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OBmAH XAPAKTEPHCTHKA PABOT~. 
' 

,AKTyanbHOCTb. 

YcTaHOBKa DELPHI. HBnHeTeH YHHBepeanbHHM aeTeKTOpOM, 

,n03BOnHJOmHM perueTpHpOBaTb H uuaeHTH,HpOBaTb Bee npoayKTH 
+ - . ' . . ' . ' 

.e e, -B3aHMoae8eTBH8._ neTeKTOp ycTaHOBneH Ha yeKOpHTene LEP, 

npeaea3HatJeHHOM anH aeTanbHHX npoBepoK. eTauaapTH08 Mo~enu. 

B03MOXHOeTb aeTanbHO,O onueaHHH eo6HTH8 Il03BOnHeT pewaTb 

WHpOKHA Knaee aKTyanhHHX 'H3H'leCKHX 3aaaq. TaKHM 

aap9uuu8 KanopHM@TP, npeaea3uaqenuu8 anH H3MepeHHR 

.. aapoHOB, uaeHTH,HKaUHH pa3RH'IHHX qaCTHU, a TaKxe 

BaXHYJO TpHrrepuyJO HH,opMaUHJO, RBnReTCH ueoToeMneMo8 

TaK08 ycTaHOBKH KaK DELPHI. 

o6pa3oM, 

3HeprHH 

aaJOmHR 
·,' 

tJaCTbJO 

nnacTH~OBHe CTpHMepHHe Tpy6KH, uenon1,3yJ0mHeCR B aapOHHOM 

KanopHMeTpe DELPHI, HaxoaRT Bee 6onhwee npHMeHeHHe B 6onbWHX 

aeTeKTopax. nosToMy uu,opMaUHR pa3nH'lHoro xapaKTepa o 

B03MOXHOeTRX _3TO,O THDa aeTeKTOpOB, 0 cnoeo6ax IlOBHWeHHR HX 

HaaexuoeTH RBnReTeR Kpa8He Heo6XOAHM08. 
H3y'leHHe pa3RH'IHHX xapaKTe~HeTHK epaBHHTenbHO MHrKHX 

:! aapoHOB B eTpyHX HBnHeTeH TeeTOM npHMeHHMOCTH KXn K OOHCaHHJO 
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MH,KHX npoueeeoa. npo6neMa eoeTOHT B TOM, .. 'ITO eTaHaapTHH8 
MeToa npu6nuxeHH8 He pa6oTaeT B enyqae KXn, · Koraa sHeprHH 

KBapKOB H rnJOOHOB eTaHOBRTeH epaBHHMHMH C AQCD H KOHeTaeTa 
B3aHMoae8CTBHR nepeeTaeT 6HTb ManHM napaMeTpOM. HceneaoBaHHR 

B 3TOM HanpaaneHHH aeayT K DOHHMaHHJO 'H3HKH KOH,a8HMeHTa. 

uen~ pa6oTY: 
- MHoronnauoBHe uecneaoaaeHR nnacTHKOBHX CTpHMepHHX 

Tpy6oK, opraHH3aUHH H npoaeaeuue 

aeTeKTOpOB C KOHe'lH08 uenbJO C03AaHHR 

aapouuoro KanopuMeTp~ DELPHI; 

Mae~OBHX HCilHTaHH8 

uaaexuo pa6oTaJOmero 

- auanH3 HHKRJ03HBHHX cneKTpOB aapoHOB, nonyqeHHHX ea 

ycTaHOBKe DELPHI B KOHTeKCTe KXn pactJeTOB, BHnonueHHHX B 

MOAH,HUHpoBaHHOM npu6nuxeHHH nHAHPYJOmHX norapH,MOB. 

Hayqaye pe3ynbTaTY H HOBH3H8. 

B aeceepTauuu nonyqeuu cneayJOmue HOBHe 

BHABHraeMHe aBTOpOM anR 3amHTH: 

pe3ynbT8TH, 

1. IlpH yqacTHH aBTOpa C03A8Ha aBTOMaTH3Hp0B8HHaR CHCTeMa 

1 



MaCCOBHX HCn&TaHHH }leTeKTOpOB anpoHHoro KanopHMeTpa nEn~H. 

2. Ha CTeHnax MaCCOBHX HcnuTaHH8 B TeqeHHH JlBYX neT 6unH 
"OTTpeHHpOBaHU" H HcnuTaH& 6onee 25 000 neTeKTOpOB (200 000 

aHOJlHUX npoBonoK) Jl:;IHHOH OT 30 CM JlO 4 M. ' 

3. noKa3a~o. 'q_To · B pe3ynhTaTe "i-peHHpDBKH" nnaT9. cqeTHux 

xapaKTepHCTHK }leTeKTOpOB B cpenHeM yBenHqHBaeTCH Ha 300 B. 

KaqecTBo npouecca "TpeHHpoBKi-f" H HCn&TaHHH 06ecneq1rno 

Ha}leJKHYIO pa6oTy }leTeKTOpOB B KanopHMeTpe (6onee 997. no }laHHUM 

2~ron0B0H 3KcnnyaTaUHH KanopHMeTpa). 

4. n~oneMOCTpHpbBaHO, qTo MeXaHHqecKaH IIDnHpoBKa 

· rpactJHTOBDH noBepxHOCTH KaTona 3HaqHTenhHO 'n0B1,1rnaeT Ha}leJKHOCTh 

pa60TH.JleTeKTOpOB npH 6onhlliHX 3arpy3Kai. 

5. IlpOBe}leH& HCCne}lOBaHHH pa3nHqHUX ra3DBUX CMeCeH C 

uenhIO B&6opa onTHManbHoro ra3a nnH neTeKTopoB anpoHHoro 

KanopHMeTpa· nEn~H. nponeMOHCTpHpOBaHa He3aBHCHMOCTb 

MaKCHManbHoro 3apHJ1a CTpHMepa OT rnHpOKHX BapHaQHH KOMnbH8HT B 

ra30BO~ CMeCH. Bu6paHHaH CMeCb (Ar+C02+C4H10=10+60+30) 

Hcnonb3yeTCH B HaCTOHmee BpeMH B KanopHMeTpe. 

7. npoBe}leHu HccnenoBaHHH, HanpaBneHH&e Ha 

BUHBneHHe qyBCTBHTenbHOCTH xapaKTepHCTHK neTeKTOpOB 

H3MeHeHHHM pa3nHqH&X qiaKTOpOB: 

a) qyBCTBHTenbHOCTb K H3MeHeHHHM aTMOCctJepHoro 

naBneHHH HaH6onbrnaH (oKono 1% H3MeHeHHH 3apHJ1a Ha 1 MM 

PTYTHDro CTon6a); 3TH }laHHUe· HBHnHCb OCHOBaHHe1t 1 }lnH 

C03}laHHH CHCTeM&'"MenneHHOro KOHTpDnH" KanopHMeTpa; 

6) IlOKa3aHo, qTo CHCTeMaTHqecKHe OTKnoHeHHH B reoMeTpHH 

neTeKTOpOB nonJKHhl 6&Tb MeH~rne 200 MHKpOH~ 

B) noKa3aHo; qTo CTapeHHe' neTeKTOpoq· He nonJKHO 

npoH~HfbCH npH'o6o3pHMUX cpOKa*'3KCnnyaTaQHH BEn~H; 
r) H3MeHeHHe 3apHna CTpHMepa B MarHHTHOM ·•none 

npHHe6peJKHMO (-3:i.r npH pa6oTe B cTpHMepHDM peJKHMe H MoJKeT 

6&Tb 3aMeTHUM B nepeXOJlHOH o6nacTH OT nponopuHoHanbHOro 

pe:lKHMa K CTpHMepHOMY (-15%). 

8. Pa3pa6oTaH naKeT nporpaMM nnH ctJH3HqecKoro .. aHanH3a 

anpoHHHX HHKnI03HBHUX cneKTpOB B conocTaBneHHH C pacqeTaMH B 

paMKax MOJlHctJHUHpOBaHHOro npH6nHJKeHHH nHJlHPYIOmHx norapHctJMOB. 

npoBe}leH ctJH3HqecKHH aHanH3 }laHHUX DELPHI, a TaK:lKe 
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coBMeCTHUH aHanH3 naHHUX OPAL H TASSO. 

(*) IlpH aHanH3e 6e3 HJleHTHctJHKaUHH anpoHOB 3ctJctJeKTHBHUH 

napaMeTp o6pe3aHHH A =210±20 MeV H HaXOJlHTCH B 
eff ,, .. , . ·' ' 

}laHHUMH npyrHX ycTaHOBOK. 

corna.CHH. C 

: ·c * i·· 'riponeMOHCTpHpOBaf!O car nacirn naHHUX 

TASSO C rHnOTe30H 0 COOTB8TCTBHi-f r.ie,rny 

DELPHI, . OPAL ... H 

A 'ii· Macco8 
eff 

COOTBeTCTBYIOmHX anpoHOB. B paMKax MonenH OTHOCHTenbHUe BHXOJll,l 

anpoHOB H HX cneKTpu onHCUBaIOTCH C -·~•>',11cnonb30BaHHeM 
f''"~,- ~ •A• .S' /< •• 

8JlHHCTBeHHDrO ctJeHOMeHonorHqecKOrd ,napaMeTpa, KOTOpUH H}leanbHO 

He nonJKeH 3aBHceTb OT 3Hepnrnt' · ~HT ~aHHUX · ·0.uh'i{f 0 '''BenHqHHY, 

BapbHpyIOmyIOCH OT 1. 17 no,.o. 97 13 mrn~·a30He 3HeprHH
1 

OT 14 JlO 91 
. ! ,,,~ •' 

f3B. 

BaHHUe, 

IlpaKTHqecKaH,UeHHOCTb 
, ' (,' 

_nony'ieHHHe 

pa60
1
Tu. 

pe3ynhTaTe B . MeTOJ{HqecKHX 
~ <· :·' 

HccnenoBaHH8 niac!kKoq~x CTpHMe'pHUX Tpy6o_K·: npencnfBnHIOT 

6onblliOH HHiepe_c·',. KaK 

6a3HpyIOmHXt!H Ha'naHHOM 
"';'! 

nnH ~JKe pa6oTaIOmHx ycTaHOBOK, 

THne }leTeKTDpOB, ',' :+a/'' 'i JlnH BHOBb . . t . . •. 
c03JlaIOmHxci:i. .. . 

-,.· ·. ' . Ir:·~ .. <. ,., ., •.•.•··•-" 

Onu,t ~~·6iO·T,~<_Ka?qp,HMeTpa D~LPH_I. naeT BaJKHyio·' HHqibpMaUHIO o 

B03Mmirn!?cppc .'K?-JIOP!'f11~TpOB naH_Horo. TH,IIa. 
.(imnH3 / :H~Kn~iH~Jil,IX cneKTpO_B.;,:i'I'OBOpHT .. 06 HX HennDXOM 
·-~·- , :-r: . .,,: ";· .; .:,, - ,, ' . , .- ,-•,-:"":;i,.. ""'.'. 

cornacHH :c ·npe:U.cKa:rniiHHMH KXB. .·. A · 
: ~ ~ ;1 ; ,: ! : ~ ; : ,- : -"-4. ,: ' . ' ' _,. .• 

riaKe'.f !p~THP.YIOll\HX: nporpaM_M, 1 pa3 pa6oTaHH&8 · aBTopoM, MoJKeT 
;J , i J ,'" ~ l, ,:. : ; , .~; : , ; f · ,: ,i · , '·• • .· 

6&Tb HcnoD~9oBaH/~D~, nanbHeArnero aHan11aa 
t ·;~'} ;;i;;;;/~i: 1 ·;_'-, : ~ _; ;' j 

HJl8HT}'fctJHUHpOB(l.IiHHMf!' 'anpoHaMH, / qTo C'TaJJO 

naHHUX 

B03MOJ!CHO 

DELPHI C 

nocne 
i 0

' ·,,-- 1t;•J•f•S -:, rJ i ' • '·: '_'" .,,. 

ycTaHOB 1df''RICH:'...)te'T8K'}."Opa :-- -3TO •, o6ecneqHT. , c'ymecTBeHHO 6onee . . ; . 
neTanbHOe cpaBH8HHe 3KCnepHMeHT~n,~HX ~aHHUX C TeopHeH. 

Anpo6auu.11 pa6oTu. 

Maie.pHa·nu· :nHccepTaUHH ,nbKna,lU,tBaDHCb' Ha· HayqHi,ix ceMHHapax 

omrn, Ha 

KanopHMeTpa 

M8JKJlyHapOJlHliX COBemaHHHX rpynnu 

BEn~H. Ha COBemaHHHX Kanna6opaQHH 

HayqHUX CeMHHapax B UEPHe. 

ny6n:HKaUHH. 

anpoHHoro 

nEn¢H, Ha 

··r1faynb'Tafhl, B'owe}lrnHe' B' ';iHccepTaUmo, ony6nHKOBaHU B, 8 

pa6d1'ax:'·' ·- ,.. ' ''· · , ··· , · 

CTpyKTypa ,nHccepTaUHH. BHccepTaUHH COCTOH.T H3 ,rpex, pa3nen0B, 
H 3a:f?.JiIOiiemfH :-- r 1 , A,.,'• 
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COllEPJKAHHE PAEOTbl. 

PA3l!EB 1 .. 

B nepBOM pa3)leJie ~opMyJIHPYDTC.H OCHOBHble HanpaaJieHH.H 

HCCJie)lOBaHHH Ha ycKOPHTeJie LEP H )laeTC.H KpaTKOe onHcaHHe 
~ 

cTpyKTYPbI ycTaHOBKH DELPHI (pHc.1) . 

..... ~ t.1'1\-.-- ~ 

,,.._ 
--
-
,__ <M~ : -e-:c: L 

·1K 
·:11 
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PHC.1. qeTBepTb nonepeqnoro ceqeHHSI ycTaHOBKH DELPHI. 

PA3l!EJI 2. 

BTopoa pa3)leJI nocamneH a)lpOHHOMY KaJiopHMeTpy DELPHI. 

B nepaoa rnaae ~opMynepyDTC.H o6mHe ocHOBHHe 3a)laq0 

aJtponnoa KanopHMeTpHH, )laeTc.H 

onHcaHHff KaJIOpHMeTpa. 

o63op ~eHoMenonoreqecKoro_ 

TaKxe 3nech npHDOJlHTCH reoMeTpnqecKaH cTpyTypa anponnoro. 
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KaJiopHMeTpa .DELPHI. AJlpOHHbl8 KaJIOpHMeTp U~L~Hi .HBJI.HeTC.H . 

KJiaccHqecKHM JlCeJie3HbIM KaJIOpHMeTpOM C 

)leTeKTOpaMH. Ha pHC.2 noKa3aH OJlHH H3 MOJlyJieR 

Topua_.- l!BaJtuaTb ,n.HTHCaHTHMeTpOBbIX JlCeJie3HbIX 

ra3opa3pHJlHhIMH :. 

KaJIOPHMeTpa C 
' ,• -

CJIOeB ( ~6;\.) 

qepeJlyDTC.H C ra30Bb!MH npoBOJIOqHbIMH )leT~~TopaMH, BCTaBJieHHbIMH 

B JlByxcaHTHMeTpOBble 3a30pb1. 8 KaqecTBe neTeKTOpOB 
., . . / 

HcnoJih3YDTC.H nJiaCTHKOBble CTpHMepHble Tpy6KH Iarocci (pHC3) C 
• - ' ,, . l ,. ,• 

BHelliHHMH cqHTb!BaDUlHMH 3JieKTpOJlaMH, KOTOpble opraHH30BaHbl B 

npoeKTH.BHble, 6amHH. npOJlOJibHa.H ce.rMeHTaUHH KaJIOpHMeTpa -- 4 

(3;~KTP0Jlbl IlOJlCO~JlHHeHbl no 5 Ha OJlH~. KaHaJI 3JieKTpOHHKH). 
. . 2 . 

Pa3Mepb1 3JieKtpO)l0B (~~Ox20 CM) npH6JIH3HTeJibHO ~OOTBeTCTBYDT 

nonepeqHbIM pa3MepaM a)lpOHHOro JIHBHH. ,lleTeKTOpbI pa6oTa_DT B 

caMoracHmeMCH CTpHMepHOM 

Ka:nopeMeTpa -smvE0
•
5 + 107.. 

,~
~ =--,-\\ i 

., 

peJlCHMe. OJlCHJlaeMoe pa3pemeHHe 

PHC.3. CeqenHe )leTeKTOpa -

nJiaCTHKOBOH CTpHMepnoa Tpy6KH: 

1 - neHaJI, 2 - KpHmKa (KaTOJll, 

3 - aHOJlHble npOBOJIOKH, 4 -

npo~HJib (KaTOJl). 

Pec:2. nonepeqHoe ceqen0e OJlHoro H3 M~Jlynea aJtponnoro 

KaJiop~MeTpa DELPHI. 

Bo BTOpoa rnaae )leTaJibHO onHCb!BaeTCff 

aaTOMaT~3Hpo~aHHhIX ecnuTaHHR, BKJIDqaawa.H B ce6.H TPH 

CHCTeMa 

CTeH)la: 

CTeH)l BbICOKOBOJibTHbIX HCnb!TaHHH H "TpeHHpOBKH", CTeHJl 

pa60TH )leTeKTOpOB non 60JiblliOH 3arpy3KOH H CTeHJl 

KOHTpOJiff 

npoaepK_H 

B8JIHqHHbI. H8TffJlC8HH.H npoBOJIOK B roTOBbIX )leTeKTopax. 8 

pe3yJibTaTe HCnbIT8HHH 6onee 25 000 )leTeKTOpOB JlJIHHOH OT 30 CM 

JlO 4 M 87. 6b!JIO 3a6paKOBaHO (OKOJIO noJIOBHHbI H3 3TOro qecJia 

CBH38HO. C npoH3B0JlCTBeHHbIM 6paKOM, Jtpyra.H noJIOBHHa He npowJia 
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KpHTepHeB OT6opa, npHqeM BepOHTHOCTb 6paKOBKH KOppenHpoaana c 

anHH08 aeTeKTOpa, qTo yKa3htBaeT Ha Ha TO, qTo ~a~TOpOM, 

onpeaenHIOIUHM CTa6HnbHOCTb 'pa60Tht BaHHOro THna B9TeKTOp0B, 

HBnHeTCH KaqecTBO KaToaa). Ha 6onbmo8 CTaTHCTHKe npoaepeHHhtX 

aeTeKTOpOB 

"TpeHHpOBKH" 

aeTeKTOpOB 

6uno noKa3aHo, qTo Bht6paHHaH 

cymecTBeHHO noBhtlliaeT Haae:lKHOCTb 

(o6naCTb pa6oqHX HanpH:lKeHH8 B 

npoueaypa ,,_ 
. pa60Tht 

cpeaHeM 

yBenHqHaaeTCH Ha 300 B). KaqecTBO npoaeaeHHhtX HCilhtTaHH8 

o6ecneqHno 

(Haae:lKHOCTb 

COCTaBnHeT 

Haae:lKHYIO 

pa6oTht 

6onee· 99'7. 

KanopHMeTpa). 

pa6oTy anpoHHoro KanopHMeTpa DELPHI 

neTeKTOpOB B aapoHHOM 

·nb ·aaHHNM aayxneTHeA 

KanopHMeTpe 

aKcnnyaTaUHH 

B cneay10meM naparpa~e BTopoR rnaau npHaeneHa 6d.ribmaH 

qacTb pa3nHqHhtX HCCnenoBaHH8, CBH3aHHhtX C pa6oT08 CTpHMepHhtX 

Tpy6oK DELPHI. 

Ba:lKHhtM pe3ynbTaTOM MO:lKHO cqHTaTb TeCTN, 

nonHpOBKH nponeMOHCTpHpOBaBmHe a~~eKTHBHOCTb MexaHHqecKoA 

KaToaa. 3Ta npOCT8.H•,OnepauHH, HMeIOIUaH uenbIO nHKBHBHpOBaTb 

MHKpOCKOnHqecKHe ilenpoKparneHHhte OCTpOBKH, ,Ha: . noiiep'KHOCTH 

KaToaa, yBenHqHBaeT Haae:lKHOCTb pa60TN aT~x'·~~TeKTOpOB ~ B 5-10 

pa3. 

B pe3ynbTaTe TeCTOB C IIIHpOKHM cneKTPOM~·BapHaQH8 

npoueHTHOro coaep:lKaHHH KOMilOHeHT B ,ra30B08 CMeCH 6uno 

npoaeMoHcTpHpoBaHo, qTo MaKcHManhHO aocTH:lKR~u8 3apHacTpHMepa 

He 3aBHCHT oT Bhl6opa ra3oao8 cMeCH ( pHc. 4)0-'CMeci,/ BN6paHHaH 

B pe3ynbTaTe OilTHMH3aQHH, B HaCTOHIUee BpeMH HCilon1,3yeTCH B 

aapOHHOM KanopHMeTpe'DELPHI. 

100% x x• a 

ch....,,fJ, D 

a,c~ D • 
;i 

503/oi • 
·o 

102 

• OD ... 
04 D . 

'· 
PHC.4. BepoHTHOCTb 6paKOBKH aeTeK

TOpOB B 3aBHCHMOCTH OT 3apHaa1 

CTpHMepa (100'7. = 60 aeTeKTOpOB). 

Pa3nHqHLte CHMBOnht COOTBeTCTBYIOT 

pa3nHqHhtM nponopQHHM KOMilOHeHT 

B ra30BhtX CMeCHX Ar+CO +C H H' 
Z 4 10 

Ar+CO +CH 
Z 5 12 

6 

~\ _,' 

'' 
~ 

noKa3aHO, qTO qyacTBHTenbHOCTb 3apHaa CTpHMepa K 

aa_BneHHIO cymecTBeHHa ( pHC. 5) , qTo Tpe6yeT. ·, C03BaHHH . CHCTeMht 

"MeaneHHOro KOHTponH" C uenbIO KOppeKUHH OT~nHKa KanopHMeTpa. 

TaKaH CHCTeMa B HaCTOHIUee BpeMH C03BaHa H ycTaHOBneHa~ 

a.pc 

10 -- --- • 

P~c.5. 3aBHCMOC~~.yMeHbllleHHH 

3apHaa CTpHMepa C yBenHqeHHeM 

aaaneHHH ( 1 -_ U=4. 5 kV, 2 

,U=4 • 4 kV; 3 - U;:4 • 1 kV) • 

TaK:lKe 6HnH npciaeaeHN HCcneaoaaHHH BnHHHHH MarHHTHOro 

nonH Ha 3apHa B naBHHe H CTpHMepe c--37./tn); qyBCTBHTenbHOCTH 

3apHaa CTpHMepa K T04ttOCTH ripHrOTOBneHHH ra30B08 cMeCH 

c-10·~·20'7. H3MeHeHHH 3ap5ina Ha OBHH a6conIOTHht8 npoueHT 

H3MeHeHHH COCTaB~ ~ CMeCH}; CTapeHHH aeTeKTOpOB ·noa 3arpy3K08 

(MaKCHManiHo B03MO:lKHN8 HaKonneHHN8 3apHB Ha npoBonoKe 

COCTaBnHeT oKpno 0.5 Kn/CM, qTo npH 3apHae CTpHMepa 100 nKn 
' ' . . . 9 .. 

'coOTBeTCTByeT 5x10 qacTHU/CM); qyacTBHTenbHOCTH aeTeKTopa K 

pa3miqHhtM oTknotteHHHM B r_eoideTpHH ( cHcTeMaTHqecKHe H3MeHeHHH 

B reoMeTpHH He aon:lKHN npe~OCXOBHTb ~1%). 

Tpe_TbH rnaBa BTOporo pa3~ena · noCBHIUeHa pa6otIHM 

xapaKTepHCTH~aM aapoHHOrO kan6pHMeTpa DELPHI.' 
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aHepreTHqecKoMy pa3pe111eHH~ 
. 0 5 - ' /i ... ,,. .. ' •: ,•, . 
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nocne KOppeKUHH Ha 3aBHCHMOCTb OTKJIHKa KanopHMeTpa OT 

yrna axonHmero anpoHa, 3HepreTHqecKoe pa3perneHHe KanopHMeTpa 

DELPHI COCTaBHJIO OKOJIO 1007./E0
~ (pHC.6). 3aMeqaTeJihHO, qTo 

3TOro pa3perneHHH BilOJIHe nocTaToqHo nnH caMOCTOHTeJibHoro 

KanopHMeTpHqecKoro TpHrrepa Ha anpoHHue pacnanu z0
• 

,;. 

AnpoHHU0 KanopHMeTp HrpaeT cymecTBeHHYK> pOJib B MK>OHHOM 

TpHrrepe H npH pexeKUHH anpoHOB (HneHTH~HKaUHH MK>OHOB). Ha6op 

Tpex KpHTepHe~ (orpaHHqeHHe Ha MaKCHMaJibHU0 3apHn B Kaxno0 H3 

4 6arneH KanopHMeTpa anonh TpeKa; orpaHHqeHHe Ha cyMMapHu0 

3apHn co Bcex 4 6arneH; COBMeCTHMOCTb CHrHana He MeHee qeM B 3 

6arnHHX C rHilOT8300 0 npoxoxneHHH MHHHMaJibHOHOH03HpyK>me0 

qacTHUU) Il03BOJIHeT peJICeKTHpoBaTb anpoHU OT MK>OHOB B onHoM 

TOJibKO anpoHHOM KanopHMeTpe Ha ypoBHe 7-17. B nHan030He 

3HeprH0 10-40 f3B. 3TO ynyqrnaeT pe~eKUHK>, OCHOBaHHYK> TOJibKO 

Ha MK>OHHUX KaMepax, 6onee qeM B 10 pa3, noaonH ee no Manux 

nonea· npoueHTa (~0.27.). 3~~8KTHBHOCTb perHCTpauHH 

(HneHTH~HKaUHH) MK>OHa TOJibKO C IlOMOIUbK> anpoHHOro KanopHMeTpa 

COCTaBJIHeT OKOJIO 807.. 

B qeTaepTo0 rnaae npHaeneH npHMep nepaoa ~H3HqecKo0 
+ - + - . 

3anaq0 (e e --+µ µ· ), rne 3~8KTHBHO npHMeHeHHJICH anpoHHU0 

~anopHMeTp.AnpOHHU0 KanopHMeTp HCil0Jlb30BaJICH B TpHrrepe npH 

Ha6ope CTaTHCTHKHH, . 6un onHHM H3 Tpex neTeKTOpOB, 

yqacTBOBaBWHX B HneHTH~HKaUHH MK>OHOB (MK>OHHaH CHCTeMa, 

anpOHHU0 H 3JI8KTpoMarHHTHU0 KanopHMeTpU). 

PA3nEn 3. 

TpeTH0 pa3nen IlOCB.IUUeH aHaJIH3Y HHKJIK>3HBHUX cneKTpOB 

anpOHOB B 

BlmOJIHeHHUX 

conocTaaneHHH c npencKa3aHHHMH pacqeToB, 

B z,mnH~HUHpoBaHHOM npH6JIH~eHHH" JIH.llHPYK>IUHX 

norap~1,ma. 

B nepaoa rnaae 

nonoxeHHH, npHHHTUe 

TpeTbero pa3nena npHBOnHTCH OCHOBHUe 

npH npoBeneHHH pacqeTOB B paMKaX 
o6cy~naeMo0 MonenH. 3aTeM naK>TCH oKoHqaTeJibHHe BupaxeHHH, 

nperonHue nnH conocTaBJieHHH C 3KCnepHMeHTaJibHHMH naHHUMH. 

PacqeTH npoaonHTCH nnH cpaBHHTeJihHO. MHrKHX npoueccoB, TeM 

caMUM TeCTHpys HH3K03HepreTHqecKHe CBOHCTBa Kxn H ~H3HKY 

KUH~aAHMeHTa H npoueccoB anpoHH3aUHH. 3TH pacqeTH naDT 

a 

\ '~ 

·~ 

: J 

--r 

aHaJIHTHqecKHe BUpaxeHHH nnH pa3JIHqHux xapaKTepHCTHK CTpy0 

(MHOJICeCTBeHHOCTH, HHKJIK>3HBHUe pacnpenen~HHH, KOppeJIHUH~ H 

T.n.), KOTopu~ B OCHOBHOM onpenenK>K>TCH OTHOCHTeJibHO MHrKHMH 

qacTHUaMH. 

npH onHcaHHH CTpyH Kxn HMeeT neno C napTOHaMH (rJIK>OHU, ,H 

KBapKH), OilHCUBaH HX pa3BHTHe BilJIOTb no 3HeprH0 Qo' nocne 

qero HeH36eJICHO npHxonHTCH BKJil()qaTh HeKOTopoe 

~eHOMeHonor0qecKoe on0caHHe npouecca anpoHH3aUHH (pHc.7):. 

OnHH H3 npHHUHnHaJibHUX BOnpoCOB. COCTOHT B TOM, KaK BeJIHKa 
. .~ 

BeJIHqHHa Q, HJIH npyrHMH CJIOBaMH, KaKaH H3 CTanHa 
. 0 noMHHHpyeT 

B ~OpMHpOBaHHH CTPYKTypu CTpy0: CTanHH aCHMilTOTHqecK00 

cao6onu (nepTyp6aTHBHaH KXnl HJIH CTanHH, CBH3aHHaH C 

~OH~aHHMeHTOM H He nonnaK>maHCH pa,cqeTaM BHyTpH nepTy6aTHBH00 

KXn. 

OnHHM 

npHMeHeHHH 

"rop6aTo0" 

~ ;' 
i~ 

~ 
PHc.7. npouecc napT0Hoo6pa30-

BaHHH a cTpye c nocnenyK>meA 

anpoHH3aUHe0. BenHqHHa Q
0 

HBJIHeTcH ~opMaJibHOA rpaHHUeA 

Mexny nepTyp6aTHBHOH KX..il,H 

~eHOMeHOJIOrHe0 anpoHH3aUHH. 

H3 BneqaTJIHK>IUHX npencKa3_aHHH nepTyp6aTHBHOH KXn_ B 

K MHrKHM npoueccaM HBJIHeTcH npencKa3aHHe 

CTPYKTypu napTOHHO~O cne~Tpa X·dU/dx B CTpye~ qTo 

CBH3aHO C necTpyKTHBH00 HHTep~epeHUHeH MHrKHX rJIK>OHOB. 

BH6op neJIHqHHU Q, KaK ynOMHHaJIOCb Burne, naeT ~OpMaJibHYK> 
0 . . . 

rpaHHUY npHMeHHMOCTH KXn. TaKJICe no ~H3HqecKOMY CMUCJIY Qo 

COOTBeTCTByeT MHHHMaJibHOH 3HeprHH napTOHOB, T.e. HMeeT npHMYK> 

aHanorHK> c 3~eKTHBH00 Macco0 napToua, HJIH Macco0 KOHeqHoro 

anpoua. 

Hano 3aMeTHTb, qTo npH KoneqHUX 3HeprHHX (ln(E/A-1) 

~OpMa cneKTpa nerKHX qacTHU (IlHOHOB) _MOJICeT 3aMeTHO OTJIHqaTbCH 

OT cneKTpa nns KaOHOB HJIH npoTOHOB B CHJIY pa3HHUU BeJIHqHH 

Q -m . TaKHMO 6pa3oM, aoo6me roaops, cyr,rna_pHu0 cneKTp 
0 hadron · · 

9 



sapsi:xeHHUX qacTHU 6yneT BH)lO~~MeHeH. no3TOMY aHaJIH~ cneKTpa 
, ,, ' -•'. 

BCeX 3~psi:xeHHUX BeJIHqHH )lOJIXeH )laBaTb BeJIHqHHY heff' 6JIH3KYID K 

hQco' HO, BOOJlle roBOPH, OTJIHqaIDJllYIDCSl OT Hee. 
. npH E~ qiopMa cneKTpa nepeCTaeT 3aBHCeTb OT Q H 

·,. ' ~-: :i ,;','i :. ' ~ , ' I Q 

onpenensi:eTCH_ e)lHHCTBeHHOA nepeMeHHOA Y=ln(E/h). ~ 

; 0)lHHM H3 ·y)lH~H_TeJI~HUX CBOACTB KOHeqliux <lJOpMyJI SlBJIHeTCSl 

<tJaKT,· qTo qiopMaJibHO 'npH Q ~h ( ll.=1n(Q /h)~l) BUpaxem1e )lJISl 
, . · 0 '" 0 

cneKTpi HMeeT KOHeq~u~ npe.n~JI. KOTOpUA COBnanaeT C npe)leJibHOA 

qi.opMoA, ynowrnyToA Bmue. _ · c qiopMaJihHOA ToqKH s peHHH TaKaH 
• • < •• • C ¼ •' 

np'ou_e.nyp'a HeB·osr,ioxHa Ha cTa.nHH npoMexyTot:iHUX pacqeToB, r ne 

HCilO.ITb_3 yeTcH· pasnoxeH~e no MaJioA KOHCTaHTe B3aHMoneACTBHSl 

<XS -11i<·o; TaKaH iH¢paKpaCH,~Sl CTa6HJibHOCTb roBOpHT B noJib3Y 

Toro, · ~To · npo'ueccu; npmi'cxo.nsi:mHe · Ha . nocne,nHHX , cTa)lHHX 

pa3BHTHH CTpyH, He HrpaIDT 3HaqHTeJibHOR poJIH B qiopMHpoBaHHH ee 

OCHOBHUX xapaKTepHCTHK; .npyrHMH CJIOBaMH, Bee <lJH3H'leCKHe 

pacnpeneneHHSl peaJibHUX anpoHOB )lOJIXHU 6JIH3KO COOT~eTCBOBaTb 
-:. . ..... ' .. 

aHanorHqHu~ pacnpe.neneHHHM napToHoB. 

Il~H ll.=0 <lJOpMyJIU CH.JI~•~~ ynpomamcsi: H · npHHHMaIDT BH)l, 
• •• V, "• ~ 

no3BOJIHIDIUHi1 cpaBHHBBTb' pac-..:ieTU C 3KCnepHMeHTBJibHUMH .naHHUMH. 

npH'<· 3TOM aHaJIHTHqecKHA · BH.n co.nepxH;; ~6' ,. cyTH nena, onHH 

napaMe'Tp' h: •. BeJIHqHHB. KOToporo )lOJIXHa· 611th 6JIH3Ka . K h 
, ,. , eff . . , QCD 

(napiMeTp 66.eA HOpMHpOBKH pacnpe.neneHHSl OTpaxaeT OTHoilieHHe 

KOJIHqecTBa a.npoHOB K KOJIHqecTBY napTOHOB, nonyqeHHUX B paMKa~ 

KXB, T.e. HBJIHeTCH e.nHHCTBeHHUM npoHBJI~HHeM 

npe)leJibHbynpomeHHOR qieHOMeHOJIOnm npouecca. a.npoHH38.UHH). 
~ ' ' . . ' ' 

· 3TOT no.nxo.n K onHcaHHio xapa1nepm::iHK . cTpyA .na.e-r Ta,K'1Ce 

ripe.ncK'a3aHHe )lByx-qacTHqHux KOppeJIHUHA no .3HeprHHM qacTHU, a 

TaKxe p~~~ 'MHo,icecTBeHHOCTH qa~THU c -3Hepr~eA., < , 
· · •_:•.1f6 · BTopoR r naBe Tpe:rbero· pasnena .npHBO)lHTCH. o,ycnoBHH 

6T66pa>a.~p0Hl!UX co6un1A.: 'KOHeqHUR aHa.JIH3 '. 6UJl ··-'llP.OBe.n~·e ,Ha 

c'rai'HcTliK~:;_70"000 co6uTRA .. HaJio,JK8HHUe , or:paHHqem~Sl no.naBJIHJIH 

:ipo0

H'' OT-:B3aHMO.IleAcTBHA Ha .'ocTaToqijoM;ra3e ,B Tpy6e,, ·a Ta1cl!Ce:·qioH -· -. ' '• ' . 

OT oa-B3aHMO)leACTBHR .no ypoBHH MeHhlliero, qeM 0,17.; HaH6qJiblliHA 
. ', :· ,• • '. . . 0. + - . ' 

BKJia,Il' B· <!JOH-. CBH3aH C nenTOHHOA M(?)lOA . pacna~a 1 ,. z .. ~".,: . · H no 

oue·HK8.M"H3" MOHTe Kapno COCTaBJISie_T "'.0,217.• ., 

,;ic, ''· 'MOHTe'. • Kapno,, > MO)leJIHpOBaHHe, . BUnOJIHHJI.QCb B TpH, 3Tana. 
, • , , • •. ' ' • • ,; ' , L • ; ~ , , T • • ~ 

npei.ne 13cer:o, •i ·MO)leJIHp,oBaJIJ{Cb <lJH3J-lqecKH~, ,; c96~'f.HH C nOM!)~bID 
·.' 
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nporpaMMU JETSET 6.3. 3aTeM 3TH co6UTHH nponycKaJIHCb qepe3 

nporpaMMY DELSIM, MO)leJIHPYIDWYID OTKJIHK .neTeKTOpOB DELPHI. ,H, 

HaKOHeu, co6UTHH BOCCTBHaBJIHBaJIHCb c nOMOlllbID noKeTa nporpaMM 

DELANA, HcnoJib3yemerocsi: npH aHaJIH3e peaJibHUX .naHHUX. 

K03<ll<tJHUHeHTU KoppeKUHH B03HHKBJIH KaK OTHOWeHHe H3HaqaJibHUX 

.naHHUX K )lBHHUM, noJiyt:ieHHUM nocne peKOHCTPYKUHH. 

nanee nocne MO.llH<lJHKaUHH TeopeTHqeCKHX <lJOpMyJI K BH.ny, 

no3BOJIHIDIUeMy npoBeCTH · qnn:HpOBBHHe, CKOppeKTHpCJBaHHUe ,IlBHHUe 

DELPHI conocTaBJIHIDTCH C TeopHeA.· nocne yt:ieTa CHCTeMaTHqecKHX 

OWH60K, BHBJIH3 HHKJIID3HBHUX cneKTpOB a.npOHOB .naeT: 

/l.eff,;,(210±20) MeV, 

N(Y)=l.22±0.03, 

He6e3UHTepecHO cpaBHHTb nonyqeHHUe 

pesyJibTaTaMH YCTBHOBOK OPAL H L3: 

OPAL: heff=(253±30) MeV, N(Y)=l.28±0.01 

L3: heff=(220±20) MeV, N(Y)=l.20±0.04 

nanee npOBO)lHTCH ~HBJIH3 no 

qiopMynaM. 

HeKOTOpUM 

BeJIHqHHU C 

npH6nH'1CeHHHM 

KaK ynoMHHaJIOCb BUWe, HneHTH$HKaUHH qacTHU n03BOJIHJia 611 

npoBeCTH cymecTBeHHO 6onee .neTaJibHYID npoBepKy TeopHH. TaKxe 

3TO )lOJIXHO .naTb MHoro .nonoJIHHT8JibHOA HH$OpMaUHH )lJIH noHHMaHHH 

OCHOBHUX 3BKOHOMepHOCTeA a.npoHH3aUHH. Cne.nyIDIUHA" mar aHanHsa 

HMeJI ueJibID uenecoq6pasHOCTb TaKoro po.na 

HCCJie)lOBaHHA. 

o60CHOBBTb 

BJIH 3Toro 6una HcnoJih30BaHa npenenhHasi: 

"HaHBHaH" BepCHH MO)leJIH. 

BJIH BUqHcJieHHH nHOHHoro cneKTpa HCITOJib30BaJiaCb 

npe.nen1,1-ia•H ·qiopMa, r.iie cqHTaeTcH Q ~h. KaK yxe ynoMHHanocb, B 
. 0 

KaqecTBe npocTeArnero·npH6JIH'1CeHHH MO~HO C'lHTaTb Q=M. , T.e. 
- . . o p2on 

HaCHJibCTBeHHO cqHTBeTcH h=Mpio~-:140 M3B ( TaKoR BU6op, no 

KpaRHeR Mepe He HBJIHeTCH a6cyp.nHUM, eCJIH cqHTaTb qTo Macca 

nHOHa nohHOCTbD onpe.nenHeTCH )lHHBMHKOA KXB! r.ne ecTb 

e)lHHCTBeHHUA MBCCOBUR napaMeTp A (Macey u- H d-KBapKOB MO~HO 

cqHTa~b HyJieBOA)). 

~OpMa cneKTpa )lJIH KaOHOB H npOTOHOB nep~cqHTliBaJiaCb H3 

TOA JKe npe.neJibHOA $OPMYJIU, nyTeM no.ncTaHOBKH BMeCTO Qo 

BeJIHqHHU Mhadron· npH aCHMnTOTH'leCKH 6oJibWHX 3HeprHHX 
BeJIHq~Ha OTHOCHTeJihHUX HOpMHpOBQqHUX KOHCTBHT )lJIH q~cTHU C 
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pa3HHMH .MaccaMH (npH 3TOM npennonaraeTcH, qTo nHHaMHKa 

poJ1CneHHH . BC_ex anpoHOB onHHaKOBa, H '_enHHCTBeHHOe_ OTJIHqHe 

CBH_3aHO C pa3HHUe_A Mace) TaKJKe IlOJIHOCTblO onpenenHe_TCH TOJlbKO 
MaccaMH. )lJIH IlHOHa Q=A. H BeJIHqHHa Krr~l.O; nnH KaOHOB H. 

' • . 0 . 

npoTOHOB COOTBeTCTBYIOmHe KOHCTaHTH nnH nf=3. paBHH KK:0.219, 
KP-o .136. . 

TaKHM o6pa3o~. 6una caenaHa nonHTKa onHcaHHH cneKTpa 

3apHJ1CeHHHX qacTHU B BHne cyMMH Tpex He3aBHCHMHX ~neKTpOB 

(IlHOHH, KaOHH, npOTOHH) c_ JICeCTKO 3anaHHHMH ~OpMaMH H 

OTHOCHTeJibHHMH BKJianaMH. EnHHCTBeHHOA (!) CB06onHoA 

nepeMeHHOA 6una o6maH HOpMHpoaoqHaH KOHCTaHTa. 

¢HT naHHHX DELPHI npencT~BJieH Ha pHc.8. 

d--~<-• 
1f_ .... 

I/ . p f . ···· .. 
I! ·._ -~ 
Ii ·. 
,: 
,: 

f ,, 
~l---t---+--t,--t--+---1 

PHC.8. ¢HT HHKJII03HBHOro cneKTpa 
anpoHOB, nonyqeHHoro Ha ycTaHoBKe 

DELPHI (u-1du/dE vs E, rne 

E~ln(l/x)). DyHKTHpaMH noKa3aHH 
' ' + + ~ 

DJICHnaeMue BKnaau rr-, K-, p-. 

Pe3yJibTaTH ~HTHpOBaH_HH nocTynHHX naHHHX cyMMHpOBaHH B 

cneay10meA Ta6JIHUe (nJIH ~HTHpOBaHHH 6HJIH B3HTH ace TQqKH): 

)laHHHe Escm (GeV) Const :t2/d.f. 

TASSO 14 1.167(14) 4'.96 

TASSO 22 1.076(14) 3~44 
' 

TASSO 35 . 1. 054 (4) 16.74 

TASSO 44 0.997 (6) 8.12 

OPAL 91 0.958 (2) 8.81 

DELPHI 91 0.972 (3) 7.81 . ~ . , 
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3necb 

npoaeneHHHA 

yMeCTHO ynoMHHYTb, 
Konna6opauHeA 

qTO 

L3, 

aHaJIH3 

a 

cneKTpa 

TaKJ1Ce 

0 n, 

aHaJIH3 

HneHTH~HUHPOBaHHHX 3apHJ1CeHHHX anpoHOB npH MeHblliHX 3HeprHHX 
( TASSO I TPC) naeT BeJIHqHHH I COBMeCTHMHe C 3THM "HaHBHHM" 

BapHaHTOM MonenH ( Aeff=Qo-Mhadron). a HMeHHO: ~OpMH cneKTPOB 
H OTHOCHTeJibHHe BHxonu qacTHU B3aHMOCOrJiaCOBaHH C MoneJiblO. 

COBMeCTHHA ~HT naHHHX no MHOJICeCTBeHHOCTH qacTHU OT 10 no 

90 r3B npHBOnHT K: 

3AKRIDqEHME. 

Aeff=(138±62) MeV, 

·,//d.f .=2 .3/11; 

B 3aKJIIQqeHHH xpaTK~ C~OpMyJIHpOBaHH pe3yJibTaTH, IlOJIOJKeHHHe 

B OCHOBf nHccepTaUHH. 
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