HEHPOHHBIE CETU

HeiiponHsie ceTw, B OTIMYHME OT CTAaTHCTUYECKHUX METOJOB MHOTOMEPHOTO
KIaCCH(UKAIMOHHOTO aHalu3a, OasupyroTcs Ha TapauiedbHol  00paboTke
uHpopManuu U 00JaNal0T CHOCOOHOCTHIO K CaMOOOYYEHHIO, TO €CTh IMOJIy4aTh
OOOCHOBaHHBI peE3yJbTaT HAa OCHOBAaHWUHW MJAHHBIX, KOTOpPbIE HE BCTPEYAIUCHh B
nporecce 00ydeHusl.

OTH CBOICTBA MO3BOJIIIOT HEUPOHHBIM CETSIM PEIIaTh CIOXKHBIC (MacIITaOHbIE)
3aJa4ud, KOTOpbIE Ha CETOMHAIIHUA JEHb CUYUTAIOTCS TPYAHOPA3PEUIUMBIMH.
OCHOBHBIMH ~ JTOCTOMHCTBAaMH  HEHPOHHBIX CeTed Tmepel  TPaaAWLMOHHBIMHU
BBIUMCITUTEIbHBIMA METOIAMH SIBIISTIOTCSL:

1.  Tlpomecc co3zmaHusi HEMPOHHON CeTH OOJBIINE OTHOCUTCS K TPOIECCY
o0y4YeHUsI, HEXKENH K MPOTrPaMMHPOBAHHIO

2. HelipokommnbroTepsl 0c00eHHO 3G (HEKTUBHBI TaM, I/ie HYHO rojo0ue

YeII0OBEUECKON MHTYHIIMH, B YACTHOCTH K TaKUM 3aJa4aM OTHOCSTCS TPUHSATHE
peleHuil B mpoIiecce OIeHKH (UHAHCOBOTO COCTOSTHUSI HEKOTOPOTO IKOHOMUYECKOTO
oO0BeKTa.

3. ['MOKOCTh CTPYKTYpbl HEHPOHHBIX CETEW TO3BOJSET pPa3TMYHBIMU
cmocobamMi KOMOMHHPOBATh TIPOCTHIE COCTABJISIONIMNE HEHPOKOMIBIOTEPOB —
HEHpPOHBI W CBSA3M MEXIYy HUMHU. 32 CUET 3TOTO OJWH HEHPOKOMIBIOTEDP MOMXKHO
MPUMEHSATD JJISl PEIICHUs Pa3IMIHbIX 33a7a4, 3a9acTyl0, HUKAK HE CBSI3aHHBIX MEKIY
cO00i.

4. Hetiponnblie ceTH MO3BOJISIOT CO3/1aTh s dexTuBHOE
nporpaMMHOe00ecTieYeHre I BBICOKOMApaUIETbHBIX KOMITbIOTEpoB. CoznaBas
MaTeMaTHYecKoe oOecrieueHuss Ha 0a3e HEHPOHHBIX CETEeH, MOXHO ISl IIUPOKOTO
KJlacca 3ajJad pemuTh mpodieMy 3(PGEeKTUBHOCTH OIHOBPEMEHHOI'O pEIICHUS
napajulelIbHBIX 3amad. Kpome Toro mapasuienpHas o0paboTka uHMOpManun
o0ecreunBaeT BHICOKYIO CKOPOCTh PEIICHHUS 3a/1a4.

5. Pemenue 3amad B YCIOBUSX HEONPECICHHOCTH — CIHOCOOHOCTH
oOyueHUs] HEWPOHHOH CEeTH TO3BOJSET pelmarh 3aJadd C HEW3BECTHBIMHU

3dKOHOMCPHOCTAMHU U 3aBUCHUMOCTAMHU MCKAY BXOAHBIMU W BBIXOAHBIMU HAaHHBIMU,



YTO TO3BOJISIET pabOTaTh C HEMOJHBIMU JaHHBIMU. KpoMe TOro, B3amMOOTHOIICHUS
MEXIYy BEIWYMHAMU  33apaHEe HE  YCTAHABJIMBAKOTCS, MOCKOJBKY  METOM
MPENYyCMAaTPUBAET U3YUYECHUE CYLIECTBYIOIINX B3AUMOCBI3EH HA TOTOBBIX MOJIEIISX.

6. YCronynBOCTh K IIYMaM BO BXOJHBIX ITapaMETpax — HEUPOHHAs CETh
MOXKET CaMOCTOSITENILHO OMpPEAe/ISITh HEMH(POPMATUBHBIC JIJIsl aHAIM3a MapaMeTphl U
MPOW3BOJIUTH HMX OTCEB, B CBI3U C 4YeM, TMPOMajgaerT HEoOXOJAUMOCTh
JIOTIOJTHUTENILHOTO aHa n3a HH(GOPMAITMOHHOTO BKJIaJa BXOAHBIX JaHHBIX.

7. AlanTupoBaHUE K U3MEHEHHUSIM OKPY’KAIOIIEH Cpelibl — HEUPOHHBIE CETU
MOT'YT OBITh TEPEYYEHbl B HOBBIX YCJIOBHUSAX OKPYKalOIIEH Cpelbl, OMHChIBAEMBIX
HE3HAYUTEIHHBIMU KOJEOAHUSAMH IMapaMeTpoB 3TOH cpeabl. To ecTb MOXKHO
MPOU3BOJIUTh TEpeoOydeHne HEUPOHHBIX CeTe Ha OCHOBE HE3HAYUTEIbHBIX
KoJieOaHUW  IMapaMeTpoB  CPEIbI. Ecim 3amaua pemaercs B YCIOBHSX
HECTaIlMOHAPHOW cpenbl (T/I€ CTaTUCTHUKA W3MEHSAETCS C TEUCHHEM BpPEMEHH), TO
MOT'YT OBITh CO3/1aHbl HEUPOHHBIC CETH, MEPEYUUBAIOIIUECS B pPeajbHOM BpPEMEHH.
Uem BbIIIE aanTUBHBIE CIIOCOOHOCTH CHCTEMBI, TeM 0oJjiee YCTOWYMBOW OyIeT ee
paboTa B HECTAllMOHAPHOU cpejie.

8. [ToTennuanbHas OTKa30yCTOMYMBOCTh HEHUPOHHBIX ceTed 000CHOBaHa
HE3HAYUTEIbHBIM CHI)KEHHEM UX IMPOU3BOIUTEILHOCTH TIPU HEOJIaronpHusTHHIX
YCIIOBHSIX. DTa OCOOCHHOCTh OOBSICHSIETCS pacHpeeIiCHHBIM XapaKTepoOM XpaHEHUS
nH(popMan B HEMPOHHOU ceTH, OJlarogaps 4eMy MOXKHO YTBEPXKIaTh, YTO TOJBKO
CEpPbE3HBIC TTOBPEKICHUSA CTPYKTYPbl HEUPOHHOM CETH CYIIECTBEHHO IOBJIUSAIOT Ha
ee paboToCroCOOHOCTb.

Nmeercss onpeneneHHOe CXOACTBO B HCIIOJIb30BAHUM HEUPOHHBIX CETEU M
METOJIOB MHOTOMEPHOTO CTaTUCTUYECKOrO0 aHajn3a NpH OlLIEHKe (PUHAHCOBO-
DKOHOMHMYECKOIO  COCTOSIHHMSL — mpeanpusatusa. lIpenmymecrBo  HMCHOJb30BaHUSA
HEUPOHHBIX CeTed, KaK WHCTPYMEHTa OLEHKU (HUHAHCOBO-2KOHOMUYECKOTO
COCTOSIHMS TIPENPUSITHAS COCTOUT B TOM, UTO B3aMMOOTHOIIIEHUS] MKy BETMYMHAMU
3apaHee HE YCTaHABIMBAKOTCA, IMOCKOJBKY METOJ] NPEAYyCMAaTPUBAET H3YUYCHHUE
CYLIECTBYIOIIMX B3aMMOCBSI3EM Ha TOTOBBIX MOAENAX. [[JI1 HEMPOHHBIX CETEN TAKKE

HC Tpe6yeTc51 HHUKaKHNX HpCI[HOHO)KCHI/Iﬁ OTHOCUTCIIbHO OCHOBHOT'O pacCIIpCACIICHUA



COBOKYITHOCTH, a TaKXe, B OTJIMYME OT MHOTHX TPAAUUHUOHHBIX CTATUCTUYECKUX
METOJI0OB, OHM MOTYT paboTaTh C HEMOJHBIMUA JIAHHBIMH.

Heliponnbie cetw TNpeACTaBiISAIOT COOOHW HOBYHO M BeChbMa MEPCHEKTHBHYIO
BBIUMCIIUTENBHYI) TEXHOJOTHIO, JAIIYKD HOBBIE MNOAXOAbl K HCCIECIOBAHUIO
JTUHAMHUYECKUX 3a7a4 B (uHaHCOBOM oOmactu. CrnocoOHOCTh K MOJETUPOBAHUIO
HEJIEHEHHBIX MPOIIECCOB, PadOTE ¢ 3alIyYMJICHHBIMH JJAHHBIMUA W aJalTUBHOCTh JIAlOT
BO3MOXXHOCTh MPUMEHATh HEWUPOHHBIE CETH JJIsi PEIICHUS IIHUPOKOro Kiacca
(¢hrHaHCOBBIX 3a1a4 [3].

AKTyaJIbHOCTh ~ HCCIIeIOBaHUsI  (DUHAHCOBO-DKOHOMHUYECKOTO  COCTOSHHUS
NpEANpUSATHS, BKJIIOYash OIEHKY €ro KpeauTOCIHOCOOHOCTH, CBs3aHa C POCTOM
BIIMSHHUS MaJIoro OW3HEcCa Ha pa3BUTHE MHPOBOM XO3SMCTBEHHOM CHCTEMBI H
MpU3HAHUE €ero Ooco0O0M poJM B PEHIEHUU PsAda BaKHEHIIUX COIUATIBHO-
AKOHOMMYECKHUX 3a]1a4 PhIHOYHON 3KOHOMUKHM.

HeliponHnas ceth — mapaienbHO pacipeiesieHHasi CTPYKTypa 00paboTKu
nH(pOpMaINK, COCTOSIINS U3 HEUPOHOB, KOTOPBIE COCTUHEHBI MEXKTY COOOM CBS3SIMU
[7].

Heitponnbsie cetn - MOIIHBIM METOA MOJECIUPOBAHUS, MO3BOJSIOIINI
BOCIIPOM3BOJIUTh  CJIOKHBIE  HEJIMHEHHBbIE  3aBUCUMOCTH.  CHmOCOOHOCTH K
MOJICTUPOBAHUIO HEJIMHEWHBIX IPOIIECCOB, paboTe C 3aIllyMJICHHBIMH JaHHBIMH U
aJJallTUBHOCTh JAIOT BO3MOXHOCTb IPUMEHSATh HEUPOHHBIE CETH JJIsl PELICHUS
MIAPOKOro Kjacca 3KOHOMHUYECKHMX 3aJad. B mociiegHue HECKOJIBKO JIET Ha OCHOBE
HEUPOHHBIX ceTe Obulo pa3paboTaHO MHOTO MPOTPAMMHBIX CHCTEM  JJIA
MPUMEHEHHSI B TAKUX BOIPOCAX, KaK MPOTHO3UPOBAHUE U OLEHKA SKOHOMHYECKUX
rapaMeTpoB, HAIPUMEP, COCTOSHUS MPEANPUITHS, KPETUTOCITOCOOHOCTH 3aEMIIMKA,
BEPOSITHOCTH OaHKPOTCTBA MPEANPUSITHS, KOHTPOJb 32 WHBECTUIIUAMH, Pa3MEIICHUE
3alIMOB U T.]I.

Heliponnsle cetn o0yyaioT Ha npumepax. Pa3paboTuumk HEHpOHHOH ceTu
noAOMpaeT MpeACTaBUTEIbHBIC JaHHBIC, a 3aTeM 3aIlyCKaeT aJropuTM OOydYeHWS,
KOTOPBI aBTOMAaTUYECKU BOCIPUHUMAET CTPYKTYpy JHaHHbIX. Ilpu s3tom ot

pa3zpaboTunka TpeOyercss HaOOp SBPUCTUYECKUX 3HAHUM O TOM, Kak CIEayer
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oTOMpaTh M MOJTrOTaBIMBATH JAHHBIC, BBIOUPATH HYXKHYIO apXUTEKTypy CETH U
MHTEPIPETUPOBATH PE3YJIbTATHI [9].

g 5PpeKTUBHOr0 UCHOJIb30BAaHUSI HEUPOHHBIX CeTel He0OXOAMMO HaM4Yue
J0CTaTOYHOr0 00beMa oOydaronieil BBIOOPKH, UCIOJIb3YsI KOTOPYIO HEUPOHHYIO CETh
MOXHO OOYYHTh.

CTPYKTYPA CETHU

Hetipon npencrapmisier coOoit eneHuIry oopadotku uHdopmauu B HEHPOHHOM

ceru. OO6mass MoJenb HEWpPOHA COCTOUT B CIEAYIONIEM: HEHPOH MMEET HECKOJIKO

KaHaJIOB BBOJIa MH(GOPMAILIMK — 0eHOpuObl U KaHal BbIBOJA UH(OPMAIIUHN — AKCOH.

AKCOH HEHpOHa COEIMHEH C JCHAPUJIAMH JIPYTUX HEHPOHOB C IMOMOIIBIO
cunancog. Ilpu Bo30yXJAeHUM HEHpPOH MOCHUIAET CUTHAJ MO CBOEMY aKcoHy.Uepes
CUHAIICBl CHUTHAJ Tepeaaercss APYyruM HEeMpoHaMm, KOTOpPhIE B CBOIO OUY€peb MOTYT
BO30YXKJaThC WM MEPEXOAUTh B COCTOSIHUSA TopMakeHus. HeipoH Bo30ykaaercs
€CJIM CyMMapHBIM YPOBEHb CHTHAJIOB, MPEIICAIINNA B HETO IMPEBBIINIACT HEKOTOPHIMA

YPOBEHB — nOpo2 BO30OYKIECHUS WA aKTUBAIUH.

Ha pucynke 1 mnpeacraBieHHa MOJENb HEHpOHA, JEXKAIIEr0 B OCHOBE

HMCCKYCTBEHHBIX HEMPOHHBIX ceTel [12].
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Pucynok 1 — Mogens HeilpoHa



W3 pucyHka BHAHO, YTO HAa BXOJ] HEHPOHHA IMOCTyHaeT CHUTHAIBI X; 4epe3
BXOJIHBIE KaHaJbl, KOKJbIH M3 KOTOPHIX IMPOXOAWT Yepe3 COCIUHCHHE, MMCIOIICE
ONPENETICHHYI0O CHIy H BeC Wy. KodpuumMeHTh wy; Ha3bIBAIOTCS —6ecamu
CUHANTHUYCCKUX CBS3€H, IMIOJOKUTEIBPHOE 3HAYCHHE KOTOPBIX COOTBETCTBYET
BO30YXXIAIOIIMM CHHAICaM, OTPHUIATEIbHOE 3HAYCHHE — TOPMA3sAlIUM CHHAIICaM.
Ecm wy; =0, TO TOBOPSAT YTO CBSI3b MEKIYy HEUPOHOM k W HEHPOHOM i OTCYTCTBYET.
Jlanee mpou3BOAUTCS IpeoOpa3oBaHUE CUTHAJIOB B CyMMAaTope M JOOOBIISIETCS TOPOT
by, a pe3ynbTaT mpeolOpaszyercss ¢ MOMOMIBI0 (YHKIIUM @ U TIOJA€TCS Ha BBIXOJ
HelipoHa. B MaremarWueckoM mpecTaBlIeHUW (QYHIIMOHUPOBaHWE HEHpOHHA Kk

MOKHO OTIKCaTh CIEAYIOUICH Mapor YpaBHECHUN:

Vi = lekixi (1)

/i€ Wy, — CHHaIITHYEeCKHE Beca HelpoHa k;

X; — BXOJHbBIC CUTHAJIbI;
Ve =@, +b,) (2)
r7ie ¢ — QyHKIUS aKTUBAIUY;
Vi — TAHEHHass KOMOMHAIIHMS BXOJHBIX BO3/ICHCTBHM;

by — MOpPOT aKTUBAIIUH.

[TonydeHHBINi HEMpOHAMH CUTHaJ MpeoOpasyercs ¢ MOMOIIbI0 HEJIWHEHHOM

@yHKYuu axmusayuu ¢ B BEIXOJHON CUTHAT Vi = @(Vi).

OyHKIMS aKTUBAlMM @ — O3TO HEKOTopas HelauHelHas  QyHKuwus,

MOJICTTUPYIOIIAsl MPOLECC Mepeaul BO30YKICHUS.

Hcnonb3yloT HECKONIbKO (DYHKIMM akTUBAIMU: PYHKIUS €IUHUYHOTO CKayKa,
curMoujainbHas (pyHKIMs, KyCOuHO-IMHEWHas (yHKuMs, ¢yHKUus 3HaK. OmHOU
HamOoJjiee PAaCHpOCTPAHEHHBIX SIBIIIETCA HEJIMHEWHas (QYHKUUS aKTUBALUU C

HAaCBIIIICHUECM, TaK Ha3bIBa€CMasl jlocucmuvecKa Q)YHKHI/IH WM CUSMOUOAIbHAS.



1
p(v) = 2)

1+ exp(—av)

rJie a — mapameTp HaKJIOHA CUTMOUIAIbHON () YHKIINY;
Vv — JIMHENHass KOMOMHAIINSA BXOIHBIX BO3IEHCTBHHA.

W3mensis mapamMerp a, MOXKHO MOCTPOUTH (PYHKIIMHM C Pa3IUYHOW KPYTHU3HBI.
CurmonanbHas QyHKIUS MOXKET MPUHUMATh OECKOHEYHOE MHOXECTBO 3HAUEHUU B

nuanasone or 0 1o 1, kak noka3aHo Ha pucyHke 2 [12].
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Pucynok 2 — rpaduk curMmoujanbHOM QyHKIUH.

HckyccTBeHHas: HEHPOHHAs CETh IIOCTPOCHA M3 HEWPOHOB, CBSA3AHHBIX APYT C
apyroM. OpraHu3anuss HEHPOHOB M HX CBSA3CH B ONPEICICHHYIO CTPYKTYPY
(apxXUTEeKTypy) OKa3bIBaeT 3HAYMTEIHLHOC BIMSHHC HA  BBIYUCIUTCIBbHBIC
BO3MOXXHOCTH HEHPOHHOW CeTH. MOXHO BBIJICIMTh TPU OCHOBHBIX THIIA HEHPOHHBIX
ceTed: TOJIHOCBSI3HBIE ceTu (puc. 3-a), MHOrocioWHble cetu (puc. 3-0),

C1abO0CBI3HBIE CETH (HEMPOHHBIC CETH C JIOKAIbHBIMU CBSI3SIMU ) (pHUC. 3-B).

Puc.3-a Puc. 3-6 Puc. 3-B



TOI1OJIOrMY HEMPOHHBIX CETEM

Tomonoruu ceTu MOXKHO pPasaCiInTb Ha ABC OCHOBHBLIC I'PYIIIIBI: CECTU IIPAMOTO

pacnpocTpaHeHUs! U PEeKypPEHTHBIE CETH.
1. Ceru npsiMOro pacupoCTpaHEHHUS.

B MHOrocimoiHOW HEUPOHHOM CETHU, HEWPOHBI PACHOIATAIOTCA IO CIIOSIM.
HeilpoHbsl mepBOro ciosi MOMy4arOT CUTHABL, NpeoOpa3yldT HMX M INEepesaroT
HellpoHaM BTOPOTO Clos, Aajiee cpadaTbiBaeT BTOPOM CiOW, M T.O. 10 k-Oro cios,
KOTOPBIM BBIAAET BBIXOJHBIE CHUTHaAJbl. Takasg CeTb Ha3bIBAETCH MHO20CAOUHOU
cemvio npamoz2o pacnpocmparenus. 1IpoOMeXyTOYHBIE CIIOM MEXIYy BHELIHUM
BXOJHBIM CHTHAJIOM M BBIXOJHBIM CIIOEM HA3bIBAETCA CKpblmbviM, PUCYHOK 4. Eciam
BCE Y3JIbl KaXKJOI'0 CII0S1 COEAUHEHBI CO BCEMH Y3JIaMU CMEXKHBIX CIO€B, TO TaKas
CeTb HA3BIBACTCS MNOJNHOCEA3HOU. ECIM HEKOTOpbIE W3 CHUHANTHYECKUX CBS3EH

OTCYTCTBYIOT, TO CCTh HA3bIBACTCA HeNnoJIHOCB3HOI.
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Pucynok 4 — IloaHOCBsSI3HAsi MHOTOCIIOMHAS CETh MSIMOTO PACIPOCTPAHEHUS C

OHUM CKPBITBIM CJIOCM.



Cern ¢ HpHMOﬁ CBA3BIO MOTYT CIYXHTh YHUBCPCAJIbHBIM CPCACTBOM  JJIA
aIlIpOKCUMalM1, HO HCT HHUKAKOI'O IIpaBHJId, IMO3BOJLANOIICTO HAUTH OIITUMAJIbHYTO

TONOJIOTHIO CETH JJIs1 JAHHOMW 3aJa4H.
2. PexypeHTHBIE CETH.

PexypeHTHBIE CeTH OTJINYAIOTCSA oT ceren PSIMOTO
pacnpocTpaHeHUsTHAIMYUEM XOTsI Obl OHOW 0OpaTHOM cBs3bl0. Hammune oOpaTHbIX
CBSI3€M B CETAX OKa3bIBaT HEMOCPEACTBEHHOE BIMSHUE Ha HUX CIIOCOOHOCTh K
0o0y4eHHI0 U Ha UX Npou3BOAUTEILHOCTH[12]. Takue ceru mpeacTaBisiOT OONbIION
MHTEpeC I hcciefoBareneil B 00JacTu HEUpOHHBIX ceTed. OHAKO MpHU peleHun
MpPaKTUYECKUX  3aJady  Haubosiee TMOJIE3HBIMM  OKa3aJluCh  CETU  MPSIMOIO

pacnpoCTPOHEHHS.

Boibop cTpykTyphl (TOMOJOTMM) HEHUPOHHOM CETH OCYILECTBIAETCS B
COOTBETCTBUM C OCOOEHHOCTSIMH U CJIOXHOCThIO 3azaun. Ha pucynke 5

Mpe/ICTaBICHbl HanboJee paclpOCTPaHEHHbIE aApXUTEKTYPhl HEUPOHHBIX ceTeil [6].

HellpoHHaR ceTs

.,

CeTe npaMoroe Pexypentroie (¢ obpatHoa
pacnpoCcTpaHeHms CBA3LID) CETH

o — \

s - CaTh pag anbHD X = =
OAHOCAOAHBIH 5‘:3_,”"“, MHOFOCABANBIA| | o) b epuosaTenbHbe Cers Cern Moaynu
NEpUENTROH p

nepiyeanTpod CeTH KOXEHEHA Xondunga ANT

dry KL

PucyHok 5 — ApXUTEKTYpbl HEUPOHHBIX CETEN

OBVYYEHME HEMPOHHOM CETU

O6yquI/Ie CCTU — JOTO IIOATOHKa €€ BHYTPCHHHUX IIapaMCTpOB C MCIbIO

ajaliTalii K BHCIIHUM BOSHCﬁCTBHHM AJE1 pCIICHUA KOHKpCTHOﬁ 3aJa4H.



[Ipomecc oOydeHUsT HEHPOHHOW CETH SBISETCS HMTCPATUBHBIM, a €ro IIard
HA3bIBAIOT Jnoxamu WM yuxkiamu. Ha kaxmom nukie oOydeHUs MPOMCXOJUT
BBIYHCIICHUE CHHANTUYMCKUX  KOY(PHIIMEHTOB W, Ha OCHOBE IIPHUMEPOB
CTPYIIIUPOBAHHBIX B oOOydaromme MHOXecTBa (oOydaromiyro BBIOOpPKY). Takoe
MHOXXECTBO COCTOMT M3 JAHHBIX, C YKa3aHHBIM I KaXXJOTO W3 HUX 3HAYCHHEM,
BBIXOJTHOTO IapaMeTpa, KOTOPOE JKEJIaTeIbHO IMONYy4YuTh. JlelicTBHe, KOTOpoe mpu
ATOM TPOUCXOJUT, MOKHO Ha3BaTh KOHTPOJUPYEMBIM OOyYEHUEM: YUUTENb OJACT
Ha BXOJ CETH BEKTOp MCXOJHBIX JaHHBIX, & Ha BBIXOJHOHN Y3€lI COOOIIACT )KeTaeMoe
3HaueHWe pe3ynbrata. KoHTpommpyemoe oOydeHHe HEHpOHHOW CeTH MOXHO
paccMOTpeTh KaK peIICHHWe ONTHMH3AIMOHHOW 3ajadd. Pa3HOCTh MeXay
MpPaBENbHBIM  PEIICHUEM W OTKJIUKOM IPEACTABISIET COO0OW OMmMUOKY, KOTOPYIO
CIIETyeT YMEHBIIUTH C IIOMOIIBI0 HACTPOHKH CBOOOTHBIX ImapaMeTpoB. KoppekTupys
CEeTh C IEI0 MUHUMH3UPOBATH OIIMOKY, MBI HE MOXEM OBITh YBEPCHHBI YTO MOXKHO

TOOUTHC €Ile MEeHbIeH omuoOKu|[3].

[loBepXHOCTH OIIMOKM HMEET CJIOKHOE CTOCHHE U O00JafaeT psaloM
HETIPUATHBIX CBONCTB, B YACTHOCTU MOXKET MMETh JIOKAJhbHbIE MUHUMYMBI, IIJIOCKHUE
YY4acTKH, CEIJIOBbIE TOYKHM U JUIMHHBIE Yy3KHE OBparu. AHAJIUTUYBICCKUMHU
CBOMCTBAMU HEBO3MOXXHO OIPEACIUTh TOJIOKEHHUE TI00albHOT0O MHHUMyMa Ha
MOBEPXHOCTH OLIMOOK, TO3TOMY 00yYeHHEe HEHPOHHOM CeTH, IO CYTH 3aKJII0YaeTcs B
HCCIEIOBAHUM 3TOM  TOBEPXHOCTH. JlOCTIKEHHE TJI00aJIbHOTO MHHHUMYMa
Ha3bIBACTCSA cxooumocmvio npoyecca o6yuenus. PaspaboraHo 0oJjiee COTHH
00y4Jaromux aaropuTMOB, OTIUYAIONIUXCSA APYT OT Apyra CTpaTerued ONTUMU3AIUU
u  Kpurepuem omubok. OOBYMHO, B KayecTBe Mephl OMHUOKK OepyTcs
cpenHekBaapatuuHas omubka E (3), koTopast onpeaensiercs Kak cCymMma KBaJpaToB
MEXy JKeJaeMOW BEJICYMHON BBIXOJAAa U PEAJbHO TOJYYEHHBIMH Ha CETH

3HAYEHUSMH Yy I KaXXA0ro npumepa [3]
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rae P — yucio npuMepoB B 00y4arolieM MHOXKECTBE;



dk — XKCJIacMasd BCIIMYMHA BbIXO/J4,
Vi — 3HAUYCHUA ITOJTYUYCHHBIC Ha CCTH.

HauGonee pacnpocTpaHHeHbI anroputm oOydeHHs HEHPOHHBIX CeTell ¢
IPSIMOM CBSI3BIO — QITOPUTM 00OPAMHO20 PACHPOCMPAHEHU OWUOKU. DTOT METOJ
OCHOBAaH Ha BBIUMCIECHUU BEKTOpPA TPaJMEHTa IOBEPXHOCTH OIIMOOK, KOTOPBIN
YKa3bpIBa€T HAIIPABJICHHE KPATYAMIIErO CIyCKa MO MOBEPXHOCTH U3 AAHHON TOYKH.
ITocnenoBaTenbHOCTh IWIATOB NPUBOAUT MOCIE psAa MUTEpaluid K MHUHHUMYyMY
MOBEPXHOCTH OMIMOOK. OUEBHIIHYIO TPYIHOCTb 3[€Ch MPEICTaBISET BHIOOP JJIMHBI
mara. [lpu OonbiIOW ATUMHE CXOAMMOCTH Oojee ObIcTpas, HO €CThb OMNACHOCTb
«MEePECKOYUTh)» Uepe3 penieHnue, 0COOEHHO B CiydasX, KOTJla MOBEPXHOCTh OTKJIMKA
umeer (opmy y3koro oBpara. [Ipm Mamom 1iare HampaBieHUE MPOJBUKEHUSA
BbIOMpaeTcss NpaBUJIbHOE, HO Tpedyercss MHOI0 UTepaluil A JOCTHUIKEHUs
MuHMMyMma. Ha mnpakTuke BenMuMHA MIara OPUHUMAETCS MPONOPLMOHAIBHOM

KPYTHU3HE CKJIOHA C HCKOTOpOﬁ HOCTOHHHOﬁ, Ha3bIBa€MOU CKOpPOCTBIO 06y‘ICHI/IfL

AJIFOpI/ITM O6paTHOFO pacinpoCTpaHCHUA OIIMOKHM SIBJISIETCA AJITOPUTMOM

rpalue€HTHOTO CyCcKa, MUHUMHU3HPYIOUIUM KBaJApaTu4yHyto omnoky E (4):

1 L
E=22 2 (di=y) @)
k=1 i

I/IHIICKC I HpO6CFaCT BCC BBIXObI MHOT'OCJIOMHOM CETH.

Ha kaxmoli smoxe Ha BXOJ CETH IOOYEPETHO IMOJAETCs BCE OO0ydarolue
HaOJII0/ICHUSI, BRIXOJAHBIC 3HAUEHUSI CETU CPAaBHUBAIOTCS C ILIEJICBBIMU 3HAUYCHUSIMU, U
BBIUUCIISIETCA OIMMOKa. 3HAauyeHHWE OIMMOKMU, a TaK JKe€ TpaJueHTa IMOBEPXHOCTH
OIKOOK HCMOJB3YIOTCA IJIi  KOPPEKTUPOBKH BECOB, IOCJIE YEro BCE JCUCTBUSA
noBropsitorcs.  [Ipomecc oOydenus mpekpamaercs JauO0 KoOrja MpoHJIeHO
OTPENICTICHHOE KOJIUYECTBO 3I0X, JUOO OMIMOKA JOCTUTIIAa HEKOTOPOTO YPOBHS HIIH

BOBCC IICPECTACT YMCHbIIATHCA.

OmacHOCTB MCTOAAa KPOCTCA B TOM, YTO TAKHUM 06p330M Mbl MUHUMH3HUPYCM

OH_II/I6Ky Ha O6Y"IEIIOH.ICM MHOXCCTBC, U 3TO HC TO XK€ CaMOC 4YTO MHUHUMU3UPOBATH
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«HACTOAITYIO» OI_HI/I6Ky Ha ITOBCPXHOCTH omn6Ook. CuiabHee BCETO 3TO pas3jimauc

CKa3bIBaeTcs B mpobiieMe rnepeoOyueHus, WM U3JTUIITHEH MOTOHKH.

[TPUMEHEHUE HEMPOHHBIX CETEN B 3AJJAUAX KJIACCUDUKALIIU

PaccmoTpum kak HEHpOHHBIC CETHU C MPSIMON CBSI3bIO MCIIOIB3YIOTCS B 3a/1a9ax
kinaccudukanuu. B moboit 3anaun kinaccugukanuu Tpedyercss OTHECTH UMEIoIrecs
00pa3pl, HAPUMEP XapPaKTEPUCTUKH (PUHAHCOBOTO TOJOXKEHHS, K ONPEACICHHBIM
knaccam. Kiaccudukamust w perpeccuss — OCHOBHBIE O0JACTH MPAaKTHYECKOTO
NPUJIOKEHUS] HEHOHHBIX ceTedl. [IpuMeHHMTENnhbHO K 3agayaM  MEHEIHKMEHTa
KJIaCCH(PUKAIUSIM MOTYT MOABEPTaThCS (PUPMBI, MPEANPHUATHS, TOCTABIIUKH U T.1. B
CTPYKTYpPHOM paclo3HOBaHWU 00pa3oB, 00Opa3ilbl OMHCHIBAIOTCS TEM, KaK OHH
COCTaBJICHHBI U3 CBOMX KOMITOHEHT, T.€. CTPYKTypoil. IIpu craTucrudeckom moaxosme
K pPAaclo3HOBaHHUIO, OOpa3el MPEACTaBISETCs BEKTOPOM X MpEHaJIeKAmM N-
MEPHOMY IPOCTPAHCTBY R, KOMIIOHEHTBI KOTOPOTrO MpPEACTABIAIOT OGO
pa3MuHble XapaKTepucTuku odpasna. KimaccudukaTtop OTHOCUT OOBEKT Xk TOMY
wim uHOMY kiaccy C B COOTBETCTBUHU C OIPENCICHHBIM pa3OueHreM N-MEpHOTro

IMPOCTPAHCTBA, KOTOPOC HA3BIBACTCA NpOCMpAaHCneom 6X0008.

Cetm c mpsaMOl  CBA3bIO  SABISIIOTCS  YHUBEpCAJIbHBIM  CPEICTBOM
annpokcuManuu (GyHKUIUNA, YTO MO3BOJSET WX HCIONb30BaTh B PEIICHUH 3ajad
knaccupukanuu. Kax mnpaBuno, HEHpOHHBIE CETH OKa3bIBalOTCA Hauboee
3¢ (PEeKTUBHBIM COCOOOM KiIacCU(PHUKALUM, MOTOMY UYTO T€HEPUPYIOT (PaKTUYECKU
OOJBILIOE YHCIIO PErpecCHOHHBIX MOJENe (KOTOpbIe MCIOJIb3YIOTCS B PEIIEHUU

3aJaa4d KJIaCCI/I(i)I/IKaI_II/II/I CTaTUCTHYCCKUMU MCT OI[aMI/I).

HENPOHHBIE CETU B ITAKETE STATISTICA 6.

B 3amaum knaccudukanuu ceThb JODKHA OTHECTH KaXJoe HaOMoJeHHE K
onHoMy M3 Heckonbkux kiaccoB. B mekere ST Neural Networks amepukanckoin
dbupmbl  Statsoft nmns  kimaccudukaluu  UCMONB3YeTCd HOMHMHAJIbHAsT BBIXOJIHAS
IIEPEMEHHAs — pAa3JIMYHbIE €€ 3HA4Y€HUs COOTBETCTBYIOT pa3JIMYHBIM KJlaccaM.

I[aHHBIﬁ IMaKe€T OTHOCHUTCA K COBPCMCHHBIM YHUBCPCAJIIbHBIM HeﬁpOCGTCBBIM
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NPOAYKTaM U MOATOMY OO0Jiee COBEpIICHEH 0 CPAaBHEHHUIO C PAHEE BBHIMYICHHBIMH.
OH ¥MMeeT MOIIHBIC aJIrOPUTMBI OOYYEHUsS CETH (BKJOYAs METOJIBI COIPSKEHHBIX
rpagueHToB  u  JleBenOepra-Mapkapa), BO3MOXXHOCTh  CO3MAaHHS  CIIOJKHBIX
KOMOMHAIIMH W3 CETeH pas3MYHBIX apxXUTeKTyp. JIs 3TOoro makera XapakTEpPHBI
IPOCTOTa B WCIOJIb30BAaHUU W aHATUTHYECKHE MOIIHOCTH, Hampumep Automatic
Network Desingner (aBTOMaTH4eCKHII KOHCTPYKTOP CETH) ONPEACTUT HAMIYUIIyIO
aApXUTEKTYPY Ul KOHKPETHOW 3aJjauH, OCYIIECTBUT OTOOp NEPEMEHHBIX.

OpnHako B MPUMEHECHHH K MPAKTHUYECKUM 3a7a4aM UMeeTcs psj nmpodiieM. Bo-
MEpPBBIX, 3apaHee HEM3BECTHO KaKOH CII0KHOCTH (pa3Mepa) ceTh MoTpedyercs s
JOCTaTOYHO TOYHOHM peanm3alui OTOOpakeHUs. JTa CIOKHOCTh MOXKET OKa3aTbhCs
Ype3MepHO OOJIBIION. APXUTEKTypa CETH, T. €. YHCIO CIIOEB, M YHCJIO AJIEMEHTOB B
KaXXJIOM CJI0€, JIOJDKHBI OBITh OMpEENCHBl M0 Hadala OOydeHHs. DJTa apXUTEKTypa
MOPOXKJACT CJIOXHBIE HENWHEHHBIC DPa3AeiAIoONMe MOBEPXHOCTH B MPOCTPAHCTBE
BXOJIOB. B ceTm C OJHHUM CKpPBITBIM CIO€M, BEKTOPHI O0pa3loB CHayaia
npeobpaszyroTces (HETUHEWHBIM 00pa3oM) B HOBOE IMPOCTPAHCTBO IMPEACTaBICHUM
(MpOCTPaHCTBO CKPBITOTO CIIOs), @ 3aTEM THIEPIUIOCKOCTH, COOTBETCTBYIOIINE
BBIXO/IHBIM y3JIaM, PacIoaraloTcs Tak, YTOOBI pa3IeNiuTh KIACCH YK€ B 3TOM HOBOM
npocTpaHcTBe. TeM camMbIM, CETh pAcCIO3HAET YXKe JPYrHue XapaKTePUCTHKU —
«XapaKTePUCTHKU XapaKTEPUCTHK», TIOMy4eHHBIE B CKpPHITOM cjoe. Bce 7310
MOTYEPKUBAET BAXKHOCTD dTara MpeIBapUTEIbHON 00paOOTKHN TaHHBIX.

[lpu mocTpoeHWM KiIaccupuKaTopa HAa OCHOBE HEHPOHHOW CETH MOXHO
BBIJICTUTH CIIEAYIONTNE ITAIbI:

1 Jlanubie:

a) CocraBuTh 0a3y JaHHBIX W3 MPHUMEPOB, XaPAaKTEPHBIX JJIS MOCTaBICHHOM
3a/1ayu.

0) Pa30buTh BCIO COBOKYMHOCTh JaHHBIX Ha TPU MHOXKECTBA: oOydaroiiee,
KOHTPOJIbHOE B TECTOBOE.

2 IlpensaputenbHas oOpaboTKa:

a) BpiOpaTh cucTeMy NPU3HAKOB, XapaKTEPHBIX IS JTaHHOW 3amadyd, |

Hpeo6pa3013aTL HaHHBIC COOTBCTCTBYIOIIUM 06p330M A IMogadul Ha BXOAd CCTHU
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(HOpMHpOBKa, CTaHAapTHU3amus W T.JO.). B pesymbrare >KenaTelbHO MOJYYUTh
JUHENHO OTAEIUMOE MPEICTaBICHUE MHOXKECTBA 00Pa3IIoB.

0) BeiOpaTh cucTeMy KOIMPOBaHUS BHIXOAHOTO 3HAUCHUS MM 3HAYCHHIA

3 KoncrpymnpoBanue, 00ydeHHe U OIIEHKa Ka4eCTBa CETH:

a) BeIOpaTh TOMOJOTHIO CETH: YHCIIO JIEMEHTOB M CTPYKTYPY CBsI3el (BXOIHI,
CJIOU, BBIXOJIBI).

0) BeiOpath pyHKIIMIO aKTUBALIMK, KOTOpast OyAeT UCIOIb30BaThCHA.

B) BrIOpaTh nmoaxoasiiuii anroputmM oOy4eHus CETH.

r) OueHuTh KauecTBO paboThl ceTH (IO MOATBEPKIAIONIEMY MHOXKECTBY HIIH
no WH(OPMAIIMOHHOMY KpPUTEPHIO) B 3aBHCHMOCTH OT €€ CIOKHOCTH C IEJbI0
ONITUMU3UPOBATH APXUTEKTYPY (YMEHBIIICHHE BECOB, MPOPEKUBAHUE H T.]1.).

n) OcraHOBUTbCS Ha BapUaHTE CETH C HaWIy4ylledl CrIoCcOOHOCThIO K
«0000IIEHUIO» U OLIEHUTh Ka4eCTBO PaOOTHI 0 TECTOBOMY MHOKECTBY.

4. Vicnonb30BaHUE M TUATHOCTHKA!

a) BBLICHUTBH cTeleHb BIMSHHUA pPAa3IMYHBIX (AKTOPOB HA MPUHUMAEMOE
pelieHne (3BPUCTUKH).

0) YOemuThcs, 4TO OISl ClIydaeB HEMPaBUIbHOM KilacCU(PHUKAIIMK TOCTATOYHO
Maja.

B) [Ipu HEOOXOMMMOCTH BEpHYTHCA K IIary 2, 3MEHHUB CIIOCOO MpeaCTaBICHUS
00pa3IOB UM MPEABAPUTEITHHO «ITOYHCTUBY 0a3y TaHHBIX.

r) [IpucTynuTh K NPaKTUYECKOMY UCIOIb30BAHUIO CETH.

B pamkax paboTel CTpPOUTCS HEWpPOHHAs CeTh, Kiaccupuuupyromas
npennpustas mo 21 puHAHCOBOMY MOKA3aTENI0 €ro SKOHOMHYECKOH JIEATETHbHOCTH C
HCIIOJIh30BaHUEM TaKeTa MPUKIIAIHBIX IporpaMM Statistica.

Jlsist Toro 9To0BI CKOHCTPYHPOBATH XOPOIIMHA KiacCH(UKATOp, OUYEHb BaXKHO
UMETh B CBOEM pACIOpPSIKEHWH BBICOKOKAYECTBEHHBIC aaHHbIC. Hukakoii Meron
MOCTpOeHUs1 KiaccudukatopoB, Oyab TO B 00JacTH pacro3HaBaHHUS OOpa3oB,
MAIIMHHOTO OOYYeHHsI WM MHOTOMEPHOW CTaTHCTUKHM, HHUKOTJAa HE BBIAACT

KJIaCCU(UKATOp HYXKHOTO KauecTBa, €CIU MMEIIUNcI HAOOp MpUMEpoB He Oyner
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JO0CTATOYHO OoraTeIM U NpeaACTAaBUTCIIbHBIM IJIA TOU BBI60pKI/I, C KOTOpOﬁ MpUACTCA
pa6OTaTB B HaHHOﬁ MOJACIIN.
O606H_ICHH3H CXeMa MOACIUPOBAHUA CHCTCMbBI MCTOAAMH HNCKYCCTBCHHBIX

HEHUPOHHBIX CETEN MpenCcTaBiIeHa Ha pucyHke 6 [1].

KadecTEeHEA M KOTFHECTE EHEA S HEOOPMAITHA 0 MOTemHpyeMoR
CHCTEME:
AHAIE H TECTHpOBAHHE HCCIEMyeMo CHCTEMEL, chop HoXOTHED:
TMAHHED, 00HARYE CHIE CEOACTE B OTHOIICHME HaCTeH CHCTEMEL

[TpenpapHTeMEEAd 060af0TEA HHD op MAIHE ¥ dopMEpoEaHHE
0byaared BRI OpEH;
CTATHCTHHECKAA 06paboTka H UL THAIHA HoxogHoH HE O p MaIHH.
EBIOOp [KANE] e CTARIEHH

Brifop apsmTerTvpel H Dapamethos HC:

ERIGOP CTPYETYREI Hefip oda 0 HC Bpifop QyHKIME Ak THE A,
OMPEJENEHHE OIEHKH KadecTea paboTtel HC.

Hactpofka 1 obyaeme HC:
hoprmpopanne HC o MEHIHATI: AIMA TapaMeT)0E, BLIGOp
DYHKIHOHATA B METO[A ET0 OnTHMEz amE, obydeme HC Ha
0bydarIel BEROPKE, TECTHNOBAHHE.

Het ‘

Momem:
FIOEIETEOPHTENEHA?

| CoxpareHre DapaMeTpor HC 0 Mogems

Pucynok 6— O60011eHHast cxema MOACIUPOBAHUS METOJJaMU HEUPOHHBIX
ceren

ITOCTPOEHUE HEMPOCETEBOI MOJIEJIM MOHUTOPUHT A TIPEJIITPUSATHS

[Ipu mocTpoeHnn HEHUPOHHOM ceTH ISl OUEHKH (PUHAHCOBO-PKOHOMHUYECKOTO
COCTOSIHUS TPEANpUsATUS B padoOTe HCIOIb3YeTCs CIEAYIOINA pa3paOoTaHHBINA

ABTOPOM aJITOPUTM:
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[lepBbIM 3Tanom mnpu pazpaboTke HEUPOHHOW CETH OMpenessiycs THUIl aHAIM3a,
KOTOpbI HeoOxoauMo rmpoBecTH. llenbio co3maHuss HEHPOHHOM CeTH SIBIIsIETCA
Kjaccuukanuss TpearnpusiTUid ¢ OYEHb BBICOKUM, BBICOKMM, CPEAHUM, HHU3KUM U
OYEHb HU3KUM YPOBHSIMH pUcCKa OaHKPOTCTBA.

BropsiM 3Tanom sBisieTcsl onpeielieHne COCTaBa MCXOJHBIX JaHHBIX U cOOp
ATUX AaHHbIX. OO0ydaronuii HabOp NaHHBIX MPEICTaBIsIET cO00M psi HAaOIOACHUH,
JUIS KOTOPBIX YKa3aHbl 3HAUEHHSI BXOJIHBIX M BBIXOJHBIX MEpEeMEHHBIX. J[aHHbIe ObLIN
MOJIyYEHHbl U3 uciaenoBanus [14], B KOTOpOM CreHEepUpOBaHAa BHUPTYaJbHAS
MojienbHass 0a3za JMaHHBIX MpeAnpusTuil, cocrosmas u3z 6000 HaOMOAEHUU, IS
KOTOpPBIX HW3BECTHbI 3HaueHuss 21 BXOJHOrO mapaMmerpa BBIOPAHHON CHCTEMBI
¢buHaHCOBBIX TMOKa3zaTened. Ha ocHOBe wuccinegoBaHusi BCe NPENNpUATHS ObLIN
pa30uThI HA MATH TPYIII:

| rpynmna — npeanpusTHS OYEHb BBICOKOTO YPOBHSI pHCKa OaHKpPOTCTBA, YTO
COOTBETCTBYET HOMHUHAJILHOMY 3HaueHUI0 «oTka3» (1517 npeanpusaruii);

2 rpynna — NpeanpusIThs, HaXOAIIHEeCs B 30HE BHICOKOTO pHcKa OaHKPOTCTBA,
YTO COOTBETCTBYET HOMUHAJIHLHOMY 3HAUECHUIO «BBICOKUIY (572 npeanpusTuii);

3 rpynna — npeanpusTUs, HaXOoSIIUECs B 30HE CPEIHEro pucka OaHKpPOTCTBA,
YTO COOTBETCTBYET HOMUHAJILHOMY 3HaU€HMIO «cpeauuit» (1687 npennpustuii);

4 rpymnmna — npeanpusaThs, HaXoAAIuecs B 30HE HU3KOro pucka OaHKpOTCTBA,
YTO COOTBETCTBYET HOMUHAJILHOMY 3HaUCHMIO «HU3KU» (1537 npeanpusaruii);

5 rTpynma — KpeAMTOCHOCOOHBIE MPEANPUSITUS, KOTOPHIM MOXXHO BBIIATH
KPEIUT, YTO COOTBETCTBYET HOMHUHAJILHOMY 3HAUEHUIO  «KpeauT» (687
MPEANPUATUN).

B Tabmuue 1 nmpuBenensl npumepsl 10 HabOmoneHUN MO JABa W3 KaXKIOTO
KJlacca.

Tabauma 1— HaOmoaeHus

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22
R3 R4 R& L1 L2 P A2 Ad /A5 Ab F1 F2 F3 F4 R6 L3 1Al 1/A3 1F8 F11 P2 Knacc

-0,00694/-0,00092 0,09183  0,39524 0.18569 053405 049529 031418 023320 1,66186 1,19827 0.07208 0.13616 0,08479 -0,58583 0,16522 0,03280  0,73688 0,09503 0,13369 0.05034{BbICOKMI

-0,08258 -0,03248 009086 044960 016754 094607 057086 077651 026511 135202 112044 023395 019959 006148 001530 014728 003062 074217 011137 020347 005992 BEICOKIA
061608 017160 064619 132549 080329 184599 192202 208267 000000 562034 032024 078473 0,82480 030507 289910 081597 000740 021136 065704 119460 095331 HA3KWMA

091176 0,19073 076829 102518 056681 160651 225045 396261 000000 6098772 030990 079202 094991 040102 159351 075325 000847 023068 065171 138642 065768 HA3KWM

-0,67949/-0,17843 045054 0,00000 0.06703| 0,00000 0,00000 -2,83541 2,20408 0,00000 -1,77486  -0,58513 -1,15624  -0,14867 -3,90088 0,02611 0,04381 -0,13025 -0,32048 -0,65816 -0.65203 OHEHb Bt
-0,10082 -0,16753 -0,74218  0,00000 000000 030747 000000 -2, 82965 134353 029164 2 61788 -0.13309 -0.26190 028449 -3 91033 008949 004339 -0 17560 -0,01636 -045504 -0.07352 OUEHb BE |
0.42651) 001892 0,15144  0,93878 0,21502 1,31476 1,68670  4,65395 0,04459 324411 059574 040926 0,49738 0,26544 0,04143 043129 002858 058104 0,57394 0,71893 0,34119 CPEOHAA |
0.18374| 009899 0,25435  0,96933 0,42666 1,05109 0,95603 7,38152 0,03220 2,31966 0,68967 043020 0,32249 0,20534 0,68460 0,52499 0,01460) 0,55728 0,20408 0,53027 0,12736 CPEOHWMA -
114564 016127 107780 114026 088782 314031 511855 115435 000000 1000853 000000 100000 157473 075231 584793 126116 000000 001189 169721 184663 1.01747 OUEHE HU:
1,53158 013404 1,84675 146049 0,52838 3,33755 4,32331 1,52229| 0,00000 9,35722 0,00000) 1,00000 327665 0,54961 3,01624 123373 0,00000 0,10618 105763 2,15816 1,25398 OHEHb HM:

|m‘m‘w|m‘m|h‘w‘m|4

=
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[TocTpoennyio MozenpHyI0 0a3y mpeanpusiTuii pa3oObeM Ha JBE BBHIOOPKU —
oOy4JalIIyl0 ¥ KOHTPOJbHYIO. B KauecTBe TEeCTOBOro MHOXECTBa OyneM
paccmaTtpuBaTh JaaHHble 400 peallbHO CYHIECTBYIOLIUX MpPEANpPUATHA, Tpoodpas
KOTOPBIX JIET B OCHOBY I'€HEpaluu MOJIETbHON 0a3bl.

TperbuM sTanom sBISETCS MOCTPOEHUE U OO0yueHHWe HeHpoHHOH ceru. Mbl
CTPOWJIM CE€Th, 00yYEeHUE KOTOPOW €CTh MUHUMHU3AIMS KBAaJIPATHUYHON OMMOKM Ha
oOydJaIlieM MHOXECTBE C MCHOJIb30BaHUEM TIpajueHTa. ['paaueHT oleHKH
BBIUHUCIISIA ~ METOJIOM  JIBOMCTBEHHOCTH, @ HMEHHO, METOJOM OOpaTHOro
pacnpocTpaHeHHs] OIIMOKHU, KOTOPBIN SIBISETCS aJITOPUTMOM TPAaJUEHTHOIO CITycKa.
DyHKIMEH aKTUBAIMKU BBIOpAM JIOTUCTHUECKYI0 (QYHKILHMIO, a PYyHKIMEH OMUOKH —
cpenHekBaapaTuyHyto. g BpiOOpa MUHMMAIBHOTO YKcia HEHPOHOB U ONpeieNeHus
CTPYKTYPBI CETU HCIIOJIb30BaIN IPOLENYPY KOHTPACTUPOBAHUS.

Eciu ommOka Ha oOydvaromieM MHOXKECTBE HE YOBIETBOPUTENbHAS TO
HEOOXOJUMO BEPHYTHCS W M3MEHUTh OOYYAIOLIyI0 BBIOOPKY WM METOJ O0y4YeHus
CETH.

UYerBepTolii dTall - TECTUPOBAHUE U MCIIOJIB30BAaHUE HEUPOHHOM ceTu. s
TECTUPOBAHUS TMPUMEHSIETCSl TeCcTOBas BBHIOOpPKA U AHATU3UPYIOTCS 3HAYEHUS
knaccuuxanuu. Ecnu ceTh oOydeHHa He BEpHO U pe3yioOTarsl KiacCU(PUKALUU
HEYJIOBJIETBOPUTENLHBI HEOOX0IMMO U3MEHUTh apXETUKTYPY CETH.

Jlns 3amycka HeMpoHHBIX ceTeid B makere Statistica Neural Networks
HEOOXO0JUMO 3alWTH B MEHI0O AHalu3 CTapTOBOW MaHEIN WHCTPYMEHTOB U BHIOPATH

HEUPOHHBIE CETHU.

Otkpoercs OkHO Hetipounvie cemu Kak MOKa3aHO HA PHUCYHKE 7, KOTOPOE
COJIEPXKUT TPU BKJIAJKHU: OBICTPBIA, TOMOJHUTENbHO U ceTn/ aHcamOiu. Ha Bkiagke
OBICTPBIA HEOOXOAMMO YKa3aTh THIN pemaeMoi 3agaun. B HameM ciydae TuIl
pemaemMor 3adaud - kiaccudukauua. Tak ke BO3MOXKEH BbIOOP HHCTpYMEHTa —
MacTep peleHud, A aHajdu3a JaHHBIX M CO3JaHMsl CeTei, TpeOyrolmuii

MHWHHUMAJIbHOTO BMCIIATCJIbCTBA, 1 HpOBOI[S[HlI/Iﬁ BCC HCO6X0)II/IMBIG (1)8.351 a”HalJii3a.
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e
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* Enaccupukauua
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ONPeJeneHHEM THNOM, SPXHTEKTYPOH 1
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I= L& Wenonezyerca ana obydyesna
= & Mlona sy &Tom A0A GUugHHEIHHA owkbck

= il ; 17 chnnhayﬂca ANA CPEEHEHAA 3Nk TERHATH EHEX
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E-'" HaHHee i
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PucyHOK 7 — OKHO HEMPOHHBIE CETU

Haxumaem kHonky [lepemenHvie N BbIOBIOEpEM 3aBUCUMBIE M HE3aBUCHUMBbIE

nepeMeHHbie (puc. 8).

3ﬂ,ﬂ,ﬂﬁTE 3JaBHCHMbIE , HE3ABHCHMbIE H HOOMPYHILYH e peMe HHblE

21-P2 1-R3 ] |
2-R4
23-6UHapHEIM YpoBEHE 2-RA s ]
4-L1
ALz
B-F1
02
)
9-1/45
10-45
£ I s [ | e ! T 2
EDJ‘IbLIJE‘ MHpo ‘ EDJ‘IbLIJE‘ M Hepo ‘ Ennbmei MH®po 1 EDJ‘IbLIJE] MH®po
F.arerop. BelOOHEIE; Henp. BXooHBIE: K.areropyaneH. BdogHele: Kookl BeIGOpOK;

]22 11 21 ] ]

Pucynok 8 — OxHO BbIOOpa IepEeMEHHBIX
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B kauecTBe KaTeropuaiabHOW BBIXOJHOW mepeMeHHoM BbiOupaeM Kiacc, a 21
(uHaHCOBBIN MOKa3aTenb BHIOMpPAaeM KaK HENpepbIBHbIE BXOJHbIE 3HaueHUs. Kozbl
BBIOOPOK OYJyT aKTHMBHBI, €CIIM 3aJaTh NMEPEMEHHYI0, C KoJgamMu BbiOOpok. Haxartue

kHonku OK BO3Bpallaer Hac K OKHY Heuponnvle cemu.

s BbIOOpa apXWUTEKTypbl CE€TH B OKHE HEMpPOHHBIE CETH BBIOUpaeM
KOHCMpYKmop cemu — 3TO OOUUHA HMHCTPYMEHT, TMO3BOJSIOMUNA BbIOpATh
WHIUBUyaJIbHbIE OCOOCHHOCTH apXUTEKTYphl ceTed M o0ydaroliue ajirOpuTMbl, B
COOTBETCTBHHM C pemaemMoi 3amaueil. Bkinanka Cemu/ancambau mo3BONSIET BHIOPATh
CeTb, €CIIM OHA YK€ TIOCTPOEHa U coxXpaHeHa B oTAelbHOM (aitne. K nanHoi Bkiaake

MBI BEPHCMCA ITO3KC.

Haxatue xnonku OK mnepeBonuT Hac B okHO Koncmpyxkmop cemu (puc. 9), B
KOTOpOM, Ha BKJaae bvicmpulil, €CThb BO3MOXHOCTh BBIOOpa THIIA HCIOJIb3yeMOMH
ceTu (TOMOJOTUM CETH). 3ajava KJIacCU(PHUKAIIMU MOXKET PEelaThCsl C MOMOIIBIO
MHorocsioiHoro mnepcentpona (MPL), pammuanbHoit 6asucHort ¢ynkuuu (RBF),
BEpOSITHOCTHON HelponHoi cetn u cereir Koxonena. Ceru KoxoHeHa 0O0BIYHO

MMPUMCHAIOTCA KOraa pacCiioJIoraroT TOJIbKO BXOJAHBIMA 3HAYCHUAMMU.

mﬂnucfpﬂmp Ceteh E!@

JaBucHMElE; K.naccel
Heaamucuraes: B3 - P2

EicTpeiii | S.I"BME‘HTbll

B ok
TN ceTy Orrena
O Mrorocnohre MNMepcarmpor (M)

E Oy =
f* PanmansHan HasucHan dyHkuva [PEF)
P

BeposTHocTHanA HelfiporHan ceTis [EHC) E [pasxa

" DfoSlWeHHaR perpeccHOHHAR HefpoHHAR ceTh [OFHLC)

)

Caroopr aHHIYAL 3ACA KapTa KoxoHeHsa
T Nuneinan ceTe

" CeTe ANA KASCTEDMASUHNA

Pucynok 9 — OkHO KOHCTPYKTOpa CETH, BKJIAJIKa OBICTPHIi
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Xots OaifecoBa ceTb OOBIYHO HAXOAUT NMPUMEPHBIA MYyTh pPEIICHUs 3aJayu,
OHa, BOOOILE TOBOpPs, HE BBIJAET pE3ylbTaT TAKOIO KadyecTBa, KaK CETH APYTHX

aApXUTEKTYP.

Cerp Ha OCHOBE paaua’dbHOM Oa3ucHOM (GYHKUMM W  MHOTOCIIONHBIN
IIEPCENTPOH SABJLIIOTCA INPUMEpPAMU HEIMHEHHOW MHOIOCIOWHOM CETU IIPSAMOTO
pacnpoctpaneHusi. Bcernma cymectByer cerb RBF, cmocoGHass umMMernpoBath
MHOT'OCJIOMHBIN IEPCENTPOH, HO ATU JBa TUIIA BCErAa OTJIMYAKOTCS IO HEKOTOPBIM

Ba’>XHBIM aCIICKTaM:

e Cepu RBF (B cBoeil ocHOBHOI (hopmMe) UMEIOT OJAMH CKPBITBHIA CIIOH, B TO

Bpems kak MLP mosxeT nMerh 0oibliiee KOJIMYECTBO CIOEB.

e OOBIYHO BBIUKCITUTENbHBIC y3JIbI MLP B CKpPBITBIX U BBIXOAHOM CIIOSIX
HCHOJB3YIOT OAHY U Ty K€ MOJEIb HEeWpoHa. BeruucnurensHbie y3iabl RBF
MOT'YT B KOPHE OTJIMSAYATHCS OT Y3JIOB BBIXOJHOI'O CJOSl U CIIY’KUTh PAa3HbIM

O CIIM.

e CkpsoIThiid cioii B RBF siBisieTcs HEMMHEMHBIM, B TO BPEMSI, KaK BBIXOJIHOU —
muHelHbIM. B cersix MLP, nmocrpoeHHBIX Ui 3afad KiacCUUKALMH, U

CKPBITBIC, U BBIXOI[HOﬁ CJIOU SIBJISIFOTCSI HEJIMHCHHBIMMU.

e ApryMeHT (QYHKIMHM aKTHUBAllMM KaXXJI0To CcKpeiToro y3ia ceru RBF
npeacrabisger coOoit EBKIMIOBY HOpMY (paccTOSHUE) MEXKIY BXOJHBIM
BEKTOPOM M IIEHTPOM paAuaibHOW (yHKUMH. AprymMeHT (QyHKIUU
aKTUBAallUA Ka)XJOTO CKpbITOro y3na cetu MLP sABisercs ckaasipHbIM
MIPOU3BENEHUEM BXOJHOIO BEKTOpPAa M BEKTOpPA CHHANTUYECKUX BECOB

JAHHOT'O HEWPOHA.

e MLP  oOecneyuBaer  TJ00AJBbHYI0  AmpOKCHUMAIMI0  HEJIMHEHHOTO
oroopaxkenuss. RBF ¢ mnomoipi0 yMEHbBIIAIOMIMXCS JIOKAJIM30BaHHBIX
HenuHelHocTe (T.e.  (dyHkmui [aycca) oOecrneunBaeT JIOKAJIbHYIO

anpOKCUMAIIUIO HETMHEIHHOTr0 0TOOpaXKEeHUsI.
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CornacHo cnencrBuro  Teopembl Konmoroposa-ApHoibaa-XexT-Hunbcena
[MoHOrpaduss Muller B., Reinhart J. Neural Networks: an introduction, Springer-
Verlag, Berlin Heidelberg, 1990.] nmoka3ano, 4ro mjis Jr000ro MHOXECTBA TMap
(X,;Y,) (roe X, u Y, - CKajspbl) CyHIECTBYET OAHOPOIHAs HEHPOHHAs CETh IIEPBOIO
MOpAJIKA C OJIMHAKOBBIMU (DYHKIHUSMH aKTUBALIMH, C OJJHUM MPOMEKYTOUYHBIM CIIOEM,
C TMOCJENOBaTEIbHBIMU CBSI3IMH W C KOHEUHBIM YHCIOM HEHWPOHOB, KOTOpas

BBINIOJIHSAET OTOOpaxkeHne X — Y, BblaBas Ha KaxAbld BXOJHOM cUTHAN X,
IIPAaBUJIbHBIA BBIXOAHOM cUrHayl Y,. HelpoHBl B TakoM HEWPOHHOW CETU IOJKHBI

HUMCTb CUT'MOUIAJIBHBIC ITCPCIATOYHBIC (1)YHK]_II/II/I

KomuuectBo ckpbrIThix ciioeB B RBF coorBercByer 1, Kak M B TpEXCIOWHOM
nepcentpoHe (BXOAHOM, CKpBITHIM, BbIXOAHOW). [losToMy mnpu TecTUpoBaHHH B
KauecTBE THUMA HEHPOHHOM CETU Mbl BBIOMpAIU TPEXCIOWHBIA MEPCENTPOH U

paauanbHy0 0a3UCHYIO (PYHKIIHIO.

Bo Bcex ciyuasx HY)XHO MOMHUTh, YTO Ha pPe3yJabTaT OOYYEHHUS CETH MOTYT
CHWJIBHO BIIMATH NapaMeTphl ajroputMa oO0ydeHus.OKOHUATENbHBIA BHIOOP 3aBUCHUT
OT TOTO Kakasi TpeOyeTcsi CKOpOoCTh BhIojHeHUs. Kak mpaBuiio, 4eM MEHbIIE CETh
TeM JoJbIle OHa oOydaercs U Tem ObicTpee oHa paboraer [12]. Camoe BaxkHOE —
BBIOPATH YKCIIO 3JIEMEHTOB B MPOMEXYTOYHOM CJIO€, YTO MOXKHO CIeNaTh Ha BKIIAJKE

Onemenmol okHa Koncmpyxkmop cemu (puc. 10a-0).

3amMeTuM, 4TO B 3aBUCHUMOCTH OT BBIOOpa TOMOJIOTMM CETH (Ha BKJIAJKe
Bvicmpuiii) BkiIaaka ¢ 3aJaHUEM IapaMETPOB CETU TaK )K€ U3MeHsercs. Eciau Mbl B
KauecTBE THIMA CETH BBHIOpaJM MHOTOCIOWHBIA MEepCenTpPOH, TO Ha BKIAJKE
Onemenmsl HEOOXOAMMO 3aJaThb KOJMYECTBO IPOMEKYTOUYHBIX CJIOEB M UCIO
AJIEMEHTOB B HHUX, a Tak *e€ (yHkuuto knaccupukauuu (puc 10 a). Ecnam xe mbl
CTPOUM CETh Ha OCHOBE paJualibHOM 0a3MCHON (PYHKIMH, TO KOJIUYECTBO CKPBITHIX
CIIOEB COOTBETCTBYET OJHOMY IIO OIPEAENCHUIO, MO3TOMY BKJIaAKa JremeHmbl
JIOMYCKaeT BO3MOXKHOCTh BbIOOpA JIMIIIb YKCIa HEUPOHOB B MPOMEKYTOUHOM CJIO€ U

Busia pyHKIMK Kiaaccudukamnuu (puc 10 6)
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a KoncTpywrop CeTteh E! Izj

JABUCHIBIE; K.nacce
Hesagucurpe: R3 - P2

BrcTpei 3 netserTil

B o
OTrena
TRATE UHGAO CHPLITEI GROEE M KORIDEET b & Bsbepite diHgso ARA WHTEBAPET T
ZASMEHTOR B LIRS CROE L3 Ll ] m I:Ir:'u.w =
Yncno crpeiTom cnoes: |1 E FYHKUMA KASCCUPUK ALMM e
K pocc-aHTponya [paesa

Uncno 3 NeMEHTOS B CEPBITOM Cnoe
Crpemei coodi 1: E51 E

- P yHELMA BEO0RA PErPeCChM

& e

| |- e

* Cymma KeanpaTos

Pucynok 10a — KoHcTpyKTOp ceTeil, BKiIaaka 3JIeMeHThI 11t cetu MLP

ﬂ Konctpytop Cetew: FULL BASE_6_0

JaBUCHMBIE: Fnacc

Hezagucumere: R3-FP2

BricTpeit 3 nemeHTERl ] BpereHHeE pAged

BH ok

W Hopmanisosars BXOaHEIE NEPEMEHHBIE M BEKTOPE! KOLWPOBKM OTrena
: i []
Crpembie 3aemetTe:  |201 B Oy - ]

P YHKLMA KAACCHBUK LA
z==z]
" Anrponua [lpasra

{* [Cytira KEAQPATOE

Pucynok 106 — KoncrpykTop cereit, Bkiajika 3jeMeHThI st cetu RBF
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ITo ycnoBuro 3a1a4u pa3MEPHOCTh BXOJHOTO BEKTOpa paBHa N, =21, mo sToMy

BXOJIHOM CJON CcOAepKUT 21 HEHpOH; YHMCIO HEUPOHOB B BBIXOJHOM CJIO€

COOTBCTCBYCT HYHCIIY KJIACCOB (Ny =5), Ha KOTOpPBIC IIPCAIIOIaracTcs paS6I/ITB

BBIOOPKY MaHHBIX. HeN3BECTHBIM SABJISETCS YUCIO HEHPOHOB B TPOMEKYTOUYHOM CJIOC
N . Jluig OLleHKHM 4uCiia HEUPOHOB C CKPBITOM CJIOE€ OAHOPOJIHOW HEUPOHHOM CETU MBI
BOCIIOJIb30BIMCH (POPMYJION T OIICHKH HEOOXOJMMOTr0 YHCIa CHHANTHYECKHX
BECOB N, B MHOTOCIIOMHOHN CETH C CUTMOUIAILHBIMH TEPEAaTOYHBIMU (DYHKIUSIMU
[Widrow B., Lehr M.A. 30 years of adaptive neural networks: perceptron, madaline,
and backpropagation // Proceedings of the IEEE, vol. 78, No. 9, September, 1990, p.
1415-1442.]:

N N N
— L <N, <N |—L+1|(N,+N,+)+N_,
1+log,(N,) "N, g g
rae N, - pPa3MEPHOCTb BLIXOAHOIO CHUTHama, N, - 4YHCIO DIJIEMEHTOB

oOyu4aronieil BBIOOpKHU, N, - pa3MEpPHOCTh BXOAHOTO CUTHAJIA.

5-6000 <

<N,<5- m+1 21+5+D)+5
1+12,6 21

OprrJISISI A0 OeJIbIX, ITOJIYIYUM

2222< N, <7746

OneHuB HEOOXOAMMOE YUCIO BECOB, MOYKHO PacCUMUTaTh YHMCIO HEWPOHOB B

CKPBITHIX CJIOAX. TaK, YUCJIO HeﬁpOHOB B HeﬁpOHHOﬁ CCTHU C OJHUM CKPBITBIM CJIOCM

COCTaBHT:
— NW
N, +N,
N, = 25? ~8 U N, = 7746 297

To ectp 85< N <297.

9KCHI/IpI/IMCHTI/Ipy51 C KOJIHUYCCTBOM DJJICMCHTOB B CKPBITOM CJIOC HU3

MOJIy4YE€HHOT0 Juana3oHa 3HadyeHud N u tunom cetu (RBF nmm MLP) npuxomum k
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BbIBOAY, YTO MHHHUMAJIBHOC 3HAYCHHC KBaI[paTI/I‘lHOﬁ OIIMOKH Ha O6yanOH_ICM

MHOeCTBe cooTBeTCTBYET ceTh RBF ¢ 251 s3nmuMeHTOM B CKPBITOM CIIOE.

B cayuae BbIOOpa IMOCTpOEHMsSI CETHM Ha OCHOBE paJualbHON 0a3uMCHOMN
¢bynkuuu nocne Haxkatus kHonku OK OTKpbIBaeTcs OMOJHUTEIHHOE OKHO BBOJIA

napaMeTpoB o0yueHus cetu (puc.l1a-6). Ha Bkianke beicTpsiii (puc. 11a)

Pagnannnan GaancHas pyHeuHA - obyuenme: FULL BASE 6_( 7 E

BrIcTpRIA l HnanEHHe] Knaccumw&auwﬂ]

oK |
- PaguaneHoe sa0aHMeE
& Oéyyamwan soifopka CTreHa |
(i K'I:F'EHHH:-: E |:|I'ILI,HH = J
PaguankHoe pacnpocTpaHEHHE 1 2
: Y nDﬂbSDBEITEJ'IFlJ
* 3anath sHaveHWE: IE,
- A53IGH
™ W zorponHoe, Macwr.; | tsis  BBIGOPKA J
(" K Gnukaliums coceded: |

Ha Bxnagke Knaccudukanms (puc.11 6)

Ha BKJIAJAKC YHAAJICHHUC IMPCAOCTABJICTCA BO3MOXHOCTL YAAJIUTH CKPBITBIC
OJICMCHTBI C MaJIbIMU BBIXOAHBIMU BCCAMH, 3dJdB IIOPOI' 1 BXOIAHBIC 3JICMCHTHI C
HU3KOM YYBCTBUTCIBHOCTBIO ITIOCIJIC O6Y‘ICHI/ISI CCTH. HapaMeTpaMI/I I[aHHOﬁ BKJIa KN
MBI HC€ 6YI[6M IMOJIb30BATHCA, TaK KdK IIOCTPOCHUEC CETU OPHUCHTHUPYCM Ha

MaKCHUMaJIbHO TOYHBIN pe3yibTar.

BriOpaB omimuu, HaxkaB OK B OKHE 3aJaHUsl MapamMeTpoB OOY4YEHHS, CETh

oOyuaercs (puc. 12)

B Woer obyuenme...: FU... |E|[g]

Nunetinan ormurusanHa [Cudr Pasn

00: 00:07

[aToEn | OTreHa
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Korma cerb oOydeHa mepen MOdb30BAaTEIEM TMOSBISETCS OKHO BBIBOJA
pesynbTatoB (puc.13). B HeM npuCYTCTBYIOT BKJIAJIKU bvicmpuiil, [JonoanumenvHo,
IIpeockasannvie, Hyscmseumenvnocme M OnucamenvHvle. PaccMOTpUM OCHOBHBIE

BO3MOYKHOCTH Ha Ka)KI0W U3 BKJIAJIOK.

Peaynbtarei: FULL BASE_6_0

ApEUTEETYRA | [poKzEon. .. | Fonrp. np... | Tect. np.. | Owwdka of... | KoHTponkeH... ] 4 |
FEF 21:21-251-5:1 0934333 0,373000 0.97EEEY 0,095273 001225

OTrieHa |

E Oouku = ‘

Haxmure 0K gna

COXPAHEHMA CaTH H

EOZEPETA B CTAPTOEWH
£ % | NaHenk.

HononezyHTe anupm

CTAPTOE O NaHeNM, YTobk
EbicTpbii l HononHurensHo ] MNpenckasaddele | HyscteumensHocTs | OnucarensHele COXPEHMTE, PEAEKTHPOE 3Tk
HNH EHOEE DE'!,I"-IHTI:- ceTk,
reHeprpoEate C waM 5WH
K0, NPHMEHHTE CaTE K
EXOAHEIM H3Y2HHAM

BrIGopkid 007 ERIBOLE PESYNETATOE

-

[ Mroru rogens NoAe30E3TENA.
HabnogeHnH . “Boe™ BRE 0T MTOMM ANA

ﬁ MpeackasaHHEE " Bee* poex EHBOpoK OTAENEHD .

[BE EBuitipars mogend |

‘ i Bre "Bie" BHEOWT PRy NETATH A0 ECex
| " Ofyyarow aq

i

M YyscreumensHooTe ‘

HT| Haa |
4 HgeHHA
[ KD PankEHa

™ TecToeag Yoanenuwe 1.1

M OnucarensHee u:TaT.‘ * [ocTpoyHoe

" Mroopuposats =
JardeHa
CPEAHHM

Pucynok 13 — OkHO BbIBOJIa pE3YJIHTATOB

B BepxHeli yacTH OKHa BBIBOJIa PE3yJbTAaTOB NpEICTaBlicHa WH(POPMAIHS O
napamMeTpax MmoCTPOCHHON Mojenu HeHpoHHOU cetu. B 6onee ynoOHOM (TabIudHOM)
BapuaHTE 3Ty HMHQPOPMAIUIO MOXHO IOJYYHTh, €CIH BOCIIOIb30BAThCS KHOITKOW

Hmoeu mooeneti Bknagku bvicmpuoiii (Tabnuna 2)

Tabauma 2 — Utoru moaenen

Apxwutekt. | I[IpousBon. | KonrponsH. | Tect. Onmb6ka | KontpomeH. | TectoBas | Bxonsr | CkpbITHIA
Cern oOyuyenust | [IpousBoaut | mpou3Boa. | oOyd. omunoKa omunoKa cioi
Pb®

21:21- 0,984333 0,978000 0,976667 0,095273 | 0,101225 0,104674 | 21 251
251-5:1
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Bocnonw3oBaBmiucey  oniued  Ilpedckazannvlie

BKJAJKU DBvicmpwiti  Mbl

Imojayvdacm Ta6JII/II_Iy JaHHBIX CO 3HA4YCHUAMH BXOAHBIX JaHHBIX (q)HHaHCOBBIX

KOC—)(I)(I)I/II_II/ICHTOB), HCXOOHBIM KJIACCOM IMPUHAMJICKHOCTH, IMMPCACKA3aHHBIM KJIACCOM,

3HAYCHUAMU ypOBHeﬁ HOBCPpHUA II0 KJIaCcCaM, 3HAYCHHAMH JJICMCHTOB BCKTOpA

KOIHUPOBKHU II0 YUCIIY BXOJHBIX IIAPaAMCTPOB U BBIHI"pBIHIHBIfI HeﬁpOH. BBIBO)I TCX

WX HHBIX TICPCUUCICHHBIX I1apaMCTPOB Ta6JII/II_IBI MOXHO 3aJaTb Ha BKJIIaIKC

IIpedckasannble OKHA BBIBOJIA Pe3yJIbTAaTOB (puc. 14)

ﬂ PezyawTtarsi: FULL BASE & 0O

M | ApHUTERTYRA

I Mpouseog, .. | Forrp. npo.. | Tect. npou... | Owubka o... | Ko ok |

12 PES 21:21-251-..  0,934333

<.

M MpeackazaHHeE

MNporHoz

W [NpenckasaHHbIE SHAYEHHA
¥ YpoeHu goEepHa

¥ BEekTop KOOHpOBKM

[v BriMrpaswHi HefpoH

0978000 0.976EE7

Eblmpblﬁ] HononnumeneHo  Mpegckasaddee | HYecTeqmensHocTe | OnucarensHele

JofagdTe B TA0NKUY pesYnETaTOE
v Hafnmogaemeie

v Hezagmcunble

| Bridopka

I MNeperettie: ]

OTrieHa |

[l Ooumu b |

Haxmure OK gna
COXPEHEHMA CETH H
EOZEPETA B CTAPTOE WH
NaHenk..

MononezyiTe onugm
CTAPTOE OH NAHENM, UTobk
COXPEHHTE, PEASKTHPOE 3Tk
MAH EHOEE OBYWUMTE GEeTk,
reHeprpoEate S waM 5WH
K0, MPHMEHKTE GaTE K
EXOAHEM 3HIYEHHAM
NoNE0E3Tend.

[EE Eritpars Mogend |

E:.S HatnmaeHKHA |

Hpaneruwe M1
{*+ [ocTpoyHoe

" 3ameHa
CPEAHMR

Pucynok 14

Ha Bknaake Boicmpuwiti onuust OnucamenvHvle cmamucmuky TO3BOJISIET BIBECTH

MaTpully omuOOK Kiaccupukauuu (Tabnmia

3) u Tabmuny pe3yJabTaToOB

knaccudukanuu (tabnuma 5). B marpuiie ommbok kinaccudukanuu oToOpaxxeHa Bcs

nHpopMamsi O TOM, CKOJbKO OOBEKTOB KaXIOTO M3 HAOIIOJaeMbIX KJIACCOB

3aBUCUMOM TMEPEMEHHOI OTHECEHO MO pe3yibTaTaM KiIacCU(PUKALMU K TOMY WU

MHOMY  KJaccy. ITo

IHaroHaJIn

II0Ka3aHO

KOJIMYCCTBO

IIPBUIIBHO

KJIacCU(UIIMPOBAHHBIX TMEpEeMEHHbIX. Takke Tabiuie ykazaH 00beM 00ydaroliei
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BBI60pKI/I. I/ICXOI[HBIC KJIaCChl COOTBCTCTBYIOT CTOJI6I_IaM MaTpHulbl, IPCACKA3aHHbIC

KJIaCChl — CTPOKaM.

Ouenb Hu3KuM | Huskuit Cpennuii Bricoknii Ouenb
BBEICOKHI

Ouenp HU3KUH | 683 20 0 0 0
Huzknit 4 1510 29 0 0
Cpennuit 0 7 1652 42 0
Bricoknii 0 0 4 523 0

OueHb 0 0 2 7 1517
BBEICOKHI

JlanHble pe3ysibTaToOB KjacCH(PUKAIMU TpeACTaBlIeHHB B Tabnuie 4.
Craructuka BbIIAETCS pa3/iebHO i o0yJarolie U TeCTOBOM BRIOOPOK. B BepxHei
4acTu TaOJMIIBI MOXKHO YBHUJETh CYMMapHbIE CTaTUCTHKU (0OIee 4YHCIo
NPEANPUATAA B  KaXJOM KJAcce, YHUCIO KJIACCU(PUIIMPOBAHHBIX MPAaBUIILHO,
OIKO0YHO ¥ HEU3BECTHO), @ B HIDKHEH 4acCTH — KPOCC-Pe3YIIbTaThl KilacCuUKaIUU B

% (Kakoi TPOILEHT MPEANPHUSATUA W3 JAAHHOTO CTOJOIA ObLI OTHECEH K JIaHHOU

CTPOKE).
Tabnuna 4
Ouenb Hwuzkuit Cpennuit Breicokuit Ouenb
HU3KHNN BBICOKHNHN
Bcero 687,0000 1537,000 1687,000 1537,000 572,0000
HpaBuibHO 683,0000 1510,000 1652,000 1510,000 523,0000
OmmbouHo 4,0000 27,000 35,000 27,000 49,0000
HenssectHo 0,0000 0,000 0,000 0,000 0,0000
% NpPaBUIBHBIX | 99 4178 98,243 97,925 98,243 91,4336
70 OUTMOOYHBIX | () 5822 1,757 2,075 1,757 8,5664
% HCH3BECTHBIX 0,0000 0,000 0,000 0,000 0,0000

W3 Tabnuibl BUAHO, YTO MPOLEHT BEPHO KIACCU(UIUPOBAHHBIX MPEITPUATUN

JUTS Ka)KJA0ro M3 KiaaccoB BBICOK: 99,42%, 98,24%, 97,93%, 98,24% u 91,43% nusa
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KJIACCOB OYEHb HU3KWUM, HU3KHUM, CPEIHUM, BBICOKMH U OYEHb BBICOKMH YPOBHHU PUCKa
knaccudukanuu. OOmMM MPOIEHT HEBEPHO KIACCHU(DUIIMPOBAHHBIX COCTaBUJI BCETO
2,367% (142 npennpustus uz 6000). Tak ke 3aMeTUM, 4TO HEKJIACCUDUITUPOBAHHBIX

MPEANPUATUAN HET.

Bo3MoxxHOCTB BbIBOJId MATPHUIbI OIINOOK KJIaCCI/I(i)I/IKaI_II/II/I U pe3yjIbTaTOB

Kjaccudukanuu 3agaercs Ha Bkiajike OnucamensHule (puc.15)

Peaynbstarm: FULL BASE_6_0

M | ADHUTERTYRA | [MpoKzEa... | Kourp. npo... | TecT. npou... | Owutka o... | K.o kK |
12 FE 21:21-251-... 0984333 0,372000 0.97EEET 0095273 01

OTreHa |

[l Ooumu b |

Haxmute OK gna
CONpAHEHKMA CETH H
EOXEPATA B CTAPTOE WK
{ } N3aHenk.
McnanezyHTe onum
CTAPTOE OH NAHENM, UTobk
EricTpRIG ] JononHuTeneHD ] MpepckasaHHels | HyEcTEMTENEHOCTE  OnMCaTENEHBIE COXPEHNTE, PEAIKTHROE 3Tk
HAH EHOEE IZIE'!,I"-IHTb- ceTe,
reHeprpoEate C WaM 5'WH
K0, NPHMEHHTE CRTE K

M OnWcarentHele cTATHOTHIM | EXOAHEIM ZHIURHAAM
NOAEZ0EQTENA.

DTofpaskaetele pesyneTaTkl

v PesynsTaTel KIACCHmME LMK [ Beitipars MDJJ.EJ'IH|

E:.S HafnoaeHKHa |

v M aTpuua owwmbor

Hpanerues M1
* MocTpouHos

(" 3amieHa
CPEAHMM

Puc.15

Ha Bxnaakxe YyscmeumenvbHocms MOIB30BATENO 10 KHOIKE IPEICTABISIOTCS
pe3yJIbTaThl aHAJIN3a YYBCTBUTEIBHOCTU B BHJIE TaOiuibl (puc 16).

AHanna yyscTeuTEnLHOCTH - 12 (FULL BASE_6_0)

RIJTRAIRE 1 12 [P a2 A ]uas[ A6 [FI ] F2  F3A]F4[Re[ L3 [1at]ua3[1Fs][F11] P2
Otnowenne.| 1,09 1,05 1,05/ 1,13 1,28 1,23/ 1,36 1,18 1.05/ 1.47 1,01 1,10/ 1,03 1.07 1.08/ 1,20/ 1.09 149 1,05 1,15[ 1.07]
Pahr. 12,00117,00[19,00) 9,00 4,00 500/ 3,00 7.00/16.00/ 2,00 21,00110,0020,00/14,00 13,00/ 6,00/11,00 1,00118,00 8,00/15,00

Puc.16

Ananms YYBCTBUTCIBHOCTH IMO3BAJLICT CACIATh BBIBOA O BAXXHOCTHU BXOJHBIX
MNCPCMCHHBIX IS KOHer’THOﬁ HeﬁpOHHOﬁ CCTHU. HpI/I HCOAXOANMOCTH MOXHO

YAAJIIUTh BXOAHYIO IICPEMCHHYIO C HHU3KHUM IT1OKA3aTCJIICM YYBCTBHUTCIBHOCTH. On
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MO3BOJISIET BBIIETUTH KIIOUEBbIE TIEPEMEHHBIE, 0€3 KOTOPBIX aHAJIU3 HEBO3MOXKEH, U
UACHTU(PUIUPOBATH T€, KOTOPbIe MOXKHO 0€3 yliep0a UCKIIIOUUTh U3 PACCMOTPEHHUS.
BooO1ie roBops OHalM3 YYBCTBUTEIBHOCTH HE MO3BOJSIET HAJEKHO OINPEACIIUTD
MOJIE3HOCTh TEPEMEHHBIX, IO ATOMY BBIBOABI O BaXXHOCTU IEPEMEHHBIX HYXKHO
JeNnaTh aKKypaTHo. PaHTM mepeMeHHbIM NPUCBAWBAIOTCS MO IMOPSAJAKY, HAdyWHAas C
MIEPEMEHHBIX C CaMbIM BBICOKMM 3HAYEHHEM OTHOLIEHUS IIAHCOB. MakcHMaabHOE
3HAYEHHE OTHOIIEHUS IIAHCOB COOTBETCBYET MepeMeHHon 1/A3, moaToMy UMEHHO ei

IMPUCBOCH PaHI' CO 3HAYCHUCM 1.

Ha Bknaake [donomuutensHo (puc 17) onuust Apxumekmypa cemu BBIBOIUT
OKHO [lapamempwvi cemu, B KOTOPOM Ha BKIajgke Habnwooenus nonvzosamens
(puc.18) mpenocraBisieTcss BO3MOXHOCTh IPOCMOTpa KJIacCU(UKALUM Ha OCHOBE
3HauYeHUN (PUHAHCOBBIX MOKazarened kaxaoro u3 6000 BUPTyandbHBIX NPEANPUATUN

MOJIETbHON 0a3kl.

Peaynwntarm: FULL BASE 6 _0

M | ApMHTEETYRS | [porzEon... | Fonrp. mpo... | Tect. mpou... | Dwudka o... | k.o ak |
1 PEF 21:21-261-..  0.9846E7 0974000 0973333 0093257 01
OtreHa |
E Onusu - |
Haxmute OK ana
COMPIHEHMA C2TH H
EOXEPATA B CTAPTOE I
£ | % | naHene.
MenanezyiTe angam

CTAPTOEOH NAHeNN, YTabk

BeICTREM  JonoaHMTensHo HDE.U.DKESBHHbIEI YyBCTEMTENEHOCTE Ell'lHCEITE.I'IbeIE1 GOXPEHHTE, PEASKTHPO EATE

MAH EHOEE OBYUMTE CeTE,
reHeprpoEate C Wan Sl
- 008, NPHMEHHTE CaTE K
] HatnoneHHe Nones0eaTana | Esf ‘ ENO/IHEIN SHIUEHWAM
noAk30 EaTena.
[paduk oTenuEa I b=l ApMTEETYRS CETH ‘
Beigpare rogent
-
-tz [oEepxHOCTE OTRAMKA
E:.S HafinmaeHua |
| |
N YpaneHwe M0
m Cozxgate Tabnnuy coficTEeHHE ZHIYEHHH
[MPHMEHARTEA TONEKD 2CAM NOCAEAHAA i MocTpovHoe
0fyURHHEA CeTk AE MANSCE CaTkH FNZEHelX
¥ " 3ameHa
KOMMOHEHT ]
CREOHHM
Puc.17
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E lMapametpoiceTn: FULL BASE_6_0 7 m

i} APRMTEKTYRA NpoHsEOOMTENE. .

PEF

ApxuTerTypa  HatinopeHwe nonbsosaTend

K.oHTp. npousEo...

Tecr. npowz6ox. ..

Dwwaka obydeH... | Ko

[.035273

Ha nanHOM BKJIaJKe €CTh BO3MOXKHOCTH BBOJAa HOMeEpa HAOMIOJECHUS WM
JaHHBIX (PUHAHCOBBIX TOKa3zaTesied aOCOJIIOTHO HOBOIO MPEANPUSITHS, COTJIACHO
KOTOpBIM OyJeT Mpou3Be/eHa Kiaccu(uKkanus Ha OCHOBE MOCTPOCHHOM HEWPOHHOU
cetu. Ha Bxiagke Apxumexmypa BBIBOOUTCS apXUTEKTypa IIOCTPOCHHOW CETH
(puc.19) ¢ ykazaHueM akTHUBALUU KaXJ0T0 HEHpOHA JIJIsl TOrO HAOMI0eHUs, KOTOpOe
ObUIO BBHIOpAaHO WMJIM 33J]laHO Ha BKJIaAKe /Jononnumenvno. VIHTEHCUBHOCTb OKpaca
HEHPOHOB COOTBETCTBYET WX AKTUBALMSIMH, MOKa3blBas BU3YaJbHYIO WHIUKALUIO
aKTUBHOCTU CE€TH. BHIHO, 4TO Ha BBIXOAHOM CIJIO€ TOJIOKUTEIbHAs aKTHBALIUS

TOJIbKO Y OJJHOTO HepoHa (TEeMHBIA OKpac), KOTOPBIA U ONpenessieT ypOBEHb OUYEHb

HU3KUHI PUCK.
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OTreHa I
i | Bmog b D SHOEMTE 1
R3 -0,006943 [®] O
[=F1 -0,000921 BrogHoe Hatn: |1 @ ]
R& 0.097834 =
L1 0.295239 ] 3Hauerme nonksoe. | BH Beispars monew ]
L2 01856594
F1 0534052 ey
a2 0495289 YaandTe NparaHe | LE3 ApMUTEKTYR CETU ]
A4 0,314185 3 - ]
1445 0,233200 =
&h 1.661858
F1 1198267 Ebigenurs
F2 0072073 SETHEALHID LLEETON
F3 0136159 3
F4 0.0847593 Bevaia {1_@

Puc.18



ﬂ [MapameTpol cetH: FULL BASE_6_0

N | ApxdTerTypa MNpouseoamMTens... | KodTp npouseo.. | TecTt. npodssod... | OwwSka ofyveH... | Ko

i 2l2ol | [.984333 0095273

ApsurerTypa | HatmogeHue nonssosarens

OtmeHa |
[&] Onumm = |

@E BriSpate rone ‘

i ApsMTEKTYPA CETH |

w
mEn

Bre cetu |

=
mmn
*

Brmende
AKTHEALMID LEETOM

BxooHoe Hatin.: I'l_ @

Puc.19

Haxatne kHonmku Ommena BEPHET HAacC B OKHO pE3yJIbTaTOB Ha BKIAJIKY
Jlononnumenvro. Tenepb paccMOTpuUM onuuio Habnwoenus nonvzosamens NTaHHOU
BKJIAJIKK, MpH BBIOOpPE KOTOPOM BBIBOAMTCS OKHO [lpoenos 0ns HabnoldeHus

noavzosamens (puc. 20), coneprkaiiee 18€ BKIAIKU: boicmpuli U /JonoanumensbHo.
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E [NporHoa gna HaBnwae HWA noab3opatena: FULL BASE 6 _0 E

M ApdrerTypa | MNpodzsogW.. | Kodtp npo.. | TecT npod.. | Owwékaof.. | Kodtpoasd.. | T
12 FE% 21:21-.. 0984333 0.373000 0.9766E7 0035273 010225 0.

< >

Bricrpeii | dononHumensHo

OTreHa |
Bxog A BrenpeackazaHHes
Ra -0.008943 B E O numm =
R4 -0.000521 : | ‘
R& 0091834
L1 0,395239 mﬁ Britpare rogem |
L2 0,185E94
F1 0534052 BxogHoe Hatin.: |1 @
A2 0,495289
Ad 0,314185 MporHaTs Tekywee |
1445 0233200 —
&5 1.661858 ] JHaveHuE nonbsos. |
F1 1,198267
Fz2 0072079
F3 0,135159 CMMCTHTE MporoHEd |
! 0084793 jus’
Puc.20

3necb MOXHO JIMOO 3aJaTh TI0JIb30BATEIIbCKUE 3HAYEHUs (PUHAHCOBBIX
nokasarenei (KHomNKa 3HaueHus noavzosameis), TMO0 UCHOJIb30BaTh MMEIOIIHECS,
yKa3aB HOMEp HaOJIOJICHHs B TEKCTOBOM ToJie Bxodwoe wnabnodenue. Onuus
IIpocnams mekyujee TNO3BONSET KiIacCU(UUUPOBATh 3alaHHOE WJIM BbIOpaHHOE
HaO0JI0/ICHHE COIJIACHO MOCTPOEHHOM Mojenu HedpoHHoM cetu. [locie «mporona»
CTaHOBUTCSl aKTHBHOW KHOMKa [IpedckazanHble, TIPU HAXKATUM KOTOPOU BBIIAETCS
Tabnuua ¢ pesyiabratamMu kiaccupukanuu. CocraB BAAHHBIX B TaOJIUIE MOXHO
KOpPpPEKTUPOBAaTh IMyTeM BHIOOpAa COOTBETCTBYIOIIMX JJEMEHTOB Ha BKJIAJKE
Lononnumensno (puc.21): mpenckaszaHHbI ypoOBEHb pUCKa OaHKPOTCBA, YPOBHH
JOBEpHUsl IO KjaccaM, BEKTOp KOJWPOBKM BXOJHBIX MapaMeTpPOB, BBIMTPABIIUN
HEHpPOH, BXOJIHBIC 3HAYCHUS MapaMeTpOB. 3aMETHUM, YTO JOBEPUTEIbHBIC 3HAUCHUS
HENb3sl HMHTEPIPETHUPOBATh KaK OICHKH BepoATHOCTeH. Ecim OHM BBIXOAAT 3a
Ipenenbl TOPOTOBBIX 3HAYECHHMU (KJacc He Mpeacka3aH), TO YPOBHH aKTHBAIMU

OTpaXarT HC BCPOATHOCTb IIPHUHAIJIC)KHOCTH K KJIACCy, a MCpPYy OIIINOKU
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KHaCCI/I(I)I/IKaI_II/II/I. I[JISI BCCX HpeI_[HpI/ISITI/Iﬁ TECTOBOM BBI60pKI/I JOBCPUTCIILHBIC

3HAYCHHS HE OOJIBbIIE HUKHETO npeaciia njii HE MCHbIIC BEPXHETO. 910 3HA4YUT, 4YTO

YPOBHHU OOBCPpUA OTPAKAKOT IPHHAMICKHOCTE IPCANPUATHA K YPOBHAM PHCKaA

HEIJIATEKECIIOCOOHOCTH.

ﬂ [NporHoa gaa Habawage HMA noapaoearenn: FULL BASE_6_0

)

BricTpeift  onoaHqTEnsEHD

Tun[el] NporHoza

¥ MMpenckazadHoe
¥ YpoBHW goEepHA
v BekTop KogWpoekd

¥ BreMrpaswmi HeiipoH

T ake B TaAMUE
[v Brogsl

v EDHDEIHHTI: FMHO#ECTEEHHEIE NQOrHOSE E
EbIXOAHON Tl nHLE

M Apwurertypa | Mpouseogd.. | Kodtp. npo...
12 PE9 21:21-.. 0984333 0.973000

Tect npou... | Owwkaof.. | Kodrponed.. | T
0976667 0.095273 0aM225 0.

OTtaeHa |
[®] Onumu - |

[ZE Buitpare mogemu ‘

Puc.21

Tak e wuMeeTcs BO3MOXHOCTh HAaKaIlJIMBaTh «IIPOTrOHBD» PA3JINYHBIX

HaOMIOJEHUI U BO3BpalllaThcs K MX pe3ysbTaTaM Mo KHomke [lpedckazamnnvie. B

cllydyae HEOOXOJIMMOCTH BCE PE3YJIbTAThl «IIPOrOHOB» MOTYT OBbITh yHaJieHbl MpU

HCITIOJIB30BaHUM OIIINHNH Ouucmumo NnPOcOHbL.

M1 pacCMOTpECIin BCC BKIAJAKH OKHA BBIBOJA PC3YJIbTATOB HeﬁpOHHOﬁ CCTH

(cM. puc.14), B KOTOpoe MBI MOKEM BEpHYThCs, HaxkaB OTMeHa B OKHE MPOTHO3a

H&6HIOI(CHHﬁ I10JIb30BaTCJIA.
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JlJis MOBTOpPHOTO OOpallleHHs K MOCTPOEHHON HEHMpOHHOH ceTu HeoOXOIUMO
CHay4aJio cOXpaHuTh (ain ceru Ha BkIaake Cemu/Ancamobiu okHa Hetiponnvle cemu

(puc.22), a 3arem BBIOpaTh 3TOT CO3AaHHBIN (aitn mpu nmomMonu onuuu Omrpsvims

Qaiin cemu.
HeHpoHHbie CeTu: FULL BASE_6_0 T E
BrogHblE, BEIMOAHEIE NEpErEHHEIS Tun NepereHHBI
JaEMCHMBIE;  Fnaco HenpepbiEHEIE; R3-F2
Hezaeucumers: B3-P2 K.areropuaneHele:  Knacc
Eblmpblﬂ HononHuTensHD  CetuddHcamtnu l
— K
CoMpaHUTE haiin CeTH KakK. .. | = OTEpEME alin ceTH ‘ |
s i OTrena
CoXpaHMTE aiin ceTH | Pabin cerw: FULL |
CeTi: WToru no cerar | E Opwm = |
M | Enok | OTH... | ApEHTEKTYRS | MNpousEod... | KoHrp. #
1 ] kM 21:21-15-5:1 0,332000 0.350E
2 1] Mnednan 20:20-.. 0908333 09020
3 0 Munednan 21:21-.. 0903667 0902E
£ ?
AHCaragm; St |
M | B ok | ApsTerTypa | MNpovseog... | FoHTp. npo... | Te
= Oatnee |
£ | >
- Wyl & 6|

Puc.22

[TocTpoeHHYI0 CETh MOXHO HCIIOJIB30BaTh IS CO3AAHUS MPOTrPAMMHOIO
MOAYAs Ha JIOOOM s3bIKE TNporpaMmupoBaHusg. Jias 3Toro HeoOXoauMo
MCIOJIb30BaTh JaHHbIE BECOB HEHUPOHOB Kaxaoro cios. JlaHHble MOTYT OBITh
Nepenucanbl BPYYHYIO B KOXKIYI0 IEPEMEHHYIO CO3JJaHHBIX MacCHUBOB, & MOTYT OBIThH
3aHeceHbl B (ailil Mpu MOMOIIM (PYHKIIMU FeHepaliy Koja BKIAJIKU JOMOJHUTEIbHO
(cm. pwuc.7). Hamu Obul co3maH TMPOTPaMMHBIN TPOAYKT C HCIOJIB30BAHUEM
MOCTPOEHHOW HelpoHHON ceTu. Ero paboTy MOXHO NpOTECTHMpOBaThH Ha caiiTe

nabopaTopuu CTaTUCTUUECKUX UccaeaoBanuii statlab.kubsu.ru.
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