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• Cpe.n:11 IIIHpo~o. H~BeCTHhIX .· MeTOL{OB orrpe.n:eneH~H. ~aBHCIIMoc+; ".n:peiiq>o~oe 

, paC.CTOHHIIe.~. BpeMH .n:peiicpa" (<PYHKUii:i.R( t) ) .n:peii4>0Bi.ix KaM.ep MO)KHO OT~ 
f' ,: -\, / -,., JC ' ; \ ' __ , •' •-._ • , ', '• :-~ ' ' ; ,' '• • • , ':: : • I,.... ' •, •, '"'. 

; MeTHTb .[{Ba, KOTOpbre OCHOBaHbI JIHIIIb _Ha H3MeptHHbIX BpeMeHax .n:peH<}Ja · 

\.-., 

' ('; AliToK;u.1H6poBKa'.'): HHTerpani,H~rii
1 

aHaJIM3 Bpe~eHHhrx·,cIT~KTopo:s- (1] ;-. '·. . . ' . . . ' . . ; . . '" . . . . . . ' 

nTepaTHBHo~ orrpe.n:erreHHe R(t) no -rpa!"=!KTOJ)HHM-(rio HeKoropoMy HatJaJihHo-

¥Y IIpH6JIIDKeIImOR1 ( t) 'BOCCTaHaBJIHBa~TCH rrapaMeTpbi ~paeKTopmr, ·,'ITO ' 

' Il03BOJIHe-ii 'crpClIITb 3aBHCHMOCTb "Koop.n:HHc),Ta=f( t )", CTaTIICTHtJeCKOe ycp'e.zi-, 

Hemre KOTopoii .n:aeT)imiy:ro "qiy~K~IIIO R(t) II T.rr.)l(Ha~pIIMep,[2])., , ·.; . , , . 

.. · Ki-racc11qecKHH llHTerpaJihHOH aHaJIH3 rrpe.n:ycM
0

aTpHBaeT,,6miaK6, -paBHO

MepHOCTb pdcnp~~erreir~rii Op.[(HHa; TpeKOB B~O~I, .tipeii<Po~oro npoMe)KyTKa; : 
' ,·, ·,' . · ... ' ' ' '/ " ' .. ~ . ·, ' .' ' . ,. ,·, 

CHMMeTpH"tJHOe, 3aITOJIHeHHe, CITeKTpa .zi:peHqJOBbIX ·:apeMeH C pa3Hb!X- CTOpOH 

~HOL{HOH 
I 
npoB~~OtJKII ~ (" JieBo-np~BM · Heqnpe.n:eneHHoZTI,") j ·rroCT05IHHYIO. 3qJ

qJ~KTHBHOCTh B.n:o.r.ti,' . .n;pe:fi:4l0Boro · p'ac~ToHiiriH:: 8'T11 rrpo6rreMbI 'o-rcyTcTBy

, 101> npn onpe.n:e.rreHHH R( t) ITO Tp~eK-iopH~M, . OL{IIaI(O . yen ex • 3TOfo · Mero.n:a 

. ( C~O.l(IIMOC;h II 'tJ~~rio l1;ep~UHH) onpe.zierrHeTCH B3Ha'tJIITeJibHOH CTerremi H~- , 

'tJ~bHhIM; ITpII6JIII)KeHHeM R( t): · K po Me ;oro,. JIOrH'tJeCKH orrpaB.n:ci.HHbIH, 3TOT_ 

crroc~6 He' HMeeT· HCHOH MaTeMaTH.:iecK~H CTpJKTypbI. If, cn:e.n:OBaTeJibHO, 
' ~ • • • • • , ' • • ' •• :,_,, C-. ,.( •• ' • ' , • • , • < ' , I ' • • • • ".; •• 

Tpy.n:Ho KOHTpom1pyeM.. , · · , · · · 
. . . '. ." ·. .. ' ·,,, .• .. 
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Uenb JlaHHOH pa60Tbl COCTOBT B cnoeo~pa3HOM o6'be,JUrnenBB 3TBX 

.n:nyx ITO.D:XO.D:OB B MaTeMaTIP:IeCKYIO 3a,n:aqy, OCHOBaHHYIO Ha aHa.JIIITIItJeCKOM 
. 2 

ITpe,n:cTaBJieHIIII "xII-KBa,n:paTa"(X ) B TOtJKe_MIIHIIMyMano ITapaMeTpaM Tpa-
2 2 

eKTOpirn (Xmin ) [3]. MaTeMaTIItJeCKOe Bhlpa,KeHIIe Xmin y,n:a.JIOCb ITOJIJtJIITb 

JIIIlllb .n:mr ITPHMbIX II ITapa60JI ( aITITpOKCIIMaU:IIH. TpaeKTOpIIII B MarHIITHOM 

ITOJie), T.K . .D:JIH 6oJiee CJIO)KHhlX KpHBbIX ITO,n:o6HbIH IIIar BeCbMa 3aTpy,n:HII-
' . 2 

TeJieH H3-3a CJIO)KHhlX MaTeMaTIItJeCKijX ITpeo6pa3oBaHIIH. Xmin BKJIIOtJaeT B 

ce6H KaK q>aKT cymecTBOBaHIIH TpaeKTOpIIII, a He cJiytJaMHbIX OTCtJeTOB, TaK 

II CBOeo6pa3Hbie CITeKTphl .n:pe:i'i:q>OBhlX BpeMeH. PaccMaTpIIBaeMoe KaK q>yHK-
2 

U:IIOHa.JI Xmin IT03BOJIHeT OITpe,n:eJIHTb R(t) II V(t) (3aBIICIIMOCTb CKopocTII 

.n:pe:i'i:q>a OT BpeMeHII) KaK peIIIeHIIH IIHTerpa.JibHOro ypaBHeHIIH <Ppe,n:roJibMa 

ITepBoro po,n:a. 

B ,n:aHHOH pa6oTe paccMaTpHBaIOTCH TOJibKO O.D:HOTpeKOBhle co6bITIIH. Bee 

peIIIeHIIH ITOJiytJeHhl CTporo .D:JIH .n:pe:i'i:q>OBhlX KaMep, IIMeIOIUIIX ITJiaHapHhlH 

.n:pe:i'i:q>, HO TaK,Ke MoryT ITPIIMeHHTbCH II .i:i:JIH .n:pe:i'i:q>OBbIX Tpy6oK, IIMeIOIUIIX 

pa,n:Ha.JihHhIH .n:pe:i'i:q>. 3a,n:aqa paccMaTpIIBaeTcH ,n:JIH ITpHMhlX TpeKTOpII:i'i: JlO

CTaTOtJHO ITo,n:po6Ho H KpaTKO - .D:JIH ITapa60JIHtJeCKHX KpHBhlX. 

2 Onpe,n;eneH1u1 

B cHcTeMe Koop.n:HHaT X(Z) pacITOJIO,KeHhl aHO.D:Hhle ITpoBOJIKII Ha a6cu:IIccax 

Z = Zn II op.n:HHaTax X = Pn (n = 1, ... , N; N - o6mee tJIICJIO ITpoBoJiotJeK, 

perncrpnpyroIIUIX 1'paeKTopmo). . IlpHMhle TpaeKTOpHH qacTHU: OITpe,n:eJIHIOT

CH ITapaMeTpaMII A, B: 

x(z) = Az+B, 

H ITapa6oJIHtJeCKIIe TpaeKTOpIIII -

·x(z) = Az2 + Bz + C. 

(1) 

(2) 

PerIICTpIIpyeMhle BpeMeHa,n:pe:i'i:q>a (tn) COOTHOCHTCH C KOOpAIIHaTOH Tpa

eKTOpIIHMII (xn) ITO _cJie.n:yromeMy OITpeAeJieHHIO: 

3 
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' 

,; 

Xn = Pn + SnR(tn), (3) 
r,ne Sn = ±l- JHaK HarrpaBJieHJui .npeiicpa, R(t)- "nepe,narn•rnIDI", HJIH "Ka

mi:6poBO'IHaJI" 'q>yHKUHIUI. TIUIH'IHaJI reoMeTpIUI aHO.UHhIX IIpOBOJIO'IeK II 
IIpHIDIThle o6o3Ha'IeHHH IIOKa3aHhI Ha .pHc.1. 

B JlaJihHe.iirneM H3JIO)KeHHH 6y.nyT TaK:lKe HCIIOJihJOBaThCH CJie.uyIDIIIHe 

orrpe,neJieHnH: ,cpe.nHeapttcpMeTtt'lecKoro OT nepeMeHHoii y: 

I N 

fi = N-LYn; (4) 
n=l 

KOOpJlHHaTHaJI HH<pOpMaruur B HeKOTOphIX CJIY'IaJIX HHTeprrpeTHpyeTCH B 
BeKT0pHOM BH,ne 

Z = {zn},X = {xn}, iJ = {zn - z}, W = {(zn - z)2}, E = {I}. (5) 

E.nHHH'IHaJI MaTp1ni:a j orrpe.ueJieHa CJie,nyIOIIIHM o6pa30M: 

{ 
I if m=n 

Imn = Dmn = O otherwise (6) 

X 

anode wire (x = Pn, z = Zn) 
+ . 
: . drift direction: + 

drift direction: 

+ x(z)-Az+B S3 = +I 
+ 

z ----:-----------~ 
Pttc.1, THrrH•rnrur "rnaxMaTHrur" reoMeTpHH 'IYBCBHTeJihllhIX ( aHO,llllhIX) rrpo

BOJIO'IeK, OTMe'leHHhIX KpeCTHKaMH. HarrpaBJieHHe ,npe.iicpa (s = ±I) 3JieK-

rNRNo"""HH«eH 
I A)I3TOMI\8lUI J 4 1 __ _ 

{; 
~ 

I 
'I 

3 AHaJIHTlPieCKa.R q>OpMa MHHHMaJibHOro XH

KBa,n;paTa 

3a.ua<J:a orrpe.ueJieHHR rrapaMeTpOB TpaeKTOpHii ( 1,2) MeTO,U0M nauMeHblllllX 

KBa.upaT0B, T .e. MHHHMH3aUHR no A, B (.llJIH rrpRMOH) 

N 

x\A, B) = 'Y:,(A.tn + B - Xn)
2a;2 

1 (i) 
n=l 

RBJIHeTCR 6oJiee 'leM xop0IIIO H3BeCTHOl~I: rrapaMeTpbI A, B Haxo.URTCR ll3 CH

CTeMhI JIJIHeH.HhIX ypaBHennii, .uanee '.)Tl! rrapaMeTpbl IIO}lCTaBJIRIOTCR B (i), 
n no 'IHCJieHH0MY 3Ha'!emno x?nin orrpe.ueJIReTCR r,;a•1ecTBO TpeKa. O6bI'IHO 

anaJIH3 Ha 3TOM 3aI(aH'IHBaeTCR. 

O.uHaKO ,UJIR rrpRMblX H rrapa6oJIII'!eCKHX TpaeKTop11f1 l\to)KHO Herrocpe.ucTBeH

HO rrony'IHTb aHaJIHTH'!ecime Bbipa,i-;enue x;,in (A, B). B 'lacTHocTn, .UJIR 

IIpRMhIX TpaeKTOpHH peuenT BblBO,Ua x;,in C0CTOHT B CJie,ny10rneM: pe3yJih

TaThl peIIIeHHR ynol\nIHaBIIIeiicR cncTeMbI mrnefrnbIX )'paBnenn11 .UJIR A, B 
MO:lKHO rrpe,UCTaBHTb B BJI,Ue 

N N 

A= L an:tn, B = L bn:rn, (8) 
n=l n=l 

r.ne 

= Zn - Z b = fl - z( Zn - z) fl = :2 _ ;:2 
an - ND ' n - ND ' - - ~ . (9) 

B orrpe.ueneHHRX (8,9)·rrapaMeTp an onyrn,en, T.K. JlJIR .upeiicpOBhlX KaMep 

TO'IHOCTh RBJIReTCR CTaTHCTH'ICCKII orrpe,UeJIReMOlI BeJIII'IHHOH ll ,UJIR o.unoro 

TpeKa MO.lKeT C'IHTaTbCR IIOCTORHHOH (06rnm1 CJIJ'Ial1 O"n -=I- constant(n) pac

CMOTpeu B [4]). llanee, Bhipa)Kemur .UJIR A, B rro.ucTaBJIRIOTCR B (i), n norne 

pR.ua yrrpornenuii rrony<JaeTCR aHaJIHTII~ec1me npe,ncTaBnem1e x;,,in : 

IIJIH B MaTpH'IHOM BH,ne 

N N 

X~in =LL XmCmnXn 
m=I n=I 

2 ➔T. ➔ 

Xmin=X CX. 

5 

(10) 

(11) 
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MaTp1:1ua C I:IMeeT HBHbIU aHaJII:ITJiqecKnii BIIJl 

C
A - A jfjfT au-T 
-I- --N - ND 

HJIH 

C _ 8 _ 2_ _ (zm - z)(zn - z) 
mn - mn N ND 

y Hee CJie,nyIOIIlHe CBOHCTBa: 

6T = 6, 

66=6, 
C(aZ + bE) = 0. 

(a, b - npoHJBOJibHbie). 

PaHr C He coBna.n:aeT c nopHJlKOM (N), 

Rank(C) = N - 2. 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

Ha1160Jiee Ba2KHbIM CBOHCTBOM 6 ,llJIH 1a.n:aq KaJIH6poBKH HBJIHeTCH opTo

roHaJibHOCTb 6 K mo6oii: npHMOU JIHHHII (16). flocTaToqHo oqeBH,ZlHO, qTO 

paHr 6 paBeH N-2 (Mbl IICKJIIoqHJIH 2 napaMeTpa), O,ZlHaKO CTporoe ,llOKa-

3aTeJibCTBO (17) npnBe,ZleHO B pa6oTe [4], T.K. qncJieHHOe HHBepTHpOBaHHe 

Ha KOMITbIOTepax MaTpIIl(bI 6 6oJibIIrnii pa3MepHOCTII MO2KeT .n:aBaTb ITOJIO· 

)KI:ITeJibHbIH pe3JJibTaT 1:1, CJie,ZlOBaTeJibHO, npIIBO,ZlIITb K He11pe.n:cKa1yeMbIM 

pe3JJibTaTaM. 

KpoMe Toro, C Mo2KeT "BocnpoI:13BO.llHTb" MaTpnuy C (C0 ) MeHbIIIen: pa.3-

MepHOCTH (N - k x N-: k)[4]: 

Co= G - jJ,4.-1 iJT, (18) 

r.n:e GN-kxN-k,EhxN-k, 1hxk·6JioqHbie qacTH C 

C = ( 1 1T) BG . (19) 

MaTpI:!l(a 60 orrpe.n:eJieHa,KaK H 6 (12,13), TOJibKO JIHIIIb no N - k 3Ha

qeHHHM z. 3To CBOHCTBO, HeoqeBH.ZlHOe Ha nepBbIH B3rJIH,Zl, MO)KeT HMeTb 

6 

i 
, ' 

Ba2KHOe 11paKTHqecKoe 3HaqeHHe npn peIIIeHHH CHCTeM JIHHeUHbIX ypaBHe

HHU, OCHOBaHHbIX Ha 6 . CJie.n:yeT TaK2Ke OTMeTHTb, qTO 6 pa3MepHOCTH 

(2 x 2) qffCTO HyJieBaH: 

A ( 0 0) 
C2x2 = 0 o . (20) 

MaTpHiia 6 MO)KeT 6bITb oxapaKTepH3OBaHa KaK "o6o6meHHaH BTOpaH 
2 A 

npo11JBO.QHaH B CMhICJie X ": .ZlJIH 3 3HaqeHnii: z = -1, 0, 1 C HMeeT cJie.n:y10-

mee BH.Zl 

1 -2 
( 

1 

63x3 = 6 .
1 

-2 
4 

-2 -n (21) 

H ecJIH 3 cooTBeTCTBYIOlllHe op,nttHaTbl X1' X2 ,x3 pac110JiaraIOTCH Ha npH· 

MOH JIHHHH, TO B MaTpHqHOM rrpH3Be,neHHH C X = 0 MO)KHO JBH,neTb qacTo 

scTpeqaIOmeecH Bbipa:lKeHtte x1 - 2x2 + X3 = 0. . 2 
IIo.no6HhlM o6pa30M MO)KHO noJiyqHTb aHaJIHTHqecKOe Bbipa)KeHHe X ,llJIH 

rrapa6oJIHqecKOH TpaeKTOpHH: 

r.ne 

H 

2 -T" -Xmin = X TX, 

T = j - [a2WWT - ,(UWT + wuT) 

-a4 (EWT +WET)+ 1 a2 (EUT + U ET)+ 

(e - a 4 )UfjT + (ea2 
- 1

2 )EET]/N D2 

e::::(zn-z)4, ,=(zn-z)3, 

a 2 = (zn - z)2, D2 = ea2 
- 1

2 
- a

6
• 

MaTpHua T HMeeT cBOHCTBa: 

AT A 

T =T, 

i'i'=i'. 

7 

(22) 

(23) 

(24) 

(25) 

(26) 
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T( aw+ bZ + cE) = o (27) 

(a, b, c - npmI3BOJibHble), n 

Rank(T) = N - 3. (28) 

4 Onpe,n;eJieHHe nepe.n;aTOl:JHOH cpyHKIJ;HH 

C y'-IeTOM napaMeTpH'-IeCKOro onpe.ueJieHHH (3) op,llHHaTbI x ITOJIJ'-IeIIHOe aHa

JlllTH'-IeCKoe Bhlpa)Keii:ne .UJIH x;,in (10,22) npe.ueTaBmreT eo6oii: KBa.upaTH'-1-

HYID <l>?PMY nepe.uaTO'-IHOII q>YHKIIHH 

N N 
X;.in(R) = L I:[Pm + s~R(tm)]C,,;n[Pn + SnR(tn)]. (29) 

m=l n=l 

. 8To Bblpa)KeHne MO)KeT 3<p<peKTHBHO nenoJib3OBaTbeH, eeJIH <pJHKIIMO

HaJihHblll xapaKTep R( t) H3BeeTeH, aanpnMep JIHHeii:HaH ·3aBnenMoeTh 

R( t) = Vo · ( t - To) (30) 

OT HeM3BeCTHblX eKopoeTH .upen<pa Vo H o6meii: ',llJIH Beex npoBOJIO'-IeK 3a

.uep)KKM eTapTa T0 • MHHHMH3aIIHH x;,;n (29) .llJIH O.llMHO'-IHOH TpaeKTopnn 

.uaeT cHeTeMy ypaBHeHnii: .UJIH Vo H T0 : 

N N N 

Vo L CmnSmSntmtn - Do L CmnSmSntm = - L CmnSmSntmPn 1 

m,n==l · m,n=l m,n=l 

N N N (31) 
Vo L CmnSmSntn - Do L CmnSmSn = - L CmnSmPn 

m,n=l m,n=l m,n=l 

(Do =¼To) 

CBoii:eTBa MaTpttrri.r C Tpe6yIOT .uoeTaTO'-IHO HeHblX yenoBnii: .UJIH peIIIe

HHH eneTeMbI (31 ): 
a) qneno napaMeTpOB, onpe.ueJIHIOIIIIIX R(t) (B ,llaHHOM eJiy'-Iae 2 napaMeTpa 

Vo II To).,.uoJI,KHO 6h1Th He 6onee N - 2; 

8 

b) Bee rreHTphI aHO.llHhIX npoBoJio'-!eK (Pn) He .uoniKHhI neiKaTh Ha O.llHOII np.11-

MOllj 
e) Bee 3HaKII (sn) He ,llOJI)KHbl UMeTh O,llHO H TO )Ke 3HaqeHne; 

d) ,llJI.11 aHaJill3llpyeMOII TpaeKTOpllll ,llOJiiKHO BbIIIOJIH.l!Tbe.11 ycJIOBUe 

IX(Z1) - X(ZN)I > Ro, (32) 

Ro - IIOJIHOe paeeTO.SIHHe .upe11<pa, 8n1 pe3JJibTaThl (npoBepeHHbie B '.lKe

nepnMeHTax) MoryT 6bITb HenOJib3OBaHbl KaK Ha'-IaJihHOe npu6JII1iKeHHe npn 

BOCCTaHOBJieHHH npOH3BOJibH011 q>JHKIIHU R( t) . 
PeIIIeHne 3T011, 6onee 06me11 3a,lla'-IH OCHOBaHO Ha paCCMOTpemm CTaTIICTil'-IeCirn-

ycpe.uHeHHOll (no Q TpeKaM) q>JHKIIHH X~in(R) : 

__ 1 Q N N 

X~in(R) = Q ~ fl ~[Pmk + SmkR(lmk)]Cmn[Pnk + SnkR(tnk)] .(33) 

( k - cTaTHCTH'-!eCKHll nH.UeKc TpaeKTOp11n). 
8To cJioiKHoe, Manoo6ema10mee onpe.ueneHne MOiKeT 6hITh, o.uHaKo, npe-

o6pa3oBaHo K 6onee IIOH.SITHOMY, ec.rrn onepaIIHIO "I:" 3aMeHHTh Ha HHTe

rpnpoBaHIIe "J". Ilpn .uocTaTo•rno 6oJibIII011 cTaTHCTHKe M02KHO BCIIOMHIITh 

ll3BeCTHOe COOTHOilleHHe: 

- 1 Q 1 / / R = Q ~ Rk = Q Rcp(R)dR, (Q = cp(R)dR), (34) 

r.ne cp(R) - nnoTHOCTh cTaT11eTn'-IecKoro pacnpe.uenenn.11 R. ll3BeeTHhlH 

nepexo.n OT Koop,nnHaTHoro pacnpe.ueneHH.11 cp( R) K pacnpe.uenenmo BpeMeH 

,npen<pa 

cp(R)dR = cp(R(t))ld~;t) ldt = J(i)dt (35) 

no3BOJI.HeT onepttpoBaTh e H3Mep.HeMhlMH eneKTpal\m BpeMeH .upe11<pa ( CJie

.uyeT OTMeTHTh, '-ITO ,llJI.11 paBHOMepHO paenpe.uenennoro cp(R) Mb! nonyqaeM 

KJiaeen'-!eCKHll MeTO.ll [1] BOCeTaHOBJieHI!.11 R(t) no HJJTerpHpoBaHHIO cneKTpa 

BpeMeH). 
C 

1
'-IeTOM 3TOI'O COOTHOilleHMH, eTaTHeTH'-IeCKII ycpe.uneHHOC Bb!pa2Ke1I11e 

,llJl.11 Xmin MOiKHO npe,llCTaBIITh B Bl!,lle 

9 



__ N N T TT 

X;.;n(R) = LL PmPnCmn + 2 j F(t)R(t)dt + j j R(t)R(r)K(t, r)dtdr, 
m=l n=I o o o 

(36) 
r.n:e T - rroJIHoe BpeMH .n:peii:cpa ( :na Benwnrna .n:omrrna 6hITh orrpe.n:eJieHa 

HeJaBHCHMo, Harrp1u.1ep - no crreKTpaM BpeMeH .n:pettcpa), 

N N 

F(t) = L L Pm(t)Cmnfn(l)sn(t), (37) 
m=l n=l 

N N 
I<(t, r) = LL Sm(t)CmnI<mn(t, r)sn(r), (38) 

m=l n=l 

fm(t)- cneKTp epeMeH .L1peficpa Ha m- H rrpoBOJIO<IKe H I<mn(t, r) - Koppe

JIHUHOHHaH MaTpHua .LJ:JIH m- ii: n n- tt npoBOJIO'leK. 3HaKH ·HarrpaBJieHHH 

.n:pettcpa Sn HBJIHIOTCH CTaTHCTH<JeCKH H3MeHHeMhIMH rrapaMeTpa.l\m, II03TOMY 

OHH MoryT cpopMaJihHO paccMaTpirnaThCH KaK sn(t); rro.n:o6Hhie paccy)K,n:eHHH 

o6'hHCHHIOT JaITHCh"Pm(t)" B onpe.n:enemrn (37). 

BapHaUHOHHaH MHHHMH3aUHH q>YHKUHOHana 8X;.;n(R)j8R .n:aeT HHTe

rpanhHoe ypaBHem1e .LJ:JIH onpe.n:eneHHH R( t) : 

T 

F(t) + j R(r)I<(t, r)dr = 0. (39) 
0 

TaKHM o6pa3oM, R( t) orrpe.n:enHeTCH reoMeTpHe:ii: flK H H3MepeHHhIMH Bpe

MeHaMH .n:peii:cpa. 

flnH .n:pe:ii:<pOBhIX Tpy6o<JeK IlOJIHOe pacCTOHHHe .n:pe:ii:cpa Ro, H3-3a TOJI

IUHHhI CTeHOK, MeHhIIIe BHeIIIHero pa.n:nyca Tpy6o<JKH, orrpe,n:eJIHIOIUero reo

MeTpH!O,H .n:nH y<IeTa rro.n:o6Horo rpaHHqHoro ycnoBHH cne.n:yeT rrepexo,n:HTh 

K onpe.n:eneHHIO cKopocTH .n:peii:cpa V(t) = dR(t)/dt. Orrpe.n:emrn <IacTH'IHO 

rrpmrnTerpnpoBaHHYIO KoppeJIHUHOHHYIO q>JHKUHIO 

t 

I(t,r) = j I<(TJ,r)dTJ, (40) 
0 

MO)KHO BHOBb rronyqHTh HHTerpaJihHOe ypaBHeHHe .LJ:JIH orrpe.n:eneHHH V(t): 
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T 

j V(r)I(t, r)dr = F(t) + R0 I(t, T). ( 41) 
0 

AHanorHqHhJe ypaBHeHHH {39-41) MO)KHO rroJiyqHTh H .LJ:JIH rrapa60JIH'le

CKHX TpaeKTOpH:ii:, MaTpnua 6 .LJ:OJI)KHa 6hITb 3aMeHeHa Ha 'I' (23). 
Y CJIOBHe cymecTBOBaHHH peIIIeHHH (39-41) orrpe,n:eJIHeTCH yrJIOBhIM pac

rrpe.n:eneHHeM aHaJIH3HpyeMhIX TpaeKTOpH:ii:,- OHO .LJ:OJI)KHO 6hITh .n:ocTaToqHo 

IIIHpOKHM,T.e., KaK OTMeqanocb, Tpe6oBaHHe (32) .LJ:OJI)KHO BhIIIOJIHHThCH .LJ:JIH 

3HaqHTeJihHOH 'laCTH CTaTHCTHKH. 

flnH H3JIO)KeHHOro MeTo.n:a orrpe.n:eneHHH R(t) Tpe6yeTCH HeCKOJibKO HTe

paunii::, IIOCKOJihKY HaH6onee KpHTHqeiKHMH rrapaMeTpaMH, orrpe.n:eJIHIOIUHMH 

TO'IHOCTh BOCCTaHOBJieHHH R(t), HBJIHIOTCH 3HaKH HarrpaBJieHHH .n:pe:ii:cpa (sn) 
.n:mr KaiK.n:oro Ha6opa tn, COOTBeTCTBJIOIUHX TpaeKTOpHH. O6hl'IHO. Ha'laJih

HOe R1(t) BHOCHT HCKa)KeHHH B orrpe.n:eneHHe Sn, o.n:HaKO qepe3 2-3 HTepaunn 

(R1(t) 3aMeHHeTCH Ha BOCCTaHoBJieHHOe R2(t) H T.rr.) cpyHKIJ;HH R(t) cTa6n

JIH3HpyeTcH. IlpaBHJIOM OKOH'laHHH HTepau;H:ii: MO)KeT CJIJ)KHTb, HarrpHMep, 

He3aBHCHMOCTb OT BpeMeHH .n:pe:ii:cpa OTKJIOHeHHH BOCCTaHOBJieHHOM TpaeKTO

pH:H OT COOTBeTCTBJIOIUHX KOOp.LJ:HHaT (.LIIDI HerrpaBIUJLHOro R(t) 3Ta 3aBIICH

MOCTb HMeeT O'IeHb CJIO)KHhIH pa3phIBHhIH xapaKTep). 

5 HeK0Toph1e 3aMeqaHH.H no IOCTHpoBKe 

Cne.n:yeT rro.n:<IepKHJTb, qTo yTo<IHeHHe rroJIO)KeHHH Bcex ( N) cnrHaJibHhIX 

rrpoBOJIO<JeK TOJibKO JIHIIIb no TpeKOBblM .n:aHHhIM IIpHHIJ;HIIHaJibHO HeB03MO)K

HO. :::ho cne.n:yeT H3 paHra MaTpnu; C II 'I' . 8To yTBep)K.LJ:eHHe TaK)Ke 

crrpaBe.LJ:JIHBO H .LJ:JIH .n:pyrnx KOop.n:nHaTHhIX .n:eTeKTOpOB. 

IIorrbITKa o.n:HoBpeMeHHOro orrpe.n:eneHHH Pn H R(t) npHBO.LJ:HT K TpHBH

aJibHhIM pe3JJibTaTaM. IIocKOJibKY 3T0T BOIIpoc MO)KeT 6hITb BeCbMa aK

TJaJibHbIM .LJ:JIH 6oJibllIHX 3KcnepHMeHTaJibHhIX ycTaHOBOK (KaK,HaIIpHMep, 

ATLAS [5]); no yTBep)K,n:eHHe ,n:OJI)KHO 6bITh .n:<>KaJaHo. 
2 

MnHHMH3aIJ;HH Xmin ,HanpHMep o6mero BH.LJ:a (36), no R(t) H Pn rrpn-

BO.LJ:HT, HapH.n:y c IIOJIJ'leHHhIM ypaBHeHneM .LJ:JIH R(t) (39), K ypaBHeHHHM, 

co.n:ep)KaJUHM Pn 

6P=-6ii, (42) 
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r.ne Pn rrpe,n:cTaBJieHhl B BeKTOpHOM BII.D:e( P) H BeKTOp fi HMeeT KOMIIO

HeHThl 

Hn = 1T R(r)sn(r)fn(r)dr. (43) 

Ila)Ke ecrrH R(t) H3BecTHO, paHr C (N-2) rro3BomieT orrpe,n:eJIHTb JIHIIIb 

N-2 3Ha-.::reHHH Pn, 3a,n:aB rroJIO)KeHH.ll (x, z) ,n:Byx rrpoBOJio'leK ,orrpe,n:eJIHB TeM 

caMhlM CHCTeMy Koop,n:HHaT ,n:eTeKTOpa ( THIIH'!Ha.ll CHTyaum:.1 ,nm.I 3KCIIepH

MeHTa, Kor.na 3TH "orropHbie" ,n:eTeKTOpbl "rrpHB.ll3blBaIOTC.ll" 3aTeM K o6meii: 

CHCTeMe KOop,n:HHaT, .Hcxo.n.si H3 ,n:oIIOJIHHTeJibHbIX ycJIOBHH). 
Ilorrara.si ,n:arree, 'ITO R(t) HeH3BecTHO, BbI6epeM HeCKOJibKO rrpoBoJio-.::reK 

( k) KaK "orropHhle" ( qiopMarrbHO o6o3Ha-.::reHHble KaK BeKTOp P0 ) H Bbrpa3HM 

ocT?..JibHble Pm(m = 1, ... , N -k) (BeKTOp .P1 ) -.::repe3 3TH "orropHbre" (BeJIH'IH

HbI Hn(43) ,TaIOKe cpopManhH0 rrpeACTaBJieHhI KaK BeKTOpbI H0 H H1 cooTBeT

CTBeHHo). IIpe,n:cTaBJI.ll:.ll ypaBHeHH.ll (42) B 6JIO'IHOM BH.ne,MO)KHO IIOJIY'IHTb 

peIIIeHH.ll .D:JI.ll HeH3BeCTHblX pm 

- - '"'-1 '"'T - -Pi = -Hi - A B (Po+ Ho) (44) 

H TaK)Ke ycrroBH.ll ,n:JIH "orropHbIX" rrpoBOJIO'leK 

(G :-- fJJi.-l fJT)(P0 + H0 ) = Co(Po +Ho)= 0, (45) 

r.ne Co.:- MaTpnua, orrpeAem1eMa.H no (12,13) .nmr k rrpoBorro-.::reK. 
llcrroJih3J.ll 3TH pe3yJibTaTbI B ypaBHeHHH (39), orrpeAemi10meM R(t) , MbI 

rrorry-.::raeM HoBoe ypaBHeHHe 

Fi(t)+ 1T R(r)K1(t,r)dr = O,· (46) 

r.ne N N 
Ki(t, r) = K(t, r) - L L fn(t)sn(t)Ymnfm(r)sm(r). ( 47) 

m=l n=l 

B COOTBeTCTBHH c rrorry-.::reHHbIMH peIIIeHH.l!MH(44,45), MaTpHua Y HMeeT 

( 6JIO'!HblH) BH.D: 

y = ( _Ji.iJ 6~~ a ) ' (48) 

12_ 

- r'r A ~ 
H ( F1(t) = J0 (t)CoPo ) 

k k 

Fi(t) = L L PomComnfn(i)8n(t) • ( 49) 
m=l m=l 

CBOHCTBO "BocnpoH3BO.UHMOCTH" C npo.SIBJI.lleTC.ll B IIOCJie,n:Hel\l Bblpa)Ke

HHH CB06o,n:Horo '!JieHa F1(t) HHTerpaJibHOro ypaBHemrn (46) "KaTacTpoqin

qecKHM" o6pa3oM - npn 3a,n:aHHbIX .UBYX onopHbIX TOtJKax ("THIIII'!Ha.ll cnTy

auH.si .nrr.si 3KcnepuMenTa") C0 = 0 n,crre.noBaTeJibHo: F1(t) = 0, R(t) = 0,n 

Bee OCTaJibHbie onpe.nerr.sieMbie npOBOJIOtJKH BbICTpaIIBaIOTC.ll no rrp.l!MOI1 JIII

HHH OTHOCUTeJibHO onopHbIX ("TpHBUaJibHOe peIIIeune''). 

II pu nrraHupoBauua 3Kcnepm.i:eHTa, crre,n:oBa TeJibHo, ueo6xo.nnMo npe

.nycMa TpIIBa Tb OT,n:eJibHYIO CHCTeMy .D:JI.ll KOHTpOJI.ll IlOJIO)Keum'.i npoBOJIO'leK 

(MHHHMa.'IbHO: Tpex JlJI.ll np.l!MbIX TpeKOB H tJeTbipex - JlJI.ll napa6om1-.::recKHX 

TpaeKTopnii:). 

6 Pe3yJibTaTbI 

Ilrr.si rrpoBepKH npenJio)KeHHOro MeTo.na orrpenerremrn R( t) ncrroJib30BaJUICb 

.naHHble Monte-Carlo Mo.nerrnpoBaun.si : rrpoXO)KJleHH.ll MIOOHOB tJepe3 ''Mon

itoring Drift Tubes" npoeKTHpyeMoro 3KcrrepHMenTa ATLAS [5]. AHaJIH3H

poBarrncb .npeii:qiOBbie BpeMeHa OT rrp.l!MbIX TpeKOB MIOOH0B, perncTpnpyeMbIX 

naKeTOM ( 4 x 4) npefopoBbIX Tpy6oK, HMeIOmnx rnaxMaTHbIH rrop.ll.UOK reoMe

Tpn-.::recKoro pacrrOJIO)KeHII.ll. Ilpu Mo,n:errupoBaHJm HCIIOJlb30BaJiaCb OTHOCU

TeJlbHO cJIO)KHa.si qiynKun.si R(t) = a>/i. (Teopen1tJec1-:a.si Kp1rna.si). Ha.pnc.2a 

rrpe,n:cTaBJieua BOCCTaHOBJieHHa.ll R( t) IIOCJie TpeTbell IITepaunn, HatJaJibHbIM 

rrpn6JIH)KeHneM R(t) .l!BJI.siJiacb mrneuenua.si 3aBncnMocTb (30), rrapaMeTpLI 

KOTopoii orrpeneJI.l!JlHCb no (31). OTKJIOHeljUe BOCCTaHOB.'leHHOH R(t) OT TeO

peTUtJeCKOro 3Ha-.::remrn IlOKa3aHO : Ha pnc.26, ero M0:lKH0 061,.l!CH.l!Tb KaK II 

rrorpeIIIHOCT.ll:MU 'IUCJieHHOro HHBepTnpoBaHH.ll MaTpIIUbI (38) (pa3MepHOCTH 

150 x 150), TaK n TOtJHOCTbIO Tpy6oK. B npouecce Mo.nerrnposamrn napaMeTp 

TO'IHOCTH HMeJI 3Ha-.::reune 60.ui..u, BOCCTaHOBJieHHOe 3HatJeune - a= 63.111-.11. 

3TH pe3JJibTaTbI MO)KHO C'IHTaTb BTIOJIHe y,n:OBJieTBOpHTeJibHblMII, TaK KaK 

pa.nHaJibHbIH xapaKTep .npeiiqia B Tpy61.;ax YtJHTbIBaJIC.ll rrpu6JIII)KeHHO 

Xn = Pn"+ SnR(tn) * Jl + A2
, (50) 
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BhIX Tpy6oqeK; 6) OTKJIOHeHHe Me:,imy BOCCTaHOBJICHHOII R( t) n TeopeTII'le

CKOII KpHBOII R(t) = a,/t, ncnonh3yeMoi'I npn Mo.nenttpoBamrn. 
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HOM R( t) B 3am1cIIMOCTII oT BpeMeHn ,npeii:qia; . 6). Ta 2Ke q>yHKUII5! .D:JI5! R( t) , 

rrpnBe.n;eHHoro na puc.3a. 
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A - napaMeTp TpaeKTopnn (I), BOCCTaHOBJieHHOII no 4 Tpy6KaM. 

II p0Bep1rn no Monte-Carlo ,naIIHhIM onpe.ueJieHn5! R( t) .UJI5! napa60J1w1e

CKHX TpaeKTOpnii TaK:in:e .nana noJI0)KHTeJibHbie pe3YJibTaTbI: .UJ15! 3a,naBae

MOro R(t) = a,/t cpe.uHee OTKJIOHemre OT BoccTaHOBJiemmro R(t) cocTaBimo 

11 ± I0.1t 1i:.1t ( cJie.uyeT OTMeTHTh, '!TO rrapaMeTp "Loren ::angle" B .uaHHOM 

MO,UeJinpoBaHHH He .Y'lllTb!BaJIC5!). 

AHariorwrna5! reoMeTp1rn ncnoJIL30BaJiacb .UJI5! 11ccJ1e.uoBa111151 xapaKTepu

CTHK .upeiiq>OBhIX Tpy6oK Ha 200 faB/c• MIOOHH0M nytJKe B CERN. Ha pnc.3a 

npnBe,neua BOCCTaH0BJieHHa5! nocJie TpeTbeJI HTepaUHH. xaparnepIICTHKa 

R(t) .UJ15! ra30BOH CMecn Ar(0.96)CO2(0.03)C2H6(0.0l) npn .uaBnemm 3aTM, 

HV=3050 B. CJie.nyeT JaMeTHTL, 'ITO npoue.uypa BoccTaHoBJ1eH115! V(t) Bech

Ma lJ:YBCTBIITeJibHa K CTaTHCTH'!eCKIIM q>JIJKTyaun5IM u Ha puc.36 IlOKaJaHa 

lJ:aCTI-llJHO ycpe.uHeHHa5! q>yIIKUlrn V ( t) : 

1 nHO 

V(t) = - L V; ) 
10 m=n 

(51) 

r.ue V(tn) (n=l, ... ,240) - pernemrn ypaBHemrn ( 41 ). 

Ha pnc.4a noKa3aHo n0Be.uem1e OTKJIOIIeHH5! ("residual") BoccT!1HOBJ1en

noii TpaeKT0pHH OT COOTBeTCTBYIOIIIIIX KOop.unnaT npn nenpaBUJlbII0 3a.uan

HOH R( t) n To 2Ke OTKJionenne np1rne.ueHo na p11c.46 .u.;rn R( t)., onpe.ueJiennoii 

H3JlO)KeHHbIM MeTO.UOM (p11c.3a) .. Ilo.np6noe H3Menenne q>yHKUHOHaJibHOro BH

.ua OTKJIOHeHII5! CBH,neTeJibCTB yeT 06 0K0HtJaHlrn 11Tepaum1. 

K co2Kanenn10, necTa6nJ1LHOCTh o6mei'r .UJI5! Bcex npoBoJiotJeK 3a,nep:in:K11 

CTapTa, onpe.ueJI5IeMOH KaKHM-T0 o6pa30M C noMOIUblO 3JleKTp0HIIKII, no3B0-

JIHJ1a noJIJ'IHTb 3HalJ:enne T0lJ:H0CTH JIHillb O' = 1I0.u1i:.1t,n np1rne,ne1rnble Ha. 

pnc.3 3KcnepHMeHTaJibHble pe3JJ1bTaTbI, CKopee,.ueM0HCTpnpyIOT pa6oTocno-

co6nocTL H3JI02KeHnoro no.uxo.ua, ne:in:eJIII co6cTBeHIILie CBOHCTBa .ACTCKTopa. 

7 3aKJIIO'CJeH11e 

Ta6JIHlJ:HOe B0CCTaH0BJieHHe (nenocpe.ucTBennoe peIIIeHne HHTerpaJibHbIX ypaB

neHHH) ,npeiiqioBbIX xapaKTHpHcTm, ( R( t) , V( t) ) 5IBJI5ICTC5I, qiopMaJibHO, nau-

6oJiee TO'!llbIM, o,nHaim HCK0Mble q>yIIKUHH MoryT 6bITb npe.ucTaBJieHbI npn-

6JIJI)KeHHO KaK, nanpnMep, CTeIIeHI!ble p5!,nhl, napaMeTpbI K0T0pbIX TaK:iKe 
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orrpe.nemnoTCR H3 rrpnBe.neHHhIX HHTerpaJihHh!X ypaBHemrnii:. TeM He Me
Hee,rrporpaMMa DEQN-[6] II03BOJIReT_ rroJiytJaTh "Ta6mitJHoe" pemeHHe cH
CTeMhI mmeMHhIX ypaHe~HM ( COOTBeTCTBYIOIU.ee HHTerpaJihHOMY) BIIJIOTh no 
pa3MepuocTeii: 500 x 500. 
CJiei:cyeT TaKJKe OTMeTHTh, tJTO cpopMaJIH3M 6 I1 t II03B0JIReT nocTaTOtJHO 
orrpe,n:eJIRTh I1 ,n:pyrne IIapaMeTphl ,n:pefi<pOBOro _.n:eTeI(TOpa ( eCJIH R( t) I13BeCT
Ho), KaK, HarrpnMep, 3uaK11 narrpaBJieuufi .n:peficpa [3)- (na 3a.uaqa B uacTo
Rmee BpeMR paCCMaTpHBaeTCR ,UJIR "otJeHh 60JihIIIOro" tJHCJia ,neTe!(TOpOB B 

- -

MarHHTHOM IIOJie). 
ABTop 6Jiaro,n:apeu 10.A.fopuymKHHY 3a npe.n:ocTaBm_rnne :mcnepnMeu: 

TaJihHhIX -.n:aHHhIX. ABTop TaKJKe 6miro,napeu · r .Il,AJieKceeBy, B.Ilo,nouoBy, 
IO.B.Ce,n:hIX H A.9BhipoBy 3a HHTepec K .nauuoii: pa6oTe. 
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