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1. BaeaeH11e 

HeRpo-aHaToM11YecK11e 11ccneaoaatt11H nocny~11n11 ocHoaaH11eM anH 

C03ll8Hl1H MOtten11 HeMPOHHblX ceTeR KaK Cl1CTeMl:i coea11HeHHHblX 

MHO r0411CneHHl:iMl1 CBH3HM11 npoCTblX npoueccopHblX 3neMeHTOB - HeRpOHOB 

fll. HeRpOHl:i, B 38Bl1Cl1MOCTl1 OT aenl14HHl:i BXOllHOro CHrHana, MOrYT 

nepeXOllHTb 113 OllHOro B03MO~Horo COCTOHHHH B apyroe. 3TH 

COCTOHHHH, B 3aBHCHMOCTH OT 3Ha4eHl1H MeM6paHHOro noTeHu11ana, 

Ha31:tBa~T aKTl1BHl:iMH 11n11 nacCHBHl:iMH, CTaBH 11M B COOTBeTCTBHe 4HCna 

+1 11n11 0(-1). TaKHM o6pa30M, COCTOHHl1e OllHOro HeRpoHa KOlll1PYeTCH 

OllHHM 6HTOM HHqiopMau1111, a CHCTeMl:i 113 N HeRpOHOB - llB0114Hl:iM KOllOM 
N 

llRl1Hl:i N [2]. CneaoaaTenbHO, acero B03MO~HO 2 COCTOHHHH' 

.. 
S = (S

1
,s

2
, .. . ,SN) , Si ±!. ( 1. l l 

L!HHaMHKa CHCTeMl:i HeRpOHOB MO~eT 6b1Tb 3attaHa KaK llBl1~eHHe B 

npocTpaHCTBe COCTOHHMM. ~nH Bl:illeneHl1H 6RH3Kl1X COCTOHHl1M Yll06HO 

saecTH B 3TOM npocTpaHcTae MeTpHKY - paccToHH11e X3MMHHra: 

µ 
rae s 

v 
s 

N µ v 
R = ( 1 - ) S. S./N)/2 

H i=f ,Nl l 

COCTOHHHH ceTM, a N 

( 1 .2) 

4HCRO HElApOHOB. ~RH 

OllHHaKOBblX COCTOHHHR paccTOHHHe X3MMHHra paBHO HYR~. a llRH 

nonHOCTb~ pa3Rl14HblX - ettHH11Ue. 

npocTpaHCTBO COCTOHHMR C onpeaeneHHOR T8KHM 06pa30M MeTpHKOR 
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Ha3 0B0M npocTpaHCTBOM X3MMHHra. a AHHaMHKa CHCT9Mbl HeApOHOB MOlKeT 

6~b OOHCaHa KaK penaKCaUHSI BO speMeHH "B036YJK.lleHHO ro" COCTO>!H HS'I 

K OtIHOMY H3 6a30BblX (YCTOA4HBblX) COCTOSIHHA , a HMeHHO K TOllY, tIO 

KOToporo paccTOSIHHe X3MMHHra 11eHbme. 

LIHHaMHKY CHCTe111i1 onpetiensiroT MHoro4HCJleHHble 110%HeApoHHb10 

CBS'13H, H Y%0 Ha 3TOll • nepso11, 3Tane onpeAeJleHHS'I 110tl9JIH HeApOHHblX 

CeTeA C0TH 110%80 pa3A9JIHTb Ha ABa Knacca: peKyppeHTHble ceTH, B 

KOTOPblX see HeApOHbl pasHonpaBHbl H C00AHH9Hbl co BC011H OCTaJlbHblMH , 

H nocneAOBaTeJlbHble (MHorocnoAH!ie), B KOTOPblX HeApOHbl pa3t1eJ1eHbl no 

CJIOSIM, H B3aHMOtI0ACTBYIOT MelK,ll~ C060A TOJlbKO,COCeAHHe CJIOH. 

B pa11Kax KaJKAoro 1<nacca B03MOlKHbl pa3Hoo6pa3Hble 

TononorH40CKHe CTPYKTYPbl, OTJIH4a~111Hecsi KaK 4HCJIOM HeApOHOB H 

c noes, TaK H HX B03MO%Hb1MH C00AHH0HHSIMH. 

Pac.cM0TpH11 cHa4ana peKyppeHTHl:ile C0TH , OCHOBHOA 

xapaKTepHCTHKOA KOTOPblX SIBJIS10TCS1 11aTpHua CBS130A (B0COBblX 

K034>C!>HUH0HTOB), Ha KOTOPYIO 

orpaHH40HHS'I' 

06li4HO HaKJl8tINBaJOT CTaHtiaPTHble 

J .. 
l ,J '

1J,i , Ji,i 0 

LIHHa11nKa cncTe111i1 3aAaeTcST cneAYKJIIIHM oepa3011: 

N 
N t"' ( ~Ji,JsJ~o 

si(t+l) = sgn(·-~ ~i,J sj )= J= ,N 
J- , 

1 if ( ~ J. . s. ( 0 
j= ,Nl,J J 
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( 1 .3 ) 

( 1 .4) 

Ka lKtiblA Hef!pOH Bl:NHCJISl0T B3BemeHHYIO CYMMY COCTOSIHHfl Bcex 

OC TaJlbHblX Hef!pOHOB H, B 3aBHCHMOCTH OT 3HaKa 3TOf! CYMMbl, 

nepeXOtIHT B HOBOe COCTOSIHHe, TO eCTb tieACTBYeT KaK noporoBblA 

3ne11 eHT. Ta KHM 06pa30 11 MOtIH~HUHPYIOTCSI ace Hef!poHbl ceTH. 

DTM eTHM, 4TO B npHBetie HHOA KOH~HrypaUHH ceTH IlHHef!Hble 

Me JKHeAp OHHble CBSl3H o6ec ne4HBalOT rno6aJlbHblf! 06MeH HH~pMauneA 

M0lKtlY HeApoHaMH, a H0JIHH0f!Hoe CYMMHPOBaHHe 3TOA HH<!>OPMaUHH B 

Ka*tIOM HeApoHe aHanorH4HO H€TPHBHaJlbHOf! HHTepnpeTaUHH 3TO f! 

HH~pMaUHH [31 . 

CT03TOMY, H0CMOTPSI Ha 04€BHtIHYID cxe11aTH4HOCTb M0tl€JIH, OH a 

OKa3blBaeTCSI cnoco6HOA K "HHTenneKTYaJlbHOfl' ' tl0SIT8JlbHOCTH , a 

HM0HHO, K pacn03HaBaHHID o6pa30B. 3Ta cnoco6HOCTb o6ecne4HBaeTC SI 

Ta KHMH CBOf!CTBaMH ceTH, KaK pac npetieneHHaSI o6pa60TKa HH~pMaUHH, 

SI BJISl lOIDaSICSI ecTeC TBeHHblM CJ1 0tICTBHeM KOJIJl 0KTHBHOf! tIHHaMHK H CeTH, 

Kpaf!HSISI npOCTOTa ~YHKUHOHHPOBaHHSI OTtl0JlbHblX Hef!pOHOB" a TaKJKe 

KOHKypeHTHOCTb Bl:NHCJIHT8JlbHblX npoueccoB B Y3JlaX ceTH (HeApoHaX). 

3TH CBOACTBa t1eJ1aWT B03MOlKHblM npoBOtIHTb 06Y40HHe c eTH 141, 

TO eCTb HatI0JISllOT M0tl0Jlb B031!0)1(HOCTbW npOSIBJIS!Tb CBOf!CTBa, CXOlKHe c 

noaetieHHeM 6HOJIOrH4€CKHX ceTeA . 06Y48HHe 3aKJll04aeTGSI B 

npettbSIBJl0HHH ceTH ~HKCHPOBaHHblX COCTOSIHHf! 

06pa3oa-npoTOTHTIOB 

H0KOTOPl:XX 

(ttBOH4HblX N-MepHblX B€KTOPOB) H TaKOf! 

nocnetiyromea MOtlH~HKaUHH MeJKHef!poH HblX CBSl3eA, 4TO 3TH COCTOSIHHSI 

OKa3blBaWTCS1 Blitl8Jl€HHblMH B npocTpa HC TBe X3MMHHra. BoKpyr HHX 

06pa3yeTCSI HeKaSI 06JlaCTb npHTSl )l(0HHSI, H np o6Hble BeKTopa 

(HcKaJKeHHble o6pa3bl), nonaemHe B OtIHY H3 3THX o6nacTef!, 

Htl0HTH~HUHPYIOTCSI Ce TbID. KaK OttHH H3 3anoMH€HHblX npoTOTHTIOB. 
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• 

CBOMCTBO Y3HaBaTb (BCTIOMl1H~Tb) no HeTIOJJHOM, 11CKall:eHHOM 

l1HqiDpMau1111 51BJJ51eTC51 OCHOBOM 11HTenneKTYaJ1bHOM ae51TeJ1bHOCTl1 11 

np11cyme ll:l1BblM opraHl13MaM. CYIUeCTBYIDT MHOr0411CJJeHHble on11caH11~ 

Ha6nroaeH11!1 ll:l1BOTHblx 11 aeTefl, noKa3blBarom11x pemaromyro ponb o6y4eHl151 

B pa3BMTl111 3Toro CBOMCTBa . 

KoHe4Ho, TPYaHo 0J1:11aarb, 4TO HacTOilbKO ynpomeHHa51 Moaenb 

aocTaT04HO T04HO 11Ml1Tl1pyeT CTIOC06bl paCTI03HaBaHl151, ,np11cym11e ll:J1BOf! 

np11poae, B TOM 411CJ1e 11 4eJJOBeKy, oaHaKO caMa CTIOC06HOCTb Moaenel1 

He l1pOHHblX ceTeI1 K TaKOMY CJlOll:HOMY noeeaeHl1ID, TIOMl1MO YTl1J111TapHblX 

TeXHJ14eCKl1X aocTOMHCTB, YKa3blBaeT Ha .ee CXOll:eCTb c 611onor114eCKJ1Ml1 

ceT51Ml1 B KaKMX-TO rnaBHblX aeran51X 11 MOll:eT CJ1Yll:11Tb 11 an51 

11ccneaoBaH115! npouecc oe BblClllel1 HepeHofl ae51TenbHOCTl1. KaK Mbl YB11a1111 

HJ1ll:e, 11CKYCCTBeHHble He!1pOHHb!e ceTJ1 CTIOC06Hbl 11oaen11poBaTb TaKYID 

TPYaHo ynpaan51e11yro B nc11xonor114ecK11x onblTax een11411HY, KaK pa3Mep 

06JJaCTl1 aTTpaKTl1BHOCTl1 11Jll1, apyr111111 CJJOBaMl1, " Cl1JJy'' J1:e JJ a 111151 

BCTIOMHl1Tb. 

Cnoco6HOCTb "BCTIOMJ1H8Hl151" B03Hl1KaeT KaK CTIOHTaHHOe CBOf!CTBO 

a11HaMl1Kl1 ceTJ1, TO ecTb penaKcau1151 B a11cKpeT HOM Bpe11eH11 

11CKall:eHHOro 06pa3a np11Boa11T K oaHOMY 113 TIPOTOTl1TIOB. 

~Jl51 KOHKpeTJ13aU1111 3aKOHa aB11ll:eHJ15! (1.4) Heo6xoa11110 Bbl6paTb 

OlJepeaHOCTb 11oa11¢11Kau1111 He!1pOHOB. 3aecb B03MOll:Hbl TPl1 Bap11aHTa= 

a)C11HXPOHHa51 cxe11a - oaHOBpeMeHHOe 113MeHeHl1e COCT051Hl151 

HeI1poHoB (napanneJJbHble Bbl1J11cneH115!); 

ecex 

6)noc JJ eaoBaTeJJbHa51 11oa11¢11Kau1151 no 3apaHee onpeaeneHHOl'lY 

nop 51aKy; 

B)Bb!60p CJJY'laf!H OM nocneaoBaTeJJbHOCTl1 HeflpOHOB. 

6 

MccneaoaaH115! noKa3an11, 4TO B cnyqae a) Bpe11eHHa5! 3BOJJIDU1151 

ceTH 4aCTO ceoa11TC5! K OCUHJJJ151U1151M nepeKJJID4eHl151M Mell:aY aBYM51 

COCT051HH51MH. CxeMa B) npeano4THTeJJbHee cxeMbl 6), TaK KaK 

HeB03MOll:HO 060CHOBaTb BNaeJJeHHOCTb 

nocneaoBaTeJJbHOCTM Hel1pOHOB. 

KaK0!1-n1160 ¢11KCl1POBaHHOJ1 

He 11poHHYID ceTb MOll:HO npeacraa11Tb KaK YHHBepcanbHblM aeKoaep 

.llJl51 Koaa, COCT051mero 113 M KJJKJ4eBblX CJJOB . 06bl4HO eMKOCTb naM51Tl1 

MaKC HMaJJbHOe 4HCJJO npOTOTHTIOB cnoco6HblX 6blTb 3aTIOMHeHHblMl1 

xapa Krep113yror napa11eTpo11 a: 

M al" . \ 1 R~ •i 

0T!1 8Tl1M ' l!TO a MOll:eT 6blTb 60Jlbllle 1 . 

BTop ofl xapaKr11p11cr11Kofl naM51TM 51BJ1518TC51 BeJ1J1411Ha 06 JlaCTl1 

aTTPBKTHBHOCTl1 - MaKCl1MaJJbHOe l1CKalKeH11e TIPO.TOTl1TIOB (B 11erp11Ke 

X3MMl1Hra), Kor aa o6pa3bI eme 11oryr 6blTb pacno3HaHHblMM. 

0Ka3aJJOCb' 4TO CYmeCTBYIDT cxeMbl 06Y4eH!151, CTIOC06Hble 

ynpaBJ151Tb BeJJ!1411HOJ1 3TOJ1 06nac r 11 , 11 3aBl111Cl1MOCTb "Ka4eCTBa" 

paCTI03HaBaHJ151 OT BeJ111lJl1Hbl 3TOfl 06nacr11 

xapaKTep. 

1111eeT HeTPl1Bl1aJJbHblJ1 

Dpell:ae l!eM nepe411cn11Tb sonpocbl, paccMarp11eae11ble e HacT051mel1 

pa6ore, caenae11 oaHo 3aMe4aH11e. OcHOBHble reoper114ecK11e pe3YilbTaTbl 

11 oueHKM caenaHbl ao HacTo51mero epe11eH11 aJJ51 MaKc1111anbHO B03MOll:HblX 

3Ha1JeH11fl napa11eTpa a . OaHaKo B np11noll:eHl15!X o6pa60TKl1 aaHHlilX 

¢11311Kl1 BblCOKl1X 3Hepr1111 Ball:Hbl CJJY'lal1 MaJJb!X a (OCHOBHble np11noJ1:e~1151 

3aKJ1ID4aIDTC51 B paCTI03HaBaHl111 CMrHaJJa Ha YPOBHe qiDHa). c ap1'!'<.l!1 
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' 

CTOPOHbl, BP9.ll m1 CJieayeT 0)!(!1tlaTI:-.i, 1.JTO 6110Jl0fl11.J6CKI16 C6Tl1 pa6c"'.'a!QT 

Ha npe4eJie CBOl1X B03MO:t:J.!Or::Tel1, TaK KaK r1Horo,rnc ne;rnr,18 

11r::cneaoBaHl1R noKa3aJil1, 1.JTO B03MO)!(H0CT!1 M03ra 11cnoJib3YIQTCSl 11aneKD 

HU fiO.P.HOCTblG. 

'l03TOMY OCHOBHOe BHl1MaH11e Mb! Yl!eJll1M peaJll1CTl11.JeCKl1M CJIYlJaSlM 

Mc1J!hiX Oi . 

Bo BTOPOM napa:"paqie 6YtlYT paCCMOTpeHb! CJ10C06b! 06Y1.JeHl1R 

l!eI~POHHblX ceTefl. 6yaeT CC!'OPMYJnlPOBaHO YCJIOBl1e CTau110HapHOCT!1 

o5pa3a, 11 6Yt1YT np1rne11eHb! pe3YJibTaTbI 11ccne11osaH11!1 pa3Jil11.JHblX 

a .rrropMTMOB 06Y'lemrn peKyppeHTHblX ceTefl. B TpeTbeM naparpaqie 

CdM Cb!BaeTC>i lll'!HaM!1Ka MHOfOCJIOf!HblX nocne11osaTeJibHblX ceTeii M 

~~3VJlbTaTbl 3KCnep1111eHTOB c Hl1MX. 4e T sepTbll1 naparpa~ nocB"lllle H 

B03!10)!(HblM np11MeiiCP!1 '' '.' . ' '.; '.) 'J:iHb!X i:erefl B 3KCnep1111eHTax ~113!1Kl1 

Bb!COI<MX 3Hepr11!1 11 KOCMl14eL ' , !)l.i6 l;i . 

2. 06y4eH11e peKyppeHTHblX ceTe1 

TepM11H o6y4eH11e np11MeHsie1 Y 1-: w11poK OMY c n e v.Tp y npo6.1e M, 

CBS13aHHblX C KOHCTPYl1POBaHl18M EeflpOHHblX c e ':'eH. B03M O)i(HOCTb 

06y1.JeH11>J B )!(l1BOfl np11poae OCHOE a;«., Ha Yl1!1Bl1TeJibHO rl16KOM 

a11anT11BHOM nose11eH1111 611onor11YecK11x HeflpoHHblX ceTeH. Bo3MO)!(HO, 3Ta 

nnaCTl14HOCTb 11 eCTb TOT Slll1HCTBSHHblH HeTpl1Bl1aJibHbll1 3JieMeHT, 

KOTOpb1!1 yaanocb nepeHeCTl1 B M0,'1e.n11 HeflpOHHblX ceTeH. 

Kax Mbl y)!(e rosop11n11 BO BBet1eH1111, o6pa3bl, He 113MeHsirom11ec>J np11 

npeo6pa30BaHl111 (1 . 4), 11eHCTBYIQT KaK aTTPaKTOPbl 11 npoeu11py!QT 

"11CKa)!(eHHb!f!" - npo6Hb1H llB0111.JHbll1 N-11epHbll1 BeKTOP - Ha Ol!HO 113 

6a30BblX (3anOMHeHHNX) COCTO>lH11l1, a !1MeHHO, Ha T O, ,ao KOToporo 

B 

pac c ToSJH11e Xe111111Hra Ha11MeHbU1ee. 

/.lnsi Toro.. 4T06bI n p o>ICHl1Tb He snon11e >JCHblfl sonpor:: o Be.n11'IMH<: 

06.nacT11 aTTpaKTl1BHOCTl1, onpe,aen11r1, CJ1el1Y>l pa6nT e B Ki.l:¥tW!' 

y?ne ceT11 noKaJibHOe none • 

µ N µ 
E i , , 

1 
... l " ,] ."") .J 

.F 

µ 

Lln si To r o' 1.JT0 6bl 06p a3 s 6NJI CTa6 11 Jl b HblM ' He06XOll l1 MO' 1.JT06bl 

l1Jl Sl BCeX Heflp OHOB BblTIOJIHSlJIOCb YCJIOB11e : 

µ µ 
h ,­

. "' 1 
> 0, i = l,N. ( ,'. :· ; 

]Of 111.JHO npeanoJIO)!(l1Tb, '!TO YeM 60Jlbllle Bb~aBHl1Beromee JlOKaJibH08 

none (2. 2), TeM c11nbHee np11T>J)!(eH11e K o5pa3y s 
µ 

11 TeM 60Jibllle 

06JiaCTb npl1TSl)!(eHl1>l. 

011HaKO 3aMeTl1M' '!TO ypaBHeHI1e ( 1 . 4 ) l1HBap11aHTH O OTHOCl1TeJibHO 

YMHO)!(eHl1Sl J. . Ha JII06YIO KOHCTaHTY Toro )!(e 3HaKa' TaK KaK l1!1HaMl1Ka 
1 ,J 

µ 
ceTl1 onpe11en>JeTC~ He BeJil11.Jl1H0!1, a 3HaKOI1 CYMMbl EJ3 . f103TOl1Y 

sen111.J11Ha BblpaBH!1Baromero non>I (2.2) He onpe11en>IeT 06JlaCTb 

np11Tsi~eH11~. B11ecTo Hee npeano~eH ~b 1 cnea y rom1111 HOP Ml1POBaHHbrl1 
µ µ 

µ h . S. N l /~ 
napa11eTp cTa611JibHOCT11= r.= 1 1 .1J . I ~ E J .. l 

i I J I l ·=1 l. J 
i J 

( ..., -.·' L ~ 0 I 

KOT~PN~ CJIY)!(l1T 11H,'1l1KaTOPOM BSJll11.Jl1HN 06JiaCTl1 npl1T>l)!(eHl1>l. /.lJISl 
µ 

YBeJI111.JeHl1Sl 06JiaCTl1 aTTpaKTl1BHOCTl1 He06X0,/1!1MO ysen11q11Tb ri' i = l,N, 

To ecTb pe1J1aromee 3Ha1.JeH11e np1106peTaeT ~YHKUl1>I pacnpe11eneH11>I 
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napaMeTpa CTa6HnbHOCTH. 3aaaqy o~yqeHHSI MO*HO ci>oPManH30BaTb B 

BHae. aonycKa~111011 ynpaaneHHe aenHqHHOA o6nacTH aTTpaKTHBHOCTH' 

HaATH TaK~ MaTPHUY BeCOBIXX K03~HUH0HTOB J ... KOTOpasi o6ecneqHT 
µ . l,J 

ycnOBHe ri } G ansi acex i=l,N, rae G HeKOTOpasi KOHCTaHTa, 
µ 

onpeaensi~masi aenHqHHY o6nacTH npHTS1*eHHS1 o6pa3a s . KoHeqHo, 

aenHqHHa o6naCTH aTTpaKTHBHOCTH 6YaeT 3aBHC0Tb H OT qHcna 

3ano11HeHHIXX o6pa30B, H OT pa3Mepoa ceTH. OaHaKo B03l'IO*HOCTb 

aapbHPOBaTb Ba*HeAllll11'1 napaMeTpOM accouHaTHBHOA naMSITH OTKpblBaeT 

WHPOKHe B03l'IO*HOCTH anSI nOHHl'laHHSI MexaHH3l'IOB, ne*a11111x B OCHOBe 

HTTenneKTYanbHIXX cnoco6HOCTeA MoaeneA ,HeApOHHIXX ceTeA. 

PaccMoTpHM cHaqana cxeMl:i pa3oaoro o6yqeHHSI' nocne 

npeabsianeHHSI npoTOTHnOB Bbl'!HCnS!eTCSI MaTpHua Ji ,j I KOTOpaS! B 

aanbHeAmeM H HCnonb3YeTcsi anS1 pacno3ttaaaHHSI. npHMepoM TaKHX 

anropHTMOB S1BnS1IDTCS1 anropHTl'I Xon4>Hnaa [7]: 

J .. 
1 • J 

M µ µ 
- I: sisj 

µ=1 

H aeKoppenMPY~llll1A anropHTl'I [sJ: 

M -1 µv µ v 
J. = E ( R ) s. s. 

1 .j 1 
µ.v J 

µv -1 N µ v 
R = N E s. s. 

i=l 1 l 

( 2.4) 

( 2 .5 ) 

rae o6yqeHHe npoaoaHTCSI no M 06pa3a11 cpa3y ansi acex HeApoHoB 

ceTH. A.nropHTl'I Xon4>Hnaa He Mo*eT pacno3HaBaTb aa*e He6onbmoe 

KOnHqecTBO KOppenHpOBaHHblX npoTOTHilOB 6e3 ODIH60K, anropHTM (2.5), 

pacno3HaeT ao N 06pa3oa 6e30111116oqHo (CM., Hanp., [9]), oaHaKo OH 

He Il03BOnS!eT ynpaanS!Tb o6naCTbID npHTSl*eHHSI, qTo, KaK 6bln0 CKa3aHO 

Bblllle, HMeeT pemaIDmee 3HaqeHHe npH nocTpoeHHH pacno3HaID11111x CHCTeM. 

OCHOBHOA oco6eHHOCTbID apyroro Knacca 06yqaID11111x anropHTl'IOB 

S!BnS!eTCSI BbNHCneHHe napal'!eTpa CTa6HnbHOCTH (2.3) anSI 
µ 

HeApOHOB, 3aTel'!, B 3aBHCHl'IOCTH OT Ebll!OnHeHHSI ycnOBHSI ri 

acex 

G, 

MOaH4>HKaUHSI 3neMeHTOB MaTPHUl:i CBSl3eA Ji,j' "' TaK aanee ao 

Bbll!OnHeHHSI ueneA o6yqeHHSI. 

OaHaKo oKa3anocb, qTo ecnH anS1 3HaqeHHA cTa6HnH3HPY~mero 

napaMeTpa G e(0-1.5), o6yqeHHe 3aaepmaeTCS1 3a HeCKOnbKO HTepauHA, 

TO ansi 3HaqeHHA G 1.5 HeKOTOpoe He6onbmoe qHcno HeApOHOB 

o6yqHTb He yaaeTcsi: B npouecce HTepauHR c HeKoToporo MOl'leHTa 
µ 

Ha4HHaIDTCSI OCUHnnSIUHH H H31'1eHeHHe pacnpeaeneHHSI r npeKpamaeTCSI. 

no3TOl'IY l'll:i BBenH nOHSITHe Haae*HOCTH o6yqeHHSI. EcnH B npouecce 

o6yqeHHSI oKa3anocb, qTo anS1 acex i: 

µ 

ri T)G, Tl e ( 0- 1 ) • ( :2 .6) 

TO 6yael'I roBOPHTb, 4TO uenH o6yqeHHSI aocTHrHYTl:i c Haae*HOCTb~ T) . 

Jt1311eHeHHe K03~UH0HTOB CBSl3H npoHcxoaHT cnea~1111111 o6pa30M' 
µ 

EcnH r i < T)G, TO 

J .. (t+l) = J. .( t )+ 6J. .. 
l. J l,J l,J 

( 2 .7) 
µ v 

6 J .. = f( J. ,,G,J. )S. S. , 
l,J l,J l l J 

rae t - HOl'!ep HTepaUHH. KoHKpeTHl:iA BHA 4>YHKUKH f Bbl6HpaeTCSI anSI 

YCKOpeHHSI o6yqeHHSI, B qacTHOCTH, B pa6oTe (101 noKa3aHO, qTo anSI 

He6onbllll1X G o6yqeHKe 3HaqHTenbHO Y6l:iCTPSl0TCSI, ecnH BeJIHqHHa mara 
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µ 

6epeTC5! nponopu110HaJlbHO pa3HOCTl1 (ri - G). 

4n5! 11ccne40BaHl15! pacno3HaIDUU1X B03MO*HOCTeM peKyppeHTHNX ceTeM 

HaMl1 6NJJl1 npoBeaeHN Bb!'l11Cill1T8JlbHNe 3KCnep11MeHTN no pacn03HaBaHl1ID 

6YKB Ha pemeTKe, COCT05!llieM 113 100 HeMpOHOB (10 x 10). YpoBeHb 

CJIY4aMHOrO lliYMa aapbl1POBailC5! OT 20 40 40%, KOHCTaHTa rap4Hep OT 0 

40 2 . 5, Ha4e*HOCTb 06Y4eHH5! 6Nna B35!Ta paBHOM 90% (~=0 . 9). 

Bepo5!THOCTl1 omH60K Bb!'IHCJJHJJl1Cb no 100 He3aBl1CHMNM 3KcnepHMeHTaM 

4nH Ka*4oro anrop11TMa, 3Ha4eHl15! myMa 11 "anq,aa11Ta". 

Ha p11c.1 npe4cTaBneHN .npoToT11nN H npo6HNe (11cKa*eHHNe) 

o6pa3N. Ha p11c.2 noKa3aHa 3aBHCHMOCTb apeMeH11 06Y1-1eH115! (411cna 

11TTepaUHM) OT 3Ha4eHl15! CTa611JJl1311PYIDmeM KOHCTaHTN. 4n5! HeCXO*l1X 

6YKB F 11 T (paccToHHHe X3MMHHrra RH 0.28) o6y4emie 

3aKaH411BaeTC5! ropa340 6NCTpee 4eM 4Jl5! 6onee 6JJl13KHX 6YKB F 

4JJ5! KOTOPNX RH = 0 .08. 4JJ5! 6a30BW "anq>aBHTOB". COCT05!IIU1X 

6onee 6YKB, 06Y1-1eH11e Tpe6YeT ropa340 6onbme BpeMeH11. 

H 

113 3 11 

Ha p11c.6.2 noKa3aHa 3aa11c11MOCTb BpeMeHl1 o6y4eHl15! (4Hcna 

11TepauHA) OT 3Ha4eHH5! CTa611JJl13HPYIDllieM KOHCTaHTN. 4n5! HeCX0*11X 

6YKB F H T (paccT05!HHe X3MM11Hra RH 0 .28). 06Y4eH11e 

3aKaH4HBaeTC5! ropa340 6NCTpee, 4eM 4Jl5! 6onee 6JJH3Kl1X 6YKB F 11 
E, 

KOTOPW RH = 0.08. 06Y1-1em1e 4JJ5! 6a30BW "anq>aBHTOB" • 
4Il5! 

cocT05!IIU1X H3 3 H 6onee 6YKB, Tpe6yeT ropa340 6onbmero apeMeH11. 

3TOT pe3YJJbTaT HMeeT HeKOTOpoe CX04CTBO c nc11xonor114ecK11MH 

TeopH5!MH pa3JJl148HH5! (CM .• Hanp .• (11] ), B KOTOpW, B 48CTHOCTl1, 

YKa3HaaeTC5!, 4TO npH BN6ope MelK,!IY ABYM5! oebeKTaMH (B HameM 

np11Mepe - 6YKBN F 11 T) npe4b5!BJJeHHe CX04HOrO pa3apa*HT8Jl5! 

\ ::p11B0411T K yxyameHHID Ka4eCTBa pacno3HaBaHH5!. 

(6YKBN 

KaK npaBl1JJO, npouecc BCnOMl1HaHl15! 3aKJJID4aeTC5! B BN6ope 113 

p514a B03MO*HNX anbTepHaTl1B, c TOPM0*8Hl1eM no604HNX. Henpol13BOJlbHO 

B03Hl1Karom11x CB5!3eM, a 3a6NBaH11e 11 HenpaBl1JlbHOe BCnOMl1HaH11e 

5!BJJ5!eTC5! cne4cTBl1eM TOPMO*eHl15! cne40B, OCTaBneHHNX B npouecce 

o6y4eHl15! (3ane4aTneH115!) no604HNMl1 (l1HTepcpep11pyrom11M11) 

B034eMCTBl15!Ml1 [121 . 

3Ta Teop1151 cornacyeTC5! c TeM, 4TO apeMH o6Y4eHl15! ceT11 pe3KO 

ysenl1411BaeTC5! np11 406aBneH1111 6YKBN E, l1HTepcpep11pyromeM c 6YKBOM F. 

Ha p11c. 6.3 npe4cTaaneHN pacnpe4eneH115! napaMeTpa 

CTa611JlbHOCTl1 4Jl5! pa3JJl14HW anropl1TMOB o6y4eHH5! 4JJ5! Tpex 

npoToT11noa. BH4HO, 4TO anrop11TM Xon~11n4a He cnoco6eH 6e3om11604HO 
µ 

pacno3HaBaTb 6YKBN, TaK KaK cpe411 ri eCTb OTP11UaTeJJbHNe, TO eCTb 

npoTOTl1n He 5!BJJ5!eTC5! 11HBapHaHTOM OTHOCl1TeJJbHO 411HaMl1KH ceT11; 

aeKoppen11pyIDIJU1M anropHTM cnoco6eH 6e30IDH604HO pacno3HaTb Bee TPl1 

06pa3a, anrop11TMN Knacca 3.rap4Hep TaK*e 06ecne411aaroT. ycnoa11e 

06yYeH115!. KpoMe Toro, 4n51 3Ha4eHHH KOHCTaHTN 2.s pacnpe4eneH11e 

BeJJl1411H r 3Ha411TeJlbHO npaaee OT HYJl5!, 4eM 4JJ5! 3Ha4eHl15! KOHCTaHTN, 

paBHOM o. Ho 4n51 3Toro Tpe6yeTc5! 6onbmee apeMH o6y4eHl15! (4HCno 

11Tepau11M). 

Ha p11c.4 a),6).B) npe4cTaBneHN aepo5!THOCTl1 Ollil1604HOM 

Knacc11~11Kau1111 ' B 3aB11Cl1MOCTl1 OT BeJJl14HHN KOHCTaHT~ rap4Hep. c 

yaen114eHl18M KOHCTaHTN Ka4eCTBO pacno3HaBaHl15! YJIY4lliaeTC5!, 04HaKO 

ecn11 paccMQTP6Tb Bepo5!THOCTl1 OlliH60K 4Il5! pa3aenbH~X 6YKB. TO 

OKa*eTC5!, YTO cymecTBYeT onT11MaJ1bHOe 3Ha4eH11e G, nocne KOToporo 

pacno3Haaal.-i11e yxy4maeTc5!. 3TO 03Ha4aeT, 4TO 06JJaCTl1 

aTTpaKTl1BHOCTl1 6YKB Y*e nepeceKaIDTC5!. 

1 .. 



3 . nocne.aoBaTeJJbH~e MHOrOCJJOf!H~e CeTl1. 

XOTH peKyppeHTH~e ceT11 11 11cnOJJb3YIOTCH B <l>B3 llJIH 

pacn03HaBaHl1H o6pa30B B TpeKOB~X aeTeKTOpax, 11X np11MeHeH11e 

orpaHl14eHO 113-38 <1>11KCl1POB8HHOCTl1 B031'!0)!(H~X COCTOHHl1fl HeflpOHOB 

(±1), YTO 3aTPYAHHeT HenocpeacTBeHHl:IA BBOA 3KCnep11MettTaJJbHOfl 

11H<l>OPM8U1111 B HeflpOHHYIO ceTb. 

ropa3,ll0 6onee TIPl1BJJeKaTeJJbHblMl1 C 3TOfl T04Kl1 3peHl1H B~rJJHllHT 

MHorocnof!H~e nocneaoaaTenbH~e CeTl1, npOH3BOll~llll1e o6pa60TKY 

!lPOl13BOJJbHOfl Yl1CJJeHHOfl 11H<l>OPM8U1111. KpoMe Toro' KaK 6yaeT noKa3aHO 

Hl1)!(e, 3Tl1 ceTl1 11MelOT OYeHb 60Jlbllll1e B031'!0)!(HOCTH 06YYeHl1H, a T8K)!(e 

AOTIYCKalOT HenocpeacTBeHHOe cpaBHeH11e c TeXHl1KOfl HenapaMeTpl1YeCKOfl 

6afleCOBCKOfl KJJ8CCl1<!>l1Kau1111 11, TaKHM o6pa3oM, 06ecnet111Ba10T 

npeeMCTBeHHOCTb 11 HenpepblBHOCTb B pa3pa60TKe HOB~ 11H<l>OPMaU110HH~ 

TeXHOnor11fl . 

Ha BXOA ceTl1 (CM. p11c.5) noaaeTCH Yl1CJJeHHaH 11H<l>OPMaU11H 06 

11ccneayeM~ oebeKTax 11n11 npoueccax (noKa3aH11H aeTeKTOPOB, 

3HaYeHH~ 113MepeHH~ npl13HaKOB 11 T . .a. ).411cno HeApOHOB B nepaoM 

BXOAHOM PHAY paBHO Yl1CJJY npl13HaKOB. Ha BXOA Ka)!(.aoro HeflpoHa 

nocne,ayIDmero CJJOH no.aaeTcH 

npe.abl.llYillero cnoH= 

1 +l 
IN . 

1 

NODES( 1) 

E 
.i = l 

1 
J .. OUT. 

l J J 

B3BeweHHaH CYMMa "COCTO~Hl1fl" 

1 , NODES( l + 1 ) , 1. L. ( 3 .1 ) 

r.ae l - HOMep CJJOH, L - Yl1CJJO cnoea B ceTl1, NODES( 1) 
L 

411CJJO 

HeflpOHOB B 3TOM cnoe, OUT. 
J 

COCTO~Hl1e , (3HaYeHHe B~OAHOA 

<l>YHKU1111) i-ro HeApoHa CJJOH 1. 3aMeTl11'!, 4TO B OTJJHYl1e OT 

peKyppeHTHblX ceTeA Jii~ o, TO eCTb, nOMl1MO K03qiq,KuKeHTOB CB~3eA 

JU,' KalK.lll:IA HeApoH xapaKTep113yeTc~ 

3Ha4eHl1eM. 

H HeKOTOPblM noporoBblM 

BbDCOA HeApoHa (KPOMe nepeoro cno~. KOTopl:IA He npeo6pa3yeT 

BXOAHOA CHrHan) <l>OPMl1PYeTC~ c nOMOlllblO HeJJKHeAHOA, TaK Ha3blBaeMOA 

CHrMOHAHOA <l>YHKUKH' 

To 

l 
OUTi 

eCTb 

1/( 1-exp(-IN~ ), 
l 

BblXOA He Apo Ha OUT~ 
l 

1 , NODES( 1 ) , 1 ~ 1. ( 3 .2) 

.. 1, ecJrn BXOA c Y!lleC TBeHHO 

nOJJOJIG1TeneH, H .. 0 An~ BXOAOB CYmeCTBeHHO HeHbllll1X HYJJ~. 

c nOMOlllblO onpe.aeneHHOro TaKHM 06pa30M COOTHOmeHH~ BXOA/BblXOA 

aaHHble nepe,aa!OTC~ OT BXOAHOro cno~ qepe3 npoHe)!(yTOYHble (CKPl:il'I'ble) 

CJJOH Ha BblXOAHOA HeApOH, 3HaYeHHe CHrHana B KOTOPOM 11 6y,aeT 

HCnOJJb30BaHO an~ KJJ8CCH<l>HK8UHH no.aaHHOA Ha BXOA HH<!>OPMaUH11 . 

TaKa~ apxHTeKTypa o6pa6oTKH .aaHHblX, coHeTa10~a~ JJHHeAHoe 

CYMHKPOBaHHe CHrHaJJOB c CYmeCTBeHHO. HeJJHHeAHblM npeo6pa30BaHHeM B 

CKPl:il'I'blX cno~x. n03BOJJ~eT, B OTJIH4He OT peKyppeHTHblX ceTeA, yt{eCTb 

BCIO pa3JJH4HTeJJbHy!O HH<l>QPM8UHIO B ·MHOroHepHblX 3KcnepHHeHT8JlbHblX 

A8HHblX, B TOM Yl1CJJe HeJJHHeAHble Koppen~UHH. 

DTMeTHM, 4TO B CJJY4ae HC, COCTO~lllHX H3 ABYX cnoes ( CKPl:il'I'l:IA 

cnoA OTCYTCTBYeT), peanK3YeTC~ xopomo. H3BeCTHl:IA B npHKJJaAHOM 

CTaTHCTH4eCKOM aHaJJH3e KJJaCCHcpKKaTop - JIHHeRHa~ AHCKPHMKHaHTHa~ 

<l>YHKUH~. npoH3BOA~ma~ KJlaCCHcpKKaUHIO nYTeK pa3.aeneHH~ npH3HaKOBoro 

npcTpaHCTBa c noKOlllblO KyC04HblX rHnepnoeepXHOCTelL 

. noKa3aHO [13], ti TO nlllSa~ <l>YHKUH~, npoeKTHPylOIJla~ N 

15 



.aeACTBl1TeJ!bH!ilX nepeMeHH~ B M .aeACTBl1TeJ!bH!ilX nepeMeHH~, MO~eT 

61i1Tb npe.acTaBJJeHa c JIID60A CTeneHbID T04HOCTl1 Hef!pOHHOA CeTbID c N 

BXOt1aM11 11 M B~o.aaMl1 11 0.llHl1M CKPlilTblM CJ!OeM. 

06y4eH11e CeTl1 npol13B0.1111TCS! c nOMOillbID .aaHH~ 113BeCTHOA 

np11Ha.ane~OCTl1 . 3TO MOrYT 61i1Tb pe3YJ!bTaT!il MO.lleJ!bH~ 11Jll1 

Kan116poao4H~ 11cn1i1TaH11A. Ha4anbH1i1e 3Ha4eH11S1 K03~11u11eHTOB CBS!3ef! 

J .. 
lJ np11paBHl1BaIDTCS! K CJIY4af!HNM 

pacnpe.aeneH11S1 c HYJ1eB1:m cpe.aHMM 11 

411CJ!aM 113 rayccoscKoro 

He60J!bIDOf! .a11cnepc11eR. B~o.a 

TaKOA cnyqaAHO 06Y4eHHOR ceTl1 paaeH .llJIS! Bcex KJ!aCCOB 0.llHOR 11 TOR 

~e BeJll1411He= OUT(L) = 0.5, 11, ecTeCTBeHHO, KJ1acc11cp11Kau11S1 

HeB03MO~Ha. 

06i'JeH11e ceT11 npOl13B0.1111TCS! nYTeM MHOrOKP8THoro nponycKa 

ooyqaroIDMx nocne.aoBaTenbHocTef! (B!i160pOK) c nocne.aoaaTeJJbHOR 

MO.lll1<1ll1KaU11eR K03~HUHeHTOB J ... CTocne Ka~oro U11KJ!a HTepaUHOHHOrO 
lJ 

npouecca BN4HCJ1S1eTcS1 <PYHKUHS! Ka4ecTsa= 

K Mk 
o = E E 

k=l i=l 

OUTk 
l 

OUTk / 
true 

( 3 .3) 

r.ae OUT~ - 3Ha4eHHe . B~O.llHOro Hef!poHa CeTH npH o6pa60TKe i-ro 

co61i1THS! r-ro Knacca, Mk - 4Hcno co61i1THH B o6yqaromef! B1i16opKe 

~- r e KJIJJacca, K - 4HCJIO KJl8CCOB, OUTk 
true "HCT.HHHoe" 3Ha4eHHe 

f<HX•) ;'.la llJIS! C06!iITHf! k-ro Knacca. 51CHO, 4TO 3TO 3Ha4eHHe cne.ayeT 

. 3Tb TaKHM o6pa3oM, 4T06lil 

·pHaTl1BH!ile KJ!aCC!il, no3TOMY noJJO~HM' 

OUTk = (k- 1 )/(1\- l l. 
true 

MaKCHMaJ!bHO pa3.llBl1HYTb 

( 3 -4 ) 

r 

I 

B cnyqae KJ1acc11cp11Kau1111 no 2 KnaccaM (K = 2) 3a4eH11S1 a1i1xo.aoa 

paBH!il e.11111rnue 11 HYJJID. 

M11H11n113au11S1 <PYHKUHOHana (3.3) 06bl'{HO nposoa11TCS1 neTOllOM 

o6paTHoro pacnpocTpaHeH11S1 (back propagation) [ 14] Man1i1e 

KOppeKU1111 napaMeTpOB ceT11 (KO..:~HUHeHTOB J . . 
lJ npoBO./IS!TC5! B 

HanpasneH1111 Ha1160J1blIIero 113MeHeHHS! <PYHKU1111 Ka4eCTBa .. OCHOBHblM 

HeaocTaTKOM TOKoro T11na "aHT11rpa.a11eHTH!i1X" cxeM Ml1HHMH3 a u1111 

S!BJIS!eTC5! CX0.1111MOCTb K JIOKaJ! bHC~ a He K rno6aJ!bHOMY MHHHMOMY . 

CT03TOMY Mbl np 11 11 c:H11n11 apyryro cxeMy Ml1H11MH3au1111 CJIY4aAH!ilA 

nOHCK c B03BpaTOM npH Hey.aa4HOM Illare 11 c a.aanT~UHef! BeJll14!1Hbl 

CJIY4aRHoro Illara, no3BOJIS!IDlIIYID B~Ol!HTb 113 06JlaCTl1 JIOKaJ!bHOro 

MHHHMYMa 11 npo.aon~aTb noHCK no l!OCTH~eHHH rno6aJ!bHOro MHHHMYMa. 

no11cK aeaeTCS! B npocTpaHCTBe napaMeTpOB CeT11 pa3MepHOCT l1 NTOT : 

L '- i. 
NTOT = E NODES( l ) ;- E NODES( l ) NODES( l + 1 ) . ( 3 . s) 

1=2 l = l 

LlnS! paccl'!aTp11aaeM~ B paooTe npo c Te f!m11x KOHcp11rypau1111 ce ;· .. " / 3/ / l 

- NTOT = 10, 3//3//1 - NTOT = 16. 

CTOHCK H811JIY4lIIHX napaMeTPOB TIPOH3B0.1111TCS! cne.aYIDlill1M 06pa30 M' 

CHa4aJJa CJIY48AHO Bli1611paeTCS! HOl'!ep napaMeTpa, KOTOPblM 6Yt1 eT 

MOlll1<PHUHPOBaTbCS!, 3aTeM pa3blrpb!BaeTCS! BeJIH411Ha np11pameH11S! = 

~ = const f (Q) (RNDM - O.Sl. ( 3.6 ) 

r.ae RNDM c ny4af!Ha>1 a en11 l:f111·:"1 . resHoMepHo pacnpe.ae " ".'Hfla>i B 
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l1HTepaa11e (0 - 1), f(Q) CTeneHHa~ ~YHKUI1~, KOHTPOJJ!1pyroma~ 

BeJJI14l1HY CJJY4a11Horo mara no Mepe np1161111*eH11~ K r1106aJJbHOMY 

MHHHMYMY, canst - HOPMI1POB04Ha~ KOHCTaHTa . 

MTepau110HHblfl npouecc npeKpamaeTc51, KOr.lla npaKTH4eCKOe 

H3MeHeHHe ~YHKUHH Q npeKpamaeTc~. no11yyeHHble B npouecce 06yyeH11~ 

3Ha4eHH51 K03<M>HUHeHTOB Jij 11CnOJJb3YWTC~ ,llJJ~ KJJacc11~11Kau1111 ,llaHHblX 

HeH3BeCTHOl1 npHHa,llJJe*HOCTH. 

TaKHM o6pa30M, MO,lleJJH Hel1pOHHblX CeTel1 npe,llCTaBJJ~WT co6ol1 

cneu11anbHblfl Knacc CTaTHCTl14eCKHX KJJaCCH~HKaTOPOB 11 MOrYT 

aHaJJH3HPOBaTbC~ c noMO!UbW CTaH,llapTHOl1 MeTO,llHKH npHKJJa,llHOH 

CTaTHCTHKH [15). AHaJJH3, npoBe,lleHHblfl m.Pay,llHCOM, noKa3aJJ, 4TO, 

HeCMOTP51 Ha 60JJbWOe CXO,llCTBO, HeApOHHble ceTH HMeroT HeKOTOpoe 

npeHMYmeCTBO no cpaBH6HHW c anropHTMaMH 6al1ecoBCKOl1 KJJaCCH~HKaUHH 

c HenapaM6TPI144eCKHM oueHHBaHHeM MHOro11epHOl1 ~YHKUHH nJJOTHOCTl1 

aepo~THOCTH [16) . 

CTO-BH,llHMOMY, 3<M>6KTbl MaJJOCTH Bbl60pOK MeHee 3aMeTHbl npH 

11cnonb3QBaHHH HC-Knacc11~11KaTopos OHH 6onee YCTOl14l1Bbl K 

B03MO*Hb!M OWl16KaM l1 OTKJJOHeHH~M B 06yyarom11x Bbl60pKax. B 06Y46HHI1 

HC yyacTBYroT ace KJJaCCbl, TOr,lla KaK B KJJaCCH~HKaTopax, OCHOBaHHHblX 

Ha oueHHBaHHl1 nJJOTHQCTH, ,llJJ~ Ka*,lloro KJJacca l1CnOJJb3YeTC~ TOJlbKO 

cso51 Bbl6op~a. CTo3TOMY MO*HO O*H.llaTb, 4TO HC - Knacc11~11KaTOPbl 

npeB30l1.llYT CTaTHCTH4eCKHe, oco6eHHO B cny4ae 60JJbWOro 4HCJJa 

npl13HaKOB l1 He 04eHb 60JlbWHX 06yyarom11x nocJJe,llOBaTeJJbHOCTel1 (CJJY -

4al1 TMnH4HWl an~ ~3). 

K co*a11eH11ro, ao HacTo~mero speMeHH HeT TeopeTH46CKHX 

pe3YJJbTaTOB, cnoco6Hb!X noM04b B KOHCTPYHPOBaHHH HC 

18 

KJJac c11~11KaTopos . He nonyYeHa 3aBI1Cl1MOCTb sepo~THOl1 OW116Kl1 

K JJaCC I1~11KaTopa B 3aBHCl1MOCTl1 OT T04HOCTH onpe,lleJJeHH51 napaMeTpOB 

ceTl1, H651CHO BJJI1~Hl16 Bbl6opa ~PMbl H6JJHHel1HOl1 Cl1rMOH,llHOl1 ~YHKU11l1 

Ha pe3YJJbTaTbl Knac c11~11Kau1111. 4a 11 sonpoc Bb16opa KOH~11rypau1111 ceT11 

- 411C JJ a C KP~b!X CJJOeB l1 4l1CJJa Hel1pOHOB B Hl1X - OCTaeTC~ OTKP~b!M. 

no3TOMY B HaWHX HCCJJ6,llOBaHl1~X Mb! Bbl6paJJl1 npocTeAmyro 

<OH~11rypau11ro C6Tl1 c O,llHHM CKPb!TblM CJJOeM 11 411CJJOM Hel1pO'HOB B H6!1, 

paBHOM 3,5 11JJl1 7 . 

B Ka4eCTBe TecToBol1 6blJJa Bbl6paHa 3a.lla4a oueH11sam1~ 

6al1eCO BCKOro PHCKa np11 KJJacc11~11KaUI1l1 Bbl60POK !13 rayccoBCKoro 

pacnpeae11eH115! c eaHHl14Hol1 a11cnepc11e11 11 cpe,llH11M11, paBHblMl1 HYnro 11 

ea11H11ue (TeopeT11YecKoe 3Ha4eH11e sep051THOCTl1 OW11604HOl1 

Knacc11~11Kau1111 BOK = 0.3086) . 

06yyeH11e npoaoa11nocb Ha Bbl6opKax pa3Mepa 500. OueH11BaH11e 

Pl1CKa npoBO,lll1JJOCb c noMOIUbW 20 He3aBl1Cl1MblX Bbl60pOK . pa3Mepa no 

5000 113 Tex *e pacnpeaeneH11l1. Ha p11c . 6 npe,llcTaBJJeHa 06y4aroma51 

Bbl60pKa, Ha Pl1C 7 - rMCTorpaMMa BblXO,llOB Hel1pOHHOl1 C6Tl1, a Ha p11c. 

8 - pe3YJJbTaTbl KJJacc11~11Kau1111 O,llHOl1 !13 KOHTPOJJbHblX Bb160POK. 

B npouecce o6y4eHl151 napaMeTpbl ceTM MO.ll11~11u11poaan11cb TaK1111 

o6pa3 0l1, 4T06bl MaKCHMaJJbHO pa3,llBHHYTb aJJbTepHaTHBHble KJJaCC bl. 

0,llHaKO 6Cfll1 HCXO,llHble 06y4arom11e Bbl60pKl1 3Ha4MTeJJbHO nepeKpb!BaWTC51 , 

KaK B CJJY4ae pacnpeaeneHI111 N(O.l) l1N(1,1), H6B03MO*HO ,ll0611TbC51 

nonHoro pa3,lleneHM51. 

B 3TOM cnyyae ,llOCTaT04HO noTpe60BaTb MHHHMl13aUI1l1 4HCJJa 

OWH604Hb!X KJJaCCI1~!1Kau1111 . He11pOHHble ceTH, KaK 11 

KJJaCCI1~11KaTOPbl, l1HHl1!1!1311PYroT aep051THOCTb OWH60K. 
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noJiy4eHHOe coBnatteH11e 3Ha'rnH1111 BepOSITHOCTl1 OIDl160K .llJISI 
NN 

c BOK KJiaCCl1¢11KaTopa Ha Hei1pOHHl::lX ceTSIX (R = 0.3087 ± 0.0024 ) 

6al1ecoBcKoro KJJaCCl1¢11KaTopa 110)!(eT CJ!y)!(l1Tb OCHOBaHl1eM .llJISI 

np1111eHeH11si HC KJiaCCl1¢11K8TOPOB .llJJSI 06pa60TKl1 6onee CJIO)!(Hl::lX 

pean11cT11GecK11x 3atta4. 

4. Mcnonb30BaH11e HC KJJacc11¢11KaTopoB ttJJH 06pa60TK11 ttaHHblX ~B3 

11 KOCl1114eCKl1X JJY4el1. 

Ba)!(HOCTb 11 aKTYaJibHOCTb np1111eHeH11H HC - KJ1acc11¢11KaTopoB B 

¢113114eCKOM 3KCnep1111eHTe 06YCJJaBJJl1BaeTCH npe)!(ae Bcero B03110)!(HOCTbID 

co3ttaH11si 04eHb 6~cTporo l1HTeJ1neKTYaJibHoro Tp11rrepa, cnoco6Horo B 

peaJJbHOl1 BpeMeH11 B~eJJSITb CJIO)!(H~e MHOroGaCTl14H~e C061:1Tl1SI. 

Kpo11e Toro, HC-Knacc11¢11KaTopbl noJJHOCTbID 11cnoJJb3YIDT BCID 

.llOCTYCTHYID anp11opHyro l1H¢0PMau11ro (B TOM 411CJ!e 11 Hen11Hel1Hble 

Koopensiu1111 npl13HaKOB), a TaK)!(e .llOBOJ!bHO YCTOl1~11Bbl (po6aCTHbl) 

OTHOCl1TeJJbHO B03MO)!(Hb1X 'H0T04HOCTel1 11 ynpomeHl111 B 06Y4aIDI1111X 

nocnettoBaTeJibHOCTHX. 

Ka~ y)!(e OblJJO CKa3aHO BO BBetteHl111, HOBaSI ¢11311Ka B 

KOJIJJal1ttepHl:lX 3KCnep11MeHTax CO,llep)!(l1TCSI B pa3JJl14HblX CTPYl1Hb1X 

C06blTl1SIX, KOTOpble 040Hb Cl1JlbHO nottaBJJeHbl ¢0HOM OT B3al1MO.ll011CTBl111 

4aCTl1U CTaJIKl1BaIDI1111XCSI aapoHHl::lX TIY4KOB. C Ym0CTBYIDI1111e MO,ll0Jll1 

Cl1JlbHOro B3a1111oael1CTBl1SI He,llOCTaT04HO nottp06HO pa3pa60TaH~, 4T06bl 

Ha 11X OCHOBe npoBO.lll1Tb CTaHaapTH~ CTaTl1CTl14eCKl111 aHan113 MeTottaMl1 

11aKc1111anbHoro npaBttonotto611H [17] . Tio3TOMY B 3T11x 3atta4ax HOBaH 

TeXH11Ka aHan113a M0)!(0T OKa3aTbCSI ca11011 3$¢eKTl1BHOl1, ecn11 He 

ettl1HCTBeHHO B03MOlKHOl1. 

nepBble np11MeHeHl1SI HC-KJiaCCl1¢11KaTOPOB np6BO.lll1JI11Cb B OCHOBHOll 
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Ha MO,lleJ!bHl:lX aaHHl:lX= TO eCTb 11 .llJISI 06Y4eHl1SI, 11 .llJlSI KOHTpOJISI 

np1111eHSIJll1Cb .ll8HH~e MOHTe-Kapno 11cn1:1TaH11l1. 

MccnettoBanacb B03MOlKHOCTb B~eneH11si KaHanoB po)!(JleH11si b 

KBapKOB B peaKu1111: 

+ -ee-+qq (4.1) 

np11 Ecm = 14 r3B Ha ¢0He po)!(JleHl1SI ,llpyr11x KBapKOB (u,d,s,c) [18) . 

0THOID0Hl1e c11rHan/IDYM COCTaBJIS!eT 1/10. ~JJSI 06Y4eHl1H 11CriOJJb30BaJJOCb 

4000 C061:1Tl111, KOHTPOJJbHaSI Bb160pKa COCTasina 113 6000 C061:1Tl111, 411CJJO 

11CCTOJ!b3YeMl::lX npl13HaKOB 5. CeTb KOH¢11rypau1111 5//3//l ttana 

HeCKOJJbKO JIY41ll11e pe3YJJbTaTbl, GeM 3//2//l, 11 6~na HaMHoro JIY4IDe, 

4eM JJl1Hel1HaSI .lll1CKPl1Ml1HaHTHaSI ¢YHKUl1SI - 5//1. 

L!Pyroe · np1111eHeH11e HC-Knacc11¢11KaTopoB CBSl3aHo c 3attq4el1 

11ccneaoBaHl1SI B03MOlKHOCTl1 pa3tteneHl1SI KBapKOBl:lX 11 rnIDOHHblX CTPYl1 B 

+ -
e e aHHl1r11JJJJSIUl111 np11 Ecm = 630 reB [19]. McnOJib3YSI B Ka4eCTBe 

np113HaKOB noKa3aH11si· siqeeK Kannop1111erpa BOKpyr ueHTpa CTPYH (Bcero 

7x7=49 npl13H8KOB), Yaanocb nOBblCl1Tb .llOCTOBepHOCTb B~eJieHl1SI 

KBapKOBl:lX CTPYl1 c 65% .ll~ 85%. KOH¢11rypau11si 11cnoJ1b3Y0MOl1 ceTl1 

49//10//l. 

B TOl1 )!(e pa6oTe 11ccnett0Banacb B03MOlKHOCTb e~eneH11si attPOHHblX 

pacnattoe w 11 z 6030HOB c 11cnonb30BaH11e11 30 H4eeK Kanop1111eTpa c 

Hal160JibIDl1M YPOBHeM c11rHana. np11MeHSISI HC-Knacc11¢11KaTop 

KOHq>11rypau1111 30//20//4//1, Y.llaJIOCb nOHl1311Tb QCO ¢DH B 20:-50 pa3, 

noTepsiB np11 3TOM TOJ!bKO nonOBl1HY none3HblX C061:1Tl111. 

no-e11tt1111011y; nepBol1 nonl:ITKOl1 np1111eHeH11si HC-Knacc11¢11KaTopoB K 

peaJJbHOMY 3KCnep1111eHTY 61iJIO onpe,lleJ1eH11e B0PIDl1H~ B3aHMO,llel1cTBl1SI B 

PP' CTOJIKHOB0Hl1SIX Ha T3BaTpOHe [20] (3Kcnep1111eHT E375 c apel1¢0BOl1 
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KaMepoA). 06yqeHHe ceTH npoBOllHnqcb c noMolllbn 12000 cneuHanbHO 

OT06paHHblX 3KCnepHMeHTanbHblX aaHHblX, nocne 4 MHnnHOHOB HTepauHA 

ceTb npoBepsinacb no He3aBHCHMOA 3KCnepHMeHTanbHOPl BIX60pKe . 

T04HOCTb BOCCTaHOBneHHSI sepmHHIX OKa3anacb cpaBHHMOA c T04HOCTblO, 

llOCTHrHYTOPl a o ff-line aHanH3e. Ko H~HrypaUHSI ceTH - 18//128//62. 

6onbmoe 4Mcno HeApoHoB B CKPblTOM cnoe o6ycnosneHo Tel'!, 4TO 

npeanonaraercsi Hcnonb30BaTb cepHPlHo Bl:il1YCKaeMbll1 HC 4Hn ( Intel 

EfANN) [21 ) ansi on-l ine aHanH3a , 4Hcno HePlpoHOB B cnosix KOToporo 

paBHO 128. 6onbmo e ~e 4HCno HePlpOHOB B BblXOllHOM cnoe CBSl3aHO c 

r eM, 4TO pemaerc~ He 3aaa4a Knaccv.~HKallHH BIX60p OllHOro M3 

KOHe4HOr o MHO~eCTBa BapHaHTOB, a 3aaa4a oueHHBaHHSI - onpeaeneHHe 

Henpep!XBHO pacnpeaeneHHO A BenM4HHIX, KOOPllHH8TIX aepmHHIX C06blTHSI. 

KaK BHAHO H3 KpaTKoro 063opa, npHMeHeHHe HC ansi aHanH3a 

KonnaPlaepHblX 3Kc nepHMeHTOB aano MHoroooemaiollll1e pe3ynbTaTix. XoTsi 

KOH~HrypaUHH HCTI0] b3YeMblX ceTePl l'IHOroo6pa3HIX, no-BHllHl'IOMY, MOlKHO 

orpaHM4HTbCSI Tpexc noAHbll'lM ceTSll'IM c He 04eHb 6onbmHl'I 4HCllOM 

HettpO HOB B CKPblTOM cnoe. 

B ~M3HKe KOC l'IM4e CKMX nyqe Pl OCHOBH8SI 38ll84a aHanH3a TaK~e 

. CBOll}iTCSI K BIX.lle neHM W C06blTHH Toro HnH MHOro THna. 3TO 38lla4M 

onpeaeneHHSI Macco s oro coc Ta s a nepBH4Horo KO CMH4eCKoro H3ny4eHHSI 

no a a HHIXM peHTr e H- 31'1 YllbCHOHHblX KaMep M IDHPOKHX aTMOC~PHblX nHBHeA 

M 3aaa4a perHCTpaUHH nOTO Ka r-KBaHTOB OT T04e4HblX HCT04HHKOB. B 
/ 

nocneaHeA 3at1a4e, KPOMe Toro, BaJKHo HMeTb TaK~e H 6ixcTpbll1 

HHTenneKTY8IlbHbll1 TpHrrep, TaK KaK HHTeHCHBHOCTb 

(H306Pa*eHHA qepeHKOBCKKX acn1:1111eK OT T3BHblX 

llOBOnbHO BbCOKa. tlnsi COKpameHHSI 4Hcna 
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~HOBblX C06blTHPl 

npoTOHOB H siaep) 

38TIHCl:maeMblX llllSI 

t~ 

nocneaynmero aHanH3a C06blTHA npH~emi:eTCSI 3neKTPOHHbll1 TpHrrep, 

c0Kpama10lll11Pl o6nacTb llOTIYCTHl'lblX liliPKUe.RbHblX napatteTpoa It, 

cneaoBaTenbHO, CBeTOCAny YCTaHOBKH . 

B nocnet1Hee apeMSI HeApOHHixe ceni 151:lJIH HCTI0llb30B8HIX llllSI 

onpeaeneHHSI n03HUHH OCH H 3HeprHH lllMiPOKOl"O aTMOC~pHoro nHBHSI 

[22). 

tlnsi npoaepKH B03MOlKHOCTH npHMeHe'Hllifj! HC-KnaccHq>11KaTOpoa ansi 

aHanH3a aaHHblX qepeHKOBCKHX TeneCKOITOB H ti.RSI cpasHeHHSI MeTOllOB 

6aPlecoacKoPl H HC-K.naccH~HKaUHH HaMK. !fSJm npoBelleHo HccneaoaaHHe 

B03MOlKHOCTH llHCKPHl'IHHaUHH H306Pa*eH.H'a qepeHKOBCKHX BCTiblllleK OT 

KOCl'IH4eCKHX nyqePl TIPH Hal5.nnt1eHHH TICJJI'.°Q,£1l'.a r-KB8HTOB OT 

TYM8HHOCTH TeneCKOTIOM o6cepBaTOPKHI lllh ippl e [23] . 

Kpa6oBHllHOPl 

TaK KaK B 

HaCTosimee apeHSI Hal'! 6CIJIH HellOCTYTIH~ nepBK4H!Xe 3KCnep1tHeHTanbHCle 

aaHH!Xe (Ha6op TIOKa3aHHA ~3Y), B Ka~ec:"ItBe npH3HaKOB HCTIO.Rb30BanHCb 

napatteTplX BOCCTaHosneHHOro no rraKa3aHKSIH ~3Y 3.RllHTICOHlla 

noTeMHeHHSI, a HHeHHO, lllHPHHa H llIDIHa TISITHa TIOTeMHeHHSI H TaK 

Ha31XBaenasi a3HHYTanbHaSI mHPHHa - rrapatteTp, xapaKTep113ynllll1A 

HanpaaneHHOCTb 60nblll0Pl OCH 3nn1tnca OTHOCHTenbHO ueHTpa nonsi 

3peHHS1 TenecKona. Ha6op 3THX napa~eTPOB , KaK noKa3anH HamH 

npelllX.l!YmHe HC CneaoBaHHSI [24], ~BnSleTCSI HaHnytllllHM ll]SI 

llHCKPHl'IHHaUHH . 

06yqeHHe npoBOllH.ROCb c nO:l'rOlllblD aaHHblX MOlle.nHposaHHSl 

r-KBaHTOB [25] H peanbHblX H306Pa*eHK~. reRepHpOBaHHblX npoTOHaftH 

(3aperHCTPHPOB8HHblX TeneCKOTIOM , HanpaaureHHbl!I B 06.naCTb 3Be3t1Horo 

He6a,· rae 3aBellOMO HeT HCT04HKHOB 7 -KBaHTOB). tlnsi 06ytleHHS1 

HCTIO.Rb30Banocb no 500 C06blTKR, KOHTPCJ!JIDlifasl Bbl60pKa COCTOSl.na H3 
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5000 3KcnepHMeHTaJJbHblX co6blTHA. Pe3YJJbTaTN o6~eHHSI (cM. pHc. 9) 

CBH.lleTeJJbCTBYlOT o aocTaT04HO xopomeM pa3.aeneHHH Knaccoa [26] . Ha 

PHC. 10 npHBe,lleHN KPHBNe 3~KTTHBHOCTH perHCTpauHH none3HblX 

co6blTHA H npHMecH <i>QHOBblX. TaK KaK B 3KcnepHMeHTe <i>QH npeaNroaeT 

cHrHan Ha 2 nopsiaKa, TO aaJKHo no.aaBHTb <i>QH 6onee 4eM a 100 pa3, 

coxpaHHB XOTSI 6~ 50% CKrHana. c nOMOlllbID HC-KJJaCCH<J>HKaTopa 3Toro 

yaaeTCSI ,ll06HTbCSI - npH"0Cb <i>QHa COCTaBHJJa 0.4% npH 3Ha4eHHH 

pemammeA rpaHHUN o = 0.07, oaHoapeMeHHO coxpaHHJJOCb 6onee 50% 

r-co6blTHA. EaAeCOBCKHA aHaJJH3 TOA lKe KOHTPOJJbHOA BN60PKH c TOA lKe 

06y4ammeiil nocneaoaaTeJJbHOCTbID aan aalKe HeCKOJ!bKO XY,llmHe 

pe3YJ!bTaTN - 0.6% npHMeCH qioHa npH 50% 3~KTHBHOCTH perHCTPaUHH 

cHrHana [27] . 

KoH~HrypauHsi ceTH 3//3//1 aana HeCKOJJbKO JJ~WHe pe3YJJbTaT~, 

4eM 3//5//1. 06~eHHe 3aKOH4HJJOCb 4epe3 500 HTepauHA (CM. PHC. 

11), 4TO 3aHSIJJO npH6JJH3HTeJ!bHO 15 MHHYT C4eTHoro apeMeHH IBM 

PC-AT/386. 

BpeMSI KJJaCCH<!>HKaUHH 0,llHOro C06blTHSI COCTaBHJJO npH6JJH3HTeJJbHO 

1 MHKpoceKYH.llY, TOP.Ila KaK npH npHMeHeHHH EaAeCOBCKHX pemaIDWHX 

npaBHJJ c oueHHBaHHeM <l>YHKUHH IlJJOTHOCTH aepOSITHOCTH MeTO,llOM 

CTap3eHOBCKHX Sl,llep Ha 06pa60TKY O,llHOrO C06blTHSI YXO,llHT 1 ceKYH,lla. 

3aKJJID4emre 

AnropHTMN K~acca 3.rap,llHep MOrYT CTaTb OCHOBOA ,llJJSI C03,llaHHSI 

pacno3HaID!lll1X CHCT0M c perynHpyeMOA 06JJaCTbID aTrpaKTHBHOCTH. 

CTpHMeHSISI pa3JJH4HNe CX0MN 06ytieHHSI CeTH MOlKHO HMHTHPOBaTb 

pa3JJH4HNe acneKTl:l. <l>YHKUHOHHpo·aaHSI 6110J!OrH4eCKHX HeApOHHblX cereri. 

4Jisi o6pa60TKH nOTOKOB CJ!OlKHblX C06blTHA c C.TPOSl!IIl1XCSI 

KOJJJJaii!,llepoa (SSC H LHC) H . YCTqHOBOK. <!>H3HKH KOCMH40CKHX JJ~eA 
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MOlKHO peKOMeH,llOBaTb nocJJe,llOBaTeJJbHNe MHOrOCJJOAHNe ceTH. OHH MOrYT 

o6ecne4HTb 04eHb 6NCTPNl'I HHTeJJJJeKTYaJJbHNl'I TpHrrep, cpaBHHMNiil no 

aceM napaMeTpaM c ropa3.a0 6onee TpyaoeMKHM EaAecoacKHM 

HenapaMeTpH4eCKHM aHaJJH30M. 

DTMeTHM, 4TO YlKe cepHAHo BblT!YCKaIDTCSI <!>HPMOfl Fujit s u 

HeflpOHHNe KOMilbIDTepN COBMeCTHO c MaTeMaTH4eCKHM 06ecne4eHHeM ,llJJSI 

o6y4eHHSI ceTH. HeflpoHHasi nnaTa npeacTaansieT co6oiil npueccop co 

CKOPOCTbID 4 MJJH. on./ceK.' HMeeT C06CTBeHHYID naMS!Tb B 4M6, 4TO 

n03BOJJS!eT MO,lleJJHPOBaTb 4-cJJOf!H~e CeTH c 06WHM 4HCJIOM HeApOHOB 

1000. [28] 

~H<i>QpMaUHSI , 3aKJJID4eHHaSI B TNCSl4aX C06~THfl MHOroMepHNX 

KoppenHpoaaHHblX 06~aroII111x nocneaoaaTeJJbHOCTeA, npeo6pa3yeTcS1 a 

HeCKOJ!bKO tteCSITKOB 4HCeJJ napaMeTpN HeApOHHOA ceTH. 

MHKP03JJeKTPOHHNe npoueccopHNe YCTPOACTBa, 3anporpaMMHPOBaHHNe c 

HcnoJJb3oaaHHeM pe3YJJbTOB o6~eHHSI, o6ecne4aT B npouecce 

aHaJJH3a BN,lleJJeHHe noJJe3HblX C06blTHA H pelKeKUHID qioHa. 

on- line 

BNPalKaro npH3HaTeJJbHOCTb · Konna6opauHH Whipple H M. KoynH 3a 

npe.aocTaaneHHe B03MOlKHOCTH pa60TN C ,llaHHNMH Ha6JJID,lleHHSI 

Kpa60BH,llHOA TYMMaHHOCTH 10-MeTpOBNM peq>JJeKTOPOM o6cepaaTOPHH Br. 

XonKHHC. 
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