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Anexcees r .!1. H np. P13 - 10606 

Q TO'IHOCTH npOCTpSHCTBeHHOrO pacnonoJKeHH.H H HSTliJKeHHH 
nposonO'IHblX aneKTpOllOB B nponopUHOHSnbHbiX KSMepax 

nony'leHbi cjlopMynbi nnll onpeneneHHll nonycTHMbiX HeTO'IHOCTeA npa H3-
roroeneHHH nponOpUHOHSnbHblX KSMep H He06XOllHMOrO H8TlllK9HHll npoeonoK, 
npHrOllHblQ llnll p8C'IQT8 nponopUHOHSnbHbiX KSMep C npOH3BOnbHblM W8rOM 

carHanbHbiX npoeonoK. 
npaseneHbi peaynbTSTbi axcnepaMeHTanbHOA nposepKH pacqeros. 

Pa6ora BbmonHeHa B na6opaTOPHH llllepHbiX npo6neM OH.f!H. 

npenpSST 061.ePJ18SSOro UC:TSTYT& 8.18PBWlt SC:C:J18JlOMIIJd. Jly6u 1977 

Alekseev G.D. et al. P13 - 10606 

On the Accuracy of the Space Location and 
Tension of Wire Electrodes in Proportional 
Chambers 

Formulae have been obtained for calculation of allo
wed inaccuracies when designing the proportional chambers 
and for necessary tension of wires. The formulae may be 
used also for proportional chambers with the arbitrary 
spacing of signal wires. 

The calculations have been checked experimentally. 
The results are presented. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 
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Bonpoc o aeo6XOAHMoii ToqaocTH npocTpaHCTBeHHoPo 

pacnono)KeHHSI H 0 Beneqeae HBTSI)KeHHSI nposonoqHbiX 

aneKTpOAOB HMeeT B8)KHOe 3HaqeHHe npH C03A8HHH 60nb

WHX nponopueoaanbHbiX KaMep. OT aToPo cymecTseaao aa

BHCHT KOHCTpyKUHSI KaMepbl H AOnyCKH Ha TOqHOCTb ee 

H3POTOBneHHSI. 3Ta npo6neMa y)Ke paCCM8TpHBanaCb B nH

TepaType /l, 2~ Uenb ABHHoii pa6oTbi aaKmoqaeTCSI a 6onee 

nonHOM yqeTe BnHSIHHSI B03MO)I{Hb!X HeToqHOCTeii: pacnono

)KeHHSI aneKTpOAOB Ha pa60TOCnoco6HOCTb nponopUHOHanb

HOii: KaMepbl H nonyqeHHH !JiopMyn, npHPOAHbiX AnSI pacqeTa 

KaMep C npOH3BOnbHblM W8POM CHPHanbHbiX nposonoK. 

1. 3neKTpOCTBTHqeCKOe none B nponopUHOHanbHOii: 

KaMepe 

KapTHHY nonSI B KaMepe (pec.l) MO)KHO aaii:TH MeTOAOM 

H306pa)KeHHA C HCnOnb30B8HHeM TeOpHH KOMnneKCHOPO no

TeHUHana /3/.BbiBOA !JiopMyn 6b1Jl CAenaH B cneAylOUlHX npeA

nonO)KeHHSIX! CHPHanbHble npOBOnOKH - 6eCKOHeqao TOHKHe, 

BbiCOKosonbTHbie aneKTpOAbi-cnnowabie. Ope aToM CHPHanb

aaSI H Bb!COKOBOnbTHbie nnOCKOCTH 38MeHSinHCb CHCTeMOA 

38pSIAOB, nonyqeHHb!X nocneAOBBTenbHbiM 3epKanbHblM 

H306pa)KeHHeM nposonOK CHPHBJ'IbHOA nnOCKOCTH OTHOCHTenb

HO Bb!COKOBOJ'IbTHbiX nnOCKOCTeA, H none B KaMepe onpe

AeliSIJ'IOCb CYMMOA noneii: OT nonyqeaaoA CHCTeMbl 38pSIAOBo 

Bo3MO)I{Hbi ABa cnoco6a cyMMeposaHHSI noneii. Ecne 

BHaqane npocyMMHpOB8Tb no HOMepy npOBOnOKH, a 38TeM 

no HOMepy H306pa)KeHHii, TO noTeHUHan B KaMepe B TOqKe 
(x, Y) npHMeT BHA 
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PHc.l. CxeMa pacnono.>KeHHg aneKTpoaoa. B - nnoc-
'/KOCTb BbiCOKOBOnbTHhiX aneKTpOAOBj C - nnOCKOCTb CHr

JiBnbHhiX aneKTpoaoa; L - aaaop; s - war CHrHanbHhiX .-
aneKTPOAOB. 

+oo k 

. 2 ITX sh2 ITL (2k+l)+sm 7 
8 

_ I (-1> In y . 2~ U(x,y)-q 21TL(
2
k+-)+sm 

8 
k=-oo sh s L 

{1) 

rae q - nHHeAaag nnoTHOCTb aapMa Ha CHrHanbHhiX npoeo-
noKax, L -aaaop B KaMepe, a s - mar CHrHanbHbiX npo-
aonoK. LJTo6hi noTeHUHan o6pamancg B HYnb Ha o6oHX BhiCo
KOBOnbTHhiX aneKTpoaax, He06XOAHMO B <iJopMyne { 1) npH 
CyMMHpOBSHHH opaTb OAHHaKOBoe qHCno qneHOB C nonO.lKH
TenbHbiMH H OTpHUaTenbHbiMH k o npH aTOM ycnOBHH pgA 
{ 1 ) gangeTcg cxoagmHMcg. 

IloTeHuHan B <iJopMe {1) oco6eHHO yao6ea npH Hayqe
HHH nong a6nH3H nnOCKOCTH CHrHanbHhiX aneKTpOAOB tnpH 
ManhiX y ) , TaK KaK a aToM cnyqae Y*e qneH c k = 0 

4 

aaeT xopomee npH6nH*eHHe ang npaKTHqecKHX npHno*e
HHA: 

sh 2 IT~ + sin 2 IT: 
U(x, y),.q In---------

h
2 ITY . 2 ITX 

8 -- + 810 -
8 8 

E MKOCTb aa eAHHHUy anHHhi CHrHanbaoA npoaonoKH paaHyca 
R eCTb 

1 1 c = "' 0 
+"" k sh..zrL. (2k + 1) sh .zrL. {2) 

2 I (-1> In 8 
2In 8 

k =--<>0 ITL R) sh ITR sh-(2k +-
s L 8 

npHBeAeHHhie Bh!pa*eHHg Ang eMKOCTH COBfiaAaiOT C tiJopMy
naMH a pa6oTax I 2,4 I* • 

EcnH *e Tpe6yeTcg H3yqaTb H3MeHeHHe nong a KaMepe, 
CBg3aHHOe C B03MO*Hh!MH CMellieHHgMH OTAenbHhiX CHrHanb
HhiX npoaonoK, To yao6aee Bhi6paTb apyroA nopgaoK cyMMH
poeaaHg_ noneA. Baaqane cneayeT eagTb cyMMhi noneH: oT 

H306pa*eHHH Ka*AOH CHrHanbHOH npoeonOKH 1 a 3aTeM npo
cyMMHpOBaTb no aceM npoaonoKaM. B aToM cnyqae noTeH
UHan B ToqKe (x, y) ang KaMephi c aecMemeHHhiMH aneK
TpoaaMH HMeeT BHA 

2 IT . 2 ITY ch --(x+ ks)-sm -
4L 4L 

{3) 
+oo 

U(x,y) = q I ln -----------
k=-oo 

sh 2...!!_ (x + ks )+sin 2 ITY 
4L 4L 

*B pa6oTe 121 a tiJopMyne ang eMKOCTH nponymeH MHo-
*HTenb (-1> k H He yKaaaH cnoco6 cyMMHpoaaHHg pgaa. 
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a llHHeHH8SI nnoTHOCTb aapRA8 H8 CHPH81lbHOH npoBOilOKe 

eCTb 

q= c u 
0 

u 
-too 11 

2k=-ooln jcth 4 L <R + ks)j 

(4) 

Pile U- HanpR>KeHHe Ha KaMepe. 

llnSI KaMep CO CMeiileHHhiMH CHPH81lbHbiMH npOBOilOK8MB 

¢opMyllhi anSI U(x, y ) , C 0 H _q MoPyT 6biTb nonyqeHbi 

8H81lOPH'IHO. 

2. p 8C'leT llonyCTHMbiX HeTO'IHOCTeH npoc Tp8HCTBeHHOPO 

pacnono~eHHH npOBOilO'IHhlX SlleKTpOAOB 

BoaMo~Hhie HeT.O'IHOCTH B pacnono~eHHH sneKTponos 

npHBOilSIT K HepaBHOMepHOMY pacnpeaeneHHID llHHeHHOH 

nnOTHOCTH 38pSIIl8 H8 CHPH81lbHhiX npOBOilOK8X, 'ITO CK83bi

B8eTCR H8 KOSIP¢HUHeHTe P830BOPO YCHileHBSI. 

Tpe6osaHHSI K onHopoAHOCTH aaaopa (L) , UJaPa (s) 

If p81lHYC8 CHPH81lbHOH npOBOilOKH (R) MOPYT 6biTb onpene

neHhi llH!p¢epeHUHpOB8HHeM ¢opMyllhi ( 4). 

E.§_ k 
2L +oo 

dR 4C I 
dq = 2C -+ 'Ok=l 118 k -- o R sh--
q 2L 

-too 118 k 
2C <1 + 2 ~ 2L 

0 ""--k=l 118 sh-k 
2L 

) dL 
L" 

ds 
s 

(5} 

TiycTb Tenepb nnOCKOCTb CHPH81lbHbiX 91leKTpOilOB CMe

meHa oT ueHTpa aaaopa Ha paccToSIHBe ~Y • nHHewHaSI 

nnOTHOCTb 38pRilOB H8 CHPH81lbHbiX npOBOilOK8X H3MeHSI-

eTCSI npB 9TOM no Cp8BHeHBID C ¢opMynoH ( 4) • 0THOCH

TellbHOe H3MeHeHHe HMeeT BHil: 

11 2 -too 1 (~) 2. ( ~q ) = c (-) I L 
q ~Y 0 2 k=-oo ch2~<R+ks) 

4L 

(6) 

6 

7 
l 

'} 

\ 

Ecmt: CMeiileHa TOilbK~ OAH8 CHPH81lbH8SI npOBOilOKa, TO 

AllR OTHOCHTellbHOPO H3MeHeHBSI llHHeHHOH nnoTHOCTH 38pSI

A8 Ha CMeiileHHOH CHPH81lbHOH npOBOilOKe MO~HO nony'IHTb 

cnenyiDmlfe Bbipa~eHifSI: 

(~q) 
q Yrrp 

2 118 
11 1 -too ch- k 

(- + I 2L y 
4ln cth •R 2 k ~ 1 ).( np 2 4L sh2~ k . -L--) ,(7) 

2L 

(~) 
q XIIP 

118 k 
112 

+oo ch 2L 
xrrp 2 

I (-) 

11R k=l 
sh 2~k 

L 
4ln cth-

4L 2L 

(8) 

PAe X If y - CllBifPH CHPH81lbHOH npOBOilOKif. 

B ~6nHuerrpnpuseneHhi aonycKH, pacC'llfTaHHhie no ¢op

MynaM (5-8) AllSI llBYX K8Mep C p83HhiM lll8POM H8MOTKH 

ClfPHanhHhiX nposonoK ( s = 2 MM H s =10 MM). Pac'leTbi 

nposeaeHhl s npeanono•eHifH, 'ITO nonycTH:MaH HeoaHopon

HOCTb nnoTHOCTif 38pHAa COCT8BilHeT 1%, 'ITO COOTBeTCTBy

eT CMemeHHID B npenenax 1% no HanpR~eHHID scex xapaK

TepHCTHK K8Mephi. 113. nplfBeAeHHbiX B T861lHUe llHlPP BlfllHO, 

'ITO C TO'IKH apeHHSI paBHOMepHOCTH P830BOPO ycuneHHSI 

H8 CHPH81lbHbiX npOBOilOK8X Tpe60B8HHSI K TO'IHOCTH npo

CTpaHCTBeHHOPO pacnono~eHHH 91leKTPOAOB 6onee cna6bie 

AllH K8Mep C 60ilblllHM Ul8POM. 

3. Pac'leT HaTSI~eHHH nposono'IHhiX sneKTponos 

Bonpoc~:~r, .csSiaaHHhie c HaTSI~eHHeM nposonoK s npo

nopuuoHanbHOH K8Mepe, 6hinH B OCHOBHOM pellleHhl B pa-

6oTe 121 . PeaynhTBThi, uano~eHHhie HH~e, MO~Ho paccMaT

pHBBTb s Ka'leCTBe yTo'IHeHHii:. B qacTHOCTH, s 121 6bm 

CAellaH .BbiBOil, 'ITO AOCTfTO'IHO H8TSIHYTb ClfPH81lbHhie npo

BOIIOKH C CHIIOH TO= a* ( f -AilHH8 CHPH81lbHOii: nposo

llOKH, a - tPBKTOp, 38BHCSIIIlHil: OT Hanpg~eHHOCTif nOilSI B 

MeCTe pacnono~eHHSI CHPH81lbHOH npOBOilOKH), 'IT06hi OHH 
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He CMemanucb npu HanpsnKeHHH Ha KaMepe, MeHbUieM He
KoToporo' U0 • 3ToT Bhraon 6hrn cnenaH 6ea y'leTa aoa
MO}I{HhiX norpeUIHOCTeif a pacnono*eHHH cnrHanbHhrx aneK
Tponoa. BKniO'IeHue norpeUIHOCTeif a Ka'leCTBe rpaHH'IHhiX 
ycnOBHH COOTBeTCTBYIOIUero JlH~epeHUHanbHOro ypaBHe
HHSI / 2/ npHBOJlHT K TOMY, 'ITO CHrHanbHhie npoaonOKH 
Y*e He 6ynyT OCTBBBl'bCSI HB MeCTe npH U<Uo H HX MaK
CHManbHOe cMemeaue 6yneT onpenensrTbcsr ~opMynoif 

Y MaKe. 

ft.y 

cos (y.J!. _l) 
T 2 

rne ft.y - norpeUIHOCTb B uaroToaneHHH, T - Harsr*eHue 
npoaonoKu. Ecnu npHHSITb, 'ITO y e =~y , ro 

MaK • 

9 e 2 
9 T =-a-= -T . 

4 172 4 0 
(9) 

Ha (9) BHAHo, 'ITO y'leT norpeUIHocreif B uaroroaneHHH 
KBMepbi CyiUeCTBeHHO llOBbiUIBeT Tpe60BBHHSI K HBTSI}I{eHHIO 
npOBOnOK He38BHCHMO OT BenH'IHHhi norpeUIHOCTH. 3aBHCH
MOCTb BenH'IHHbi CMeiUeHHSI CHrHanbHbiX llpOBOnOK OT Ha
npsr}l{eHHSI Ha KaMepe nnsr arux nayx cny'laea npencraaneHa 
Ha puc.2. 

HaTsr*eHue curaanbHhrx npoaonoK pacC'IHThraanocb nnsr 
JlBYX BBPHBHTOB! 1) CMeiUeHa TOnbKO OAHB CHrHanbHBSI 
npoaonoKa; 2) CMeiUeHa acsr curaanbHasr nnocKOCTb. Pac
'leThr noKaaanu, 'ITO Hau6onbUiasr cuna neifcrayeT Ha CMe
meHHyiO curaanbHYIO npoaonoKy B nepaoM cny'lae. Heo6xo
JlHMoe HBTSI}I{eHue -CHrHanbHhiX npoaonoK paBHO 

178 
2 -too ch- k 

T = 2,55·10-
2 -e-u2 c~ <.!.. + ~ 2L ) , < IO) 

L 2 4 k: = 1 sh 2~ k 
2L 

rne T - H3Mepsrercsr B r ; u- B KB; e • L H s - B CM. 

8 

t 
I 
~ 

,. 

J. 

==~ 

8 

6 

~4 

~ 
2 

1 

qs 1 
HGfl{Xl'leeHUe Ha Kal1epe , U /U0 

Puc.2. 3aBHCHMOCTb BenH'IHHhi MBKCHManbHOrO CMeiUe

HHSI curaanbHhrX npoaonoK or aanpsr*eHHSI Ha KaMepe 
( 1 - 6ea yqera norpeUIHOCTeH B H3roroaneHHH KaMepbr; 
2 - c y'leToM norpeUIHocreif B ee uaroroaneHHH). ft.y -
OUIH6Ka B pacnonO}I{eHHH CHrHanbHOH npOBOnOKH, 

¢opMyna nnsr paC'IeTa H8TSI}I{eHHSI BbiCOKOBOnbTHbiX npo

BOnOK HMeeT BHJl 

2 
_ 3 17 • f 8 • s B 2 2 -too 1 

T
8

=0,71·10 U C0 ~ --
y • L·s k=--<><>chE.§... k 

B 2L 

( 11) 

rne e B- nnHHB BbiCOKOBOnbTHOH npoaonOKH, S B - Uiar HBMOT

KH BbiCOKOBOnbTHOH npOBOnOKH, y
8

- nonyCTHMOe CMeiUeHHe 
BbiCOKOBOnbTHbiX npOBOnOK, KOTOpOe paCC'IHThiBaeTCSI HB 
OCHOBBHHH Tpe6yeMOH OJlHOpOJlHOCTH nnOTHOCTH 3apsrna Ha 

CH:rHanbHbiX npoaonoKaX; TB H3MepsreTCSI B r; U- B KB ; e B. 
L ,y

8
, s , s B - B CM, cl>opMyna ( 11) nony'leHa aaanorH'IHO 

TOMy, KBK aro 6wno cnenaao a pa6ore /2/, HO 6ea npen-
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PHc.3. 3aaHCHMOCTh Hanp.mKeHHSl U0 , npH KOTopoM 
CHrHanbHaSl npOBOnOKa npHTSlrHBanacb K 0/lHOMY H3 BbiCOKQ
BOnbTHbiX aneKTpOJlOB, OT HaTSl)l{eHHSl 'f 0 CHrHanhHOii: npoBo
nOKH. To'fKH nony'feHLI Ha aKcnepHMeHTe, cnnoruHaSl KpHBaSl -
pac'feT. 

nono*eHHSl o ManocTH mara s , sA << L • Pacc'fHTaHHbie 
no 4JopMynaM ( 10,11) HaTSl)l{eHHSl CHrHanbHbiX If BbiCOKo
BOnhTHbiX npoaonoK npHaeaeHbi B Ta6nHue. 

nnSl npoaepKH pacqeTOB 6bin H3rOTOBneH MaKeT, KOTOpbiii: 
npeacraanSln co6oH: Moaenh KaMepbi c f = f 8 =105 eM, 
s =10 MM, s B =2 MM, R = R B =0,05 MM. HaTSl*eHue 
OAHOA H3 CHrHanbHhiX npoaonoK perynHpoaanoch. May'fanacb 
aaaHCHMOCTh Hanpg)l{eHHSl Uo , npH KOTopoM CHrHanhHaSl 
npOBOnOKa npHTSlrHBanaCb K 0/lHOMY H3 BbiCOKOBOnbTHbiX 
aneKTpoaoa, OT HaTSl*eHHSl CHrHanhHOH npoaonoKH. 3KcnepH
MeHTanbHhie TO'fKH H TeOpeTH'feCKaSl 3aBHCHMOCTb npHBeAe
Hbi Ha pHc.3. 
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I 
1 

Ta6nuua 

S =IO MM, s 8 =2 MM, S =2 MM, SB =2 MM, 
L = 9 MM, R = I 0 MKM, L =9 MM, R = I 0 MKM, 

f=f B =I00 CM, U =4 BKB f = f B =100 CM, 
u = 4 KB 

~R/R -8% -I7,5% 
::s:: ~s :.:: 0,4 MM 0,03 MM 
(.) ~(2L) >. ±0,25 MM ±O,I MM 
t:: ~y 0 ±1,5 MM ± 1,0 MM 

t:( 
xnp 

Ynp 

±2,2 MM ±0,4 MM 

± 1,5 MM ±0,4 MM 

I Q) 'f 
0:: ::s:: 
f.< ::t: 
'1l a> 'Is ::r: ;.:: 

14 r 55 r 
52 r 290 r 
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