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P10 - 12712 
racaH6eKOB P.M., EMenb~HeHKO r.A., 0AHH40B B.r. 

nony4eHHe napaMeTpoe np~MonHHeHH~x TpeKoe c y4eToM 
~aKTOpH30BaHHOrO npeACTaeneHH~ HH~pMa4HOHH~X MaTpH4 

Pa3pa60TaH 6~CTP~H anropHTM AnR BOCCTaHoeneHHR KHHeMaTH 
4eCKHX napaMeTpoe 3ap~*eHH~X 4aCTH4. OnpeAeneHHe napaMeTpoe 
TpeKOB npOH3BOAHnOCb C y4eTOM ~aKTOpH30BaHHOro npeACTaBneHHR 
nonHOH MaTPH4~ OWH60K. nony4eHO YA06HOe aHanHTH4eCKOe npeA
CTasneHHe ~OpMyn AnR B~4HCneHH~ napaMeTpOB npRMOnHHeHH~X Tpe 
KOB. npOAOn*HTenbHOCTb o6pa60TKH OTAenbHOrO C06~TH~ COKpa~e
Ha AO COTbtX AOneH ceKYHA~ Ha 3BM CAC 6500. 

Pa6oTa B~nonHeHa B na6opaTOPHH RAePH~X npo6neM OHRH. 

Co06UieHHe 06bellHHeHHOrO HHCTHTYTS !l.QepHbiX HCCneLIOBSHHA. lly6H8 1979 

P10 - 12712 
Gasanbekov R.M., Emeljanenko G.A., Oditsov V.G. 

Determination of Parameters of Linear Tracks with 
Factorized Representation of Information Matrices 
Considered 

A rapid algorithm to reconstruct kinematic parameters 
of charged particles is developed. Determination of track 
parameters was performed taking account of factorized repre
sentation of error total matrice. Appropriate analytical rep 
resentation of formulae to calculate parameters of I inear 
tracks has been obtained. Procession time for a separate 
event is reduced up to hundredths of second on the CDC-6500 
computer. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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B pa6oTax 1L 21 6~n npeAnO*eH MeTOA onpeAeneHHR KHHeMaTH-
4ecKHX napaMeTpOB 3aPR*eHH~X 4aCTH4 C y4eTOM nonHOH MaTpH-
4bl OWH60K B ~aKTOpH30BaHHOM npeACTaBneHHH. 3TO n03BOnHnO 
cy~eCTBeHH~M o6pa30M CHH3HTb npOAOn*HTenbHOCTb paC4eTOB 
H COKpaTHTb 06DeM onepaTHBHOH naM~TH 3BM. 

HacTOR~a~ pa6oTa HMeeT HenocpeACTBeHHOH 4enb~ peweHHe 
KOHKpeTHOH 3aAa4H 06pa60TKH HH~OpMa4HH CO cneKTpOMeTpH-
4eCKOro KOMnneKca 11 fHnepOH 11 13/. B COOTBeTCTBHH C npoeKTOM 
HCCneAOBaTenbCKOH nporpaMM~ C 3TOrO cneKTpOMeTpa O*HAa~TCR 
3Ha4HTenbH~e noTOKH 3KcnepHMeHTanbHOH HH~opMa4HH. B 3TOH 
CB~3H KaPAHHanbHOe COKpa~eHHe npOAOn*HTenbHOCTH o6pa60TKH 
/o~~-naHH/ co6~THH Ha 3BM RBn~eTCR 3aAa4eH HCKn~4HTenbHO 
Ba*HOH. no3TOMY B OTnH4He OT/1. 2/ B AaHHOH pa6oTe ~pMyn~ 
AnR B~4HCneHH~ KHHeMaTH4eCKHX napaMeTpOB TpeKOB 3aPR*eHH~X 
4aCTH4 C y4eTOM ~aKTOpH30BaHHOrO npeACTaeneHHR HH~pMa-
4HOHH~X MaTPH4 6~nH nony4eH~ B aHanHTH4eCKOM BHAe. 

nonY4EHHE OUEHOK nAPAMETPOB 
nPRMOnHHE~HWX TPEKOB 

AnR nony4eHHR 04eHOK KHHeMaTH4eCKHX napaMeTpOB np~MO
nHHeHH~X TpeKOB 3apR*eHH~X 4aCTH4 BOCnOnb3yeMC~ MaTe~aTH-
4eCKOH MOAenb~ o6pa60TKH TpeKOBOH HH~OpMa4HH, onHCaHHOH 
a pa6oTe 121. 

CoxpaHHM see npeAnono*eHHR, CAenaHH~e a 3TOH MOAenH, 
OTHOCHTenbHO AeTeKTHPY~~eH annapaTyp~ 3a HCKn~4eHHeM OA
HOro. oyAeM nonaraTb, 4TO BHeWHHe nonA /MarHHTHoe, 3neKT
PH4ecKoe/ B npOCTpaHCTBe OTCYTCTBY~T. B 3TOM cny4ae ~pMa 
cneAa 3ap~*eHHOH 4aCTH4~, 3aperHCTPHPOBaHHOrO B o6DeMe 
AeTeKTopa, 6yAeT o6ycnosneHa TOnbKO cny4aHH~MH npo4eccaMH: 
MHOrOKpaTHbiM KynOHOBCKHM pacce~HHeM, KpaTH~M /RAepH~M/ 

pacceRHHeM, annapaTypH~MH norpeWHOCT~MH . 
Ha3oBeM 3TOT cneA, 3aAaHH~H Ha6opoM KOOPAHHaT N T04eK 

IM k(x, y, z)ltt= 0 a npocTpaHCTBe AeTeKTopa, TpeKoM 4aCTH4~ , 
HnH H3MepeHHOH TpaeKTOpHeH. MOAenbHaR *e TpaeKTOpH~ ABH*eHHR 
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3ap.AmeHHO~ 4aCT~~~ npH OTCYTCTBHH BHeWH~X none~ OnHWeTC.A 
ypaBHeHHeM np.AMO~ nHHHH B npOCTpaHCTBe. 

YcnoBHMC.A B AanbHe~weM see paccymAeH~.A, CBR3aHH~e c Ha
xomAeHHeM O~eHOK napaMeTpOB MOAenbHO~ TpaeKTOpHH, npOBOAHTb 
An.A OAHO~ H3 ee npoeK~~~. HanpHMep YOX, nocKOnbKy ynoM.AHy
T~e B~We cny4a~H~e ()laKTOp~, ~3MeH.A~~He ()>OpMy TpaeKTOpHH 
4aCTH~~. Ae~cTBY~T He3as~c~Mo a YOX- ~ ZOX -nnocKOCTRX. 

noHCK napaMeTpOB TpeKa 3ap.AmeHHO~ 4aCTH~~ 6yAeM OCy~ecT
Bn.ATb HCXOA.A ~3 Tpe60BaHH.A MaKC~ManbHOCTH ()lyHK~~H npaBAO
nOA06~.A: 

-N/2 -1!2 1 -1 T 
L=(2TT) ICI exp{---11YC !W ]*, /1/ 

2 

rAe 11Y=Y- <Y>, Y=IY1,Y 2 , ... ,YNI'!'* - cny4a~H~~ seKTop-cTpoKa 
H3MepeHHbiX KOOPAHHaT T04eK Ha TpeKe, <Y >=I<Y1 >,<Y2 >, .. . ,<YN>I
BeKTOp cpeAH~X /MOAenbH~x/ 3Ha4eHH~ An.A Y; 

-1 ) -1 . 
C = ~KYJI + ~H3M' C = (~KYJI + ~H3M ' 

~KyJI. - KOBapHa~HOHHa.A MaTpH~a KynOHOBCKOrO pacce.AHH.A, 
~ H3M.- MaTpH~a annapaTypH~X norpeWHOCTe~ 11.2/ . 

Bocnonb3yeMC.A pe3ynbTaTaMH pa6oT~ !2 ! H nepenHWeM <l>YHK~HIO 
npaBAOnOA06H.A /1/ C y4eTOM ()laKTOPH30BaHHOrO npeACTaBneHH.A 
~H()>OpMa~HOHH~X MaTpH~: 

-N/2 N 2 N 2 - 1 2 -1 -1 
L = (2TT) { II /1sk . II (det V det Q. detw i )] x 

k=1 J= 1 1 1 /2/ 
1 T x exp[- --11UDI1U ]. 
2 

3AeCb BeKTOp-cTpOKa cny4a~H~X BenH4~H 3anHCaH B HOBOM 
npeACTaBneHH~: 

2 m 
11U = (11t V1Q1 ' ( ~ /1tkVk)Q2, ... , ( ~ 11tkVk)Q m], 

1 k= 1 k= 1 
/3/ 

a MaTpH~a OWH60K D .ABn.AeTC.A AHarOHanbHO~~ 

D - [ ]· /4/ 
0 w1 w2 

0 wm 

* 3AeCb H Aanee 3HaK T 03Ha4aeT TpaHcnOHHposaHHe. 

** Be3Ae Aanee 6yAeM nonaraTb, He Tep.A.A o6~HOCTH, 4TO N= 2m, 
T.e. 4HCnO H3MepeHH~X Ha TpeKe T04eK 4eTHO. 
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m m m 
MaTP~ll~ IVi I i= 1 , IQi li= 1 , lwil.t = 1 HMe~T pa3MepHOCTb (2,2] 

H onHcaHbl a pa6oTe 121. 

BeKTop /1t a /3/ ~MeeT BHA 

l1t = 8t- <8t>, 
rAe 

8t = l(t 1 ,t 2 -t 1 ),(t
3
-t 2 ,t

4
-t 3 ), ... ,(tN_1 -tN_2 , tN-tN_ 1 )1, 

<8t> = l(<t 1 >, <t 2 > - <t 1 >), (<t 3> - <t z>.<t 4 > - <t 3 >, ... , 

, ... ,(<tN-1 > - <tN-2 >, <tN > - <tN-1 >)I, 

t 1 

y1 

/1s1 

<Y 1> 
> - - ---<t 1 - /1s1 

y k- y k _:-_!._ ____ _ 
t = ----- --

k !1sk 
k = 2, ... ,N, 

<Y > - <Y k -1 > k 
k - ---- -' <t k> = -----~;~ 2, ... , N. 

/5/ 

!6! 

171 

npol.leAYPa HaXOmAeHH.A Ol.leHOK napaMeTpOB TpeKa CB.A3biBa
eTC.A C MHHHMH3al.lHe~ ()lyHKI.lHOHana, 3anHCaHHOrO B noKa3aTene 
3KCnOHeH~HanbHOrO MHOmHTen.A B BblpameHHH /2/. 

X 2 =- -Lf1UD/1UT 2 • 
!8! 

YOX- npoeKI.lHR MOAenbHO~ TpaeKTOPHH On~WeTC.A ypaBHeHHeM 
np.AMO~ 

<Y>= aX + b . 

N 
B 3T~ cny4ae BblpameHH.A /7 I An.A nepeMeHHbiX I t k I k= 1 

H l<tk >lk = 1 npHMYT BHA: 

y Yk-Yk-1 
t k = ------------- , k = 2, ... ,N, 

/1 s k 
t 

1 
= __ L 

11s1 
b 

< t 1 > = a + -.:--- , <t k> = a , 
L\S1 

k = 2, ... ,N * 

/9/ 

/10/ 

H BeKTOp-cTpOKa cny4a~HbiX senH4HH /3/ 3anHWeTC.A cneAYIO~HM 

o6pa3oM: 

*3AeCb npeAnOnomeH0,4TO 4aCTHI.l~ B~neTaiOT B y3KOM KOHyce 
nOA ManbiMH YrJlaMH KOCH OX , T.e. /1 sk = Xk-xk_ 1 , k = 1, ... ,N. 

------
8 npoTHBHOM cny4ae /1s k = 11xk · v 1 + t i . 
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· b b m ~U-1!, [(t -t t -t )V ]G. -(a+----,----)VQ.I 
- k= 1 2k-1 2k-2' 2k 2k-1 k 1 ~8 1 ~81 1 1 i=1 

/11/ 
np~H~Mafl BO BH~MaH~e B~pameH~fl /3/, /4/ ~ B~nOnH~B 

COOTBeTCTBY~~e nepeMHOmeH~fl MaTp~~ B /11/, nepen~WeM 
~YHK~~OHan /8/ B HeCKOnbKO ~HOM B~Ae: 

1 m 
X 2 = lf \=I 1 It 1 [v 11 -v 21 +(v 12- v 22 )9 i ] -a[ v 11 + v 12q i ] -

b 
- ~;- [v11 -v21 +(v12 -v22 )qi]+ t2 (v21 +V22 qi) "+ 

1 
/12/ 

i i 2 (i) m 
+[k;2atkVk]1 +[k;2atkVk]2qil X w11 +i=Illt1(v12-v22)-

b i 2 (i) 
- av - ----(v -v ) + t v + [ I 8t V ] I x w I. 

12 ~ 8 1 
12 22 2 22 k= 2 k k 2 22 

3AeCb V ={v11v121 G-=[101. · (i)a21 
1 v21 v22 ' 1 qi 1 ' qi = (i)----, 

(i) · all 

w 1= [ 
w11 0 l (i) _ (i) (i) (i 
0 (i)w22 _, w11- all' w22 = )a22-

m 
Btk =l(t2k-1-t2k-2 ,t2k-t2k-1)lk=2 ,N= 2 m. 

BBeAeM cneAY~~e o6oaHa4eH~fl: 

v12 -v22 = f, v21 + v22 qi = ri 

(i) w 11 = wi ' v 11 + v 12 q i = pi ' 

(i) w = oi' 
22 

i 

[k ~ 2 at k vk 1 1 = c i • c 1 = o . 
i 

[ I atk vk 1 2 = d 1 , d 1 = o. 
k= 2 

g 1 = c1 + d i q 1 , i = 2 •... , m • 

(i)a12(i)a21 

(i) a 11 

/13/ 

/14/ 

/15/ 

· TOrAa B~pameH~e /12/ C Y4eTOM /14/ ~ /15/ 6yAeT ~MeTb 
B~A: 

6 

.. 

m 
x2 =-l:_l I (t1 p . -t1r . -ap . ---~--P · +-E- -r . + 

2 i = 1 1 1 1 ~8 1 ~8 1 
1 1 

2 m b 2 
+ t2ri + gi) wi +. I (t1f-av12------ f + t2v22 + d i) oil. /16/ 

1= 1 ~81 

Aanee, A~~~epeH~~PYfl ~YHK~~oHan /16/ no napaMeTpaM a 
~ b ~ np~paBHflB np0~3BOAH~e K Hyn~, nony4~M C~CTeMy ~3 
ABYX ypasHeH~~= 

2 2 -c2 b-c2 
t I p . w . - t I r · p · w · - a .&.. p . w . - - ----- .&.. P · w · + 

1 1 1 1 1 1 1 1 1 ~ 8 1 
1 1 

+ -.!>..,-Ip.r . w . +t2Ip
1
. r

1
-w

1
- + IgiwiPi + t 1 fv 12 Ioi-

~s 1 1 1 
1 

-av2 Io . + _ _!> __ fv Io . +t2v12v22Ioi +V12Idioi =0; 
12 1 ~ 8 12 1 

1 

t 1 Ip~w 1 -2t
1

Ip1 riwi +t 1 I r~w 1 -aipi2w 1 + 

+ aip . r .w - __ _!l __ Ip 2w. +2-E--Ip . r-w · - --~-Ir.2w.- /17/ 
1 1 1 ~ 81 1 1 ~ 8 1 

1 1 1 ~s 1 1 1 

-t2 Ir~wi +Igipiwi -Igiriw 1 ·+t2Ir 1piwi + 

+t
1

f 2 Ioi -av12 fioi --"t,~--f 2 Io 1 +t2v 22 fio 1 + 
1 

+fid1 o 1 =0. 

PaapeW~B C~CTeMy ypaBHeH~~ /17/ OTHOC~TenbHO a ~ b 
C y4eTOM 0603Ha4eH~~ /13/-/15/ ~ np~H~Mafl BO BH~MaH~e, 4TO 

W -T T /2 / (3 k = k V k , (3 k = (3 k , nony4~M cneAY~Ill~e s~pameH~fl Anfl 
K~HeMaT~4eCK~X napaMeiPOB npflMOn~He~H~X TpeKOB: 

det[ i~ 2 8t~ w[ 1 
a = t + ------------------ , 

2 detW 1 
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m T 
P l w. at. 

i = 2 I I 

/18/ 

3,qecb F=(Wu-w12'w21-w22), P=(v11,v1J' k = V11w11 +V12w21' 
Ha OCH08e nony4eHH~X B~We pe3ynbTaT08 6~na HanHCaHa 

nporpaMMa ,C\nR Onpe,qeneHHR KHHeMaTH4eCKHX napaMeTpOB npRMO
nHHeHH~X TpeK08 3apRmeHH~X 4aCTH4 8 ycnOBHRX cneKTPOMeTpa 
11 fHnepOH 11

, C nOMOU4biO 3TOH nporpaMMbl 6~nH npOH38e,qeH~ pac-
4eT~ napaMeTpOB TpeK08 ,C\nR pa3nH4HbiX 8apHaHT08 reoMeTpHH 
YCTaH08KH H pa3nH4HbiX KOH$Hrypa4HH ,qeTeKTHpy~eH annapa
Typbl. 

AnR cpa8HeHHR 3TH napaMeTpbl 80CCTaHa8nH8anHCb TaKme 
c noMOU4biO npocToro H HaH6onee 4acTo ynoTpe6nReMoro MeTo,qa, 
KOTOpbiH npe,qnonaraeT O,C\HHaK080CTb H3MepHTenbH~X OWH60K 
,qnR 8Cex T04eK TpeKa. Bb1Hrp~w 8 T04HOCTH onpe,qeneHHR napa
MeTp08 TpeK08 8 pe3ynbTaTe npHMeHeHHR OnHCaHHOrO B ,qaHHOH 
pa60Te MeTo,qa COCTaBHn OT 3 ,C\0 30% ,C\nR pa3nH4HbiX BapHaHTOB 
reoMeTpHH ycTaH08KH. npo,qonmHTenbHOCTb me o6pa60TKH OT,qenb
HOrO C06b1THR C y4eTOM nonHOH MaTPH4bl OWH60K 6blna COKpa114eHa 
,qo coT~X ,qoneH ceKyH,q~ Ha 3 BM CDC-6500 Ol-1.fH1, 

Bee pac4eT~,. CBR3aHH~e c onpe,qeneHHeM napaMeTp08 TpeKa, 
npOH3BO,qHnHCb C HCnOnb30BaHHeM MO,qenHpOBaHHbiX C06b1THH ~/. 

TaKHM o6paaoM, nony4eHHoe H08oe aHanHTH4ecKoe npe,qcTaene
HHe $OpMyn ,C\nR paC4eTa KHHeMaTH4eCKHX napaMeTp08 npRMOnH
HeHHbiX TpeKo8 n0380nHno pewHTb nocTa8neHHYIO aa,qa4y. 
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