MOXKHO HAKOMUTH CTATUCTUKY 32 MEPUOJT
ot 50 mo 100 mecanes. /g CE30HHBIX MPOIECCOB ATa MpodiiemMa eIe
Oornee BBIPAKCHA. KaXAbIH CE€30H (DaKTHUECKH TIPE/CTaBISET COOOH
oaHo HaomoaeHue. CraeayeT OTMETHTh, 4YTO YIOBJIECTBOPUTEIIbHAA
MOJIEIb MPOTHO3a C UCIOJIb30BAHUEM HEHPOHHON CETHU BCE KE MONKET
ObITh MOCTPOEHA JAXKE B YCIOBUAX HEXBATKHU JAHHbBIX. [I[pu 3TOM Moaenb
OyJIeT YTOUHATHCSA MPU MOCTYIUICHUHN B HEEC CBEXKUX JIAHHBIX.

2. JlpyruM HEZ0CTaTKOM MOJENEH Ha OCHOBE HEWPOHHBIX CETEH ABJISIIOTCA
3HAUUTEIIbHbBIC BPEMECHHBIC 3aTpaThbl ISt JOCTHKCHUS
YIOBJIETBOPUTEIIBHOTO  pe3yibTaTa. JTa  mpodieMa HE  CTOJb
CYIIIECTBEHHA, €CJIM HCCIEIYyEeTCs HEOONbIIOE YWCIO0 BPEMEHHbBIX
MOCJIEA0BATENBHOCTEH, OJHAKO OOBIYHO TPOTHO3UPYIOIIAA CUCTEMA B
00JlacTH YIpPaBJCHUS MPOU3BOACTBOM BKJIKOYAET OT HECKOJIBKHX COTEH
JI0 HECKOJBKHMX ThICSY BPEMEHHBIX MOCJIEAOBATEIbHOCTEH. OTMETHUM,
YTO 3aBBINMICHHBIE OKUIAHWA 3(PdeKkTa OT BHSAPSHUS HEHPOHHBIX CETEH
B psan ¢uHaHcoBeix CTpykTyp B CIIA w BemukoOputanum He
onpaBaainck. Tak, OAWH KPYNHBIA MHBECTUIIMOHHBIN OaHK HA YOJLI-
ctpuT motpatun Oojee 1,0 MIH gommapoB Ha pa3pabOTKy TaKoM
CHUCTEMBI JJIi ONTHUMHU3aWUKA (PUHAHCOBBIX OIEpaIiii, OJHAKO, CIyCTS
HEKOTOPOE BpPEMsS BBIHYXKJICH ObLI BEPHYTHCS K CTapoll CHCTEME.
OCHOBHOW MPUUMHON HEYJAuu CTaJl HEJIOCTATOUHBIA MO CPABHEHUIO C
0’KMJIA€MbIM YPOBEHb MPOU3BOAUTEILHOCTH, MOJYUCHHBIA B PE3YJIbTATE
BHEJIPEHUS CUCTEMBI.

3. OOyuuTh W SKCIUTyaTUPOBATh HEHUPOHHYIO CETh AJIS PEIICHUA MHOTMX
33/a4, KaK TPaBWIO, MOXET M HE CHCUUAIACT, HO HAJICKHO
WHTEPIPETUPOBATh  PE3YyJbTaThl, a TaKXKE YHUCIECHHO OLICHUBATh
3HQUUMOCTh  MOJyYaeMbIX MPOTHO30B  CIOCOOHBI  CHEHUAIIUCTHI,
MMEIOIIUE HABBIKK B MOJCTUPOBAHNN HEWPOHHBIX CETEH.

1.5.5. IIporpaMMHBbIe MPOAYKTHI MPOTrHO3MPOBAHUS HA OCHOBE HEliPOHHBIX
cerei

Nmnynscom aia 0oJjiee IMIMPOKOTO KMCMOJIb30BAHUA HEWPOHHBIX CETEH B
(pMHAHCOBBIX MPOTHO3ax CTANO MosBiaeHUE B 1990 r. crcTeMbl MOAECTUPOBAHUS
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HelpoHHBIX cereil Brain Maker kommanmm California Scientific  Software.
JlaHHbIN MpOrpaMMHBIN MPOAYKT — Haubojee MpoJaBacMblii B CBOEM KJjacce —
MMEET CIEAYIOIIME JOCTOMHCTBA:

"  HCHOJIb3yeMas MOJIEJb HEHMPOHHOM CETH SIBIACTCSA HAACKHOM W yHOOHOM
P MPOTHO3MPOBAHUH B cpepe Om3Heca u PUHAHCOB;

" JUIsS €r0 OCBOCHHUSI OT AHAJIMTUKA HE TpeOyeTca yriyOJICHHbIX 3HAHWN B
00J1acTH MaTEMATHUKHN WU NPOrpaMMUPOBAHHUS,

* sbdektuBen npm padoTe B CAydasx, KOrjga TMpaBwia, MO KOTOPBIM
W3MEHSETCS MTPOTHO3UPYEMAsl BEJIMUAHA, HEU3BECTHBI U TPYTHOBBISABIIACMBI.
PaccmoTpuM Takke psAa OCOOCHHOCTEH M 3aTPYJHEHUM, CBS3aHHBIX C

WCIOIb30BAHUEM JAHHOTO M JPYrUX TMOJO0OHBIX MPOrPAMMHBIX MPOIYKTOB
HENUPOCETEBOr0 MOJICIIUPOBAHUA:

1. Ha ¢donaoBoM pbhIHKE WP HEMHOTHE W3 CICIHAIMCTOB YCIEITHO
cnpaBisioTcss ¢ 3(EeKTHBHOW  HACTPOUKOW  HEHPOCUMYIIATOPOB
OCOOCHHO B TE€X CiyuasX, KOrja K MNPOTHO3UPOBAHHUIO TMPUXOJUTCS
MPUBJICKAaTh MaJIO3HAUWMBbIe BIuAOmme (akTtoper u  Tpedyercs
MPABUJIBHO HMHTEPIPETUPOBATh PE3YJbTAaThl HACTPOMKHA HEUPOHHOMU
cetn. Jlna  >¢pdexkTMBHOTO  MCHOMB30BaHHUS — HEHPOCHMYIIATOPOB
HEOOXOJUMO TAKKE XOpOIIO TMMOHUMATh CYIIHOCTh MOJEIUPYEMOTO
npoiecca.

2. Ilpu ucnonb30BaHUM HEUPOHHOW CETH HEOOXOJMMO YUWUTHIBATH BIUSAHUE
JNETCPMUHUPOBAHHOW TEPUOANYCCKON (PYHKIIMHM HA3BIBAEMOW B TCOPHH
BPEMEHHBIX  PAAOB  «ANJATUBHOW CE€30HHOM KOMIIOHEHTOW» U
ONpPEAEIsAeMOl METOJaMHU CHEKTPaJIbHOTrO aHanu3a. llepmoa ce3oHHOM
KOMIOHEHTBl cocTaByisieT oT 7 A0 14 aHedl. OHA MOXET YUYUTHIBATh,
HafpuMep, TO, UYTO B MEPBBIC JABA—TPHU JHA KaXKAOro Mecsia OObIUHO
HaOII0/1aeTCs JIOKAJIbHBIM MOABbEM KOTUPOBOK aKIMU, a B CEpPeAUHE
MECALIA CYWECTBYIOT JHHW, KOTJAa Ha JACHEKHBIA PBIHOK OKa3bIBAIOT
BJIMAHUE 0053aTENIbCTBA MO KOHTPAKTAM Ha KYIUTFO—TPOJIaKy BaJFOThI MO
3apaHee OrOBOPEHHOM LieHe W T. A. Ha stame mporHosa ce3oHHas
KOMIOHEHTA MOKET aBTOMATUYECKH J00ABIATHCA B OJIHY M3 KOJOHOK
AJIEKTPOHHOM TaOJUIbl C TAaHHBIMM M, TaKUM O0pa30M, YUUTHIBATHCSA B
HEUPOCUMYJIATOPE TPU  OLECHKE NPOTHO3UPYEMOTO  TMPHUPALICHUA
KOTHPOBOK.

3. Ilpaktuka paboTel C HEHpocHMyNsATOpaMHd Ha (HPUHAHCOBOM PBIHKE
CBHACTEIBCTBYET O TOM, 4YTO CO3/aHME W TIIATEJIBHOE BEACHUE
OOIIIUPHOM, MOCTOSSHHO OOHOBISIEMOW M XOPOILO CTPYKTYPUPOBAHHOM
6a3pl (PMHAHCOBBIX, MAKPOSKOHOMHYECCKAX W TIOJUTHUYCCKUX JTaHHBIX
KpailHE BaXXHO, MOCKOJIBKY OHM CYILIECTBEHHO BJIWAIOT HA CUTYALUIO H
KQueCTBO MPOrHo3a. Tak Kak CuTyaluus Ha PBIHKE HENPEPBIBHO
WU3MEHSETCS, TO W HA0Op 3HAYAIMX BIUSAIONMX (akTOpoB (WM WX
MOPSAIOK BHYTPH 3TOTO Ha0Opa) Tak:Ke U3MEHSAETCSA BO BpeMeHH. B cBs3m
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C 3TUM, HEUPOHHYIO CETh HEOOXOAMMO BpPEMS OT BPEMEHU HACTPaWBATh
1 00y4aTh 3aHOBO.

4. Hanuuue noapoOHONW MOKYMEHTAllMKM KpaiHEe BaXHO Mpu pabdoTre C
HelipocumysissTopoM.  JlokymMeHTalust OObBIYHO BKJIKOUAET MOAPOOHOE
OMUCAHUE METOJIOB U MPUMEPOB, UHJCKCHBIM W IPEAMETHBIN yKa3aTeu,
a Takke oOyuaromuid kypc. Hekotopsie KoMmaHUU—pa3pabOTUMKH
HEHPOCUMYJISITOPOB TIOJIEPKUBAIOT «TOPSIUYIO JTUHUIO» TIO TeledoHy u
HNHutepHeT, a Takke MPOBOAAT CEMUHAPhI MOJIb30BATEIEH MO O0YyUCHHIO
npuemMam > PEeKTUBHOM pabOTHI C HEHPOCUMYIIATOPAMH.

1.5.6. IIporHo3upoBaHue NoTpedIeHHs YJIEKTPOIHEPrun

Cucrema aHajgu3a JaHHBIX O TOTPEOJICHUHM AJICKTPOIHEPTHUW (KOMITAHUS
ZSolutions) wcmonab3yeT AaHHBIC, TOJIYYSHHBIC B pe3yjibTate 00pabOTKH
MOKA3aHWKA CUETYMKOB YACTHHIX M KOPIOPATUBHBIX KIWEHTOB. W3mepeHus
MPOBOJATCSA Kakable 15 MWHYT, MpUYeM HM3BECTHO, YTO HEKOTOPHIE M3 HUX —
HeBepHbIe. C TIOMOIIBI0 HEHPOHHBIX CETECH OB TMOCTPOSH aJTOPUTM BBISBICHUS
HEBEPHBIX W3MEPCHUN, a TakkKe aJTrOPUTM TMPOTHOZMPOBAHUSA MOTPEOICHUS
SHEPTUW B 3UMHUI TIEPUO] BPEMEHH.

Hcnonp3oBaHne AaHHOTO MPOTHO3a MO3BOJWIO SHEPTETUUYECKONW KOMIAHUH
NPUMEHUTh THOKYIO TapH(pHYIO TOJIMTHKY M COKPAaTHTh PHCK BO3HWKHOBCHHS
YHEPTreTUIECKOTO KPU3HUCA B PETHOHE.

1.5.7. IIporHo3upoBaHue CBOICTB MOJIUMEPOB [9]

PeanmmzoBana TEXHONOTHS TPOTHO3MPOBAHWSA CBOWCTB MAaTEPHANIOB B
XAMHYECKAX TIOJJUMEPHBIX IPOM3BOJCTBAX C TIOMOIIBIO HEHPOHHBIX CeTei
(xommanuu Aspen Technology m NeuralWare Inc., 1997 r.). Jlannsiit moaxon
okazajica Oojee 3(EKTUBHBIM M JEMICBBIM, Ye€M pa3padoTKa TEOPETUUECKOM
MOJICITA TTOJITAMEPOB.

Tak, ¢ momompio Helipocumynstopa NeuroShell pazpaboran HOBBIM cOpPT
6e3omacHoro crekia (kommanus DuPont).

B 3axmodenne pazaena OTMETHUM, YTO MporHo3uposaHue 1ieHsl HedTr Urals
— 07lHa U3 Hau0oJiee MHTEPECHBIX 3a]a4, CBA3aHHAS C MPUMCHEHUEM HEHPOHHBIX
ceTel IJId 1eie mporuo3a. B Buay Toro, 4ro takoi mporao3 umeet aisa Poccnn
MPUHIMITAAIBHOE 3HAUEHHUE: 1IEHA CYIIECTBECHHO BJIMSACT HA UCMOJHEHUE OKOJIKETA
U YPOBEHb HU3HM — YCIEXW B PA3BUTHU HEUPOCETEBBIX TEXHOJOTWHM st
MIPOTHO3UPOBAHUH B (PMHAHCOBOM chepe TPYTHO MEPEOIICHUTD.
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1.6. IIpoOJsiemMbI pa3BUTHS HEHPOHHBIX CeTEH

Paccmotpum psx  mpoOjieM, CTOSAIIMX CETOJHS Ha MYTH IITHPOKOTO
pacrpoCTpaHEHUsI HEUPOCETEBbIX TEXHONOTUH [8§].

l.

BoNbIIMHCTBO MPUMEHSAEMbIX HEHPOHHBIX CETEH MPEJACTABIAIOT CETH
00paTHOro PacrnpoOCTPAaHEHUsI — HaMOOJIee MOMYJIAPHOIO COBPEMEHHOTO
anroputMa. B cBoro ouepenp, aaroputM oOpaTHOTO PacCHpPOCTPAHEHUA
HE CBOOOJIEH OT HeAocTaTkoB. [Ipexie Bcero He CyllecTByeT rapaHTHH,
YyTO HEHWpPOHHAs CEThb MOXET OBbITh OO0yueHa 3a KOHEYHOE BpEMS:
3QUacTyl0 YCWIMS W 3aTparhl MAIIMHHOTO BPEMEHUM Ha OOYYCHHE,
nmponajarT HampacHo. Korma 3To mpoucxoaut, o0ydeHHe MOBTOPSIETCA
— 0€3 BCAKOU YBEPEHHOCTH, UTO PE3YJIbTAT OKAXKETCA JIyUIIIe.

Het Tak:ke yBEpEHHOCTH, YTO CE€Th OOYUYMTCS HAWIYUYIIUM BO3MOXKHBIM
o0pa3oM. AJTOpuTM OOYUYCHHMS MOXKET TMOMacTh B <JIOBYIIKY» TakK
Ha3bIBAEMOTO JIOKAJIbHOTO MUHUMYMA OIIMOKW, U HAWJIYUIlEe PEIICHUE
He OyJAeT MOJyUYEHO.

PazpaboTaHo MHOTO ApPYrux ajJrOPUTMOB OOYUECHUS HEHPOHHBIX CETEH,
UMEIOIIMX CBOM MPEUMYIIECTBA, OJHAKO, CJIECIYET OTMETHUTh, YTO BCE
OHM HE CBOOOHBI OT OTPAHUYECHUH.

Pa3paboTurki CKJIOHHBI MPEYBEJIUYMBATH CBOM YCIEXU U 3aMaluvBaTh
HEYJA4d, CO3/1aBas 3a4acTy0 O HEUPOHHBIX CETAX U HEUPOKOMITBIOTEPAX
HEOOBEKTUBHOE BrieuaTieHue. [10aToMy MpennpuHUMATENH, KEIAIOIINe
OCHOBaTh HOBBIC KOMMAHWUU B OOJACTH HEWPOCETEBBIX TEXHOJOTHA,
JOJKHBI MPENICSIbHO YETKO NPEACTABIATh IMyTH Pa3BUTUA TOTO WU
WHOTO MPOEKTA U MYTH MOJYYEHUA MPUOBLIH.

Takum  00pa3oMm, CyIIECTBYET OMNACHOCTb, 4YTO  HEHPOCETEBBIC
TEXHOJIOTHH HAYHYT MPOJABATHCSH W TMOKYNAThCS PaHBINE, UYeM TMPHUACT
uxX  Bpems, of0emas  moTpeOWTENbCkHe W (PYyHKIIMOHAJIBHBIC
BO3MOXKHOCTH, KOTOPbI€ TOKAa HEBO3MOXKHO JOCTUTHYTh. Eciu 3To
MPOU30HJET, TO TEXHOJOTHA B LEJIOM MOXET MOCTpPaAaTh OT MOTEPH
KpeIUTa JIOBEpUSd M BEPHETCA K TEPUOAY HEBOCTPEOOBAHHOCTH
CEMHUJIECATHIX TOJIOB.

CyiectByeT mpodiieMa HeCIOCOOHOCTH TPAAUIIMOHHBIX UCKYCCTBEHHBIX
HEUPOHHBIX CETeH «OOBSACHUTH», KaK OHM pelialoT 3adady. ITo
HAalOMHUHAET HAllly HECMOCOOHOCTh OOBACHUTh, KaK Mbl y3HaeM
YEJI0BEKA, HECMOTPS HA PACCTOSTHUE, OCBEILICHUE W MPOLIEIITNE TOIbI.
TexHomorus TpeOyeT yAyUIICHWS CYIIECTBYIOIIMX METOJA0B U
paclIMpeHUs TEOPETUUYECKUX OCHOB, JUJIi TOTO UTOOBl HEHMPOHHBIE CETH
MOJIHOCTHIO PEATM30BAJIN CBOU MOTEHIIUAJIbHBIE BO3MOXKHOCTH.

[Ipexxne YeM HMCKYCCTBEHHbIE HEUPOHHBIE CETH MOXHO OyJeT
UCIOIb30BaTh JUISl PELICHHUS 3aday, TJA€ TMOCTaBJACHbl Ha KapTy
YEJIOBEUYECKUE JKU3HU WM BAXKHBIE HAPOJHOXO3SHCTBEHHBIC OOBEKTHI,
JOJIKHBI OBITh pellieHbl BOMpochl HaaexkHoctu MHC.
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KOTOpOMY HEHWpPOH MOXeT mepenaBaTh mmmynbe (Carries signals away). AKCOH
KOHTaKTUPYET C ACHAPUTAMU IPYIMX HEHPOHOB Yepe3 crnenuanbHble 00pa3oBaHus
— cunancwl (Synapses), KOTOpbIE BIUAIOT HA CHITY TIEPEAaBaeMOro UMITYJIbCa.

CrpyKTypa, €OCTOAIIAsA W3 COBOKYNHOCTH OOJIBLIOrO KOJMYECTBA TaKHX
HEHPOHOB, MOJyuMJIa Ha3BaHUE Ouonoeudeckoli (W ecmecmeentoil) HeMpOHHON
CETH.

2.1.2. UckyccTBeHHbI HeHpPoOH

Uckycemeennwiii Hetipon (nanee — HEUPOH) SBIACTCA OCHOBOHM JFO0OM
WCKYCCTBEHHOW HEMPOHHOM CETH.

Heliponbl mnpeacTaBisOT co00M OTHOCUTENBHO MPOCTHIE, OJIHOTUITHBIE
AJIEMEHTHI, UMUTHpYIOIIME padoTy HelpoHoB Mosra. Kaxapiii HelpoH
XapaKTepU3yeTCsd CBOMM TEKYILIMM COCTOSHHUEM MO AQHAJIOTHMM C HEPBHBIMU
KJIETKAMU TOJIOBHOT'O MO3ra, KOTOPbIE MOTYT ObITh BO30Y>KICHBI U 3aTOPMOKEHBI.

HckyccTBEHHBIM HEMPOH, TAKKE KAK M €r0 €CTECTBEHHBIN MPOTOTUIL, UMEET
IpyNIy CHHATCOB (BXOMIOB), KOTOPHIE COCTMHEHBI ¢ BHIXOJAAMH JPYTHUX HEHPOHOB,
a TaKKe aKCOH — BBIXOJAHYKO CBS3b JAHHOI'O HEWPOHA — OTKyJa CHTHAI
BO30YXKAEHUA UM TOPMOKECHHS TOCTYIAET HA CUHAIICHI APYTUX HEHPOHOB.

OOumii BU1 HEMpOHA MPECTABICH HA pUc 2.2,

L J

O

Puc. 2.2. HcKyCCTBEHHbIH HEHPOH —
NPOCTEHIIHI 3JIEMEHT HCKYCCTBEHHOH HelPOHHOH CeTH
¥j — CHTHAJI, NOCTYNAIOIIHIA OT HelipoHa j;
St — CKAJIIPHOE MPOU3BeIeHHEe BEKTOPA BXOJAHBIX CHTHAJIOB H BEKTOPA BECOB;
fr — pyHKIHs BO30YyKIeHHSA; Y, — BHIXOAHOH CUTHAJI HeHPOHA
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Kaxnpiii cuHarc XapakTepusyeTcsl BEIMUMHON CUHANMUYECKOU C8543U WU
gecomM W;, KOTOPBIH TIO CBOEMY (PU3NYECKOMY CMBICTY OSKBUBAJICHTEH
BJIEKTPUUYECKONU TPOBOJAUMOCTH.

Texymee cocTOHUE HEMPOHA OMPENENACTCA KaK B3BELIEHHAs CyMMa €ro
BXO/JOB:

n

s =2 X Wi (2.1)

i=1

I7€ X — BXOJ HEHpPOHA, a W — COOTBETCTBYIOIIUNA 3TOMY BXO/y BEC.

2.1.3. AKTUBalIMOHHAS (PYHKIUSA
Brrxon HetipoHa ects QyHKIIHAA €T0 COCTOSHUSA, T.€.

y=As) . (22)

Henunetinas ¢ynkuusa f(s) Ha3bIBaeTCA aKMUBAYUOHHOIL, CIHCUMAIOUCT
dbynakue wm GyHKIUEH 6030yocoeHuss HEUpoHa.

OCHOBHBIE Pa3HOBUIHOCTH AKTUBALMOHHBIX (DYHKIHMH, MPUMEHIEMBIX B
HEWPOHHBIX CETAX, MPEACTABIEHbI HA pUC. 2.3.

a) b) ¢)

Puc. 2.3. AkTuBauuonsasi GpyHKIHUsI
a) noporosasi; b) mosyiuHeHas; ¢) CHrMOUAAIbHAS

B kauectBe akTMBAIMOHHOW (DYHKITUH YACTO MCTIOIB3YETCS CUCMOUOATBHAS
(s-o0pasHas wnv nocucmuyeckast) (yHKIWA, mokazaHHas Ha puc. 2.3 c¢. Ota
(hyHKITHS MaTeMaTHYECKA BhIPaXKaeTcs 1mo hopmysie

+e

o= (2.3)
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[Tpu ymenbImeHnn o cuirMmouAaIbHast QyHKIAA CTAHOBHUTCA 0OJIEe TOJIOTOM,
B mipeene npu o=0 BRIPOXKAASICh B TOPH3OHTAJILHYIO JIMHAIO HA ypoBHE 0,5; mpu
YBEIMUEHUN O CUTMOMJAIbHAS (DYHKIUS TPUOMKACTCSA MO BHEITHEMY BUIY K
(yHKIIMM €MMHUYHOTO CKauka ¢ moporoMm /' B touke x=0. V3 BBIpaxkeHUs s
CUTMOWJIATbHOM (DYHKITMM BHUIHO, YTO BBIXOJHOE 3HAUCHUE HEHPOHA JICKWUT B
muanaszone [0,1]. OgHO W3 MONE3HBIX CBOWCTB CHUTMOWAAIBHONW (DYHKITUH —
MPOCTOE BHIPAKCHUE I €€ TPOW3BOJHON, MPUMEHEHHE KOTOpPOTO Oyner
PACCMOTPEHO B JAJIBHEUIIIEM:;

J)=a f(x) (1= f(x). (2.4)

Cnenyer OoTMETHTH, UTO curMommaibHas ¢GyHKuUsS muddepeHmmpyemMa Ha
BCE ocu alOCIMCC, UTO HCMOIb3YETCA B HEKOTOPBIX JITOPUTMAaX OOYUCHMUS.
Kpome Toro, curmommanmbHas ¢GpyHKIHS 00jagacT CBOMCTBOM YCHJIMBATh MAaJIble
CHUTHAJIBI JIydille, deM OOJbIIHe, TeM CaMbiM TPEIOTBpAIIas HACHIIEHHE OT
OOMBIMMX CHUTHAIOB, TaK KaK OHW COOTBETCTBYIOT OOJIACTSAM apryMEHTOB, TJIE
curMouabHas QyHKIAA UMEET MOJIOTHIT HAKJIOH.

Bo16op cTpykTypbl HEHPOHHO#N CETH OCYIISCTBIIACTCS B COOTBETCTBHHU C
OCOOCHHOCTSIMH W CJIO)KHOCTBIO 3amauu. J[Jig pemeHrns HEKOTOPHIX OTIASITHHBIX
TUTIOB 3a7a4 YK€ CYIIECTBYIOT ONTUMajJbHbIe, HA CETOAHAIIHWKA JE€Hb
KoH(pHUTYpaIy, ONMCaHHbIE, HATTpUMep, B [6, 7, 8].

Ecnu xe 3amaua He MOXKET ObIThb CBEJEHA HU K OJIHOMY W3 H3BECTHBIX
TUTIOB, Pa3pabOTUMKy MPUXOAUTCS PEMIATh CAOKHYIO MPOOJIeMy CHHTE3a HOBOW
KoH(HUTYypaImu.

TeopeTHdecKr YMCIIO CI0EB M YHACJIO HEHPOHOB B KAXKAOM CJI0€ HEUPOHHOH
CETH MOXET OBIThb TPOU3BOJBHBIM, OJHAKO (DAKTUUECKH OHO OTPAHHUYEHO
pecypcaMy KOMITBIOTEpA WM CIICTIHAIM3UPOBAHHOW MHKPOCXEMBI, Ha KOTOPBIX
00BIYHO peaNiu3yeTcsl HEHPOHHAS CETh.

[Tpu >TOM, ecnu B KaueCcTBE aKTHUBAIMOHHOW (PYHKIMH IS BCEX HEUPOHOB
CETH HMCTOJIB3YETCS (PYHKIMSA €IMHWYHOTO CKauka, HCWPOHHAS CETh HA3BIBACTCS
MHO2OCHOUHbIM nepcenmpoHom (puc. 2.4).

B HeWpoOHHBIX CeTAX, Ha3BIBAEMBIX TEPCENTPOHAMH, HCIIOIH3YETCA
aKTUBAIMOHHASA (PYHKIMS € TMHUYHOTO CKayKa.

2.2. O0y4yeHue HEHPOHHBIX ceTel

OueBnHO, 4TO (DYHKIMOHMPOBAHME HEHPOHHON CETH, T. €. JCHCTBHA,
KOTOPBIE€ OHA CIIOCOOHA BBHITIOIHATD, 3aBUCHT OT BEJIMUMH CUHONTHUYECKUX CBA3CH.
[TosTomy, 3amaBIIACH CTPYKTYPOH HEHMPOHHOM CETH, OTBEUAIOIIEH ONMPEACTCHHON
3a/aue, pa3pabOTUUK JOMKEH HANTU ONTUMAJIbHbIE 3HAYEHUS AJi1 BCEX BECOBBIX
kod(hpuMeHTOB W.

DTOT ATan Ha3bIBACTCS OOYYEHUEM HEHPOHHOU CETH, U OT TOr0, HACKOJIbKO
KQUeCTBEHHO OH OYJET BBIMOJIHEH, 3aBUCUT CMOCOOHOCTh CETH pElIaTh BO BPEMs
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2.2.2. Ody4eHnue O6e3 yunreJs

HetipoHHO# ceTH TPEembABIAIOTCS TOJBKO BXOJHBIE CHTHAIIBI, & BBIXOBI
ceTr (POPMHUPYIOTCS CAMOCTOATEIHHO ¢ YUETOM TOJIBKO BXOIAHBIX M MPOW3BOIHBIX
OT HUX CWTHAJIOB.

HecMoTpsi Ha MHOTOYHMCIICHHBIE TPHKIAIHBIE JOCTHXXCHHS, OOydeHHE C
VUHUTEJIEM KPUTUKOBAJIOCh 3@ CBOIO OHMOJIOTMUECKYHO HEMPaBAONOA00HOCTb.
Tpynao BooOpa3uTh OOyYarOMMii MEXaHW3M B ECTECTBEHHOM YEJIOBEUYCCKOM
WHTEJUIEKTE, KOTOPHIA OBl CPaBHUBAJI KEJIAaCMbIE W JCHCTBUTEIHHBIC 3HAUCHUS
BBIXOJIOB, BBITIOJHSA KOPPEKIMIO ¢ TIOMOIBI0 OOpaTHOW CBsA3W. Ecim momycTrTh
MoMOOHBI MEXaHW3M B UEJIOBEUCCKOM MO3Te, TO OTKyJa TOTrJa BO3HHUKAIOT
JKejmaembie BhIXOABI? OOyueHue 0Oe3 yuuTens sABIsgeTca Ooliee MpaBAONoa00HOM
MOJETbI0 00yueHus B Ouonorndeckoi cucteme. Pazsutas Koxonenom (m. 2.4) u
MHOTHMH JPYTHMH, OHA HE HYXIAeTCA B IIEJICBOM BEKTOPE I BBIXOJOB W,
clieoBaTeIbHO, HE TpeOyeT CPaBHCHHUA C TPEIONPEACICHHBIMU WIACATHHBIMHU
OTBETAMH.

OOyuaroriee MHOXECTBO COCTOMT JIMIIb W3 BXOJHBIX BEKTOPOB.
OOyuarommii  aJropuT™M TOACTPAUBAET Beca HEHPOHHOH CETH TakK, 4YTOOBI
MOJTyYaJIUCh COTJIACOBAHHBIC BBIXOJHBIC BEKTOPHI, T. €. YTOOBI TPEIBABICHUE
JIOCTAaTOYHO OJM3KMX BXOJHBIX BEKTOPOB AaBajio OAMHAKOBBIC BHIXOMBI. [Iporecc
0oOydYeHHUS, CIICIOBATEIBHO, BBHIJACIACT CTAaTUCTHUYCCKHUE CBOMCTBA OOYdYaIOIIETO
MHOXECTBA W TPYIIHAPYET CXOJHBIE BEKTOPHI B KJAcChl. [IpenbsaBiieHre HA BXOJ
BEKTOpPAa W3 JAHHOIO KJIacca JacT OMPEAECICHHBIN BBIXOJHOW BEKTOP, HO M0
oOydeHHS HEBO3MOXKHO TMPEACKa3aTh, KaKOW BBIXOA OYyIET MPOW3BOAUTHCS
JAHHBIM KJIACCOM BXOJIHBIX BEKTOPOB.

CrnenoBaTennbHO, BBIXOABI TIOTOOHON CETH JOIKHBI TPAHC(HOPMHUPOBATHCS B
HEKOTOPYIO TOHATHYIO (hopMy, OOYCJIOBIICHHYIO TPOIECCOM OOydeHHs. ITO HE
ABIIACTCS CEPhEe3HOM TpoOnemMoii. OOBIYHO HE CIIOXKHO WACHTH(PHUIIMPOBATH CBA3b
MEXKY BXOJIOM M BBIXOJIOM, YCTAHOBJICHHYIO CETHIO.

2.3. HeiipoHHbIe ceTH 00OPATHOIO PACNIPOCTPAHECHUSA

OnnuM W3  Haubojiee PaAcHpPOCTPAHCHHBIX BHJAOB HEHWPOHHBIX CETel
ABJIAETCA MHOTI'OCJIOMHAA CTPYKTYPa, B KOTOPOM KAXKIAbIH HEUPOH MPOU3BOJIBHOTO
CJI0 CBA3aH CO BCEMM AKCOHAMM HEWPOHOB NPEABIAYILETO CJIOS, WIM B CIy4ae
MEPBOTO €0 CO BCEMU BXOJAMH HEMPOHHOU CETH.

Takue HEMPOHHBIE CETU HA3BIBAKOTCS NOJIHOCBA3AHHBIMU.

Aneopumm  obpamnoco pacnpocmpanenus, TPUMEHSIEMbBIA Uil TaKUX
CTPYKTYp, 3aKJIOYAeTCsd B PACOPOCTPAHEHHE CUTHAJIOB OLIMOKKA OT BBIXOJOB
HEWPOHHOM CEeTM K €€ BXOJaM, B HalMpaBJICHUH, OOPATHOM MPAMOMY
pPaclpOCTPAHEHUID CHUTHAJIOB B OOBIYHOM pexume padoThl. DTa Mpoueaypa
o0y4YeHUsT HEHWPOHHOM CeTHM W MOJyuyWsia HA3BAHUE aJIrOpUTMa OOPaTHOTO
pacpoOCTpPaHEHUS.
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CornacHO METOy HAWUMEHBIIUX KBAJAPAaTOB MHUHUMU3UPYEMOHN I1I€JICBOM
dbyHKIMen omMOKH HEHPOHHOM CETH ABIIACTCA

E) =23 04 ~d; )7, 2.5)

J.p

>

rae yg-'f; — peaJibHOE BBIXOJIHOE COCTOSIHUE HEHPOHA j BBIXOJHOTO CJIOS 7

HEHPOHHOM ceTH MpH Mojade Ha €€ BXOAbl p-ro obpasa; d;, — HIealbHOE
(>keaeMoe) BBIXOTHOE COCTOSTHUE 3TOTO HEHPOHA.

CymMmupoBaHHE BEACTCS MO BCEM HEHPOHAM BBIXOJHOTO CJIOS U TIO BCEM
oOpazam, 0OpabaThIBAEMBIM HEHMPOHHOM CEThI0. MUHMMU3AINS BEACTCS METOIOM
IPaIMEHTHOTO CIYCKa, YTO 03HAYAET TOJACTPOUKY BECOBBIX KO(DPHUITMEHTOB:

" oE

ij
rJ€ W; — BeCOBOH KO(D(DULMEHT CUHANTUYECKOH CBA3U, COCAUHAIOMIEH -i
HEHPOH cJIost n—1 ¢ j-M HEHPOHOM CJ10s A1, 1| — KO3(PPHUITUEHT CKOPOCTH 00YUESHHUS,
0<n<l
Kak noka3zano B [8],

8E _ 8E dy] 8s]-

ow;  dy; ds; ow;

2.7)

rje MoA );, MOAPa3yMeBAETCs BBIXOJ HEUPOHA j, a MOA S; — B3BELICHHASA
CyMMa €T0 BXOJHBIX CUTHAJIOB, T. €. apTYMEHT aKTUBAIIMOHHOMW (DYHKITHH.

Tak kak MHOXHUTENb dyj/ds; ABNAETCA MPOM3BOMHON 3TOH (PyHKIUM 1O €€
aprYMEHTY, CJIeI0OBaTe€IbHO, TPOM3BOAHAA AKTUBALMOHHON (PYHKIMHU IOJDKHA
OBITH OIpe/ecHa Ha Bcel ocn adcmuce. [ToaTomMy yHKIMS € TMHUYHOTO CKauKa 1
MPOYHE aKTHBAITMOHHBIE (YHKIMA ¢ HEOTHOPOAHOCTAMH HE TOIXOMAT IS
paccMaTpuBaeMblXx HEHpOHHBIX ceTeil. Kak mpaBuio, NPUMEHSIOTCS TakKue
rmagkue  (QyHKIMH, KaK THUNepOOIMYEcCKUi TaHTeHC WM — KJIacchdecKas
curMouaabHas QyHKIMA ¢ SKCIIOHEHTOH. B ciydae runepOonmueckoro TaHreHca

dy 2
—~ =1-s". 2.8
i (2.8)

Tperunit mHOXUTEND OS;/OW; PaBeH BBIXOAY HEWPOHA MPENBIAYIIErO CIIOS

-1
yl_(n )‘

[leproiit MHOXKUTEND (2.7) pacKiambiBaeTCA CiaeayommumM oopazom [8]:
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oF
P,

-y OE dyy Osy -y OF dyy (1) (2.9)
OV dsp Qv T Oy dsy, Tr

r7Ic CYMMHPOBAHUE 110 & BHITIOJHACTCSA CPEAN HEUPOHOB CIIOS 1+ 1.
BBenem nepemMeHHyO

17)
s = 0L Dy (2.10)
8y dsj

Torpa momydrM peKypcuBHYIO (POPMYITy IJI pacueToB BEIHUHH 6]-(”) CJIOA 1
+1
3 Beymund 8, Y Gonee crapiero ciost nt 1,

dy;

(n) _ (n+1) | (n+1) j

6]. _{zké * ]k+ }ds- ) (2.11)
J

JI BBIXOAHOTO CJIOS

5 = (y") — d) . (2.12)
l

3ammmiem (2.6) B pa3BepHYTOM BHJIE:
A = D (2.13)

Jlnga  mpugaHus  mpoueccy  KOPPEKUMH  BECOB  MHEPIMOHHOCTH,
CTTIQXXKMBAOIIEH PE3KHE CKAUYKK TPHU TMEPEMEIICHUH IO TMOBEPXHOCTH IEJIEBOM
¢dbynkumn, (2.13) gomonHseTcs 3HAYEHWMEM W3MEHEHHA Beca Ha TPEeIblaylnei
UTEpaLiH;

Aw (1) = (AwiP (e -1+ (1 - w8y (2.14)

rae | — KodpPUImMeHT HHEPIMOHHOCTH, ! — HOMEP TEKYIICH UTEPaITiH.

Takum o00pa3oMm, TOJNHBIA aIrOpuT™M OOYYEHUSI HEHPOHHON CeTh ¢
MOMOILBIO MPOLIEAYPBl 00PATHOrO PACPOCTPAHEHUSA CTPOUTCA TAK:

1. Tlpu mogaue Ha BXOAbl HEWPOHHOM CETU OJHOTO U3 BO3MOXHBIX 00pa30B
B pexXHMe OOBIYHOTO (YHKIIMOHUPOBAHWA HEHPOHHOW CETH, KOTJa CHUTHAJIBI
PacnpoCTPAHSIOTCSA OT BXOAOB K BBIXOJIaM, PACCUNTATh 3HAYCHUSA CUTHAIIOB

sﬁ-”) Zy(" Doy (2.15)

y
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rJ€ M — YKUCJIO HEWPOHOB B CJ0€ 7/ C Y4eTOM HEHpPOHA C MOCTOSAHHBIM

BBEIXOJHBIM COCTOSIHHEM -1, 3amaromiero cMelleHue, y,-(”']) —x; ™ i-i BXOJ
HEHUPOHA j CI10A 1
v =#(s"), rue f— curmomnansHas byHKIMS; (2.16)
0
v, "=, (2.17)

rie I, — g-1 KOMIIOHEHTa BEKTOpa BXOJHOro obpasa.

2. Paccumrars 8" s BEIXOZHOTO ciost o (opMyIie (2.12), a Taxxe 1m0
dopmyse (2.13) wn (2.14) usmenenus Beco Aw™ crost n.

3. Paccumrats mo dopmynam (2.11) u (2.13) (mwm (2.12) u (2.14))
cootBercTBeHHO 8™ 1 Aw™ s Beex octanbHbIX cnoes, n=N—1,...1.

4. CxoppeKkTHPOBaTh BCE Beca B HEHPOHHOM CEeTH
wi () =wiP (@t =1) + AwD (7). (2.18)

5. Ecau ommdka ceTu CyliecTBeHHa, mepet Ha mar 1. B mpoTuBHOM
CiIyyae — 3aBepilieHre 00yUeHHUS.

Heiiponnoii cetu Ha mare | monepeMeHHO B CIy4yalHOM MOPSAJKE
MPEABABIAIOTCA BCE NPEACTABUTEIBCKUE BHIOOPKH, 4TOObI HEUPOHHAS CETh,
o0Opa3HOo TOBOPS, HE 3a0bIBaJIa OJHU 1O MEPE 3aMOMUHAHUA IPYyTruX (puc. 2.5).

OddexTnBHOCTH 00YUEHUS 3aMETHO CHIYKACTCSI KOT/Ia BBIXOTHOEC 3HAUCHUE
y"V B (2.13) ctpemutcs k Hymo. [Ipu ABOMUHBIX BXOMHBIX BEKTOPAX B CPEAHEM
MOJIOBMHA BECOBBHIX KOA(DPUIMEHTOB HE OyaeT KoppeKkThpoBaThesa [8], mosTtomy
00J1aCTh BO3MOKHbBIX 3HAUEHUHN BHIXOA0B HEMpoHOB [0;1] >kenaTeabHO CABUHYTH B
mpeaensl  [-0,5;+0,5], duro  gocrmraercs  MPOCTBIMH  MOIU(PHKAIHSIMU
AKTUBAIMMOHHBIX (DYHKITHH, HAPUMEP: CUTMOHWAAIbHAs (PYHKIUS C SKCTIOHCHTOMN
npeoOpasyercs K BUIy

FE)==05+—— | (2.19)

1+e

PaccmoTtpum Bompoc 0 uyuciae o00pas3oB, MNPEAbABISIEMBIX HA BXO/bI
HEHPOHHOW CETH, KOTOpPBIE OHA CIOCOOHA HAYUWTHCA PACTO3HABaTh (E€MKOCTh
HEHpOHHOW ceTw). Jligs HEWpPOHHOW CE€TH C OJHUM CKPBITHIM  CIIOEM,
JETEPMUHUCTCKAA €MKOCTh HEHPOHHOU ceTu (y OLIEHUBAETCS KaK

NN, < Cy4< N,/N, log(N,/N,) , (2.20)

rae N,, — 4McI0 NOACTPAauBaeMbIX BECOB, IV, — YACIO HEHPOHOB B BEIXOJHOM
clIoE.
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Puc. 2.5. lmarpamMmma cUrHaJioB npu o0y4eHun
HEeHPOHHOI CeTH MO AJrOPHUTMY 00PATHOr0 PacnpocTpaHeHUs

Cnenyer OTMETHTh, YTO JIAHHOE BBIPAXKEHUE IMOJYYEHO C YUYETOM
HEKOTOPBIX OTPAHUYECHUN.

Bo-nepBbix, yncino BXOM0B N, U HEWPOHOB B CKPBITOM CJIO€ Nj TOMKHO
YIOBJIETBOPATH HEPABEHCTBY N, + Nj, > N,,.

Bo-propeix, N,/N, > 1000. OpHako BHIIENPHUBEIEHHAS OLEHKA
BBITIOJTHSAJIACH ISl HEWPOHHBIX CETEeH C aKTUBAIMOHHBIMH (DYHKITUAMHA HEHPOHOB B
BUJE TIOPOTa, & €MKOCThb CE€TeW C TIAAKUMH aKTHUBALMOHHBIMH (PYHKIHUAMHU,
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Harpumep (2.19), o6srano Gombmre. Kpome Toro, urypupyromee B Ha3BaHWUH
€MKOCTH TPWIAratejibHOE «IETEPMUHUCTCKUI» O3HAYAeT, 4YTO MOJyYEHHAs
OLICHKA €MKOCTH MOJXOJUT aOCOJIOTHO JIJIi BCEX BO3MOXHBIX BXOIHBIX 00pPa30B,
KOTOpble MOTYT OBbITh MpenacTaBiicHbl N, Bxogamu. PacmpeneneHue BXOAHBIX
00pa3oB, Kak MPaBWIO, 00JAJAaeT HEKOTOPOH PEryIsApPHOCTHIO, UYTO MO3BOJISET
HEWPOHHOW CETH NPOBOAUTHL O0O0O0OIEHHE W, TaKUM OO0pa3oM, YBEIUUHMBATH
peabHyI0 €MKOCTh. Tak Kak pacrpenesieHne o0pa3oB, B 00ILIEM Cliydae, 3apaHee
HE M3BECTHO, MOXHO FOBOPUTh O TaKOW €MKOCTH TOJIBKO MPEANOSIOKUTEIHHO, HO
0OBIYHO OHA pa3a B JIBA MPEBHIIIAECT EMKOCTh JETEPMUHUCTCKYIO.

PaccmoTpuM BONMpOC O Pa3sMEpPHOCTH BBIXOJHOTO CJIOS HEHPOHHOW CETH,
BBHITIOJTHSIONIECTO OKOHYATENIbHYIO Kiaccudukammio obpa3os. s pasaencHus
MHOXeCTBa (KmaccuduKaImm) BXOTHBIX 00pa30B, HAMpUMEpP, TO ABYM Kjlaccam
JOCTAaTOYHO BCEro OAHOTO BbIXOAa. [Ipy 3TOM Kaaplil JOTMYECKUI YPOBEHH —
«1» u «0» — Oynmer oOo03HAyaTh OTHAENbHBIA Kjacc. Ha AByX BbIXOJAaX MOKHO
3akoaupoBaTh yxke 4 knacca u Tak jganee. OaHAKO pe3ysibTaThl  PabOThHI
HEWPOHHOU CETH, OPraHW30BAHHOW TaKuUM O0pa3oM, «IOJ 3aBA3KY», HE OYEHb
HaJCKHBI. [IJIs1 TIOBBITIIEHUST TOCTOBEPHOCTH KITACCH(PUKAIIAN KENATSITHHO BBECTH
MU30BITOYHOCTh MYyTEM BBIACICHUSA KAXKIOMY KJIACCy OJHOTO HEHPOHA B BBIXOJHOM
CI0€ WIM, 4YTO €IlIe JIydllle, HECKOJIbKUX, KaXKIbl W3 KOTOpPbIX oOOydaercs
onpenesiaTh NPUHAIUICKHOCTh o0pa3a K KJIAacCy CO CBOEH  CTEMEHbBIO
JIOCTOBEPHOCTH — BBICOKOW, CPEIHEH WA HWU3KOW, YTO TMO3BOJIUT NPOBOJUTH
KJTacCU(PUKAITUIO BXOAHBIX 00pa30B, 0OBETUHEHHBIX B HEUCTKHE (Pa3MBITHIE WJTH
MEPECEKAIONMNECT) MHOXKECTBA. JTO CBOWCTBO TPHUOIMKAECT HEHPOHHBIE CETH K
€CTECTBCHHOMY YEJIOBEUECKOMY UHTEJICKTY.

Takas HeHpoHHas CE€Tb MMEET HECKOJbKO OrpaHuueHuil. Bo-mepBbix, B
mpoiiecce  O0O0y4eHHUA  MOMKET BO3HUKHYTh CHUTyalusi, Korjga OOJbIIue
MOJIOXKHUTEITbHBIC WJIM  OTPUIATEJIbHBIC 3HAYCHUS BECOBBIX KOA(DUIIMESHTOB
CMECTAT pabouyl0 TOYKY Ha CHTMOWAAIbHOW (DYHKIIMM MHOTMX HEHWPOHOB B
0o0JlacTh HachIleHUsA. Manble BEIWYMHBI TPOU3BOJHON OT aAKTHBALMOHHOM
¢bynkuun B cootBetctBuU ¢ (2.11) m (2.12) mpuBeayT Kk OCTaHOBKE OOyuYeHUS
HEUPOHHOU ceTH. BO-BTOpBIX, MPUMEHECHHE METO/a T'PAJAUEHTHOTO CIyCKa HE
rapaHTUpyeT, uTo OyaeT HalaeH TIo0albHBIM, a HE JOKAJIbHBIM MHHHUMYM
nenaeBoi GyHkmuu. JTta mpobaeMa CBI3aHa €Iie ¢ OJHOM, a UMEHHO — ¢ BEIOOPOM
ko3 dunmenTa ckopoctn o0ydeHHUs. JloKa3aTenbCTBO CXOAUMOCTH OOyUCHHS B
mpoiiecce OOpaTHOTO pPaclpOCTPAHEHUA OCHOBAHO HA TMPOU3BOJHBIX, T. €.
MpUPAIICHUAX BECOB M, CJEAOBATEIbHO, CKOPOCTh OOYYEHHA JOJKHA ObITh
OCCKOHEUHO MaJjoi, OJHAKO B 3TOM cliydae oOOyueHHe OyJeT NPOUCXOAUTH
HenpuemsieMo MeuieHHO. C JIpyrodl CTOPOHBI, CIAMIIKOM OOJIbIINE KOPPEKIUU
BECOB MOTYT NPHUBECTH K MOCTOSHHON HEYCTOMUMBOCTH Mpolecca OOyUeHHUS.
[TosTomy, ko3¢ duIEEHT 1) 0OBIYHO BRIOMpPAETCS MEHBINE 1, HO HE OUCHb MAJIBIM,
Hanpumep, 0,1, ¥ OH MOXKET MOCTENEHHO YMEHBIIATHLCS B MPOLECCEe OOYyUCHUS.
Kpome Toro, aias UCKITIOUCHHS CAyYalHbIX MONAJAHUNA B JIOKAJIbHbIE MUHUMYMBbI
WHOT /1A, TIOCJIC TOTO KaK 3HAUYCHUS BECOBBIX KOA(D(PHUITMEHTOB CTAOMITH3UPYIOTCS, 1
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KPAaTKOBPEMEHHO MOKHO 3HAUMTEJIbHO YBEJIMUWTh, YTOOBl HAUaTh T'PAJUCHTHbBIN
CIIyCK M3 HOBOW TOYKHM. ECIM TMOBTOpPEHHWE STOW MPOLECAYPbl HECKOIBKO pa3
MPUBEJICT AITOPUTM B OJHO M TO € COCTOSIHUE HEHPOHHOW CETH, MOXHO Oojiee
WJIM MEHEE ObITh YBEPEHHBIM B TOM, YTO HAMACH TJI00AJIbHBI MUHUMYM OIIHUOKH.

2.4. Kaprel Koxonena

2.4.1. Onpenenenue

Hetiponnsie cetn KoxoneHa wimu camoopeanusyiowuecsi kapmel Koxonena
(Kohonen’s Self-Organizing Maps) mnpemnHa3sHaueHbl UIS pEIICHUS 3a1a4
aBTOMATHUECKOW KiaccuduKammu, Korjga oOydaromias TOCaeA0BaTeIbHOCTh
ob6pazoB orcyrctByeT [12]. COOTBETCTBEHHO OTCYTCTBYET M (pHKcamms OIMMOKH,
HAa MUHUMH3AIMN KOTOPOW OCHOBAHBI QJITOPUTMBI  OOYUYEHHS, HampuMep,
anropuT™M 00paTHOTO pacmpocTpanenus ommoOku (Backpropagation).

Cetp KoxoHeHa — 3TO ABYXCITOHAs HEWPOHHAS CETh, COACPIKAIAsT 6X0OHOT
cnoti (CoR BXOAHBIX HEWPOHOB) W cioil Koxonena (Cnod aKTMBHBIX HEHPOHOB).
Croit Koxonena MoxeT ObITh: OTHOMEPHBIM, IBYMEPHBIM WJIH TPEXMEPHBIM.

B mepBom cnyuae akTUBHBIE HEWPOHBI PACIONOXKEHBI B TEMOuky. Bo
BTOPOM ClIydae OHW 00pasyloT ABYXMEPHYIO ceTKy (00buHO B (hopMe KBajapara
WM TPSIMOYTOJIBHUKA), a4 B TPETbeM Cliydae OHHM OO0pa3yloT TPEXMEPHYIO
KOHCTPYKITHIO.

B cuny otcyrctBus oOyuaronieil MociaeaoBaTEIbHOCTH 00pa3oB, IS
KQKJIOTO W3 KOTOPHIX M3BECTHA OT YUWTENS MPHHAMICKHOCT K TOMY WU WHOMY
KJaccy, oOmnpenejeHne BecoB HeHpoHoB cioa KoxoHeHa OCHOBAaHO Ha
WCIOJIb30BAHUH aJITOPUTMOB KJTACCHUECKON Kiaccupukanmu (KiIacTepru3aIiii Win
caMo00y4deHus).

2.4.2. Ilpunuun padots cetu Koxonena

Ha puc. 2.6 npuBeneH nmpumep TOMOJIOTHYECKOW KapThl ceTh KoxoHeHa,
coaepKalen BXOaHOU ciod u cnoit Koxonena. HeiipoHsl BXOIHOTO CJIOS CITy»Kat
JUIsl BBOJIA 3HAUCHUI MPU3HAKOB PACMO3HABAEMBIX 00pa30oB. AKTHBHbIC HEHPOHBI
cnos Koxonena mnpeaHasHadeHsl mas (popmupoBanms objacTeit (KiIacTepos)
Pa3JIMYHBIX KJIACCOB 00OPA30B.

Ha »ToM pucyHke moka3aHbl CBSI3M BCEX BXOAHBIX HEHPOHOB JIMIIb C OJAHUM
HeripoHoM cnost Koxonena. Kaxapiii HeMpoH cinost KoxoHeHa TakKe COSUHEH ¢
COCETHUMU HEMPOHAMMU.

[Tosichum oCcHOBHOM mpuHIMNI padoThl ceTu KoxoHeHa.

Beenewm crnienyromue o6o3nadeHus (puc. 2.6):

W, = (wjs, w, ..., w]-n)T, j=1m (2.21)

— BEKTOP BECOBBIX K03(ppuIineHTos j-ro HepoHa ciiost KoxoHneHa,
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Kaprta,
COCTODAWAaA
M3 1, ..., 77
HEeWpOHOB
KoxoHeHa

Puc. 2.6. Tononoruueckasi kapra ceru Koxonena

X =(x;, X3 ., X)) (2.22)

— BXOJHOM BEKTOP WJIM BEKTOP 3HAUCHHN MPU3HAKOB HEKOTOPOTo o0pasiia.

Ha cragun oOyueHus (TOuHee caMOOOY4YEHHUS) CETH BXOMHOM BekTOp X'
HONapHO CPaBHUBAETCA cO BceMH BekTopamu W; Bcex HepoHOB ciod KoxoHneHa.
Beomutcs HekoTopas ¢yHknma Onm3octn (HampuMep, B BHUAC OSBKIIHAIOBA
paccTosiHus). AKTHBHBIA HEHpPOH ¢ HOMepoMm ciios KoxoHeHa, s KOTOPOTO
3HaueHne ¢Gyakmun Ommzoctu d (X, W, MexXIy BXOAHBIM BEKTOpoM X,
XapaKTepU3YIOMUM  HEKOTOphI  00pa3, W BekTopoM W, MaKCHMajbHO,
o0bsBsieTCA «obeautesiem». [Ipu 3ToM 00pa3, XapakTepU3YIOIIUINCA BEKTOPOM
X, OTHOCHTCA K KITacCy, KOTOPBIHA MPEACTABIIACTCS «HEHPOHOM-TIoOeauTenemM». B
pe3yapTare  OCYIIECTBISAETCS  NpeoOpa3oBaHWE  N-MEPHOTO  BXOAHOTO
npocrpancTsa R” Ha m-mephyio ceTky (cinoit KoxoneHna).

CrnenyeT mMOAUEpPKHYTh, YTO 3TO OTOOPaKEHHE pean3yeTcs B pPE3yJIbTaTe
pPEKyppeHTHOM  (WTepaTwBHOW) mpomenypbl  camooOyuenus (Unsupervised
Learning). OtnuuutenbHass 0COOEHHOCTh ATOTO OTOOpakeHHUS — (HOPMHUPOBAHUE
kiactepoB (Cluster) wnm kmaccos. [lo 3aBepmennn mporiecca camooOydeHus Ha
CTaQNM PEATbHOTO HWCIONBh30BaHUSA ceTh KOXOHEHa HEW3BECTHHIE BXOJHBIC
00pa3bl OTHOCATCS K OJTHOMY M3 BBISIBJICHHBIX KJIacTEPOB (KIacCOB).

Bo3HukaeT ecTecTBEHHBIH BOMPOC: KaK BO3HUKAET yKa3aHHOE O0TOOpakeHHE
TOTIOJIOTMYECKON KapThl? [l OTBETa HA HEro PacCMOTPUM  aJTOPUTM
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camoo0yueHua cetu KoxoHeHa, mojlaras, 4to €€ BXOJHOW CJIOM COAEPKUT A
BXOJIHBIX HEHPOHOB, a €€ cioil KoxoHeHa — m aKTMBHBIX HEHPOHOB.

JIns ompeneneHUs PAcCTOAHUSA MEXIYy BXOAHBIM BekTopoM X (2.22) m
BeCOBbIM BekTOpoM W, (2.21) j-ro HelipoHna cios KoXoHEHa MOKHO UCIOJIb30BAThH
pasnuunbie QyHKIMK Or30CTH (0OBIYHO IBKIIAIOBO PACCTOSTHUE).

[Tpu >TOM "BBIMTPHIBAECT" TOT HEUPOH C C BECOBBIM BEKTOpoM W, KOTOpbIH
HanOoJiee OJIM30K K BXOJHOMY BEKTOPY X:

X — W= minj||X - Wi (2.23)

WJIM TIPY UCTTIOJTB30BaHUM (DYHKITHH index, OMPenensionieii HoMep MUHAMAITbHOTO
PacCTOSIHUA:

¢ = index min || X — W/j|. (2.24)
J

[Ipn ucnonb30BaHUU CKATAPHOTO MPOU3BEICHUS

X'W, = ; X; Wi = net; = z; (2.25)

"BBIMTPHIBACT" HEUPOH C MAKCUMAJIbHBIM 3HAYEHUEM 3TOTO MPOU3BEACHUA.

Ha cragun camooOyueHusi cetu KOXOHEHA OCYIIECTBIACTCS KOPPEKIUs
BECOBOTO BEKTOpPA HE TOJBKO «HEWPOHA-TIOOSAUTENT», HO M BECOBBIX BEKTOPOB
OCTaJIbHBIX AKTHBHBIX HEWPOHOB cios KoxoHeHa, OAHAKO B CYIIECTBEHHO
MEHBINEH CTETICHW — B 3aBUCHUMOCTH OT YAQJICHHUS OT «HEHPOHA-TIOOSTUTEISD.
[Ipu »ToM ¢opmMa W BeTUUMHA OKPECTHOCTH BOKPYT «HEHPOHA-TIOOCTUTENSN,
BECOBbIC KOA(DPUITMEHTH HEHPOHOB KOTOPOH TaKXKe KOPPEKTHUPYIOTCS, B TIPOIECCE
o0yueHus uaMeHsaoTes. CHavajla HAQUMHAKOT ¢ OYEHb OOJBIIONW 00JacTH — OHA, B
YACTHOCTH, MOXKET BKIIIOUATh BCE HEUPOHBI cjiod KoxoHeHa.

N3meHeHre BECOBBIX BEKTOPOB OCYIIECTBIACTCS MO MPABUITY:

wttl) =w(0) + (@) d(D) [x(@) —w D], J=Lm (2.26)

rae wif) — 3Ha4YeHUEe BECOBOI'O BEKTOPA HA /-M ILIAre camMoOOy4eHHs CETH,
d.() — ¢dyHkuusa Gmusoctd Mexay Heilponamu cios Koxonena (neighborhood
Kernel) n n(¢) — m3mensemsrii Bo BpeMeHH KO3(PUTTHESHT KOPPEKITHH.

B kauectBe m(f) 0OBIYHO BBHIOMpPAETCS MOHOTOHHO YMEHBIIAKOIIASICS
dbyHKIHS

0<n@ <1,

T. €. QIrOPpUTM CamMOOOYUYeHHMS HAYMHAETCA CPaBHUTEIBHO OOJBIIMMU
IaraMmu ajanTtaiyy U 3aKaHYMBaETCS OTHOCUTEIRHO HEOOIBIIUMHU N3MECHEHUSIMHU.
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z=N (kn—kn) + (kn—kp) | (2.27)

rae kj Uk, — KOOpIUHATHI 110 OCU X M OCU y HEUPOHA I; k;y U kp — aHAJIOTMYHO
JU1s HelipoHa j. [1pu 3ToM MOKHO HCIIOIB30BaTh Clieaytomue (GyHKIUHA OJIU30CTH:

-z2
dGauss(Z) =e ; (228)
-z2
dmexican-hat (Z) = (1_22) e 5 (229)
[ cos (zn/2), msiz < 1
dcos (Z) = % (230)
Lo,

Kak oTMedeHO Bblllle, NU3MEHEHUE BECOBBIX BEKTOPOB W OCYLIECTBIIAETCA B
HANpPaBJICHUH BXOJHOTO BEKTOpa X MHOTOKpaTHO. B mporecce camooOyueHUs
BappUpPyEeTCSA Kak KOAY(PPHUITMEHT KOpPpEeKIHWHM 1, TaK W paauyc d, 3aaroniuit
OKPECTHOCThH BOKPYT «HEHPOHA-TIOOCIATESN.

2.4.3. CxoaumMocCTh aJropuTMa cCaMmoo0yveHust

[Ipu paccmoTpennn mPOOIEMBI CXOAUMOCTH OTPAHUYHAMCS OJHOMEPHBIM
CIlydaeMm, KOr/aa UMEETCS JTUIh oauH BXOA. [lycte [a, b] — obnacTh 3HaueHui mis
Bxo/Ma (3aMKkHYyTHI wHTepBam). [lokakem, dYTO aurOpUTM CaMOOOYUYCHHS
MIEPEBOJIAT BEC X B CepeIMHy MHTEpBana (puc. 2.8).

| T T T T |
a X2 Xr X3 X1 b

Puc. 2.8. O0aacTh 3HAYEHHH AJI9 BX0AA

[lycth X; — HaYalbHOE 3HAYCHHWE BECAa OJIHOTO AKTUBHOTO HEWPOHA CJIOA
Koxonena. 3to 3HaUueHHME X| BRIOMpACTCS CIydaitHO: MHTEpBan [a, b] pazOuBaeTcs
Ha 2 momuHTepBana [a, x;] u [x;, b]. Kaxmoe m3MeHeHne X OMpenenseTcs ero
PacCTOSTHHEM 0 d U J0 b:

du/dt = 1 (b-—x)2 + n(a—x)2 = n((a+b)2—x) . (2.31)
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H3menenne Beca X B TOUKE X
Ax;=n((a+b)2 —x) . (2.32)

O6oznaunm y; = x; — (a+b)/2, Torma cootHomeHue (2.32) MOXKHO
NPEICTaBUTh TaK:

Avp=-myi. (2.33)

Onpenenum MaTeMaTHUECKOE OKUIaHUE JIJIA 3HAUCHHS BeEca X, Ha
CJICAYIOIIEM IIIare aJirOpuTMa CaMoOOOyUEHHUS:

Xa=x1+ Ny =(at+b)2 +y, —my1=(a+b)2 +yi (1) . (2.34)
AHaJ'IOFI/ILIHO MOZKHO OIIPCACIINTD U X3!

x3=(a+b)2 + yi(1-n) (2.35)
WY B 00IIIEM ClTydae:

xe = (atb)2 + yi(1-n)"". (2.36)

[Tpu n € [0, 1] 3Hauenwme xi cxoautcs k (a+b)/2.

PacmimpuM paccMOTpeHHBIH OAHOMEPHBIA Cly4al W MNPEANOJIOKHM, YTO
onmHOMepHBIH ciiolt KoxoHeHa (JTuHelHKa) COMEPKUT HE OJIMH HEWPOH (Kak paHee),
a /M aKTHBHBIX HEMPOHOB C BECAMH X| X), ... , X,. lIpeanonoxxum, 4To 3TH Beca
YIOPSA0UEHBI

O0<x1<xy<...<x,<b

¥ PaBHOMEPHO pacmpejesieHbl B WHTEepBaie [a, b]. B »Tom ciydae B mpouecce
camM000yueHH BECOBbIE KOXDPHUIMEHTHI CXOAATCS K 3HAUCHHSIM (puc. 2.9):

I X1 X2 X3 Xin-1 Xin
|
f | | | | | !

I A AN A NS

(b—q)m  (b—q)m (b—q)/m  (b—q)/m

Puc. 2.9. Pacnpenenenne BecoBbIxX k03¢ puuuenTos
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xi=a+ Q2i-1) (b—q)2m, i=1,2,...,m. (2.37)

O6parum BHUMaHWe, uto Touk:m (2.37) must BecoB X;, i = 1, 2, ..., m
ONPeICIIAIOT HanboJIee YCTORUMBEIC TTO3UITHH, HOO

dxydt =0 . (2.38)

B nsymepHom cayuae cnoii KoxoHeHa coaepXHT m X M aKTHBHBIX
HEHPOHOB, a O0OJIaCThIO OMPEACIICHUS [UIi BXOJOB SBJISETCS JCKApTOBO
npom3BeacHUE [a, b] X [¢, d], T. €. BXOmHOM cIlIo coaepkuT 2 HelipoHa. B sTom
CIydya€ BECOBOM BEKTOp KaxkJaoro HeWpoHa cioa KoxoHeHa wumeer 1Be
COCTaBJISIIONIME — TI0 YHCIy BXOomoB. Kaxnaplii HeiipoH cimos KoxoHeHa Takke
XapaKTePU3yeTCs NBYMs KOOPJIHHATAMH — IO OCH aOCIMCC M IO OCH OPAWHAT.

[Tono6HO OMHOMEPHOMY CIIy4al0 MOXKHO TIOKa3aTh, YTO KOOPIWHATHI
BECOBBIX BEKTOPOB HEHWpPOHOB ciosd KoxoHeHa Ha ocu abCIuUcC B TPOIECCE
caMOOOYUYCHHUS PABHOMEPHO PacIpeeisIOTcs B MHTEpBale [a, b]:

a<w'<w’<..<w"<b. (2.39)
AHaJ'IOFI/ILIHO AJI1 KOOPAHUHAT 3TUX BCKTOPOB 11O OCH OPAWHAT:!
c<w) <wr<.. . <w)"<d. (2.40)

B pesynbpraTe camooOyueHus cet KoxoHeHa BeCOBBIE BEKTOPHI HEHPOHOB
ciost KoxoHeHa paBHOMEPHO PacIpeieIOTCS BO BXOIHOM TIPOCTPAHCTBE.

2.5. Ceru Xonduaaa

2.5.1. Onpenenenue

AMepukaHCKUM HccneaoBatenieM Xomdmiaom B 80-x Tomax mpeaIokeH
CIIENUAJIBHBIA TUTI HEUPOHHBIX CETEN.

B otnnuue ot ceteit ¢ npsameimu cBazsamu (Feedforward Networks wnu FF -
Nets), cetn Xomduina SBISIOTCS pexyppeHmHbiMU WA CemsiMu ¢ 0OpamubLmu
ceszamu (Feedback Networks).

Cern Xondunaa 0651a1at0T CIeAYIOMAME CBOHcTBaMH [12]:

1. CummeTpurs ayT: CETH coAepk aT 7 HEHPOHOB, COETMHCHHBIX JIPYT C IPYTOM.
Kaxnas nyra (CoeAMHEHNE) XapAKTEPU3YETCSI BECOM Wjj, IPUUEM:

Vi,jeN:i#j: 3wy,
rae N — MHOXKeCTBO Hewiponos N = {1, 2, ..., n}.
2. CumMeTpus BECOB: BEC COSIUHEHUS HEHPOHA 17; C HEMPOHOM 71; paBEH BECY

00paTHOTO COCAMHEHHUS:
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Wi =W | Wi = 0 . (241)

3. bunapnsie BX0abl: ceTh Xondunaa odpadareiBacT OuHapHbie BXOoAB {0,1}
wm {-1,1}. B nuteparype BCTpeUaroTcs MOAEIN CETEH Kak co 3HaueHUAMH O u
I, Tak m —1, 1. Jlnsa ctpykrypsl cetr 310 Oe3pasauuHo. OmaHako GOpMYIIbl s
pacnio3HaBaHug 00pa30B (M300paKeHMIA ) PU UCTIONH30BAaHUH 3HaUeHMA —1 u 1
JUTSI BXOJIOB W BBIXOJIOB HEHPOHOB ceTH XomQuima MoyqdaroTcss HarJIaaHee,
MO3TOMY 3TH 3HAUEHUA W MPEATIONATAIOTCS HUXKE.

Onpeoenenue. bunapnas cemv Xonguioa onpedensiemcs CUMMEMPUUHON
mMampuyeil ¢ Hy1e6biMU OUAONANbHOIMU Ilemenmamu, eéekmopom T nopozos
HEUpOH08 U 3HAK0BOI (PYHKUUEIl AKMUBAYUU UIU 8bIX00A HEIPOHOE.

Kaxnapiii Bexktop O ¢ komnoHeHTamu —1 wnu 1, yJaoBieTBOpSIHOLIUN
YPaBHEHUIO

0=AWO-T) , (2.42)

Ha3bIBaeTcs oOpazom mia cetu Xondunaa.

W21 1
W31 @————p
. Wil g > out;
n; ¢ >
P>
w Wiz 2
32 *—>»
. Wi e > out,
m g ® >
P
w Wis 3
23 *—>»
in. | 78 .__:O out;
3 L
P>
w Wi > 4
in W3y 24 —:O Out4
4 L
P>

Puc. 2.10. Cerp Xonduana, cocrosimas u3 4 HelipoHOB



[Tpuamn  pyakmmonupoBanms cerel Xomdwina OTIMYACTCS OT PaHee
paccmoTpennbix. Ha Tak HaseiBaemoii Recall-ctammm Ha BXOmbl ceTM momaeTcs
HEKOTOPBIH 00pas.

OH ocraeTcs Ha BXoAaxX A0 TeX MOp, MOKA HE 3aBEPIIATCS W3MEHCHHS
cocTostHuM ceTu. B 3TOM citydae roBopsT o cxoaumoctu cetu [12] Harnsano sto
MOKHO TIPEJCTaBUTh CIEAyIOIUM oOpa3oM. B Hauame ceTb HaxoAuTCAd Ha
BBICOKOM SHEPreTHYECKOM YPOBHE, W3 KOTOPOrO0 BO3MOXKHBI MEPEXOAbl B
pPa3JIMUHbIE COCTOSIHUA. 3aTe€M DSHEPreTUYECKUN YpPOBEHb HEUPOHHOW CeTh
YMEHBIIIAETCS 10 T€X MOp, MOKA HE IOCTUTAETCA HEKOTOPOE KOHEUHOE COCTOSTHUE.
Hwxe MBI paccmotpum, kak oOydaroTcs ceth Xomnduiga W KaK CUHTHIBASTCS
(u3BJIeKaeTCA) 3aMIOMHEHHAA B HAX WH(pOpMaLnA.

Kiace cereii Xondwunaa comep XUt TOJIBKO OAWH CJIOH HEHPOHOB, MPUYEM
KaXKIblil HEUPOH COCIMHEH ¢ OocTabHBIMUA. OOpaTHBIE CBSI3M C BBIX0/1a HEWPOHA
Ha €ro e BXoJ oTcyTcTBYIOT. Ha puc. 2.10 npuBeneH KOHKPETHBIN TPUMEP CETH
Xondwnaa u3 4eThIPeX HEHPOHOB.

2.5.2. Aaropurm Xondumiaa

O6o03naunm uepe3 X' 00pa3 s-ro Kjiacca, a 4epes Xy — -0 COCTABJISIOLIYIO
sekropa X'. IIpu stom amroput™ Xomduiiga MOKET ObITh OMUCAH CIEAYIOLIMM
obpazom [12].

1. Pacuer BecoB

k-1
XXl % ]
| Ll £ (2.43)
0 i=j

rae k — 4ACIIo KJIaccoB 00pa3oB.
2. VHaunuanu3anus CeTH MyTeM BBOIA

Oi(O) =X;, 1<i<n, (244)

rae 0,0) — BBIXO[ i-r0 HeWpPOHA B HAUaJIbHBIN (HYJIEBOI) MOMEHT BPEMEHH.

3. HrepanmoHHOE MPaBUIIO:

Repeat
n—1
0;(t+1)= fi,| D w;i0;(0) (2.45)
i=0

Until v 1<i<n:o;(t+1)=0,() ,
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rae o,(f) — BBIXOJ -0 HEHpOHA B MOMEHT BPEMEHH 1.
Cootnomenus (2.44), (2.45) npeacraBuM B BEKTOPHOH dopme:
O(+1)=AWO()) , =1,2,... ; (2.46)
0(0) =X(0) , (2.47)
rae X — BXOJAHOW BekTOop, W — CHMMETpHUYHAs MaTpuia, f — BEKTOP-QyHKIMA
AKTUBALMK WU BHIXOJa HEHPOHOB.

B3Bemennas cymma BX00B j-T0 HelipoHa ceTr Xomnduiaa:

z;=net; =y W;0; . (2.48)

OYHKIHASA aKTUBALIMK WA BIXOAA UMEET BU]I

1 ,o1a z,>0
I (2.49)

—1,011 z;<0

0,=f(z)=

Hrak, mycTh MMeeTcs HEKOTOPBIM 00pa3, KOTOPHIH CleayeT 3allOMHUTh B
cetu Xomnduiaa, TOraa Beca HCKOMOM CETH MOTYT OBbITh PACCUMTAHBI, T.€. MPOLIECC
oOyueHHs HCKIMoUaeTes. Eci 3TOT 00pa3 XapakTepu3yeTcsl n-MEPHBIM BEKTOPOM
X = (x1, ..., X,)', TO Beca COSAMHEHHIT OMPEASIAIOTCS 1O (POPMyIIaM:

X;X; ,008 i#]
U:{ J (2.50)

0 ,ons i=j

B »srtom cnmyuae cers Xondwunma, xapakrepusyemass matputiedi W m
noporamu 1; =0, i=1, 2, ..., n, 3aIOMUHAET NMPEAbIBICHHBIH 00pa3.
JI5ist foKa3aTesibCTBa ONPEICTUM

AWX) = (fzwijxj): (fZ x,-x]-x]-): (f((Z x?)xl-»: (x)=X .

Beca w;; MO)KHO YMHOKUTb HAa HEKOTOPBIHA MOJOKUTEIbHBIA KO(D(DULIUEHT
(nampumep, 1/n).

Hcnonp3zoBanue Takoro ko3dduimenta ocoOEHHO Menecoodpa3Ho B TeX
Cllyuasx, KOTJa 3aloMHHAeMble 00pa3bl XapaKTEPU3YIOTCS OOJBIIAM YHCIOM
MPU3HAKOB (HAmpUMeEp, BUIACOM300pAXKEHUE OTOOpakaeTcsi OONBIIAM YHCIIOM
MTUKCETIEH ).
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XX, s:l,_k, i#j
wy = a (2.52)
0, s=Lk i=]j

N3 3Trx Matpuil MOKHO 00pa30BaTh PE3YJIbTUPYIOILYIO MATPUILY CETH:

2

W= (Wit ... +Woin | (2.53)

rie 1 — Pa3MEPHOCTb BEKTOPOB (HANPUMEpP, YMCIIO MHUKCENeH B MPEACTaBICHUU
HU300paKEHNA).

Ecnu umeercs HemHoro nzo0paxkenuit (T.e. k Majo), TO HEWPOHHAsA CETh C
matpuuei (2.52) 3anomMuHaeT k 00Opa3oB, €CTECTBEHHO, YTO HM300paKEHUS HE
CHJIBHO KOppeNnWpoBaHHB. Ecmm ke uyucino k Benwko, To Marpuma (2.53)
OKa3bIBAETCA HEJOCTATOUHOW IS 3alIOMMHAHUA BeexX k n3o0paxkenuit. C poctom k
YMEHBIIAETCS BEPOATHOCTh BOCHPOM3BeAcHUS oOpasa. [lpuBenem yTBepxkaeHue
OTHOCHUTEIBHO YHCJIa K 3alOMHUHAEMbIX OOPa30B TPU HKCIOJIb30BAHUU CETH
Xondunaa u3 n HEUPOHOB.

[lyctp k — umcno o0pas3oB, n — YKCIO MPHU3HAKOB (MMKCENEH), a o0passl,
NoJUIeKale 3aMMOMUHAHUIO — HEKOPPEIUPOBAHBI, T.€. AJS ABYX M300paKEHUH j 1
s cymma

Zxﬁ- x| - (2.54)

mana. [Ipu 3ToM mpu moaaue Ha BXOJ CETH ¢ BeCOBOM Marpuiei (2.53) ogHoro
00pa3a KaKJIpli MUKCENIh KOPPEKTHO BOCITPOMU3BOANTCA C BEPOATHOCTHIO p = 0,99
ITPU BBITIOJIHEHUH YCIIOBHSL:

k<0151 (n— o) . (2.55)

IIpumep 2.2. 3anomMuHaHHe M KOPPEeKTHOEe BOCHPOH3BeJAeHHE
MHOKeCTBAa 00pa30B ¢ MOMOIIBIO ceTu Xonpuaga

O06pa3 xapakrepusyercs Thicsubto mpuszHakamu (n = 1000). B stom ciydae
OounHapHas ceTb Xondwuiaga B COCTOSHUN 3alIOMHUATH U KOPPEKTHO BOCTIPOU3BECTH
10 150 o6pazoB (HampuMep, BUACON300PAKCHHUIN ).

B pabote cetn Xonduiaaa MOKHO BBIICTUTH CICTYIONIHE TPH CTAIHH.

1. Uannmanuzammsi CETH: Ha 3TOH CTaJUHM PACCUMTHIBAIOTCSA BCE BECa CETH

JUTS HEKOTOPOTO MHOXECTBAa 00pa3oB. OTH Beca HE OMPEACTAIOTCS Ha
OCHOBE PEKYPPEHTHOW TMPOIECAYPHI, HCHOJB3YeMOH BO MHOTHX
aNrOpUTMax OOyUCHHUSA C TOOMPEHUEM.

2. Beonx HoBoro oOpaza: HEHWpPOHBI CETH  YCTaHABIMBAIOTCA B

COOTBETCTBYIOIIIEE HAYAIIFHOE COCTOSTHUE MO aropuTtmy (2.43) — (2.48).
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3. 3aryxarommii  kKojiebaTeNbHBIA  TPOIECC: MYTEM  HCIOJIb30BAHMS
UTEPAaTUBHOM  MPOIEAYPHl  PACCUMTBHIBACTCA  IMOCIEIOBATEILHOCTh
COCTOSIHMH CEeTH A0 TeX MOp, MoKa He OYJAET MOCTHUTHYTO CTaOHIBHOE
COCTOSTHUE, T.€.

oftrl)=o(t) , j=1,2,..,n (2.56)

WIA B KA4eCTBE BBIXOJOB CETH HMCIONB3YIOTCSA 3HadeHus (2.56), npu
KOTOPBIX CETh HAXOUTCS B JUHAMHUYECKOM PAaBHOBECHM:

0 - AWO) , (2.57)

rae O — BBIXOTHOW BEKTOP CETH.

Brixon 6unapHoii cetn Xondwuiaa, coaepkaiieii #» HeHpOHOB, MOXET OBITh
oToOpakeH OuHapHbIM BekTopoM O coctosHus cetu. OOIEe YUCIO TaKHMX
coctostHui — 2" (BepIIMHBI 7-MEPHOTO rHepky6a). IIpi BBOIE HOBOIO BXOIHOTO
BEKTOPA COCTOSHUE CETH H3MEHAETCS OT OJAHOW BEPIUMHBI K JPYroM 10
JOCTHIKCHUS CEThIO YCTOMUMBOTO COCTOAHMS.

N3 Teopum cucrteM ¢ OOpaTHBIMU CBS3SIMH HM3BECTHO: MJi1 OOECICUCHHS
YCTOMYMBOCTH CUCTEMBI €€ M3MEHECHHS C TEYECHHEM BPEMEHU JOJIKHBI
yYMEHbIIATCS. B MpOTUBHOM Cilyyae BOZHUKAIOT HE3ATYXAKOIIUE KOJIEOaHuUsl.

Jnsa takux cereirt Koysnom (Cohen) m I'poccOeprom (Grossberg) (1983)
J0Ka3aHa Teopema, (popMyIMpYIOmas AOCTaTOUHBIE YCIIOBUS YCTOMUHUBOCTH CETEH
C 0OpaTHBIMHU CBA3SAMH.

Pexyppenmnoie cemu ycmoiiuugsl, ecnu eecoéas mampuya W = (wy)
cCUMMeEmpUUnd, a Hd ee 271A8HO OUA2OHAIU — HYJIU:

Dwy=w; mnascexi #j ; (2.58)
D)yw; =0 st BCeX i

OO6patiM BHUMaHWE, YTO YCIIOBUS JAHHOW TEOPEMBI JOCTATOUHBI, HO HE
HeoOXomuMbl. JIJiT PEKYyppPEeHTHBIX CETEeH OTCI0Na CIEAYyeT, YTO BO3MOXKHBI
YCTOWYMBBIC CETH, HE yIOBJICTBOPAIONINE PUBEICHHOMY KPUTEPHIO.

Jlna  nmokazatensctBa TeopeMbl Koysna u I'poccOepra ucmonb3yem
sHepreTudeckyo Qynkumio £ (dyHkmumo ['amMunbToHA), TPHUHUMAFOIIYIO JIHAIIH
MOJIOXKHUTEIIbHBIC 3HA4UeHWsA. [lpW MOCTHIKEHWH CETHIO OJHOTO W3 CBOMX
YCTOWYMBBIX  COCTOSTHMM  5Ta  (PYHKIOHMS  NPUHUMAET  COOTBETCTBYIOIIECE
MWHHAMAJIbHOEC 3HaueHWEe (JIOKAJIbHBIM MUHUMYM) MJii OWHApHBIX 00pa3oB B
pe3yNbTaTe KOHEYHOTO YUCIIa UTePaITrii:

E:—%ZZwl-jxixj A (2.59)

i j# i
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TJI€ X; — BXOJ I-T'0 HeWpoHa, 1; — Mopor i-ro HeMpoHa.

Jla xaxaoro oOpa3a, BBOAUMOTO B CE€Th, MOXXHO ONPENCTUTh dHEpruto E.
OnpenenuB 3HaueHue yHKIUU L U1 BCcex 00pa3oB, MOXHO TOJYYHThH
MOBEPXHOCTh OHEPTUM C MaKCHMyMaMH (BEpIIMHAMH) W MUHUMyMaMH
(HM3WHAMM), IPUIEM MUHUMYMBI COOTBETCTBYIOT 00pa3aM, 3alIOMHEHHBIM CETHIO.
Jlna cereri Xondwuinaa cnpaBeIMBO YTBEPKIACHUAC. MUHUMYMbL dHEPLeMUYeCcKo
Gyuryuu coomeemcmeylom oopazam, 3anoMHeHHwviM cemvlo. B pe3ynabTaTe
utepanuii cetb Xomdunga B coorBercTBuu c (2.43) — (2.48) cxomutcs K
3alIOMHEHHOMY 00pa3y.

JIiia 3amoMUHAHUS KaXKIOTO CIEAYIONIETo 00pa3a B MOBEPXHOCTh SHEPIHH,
OTMCHIBACMON HHEPreTHUecKor (QyHKIMEeH [, HEOOXOAMMO BBECTH HOBYIO
«HA3UHYY». OTHAKO TPHU TAaKOM BBEACHUHM YK€ CYIICCTBYIONTHE «HU3WHBI) HE
JIOJIKHBI OBITh HCKAYKCHBI.

JUnst HekoTOpOro o6pasa X=(x1, X, ... , X,) CIEAYeT MHHHMH3HPOBATH 00¢
cocrapiisonme Gpynkmun £ (2.59). s Toro 9to0sl BTOPOE cliaraemMoe

inTi
i

OBLIO OTPHIIATEIHHBIM, HEOOXOAMMO OOECICUNTh PA3JIMUMe 3HAKOB BXOJOB X; W
noporoB 7;. Ilpu puKCHpOBaHHBIX MOPOTax 3TO HEBHITIOIHHUMO, TO3TOMY BBEIOEpEM
MOPOTH paBHBIMU HYJO. [Ipm 3TOM BTOpOE ciaraemoe B (2.59) mckmouaercs, a
OCTaeTCs JIUIIH MEPBOE:

1
E:—EZZwl-jxixj : (2.60)

i j#i

N3 obmero umcnma k£ 00pa3oB BBIACIAM HEKOTOPBIM 00pa3 ¢ HOMEPOM .
Torga sueprermueckyo ¢ynkmmo E (2.60) MOXHO TPEACTaBUTH CIICTYIOIIAM
o0pazoMm:

1 ' 1 s
E==22. 0 WyXiX; =5 2 2 WiXa¥y (2.61)

i j#i i j#i

rae W'; — COCTABIAIOIAsA BECOBOro KO3(PHIMEHTA Wy, BBI3BAHHAS S-M 00pPa3oM,
W, — COCTaBJIOIIAs BECOBOr0 Ko3((ULMEHTa W;, BbI3BAHHAS OCTAJIbHBIMU
oOpa3aM#, 3alIOMHEHHBIMH CEThIO, Xy; — 3HAYCHHUE i-r0 BXOJa AJis S-r0 oOpasa.

Brigenenublii 06pa3 ¢ HOMEPOM § ONpeNeNseT JHUIIb BTOPOE claraeMoe B
(2.59):
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1 s
E, :—EZZwl-jxsixsj : (2.62)

i j#i

3aj:[aqa MHUHHMH3aAIWK  BCJIIMYHHBI Es OKBHUBAJICHTHA MAKCHMMH3AIIUH
BBIPA’KCHHA

DD WXy (2.63)

i j#i
2
Bxoasl cetm X, mMpuHUMArOT 3HaueHWA W3 MHOXkectBa {-1, 1}, mostomy (xy)

BCEr/Ja MOJNOXHUTEIbHBI. (Cle0BaTENbHO, MyTEM Pa3yMHOTO BHIOOPA BECOBBIX
K03 hHLIEHTOB W';; MOKHO MaKCHMU3HPOBATh BhIpaxkeHue (2.63):

Z ZW{; xsixsj = Z Z(xsi)2 (xsj)2 > (264)

i j#i i j#i
S
TAC W = XXy

Munnmym sHEpreTrueckoi ¢ynkiuu £ (2.60) mocturaercs mpu BHIOOpE
BeCcOBOro KoxduimeHrTa

Wi = XXy . (2.65)

DTO CHpaBemsIMBO Uil s-ro o0pasa, MOJUIeXkKaIIero 3alOMUHAHUIO CEThIO
Xondwunaa. Jns Bcex k 00pa3oB, 3aTOMUHAEMBIX HEHPOHHOW CETHIO, MOJIydaeM
PaBEHCTBO

Wy =D Wi =D XXy (2.66)

IIpumep 2.3. OnpeaeneHue BLIXOAHOI0 BeKTOPA 32 TPH LIAra
¢ noMombio cetu Xonduaga

Jlana ceTh U3 TpeX HEUPOHOB W Becamu, paBHbIMHA 1 (puc. 2.11):

Puc. 2.11. IIpumep cetn Xonduaaa
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CooTBeTCTBYIOIIASA BECOBAsi MAaTpUIla UMEET BHU/I;

W:

—_ = O
e
O = =

B kadectBe (QyHKIMM aKTHBAMM WM BBIXOJAa HEWPOHOB BHIOEpEM
3HAKOBYIO (DYHKITHIO (Sign) ¢ HyJeBbIMU Toporamu. [IycTh Ha BXOM TakoW CETH
nonaercs sekrop X=(1,-1,1)".

PaccunTaem a1 HEro BRIXOMHON BEKTOP CeTH. [Ipw 3TOM B COOTBETCTBHH C
(2.43) — (2.48) monyuum:

O(1) =AWX) =(-1,1,-1) ;
0(2) =AWO(1) = (-1,-1,-1)’ ;
0(3) = AWO2)) = (-1,-1,-1)" .

Tax xak O(3)=0(2), To mocne 3-ro mara BeIXOJbl CETH HE U3MEHATCH, T.€.
BBIXOIHOI BEKTOP OMpeAEseTcs CEThIO Mocye 3-ro miara.

OcHoBHast o0OmacTe mNpuUMEHEHUs cerel Xomndwuiaaa — pacro3HaBaHUE

oOpa3oB. Hampumep, kaxkmoe uepHO-Oeoe H300pakeHHWe, MPEACTaBIISIEMOE
T .

MUKCEIIIMHA, MOKHO OTOOPa3UTh BEKTOPOM X=(X1, ..., X,) , TJ€ X; JUISl i-TO TIMKCENSA

paBeH 1, ecau oH 4yepHbI, U x/—1, ecnu — Oenwiit. [Ipu momaue HaA BXOIBI
oOydeHHOH ceTn Xomduiaa HCKaXEHHOTO H300PaXeHUS CETh MOCIe HEKOTOPOTO
yycaa UTepaluili BhIIACT HA BBIXOJbl KOppPEKTHOE n3o0paxkeHue. Ha puc. 2.12 a
MPUBEJICHBl KOPPEKTHbIE 00pa3bl, 3allOMHEHHbIE CEThIO, a Ha puc. 2.12 6 —
MOCJICTOBATEIPHOCT COCTOSHUM ceTH Xomduina TpH BBOJAEC HCKAKEHHOTO
obpa3a (ctapt). [locie ueTBepToit TEpau HEUPOHHAS CETh BBIAACT KOPPEKTHBIH
o0pas.

2.5.4. HenpepbiBHBIE CEeTH

B cootBerctBHM ¢ mpemioxenuem Xomnduiga axtuBanyd, (QyHKITUSA
aKTUBAIMH W BBIXOJBI CETH XOM(HIAQ MOTYT OBITh HETIPEPHIBHBIMHU.

Jlis 3TOro MOXKeT ObITh HCMHOJb30BAHA, HAMPUMEP, CUTMOUJATIbHAA
JIOTUCTHYECKAsA (PYHKIHS C TapaMeTPOM A :

f(z; :nezj):/(He_M]_) . (2.67)

Yem Gonbllle 3HAYEHHS A, TeM JIydile NPHOIMIKEHHE CUTMOUAAILHOMN
(dbyHKITMY K OWHAPHOM MOPOTOBON (PYHKITHH.
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Puc. 2.12. llocsienoBaTe/IbHOCTB COCTOSIHUM ceTH Xonduaaa
a — KOppeKTHbIe 00pa3bl, 3alI0MHEHHbIE CeThbI0
0 — HcKaxeHHbIe 00pa3bl (cTApT)

JIi1st HenpephIBHBIX ceTel Xomnduima crpase InBa MOIUMDHKAIIAS TSOPEMBI
Koysna u I'poccoepra:

Cemb ycmoiiuuea npu 6bIn0JAHERUU CT1E0YVIOUUX YCTI06UUL:
secos