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1 YcTaHoBI<a HCTPA-M 

YcTaJionKa HCTPA 6wia co3Jiana JIJJJI MJy•ienn:11 pe,ll;Kllx pacrraJI0B ,r- • n: I(-:- -Me3onon Ha rry<me 

YCK0pllTeJJJI Y-70 B IlpOTBllHO. Ha nefi 61IJI II0JJy'leH PJIJI llHTepeCHJdX pe3ym.TaT0B [l]. B K0.III(e 

80x - HatiaJJe 90x roJion ona rro,ll;Bepmacr, cymecTBeHHofi MOJiepHH3arum u ·JiaJJee Mb! ee Haar,rnaeM 

HCTPA-M. B 1992 roJiy 6LIJJll rrponeJieHJd ,ll;Ba ceaHca - cpenpam.cKllfi ( ~ 80 MarHMTHJdX JJeHT) 

M arrpeJJbcKn:fi ( ~ 280 Marun:THLIX JJeHT ). B HaCTOJimee npeMJI aanepIIIen rrepnLifi 3Tarr o6pa60TKM 

cpenpam,CKoro ceauca - pacrro3uanaHn:e co6LITnfi, n: uatiaT nTopofi 3Tarr - BLIJieJJeHMe pa3JIWIHLIX 

KaHaJJ0B pacrraJI0B J(- •Me30II0B. 

Ha pMCYHKe 1 II0Kaaaua cxeMa ycTaH0BKll. 

CM 

OxpaHHa.JI cucTeMa 

HCTPA-M 

40 M 

P0:c. 1. O6mn:fi BMJI 3KC!IepMMeHTam.nofi ycTaH0BKM H:CTPA-M. 

III{ - Hporropru1011am.Hlde KaMepLI; Cil-56 - rrytIKoBLifi MarHMT; ,ll;I{-,- JipeficponLie 

KaMepLI; qc-12- qepeHK0BCKllfi i::rreKTp0MeTp; CM - CJieKTp0MeTpwi:ecKllfi Marmn; 

,ll;T - JipeficponLie Tpy6Kn:; Mr - MaTpWJHJdfi roJioCKorr; CII-1 - tiepeHKoncKllfi 

crreKTpoMeTp; AR - aJip0HHLifi KaJJopMMeTp; µr - MIOOIIHJdfi roJI0CK0II. 

Ilporropu;n:onam.Hlde KaMepLI III{ 1-6 n: MarHHT CII-56 rrpeJIIIa3Ha'leHJd JIJJII orrpeJieJieHHII MM· 

rrym.ca n: HarrpanJJeHHII ,ll;BMJKeHHII nepnwrnoro K- •Meaona; pacnaJIHLifi 061,eM orrpeJieJIIIeT o6JiaCTb, 

B KoTopofi npon:cxoJIMT non:CK nepIIIn:n pacnaJion; tiepeHKoncKnfi cneKTpoMeTp rroJIHoro nomome• 

HMII CII-1 CJJYJKMT.JIJJII onpeJieJJeimII 3Heprn:fi ll K00pJIMHaT ,•KBaHT0B H MJieHTn:q>MKarum BT0PWJ· 

HLIX aapIIJKeHHJdX tia.CTMIIj oxpamraII CHCTeMa n: cneKTpoMeTp tIC-72 CJJYJKaT JIJIII perHCTparum 

,-1rnaHToB, He nonaJiaIOIIIllX B CII-1. IlJJOCKOCTH Jipefiq>OBLIX KaMep ,ll;I{ 1-14. n: Jipefiq>OBLIX 

Tpy6oK ,n:T 1-8 rrpeJIHa3Ha'!eHJd JIJIII pern:cTparum TpeK0B 3a pIIJKelllILIX BT0pWJHJdX '!aCTllII ll JIJIII 

HaX0lf(JieHMII llX llMIIYJil,C0B nyTeM ll3MepeHHII OTKJJ0Henn:fi TpeK0B B Il0JJe 6om.IIIoro cneKTpOMeTpll· 

'!eC!(0!'0 MarHn:Ta CM; MaTpll'IHLifi r0JI0CK0II Mr CJJYJKMT JIJIII rrpocTpancTBeHHofi MJieHTllq>MKarum 

X ll y npoeKu;n:fi Tperwn BT0pWJHJdX tiaCTMII; 0CTam.Hlde ,n;eTeKTOpLI. ( aJip0HHLifi KaJJnpn:MeTp AR, 

MIO0IIHJdfi roJI0CK0il µr) nocJJe MarHMTa cJiyJKaT JIJJII MJieHTllq>MKarum Tlllla '!aCTllII-

i ao1cr.:~i::ti,!:>.i? mr.rneyt l~ 
~ \ill(Jj!U.{K &C:J~lt:~iumil . 
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2 MoTHBHponKa 

2.1 CneKTpoMeTp l'IMilYJibC0B 3ap11meHHbIX '-IaCTl'IQ 

OrnoBHo:tt KOMIIOHeHTO:tt cneKTpoMeTpa ID!Ilym.coB aapIDKelllil,IX -qacnm; ycTaH0BKH TICTPA-M 

HBJIJ!eTCJI MarH11T, K0HCTPYKUIDI K0T0poro OIIHCaHa B pa60Te [2]. TIHJ\YKIU·IJI_ MarnHTl!Oro IIO/IJI o 

ueHTpe pa6o"Iero 06-1,eMa - 9.5 Krc. Ha pHC. 2 cxeMaTH"IH0 II0Ka3aHa reoMeTpHll paCII0/I0JKCIIHJI 

paa=x -qacTefi crreKTpoMeTpa. 

MarH11T 

~I{ 3,4 ~K 8,10 ~K 12,14 

-

~T3,4 

-

~T7,8 

YM 

Yn 

Puc. 2. MarH11THLIH cneKTpoMeTp ycTaH0BKH TICTPA-M. 

TpaeKTOpIDI "IaCTJ1IU,l 11,0 MarH11Ta H3MepneTCJI Cl1CTeMOH 11,pe:ttq>OBhlX KaMep .UK ,Uanee pac­

II0JiaraeTCJI MarH11T, a aa Hl1M - CHCTeMa 11,pe:ttq>oBhlX Tpy6oK .UT 11,/IH H3MepenIDI TpaeKT0pHH 

II0C/le MarH11Ta. Ha p11cyHKe H306paJKeHLI Tom.Ko Y-II/IOCKOCTH KaMep 11 Tpy6oK, K0T0phle cnyJKaT 

11,JIJI H3MepeHIDI 0TK/I0HeHIDI '<!aCTHU D II0/le MarH11Ta. IloHCHl1M, 'ITO Mhl 6y11,eM II0IIHMaTL II0ll, rrepe-

11,aTO"IH0H q>yHKU11e:tt MarH11Ta. B pa6oTe [3] rrpell,/I0JKeH rrpoCTOH MeT0ll, Bhl'qRC/IC!llUI HMIIYJILCa n 

MarHHTHLIX crreKTpoMeTpax. OcHOBHaH 1111,en MeToll,a - II0HCK oueHKH HMIJym.ca C HCII0/11,30Da1meM 

C00TH0illeHIDI 

0yz = .X · f(xo, Yo, x~, Y~, .X), (1) 

r11,e 0yz - yro/1 0TK/I0HeHHH '<!aCTRULI e II/I0CK0CTH, rreprreH11,11KYIIHpH0fi ,,rnanHo:tt" IWMII0!leHTe 

MarHl1THoro rroJIJI (KoMIIoHeHTa, 11,JIJI KOTopo:tt J Bc(x,y,z)dz = max, r11,e c = x, y H/111 z), A -
o6paTHLIH ID!Ilym.c co 3HaK0M, f - HerrpephlBH0-11,J1q>q>epeHI111pyeMaH q>YHKill1H rrepeMeHHhlX B 

CK06Kax, Xo, Yo, x~, y~ - x- H y-K00pll,RHaThl 11 rrp0H3B0l1,HLie K00p11,11HaT II0 z '<!aCTHUhl 11,0 MarHHTa 

IIpH aa11,aHH0H Z-K00pll,RHaTe. 

<l>yHKU11H f M0JKeT 6hlTI, 3aI111CaHa B B1111,e pa3/I0JKeHIDI B pHll, Te:ttnopa II0 rrepeMCHHhlM Xo, Yo, 
x~, y~, A. I{o/lR"IeCTBO y11,epJKRBaeML1X "I/le!I0B H caMH "I/leHLI orrpe11,eJIJ1!0TCJI 3MIIHpH'!eCKH, cyll,H 

II0 T0MY' KaK 0Hl1 B/IID!!OT Ha T0"IH0CTL ou;eHK11 RMIJym.ca. 

II011, rrepe11,aTO"IHOH q>YHKI111e:tt MarH11Ta a11,ec1, 11 11,anee 6y11,eM rroH11MaT1, q>YHKill1IO / n rrpe11,-

CTaB/leHRJ1 

YoTxJI = YM - Y 0 = A· f(xo, Yo, x~, Y~, .X), (2) 

r11,e YM - K00pll,RHaTa '<!aCTRULI na II/I0CK0CTH .UT II0CJie MarH11Ta, Yn - K0op11,1111aTa Ha TOH JKe 

II/I0CK0CTH B rrpel1,II0/I0JKeHHH 0TCYTCTBID! MarHl1TH0ro II0/1/1 ( CM. p11c. 2). 
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2.2 Tipo6JieMbl BOCCTaHOBJieHHJI l'IMilYJibCa 3ap11meHHblX '-IaCTHQ 

Ilp11 B0CCTa!I0D/le!IHH HMIIYJILCa aapHJKeHHhlX tJaCTHU C HCII0J!b30Ba!meM KapThl MarHHTH0ro IJ0/1/1 

MoryT D0311HKHYTh pa3/IH'lllhle TPYJlH0CTH. O1m CDH3allhl, oo-rrepDhlX, co C/I0JKII0CTh!O reoMeTpH'le­

CKOH npHBH3KH MarHHTa K K00pJlll!IaT!lhlM .ueTeKT0paM yCTaH0BKH. YrJihl rronopoTa qacTHU 11e60JIJ,­

nme (illIH qacTHU C HMIIYJihC0M 10 f3B 0K0/10 1.5° npH lll!Terpane II0/1/1 ~ l TJI/M), Il03T0MY )l3JKC 

11e311a'!HTe/lb!laH onm6Ka D I!pHBH3Ke M0JKeT npHBeCTH K ne0JKH)la!lllhlM pe3yJihTaTaM. 

Bo-BTOphlX, neo6XO)lHM KO!ITp0III, 3a ycJI0BJ1J!MH 3KCnepHMeIJTa, B qacTII0CTH, 3a T0K0M MarHHTa. 

Ha ycTaH0BKe TICTPA-M B 1991 ro.uy 6L1JIH npone.ue111,1 MarHHTHLie H3Mepe1mn, K0T0phle orr11caHL1 

n pa60Te [4]. B qienpaJibCKOM ceance 1992 ro.ua TOK Marmna 0T/IH'la/lCH OT TOKa, yCTaH0D/leHH0ro n 

npouecce MarHHTHhJX H3Mepe1mfi, na 5%. IIonoMy D03HHK/la He06XO)lHMOCTL npoeeCTH KaJI116po­

BKY MarHHTa (nail.TH ero nepe.uaTo•my10 q>yHKill1!0) 6e3 HCil0/lh30BaHHH KapThl MarHHTH0ro 110/IH, 

11anp11Mep, no Kan116poBotJ110My q>H3J1tleCKoMy rrpoueccy. B Ka'!eCTne Kan116poootJuoro npouccca 

)llIH HaX0JK)lC!IHJI ncpc.uaTo•mo:tt q>YIIKHHH MarHHTa 6hlJI Dhl6pan pacna.u A"- --+ 71"-71"0 . 

3 MeTo.n; 

TI.uen MeTo)la C0CT0HT D cne.uymn,eM: 

1. Ma HMe!Oll\eroCH 3HCnepHMCHTa/lbII0I'O MaTep11ana ( qienpaJibCKlltt ceanc 1992 ro;,a) 0T0-

6paTL co6hlTHll pacna}la /(- --+ 71"-71"0• 

2. IIponeCTH KHHeMaTH'ICCKHH q>HT (r11n0Te3a pacna}la /(- --+ 71"-71"0 ) 6c3 llCIJ0/lh:!OBallllll 

llllq>0pMaUHH 06 a6comoTHOM 31Ia'ICIIHH 1-IMIIYJILC0D 3aplllKCIIHhlX '!aCTlll(. 

3. Ilonyqe11u1,1e B pC3YJihTaTc q>llTa OljCIIHll llMIIY/lhCa llCII0/lh30DaTh JIJIJI llaX0JKJICllllll II<'­

pe.uaTO'IHOH q>yHKl\llll Mar111-1Ta. 

3.1 OT6op co6blTHii pacna,1:1a I{- --+ 71"-71" 0 

<l>enpam,cK1-1:tt cea11c 1992 ro}la - 3T0 ncpBhltt ceanc, B H0T0Jl0M pa60Tan11 npaHTJ1tl<'CHll nee Jle.TeK­

T0Jlhl ycTaH0BKH TICTPA-M. B q>enpam,c1mM ceance ua6op co6h!Tlltt npoD0JlllJICll o ycnonm1x TaK 

ua3hlBaeMoro ,,MllrKoro" Tp1-1rrcpa, 1mr.ua npaHTJ1tl<'CHll nee ro61JTllll pcr1-1cTp11poI1aJI1-1c1,. D,n11 pe­

r11cTpaI11111 co6L1THJI ueo6XO)lllMh!M ycnonlleM Jill/Ill/IC/I T0JlhK0 cjlaKT pacna}la I(- -M<'30lla, a TaHJK(' 

ua/lH'!He X0TJI 61,1 o.unoro /111DHH D Cl1-1. l1p11 OT6ope pacna}la /\'- --+ 71"-71"0 llC!lO/lh301Ja/lllCh 

cne.uy10nme KJlHTep1111: 

• CTpOll/lOC!, pacnpe.uene1me 3cjlq>eKTllBilh!X Mace .unyx ')'-lrnal!T0D. D,n11 .noro HaX0Jlll/lllCh IICH­

T0Jlhl nanpaBJieHHH ')'-KBaHT0B, na'!a/l0M K0T0JlhlX HB/IJICTC/1 nepmmia pacna}la, a H0ll!(a~m 

- K0op11,1111aTL1 ')'-KDaHT0D B CII-1 (p11c. l ). Ilhl•IHC/IJI/IOC!, 3Ha•ICIIJ.IC 3{jl<jJCl{TllDl!Ott MaCChl: 

m;"I = 2E1E2(l- ii1ii2), r.ue E1, E2 - 3Hcprim ')'-IrnanTon, 111, ii2, - 11x nanpann11-

10m11e neKTop1,1. Timwmoe pacnpe;1cne1mc rro 3cjlcjleKTllnnofi Maccc JIJIJI co61,1T1-1fi c JIIIYMH 

')'-KI1a11TaM11 noKaJa110 na p11c. 3a. J~11J1 Hlll1CMaT11t1ecHoro ana1m:1a o-r611pan1-1c1, ro6i.1-r1111 n 

11,11anaaouc 3q>q>CKTHIIHldX Mace 105 M38 < m-y-y < 165 M:➔ B. 

• IIpoDO)lH/ICJI OT6op na l{0MIJ/lal!ap11ocTh. ]{al{ H3DCCTH0, II JlUYX'laCTJ1tlil0M parnaJl<' ll<'l{T0phi 

nanpaB/ICHHtt Y'JaCTDYI0ll\llX tJaCTHll Jl0/lll{lild /ICJKaTJ, II O}lllOtt flJI0CH0CTll. Ilo 11anpanJIPllll/lM 

')'-Knal!T0H ll3 3al<Ol!0B coxpauen1111 llaX0}ll1/IOfl, narrpaDJIPllllC 71" 0-MP30lla. :faT('M llhl'lllf/111/I0('h 

BCKTopnoe npo113ne.ue1me nanpa111rn101ue1·0 nc1nopa 71"- -Me:mna 11a 11anpa111111mni11ti H<'HTop 

ir
0

-Mc30lla 11 CTp0ll/l0Cb pacnpCJIC/IClll1C IICJIJ.lllllllhl IlJJ0CHHllll nanpan11c111111 K- ·MP:1011a Ha 

3T0 BeKT0pnoe Iljl0H3BC)lCIIHC A;; ( CM. JJllC. 36). )lnn l(J11i('MaTll'ICrnoro <jlllTa OT611pa1111rh 

co6hlTHH, Jl/lll l<OT0JlhlX HC/IJ.llll1lla llJ)0CIUlllll A,1 JICJKaJla II IIJ>PJ\('JlaX -0.001 < A;r < 0.001. 

a 
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Puc. 3. PacITpet1.eJieHHH: (a)- no::,qxpeKTHBHOHMacce2-x 

K0MIIJiaHapH0CTH. 

(6) 

,-1rna11Ton, (6) - KpHTepHfi 

• IlpoBOt(HJICH OT6op ITO x2 IT0CJie <pHTa. Ha x2 HaKJiat(blBaJI0Ch 06pe3au0:e P(x2 ) > 1 %. 

TaKJKe npoB0t(HJiaCh Ht(eHTH<pHKaUHH BTOpH'l"HhlX qacnrn: C HCIT0JII,30BaHHeM HH<pOpMaUHH 06 

3Hepronhlt1.eneHHH n CII-1. 

• ECJII-! 1-!MeJICH 0TKJil-!K B MIO0HH0M rot(0CK0ITe, TO TaKaH BTopnquaH 3apHJKeHHaH qacTm~a 1-!t(eH­

Tl-!<pHimponaJiaCb KaK MIO0H. 

• B cnyqae, ecJIH 311eproBhlt1.enenne n CII-1 B ITpet1,enax tl.BYX onm6oK ITO 3ueprnn panHH­

noci, HMIIYJibCY 3apHJKeHHOfi qacT~, BI,Jql-!cJieHH0MY ITO KapTe MarHHTH0ro IT0JIH, TO t(aHHaH 

qacTHUa Ht(eHTH!pHUHponanac1, KaK 3JieKTp0H. 

• Ecnn 311epronhlt1.eJieHHe n CII-1 6hlJIO MeHbIIIe 1 f3B, TO TaKaH qacTHUa c 6oJibIIIOH nepoHTHo­

CTbJO HBJIHeTCH MIO0H0M, IT03T0MY cqHTaJI0Cb, qTo t(aHHaH qacTHUa He HBJ!HeTCH ,r--Me30H0M. 

ii 

Puc. 4. HaITpanneHHH qacTHU n pacITat1.e K -+ ,r-,r0. 

Ha Mot1.en1,HhlX t1.aHHhlX 6hlJIO Hccnet1.0Bauo BJIHHHHe 3THX Kp1neptten ua pacITat1. K- -+ ,r-,ro 

H Ha KaJKiu,ifi H3 uatt6oJiee nep0HTllhlX !pOH0DhlX, pacITat(0D. Pe3yJibTaThl 1-!CCJ!Ct(OBalmfi ITpHBet(eHhl 

D Ta6JIHUe 1. 
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Ta6nm~a 1 

Pacrrat1. lfacTOThl feoM. 8<p. Macca xi- Ilopor · OT6op CyMM. 

pacITat1.a 3<p. +K0MIIJI. Kpl-!T. ua CII-1 3JieK. OT60p 
K- -+ ,r-,ro 0.212 0.082 0.987 0.95 0.63 0.97 1.0 · 10-• 

K--+ µ-v,r 0 0.032 0.083 0.218 0.42 0.01 2.4 · 10-6 

K- -+ e- v,r0 0.048 0.059 0.204 0.43 0.05 1.2 · 10-0 

K- _. ,r-,ro,ro 0.017 0.107 0.118 0.02 0.63 0.97 2.3. 10-5 

3.2 KutteMaTH<JecKHH q>HT 

IlpH ITponet1.eHHH KHHeMaTuqeCKoro lpl-!Ta HCIT0J!I,30BaJICH HOBhlfi IT0t(X0t( K CHCTeMe o6pa6DTKH t(aH­

HhlX, ITpetl,JI0JKeHHhlH n pa6oTaX [5], [6]. Ou C0CT0HT n CJietJ.YIOIUeM: ua ITepnofi CTat(l-!H ITp0B0t(HTCH 

pacITo3uanaHHe co6hlTHH, T. e. accon.n:aUHH H3MepeHHhlx K00ptJ.HHaT B co6hlTHe, a ua BTopofi 

ITp0H3B0t(HTCH KHHeMaTHqecKaH Ht(eHTH<pHKaUHH co6hlTHH C HCIT0J!I,30BaHHeM HeITocpetl,CTBeHHo H3-

MepeHHhlX K00pt(HHaT. B 3T0M cnyqae He ITp0HCX0t(HT nOTepH ITepBnqttOfi HH<p0pMaUHH. B TaK0M 

IT0t(X0t(e MHHl-!MH3HpyeMhl.i!. <pyHKUHOHaJI :HMeeT B1-!t( 

M = I:(C;(X) - c;n )G;:;1(C;(X) - C'J'), i,j = 1 + nf, 
i,j 

f,\(X) = 0, ,\ = 1 + nc. 

(3) 

3t1.ec1, c;n. - uafit1.eHHhle ua cTatl.l-!M pacIT03HaBaHHH KooptJ.HHaThl, G;-/ - HX KonapttaUHoHHaH 

MaTpHUa (neconaH MaTpHUa), X - BeKTop HCK0MhlX napaMeTpon (yrJII,J, HMIIYfilChl,K00ptJ.HHaThl 

nepIIIHH ... ), C;(X) - ,,HCTHHHhle", T; e. HCK0Mhle 3uaqeHHH KooptJ.HHaT, K0T0phle HBJIHJOTCH 

mnecTHhlMH <pYHKUHHMH napaMeTpon, f-\(X) - ypanueHHH CBH3H, nf - KonuqecTno Koopt(HHaT, 

nc - q:HCJI0 CBH3e.i!.. 

B pa6oTe [7] ITpet1,JI0JKeH HOBhlH, 6onee ycTO.i!.=Bhl.tl:, anropHTM MHHHMH3aUHH <l>YHKUH0HaJI0B 

THila (3) co CBH3HMH. B oT=e OT MeTot(a MHOJKHTeJieH JiarpaHJKa, o6hlql{0 HCil0JII,3yeMoro rrpH 

MHHl-!MH3aUHH TaKHX <l>YHKUH0HaJI0B, :HMeeTCH B03M0JKH0CTh paCCMaTp:HBaTI, CBH3H He T0J!l,K0 THila 

paBeHCTB, HO M THila uepaneHCTB. 

B pa60Te [8] rrpet1,JioJKe:ii uonhlfi MeT0tl. MHHHMH3aUHH peryJIHpHhlx <pyHKUHH c orpauuqeHH­

HMH ua o6nacTL H3MeHeHHH rrapaMeTpon. AnTOp,aMH uarmcaua HonaH rrporpaMMa MHHHMH3aUHH 

FUMIVI (He nyTaTb c FUMILI). 8Ta rrporpaMMa HCII0JII,3onanac1, B KHHeMaTuqecKoM <pnTe. 

B HaIIIeM cnyqae rrpoB0t(HJICH KHHeMaTuqecKH.fi <pHT C yqeT0M ill_I<pOpMaUHH 0 K00pt(HHaTax I{- -

Me3oua (oTcqeThl ua rrporropn.n:ouafilHhlX KaMepax (pttc.l) ), ,r--Me3oHa (oTcqeThl Ha t1.pe.tl:<pOBhlX 

KaMepax), tl.BYX ,-KBaHTOB (Koopt(H!IaThl JIHBHe.tt B CII-1 ), 06 3HeprHH ,-KBaHT0B. llH<pOpMaUHH 0 

K00pt(HHaTaX 71"-•Me30Ha Il0CJie 1,rarHHTa (oTcqeThl Ha t1,pefi<pOBhlX Tpy6Kax) Ilp:H KHHeMaTuqeCK0M 

<pHTe ue ncITofil30Banach. lf3 3aKonon coxpaHeHHH :HMeeM 4 ypanHeHHH tJ.JIH pacnat1.a K- -Meaoua n 

4 ypanueHHH t(JIH pacnat1.a ,r0-Meaoua Ha 2 1 -KBauTa. HemMepHeMhlMH napaMeTpaMH HBJIHIOTCH a6-

coJIJOTHaH ne=ra mrnyfilca K- -Me3oHa, ,r--Me3oua n, ecTecTBeHHo, 3 HarrpaBJIHJOIUHX BeKTopa 

,r0-Meaoua. llMeeM 8 - 5 = 3 ypanueHHH cnHaH, T. e. 3C <pHT. 

3.3 O1.{eHKa pa3pemeHHJI TpeK0BblX ,lleTeKT0p0B 

Ha ycTauoBKe llCTPA-M HMeeTCH ueCKofilK0 paa=x THIT0B Koopt(HHaTHhlX t1.eTeKTopon: rrpo­

rropn.n:oHafilHhle KaMephl, t1,pefi<pOBhle KaMephl n t1,pe.i!.<pOBhle Tpy6KH, qepeHK0BCKH.fi crreKTpoMeTp 

rroJIHoro rrornomeHHH CII-1. · 
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3.3.1 IIponopQHOHaJihHhle KaMephI 

IJ porropUHOHaJn.Hhle KaMephI - ;I;HCKpeTHhii1 rrpn6op, II03TOMY Koop;i;nHaTHOe pa3perneHHe orrpe­

,n:eJI.HeTCH paCCTOJIHHeM MeJK,Zzy rrpoBOJIO'IKaMH. PacCTORHHe MeJK.uy rrpoBOJIO'!KaMH d = 0.11 CM. 

Roop,n:HHaTHOe pa3perneHHe rrporropn;HoHaJn.HhlX KaMep: 

O"nx = d/.,/0,. 

BBH.ny Toro, '!TO HHOr,n:a HMeJia MeCTO KJiaCTepHOCTL perHCTpaUHH KOop,n:HHaT, cpc,n:HRR onm6Ka 

6hIJia Ha ~ 10 -,- 20% 6om.rne. 

3.3.2 qepeHKOBCKHll cneKTpOMeTp IlOJIHoro norJiom;eHmI 

B pa6oTe [9] orrn:caH 'IepeHKoBcKHi1 crreKTpoMeTp rroJIHoro rrornornemrn (CII-1) H rrpnne,n:eHLI ero 

TO'IHOCTHhle xapaKTepHCTHKH. Roop,n:HHaTHOe pa3perneHHe Cil-1: 

O"xoop = 2 -,- 3 MM. 

3HepreTH"tJ:ecKoe pa3perneHHe CII-1: 

,,- ( t:i.:) = 0.045 + 0.08/-vE. 

3.3,3 .l(peUq:>OBhle KaMephI H ,l\peUq:>OBhle Tpy6KH 

B pa6oTe [10] OIIHCaH MeTo,n: KaJIH6pODKH TpeKOBhIX ,n:eTeKTOpOB B rrpe,n:rroJIOJKeHHH paBIIOTO'IHO­

CTH KaJK,n:oil: KaMephI. JlerKO o6o6III;HTL 3TOT MeTo,n: Ha cJiy'lai1, Kor,n:a KaJK,D;I,JH ,n:eTeKTOJl HMeeT 

pa3JIH'IHoe pa3perneHHe. 

IlycTh HMeeTCR n H3MepeHHi1 rrpRMOJIHHei1Horo TpeKa. 

x;n ,x;i' ... x~, zr ,z;n' ... z;:1. 

<l>yHKUHOHaJI ,D;JIR HaXOJK]leHHR K03<pq>Hn;HeHTOB rrpRMoi1 JIHIIBH: 

n 

L[(A + Bz;) - x'J'] 2 = min. 
j=l 

MHHHMYMY <pyHKUHoHaJia (3) cooTBeTCTBYIOT CJie,n:y10III;He 3Ha'!eHHR AH B: 

A= tx'!'{!_. (I:zl)- z;(I:zk)} 
. i=I 3 n L zl - ¼(I: Zk )2 

' 

B=tx'!'{ z;-¼(I:zk) } 
i=I 3 L zl - ¼(I: zk)2 

• 

RaJK]laR KOOp,n:HHaTa x'j' MOJKeT 6hITI, rrpe]lCTaBJieHa B BH,n:e 

x'J' = x'J +c;, 

( 4) 

(5) 

r,n:e x'J - ,,HCTHHHaR" KOop,n:HHaTa rrpRMOJIHIIei1Horo TpeKa, a fj - CJiy'lai1Hoe CMCllteHHe. M11 

rrpe,n:rroJiaraeM, 'ITO OHO HOCHT rayccOBCKHH xaparnep co CBOHCTBaMH 

(c;)=0, (c])=o-J, 

r,n:e a; - HCIWMaR TO'IHOCTL TpeKOBOil: KaMephI. lfaMepReMhIH CHrHaJI t:i.x; ]lJIR Ka)l{]lOH J{aMCphl: 

t:J.x; = x'J' - (A+ Bz;) = x'J' - xJ, xJ =A+ Bz;. (6) 
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<l>opMyJihI (5) rrpe,n:CTaBHM B BIUte 

A= tx'!'{!_. o:::zD-z;(I:zk)} + tc{!_. (I:zD-z;(I:zk)} = AHCT + oA, (7) 
i=I 3 n L zl - ¼(I: Zk )2 i=I 

3 
n L zl - ¼(I: Zk )2 

,IA= tfj{!_. (I:zn- z;(Lzk)} 
i=I n L zl - ¼(I: Zk)2 

' 

n = n"cT + on, n { I oB = ~E· Zj - ;,(I:zk) } 
L., J ._..., 2 I( • 
j=I ~zk - ;, I:zk)2 

Tor.na 

xJ = (AHCT + oA) + (BHCT + oB)z; = [AHCT + BHCTz;] + oA + oBz;. 

Bhlpa1KeHHe JIJIR cnrnaJia t:i.x i: 

t:i.x; = x'J' - xJ = x'J°• + c; - x'J°• - oA - oBz; = c; - oA - oBz; = 

~ { 1 (I:zn- Z/(LZk)} ~ { Z[ - ¼(LZk) } ~ = E'j - L.,"l - . ._..., 2 - l(" - )2 - Zj L.,fl ._..., 2 - l(" - )2 = L., t:1A1;, 
l=I n ~zk n ~kk 1=1 ~zk n ~kk l=l 

A1j = 

1 
_ ¼[(I: zD - Zj(L zk)] + Zj[Zj - ¼(I: zk)] 

I:zl-¼(I:zk)2 
' 

¼[(I: zD - z1(L Zk)] + z;[z1 - ¼(I: Zk )] 
(I: zl) - ¼(I: zk)2 

TaKHM o6pa30M, HMeeM CJ!e]ly10rny10 CHCTeMy ypanHeHHi1: 

n 

t:J.x;=LE1A1;, j=I, ... ,n. 
l=I 

j = I, 

j 'f I . 

.li:aJiee ycpe]lliReM ITO COBOKYTIIIOCTH co6h!THii, rnc IIOHTOJlRIOTCJl 0/ll!H H Te )l{C l!OMepa j: 

n n 

E(t:i.x;) = 0, E(t:i.xJ) = L(t:f)Af; = Lo-f Af;-
l=t l=l 

(8) 

(9) 

(10) 

( 11) 

CJie.ny10III;Hi1 3Tarr - cyMMHJlOBaHHe no pa3IllJM HOMepaM j, TO eCTh IIJlOCTO cyMMHponalfHl' COOT­

BeTCTBYIOIII;HX 'IJICIIOB ypanne1rni1. B pc3yJILTaTe Mhl IIJlH,UeM K CHCTeMe JIHl!CHl!h!X ypanl!l'lll1H: 

n 

L t:i.x~ = L ar(L Af1 ), 

l=I 
n 

L t:i.x~ = L ar(I: Af2), ( 12) 
l=l 

n 

L t:i.x! = L ar(L Af,.). 
l=I 

CMhICJI BhipalKeHHH II (12): I: Af; -- 3TO cyMMttponaimC' OT !IC"C'X rnfihlT11H, l'J((' cpafitlTaJia j-R 
KaMepa. 

7 



3.4 Y<IeT MHoroKpaTHoro KYJI0H0BCK0ro pacceJIHMJI 

3.4.1 IlocTpoeune KYJIOHOBCKOH H nonuoii KOBapnaunouuoii MaTpHUhl MHoroKpaT-
uoro pacceJIHHJI ,llJIJI 3JieKTp0HHhlX 3KCnepnMeHT0B 

IloHCK KHHeMaTl'l'IeCKHX napaMeTpoB 3apJilKeHHhIX qacTHU ocymecTBJIJieTCJI Ha OCHOBe l'l3MepeHHhIX 

KOopmrnaT ToqeK B,D;OJ!h TpeKOB co6hITl'lli B npOCTpaHCTBe ycTal!OBKl'l. '.'ho, KaK npaBHJJO, CBJI3al!O 

c MHHHMH3aUHeil q>yHKUHH npaB,nono.no6HJI, BH.n KOTopofi onpe,neJJJieTCJI rttnote3oil o napaMeTpax 

qacTHU, a TaKJKe MaTeMaTHqecKoil: Mo,neJJhlO, CBJl3hIBaJOIUeil l'l3MepeHHhle 1mop.n;HHaTbl C yKa3aH­

HhIMl'l napaMeTpaMH Ha OCHOBe yqeta Bcett COBOKYilIIOCTl'l anpttopnoil: HHq>OpMaUHH O ,ll;BHJKeHHl'l 

qacTHU B q>HJHqecKoil: yCTaHOBKe. Hatt6oJJee IlOJIHO, KaK l'l3BeCTIIO, nonpoc O IlOCTpOeHHl'l q>YHKUHl'l 

npaB,nono.no6:irn c yqeroM MHoJKecrnemmx cnyqafiuhlx qiaKTopoB, HanpHMep, MuoroKpaTHoro Ky­

JJOHOBCKoro paccemmJI, 6hIJJ HJyqeH ,D;J!Jl .neTeKTOpOB THila IlY3hlphKOBhIX KaMep. B qaCTHOCTH, B 

pa6oTax [11], [12] 6hIJJa IlOCTpoena q>yHKUHJI npan.nono.no6HJI ,ll;JJJI IlY3hlphKOBhIX KaMep. I3ocnoJih-

3yeMCJl rne.ny10IUHM Bl'l,D;OM q>YHKUHH npaB,nono.no6HJI [13], [14]: 

L = (21r)-Nl2 IC 11' 2 exp[-~. AY. c-1 . AYT], 

r.ne AY = Y - (Y) -

BeKTOp cnyqafiHhIX OT!{JJOHeHHli H3MepeHHhIX Koop,D;l'l!IaT TQqeK na tpeKe, Y 
(Y) - BeKTop cpe.n;HHX 3HaqeHHH ,D;JJJI Y, 

c = E,y" + EH3M, c-1 = (E,yJI + EH,..)-1, 

(13) 

(14) 

(Y1,Y2---YN), 

( 15) 

r.ne E,y" + EH3,. - noJJHaJI KoBapttaUHoHIIaJI MaTpmia, E,y" - KoBapttauttouHaJI MaTpmia 

KYJJOHOBCKOro pacceJIHHJI, EH3M - MaTpHua annapaTypllhIX norpernHOCTeil:. 

E,y" + EH3M = G(A + c-1 . EH3M. c-T)cT. (16) 

3,neCh 

E,yJI=G-A-GT, (17) 

G =(EL'.· D. · EL'.), c-1 =(EL'.· Ds · EL'.)-1, Ds = diag(As1, As2, ... , AsN ), 
EH3,. = diag( <1f, <Ti, ... , <1'fv ), EL'. - HHJKHJIJI Tpeyron1naJI MaTpttua: 

1 1 

( 

1 ) EL'.= . 

~ . . . : : ·. 1 

A - Tpex,n;HaronanhuaJI MaTpHua: 

-2 
12 A= ~ :_r_ 2(i'r + rn 

( 

2( 1'5 + i'r) ,? 

t'fv-2 2(tk-2 + tk-1) -2 
IN-I 

r,ne ff= ')'[As;, 15 = 0, 

-2 
IN-I 2(t'fv-1 +i'k) 

2 _ (21.2)2 
__ 1_. E;+IE; 

')'; - 2 X(i) (P. 1P,-)2' 
pan •+ 1 

(18) 

), (19) 

(20) 

xi2Jt - pa,n;HaUHoHHaJI .nnttna i-ro 3JJeMe1ITapHoro paccettnaTeJJJI, E;, E;+J HP;, P;+ 1 - 3HeprHJI 

l'l HMilYJJhC qacTHUhl B naqaJJe l'l B KOl!Ue i-ro 3JJeMeHTapnoro yqactKa COOTBeTCTBeHHO, As; -

.n;JJHIIa yqacTKa. 
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Pnc. 5. Pa36HeHHe npocTpaHCTBa yCTaHOBKH Ha 3JJeMeHTapHhle pacceHBaTeJJH. 

.I{JJJI IlOCTpoeHHJI IlOJJHOlt KOBapHaUHOHHOil: MaTpHil,LI MHoroKpaTHOro KYJJOHOBCKOro pacceJIHl'lJI 

,n;JIJI 3JJeKTpoHHhIX yCTaHOBOK THila MCTPA-M Bocno!lhJyeMcJI pe3y!lhTaTaMH pa6oT [11], [15]. B 
3THX pa6oTaX npoCTpaHCTBO yCTaHOBKl'l pa36HBaJJOCh Ha 3JJeMeHTapHhle pacceHBaTeJJH, KaJK.n;hlil: l'l3 

KOTOphIX MOJKeT xapaKTepH30BaThCJI CBOeM pa,n;HaUHOHHOil: ,ll;JJHHOlt. THIIlf'IHhle. pacceHBaTeJJH -

3TO B03,nyx B npocTpaHCTBe yCTaHOBKH, BXO,n;Hhle oKHa nponopUHoHaJJhHhIX H ,npei!:q>OBhIX KaMep, 

ra30Bhle CMeCH B KaMepax, CHrHaJJhHhle l'l IlOTeHl:(l'laJJhHhle npoBOJJOqKH, pa3=e .n;eTeKTOphl Ha 

nyTH qaCTHUhl l'l.T . .n;. B KaJK,D;OM H3 3_JieMeHTapHhIX pacceHBaTeJJeil:, npe,n;CTaBJJJIIOJUeM co6oil: o,nuo­

po,nny10 cpe.ny, KyJJoHOBCKoe pacceJllll'le MOJKeT 6h1Th OnHCaHo pacnpe,neneHHeM <l>epMH. B pa6oTe 

[16] 6hIJJO noJJyqeno q>aKTOpH3onaHHoe npe,nctaBJieHHe MaTpHil,LI KYJJOHOBCKoro pacceJIHl'lJI ( OHO 

HMeeT Bl'l,ll; ( 17)) B qiepMHeBCKOM nptt6JJl'llKeHHH B npe]UIOJJOJKeHHH, qTO B KaJK,D;OM H3 3JJeMeHTap­

HhIX pacceHBateJJeil: HMeJJHCh pea!lhHhle H3MepeHl'lll . .I{pyrHMH cnonaMH, qacTmi;a KaK 6ht·npoxo,n;HT 

qepe3 N 3JJeMeHTapHhIX pacceHBaTeJJelt (KaK noKa3aHo na ptt:c. 5). 
O.n;naKo B peaJJhHOM 3KCilepHMeHTe H3MepeHl'lll HMelOTCJI He BO Bcex N 3JJeMeHTapHhIX pac­

ceHBaTeJJJIX, a TOJJhKO B HeKOTOphIX H3 HHX. O6o3Haqtt:M, HanpHMep, n1, n2, ... ' nk - HOMepa 

3JJeMeHTaplihIX pacceHBaTeJJeH, Ha KOTOphIX HMelOTCJI H3MepeHHJI (pttc. 5). 
lfro6hl nepei!:TH OT q>yHKUHH npaB.n;ono,no6HJI (13) B npocTpaHCTBO H3MepeHHhIX ToqeK, HYJKHO 

npOH3BeCTH cnepTKy no TeM 3JJeMeHTapHhIM cJJOJIM, r,ne H3MepeHIDI OTCYTCTBOBaJJH. .I{JJJI 3Toro 

nepeil:,neM K pacnpe,neJJeHHJO ne= LlY = (Ll¥1, Ll¥2, .. _., AYk), r.ne AY; - OTKJJOHeHHe na 

n;-cnoe: 

LlY = E · AY, 

r.ne AY ecTh (14), a Matpmi;a .E HMeeT BH.n; 

E= ( : 

0 1 0 
0 1 0 

0 1 0 
0 

0 ) . 

;- . 

(21) 

(22) 

E, oqenH,n;Ho, - npJIMoyro!lhHaJI MaTpmi;a, =rno cTpoK KOTopolt paBHo Ko=ecrny H3MepeHHhlx 

ToqeK k, a =cno CToJJ6uon - KOJJl'l'Iecrny 3JJeMeHTapHhIX cnoen N. EcTecTBeHHo, k < N. 3ne­

MeHThl i CTpOKH H n; CTOJJ6ua - e,n;HHHUhl, OCTaJJhHhle - HyJJH. JlerKO IlOKa3aTh, qTQ MaTpmi;a 

.E ecTh MaTpmi;a IlOJJHOro paura (paur MaTpHil,LI paBeH k ) .. Cne,noBaTe!lhHO, Ha OCIIOBaHHH H3Be­

CTHO:lt TeopeMhl (2.4.4 [17]) l'l3 CTaTHCTlfqeCKOlt TeopHH pacnpe,neJJeHHe CJJyqattHhlx ne= &Y 
JIBJJJ!eTCJI HOpMaJJhHhIM C HyJJeBhIM cpe.n;HHM H ,n;HcnepCHOHHOi!: MaTpmi;elt: 

~ ~ ~T ~ ~ T E,yn = E. E,yn. E = (E. Et,.. D.: Eti.)A(E. Et,.. D •. Et,.) . (23) 

IlepeMHOJKHB yKa3aHHhle MaTpHil,LI, MOJKHO IlOJJYqH:Th JIBHhllt BH,ll; MaTpHil,LI t.YJI ,ll;JJJI BeKTopa LlY 
(21). . . . 
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3.4.2 <l>aKTOpH30BaHHOe npe,n,CT3BJICHHe KYJIOHOBCKOH H IlOJIHOH KOBapn:auirnHHOH 

MaTpHUhl 

B rrpe,n,cTaBneHHe ExyJI (23) BXO.ll)IT, KaK BH.ii:HM, rrpHMoyrom,ttn1e H KBa,n,paTHLie MaTpm].I,1. Bn1-

IIOnHHB qiopMam.HO Bee rrepeMHOJKeHHJI MaTpHU B (23), rrony'IHM KBa,n,paTHYIO MaTpHUY pa3Mepa 

[k x k] . .ll:am.ttefirnan pa6oTa c E;.y" Bo3MOJKHa, oqeBH,D,Ho, TOJILKO B qHcneHIJoM BH,n,e. O,n,naRo B 

cHny rrony-rronoJKHTem.Hott orrpe,n,eneHHOCTH MaTplU].l,I ExyJI HCIIOJIL30BaHHe ee B qHcneHHLIX pacqe­

Tax MOJKeT rrpHBO,!J,HTh K qlfCJieHHOH HeycTofiquaocTH [18]. qT06bl H36eJKaTL HaRorrnemrn H3JIHIIIHHX 

BLJqlfCJIHTem.Hl,JX rrorpeIIIHOCTeil. rrpH rrpoMeJKyTOqH!,JX BLJqlfCJiemrnx H o6ecneqHTh TeM caMh!M qH­

cneHHyJO ycToil.quaocTL pe3ym.TaTOB, HHJKe B 3TOM pa3,n,ene 6y,n,eT IIORa3aHO, RaR aHaJIHTHqecRH 

BLIIIOJIHHTL rrepexo,n, OT rrpe,n,cTaBnemrn E•yn (17) K rrpe,n,CTaBJieHHJO Exyn BH,D,a (23). By,n,eM HCRaTh 

npe,n,cTaBneHHe MaTpHI].l,I Exyn B BH,n,e 

~ ~ ~ ~ ~~ ~ ~ T 
E,.Y" = (Et:,.· Ds · Et:,.)A(Et:,. · D. · Et:,.) , (24) 

r,n,e Bee MaTplU].l,I, Bxo,n,nm;He B (24), llBJillIOTCll y)!Ce RBa,n,paTHLIMH. IlpH 3TOM Et:,. HMeeT BHll (18), 
.... n1 n2 ·nk ...... 

Ds = diag(L As1, L As2, ••• , L AsN ), A ,n,onJKHa HMeTI, Tpex,n,Harottam.ttym qiopMy 
i=l i=n1 +l i=nk-1 +l 

THITa (19). 

.ll:JIH noro 3aIIHIIIeM MaTpHnJ E c yqeToM ( 17) B BH,D,e 

E = G[c-1(E·Et:,.·D.·Et:,.)A(E·Et:,.·Ds·Et:,.fG-T]GT = G-A-GT, r,n,eG = Et:,.·D.·Et:,.. (25) 

IlepeMHOJKHB MaTplU].l,I B KBa,n,paTHh!X rno6Kax, nony=M HBH!,Jil. BHll MaTpHI].l,I A: 

{ 

l nk-1 ( nk-1 

A(k,k) = 2 ~ L 1; (Sk-1 - L As;)
2 

+ (Sk-1 - L As;)(Sk-1 - L As;)+ 
k-l i=nk-2+1 j=i j=i · j=-i+l 

nk-1 nk-1 

nk-1 ) l nk ( nk nk nk nk ) } 

(Sk-1- L As;)
2 

+ 52 . L 1;_ (I:As;)
2
+(I:As;)(_L As;)+( L As;)

2 
, 

3=1+1 k 1=nk-l +I J=~ 3=1. 3=i+1 3=1+1 

A(k,k- 1) = 
5

; 't' ,;(2(Sk-1 - nf' As;/f As;)+ (Sk-1 - nf' As;)tf' As;) 
k-1 i=nk_2+t j=i j=i j=-i+l j=-i 

+(Sk-1 -1=' As;)( nf As;)+ 2(Sk-1 - nf ~s;)( nf As;)), 
j=i j=i+l j=i+I j=i+l 

nk 

A(k-1,k) = A(k,k-1), sk = L As;. (26) 

i=nk-1+1 

lhaR, KaR HeTpy,D,Ho y6e,D,HTLCH qHcneHHO H aHaJIHTHqecKH, ExyJI ( 24) coBrra,n,aeT c Exyn ( 23). 

IlpH 3TOM <paRTOpH3aUHH Exyn (24) coBrra,n,aeT c <paKTOpH3aUHeil. Exyn (17). 

C yqeTOM E•Y" (24) rroJIHym ROBapHaUHOHHYJO MaTpHnJ C = Exy,i + Eu3,.. no attanormr c (15) 

MOJKHO 3aITHCaTL B BH,D,e 

ExyJI + E.;3M = G(A + (J-l "EH3M • (J-T)cT. (27) 

BecoBaH JKe MaTpHua c-1, o6paTHaH K C, HMeeT BH,!J, 

{;-1 = (J-T(A + (J-1 . EH3M. (J-T)-l(J-1 _ (28) 

MaTpm1a G - IlpOH3Be,D,eHHe rrpocThlX MaTpHll (Et:,.· n. · Et:,.), o6pameHHe KOTOpLIX nerno Hail.TH 

aHaJIH=ecKH. MaTpHUa (A+ f;-1 • E83,.. • f;-T) - 6noqno-Tpex,D,HarottanLHaH. 

B pa60TaX [18], [19) fihlJIH H3yqem,1 CBOil.CTBa 6noqHo-Tpex,n,HaroHaJIJ,HhlX H HM o6paTIILIX Ma­

TPHll H pa3pa60TaHhl ycTOil.qlfBLJe rrpoue,n,ypLI HX 06paII1eH11J1. IlonoMy 06paII1eHHe MaTpHlll;J 

(A+ f;-l · Eu3,. • f;-T) He rrpe,n,cTaBJIHeT oco6oro Tpy,n,a. 
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3.4.3 Mo,n,eJIHp083HHC MHoronpaTHOro KYJIOHOBCKOro pacceJIHHJI 

3a,n,aqa M0/leJmponamrn 111101·0Mcpu11x cnyqatiHh!X raycconcRHX ue1nopon (, H11C!OlllHX Ronap11a­

n1101111ym MaTpHUY E, MOJKCT fihlTL pe1IIe11a pa3JIHqllhlMH cnoco6a1m. CaMIJti IIp0CTOti H KpaCHDh!H 

cnoco6 - natiTH MaTpHUY B ncpcxona K BeKTOpy 

1/ = (1/1, · · ·, 1/N) (29) 

- COBOKYilHOCTH HC33BHCHMhlX CT3HJI3JJTHO-HOpM3JlbHhlX CJiy'laHHhlX BCJIH'IHH • .D,Jill HaXO)ICJICHHll 

noti MaTpHIIhl HCII0JIL3YJOT MeTOJJ.hl pa3JimKeHHH MaTpm111 E, 11anpuMep 1ieT0JJ. Xone1umro (n1. 
[20]). IlpH MO/lCJIHp0BaHHH neKTopou, J{OllapHaUH0HllhlC MaTpH!lhl KOTOpIJX HMCI0T oco6c1rnoCTH (K 

TaKHM OTH0CHTCH KYJJOHonc1me ~rnTpHUIJ ). MoryT D03HHHHYTh pa3nwmwc TpynnocTH. Omia oco6e11-

11ocTh Hyno11011c1wti MaTpHllhl ~- cc nnoxa11 o6ycnonJIC'IllJOCTh. llpyran oco6cmmcTb li:,'JIOHODCKoti 

MaTpm111 - -- noJIOlKHTCJihHOCTh 110:Hjicjim111cuToB 11oppcnm11111. llnn MOJ1cn11pona1mn HCKTopon c 

TaIIHMH MaTpHI(aMH pa3pa6oTalll,I [20] 6once CJI0lKllhIC MCT0/ll,I, nanpHW'P, MC'T0/l IIOHTOpeI;HH. B 

HaIIIeM cnyqae ynaJIOCh IlpHMCIIHTh Jlla•m·rc,;11,110 6oJICC npoc-roti cnoco6, CBH3alllll,IH r BH/lOM qia11-

TOpH30Bamwro npcnc-raBJICIIHH 1,ynoHOIIC'liOi-i ~iaTpHIU,I (2/4 ): 

~ ~ ~ ~T 
}.;xyn = G · A · G , 

rnc ii -- Tpexn1-1aro11am,11an MaTpHua (26). 1lm1 MaTpHHhJ ,1 cy1nC"crnyc-r [18], [l!l] ~-cTOti•mnan 

npoucnypa pa3JI0)Ke1mn ii = I,· A • 1,T, npH KOTOpoti IIC npoHCX0J\HT JlOTCJlH TO'III0CTH H Ile 

napymacTCJI IIOJIOJKHTeJJI,II0CTh IW3<pq>Hlll-lCIITOB uoppcJIJII\HH B t.yn (2/4 ). l1MC'C1J: 

EKyn = (G · L · VA)(G · L · .Ji.f. 
MaTpHUa B HMCeT BHJJ. B = (G • L • VA). BcKTop onrno11c1111ti :ia ctJeT Hyno11onnwro parrC"HIIHH 

AY IlpHMCT JJH,l\ 

AY = IJ · 11, 

rne 1/ -- BCl<TOp ( 29). 

OTKJIOIICHHH 3a cqcT 1-13MepHTeJihllhlX ourn6011 paawrph!Ba!OTC/1 He3aD1-!CHMO JlJl/1 Kalli,l\01'0 H3MC­

pc1mJ1. 

3.5 HccJie,llOBaH"1e MeTo,lla Ha MO,lleJibHb!X ,llaHHbIX 

.ll:nn ,!J,OI{aJaTeJJhCTBa RoppCKTJIOCTH HCJ10Jlh30BaIIHJI 0l(CHOI{ HMIIYJibca, IIOJIY'IPilllhlX B pC'3:,'JlhTaTC' 

<pHTa, J].JIJI HaXOJK/leHHH IICpc1taTo•moti q,y,mmm MarIIHTa npoB0/lHJJOCI, 1-ICCJll'/lOBaJmc cnoi-inu :nHX 

oucnoK na MO/lCJILHhlX l(amu,1x. Bhln crc11cp11ponaII <jiatin co61,rmti pacna/la g- -> rr-rr0 no ,j,a:io­

BOMY 06-1;eMy c Y'ICT0M To•moti reoMcTpHH yCTanomm HCTPA-M, J<ji<j>CKTHHIIOCTH 1-1 pa3p<'lll<'IIHJI 

ncex ee /lCTeKT0p0il. M011Tc-lfapJIO nporpaMMa 1103IlOJJHeT MO/\CJIHJl0llaTL HCC cy111eCTB.VI01IlHC par­

nam,1 ](- -MC30lla C onnoti 3apJilKCIIHOi-i IITOpH'IIIOti •1aCTH1l('ti. Pacna,u1a11 To•ma pa3J,II'phlllaJiaC'I, 

paHIIOMCpHO B/lOJlb J].JJHilhl Tpy61,1. B q>atiJI 3aIIHChlllaJIHCh IW0pl\HllaThl K- -Mc:iona, rr- -MC':1011a, 

nnyx ,-Rna11Ton, 4-HMIIYJihChl Y'IaCTIIYJOBlHX tJaCTHI\, J{O0P/\HllaThl B<'PIIIHilhl parIIal(a. llp11 M0/\('­

J!HponanHH 1wopnmiaT rr- -MC30lla IIOCJIC ManmTa HCIIOJIJ,:IOBaJiaCh lIC(lCJ\aTO•llla/1 <j>ym,1urn, II0· 

nyqc1111a11 C HCIIOJih30DalmCM llaJlThl Mal'IIHTIIOJ'O II0JIH. MO/lCJ1Hpona1mc npoll0JlHJI0Ch r Y'l<'T0~I 

MIIOl'0KpaTIJOro 1,yno110BCl{Ol'0 pacrcnmrn. /l;rn l(aJIJ,IICiilllcro a11aJm:ia 61,IJIO CM0Jl<'Jll1Jl0llaIIo 2:iOO 
co6J,ITHH pacrrn11a ](- -> rr-rr0. /(Jill CM0JlCJmpo11a11111.1x l(allllhlX npoll0/lHJH"IJ HHIJ<'~laTH'If'Clmi-i 

3C <jJHT. Ilonrie11111,1c 011c111111 napaMcTpon /\"- H rr- - Mc:1011011 rpammna;mn. r 11n111111i.m11 :111a­

•1c11HHMH, 3aJJO)KCIIJIJ;JMH II MOJlCJIHJl0BaI!HC. IlanpHMCJl, IICCh HCCJJe/lY<'Mhlti JtHalJa30JI H~1IIYJJhC"OB 

rr- -Mc3011a pa3611nanrn na mncpnam,1 HCJIH'IHil<li-i I l':lB. II H;uHJt0M HIITPpnaJJc 11pono;t1-tJ1or1, cpa-

1111c111-1e 0IICIIOI{ HMnym,ca, llOJIY'ICJIIIl,IX 113_ <jiwra, C HMIIYJIJ,raMH, :1aJJO}K<'IlllhIMH II M0J\f'JIMJHllla!IHC. 

II011y•1c11111,1c 01\C!ll{H Olla3aJJHCh COCTOJITl'JIJ,lll,IMH H ll('CMC'll\('llllhlMH. TO C,CTh II 1,alK/l0M HIIT<'JlllaJJ(' 
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Puc. 6. Pacrrpe.n:ellemm no x2 rrorne 3C qnna ( (a) - x2 , (6) - x2 Ha CTerrem, rno6o.n:hl). 

HMrrym,coB cpe,!!.Hee 3,..H_a-.,-qeHH_.-e_B_e-:-ll-H_q_H_H_hl.,..,....~~P.,,.=_(P<t,nT - PncT) / Peen paBHOe 1::i1 ¥, / N, He rrpe­

BhlIIIaeT 3HaqeHHJI JI::f:1 (¥,)2- (I::f:1 ¥,)2/N. Ha6mo.uaeTCH aCHMIITorn:qeCKaJI CXO.llHMOCTI, 

ou;eHOK K HCTHHHhlM 3HaqeHHHM. 3To .uaeT B03MOJKHOCTI, IIO/lb30BaTJ,CJI 3THMH ou;eHKaMH .ll/IH Haxo­

JK.lleHHH rrepe.uaTOqHOH <i>YHKUHH MarHHTa. 3naqeHHH OIIIH60K ou;eHOK HMIIYilbCa Ha HH.llHBH.n:ya/II,­

HOM C06hlTHH .ll/IH 71"- -Me30Ha H .llilll I(- -MeJoHa COOTBeTCTBeHHo: 

C1,r (;) = 0.0220, C1K (;) = 0.0152. (30) 

3TH 3HaqeHHH xapaKTepH3YlOT TQqHOCT!, MeTo.ua. 

3.6 Haxom.r1eHHe nepe.r1aTO<tHOH <l>YHKQHH MarHHTa 

113 pea/lbHhlX .n:aH!IhlX qieBpa1I1,cKoro ceaHca 1992 ro.ua oT6Hpa1IHCh co6hlTHH pacrra.n:a J(- ...... 11"-11"0 

( KPHTepHH OT6opa paccMOTpenhl B II. 3.1 ). ,[(Ill! OTo6pamlhlx co6hlTHH IIpOBO.llH/ICJI KHHeMaTHqe­

CKHH 3C q>HT. Pacrrpe.n:elleHHe no x2 rrorne q>HTa rroKa3aHo Ha pnc. 6 (6a - x2- pacrrpe.n:e1IeHHe, 

6B - pacrrpe.n:elleHHe x2 Ha CTerrem, rno6o.llhl)-

RaK BH,!l.HO 11'.3 pHc. 6, 3KCIIepHMeHTa/II,HOe H TeopeTHqecKoe x2 pacrrpe.n:elleHHe HeCKO/ll,KO 

OT/!Hqa10TCJI .upyr OT .upyra, qTo roBOpHT O HeTOqnocTH 3HaHHH OIIIH60K., Mb! ou;eHHBaeM TaKy10 

HeToqHocTb B ~ 10%. 
.Um1 naXOJK.UeHHJI rrepe.uaTOqHOH <i>YHKUHH f B rrpe.UCTaBlleHHH ( 1) B KaqecTBe HaqaJlb!IhlX riapa­

MeTpOB TpeKa xo, Yo, xb, Yb 6hl1IH B3l!Thl KOOP.llHHaThl BepIIIHHhl pacrra.n:a H HarrpaB/leHHe 71"- •Me3oHa, 

IIO/lyqem!hle IIOC/le 3C q>HTa, A= 1/pq,HT - o6paTHhlH HMIIY/ll,C 71"- -Me30Ha IIOC/le q>HTa co 3HaKoM 

(3HaK ,,-" .ll/lll OTpHUaTe/II,HO 3apl!lKe!ll!hlX qacTHU), Y,. - KOOp.llHllaThl 71"- -Me30Ha Ha .n:eTeKTO­

pax .UT IIOC/le MarHHTa (cM. pHC. 1). <l>HTHpOBaHHe K03q>q>Hll;HeHTOB rrepe.uaTOqHOH <i>YHKUHH 

rrpoBO.llH1Ioc1, rrporpaMMOH FUMILI [21]. 

.ll:IIH KaJK.n:ott 11'.3 II/IOCKOCTett .n:pettq>oBhlX Tpy6oK 6hl/la Hatt.n:eHa rrepe.n:aToqHaJI <i>YHKil;HH. Toq­

IIOCTI, naxoJK.n:eHHH rrepe.n:aToqnott qiynKUHH orrpe.n:e1IH1Iac1, rryTeM cpaBHe!UfJI HMIIyfilca, BhlqflCJleH­

noro no rrepe.n:aToqnott q>yHKUHH p • ., .. , c HMIIYfilCOM rroc/le q>HTa P<t,eT . CTpOH1Ioc1, pacrrpe.Ue/leHHe 

~ = (p • ., .. - P<t,eT)/P<t,eT .UIIH KaJK.n:ott Y-IIIIOCKOCTH .n:pettqiom,1x Tpy6oK .UK noclle MarHHTa (cM. 

pttc. 2). I101Iyqem1hle 3HaqeHHH ( ~) H a<t,( ~) rrpHBe.n:enhl B Ta61IHu;e 2. 
p p 

12 

180 

160 

140 

120 

100 

80 

60 

40 

20 

0 
-0.2 -0.1 0 0.1 0.2 

Puc. 7. Pacrrpe.n:elleHHe ~ .UIIH rpyIIIIhl cpa6oTaBIIIHX .n:eTeKTopoB. • p 

Ta6n111~a 2 

Be1IHqHHa .L(T-3 .UT-4 .L(T-7 .L(T-8 

(~) 0.007 0.001 0.004 0.003 

C1<t,(~) 0.064 0.063 0.035 0.035 

a,(~) 0.060 0.059 0.030 0.031 

B1,1qnTaH KBa.n:paTnqno H3 rro1Iyqeum,1x 3Haqemrn a<!> Be=y a" ( cM. rr. 3.5), CBH3aHHy10 c 

HeTOqHQCTI,10 MeTo.n:a, IIOJlYqlfM BeJlHqHHY (1T, KOTopy10 6y.n:eM Ha3I,JBaTh ToqnocTblO BOCCTaHOB/le!UfJI 

HMIIYilbCa .UIIH KaJK.llOH IIIIOCKOCTH .UT ( CM. IIOC/le.ll.H1010 rpaqiy Ta6/IHUl,I 2). 

,L(IIH HaXolK.lle!UfJI ToqnocTH BOCCTaHOB/le!UfJI HMIIyfilca no rpyrrne cpa6oTaBIIIHX .n:eTeKTOpOB 

rrpOBO.llH/IOC!, ycpe,!!.HeHHe no HMIIYfilCaM, BI,Jq:HCJlefII!I,JM C IIOMOIIl;I,10 rrepe.n:aTOqm,IX q>yHKIJ;lm .ll/IJI 

KalK.llOH 11'.3 II/IOCKOCTe'il: .n:pe'il:q>OBI,JX Tpy6oK, C BecoM, COOTBeTCTBYlO!UHM TOqnQCTH BOCCTaHOB/le!UfJI 

HMIIY/ll,Ca ITO rrepe.n:aTOqnofi q>yHKUHH ,n:Jin: ,!(aHHOH II/IOCKOCTH ,n:peHq>OBI,JX Tpy6oK ( CM. Ta6JlHUY 2). 

I101IyqeHo pacrrpe,n:elleHHe ~ = (Prp - P<t,aT) / P<t,HT (pttc. 7), r,n:e Prp - HMIIY/ll,C, BI,Jq:HCJlefII!I,JH 

no rpyrrne (.n:Be H 601Iee) .UT, P<t,HT - HMIIyfilc rrorne 3C q>HTa. XapaKTepncTHKH pacrrpe,n:elle!UfJI: 

t::.p (l::,,p) ( p) = 0.001, C1rp p = 0.030. 

Bhlq:HTaJI KBa,n:paTnqno 11'.3 IIO/lyqeHHoro 3Haqe!UfJI C1rp Be=y (1"' CBH3aHHy10 C HeToqnocTblO 

MeTO,n:a ( CM. II. 3.5), IIOIIYqlfM TOqnocTI, BOCCTaHOB/le!UfJI HMIIyfilca ,!(IIH .llBYX H 60/lee :pa6oTaBIIIHX 

II/IOCKOCTeH ,n:pettq>OBI,JX Tpy6oK: 

a= 0.023. (31) 

IIpH 3TOM He yqnTI,JBa/ICH c1Iyqatt, Kor,n:a cpa6oTa/IH TO/ll,KO 3 H 4 .UT. 
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P11c. 8. Pacrrpe)leJiemm (JlJIJI pacrra)la /(- -, ir-ir0): 
(a)-no llMIIYJIJ,CY K--MeJona, (6)- no Macce K--Me3ona, 

0.6 

I I 

0.2 

(n) - no HC)lOCTa10mefi Macce, (r) - no :icpcpeKTllBH0H Macce 2-xy-KB3HTOB. 
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4 'l'oqHocTHLie xapaRTepHCTHRH ycTaHoBRH 11:-CTPA:-M 

Ha pucyHI(C 8 TTOl(a3allhl pacupc)leJieJUIII, xapa1nepll3YIO!UllC T0'IIIOCTllhle xapaKTCJ)llCTllKll ycTano­
mm HCTPA-M. Ilpn e11•rncncunn ttMnynhca 3apmKen1111x qacTttU 11cnoJih30Banach nepeJlaTO•rnan 

cpyuKunn MarnnTa, nonyqeuuan na Kam16poeo'!HOM npoueccc-:--

1. l1Mrrynhc g- -Mc3ona nocne 3C cpllTa (pnc. Sa). 

XapaKTCJ)llCTllKH pacrrpeJlCJ!CllllJI: 

(PK) = 27.40 f:ill, a(pK - (PK))= 0.79 l':ill. 

2. Macca g- -MC30Ha (pnc. 86): 

M} = <I: E;)2 - (L.Pi)2. 

XapaKTCpllCTllHll pacnpc11cJiellll/l: 

(MK) = 0.495 !':ill, a(MK - (MK))= 0.0251':iB. 

3. HcJlOCTa10n1an Macca (pn~. Se): 

M;, = (EK - E1r)2 - (.PI, - p~)2
• 

XapaKTepttCTllHH pacnpe)lCJ!eJ!llJI: 

(Mm) = 0.132 f:ill, a(Mm - (Mm})= 0.015 1':iB. 

4. 8cpcpeKTHBHaJI Macca 2-xy-KBaHTOB (pttc. Sr): 

M;,., = 2E--,1E--,2(l - ii--,1ii--,2)-

Xapa1nepHCTHHH pacnpe)lCJ!CllllJI: 

(M--,-v) = 0.136 r:iB, a(M-v-v - (M--,--,)) = 0.013 r3ll. 

JIHTepaTypa 

[1] PhysicalReviewD, S1-S584, 1992. 

[2] A. IL fpttrop1,ee 11 Jlp.: MaTeprraJiu VI I I Pa6o,wro coucn1a1m11 110 HciiTpttl!IIOit.Y JH'Tl'liWJJY 

H<PB9 - OHHH. ,lfy6ua, ,l]J, 2, 13-88-90, 1988. 

[3] A. D. Volkov, A. V. Voskanian, 0. G. Voskcrchian, ll. J. Zalikhanov, G. Kalmar. 
A. J. Ketikian, E. V. Komissarov, V. S. Kurbatov, V. S. Serdyuk and V. V. Sidorkin: Mc/hod 
for the calculation of charged particle momentum in magnetic sprrtromrlcr. Nud. Instr. and 

Meth. A306 (1991) 278. 

[4] A. ,U. llomme, A. ll. llornaum1, B. }I{. 3a;rnxauon, A. l1. l111am•11Ho, A. }I{. Herniom, E. II. J{o. 

Mttccapoe, B. C. I{yp6aToB, C. l1. MttcJOTHH, B. 3. Cep)lloH, ll. B. Ctt/(op1m11, ll. l1. C11nrno11, 
IO. P. Tep-A1mrron: ff3Mepe1me MaI'IIHTl!oro 1101rn c11eHTpoAteTpw1ecfforo :~m•11Tp0Man111Ta yna­

HOBHH HCTPA-M. ,lfy6na, P-1-92-180, 1994. 

[5] A. J. Ketikian, E. V. Komissarov, V. S. Kurbatov, I. N. Silin: Grnrmli.m/ ki11cmatical fit in 
event reconstruction. Nncl. Instr. and MC'th. A314 (1992) 572. 

15 



{fi 
x2 functionals with constraints. Nucl. Instr. and Meth. A314 (1992) 578. 

[7] A. J. Ketikian, V. S. Kurbatov, I. N. Silin: New minimization algorithm with constraits. 
Proceeding of CHEP-92, CERN 92-07, 1992, p. 833. 

[8] V. S. Kurbatov, I. N. Silin: New method for minimizing regular functions with constraints 
on parameter region. Nucl. Instr. and Meth. A345 (1994) 345. 

[9] B. H. EorroTOB H .n:p.: I'o)J.OCKDIIl1'leCK11i1 qepeHKOBCKlfii crreKTpoMeTp II0JIHoro rrornomeHlffI. 
II04-28, MornBa, 1985 

[10] H. H. roBopyH, IL M. lfaan'IeHKo, A. C. lfoh!poB: O11pe)J.eJie1me napaMcTpou 11cKpouux 

KaMep. OlUill, ,lzy6Ha, P5-5397 

[11] r. A. EMeJII,JIHeHKO. ABTopecpepaT KaH,n:H,n:aTcKoil. ,n:HccepTaU:HH. OllJill, ,lzy6Ha, 1971. 

[12] r. A. EMeJII,HHeHKo: O6pame1me KYJIOHOBCKOH MaTp11LI,LI rrp11 o6pa6oTKe KaMepHLIX CHHMK0B. 

OllJill, P-10-5687, ,lzy6Ha, 1971. 

[13] r. A. EMeJII,JIHeHKO, B. r. O,n:HHU:OB. OllJill, Pl0-11127, ,lzy6na, 1977. 

[14] r. A. EMeJII,fI/IeHirn, B. r. O,n:HHU:OB, T. T. PaxM_OHOB. OllJill, Pl0-89-682, .l(y6Ha, 1989. 

[15] C. <I'>. EepeJKHen, r. A. EMeJII,HHeIIKo, 0. A. 3ail.MH,n:opora. OllJill, Pl0-8167, ,l(y6ua, 1974. 

[16] IO. A. Ey.n:aroB, r. A. EMeJihJIHeHKO, B. r. O,n:HHU:OB, A. ll. Ma'IaBapHaHH. OllJill, Pl0-9950, 
,lzy6Ha, 1976. . 

[17] T. AH,n:epcou: Bne)J.eime B MHOroMepnui! cTaTHCTH'leCRHit auaJIH3. MocKBa, <l'>H3MaTrH3, 1963. 

[18] r. A. EMeJihJIHeHKO. ABTopecpepaT ,!lOKTOprnoil. ,!lHCCepTal(HH: BJIO'lHO-TpeX)J,HarouaJibHL/e Ma­
TpHII,LI H MCT0)J,b/ 'll1CJieHH0I'O pememm crreKTpaJibHb/X 3a)J,/l'l. OllJill, 11-92-4, }ly6Ha. 1992. 

[19] T.T.Rak_lu:no~~v.~Kandidat diss~rt. refera_t. Comp. Math. Inst., Acad. of Sciences, Georgia, 
Tbilisi, 1990. 

[20] r. A. Mttxail.·rrou: 0rrTHMH3aIJ,HII neconux MeT0)J.0B MouTe-KapJio. MocKBa, HayKa, 1987. 

[21] B. ll.!lhe, ,n: . .l(pail.ap.n:, <I'>. ,l(JKeil.Mc, M. Pye, E. Ca.n:yJie : CTaTHCTH'lecxne MeT0)J.b/ B JRcrre­

pHMeHTaJibHoi! q>H3HRe. MocKBa, ATOMH3,!laT, 1976. 

PyKOnHCh nOCTynHJia B H3,!laTeJihCKHH OT,!leJI 

29 .o;eKa6pll 1994 ro.o;a. 

16 

.~ 

ApTeMOB B.M. HAP- ·. · · , · . Pl0-94-521 
. Ka,m6poBKa cneKTpc>MerpHqecKoro MaI'HHTa ycraHOBKH l'.ICTPA-M 
. Ha qJH3HqecKoM rrpo~ecc·e · 

OrrHChlBaerc.si: Me'rOA ou;eHKH HMIIYJihca 3ap.si::>KeHHhlX 'qaCTHD; B crreKTpo­
MeTpHqecKOM MamHTe yCTaHOBKH l'.ICTPA-M; bcHoBaHHhlii Ha HCIIOJih30BaHHH 
pacrraAa K- ·.:_. :rc-:rc~ B KaqecTBe KaJIH6poBoqHoro. IlpHBOA.sJTC.si: TOqHoCTHhle 
xapaKTepHCTHKH yCTaHOBKH. 

( 

.Pa6c>Ta,BhlIIOJIHe~a B Jia6opaTOpHH .sJAepHhlX rrpo6JieMOl'.I.Sll'.I. .. 
\ 

Coo6ll\em1e· 06'1.e,n:ttueuuoro HHCTHT)'Ta 11,n:epnhIX 11cCJie,n:0Bau11i1. JJ:y6ua,· 1994 

IlepeBOA aBTopoB 

0

Ariemov V:M. et_al. . . .. .. . . Pl0-94-521 
Calibration of the Spectrometric Magnet of the ISTRA-M Setup 
_on the Physical Process · · · 

The method for estimation of the moriientu'm of a charged. particle 
in the spectrometric magnet of the ISTRA:..M setup is 'described. The method 
is b;sed on the·K:- ➔ :rc-:rc0 decay as a calibrati~n process. Precision charac:.. 
teristics of the setup ~re reported. · · · · · 

The investi'gation has been performed at the Laboratory of Nuclear 
Problems, JINR. 

t 

Com~unica;ion of the J~int Institute for Nuclear Resea;cll; Dubna; 1994 .. 


