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1. BseAeHMe 

0CHOBHOH oco6eHHOCTbIO HelipOHH<l>OpMaTHKH, KaK HOBOH TeXHOJIOrHH . 

Bbl'IHCJieHHH, llBJllleTCSI npeACTaBJieHHe pemeHHSI 3aJ(aqH npH IlOMO~ HeKOTOpOH 

<l>Y~OHHpyrora;eli BO speMeHH AHHaMHqecKOH .CHCTeMbl. MOAeJIH AHIDlMJllleCXHX 

CHCTeM, penaK~HSI KOTOpblX MOiiceT npHBecTH K OCNHCJieHHblM pe3yJlbTaTaM (pac­

II03HaBaHHe 06pa3os, npHHSITHe pemeHHli B yCJIOBHSIX HeonpeAeJieHHOCTH H AP·> 

HCII0Jlb3YIOT HeKOTOpble oco6eHHOCTH 6HOJIOraqecKHX HeHpOHHblX ceTeH (MHOf'OCJloii-

HaSI apXHTeKTypa, noporoBOCTb HeilpOHOB, HeJIHHeHHOCTb CHrMOHAHOH QJYHKQJUI, 

CBOHCTBO Heii.poITJiaCTH'IHOCTH HAP->. Iloc:rpoeHHe pa3HOo6p'a3HblX MOAeJieH HCHJ>OB­

HblX CeTeH H HX o6yqeHHe peweHHIO MHOJKeCTBa npHKJiaAHblX 3aAaq I103BOJISieT c oAlmA 

cropoHhl nony'IHTh 6onee 3<1><PeKTHBHhle anropHTMhl, a c APYrDH - JJy<Jwe noesn. 

oco6eHHOCTH <l>YHKl.(HOHHpOBaHHSI npHpOAHOro Bbl'IHCJIHTeJibHOro ycTpOHCTBa - ?'OJIO­

BHOro M03ra [1.1]. )'.(;rsi <l>H3HKOB H3y'leHHe AHHaMH'leCKHX npou;eccoB B 60.lllolDJIX. 

CHJibHO CBSI3aHHblX HepaBHOBeCHblX CHCTeMax, KaKHMH SIBJISIIOTCll ueii.pOHHble CCT11, 

npeACTasnsieT HHTepec cai..io no ce6e [1.2]. 

IlpaKTH'leCKH see HCCJieAYCMble H HCI10Jlb3YCMble MOAeJIH HeHpOHHblX ceTeH CBll3a­

Hbl B OCHOBHOM c Bbl6opOM HCKOTOpblX qaCTHbIX CTPYKTYP c H3BCCTHblMH CBOHCTBaMH. 

B HaCTOSIID;CH pa6oTe paccMaTpHBaIOTCSI HaH6onee nonynsipHbie MOACJIH - peKyppeHT­

Hble CCTH THI1a Xon<t>HJIAa H MHOroCJIOKHble nepceITTpOHbl. IloApo6noe OnHcaHHe 

CTPYKTYPhl H AHHaMHKH MOAeneii npHBeAeHo s nepsoii <Jacrn npenpHH:ra [ 1.3] . BTopas 

'laCTb IlOCBSllJ.ICHa B OCHOBHOM sonpocaM o6y<JeHHSI HeHpOHHblX CeTeH - KJIIO'leBOMY 

3JICMCHTY H 6HOJIOrH'ICCKHX H HCKyCCTBCHHblX cbeii, HaH6onee TPYAHO no,11J.1aromeMy-

CS! I10Hl1M3HHIO H MOAeJI11pOB3HHIO. 

06y'leHHe Xon<t>HJIAOBCKHX CeTeH, 33KJIIO'laeTCSI B TaKOH MOAK<l>HKau;1rn MaTpHl.(bl 

ueii:pOBHblX CBSIJeH, '!TO HeKOTOpb!e BblACJICHHbie COCTOSIHHSI ceTH (npOTOTl1Ilbl) OKa-

3b11!3lOTCSI HHBap11aHTHhlMl1 OTHOCHTCJJbHO AllH3MllKl1 ceTH H, KpOMe 1oro, 3Tl1 COCTO­

SIHHSI "np11Tsir11Ba10T" ;io onpe:;eneuuoH: CTeneu11 HCKalKCHHble npoTOTHilbI. Pa3Mepb1 

3THX o6naCTeii. np11TSIJKCHHSI orpaHH'lCHJ,l 113-33 npHCYTCTBllSI JJOJKHbIX aTTpaKTOpOB, 

npeACT3BJ1SIIOIIJ;HX co6oH: CHJlbHO nepeMellleHHble pa3JJH'lHbIC npoTOTHilbl 11 HHBepCHble . 
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IC HHM COCTO.llHH.11, a T31ClKe, H3-33 nepelCpblBaHH.11 o611acreii 3TTpalCTHBHOCTH, COOTBeT­

CTBYIOIIU!X MhTCpHaTHBHblM npOTOTHilaM. IlpeJVIOlKeHHWi 3.rap'Alfep aJiropHTM HTC­

paTHBHOro ooyqeHH.11·, IlpHB0,11.llID.HH IC 3CCHMeTpH11HblM MaTpllll3M CB.llSeii:, Il03BOJI.lleT 

peryJIH}>OBaTb "CHJiy" npHT.lllKeHH.11 IC IlpoTOTHilaM (BeJIHqHHY JIOKallbHOro IlOJI.11), 

O'AlfaJCO Bonpoc o xapaKrepe H3MeHeHH.11 ofuiaCTH aTTpaKTHBHOCTH npH yBeJIHqeHHH 

napaMeTpa CTB6H.llbHOCTH ,110 CllX nop OCTaeTC.11 B 3Ha'IHTCIIbHOH creneHB OTICpblTNM. 

Bo BTOpoii rJiaBe npe,llilpHH.llTII noIIHTXa ICQJIHqecrBCHHOro HCCJIC,llOBaHB.11 H BH3Y­

aJJ.H~ 4>YllJU(HOHBpoBaHB.11 aJiropHTMa 3.rap'Alfep B 33BHCHMOCTH OT 3HaqeHH.ll 

ynpaBJI.1110114ero napaMeTpa lfCTeneHH HCKalKeHHOCTH i}acnosHasaeMblX o6pa30B. Ilpo­

Be,11eHa TeopeTuqecJCa.11 011eH1Ca npe,lle./lbHl\lX sHaqeHHii napaMeTpoB, OllCH,llaeMNX 3Ha­

qeHHii OlllH60IC paCil03H3BaHH.ll H BpeMeH ooyqeHB.11. 

TpeTb.11 masa IlOCB.llIIJ.CHa cpaBHHTeJibHOMY HCCJie,llOBaHHIO 0,llHOro KJiacca ooyqa­

!Om;HX aJiropHTMOB nOCJie,11osaTeJI&HNX CeTeii (MHorocJioHHl\lx nepcernpoHoB) . Cpe,llH 

paccMaT{lisaeMNx qer&lpex MOJIH$HKa11Hii: MeTO,lla CJiyqaifHoro IlOHCICa c B03BpaTOM 

npH Hey,11aqHQM mare:111aHOOJiee 6NcrpyIO CXO,llHMOCTb ooecneqHBaeT BHOBb IlpeJVIO­

llCeHHblii: aJiropHTM, onepHpy!OID.HH c napaMeTpaMH IC3llC,llOro OT,lle./lbHOro HeiipoHa 

(O,llHOH H3 JIHHHH B B CJIOllCHOH pa3,lleJI.llIOIIJ.eH IlOBepxHOCTH). TaM lKe B 1CaqecTBe 

npocroro TecTil JVI.11 CpaBHeHH.11 pa3JI~X MeTO,llOB 06yqeHH.11 npeJVIO:XeHO i:i:cnoJib-

30BaTb O,llHO-, JIBYX-, H TpeXMecTHble 6yJieBN.$ylllU(HH. 

B qeTBeIJTOH maBe paccMOTpeHo npHMeHeHHe HeHpOHBOH TCXHHICH IC pemeHHIO 

33,llallH o6pa6oTKH JlaHHliX peMbHOro 4>H3H'lec1Coro 31CC.nepHMeHTa - IlOHCICY JIOICaJib­

HblX HCTQqHfflCQB y - KBaHTOB oqeffb BblCOKHX 3HeprHii qepe1~IC:OBCICHM TeJieclCOilOM 

YHililJIOBCICOH o6cepsaropHH (CllIA) . IlpeJVIOllCeHHblii: HOBN.ii: THn ue.n:eBOH 4>YHKLIHH 

fl03BOJIHJI anOCTepHOpHO OflTHMH3Hp0BaTb 4>oPMY HaHJlyqme}i 0611aCTH Bbl,lleJleHH.11 

CHmaJia (y- KJiaCTep) H YBeJIHqffTb JIOCTOBepHOCTb CHrHaJia OT Kpa6oB11,11HOH TYMaH­

HOCTH no cpaBHeHHIO c paHee npHMeH.llCMblMH MeTO,llaMH. 
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2. ~kcneAOBaHMe B03MO.>KHOCTM ynpaeneHM;. o6naCTblO 

aTTpaKTMBHOCTM B peKKypeHTHblX ceTSIX 

3a nOCJie,lllIHe OOAN MOJleJl.llM pexxypeHTllblX HeiipoHHblX cereil Xon$11.11AOBC1toro 

THIIll [2.1] 6w10 IlOCB.llIIJ.eHO He~o pa60T, B OCHOBHOM HCCJie,llylOinllX OOID.He BOll-

pocbl onpe,11e.n:eHH.11 MaJCCHMaJibHOH eMKOCTH ac ' ee 33BHCHMOCTH OT KOppenxpoBaH­

HOCTH 00pa30B (2.2] HOT aJiropHTMa IlOCTpOeHH.11 CHHllllTH'lecK:Oii: MaTpHD;i>l (2.3, 2.4) 

HT .JI. B repMOJIHHllMH'lecKOM npe.n;e.n:e, T.e . KOr,113 llHCJIO CilHHOB N 6ecx.0He11HO BCJIHKO. 

B TO xe BpeM.11, onpe,11e.neHHblii: HHTCpec npe,11CTBBJI.11eT H3yqCHHC CBOHCTB CllCTCM c 

KOHeqftblM llHCJIOM CllHHOB H B,llaJill OT TQql(H IDlCHIIJ.eHH.11 llllMilTlf (a < < ac). Tu, 

HanpHMep, 6xo11oreqecKHe CHCTe.Mbl ,11eiiCTBy10T B,AllJIH OT TQqJCH HaCNIIJ.CHH.11. KpoMe 

roro, B 60JibmHHCTBe IlpaKTHqecKHX 33,113q CTOHT BOnpoc 0 paMHqeHHH JIBYX aJihTCp­

HaTHBIIYX 1toe<Pxry~: eanpHMep, peracrpa~. CHl'HaJUI Ha ypoBHC lll)'M8 [2.S]' 

KOrAa 34>$eKTbl, CB.113aHHl\le c H3Cblll{CHHCM IlaM.llTH, He BllH.llIOT Ha IlocrpocHBC 

MaTpHD;l>l B3axuo.n;eiiCTBH.ll {/} . TaKllCe aKT}'aJibHbl BOnpoclil pacnos~ o6pa30s 

npH HaJIH'IKH KOHellHOro aJI$aBHTa (IlpoTOTHilOB) . OTMCTHM, qro A1UI CJIY'lll.ll JIBYX 

o6pa30B, llHCTO KOM6HHaTOpHl\lMH MeTo,llaMH MOllCHO paCC'lllTaTb, KaKOB 6y,11CT npo­

J:lCHT OlllHOOK np11 pacn03HasaHHH, H, TaKHM o6pa30M, Ol{eHBTb TOT HJIH ,11pyroii. 

aJiropH'IV C llpaKTH'ICCKOH TOqKH 3peHH.11. . 

c JIPyroH cropoHbl, OCTaeTC.11 MHOllCecrBO OTKplilTblX BOilpOCOB, CB.1133HllbiX c onpe­

,11e.n:eHHeM pa3Mepos o6Jiacreii aTTpaKl.IHH H HX ynpaBJieHHCM. HanpHN.ep: CKOJibKO 

o6Jiacreii aTTp3KLIHH cym.ecTByeT B cera nOCJie ee o6yqem1.11? KaK sasucHT Bepo!ITHOCTb 

oDIH6oquoii: JLJiaCCH$11K3UHH OT MropHTMa ooyqeHH.11 CeTH? 

B HaCTo!llll;eii. pa6ore npoBo,11uTCii H3yqeuHe BJIHllHH.11 ic:oppe.niiuKH MellC,lzy o6pasaMH, 

CTellCHH HCKall:CHHOCTH o6pa30B (ypoBeHb myMa) H, TaK Ha3111BaeMOl'O, napaMeTpa 

CTB6H.llbHOCTH 3.fapMCP H HeKOTOpblX JIPYI'HX 34>$eKTOB Ha Ka•IClCTBO o6y'ICHH.ll H 

pacnosHaBaHH.11 o6pasoB. 

OcHOBHoe BHHMllHHe y.t1e.n.11eTC.11 HCCJICJ:IOBaHHIO H "BH3yaJIH33D)UI" oMacTH aT­

TPaJCTHBHOCTH o6pa30B (NHOllCeCTBO uaqaJihHblX KOH$Hrypal.IHH, peJiaKCHJ>YIOmHX K .. 
s 



o6ylleHHOMY 06pa3y) H "ynpaBJieHHll" Ben:HllHHOH 3TOH o6JiaCTH B npon:ecce o6y-

lleHIDI. 

PaccMaTpHBaercsi · CTaHAaj)THall MO,lleJib XompHJl,lla H3 N noJIHOCTblO CBll3aHHblX 

CnHHOB (a; = ± 1) c penaKca11Heii: npH Hynesoii: TeMnepazype 

a;(t+l) = 6(h,~t))1 
(2.1) 

r,11e 6(x) = 
0 

if x<O - cryneHllaTU 4>ymmHSI a h;(t)-JIOKaJibHoe none, ,11eHCTBy10mee 
{

l if x>O • 

Ha i-Tblii: CllHH Ha (-TOM mare. 

h;(t) = L 1;pf..t) 
; .. ; (2.2) 

06ylleHHe CeTH COCTOHT B IlOHCKe TaKOH MaTpHIJ.hl B3aHMO,lleHCTBHSI {/}' llT06bl 

aapaHee Bb16paHHble o6pa3b1 {;} OKa3aJIHCb cra6HJibHbIMH TO'IKaMH CHCTeMbl, T.e. 

a;(t+l) = a;(t) 

CaMy pen:>xcallHIO CHCTeMbl, B npHHn:HJie, MOJKHO npOBO,llHTb TpeMS! IlYTllMH: 

I) o6HOBMITb see CilHHbl CHCTeMbl B COOTBeTCTBHH c yCJIOBHeM ( l) O,llHOBpeMeHHO 

' 
(napaJIJieJibHall ):IHHaMHKa); 

2) cosepmaTb o6xo,11 cHCTeMbl B KaKOM JIH6o onpe,11eneHHOM nopSl,llKe nOCJieJIOBa-

TeJibHO; 

3) s1>16HpaTb 06HoBJIS1eMble cllHHbl CJiyllaii:HblM o6pa3oM. 

B CBOHX pac'leTaX Mbl Il0Jlb30BaJIHCbTpeTbHM MeTO,llOM, T.K. nepBblii: llaCTO IlP!filO,llHT 

K oc~, a AJill ·BToporo HeT HHKaxHX ecreCTBeHHblX npHllHH npe,llllO'ITeHHSI 

Toro HJIH HHoro nopSl,llKa o6xo,11a ):lpyroMy. 

JI.rui nocrpoeHHS! MaTpHIJ.hl {/} 6bVIO Ilpe,llJIO:S:eHO HecKOJlbllO anropHTMOB, JlOTOpH.e 

yCJIOBHO MO:s:HO pa3,lleJIHTb Ha )1,113 )[Jlacca. 

B nopBOM H3 HHX o6y1JPBHC npoBOAHTCll Or,HOBpeMeRHO ,llml BCCX CBJllCH H BCCX 

o6pa30B, npHCBoeHHCM CBll3SIM /;;o~eJICBHHX 311311eHHii:. ~ IlpeACTaBHTe-. 

neM 3TOro MaCC't llBJllleTCll anropHTM Xe66a [2.6). 

p 

/;J=""i,~~r 
p=l . 

(2.3) 

l',llC I' ll}'MCPYCT o6pa311.a P BX 11J1C1,19. 
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3TOT anropHTM xopowo pacn03HaeT /111Wb OpTOrOHaJibHble o6pa~bl, B CBSl311 c 'leM , 

,II/Ill KOppenHpOBaHHblX o6pa30B 6bl/I npe,llJIOl!CeH T.H. nceB).10-HHBepcHblH anrop11TM 

(2.3]. (llHCJieHHOe HCC/le).IOBamt.e B [ 1.3] 

P I 
I;; = L - flt ~ ; 

v,µ= ICµv 

N 
Cµv = L flt fj ! N . (2.4) 

i=I 

BTopoH. KJiacc-3TO noCJie1-1osaTen1mo o6yqa10mHe SJiropHTMbl, Kor1-1a cssi3H noCJie-

1-1osaTeJibHO o6HOB/ISllOTCSI 

J}j+I) = J~jl + 6..1;; (2.5) 

BnJIOTb ).10 BblilOJIHeHHS! yCJIOBHSI 3.rap).IHCp 

Yf=fltr/t l jlij >G; i = I.. .N , µ = I.. .p (2.6) 

(N ) V2 

I 1; I = ~~/i . 
0TMeTHM, llTO XOT51 BO MHOrHX anropHTMax IlOHllTHe napaMeTpa cTa6HJibHOCTl1 

OTCYTCTByeT, ·KalleCTBO pacn_03HasaHHS! onpe).leJI51eTCll pacnpe1-1eneHHeM Yi (KpOMe TO-

ro, BalKHYIO pOJib HrpaeT eme H CTeneHb CHMMCTPHH MBTPHU:bl CBSl3eii (2. 7]). 

B H3CTOS!W:CH pa6oTe Mb! HCilO/lb3YCM sapHaHT anropHTNa rap1-1ttep, B KOTOpOM CBSl311 

o6HOB/IRIOTCll COrJI_aCHO 

6..1;; = { tjf ~ if G > YI 
0 ifG<,f;'. 

(2.7) 

Ha KaJKAOM mare o6ylleHHR AJill scex o6pa30B nooqepe,11Ho CBll3H o6ttOBJIRJOTCst s 

CJiyllaHHO Bb16paHHOM nopll,llKC. 06yllCHHC npOBO,llHTCll BnJIOTb ,110 BblilOJIHeHHll (2.6) 

,llJlll BCCX CilHHOB H o6pa30B. CKOppeJIHposaHHOCTb o6pa30B 6y1-1eM H3Mepl!Tb paccTO­

RHHCM XeMMHHra. 

dH(~, ;v) = (1 - -~ ~;YIN) /2 
1=l 

(2.8) 

KOTOpoe MeHJICTCR OT 0 ,II/IS! O,llHHaKOBblX ).10 I ,II/ISi B3aHMHO-HeraTHBHblX o6pa30B. 

lIHCJieHHble paclleTbl npoBO).IHJJHCb c nOMOll(blO 6yKB JiaTHHCKOrO an<t>aBHTa Ha 

pemeTKax lOxlO ( a=l - KJICTKa_3attstTa, a;,-! - KJICTKa nycrasi) . IloCJie o6y4CHHll 

7 



MaTplH\bl, CHCTeMe IIOO'lepe11HO rrpel{bS!BJISIJIHCb HCKaJKeHHble 6yKBbl c 3a11aHHblM 3a­

paHee my MOM x (rrepesepHyTo N CJiy'laiiuo sb16paHHbIX crrHHOB). BeposiTHOCl'b 

OIDH6KH Perr(G, X) Bbl'IHCJIS!JiaCb KaK OTHOIDeHHe OIDH60'IHbIX paCII03HaBaliHH K 

o6w,eMy \IHCJIY rrpe/lbSIB~eHHH HCKaJKeHHb!X o6pa30B (100 3KCIIepHMeHTOB AJISI KalK~ 
/\OH KOM61rna11HH napaMeTpOB, lllYM uaKJia/lblBaJICSI OT 10 110 40%). 

0TMeTHM, "!TO omH6KH 6b1Ba!OT 2-x po11os: 

l. PeJia Cal\HSI KOHqmrypal\HH, IlOJiy'leHHOH H3 01\HOI'O o6pa3a HaJIOJKeHHeM rnyMa, 

K 11pyr0My o6pa3y. 

2. PeJiaKCaU,HSI K TaK Ha3bIBaeMblM JIOJKHbIM o6pa3aM. B CBOIO ot1epe11b JIOJKHbie 

o6pa3bl MOJKHO pa36HTb Ha 2 BH/la: 

nepBbIH BH/I - KOHqmrypal\HH, noJiy'leHHbie JIHHeHHOH KOM6HHa11Heil 06yt1eHHblX 

o6pa30B (H HX HeraTHBOB, KOTOpbie TaK JKe SIBJISllOTCS! ct>HKCl1pOBaHHblMH TO'IKaMH 

1111HaMl1KH CHCTeMbl; 

BTOpoil BH/I - KOH<t>Hrypau,11H, He CBSl3aHHble c HCXOl\Hb!MH o6pa3aM11 mrneilHbIM 

npeo6pa30BaHHeM, KOTOpbie, 01\HaKO, TaK JKe y11osJieTBOpS1!0T ycJIOBHIO y;> 0. 

(HanpttMep, eCJIH CBSl311 J;j nocne o6y'leHHSI HMeJOT npeHMyw,ecTBeHHO 01111HaKOBblH 

3HaK, CHCTeMa MOJKeT penaKc11posaTb K COCTOSIHHIO ct>eppoMarueTHKa HJIH aHTttct>eppo­

MarHeTl'IKa B 3aBHCHMOCTH OT 3HaKa CBSl3eil). 

PaccMoTpHM npo11ecc o6y'leHHSI 2 -x o6pa30B {~ 1 } H {~2} c Hynesoil MarueTH3al\Heil 

<!!' > ~ 0) 11 paccTOSIHHeM XeMMttHra d < l /2. Pa3o6beM N cnHHOB Ha 11se rpynnbJ. 

B rpynne A, COCTOSIW,eii: H3 N (1-d) CIIHHOB, co6paHbl Te H3 HHX, KOTOpble B {~ 1 } H 

{~2 } cosrra11a10T (dA = 0)' B rpynne B (Nd CilHHOB) co6paHbl CIIl1Hbl, HMe!Olll,He 

npoT11sononoJKHb1e 3HaKH a pa3n11t1HbIX 06pa3ax (rpyrrna B o6pa3yeT HeKttil no1106pa3 

B {~I} H ero Hera TH BOB B {e} ) . 3HaKOM "+" noMet1eHbl o6JiaCTH c ~ = + l ,a "-" - c 

~ = - l B o6pa3e {~ 1 } . (}],JISI y1106crna Mbl MOJKeM nepeHyMeposaTb CilHHbl) CM.pHC.2. l. 
. N 

06yt1eu11e Ha'!HeM c HatJaJibHOH MaTpHl\bl {J(O)} c HyJieBblM cpe/IHHM ( 2: 11P> = 0) 
i>'j 

11 e1111u11t1ttoii c11MMeTp11eil 1)pl = 1)Pl. 

ITp11 KalK/IOH 11Tepa111111, cornaCHO aJifOPllTMY (2.3) CBS!3H MelK/IY cn11HaM11 npH 

HeBblIIOJIHeHHll yC.ijOBllSI (2.6)' B 3aBl1CllMOCTll OT HX np11Ha'A)leJKHOCTl1 K TOH HJI11 llHOH 

rpynne, 11JMeHS110TCS1 ua sen11'lllHbI, yKa3aHHble a Ta6nH11e 2.1. 

8 

Ta6111111..(a 2.1 

/Vii A+A+ A+A. 

{l;l} 1 -I 

{1;2} l -I 

N(l-d) 
{~.}~ 

A. A 

{ ~ 2 } 
P111c.2.1 

A+B+ A+B. A_A_ A_B+ 

I -I 1 -I 

-I I I I 

Nd 

B. B 

A_B_ B+B+ B+B. B_B_ 

I I -I 1 

-I I -I I 

0TMeTllM, '!TO XOTSI caM MeTO/I o6HOBJieHHSI CBS!3eH HeCHMMeTpH'leH, TeM He Mettee, 

eCJI11113MeHSlJOTCSI 11lij11 lji, TO M 1j = Mji. 3To np11so1111T K TOMy, '!TO /IJISI 60JiblllHX 

G, KOr11a Ha KalK/IOM mare o6y'leHHSI MeHSleTCSI 60Jibllll1HCTBO CBS!3eil, eCJil1 a6coJIJOT­

Hble 3Ha"!emi.si Ha'laJibHOil MaTpHl\bI I J I< l, ttat1aJibttasi c11MMeTp1111 T_epsieTCSI nptt 

nepBbIX JKe HTepa111111x, a 3aTeM 6bICTPO B03pacTaeT 110 3Ha'!eH11il, 6Jill3KllX K l. 

113 Ta6JIHI.\bl BH/IHO, '!TO CBS!3H Jij, CBS!3bIBa!Olll,lle CIIl!Hbl 113 A H B npH /IOCTaTO'IHO 

6oJibmHX G. (B03MOJKHblH sbl6op KOHCTaHT G 06cyJK11aeTCS1 HlflKe), T.e. Kor11a 113Me­

HeHHe 3aTparnsaeT see CBS!3H, npaKTl1'!eCKH He H3MeHS!IOTCSl. 3TO o6bSICHSleT TOT ct>aKT, 

'ITO eCJIH B Ka'!eCTBe Ha'laJibHOro np116JIHJKeHHSI MaTpHl\bl {J } B3S!Tb 60Jibllllle a6co­

JilOTHhle 3Ha'leHHll (I J I< l), ro seposnHOCTb om1160K pe3KO so3pacrneT. 3To cs113a­

uo c TeM, "!TO "Heo6yqeHHble" CBSl3H THIIa JAB coxpaHS!IOT HHct>OpMal\HIO 0 JIOJKHblX 

06pa3ax (2-ro THIJa)' npHcymHx {J }, KOTOpble H 11a10T 60JiblllYIO t1a~Tb om1160K. B 

cJiy'lae 60JibIDero KOJI11'!ecrna 06pa3os ( P > 2) cssi311 MeJKAY rpynnaM11 xOTb H 

pa3BHBa!OTCSl (B 06Il\eM CJiyqae p o6pa30B CHCTeMy MOJKHO pa36HTb ua 2 p- l rpynn, 

XOTS! pa36HBKa, B OTJIH'!He OT CJiyt1aS1 p = 2, HeO/lll03HatJHa)' HO xyJKe '!eM /IJISI CIIHHOB 

B 01\HOH rpynne B TOM CMbICJie, '!TO MAB ' onpe11eJIS1eMbie pa3JI11'1HblMH o6pa3aMH, 

OTJIH'lalOTCS! 11pyr OT 11pyra no 3HaKy. 

c 3TOH TO'IKH 3peHHll, AJISl KOppeJIHposaHHblX o6pa30B 60Jibme IIO/IXO/IHT rrces-

9 



A011HBepCHblH anrop11TM, KOTOJJblH /\!ISi CJiy4aSI p = 2 aBTOMaTw1eCKl1 o6ecne411BaeT 

l ,\JJ = 0. KottelfHO , AJISI P > '2 3TO 11e TaK, 11 pa3H11ua MeJKA~ ABYMSI a.nrop11TMaM11 

V\leHbwaeTnt. I la imc.2.2 np11BOAS1TCS1 pe3y!lbTaTbl 411cnett11b1x :>Kcnep11MeHTOB c 

.lT11M11 anrop1• rMaM11 KaK BllAHO, c yseJ111<1eH11eM G pe3yllbTaTbl anropttTMa rapt1Hep 

ynylfwa1orc~1 11 c6J111lhaIOTCS1 c pe3yJ1bTaTaM11 ncest1011HBepcHoro anrop11TMa. 

0<1es11,11:1>, lfTO cn1111b1 rpynnbt B np11t1eTCS1 o6yYaTb AO!lbWe <1eM rpynni,1 A (np11 

"> I /2 - lli1(1(lopOT). ilnsi COl1HOB 3TOH rpynnbl (AJIS! onpet1eJ1eHHOCTl1 B03bMeM cn11H 

113 rpynr1b1 + ) nocne l - Toi1 11Tepau1111 nonyY11M 

~' "' = )211\?lA+ - 2: 11\?l,.._ + L (1h?'· I + 21) - L (Jh%_ - 21 ) 
/\ ; 1- B+ B-

= ;,<Ol + 2tdN 

\'2 
lln+ I - lI /O l

2 + (21)
2
Nd + 4N(Jh%+ -1h%-)l 1 

rt1e l Ii + 0003HalfaeT l LJ+ A +. J B+A - 11 l B+ JJ - . 

(2.9) 

Y411TblB<IA Hy!lellyIO cpeAHKJIO {/OJ }, Mbl MOlKeM npette6pe4b Jll1HeHHblM 4JleHOM 

OOA KOpHeM, 11 B pe3y.%TaTC OO!IY411M 

£I) ". Ii + hB+ h (O) + 2dNt 
Y + = llH+T - (I l h?l I + 4t2N4v2 

1'.-- '$ ~__:;,:.:. 

€" >gn1\IC. 

I> 
.:1 
ll' 

. ~( .( 

Oc. 

P1o1c . 2.2. 
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-

(2. 10) 

•' 

113 yCJIOBHS! y > G MOJKHO OOJIY411Tb MHHHM!lJlbHOe BpeMS! o6y'.'feHl!S! (411CJIO 11Te­

pau11i1:) T 11 MaKCHM!lJlbHOe 3Ha4eHHe Ge ' np11 KOTOpOM llJII"OpHTM eU1e CXOAHTCS!. 

G\/O) I 
T min- 2 ( Nd(Nd - c2) yv2 

(2.11) 

Ge= Vf.id, (2.12) 

IlpH d > l /2 B 06e11x cpopMyJiax d HaAO noMeHS!Tb Ha 1-d, T.K. 06yYeH11e HeKOTOporo 

o6pa3a 3KBHB!lJleHTHO o6yqeHl1!0 ero 11eraT11Ba. 0TMeTl1M, 4TO pellJlbHO 06yqe1111e 

npo11cxot111T AOJibllle, YeM (2.11,, T.K. B npouecce o6y4eH11S1 ycnos11e y/ > G AJ1S1 

KOHKpeTHOf'O cn11Ha MOJKeT TO BblOOJIHS!TbCS!, TO 11apywaTbCS! (npo11CXOAS!T 

OCUHJIJIS!U1111) 11, TaKl1M o6pa30M, 06HOBJ1eH11e l npOHCXOA11T He Ha KalKAOH 11Tepau1111. 

TeM 11e Mettee. (2. 11) npaBH!lbHO 06bsic11sieT TOT cpaKT, 'ITO np11 G -+ Ge speMsi 

o6y4emrn: pe3KO B03pacTaeT. 

T(e)-t:2/~ 
G 

0 s (t:=-) < l 
d 

(2. 13) 

Ha p11c.2 .3 noKa3aHa 3as11C11MOCTb speMe1111 06yqe111111 TOT G. Ha p11c.2.4 noKa3atto 

I BO 

162 

144 

126 

108 

90 

72 

54 

36 

Lea rning Time 

(dzO.SJ, Cc ... 6.85) 

lBV::: 
0 
6.7800 6 7810 6. 7820 

G 

P1o1c. 2.3. 
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6.7822 6 7823 



PL-le. 2.4 

a) 

-10. 00 . 00 10. 00 

Hebb 

c) 

. ~o 5. 00 10 . 00 

c • l. 50 

pacnpe,ll,eJJeHHe BeJJH'IHH Yi JVl.ll MropH·rMoB 

Xon¢HJJlla (2.4.a), nceB,ll,'.lHHBepLHur'.l 

(2.4.H) 11 fap,ll,Hep c pa3,·rn'IHhIMH G 

(2.4.c,d,e), noJJyqaeMoe npH o6y'leHHH 

06pa1os E 11 F (d = 0,08). Cpa3y BH,ll,HO, '!TO 

aJJropHTM Xon¢IHJJ,ll,a ae np11ae,1J,eT K penaK-

C3L\HH B npaBHJlhHOM HanpaBJieHHH, T.K. He-

KOTOpble Yi HMeJOT OTPHL\3TeJJhHhle 3Ha-

qeHJH! (COOTBeTCTB)'IOIIU1e CIIHHhl He BOC­

CT3HOBSl.TCSl.) . 3aTO, nceBAOl!HBepcHbl lJ <lol-

12 

b) 

• 00 

d) 

0' 

G 

• 00 

s. 00 10.00 

Paeudo-Invera 

~ . C ('I 10.00 

~.(I 10 

G • ' 

roplffM cpa3y C03,ll,3eT 2 rpynnhl co 3Ha'leHHSl.MH Wd H vN(l-d). A.nropHTM JKe 

fap,ll,Hep, c yBeJJH'leHHeM G cTpeMHTCst co6paTh 3Ha'leHHst y K 3Ha'leHHstM, ,ll,aBaeMhlM 

nceB,ll,OHHBepcHhIM. 

3aMeTHM, '!TO yCJJOBHe (2.12) coxpam1eTCSl. H npH p > 2, npOCTO B 3TOM CJJyqae B 

Ka'leCTBe d Ha,ll,O 6paTh paCCTOSl.HHe MelK,ll,Y 6JJHJK3HIIIHMH o6pa33MH. IlpH G=Gc H3CTY­

naeT CHTY3L\HSl., KOr,ll,a o6HOBJJeH~e CB3eH npH o6y'leHHH CIIHHa H3 rpynnbl B o6pa3a 

{~ 1 } o 6113 a Te JI b Ho npHBO,ll,HT K HapyIIIeHHIO yCJJoBHll (2.6) ,ll,Jlll yJKe o6ytieHHOro 

cnHHa 113 {~2} . Kotte'IHO, (2.12) He e,ll,HHCTBeHHoe orpaHH'leHHe Ha G. KoHCTaHTa 

fap,ll,Hep orpaH11'111BaeTcll TaKJKe 11 KOJJH'leCTBOM o6pa30B P. Hanp11Mep ,ll,Jlll HeKop­

pen11poBaHHb1x o6pa30B Ge 11 a = P/N np11 6oJJhIIIHX N CBll33HbI cooTHOIIIeHHeM [2.2] 

f Dz (Ge+ z)2 
= Ila; 

- Ge 

)1,.n:ll KoppeJJHPOBaHHblX o6pa30B 3TO BblpaJKeH11e npHHHMaeT ropa3AO 6onee CJJOJK-

Hh!H BH,ll,. 

B npe,ll,eJJe G-+ Ge np11 npe,ll,'hllBJJemrn c11cTeMe KOH<jmrypal\HH c paccTostHHeM 

(IIIyMOM) x I H XVIO o6pa30B g I} 11 {~2} COOTBeTCTBeHHO, CHCTeMa ,ll,OJIJKHa o6ll3aTeJJbHO 

peJJaKCHposaTb K TOMY 113 o6pa30B, AO KOToporo paccTOllHHe MeHhIIIe. ,UJJll 3Toro 

CJJy'lall BepostTHOCTh ourn6K11 .TIPH pacn03HaBaHHH o6pa3a {~ 1 } c wyMoM XI MOJKHO 

BbI'111CJl11Tb TO'IHO. 

lfa C//Xl KOH<j>Hrypal\11K, TIOJJy'leHHhlX H3 {~ 1 } HaJIOJKeHHeM wyMa XI, '13CTh 11MeeT 

MeHbIIIee paCCTOllHHe ,ll,O { e} HJJl1 ero HeraTHBa. ECJJ11 KOH¢IHrypaUHll \: WYMOMX I 6b1Jla 

noJJy'leHa H3 {~ 1 } nepesopOTOM k CTIHHOB B rpynne A 11 N - kB B, TO paCCTOllHHe ,ll,O 

{~2} 11: ero HeraTHaa 6y,1J,eT x2 = (2k - N(d-x1))1N11 i2 = I ·_ x2 cooTBeTCTBeHHO, H 

'IHCJJO TaKKX KOH¢1HrypaUHH 6y,ll,eT cJ,1-d) d'!rd-k. CyMMHPYll no BCeM kc X2 < 

x1 a I-x2 x1a6epll CJJy'laH x2 = x1 H I-x2 = x1 c secoM 1/2, noJJyqaeM aepollTHOCTh 

OUIH6KH 
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_ ( cMS=?/ &Rd- N(l-<fY212 + cM)2~efi<fj2 cv}J;<fY212 ) 
Perr - c1:{XI + 

x2(k)<x1 1- x2(kl<x1r.k C NY.L-k 
2 L LN(l-d) Nd 

(2.14) 

+ 
k k 

c1:{XI 

CooTBeTcTByJOmasr Kp1rnasr (2.14) AJISI o6pa30B EH F rrpHae.zieHa Ha pHc.2.2. KaK 

BH,!1HO, ncea.zioHHaepcttbIH H MropHTM rap.zittep rrpH G-+ Ge (Ge =2,68) .ziaJOT pe3yJib­

TaTbI, 6JIH3KHe K OJl(H,!1aeMbIM. 

Ilorrpo6yeM o6bSICHHTb 3aBHCHMOCTb KOJ!H'!eCTBa O!llH60K OT napaMeTpa 

CTa6HJibHOCTH. IlpocTpaHCTBO KOHcjmrypal\HH ceTH H3 N CIIHHOB npe,!1CTaBJISieT co6oii 

N-MepHblH Ky6, KOTOpb!H Ha pttc.2.5 CHMBOJil'.l'IeCKH npe,!1CTaBJieH ccj>epoii. KalK.ziasr 

T04Ka ccj>epbl - OAHa H3 aepw1rn rnnep Ky6a . MaTpm~e CBSI3eii/;j, npH KOTOpOH CHCTeMa 

scerAa peJiaKc11pyeT K 6JIHJKaiiweMy 06pa3y, cooTBeTcTByeT pacnpe.zieJieHHe o6nacTeii 

aTTpaKl.\lili, IlOKa3aHHOe nyHKTHpHOH JIHHHeii: BCS! noaepXHOCTb ccj>epb! (rnnepKy6a) 

pa3AeJieHa Ha o6naCTH, rpaHHU,bl KOTOpb!X npOXOASIT rrocepe,!1HHe 6JIHlKaHWHX o6pa-

30B. EcTecTaeHHO, CJOAa axo.zisrT H JIOlKHbie o6pa3bI 1-ro poAa: HeraTHBbI H JI11HeHHb1e 

KOM6HHal\Hli o6pa30B (OTMe4eHbl He3aIIOJIHeHHblMH 6yKBaMH) 

0AHaKO, pa36poc 3Ha4eHHH seJIH411H Yi B KalKAOH 113 rpynn, nonyqeHHblX np11 

o6y4eHHll anropHTMOM fapAHep, rrp11BOAllT K 113MeHeHHIO 3THX rpaHlll.\ (IIOK838Hbl 

CIIJIOlllHblMH JIHHHSIMH)' 11 TaKHM o6pa30M K 3aBHCllMOCTH Ka4eCTBa pacn03H8B8HHSl OT 

KOHKpeTHOH TOilOJIOnill wyMa B TOM 

CMbtCJie 4TO HeKOTOpb1e Cm!Hbl OK83bIBa­

IOTCSl o6y4eHHblMll "xyJKe" 4eM Apyrne. 

KpoMe Tpro, CIO.'la .'l<'OaBJ1SllOTCSl eme II 

JIOJKHbJe o6pa3bI 2-ro poAa (11x 06.~ac:rn 

arrpaKl.\1111110Ka3aHbI wTp11xosK0Hl. qeM 

OAHOPOAHee pacnpe,!1eneHbI aeJIH411HbI y, 

s KaJK,Uoii: 113 2 rpynn (T11na A , B ... ), TeM 

rnalKe rpaHlll.\bI 06nacT11 arrpaKTllBHOCTH 

KalKAOrO o6pa3a, KaK CJieACTBlle J10KaJib-

P111c. 2.5. 
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HOH He3aBHCHMOCTH, pacn03HaBaHHSl OT KOHKpeTHOH TOIIOJIOrHH rnyMa. 

Ll:JISI BH3yaJIH381.\11H o6JiaCTeii: aTTpaKl.\HH Mb! crettepHpOBMH 1000 B03MOlKHblX 

KOHcj>Hrypal\HH, OTCTOS!ID;HX OT o6pa3a F Ha paCCTOS!HHH 

- x2F - X2T + d2cF, T) 
x - 2d Y =..; x~" - x ~ 

(npHBeAeHbl TOJlbKO IlOJIOJKHTe.irbHble y ) ' Ii ero BbICOTa IlOK83b!BaeT KOJIH'IeCTBO 

KOHcj>11rypal\HH c TaKHMH wyMaMH. 

fpaHHl.\a "11AeaJihHoii:" 06nacT11 aTTpaKl.\HH AJISI F - 3TO npS1Masr 

x = 0,14, T.e. ace KOHcj>11rypal\HH, nelKam;He Jieaee 3Toii: npsrMoii: ,!10JilKHbl 

peJiaKc11poaaTb K F. 

PHc. 2.6.b,c,d noKa3bIBaeT pacnpe.zieJiem1e onm6oK npH pacno3Haaamrn F c myMOM 

0.4 AJISI MaTpHI.\ c pa3JIH'IHbJMH 3Ha'IeHHl!MH G. 

KaK BH,!1HO 113 p11c. 2.6.b, AJil! MMbIX G (Ge = 5.28) 6oJiblllal! '!aCTb ow1160K JielKHT 

B o6naCTl1 c x<0.14. 3To 03Ha4aeT, 'ITO 60JibWaSI '!aCTb OWH60K npOHCX0,!1HT H3-3a 

peJiaKC81.\HH H84aJibHOH KOHcj>11rypal\HH K HeraTHBHbIM Ii JIOlKHblM o6pa3aM. P11c. 

2.6.c,d rroKa3brnaeT, 'ITO oiiy'IeHHe c 6oJibWHMH G no3BO~lleT H36eJKaTh HMeHHO 3THX 

0 
0 
('J 

0 

~~ 
., 0 
70 ., ~ 
oo 
z if) 

oil 1 000 event s 

P111c. 2.6.a 
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P111c. 2.6 .b: Pacnpe.o.e11eH111e ow11160K np111 pacno3HasaH111111 F. G=1 . 

0 
<£> 

</) "' c: ... 
~~ 
0 "' 7- .-

P111c . 2.6.c: Pacnpe.o.e11eH111e ow11160K np111 pacnoJHaBaH111111 F. G=3. 

OIIIH60K. B KOHI.{e KOHUOB OCTlllOTC.11 OUIK6KK, KOTOpblx HeB03MOlKHO H36elll:aTh 

HHKaKHM o6y'leHKeM: KoH<t>Krypau1u1 c XF < xr pe.11axcKpy10T K o6pasy T. 

MttTepectto OTMeTHTb, 'ITO npK .1106aBJieHKH K o6pasaM E H T , HaXOJl.lll.llHMCll Ha 

3H31.fHTeJibYOM pal.CTOSIHHH ,11pyr OT ,11pyra, o6pasa F, 6JIH3KCro KE (d(E,F) = o,01n, 

3Ha4111e,1b 10 Vl3CJlll411BaeT BpeMSI o 6y4CHl1Sl (p11c. 2.7) 11 yxy,'(lll3eT pacn03H3BaHHe He 

TOJlhKO O•li,,l l<~ E, HO 11 ' "OTAaJieHHOro" T (CM. m6111:11,y 2.2 )- :no\ i;enH'lHaaeT p a::.6poc 

t 

"' LI> 

</) "' c: ,,., 
"' <D 
iii"' 
0,,., 
7- .-

P111c . 2 .6.d : Pacnpe.o.e11eH111e ow11160K np111 pacnoJHasaH111111 F. G=5.18. 

20 

15 

0 
0 0 .5 

P111c. 2.6 

~6 

a 
2.5 3 

s pacnpe,11CJ1eHHK K TeM caMblM eme 6011hrne 11cKaJKaei: rpaHKUhl 0611acT11 arrpaKUllK . 

0TMeTKM, 'ITO TaKoe nose,11eHHe c11cTeMhl HMeeT aHaJIOrulO s nc11xo11onrn : np11 Bbl6ope 

MelK,lly .llBYMS! ofu.eKTllMll (F ll T) npe,llbSIBJleHKC pas,11palKKTeJIS1, CXOAHOI'O c O,llHl1M 113 

HllX (E) npHBO,llllT K yxy,11meHHIO Ka'lecTBa pacno3HaB3HllS! [2.8] . 

Eme o,11Ha HHTepecHall aHaJIOrull c peaJihHOH naMSITh!O saKJ110qaeTc11 B TOM, 'ITO np11 
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o6y'leHHH, HanpHMep 2-x o6pasos c paccTOllHHeM d, yseJIH'leHHe yh Ha 

11 I JI npH6aBJieHHeM K /;; BeJIH'lHH ;l ;} ' yMeHhillHT r1 Ha (1 - 2<f)I I J I ' T.e. 

noCJieAHHH o6y'leHHhlli o6pas "saTHpaeT" HH<f>opMan:mo o npeAhlAYill,eM. B pesyJihTa­

Te, 'leM no3AHee 6blJI o6y'leH o6pas, TeM nyqme OH pacnosHaeTCll. 

VlcXOAll H3 TOI'O, 'ITO AJill K3JKAOI'O o6pa3a cym,eCTByeT CBOe M3KCHMaJ!bHOe 3Ha'leHHe 

G, MOJKHO npeAJIOlKHTb MOAHcj>HK31.\HIO anropHTMa rapAHep: 6paTb He OAHH o6m,HH AJill 

scex napaMeTp cra6HJibHOCTH G npH o6y'leHHH, a TPe6osaTb AJill K3JKAoro o6pasa 

Bhli'rOJIHeHHlly'/ > Gµ, 6epsiB Ka'leCTBe G = (N ~in)v2 , rAe d'.hin - paccTOllHHe MelKAY 

o6pa30M H 6JIHlK3HIIll1M K HeMy. 3TO npHBeAeT K TOMY' 'ITO pacnpeAeJieHHe 0' AJISI 

BCex o6pa30B 6yAeT 6onee OAHOPOAHblM B CBOHX rpaHHl.\aX, IlOBblCHB HazJ,elKHOCTb 

o6y'leHHSI 11 He3aBHCHMOCTb Ka'leCTBa pacnosHaBaHHSI OT KOHKpeTHOro pacnpei1e.11eHHSI 

my Ma. 

Ta611ua 2. a, b. G=l.5 

Noise F E T Noise E T 

Perr Perr 

20 O.D7 0.02 0.03 20 0.0 0.0 

30 0.09 0.17 0.03 30 0.02 0.02 

3. np1-1MeHeH1-1e M€TOAOB CJlY'~aHHOrO n0"1CKa 

A11'51 o6yYeH"151 noc11eAOBaTe11bHblX HeHpOHHblX ceTeH. 

Teopen1qecK11M o6ocHoBaHHeM CTOJih :icj>cj>eKTHBHhlX cnoco6ttocTeli noCJieAOBa­

Te.llhHhlX lidipOHHbIX CeTeii K.113CCHcj>HK31\1111 o6pa3C,B SIB.l!SleTCll TeopeMa 0 TOM, 'lTO 

TpeXCJIOHHaSI ceTb CAOCTaTO'lHO 60.llhlllHM 'lHCJIOMHeHpOHOB B CKpb!TOM CJIOe cnoco6HO 

npOH3BOA 11Tb MHOroMepttoe npoeKTl1pO'Bamfe B KOMil3KTHblX IlOAilPOCTpaHCTBaX He-
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npepb!BHblX 11.1111 AHCKpeTHblX MeTp114eCKl1X npocTpaHCTB c .11106oii 3apattee 33A3HHOH 

TO'lHOCTblO (3 . 1, 3 .2] (ecTeCTBeHHO, IlOCJie npoBeAeHHSI COOTBeTCTBylOmero o6y­

'leHHSI). 3aAa4y K.113CCHcj>HKal.\HH MOJKHO paccMaTp11B3Tb KaK qaCTHblH CJiy4aH TaKOI'O 

npoeKTHpOBaHHll, a HMeHHO, npoeKTHpOB3HHe MHOroMepHb!X 3KCnep11MeHTa.llbHblX 

AaHHhIX Ha KOHelJ.HblH tta6op Al1CKpeTHhlX Be.llH'IHH, npeACT3B.llSllOll\HX co6ofi HHAeKCbl 

aJibTepttaTHBHblX K.llaCCOB. EcreCTBeHHO, 'ITO OAHa TO.llbKO reopeMa cym,eCTBOB3HHSI 

AJISI IlOCTpOeHHSI K.11acc11cj>11KaTopa HeAOCTaTO'lHa, Heo6XOA11MO HMeTb HaAeJKHhle H 

6hICTpbie anropHTMbl o6y'leHHSI. noA anropHTM3Ml1 o6y'leHl1ll Mbl 6yAeM Il0Hl1M3Th KaK 

MeTOAbl Bb16opa OilTHMaJibHOH KOHcj>HrypauHH ceTH (HanpHMep, 'lHCJia HeiipOHOB B 

CKpbiTOM CJIOe)' TaK H - MeTOAbl onpeAe.lleHHe HaHJiy'llllHX napaMeTPOB ceTH (Bb16op 

BHAa ue.11eBOH cj>yHKI.IHM H H3XOJKAe1\11e r.1106aJibHOro MHHHMyMa). C.11eAyeT OTMeTHTb, 

'ITO AJISI MHOrOCJIOHHblX nepcenTpOHOB 11enesa11 cj>yHKl\Hll o6hl'IHO llB.lllleTCll HeBbiilYK­

.llOH cj>yHKI.(Heii napaMeTpOB ceTH, 'ITO 33TPYAHlleT HaXOJKAeHHe :icj>cj>eKTHBHblX an-

ropHTMOB, rapaHTHPYIOll.lHX H3XOJKJJ,eHHe rno6aJibHOro MHHHMyMa. 

B Hac_;rosimee speMSI OCHOBHbIM cnoco6oM o6y'leHHSI noCJieAOBaTe.llbHbIX CeTeii SIB.llSl­

IOTCll pa3JIH4Hhle MOAHcj>HKaQHH MeTOAa o6paTHOI'O npoCJieJKHB3HHll O!llH60K (error 

backpropagation). B HacTollmeii pa6oTe MhI paccMaTpttsaeM APYrDH K.11acc MeTOAOB -

anropttTMhI CJiyqaiittoro nottcKa B npocTpattcrse napaMeTpoB ceTH. HaM npeACTas.1111-

eTCSI, 'ITO cpastteHHe pa3JIH'lHbIX anropHTMOB o6y'leHHll npeACT38.llSleT onpeAe.lleHHblH 

HHTepec B CBeTe see pac11mplll0ll1HXCSI np11.110JKeHHH TeXHHKH Heiipo1rn<f>opMaTHKH K 

pe!llett1110 npott3BOACTBeHHhlX H Hay'ltthtX 3aAa'l . B Ka'leCTBe 3TaJIOHHoii Bhl6patta 

3aAa'la o6y4eHHSI pacn03H3BaHHIO 6yneBCKHX cj>yHKQHH (aHOJIOrH'lHO HCil0.llb30B3HHIO 

CTaHAapTHOro rayCCOBCKoro pacnpeAeJieHHSI A.Ill! cpaBHeHHll pa3.1111'1HblX MeTOAOB 

oueH11BaHHll cj>yttKI.(HH Il.llOTHOCTH sepoSITHOCTH). Eynesbl cj>yHKUHH xapaKTep11sy JOTCS1 

Har.llllAHblMH Ta6.1111uaMH HCTHHHOCTH, B03MOJKHOCTblO 6e30IIIH60'lHOrO pacn03Ha-

BaHHSI, JierKOCTblO yCJIOJKHeHHll 3aAa411 nyTeM nepeXOAa K .llHHeiiHO Hepa3Ae.llHMblM 

cj>yHKI.(HSIM HJIH/H yse.11H'letttteM pasMepHocT11 cj>yrn<11tt11 (cM. pttc.3.1.a -OR H 3.1.b -

XOR) . 0TMeTHM, 'ITO xoT11 6yJieBhI cj>yttKl.\HH MOryT pacno3HasaTbCSI noporosbIMH 

HeiipoHaMH, Mbl 6yAeM HCilO.llb30BaTb CHI'MOHAHble HeiipOHbl, Il03BOJISllO!l1He C03~a-

83Tb 6oJiee o6m,tte H 3cj>cj>eKTHBHbie pacno3Ha10mtte ceTH. 
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P1.1c . 3.1.a. OR P1.1c . 3.1.b. XOR 

IN OUT IN OUT 

0 0 0 0 0 I 

0 I I 0 I 0 

I 0 I I 0 0 

I I I I I i 

06ytJeH11e ceT11 MeTOAOM CJiy<IaHHOro Il011CKa MOlKHO peaJil130aaTh AaYMSl, 

npl1Hl..ll1IlHaJihHO pa3Jil1'lHhlMl1 MeTOAaM11 

l . Ha KaJIC,!IOM mare 06y<1eHHSl 113MeHS!Th ace napaMeTpbl OAHOapeMeHHO, T.e. IIOCJie 

rrp116aaJieH11ll Ko aceM napaMeTpaM ceT11 rrp11paII1eH11si S Rand (-1, I), r Ae S -

MaKC11MaJihHbtii mar np11paII1eHHll H IlOTOM TOJihKO 01..1eH11aaTb 1..1eneay10 <l>YHKI.11110 c 

a03BpaTOM a HCXOAHYJO TO'lKY np11 HeyAatJHOM mare. 

2. Bhl6HpaTh CJiytJaiiHhIM o6pa3oM N1<N113MeHsieMhlX rrapaMeTpoa (a qacTHOCT11, 

MeHllTh no OAHOMy) 11 np0113aOA11Th npoaepxy. 

Cpa3y OTMeTHM, 'ITO TOJihKO nepah!H MeTOA AaeT rapaHTl1!0 CXOA11MOCTl1 aJirOp11TMa 

33 AOCTaTO'lHO 60JihlliOe apeMll (ecTeCTaeHHO npeAflOJiaraeTCll, 'ITO apx11TeKTypa ceTH 

Bhl6paHa npaBHJihHO, 11 MaKC11MaJibHhlH rnar rrp11pameHl1ll Bb16paH AOCTaTO'lHO 

60JibllIHM) • 

·,L(Jill N-MeCTHhIX 6yJieBhIX <l>YHK1..111H, rrpocrpaHCTao BXOAHhlX KOH<j>11rypa1..1HH KOTO­

phl.X ecrb N-MepHblH eA11Hl1tJHhIH xy6, rrp11 HatJMhHOM 3HatJeH1111 acex napaMeTpoa I /2, 

ylKe MaKCHMaJibHhl.H mar S=l rapaHTHpyeT CXOAHMOCTh, T.K. ace pemeHHSl SlBJillIOTCSl 

N MepHhIMH IIJIOCKOCTllMH, nepecexaJOII111M11 Ky6. 

B TO xe apeMSl, 113MeHem1e acex napaMeTpoa OAHOBpeMeHHO HeCKOJibKO 1136b1TO'IHO, 

T.K. XOTll OAHa l1Tepa1..111si a 1..1eJIOM MOlKeT OKa3aTbCSl HeyAatJHOH, TeM He MeHee, 

HCKOTOphle rrapaMeTpbl B pC3YJihTaTe rrp11pam;eHHSl MOryT nonaCTb B 06Jiacr11 pemeHl1Sl 

3at1a'l.H, 11 3TO "AOCTIUCeHHe" 6yAeT ITOTepS!HO a pe3yJihTaTe B03BpaTa B HCXOAHYIO 

TO<IKy. 
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BTopoH: MeTOA Il03BOJilleT yMeHbIDHTb 3TY 1136hl.TO'lHOCTb, OgHaKO B 3TOM CJiy•rne eCTh 

onaCHOCTh, 'lTO aJirOpl1TM Hl1KOrAa He 3aaepIOl1TCll, BO aCllKOM CJiyqae a IIPHH1..111Ile, 

npH'leM aepOllTHOCTb 3TOro ao3paCTaeT c yMeHbmeH11eM 'lHCJia 113MeHSleMblX rrapaMeT-

poa. DosicH11M 3TO Ha 2-MepHOM np11Mepe(p11c.3.2). Ha p11cyHxe noxa3aH CJiy<IaH 

(AOBOJlbHO-TaKlf HepeaJibHhIH)' KOrAa AJIS! rronaAaHHll B o6JiaCTb MHHllMyMa Heo6-

XOAl1MO 113MeHeH11e 06011x rrapaMeTpOB (rryHKTHpHall JIHHHll) ' TOrAa xax JIJ06oe 113Me­

HeHHe TOJihKO OAHOro 113 HlfX Hl1 K 'leMy He npHaegeT. KoHetJ.Ho, c yaeJIH<IeHHeM 

pa3MepHOCTl1 napaMeTpOa ceT11 aepOS!THOCTb TaKOH KOH<j>Hrypruut11 naAaeT. 

411cJieHHble HCCJieAoaaHHll npoaOA11JIHCh Ha npHMepe 2 - x MeCTHOH 6yJieaoH: 

<l>YHK1Ufl1 XOR. MHHHMaJihHOH Heo6XOAHMOH KOH<j>11rypa1..111eH: CeTH AJISI 3TOH 33AatJ11 

SlaJilleTCSI TpeXCJIOHHblH nepcenTpOH c ABYMll aXOAHhIMH, AayMll CKpblTblMH a cpeAHeM 

CJIOe 11 0AHl1M ablXOAHblM HeHpOHaMH, T.K. AJISI perneHHSl 3aAa'll1 Heo6XOAllMO pa3-

AeJil1Tb npocTpaHCTBO axOAHhIX KOH<j>11rypa1..111i{ MHHllMYM Ha TPH IIOAfipOCTpaHCTBa. 

Ha p11c.3.3. noxaJaHh! 2 ceMeHcraa peroeH11il : nepaoe AaeTCll CIIJIOIDHhIMH JIHHl1llMH, 

BTopoe - CBeTJiblMH. 

ITpoaepllJIHCb TPH pean113a1..11111 anrop11TMa: 

l) l13MeHeH11e acex napaMeTpOa OAHOapeMeHHO (20 OQO TblC. HTepa1..1HH:) 

2) l13MeHeHHe TOJihKO OAHOro, CJiyqaif:Ho ahl.6paHHoro napaMeTpa (100 000 11Te-

pa1..111H:) 

3) l13MeHe!IHe napaMeTpOB TOJihKO OAHOro, CJiy'laHHO ab16paHHOro tteilpotta (30 000 

11Tepa1..1HH:> 

" ' v 0 

~ " " " ., 
lnita:JSt.ate 

P1.1c . 3.2. P1.1c . 3 .3. 
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HaHJiyqm11H. pe3yJihTaT IlOKa3ll.II 3-Hii BapHaHT: KaK BHJJ.HO H3 Ta6JIHQbl 3.1, OH H 

CXOJJ.HJICll 'lame (3a pa3perneHHOe KOJI1.'1eCTBO HTepau11ii:). 11 JJ.OilYCKll.II MeHbille ttey­

JJ.a'IHblX urnroa a nepecqeTe tta 113MeHemte OJJ.HOro napaMeTpa. 

Ta6m11-1a 3. 1. 

Mero11 f1po11eHT yAa4Hblx 4Hcno Hey!l.34.Hhlx maros To )KC caMoe s nepeC4CTe 

o6y4eHHH Ha OJl.HH Y.ll.34Hb1H: Ha I napaMeTp 

1 7 32 324 

2 4 321 321 

3 9 8 24 

4. MeTOAbI nosb1weHi.1.S1 AOCTOBepHocn1 Ha611t0AeH1-u1 

TOYeYHblX "1CTOYH"1KOB y-"13IlyYeH"151 c nOMOW,blO 

Yepe;ttKOBCK"1X OnT"1YeCK"1X TenecKonos 

3a11aqa ):\OCTOBep11oro onpe11enettl!ll TO'le'l:Hb!X llCT04Hl1KOB y-KBaHTOB SIBJilleTCll 

caMOH BaJKHoii: B 11a6JI1011aTeJibHOH acTpOcp!i31!Ke- o4eHb Bb!COKHX II CBepXBbICOKHX 

3ilepr11ii. qepeHKOBCKl!e TeJieCKOilbl c paCIIOJIOJKeHHbIM B cpoKyce KJiaCTepoM 

cpOTOilpHeMHllKOB Il03BOJ!l1IOT llCCJie;:r.oaaTb Il0TOKl1 y-KBaHTOB B o6JiaCTll npoMeJKy­

TO'l:HblX 3Hepmii 10
11 

- 10
13 

3B, HeJJ.OCTHlKllMOH HH JJ.llll cnyTHHKOBhlX 3KCilep11MeH­

TOB 113-3a CJI11WKOM cna6hlX IlOTOKOB, HH .l\Jll1 KpynHb!X Ha3eMHblX CQHHTl{JIJilll\HOHHhIX 

yCTaHOBOK, BBllJJ.Y 3aTyxaHl1SI nrnpOKHX aTMOCcpepHb!X Jll1BHeH, HHHQHl1pOBaHHblX 

qacTttQaM11 3Tl1x 3Hepmij. 01111axo tJepettKOBcx11il CBeT OT IIIAJI MOJKeT &:;°Th co6pa11 

OIITi14eCKHMH pecpJieKTOpaMJ1113apemcTpHpOBaH c IIOMOIQblO KJiacTepa <D3Y, pacno­

JIOJKeHHOro a cpoxyce pecpneKTopa. 

0CHOBHblM npeIISITCTB11eM K np11MeHeHH10 qepeHKOBCKOH TeXHHKll SIBJISleTCSI oqeHb 
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6oJiblJIOH cpoH OT IIIAJI, llHllQllllPOBaHHbIX npOTOHaMH II llJJ.paMH KOCMl!'leCKOro 113Jly-

4eHHll, KOTOpblH Ha 2-3 nop1111Ka npeBOCXO):\HT OlKHJJ.aeMhlH IlOJie3Hblii: CHrHll.II (01' -

y-KBaHTOB). 

Tpa1111u11ottttasi MeTOJ:\HKa npoaepK11 cTaTHCTH'lecK11x r11n0Te3 3aKJ110qaeTCS1 8 

npl!HllTHll !!Jiii OTKJIOHeHllll TaK Ha3b!BaeMOH HyJieBOH r11n0Te3bl, KOTOpall 3aKJII04a­

eTCll B OTCYTCTBHli CHrttaJia. To ecTb npe11nonaraeTCll, 'ITO Ha6JIIOJJ.aeMoe npeBhlllleH11e 

'IHCJia OTC'leTOB np11 HaBeJJ.eHHOM Ha HCTO'l:HHK TeJieCKOne, Ha):\ 'IHCJIOM OTC'leToa 

TeJieCKOIIa, CMOTpl11Qero B "nycToe" npocTpaHCTBO, Non - Noff- o6ycJIOBJieHO cplIYK­

TyaQllSIMH cpotta . .Ll:JISI ):\OKa3aTeJibCTBa cpaKTa cy1QeCTBOBaHl1Sl J1CTO'IHllKa Heo6xO):\lll1w 

OTBeprHyTh 3TY rl!IIOTe3y, 11 'leM MeHbllle 6y):(eT BepOllTHOCTb crrpaBe):\Jil1BOCTl1 HyJieBoii: 

r11n0Te3bl, TeM Bblllle 6y11eT ):(0CTa8epHOCTb BbIBO):\a 0 Hll.IIl1'11111 Cl1rHaJia. 

B yCJIOBHllX paBeHCTBa BpeMeH tta6JIIO):\eHHll 11CT04HJ1Ka II KOHTpOJibHOro Ha6mo­

):\eHl!ll 11 rrp!i JJ.OCTaT04HO 60JiblllOM 411CJie OTC'leTOB B KalK):\OH cep1111 Hal1Jly4llll1M 

CTaTllCTl1'1eCKl1M xp11Tep11eM SIBJISleTCSI [ 4.1): 

a = (Non - Noff) l (Nan + Naff) vi (4.1) 

r11e Non - 411CJIO OTC'leTOB np11 tta6JI10JJ.ett1111 11cT04H11Ka, a Noff - np11 tta6JI10):(ett11 11 

o6JiaCTll 3Be3JJ.HOro He6a, r):\e llCTO'IHllKll 3aBe[IOMO OTCYTCTBYIOT. BepOllTHOCTb cnpa­

Be):\Jil1BOCTll HyJieBOH r11rr0Te3bl paatta llHTerpany OT a ):\0 00 CTaH):(apTHOro HOpMaJlb­

HOro pacnpe):(ene1111S1 11 otta TeM Mettbllle 'leM 6onhllle a. 

YaeJI11tJett1111 OTH01Uett11S1 c~1rtta.1/1UyM 11 3Ha4ett11si a MOJKHO AOCTll'lb, npo11JBe.'J,si 

KJ1acc11cp11xau1110 3Kcnep11MeHTaJibttb1x co6b1n1ii: no KaKoii:-n1160 MeTOAHKe, c ueJib10 

no;:r.aaJieHllSI cpotta OT npOTOHOB II SIJlep KOCMll'leCKHX Jiy'leii (er). O,!\HOBpeMeH110 

CTapal!Cb He O'leHb CllJibHO IIO):(aBllTb noJie3Hbiii CllrHaJI (;f306paJKeH11SI , 11HllU1111pOBatt­

HbJe y- KBaHTaM11). 

1'fcnoJib3YSI BblCOKOe Ka•1ecrno 11306paJKeHHH, IlOJiy4eHHblX Ha 10- MeTpOBOM peqi­

JieKTOpe Y11nnnoscKoii 06cepaaTOp1111 [4.2), Y.!laJIOCb nepei1rn K paccMOTpett1110 Kalt<­

ADro llHJJ.11BH):(yaJihHOfO 3KCnepl!MeHTa.1bHOfO C06bJTHll (H306paJKeHHSI). ilapaMeTpbJ 

11306paJKeHJ1SI Bb1411CJISl>OTCll c IlOMOIQb;Q MeTO)Ja MOMeHTOB pacnpe,!\e.~eHllSI CllrHa.~oB 

<D3Y BOKpyr 11e11TpOH):\a, BOCCTaHOBJieHHOro MeTOJJ.OM tta11MeHbllll1X KBa):(paToa 
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3JIJIHilca noTeMHeHH!I. 

KJiaccmt>Hl\HPY!I 3KCnepHMeHTaJihHhle H3o6paJKeHH!I, MOJKHO 3HaqHTeJibHO 
\ 

yMeHhlllHTb 'IHCJIO cpoHOBb!X co6hlTHH (OAHOBpeMeHHO 6yAeT UOTep11Ha H qaCTb noJie3-

HhlX co6hlTHii). Hosoe 3HaqeHHe KpHTepH!I 6yAeT pasHo: 

-- - - - vz 
a= (Non - No!!) l (Non + Nott) ' (4.2) 

rAe Non, Naff - qHCJIO "BhlJKHBlllHX" noCJie KJiaccHcpHKal\HH co6hITHH. 

B HaCTOS1I11ee apeM!I B KOJIJia6opal\HH YHUUJI npoBOA!ITCSI pa60Thl no UOHCKY 

HaHJiyqIIIHx AHCKpHMHHHpyIO!I(HX napaMeTpOB H306palKeHHSI, no ,11aHHhlM Ha6JII0-

,11eHHSI Kpa60BHAHOH TyMaHHOCTH B 1988 - 1989 IT [ 4.3] . 3TH ,11aHHbie COCTOSIT H3 66 

ABaA11aTHBOChMHMHHYTHhIX 0 NI 0 FF cKaHOB - scero - MHJIJIHOH co6hITHH, H AOCTosep­

HOCTh <j>aKTa HaJIH'IHSI CHrHaJia AO pacn03HaBaHHSI H3o6paJKeHHH (no HCXOAHh!M AaH­

HhlM c npHMeHeHHeM TOJibKO annapaTypHoro TpHrrepa- 2 xaHaJia H3 91 40 <l>oT03JieK­

TpOHOB) COCTaBHJIO a= 4.8 (CM. nepsyJO CTpOKY Ta6JIHl\bl ) 

I1pose,11eHHe KJiaccHcpaxal\HH H3o6paJKeHHH no napaMeTpy AZWIDTH, yqHThIBaJO­

m;eMy KaK pa3Mep, TaK H OpHeHTal\HIO H3o6paJKeHHSI, n03BOJIHJIO B 4 pa3a yJiyqmHTh 

AOCTOBepHOCTb (a= 20)' H AOBeCTH OTHOilleHHe CHrna.n/myM AO 0 .22 (BTOpa!I crpoxa 

Ta6JIHl\bl) 

Ta6JIHL\a 4 . 1 Pe3yJibTaThl npHMeHeHH!I pa3JIHqHhlX MeTOAHK noAaBJieHH11 <j>oHa x 

AaHHhlM Ha6JI10,11eHHS1 Kpa6osH,11Hoii ryMaHHOCTH YHnilJIOBCKHM TeJiecxonoM. 

Mero11 am1.11H3a Non Nolf Di ff a al a 
PCT-+ y 

p Di ff 
r ~r 

Non 

Row Data 506255 501408 4847 4.8 - - - O.DI 

AZWIDTHcut 146i2 11389 3233 20.4 4.23 0.0227 0.67 0.22 

Wedge cut 6017 3381 2636 27.2 5.67 0.0067 0.54 0.44 

S1Jpercut 4452 1766 2686 34.3 7.1 0.0035 0.56 0.60 

Neural• 6278 2858 3420 35.8 7.5 0.0057 0.70 0.55 

•py3y J1bTaThl noJiyqeHhl no 1 I 4 3KcnepHMeHTa.IIbHhlX ,11aHHhlX, a :iareM nepec'IHTaHhl 

" 

JVISI nOJIHOro 3KCnepHMeHTaJibHOro MaTepHaJia. 

.ll:aJibHeliruee yJiyqrueHHe AOCTOBepHOCTH Ha6JIIOAeHH!I CHrHaJia CBSl3llHO c nepexo­

AOM K MHOroMepHOMY KOppeJI!ll\HOHHOMY aHaJIH3y 'lepeHKOBCKHX H306paJKeHlrn. IloA­

XOA pa3BHTblH B pa6oTax [4 .4, 4.5], n03BOJI!leT HaiITH HaHJIY'IIIIYIO KOM6HHal\HIO 

H3Mep!leMI>ix napaMeTpOB qepeHKOBCKOro H306palKeHHSI H noJIHOCTblO HCnOJih30BaTb 

BCIO ceJieKTHBHylO (pa3JIHqHTeJihHylO) HH<!><>pMal\HIO. 

BhlcrpoTa aJiropHTMa MHOroMepHoli KJiaccH<j>HKal\HH II03BOJIHJia npoaeCTH ano­

cTepHOpHyJO OnTHMH3al\HIO no BCeM 3KCnepHMeHTaJibHblM co6blTHSIM H Bb16paTh 

HaHJiy'IIIIHe pa3Mepb1 MHOroMepHOH 06JiaCTH y- H306paJKeHHif B TpeXMepHOM npOCT­

paHCTBe napaMeTpos AZWIDTH, WIDTH H LENGTH (y-KJiacrep) [4.6] . PemeHHe 

0 TOM, qTo aHaJIH3HpyeMoe H306paJKeHHe npHHaJVIelKHT y-KBaHTy npHHHMaJIOCh npH 

nonaAaHHH 3 yKa3aHHhIX napaMeTpoa s 3apaHee oqepqeHHYIO TpexMepHyJO 

KJIHHOBHAHYJO o6JiaCTh (KJIHH - WEDGE) : 

AZ WIDTH < 0.16 AJIS1 30H 2,3 

< 0.15 JVISI 30H 4,5 

LENGTH <0.3 (4.3) 

WIDTH/ AZWIDTH < 0.92 

TIOCJie 3TOH ,11eMOHCTpal\HII oqesH,llHhlX npeHMym;ecTB MHOroMepHoro aHaJIH3ll B 

xoJIJia6opal\HH YHnilJI 6b1Jla npose,11eHa AaJibHeHma!I pa6oTa no onTHMH3lll\HH o6JiaCTH 

y-KJiaCTepa. Bhlna nepese,11eHa B SIBHYIO <l><>PMY 3aBHCHMOCTb OT IlpHl\eJibHOro napa­

MeTpa H opHeHTal.(HH H306paJKeHlrn OTHOCHTeJibHO 11eHTpa IIOJHI 3peHHSI TeJiecKona -

6b1Jl A06asJieH napaMeTp DIST, a cooni-0rueHHe WIDTH/ AZWIDTH 3aMeHeHo napa­

MeTpOM ALFA. TaKHM o6pa30M, o6JiaCTh y-KJiacTepa npeACTaBJISleT co6oit qeThlpex­

MepHh!H napaJIJieJienHneA ( MeTOA Ha3BaJIH supecut [4.7] ) : 

0 .510 <DIST < 1.10 . 0.073 <WIDTH< 0.15 (4.4) 

0.160 <LENGTH < 0.30 0 .000 <ALFA < 0.26 
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Bee 6oJibIIIee ys~nHqeHHe KPHTepHSI a Heo6xot1HMO He TOJibKO AJISI rronyqeHHSI 

6oJibIIIeH tlOCTOBepHOCTll cyU1eCTBOBaHHSI CHrHaJia OT Kpa60Bll/IHOH TyMaHHOCTH, HO 

rrpelK11e scero AJISI ITOHCKa cna6hIX, eme HeH3BeCTHblX llCT04HllKOB II 6bICTporo 

CKaHHposaHllSI 3Be3t1HOrO He6a. 

'fro H ITOt1TBept1l!JIOCb rrp11 1TKpb1THH BTOporo HCTOqHHKa y-113JiyqeHHSI - 3JIHIITH4e­

CKOH ranaKTllKH Markarian 421, c rrpHMeHeHHeM rrapaMeTpos npo11e11ypb1 pacno3Ha­

saHHSI qepeHKOBCKllX H306palKeHllH, OilTllMH311pOBaHHblX c ITOMO!IIb!O 11aHHbIX Ha6JI!O­

AeHHSl Kpa6osHt1HOH TyMaHHOCTH [ 4.8]. 

Ot1HaKO OCTaBaJICSl OTKpbITblM eorrpoc: BCSI Jill. pa3JIH4HTeJibHaSI HHcjJOpMal..IHSl 

HCilOJib3yeTCSl II SlBJISleTCSI Jiii Bb16paHHaS1 cjJopMa y-KJiaCTepa (4eTbipexMepHblH napan­

JieJieIIHileA) aaHJiy4lllei1? 

l1cCJie,11osaHHSI MHOroMepHbiX pacnpe,11eneHHH napaMeTpOB qepeHKOBCKHX H306pa­

)l(eHllH, nonasnrnx B 06nacThy-KJ1acTepa,npose11eHHOe M.KoynH, n03BOJIHJIO BhISIBHTh 

3Ha4HTeJihHb1e pa3JIHq11si MelKt1Y ON 11 OFF cKaHaMH. C 11pyroH. cTopOHhI, CJie,11yeT 

OlKllAaTh, 4TO Hal!Jly4ll!aSI o6naCTb npllHSITHSI perueHHSl HMeeT 6onee CJIOlKHY!O cjJopMy, 

qeM npSIMoyroJihHbIH napannenen11ne,11. 

• flo3TOMy, JlaTibHeH.11111e IlOllblTKH yseJIH4HTb ,!10CTOBepHOCTb HCTO'IHHKa se11yTCSI c 

HCl10Jlb30BaHHeM HOBOH MOll..(HOH i1HCKpHMHHaI.1HOHHOH TeXHHKH - MaTeMaTHqeCKHX 

Mot1eneH. Heli.poHHhlX ceTeli. [1.3]. HeH.pOHHbie ceTH npe,11cTaBnS110T co6oH. cne11HaJib­

Hblli KJiacc CTaTHCTH4eCKHX KJ1acc11cjJ11.KaTOpOB, crroco6HblX o6yqaTbCSI Ha npe).l'bSIBJISl­

eMb!X npHMepax H, 06ecneqH.sa10~0x CJIOlKHble Hemrneli.Hbie o6naCTH rrpHHSITHSI 

perneHHS1. 

06yqeHHe ceTH npOH3B0,!111TCSI nyTeM o6pa60TKH co6hlTHH c H3BeCTHOH npHHaAJielK-

HOCTbl-0 Ii noCJieAOBaTeJlbHOH MOAHcPHKal..IHeli K03cjJcjJHI.1HeHTOB ceTH. floCJie KalK,11oro 

l..IHKJla HTepm.tHOHHOrO npouecca, BblqHCJISieTCSl cjJyHKUHSI KaqecTsa: 

K Mk 
Q = L L courl - OUTlrue)

2 (4.5) 

k=li=l 

r11e ourl - 3Ha4eHHe BblXO)\HOrO HeiipoHa ceTH AJISI i-ro co6blTHSI k-ro KJiacca, Mk -

'1.HCJIO co6hlrn.li B 06yqa10m_ei1 Bbl6opKe k-ero KJiacca, K - ·· ' · - ·rnR OUTlrue -

"HCTHHHOe" 3Ha'l.eHHe BblXOAa AJ!Sl co6hlTHH JI-err .\.. libi.AV~U .... 

Bb16i-1paTb TaKl1M o6pa30M, 4T06bl M<IKCl1M<l.~bHO pa3/IBl1HYTb aJibTCpHaTMBHble K.Jl:ICChl. 

06y•rnB ceTb c ITOMOJ..Ub!O ¢oHOBblX 11JOllpa)KeHHH (OFF CKaH) 11 M011e1111poeaHHblX 

y-c06bITl1H, y11aJIOCb IlOJIY'IHTh .~OBO.~ bl!O LlblCOKI1e xapaKTep11CTl1Kl1 ncma1neHl1SI ¢011a 

[4.9], 011HaKo np11 o6pa6oTKC pea.r1n11h1x ONN, OFF nap 3Ha'leH11e a OKa:1a.10," 

MeHbWe, 'leM nony'leHHOe c HOMOU(hl() Ml!OroMepHoro aHaJIH3a. 3To o6cTO>IlCJlbCTllO 

MOlKHO o6bSICHl1Tb He1136eJKllblMll ynpOll(t:HllllMlf II HeTO'IHOCTSIMlf Mo:1c.111posa1111~ 

TaK-'ITO pe3yJlbTaTbl nOJl\l'IL'llllhll.! Ll p.IMK<I), flb16paHHOH CTaTllClll'IC(I-.OH MO~ll 111 

3Ha'll1TeJlbHO yxyniua10TCSI fiiJll 11epexo11c K pLJ.%llblM 3KCnep11Me11Ta;Ibllt.IM )1ilHllhli· 

Do3TOMY HaM11 6b1na pa3pa6orn11a 11osa11 Mc·101111Ka 06y'leH11S1 Hc1ipo1111t.1x ccT< 11 

11cnoJib3Y1-0ll..laS1 TOJibKO :JKcnep11Me11ia11b11) 1<1 1rncjJopMa111-11-0. Mcno.r1b3YSI Ko 

3cjlcjJ11u11eHTbl ceTM, rIOJiy'leHllhle c 11pMMC1IeHl1t!M QlYllKUM11 Ka'leCTBa (4.5) KaK nepBoe 

np116n11JKett11e, 11anbHei-i1uee 06y•1eH11e ce111 npo1rn1111TCS1c11cno.1b:1oaaH11eM ON, OFF 

nap 11 HOBOH cjJyHKU1111 Ka•1ecrna - (4 21. To CCTb anoLTep11op110 OnTl1M113HpyeTCSI 

cjJopMa y-KJlacTepa. 

Jl.nSI COKpameHHSI speMCHM 06y•1eHl1SI ceT11, 6hl.~O npOM3BeJ1e11a 11peceJieKUl1SI co-

6blTMH - 11nsi o6y'leHHSI 0T611pan11cb co6b1T11SI nonasw1-1e B 4eTb1peXMCpHbIH napan.1e 

nen1-1net1 co CTOpOHaMH B 1.5 pa3 60JlhWllM11 'ICM np>1BtAellHble B (4.4) nocnc 20000 

1-1Tepau11i1 yAaJlOCb nony4HTb 3HH4eH1111 napaMeTpoR ccrn, 06ec11c•11rnu1y10 y11v'IWCH11e 

AOCTOBepHOCTl1 11a.111411SI ~1CTO'IH~1Ka , no cparrneHHIO c MeTOJl{lM supi:rcul (CM nocne.·1-

H1010 CTPO'IKY Ta6mtUb!). 

DpeJ1CTaBJleH11e o cjJopMe 4-Mepttoro He.111He~i110ro }'· K1ancpa 11w1y<reH110M c 

IlOMOll..(blO HeiipOHHUX ceTeii, /lill()T rHCTOrpaMMhl ero npoe1<1111i1 11a 2-MepllhlC n.10-

CKOCTH . 

B 3aKJ11-0'lett11e asTup1>1Bb1paJKat01 6naro11apHoc1 b M.Kuy:111, B coTpv;11rn•1ccT11c c 

KOTOpb!M C03J13BaJlHCb fl np11MeHS1Jll1Cb HORhle MCTO!lbl a11am1.;;1 IH!lj1opr.1a111111 c 'ICIJCH­

KOBCKOrO TeJieCKOna Y1-1nnJlOBCKOfi 06cepsaTop1111. 

27 



BEST GAMMA CLUSTER SHAPE 
rejected events 

g~ .,. 
0 

(/) 0 
_, "' 
~g 
~ ('J 

og 
Z- ..... 

0 
0 .,. 
0 

(/) 0 
_, "' ~g 
~ ('J 

-::: 0 
"'o 
Z- ...... 

Pt.1C . 4.1 .a 

BEST GAMMA. CLUSTER SHAPE 

°­--i;. 

rejected events 

Pt.1C . 4.1.b 

28 

0 
0 .,. 
0 

~~ 
~g 
~ ('J 

-o 00 
Z- ..... 

,, 
·" ,.,--
u (/).,. 

'C ('J 
Q) u 
K> ~ 

BEST GAMMA CLUSTER SHAPE 
rejectea events 

Pl-1C. 4.1.c 

BEST GAMMA CLUSTER SHAPE 
rejected events 

~'.ti 

Pt.1C. 4 .1.d 

29 



g ... 
0 

~~ 
go 

BEST GAMMA CLUSTER SHAPE 

JlMTepaTypa 

1.1. raJiyDIKHH A.H., Cyi:1apHKOB B.A., Illa6aHOB E.B., Mero):IHKa pemeHHSI :JaAll'I 

aa aeiipoKOMilhlOTepe, HeiipoKOMilhlOTep, N 1, 1992 r., CTp. 24-28. 

1.2. 'IBmmrap.1111 A.A., MareMaTH'lecKHe MO):leJIH Heiipo11HHX cereii: xax CHCTeMH 

pacno3HaBaHHll o6pa30B, IlpenpHHT E<I> M-1350 ( 45), 1991 . 

i ~ k-~::!li~~~~~~:j~~~~ c;g 
-z. ~ 

1.3. Sompolinsky H., The statistic mechanics of neural nets, Physics today, 

December 1988, p. 70. 

0 

~ 
0 

"'0 ~ r'1 

~g 
ii'. ('J 

og 
·-z. ~ 

P~c . 4.1.e 

BEST GAMMA CLUSTER SHAPE 

2.1. Hopfield J.J, Neural networks and physical systems with emergent collective 

computational abilities, Proc. Nat. Acad. Scien. 79, 2554-58, 1982. 

2.2. 

2.3. 

2.4. 

Gardner E., The space lf interactions in neural network models, Europhys. Lett. 

4, 451, 1987. 

Personas L., Guon ~.. Dreyfus G., Information storage and retriieval in 

spin-glass neural networks, J. Phisique Lett. 46-, 359, 1985. 

Abbot L.F., Learning in neural network memories, Preprint BRX-274, 1990. 

2.S. Chilingaryan A.A., Neural classification technique for background 

rejected events rejection in high energy physics, Neurocomputing, 1993. 

P~c . 4.1.f 

30 

2.6. Hebb D.O., The organiz.ation of behavior. A neurophysiological theory, 

J.Willey, N.Y., 1949. 2.7. Krauth W., Nadal J.P., M.Mezard, The roles of 

stability and symmetry in the dynamics of neural network, J. Phys. A:Math.Gen. 

21,2955, 1988.' 

2.8. Luria A.R., Neuropsychology of memory, M., Academy of pedogogical 

science, 1976. 

3.1. KoJINoropoB A.H., 0 IIpC,llCTaBJICHHH aenpeplilBHWX cl>YHunrii BCCKOJlhKJIX 

nepeMeHHWX cynepno3JU(lllDlll HenpepWBIDilX cJ>y&unrii o~oi nepeMCHHOii 11 

C)'MIOIPO.BllHI. ,nou. AH CCCP, 1957, T.114, c.953. 

3.2. Heht-Nielsen R., Kolmogorov's mapping neural network c:x.ictence theorem, 

31 



IEEE FiISt .\nual Int. Conf. on Neural Networks, v. 3, p.11, 1989. 

4.l. Zhang S.N., Ramsden D., S1atistical data analysis for y-ray astronomy, Exp. 

Astronomy 1, p.145. 1'990. 

4.2. Cawley M.F., Fegan DJ_, et al, A high resolution imaging detector for tev 

g-ray astronomy, &p..Astmnomy 1, p.173, 1990. 

4.3. Vacanti G., CawJcw ll..'F-, et. .al, Gamma - ray observations of the Crab nebula 

at Tev CDergies. Ap.J.37i1, p.467, 1991. 

4.4. Chilingari.an A.A., SUfis1ic.al decissions under nonparametric apriori 

information. Comp. PJiys em-. 54, p.381, 1989. 

4..S. Aharonian F.A.. On»iptian A.A., et al, A multidimensional analysis of the 

Checentov ilUglCS of. ;air .showers induced by very high energy g-rays and 

protons, Nucl. Ins.A Jlcihodi A302, p.522, 1991. 

4.6.. Chilingarian A.A.. Caw1ew M.F., Application of multivariate analysis to 

atmospheric chaaikov :llm!ging data from the crab nebula, Proc. 22 ICRC 

v.l,p.4'i0, Dublin. 1991. 

4.. 7. Punch M., AkerlofC.W. , Cawley M.F., et. al., Supercuts: an improved method 

of seJccting ~-mys, Proc. 22 ICRC v.l, p.464,Dublin, 1991. 

.U. F.Hahen, Photons from hell. Nature, August,1992. 

4..9. Chilingarian AA.. Ncural:net classification of they- and p- images registered 

with atmocpheric cihercnk.ov technique, random search learning in feed -

forwaro networks, Proc. 22 JCR.C v.1, p.540, Dublin, 1991. 

'Ibe .manusaipt was received April 16. 1993 

A.A.qRJnrnrAP51H, P.M. IIIAI'051H 

. MATEMATHqECKHE MO.ll;EJIH HEnPOHHbIX CETEn 

KAK CHCTEMbl PACil03HABAHH51 OBPA30B 

Pei1aKrop A.C. EcHH 

TeXHK'leaam pei1aKTOp A.C. A6paMllH 

Ilo,llil.HcaHo B ne'laTb 28/IY-93 

Oq>e:eTHrui: ne'laTb. Y'l.H3A.JI. 1,5 

3aK. TllU. 125 

OTrre'laTaHO B EpesaHCKOM $H3H'lecKoM HHCTHTyTe 

EpesaH-36, yn. BpaTueB AJIHxarurn 2. 

<l>opMaT60x84xl 6 

THpallC I()() 3K3. . 

HH,AeKc 3649 


