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56789:; #.0., #6<=>:;?96@ &.)., #A6B<:;C ).). "J :K<:A AF7:KF 6KF<76L69CM66 NEF97B:AC>-
<67<OP E6;<F@:  IBFDB6<7 02)3 2011-24.!!–!!IB:7;6<:, 2011. !!–  12 ?.,  7 B6?.,  J6JE6:>B.: 5. 

) BCJ:7F BC??AC7B6;CF7?Q AF7:K 6KF<76L69CM66 6 BCRKFEF<6Q K;SP ?E6;G6P?Q NEF97B:-

AC><67<OP E6;<F@ ; NEF97B:AC><67<OP 9CE:B6AF7BCP. 4F7:K 6?D:E=RSF7 ?7C76?76TF?96F A:-

AF<7O RCBF>6?7B6B:;C<<:>: BC?DBFKFEF<6Q N<FB>:;OKFEF<6Q ; 9CE:B6AF7BF KEQ :MF<96 N<FB>66 

6 9::BK6<C7 E6;<F@. 4F7:K DB6AF<6A  KEQ DFBF9BO;C8U6P?Q ?DF97B:; 6E6 ?6><CE:; :K6<C9:-

;:@ L:BAO.  

 

 

 

 

Abstract  

 

Bityukov S.I., Singovsky A.V., Smirnova V.V. A Method for the Identification Electromagnetic 

Showers:  IHEP Preprint  2011-24.  –!!Protvino, 2011.  –  p. 12,  figs 7,  refs.: 5. 

 

The paper shows the applicability of the moments method for identification and separation of 

pair of electromagnetic showers. The empirical statistical moments of registered energy of sum of two 

overlapping showers are used for estimation of energy and coordinates of each shower. 
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)D747597 

%EQ BF>6?7BCM66 L:7:<:; 6 CKB:<:; ;O?:96P N<FB>6@ DB6AF<Q87?Q NEF97B:AC>-

<67<OF 9CE:B6AF7BO >:K:?9:D6TF?9:>: (QTF6?7:>:) 76DC [1], Q;EQ8U6F?Q  KF7F97:BCA6 

D:E<:>: D:>E:UF<6Q. ) KC<<OP KF7F97:BCP CADE67SK<O@ C<CE6R D:R;:EQF7 :DBFKFE67= 

9C9 D:E<:F N<FB>:;OKFEF<6F, 7C9 6 9::BK6<C7O MF<7BC 7QVF?76 BC?DBFKFEF<6Q N<FB>:-

;OKFEF<6Q, 9:7:BOF A:>S7 ?ESV67= :MF<9CA6 9::BK6<C7 BF>6?7B6BSFAOP TC?76M.  

"JBCJ:79C 6<7F<?6;<OP 6<L:BACM6:<<OP D:7:9:; ? NEF97B:AC><67<OP 9CE:B6AF7B:;  

7BFJSF7 JO?7B:KF@?7;S8U6P AF7:K:; :JBCJ:796, :JF?DFT6;C8U6P <F:JP:K6AS8 7:T-

<:?7= :DBFKFEF<6Q 96<FAC76TF?96P DCBCAF7B:; ; ?:JO76QP ? J:E=G:@ A<:VF?7;F<<:-

?7=8. 0R;F?7<:, T7: BF>6?7B6BSFAOF PCBC97FB6?7696 NEF97B:AC><67<:>: E6;<Q (?7C76-

?76TF?96F MF<7BCE=<OF A:AF<7O BC?DBFKFEF<6Q N<FB>:;OKFEF<6Q) ; 9CE:B6AF7BF  

? QTF6?7:@ ?7BS97SB:@ 6AF87 ?6E=<S8 RC;6?6A:?7= :7 9::BK6<C7O MF<7BC 7QVF?76  

NEF97B:AC><67<:>: E6;<Q ; QTF@9F 9CE:B6AF7BC. ) KC<<:@ BCJ:7F :J?SVKCF7?Q AF7:K, 

6?D:E=RS8U6@ ?7C76?76TF?96F A:AF<7O, ;9E8TCQ A:AF<7O 7BF7=F>: D:BQK9C, KEQ 

6KF<76L69CM66 NEF97B:AC><67<OP E6;<F@ 6 :MF<:9 6P N<FB>6@ 6 9::BK6<C7.  

H3I8<53D;< J<4<K9 

 

"JWF97:A 6??EFK:;C<6Q Q;EQF7?Q BF>6?7BCM6Q NEF97B:AC><67<:>: E6;<Q ; NEF9-

7B:AC><67<:A 9CE:B6AF7BF. /FE= BCJ:7O D:9CRC7= DFB?DF976;<:?7= AF7:KC, 6?D:E=-

RS8UF>: ?7C76?76TF?96F A:AF<7O (KCEFF AF7:K A:AF<7:;) KEQ RCKCT 6KF<76L69CM66 6 

:MF<96 DCBCAF7B:; NEF97B:AC><67<OP E6;<F@. ) BCJ:7F  DBF<FJBF>CF7?Q BCRE6T6FA ; 

BCR;6766 E6;<F@ :7 >CAAC-9;C<7:; 6 NEF97B:<:;, C 7C9 VF RC;6?6A:?7=8 L:BAO E6;<Q 
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(BF>6?7B6BSFAOP ?7C76?76TF?96P A:AF<7:; E6;<Q) :7 N<FB>66 E6;<Q, 7C9 9C9 N76  

NLLF97O <F ?SUF?7;F<<O ; KC<<:A AF7:KF 6 A:>S7 JO7= ST7F<O DB6 J:EFF KF7CE=<:A 

C<CE6RF. (C9VF, <F :J?SVKCF7?Q :MF<9C DCBCAF7B:; TC?76M, D:B:VKC8U6P NEF97B:AC>-

<67<O@ E6;F<=. 

"DBFKFE6A :?<:;<OF PCBC97FB6?7696 E6;<Q, 9:7:BOF JSKS7 6?D:E=R:;C7=?Q DB6 

D:?7B:F<66 AF7:KC 6KF<76L69CM66 E6;<Q 6 ;OKFEF<6Q BC?DBFKFEF<6Q N<FB>:;OKFEF<6Q 

E6;<Q 6R D:E<:>: RCBF>6?7B6B:;C<<:>: N<FB>:;OKFEF<6Q ; NEF97B:AC><67<:A 9CE:B6-

AF7BF.  

XCBC97FB6?769CA6 BF>6?7B6BSFA:>: NEF97B:AC><67<:>: E6;<Q, ;:R<69GF>: ; 

NEF97B:AC><67<:A 9CE:B6AF7BF, Q;EQ87?Q ?ESTC@<OF DFBFAF<<OF: N<FB>:;OKFEF<6F 

E6;<Q  E, 9::BK6<C7O MF<7BC 7QVF?76 E6;<Q  x, y,  <CTCE=<OF A:AF<7O  (?A. IB6E:VF-

<6F)!!"#
$, "%

$, "&
$ 6 "#

'
,"#

'
, "%

'
, "&

'!KEQ ?::7;F7?7;S8U6P DB:F9M6@, MF<7BCE=<OF 6 BC-

K6CE=<O@ A:AF<7O  (%$, (&$, (%', (&',!(#% , (%#, (%). %C<<OF PCBC97FB6?7696 <F RC;6?Q7 :7 

QTF6?7:@ ?7BS97SBO 9CE:B6AF7BC 6 :DBFKFEQ87?Q ?BFK:@ BCR;676Q E6;<Q 6 ?ESTC@<:@ 

DB6B:K:@ ?CA:>: E6;<Q. IBFKD:EC>CF7?Q, T7: 9CE:B6AF7B Q;EQF7?Q >:A:>F<<:@ ?BFK:@.  

XCBC97FB6?769CA6 RCBF>6?7B6B:;C<<:>: ; 9CE:B6AF7BF NEF97B:AC><67<:>: E6;-

<Q Q;EQ87?Q BFCE6RCM66 DFBFT6?EF<<OP ;OGF ?ESTC@<OP DFBFAF<<OP, D:ESTF<<OF 6R 

:M6LB:;C<<OP 6 DBF:JBCR:;C<<OP ?6><CE:; ? L:7:KF7F97:B:; 9CE:B6AF7BC. "J:R<CT6A 

6P ; ?::7;F7?7;66 ? DB6<Q7OA ; AC7FAC76TF?9:@ ?7C76?769F ?7C<KCB7:A, C 6AF<<:, 7FA6 

VF ?6A;:ECA6, <: D:AFTF<<OA6 R<CT9:A ˆ, 7.F. 7C96A6 PCBC97FB6?769CA6 JSKS7 <CJE8-

KF<<:F N<FB>:;OKFEF<6F E6;<Q *!+ , 9::BK6<C7O MF<7BC 7QVF?76 RCBF>6?7B6B:;C<<:>: 

E6;<Q  ,-,  .- (6E6!/!0 ,1-), <CTCE=<OF A:AF<7O   "0#$,  "0%$2 !"3&
$,  6  "0#'2 "0%', "0&' KEQ ?::7;F7-

?7;S8U6P DB:F9M6@, MF<7BCE=<OF 6 BCK6CE=<O@ A:AF<7O 45%$,  45&$, 45%', 45&',!45#%2! 45%#,!45%). 

Y<CTF<6Q <CJE8KCFAOP ;FE6T6<, 9B:AF <CJE8KCFA:>: N<FB>:;OKFEF<6Q E6;<Q 

*6, ?6E=<: RC;6?Q7 :7 9::BK6<C7 MF<7BC 7QVF?76 E6;<Q ; QTF@9F 9CE:B6AF7BC. 376 RC;6-

?6A:?76 A:V<: ;:??7C<:;67= 9C9 DBQAOA6 6RAFBF<6QA6 N<FB>:;OKFEF<6Q ; 9CE:B6-

AF7BF :7 NEF97B:AC><67<OP E6;<F@, :JBCR:;C<<OP TC?76MCA6 ? 6R;F?7<:@ N<FB>6F@, 7C9 

6 6?D:E=RSQ A:KFE= NEF97B:AC><67<:>: E6;<Q. $TF7 7C96P RC;6?6A:?7F@ <F:JP:K6A DB6 

9::BK6<C7<OP 6RAFBF<6QP DCKC8U6P <C 9CE:B6AF7B TC?76M. 

) ?:;BFAF<<OP N9?DFB6AF<7CP R<CT67FE=<S8 K:E8 BF>6?7B6BSFAOP ; 9CE:B6-

AF7BF TC?76M ?:?7C;EQ87 <F6R:E6B:;C<<OF TC?76MO, 7: F?7= BC?DBFKFEF<6F N<FB>:;O-
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KFEF<6Q ; E6;<F :7 BF>6?7B6BSFA:@ TC?76MO KFL:BA6B:;C<: K:D:E<67FE=<OA N<FB>:-

;OKFEF<6FA :7 L:<:;OP TC?76M. 37: A:VF7 JO7=, <CDB6AFB, pile-up TC?76MO, CKB:<O  

:7 ?:DB:;:VKC8UF@ ?7BS6 6E6 :7 ;7:B:>: >CAAC-9;C<7C DB6 BF>6?7BCM66 JO?7B:>: 

 78-AFR:<C. 37C KFL:BACM6Q ; N<FB>:;OKFEF<66 A:VF7 JO7= 6?D:E=R:;C<C KEQ ;OKFEF-

<6Q NEF97B:AC><67<:>: E6;<Q 6 S7:T<F<6Q F>: PCBC97FB6?769 RC ?TF7 ?BC;<F<6Q  

6RAFBF<<OP PCBC97FB6?769 E6;<Q ? 7FA6 PCBC97FB6?769CA6, 9:7:BOF K:EV<O ?::7;F7-

?7;:;C7= N7:AS NEF97B:AC><67<:AS E6;<8.  

 

L347?M  ?9D5G 

 ) BCJ:7F BC??AC7B6;CF7?Q A:KFE= NEF97B:AC><67<:>: 9CE:B6AF7BC ; ;6KF 

AC7B6MO 10×10 ?TF7T69:; D:E<:>: D:>E:UF<6Q ? 9;CKBC7<:@ QTF@9:@ ; D:DFBFT<:A  

?FTF<66 29×29!99%. %EQ 6??EFK:;C<6Q  6?D:E=R:;CEC?= A:KFE= E6;<Q, DBFKE:VF<<CQ  

; BCJ:7F [2]. 

"DBFKFE6A K;SAFB<:F ?:;AF?7<:F BC?DBFKFEF<6F 9C9 

 

               F(X,Y)=: : ;<,2 .=>,>.?
@A

B
@A ,                                                                    (1) 

 

>KF  f(x,y)  –  DE:7<:?7= ;FB:Q7<:?76  N<FB>:;OKFEF<6Q E6;<Q, :JBFRC<<:>: ; 9::BK6<C7-

<:@ DE:?9:?76 (x,y). 2S<9M6Q  f(x,y) D:9CRC<C <C '6?. 1. 

3<FB>:;OKFEF<6F ; QTF@9F BC??T67O;CF7?Q 6R R<CTF<6Q 9SASEQ76;<:@ LS<9M66 

($B. 1) ; S>ECP QTF@96:  

 

G(X,Y)=F(X+
C
%,Y+

C
%)-F(X+

C
%,y-

C
%)-F(X-

C
%,Y+

C
%)+F(X-

C
%,Y-

C
% ).                           (2) 

 

0R;F?7<:, T7: D:DFBFT<OF LES97SCM66 NEF97B:AC><67<:>: E6;<Q ; >:A:>F<<:@ 

?BFKF <F?SUF?7;F<<O,  7: F?7= DB6 6KFCE=<:@ BF>6?7BCM66 E6;<Q :K<:AFB<OF  

MF<7BCE=<OF A:AF<7O 45% 6 45& D:KT6<Q87?Q ?::7<:GF<6QA 45%= 45&=const 6  45&$=45&'=0. 

1;CKBC7<CQ QTF@9C 9CE:B6AF7BC <F?F7 :7;F7?7;F<<:?7= RC ?6E=<:F <CBSGF<6F KC<<OP 

?::7<:GF<6@. 376 <CBSGF<6Q A:V<: ;6KF7= <C '6?. 2 (d=29 AA). # KBS>:@ ?7:B:<O, 

N7:7 NLLF97 A:VF7 JO7= 6?D:E=R:;C< KEQ :7KFEF<6Q  ?6><CEC NEF97B:AC><67<:>: E6;<Q 

:7 L:<:;:>: ?:DB:;:VKF<6Q. 



4 

 

 
Рис. 1. Плотность вероятности  f(x,y)  распределения энерговыделения  ливня, обрезанного  

в  координатной плоскости  (x,y). 

 

 

 
 

Рис. 2. Типичный ливень в ячейке  размером  d=29 мм  (a). Зависимость  наблюдаемых  

значений моментов    (b),    (c) и   (d) по координате  x регистрируемой частицы. 
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!47589:9;<=9G 34953K53A3 >?7;8@36<A59853A3 ?9D5G 
 

IBFKD:E:V6A, T7: ; KF7F97:BF BF>6?7B6BSF7?Q K;C E6;<Q ? N<FB>:;OKFEF<6QA6 

*6<#=,!*6<%=, 9::BK6<C7CA6 MF<7BC 7QVF?76  <,#,.#), (,%,.%) 6 DE:7<:?7QA6 ;FB:Q7<:?76 

N<FB>:;OKFEF<6Q E6;<F@ f(x-,#,y-.#), f(x-,%2y-.%) ? ?::7;F7?7;S8U6A6 ?7C76?76TF?96A6 

A:AF<7CA6. ) KC<<:A ?ESTCF, F?E6 DBFKD:EC>C7= CKK6;<:?7= DB6 ?SAA6B:;C<66  

N<FB>:;OKFEF<6@ :7 9CVK:>: E6;<Q KEQ DBFK?7C;EF<6Q ;6K6A:>: N<FB>:;OKFEF<6Q,  

BF>6?7B6BSFA:>: ; 9CE:B6AF7BF, 7: BC?DBFKFEF<6F N<FB>:;OKFEF<6Q A:V<: :D6?C7= 

A:KFE=8 

 

g(x,y)=*<#=f(x-,#,y-.#) +!*<%=f(x-,%,y-.%).                                           (3) 

 

"TF;6K<:, T7: ; N7:A ?ESTCF ?7C76?76TF?96F A:AF<7O KEQ ?SAACB<:>: N<FB>:-

;OKFEF<6Q E6;<F@ JSKS7 :7E6TC7=?Q  :7 A:AF<7:; :K6<:T<:>: E6;<Q. I:9CVFA, T7: N7: 

BCRE6T6F A:VF7 JO7= 6?D:E=R:;C<: KEQ :DBFKFEF<6Q PCBC97FB6?769 9CVK:>: 6R E6;<F@ 

; ?ESTCF, F?E6 E6;<6 TC?76T<: DFBF9BO;C87?Q.  

 1:<FT<:, ?ESTC@<CQ DB6B:KC E6;<Q ;EFTF7 RC ?:J:@ <F:DBFKFEF<<:?7= ; :DBFKF-

EF<66 A:AF<7:;. +CDB6AFB, 7C9:>: 76DC <F:DBFKFEF<<:?7= ; :MF<9F MF<7BCE=<:>: BC-

K6CE=<:>: A:AF<7C  4%) JE6R9C 9 Z=!DEFG [2% KEQ (-%) ; <CGFA ?ESTCF. 37: :R<CTCF7, T7: 

;FB:Q7<:?7= 6RAFBF<<:>: R<CTF<6Q 45%) KEQ :K6<:T<:>: NEF97B:AC><67<:>: E6;<Q JO7= 

J:E=GF, TFA 4%)+3HZ JE6R9C 9 0.15%. )OD:E<F<6F KC<<:>: S?E:;6Q D:R;:EQF7 BC??AC7-

B6;C7= RCBF>6?7B6B:;C<<:F N<FB>:;OKFEF<6F, 9C9 N<FB>:;OKFEF<6F DFBF9BO;C8U6P?Q 

E6;<F@. +CR:;FA N7: S?E:;6F S?E:;6FA 3-Z  BCRKFE6A:?76 :K6<:T<:>: NEF97B:AC><67-

<:>: E6;<Q 6 DCBO (6E6 <F?9:E=96P) ?E6;G6P?Q E6;<F@.  

(6D6T<OF E6;<6 6 RC;6?6A:?7= BCK6CE=<OP A:AF<7:; :7 BC?D:E:VF<6Q MF<7BC 

7QVF?76  ; QTF@9CP ; ?ESTCF ?AFG6;C<6Q K;SP E6;<F@ D:9CRC<O <C '6?. 3. '6?. 4 D:9C-

RO;CF7 RC;6?6A:?7= TS;?7;67FE=<:?76 MF<7BCE=<:>: BCK6CE=<:>: A:AF<7C :7 :7<:GF-

<6Q N<FB>6@ E6;<F@. YC;6?6A:?7= D:9CRO;CF7 DBFKFE=<:F R<CTF<6F BC??7:Q<6Q  

AFVKS E6;<QA6 DB6 ?::7;F7?7;S8UFA :7<:GF<66 N<FB>6@ KEQ 3-Z BCRKFE6A:?76  

A:AF<7:;. 
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'6?. 3. (6D6T<:F N<FB>:;OKFEF<6F KEQ ?E6;G6P?Q E6;<F@ KEQ 9;CKBC7<:@ QTF@96 ?: ?7:B:<:@ 

d=29 AA (BC??7:Q<6F AFVKS E6;<QA6 7C9VF BC;<: 29 AA) 6 RC;6?6A:?7= <CJE8KCFAOP R<CTF<6@ 

A:AF<7:; (-%) :7 x-9::BK6<C7O MF<7BC 7QVF?76 N<FB>:;OKFEF<6Q (y-9::BK6<C7C L69?6B:;C<C) 
KEQ :K6<:T<:>: E6;<Q (<6V<QQ 9B6;CQ) 6 KEQ DCBO E6;<F@ (;FBP<QQ 9B6;CQ). '6?S<96 (a) 6 (b) 

:7<:?Q7?Q 9 E6;<QA ? :7<:GF<6FA N<FB>6@  
I<F=
I<J==1,  C B6?S<96 (c) 6 (d) :7<:?Q7?Q 9 E6;<QA   

? :7<:GF<6FA  N<FB>6@   
I<F=
I<J==5. 

 

L7834  6367583D [3] 

) ?7C76?769F A:AF<7O 6?D:E=RS87?Q KEQ :MF<96 DCBCAF7B:; ;OJ:B96 7C96P 9C9 

?BFK<FF, K6?DFB?6Q, AFK6C<C 6 7.D.. IS?7= ;9ECK E6;<F@ ; ;6K6A:F N<FB>:;OKFEF<6F  

CKK676;F< (?A. $B. 3), 7:>KC, F?E6 RCL69?6B:;C7= :K<S 6R 9::BK6<C7, ?6?7FAC SBC;<F<6@ 

KEQ :MF<96 PCBC97FB6?769 E6;<F@ TFBFR ?7C76?76TF?96F A:AF<7O (; :K<:AFB<:A 

?ESTCF, 7: F?7= 9C9 ;  x-, 7C9 6 ;  y-DB:F9M6QP) 6AFF7 ;6K  

"08=! I<J=
I<J=KI<F= + 

I<F=
I<J=KI<F= = 1, 

"0#= 
I<J=

I<J=KI<F="#
<#=

 + 
I<F=

I<J=KI<F="#
<%=

,                                          (4) 

"0%= 
I<J=

I<J=KI<F="%
<#=

 + 
I<F=

I<J=KI<F="%
<%=

,                          

"0&= 
I<J=

I<J=KI<F="&
<#=

 + 
I<F=

I<J=KI<F="&
<%=

.                                                                       
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'6?.4. YC;6?6A:?7= BC??7:Q<6Q AFVKS E6;<QA6 KEQ 3-Z BCRKFE6A:?76 A:AF<7:; (-%) :K6<:T<:>: 
E6;<Q 6 ?E6;GF@?Q DCBO E6;<F@ :7 :7<:GF<6Q N<FB>6@ E6;<F@.  

 

 YC;6?6A:?7= R<CTF<6@ K;SAFB<OP MF<7BCE=<OP A:AF<7:; 4#% 6  4%# KEQ :K6<:T-

<:>: ?6><CEC 6 DCBO ?6><CE:; DBFK?7C;EF<C <C '6?. 5. I:;FKF<6F N76P K;SP 9B6;OP KCF7 

K:D:E<67FE=<S8 6<L:BACM68 KEQ ;OKFEF<6Q ?6><CE:;.    

IBFKD:E:V6A, T7: MF<7BCE=<OF A:AF<7O :K6<:T<OP E6;<F@ BC;<O 4%=4%<#==4%<%=  
6  4&=4&<#==4&<%=. (:>KC ?6?7FAC  $B. (4) A:VF7 JO7= DBF:JBCR:;C<C ;  ?6?7FAS TF7OBFP 

CE>FJBC6TF?96P SBC;<F<6@  ? TF7OB=AQ <F6R;F?7<OA6 "#
<#=

, "#
<%=

, *<#= 6 *<%=.! 
 

L8= *<#= + *<%= = *6,!
L#= *<#="#

<#=
 + *<%="#

<%=
,                                

L%= *<#="#
<#=F

 + *<%="#
<%=F

,                                                     (5) 

L&= *<#="#
<#=M

 +*<%="#
<%=M

,                                                                                  

>KF !L8=*6 H "08 6  LN=*6 H O"0N P!Q ORST 4U
N
UV# "0N@UT, !R! W1. 
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         '6?. 5. YC;6?6A:?7= K;SAFB<OP ?7C76?76TF?96P A:AF<7:;  4#%! 6 !4%#  :7  x-9::BK6<C7. 
 

 

#6?7FAC (5) ?;:K67?Q 9 9;CKBC7<:AS SBC;<F<68 :7<:?67FE=<: ?::7;F7?7;S8U6P 

<CTCE=<OP    A:AF<7:;  "#
<#=

,  "#
<%=

 TFBFR DB:AFVS7:T<S8 ?6?7FAS  

 

L# H O"#
<#= X"#

<%=T - L8 H "#
<#= H "#

<%= Y L%, (6)

L# H O"#
<#= X"#

<%=T
%
 – OL# XL8 H O"#

<#= X"#
<%=T H "#

<#= H "#
<%=T=L&,

 

6R 9:7:B:@ <CP:K6A ?SAAS 6 DB:6R;FKF<6F 9:B<F@ 9;CKBC7<:>: SBC;<F<6Q    

 

!!!!!!!!!!!!"#
<#= X"#

<%=
 = 

Z[ZM\!ZJZF
Z[ZF@!ZJF

   6  !!"#
<#= H "#

<%= Y!ZJZM@!ZF
F

Z[ZF@!ZJF
. 
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37: D:R;:EQF7 ?BCRS :DBFKFE67= :MF<96 <CTCE=<OP A:AF<7:; (7: F?7= 9::BK6<C-

7O) !"0# 6 "0% ?::7;F7?7;S8U6P E6;<F@. 3<FB>:;OKFEF<6F KEQ 9CVK:>: E6;<Q ;:??7C-

<C;E6;CF7?Q 6R DB:?7:>: ?::7<:GF<6Q  

!*+ <#2%= = 
ZJ@!!Z[H]0J

<F2J=

]0J
<J2F=@!]0J

<F2J=  .                                                                (7) 

%C<<OF ;OBCVF<6Q KC87 JO?7B:F C<CE676TF?9:F BFGF<6F RCKCT6 BCRKFEF<6Q 

K;SP ?E6;G6P?Q E6;<F@ 6 D:R;:EQ87, DB6 DB6AF<F<66 J:EFF ?E:V<OP 6 ;BFAQFA96P 

CE>:B67A:; ;:??7C<:;EF<6Q PCBC97FB6?769 E6;<F@, 6?D:E=R:;C7= D:ESTF<<OF PCBC97F-

B6?7696 ; 9CTF?7;F <CTCE=<:>: DB6JE6VF<6Q. "MF<6A <F:DBFKFEF<<:?76 ; ;:??7C<:;-

EF<66 PCBC97FB6?769 E6;<F@.  

YCL69?6BSFA BC??7:Q<6F AFVKS E6;<QA6 :K6<C9:;:@ N<FB>66 BC;<:F  29 AA.  

0R '6?. 6 A:V<: ;6KF7= (a) x-RC;6?6A:?7= MF<7BCE=<:>: A:AF<7C 4%
<#2%=

 :K6<:T<:>: E6;-

<Q ('6?. 2 (c) 7:VF BC?DBFKFEF<6F, <: KEQ KBS>:@ y-9::BK6<C7O) 6 (b) BC?DBFKFEF<6F 

N76P ;FE6T6< DB6 BC;<:AFB<:A ?9C<6B:;C<66 D: x-9::BK6<C7F (?BFK<FF R<CTF<6F 4%
<#2%=

 

DB6JE6R67FE=<: BC;<: 0.3).  

 *?E6 <CA 7:T<: 6R;F?7<O A:AF<7O N76P E6;<F@, 7: ?6?7FAC $B. 5 6AFF7 7:T<:F 

BFGF<6F KEQ BC??7:Q<6Q AFVKS E6;<QA6 6 KEQ :7<:GF<6Q N<FB>6@ (N7: BFGF<6F DBFK-

?7C;EF<: <C '6?. 7 ? D:A:U=8 DBQAOP E6<6@ (a) – BC??7:Q<6F, (b) – :7<:GF<6F). "7AF-

76A, T7: BFGF<6F D:ESTF<: KEQ   BC?DBFKFEF<6Q D: N<FB>66 KEQ ?E6;G6P?Q E6;<F@,  

C :MF<96 MF<7BCE=<OP A:AF<7:; <C@KF<O D: N<FB>:;OKFEF<68 9CVK:>: 6R E6;<F@. 

1B6;OF <C N7:A B6?S<9F  Q;EQ87?Q BFGF<6QA6 7:@ VF ?6?7FAO $B. 5, F?E6 AO 6?D:E=-

RSFA ?BFK<FF R<CTF<6Q A:AF<7:;  4%
<#2%=

=0.3  6 4&
<#2%=

=0. )6K<: <CE6T6F ?6?7FAC76TF?96P 

6RAF<F<6@  :79E:<F<6Q D:ESTF<<OP PCBC97FB6?769 E6;<F@ 9C9 ; :MF<9F DB:?7BC<?7-

;F<<OP 9::BK6<C7, 7C9 6 ; :MF<9F :7<:GF<6Q N<FB>6@ <C SB:;<F :7 0% K: 20% ; RC;6-

?6A:?76 :7 9::BK6<C7O BCR;676Q E6;<Q ; QTF@9F 9CE:B6AF7BC. (FA <F AF<FF, AF7:K  

A:AF<7:; D:R;:EQF7 KC7= DB6JE6VF<<S8 :MF<9S 9::BK6<C7 6 N<FB>6@ K;SP ?E6;G6P?Q 

E6;<F@ DB:?7OA6 6 JO?7BOA6 ;OT6?EF<6QA6 ; G6B:9:A K6CDCR:<F BC??7:Q<6@ AFVKS 

E6;<QA6 6 6P :7<:GF<6@ N<FB>6@. 
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    '6?. 6. YC;6?6A:?76 ?7C76?76TF?96P A:AF<7:; !4%

<#2%=
 D: x-9::BK6<C7F :K6<:T<:>: E6;<Q  (a)  

    6  BC?DBFKFEF<6F  R<CTF<6@  4%
<#2%=

  D:  x-9::BK6<C7CA  DB6 BC;<:AFB<:A  ?9C<6B:;C<66  (b). 

     '6?. 7. YC;6?6A:?7= BC??7:Q<6Q AFVKS DCB:@ BF9:<?7BS6BSFAOP E6;<F@ (a) 6 :7<:GF<6F  
     BF9:<?7BS6BSFA:@  N<FB>66  (b)  D:  x-9::BK6<C7F  MF<7BC  7QVF?76  ?E6;GF>:?Q  E6;<Q. 
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'<;?NK7597 

4F7:K A:AF<7:; KCF7 RCA9<S7OF C<CE676TF?96F BFRSE=7C7O, T7: ?SUF?7;F<<: 

DB6 :JBCJ:79F 6<7F<?6;<OP 6<L:BACM6:<<OP D:7:9:; 6E6 DB6 ?7C76?76TF?96 :JF?DF-

TF<<:A A:KFE6B:;C<66 BCRE6T<OP DB:MF??:; KEQ :DBFKFEF<6Q N9?DFB6AF<7CE=<OP  

BCRBFGF<6@, NLLF976;<:?7F@ 6 KBS>6P PCBC97FB6?769. 4F7:K <F 7BFJSF7 <CE:VF<6Q  

VF?796P S?E:;6@ <C :K<:B:K<:?7= ?;F7:?:J6BC<6Q ; NEF97B:AC><67<OP 9CE:B6AF7BCP. 

IB6 :JBCJ:79F BFCE=<OP ?:JO76@ <F:JP:K6AOF D:DBC;:T<OF RC;6?6A:?76 A:>S7 JO7= 

<C@KF<O ; 9CE6JB:;:T<OP 6RAFBF<6QP. 

'C??A:7BF<<O@ ; BCJ:7F DB6AFB D:9CRO;CF7, T7: E8J:@ CE>:B67A K:EVF< DB6-

<6AC7= ;: ;<6AC<6F R<C<6F : D:;FKF<66 MF<7BCE=<OP A:AF<7:; E6;<F@ ; KF7F97:BF. 

4F7:K A:V<: 6?D:E=R:;C7= 9C9 DB6 DB:>BCAA6B:;C<66 7B6>>FB<OP S?E:;6@ RCDS?9C 

N9?DFB6AF<7CE=<OP S?7C<:;:9, 7C9 6 KEQ D:6?9C <CTCE=<:>: DB6JE6VF<6Q ;: ;BFAQFA-

96P CE>:B67ACP 7:T<:>: :DBFKFEF<6Q PCBC97FB6?769 NEF97B:AC><67<OP E6;<F@ [4].  

4F7:K 7C9VF 6?D:E=RSF7?Q DB6 A:KFE6B:;C<66 DB:MFKSBO 6KF<76L69CM66 DBQAOP  

L:7:<:; ? D:A:U=8 6?9S??7;F<<OP <F@B:<<OP ?F7F@ [5].  %C<<O@ AF7:K A:VF7 JO7= 

DB6AF<F< ; ?DF97B:?9:D66 KEQ BCRKFEF<6Q DFBF9BO;C8U6P?Q ?DF97B:;. 

 

O?<A34<@53I89 

4O JEC>:KCB<O DB:L. +.*. (8B6<S 6  DB:L. ).%. 0;TF<9: RC 6<7FBF? 6 D:K-

KFBV9S KC<<:@ BCJ:7O. 

 

#P9I3; ?987@<8Q@B 

[1] V.A.Kachanov, Yu.D.Prokoshkin, A.V.Singovsky, V.G.Baryshevsky, M.V.Korzhik, 

J.P.Peigneux, M.Poulet, A.A.Fyodorov. Properties and beam tests of PbWO4 crystals. Pre-

print LAPP-EXP-93.08, 1-22, October 1993; Proc. of IEEE 93, Nuclear Science Symposium, 

November 1993, San Francisco, California, USA. 

[2]  A.A. Lednev, Electron shower transverse profile measurement, Nucl. Instr.&Meth.  

A366, 292 (1995); Preprint IHEP 93-152, Protvino, 1993. 

[3]    S.I. Bityukov, S.A. Sadovsky, V.K. Semenov, V.V. Smirnova, Evaluation of shower pa-

rameters by the moment method in hodoscopic  calorimeter, Preprint IHEP 81-45, Serpukhov, 

1981. 



12!

!

[4]  A.A. Lednev, Separation of the overlapping electromagnetic shower Gams-type calorim-

eters, Preprint IHEP 93-153, Protvino, 1993. 

[5] M.Yu. Bogolyubsky, Yu.V. Kharlov, S.A. Sadovsky, Direct photon identification with 

artificial neural network in the photon spectrometer PHOS, Nucl.Instr.&Meth.  A502, 719 

(2003). 

#$%&'()* '&)+$'(,- 3 (./0 2011 1. 

 

I'0\"]*+0* 

 

#8<89I89K7I;97 636758B @<IP@747?759G 

1CVKCQ ?ESTC@<CQ ;FE6T6<C D:E<:?7=8 :DBFKFEQF7?Q ?;:F@ LS<9M6F@ BC?DBFKF-

EF<6Q. ) 7: VF ;BFAQ DB6 BFGF<66 DBC976TF?96P RCKCT K:?7C7:T<: R<C7= <F?9:E=9: T6-

?E:;OP DCBCAF7B:;, 9:7:BOF D:R;:EQ87 DBFK?7C;67= :?<:;<OF :?:JF<<:?76 ?ESTC@<:@ 

;FE6T6<O ; ?VC7:@ L:BAF. 1 7C96A ;FE6T6<CA :7<:?Q7?Q ; DFB;S8 :TFBFK= ?7C76?76TF-

?96F A:AF<7O.  

+CTCE=<OA A:AF<7:A  k->: D:BQK9C ?ESTC@<:@ ;FE6T6<O  X  <CRO;CF7?Q  AC7F-

AC76TF?9:F :V6KC<6F k-@ ?7FDF<6 ?ESTC@<:@ ;FE6T6<O  X,  7.F. 

 

"^
B= E_`^a , k=0, 1, 2, 3,…….                                                         (8) 

"7AF76A, T7: AO :J:R<CTCFA AC7FAC76TF?9:F :V6KC<6F TFBFR ?6A;:E  E, :JUF-

DB6<Q7O@ ; ?:;BFAF<<:@ AC7FAC76TF?9:@ E67FBC7SBF. /F<7BCE=<OA A:AF<7:A k->: 

 D:BQK9C ?ESTC@<:@ ;FE6T6<O  X  <CRO;CF7?Q ;FE6T6<C, :DBFKFEQFACQ L:BASE:@ 

 

4^B = E_<` P "#
B=^a,    k= 0, 1, 2, 3,…….                                        (9) 

YCAF76A, T7: AC7FAC76TF?9:F :V6KC<6F ?ESTC@<:@ ;FE6T6<O F?7= <CTCE=<O@ 

A:AF<7 1->: D:BQK9C, C K6?DFB?6Q F?7= MF<7BCE=<O@ A:AF<7 ;7:B:>: D:BQK9C. 

I: C<CE:>66 ;;:KQ7?Q K;SAFB<OF A:AF<7O, <CDB6AFB ; KC<<:A 6??EFK:;C<66 

6?D:E=RS87?Q MF<7BCE=<OF ?AFGC<<OF A:AF<7O KEQ ?ESTC@<OP ;FE6T6< X 6 Y 

 

4^bB?!= E_<` P!"#
B=^<c P!"b

?=ba,  k,l=0,1,2,3,…                                 (10) 

+CA D:7BFJSF7?Q MF<7BCE=<O@ BCK6CE=<O@ A:AF<7 (6E6 D:DFBFT<CQ K6?DFB?6Q) 

4)=4%)=E_<` P!"#
B=% X!<c P!"b

?=%a,  k,l=0,1,2,3,… (11)
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#.0. 56789:;,  &.). #6<=>:;?96@,  ).). #A6B<:;C 

"J :K<:A AF7:KF 6KF<76L69CM66 NEF97B:AC><67<OP E6;<F@. 

IBFDB6<7 :7DFTC7C< ? :B6>6<CEC-AC9F7C, D:K>:7:;EF<<:>: C;7:BCA6. 

I:KD6?C<: 9 DFTC76  27.10.2011.  2:BAC7 60 " 84/16.  "L?F7<CQ DFTC7=. 
IFT.E.  0,88. $T.- 6RK.E.  1,34.      (6BCV 80.     YC9CR   29.        0<KF9? 3649. 

!+/ '2 0<?767S7 L6R696 ;O?:96P N<FB>6@ 

142281,  IB:7;6<: 4:?9:;?9:@ :JE. 
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