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$oM~'-!eB A.C. ~ AP-
OCHOBH~e xapaKTep~CT~K~ c4~HT~nR4~0HH~X 
$0C$~Y-AeTeKTOpOB 4n-ycTaHOBK~ $060C 

P15-92-50 

On~caH~ OCHOBH~e xapaKTep~CT~ K~ c4~HT~nnR4~0HHO~ 
YaCT~ MHOrOAeTeKTOpHO~ 4n-ycTaHOBK~ $060C. 06cy~Aa~T
CR 8~6op MaTep~ana c4~HT~nnRTOpa ~ T~n ¢oTOYMHO~~TenR, 
np~BeAeHo on~caH~e MeXaH~YeCKO~ ~ 3neKTPOHHO~ KOHCT
PYK4~~- npeACTaBneH~ nepB~e 3KCnep~MeHTanbH~e pe3ynb
TaTbl, noiiyYeHHble 3rnM np~6opoM. Jl.nR 6onbworo ~ Manoro 
MOAyne~, cocTOR~~x ~3 CsI(Tl) $200x3 MM 2 + $3Y-173 ~ 
Csl(Tl) $22x3 MM 2 + $3Y-176, cooTBeTCTBeHHO, 6b1n~ no
nyYeH~ COBMeCT~M~e pe3ynbTaT~ AeTeKT~POBaH~R ~ ~AeHT~
¢~Ka4~~ nerK~X 3apR~eHH~X YaCT~4-

Pa6oTa s~nonHeHa B na6opaTop~~ RAepH~X peaK4~~ 
O~SH1. 

Coo6w.em1e 001>e;\1-1Hett110ro HHCTHryTa ~;;epHb!X HCC.1t:;lOBaHHH . ll,y6Ha 1992 

nepeBOA aBTOPOB 

Fomichev A.S. et al. P15-92-50 
Main Characteristics of Scintillation 
Phoswich-Detectors for the 4n-Experimental 
Setup PHOBOS 

The main characteristics of a scintillation part 
for the 4n-multidetector PHOBOS are described. The 
choice of the scintillator material and type of photo
multiplier are discussed and the description of the 
mechanical and electronic design is given. First ex
perimental results obtained with this device are pre
sented. A compatible detecting and identifying light 
charged particles were obtained for the large and small 
modules consisting of CsI(Tl) $200x3 mm 2 + FEU-173 and 
CsI(Tl) $22x3 mm 2 + FEU-176 respectively. 

The investigation has been performed at the Labora
tory of Nuclear Reactions, JINR. 

Com111u11ic:aion or the Joint Institute for Nuclear Research . Dubna 1992 



BBeJ(eHHe· 

. CUHIITHJIJillUHOlll!all l!aCTb ycTaHOBKH :<l>060C llBJilleTCll :npOJlOJIXeHHeM. ra30BOJ:I 
. - . /1/ .. 

J(eTeKTHPYIOllleA 'CHCTeMII , . COCTOlllllei:I. H3 nJIOCKOnapaJIJieJiblIIIX ·JiaBHIIIIIIX Cl!eTl!HKOB H 

6perrol3CKHX · HOIIH3aUl!OIIIIIIX KaMep. Olla nO380JllleT J(OnOJIIIHTb .l\HaIIa3OH 1 • 
I. 

( . penicTpHpyeMIIX' 'laCTIIU cpe)(IIHX• H: TllJ:eJll,IX: Mace H3MepeHHeM JierKHX tia&rnu. C HX 

1~-✓ H.l\~IITllclJHl(aUHeJ:l_no z H·.A (p,_d,t, 3
~

4He, 6
-

7Li, ... ) 
0

8 o6JiaCTII 311;prn~lf·2+60°M3B 

na HYKJIOII/ :_ CTO J(E!13llllOCTO CUHIITHJIJISIIUIOIIIIUX J(eTeKTOpOB nO3BOJISI'!' onpeJ(E!JIHTb · 

cpeJ(III0IO.MIIOJ:eCTBeUHOCTb l!aCTHU H ,_HX yrnoaoe pacnpe.11eiieHHe c TOl!HOCTblO ,6+7°. 

PerncTpaUHll JiefKHX l!acrnu D coana.11enHH c oonee rnxenui.iH·qiparMeHTaMHi.ioieT .11aTb 

ne)lOCTalOlllYD ' Hllc!JOpMaimlO . 0 , neKOTopux OCHOBIIUX . npo6JieMax •. S1J1epHO-l1J1epm1x 

CTOJlKHOBeHltii npn" npoMeJ:yTO'IIIIIX ·311eprHllX: 

~. nepenaqe nonepe'IHOro H ,npOJlOJlbHOro HMnyJibCOB, Maccu, /311eprnH :." T.Jl; B 

na'IaJibllOA CTa)lHH peaKUHH; ,, 

pacnane BUCOKOl303OYJ:JlellHOA .. · . l!Jlepuo8 MaTepHH nocpe)(CTBOM '3MHCCHH 

npeJlpaanoaecnux H HcnapHTeJibHUX l!aCTHU; · 

- onpenenemm KOJ!HllecTBa "B3aHMOJ(ei:ICTBYIOllleil" H "mioJID)lakllJ\eA" MaiepHH':° • 

JlJlll • 3TIIX ·w··ueKOTop11x' •Jlpyrnx - uenen · Ii • Kpyn1111x•: nayl!nux· ueHTpax coJ.11a1111 · H 
· . ',, · . . · · ·, · · · /1-3/ 

CTpOllTCll, pa3Hoo6pa3HUe, •41t-CHCTeMU C l!CnOJib3~BaJIHeM c!JOCclJH'I-JleTeKTOpOB • B 

J(an11O8 paooTe. H3Jioxenu · •. ocnomme·· xapaKTepHCTHKH. CUHHTHJiiiiiiumnnon . llaCTH 

ycmHOBKH <l>OEOC. 

1. Buoop CUHHTHJIJlllTOpOB 

JleTeKTHPYDlllHe·•MOJlYJIH D ycmHOBKe c reoMeTpHe8, OJIH3K08 '·K 4n,· neo6XO.l\HMO 

KOIICTpyHpOBaTb TaKHM ,•o6pa30Mt 'I_TOOU' cyMMapnall•' nJIOlllaJlb' MepTBUX 3011 OUJia 

MHIIHMaJlblla: :3<plleKTIIBHaS1«nJIOl1la)lb' 'perncTpaUHH OOU'IIIO J(OCTaTO'IIIO BeJIHKa, l!TOOII 

HCnOJib3OBaTb nonynpoBOJ(IIHKODUe. TeJieCKonu. HMelrno no3TOMy'' CUHIITHJJJISIUHOIIHUe · 

cpoccp»'I-)leTeKTOpll • naWJIH · Cl3oe ' WHpOKOO npHMene1me · npH C03J(aJIHH :4n.:.ycTaHOBOK. 

KaK :H nonynpOBOJlHHKOBUe TeJieCKOnU, cpoccpH'!-JleTeKTOpU HMeDT orpaHH'IE!IIHUi:i 

J1Hana3O11 perHCTpaUHH · no 3HeprnH; HH3KO3HepreTH'IeCKHe l!aCTHUU noJIHOCTblJ 

OCTanaBJIHBalJTCll·B TOIIKOM CJIOe CUHIITHJIJlllTOpa, a JlJISI BUCOK03HepreTH'IeCKHX '!aCTHU 

TOJllllHIIU 3Toro CJ!Oll HeJ(OCTaTO'IIIO .llJISI HJleHTHclJHKamm no pa31mue HOIIH3aUHOllllllX 

noTepb dE/dx. TaK, nanpHMep, J(JISI t.E CJIOll H3 o. 6 MM car CUHHTHJIJlllTOpa HHJ:11118 z 
3HepreTH'IeCKll8 nopor perHCTpau1m COCTaBJilleT nopll)(Ka 9 M3B/HyKJIOH, a BepXHHi:I 

~50 M3B/HYKJIOII. 'HcnOJib3Yll· nJiaCTH'IeCKHi:I CUHHTHJIJISITOp B Kal!eCTDe t.E CJ!Oll, MOJ:HO 

cyu1ecTBemm 'CHH3HTb IIHJ:HHi:I npe.11eJI, nanpHMep, .ao 1 M3B/HyKJIOII )(Jill nJiaCTHKa 

TOJIIJIIIIIOA 30+40 MKM. O)lHaKO, D 3TOM cJiyqae 6y.11eT TOJibKO ».neHTH'tJHKaUHll no Z 6e3 

Macconoro pa3pewenmi' ~/. Am,TepnaTHBHblVI · l!DnlleTcsi: ; HcnoJib30Da1rne o.n.noro 

L ~-:;;._ ·~-~~•':'lf.<K..-~i.-::""'7",>_~,..._...lf_,.-

•~ .. ,) t/.S:iui:~H·l~i!l H:-;~~,i~t"r,f! 
~: / ·::'S'·:~~~:\ r; r · j~:jr•;t1r.:t~t 

f,?:;~ ;--:~- I 1 ~ <~J ~ rE &~~ /~ 



CUHHTHJIJU!Topa 6e3 LIE CJIOJl, y KOToporo qiopMa HMflYJibca CBe'iellHJl 3a!JllCHT OT copTa 

,lleTeKTHpyeMUX qa_s:Tmt B o6JiaCTH 2=1 +4. Cpe,llH TaKHX CUHIITHJIJil!TOpOB 11aH60Jiee 

HCITOJlb3yeM!lMH JlBJIJlk>TCll BaF, NaI(Tl), Csl(Tl). CXeMa HH(jlopMaUHH npH 3TOM MOieT ' 2 

! 6UTb B TO'il!OCTH H,lleHTH'illOH TOH. KOTOpal! ' npm1e1meTcil B CJiy'iae KOM6mmpooannoro 

CUHHTHJIJillUHOHIIOro TeJieCKOITa, TO ecTb ll!ITerpHpOBal!He cHrllaJia C (jloTOYMHOJ:HTeJll1 

Be,lleTCll B · .llBYX pa311ux apeMemrux OKnax, pa3,lleJiennux MeI.lly co6ou JIHUHe11 

3a,llepIKH. J{Jill _ yaeJIH'ieHHll ,llHana3oHa perncTpHpyeMUX 'iaCTHU 'CJie,llyeT .llo6all!lTb 'K 

,llaHH!lM CUHIITHJIJll!TOpaM.TOHKHH CJIOH nJiaCTHKa, npH 3TOM HH(jlopMaUHk>' OT Hero MOJ:11() 

noJiy'iaTb B Tpe1:beM Bp~MeHHOM OKl!e. 

.KpHcTaJIJI BaF2, HMeeT• ,llDe , llOCTOHIIII!le KOMnonenT!l . BpeMel!H D!lCBe'iHllUIIHH 
. . . /5/ 

·6ucTpyD!, KOTOpal! COCTaBJilleT nopll,llKa. 1 IIC, H Me,llJieuuyD - _nOpll.llKa 600 IIC • 

OCHOBHoe .llOCTO~HCTBO KpHCTaJI~a - ero 6ucTpO,llellcTBHe - qacTO HCllOJ!b3yeTCll n 

UeJinx noJIY'ieHHll _ sucoKoro BpeMe1rnoro . pa3pemenHll ,lleTeKTopa. • 06e · KoMnmre'irni 

B!lCDe'iHBak>TCll B (jJHOJieTODOH OOJiaCTH 220-300 IIM, 'ITO Tpe6yeT KDapueooro,'0Ki1a )IJIH 

<!>3Y, cneuHafbH!lX CBeTOBO,llQB H CDe'fOCDe,llHllllk>UlHX MaTepHaJIOB, H 3TO npHDO,llHT K 

3Ha'!HTeJibllOMy Y.llOPOJ:aHHkl ,lleTeKTOpa. ITpHMe11e1me pa3JIH'ill!lX "UIH(jJTepos• cneKTpa IJ 

BH.llHMYkl OOJiaCTb ,llaeT HellJIOXHe pe3yJibTaT!l - 3apll.llOBoe pa3,lleJie1me 2,;_1, 2 H 

MaCCOBOe pa3,lleJie1me .llJlll 2=1 /~. 
7 
/. 0,llHaKo 6UJIO o611apy1:e110;. 'ITO HOH!l 12c, 160, 

32
S renepHpyk>T JIHHHH MeI,lly 2=1·, H 2=2/

6
/. _ KpoMe, Toro, -CBeTOBOH D!lXO.ri KpHCTaJIJIU 

BaF' He npe.BumaeT. 10,:' ~THOCHTeJibllO NaI(Tl) ,Ha 1 M3B 7-KDaHTOD. 2 .. . . . 

J{Jil! . NaI(Tl) CUHHTHJIJ!l!TOpa llOCTOllllll!le BpeMell!l B!lCDe'iHDaHHll 6ucTpo11 H 

Me,llJiel!HOH KOMllOHeHT COO;BeTCTBemm COCTaBJillk>T ~60 IIC H · 230 . nc/8 / •. Awrop11 
/9/ . , . . 

pa6oTu noKa3aJIH xopomee p, d, t- H o:-pa3.lleJieHHe .llJill Na I (Tl) KpHCTaJIJia n 

UIHpOKOM 3HepreTH'ieCKOM ,llHana30He. K He,llOCTaTKaM ,lla1111oro MaTepHaJia MOJKIIO 

OTlleCTH B!lCOKYIO rHrpoCKOllH'iHOCTh, CJIOlCHOCTb MexaHH'iecKOH o6pa60TKH, BUCOKHH 

HH,lleKc OTpaxeHHll 1 , 85. 

l{Jll! Cs I (Tl) 3aBHCHMOCTb tpJik>OpecueuuHH OT copTa qacTHl{ 6uJia ycl'aHOl3Jlella 

eute B 1958 ro,lly/rn/ H .llOJiroe BpeMl! lie. HaXO.llHJ!a CDoero npHMelleHHll. l{JIH 6uc-rpoll 

KOMllOlleHT!l 6UJIH noJiy'iell!l CJie,llylOl~He llOCTOJlllll!le. BpeMell!l D!lCBe'iHBallHll ·- 425, 520 

H 720 HC .llJIJl Eo:=4,8. M3B, ,Ep=8,6 M3B, E'¥=0,66 M3B, COOTBeTCTBenno. Me,llJielman 

KOMllOHeHTa HMeeT BpeMll B!lCBe'iHBaHHll OKOJIO 7 MKC H CJia6o 3aOHCHT OT coprn 

'iaCTHU. TaK, aBTopu pa60T!l/ll/ .llOOHJIHCb xopomell H,lleHTH</)HKaUHH '¥, P, d, t, . 3 He, 
4 . . . . . 2 

He, Li, Be ,llJlll KpHcT_aJIJia Cs I (Tl) 050)(30 MM , HIITerpHpyll CHrllaJI C <1>3Y 8 

HnTepsaJiax (0,400) uc H (1600,1000) nc (nepoal! !1Htppa 0311aqaeT 3a.llepJCKY, nTopaH 

,llJIHTeJibllOCTb) .. K .llOCTOHIICTBaM C~I (Tl J Tau:e OTIIOCl!TCll CJia6al! rHrpOCKOllH'illOCTh, 

nJiaCTH'il!OCTb H CJie,llOBaTeJibllO, npHrOJUIOCTh ,llJIH Mexanw1eCKOH o6pa60TKH. 

He.llOCTaTKaMH C'iHTalOTCH Me,llJiemiall KOMno11e11Ta 8!lC_De'iHDaHHll, HIIJ{eKc OTpaiellHll 

1,8, BUClle'iHBauHe D Kpac1101l o6JiaCTH cneKTpa ;\ =565 HM. 
- , max 

Ba.I!lllM ,llOCTOHIICTBOM CsI(Tl) npH KOHCTpyHpOBaHHH MIIOrO,lleTeKTop11ux 

2 

\ 
"." 

l 
[ 

\ 

ycTahoBOK l!BJilleTCll TOT {!laKT, 'ITO OTIIOCHTeJ!bHall D!lCOTa HMllYJibca B!lCBe'iHBaHHl! He 
'/" , . 

3aDHCHT OT- KOHI1eHTpa1\HH Tl, eCJIH 3Ta KOll1\eHTpaUHl! npe_aumaeT O; 17.. 

- CJie,llODaTeJJbllO, .llHCITepcHll aKTHBaTopa Tl ITO .o61>eMy Cl.\HHTHJIJll!TOpa He BHeceT 

.llOITOJIIIHTeJibl!Oro BKJia,lla B ,llHCnepCHkl coeTOBoro B!lXO,lla. 3TO oco6eHHO BaJ:HQ_ )lJ]ll 

KpHCTaJIJIOB 60JibUIOro .llHaMeTpa. TaK, HanpHMep, .llJ!ll KpHCTaJIJIOD CsI(Tl) .llHaMeTpOM 

}10 0 ~200 MM }IJ!ll ycraHOBKH WEOC noJiyqena HeO,lll!OpO.llHOCTb CBeTOB!lXO.lla B 

3aDHCHMOCTH OT . MeCTa TIOITa,llaHHl! 'iaCTHI.\ Menee 37.. H3MepeHHJl llpOBO}IHJIHCb UpH 

o6Jiy'ie!IHH JIHCKa Cs I (Tl) 0200X7 MM
2 

aJibtpa-'iaCTHl.laMH OT TO'ie'iHOro 
241 

Am 

HCTO'illHKa (JtHaMeTp .llH(jlparM!l 2 MM) c lllarDM 20 MM npH CKaHttponaHHH OT ueHTpa K 

Kpak>. <I>ornnptteMIIHK <!>3Y R3082 • qittpMu HAMAMATSU c ·.11HaMeTpoM q>oToxarn.lla 20 MM 

TaKie nepeMell(aJICJl OT TO'iKH K TO'!Ke COBMeCTHO C HCTO'iHHKOM. 

Bucoicall. O.llHOpOJIHOCTb aKTHBaTopa B KpHcTaJIJiax __ CsI ,llOCTHraeTCll, eCJIH 

HCIIOJlb30BaTh BMeCTO 'Tl Jlpyroe aemecrno - co . B _3TOM CJiyqae cneKTp CBe'ieHHJl 
. 3 . . ' 

11pH6JIHiell K BH,llHMOH o6JiaCTH (;\max =460+480 HM) • 'CBeTOBllXO,ll COCTaBJilleT 1207. 

OTIIOCHTeJibHO Cs I (Tl). : BpeMl! B!lCBe'!HBaHHJl paBHO 2, 5 MKC •. Ha PHC. 1 · npttBe.llimu 

pe3YJibTaT!l HcnuTaHHll CUHIITHJIJll!Topa Csl (CO ) .llHaMeTpoM 60 MM H TOJIIJ(HHOH 10 MM, 
3 . 

CBH,lleTeJlbCTBYXllllHe o xopomeM '3apl!}IOBOM pa3}1eJieimH qacTHU_ C 2=1+4. 0,llHaKO 

3aBHCHMOCTb HMllYJibca cBe'ieHHl! OT Maccu CTOJ!b CJia6al!, qTo 3aTpy.llHHTeJibHO 

ITOJIY'iHTb p,d,t pa3JteJieHHe. 

-.. 
0. 

::r 
_. Z~;/ 

•·{;:'•': 
.!.; 

· z1_,</"' 
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2-_23 

L(P,J 

'Pttc.1. Cenapal.llfl! qacTnn geTeKTo

po,.i.CsI(C03) ~60:xlO MM2 + $3Y-143 
· 58 20 

B peaKUHH • Ni + Ne(176 M:iB) 

nog yrno,.i e 0' 
45 . fio OCH "X" 

HHTerpHpOBaHHe CHrHaJIOB B 

HIITepBaJie (0,400 He), no OCH "Y" 

- ( 600, 1000 HC). 

2.' CllHIITHJIJ!l!UHOIIHall 'iaCTb ycTaHOBKH <l>OEOC 

npeJUIOJiaraeTCll, 'ITO }UiaITa3011 3_HeprHll perttcTpHpyeM!lX JierKHX 'iaCTHl{ Ha 

yc-raHOBKe WEOC COCTaBHT OT 1+2 M3B/HyKJIOH ,llO ~60 M3B/HyKJIOH. B CBJl3H C 3THM 

TOJimHna CUHHTHJIJil!TOpa CsI(Tl) nu6pana 10 MM }IJ!ll 155 .11eTeKTOpoB, pacnoJioieHH!lX 

110}1 yr.naMH 53 ° +180 °, 'ITO COOTBeTCTByeT npo6ery npOTOJIOD c 3Heprttefi ~so M3B H 

aJibtpa-'iaCTHU C E,x~200 M3B. CsI(Tl) TOJllll}IHOH 14 MM npeJUIOJiaraeTCl! ycTa!IOBHTb 

Mn nepe;umx yrJIOB B .llHana30He 15°+52°(5X7=35 JteTeKTOpOB) C noporOBOH 3HeprtteH 

3 



)lJrn npoTOJIOB 63 ~13B u 236 ~13B - ,um1 aJ!hqla:-qaCTHU, Pa3."lePI-,1 KPl;ICTaJJJIOB, BO 
" ii ' 

ljlpo11Ta.nbuo8 ITJJOCKOCTH npe,nonpe,nenemi reoMeTp11eii: ra3oaux . KaMep H 3JJeMe!ITaMH 
• • • , ' ; - ' • J • '. ~ • • ·- ~ ~ • ' • 

Kpenne11m1_ ,nernKTOpOB. .llJJH ,nny_~ -~~noo ra300UX Ka_Mep ,nuaM~TpU ·• OXO)ll!UX OKQII_ 

·cUHH~HJJJJ;UHOIIH08 qacrn cocmBJJ51XJT .525 M~ H. 396 ·MM. KompurypauuH_ Kpucrannon 

C~I (Ti i, . ITOKa;~JIHaH ua puc. 2: o6ecnequn~~T ~eoMeTpH~eCKYD. 3qxfJeKTHOl!OCTb . 757, .· '' •: . ··.· .. - . . '. ·'. . . 
)lJJ51 6onbUJllX KaMep. H 727. )lJJ51 MaJJUX. TaKHM. o6pa30M,. o6mee KOJJHqecTDO . ' . . . ' . - .. . , ~ . . 

~-
I 3 

_:!J,,fils.s,, 
4 1 '•. 

' ·/ . '1r--aa". __ . 

396 
6 

Puc.2. Kompurypauusi u pa3Mepu ,ne

TeKTupy10mux MO)ly JJeii: BO ¢p011TaJJbl!Oii: 

nJJOCKOCTH )lJJH 60JJblllOii: (a) H MaJioii: 

KaMep (6) ycTaHODKH <l>OEOC. 

CUHl(:IIJJf SIUHO~nux ,nere1nopoo ,nnsi . '- 20 

60-,blUHJ:C H to MaJIUX KaMep paono 190. 

ITOJIHaSI • , reoMeTpH'!eCKaJI .. 3lj)lj)e~THOIIOCTb 

ra3000H_.qacTH C Ylf_eTml, Meprnux .. 3011 .. H 

npo3p111.pmcr!1 ; caMHX 

COCTaOJJHeT 657. OT __ 4_n, 

...... .n1;reKTOpoo 

a· )lJJll Csl(Tl) 

,nereKT_opoB ___ 3Ta ,_UHlj)pa panua 477._. Pac'!eTU 

noKa3UBa!01',. '!TO ,namrasi . 3qxfJeKTHDJIOCT~ 

o6ecrielfunaer _perucrpauHK>_ nerKHX qacrnµ 

. cpe,nn~ii: M110:s:ef1:oe1111ocrn ~M>=l_O. _c 

nepOHTIIOCTbD _ 807. .. . ~ '". . . , . ' 

~ Ka~eCTD~. CUHUTH~JJll1:lll~llllO! ' ere.nu 

no,n nepe,n1111M11 )'_rna".'I-1. _4, .. 5;,+1_5 6y,ner. 

11cnoJJ_b30Balla lfaCTb ycTaHOBKH . ARGUS/3/. 

3TO qernpe KOJibUa lj)OCIJ>ll'!-)leTeKTOpoo (60 

lllTYK), COCTOSIUlllX 113 TOIIKOro CJJOSI 

nnacrnKa NE102A ( 500' MKM), KpllCTaJIJIOD 

BGO TOJIUIIIHOii: 20+~5 r,tM H IJ>OTOYMUOIIIT_eJJeii: 

R3082 ( HAMAMATSU). '· Bee )leTeKTopu 
•;.,' 

nOJIHOCTbD n0Me1ua10TC51 nily.TJJH peaKUIIOIIIIOii: 
. -•~ 

KaMepu cfJ060Ca Ha paCCT05111li:I\ 25 CM OT 

MHWellll. °\f;,, 
. .,:lJ.. 

.llJJH 180 .nereKTopoo ycr.ano~1rn cfJ060C 
(),., 

npe,nnoJJaraeTC51 11cnOJ1b30Banue 'M~JIOUIYMSI-
. -~ 

UlHX_ cfJ_3Y-:1_7_3 _ c_ Jl'!a_M_e_rpo_M lj)QTOI<aJOJla\150 

MM ff,cneKTpaJJbl!Oii: 'IYDCTOHTeJlbllOCTbD D 

o6JJaCTH ;\=300+800 HM. BMeCTO Tpa,n111111011-

HUX cneTOBO)lOB 113 oprcTeKJJa nJ1a1111pyeTCSI 

co611paT1, CDeT OT Cs I (Tl J qepe3_ 

B03,nywnyv npocnoii:Ky · ·120 MM, 3Kpa1111pysi' 6oKo~ue noJ3epx11ocT11 KaI)loro Mo,nyn.11. 

3epriani:11ui.i M~lTep11aJ10M: :::irn cymec'rne;mo o6J1er-~11T · sec nc~ii: · cu1111T11J1~siu11011!1oii:. 

qacn1. · KpoMe Toro, 003,nymnall · cpe,na 6oJJee np11ro,nna, q-ro6u yc-rpaHHTb 

nepepacceSIHlle i1eii:rpo110B, a 3lj)lj)eKT nonnoro B11yrpe1m~r~ OTpaxe111151 coern . ~T 
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j 
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j 

6oKOllUX cropon 6y,neT 3lla'IHTeJJl,IIO 60JJbllle, lfeM B cnyqae C oprcTeKJIOM. TaK, 
• _; > • \ 

11anp11Mep, )lJISI ClleTOBO)la· KOIIYCOll)laJlbl!Oii: q>opMU BllCOTOii: 120 MM c )lHaMerpaMu· np11 
~ f ' -, , 

ocnona111111 11 nep1mme 200 11 t 50 MM, COOTBeTCTBenno, 6uno nonyqeno, '!TO aMnJJ11ry,na,· 

c11rna11a C cfJ3Y np11 CKallllpOBa111111 aJiblJ>a-HCTO'IIIIIKOM OT uenTpa K KpaD no 

nonepXHOCTII CsI(Tl) ll3Meilll-eTCll na 607., B_TO Bpeirn KaK 803,nyunmii:.CBeTOBO)l .naeT. 

1·opa3,no MeHbmee OTKJI011e1111e B npe,neJJax 157.. 

.lleCl!Tb uenTpaJJbllUX MO)lyJJeii: MaJIUX KaMep (cM:p11c.26) npe,nnoJJaraeTC.11 C03)laTb 

n' BH)le. "TpllCBll'l":..,nei-eKTOpOB·, C~Tosim11x H3 TOIIKOro CJI~-SI - nJiaCTHKa i-11na NE102· 

Ton1u1111oii: ·~50 MKM, Cs.I(Tl J pa3MepoM 65X65 MM2 11 ronm11119~~, :·10 MM ·11·' ST!:'JJb6ena 

-ron1uu11oii: so· MM • . Jia1111ue rp11rrepnue .neTeKropu no:i~oJJSIT ·•noJJ}1lfllTb · 'liipsi,nonoe · 

pa3,ne11e1111e qaCTIII( .B OOJJaC:TII 2=1 +20 TIO ll011113allHOIIJlllM n~T~fi~~;:r;,:~;~1:onoe; 

pa3,nene1111e no · npeMe1111 · 11po11ern na 6a3e 720 Mr.i I 2>2) 11 110 q>op~e. • ~~-~y'i&ca · 

cse•1e1111si Cs I (Tl) j\]15( caMUX Blli.:.OK0'111epre1'11'IeCKIIX ·-Jl~rKIIX . •mCTIIU ( 2:S2) , a Tane 

11,ne11T11q>111caUIIIO neii:TpOIIOll ll113KHX II cpeJlllllX 311eprnii:. 8 3TIIX MO.llYJJ.IIX 6y.nyT 

npHMene11u cfJ3Y-176 (0<1>K=50 MM) c xopOIUIIM BpeMelllmM pa3pe111e1111eM 1~1,5 IIC) H 

11ll3KIIMH COOCTBemmi,111' myMaMII C-reMJIOOOii: TOK Menee 1 HA). 

. 3. Pe3yJJbTaTU 11cn11Ta1111ii: 

TeCTOBUe 113Mepe1111SI onUTIIUX o6pa31(0B CUIIIITIIJIJISlllllOllllllX )leTfKTopoB 
· · 58 20 

npoBO)lllJIIICb na UIIKJJOTpone Y-200 Jll!P Ol!llll B peaKUIISIX Ni+ Ne ( 176 M3B) 11 
181

Ta+
20

Ne (176 M3B) ·no;i yrnoM 45° no 0T110111e111110 K nanpannenmo ny•1Ka. nu1111 

Hcnu·-ra11u · ,neTeKrnpu ,nriyx -i11no0 o 3an11c11Mocrn . qT., pa3Mepoa:· q\1111r11nnsimpa 11 

q>oTOyMIIOIIITeJJSI: '1) CsI(TlJ' 022X3 MM
2 

11 040X30 MM
2 

c cfJ3Y-143, cfJ3Y-176 Ii AVP-56; 

2) ·Cs I (TI) 0200X3 Mrl, 02ooxs M;
2 

11 02oox7 MM
2 

c ~3Y-49n, cfJ3Y-167 11 cfJ3Y-173. 

)leTeKTOpll nepnoro nina HcnuTiisaJJl!Cb TaKie B peIHMe, KOr)la na IJ>pOIITaJlbllOii: 

11onepx1iOCTII p~3Me1ua11cS1 TOHKl!ii: CJJOii: 11J1ac:T11Ka Ha IIOJJHCTllpOJJbIIOii: ocnooe TOJ1m11110A 

OT 30 ,no 60 MKM. TaKHM o6pa:mM;. HC(:JIP.)lOBaJim:1, _o;monpeMemro KaK CBOHCTBO caMQI"[) 

Cs I (Tl); }lakllitero pa3,ne11e1111e lfaCTllll C Z=I +3 110 IJ>OpMe IIMIIYJJhCa cne•1e111151, TaK 11 

cnoco611ocTb' q>ocq>ll'i:.,neTeK-rop:i · pa3,neJJS1Th nerK11e 3ap.11:s:e111!ue lfacrmu,1 no- pa311H11e 

',1_>::, 

11011113au11011m1x noTepb n 

,neTeKTopon nToporo r11na 

IJ>OTOYMIIOIHTeJJeA C 60JJblllllM 

10 !IC )lJJll cfJ3Y-49E) 6uno 

TOIIKOM CJIOe llJJaCTHKa. AIIUJIOrll'mue 113Mepe1111~ )lJISI 

611J111 ocJJo:s:nenu TeM, '!To npeMe1111oro pa3pet\leHH51 

)lllaMeTpOM IJ>OTOKaTO)la ( 3-5 IIC )lJJSI cfJ'.clY-167, cfJ3Y":::1~:t 11 
.-, }f 

IIe)lOCTaTO'IIIO )lJJSI 3lj)lj)eKTIIBIIOl"O pa3)leJJellllll 6UCTpOt'O 

cm·11ana OT nnacr11Ka ·.113 cyMMapnoro c11rnana. KpoMe Toro ,n1m o6ecn_e,qe11H.11 _6oJJbmeii: 

O)lllOpo,n11ocT11 cneToc6opa C -Cs.I (Tl) 0200 MM npHMell.llJIIICh pa3Jlll'llllle cneTOBO)lU 113 

oprcTeKJJa · (h=lOQ0<120 MM) · n· :iamicHMOCTII OT cfJ3Y, '!TO ,nanaJJo )lOllOJIIIHTem,uoe 

pa3MUTHe c11r11a11a. 

Ha11nylfmee pa3,nene1111e 6uno JlOCTHrnyTo JlJJH ,neTeK;ropon 1-ro H 2-ro Tllnon, 
2. . 2 . -

CCX:TO.llln~x 113 CsI(Tl} 022x3 MM +cfJ3Y-176 11 Cs I (Tl) 0200x3 MM +cfJ3Y-l73. Ha p11c. 3 

5 
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LIP11 

PHC. 3. Pa3)leJieHHe '!aCTHll C IIOMOlllbkl 

KpHCTaJIJIOB CsI(Tl) c 6oJibW08 H 

MaJIO8 IIJIOlllaJlhkl. 

Cs(TI) Z8Gz7•F~1ZGM no reflector 

2"I 

a 

,... 

see j/ ,; 
8 +-----.---.-----.----..J 
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PHC.4. PerHCTpaUH.11 'JaCTHU )leTeKTopoM 

Ila OCIIOBe Csl(Tl) 0200X7 MM2 6e3 

OTpa:raTeJill B t)lpoliTaJibll08 IIJIOCKOCTH. 

6 

npHBe.neua TllllH'lllaH MaTpMua, 

IIOJiy<lellllaSI JlJISI 3THX .neTeKTopoo 

B peaKUHH 
58

Ni+20Ne (176 M3B): 
'no OCSIM ·x· JI •y• npOHCXO)lllJIO 

MHTerpMpooa1me cHruaJia c ano.na 

ll>3Y ( R ::50 Q) D HIITepDaJiaX 
•·H . . 

T =0:400 1ic If T =600,2000 uc, 
.1 :, . 2 

· cOOTneTcreeuno; r.ne nepoasi 

UH(Jlpa 0311aqa~T 3a.11epny, . a 

BTOPaH - wnrrem,nocTb H!ITep

Barra. I-fa KaJI116pOBO'IHblX nanm,IX 

no. 3Jlbq)a- HCTO'IHIIKY 2 38Pu (Ea"'. 

=S,S M3B) 6blfl0 YCTaHoene110, 

'ITO Pa3A~~HHe 'laCTIIUC Z=l II 

Z=Z Ha'lHHae-:rcsi IIPH Ea>6 ~bB, 

3ar1ID . JlJl.11 npoTOIIOD. 

o6ycJ1onJ1e1111uA 11e.110CTaTO'llloR 

TOJlutHIIOA Cs I ( Tl ) JlJl.11 

HX IIOJIHOro 

npOHCXOJlHT npH 

OOOHX CJ1y'!a.11x 11a 

nonepxnocrH 

norncxne1111si, 

E =22 M3B. B 
p 

tJ>pmrraJiblloR 

CUHIITHJIJlllTOpa 

ycrauanJIHBaJic.11 OTpa:raTeJih H3 

aJiklMHHH3Hpooammro MaAJiapa 

TOJllllHlloA 10 MKM. orcyTCTBHe 

OTpa:raTeJill _11ecyutecTBe11110 

YXYJVJJa/10 KatJeCTBO cenapaUHH 

'!aCTHU, 0 'leM CBH,J1eTeJlbCTBYklT· 

.nannue na pHc,- 4 11 S , 
noJiy'lennue B _TOO ~e peaKUHH 

JlJISI .neTeKTOpa H3 Csl(Tl) 

0200x7 MM
2 

+ ll>3Y-173. B .11a11110M 

cny'!ae TOJIUIHIIU 7_ MM Csl (Tl) 

6uJio JlOCTaTO'IIIO, ltTo6u 

IIOJIHOCTb~ OCTallODHTh 

BUJieTaklllllle B peaKUHH npoTOIIU,H 

1103TOMY COOTBeTCTDYkllllero 

3!irn6a.ue Ha6Jll>Jl1;UIOCb. KpoMe 

Toro, HM npOTOHIIOA JIHIIHeA 

i 
l· 
l 
i 
I 

j 
/; 

j 

'1 
) 

OT'leT.riHBO imima JIHIIH.11 oi'-y-KBaHTOB ll 3ne1crpcmoe. Ila p11c.6 np!IBC,!lellbl ,!lallH1,1e, 
• • ' -. - - • 0 

noi1y'le111me JlJill 3Toro JleTexTopa npH pa6oTe (JloTOYMHOIHTensi 

PHC. 5. PerHCTpaUHSI 'JaCTHU 

)leTE!KTOpOM Ha OCIIOBe 

Cs IC Tl) 0200X7 MM2 npH 

HCIIOJ1b30Bau_HH 

annMHHH3Hpooaimoro r.iaanapa 

(to MKM) B Ka'lecTee 

OTpa:raTenll so tJ>POHTaJibH~A 

IIJIOCKOCTH. 

---
588 

CsCTI) 288x7MtF'Ell-173C1400l,)treflectar 

.. 
_I 

i" 
.J· 

j' 

J . •·' 
• I ·"' 
·/ 1 ... "' .· 

/// 

":!.~ 

8 . 
1 581 ' 1001 1581 Z881 

2000 

_ 1581 

1008 

581 

CsICTI) 280x7m1F'EU-173C1208u)1refl~tor 

.... ~. 

. 5e1 1881 1581 Z801 

• PHC. 6. Pa6crra CUHHTHJIJIRUHOlmoro 

ieTeKTopa B peIHMe 6on1>woro 

ycHJieHH.11. 

c 60JiblllHM K03tJ>(JJHUHeHTOM ycHJieHHll ( uanp~eHHe ITHTaHH.11. 6UJIO 6onbwe Ha 200 

BOJlbT) C uenbn onpe)leJIHTb HHmHR nopor pa3)leJieHHll '!aCTHU H raMMa-KBaHTOB. Ha 

MaTpttue B H~HeM yrny BH.J1Ha JJOKaJIH30BaHHall o6nacr1, co6HTHA, ~yCJionneunux 

co6CTae111.1MH myMaMH, ll>3Y • .IIHHHH ra11Ma-KB8HTOB H npOTOHOB npaKTH'JeCKH He 

nepeceKaklTCll, a na JIHIIHH aJibt)la-'laCTHU npocMaTpHBaeTCll llllTIIO OT KaJIH6pOBO'IIIOro 

HCTO'IIIHKa 
238

Pu. TaKHM o6pa30M, 110mo YTBep:r;iaTb, 'ITO pa3)leJJe1me 'JaCTHU 
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ua•nrnaeTCH npH 3HeprHHX 1 +1, 5 M3B Ha IIYKJIOII, a raMMa-KBaHTll H WYMll ¢13Y He 

BI!OCHT cooero BKJia.l{a B cneKTpll 'laCTHU. 

1-!cnuTamrn .l\BYX JIPYCHX THnoo · !poToyMHOXHTeJiefi c Cs! (Tl) 121200 MM noKa3aJIH; 

'lTO .l{JIH <!>3Y-496 c ,l\eJIHTeJieM nanpHJ:eIIHH H3 pa60Tll/lZ/ H .l{JIH <!>3Y-167 c 

nacnopTHllM ,l\emneJieM 6uJIO .l\OCTHn1yTo naHJiyqwee pa3.l{eJieHHe tJacTHU, O.l\HaKo 

3Ha'lHTeJI·b!IO ·yc'ryna~mee fl~ KatJecrny .l{aHHllM H3 pHC. 4, 5. 

.llJIH .l{eTeKTopoo nepooro THna Ha oc11ooe Csl(Tl) MaJioro MaMeTpa C 40 H. 22 
' , 

MM) pe3yJibTaTll pa3.l{eJieHHH 'laCTHU B 3aBHCHMOCTH OT THna <!>3Y 6UJIH noJiy'leHll 6e3 

HCnOJib30BaHHH CBeTOBO.l\0B. Bee .l{am1ue. 'IYTb JIY'!We HJIH 6JIH3KH no KatJeCTBY ,l\aIII!llM 

pHC. 3. Xy,l\Wee pa3.l{eJiem1e 'laCTHU HMeJIH .l{eTeKTOpll C ' ¢13Y-30 H3-3a . 60JibWliX 

COOCTBemrnx WYMOB !pOTOYMHOJ:HTeJIH H HeBllCOKoro 3HepreTH'leCKOro pa3peweHHH ¢13Y. 

)lJIH KOM6HHHpOBam10io, .l{eTeKTOpa1 COCTOHll!ero H3 nJiaCTHKa To'.nmmmfi 60 MKM, 
. 2 ~ . 

Cs! (Tl) 12122X5 MM H ¢13~-30, 6uJia noJiy'leHa 11.E-E MaTpHUa, noKa3a1111al1 Ha. pHc. 7. 

3aJ(epJ:Ka H .l{JIHTeJibHOCTb '•ilpe.~t)mrnx HHTepBaJIOB npH 3TOM paBHllJIHCb: T =100, 400 !IC, 
·_.._ :: ' .. 1 0 

T =O, 50 HC. 113MepeHHH npOBO)\HJl!:'Cb B peaKUHH Ta+Ne ( 176 M3B) no.l{ yrnoM 30 . 
2. • .,.· :·· : . 

BH,l\HO, 'ITO cneKTp '!aCTHU orpa1)i1qe11 no 2 H3-3a KHI!eMaTHKH peaKUHH. .llallllhlH 

,l\eTeKTOp HCnllTllBaJICll TaKJ:e no.l{ yrJIOM 1_4,5° B peaKUHH 58Ni+32s {960 M3B) na 

3JieMeHTHOH: 6a3e ycntiioliKH. :AAGUS/
3
/., CM. pHC. 8. MaTpHUa CO.l\epJ:HT DCero 15185 

COOhlTHH, no3TOMY ue TaK narJIH,l\I!O npocMaTpHBaIOTCH JIHHH>I 'laCTHU c 2>3. 0.l{IIaKO 

2000 

1588 

1000 

500 

. 

Plastic 68AkA t CsCTI) Sm t fEU-30 

. . 

~··::--

pe3yJibTaThl COpTHpOBKH 

)(3.HHllX,. n~JI}''le!lllll_!( 3a "".1100 

qacOB OOJl)'l,IeHIIH cmmeTeJlbCT

B)'IOT O B03MOJKHOCTII cenaparum · 

'laCTHl1 .QO Z = 15. B 3Kcneim

MeHTe TIPOBO.QHJ10Cb TaKJKe H3Me

pe1me BpeMel!H TIPOJlCTa 3ap,1-

JKeHHbJX 'laCTHU AJIH flQJJ)"leHUl{ 

Maccosoro pa3.Qene111rn., 6a3a 

cocTaBJ1mia 25 CM. 

!poc!pH'I-.l{eTei:rop 

npoo6pai9M 

',:-3'._l-

8 
? 

.. ,,J' 

1 581 1001 1581 2801 

)lallllhlH 

TIOCJIYJ:IIJI 

ueuTpaJib11oro MO.l\YJill 

KaMep, CM. p°i!C. 2, 

MaJillX' 

opmee 

x-ax Is : lllC1' 
y-axis: lllC1 

PHC.7 .. PerHCTpaUHll qacTHU !pOC!pH'l-.l{eTeKTO

pOM B peaKUHH Ta+Ne (176 M3B). 

8 

KOJIH'leCTBO KOTopux. panHo' 10;· 

3TH , , .l{eTeKTOpll, HMelOllll1e 

uenJioxoe . 3apll.l\OBoe 11 Macconoe, 

pa3pewe1111e B w11poKOM .l{Hana3011e 

'laCTHU, MoryT pa60TaT1, KaK · 

TpHITep!lhle )\Jill OCTaJll,IILIX '180,. 1!031JOJillll 'TeM Cat,illM opra1m:'moaT1, pa3IIO~pa~.1i"u~ 

KoppeJIHUHOIIIIhle 113Mepeum1 11a yc·ranoBKe ¢1060C.' 

CXeMa c6opa Hll'!JOpMailHl1 "COCTOHJia H3 .l\BYX 3apilJiooo..:u11(!JpoDllK KOiufpOBllll1KOD 

ADC-2248W, ,' 0.l{IIOro, TDC-2228A, °C,l\Doe1111oro reneparnpa · iiopoT Du~l g~te 222, 

- JIOf'H'1ecKOro !papM11pOBaTeJill C11rllaJIOD' Quadro colnsldence. 662 (!pHpMa . Le Croy), 

)lHCKp11MHIIaTOpa co CJie)lyk>U!HM noporoM CIT . (ZfK; Rossendorr)/ a,·1aJIO~OBOio 

pa3BeTBl1TeJill c11rnaJIOO H ceJieKTOpa 11aJIO%eIIHH (np0113D0,l\CTBO JlllP OlfJllf). 

Dote : 15-DEC-1991 . <IO: 18 0026 

Ident : Al8R9 , X : . [S Y: DES 

lz 1.0 600.o 1000.0 · 1500:o•' · 2000.0 :zsoo.o 3000.0
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P11c. 8. PernCT()aJlHH !laCTHll 1Jocip1111-)leTeKTopoM nn OCIIOBe 60 MKM 

IIJlaCTHKa 11 5 MM Csl(Tl) B peaKitHH Ni+S(960 M3B) 

3aKJI10•1e1111e 

1100.0 

.1°'°'.".0· 

900.0 

800.0 

700.0 

600.0 

500. 0 

400.0 

300,0 

200,0 

100.0 

1.0 

Ha OCIIOBa111111 IIJ)OBCHC:UD,IX 11crn,rr:1111n'i Ol!llTllhlX o6pn3Il0ll Cll1111THJIJl}lllHOllllflX 

{fl<X:,PH 1l-)leTeKTOpo11 6L1Jil1 ITOJiy•1e11u OTIJeTLI Ila pll)l na:rnux IJOll()OCOll, KaCnkllUHXCll 

cep11fmoro rnpau1pooa11m1 )leTeKTopou JlJill ycm1100K11 W60C. floJiy 11euu 

9, 



COBMecnll'ue pe3yJlbTaTb1 HJlellTHlflHKaUHH JierKHX 3apsi:xemmx 'laCTHI( .1teTeKTopaMH C . ~ ' . . 

60JlbWHM H MaJIUM .l{HaMeTpaMH KpHCTaJIJIOB CsI(Tl), nu6panu 11eo6xo.1tHMUe THml 

lflOTOYMHOJ:HTeJiell, pewe11a npo6J1eMa. cneTC1c6opa, H.1teA110 onpe.1teJ1e11a cxeMa c6opa 

HHlflOpMaUHH .1tJ1S1 190 pa6orn1oumx TpaKTon H ee corJ1aconaIme c ra3onoA 'lacn,JO. 

B 3;~~e1111e aBTOPbl · 6J1aro.1tapHT KOJIJleKTHB onepaTopon UHKJIOTpo11a Y-200 3a 

nJ:Je.1tocmnJ1e1111~ npeMH pa6orn 11a ny'lKe. 
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