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1. Buel(euue 

fiporpecc !ilJieK'rpOHHOH HH)J.)'CTpHH If IIO'rpe6HOCTL ll)l;epHO

cpH3H'IeCKHX MeTO)IOB HCCJie)IOBaHHH B KOOp)IHHaTHLIX )leTeKTopax C 

BLICOKHM OTHOIUeHHeM BeJIIfllliH Lfcr 06Dl!CIIli!OT 60JILIUOH HHTepec K 

IIpOBOJIO'IHLIM )leTeKTOpaM C KaTO)IHLIM C'IHTLIBaHHeM HHcpopMai(Iflf. 

0rHOIUeHHl! JIHHeHHLIX pa3MepOB )leTeKTOpOI! (L) K BeJIH'IHHe HX 

rrpocTpaHCTBeHHoro pa3peiUeHHl! ( cr) B woM uarrpaBJieHHH )laJKe )IJill 

6oJILIUHX )leTeKTHP)'IOIIIHX CHCTeM )IOCTHI'aJOT 3Ha'!eHHH 104 If 6oJiee. 

0)1HHM H3 HaH60Jiee HHTepeCHLIX llBJilleTCll )leTeKTOp Ha 

OCHOBe TOHKOIIJieHO'IHLIX JlpeiicpOBLIX 1'py60K TUlia "CTpoy" (straw). 

Hau6oJILIUUii HHTepec BLI3LIBaiOT: 

• BLICOKHH ypOBeHL B03MOJKHOH UHJIYC'fPHaJIH3ai(HH HX 

H3fOTOBJieHIDI; 

• CIIOC06HOCTL pa60Ta:fL C paJJIH'IHLIMH ra30BLIMH CMeCl!MU If B 

IUHpOKOM )1Halla30He HX )laBJieHHl!; 

• xopoiUHe speMeHHLie H 3arpYJO'IHLie crroco6uocTH Ill. 
Pauee 6wm rroKaJaHa B03MOJKHOCTL C03JiaHHll IIJiaHapHLIX )leTeKTopos 

Ha OCHOBe COOCHLIX )IByxTpy6'IaTLIX "cTpoy", B KOTOpLIX BHY'f!leHHHe 

"C'rpoy'' HMeJIH pe3HCTHBHLJe KaTO)ILI, a HapYJKHLie~oprOI'OHaJILHLie 

a!IO)IHLIM IIpOBOJIOKaM KOJIL!IeBLJe CTpHIILI, COe)IHHeHHLie C 

COOTBeTCTB)'IOIIIHMH IUHHaMH C'IHTLIBaHHll HHcpOpMa!IHH /2/. 

Jl.aHHal! pa6oTa IIOCBllllleHa H3yqeHHIO B03MOJKHOI'O 

IIpOCTpaHCTBeHHOI'O pa3peiUeHHl! IIO)I06HLIX )leTeKTOpOB. 

2 . .IJ:eTeKTOp 

)lrra HJyqeHHll rrpocTpaucTseuuoro pa3peiUeHHl! 6Lm co6pau 

C'IeT'IHK IQIHHOH 20 CM, COCTOllllllfH H3 JIByx COOCHLIX 

TOHKOIIJieHO'IHLIX "c'rpoy" (pHC.1 ). BHY'f!leHHee "C'fPOY" )llfaMe'rpOM 

10 MM HMeJIO KaTO)IHOe IIOKpLITHe C pe3HCTUBHOCTLIO 100 K0M /.0. 

BueiUHee "C'fPOY" )IHaMe'rpOM 10,2 MM UMeJlO Ha HapYJKHOH 
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Preamplifier 

ffiMPC 

PH c. 1. EnoK -cxeMa HJMepwrenLnoli annaparypLI 
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L (c~) 

Pile. 2. 0)1iiOp01\HOCTL )leTeKTOpa 

BeJIH'IHHLI 

no ero ,[lJIHHe. KpnBall 

llOKa3LIBaeT 3aBHCHMOCTL aHOI\HLIX CH111aJIOB B 

OTHOCHTeJILHLIX e)IHHHuax 

~ 

llOBepXHOCTH 16 opTOI'OHaJILHLIX KOJILueBLIX CTpHDOB, HaDLIDeHHLIX 

A1, umpuuoli 5 MM u pacnonoJKeHHLIX c lllaroM 5,5 MM. AHOI\OM 

CJIYJKHJia llpOBOJIOKa )IUaMeTpOM 20 MKM. iJ:eTeKTOp npO)IyBaJIU l'a30BOH 

CMeCLIO Ar/CH4 (50/50) npu HOpMaJILHOM )laBJieHUH. XapaKTepuCTHKH 

HCCJie)\OBaJIUCL npH 06JiyqeHUH )leTeKTOpa KOJIJIHMHpOBaHHLIM nyqKOM 

y-KBaHTOB c noMOIIILIO penTrenoacKoli TPY6Kn (CuK,.) HJIU ucTO'IHHKa 

ssFe. 

iJ:eTeKTOp MOlKHO 6LIDO nepeMelllaTL OTHOCHTeJILHO ll03UIIUU 

nyqKa y-KBaHTOB C llOMOIIILIO MUKpOMeTpH'IeCKOI'O BHHTa C TO'IHOCTLIO 

Jiyqllle 5 MKM. 

EnoK -cxeMa C'IUTLIBaHIDI un!}lopManuu noKaJaua na puc. 1. 
CnrnanLI c coce)lnux cTpunoB nocne 6LICTpLix TOKOBLIX 

npe)lyCHJIUTeJieli 1\0llOJIHUTeJILHO ycHJIHBaJIUCL H llOCTynaJiu B ~II. 

CurnanLI c ano11a ucnoJILJoaanucL iiJlll ynpaBJieHIDI C'IHTLmanueM. 

(} 
3. AMIIJIHTYAHLie xapaKTepHCTHKH 

AMnnnry!IHLie xapaKTepucTHKU nOA06HLIX IIBYXTPY6'1aTLIX 

"cTpoy" 6Lmu uccne)10BaHLI pauee B pa6ore /2/ na MaKeTe nnanapuoro 

)1eTeKTOpa pa3MepOM )10 720 X 160 MM. 

llpn npoB0)1UMLIX B 3TOH pa6oTe H3MepeHHliX. KOOpi\UHaTHOH 

TO'IHOCTU )1eTeKTOp pa60TaJI B nponopuUOHaJILHOM pelKUMe H B 

naqane peJKuMa orpann'lenuoli nponopuuonanLnocrn. Ko::J!}l!}lnuueur 

l'aJOBoro ycHJieHHll G i\OCTHIWI JHa'leHHll 105 npn aHOi\HOM 

HanpJDKennn U = 2 KB. 3uepreTU'IecKoe . pa3pe11Ienue cocTaBJiliJIO 

16%. 0)1H0p0i1HOCTL )1eTeKTOpa no BeJIU'IHHaM aMIIJIUTJil. 

pelliCTPHpyeMLIX CU111aJIOB no ero ,[lJIUHe He XYJKe 3%, KaK BH)1HO H3 

puc. 2. KpuBall noKaJLIBaeT JHa'leHHll aHOi\HLIX curnanoa Bi\OJIL 

"cTpoy", aHaJIOlli'IHall 3aBUCHMOCTL 6Lma nonyqeua iiJlll KaT0)1HLIX 

cnrnanos c paJJIH'IHLix crpunoB. B nocne)1HUX · II3MepeniDix . nyqoK 

y-KBaHTOB npOX0)1HJI '1epe3 ueHTp COOTBeTCTBJIOlllei'O KOJIL!IeBOI'O 

cTpnna. 
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4. IlpocrpaHcroeHHoe pa3peweHne 

4.1. Mero~ DOJJ.Y'IeHIDI npocrpaHCTBeHHOro pa3peweHIDI 

.[l)ui onpe)(eJieHIIll KOOp)(IIHaT e06biTIIH llenonb30B3Jiell MeTO)( 

ueHTpa Tll:lKeeTII 13,41, noJBOnliiOIUIIli nonyqaTb xopornee 

npoeTpaHeTBeHHoe pa3perne1111e no nmjJOpMauuu e TPex eoee)(HIIX 

CTpHnOB C nOMOIUbiO cne)(}'IOIUero OTHOiiieHHll: 

X=a(QL-QR)I(QL +QM+QR), (!) 

r)(e X - onpe)(enlleMal! KOOpAIIHaTa ueHTpa Tll:lKeCTH naBHHbi; a - rnar 

CTPHnos )(eTeKTopa; QL I QM I QR - HaBe)(eHHbie nasuHoli 3apl!Abi, 

COOTBeTCTBeHHO, Ha neBbOOUeHTpaJibHbili/npaBbiH COCe)(HHe eTpHnbi. 

lh-3a 6onLIIIOH IIIHpiiHbl eTpHnOB H MaJIOro ·11x KOnllqeeTBa, 

. HCnOnL3yeMoro )(nll onpe)(eneHHll UeHTPOH)(bl, Bbi'!HeneHHbie 3HaqeHHll 

KOOp)(HHaT HY:lK)(aiOTCll B CHeTeMaTuqecKOM C)(BIIre, BeJIIIqiiHa 

KOTOporo eeTb lPYHKI.IHll HCTIIHHLIX KOOp)(HHaT. 

,l:Lrui onpe)(eJieHHll 3Toli YTOqHlJJOIUeli JaBIICHMOCTH Ha6upaJiueL 

pacnpe)(eneHHll 3apJIAOB Ha L, M, R - eTpunax npu o6nyqeHHH 

)(eTeKTOpa KOJUIHMHpOBaHHbiM nyqKOM y-KBaHTOB MJI pamuqHbJX 

n03HUHH KOJUIIIMaTOpa OTHOCHTeJibHO UeHTpaJibHOffi eTpiiiia. 

M3MeHeHHll no3HUI!li KOJUIHMaTopa IIpH 3THX 113MepeHHliX 

IIpOH3BO)(HnHCb C IIOMOII.Ib!O MHKpOMeTPHqeeKOro BHHTa. 

0IIpe)(eneHHbie no fllopMyne (1) 3HaqeHHll KOOp)(HHaT CTaBHnHCb B 

COOTBeTCTBHe C peaJILHb!MH 3HaqeHHl!MH n03HUHH KOJUIIIMaTOpa. 

M3MepeHHbie pacnpe)(eneHHll IIHJ(yUHposaHHLIX Ha cTpunax 

3apJI)(OB KOppeKTHpOB3JIHCb nocne BbJqeTa C06CTBeHHb!X nLe)(eCTaJIOB 

AI.Ul YMHO:lKeHHeM HX Ben11q11H Ha K03lPlPHUHeHTbl ycuneHHll TpaKTOB 

perneTpauuu. ,l:Lrui onpe)(eneHHll Ko3fllflluuueHTOB ycuneHHJI Ha BXO)(bi 

. npeeyeuniiTeJieli nO)(aBaJIHeb CllrHaJibl npliMOyronLHOH fllopMbl qepe3 

eMKOCTb BenuqiiHOH 14 nK<l>. 

4 

4.2. IlpocrpaHCTBeHHoe pa3peweHue 

M3MepeHHal! JaBHCIIMOCTL BeJIIIqHHLI npocTpaHcTBeHHoro 

pa3perneHHll B)(Onb ueHTpaJILHoro cTpuna (p11c. 3) noKaJLIBaeT, qTo 

BenHqiiHa 0' B03paCTaeT OT 73 MKM (p11C. 4) )(0 90 MKM npH 

nepeMem\?HHII II)"!Ka y-KBaHTOB K UeHTpy eTpHIIa. JJi~BO-IIpaBal! 

(IIpiiMepHO 7%) aCHMMeTpHll 3TOH 3aBIIeHMOeTII OTHOCIITenbHO UeHTpa 

eTpiiiia 06'blleHl!eTel! 6onee IillOXIIM (IIpiiMepHO Ha 25 %) OTHOIIIeHHeM 

ellrnaJIIIIIYM IIpasoro 3JleKTpOHHOro KaHaJia C'IIITbiBaHIIJI HHfllopMaUIIII. 

3aslleHMOeTb uonyqeHa 11p11 U=1,97 KB. OpToroHanbHOeTb 

KORRHMIIpOBaHHOro II)"!Ka y-KBaHTOB OTHOeHTenbHO "eTpoy" 6LUia, 

KaK Mbl CqHTaeM, He II.neaJibHOii. 

3aBIIeHMOeTb BenllqiiHbl ,<;T OT aHO)(HOro 'HaiipJI:lKeHIIll Mll 110311UIIII 

IIyt!Ka upuMepHo s ueHTpe CTpuua upuse)(eHa Ha puc. 5. BH)(Ho, qTo 

nosLirneHue raJosoro yeuneHHJI, npuso)(llmee K ynyqrneHIIIO 

OTHOIIIeHHH ellrnaniiiiYM, ynyqrnaeT BenuqiiHY IIpOeTpaHeTBeHHOIU 

pa3perneHHl!. 

JJ/Ill OUeHKII OTHOIIIeHIIH ellrHaJIIIIIyM 6billll H3MepeHbl 

aMimHTY)(Hble eneKTpbl e Tpex KaHaJIOB perneTpaUIIH 11p11 

paBHOMepHOM o6nyqeHHH y-KBaHTaMII o6naem l.leHTp3JibHOIU CTpHIIa 

o (pile. 6). BH)(HO, qTo BeJIIIqiiHbl OTHOIIIeHIIH eurnanlrnyM KaHaJIOB 

HeeKOnbKO .omuqaJOTeJI, B epe)(HeM IIpHHIIMal! 3HaqeHHll B )(llallaJOHe 

oT 60 110 120. Ha p11e. 7 npiiBe)(eHbl eneKTpbi myMoB 

eOOTBeTeTBYJOII.IHX KaHaJIOB perneTpa1.11111. 

Op11 oupe)(eneHIIH senn<mH cr He upoBO)(HnHeb upoueAypLI 

YMeHLIIIeHHl! CTaTIIeTIIqeeKoli o6eeueqeHHoeTu llYTeM ueKnJOqeHIIll 

C06biTHH e M!lJ!b!MII aMimiiTy)(aMH. 

Xopornee pa3perneHIIe )(syx eoee)(HIIX eo6Lnuii unniOcTpupyeT 

p11e. 8. PaeeTOJIHIIe Me)K)(y ueHTpaMII II)"'KOB y-KBaHTOB eoeTaBnl!no 

300 MKM. 
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Pnc. 3. 3aBHCHMOCTh seJmqHHhi npocTpaucTseuuoro pll3peiiieHIDI 

BUOJJh UJJHHhl KOJJhUCBOfO CTpHna cqHTh!BaHIDI HHcpOpMaJJHH 

u = 1,97 KB 
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Pnc. 4. PacnpeneJJeune, xapaKTepn3yroiUee npocTpaucTseuuoe 

pa3peiiiCHHe UCTCKTopa. U = 1,97KB. y-KBaHThl . C :;meprnefi 8 K3B 

UpOXOUHJJH qepe3 KOJJJJHMaTop ll!HpHHOH 50 MKM 
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Pnc. 5. 3aBHCHMOCTh npOCTpaHCTBCHHOfO pa3pCWCHIDI OT 

BeJJHqHHhl aHOUHOfO Hanp5IlKCHIDI. KOJJJJHMaTOp IIIHpHHOH 50 MKM 

pacnoJJaraJIC51 s ueuTPe cTpnna 
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Pnc. 8. Pa3pemeHne .liByx coce.IIHMX nyqKOB y-KBaHTOB c 

:meprneli 8 KSB c pacCTOlJHIDIMH Me:lK.ll)' HX neHTpaMH 300 MKM. 

KoJIJIHMaTOpbi - mnpnHoli 50 MKM 
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4.3. JIHHeHHOCTb H O):(HOpO):(HOCTb ):(eTeKTOpa 

JlnHeliHOCTb ,lleTeKTopa onpe,11emmach B npe,11enax onHoro 

CTpnna nyreM nepeMerueHMll ,lleTeKTOpa Ha H3BeCTH)'IO BeJIH'IMHY 

(pMC, 9). 3aBMCHMOCTb H3MepeHHOR BeJIH'!MHbl OT BeJIIfqMHbl peaJibHOffi 

nepeMeiUeH!fll noKa3aHa Ha pnc. I 0. A6coJJIOTHalJ HeJIIfHeliHoCTh 

onpe,lleJilJJJaCb KaK MaKCHMaJibHOe 3HaqeHHe OTKJIOHeHMR H3MepeHHOR 

KOOpi\IIHaThl OT ee peaJibHOffi 3HaqeHHll, qTO COCTaBHJIO 25 MKM. 

L(mp!jlepeHnnan&Aal! HeJIMHeliHOCTb onpeAemmach BbipaJKeHneM 

[ ..{ (L cr,' ) ] / n , f,lle a - OTKJIOHeH!fe H3MepeHHOR KOOpnnHaTbl OT ee 

peaJibHOfO 3HaqeHIDI, a n - qHCJIO H3MepeH!fR, If COCTaBJilJJia 3 MKM. 

Op;Hopo.liHOCTL'/ieTeKTopa lfJIJIIOCTpllpyeT pile. II, nonyqeHHhlli 

paBHOMepHbiM o6nyqeHMeM HCTOqH!fKOM 
55

Fe 06JiaCTM neHTpaJihHOffi 

CTplfna. 11HTerpanhHalJ HeO.liHOpO.liHOCTh H onpenemmach BhipaJKeH!feM 

(max.- min.) 

H=± ------100 %, 
(max. +min.) 

r,11e 'n1ax. M min. - MaKCHMaJihHOe H MMHHMaJibHOe KOJIHqecTBO 

C06biTHR B 6nHax rMCTOrpaMMhl pa3MepoM 62,5 MKM, H COCTaBHJia 

± 9%. L(n!jJ!jlepeHnHaJihHalJ HeO,IIHOpO,IIHOCTh, onpe.lleJilleMalJ 

ananornqH&IM i 'l o6pa3oM: nepe6opoM Tpex coce,IIHifX 6HHOB 

mcTOrpaMMhi,' CocTa~Ifla ± 5%. 
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Pnc. 11. OIIHOponrrocTL neTeKTopa 

o6nyqarrcll HCTO'IHHKOM 
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Fe. U = 1,95 KB 
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3aKJiroqenue 

IIpose)(eHHble 113MepeHUJI noKa:JaTIII, qTo )(eTeKTOp Ha ocHoBe 

IIBylnpy6qaThiX "cTpoy" C KaTO)(HhiM Cqi!ThiBaHIIeM JierKo 

o6ecneq11saeT npoCTpaHCTBeHHoe pa:~perneHI!e B )(Hana:JoHe 70-90 

MKM np11 XOporneif ero JIIIHeHHOCTII II O)(HOpO)(HOCTII. Il0)(06Hhle 

)(eTeKTOphl MOryT IICllOJih30BaThCll KaK KOOp)(I!HaTHhie BbiCOKOTOqHhle 

)(eTeKTOphl B 3KCnep11MeHTaX Ha ycKOpi!TeJil!X, a TaKJKe KaK )leTeKTOphi 

11306paJKeHUJI np11 npoBe)(eHI!II .11pyrnx IICCJie)(OBaHIIH ll)(epHO

tl>11311qecKIIMII MeTO)(aMI!. 

JlnTepazypa 
(:,'• 

"" 0 

I. T. Akesson et al., Nucl. Instr. and Meth. in Phys. Res. A 372 (1996) 
70- 84. 

2. V.Bychkov et al., Nucl. Instr. and Meth. in Phys. Res. A 367 (1995) 
276-279. 

3. J. Chiba et al., Nucl. Instr., and Meth. in Phys. Res. 206 (1983) 451. 

4. I.A.Golutvin et al., Nucl. Instr. and Meth. in Phys. Res. A 333 (1993) 
536-539. 

PyKonHch nocTyniiJia B 113)(aTeJihCKIIH OT)(eJI 
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bbi4KOB B.H. H )lp. 
npocrpaHCTBCHHb!C xapaKrep~CTHKH )lCTCKTO.pOB Ha OCHOBe-. 

TOHKOflJICHOl.JHbiX JlpeH$osbJX rpy60K C KaTO.JlHLJM CttHTb:IB8HHeM 

Pl3-97-13 

HccJieJIOBaitHCb npocrpaHcrseHHLJe xapaKrepwcrHKH )lereKropa Ha ocHose TOH

KOnJ~eHOl.JHLIX .np"eif<IJOflhiX Tpy60K C K3TOJIHb!M C"4HTbi88HIU;M. nbK833HO, l.JTO, 

npocrpaHCTBCHHQ~ pa3peilleH.HC COCT8BJUICT. ]Q- ?0 MKM. npH 3TOM HC(10Jib30:

. BaJIHCl> 6l:.ICTpLie TOKOBble npeJlyCwmneJUI. PerncrJ:mpo8aJIHCb y-KB3HTLI OT HCTOl.J-

55 . . . -
HHKa" _Fe . .IlereKrop HM~er xopmuyro npocrpancrsenuyK> nHHeH:HotTb ·H o.u~opon-

HOCTb. 

no~06Hble Jl,eTeKTOpbl Moryr HCnonb3083TbC" K<iK Bbi_COK0'!9lJHble B 3KciJepHMeH

:rax Ha ycKOpHTen"x· a T3K)I(e tea~ neTe~n)pbi H3o6pa}Ke""" npH npooeneHHH llPYfHX· 

Hccnep:o~amtH smepHo-ciJinwiecKHMH MeToJiaMH. · 

'Pa6oTa Bbln0nHeHa B Jla6opaTOpltH CBep,XBb!COKHX ::meprHH 01151].1. 

,·-z< npenpHHT ~.O:HH.eHHOro HHCTHlyra K!lepHblX HCCJJeJtOBafiHH. ,Uy6Ha, 1_997 
.. _.- ~ 

OepeB_G.Ll aBTOpOB ' 

B ychkov V :N. ei a!. Pl3-97-13 

Spatial Resolution of Straw Detectors ,wiih Cath()de Read-Out 

The characteristics of the straw detector with cathode read-out are· presented 

-in this paper. The detector has a hig]l and uniform efficiency and its spatial resolution 

is about 70 flm. These detectors can be usea as precision coordinate detectors 

in-expetiments-on-accele·rators and in image detector~. 

The investigation h;.. been performed at -the Laboratory ·of Particle Physics, 

JINR. '' 

PJeprintQfthe·Joint Institute for Nuclear Research. Dubna, 1997 · 
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