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BBE.IJ:EHHE 

A,npoHHhIH KaIIOpIIMeTP, mrncaHHhIH HII)Ke, npe.nmi:maqeH .[lllil SKcnepIIMeHTa 

NA58, UEPH [1], UeJih KOToporo - myqem1e CTPYKTYPhI H)'KJIOHOB Ha nyqKe 

npO.[IOJihHO-UOJUipII3oBaHHhIX µ+ -Me30HOB (MIOOHHrul nporpaMMa) Ii cneKTpOCKO

IlIDI oqapoBaHHhIX qacrnu Ha nyqKe a.npoHOB c SHeprneii 100-300 faB (a.npOHHrul 

nporpaMMa). M100HHruI nporpaMMa BKJIIOqaeT myqeHIIe nom1pmau1m mIOOHOB 

B H)'KJIOHax, npmrnmi:10meiicg B aCIIMMeTpIIII po)K.[leHIDI oqaposaHHhIX qacTIIU 

D 0 --+ K-1r+ II D*+ --+ D 01r+ --+ (K-1r+)1r+ Ha nomi:pmosaHHhIX .neiiTpo

Hax IIJIII s po)K.[leHIIII a.npoHHhIX nap c 6oJihIIIIIMII nonepeqHhlMII IIMDYJihCaMII, 

IICCJie.[IOBaJrne q>yHKUIIH pacnpe.neneHIDI KBapKOB B npO.[IOJihHO- II nonepeqHo

Il0JI}lpH30BaHHhIX HYKJIOHax, IIJyqeHIIe nomi:pH3aUIIII A II A, po)K.[leHHhIX B my-

6oKoHeynpyrnx npoueccax, II .np. A,npoHHruI nporpaMMa BKJIIOqaeT H3)"leHIIe 

peaKUIIH IlpIIMaKOBa, UOIICKII m1060JIOB II rn6pll.[IHhIX rJIIOOH ... KBapKOBhIX COCTO

}IHIIH, myqeHIIe nonynenTOHHhIX pacna.nos oqapoBaHHhIX qaCTIIU, o6Hapy)KeHIIe 

.[IBa)K.[lh!OqapoBaHHhIX rnnepoHOB II .np. 06e nporpaMMhl Tpe6yIOT .neTeKrnpoBaHmI 

a.npoHOB B KOHeqHhIX COCTO}IHIDIX peaKUIIH. 

EnoK-cxeMa COMPASS npIIse.neHa Ha pIIc. 1. 3TO .nsoiiHoii cneKTpoMeTp, 

Ka)K.[lh!H co CBOIIM MaIBIITOM, CIICTeMOH TpeKOBhIX .[leTeKTOpOB II .neTeKTOpOB, 

RICH-I HCALI HCAL2 
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P11c. I. EnoK-cxeMa cneKTpoMerpa COMPASS: Pol.Targ. - nom1p113osattttrui 
6LiD-M11lllett1,; SMl, 2 - cneKTp0MerpttqecKHe MailIHThl; RICHl - qepeHKOBCKHii c'leT

'IHK; ECAL2 - MeKTpOMailIHTHhiii Kanop11Merp; HCALl, 2 - aJJ.potttt1,1e Kanop11MeTp1,1; 

µ-walll, 2 - MlO0HHhie ileTeKT0phl; BepTHKaJihHhlMII JIIIHIDIMII o603Ha'leHhl TpeK0Bhie ile

TeKT0pi,1 II TpHrrepHhie fOil0CK0ilhl i- E "'° E~H½"fi MHCT"'T\IT 
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IIJJ.CHTmpIU..(IlpyIOIUIIX BT0pilqHhie qacTill.(hI: 3neKTP0ManmTHhlX II a,np0HHhIX Ka

nopIIMCTp0B ECALl, 2, HCALl, 2, MIO0HHhIX ,neTeKTopoB µ-wall 1, 2 II qepeH

K0BCKIIX cqeTqIIK0B RICHl, 2*. l(mI MIOOHHOii nporpaMMhI I1cnonh3yeTc.SI nompI1-

3oBaHHa.SI MIIIIICHh, a ,!lJI.SI a,npoHHOH - )KIIJJ.K0Bo.nopo,nHa.SI IIIlII TBep,nhle MIIIIICHII. 

OnI1caHI1e a,npottttoro KanopI1MeTPa HCALl .SIBn.SICTC.SI uenhIO ttacTO.SIIUeii pa6oThI. 

HCALl pacnono)KeH nepe.n MIO0HHhIM ,neTeKTopoM µ-walll. OH IIJJ.eHrnqm

UilpyeT II I13Mep.SieT 3HepmI1 a,npoHOB, po)K,lleHHhlX B MIIIIICHII, a TaK)Ke IICn0nh3y

eTC.SI B cxeMe 6hICTporo 3anycKa (TPI1rrepa) ycTaHOBKII. l(mI ,n0CTll)KCHII.SI ueneii, 

nocTaBnCHHhIX B npoeKTe [1], a,npOHHhlll KanOpIIMCTp ,non)KCH IIMCTh 3HepreTilqe

CKOC pa3peIIIeHI1e ( a 1r ( E)) / E ~ 80 % / sqrtE II npocTpaHCTBeHH0e pa3peIIIeHile 

ax,y ~ 15 MM, a TaK)KC pa6oTaTh BO BTOpilqH0M nyqKe npII 3arpy3Kax OKOno 

105-106 c- 1 Ha O,llIIH M0,nynh. 

OnI1caHI1e Kan0pIIMCTpa nocTpOeHO cne.nyroIUIIM o6pa30M: B pa3,nene 1 KpaTKO 

ynoM.SIHYThI OCH0BHhlC pe3ynhTaThl Mo,nenI1pOBaHI1.S1; pa3,nen 2 n0CB.SllllCH KOHCTPYK-

1.(IIII KanOpIIMCTpa II Mo.nyneii; pa3,nen 3 - IICCne.noBaHIIIO KanopIIMCTPa Ha TCCTO

BhIX nyqKax; pa3.nen 4 - CIICTeMe KOHTpom; pa3.nen 5 - pa6oTe Kan0pIIMCTpa 

B cocTaBe COMPASS; pa3.nen 6 - npIIMeHeHIIIO B TpI1rrepe. B 3aKnroqeHIIII 

co.nep)KaTC.SI 0CH0BHhIC BhlBO,llhl. 

1. MO.ll:F.JIHPOBAHHE 

HCALl .S1Bn.S1eTC.S1 KanopI1MeTP0M C3MnnIIHroBoro Tilna II cocTOIIT Il3 nepeMe

)KaIOIUIIXC.SI nnaCTIIH )KCile3a II nnaCTilqecKoro Cl.(IIHTIIM.SITOpa, B KOTOpbIX npo

IICXOJ.(IIT pa3MHO)KCHIIC .SI,nepHO-<pOTOHHOH naBIIHhl, Bhl3BaHHOH nepBilqHoii qacTil

ueii. JlIIBHCBhie qaCTill.(hl OCTaBn.SIIOT qaCTh 3HepmI1 B Cl.(IIHTilnn.SITOpax B BIIJ.(C 

CBCT0B0H BCilhlIIIKII, pemcTpI1pyeMOH !pOT03neKTpOHHhIM YMHO)KIITeneM (<l>'.3Y). 
AMnnI1ry,na IIMnynhca <l>'.3Y nponopl.(IIOHanbHa 3HepmI1, noTep.SIHHOH qacTill.(aMII 

IlIIBH.SI B Cl.(IIHTilnn.SITOpax MO,nyn.SI, II, CO0TBCTCTBCHHO, 3Hepmn, OCTaBnCHH0H qa

CTill.(CH B 3TOM Mo,nyne, a CYMMa aMnnI1ry.n co Bcex Mo,nyneii nponopunoHanhHa 

3HepmI1 nepBnqHoii qacTIIUhI, ecnn oHa nonHOCThIO nomomaeTC.SI B KanopnMeTpe. 

XapaKTepHCTifKII Kanopm,teTPa: 3HepreTI1qecKoe pa3peIIICHIIC, np0CTPaHCTBCH

H0e pa3peIIIeHne, OTHOIIICHife aMnnnry,nHhIX OTKnIIKOB OT 3IlCKTpOHOB If a,npoHOB 

(e/;r), a TaK)Ke onTIIManhH0e nonepeqHoe ceqettne n Tonmnna nnacTIIH .!lJI.SI pa-

6oThI B IIHTepBane 3Hepmii 10-100 faB - 6hinII 01.(CHCHhl MCTO,ll0M MoHTe

Kapno c noMOlllhIO Mo,nennpyromnx naKeToB nporpaMM GEANT [2], GCALOR 

[3] If npHBCJ.(CHhl B C00TBCTCTBYIOlllIIX MCCTaX Hil)KC. Pe3ynhTaThl MO,nenilpOBaHII.SI 

noKaJanII, qTo npn BhI6paHHOM KOn_nqecTBe (40) II TOillllifHax nnaCTIIH )Kene3a II 

Cl.(IfHTHnn.SITOpa (20 II 5 MM COOTBCTCTBCHHO) KanOpHMeTp nomomaeT npaKTilqe

CKII BCIO 3Hepmn a,np0H0B. 

*ECALI n RICH2 noKa He yCTattoWieHLI. 
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2. KOHCTPYKI(IDI KAJIOPHMETPA 

O6ma.SI KOH<pmypauII.SI n npIIHl.(llil nocTpOCHII.SI a,npOHHOro Kan0pIIMCTpa Bhl-

6paHbl c yqernM TPe60BaHI1ii 3KcnepnMeHTa COMPASS, onhna n3roT0BneHI1.S1 

KanopIIMeTp0B B .npymx 3KC

nepHMCHTax [4-7], a TaK)KC Ha 

OCHOBe pe3ynhTaTOB M0,llenil

poBaHII.SI. Ha pnc. 2 noKa3aH 

o6mnii BIIJJ. KanopnMeTpa. 

KanopnMeTp co6paH H3 

Mo,nyneii B MaTPHUY - 28 (no 

ropI13oHTann) x 20 (no BepTn

Kann) Ha cneuI1anhHoii ipepMe. 

B Ka)K,ll0M Il3 qeTbipex ymoB 

MaTpill.(hl y.naneHO no 12 M0,ny

neii, a B ueHTpe KanopnMeTPa 

c.nenaHO np.SIM0yronhH0e OKH0 

pa3MepoM 8 x 4 Mo,nyneii. Ilo

nepeqHoe ceqeHne KanopnMe

TPa COCTaBn.SICT 4,2 x 3 M, a 

Pttc. 2. O6ruttii BJm KanopttMerpa c IlO.I1Bil)l(HOH nnaT

q>opMOH 

none3Ha.SI nnoma,nh C yqeT0M OKHa II y.naneHHhIX Mo,nyneii 10,8 M2 • KoHCTPYKUII.SI 

l.(CHTpanbHOro OKHa He co.nep:lKIIT BHYTPH onopHbIX 3IlCMCHTOB, · KOTOphie M0rmt 

6bI C03J.(aTh MepTBhie 30Hhl II .SIBn.SIThC.SI UCTOqHHKOM <pona If3-3a B3aUMOJ.(CHCTBU.SI 

B HUX qacTHI.( nyqKa U BTOpuqHhIX qacTUI.( 03 MIIIIICHU. l(mI 3T0ro Ha,n OKHOM Ka

)1(,llhlll u3 qeThipex cnoeB no 10 Mo,nyneii cKpenneH no nepe,nHeii u 3a,nneii qacT.SIM 

K0pnycoB CTanbHhlMU nnaCTUHaMif TOilIUHHOH 15 MM, umpHHOH. 145 MM u ,!lJIUHOH. 

1490 MM B 6noKU, onupaIOIUIICC.SI Ha 6oKOBhie Mo,nynu OKHa. Ha pttc. 2 3TH cnou 

BhmeneHbl IIITpHXOBKOH.. 

PacqeT II 3KCnepuMeHTanbHa.SI npoBepKa noKa3anif, qTo nptt HarpY3KC B 6 T 

MaKCUManhHhlll. npom6 B l.(CHTpe OKHa He npeBbIIIIaeT 3 MM, ecntt onopaMH .SIBn.SI

IOTC.SI Kpail.Hue Mo,nynu. l(mI npe.noTBpameHU.SI CJ.(Bifra 60KOBhIX MO,nyneii BHYTPh 

OKHa 0Hil npuKpenneHbl K <pepMe .nropanIOMilHifCBhlMU nonoCaMII ceqeHHCM 5 x 

40MM. 
KanopIIMCTp CM0HTUpOBaH Ha nnaT<pOpMe, K0TOpa.SI n03B0n.SICT nepe.nBuraTb 

ero nonepeK nyqKa .!lJI.SI Kanu6poBKif, IOCTilpOBKU II TCXHifqecKoro o6cn~HBa

HU.SI. IlepeMemeHue nnaT<pOpMbl C KanopUMCTPOM ocymeCTBn.SICTC.SI pC,llYKTOpHO

IIOilIICnacTOBhlM MexaHU3MOM no CTanbHhlM penhCaM C IIOMOlllhIO 3neKTp0.nBHra

Ten.SI. .[(IlaIIaJOH nepeMeIUCHIDI COCTaBn.SieT ± 2,5 M OTH0CUTenhHO OCH nyqKa, 

ToqH0CTh !pUKCal.(HU npn OCTaH0BKe - ± 2 MM, a CKOpOCTh nepeMClllCHU.SI -

15 CWMifH. Ilo,nBil)KHa.SI nnaT<pOpMa a,npOHHOro KanopuMeTPa, B CB0IO oqepe,nh, 

pacnono)Kena Ha o6meii .!lJI.SI ECALl u HCALl nnaT<pOpMe, KoTopa.SI no3B0n.SieT 

IlX COBMCCTHOe nepe.nBH:lKCHUC BJ.(Onh nyqKa. 
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PHc. 3. KOHCTp}'KIUUI M0.!lYJill aupoHH0ro KaJI0pHMe-rpa: J - Cl.lHHTHJIJIJIT0p; 2 - )KeJie3-

Hbie IIJiaCTHHhI; 3 - CBeT0B0,!l-nepeH3JI)"l3TeJih; 4 - Kopnyc M0.!lYJill; 5 - <I>3Y; 6 -
MaillHTHhIH 3KpaH; 7 - BhlCOKOBOJihTHhlH ,!leJIHTeJib Hanpll)KeHHii; 8 - OITTH'IeCKHH pa:n,eM 

Ocuoam1e K0Hcrp)'KTHBHLie xapaKTepm:nurn a;:i:poHHoro KaJI0pIIMe-rpa 

AKTHBHall Il0Jie3Hall IIJI0ll.13.!lh 

qHCJIO MO.!lyJieii 

qHCJIO CJI0eB )KeJie30-Cl.lHHTHJIJIJIT0p B M0.!lYJie 

TOJill.lHHa_ )KeJie3HhIX ruiaCTHH 

TOJill.lHHa Cl.lHHTHJIJilll.lH0HHhIX IIJiaCTHH 

IIonepeqHoe ceqeHHe IIJiaCTHH 

n,iHHa. CBeT0B0,!la-nepeH3Jl)"l3TeJill 

AKTHBHall .!lJIHHa CBeT0B0,!la-nepeH3Jl)"l3TeJIJI 

TOJill.lHHa CBeT0B0,!la-nepeH3Jl)"l3TeJill 

n,iHHa aKTHBHOH qaCTH M0.!lYJIJI (KanOpHMeTpa) 

IloJIHall .!lJIHHa M0.!lYJIJI (KanOpHMeTpa) 

Bee 0.!lH0ro M0.!lYJIJI 

O6111Hii Bee KaJI0pHMe-rpa c IlO.!lBH)KHOH IIJiaTcpOpMOH 

10,8 M
2 

480 
40 
20 MM 

5 MM 

142 X146 MM 

1200 MM 

1050 MM 

3.MM 

1000 MM (4,8 Aint) 
1450 MM 

150 Kr 

80 T 

KoHC'fP}'KI.l;IUI M0.Il)'JIJI [6] Il0Ka3aHa Ha pnc. 3, a 0CH0BHbie K0HC'fP}'KTIIBHhie 

xapaKTepHCTIIKII KaJI0pHMeTpa npHBe,neHbl B Ta6nm.~e. CopoK 11.JiaCTIIH )KeJie3a II 

Cl.lIIHTIIJimITopa, a TaK)Ke CBeT0B0,n-11epenmyqaTenh pa3MemaIOTCJI B K0p11yce Il3 

JIHCT0BOH CTaJIII TOJIIUIIHOH 1,4 MM C KpblllIKOll Il3 Toro )Ke MaTepnaJia. Ilna

CTIIHbl Cl.lIIHTIIJIJIJIT0pa ycTaH0BJieHbl CB060.!lHO, HO IIJI0TH0, Me)K.Il)' IIJlaCTIIHaMII 

)KeJie3a. )KecTKOCTb K0HCTp}'Kl.lIIH 11pn.na10T tJeTbipe perynllpHbie )KeJie3Hbie IIJla

CTIIHbl, npnKpeIIJleHHbie K Kop11ycy C n0M0IUbIO BIIHT0B, a TaK)Ke 11epe.!lHJIJI II 
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33.!(Hllll 11nacTI1Hbl, 11pnBapeHHbie K Kop11ycy. B .!lByx q>IIKCilpOBaHHbIX IIJlaCTIIHax 

IIMeIOTCJI 0TBepCTIIJI C pe3b6oii .!lJIJI TaKeJI3)1(HblX pb!M-60.JITOB. 3a,nHJIJI 11naCTI1Ha 

IIMeeT CoeMHyIO tJaCTb C 0TBepCTileM .!lJIJI CBeT0B0,na. HaJIIltJile CoeMHOii tJaCTII 

1103B0.JIJleT H3BJieKaTb CBeT0B0.!l Il3 M0.Il)'JIJI 6e3 ero pa36opKI1. K :noii )Ke tJaCTII 

KpenHTCJI CTaJibHOll l.lIIJIIIIl.!lPiltJeCKilll Koxyx co CTeHKaMII TOJIIUIIHOii 5 MM, a 

K0T0p0M pa3MemaeTCJI <l>3Y C .!leJIIITeneM. Ha 33.!(Heii CTeHKe ycTaH0BJieH TaK)Ke 

OIITiltJeCKilll pa3'beM, KOTOpblll coe,nnHlleT 0Tpe3KII 0IITiltJeCKIIX B0JI0K0H CIICTeMbl 

K0H'fP0JIJI pa6oTbI Mo.zzyneii OT caeTO,nnoha. 

<l>oTOYMHO)KIITeJib II0MemeH B MarnnTHblll SKpaH, Il30JII1pOBaHHblll OT BHelll

Hero Koxyxa .!lIISJieK'fl)IltJeCKIIMII K0Jlbl.laMII. 3KpaH Il3ffiT0BJieH B Bil.!le l.lIIJIIIH.!lpa 

Il3 JIIICT0B0ro 11epMaJIJI0JI TOJIIUIIHOH 0, 1 MM II HaM0TaH B TPII CJI0JI. CTaJibHOll 

K0)KYX II nepMann0eBblll SKpaH ocna6JIJIIOT BHellIHee MarnnTH0e none B 10 pa3 

B np0.!l0JlbH0M Ha11paBJieHI1II II B 100 pa3 B nonepetJH0M HanpaBJieHIIII 0TH0CII

TeJibH0 OCH <l>3Y. Tipn c6opKe KaJI0pHMeTpa .!lJ!ll npe,noTBpameHIIJI II0Bpe)K.!leHIIJI 

CBeT0B0.!l0B 110.!l .neiiCTBileM. Beca paCII0JI0)KeHHbIX Bblllle Mo.zzyneii CBeT0B0.!lbl II 

KpblllIKII Mo,nyneii ycTaHaBJIIIBaJIIICb c6oKy. 

3HepreTHtJeCKOe n npoc-rpaHCTBeHH0e pa3pellleHne CSMnJIIIHf-KaJI0pnMeTpa 

cymecTBeHH0 3aBIICIIT OT cnoco6a Il3ffiT0BJieHIIJI Cl.lIIHTIIJIJIJIT0pa, CBeT0B0,na-ne

penmyqaTeJIJI n <l>3Y c .nenHTeneM. TioSTOMY 11pn co3,naHnn HCALl oco6oe BHH

MaHne y,neJIJIJI0Cb IIX Bl,16opy II KatJeCTBeHH0MY Il3ffiT0BJieHHIO. 

fnaBHbIMII Tpe6oBaHIIJIMII K Cl.lHHTIIJIJIJll.lII0HHbIM nnaCTIIHaM JIBJIJIIOTCJI BbIC0-

Killl CBeTOBbIX0.!l II 0.!lH0P0.!lH0CTb CBeToc6opa no noaepXH0CTII. Tipn .!lJIIITeJibHOii 

pa6oTe C nyqKaMII BbIC0KOll IIHTeHCIIBH0CTII 83:)KHYIO ponh nrpaeT TaK)Ke pa.nna

l.lII0HHaJI cToiiKoCTh c11nHTHJIJIJ1Topa [7]. . C11nHTHJIJIJ1Topb1 KaJiopnMeTpa HCALl 

Il3ffiT0BJieHbl Il3 rpaHynnpoBaHH0ro n0JIIICTHpona TICM-115 MeTO.!l0M JIIITbll no.n 

,naBJieHneM c .no6aBKaMn 11apa-TepcpnHI1Jia (1,5 %) n POPOP (0,04 %) [8] n 06na

.na10T pa.nnaunoHHOii CTOHKOCTbIO 0K0JI0 1 Mpa,n. CunHTIIJIJIJITOp npn 11poxo)K.!le

HIIII qepe3 Hero 3apll)KeHH0ii tJaCTill.lbl IIJJiyqaeT CBeT, MaKCIIMYM cneKTpa K0T0-

poro npHX0.!lIITCJI Ha .!lJIIIHY B0J!Hbl 420 HM. ,nnnHa 3aryxaHI1JI TaKoro CBeTa B nna

CTIIHax paBHa (60 ± 10) CM [8], He0.!lH0p0.!lH0CTb CBeTOc6opa 110 II0BepxH0CTH -

0K0JI0 12 %. Tipn «MaCKilp0BaHIIII» IIJlaCTIIH, Kor.na 6nmKHJIJI K CBeT0B0.!lY tJaCTb 

IIJlaCTIIHbl ( ~ 1/3 ee) 6bma o6epttyTa qepHoii 6YMaroii, a 0CTaJibHall - MeTaJIJIIl-

3I1p0BaHHbIM MaiinapoM, He0.!lH0p0.!lH0CTb CBeTOc6opa YMeHbllIJIJiaCb .!l0 5 % [8]. 

C60J} CBeTa C 11naCTIIH ocymecTBJIJleTCJI nnoCKIIM CBeT0B0.!l0M-nepenmyqaTe

neM, noMemeHHbIM Ha IIX 0TKpbITbie T0pl.lbl, qepe3 .nae Kallp0H0Bbie HIITII T0JI

IUIIHOH 0,6-0,8 MM. HnTII 06ecnetJI1BaIOT n0CTOJIHHblll B03.Il)'llIHblll 3a3op II 11pe

.noxpaHJ1IOT CBeT0B0.!l OT MexaHHtJeCKIIX noape)K.!leHnii :lKeJie3HbIMII 11.JiaCTIIHaMII. 

CaeTOBO.!lbI mroToBJieHbI II3 opraHn11ecKoro cTeKJia MapKII CO-95 IIJIII CO-120 

II 0KpallleHbl 110 noaepXH0CTII cnnpT0BbIM paCTB0p0M KyMapnHa K-30. KyMaplIH 

11epe1IJJiyqaeT Cl.lIIHTIIJIJIJll.lIIOHHblll CBeT B CBeT C 6onbllleii .!lJIIIH0ll B0J!Hbl II C 

60.Jibllleii .!lJIIIHOll 3aryxaHIIJI B CBeT0B0,ne. OKpallIIIBaJiaCb T0JibK0 aKTIIBHall tJaCTb 

noaepxH0CTII CBeTOB0.!la .!lJIIIHOll 10so+5
o MM. TonmnHa 0KpallleHH0ro CJI0JI II3-
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Memmacb B LIHaIIa30He 5-20 MKM LIJUI o6ecneqeHIDI MaKCHMaJlbHOH OL1HOpOL1HOCTU 

CBeTOc6opa IIO JUIUHe MOLIYJill. Ilocne OKpaCKU cBeTOBOLlhl IIOJlBepraJIHCb OT)l<Hry, 

KOTOpblll npe,LlOTBpamaJJ pacTpeCKUBanue llX IIOBepXHOCTU. Bttell!H5lll CTOpOHa 

CBeTOBOLla IIOKpbIBaJJaCb MeTaJJJIII3HpOBaHHbIM MaiinapoM LIJIB yMeHbllleHHll noTepb 

CBeTa. HeoKpall!eHHblll KO Heu CBeTOBOLla CBOLIUJ!Cll K q>OTOKaTOLIY <I>3Y MeTOLIOM 

anua6aTuqecKoro CBOpaquBaHUll (c)KaTJUI) B ttarpeTOM COCTOllHllll. B pe3yJihTaTe 

MeponpnllTIIH no OIITIIMII3aUIIH cBeTOc6opa II3MepeHHblll Bb!XOLI CBeTa ll3 OLIHOH 

CUUHTUJIJillUIIOHHOH IIJiaCTIIHbl oKa3aJJCll paBHbIM 4-6 q>OT03JieKTpOHaM, o6pa30-

BaBlllllMCll Ha q>OTOKaTOLle <1>3Y npu npoxo)KL{eHHII MIIHIIMaJlbHO UOHU3HpyIOmeii 

qacTIIUbl. 

B KaJJOpIIMeTpe IICIIOJih30BaH q>OTOYMHO)KUTeJib )KaJll03IIHHOro TIIIIa <1>3Y-84-

3 c 12 KaCKaL{aMII YMHO)KeHUll II MYJibTIIIUeJioqHblM q>OTOKaTOLIOM. Ero KBaHTO

Ba51 qyBCTBIITeJibH0CTb UMeeT MaKCIIMYM npII JUIIIHe BOJ!Hbl OKOJIO 460 HM II JU!ll 

pa3Hh!X o6pa3UOB KOJie6JieTCll OT 0, 18 LIO 0,26. <I>3Y o6nanaeT 6oJiblllIIM LIIIHa

MIIqeCKIIM LlllaIIa30HOM IIO TOKY (100) II LIOIIYCKaeT pa6ory co cpeL1HUM TOKOM LIO 

5 MA, IIMeeT nepeL1HIIH cppOHT IIMIIYJibCa 15-18 HC II JUIIITeJibHOCTb llMIIYJibCa Ha 

ypoBHe 0,1 aMIIJIHTYLlhl - 40-50 HC. 

B Kaqecrne BblCOKOBOJibTHOro UCTQqHIIKa II L1eJIIITeJil1 HaIIpll)KeHUH <I>3Y 

(LlaJJee - L1eJIIITeJih) npIIMeHeH nporpaMMHo-ynpaBJilleMblll IICTOqnuK Ha OCH0Be 

cxeMhl YMHO)KeHUll KoKpOq>Ta-YOJITOHa, B KOTOpOM Heo6XOLIIIMble nanpll)Ke!lllll 

Ha LIHHOLIHblX npoMe)KYTKax cpopMHPYIOTCll HenocpeL1CTBCHHO na LICJIHTeJie IIYTeM 

YMHO)KeHIIll onopttoro Hanpll)KeHHll 100 B [9]. Ilpu II3roTOBJICHIIU B Jia6opa-
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P11c. 4. TTpHHUHIIHaJlbHlUI cxeMa BblC0K0BOJibTH0fO ,!leJIHTeJill 11anpl!JKeHHii ,!lJill <1>3Y 
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TOpHbIX ycJIOBIDIX OH OKa3hIBaeTCll )].ell!eBJie HCTOqHIIKOB IIpOMbllllJICHHOro TIIIIa. 

IlpIIHUIIIIIIaJJhHa51 cxeMa ,LleJIIITeJI51 noKa3atta tta pnc.4 [ 10]. Ero napaMeTPhI: L1na

na30H BbIXOLIHbIX nanpll)KeHuii 2-1700 B; ToqnoCTb peryJIIIpOBKU 1,7 B (10 6In); 
nnTanue ± 6 B (20 MA, 5 MA) II 100 B (0,2 MA - 6e3 3arpy3KH <1>3Y); qa

cToTa reHepaTOpa 15 Kfu; IIYJibcauuu BblXOLIHOro Hanpll)KeHHll 1-2 MB. Jl:eJIUTeJib 

KOMIIaKTeH, IIOTpe6JilleT MaJlblll TOK, o6ecnequBaeT TOK qepe3 <I>3Y )].O 2 MA, pa-

6oTaeT npu 3arpY3Kax OKOJIO 106 c- 1, cTa6HJibHOCTb HaIIpll)KeHIDI Ha aHO,Lle OKOJIO 

I 0-4• Ott u3roTOBJieH Ha neqaTHoii IlJiaTe pa3MepoM 3 x 11 cM, c O)].ttoii crnpotthI 

KOTOpoii npHIIa51Ha MHOroKOHTaKTHa51 natteJib JUI51 <1>3Y, a C .Llpyroii - natteJib 

C YKPeilJieHHhIMH Ha Hell pa3'beMaMH Ll]IB aHO)].HOro H ynpaBJI51IOIUIIX cumaJJOB. 

Jl:eJIHTeJib 3KpaHHpOBaH OT 3JieKTPOMamHTHbIX IIOJieii )].BYM51 TPY6KaMII H3 M51rKOH 

CTaJIH, H30JIHpOBaHHblMII .Llpyr OT L1pyra naryHHbIMH KOJihUaMII. BttelllH5151 Tpy6Ka 

KpeIIIITC51 K C'beMHOH 3aL{Heii qacTH Kopnyca MO)].YJI51. C IIOMOIUblO np~HHbl, 

pa3MemeHHOH Me)K,IJ.Y Tpy6KaMH, <1>3Y C )].eJIHTeJieM npH)KHMaeTC51 K BbIXO)].HOMY 

Topuy CBeTOBOL1a. 
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P11c. 5. DJIOK-CXeMa CHCTeMhl BbIC0K0B0JibTH0fO IIHTaHllll KaJIOpIIMeTpa: D1-D7 - 6JIOKH 

,!laHHbIX; C/S - 6JIOK BhI6opa ropII30HTaJibHOll JIIIHHH; 100 V Base - HCT0'IHIIK onopttoro 

ttanpllJKeHllll 100 B; Data Receiver - np11eMHHK ynpaBJill10m11x cIIrnaJioB; pccofe003 -

3BM; HN. Interface - nporpaMMHo-ynpaBJilleMblii 6JIOK BbICOKOBOJibTHOii CHCTeMhl 

CucTeMa BbICOKOBOJibTHOro IIHTaHIDI KaJJOpHMeTpa COCTOHT H3 nporpaMMHO

ynpaBmeMOro 6JIOKa u 6JIOKOB, o6ecneqHBaJOmux IIIITaHUeM L1eJIHTeJIH <1>3Y (CM. 

puc. 5). IlporpaMMHo-ynpaBJI51eMhiii 6noK BhIIIOJIHen B cTaH,LlapTe CAMAC u Ha

XOLIHTC51 na pacCTOllHIIII 100 M OT KaJIOpHMeTpa B )].OMIIKe 3KCIIepuMeHTaTOpa. 

DJIOKH, o6ecneqIIBaJOmue IIHTaHIIeM L1eJIHTeJIH <1>3Y, paCIIOJIO)KeHhl B KpeiiTe 

CAMAC p51LI0M c KanopIIMeTpOM. B 3TOM KpeiiTe HaxOMTC51: 6noK (Data Re

ceiver), npIIHIIMaJOmuii CIImaJihI OT nporpaMMHo-ynpaBJI51eMoro 6noKa (HV In-
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terface), 6noK Bhl6opa ropmoHTaJibHoii JiliHIIII (C/S), 7 6noKoB .n:aHHbIX (Dl-D7) 

II 6noK oITopnoro naITpH)KeHIDI 100 B. I111TaHIIe ± 6 B ITocryrraeT Ha .n:en11Ten11 

II3 3TOI'O )Ke KpeiiTa. DJIOKH .n:aHHbIX ITpe.n:na3naqeHbl .Il:JISI ITepe.n:aq11 KO.D:OB uaITpH

)KeHlill ua .n:eJiliTeJIII, 06ecITeqeHliSI liX ITHTaHlieM (± 6 B, 100 B) 11 yITpaBJieH11S1 

3am11Toii ITO Jllil!Hli 100 B. Ilepe.n:aqa .n:aHHblX yITpaBJiemrn BbICOKOBOJibTHbIM 

HaITp5I)KeimeM <I>3Y ITPOil3B0.D:HTC5I ITOCJie.n:oBaTeJibHbIM 10-6HTHbIM KO.D:OM . .Il:aH

Hbie 11 ITIITanne ITocryrraIOT Ha .D:eJiliTeJib ITO IT5ITliITapH0MY ITJIOCK0MY Ka6eJIIO na 

pa3'beM P2 (na p11c.4 ITOKa3aHbl HOMepa KOHTaKTOB pa3'beMa P2-1, P2-2 H T.,n:.). 

O,n:IIH 6JIOK .n:aIUibIX' o6cJI~liBaeT BOCeMb cy6a.n:pecoB, Ha Ka)KJl:blll U3 KOTOpbIX 

ITO.D:KJIIOqeuo ITapanneJibHO OT 6 .n:o 12 .n:en11Teneii. EnoK C/S ITpe.n:uaJHaqen .D:JI5I 

BbI6opa ropll30HTaJibHOH JiliHIIII, ua KOTOpoii naxo.n:11TC5I yrrpaBJI5IeMblll MO.D:YJib II 

ero .n:eJIHTeJib. DJIOK liMeeT 48 BbIXO.D:OB, a.n:peca KOTOpblX 3a,n:aIOTC5I ITpOCTpan

CTBOM lllliH CAMAC Wl-W6, II3 KOTOpbIX HCITOJib3yeTc5I 40, T. K. KanopIIMeTp 

CIIMMeTpIIqno pa3,n:eneu na JieByIO II ITpaByIO ITOJIOBliHbl ITO 20 ropII30HTaJibHbIX 

JIIIHIIii B Ka)KJl:oii. 

Beeb a.n:poHHblll KaJIOpliMCTp ITO BbICOKOBOJibTHOMY ITliTaHliIO .n:emneneii pa3-

.n:eneu ua rpyITITbl - 20 ropn30HTaJibHblX 11 7 BepTl!KaJibHbIX ITO qeTblpe CTOJI6ua 

n Ka)KJl:Oll. Ha Ka)l(Jl:blll CTOJI6eu Mo.n:yneii ITO.D:aIOTC5I yITpaBJI5IIOmne ClirHaJibl OT 

o.n:Horo 113 ceMII 6noKOB .n:amibIX Dl-D7. YITpaBJiem1e uaITp5I)KCHHeM ITponcxo

.n:11T ua Mo.n:yne, KOTOpblll uaxo,n:IITC5I Ha ITepeceqeu11n BbI6paHHbIX BepTliKaJibHOro 

CTOJI6ua II rop1130HTaJibHOH JiliHHII. Ilo BCPTliKaJibHOH JIIIHIIH ITepe.n:aeTC5I KO.I!: 

HaITp5I)KeHli5I, a ITO ropH30HTaJibHOH - KO.I!: BbI6opa Heo6xo.n:11Moii JIHHIIH. Cu

CTeMa BbICOKOBOJibTHOro ITliTaHli5I <I>3Y liMeeT peneiiHyIO 3am11ry C ITPIIMCHem1eM 

6bICTpblX OIITOTp0HOB THITa 6N138 .D:JI5I rpyITIT H3 6-12 Mo.n:yneii. 3amurn cpa6a

TbIBaeT ITpn aBapniiHOM ynen11qeHHli TOKa qepe3 <I>3Y o.n:Horo cy6a.n:peca 6onee 

20 MA. YITpaBneuue 3amurnii ocymecTBJI5IeTc5I tiepe3 3BM ITporpaMMoii BbICOKO

BOJibTH0ro ITHTaHli5I. EcJili ynennqeu11e TOKa cnyqaiiHoe 11 He Bbl3BaHO KPYITHblMli 

HeITOJia,n:KaMli B .n:ennTeJI5IX, HaITp5I)KeHlie Ha MO.D:YJI5IX MO)KeT 6h1Tb BKJIIOqeno CHOBa 

ITporpaMMHblM ITYTeM. 

EnoK oITopHoro HaITp5I)KeHII5I 100 B BbIIIOJIHeH s Mo.n:yne CAMAC rrmpn

HOii BOCeMb CTUHUlill 11 liMeeT .n:ec5!Tb He3aBliCliMbIX BbIXO.D:OB ( ceMb pa6oq11x, 

Tpli 3aITaCHbIX) C MaKCliMaJibHbIM TOKOM 120 MA Ka)KJl:blll. YITpaBJien11e BKJIIOqe

HUeM 6JIOKa B03M0)KH0 TOJibKO ITPII HaJIJiq1111 B KpeiiTe HaITpmKenuii ±6 B, ITOCJie 

qero ITOBbIIIIeHHe HaITp5I)KCJili5I .n:o 100 B B Ka)l(Jl:OM KaHane ITpoucxo.n:11T aBTO

MaTnqeCKH 3a 40-50 C. Ilp11 aBap11iiHOM yBeJI11qen11II TOKa B Kanane 60JibIIIe 

120 MA ITpe.n:ycMoTpeuo ero aBTOMaT11qecKoe OTKJIIOqeuue. Ha ITepe.n:neii ITa

uen11 6JIOKa ycTaHOBJieHbl .n:ec5!Tb MliKPOTYM6rrepoB 11 HH.D:liKaTopoB COCT05!Hli5I 

(BKJIIOqeno/BbIKJIIOqeno ), umppOBOH BOJibTMeTp, ITepeKJIIOqaTCJib II KOHTpOilbHbie 

KJieMMbl .D:JI5I li3MepeHH5I HaITp5I)KeHlill 11 TOKOB B Ka)l(Jl:OM Kanane. Ha 3a,n:Heii ITa

HCJIH 6JIOKa ITOMemeu MHOI'OKOHTaKTHblll pa3'bCM .D:JI5I ITO,n:KJIIOqeJili5I 6JIOKa B CII

CTeMy Me.n:neHHoro KOHTpOJI5I aITITaparypb1 COMP ASS II .n:ec5!Tb BhIXO.D:HbIX pa3'b

eMOB HaITp5I)KeHlill 100 B .D:JI5I Ka)l(Jl:OI'O Kanan a. 
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O6ecITeqen11e BbICOK0B0JibTHbIM ITliTaHlieM <I>3Y np0113B0.D:liTC5I cne.n:yrom11M 

o6pa30M: CHaqana Ha .D:eJiliTeJili no.n:aeTC5I nliTaHlie ± 6 B BKJIIOqeH11eM KpeiiTa, 

pacnOJIO:lKeHHOro OKOJIO KaJIOpliMCTPa, a noTOM onopnoe Hanp5I:lKeHlie 100 B. 3a

TeM 113 .Il:OMliKa 3KCnep11MeHTaTOpa qepe3 nporpaMMHO-yrrpaBJI5IeMblll 6JIOK ycrn

HaBJiliBaIOTC5I Heo6xo.n:11Mble Hanp5I)KeH115I Ha Bee <I>3Y c nOMOmbIO 3BM 11 npo

rpaMMbl BbICOKOBOJibTHOro n11TaHIDI. 

3. HCCJIE)J:OBAHHE KAJIOPHMETPA HA TECTOBhIX IIYllKAX 

OCHOBHbie xapaKTepliCTIIKII KaJIOpUMeTPa - JiliHeiiHOCTb OTKJIHKa B 3aBliCII

MOCTII OT aHeprnu qacT11u, aHepreruqecKoe 11 ITpOCTPaHCTBeHnoe pa3pellleHue -

6bmll onpe.n:eneHbl B [(EPH Ha nyqKax OTpuuaTeJibHbIX qaCTliU (nliOHOB, 3JieKTPO

HOB, MIOOHOB) B .n:uanaJOHe 3Heprnii 10-100 faB. Jl:n51 arnro, npe)KJl:e Bcero, KaJIO

pnMeTP 6bm npoKan116poBaH. Kan116poBKOH Mb! Ha3bIBaeM onpe.n:enem1e OTHOCII

TeJibHbIX KOatpqmu11eHTOB, Heo6xo.n:HMbIX .D:JI5I BbipaBHUBaHIDI Mo.n:yneii no aMnJIH

ry.n:e, II YCTaHOBJienue B3aUMHO O.D:H03Haquoro COOTBeTCTBIDI Mex.n:y aMITJiury.n:oii 

HMnyJibCa, 3apernci:pupoBaHHOH C noMombIO 3ap5I.D:OBO-UHtppOBOro npeo6pa30Ba

TeJI5I (ADC), u aHeprneii qaCTun:. 

.Il:JI5I BbJqucneHIDI 3Heprnu ucnOJib30BaJIOCb COOTHOIIIeHue 

n 

E = KE 2:::aiki, (1) 
1 

me n - qucno Mo.n:yneii, 3aperncTP11poBaBIIIHX qacTb aHeprnu n11sm; ai - 3Ha

qeH11e aMITJIHTY.D:bI i-ro KaHana ADC c BbJqTeHHbIM nbe,n:ecTaJioM; ki - Koaqiqi11-

u:11enTbI OTHOCHTeJibHOii KoppeKn:uu, Heo6xo.n:11Mble .D:JI5I BbipaBHHBaHIDI aMITJIHry.n:; 

KE - K03tpq>HU:HCHT a6COJIIOTHOH aHeprernqecKoii ITpI1B5!3KH, OITpe,n:eJI5IeMblll 113 

YCJIOBIDI, qTO MaKCliMYM aMITJIHry,n:Horo CITCKTpa COOTBCTCTByeT HOMIIHaJibHOMY 

3HaqeHHIO aueprnu nyqKa qacTun:. 

KanopuMeTpOM Ha TCCTOBOM nyqKe Mbl Ha3bIBaeM c6opKY H3 25 Mo.n:yrreii, 

q>OpMupyrom11x MaTPHIJ:Y 5 X 5, 11 yCTaHOBJieHHyIO Ha no,n:Bli)KHYIO no,n:CTaBKY-

- Ilo.n:crnBKa o6ecnequsana .n:ucrnuuuonnoe ITepeMemen11e c6opKn B ropu30HTaJib

HOM (x) ll BCpTHKaJibHOM (y) HaITpaBJICHIDIX II yCTaHOBKY ueHTpa Ka)l(Jl:Oro MOJl:YM 

OTHOCIITeJibHO OCH nyqKa qacTIIU C TOqHOCTbIO 1 MM. KanopuMeTp 3aITyCKaJIC5I 

OT cosna.n:eHuii CIIIBaJIOB .n:syx CU:IIHTIIJIJUIU:IIOHHbIX cqe~UKOB, .n:syx nponopu11-

0HaJibHblX KaMep II .n:syx ra30BbIX qepeHKOBCKIIX cqe~IIKOB, pacnOJIO)KCHHbIX Ha 

ITyqKe nepe.n: MOJl:YMMII. AMITJIIITY.D:bl IIMnyJibCOB Mo.n:yneii KaJIOpUMeTpa perncTpli

poBaJIUCI, ADC (10] Ha OCHOBe MIIKpocxeMbI Lecroy MQT200 c JIHHeiiHOH llIKa

noii .n:o 4096-ro KaHana. 

Ilpoue.n:ypa KaJIII6poBKII ocymeCTBJI5IJiacb cne.n:yromIIM o6pa30M: cnaqana 

UCHTP Ka)l(Jl:OI'O MOJl:YM B c6opKe 06nyqanc51 nyqKOM II no aMITJIHTY.D:HbIM cneKTpaM 
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KIDK.[(Oro MO.lzyllil orrpe.11.emmIICh KOscpqmuneHThl ki. AMrrm1-ry.11.a ueHTpaJihHOro 

MO.D.YIDI rrpIIHIIMaJiaCh 3a 1, a aMMIIT)'.11.hl OCTaJlhHhIX MOJzyneii cpaBHIIBaJIIICh C 

HIIM. 3aTeM rrpn rrpoxo)K.11.eHIIII IIIIOHOB, MIOOHOB Hnll sneKTPOHOB qepe3 ueHTPaJih

HhIH MOJzynh c6opKII 5 x 5 CHIIMaJIIICh cneKTphl CllrHaJIOB co BCex Mo.11.yneii. HH

cpopMaum1 3anIIChIBaJiaCh B 3BM II o6pa6aThIBaJiaCh B pe)KIIMe ocpcp•naiiH C uenhIO 

rronyqeHIDI cneKTpoB sHeproBhI.D.enettIDI OT qacTIIll nyqKa, )lmI nepeBo.11.a aMnnn

~ 
~ l,041-

ii 1,021-

11- f i I 
• - 3KCilepHMeHT 

c - MO,llenHpOBaHHe 

f t f 
0,981-

0,961-

0 20 40 60 80 100 
Ebeam,f3B 

P11c. 6. 3aBIICIIMOCTh OTHOllleHIIJI Erec/ Ebeam 
OT 3Hepnm rryqKa a.nponoB: • - 3Kcrrep11MeHT, 

□ -MO.D.e.JIIIpOBaHIIe 

T)'.ll.HhIX crreKTpOB B crreKTphl 3Hep-

roBhmeneHIIJI ncnonh3OBaJIOCh ne

CKOnhKO penepHhIX ToqeK: HOMepa 

KaHaJIOB ADC, co.11.ep)Kamne MaK

CIIMYMhI crreKTPOB OT IIIIOHOB II 

sneKTpOHOB, II COOTBeTCTBy10mne 

HM HOMIIHaJlhHhie 3HaqeHIIJI 3Hep

rnii nyqKOB (10, 20, 40, 60, 80, 
100 faB). · HcnonhJYJ1 3TH rnqKn, 

onpe.11.ennnn K03cpcpuuneHThl Ke = 
(31 ± 1) MsB/(KaHaJI ADC) .11.nJI nn

OHOB n K'i; = (36 ± 1) MsB/(KaHaJI 

ADC) .D.IDI sneKTpOHOB KaK OTHO

rneHIIJI stteprnn nyqKa K HOMepy 

KaHaJili ADC, coorneTcrny10mero 

MaKCIIMYMY aMMIIT)'.D.HOro cneKTpa. 

3TH K03cpcpnuneHThl B rrpe.11.enax onm6oK OKa3aJIIICh O.11.IIHaKOBhIMII npn BCex 

3HeprnJIX, qTo yxa3hIBaeT Ha nnHeHHOCTh OTKnIIKa KaJIOpnMeTpa B .11.aHHOM .11.nana-

3OHe 3Heprnii. MaKCIIMYMhI aMilnIIT)'.D.HhIX cneKTpOB TeCTOBOro .11.nanaJOHa 3Hep

rnii ne)KaJill B IIHTepBaJie OT 316 (rrIIOHhl 10 faB) .D.O 3030 (IIIIOHhl 100 rsB) 

xattaJia ADC. AHaJiornqHaJI npoue.11.ypa rrpoBo.11.nnach .D.nJI Bcex 480 Mo;zyneii: Ka

nopnMeTpa, crpynnnpoBaHHhIX B 19 c6opoK. 

Ha pnc. 6 IlOKa3aHa 3aBIICIIMOCTh OTHOllleHIIJI 3Heprnn, 3aperncTpnpoBaHHOii 

KaJiopnMeTpOM Erec, K 3Heprnn rryqKa Ebeam, OT sneprnn rryqKa IIIIOHOB. CrreK

TphI 3HeproBhI.D.eneHIIJI B c6opKe, nonyqeHHhie Ha nyqKaX MIOOHOB II IIIIOHOB C 

3Heprneii 10 fsB, npnBe.11.eHhI Ha pnc. 7. CnnornHhie nnHnn - pe3ynhTaT an

rrpoKCIIMaunn crreKTPa OT MIOOHOB pacnpe.11.eneHIIeM TIIna JlaH.D.ay, a OT IlllOHOB -

pacnpe.11.enettneM faycca. Ilpn 3TOM .D.nJI o6onx cneKTpoB SHeproBhI.D.eneHIDI nc

nonh3OBaJICJI KoscpcpnuneHT Ke, orrpe.11.eneHHhIH .11.nJI IIIIOHOB. MaKCIIMYM cneK

Tpa 3HeproBhI.D.eneHIDI OT MIOOHOB OKa3aJICJI npn 3Heprnn 1,63 r:.B, a MaKCIIMYM 

cneKTpa 3HeproBhI.D.eneHIDI OT IIIIOHOB COOTBeTcTByeT 3Heprnn nyqKa. IloCKOnhKY 

B IlllOHHOM rryqKe eCTh npnMeCh MIOOHOB, IIX npncyrcTBIIe TaK)Ke BII.D.HO Ha 3TOM 

pncyHKe. Ha pnc. 8 IIOKa3aHhl cneKTphI 3HeproBhI.D.eneHIIJI IIIIOHOB II sneKTpOHOB 

npn 3Heprnn nyqKOB 20 n 80 faB n nx anrrpoKCIIMaUIIJI pacnpe.11.eneHIIJIMII faycca 

(cnnollIHhie KpIIBhie). Ilpn nepeBO.D.e COOTBeTCTBYIOIUIIX aMMIIT)'.D.HhlX crreKTpOB 

B cneKTphl 3HeproBhI.D.eneHIDI IICIIOnh3OBaJIIICh K03(p(pIIUIIeHThl Ke II K'i;, onpe-

10 

50 
I a 

40 

30 

20 

10 

0 2 3 

3001 6 
250 

200 

150 

100 

50 
~ 

0 2 4 6 

4 5 6 

8 10 12 

r/ndf 476,4/53 
Constant 251,4±2,737 
MPV 1,627±0,006465 
Sigma 0,3058±0,004345 

7 8 9 

x2/ndf 1,303e+04/67 
Constant 270,2±0,2552 
MPV 9,989±0,002899 
Sigma 2,691±0,003048 

14 16 18 
E,[3B 

Pnc. 7. CrreKrpI,I 3HeproBI,J.D.e.JieHIIJI B c6opKe Mo.11.yneii: MIOOHaMII (a) ll IlllOHaMII ll MIOOHaMll 

(6) rrptt 3nep11m rryqKa 10 faB 

250 3501 A 6 
300 

200 250 

150 200 

100 150 
100 

50 50 

0 10 15 20 25 30 0 40 60 80 100 

1600 6 800L ~ z 

1200 600 

800 400 

400 200 

0 
15 20 25 

0 
75 80 85 90 

E,f3B E,[3B 

Pttc. 8. CrreKrphl 3HeproBhJ.D.e.JieHIIJI B c6opKe MO.D.yneii: OT IlIIOHOB (a, 6) ll 3ReKTpOHOB (B, 
z) rrptt 3HeprHllx 20 (a, «) H 80 faB (6, z) 
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)leJieHHbie )l)]ll nHOHOB H 3JieKTp0HOB. TI03TOMY MaKCHMYMbl cneKTpOB HX 3Hepro

Bbl)leJieHHH TO'-IHO COOTBeTCTBYIOT 3HeprnH nyqKa. 3Ha'-leHHll )lttcnepCHH <T 7r ( E) H 

<Te ( E) 3THX pacnpeJleJieHHH xapaKTepH3YIOT 3Heprern'-lecKoe pa3pernetttte Kano-

pttMeTpa )l)]ll aJlpOHOB H 3JieKTpOHOB COOTBeTCTBeHHO. 

20 
a 

18 

16 

~ 14 

f 12 
= a 10 
CL) 
p., 
a 8 
p., 
CL) 0,08 0,1 0,12 0,14 0,16 0,18 0,2 
fa 

0,22 0,24 
0 
CL) 

~ 
8 

6 

i 6 
(I) 

4 

2 

0 
0,08 0,1 0,12 0,14 0,16 0,18 0,2 0,22 0,24 

1NE, r3a-112 

PJIC. 9. 3tteprerw1eCKJ1e pa3perneHJlll KaJIOpJIMeTpa .ll)lll ITJIOHOB (a) JI JJieKTpOHOB (6): • -
JKcnepJ1MeHT, 0 - MOAeJIJ1pOBaHJ1e. JIJIHJIJI - annpoKCJ1Maum1 Jl3MepeHJIH Bblpa)KeHJlllMJI 

(2) J1 (3) 

Ha pHC. 9 noKa3aHbl 3aBHCHMOCTH pa3peweHHll KaJIOpHMeTpa )l)]ll nHOHOB H 

3JieKTpOHOB OT :rnepnm BMecTe C pe3yJihTaTaMH MO)leJIHpOBaHmI. OHH onHCbIBa

lOTCll Bbipa.lKeHIUIMH: 

r)le E - B f3B. 

<T7r(E) _ 59,4 ± 2,9 EB (7,6 ± 0,4) %, 
~- vE 

<re(E) - 24,6 ± 0,7 EB (0,7 ± 0,4) %, 
~ - vE 

(2) 

(3) 

Cpe)lHee 3Ha'-!eHHe OTHOWeHHll e/rr, Bbl'-IHCJieHHOe no nOJIO.lKeHHIO MaKCHMY

MOB aMilJIIITYJlHblX cneKTpOB 3JieKTpOHOB H nHOHOB npH O)lHHaKOBOH 3HeprnH B 

.imana30He 10-100 f3B, OKa3aJIOCb paBHblM e/rr = 1,2 ± 0,1. 
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I 
l r 

\ 

l 
I , 
L 
I. 

~ 

TipocrpancTBennoe pa3pewe-

HHe KaJIOpHMerpa 6blJIO H3Me-

peno nYTeM CKaHIIpOBaHHll nyq-

KOM uenTpaJibHOro MO.IzyJlll c6opKH 

5 x 5 no x- H y-KOOpJlHIIaTaM 

H naxo)KJleHHll uenTpa Tll.lKeCTH 

JIHBHll no aMnJIHTYJlaM CHrHaJIOB 

BCeH c6opKH., TI pH .. annpOKCHMa-

UHH pa3HOCTII Me)K}ly KOOpJlHHa-

TOH TO'-IKH BXO)la TI~aiorn:eii '-la-

CTHI.(bl B MO.IzyJib H KOOpJlHHaToii 

uenrpa Tll.lKeCTH JIHBHll pacnpe-

)lenenIIeM raycca onpeJleJillJIOCh 

CTaH)lapTHOe OTKJIOHenHe (T x,y• 

3aBHCHMOCTb <T x OT :irnOpJlHHaTbl 

:ii 
:ii 
"C~ 

15 

=t=*++ 
++ ++ 

10 *++ + ++ 
+ 

+ ++ 
5 + . :t: , 

0 
0 50 100 150 

xbeam' MM 

Pttc. 10. 3aBHCHMOCTb rrpoCTpaHCTBeHHOro pa3pe-

rneHIUI KanopttMeTpa OT KOOPAJIHaTbl IIJ'-IKa B MO-

nyqKa B MO.IzyJie npIIBe)lena na iiyne: e - JKCIIepttMeHT, 0 - MOAeJillpOBaHHe 

pttc. IO BMeCTe C )laHHbIMH MO)le-

JIHpOBaHHll. BHJlnd, '-!TO B ueHTpe MOJlYJlll <Tx = (14 ± 2) MM. 

4. CHCTEMA KOHTPOJUI KAJIOPHMETPA 

CHcTeMa KOHTpOJlll CTa6HJibHOCTH pa6oTbl KaJIOpHMeTpa nocTpoeHa Ha OCHOBe 

OJlHOro cBeTOJlH0Jla (LED) c BbICOKHM CBeTOBhIXOJlOM TIIna MARL 110106, MaK

CIIMYM cneKTpa KOTOporo COOTBeTCTByeT )l)]HHe BOJIHbl 470 HM. C noMOIUbIO 3TOH 

CHCTeMbl ycTaHaBmrnaeTCll COOTBeTCTBHe Me)l(Jly aMnJIHTYJlaMH CHrHaJIOB <I>3Y OT 

CBeTO)lHO)lOB tt OT '-!aCTHU nyqKa II ocyrn:eCTBJilleTCll KOHTpOJib CTa6HJibHOCTll pa-

6oTbl Bcero II3MepIITeJibHOro TpaKTa BKJIIO'-lal! ADC. CBeT OT O)lHOro cBeTO)lII0)la 

pacnpe)leJllleTCll no BCeM 480 MO.IzyJlllM II nepe)laeTCll K !pOTOKaTO)laM '-!epe3 OnTII

'-!eCKIIe BOJIOKHa )lIIaMeTpOM 1 MM II onTII'-leCKIIe pa3'beMbl, KOTOpbie pacnoJIO.lKeHbl 

Ha JaJlHeii '-!aCTII Moeyneii pllJlOM c <I>3Y. Pacnpe)leneHIIe CBeTa OT JlIIOJla npoII3-

BOJlIITCll crynen'-laTO: CHa'-laJia CBeT )leJIIITCll Ha 30 rpynn, a 3aTeM Ka)l(Jlal! rpynna 

)leJIIITCll ern:e na 16 KaHaJIOB. ,[(mi KOHTpom cttrnanoB OT cBeTOJlIIOJla HcnoJih3Y

eTCll <pOT?JlIIOJl (PIN-JlIIOJl) <pIIpMhI Hamamatsu. PIN-JlIIOJl TaK.lKe pacnono.lKeH 

Ha cpepMe KaJIOpIIMerpa II JacBe'-IIIBaeTCll OT LED. AMnnIIryJla ero cIIrnaJia '-1epe3 

OT)leJihHhlll KaHaJI ADC COBMeCTHO C aMOJIIITYJlaMII CIIrHaJIOB OT. CBeTOJlIIO)la C Ka

)KJlOro MO.IzyJlll C'-IIIThIBaeTCll. CIICTeMoii c6opa )laHHblX cneKTpoMeTpa COMPASS 

Me.lK.Izy UIIKJiaMII ycKopIITeJlll. 

Ha pIIC. 11 npIIBe)leno pacnpe)leJieHHe OTHOCIITeJibHhIX aMnJIIITYJl OT CBeTO)lII

O)lOB JlJlll BCex MO.IzyJieii KaJIOpHMeTpa, perncTpIIpOBaBWIIXCll B Te'-leHIIe TpexMe

Cll'-IHOro ceaHca Ha6opa )laHHhIX B 2003 r. 3Ha'-!eHHe aMnJIHTYJlhl Ka)l(JlOro MOJlYJill 

B TeKyrn:Hll MOMeHT BpeMeHH A no)leJieHO Ha 3Ha'-!entte aMnJIHTYJlhl B•Ha'-laJihHhlll 
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MOMeHT BpeMeHII, A(ret). TunuqHhie OTKJIOHeHIDI aMDnHTJ)l MOeyneii OT nepBO

HaqanhHhIX COCTaBmmu He 6onee 5 % u HOCHnH cnyqaiiHhIU xapaKTep. 

c-1,15 
-.11 
~ 1,1 

0,95 

0,9 

0,85 

0 50 100 150 200 250 300 350 400 450 
HoMep Mo,zzymi: 

Puc. 11. Pacrrpe.nerreHue .OTH0CUTeJibHbIX aMIIJIUT)'Jl CUfHaJI0B KaJJ0pUMeTpa OT CBeT0)lU0)l0B 
. B Te11euue ceauca ua6opa ,naHHhIX B 2003 r. 

5. PANOTA KAJIOPHMETPA B COCTABE COMPASS 

IlepeJl HaqanoM KIDK)lOro ceaHca pa60Thl COMPASS npoBO)lunach npoBepKa 

Kanu6poBKH Moeyneii HCALl c IIOMOIUhIO MIOOHOB rano Il)"IKa M2 UEPH B pe

anhHhIX ycnoBHHX C HCilOflh30BaHHeM pa6oqux )lflHH Ka6eneii H HOBhIX ADC THIIa 

FI ADC-64 [11] co wKanoii JlO 4096-ro KaHana. KanopuMeTP 3anycKanca nu6o 

OT JlBYX CUHHTHnflHUHOHHhlX cqe~HKOB, pa3MemeHHhIX cnepe)lH Ha IIO)lBH)KHOU 

IlO)lCTaBKe, nu6o O)lHHM H3 CTaH)laPTHhIX TpurrepoB ycTaHOBKH. H3MepanHCh KaK 

aMDnHTJ)lhl, TaK H OTHOCHTenhHhie BpeMeHHhie 3aJlep)KKH curnanoB KIDK)lOro MO

JlYnH JlnH HX nocneey10mero BhipaBHHBaHIDI. AMnnHTJ)lhl BhipaBHHBanHCh C TOq

HOCThIO ± 10 % (TPe6oBaHHe ::meKTPOHHKH Bhipa60TKH TPHrrepa nepBoro ypOBHH) 

ycTaHOBKOU COOTBeTCTBYIOIUero BhlCOKOBOnhTHOfO HanpH)KeHIDI Ha <I>3Y. 
AMnnHTJ)lHhie cneKTPhI C IlOMOIUbIO Kanu6poBoqHoro K03cpqmuueHTa Ke, 

onpe)leneHHOro Ha TeCTOBblX Il)"IKax, nepecqHThIBanHCh B cneKTPhl 3HeproBhl

)leneHHU. CrreKTphl 3HeproBbl)leneHIDI MIOOHOB B O)lHOU H3 rpynn KanOpHMeTPa 

IIOKa3aHhl Ha puc. 12. Ilono)KeHIDI MaKCHMYMOB O)lHHaKOBhl JlnH Bcex Moeyneii, 

KaK :3Toii, TaK H OCTanhHhlX rpynn. Ha TeCTOBhlX nyqKax 6hmO IIOKa3aHo, tJTO 

MaKCHMYM cneKTpa OT 10-faB MIOOHOB COOTBeTCTByeT 3Heprnu 1,63 faB. Ha 

KaHane M2 MIOOHhI rano nyqKa uMeIOT 6onee BhICOKYIQ ::;meprn10. Ilo3TOMY npu 

TOD )Ke Kanu6pOBKe, a TaK)Ke C yqeTOM HCIIOnh30BaHIDI HOBhIX ADC MaKCHMYMhl 

aMilflUTJ)lHhIX cneKTpOB OT MIOOHOB rano nyqKa OKa3anHCh npu 3Heprnu 1,8 rsB. 
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400~. 23.1 
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300~300EJ. 212 213 
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200 . 200 . 

0
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600[]14 
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2 4 .6 600EJ251. 800□252 300[]253 

200
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200~ 200~ 400~ 200~ 

100~ 100~ 200~ lOOLLJ 
0 2 4 6 °2 4 6 °2 4 6 °2 4 6 

E,f3B E,f3B E,f3B E,f3B 

Puc. 12. IlpUMep CIIeKTPOB 3HeproBhl)leJieHHH MIOOHaMU rano II)"IKa M2 B 0T)leJibHbIX M0-
,nymIx. ,[{irn Mo.nymi: 211 rroKa3aHa arrrrpoKcHMaumI crreKTpa pacnpe,nerreHueM Tuna JlaH,nay 

CneKTp pacnpe)leneHHH BpeMeH 400 

npHXO)la curnanoB OT BCex MOJl)'

neii KanopuMeTpa u ero annpoK

cuMauua pacnpe)leneHueM raycca 

npe)lCTaBneHhI Ha puc. 13. Bee 

MOJlYflH BhipaBHeHhl no BpeMeHH 

npHXO)la curnanOB C TO'IHOCThIO . 

1,4 HC. 

Puc. 13. CrreKTP pacrrpe,nerreHHH spe
MeH rrpuxo.na CUrHaJI0B co Bcex M0JlY
neii KaJJ0pUMeTpa u ero arrrrp0KCUMa
UHH pacrrpe.nerreuueM faycca 

350 

300 

250 

200 

150 

100 

50 

<1= 1,42 ± 0,01 

ol J n=J '-= I 
-10 -8 ---0 · -4 -2 0 2 4 6 8 10 

BpeMll,HC 

B CTaH)lapTHOM pe)KHMe pa60Thl ycTaHOBKH aMDnHTJ)lhl HMnynhC0B KIDK)lOfO 

M0JlYnH, C0OTBeTCTBy10mue )laHHOMY Tpurrepy, cqHThIBaIOTCH CHCTeMOU c6opa )laH

HhIX. Ilpu ocpcp-naiiH-06pa60TKe onpe)leneHHe 3Heprnu 3aperncTpupoBaHHhIX 
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a,up0HOB np0B0,!UUIOCb no cpopMyJie 

n 

E= I:aiKe,KLED,, 
1 

(4) 

r,lle n - 'IHCJI0 coce,llHHX M0.llyneii (KJiaCTep, CM. HH)Ke) C aMnJIHTy,llOH BblWe tteK0-

rnpoii; ai - aMnJIHTy,llbl M0.llyJieH, BXO,llllWHX B KJiaCTep; KE, - K03q>q>HUHeHTbl 

KOppeKUHH aMnJIHTy,ll, onpe,lleJieHHbie .llJlll Ka)K,llOro MO.llYJill ,lleJieHHeM 1,8 faB · 

Ha HOMep Kattana ADC, KOTOpbIH coorneTcrnyeT MaKCHMYMY cneKTpa OT MIOOHOB 

8 Ka)K,llOM MO.llyne, T.K. MO.llYJIH no aMnJIHTy,lle BbipastteHbl C TO'IHOCTbIO TOJibKO 

± IO%. B .llaJibHeiiweM 3Ta Kanu6posKa nposepena no JaperncTPnposaHHhIM 

a.upottaM pa3Hb!X 3Heprnfl (CM. pnc. 14, rpacpnK 9); KLED; - K03q>q>HUHeHTbl 

OTHOCHTeJibHOH KOppeKUHH, Y4HThIBaIOmHe H3MeHeHne aMnJIHTy.ll B OT,lleJibHbIX 

MO.llYJillX C Te'leHHeM BpeMettn: 

LED;o A~IN, K - t"Ato LED; - LEDi PIN (5) 

r.lle LED;0 (LEDD - aMnnHTy.lla cnrnana Ka)K,lloro MO.llyna OT cseTO.llHO.lla B 

Ha'laJihHhlH (TeKymHii) MOMeHT speMetttt; A~IN (A~1N) - aMnnHry.lla cHrnana 

PIN-.llHO.lla B TeKymnii (Ha'laJihHhIH) MOMeHT speMettn. 

TTpH tta6ope .llaHtthix no MIOOHHOH nporpaMMe B COMPASS ncnonhJyeTCll 

HeCKOJibKO TpttrrepoB [12, 13]. Cpe,llH HHX eCTb HHKJII03HBHbIH Tpnrrep, nOCTPO

eHHblH Ha OCHOBe CUHHTHnJillUHOHHbIX ro,llOCKOnOB, pernCTPHPYJOlUHX na.uaIOmHe 

H paccellHHbie B MHWettn MIOOHbl. 3-rn MIOOHbl ,llOJI)l(Hbl npoxO,llHTb qepe3 ueH

TpaJibHOe ornepCTHe KanopnMeTPa. B KaJIOpHMeTp nona.uaIOT .llpyrne 'laCTHUbl, 

po)K,lleHHble B ,llaHHOM co6bITHH " 3apernCTpnpoBaHHhie TpeKOBblMH ,lleTeKTopaMH 

.llO H nocne MarnnTa SMI. KpoMe Cl-ffHaJIOB, Bbl3BaHHb!X B KaJIOpHMeTpe 'laCTH

uaMH, eCTb CHrHaJibl, CBll3aHHbie C wyMaMH, B03HHKaI01UHMH · B ero 3JieKTpOHHKe. 

113Mepettttll 6e3 nyqKa noKa3aJIH, 'ITO nOllBJieune wyMOB BbIIlle 0,5 r3B MaJIOBepo

llTHO. lliia yMeHbilleHHll KOJIH'Jecrna HHq>OpMaunn, OCTaBJilleMOH .llJlll ,llaJibHeiiwero 

ananHJa, ycrnttoBJiett nopor na ypostte 0,8 r3B. 

Ha pnc. 14 npHBe,lleHbl npnMepbl cneKTPOB 3HeproBbl,lleJieHHH B KaJIOpHMeTpe 

accounHpOBaHHbIMH 'laCTHUaMH .llJlll 0,llHOro H3 nepttO,llOB pa60Tbl. Accounnpo

BaHHblMH 3JleCb Ha3BaHbl 'laCTHUbl, KOTOpblM COOTBeTCTBYJOT TpeKn, HaH,lleHHbie 

nporpaMMOH reoMeTpnqecKoii peKOHCTPYKUHH COMPASS - CORAL [14] n 

3KCTpanonnposauttbie B HCALI. Ilpn 3TOM .llJlll Ka)K,lloro HJ cneKTPOB 1-8 oron

pannch co6bITHll, KOr,lla 'IHCJIO MO,llyJieH, o6pa30BaBWHX KJiaCTep, 6b1JIO 6onbille 

'leM 3 n nMnynhc accounnposanttoro TPeKa, soccTaHoBJieHHhIH B CORAL, 6bm B 

HHTepsane ~ 0,25 faB/c BOKpyr 3Ha'lettnii OKono ~ 5, 7-34 faB/c. Ilo.ll KJiacTe

poM 3,lleCb no,llpaJYMeBaeTCll 'IHCJIO coce,llHHX MO.llyneii, B KOTOpblX Bbl,lleJIHJIOCb 

6onee 'leM 90 % 3Heprnn Bcero JIHBHll. 3-roT KOHKpeTHb!H KpHTepHH OT6npaeT 
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60 o=5,87 o= 5,77 30 P = 0,97 ± 0,01 
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Ec1ust•rc1B Ec1us1, rc1B P, rc1B/c 

Pttc. 14. CrreKTpbl :meproBhl,lleJieHHH B KarIOpHMeTpe accou1111poBaHHb!MH qaCTHUaMI-I pa3-

Hb!X HMrrymcoB B HHTepBaJie 5-34 faB/c (rpacp11K1-1 1-8); 3aBHCHMOCTh aoccrnttoBJieuttoii: 

3Hepnm OT HMIIYJibCa accou1111poBaHHblX qaCTHU (rpacpl-lK 9) 

co6bITHll, KOr,lla 3HeprI-Ill qaCTHUbl B0CCTaHaBJIHBaeTCll IIO KJiacTepaM, BKJIIO'laIO

lUHM 'leTbipe HJIH 6oJihille MOJlyrrefl, H COOTBeTCTByeT pa3BHThIM ll,llepHhlM JIHBHllM. 

flnBHH, OCTaBJillIOlUHe 3HeprnIO B 0,llHOM-TPeX coce)lHHX MO.llYJillX, HCKJIIO'leHhl U3 

3TOro aHaJIH3a. Pacnpe,lleJieHHll 3HeproBhl,lleJieHUH .llJlll Ka)K,ll0ro HHTepaana q>HTH

p0BaJIHCh rayccOBCKOH cpyHKUHeii. Ha rpacpnKe 9 puc. 14 IlOKa3aHa JaBUCHMOCTh 

3Hepmu qacn1u, H3MepeHHOH TaKHM o6pa30M JlJlll Ka)K,lloro UMnyrrhCHOro HHTep-
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Balla, OT l:IMnyJihCa qacTl:IU- 3-ra JaBl:ICl:IMOCTb xopOIIIO annpOKCl:IMl:lpyeTCH npHMOll 

JII:!Hl:lett Erec = A+B-p, r,ue IIOCTOHHHhltt 'IlleH A= 0,1±0,2 B npe,uenax OIIII:160K 

paBeH Hymo, a HaKJIOH npHMOll B = 0,97 ± 0,01 ,uaeT 3HatieHl:le nonpaBOlIHOro 

cpaKTopa ,unH K03cpcp1:1u1:1eHTOB KE;, Bh16paHHhIX npoue,uypoii Kan1:16poBK1:1 Ka

nop1:1MeTpa MIOOHaMl:I rano_ AHalll:13 pa60Tbl KallOpl:IMeTPa B 3KCIIepl:IMeHTe np1:1 

6onee BbICOKl:IX 3Heprl:15IX orpaHl:ltieH l:IMeIOll(eHCH CTaTl:ICTl:IKOll co6b!Tl:lll-

? 1,2 

I --------R., 0,81 -~------------------

0,6, • 

0,4 

0,2 

0 5 10 15 20 25 30 35 40 
P, f3B/c 

i 5 ~ P2A(l,OO) ij " P2D (0,95) 
o • P2E (0,90) 
~ 4 • P2F (0,85) 
~ o P2G (0,80) 

~ 3 

~ 
0 2 

P1:1c_ 15_ 3aBl:ICl:IMOCTb 3cpcpeKTl:IB

H0CTl:I perncrpau1:11:1 aJlp0H0B B 

HCALl OT 1:1Mnynr,ca accou1mpo

BaHHL1x tiaCTl:IU 

P1:1c_ 16_ CrreKTpr,1 3Heprnii: 'la

CTI:IU, 3aperncrp1:1poBaHHhIX KaJI0-

pl:IMeTp0M B Te'leHl:le )lJll:ITeJih

H0ro rrepl:I0)la BpeMeHl:I_ IloKa3aHhl 

TaIOKe qlaKTOphl, BBe)leHHLie JlJIH 
0 5 10 15 20 HarJIH)lHOCTl:I rrpeucraBJieH1:1» uaH-

Ec1ust• f3B HhIX 

Ilp1:1 npaBl:IJihHO BL16paHHhIX HanpH)KeHl:IHX Ha <l>3Y 1:1 noporax ADC Kano

p1:1MeTp, KaK :meKTpOHHblll rrp1:16op, ,UOJI)KeH l:IMeTb npaKTl:ltieCKl:I 100 %-IO 3cp

cpeKTl:IBHOCTh_ B cnyqae c HCALl B orrpe,ueneH1:1e :;,icpcpeKTl:IBHOCTl:I Kanop1:1MeTpa 

BXO,Ul:IT TaK)Ke 3cpcpeKTl:IBHOCTb nporpaMMhl IIOl:ICKa KJiaCTepoB l:I peKOHCTPyKUl:ll:I 

1:1x 3Heprn1:1_ IIonHaH 3cpcpeKTl:IBHOCTh HCALl B JaBl:ICl:IMOCTl:I OT l:IMIIYJihca tiaCTl:IU 

IIOKa3aHa Ha p1:1c_ 15_ OT6l:lpalll:ICb co6bITl:151, B KOTOphlX TpeKl:I 3KCTpanon1:1poBa-
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JII:!Ch B HCALl. B1:1,uHo, tITO np1:1 P > 5 faB/c II0JIHaH 3cpcpeKTl:IBHOCTh HCALl 

6mBKa K 100 %_ 

Ha p1:1c_ 16 rrpe,UCTaBJieHhl cneKTphl Bcex 3aperucTp1:1poBaHHhlX KanopnMeTpOM 

qacmu, npoIIIe,UIIIl:IX qepe3 rrepByIO cryneHh cneKTpoMeTpa COMPASS lI HCALl 

1:1 BOCCTaHOBJieHHhIX rrporpaMMOll reoMeTPl:llleCKOll peKOHCTPYKUl:ll:1- OHl:I COOTBeT

CTByIOT HecKOJihKl:IM rrep1:10,uaM pa6oTLI ycKop1:1TeJIH (P2A-P2G) B Tetie1rne ceattca 

2002 r_, ,L{Jll:IBIIIerocH 6onee Tpex MeCHUeB, l:I' ,ueMOHCTpl:lpyIOT CTa6l:IJibHYIO pa-

6ory HCALl. Eonee rro,upo6110 o6pa6oTirn ,uauuhlx, nonyqeHHhIX c Kanop1:1MeTpa, 

on1:1ca11a B [15]. 

Bo BpeMH Ha6opa ,uaHHbIX ,L{JIH KOHTpOAA pa60Thl KallOpl:IMeTpa orrepaTl:IBHO 

1:1crronr,J0Ban1:1ch ,uBe rrporpaMMLI: nporpaMMa COOOL [16], coJ,uaHHaH ,una Beem 

cneKTpoMeTpa COMPASS, 1:1 nporpaMMa «Mo111:1Top HCALl», 11an1:1caHHaH TOJihKO 

,unH KOHTponH a,upoHnoro Kanop1:1MeTpa HCALl. O6e rrporpaMMhI Moryr pa6o

TaTh B 011-naiiu- 1:1 ocpcp-naiiu-pe)Kl:!Max 1:1 Bhl,L{aBaTh rucTorpaMMhI, nonyqeHHLie Ja 

orrpe,ueneHHLIH rrpoMe)KYTOK Bpe111e111:1, KaK ,unH Bcero Kanop1:1MeTpa, TaK 1:1 ,una ero 

oT,uenhHhIX qacTeii_ .[{mI rrp1:1Mepa 11a p1:1c_ 17 rrp1:1Be,ueHhl ,uBy111epttr,1e pacrrpe,ue-
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Puc. 17_ .UBYMepnr,1e u oun0Mepnr,1e pacnpeuenenHH co6L1Tttii: B HCALl, rronyqenm,1e 

rrporpaMMoii: COOOL: I - qacrorn cpa6aTr,rnanHH Mouyneii: KanopnMeTpa; 2 - pacrrpe

uenem1e aMIIJIHTYJl B Mouyn»x; 3 - JlBYMepHoe pacrrpeuenettue aMIIJIHTYJl B Mouyn»x; 4 -
pacrrpeuenem1e IllYMOB B M0JlyJI»x; 5 - MH0)KeCTBeHH0CTh cpa6aTLIBamra MOJlyJieii:; 6 -
'laCToTa cpa6aTLIBaHHH MOJlyJieii:; 7 - CYMMapnhle aMIIJIHTYJlhl 6e3 mlJIO)KeHHH rropora; 8 -
cyMMapm,Ie aMIIJIHTYJlhl C HaJIO)KeHHeM rropora B Tpttrrepe 
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nemra Il rncTorpaMMbI, nonyqeHHbie c noMOIUbIO nporpaMMbI COOOL B pe)KIIMe 

OH-naiiH. Pa3Mep npHMoyronbHilKOB, Il306pa)KaIOmIIx MO_eynll Ha JWYMepHbIX pac

npe,neneHiljJX (x, y), no3BOAAeT Ka'leCTBeHHO onpe,neAATb 'laCTOTY cpa6aTbIBaHilH 

OT,llenLHbIX Mo,nyneii (.nBYMepHbie pacnpe,neneHiljl 1, 4) llnll aMnnHry.ey B HilX 
(.nBYMepHoe pacnpe,neneHile 3). 

B nporpaMMe «MoHilTOp HCALl» Moryr BbIBOJlllTbCH aMnnHry,nHbie cneKTpbI 

mo6oii II3 30 rpynn, cneKTPbI aMilnIITY.ll OT,llenbHbIX Mo.eyneii OT nyqKa Ilnll OT 

cBeTo,nHo,na, a TaK)Ke PIN-,nHo,na KOHTPOnbHOii CilCTeMbI, CYMMapHbIH 3HepreTil- . 

'leCKilll cneKTp KanopHMeTpa, .llBYMepHoe pacnpe,neneHile X, y, KOppeAAI.lllH CYMM 

ADC KanopIIMeTpa Il TpIIrrepHbIX CYMM (cM. pa3,nen 6) Il ,np. 

6. DPHMEHEHHE KAJIOPHMETPA )]).I.SI NbICTPOro 3ADYCKA 
CDEKTPOMETPA 

Mo.eynLHaH CTPYKTYPa HCALl no3BOAAeT Hcnon1,JoBaTb ero B CIICTeMe TaK 

Ha3bIBaeMoro 6bICTporo KanOpllMeTpll'leCKOro Tpllrrepa (nepBoro ypOBHH) 

COMPASS [12, 13]. TaKoii TpIIrrep oT6HpaeT co6bITiljl c 3a,naHHbIM MilHilManb

HLIM 'IIlCnOM a,npOHOB II IlX 3Heprnii B KOHe'IHOM COCTOHHilII. 113 MO,nenllpOBaHilH 

KanOpllMeTpa MeTO,llOM MoHTe-Kapno Il3BeCTHO, 'ITO npll 3Heprnll 0,llllHO'IHOro 

a,npoHa 6on1,we 10 f3B 6onee 11eM 90 % ero 3Hepnm Bbl,lleAAeTCH B I.lllnIIH,npe 

pa,nIIycoM ~ 20 CM, paBHbIM MilHe H,nepHOro B3aIIMO,lleHCTBiljl. Cne,noBaTenbHO, 

Cllman, COOTBeTCTBYIOIUIIH nO'ITII nonHOH 3Heprnll a,npoHa, MO)KeT 6bITb nonyqeH 

CYMMilpOBaHileM c nnoma,nll 60 x 60 CM, T. e. rpynnbI 4 x 4 Mo.eyneii. TaKaH 

onepaulljl BLmonHHeTCH 3a 300-400 HC Ha cxeMax aHanoroBoro CYMMHpoBaHiljl 

[12]. Ilocne 3Toro pe3ynLTilPYIOII.lllH cIIman OT rpynn1,1 nocrynaeT Ha coBna,neHIIe 

co CI.lllHTilnnHI.lllOHHbIMII ro,nOCKOnaMII, pernCTPIIPYIOIUilMU na,naIOII.lIIll u pacce

HHHhlll MIOOHbI. Ilpll IICnOnh30BaHUil ,llllCKpHMilHaTopoB co cne,nHII.lllM noporoM 

(CFD) MH TaKIIx coBna,neHIIii ,nocmmyTO BpeMeHHOe pa3peweHHe ~ 1,4 Hc [13]. 
CYMMHpoBaHHe CHmanoB c Mo.eyneii HCALl npoH3BO.llHTCH TpHrrepHLIMH 

60KCaMII, pacnono)KeHHbIMil pH,llOM C q>OTOYMHO)KilTenHMil C3a,llll KanOpHMeTpa. 

Ha K~bIH 6oKc no,naIOTCH cHman1,1 c 16 <l>3Y Il3 rpynn1,1 4 x 4 (11eTb1pe H11eiiKH 

2 X 2 MO.eyneii) OTpe3KaMil Ka6eAA nepeMeHHOll MilHbI 0,6-2 M. C nOMOII.lbIO 3TilX 

Ka6eneii BbipaBHeHbI 3a,nep)KKil BhIXO,llHhIX CilmanoB co Bcex MO_eyneii KanopnMe

Tpa. B1,1paBHHBaHHe 3a,nep)KeK ocymecTBAAnoc1, nocne npoBe,neHnH KanH6poBKH Il 

Il3MepeHiljl OTHOCIITenbHbIX 3a,nep)KeK cnmanoB MO.eyneii. Ha BXO,ne TpHrrepHoro 

6oKca npoH3BO.llHTCH pa:3BeTBneHHe aHo,nHoro cHmana <l>3Y Ha ,nBa cnmana, O.llHH 

Il3 KOTOpbIX IlCnon1,3yeTCH MH CYMMIIpOBaHiljl (S-1) (pHC. 18), a ,npyroii - 11epe3 

Ka6enb 50 OM MHHoii 140 M no,naeTCH Ha 6nOKil 6LICTPLIX ADC MH nocne.ey-

10meii 3anllCil aMnnury,nbI CHmana B 3BM COBMeCTHO C ,npyroii IIHq>OpMal.lHeii 

0 ,naHHOM co6bITIIIl'. CHmanbI C BbIXO,lla TpHrrepHbIX 6oKCOB - 'leTbipe CYMMbI 

CHmanoB 2 x 2 Mo.eyneii - nepe,naIOTCH no Ka6enIO co CKpyqeHHbIMII napaMu 
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Puc. 18. EnoK-cxeMa C}'MMUpoBaHIIH aHanoroBbIX cnrnanoB MOJlyneii: HCALl JlJIH 1IcnonL-
30BaHIIH B TJ)lIITepe: S-1 - nepBM cryneHL C}'MMIIp0BaHIIH; sss 1-4 - BTOpLie cryneHlI 
C}'MMIIp0BaHIIH; CFD - JlIICKpIIMIIHaTOp co CJICJUIIUHM noporoM; Low-thr - Bh!X0}l C 
Hll3KIIM noporoM; Upp-thr - Bh!X0}l C BhlC0KlIM noporoM; Trig - TpHrrepHM JI0flIKa; 
L(l-4) - TpnrrepHLie cnon 

MHHOH 25 M B ,llOMIIK 3KCnepHMeHTaTopa, r,ne naCCilBHO pa3BeTBnHIOTCH Ha qe

Tblpe cnmana Il HCnOnb3YIOTCH ,nAA q>OpMHpOBaHIIH 'leTbipex «TpHrrepHbIX cnoeB», 

noKpbIBaIOII.lllX BCIO noBepXHOCTb KanOpHMeTpa (CM. pHC. 18) [13]. B ,nanbHeiiweM 

CHmanbI co cnoeB qepe3 MYnbTilnneKCOp no,naIOTCH Ha BTOpyIO cryneHb CYMMil

poBaHHH (SSSl-4). Ilocne CYMMHpoBaHiljl oHn nocTynaIOT Ha ,nHcKpIIMHHaTOpLI 

co cne,nHII.lHM noporoM (CFD) c .llBYMH nporpaMMHo-ynpaBmieMLIMH BbIXOJlaMH, 

COOTBeTCTBYIOIUHMil pa3HbIM 3HepflljJM a,npoHOB: 1-ii - Ha ypoBHe OKono 5 f3B 

(Low-thr)~ 2-ii - Ha ypoBHe oKono 10 f3B (Upp-thr). C BLixo,noB CFD c11man1,1 

HanpaBAAIOTCH Ha TpHrrepHyIO nOilIKY-

AHanoroBbie CyMMapHLie cHman1,1 OT rpynn no 16 Mo.eyneii - 4 x 4 - no

CTynaIOT Ha 6noK TPHrrepHoro ADC .nAA KOHTponH. CooTBeTCTBYIOII.lHe HM norn-
11eCKHe CHman1,1 MH ,nByx noporoB CFD nocrynaIOT Ha npeo6pa3oBaTenH BpeMH

I.lllq>pa (TDC) ,llAA KOHTPOAA pa36poca BpeMeH npHxo,na KanOpHMeTpH'leCKOro 

Tpnrrepa. Ha .llBYMepHOM rpaq>nKe pHc. 19 HnnIOCTpllpyeTCH pa6oTa a,npOHHOfO 

KanopHMeTpa c KanOpHMeTPH'leCKIIM TpHrrepoM cneKTpOMeTpa Ha nyqKe 160-faB 
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Pttc. 19. Jl.BJMepHoe pacnpene.rreHHe aM~llT)'i:tHhIX CJMM ADC H pa36poca apeMeH rrpttxona 
COOTBeTCTB)'IOIUHX Cj'MM C TpttrrepHbIX 60KCOB B KaJIOpllMeTpll'leCKllH TPHITep 

MIOOHOB. Xopomo BimeH nopor 5 fsB, ycrnttoBJieHHhIH WUI 3Hepnrn a,npotta. Eo

nee noJJ:po6tto IIcnonb30Bamie KanopIIMeTpIIqecKIIX cIIrnanoB WUI 3anycKa cneK

TpoMeTpa BMeCTe co cxeMaMII CYMMIIpOBaHmI II3nO)KeHO B pa6ornx [12, 13]. 

3AKJUOqEHHE 

Co3J:(aH a,npoHHbIH KanopIIMeTp HCALl WUI 3KCnepIIMeHTa NA58 

(COMPASS) Ha Kattane M2 ycKopHTemi: SPS, QEPH. KanopIIMeTp IIcnonb3Y

eTcx KaK aBTOHOMHO, TaK II MX Bbipa6oTKII TpIIrrepa ycTaHOBKII. Ott COCTOIIT 

II3 480 Moeynen, IIMeIOIUIIX nonepeqHoe ceqeHIIe 15 x 15 CM II co6paHHb!X B 

MaTpIIuy c nnoma,nhIO 4,2 x 3 M II npxMoyronhHbIM OTBepCTIIeM B n:eHTpe 1,2 

X 0,6 M. K~blll MOJJ:Ynb COJ:lt!p)KIIT 40 cnoeB )Kene30-CU:IIHTIInJUITOp, a ero 

nonttax TOnIUIIHa paBHa 4,8 XJJ:epHbIX MIIH B3aIIMOJ:(eHCTBIIH. 3ttepreTIIqecKoe 

pa3pemeHIIe KanopIIMeTpa MX a,npOHOB (nIIOHOB) II 3neKTpOHOB B IIHTepBane 

3Heprnn 10-100 r3B, a TaK)Ke npocTpattCTBettttoe pa3pemeHIIe 6bmII onpeJJ:e

nettu Ha TeCTOBbIX nyqKax: (an(E))/E = (59,4 ± 2,9)/./E®(7,6 ± 0,4) %; 
(ae(E))/ E = (24,6 ± 0,7)/./E(f)(0,7 ± 0,4) %; ax,y = (14 ± 2) MM COOTBeT
CTBeHHO. CpeJJ:Hee 3HaqeHIIe OTHOllleHIIX e/1r, xapaKTepII3yromero aMilnIITYJJ:Hble 

OTKnIIKII KanOpIIMeTpa npII perncTpan:IIII 3neKTpOHOB II a,npOHOB OJ:(IIHaKOBOH 

3HeprnII, paBHO 1,2 ± 0,1. llIIHeHHOCTb KanopIIMeTPa npII onpeJ:(eneHIIII 3Hep
rnII qaCTIIU:, ycTaHOBJieHHM Ha TeCTOBbIX nyqKaX, IlOJ:(TBep)KJ:(eHa B J:(IIana3oHe 

5-35 fsB attanII30M J:(aHHhIX, 3anIIcaHHbIX B XOJ:(e 3KCnepIIMeHTa. IIpII 6onee Bbl

COKIIX 3Heprnxx attanII3 J:(aHHbIX orpaHIIqeH CTaTIICTIIKOH. KanopIIMeTp pa6oTan 
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CTa6IInbHO B Teqem1e J:(nlITenbHbIX neplIOJ:(0B tta6opa J:(aHHhIX C 3cpcpeKTIIBHOCThlO, 

6nII3KOH K 100 % . 
B 3aKnroqeHIIe KOnneKTIIB aBTOpOB Bbipa)KaeT 6onhmyIO npII3HaTenbHOCTh 

A.H. C1IcaKXHY, B. ,U. Kanarntty, A. r. BonoJJ:hKO 3a BHIIMaHIIe II nocTOXHttyIO noJJ:

J:(ep)KKY pa6oThI. 
ABTOphI 6naroJJ:apHhI KOnneKTIIBY UO'.3II n<1>q noJJ: PYKOBOJJ:CTBOM A. II. ,Uep

ryttoBa 3a 6onhlll0ll ofueM pa6oT, Bhmom1eHHhIX npII C03J:(aHIIII Moeynen KanOpII-

MeTpa. 
ABTOpbI Bblpa)Ka!OT 6ommyro 6naroJ:(apHOCTh 3.A.rapIIq>hXHOBY II 

11. A. MeJJ:BeJ:(eBy 3a pa6ory nplI c6opKe II MoJJ:epttII3an:1I1I KanopIIM~a. 

ABTOphI 6naroJJ:apHhI A. B. IIIImipy 3a noMOIUh npII II3roTosneHIIII ADC II 

KOHCynhTaU:IIII no ynpaBJieHIIIO BhICOKOBOnhTHhIM IllITaHIIeM <l>'.3Y. 
ABTOphI np1I3HaTenhHhI B. A. AttocoBy, 11. M. MenhHIIqeHKO, C. B. qepKacoBy, 

B. A. EomaHOBY, n. r.11rnaTOBOll, 11. B. IlleCTOBOH 3a TeXHIIqeCKYJO IlOMOIUh B 

XOJ:(e BbIIlOnHeHIIX pa6oT, M. r. Ka,nhIKOBY, B. r. KpIIBOXII)KIIHY, r.11. CMIIpHOBY 

II B. II. O6yJJ:oBCKOMY 3a yqacrne B pa6ornx Ha paHHIIX 3Tanax, C. B. ,UottCKOBY, 

B. H. KonocoBy II JJ:p. ttamIIM KOnneraM H3 11<l>B'.3 (IlpoTBIIHO ), a TaK)Ke MHO

rnM qnettaM coTpyJJ:HIIqecTBa COMPASS 3a nocTOXHHYIO noMOIUh II none3Hhie 

o6cy)KJ:(eHHX. 
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IlonyqeHo 30 Hm16p.11 2004 r. 

Bnacos H.B. H Jlp. lll3-2004-I86 
KanopnMeTp )ln.ll perncTpaunn aJipOHOB c ,meprn.llMH I 0-100 faB 

OnncaH KanOpHMeTp, npe)lHa3HaqeHHbIH )ln.ll perncTpaUHH a)lpOHOB B HHTep
sane :meprnii: 10-100 f3B B 3KcnepttMeHTe NA58 (COMPASS), UEPH, uenh KO
TOporo - myqeHHe CTpyKT)'pbl HyKJIOHOB H cneKTpOCKOilll.ll oqaposaHHbIX qacTHU. 
KanopttMeTp COCTOHT ll3 480 MOtzyneii:, HMeIOII.IHX nonepeqHoe ceqeHHe 15 x 15 CM 
ll co6paHHbIX B MaTpmzy 4,2 X 3 M, 0 np.llMOyromHhlM OTBepCTHeM B ueHTpe 
1,2 X 0,6 M. Ka)K)lb!H MOtzyni, CO)lep)I(HT 40 cnoes )I(ene30-CUHHTHnn.llTOp, IlOflHa.ll 
TOnll.lHHa KOTOpbIX 4,8 .ll)lepHbIX )lnllH B3aHMO)leHCTBHH. 3HepreTnqecKoe pa3perne-
1rne KanOpHMeTpa )ln.ll a)lpOHOB (nHOHOB) ll 3neKTpOHOB, a TaK)I(e npocTpaHCTBeHHOe 
pa3perneHHe 6hmH onpe)leneHhI Ha TeCTOBhIX nyqKax H cocrnsn.llIOT ( a 1r ( E)) / E = 
(59,4 ± 2,9)/y'E;Ef)(7,6 ± 0,4) %; (ae(E))/ E = (24,6 ± 0,7)/y'E;Ef)(0,7 ± 0,4) %; 
ux,y = (14 ± 2) MM coorneTcrne1rno, r)le E Bbipa)I(aeTC.ll B faB. Cpe)lHee 3Haqe
HHe OTHOIIIeHH.ll e/1r, xapaKTepmy10mero aMnnttry)lHhie OTKnllKll KanOpHMeTpa npH 
perncTpaUHH 3neKTpOHOB ll IlllOHOB O)lHHaKOBOH 3HeprHH B yKa3aHHOM )lHana30He 
3Heprnii:, paBHO 1,2 ± 0,1. 

Pa6oTa BhrnOnHeHa B Jia6opaTOpHH cptt3HKH qacTHU OJUH:I. 

TiperrpHHT Om,e)IHHeHHOfO HHCTmyra SIJ1epH1,IX HCCJJe)I0BaHHii . .lly6Ha, 2004 

TiepeBO)l aBTOpOB 

Vlasov N. V. et al. D13-2004-186 
Calorimeter for Detection of Hadrons 
in the Energy Range 10-100 Ge V 

The calorimeter for hadron detection in the energy range 10-100 Ge V is de
scribed. It is used at CERN in the experiment NA58 (COMPASS) designed to study 
nucleon structure and charmed particles spectroscopy. The calorimeter consists of 
480 modules (15x15 cm in cross section, interaction length 4.8) assembled in matrix 
4.2x3 m with a central hole of l.2x0.6 m. The energy resolutions of the calorimeter 
for hadrons_ (u1r) and electrons (ae) as well as coordinate resolution (ax,y) have been 
determined in the test beams to be (a1r(E))/E = (59.4 ± 2.9)/y'E; E9 (7.6 ± 0.4), 
(ae(E))/E = (24.6 ± 0.7)/JE E9 (0.7 ± 0.4), Ux,y = (14 ± 2) mm, respectively. 
The average ratio, characterizing the amplitude responses of the calorimeter to elec
trons and pions, is measured to be e/'rr = 1.2 ± 0.1. The calorimeter is used for 
measurements of hadron energy and as element of the COMPASS trigger system. 
The calorimeter has been working stable during the long COMPASS runs with char
acteristics close to those determined in the test beams. 

The investigation has been performed at the Laboratory of Particle Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna, 2004 


