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ONPEJEJIEHHUE IPOCTPAHCTBEHHOI'O TOJIOXEHUS
CHUTHAJIbHBIX HUTEH B IPEM®OBLIX TPYBKAX
C MIOMOIIBIO IYYKA PEHTTEHOBCKHX KBAHTOB

H.P.boiixo, J1.C.Bepmozpados, B.H.[odownos,
B.B.Xypasnes, M.A.Aenamenxo, 3.B.Kpymumeiin,
M.IO0.Huxkonenxo, I A.Illenxos

Hccnenosansl 1Ba MeToaa ONpenescHUs NPOCTPAHCTBEHHOTO MONOXEHHS CHIHATbHBIX po-
BOJIOYEK B ATIOMHHHEBEIX ApefichoBLIX TpyOKax NpH CKaHMPOBAHWH MX MYYKOM PEHTICHOBCKHX
KkBanTOB. [loxa3aHo, YTO NONOKEHHE MPOBQJICYKH MOXHO ONPEAEMTh C TOYHOCTHIO JIyHIIe
1 MKM 10 KOOpIHHaTe ee TeHH. JIpyroit METOR, OCHOBAHHEIH HA HAXOXACHHH LIEHTPA THXECTH
B'3aBHCHMOCTH CKOPOCTH CYeTa camoit TpyOkH, paGoTaloleii B pexuMe NpONOPLHOHATLHOTO
CHETYHMK], OT KOOPIAMHATHI MOMOXEHHs MyYKa, TAKXE JACT BHICOKYID TOYHOCT. IIpH cKaHu-
POBaHHH C 1HaroM 50 MKM (OJTyJeHa TOYHOCTh ~ 3 MKM. CyLIECTBEHHOE yiIy4IIeHHE B COOTHO-
LIEHHH CHMHAI-(OH YIAIOCH MONY4HTh NyTeM ROGaRIeHHS K YI/IEKHCIOMY rasy 16% 0,.

PaBota srmonnena B JlaGoparopuu sepHsix npoGnem OHSIH.

Determination of the Spatial Position of the Sensitive Wires
in the Drift Tubes with an X-Rays Beam

LR.Boyko et al.

The two methods of finding of the sensitive wires positions in the aluminium drift tubes
were tested using an X-rays beam. The wire positions can be determined with precision better
than 1 pm from its shadow coordinate. Another method based on the determination of the
center of gravity in the count rate dependence on the beam position also gives a high precision.
With a beam step 50 pm the precision of wire position at the level of 3 um was obtained. An
essential improving in the signal-to-background ratio was obtained by adding 16% of oxygen
to the CO,.

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

i. BregeHue

OnHuM M3 BaXHBIX BONPOCOB NMPOM3BOLCTBA MOAyNeil ApefichoBRIX TPYGOK st YHHBep-
cansoro aerekropa ATIIAC [1] sBnserca mposepka MeXaHHYECKOH TOYHOCTH YCTAHOBKH
CHTHATbHBIX HHTEH BHYTPH TPYOOK, a TAaKke MX B3aHMHOIO PacloiOXeHHs BHYTPH MOIyJIei.
Hns sroit uenu B [2] 6bUI0 MPENNIOXEHO CKAHMPOBATh KOTHMHPOBAHHBIM My4YKOM pEeHTre-
HOBCKMX KBaHTOB MIOOHHBIE MOJY/IH M PETHCTPHPOBATH C MIOMOLIBIO NETEKTOPA raMMa-KBaH-
TOB IIOJIOXCHHWE TEHEHM OT HUTei (macCHUBHBIA MeTOH). DTOT METON OCHOBAH Ha paxTUYHOM
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AOMIOLaKIeld cnocOOHOCTH ATIOMUHHEBBIX CTEHOK TPYOOK M BONBGPaMOBBIX HHUTEH M, Kak
65110 noka3sano B [3], Moxer ofecneunTs BBICOKYIC TOYHOCTH ONpedeseHUs NPOCTPaHCTBEH-
HOro pacrnionoxenus Huted. OIHAKO NAcCHBHBIH METON MMEET CYLIECTBEHHBIH HENOCTATOK.
[pu ckaHupoBaHHH Mony/iei GObIIMX pa3sMepOB HEOOXOIUMO KOHTPOIHPOBATh C BBICOKOM
TOYHOCTbIO NPOCTPAHCTBEHHOE MONOXEHHE MyYKa, KOTOPOE 3a0aeTcs B3aUMHBIM pacrosio-
XeHHEM KOJUTHMATOPOB, HAXOASAIMIMXCA BMEPEAH H C3ald TECTUPYEMOro MONY/Is, Ha MpOTH-
XEHUH BCeil JUIHHBI CKaHHPOBaHH, YTO ABJISETCA JOCTATOYHO CIIOXKHOM TEXHHYECKOM 3afa-
yeu.

JIpyroii cnoco6. HaxoXIEeHUs MONOXEHHs NPOBONOYEK BHYTpU TpyOoK Oasupyercd Ha
pasauyHoil (hoTonomiowaiowe# cnocoGHOCTH MPOBOJIOYKH H Ta3a BHYTPH TpyOkH (aKkTHB-
Hpi# Meton). Koraa nydyok peHTreHOBCKMX KBAHTOB NONANAET Ha HUTh, OOJIBLIOE KOJIMYECTBO
POXAAIIWHNXCS B HUTH (POTONIEKTPOHOB BHIXOZUT B ra3oBblil 06beM TPYGKH ¥ MOXeT ObITH
3aperucTpUpoBaHo, ecinu TpyOka pabGoTaeT Kak, HanpHmep, oOblYHbI NPONOPLMOHATBHBIHA
cueTurk. B [4] nyTeM HaxoXIeHHs LEHTPA TAKECTH B 3aBUCHUMOCTH CKOPOCTH cueta TPyOKH
OT MOAOXEHHUSA MYYKAa PEHTTEHOBCKHX KBAaHTOB yJalOCh BOCCTAHOBHTDL C BHICOKOH TOYHOCTBIO

KOOpPOHMHAThl MNPOBONOYEK B JIaBCAHOBbIX TpyOKax, HamolHeHHbIX cMecblo 70%Xe +
+ 20%CF, + 10%CO,.

AKTUBHBIM MeTOQO
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Puc.1. Cxema u3MepeHHs NOMOXEHHS MPOBO.I0YEK BHYTPH ApeddoBbIX TPYOOK
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2. Annaparypa

Cxema u3MepeHHH NOJIOXEHHS NPOBOJIOYEK BHYTPH ApeiGoBbix TpyGOK NpHBEIeHa Ha
puc.l. B maccuBHOM MeToze TPH C/OS AIOMUHHEBHIX TPYGOK C BHEUIHHM AMAMETPOM 3 M
U ¢ TomuuHOH creHoK 0,5 MM ¢ HATSHYTHIMH BHYTPH HUX BOJIb(PPAMOBBIMH HUTAMM AMAMET-
pom 50 MKM OBUTH MOMEILEHBI MEXIY ABYMS TaHTATOBBIMH KOJLTMMATOPAMHM, PAciONOXeH-
HbIMH Ha paccTosHun 20 cM. [Hupuna weiedt cocrasnsina 50 Mkm. UureHcuBHOCTS NpoLien-
LIErO WIIOMUHHEBBIE TPYOKH IMy4yKa DEHTICHOBCKHUX KBAHTOB M3MEpSIach C MIOMOINBIO CLMH-
THUTALHMOHHOrO cuetynka ¢ xpucrauioM NaJ(Tl) muamerpom 15 MM u BeicoToi 30 MM,
KOTOpbIA Pa3MELIANCs HEMOCPEACTBEHHO 3a BTOPHIM KO/LTUMATOPOM.

B axTHBHOM MeTOHE MyYOK PEHTTEHOBCKHX KBAHTOB TakXe (POPMHUPOBAICS ABYMS KOJ-
JAMMaTopaMy WUPHHON 50 MKM, pacmonoXeHHBIMU Ha paccTosHUM 15 oM mpyr or mpyra. B
3TOM CIly4ae ONPEAE/IOCh MOJIOXKEHHE CHIHANBHOM MPOBOMIOYKH TOJNBKO B OLHOM. TpyOKe.
CUMHTHWUIALHMOHHEIH CYETUHK MPH 3TOM HCIOJIB30BAICS KAaK MOHUTOP MHTEHCHBHOCTH IPO-
meauero yepes apendosylo TpyoKy myuka. TecTHpyemble TpyGku paGoTaid B MpONOPLKO-
HAJTBHOM peXuMe. CHIrHal ¢ NPOBOJIOYKH YCHITHBICA TOKOBBIM YCHIHTENEM ¢ Ko3t(hdHLmeH-
TOM ycwienus 70 M mogaBaics Ha TUCKpUMHHATOP ¢ moporoM 7 MB/50 Om.

Hpeiidosbie TpyOKH pacronaranuck Ha NOABUXHOI mIatdopMe, KOTOpas MOIJIa epeMe-
IIAThCA MOTEpeK NMyyKa Ha pPaccTossHUE 18 MM C TOYHOCTBIO 5 MKM.

B xayecTse MCTOYHMKA DPEHTIEHOBCKMX KBAaHTOB MCIOJb30Banack TpyOka BCB-21 ¢
BOJIbGPaMOBBIM  aHOOM. Pa3sMep oanexTpoHHoOro mnatHa Ha aHome 3TolH TpyOkH —

0,2x8 MMZ. Pabouee HalpsXeHHe Ha PEHTIeHOBCKOM TpybOke Gbuio okono 20 kB. Ha puc.2
NpPECTABICH 3HEPIeTHYECKUil CHeKTp Myyka (DOTOHOB, MPOIIEOUIErO CAOH ATIOMHHHA
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Puc.2. DHepreTHyecKHil CIieKTp PeHTTEHOBCKOTO Iy4Ka Mocie anio-
MMHHEBOTO pubTpa TomuuHoH 0,5 Mm. HanpsxeHue Ha peHTreHOB-
ckoil Tpybke — 15 xB.
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TonumuHoH 0,5 MM, H3MEPEHHBIR C MOMOUIbIO CHHHTHUISLHHOHHOIO CYETYHKA C KPHCTAIOM
Nal(Tl), koraa HanpsixeHue Ha peHTreHOBCKO# Tpybke Gbu10 15 xB. KanuGposka amnnuryn
CHIHANIOB CO CYETYHKA MPOU3BOAWIACH C TOMOILbK HaGopa 00pa3loBBIX raMMa-HCTOYHHUKOB,
ucnyckaumx GOTOHb B PEHTICHOBCKOM AMana3oHe. BHIHO, YTO OCHOBHas 4acThb HHU3KO-
3HEPreTHYECKHX (POTOHOB MOTIOIAIACH B aHOME CamMOi PEHTTEHOBCKOH TPYOKH U amoMu-
HHUEBOH CTeHKe HccregyeMoit TpyOku. (DakTHUECKH CKaHHPOBaHHE NMPOM3BOLHIOCH MyYKOM
toroHOB ¢ aHEepreTHueckuM pasbpocom ~ 25%.

3. Pe3ynbTaThl H3IMEpeHHH

a) IaccusHbit MeTOR

Ha puc.3 noxasaHa ckopocTb cyeTa CUMHTHUISLHOHHOTO CYETYHKA B 3aBUCHMOCTH OT
TIONIOXEHHUS NMYYKa PEHTTEHOBCKHX (POTOHOB NpH CKaHHPOBAHHM C waroM 20 MKM Tpex cio-
eB ApendoBbix TpyGoK. TeHu OT Tpex HUTEH, pacnoNaraBUIMXCs B PAa3THYHBIX CIOSX TPYOOK,
OTYET/IHBO BHAHBI. TOYHOCTR ONpeElEeHUs MOJIOXEHHUS TEHH NPH NaHHOH CTATHCTHKE MEHb-
me | MKM H Onpenensercs TOYHOCTHIO LIAra CKaHMPOBAHHS. YBeIWYEHHE LIMPHHBI HIEei
KOJUIHMATOPOB NPHBOIMT K YXYAIICHHIO COOTHOLIEHHA CUTHaN-¢oH. Tak, 11 Ko/IMMaropos
wHpuHoi 50 MKM 3T0 oTHOweHHe ~ 10%, a Wis KOUIUMaropoB co mwensMi 100 MkM OHO
cocrasaser yxe ~ 35%.
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Puc.3. 3aBHCHMOCTb CuYeTa CUMHTHWLISLHOHHOTO CYETYHKR OT IOSOXEHHS
PEHTIEHOBCKOTO NMyYkKa
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6) AKTHUBHEIH MeTOA

OcHoBHOJ 3amaueil BoIGOpa paboyHMX YCTOBHH B aKTHBHOM METOJE SBJISETCH yCHIEHHE
OTKJIMKA TPYOKH Ha B3aMMONEHCTBHE PEHTTEHOBCKOTO NMYYKa C CHIHATBHOM NMPOBONOYKOR M
ocnabnenne cyeTa OT B3aMMOIEHCTBHS NyYKa CO CTeHKaMu M rasom Tpybku. Ha puc.da
IPUBENEHDB 3aBUCHMOCTH CKOPOCTEHl cueTa MOHHTOpA M ApeitoBoil TpyGKH C BHYTPEHHHMM
OMaMEeTPOM 6 MM H TOJILIMHOH CHrHaIBHOM BONB(PaMOBOi MPoBONOYKH 20 MKM, HAlONHEH-
HOH ra3oBo# cMecpio Ar + 30% CO,, oT mo/0XeHHs PEeHTIeHOBCKOTO nyuka. Cuer TpyGKH

HENPEpHIBHO BO3pacTal NPOHOPLUHOHAILHO KOJIMYECTBY ra3a Ha NMyTH MyUKa NpH NpHOIH-
XeHUH K LeHTpy. D¢dpdexroB oT B3aUMOmEeHCTBHA INyuKa ¢ BONAbhpaMOBOH HHTHIO WIH
C QTOMHHHEBOH CTEHKOR He OblI0 BUAHO. DTO OOBACHIETCS 3HAYHTE/LHBIM CeyeHHeM PoTo-
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Puc.4. Cuer CUMHTWILISIMOHHOTO CYETYHKaA (TYHKTHP) U ApeidoBoit Tpy6Ku
{crutourHas JIMHKS) B 3aBUCHMOCTH OT MOJIOXEHHA PEHTTEHOBCKOIO MyyKa
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NOMIOUICHUS PEHTIeHOBCKHX KBaHTOB C 3Heprusmu Menbumie 20 x3B atomamu aprona [5].
[losTomy B manbHeieM HCNONMB3OBATHCH TONMBKO Ta3OBBIE CMECH, He CONEPXAlIHE aproHa.
Ha puc. 46 npuseneHsl pesynbraThi M3MEPEHHil TIPH HANOJHEHHH ApeiidoBoil TpyOKH yr-
JIEKHCIBIM ra3oM. BuaHo, uto Ha doHe WHpOKOro MakxcHMyMa, CBS3aHHOIO € B3aUMOOEHCT-
BHEM My4YKa C ra3oM, OTYETIHBO MPOARIAETCS NMHK, BBI3BAHHBIH B3aUMONEHCTBHEM IydKa
C CHTH&JIBHOMN NPOBOIOYKOI.

C uenbio yayulIEeHHS COOTHOLIEHMA CHTHan-(OH K YITIEKHCIOMY rasy OpU1o mo6aBneHo
10% d¢peona (13 B,). ®peoH OTHOCHTCA K 3MEKTPOOTPHLATENBHBIM Ta3aM, KOTOphie 00-

NanaT CNOCOGHOCTBIO 3aXBaThiBaTh CBOGOMHBIE 3NMEKTPOHBI, 00pa3syloliKecs B pe3ynbTare
MPOXOXAEHHS MOHH3IKPYIOLIEro HinydeHHs. Pelynbrarhl H3MepeHHiH npuBeReHb Ha pHUC.46.
Ho6aska k CO, 10% dpeoHa npusena K CyLIECTBEHHOMY YMEHbLICHHIO CyeTa TPYOKH, Korna

Ny4OK MPOXOLMT BOANH OT CHTHAILHOM HHUTH. [THKH, CBA3aHHBIE C B3aUMOIEHCTBUEM ITyuKa
C ra3oM W HHUTHIO, C/IWIHCh B OAMH, LIMPHHA KOTOPOTO COCTaBWiIa 1,2 MM. _
3HayuTeNbHO GOMBIIMM CeYEeHHEM 3aXBaTa CBOGOIHBIX 3JIEKTPOHOB O6NaNaeT KHCIOPOS.
Ha puc.5 npeacrasnenst ckopocT cueta MOHHTOpa M ApeiidoBoii TpyOkH auameTpoM 30 MM
¢ BO/bPaMOBOI NPOBOIOKOH HHaMeTPOM 50 MKM B 3aBUCHMOCTH OT NIONIOXEHHS KOJUTHMHU-
POBaHHOIO fNyuka (hOTOHOB NMpPH HANONHEHHH TPYOKH YIJIEKHMCIIBIM ra3oM H CMEChI0 CO, u

16% xucnopona. B atux u3mepenusax tpybka nepensuranack ¢ maroM 0,5 MM, a B obnactu
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Puc.5. Cuet MonuTopa # npeiioroil TPYOKH IIPH HANONHEHHH YIIEKHMCIBIM
rasoM 1 cMecsio CO, + 16% O, B 3aBUCHMOCTH OT HONIOXEHHS PEHTIEHOB-
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6mixe XK HUTH war 61 50 MkM. oGasnenue 16% xucnopoaa NpUBOOMT K MOYTH MOMHOM
notepe 3 eKTUBHOCTH TPYOKOH BI&IM OT AHOJHOH HHTH, H TONBKO B O6JACTH pagHycoM
~ 2 MM BOKpYI NIPOBOJIOYKH 3aMeTeH 3ekT B3auMoneicTBus $HoTOHOB B rase. [Ipu sToMm
a(¢exT perucTpaurH HOTOSIEKTPOHOB, 0OPa30BABUIMXCA HA NMPOBOJNOYKE, OTYETIIMBO MPO-
aBjseTcs Ha one sdexra or B3aumoneHcTBud B rase. CooTHOLIEHHE CHTHAN-OH yayd-
umiocs Gonee, yem B 15 pa3. PuUTHPOBaHHE IMHKOB, BBI3BAaHHBIX B3aMMONEHCTBHEM MyYKa C
HUTbIO, pacnpenenenueM aycca nano owubKy B OnpeNeseHHH NMONOXEHHUS LEHTPa TAXECTH
~ 3 MxM. BaprupoBanie KOHLUEHTPAlLMH KHCIOpOoaa B cMecH ¢ B npenenax ot 10 xo 50% we
TPUBENO K KaKOMy-THOO yIyYLUIEHHIO B COOTHOLIEHHH CHUTHAI-(OH.

3. 3akiawyeHue

B 3akyoyeHHe CpaBHMM IPEHUMYIIECTBA H HENOCTATKH 0GOMX METOHOB i X-ToMorpa-
¢uu MwoonnbIX Monynei. IlaccuBHblil MeTox Goniee NPOCT B peayid3alMi CKAHUPOBAHHA He-
Gonpumnx no pasmepy Moxynedl. COOTHOUICHHE CHIHAN-(POH B 3TOM METONE 3HAYMTETBHO
aydme. Her HeQ6XOOMMOCTH NOAREPXHBATh CHCTEMb! CUMTBIBAHMS WH(OPMALHMH H ra30BOTO
obecnieuenns. OQHAKO OCYLIECTBIIATH KOHTPOJb MOJOXEHHS Y3KOTO NMy4YKa C TOYHOCTHIO He-
CKOJIBKO MHKPOH Ha 6a3e HEeCKONBKMX MeTpoB — Haubolee ClOXHas TeXHHYecKas 3agada
IpH peatM3alMy 3TOTO MeTeda. AKTHBHBIH METOH CKaHMpPOBAaHHS TaKXe IMOKAa3aln CBOK
3 PeKTUBHOCTD ¥ BBHICOKYIO TOYHOCT. OH MO3BOJISET POU3BOLAMTS KOJUTHMALIKIO PEHTIEHOB-
CKOro myyka 6onee NpocThiM cnocoGoM M, B NPHHLMIE, HE TpeOYeT NepeMELICHHs PEHTTe-
HOBCKOTO HCTOYHHKA (CKaHMPOBAHHE MOXET OCYLIECTRIATHCA 3a CYET MOBOPOTA PEHTTEHOB-
ckoro nyyka). O6a HcclenoBaHHBIX METOAA MOTYT HaWTH MpPHMEHEHWe i ToMorpauu
MIOOHHBIX Moayneit ycraHoBkd ATITAC.
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