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ɺʠʢʪʦʨ ɻʝʩʩ 1912 ʛ. - ʦʪʢʨʳʪʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 



ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ? - ɿʘʛʘʜʢʘ 20-21 ʚʝʢʘ 

 

ʆʪʢʫʜʘ?  -   ʕʥʝʨʛʝʪʠʢʘ? 

 

ɻʜʝ?   -   ʀʩʪʦʯʥʠʢʠ? 

 

ʂʘʢ?  -  ʄʝʭʘʥʠʟʤʳ ʫʩʢʦʨʝʥʠʷ? 
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ʂʦʣʣʘʙʦʨʘʮʠʷ ʊʫʥʢʘ 



1991-1992: ʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʣʴʜʫ ʦʟ. ɹʘʡʢʘʣ ʩ ʬʦʪʦʜʝʪʝʢʪʦʨʘʤʠ  

ʂɺɸɿɸʈ-370 (ɹʝʟʨʫʢʦʚ, ʂʫʟʴʤʠʯʝʚ, ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ɻʨʵʩʩ) 

 

1993ʛ. -  ʇʝʨʝʥʦʩ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʊʫʥʢʠʥʩʢʫʶ ʜʦʣʠʥʫ.  

(ɹʝʟʨʫʢʦʚ, ɹʫʜʥʝʚ, ʂʫʟʴʤʠʯʝʚ, ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ʇʦʭʠʣ ʠ ʜʨ.) 

   



SMECA: Surface Mobile Eas Cherenkov Array 







ʧ.ʊʦʨʳ, ʊʫʥʢʠʥʩʢʠʡ ʨ-ʦʥ, ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ 

ʊʫʥʢʘ-4  

4 ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʂɺɸɿɸʈ-370G 



ʈʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʂɺɸɿɸʈ-370G ʜʣʷ ʯʝʨʝʥʢʦʚʩʢʠʭ 

ʜʝʪʝʢʪʦʨʦʚ ʐɸʃ ʊʫʥʢʘ 

ɹʝʟʨʫʢʦʚ, ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ʇʦʭʠʣ, ʇʫʪʠʣʦʚ, ʉʪʝʧʘʥʝʥʢʦ. ʀʗʀ ʈɸʅ ï ʆʂɹ ʂɸʊʆɼ 



ʈʘʟʨʘʙʦʪʢʘ ʩʝʨʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʌʕʋ ʜʣʷ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʂɺɸɿɸʈ-370G, ʤʘʢʩʠʤʘʣʴʥʳʡ DC ʘʥʦʜʥʳʡ ʪʦʢ ï ~200 ʤʢɸ! 

ɹʝʟʨʫʢʦʚ, ɻʣʫʭʦʚʩʢʦʡ, ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ʇʦʭʠʣ. ʀʗʀ ʈɸʅ - ʄʕʃɿ 



Bezrukov, Kuzmichev, Lubsandorzhiev, ʇʦʭʠʣ et al. 24th ICRC 1995 Rome. 

 

ñʂʦʣʝʥʦò ʚ ʩʧʝʢʪʨʝ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʧʨʠ 3³1015 ɻ ɺ.  



ʊʫʥʢʘ-25 

S ~ 0.1 km2; Eth ~ 0.5 PeV; q ~ 0.5̄    

25 ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʂɺɸɿɸʈ-370G 

+4 ʜʝʪʝʢʪʦʨʘ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ ʐɸʃ 



ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʠ ʤʘʩʩʦʚʳʡ ʩʦʩʪʘʚ ʇʂʀ ʚ ʜʠʘʧʘʟʦʥʝ  

ʵʥʝʨʛʠʡ 1015 - 2³1016 ʵɺ.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʝʢʪʦʨʘ ʊʋʅʂɸ-25  



ʀʗʀ ʈɸʅ:  ʊʫʥʢʘ-4; ʊʫʥʢʘ-13; ʊʫʥʢʘ-25 
 

ʈʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʂɺɸɿɸʈ-370G 

ɹʝʟʨʫʢʦʚ, ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ʇʫʪʠʣʦʚ, ʇʦʭʠʣ, ʉʪʝʧʘʥʝʥʢʦ 

 

ʈʘʟʨʘʙʦʪʢʘ ʩʝʨʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʌʕʋ ʜʣʷ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʂɺɸɿɸʈ-370G 

ɹʝʟʨʫʢʦʚ, ɻʣʫʭʦʚʩʢʦʡ, ʃʫʙʩʘʥʜʦʨʞʠʝʚ 

 

ʈʘʟʨʘʙʦʪʢʘ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʊʫʥʢʘ-4; ʊʫʥʢʘ-13 ʠ ʊʫʥʢʘ-25 

ɺʘʩʠʣʴʝʚ, ɺʷʪʯʠʥ, ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ʇʦʭʠʣ 

 

ɺʳʨʘʚʥʠʚʘʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ ʜʝʪʝʢʪʦʨʦʚ 

ʊʫʥʢʘ-4; ʊʫʥʢʘ-13 ʠ ʊʫʥʢʘ-25 ʩ ʪʦʯʥʦʩʪʴʶ ~350 ʧʩ 

ɺʘʩʠʣʴʝʚ, ɺʷʪʯʠʥ, ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ʇʦʭʠʣ . 

 

ʊʦʯʥʦʩʪʴ ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ  ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʊʋʅʂɸ ï ʦʧʨʝʜʝʣʝʥʠʝ 

ʫʛʣʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚʩʝʡ ʫʩʪʘʥʦʚʢʠ 

ɺʘʩʠʣʴʝʚ, ɺʷʪʯʠʥ, ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ʇʦʭʠʣ.  













ʕʢʩʧʝʨʠʤʝʥʪ QUEST (QUasars at EaS-Top)  

Ǽ - ʰʠʨʦʢʦʫʛʦʣʴʥʳʝ ʯʝʨʝʥʢʦʚʩʢʠʝ ʜʝʪʝʢʪʦʨʳ ; 

ǹ - ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ   

       5 ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʂɺɸɿɸʈ-370G  







QUEST: ɸʙʩʦʣʶʪʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʊʫʥʢʘ 



ʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 1015 ï 1018 ʵɺ 

S ~ 1ʢʤ2;  

r ~ 80-100 m;  

s(Å) ²20cm 

ʊʫʥʢʘ-133 



ʊʫʥʢʘ-133   

ʀʟʫʯʝʥʠʝ ʇʂʀ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 1015 ï 1018 ɻ ɺ 

S ~ 1 ʢʤ2;  Eth ~1015 ɻ ɺ; 

 

ʊʦʯʥʦʩʪʴ ʣʦʢʘʮʠʠ ʦʩʠ ʣʠʚʥʷ ï 10 ʤ; 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ï 15%; 

 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ Xmax  -  25 g/cm2 

 





8 inch EMI9350 PMT from MACRO 
A/D=30,  high linearity (>105 pe) 

Fast LED driver with high dynamic range 





19 ʢʣʘʩʪʝʨʦʚ, 7 ʦʧʪʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ ʚ ʢʣʘʩʪʝʨʝ  ʌʦʪʦʜʝʪʝʢʪʦʨ EMI9350 (8ò)  





















ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʊʫʥʢʘ-133 

ʅʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʠʪʴ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʩʦʙʳʪʠʡ ʩ ɽ²1018ɻ ɺ  











ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʚʩʝʭ ʯʘʩʪʠʮ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʩ  

ʩʫʤʤʘʨʥʳʤ ʚʢʣʘʜʦʤ ʤʥʦʛʠʭ ʪʠʧʦʚ ʩʚʝʨʭʥʦʚʳʭ  (ʇʪʫʩʢʠʥ ʠ ʜʨ. ) 
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ʉʧʝʢʪʨ ʚʩʝʭ ʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ TUNKA -25, 133  ʠ KASKADE ʠ 

KASCADE GRANDE, ʊʠʙʝʪ, EAS TOP, Auger, Hires, ʠ ʦʪʜʝʣʴʥʦ ʩʧʝʢʪʨ ʷʜʝʨ ʞʝʣʝʟʘ, 

ʧʦʣʫʯʝʥʥʳʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ TUNKA -133  ʠ  KASCADE GRANDE. ʃʠʥʠʠ ï ʤʦʜʝʣʴ 

ʠʩʪʦʯʥʠʢʦʚ ʂʃ, ʚ ʢʦʪʦʨʳʭ ʉʚʝʨʭʥʦʚʳʝ Iʘ ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʜʦʤʠʥʠʨʫʶʱʠʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʦʙʣʘʩʪʠ 1015-1018 ʵɺ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

ʫʩʢʦʨʝʥʥʳʭ ʂʃ ʣʫʯʝʡ (28% Pr, 28 % He, 10 % CNO, 10% Si, (20-25) % Fe ʧʨʠ 1 ʇʵɺ).  



ʈʘʩʰʠʨʝʥʠʝ ʊʫʥʢʘ-133  





ʊʫʥʢʘ-HiSCORE 

ʇʨʦʝʢʪ HiSCORE ï ʧʨʦʝʢʪ  ʰʠʨʦʢʦʫʛʦʣʴʥʦʛʦ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʧʣʦʱʘʜʴʶ 

100 km2 ʠ ʧʦʨʦʛʦʤ  20 ʊʵɺ (M.Tluczykont et al , ArXiv : 0909.0445)  

 

ɻʨʘʥʪ ʬʦʥʜʘ ʠʤ.ɻʝʣʴʤʛʦʣʴʮʘ: ʩʦʚʤʝʩʪʥʳʡ ʧʨʦʝʢʪ  DESY-ʀʗʀ ʈɸʅ 

(ʈʫʙʮʦʚ ɻ.ʀ. ʊʆ ʀʗʀ ʈɸʅ) 

ʇʨʦʪʦʪʠʧ HiSCORE (S~2.5 ʢʤ2 ) ʚ ʊʫʥʢʝ   -  1600 ʌʕʋ  





SN1006 

IACTs donôt give an unambiguous answer   



ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʊʫʥʢʘ-HiSCORE 





20 ʩʮ. ʜʝʪʝʢʪʦʨʦʚ, 10 ʤ2 ʢʘʞʜʳʡ  -  

ʧʨʦʚʝʜʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ,  ʢʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ  

QUEST (ʂʫʟʴʤʠʯʝʚ, ʂʦʨʦʩʪʝʣʝʚʘ, ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ʇʨʦʩʠʥ 1998-2001.)  

 

ʈʘʜʠʦʘʥʪʝʥʥʳ +2; HiSCORE ï 1-2 ʩʪʘʥʮʠʠ?                                  

 

 

  

ʈʘʩʰʠʨʝʥʠʝ ʫʩʪʘʥʦʚʢʠ 2013 







ʋʯʘʩʪʠʝ ʀʗʀ ʈɸʅ ʚ ʨʘʙʦʪʘʭ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʊʫʥʢʘ-133:        
 

ʈʘʟʨʘʙʦʪʢʘ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ ʩʦʚʤʝʩʪʥʦ ʩ ʄʕʃɿ +Hamamatsu+ ET; 

(ʊʫʥʢʘ-133; ʊʫʥʢʘ-HiSCORE) 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʪʙʦʨ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ 

(ʊʫʥʢʘ-133; ʊʫʥʢʘ-HiSCORE) 

 

ʈʘʟʨʘʙʦʪʢʘ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʩʠʩʪʝʤʳ  

(ʊʫʥʢʘ-133; ʊʫʥʢʘ-HiSCORE) 

 

ʈʘʟʨʘʙʦʪʢʘ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʰʠʬʪʝʨʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ  

ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʢ ʯʝʨʝʥʢʦʚʩʢʦʤʫ ʩʚʝʪʫ ï ʧʦʥʠʞʝʥʠʝ ʧʦʨʦʛʘ ʨʝʛʠʩʪʨʘʮʠʠ ʐɸʃ 

(ʊʫʥʢʘ-HiSCORE) 

 

ʈʘʟʨʘʙʦʪʢʘ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ ʤʶʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

(ʊʫʥʢʘ-133; ʊʫʥʢʘ-HiSCORE) 

 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʳ 

ʩʦʙʳʪʠʡ 

 

 



Tunka-133 calibration system  

ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ʐʘʡʙʦʥʦʚ ʠ ʜʨ.  



1 ʩʚʝʪʦʜʠʦʜ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ, ~ 1012 ʬʦʪʦʥʦʚ ʚ ʠʤʧʫʣʴʩʝ, 3 ʥʩ (FWHM) 





ʊʦʥʢʦʧʣʝʥʦʯʥʳʝ ʩʤʝʩʪʠʪʝʣʠ ʩʧʝʢʪʨʘ (ʰʠʬʪʝʨʳ) 

 

ʃʶʤʠʥʦʬʦʨ  

 

 lamax, ʥʤ 

 

 Dla, ʥʤ 

 

 lemax, ʥʤ 

 

 Dle, ʥʤ 

 

     x, % 

 

   tʚ, ʥʩ  

PPO 
    310     80    360      70     2-3      1.4 

PTP 
    275     50    340      55        5     1.0 

PQP 
    295     60    360      60      11     0.8 

BBD 
    315     80    380      80      0.3       - 

TMI 
    295     60    375      70           11     6.5 

Butyl-PBD 
    302     60    368      60       5     0.8 

Bis-MSB 
    350     75    415     80       8     1.4 

POPOP     358     75    410     80      6.5     1.5 

PBD     302     60    360      60       4     < 1 

ʅʘʬʪʘʣʠʥ     275     40    325        40       -    ~100 

BMQ     275     70    357      70       9      0.9 

DPS     340     70    406      70      11      1.2 

QUI*     310     65    390      70      11       - 

TBS*     320     60    390      60      11      1.8 



Butyl-PBD 

ʋʚʝʣʠʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʯʝʨʝʥʢʦʚʩʢʦʤʫ ʩʚʝʪʫ ʚ ʚʦʟʜʫʭʝ ʚ  

~ 2 ʨʘʟʘ (ʃʫʙʩʘʥʜʦʨʞʠʝʚ, Spiering, ʂʫʟʴʤʠʯʝʚ )  

 


