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P11c. 1: KoH<purypan1rn Mo,nepHHa11poBaHH0:li: ycTaH0BRH llCTPA-M. -

PC - rrporropnHoHam,HLie RaMepLI; BM - rry'!ROBLI:fi Mal'Hl!T; VT - pacrra,llHLifi 

ofi'beM; GS - oxpaHHa11 ClICTCMa; DC - ii,pe:ll:q>OBLIC RaMepLI; SP-2 - <repeHROBCRllll 

crre1<TpoMeTp; SM ..::.___ crreKTpoMeTpll'l:ecK1rn Mar'ml:i; DT --' ,n;pe:li:q>0Bhle Tpy6K11; MH 
- MaTp11qnwii. ro,n;oCKorr; SP-1 - qepeHROBCKl!ii. crreKTp0MeTp; HC - a,n;poHHLifi 

Kanop11MeTp; µH _- MIOOHHLIH ro,n;0CK0II. 

1 O6ra;aJI xapaRTepHCTHRa p~60Thl 

1.1 , AKTyanLHOCTL pa6oTLI 

B 1975 ro,n;y HHcT11TyToM Jl,n;epHLIX l-:lcrn~,lloBa'Hnfi AH CCCP 6LIJia IIHHI(HHpoBana 

nporpaMMa nccne,n;oBaH1111 pe,n;R11x pacrra,n;oB 7f- 11 K-Me3oHOB Ha yCKop11Tene Y-70 B 

l-:1<1>B8 (r. IlpoTBHHo). YcTaHOBRa l-:ICTPA, a,n;eRBaTHaH peIIIeHHIO 3Tofi aa,n;aqn, 6m1a 

coa,n;aHa II ycrrenrno 3arryll(eHa na RaHane a,n;poHoB c 3Hepr11e:li: ~ 25 f::iB Ha Y-70. K 

ccpe,n;IIHC BOChMH,ll;CCHTLIX ro,n;oB na 3TO:li: ycTaHOBRC 6LJJia rronyqeHa cepnH llHTepecHhlX 

pe3yJihTaTOB no pacna,n;aM K-MC30HOB, 6oJih!IIaH qacTh H3 ROT0pLIX 6hlJia rrpe,llCTaBJICHa 

Ha MCJK,D;yHapO,llHLIX KOH<pepCHIJllHX II BOIIIJia B Ta6JIHI(hl 3JICMCHTapHhlX qacTHI(,'' 

B ROHI(C BOChMH,llCCHThlX fO,llOB ycTaHOBRa 6hlJia cyll(eCTBCHHO' MO,llepHH3HpoBaHa. 

ORoH'l:aTCJihHaH ROH<pnrypannH ycTaHOBRH l-:ICTPA-M, C03,llaHHo.tt B pe3ym,TaTe TaRo.lt 

Mo,n;epH113al(HH, IIORa3aHa Ha pnc,l. 

B 1992 n 1994 ro,n;ax Ha ycTaHOBRC 6hlJIO rrpoBC,ll;CHO TpH ceaHca, B TC'l:CHHC ROTO

pLIX Ha6paHo ~ 850 MarHIITHhlX JICHT 3RCIICpllMCHTaJihHOil IIH<pOpMaIJHH (~ 3.4. 107 

Tp11rrep0B). 

B CBH3H C TCM, qTO BCH "off-line" o6pa60TRa 3KCrrepiu.i'enTaJihHLIX ,llaHHhlX rrpOBO

,ll;HJiaCh Ha rrepCOHaJihHLIX ROMilhIOTepax, B03HHRJia HC06~o,llllMOCTh C03,ll;aHHH,fihlCTpOfi 
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ll 3R0H0MH0ii: CllCTCMLI o6pa60TRll, crroco6noii: 3q>q>eRTllBHO pernaTb 3a,n:a•rn, CBll3aHHblC 

C o6pa60T(COH 60JiblliOrO ROJmqecTBa HaROIIJICHH0ii: q>ll3nqecKOii: m1q>opMan;1rn. 

1.2 QeJIL pa60TLI 

~eJib!O HaCT0ll!D;Cii: pa60TLI l!BJllleTCll co3,n:a1rne CllCTCMLI "off-line". o6pa6onm 3HCIIC

pllMCHTaJibHbIX ,n:annLix; rroJiyqennhlx na ycTaH0BHe llCTPA-M. · O6In;aR cxeMa noii 

CllCTCMLI rrpe,n:cTaBJieHa Ha puc.2, r,n:e BbIJI.CJieiihl 0CH0BHhle ee CTa,n:1rn: Kam16pOB!{a JJ.()

TCKT0poB, peKOHCTPYRD;llH co6bITllii: u RllHCMaTnqecRnii: aHamrn. 

IlpocTpaHCTBCHHOii: peR0HCTpyRn;nn co6bITllii: rrpe,n:rnecTByeT o6pa60TJ{a pe3JJibTa

TOB crren;naJiu3npoBaHHbIX 3RCIT03nn;nii: (RaJin6poBoqHhlX n3MepeHnii:), npe,n:Ha311atJc11-

HLIX JI.Jlll reoMeTpnqecRoii: npllBll3Rll JI.CTCRTopoB, Roop,n:nnaTH0ii: RaJin6pOBKll TpeR0BblX 

JI.CTCRT0p0B ll 3HepreTuqecRoii: RaJin6poBRll cneRTp0~1eTpnqecRnx ·,n:eTCKTOp0B. 3a,n:a•rn 

rrpon;e.n:ypLI RaJiu6poBRll CJICJI.YIOID;lle: . . 

orrpe,n:eJillTb re0MeTpnqecRyIO npnBJI3RY BCCX Jl.~TCRT0p0B ycTaH0BHlf I{ Bhl6pannoii: 

o6In;eii: cncTeMe R00PJl.llllaT, T.e. orrpe,n:eJIHTb na6op ROHCTaHT, xapa!{Tepn3JIOIIJJ1X 

npocTpaHCTBennoe pacIT0JI0JRCHlle Jl.eTCHT0poB; 

onpe,n:eJillTb Ham16p0Boqnble R0HC:T,:tHThl TpeR0BbIX JI.CTCHTopoB, T.e. orrpe,n:eJillTb 

rrapaMeTphl q>JHRD;~ll npeo6pa30BaHllH aMIIJIRTYJI. CllrHaJI0B, II0CTJIIaIOID;llX ll3 Ra

naJI0B JI.CTCRT0poB, B l{00PJl.llHaTLij 
'. • , • • • ,, ~ I 

orrpe,n:eJillTb HaJin6poBoqnhle R0HCTaHTLI JillBHCBhlX JI.CTCRTopciB, T.e. orrpe,n:eJillTb 

l{03q>q>llD;llCHThl nepeBo,n:a aMIIJIRT~ cnrnaJI0B, IT0CTyrraIOID;llX ll3 CIICI{TpOMCTpU

qecl{llX RanaJioB, B aneprnu; 

onpe,n:eJIUTb nepe,n:aToqnyIO qiynm:uno crreRTp0MeTpnqecHoro MarnnTa, T.e. onpe

,n:eJinTb napaMeTphl q>JHKD;llll, ROTOJ>al! 0ITllCLIBaeT 3aBllCUM0CTb yrna 0Tl{Jl0Hennn 

3apl!lRCHHOii: qacTllll;LI rrp.u f;C rrpoxoJR,n:ennn qepe3 MarHllTH0C II0Jie OT BeJinqmihl 

llMIIJJibCa qacTllll;bI. 

· CTa,n:1rn npocTpancTBennoii:. peRoHcTpyRn;nn ( llJin pac110311aBannH o6pa:m) co6hl-rii11 

.cocT0llT ll3 anaJI.U3a. ll3Mepenni1 c n;eJibIO orrpe,n:eJiennn nan6oJiee BepoRTHhlx 3naqe11nii 

pa3Jinqnux · BeJiuqnn ,-- TaRHX. RaR l{00pJl.llHaThl, , rrpocTpaHCTBCHHhle yr;m, Hp11Bll3Ila 

HJill llMIIYJihC, 3HeprnH HJill 'cRopocTb·- ROTOJ>hlC JI.0JIJRI!bI 6blTb Ha3HaqeJibl.RaJR,n:Oii: •rn

CTnn;e 'JI.O H ITOCJIC B3a.UMOJI.CHCTBHJI., K TOMY JRe orrpe,n:eJI1IIOTCJI onm6rm, CBJI3hlBaeMhlC C 

l{aJRJI.0H ll3 3,TllX. BeJinq.un. PeROHCTPYRD;llH co6blTllii: 1Ip0ll3BOJl.l1TCJI :ia JI.Ba npoxo,n:a pa-

6oqefi JieHThl,. Bo. BpeMR nepBoro rrpoxo,n:a rrponcxo,n:~T rronpaBI{a RaJI116poBOtJHhlX HOH

CTaHT, CBR3aHHaR C H3MCHCilllllM11 napaMeTpOB 3JICRTp011lll{ll BO BpeMeun. OcnOB!lhlMll 

3a,n:aqaMn BToporo rrpoxo,n:a nporpaMMLI npocTpaHCTBCHH0fi peROHCTPYRU:1111 co6blTHii: 

HBJI1IIOTCR: 

reoMeTpnqeCRaR peROHCTPYRD;llH co6bITllii: -:- BOCCTaHOBJICHHC .TP<;Im~ 3apHJRCII

HLIX qacTnn; n. o~pe,n:eJienne Beprnnn pacrra,n:oB; 
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Ka,1116poHO'lllhic ;ienT1,1. 

l'cmw1:irn•1f'cHan np11-
H11:rna. ha,1116poH1,a TJJP· 
li0HhlX II CIICli'1°p0~IC'TJ)II· 

'ICCl{IIX )I.CTCJ{T0J),°H. 

l'c·oMCTJ>ll'ICCl{aJI np11-
H11:rna HaJ1116poH01IllhlC 

11011cTa1h1,1,. 11cpcJJ.aT01111a11 
ij1y11murn MarH11Ta. 

L - - - - - - - - - - - _,., - - - - - - - - - - - - - - - - - ,. .... ~ 

lfai'iu6poBKa ,llCTCKTOpOB 

.PeKOHC.TPYKUHJI co6blTHM 

RuneMaTut.JecKMM ananu3 

,----------------------------------, 

' 

Pa601111c ,1e11Thl. 

I lepc>C11i'T• 1ia,1116p0Bo1111hlx 
liO:➔ q1q111u11c11TOB lJ.,1JI 

,1a1111oii ,1CIIThl. 

cpPc1mTa11111,1c Ka,1n6po-
011111,1c H03cpcpnune11Th! Jl,1R 
n.a11noii. pa6otJ<'ii ,1c11Thl. 

J>cHii11npyH!lllH 

co61n11ii. 

<l>aii;1 li00J>JlHllaT .11 
p<'H0IICTpy11po1Ja1111hJX 
11a1>a~1cTpoB ro61,m1ii. 

'-----------------1-----------------~ 
r ,, . , , . , :. I ~ • - ~ 

O11p<'}lCJICIIHC' ll03MOllillhlX 
•• C .. THII0B 1!aCTllll. 

Bo:lMOlHllhlC l'IIII0TC3hl O 
HpOl(('CCC' + HIIIICMaTH

'IC'CHllf'. Tpe60Ba111111. 

l{1111eMa1;11•1ccii11ii dmT JlJIII 
Ha}l{)I.OH 113 H03MO~lillhlX 

rnnon'3. BM(?op 11an6011c•c 
II0)lX0/VllllCII I IHI0TP:ll,I. 

<l>aii:Jihl <fll!TIIJJ01lall111,1x 

Hai>aMCTJlOH C~6h!TIIJI., 

Puc. 2: O6iua,, CXCMa CHCTCMll o6pa60THH :➔ HCIICJ>IIMC'IITaJll,lll,IX )lallllhlX ycTall0BHII 

11CTPA M. 
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Bhlqnc-.1em1e 11.'.IIIl)',lbCOB :iaplliKCIIIlblX 1IaCTllll; 

pC!iOIICTpy1urn11 ,ll!BIICU B 3;JCKTpO!'.!afUl!TllblX ll aJlpOIIIIOM Ka.aopuMeTpax --- pac

II03UaBauue ,lllBIICll 11 Bbl 11l!C,1CllllC ux xapaKTcpucnrn; 
. ~ 

ycTaHOBKa peam.iuii JlCTCHTopoB HJleHTmpuKauuu THITOB qacn!ll na npoxom;1e1me 

qacTHUbl (,1.1eKTpOl1anmT11oro ll a]lpmrnoro Ha.aopttMCTpOB ll .'.IIIOOIIIIOro JlCT(~l{

TOpa). 

Ha CTa,111n Hll!Ie.'.l!il.Tll 1leCHoro a11a,111:ia pe3y,lbTaTL[ npoci'pauCTHCHIIOH pCHOIICTpyH

Ullll BllCCTe C 3aHOllalrn coxpa11e111111 HCII0,1b3YIOTCII ]l,111 l!IITCpnpeTaI{llll paccMaTpll

Bae:110ro B3alll!O,lXCllCTBllll. Km1e:11aT11qccHHH aua,111:i uco6xo]lllM )],JIii ll]leHTll<pUHa[.{Hll 
. . -

Ha11a,10B pacnaJ.{a, a TaHlKC Jl,111 yToq11e111111 HllllCMaTuqecHHX nepCMCil!lblX, COOTHCT

CTBYIOfilllX HaiK]lOll qac'rnuc. Ilo OTHJJllHaM JlCTCHTopoB JlC~aCTCII .i1pc~UOJIOlKCIIHC 0 

TllilaX BTOpllqllblX qacTll!.{. J1cXOJ.{/I ll3 3TOf0 BL[J.{BllfaCTC/1 B03MO}!{Ila/l r:l!Il0TC3a O npo-

1.{eCCe, Bc.aencrnnc qero. cpopMy.111pymTcn onpe]leJJemrne HnneMaTnqecHue Tpe60Ba1m11 

B Bnne coorncrcrnymn.inx. 3aHoHoB coxpancnu.iI. 3aTeM npoa~.iuncn tplfT c ucimnh:ioiia

nueM nux Tpe6oBanuii u uenocpe;xcTBenno lf3Mepeirirnx HoopnuuaT co61,1T1111. BoccTa-

110B.acmrne na CTa,lXlflf peHOHCTPYHl.{lfll napaMCTphl co6h!Tlfll lfCUOJJb3YIOTCII B HaqecTHe 

naqa,1bllil.X 311aqeuuii BO BpeMII cpuTa. Ilapall!CTphl co6h!Tllll, IIOJJyqcmthle IlOCJJC Hll

llCMaTUqec!{OfO <pHTa, xpa1111ic11 Jl:111 llX UOCJJCJ.(JIOil{CfO CTaTlfCTUqecHoro anaJJH3a C 

uc,1b10 113yqc11n11 mnepecymruero nponccca. 

1.3 Hayqmu1 __ H0BH3Ha H npaKTHqecKaJI neHH0CTL pa60TLI 

B XOJlC pa66T .HaJl CO~]laHnell!_ ClfTell!hl o6pa60T!{lf 61,1no pa:ipa60Ta110 p11n HOBhlX IlOJ.{XO

JXOB I{ pCIIICHl-110 3a]laq, CBll3aHIUdX-C ofipafioTHOll 3HCilepttll!eHTaJJbllhlX ]lalllib!X B o6JJaCTlf 
,h . " I . . . 
'l'lf311Kll BhlCOHllX 3Hcprnu: 

• a11a,1un1qecHOf0 npe]lCTaBJJeHlf/1 HO!l!IIOHeHT MarnnTHoro IIOJJII; 

• OUCIIHll llMI1,YJJb_ca 3ap11me1111oii qacTHl.{hl B MarHllTHhlX cneKTpOMCTpax; 

• IIJ)OCJ!ClKl!Ba!lllll TpeHOB qacrnn; 

e l{llIICMaTIP!eCHOfO anaJJH3a ·cofo,1Tnii:; 
i - ' ,.. . ' 

• MttnnMu;annH x2 cpyHHl.{no11anoa co cB11311Mu. 

. B ocnoiiy nnccepTaI.{lllf IIOJIOlKCHhl pa3pa60Ta11"11i.Ie ll!eTo,n;ii, HOTOpb!e Blle]lpe!Ihl If 

nc110,11;Jy10TCR- 1ipn "off;Jinc" o6pa6oTHC ]laHHb!X C ,n;eiicrnymmeii 3KC11epnll!eHTaJJbHOH 

. ycrn110H1rn .l1CTPA-M 11a yrnopnTeJic Y-70 11<l>B8 B r.IlpciTBIIHo.' 

Pa:ipa60Ta11111,1c anropHT!l!l,I II nporpall!ll!hl llll!CIOT call!OCTOIITeJibllOC 311aqeune, HO

c:sn y1111Hepca,1bllhl.H xapaJi.Tcp II MoryT 61,[Th IICIIOJlb30BaHhl ua ".npyrnx aHaJiornqnhlX 

ycTauoHHax. 
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1.4 Anpo6anm1 pa6oTLI H ny6Jm~aUHH 

.IJ:nccepTa[.{HII 11annca11a Ha OCHOBC nayqnb!X pa6oT, Bh!II0JIHCll!lb!X C ytJaCTlIC!I! aBTopa 

B JUIIl OI1RI1 B nepno,n; c 1987 no 1995 rr. Pa6oTbl [l, 2, 3, 4, 5], ua HOTOpb!X oc110-

Ha11a ]lnccepTal.{un, ony6nuHoaaHbl B nn,n;e cTaTeii B .1Kyp11anax "Nuclear Instruments 

and Methods in Physics Research", B ttaTeprranax Me.lKJ.!YHapo,n;nott HOHcpepem.tHH 

"Computing in High Energy Physics'92", B BJI,n;e npenpnnToB O.l1RM. Oc110B11ble pe-

3y,1hTaTbl ,n;ncceprnaHn JlOKJia]lh!BaJIHCh na uaytJHb!X ceMHnapax JIRII OMR.l1, JIBTA 

OI1R.l1, Ep<l>I1, 11<1>B8 (r.Ilpornnuo), na Memeynapo,n;nofi nompepem.irrn "Comput

ing in High Energy Physics'92". Pa6oTbl [6, 7, 8] Ta11.1Ke'n1,1non11e11hl B"paMnax pa6oT 

ua ycTaHOBKe .l1CTPA-M . 

1.5 O61>eM pa60TLI 

.IJ:uccepTa[.{HII COCTOIIT ll3 IIIITlf rJiaB ll ll3JIO.lKeHa na 80 CTpanm.iax, Bl{JIIQqa/1 30 pncyH

HOB ll CIIllCOI{ l.{HTHpyeMoii JIHTepaTypLI lf3 66 HaHMenoaami:fi. 

2 Co.n;ep.maHHe pa6oThl 

2.1 TiepBaJI rnaaa 

IlepaaH riiaaa _:_ aae,n;e11rre. 3,n;ecb 060CHoBLIBae-r~11 a11Tyan1,110CTh npoae.n;e11111,1x pa-

6oT. · Orrrrc1,1aaeTcn Mo.n;epHlI3HpoBaHHM ycTaH0BHa M CTPA__:M, lI3Jiara10-rc11 oc11oa111,1e 

3a,n;a•1u If oco6e11HOCT~ C03Jla!IHII CHCTell!LI o6pa60THlI 3HcrrepnMe111:aJibHLIX Jl~HHLIX C 

ycTaH0BKH. <l>opMyJinpymTCR I.{eJIH pa6oTLI n 0ilHCbl_B_aCT~II CTpJRTypa JllICcepTal.{Hll. 

2.2 BTopan rnaaa 

Bo BTopofi rnaae onrrcanLI 0T,n;en1,111,1e Y3JILI ycTaH0BRlI MCTPA-M, BLI6op o6II.{efi ClI

cTell!LI R00pJlHHaT lI _reoll!eTplitJeCRa/1 rrp!IBll3Ra R Hefi nam,n;oro ll3 JlCTCRTopoB ycTaHo

BHlI. Ilprrae.n;eHbl pe:iyJibTaTLI 3HeprCTHlJCC~ott RaJIH6poBHlI ~,n;noro ll3 ~epeHKOBCHHX 

cneKTpoMeTpoa non~oro' nornoII.{eHHII_ SP-2. O~!Ica;.m aa;oMaTH31Ipoaanna11' rncTeMa 

H3!1!epenntt MarHHTHoro II0JIII crreRTpoll!eTpHqecnoro MarHHTa ycTaH0BHH ll ll!eT0,Zl; ana

JilfTHlJeCROfO rrpe,n;c1'aBJienmi R0!l!II0HeHT MafHlITH0f0 Il0JIII [5]. 

feoll!eTpll;tJeC!{a/1 npHBll3Ha _TpeR0BLIX ,n;eTCRT0p0B onpe,n;en11eTC11 Bll!CCTC C lIX RaJI1I-

6poBOlJHLI!l!H ROHCTaHTall!H. 

Ilp~ orrpe,n;eJieHHH reoMe;rprrtJeCROil IIpHBll3!{H ro,n;ocKOIIJilJeCRlIX JlCTeRT0p0B (.ne

TeHTopoB C 11qeHCTOll CTpyHTypofi) HaX0Jll!TCII TaH!Ie reoll!eTpH'IeCKHe R0HCTaHTLI, IIplI . ' 

!{0T0pLIX ,Zl;0CTliraCTCII ll!aHClI!l!aJiblla/1 acpcpeRTlIBHOCTb perlICTpaI.{Hll tJaCTlil.{LI HlJefiKall!H 

JlCTCHTopa. 
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Ka.rrn6poBKa CIIeKTp0Merpa gp...:2 BI,JII0JIHeHJleTCJI cian.napTHhIM c11oco60M [9] C JI0-

M0IIJ;blO pacq>oKycnpoBaHHOrO nyqKa 3JieKTp0H0B C 3Heprn:eil: 10 r3B. CTaTIICTI!Ka ,O:JIR 

"off-line" RaJ!ll6pOBRH 11a6npa..'IaCb ,!l;JIH KaJKJ].0ro M0,n:yJIH 0T,O:eJibH0 IIpll 11a11paBJielll!0M 

B n;eHTp 3Toro M0,n:yJIH ny'IKe. : • 

C n;eJihlO II0BhlllieHIDI T0'IH0CTH HaXolI{,!l;eHHH KaJIH6poBO'IllhlX K03q>q>llIJlleHTOB .nc

naercn npe.nnapnTeJibHhlii oT6op KaJin6poBO'IHhIX co6h1Tllil:. 9ro CBJl3all0 C IIpllMCCbl0 

B llY'IKe 3JieKTp0B:OB .npyroil: 3Heprnn, C B03M0}KllhlMll yre'IKaMH 3JICKTpo.MarHHTII0l'O 

JlllBHH Ha Kpanx CIIeKTp0MeTpa n T.,!l;. 

·KaJIB6poaoqHh!e R03q>q>n11neHThl onpe,neJIHIOTCH ua MHmKecrne oro6pannhlx co6w

Tnil: nyTeM MllHllMH3aIJHll q>yHKIJHOHaJia 

X
2 = y (~a;A{ - En) 

2 

3.necb: j - H0Mep OTo6paHHOro. co6b!THJI; i - H0Mep C'IeT'lllKa; Af - aMIJJIHTy.u;a a 

C00TBe'fCTBYIOIIJ;eM C'IeT'IHKe; Eo = 10 f3B - 3HeprHH Kanu6poBO'IHOl'O ny,:rna; a;.--

llCR0Mble KaJin6poBO'IHhle K03q>q>n11nenThl. 

Ilp:tt 3Heprnn 10 f3B 3Heprern'IeCK0e pa:iperiien:tte cneKTpOMeTpa cocTaBJIJieT 4.4%. 

.l(JIH aHaJIRTH'IeCK0ro rrpe,n:cTaBJieHHH K0MU0HCHT MarHHTH0ro Il0JIH :, npHMCHHeTCJI 

H3BeCTHan IIO.lIBHOMnaJibHan Mo,n:enb [10, llJ. Ilpn 3T0M JJ.JIH .nocrnJKemrn Heo6xoJUIMOii. 

T0'IH0CTH 
0

BeCb II3MepeHHhlil: ofrLeM IIO,O:pa3,0:eJIHeTCR Ha Ky6H'Ie~Hlle ofri,eMbl' HOJIII'ICCTBO 

n pa3Mephl K<>Topux Bbl6npa10Tc11 B 3aancHM0CTH or Tpe6yeMoil: To'IH0CTll. Ta1mM o6pa-

3oM· .noc:r~raeTcn ·11eo6xo.n~irn.:a -ri>~n~cTh npe,n:cTaBJiemrn ':imMnoii-eHi Mar1111;11oro noJIH 

6e3 IlpHMeHeHIDI CJIOJRHhIX Mo.ne~eil:, Tpe6y10m;:ttx 6oJibIU0ro K0JIII'ICCTBa R0MilbIOTepnoro 

npeMenn n orreparnnnoil: rraMHTn ( cM., na11pnMep., [12, 13, 14l): 

2.3 TpeTLR rJiaBa .. 

TpeThH rnaaa II0CBHIIJ;ena MeTO)J;aM paCU03HaBaHHH o6pa3a co6hlTHH, npHMeHHCMhll\l B 

rrpon;ecce o6pa6oTKll 3KCrrepnMeHTaJihHblX .ziaHHhIX, II0Jiyqemmx C ycraHOBKll 11:CTPA-

M. Onacana npo11e,n:ypa aoccranoanenHJI TpeRa n llMIIYJibca ny'IKOBoil: qac;~IJ-hl. IlpeJ\

nomen 6onee 6h!CTphlil: ll IIpOCToi, ITO cpaBHCHHIO C panee II3BCCTllhIMH, MCTO)J;. Bhl'IHCJIC

HHJI nMnynhca 3ap11JKeHHoil:'qacrn~-M B Marn:ttTHhIX cncRTpoMerpax [l]. Ilpaaon1-1rc11 

anropnTM B0CCTaH0BJieHHJI 11poeKn;:ttil: npHM0JIHHCHHblX TpeK0B BT0pH'l!lhIX 3apR}KC!l

HblX ''IaCTHD; .no CIIeKTpOMeTpll'IeCKoro Marn:ttTa. OnncaH, anropl-lTM B0CCTanbaneIIIIH 

nonnoro 11pocrpancrne11noro rpeKa nropn'Inoil: qacTHIJhl, oc11cinlmmil: 11a 11pone,n:ypc 

npocJie}KnBannn nocne crreRrpoMerpn'IecKoro Mar11nra rrpocrpancTBeHuoro rpeKa •ia

CTHIJhl. Ilpaae.neno imacaHne "11po11e,n:yphl · Boccranon'nennn BepIUHHhl pacna.na nepBl-l'l

H0il: 'IaCTHD;hl. 8 3T0il: rnane, H3JIO}KeHbl TaK}KC anropHTMbl peKOl!CTpy1{IJl-lll JII-IBUeii' B 

3JieKTpoMarnnTnoM KaJiopnMerpe SP-2 n a.npoHH0M HanopnMerpe HC:'i3 1m1111c 11p1-1-

ne.nenhl rncrorpaMMbl 11eRorophlx pacnpe.nenen:ttii, I-IJIJIIOCTpHpy10111,1-1e pC3YJibTan,1 pc

K0HcTpyKn;Hn co6hlTHH. 
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11lmy;1bc rrytJHoaoil: tJaCTlll.\hI oucmrnacrcn no napa11crpalt rpcHa •iacr11uw noc,1e 

ny•moaoro 11_anmra If no xorn 61,1 o,111oii ro•mc• rpr1,a ).\O 11ar111na 113 coor110111e111111 

}11 - Y,, = C · ,\. 

f/.{(!: Yi, -- }' li00fl/.{111IaTa T0'llil1 TfH'lia, :iapPrncrpnpoBa1111oii Ha l!CliOTOpoil: IL10Cli0CTII 

;i:o 1ianmra; Y;, - - Y lioop;urnara ro•m11 rpc>Ha, npo;i:onilic>1111oro no ero·1iapal1erpa11 rro

c,1e MarmtTa ;i:o 3Toii. 11~1ornocn1 no npmmii; ,\ = ±I/ P - 06pani'1,1ii 11:i111y,1hc qacn1111,1 

CO 3Hali0M 3apn;i:a 'laCTlll.{M; C --' · liOJICTaI;Ta JJ.:JH ,1a1111oii_ 11,l0CH0CTII, li0TopaH npe,,1-

HapHTPJJbJI0 onpc;i:eJI11crc11 110 3Toii. me cjiopltym• 113 cne1111anh110 11a6pa11u1,1x co6un1ii c 

H3BPCTllblM 3Ha•ICIIHCJ\I JIMll)'Jil,C0H. 

Ilpu 3T0M II0JIY'!Pllbl C,1PJ\YIOIIUIC 011m61m onpPJ\PJJCJIIUI 1n111y,1hca (Bli;JIO'lan· oiu1161il1 

l'C0MCTf)ll'ICCHoii IIJ>HHH3HH Jiall('p II Olllll6Im 0IIJ>P/\P,1PIIIIH HO0p,D.llllaT): bf'/ p ~ ·o.l 
llpll llMIIYJil,CaX 25 ·r3B/c H 8/'/ I'= 0.06 llpll l!Mlly,11,cax 10 !'3B/c. 

11 pH Bi,l'IIICJ!Clll111 ttMIIYJJl,C-a HT0J>ll'Illl,IX ,,acTHU 11Cl10,1b3)"CTCJI C00TII0IIICHHP 

Oyz = .\f(xo,Yo,x~,y~;.\), 

1',l\C Oyz - ,yron 0TKJI0IICIIHR •1aCTlll\bl H IJJIOCK0CTtt, nepnc11;1nHyJI11p11oii "r;1aB110ii- limt

niucnTc Manmr11oro JJ0JIH, A = p-t, a I- 11cnpeph!BII0 ;i:mp1pcpe111u1pye11aJI <l>YIIHIUlH 

nepeMCIIl!hJX B CK06Hax. 

).{nn qiynm11111 f 0ThlCHllBaCTCII pa:rnmHl'llttC B pH)\ Tl'iiJiopa · 110 1111Tl1 IIC'JlPMl'IIIIMll 

xo, Yo, _.i:~, Y~, .\. 
/{nn 11axmH.ne11nn uo31pqrn1111c11-roa :noro pa:1;101Ji1•111111 n•11ep11pyeTrn q>aii;, c-061,1-

THii. cj>H3H'ICCl{OJ'0 11ponccca C Y'.lt'ToM BCCX }\CTaJJcii ycraH0BKH. TpaCJffOJlHH •1acTI1IJ 

pacc•mTuaamTcn 110 Mero,n:y Py11rc-l{yTTa c 11c110J1h30Hanue111 a11aJI1-1r11•1ec1ioro 11pe;1,

craane111-111 l{OMII0IICIIT MarJll-!TIIOf0 IIOJIH [15]. J1MCH 3I1a•ie111-1JI Oyz, COOTBCTCTB}'IOIJUI(' 

KaJK}\0My ,113 ua6opoB Xo, Yo, x~,. y~, .\,, onpel(C,11110TCJI H03q>q>ttl(llel!Thl pa3,10iliCIIHH 
q>HTHpOB~IIHCM MIil{. . 

}{oJlll'lCCTBO Yl\CplHHBaCMblX 'IJICII0~- pa3JIOJKCIIH11 If CaMll .•IJICIII,I 0llf>t'/{PJIHIOTCH0 3it-

11llpH'lCCJ{H, cy.nn 110 T0MY, HaK 0llll BJIHRIOT Ila T0'III0CTb 01\CIIKH ll~llly,1hca. 

B ttTorc pacc•ICTOB Mbl 0CTa!I0HHJlllCh 11a a1111poKCJ1Ma[lllll C Jll('CThlO 1{03q><jlttl\lll'II

TaMtt (H pa3JIO}KCIIllJ:I f BXOJVIT CTCllCllll A IIC BJ,IIIIC ncpBoii). 

Pa:1pa6ora11111,1ii MCT0/{ BI,I•IIICJI<'HIIH ~M11ym,ca :iapmKCIIIIOii •1acTll1.{l,I B Marl!IITJll,IX 

CIICHT(l0MC'I]lax 6oJJCC 3H0II0MCII 110 cpaBl!l'lllllO C nmpoH0 lll'II0Jlb3Y<'MldM H nacT0IIII\C'C 

HJJCMJI MCT0/1,0M pa3JIO}KClll1JI H PJI/\ HO ll0Jll!II0MaM llcfihlIIICBa [16]. B cpaHIICIIHII C-IIIIM 

om1cal1I1hlii. :1,n.ccb MCT0)J; ;i:acT Hhllll'pl,1111 B 'IIICJIC K03q>q>HllllCIITOB 60,1cc )ll'~!'Ha. nopn.noK, 

B 'IHCJIC MaUIIIJllll,JX oncpa11,11ii. - Ilf)ll6Jil!3llTCJibllO na .naa 11opn;i:Ha ( CM., 11a11pm,1ep, 

[I 6, 17, 18, 19]). I{ T0MY }KC OIi o6Jial(aCT 60JiblIIOii. npocrornii. 

KpoMc :➔Toro\,cro.n II03H0JIIICT Hl,l'IIICJlllTb llt.lllYJibC '!aCTlll.{hl ne T0,1bli0 no yr;1y cc 

OTIUIOIICIIIIII H Marlll!TII0M II0JJC (r,c. 110 napaMCTf/al\l rpcKa J\O If II0C_JIC Manmra), 110 

II 110 napaMC'TpaM TpcHa. /\0 Mal'llllTa If T0JJl,H0 no, O}\l!Oii. T0'IHC Tf)CJ{a rroc,1c l\lal'JllfTa. 

Mc-ro;i: npoHl'fll'II Ha /IBYX MarllHTIIMX C'lll'HTJ>OMC'Tjia~. 
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.\leT01l B0CCTaII0B,1CHIHI np0CH)llfi1 Ha11.n11.naT0B TpCH0B BT0plf'HlblX 3apnlH_CIIHI,IX 'Ia

CTl!ll .il0 CIICKTpOl!CTpH'ICCH0ro MarJllfTa ana,1or11•1e11 MCT0l\Y nmypoB. 

TTp11 uo11cHe 1peK0B y>i11TL1BaeTcn To, 'ITO Tpe1rn BTopu•mLix 11acTHJl upe.nc-raannIOT 

co6oi1 upn111,1e ;JHIIHlf, H0T0pble pacX0,ilflTC.11 no l!Cpe y,1a,1eJIHII OT HCJ)IIIUIII,l pacna.na. 

C;ie.noBaTe;JbJIO, II,10TII0CTb T0'ICH, o6pa3yJOllllfX 'TpcH, B c,1yqac IICCJ{O;JbHHX TJ>CH0H 

y11e11i.mae1c11 HO. 11epe yJta,1c1111n OT BCplIIHIJI,l, 1103TOllY II0HCH TPCH0H 11a•mnacrq1 C 

II0C,1CJ!J!HX ll,10CH0CTCi1 TpCK_0BhlX ;1CTCHT0J>0B • 

.Kpm1e 3T~ro· TpCKlf. BT0pll'IHhlX 'IaCTltl( BblX0)J)IT 113 K0IJlta pacua.nnoro 06-1,fa1a, 

II03TOllY II0lfCH T0'ICH TpCK0B 1Ip0HCX0;11fT H IICK0T0pOll,I JmHycc II0lfCHa, BCpllllflfOH H0-

Toporo l!B;JHCTcn uepBan su6pamian T0'IHa 1peHa, a ocnoBaHtteM -~ uone1t pacua.nnoi1 

Tpy6bl. 

no 11epe .no6aB;JCHHH T0'ICJ{ B TJ>CH ,1H6o cymacTCJI H0IIYC II0HCHa (rrp11 II0l-lCJ{C 

TpCThCi1 TO'IHH), .1~60 upe){cHa3blHaCTcn To•ma (upu II0HC!ie 'ICTBepToi1, IIIIT0ii H T.l{. 

TO'le!i) na C;JC.llYIOlll~H_ JJ,10CJ{OCTH nyTe'.\I rrp0BCl{CIIHII rrpmmi1 no yme 0106pa1111blM B 

Tpc!i (Tpe:-.1, 'ICTblJ)e:\I H T.,n.) T0'IHaM. TaHoi1 rrpe.nsapHTC,1bllblti OT6op II03B0JJIICT 

pC3({0 C0Hpan!Tb 'IUC;J0_ Han.nu.n~T0B B TJ>CH H ycHopHTh nponccc l!0lfCHa. 

Bs11.ny 6o;Jblll0f0 H0;Jll'ICCTBa irnn.nu.naTOB B TpCHlf rrpouccc HX OT6opa rrpoB0){HTCH 

.nu11a'.\1H'ICCHlf, no l!Cpe naK0IIJICHlffl HaJI){H.llaT0B. 

TccTttpoBaHHC anrop'inMa B0CCTaH0BJICJ!lfn I1pOCH)lHi1 Han.nu.naT0B TpCH0B BT0pH'I

IILIX qacnnt !IJ>0B0){HJI0Ch Ha_ CM0){CJllfp0BaHH0M !pll3H'ICCKOM rrpo1tecce. ITptt M0,ne

,1up0Balllfll 6L1JJa BBC,UC!Ia B03M0lH!I0CTb perynnpoBHH ypoBHH cpona, 3<p<peKTHBHOCTI! 

perucTpaunn IIJIOCHOCTCi1 TpCK0BblX ){CTCKT0p0B H pa3Ma3LIBaHHH HCTHHHLIX T0'ICH Tpe-

1{0B na c,1y•1ai1nyJO Be,1n•m11y, pacrrpc.ne,1c1111yJO no uopMaJJbH0MY JaimHy c Ja){a1111oi1 

omn6Koti. 

/J,111 rrpoBcpHn Ha11ccTBa pa6011,1 anrop11TMa _B mecnmx ycnosnnx, M0){ennposanne 

61,1,10 npoBC){CH0 C ypOBHCM <pOJia 100%, 200% n 300%, 'ITO BO MH0I'0 pa3 npcBbllIIaCT 

paCC'ICTHbli1 ypoBCHh, HOT0phli1 MCHblllC, 'ICM 24%. 
)l,111 co6blTHi1 C 0){HOH·HT0pH'IHOi1 'laCTHl(_ci1 rrpu 100% ypoBHC qioua n OlllU6Ke perH

CTpaunn T0'ICH 0.06 CM 3!p!pCKTHBHOCTb B00CTaH0BJICHHH HCTHH.HLIX TpeK0B °COCTaBHJJO 

II0'ITH I 00%. 
I{po:11e 3TOI'O B 12% co6blTHi1 BLIJJ:CJJHIOTCH JI0lHHblC TpCHH (KOTOphlC, O)UlaK<>, IlCHJJIO-

'laI0TC/1 II0C,1C npo1te.nyp1,1 rrpoCJJCJHHBaHHH TpCKOB). . , 

Ilpn rrp0CJJClHUBaHUH rrpocTpancTBCHH0ro TpeHa II0CJIC MarHnTa· HCX0){HJJH HJ Toro, 

'ITO napaMCTpbI npocTpaHCTBCIIII0I'0 TpeKa 'laCTH)lbl ){O MarJJHTa H T0'IHa 3T0I'0 TpeHa 

II0C,1C MarHHTa 0/(II0J!Ia'IHO Ja,naJ0T HMHYJJbC ,non 'laCTHl(bl. Cn'e.nosaTCJJbHO, II0CJIC 

MarUHTa .ll0JllKHhl 6b1Tb BblJJ:CJJCHLI TC TO'II<H, H0T0pbIM COOTBCTCTBYCT 0){HHaH0B0C (a 
npc11enax-su6pa1moi1 omn6Hn) Jnaqenue nMnyn1,ca npn Ja,n;aHHblX napaMcrpax TpeHa 

.no ManmTa. 

n p0CJJClHHBannc TpcHa H0CJJC CHCHTpOMCTpH'ICCHOI'O ManinTa rrposo.n:HTCH MCT0){0M 

npc,ncHa11,1Ha11nn. )lnn npc,ncHaJaHHH T0'IHH TJ)CHa Ha HCHOTopoi1 IIJJOCHOCTH nocne 

MarnuTa HCH0JJbJYCTCn ncpe.naT0'IHaH cpyHH)lHH MafHHTa - cpy1munn, 0HHC_LIBaJOl)lan 

3aBHCUM0CTb MC}KJtY napaMCTpaMn' -r'peHa .n:o MarunTa, HMIIYJJbC0M 'laCTil)lLI H TO'IKOi1 
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TpCHa na IIJJ0CK0CTH II0CJIC MarnnTa •. 

Ta1mi1 II0){X0,U II0JB0JI.IICT onpC){CJJHTb rrapaMCTpLI TpeHa II0CJJC Marmna .n:aJHe no 

OJtll0i1 cmmcTBCHHOi1 T0'IHC (JtJJ.11 3Toro Bbl'IHCJI.IICTCH HMrryn1,c 110 3Toi1 T0'IHe, a JaTeM 

oupc.nennCTCH ente o.n:Ha T0'!Ha TpCKa 110 BLl'llICJJCHH0MY IlMIIYJJhCY C IICII0JJh30BaHIICM 

nepe.naT0'IHOi1 cpyHH)lHH MarHHTa). 

O.nuospe.MCHHO, rrpu npoCJJClHI!BaHlrn TpeHa 1Ip0IICX0){HT IIJJ:CHTil!pIIHal(IJH X II y 
rrpoemtnii npocTpaHCTBCHH0I'O TpCKa, BLl'llICJI.IICTCH HMIIYJJhC 'l~CTill(bl II ycTaHaBJJIIBa

CTCn I1pH3HaH, orrpe.n:eJI.IIJOl)lHR B03MOlHHIJll TUii '!aCTill(LI •. 

TecTnposaHnc anropnTMa 11pocnemnBaHHH 11po1c10.n:nnoc1, Ha cMo.n:en_npoBaHH0M cpn-

3H'ICCK0M npouecce. Ilpn M0.11:CJJHposaHIJH 6L1JJa BBC){CHa B03M0lHH0CTb peryJJI1p0BKII 

ypoBirn cpona, 3!p!pCHTHBHOCTH perHCTpaI(Illl IIJJOCHOCTCll TpCH0BblX .n:eTCRT0p0B II pa3-

Ma3L!BaHHH HCTHHHLIX T0'ICK TpeK0B Ha cny'lai1HYIO BCJJII'IIIHY, pac11pe.n:eJJeHHYIO 110 

H0pMaJJhH0MY JaK0HY c Ja,naHH0i1 OlllH6Koii:. 

)lmI rrpoBCpHn Ka'ICCTBa pa6oTLI anropIITMa B mecTKilX YCJJ0BIIHX, Mo.n:ennpoBaHIJC 

6Mno npose.neuo c ypoBHeM cpoua 100%, 200% II 300%, 'ITO so MHoro paJ 11pes1,1maeT 

pacC'leTHblll ypoBCHh, K0TOpLlii l\lCilbllC, 'ICM 24%. 
)lJJ.11 co6L1TIIll c 0){H0ll BTOpH'IH0ii 'laCTHI(Cll npn 100% ypoBHC !pOHa II _OlllII6He 

perncTpa1tnn T0'ICK 0.065 CM 3!p<pCKTHBHOCTh pacJJOJH'aBaHII'n TpeK~B COCTaBIJJJO_IIO'ITII 

100%. . . 

ITocne Toro, Ha.R BL1,neneuL1 TpeH 11epBII'IH0il '!aCTIII(bl n see Kau.n:n.n:aTbl ~ TpeKU BT0-

pnq1m'x, 'la~~Illl, HC06xo,nnMO OITIJC.ll,CJJIJTb H00p.ll,IIHaTbl BCpilllIHbl paCIIa.D,a IICpB~~HOll 

'laCTH)lhl
1 

II rrapaMeTpLI TpCKOB 'liiCTill(, BLIX0,n;Hl)lIIX H3 3T0ll BepmIIHLI. , . ,· 

Bee TpCH0BLIC ){CTCHT0phl ycTaH0BKII ycrauoBJJCHhl BHC B03.11:CllCTBIIH MarHHTHoro 

II0JJ.11, II03T0MY TpeH rrepBII'IH0ll 'laCTHl(bl H BCC KaH.Zl:Il.n:aTbl B TpeKII BT0pH'IHblX '!aCTIII( 

HB~JOTCH 11pH~o~nueilHLIMH II· 11p~:ncTasJJ.11JOT~ ~ Bn.n:e: ' 

x = Ax + Bx · z, B X 11poeHJtHII, 

y = Av + By · z, B Y 11poeKl(IIII. 

Il Ja){a'la JaKJJJOqaCTCH B cne.n:yIOIJlCM: Ha.no· 011pe.n:enIITh ~oop,zurnaTbl Xv, Y,,, Zv sep

illIIHiii II 'yrJJbl HaKJJoHa Ham.n;oro Tp~Kii Ta~:• '1~061,1 cyMMa paccT0HHHil Mem.n:y T0'IKaMn 
j . '. ' ... 

TpeHoB rrpn Z = Zv 61,1no 61,1 MIIHHMaJJLHblM. · . 

9Ta Ja.n;aqa. peruaCTCH C JJ0M0ll(h!O MHi'IIJM~3al(IJH <pYHK~IJOHaJJa 

ht,(~ (•+BH!~; z.)-x/)' +f, (+ aH?Y,~ z.)-Y;')') 
r.ne: 

xt, zt - XII Z H00p.11:IIHaTbl i-oil Il3Mepeii~ofi: T0'IHII k-ro TpeHa 110 X 11poeK

l(IIHj 

Y/, z; - Y H Z Koop.n:nHaThJ j-oil Il3MepeHH0ii T0'IKH k-ro TpeHa 110 Y 11poeKl(Illlj 
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Ux•, Uyk - onrn.6m1 H3Mepemrn K00p,l(HHaT X;k H Y-k, C00TBCTCTBeHH0 (0.06 CM 
• • J, - - • J . 

,l(JIH Bcex ToqeK,' H3MepeHH1IX no PC H 0.1 CM ,l(JIH Bcex 'foqer<, ll3Mcpemn,1x 110 

DC KaMepaM); , -

M}, M? - K0JIHqecTB0 H3MepeHH1IX To~eK na k-oM TpeKe no X u Y npoem:1.uu, 

C00TBeTCTBeHH0j 

N - K0JilrqecTB0 TpeK0B, BhlX0MIIlllX H3 Bep1IIHH1I pacna.na; 

11 3 + 2N' qiiri11pyeM1IX ~apaMeipo~: 
<' ,., , '·' 

Xv, Y,,, Zv - Koop,l(HHaTM Bep1IIHH1Ij 

B'x, B} :-- yToqHennhle napaMeTp1I k-ro TpeKa B npe,ncTaBJiemrn: 

x_,~ Xv+ B}(z - Zv),'B X npoeRillI~ k-ro TpeKa, 

y = Y,, + Bt(z - Zv), B Y npoeKilHII k-ro TpeKa. 

Ec.irn. nocJie MHHHMH3_allHH q>JHKilHOHaJia 3naqe1me 1iopMaJIH30BaHHOro x2 
6oJihlIIC 

r· -, f :., 1 ' ' · , 

neKoToporo noporoBoro 3Haqenu:n, To aTo 03naqaeT, qTo cpe,nu: Bhl,l(eJieHIJhlX Kan,nu:,n;aToB 

BO BTopu:qHhle Tp,eKH ecTb "JIOJRHhlii:" TpeK, T.e. TpeK, K0TOphlii ne BLJX0,l(llT H3 BCplIIHl!hl 

pacna,na. B 3T0M CJIJ'Iae H3 Bcex KaH,l(H,l(aT0B BO BT0pHqHLJe TpeKH HCKJIJQqaeTCH ll3 

.l(~Jihirett~ero paccMOTpenu:R TOT TpeK, K0Top1Iil:, .ziaeT MaKCHMaJihHLiil: B~Jia~ B .:? n 

ff(J0~O,l(HTCR n0BT0pHoe q>HTIIpOBaime HCKO~MX rrapaM~TpOB 6e3 TOqeK 3TOrn ,, JIQ}~Horo" 
' ' • • ,: • • - • , .• • > • '- I~ 

TpeKa. ,, 

AJiropnTM peKOHCTPYKilRll JIHBneft B cneKTpo11,eTpe SP__:2 oc:~oBM~a~TCI.l Ha ~eKoTo

P!ifX npe,nnoJioJReHHHX 0 CTPJKType 3JieKTpOMarHJITH0ro JIHBJIH '( i:u:rna11a OT 3JICKTpo11a 

H ,-KBaHTa) B CllCKTp0MeTpe, TaKHX KaK K0JIHqecTB0 nqeeK, 3aHHMaCM1IX KJiaCTCp0M 

3JieKTp0MarHHTH0ro JIHBHH, C00TH0IIICHHC MeJR.l(y BCJillqu:HaMH aneprOBhl,l(eJieimil B pa3-

H1IX Rqeil:Kax KJiacTepa n ,np. 

Ilpu: Il0IICKC KaJR,l(0ro H0B0ro JIHBHR cpe,nu: BCCX cqeTqHK0B cneKTpoMeTpa onpc,ne

JIHCTCH C'IennR C ifaKC:1IMaJibH1I~ aiieproBLI,l(eJie1ineM ·_ IlCHTp JIHB!IH. 3'~Tel\l. llillCTCH 
' ·.• ' ., ,;' '_, ', ,,.:- ;·,.- ! 

nenTp .zi:pyroro JIHBHR, nepeKp1IBaromerocH c ,nanHI,IM. 

Ernu: TaKoro JIHBHH neT, TO nepBhlll JIHBeJib c.\::U:TaCTCH H30JIHp0BaHHhlM H npOBepR

JOTCH JCJI0BIIH, R0T0p1IM ,no~eH J,l(OBJICTB~p~;b aJieRTJ>OMarHHTHMH JIHBCI!h •. 

-EcJIH HMeeT MCCT0 nepeKp1ITHC ,l(BJX JIHBHCH, TO npoHCX0,l(HT pa3.l(eJienu:e 3THX ,l(BJX 

JIHBneil:.' AJiropnTMOM p~KoncTpyKnu:11 JIHBHCH npe.nycMoTpeHo pa3,n;eJI~11ue qeTLipex 

BH,l(0B nepeKpLITHH 3JICKTp0MarHHTHhlX JilIBHCH B 3aBHCHM0CTll 01' J{OJIHqccTBa cqepm

K0B B nepeKpLITHH. 

.n;irR KaJR,l(oro B0CCTaH0BJICHHoro JIHBHH no 3Hepr0BLJ,l(CJICIIHHM B cqcTqimax Bld 11ll

CJIH_CTCH ero aneprHR, X H Y ,R00p,l(HHaThl (no IlCHTPY-_.THJRCC:Tll) [20], a Tal{JRC CJIOB0, 

co,nep~amee HHq>0pManu:ro' 0 JJHBHC ( 06 yTeqHax 3Hepr~H 3a rpa11mu,1 CIICllTp0MCTpa, 

0 CTCIIeHH nepeHphlTlIH JIHBHCH H T.,l(.) 
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CTpJKTypa a}lp0HH0J'0 Ha;ropttl!eTpa 110:1B0,11ICT pacnroTpCTh cro KaK CC'.\lh CClillHII 

ll,10CHOCTCH II'!CHCTOii CTJ>j'lffj'Jlhl, paCIJ0,10i!.CllllhlX BJ).0;Jb 11anpaB;re1m11' nyqKa II 

- - ·>o •Jo 2 [•J 1 ·>'>] C0CT0Hll(HX ll:J I X I Il'ICCli J)a3'.11Cp0ll - X _ 01 _ • -- . 

11:i-:ia 60,1blllttX pa1:11cpoB H'!PCli Ha.1opu:11eTpa 11 60.1h1IIoro nonepequoro, pa3:11epa 

pa3BHlla!OU(llXCII B lleM a}lp0IIIILIX ,1Hlll1Cii. ToqnocTh onpc}le.1c111rn KOop.11.ui1aT ;nrnneii 

IIC}l0CTaToqna Jl,1H Toro, 1no6u ycTaII0BHTb C00TBCTCTllllC '.\ICiliJI.Y npocTpancTBCilllh!ll 

TpCH0ll BTopu•1110ii qacTHJ(hl U a}lp0llllhl'.\I ,1llBIIC'.\I ll l{a;ropu:11eTpC. :\hoonhl ;Ke. npo

xo,nnmue •1epc3 a.n;ponnhlii Ha,1opu:11e-rp, on::.aB;JRIOT cnrna,11,1 T0,1bH0 ll H'leii1.ax, •1epea 

K0T0pl,IC 0IIH npo111,1n, BCJJe}lCTBHP •wro '.\110011 B 1,a,;10p11:11eTpC Bh!,ne;rneTCH C BhlCOK0li 

na}lClHHOCTblO, a H00pJlHllaThl '.\IIO0lla ua BX0JJ.C ll Jia.1opn:1teTp 01IpPJlC,1HIOTCH C T0'IH0-

CTl,IO /(0 pa:rnepa O}l!IOII 11•1dilill. 

llo:➔T0M.)' lljlll j>CH0IICTJ>YHl(Hl1 ;!lll!IICM fl a,1po1111m1 Ka.1op11MeTpc C11a•1a.1a BW.11.C',1H

IOTC'JI ClffllaJIM OT MIOO!Ia, a 0CTaJll,110(' :➔ IICJll'0Bl,IJ((';l('flJI(' ll Jia.1opHMCTJ>C' 11p11c»a1rnaPTCJI 

a;1.po11y. 

Ilpu 3T0M Y'IIITJ,lllaCTCJI Tai{}!{(' TO, •!TO Tpac1nopm1 MIO0Ha, BX0}lHl!lero B anepTypy 

HaJlopHMCTpa II0}l yr.rioM, l\10)1{('1' ncpeiiTH U3 O}ll!Ott 11 11eliHH na C0CC'}llllOIO 110 '.\!Cpe 

npoxom}lCllllH B,ll0Jib HaJiopl!MCTpa 11 'IT0 curna,1 OT 11po1n1HaIOU(CJ'0 l\ll00!la ll CpP}lllC''.\1 

C00TBCTCTBYCT 3Hcprnu a}lpo11a Ol!0JI0 I. 7 )'31J_ 

B pP-3JJJhTaTc pe11011cTpymiuu ro61Jn1ii cm~a1.'TCH cj>aii,1 1mop,1m1aT u peH011cTpy-

11poea11111,1x napaMcTpoB co6IJTllii (napaMCTpOll TPCll0ll. IIMll_)',11,C0ll 'laCTHI].. Bep1111rn 

pacna;(oll, anepruii ll H00!)JlHl!aT JlllBHeii U T./l-), l{OTO!)Mii UCII0Jlb:lyeTCJI J(,1JI KIIIIC~la

Tll'!CCH0l'0 allaJIH3a co6h!THii. 

KpoMC 3Toro C03}la!OTCH TaKlHC HCK0T0phlC BCII0M0I'aT<•Jibl,11,1(' qiaiiJihl: 1Ip0TOH0,1bllhlii 

cpaiiJI, cj:>aiiJI pacnpcJ].CJJCIIUtt u llP-
B <paiiJI 'pacnpe}lCJJCIIHii 3aJJllChlllalOTCH MaCCIIBhl IICH0T0phlx pacnpe}lC,1CHHii. l{()

T0phlC na6upa!0TCH B IIp0llCCCC pcK0IICTpyHI(llU co61JT1lii~ Ta1mP pacnpe}lC,~CIIII~ no

M0ralOT CJICJlllTL 3a X0,l(0M pCH0IICTPYKilHll, a_ Ta!UHC 3a uaqecTB0l\l pa60Thl pa3,11l'lllldX 

j'3JI0B ycTaH0lll{H B nponcccc na6opa 3HCIICpHMCIITaJil,HOii' uncjiopMal(l!ll. 

J3 l{QIIJ).C TJ)CTbCH r.nalll,I IIJlHllC/(elll,I l'IICT0!'paMMhl IIPH0T0phlx ll:J Tami~ p~n1pP,7l('

JJCllllii. 

, }lJIH rpaqiu•1cc1wro llh!BCJ}la, IIC'o6xo;tttMoii nncj><>pMa11.11n }lJIH 11cpcona,1L11blx Km1-

111>10TcpoB a}lanTttpottan H3llCCTHhlii rpacj>w1ccirnii 11aHCT I'PA<I>OP [23]. B naHPT ;106a

BJ1e110 IICCl(OJlhl{0 ll0lll,IX II0JlllJJ0l'j)aMM J].JIJI i'1a1160JICC IIOJIIIOrO llCII0Jih:lOllaJIHH ll0:11\IOili

HOCTCtt ncpconaJILllhlX l{OMIIblOTCJ)OH. 

2.4 "C.Je'TBepTaJI rJiaBa 

llcTBCJ>TaH rnaea II0CllRlllCHa :ia}la•ie HllllCMaTll'IC'Cl!Oro ana;rn:1~ -co6h!Tllii '_ IIOGIC'

/ll!Ctt CTa,n.uu ll 11po11ecce pacno:rnallallllJI cjlll3ll'ICCl!OI'O COOblTJIJl.''O11;1ca1{110Bblii 1i~;~X~Jl, 

I{ npo6JICMC HllllCMaTH 1 ICCl{Of'0 cj>IITa, f{OI'}la cjrnT c IIJilll\l<'H('lllieM l!CTO}la MllmKIITCJietl 

JlarpamHa 11poHO}lHTCH c uc11om,:ioua1meM 11e11ocpCJlCTHe111lo ll3l\iepe11m,1x H<>OJ>JlHllaT, a 

IIC ll0CC:TallOllJl<'llllldX 110 llllM napaMeTpoB co61,1TlfJI (HP!)lllllll, yr.i1oii', llMll)',1hC'ae u T.'n.); 
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TTepB!Pllla/1 
n11cpop~iamrn 

HattTn 1mop11n11an1 

co61,1nrn 

I\oop11m1an1 

OCCTaHOBHTb H~IIIYJJb

Cbl,BCpII!Hl!bl ••• ,OIIIH6Rn 

I\n1Ie11aTnqecRHH 
a11a,1H3 

"McTHHwe" 

co6MTH/I 

(a) 

fnnoTe3hl " 
ITcpBl!'!lla/1 

nmpo1nra[ln11 

HattTH HoopilHHaThI 

co6h!THH 

l{oop11n11an1 

KnueMaTnqecRHH 
aHaJJH3 

"McTHHb!e" 

co6b!THH 

(6) 

l'nnoTe3hl 

Pnc. 3:.Tpa11n!lno1111an (a) n npe11naraeMan (6) cxeMilo6pa6ornn JiaHHI,IX. 

HaR 3TO JIC.:JaCTCH TpaJIH!lHOJIIIO [2]. OJIJIOBpeMe!IHO H3JJOJKCII HOBMH, 6onee 3KOIIOM!lhlH 

MCTOJI peIIIeJIHlI 3aJiaq IIOJI06Horo THna, KOTOphlfi npHB0JIHT I{ yMeHbIIIe11n10 BMqncnn

Te,1bHMX 3aTpaT H npilMeHHM I{ 6onee IIIHpOKOMy J{JJaccy 3aJiaq no cpaBHeHHIO C MCTOJI0M 

MHOiHHTc,1eii Jlarpa11JRa [3, 4].' 

TpaJlH[lHOH!lalI cxeMa o6pa6ornn }1aJIHblX BblrJIHJIHT rrpHMep110 Tai{ (pnc.3(a)): BHa

'Ia,'Je npoB0JIHTClI reoMeTpnqecRaH peK0HCTPYKllHH co6b!THH, T.e. npn IIOMOll_(ll J{0OpJIH

HaT TPCKOB uaXOJl/lTCH yrnu, ~M_TIYJJbChl, J{OOpJIHHaTbl BepIIIHH co6MTHH n T.Jl. 3aTeM (n 

no lIB,'IHCTClI cpyHl{[{HeH HHHel\taTHqecRoro cpnTa) npn orrpeJieJie!U!hlX rrpe11rroJJoJRe11nnx 

0 THIIC 11po1{ecca rrpOBOJlHTCH ero' HJieH~ncpnHa[lHH ~ rrpnBJieqe11neM 3aKOH0B coxpa

HCHH/1 •. Texnnqcci{~ \To. ·B~r~HJlllT TaK: 3allHCbIBaeTCH x2 cpyH~llHOHaJI, B H0T0p0M 

cpnrypnpyIOT B HBH0M BHJIC O[lCJIHH napaMeTpdB·; HaHJICHIIbIX B rrpo[lecce reoMeTpH'le

CROH peH0IICTPYHllHII n IIX MaTpH!la onrn6oH H 3aTe.M rrpoB0JIHTCH ero MIIHHMH3al_(HH 

C ua,'!mKCHIICM ypaBHCJIHH CB/13.H, BblpaJRaIOll_(HX 3aH0Hhl coxpaHeHHH. MnHHMH3aiinn 

npoB0/(HTClI pa3JIH'IHbl.MH cnoco6al\m: MCT0JI0M_ MHOlRHTCJiefi JiarpaHma [24, 25] HJIH 

MCT0Jl0M C HCII0Jib30BaHneM JI0II0JIHHTCJibH0f0 HBa11paTH'IIIOf0 qJic11a [26] .. 
IfapHJlY C TaHHM IIOJIXOJIO~ I{ CHCTCMe o6pa6oTKH JiallllhlX, B03M0lRCH n Jipyron II0JI

X0)l: ua ncpsofi cTaJlHH npo»o.n.nTh pac1103nasanne co6MTHH, T.c. acc0l_(Ha[lnIO H3Mepe11-

11Mx 1mop11m1aT B co6b!THC, a na_ BTopott rrpoB0JIHTb J{HlleMaTH'ICCKYIO HJieHTHq>lrna[lll!O 
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co6MTHH, HCIJ0Jib3YH nerrocpeJICTBCHHO H3MepeHIIhle KOOpJIHHaThl (pnc.3(6)). BTopoii: 

IIOJIXOJI l!HOrJia rrpeJIIIO'ITHTeJibIIee B CBH3H C MeHbIIIHM pncROM IICRaJReHHH nmpopMa

[lHH. KpoMe Toro, TaHaH IIOCTaHOBKa 3aJia'IH rrpeJICTaBJIHCT CaMOCTOHTeJibHhlH IIHTepec 

)lJIH o6mero CJIY'laH MIIHHMll3a[ll!II cpyHKl_(HOHaJia co CB/13/IMII •. 

TTpn HCIJOJib30BaHHH MCTOJIHRll l\UIHHMl!Sa[lllll C rrpnMeHeHHCM .MHOlRl!TeJieii: JiarpaH

)Ra B TpaJIHJlHOHHOM IIOJIXOJIC cpyHRJll!OHaJI 3aI11ICMBaeTCH B BIIJie: 

M = I)X; -X;")Sij(Xj ~ xn + 2Eo:>.J1(x), 
ij ). 

r.nc: x;n - Hail:JieHHble Ha CTaJIIIII peROHCTPYK!lllll 3Ha'lel!l!H rrapa.MeTpmi: yrnoB, IIM

IIYJibCOB HT.JI.; s;/ - l!X BCCOBaH MaTplI[laj X; _:_ "ncTl!HHMe", T.e. IICROMhle 3Ha'leHHJI 

TeX )RC rrapaMeTpoB; a J>.(X) - ypaBHCHIIH CBH311j X - BeKTOp "11cTHHHMX" rrapa-

1\ICTpOB. 

B rrpeJIJJaraeMOM IIOJIXOJIC cpyHK[lHOHaJI IIMCCT BHJI: 

M= E[C;(X) - Cf']Gij[Cj(X) - CJ']+ 2E 0:>.J>.(X), 
0 ). 

3JieC~: er"- HafiJie!IHhl~ Ha CTaJIH_II paCII03HaBaHHJI,HOOpJ1HHa'rhl, G-;/ - IIX ROBapn

a[llIOHHH MaTpnna, X --;- BeRTOp llCROMhlX rrapaMe~pOB (yrnu, HMHYJJbChl, ROOp/1.HHaTM 

BepIIImi; ••• ), C;(X)°- ''ncrHH~ue" 3Ha'leHnH RoopJIHH~T, R~TOpMe HBJIH~T?. H3Be

CTHMMII cpyHKl_(HHMII rrapaMeTpOB. 

• B 'ICTBepTOH rnaBe II3JIOJRena MCTOJIHRa MHHHMH3a[lHll cpyHR[lllOHaJIOB TaRoro Tnrra, 

JiaIOTCH·Heo6xoJil!Mhle cpopMyJIM, MaTplll_(hl OIIIII60R II T.Jl. 

.LJ:aIOTCH,TaKJRC pe3YJibTaThl IICIIOJib30BaHHH 3TOH MeTOJIHRll. 

B 3TOH rJiaBe TaRlRC OIIIICaH: HOBhlll a.irropl!TM MHHHMll3.a'l_(IIH x2 
cpyHKJ_(llOHaiIOB co 

•) ' . ' 

CB/13/IMH, OCHOBaHHblll Ha Jil!Heapn3al_(Hll CBH3efi H IIOCJieJIYIOll_(llM BhlpaJReHHeM 'laCTH 

rrepeMeHHhlX '1epe3 JipyrJ.ie. Ilo cpaBHeHIIIO C MeTOJlOM MHOlRHTeJJeii: JlarpaHllia 3TOT 

aJirOpHTM _IlpHBOJIHT R yMeHbIIIeHHIO Bhl'lllCJIHTeJibHhlX 3aTpaT. I{p~Me 3TOfO anropHTM 

JierKO o6o6maCTCH II Ha CJiy'lafi MIIHHMH3al_(Hll q>YHRI(HOHaJIOB co CB/13/IMH Tnrra Hepa

BeHCTB; 'ITO HBJIHCTCH TPYJIHOpa3peIII_HMOH 3a,na'1efi B MeTOJIC MHOlRHTCJiett JiarpaHJKa. 

2.5 · IlJITaJI rnaBa 

IlHTaH. rJiaBa ·-. 3aRJIIO~emi:e. 3JICCI,. RpaTJ{O ccpopMynnpo»aHhl OCHOBHhlC pe3JJibTaTM 

JIHCCCpTal_(Hll. 

3 3aRJUO'tfeHHe 

B JIHCCepTa[lnn orr1Icaaa rroJIHan cncTeMa "off-line" o6pa6oTRH 3RCrrep1IMCHTaJibHMX 

JiaHHMX ( oT RaJin6poBHH JICTCRTopoB JIO RHHeMaTH'lecRoro aHaJin3a peROHCTpynpo»aH

HMX q>H3ll'ICCKHX co6MTHH ), ROTopan 6MJia C03JiaHa JlllH o6pa60TRll JiaHHhlX C ycTaHOBRH 
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MCTPA-M. OnncaHHaJI cncTeMa fo,ma npnMeneHa .U:JIJI o6pa6oTKn ,u:ammx, nonyqen
HhlX B Te'leHHe .QBYX ceaHCOB Ha ycKopnTeJie Y-70 B r.TipoTBIIJIO B 1992r. O6pa6oTalIO 
~ 107, TpnrrepoB (~ 250 l\iarHHTHbIX JieHT). O6pa60TKa MarJIIITJihlX JieJIT npoBO)lll· 
JiaCb na nepcoJiaJibHhlX KOMnbIOTepax. TioJIJiaJI o6pa60TKa O.QJIOll JieJITbI, COCTOJIIIIaJI ll:J 
.U:BYX 3TarioB (KanI16poBO'lJIOro npoxo,u:a JieJITI,J II peKOHCTpYHilllll co6hlTllii), Tpe6yeT )lO 
1 'laca KOMIIbIOTepnoro BpeMeHH Ha IBM PC/486. 

Tiony'leJlhl nepBhle q>ll3H'lCCKlle pe3yJII,TaThl no ll3MepeHIIIO _q>OpMq>aJ<TOpOB pacnaJla 
K;;-3 : O6napyJKeno ~ 3000 Tami:x pacna)loB, <iTo na ·ypoBne 11aI16011ee cTaTI1CTI1 11ecm1 
o6ecne'leHHhlX pa6oT. 

' OcHOBJII,JC p~3YJibTaThl, noJiy'IeHI!'.hle B )lllCcepTaJlllOIJ1IOll pa6oTe, MOJKIIO l{paTJ{() 
cq>OpMynnpOBaTJ, B Bll,U:e CJIC)lyIOIJlllX BhlBO,U:OB. 

·•'-' ,, ' ,, 

L Co3)laHo neo6xo)lnMoe MaTeMaTn'lecKoe 06ecrre'lenI1e )lJIJI ll3Mepe1mil. 11 o6pa-
6oTKll MarHllTHOro IIOJIJI cneKTpOMeTpH'ICCROro MarnnTa ycTaHOBRJ1 . 

2. Co3,U:all JIOBhlii: MCTO.Q OJlCIIRH llMnyn1,ca 3apmKeJIIIOll lJaCTHJlI,J B MarJJHTHLIX cneH
TpoMeTpax, 6oJiee 3KOHOMJ1hlll no cpaBJICHIIIO C nrnpoHO llCIIOJII,3YCMblM B uacTOJI· 
IJlCe ~peMJI MeTOJlOM pMJIOJKeHnJI B pnJl no nonnnoMaM qefimuena. B cpan11e11n11 
C JlllM onncaHHblii: 3.QCCI, MCTO.Q .u:aeT BblHrpblIII B 'IIICJ!e I{03q>q>llllllCIITOB 6onec 

··'•-qeM Ha nopJI.U:OK, B 'IHCJie MaIIInHHblX onepaJlnii - npn6nn3nTeJI1,110 11a .u:na no
'pH.QRa. K TOMY JKe OJI o6na.u;aeT 6oJII,IIIOii: npocTOTOH. MeTO)l np0Bcpe1i na ).(BYX 

. MarHUTJlhlX, crreKTpbMeTpax. . 

3. C03)laHa nporpaMMa pacno3HaBaHllJI 06pa3a co6hlTllii, C IIOMOIIIbIO KOTopo.it o6pa-
6oTaHhl peaJIJ,JII,JC 3KCilepnMeHTaJII,JII,JC )laHHble ll IIOJIY'lCHhl nepBble q>ll3ll'lCCHllC 
pe3yn1,TaThl. 

4. PMpa6oTaH HOBhlii no,11xo,11 K · HJIHeMaTntJeCKOMY aHaJJH3Y .co6b1Tllii. B ornn•me 
~T Tpa.QllllHOHHoro n~~x~.u:a, r)le K~H~MarntJeCRnii q>nT npoBO,I\HTCJI c· ncn~nwoBa
nneM BOCCTaHo:iineHHMX nap~'.'1eTpoB_ <;06b1THJI (yrnon, HMnyn~coB n T.,11.), B ITP?,~
JIOJKeHHOM ITO)lXO)le q>llT np0BO,llllTCJI C llCIIOJll,30BanneM Henocpe)lCTBCHJJO .H3MC· 
peHHI,JX koop)lHHaT co6hlTIIJI. . . . . •. 

5. Tipe,n;JIOJKeH HOBhlll MeTO.Q MllHlll\lll3aJlllll x2 q>yHKJlllOHaJJOB co CBJI3JIMll; OCJIOBaJI
Hhlll Ha JlllHeapn3aJllIII CBJI3eii II IlOCJICJlYIOIIlllM BhlpalKCHIICM tJaCTll nepeMemmx 
-qepe3 )lpyrne. Tio cpaBHeHnro c MeTo,u:oM MHOJKHTeJJeil Jlarpannia · _3TOT anro~ 
pllTM nplIBO)lllT K yMeHbIIICJIIIIO Bhl'lllCJIHTeJII,JII,JX 3aTpaT. KpoMe 3TOl'O anropnTM 

. ·nerKo o6o6IIIaCTCH ll na cJJy'lail 'MIIHIIMH3allllll q>yHKJlllOHaJIOB co CBJI3JIMH TJ11Ia 
nepaBeHCTB, 'ITO JIBJIJICTCJI Tpy,11nopa3peIIIllMOll 3a,U:atJeil B MCTO,I\C Ml!O}l{ll:TCJ!Cll 
JlarpanJKa. 

6. .LJ:JIJI pa6oThl c rpaqi1rno.it na nepco11an1,111,1x KOMIIbIOTepax a)larrTnpoBan 11.3nc
CTHbl.l!: rpaq>n'lecKnii: naKeT fPA<l>OP. B naKeT )lo6aBJJeno necKOJibRO 11om,1x 
no.u:nporpaMM )lJIJI Han6onee nonnoro llCITOJib30BaHHH B03MO}KJIOCTCH nepconam,
HhlX ROMilbIOTepoB. 
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