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1 Bae~eau:e 

MeTop; 11cKyccTBeHHbIX HenpoHHbIX ceTeii: (HC), cTaBlllllll CTOJib nonymrpHbIM n nocJie

p;mxe rop;bI, ITOOBOJIHeT ycnellIHO II 6hICTpo pelUaTb lllllpOKIIll cneKTp ,oaµ;a'l 6oll!>lll0ll ' 

KOM6IIHaTOpHOll ClIO:lKHOCTIL 8TO o6'hHCHHeTCH CITOC06HOCTbK> HellpOHHOll CeTll 0BO- . 

JIK>D;llOHIIponaTb K HeKOTOpbIM PaB.HOBeCllbIM COCTO,HIIIIHM, COOTBeTCTCTBYK>ll\llM JII160 

11eK0TopbIM o6panaM (npo6JieMbI pacnooHaiiamrn, ac.cC>n;naTnBHaJI naMHTb),m160 onTII

MaJibllhIM OHa'IeHIIHM nepeMeHHbIX. ( npo6JieMbI onTIIMIIOan;m1). 

B TepMIIHax q>op~aJibllbIX Ma T:eMaTII'IeC~ll~, on~cam1ii: paBHOBeCHbIM. COCTOHHil.!IM 

HC coOTBeTcTnyK>T MllHIIMyMi.'r ~aK HaobIBaeMoii: 011epreT~I'IecK01i: q>yHKn;1111 ceT11, npn- ·: 

'IeM p;lIH HC Xonq,1mp;a (XHCj [1], paccMaTp~IBaeMbIX B p;aHHoii:pa6o'I'e, pellleHIIK> 11cxo

p;Hoii oap;a'Ill COOTBeTCTByeT llMeHHO rJio6anbHbIII MIIHIIMYM, a He oµ;IIH 110 JIOKaJibHbIX, . 

1m6er11yTb nonaµ;aHIIH B KOTOpbie II HBJIHeTC.11 11eo6XO)J;llMbIM. Ilo0TOMY npn BbI6ope .. 

11aII60Jiee nop;xop;Hll\eH MO)J;IIq>IIKan;m1 XHC na:lKHO TaK y'IeCTb cnen;11q>IIKY KOHKpeTJ-IOll 

oaµ;a'III, 'IT06bI cooµ;aTb Ha'laJibHYK> KOHq>IIrypan;IIK> ceTn, 0HepreTll'leCKaJI q>yHKIIIIH 

KoTopoii: y:lKe 6mmKa K cnoeMy. r~C>6aJibHOMy MIIHIIMYMY, 'ITO cyll.leCTBeHHo coKpall\aeT 

noIICK pellleHIIH ( CM., uanp. (2, 3j}'. 
HC B CaMOM 061.1.\eM BII)J;e - 0TO CTpyKTypa BbI'IllCJIIITeJibHbIX 0neMeHTOB, Ha:JbIBa

CMbIX HeiipoHaMII no a11anor1111 C MOOrOM 6Jiaroµ;apn IIX CTOJib )Ke Tec1101i: BOaIIMOCBH

OaHHOCTII II BOUIIMOOaBIIClIMOCTH. 

Ka:lKµ;biii: Heii:poH B JIK>6oii: MOMeHT BpeMeHII xapaKTep11oyeTCH (cM., Hanp. [4l); 
- ypoBHeM aKTIIBan;1111, 

- TOnoJiorIIeii CBHOen C µ;pyriiMII HenpoH~ll, (µ;nH XHC BCe ireii:pOHbI CBHOaHbI p;pyr 

c µ;pyroM), · 

- Mepoii: BOaIIMoµ;eii:cTBIIH Me:lKµ;y HII1"III, Ha:JbIBaeMOii: CIIHaITTll'IeCII.OlI cmroii: CBHOII 

(un11 necoM. MaTp11n;a BeCoB XHC cIIMMeTpII'IHa c HyJieBoii: µ;IIarOHMbK> ), 

- ~bIXOµ;HhIM ypoBHeM, KOTOpbill _ CBHOaH C yponHeM aKTIIBan;IIll nocpep;CTBOM ue

KOTopoii q,yuKn;tm 06bI'.mo curM011p;aiibHoro T1ma. 

Bee Ha:JBaHHbie BCJIII'IlIHbI MoryT ImMeHHTbC.11 C Te'IeHIIeM npeMCHII no onpeµ;eneH

HbIM npannnaM )J;lIHaMII~II HC, 'ITO B COBOKynHOCTII OOHa'laeT 0BOJIK>D;IIIO CIICTeMbI KaK 

n;enoro II np11Boµ;uT K pellleHIIIO oaµ;a'In, onpeµ;enuB1IIen 0Ty ceTb. ThK, HanpIIMep, HoBoe 

OHa'IeHIIe ypoBHH aKTiman;1m o6bI'IHO onpep;eJIHeTCH -qepeo HeKOTOpJK> q>JHKIIIIK>, ap

ryMeHTaMII KOTOpoii: HBJIHIOTCH BCJill'IIIHa npe:lKHero ypoBHH aKTIIBan;1m II KOM6IIHan;IIH 

( '!all.le ncero cyMMa) nxoµ;HbIX Booµ;eii:CTBllll C IIX BeCOBbIMII KOaq>qmn;IIeHTaMII. Be ca B 

CBOK> O'Iepeµ;b TaK:lKe nepeBbI'IlICJIHK>TCH no l!OBbIM OHa'IeHIIHM 11ei'1pokon. TaKIIM o6pa~ 

ooM, HC HBJIHCTC.11 o'!eHb ru6Kon BhI'IIICJIIITeJihHon cIICTeMoii:, II ~en npo_6neMa cnop;uTc.11 

K noIIcKy nepexop;HbIX q>yHKn;IIii: II yp;a•rnmi: Ha'IaJibHOn Koii:q,1irypan;m1.cIIcTeMbI, o6ec

ne'IIIBaIOll.leii: 6bicTpyro CXOAIIMOCTb K MIIHIIMYMY 011epr~·;11,iecKoll q>YHKIIIIII. 

MoBeCTHbI peoynbTaTbI ycnellIHoro · npIIMCHemrn XHC B q>~oIIKe B~·coKIIX 011epru.ii: 

µ;rur aBTOMaTn'leCKOll llµ;eHTIIq>Iman;IIII TpeKOB oapH:lKCHHbIX '!aCTIIIl lI CBHOaHHbIX C HIIMII 

"co6bITIIii:". B 0TOll cB.11on ncnoJiboonanucb paoHbie Moµ;eJin HC - poTopHrur [5], Mop;u

qiun;upoBaHHaJI poTopHrur [2, 3], Moµ;eJib µ;ecpopMI1pyeMoro 1IIa6no11a (6j. B µ;a111101i: pa-
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6oTe MhI paccMoTpIIM1np11MeHeHne XHC K paapeweHIIIO cxoµ;Hm'i npo6neMhI - pacno

:JHaBaHUIO TpeK0B Ha lI0H0rpaMMax BepTIIKaJiblI0ro :J0IIµ;IIp0BaHIIH IIOHoc<f>ephI. 3Ha"IXI

TeJibliaJI CJI0,KII0CTb BKcnepuMeHTaJiblI0ro MaTepIIana noTpe6oBana ero npeµ;BapnTeJib

HOH o6pa60TKII C nOMO~bIO Moµ;11<f>11Ka~1rn KJieT0"IH0ro aBT0MaTa [7] II npnMeHeHII.!I 

JI0KaJibHoro noµ;xoµ;a, aHanorII"IHoro [3]. 

2 <l>HOH'IeCKHe ocH<>BbI 
. . 

Kax II:JBeCTH0, HaJIII"IUe llOHOc<f>epHoro CJI0.!I, OTpa,Ka10'lliero paµ;II0B0JIHbI, ecTh Heo6xo-

µ;IIM0e ycnoBIIe paµ;uoCB.!I:JII Ha onpeµ;eneHHhIX "!acTo~ax. ,I(n~ nporH0:JIIpoBaHU.!I ycno

BIIH paµ;II0CB.!I:JII cneµ;yeT :JHaTb C0CT0.!IHIIe IIOHOcq>ephI. C BTOH ~eJibIO npIIMeH.!IIOTC.!I 

paann"IHhie cnoco6h! paµ;nmoHµ;npoBaHII.!I m:>Hoc<f>epbI; iia y,iacToK JIOHoc<f>epHoro cno.!I 

noChIJiaeTC.!I II:JJiy"IeHIIe C onpeµ;eneHHbIMII xapaKTepIICTIIKaMII II <f>uxcnpyIOTC.!I napaMeT

phI oTpa,KeHHoro cIIrHana ( aMnJIIITyµ;a, non.1Ipn:J~1rn, µ;onnnepoBCKII11 cµ;BI1r "!aCTOThI II 

T.µ;.): Oµ;HIIM II:J C~hIX pacnpocTpaHeHHbIX IICTO"I~III~OB irn<f>opMa~IIII O COCTO.!IHIIII l;O

HOC<f>ephI .!IBJI.!IeTC.!I uoHorpaMMa BepTIIKaJibHoro :JoHµ;IIpmiamrn (B3), npeµ;cTaBJI.!IIO~aJI 

co6on: nocneµ;oBaTeJibHOCTb OTC"IeTOB "I!lCTOThI. CIIrHana, ero aMnlIIITJAhI u BpeMeHII 

npnxoµ;a nocne OTpa,KeHII.!I OT IIOHoc<f>epHoro·•cJIO.!I (Bpe~.!I :Jaµ;ep)KKII Cll_I'HaJia COOTBeT

CTByeT BhICOTe CJIO.!I II 06hI"IHO, TaK _11 H&3bIBaeTC.!I ). Ha puc. 1 npeµ;CT8.BlleHa TllilII"IHaJI 

noHorpaMMa B3. Ilo ocn a6c~ucc 1mMeH.1IeTC.1I "!acTo;a cnrHana,' no oc1~ _ opµ;IIHaT -

BbIC0Ta CJIO.!I. 
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Puc. L HoHo~paMMa BepTIIKaJihHoro :JoHµ;upoBamrn 

,, 

Bnµ;Ho, "ITO 'l'O"IKll-OTC"IeThl.<f>opMnpy10THeKIIe pacnnhIB"IaTbie ~pIIBhie µ;ocTaTO"IHO 

'paaHoo6pa3HOH <f>opMhI, KOTOpbie II _npeµ;cTaBlI.!IIOT OCHOBHOH UHTepec 11 6yµ;yT µ;a-
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nee no ycTO.!IBWeHC.!I Tep1urnonorIIII H&3bIBa TbC.!I TpeKaMU. Oµ;1rn II TOT. ,Ke TpeK Ha 

pa3HhIX "!aCTOTax o6hl"IHO IIMeeT Heoµ;1rnaK0BYIO npOT.!I,KeHHOCTb no BhICOTe, M0,KeT 

Heoµ;HoKpaTHO nepeceKaTbC.!I C µ;pyrnMII_ TpeKaMU. HeKOTOphie TO"IKU B proyJihTaTe 

n?rpeWHOCTeII a1;mapaTyphI MoryT OTCYTCTBOBaTb, :JaTO :JaMeTH0 .!IBH0 II:JJIIIWHee npII-. 

cyTCTBUe noMex KaK TO"Ie"IHhIX, TaK II BepTIIKaJihHhlX, nopa,KaIO~IIX OTµ;enhHhie "Ia

CTOThI. Oµ;HaKo Ha pIIc. 1 o-rpa,KeHa He BC.II nonroHaJI 1rn<f>opM~II.!I - Beµ;h Ka,Kµ;hin: 

oTc"!eT xapaxTep1myeTc.1I e~e aMnJIIITyµ;orr. Ecnn npeµ;cTaBIITh ee 1mMeH.1I10~errC.1I no 

ocu, nepneHµ;IIKYlI.!IpHm"r IllIOCKOCTU pucyHKa, TO KapTIIHKa npuo6peTaeT TpexMepHOCTb 

u BhirJI.!Iµ;XIT npuMepHo,KaK Ha pnc. 2, HeMHOro HanOMUHaJI ropHhIH nerr:Ja,K . 
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Puc. 2. TpexMepHhIH BlIµ; <f>parMeHTa Tpeia · c ytieToM aMIIJIIITJAhI cnrHana · 

Pacno:JHaIO~IIe cnoco6HOCTII "IeJI0BeKa nO:JB0JI.!IIOT npoaHaJIXI3ltpoBaTh TaKJIO lIOHO

rpaMMJ ~ T. e. 11µ;eHTII<f>II~IIpOBaTb Bee Tpexu, KJiaCCil~IlpOBaTh llX Ha OCHOBe <f>opMhI, 

"IIICJia II p.!Iµ;a µ;pyrux napaMeTpoB, "IT06ht cµ;enaTb nporHO:J C0CTO.!IHII.!I IIOHOcq>ephI. 
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Op;HaKo MaCCOBOCTb nop;o6HbIX IICCJiep;oBamrii: Tpe6yeT o6pa60TKII CTOJib 6oJibllillX Mace 

CllBOB nmpopM~Im, 'ITO IIIJ;ei:I aBTOMaTim~nII ;}Toro npo11ecca p;aBHO y:iKe CTaJia Ha

CYII:IHOH npo6neMo:ii:. Koue"IHO, cot1p;aTh ua 8BM noJIHbIH auanor BocnpnJITIIJI II pacno

tJHaBaHHJI "leJIOBeKOM BimyaJibHOH 11mpopMa11m1 noKa ueBOtlMO:iKHOj noaTOMY pe'ib up;eT 

o COtllJ;aHHII anropIITMOB, Mop;em1pyro111nx 3TOT npo11ecc Jlllllib q>yHK~lIOHaJibHO C p;ocTa

TO"IHOH CTeneHbIO uap;e:lKHOCTII • 

3 IIocTanoBKa oa~a'IH 

MbI cocpep;OTO"llIMCJI B ;)TOlI pa6oTe Ha npo6JieMe pacnotJHaBaHIIJI n 1Ip;eHTIIq>IIKat:1IUI 

TpeKOB, OCTaBJIJIJI 011eHKY napaMeTpOB lIOHOCq>epHbIX npo11eccoB Ha nocnep;y10111ne 3Ta

nbI. 

Hawa tlap;a"la COCTOlIT B TOM, "IT06bI C MIIHIIMaJibHbIMII BpeMeHHbIMII tJaTpaTaMII, 

6ro ncnoJibtlOBaHIIJI anpimpuo:ii: lIHq>OpMa~IIlI OTClll:IJ;lITb Bee IIMe10111uecJI Tpe1m lI an

npoKCIIMIIpOBaTb IIX no TO"IKaM Han6oJibWeii aMnJIIITyp;bI. Ecmr BepHyTbCJI K auanoruu 

C ropHbIM nei"ma:lKeM, TO 3TO OtJHa"!aeT tlaq>IIKCIIpOBaTb TpaBepcbI BCex "xpe6ToB". 

8To TIInlI"IHM ::mp;a"la pacnotJHaBaHIIJI 6etJ HaBep;eHIIJI, pewaeMM o6bI"IHO MeTop;aMII 

KJiacTep-aHaJIII;Ja ( CM.,Hanp. (81). B 06111eM CMbICJie OHa aHaJIOrlI"IHa npo6JieMC up;eHTll

q>nK~IIlI TpeKOB, CHJITbIX C paaHoro pop;a p;eTeKTOpOB B q>IItllIKe BbICOKIIX 3Hepruii: (8, 9], 
X0TJI ll llMeeT HeKOTOpbie ycJIO)KHJlIOII:IIIe OTJIII"IIIJI, He not1BOJIJII01I11Ie Henocpep;CTBeHHO 

npuMeHlITb y:lKe lltlBCCTHbie MeTOIJ;bI. ThK, HaJilI"IJie noMex II rrporrycKOB lIHq>OpMa11n11, 

C op;Ho:ii: CTOpOHbI, ll BOtlMO:iKHOCTb nepece'ICHIIJI TpeK0B - C p;pyroii:, JIBJIJIIOTCJI Herrpeo

p;omIMbil>All npeIIJITCTBlIJIMlI /J;JIJI o6bI"IHOll KJiaCTepIItl~lIII no KpIITepIIIO HaIIMCHbWero 

IIJIII KpIITII"leCKOro paCCTOJIHlIJI. 

O"1eHb MOII:IHbIH MeTop; IJ;IIHaMII"IC,CKOll KJiacTep1m~1m (8) Tpe6yeT IJ;lIJI CTOJib o6'b

eMHbIX p;aHHbIX "lpetlMCpHbIX BpeMeHHbIX tJaTpaT lI MbICJllIM Jlllllib nocJie npep;Bapu

TeJibHOII npo11ep;ypbI tJHa"IIITCJibHOro C:lKaTHJI 3TlIX p;aHHbIX npu YCJIOBlilI coxpaHCHlIJI 

lIX IIHq>OpMa TIIBHOCTII n lICKJIIO"ICHIIJI JIBHbIX owu6oK Tuna Jp;aJICHlIJI I:ICllbIX KJiaCTepoB 

lIJllI llX "laCTeii. 

Ilpep;JIO)KCHHbIH B pa6oTe (10) MeTog TaK Ha3bIBaeMbIX MaC0K p;acT xopowue pet1yJih~ 

TaTbI, HO CTaHOBlITCH HCHap;e:iKHbIM B cJiy"lae 60JibllIOll npoTJI:iKCHHOCTll TpeKOB no 

BbICOTC (p;nq>q>ytJHOCTII) II cop;ep:iKIIT pIICK rrponycKa noJICtlHOll IIHq>OpMfilllUI B ClIJIY 

arrpnopHoro t1ap;amrn MacoK. 

IIp11MeHJieMbII°1 B HaCTOJI1I1ee BpeMJI B Cu6M3MMP (11) TpexaTarrHbIH anropnTM oT

cne:lK1rnaH11JI TpCKOB MO:iKeT ycrrewHo pa6oTaTb Jlllllih rrpu OTCYTCTBIUI- CIIJibHOll p;nq>

q>ytJHOCTII II nepece"!eHIIII nocnep;HlIX. 

MeTop;, 11cnonbt1y10111ui"1 XHC, II0tJBOJIJICT cHJITb aTn orpaHU'Iemrn. Op;Hail:o ero npu

MCHeHne TaK:iKe Tpe6yeT cy111ecTBCHH0ro npep;BapuTeJibHOro C)KaTIIJI p;aHHbIX, T.K. ceTb 

C KOJIIl"ICCTBOM Heii:poHOB, paBHbIM "IIICJIY TO"leK B lICXOIJ;HOM MaCCIIBe-p;aHHbIX, noTpe0 

6oBaJia 6bI "1pC3BbI"laIIHO 6oJibllillX BbI"llICJIIITCJihHbIX MOII:IHOCTeii:. 

Cy111ecTBeHHOH rrpo6JieMOII JIBJIJieTCJI TaK:lKC II0lICK Ha"laJibHOIJ KOHq>IIrypa111111 ceTII. 
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TaKIIM o6paaou, crre~I1q>I1Ka t1aµ:a'm p;enaeT Heo6xoµ:11MbIM pat1611em1e npo~ecca 

pacrrotJHaBaHIIJI Ha TPII CTap;m1: 

• Ilpep;BapIITCJihHOe C:iKaTJle p;aHHbIX, cywecTBeHHO COKpawa10111ee IIX o6'beM tJa 

C"ICT OTC~IIB8HIIJI no11rex II TO'IeK, pacrrpegeJICHHbIX BOKpyr npep;onarae1mro "Tpa-

aepca" TpeKa, T.e. BbI)];CJICHile rllap;KIIX TpeK-3JieMeHTOB. -

• Onpep;enemre Ha'IaJI~Hm'i KOHq>nryp~~IIII cncTeMbI, 6mmKor"1 K MIIHIIMYMY aHepre

TII'ICCKor"r q>yHKIIIIII ceTu. 

• Mp;eHTI14lIIKat:1I1JI TpeKOB MeTop;ol\l HC. 

B p;Byx nocneµ:y10wI1x pa:Jp;enax pacnmTpllBalOTCJI npo6neMbI anrop11TMU"lecKm1 pe

an1mat:111I1 3TIIX cTaµ:11i"r. 

4 Ilpe~BapHTeJibHOe C)KaTHe ~aHHbIX 

C:iKaTHe TaK)KC ocywecTBJIJieTCJI B TPII 3Tana, KalKp;0MY C0OTBCTCTByeT nOJIHblII rrpo

CMOTp µ:aHHbIX. BBIIP:Y IIX 3H8'IIITeJibH0ro 06'beMa B pa6oTe Henocpeµ:CTBeHHO y"la

CTByeT TOJihK0 MMM 'IaCTb BCCX µ:aHHbIX, a Ill\IeHHO TCl'IKII Ha Tpex cocep;HIIX "laCTOTax. 

TaKIIM o6pa30M, gaHHbie KaK 6bI nponyCKalOTCJI <iepetl' q>IIJibTp, p0llb K0T0poro 11rpaeT 

MO/J:Il4lllK8~1!Jl KlieTO"IHOrO 8BT0M8Ta (7] C JIOrIIKOi°I, O0CC_ne"IJ1Ba101I1eII "BbI:iKIIB8Hlle" 

TO'leK, pacnoJI0)KeHHhlX no TpaBCpCal\l TpeKoB,II "Bbll\-II!pam1e" BCCX 0CT8JibHbIX. B.nep

CIIeKTIIBe TaKor"r crroco6 µ:onycKaeT BhmoJIHemre Bcex Tpex 3Tanua t1a oµ:1rn np,ocl\toTp, 

'T.e. BOtlM0:iKHOCTb aHaJIIma II C:iK8Tllll µ:aHHbIX CIIHXp0HHO C IIX II0CTynJICHIICM (B pe-

)Kl!Me on-line). · --: 

IIepBblll 3Tan. ,Il;aHHbIC pa36IIB8.IOTCJI Ha. ccrMeHTbI (nepBil'IHble KJiaCTepbI) IIO Kp11-

Tep1110 6mmoc_TII T0'IeK Ha. Ka:iKp;oii: "18CTOTC HC38.BIICIIM0 OT p;pyr11x .'IaCT0Tj 0/J:HOBpe

MCHHO IICKJIIO'Ia!OTCJI BepTIIKaJibHble II T0'IC'IHbIC II0MCXJI: µ:mr K8.lK)];Oll TO'IKII-0TC'IeTa 

npoimBOAIITCJI npoBepKa. Ha cywecTB0BaHIIe Herrocpeµ:CTBCHHbIX coceµ:er"r Ha. rrpeµ:bip;y-

111e:ii: II IIOCJieµ:y10111e11 'IaCTOTax. Ecmr TaKOB~X He OKatlbIBaCTCJI, T0'IKa OTCCll:88CTCJI 

("yM11paeT") (cM. J)IIC. 3a.). ' 

BTopo1'i 3Tarr.Ilpo11cxop;11T tJaII0JIHCHJle CJIY,Iai°!HblX rrporrycK0B µ:aHHbIX: ecm1 y OT

cyTCTBYIOIIICll TO"IKlI-OTC"leT<t eCTb ABC coceµ:m1e Ha rrpep;bIµ:y111ei1 II nocJiep;y10weii 'Ia

CTOTax (umr BbICOTa.x), TO 0Ha. "po:iKp;a.eTcJI" u BKJIIO'IaCTCJI B cnJIC0K µ:aHHbIX. TaKIIM 

06pat10M, Ha Ka.:ii:,µ:oi"r '18.CT0TC 0CT8IOTCJI HenpcpbIBHbIC cerl\leHTbI ""IIICTbIX" µ:aHHbIX, 

pat1µ:eJieHHbIC nycTbIMJI rrpo~eJKyTKa.MII ( CM. puc. 36). 

TpeTIIII 3Tarr. Il Ka.:iKp;OM ccrMCHTe Ha KaJKµ:oii 'rnCT0TC "BbI:ii:(IIBacT" oµ:ua TO'IKa 

C MaKCJIM8JihHOl"I al\IIIJIIITyp;o{r. CoBoKynHOCTb GTIIX T0'ICK II CCTb IICKOl\!bI(' TJ)HBC}JCbI 

TpeKOB {cM. puc. 4). 
Ka.K Bil)];JIM, aJI_ropJITI\I C IIplIMCHCHIICI\I KJICT0'IHoro aBT0I\IaTa I103B0lIIIJI )TIIt'llIH0 

OCYll\CCTBl!Tb _C:ii:(aTJIC p;aHHbIX: IIX 06'beM C0KpaTIIJICJI B 5 - 10 pa:J, ycTp11Hl'Hhl II0l\lt'XII 

II OCTaBJICHbI T0'IKII M8KCJIM8JihHOfr aMIIJlllTYIJ;bI, pacrroJI0:ii:(CHHb!C II0 TpaBq>c·a111 TpCK0B. 

B Ta.KOM BIIAC p;aHHbIC YlKC rrpl!rOp;HbI /J:llll a.Hamma C II0M0ll{blO HciipoHHOii CCTII. 
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PIIc. 3. Ilpocne:lKIIBa.Hite TpeKoB no "la.CTOTa.M (noJicHeHirn: B TeKcTe) 
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5 AnropHTM H~eHT:mpHKa:a;HH TpeKOB 

Ilo npU"llllla.M, lt3JlO:lKeHHbIM BO BBep;eHmI, ~JIJI peIIIeHIIJI npo6JieMhI 6hIJia BhI6pa.Ha po

TOpHas: Mop;eJib XHC [5] c Mop;n<puK~lIJIM~I, npeµ;Jio:lKeHHbIMII B [2, 3]. Ka:lKp;oMy Heii:poHy · 

COilOCTa.BJieH B COOTBeTCTBne BeKTOp v; ' MO;D;Yllb KOTOporo xapa.KTepxmyeT IIHTeHCII

BHOCTb nonµ;eiicTBUJI p;aHHoro HeiipoHa Ha ocTa.JibHble, a uanpanneHI1e B up;ea.Jie p;oJI:lKHO 

connaµ;a:b C Kaca.TeJibHOll K TpeKy.' IlocKOJlbKY TpCK IIMeeT HCilOCTOJIHHYJO KplIBI13HY 

ll p;a:lKe ,U3JIOMhI, B3aIIMOp;eiicTBOBaTb imryT Jlllillb · Heii:pOHhI HeKOTOporo JIOKa.JibHoro 

Y"l8.CTKa, IIMeIO~ero 6oJiee-MCHCe IlOCTOJIHHYIO KpIIBU3HY. 8To p;ocn1raeTCJI BBe.D;CHIICM 

po6acTHOro MHO:lKIITCJIJI B BCCOBYIO cpyHI{~P'JO w;;, nrpaIO~IO poJib :lKCCTKOro q,'.!Jlb- · 

Tpa.' Ilepexop;JI K non~no:ii TepMIIHol!onm, BBep;eM BeKTOPHYIO BeJIU"IIIHY h~ Ka.K none, 

coop;aHHOC B TO"IKe i HeiipouoM j: 

h:; = w;;VJ 

Torµ;a o6~ee none H; B np01mBOJibHOH TO"IKe i onpeµ;emITCJI KaK BCKTopHas: cyMMa 

none:ii OT BCex HeiipoHOB: 

H; = L, h:; = L, w;;v; • 
j i 

Y"IIITbIBaJI 3~Me•IaHite O JIOKaJibHOCTH, ecTeCTBCHHO npep;nOJIO)KIITb, "ITO TpeK o6pa-

3YI<>T ne:iiponbl, co6cTBeHHhIH BeKTOp KOTOpbIX 6mmoK K noJieBOMY BeKTopy B p;aHHOll 

TO"IKe no HanpanneHitIO. 3a Mepy 6mmocTn yµ;o6Ho B3JITb cKamrpHoc np01mncp;em1e 

BeKTopoB V: u H;. • Torµ;a' :mepreTn<i~cKM _q>YHK~IIJI cucTeMhI oanmneTc.lI B Bn~e 

1 ~ · · 1 
E = -- L, H;V: = -- L, t/iWijVj 

2 i 2 i,j 

Ee MIIHIIMYM COOTBeTCTByeT onTUMa.JibHOMY pacnpeµ;eneHUIO TO"ICK no TpeKaM npu 

Haµ;Jie;Ka~eM BbI6ope BeCOBOH <pyHK~nn. 

IlocKOJlbKY n HaIIIe:ii oap;a"le HeBOOMOiKHO npllMCHUTb nop;xoµ; [2, 3] c rno6allbHOH an
npoKCIIM~ueii: TpeKa OKPY)KHOCTbIO, MbI BBOp;HM CKOlib:JHmee OKHO npOCMOTpa, pru:n,wp 

KOTOporo BhI6npaeTCJI TaK, "IT06hI B ero npep;eJiax IIOKMbHaJI annpoKC:m,rn.r~= TpeKa 

µ;yroii: OKpy;KHOCTll 6bIJia 6ir. µ;ocTaTO'IHO TO'IHOII. Tenepb MO/KHO onpep;eJIUTb neconyro 

<pyHK~IIIO WJ CJiep;y10~1IX reoMeTpn"leCKIIX coo6pa;KeHnii: eCJIH p;Bc TO'IKII ,npnnaµ;ne

:lKaT op;HOMy TpeKy, TO yroJI Me?Kp;y HHMU Ma.JI, a pa.ccTOHHIIe He ,IJ;OJI)KHO npe:m,unaTb 

p;IIarOHa.JIII' BhI6paHHoro OKHa. Ka.Kn B [2], BeKTOp J; rio.:iy"leii: oepKaJibHhIM OTo6pa:iKe

HIICM BeKTopa v; OTHocnTeJibHO xopp;hI L;;, CT.IIrIIBaIOUJ,eII µ;yry JIOKaJILHoii: oKpyiKHOCTH. 

Hanpa.BJieHite II Mop;ynb BeKTOpa ii; cmpe)J;CJL!IIOTCR cneµ;y10rqnM ~6pa.30M [2, 3]: 

-; ( cos 2cp ;; sin 2cp i; ) ~ 
V · = •V' 

' sin 2cp;; - cos 2cp;{ ' ' 

rµ;e cp;; ecTb_ yrcm Mexcµ;y xopµ;o:ii L;; II ocbIO a.6c~ncc Ox. 
TaxlIM o6pa.30M,BeCOBaJI cpyHK~ll.lI MOJKeT 6bITb 138.Ill!Ca.Ha B 1mµ;e 

Wij =IV; II v; I cos0 l!ij, 
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l!ii = { 1, jL;;I < Re 
0, IL;;I > Re 



3p;ecb 0 - yron Mt*AY BeKTopoM ii; II -npeo6paaoBaHHbIM BeK·TopoM Vj, IL ii I _: 

paccToHHIIe Me*AY TO'IKaMII i 11 j, Re - noporoBoe ::rna'leHne aToro paccTOHHIIJI paBHoe_ 
. . ' 
p;uaromurn OKHa npoCMOTpa. 

BepHCMC.!I K Bonpocy O ·Ha'laJibHOH KOH<pnryp~mI. 3p;ecb' 'Ipe:.JBbI'laIIH0 nonroHm'i 

OKa:.JaJiaCb npoueAypa npep;BapIITCllbHOro rIICTorpaMMUpOBaHil.!I, aHaJIOrII'IHaJI Toii:, 'ITO 

6blna ncnonb:.JOBaHa B [3]. MeTop;, no:.JBomrnmII:ii onpep;emtTb Ha'laJibHble :.JHa•1em1.ii:'BeK

TopoB He1ipoHOB no C)KaTbIM )J;aHHbIM'Im·MepeH!Ill, :.JaKlIIO'laCTC.!I B nocnep;oBaTCllbHOM 

npOCMOTpe IICXO)J;HbIX p;aHHbIX 6yKBaJibHO C TO'IKII 3pCH11.!I Ka,Kp;oro i-ro HellpoHa. Bee 

npocTpaHCTBO BOKpyr nocnep;Hero (B npep;enax 0KHa npOCMOTpa) p;emITC.!I Ha yrlIOBbIC 

lIHTCpBaJibI B 1°. 3aTCM nop;C'llITbIBaeTC.!I 'IIICJIO TO'ICK-(n;), nonap;aIOll\lIX
0

B Ka)Kp;blii, 

IIHTepBan •. 

3a Ha'laJibHoe HanpaBnemre BCKTOpa ii; npnHII11,raeTCH :.JHa'lemre yrna ueHTpa TJijf(e

cTii Tpex cocep;HIIX llHTCpBaJIOB, cpep;HIIll Il:.J KOTOpbIX CO)J;Cp)KIIT MaKCIIMaJibHOC 'IIICJIO 

.TO'ICK: 
a1n1 + a2n2 + a3n3 

ll'=-------
n1 + n2 + n3 

Mop;yllb BCKTOpa C'IIITaCTC.!I paBHbIM cpep;HeMy apmpMCTII'leCKOMY OT cyMMbI T0'ICK 

B YKa:.JaHHbIX Tpex IIHTCpBanax. 

Cyp;H no pe:.JyllbTaTaM pa60TbI [3], ClIC)J;OB~ O,KIIp;aTb, 'ITO II<>lIY,I_CHHaJI Ha'lanb

HaJI KOH<purypaUJIH )J;OJI)KHa· 6bITb )J;OCTaT0'IHO 6mmKOll K MlIHIIMYMY m1epreTJPICCK_OII 

q>yHKUIIII. 

3aµ;a'la lI)J;CHTilq>IIKaum~ TpeKOB CBO)J;IITC.!I x opramm~mI TaKoll :lBOJIIOUIIII COCTOJI

HIIII HCIIpOHOll CCTII, KOTOpaJI o6ecne'IIIBaeT ee cxog~MOCTb K KOHq>IIryp~urm, MIIHIIMII

:.JIIpyIOll\CII aHepreTII'ICCKYIO cpyHKUIIIO CIICTCMbI. 

HTepaTIIBHaJI npouep;ypa noIIcxa TaKolI KOHq>nrypaurm HC cTpOIITCH 1KaK- nocne

p;oBaTenbHOe BbI'IIIClICHIIC non.II B TO'IKax, COOTBCTCTBYIOlliIIX Hefrpo~aM, onpep;enemre 

Ka,K)J;bIM HellpOHO~ CBOCrO COCTO.!IHII.!I II HOBOro :.JHa'ICHIIH. BCKTOpa )J;lIH. Cllep;yro~ero 
. . 

mara IITepaumr. 

HoBoe :.JHa'leHIIC Moµ;ynH BCKTOpa i-ro HelipOHa onpeµ;enJieTC.!I no ll:.JBCCTHOII cpopMy-
ne [4] ' ·- · 

IV; I= tanh(I ii; I /T), rµ;e T = 1,5 

HoBoe HanpaBJieHIIC BCKTOpa npIIHIIMaCTC.!I COBIIap;aIOll\IIM_ C HanpaBJI~HIICM nomr B 

:lTOlI TO'IKC. BbI'IIIClICHHbIII TaKIIM o6pa::JOM BCKTop y'laCTByeT B onpeµ;eneHIIII BCKTOpOB 

µ;pyrux HefrpoHoB y:n-.:e Ha )J;aHH0M mare aBon10uun HC. Ha cneµ;yIOll\CM mare B~H. npo~e-. 

µ;ypa noBTopHeTcH.. Ilocne HecxonbKIIX IITepaum'i (µ;ocTaTO'IHOCTb nx 'IIIcna onpep;enH.

eTcH. no Ma.JIOCTII II:.JMCHCHIIll ;HepreTII'ICCKOlI cpyHKUIIll c HOBOII IITep~IIefr) BCKTOpbI 

HCllpOHOB C HCKOTOpoii norpemHOCTbIO BbICTpairnaIOTC.!I no HanpaBneHIIIO xacaTCllbHbIX 

K Tpexy B TO'IKax noxanm:iaumr Her'ipoHOB. 

OKOH'laTCJlbHOC BOCCTaHOBlICH~IC TpCKOB npoBO)J;IITC.!I c noM0ll\bIO p;OBOllbHO npo

CTOII npouep;ypbI lIHTepnpeT~mI, CBO)J;.!Ill\CIIC.!I K noucrty cocep;mrx no TpeKy TO'ICK. 

,Il;Be TO'IKII C'IIITaIOTC.!I CB.!I:.JaHHbIMII (rrp1maµ;nelf(all\IIMII op;HoMy Tpexy),' ticnu IIX B:.Ja

IIMop;e!ICTBIIC BHOCIIT .MHHIIMaJibHbIII BKnaµ; B aHepreTIPICCKYIO cpyHKUIIIO. B °ClIOiKH~X 

ClIY'laJIX nepece'leHIIII TpCKOB, Korµ;a_ aHepreTII'ICCKOll cpjHKUilll Ha'IIIHaCT ocu1mnnpo- · 

Ban, He y6bIBaJI, npnMeHllCTCH µ;ononHnTenbHbIII KpIITepnii rnaµ;xocTn dR/dl-> min, 
rµ;e R- noKaJibllaJI KplIBII□Ha, 1- p;lIIIHa "cnopHoro" y'laCTKa, no:JBOllllIOll\IIIl BbI6paTb 

onTI!MaJibHYIO lIIIHIIIO npoµ;0JI)f(CHilll TpeKa. 
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6 PeaynbTaTbl npHMeHeHH.H e; aaKHIO"leHHe 

IlocTpOCHHM TaKIIM o6pa:.JOM He!IpOHHM CCTb npIIMCHllllaCb B o6pa60TKC peanbHbIX 

p;aHHbIX, nony,1eHHbIX B Cu6H3MHP npu BepTIIKa.'IbHOM :.JoHp;npoBaHIIII IIOHoccpepbI 

:.JoHp;OM c HenpepbIBHoii mrneirnoir •1acToTHoi111oµ;ym1une1'i [11] 
B Ka'lecTBe npuMepa na pnc. 4-G npeµ;cTaBneHbI µ;aHHble. oµ;Hoi'r 11:.J IIOHorpa..'I.IM: 

• nocne c;irnTllll c npIIMCHeHI!eM KlICTO'IHoro aBTOMaTa ( 4), 

• Ha'IaJibHrut KOHcpurypau1rn HC nocne rircTorpaMMIIpoBaHIIH ( 5), 

I ~,,....., 
j' 

.-, 'l ~ ;i,-----~~ 

¾,-,41---

.,,, 

~-

Puc. 5. ,Il;aHHble nocne rncTorpaMMIIpOBaHIIH 
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_;.,.,··· 

~-··· 
{ 

... / .. -------.,.,.,,__ ... ···=·-..... _.- -~ ·---~· 
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Puc. 6. TpeKII nocne npocnelf(uBaHIIll 

• pe::iynbTaT pa6oTbl HC, p;ocTIIrHyTbli°I Ha •ICTBepToii IITepaum1 ( G). 

Cxoµ;IIMOCTb anropllTMa OKa::JaJiaCb µ;ocTaT0'IH0 6blCTpoi°1: B cpe)J;HCM 3 - 5 I1Tepa

uni'1, 'ITO nop;TBCj>)J;lllI0 npep;noJIO)f(CHUe 0 6mmocTII Ha'IaJibHOII KOHq>Ilrypaumr K COCTO

.!IHIIIO MIIHIIMyMa ;mepreTil'ICCKOi°I q>YHKUIUI ceTII. TaKIIM o6paaoM,:.JaTpaTbl Ha aTan 

onpep;eneHUll Ha'laJihHOU KOHcpnrypaunn C IlOMOll\bIO rncTorpaMMI!pOBaHI!ll, :.JaHIIMaIO

llilllI OKOlIO 90% BpCMCHII pa6oTbl anropUTMa, nonHOCTbIO oKynaIOTCll CKOj)OCTbIO cxop;n-
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M0CTII aJiropUTMa. B cpegHeM HeOIITlIMlipOBaHHh!II aJiropUTM 'Tpe6yeT Ha o6pa60TKY 
ogHmt IIOHorpaMMhl20-30 c /lllll II8BM Knacca IBM PC/AT llllll ceTei'r c Ko11w1ecTB0M 
HeiipoHOB 150 - 250 B naBl!CIIM0CTII OT 06'1,eMa II0H0rpaMMbl. Ow116K1I 1IgeHTmfmKat1m1 
C0CTaBlllllOT MeHee 5%. 

Ha pnc. 6 rrpnBei'leH rrpuMep naaepwa10wei'1 pa60T1,1 aJirop11TMa - OT/l~llbHh!e TpeK11 
B BIi/ie rnagKIIX KplIBh!X (rrplIMeHeH MeT0/1 M~gliaHHOro crna;imaaH{lll [12])1 IIpI!~O/IHbie 
/lllll rroc11egy10wero cTpyKTypHo-mmrancTII'IecKoro aHam1na. Xopowne peny111,TaThl rro
ny'IeHh! TaKlKe Ha gaHHhIX, cogeplKaW1IX gmp<f>ynHhle TpeKII II rrepece'Iemrn. 

B naKJIIO'IeHIIe aBTOphl C'IHTaIOT CBOIIM 11011roM Bblpa::JIITI, r11y60Ky10 rrpunHaTe111,

HOCTb COTPYIIHUKaM CII6I:13MHP rrpoq>. B.E.Hocoay II ILA.ram(IIHY na rrocTaHoBKY na
ga'III 11 rrpegocTaBnemre aKcrrepm,1eHTaJibHh!X MaTep1Ia110B, a TaK;i.;e C.Barl!HllHY ( JIBT A 

OHHH) na rronenHh!e K0Hcy111,Taf1111I. 
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3a311061rna E.r., OcocKOB r.A. 
1Ip11Mene1111e nefipOHIIblX CCTCH B anaJIH3e AaHHblX 
BepTHKaJlbHOl'O 30HA11(JOBaHllll 11011ocq,epbl 

Pl0-93-404 

PaccMaTp11BaeTCS1 MOA11q>11Kau.11si xonq,lf.1lAOBOH nefiponnori ceT11 (XHC) AJISI pewenm, :1aAaq11 
o6pa6oTKII AaHHblX IIOHOCq,epHblX 113Mepe,mri, o6pa3yl01l.\llX TpCKl1 CJIO)KIIOH CTPYKyYpbl na q,one 
311aq11TeJibllblX noMex. IIOCJICAHee noTpe60BaJIO npeABapHTCJibHOH q>IIJibTpau.111111 C)KaTHSIAaHHblX, 
qyo 6blJIO BblnOJIHeno MCTOAaM11, OCHOBaHHblMII na np11Me11e111111 KJieToqnoro aBTOMaTa 11 MeAHaH
noro CrJia)KHBaHHSI. HcnOJib30BaJiaCb poTOpnasi MOACJ!b XHC, AJISI noCTpOCHl1SI naqaJibHOH KOHq>ll
rypau.1111 KOTOpofi npHMCHSIJIOCb YrJIOBOe rnCTorpaMM11pOBan11e B o6JiaCTl1 C pa3MepaMl1, onpeAeJISl
eMblMII cpeAHCH JIOKaJlbHOH Kp11B113HOH TpeKa. BeCOBblC q>yHKU.1111 CBSI3eH nefipOHOB CTPOIIJIHCb C 
yqeTOM 6JIH30CTH nanpaBJICHIIH poTOpOB K TpeKy B TOH )KC JIOKaJlbHOH o6JiaCTH. YAaqnblH BbI6op 
naqaJibHOH KOHCjJHrypau.1111 o6ecneqHBaJI 6b1CTPYIO CXOAHMOCTb CCTH K COCTOSIHIIIO, COOTBeTCTBylO
ll.\CMY rJI06aJibHOMY MHHHMYMY ee :meprernqeCKOH q,yHKU.1111, Onm6KH HTOl'OBOH HAeHTHq>J1Kau.1111 
TpCKOB COCTaBJISIIOT B CpCAHCM 5%. 

Pa6oTa BblnOJIHe11a B Jia6opaTOp1111 Bb[qHCJIHTeJibHOH TeXHHKH H aBTOMaTH3aU.HH OlUIH. 

Coo61I.1en11e O(YbCAIIHCHHOl'O 11HCTHyYTa SIAepHblX HCCJICAOBallHH. )fy6na, 1993 

IlepeBOA anTOpOB 

Zaznobina E.G., Ososkov G.A. Pl0-93-404 
Neural Network Application for Data Analysis of Vertical Ionosphere Locating 

Hopfield neural network (HNN) is considered as a mean for processing data obtained by 
ionosphere measurements. Data look like tracks of a complicated structure with a considerable 
background. That required preliminary data filtering and compression. Both are accomplished by 
applying a cellular automaton and median smoothing. The specially modified rotor HNN model is used. 
For constructing its initial configuration an angle histogramming is applied in a domain which size is 
determined by the mean local track curvature. Neuron weight functions are constructed as a measure 
of the direction closeness of rotors and "their" tracks. The proper choice of the initial configuration 
guarantees the network fast convergence to the stable state, corresponding to the global minimum of 
its energy function. Mean errors of the track resulting identification are about 5%. 

The investigation has been performed at the Laboratory of Computing Techniques and Automa
tion, JINR. 
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