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B pa6on; npeWia~e;cSI KoM6IIHMp~Ba.HHbiii ariropiiTM, no~Bo}i;{K>lliiiii 
llOBblCIITb :3cpcpeKTIIBHOCTb BOCCra.HOBJieH~. co6hiTHM' B :3Kcnepiu.feHTe 
EX CHARM. ( OllliCa.HIIe cneKTpOMeTpa EX CHARM npHBenem)/ na:. 
npiiMep, B pa6o~e [1]). Petib une:r;· 0. pacn03HaB<lliiiii; 5-TpeKOBblX 
co6biTIIM co BTOpiitiHOM Beplimlioii. B pacrranHOM o6.TiacTII. neTeKTopa 
(cM.piic.i). , · · ·- · · · · · ··. · · 
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Puc. 1: TIIniitiHoe co6hiTIIe EX CHARM c cpoHOBbiMII oTctieTaMII. 

B Jla.HHOM 3KcnepiiMeHTe B KatiecTBe neTeKTopa IICnOJib3yeTcSI Mar
HIITHhiM cneKTpOMeTp, paCllOJIO)KeHHblH .B HeiiTpOHHOM Ka.HaJie 5H 
cepeyxoBCKOI'O ycKOpliTerui:' .. B i COCTaB .IleTeiropa. BXOAAT. crieKTP0

1

-

MeTpritieCKIIM · MafHIIT' a-:MHoiririp.cifouWHhie 'fponopUIIOHanbHbie ·i~:
Mepbl, ycTaHoBJieHHh~t~WifHmhl~ · jUlfiUffli! TotiKI~· II3MepeliiiSI, 'uc-

HAepaMx HCCITeAOBaHHll 
SVIEnHOTEKA 



rroJin3yeMI>Ie Herrocpe.ucrseHHO .wrn pacrr03Hasamui·TpeK'os; rrpe.ucTa

BJUIIO~C:.si KaK K~op.unHaTbl cpa6orasumx . rrposo.ryoK. B KaMe pax. .. B 

CBSI3H, c . TeM, _ q]'o. ,3cpCpel\'fHBHOCTh cpa6aTI>niaHHSI rrposonoK . B, 6onb

IIIHHCTBe KID.iep 3KcrrepHMeHra.rynHoil ycTaHoBirn . cocTaBJISieT 80-90%, 
a qncno' cpcJHOBbiXOTCqeTOB cp~BHHMO C tiliCJIOM IIOJie3HbiX, CTaH

.uapTHbie .MeTO,Ubl BOCCTaHOBJieHIDI TP~KOB[2] ·.CTaHOBSITCSI He3cpcPeK:

TliBHbiMli. B Trumx YCJIO~HSIX no5l:BmieTCSI Heo6x'o.uiiMOCTb IIO~blllle
Hll.si 3cpcpeKTIIBHOCTH TPa.uHUliOHHbD( MeTO,UOB liJIH IIOHCKa 6onee 3cp

cpeKTHBHbiX HOBbiX IIO,UXO,UOB ,U.JUI BOCCTaHOBJieHII.si TpeKOB. flpii 3TOM 

,UOJDKHO 6biTb BbiiiOJIHeHO YCJIOBIIe: HOBbie aJirDpliTMbl ,UOIDKHbi pacno-

3HaBaTb TOT KJiaCC C06biTHH, KOTOpbiH npe,UCTaBJUIJI CJIO)KHOCTH ,UJISI . . ~ .. ." ' . ~ 

paHee npiiMeHSIBIIIIIXcSI MeTo.uos. O.uuax:o HOBbiH, 6onee 3cpcpeKTIIB

HI>IH, HO li 6onee CJIO)KHbiH MeTO.U, MO)KeT OKa3aTbCSI Me,UJieHHee CTaH

.uapTHbiX anropiiTMOB. 

B noCJie.UHIIe rD.Ubi npe.unpHHIIMaiDTCSI MHoroqucneHHI>Ie nonbiTKII 

liCIIOJib30BaHII.si anropliTMOB liCKYCCTBeHHbiX HeHpOHHbiX CeTeH (HHC) 

.wrn pacncnilasaHHs! il OT6opa co6orriiil a cpii3IIKe BI>IeoKnx 3ueprnil 

(<I>B3)(cM., HanpiiMep, [3], pa~.uen Neural Nets). '·TaKaSI nonhrrKa 

npe.unpiiHIIMaJiaCb li ,U.JUI II,UeHTIIcpliKaQliH C06om.fif B ,UaJIHOM 3KCIIe

piiMeHTe [ 4) Ha qliCTO TeopeT~eCKOM ypOBJie, ,UaJieKOM OT IIpaKTli-. - . ' 

qecKoro, npiiMeHeHII.si. 

B1>160p MeTO,Ua HeHpOHHbiX CeTeH, pe3KO OTJIHqaiDIQeroc.si OT pa

Hee npnMeHSIBIIIemcSI B nporpaMMe o6pa6oTKII 3Kcnepl.fMeuTa EX

CHARM [5], npiiBeJI K 3HaqiiTeJibHOMY paw~mo MHO)KeCTB nepac

II03HaHHbiX C06biTHH HOBOrD li npiiMeHSIBIIIemcSI B o6pa60TKe aJIID

plrrMOB. 3TO .uano B03MO)KHOCTb cKoM6IIHIIJ>DBaTb o6a MeTD.ua Tax:, 

~061>1 cymeCTBeHHO IIOBbiCliTb 3cpcpeKTHBHOCTb paCII03HaBaHHSI C0-

6biTHH B ,UaHHOM 3KCIIepiiMeHTe. . 

2 . Ormcarme He:iipoHHoii ceTH 
r ~. 

·.rvrn p·aCII03IIaBaH~ TpaeKTOpliH' Jap.H)KeHHbiX., qaCTIIU 6bm pa3pa6o-
- • ' ·' ·, •• • -· ~.... • ' ' --· ' j - l ...... ..... .. 

TaH aJirDpliTM, OCHOBaHHbiH Ha npHMeHeHIIH •. HeHpOHHOH CeTII .,THTia 

Xon~IDUlaJ~]~-' ~.!9 n9in!9f?~i~Jig~_c~n,, :~BJI.HIO~~c.H. CHCTeMoll: llpo:-
---~-------~---
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CTblX Bb1'4HCJIHTeJibllbiX 3JieMeHTOB (HeHpOHOB) Sj,.CBSI:l,H Me)K.IJ:y KOTO

pbiMH Xapffi<:Tepii3ytOTCSI TaK Ha3biBaeMbiMH CHIIaiiTHqeCKHMH BeCaMH 

. Wij· HeifpOHbl 6HIIapHbl; T.e. MOryr IIpHHIIMaTbO.UHO li3.UByx B03MO)K

HbiX COCTOSIHHH. Enaronap.H CB.H3.HM, CMeHa COCTO.HIIHH ,Ua)Ke O.UHOID 

H3 HeifpoHbB Bbl3biB~eT. 3ooJIIOUl;;~ BCeH CeTli, K9TOpiDI B. KOHUe KOH-
• ' ,. -! ' , --' . ' ~; ' ; • ' 

UOB JaTyxaer B HeKOTOpOM paBHOBeCHOM CTaUHOHapHOM IIOJIO)KelUIH • 

Xoncpiirr.uy y.uanocr, CB.H3aTh ycJ':iOBH.eBhiXO.Ua ceTH B CTClUHOHapnoe co
CTO.HHHe c nosenenneM ee ::mepreTnqecKoro cpyHKUHCJHaJia, KOTopbiH~ 
rpy6o rosop.H, MO)KeT 6brrb npencTaBJieH KaK . ·' • . . 

1 
E(s) =-- ~siWijSj. 2 .. 

"I) 

(1) 

0H ,UOKa3aJI_ TeopeMy, IIO KOTOpOH mo6oe CTaUHOHapnoe COCTO.HIIHe · 

CeTH C CHMMeTpliqHbiMH BeCaMH Wij . Wji, Wjj = 0 COOTBeTCTByeT 

O.UHOMY H3 JIOKaJibHbiX MHHIIMYMOB 3HepreTn<IeCKOID cpynKUHOHaJia 

BH,Ua ( 1 ). 3Ta TeopeMa rrpnsena aBTopos pa6oT [7, 8] K H,Uee o6 

OT06pa)KeHHH ,UaHHbiX. TpaeKTOpHbiX H3Mep~HHH Ha MHO)KeCTBO CO

CTO.HHHH HeHpOHIIOH CeTII, B KOTOpOH. CHIIaiiTliqecKHe Beca .UOJI)Kllbl 

6hiTb onpe.ueneHbl TaK, qn)6bi B npouecce ;somounii ce:n noomp.HTb 

CB.H3H Me)K.IJ:y HeHpOHaMH,. COOTBeTCTBytOIUliMH H3Mepe1Hib!M TpeKaM, 
' . ' ' . - ' . 

a HeH~Hbie CB513H - IIO,UaBJUITb. 

)J.n.H 3TOrD 3HepreTIIqecKIIH cp)'l!KUliOllaJI B pa6oTax [7, 8] 6bm 

onpe,UeJieH KaK COCTO.HIUHH H3 .UByx .q~cTeH': . 

E = .Ecost +- Econs~rainl.· \--i 
(2) 

Tax: KaK pacno3Hasam1e seneTC.HcJJ,llii rJianKHX TpeKoB, npencTaBJI.H

eMbiX· H3-3a ,UliCKpeTII3aQHH ',UaiUlblX B BH,Ue Ha6opOB CerMeHTOB IIp.H

MbiX JIHHHH, TO nepBbiH CTOHMOCTIIOH .qnen Bbi6HpaeTC.SI; TaK, "IT06bl 

on noomp.HJI KopomKue cMeJKllbte cez.Meumbt c ManbLM )'2JIOM Me)K.lly' 

HHMII. B peani>HbiX yCJioBH.HX n~no )"1IITbiBaTb He3cpcpeKTHBHOCTh 

KaMep, qTo IIpliBOJlliT K OTCYTCTBHIO HeKOTOpb!X TOl.J:eK IIa TpeKe, a 

cnenosaT.eJibHo, 1;1 K yMIIHeHmo ·cerMenl-os. BBOfl.HI.~e~poHbi.:'~ii• 'oT

Be"laiOIUIIe CerMeiiTy, COe,UHH.HIOIUeMy 3KCIIepHMelffaJibllbie TOl.J:Kll i II 
j, IIOJ1)"1HM CTOHMOCTHOH qnen 3HepreTHl.J:eCKOH cpytiKUliH B Billie: 

3 



. { - 1 "' .. ' J:. cosm (}ijl . . . fl.. . 

E - l"I"L..,lJklUJkr··+r· SlJSkz, eCJIHolJl ~.aeon, (3) cost - .£. lJ Jl . , 

0 , eCJIH ~ijl > aeon, 

me (}ijl - yroJI Me~y CerMeHTaMH, COe!IHIUliOIUHt.m TOI.Jioi. i C j H j C 1, 
aeon- KOHCTaiiTa, Bbll.JHCJUieMCUI c yqeTOM reoMeTpHI.JeCKHX oco6eHHO
CTeif JieTeKTOpa, a m - UeJIOI.JHCJieHHbiH TIOKa3aTeJlb CTeneHH ( 06bi1.JHO 
TIO!l6HpaeTCSI Bp)"iH]'IO B 3aBHCHMOCTH OT HCTIOJlh3yeMbiX !IaiHibl~ H3-
MepeHHH). . .; . . 

BTopoif l.JJleH (IIITpacpHoif) COCTOHT H3 !IByx I.JaCTeH: 

me 

Econstraint = L I:Wz + T(2
), 

ijkl 

-
I:Wz = ~ [oik(l- biz)+ Djz(l - ~ik)] = 

= a [L sijsil + L sijskjl , 
2 l~j k~i 

. . 2 

·rC2
> = !!_ [2: skz - NJ 

2 kl 

(4) 

(5) 

(6) 

ITepBCUI I.JaCTh unpacpnoro tJ.nena ycTanaromsaeT 3anpem pmeem

BJleHuu (T.e. 3anpeT CHTyaUHH, KOf}la K O!IHOH TOI.JKe npHCOe!IHHeHO 
6oJibllle D!IHOro cernenTa-neifpona), a BTOpCUI ycmaHaBJlUBaem 6aJlaHc 

Me)f(Jly l.JHCJIOM aKTHBHbiX2 HeifpOHOB H l.JHCJIOM 3KCTiepHMeHTaJibHbiX 
TOI.JeK. flapaMeTpbi a H (3 SIBJUIIOTCSI MHO)KHTeJUIMH JiarpaiDKa3• 

K CO)KaJieHHIO; BhilllenpHBeJieHHCUI cxeMa .Uen6H-fleTepcona, npHH
UHTIHaJihHO 3anpeiUaiOlUCUI 6HcpypKaUHIO TpeKa, HenpHMeHHMa B CJiy-· 
I.Jae, KOf!Ia Mbl HMeeM i.leJIO C po)KJieHHeM 3apSI)((eHHbiX I.JaCTHU B 
06'beMe ·JieTeKTopa (OT paCTiaJia HeHTpaJibHbiX. KaOHOB H rnnepOHOB). 

2
HeiipOHbi C BeJIIflHIHOH Sij > 0.1. 

3
06bi'IHo peweHHH OKa.JhiBaiOTcs: ycTOH'IIiBhiMH no· OTHOllieHHIO K ::lTHM napaMe-

TpaM (9). : .. 

4 

·' 

\ 

,' 

fi03TOMY. B XO!Ie .!IaHHOH, pa60Tbl HaM npHlliJlOCb; MO!IHcpHUHpOBaTh. 
IIITpaq;noif im'eii · ::~nepre'fwqecKoii ¢YHKUHI1 . TaK, trl-66o! on ho31hrnm 
ocymecT,BmiTh pacn03~aBaHHe pa3BeTBnelmif •.. )J.mi. COOTBe~CTB}wruero 
CMSirtieHHSI ;)Tori ,lliTpacpHoft '-laCTH,·B 'cnyqae HeKOToporo .MHHH;.f·~~~. 
noro :KoJIHI.JecTBa. nepecet.ieimif, ~rrpeJieJUieMoro. ycJio~irn~u, ::~K:crr~p~
Melfl'~·. Mbl, HCTIO~b3013~IH Tiwl TOJlbKO,, eCJlU ~OJlUll~Cf!lBO· ~~lnU~Hbrt 
HeupoooB N act• UMelOUIUX C?6UfJ10 lnOlfXY c oaHHbu.t HeUpOHO.M,. npeBhl-: 

.. . " (1) . 

lllaJIO I.JeTI>Ipe, a sripo~fHBHOM.CJiyqae (Nact <4) 6paJIHT~kl~.· 
B cooTseicTBHH c · Bbilli~Y!'oMSJ:iiymif · Teop~Moii · Xoricp~a, ·Jl!lll 

naxmimenHSI · cTauuonapnoro cocToSJ:HH~ ceTH Tpe6yeicSJ: naiiTu T9I.JKY. 
~mimMYMa~ ::~nepre.fuqecKmu {p~uuonaJia rio·. 3~ai.JeHHSIM . fieifp~H61J: 
flpHMeHeHm~ c 3TOH ueJihlO MeTD!Ia rpa;iH'eHTHori>'dey6Ka I( 3HepreTJi~: 
l.JeCKOH cpynKUHR . (2) ·. npimonin • K CHCTeMe ypaBHeHHft,. orrpeJI~IDIUeft. 
!IHHaMHKY CeTH: , . , . . . . . " .. 

:;)t' .' ~ 

1 (·. ; ' ( 8E )) 
sii . 2. 1+ sign - Bsii. . 

. ; ~ 

! (7). 

()!IH~O rrpoue.uypa · HT~pauHOHH:,OIU pellleHHSI· C~(;TeMhl (7) }lJUI 

CJI)'l.J.CUI ,6HHapHblX HeiipoHOB, '-!aCTO IIpHBO):{HT B, KaKqH-HH6YJlb ,JIO;-· 

KaJihHhiH MHHHMYM ::~Iiepre:rWie,c:r<;oif cpym<.UHH, 'ITO ~e.;Silll.SieTCSI YJlO; 
BlleT~OpHTeJibHbiM pellleHHeM,; TaK}~aK IIpH 3TOM 3Hai.Je.HIDL MHOrHX 
neifponos, ccioTBeTCTBYfOIUHX JIO)((HbiM .. coeriuneHHSIM ·. ToqeK, ·see· eme 

6YJlYr. Bhillle rropora· aKTHim~cni. ,(:;T~~p~H~IM rryreM rrp~O!IO{leH~ 
3TO~ npo6~eMhl SIBJUieTCSI BBe):{eHHe:c'f~~H<?Tlii.JeCKO[() Ill)'Ma B ,CHCT.~¥Y 
C IIOCJieJIYIOIUHM IIpHMeHeHHeM TeopHH .cpeJIHero IIOJUI (eM., HaiipH
Mep,. '[ion, l.JTO npHBO!IHT~ K y~peJIHeHH~. 3~ai.JyHHH 'IIeHpOHOB . H' 3a
MeHe CTyrreHI.JaTOH cp)'HKUHR.(7),ua,cpYI}~H10 CHrMOH!IH~m;BHJia:>. d 

· 'r·(·· · : ·(· · ali;'!.))·'· 
Vij =- .1 +tanh. --. _'- ... 
. 2 . . .. 8v~1 T . . ' . . . ~ . ' 

·t'. • .. 

; (8) 
r '' 

3):{eCh TeMrrepaTypa J: COOTBeTCTByeT ypoBHIO craTHCTHI.JeCKOIU myMa. 
B COOTBeTCTBHH C TeOpHeH cpeJJ:Hem' TIOJUI,· HeifpOHbl 'Vif · ..:.._ (sij )T 
ycpe!IHSIIOTCSI IIO : TeMneparypHOM)' aHCaM6JIIO, H 3HaqeHHSI • !IIICKpeT.;.' 

Hbi~_IJ.~$!pJ>IJ9-!!....fT~O~~TCSI_~~ H_~!!P~P~~I_!~Th.1!!~~~6Jiac~ [0, !1:_ 
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llapaMeTp.oi a, {3, T a BDipiDKeHIDIX,: (5),(6) H (8) SisrunoieSI no)lroHolJ

H.DIMH. C nOMOIIl.DIO eHeTeMDI ypaBHeHHH (8) Heii:pOHDI eeTH HTepa

THBHO 06HOB.ruiiOTeSI JlO JlOeTIDKeHIDl eiO eTa6HJI.DHOro eoeTOSIHIDI. 0Jl

Ha.KO TO; 'liTo OHM Tenep.o He SIB.ruiiOTeSI 6HHapH.DIMH, n03BOJUieT onepa

THBHO CJie)lHT.D 3a TeMH H3 HHX, KOTOpDie eoe)lHIDIIOT TOlJKH TpeKOB If 

nOJl CTHMYJIHP}'IOIIlHM B03JleHeTBHeM BeCOB noeTeneHHO yaeJIHlJHBaiOT 

ypoaeH.o eaoeii: aKTHBHoeTH a npo.ueeee 3Bonrowm eeTH. B lcaqeeTae 

nopora ypOBllil aKTHBHOeTH Vij 06.DilJHO B.DI6Hpae'feSI Vmin = 0.1. . . ' '. . ,.,.,. ~ . 

flepBOHalJaJI.DHO ~- JlaHHOM . HeeJie)lOBaHHH 6bma noeTpOeHa eeTb, 
·. . ' ' ' ' ' 

JienOJI.D3}'10I.QaSI npoeTpaHCTBeHH.Die KOOpJlHHaTDI 3KenepHMeHTaJibHbiX 

JilliiH.oix. fJiaaHoe npeHMYI.QeeTao Ta.Koii: MOJleJIH eoeTOHT s TOM, lJTo 
,. ' : . . ' . . ' 

BepOSITHOeT.D eoBna)leHIDI If nepeeeqeHIDITpeK()B B npoeTpaHeTBe Ha-

MHOfO MeH.DIIIe, lJeM BepOSITHOeT.D eoBna)leHHSI HJIH nepeeeqeHIDI npo

eK.QHH Ha IIJIOeKOeTH. K TOMY )Ke npH Ta.KOM paen03HaBaHHH epa3y 

nonyqaeTeSI npoeTpaHeTBeHHDIH TpeK If OTna)laeT He06XOJlHMOeTb B 

eiiiHBKe npoeK.QHH. Ho H3-3a oeo6eHHOeTeii: JleTeKTopa lJHeJIO npo

eTpaHeTBeHHDIX KOOpJlHHaT B03paCTaeT Ka.K KBa)lpaT lJHeJia TpeKOB, 

. nOMHO)KeHHbiH Ha lJHCJIO KOOpJlHHaTHbiX KaMep. Tax:oe KOJIHlJeeTBO 

npoeTpaHeTBeHH.DIX TOlJeK nonyqaeTeSI npH eonoeTaBneHHH KIDK)lOfO 

OTelJeTa OJlHOH eHfHaJibHOH IIJIOCKOeTH, KIDKiloMy OTelJeTy Jlpyroii: Clff-

mirr.oHoii: IIJIOeKoeTH H3 'foii: )Ke nponop.QHOHaJibHoii: KaMepbi JleTeK

Topa 
4
. K ToMy )Ke see npoeTpaHeTBeHHhie oTelJeTbi paenoJio)KeHbi a 

ripeJlenax oqeH.o Marroro TeneeHom yma (eM:. pue.l ). Bee 3TO BMe

eTe e JlOBOJI.DHO rpy6oii: JlHeKpeTH3a.QHeii: (IIIar Me)I(J(y npOBOJIOKaMH 2 
MM), npH KOTOpOH 6JIH3KOne:JKamue TpeKH MOryT HMeTb 06ll{He TOlJKH, 

emi.oHo 3aTpYJliDieT paeno3uaaali:He. .[Lrrn eeTH rioSIB.ruieTeSI. eJmiiiKoM 

MHOfO ·aapHaHTOB,. If e 3HepreTHlJeeKOi;i TOlJKH 3pemrn 6onee BDifOJl

H.DIM . MO)KeT eTaTD TpeK, npOXOJlSIIiJ:Hii: no . Jio)rrni,IM OTelJeTaM; Ta.KHM 

o6pa30M, BMeeTO peaJI.DHOfO TpeKa B KalJeeTBe paen03HaHHOfO MO:JKeT 

6biT.D B3SIT 6JIH3KOJie)Kall{JfH JIO)KH.DIH TpeK. qHeJIO Heii:pOHOB B eeTH 

paaHo N ( N - 1) ( 3Jleeh N - KOJIHlJecTBo 3KIIepHMeHTaJibHbiX TOlJeK, 

eeiMeHT.DI Me)I(J(y KOTOp.DIMH eOOTBeTCTBYJOT Heii:pOHaM), lJTO )laeT ,ll)lSI 

IISITH TpeKOB Ha BOebMH KOOpJlHHaTH.DIX KaMepax eeT.D,: eoeTOSIIIlYIO H3 

nOlJTH. lJeT.Dipex T.DieSJ:q Heii:pOHOB. Tax:oe KOJIHlJeeTBO Heii:pOHOB Tpe-

4Kaxmru:~ KaMepa .no Marnlira BKJliD'IaeT B ·ce6a ,n;Be K~op.n;nuaTubie rmocKoCTII .. 
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!It , ... ~: ". ; •• < 

6yeT 6oJibiiiHX 3aTpaT BpeMeHH im.' eTa6HJIH3a.QI_IlO eoeTOSIIIHSI. eeTH. 

Bee BbiiiieeKaJaHnoe JleJmeT npiiMeiieHHe npoCTpaneTaenHoti' MpJleJIH 
eeTH He3cpcpeKTHBHbiM. . : . . . ·. . . 

B JITOre BMeeTO OJlHOH eeTH, JienOJib3yiOW:eH npoeTpaHeTBeHHbie 

KOOpJlHHaTbi, 6bma noCTpOeHa nporpaMMHaSI MOJleJib JlByx; eeTeH/ He- . 

nOJib3}'101IlHX pe3yJibTaTbl H3MepeHHH OTJleJibHbiX nJIOeKOeTeH KaMep 

TOJibKO no X- HJIH TOJihKO no Y:-KoopJlliHa're 5. TaKaS~ MOJleJib HMeeT 

eaoH npeHMymeeTBa no epaanenmo e npoeTpaHeTaemmti: 

• Pe3KO YMeH.oiiiaeTeSI lJHeJio netiponoa, a eJieJlOBaTeJib'no.n apeMSI 

3BOJIIO.QHH eeTH~ • •'·'· 

e HeT JIO:JKHbiX OTelJeTOB,.B03HHKaiOW:HX B npOCTpaHCTBeiHIOH MO

)le~H H3-3~ eonOCTaBneHIDI K~Oro .. OTClJeTa II~ X ~~OMY .. Y 
H3 Tori )Ke Ka.M,~pbl. . .. . . 

1
• . 

ITocTpoeHHaSI MOJleJI~ .oKa3arrach qyacTBHTeJihHOH K, .-nop~Jliy . ()6:-: 

XO)la Heii:pOHO~ npH BbllJHCJieHHH HOBbiX 3H~lJeHHH Vij •JlJISI KIDKJlOfO 

HetipoHa. Haiii g,n.orr noKa3<UJ, ~no iian6onee 3cpclJe'KTHBHbiM ~Bn~eTCSI 
'j ~ I i •' 1 (' ' 1 ' ~ •, ' •• ' ' ''"' ~ ' '~. 

CJie)lYJOIIlHH nopMOK BbllJHeJieHHH: . 
' ; . ; ' . : 

• Ha nepaoti · MTepawm, • -KorJla iirrpacpnoii: qnen ·a ::mepreTHlle

cKoii cpynKllHH {2) MaJI, pacelJHTbiBaiOTCSI noKa3aTeJIH clKTHB~ 
HOeTH HeHpOHOB, npe)liiOJIO)KJITeJibHO OTHOeSill{HXCSI K '·q)eKaM: 

.. B JlaHHoii pa6oTe 1'a.KoahiMH cqJiTarrnci, netipoili,I, JlJISI. ~oTopbiX 
Ecost · B (2} nM:eeT nau6on.olliee 3Hatieline. 3To · no3BOIDieT y%e ua 

BTopoii: n-fepa.QHII nmiyqHT.o: K6ncpmypa.umo ceni; JlOCTaTo'-luo 

6JIH3K}'IO K MHHHMYMY· a KOTopoii netipmihi; oTHOc~w:nee.H lc: 
• ~ , ' •• ' ~ < , ' 

TpeKaM, HMeiOT 3H,alJeHIDI, HaMHOfO npeBOCXO)lSill{He 3llallemrn 

. ''IIIyMOBbiX" HeHpOHOB. · '. 

• Ha nocJieJlYJOIIlHX HTepallHSIX .nOpSIJlOK o6XOJla IIeHpOIIOB II )')KilO 

H3MeHHTb Ha o6paTIIbiH, TaK Ka.K IIITpaqJHOH lJJieH B ::mepreTlille:-. 

5KilK npiiiUITO · B :m.:nepnMeHTax' <t>B3 • c cpnKCllp~sannoil Mmuenhib, .cncTeMa 
Koop.n;nuaT Bbi6pana ~aK, 'ITO ocb Oz ilanpaBJiena B.n;onb nytrKa ne{men.n;nKynHpno 
CUniaJibllbiM IUIOCKOCTJIM KaMep. 
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CKOH cp)'HKUHH npuo6peTaeT rnaBH)'IO ponb, H B cnyqae nocne
.uoBaTeJibHOH 3BOJIIOUHH HeHpOHHOH CeTH HaHfiOflblliHH lliTpacp
HOH 6aJIJI noJiyqaT HeiipOHhl, HaxO.USIIUHeCSI B. Haqane nocne.uo
BaTeJibHOCTH. 

MTepauHH npoBo.IISITCSI .uo Tex nap, noKa He 6y.ue1' BhinOJIHSIThCSI 

1 .._.[I I Vij(t + 1} ~ Vij(t) I 
-~-· >E N ~J Vij, ' ' 

. .I 

rne N - ~mcno aKTHBHhiX neH:poHoB, T.e. neH:ponoB, HMewrunx 3Ha
qeHHSI vii 6oJibiiie onpe.ueneHHom nopora, onpe.uenSieMom Tpe6oBa
HHSIMH 3KCnepHMeiiTa. lf'repaUHOHHaSI npoue.uypa CXO)lliTCSI npH E r-.J 

w-4. 
B Mo.tienH cerMeHTOB N 3KcnepHMeHTaJihHhiX mqeK ripHBO.IISIT 

K N(N - 1) HeHpOHaM H TaKOMY )Ke KOJIHqecTBY ypaBHeHHH. B 
npHHUHne Tpe6yeTCSI N 3 onepauuH: .IIAA Bbmo.riHeHHSI Ka)K.IIOH HTe
paUHH. 0.UHaKO, BCJie.UCTBHe JIOKaiibHOH npHpOJlbl 60JiblllliHCTBa 3a.IIaq 
noucKa TpeKOB, 3TO qucno MO)KeT 6hiTb cyruecTBeHHO YMeHi.llleHo. 
Ot!eHh MaiiOBepoSITHO, qm .UBe 3KcnepHMeHTaJihH.bie .fo~H, mixo.IISI
ruu'ecSI . .uaneKo .upyr oT .upyrn~ 6y.UYT coe.um!eHhi nenocpe.ucTBeHHO. 
Il03TOMY MO)KHO . BBeCTH pa.ueyc o6pe:iaHHSI Rcut. KOTOpbiH xapaKTe
pH3yeT o6JiaCTb B3aHMO.UeHCTBHSI HeHpOHOB. 3-fo npHBO.UHT K }'MeHb-

• I . ' 

IIIeHHIO ~mcna aKTHBHh~X ueH:ponoB B 2 - 3 pa3a. Hpu cpe.uneM qucne 
aKTH~HhiX neH:poHOB N B o6nacTH B3aHMO.UeiicTBHSI Rcut Tpe6yeTcSI 
N N2 BbJqHcneHHH. Pe3yJihTaThi ne oqeHb qYBCTBHTeJibHbi K Rcut. HO 
npH~ ern Bbifiope Ha.IIO ytiHTbJBaTb CHTyaUHH, Kor.ua H3-3a He3cpcpeK
THBHOCTH .UeTeKTopa B cepe.UHHe Tpe.Ka MOfYT OTCyrCTBOBaTb 3KCne-
pHMeHTaJibHbie TO~H. . . 

B Kouue 3BOJIIDUHH aKTHBHh~H cquTaiOTCSI HeiipoHbi c 

Vij > Vmin = 0.1 (no xo.uy HTepauuH: . .liM ~oxpaHeHHSI 66nhlllem 
qncna TpeK-KaH.l{HJlaTOB nopor noHH)KaJICSI H JlO Vmin = 0.05). 3aTeM 

KOHeqnoe COCTOSIHHe no}lBepraeTCSI npoueJlype "qHCTKH", T.K. CeTb 
MO)KeT OCTaBHTb HeKOTOpoe qHCJIO pa3BeTBJieHHH. 

3aMeqeHa qyocTBHTeJibHOCTb TaKOH.CeTH K HaJIHqHIO lll}'MOBbiX OT
cqeTOB. ):VISI 'npeoJloneuHSI 3Tom. H:eJloCTaTKa 6hmo. npeMo~eHo YBe
nuquBan, BeC TeX HeHpoHOB-CeiMeHTOB, B}lOJJb KOTOpbiX · eCTh '}lOnOJI-
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\j 

{) 

HHTeJibHhle "nO.IITBep)KJlaiOIUHe" 3KCnepHMeHTaiibHbie TOqKH, B qlfCJJO 
KOTOpbiX JlOJI)KHbl BXO}lHTb OTCqeTbl n9CJieJlH~X. ~aMep JleTeKTopa, T.K. 
qacTh TpeKOB, noSIBJISIIDIUHXCSI npH pacna.ue .HeHTp~bHbiX qacTHU~ MO
)KeT HaqHHaThCSI noCJJe nepBhiX KaMep. B pe3yiihTaTe y.uanocb noBbi
CHTh pofiaCTHOCTb CeTH. 

3 Pe3yJILTaTLI npmieHeHHJIIIHC 

Pa3pa60TaHHhiH: anropHTM pacn03HaBaHHSI npSIMOJIHHeifHhiX TpeKoB . 
npu noMOIUH MHC H po6acTHOJP MeTOJla BOCCTaHoBJieHHSI ux na
paMeTpoB 6hm peanH30BaH na SI3hiKe C. TaKoH: Bbi6op nporpaMM-

, ' . ' " . ; : ' ' ~- '; ,, t 'l ('' ·. : • ' i ' 1 '. \ i . . _,.. . ·' ' - : . ' ' 

noH: peanwJauuu 6bm o6yc.iioBn:eH Tpe6omlliiieM riepeHocu~mcni npo;_ 
IpaMMHOro MO.IIYJISI . Ha pa3Hble BhriiHCJJln~b~hie llrra~cpopMbl H BOJ':. 

' , •• • - :- ' _; f :" ~ i . ; . • • ; • ,' ~ ~ i ,·' ~ . . . . '' . . ' ' 

MO)KHOCTblO BCTpaHBaHHSI }laHHOro MO.IIYJISI B nporpaMMbi, HaHHCaH-
Hhle Ha Jlpyrnx ~3b~ax nporpaMMHpo~clliiDI. llpc>Ip~&t~, •peann'3YJO~ 
IUM anropHTM pacn03HaBaHHSI TpeKOB npn noMOIUH. HeifpOHIIOM 'CeTH; 
6biJia BCTpoeHa B npOipaMMHbiH KOMnJieKC o6pa60TKH 3KCnepHMeHTa 
EX CHARM· n npOTecTnpoBaHa iia .Il:aHHbiX, CMOJlen,npoBanHhiX · npo
IpaMMOH: GEANT[ll, 12]. , ripn .3TOM MOJleJIHpoBancSI pacna.u At •-
6apwona no KaHany ; , 

K o +' '-. sP1f ;. 1r; • ;: ,>;' l, 

c nocneJl)'IOIUHM pacnano~l K2 Ha JlBa 3apiDI(enHbiX nwoHa:·· .·.·· · .. 

TaKHM o6pa3ClM, npH pacna.ue' Xt o6pa3yeTCSI 5 3apiDkeHHbrX qa.: 
• l ~- . ,. : \: 

cTuu n, cooTBeTcTBeHuo, JlOJJ)KHbi perncipH:posaThcSI 5 TpeKoB~: :rpn w3 
Koiophix npoxo.IISIT qepe3 Bcio 3Kcnepn'Memani>HyK) ycTaHoBicy, a JlBa 
TpeKa, cooTBeTcTB)'IOiune pacrrahy K2 · na JlBe 3apiDKeiiH~Ie: qaCfnui>I, 
HaqHHaiOTCSI B o6nacTH pacna.uHorb' ,oG-ieMa, 'BioJIDqruomero B ceGSI 
06JiaCTb HecKOJJbKHX riepBbiX KaMep. >:,_· . ,,. . . . , ';• , 

Ha pHC)'HKax 2 . ~; 3 rrpoJleMoHciplfpoBaHbi . pe3yn·h~aTii' pa6o'fhi 

HeifpounoH: ceTH Ha MOJleiiHpOBIDIHOM ·~o6b~Hn:c'}rqeTOMHe3¢<1JeK:
THBHOCTH KaMep H c HaiimKeHHeM inyMa. Ha' ~cex pncyk~' npHBe
}leHO O}lHO H TO )Ke C06biTHe, HO. B • pa3HOM MaCIIITa6e no BepTHKaJIH 
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. a) 

Ha Hyneoo~ 
. l1TepaLU1L1 

scero 244 
He~poHa 

6 "~/ 
-~ 

6) 

' < ~ 

H·a 30-o~ · 
L1TepaUL1 L1 

7!1~·. > 0.5 
y 26 

HeHpOHOB 

PHC. 2: TipliMep paCTI03HaBaHI4 MO.UeJIIIPOBaHiioro He3aiii)'MJleHHOfO 
co6biTIDI c At -6apHOHOM B xOz-l:mocK.ocTH .uo Mamma c noMOIUbiO 
HeiipOHHOH 'ceTH (MaCIIITa6 'A): a) HCXO.UHOe COCT051HHe CeTH; 6), KO

HeqHoe coCTo~Hne ceTH. l'I3o6proKeHI>I TOJibKo HeifpoHbl c noKaJaTe-
neM aKTHBHOCTHVij > 0:5: ... , . ' , . . 

,UJI51 TOI'O, qro6bi npe.UCTaBHTb TIOJIJIYIO KapTHHY C06b1TH51. PeaJib_: 
Hble 'TpeKH TIOKa3aHbl CTIJIOIIIHOH JIHHHeH, a JIO)KHble CB513H OTMeqeJibl 

nyHKTHpOM. 
OueHKH ::><}J<}JeKTHBHOCTH pacno3HaBaHH51 npoBO.UHJIHCb KaK na qif

cToii MO.UeJibHOH HH<}JOpMaUHH, TaK If C yqeTOM peaJibHbiX :i>KCTiepH
MeHTaJibHblX ::><}J<}JeKTHBHOCTeH nponopUHOHaJibHbiX KaMep, COCTaBJI51-
IOIIIeft 80-90%; H ripH flaJIO)KeHHH rllyMOB (3~5 <}JoHOBbiX TOqeK na 
nnocKOCTb). . .. . . . 

B HIDKecneJlYIOIUeii Ta6miue. npHBelleHbl pe3yJII>TaTbi .TeCTHpOBa-
(. I .. ' ' '• !' .. ' ,•·) • 

HH51 . nporpaMMbl paCTI03HaBaHH51 TpeK9B,. HCTIOJlb3YJOIUeH HeftpOHHYJO 
CeTb, if nporpaMMbl MaCCOBO~ o6pa6oT~(lf ::>KcnepHMeHTa EX CHARM, 

. ' ~ ·-' ....... . . ' 

. HCTIOJlb3YffiiUeH TpailHUHOHHblH MeTO.U OTIOpHblX .UOpO)KeK .UO Mar-

HHTa ... TipoueHTbi, npHBe.uenHi>Ie ~.·Ta6nm.le, xapain!pH3YJOT KOJIHqe
CTBO nonHoCTbiO pacno3HaHHI>Ix co6I>rrHtl, T.e .. Tex co6brrHii, B KoTo-: 
pbiX 6bmH naft.ueHbl BCe TpeKH 3~piDKeHHbiX: qacTHU .UO MarH~Ta: . . . . . . 

f 
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a) 

Ha Hyneoolll 
~1TepaUL1H 

scero 498 
HeHpOHOB 

---
_,_

---_.
~::::::::--·---

6) 

Ha 30-:olll 
L1TepaUL1L1 

~~l >,0.5 
y 34 

He~pOHOB. 

PHc. 3: ToT )Ke npHMep, qro H Ha pHc.2, no c .uo6aBJieimeM TI51TH 
rnyMOBblX ToqeK Ha Ka)K,UYJO TIJIOCKOCT:b (MaCIIITa6 B): a) HCXO.UHOe 
COCT051HHe CeTH; 6) KOHeqHoe COCT051HHe CeTH. 

Ta6n. CpaBHHTeJibHM ::><}J<}JeKTHBHocTb pacno3IIaBaHH51 co6biTHI'i. 

3<}J<}JeKTHBHOCTb • MeTo.u Hel'ipoHHhie • KoM6HHHpoBaHHbiH 
KaMep onopHol'i ceTH anropmM · 

.UOpO)KKlf t' 

100%, 99% 99% ~ 100% 
80-90% 98% 98% • .. .· >99% 

80-90% + <}JoH 95% 97% 99%· . 
( ··' 

B T51)KeJibiX <}JonoBbiX ycnoBH51X H ::>:KcnepHMemanl,noti' He::>¢¢-
cpeKTHBHOCTH KaMep .UeHCTBYffillla51 nporpaMMa o6pa60TKH 3KCnepH
MeHTa EXCHARM .He· pacflo3Hana ·5:2% co6brrHI'i, a nporpaMMa, 
ocHoBaHIIM Ha HHC, - 3.2%. IIpu ::>TOM 'H3 HepacnOJHaHHbiX co-
6biTHH 1UI51 pa3HbiX nporpaMM COBTiaJIH TOJlbKO 0.8% OT o6mem qif

CJia co6brrHii. H3 ::>Tom pe3yJihTaTa • cn~.uyeT BbiBo.n, qro1 np~M-ei~eiiHe 
KOM6HHHpOBaHHOrO anropHTMa, HCTIO.rib3yiDIUero ;1UI51 pa'tri03IIaBaJIH.H 
6oJiblliHHCTBa co6biTHH .UeHCl'B)'IOIUYJO nporpaMMy o6pa6cnKi( a LV151 
pacno3Hasamtil CJIO)KHbiX co6biTHH - nporpa.MMy HHC, im3Bo~~e:r .uo
BeCTH ::><}J<}JeKTHBHOCTb pacn03HaBaHH.H C06biTHH B peanbHbiX yc.rioim.Hx 
.uo 99%. . .. . .,. 
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4 3aKJnoqeuue 

B pa60Te npewmraeTc.H amupHTM pacno3HaBaHH.H CJIO)K}lhiX co6biTHii 
s ::~KcnepHMeHTe EXCHARM c noMOlllhiO ueiipmmoii cei'H THna Xon
cpHIIlla. Hpu ::~ToM: 

•. MO.IlHcpHUHpOBaHa CerMeHTHa.H MO.IIeJib JleH6H-I1eTepcoHa, 'ITO 
TI03BOJI.HeT .IIOTIOJIHHTeJibHO paCTI03HaBaTh. TpeKH 3ap.H)f(eHHbiX 
'IaCTHU, po)f(.IJaiOWHeC.H B ofueMe .IIeTeKTOpa OT pacna.IIa HeH
TpaJibHbiX 'IaCTHU; 

• B cooTBeTCTBHH c ycJIOBH.HMH ::~KcnepHMeHTa H3MeHena ::~oomo
UHOHHa.H cxeMa HHC. ITocJie TlllaTeJihHoro cpaBHHTeJihimro Hc
ciie.IIoBaHH.H Bbi6paHa CHCTeMa 113 .IIByx HeHpOHHbiX CeTeH B npo.:. 
eKUH.HX xO z H yO z npH cneUHaJihHOM nQp.H.IIKe o6xo.IIa neiipo
noB, 'ITO o6ecne'IHJIO 6biCTPYJO cxo.IIHMOCTh ::lBOJIIOUHH HHC, 
6oJiblllYI0 po6aCTHOCTb H. Ha.IJe)f(HOCTh peKOHCTPYKUHH TpeKOB. 
KpoMe TOn:,, B aJiropmMe HHC BBe.IIeH JI.OKaJihHhiH pa.IIJ:IYC 
o6pe3aHH.H, OipaHH'IHBaiOWHH o6JiaCTh I33aHMO.IIeHCTBH.H Heifpo
HOB, 'ITO 3Ha'IHTeJibHO COKpaTHJIO 'IHCJIO nepe6opOB Ha Ka)f(.IJOH 
HTepawm. 

Pe3yJihTaThi TeCTHpOBaHH.H HHC noKa3aJIH, 'ITo: 

• npH ne.IIoCTaTO'IHO xopoweii pa60Te KaMep .IIeTeKTopa H B T.H
' )f(eJihiX' cpoHOBhiX ycJIOBH.HX nporpaMMa, HcnoJih3YJOWa.H· HHC, 

HMeeT 6oJibrnyiO acpcpeKTHBHOCTb paCTI03HaBaHH.H, 'IeM .IIeHCTBy
IOllla.H B ::lKCnepHMeHTe npOipaMMa o6pa60TKH, O.IIHaKO ycTynaeT 
eif · B 6biCTpO.IIeHCTBHH; 

• Mno:!KecTBa ~oxo pacno3namihiX co6b~·mii . wrn MeTo.IIa pacno-
3HasaHH.H n.pH noMOWH HHC H Tpa.IIHUHonnoro MeTo.IIa onop
HhiX .IIOpO)f(eK HMeiOT MaJIYIO o6JiaCTh nepece'IeHH.H, 'ITO .IIaeT 
B03Mo:IKJ!ocTb llOCTpoe~H.H acpcpeKTHBHOIU KOM6HHHpOBaHHOIU 
' ~ ' . ) ' .. 
ID.JIUpHTMa BOCCTaHOBJieHH.H TpeK08. npH He3Ha'IHTeJibHOM yse-

., ' . '. •• ···d . ' 

JIH'IeHHJI 8peMeHHhiX 3aTpaT Ha o6pa60TKY. 
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11.IJe.H KOM6HHHp08aH~RI1? aJIIUpHTMa BKpaTUe 3aKJIIO'IaeTC.H 8 CJie
.IJYIOWeM. rroc.rle pacn03niillaHirn .·'±-\ Ii · y-npoe:Ku:Hif Tpe:KoB.TPMHUII
onnhiM MeTO.IIOM onopHhiX .IIopo)f(eK 8 ·nporpaMMe o6pa6oTI<::H';rrpoii3-
80.IJHTC.H npocTpaHCTBeHHa.H ·~ ClllHBKa" aTIIX npoeKUIIH .. H. ecJIII. qacTh 
Ha.IJe)f(HO Hilii.IIeHHhiX npoeKU

1

HH He m.ieeT cniiisoK~ T<J BKJI.IDqae;c.H 
neiipoceTesoii aJiropiiTM, K:oTopl>Iii .B GoJihliiHHCTBe CJiy'Iaes ycnewno 
pernaeT 3a.IJaqy paCTI03HaBaHH.H TpeK08 B TaKHX C06biTH.HX. . . 

AIImpHTM HHC 6Lm onpo6osaH II na pearrhHhiX .IIaHHhix;a!Ccnepii
MeHTa EX CHARM. KoM6IIHIIpOBaHHhiH aiiropHTM ·c. IIcnoJih308aHIIeM 
HHC no38oJI.HeT .IIOCTH% 99% acpcpeKTIIBHocTH pacno3HaBaf!H.H.co6bi-
TIIH 8 peaJihHhiX yciiosiDJ:x. · · • · · ' ; · . .' ', . · · ·. ' ' .. · · · 

Asmphi Bhipa)f(ruoT 6Jiaro.IIapHocTh ·B.Jl.KeKeJI~3e 3a Ilohuep)f(Ky 
H IIHTepec K .IIaHHOH pa6oTe. 

Pa6oTa BhiTIOJIHena npH no.II.IIep)f(Ke.P<I><l>H, rpambi 96.,.02-18734, 
96-07-S9190, 97-01~01027 II 98-:07-90294. . . . 
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LIJ,14-95-323 TpyJibl VII IIIKOnhl no neiirpom 
(11~ pyccKoM 11 aurn, sn.) 

EIO,Il-95-387 Tpylll>l MClKJI)'IIapOlli!Oii KOIIrpCJ 
1994, 358 c. (ua anrn. llJ.) 

ll15-96-18 Tpyllhl pa6o•1ero concmallllll «3, 
'ICCKIIX 51l!C(J». flOJI~311!,, (995~ .. : 

E9-96-21 TpyilbJ. pa6o<Jcro concnlaJillll cc~ 
<<flO 3rprpCKT3M BCT(JC'Ill B KOnhl 
(11a ,aurn.l!J.) 

E2-96-IOO · TpyJibl 3 MClKil)'Hapowroro CIIMn 
1995,374 c. (11a aHrn.llJ.) 

E2~96-224 Tpyllbl ·VII MClKII)'Il3(10lliiOii KOII 
B qlliJIIKC>>. Jly6ua, 1996, 2 TOMl 

E I 0-96-258 TpyJlbl 17 ClKCI'OJIIIOro concruaHJ 
1996, .170 c.· (Ha aum. llJ.) 

E-96-321 TpYJ.I!.r MClKJI)'IJaponuoro cCMIIllap 
lly611a, 1996,-392 c. (na anrn. ll: 

E2-96-334 Tpyn~o1 PoccuiicKo-HcMeiiKoro cc 
lly6na, 1996, 240 c. (na anm. lJ: 

E3-96~336 Tpyn~o1 4 MclK1I)'11aponnoro ccMII 
c linpa~m . .Uy611a, 1996, 396 c. ( 

E3-96-369 

EJ-96-507 

,Ul,2-97-6 

TpyilLI X MelKJ1yHapOJliJOii Konrp' 
IIOilll» . .IJ:y6na, 1996, 4J7 c.' (11a 

TpynM MClKJI)'IJa(lOillloro ccwma: 
B3llllliX KOIIJlCIICII(JOil<IIIIIMX C(JCJI 

Knm·a A.H.Eoromo6ona. H.II.Ec 
1996; 182 c. (na pyccKoM srJ.) . 

Tp)'llbl MClKJI)'Il3(JOlll10fO CCMIIIIaJ 
or corcn MJB 110 TJB» . .Uy6na, 
11 a 11m. llJ.) 

E7-97-49 Tpyn~o~ 3 MC)f()I)'IIapoJIIloii KonqJc 
11cncnmr ll!IC(J». CnollaKIIll. 1996, -------


