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BBEAEHME 

M o A e n n p o e a ~ n e  RAepHblX M 3JleKTPOMarHMTHblX JlMBHek C flOMOqb!Q 

3BM OCyqeCTBf lReTCf l  AaBHO.  PeWeHMe 3 - ~ e p H o k  3 a A a q M  0 pa3BMTMM 

K a c K a A a  B K O M ~ O ~ M ~ M M  cnoes p a 3 n ~ q ~ b 1 x  B e q e c T B ,  x a p a ~ ~ e p ~ 3 y o q e k -  

CFI C ~ O ) K H O ~  r e o ~ e ~ p ~ e k ,  B03MO)KHO nMWb L(MCJleHHblMI.1 MeTOAaMM. Mo- 
A e n M p o B a H w e  P ~ B B M T M R  ~ M B H R  n o 3 ~ 0 n ~ e ~  y q e c T b  B c e  @ M a M q e c K n e  

n p O ~ e C C b l  B ~ ~ M M O A ~ ~ C T B M R  C BeqeCTBOM, 3aBMCMMOCTM 3 H e p r e T M q e C -  

K O r O  IlOBefleHMR ~e'-leHMk, O C O ~ ~ H H O C T M  YrflOBbIX M 3HepreTM'-leCKMX 

p a c n p e ~ e n e ~ ~ k  B T O P M ~ H ~ I X  q a C T M u ,  ~ a ~ 6 o n e e  ~ P R M ~ I M  C ~ O C O ~ O M  pe-  
WMTb 3aAac(Y 0 @JlYKTyauMf lX  XapaKTepMCTMK JlMBHR, Yc(MTMBaTb BHeW- 

HMe @aKTOpbl,  BnMROqMe H a  pa3BMTMe K a C K a A a  / H a n p M ~ e p ,  M a r H M T -  

H o e  none/. 
E A U H C T B ~ H H ~ I M  HeAOCTaTKOM MeTOAa MOHT~-KapJl0 RBJl f leTCR e r 0  

OTHOCMTeflbHO MeAfleHHaR CXOAMMOCTb / O T H O C M T ~ J I ~ H ~ R  T04HOCTb Me-  

TOAa N - " ~ ,  r A e  N - '4MCJlO pa3b l rpaHHb lX  M C T O P M ~ / .  

B H a c T o R q e e  BpeMR c y q e c T s y e T  6 o n b w o e  qncno n p o r p a M M  A n n  pat- 

'-4eTOB 3JleKTpOMF3rHMTHblX f l M ~ ~ e k  MeTOAOM ~ o ~ ~ e - ~ a p n o / ~ - ~  Pi '"*/. 
OHM pa3 f lMqaOTCR B OCHOBHOM JlMWb ~ A O ~ C T B O M  MCnOJlb3OBa- 

HMR M C T e n e H b O  YHMBepCaf lbHOCTM. H e c ~ ~ f l b K O  MHaR CMTYauMR H a -  

6 n o ~ a e ~ c ~  C MOAeJlMpOBaHMeM aApOH-RAepHblX KaCKaAOB.  

B CBR3M C TeM,  '-IT0 B HaCTORqee  BpeMfl  H e  C y q e C T B y e T  TeOpMM, 

a p e K B a T H 0  0 n M ~ b l B a l o ~ e k  BCO COBOKYflHOCTb AaHHblX , CBR3aHHblX 

C CMIlbHblM B ~ ~ M M O A ~ ~ C T B ~ ~ ~ M ,  3 a A a q a  MOAeJlMpOBaHMR aApOHHblX JlMB - 
H e k  OCTaeTCR O T K P ~ I T O ~ .  

B A ~ H H O ~  p a 6 0 ~ e  Mbl flpMB0AMM p e 3 y J l b T a T b l  MOAeJlMpOBaHMR X a p a K -  

TePMCTMK a A P O H H O r 0  KaJlOpMMeTpa KOMfl f leKCa "MeL (e~b le  H ~ ~ T P M H O "  

/KMH/ c n o ~ o q b o  n a K e T a  n p o r p a M M  "CHEISHA", ~ ~ n ~ ~ q e r o c ~  H a  ce-  
T O ~ ~ H F I W H M ~  A e H b  ~ a ~ 6 o n e e  Pa3BMTblM. 



v r o  c T e K n a  T O ~ ~ M H O ~  3 MM, H a  no- 
B e p x H o c T b  K o T o p o r o  H a H e c e H  T O H K M ~  cnok n e p e n 3 n y u a ~ e n ~ ,  A n n H a  

u 3 n y ~ a e ~ o k  BOnHM KOTOPOrO COOTBeTCTBYeT MaKCMMYMY K B ~ H T O B O ~  

qYBCTBMTef lbHOCTM @3Y. n a p a ~ e ~ p b l  KaJ lOpMMeTpa nO3BOflf l lOT MCnOJlb- 

3 O B a T b  e r0  Af lR  Of lpeAef leHMR KOOPAMHaT M 3 H e p r M M  aApOHOB B AMa-  

n a 3 o ~ e  10-100 faB. 

Pkic.2. KOHCTPYKIJHR MOAYnR aq- 
POHHOrO K a n O p w M e T p a :  1 - C T a n b -  

m e  n o r n o ~ n ~ e n ~  d-20 MM, 

2 - n n a c T H s e c K k i e  c q n H T n n n a T o p b 1  

5 d-5 MM, 3 - CBeTOBOA-CMeCTnTenb  

cnenpa,  4 - 03Y-84-3, 5 - ~ o p -  
I I y C  MOAYnH, 6 - KpblIUKa MOAYJIR, 

7 - K O p n y C  03Y.  

HblM KOMnJleKCOM n p O r p a M M .  Ann f l pOrpaMM T a K O r O  TMna  ~ a ~ 6 o n e e  
C e p b e 3 ~ 0 k  npo6ne~ok RBJl f leTCf l  AOCTMMeHMe p a 3 Y M H O r O  KOMnPOMMCCa 

MemAY f l 0 c ~ M r a e ~ o k  T04HOCTbtO M T P ~ ~ Y ~ M ~ I M  paC4eTHblM B p e M e H e M .  

n a ~ e ~  "GHE I SHA", ~ 0 3 f l a ~ ~ b l k  A n f l  MOAeJlMpOBaHMfl U e T e K T O p a  

MARK J / ~ C T ~ H O B K ~  PETRA/ ,  6 b 1 n  TeCTMpOBaH M OnTMMM3MpOBaH AnR 

3 K C n e p M ~ e ~ T a J l b ~ o k  YCTaHOBKM, n p ' 2 f l ~ ~ a ~ f l f l O ~ e k  co6ok CaHABM4 

MeTanJl-CuMHTMJlJlflTOp, 3 a ~ J l O 4 e ~ ~ b l k  B M M A K M ~  a P r O H  M 6 0 ~ 6 a p f l M p y e -  
I 1  

MUG ~ ~ C T M U ~ M M  y, e , ;i-, K', KO,  p B w T e p e a n e  3 ~ e p r ~ k  
0 , l - 1 0 0 0  r 3 8 .  

P ~ c ~ ~ T H o ~  BpeMf l ,  H ~ O ~ X O # ~ M O ~  AJlR pO3blrPblWa OflHOrO C O ~ ~ I T M H ,  

3aBMCMT OT PRAa  @aKTOpOB / r e ~ ~ e ~ p M f l  K O H K P ~ T H O ~  YCTaHOBKM, 

3 H e p r k l f l  kl COPT qaCTk lub l ,  k l ~ ~ u ~ a n k l 3 M p y O l 4 e f i  J l k I ~ e ~ b / .  C n p a K T M q e C -  

KOG CTOpOHbl ~ a M 6 0 f l b U I M k  MHTepeC f l peACTaB f lReT  3aBMCMMOCTb T p e -  

6 y e ~ o r o  BpeMeHM OT 3 ~ e p r ~ M  n a ~ a o q e k  YacTMqbI .  Ha 3BM E C - 1 0 6 1  
f l pM  MOfleJlMpOBaHMM J l L l B ~ e k ,  MHMqMMPOBaHHblX K ~ - M ~ ~ O H ~ M M  B G e T e K -  

T o p e ,  a H a n o r M q H o M  agPOHHOMY KaJl0pMMeTP:I  KMH CeqeHMeM 2x2 M ~ ,  

BpeMf l ,  ~ e o 6 x o ~ ~ ~ o e  AJlR P03blrpblUIa OAHOrO C O ~ ~ I T M R ,  COCTaBnFleT 

-2 c / r 3 B .  

Cnoco6 a a ~ a ~ n f l  r eOMeTpMM YCTaHOBKM B f l a K e T e  "GHE I SHA", XOTR 

M H e  RBnReTCf l  YHMBePCaJlbHblM / K ~ K ,  HanPMMeP,  B n P O r P a M M e  

"GEANT1'/, B c e  me  A O C T ~ T O ~ H O  P ~ S B M T .  T ~ K  , B BepcMM '%HE I SHA7" 
npe f l yCMOTpeHa  BO3MOMHOCTb OflMCaHMfl A e T e K T O p a ,  COCTORUerO 

M3 100  ~ ~ A y J l e k ,  ~ a ~ ~ b l k  M3 KOTOPblX MOMeT BKf l tO4aTb A 0  1000  R 4 e e K  

/ ~ ~ O B T O P R ~ ~ ~ M ~ C R  3neMeHTb l  H e  RBJlflOTCfl OTAeflbHblMM MOAYnRMM MnM 

f l 4 e k ~ a ~ ~ / .  

H ~ M ~ J ~ o B ~ M H ~ I M  AOCTOMHCTBOM A a H H O r O  f l a K e T a  RBnReTCf l  TO,  4TO 

np'M e r 0  C03AaHMM 6 b 1 n a  f l p e ~ y C M O T p e H a  B03MOMHOCTb COBMeCTHOrO 

MCnOnb30BaHMR C TaKMMM UIMPOKO aCnPOCTPaHeHHblMM n a K e T a M M  np0- 5 
r p a M M ,  K a K  " G E A N T " / ~ /  M "EGS"/ I, FIBnROqMMMCfl H a  C ~ ~ O A H R U I H M ~  

A e H b  CTaHAaPTHblMM n p M  MOAenMpOBaHMM KPYnHblX 3KCnepMMeHTanbHb lX  

YCTaHOBOK . 

f l a ~ e ~  n p o r p a M M  "GHEI SHAH /Gamma-Hadron-El ectron I n t e r a c t  ion 
SH (A)  ower code) / 4 1  n o 3 ~ o n R e T  M o R e n M p o a a T b  p a 3 s n T n e  a n p o H H o r o  

M / M ~ M /  3JleKTPOMarHMTHOrO flMBHR B B e q e C T B e  A e T e K T O p a  OT B C e X  

q a C T H 4 ,  B K n O q a R  KaOHbl M CTpaHHble  6 a p ~ o ~ u .  O P T ~ H M ~ ~ ~ M R  3 ~ 0 r o  na- 
K e T a  I I p e R y c M a T p M B a e T  B03MOMHOCTb BblnOflHeHMR T p e X  3 T a n O B  n p M  

MOAenMpOBaHHM OTAeJ lbHOrO ~ 0 6 b l ~ M f l :  

- T p a c c u p o B K a  q a c T M u  B o6ae~e  A e T e K T o p a ;  

- pO3b l rpb l l l l  ~ 3 a M ~ 0 f l e f i ~ ~ B M f i ;  

- o u M @ p o ~ K a  MH@0pMauMH /ADC- MflM TDC-KOAM/. 
C ~ p y ~ ~ y p a  n P O r p a ~ M b l  T a K O B a ,  q T 0  ~ a m f l b l h  M3 3TMX ~0flyJlek MO- 

MeT  MCnOJlb30BaTbCR He3aBMCMM0, RBJlRRCb @ ~ K T M ~ ~ C K M  CaMOCTORTeJlb-  



Puc.4. ~ ~ B H C H M O C T ~  s ~ e p r e ~ u -  
s e c ~ o r o  p a ~ ~ p e r n e ~ u ~  ~ a n o p ~ ~ e ~ p a  i 
OT 3HePTWW OePBHYHbIX I -Me30-  I 
HOB: - p a C P e T  MeTOAOM M O H T ~ -  
Kapno, --- - ~ U T  3KcnepUMeH-  

20 30 Elnitpr3B TanbHbIX AaHHblX. 

n p e A c T a e n n n  co6ok c 6 o p ~ y ,  a H a n o r M q H y o  aApoHHoMy K a n o p u M e T p y  

KMH ceqeHMeM 2x2 M~ 6 e 3  U e H T p a n b H o r o  O T B e p c T u R .  f l p e ~ ~ a p ~ ~ e n b -  

H o e  MccneAoBaHMe n o ~ a 3 a n 0 ,   TO T a w e  p a 3 ~ e p b 1  n p a K T u q e c K M  y c T p a -  

HROT BePORTHOCTb yTe'4KM nMBHR B flOnepe'iHOM HanpaBneHMM. 

P a 6 o q u k  ~ a 6 o p  C T ~ T M C T M K M  n p e A n o n a r a e T c R  n p o ~ o ~ ~ ~ b  n p ~  M M -  

n y n b C a X  n y q K O B  KaOHOB 35 raB/c  U 25  raB/c AnR K+ M K- COOTBeT- 

CTBeHHO. ~ T M  BenMqMHbI, 0npeAenRK)uUe MHTepBan  BO3MOMHblX B H ~ P ~ M ~  

flUOHOB, nOJly'4eHbl B XOAe f lpeABapMTeJlbHblX PaCqeTOB M RBJlROTCR 

TOc(KL.1 XOPOWO 0nMCblBaK)TCR 3aBMCMMOCTbK) dE/Emmc = 1 , 0 5 / ~ r .  
flpu 3 ~ e p r u u  n y q K a  1 0  raB p a 3 p e w e ~ u e  K a n o p u M e T p a  c o c T a e u n o  

~ 3 2 % ,  a npu 37,s raB - 21%. ~ ~ Y H K T M P H O ~  K P M B O ~  n o ~ a 3 a ~ a  a n n p o K -  

CMMauMR 3KCnePMMeHTanbHOrO p e 3 y n b T a T a ,  n O n y q e H H O r 0  BO BpeMR 

M e T o A w e c K o r o  c e a H c a  B M a p T e  1989 r o A a  H a  nyccKe C M ~ ~ O H O B  
c 3 H e p r U e k  37,5  raB. B K a q e c T B e  A e T z T  u c n o n b a o ~ a n a c b  c6op- 
K a  u 3  16 ~ 0 ~ n e i  (dE/EeXp = 0,89/vE )" j7. O ~ n u ~ l ~ e  n p e ~ c ~ a ~ a -  
H M ~  MOAeJlMPOBaHMR OT @MTa 3KCnepMMeHTanbHblX AaHHblX COCTaBnReT 

'5% /32% - MOHT~-Kapn0, 27% - OUT 3KCnepMMeHTanbHblX A ~ H H ~ I X /  

f lpM 3HeprML.1 nePBM'iHblX c(aCTMu 1 0  r38. Pa3HMua MOMeT 6 b l ~ b  CBR3a-  

Ha  KaK c HeAocTaTKaMM u c n o n b a y e ~ o r o  n a K e T a  / ~ a n p u ~ e p ,  p a 3 ~ u ~ u e  

3JleKTPOMarHMTHblX A M B H ~ ~  paCCc(MTblBaeTCR BHYTPM I SHAH, 
a H e  "EGS-code1'/, i a K  U C TeM,  c(T0 3KCnepMMeHTanbHble AaHHble 

6b lnu  nOnyqeHb l  nMWb AnR OAHOrO 3HaqeHUR 3HeprMM 37,s r3B, 
M o u e H K a  3 H e p r e T M c c e c K o r o  p a 3 p e w e ~ u n  MomeT 6 b 1 ~ b  ~ a ~ b ~ w e ~ a .  

Ha p K . 5  n p e A c T a B n e H a  3aBMCMMOCTb A ~ T ~ K T M P Y ~ M O ~  3HeprMM 

nuBHR 3~ u M n y n b c a  ~ ~ P B U ~ H O ~  qacTuub1. K ~ K  M n p e A n o n a r a n o c b ,  

@ Y H K ~ M R  o T K n u K a  K a n o p u M e T p a  B MccneAyeMoM ~ u a n a a o ~ e  no 3wepruu 
n e p ~ ~ ' i ~ o i  qacTMub1 n u ~ e i ~ a .  

B flepBOHa'ianbHOM BapMaHTe aAp0HHblk KanOpMMeTp n p e A C T a B n R n  

co6ok CaHABM'i M e n e 3 0  - CuMHTMnnRTOp 40*(2 CM Fe + 1 CM S C ~ ) .  
B ~ O C ~ ~ A C T B M M  B K a q e C T B e  p a 6 o q e r o  BapMaHTa 6un nPMHRT AeTeKTOp 

C T O J ~ ~ M H O ~  aKTMBHblX CnOeB 0,s CM.  TO CyueCTBeHHO YnpOuanO 

npouecc M a r o T o e n e H u R  n n a c T u H  c u u H T u n n n T o p a  M ,   TO HeManoBamHo,  

YMeHbwanO CTOMMOCTb p a 6 0 ~ .  flpM 3TOM, n0 HaWMM OueHKaM, X a p a K -  

T e p u c T u K u  K a n o p m e T p a  /B nepeya o q e p e A b  3 H e p r e T w i e c K o e  p a 3 -  

pewe~ue/  npaKTuccecKM H e  M ~ M ~ H R ~ M C ~ ,  T .K .  M " ~ n u ~ a "  K a n o p u M e T -  

pa, M sampl i n g - @ i i y ~ ~ y a u u u  onpe- 
AenRDTCR KOnMqeCTBOM naCCMB- 

H o r o  n o r n o T u T e n n  M T O ~ ~ M H O ~  

ero cnoee. Ha puc.6 n p u B e A e H a  

~ ~ B M C M M O C T ~  3 H e p r e T u q e c K o r o  

p a 3 p e w e ~ u n  a A p o H H o r o  K a n o p u M e T -  

pa OT TOnuMHbI aKTMBHOrO CnOR. 

M o ~ e n u p o ~ a ~ M e  n p o e o A u n o c b  A n n  + 
nyqKOB I - -Me30HOB C 3 H e p r M e k  

1 0  r3B. Paspewe~ue 6onee " ~ a c -  
C M B H O ~ O "  AeTeKTOPa nyc(We 
H a  2-3%, ero " ~ n u ~ a "  - 

OflTUMaJlbHblML.1 AnR ~ a 6 o p a  C T a -  

TMCTMKM B ~ ~ M M O A ~ ~ C T B M ~  MeqeHbIX 

H ~ ~ T P M H O  / P M C .  3/16/ . 
Ha PMC .4  npMBeAeHb1 p e 3 y n b -  

TaTbl MOAenMPOBaHMR 3aBUCUMOCTM 

a ~ e p r e ~ ~ q e c ~ o r o  p a 3 p e w e ~ ~ n  a ~ -  
p o ~ ~ o r o  ~ a n o p u ~ e ~ p a  OT B H ~ P ~ M M  

C% 
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n 0 f l y Y e ~ ~ b l e  PaCYeTb l  CpaBHeHbl  C MMeloqMMMCR 3KCnePMMeHTaflbHblMM 

AaHHblMM. P e 3 y J l b ~ a ~ b l  pa60~t.l n o 3 ~ o n f l l o T  C A e n a T b  BblBOA 0 B03MOM- 

HOCTM MCflOJlb30BaHMR A a H H o r o  n a K e T a  n p O r P a M M  B ~ Y A Y ~ ~ M ,  f lPM 06- 
p a 6 0 ~ ~ e  3KCf lepMMeHTanbHblX AaHHblX C Uenb lo  nOJlyYeHMfl  @M3MYeCKMX 

p e 3 y n b T a T O B .  

JMTEPATYPA 

OT H O M e p a  a K T U B H O r 0  CJIOR. 
HOMEP 10 20 30 ,,,, 

5,25 RAePHblX AnMt i  BMeCTO 4,97, YTO H e  RBnReTCR 3aMeTHblM Y n Y Y -  

u e H u e M  x a p a K T e p n c T u K  ~ a n o p u ~ e ~ p a  . 
P M c . 7  nOKa3b lBaeT  3aBMCMMOCTb ~ ~ ~ T ~ K T M P Y ~ M O ~ ~  3 H e p r M M  OT HOMe- 

pa a K T M B H O r 0  CnOR. B f lpMHUMf le ,  e C T b  A B a  anbTepHaTMBHb lX  B a p M a H -  

r a  p a c n o n o m e H u R  K a n o p u M e T p a  B K a H a n e ,  p a 3 n u ~ a 1 0 q u x c ~  n o e o p o ~ o ~  
e r o  H a  1 8 0 0 .  B a p u a ~ ~  p a c n o n o m e H n R  " ~ a o 6 o p o ~ "  n o 3 ~ o n ~ e ~  M c n o n b  - 
3 O B a T b  n p M  TeXHMYeCKMX p a 6 o ~ a x  MeXaHM3Mb1, P a H e e  YCT HOBJleHHble 7 nnfl C ~ O P K M  3J leKTpOMarHMTHOrO KanOpMMeTpa  " G E P A R D " ' ~  . B f l p e A -  

n o n o m e H u M ,  YTO a M n n u T y A a  A e T e K T n p y e M o r o  c u r H a n a  n a A a e T  c B e -  

TOBOAe no 3aKOHY A = AOexp ( 'L/Lo),  r A e  L - PaCCTORHMe A 0  @3Y,  
a Lo  - AnMHa 3aTYXaHMf l  C B e T o B o A a  / 2 6  M ~ T P O B / ,  OTHOWeHMe I lOnHO-  

r o  A e T e K T M p y e M o r o  c u r H a n a  ~ ~ y x  B a p u a H T o e  p a c n o n o x e H n R  

A/Aback = 0,94,  T . e .  n p M  I l e p e B O p O T e  A e T e K T O p a  Mbl " B b l M r ~ b l B a e ~ "  

B KOnMYeCTBe @oToHoB, /JOWeAWMX A 0  @ O T 0 y M H O ~ M T e n f l .  B TO  M e  B P e -  

MR npu T ~ K O M  p a c n o n o m e H M u  6onee B c e r o  o c n a 6 n ~ e ~ c f l  c n r H a n ,  npn- 
X O A F I U ~ ~ ~  M3 " X B O C T ~ "  K a C K a A a ,  YTO MOMeT nPHBeCTM K CMCTeMaTM- 

Y ~ C K O ~  f l O T e p e  YaCTM MH@OPMaUMM. 
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