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Ha 3ace,naHHH .l{liCCepTal(HOHHOrO COBeTa 11 720.001.03 B 06'he,nHHeHHOM 

HHCTIITyTe .sr.nepHhiX nccne.nonaHnii; 141980, r. lly6Ha, MocKOBCKM o6-

naCTh, Poccn.sr. 
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YtieHhiH ceKpeTaph .nnccepTal(HOHHoro ConeTa 

:mcrop •Pn3HKO-MaTeMaTn•ecxro< Hay>, "j r IO.A. 13aTycon 

BBe.n;eH:ue:· . r.:. ~, · .. 

llnccepTau:noHim.sr pa6oTa o6o6maeT Hau6onee · cymecTBeHHhle · pe3yiri.

TaThi 1980 - 2000 ro.non, nonytieHHhle· anTopoM B 3a:BepmeHHOM nccne.no:

namin B o6nacTn a,npoH-.sr,nepHhlX · B3aHMo,neiicTnnii: H3Mepe1mn cetieHnii 

p.sr,na HHKJII03HBHhlX peaKI(HH H pa3BHTHH MeTO.l{OB npel(H3HOHHOH a,npOH- . 

HOH KaJIOpHMeTpHH B 3KCnepnMeHTax HOBO~O DOKOJieHH.s£ Ha YCKOpHTeJIKX 

T3B-Horo .nnana3oHa. B nepnoii qacTn .nnccepTal(nn co.nep~aTcx'.naHHhle, 
B TOM 'IHCJie DOJiytieHHhle BDepBhle, 00 3KCDepHMeHTaJihHOM·HCCJie.l{0BaHHH 

npol(ecca a.npoHn3au:nn s-KBapKa B 7r+, K+ -pacce.srHnn Ha .sr,npax n o6nacTn 

cpparMeHTal(nn HaJieTmomero Me3oHa. P.sr.n 3THX pe3yJihTaToB ocTaiOTC.sr n 

B HaCTOKIUee BpeM.sr e.l{HHCTBeHHhiMH CBe.D;eHHKMH B yKa3aHHOH OOJiaCTH. 

BTopa.sr qacTh .nnccepTau:nn BKJIIOT:JaeT nonytieHHhle anTopoM pe3yJihTaThl 
. . 

3KCDepnMeHTaJibHOrO HCCJie.D;OBaHH.s£ DpOCTpaHCTBeHHOrO pa3BHTH.s£ a,npOH-

HOrO JIHBH.s£ H Ba:>KHhlX CBOHCTB KaJIOpHMeTpH'IeCKOro· KOMDJieKca 3KCDepn

MeHTa ATJIAC (U:EPH) c npnMeHeHneM HOBhlX MeTo,non · aHann3a nHcpop

Mal(nn, DOCTynaromeii C a,npOHHhlX KaJIOpHMeTpOB H KOMOHHHpOBaHHhlX 

KaJIOpHMeTpOB, COCTOKIUHX H3 3JieKTpOMarHHTHOH H a,npOHHOH 'laCTeft: 

Ooi.I..:(a.sr ·xapaKTep:ucTHKa paooThl · 
AKTYaJibHOC~b TeMI>i: .zrHCCepT~llll. Y HHKaJihHYIO ·. B03MO:>KHOCTh 

,l{JI.s£ DOJiytieHH.s£ He,nOCTYDHOH B ~pOH-a,npOHHhlX B3aHMO,l{eHCTBHKX HHcpOp

Mal(HH o npocTpaHCTBeHHO-BpeMeHHOii CTPYKType CHJihHhlX B3anMo,neiicT

nnii n o I(BeTonoii: CTPYKType a.npoHOB npe.n;ocTann.sreT n3ytieHne a.npoH

.sr,nepHhiX B3aHMO,l{eHCTBHH. J.:byT:JeHne 3cpcpeKTOB BpeMeHH cpopMHpOBaHH.s£ 

aiipoHa B03MO:>KHO .DpH HCDOJih30BaHHH .sr,npa, KaK. COBOKYDHOCTH HYKJIOH-. . . - ,.; . 
HhlX MHilleHe:ii., DOCKOJihKY xapaKTepHOe BpeM.sr CHJihHhlX B3aHMO,l{eHCTBHH 

cocTann.sreT nop.sr,nKa o.n:Horo cpepMn. 3cpcpeKT B3aHMHoro "3KpaHnponaHn.sr 

I(BeTa" pa3JIH'IHhlX COCTaBJIKIOlUHX a,npOHa KBJIHeTC.s£ O.l{HHM H3 . Ba:>KHe:ii

illHX KaT:JeCTBeHHhlX npe.ncKa3aHH:ii KBaHTOBo:ii xpoMo,nnHaMHKH. OH npo

.srnn.sreTc.sr B 3aimCHMOCTH ceqeim.sr B3aHMO,ne:iiCTBH.s£ OT Cpe.n;HeKBa,npaTHT:J

HOrO pa,nnyca a,npOHa. 5IpKHM CJie.D;CTBHeM 3cpcpeKTa ''3KpaHHpOBaHH.s£ I(B&

Ta" HBJIHeTCH "I(BeTOBM Dp03patiHOCTh" .sr,nep ,l{JI.s£ "c:>KaThlX" a,npOHHhlX 

KOHcpnrypal(n:ii. IIpocTpaHc;neHHO-BpeMeHHM CTPYKTypa npol(ecca "3Kpa

HnponaHn.sr I(BeTOBhlX 3ap.sr,noB". npHBO.l{HT K · HeTpHBHMhHOMY ·· .sr,nepHOMY 

3KpaHnpoBaHHIO KaK :>KeCTKHX, TaK n M.srrKHX npol(eccon. AKTyanhHO:ii npo-

6neMoii: cpii3IIKII 'laCTIII( HBJIHeTC.s£ 3KCnepnMeHTaJihHM npOBepKa cpyH,na-, 

MeHTaJihHhlX npe.n;cKa3aHn:ii KX.II B a.npoH-.sr,nepHhlX B3aHMO,neii:cTnn.srx .nn.sr 

MKrKHX DpOI(eCCOB. • 

.. Ilepnrur T:JaCTh .nnccepTau:n.sr o6o6maeT 3anepmeHHhle pe3yJihTaThl: n3y-
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-qeHiur npouecca a.npoHII3aUIIII-S-"KBapKa;·:BhlnonHeHHoro Ha cneKTpoMeTpe 
"T' " 0 . }.., 1Ipepon :, B. paMKaJC:_ nporpaMMhl no, IICcne.n:osaHIIIO ·- o6pa3oBaHIISI II . p(tc-

na.nos Me30HOB .B, IIHKJII031IBH!>IX' npou;eccax: Ha ,YCKOpiiTeJie · Y-70 (11 <I>B9) 

::1f:t,+A:-:-tK~+X, ,· . .:,K~,_-:-:+.1f-t:1f:~;,• 1 ·: ·(A=Be,.Cu), (1) 
K++ k"-t K 0 +X,· '- · 'K0'4 1r+1r-, : > · (A=Be,' Cu; Pb), (2) 

x+'+1A ·~K*(892)0 '-t'X,. K*(892) 0 4 K+?f·""; .(A= B~; GiL, Pb) (3) 
7 ~ j ' ." ' ' I ._,., ; ; • ' • • \ . • • • ; •• • - J - • ,. ' ' ' ' ,. ' • : + • • • ; ~ .: ; ~ ' " 

B 06JiaCTII <l>parMeHTaiJ;IIII (0,4 < Xj < 1, Pt< 0,5.r3Bjc) HaJieTaiOIUII?C 

a,npOHOB (1r+, K+) npii 3Hepr1III 11,2 r3B. 

·. AKTYaJihHOCTh II3MepeHIISI ce"<IeHIIH IIHKJII031IBHhiX npoueccos npn 3Hep

r1Isrx ~ 10 r3B ITO,D;TBep)I{,D;aeTCSI ocymecTBJieHIIeM B UEPH lliiipOKOH npct 

rpaMMhi IICcne.n:oBaHIIH peaKUIIH hA-th+ X Ha ycTaHOBKe HARP1l ..• · : 
IIccne.n:osaHIIe TeopeTII"<IeCKIIX acneKTOB a.npOHII3aiJ;IIII Ha sr.npax B MO

,neJIII "3KpaHIIpOBaHIISI IJ;BeTa" 2 ) II ITOITbiTKII 3KCnep1IMeHTaJihHOI'O 06Hapy

.>KeHIISI. 3<l><l>eKTOB KXLI coxpaHSIIOT CBOIO aKTY~hH@CTh .no HaCTosrmero 

speMeHII. TaK, HanpiiMep, He,n:aBHO nonyqeHo yKa3aHIIe na o6Hapy.>KeHIIe 

3<l><l>eKTa npii IICCJie,noBaHIIII peaKUIIH p,A -t p0 p,A npii 4 70 r3B B 3Kcne

p1IMeHTe E665 (Fermilab ) 3l; ITOIICK 3Toro 3<l><l>eKTa se.neTcsr B npoueccax 

eA -t p0eA npii 25,5 r3B B3Kcnep1IMeHTe HERMES (DESY)4l. 
I13MepeHHble ceqeHIISI a,npOH-SI,nepHbiX B3aiiMO,neHCTBIIH 6y,n:yT ITOJie3Hhl 

llpii ITJiaH1IpOBaHIIII nporpaMMbl a,npOH-sr,nepHbiX II sr,npo-sr,nepHhiX IICCJie.n.o

BaHIISI Ha EonhrnOM a.npoHHOM Konna:H.nepe (EAK) B UEPH II .nnsr 6onee 

,neTaJihHOI'O OITIICaHIISI pa3BIITIISI a,npOHHhiX JIIIBHeH B nporpaMMax MO,D;eJIII

pOBaHIISI (HanpiiMep, MARS II GEANT), IICITOJih3yeMhiX B 3KcnepiiMeHTax, 

no.no6HhiX ATJIAC II B <l>1I31IKe KOCMIIqeCKIIX nyqe:H. 

Ba.>KHeHrniiMII 3a,naqaMII coBpeMeHHOH <l>1I31IKII BhiCOKIIX 3Hepr1I:H srBnsr

IOTcsr IICCJie.rJ:OBaHIIe MexaHII3Ma CTIOHTaHHOI'O HapyrneHIISI CIIMMeTpiiii B 

3JieKTpo-CJia60M CeKTOpe <l>YH,D;aMeHTaJihHbiX B3aiiMO,D;eHCTBIIH (TIOIICK O,D;

HOrO IIJIII 6onee XIII'I'COBCKIIX 6030HOB), IICCJie.D:OBaHIIe HOBhiX <l>II31IqeCKIIX 

SIBJieHIIH 3a npe,n:eJiaMII CTaH,napTHOH MO,D;eJIII (cynepC1IMMeTp1ISI), npeUII31I

OHHOe 1I3MepeHIIe MaCChi t-KBapKa II W-6030Ha, ITOIICK CTpyKTyphl KBapKOB. 

Llnsr perneHIIsr 3TIIX 3a,na-q npe,nHaJHa"<IeHa ycTanOBKa ATJIAC. 06Hapy.>Ke

HIIe XIII'I'COBCKOI'O 6030Ha Kap,niiHaJihHbiM o6pa30M 3aBIICIIT OT KaJIOpiiMe-

l) F.Dydak et al., Proposal to Study Hadron Production for the Neutrino Factory 
and for.the Atmospheric Neutrino Flux, CERN-SPSC/99-35, 1999. 

2 l B.Kopeliovich et al., PL B368 (1996) 187; PL B403 (1997) 128. 
3l M~R.Adams et al., PRL 74 (1995) 1525. 
4> KAckerstaff et al., PRL 82 (1999) 3025. 
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ipii"<IeCKOH IIH<l>OpMaUIIII. B o6nacTII Mace my Me)I{,D;y npe.nenoM"<IYBCTBII

TeJihHOCTII LEP-2 <~ 100 r3B) II my = 130 r3B' HIDI6onee BeposrTeH 

K~man H -t //, npii"<IeM 'Y-KBaHThl 6y.nyT periiCTp1IpoBaThC.sr 3JieKTpoMar

HHTHhiM KanopiiMeTpOM; B o6naCTII 130 <my < 600 T3B Mo,na pacna.na 

H -t Z Z* -t 4l peKoHcTpy1IpyeTcsr c IICITOJih30BaHIIeM KaJIOpiiMeTpii"<Ie- . 

ctw:H IIH<l>opMan;IIII .nnsr Bhr,neneHIISI .~ 2 3JieKTpOHOB. B o6o1Ix cnyqasrx <Po

HOBbie C06hiTIISI OTCeKaiOTCSI C IICITOJih30BaHIIeM KaJIOpiiMeTpii"'IeCKOI'O KOM

ITJieKCa. Llnsr npiiMepa, ceqeHIIe o6pa3osaHIISI xiirrcoscKoro 603oHa: c Mac

co:H ~500 r3B COCTaBJISieT 10-110"tot· Ilp1I my > 600 T3B ,D;OMIIHIIPJIOT 

K~HaJihl: · H -t Z Z ·-t lluv, .nn.sr Bbl,D;eJieHIISI KOTOporo· Heo6xo.nnMo TO"'I

Iioe II3MepeHIIe KaJIOpiiMeTpii"'IeCKII~ KOMITJieKCOM He,nOCTaiOIUeH nonepe"'I

HOH 3Hepr1III, II H -t WW -t lv jet jet, KOTOphi:H MO>KeT 6hlTh o6Hapy.>KeH 

B cJ:ry-qae peKOHCTpyKUIIH W -t jet jet C HCITOJih30BaHIIeM KaJIOpiiMeTpiiii. 

' · IIccne,noBaHIIe xapaKTepiiCTIIK a.npoHHoro KanopiiMeTpa · HOBoro TIIna, 

C npO,D;OJihHbiM paCITOJIO:>KeHIIeM ,neTeKTIIPYIOIUIIX 3JieMeHTOB ·(piiC. 8E), 

II Bcero KaJIOpiiMeTpii"<IecKoro KOMni:reKca 3Kcnep1IMeHTa · ATJIAG, pa3pa-

6oTKa II npiiMeHeHIIe HOBhiX MeTO,D;OB aHaJIII3a KaJIOp1IMeTp1I"'IeCKOH IIH<l>Op

MaiJ;IIII - SIBJISIIOTCSI a:KTYaJihHhiMII np06JieMaMII <l>1I31IKII BbiCOKIIX 3Hepr1IH. 

PerneHIIe 3TIIX 3a.naq Heo6xo,n1IMO .nnsr II3y"<IeHIISI <l>1I31I"<IeCKIIX npoueccos B 

HOBOM T3B:.HoM 3HepreTII"<IecKqM ,niiana3oHe npoTOH-npOTOHHhiX B3anMo

.ne:llcTBIIH (HanpiiMep, ,D;JISI IICCJie.rJ:OBaHIISI KOJIJieKTIIBHbiX 3<l><l>eKTOB B Co-

6hiTIISIX C npe,n:eJihHO 60JihlliOH MHO.>KeCTBeHHOCThi05)). 

PerneHIIIO aKTyanhHhiX 3a,na-q npe:UII31IOHHOH a.npoHHO:ll KanopiiMeTpiiii 

B 3KCnep1IMeHTaX HOBOI'O ITOKOJieHIISI Ha yCKOpiiTeJISIX T3B-HOI'O ,D;IIana30Ha 

3Hepr1IH ITOCBSIIUeHa BTOpasr "<IaCTh ,D;IICCepTaiJ;IIII. 

l(eJib llCCJie,nOBa.HllR: 

1. IIonyqeHIIe HOBhiX 3Kcnep1IMeHTaJihHhiX ,naHHhiX o ,D;IIHaMIIKe MsrrKIIX 

a.npoH-sr.nepHbiX B3aiiM:o.ne:llcTBIIH 1np1I BhiCOKIIX 3Hepr1Isrx. IIccne.n:oBaHIIe B 

paMKax COBpeMeHHhiX MO,neJihHbiX npe,nCTaBJieHIIH npou;ecca a,zipoHii:Jau;IIII 

S-KBapKa B sr,nepHOll Cpe,n:e. 

2. Pa3pa6oTKa HOBhiX MeTo,noB aHaJIII3a KaJIOpiiMeTpii"<IecKo:H IIH<l>OpM:a

UIIII, o6ecne"<IIIBaiOIU1IX ,D;OCTII.>KeHIIe ±2% JIIIHeHHOCTII II 3HepreTII"'IeCKOI'O 

pa3perneHIISI 50%/VE E9 3%, "'ITO IT03BOJIIIT npOBeCTH ITOIICK XIIrrcOBCKIIX 

6o30HOB (H 4 WW, H -t bb, A0 / H0 -t rr), cTpyKTyphl KBapKOB II .srBne

HIIH 3a npe.n:enaMII CTan.napTHOH Mo.nenii, cymecTBeHHO nOBhiCIITh TO"<I-

5> IO.A.Kym,qmjirnii n: .z:tp., Hccne.z:toBaime KopperuiTOpoiJ .z:tJISI coohlTHii c npazxeW,Ho 
oonbruoft MHO)KeCTBeHHOCTbJO a.z:tpoHos; .IloKna.z:t Ha 2-oft MIDK.z:tYJiapQ!lHOii KOH<lJepemum 
"Very High Multiplicity Physic8", 7-9 anpeJISI 2001, OH.siH, .Ily6Ha, Poccn:SI. 



HOCTb H3MepeH1UI MaCChi t-KBapKa H peillHTb ,n;pyrHe BruKHble <lJH3H'IeCKlle 

3a.n;a'IH B HOBOM T3B-HOM .n;Hana3oue npoTou-npoT~HHbiX ,B3aHMo.n;eiicT.B:~n1:. 
3.· ITonyqeuHe HOBbiX 3KcnepHMeHTaJibHbiX .n;aHHbiX. o npocTpaHCTBemioM 

pa3BHTHH a.n;pouuoro JIHBH.sr, .srBJI.sriOmeroc.sr npo.srBJieHHeM npouecca no.IT

H:oro nornomeuH.sr nepBH'IHOro a.npoua BBemecTBe (h±+ A-t X) 6>. 
4. ITonytJeHHe xapaKTepHCTHK a.n;pouuoro KaJIOpHMeTpa H Bcero KanopHMe

TpHtiecKoro KOMnneKca. 3KcnepHMeHTa A TJIAC npH o6nytJeHHH B nytJKax 

UHOHOB H 3JieKTpOHOB C 3HeprH.siMH 10-:- 300 r3B H CpaBHeHHe C pe3yJibTa-
TaMH MO,UeJIHpOBaHH.si. ,, 

Hayq}lruJ: HOBH3Ha. BnepBhle H3Mepenhl .n;H¢¢epenuHaJibHbie cetJe:HH.sr 

HHKJII03HBHbiX npoueccoB 7l"+ + Be, Gu -t K~ + X npH x 1 > 0, 4; 3TH 

.n;aHnhle H ceiitJac .siBJI.srroTc.sr e.n;HHCTBeHHbiMH. I-bytJena nx A-3aBHCHMOCTH 

OT x 1. CTOJib, 2Ke e.n;HHCTBennbiMH ocTaroTc.sr namH H3MepenH.sr .n;Ea)l{,i(h!

,n;H¢¢epenunaJihHbiX cetJennii K+ +Be, Gu, Pb -t K 0 , K*(892)0 +X. 
If3y-qena HX A-3aBHCHMOCTH OT x 1 H Pt· B paMKax npe.n;JI02Kennoii cxeM:bi 

npoBe.n;en aHaJIH3 H3MepennbiX cetJenHii B KXll-Mo.n;enn, ytJHThlBaromeii 3¢

¢eKTbi ,UJIHHbi ¢opMHpOBaHH.si a.n;pOHOB H "UBeTOBOH np03patiHOCTH" .sr,n;ep. 

CetJenH.sr peaKUHii 7l"+, K+ + A -t K~ + X onHCaHbi B paMKax MO.n;eJIH 

KBapK-rJIIOOHHbiX CTpyn, 'ITO .n;enaeT OfiOCHOBaHHbiM paCmHpenHe npHMe

HHMOCTH MO,UeJIH B OfiJiaCTH 3HeprHii MeHbille 100 r3B. 

C03.n;aHbi HOBhle MeTO.Uhl ananH3a KanopHMeTpHtiecKoii Hn¢opMaUHH: 

fiecnapaMeTpHtieCKHH MeTO,U Onpe,n;eJieHH.si 3HeprHH a.n;pOHOB B KOMfiHHH

pOBaHHOM KaJIOpHMeTpe; MeTO.U H3MepeHH.si HeCKOMUeHCHpOBaHHOCTH 3JieK

TpOMarHHTHOrO KaJIOpHMeTpa; MeTO,U TpexMepnoii napaMeTpH3aiiHH a,n;
pOHHbiX JIHBHeii. 

ITonytJeHbi OTCYTCTBOBaBmHe panee .nannhle o npocTpancTBennoM pa3-

BHTHH a.nponnoro JIHBH.sr (h± A--t X) B 2KeJie3no-cuHHTHJIJI.siiiHOHHbiX Ka

nopHMeTpax H pe3yJibTaThl HCCJie,UOBaHH.si XapaKTepHCTHK a,n;pOHHOrO ti}e 

KaJIOpHMeTpa, a TaK2Ke BCero KaJIOpHMeTpH'IeCKOrO KOMUJieKca 3KCnepri

MeHTa ATJIAC ·B nytJKax nHOHOB H 3JieKTponoB c 3HeprH.srMH OT 10 .no 300 
,r3B. 

IlpaKTH'<IecKrui :ueHHOCTb. Pe3yJibTaThl H3MepenHii cetJenHii Moryi' 

fihlTb HCUOJib30BaHhl npH pa3pafiOTKe nporpaMM HCCJie,UOBaHHH a.n;pon-.sr.n;e

pHhiX H .sr.n;po-.sr.n;epnbiX B3aHMo.n;eiicTBHii na BoJibillOM a.n;ponnoM Koml:aii

.nepe, .n;pyrHX COBpeMeHHhlX YCKOpHTeJI.siX H B ¢H3HKe KOCMH'IeCKHX ny-qeii, 

B) ITo nm~~naTime n rrpn mmnpy10w:eM yqacTnn aBTopa ue,neTca ll3MepeHue Heu;
BeCTHhiX Heyrrpyrux ceqeHUH STllX rrpo~eCCOB Ha Fe rrpu SHeprn:ax OT 10 ,no 300 rsB C RC
_IIOJib30BlW:ireM SKCrrepn:MeHTaJibHhiX ,llaHHhiX, IIOJiyqeHHhiX Ha a,npOHHOM KaJIOpn:MeTpe. 
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,~§aK2Ke . .nn.sr .n;eTanbnoro Mo.n;enHpoBanH.sr a.nponnhiX mmneii; TeopeTH'Ie:

~~;IJ:ii amtnH3, nonytJeHHbiX 3KcnepHMenTani,n~ . ~aHHhiX ·npo.srcn.srei .·pon:b 

~\tJcpeKTOB .UJIHiibi ¢opMHpOBaHHSl a.n;pOHOB H · "uBeTOBOit npinpatiHOCTH" 

Mep B M.srrKHX a.npon-.sr.n;epiihiX B3aHMo:neiicTBll.srx·n:.6y.b;er. ircine3eii·,ripri: 

UJiaHHpOBaHHH HCCJie,UOBaHHH ,UHHaMHKH CHJibHbiX ,B3aHMO.n;eiiCTBHii ,B '.npy-

:J?~:X peaKIIH.siX H B 6oJiee illHpOKOH OfiJiaCTH 3HeprH:ii: .\ 'q · _i . , '!-: 

'":):-r Co3.n;aH 6ecnap~eTpH'IeCKHii MeTO~ onpe.neneHH.si; 3Hepr:im .a.n;poH:oB;B 

l}c;>MfiHHHpOBaHHO~i KaJIOpHMeTpe, KOTOphiH fiy.n;eT HCUOJih30BaH ;n:iJ:.sr OTfiOpa 

co6hlTIIii ua ypoBne Tpiirrepa nepBoro ypoBu.sr B 3KcnepiiMeHTe· A T-JIAGua 

)?,onbrnOM a.nponnoM KOJIJiaii.nepe (UEPH). · c: : ' 
:·r( Co3.n;an MeTO.U napaMeTpii3aiiiiii, Y'IIIThlBaiOrUIIii TpexMepuyro crpyK

' :r;ypy a.n;ponuoro JIIIBH.sr, KOTOpbiii :B nacTo.srmee BpeMsr IICnOJib30ilaii njm 

<;p3.n;aniiii nporpaMMhl 6hlcTporo Mo.n;eniipoBaHII.sr. H M02KeT . fihlTb npiiMe

uen .nn.sr ynytJmenii.sr .n;Byx..:niiBHeBoro pa3.n;eneHIISI H pemenii.sr .npyriix 3a.n;a-q 

, KanopiiMeTpHH, Tpe6yroiuiix HHTerpiipOBaHIISI no o6'heMy. 

(,• IJpe.n;JI02KeHHble HOBbie MeTO,Ubi aHaJIH3a KaJIOpiiMeTpHtieCKOH HH¢0p

~aiiiiii1 pa3pa6oi'auuoe nporpaMMnoe o6ecnetJeuHe II nony:t~eunbre HOBbie 

.pe3yJibTaTbi HCCJieuOBaHIIH ?CapaKTepHCTIIK KaJIOpiiMeTpOB MOryT fihlTb UO

Jie3Hbl npii pa3pafiOTKe, TeCTOBbiX IICllbiTaHIISIX H. KaJIIIfipOBKe a.n;pOHHbiX 

H KOMfiiiHIIpOBaHHhlX KaJIOpiiMeTpOB. 

. . OcHOBHble rrono:>KeHu.sr,. :BbJ:HoCHMble Ha • 3a.J.:QHTy: · 

1. Pe3yJILTaTbl 3aBepmeuuoro 3KcnepiiMeHTaJibHOro Hccne.n;oBaHIIsr, Bbl

nonuenuoro c npiiMeueHHeM pa3pa6oTaHHbiX MeTO.UHK II .. nporpaMMnoro · 

o6ecne1:J(mH.sr: .n;II¢¢epeHIIIIaJibHble cetJeHIISI peaKIIHll, · 7l"+ ·+Be, _Cu .--t : K~ + 
X II ,n;Ba)K,ll;br,n;II¢¢epenrriiaJibHbie cetJeHIISI peaKIIIIii K+ +Be;· Cu; Pb .--t 
K 0 , K*(892)0 +X B o6iracTII ¢parMeHTaniiii uaneTaiOIUIIX Me30HOB npii 

3Hepriiii 11,2 r3B. ITonytJeHHble .n;aHHble OCTaiOTCSl e,UIIHCTBeHHbiMII.' 

2. Pe3yJILTaTbi TeopeTntJecKoro aHaJIII3a M:llrKIIx nporreccoB B a.npou-sr.nep

HhiX B3aiiMO.n;eiiCTBII.siX B paMKaxCOBpeMeHHbiX KBapK-rJIIOOHHbiX MO,n;eneii. 

.3~ HOBble MeTO,UII'IeCKIIe pa3pafiOTKII II UOJiytJeHHble,na IIX OCHOBe pe3yJib

TaThlii3MepeHIISr Ba)KHhlX xapaKTepiiCTIIK a.n;pOHHOrO; 3JieKTpOMarHIITHOrO' 

II KOMfiiiHIIpOBaHHOrO KaJIOpiiMeTpOB 3KCnepiiMeHTaATJIAC B nytiK,aX 3a-

p.sr2KeHHbiX UIIOHOB II 3JieKTpOHOB. - · '-. "\ ., . 

4. Pe3yJibTaThl 3KCnepiiMeHTaJibnoro IIccne.n;oBanii.sr . npocTpaucTBeuuoro · 

pa3BIITIIH · a.n;pOHHOrO JIIIBHSl B 2KeJie30-CUIIHTIIJIJISIIIIIOHHOM KaJIOpiiMeTpe. · 

5. Pe3yJILTaThi IIccne.n;oBaHIISI· 6aJOBhiX xapaKTepiiCTIIK< KanopiiMeTpiitie

cKoro KOMriJieKca 3KcnepiiMeiiia A TJIAC MeTo.b;oM Mo.n;ennpoBaHII.sC.'. . 

JlH'<IHblii BKJia.n coucKaTemi. lliiccepTarrnx.:H:mnca.Ha: H:a ocH-oBe 3a~ 
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BepmeHHbiX HaytJHbiX pa6oT, BhlnOJIHeHHhiX aBTOpOM B Jla6opaTOpHH H.n;ep

Hh!X Iipo6ne¥.9.M5IM, M<t>B3,(npoTBnno),.MncTnTyTe <lJn3nKn HAH P~c~ 
ny6JIHKH Ee_napyc~,{MnncK) u:QEP~ (:>KeneBa) B 1980---:2000 rr. ABTopy 
.u1IccepTaunn npnna.l(mi)KHT 3HatJHTeJihHhlii, n B pH.n:e pa3.n:enoB .n:nccepTa;-

, ' ' ' ··,' . ';' 

uiin onpe.n:enHIO~nii, BKJia.n; KaK B nocTaHOBKY Ja.n;aq, TaK n B nx peiilenne. 
' · Anpo6arilui pe3yJihTaTo~ .n:nccepT~lu~. li3JIO)K~HHbie B .n:nccep'

TaiiHH MaTepnaJibl .JJ:OKJia.D:hiBaJIHCh aBTOpOM mi. HayqHbiX CeMHHapax Jla-

6opaTOpHH H.n:epHbiX npo6neM OM5IM, M<l>HAHE (:MnncK), H3<l> CA~ 
(Komnue) j Ha Me)K.JJ:yHapo.n;HbiX COBeiiiaHHHX COTPY.D:HII'leCTBa rnnepon 
(198.3- 1989 r.); B UEPH na Me)K.JJ:ynapo.n;HhlX :Kon<lJepenunmc KOJIJia6opa

unn ATJIAC (1995- 2000 r.); na 3ace.n:anuHX cneunaJin3npoBannhiX KOMH
TeTOB OM5IM; na Me)K.JJ:ynapo.n:noM coBemannn Eenapych- UEPH no 3KC

nepnMeHTaM na EoJibillOM a.n:ponnoM KOJIJiaii.n:epe (MnncK, 1996); na Me)K

.n:ynapo.n:noii Kon<lJepenunn "CTpyKTypa a.n:ponoB" ( CTapa-Jiecna, CnoBa

KHH, 1998 r.); na 8-oii (Jincca6on, llopTyrannH, 19_99 ~-) n 9-oii (Annen, 
<PpanUHH, 2000 r.) Me)K.JJ:ynapO.D:HhiX KOn<lJepeHUHHX nO KaJIOpHMeTpHH B 

<lJn3nKe BhlCOKHx 3neprnii. UnKJI pa6oT aBTOpa c KOJIJieraMH no nccne.n:oBa

HHIO 3<lJ<lJeKTOB 3KpannpOBanHH UBeTa B a.n;pOH-H.D:epnbiX B3aHMO.D:eHCTBHHX 

OTMe>len nepBoii npeMneii OM5IM 3a 1991 ro.n:. 

IJyoJIHK~HH. 3KCnepHMenTaJihnhle, TeopeTH'leCKHe H MeTO.UH'leCKHe 

HCCJie.D:OBaHHH, nOJIO)KenHhle B OCnOBY .D:HCCepTaUHH, BhlnOJineHbl B 1980 -

2000 rr. n ony6JIHKOBanhl B naytJHhlX )Kypnanax, Tpy.n:ax Kon<lJepenunii, 
npenpnn~ax0M5IM n UEPH [1]- [26]. 

CTpyKTypa H oo'heM .n:nccepT~HH. llnccepTaunH cocTOHT H3 BBe

.n:e:HnH, ceMn rJiaB n 3aKJIIO'leHHH. Pa6oTa H3JIO)Kena na 170 CTpannuax, 

BKRIO'IM 101 pncynoK n 20 Ta6nnu. En6nnorpa<lJnqecKnii cnncoK co.n:ep
)KHT 217 HaHMenOBaHHH. 

Co.n;~p)KaHHe .n;HccepTa:U:HH 
Bo. BBe.n:eunn o6ocnoBana aKTYaJihHOCTh nccne.n;oBannH a.n:ponnJauim 

KBapKOB B a.n;pOH-H,uepnbiX B3aiiMO.D:eHCTBHHX npH BhlCOKHX 3HeprHHX H 

UpHnUHllliaJihHM He06XO.D:HMOCTh HCUOJih30BaHHH a.n;pOHHbiX KaJIOpHMeT
pOB B COBpeMeHHbiX KOJIJiaii.n;epnbiX 3KCnepHMenTax.-

B nepBoii: rnaBe .n:ano onncanne ycTanOBKH "rnnepon'.' [1] B Bapn

anTe pHC. lA, yCJIOBHH npoBe.n;eHHH 3KCnepHMeHTa no HCCJie.JJ:OBaHHIO Hn

KJII03HBHhiX-UpOUeCCOB (1) - (3). Pa3pemenne cneKTpoMeTpa BTOpH'IHhlX 

'laCTHu no 3<lJ<lJeKTHBnoii Macce naii.n:eno paBnhlM 2, 6±0, 3 M3B B o6nacTn 

Mace K~.:llpe.n;JIO)KeHa npoue.n:ypa n npoBe.n;en pac'leT TO'IHOCTnhlX xapaK
TepncTnK. CUeKTpOMeTpa, B pe3yJihTaTe UOCTpOeHhl <lJYHKUHH pa3pemeHJIH 

6 

no 3<lJ<lJeKTHBnOii Macce CHCTeM (K+1r-)- H. (7r+7r-)-Me30HOB [2] .. Pa3pa6o

~aHa H HCnOJih30Bana CHCTeMa nporpaMM anaJIH3a HH<lJOpMaJUlH c' Halrieii 

y~~anoBKn [3], ytJHThlBaiOIIIM oco6ennocTn cm:iKi-poMeTpa'n K'nhe'MaTii:Ky 
n~yqaeMbiX npoueccoB, o6ecne'IHBII1M 6hlCTpyiD n 3cPtPek'in:Bnyio (97±2%) 

o'~pa6oTKY 3KcnepnMeHTaJihnhlX .n:annhlX. AKcenTa:Hc ycTa.HoB:Kn pacc>In

ThlBancH c. ncnoJih30BanneM MeTo.n:a cymecTBemioii Bhl6op~Hi ii-ro' no3BO

~~JIO nOBhiCHTh ero TO'lnOCTh, COKpaTiiB BpeMH C'leTa .D:JIH O.UHOrO C06hfTHH. 

1pnrrepnM 3<lJ<lJeKTHBHOCTh onpe.n:enena no pacna.n:aM K+ :--(7r+Ji-+1f-. 
3ep<lJeKTHBHOCTh perHCTpaUHH .D:ByxJiy'leBOrO C06hlTHH HaM.D:eHa -paBHOH 

78. ± 2% [4]. B pe3yJih_TaTe anann3a:emiKTpoB .·k':t-11'-.., n K:+:r--Me~~~oB 
n?nyqenhi necMemeHHhie 3naqennH MaceK~ n K*(892)0 [5]• ; • 
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A · __ .. E·:. __ 
PncyHOK 1: A) CneKTpOMeTp BTOpH'IHbiX 'laCTHU ycTaHOB~m rnnepOH. 

E) lln<P<lJepenunaJihHhle ce'leHHH F(xJ) HHKJII03HBHoro o6pa3oBann5r.'K~-
Me3oHoB npu 11,2 r3B (Pt < 0, 3 r3B/c) B peaKUHHX (1) (0 ____ i:+.Be,· D -
1r+Cu), (2) (•- K+Be, •""' K+Cu, T - K+ Pb), Ktp ~ K~ t.X (~):X 
~ .n:aHHhle .n:mr peaKuun K+p ~ K~ +X npn.16 I)B7?,n (~) 7 .n:aHI~!'>le-~JJH 
peaKUHH 1r+p ~ K~ +X ,(P.Bosetti,et al., NP 894,1975,-21) npn}~J3B. 
u· '\,·. 

- .Bo BTOpoii: rJiaBe npe.n;CTaBJienhl pe3yJihTaThi JI3M~peHJi~ HHBai>HaHT

HhlX .n:n<P<lJepeHUHaJihHbiX ce'leHHH F(x f)_ 'npoueccoB HnKJJI03~BnOr<? o6pa-
30BaHHH K~-Me3onoB na H.n:pax B o6nacTn q)parMeHT-aiiHH. mi.n:ei-aiomero 
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1f+-Me3oHa npii 11,2 r3B (pile. IE) [6]. B 3TOH o6.rraeTII, Xj > 0.4, HeT 

IIHhiX ,n:aHHhiX .n:mr peaKniiil (I) HII npu KaKIIx .n:pyrux 3HepruHx. Ha piie. 

IB npuBe.neHh! TaK)Ke II3MepeHHhle HaMII .n:u<fl<flepeHniia.rrhHhie ee'IeHIIH pe

aKiliiii K+p ~ K~ +X npu 11,2 r3B, xopOIIIO eor.rraeyromiiee.sr c .n:aHHh!Mll 

B TOM )Ke .n:uana30He Pt npu 16 r3B7
)' 'ITO eBu.n:eTe.rrheTByeT o6 OTeyTeTBllll 

eymeeTBeHHhiX eiieTeMaTII'IeeKIIX TIOrpeiiiHOeTeH B HaiiiiiX pe3yJihTaTaX. 

50 

TO 

s 

T t: -

7.5 

Pr-0,05~ c o. 15 o.z5, 

0.5 0,!f 0,5 0,9 0,5 0.9 0,5 0,!/ 0,5 f7.!J :I;'F 

PIIeyHOK 2: llBa)K,[{hi.D:II!fl<flepeHniia.rrhHhle HHBapiiaHTHhle ee'IeHHH F(x!>Pt) 
.n:.rrH npoueeeoB (2) npii 11,2 r3B (0 - K+ Be, 6. - K+Cu, 0 - K+ Pb), 
K+p ~ K 0 +X ('V) npii 16 r3B (P.V.Chliapnikov et al., NP B88, 1975, 
191) II pae'IeT B paMKax MoHTe-Kap.rro BepeHH MKrC (T - K+p, • -
K+ Be, A - K+Cu, •- K+ Pb), KpiiBhle- pae'IeT B paMKax aHa.rriiTH'Ie
cKoil BepeHII MKrC 6e3 y'IeTa nor.rromeHIIH BTOpii~IHhiX K 0-Me30HOB. 

l13MepeHh! .z:t:Ba)K.D:hi.D:II!fl<flepeHniia.rrhHhie HHBapiiaHTHhle ee'IeHIIH F(A, 
x,, Pt) npoueeeoB HHKJII03HBHoro o6pa3oBaHHH K 0 Me30HOB Ha H.n:pax B 

Ofi.rraeTH . <flparMeHTa!liili Ha.rreTaiOlllero llOJIO)KHTeJihHOro KaOHa npH 11,2 

r3B (piiC. 2) [7, 8j. ll.rrH 3THX peaKilliH He eymeeTByeT ,n:pyrHX ll3Mepe
HHH .z:t:Ba)K.D:hi.D:H!fl<flepeHniia.rrhHhiX ee'IeHIIil .. Ce'IeHIIH F(x 1) .n:.rrH peaKniiil 
(2) npiiBe,neHh! Ha pHe. lB. ABTopoM npe.n.rro)KeHa <fleHOMeHo.rrorH'!eeKasr 
<flopMyna 

F(A,xf,Pt) = Aa-.BlnA. (1- XJ)n. e-Bp~ ' (4) 
~~----------------7> G.Ciapetti et al., NP B89 (1975) 365. 
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liP3BOJIIIBIIIaJI OTIIIeaTh BCIO eOBOKYTIHOeTh ll3MepeHiihiX HaMil ee'l'eHHH pe
ail,liiH K+ +A~ K 0 + X. . ·· ., , . ; ., >.;.,,, ·: ,-::;;~;~·· 

·:' .. 3aperiieTpiipOBllH poeT OTHOriieHIIH 'ee'IeHIIH. oBpa30BaH'II5i ,J(~~MkJCHIOB 
. t ..• . . - - : - - .•: ~. - . . . . ' ' .. ' 

J3 .x+ ii 1r+ ny'IKax Ha H,z:q)ax npii x 1 ;:-t 1, 66'hHeiiHeMhrn B Mo.zieii1I KBapK-

r~rooHHhiX eTpyH8
) pa3JIII'lJIIeM B llOBe,neHIIII <fJYHKililH ;~parM:eHTaUUH ·Ba-

;._tu- - -. 

JI~HTHhiX, .D:JIH peaKUIIH (2), II MOp,qmx, .D:JIH peaKilliH (1), S-:-KBapKOB;[9j; 
· ·· BnepBhie II3MepeHhl ,n:Ba~hi.D:II!fl<flepeHniia.rrhHhie IIHBapiiaHTHh!e ee'Ie

HIIH F (A, x h Pt) npoueeeoB IIHKJII03IIBHoro o6pa30BaHIIH K* (892)0-~e3oiion 
Ha H,n:pax B o6.rraeTII. <flparMeHTaniiii Ha.rreTaromero no.rrmKIITe.rrh:Horci · KaoHa 

npii 11,2 r3B (Ta6.rr. I) [7, 10]. ll.rrH 3TIIX peaKniiH HeT .n:pyriiX ll3~f~peiiuil 
Hll npii KaKIIX 3HepriiHX. ll.rrH peaKl!liH (3) npii Pt < 0, 2 r3B/e 'B o6.rra

eTII X f ~ 1 OfiHapy)KeH ·poeT ,[{Ba)K.D:hi,[{II<fl<flepeHilHaJihHhiX ee'IeHIIH, eBH-

3aHHhiH e npoueeeoM .z:t:II<flpaKniiOHHoro o6pa30BaHIIH X*(~92)07r eiicTeMhi. 

Ilpii Pt > 0, 2 r3B/e xapaKTep llOBe,neHIIH .z:t:Ba)K,[{hi.z:t:lltP<flepeHniiaJihHh!X 
ee'IeHIIH ripiio6peTaeT Bll.D: (1- X f )0•2 . 3aBIIeiiMOeTh ce'IeHIIH OT p~ OTIIIeh!
BaeTeH <flYHKniieil e- 8 Pl. 06Hapy)KeH poeT napaMe'rpa B npii yBe.rrll:'IeH;IIII 

X f, KOTOph!H eBH3aH e yBeJIII'IeHIIeM BK.rra,n:a .n:u<flpaKniiOHHbiX npon~eeOB. 

Tafi.rriina 1: Ce'IeHIIH peaK·Il~il (3). PT npiiB~eHI>f,B (r3B/e).'. 

Xp 0,45 0,55 0,65 0,75 0,85 0,95 
PT 'F(xf,Pt) (M6H) 

0,05 115 ± 27 85 ± 15 85± 13 78± 12 11.4±11 98±9 
0,15 96±22 73±9 63±8 76±6 81±.4 68±9 
0,25 95±25 .74 ± 13 64±9 60±5 53±3 36±3 
0,35 - 57±20 43± 10 31±6 28±3 21 ± 2 
0,45 - - 36±9 24± 10 15±4 9±2 

0,05 297 ± 136 314± 80 283± 58 339± 67 351 ±45' 370± 31 
0,15 323± 127 209 ± 61 274± 55 281 ± 45 276 ±33 240 ± 24 
0,25 339± 193 404± 72 290,± 57 200± 35 194:!: 18' 116± 13 
0,35 - - ~93± 165 125±41 :. 79±31 53±10. 
0,45 - - 162± 98 95±95 85±34 57±27 

0,05 924± 377 693 ± 176 735± 204 558± 170 771 ± 118 877± 85 
0,15 1005± 565 754± 136 288± 112 558±85 570 ±65 537± 50 

·0,25 976 ±332 433 ± 282 535± 111 494± 120 . 409 ±44. 274± 34 
0,35' ,, - 452 ±285 359± 124 403± 128 195 ± 61 146 ± 34. 
0,45 - q 

-·: 393± 141 295± 141 129 ±80 116± 73 

HaMil npoBe,neH pae'IeT .z:t:H<fl<flepeHilllaJihHhiX ee'IeHIIH F (X f)' da I dp~ 
.n:mrpeaK:niiil (2) II (3) B pil.MKax KBapK.::.napTOHHoil 'Mo.n:e.riH FRJTIC)F .. ·· 

CpaBHeHHe c HaiiiHMII 3KenepnMeiiTa.rrhHhiMII pe3y.rrhTaTaMII noKa3a.ri~, qTo 

8 ) H.AMemm, 5I<P, 51 (1990) 211. ·f 
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Mo.nenhHhle pac~IeThl cornacyiOTCH c .naHHhiMH .nnH peaKunii. (3) n npe-: 
B~ill~IOT 6onee '!eM B .ziBa p83a no BeJlH'IHHeCe'leHHH peaKUHH (2), 'l~O 
C~H.ne:reJlhCTByeT 0 He06XOJ(HMOCTH YCOBepmeHCTBOBaHHH J(aHHOH MO.n;em~. 

ABTOpoM npoBe.n:eHa annpoKCHMaunH HJMepeHHhiX .n;Ba)KJ(hiJ(H¢¢epeH
u~~:b~hiX Ce'leHHH p~aKUHH (2) H (3) JaBHCHMOCThiO 

rPa- 2 = a-o(Xf,Pt). Aa(xf,Pt) (5) 
dxtdPt 

B npe.n:enax norpenmocTeii BeJlH'IHHhl d(xf,Pt) He JaBHCHT OT Xf n Pt· 
3Ha'!eHnH napaMeTpOB a(x1) .nnH peaKunii K+ A--t K*(892)0X Ha ::= 15 
Bhlme, '!eM .nnH K+ A --t K 0 X. 3To HBJlHeTcH nepBhiM Ha6niO.n;eHneM no
.no6Horo po.n;a H Hy)KJ(aeTCH B TeOpeTH'leCKOH HHTepnpeTaUHH. 

B TpeThe:ii rnaBe npnBe.n:eHhl peJyJlhTaThi pac'leToB .n;Ba)KJ(hiJ(H<P<Pe

peHunaJlhHhiX ce'leHnii .n;nH peaKunii (2) [9] B paMKax MoHTe-Kapno Bep

cnn Mo.n;enn KBapK-rJliOOHHhiX cTpyH8l (MKrC). PeJyJlh":VaThl Haxo.n;HTCH B 

y.n;OBJleTBOpHTeJlhHOM COrJlaCHH C HamHMH .n;eTaJlhHhiMH 3KCnepHMeHTaJlh

HhiMH .n;aHHhiMH, 'ITO pacmnpnno npnMeHnMOCTh MKrC KaK .n;nH onnca

HHH KaOH-H.n;epHhiX BJaHMO.n;eiiCTBHH, TaK H J(JlH 3Heprnii MeHhme 100 r3B. 

TaK)J{e Ha6niO.n;aeTc~ y.n;oBJleTBOpnTeJlhHoe cornacne pac'leToB aBTopa B 

F!.rF)1 mb 
/. 

•y • 

..1T *'a. %*'Cu 

1, 
f ~ t 

+ ·~ ~ ~ 
t t 

1,07 

' t t 

0,~ IJ,G U.l D,~ 1/,G U.l 
.XF 

PncyHoK · 3: 3KcnepnMeHTMhHhle JHa'!eHnH ( o) HJMepeHHhiX .nn¢¢epeH

UHMhHhiX ce'leHnii peaKunii (1) n pac'leThl (•) B paMKax MKrC. 

PaMKax :MKrc .nnH .nn¢¢epeHunanhHhiX ce'leHnii peaKunn 1r+ +Be --t 
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K2 +X c HamHMH 3KcnepnMeHTaJlhHhiMH .naHHhiMH (phc:''3).' B TO :>Ke 

BpeMH .n;nH peaKunn 7r+ + Cu --t ·K2 +X na.n;eHne TeopeTn'lec:Knx ceiieiniii 

C y:BeJlH'leHHeM X f cymecTBeHHO 6om>me, 'I eM n'JM:epeHOHa 3KcrrepnMeHTe: 

' llnH onncaHHH ce'leHnii peaKunii K+ A-+ K 0,K*(892)0 +X np6Be.n;eH 

aHMHJ BKna.n;oB B .nn¢¢epeHUHl'WhHhle ce'leHHH F(x 1) OT K 0- ii' K*(892)0-= · 

MeJoHOB, o6paJoBaHHhiX B peJyJlhTa~e pacna.na peJOHaHCOB K*(1430) -+ 
K*(892) 07r n K*(892) --t K 0

1r nnn .nn¢paKUHOHH9ro P9)KJ(eHnS!: K*(892)07r 

(pacna.n;Hhle), nn6o Henocpe.n:cTBeHHO B npouecce .K+ A-BJanMo.n;eiicTBHH 

(npHMhie) [11]. Ce'IeHHH o6paJOBaHHH pacna.n;HhiX K 0- n K~(892)0-:~.mJOHOB 
paCC'IHTaHhl C HCnOJlh30BaHHeM 3KCnepiU,feHTaJlhHhiX J(aHHhiX. 

' •. C I C .-- · ; '· . : · 

a:£ .. I .a·· ' ~-l ,_ ~~ ~ ~ .c I c . a . c.· 2 ' .. A" c I c. ,R I R M · I 1 _a::!' . a :z;· . . a-"""][1.· a 
. . , ~ g = g I g + 91 g. R .R . = . . . . . 
...• P_. . 1 ..•. I R b X \ -

, b I b ---r- -.-1- b b b~b 
.· . 

a) 6) B) • r) a) 6) e) 

A E 
PncyHOK 4: A) Tpexpe.n:)J{HOHHhi:ii rpa¢nK RRP (a) n coOTBeTCTBYIOIIJ.He 

unnnH.n;pnqecKne:.nnarpaMMhl (6, B, r). E) Tpexpe.zi:)J{~OHHhlii rpa¢nK RRR 

(a) H COOTBeTCTBYIOIIJ.He nJlaHapHhle .n;narpaMMhl (6, B). 

PaccMOTpeHhl OCHOBHhle KBapKOBhle .nnarpaMMhl .n;JiH · onncannH npH

MhiX K 0- n K*(892)0-MeJOHOB: unnnH.n;Jm'leCKne (pnc. 4A) n'nnaH,apHhle 
. ' -

(pnc. 4E). 0Hn pacc'IHThiBaiOTCH B paMKax Mo.nenn, Y'IHThiBaiOmeii npn 

a.nponn.Jaunn nn.nnpyiOmero s-KBapKa 3¢¢eKT BJaHMHoro "3KpaHnpoBaHHH 

UBeTOB" KBapKOB B a.n;pOHe, nepepacceHHHe HeC<lJOpMHpOBMrnerOCH a.n;pOH

HOrO cocTOHHHH ( CTPYHhl) B H.n;epnoii cpe.n:e n .nnnHy ¢opMnp(maHHH ·:BTO

pn'IHOro a.npoHa. Ilpouecc a.npoHnJap:nn .nnH unnnH.n;pnqecKoii .nnarp8MMhl 

(pnc. 4A) npOHCXOJ(HT CJle.D:YIOIIJ.HM o6p830M: R peJyJlhTaTe BJaHMo.neii

CTBHH HaJleTaiOIIJ.erO a.n;pOHa C HYKJlOHOM BaJleHTHhle KBapKH a.n;pOH?- 06pa-

3YIOT c KBapKaMn HYKJlOHa .n;Be CTpyHhl, KOTOphle ¢parMeHTnpyiOT JaTeM 

B a.n;pOHhl. fipouecc a.n;pOHHJaUHH J(JlH HJlaHapHOH .n;narpaMMhl (p-*C. 4E) 

TaKOB: KBapKH HaJleTaiOIIJ.ero a.n;poHa HaxOJ(HTCH_ l3 C~IJH:-!Jg ~Cl!M;~e:!'pH'IH~H 
no nMnynhcaM KOH<l)nrypaunn, TaK KaK o.nmi nJ KBap~on HeceT nO'ITn· nech 

HMIIYJlhC. BepOHTHOCTh TaKOii KOH¢nrypaunn no.n;aBnel!a ¢aKTOpoM .1/ y'S. 
: l1HBapnaHTHhle Ce'leHHH npoueCCOB (2) H (3) annpOKCHMHpOBaHhl'3aBH.: 

CHMOCThiO . · ' · . · : " ' · .< · < , c 

F(xt) =a· (FRRP(xt)+ f3 . ._p!?:R!f-(xt).) .-.. .+F(xt)pien;, .(6) 
ys/(1 r3B2 ) npliM. 
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r.D:e aKo = 0.007±0.001, C¥K•(s92)o = 0.017±0.002, a {J IIMee't CMhiCJl OTHO
meHII.si pe,n:2KeBCKIIX BepmiiHHhiX ¢YHKQIIH II onpe,n:en.sreT OTHOCIITeJlhHhiH 
BKJia.D: nnaHapHhiX .D:IIarpaMM. Haiinyqmee oniiCaHIIe .D:aHHhiX .D:OCTIIraeTc.sr 
npii fJ = 1.1 ± 0.2, qTo cornacyeTc.sr c panee nonyqennoii .D:JI.sr .D:pyriix pe
aKniiii. BeJliiqiiHOH !3TOrO napaMeTpa. 

70 

j 

..0 
E --f;---7,0 -~ 

o,s 

0,4 

......... 
~ 

Q:: 

2 

a 

0, 'I 0,6 o," 0, 8 O.lt 0,8 'T7 

~~ ~, 

A . E 

b 

0,8 

PIIcynoK 5: A) Ceqenii.sr peaKniiii (3) [a], (2) [b] II IIX MO.D:eJII>Hoe oniicaniie. 
E) 0Tnomenii.sr ceqeniiii npoueccoB (3) [a], (2) [b] II IIX MO.IJ:eJII>HOe oniica
HIIe. llyHKTIIpHI>Ie KpiiBhie - pacqeT B npii6Jlii:>KeHIIII rnay6epa-CIITeHKO. 

B pe3yJII>TaTe npoBe,n:ennoro anaJIII3a BnepBhle oniiCaHhl ceqenii.sr F(x 1) 
IIccne.n:oBaHHhiX npoueccoB K+ +A -t K 0 , K*(892) 0 +X (piic. 5A), IIx 
OTHOilleHII.si (piiC. 5E) II JCTaHOBJleH01 qTo BKJla.D: B ceqeHII.si TIJlaHapHhiX 
.D:IIarpaMM. npeBhimaeT BKJla.D: UIIJliiH.IJ:piiqeCKIIX llpii 3Heprii.siX ~ 10 r3B. 

ABTopoM 3aperiicTpiipoBaH poeT OTHomeniiii ceqeniiii .D:JI.sr peaKQIIii 
K++A -t K*(892)0 +X II K++A -t K 0 +X na O.D:IIHaKOBhiX .si.IJ:pax npii 
X f -t 1, KOTOphlH B .D:IICCepTaQIIII 06'h.siCHeH llOBe,n:eHIIeM ceqeHIIH 06pa3o
BaHII.si K*(892) 0

- II K 0-Me30HOB B pe3yJII>TaTe pacna.D:a .D:II¢paKQIIOHHhiX 
CIICTeM II pe30HaHCOB, COOTBeTCTBeHHO, II npeKpaCHO OlliiChlBaeTC.si B paM
Kax MO.D:eJlii. 

B 'tJCTBepToii rna.Be oniican KanopiiMeTpiiqecKIIii KOMTIJleKc 3Kcnepii
MeHTa ATJIAC (piic. 6) II Tpe6oBaHII.sr, npe,n:'h.srBn.sreMhle K Kanopm\mTpiiii 
¢II3IIqeCKIIMII 3a.IJ:aqaMII no llOIICKY XIIrrCOBCKIIX 6030HOB II CTpyKTJphi 
KBapKOB, npeQII3IIOHHOMJ II3MepeHIIJO MaCChlt-KBapKa II .D:pyriiMII. 
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Electromagnetic Lar 
~ .... _..!!!!l•a·~e 
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fiicynoK 6: KanopiiMeTpiiqecKIIii KOMnneKc 3KcnepiiMeHTa ATJIAC. 

ABTopoM npe.n:no:>KeHo o6o6meniie "benchmark" MeTO.D:a peKOHCTpyK
QIIII 3Hepriiii a.UponoB B · KOM6:ri:nnpoBanm:lM KMOpiiMeTpe .D:n5r KanopiiMe~ 
TpiiqecKoro KOMnneKca 3KcnepiiMeHTa ATJIAC [12]: · ·· .. ·' .. 

Erec = l:[aiE~+fJiE~m+'Yi(E~m?+<>iJ.E!m3 E~J1:-~Er~q+.\Escint ,: (7) 

r.D:e ail fJi, /i, t5i, ,..,, .\ - napaMeTphlj E~, E!m, Eire, Escint - 'curH~~ OT 
pa3iiJitJHhiX. qacTeii KanopiiMerimqecKoro .KOMTIJleKca, i - ue~TpaJl~HhlH M 
TOpQeBhle KaJIOpiiMeTphi., 

. C IICll0Jrh30BaHIIeM 3TOrO MeTO.D:a, Ha .D:aHHhiX MO.D:eJliipOBaHII.si, .IJ:Jl.si O.D:II
HOqHhiX 3ap.sr:>KeHHhiX a.D:pOHOB B illiip,OKOM .D:IIaTia30He 3HepriiH, OT 20 fi.O 

1000 r3B, II nceB.D:06hlci'poT, .D:O 3, nonyqenhl nepm:.ie iiaii6onee·iion:Hire • 
CBe,n:eHII.si. 06 3HepreTIIq·ecKOM. pa3pemeHIIII II JliiHeHHOCTII. KanopnMeTJ>:ii.Je:. 
cKoro KOMnneKca 3Kcnepll:MeHTa A TJIAC. Onpe.n:eiien pa.Unyc ·K?nyca . . 

~ - ~ .. . 

.D..R .= J .6..2n + .6,.2cfJ . : , ·. ·. ~i ; (8) 
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.z:t:JUI peKOHCTpyKIUIH 3Hepriiii a.z:t:pOHa, KOTOpbi:ii: COCTaBIIJI 0, 3, 3: KpiiTepii:ii: 
o6pe3imJi.sr'rnyMa.'3neKTpOHIIKH.B .srqe:fi:Ke KaJIOpiiMeTpa ODTIIMII3IIpOBaH Ha 
ypolilie ~:2a,i~i1~.' '~'·'. : .. . . . . . '" 
· ; •· 3aiiirc.ll:MO'cn: pa3peineH:n}i oT 3Hepriin .un.sr niioHoB npii TJ = 0,3 npe.n:
cTa.BrieHa·na"pnc: 7A, 'Ha KOTOpOM. illTpmi:-nyHKTIIp~asr KpiiBM COOTBeT.-
CTBjeT paiperrie~ilro. · :, 

a 50% 1 
E= YEE93,4%E9 E (9) 

H ODIIChiBaeT .z:t:aHHhie, DOJiy'IeHHhle Dpii peKOHCTpyKU:IIII !:mepriiJI a,UpOHOB 
B. KOHyce C pa.z:t:IIyCOM b.R = 0, 3 II DO,UaBJieHIIII my:Ma 3JieKTpOHIIKII Ha 
ypOBHe ~ 2anoise B Ka)K.IJ:o:ii: .srqe:fi:Ke KaJIOpiiMeTpii'Ie~~oro KOMDJieKca .. 

~ ::; 
$ ~ > C> C> 

- >.!' ~ . ~ ~ ~ 

~~ ..... $ 
,::;;; ~. 

//.$.:"'' 
\.) 

:-~,,--"r-

,0.1 

., 1NE (;;.JGeV) 

0 4 

TJ . . . A E 
PIICJHOK 7,: A) 3HepreTII'IecKoe pa3pemeHIIe .un.sr a.npoHoB npii TJ = 0, 3. E) 
3HepreTII'IeCKOe pa3pemeHIIe ,UJI.sr a.upOHOB c ET = 50 r3B. 

Mccne.rt:oBaHo 3HepreTII1JeCKoe pa3pemeHIIe II JIIIHeiiHOCTb .un.sr a.npoHoB 
c DOCTOSIH~hiMII nonepe'IHhiMII 3HepriiSIMH 20 II 50 r3B B .UIIaDa30He IICeB-'. 
.rt:06hlcTpoT OT -0,2 .uo 3. Ha piic. 7E npe.z:t:cTaBJieHo pa3pemeHIIe KaJIOpii
Meipa JJ:~~ ~~OHOB cET = 50 r3B, r.ue JIIIHII.sr COOTBeTCTByeT pa3pemeHIIID 

a - 50% 3at (10)·' 
E - . rr.; E9 /0 • 

vE . ,, 
; • ·': ~ . ·- • •• J " ' ' : • • :. ' } • • 

Ha~mo.uaeMoe.yxy.umeHIIe B.~ 1, 5 pa3a 3HepreTII'Iec:Koro pa3pemeHII.sr B 
06JiaCTIIcTj •= J,3tCB.si3aHO• C DOTepeii 3Heprnii a.rt:pOHHOrO JIIIBHH B' "MepT~>. 
BOM'~ BeiiJ;eCTBe Me)K.IJ:y n:eHTpaJihHOH II nepii¢ejniiJ:HO:ii: 'Ia'CTSIMJI KaJiop'n.:. 'l ~ 
MeTpii'IeCKoro KOMDJieKca. 0TKJIOHeHIIe OT HOMIIHMhHO:ii: 3Heprnii B 3a.BH
cm,io'cf~'6i 3:HepriiH if rrceB~06hiCTpOThi HaxO,UIITCSI' B npe.n:enax ±2%. . 
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I 

~t 
\1 

~I 

B IITore BhllOJIHeHHoro HaMII IIccne.n:oBaHIIsrnony~eH,pe3y~~±a:T:·DJJH~
. niiiiiiaJihHoro 3HatreHIIsr: noKaJa:Ho, 'ITO .un.sr o.rt:IIHo<mhiX 3apsr)KeHHhiX,a.upo
HOB c 3Hepriie:ii: .uo 1 T3B KanopiiMeTpii'IecKII:ii: . KOMnmiKc· ycTano:BKn' AT
JIAC B o6nacTii ITJI < 3 cooTBeTCTByeT ¢II3II~eCKII~ ip~6o~~H~_sr¥:~~cne
PIIMeHTa. IlonyqeiiHhie HaMir c:Be.n:eHIIH oiJ:eHeHh! KOJJna6opan:IIeii KaK cy-
mecTBeHH:bre II BOIIIJIII B ee 6a30Bhlll ,UOKyMeHT9). . '·' . . . . . . . 

z . . t 
t~v-

.. ~x 
A E 

PIIcyHOK 8: Y CTaHOBKa .rt:JI.sr IICCJie.rt:OBaHIIsr "Mo.rt:ynsr-0" a.npoinmro tile Ka-
JIOpiiMeTpa (A) II CXeMaTJI'IeCKOe H306pa)KeHIIe 3TOr~ MO.IJ:yJii(E). 

B naToii rJiaBe npiiBe.rt:eHh! pe3yJihTaThi IIccneil:oBaHIIsr xapaKTepiic
T~K a.upoHHoro tile KaJIOpiiMeTpa 3KcnepiiMeHTa ATJIAC npii o6ny'IeH:im 
B IIY'IKaX 3JieKTpOHOB II DIIOHOB C 3HepriiSIMJI OT 10 .IJ:O 300 r3B Ha JCKOpH
TeJie crrc UEPH (puc. SA) (13]. Ha piiC. 8E II306pa)KeH KOHn:enTyaJihHbl:ii: 
BII.IJ: MO.IJ:YJISI )KeJie3G-CU:IIHTIIJIJISIU:IIOHHOrO a.z:t:pOHHOro· tile ·KaJrOpHMeTpa 'c 
DpO.z:t:OJihHhiM paCDOJI02KeHIIeM .z:t:ereK~IIpyiOIIJ;IIX. 3JleMeHTOB (14] .. ·• .. ' .. ·. . . 

HaMII IIccne,n:oBaHo paHee Heii3BecTHoe BJIIISIHIIe Ha ::mepreTII'IecKoe p8.3'
pemeHne II mme:ii:HOCTh a.rt:pOHHOro KaJIOpiiMeTpa DpO,UOJihHO:ii:' H nonepeq
HOH yTe'IKH a.npoHHoro JIIIBHsr 3a ero npe.n:enh! (15]. IloKa3aHo, 'ITO .uonsr 
TepsreMOH 3Hepriiii COCTaBJI.sreT 1, 8 r3B .D:JISI DIIOHOB C 3Hepriie:ii: 100 r3B. 
ABTopoM o6Hapy)KeH HOBhlii 3¢¢eKT, Bhlpa2KarOIIJ;niicsr B ynyqmeHIIII 3Hep
re~nqecKoro pa3peiiieHIIsr KanopiiMeTpa npii 6oKoBOiil·YTetJKe:a.upoHHoro 
JIIIBHsr (6% yTe'IKJI 3Hepriiii npiiBO.IJ:IIT K 18% ynyqmeHniO pa3pemeHIIsr'no 
3HeJ?r~n), 'ITO .D:~O TOJI'IOK .If pa3BIITIIIO HOBOrO MeTO.rt:a· peKOHCTPJKU:llii' 

9
> A.Airapetian, ... , Y.Kulchitsky et al., ATLAS Detector ·a.na Physi~ Peiforinanc~ 

Technical Design Report, CERN/LHCC/99-14,·1999>., ',: ,, ;; :i .. ·' .:.·,, ;,; :: ::' '' •· 
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3HeppM,J! ,]:3. <y~P9!1H!>JX K?J10p~n~1e~p_ax10 )., 
'., "C'uciJ:(>JibJOBaHIIeM CTieUIIa.JlbHOrO "cKaHIIpOBaHII.si" ny'IKOM 7r;-Me3QHOB 

BJl~~b · ~p~~~Jihml!f. (lC~. Kan.opii~e~pa uccn'eJloBaHa . ~JlHOpOJlHOC~b er~ o~~ 
• 'K'~~:K£;;A8ropoM: iiony'leiia pe:KopJlHa.sr .ziJI.sr. .tile Ka.JiopiiMeTpa. JIIIHell:HocTb 

RM $. :--:,.§; .7.%.. ,·~~o'J1},. 'hp().l(qJihHOM ocii (p~c .. 9_A). QT.KJIOHeHIIe cpeJlH~ll: 
~~eprnn. OT,HOMMHa.JlbHOM CTaJIO. Mf)Hbiiie B 2 pa3a, 'I eM .6biJIO paHee: . n 
\ ~ ' . 

,. 
·;;..,, .... 
~ 

tfit.Ool 

L. 
L. 

E 1.15 , \ 

j ' 
w 

.J w 1.1 4 
* f

/cl';lc 
'ttc \ 

r ~":.• ....... -.~~·- --~.:---- -;.-.~-.--- -- --}+ 

' ~~~-----------: .. _ -~!.~~----!!+~+f: 
i . 

a.a'.!,·a.l.s ,u..; .. s!.,_n_, .!, ,;,, a!, .2 .• Ms W .• ,~ 
Z...m(mm) 

4110 4110 ..Z50 ..ZDD -150 •101 -- D 10 100 1110 200 

Position on front face, mm 

A B 
PIIcyHoK 9: HopMIIpoBaHHa.sr ::meprii.sr B 3aBIICIIMOCTII OT npOJlOJihHOM Ko-

OpJliiHaThl Ka.JIOpiiMeTpa JlJI.si HIIOHOB (A) II JlJI.si ::meKTpOHOB (B), rJle 3KC

riepiiMeHT~l.JlbHhle JlaHiihle - D, MOJleJihHhlll: pac'leT - *· 
ABTOpoM pa3pa6oTaHII npiiMeHeH MeTOJl peKOHCTPYKUIIII :::~.Hepriiii ::meK

TpOHOB, Y'IIITbiBaiOIUIIft CTpyKTypy tile KaJIOpiiMeTpa [16]. 06b.siCHeHa CII

HYCOHJla.JlbHa.si 3aBIICHMOCTb II3MepeHHOM 3Hepriiii 3neKTpoHa OT npOJlOJih

HOM KOOpJliiHaTbi Ka.JIOpHMeTpa [17] (piiC. 9B)', CB.si3aHHa.si C pa3JIII'IHbiM 

3HeprOBb!JleJieHIIeM npii TIOTiaJl~llll 3JieKTpOHa B a6cop6IIpyiOIUIIM II JleTeK

TIIpyiOrUIIM. MaTepiiaJihl KaJIOpiiMeTpa: Co3JlaHHhiM MeTOJl no3BOJIIIJI OTKa~ 
' • • •••• , • .. < •• • 

JIII6po_BaTb 3HepreTII'leCKYIO IIIKa.JIY a.zipOHHOrO KaJIOpiiMeTpa, ·. ll3MepiiTb 

ero 3HepreTII'leCKOe pa3peiiieHIIe JlJI.si 3JieKTpOHOB, COCTaBIIBIIIee . . . . - . . - . · .. 

. a _ (33 ± 2)% ED (1, 0 ± 0, 5)% 
E- JE 

(11) 

npii 7] = -0, 55, II C JIY'IIIIeM TO'IHOCTbiO Onp_eJleJIIITb BeJIII'lliHY Ba:>KHeMIIIeM 

BHyTpeHHe~. xapaKTepiiCTIIKll KaJIOpiiMeTpa - HeCKOMTieHCIIpOBaHHOCTII, 

--:-:-:---__:_ ____ .:_· e_f_h_=_1, 3_6 ± 0, 01'± 0, 01, .. 
10> S.Tokar et al., ATL-TILECAL-2000-008, 2000, CERN, Geneva, S~itzerland. 

(12) 
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OTpa:>KaiOmell: pa3JIII'llle B OTKJIIIKe KaJIOpiiMeTpa Ha 3JieKTpOMarHIITHYIO 

II aJlpOHHYIO COCTaBJI.siiOIUIIe aJlpOHHOrO JlliBH.si. 

IloJiy'leHHhle B JlaHHOll: rJiaBe pe3yJihTaTbr otieHe:Hbi KoJiJia6opauiiell: 

-TILECAL KaK cymecTBeHHbie II BOIIIJIII Bee 6a30Bbi~ JlOKyMeHT [13]. 

.. illeCTrui rncma TIOCB.siiUeHa liCCJieJlOBaHIIIO npOCTpam::TBeHHOrO p<i.J-

BliTll.si a.zipOHHOrO JlliBH.si B :>KeJie3<r.CUIIHTIIJIJI.slUIIOHHOM tile Ka.JIOpiiMeTpe 

(piiC. 10) [18, 19]. Pa3pa60TaH II npiiMeHeH HOBbiM MeTOJl OllliCaHII.sl npo-_vz 
X 

BC2 BC1 

1-l--------j ---------- ~- -+ -- -!3--- ------ %~ -~~~ 
S2 St 

Muon wall 5 Module Detector 
Not to scale 

PIIcyHoK 10: YcTaHOBKa JlJI~ IICCJieJlOBaHII.sr npOTOT~natile KaJIOpiiMeTpa. 

CTpaHCTBeHHOrO pa3BIITII.sl aJlpOHHOrO JIIIBH.sr, OCHOBaHHbiM Ha llOJIY'IeHHbiX 

HaMil aHa.JIIITII'leCKIIX ¢opMyJiaX. flJI.sr OTIIICaHII.sl nonepe'IHOrO pa3BliTll.sl 

aJlpOHHOrO JIIIBH.sl BbiBeJleHa ¢opMyJia JlJI.sl TIJIOTHOCTII 3Hepriiii B 3aBIICII
MOCTII OT paJliiyCa JIIIBH.sl 

3 
Eo L ai ( r) <I>(r) =- · - · Ko - , 

21rB A· A· i==l t t 

(13) 

rJle K 0 (r/Ai) eCTh MOJlii¢IIUIIpoBaHHa.sr ¢YHKUII.sr EecceJI.sr, E0 , ai, Ai .srBJI.sr

IOTc.sr napaMeTpaMII, B = L;~==l aiAi, L;~==l ai == 1. B 3Toll: ¢opMyJie nepBoe 

CJiaraeMOe COOTBeTCTByeT 3JieKTpOMarHIITHOM COCTaBJI.sliOIUeM aJlpOHHOrO 

JIIIBH.si, a BTOpoe II TpeTbe ~JiaraeMble - :>KeCTKOM II M.slrKOM aJlpOHHbiM 

COCTaBJI.sliOIUIIM aJlpOHHOro JIIIBH.sl. 

flJI.sr OTIIICaHII.sl npOJlOJibHOrO pa3BIITII.sl aJlpOHHOrO JIIIBH.sl OT Ha'IaJia Ka

JIOpiiMeTpa BbiBe,ueHa ¢opMyJia [20] 

(( wX0 ) ( x )a bx ( ( X 0 ). ·x ). dE(x)fdx=N· -a- Xo ·e-xo.lFl 1,a+1, b-)..
1 

Xo 

+(1 -aw)A')({,r-e-~; ·tFl(l,a+1,(d~,1)x)), (14) 
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r)l.e. 
1 
F

1 
ecTh BhipmrmeHHasi rnnepreoMeTpnqecKasr <lJyHKunsr, N -- HOpMn

po~:Ka, a, b,- d, w sr'Bnsrroicsr napaMeTpaMn, X0 - pannaunoHHasr nnnHa n 

>..
1
.- 5I.ll.ep_Hrur )l.JinHa B3anMo)l.eiicTBnsr. 

'': B pe3yn-hTaTe Tpex:Meimasr napaMeTpn3aunsr npocTpaHCTBeHHoro pa3::. 

B~Tll~ :a)l.pOHHOro mi:BHSI BhlpruKaeTC5I B Bnne 

1 . • - "'3 'a;(x) K ( r ) 

( ) 
dE(x) wi=l .x;(x) • o .x;(x) ( _) 

-'li x,r = --- · 3 1o 
dx 27r l:i=t a; (x )>..; (x) 

OnpeneneHHasi TaKnM o6pa3oM npocTpaHCTBeHHasi napaMeTpn3aunsr JIHBIISI 

BHe,ll.pSieTCSI aBTOpOM C KOJIJieraMll B anropllTM 6hiCTpOrO MO,ll.eJillpOBaHllSI 

a,ll.pOHHhiX JillBHeii; OHa ITOJie3Ha ,ll.JISI onpe)l.eJieHllSI KOOp,ll.HHaT a)l.pOHOB, 

ynyqmeHllSI pa3,ll.eJieHllSI JlllBHeH ll )l.Jl5I pemeHllSI ,ll.pyrllX KaJIOpllMeTpllqe

CKllX 3anaq, B KOTOphiX Tpe6yei'csr npoBe)l.eHne miTerpnpoBaHnsr no o61>eMy 

KanopnMeTpa. • 
IIonepeqHoe proBnTne anpoHHoro JIHBHSI n3yqanoch Ha cneunaJihHOii 

KanopnMeTpnqecKoii c6opKe (pnc. 10) npn o6nyqeHnn ee 100 I'3B nnoHaMn 

ITO)l. yrJIOM 10° B )l.llaiTa30He Z KOOp,ll.HHaT OT -360 ,ll.O 200 MM. 

<> 
-ilf 

> 
{! to' 

~ 

Z(mm) 

A B 
P:iicyHoK 11: 3aBJICllMOCTh nonepeqHoro 3HeproBhi,ll.eJieHnsr B 6amHe KaJio-

pnMeTpa, E(z), (A) n KYMYJISJ:TllBHOH <lJyHKUllll, F(z), (B) )l.JISI nnoHOB c 

3Heprnei1 100 l3B OT Z KOOp.ll.llHaThl. 

IIonyqeHhl 3:KcnepnMeHTaJihHhle pacnpeneneHnsr ::meproBhl)l.eJieHnsr B 6a

mHe KaJIOpllMeTpa ,ll.JISI qeThlpex rJiy6llHHhiX CJIOeB ll BCero KaJIOpllMeTpa 

(pnc!ll~);'onnCaHHe KOTOpbiX lPYHKUllSIMll -·-·; 

~~i) =Eo-~ · t ai>..i cosh ( ~!) e- 2~i , ·npn lzl·~ %' (16)' 
. i=l ' 

' 18 

E 3 h 
E(z) = ; · L a;.-\ sinh (

2
>...) 

i=l I 

_1•1 
e Xi 

.. h 
npn lzl > 2' (17) 

(z - nonepeqHasr KoopnnHaTa ueHTpa 6amHn, h - nonepeqHhlil proMep 

6amHn) )l.aJIO B03MO>KHOCTh onpenennTh napaMeTphl nonepeqHoro pa3Bll

Tnsr a)l.pOHHOrO JIJIBHSI. 

} 
c! ,., 

~ 

10 ·! .. L .'. .L ... l . L [ j _~--•• i j I 

g-E j I I I I I i l I 
L ___ l ___ L __ l __ j ___ J. ___ j _ _L_l 

~-~.:LJ-- i LJ=+-J=J 
r=~L~..t-~+=J-_j:=t:J=~~~ 

n~1~B 
• 1.1 12 0.3 .... 

A B 
PncyHOK 12: A) 3aBIICHMOCTh pa)l.naJihHOH nJIOTHOC',rll 3Heprnn anpoHHoro 

JIHBH5I ( cnnomHasr KpnBasr) oT pannyca. B) 3aBncnMOCTh 3JieKTpoMarHnT

HOH COCTaBJISIIOIUeH a)l.pOHHOrO JI.llBH5I, f1ro, OT pa)l.nyca a)l.pOHHOro miBH5I. 

CnnomHasr KpnBasr - )l.JISI Bcero KanopnMeTpa, ocTaJihHhle KpiiBhle - )l.JI5I 

ero rny6nHHhiX cnoeB. 

llnsr onncaHnsr nonepeqHoro npo<lJnJI5I JIIIBH5I aBTOpOM nocTpoeHhl paHee 

HencnoJih30BaBmnec5I )l.JISI a)l.pOHHhiX KaJiopnMeTpOB KYMYJISJ:TIIBHhle 3Hep

reTnqecKne pacnpeneneHn5! (pnc. llB), annpoKcnMnpoBaHHhle nonyqeH-

HhiMll HaMil lPYHKUll5IMII ,_, 

3 
Eo L ..L F(z) = - · a·>.· e>-; 2B I I ' 

i=l 

3 

Eo L -· F(z) =Eo- - · a·>.· e Xi 2B I ' ' 
i=l 

npn z ~ 0, (18) 

npn,z > 0, (19) 

r)l,e Z - KOOp)l.IIHaTa KpM 6aiiiHII B)l.OJih nonepeqHOH OCII. lla.HHhlii CITOC06 

IT03BOJISieT II3MepiiTh nonepeqHhlii npO<lJIIJih a)l.pOHHOro JIIIBH5I He3aBIICIIMO 

OT IIIIIpiiHhl 6aiiiHII KaJIOpiiMeTpa. 
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B pe3YJihTaTe npHMeHemur coJ,naHHoro MeTo,na .nmr :>Kene3o-CUMHTMJI

mri:J;MOHHhix KMOpYrMeTpOB nony'leHhl, paHee Hell3BeCTHhle, ,naHHbie 0 llJIOT

HOCTli siieprnn a.npoHHoro JiliBH.si B 3aBliCMMOCTli OTero pa.nnyca, <P(r), Kii 

,niJ..sr: :BcerO~KaJIOpHMeTpa' (pllC. 12A), TaK ll B 3aBllCllMOCTli OT ripo,nonb

HOH' 'Koop,nHHaThV :CpaBHeHMe Harnero· pe3ynhTaTa ·c e,n:MHCTBeHHhlM Ii~
BeCTHhiM li3MepeHlieM <P(r), llOJiy'leHHbiM ,npyrMM MeTO,IJ:OM ,nn5£ CBllHUOBc):. 

CUliHTliJIJI.siUHOHHOrO KanOpliMeTpa, ll0Ka3anO, 'ITO <l>YHKUllll <P ( r) llMeiOT 

no,n06HhrH' Bli}:(, HO He COBna,naiOT, TaK KaK KanOpHMeTpbi cymeCTBeH;jO 
' . . ..J 

Koilci'pyKTliBHO pa3Jili'laiOTC.sr. Ha ocHOBe nony'leHHOii: nH<t>opMaUMli onpe-
. ',.,. ' .q 

,neJJ:eHa' 3JieKTpOMarHliTHa.si COCTaBJI.siiOIUM a,npOHHOrO JlllBH.si, j 1ro (1"), llO-

Jiy'laeMa.si B pe3yJibTaTe o6pa30BaHli.si 7r
0 -Me30HOB (pllC. 12B), ll 3aBMC:iJ~ 

MOCTh pa,nHaJihHhiX pa3MepOB a,npOHHOrO JlllBH.si OT npo,nOJibHOH KOOp,n~'_ 
HaTh! . .Iln.sr 99% 3HeprOBbi,neJieHll.si pa,nMyC a,npOHHOrO JillBH.si COCTaBJI.sieT'i 

r(99%) = (349 ± 7) + (22 ± 2) ·X (r.:M) . ., (20) 

ABTOpOM nony'leHhi 3KcnepHMeHTanhHhie ,naHHhie .nn.sr npo,nOJihHoro pa-

3BMTli.si a,npOHHbiX JlliBHeii: (pllC. 13) llpll 06Jiy'leHlill ycTaHOBKll (pllC. 10) 

ny'lKaMli llliOHOB C·3Heprli.SIMll OT 20 ,IJ:O 300 fsB . .IlJI.SI CpaBHeHll.SI Ha pllC. 13 

~ m• .• -··----

=;;; 
~ 

~ 
<l 10 

. 1o ~_. __ .__. __ ~2 __ .__. __ ._~4~~~--~~&~~--~~~8~~--~_.~1~o~.__J 

X (A.nF•) 

PncyHOK 13: llpo,nOJihHhle npo<PnnM a,npoHHoro JiliBH.SI .nn.sr nnoHOB c 3Hep

rn.SIMu20 (*), 50 (•), 'wo (•), 150 (£), 200 (*) ii 300 (T) rsB. 

llpe,IJ:CTaBneHhl. pe3yJihTaThl ll ,IJ:JI.SI 06hl'lHOrO :>KeJie30-CUllHTliJIJI.SIUllOHHOrO 

KanopHMeTpa11> {20 rsB- *, 50 rsB -0, 100 fsB - 0). 3KcneJHIMeH-· 

n) E.Huges, Proceedings of the 1-st Int.Conf. on. Calorimetry in REP, FNAL, 1990. 
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TanbHbie pe3yJihTaThl OllllCaHhl C llCllOJih30BaHMeM BhlBe,IJ:eHHOH aBTOpOM 

<PYHKUMM dE ( x) / dx ,nn.SI npo.nonhHOro npo<t>MJI.sr a.npoHHoro JIMBH.SI OT ua

'lana KanOpliMeTpa. llcnOJih30BaHMe llOJiy'leHHOH HaMli <l>YHKUllll <P(r) ll0:-

3BOJillJIO ll0p03Hb Onpe,neJiliTb paHee Hell3BeCTHOe npO,IJ:OJibHOe pa3BllTlle 

3JieKTpOMarHliTHOH li a,npOHHOH COCTaBJI.SIIOIUllX a,npOHHOrO JiliBH.si. 

llony'leHHhle pe3yJihTaThl cymeCTBeHHO o6oramaiOT pa3,nen "A.npoH

Hhlii: JlliBeHh" B 3HUllKJIOlle,IJ:ll'leCKOH Tpy,ne 12) 0 ,neTeKTOpax 'laCTliU. 

B ce,nhMO:ii: rnaBe peann3oBaHa nporpaMMa no nccne.n:oBaHMIO xapaK

TepMCTliK npoTOTMna KOM6liHHpoBaHHoro KanopHMeTpa sKcnepnMeHTa AT

JIAC (pliC. 14), COCTO.SIIUero li3 :>Kll,IJ:KO-aprOHHOrO 3JieKTpOMarHMTHOrO li 

:>KeJie30-CUllHTllJIJI.SIUllOHHOrO a,npOHH6ro KaJIOpllMeTpOB, B ny'lKax llllOHOB 
ll 3JieKTpOHOB C 3Heprll.siMll 10- 300 fsB [21, 22]. 

y ~ 
i 

-- -
I 

===:J -ll 
' ...IJL t.--H tp.:, _..djl~ 

0 1 

PMcyHoK 14: YcTaHOBKa ,nJI.SI Mccne.noBaHM.SI xapa.KTepiiCTliK KOM6IIHnpo
BaHHoro KanopiiMeTpa sKcnepnM~HTa ATJIAC. 

llpe.n:no:>KeH n pa3pa6oTaH 6ecnapaMeTpii'leCKIIii: MeTo,n onpe.n:eneHII.SI 

3Heprlill a,npOHOB B KOM6IIHlipOBaHHOM KaJIOpiiMeTpe [23], Ha3BaHHhlH HaMil 

ejh-MeTO,IJ;OM. 3TOT MeTO,IJ: OCHOBaH Ha y'leTe HeCKOMlleHCIIpOBaHHOCTII 3Jie

KTpOMarHliTHOrO ll a,npOHHOrO KaJIOpliMeTpOB, KOTOphle .SIBJI.SIIOTC.SI COCTaB

HhlMll 'laCT.SIMM KOM6IIHHpoBam!oro KanopHMeTpa. B MeTo,ne npiiHUIInil

anhHO He IICllOJih3yeTC.si o6menpiiH.siTa.si MeTO,IJ:OJIOrli.si, 6a3IIpyiOIUa.siC.si Ha 

MIIHIIMll3aUIIli COOTBeTCTBYIOIUero <l>YHKUIIOHana. 0H 'n03BOJIIIJI BnepBhle 
12l R.K.Bock, A.Vasilescu, The Particle Detector BriefBook, Springer, Berlin,l998. 
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nony.qnTh iiec~emeHHhie oueHKII neJIII'IIIH ::mepriiii no ncex cer:MeHTax KOM-
6IiHifpo~ak~oro':Kai:Iopii~eTpa. 3Hepr-IIH oripe,n:emreTCSr, KaK CJMMa 3Heprnii 

n ~ne:Kip-&MarH-II'rHoM: n a:UpcmHoM KanopiiMeTpax, a TaK)Ke 3Heprmi, Te-

p~ei!on'i3 ~i)Ho-cTai-e' Me~y 'Kanopii:MerpaMII: · · 
··'>~:~··.· ~- '' .• - :: ! ·'· • .-11 

d -f·• • 

,..·: 
_-,, - ·(1 -(e) )- (1 (e) ) _ • , f!J = - · - · R + Earn + - · - · R , 

e 7r em . e 7r h 

(2l) 
:t •. 

. ·. ~ 

r:rr.e:Rem (Rh) - OTKJIIIK 3JieKTpOMarHIITHOH (a:rr.pOHHOii) qacTeii KO:M6IIHII

poBaHHOrO KaJIOpiiMeTpa, eem II eh - 'HOpM1IpOBO'IHbie KOHCTaHThi II 
:n ,. 

e .£ 
-= h 
1r 1 + ( ~ - 1) · k · In E . 

(22) 

Ha puc. 15A npe.n;cTanneHa 3aBIICIIMOCTh OTHOIIIemur cpe:rr.Heii 3Hepr1III 

niiOHOB, HOpMIIponaHHOii K 3Hepr1III nytiKa, OT HOM:riHaA'hHOii 3Hepr1III. B 
paMKax e j h:..MeTo:rr.a nonytieHa peKop:rr.Hasr ± 1% JIIIHeiiHOCTh OTHOCIITenhlio 

Cpe;::J;Hero 3Ha'IeHII5! 0.995 ± 0.003 B IIHTepBaJie 3Hepr1IH 20 - 300 r3B [24]. 

Ilp1I lQ r3B ¢oH OT llJ'IKOBhiX MIOOHOB npiiBO,D;liT K 60JihiiieMy OTKJIOHe-

~ ~ ~> ~ ~ ::; > 0 0 (,)Ill ~ o o oCI "" " 0 I() 00 00 0 0 ,..., --co "' .. N 

"' ~ .. ~ <{)> 

• elhMethod 
'',t 

J ,, rc> __________ _ 
0 

- ~ 
¢ BMMethod /~ 

0.2 L 0 CWMethod 

-a-
• -1~ .~ 

¢.··+ ~·-
·:~ 0 

8 ei11Method 

0 CWMethod 

.... ,_, 

t , .. 200 300 0.1 0.2 D.:ll 

E ... m (GeV) 1NE (1/~GeV) 

._ -A B 
PIIcy:HoK 15: A) 3HepreTIItiecKasr nnHeiiHOCTb .nnH (•) e/h-MeTO.na II (0), 
neconqi;'o:"Cell Weigh_ting'; (CW) MeTO.na. B) 3HepreTIItiecKoe pa_3peiiieHIIe 

,D;JIH (e) ejh, (~) "benchmark", (BM) II (0) neconoro (CW) MeTO,D;OB. 

Hll1Q_O~-H_OMHH~bHO~ 3Heprnn. ,lhMepeHHasi e/h_~MeTO,D;O}.{ 3HepreTnqeCK3.SI 
nnHeiiiiocTb K0~6nHnpona~Horo KanopnMeTpa cymecTneHHO nyqrne, tieM 

pe3yJihTaT; nony.JeHHhlH 'MHOro ml.p'aMeTpiitieCKIIM'BeCOBhiM MeTO,D;OM. 

22 

llOCTII)KeHne .HaiiJIJ'IIIIeii 3HepreTH'IeCKOH' JIHHeHHOCTll KaJIOpHMeTpll
qeCKOrO KOMnneKca ATJ1AC npiiHUnnnanbHO Ba2KHO ,D;JIH nccne,n;onannH 

CTPYKTYPhi KnapKOB, TO'IHoro II3MepeHnH Macchi t-KnapKa n W-6o3oHa. --
Ha piic. 15B npe.n;cTanneHhl- 3aBIICIIMOCTII- OTHOCIITeJihHOro 3HepreTII

qecKoro pa3peiiieHnH OT 1/.JE, nonytieHHhle e/h-MeTO,D;OM, "benchmark" 
MeTO,ll;OM II BeCOBhiM MeTO,D;OM, HBJIHIOmHMCH Han6onee CJIO)KHbiM ll TO'I

HbiM.llJIH ejh-MeTO,D;a OTHOCIITeJibHOe propeiiieHne aj E COCTaBJIHeT [(58± 

3)%/VE + (2, 5±0, 3)%] El1 (1, 7±0, 2)/ E, 'ITO cornacyeTcH c pe3yJihTaTOM 
"benchmark" MeTo.na n HeCKOJibKO 60Jihiiie, tieM ,D;JIH neconoro MeTo.na [22]. 

Bo3MO)KHOCTb npn xopoiiieM 3HepreTntieCKOM pa3peiii~Hnn c peKop.nHoii 
JIHHeHHOCThiO Onpe,n;eJIIITb 3HepreTH'IeCKJIO IIIKaJiy KOM6HHHpOBaHHOrO Ka

JIOpHMeTpa II npOCTOTa paC'IeTa llOJBOJIHIOT BHe;::J;pHTb pa3pa6~TaHHbiH 
ej h-MeTO,D; ,ll;JIH OT60pa C06hiTHH Ha ypOBHe Tpiirrepa B 3~CnepnMeHTax, 
c MaciiiTa6HhiM IIcnonh30BaHIIeM KanopiiMeTp:Hn, Ha BonhiiiOM a.npoHHOM 

Konnaii.nepe, TenaTpoHe II .npyrnx conpeMeHHhiX ycKopnTeJIHX. MeTo.n y)Ke 
npiiMeHeH ,ll;JIH peKOHCTpJKUllii _ 3Hepr1III. a.npOHHbiX CTpyii13 ), nonytieHHhiX 
B pe3J11hTaTe MO,D;eJIHpOBaHHH. 
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cr9=(160.5/ -J E + 8.15) mrad 

1~ r 
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2 
0 F ,· I I I I I I I I I' I I I. I I I I ••• I I 

-0 0,05 0,1 0,15 0.2 0.25 
10 

EBeam{GeV) 
1/~ (GeV"'12

) 

A B 
PncyHOK 16: A) 3anncnMOCTb (e/7r)LAr OT 3Heprnn ,D;JIH ueHTpanb~ 
Horo :>KH,D;Ko-aproHHoro 3JieKTpOMarHHTHoro KanopnMeTpa 3KcnepnMeHTa 

ATJ1AC. E) 3an:ircnMOCTb pa3pemeHnH KOM61IHnponaHHoro KanopnMeTpa 
3KcnepnMeHTa ATJJAC .nnH noirHJ>HOro yr~a OTl/VE. , - , , · 

Pa3pa6oraH MeTo.n n3MepeHnH HecKoMneHcnponaHHOCTn 3JieKTpoMar-
, '" -· . . -- ' ' 

13) T .Davidek, ATL-TILECAL-2000-: 10,. CERN, Geneva; Switzerland. 
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HHTHOr() •J.(aJIOpHMeTpa, . cym:eCTBeHHOH '1aCTH. KOM6HHHpOBaHHOrO KaJIOpH
Me~pa[25].·3JJeKTpOMarHHTHhie.KaJIOpHMeTphi HMeiOT TOJJillHHY rv >.r, '1TO 
He Jr03BOmreT. onpe.n;eJJHTh. ::mepniiO a,npOHa H3-3a 60JJhiTIOH npO.D.OJJhHOH 
yTe'1KH a,npoHHoro nnBHH: M.n.ex MeTo.n.a 3aKJJIO~aeTcx B n3MepeHnH. Heno
cpe.UcTBeHHO oTHmneHH_x • e / 1r. c Hcnonh30BaHHeM 3aBHCHMOCTH 

(
. -~)· _ = Ebeam - Edm - Eh 

· 1r em . (R/~)em 
;;: ,-' ~ ·, (23) 
; ~- . ...-

. .J 

B ny'1Ke a.n.poHOB. PaHee KoppeKTHhiX MeTO.D.OB .n.nx HaxmrmeHHH HeCKOM-
neiicnpommHOCTH ::~neKTpoMarHHTHoro KaJIOpHMeTpa lie cym:ecTBOBano. Be
nnq]ma ejh onpe.n;eneHa B pe3yJJhTaTe annpoKCHMaUHH (e/7r)em (pHc. 16A) 
<t>y:dKune:i1:(22). TaKnM o6pa30M, 3KcnepHMeHTaJJhHO H3MepeHa HecKoMne:H
cnpoBamiocTh n;eHTpaJihHOrO :>KH.D.KO.aprOHHOrO 3JJeKTpOMarHHTHOrO KaJIQ-

pHMeTpa 3KcnepnMeHTa ATJ1AC, cocTaBJJHIOillasr ::C{ . ,' .. ... . . . . . .. 
'efh= 1,74±0,04±0,04, (24) 

'1TO cymecTBeHHO yT0'1H51eT pe3yJJhTaT Mo.n.enHpoBaHHx14 l, efh > 1, 66. 
B nonTopa pa3a T0'1Hee, 11eM nonyqeHHOe paHee, H3MepeHo yrnoBoe 

pa3perneHne KOM6HHHpOBaHHoro KanOpHMeTpa 3KcnepHMeHTa ATJ1AC .D.JJ51 

no'nxpHoro yrna [22] (pHc. 16B) 

(160.5 ± 1.5) ( ) ( ) ao = .JE + 8.2 ± 0.2 Mpa.n. , (25) 

'1TO Cy!lleCTBeHHO YJJY'1ITIHT pa3.D.eJJeHHe a.n.pOHHhiX JJHBHeH. 
Ha pnc. 17 npe.n.cTaBneHhi noh:y'1eHH~re aBTOpOM 3KcnepnMeHTaJJhHhre 

pe3yJJhTaThi .Il.JJ51 npO.D.OJJhHOH TIJJOTHOCTH 3HeprHH a,npOHHOrD JJHBH51 B KOM-
6HHHpOBaHHOM KaJIOpHMeTpe. 3HeprH51 B Ka:>K.Il.OM npO.D.OJJhHOM CerMeHTe 
KanopnMeTpa onpe.n;en51Jrach B paMKax e/h-MeTo.n.a, '1TO He npHBO.D.HT K 
ee HCKa:>KeHHIO. 3JJeKTpOMarHHTHM H a,npOHHM '1aCTH KOM6HHHpOBaHHOrO 
KaJJOpHMeTpa HMeiOT pa3JJH'1HYIO HeCKOMTieHCHpOBaHHOCTh, '1TO .n.enaeT 
orincaHne npo.n.OJJhHOro npoqmJJ51 HeTpHBHaJJhHhiM. ABTOpOM npe.n;JJO:>KeH H 
peami3oBaH MeTo.n OTIHCaHH51 :irpo.n.oJJhHOH TIJJOTHOCTH 3ueprHH a.n.po!moro 
JJHBH51 B KOM6HHHpOBaHHOM KaJiop:iMeTpe [26], ocHoB8.HHhi_:i1: Ha yqeTe H~· 
CKOMneHcnpoBaHHOCTH ero 11acTe:i1:. Ha pnc. 17 irpe.n;cTaBneHhi · pe3yJJhTaTI.i 
npHMeHeHH51 3Toro MeTo.n.a .D.JJ51 KOM6HHHpOBaHHoro KanopHMeTpa ATJ1AC. 
I1ony'1eHO xopomee c·orJ!acHe C 3KCnepHMeHTaJJhHhiMH pe3yn:i>T<tTaM:H .. 

14> R.Wigrimris, Proc. 2nd Int: Conf. on Calorimetry in HEP, Capri, 1991. 
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PncyHOK 17: IlpO.D.OJJhHhie npo¢HJJH a.n.pOHHOrO JJHBH51 .Il.J151 TIHOHOB B KOM~ 
6HHHpOBaHHOM KaJIOpHMeTpe 3KCnepHMeHTa ATJ1AC (10 r::~B- ~. 20 r::~B 
- .._, 40 r::~B- D, 50 r::~B - ., 80 r::~B- o, 100 r::~B- e, 150 r::~B- *, 
300 r::~B- T). CnnOITIHhie KpHBhle paCC'1HTaHhi B paMKax HOBOro MeTo.n.a. 

B 3aKJII0'1eHlUI c¢opMynHpoBal!hi ocHOBHhle pe3ynhTaThi .n.HccepTauiiH: 
1. BnepBh!e H3MepeHhi .D.H¢¢epeHUHaJihHhle ce'1eHH51 F (xI) HHKJJID3HBHhiX 
npoueccoB 1r++Be, Cu ~ K~+X npH xi> 0,4. Mccne.n.oBaHHe npoBe.n.eHo 
TipH 11,2 r::~B. 3TH .D.aHHhie H TIO HaCT051!llee BpeM51 OCTaiOTC51 e;:J;HHCTBeH
HhiMH. 06Hapy:>KeHHhiH npH X I ~ 1 pOCT OTHOITieHHH ceqeHHH HHKJJI03HB
HOrQ o6pa3oBaHH51 K~-Me30HOB B K+ A- H 1r+ A-B3aHMo.n.e:i1:cTBHIDC .o6'h51C
H51eTcx pa3JJH'1HeM B TIOBe.D.eHHH <l>YHKUHH ¢parMeHTaUHH BaJJeHTHOrO H 
MOpCKOrO S-KBapKOB. 

2. CTOJJh :>Ke e.n.HHCTBeHHhiMH ocTaiOTC51 Harnn H3MepeHH51 .n.Ba:>K.D.hi.Il.H¢¢e
peHuHaJJhHhiX ceqeHH:i1: peaKuH:i1: 1(+ +Be, Cu, Pb ~ K 0 , K 0 (892)*+ X. 
M3MepeHHenpOBe.D.eHo npH 11,2 r::~B B o6naCTH ¢parMeHTaUHH TIY'1KOBOro 
KaoHa. M3y'1eHa Hx A-3aBHCHMOCTh OT KHHeMaTH'1eCKHX nepeMeHHhiX. xI, 
Pt· BenH'1HHhi napaMeTpa a, nony'1eHHhle npH annpoKCHMau;HH ceqeHH:i1: 
3aBHCHMOCThlO rv Aa(x,,pt), He 3aBHCHT OT KHHeMaTH'1eCKHXnepeMeHHbiX.H 
Ha ~ 15.% 6onhrne .D.JJ51 peaKUH:i1: K+ +A -:-t K0 (892)~ +.X. . . ·· 
3. llBa:>K.D.LI.D.H¢¢epeHUHaJihHhle ce'1eHH~ peaKUH:i1: K~ + A --:+ j(0 ;t-)\r 
OTIHCaHbi B paMKax MO.D.eJJH KBapK-rJJIOOHHhiX CTpyH, '1TO .n.enaeT 060CHO
BaHHhiM paCITIHpeHHe npHMeHHMOCTII. MO.D.eJJH .Il.J151 06JJaCTII 3Hepru:i1: :< 100 
r::~B. llu¢¢epeHUIIaJlhHhie Ce'1eHU51 npoueccoB K++A ~ K 0, [(*(892)0+ 

> ' • : ". ' ' ' • • ' • • i : ~ "_,_. j-; ;- . ' 

25 



X Haxo.rUITC}! B xopomeM cornaciiii c pe3yJihTaTaMII pac'leTOB B pa.'.l:Kax 
KBapK-rJIIOOHHOH MO.n;enii, Y"~IIThiBaiOmeil 3cpcpeKThi · "3KpaHIIpoBaHII}! uBe
Ta". II ,D;JIIIHhi cpOpMIIpOBaHII}! a.n;pOHOB, 'ITO CBII,D;eTeJihCTByeT B IIOJih3Y 
paccMoTpeHHOH KapTIIHhi a.n;pOHII3aUIIII mi.n;IIpyiomero 8-KBapKa .. YcTaHo
BJieHo oTHomeHIIe BKJIMOB B II3MepeHHhle ce'leHII}! nnaHapHhiX RRR II UII
JIIIMPII'lecKii:X RRP .n;IIarpaMM, cocTaBIIBmee 1.1 ± 0.2. 
4. MeTo.n;oM MO.n;eniipoBaHII}! ,D;JI}! o.n;IIHO'lHhiX 3ap}!)KeHHhiX a.n;poHOB c 3Hep
rne:il: .n;o 1 T3B II 1171 < 3 noKaJaHo, 'lTO..~KanopiiMeTpii'IecKIIil KOMnJieKc 
A TnA C cooTBeTCTByeT Tpe6oBaHII}!M 3KCnepiiMeHTa .n;JI}! 3HepreTII'lecKoro 
pa3pemeHIIH, afE = 50%/.JE EB 3%, II JIIIHeiiHOCTII, ±2%. 
5. lin}! a.n;poHHoro tile KanopiiMeTpa nony'leHa peKop.n;HM ±0, 7% 3Hep
reTii'leCKM JIIIHeHHOCTh B,D;OJih ero nonepe'IHOH OCII II 06Hapy)KeH 3cpcpeKT 
YJIY'liiieHII}! 3HepreTII'leCKOrO pa3pemeHII}! Upii 60KOBOH yTe'lKe JIIIBH}!. llJI}! 
KoM6IIHIIpOBaHHoro KanopiiMeTpa ATnAC B 1,5 pa3~ ynl'lmeHo yrnoBoe 
pa3peiiieHII}! II OlliiCaHhl npO,D;OJihHhie npOcpiiJIII .a.n;pOHHOrO JIIIBH}!. , 
6. IIpe.n;iJo)KeH ~ peaJIII30BaH ¥eTo.n; TpexMepHoil napaMeTpii3aUIIII a.n;poH
:Horo JIIIBH}! B a.n;poHHOM KanopiiMeTpe. MeTo.n; no3BOJI}!eT pernaTh 3a.n;a'III 
KaJIOpiiMeTpiiii 1 CB}£3aHHhie C IIHTerpiipOBaHIIeM IIO 06'heMy. ilJI}! )KeJie3HQ
CUIIHTIIJIJI}!UIIOHHOrO KaJIOpiiMeTpa BnepBhle II3MepeHa pa.n;IIaJihHM IIJIOT
HOCTh 3Hepriiii a.n;pOiiHOrO JIIIBH}£1 He06XO,ll;IIMM ,ll;Jl}! 6biCTpOrO MO,ll;eJIIIpo
BaHII}!. l13Mepeniie npoBe.n;eno B miipOKOM .n;IIana3oHe no nonepe'Inoil K~op~ 
,D;IIHaTe, ,D;O ·~ 2, 5).1 , II B 3aBIICIIMOCTII OT npO,ll;OJihHOH KOOp,ll;IIHaThl. 
7 ~ C03.n;aH II npiiMenen HOBhiH 6ecnapaMeTpii'IeCKIIH MeTo.n; onpe.n;eneHll}! 
3Hepriiii · a.n;ponoB B KOM6IIHllpoBaunoM KanopiiMeTpe, Y"~IIThiBaiOIUIIH ne
CKOMnenciipoBaHHOCTh ero 'lacTeil. B pe3yJihTaTe .nocTIIrnyTa peKop.n;nM 
±1% JIIIneilnocTh B BOCCTaHoBnennoil 3Hepriin. EhiCTpoTa II TO'lHOCTh pac
'leTa TI03BOJI}!eT llCIIOJih30BaTh .n;aHHhiH MeTO,D; B Tpnrrepe ll pemaTh 3a
.n;a'III KaJIOpllMeTpnll 6e3 ncKa)KeHH}! 3Heprllii B cerMenTax Kanopll:MeTpa. 
8. IIpe.n;np)KeH n peann30BaH ne llMeiOmnil auanoroB MeTo.n H3MepeHII}! ne
CKOMneucnpoBannocTn 3JieKTpoMarHHTHoro KanopiiMeTpa. l13Mepena ne
CKOMnencnpoBaHHOCTh neHTpaJihHOrO )Kll,ll;KO-aprOHHOrO 3JieKTpOMarHHT
HOrO KanopnMeTpa 3KcnepnMenTa ATllAC, efh = 1, 74 ± 0, 04 ± 0, 04. Ha 
ocnoBe co3.n;anuoro 11 npnMeneunoro MeTo,na H3MepeHH}! 3nepriin 3JieKTpo
HOB B a,D;pOHHOM tile KaJIOpllMeTpe C JIY'liiieH TOtiHOCThiO OIIpe.n;eJieHa ero 
HeCKOMUeHCIIpOBaHHOCTh ejh = 1, 36 ± 0, 01 ± 0, 01. 
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