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1. BaeAeHMe 

OcHOBHoH oco6eHHOCTbiO HeHpoHH4JopMaTHKH, KaK aoaoH TexaoJiorHH 

BhltiHCJICHHif, 5lB.IJSieTC51 npeJJ;CTaBJieHHe peineHKSI 38J1:8"11H npH ITOMOD:Uf HeKOTOpOif: 

<lJyHK~OHHpyiOm;eH BO apeMeHH fl:HHaMHt~ecx:oii .CHCTeMN. Mo.n:e.rm: ,D;HHaMH11CCKHX 

CHCTeM, pe.ll-aKQllUUl KOTOphiX MOlfc:eT npm:JecTH K ooo.ICJICIIHiilM pe3yJlbTaTaM (pac

ll03HRB8IDie o6pa30B, npHHSITHe pememn'i 8 yCJIOBilm( HeOnpe,l:{eJieHilOCTH H ,DJJJ 

HCITOJih3yiOT HeKOTOpble OC06eHHOCTH 6KOJIOrHtlecKHX aeitpOHliJJIX CeTeft (MHOI'OCJIOi-

H35l apXI-ITeKTypa, IIOpOrDBOCTb Heit:pOHOB, HeJIHHe8HOCTb CH.l'MOH,AHOii 4JyHXQHB.0 

CBOif:CTBO HeHpoJIJI8CTI-iqHQCTH HAP-). J1ocrpoeHHC pa3H006p~3HblX MO,D:eJieH HeiipoR

HblX CeTeii H HX o6yqeHHe pemeHJUO MHOlKecTBa IlpHIUia;J;HhiX 3a)lall TI03BO.JI9eT C QABOI: 

cTOpOHhl nony'lliTb 6onee 3q,¢>eKTHBHbre anropHTMbl, a c .JWyroii - Jiyqwe noBIITit 

oco6eHHOCTH QlyHKJJ;HOHHpOB3HHSI llpHpO,D:HOro BblqlfCJIHTeJibHOM YCTpoH:crsa - 1'0110-

BHOro M03ra ( l.l] . ,t(.JISI QlH3HKOB H3ylleHHe ):{HHaMHllecKHX npOI.J;ecCOB B· 60JibUDIX• 

CHJlhHO CB5l33HHhlX HepaBHOBeCHblX CHCTeMaX, KaKHMH ~SilOTCSI HeitpOHHbie ceTII, 

npe,D:cTaBJmeT HHTepec ca~w no ce6e [1.2]. 

Ilp3KTHqeCKH BCe HCCJie,D:yeMW:e H HCITO.Jib3yeMble MO,l:le.JIH Heif.pOHHblX Cereif CB513a

Hbl B ocHOBHOM c Bhl6opoM HeKoTOphlx qaCTHbiX crpyKTYP c H3BeCTHblMH CBoiicTBaMH. 

B HacTosnu;e:H. pa6oTe paccMaTpHBaJOTCSI HaH6onee nonymrpable MO)J;e.JIH- peKyppeHT

Hhre ceTH nma XonQlHJI):Ia H MHoioCJioHHbre nepcernpOHhL llo,~:~po6Hoe omtcaHHe 

cTpyKTYPhll1 )J;HHaMHKH MO):IeJJell npHBe):leHo a nepaoH tiacno~ npenpHHTa [1.3]. BTOpaSJ 

<JaCTh nOCBS!W:eHa B OCHOBHOM BOTipOC<IM o6yqeHHSl HeiipOHHhiX CeTeH - K.lllO'-IeBOMY 

3.neMeHTY H 611.0JIOrl14:eCKHX H HCKYCCTBeHHhiX ce~e:ll., HaH60Jiee TPYJI.HO IIOALJ.:3J01UeMy-

c5! nOH\1M8HHIO H MOJ1em1poaamuo. 

06y4eHHe XonqJRJI,!IOBCKliX CeTeft, 3aKJIIO~raeTCSI B T3KOii MO,l:IH¢JHKaUHH M3TpHUbl 

HCH_tY)l,}l:ol;.._. ::\:lSI. dL '-l"r;; HCK;:>TOpb!e UhldCJieHHbJe COCTOSIH!Hf ceTil' (npOTOTH11hl) Oka-

3;·,JPUK'TCH HHBii.pt!iillTHb!~f}l (JDIO':Ii"l"·::!.'lbHO .'UiHaMifKH CCTif H, KpOMC lOrD, :JT~ COCTO~ 

SfHl15J ''n~•HT5lf'l1:<li!;!'" ;lO ·-,;;pe;i ~-';eHt!Oli CTenCHH MCKa)l(eHHbJe ITpOTOT~Hh!. P23?•h'pb! 

3THX OtiJlaCTeil HpiH~DKEfUHl orpdHH'-!CH.bl J.-!3~3(1 npllC}'TCTBHS! .'lQ)l{HblX aTrpOKTOpOB, 

npen.cTaB.'151JOUil1X co6oi1 CJVlhHO nepeMeUJeHHbre pa3.rm'IHbre npo;oTHOhi H HHBepcHbie 
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K HHM COCTOSlHIDI, a T.CIKIC~ H3-38 nepe:t:.phiBaHHlil o6.nacreii 3rrpa.KTHBHOCTH, COOTBeT

CTBYJOII(HX WlbTepHaTHBHhiM TlpOTOTHDaM. npe,zvmx:euuhlit: 3.fap,[lllep aJII'OpDTM BTe

paTHBHOro o6yqeBHSl·, DpHBO)l;SIDtHii K 3CCHMeTpHqJfb[M ~3TJ)JfllRM CB.H3eii, D03BOJHieT 

peryJIHpOBaTb "CHJiy" DpHT.HXeHHH K npoTOTHIIa.M (BeJI1[q1flly JJOKaJibHOM DOJHI), 

O,D;HalCO BOnpoc 0 xapaxrepe H3MeHeHBlil 06.nacrn 3TI'p8KTHBHOCTH npH ysemrqemm: 

napaMeTpa cra6HJJbHOCTH )];0 CHX DOp OCiaeTC!l B 3B.a"tJHTeJlbHOii creneHH OTKpNTbiM. 

Bo BTOJ)Oii ~Jl3Be npeJlliPHIUITa DOII&ITlUl K()JIH'qecTBeHHOI'O HCCJie,D;OB3JI1Ul H BH3y

WIH:Ja.Uim 4JyBKIJ;H"OlUipOB8HHSl anropHTMa 3.rap.n;uep B 33BHCHMOCTH OT 3H311eHB.K 

ynpaBniiiOOJ.ero napaMerpa KcreneHM ucxa:.:elDIOCTH Pacn03HaBaeMblX o6pa30B. Ilpo-

seAeHa reopeTHllecK.a.!l on;euKa npe.D;eJibHIIIX aua11eum'i napaMe-rpos, OIH.D:ReMhiX 3Ha

qeuuH OillH6m:: paCD03H8BaHHlil H BpeMeH-o6y11eliml:. 

TpeTbSl rJJaBa DOCB51ll(eua Cp8BHHTe.JlbHOMY HCCJJe,D;OBaHHIO O,D;HOro KJiacca o6y113-

IOIO,HX anropHTMoB nOCJle,D;OBaTeJJ:hHhiX ce-reii (MuorocnoHublx nepcenTpouos). Cpe.u;n 

paccMal'p'YisaeMhiX qer&J:peX MOAH4>HK3U:HH MeTO,lla CJiy"'aifHOro IIOHCKa C B03Bp8TOM 

nplf uey,D;at~HOM ma're; ~J~RH6onee 6blcTpy10 CXO.D:HMOCTh o6ecne'IHBaeT BHOBh npe,Wio

xeuubiH anropHTM, onepnpy~HH c napaMerpaMH Ka)[{)l;OI'O OT,a:eJJhHoro ueiipoua 

(o,D;uoii: H3 JIHHHH s s CJioxuo:H pa3,D;en5li0Uleii nOBepXHOCTH). TaM JKe B Ka11ecTBe 

npocroro TecTa JVllil CpaBHeBHSI p33JJH11Hh1X MeTO,li;OB o6yqeUBSI npe,WIOlll:eHO l;'CDOJ[b-

30B8.Tb O,U:HO-, J(BYX-, H TpeXMe.cTiiN.e 6yneBhl.q,yHKmm. 

B lleTBeproH rna.Be paccMOTpeHo npaMeueHHe ueHpoauoH TeXHHXH K pemeHHIO 

38J¥i'IH 00pa6oTKH JU~HHhiX peanbuoro· cpaaa'!ecxoro 3XC_nepHMeHTa- noac~y noKaJih

HhiX HCTO"IJHHKOB Y-KBaHTOB OQeHh BblCOKHX .:;mep:nrii qepe~OBCKHM TenecKODOM 

Yannnoscxoii: o6cepsaTopua (ClllA). llpe,[VIoJKeHHhl:ii uosHH THD u;enesoii: q,yHKu;HH 

fl03BOJIHJ1 8DOCTepHOpHO OllTHMH3HpOBaTh 4JopMy HIDVIyq:uieii o6naCTH BbiJ(e.lleHIDI 

curuana (y-KJJacrep) H yseJIH'IHTb ,!l;OCTosepHOCTh caruana OT Kpa6oBH,D;Hoii: T}'Mau-

HOCTH ITO CpaBHeHHIO C paHee npHMeHSieMhiMH MeTO)l;aMH. 
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2. li1CClleAOBaHMe B03MOJKHOCTM ynpa&lleHMil o6JlacTbiO 

aTTpaKTMBHOCTM 8 peK«.ypeHTHbiK CeTJIX 

3a nocne_IlBHe roJJ;~~~ wo~ pexK.ypellTHhiX a:ciipomu.lx cereA: ~ro 

T.HIIa [2.1] 6wJo DOCIUIII{eHO HeMfJIO pa6oT, B OCHOBIIOK ~ o6m;ae BOD-

poa.1 O~eneJIWI MllltCJIMa.llbHOii eMJWCTH ac , ee saJliiCIIMOC'I' ar uappe npous

HOCTH o6pa3os [2.2] H OTaJII'OPIITMll nOCTpOeBIIJICHIIlllfl'll'le_...,. [2.3, 2.4) 

H T.,n;. B TepNO~eCEOM n:pe,lleJie~ T.e. KO~ 1DICJIO CilHIIOB N~ BCJlllm. 

B ro ~ 8pelol, oo.pe,lleJieHIIW HH'l'epec ~ JI3Y'ICBIC CBOiicTB CBCreM c 

KOHe1UIYM qJICJ]Q)( CDHHOB R ~ OT T011X.B II8CiliilCBIUl II8NJlTB (a < < ac). Tu, 

H3JI_pBXep, 6ROJIOI"'l11ecKHe CHcreMbl ,®iicr&)'IOT B.QBJ1H 0'1' T011K.R JUCHD'e'IMS. ((poNe 

roro, B 6oJu.IDBHcme npaHB:qecKRX 3a,Aa.Q CTOBT BOD:pOC o pa3..1m~ uyx am.Tep

HantBJI>IX ~o&$<rypalllllt HBlljiiiM<p, pentCJyaQJm CID1WJll sa ,_.: III)'IOB [2.5], 

J(Or,u:a 3ClJclx:K'nl, CB~e C JfflNQlCBHeW DaNIITII, He 8JIIIDOT liB ID:l~ 

Ma.TPHilW a3.am.t:o,a:ei:CTBIISl {J}. Taure UT)'aJUolllol BOIIpOCiol peen+ • o6paaoa 

npB HaJIB11B11 XOHe"QHOI'O BJI4ta:1m'ra _(IIpO'I'O'I1DJOB). ChMemK. "11'0 A8 CJ1Y11D ,AByx 

o6pa_wa, 1IJICTO KOM6HBaropB&IMH Meio~NB MO:KBO pa£C'IKTa.Tit, UIOB 6,-.a:CT upo

l.l;eHT oDIB6o1: JIPH pacnosHaBaB1D'I, e, 'l'3DIM o6pa30lf, ~ T01' ILIIII ~roii 

aJII'Opii'TM c npu:TJiliCCKOi: T011KH 3peli.IU:. . 

C ,D;pyroii: CTOpmn.l, octaeTCK_ MHOICCTBO OTKpHTHX BOD:pOCOll, CM38IIJIHX C onpc

)lelleBRe!l pa311epo8 o6nacreii: aTTpaKilH.II R BX YnpaBJieBlleM. Haupm.rep: CZ:.OJIIoK.O 

o6.nacre:H a1Tp3EllBH ~yer scemnOCJie ee o6}"1CBH!ii? Kax 3aBIICIIT aepoiiTBOCTh 

olllll6o11Hoii: ~ OT am."OpB"Na. o6yq.eRIHl.ceTK? 

B 1111CJWUQeii pa6ore npoBOJlHTC.K aayqeB:Be B.IIIHDUI'II Ioppei'BfQIJB MeKJzy o6pa.3aNH. 

CTeueBH JICKall:eJIHOCTH o6pa3oa (yposem. m:yata) '!• T8J[ 1183YBaeMM'O, II8pllNetpa 

cnt6B-.nbs.OCTH 3.rap~ H H~WX: ,!J;pyniX 3ljJ4eLtOB HB U1teCTBO o6yqemt~~ B 

pacD03HBB3RII.!il o6pa30B. 

OcH:oBBoe HHJJMaHA'e y,u:emren:il .HCCJ'Je,llOB3HID 11 "Jru3y41JH3allii.R" o6JIBCTII aT

TJJBITHBBOCTB o6paaoB {NHOaecTBO .HallliJihHioiX K~, penaiCIIpyiOD:{ IC 

' . 
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o6yqeHHON.Y o6pasy) H "ynpaBJieBlUI" Be.rnNBHOii 3'1'08 o6JiaCI'R B nponecce o6y-

"""""· 
PaccMa"tpHBaercsr . ~prnwil MO~e.Jib xoncp~ H3 ,., UOJIHOCThiO CB~ 

CDHHOB (Uz = ± 1) C pemuc.can;Heii npH H)'JICBOJi TellDepazype 

U< (t+ I) = 6(h,{t)), (2.1) 

{
lifx>O -

rn;e 8(x) = 0 if x<O - cryiteJIIIa1'U ~ a h1{ t)-Jioum.uoe nOJie, ,n:eHCl'Bymm.ee 

Ha i-I'hlii crum Hat-roM mare. · 

hi(tJ = I J,pl.tl 
j'#!i 

(2.2) 

06yqeHHe ceTB COCTOliT B DOBCXe TaKOi: MaTpHJlY B38BM~eHcrmur (I}, ll'I'O(i.bl 

3ap8Bee B.b16paHHble o6paaw. {~} OX838J111Cb ~ T01lltiDOI CHCTeNW, T.e. 

Ut(t+l) = Ui( t) 

CaMy pelll'Kcau;KIO CIICTeMbl, B njnmiJ;Bne, MOliBO ItpOBOAHTb • .. :pewr: nyTilMH: 

l)-o6HOBJISl'fb BCe CIIHHbl CHCTeN.bl B COOTBeTCT'BHH C YCJIOBHCM (l) o;umnpeMeHEO 

(napa.IVIeJibH<Uil JtHRaMHU); . 

2) cosepmaTb o6xo)J; CBCTelllbl B KHKOM mt6o onpe,n:e.J'IeBROM nopUE.e IIOCJie,Q038-

Te.llhHO; 

3) BN6llpa.Tb o6HOBruleMHC CDlJllbl Cll~ o6-pa.3oM. 

B CBOBX pacqerax Mill TIOJib30&a.JIJICb -rpen.liM Met'OJIOM, T .x. JiepBHii qacro DPJIBO.AHT 

K ~· a .!(JBI BTOpOI'O Ref U1IUIUIX ecrecTBeliH.biX D(JB11HH D_I)Cltii011JeHH1il 

TOI'O HJIH BBOI"' DOJHIAX3 o6xo.Qa .n:pyroN)'. 

,lJ.rul oocrpoeHIUI Ma'l'pHJU,il fJ} &,mo opeAJIO:.:eBO Bf>CIOJIYO ~ IoropYe 

yCJlOBIIO MOmiO -pa3,QeJIJI1b :aa ,lJ.B8 K..DKCa. 

B IHJPBOM 113 HHX ~ ~ (),J")IOIIpeNCH Ami ~ mae~- • Kelt 

o6pa:Joa.IIJH"""''2!" CM3DI.Jij~-nD'M" -qaodi. TlnnNB:J.ol~. 

JICN 31'010 K.JiaCCifl ~ 8JII'O)JIIl'M Xe66a (2.6). 

p 

lo= I f!f t1f, 
... =-1 

(2..3) 

_,. _ ... o6pew,a p ... --

6 

3TOT aJifOpHTM XOpOlliO paCJI03HaeT JUlllib OpTOfOHaJibHbiC o6pa3bl, B CB5131'1 C lleM. 

.QJISI Koppe;m:pOB8HHhiX o6pa30B 6hVI ITpC,!VIOXCH T.H. DCCB,!l;O-HHBCpCHbli.f aJif01)11TM 

{2.3]. (qHCJICHHOe HCCJIC,!l;OB8HHC B {1.3] 

P I 
J,i = I c l;'f l;'f ; 

v,,u=I ,uv 

N 
Cp, =I ljf I;,) IN 

i=l 
(2 4) 

8Topoft KJiaCC-3TO ITOCJIC,!l;OB8TCJIBHO o6y'laKUUHe Mrop:p:,TMbi, Kor.n;a CBSI3H ITOCJie

):(OBaTeJibHO o6HOBJI51HJTCSI 

Jlj+l) = AP + Mi (2.5) 

BIIJIOTb ):(0 BbiiiOJIHCHHSI yCJIOBH}l 3. rap,ll;HCp 

-It= ljf /{fl I Ji[ > G; i=l...N,p=l...p (2.6) 

( N l v, 
I J, I = V~/~ . 

0TMenfM, 11TO XOTSI BO MHOrHX a.JiropHTMaX JIOHJITHC JiapaMeTpa CT36HJihHOCTH 

OTCYTCTByeT, ·Ka"'CCTBO paCJI03HaBaHHSI Onpe,n:eJUICTCSI pacnpe_n:e.n:CHHCM Yi (KpOMe TO-

ro, BaXHYIO pOJib HrpaeT ern:e H CTeneHb CHMMCTpHH MRTJ)HU:bl CBSI3eif [2.7]). 

B H8CTOSIIIJ:eft pa6oTe Mbl HCJIOJib3yeM BapHaHT aJiropHTMa rap,~~;Hep, B KOTOpOMCB5I3H 

o6HOBJJSilOTCSl COrJiaCHO 

Mtj = ( 1;'1 l;'f if G > ,;/ 
0 ifG<YJ. 

(2.7) 

Ha Ka)f()l;OM mare o6yqeHHSI AJUl BCCX o6pa30B nooqepe,llHO CBSI3H o6HOBJil1HJTCSI B 

CJiy"'aifHO :Sb16paHHOM TI0p51JI,KC. 06y"'eHHe npOBO,li;HTCil BII.JIOTb ,!1;0 BhliiOJIHCHHJI (2.6) 

.QJISI BCeX CDHHOB H o6pa30B. Cxoppen:HpOB8HHOC'I'b o6p830B 6y,n:eM H3MCpRTb paCCTO-

'iiHHeM XeMMHHra. 

dy(t;,", /;') = ('-I ttl t;.l!N l/2 
!=l 

(2.8) 

XOTOpoe MCH'ileTCSl OT Q ,li;JUI O.QHHaKOBhlX ,QO 1 JVUI B3aHMH0-HCffiTHBHblX o6pa30B. 

liHCJieHHble pacqeThl llpOBO,!l;HJIHCb C llOMOlUblO 6yKB JiaTHHCKOrD aJI¢laBHTa H3 

perneTKax lOxlO (a= I - KJieTKa '33Hl1Ta, a= -I - K.JieTKa nycTaSI). lloCJie o6y11eHuS1 

l 

7 



M<!TpHUbi, CHCTeMe ll004Cpe,QHO npC,!J;b518JISVIHCb HCK3::KCHHbiC 6yKBbl C 33,[13HHhiM 33-

pauee IIIYMOM X (nepeseiJHYTO N CJiyqaftuo Bbi6paHHbiX CTIHHOB). BepOstTHOCTh 

0IIIH6Kl1 Perr(G, X) Bbl'IHCJHI.l13Ch KaK OTHOIIICHHe OWH60l.J.Hh!X p3CTI03H383HHft K 

o6w:eMy l.J.HCJIY npe,Qb.HB{J:CHJU1: HCKa:lKCHHbiX o6p330B (100 3KCnepHMCHTOB ,[IJHI K3)1(~ 

;Qoft KOM6HH3UHH IlapaMeTpOB, illYM H3KJI3,QbiBaJIC51 OT 10 ).10 40%). 

0TMCTHM, 'ITO 0IIIH6KH 6bl83lOT 2-x pO,QOB: 

1. Pe.na C<:ll.\H51 KOHQ:mrypalUHf, ITOJiyl.J.eHHO:ll H3 O,QHOrO o6pa3a HaJIO)I(CHHCM IllyMa, 

K t\pyrol' • ..y o6pu3y. 

2. PeJiaKC:lU1151 K T3K H33hiB3CMbiM JIO}!(HbiM o6p333M. B CBOJO 04epe,n:b JIO)!(HbiC 

o6pa3bi MO}!(HO pa36HTb Ha 2 BH,n:a: 

nepshrii BH,Q - Kou¢Hrypaunn, rroJiyqeuuwe JIHueiiuoll KOM6Huau:»eif o6yqeuu&IX 

06p330B (11 11X HCr3TfiBOB, KOTOpblC T3K )I(C 5IBJI5UOTC5l cfJHKCI-lp0B3HHb!Mll TOl.]_K3MH 

,fU1H3MHKH CHCTCMht; 

BTOpoH BHJJ: - KOH¢lHrypaUHH, He CB5!33HHblC C IICXO,[IHblMH o6pa3aMH mmellHbiM 

IIpeo6pa30B8Hl1eM, KOTOpblC, 0,[1H3KO, TaK )J(e YJ.IOBJTCTBOpSIFOT YCJIOBHIO )'i> 0. 

(HanpHMep, eCJil1 CB513H Jij ITOCJie o6yqem15I HMeiOT npeHMYlUCCTBCHHO O}J:l1H3KOBhU1 

3H3K, CHCTeMa MO)!(eT pe.llaKC11pOB3Tb K COCT051Hllf0 Q:teppOMarHCTHK3 11JIH 3HTH¢epp0-

MarHeHfK<l B 3aBHCHM0CTl1 OT 3HaKa CBSI3Cft). 

PaccMoTpHM npouecc o6yqemur 2 -x o6pa3oB {~ 1 } H {£2
} c HYJiesoH MarneTH3auueH 

<~f./> c~ 0) ll paccrmnme\1 XeMMl-fllra d < 1/2. Pa3o6heM N CTTHHOB Ha }J:Be rpynnhr. 

B rp:ynne A, COCTO'i!W:C:\1 113 N ( 1-d) Clll1HOB, co6paHbl TC H3 HHX, KOTOphle B g-l} l1 

k 2
} COBTT<l.'l,aiOT (dA = 0), B rpynne B (Nd cmiJTOR) co6paHbl CIIHHbl, HMC!OIUHe 

npon:mono,10)I(Hhlc 3HitKH B pa3!lH'IIIhiX o6pa3ax (rpyrrrra B o6pa3yeT HeKHi1 nono6pa3 

B {~ 1 } l1 era l!Cf'aTHBOB B {52
} ) . 3HClK0M "+" llOi>fCtJeflbl 06;1aCTJ-l C 5 '="' + 1 ,a '"-" -- C 

!; =- I B o6pa3e {£ 1
}. (J~.'ISI y.n;o6CTBa Mbl MO:JKeM rrepeHyMepOB3Tb Cm-1Hbi) CM.p11C.2.1. 

06y•1eu>te HU'-lHeM c HatiUilhHoi-1 MaTpHUbi {/
0
)} c uy.TJeBhiM cpeJJ:HHM (I ;)Jl = 0) 

0 i~j 
lJ e):ll1Hl1lJ:IIOi-1 CHMMeTpHeli Jb ) = J)P), 

npH KU)J{.'lOi-i Y!TepaUI1H, COL'JaCHO 3JlrOpl1TMY (2 3) CB5!3H MeiK)ly CTIHH3Ml1 llpll 

HeBbln0.1HeHI1l1 YC'IOBI1S! (2.6), B 3aBHCI1M0CTH OT l1X npi-1H3;:1.ilC.lKHOCTH K TOft: H .. 1H HHOI'l: 

rpynBC, l13MCH5IlOTC51 Hll BC1II1'U1Hhl, yKa33HHhiC B T86JIIIU:C 2.1. 

Ta6.nVIu,a 2.1 

AI. A+A+ A+ A_ ,, 

{$1} 

' 
1 -1 

{(2} 1 -1 

N(l-d) 
{1;,}~ 

A. A 

{1:,,)~ 
PVIC.2.1 

A+B+ A+B_ AA A_B+ --

1 -1 1 -1 

-I 1 1 1 

Nd 

B. B 

AB B+B+ B+B_ BB -- --

1 1 -1 1 

-1 1 -1 1 

0TMCTHM, 4TO XOU: C3M MCTO;rl; 06HOBJICHHil. CB513eft HCCHMMCTpH4CH, TCM He MCHCC, 

eCJIH 113MCH51JOTC5i H J ij 11 J ji , TO /).j ij = /1Jji . 3TO npHBO,QHT K TOMY, 'ITO ;QJI51 60JihlUHX 

G, KOT,[\3 ua K3)1(,[10M mare o6y'ICHH5l MCHSICTC51 60JiblllHHCTB0 CB5!3eft, CCJIH a6COJilOT

HhlC 3H3'1eHH5I Ha'laJihHOH MaTpHUhl I J I< 1, Ha'laJibHasr CHMMeTpH51 T_epsreTCsr npH 

nepBbiX JKe l1TCp8L(H5IX, a 33TeM 6blCTpO B03paCT3CT ,[10 3HaqCHHH, 6JIH3KHX K 1. 

113 Ta6m1L(bl BH)lHO, 11TO CBSI3H lij, CBSI3biB310IUHC CTIHHbi l13 All 8 npn ,QOCTaTO'IHO 

60JihillHX G. (B03MO)KHbiH Bhl60p KOHCT8HT G o6cyx;r~;aeTC5I HJ.DKe), T.e. KOr,n;a H3Me

HCHHe 38TpamaaeT BCe CB5I3H, npaKTHqeCKH He H3MCH5IIDTC5I. 3TO 06'b5ICH5ICT TOT ¢laKT, 

l.J.TO eCJIH B K3'lCCTBC HaqaJibHOTO npn:6JUt:lKCHH5! MaTpllL(bi {J } B35!Tb 60JibillHC a6co

JIIOTHhle 3Ha'leHH5I (I J I< 1), TO seposrTHOCTh omn6oK pe3KO B03pacTaeT. 3To cssr3a-

HO C TCM, qTo "Heo6yqeHHbie" CB.K3H THIIa JAB coxpalUIIDT HHlf>OpM3UHID 0 JIO)[(HblX 

o6pasax (2-ro nma), rrpHcymnx {J}, KOTOphle H ,Q3IDT 6oJihlllYJO l.la~Tb oum6oK. B 

CJiyqae 60JihlUero KOJIH4CCTBa o6pa30B ( p > 2) CBSI3ll MCX<.QY rpynnaMH XOTb ll 

p33BHBaiOTCSI. (B o6IIJ;eM CJiyqae p o6pa30B CHCTCMY M~)l(HO pas6HTb Ha 2 p-] rpynn, 

XOTSI. pa36HBK3, B 0TJil-14HC OT CJIY'I351 p = 2, HCO,QU03Hal.J.Ha), HO XY)I(C 1.£CM ;::J;JI51 COHHOB 

B O)lHOH rpynne B TOM CMbiCJIC, l.J.TO I'!J AB , onpe,QeJISICMhiC pa3JilllJ:HbiMH o6pasaMH, 

OTJIH1.£3fOTC5I ,Qpyr OT )J;pyra IIO 3HaKy. 

C 3TOH TOl.J.KH 3pCHH5I, AJISl KOppe.ilHpOBaHHhiX o6pa30B 60Jlhllle llO,QXO,[IHT nceB-

9 



~OHHBepCHhlii SJJ!OpHTM, KOTOpbl:i.f /VHI CJIYlf3S£ p = 2 3BTOMaTH'IeCKH o6ecne'!HBaeT 

fAR =0. KoHelfHO, ,!IJIM P.>~ no He TaK, 11 pa3HHUa Me)I{,IJ,Y ;::t;syMsr an:ropHTMaMH 

vMeHhwaeTcsr. Ha pHc.2.2 npHBO,!l;51Tcsr pesyJibTaT&J lfHCneHHhiX ::lKcnepHMCHTOB c 

3THMH an:ropJATMaMH . .1\aK BH,ll,HO, c yse.n:HlfeHHeM G pesy!lbT3Tbl anropHTMa f'ap)lHep 

y.'lylfwaJOTC51H c6JIH)l{3JOTCSJ. c pesyJlhTaTaMH nces)J;OHHBepcHoro an:ropHTMa. 

O'!eBHWiO, lfTO cnHHbl rpynnbl B npnp;eTcsr o6yl.faTb )];OJI&We lfeM rpynnu1 A (npH 

d > l/2 -HHh60pOT) . .Ilnsr CIHfHOB .:nOii rpyUDbl {):vi 51 Onpe,!leJieHHOCTH B03bMeM CmfH 

113 rpyUUbl +) DOCJle i~TOJ1 HTepaJ.UUi IIOJIYlfHM 

;, h, ~ 'IA~~" -.?A~~-+ 2: (1/,~l., + 21) - 2: (1/,~\,- - 21) 
A+ A~ B+ B~ 

= h(O) + 2/dN (2.9) 

. ~ 

I]/)" I -j:L 1
1012 + (21)

2
Nd + 4N(J/,%"- J}%-Jf' 

r,l],C]fJ+ o603H3t1£1eTfB+A+,JB+A- HfB+B-. 

Ylfl1ThlB!I>I HyJieHyiO cpe)l.HIOlO {/OJ}, Mhl MOlKCM npeue6pe'lb mme:i.f:HblM lfJieHOM 

UO,r:t; KOpHeM, 111J pesyJibTaTe UOJIYlfHM 

I) _ t,n+ hB+ _ h(O) + 2dN! . 

y/," -1714T ( I J [;~11 + 412Nd) ,, 
(2.10) 

?xT 1·\e<::'>:y:itiurl 

_, -=:::; Ot', 

- -rn~'''' ''nr. "'O~ul~ 
>H·_--:• •( 

c-
c 

lr•-. ~· 

., 
.,-

J.....--- . ~-. '.."->i ,.,-
) \'_) 4( 

'jo"e 

P111c. 2.2. 

IO 

l{s yCJIOBlHI y > G MO::KHO IIOJIYlfHTb MHHliM8JlbHOe BpeMSI o6y~eHHSI (liHCJIO HTe

paU.HiJ:) T H MaKCHMaJII>HOe sHalleHHe Gc, npH KOTopoM aJII'OPlfi'M em.e CXO,IJ,HTC5L 

. GIJCO) I 
Tmm z(Nd(Nd-G2))ifi 

(2.11) 

a,~mJ. (2.12) 

II pHd > 1 I 2 B o6e1-1x q,opMyJlaX d Ha,l],o noMeHSITb Ha 1-d, T .K. o6yqeuHe HeKoToporo 

o6pa3a 3KBHBarteHTHO o6ylleHIHO ero HeraTHBa. 0TMeTHM, liTO peam.HO o6ylfeHHe 

npol1cxo.n;HT )J;OJibllle, lfeM (2.11,, T.K. B rrpouecce o6ytieHHSI yCJIOBHe Yf > G )lJisr 

KOHKpeTHOrO CUHHa MO)l{eT TO BbiDOJ!HHTbCH, TO HapymaTbCH (npOHCXO,!IHT 

OCI..{HJIJI5lUHH) H, TaKHM o6pa30M, 06HoBJieHHe f IIpOHCXO,l],HT He H3 K.a)l{)l;OH: HTepaiJ.)t:H. 

TeM He Meuee, (2.11) npaBRJibHO otThHCHSieT TOT <fJaKT, liTO npH G _,. Gc BpeMg 

o6y'!etnur pe3KO oospacTaeT. 

T(e)-e21~ 0 ,;; (e~_Q_) < I 
G' 

(2.13) 

Ha pnc.2.3 noKa3aHa 3aBHCHMOCTb opeMeHH o6yt~eHHSI TOT G. Ha pHc.2.4 rroKa3aHo 

"' I Learning Trme 

'" (o~o5J. Gc-6115) 

'" 
'" 

"' ' 
00 t 

! " f " ,, 

'" 
6 7810 5 7820 5.7622 6 7B2J 

G 

P~c. 2.3. 
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P~c. 2.4 

a) 

. . 
.. . .. ... . .. . .. . .. 

.. ----- --. -------· -------. -------·-
·10.00 .oo 10 00 

c) 

........ ..... ..... ............ 

Koobb 

·-------·---· ---·-------·-------·-
00 5. 00 10.00 

G • 1.50 

pacnpe)l.t::Jiemte se;nt:qHH Yi JV:UI an:ropHTMOB 

XorajJHn{l;a (2.4 .a), nces_n:')HHsep~.Hr>l"'l 

('2.4.s) " f'J.p,n:Hep c pag.·nt'lHbiMH G 

(2.4.c,d,e), nony"l!aeM.oe npu o6y-qemt.u: 

o6pa3oB E H F (d == 0,08). Cpa3y BH.QR0, li.TO 

arrropHTM. Xon¢m.TI.n:a ~-Ie npnse,n:eT K pe.laK

caU,HH B npasHJlbHOM HanpasJieHHH, T.K. He

KOTOpble ')'i HMeiOT OTpHU8Te11bHble 3Ha

-qeJIIHI (COOTBeTCT~ylOIUUe CTIHHbl He BOC

CTaHOBSlTCSI). 3aTO, nceB)l,OllHBepcHbli;: <L'!-

12 

b) 

. 
·-~-----·-------·------- ·-------

.oo 5.00 10.00 

P••uclo-Invu• 

d) 

..------- ·---~----- .. ;,._ 

. C' 5. 0~ 10.00 

----- --
. ~0 C.i.·' 

G ~ ~ J 

" 

ropHTM cpa3y C03,JJ;3eT 2 rpyiiilbl. CO 3HalleHBKMH Vlilif H ...tN (1 d). A.rlropHTM lKe 

rap.n:uep, c yse.nuqemt:eM G CT'peMHTCJI co6paTb 3HaliCHH!i y K :malleHH~, AAB-SeMbi.M 

nceB,D;OHHBepcllhlM. 

3aMerHM, qTo yCJiosHe (2.12) coxpaHJieTCJI a npH p > 2, npOCTo B 3TOM CJJyqae B 

KaqecTBe d Ha,ll;O 6paTh paccTmnm:e MeQy 6.rmxaii::m:Hmr: o6pa38MH. Tip G-Gc Ha.CTY

naeT CHTYaii;HSl, KOr,D;a o6HOBJieH~e CB3eii npn: o6y11emm CIIHH8 H3 Ipynnhl B o6paga 

{,;
1

} o 6 Jl3 aTe JI bH o npHBO.D:HT K HapymeHBIO yCJIOBHSI (2.6) AJH1 y..-eo6yt~eHHoro 

emma H3 {e}. Koue-qHo, (2.12) He e.ztHHCTBemme orpaBUlleuae ua G. KoHCT8HTa 

rap,D;Hep orpaHHl.Ut:saeTCst TaK}l(e H KO.JIHllecTBOM o6pa30s P. HanpHMep ,D;JIJI. HeKop

pe.n:HpOB3HHhlX o6pa3oB Gc H a = P/N np:a·6onhmHX N CBJI3aHI:il COOTHOmeHHeM [2.2] 

f Dz (Gc + z)2 = lla; 

-G, 

Dz 
exp[-z2!2) 

~'br 

A;rsl: KOppeJIHpOBaHHbiX 06pa30B 3TO Bblp8XeHHe IIpHHHMaeT OOp83AQ 6o.11ee CJlOlK

Hblii BH)l;. 

B rrpe,ll;eJie G-+ -Gc npH npeJ].'hSIBJieHHH CHCTeMe xOuqmrypaJIHH c paccTOSIHHeM 

(myMOM) Xl HX2;D;O o6pa30B {S1
}H {S2} COOTBeTCTBeHHO, cucreMa.u:OJIXH3 o6sr3aTe.JihHO 

pei18KCHpOBaTb K TOMY H3 o6pa30B, ,D;O KcJropOIO paccro.KH:He MeHhme. ,ll.JI:JI .3TOro 

cnytiast sepoRTHOCTh 01m16KH npu pacno3HaB3HHH_ o6pa33. {.;
1
] c myMOM XI MO:JKHO 

BblqHCJIHTb TO"l!HO. 

M3 cHXI KOHcfm:rypan:nR, nonyllelUibiX H3 {.;
1} H3.1IOlKeHHeM myMa Xl. qaCTb HMeeT 

MeHhmeepacCTOSIHHe,D;o {;2} WIHeroHeraTHBB.. Ecn:H KOIICPHrYPaiUUI~myMOMXI6biJia 

no.JiylleHa H3 {.;1} rrepeBoporoM k CTIHHOB B rpynne A H N - k B B, TO paCCTOSIHHe ,D;O 

{.;2} Hero HeraTH:sa 6y.D:eTX2 = (2k - N(d-xt))/N:q X2 = 1 - X2 COOTseTCTBeHHo, H 

liHCJIO TaKHX KOHcfmrypanHil 6y~ cJtt-tl) d"!td-k. C}'MMHpySI no BCeM k c X2 < 

Xl H 1-X2 XI H6ep.51CJiy-qaH x2= XI H 1-Xl =XI CBecOM 1/2, nonyqaeMsepOSITHOCTb 

OI1IH6KH 
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Perr 
( cd8=di' C'lJ["c'-'!f'n + cHr""""'"' C'JJ""'n ) 

~XI ' 
+ 

(2.14) 
X2(k)<X> 1-X2(k)<X> k NY k 
~ L CN(1-d) c Nr 

+ k k 
~XI 

CoOTBeTCTByiOmaH KpHBaH (2.14) AJISI o6paaoB E H F npMBe,JJ;eHa Ha pac.2.2. Kax 

~Ho, nceB,n:mmBepCH&tii H aJirop:mM rap,~~;Hep npH G -. Gc (Gc =2,68) ,~~;rum peayJI&-

T3Tl>l, 6Jlli3:KHe K Q)l.(H,D;3eMbiM. 

J1onpo6yeM o6'b51:CHJ'ITb 33BJ'ICHMOCTb KOJillqecTBa OIDH60K OT napaMeTpa 

cra6IDibHOCTH. ITpocrpaHcTBo KoH<PHrypauHii: cern H3 N cnHHOB npep;cTaBJISleT co6oii: 

N-MepabiH Ky6, KOTOpblii: Ha pac.2.5 CHMBOJIHlleCKH npe,~~;craBJieH c<Pepo:H. KmK,JJ;aSI 

TOliKa c<Pepbl - O)l.H3 H3 BepuiHH rn:nep_ xy6a. MaTpHUe CBSI3eif Jib npH KOTOpOii CHCTeMa 

Bcer,~~;a penaKcHpyer K 6n:w:JKaiimeMy o6pa3y, cooTBeTcTByeT pacnpe.n;enem~:e o6nacTeii: 

aTfPaKJ.UUI, ITOKa3aHHOe ITyHKTHpHOii JIHHHeii: BCSI TIOBepXHOCTb cq,epbl (nmepxy6a) 

paa.n:eneHa aa o6nacTH, rpaHHJ.¥>1 Koropblx npoxo)I.SIT nocepewme 6nHJKaiimnx o6pa

aoB. EcTecTBeHHO, C:EO)l:a BXOASIT H JIO:lK:Hble o6p33bl 1-ro po.n;a: aeraTHBbl H mt:HeHHble 

KOM6J1H3UHH o6pa30B (OTMeqeHbl aeaanOJIHeHHblMH 6yKB3MH) 

0p;H3KO, pa36poC 3H3tieHHfi BeJIHqHH Yi B Ka){(,lJ;OH H3 rpyrrn, TIOJiyqeHHhlX npH 

o6yqeHHH aJIMpHTMOM rap.n:Hep, npHBOAHT K H3MeHeHHlO 3THX rpruniU: (TIOK33aHbl 

CTIJIOlliHbiMH JIHHJUIMH), i1 T3KHM o6pa30M K aaBHCHMOCTH KaqecrBa pacn03HaBaHHSI OT 

KOHKpeTHOH TOllOJIOrHH IllyMa B TOM 

CMbiCJie qTO HeKOTOpble CITHHbl OK33biBa

IOTC5I o6yqeHHblMH "Xy"lKe" <leM ,!l;pyme. 

KpoMe Trro, c10;:ta ,!],r6aBJI51lOTCSI eme » 

JIO)l{Hble o6pa3bi 2-ro po,!la (wx o6Jiac:rn 

arrpaKUI-lH noKa3aHbi nlTpHXOBKOH). GeM 

O,!J;HOpO)lHee pacnpe,!leJICHbl BeJ11ll.IHHbi Yi 

B K3)l()l0H H3 2 rpynn (THTia A, B ... ), TeM 

rJia){(e rp3Hl-lUbl 06JiaCTH aTTpaKTHBHOCTJ! 

K3)J(,!l0rO o6pa3a, K3K CJie)lCTBHC JIOKaJib-

P~c. 2.5. 

" 

HOii He38BHCHMOcrH, pacnO:maBaHml OT KOBipeTHOii TOnOJIOI'BH IIJYM8.• 

,[(n:SI BH3yaJIH3aUHH o6.n:aCTeii a"ITpa.x:qHII M&I Cl'eHepJipOB8JIB 1000 B03N:OIHbiX 

KOHq,mypan;Hii, OTCTOSIID,HX OT o6pa3a F B3. paccros:mm 

X 
xz' - xzr + dz(F, TJ 

2d 
y=v x"'-x· 

(npHBe)J;eHbl TOJibKo nono>KH.TeJi:l.HI>Ie y ) , H ero Biiccmt noxas~ KOJJJiqecTBo 

KOH<PHrypaJ.Uift: C .TaKHMH myMaMH. 

I'pamma "u.n;ean&aoft:" o6nacTH anpaKIJ;HH .IVISI F- at<fnpilMU 

x = 0,14, T.e. ace KOH<tmrypan;HH, nexa~He neaee 3To:i npliiMoii ,u;on:a:Hhl 

PeJiaKCHPOBaTb K F. 

PRe. 2.6.b,c,d no:Kaablaaer pacrrpe.n;en:eHBe oDIJI6ox npH pacnosHa.BaHBH F c myMOM 

0.4 AJUI MaTPHU: c pa3JIHqHbiMH aaaq:eaH51MH G: 

l<aK BHJl.HO H3 pHC. 2.6.b, AJ15I Ma.llhiX G (Gc = 5.28) 6oJibiiDlB 1laCTb ODm60K ne:JCHT 

B o6JiaCTH C x<0.14. 3TO 03H3"1!aeT, liTO 601lbDia!ll lla.CTb OIUH60K IIpOHCXO,o;BT H3-3a 

penaxcaun~ HaqaJibHoii KOH<PHrypamdi: K aeramBHbiM H JIO:lKIIhlM o6pa38M. Pac. 

2.6.c,d nOKa3hiBaeT, liTO oiiyqenHe c 60JibiiiHM1il G noaa~er H36eltca:rb HMCHHO 3THX 

all1 000 eve"nts 

PH<:. 2.6.a 
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P~c. 2.6.b: PacnpeAelleHVle ow11160K np111 pacn03HasaHLI1\11 F. G=1. 

PV1c. 2.6.c: PacnpeAeneH\IIe ow11160K np1t1 pacno3H3BaHIIWI F. G=3. 

OIDH60K; B KOHUe KOHUOB OCTalOTCSI OIDH6KH, KO'TOpbiX HeB03MO)I{H0 H36eXaTh 

HHK.aKliM o6y'leHHeM: KOH~HrypaUH~ c XF < XT peJJaKCHpyiOT K o6pa3y T. 

11H-repecHo OTMeTHTb, ttTO npH Jl06aBJieHHH K o6pa3aM E H T , HaxoASIJJJ;KMCSI 113. 

3H3'1HTeJlbliOM pat...CTOSIHlUl ,D,pyr OT 1];pyra, o6pa3a F, 6JlH3KGOO K E (d(E,F) = o.mn, 

3Ha4me!lh 10 vaeJlii'IHBaeT apeMSJ o6y'leHHH. (puc. 2.7) v.: yx)'.'J,rnaeT pec~OJHaBaHne He 

TO}::dw w"1:_-:1·;<· L tHJ H "oT)laJiemwro" T (eM. Ta6:n~ns 2 '1 J- 3To y .:;em-~:\IHRaer pa::.6poc 

t 

] 
" " "' 

P111c. 2.6.d: PacnpeAeneH\11€ ow11160K np111 pacnoJHaeaHM\11 F. G=5.18. 

N 

··~c==========~----------
1 - F ~ T ,.c.,"niUon 

+ fiErtocoonlllon 

+ F. E a T nocognltlon 

" 

::I • 

oL---~--~--~--~--~--~ 

' 0.0 

PIIIC. 2.6 

" • 
... 3 

B pacnpe.n;e.n:eHHH H TeM caMbiM e~e 6oJibme HcKaxaer rpaHHUhl o6.n:acTH aTipaKU,HH. 

0TMeTHM, qTO Taxoe IIOBe)J;eHHe CHCTeMbl HMeeT aHa.JIOrKIO B IICHXOJIOrHH: IIpH Bhl6ope 

MeX)J;y ,ll;BYMSi o6heKT3MH (f H T) IIpe,ll;'bSI:BJieHHe p83JlPR:ZHTeJ:Ul, CXO,ll;HOrD C O,ll;HHM H3 

HHX (E) npRBO,ll;HT K yxy,!J;meHruo Kaqecrsa pacnosHaBaHH:s: [2.8] _ 

Em:e o.u;rut HHrepecHaSl aHaJioi'Wl c pea.n:bHOH naMSITbiO 33.KJUoqaeTC51 B TOM, l.fTO npH 
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o6yt~eHHH, H8IIpHMep 2-X o6pa30B C paCCTOSIHHeM d, YBCJIHqCHHe r1 H8 

1/ I I I npa6aBJJeHHOM K 'li; Bemt~HH sl <} • YMOHbiDHT y~ Ha (1 - 2d)ll I I . T.e. 

rroCJie)J;HHH o6yt~eHin.tii o6pa3 "sarnpaer" HHq,opMan;n:IO o npe)J;bi)J;ym;eM. B pesyJibTa

Te, 'tleM II03)J;Hee 6biJI o6yqeH o6paa, reM Jiyqme OH pacrr03HaeTC5!. 

ltiCXO)J;5I 113 TOI'O, 'liTO )Vl5I KaJK,D;Oro o6pa38 Cym;etTByeT CBOe M8KCHMaJibHOe SH8'tleHHe 

G, MO)KHO rrpe)J;JIOJKHTb MO)J;H!PHK8QHIO aJITOpHTM8 rap)J;Hep: 6paTb He O)J;HH o6w;Hii )J;JI5! 

ocex rrapaMeTP cta6H.JlbHOCTH G npH o6yqeHHH, a Tpe6ooaTb )J;JISI K8)K)J;Oro o6pa3a 

BhliiOJIHCHH51Y/ > aP l 6ep51BKalleCTBe G = (N &..in)Jh l r)l;e t!Au:n- pacCTOSIHHeMe:lK)J;Y 

o6pa30M H. 6JIH:lK8ii:WHM K HeMy. 3TO IIpHBe)J;eT K T~MY, qTO pacnpe.~~;eJieH.He Yt Jl;JHI 

BCeX o6pa30B 6y)J;eT 6o.Jiee O)l;HOpO)l;HbiM B C~OHX rpaHHUBX, IIOBhlCHB H8)l;e:lKHOCTh 

o6y'lleHH.R H He38BHCHMOCTb KaqeCTB8 p8CII03H8B8H.HSI OT KOHKpCTHOrQ pacnpe)leJieHH.R 

myMa. 

Ta6Hua 2. a, b. 0=1.5 

Noise F E T Noise E T 

Porr Porr 

20 0.07 0.02 .0.03 20 0.0 0.0 

30 0.09 0.17 0.03 30 0.02 0.02 

3. n_pYIMeHeHYie MeTOAOB cnyLJaHHoro nOYICKa 

An·Sl o6y4eHH.R nocneAOBaTenbHbiX HeHpoHHbiX teTeH. 

TeopeTH'llecKHM o6ocHOBaHHeM CTOJib 3Cj)cpeXTHBIIHX cnoco6110CTeii: DOCJie,qo:sa

TeJibHNX l!eiipOHHblX ceteii: K.JiaCCHq,~ o6p83(..B 51BJllteTC51_ TeOpeMa 0 TOM, ~ 

tpeXCJIOiffiag: ceTb C,!I;OCTaTOQHO 60JILIJIHM"'IIHCJIOM HeiipoHOB B CKp:&lTOMC11oe CUoco6BO 

rrpOH3BO)l;HTb MHOI'OMepHOe npoeKTIIpO'BaHHC B XOMIIaXTHbiX IIO,ll;llpOCTpaHCTBaX He-
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npepbiBHhlX HJIH )l;HCKpCTHblX MeTpH'lleCKHX mpH! "ll"""' 11» C mo6o.i 38panee 38/WIDII!I'iii 

TO'liHOCTbiO (3.1, 3.2] (eCTeCTBeHHO, IIOCJBe ~ COOIBCICIBYIODJ;ei'O <J6¥'-

'tleHH5!). 3a;:taqy K.JiaccHq,Hxan;HH MO:lKHO pa•1'li¥ii'i u·~ 'IIICI'IIIiii CJiyqaii TamirtJl 

IIpOeKTHpOB8HH51, a HMCHHO, npOeKTllpOBa'IIIIC j MX xcnepBMelll'8Jibllli1ll 

MHHhiX Ha KOHe'IHblii Ha60p AJICKpeTIIHX BeJIIIRIIIII;, np f 8 UWJDli'X co6oii BB,tl;eJmlill 

aJibTepH8THBHblX K.JiaCCOB. EcrecroeHHO, "q'TC!fl G1WB11 'liiiiiiiWilO 'l'ellpel(8 cym;ecTBOB8111Hll 

AJI51 rrocTpoeHH5! K.JiaccH¢mcaropa He.n;ocra'IIIJJHifll, pmgfi 4ii8 Wl! JDte'lb H8,ll;eXHble H! 

6biCTJ)bie anropHTMhl o6yqeHH51. Ilo)l; aJITOPB1!M1111111:4 lilY 6y,l(eMROHHMaTb 113ft 

MeTO}J;bi Bhl6opa OIITHM8.JibHOii KOHc:purypau;am a.a:m11 (f:JaBpotep, liBCJJa HeiipoBOB Bi 

CKphlTOM C.JIOe), T8K H - MeTO,n;bi Orrpe,n;eneHHte'1lilil1illjl'W ~ cem (Bb16op 

B~a :u;eneBoH <PYHKUHH H Haxo:lKJ];ed,ue rno6a.zmmmoliliiiiWIWJMB.). CJ.e.Ayer OTMenrn.,, 

1IT0 JV151 MHOrDCJIO:HHbiX rrepceurpOHOB IJ;eJieBW51!~ c6PmoJIIlJnle'1'Cjl HCBhiiiJI-

JIOii: q,yHxu;ueii: napaMetpoB cent, qm satpy~ .--we ~THBBbiX am-

ropHTMOB, rapaHTHpyiOIUHX H8XO:lK)J;eHHe rJI~....-ylla. 

B HaCjfO.Rm;ee BpeM5! OCHOBHblM CIIOC060M Otiy'IBBIIII!~ ceTeii 1IBJBI

IOTC51 p831IH'IHble MO)l;HCj>HK8l.{HH MeTO)l;a o6p8liiiiDIIUl •ift rpwepri••- o:o:m6oK: (error 

anropHTMbl c.rryqafmoro IIOHCKa B np~ II £ paw a:D.. Jla:M Il))eACI'3BJDl

eTC51, qro Cp8BHeHHC pa3JIHlffibiX anropBTMOB ~I'! IM+IHJPTonpe.QCJieBBJ:rlii 

HHTepec o cBere BCe pacnmpruoiJ:VIXC51 rrpuOICIIII:Iii:~ ~ JE 

pememuo npoH3BO)l;CfBCHHblX H Hay11Hb1X 38,fUUI.. J1 LZ JW:: 3DIJJOIIJIOli Blrl6paBill 

~qao6yqeHH51pao;'O:maB8HHJ06yneocu:x~(( ..... -=n:OJI&30B3BIIItl: 

craH,n;aprnoro rayccoocKoro pacnpe,n;eneBJN .lllDE pa3JIII'IIIKX MeTO,!J;OJl: 

O[(eiiiiB<lHHSl q,y~ IIJIOTHOCI1I BepoSlTIIOCTB)i •. li"p£BIIII.,.......~ 

BarJISIIJ;HhiMR Ta6mm8-MH HCTHHBOCTH, 803)(() bW 6p ~ pacno3118r

B8HHR, nerxOCTbJO yCJIOXHeHIIJI sa,naqa nyreM' ner ••u•-.: .....-.. ~· 

lj>ymtiiH"M Hmlf.iH }'BCID!'IOHIII'M pa3MOp!IOCTII~ (<JL [B:-l.l.a -OR H l.l.b-

XOR). Onrerm.t., -qro XO'Dil 6yJICBli ciJ)'liKIJ;tiH IIOllyi!'JPMI I C91J0pon1BWIB 

HeipoH8.MH, MI:.l 6y.QeM IICD0Jib30Ba'l"b ~ -, _. JIO:'DOIJCI!OiqHe coo¥-
Ba.Tb 6oJiee o6JIJ;He H ~THBBHe pacno311310m111 cera.. 
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P•c. 3.1.a. OR P•c. 3.1.b. XOR 

IN OUT IN OUT 

0 0 0 0 0 I 

0 I I 0 I 0 

I 0 I 1 0 0 

I I I I I ' 

06y-.,eHHe CeTH MeTO)l;OM CJiy'laiiHorO TIOHCK8 MO}l(HO peaJIH30B8Tb )l;BYM~, 

IIpHHD,HllHMbHO p83.11HtfHbiMH MeTO)l;BMH 

1. Ha KBJK,D;OM ware o6ytJeHHSI H3MeHSITb BCe rrapaMeTpbi O)l;HOBpeMeHHO, T.e. IIOCJie 

rrpu6asJieHHH KO aceM napaMeTpaM ceTH npHpau::&:eHHSI S Rand(-1,1), r.z.-e S -

MaKC.HMaJlbHbli1: mar npupam;eHKR H TIOTOM TOJibKO OD;eHHBBTb I..J;eJieByiO QlyHKD;H.EO C 

B03Bp8TOM B HCXO,ll;HYIO T011KY npu HeyAAliHOM mare. 

2. Bbi6upaT& CJiyqa:i.fHbiM o6pa30M N 1 < N H3MeH.sieMhiX napaMeTpOB (o lJBCTHOCTH 

MeHSITh ITO O)J)IOMy) H npOH3BOJJ;HTb npouepxy. 

Cpa3y OTMeTHM, 'ITO TOJibKO rrepBblil: MeTO)l; ,a;aeT rapaHTHIO CXO)l;HMOCTH MropHTM8 

sa JJ;OCTBTO'IHO 6oJibWOe BpeM~ (ecTeCTBeHHO npe,li;IIOJJa·raeTCll, qTO apxHTeKTypa CeTH 

Bb16paHa rrpaBH.JihHO, H. M8KCHM8JlbHblit mar npupameHHSI Bhl6paH ,!l,OC1'8TOliHO 

60JibiDHM). 

-.Il,ml N-M&THhlx 6yneabiX q,yHKIUnl, npocTJ)aHCTBO BXO,ll;HbiX KOHiPHiypau;Hii KOTo

pl:il~ CCTb N -MepHbiJ:i: C,ll;HHHliHblif xy6, ni>H H8llaJibHOM 3H8liCHHH DCCX napaMeTpOB 1/2, 

y:lKe M8KCHMaJlbHblH mar S=1 rapaH'rnpyer cxo,n;HMOCTb, T.K. see pememnl .51BJI5UOTCJ£ 

N MCpHbiMH IUIOCKOCT.51MH, nepeceK810ID.HMH xy6.-

B TO :lKC BpCMJl, R3MCHCH1t:C DCCX napaMCTPOB O,!!;HOBpCMCHHO HCCKOJibKO H36biTOliHO, 

T.K. XOTil OWW. IITCpaiUIJ£ B Uf!JIOM MO:lKeT OKa38l'bC.51 Hey~11HOH, TCM HC MCHCC, 

HeKOTOphle nap8MeTpb1 B pC3YJibT8Te np:upaiiJ;CHKSI MOryT llOTI8CTb 8 06JiaCTH pemeHHJl 

3~liH, H 3TO ",n;OCTH:lKCHHC" 6y,n;er TIOTep.51HO B pe3yJibT3TC B03Bp8T8 B HCXO,D;HyiO 

TOliKy. 
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BTopoii: MCTO;zJ; no3BOJJ.HeT yMCHbWIITb :ny H36hJTOqaOCTb, O.AifBKO B 31'0Mc.rryqaeetn. 

OnaCHOCTb, 'QTO 8JII'OpHTM HHKOr~ He 38BeP~•- B;0 BCBOM ~yqae B_;~-::~e, 

np:HlleM sepoSITHOCTb 3TOI'O B03pacra.eT c yMe~~eM 'IIJCJIB ~eMblX rrapa.MeT-.. , . . q-u., 

pOB. flOSICHHM 3TO Ha 2-MCpHOM npHMepe(pHC.3.2), Ha piiCyBKC UOUsall CJcy116ii i ' · -- 'ci ~ _· 1 • _) 

(,D;OBOJlbHO-T8KH HCpCa.ribHbiH), KOr~ ;zJ;nSI DOIIaJUUIIBl. B oEinacn. MIIBJlMYltl8 Hep6-,_; 

XO,li;HMO H3MCHeHHe 060HX napaMeTpOB (nyBKTIIpll8ltJHIIIJWh TO~_UX.mo6ae-H3Me
HCHHC TO.JibKO O,ll;HOI'O H3 H11X HH K 'QCMY He npH:Be,QeT, Koue0o, C yBeJIIIlleBKCM 

pa3MCpHOCTH napaMCTpOB CCTH BCpmiTHOCTb TaXOii: xompm:ypauml Jia,IUlCT. 

liHCJICHHblC HCCJIC;zJ;OBaHIUI llpOBO,Il;WIHCJ> Ha npiDIC))C 2-X MCtTHOi: fiyJICBOii: 

q,yHxwrn: X OR. MuHHMa.JibHOH Heo6xo.a:HMoii xomP~ ceTB AJN 3TOii 38-,Q8.11H 

SIBJUICTCSI TJ)CXCJIOfun.tR: nepcernpOH C ABYMSI. BXOAJIHMH, ,AB)'MSI: a.piiiTJIINH B cpeAHCM 

CJIDe H O,O:HHM BbiXO,O:Hblli! HCii:pOHaMH, T.K. ,lVUI pemeHH~ 38AI-11B Beo6X~O pa3-

;zJ;CJlHTb npocrpa.HCTBO BXO,D;HbJX xonq,mypaiU!ii: MHHBMYM HS. TJlB ~· 
Ha pHc.3.3. noxa3a.Hbl 2 ceMeikTBa pemeHHii: nepBOe )(3e'I'CI CIIJiom~ JJ111UHlMH, 

BTopOC - CBCT.JibiMH. 

IIpoaepSlJIHCb TPH peann3anHH amupHTMa: 

1) M3MCHeHHC BCCX napaMeTJ)OB OAHOBpCMCHBO (20 0Q0 TbiC. HTepanaii:) 

2) H3MeHenue TOJJbKO o.o;aoro, C.JiyllaHuo abl6paHHoro napaMCTpB (100 000 HTe-

pai;Hii) 

3) J13MCHC!IHC napaMeTpOB TOJibKO O,ll;HOI'O, CJiy'laifHO Bbl6paHROl'O HCii:poHa (30 ()()() 

mepaJ.lHH) 

"" 0 

'-x"· 

lni~~~ s,~l• 
-~',, 

PIA C. 3.2. PMC. 3.3. 
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Ha.ruzyqmHii: pe3)'.JIL~ IIIJial3lill.ll 3-BJi BapHaBT: K3X B11,!1;HO H3 Ta~ 3.1, OH H 

cxo,l{H.IICJI 'Qallle (33 pa3Jaw:fi+Mf lDI!Ih.'lecTBO HTepaunH), H J(onycm MeHhrne uey-

JlB.'QllhlX maroo B nepecqcre-. && mte o.rr,Horo napa.Merpa. 

i 

Ta6nvn.1,a 3.1. 

MeTOJI '--· qHCJio uey,!J:a4HI:ilx maros To x-;:e c.nroe B nepecqeTe 

m.- I ua OJl.HH y.A3'lHLii ua I napaMeTp 

I 7 32 324 

2 • 321 321 

3 9 8 2< 

4. MeToA,. noa••m•e•••u• AOCToeepHOCTH Ha6nJOAeHH~ 

TO"'e"'HbiX MCIO IIIIIH.OB y-H3nyYeHH.sr C nOMOW.bfO 

"1epE1f~KO"Cuor: onntYeCKHX Te.necKonos 

3a,QatJB. )l;OCTOBepiiOI'U +MIIIj 'Cf 11Ari·0V TOqe'l!HhiX HCfOtiHHKOB y-KBaHTOB fiJISieTCX 

GIM:Oii BmKHOii B sa6.~17W!nijjj 3CTpoc:}>H3HKe-OqeHL BhiCOKHX .0: csepXBhiCOKHX 

3ileprH:ii. qepeHKO~ VCmt'!I{!T!l!!lJiol C p3CllOJIOXeHHhiM B <PoKyce KJI3CTepOM 

cpcry-onpHeMHBKOB UOjiMrnraDJI" .lllllOIIe,JlOB3T.b flOTOKH y-KB3HTOB B o6J.IaCT.H npOMexy

TOlffihiX 3Hepl'llii 1011 - 10° 31!t IHe;llOCTIOKHMoii HH AJIX cnymHKOBbJX sxcnep:uMeH

ros H3-3a. CJIBDlXOMCJiatiln::JimJIRI!IIlOIB, HH )VlSl Kpyn:HblX Ha3eMHhiX C~OHHbiX 

yCT3.HoBOK, BBifAY 33J)Diiiifll liiiiQlt1JKHX aTMoc¢>epHblX .rm:BHeii, HH11IJ;HHpOB3.HHhiX 

qa~ 3THX 3Hepnoi. ~ "UepeHKOBCKJrii CBeT OT IliAJI MOJKeT &;;Tb co6paH 

OII"ril'lecKHMB ~-~MpOBa.H C IIOMOll{biO KJiaCTepa <fl3Y, pacno

JIOX:eHHOf'O 8 ¢Nlx:yce ~ 

0CHOBBbiM n:peim'l"C1'BIICII I .liiJPIIEMeHeamo qepeHKOBCXOH: TexHHK.U SIBJDleTC.51 O'leHL 
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6oJibillOii: <PoH OT I1IAJI, HHHI..J,IIHPOB8HHhlX npOTOHa.MH H SI,IijNlMll KOCMlNeCKOrO H3JlY

t~eHH1l, KOTOpblif: H8 2-3 TIOpSI,Il;K8 npeBOCXOj:{IIT mKI!I,A8eMblii IIOJle3H&Jili. CHI'HaJ.l (OT -

y-KB8HTOB). 

Tpanuuuouua11: MeTO)l:HKa npooepKH cTamC"l"IAecKHX nmOTe3·. saKJIJO~aeTC51 B 

llpH:H1ITHH HJIH OTKJIOHeHHH Ta.K H33blB3eMOii HyJieBOii 1'1mOTe31i, KOTc;tPrul 38KJII{)'I3-

eTCK B oTCYTCTBHH cHrnarra. To eCTb npe.n:no.rmraeTCSI, liTO m6moACJ.eMoe npeBiilllleHHe 

'IHCJI8 OTC'lleTOB npH HaBe)l:eHHOM Ha HCTO-qJ~HK Te./IecKOUe, H8,ll "'DCJJOM OTC'IeTOB 

TeJiecKona, cMoTp1Ill\ero B "nycroe" npoCTIJ8HCTBO, Non- No!!- o6ycnoBJieHO ¢myK

TyaUHSLMH <Poua. ,UJI5l )l;OK33aTeJibCTB3 <PaKT3 cym;ecTBOBB.BlL9 HCT01[8lllUl He06XO):(HM0 

OTBepmYTb 3TY rnnoTe3y, H qeM MeHbme 6y)leT BepO.HTHOCTb CnpaBewmsocm HYJleBOii: 

rHTIOTe3bl, TeM Bblille 6y)l:eT )l:OCTafepHOCTb BhlBO)l:3. 0 Ha.JIH.tUUi CH.I"l;la.Jla. 

B yCJIOBIHIX paBeHcTBa BpeMeH H86JIIO,D;eHHSI HCTO'liHHK3 H KOHT])OJibBOfO Ha6JIIO

)l;eHHSl H npH ,!J;OCTaTO"'.HO 60JibiDOM 'QHCJie OTCtleTOB. B Ka.QO:H. CepHH H3.11.11yq:IliHM 

CTaTHCTHtleCKHM KPHTep:HeM 11:BJISieTCSl [ 4.1] : 

V2 
a= (Non- Nof!)I(Non + Noft) _ 

(4.1) 

r,~J;e Non- lJHCJIO oTclJeTOB np» ua6Jno)l;eHHH acToquuKa, a N 0tf- npu Ha6mo,n;eHHH 

o6JiacTH 3Be3p:Horo ue6a, rp:e HCTO'IIHHKH 3a.Bep:oMO mcyTcTByiOT. BepOSITHOCTb cnpa

sewntsocTH uyJiesoii nmoTe3hT pasHa HHTerpaJIY oT f! no oo cTau;o;apruoro aopMaJib

uoro pacnpe;n:eneHHSI H oua TeM MeHhme qeM 6oJihme d. 

YseJIHqeHH5l OTHOlleHHSI CHrHaJI/IIlyM H 3HatleHHSL a MO)KHO )l:OCTH% 1 npOH3Be,QSI. 

KJI3CCH$HKaUHlO 3KCUepHMeHT3JlbHblX c06biTH:H: ITO K8KOii-JIH6o MeTO)l;li.Ke, C Ue.JlhlO 

UO)l;aBJieHHSI ¢Joua OT npoTOHOB H Sl)lep KOCMHtlecKHX Jiyqeii (cr), O)J;HOBpeMeHHO 

CTapaSICb He O'lleHb CHJlbHO UO)J.aBHTb noJie3HbTi1 CHI'HaJl (H306paJKeHHSI, HHHUHlipOB3H-

Hble y- KBaHTaMH). 

l1cTIOJih3YSI BbiCOKOe KalJeCTBO H3o6pa:JKeHHii, IlOJIY'lleHHhlX Ha 10- MeTpOBOM pe¢1-

.'leKTope YnnwroscKoH o6cepsmopuH [ 4.21, yAa.JioCh nepeif.TH K paccMOTpeuuJO KaX<

;!l;Oro HHAHBHAYa.JlbHOrO 3KCnepHMeHT3JlbHOffi C06biTHSI (H306pa)KeHHSI). IJapaMeTpbl 

H306pa:lKeHHSI BhllJHCJISltoTCSI C UOMOIII.bKl MeTO)l3 MOMeHTOB pacnpe,n;e.n:eHHSI CHrHaJIOB 

<l>3Y BOKpyr l..(eHTpOH)l;a, BOCCTaHOBJieHHOrO MeTOp:OM HaMMeHbillHX KB3)l;paTOB 

23 

I 



3JIJIBIIca nOTeMHeau51. 

KJiaccuqmrUIPYSl 3KcnepuMeHTaJII>HI>Ie H306paxeHHSl, MO:lKHO 3HRliHTeJIJ>HO 

\ 
yMCHLIIIHTb 11HCJIO $JHOBblX co6hlTHii: (O,D;HOBpeMCHHO 6y,u:eT IIOTepSlHa H 118CTb ITOJIC3-

Hb1X co6biTHH) . Hosoe 3HalleHHe KpHTepHSI 6y,u:eT prumo: 

- - - - "" 0 = (Non - Notf/(Non + Noff)' (4.2) 

r,~~;e Non, No!! - 11HCJIO "BI>I:lKHBDIHX" IlOCJie KJiaccmpnKailHH co6biTHii. 

B H8CT0511IlCC BpCMSI B KOJIJI860p8ll,HH YHIIIIJI IlpOBO)J;SITC.R pa60Thl no ITOHCKY 

H8HJIY11IDHX )l;HCKpHMHHHpyromHX ll8p8MeTpOB H306pa:lKCHH.R, ITO ,AaHHhiM Ha6.mo

)J;CHHSI Kpa6osH,[J;aoii T}'MaHHOCTH B 1988 - 1989 IT [4.3]. 3TH,u:a.HHble cOCTOSIT H3 66 

,D;BR)J;U:arnsocJ>MHMHHY'fHI>IX ON I OFF cKaHOB - scero - MHJIJlHOH co6hlTuH:, H )J;"OCTOBep

HOCTb 4JaxT8 HaJIHliH51 CHI'H8JI8 ,U:O pacD03H8BaHUSI H306pa:lKCHHii (DO HCXOJ];HbiM )lllH

HblM C IIpHMCHCHHCM TOJibKO 8IJDapa1)'pHOro TJ)UITepa- 2 K8HaJia H3 91 40 <Poro3JICK

TJ>OBOB) COCTaBHJIO a"" 4.8 (CM. nepsy10 CTpOKY TafurnD;bl) 

Ilpo:se,::::emt:e KJU!CCH~H H3o6paxesHH no napaMeeyy AZWIDTH, ytrnTblsaJo

meMy K8K pa3Mep, T8K H opHCH'f8lUIIO H306pa:liCeHIDI, Il03BOJIHJIO B 4 pa3a yJiyqiiDITb 

Jl:OCTOBepHOCTh (a= 20), H Jl:OBCCTH OTHOmeuHe CHmaJI/myM Jl:O 0.22 (BTOpaH CTPOKR 

rn6muu.t) 

Ta6JIHIJ:a 4.1 Pe3y.JlbTaTbl npHMeHeHHH pa3JIH11Hblx MeTO,u;HK no,n:aBJieHHlil q,oaa K 

,AaHHhiM ua6mo,n:eHHH Kpa6osH)J;Hoii cyMaHHOCTH YHTIJIJIOBCKHM re.rrecKonoM. 

Meron; 3H3JIH3a Noo N,ff Diff a fJ/u P.,.._,.i' Pi' .. r Diff 

Noo 

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

AZWIDTHcut 1<4622 11389 3233 20.4 4.23 0.0227 0.67 0.22 

Wedge cut 6011 3381 2636 27.2 5.61 0.0067 0.54 0.44 

Sqpen;ut 4452 1766 2686 34.3 7.1 0.0035 0.56 0.60 

NeurnJ• 6278 2858 3420 35.8 7.5 0.0057 0.70 0.55 
·--

*py3y.JibTaTW rroJI)hleHN no 1/4 3KcnepHMeH'l'3JiloHWX ,ll.aHHliX, a 3aTeM nepecliB.TaHhl 

,IVISl IIOJIHOI'O 3KCnepHMeHTaJibHOM MRTepHaJia. 

)l.anbHeft:mee yJiylffiiCHHC )J;OCTOBepHOCTH aa6JIIO)J;eJIHR CBI'H8Jia CBJ13aHO C nepexo

J];OM K MHOMMCpHOMY KOppeJI51II,HOHHOMy aHaJIH3Y qepeRKOBCXBX H3o6paiem.Jii_. Ilo,u;

XOJ]; pa3BHTblft: B pa60T8X [4.4, 4.5], Il03BOJHieT H8flTH B8l1Jlyqm:)'IO KOM6BH8.JlHIO 

H3MCp.HeM&ix napaMeTpOB qepeHKOBCKOM H306pallteBJIJI H TIOJIHOCT&IO HCUOJib30BaTb 

BCIO CeJICI<TKBHYlO (pa3JIHllHTeJibHYIO) HHIPo~lO. 

BbiCTpOTa aJiropHTMR MHOI'OMepao:H KJiaCCH~ D03BOJIHJia npoBeCTH ano

CTepuopHylO OIITHMH38IUI10 nO BCCM 3KCUCpHMCHTaJlbBI:iM C06HTHDf.. H BY6paTb 

H8HJIY11IDHC pa3MCphl MHOI'OMCpHO:H 06Jiacm )'- H306piDKe~ B TJ)exMepHOM DpOCT

pRHCTBC napaMe1'pOB AZWIDTH, WIDTH u LENGTH (y-XJiacrep) [4.6]. Pemeaue 

0 TOM, liTO 8H8JIH3HpyeMOC H306paliCCHHC npHB8,lVle:IOIT y-KB8HTY np:ium:ManOCb DpH 

TIOil8JlRHHH 3 yK8 38HHbiX napaMeTpOB B 3apaaee OllepliCHHYJO TpCXMCpHyJO 

KJIHHO:SH,ll;HYIO o6JiaCTb (KJJHH- WEDGE): 

AZWIDTH < 0.16 ,u:.ml 308 2,3 

< 0.15 WU130H 4,5 

LENGTH < 0.3 (4.3) 

WIDTH/ AZWIDTH < 0.92 

IloCJie 3TO:H ,ri;eMOHC1'paiUIJT OtiCBHJl:HblX flPCHMyiDeCTB MHOfOMCpHOI'O 8HaJIH38 B 

KOJIJia6opau.uu YuniiJI 6:wm npose,!l;eHa )l3JihHeft::malil pa60Ta no OIITHMB38UHH o6.nacTH 

y-KJiaCrepa. fihiJI3 nepC:se,u;eHa B SIBHYJO 4>oPMY 38BHCHMOCT& OT DpllfleJibHOI'O napa

MeTpa H OpHeHT8lUIH H306pa:lKeHHSI OTHOCHTeJlbHO IlCHTJ)8 ITOJISI 3pemm Te.IICCKOTI8 -

6b1Jl }l;o6aBJieH napaMerp DIST, a cooTHOmeuue WIDTH/ AZWIDTH 3aMeueuo napa

MeTJlOM ALFA. TaKuM o6pa30M, o6nacTb y-KJiacTepa npeJlCTaBJISleT co6o:H lleTblpex

MCpHbiH napaJIJieJien:urre,!l; ( MeTo,u; Ha3BilJIH supecut [4.7]): 

0.510< D!ST < 1.10 . 0.073 <WIDTH < 0.15 (4.4) 

0.160 < LENGTH < 0.30 0.000 < ALFA < 0.26 
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Bee 6oJibJilee yse;mqeHHC KpHTep:HJ[ a He06XOJ1:HMO He TOJibKO J~J:Ul IIOJiylleHH51 

60JibJileii ,D;OCTOBCpHOCTH CyiUCCTBOBRHHSI CHI'HaJia OT Kpa6oBH)J;HOif: TYM8HHOCTH, HO 

npe~e BCero .n;JISI IIOHCKa CJI36hiX, eme HCH3BeCTHbiX HCTOlJHHKOB H 6hlCTpOro 

CK8HHpOB3HHSI 3BC3,D;HOI'O ae6a. 

l.JTo H IIO)J;TBep)J;HllOCb IIpH ITKphlTHH BTOpOI'O HCTOlfHHKa y-H3JlylleHHSI - 3JIHIITHliC

CKOR raJiaKTHKH Markarian 421, c rrpHMCHCHHCM napaMCTpon npou;e,11;yphl pacno3Ha

BaHHSillepeHKOBCKHX H306paXCHHH, OIITHMH3HpOB3HHbiX C IIOMOUlbiO )J;RHHbiX Ha6JIIO-

p;eHH51 Kpa6os:u.n:Hoil TyMaHHOCTH [4.8]. 

0)J;H3KO 0CT3B3JlC51 OTKpbiTbiM BOnpoc: BCSI JIH p33JIHliHTCJlbH3SI HHq,opMaU:mi 

HCIIOJJh3YeTCSilf 51BJ151.CTC5l JIM Bbl6paHH351 q,opMa y-KJ13CTepa ("liCTbipCXMCpHbiJ.i rrapaJI

Jie.JICIIHUe,ll;) H311J1Yllllleff? 

llCCJlC)J;OB3HHSI MHOrDMCpHblX pacnpe)J;CJICHHif napaMCTpOB 'Q:CpCHKOBCKHX H306pa

)I{CHHiir., rrommwnx B oMacThy-KJiactepa,rrpoaep;euuoe M.KoyJI:u, no3BOJIHJio Bbi1IBHTb 

3H3'1HTeJihHhJe pa3JJH4HSl MCii.CJI:Y ON H OFF CKauaMH. C .n;pyroH ctopOHbl, cJie,n;yeT 

O:lKH)J;3Tb, llTO H3IDIYllJI1351 ofurllCTb npHH51TH9 pCII1CHilll HMCCT &mee CJIO:lKHyKl q,opMy, 

liCM IIpSIMOYrDJibHhH1 napaJIJ[CJICTIJme,n;. 

• I1o3TOMY, J];aJibHCiimHC TIOTiblTKH YBCJIH'IHTb ,D;OCTOBCpHOCTh HCTOliHHKa BC)J;yTC51 C 

HCITOJlb30B3HHCM HOBOH MOIIlHOii )];HCKpHMHH3UHOHHO:ii TeXHHKH - M3TCMaTHliCCKHX 

MO)J;eJICH HeiipOHHbiX cete:H [1.3] . HeHpoHHbiC ceTH npep;cTaBJISilOT co6oH CIICQHaJib

Hblli KJJ3CC CT3THCTH'ICCKHX KJ13CCHlPHK3TOpOB, CIIOC06HbiX o6ylJ3TbCSI Ha rrpe)l'bSIBJI9-

CMhiX llpHMepax H, o6ecrreliHB3tolll,HX CJIO:JKHbiC HCJlHHeiiHbiC 06JiaCTH llpHHSITHSI 

pellleHHSI. 

06y'ICHHC CCTJ.f npOH3BO)lHTC51 nyTeM o6pa60TKH C06hlTHii C H3BeCTHOii IIpHH3.n;.JJe:JK

HOCTblO H ITOCJIC)J;OB3TCJlbHO:H MOJJ:H¢lHK3U,HCi.f I<034$HII:HeHTOB CeTH. IIOCJIC Ka)I(,!I;OI'O 

IJ;HKJI3 HTepauuOHHOro npou;ecca, Bbi4HCJI9CTCSI lPYHKUHSI K3lJCCTBa: 

K M; 
Q ~ 2: 2: comf- ouT/,.,)2 

k= U= l 

(4.5) 

rAe ourl- 3H3'1CHHe BbiXO,!I;HOI'O HCHpoHa CeTH AJ151 i-ro co6hiTH51 k-ro KJJacca, Mk-

liHCJIO co6hlrHH. B o6yqa10meii: Bbl6opKe -k-ero KJiacca, K - '\Oll_ 0Urlrue-

"HCTJ.t.HHOC" 3H3'<lCHHC BbiXO,!I;a JVU[ Co6blTHii JI-err ".,; tibLA.v;-1,<.1..._ 

Bhi6HpaTh T3KHM o6pa30M, '-lT06hi MiJKCHM3JlbHO p33ASHHYTb aJlbTCpH8THBHble K.JI3CCbl. 

06ylJHB CeTh C IIOMOmbto lf>oHOBbiX l130Gpa>KCHHif (OFF CKaH) H MO,Ile.T!HpOBaHHblX 

y-co6blTHii:, y.n;<LliOCb IIOJIYlJHTh ,!lOBOJibHO BbJCOKHC XapaKTCpHCTHKH IIO)J;88JlCHHSI 4>0113 

[4.91, o,n:HaKo npH o6pa6orKe ptaJThHhlx ONN, OFF nap 3H3"liCHHe a oKa3a;LOCL 

MCHhlllC, lJCM IIOJiyYCHHOe C IJOMOlll,bfO MHOrOMCpHOI'O 3H8JIH3a. 3TO o6CTOSITeJihCTJJO 

MO::KHO o6bSICHHTh HCH36C:li<Hb1MH ynpOli.J;CHHSIMH H HCTOliHOCTSIMH MOJ1:eJIHpOB3HlHI, 

TaK-'-lTO pe3yllhTCITbl IIOJI~"ll?HHblC B paMK<IX Rb16paHHOH CT8THCTHlJCCKOi.f MO,!J;C.Lil. 

3H3lli11'CJlhHO yxy,a;W3lOTCSI npl11lCpCXOJl.C K pCaJihHbiM 3KCIIepHMCHT3JJ.bHbiM JUIHHhiM. 

fl03TOMy HaMH 6bJJia pa3pa60T3H3 HOB3SI MCTO,!J;HK3 o6y'ICHJUJ HCHpOHHbiX CCT~~i. 

HCITOJ!b3YIOmaSI TOJihKO 3KCnepHMf:HT<IJihH)'K1 HHcf>OpM3U:HfO. J.1.CITOJlb.3Y5l K0-

3<PQmUHCHTbl CCTI'I, IT0JIY4CHHbiC C npHMCHCHHCM cf>yHKU:HH Ka'-lCCTBa (4.5) K3K nepBOC 

npH6mnKeHMe, naJJbHei1rnee o6y4eHHe cent: nposonHTC5l c ncnoJih30BauneM ON, OFF 

nap :11 HOBOif ¢yHKUHH Kal.JCCTBa (4.2). To CCTb anOCTCpHOpHO omHMH3HpyCTCSI: 

cpopMa y-KJiacrepa. 

.IJ;JI'Sl COKpalll,CHHSI BpCMCHH o6y'ICHHSI CCTJ.1, 6biJlO npOH3BC)l;CHa npeCeJICKLJ,HSI C0-

6hlTHff - ,!VIS!: o6ylJCHHSI OT6HpflJIHCb C06bJTHSl ITOITaBWHC B 'ICTblpCXMCpHblff napaJIJie

JlCITHITC)l; CO CT0pOH3MH B 1.5 pa3 6oJihlllHMH '-lCM npHBC,!I;CHHble 8 (4.4). IIOCJIC 20000 

11TCp3U,Hit y)].~liOCb IlOJIY'-lHTh 3Jia'-lCHHW napaMeTpOB CCTH, o6ecneYHBIUYIO YJIYlJWCHHC 

):IOCTOBepHOCTH Ha."JiilJHS! HCTO•JHI4Ka, no CpasHeHHto C MCTOJJ:OM SUpCrCut (CM. IIOCJlCJt

HIOIO CTpO•JKY Ta6JJHUb1L 

ITpe.n:ctasJICH.He o ¢lopMe 4-Mepuoro HeJIHHdiHoro y-KJlacTepa, nolly'ICHHOM c 

TIOMOW:bJO HCi1pOHHhiX CCTCit, JI;ai{)T r11CTOrpaMMbl CrO npOCKtUIH Ha 2-MepHble rL'IO-

CKOCTH. 

B 33KJito'leune aaTop~:>lBhtpa)f{alOT 6Jiaro.n:apHOCTb M.KoyJJu, a coTpy)].HH'ICCTI1e c 

KOTOpbJM C03,U3BaJIHCb H npHMCHSlJIHCb HOBbie MCTO.Qbl 3HaJIH3a HHc:popM3U:l111 C '!CpeH

KOBCKOro TCJICCKOUa YnnnJIOBCKOH o6cepsaTOp11H. 
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