
   ɻʣʦʙʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʤʶʦʥʦʚ ʥʘ ʛʣʫʙʠʥʝ ~4800 ʤ ʚ.ʵ. 

       (3.0Ñ0.15)Ā10-9 ɛ / (ʩʤ2Āʩ)     

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʶʦʥʦʚ ʚʜʦʣʴ ʰʪʦʣʴʥʠ 

ȭɌɖɝɌəɝɖɌɫ əɑɕɞɜɔəəɌɫ ɚɍɝɑɜɎɌɞɚɜɔɫ.  
ȽɚɎɜɑɘɑəəɚɑ ɝɚɝɞɚɫəɔɑ ɔ ɛɑɜɝɛɑɖɞɔɎɧ  

ɺ.ɹ. ʇʝʪʢʦʚ 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ 



ɹʇʉʊ 

ñɸʥʜʳʨʯʠò 

ɺʭʦʜ ʚ ʪʦʥʥʝʣʴ 

ñʂʦʚʸʨ-3ò   

ȭɌɖɝɌəɝɖɌɫ əɑɕɞɜɔəəɌɫ ɚɍɝɑɜɎɌɞɚɜɔɫ  ȴɋȴ ȼȬȹ: 
ɟəɔɖɌɗɨəɧɕ ɖɚɘɛɗɑɖɝ əɌɓɑɘəɧɡ ɔ ɛɚɐɓɑɘəɧɡ ɟɝɞɌəɚɎɚɖ, 

ɝɚɓɐɌəəɧɡ ɐɗɫ ɜɑɤɑəɔɫ ɠɟəɐɌɘɑəɞɌɗɨəɧɡ ɓɌɐɌɣ Ɏ ɜɌɓɗɔɣəɧɡ 

ɚɍɗɌɝɞɫɡ əɌɟɖɔ: ɚɞ əɑɕɞɜɔəəɚɕ Ɍɝɞɜɚɠɔɓɔɖɔ ɐɚ ɏɑɚɠɔɓɔɖɔ. 



  ʇʦʜʟʝʤʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ɹʅʆ ʀʗʀ ʈɸʅ 

ɿʘʣ ʆɻʈɸʅ 

ɿʘʣ ɻɻʅʊ 

ɺʭʦʜ 

ɿʘʣ ɹʇʉʊ 

ʅʌ ʣʘʙ.1 

ʅʌ ʣʘʙ.3 

ʅʌ ʣʘʙ.2 +   

ɹʘʢʩʘʥʩʢʠʡ ʣʘʟʝʨʥʳʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨ-ʜʝʬʦʨʤʦʛʨʘʬ 

ɻʝʦʌʠʟ  

  ʣʘʙ.1 
ɻʝʦʌʠʟ  

  ʣʘʙ.2 

4000 m 

ɺʝʥʪʠʣʷʮʠʷ: 55 ʢɺʪ, 30.8 ʤ3/ʩʝʢ 



ɹʘʢʩʘʥʩʢʠʡ ʧʦʜʟʝʤʥʳʡ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʪʝʣʝʩʢʦʧ 



Åɺ.ɹ. ʇʝʪʢʦʚ. ʇʦʠʩʢ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʦʪ ʦʙʣʘʩʪʝʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʭ ʩʦʙʳʪʠʡ. 

 

Åʈ.ɺ. ʅʦʚʦʩʝʣʴʮʝʚʘ. ʀʟʤʝʨʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʘ 

ʥʝʡʪʨʠʥʦ ʦʪ ʩʚʝʨʭʥʦʚʦʡ ʥʘ ɹʇʉʊ. 

 

Åʀ.ɹ. ʋʥʘʪʣʦʢʦʚ. ʇʦʠʩʢ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʥʘ ɹʇʉʊ ʧʦ 

ʘʣʝʨʪʘʤ ʦʪ LIGO/Virgo.  

Ⱥɖɞɫɍɜɨ 1, ɣɑɞɎɑɜɏ   14:45-16.15 ȺɜɔɏɔəɌɗɨəɧɑ ɐɚɖɗɌɐɧ. ȸ-ȹ 2: 



ɻɸʀʐ ʄɻʋ: ɹʘʢʩʘʥʩʢʠʡ ʣʘʟʝʨʥʳʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨ-ʜʝʬʦʨʤʦʛʨʘʬ. 

ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʈɸʅ: ʩʝʡʩʤʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ɿʝʤʣʠ ʈɸʅ: ʩʝʡʩʤʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ, ʥʘʢʣʦʥʦʤʝʨʳ, 

ʛʨʘʚʠʤʝʪʨʳ, ʤʘʛʥʠʪʦʤʝʪʨʳ  

Å ʂʘʚʢʘʟʩʢʠʡ ʨʝʛʠʦʥ, ʚʢʣʶʯʘʷ ʪʝʨʨʠʪʦʨʠʶ ʂɹʈ, ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ 
ʥʘʠʙʦʣʝʝ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʛʜʝ ʚʦʟʤʦʞʥʳ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʤʘʛʥʠʪʫʜʦʡ 7.0 ʠ ʙʦʣʝʝ. 

Å ʕʣʴʙʨʫʩ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʘʢʪʠʚʥʳʡ ʚʫʣʢʘʥ 
(ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ 
ʫʩʣʦʚʠʷʭ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦʛʦ ʟʘʩʝʣʝʥʠʷ ʠ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʠ 
ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʥʝʩʦʤʥʝʥʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʶʛʘ ɽʚʨʦʧʝʡʩʢʦʡ 
ʯʘʩʪʠ ʈʦʩʩʠʠ. 

Å ʈʘʟʤʝʱʝʥʠʝ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʦʣʱʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʛʜʝ 
ʫʨʦʚʝʥʴ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʰʫʤʦʚ ʤʠʥʠʤʘʣʝʥ, ʧʦʟʚʦʣʷʝʪ 
ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʣʘʙʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ,  ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʧʨʦʷʚʣʝʥʠʷ 
ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 
ʛʦʨʥʦʤ ʤʘʩʩʠʚʝ. 

ɻʝʦʬʠʟʠʢʘ 
ʄʦʥʠʪʦʨʠʥʛ ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʝʦʜʠʥʘʤʠʢʠ ʇʨʠʵʣʴʙʨʫʩʴʷ 

 ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʚʦʟʤʦʞʥʳʭ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ.  



ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ˉ 2 . 

ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ (ʥʘʢʣʦʥʦʤʝʨʳ, ʛʨʘʚʠʤʝʪʨʳ, ʤʘʛʥʠʪʥʳʝ ʚʘʨʠʦʤʝʪʨʳ) ʨʘʟʤʝʱʝʥʳ 

ʥʘ ʜʚʫʭ ʙʝʪʦʥʥʳʭ ʧʦʩʪʘʤʝʥʪʘʭ. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʧʦʤʝʭ ʠ ʩʪʘʙʠʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ 

(ʧʦʩʪʦʷʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ +38 Áʉ) ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʧʝʰʥʦʤʫ ʧʨʦʚʝʜʝʥʠʶ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ 



ɺ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ ʟʘʧʠʩʴ 

ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʢʘʥʘʣʘʤ: 

1) ʅʏ - ʢʘʥʘʣ (ʦʩʥʦʚʥʦʡ). ɿʘʧʠʩʴ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʧʦʣʦʩʝ ʥʠʞʝ 0.1 

ɻʮ.  

2) ʂʘʥʘʣ "ʪʨʝʤʦʨ". ɿʘʧʠʩʴ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 

0.1 ɻʮ ï 10 ɻʮ.  

3)  ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʥʘʣ. 

ɿʘʧʠʩʴ ʢʚʘʜʨʘʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʜʝʬʦʨʤʘʮʠʡ ʥʘ 

ʯʘʩʪʦʪʝ 1620 ɻʮ.  

4) ʉʝʡʩʤʠʯʝʩʢʠʡ ʢʘʥʘʣ. ɿʘʧʠʩʴ 

ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʯʘʩʪʦʪʝ 31 ɻʮ.  

5)  ʂʘʥʘʣ "ʧʦʤʝʭʘ". ɿʘʧʠʩʴ 

ʦʛʠʙʘʶʱʝʡ ʜʝʬʦʨʤʘʮʠʡ ʥʘ 

ʯʘʩʪʦʪʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʰʪʦʣʴʥʠ (118 ɻʮ).  

ɿʘʧʠʩʴ ʦʩʥʦʚʥʳʭ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

˨͙ͤ͊͡ ͙͔͙͔ͣͪͭ͘͡Έ͎ͤͦͦ ͔ͨ͡;͊ тр ͣΤ 

ˮ͔ͤͫͭͪͯͣͤͭ͊͡Έ͔ͤͦ ͔ͪ͊ͪ͘΄͔͙͔ͤ 2.3³10-13  (1.6Ҏ10-11 m) 

1 ï He-Ne ʣʘʟʝʨ; 2 ï ʪʝʣʝʩʢʦʧʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ; 3, 4, 5 ï 

ʩʠʣʴʬʦʥʳ; 6, 7 ï ʚʘʢʫʫʤʥʳʝ ʢʘʤʝʨʳ;  8 ï ʥʝʚʘʢʫʫʤʠʨʦʚʘʥʥʳʡ 

ʩʚʝʪʦʧʨʦʚʦʜ; 9 ï ʜʠʘʬʨʘʛʤʘ. ʊ1, ʊ2 ʠ ʊ3 ï ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ; 

ʈ ï ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ; 10 ï ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʡ ʩʚʝʪʦʧʨʦʚʦʜ. 



˾͔ͯ͘͡Έͭ͊ͭ· ͔͔ͤͨͪͪ·͍ͤ·ͻ мр-
͔͙ͭͤ͡ͻ ͤ͊͋͡Ό͔͙͚͒ͤ ͤ͊ 
ˣ͚͊ͫ͊ͤͫͦ͟͟ ͔͊ͪͤͦͣ͘͡ 
͙͔ͤͭͪͺ͔͔͔ͪͦͣͭͪ-
͔͒ͺ͎ͦͪͣͦͪ͊ͺ͔ Υ  

ȪȫȺȴȶȲȦȼȮȮ  (ȳȽ 
ɐɆɓɆɑ) 

ȸȫȲȵȫȶȦȸȹȶȦ 
ɉɋɔɚɎɍɎɝɋɗɐɔɏ ɗɖɋɊɡ 

ȪȦȨȱȫȳȮȫ 
Ɇɘɒɔɗɚɋɖɓɔɋ 



ʆʩʥʦʚʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, 
ʨʝʰʘʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ɹʘʢʩʘʥʩʢʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ: 

 

Â ʀʟʫʯʝʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʫʣʢʘʥʘ ʕʣʴʙʨʫʩ: ʨʝʟʦʥʘʥʩʥʳʝ 
ʩʚʦʡʩʪʚʘ ʠ ʜʠʥʘʤʠʢʘ; 

Â ʇʨʠʣʠʚʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ; 

Â ʉʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ɿʝʤʣʠ ʠ ʨʘʩʱʝʧʣʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 
ʤʦʜ; 

Â ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʣʠʪʦʩʬʝʨʝ ʠ ʛʣʦʙʘʣʴʥʘʷ 
ʛʝʦʜʠʥʘʤʠʢʘ; 

Â ʊʦʥʢʠʝ ʨʝʟʦʥʘʥʩʥʳʝ ʵʬʬʝʢʪʳ  ʷʜʨʘ ɿʝʤʣʠ (ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 
ʚʥʫʪʨʝʥʥʝʛʦ ʷʜʨʘ ï ʤʦʜʘ ʐʣʠʭʪʝʨʘ; ʙʣʠʟʩʫʪʦʯʥʳʡ ʨʝʟʦʥʘʥʩ 
ʚʥʝʰʥʝʛʦ ʞʠʜʢʦʛʦ ʷʜʨʘ). 

 



ɿʘʣ ʆɻʈɸʅ 

ɿʘʣ ɻɻʅʊ 

ɺʭʦʜ 
ɿʘʣ ɹʇʉʊ 

ʅʌ ʣʘʙ.1 

ʅʌ ʣʘʙ.3 

ʅʌ ʣʘʙ.2 +   

ɹʘʢʩʘʥʩʢʠʡ ʣʘʟʝʨʥʳʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨ-ʜʝʬʦʨʤʦʛʨʘʬ 

ɻʝʦʌʠʟ  

  ʣʘʙ.1 
ɻʝʦʌʠʟ  

  ʣʘʙ.2 

4000 m 

  ʆʧʪʦ-ʘʢʫʩʪʠʯʝʩʢʘʷ 

ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ɸʅʪʝʥʥʘ ʩ 

ʢʨʠʦʛʝʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʆɻʈɸʅ ʧʨʝʜʥʘʟʥʘʯʝʥʘ  ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʭ 
ʚʩʧʣʝʩʢʦʚ, ʦʪ ʢʦʩʤʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ ʩ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʟʚʝʟʜʘʤʠ ʚ 

ɻʘʣʘʢʪʠʢʝ ʠ ʝʸ ʙʣʠʞʘʡʰʝʡ ʦʢʨʝʩʪʥʦʩʪʠ (~ 100 ʢʧʩ).  

ȺȯȼȬȹ 
ȯȬȴɄ ȸȯȿ + ȴɋȴ ȼȬȹ 



ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʆɻʈɸʅ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʙʠʥʘʮʠʶ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. ʕʪʦ ʙʦʣʴʰʦʡ 

(~ 2 ʤ ) ʘʢʫʩʪʠʯʝʩʢʠʡ ʨʝʟʦʥʘʪʦʨ ʩ ʵʪʘʣʦʥʦʤ     ʌʘʙʨʠ-ʇʝʨʦ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʦʚʘʥ ʟʝʨʢʘʣʘʤʠ, 

ʫʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʝʛʦ ʪʦʨʮʘʭ ʧʨʠ ʚʥʝʰʥʝʡ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʝ. ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʚʦʣʥʘ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʦʙʝʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʘʢʫʩʪʠʯʝʩʢʦʡ ʠ ʦʧʪʠʯʝʩʢʦʡ, ʠʥʜʫʮʠʨʫʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʟʘʜʘʯʫ ʝʛʦ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʬʦʥʝ 

ʰʫʤʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʣʳʡ ʫʨʦʚʝʥʴ ʦʧʪʠʯʝʩʢʠʭ ʢʚʘʥʪʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʚ ʧʨʠʥʮʠʧʝ 

ʜʦʩʪʠʛʥʫʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʨʠʦʛʝʥʥʳʭ ʘʥʪʝʥʥ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʦʭʣʘʞʜʝʥʠʶ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ  

Sh ~ 10-18 



ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʬʦʥʘ ʰʫʤʦʚ ʦʢʨʫʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʱʝʥʠʝ ʫʩʪʘʥʦʚʢʠ ʚ 

ʧʦʜʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɹʅʆ (+ ʟʘʱʠʪʘ ʦʪ ʢʦʩʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ)  ʠ ʨʘʙʦʪʘ ʚ ʨʝʞʠʤʝ 

ʩʦʚʧʘʜʝʥʠʡ ʩ ʥʝʡʪʨʠʥʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʚ ʧʨʦʛʨʘʤʤʝ çʢʦʣʣʘʧʩè. ʋʩʣʦʚʠʝ çʧʦʠʩʢʘ 

ʨʝʜʢʠʭ ʩʦʙʳʪʠʡè ( ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʙʳʪʠʷ 0.03 /ʛʦʜ.ʛʘʣ.).  ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʜʣʠʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ  ʫʩʪʘʥʦʚʢʠ ʚ ʪʝʯʝʥʠʠ ʨʷʜʘ ʣʝʪ. 



ʂʘʤʝʨʘ ʆɻʈɸʅ ʚ ʧʳʣʝʟʘʱʠʪʥʦʤ ʙʦʢʩʝ 

ʅʘʯʘʣʦ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʙʦʨʘ 

ʠʥʬʦʨʤʘʮʠʠ: 2022 ʛʦʜ? 



  ʀʟʤʝʨʝʥʠʝ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. 

ʕʢʩʧʝʨʠʤʝʥʪ BEST: ʧʦʠʩʢ ʩʪʝʨʠʣʴʥʳʭ 

ʥʝʡʪʨʠʥʦ. 

ɿʘʣ ʆɻʈɸʅ 

ɿʘʣ ɻɻʅʊ 

ɺʭʦʜ 
ɿʘʣ ɹʇʉʊ 

ʅʌ ʣʘʙ.1 

ʅʌ ʣʘʙ.3 

ʅʌ ʣʘʙ.2 +   

ɹʘʢʩʘʥʩʢʠʡ ʣʘʟʝʨʥʳʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨ-ʜʝʬʦʨʤʦʛʨʘʬ 

ɻʝʦʌʠʟ  

  ʣʘʙ.1 
ɻʝʦʌʠʟ  

  ʣʘʙ.2 

4000 m   ɻʘʣʣʠʡ-ʛʝʨʤʘʥʠʝʚʳʡ 

ʥʝʡʪʨʠʥʥʳʡ ʪʝʣʝʩʢʦʧ  

71Ga (ɜe , e
- ) 71Ge  - ʧʦʨʦʛ ʨʝʘʢʮʠʠ 0.233 ʄʵɺ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ  

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 0.423 ʄʵɺ ʥʝʡʪʨʠʥʦ ʦʪ pp-ʮʝʧʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ  

ɻɻʅʊ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʨʨ-ʥʝʡʪʨʠʥʦ, ʜʘʶʱʠʝ ʥʘʠʙʦʣʴʰʠʡ   

ʚʢʣʘʜ ʚ ʧʦʣʥʳʡ ʧʦʪʦʢ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ.  



ɻɻʅʊ 
 l = 60 m 

w = 10 m 

h = 12 m  

Low background 

concrete ï 60 cm 

Global intensity of muon   

     ï (3.03 Ñ 0.19) Ĭ 10-9 (cm2s)-1  

Average energy of muon: 381 GeV  

Fast neutron flux (>3MeV)  

  ï (6.28 Ñ 2.20) Ĭ 10-8 (cm2s)-1  Gamet ~ 50 tons 
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The Russian-American experiment 

SAGE began to measure the solar 

neutrino capture rate with a target of 

gallium metal in December 1989  

168 runs (Jan 1990 ï Dec 2007) result 

65.4+4.0
-4.1SNU [Phys. Rev. C 80, 015807 (2009)]  

(1 SNU = 1 interaction/s in a target that contains 1036 atoms 

of the neutrino absorbing isotope). 

GALLEX  (May 1991 ï Jan 1997)  
GNO         (May 1998 ï Apr 2003  

               71Ga(ve, e
-)71Ge, Eth = 233 keV 

 30 t of Ga (103 tons of GaCl3 acidic solution) 
 GALLEX,  65 runs: 73.1+7.1

-7.3 SNU (at TAUP2007) 

 GNO, 58 runs:         62.9+5.5
-5.3 SNU 

 GALLEX  + GNO  : 67.5 Ñ 5.1 SNU 

                                                                           
                                                                                

                                                                            

                                                                         

Ga  experiments 

The weighted average of the results of all  

Ga solar experiments is 66.1±3.1 SNU . 

Ga experiments have shown deficit of solar 

neutrino  in the entire energy range. 

SAGE 
50 tons of metallic Ga 

The first Ga experiments results provided a 

direct indication of the  neutrino oscillations 

existence  that became a strong justification for 

the SNO experiment. 
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SAGE & GALLEX  neutrino source experiments  

Gallium anomaly:    [Mario A. Acero, Carlo Giunti, and Marco Laveder. Phys. Rev. D 78, 073009 (2008), arXiv:0711.4222v3]  

The neutrino capture rate measured by the Ga detectors SAGE with 51Cr and 37Ar artificial  

neutrino sources is considerably less than expected.  

 Rave-Bahcall = 0.87 Ñ 0.05 (2.6ů)    

Rave-Frefers   = 0.84 Ñ 0.05 (2.9ů) [S Gariazzo, C Giunti, M Laveder, Y F Li, E M Zavanin, arXiv:1507.08204v1 [hep-ph]]  

 
Neutrino sources: 
 

51Cr:          747 keV (81.6%), 427 keV (9.0%), 752 keV (8.5%), 432 keV (0.9%) 
37Ar:          811 keV (90.2%), 813 keV (9.8%) 
 

   1994 ï1995          A(Cr 1) = 1.714 Ñ 0.036 MCi         1994 ï1995    A(Cr) = 0.517 Ñ 0.006 MCi 
 GALLEX:                                                               SAGE:  
   1995 ï1996          A(Cr 2) = 1.868 Ñ 0.073 MCi         2004            A(Ar) = 0.409 Ñ 0.002 MCi 
 

Results: 
   PLB 342 (1995)      R1(Cr) = 0.953 Ñ 0.11                PRC 59 (1999)   R3(Cr) = 0.95 Ñ 0.12 
  GALLEX:                                                              SAGE: 

   PLB 420 (1998)       R2(Cr) = 0.812 Ñ 0.10                PRC 73 (2006)  R4(Ar) = 0.791 Ñ 0.084 
R ï ratio of the measured production rate to that expected [Bahcall 97] (no uncertainty on cross section included) 

    The differences of 4 times in activities and more then 2 times in target masses result in equal 
uncertainties of the experiments. The cause is different sensitivity of the targets to ɜ from sources and 
dimensions of the sources. 



ʕʢʩʧʝʨʠʤʝʥʪ BEST (Baksan Experiment on Sterile Transitions): ʧʦʠʩʢ 

ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ,  ɜe Ÿ ɜs 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʝʡʪʨʠʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʪʘʥʜʘʨʪʥʫʶ ʤʦʜʝʣʴ ʩ ʪʨʝʤʷ ʪʠʧʘʤʠ ʘʢʪʠʚʥʳʭ ʥʝʡʪʨʠʥʦ. ʅʦ ʚ ʨʷʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʧʨʠ L < 1 ʢʤ ) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʘʥʦʤʘʣʠʠ ʥʘ ʫʨʦʚʥʝ  2.8ů ï 3.8ů.  

ʋʩʢʦʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ: ʜʦ 3.8ů 

ʈʝʘʢʪʦʨʥʘʷ ʘʥʦʤʘʣʠʷ: ʥʝʜʦʩʪʘʪʦʢ ʵʣʝʢʪʨʦʥʥʳʭ ʘʥʪʠʥʝʡʪʨʠʥʦ, 3.0ů 

ʂʘʣʠʙʨʦʚʢʘ ʛʘʣʣʠʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ (ñʛʘʣʣʠʝʚʘʷ ʘʥʦʤʘʣʠʷò): 

SAGE/GALLEX, ʥʝʜʦʩʪʘʪʦʢ ɜe , 2.9ů 

In a new Ga experiment we will increase the 

sensitivity to oscillations by separating the target 

in two independent zones ï include space 

sensitivity, two different baselines 

Features: 

Å   (Almost) monochromatic pure ɜe (0.75 MeV) 
Å   Known neutrino flux  

Å   Small size of source (several cm) 

Å   Negligible backgrounds 

Å   High density of ɜe interactions in Ga metal 



Target:  50 ʪ Ga metall 

Masses of the zones:  8 t and 42 t 

Path length in each zone:<L> = 55 cm  

ů ï cross sect.{5.8Ĭ10-45 cm2 [Bahcall] } 

First proposal of two zone Ga experiment with 51Cr (3MCi ) source 

The rate at SOE: 64.5 atoms/day 

The region in ȹm2  - sin2(2ɗ) space to which  
the new 3 MCi 51Cr experiment will be sensitive 

arXiv:1204.5379v1 [hep-ph] 18 Apr 2012 

arXiv:1006.2103v2 [nucl-ex]  
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Since 2011 construction of the BEST 

experiment installation started  
[Physics of  Particles and Nuclei. 2015. Vol.46, No.2. pp.131-137] 



BEST installation 

BNO INR RAS 
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The source was immediately placed at the center of the two-zone target of liquid gallium. 

First stage of the BEST experiment began.  

At 14:02 Moscow time (5 July 2019) the first  irradiation of the two -zone 

gallium target has started.  

BNO INR RAS 
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In the photos you see the moment of source 

overload from a transport container into a 

two-zone Ga target. 



The BEST stages 

1. Working with the 51Cr source (completed on October 2019): 

- 10 exposures of a 2-zone gallium target by the source 

- 20 extractions from 2 zones of gallium target, 

- 10 calorimetric measurements of the source activity, 

- 11 spectrometric measurements of the gamma spectrum of the source, 

- synthesis  of germane (GeH4) and filling counters 

- installation of  filled counters in the counting systems 

2. 71Ge decay measurements (completed on March 2020): 

- primary data collection and processing, 

- preliminary data analysis 

- comparative crosscheck data analysis 

3. Tests and checks (around the end of August ): 

-  production of  37Ar, 71Ge  isotopes 

-  verification of counting systems, 

-  measurement of  the counters volumetric and peak efficiencies, 

-  estimation of all systematic uncertainties 

4. Interpretation and presentation of results (September 2020) 
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Extraction schedule and related parameters 
The times of exposure are given in days of year 2019 

10  targets irradiations:  

Mean exposure time - 9.18 d;  

Masses :  7.4 t and 40.09 t;  

Mean extraction eff. from Ga is 98%;  

Mean the overall efficiency including 

synthesis into the counting gas GeH4 - 96%;  

The efficiency of extraction was measured 

by adding to the Ga a known mass of 

inactive Ge carrier before the start of 

exposure to the neutrino source and 

measuring the mass of extracted Ge.  

The mass of added carriers of ~2.4 Õmol   

of 72Ge (92%) and 76Ge(95%) were used.  



Summary  

ǒ The BEST experiment - first direct search for neutrino oscillations into 4-th flavor 

with radioactive source has started 5 July 2019  in BNO INR RAS  

ǒ  The first stage of BEST is finished and the second stage is nearing completion. 

Currently preparatory works have begun for the implementation of the third final one. 

ǒ  Spectrometric measurements of gamma radiation of the source shown  a high purity 

of the material used to production the 51Cr source and therefore a negligible 

contributions (~ 10-6) from impurity radio nuclides to the  calorimetric source activity 

measurements  

ǒ Obtained a precise value of the source activity from the calorimetric measurements 

which is 3.4099 Ñ 0.008 ʄCi on 05.07.2019 at 14:02 

ǒ Results of data measurements analysis is expected in September 2020 
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  ʅʠʟʢʦʬʦʥʦʚʳʝ ʣʘʙʦʨʘʪʦʨʠʠ  

ɿʘʣ ʆɻʈɸʅ 

ɿʘʣ ɻɻʅʊ 

ɺʭʦʜ 

ɿʘʣ ɹʇʉʊ 

ʅʌ ʣʘʙ.1 

ʅʌ ʣʘʙ.3 

ʅʌ ʣʘʙ.2 +   

ɹʘʢʩʘʥʩʢʠʡ ʣʘʟʝʨʥʳʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨ-ʜʝʬʦʨʤʦʛʨʘʬ 

ɻʝʦʌʠʟ  

  ʣʘʙ.1 ɻʝʦʌʠʟ  

  ʣʘʙ.2 

4000 m 

ʇʦʠʩʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʜʢʠʭ ʨʝʘʢʮʠʡ ʠ ʨʘʩʧʘʜʦʚ:  

ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʱʠʪʘ. 

ʅʠʟʢʦʬʦʥʦʚʘʷ ʃʘʙʦʨʘʪʦʨʠʷ  

ɻʣʫʙʦʢʦʛʦ ɿʘʣʦʞʝʥʠʷ 



ʉʪʝʥʳ ʥʠʟʢʦʬʦʥʦʚʦʡ ʢʦʤʥʘʪʳ ï 25 ʩʤ ʧʦʣʠʵʪʠʣʝʥ + 0.1 ʩʤ Cd + 15 ʩʤ Pb 

 ʅʠʟʢʦʬʦʥʦʚʘʷ ʃʘʙʦʨʘʪʦʨʠʷ ɻʣʫʙʦʢʦʛʦ ɿʘʣʦʞʝʥʠʷ (ʅʃɻɿ-4900) 

ʛʣʦʙʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʶʦʥʦʚ:  3.0Ñ0.15)Ā10-9 ɛ / (ʩʤ2Āʩ)  

        ~ 1 ʤʶʦʥ/(ʤ2Ā10 ʯʘʩ.) 



Ȼɚɔɝɖ ɔ ɔɝɝɗɑɐɚɎɌəɔɑ ɜɑɐɖɔɡ ɜɑɌɖɢɔɕ ɔ ɜɌɝɛɌɐɚɎ.  

¸ ʇʦʠʩʢ ʜʚʦʡʥʦʛʦ ʂ-ʟʘʭʚʘʪʘ Xe-124 

¸ ʇʦʠʩʢ ʩʦʣʥʝʯʥʳʭ ʘʢʩʠʦʥʦʚ 

¸ ʀʟʤʝʨʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ ʨʘʟʣʠʯʥʳʭ ʷʜʝʨ ʚʦ ʚʨʝʤʝʥʠ 

ȻɜɔɖɗɌɐəɧɑ ɔɝɝɗɑɐɚɎɌəɔɫ 

¸ ʀʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

¸ ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ 



˿ͺ͔ͪͻ͙ͤͦ͘͟ͺ͍ͦͤͦ·͔ ͎͊ͣͣ͊-͔͔ͫͨͭͪͦͣͭͪ͟· ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ 
͔͙ͫͦ͒ͪ͗͊ͤΎ ͙͙͍ͪ͊͒ͦͦͭͦͨͦ͘ ͍ ͔͙ͣ͊ͭͪ͊͊͡ͻ 

ζ˿˹˩˥η 

˽͍͙͍ͦͯͨͪͦͦ͒ͤͦ͟͡·͚ ͔͔͒ͭͭͦͪ͟  

ͤ͊ ͍͔ͦͫͤͦ ͍͔ͫͪͻ;͙͎ͫͭͦͦ ͎͔͙ͪͣ͊ͤΎ 

˽͙͍͊ͫͫͤ͊Ύ ͊͘΅͙ͭ͊ ͙͘ 

ул ͣͣ ͙ͨͦ͡Ή͙͔ͭͤ͊͡ 

м ͣͣ ͙͊͒ͣ͟Ύ 

мрл ͣͣ ͍͙ͫͤͼ͊ 

мул ͣͣ ͔͙ͣ͒ 

ζ˹ˮ˴ˢη 

˽͍͙͍ͦͯͨͪͦͦ͒ͤͦ͟͡·͚ ͔͔͒ͭͭͦͪ͟  

ͤ͊ ͍͔ͦͫͤͦ ͍͔ͫͪͻ;͙͎ͫͭͦͦ ͎͔͙ͪͣ͊ͤΎ 

˽͙͍͊ͫͫͤ͊Ύ ͊͘΅͙ͭ͊ ͙͘ 

ул ͣͣ ͙ͨͦ͡Ή͙͔ͭͤ͊͡ 

мрл ͣͣ ͍͙ͫͤͼ͊ 

млл ͣͣ ͔͙ͣ͒ 



ȼɌɝɤɔɜɑəɔɑ ɛɌɜɖɌ əɔɓɖɚɠɚəɚɎɧɡ ɏɌɘɘɌ-
ɝɛɑɖɞɜɚɘɑɞɜɚɎ  ɔ ɛɜɚɎɑɐɑəɔɑ ɜɌɍɚɞ Ɏ ɣɔɝɞɧɡ 

ɟɝɗɚɎɔɫɡ 

 

¸ ʅʠʟʢʦʬʦʥʦʚʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʜʝʪʝʢʪʦʨ ʠʟ ʩʚʝʨʭʯʠʩʪʦʛʦ ʛʝʨʤʘʥʠʷ ʩ 

ʧʘʩʩʠʚʥʦʡ ʟʘʱʠʪʦʡ ʠʟ ʤʝʜʠ, ʩʚʠʥʮʘ ʠ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ (2 ʰʪ.) 

¸ ɻʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨ ʥʘ ʦʩʥʦʚʝ ʩʮʠʥʪʠʣʣʷʪʦʨʘ NaI(Tl) ʩʦ ʩʚʠʥʮʦʚʦʡ ʟʘʱʠʪʦʡ ʠ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (2 ʰʪ.) 

¸ ʂʦʤʧʣʝʢʩ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʯʠʩʪʳʭ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʧʦʤʝʱʝʥʠʡ (ñʯʠʩʪʘʷ 

ʟʦʥʘò) 



 

 ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʳʪʘ ʠ ʥʘʨʘʙʦʪʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʣʣʘʙʦʨʘʮʠʷʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦ ʧʦʣʫʯʠʪʴ 

ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʢʨʠʦʛʝʥʥʳʭ ʙʦʣʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʩ ʜʝʪʝʢʪʦʨʘʤʠ ʫʥʠʢʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʥʳʥʝ 

ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
 

 

 

ʇʝʨʩʧʝʢʪʠʚʘ Ÿ  ɾʠʜʢʦʘʨʛʦʥʦʚʳʡ ʜʝʪʝʢʪʦʨ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

  

 

ʋʥʠʢʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ  

çʅʠʟʢʦʬʦʥʦʚʘʷ ʢʨʠʦʛʝʥʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷè 



4000 m 

ʅʌ  

 ʢʨʠʦ.  

    2620 m 

~3000 m w.e. 
ɻʝʦʌʠʟ  

  ʣʘʙ.2 

ɿʘʣ ɹʇʉʊ 

ʅʌ ʣʘʙ.2 +   

ɹʘʢʩʘʥʩʢʠʡ ʣʘʟʝʨʥʳʡ  

ʠʥʪʝʨʬʝʨʦʤʝʪʨ-ʜʝʬʦʨʤʦʛʨʘʬ 

ʅʌ ʣʘʙ.3 

ɺʭʦʜ 

ɿʘʣ ʆɻʈɸʅ 

ʅʌ ʣʘʙ.1 

ɻʝʦʌʠʟ  

  ʣʘʙ.1 

ɿʘʣ ɻɻʅʊ 

ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʤʝʩʪʦ ʜʣʷ ʥʠʟʢʦʬʦʥʦʚʦʡ ʢʨʠʦʛʝʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ  

ʅʘʧʨʠʤʝʨ: 

   40Ca100MoO4 ʢʨʠʦʛʝʥʥʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ, T ~ 40 mK 

(ʢʦʣʣʘʙʦʨʘʮʠʷ AMoRE) 



ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʤʝʩʪʦ ʜʣʷ ʥʠʟʢʦʬʦʥʦʚʦʡ ʢʨʠʦʛʝʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ  

ʅʠʟʢʦʬʦʥʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʝʨʩʧʝʢʪʠʚʳ. 



2620 ʤ, ~ 3000 ʤ ʚ.ʵ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʤʝʩʪʦ ʜʣʷ ʥʠʟʢʦʬʦʥʦʚʦʡ ʢʨʠʦʛʝʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ  



1. ʀʟʫʯʝʥʠʝ ʧʦʪʦʢʘ ʘʥʪʠʥʝʡʪʨʠʥʦ, ʠʟʣʫʯʘʝʤʦʛʦ ʜʦʯʝʨʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʘʩʧʘʜʘ 

ʫʨʘʥʘ ʠ ʪʦʨʠʷ (ʛʝʦʥʝʡʪʨʠʥʦ), ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚʥʫʪʨʠ ɿʝʤʣʠ, ʠ ʦʧʨʝʜʝʣʝʥʠʝ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʜʠʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ɿʝʤʣʠ; 

2. ʆʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʠʷ ʚʥʫʪʨʠ ɿʝʤʣʠ ʧʦ ʩʧʝʢʪʨʫ ʵʣʝʢʪʨʦʥʦʚ ʦʪʜʘʯʠ ʦʪ 

ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʥʘ ʵʣʝʢʪʨʦʥʘʭ (ʘʥʘʣʦʛʠʯʥʦ ʩʦʣʥʝʯʥʳʤ ʥʝʡʪʨʠʥʦ); 

3. ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʧʨʦʪʝʢʘʥʠʠ ʚ ʮʝʥʪʨʝ ɿʝʤʣʠ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ ʧʫʪʝʤ 

ʧʦʠʩʢʘ ʧʦʪʦʢʘ ʘʥʪʠʥʝʡʪʨʠʥʦ ñʛʝʦʨʝʘʢʪʦʨʘò; 

4. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʚʟʨʳʚʘ ʩʚʝʨʭʥʦʚʳʭ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʩʧʝʢʪʨʘ ʥʝʡʪʨʠʥʥʦʡ ʚʩʧʳʰʢʠ; 

5. ʇʦʠʩʢʠ ʠʟʦʪʨʦʧʥʦʛʦ ʧʦʪʦʢʘ ʘʥʪʠʥʝʡʪʨʠʥʦ, ʥʘʢʦʧʠʚʰʠʭʩʷ ʚʦ ɺʩʝʣʝʥʥʦʡ ʟʘ 

ʤʠʣʣʠʘʨʜʳ ʣʝʪ ʧʨʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʣʘʧʩʘʭ ʷʜʝʨ ʤʘʩʩʠʚʥʳʭ ʟʚʝʟʜ ʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ ʠ ñʯʝʨʥʳʭ ʜʳʨò; 

6. ʈʝʛʠʩʪʨʘʮʠʷ ʩʦʚʦʢʫʧʥʦʛʦ ʧʦʪʦʢʘ ʘʥʪʠʥʝʡʪʨʠʥʦ ʦʪ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʥʘ ɿʝʤʣʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ʀʟʫʯʝʥʠʝ ʦʩʮʠʣʣʷʮʠʡ ʵʣʝʢʪʨʦʥʥʳʭ 

ʘʥʪʠʥʝʡʪʨʠʥʦ; 

7. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ ʠ ʧʦʠʩʢ ʥʝʡʪʨʠʥʦ ʦʪ ʨʝʘʢʮʠʡ CNO. 

ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ (~10 ʢʪ) ʚ ɹʅʆ ʜʣʷ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ (ʜʦ 100 ʄʵɺ).  

ʀ.ʈ. ɹʘʨʘʙʘʥʦʚ ʠ ʜʨ. ɼʝʪʝʢʪʦʨ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚ ɹʘʢʩʘʥʩʢʦʡ ʥʝʡʪʨʠʥʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʀʗʀ ʈɸʅ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʜʣʷ ʮʝʣʝʡ ʛʝʦ- ʠ ʘʩʪʨʦʬʠʟʠʢʠ. 

http://www.inr.ac.ru/~st/geo.html 



Counting rate for antineutrinos from nuclear reactors 
and geoneutrinos at the resumed detector locations 

I. R. Barabanov et al.  Large-Volume Detector at the Baksan Neutrino Observatory for Studies of Natural Neutrino 

Fluxes for Purposes of Geo- and Astrophysics. Physics of Atomic Nuclei, 2017, Vol. 80, No. 3, pp. 446ï454. 

Jinping 27.8 6.8 59.4 0.1 

L. Wan et al.  Geoneutrinos at Jinping: Flux prediction and oscillation analysis. Phys. Rev. D 95, 053001 (2017) 



Baksan Large Volume Scintillation Telescope  

A large volume detector filled with liquid scintillator at the Baksan neutrino 

observatory is discussed during many years. The main research directions of 

the BLVST are neutrino geophysics and neutrino astrophysics. 

 

Estimation of  target mass of  future detector is changed over time: 

1 kton target mass of LS:   G.V. Domogatsky et al., Phys.Atom.Nucl., 68, 69, 2005. 

5 kton target mass of LS:   G.V. Domogatsky et al., Phys.Atom.Nucl., 70, 1081, 2007;  

 10 kton target mass of LS:  I.R. Barabanov et al., Physics of Atomic Nuclei, 2017, Vol. 

80, No. 3, pp. 446ï454. 

At present a complex of research and development aimed at the 

creation of a new-generation scintillation detector using an 

extra-pure scintillator of 10 kiloton mass is performed. 



Underground Laboratories of the BNO INR RAS   

hDw!bΩǎ Ƙŀƭƭ 

DDb¢Ωǎ Ƙŀƭƭ 

Entrance 

.¦{¢Ωǎ Ƙŀƭƭ 

Low Bkg Lab1 

     çʅʀʂɸè 

Low Bkg Lab3 

çDULB-4900è 

Low Bkg Lab2 +  

Laser Interferom. 

620 m ï 1000 m w.e. 

GeoPhys  
    Lab1 GeoPhys  

    Lab2 

4000 m 

BLVST 



First prototype: 
 0.5 t of LAB-based liquid organic scintillator in a acrylic sphere.  

 Structurally, the prototype of the scintillation detector consists of an external cylindrical tank 

and the inner part, including the acrylic sphere and stainless steel construction, which are 

attached photodetectors, and which provides additional fixation of acrylic sphere.  

 An array of  20 10-inch Hamamatsu R7081-100 PMTs surrounds the acrylic sphere. 

The acrylic sphere: inner diameter of 960 mm. 



First prototype. 
The external tank is a polypropylene cylinder with an inner diameter of 2400 mm (wall 

thickness of 20 mm)  and 2800 mm high. To fill the tank 

with ultrapure water, a piping system was installed connecting the housing with water 

purification system. 

Water purification system  External tank from polypropylene  

The prototype is installed in the hall of the GGNT (4800 m.w.e.)  



ɺʪʦʨʦʡ ʧʨʦʪʦʪʠʧ: 

5 ʪ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʘʢʨʠʣʦʚʘʷ ʩʬʝʨʘ ʜʠʘʤʝʪʨʦʤ 2200 ʤʤ, 70 ʌʕʋ 



ȶɚɎɬɜ-3 



ȶɚɎɬɜ-3 




