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I. Baeaeane 

B ny3b!pbKOBOil: KaMepe, ocooemrn B KaMepe c TSDKenoil: )KHJlKOCTbIO, 

'IaCTHllbl 'IJ:aCTO npeTepneBaIOT pacce.11HHe Ha ManbIH yron - HanoM, KOTOpblii: 

TpyllHO aaMeTHTb npH npoCMOTpe. Hey'IJ:eT HanoMa npHBOJlHT K CHnbHOMY HCKa

)KeHHIO napaMeTpOB cneaoB qaCTHII, B qacTHOCTH, HMnynbc CHnbHO HCKa)KaeTC.11 

Jla)Ke npH HeoonblllOM yrne Hano Ma ( pnc. 1) • 

tfTOObl Y'IHThIBaTb HanoM Ha cneae, Haao CH8'1J:ana BbiSICHllTb, eCTb. nu H3-

noM H rae OH HaXOllHTC.11 ( noHCK HanoMa), a noTOM c noMOUJblO oco6oro MeTo

Jla onpeaenHTb napaMeTpb1 cneaoa ( aoccTaHoaneHne napaMeTpoa). 

HaaeCTHO HeCKOnbKO cnoco6oa noHCKa H3noMa. B OllHOM H3 HHX nanoM 

mneTCSI no aenH'IJ:HHe OTKnOHeHHSI 9KcnepHMeHTanbHbIX To'IJ:eK OT annpoKCHMHpyIO

llJefi cnea KPHBoi!:111• B apyroM - no aenuqnHe oTKnoHeHHH yrna Me)Kny-xopaa

MH OT cpenHero 3HaqeHHSI/2/. tfTO KacaeTC.11 MeTona BOCCT8HOBneHHSI napaMeT

poB. cnena c nanoMoM, TO o6bI'IHO napaMeTpbI onpenen.1110TCH Ha ocHoBe nuoo 

'IacTH cneaa (ao HnH nocne HanoMa), nu6o o6eux qacTefi cnena a oTnenbHoc

TH/ 1/ • 

YnoMHHyTbie BbJllle MeTOJlbl He 'IYBCTBHTenbHbl K ManbIM yrnaM nanoMa 

( CM. pHc. 56)' a BOCCTaHoBneHHbJe napaMeTpbl . HMeIOT oonblllHe OIIIHOKH, 'l'8K 

KaK B pacqeTaX OObl'IHO HcnonbayeTC.11 He BC.II JlnHHa cneaa. 

- ITpeano)KeH HOBhIH MeTOJl noncKa uanoMa H BoccTaHoaneHmI napaMeTpoa 

cnenoa c nanoMoM. 

II • MeTon noucKa uanoMa 

ITpennonO)KHM, 'ITO llMeeTCSI q>HKTllBHblH HanoM Ha cneae Me)Kny TO'IJ:KaMH 

k H k + 1 (aanbll!e TaKoil: H3nOM 6y,ieT coKparueHHO H83b1B8TbC.II 
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"nsnoM B TO'!Ke k "). 06e qacTH cnena no n rrocne nsnoMa arrrrpoKcnMn

pyroTCH IlpOCTb!Mll KpHBb!Mll C OAHHaKOBOll KpllBH3HOll BonH3ll TO'IKH ~HKTHBHO-

B u 6 6 ' ' 2 b' ro H3nOMa. naHHOH pa OTe 9TO rrapa Ollbl y = a X + H 
k k 

y 
,, 2 b ,, 

a k X + k Hs ycnoBHH MHHHMyMa <pyHKUHOHana 

N 1 k 
F =-.-1 I [y' 

k 'N-3 i=l I 
-( a x '

2 
+ b' )]

2 
+ I [ y" 

k I k i=k +I j 
(a X 

k 
2+b")]2l, 

k 

rne N - 'IHCnO H3MepeHHblX TO'!eK Ha cnene, orrpenenHJOTCH pannyc Kpll-

BH3Hbl 
. d 

R k = -
2
1 

H yron <pHKTHBHoro nsnoMa 0k= 2Arc sin 1-- I 
ak 2R k 

d - pacCTOHHHe Me)Kny ueHTpaMH nByx KpllBbIX). MHHHMyM ~yHKUHOHa-

• I1pn ll3M0H0Hllll k oT 2 no N-2 rronyqaJOTCH 3· Mac-na 6yneT x 2 

cnBa no N-3 3Ha<JeHHll B KB)KilOM: Rk Elk ll 
2 

Xk Ecnn Ha 

cnene HeT H3nOMa, TO R k ' 0 k ll 
2 

X k 6ynyT M0HHTbCH B rrpenenax, 

o6ycnoBneHHbIX B OCHOBHOM MHOrOKpaTl!bIM pacceHHHeM ll Ollll!OK8Mll B ll3Mepe-

Hnn KoopnnHaT To<JeK aa cnene. Ecnn nMeeTcSI nsnoM B To<JKe m ( HCTHHHbIH 

H3noM), TO R 
k 

0 
k 

ll 

Hee, qeM 6onbll!e yron nsnoMa. 

2 
Xk 

ITpn 

6ynyT M0HHTbCH CllnbHee - TeM cnnb-

9TOM, aa<JHHBH C H0KOTOporo 3Ha<Jel!l!H 

yrna nsnoMa, B TO<JKe nsnoMa 0 nocTnraeT MaKcnManbHoro saa<JeHnH:l 0 \ =I® I , 
m m 'max 

x 2 - MHHHManhaoro 3Ha qeanH: X 2 = x 2 , a R k - 9KCTpeManbaoro: 
k ·m min 

R =R 
m max 

HnH . R min 
(MaKCllManbaoro nnn MllHHManbHOro B 38Bll-

CHMOCTH OT 3HaKa yrna nsnoMa). 

Ha pnc. 2 rroKasal!bI pacrrpeneneanH R k @k 
2 

ll Xk nnH 1 ette-

pnpoBaHHoro cnena qacTHUbl C llMIIynbCOM 2000 M ~m/ C ll nnnHoii 28 CM C nc-

/3/ . 
KyCCTB0Hl!bIM H3nOMOM • BnnHo, 'ITO IlpH yBenH'I0Hllll yrna nsnoMa CHa<Jana 

R nocTnraeT cBoero 9KCTpeManbHoro 3Ha<JeHl!H ( snecb - MHHHManbHoro) 
k , . 

B TO'!Ke nsnoMa, a saTeM 0 ll 
k 

2 
Xk 

4 

nocTnraJOT COOTB0TCTB0HHO MaK-



CHManbHOro H MHHHManbHoro 3H8'18HHH B TO'IKe H3nOMa. TaKoft )K8 rropHAOK 

ITOHBneHHH 3KCTpeManbHblX 3HaqeHHft 
Ha6n10naeTcH 

nnH npyrHx reHepHpoBaHHbIX cnenoB. 8To roBopHT O TOM, 'ITO -'cJano HCKaTb 

H3noM HM8HHO no 8KCTpeManbHOMy 3Ha'l8HHIO ft k , Ho Torna 6yneT nBy-

3Ha'IHOCTb, T.K. HanoM MOJK8T 6bITb TaM, rne R k - MaKCHManblibift HnH 

MHHHManbllbift. 'lfT06bI pelllllTb BOrrpoc O MeCTe HanoMa, Hano cpaBHHTb OTHOIIIe-

HHe (~) 

xf B 3THX nByx MeCTax: HanoM non)KeH 6b!Tb TaM, rne 3TO OT-

HollleHHe 6onbllle ( ecnH, KOH8'1HO, 8CTb H3nOM) • HanoM, neftCTBHTenbHO, 1IM88T 

MeCTO TOnbKO rrpH ycnoDHH 

(I) 

1e I > e o • 
m Lim (?.) 

C H 
R 

0 
ftm orrpenenH10TCH Ha ocHoBe yq~Ta MHoroxpaTHoro pacceH-

HHH H OIIIH60K B H3M8p8HHH KOopnHHaT TO'18K Ha TpeKe: 

C p 2 
1 ----+ 
L' 
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3necb P H V - HMnynbC H CKOpOCTb tJaCT.HUbl, oueHHBaeMble no 

saaqemno R 
m 

n cpenaeMy saatJenmo MaranTnoro nonsr; 'L - nonaasr 

nmrna cnena; 

qmpoBaansr; C 

a - yron HaKnoaa cnena oTnocnTenhHO nnocKOCTH ¢oTorpa-

' C 2 ' Ca C4 - KOHCTaHThl, 3BBBCHIIIHe OT earrpsr-

)KeHHOCTH MarHHTHOro nonsr H , pannaunoeaol1: nnn&hl X
0 

B )KllllKOCTH 

KaMepbl H Oll1ll6KH H3MepeHHSI KOopnnaaT TOtJeK, B KaMepe /),. s . 

nnsr nponaHOBOH KaMepb! npn H = 15 kr H 6.S =0,01 CM Cl = -

=0,0052, c 2 =2,os, C8 =4,0, C 4 =0,01. lfanoM B6nnsn cepennHbI cne".". 

na tJall!e 06aapy)K1rnaeTcsr no ycnoBHIO ( 1), a B6nnsn KOHUOB cnena - no ycno

BHIO ( 2). Tipouecc noncKa nano Ma CtJHTaeTCSI saKOHtJeHHb!M nocne 061;1apy)KeHHSI 

nsnoMa C YKB38HHeM MeCTa nsnoMa H 3HBtJe&Hl1: R 
m H El • m 

III. MeTon onpeneneensr rrapaMeTpoB cnena 

C H3nOMOM 

PactJeT OCHOBaH ea MeTone tJHCneeeoro HHTerpHpOBaHHSI ypaBHeHHSI llBH

JKeHHSI sapsrJKeeeol1: tJacTHUbI B TOpMossrmel1: cpene, noMemeeeol1: B aeoneopon

/1/ 
aoe MarHHTaoe none ) c no6aBneaneM HoBoro napaMeTpa - yrna n:snoMa. 

PactJeT yrna HaKnoea cnena a npoBOUHTCSI TaK JKe, KaK B nporpaMMe 

/4/ 
rEO<t>HT-1 • nm1 onpeueneensr HMnynbca n asnMyTanhaoro yrna eano MHHH-

MH3HpOBaTb ¢yHKUBOHan 

N -1 
M = I. ( y -y ) \ G + D ) ( y - y ) , 

l,l I I exp xy ij l j exp 

rne y 1 
H yl TeopeTHtJeCKHe KOOpUHHaTbl -H TOtJeK 

aa -cnene, y I H 
exp Y l exp 

H3MepeHHbie KOopnHHaTbl H 

TOtJeK, G H D xy - MaTpnua MHoroKpaTHoro paccesransr H MaTpnua 
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H3MepnTenbHb!X oum6oK Ha rrnoCKOCTH xy 

g = _l_ 
p 

f3 - asHMyTanbHhIM yron cne.c1a, y 
0 

r.c1e 

N - 'lHcno TO'leK Ha cnene. 

p - HMrrynbC 11aCTIIUbI, 

- y - KoopnnHaTa rrepBOM T0'lKH 

H 0 - yron HsnoMa. y( s) pasnaraeM rro 9THM rrapaMeTpaM n, orpaHH-

'lHBaHCb nHHeMHb!MH 'lneHaMH, rrony'laeM 

HH.QeKC i - HOMep HTepaUHH, CO0TBeTCTByeT HyneBOMY rrpH6nn-

/4/ 
~eHHJO, rrony'leHHOMY OT arrrrpoKCHMaUHH rro rrapa6one • 

O6osHa'lJIM 

ll(s) = -II z +tg a (II cosf3 + II sinf3); 
X y 

F ( s ) = _e_ II (s ) ; 
Pc 

IIMeeM 

l · ' 

p2 

dP 
ds 

j d s' j ( e dP H (s ")ds" )[ cos ({3 + rF (s ")ds ")]; 
o o cP2 (s ") ds o 

ay(s) 
---= as 

s s 

J cos [ ,8 + J F (s " ) ds "] ds ' ; 
0 0 

0 rrpn 

J cos [iS 
s 

m 

s 

+ f F (s ") ds " ] ds ' 
0 
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3nech s - /lJIHHa cne,:ia llO TO'IKH H3JlOMa Ha nnoCKOCTH xy • 11nTe-
m 

rpaJihI BhI'IHCJIHJOTCSI 'IHCneaao no MeTony annpoKcnMaunn no rrapa5one, TTpnpame-

HHSI 8 I 
Yo 

8 g I • 8 (31 

JIHHeilHhIX ypaBJieHHil 

aM = O; 

ay 
0 

...£M._ = 0; 
ag 

a aaTeM BbPIHCJISIIOTCSI: 

H 8E) 

E.M_=o; 
a f3 

gl+t I 
=g +8gl f31+1=f3l+Bf31 

noJiy'laJOTCH H3 peUieHHH CHCTeMbl 

aM-'- = 0 , 
a0 

1+1 I 
8 =0 +80 

06bI'llIO Tpe6yeTCH 1-3 HTepaunn, T,K, nepBoe npn6nm1rnane y)l(e nocTaTo•rnn 

TO'IHoe, 

W. ITpoBepKa MeTona 

Ha ocHoBe BhIUienano)Kenaoro MeTona 6hma uarrncaaa nonnporpaMMa 

KINK /lJISI noncKa nanoMa 11 aneceno 11ononne1rne B PAZFIT B 

/4/ 
nporpaMMe rEO<l>MT-1 /lJIH -BOCCTaHOBJieHHSI napaMeTpOB cne/lOB C H3JIOMOM. 

K aToil cncTeMe 6hm npncoennaea 6noK reaepau1m <pHKTHBHhIX cnenoa c nano-

MOM - FIKTIV • FIKTIV reuepnpyeT cnen C 38/lBHHbIM HMIIYJibCOM, a 38TeM 

nenaeT HCKyCCTBeHHhlil H3JIOM B 38/l8HHOM MecTe cnena H C H3BeCTHblM 3H8'1e

HHeM yrna H3JIOMa, npn'leM BeJIH'IHH8 yrna H3JlOMa nocTeneHHO yBeJIH'IHB8eTCSI 

110 Tex nop, IlOKa H3JIOM ue 6yneT o6Hapy)KeH, Uenb npoBepKH COCTOHT B TOM, 

'IT06b! Bb!HCHHTp, a) K8KOBa BepoHTHOCTb npaBHJlbHOro 0611apylKeHHSI H3JIOMa 

C 38/l8HHbIM 3Ha'leHneM yrna H3JlOMa H 6) K8KOBa_ TO'IHOCTb BOCCT8HQBJ10HHSI 

napaMeTpOB cnenoB C H3JIOMOM, 
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HH1Ke npe.ocTaBneHb! pesynbTaTbI, OTHOCSIII:mecs:i K cneJlaM, reHepHpoBaH

Hb!M /lnSI ycnoBHH 2-MeTpOBOH nponaHOBOH ny3b!pbKOBOH KaMepb/
51

.Ha pnc. 3,4 

noKa3aHbl pacnpe.neneHHSI o5Hapy1KeHHb!X yrnoB H3noMa H 3aBHCHMOCTh BepOATHOC

TH HX 06Hapy1KeHHSI ( cnnoIIIHbie KpHBbie) .nns:i cne.noB TT - -Me30HOB npH HMnynh-

cax l H 2 raa/c H .nnHHe 47,5 CM. MO)KHO BHJleTh, 'ITO yrnbI H3nOl'-.!a 6onee 

0 
26 Mpa.n ( 1,5 ) nns:i p Tf - :, 1 raa/ C H 5onee 17 Mpa.n ( l O) .nns:i 2 raa/ C 

o5Hapy)KHBaJOTCSI CO 100%-HOH BepOSITHOCThlOo nns:i cpaBHeHHSI 'IYBCTBHTenhHOCTH 

MeTo.noB 06Hapy1KeHns:i HsnoMa Ha pnc. 5 noKasaHbI pacnpe.neneHHSI no yrny 

HsnoMa, 06Hapy1KeHHOMY Ha cne.ne Tf -Me30HOB C HMnynhCOM 2 rsa/c H 

.nnHHOit 4 7,5 CM a) C noMOIIlhlO MeTo.na, npenno1KeH110ro B .naHHOH pa6oTe;, 

/2/ 
6) c noMOIIlhlO MeTo.na, npe.nno)KeHHoro a pa5oTe • Bn.nao, 'ITO Halli Me':fo.n 

5onee 'IYBCTBHTeneH. Ha pnc. 6 noKasaHbl KpHBb!e 3aBHCHMOCTil yrna HsnqMa, 

COOTBeTCTByroruero 80%-Hofi BepOSITHOCTH o5aapy)KeHHSI HsnoMa, OT /lnlIHbl cne.na 

H HMnynhca 'IaCTHUbl Tf- -MesoHa). Xo.n H3MeHeHHSI 9THX KpHBb!X .Ka'IeCT-

BeHHO COOTBeTCTByeT saBHCHMOCTH (4). 

nns:i Bb!SICHeHHSI TO'IHOCTH BOCCTaHoBneHHSI napaMeTpoB rpynnbr IIO 200 

cne.noB 6es HsnoMa C 38/l8HHb!M HMnynh.COM 5bmH reHepHp0B8Hb! H o5C'IHTaHbl 

no· nporpaMMe rEO<llHT. 3aTeM 5bmH c.nenaHbI HcKyccTBeHHbie nsnoMbI Ha 9THX 

1Ke cne.nax, H cne/lbI o5c'IHTbIBannch a) 5es y'IeTa nsnoMa, 5) c y'IeToM ns

noMa no npe.nno1KeHH0My s.necb MeTo.ny. PesynhTBTbI npe.ncTaaneJibI B Ta5nnue 

If Ha pHC. 7 ,80 

BH.nHo, 'ITO HeyqeT HsnoMa npHBO/llfT K ClfnhHOMY lfCKa1KeHHIO cpe.nHero 

3Hll'I8HlfSI HMnynhca If 83HMyTanhHOI'O yrna, a y'IeT lf3nOM8 no npe.nno)KeHHOMY 

MeTo.ny .naeT B03M01KHOCTh nony'IlfTh npaBHnhHbie 3H8'IeHml 9THX napaMeTpoB. 
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ITpennO)!C0HHbI:l!: MeTon MO)!CHO ncnonbSOBaTb He TOnbKO nm1 o6Hapy)!Cel!HSI 

.nsnoMa Ha cnene '!aCTHUhl C• uenbIO npaBHnbHOI'O BOCCTaHoBneH,HSI napaMeTpOB 

cnenoB, HO TaK*e n nm1 nsyqeHm1 paccesimrn 'lacTn:u Ha Manbr:l!: yron, KaK, Ha

npnMep, paccesrn1rn aneMeHTapHhIX qacnm Ha sinpe. 

ABTDPhI Bbipa*aIOT 6naronapHOCTb M.l1. ConoBbeBy, B.H. ITeHeBy sa n:H

Tepec K pa6oTe n nonesl!b\9 o6cy*nemrn. 
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Ta6mu~a 

)f, L p ( M::>8/c) A3HJ,&yTaJibHH~ yroJI (pa~.) 

(cu) H0T C ytl0TOM 6es yt1era H0T C ytl0TOM 6es yt1eTa 
H3JIOM8. H3JIOM8. H3JIOM8. H3JIOMa H3JIOM8. H3JIOMa 

I I9,0 I0'.30,4 I046,9 I'.39'7, '7 

2 28,5 I008,I IOI4,I II78,'.3 

'.3 4'7,5 IOI0,5 IOI5,2 I24I,'7 I 1 5'700 I,5'700 r,56'78 

4 95,o I004,0 1002,5 I2I5,8 

5 19,0 2040,6 20'.34,I 2'.358,2 

6 28,5 2018,0 2058,'.3 2928,'.3 

'7 4'7,5 200'7,5 201'.3,0 269'.3,B I,569I I,5690 I,566'.3 

8 95,0 2012,5 2015,6 ·2412,0 I,5692 I, 569'7 I,568I 

9 47,5 1998,6 2004,0 2550,'7 

IO 4'7,5 40'.30,0 4026,8 '.3'790,0 I~5'700 I,5'70I I, 566'7 

II 95,0 402'.3,6 4022,4 48'7'7,0 

11 



l:.= 
R 

P-~ 
/50 l Po • IOO!, 

I 

-.os -.06 -.0'1 -.o~ 

0./l 

-50 

. DI! .04 .06 .OB 
B,fPa3-J 

Pnc. I. !1sMeHeHne llMliynhca '18CTl!U B 38B!!CllMOCTH OT yrna 11sn0Ma rrpn 

pasnn'IHhIX 3Ha'!eHnHx L / R 

12 



P=2000 M3!J/C 

ai.' 9u R (l!M) 
L:::28 CM 

9:0. "2 
.020 600 

C 
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~ 

WITH ~•H~ RCCOUNT 
~JST~18UTfoN 0~ KI~K AWQLE 
yOTAL WUMBER OF EVENTS ~ss 

INT(RVAL 

P=1.000 S=:l,7.5 
1J111Ti 1/ 

EVENTS 0 a2 0.4 0.6 0.8 1.0 ~ 

---------------------....------
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4, 0 0 C Ci-.; r.J 
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: .• Bouo•( u~ 
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.,. 4rt0~[:t~ 
~.brrr-cc~ 
;1,&r.co-r c, 
,,cccr-r~~ 
,.2cco-rc;;. 
, • ,cr.o-r c, 
,.Hco-cu2 
,.Hco-co, 
! .. ccco-,r.c~ 
5,;>rco-rc2 
5,,r.co-ro2 
:,. bCOO•tO~ 
! .. ~r.co-oo< 
~.tooo-co, 
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A6aypax11MoB A,Y,, Knaa1111uKaH E.H., HryeH ll1111 Tb1 Pl-5540 

MeTOJ:(bl IIOIICK8 113nOMa II orrpeaeneHIIH rrapaMeTpOB cneaoB 
'IaCTIIU, rrpeTeprreBIIIIIX pacceHHlle B rry3bipbKOBOil KaMepe 

TTpeanolKeH MeTOJ:( srprpeKTIIBHOro IIOIICKa Manb!X yrnoB pacceHHIIH Ha cne
ae 'I8CTl!Ubl, a T8KlKe MeT0/:1 BOCCT8HOBneHl!H rrapaMeTpOB cnenoB C y'IeTOM 
pacceHHIIH, 

Coo6meHHB O6b8AHH8HHOro HHCTHTyTa 2A8PHliX HCCA8A0B8HHA 

,lbrtiea, 19 7 0 

Abdurakhimov A.U., Kladnitskaya E.N,, 
Nguyen Din Thy 

Pl-5540 

Method of Searching for .the Kink and Determining 
the Track Parameters of Particles Scattered .in a Bubble 
Chamber 

A method is suggested for an effective search for the small 
an.0.les of scattering in the particle track · as well as the method of 
reconstruction of the track parameters taking into account scatter
ing 
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