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ʉʧʠʩʦʢ ʠʩʧʦʣʥʠʪʝʣʝʡ 

ʆʪʜʝʣ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ (ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ ʜ.ʬ.-ʤ.ʥ. ʅ.ɺ.ʂʨʘʩʥʠʢʦʚ) 

ʆʪʜʝʣ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ.ʌʝʱʝʥʢʦ) 

ʆʪʜʝʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ (ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ ʯʣ.-ʢʦʨʨ. ʈɸʅ ʀ.ʀ.ʊʢʘʯʸʚ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʜʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʢ.ʬ.-

ʤ.ʥ. ʅ.ɸ.ʊʠʪʦʚ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ɸ.ɹ.ʂʫʨʝʧʠʥ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʦʠʟʦʪʦʧʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʜ.ʭ.ʥ. 

ɹ.ʃ.ɾʫʡʢʦʚ) 

ʆʪʜʝʣ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ ʧʨʦʬ. ʖ.ɻ.ʂʫʜʝʥʢʦ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ (ʠ.ʦ. 

ʟʘʚʝʜʫʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʠʝʡ ʜ.ʬ.-ʤ.ʥ. ʅ.ɺ.ʂʨʘʩʥʠʢʦʚ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ (ʠ.ʦ. ʟʘʚʝʜʫʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʧʨʦʬ. ʖ.ɻ.ʂʫʜʝʥʢʦ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʠ ʵʣʝʢʪʨʦʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʠ.ʦ. ʟʘʚʝʜʫʶʱʝʛʦ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʧʨʦʬ. ʖ.ɻ.ʂʫʜʝʥʢʦ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʯʘʩʪʠʮ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʢ.ʬ.-ʤ.ʥ. ʀ.ʄ.ɾʝʣʝʟʥʳʭ) 

ʆʪʜʝʣ ʣʝʧʪʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ (ʟʘʚʝʜʫʶʱʘʷ ʦʪʜʝʣʦʤ ʯʣ.-

ʢʦʨʨ. ʈɸʅ ʆ.ɻ.ʈʷʞʩʢʘʷ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʜ.ʬ.-ʤ.ʥ. 

ʈ.ɸ.ʄʫʭʘʤʝʜʰʠʥ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʣʝʧʪʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʢ.ʬ.-ʤ.ʥ. 

ɸ.ʉ.ʃʠʜʚʘʥʩʢʠʡ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ (ʠ.ʦ. ʟʘʚʝʜʫʶʱʝʡ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʯʣ.-ʢʦʨʨ. ʈɸʅ ʆ.ɻ.ʈʷʞʩʢʘʷ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ (ʟʘʚʝʜʫʶʱʠʡ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʅ.ɻʘʚʨʠʥ) 

ɹʘʢʩʘʥʩʢʘʷ ʥʝʡʪʨʠʥʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ (ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ ʜ.ʬ.-ʤ.ʥ. ɺ.ɺ.ʂʫʟʴʤʠʥʦʚ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʧʦʜʟʝʤʥʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ (ʟʘʚʝʜʫʶʱʠʡ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʜ.ʬ.-ʤ.ʥ. ɺ.ɹ.ʇʝʪʢʦʚ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʛʘʣʣʠʡ-ʛʝʨʤʘʥʠʝʚʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ (ʠ.ʦ. ʟʘʚʝʜʫʶʱʝʛʦ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʅ.ɻʘʚʨʠʥ) 
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ʃʘʙʦʨʘʪʦʨʠʷ ʥʠʟʢʦʬʦʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʢ.ʬ.-ʤ.ʥ. 

ɸ.ʄ.ɻʘʥʛʘʧʰʝʚ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʯʣ.-ʢʦʨʨ. ʈɸʅ ɻ.ɺ.ɼʦʤʦʛʘʮʢʠʡ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʧʨʦʬ. ɺ.ɻ.ʅʝʜʦʨʝʟʦʚ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʘʪʦʤʥʦʛʦ ʷʜʨʘ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʢ.ʬ.-ʤ.ʥ. ɽ.ʉ.ʂʦʥʦʙʝʝʚʩʢʠʡ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʥʝʡʪʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʜ.ʬ.-ʤ.ʥ. 

ʕ.ɸ.ʂʦʧʪʝʣʦʚ) 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʬʠʟʠʢʠ (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʜ.ʬ.-ʤ.ʥ. 

ʉ.ɺ.ɸʢʫʣʠʥʠʯʝʚ) 
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ʈɽʌɽʈɸʊ 

ʆʪʯʸʪ ʩʦʜʝʨʞʠʪ: 515 ʩ., 162 ʨʠʩ., 20 ʪʘʙʣ. 

ɹʆʃʔʐʆʁ ɸɼʈʆʅʅʓʁ ʂʆʃʃɸʁɼɽʈ, ʂʆʄʇɸʂʊʅʓʁ ʄʖʆʅʅʓʁ ʉʆʃɽʅʆʀɼ, 

ʉʊɸʅɼɸʈʊʅɸʗ ʄʆɼɽʃʔ, ʊʗɾɪʃʆɽ ʅɽʁʊʈʀʅʆ, ʇʈɸɺʓʁ W-ɹʆɿʆʅ, ʈɽʃʗʊʀɺʀʉʊ-

ʉʂɸʗ ʗɼɽʈʅɸʗ ʌʀɿʀʂɸ, ʂʈʀʊʀʏɽʉʂɸʗ ʊʆʏʂɸ, ʂɺɸʈʂ-ɻʃʖʆʅʅɸʗ ʄɸʊɽʈʀʗ, 

ʗɼʈʆ-ʗɼɽʈʅʓɽ ʉʊʆʃʂʅʆɺɽʅʀʗ, ʈɽʃʗʊʀɺʀʉʊʉʂʀɽ ʕʅɽʈɻʀʀ, ʆʉʎʀʃʃʗʎʀʀ 

ʅɽʁʊʈʀʅʆ, ʉʇɽʂʊʈ ʂʆʉʄʀʏɽʉʂʀʍ ʃʋʏɽʁ, ʄɽʊʆɼʓ ʅɽʁʊʈʆʅʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ, ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʗɼɽʈ, 

ʈɸɼʀʆʀɿʆʊʆʇʓ 

ɺ ʦʪʯʸʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 126 ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʨʘʙʦʪ, 

ʧʨʦʚʝʜʸʥʥʳʭ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʗʀ ʈɸʅ ʥʘ 2014 ʛʦʜ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʘʞʥʝʡʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ: 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ɹʘʡʢʘʣʴʩʢʦʛʦ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ 

ʅʊ200 ʟʘ 5 ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʪʦʢʠ ʥʝʡʪʨʠʥʦ ʩʦʣʥʝʯʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʘʥʥʠʛʠʣʷʮʠʠ ʨʝʣʠʢʪʦʚʳʭ ʯʘʩʪʠʮ ʪʸʤʥʦʡ 

ʤʘʪʝʨʠʠ ʠ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʨʘʩʩʝʷʥʠʷ ʚ ʉʦʣʥʮʝ.        

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʘ ʘʥʠʟʦʪʨʦʧʠʠ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʭʦʜʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ 

ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ 57 ʕʵɺ ʧʦ ʜʘʥʥʳʤ 5 ʣʝʪ ʥʘʙʣʶʜʝʥʠʷ ʦʙʩʝʨʚʘʪʦʨʠʠ Telescope Array ʩ ʫʯʘʩʪʠʝʤ 

ʀʗʀ ʈɸʅ ʦʙʥʘʨʫʞʝʥʘ ʦʙʣʘʩʪʴ ʥʘ ʥʝʙʝʩʥʦʡ ʩʬʝʨʝ ʨʘʜʠʫʩʦʤ 20 ʛʨʘʜʫʩʦʚ, ʚ ʢʦʪʦʨʫʶ ʧʦʧʘʜʘʝʪ 

19 ʠʟ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ 72 ʩʦʙʳʪʠʡ. 

ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ OPERA (ɻʨʘʥ ʉʘʩʩʦ, ʀʪʘʣʠʷ), ʩ ʫʯʘʩʪʠʝʤ ʨʦʩʩʠʡʩʢʠʭ 

ʫʯʸʥʳʭ ʀʗʀ ʈɸʅ, ʦʙʥʘʨʫʞʝʥʦ ʯʝʪʚʸʨʪʦʝ ʩʦʙʳʪʠʝ-ʢʘʥʜʠʜʘʪ ʥʘ ʧʦʷʚʣʝʥʠʝ ʪʘʫ ʥʝʡʪʨʠʥʦ ʚ 

ʧʫʯʢʝ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ, ʥʘʧʨʘʚʣʷʝʤʦʤ ʠʟ ʎɽʈʅʘ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʡ ʚʳʙʦʨʢʠ ʠʩʪʦʯʥʠʢʦʚ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʪʨʫʜʥʦʦʙʲʷʩʥʠʤʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʥʦ 

ʠʟʙʝʞʘʪʴ, ʧʨʝʜʧʦʣʦʞʠʚ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ɺʩʝʣʝʥʥʦʡ ʜʣʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. 

ɺʧʝʨʚʳʝ ʜʘʥʦ ʦʙʲʷʩʥʝʥʠʝ ʷʜʝʨʥʦʛʦ ʛʣʦʨʠʷ ʵʬʬʝʢʪʘ, ʠʣʠ ʵʬʬʝʢʪʘ ʦʙʨʘʪʥʦʡ 

ʬʦʢʫʩʠʨʦʚʢʠ, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʆʀʗʀ (ɼʫʙʥʘ) ʠ ʀʊʕʌ (ʄʦʩʢʚʘ) ʚ 70-ʝ ʠ 

80-ʝ ʛʦʜʳ, ʠ ʩʦʩʪʦʷʱʝʛʦ ʚ ʫʚʝʣʠʯʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʨʦʞʜʝʥʠʷ ʢʫʤʫʣʷʪʠʚʥʳʭ 

ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʪʨʦʛʦ ʥʘʟʘʜ. ʆʙʲʷʩʥʝʥʠʝ ʜʘʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚ ʨʘʤʢʘʭ ʤʝʭʘʥʠʟʤʘ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʨʝʜʩʢʘʟʘʥ ʪʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʜʣʷ ʢʫʤʫʣʷʪʠʚʥʳʭ ʛʠʧʝʨʦʥʦʚ, 

ʢʘʦʥʦʚ ʠ ʜʨʫʛʠʭ ʯʘʩʪʠʮ. 
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ɺ ʥʝʡʪʨʠʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ ʊ2ʂ ʩ ʫʯʘʩʪʠʝʤ ʀʗʀ ʈɸʅ ʚʧʝʨʚʳʝ 

ʧʦʣʫʯʝʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʉʈ ʥʝʯʸʪʥʦʡ  ʜʠʨʘʢʦʚʩʢʦʡ ʬʘʟʳ. 

ɺʧʝʨʚʳʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʝ ʨʘʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʚʘʥʪʦʚʳʤʠ 

ʧʦʧʨʘʚʢʘʤʠ ʚ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʪʝʦʨʠʷʭ ʩʧʨʘʚʝʜʣʠʚʦ ʚʦ ʚʩʝʭ ʧʦʨʷʜʢʘʭ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʝʨʝʥʦʨʤʠʨʦʚʦʯʥʦʛʦ ʧʨʝʜʧʠʩʘʥʠʷ.  

ʉʦʪʨʫʜʥʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ CMS ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ ʚ ʎɽʈʅʝ ʩ ʫʯʘʩʪʠʝʤ 

ʀʗʀ ʈɸʅ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 2012 ʛʦʜʘ ʩ ʧʦʣʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʚʝʪʠʤʦʩʪʴʶ 19.7ʌʙ-1 ʧʦʣʫʯʠʣʠ 

ʨʝʢʦʨʜʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʘʩʩʘ ʧʨʘʚʦʛʦ W ʙʦʟʦʥʘ 

ʠʩʢʣʶʯʝʥʘ ʚʧʣʦʪʴ ʜʦ 3 ʊʵɺ ʜʣʷ ʤʘʩʩʳ ʪʷʞʸʣʦʛʦ ʥʝʡʪʨʠʥʦ ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʤʘʩʩʳ ʧʨʘʚʦʛʦ  W-

ʙʦʟʦʥʘ.  ʇʦʣʫʯʝʥʳ ʪʘʢʞʝ ʨʝʢʦʨʜʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʘʩʩʳ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʯʘʩʪʠʮ ʥʘ 

ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ CMS ɻ ʢʩʧʝʨʠʤʝʥʪʘ 2012 ʛʦʜʘ ʩ ʧʦʣʥʦʡ ʵʥʝʨʛʠʝʡ 

8 ʊʵɺ ʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʚʝʪʠʤʦʩʪʴʶ 20 ʌʙ-1. 

ʅʘ ʫʩʪʘʥʦʚʢʝ ALICE, ʎɽʈʅ, ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʜʝʪʝʢʪʦʨʘ ʊ0, ʩʦʟʜʘʥʥʦʛʦ 

ʚ ʦʩʥʦʚʥʦʤ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʗʀ,  ʢ ʬʠʟʠʯʝʩʢʠʤ  ʩʝʘʥʩʘʤ 2015-2017 ʛʛ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʜʝʪʝʢʪʦʨʘ ʊ0 ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʚʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ ʤʘʪʝʨʠʠ ʥʘ ʧʫʯʢʘʭ ɹʦʣʴʰʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʦʣʣʘʡʜʝʨʘ ʎɽʈʅ, 

ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʢʦʣʣʘʡʜʝʨʘ ʚ 2013-2014 ʛʛ., ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʪʨʠʛʛʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ, ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʙʦʪʘʪʴ  ʩ ʠʥʪʝʨʚʘʣʘʤʠ 50 ʥʩ ʠ 25 ʥʩ ʤʝʞʜʫ ʩʛʫʩʪʢʘʤʠ ʧʫʯʢʘ. 

ɺ 2014 ʛʦʜʫ ʟʘʚʝʨʰʝʥʘ ʧʝʨʚʘʷ ʬʘʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʦʠʩʢʫ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ ʜʚʦʡʥʦʛʦ 

ʙʝʪʘ-ʨʘʩʧʘʜʘ ʩ ʧʦʤʦʱʴʶ ʛʝʨʤʘʥʠʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʦʙʦʛʘʱʸʥʥʳʭ ʧʦ ʠʟʦʪʦʧʫ 76Ge, 

ʧʦʤʝʱʸʥʥʳʭ ʚ ʧʘʩʩʠʚʥʫʶ ʟʘʱʠʪʫ ʠʟ ʞʠʜʢʦʛʦ ʘʨʛʦʥʘ, ʦʯʠʱʝʥʥʦʛʦ ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ 

ʜʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ, ʧʨʦʝʢʪ GERDA. ʇʦʣʫʯʝʥ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʜʣʷ ʧʝʨʠʦʜʘ ʠʩʢʦʤʦʛʦ 

ʧʦʣʫʨʘʩʧʘʜʘ 2.1Ā1025 ʣʝʪ ʥʘ ʫʨʦʚʥʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 90%. ʈʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤ ʩʦʚʨʝʤʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʧʦʠʩʢʫ ʜʚʦʡʥʦʛʦ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ ʙʝʪʘ 

ʨʘʩʧʘʜʘ. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʪʦʷʱʠʡ ʥʘ ʧʦʚʝʩʪʢʝ ʜʥʷ ʚ ʪʝʯʝʥʠʝ 10 ʣʝʪ 

ʠʥʪʨʠʛʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ ʛʨʫʧʧʳ ʂʣʘʧʜʦʨʘ, ʩʦʦʙʱʠʚʰʝʡ ʦ ʥʘʙʣʶʜʝʥʠʠ ʵʪʦʛʦ ʨʘʩʧʘʜʘ ʩ 

ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ 1.2Ā1025 ʣʝʪ. 

ʉ ʫʯʘʩʪʠʝʤ ʀʗʀ ʈɸʅ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʘ LVD ʧʦʣʫʯʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʚʝʣʠʯʠʥʘ ʚʳʭʦʜʘ ʥʝʡʪʨʦʥʦʚ N=(16°4)³10-4 n/m/(ʛÖʩʤ-2), ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʶʦʥʘʤʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʞʝʣʝʟʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʚʥʫʪʨʴ ʩʪʨʫʢʪʫʨʳ ʫʩʪʘʥʦʚʢʠ.  

ʅʘ ʫʥʠʢʘʣʴʥʦʤ ʩʠʣʴʥʦʪʦʯʥʦʤ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʧʨʦʪʦʥʦʚ ʀʗʀ ʈɸʅ ʧʨʦʚʝʜʝʥʦ 

ʧʷʪʴ ʩʝʘʥʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʨʘʜʠʦʠʟʦʪʦʧʦʚ, ʥʘʣʘʜʢʫ 

ʥʝʡʪʨʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʙʱʘʷ 
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ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʝʘʥʩʦʚ ʚ 2014 ʛʦʜʫ ʩʦʩʪʘʚʠʣʘ 1812 ʯʘʩʦʚ. ʅʘʨʘʙʦʪʢʘ ʫʩʢʦʨʠʪʝʣʷ 

ʩʦʩʪʘʚʠʣʘ ʩʚʳʰʝ 90000 ʤʢɸĿʯʘʩʦʚ ʧʨʠ ʩʨʝʜʥʝʤ ʪʦʢʝ ʧʫʯʢʘ ʜʦ 120 ʤʢɸ ʠ ʵʥʝʨʛʠʠ 143 ʄʵɺ.  

ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʀʗʀ ʈɸʅ: ɸʉɼ (ɸʨʪʸʤʦʚʩʢʦʡ ʥʘʫʯʥʦʡ 

ʩʪʘʥʮʠʠ) ʠ ʨʦʩʩʠʡʩʢʦ-ʠʪʘʣʴʷʥʩʢʦʡ ʫʩʪʘʥʦʚʢʠ LVD (ɻʨʘʥ ʉʘʩʩʦ, ʀʪʘʣʠʷ) ʚ ʪʝʯʝʥʠʝ 37 ʣʝʪ (1977 

- 2014) ʧʦʣʫʯʝʥʦ ʩʘʤʦʝ ʩʠʣʴʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʯʘʩʪʦʪʫ ʥʝʡʪʨʠʥʥʳʭ 

ʚʩʧʣʝʩʢʦʚ ʦʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʣʘʧʩʦʚ ʟʚʸʟʜ ʚ ɻʘʣʘʢʪʠʢʝ: ʤʝʥʝʝ 1 ʩʦʙʳʪʠʷ ʟʘ 16.07 ʛʦʜʘ ʥʘ 

90% ʫʨʦʚʥʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʢʦʣʣʘʙʦʨʘʮʠʝʡ ɸ2 ʥʘ 

ʧʫʯʢʝ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʬʦʪʦʥʦʚ ʦʪ ʫʩʢʦʨʠʪʝʣʷ MAMI  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ 

ʧʨʦʪʦʥʥʦʡ ʤʠʰʝʥʠ, ʩʦʟʜʘʥʥʦʡ ʫʯʸʥʳʤʠ ʆʀʗʀ ʠ ʀʗʀ ʈɸʅ, ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʚʩʝ ʯʝʪʳʨʝ 

ʩʧʠʥʦʚʳʝ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʨʦʪʦʥʘ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʧʠʥʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʦʪʦʥʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʥʩʪʘʥʪ ʜʘʝʪ ʥʦʚʫʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʪʨʦʝʥʠʠ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʥʘ ʫʨʦʚʥʝ ʥʫʢʣʦʥʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. 

ɿʘʚʝʨʰʝʥʘ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʚʫʭ ʩʝʘʥʩʘʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʤ 

ʧʫʯʢʝ ʅʫʢʣʦʪʨʦʥʘ (ʆʀʗʀ) ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʥʦʤʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʚʳʭʦʜʘ ʧʠ-

ʤʝʟʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʙʝʞʥʦʛʦ ʪʝʣʝʩʢʦʧʘ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ 

ʧʨʦʣʸʪʘ ʠ ʧʦ ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ ʚʳʧʦʣʥʝʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʠʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ. ʀʟʤʝʨʝʥʦ 

ʦʪʥʦʰʝʥʠʝ ʚʳʭʦʜʦʚ ʧʠʦʥʦʚ ʢ ʧʨʦʪʦʥʘʤ. 

ʉʦʟʜʘʥ ʧʨʝʮʠʟʠʦʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʩʦʣʝʥʦʠʜ ʜʣʷ ʧʦʟʠʪʨʦʥʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʫʩʪʘʥʦʚʢʠ 

AEGIS (CERN), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʘʪʦʤʦʚ 

ʘʥʪʠʚʦʜʦʨʦʜʘ ʚ ʧʦʣʝ ɿʝʤʣʠ - ʧʨʦʚʝʨʢʠ ʧʨʠʥʮʠʧʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʤʘʪʝʨʠʠ ʠ ʘʥʪʠʤʘʪʝʨʠʠ. ɺ 

ʪʝʢʫʱʝʤ ʛʦʜʫ ʩʦʣʝʥʦʠʜ ʙʳʣ ʟʘʧʫʱʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʚʳʭ ʪʝʩʪʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥ ʚ ʥʘʢʦʧʠʪʝʣʴ ʧʦʟʠʪʨʦʥʦʚ. ɼʦʩʪʠʛʥʫʪʘ ʪʨʝʙʫʝʤʘʷ ʚʝʣʠʯʠʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʥʝ ʙʦʣʝʝ 0.1 %, ʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʨʝʢʦʨʜʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʥʘʢʦʧʣʝʥʥʳʭ ʧʦʟʠʪʨʦʥʦʚ, ʙʣʠʟʢʘʷ ʢ ʧʨʦʝʢʪʥʦʡ ʚʝʣʠʯʠʥʝ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʠʟʫʯʝʥʠʶ ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚʦ ʚʨʝʤʷ ʛʨʦʟ ʥʘ ɹʘʢʩʘʥʩʢʦʡ 

ʥʝʡʪʨʠʥʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʧʦʣʫʯʝʥʦ ʧʨʷʤʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ 

ʤʝʜʣʝʥʥʦʛʦ ʧʨʦʙʦʷ ʚ ʘʪʤʦʩʬʝʨʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʨʦʪʢʠʭ ʠ ʷʨʢʠʭ ʚʳʩʦʪʥʳʭ ʨʘʟʨʷʜʦʚ ʪʠʧʘ 

ʩʧʨʘʡʪʦʚ ʠ ʜʞʝʪʦʚ ʥʦʚʳʡ ʪʠʧ ʨʘʟʨʷʜʘ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʠʣʠ ʜʘʞʝ ʜʝʩʷʪʢʦʚ 

ʤʠʥʫʪ. ʈʘʟʨʷʜ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʟʜʘʝʪʩʷ  ʫʙʝʛʘʶʱʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʧʨʠʧʦʨʦʛʦʚʦʤ 

ʨʝʞʠʤʝ. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʙʦʷ ʥʘ ʫʙʝʛʘʶʱʠʭ ʵʣʝʢʪʨʦʥʘʭ ʦʥ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʥʝ 

ʠʩʢʨʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʘ ʪʣʝʶʱʝʛʦ ʠʣʠ ʢʦʨʦʥʥʦʛʦ (ʦʙʣʘʜʘʝʪ ʧʨʠʟʥʘʢʘʤʠ ʦʙʦʠʭ).   

ʋʯʸʥʳʤʠ ʀʗʀ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʧʝʨʝʜʥʠʡ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ Nɸ61 (CERN) ʧʦ ʧʦʠʩʢʫ 
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ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʦʙʳʯʥʦʡ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʚ ʩʦʩʪʦʷʥʠʝ 

ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ ʧʣʘʟʤʳ. ɺ ʪʝʢʫʱʝʤ ʛʦʜʫ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʘʥʘʣʦʛʦʚʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ, ʩʠʩʪʝʤʳ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʵʪʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. ʂʘʣʦʨʠʤʝʪʨ ʧʦʣʥʦʩʪʴʶ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʩʝʘʥʩʫ ʥʘ 

ʧʫʯʢʝ ʷʜʝʨ ʘʨʛʦʥʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪʩʷ ʚ ʥʘʯʘʣʝ 2015ʛ. 

ɺ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ 2014 

ʛʦʜʫ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʘʤ: 

ʈʘʟʨʘʙʦʪʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ ʜʣʷ ʃʋ-20 ʠ HILAC ʢʦʤʧʣʝʢʩʘ NICA 

ʆʀʗʀ; 

ʈʘʟʨʘʙʦʪʢʘ, ʠʟʛʦʪʦʚʣʝʥʠʝ, ʧʦʩʪʘʚʢʘ ʠ ʥʘʣʘʜʢʘ ʜʚʫʭ ʠʟʤʝʨʠʪʝʣʝʡ ʬʦʨʤʳ ʩʛʫʩʪʢʦʚ (BSM) 

ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʃʦʩ-ɸʣʘʤʦʩʩʢʦʛʦ ʮʝʥʪʨʘ LANSCE; 

ʈʘʟʨʘʙʦʪʢʘ, ʠʟʛʦʪʦʚʣʝʥʠʝ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʧʦʩʪʘʚʢʘ ʠ ʥʘʣʘʜʢʘ ʠʟʤʝʨʠʪʝʣʷ 

ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʚ ʩʛʫʩʪʢʘʭ ʜʣʷ ʢʘʥʘʣʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʟ ʫʩʢʦʨʠʪʝʣʷ 

Linac-4 ʚ ʙʫʩʪʝʨ (ʎɽʈʅ, ʐʚʝʡʮʘʨʠʷ); 

ʆʧʪʠʤʠʟʘʮʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʢʦʨʷʶʱʠʭ ʩʪʨʫʢʪʫʨ ʠ ʩʭʝʤ ʬʦʢʫʩʠʨʦʚʢʠ 

ʫʯʘʩʪʢʦʚ ʥʦʨʤʘʣʴʥʦ ʧʨʦʚʦʜʷʱʝʛʦ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʋʩʢʦʨʠʪʝʣʷ (ʃʋ) ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 18 ʄʵɺ ʜʦ 400 ʄʵɺ ʜʣʷ ʧʨʦʝʢʪʘ ʆʄɽɻɸ (ʌɹɻʋ ɻʅʎ 

ʀʌɺʕ); 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʢʘʩʢʘʜʝ 

ʫʩʢʦʨʠʪʝʣʝʡ ʃʋ-30 ʠ ʋ-1.5 (ʌɹɻʋ ɻʅʎ ʀʌɺʕ); 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʨʝʟʦʥʘʪʦʨʘ ʬʦʪʦʠʥʞʝʢʪʦʨʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʛʫʩʪʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩʚʝʨʭʚʳʩʦʢʦʡ ʷʨʢʦʩʪʠ (STFC, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 

ʉʦʚʤʝʩʪʥʦ ʩ ʈʅʎ ʈʍʊ (ʉ-ʇʝʪʝʨʙʫʨʛ) ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʳʭʦʜʘ ʨʫʙʠʜʠʷ-

82 ʠʟ ʛʝʥʝʨʘʪʦʨʘ 82Sr/82Rb ʩ ʠʩʭʦʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 160 ʤʂʠ ʚ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʤʝʜʠʮʠʥʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʦʩʪʠʛʥʫʪʳ ʨʝʢʦʨʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʇʕʊ-ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʪʝʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ (78 ʜʥ.)  ʥʝ ʪʦʣʴʢʦ ʢʘʨʜʠʦʣʦʛʠʯʝʩʢʠʭ, ʥʦ ʠ ʨʷʜʘ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ Ŭ-ʘʢʪʠʚʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʘʢʪʠʥʠʷ-225 ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ - ʨʘʜʠʷ-223, 

ʚʢʣʶʯʘʶʱʘʷ ʦʙʣʫʯʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʪʦʨʠʝʚʦʡ ʤʠʰʝʥʠ ʥʘ ʫʩʢʦʨʠʪʝʣʝ ʀʗʀ ʈɸʅ ʧʨʦʪʦʥʘʤʠ 

ʩʨʝʜʥʠʭ ʵʥʝʨʛʠʡ ʠ ʨʘʜʠʦʭʠʤʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʘʢʪʠʥʠʷ ʠ ʨʘʜʠʷ ʩ ʧʦʤʦʱʴʶ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʇʦʣʫʯʝʥ ʧʘʪʝʥʪ ʥʘ ʩʧʦʩʦʙ ʥʘʨʘʙʦʪʢʠ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʜʣʷ ʮʝʣʝʡ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ 

(ʩʦʚʤʝʩʪʥʦ ʩ ʌʀɸʅ ʠʤ.ʇ.ʅ. ʃʝʙʝʜʝʚʘ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ (ʩʦʚʤʝʩʪʥʦ ʩ ʅʀʀʗʌ 

ʄɻʋ ʠʤ.ʃʦʤʦʥʦʩʦʚʘ), ʯʪʦ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 55 ʄʵɺ ʠ ʩʨʝʜʥʠʤ ʪʦʢʦʤ 

ʧʫʯʢʘ ~ 40 ʤʢɸ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ ʤʠʰʝʥʠ ʠʟ NaOH ʪʦʣʱʠʥʦʡ 10 ʛ/ʩʤ2 ʚ ʪʝʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ~ 5.5 ʯʘʩ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʨʘʜʠʦʠʟʦʪʦʧʘ ʬʪʦʨʘ-18 ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʧʦʣʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ~ (40õ60) ʤʂʠ ʠ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ~ (2·3) ʤʂʠ/ʤʣ. 

  



8 
 

  

ʉʦʜʝʨʞʘʥʠʝ  

ʈʝʬʝʨʘʪ 4 

ɺʚʝʜʝʥʠʝ 10 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ   

1 ʆʪʜʝʣ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ  11 

2 ʆʪʜʝʣ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 33 

ʆʪʜʝʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ  

3 ʃʘʙʦʨʘʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʜʢʠʭ ʧʨʦʮʝʩʩʦʚ 43 

4 ʃʘʙʦʨʘʪʦʨʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 84 

5 ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʦʠʟʦʪʦʧʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 173 

ʆʪʜʝʣ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ  

6 ʃʘʙʦʨʘʪʦʨʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ 199 

7 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 232 

8 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʠ ʵʣʝʢʪʨʦʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 235 

9 ʃʘʙʦʨʘʪʦʨʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʯʘʩʪʠʮ 
246 

ʆʪʜʝʣ ʣʝʧʪʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ  

10 ʃʘʙʦʨʘʪʦʨʠʷ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ 262 

11 ʃʘʙʦʨʘʪʦʨʠʷ ʣʝʧʪʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 287 

12 ʃʘʙʦʨʘʪʦʨʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ 301 

13 ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ ʠ ʃʘʙʦʨʘʪʦʨʠʷ 

ʛʘʣʣʠʡ-ʛʝʨʤʘʥʠʝʚʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ɹʅʆ 
332 

ɹʘʢʩʘʥʩʢʘʷ ʥʝʡʪʨʠʥʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ  

14 ʃʘʙʦʨʘʪʦʨʠʷ ʧʦʜʟʝʤʥʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ 342 

15 ʃʘʙʦʨʘʪʦʨʠʷ ʥʠʟʢʦʬʦʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 352 

16 ʃʘʙʦʨʘʪʦʨʠʷ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 379 

17 ʃʘʙʦʨʘʪʦʨʠʷ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ 391 

18 ʃʘʙʦʨʘʪʦʨʠʷ ʘʪʦʤʥʦʛʦ ʷʜʨʘ 406 

19 ʃʘʙʦʨʘʪʦʨʠʷ ʥʝʡʪʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 446 

20 ʃʘʙʦʨʘʪʦʨʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʬʠʟʠʢʠ 480 

ɿʘʢʣʶʯʝʥʠʝ 488 
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ʆʇʈɽɼɽʃɽʅʀʗ, ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

ʟ.ʜ.ʥ. - ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʂʍɼ - ʢʚʘʥʪʦʚʘʷ ʭʨʦʤʦʜʠʥʘʤʠʢʘ - ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʃʇʉʄ - ʣʝʚʦ-ʧʨʘʚʦʩʠʤʤʝʪʨʠʯʥʘʷ ʤʦʜʝʣʴ 

ʉʄ - ʉʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ð ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʨʘʩʯʪyʦʚ ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʦʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʠʮ (ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʠ ʪʦʧ-ʢʚʘʨʢʘ) 

ʥʘ ʢʦʣʣʘʡʜʝʨʝ LHC; ʭʦʨʦʰʦ ʧʨʦʚʝʨʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʎɽʈʅ (CERN) - ɽʚʨʦʧʝʡʩʢʠʡ ʮʝʥʪʨ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɹɸʂ (LHC) - ɹʦʣʴʰʦʡ ʘʜʨʦʥʥʳʡ ʢʦʣʣʘʡʜʝʨ (Large Hadron Collider) 

CMS - Compact Muon Solenoid ï ʂʦʤʧʘʢʪʥʳʡ ʤʶʦʥʥʳʡ ʩʦʣʝʥʦʠʜ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʨʦʥʦʚ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʥʘ LHC 

ALICE - A Large Ion Collider Experiment ʥʘ ʫʩʢʦʨʠʪʝʣʝ ɹɸʂ ʚ ʎɽʈʅ  

HADES - High Acceptance DiElectron Spectrometer  

NA61 (SHINE) - SPS Heavy Ion and Neutrino Experiment ʥʘ ʫʩʢʦʨʠʪʝʣʝ SPS ʚ ʎɽʈʅ  

ZDC - Zero Degree Calorimeter 

SPS - ʫʩʢʦʨʠʪʝʣʴ ʯʘʩʪʠʮ ʚ ʐʚʝʡʮʘʨʠʠ (ʎɽʈʅ) 

MPD - Multi  - Purpose Detector 

NICA - Nuclotron-based Ion Collider fAcility ʚ ʆʀʗʀ, ɼʫʙʥʘ   

ʌʕʋ ï ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʫʤʥʦʞʠʪʝʣʴ 

CPT-ʥʘʨʫʰʝʥʠʝ - ʥʘʨʫʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʷ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʧʨʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ, ʚʢʣʶʯʘʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʠʥʚʝʨʩʠʶ ʟʘʨʷʜʘ, ʯʸʪʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ 

ʌʤ ï ʝʜʠʥʠʮʘ ʜʣʠʥʳ ʚ ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ (1ʬʝʨʤʠ = 10-15 ʤʝʪʨʘ) 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʢʘʢ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪʘʢ ʠ ʚ ʥʦʚʳʭ ʜʦʩʪʫʧʥʳʭ ʦʙʣʘʩʪʷʭ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ, ʚ 

ʦʙʣʘʩʪʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘ. ʀʗʀ ʈɸʅ ʧʨʦʚʦʜʠʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

ʬʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʝʦʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʡ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʩʤʦʣʦʛʠʷ; 

ʥʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ, ʥʝʡʪʨʠʥʥʘʷ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ, ʬʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʧʨʦʙʣʝʤʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ; 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʚ ʥʠʟʢʦʬʦʥʦʚʳʭ ʧʦʜʟʝʤʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʠ ʛʣʫʙʦʢʦ ʧʦʜ ʚʦʜʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ; 

ʬʠʟʠʢʘ ʘʪʦʤʥʦʛʦ ʷʜʨʘ, ʜʠʥʘʤʠʢʘ ʷʜʝʨʥʳʭ ʠ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʬʠʟʠʢʘ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʪʷʞʸʣʳʭ ʠʦʥʦʚ; 

ʥʝʡʪʨʦʥʥʘʷ ʬʠʟʠʢʘ, ʪʝʭʥʦʣʦʛʠʷ ʠʥʪʝʥʩʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʦʥʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, ʨʘʜʠʘʮʠʦʥʥʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ; 

ʬʠʟʠʢʘ ʠ ʪʝʭʥʠʢʘ ʩʠʣʴʥʦʪʦʯʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʥʘ ʩʨʝʜʥʠʝ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʵʥʝʨʛʠʠ; 

ʧʨʠʢʣʘʜʥʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ, ʨʘʜʠʦʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʷʜʝʨʥʘʷ 

ʪʨʘʥʩʤʫʪʘʮʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ. 

ʕʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʨʘʞʘʶʪ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʠ ʥʘ ʦʯʝʥʴ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ 

ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʩ ʬʠʟʠʢʦʡ ʤʘʩʰʪʘʙʦʚ ɺʩʝʣʝʥʥʦʡ, ʘʩʪʨʦʬʠʟʠʢʦʡ, ʠʟʚʝʩʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʢʣʘʜʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʛʫʤʘʥʠʩʪʠʯʝʩʢʠʤʠ ʧʨʦʝʢʪʘʤʠ. 

ʕʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʪʚʝʨʞʜʸʥʥʦʡ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʇʨʦʛʨʘʤʤʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʢʘʜʝʤʠʡ ʥʘʫʢ ʥʘ 2013 ï 2020 ʛʦʜʳ, 

ʨʘʟʜʝʣ çʌʠʟʠʯʝʩʢʠʝ ʥʘʫʢʠè, ʧ.15 ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʠʟʠʢʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚʢʣʶʯʘʷ ʬʠʟʠʢʫ ʥʝʡʪʨʠʥʦ ʠ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ, ʬʠʟʠʢʠ 

ʫʩʢʦʨʠʪʝʣʝʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʜʝʪʝʢʪʦʨʦʚ, ʩʦʟʜʘʥʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʦʥʦʚ, 

ʤʶʦʥʦʚ, ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʫʢʝ, ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʤʝʜʠʮʠʥʝ. 
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1 ʆʪʜʝʣ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

ʌʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʝʦʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʡ 

ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʩʤʦʣʦʛʠʷ. 

ʅʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ, ʥʝʡʪʨʠʥʥʘʷ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ, ʬʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ, ʧʨʦʙʣʝʤʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ʅ.ɺ.ʂʨʘʩʥʠʢʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʦʣʦʛʠʠ ʠ ʘʩʪʨʦʬʠʟʠʢʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʘʢ. 

ɺ.ɸ.ʈʫʙʘʢʦʚ. 

ʈʘʩʯʸʪʳ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɸ.ʃ.ʂʘʪʘʝʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʬʠʟʠʢʠ ʚʥʝ ʨʘʤʦʢ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɼ.ʉ.ɻʦʨʙʫʥʦʚ. 

ʈʘʩʯʸʪʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʬʠʟʠʢʝ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ 

ʜ.ʬ.-ʤ.ʥ. ʉ.ɺ.ʊʨʦʠʮʢʠʡ. 

 

ʊʝʦʨʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʥʝ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʬʠʟʠʢʘ ʯʘʩʪʠʮ ʠ 

ʢʦʩʤʦʣʦʛʠʷ". ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ʘʢ. ɺ.ɸ.ʈʫʙʘʢʦʚ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ɸ.ʂʫʟʴʤʠʥ, ʯʣ.-ʢʦʨʨ. 

ʈɸʅ ʀ.ʀ.ʊʢʘʯʸʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʦʡ ʬʠʟʠʢʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʉʪʘʥʜʘʨʪʥʦʡ ʄʦʜʝʣʠ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʘʢ. ɺ.ɸ.ʄʘʪʚʝʝʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʠ ʥʘ ʊʵɺ-ʥʦʤ ʤʘʩʰʪʘʙʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ CMS ʥʘ LHC. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ 

ʜ.ʬ.-ʤ.ʥ. ʅ.ɺ.ʂʨʘʩʥʠʢʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʢʚʘʥʪʦʚʦʡ ʭʨʦʤʦʜʠʥʘʤʠʢʠ ʠ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 

ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ʅ.ɺ.ʂʨʘʩʥʠʢʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ, ʩʚʦʡʩʪʚ çʪʸʧʣʦʡè 

ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ʠ ʧʦʠʩʢ ʯʘʩʪʠʮ ï ʢʘʥʜʠʜʘʪʦʚ ʚ ʪʸʤʥʫʶ ʤʘʪʝʨʠʶ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʯʣ.-

ʢʦʨʨ. ʈɸʅ ʀ.ʀ.ʊʢʘʯʸʚ. 

ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʮʝʥʪʨ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʤʦʣʦʜʳʭ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ ʧʦ ʬʠʟʠʢʝ 

ʥʝʡʪʨʠʥʦ ʠ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʝ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ʘʢ. ɺ.ɸ.ʄʘʪʚʝʝʚ, ʢ.ʬ.-ʤ.ʥ. 

ʕ.ʗ.ʅʫʛʘʝʚ  
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1.1 ʈɽʌɽʈɸʊ 

3 ʨʠʩ. 68 ʧʫʙʣ. 

ʈɸʉʐʀʈɽʅʀʗ ʉʊɸʅɼɸʈʊʅʆʁ ʄʆɼɽʃʀ ʌʀɿʀʂʀ ʕʃɽʄɽʅʊɸʈʅʓʍ ʏɸʉʊʀʎ, 

ʂʆʉʄʆʃʆɻʀʗ, ɸʉʊʈʆʌʀɿʀʂɸ, ʊɽʆʈʀʀ ɺɽʃʀʂʆɻʆ ʆɹʒɽɼʀʅɽʅʀʗ, ʄʆɼɽʃʀ ʉ 

ɼʆʇʆʃʅʀʊɽʃʔʅʓʄʀ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʄʀ ʀɿʄɽʈɽʅʀʗʄʀ, ʊɪʄʅɸʗ ʕʅɽʈɻʀʗ, 

ʊɪʄʅɸʗ ʄɸʊɽʈʀʗ, ʀʅʌʃʗʎʀʗ, ʀʅʊɽɻʈʀʈʋɽʄʓɽ ʄʆɼɽʃʀ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʝ ʪʝʦʨʠʠ ʠ ʪʝʦʨʠʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʨʘʩʰʠʨʝʥʠʷ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʩʪʝʨʠʣʴʥʳʝ 

ʥʝʡʪʨʠʥʦ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙ 

ʦʩʮʠʣʣʷʮʠʷʭ ʥʝʡʪʨʠʥʦ ʠ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʪʝʦʨʠʠ ʩ ʥʘʨʫʰʝʥʥʦʡ ʃʦʨʝʥʮ-ʠʥʚʘʨʠʘʥʪʥʦʩʪʴʶ, ʤʦʜʝʣʠ ʬʠʟʠʢʠ ʠ ʘʩʪʨʦʬʠʟʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʤʝʪʦʜʳ ʄʦʥʪʝ-ʂʘʨʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʝʡ, 

ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʚ ʨʘʥʥʝʡ ɺʩʝʣʝʥʥʦʡ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʮʝʩʩʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, 

ʛʝʥʝʨʘʮʠʠ ʙʘʨʠʦʥʥʦʡ ʘʩʠʤʤʝʪʨʠʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ, ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʥʘ 

ʠʥʬʣʷʮʠʦʥʥʦʡ ʩʪʘʜʠʠ. 

 ʎʝʣʴ ʨʘʙʦʪʳ ð ʧʦʩʪʨʦʝʥʠʝ ʥʦʚʳʭ ʪʝʦʨʠʡ ʠ ʤʦʜʝʣʝʡ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, 

ʩʧʦʩʦʙʥʳʭ ʨʝʰʠʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʥʘ ʩʪʳʢʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʬʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʘʩʪʨʦʬʠʟʠʢʘ 

ʠ ʢʦʩʤʦʣʦʛʠʷ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ, 

ʧʦʜʛʦʪʦʚʢʘ ʠ ʟʘʢʨʝʧʣʝʥʠʝ ʚ ʩʬʝʨʝ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʫʯʥʳʭ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 

ʢʘʜʨʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ. 

ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʚ ʬʠʟʠʢʝ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʢʦʩʤʦʣʦʛʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʧʧʘʨʘʪ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʧʦʣʷ, 

ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʩʠʤʤʝʪʨʠʡ, ʘ ʪʘʢʞʝ ʩʫʧʝʨʩʠʤʤʝʪʨʠʡ. ɺ 

ʨʘʤʢʘʭ ʅʀʈ ʵʪʦʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʚʠʪ ʠ ʜʦʧʦʣʥʝʥ ʥʦʚʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʘʙʣʶʜʘʝʤʳʭ ʚʝʣʠʯʠʥ, ʪʘʢʠʭ ʢʘʢ ʚʨʝʤʷ ʞʠʟʥʠ ʯʘʩʪʠʮ, ʩʝʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʪʫʥʥʝʣʴʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʪʘʢ ʜʘʣʝʝ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʘʢ ʨʘʚʥʦʚʝʩʥʳʭ, ʪʘʢ ʠ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʠʚʰʠʭ ʚ ʨʘʥʥʝʡ ɺʩʝʣʝʥʥʦʡ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ 

ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʧʦʣʷ ʧʨʠ ʢʦʥʝʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʟʦʤ ʤʝʪʦʜʦʚ 

ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʧʦʣʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʥʝ ʧʦʜʜʘʶʱʠʭʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ, ʪʘʢʠʝ ʢʘʢ LatticeEasy, 

CompHEP, microOMEGAs, HYDJET++, CASCADE, PYTHIA, NMSSMTools ʠ ʜʨʫʛʠʝ.  



13 
 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʩʧʝʢʪʨʘ ʧʝʨʚʠʯʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʦ ʜʘʥʥʳʤ 

WMAP ʟʘ 9 ʣʝʪ ʥʘʙʣʶʜʝʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʃʦʨʝʥʮʘ ʥʘ ʪʨʘʥʩʧʣʘʥʢʦʚʩʢʠʭ ʤʘʩʰʪʘʙʘʭ 

ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʘʪʤʦʩʬʝʨʘ ʩʪʘʥʝʪ ʧʨʦʟʨʘʯʥʦʡ ʜʣʷ ʬʦʪʦʥʦʚ ʫʣʴʪʨʘʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (> 

ʕʵɺ). 

ʆʙʥʘʨʫʞʝʥʦ ʛʦʨʷʯʝʝ ʧʷʪʥʦ ʥʘ ʢʘʨʪʝ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ 57 ʕʵɺ ʧʦ 

ʜʘʥʥʳʤ 5 ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ ʥʘʟʝʤʥʦʡ ʨʝʰʝʪʢʠ Telescope Array 

ʀʩʩʣʝʜʦʚʘʥ ʘʥʩʘʤʙʣʴ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 100 ɻʵɺ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ Fermi LAT ʠ ʯʝʨʝʥʢʦʚʩʢʠʤʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘʤʠ ʩʧʝʢʪʨʳ ʥʝ 

ʩʦʜʝʨʞʘʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ, ʦʞʠʜʘʝʤʦʛʦ ʜʘʞʝ ʚ ʥʘʠʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ 

ʤʦʜʝʣʷʭ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʬʦʥʘ. 

ʇʨʦʚʝʜʝʥ ʩʣʝʧʦʡ ʧʦʠʩʢ ʛʘʤʤʘ-ʧʫʣʴʩʘʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʪʦʣʴʢʦ ʜʘʥʥʳʝ Fermi LAT. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʣʝʧʦʛʦ ʧʦʠʩʢʘ, ʧʦʩʪʨʦʝʥ ʢʘʪʘʣʦʛ ʠʟ 25 ʛʘʤʤʘ-ʧʫʣʴʩʘʨʦʚ, ʪʦʣʴʢʦ 9 ʠʟ ʢʦʪʦʨʳʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʪʘʢʞʝ ʚ ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ. 

ɼʘʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʜʝʣʝʡ ʩʦ ʩʪʝʨʠʣʴʥʳʤʠ ʥʝʡʪʨʠʥʦ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʣʦʨʝʥʮʝʚʘ ʩʠʤʤʝʪʨʠʷ (ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʝʸ ʢʦʧʠʡ) ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʚʦʟʥʠʢʘʝʪ ʚ ʫʥʠʪʘʨʥʦʡ ʪʝʦʨʠʠ ʚ ʜʚʫʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʠʟʦʪʨʦʧʥʦʡ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʠ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ. 

ʇʦʣʫʯʝʥʳ ʨʝʜʫʢʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʃʝʤʘʥʘ - ʉʠʤʘʥʟʠʢʘ - ʎʠʤʤʝʨʤʘʥʘ ʚ 

ʥʝʢʦʤʤʫʪʘʪʠʚʥʦʡ ʪʝʦʨʠʠ ʧʦʣʷ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥ ʢʦʥʬʦʨʤʥʦ-ʠʥʚʘʨʠʘʥʪʥʳʡ ʧʨʝʜʝʣ ʯʝʪʳʨʭyʤʝʨʥʦʡ ʢʚʘʥʪʦʚʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚ ʨʘʤʢʘʭ ʪʝʦʨʝʪʠʢʦ-ʚʦʟʤʫʱʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʢʦʥʩʪʘʥʪʝ ʩʚʷʟʠ ʠ ʠʟʫʯʝʥʳ 

ʩʣʝʜʩʪʚʠʷ ʢʦʥʬʦʨʤʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚ ʪʝʦʨʠʠ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʇʦʩʪʨʦʝʥʦ ʨʘʩʰʠʨʝʥʠʝ ʤʦʜʝʣʠ ʩʪʘʪʠʯʝʩʢʦʡ ʢʨʦʪʦʚʦʡ ʥʦʨʳ ɸʡʭʝʣʙʫʨʛʘ-ʐʘʡʥʘ. 

ɺ ʤʦʜʝʣʠ ʂʫʣʘʛʠʥʘ-ʇʝʪʪʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʠ 

ʘʥʪʠʥʝʡʪʨʠʥʦ ʥʘ ʷʜʨʘʭ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʥʝʡʪʨʠʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ LBNE 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʪʦʢʠ ʥʝʡʪʨʠʥʦ ʠ ʤʶʦʥʦʚ ʦʪ ʘʥʥʠʛʠʣʷʮʠʠ ʪʸʤʥʦʡ 

ʤʘʪʝʨʠʠ, ʥʘ ʩʢʦʨʦʩʪʴ ʘʥʥʠʛʠʣʷʮʠʠ, ʩʧʠʥ-ʟʘʚʠʩʠʤʦʝ ʠ ʩʧʠʥ-ʥʝʟʘʚʠʩʠʤʦʝ ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ 

ʯʘʩʪʠʮ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ (WIMP) ʥʘ ʧʨʦʪʦʥʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʅʊ-200. 

ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʝʡ ʩ ʥʠʟʢʠʤ ʤʘʩʰʪʘʙʦʤ ʥʘʨʫʰʝʥʠʷ ʩʫʧʝʨʩʠʤʤʝʪʨʠʠ ʧʨʝʜʣʦʞʝʥʦ 

ʦʙʲʷʩʥʝʥʠʝ ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʠʟʙʳʪʢʘ ʛʘʤʤʘ-ʣʫʯʝʡ ʩ ʵʥʝʨʛʠʝʡ 3.5 ʢʵɺ ʠʟ ɸʥʜʨʦʤʝʜʳ ʠ 

ʨʷʜʘ ʢʣʘʩʪʝʨʦʚ ʛʘʣʘʢʪʠʢ. 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʥʝʡʪʨʠʥʦ ʥʘ ʩʠʛʥʘʣ ʦʪ ʘʥʥʠʛʠʣʷʮʠʠ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ʚ ʉʦʣʥʮʝ. 
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1.2 ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʬʠʟʠʢʠ ʯʘʩʪʠʮ ʠ ʢʦʩʤʦʣʦʛʠʠ 

ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʬʠʟʠʢʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʦʚʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʨʘʙʦʪʦʡ 

ɹʦʣʴʰʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʦʣʣʘʡʜʝʨʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ ʧʦʟʚʦʣʷʪ 

ʥʝ ʪʦʣʴʢʦ ʨʝʰʠʪʴ ʨʷʜ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ (ʧʨʦʙʣʝʤʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʩʩ ʠ ʥʘʨʫʰʝʥʠʝ ʵʣʝʢʪʨʦʩʣʘʙʦʡ ʩʠʤʤʝʪʨʠʠ), ʥʦ ʠ ʥʘʡʪʠ ʩʚʷʟʠ ʩ ʘʩʪʨʦʬʠʟʠʢʦʡ 

ʠ ʢʦʩʤʦʣʦʛʠʝʡ (ʩʪʨʫʢʪʫʨʘ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ). 

ʋʯʸʥʳʤ ʦʪʜʝʣʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʀʗʀ ʈɸʅ ʧʨʠʥʘʜʣʝʞʠʪ ʨʷʜ ʧʠʦʥʝʨʩʢʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʵʬʬʝʢʪ ɿʘʮʝʧʠʥʘ-ʂʫʟʤʠʥʘ, ʥʝʧʝʨʪʫʨʙʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʘʨʠʦʥʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ɺʩʝʣʝʥʥʦʡ, ʥʦʚʳʝ ʤʝʪʦʜʳ ʤʥʦʛʦʧʝʪʣʝʚʳʭ ʚʳʯʠʩʣʝʥʠʡ, 

ʧʨʘʚʠʣʘ ʩʫʤʤ ʚ ʂʍɼ ʠ ʜʨʫʛʠʝ). ɺ ʦʪʜʝʣʝ ʨʘʙʦʪʘʝʪ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʰʪʘʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʜʠʥ ʘʢʘʜʝʤʠʢ ʈɸʅ ʠ ʜʚʘ ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ʈɸʅ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ ʙʫʜʫʪ ʨʘʟʚʠʚʘʪʴ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ.  

ɺ ʧʣʘʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʬʠʟʠʢʠ ʯʘʩʪʠʮ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʨʦʙʣʝʤ ʩʢʨʳʪʦʡ ʤʘʩʩʳ ʠ 

ʪʸʤʥʦʡ ʵʥʝʨʛʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ ʠ ʠʭ ʚʦʟʤʦʞʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ 

ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʝʦʨʠʡ ʛʨʘʚʠʪʘʮʠʠ ʠ ʧʦʣʫʯʝʥʠʶ ʠʭ ʧʨʝʜʩʢʘʟʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʩʚʝʨʭʙʦʣʴʰʠʭ ʠ ʩʚʝʨʭʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʡ. ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʛʝʥʝʨʘʮʠʡ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʨʘʥʥʝʡ ɺʩʝʣʝʥʥʦʡ. ɹʫʜʫʪ ʧʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʪʝʦʨʠʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʧʦʠʩʢ ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ ʦʪ ʠʭ ʫʜʘʣʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ.  

ʇʦ ʬʠʟʠʢʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʘʥʘʣʠʟ 

ʠ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ɹʦʣʴʰʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʦʣʣʘʡʜʝʨʘ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ 

ʥʦʚʦʡ ʬʠʟʠʢʠ ʚʥʝ ʨʘʤʦʢ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙʣʝʤʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʘʚʦʛʦ W-ʙʦʟʦʥʘ ʠ ʪʷʞʝʣʦʛʦ ʥʝʡʪʨʠʥʦ. ʊʘʢʞʝ ʙʫʜʫʪ 

ʧʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʙʘʨʠʦʥʥʳʭ ʠ ʤʝʟʦʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʤʝʪʦʜʘʤʠ ʂʍɼ ʧʨʘʚʠʣ 

ʩʫʤʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʰʠʚʘʥʠʷ B-ʤʝʟʦʥʦʚ ʠ ʠʭ ʰʠʨʠʥ ʨʘʩʧʘʜʦʚ ʥʘ 

ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʝʯʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʩʫʤʤ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʡ. ɹʫʜʫʪ 

ʧʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʵʬʬʝʢʪʦʚ ʨʝʥʦʨʤʘʣʦʥʦʚ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʛʣʫʙʦʢʦʥʝʫʧʨʫʛʦʤʫ ʣʝʧʪʦʥ-ʘʜʨʦʥʥʦʤʫ ʨʘʩʩʝʷʥʠʶ.  
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1.3 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʩʧʝʢʪʨʘ ʧʝʨʚʠʯʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʦ ʜʘʥʥʳʤ 

WMAP ʟʘ 9 ʣʝʪ ʥʘʙʣʶʜʝʥʠʷ. ʇʦʣʫʯʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʦʜʝʣʠ ʘʥʠʟʦʪʨʦʧʥʦʡ ʠʥʬʣʷʮʠʠ, ʘ 

ʪʘʢʞʝ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʦʜʝʣʠ ʨʘʥʥʝʡ ɺʩʝʣʝʥʥʦʡ - ʤʦʜʝʣʴ ʢʦʥʬʦʨʤʥʦʛʦ ʩʢʘʪʳʚʘʥʠʷ ʠ 

ʛʝʥʝʟʠʩʘ ʛʘʣʠʣʝʦʥʘ [1-3]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʃʦʨʝʥʮʘ ʥʘ ʪʨʘʥʩʧʣʘʥʢʦʚʩʢʠʭ ʤʘʩʰʪʘʙʘʭ 

ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʘʪʤʦʩʬʝʨʘ ʩʪʘʥʝʪ ʧʨʦʟʨʘʯʥʦʡ ʜʣʷ ʬʦʪʦʥʦʚ ʫʣʴʪʨʘʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (> 

ʕʵɺ). ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʝʛʠʩʪʨʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʬʦʪʦʥʦʚ ʪʘʢʠʭ ʵʥʝʨʛʠʡ ʫʩʪʘʥʦʚʠʪ ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʥʘʨʫʰʝʥʠʷ ʃʦʨʝʥʮ-ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʠ ʤʦʜʝʣʠ ʢʚʘʥʪʦʚʦʡ 

ʛʨʘʚʠʪʘʮʠʠ ʪʠʧʘ ʍʦʨʘʚʳ-ʃʠʬʰʠʮʘ [4]. ʆʧʫʙʣʠʢʦʚʘʥʦ ʦʧʠʩʘʥʠʝ ʦʙʩʝʨʚʘʪʦʨʠʠ TAIGA (Tunka 

Advanced Instrument for cosmic ray physics and Gamma Astronomy). ʆʙʩʝʨʚʘʪʦʨʠʷ, ʚʢʣʶʯʘʶʱʘʷ 

ʚ ʩʝʙʷ ʜʝʪʝʢʪʦʨʳ Tunka-HiSCORE, ʊʫʥʢʘ-133, ʥʝʩʢʦʣʴʢʦ ʯʝʨʝʥʢʦʚʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ ʠ ʨʝʰʝʪʢʫ 

ʥʘʟʝʤʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʙʫʜʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʛʘʤʤʘ-ʢʚʘʥʪʘʤ ʩ ʵʥʝʨʛʠʷʤʠ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʊʵɺ ʠ ʢ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ ʩ ʵʥʝʨʛʠʷʤʠ ʦʪ 100 ʊʵɺ. [5]. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʪʦʪʠʧʘ ʫʩʪʘʥʦʚʢʠ ʊʫʥʢʘ-HiSCORE ʧʣʦʱʘʜʴʶ 0.1 ʢʤ2. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʙʣʶʜʝʥʠʝ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ 100 ʊʵɺ ʥʘ ʫʩʪʘʥʦʚʢʝ ʊʫʥʢʘ-HiSCORE 

ʫʩʪʘʥʦʚʠʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʦʜʝʣʠ ʢʚʘʥʪʦʚʦʡ ʛʨʘʚʠʪʘʮʠʠ ʩ ʃʦʨʝʥʮ-

ʥʘʨʫʰʝʥʠʝʤ [4]. ʆʧʫʙʣʠʢʦʚʘʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʦʙʳʪʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʨʝʰʸʪʢʦʡ ʨʘʜʠʦʘʥʪʝʥʥ Tunka-Rex [6]. 

 

ʈʠʩʫʥʦʢ 1. ɻʦʨʷʯʝʝ ʧʷʪʥʦ ʥʘ ʢʘʨʪʝ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ 57 ʕʵɺ ʧʦ 

ʜʘʥʥʳʤ 5 ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ ʥʘʟʝʤʥʦʡ ʨʝʰʝʪʢʠ Telescope Array. 

 



16 
 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʦʛʦ ʚ ʀʗʀ ʈɸʅ ʘʥʘʣʠʟʘ ʭʠʤʩʦʩʪʘʚʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʧʦ ʜʘʥʥʳʤ ʥʘʟʝʤʥʦʡ ʨʝʰʝʪʢʠ Telescope Array [7]. ʆʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʩʧʝʢʪʨʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʫʩʪʘʥʦʚʢʝ Telescope Array ʚ ʛʠʙʨʠʜʥʦʤ ʨʝʞʠʤʝ [8]. ʈʘʟʨʘʙʦʪʘʥ 

ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʧʦ ʜʘʥʥʳʤ ʥʘʟʝʤʥʦʡ ʨʝʰʝʪʢʠ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʢ ʜʘʥʥʳʤ Telescope Array [9]. ʆʙʥʘʨʫʞʝʥʦ ʛʦʨʷʯʝʝ ʧʷʪʥʦ ʥʘ ʢʘʨʪʝ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ 57 ʕʵɺ ʧʦ ʜʘʥʥʳʤ 5 ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ ʥʘʟʝʤʥʦʡ ʨʝʰʝʪʢʠ 

Telescope Array, ʩʤ. ʈʠʩ. 1. ɺ ʢʨʫʛ ʨʘʜʠʫʩʦʤ 20 ʛʨʘʜʫʩʦʚ ʧʦʧʘʜʘʝʪ 19 ʠʟ 72 ʩʦʙʳʪʠʡ ʧʨʠ 

ʦʞʠʜʘʥʠʠ 4.5 ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʠʟʙʳʪʢʘ ʧʦʩʣʝ ʫʯʝʪʘ ʵʬʬʝʢʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 3.4 ʩʠʛʤʘ [10]. ɿʥʘʯʠʤʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 4.0 ʩʠʛʤʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʜʘʥʥʳʭ 6-ʦʛʦ ʛʦʜʘ ʥʘʙʣʶʜʝʥʠʷ [11,12]. ɺ ʨʘʤʢʘʭ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʭʦʜʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ 

ʵʥʝʨʛʠʝʡ ʚʳʰʝ 10 ʕʵɺ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʷʤʠ Telescope Array ʠ Pierre Auger. 

ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥ ʤʫʣʴʪʠʧʦʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʥʘʙʦʨʦʤ ʜʘʥʥʳʭ, ʧʦʢʨʳʚʘʶʱʠʭ ʚʩʶ ʥʝʙʝʩʥʫʶ 

ʩʬʝʨʫ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʦʙʥʘʨʫʞʝʥʦ 

[13]. ʆʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʭʦʜʘ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʪʝʣʝʩʢʦʧʘʭ Telescope Array [14]. 

ʀʩʩʣʝʜʦʚʘʥ ʘʥʩʘʤʙʣʴ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 100 ɻʵɺ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ Fermi LAT ʠ ʯʝʨʝʥʢʦʚʩʢʠʤʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘʤʠ ʩʧʝʢʪʨʳ ʥʝ 

ʩʦʜʝʨʞʘʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ, ʦʞʠʜʘʝʤʦʛʦ ʜʘʞʝ ʚ ʥʘʠʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ 

ʤʦʜʝʣʷʭ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʬʦʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʤʦʜʝʣʴʶ, ʚ ʢʦʪʦʨʦʡ ʯʘʩʪʴ 

ʬʦʪʦʥʦʚ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʢʩʠʦʥʦʧʦʜʦʙʥʳʝ ʯʘʩʪʠʮʳ ʚ ʠʩʪʦʯʥʠʢʝ, ʘ ʦʙʨʘʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʠ [15,16]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʝʥʥʦʝ ʨʘʩʪʷʞʝʥʠʝ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ (ʚʳʰʝ ɻʵɺ) ʩʠʛʥʘʣʘ ʦʪ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʙʣʶʜʝʥʠʷ ʠ ʮʝʥʪʨʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʟʣʫʯʝʥʠʷ [17]. ʇʨʦʚʝʜʝʥ ʩʣʝʧʦʡ ʧʦʠʩʢ ʛʘʤʤʘ-ʧʫʣʴʩʘʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʪʦʣʴʢʦ 

ʜʘʥʥʳʝ Fermi LAT. ʇʨʝʜʰʝʩʪʚʫʶʱʠʝ ʧʦʠʩʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʨʘʜʠʦ-ʪʝʣʝʩʢʦʧʦʚ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʜʠʦ-h ʫʤʥʳʭ ʛʘʤʤʘ-ʧʫʣʴʩʘʨʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʦʚʳʰʝʥʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʵʪʦʤʫ ʪʠʧʫ ʦʙʲʝʢʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʣʝʧʦʛʦ ʧʦʠʩʢʘ, ʧʦʩʪʨʦʝʥ ʢʘʪʘʣʦʛ ʠʟ 25 

ʛʘʤʤʘ-ʧʫʣʴʩʘʨʦʚ, ʪʦʣʴʢʦ 9 ʠʟ ʢʦʪʦʨʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʪʘʢʞʝ ʚ ʨʘʜʠʦ-ʜʠʘʧʘʟʦʥʝ. ʂʘʪʘʣʦʛ 

ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʠʟʤʝʨʠʪʴ ʜʦʣʶ ʨʘʜʠʦ-ʪʠʭʠʭ ʧʫʣʴʩʘʨʦʚ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 64% (+-10%). 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʤʦʜʝʣʝʡ ʠʟʣʫʯʝʥʠʷ ʚʥʝʰʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ 

ʨʘʩʭʦʜʷʪʩʷ ʩ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʤʦʜʝʣʝʡ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦ-h ʫʤʥʳʭ ʠ 

ʨʘʜʠʦ-ʪʠʭʠʭ ʧʫʣʴʩʘʨʦʚ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤʫ ʚʦʟʨʘʩʪʫ, ʧʦʪʦʢʫ ʵʥʝʨʛʠʠ, ʩʚʝʪʠʤʦʩʪʠ ʠ 

ʧʦʣʦʞʝʥʠʶ ʥʘ ʥʝʙʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʦʛʣʘʩʫʶʪʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʜʚʘ ʧʦʜʢʣʘʩʩʘ 
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ʤʦʛʫʪ ʙʳʪʴ ʯʘʩʪʴʶ ʝʜʠʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʫʣʴʩʘʨʦʚ [18]. 

ɼʘʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʜʝʣʝʡ ʩʦ ʩʪʝʨʠʣʴʥʳʤʠ ʥʝʡʪʨʠʥʦ 

[19].  

ʈʘʟʣʠʯʥʳʝ ʩʠʤʤʝʪʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʬʠʟʠʢʝ. ɺʘʞʥʝʡʰʠʝ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʩʠʤʤʝʪʨʠʡ - ʩʠʤʤʝʪʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʜʚʠʛʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ (ʪʨʘʥʩʣʷʮʠʦʥʥʘʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ), ʩʠʤʤʝʪʨʠʷ ʃʦʨʝʥʮʘ, ʤʘʩʰʪʘʙʥʘʷ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʠ ʢʦʥʬʦʨʤʥʘʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ ʩ ʜʚʫʤʷ 

ʠʟʤʝʨʝʥʠʷʤʠ ʢʦʥʬʦʨʤʥʘʷ ʩʠʤʤʝʪʨʠʷ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ, ʣʦʨʝʥʮʝʚʦʡ ʠ 

ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʦʙ ʫʥʠʪʘʨʥʦʩʪʠ 

ʪʝʦʨʠʠ. ʉ.ʄ. ʉʠʙʠʨʷʢʦʚʳʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʦʩʪʘʝʪʩʷ ʚʝʨʥʳʤ, ʜʘʞʝ ʝʩʣʠ 

ʟʘʤʝʥʠʪʴ  ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʣʦʨʝʥʮʝʚʦʡ ʩʠʤʤʝʪʨʠʠ ʙʦʣʝʝ ʩʣʘʙʳʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʯʪʦ ʩʠʛʥʘʣʳ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɸ ʠʤʝʥʥʦ, ʦʢʘʟʳʚʘʝʪʩʷ ʯʪʦ ʣʦʨʝʥʮʝʚʘ ʩʠʤʤʝʪʨʠʷ 

(ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʝʝ ʢʦʧʠʡ) ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʦʟʥʠʢʘʝʪ ʚ ʫʥʠʪʘʨʥʦʡ ʪʝʦʨʠʠ ʚ ʜʚʫʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟʦʪʨʦʧʥʦʡ ʤʘʩʰʪʘʙʥʦʡ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʠ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ [20]. 

ʇʦʣʫʯʝʥʳ ʨʝʜʫʢʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʃʝʤʘʥʘ - ʉʠʤʘʥʟʠʢʘ - ʎʠʤʤʝʨʤʘʥʘ  ʚ 

ʥʝʢʦʤʤʫʪʘʪʠʚʥʦʡ ʪʝʦʨʠʠ ʧʦʣʷ [21]. ʈʝʜʫʢʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʃʝʤʘʥʘ - ʉʠʤʘʥʟʠʢʘ - 

ʎʠʤʤʝʨʤʘʥʘ ʩʚʷʟʳʚʘʶʪ ʘʤʧʣʠʪʫʜʳ ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮ ʩ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ 

ʪʦʢʦʚ. ʅʝʢʦʤʤʫʪʘʪʠʚʥʘʷ ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ʧʦʣʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ  ʨʝʜʫʢʮʠʦʥʥʳʭ ʬʦʨʤʫʣ ʃʝʤʘʥʘ - 

ʉʠʤʘʥʟʠʢʘ - ʎʠʤʤʝʨʤʘʥʘ  ʥʘ ʥʝʢʦʤʤʫʪʘʪʠʚʥʫʶ ʢʚʘʥʪʦʚʫʶ ʪʝʦʨʠʶ ʧʦʣʷ. ʊʘʢ ʞʝ ʙʳʣʘ ʜʦʢʘʟʘʥʘ 

ʪʝʦʨʝʤʘ ʬʦʥ-ʅʝʡʤʘʥʘ ʚ ʪʝʦʨʠʷʭ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʬʠʟʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ. ɺ ʢʘʣʠʙʨʦʚʦʯʥʳʭ 

ʪʝʦʨʠʷʭ ʚ ʢʦʚʘʨʠʘʥʪʥʦʡ ʢʘʣʠʙʨʦʚʢʝ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʪ ʥʝʬʠʟʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ. ʊʝʦʨʝʤʘ 

ʬʦʥ-ʅʝʡʤʘʥʘ - ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʦʨʝʤ ʚ ʪʝʦʨʠʠ, ʠʩʩʣʝʜʫʶʱʝʡ ʢʘʥʦʥʠʯʝʩʢʠʝ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʜʦʢʘʟʘʪʴ ʝʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʚ ʪʝʦʨʠʷʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʥʝʬʠʟʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥ ʢʦʥʬʦʨʤʥʦ-ʠʥʚʘʨʠʘʥʪʥʳʡ ʧʨʝʜʝʣ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʢʚʘʥʪʦʚʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚ ʨʘʤʢʘʭ ʪʝʦʨʝʪʠʢʦ-ʚʦʟʤʫʱʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʢʦʥʩʪʘʥʪʝ ʩʚʷʟʠ ʠ ʠʟʫʯʝʥʳ 

ʩʣʝʜʩʪʚʠʷ ʢʦʥʬʦʨʤʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚ ʪʝʦʨʠʠ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʣʝʜʫʶʱʠʝ ʠʟ ʢʦʥʬʦʨʤʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʨʝʜʝʣʘ  ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʧʨʘʚʠʣʘ 

ʩʫʤʤ ɹʴʝʨʢʝʥʘ ʛʣʫʙʦʢʦʥʝʫʧʨʫʛʦʛʦ ʣʝʧʪʦʥ-ʥʫʢʣʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ 

ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʘʥʥʠʛʠʣʷʮʠʠ ʚ ʘʜʨʦʥʳ ð ʬʫʥʢʮʠʠ ɸʜʣʝʨʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʥʦ ʚʦ ʚʪʦʨʦʤ ʧʦʨʷʜʢʝ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʝʩʪʝʩʪʚʝʥʥʦ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʬʠʢʩʘʮʠʠ ʤʘʩʰʪʘʙʘ ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʠ [22]. 

       ʇʦʩʪʨʦʝʥʦ  ʨʘʩʰʠʨʝʥʠʝ ʤʦʜʝʣʠ ʩʪʘʪʠʯʝʩʢʦʡ ʢʨʦʪʦʚʦʡ ʥʦʨʳ ɸʡʭʝʣʙʫʨʛʘ-ʐʘʡʥʘ. 
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ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʩʪʨʦʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʭʠʨʫʨʛʠʠè, ʢʦʛʜʘ ʜʚʝ ʤʝʪʨʠʢʠ 

ʩʰʠʚʘʶʪʩʷ ʚʜʦʣʴ ʪʦʥʢʦʡ ʦʙʦʣʦʯʢʠ. ɺ ʤʦʜʝʣʠ ɸʡʭʝʣʴʙʫʨʛʘ-ʐʘʡʥʘ, ʚʥʝʰʥʷʷ ʤʝʪʨʠʢʘ ʪʠʧʘ 

ʄʘʜʞʫʤʜʘʨʘ-ʇʘʧʘʧʝʪʨʫ ʩʰʠʚʝʪʩʷ ʚʜʦʣʴ ʜʚʫʭ ʪʦʥʢʠʭ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ 

ʦʙʦʣʦʯʝʢ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʜʠʫʩʘ ʠ ʤʘʩʩʳ, ʩ ʯʘʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʈʘʡʩʥʝʨʘ-

ʅʦʨʜʩʪʨʝʤʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ  ʢʨʦʪʦʚʫʶ ʥʦʨʫ. ɺʳʯʠʩʣʝʥʠʝ ʤʝʪʨʠʢʠ ʄʘʜʞʫʤʜʘʨʘ-ʇʘʧʘʧʝʪʨʫ 

ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʚ 3-ʤʝʨʥʦʤ ʧʣʦʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠʠ, ʯʪʦ  

ʵʢʚʠʚʘʣʝʥʪʥʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚʳʯʠʩʣʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʜʚʫʭ ʟʘʨʷʞʝʥʥʳʭ 

(ʥʝʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ) ʩʬʝʨ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʜʠʫʩʘ.  ʊʦʛʜʘ, ʧʦ ʧʦʩʪʨʦʝʥʠʶ, ʯʝʨʝʟ  ʢʘʞʜʫʶ ʪʦʯʢʫ  

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʧʨʠʭʦʜʠʪʴ ʟʘʤʢʥʫʪʘʷ ʚʨʝʤʝʥʠ-ʧʦʜʦʙʥʘʷ ʢʨʠʚʘʷ (ʪ. ʝ. ʵʪʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ  çʚʝʯʥʘʷ ʤʘʰʠʥʘ ʚʨʝʤʝʥʠè). ʃʶʙʦʧʳʪʥʳʤ ʩʚʦʡʩʪʚʦʤ  ʢʨʦʪʦʚʦʡ ʥʦʨʳ  

ɸʡʭʝʣʴʙʫʨʛʘ-ʐʘʡʥʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʝ 

ʥʘʨʫʰʘʶʪʩʷ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʠ ʤʝʪʨʠʢʠ ʈʘʡʩʥʝʨʘ-ʅʦʨʜʩʪʨʝʤʘ ʣʝʞʘʱʝʡ ʧʦʜ 

ʛʦʨʠʟʦʥʪʦʤ ʩʦʙʳʪʠʡ, ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʢʨʦʪʦʚʦʡ ʥʦʨʳ ʥʝʩʪʘʙʠʣʴʥʦʡ ʠʟ-ʟʘ ʠʥʬʣʷʮʠʠ 

ʤʘʩʩʳ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʛʦʨʠʟʦʥʪʝ ʂʦʰʠ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʢʨʦʪʦʚʘʷ ʥʦʨʘ  ɸʡʭʝʣʴʙʫʨʛʘ-ʐʘʡʥʘ 

ʩʪʨʦʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʨʠʢʠ ʄʘʜʞʫʤʜʘʨʘ-ʇʘʧʘʧʝʪʨʫ, ʧʦʟʚʦʣʷʝʪ   (ʪʝʭʥʠʯʝʩʢʠ) ʣʝʛʢʦ 

ʨʘʩʰʠʨʠʪʴ ʤʦʜʝʣʴ ʥʘ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʡ ʩʣʫʯʘʡ. ʀʤʝʥʥʦ, ʚʥʝʰʥʷʷ ʤʝʪʨʠʢʘ ʩʪʘʥʦʚʠʪʩʷ 

ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʤʝʪʨʠʢʦʡ ʂʘʩʪʦʨʘ-ʊʨʘʰʝʥ, ʘ ʚʥʫʪʨʝʥʥʷʷ ˈ ʤʝʪʨʠʢʦʡ ʈʘʡʩʥʝʨʘ-ʅʦʨʜʩʪʨʝʤʘ-

ʜʝ ʉʠʪʪʝʨʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʰʠʚʢʠ ʥʘ ʦʙʦʣʦʯʢʘʭ ʚ ʪʘʢʦʡ ʤʦʜʝʣʠ ʪʨʝʙʫʶʪ ʵʢʩʪʨʝʤʘʣʴʥʦʩʪʠ 

ʚʥʫʪʨʝʥʥʝʡ ʤʝʪʨʠʢʠ  ʈʘʡʩʥʝʨʘ-ʅʦʨʜʩʪʨʝʤʘ-ʜʝ ʉʠʪʪʝʨʘ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʷ ʀʟʨʘʵʣʷ  ʪʨʝʙʫʶʪ, 

ʯʪʦʙʳ  ʦʙʦʣʦʯʢʠ ʩʦʩʪʦʷʣʠ ʠʟ ʧʳʣʠ. ʆʯʝʚʠʜʥʦ ʪʘʢʞʝ, ʯʪʦ ʦʙʦʣʦʯʢʠ ʥʝ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠʤʠ, 

ʘ ʧʦʨʦʞʜʘʶʪʩʷ ʩʠʥʛʫʣʷʨʥʦʩʪʷʤʠ ʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʵʢʩʧʦʥʝʮʠʘʣʴʥʦʝ 

ʨʘʩʰʠʨʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚʚʝʜʝʥʠʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʥʝʩʢʦʣʴʢʦ ʫʣʫʯʰʘʝʪ ʩʚʦʡʩʪʚʘ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʂʦʰʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʘ ʣʠʥʝʡʥʦʤ ʫʨʦʚʥʝ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʦ ʥʘʨʫʰʝʥʠʝ ʧʨʠʯʠʥʥʦʩʪʠ. ʆʜʥʘʢʦ, ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʜʝʣʘʝʪ  ʦʙʦʣʦʯʢʠ ʧʨʠʯʠʥʥʦ ʥʝ ʩʚʷʟʘʥʥʳʤʠ ʯʝʨʝʟ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ. ʇʦʵʪʦʤʫ ʦʙʣʘʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʯʠʥʥʦʩʪʴ ʥʘʨʫʰʝʥʘ, ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ [23]. 

ɺ ʥʝʡʪʨʠʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ MINERvA ʚ ʌʝʨʤʠʣʘʙʝ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʰʝʥʠʷ 

ʥʝʡʪʨʠʥʥʳʭ ʩʝʯʝʥʠʡ ʥʘ ʨʘʟʥʳʭ ʷʜʝʨʥʳʭ ʤʠʰʝʥʷʭ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʥʝʡʪʨʠʥʦ 2 < E < 20 ɻʵɺ. 

ʇʦʜʦʙʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚʧʝʨʚʳʝ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ɻ ʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʥʝʡʪʨʠʥʥʦʤ ʧʫʯʢʝ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʚʳʯʠʩʣʝʥʠʷʤʠ ʚ ʤʦʜʝʣʠ ʂʫʣʘʛʠʥʘ-ʇʝʪʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [24,25]. ɺ ʤʦʜʝʣʠ 

ʂʫʣʘʛʠʥʘ-ʇʝʪʪʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ ʥʘ ʷʜʨʘʭ ʚ 

ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʥʝʡʪʨʠʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ LBNE (Long Base Line Neutrino Experiment). 

ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʥʘ ʩʦʚʝʱʘʥʠʠ ʢʦʣʣʘʙʦʨʘʮʠʠ LBNE ʠ ʥʘ ʥʝʡʪʨʠʥʥʦʡ ʧʨʦʛʨʘʤʤʝ 

CETUP*2014 [26,27]. ʂʦʣʣʘʙʦʨʘʮʠʷ LBNE ʚʳʨʘʟʠʣʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ. 
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ɿʘʷʚʢʘ ʛʨʫʧʧʳ ʀʗʀ ʦ ʚʩʪʫʧʣʝʥʠʠ ʚ ʢʦʣʣʘʙʦʨʘʮʠʶ LBNE ʙʳʣʘ ʦʬʠʮʠʘʣʴʥʦ ʧʦʜʜʝʨʞʘʥʘ. 

ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʰʘ ʛʨʫʧʧʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʨʦʩʩʠʡʩʢʠʭ 

ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʵʪʦʤ ʢʨʫʧʥʝʡʰʝʤ ʥʝʡʪʨʠʥʥʦʤ ɻʢʩʧʝʨʠʤʝʥʪʝ. 

ʇʦʩʪʨʦʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʪʝʦʨʠʠ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʚʘʥʪʦʚʦʡ ʭʨʦʤʦʜʠʥʘʤʠʢʠ, 

ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʣʘʛʨʘʥʞʠʘʥ ʥʝʥʫʣʝʚʳʭ ʤʘʩʩ ʛʣʶʦʥʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʧʦʣʫʯʠʪʴ  ʤʘʩʩʦʚʫʶ ʱʝʣʴ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʏʝʣʣʝʥʘ-ʃʝʤʘʥʘ  ʜʣʷ ʬʫʥʢʮʠʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʚʘʢʫʫʤʘ. ʇʦʣʫʯʝʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʘʩʩʫ ʛʣʶʦʥʦʚ ʩʥʠʟʫ ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʚʘʥʪʦʚʘʷ ʭʨʦʤʦʜʠʥʘʤʠʢʘ ʩ ʤʘʩʩʠʚʥʳʤʠ 

ʛʣʶʦʥʘʤʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʥʦʨʤʠʨʫʝʤʦʡ ʥʘ ʤʘʩʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [28-30]. ʇʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʥʦʨʤʛʨʫʧʧʦʚʦʡ ʙʝʪʘ-ʬʫʥʢʮʠʠ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚ ʨʘʤʢʘʭ 

5-ʧʝʪʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʠ ʧʝʨʚʦʛʦ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 1/N-

ʨʘʟʣʦʞʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʦʙʦʠʭ ʧʨʠʙʣʠʞʝʥʠʡ [31].   

ɿʘʚʝʨʰʝʥʘ ʨʘʙʦʪʘ ʧʦ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʩʦʙʳʪʠʡ,  ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ɹʘʡʢʘʣʴʩʢʦʤ ʥʝʡʪʨʠʥʥʦʤ ʪʝʣʝʩʢʦʧʝ ʅʊ-200. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʪʦʢʠ 

ʥʝʡʪʨʠʥʦ ʠ ʤʶʦʥʦʚ ʦʪ ʵʪʦʡ ʘʥʥʠʛʠʣʷʮʠʠ, ʩʢʦʨʦʩʪʴ ʘʥʥʠʛʠʣʷʮʠʠ, ʩʧʠʥ-ʟʘʚʠʩʠʤʦʝ ʠ ʩʧʠʥ-

ʥʝʟʘʚʠʩʠʤʦʝ ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ (WIMP) ʥʘ ʧʨʦʪʦʥʝ. ʅʦʚʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʨʘʚʥʠʤʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʜʨʫʛʠʭ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʘʭ (ʩʤ. 

ʈʠʩ.2) ʠ ʚ ʧʨʷʤʳʭ ʧʦʠʩʢʘʭ (ʩʤ. ʈʠʩ.3).  

 

ʈʠʩʫʥʦʢ 2: ʉʨʘʚʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʅʊ-200 ʩ ʥʝʧʨʷʤʳʤʠ ʧʦʠʩʢʘʤʠ 
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ʈʠʩʫʥʦʢ 3: ʉʨʘʚʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʅʊ-200 ʩ ʧʨʷʤʳʤʠ ʧʦʠʩʢʘʤʠ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʪʘʪʴʠ [32-34] ʠ ʩʜʝʣʘʥʳ ʜʦʢʣʘʜʳ [35,36]. 

ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʝʡ ʩ ʥʠʟʢʠʤ ʤʘʩʰʪʘʙʦʤ ʥʘʨʫʰʝʥʠʷ ʩʫʧʝʨʩʠʤʤʝʪʨʠʠ ʧʨʝʜʣʦʞʝʥʦ 

ʦʙʲʷʩʥʝʥʠʝ ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʠʟʙʳʪʢʘ ʛʘʤʤʘ-ʣʫʯʝʡ ʩ ʵʥʝʨʛʠʝʡ 3.5 ʢʵɺ ʠʟ ɸʥʜʨʦʤʝʜʳ ʠ 

ʨʷʜʘ ʢʣʘʩʪʝʨʦʚ ʛʘʣʘʢʪʠʢ. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʪʘʢʠʭ ʛʘʤʤʘ-ʣʫʯʝʡ 

ʤʦʛʣʠ ʙʳ ʩʣʫʞʠʪʴ ʣʝʛʢʦʝ ʩʛʦʣʜʩʪʠʥʦ (ʩʢʘʣʷʨʥʦʝ ʠʣʠ ʧʩʝʚʜʦʩʢʘʣʷʨʥʦʝ), ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ 

ʩʘʙʜʦʤʠʥʘʥʪʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ.  ʇʨʠ ʵʪʦʤ ʜʦʤʠʥʘʥʪʥʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ 

ʷʚʣʷʝʪʩʷ ʛʨʘʚʠʪʠʥʦ ʩ ʤʘʩʩʦʡ ʧʦʨʷʜʢʘ 1 ɻʵɺ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ 

ʝʱʝ ʦʜʥʦʡ ʣʠʥʠʠ ʧʨʠ ʜʨʫʛʠʭ ʵʥʝʨʛʠʷʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʦʪ ʨʘʩʧʘʜʘ ʜʨʫʛʦʛʦ ʩʛʦʣʜʩʪʠʥʦ, ʯʪʦ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʧʨʦʚʝʨʢʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʛʠʧʦʪʝʟʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʪʘʪʴʷ [37]. 

 ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʥʝʡʪʨʠʥʦ ʥʘ ʩʠʛʥʘʣ ʦʪ ʘʥʥʠʛʠʣʷʮʠʠ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ʚ ʉʦʣʥʮʝ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʡʪʨʠʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 1-1000 ɻʵɺ 

ʢʘʯʝʩʪʚʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʝ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʥʝʡʪʨʠʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʨʠ ʵʪʦʤ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʪʦʢ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʦʪ ʘʥʥʠʛʠʣʷʮʠʠ ʯʘʩʪʠʮ 

ʪy ʤʥʦʡ ʤʘʪʝʨʠʠ ʚ ʉʦʣʥʮʝ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʤʦʛʫʪ 

ʠʟʤʝʥʠʪʴʩʷ ʥʘ 10-50%. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʦʢʣʘʜʝ 

[38].  

ɺ ʤʦʜʝʣʠ nuMSM ʚʳʯʠʩʣʝʥʳ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʜʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʥʘʨʫʰʝʥʠʝʤ ʣʝʧʪʦʥʥʦʛʦ 

ʯʠʩʣʘ: ʨʘʜʠʘʮʠʦʥʥʳʡ ʨʘʩʧʘʜ ʤʶʦʥʘ ʚ ʵʣʝʢʪʨʦʥ, ʤʶʦʥ-ɻ ʣʝʢʪʨʦʥʥʘʷ ʢʦʥʚʝʨʩʠʷ ʥʘ ʷʜʨʝ, 

ʪʨʝʭʣʝʧʪʦʥʥʳʡ ʨʘʩʧʘʜ ʤʶʦʥʘ ʠ ʪʘʫ-ʣʝʧʪʦʥʘ, ʨʘʩʧʘʜʳ ʤʝʟʦʥʦʚ ʚ ʟʘʨʷʞʝʥʥʳʝ ʣʝʧʪʦʥʳ, 

ʙʝʟʥʝʡʪʨʠʥʥʳʡ ʜʚʦʡʥʦʡ ʙʝʪʘ ʨʘʩʧʘʜ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ (ʤʘʩʩ 
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ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʠ ʫʛʣʦʚ ʩʤʝʰʠʚʘʥʠʷ ʩ ʘʢʪʠʚʥʳʤʠ ʥʝʡʪʨʠʥʦ), ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʚʝʨʦʷʪʥʦʩʪʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʥʠʞʝ ʧʦʨʦʛʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ (ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʦʠʩʢʫ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ 

ʜʚʦʡʥʦʛʦ ʙʝʪʘ-ʨʘʩʧʘʜʘ) ʠ ʢʦʣʣʘʡʜʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʛʦʪʦʚʷʪʩʷ ʢ 

ʧʫʙʣʠʢʘʮʠʠ.         

ʀʟʫʯʝʥʘ ʬʝʥʦʤʝʥʦʣʦʛʠʷ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʜʝʣʝʡ ʩ ʥʠʟʢʠʤ ʤʘʩʰʪʘʙʦʤ ʥʘʨʫʰʝʥʠʷ 

ʩʫʧʝʨʩʠʤʤʝʪʨʠʠ. ʅʘʡʜʝʥ ʤʝʭʘʥʠʟʤ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʳ ʭʠʛʛʩʦʚʩʢʦʛʦ ʙʦʟʦʥʘ ʚ 

ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʜʝʣʷʭ ʟʘ ʩʯʝʪ ʩʤʝʰʠʚʘʥʠʷ ʩ ʙʦʣʝʝ ʣʝʛʢʠʤ ʩʛʦʣʜʩʪʠʥʦ. ʇʨʦʠʟʚʝʜʝʥʦ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʪʦʙʨʘʥʳ ʤʦʜʝʣʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʤ 

ʦʛʨʘʥʠʯʝʥʠʷʤ ʠʟ ʨʘʟʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʣʫʯʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʪʠʭ ʤʦʜʝʣʝʡ 

ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ LHC: ʦʪʣʠʯʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʳʪʠʡ ʩ ʫʯʘʩʪʠʝʤ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʘʭ ʦʪ ʧʨʝʜʩʢʘʟʳʚʘʝʤʦʛʦ ʚ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʥʘʣʠʯʠʝ ʩʠʛʥʘʣʘ ʦʪ ʣʝʛʢʦʛʦ 

ʩʛʦʜʩʪʠʥʦ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʝʛʢʦʝ ʩʛʦʣʜʩʪʠʥʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʨʝʟʦʥʘʥʩ ʩ ʤʘʩʩʦʡ ʦʢʦʣʦ 

98 ɻʵɺ, ʥʘʡʜʝʥʥʳʡ ʥʘ ʫʨʦʚʥʝ 2 ʩʠʛʤʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ LEP. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ CMS ʠ 

ALTAS. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʪʘʪʴʷ [39], ʥʘʧʨʘʚʣʝʥʥʘʷ ʚ ʞʫʨʥʘʣ JHEP. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʦʪʢʠʭ ʨʘʜʠʦ-ʚʩʧʳʰʝʢ (fast radio burst), 

ʘ ʠʤʝʥʥʦ, ʧʦʣʥʦʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʩʧʳʰʢʠ, ʚʳʩʦʢʘʷ 

ʷʨʢʦʩʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʯʘʩʪʦʪʘ ʩʦʙʳʪʠʡ, ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʚ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʟʨʳʚʥʦʡ ʨʘʩʧʘʜ ʘʢʩʠʦʥʥʳʭ ʤʠʥʠʢʘʣʩʪʝʨʦʚ ʩ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʠʭ ʤʘʩʩʳ ʧʦʢʦʷ ʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʥʘʧʠʩʘʥʘ ʩʪʘʪʴʷ [40], ʧʨʠʥʷʪʘʷ ʚ ʧʝʯʘʪʴ 

ʚ "ʇʠʩʴʤʘ ʚ ɾʕʊʌ".   

ɺʳʯʠʩʣʝʥʳ ʷʜʝʨʥʳʝ PDFs ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʠʥʚʘʨʠʘʥʪʥʦʛʦ ʧʝʨʝʜʘʥʥʦʛʦ 

ʠʤʧʫʣʴʩʘ Q ʥʘ ʦʩʥʦʚʝ ʧʦʣʫ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʶʱʝʡ ʨʷʜ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʛʣʫʙʦʢʦ-ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ: ʷʜʝʨʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʠ ʤʘʣʳʭ 

ʟʥʘʯʝʥʠʷʭ ʙʴʝʨʢʝʥʦʚʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʭ, ʵʬʬʝʢʪʳ ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʚʥʝʤʘʩʩʦʚʳʝ 

ʵʬʬʝʢʪʳ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʭ, ʵʬʬʝʢʪʳ ʤʝʟʦʥʥʳʭ ʦʙʤʝʥʥʳʭ ʪʦʢʦʚ.  

ʗʜʝʨʥʳʝ ʵʬʬʝʢʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʢʚʘʨʢʦʚ (ʥʘʧʨʠʤʝʨ, u ʠ d) ʠ 

ʪʠʧʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ (ʚʘʣʝʥʪʥʳʝ ʠ ʤʦʨʩʢʠʝ). ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʨʘʩʯʸʪʦʚ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʢ 

ʘʥʘʣʠʟʫ ʧʨʦʮʝʩʩʘ ʨʦʞʜʝʥʠʷ ʣʝʧʪʦʥʥʦʡ ʧʘʨʳ ʚ ʘʜʨʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ (ʧʨʦʮʝʩʩ ɼʨʝʣʣʘ-ʗʥʘ) 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʷʜʝʨʥʳʤʠ ʤʠʰʝʥʷʤʠ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ɽ772 ʠ ɽ866 ʚ ʌʝʨʤʠʣʘʙʘ [41]. 

ʇʨʦʚʝʜʝʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʜʦʨʘʙʦʪʢʘ, ʩ ʫʯʸʪʦʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʠʟʤʝʨʝʥʠʶ ʫʛʣʘ 

ʩʤʝʰʠʚʘʥʠʷ theta13, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ ʤʦʜʝʣʠ ʥʦʚʦʡ ʬʠʟʠʢʠ, 
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ʦʧʠʩʳʚʘʶʱʝʡ ʠʝʨʘʨʭʠʶ ʤʘʩʩ ʠ ʩʤʝʰʠʚʘʥʠʡ ʥʝʡʪʨʠʥʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʜʝʣʠ; ʫʪʦʯʥʝʥʳ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ɼʘʥ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʦ ʚʘʨʠʘʮʠʷʭ ʧʨʝʜʩʢʘʟʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʝʦʤʝʪʨʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʚʣʠʷʶʱʝʡ ʥʘ ʩʧʝʢʪʨ ʢʘʣʫʮʘ-ʢʣʷʡʥʦʚʩʢʠʭ 

ʚʦʟʙʫʞʜʝʥʠʡ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ: ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʧʨʝʜʩʢʘʟʘʥʠʷʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ; ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʘʚʠʣʴʥʘʷ ʠʝʨʘʨʭʠʷ ʤʘʩʩ ʠ ʩʤʝʰʠʚʘʥʠʡ ʢʘʢ ʚ 

ʩʝʢʪʦʨʝ ʟʘʨʷʞʝʥʥʳʭ ʬʝʨʤʠʦʥʦʚ, ʪʘʢ ʠ ʚ ʩʝʢʪʦʨʝ ʥʝʡʪʨʠʥʦ; ʦʩʪʘʶʪʩʷ ʚ ʩʠʣʝ ʦʩʥʦʚʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʠʛʥʘʪʫʨʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʇʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʥʘʨʫʰʝʥʠʷ ʉʈ-

ʩʠʤʤʝʪʨʠʠ ʙʝʟ ʚʚʝʜʝʥʠʷ ʩʢʘʣʷʨʥʳʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʡ ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʠʝʨʘʨʭʠʶ ʤʘʩʩ ʠ ʩʤʝʰʠʚʘʥʠʡ ʥʝʡʪʨʠʥʦ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ 

ʥʘʧʠʩʘʥʘ ʩʪʘʪʴʷ [42].  

ʀʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʦʞʜʝʥʠʷ ʧʘʨʘʬʦʪʦʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʠʰʝʥʴʶ ʚ ʧʨʦʮʝʩʩʘʭ: ʧʨʦʪʦʥʥʦʛʦ ʪʦʨʤʦʟʥʦʝ ʠʟʣʫʯʝʥʠʷ (ʫʯʪʝʥʳ ʧʝʨʚʠʯʥʳʝ 

ʠ ʚʪʦʨʠʯʥʳʝ ʧʨʦʪʦʥʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɺʠʣʴʷʤʩʘ-ɺʘʡʮʟʝʢʢʝʨʘ), ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʪʦʨʠʯʥʳʭ ʣʝʧʪʦʥʦʚ (ʄʦʥʪʝ-ʂʘʨʣʦ ʩʠʤʫʣʷʮʠʷ), ʨʘʩʧʘʜʦʚ ʚʪʦʨʠʯʥʳʭ ʣʝʧʪʦʥʦʚ (ʄʦʥʪʝ-ʂʘʨʣʦ 

ʩʠʤʫʣʷʮʠʷ). ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʢʠʥʝʤʘʪʠʢʘ ʨʦʞʜʝʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʧʘʜʘ ʧʘʨʘʬʦʪʦʥʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʝʦʤʝʪʨʠʠ ʜʝʪʝʢʪʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘ SHiP.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪ SHiP ʙʫʜʝʪ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʧʦʢʘ ʥʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʥʘʧʠʩʘʥʘ ʩʪʘʪʴʷ [43], ʥʘʧʨʘʚʣʝʥʥʘʷ ʞʫʨʥʘʣ Phys.Rev. D.  

ʇʨʝʜʣʦʞʝʥʘ ʩʪʨʦʛʘʷ ʧʨʦʮʝʜʫʨʘ ʚʳʯʠʩʣʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʢʣʶʟʠʚʥʳʭ ʠ 

ʧʦʣʫʠʥʢʣʶʟʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʝʸ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ 3-ʝʤ ʧʦʨʷʜʢʝ ʪʝʦʨʠʠ 

ʚʦʟʤʫʱʝʥʠʡ ʚ ʂʍɼ. ʇʨʝʜʩʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʨʷʜʘ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʜʦ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʜʣʷ 

ʧʨʘʚʠʣʘ ʩʫʤʤ ʨʘʩʩʝʷʥʠʷ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʣʝʧʪʦʥʦʚ ʥʘ ʥʫʢʣʦʥʘʭ ʚ ʤʦʜʝʣʠ ʂʍɼ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʩʫʧʝʨʩʠʤʤʝʪʨʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ ʤʫʣʴʪʠʧʣʝʪʦʚ ʛʣʶʠʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʜʚʫʭ ʨʘʙʦʪʘʭ [44,45] ʚ ʞʫʨʥʘʣʘʭ Phys.Rev. D ʠ Nuclear Physics B Proceedings 

Suppl..  

ʈʘʟʨʘʙʦʪʘʥ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʨʦʞʜʝʥʠʷ ʧʘʨ "ʩʦʣʠʪʦʥ-

ʘʥʪʠʩʦʣʠʪʦʥ" ʚ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʜʚʫʭ ʢʚʘʥʪʦʚʳʭ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ. ʄʝʪʦʜ ʘʧʨʦʙʠʨʦʚʘʥ 

ʚ (1+1)-ʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ, ʛʜʝ ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʘ ʯʠʩʣʝʥʥʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʝʨʦʷʪʥʦʩʪʴ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʨʦʞʜʝʥʠʷ ʩʦʣʠʪʦʥ-ʘʥʪʠʩʦʣʠʪʦʥʥʳʭ ʧʘʨ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʤʘʣʘ 

ʧʨʠ ʣʶʙʳʭ ʵʥʝʨʛʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʛʦʪʦʚʷʪʩʷ ʢ ʧʫʙʣʠʢʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʢʩʧʦʥʝʥʪʳ ʧʦʜʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʘʜʘ ʣʦʞʥʦʛʦ ʚʘʢʫʫʤʘ ʠ 
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ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʨʦʞʜʝʥʠʷ ʩʦʣʠʪʦʥʦʚ ʧʦʩʪʦʷʥʥʳ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ ʩʪʦʣʢʥʦʚʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ, ʚʝʨʦʷʪʥʦʩʪʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʧʦʜʘʚʣʝʥʳ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʵʥʝʨʛʠʷʭ. 

ʇʨʝʜʣʦʞʝʥ ʧʝʨʪʫʨʙʘʪʠʚʥʳʡ ʤʝʪʦʜ ʦʧʠʩʘʥʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʷʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʳʭ ʨʝʰʝʥʠʡ, ʦʧʨʝʜʝʣʸʥʥʳʭ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʛʦʪʦʚʷʪʩʷ ʢ ʧʫʙʣʠʢʘʮʠʠ.  

ʇʨʝʜʣʦʞʝʥʘ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʧʝʢʪʨʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʫʜʘʣʝʥʥʦʛʦ 

ʙʣʘʟʘʨʘ PKS 1424+240 ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ ɻʵɺ ʜʦ ʊʵɺ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʜʘʥʥʳʡ ʦʙʲʝʢʪ ʥʘ ʨʷʜʫ ʩ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʝʤ ʠʩʧʫʩʢʘʝʪ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ 

ʩʚʝʨʭ-ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ʉʧʝʢʪʨʳ ʠʥʞʝʢʮʠʠ ʧʨʦʪʦʥʦʚ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚʳʯʠʩʣʝʥʳ ʚ ʨʘʤʢʘʭ 

ʣʝʧʪʦ-ʘʜʨʦʥʥʦʡ ʤʦʜʝʣʠ, ʠʩʭʦʜʷʱʝʡ ʠʟ ʪʦʛʦ ʯʪʦ ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʩʪʨʫʝ (ʜʞʝʪʝ) ʥʘʨʷʜʫ ʩ 

ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʦʪʦʥʳ, ʢʦʪʦʨʳʝ ʫʩʢʦʨʷʶʪʩʷ ʜʦ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʧʦʧʫʪʥʦ 

ʨʦʞʜʘʷ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʝ ʧʘʨʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʬʦʪʦʥʥʳʤ ʬʦʥʦʤ ʠ ʠʟʣʫʯʘʷ ʛʘʤʤʘ-

ʢʚʘʥʪʳ ʯʝʨʝʟ ʩʠʥʭʨʦʪʨʦʥ. ʋʢʘʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚʥʦʩʷʪ ʦʩʥʦʚʥʦʡ ʢʚʣʘʜ ʚ ʥʘʙʣʶʜʘʝʤʳʡ ʩʧʝʢʪʨ 

ʜʦ ʵʥʝʨʛʠʡ ʧʦʨʷʜʢʘ 100 ɻʵɺ. ʌʦʪʦʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠʩʧʫʱʝʥʥʳʭ ʙʣʘʟʘʨʦʤ ʩ ʤʝʞʛʘʣʘʢʪʠʯʝʩʢʠʤ ʬʦʪʦʥʥʳʤ 

ʬʦʥʦʤ ʥʘ ʧʫʪʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ɿʝʤʣʝ [46]. 

ʀʟʫʯʝʥʘ ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʝʡʪʨʠʥʥʳʭ ʩʦʙʳʪʠʷʭ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

IceCube, ʠ ʧʦʩʪʨʦʝʥʘ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʬʠʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʨʝʟʘʥʠʷ ʚ ʩʧʝʢʪʨʝ, ʠ ʧʦʣʫʯʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʧʝʥʥʦʛʦ ʩʧʝʢʪʨʘ (ʥʦʨʤʠʨʦʚʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ), 

ʩʦʚʤʝʩʪʥʳʭ ʩ ʜʘʥʥʳʤʠ ʥʘ ʫʨʦʚʥʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 68%. ʊʘʢʘʷ ʨʘʙʦʪʘ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʣʝʞʘʪʴ ʚ 

ʦʩʥʦʚʝ ʚʩʝʭ ʜʘʣʴʥʝʡʰʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʮʝʥʘʨʠʝʚ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʝʡʪʨʠʥʦ, 

ʧʦʯʝʤʫ-ʪʦ ʥʠʢʝʤ ʨʘʥʝʝ ʥʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ (ʩʘʤʘ ʢʦʣʣʘʙʦʨʘʮʠʷ IceCube ʦʧʫʙʣʠʢʦʚʘʣʘ 

ʧʘʨʘʤʝʪʨʳ ʣʠʰʴ ʜʣʷ ʥʘʠʣʫʯʰʝʛʦ ʬʠʪʘ ʠ ʜʣʷ ʬʠʪʘ ʩ ʘʧʨʠʦʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʧʣʦʩʢʠʤ 

ʩʧʝʢʪʨʦʤ). ʆʪʩʫʪʩʪʚʠʝ ʦʙʨʝʟʘʥʠʷ ʚ ʩʧʝʢʪʨʝ ʥʝʡʪʨʠʥʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʵʥʝʨʛʠʷʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ (ʥʝʩʢʦʣʴʢʦ ʇʵɺ) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʪʘʢ ʢʘʢ ʵʪʦʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙ ʥʠʯʝʤ ʚ ʘʩʪʨʦʬʠʟʠʢʝ ʥʝ ʚʳʜʝʣʝʥ. ʄʳ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠʩʴ ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʤʦʜʝʣʷʭ ʙʝʟ ʦʙʨʝʟʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʩʧʝʢʪʨ ʥʝʡʪʨʠʥʦ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʦ ʵʥʝʨʛʠʡ ʦʢʦʣʦ 10^17 ï 10^18 ʵɺ. ɺ ʨʘʤʢʘʭ ʥʘʠʙʦʣʝʝ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʥʝʡʪʨʠʥʦ ʚʦʟʥʠʢʘʶʪ ʢʘʢ ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʧʠ-ʤʝʟʦʥʦʚ, ʤʳ 

ʚʳʯʠʩʣʠʣʠ ʧʦʪʦʢʠ ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʠʭ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʠʩʪʦʯʥʠʢʦʚ, ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ 

ʥʘʙʣʶʜʘʪʝʣʷ (ʨʦʞʜʝʥʠʝ ʧʘʨ ʥʘ ʨʝʣʠʢʪʦʚʦʤ ʠʟʣʫʯʝʥʠʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʣʠʥʫ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ 
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ʬʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʧʦʨʷʜʢʘ ʇʵɺ ʛʘʣʘʢʪʠʯʝʩʢʠʤʠ ʤʘʩʰʪʘʙʘʤʠ). ʈʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʝʡʪʨʠʥʦ ʙʳʣʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʪʠʧʠʯʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʠʩʪʦʯʥʠʢʦʚ. 

ʄʳ ʩʨʘʚʥʠʣʠ ʥʘʰʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʧʦʪʦʢ ʢʦʩʤʠʯʝʩʢʠʭ ʬʦʪʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʇʵɺ ʜʦ ʕʵɺ; 

ʠʟʫʯʠʣʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʯʝʪʦʤ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʥʝʢʦʪʦʨʳʝ ʩʮʝʥʘʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʤʝʩʪʥʳ ʢʘʢ 

ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʚʝʨʭʫ ʥʘ ʧʦʪʦʢ ʬʦʪʦʥʦʚ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ (1-10) ʇʵɺ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ 

KASKADE ʠ CASA-MIA, ʪʘʢ ʠ ʩ ʥʘʙʣʶʜʝʥʠʝʤ ʧʝʨʚʠʯʥʳʭ ʬʦʪʦʥʦʚ ʧʨʠ ~100 ʇʵɺ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʐɸʃ-ʄɻʋ. ɼʘʣʴʥʝʡʰʠʝ ʧʦʠʩʢʠ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ~(10^14-

10^18) ʵɺ, ʧʨʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʣʠʰʴ ʥʝʤʥʦʛʦ ʣʫʯʰʝʡ ʠʤʝʶʱʠʭʩʷ ʩʝʛʦʜʥʷ 

ʚʝʨʭʥʠʭ ʧʨʝʜʝʣʦʚ, ʩʤʦʛʫʪ ʩʪʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʪ ʨʘʟʜʝʣʠʪʴ ʛʘʣʘʢʪʠʯʝʩʢʠʝ ʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʝ ʩʮʝʥʘʨʠʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʦʙʳʪʠʡ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ IceCube. ʇʦ ʦʧʠʩʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ [47]. 

ʉʨʝʜʠ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʡʪʨʠʥʦ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 

ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʩʮʝʥʘʨʠʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʠʤʝʥʥʦ, ʘʢʪʠʚʥʳʭ 

ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʷʜʝʨ. ɹʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʬʦʪʦʧʠʦʥʥʦʛʦ ʨʦʞʜʝʥʠʷ ʥʘ 

ʨʘʜʠʘʮʠʦʥʥʦʤ ʧʦʣʝ ʘʢʢʨʝʮʠʦʥʥʳʭ ʜʠʩʢʦʚ ʐʘʢʫʨʳ-ʉʶʥʷʝʚʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʮʝʥʪʨʘʣʴʥʳʭ 

ʩʚʝʨʭʤʘʩʩʠʚʥʳʭ ʯʝʨʥʳʭ ʜʳʨ ʘʢʪʠʚʥʳʭ ʛʘʣʘʢʪʠʢ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʤʦʜʝʣʴ ʤʦʞʝʪ 

ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʛʘʤʤʘ- ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ. ʉʪʘʪʴʷ ʧʨʠʥʷʪʘ ʢ ʧʝʯʘʪʠ [48]. 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʬʦʪʦʥʦʚ ʠ ʥʝʡʪʨʠʥʦ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ 

ʥʘʙʣʶʜʘʪʝʣʶ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʨʘʥʝʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 

TransportCR. ɼʣʷ ʮʝʣʝʡ ʧʨʦʝʢʪʘ ʦʥ ʙʳʣ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ, ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʨʘʚʥʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭ ʞʝ ʧʨʦʮʝʩʩʦʚ ʜʨʫʛʠʤ ʧʫʙʣʠʯʥʦ ʜʦʩʪʫʧʥʳʤ ʢʦʜʦʤ, 

CRPropa. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʬʠʟʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʥʘʰʝʡ ʛʨʫʧʧʝ ʢʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠʤʝʨʥʦ ʚ 100 ʨʘʟ 

ʙʳʩʪʨʝʝ, ʪʘʢ ʢʘʢ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ, ʘ ʦʩʥʦʚʘʥ ʥʘ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ 

ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ. ʂʦʜ TransportCR ʪʘʢʞʝ ʩʜʝʣʘʥ ʧʫʙʣʠʯʥʦ ʜʦʩʪʫʧʥʳʤ. ʉʪʘʪʴʷ ʧʨʠʥʷʪʘ ʚ 

ʧʝʯʘʪʴ [49]. 

ʀʩʩʣʝʜʦʚʘʥ ʚʦʧʨʦʩ ʦ ʥʝʪʠʧʠʯʥʦʩʪʠ ʠʥʬʣʷʮʠʠ ʉʪʘʨʦʙʠʥʩʢʦʛʦ ʠ ʭʠʛʛʩʦʚʩʢʦʡ ʠʥʬʣʷʮʠʠ, 

ʛʜʝ ʩʢʘʣʷʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʘ ʠʥʬʣʷʮʠʦʥʥʦʡ ʩʪʘʜʠʠ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʠʤ, ʘ ʟʥʘʯʠʪ, ʥʘʠʚʥʦ, ʥʝ 

ʩʦʛʣʘʩʫʶʱʠʤʩʷ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʨʠʥʷʪʳʤʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʤʦʜʝʣʝʡ 

ʭʘʦʪʠʯʝʩʢʦʡ ʠʥʬʣʷʮʠʠ: ʢʠʥʝʪʠʯʝʩʢʘʷ, ʛʨʘʜʠʝʥʪʥʘʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʠ ʚʩʝ ʦʜʥʦʛʦ 

ʧʦʨʷʜʢʘ, ʠ ʵʪʦʪ ʧʦʨʷʜʦʢ ʨʘʚʝʥ 1 ʚ ʧʣʘʥʢʦʚʩʢʠʭ ʝʜʠʥʠʮʘʭ. ʅʘʢʣʘʜʳʚʘʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚ 
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ʞʦʨʜʘʥʦʚʩʢʦʡ ʩʠʩʪʝʤʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʤʦʜʝʣʠ ʥʠʯʫʪʴ ʥʝ ʭʫʞʝ, ʯʝʤ ʣʶʙʘʷ ʜʨʫʛʘʷ 

ʤʦʜʝʣʴ ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʩʚʝʨʭʫ ʧʦʪʝʥʮʠʘʣʦʤ, ʛʜʝ ʦʯʝʚʠʜʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʭʘʦʪʠʯʝʩʢʠʭ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ[50].     

ɼʣʷ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʦʣʴ ʯʘʩʪʠʮ ʪʸʧʣʦʡ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʦʡ ʬʦʨʤʘ 

ʩʧʝʢʪʨʘ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʩʢʦʨʦʩʪʷʤ), ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʧʝʢʪʨʘʭ ʜʘʣʸʢʠʭ ʢʚʘʟʘʨʦʚ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ Lyman-

alpha ʣʝʩ). ɹʳʣʠ ʧʦʚʪʦʨʝʥʳ ʠʟʚʝʩʪʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʳʯʠʩʣʝʥʠʷ ʩʧʝʢʪʨʘ ʚ ʩʣʫʯʘʝ 

ʥʝʪʝʨʤʘʣʴʥʦʛʦ ʨʦʞʜʝʥʠʷ ʯʘʩʪʠʮ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ʚ ʨʘʩʧʘʜʘʭ ʪʷʞʸʣʳʭ ʯʘʩʪʠʮ. ʋʢʘʟʘʥʦ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʵʪʦʤ ʧʨʠʙʣʠʞʝʥʠʡ, ʯʪʦ ʠʥʦʛʜʘ 

ʠʛʥʦʨʠʨʫʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʥʦ ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʨʷʜʘ ʠʥʪʝʨʝʩʥʳʭ ʟʘʜʘʯ 

[51].  

ʀʩʩʣʝʜʦʚʘʥʳ ʢʦʣʣʘʡʜʝʨʥʳʝ ʩʠʛʥʘʪʫʨʳ (ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʥʘ 

ʢʦʣʣʘʡʜʝʨʘʭ) ʤʦʜʝʣʠ ʭʠʣʦʛʝʥʝʟʠʩʘ --- ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʦʜʝʣʝʡ ʘʥʪʠʙʘʨʠʦʥʥʦʡ 

ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ. ʇʦʣʫʯʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʘʙʦʪʳ ɹʦʣʴʰʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʦʣʣʘʡʜʝʨʘ. ʇʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʥʦʚʳʭ ʢʘʥʘʣʦʚ (ʩʠʛʥʘʪʫʨ) ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʚʝʨʢʠ ʤʦʜʝʣʝʡ ʘʥʪʠʙʘʨʠʦʥʥʦʡ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ 

ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ [52].  

ʀʟʫʯʝʥʦ ʨʦʞʜʝʥʠʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʯʘʩʪʠʮ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ 

ʉʪʘʨʦʙʠʥʩʢʦʛʦ ʪʸʤʥʦʡ ʵʥʝʨʛʠʠ (ʚʘʨʠʘʥʪ F(R)-ʛʨʘʚʠʪʘʮʠʠ), ʧʨʦʠʩʭʦʜʷʱʝʝ ʚʥʫʪʨʠ 

ʩʞʠʤʘʶʱʠʭʩʷ ʠʟ-ʟʘ ʜʞʠʥʩʦʚʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʣʘʩʪʝʡ. ɺ ʪʘʢʦʡ ʤʦʜʝʣʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ (ʩʢʘʣʷʨʦʥ) ʚʝʜʸʪ ʩʝʙʷ ʢʘʢ 

ʯʘʩʪʠʮʘ ʩ ʤʘʩʩʦʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʠ. ʇʦʵʪʦʤʫ, ʢʦʛʜʘ ʤʘʩʩʘ ʠʟʤʝʥʷʝʪʩʷ, ʣʸʛʢʠʝ 

ʩʢʘʣʷʨʦʥʳ ʤʦʛʫʪ ʨʦʞʜʘʪʴʩʷ ʥʘ ʩʪʘʜʠʷʭ ʩ ʩʠʣʴʥʳʤ ʥʘʨʫʰʝʥʠʝʤ ʘʜʠʘʙʘʪʠʯʥʦʩʪʠ. ʇʦʟʜʥʝʝ ʤʘʩʩʘ 

ʩʢʘʣʷʨʦʥʘ ʨʘʩʪʸʪ ʠ ʤʦʞʝʪ ʜʦʩʪʠʯʴ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ, ʚʢʣʶʯʘʷ 10^13 ɻʵɺ, ʠʥʪʝʨʝʩʥʦʡ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʣʷʮʠʦʥʥʦʡ ʩʪʘʜʠʠ ʚ ʨʘʥʥʝʡ ɺʩʝʣʝʥʥʦʡ. ʊʷʞʸʣʳʝ ʩʢʘʣʷʨʦʥʳ ʨʘʩʧʘʜʘʶʪʩʷ, 

ʜʘʚʘʷ ʚʢʣʘʜ ʚ ʧʦʪʦʢ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ɹʳʣʘ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚʳʯʠʩʣʝʥʘ ʧʣʦʪʥʦʩʪʴ ʯʠʩʣʘ 

ʨʦʞʜʸʥʥʳʭ ʩʢʘʣʷʨʦʥʦʚ ʜʣʷ ʩʣʫʯʘʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ (ʜʞʠʥʩʦʚʩʢʦʛʦ) ʩʞʘʪʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʣʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʭ ʠ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠ ʠʥʪʝʨʝʩʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʵʪʘ 

ʧʣʦʪʥʦʩʪʴ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ ʤʦʜʝʣʝʡ F(R)-

ʛʨʘʚʠʪʘʮʠʠ ʦʙʱʝʛʦ ʚʠʜʘ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ [53].  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʷʚʣʝʥʠʷ ʪʸʤʥʦʡ ʵʥʝʨʛʠʠ ʤʦʜʝʣʴ ʉʪʘʨʦʙʠʥʩʢʦʛʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʥʝʜʘʚʥʦ ʙʳʣʦ ʫʢʘʟʘʥʦ, ʯʪʦ ʦʩʮʠʣʣʷʮʠʠ ʢʨʠʚʠʟʥʳ ʚ ʩʞʠʤʘʶʱʠʭʩʷ 

(ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ) ʦʙʣʘʩʪʷʭ (ʛʘʣʦ ʛʘʣʘʢʪʠʢ, ʧʨʦʪʦʟʚʸʟʜʳ ʠ ʜʨ.) ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʦʞʜʝʥʠʶ 

ʯʘʩʪʠʮ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʜʘʶʱʠʭ ʚʢʣʘʜ ʚ ʧʦʪʦʢ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʅʘʤʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 



26 
 

ʚʳʯʠʩʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʩʠʩʪʝʤʝ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ 

ʦʩʮʠʣʣʷʮʠʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʪʦʣʴʢʦ ʢ ʨʦʞʜʝʥʠʶ ʤʷʛʢʠʭ ʬʦʪʦʥʦʚ (ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ) 

[54].    

ʈʘʩʩʤʦʪʨʝʥʳ Q-h ʘʨʳ ʚ ʪʝʦʨʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʩʢʘʣʷʨʥʦʝ ʧʦʣʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʝ ʩ 

U(1) ʢʘʣʠʙʨʦʚʦʯʥʳʤ ʧʦʣʝʤ ʚ (3+1)-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ, ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʦʙʱʠʝ 

ʩʚʦʡʩʪʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʝ ʠ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʝʩʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʟʘʨʷʜ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ Q-h ʘʨʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʘʚʠʣʴʥʳʤ. 

ʇʨʝʜʣʦʞʝʥ ʧʨʦʩʪʦʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ U(1) 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ Q-h ʘʨʦʚ (ʟʘʨʷʜ, ʵʥʝʨʛʠʷ) ʚ ʩʣʫʯʘʝ ʩʣʘʙʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʢʘʣʷʨʥʦʛʦ ʠ 

ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʝʡ ʙʝʟ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ ʨʝʰʝʥʠʝ ʜʣʷ ʥʝʢʘʣʠʙʨʦʚʦʯʥʦʛʦ Q-h ʘʨʘ, ʠʛʨʘʶʱʝʛʦ ʨʦʣʴ ʬʦʥʦʚʦʛʦ ʨʝʰʝʥʠʷ. 

ʇʦʣʫʯʝʥʳ ʷʚʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ Q-h ʘʨʦʚ ʚ ʩʣʫʯʘʝ ʩʣʘʙʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʢʘʣʷʨʥʦʛʦ ʠ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʢʫʩʦʯʥʦ-ʧʘʨʘʙʦʣʠʯʝʩʢʦʤ 

ʧʦʪʝʥʮʠʘʣʝ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ, ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ Q-h ʘʨʦʚ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʳʯʥʳʭ Q-h ʘʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʝʨʛʠʡ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ Q-

ʰʘʨʘ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʥʝʢʘʣʠʙʨʦʚʦʯʥʦʛʦ Q-h ʘʨʘ ʩ ʪʘʢʠʤ ʞʝ ʟʥʘʯʝʥʠʝʤ ʟʘʨʷʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʣʠʙʨʦʚʦʯʥʳʭ Q-h ʘʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʘʜʘ ʥʘ ʩʚʦʙʦʜʥʳʝ 

ʯʘʩʪʠʮʳ ʠ ʨʘʩʧʘʜʘ ʥʘ Q-h ʘʨʳ ʩ ʤʝʥʴʰʠʤʠ ʟʘʨʷʜʘʤʠ, ʘ ʪʘʢʞʝ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʘʜʘ ʥʘ Q-h ʘʨʳ ʩ ʤʝʥʴʰʠʤʠ ʟʘʨʷʜʘʤʠ ʜʣʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ Q-h ʘʨʦʚ ʠ Q-

ʰʘʨʦʚ ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʪʝʦʨʠʠ ʙʝʟ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ. ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ Q-h ʘʨʳ 

ʚ ʪʝʦʨʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ ʩ ʢʫʩʦʯʥʦ-ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ, ʥʝʧʨʝʨʳʚʥʳʤ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤ ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʤʦʜʫʣʷ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ ʧʦʪʝʥʮʠʘʣʦʤ. ʅʘʡʜʝʥʳ 

ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ Q-h ʘʨʦʚ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʡ Q-h ʘʨʦʚ ʦʪ 

ʠʭ ʟʘʨʷʜʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʦʨʠʠ, ʠʟʫʯʝʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʰʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʜʠʘʧʘʟʦʥ ʟʘʨʷʜʦʚ ʠ 

ʵʥʝʨʛʠʡ ʩʪʘʙʠʣʴʥʳʭ Q-h ʘʨʦʚ ʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʦʚ ʠ ʵʥʝʨʛʠʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʦʩʤʦʣʦʛʠʠ, ʪʘʢ 

ʢʘʢ Q-h ʘʨʳ ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʨʦʣʴ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ. ʀʟʫʯʘʣʘʩʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʨʷʞʝʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩ ʥʝʥʫʣʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ ʪʝʦʨʠʠ ʩ ʜʚʫʤʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʪʝʨʠʡ ɺʘʭʠʪʦʚʘ-ʂʦʣʦʢʦʣʦʚʘ (Q-

ʢʨʠʪʝʨʠʡ) ʥʝ ʨʘʙʦʪʘʝʪ ʜʣʷ ʨʝʰʝʥʠʡ ʩ ʯʠʩʣʦʤ ʥʘʤʦʪʦʢ n>0 ʠ ʥʘʡʜʝʥʳ ʤʦʜʳ, ʦʪʚʝʯʘʶʱʠʝ ʵʪʦʤʫ 

ʪʠʧʫ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ [55]. 

ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʯʠʩʣʘ ʙʣʘʟʘʨʦʚ, ʢʦʪʦʨʳʝ ʩʪʘʥʫʪ ʜʦʩʪʫʧʥʳ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ CherenkovTelescope Array (CTA), ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʙʣʘʟʘʨʦʚ ʧʦ ʢʨʘʩʥʦʤʫ ʩʤʝʱʝʥʠʶ ʩ ʫʯʝʪʦʤ ʚʢʣʘʜʘ ʚʪʦʨʠʯʥʳʭ ʬʦʪʦʥʦʚ ʦʪ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʠʩʧʫʱʝʥʥʳʭ ʫʜʘʣʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩʧʦʩʦʙʝʥ 
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ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʟʣʫʯʝʥʠʝ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 30 ɻʵɺ ʦʪ ʙʣʘʟʘʨʦʚ ʩ ʢʨʘʩʥʳʤ ʩʤʝʱʝʥʠʝʤ ʜʦ 8. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ [56]. 

ɺ ʨʘʤʢʘʭ ʢʦʣʣʘʙʦʨʘʮʠʠ Telescope Array ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʘʥʠʟʦʪʨʦʧʠʷ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʨʠʭʦʜʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʙʦʣʴʰʝʡ 57 ʕʝɺ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, 

ʩʦʙʨʘʥʥʳʭ ʢʦʣʣʘʙʦʨʘʮʠʝʡ Telescope Array ʟʘ ʧʷʪʴ ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ, ʩ ʤʘʷ 2008 ʧʦ ʤʘʡ 2013. 

ʆʙʥʘʨʫʞʝʥ ʢʣʘʩʪʝʨ ʩʦʙʳʪʠʡ, ʥʘʟʚʘʥʥʳʡ ʥʘʤʠ "ʛʦʨʷʯʝʝ ʧʷʪʥʦ". ʋʛʣʦʚʦʡ ʨʘʤʝʨ ʧʷʪʥʘ ʥʘ 

ʥʝʙʝʩʥʦʡ ʩʬʝʨʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 20 ʛʨʘʜʫʩʦʚ, ʘ ʝʛʦ ʮʝʥʪʨ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʳ R.A. = 146.7 

ʛʨʘʜʫʩʦʚ, Dec. = 43.2 ʛʨʘʜʫʩʦʚ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʎʝʥʪʨ ʧʷʪʥʘ ʩʜʚʠʥʫʪ ʥʘ 

19 ʛʨʘʜʫʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʧʝʨʛʘʣʘʢʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʵʪʫ ʦʙʣʘʩʪʴ ʧʦʧʘʜʘʝʪ 19 ʠʟ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 72 ʩʦʙʳʪʠʡ. ɻʦʨʷʯʝʝ ʧʷʪʥʦ ʠʤʝʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 5.1 ʩʠʛʤʘ. ɺʝʨʦʷʪʥʦʩʪʴ ʩʣʫʯʘʡʥʦʛʦ ʧʦʷʚʣʝʥʠʷ ʧʷʪʥʘ ʩ ʪʘʢʦʡ 

ʟʥʘʯʠʤʦʩʪʴʶ, ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʠ ʛʜʝ-ʣʠʙʦ ʥʘ ʥʝʙʝ, ʚ ʠʟʦʪʨʦʧʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʭʦʜʘ ʨʘʚʥʘ ʯʝʪʳʨʝʤ ʜʝʩʷʪʠʪʳʩʷʯʥʳʤ. ɻʦʨʷʯʝʝ ʧʷʪʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʚʳʤ 

ʫʢʘʟʘʥʠʝʤ ʥʘ ʠʩʪʦʯʥʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʫʙʣʠʢʘʮʠʠ [57] ʙʳʣ ʩʜʝʣʘʥ ʧʨʝʩʩ-ʨʝʣʠʟ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʫʣʷʨʥʳʭ 

ʩʪʘʪʝʡ ʚ ʟʘʨʫʙʝʞʥʦʡ ʠ ʨʦʩʩʠʡʩʢʦʡ ʧʨʝʩʩʝ.  

ʀʟʫʯʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʭʦʜʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʨʫʛʫʶ ʚʘʞʥʫʶ ʟʘʜʘʯʫ, ʢʦʪʦʨʦʡ ʤʳ ʟʘʥʠʤʘʣʠʩʴ ʚ ʦʪʯʝʪʥʦʤ ʛʦʜʫ. 

ʀʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʬʝʨʠʯʝʩʢʠʭ ʤʫʣʴʪʠʧʦʣʴʥʳʭ 

ʤʦʤʝʥʪʦʚ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ ʥʝʙʫ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʭʦʜʘ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʙʫʝʪʩʷ ʧʦʢʨʳʪʠʝ ʚʩʝʛʦ ʥʝʙʘ ʢʘʨʪʦʡ ʜʘʥʥʳʭ. 

ʕʪʦʡ ʮʝʣʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʣʠʰʴ ʦʙʲʝʜʠʥʷʷ ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚ ʩʝʚʝʨʥʦʤ ʠ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʷʭ ɿʝʤʣʠ. ʈʘʥʝʝ ʪʘʢʘʷ ʧʨʦʮʝʜʫʨʘ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ. ɺ ʵʪʦʤ ʛʦʜʫ 

ʤʳ ʚʧʝʨʚʳʝ ʦʙʲʝʜʠʥʠʣʠ ʜʘʥʥʳʝ ʦʙʩʝʨʚʘʪʦʨʠʠ ʠʤ. ʇʴʝʨʘ ʆʞʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʶʞʥʦʤ 

ʧʦʣʫʰʘʨʠʠ, ʩ ʜʘʥʥʳʤʠ ʥʘʰʝʡ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʮʝʜʫʨʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʙʳʪʠʷ ʩ ʵʥʝʨʛʠʷʤʠ ʙʦʣʴʰʠʤʠ 10 ʕʵɺ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʫʞʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʥʝʠʩʯʝʟʘʶʱʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ɺʩʝʣʝʥʥʦʡ, ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ 

ʥʘʙʨʘʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. ɿʥʘʯʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʳ ʥʝ ʥʘʰʣʠ. 

ʇʦʣʫʯʝʥʳ ʚʝʨʭʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʘʤʧʣʠʪʫʜʳ ʜʠʧʦʣʴʥʦʛʦ ʠ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʦʚ [58]. 

 

1.4 ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʧʨʠʚʝʜʝʤ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʢʦʣʣʝʢʪʠʚʦʤ 

ʆʪʜʝʣʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʚ 2014 ʛ.: 
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1) ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʩʧʝʢʪʨʘ ʧʝʨʚʠʯʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʦ ʜʘʥʥʳʤ WMAP 

ʟʘ 9 ʣʝʪ ʥʘʙʣʶʜʝʥʠʷ. 

2) ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʃʦʨʝʥʮʘ ʥʘ ʪʨʘʥʩʧʣʘʥʢʦʚʩʢʠʭ ʤʘʩʰʪʘʙʘʭ ʧʨʠʚʝʜʝʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʘʪʤʦʩʬʝʨʘ ʩʪʘʥʝʪ ʧʨʦʟʨʘʯʥʦʡ ʜʣʷ ʬʦʪʦʥʦʚ ʫʣʴʪʨʘʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (> ʕʵɺ). 

3) ʆʙʥʘʨʫʞʝʥʦ ʛʦʨʷʯʝʝ ʧʷʪʥʦ ʥʘ ʢʘʨʪʝ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ 57 ʕʵɺ ʧʦ ʜʘʥʥʳʤ 

5 ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ ʥʘʟʝʤʥʦʡ ʨʝʰʝʪʢʠ Telescope Array 

4) ʀʩʩʣʝʜʦʚʘʥ ʘʥʩʘʤʙʣʴ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 100 ɻʵɺ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ Fermi LAT ʠ ʯʝʨʝʥʢʦʚʩʢʠʤʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘʤʠ ʩʧʝʢʪʨʳ ʥʝ ʩʦʜʝʨʞʘʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ, ʦʞʠʜʘʝʤʦʛʦ ʜʘʞʝ ʚ ʥʘʠʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʤʦʜʝʣʷʭ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʬʦʥʘ. 

5) ʇʨʦʚʝʜʝʥ ʩʣʝʧʦʡ ʧʦʠʩʢ ʛʘʤʤʘ-ʧʫʣʴʩʘʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʪʦʣʴʢʦ ʜʘʥʥʳʝ Fermi LAT. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʣʝʧʦʛʦ ʧʦʠʩʢʘ, ʧʦʩʪʨʦʝʥ ʢʘʪʘʣʦʛ ʠʟ 25 ʛʘʤʤʘ-ʧʫʣʴʩʘʨʦʚ, ʪʦʣʴʢʦ 9 ʠʟ ʢʦʪʦʨʳʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʪʘʢʞʝ ʚ ʨʘʜʠʦ-ʜʠʘʧʘʟʦʥʝ. 

6) ɼʘʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʜʝʣʝʡ ʩʦ ʩʪʝʨʠʣʴʥʳʤʠ ʥʝʡʪʨʠʥʦ. 

7) ʇʦʢʘʟʘʥʦ, ʯʪʦ ʣʦʨʝʥʮʝʚʘ ʩʠʤʤʝʪʨʠʷ (ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʝʝ ʢʦʧʠʡ) ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʦʟʥʠʢʘʝʪ ʚ 

ʫʥʠʪʘʨʥʦʡ ʪʝʦʨʠʠ ʚ ʜʚʫʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟʦʪʨʦʧʥʦʡ 

ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʠ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ. 

8) ʇʦʣʫʯʝʥʳ ʨʝʜʫʢʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʃʝʤʘʥʘ - ʉʠʤʘʥʟʠʢʘ - ʎʠʤʤʝʨʤʘʥʘ  ʚ ʥʝʢʦʤʤʫʪʘʪʠʚʥʦʡ 

ʪʝʦʨʠʠ ʧʦʣʷ. 

9) ʉʬʦʨʤʫʣʠʨʦʚʘʥ ʢʦʥʬʦʨʤʥʦ-ʠʥʚʘʨʠʘʥʪʥʳʡ ʧʨʝʜʝʣ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʢʚʘʥʪʦʚʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚ ʨʘʤʢʘʭ ʪʝʦʨʝʪʠʢʦ-ʚʦʟʤʫʱʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʢʦʥʩʪʘʥʪʝ ʩʚʷʟʠ ʠ ʠʟʫʯʝʥʳ 

ʩʣʝʜʩʪʚʠʷ ʢʦʥʬʦʨʤʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚ ʪʝʦʨʠʠ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

10) ʇʦʩʪʨʦʝʥʦ  ʨʘʩʰʠʨʝʥʠʝ ʤʦʜʝʣʠ ʩʪʘʪʠʯʝʩʢʦʡ ʢʨʦʪʦʚʦʡ ʥʦʨʳ ɸʡʭʝʣʙʫʨʛʘ-ʐʘʡʥʘ. 

11) ɺ ʤʦʜʝʣʠ ʂʫʣʘʛʠʥʘ-ʇʝʪʪʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ ʥʘ 

ʷʜʨʘʭ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʥʝʡʪʨʠʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ LBNE 

12) ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʪʦʢʠ ʥʝʡʪʨʠʥʦ ʠ ʤʶʦʥʦʚ ʦʪ ʘʥʥʠʛʠʣʷʮʠʠ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ, 

ʥʘ ʩʢʦʨʦʩʪʴ ʘʥʥʠʛʠʣʷʮʠʠ, ʩʧʠʥ-ʟʘʚʠʩʠʤʦʝ ʠ ʩʧʠʥ-ʥʝʟʘʚʠʩʠʤʦʝ ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮ 

ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ (WIMP) ʥʘ ʧʨʦʪʦʥʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ɹʘʡʢʘʣʴʩʢʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ 

ʪʝʣʝʩʢʦʧʘ ʅʊ-200. 

13) ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʝʡ ʩ ʥʠʟʢʠʤ ʤʘʩʰʪʘʙʦʤ ʥʘʨʫʰʝʥʠʷ ʩʫʧʝʨʩʠʤʤʝʪʨʠʠ ʧʨʝʜʣʦʞʝʥʦ ʦʙʲʷʩʥʝʥʠʝ 

ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʠʟʙʳʪʢʘ ʛʘʤʤʘ-ʣʫʯʝʡ ʩ ʵʥʝʨʛʠʝʡ 3.5 ʢʵɺ ʠʟ ɸʥʜʨʦʤʝʜʳ ʠ ʨʷʜʘ 

ʢʣʘʩʪʝʨʦʚ ʛʘʣʘʢʪʠʢ. 

14) ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝʡʪʨʠʥʦ ʥʘ 

ʩʠʛʥʘʣ ʦʪ ʘʥʥʠʛʠʣʷʮʠʠ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ʚ ʉʦʣʥʮʝ. 

  

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ.   
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2 ʆʪʜʝʣ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ.ʌʝʱʝʥʢʦ. 

 

ʌʠʟʠʢʘ ʠ ʪʝʭʥʠʢʘ ʩʠʣʴʥʦʪʦʯʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʥʘ ʩʨʝʜʥʠʝ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʵʥʝʨʛʠʠ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʳ ʫʩʢʦʨʠʪʝʣʷ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʫʩʢʦʨʠʪʝʣʷ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʫʩʢʦʨʠʪʝʣʷ. 

ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʈʦʩʩʠʡʩʢʠʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʥʘʫʯʥʳʤʠ ʮʝʥʪʨʘʤʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʘʥʘʣʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʠʣʴʥʦʪʦʯʥʳʭ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ 

ʀʗʀ ʈɸʅ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʫʟʣʦʚ ʫʩʢʦʨʠʪʝʣʷ çɹʦʣʴʰʦʡ ʘʜʨʦʥʥʳʡ ʢʦʣʣʘʡʜʝʨè. 

 

ʈʘʟʚʠʪʠʝ ʷʜʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʦʪʦʥʥʳʭ ʧʫʯʢʘʭ ʄʦʩʢʦʚʩʢʦʡ ʤʝʟʦʥʥʦʡ ʬʘʙʨʠʢʠ. 

 

LINAC4 - ʧʦʚʳʰʝʥʠʝ ʩʚʝʪʠʤʦʩʪʠ ʧʫʯʢʘ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɹʦʣʴʰʦʛʦ 

ʘʜʨʦʥʥʦʛʦ ʢʦʣʣʘʡʜʝʨʘ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʪ.ʥ.ʃ.ɺ.ʂʨʘʚʯʫʢ 

 

ʈʘʟʨʘʙʦʪʢʘ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʅʀʂɸ ʠ ʧʦʜʛʦʪʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʫʯʢʘʤʠ 

ʪʷʞʸʣʳʭ ʠʦʥʦʚ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ʜ.ʪ.ʥ. ʃ.ɺ.ʂʨʘʚʯʫʢ, ʟ.ʜ.ʥ. ɸ.ɹ. ʂʫʨʝʧʠʥ 
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2.1 ʈɽʌɽʈɸʊ 

3 ʨʠʩ. 23 ʧʫʙʣ. 

ʉʀʃʔʅʆʊʆʏʅʓʁ ʃʀʅɽʁʅʓʁ ʋʉʂʆʈʀʊɽʃʔ ʀʆʅʆɺ, ʂɸʅɸʃʓ ʊʈɸʅʉʇʆʈʊʀʈʆɺʂʀ 

ʇʋʏʂʆɺ, ʗɼɽʈʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

ʂʦʤʧʣʝʢʩ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʀʗʀ ʈɸʅ, ʚʢʣʶʯʘʶʱʠʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʣʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ, ʘ ʪʘʢʞʝ ʢʘʥʘʣʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʦʚ, ʷʚʣʷʝʪʩʷ 

ʫʥʠʢʘʣʴʥʳʤ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʬʠʟʠʢʝ ʩʨʝʜʥʠʭ ʵʥʝʨʛʠʡ, ʥʝʡʪʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʜʠʦʠʟʦʪʦʧʦʚ, ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʠ ʜʨʫʛʠʭ ʢʘʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʳʭ ʨʘʙʦʪ. ʈʝʛʫʣʷʨʥʘʷ ʨʘʙʦʪʘ ʫʩʢʦʨʠʪʝʣʷ ʥʘʯʘʣʘʩʴ ʚ 1993 

ʛʦʜʫ ʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʦ 113 ʩʝʘʥʩʦʚ ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠʤʝʨʥʦ 

41,6 ʪʳʩʷʯ ʯʘʩʦʚ. ʍʦʪʷ ʧʨʦʝʢʪʥʘʷ ʵʥʝʨʛʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 600 ʄʵɺ, ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʨʘʙʦʪʳ ʚʝʜʫʪʩʷ ʩ ʵʥʝʨʛʠʝʡ ʜʦ 209 ʄʵɺ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʪʦʥʥʦʛʦ ʧʫʯʢʘ ʜʦ 120 ʤʢɸ. ʅʦ ʜʘʞʝ ʩ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʠʥʝʡʥʳʡ 

ʫʩʢʦʨʠʪʝʣʴ ʀʗʀ ʈɸʅ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʣʠʥʝʡʥʳʤ ʫʩʢʦʨʠʪʝʣʝʤ 

ʧʨʦʪʦʥʦʚ ʚ ɽʚʨʦʧʝ ʠ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2014 ʛʦʜʫ ʙʳʣʦ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʳ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʫʩʢʦʨʠʪʝʣʷ ʠ ʢʘʥʘʣʦʚ ʧʫʯʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʀʗʀ ʈɸʅ. 

ʇʨʦʚʝʜʝʥʦ ʧʷʪʴ ʩʝʘʥʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 

ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʠ ʥʘʨʘʙʦʪʢʫ ʨʘʜʠʦʠʟʦʪʦʧʦʚ, ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʇʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʘʥʘʣʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʘ ʥʘ ʫʩʪʘʥʦʚʢʫ ʈɸɼʕʂʉ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʦʚʝʜʝʥʘ ʫʩʧʝʰʥʘʷ ʧʨʦʚʦʜʢʘ ʧʫʯʢʘ ʧʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤʫ 

ʢʘʥʘʣʫ. 

 ɺʳʧʦʣʥʝʥ ʨʷʜ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʫʩʢʦʨʠʪʝʣʝʡ ʜʣʷ ʚʝʜʫʱʠʭ 

ʈʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʀʌɺʕ, ʆʀʗʀ, ʎɽʈʅ 

(ʐʚʝʡʮʘʨʠʷ), GSI (ɻʝʨʤʘʥʠʷ), LANSCE (ʉʐɸ), STFC (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 

  



35 
 

2.2 ɺɺɽɼɽʅʀɽ 

ʆʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʦʪʜʝʣʘ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 2015 ʛʦʜʫ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʳ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʠ ʝʛʦ ʤʦʜʝʨʥʠʟʘʮʠʶ. ɺ ʩʚʷʟʠ ʩ ʦʙʲʝʜʠʥʝʥʠʝʤ 

ʦʪʜʝʣʦʚ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʝʜʠʥʳʡ ʦʪʜʝʣ 

ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʟʥʠʢʣʠ ʟʘʜʘʯʠ ʧʦ ʦʩʚʦʝʥʠʶ ʤʝʪʦʜʠʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʘ, 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʠ ʝʜʠʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʫʩʢʦʨʠʪʝʣʴ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ.    

ʉʨʝʜʠ ʨʘʙʦʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʢʦʨʠʪʝʣʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʠʥʞʝʢʪʦʨʘ ʧʨʦʪʦʥʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʡ 

ʨʘʙʦʪʳ ʠʥʞʝʢʪʦʨʘ ʥʘ ʯʘʩʪʦʪʝ 100 ɻʮ ʠ ʤʠʥʠʤʠʟʘʮʠʷ ʚʥʫʪʨʠʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʬʘʟʦʚʦʛʦ 

ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʫʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʵʤʠʪʪʘʥʩʘ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʢʘʥʘʣʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʨʝʤʝʥʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʨʝʞʠʤʘ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʠ ʠʦʥʦʚ ʅ-ʤʠʥʫʩ. ʇʨʠ ʵʪʦʤ 

ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʫʩ ʝʜʠʥʠʯʥʦʡ ʦʧʪʠʢʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʬʦʢʫʩʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʤʝʱʝʥʠʝʤ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʟʘʜʘʯʫ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʧʫʯʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʇʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʦʢʫʩʠʨʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦ ʚʝʨʪʠʢʘʣʠ. ʊʘʢʞʝ ʦʪʧʘʜʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʘ 

ʧʦʜʲʸʤʝ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʠ ʠʦʥʦʚ ʅ-ʤʠʥʫʩ ʧʦ ʨʘʟʜʝʣʴʥʳʤ ʪʨʘʩʩʘʤ. ɺ 2014 ʛʦʜʫ ʦʩʥʦʚʥʳʝ 

ʫʩʠʣʠʷ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʢʘʥʘʣʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʘ ʩ ʚʳʭʦʜʘ ʫʩʢʦʨʠʪʝʣʷ ʜʦ ʫʩʪʘʥʦʚʢʠ ʈɸɼʕʂʉ. 

ɺ 2014 ʛʦʜʫ ʚ ʦʪʜʝʣʝ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʷʜ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʨʘʙʦʪ ʧʦ ʜʦʛʦʚʦʨʘʤ ʩ ʚʝʜʫʱʠʤʠ ʈʦʩʩʠʡʩʢʠʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʫʩʢʦʨʠʪʝʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʫʩʢʦʨʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʫʩʢʦʨʠʪʝʣʝʡ. 
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2.3 ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 ɺ 2014 ʛʦʜʫ ʧʨʦʚʝʜʝʥʦ ʧʷʪʴ ʩʝʘʥʩʦʚ ʧʦ ʧʨʦʛʨʘʤʤʝ ʧʦʣʫʯʝʥʠʷ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʠ ʧʦ 

ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʢʦʨʠʪʝʣʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʙʱʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʝʘʥʩʦʚ ʩʦʩʪʘʚʠʣʘ ʩʚʳʰʝ 1800 ʯʘʩʦʚ. ʅʘʨʘʙʦʪʢʘ ʫʩʢʦʨʠʪʝʣʷ ʧʦ ʧʨʦʛʨʘʤʤʝ 

ʧʦʣʫʯʝʥʠʷ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʚ ʨʝʞʠʤʘʭ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʧʫʯʢʦʤ ʧʨʝʚʳʩʠʣʘ 90000 ʤʢɸĿʯʘʩʦʚ ʧʨʠ 

ʩʨʝʜʥʝʤ ʪʦʢʝ ʜʦ 120 ʤʢɸ ʠ ʵʥʝʨʛʠʠ 143 ʄʵɺ. ʈʘʙʦʪʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʚʝʣʘʩʴ 

ʩ ʵʥʝʨʛʠʝʡ 209 ʄʵɺ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʫʯʢʘ, ʤʝʥʝʝ 1 ʤʢɸ.  

ɺʳʧʦʣʥʝʥʳ ʟʘʚʝʨʰʘʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟ ʮʠʢʣʘ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ 

ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʚ ʪʝʯʝʥʠʝ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠʥʞʝʢʪʦʨʘ ʧʨʦʪʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʷʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʠʥʞʝʢʪʦʨʘ (ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʙʝʩʰʫʤʦʚʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʫʦʧʣʘʟʤʘʪʨʦʥʘ, ʫʩʪʘʥʦʚʢʘ ʠ ʥʘʩʪʨʦʡʢʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʸʤʢʦʩʪʥʦʛʦ ʜʝʣʠʪʝʣʷ 

ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʪʨʫʙʢʠ ʠʥʞʝʢʪʦʨʘ, ʫʩʪʘʥʦʚʢʘ ʥʦʚʦʛʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʙʣʦʢʘ ʧʠʪʘʥʠʷ ʨʘʟʨʷʜʘ 

ʠʩʪʦʯʥʠʢʘ ʠʦʥʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʚʝʨʰʠʥʝ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʠʤʧʫʣʴʩʘ) ʤʠʥʠʤʠʟʠʨʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ ʵʤʠʪʪʘʥʩʘ ʧʨʦʪʦʥʥʦʛʦ ʧʫʯʢʘ ʚ ʪʝʯʝʥʠʝ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʠʥʞʝʢʪʦʨʘ ʧʨʦʪʦʥʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʘ ʠʟ ʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, 

ʘ ʪʘʢʞʝ ʠʤʧʫʣʴʩʳ ʪʦʢʘ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʥʘ ʚʳʭʦʜʝ ʠʥʞʝʢʪʦʨʘ ʜʦ ʠ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ʊʦʢʧʫʯʢʘ

ʥʘ ʚʳʭʦʜʝ ʠʥʞʝʢʪʦʨʘ

 

ʈʠʩ. 1 ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʘ ʠʟ ʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʘ ʪʘʢʞʝ ʬʦʨʤʳ 

ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʥʘ ʚʳʭʦʜʝ ʠʥʞʝʢʪʦʨʘ ʜʦ ʠ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ.  
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 ʈʠʩʫʥʦʢ 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʥʘ ʚʳʭʦʜʝ 

ʠʥʞʝʢʪʦʨʘ ʚ ʪʝʯʝʥʠʝ ʠʤʧʫʣʴʩʘ ʪʦʢʘ ʧʫʯʢʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 200 ʤʢʩ ʜʦ (ʘ) ʠ ʧʦʩʣʝ (b) 

ʤʦʜʝʨʥʠʟʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʦʪʩʫʪʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ 

ʠ ʧʦʣʦʞʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʠʟ ʠʥʞʝʢʪʦʨʘ ʚ ʪʝʯʝʥʠʝ ʠʤʧʫʣʴʩʘ ʠʥʞʝʢʪʦʨʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 200 ʤʢʩ.  ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ 

ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʀʗʀ ʈɸʅ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʧʫʯʢʘ ʚ ʫʩʢʦʨʠʪʝʣʝ. 

 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʚʜʦʣʴ ɺɺ-ʠʤʧʫʣʴʩʘ

ʢʦʨʦʪʢʠʤ ʧʫʯʢʦʤ (25ʤʢʩ)

200 ʤʢʩ

400 ʢɺ

25

ʤʢʩ

 

ʈʠʩ. 2 ɻʨʘʥʠʮʳ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ , ʩʦʜʝʨʞʘʱʠʝ  95%, 86% ʠ 63% ʦʙʱʝʛʦ ʪʦʢʘ ʧʫʯʢʘ,  

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ɺɺ ʠʤʧʫʣʴʩʘ. 

 

ʀʩʪʦʨʠʯʝʩʢʠ ʢʘʥʘʣʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʧʫʯʢʦʚ 

ʧʨʦʪʦʥʦʚ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʜʝʣʝʥʠʝ ʧʫʯʢʦʚ ʜʣʷ ʨʘʙʦʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʫʩʪʘʥʦʚʦʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʣʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʘʣʠʟʦʚʘʪʴ ʠʟʥʘʯʘʣʴʥʦ 

ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʥʝʚʦʟʤʦʞʥʦ ʢʘʢ ʚ ʩʠʣʫ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʯʠʥ, ʪʘʢ ʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʢʘ 

ʣʶʜʩʢʠʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʨʝʤʝʥʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʨʝʞʠʤʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʠ ʠʦʥʦʚ ʅ-ʤʠʥʫʩ. ʇʨʠ ʵʪʦʤ ʦʪʧʘʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʫʩ ʝʜʠʥʠʯʥʦʡ ʦʧʪʠʢʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʦʢʫʩʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʤʝʱʝʥʠʝʤ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʟʘʜʘʯʫ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʇʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 
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ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʦʢʫʩʠʨʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʧʦ ʚʝʨʪʠʢʘʣʠ. ʊʘʢʞʝ ʦʪʧʘʜʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʘ ʧʦʜʲʝʤʝ ʧʫʯʢʦʚ 

ʧʨʦʪʦʥʦʚ ʠ ʠʦʥʦʚ ʅ-ʤʠʥʫʩ ʧʦ ʨʘʟʜʝʣʴʥʳʤ ʪʨʘʩʩʘʤ. ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ 

ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʩʤʝʱʝʥʠʶ ʬʦʢʫʩʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʠʦʥʦʧʨʦʚʦʜʘ. 

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥ ʫʯʘʩʪʦʢ ʧʦʜʲʝʤʘ: ʠʩʢʣʶʯʝʥʘ ʚʪʦʨʘʷ ʪʨʘʩʩʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʝ ʪʦʣʴʢʦ 

ʫʧʨʦʩʪʠʪʴ ʢʘʥʘʣ, ʚ ʜʚʘ ʨʘʟʘ ʫʤʝʥʴʰʠʚ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ, ʥʦ ʠ ʫʚʝʣʠʯʠʪʴ ʝʛʦ 

ʘʧʝʨʪʫʨʫ. ɺʳʧʦʣʥʝʥʘ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʧʦʣʦʞʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʦʨʨʝʢʮʠʷ ʝʛʦ 

ʧʦʣʦʞʝʥʠʷ. 

ʉ ʮʝʣʴʶ ʫʜʦʙʩʪʚʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʤʝʥʝʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʦʠʟʚʝʜʝʥʘ ʟʘʤʝʥʘ ʚʦʩʝʤʥʘʜʮʘʪʠ ʠʟ ʜʚʘʜʮʘʪʠ ʤʘʛʥʠʪʦʨʘʟʨʷʜʥʳʭ ʥʘʩʦʩʦʚ, ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʳ 

ʧʦʩʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʪʢʘʯʢʠ. 

ʅʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ ʠ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʨʴ ʧʫʯʢʘ. 

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʳ ʧʨʦʬʠʣʦʤʝʪʨʳ ʧʫʯʢʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʠʭ ʚʚʦʜʦʤ-ʚʳʚʦʜʦʤ. ʈʘʟʨʘʙʦʪʘʥʘ, ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʠʩʧʳʪʘʥʘ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʳʭ 

ʜʘʪʯʠʢʦʚ ʪʦʢʘ. ʈʘʟʨʘʙʦʪʘʥʘ, ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʠʩʧʳʪʘʥʘ ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʨʴ ʧʫʯʢʘ ʥʘ 

ʦʩʥʦʚʝ ʠʤʝʚʰʠʭʩʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʥʝʡʪʨʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʙʣʶʜʘʪʴ ʧʦʪʝʨʠ ʚ ʦʪʜʝʣʴʥʳʭ ʠʤʧʫʣʴʩʘʭ ʪʦʢʘ ʧʫʯʢʘ. ʅʘ ʫʩʢʦʨʠʪʝʣʝ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ 

ʧʨʝʜʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʤʝʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʧʨʠʥʷʪʳ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʘ, ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʠʩʧʳʪʘʥʘ 

ʙʳʩʪʨʘʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ 

ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʤʝʨ, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʦ ʠʟʤʝʨʷʪʴ ʧʦʪʝʨʠ ʚ ʦʪʜʝʣʴʥʳʭ ʠʤʧʫʣʴʩʘʭ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʩʠʛʥʘʣʳ ʩ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʤʝʨ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʩʠʩʪʝʤʝ ʙʳʩʪʨʦʡ ʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ. 

ɺʳʧʦʣʥʝʥ ʨʷʜ ʨʘʙʦʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʙʣʦʢʠʨʦʚʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ ʝʝ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʠʩʪʝʤʫ ʙʣʦʢʠʨʦʚʦʢ ʫʩʢʦʨʠʪʝʣʷ. 

ʅʘʯʘʪʦ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʫʩʢʦʨʠʪʝʣʴ ï ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ. 

ʆʙʝʩʧʝʯʝʥʦ ʫʧʨʘʚʣʝʥʠʝ ʦʩʥʦʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʩʠʩʪʝʤʦʡ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩ ʧʫʣʴʪʘ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ.  

ɺʳʧʦʣʥʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦʟʚʦʣʠʣ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ 

ʫʩʢʦʨʝʥʥʦʛʦ ʧʫʯʢʘ ʩ ʵʥʝʨʛʠʝʡ 209 ʄʵɺ ʥʘ ʫʩʪʘʥʦʚʢʫ ʈɸɼʕʂʉ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʢʘʥʘʣʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʫʣʴʪʘ ʫʩʢʦʨʠʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʩ ʧʫʣʴʪʘ ʫʩʢʦʨʠʪʝʣʷ ʦ ʧʨʦʬʠʣʷʭ ʧʫʯʢʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʭʦʜʝ ʈɸɼʕʂʉ. 
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ʈʠʩ. 3. ʇʨʦʬʠʣʠ ʧʫʯʢʘ ʥʘ ʚʭʦʜʝ ʫʩʪʘʥʦʚʢʠ ʈɸɼʕʂʉ. 

ɺ 2014 ʛʦʜʫ ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʷʜ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʧʦ ʜʦʛʦʚʦʨʘʤ ʩ ʚʝʜʫʱʠʤʠ 

ʈʦʩʩʠʡʩʢʠʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʫʩʢʦʨʠʪʝʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʫʩʢʦʨʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʫʩʢʦʨʠʪʝʣʝʡ: 

ɿʘʚʝʨʰʝʥʦ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ ʧʦ ʜʦʛʦʚʦʨʫ ʩ ʆʀʗʀ ʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ ʜʣʷ ʃʋ-20 ʠ HILAC ʢʦʤʧʣʝʢʩʘ NICA ʆʀʗʀè. 

ɿʘʚʝʨʰʝʥʦ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ ʧʦ ʜʦʛʦʚʦʨʫ ʩ Los Alamos National Security, LLC, ʉʐɸ ʧʦ 

ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ, ʠʟʛʦʪʦʚʣʝʥʠʝ, ʧʦʩʪʘʚʢʘ ʠ ʥʘʣʘʜʢʘ ʜʚʫʭ ʠʟʤʝʨʠʪʝʣʝʡ ʬʦʨʤʳ ʩʛʫʩʪʢʦʚ (BSM) 

ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʃʦʩ-ɸʣʘʤʦʩʩʢʦʛʦ ʮʝʥʪʨʘ LANSCEè. ʀʟʤʝʨʠʪʝʣʠ ʧʦʩʪʘʚʣʝʥʳ ʚ 

LANSCE,  ʚʳʧʦʣʥʝʥʘ ʩʙʦʨʢʘ, ʥʘʣʘʜʢʘ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠʟʤʝʨʠʪʝʣʝʡ. ʀʟʤʝʨʠʪʝʣʠ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʫʩʢʦʨʠʪʝʣʝ. 

ʇʨʦʜʦʣʞʝʥʦ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ ʧʦ ʜʦʛʦʚʦʨʫ ʩ ʎɽʈʅ, ʐʚʝʡʮʘʨʠʷ ʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ, 

ʠʟʛʦʪʦʚʣʝʥʠʝ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʧʦʩʪʘʚʢʘ ʠ ʥʘʣʘʜʢʘ ʠʟʤʝʨʠʪʝʣʷ ʧʨʦʜʦʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʚ ʩʛʫʩʪʢʘʭ ʜʣʷ ʢʘʥʘʣʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʟ ʫʩʢʦʨʠʪʝʣʷ Linac-4 ʚ ʙʫʩʪʝʨè. 

ɺʝʜʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɿʘʚʝʨʰʝʥʦ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ ʧʦ ʜʦʛʦʚʦʨʫ ʩ ʌɹɻʋ ɻʅʎ ʀʌɺʕ ʧʦ ʪʝʤʝ çʆʧʪʠʤʠʟʘʮʠʷ, 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʢʦʨʷʶʱʠʭ ʩʪʨʫʢʪʫʨ ʠ ʩʭʝʤ ʬʦʢʫʩʠʨʦʚʢʠ ʫʯʘʩʪʢʦʚ ʥʦʨʤʘʣʴʥʦ 

ʧʨʦʚʦʜʷʱʝʛʦ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʋʩʢʦʨʠʪʝʣʷ (ʃʋ) ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 18 ʄʵɺ ʜʦ 400 ʄʵɺ ʜʣʷ ʧʨʦʝʢʪʘ ʆʄɽɻɸè. 

ʅʘʯʘʪʦ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ ʧʦ ʜʦʛʦʚʦʨʫ ʩ ʌɹɻʋ ɻʅʎ ʀʌɺʕ ʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʢʘʩʢʘʜʝ ʫʩʢʦʨʠʪʝʣʝʡ ʃʋ-30 

ʠ ʋ-1.5è. 

ɿʘʚʝʨʰʝʥʦ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ ʧʦ ʜʦʛʦʚʦʨʫ ʩ ʣʘʙʦʨʘʪʦʨʠʝʡ STFC (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʧʦ 

ʪʝʤʝ çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʨʝʟʦʥʘʪʦʨʘ ʬʦʪʦʠʥʞʝʢʪʦʨʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʛʫʩʪʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩʚʝʨʭʚʳʩʦʢʦʡ ʷʨʢʦʩʪʠè. 
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2.4 ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʚʝʜʝʤ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʢʦʣʣʝʢʪʠʚʦʤ ʦʪʜʝʣʘ 

ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 2014 ʛ. 

ʅʘ ʩʠʣʴʥʦʪʦʯʥʦʤ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʀʗʀ ʈɸʅ ʧʨʦʚʝʜʝʥʦ ʧʷʪʴ ʩʝʘʥʩʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʠ ʥʘʨʘʙʦʪʢʫ 

ʨʘʜʠʦʠʟʦʪʦʧʦʚ, ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʙʱʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʝʘʥʩʦʚ ʚ 2014 ʛʦʜʫ ʩʦʩʪʘʚʠʣʘ 1812 ʯʘʩʦʚ. ʅʘʨʘʙʦʪʢʘ ʫʩʢʦʨʠʪʝʣʷ ʧʦ 

ʧʨʦʛʨʘʤʤʝ ʧʦʣʫʯʝʥʠʷ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʩʦʩʪʘʚʠʣʘ ʩʚʳʰʝ 90000 ʤʢɸĿʯʘʩʦʚ ʧʨʠ ʩʨʝʜʥʝʤ ʪʦʢʝ 

ʧʫʯʢʘ ʜʦ 120 ʤʢɸ ʠ ʵʥʝʨʛʠʠ 143 ʄʵɺ. 

ʇʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʢʦʨʠʪʝʣʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʟʘʚʝʨʰʝʥʠʝ ʮʠʢʣʘ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʚ ʪʝʯʝʥʠʝ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠʥʞʝʢʪʦʨʘ ʧʨʦʪʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʷʜʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʠʥʞʝʢʪʦʨʘ ʤʠʥʠʤʠʟʠʨʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ ʵʤʠʪʪʘʥʩʘ 

ʧʨʦʪʦʥʥʦʛʦ ʧʫʯʢʘ ʚ ʪʝʯʝʥʠʝ  ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ  ʠʤʧʫʣʴʩʘ ʠʥʞʝʢʪʦʨʘ ʧʨʦʪʦʥʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʧʪʠʢʠ ʠ ʢʘʥʘʣʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʨʝʤʝʥʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʨʝʞʠʤʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʠ ʠʦʥʦʚ ʅ-ʤʠʥʫʩ, ʩʦʭʨʘʥʷʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʘʟʜʝʣʴʥʦ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʙʣʝʤʫ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʧʨʦʙʣʝʤʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʥʪʝʥʩʠʚʥʳʭ ʧʫʯʢʦʚ. 

ɺ 2014 ʛʦʜʫ ʙʳʣ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥ ʧʨʷʤʦʡ ʢʘʥʘʣ ʦʪ ʚʳʭʦʜʘ ʫʩʢʦʨʠʪʝʣʷ ʜʦ ʫʩʪʘʥʦʚʢʠ ʈɸɼʕʂʉ. 

ɺʳʧʦʣʥʝʥʘ ʧʨʦʚʦʜʢʘ ʧʫʯʢʘ ʩ ʵʥʝʨʛʠʝʡ 209 ʄʵɺ ʧʦ ʜʘʥʥʦʤʫ ʢʘʥʘʣʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ. 

ɺʳʧʦʣʥʝʥ ʨʷʜ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʧʦ ʜʦʛʦʚʦʨʘʤ ʩ ʚʝʜʫʱʠʤʠ ʈʦʩʩʠʡʩʢʠʤʠ ʠ 

ʟʘʨʫʙʝʞʥʳʤʠ ʫʩʢʦʨʠʪʝʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʫʩʢʦʨʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʫʩʢʦʨʠʪʝʣʝʡ. 
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3 ʃʘʙʦʨʘʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʜʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ʅ.ɸ.ʊʠʪʦʚ. 

ʌʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʝʦʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʡ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʩʤʦʣʦʛʠʷ. 

ʅʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ, ʥʝʡʪʨʠʥʥʘʷ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ, ʬʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʧʨʦʙʣʝʤʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. 

ʌʠʟʠʢʘ ʘʪʦʤʥʦʛʦ ʷʜʨʘ, ʜʠʥʘʤʠʢʘ ʷʜʝʨʥʳʭ ʠ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʬʠʟʠʢʘ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʪʷʞʸʣʳʭ ʠʦʥʦʚ. 

ʇʨʠʢʣʘʜʥʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ, ʨʘʜʠʦʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʷʜʝʨʥʘʷ 

ʪʨʘʥʩʤʫʪʘʮʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ. 

ʇʦʠʩʢ  ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʥʪʠʥʝʡʪʨʠʥʦ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. 

ʇʨʷʤʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʦʠʩʢʠ ʪʷʞʸʣʦʡ ʢʦʤʧʦʥʝʥʪʳ ʥʝʡʪʨʠʥʦ ʚ ʢʠʥʝʤʘʪʠʢʝ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʨʘʩʧʘʜʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɺ.ʉ.ʇʘʥʪʫʝʚ 

ʇʦʠʩʢ ʨʝʜʢʠʭ ʤʶʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʥʘʨʫʰʝʥʠʝʤ ʣʝʧʪʦʥʥʳʭ ʯʠʩʝʣ (ʵʢʩʧʝʨʠʤʝʥʪ 

Mu2e). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ʈ.ʄ.ɼʞʠʣʢʠʙʘʝʚ 

ʇʦʠʩʢ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɹ.ʄ.ʆʚʯʠʥʥʠʢʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʧʦʨʦʛʦʚʦʛʦ ʨʦʞʜʝʥʠʷ ʣʸʛʢʠʭ ʚʝʢʪʦʨʥʳʭ ʤʝʟʦʥʦʚ ʠ ʟʘʨʷʞʝʥʥʳʭ 

ʢʘʦʥʦʚ ʚ ʧʨʦʪʦʥ ʠ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ʕ.ʗ.ʇʘʨʴʝʚ. 

ʀʟʫʯʝʥʠʝ ʨʦʣʠ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʧʝʨʝʭʦʜʘʭ ʥʝʡʪʨʦʥ-ʘʥʪʠʥʝʡʪʨʦʥ. ʆʙʦʙʱʝʥʠʝ ʥʘ 

ab ʧʝʨʝʭʦʜʳ  ʚ ʧʦʛʣʦʱʘʶʱʝʡ ʩʨʝʜʝ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ɺ.ʀ.ʅʘʟʘʨʫʢ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʦʥʦʚ, ʛʠʧʝʨʦʥʦʚ ʠ ʛʠʧʝʨʷʜʝʨ ʚ ʘʥʥʠʛʠʣʷʮʠʠ 

ʘʥʪʠʧʨʦʪʦʥʘ ʥʘ ʷʜʨʘʭ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ɽ.ʉ.ɻʦʣʫʙʝʚʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʷʜʨʦ-̫ ʜʝʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʥʘ ʫʩʪʘʥʦʚʢʝ PHENIX. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɺ.ʉ.ʇʘʥʪʫʝʚ. 

ɹʘʨʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʷʜʨʘ ʩ ʥʝʦʙʳʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ (ʢʠʨʘʣʴʥʳʭ) 

ʩʦʣʠʪʦʥʥʳʭ  ʠ ʜʨʫʛʠʭ ʤʦʜʝʣʷʭ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. 

ɺ.ɹ.ʂʦʧʝʣʠʦʚʠʯ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʝʡʪʨʦʥ-̫ ʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʪʦʜʦʤ ʚʨʝʤʝʥʠ ʧʨʦʣʸʪʘ ʥʘ 

ʫʩʪʘʥʦʚʢʘʭ ʅʉɺʇ-ʊʈʆʅʉ ʆʕʌ ʀʗʀ ʈɸʅ ʠ ʀʈɽʅ, ʀɹʈ-2ʄ ʃʅʌ ʆʀʗʀ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ 

ʜ.ʬ.-ʤ.ʥ. ʖ.ɺ.ʈʷʙʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʘ ʬʠʟ. ʦʙʦʩʥʦʚʘʥʠʷ  ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʝʡʪʨʦʥʦʚ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʮʝʣʝʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ɻ.ʅ.ɺʷʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʚ ʫʛʣʝʨʦʜʥʳʭ ʢʦʥʜʝʥʩʘʪʘʭ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ʉ.ɻ.ʃʝʙʝʜʝʚ. 
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ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʣʫʯʝʥʠʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʬʦʥʦʥʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ (ʅʌʈ). 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ʉ.ɻ.ʃʝʙʝʜʝʚ. 

 

ʇʦʠʩʢ ʤʘʩʩʳ ʥʝʡʪʨʠʥʦ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʙʝʪʘïʨʘʩʧʘʜʝ ʪʨʠʪʠʷ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ 

ʯʣ.-ʢʦʨʨ. ʈɸʅ ʀ.ʀ.ʊʢʘʯʸʚ, ʜ.ʬ.-ʤ.ʥ. ɺ.ʉ.ʇʘʥʪʫʝʚ, ʢ.ʬ.-ʤ.ʥ. ʅ.ɸ.ʊʠʪʦʚ. 

ʀʟʫʯʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ  ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʣʣʘʙʦʨʘʮʠʝʡ 

çTelescope arrayè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʯʣ.-ʢʦʨʨ. ʈɸʅ ʀ.ʀ.ʊʢʘʯʸʚ 

ʇʦʠʩʢ ʢʦʥʚʝʨʩʠʠ ʤʶʦʥʘ ʚ ʵʣʝʢʪʨʦʥ ʥʘ ʷʜʨʘʭ ʠ ʧʨʦʚʝʨʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ  ʟʘʢʦʥʦʚ 

ʩʦʭʨʘʥʝʥʠʷ ʣʝʧʪʦʥʥʳʭ ʯʠʩʝʣ.  ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɼʞʠʣʢʠʙʘʝʚ ʈ.ʄ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʦʥʦʚ ʩ ʷʜʨʘʤʠ ʥʘ ʠʤʧʫʣʴʩʥʳʭ ʥʝʡʪʨʦʥʥʳʭ ʧʫʯʢʘʭ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ʈʷʙʦʚ ʖ.ɺ. 

  



45 
 

3.1 ʇʨʷʤʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʦʠʩʢʠ ʪʷʞʸʣʦʡ ʢʦʤʧʦʥʝʥʪʳ ʥʝʡʪʨʠʥʦ ʚ 

ʢʠʥʝʤʘʪʠʢʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʨʘʩʧʘʜʦʚ  

ʈʫʢʦʚʦʜʠʪʝʣʠ ʪʝʤʳ: ʜ.ʬ.-ʤ.ʥ. ɺ.ʉ.ʇʘʥʪʫʝʚ, ʢ.ʬ.-ʤ.ʥ. ʅ.ɸ. ʊʠʪʦʚ 

ʀʩʧʦʣʥʠʪʝʣʠ ʪʝʤʳ: 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ɽ.ɺ. ɻʝʨʘʩʢʠʥ 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ʉ.ɺ.ɿʘʜʦʨʦʞʥʳʡ 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ɸ.ɸ. ɻʦʣʫʙʝʚ 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ɸ.ɸ. ʅʦʟʠʢ 

ʄʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʅ.ɸ. ʃʠʭʦʚʠʜ 

ɿʘʚʝʜʫʶʱʠʡ ʩʝʢʪʦʨʦʤ ɺ.ʀ. ʇʘʨʬʸʥʦʚ 

ɺʝʜʫʱʠʡ ʠʥʞʝʥʝʨ ɸ.ʀ. ɹʝʣʝʩʝʚ 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɸ.ʂ. ʉʢʘʩʳʨʩʢʘʷ 

 

3.1 ʈʝʬʝʨʘʪ 

ʄɸʉʉɸ ʅɽʁʊʈʀʅʆ, ɹɽʊɸ ʈɸʉʇɸɼ, ʉʊɽʈʀʃʔʅʓɽ ʅɽʁʊʈʀʅʆ, ʇʃɸɿʄɽʅʅʓʁ 

ʀʉʊʆʏʅʀʂ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ 

ʥʝʡʪʨʠʥʦ. ʎʝʣʴ ʨʘʙʦʪʳ - ʧʦʠʩʢ ʤʘʩʩʳ ʥʝʡʪʨʠʥʦ ʚ ʙʝʪʘ ʨʘʩʧʘʜʝ. ɺ 2014 ʛʦʜʫ ʧʨʦʚʝʜʝʥʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʙʝʪʘ-ʩʧʝʢʪʨʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʠʩʢʘ ʪʷʞʸʣʳʭ ʥʝʡʪʨʠʥʦ. ʇʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʩʠʩʪʝʤʳ 

ʩ ʮʝʣʴʶ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. ʈʘʟʨʘʙʦʪʘʥ, ʠʟʛʦʪʦʚʣʝʥ ʠ 

ʠʩʧʳʪʘʥ ʥʦʚʳʡ ʚʘʨʠʘʥʪ ʥʘʢʦʥʝʯʥʠʢʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʫʰʢʠ ʩ ʢʘʪʦʜʦʤ ʠʟ ʟʦʣʦʪʦʡ ʬʦʣʴʛʠ, 

ʨʘʙʦʪʘʶʱʠʡ ʚ ʦʪʨʘʞʸʥʥʦʤ ʩʚʝʪʝ. ʀʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʠʟʦʪʦʧʘʭ ʚʦʜʦʨʦʜʘ 

ʧʨʦʪʠʠ ʠ ʜʝʡʪʝʨʠʠ ʧʨʠ ʵʥʝʨʛʠʠ 14 ʢʵɺ, 17 ʢʵɺ ʠ 19 ʢʵɺ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ. ʇʨʦʚʝʜʝʥʘ ʦʙʰʠʨʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʘ ʠʟʤʝʨʷʝʤʳʡ ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʩʪʦʷʥʥʦ ʧʨʦʚʦʜʠʣʠʩʴ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʠ ʨʝʤʦʥʪ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʘʢʫʫʤʥʦʡ ʠ ʢʨʠʦ ʩʠʩʪʝʤ. 

3.1 ɺʚʝʜʝʥʠʝ 

ʉʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ʬʠʟʠʢʠ ʯʘʩʪʠʮ ʥʝ ʧʦʣʥʘ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʥʝʥʫʣʝʚʘʷ 

ʤʘʩʩʘ ʥʝʡʪʨʠʥʦ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ. ʇʨʠʨʦʜʘ ʯʘʩʪʠʮ ʪʝʤʥʦʡ 

ʤʘʪʝʨʠʠ ʥʝʠʟʚʝʩʪʥʘ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʦʣʴ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

ʦʪʥʦʩʷʪʩʷ ʩʪʝʨʠʣʴʥʳʝ ʥʝʡʪʨʠʥʦ. ʕʪʠ ʯʘʩʪʠʮʳ ʧʦʷʚʣʷʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʩʰʠʨʝʥʠʡ 

ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʥʘ ʩʣʫʯʘʡ ʤʘʩʩʠʚʥʳʭ ʥʝʡʪʨʠʥʦ. ʉʪʝʨʠʣʴʥʳʝ (ʧʨʘʚʳʝ) ʥʝʡʪʨʠʥʦ ʵʪʦ 
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ʥʝʡʪʨʘʣʴʥʳʝ ʣʝʧʪʦʥʳ. ʗʚʣʷʷʩʴ SU(2) ʩʠʥʛʣʝʪʘʤʠ ʦʥʠ ʥʝ ʫʯʘʩʪʚʫʶʪ ʩ ʩʣʘʙʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. ʆʜʥʘʢʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʚʳʨʦʞʜʝʥʥʳʭ ʩʣʫʯʘʝʚ, ʦʥʠ 

ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʘʢʪʠʚʥʳʤʠ (ʣʝʚʳʤʠ) ʥʝʡʪʨʠʥʦ ʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʘʩʩʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʩʧʝʢʪʨʝ. 

ʉ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚ ʧʦʣʴʟʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ 

ʛʦʚʦʨʷʪ ʨʝʟʫʣʴʪʘʪʳ ʥʝʢʦʪʦʨʳʭ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʦʨʦʪʢʦʡ ʙʘʟʦʡ (LSND ʠ 

MiniBooNE), ʨʝʘʢʪʦʨʥʘʷ ʘʥʦʤʘʣʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʢʠ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. ʕʪʠ ʘʥʦʤʘʣʠʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʣʝʛʢʠʭ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʤʘʩʩʦʡ ʧʦʨʷʜʢʘ ʵʣʝʢʪʨʦʥʚʦʣʴʪ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʠʟʤʝʨʝʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʝʨʚʠʯʥʳʡ 

ʥʫʢʣʝʦʩʠʥʪʝʟ) ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʯʠʩʣʘ ʣʝʛʢʠʭ 

ʥʝʡʪʨʠʥʦ ʨʘʚʥʦʛʦ ʯʝʪʳʨʝʤ, ʯʪʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʚʝʨʦʷʪʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʜʥʦʛʦ 

ʣʝʛʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʨʝʤ ʘʢʪʠʚʥʳʤ. ʉ ʪʦʯʢʠ ʞʝ ʟʨʝʥʠʷ 

ʦʙʲʷʩʥʝʥʠʷ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥ ʤʘʩʩ ʩʪʝʨʠʣʴʥʳʭ 

ʥʝʡʪʨʠʥʦ ʚ ʦʙʣʘʩʪʠ ʢʠʣʦʵʣʝʢʪʨʦʥʚʦʣʴʪ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʪʨʝʤʷ ʧʦʢʦʣʝʥʠʷʤʠ ʬʝʨʤʠʦʥʦʚ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, 

ʯʪʦ ʩʪʝʨʠʣʴʥʳʝ ʧʨʘʚʳʝ ʥʝʡʪʨʠʥʦ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʧʦʢʦʣʝʥʠʷ. ʆʙʥʘʨʫʞʝʥʠʝ ʦʜʥʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʧʨʠʜʘʩʪ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʩʪʘʣʴʥʳʭ ʧʦʢʦʣʝʥʠʡ. ɽʩʣʠ ʦʜʥʦ 

ʠʟ ʥʠʭ ʦʙʨʘʟʫʝʪ ʪʝʤʥʫʶ ʤʘʪʝʨʠʶ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʘʩʩʦʡ ʠ ʫʛʣʦʤ ʩʤʝʰʠʚʘʥʠʷ ʪʘʢʦʛʦ 

ʥʝʡʪʨʠʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʦ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʦʩʪʘʣʴʥʳʝ ʧʦʢʦʣʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʷʤʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʦʠʩʢʠ 

ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ, ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʢʪʦʨʫ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ, ʪʘʢ ʠ ʚʥʝ ʝʝ. ʆʙʥʘʨʫʞʝʥʠʝ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ 

ʜʘʩʪ ʦʪʚʝʪ ʩʨʘʟʫ ʥʘ ʨʷʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʬʠʟʠʢʠ ʯʘʩʪʠʮ (ʩʪʨʫʢʪʫʨʘ ʤʘʩʩʦʚʦʡ 

ʤʘʪʨʠʮʳ ʥʝʡʪʨʠʥʦ, ʭʘʨʘʢʪʝʨ ʨʘʩʰʠʨʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʥʝʩʦʭʨʘʥʝʥʠʝ ʣʝʧʪʦʥʥʦʛʦ 

ʯʠʩʣʘ), ʘʩʪʨʦʬʠʟʠʢʠ ʠ ʢʦʩʤʦʣʦʛʠʠ (ʪʝʤʥʘʷ ʤʘʪʝʨʠʷ). 

ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʨʷʤʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʦʠʩʢʠ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʰʠʨʦʢʦʡ 

ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʤʘʩʩ. ʂʦʥʢʨʝʪʥʘʷ ʟʘʜʘʯʘ - ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʫʛʦʣ ʩʤʝʰʠʚʘʥʠʷ ʩʪʝʨʠʣʴʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʦʙʣʘʩʪʠ ʤʘʩʩ ʦʪ ʜʝʩʷʪʢʦʚ 

ʵʣʝʢʪʨʦʥʚʦʣʴʪ ʠ ʚʧʣʦʪʴ ʜʦ 10 ʢʵɺ. ʕʪʘ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʤʘʩʩ ʥʝʜʦʩʪʫʧʥʘ ʚ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʣʘʥʠʨʫʶʱʠʭʩʷ ʚ ʨʷʜʝ ʤʠʨʦʚʳʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ. 

ʅʘ ʫʩʪʘʥʦʚʢʝ çʊʨʦʠʮʢ ʥʶ-ʤʘʩʩè ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪʘ, ʩʚʷʟʘʥʥʘʷ ʩ  ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʩʚʦʡʩʪʚ ʠ ʚʦʟʤʦʞʥʳʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʛʘʟʦʚʳʭ ʪʨʠʪʠʝʚʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʦ ʪʠʧʫ 

çʊʨʦʠʮʢ ʥʶ-ʤʘʩʩè, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʞʝ ʚʘʞʥʦ ʜʣʷ ʫʩʪʘʥʦʚʢʠ KATRIN, ʂʘʨʣʩʨʫʵ, 

ɻʝʨʤʘʥʠʷ. 
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3.1 ʇʦʣʫʯʝʥʥʳʝ ʚ 2014 ʛʦʜʫ ʨʝʟʫʣʴʪʘʪʳ 

3.1.1 ʇʨʦʚʝʜʝʥʠʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʀʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʠʟʦʪʦʧʘʭ ʚʦʜʦʨʦʜʘ ʧʨʦʪʠʠ ʠ ʜʝʡʪʝʨʠʠ ʧʨʠ 

ʵʥʝʨʛʠʠ 14 ʢʵɺ, 17 ʢʵɺ ʠ 19 ʢʵɺ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʬʫʥʢʮʠʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ, ʈʠʩ.1. ʊʘʢʦʛʦ ʨʦʜʘ ʠʟʤʝʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ  ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʨʘʙʦʯʝʤ ʛʘʟʝ ʥʘ ʠʟʤʝʨʷʝʤʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ. 

ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʘʜʠʠ, ʛʦʪʦʚʠʪʩʷ ʩʪʘʪʴʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ.  

 

ʈʠʩʫʥʦʢ 1 - ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʫʥʢʮʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠ 

ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ ʅ2, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 19 

ʢʵɺ. ʇʠʢ ʩʧʨʘʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʢʨʘʪʥʦʤʫ ʨʘʩʩʝʷʥʠʶ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʘʭ ʅ2 

3.1.2 ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʥʘ ʚʦʟʤʦʞʥʫʶ 

ʧʨʠʤʝʩʴ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʩʧʝʢʪʨʝ ʙʝʪʘ-ʵʣʝʢʪʨʦʥʦʚ ʚ ʠʥʪʝʨʚʘʣʝ 

ʤʘʩʩ ʜʦ 3 ʢʵɺ 
ʇʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʙʝʪʘ-ʩʧʝʢʪʨʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʠʩʢʘ ʪʷʞʸʣʳʭ ʥʝʡʪʨʠʥʦ, ʈʠʩ.2. ɺʳʧʦʣʥʝʥ ʨʷʜ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʦʮʝʥʦʢ ʧʦ ʚʳʷʚʣʝʥʠʶ ʚʣʠʷʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, 

ʪʘʢʠʭ, ʢʘʢ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʨʘʙʦʯʝʤ ʛʘʟʝ, ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ 

ʧʨʦʧʫʩʢʘʥʠʷ. ɻʦʪʦʚʠʪʩʷ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʝʢʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 



48 
 

 

ʈʠʩʫʥʦʢ 2 - ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʧʨʝʜʝʣ ʧʘʨʘʤʝʪʨʘ ʩʤʝʰʠʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʩʪʝʨʠʣʴʥʦʛʦ ʥʝʡʪʨʠʥʦ ʚ ʩʝʘʥʩʝ 2014ʛ. ʇʨʠʚʝʜʸʥ 95% ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʪʷʞʸʣʦʛʦ ʥʝʡʪʨʠʥʦ.  

3.1.3 ʄʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʘʥʦʚʢʠ çʊʨʦʠʮʢ ʥʶ-ʤʘʩʩè 

ɺ 2014 ʛ. ʧʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʩʠʩʪʝʤʳ ʩ ʮʝʣʴʶ ʧʨʝʮʠʟʠʦʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʦ 30 ʢɺ ʩ ʪʦʯʥʦʩʪʴʶ +/- 0.1 ɺ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʧʦʣʥʝʥʘ 

ʚʟʘʠʤʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʜʚʫʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʜʝʣʠʪʝʣʝʡ ʠ ʠʟʤʝʨʝʥʳ ʠʭ ʦʪʢʣʦʥʝʥʠʷ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʈʘʟʨʘʙʦʪʘʥ, ʠʟʛʦʪʦʚʣʝʥ ʠ ʠʩʧʳʪʘʥ ʥʦʚʳʡ ʚʘʨʠʘʥʪ ʥʘʢʦʥʝʯʥʠʢʘ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʫʰʢʠ ʩ ʢʘʪʦʜʦʤ ʠʟ ʟʦʣʦʪʦʡ ʬʦʣʴʛʠ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʦʪʨʘʞʸʥʥʦʤ ʩʚʝʪʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʣʴʛʠ, 

ʘ ʥʝ ʧʦʣʫʧʨʦʟʨʘʯʥʦʡ ʥʘʧʳʣʸʥʥʦʡ ʧʣʸʥʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʘʨʘʤ ʨʪʫʪʠ, 

ʢʦʪʦʨʳʝ ʧʨʦʥʠʢʘʶʪ ʠʟ ʨʪʫʪʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʥʘʩʦʩʦʚ. ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʩʚʝʪʘ ʦʪ 

ʜʝʡʪʝʨʠʝʚʦʡ ʣʘʤʧʳ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʫʰʢʝ. ɹʳʣ ʟʘʤʝʥʸʥ ʨʷʜ ʚʘʢʫʫʤʥʳʭ 

ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥ ʥʦʚʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʙʣʦʢ ʧʠʪʘʥʠʷ ʤʘʛʥʠʪʦ-ʨʘʟʨʷʜʥʦʛʦ 

ʥʘʩʦʩʘ.  

3.1 ɿʘʢʣʶʯʝʥʠʝ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ 2014 ʛʦʜʫ 

- ʅʘ ʫʩʪʘʥʦʚʢʝ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʩʝʘʥʩʘ ʠʟʤʝʨʝʥʠʡ. 

- ʇʨʦʚʝʜʝʥʳ ʦʮʝʥʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʙʝʪʘ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʜʦ 5 ʢʵɺ ʥʠʞʝ 

ʧʨʝʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ.  

- ʇʦʣʫʯʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʠʤʝʩʴ ʩʪʝʨʠʣʴʥʳʭ 

ʥʝʡʪʨʠʥʦ ʩ ʤʘʩʩʘʤʠ ʚ ʠʥʪʝʨʚʘʣʝ 1-3 ʢʵɺ.  

- ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʠʟʦʪʦʧʘʭ ʚʦʜʦʨʦʜʘ ʅ2 ʠ D2 ʩ ʵʥʝʨʛʠʝʡ 

14-19 ʢʵɺ.  

- ʀʟʛʦʪʦʚʣʝʥʘ ʠ ʠʩʧʳʪʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʧʫʰʢʘ ʩ ʚʳʩʦʢʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, 

ʣʫʯʰʝ 0.3 ʵɺ ʩ ʵʥʝʨʛʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʜʦ 20 ʢʵɺ. 

- ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʩʚʝʪʘ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʫʰʢʠ.  
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3.2 ʇʦʠʩʢ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʥʪʠʥʝʡʪʨʠʥʦ: ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ 

 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʪʝʤʳ ʢ.ʬ.-ʤ.ʥ. ʅ.ɸ. ʊʠʪʦʚ 

ʀʩʧʦʣʥʠʪʝʣʠ ʪʝʤʳ: 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ɼ.ʅ. ɸʙʜʫʨʘʰʠʪʦʚ 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ɽ.ɺ. ɻʝʨʘʩʢʠʥ 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ.  ɸ.ɸ. ɻʦʣʫʙʝʚ 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ʉ.ɺ.ɿʘʜʦʨʦʞʥʳʡ 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʃʦʭʦʚ 

ɿʘʚʝʜʫʶʱʠʡ ʩʝʢʪʦʨʦʤ ɺ.ʀ. ʇʘʨʬʸʥʦʚ 

 

3.2 ʈʝʬʝʨʘʪ 

ʄɸʉʉɸ ʅɽʁʊʈʀʅʆ, ɹɽʊɸ ʈɸʉʇɸɼ, ʉʇɽʂʊʈ ɺʆɿɹʋɾɼɽʅʀʗ, ʄʆʃɽʂʋʃʗʈʅʓʁ ʀʆʅ, 

ɸʈɻʆʅ-37, ʉʊɸʊʀʉʊʀʏɽʉʂʀɽ ʂʈʀʊɽʈʀʀ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ 

ʥʝʡʪʨʠʥʦ. ʎʝʣʴ ʨʘʙʦʪʳ - ʧʦʠʩʢ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʨʘʩʧʘʜʝ ʪʨʠʪʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ, ʩʚʷʟʳʚʘʶʱʝʡ ʰʠʨʠʥʫ ʨʦʪʦʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʠʢʘ ʚ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʨʘʩʧʘʜʝ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʨʠʪʠʷ, ʠ çʥʫʣʝʚʳʭè ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʨʠʥʩʢʦʡ ʤʦʣʝʢʫʣʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʘʷ 

ʤʦʜʝʣʴ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ  ʪʦʯʥʦʩʪʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʧʘʨʘʤʝʪʨʘʤ ʩʧʝʢʪʨʘ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɹʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʟʦʪʦʧʘ 

ɸʨʛʦʥ-37 ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʨʘʩʧʘʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʲʸʤʝ ʦʩʥʦʚʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ. ʈʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʢʘʟʘʥʠʡ ʥʘ ʥʦʚʫʶ 

ʬʠʟʠʢʫ  ʚ ʩʧʝʢʪʨʝ ʙʝʪʘ-ʨʘʩʧʘʜʘ ʪʨʠʪʠʷ (ʩʪʝʨʠʣʴʥʳʝ ʥʝʡʪʨʠʥʦ, ʩʪʝʧ-ʵʬʬʝʢʪ) 

3.2 ɺʚʝʜʝʥʠʝ 

ɺʧʝʯʘʪʣʷʶʱʠʡ ʧʨʦʛʨʝʩʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʥʘʜʝʞʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʦʪʣʠʯʠʝ ʦʪ ʥʫʣʷ ʤʘʩʩʳ ʥʝʡʪʨʠʥʦ ʠ ʧʦʟʚʦʣʠʣ ʠʟʤʝʨʠʪʴ ʨʘʩʱʝʧʣʝʥʠʝ 

ʤʘʩʩʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʥʝʡʪʨʠʥʦ. ʇʨʠ ʵʪʦʤ ʘʙʩʦʣʶʪʥʘʷ ʰʢʘʣʘ ʤʘʩʩ, ʪ.ʝ. ʦʙʱʠʡ ʩʜʚʠʛ ʤʘʩʩʦʚʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʦʩʪʘʸʪʩʷ ʥʝʠʟʚʝʩʪʥʦʡ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʰʢʘʣʳ ʤʘʩʩʦʚʳʭ ʩʦʩʪʦʷʥʠʡ 

ʥʝʡʪʨʠʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ ʬʠʟʠʢʠ ʯʘʩʪʠʮ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ 
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ʩʜʝʣʘʪʴ ʚʳʙʦʨ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʛʝʥʝʨʘʮʠʠ ʤʘʩʩʳ, ʪʘʢ ʠ ʜʣʷ ʢʦʩʤʦʣʦʛʠʠ, ʛʜʝ 

ʩʫʤʤʘ ʤʘʩʩ ʚʩʝʭ ʪʠʧʦʚ ʥʝʡʪʨʠʥʦ ʦʧʨʝʜʝʣʷʝʪ ʜʠʥʘʤʠʢʫ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ. 

 

ʈʠʩʫʥʦʢ 1 - ʄʘʩʩʘ çʤʘʩʩʦʚʳʭ ʩʦʩʪʦʷʥʠʡè ʥʝʡʪʨʠʥʦ, ʢʘʢ ʬʫʥʢʮʠʷ ʤʘʩʩʳ ʣʝʛʯʘʡʰʝʛʦ ʠʟ 

ʥʠʭ (ʧʨʷʤʘʷ ʠʝʨʘʨʭʠʷ). 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʙʩʦʣʶʪʥʦʡ ʰʢʘʣʳ ʤʘʩʩ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚ 

ʦʙʩʫʞʜʘʝʤʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʘʧʘʟʦʥʝ ʚʳʰʝ 0,1 ʵɺ, ʚʩʝ ʪʠʧʳ ʥʝʡʪʨʠʥʦ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʫʶ ʤʘʩʩʫ (ʩʤ. ʨʠʩ.1) ʠ ʥʘʠʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʤʝʶʪ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʵʣʝʢʪʨʦʥʥʳʤ ʥʝʡʪʨʠʥʦ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʠʩʢʘ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʜʚʦʡʥʦʛʦ ʙʝʪʘ-ʨʘʩʧʘʜʘ (ʄʘʡʦʨʘʥʦʚʩʢʠʝ 

ʥʝʡʪʨʠʥʦ) ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʩʧʝʢʪʨʝ ʦʜʠʥʦʯʥʦʛʦ ʙʝʪʘ-ʨʘʩʧʘʜʘ 

(ʄʘʡʨʘʥʦʚʩʢʠʝ ʠ ɼʠʨʘʢʦʚʩʢʠʝ ʥʝʡʪʨʠʥʦ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʧʦʠʩʢʝ ʤʘʩʩʳ ʥʝʡʪʨʠʥʦ ʧʦ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʚ ʢʦʥʮʝ ʩʧʝʢʪʨʘ ʙʝʪʘ-ʨʘʩʧʘʜʘ ʣʫʯʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʜʦʩʪʠʛʥʫʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʪʨʠʪʠʝʤ ʚ ʄʘʡʥʮʝ ʠ ʊʨʦʠʮʢʝ. ʆʧʫʙʣʠʢʦʚʘʥʳ ʙʣʠʟʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʤʘʩʩʳ ʥʘ ʫʨʦʚʥʝ ʧʨʠʤʝʨʥʦ 2 ʵɺ /1,2/.  ɺ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ, 

ʚ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʚ ʂʘʨʣʩʨʫʵ (KIT, Karlsruhe, Germany) ʙʫʜʝʪ ʟʘʧʫʱʝʥʘ ʥʦʚʘʷ 

ʫʩʪʘʥʦʚʢʘ ʧʦ ʧʨʦʝʢʪʫ ʂɸʊʈʀʅ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʧʦʩʪʘʚʠʪʴ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʥʘ ʤʘʩʩʫ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʥʪʠʥʝʡʪʨʠʥʦ ʥʘ ʫʨʦʚʥʝ 0,2 ʵɺ /3/.  
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ʈʠʩʫʥʦʢ 2 - ʋʩʪʘʥʦʚʢʘ ʂɸʊʈʀʅ. a ï ʙʝʟʦʢʦʥʥʳʡ ʛʘʟʦʚʳʡ ʠʩʪʦʯʥʠʢ ʪʨʠʪʠʷ, b ï 

ʢʘʥʘʣ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʵʣʝʢʪʨʦʥʦʚ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʦʪʢʘʯʢʦʡ, c ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʩʧʝʢʪʨʦʤʝʪʨ,  d ï ʦʩʥʦʚʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨ, e ï ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʡ ʜʝʪʝʢʪʦʨ /3/. 

 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʦʣʦʤʝʪʨʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʙʝʪʘ-ʨʘʩʧʘʜʫ ʨʝʥʠʷ-187 /4/ ʧʦʢʘ 

ʦʩʪʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʂɸʊʈʀʅ, ʥʦ ʥʘʜʦ ʦʪʤʝʪʠʪʴ  ʥʘʣʠʯʠʝ ʘʤʙʠʮʠʦʟʥʳʭ 

ʧʣʘʥʦʚ ʧʨʦʝʢʪʘ MARE /5/. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʂ-ʟʘʭʚʘʪʫ ʚ ʛʦʣʴʤʠʠ-163 ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ /6/. 

ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʦʙʦʟʨʠʤʦʝ ʙʫʜʫʱʝʝ, ʚ ʢʣʘʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʧʦʠʩʢʫ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʤʘʩʩʳ ʥʝʡʪʨʠʥʦ, ʧʨʦʝʢʪ ʂɸʊʈʀʅ ʜʦʣʞʝʥ ʜʘʪʴ ʣʫʯʰʝʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʘʩʩʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʥʪʠʥʝʡʪʨʠʥʦ.  

ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʝʢʪ ʂɸʊʈʀʅ ʷʚʣʷʝʪʩʷ ʧʦʣʠʛʦʥʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʳʭ ʧʝʨʝʜʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʚʘʢʫʫʤʥʦʡ, ʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʪʝʭʥʠʢʝ ʚʳʩʦʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ ʠʟʦʪʦʧʥʳʭ ʩʤʝʩʝʡ ʠ ʪ.ʜ. 

ɻʨʫʧʧʘ ʀʗʀ ʈɸʅ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʝʢʪʝ ʂɸʊʈʀʅ ʩ ʤʦʤʝʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʧʳʪʝ ʨʘʙʦʪʳ ʩ ʫʩʪʘʥʦʚʢʦʡ çʊʨʦʠʮʢ ʥʶ-ʤʘʩʩè, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʪʠʧʦʤ ʫʩʪʘʥʦʚʢʠ ʂɸʊʈʀʅ. 

3.2.1 ʇʨʦʝʢʪ ʂɸʊʈʀʅ 

3.2.1.1. ʉʦʩʪʦʷʥʠʝ ʧʨʦʝʢʪʘ ʂɸʊʈʀʅ ʥʘ ʢʦʥʝʮ 2014 ʛʦʜʘ 

ʀʟ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʫʩʪʘʥʦʚʢʠ ʂɸʊʈʀʅ: ʪʦʨʮʝʚʘʷ ʩʝʢʮʠʷ (RS), ʙʝʟʦʢʦʥʥʳʡ ʛʘʟʦʚʳʡ 

ʠʩʪʦʯʥʠʢ (WGTS), ʬʨʦʥʪʘʣʴʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʝʢʮʠʷ (DPS-2F), ʢʨʠʦʛʝʥʥʘʷ ʦʪʢʘʯʥʘʷ ʩʝʢʮʠʷ 

(CPS) ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ (PS) ʙʳʣ 

ʠʟʛʦʪʦʚʣʝʥ ʧʝʨʚʳʤ ʠ ʝʛʦ ʠʩʧʳʪʘʥʠʷ ʟʘʚʝʨʰʝʥʳ. ʆʩʥʦʚʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨ   (MS) ʠ ʜʝʪʝʢʪʦʨ (D) 

ʩʤʦʥʪʠʨʦʚʘʥʳ ʠ ʧʨʦʭʦʜʷʪ ʩʦʚʤʝʩʪʥʳʝ ʪʝʩʪʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʯʘʣʦ ʟʘʧʫʩʢʘ ʫʩʪʘʥʦʚʢʠ ʧʣʘʥʠʨʫʝʪʩʷ ʥʘ ʩʝʨʝʜʠʥʫ 2016 ʛʦʜʘ. 

ʋʢʘʟʘʥʥʘʷ ʜʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʦʢʦʤ ʛʦʪʦʚʥʦʩʪʠ WGTS.  
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3.2.1.2 ʅʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʦʟʥʠʢʰʠʝ ʚ 2014 ʛʦʜʫ 

ɺʳʷʚʣʝʥʘ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʥʝ ʚʦʟʥʠʢʘʣʘ ʨʘʥʝʝ, ʩʦʩʪʦʷʱʘʷ ʚ ʵʤʘʥʘʮʠʷ ʈʘʜʦʥʘ-219 ʠʟ 

ʩʚʘʨʥʳʭ ʰʚʦʚ. ʕʣʝʢʪʨʦʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʩʧʘʜʝ ʨʘʜʦʥʘ, ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʚ ʣʦʚʫʰʢʠ ʚ 

ʦʙʲʝʤʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʧʨʦʠʟʚʦʜʷʪ ʚʪʦʨʠʯʥʫʶ ʠʦʥʠʟʘʮʠʶ ʜʦ ʩʚʦʝʡ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʶʪ ʠʥʪʝʥʩʠʚʥʳʝ ʩʝʨʠʠ ʬʦʥʦʚʳʭ ʩʠʛʥʘʣʦʚ. ʇʨʠ ʚʳʩʦʢʦʤ ʚʘʢʫʫʤʝ ʚ 

ʩʧʝʢʪʨʦʤʝʪʨʝ ʪʘʢʠʝ ʩʝʨʠʠ ʩʣʠʚʘʶʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʳʡ ʬʦʥ ʥʘ ʫʨʦʚʥʝ ʜʦ 800 ɻʮ. ʂ 

ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʬʦʥʘ ʈʘʜʦʥʘ-219 ʧʨʠʚʝʣʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ  

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʪʴ ʩʚʘʨʥʳʝ ʰʚʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʚ ʄʘʡʥʮʝ ʠ ʊʨʦʠʮʢʝ.  ɼʣʷ ʚʳʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʫʩʪʨʘʥʝʥʠʷ ʬʦʥʘ 

ʣʦʚʫʰʝʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ 

ʫʜʝʨʞʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʣʦʚʫʰʢʘʭ ʚ ʩʧʝʢʪʨʦʤʝʪʨʝ.   

3.2.1.3 ʈʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʫ ʂɸʊʈʀʅ ʠ ʀʗʀ ʈɸʅ 

3.2.1.3.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘ ʨʦʚʠʙʨʘʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʇʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʦʙ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʥʪʠʥʝʡʪʨʠʥʦ ʚ ʙʝʪʘ-

ʨʘʩʧʘʜʝ ʪʨʠʪʠʷ ʩʦʩʪʦʠʪ ʩʦʩʪʘʚʣʝʥʠʠ ʙʘʣʘʥʩʘ ʫʪʝʯʝʢ ʠ ʜʦʙʘʚʦʢ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʙʝʪʘ-ʯʘʩʪʠʮʳ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʫʪʝʯʢʘ, ʧʦʩʣʝ ʧʨʦʚʝʨʢʠ ʥʘ ʧʨʘʚʠʣʴʥʫʶ 

ʩʠʛʥʘʪʫʨʫ ʚ ʩʧʝʢʪʨʝ ʙʝʪʘ-ʯʘʩʪʠʮ, ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʤʘʩʩʝ ʧʦʢʦʷ ʥʝʡʪʨʠʥʦ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʘ 

ʯʘʩʪʴ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʨʠʨʦʜʦʡ ʠʩʪʦʯʥʠʢʘ ʪʨʠʪʠʷ. 

ʇʨʠ ʚʳʣʝʪʝ ʙʳʩʪʨʦʡ ʙʝʪʘ-ʯʘʩʪʠʮʳ ʦʩʪʘʪʦʯʥʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʠʦʥ (ʊ3ʅʝ)+ ʠʣʠ 

(ʅ3ʅʝ)+ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʨʦʪʘʮʠʦʥʥʦʛʦ ʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʉʧʝʢʪʨ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʝʦʜʥʦʢʨʘʪʥʦ ʨʘʩʩʯʠʪʘʥ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʥʦ ʥʠʢʦʛʜʘ ʥʝ ʠʩʩʣʝʜʦʚʘʣʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ /7,8/. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʠʩʧʝʨʩʠʶ ʩʧʝʢʪʨʘ ʨʦʚʠʙʨʘʮʠʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʣʫʯʰʝ 1%. ʅʝʜʘʚʥʦ ʈ.ɻ.ʍ. ʈʦʙʝʨʪʩʦʥʦʤ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʰʠʨʠʥʫ ʩʧʝʢʪʨʘ ʨʦʚʠʙʨʠʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʞʥʦ ʧʨʠʧʠʩʘʪʴ 

ʜʚʠʞʝʥʠʶ ʨʘʩʧʘʜʘʶʱʝʛʦʩʷ ʘʪʦʤʘ ʟʘ ʩʯʝʪ ʥʫʣʝʚʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘʯʘʣʴʥʦʡ ʜʚʫʭʘʪʦʤʥʦʡ 

ʤʦʣʝʢʫʣʳ /9/: 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩʦʩʪʦʷʥʠʡ 

 ů(ʊ3ʅʝ)+, eV ů(ʅ3ʅʝ)+, eV 

A.Saenz e.a. 436 379 

Zero vibration 410 349 

 

ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʩʪʘʶʱʘʷʩʷ ʨʘʟʥʠʮʘ ʚ 4 - 8% ʧʨʦʮʝʥʪʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʥʝʫʯʸʪʦʤ ʨʦʪʘʮʠʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠʩʭʦʜʥʦʡ ʤʦʣʝʢʫʣʳ.  
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ʈʠʩʫʥʦʢ 3 - ɹʝʪʘ-ʨʘʩʧʘʜ ʤʦʣʝʢʫʣʳ ʊ2  ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʦʩʪʦʷʥʠʠ çʥʫʣʝʚʳʭè 

ʢʦʣʝʙʘʥʠʡ (ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ) ʠ ʨʦʪʘʮʠʦʥʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʩʪʦʯʥʠʢʘ. ʀʟ ʨʘʙʦʪʳ /9/. 

ʅʘʤʠ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʡ ʢʘʨʪʠʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ çʊʨʦʠʮʢ 

ʥ -ʁʤʘʩʩè ʧʨʠ ʟʘʤʝʥʝ ʦʪʜʘʯʠ ʦʪ ʚʳʣʝʪʘ ʙʝʪʘ-ʯʘʩʪʠʮʳ ʥʘ ʦʪʜʘʯʫ ʦʪ ʨʘʩʩʝʷʥʠʷ ʥʘ ʙʦʣʴʰʦʡ ʫʛʦʣ 

ʵʣʝʢʪʨʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʥʝʨʛʠʠ.  ɸʥʘʣʠʟ ʧʨʝʜʣʦʞʝʥʠʷ ʚʝʣʩʷ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷ. ɹʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʧʨʘʚʢʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʫʣʝʚʳʤʠ ʨʦʪʘʮʠʦʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʠ ʩ 

ʥʝʧʘʨʘʙʦʣʠʯʝʩʢʠʤʠ ʧʦʧʨʘʚʢʘʤʠ ʢ ʧʦʪʝʥʮʠʘʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʊ-ʊ ʤʦʣʝʢʫʣʝ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʥʠ ʥʝ ʦʧʠʩʳʚʘʶʪ ʠʤʝʶʱʝʝʩʷ ʨʘʩʭʦʞʜʝʥʠʝ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʦʢʣʘʜ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

XXVII ʩʦʚʝʱʘʥʠʝ ʧʦ ʧʨʦʝʢʪʫ ʂɸʊʈʀʅ. ʂʨʦʤʝ ʪʦʛʦ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʤʝʶʱʠʝʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʨʘʩʩʝʷʥʠʶ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʝ ʊ2. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʯʪʦ ʥʫʣʝʚʳʤ ʢʦʣʝʙʘʥʠʷʤ ʤʦʣʝʢʫʣʳ ʊ2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʯʠʩʪʦ ɻʘʫʩʩʦʚʩʢʘʷ ʬʦʨʤʘ ʩʧʝʢʪʨʘ ʧʦʪʝʨ ʵʥʝʨʛʠʠ ʨʘʩʩʝʠʚʘʶʱʝʛʦʩʷ ʵʣʝʢʪʨʦʥʘ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʵʥʝʨʛʠʷ ʦʪʜʘʯʠ ʣʝʞʠʪ ʚʳʰʝ ʧʦʨʦʛʘ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣʳ (çʢʚʘʟʠʩʚʦʙʦʜʥʳʡ ʨʝʞʠʤè) 

/10/.  

 



54 
 

ʈʠʩʫʥʦʢ 4 - ʋʰʠʨʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʩʩʝʷʥʠʷ ʥʘ ʤʦʣʝʢʫʣʝ ʊ2. ʀʟ ʨʘʙʦʪʳ /10/. 

ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʯʝʪʥʳʤ ʩʧʝʢʪʨʦʤ ʧʨʠ ʦʪʜʘʯʝ ʚ ʙʝʪʘ-

ʨʘʩʧʘʜʝ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʙʝʪʘ-ʨʘʩʧʘʜʘ ʵʥʝʨʛʠʷ ʦʪʜʘʯʠ ʣʝʞʠʪ 

ʥʠʞʝ ʠʣʠ ʯʫʪʴ ʚʳʰʝ ʵʥʝʨʛʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ (ʊ3ʅʝ)+  ʠʣʠ (ʅ3ʅʝ)+, 

ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʤʝʶʱʝʝʩʷ ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʦʮʝʥʢʝ ʰʠʨʠʥ ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʦʥʝʯʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ.   

 

ʈʠʩʫʥʦʢ 5 - ʈʘʩʯʝʪʥʳʡ ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʡ. ʉʠʥʷʷ ʣʠʥʠʷ - ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ, 

ʯʝʨʥʘʷ - ʧʦʨʦʛ ʜʠʩʩʦʮʠʘʮʠʠ. ʀʟ ʨʘʙʦʪʳ /9/.  

3.2.1.3.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʧʝʢʪʨʦʤʝʪʨʝ 

ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʩʪʦʯʥʠʢʦʤ ʬʦʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ 

ʷʚʣʷʝʪʩʷ ʨʘʩʧʘʜ ʈʘʜʦʥʘ-219 ʠ ʈʘʜʦʥʘ-220. ʀʤʝʶʪʩʷ ʧʣʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʚʚʦʜʠʪʴ ʚ ʩʧʝʢʪʨʦʤʝʪʨ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʈʘʜʦʥʘ-220.  

ʅʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚʤʝʩʪʦ ʈʘʜʦʥʘ-220 ʚʚʦʜʠʪʴ ʚ ʩʧʝʢʪʨʦʤʝʪʨ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ɸʨʛʦʥʘ-37. ʇʨʝʠʤʫʱʝʩʪʚʦ ɸʨʛʦʥʘ-37 ʩʦʩʪʦʠʪ ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʦʣʛʦʞʠʚʫʱʠʭ 

ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ. ʅʘ XXVII ʩʦʚʝʱʘʥʠʝ ʧʦ ʧʨʦʝʢʪʫ ʂɸʊʈʀʅ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʜʦʢʣʘʜ, 

ʦʧʠʩʳʚʘʶʱʠʡ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ɸʨʛʦʥʘ-37 ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʦʪʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ. 
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ʈʠʩʫʥʦʢ 6 - ʉʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ ʠʩʪʦʯʥʠʢʘ ɸʨʛʦʥ-37. ʇʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʣʠʥʠʷ 2,6 

ʢʵɺ ɸʨʛʦʥʘ-37   

3.2.1.3.3 ʈʘʟʨʘʙʦʪʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʚʳʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʫʢʘʟʘʥʠʡ ʥʘ ʥʦʚʫʶ ʬʠʟʠʢʫ ʚ ʙʝʪʘ-ʨʘʩʧʘʜʝ ʪʨʠʪʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʫʩʪʘʥʦʚʢʝ ʂɸʊʈʀʅ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʠʩʢ ʩʠʛʥʘʣʘ ʦʪ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʤʘʩʩʦʡ ʚ ʦʙʣʘʩʪʠ ʢʵɺ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʩʧʝʢʪʨ ʙʝʪʘ-ʨʘʩʧʘʜʘ ʪʨʠʪʠʷ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʦʚ. ʋʨʦʚʝʥʴ ʧʨʠʤʝʩʠ ʥʦʚʦʛʦ ʤʘʩʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʫʨʦʚʥʝ 10-5 

ð 10-7. ʇʨʠ ʵʪʦʤ ʠʤʝʶʱʘʷʩʷ ʪʦʯʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʨʘʩʧʘʜʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʭʦʜʠʪʴ ʜʘʥʥʫʶ 

ʧʨʦʙʣʝʤʫ. ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʝ ʢʚʘʟʠʦʧʪʠʤʘʣʴʥʳʭ 

ʤʦʤʝʥʪʦʚ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʣʦʞʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ PANIC 2014. 

3.2 ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. C. Kraus et al. Eur. Phys. J. C 40, 447ï468 (2005) 

2. V.M.Lobashev. Nuclear Physics A, Volume 719, 19 May 2003, pp. 153-160. 

3. arXiv: hep-ex 0109033, 21 Sept 2001.  http://bibliothek.fzk.de/zb/berichte/FZKA7090.pdf     

4. M. Sisti et al., NIM A520 (2004) 125  

     F.Gatti, Nucl. Phys. B91 (2001) 293  

5 http://crio.mib.infn.it/wig/silicini/proposal/proposal_MARE_v2.6.pdf 

6.http://artico.mib.infn.it/numass2013/images/slides/Gastaldo_ECHo_experiment_NuMass2

013.pdf 

7. A.Saenz, S.Jonsell, Froelich; PRL 84, 242 (2000). 

8. N. Doss, J. Tennyson, A. Saenz, and S. Jonsell Phys. Rev. C 73, 025502  (2006) 
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9.https://neutrino.ikp.kit.edu/katrin/images/0/09/Hamish-Robertson-Phenomenology-of-the-

Final-State.pdf 

10. M. Vos and M. R. Went Phys. Rev. B 74, 205407  ( 2006) 

ʂʦʥʬʝʨʝʥʮʠʠ ʠ ʨʘʙʦʯʠʝ ʩʦʚʝʱʘʥʠʷ. 

1. A.V. Lokhov, F.V. Tkachev Statistical criteria for possible indications of new physics in 

tritium beta-decay spectra. PANIC 2014 

XXVI ʩʦʚʝʱʘʥʠʝ ʧʦ ʧʨʦʝʢʪʫ ʂɸʊʈʀʅ: 

2. ʉ.ɺ. ɿʘʜʦʨʦʞʥʳʡ Status of Troitsk nu-mass setup 

3. ɸ.ɺ. ʃʦʭʦʚ Sensitivity limit method: confidence intervals with apriori parameters bounds  

ʈʘʙʦʯʝʝ ʩʦʚʝʱʘʥʠʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʧʝʢʪʨʘ ʢʦʥʝʯʥʳʭ ʩʦʩʪʦʷʥʠʡ: 

3. ʅ.ʊʠʪʦʚ "Troitsk ɜ-massñ KATRIN activity ï 2014 

XXVII ʩʦʚʝʱʘʥʠʝ ʧʦ ʧʨʦʝʢʪʫ ʂɸʊʈʀʅ: 

4. ɸ.ɺ. ʃʦʭʦʚ Possible test of T2-molecule initial states spectrum.  

5. ɼ.ʅ. ɸʙʜʫʨʘʰʠʪʦʚ Ar-37 production for the test purposes. 

3.2 ʇʫʙʣʠʢʘʮʠʠ 

1. F.M. Fraenkle, F. Glueck, K. Valerius, K. Bokeloh, A. Beglarian, J. Bonn, L. Bornschein, 

G. Drexlin, F. Habermehl, M.L. Leber, E.W. Otten, M. Steidl, T. Thuemmler, C. Weinheimer, J.F. 

Wilkerson,, J. Wolf, S.V. Zadorozhny Penning discharge in the KATRIN pre-spectrometer F M 

Frªnkle et al 2014 JINST 9 P07028 doi:10.1088/1748-0221/9/07/P07028 

3.2 ʈʝʟʫʣʴʪʘʪʳ 

1. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʨʦʚʠʙʨʘʮʠʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ 

ʨʘʩʧʘʜʝ ʤʦʣʝʢʫʣʳ ʊ2. 

2. ʇʦʜʛʦʪʦʚʣʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʠʟʦʪʦʧʘ ɸʨʛʦʥ-37 ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʨʘʩʧʘʜʘ ʚ ʦʩʥʦʚʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ. 

3. ʈʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʢʨʠʪʝʨʠʠ ʚʳʜʝʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʧʝʢʪʨʝ ʙʝʪʘ-ʨʘʩʧʘʜʘ ʪʨʠʪʠʷ 

(ʩʪʝʨʠʣʴʥʳʝ ʥʝʡʪʨʠʥʦ, ʩʪʝʧ ï ʵʬʬʝʢʪ). 

3.2 ʇʣʘʥ ʈʦʩʩʠʡʩʢʦʡ ʛʨʫʧʧʳ ʚ 2015 ʛ. 

ʈʘʟʨʘʙʦʪʢʘ ʢʨʠʪʝʨʠʝʚ ʚʳʜʝʣʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ  ʩʪʨʫʢʪʫʨ ʚ ʩʧʝʢʪʨʝ ʙʝʪʘ ï ʨʘʩʧʘʜʘ ʪʨʠʪʠʷ 

(ʩʪʝʨʠʣʴʥʳʝ ʥʝʡʪʨʠʥʦ). 

ʈʘʩʯʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʩʝʷʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʜʝʪʝʢʪʦʨʘ. 

http://dx.doi.org/10.1088/1748-0221/9/07/P07028
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3.3 ʇʦʠʩʢ ʨʝʜʢʠʭ ʤʶʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ çmu2eè 

3.3 ʈɽʌɽʈɸʊ 

ʤʶʦʥ, ʨʝʜʢʠʝ ʨʘʩʧʘʜʳ ʤʶʦʥʘ, ʥʘʨʫʰʝʥʠʝ ʣʝʧʪʦʥʥʳʭ ʯʠʩʝʣ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʩʦʭʨʘʥʝʥʠʷ 

ʣʝʧʪʦʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ. ʆʙʥʘʨʫʞʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʝʤʝʡʩʪʚʘʤʠ ʣʝʧʪʦʥʦʚ ʙʫʜʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚʥʝ ʨʘʤʦʢ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ.  

ʎʝʣʴ ʨʘʙʦʪʳ - ʧʦʠʩʢ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʨʩʠʠ ʤʶʦʥʘ ʥʘ ʷʜʨʝ, ʠʜʫʱʝʛʦ ʩ ʥʘʨʫʰʝʥʠʝʤ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʣʝʧʪʦʥʥʳʭ ʯʠʩʝʣ ʩ ʫʨʦʚʥʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʝʚʳʰʘʶʱʝʤ ʥʘ ʧʷʪʴ ʧʦʨʷʜʢʦʚ 

ʩʦʚʨʝʤʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ,  ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ Mu2e 

ʧʨʦʚʦʜʠʤʦʤ ʚ FNAL (Chicago)  ʉʐɸ.  ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʣʦʞʝʥʘ (1989 ʛ.)  ʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʥʩʪʠʪʫʪʘ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ Mu2e ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʙʥʘʨʫʞʝʥʠʶ ʥʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʦʨʦʞʜʘʝʤʳʭ ʥʦʚʳʤʠ ʪʷʞʝʣʳʤʠ ʯʘʩʪʠʮʘʤʠ ʩ ʤʘʩʩʘʤʠ 

º1000 ʊʵɺ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ  ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ. ʆʩʥʦʚʥʘʷ 

ʮʝʣʴ ʛʨʫʧʧʳ ʠʟ ʀʗʀ ʈɸʅ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʥʦʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʘ LYSO ʩ ʥʦʚʳʤ ʬʦʪʦ ʜʝʪʝʢʪʦʨʦʤ APD (Avalanche 

Photodiode) ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ (3in1), 

ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʠʩʢ ʪʨʝʭ ʨʝʜʢʠʭ ʨʘʩʧʘʜʦʚ ɛ->e ʢʦʥʚʝʨʩʠʠ, ɛ->eɔ ʠ   ɛ->eee ʥʘ ʦʜʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

оΦо ˤ͍͔͔͙͔͒ͤ 

ʇʦʠʩʢ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʚʳʭʦʜʷʱʠʭ ʟʘ ʧʨʝʜʝʣʳ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ. ʇʦʠʩʢ ʚʦʟʤʦʞʝʥ ʢʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʢʦʣʣʘʡʜʝʨʘʭ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʫʧʥʦʡ ʵʥʝʨʛʠʝʡ (LHC, Tevatron), ʪʘʢ ʠ ʚ ʧʨʝʮʠʟʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ. ʇʨʠ ʵʪʦʤ ʜʚʘ ʫʢʘʟʘʥʥʳʭ 

ʢʣʘʩʩʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʘʶʪ ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ.  ɺʘʞʥʝʡʰʝʡ ʧʨʦʙʣʝʤʦʡ, 

ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʧʨʝʮʠʟʠʦʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʠʜʫʱʠʭ ʩ 

ʥʘʨʫʰʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʣʝʧʪʦʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ. ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʉʪʘʥʜʘʨʪʥʘʷ 

ʤʦʜʝʣʴ ʥʝ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʤʝʭʘʥʠʟʤʦʚ ʥʘʨʫʰʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ, ʤʶʦʥʥʦʛʦ ʠ ʪʘʫ ʣʝʧʪʦʥʥʦʛʦ 

ʯʠʩʝʣ, ʦʥʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʪʝʦʨʠʷʭ, ʨʘʩʰʠʨʷʶʱʠʭ 

ʉʪʘʥʜʘʨʪʥʫʶ ʤʦʜʝʣʴ. ʅʘʠʙʦʣʴʰʠʡ ʧʨʦʛʨʝʩʩ ʜʦʩʪʠʛʥʫʪ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʝʜʢʠʭ ʤʶʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʜʫʱʠʭ ʥʘʨʫʰʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʤʶʦʥʥʦʛʦ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ  ʧʨʦʮʝʩʩʦʚ ʠʜʫʱʠʭ ʩ ʥʘʨʫʰʝʥʠʝʤ ʣʝʧʪʦʥʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ.  
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ʈʠʩʫʥʦʢ 1 - ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʚʝʨʭʥʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʪʨʝʭ 

ʤʶʦʥʥʳʭ ʠ ʜʚʫʭ ʢʘʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʜʫʱʠʭ ʩ ʥʘʨʫʰʝʥʠʝʤ ʣʝʧʪʦʥʥʳʭ ʯʠʩʝʣ.  

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʥʝ ʤʦʞʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʧʨʦʮʝʩʩ ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ʧʦʠʩʢʫ ʥʘʨʫʰʝʥʠʷ ʣʝʧʪʦʥʥʳʭ ʯʠʩʝʣ. ʇʦʠʩʢ ʪʨʝʭ   ʨʝʜʢʠʭ ʤʶʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ (ɛ->e ʢʦʥʚʝʨʩʠʠ, ɛ->eɔ ʠ   ɛ->eee) ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʪʨʝʤ ʚʦʟʤʦʞʥʳʤ ʥʦʚʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʣʝʧʪʦʥ-ʢʚʘʨʢ, ʣʝʧʪʦʥ-ʬʦʪʦʥ ʠ ʣʝʧʪʦʥ-ʣʝʧʪʦʥ  ʥʘ ʙʘʟʝ ʦʜʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʨʫʰʝʥʠʝʤ 

ʣʝʧʪʦʥʥʳʭ ʯʠʩʝʣ.  ʕʢʩʧʝʨʠʤʝʥʪ Mu2e ʧʦ ʧʦʠʩʢʫ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʨʩʠʠ ʤʶʦʥʘ ʥʘ ʷʜʨʝ ʙʳʣ 

ʧʨʠʥʷʪ DOE (Department of Energy, US) 11 ʥʦʷʙʨʷ 2009.  

 

  

ʈʠʩʫʥʦʢ 2 - ʕʢʩʧʝʨʠʤʝʥʪ Mu2e ʧʦ ʧʦʠʩʢʫ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʨʩʠʠ ʤʶʦʥʘ ʥʘ ʷʜʨʝ.  
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3.3.1 ʉʦʩʪʦʷʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ çMu2eè ʥʘ ʢʦʥʝʮ 2014 ʛʦʜʘ 

ɺ  2014 ʛ. ʟʘʚʝʨʰʝʥʘ ʩʪʘʜʠʷ  CD-1 ʵʢʩʧʝʨʠʤʝʥʪʘ: ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ, ʦʮʝʥʢʘ 

ʩʪʦʠʤʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʜʛʦʪʦʚʣʝʥ ʊDR (Technical Design Report), ʢʦʪʦʨʳʡ ʟʘʚʝʨʰʘʝʪ ʵʪʫ 

ʨʘʙʦʪʫ. ʆʜʦʙʨʝʥ ʠ ʫʪʚʝʨʞʜʝʥ ʙʶʜʞʝʪ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ CD-2/3 ʵʢʩʧʝʨʠʤʝʥʪʘ  ʢʦʤʠʪʝʪʦʤ 

DOE ʉʐɸ  ʚ 2014 ʛ. ʇʣʘʥʠʨʫʝʪʩʷ ʟʘʚʝʨʰʠʪʴ ʩʪʘʜʠʶ  CD-2 ʚ 2015 ʛ. ʠ ʧʝʨʝʭʦʜ ʢ ʩʪʘʜʠʠ CD-3 

ʟʘʚʝʨʰʘʶʱʝʡ ʩʦʟʜʘʥʠʝ ʫʩʪʘʥʦʚʢʠ.  

3.3.2 ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ (3in1) ʵʢʩʧʝʨʠʤʝʥʪʘ Mu2e 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ (3in1) ʧʦʟʚʦʣʠʪ  ʚʝʩʪʠ  ʧʦʠʩʢ ʪʨʝʭ ʨʝʜʢʠʭ 

ʧʨʦʮʝʩʩʦʚ  (ɛ->e ʢʦʥʚʝʨʩʠʠ, ɛ->eɔ ʠ   ɛ->eee)   ʥʘ ʦʜʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʦʜʥʠʤ ʦʙʱʠʤ ʥʘʙʦʨʦʤ 

ʤʦʜʫʣʝʡ ʜʝʪʝʢʪʦʨʦʚ. ʇʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʠʟ ʪʨʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢ ʜʨʫʛʦʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʩʪʦʡ ʧʝʨʝʩʪʘʥʦʚʢʦʡ ʤʦʜʫʣʝʡ. ɺʝʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʤʝʪʦʜ ʧʦʠʩʢʘ ʨʝʜʢʠʭ 

ʤʶʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʧʨʦʪʦʥʥʦʛʦ ʧʫʯʢʘ ʠ 

ʦʙʲʝʜʠʥʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʤʶʦʥʦʚ, ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʘ ʠ ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʯʘʩʪʠ 

ʫʩʪʘʥʦʚʢʠ  ʚ ʦʜʥʫ ʤʘʛʥʠʪʥʫʶ ʩʠʩʪʝʤʫ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʧʦʣʝʤ. ʈʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʢʦʤʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʩʥʦʚʥʳʭ ʬʦʥʦʚ ʧʨʦʮʝʩʩʦʚ  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʚʳʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʦʠʩʢʫ ʧʨʦʮʝʩʩʦʚ  (ɛ->e 

ʢʦʥʚʝʨʩʠʠ, ɛ->eɔ ʠ   ɛ->eee)   ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʫʨʦʚʥʝʤ ʚ 105 , 300 ʠ 100 ʨʘʟ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

3.3.3 ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʩʪʘʣʣʘ LYSO 

ɺ ʨʘʤʢʘʭ ʪʝʤʳ ʩʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʨʠʩʪʘʣʣʦʚ LYSO, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʪʦʪʠʧʘ ʢʘʣʦʨʠʤʝʪʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘ Mu2e. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʩʠʩʪʝʤʦʡ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʂɸʄɸʂ, ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3. ʋʩʪʘʥʦʚʢʘ ʩʦʟʜʘʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʦʪʜʝʣʦʚ ʂʆʈʕ (ʆ. ʂʘʨʘʚʠʯʝʚ, ɺ. ʇʦʩʪʦʝʚ), ʆʕʌ 

(ʖ. ʈʷʙʦʚ) ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʃʌʗʈ (ɺ. ʅʝʜʦʨʝʟʦʚ, ɸ. ʈʫʩʘʢʦʚ).  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʝ LYSO, 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʚʢʣʘʜʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʀʟʤʝʨʝʥʠʝ ʨʘʟʥʠʮʳ A1 ï A2 ʠ ʩʫʤʤʳ A1 + A2 ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ 

APD ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʚʢʣʘʜ ʚ ʨʘʟʨʝʰʝʥʠʝ ʢʘʣʦʨʠʤʝʪʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʬʣʫʢʪʫʘʮʠʷʤʠ ʬʦʪʦ ʩʪʘʪʠʩʪʠʢʠ ʠ ʰʫʤʘʤʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ. ʀʟʤʝʨʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʣʦʚ LYSO ʩʦʧʨʷʞʝʥʦ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʩʦʙʩʪʚʝʥʥʳʤ ʩʚʝʯʝʥʠʝʤ ʚ ʢʨʠʩʪʘʣʣʝ ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ ʨʝʜʢʦ ʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 

Lu.   ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʡ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʨʘʚʥʫʶ 500 Hz/cm3. ɼʣʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ LYSO:Ce (95% Lu/ 5% Y) ʨʘʟʤʝʨʦʤ 3x3x5 cm3 , ʧʨʦʠʟʚʦʜʩʪʚʘ 
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PROTEUS (USA), ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʡ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ - 18  kHz. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʵʪʠʭ ʩʮʠʥʪʠʣʣʷʮʠʡ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʜʦ 1 ʄʵɺ.  

ʆʩʥʦʚʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʨʠʩʪʘʣʣʘ - ɻ ʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʧʨʠ 

ʧʦʤʦʱʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʝʚʳʰʘʶʱʠʭ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʯʘʩʪʦʪʫ   ʩʦʙʩʪʚʝʥʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʡ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʦʚ. 

 

ʈʠʩʫʥʦʢ 3 - ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ (ʩʣʝʚʘ) ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ (ʩʧʨʘʚʘ)  ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ LYSO . 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ APD ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʢʘʣʦʨʠʤʝʪʨʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʌʕʋ, ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ. ʂʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ APD ʙʦʣʴʰʝ, ʯʝʤ ʬʦʪʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʤʥʦʞʠʪʝʣʷ 

(ʌʕʋ) ʚ 3-3.5 ʨʘʟʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʨʘʚʥʫʶ 70-80%.  ɼʣʷ ʨʘʙʦʪʳ ʩ APD ʥʝʦʙʭʦʜʠʤ 

ʙʳʩʪʨʳʡ ʤʘʣʦʰʫʤʷʱʠʡ ʟʘʨʷʜʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʨʝʜʫʩʠʣʠʪʝʣʴ-ʬʦʨʤʠʨʦʚʘʪʝʣʴ. ʅʘ ʨʠʩ. 4 

ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʧʨʝʜʫʩʠʣʠʪʝʣʷ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʩʙʦʨʢʠ 2ʭ ʢʘʥʘʣʦʚ ʧʨʝʜʫʩʠʣʠʪʝʣʷ-

ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʩ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʬʠʣʴʪʨʦʤ.  

  

 

ʈʠʩʫʥʦʢ 4 - ʉʭʝʤʘ  ʧʨʝʜʫʩʠʣʠʪʝʣʷ (ʩʣʝʚʘ) ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʩʙʦʨʢʠ 2ʭ ʢʘʥʘʣʦʚ 

ʧʨʝʜʫʩʠʣʠʪʝʣʷ-ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʩ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʬʠʣʴʪʨʦʤ. 
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ʉʧʝʢʪʨ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʝ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʝ  ʩ 

ʧʦʤʦʱʴʶ GEANT3, ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ   ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʃʘʥʜʘʫ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʦʪʝʨʴ 

ʨʘʚʥʳʤ 28 ʄʵɺ (ʨʠʩ. 5). 

           

ʈʠʩʫʥʦʢ 5 - ʉʧʝʢʪʨ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʝ (ʘ). ʉʭʝʤʘ 

ʠʟʤʝʨʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ LYSO ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʦʚ (ʙ) 

ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʢʨʠʩʪʘʣʣʘ  LYSO ʩ ʧʨʠʢʣʝʝʥʥʳʤʠ APD1-2 (ʚ). 

 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ LYSO (ůE/E ) ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ 

ʠʟ ʩʧʝʢʪʨʘ (A1-A2)/(A1+A2) (ʨʠʩ. 6 ʙ) ʠ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʨʘʚʥʫʶ ůE/E = 0.18%/ãɽ , ʛʜʝ ɽ 

ï ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʵʥʝʨʛʠʷ ʚʳʜʝʣʝʥʥʘʷ ʚ ʢʨʠʩʪʘʣʣʝ ʤʶʦʥʦʤ ʨʘʚʥʘʷ 0.028 ɻʵɺ. 

 

ʈʠʩʫʥʦʢ 6 - ʉʧʝʢʪʨ ʩʫʤʤʳ (ʘ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʨʘʟʥʦʩʪʠ (ʙ) ʩʠʛʥʘʣʦʚ ʦʪ ʜʚʫʭ ʬʦʪʦ 

ʜʝʪʝʢʪʦʨʦʚ (APD)   ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʝ. 
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ʇʦʜʛʦʪʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʢʨʠʩʪʘʣʣʘ  LYSO ʩ 

ʥʦʚʳʤʠ APD (S1315, RMD, USA) ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ 13ʭ13ʤʤ2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ  APD 

ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʩʚʝʪʦʩʙʦʨ ʚ 1.7 ʨʘʟʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʥʦʚʦʡ ʪʦʢ APD S1315 ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ  ʙʦʣʴʰʝ ʯʝʤ ʜʣʷ APD Hamamatsu  S8664. 

 

ʈʠʩʫʥʦʢ 7 - ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ (ʩʣʝʚʘ) ʠ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ APD 

(ʩʧʨʘʚʘ) S1315 ʦʪ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʦʜʛʦʪʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʢʨʠʩʪʘʣʣʘ  LYSO ʩ 

ʥʦʚʳʤʠ APD (S1315, RMD, USA) ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ 13ʭ13ʤʤ2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ  APD 

ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʩʚʝʪʦʩʙʦʨ ʚ 1.7 ʨʘʟʘ ʠ ʪʝʤ ʩʘʤʳʤ ʫʣʫʯʰʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʢʨʠʩʪʘʣʣʘ  LYSO.  ʀʟʤʝʨʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ ʩʠʛʥʘʣʘ  APD, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ 

ʯʝʨʝʟ ʬʘʢʪʦʨ F (axcess noise factor)   ʠ ʯʠʩʣʦ ʧʝʨʚʠʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ Ne , ů/N = ãF/Ne. 

ʌʘʢʪʦʨ F ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʣʠʯʠʥʫ ʬʣʫʢʪʫʘʮʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʤʥʦʞʝʥʠʷ  APD.  ɺ ʩʣʫʯʘʝ 

ʙʦʣʴʰʦʛʦ  ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʤʥʦʞʝʥʠʷ M >> 1 ʬʘʢʪʦʨ   F  ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ F = 2 + k M. ʂʚʘʜʨʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ ʩʠʛʥʘʣʘ (Q = Ne M) ʟʘ ʚʳʯʝʪʦʤ ʰʫʤʦʚ 

ʵʣʝʢʪʨʦʥʠʢʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ  ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ (ů2 ï ůe2)/Q = 2/Ne + Q k/Ne2 . ʅʘ ʨʠʩ. 8 

ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʚʘʜʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ ʩʠʛʥʘʣʘ ʟʘ ʚʳʯʝʪʦʤ ʰʫʤʦʚ 

ʵʣʝʢʪʨʦʥʠʢʠ ʦʪ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ Q, ʚʳʨʘʞʝʥʥʦʡ ʚ ʝʜʠʥʠʮʘʭ ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ. ʏʠʩʣʦ 

ʧʝʨʚʠʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ Ne  ʠ ʢʦʵʬʬʠʮʠʝʥʪ k   ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʠʪʘ ʨʠʩ. 2: 

Ne  = 2/p0 = 1300, k = p1 Ne2 = 2 10-3 . ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ  ʬʘʢʪʦʨ  F  = 2.4 

ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʤʥʦʞʝʥʠʷ ʨʘʚʥʦʛʦ 200.  
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ʈʠʩʫʥʦʢ 8 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʚʘʜʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ ʩʠʛʥʘʣʘ 

 

3.3 ɿʘʢʣʶʯʝʥʠʝ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʜʦʩʪʠʞʝʥʠʷ  ʚ 2014 ʛʦʜʫ 

ʇʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ   ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʦʚ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʘ LYSO ʩ ʜʚʫʤʷ ʬʦʪʦ ʜʝʪʝʢʪʦʨʘʤʠ Hamamatsu APD S8664-1010, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ  

ʚʝʣʠʯʠʥʫ ʨʘʚʥʫʶ ůE/E = 0.18%/ãɽ . ʇʦʜʛʦʪʦʚʣʝʥʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʠʩʧʝʨʩʠʠ ʩʠʛʥʘʣʘ  ʠ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ APD. 

ɸʜʨʝʩʩ web-ʩʪʨʘʥʠʮʳ ʧʨʦʝʢʪʘ:         mu2e.fnal.gov 

3.3 ʇʫʙʣʠʢʘʮʠʠ 

ʆʪʧʨʘʚʣʝʥʳ ʚ ʞʫʨʥʘʣʳ  ʜʚʝ ʨʘʙʦʪʳ:  

K. Afanaciev, é R. Djilkibaev et al.,  Response of LYSO:Ce scintillation crystals to low         

energy gamma rays.  ʇʠʩʴʤʘ ʚ ʕʏɸʗ. 

 R. Djilkibaev, V. Karavichev, V. Postoev, LYSO scintillator studies for a fast low-energy 

calorometer. ɺ  JINST. 

3.3 ʇʣʘʥ ʈʦʩʩʠʡʩʢʦʡ ʛʨʫʧʧʳ ʚ 2015 ʛ. 

ʇʨʦʚʝʜʝʥʠʝ  ʠʟʤʝʨʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʦʚ, 

ʥʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ LYSO (3ʭ3ʭ11 ʩʤ3)  ʧʨʦʠʟʚʦʜʩʪʚʘ Saint-Gobain ʩ ʨʘʟʥʳʤʠ ʣʘʚʠʥʥʳʤ ʬʦʪʦ-

ʜʠʦʜʦʤ (APD) ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ Hamamatsu S8664 10x10 mm2   ʠ RMD 13x13 mm2. 

ʀʟʤʝʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʜʣʷ ʙʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʛʦʜʦʩʢʦʧʘ, 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʚʦʣʦʢʥʘ ʥʦʚʳʤ ʢʨʝʤʥʠʝʚʳʤ ʬʦʪʦ-ʫʤʥʦʞʠʪʝʣʝʤ (SiPM) SensL MicroFC-

30035_SMT  ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ ʰʫʤʦʚ. ʆʪ ʀʗʀ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʯʘʩʪʚʫʝʪ 2 ʯʝʣʦʚʝʢ. 

ɿʘʧʨʘʰʠʚʘʝʤʳʝ ʩʨʝʜʩʪʚʘ ʥʘ 2015 ʛʦʜ: ʇʦʢʫʧʢʘ ʢʨʝʤʥʠʝʚʳʭ ʌʕʋ ʠ  ʵʣʝʢʪʨʦʥʠʢʠ APD ï 200 ʪ. 

ʨʫʙ.   
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3.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʥʘ 

ʫʩʪʘʥʦʚʢʝ PHENIX 

3.4 ʈʝʬʝʨʘʪ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʧʣʦʪʥʦʡ 

ʠ ʛʦʨʷʯʝʡ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ. ʇʦʩʪʘʚʣʝʥʥʘʷ 

ʟʘʜʘʯʘ ʩʚʷʟʘʥʘ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʂʍɼ ʚʝʱʝʩʪʚʘ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ  ʧʣʦʪʥʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʟʘʪʨʘʛʠʚʘʝʪ ʤʥʦʛʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠ, ʪʘʢʠʝ ʢʘʢ: ʧʨʠʨʦʜʘ 

ʢʦʥʬʘʡʥʤʝʥʪʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʠʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ, ʢʦʩʤʦʣʦʛʠʷ ʨʘʥʥʝʡ ʚʩʝʣʝʥʥʦʡ, 

ʘʩʪʨʦʬʠʟʠʢʘ ʢʦʤʧʘʢʪʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʩʦʛʣʘʰʝʥʠʷ ʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʀʗʀ ʈɸʅ ʩ ɹʨʫʢʭʵʚʝʥʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ, ʉʐɸ. ʕʢʩʧʝʨʠʤʝʥʪ 

PHENIX ʧʨʦʜʦʣʞʘʝʪʩʷ ʫʞʝ 14 ʣʝʪ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʛʨʫʧʧʳ ʠʟ ʀʗʀ ʈɸʅ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʨʝʡʬʦʚʳʭ ʢʘʤʝʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʣʝʯʘ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢ ʞʝ ʚ 

ʨʘʙʦʪʝ ʥʘʜ ʩʪʘʪʴʷʤʠ, ʛʦʪʦʚʷʱʠʤʠʩʷ ʢ ʧʝʯʘʪʠ.  

3.4. ɺʚʝʜʝʥʠʝ 

ʇʦʩʪʨʦʝʥʠʝ ʢʚʘʥʪʦʚʦʡ ʭʨʦʤʦʜʠʥʘʤʠʢʠ (ʂʍɼ) ʷʚʠʣʦʩʴ ʧʦʚʦʨʦʪʥʳʤ ʧʫʥʢʪʦʤ ʚ 

ʧʦʥʠʤʘʥʠʠ ʧʨʠʨʦʜʳ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʂʍɼ ʩʪʘʣʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʝʦʨʠʝʡ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʩʢʦʨʝ ʥʘ ʩʪʳʢʝ ʥʝʩʢʦʣʴʢʠʭ ʦʙʣʘʩʪʝʡ 

ʬʠʟʠʢʠ - ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʢʚʘʥʪʦʚʦʡ ʭʨʦʤʦʜʠʥʘʤʠʢʠ ʠ ʚ 

ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʘʩʪʨʦʬʠʟʠʢʠ - ʩʪʘʣʦ ʨʘʟʚʠʚʘʪʴʩʷ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʂʍɼ 

ʚʝʱʝʩʪʚʘ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ  ʧʣʦʪʥʦʩʪʠ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ 

ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ ʠ ʪʝʦʨʝʪʠʢʦʚ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ. ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣ ʟʘʧʫʩʢ ʚ 2000 ʛʦʜʫ ʫʩʢʦʨʠʪʝʣʷ ʥʘ ʚʩʪʨʝʯʥʳʭ ʧʫʯʢʘʭ, Relativistic Heavy Ion 

Collider, RHIC, ʚ ɹʨʫʢʭʝʚʝʥʩʢʦʡ ʅʘʮʠʦʥʘʣʴʥʦʡ ʃʘʙʦʨʘʪʦʨʠʠ ʉʐɸ. ʆʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʧʦʩʪʨʦʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜ ʧʨʦʛʨʘʤʤʫ ʠʟʫʯʝʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ ʷʜʝʨ ʩ ʤʘʩʩʦʡ ʚʧʣʦʪʴ ʜʦ 

ʟʦʣʦʪʘ ʠ ʵʥʝʨʛʠʝʡ 200 ɻʵɺ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ ʜʚʫʭ ʥʫʢʣʦʥʦʚ.  ɺ ʪʝʯʝʥʠʝ 14-ʪʠ ʣʝʪ ʥʘ 

ʫʩʢʦʨʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚʝʜʸʪ ʠʟʤʝʨʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪ PHENIX. ɺ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ 

ʥʘʯʥʸʪʩʷ ʥʘʙʦʨ ʩʪʘʪʠʩʪʠʢʠ ʚ 2014 ʛʦʜʫ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʩʪʦʣʴ ʜʣʠʪʝʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʢʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʨʝʡʬʦʚʳʭ ʢʘʤʝʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʣʝʯʘ. ɺ.ʉ. ʇʘʥʪʫʝʚ ʷʚʣʷʝʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤ 

ʵʢʩʧʝʨʪʦʤ, ʩʣʝʜʷʱʠʤ ʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʵʪʠʭ ʜʝʪʝʢʪʦʨʦʚ. ʅʘʙʦʨ ʩʪʘʪʠʩʪʠʢʠ, ʙʝʟʫʩʣʦʚʥʦ 

ʩʚʷʟʘʥ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʨʫʛʣʦʩʫʪʦʯʥʦʡ ʨʘʙʦʪʳ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʛʦʜʦʚʦʛʦ ʧʝʨʠʦʜʘ ʠʟʤʝʨʝʥʠʡ.  

ʇʦʤʠʤʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʦʜʷʱʠʭʩʷ ʥʘ  ʫʩʪʘʥʦʚʢʝ çPHENIXè, ʚʝʜʸʪʩʷ 

ʧʦʜʛʦʪʦʚʢʘ ʢ ʧʫʙʣʠʢʘʮʠʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ.  ɺ.ʉ. ʇʘʥʪʫʝʚ ʚ 2014 ʛ. ʷʚʣʷʣʩʷ ʨʫʢʦʚʦʜʠʪʝʣʝʤ 

ʚʥʫʪʨʝʥʥʝʡ ʛʨʫʧʧʳ ʧʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʦʜʥʦʡ ʠʟ ʩʪʘʪʝʡ ʦʪ ʠʤʝʥʠ ʚʩʝʡ ʢʦʣʣʘʙʦʨʘʮʠʠ. 
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3.4 ʈʘʙʦʪʳ, ʧʨʦʚʝʜʸʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʢʝ çPHENIXè ʚ 2014 ʛʦʜʫ 

ʅʘ ʫʩʪʘʥʦʚʢʝ ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʸʥ ʨʝʤʦʥʪ ʦʜʥʦʡ ʠʟ ʜʨʝʡʬʦʚʳʭ ʢʘʤʝʨ. ʂʘʤʝʨʘ, ʨʘʟʤʝʨ 

ʢʦʪʦʨʦʡ 2 ʥʘ 4.5 ʤʝʪʨʘ, ʙʳʣʘ ʚʩʢʨʳʪʘ. ʇʨʦʠʟʚʝʜʸʥ ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʧʨʦʚʦʣʦʢ. ɺʩʝ 

ʧʦʨʚʘʥʥʳʝ ʥʠʪʠ ʙʳʣʠ ʫʜʘʣʝʥʳ ʧʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ 

ʥʘ ʚʳʚʝʜʝʥʥʦʡ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʦʥʳ ʢʘʤʝʨʝ. ɺ ʦʢʪʷʙʨʝ ʤʝʩʷʮʝ ʨʘʙʦʪʘ ʙʳʣʘ ʫʩʧʝʰʥʦ 

ʟʘʚʝʨʰʝʥʘ. ʂʘʤʝʨʳ ʧʨʦʚʝʨʝʥʳ ʢʘʢ ʧʦ ʚʳʩʦʢʦʤʫ ʥʘʧʨʷʞʝʥʠʶ, ʪʘʢ ʠ ʧʦ ʩʠʩʪʝʤʝ ʩʯʠʪʳʚʘʥʠʷ ʠ 

ʛʦʪʦʚʳ ʢ ʥʘʯʘʣʫ ʥʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʬʝʚʨʘʣʝ 2015 ʛʦʜʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʫʢʦʚʦʜʠʪʝʣʷ ʩʤʝʥʳ ʧʨʠʥʷʪʦ ʫʯʘʩʪʠʝ ʚ 8-ʤʠ ʜʥʝʚʥʦʤ ʜʝʞʫʨʩʪʚʝ ʥʘ ʩʤʝʥʘʭ. 

ʂʘʢ ʯʣʝʥ ʢʦʤʠʪʝʪʘ ʧʦ ʜʝʪʝʢʪʦʨʘʤ ɺ.ʉ. ʇʘʥʪʫʝʚ ʫʯʘʩʪʚʫʝʪ ʚ ʝʞʝʤʝʩʷʯʥʳʭ ʩʦʚʝʱʘʥʠʷʭ 

ʢʦʤʠʪʝʪʘ. 

3.4 ɿʘʢʣʶʯʝʥʠʝ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʜʦʩʪʠʞʝʥʠʷ  ʚ 2014 ʛʦʜʫ 

ʋʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥ ʨʝʤʦʥʪ ʜʨʝʡʬʦʚʳʭ ʢʘʤʝʨ. ʇʨʠʥʷʪʦ ʫʯʘʩʪʠʝ ʚ ʩʤʝʥʘʭ ʧʦ ʥʘʙʦʨʫ 

ʩʪʘʪʠʩʪʠʢʠ. 
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ʆʙʝʩʧʝʯʠʪʴ ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʜʨʝʡʬʦʚʳʭ ʢʘʤʝʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ 

ʚ ʧʝʨʠʦʜʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʪʘʥʦʚʦʢ. 

ʇʣʘʥʦʚʳʡ ʨʝʤʦʥʪ ʜʨʝʡʬʦʚʳʭ ʢʘʤʝʨ ʧʝʨʝʜ ʩʝʘʥʩʦʤ 2016. 

ʂʘʢ ʯʣʝʥ ʢʦʤʠʪʝʪʘ ʧʦ ʜʝʪʝʢʪʦʨʘʤ, ʫʯʘʩʪʠʝ ʚ ʝʞʝʤʝʩʷʯʥʳʭ ʩʦʚʝʱʘʥʠʷʭ ʢʦʤʠʪʝʪʘ. 

ʋʯʘʩʪʠʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʠ ʦʙʩʫʞʜʝʥʠʠ ʪʝʢʫʱʠʭ ʩʪʘʪʝʡ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ PHENIX. 

http://inspirehep.net/record/1279634
http://inspirehep.net/record/1279634
http://inspirehep.net/record/1279634
http://inspirehep.net/record/1256626
http://inspirehep.net/record/1256626
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3.5 ʇʦʠʩʢ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ ʨʘʥʝʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: 

- ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʚʝʨʭʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚ (10-11 ʵʢʚ. ʆ2). 

- ʈʘʟʨʘʙʦʪʘʥʳ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʪʦʪʳ ʛʘʟʦʚ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ (ʜʦ 10-12 ʵʢʚ. ʆ2). 

- ʈʘʟʨʘʙʦʪʘʥʳ ʥʘʜʸʞʥʳʝ ʠ ʩʪʘʙʠʣʴʥʳʝ GEM. 

- ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʩʚʝʪʦʟʘʱʠʪʥʳʡ ʵʢʨʘʥ, ʫʩʪʨʘʥʷʶʱʠʡ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʧʦ ʬʦʪʦʥʘʤ.  

ɺ 2014 ʛʦʜʫ ʨʘʟʨʘʙʦʪʘʥ ʤʘʢʝʪ ʢʘʤʝʨʳ, ʟʘʧʦʣʥʷʝʤʦʛʦ ʘʨʛʦʥʦʤ ʩ 10% ʚʦʜʦʨʦʜʦʤ.  
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3.6  ʀʩʩʣʝʜʦʚʘʥʠʝ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠ ʥʠʟʢʠʭ ʠ ʩʨʝʜʥʠʭ ʵʥʝʨʛʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʝʡʪʨʦʥ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʪʦʜʦʤ ʚʨʝʤʝʥʠ 

ʧʨʦʣʸʪʘ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʅʉɺʇ-ʈɸɼʕʂʉ ʀʗʀ ʈɸʅ ʠ ʀʈɽʅ, ʀɹʈ ʃʅʌ 

ʆʀʗʀ 

ʅʘ ʠʤʧʫʣʴʩʥʳʭ ʥʝʡʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʈɸɼʕʂʉ ʠ ʀʅ-06 ʛʨʫʧʧʘ ʊʈʆʅʉ ʃʀʈʇ ʆʕʌ 

ʧʨʦʚʦʜʠʣʘ ʪʦʣʴʢʦ ʬʦʥʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʠ ʜʝʪʝʢʪʦʨʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤʤʘ-ʣʫʯʝʡ, ʪ.ʢ. ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʚ 2014ʛʛ. ʚ 

ʟʜ. 25 ʥʝ ʧʨʦʚʦʜʠʣʩʷ ʧʨʦʪʦʥʥʳʡ ʧʫʯʦʢ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʄʄʌ. ʇʨʦʚʝʜʝʥʘ ʪʘʢʞʝ ʨʘʙʦʪʘ 

ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʞʠʜʢʦʩʪʥʦʛʦ 

ʰʝʩʪʠʩʝʢʮʠʦʥʥʦʛʦ (n,ɔ)-ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʃɸɹ ʩ ʛʘʜʦʣʠʥʠʝʚʳʤ  ʧʦʛʣʦʪʠʪʝʣʝʤ 

ʥʝʡʪʨʦʥʦʚ. ɺ ʪʦʤ ʯʠʩʣʝ, ʩʦʟʜʘʥʘ ʧʦʜʚʠʞʥʘʷ ʧʦʜʩʪʘʚʢʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʰʝʩʪʠ ʩʝʢʮʠʡ (n,ɔ)-

ʜʝʪʝʢʪʦʨʘ ʩʦ ʩʚʠʥʮʦʚʦʡ ʟʘʱʠʪʦʡ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʦʨʧʫʩʝ ʦʙʱʠʤ ʚʝʩʦʤ 1500 ʢʛ, 

ʧʨʦʚʝʜʘʥʘ ʧʝʩʢʦʩʪʨʫʡʥʘʷ ʧʦʣʠʨʦʚʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʚʝʪʦʩʙʦʨʘ ʩʮʠʥʪʠʣʣʷʮʠʡ, ʩʦʟʜʘʥʳ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʪʨʝʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʝʡʪʨʦʥʦʚʦʜʘʭ 

ʥʝʡʪʨʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʈɸɼʕʂʉ ʪʨʠ ʩʠʣʴʬʦʥʥʳʭ ʢʦʤʧʝʥʩʘʪʦʨʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʜʫʰʥʳʭ 

ʨʘʟʨʳʚʦʚ ʚ ʥʝʡʪʨʦʥʦʚʦʜʘʭ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʬʦʥʦʚʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʷʧʨʦʣʝʪʥʳʭ 

ʩʧʝʢʪʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʛʦʪʦʚʣʝʥ ʥʝʡʪʨʦʥʦʚʦʜ ʠ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤ ʢʘʥʘʣʝ  

ʠʩʪʦʯʥʠʢʘ ʈɸɼʕʂʉ, ʯʪʦ  ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʦʥʘ ʩ 

ʥʝʡʪʨʦʥʦʤ ʠ ʥʝʡʪʨʦʥʘ ʩ ʵʣʝʢʪʨʦʥʦʤ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʨʝʟʦʥʘʥʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʝʡʪʨʦʥʥʳʭ 

ʩʝʯʝʥʠʡ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʷʜʝʨ 

ɺ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʀʗʀ ʈɸʅ ʠ ʆʀʗʀ ʥʘ ʫʩʪʘʥʦʚʢʝ ʇɸʈʋʉ 120 ʤʝʪʨʦʚʦʡ 

ʧʨʦʣʝʪʥʦʡ ʙʘʟʳ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʀʈɽʅ ʃʅʌ ʆʀʗʀ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥ ʥʘʢʦʧʠʪʝʣʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʷʧʨʦʣʸʪʥʳʭ 

ʩʧʝʢʪʨʦʚ ʧʨʠ ʰʠʨʠʥʝ ʚʨʝʤʝʥʥʦʛʦ ʢʘʥʘʣʘ  0.1 ï 64 ʤʢʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʚ 50 ʨʘʟ. 
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ʇʦʜʛʦʪʦʚʣʝʥʘ ʠ ʠʩʧʳʪʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʛʨʝʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ-ʬʠʣʴʪʨʦʚ 

ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 77 ʂ ʜʦ 1000ʂ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʜʦʧʧʣʝʨ-ʵʬʬʝʢʪʘ ʥʘ 

ʨʝʟʦʥʘʥʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʝʡʪʨʦʥʥʳʭ ʩʝʯʝʥʠʡ ʨʝʘʢʪʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʥʝʝ ʧʦʜʦʙʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʘʞʥʦʩʪʴ ʠʭ ʧʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʷʜʝʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣ 

ʇʊʕ ʠ ʧʨʝʧʨʠʥʪ ʀʗʀ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʟʦʥʘʥʩʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʝʡʪʨʦʥʥʳʭ ʩʝʯʝʥʠʡ U-235, 238, Th-232 ʠ Pu-239 ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣ çʗʜʝʨʥʘʷ 

ʬʠʟʠʢʘè. ʇʦʜʛʦʪʦʚʣʝʥ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʩʯʝʪʯʠʢ, ʥʘʧʦʣʥʝʥʥʳʡ ʜʝʡʪʝʨʠʝʚʳʤ ʛʘʟʦʤ ʜʦ 

ʜʘʚʣʝʥʠʷ 2 ʘʪʤ. ʜʣʷ ʧʦʠʩʢʘ ʙʠʥʝʡʪʨʦʥʘ, ʪʨʠʥʝʡʪʨʦʥʘ ʠ ʚʦʟʤʦʞʥʳʭ ʜʨʫʛʠʭ ʤʫʣʴʪʠʥʝʡʪʨʦʥʳʭ 

ʥʝʡʪʨʘʣʴʥʳʭ ʷʜʝʨ. ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʷʧʨʦʣʝʪʥʳʭ ʩʧʝʢʪʨʦʚ ʥʘ ʪʘʥʪʘʣʝ-181 ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʈʕʇʉ  ʧʨʠ ʧʨʦʚʦʜʢʝ ʧʨʦʪʦʥʥʦʛʦ ʧʫʯʢʘ ʥʘ ʥʝʡʪʨʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʈɸɼʕʂʉ ʩ 22 ʧʦ 

27 ʜʝʢʘʙʨʷ 2014ʛ. ʕʪʠ ʠʟʤʝʨʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʫʩʧʝʰʥʫʶ ʧʨʦʚʦʜʢʫ ʧʨʦʪʦʥʥʦʛʦ ʧʫʯʢʘ 

ʩʦʪʨʫʜʥʠʢʘʤʠ  ʆʋʂ ʀʗʀ. 

 ʅʘʯʘʪʳ ʨʘʙʦʪʳ ʥʘ 83 ʦʩʠ ʄʄʌ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʠʣʴʥʦ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʷʜʝʨ-ʠʟʦʤʝʨʦʚ, ʩʦʟʜʘʥʠʶ ʩʪʝʥʜʘ ʚ ʚʠʜʝ ʧʨʠʟʤ ʠʟ Pb, U-238, Th-232 ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʠʰʝʥʝʡ ʥʝʡʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ 

ɸɼʉ, ʪʨʘʥʩʤʫʪʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘʨʘʙʦʪʢʠ ʷʜʝʨʥʦʛʦ 

ʪʦʧʣʠʚʘ ʵʣʝʢʪʨʦʷʜʝʨʥʳʤ ʤʝʪʦʜʦʤ.  

ʇʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʜʝʣʝʥʠʷ  ʥʘ ʠʟʦʪʦʧʘʭ Thï232, Np-237 ,U-238 

(ʧʦʜʙʘʨʴʝʨʥʦʝ ʠ ʰʘʥʩʦʚʦʝ ʜʝʣʝʥʠʝ). 

ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʧʝʢʪʨʦʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ. 
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3.7 ʉʚʦʡʩʪʚʘ ʙʘʨʠʦʥʦʚ ʠ ʷʜʝʨ ʚ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʥʳʭ ʩʦʣʠʪʦʥʥʳʭ 

ʤʦʜʝʣʷʭ 

ɸʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʦʙʨʘʪʥʦʡ ʘʢʩʠʘʣʴʥʦʡ 

ʬʦʢʫʩʠʨʦʚʢʠ ʯʘʩʪʠʮ, ʚʳʣʝʪʘʶʱʠʭ ʠʟ ʷʜʝʨ ʥʘ ʙʦʣʴʰʠʝ ʫʛʣʳ (ɺ.ʂʦʧʝʣʠʦʚʠʯ, ɻ.ʄʘʪʫʰʢʦ, 

ʀ.ʇʦʪʘʰʥʠʢʦʚʘ). ʕʪʦʪ ʵʬʬʝʢʪ ʧʦʜʦʙʝʥ ʦʧʪʠʯʝʩʢʦʤʫ, ʘ ʪʘʢʞʝ ʘʪʤʦʩʬʝʨʥʦʤʫ ʷʚʣʝʥʠʶ ʛʣʦʨʠʷ 

(ʠʣʠ çʩʚʝʪʫ ɹʫʜʜʳè). ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʨʦʞʜʝʥʠʷ ʯʘʩʪʠʮ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʛʣʘ ʚʳʣʝʪʘ, ʢʘʢ ʦʙʨʘʪʥʳʡ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 180 ʛʨʘʜʫʩʦʚ. 

ʉʪʘʪʴʷ  ñ'Buddha's light' of cumulative particlesò  ʥʘʧʨʘʚʣʝʥʘ ʚ ʙʘʟʫ ʜʘʥʥʳʭ HEP (INSPIRE) ʠ 

ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʞʫʨʥʘʣʝ J.Phys. G [1]. 

ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʨʝʘʢʮʠʡ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʦʞʜʝʥʠʷ ʯʘʩʪʠʮ ʥʘ ʷʜʨʘʭ (ʨʦʞʜʝʥʠʝ ʥʘ 

ʙʦʣʴʰʠʝ ʫʛʣʳ, ʚ ʦʙʣʘʩʪʷʭ, ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʟʘʧʨʝʱʝʥʥʳʭ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ 

ʥʫʢʣʦʥʦʤ) ʠ ʩʨʘʚʥʝʥʠʝ  ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʩ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʤʝʭʘʥʠʟʤʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʨʘʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʫʜʫʪ ʧʨʦʜʦʣʞʝʥʳ (ʩʦʚʤʝʩʪʥʦ ʩ ɻ.ʂ.ʄʘʪʫʰʢʦ ʠ 

ʀ.ʂ.ʇʦʪʘʰʥʠʢʦʚʦʡ).     

ʈʘʩʩʤʦʪʨʝʥ ʩʦʚʨʝʤʝʥʥʳʡ ʩʪʘʪʫʩ ʪʝʦʨʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʦʠʩʢʫ 

ʦʩʮʠʣʣʷʮʠʡ ʥʝʡʪʨʦʥ-ʘʥʪʠʥʝʡʪʨʦʥ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʚʘʨʠʘʥʪʘʭ ʪʝʦʨʠʠ 

ʚʝʣʠʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ (GUT).  ɺ.ʂʦʧʝʣʠʦʚʠʯ ʟʘʥʠʤʘʣʩʷ ʧʨʦʙʣʝʤʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʦ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʷʜʝʨ ʚ ʪʝʨʤʠʥʘʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʦʟʤʦʞʥʳʡ ʧʝʨʝʭʦʜ ʥʝʡʪʨʦʥ-

ʘʥʪʠʥʝʡʪʨʦʥ ʚ ʚʘʢʫʫʤʝ. ʉʪʘʪʴʷ ʧʦʤʝʱʝʥʘ ʚ ʙʘʟʫ ʜʘʥʥʳʭ HEP (INSPIRE) ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ ʞʫʨʥʘʣ 

Physics Reports [2].  

ɼʦʢʣʘʜ ç'ʉʚʝʪ ɹʫʜʜʳ' ʢʫʤʫʣʷʪʠʚʥʳʭ ʯʘʩʪʠʮ (ʷʜʝʨʥʳʡ ʛʣʦʨʠʷ-ʵʬʬʝʢʪ)è ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ Quarks-2014, Suzdal', Russia, 2-8 June 2014; XI-th Conference Quark Confinement 

and Hadron Spectrum, St Ptersburg, Russia, 7-12 September 2014: ʥʘ ʉʝʩʩʠʠ ʆʪʜʝʣʝʥʠʷ ʗʜʝʨʥʦʡ 

ʌʠʟʠʢʠ ʈɸʅ, ʄʀʌʀ, ʄʦʩʢʚʘ, 17-21 ʥʦʷʙʨʷ 2014 ʛ. ʠ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 80-ʣʝʪʠʶ 

ʘʢʘʜʝʤʠʢʘ ɺ.ʄ.ʃʦʙʘʰʝʚʘ 23-ʛʦ ʦʢʪʷʙʨʷ 2014 ʛ. ʆʙʦʙʱʝʥʥʘʷ ʚʝʨʩʠʷ ʵʪʠʭ ʜʦʢʣʘʜʦʚ ʧʦʤʝʱʝʥʘ 

ʚ ʙʘʟʫ ʜʘʥʥʳʭ HEP (INSPIRE) [3,4,5]. 

ʇʨʦʜʦʣʞʝʥʦ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʷʜʝʨʥʦ-ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ c ʥʝʦʙʳʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʠʤʝʶʱʠʤʠ ʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘ ʩʪʨʘʥʥʦʩʪʴ, ʦʯʘʨʦʚʘʥʠʝ ʠʣʠ ʧʨʝʣʝʩʪʴ. ʉʦʚʤʝʩʪʥʦ ʩ ɼ.ɽ.ʃʘʥʩʢʠʤ 

(ʅʀʀʗʌ ʄɻʋ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʧʝʢʪʨ ʛʠʧʝʨʷʜʝʨ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʪʨʘʥʥʦʩʪʠ ʠ 

ʠʟʦʩʧʠʥʘ, ʚ ʨʘʤʢʘʭ ʢʠʨʘʣʴʥʦʡ (ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ) ʤʦʜʝʣʠ. ɻʦʪʦʚʠʪʩʷ ʢ ʧʫʙʣʠʢʘʮʠʠ ʩʪʘʪʴʷ 

çLight multistrange hypernucleiò. 
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ʉʫʟʜʘʣʴ, ʈʦʩʩʠʷ, 2-8 ʠʶʥʷ 2014 ʛ. ʠ ʥʘ ʉʝʩʩʠʠ ʆʪʜʝʣʝʥʠʷ ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ ʈɸʅ, ʄʀʌʀ, 

ʄʦʩʢʚʘ, 17-21 ʥʦʷʙʨʷ 2014 ʛ. 

5.  Nuclear Glory Phenomenon. V.B. Kopeliovich (Moscow, INR & Moscow, MIPT), 

G.K.Matushko (Moscow, INR), I.K.Potashnikova (Santa Maria U., Valparaiso).   e-Print: 
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3.8 ʀʟʫʯʝʥʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʧʦʪʦʢʦʚ ʚ ʘʩʪʨʦʬʠʟʠʢʝ 

ɺ 2014 ʛʦʜʫ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʫʰʣʦ ʥʘ ʟʘʚʝʨʰʝʥʠʝ ʠ ʠʟʜʘʥʠʝ ʧʦʧʫʣʷʨʥʦʡ ʢʥʠʛʠ ʧʦ 

ʢʦʩʤʦʣʦʛʠʠ çʇʨʦʨʳʚ ʟʘ ʢʨʘʡ ʤʠʨʘè, ʚʦʰʝʜʰʝʡ ʚ ʬʠʥʘʣ ʧʨʝʤʠʠ çʇʨʦʩʚʝʪʠʪʝʣʴè. 

ɺ ʨʘʤʢʘʭ ʪʝʤʳ ʧʨʦʜʦʣʞʘʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʜʚʫʤ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʨʘʜʠʘʮʠʦʥʥʦ-

ʜʦʤʠʥʠʨʦʚʘʥʥʳʝ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʠ ʤʝʭʘʥʠʟʤʳ ʠʟʣʫʯʝʥʠʷ ʜʞʝʪʦʚ ʘʢʪʠʚʥʳʭ ʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʷʜʝʨ. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʨʘʜʠʘʮʠʦʥʥʦ-ʜʦʤʠʥʠʨʦʚʘʥʥʳʭ ʫʜʘʨʥʳʭ 

ʚʦʣʥ. 

ɺʝʨʦʷʪʥʦ, ʨʘʜʠʘʮʠʦʥʥʦ-ʜʦʤʠʥʠʨʦʚʘʥʥʳʝ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʠʟʣʫʯʝʥʠʷ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʜʝʩʷʪʢʠ ï ʩʦʪʥʠ ʂʵɺ.  ɸʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʵʪʦʛʦ 

ʷʚʣʷʝʪʩʷ ʫʟʢʠʡ ʩʧʝʢʪʨ ï ʟʘʚʝʜʦʤʦ ʥʝ ʩʠʥʭʨʦʪʨʦʥʥʳʡ, ʥʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʠ ʥʝ ʨʘʚʥʦʚʝʩʥʦ-

ʪʝʧʣʦʚʦʡ: ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʧʠʢʝ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʥʘ ʧʘʨʫ ʧʦʨʷʜʢʦʚ ʚʳʰʝ ʪʦʡ, 

ʯʪʦ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʜʣʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʠʟʣʫʯʝʥʠʷ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʘʷ ʢʦʤʧʪʦʥʠʟʘʮʠʷ ʧʨʠ ʙʦʣʴʰʦʡ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʝ 

ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʝ. ʈʘʜʠʘʮʠʦʥʥʦ-ʜʦʤʠʥʠʨʦʚʘʥʥʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʚ ʦʧʪʠʯʝʩʢʠ-ʪʦʣʩʪʦʡ ʩʨʝʜʝ, ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʷʚʣʝʥʠʝʤ ʜʣʷ ʟʘʢʘʯʢʠ 

ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʠ ʚ ʬʦʪʦʥʳ ʯʝʨʝʟ ʪʝʧʣʦʚʫʶ ʢʦʤʧʪʦʥʠʟʘʮʠʶ. 

ʈʘʙʦʪʘ ʧʦ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦ-ʜʦʤʠʥʠʨʦʚʘʥʥʳʟ ʫʜʘʨʥʳʭ ʚʦʣʥ 

ʙʦʣʝʝ ʜʚʫʭ ʣʝʪ ʚʝʜʝʪʩʷ ɹʦʨʠʩʦʤ ʐʪʝʨʥʦʤ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ ɸʤʠʨʦʤ ʃʝʚʠʥʩʦʥʦʤ (ʋʥʠʚʝʨʩʠʪʝʪ 

ʊʝʣʴ-ɸʚʠʚʘ). ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ 

ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ (ʂʦʤʧʪʦʥ ʵʬʬʝʢʪ, ʨʦʞʜʝʥʠʝ ʧʘʨ, ʘʥʥʠʛʠʣʷʮʠʷ ʧʘʨ, ʩʠʥʭʨʦʪʨʦʥʥʦʝ 

ʠʟʣʫʯʝʥʠʝ) LPMC, ʥʘʧʠʩʘʥʥʘʷ ɹʦʨʠʩʦʤ ʐʪʝʨʥʦʤ ʠ ʠʩʧʦʣʴʟʦʚʘʚʰʘʷʩʷ ʚʦ ʤʥʦʞʝʩʪʚʝ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʥʝʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ (ʠʟʣʫʯʝʥʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʜʞʝʪʦʚ, ʢʦʨʦʥʘ 

ʘʢʢʨʝʮʠʦʥʥʳʭ ʜʠʩʢʦʚ ʚ ʨʘʚʥʦʚʝʩʠʠ ʧʦ ʨʦʞʜʝʥʠʶ ʧʘʨ ʠ ʪ.ʧ.). ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʝʥʦʩʘ 

ʠʟʣʫʯʝʥʠʷ ʠ ʨʦʞʜʝʥʠʷ ʧʘʨ, ʢʦʪʦʨʦʝ ʚ ʨʘʜʠʘʮʠʦʥʥʦ - ʜʦʤʠʥʠʨʦʚʘʥʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥʘʭ ʠʛʨʘʝʪ 

ʨʝʰʘʶʱʫʶ ʨʦʣʴ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʦʣʥʘ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʟʘʜʘʯʘ ʧʦʢʘ ʯʪʦ ʨʝʰʘʝʪʩʷ ʥʘ ʫʧʨʦʱʝʥʥʦʤ ʫʨʦʚʥʝ 

ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʳʣʝʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʣʠʙʦ ʧʦʪʦʢ ʬʠʢʩʠʨʫʝʪʩʷ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠʢʠʜʦʯʥʳʝ ʨʘʩʯʝʪʳ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩ ʃʦʨʝʥʮ 

ʬʘʢʪʦʨʦʤ 4, ʛʜʝ ʠʟʣʫʯʝʥʠʝ ʟʘʜʘʝʪʩʷ çʨʫʢʘʤʠè - ʧʝʨʝʜ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʚʧʨʳʩʢʠʚʘʶʪʩʷ 

ʪʝʧʣʦʚʳʝ ʬʦʪʦʥʳ ʪʝʤʧʝʨʘʪʫʨʳ 150 ʵɺ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʜʠʬʬʫʥʜʠʨʫʶʪ ʪʫʜʘ ʠ ʦʙʨʘʪʥʦ ʯʝʨʝʟ 

ʫʜʘʨʥʫʶ ʚʦʣʥʫ, ʥʘʙʠʨʘʷ ʵʥʝʨʛʠʶ ʠ ʩʦʟʜʘʚʘʷ ʜʘʚʣʝʥʠʝ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʝ ʩʢʘʯʦʢ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ.  ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ: 

- ʉʧʝʢʪʨ ʬʦʪʦʥʦʚ ʟʘ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʧʦʭʦʞ ʥʘ ʩʧʝʢʪʨ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ, ʝʩʣʠ ʩʤʝʩʪʠʪʴ 

ʝʛʦ ʥʘ ʦʙʱʠʡ ʃʦʨʝʥʮ-ʬʘʢʪʦʨ ʧʦʨʷʜʢʘ ʩʦʪʥʠ.  
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- ɺʙʣʠʟʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʨʦʞʜʘʝʪʩʷ ʩʣʦʡ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʝʡ 

ʙʦʣʝʝ ʜʝʩʷʪʠ (ʧʦ ʊʦʤʩʦʥʦʚʩʢʦʤʫ ʩʝʯʝʥʠʶ), ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʘʥʥʠʛʠʣʠʨʫʶʪ.  

ɺ ɻʪʦʤ ʛʦʜʫ ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʠʩʢ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʕʪʘ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʩʣʦʞʥʦʡ ʠʟ-ʟʘ ʤʝʜʣʝʥʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʦʯʝʥʴ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚʳʯʠʩʣʝʥʠʡ (ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ) ʜʣʷ ʦʜʥʦʡ ʠʪʝʨʘʮʠʠ. ʈʝʘʣʠʟʦʚʘʥ 

ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʥʦ ʧʦʭʦʞʝ, ʯʪʦ ʟʘʜʘʯʘ ʥʝ ʩʤʦʞʝʪ ʙʳʪʴ 

ʜʦʚʝʜʝʥʘ ʜʦ ʢʦʥʮʘ ʙʝʟ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʢʦʜʘ ʜʣʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ, ʯʝʛʦ ʧʦʢʘ ʥʝ ʩʜʝʣʘʥʦ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʟʘʜʘʯʫ ʫʞʝ ʧʦʪʨʘʯʝʥʦ ʜʚʘ ʛʦʜʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʘ ʠ 

ʘʤʙʠʮʠʦʟʥʘ, ʯʪʦʙʳ ʧʨʦʜʦʣʞʠʪʴ ʝʝ ʜʦ ʧʦʙʝʜʥʦʛʦ ʢʦʥʮʘ. ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʪʘʢ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ 

ʦʙʲʷʩʥʠʪ ʟʘʛʘʜʦʯʥʳʝ ʩʧʝʢʪʨʳ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ. 

ʇʦ ʚʪʦʨʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʤʝʭʘʥʠʟʤʳ ʠʟʣʫʯʝʥʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʜʞʝʪʦʚ, ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʟʘʚʝʨʰʝʥʘ ʨʘʙʦʪʘ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʵʬʬʝʢʪʘ ʬʦʪʦʥ-ʬʦʪʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʙʣʘʟʘʨʦʚ. 

ɺ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʛʦʜʘ ʩʪʘʪʴʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʳʣʘ ʦʪʧʨʘʚʣʝʥʘ ʚ ʞʫʨʥʘʣ, ʚ ʪʝʢʫʱʝʤ ʛʦʜʫ ʦʥʘ 

ʙʳʣʘ ʜʦʨʘʙʦʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʝʮʝʥʟʝʥʪʘ ʠ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 

çAstrophysicalJournalè: Boris E. SternandJuriPoutanen 2014 ApJ794 8 

çTheMysteryofSpectralBreaks: LymanContinuumAbsorptionbyPhoton-

PhotonPairProductionintheFermiGeVSpectraofBrightBlazarsè 

ʅʘʯʘʪʘ ʥʦʚʘʷ ʟʘʜʘʯʘ ʧʦ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠʟʣʫʯʝʥʠʷ ʨʝʣʷʪʠʚʠʷʪʩʢʠʭ ʜʞʝʪʦʚ. 

ʕʪʘ ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʚ 2006 ï 2008 ʛʦʜʘʭ ʩʦʚʤʝʩʪʥʦ ʩ ʖʨʠʝʤ ʇʦʫʪʘʥʝʥʦʤ. ʊʦʛʜʘ ʙʳʣ ʥʘʡʜʝʥ 

ʥʦʚʳʡ ʤʝʭʘʥʠʟʤ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʜʞʝʪʦʚ ï çʨʘʟʤʥʦʞʝʥʠʝ ʬʦʪʦʥʦʚè 

(photonbreeding) ʯʝʨʝʟ ʢʘʩʢʘʜʥʦʝ ʨʦʞʜʝʥʠʝ ʧʘʨ ʠ ʦʙʤʝʥ ʛʘʤʤʘ - ʢʚʘʥʪʦʤ ʤʝʞʜʫ ʜʞʝʪʦʤ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʉ ʪʝʭ ʧʦʨ ʦʙ ʠʟʣʫʯʝʥʠʠ ʜʞʝʪʦʚ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʠʟ ʜʘʥʥʳʭ ʛʘʤʤʘ - ʦʙʩʝʨʚʘʪʦʨʠʠ çʌʝʨʤʠè. ʅʘ ʥʳʥʝʰʥʝʡ ʩʪʘʜʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʧʨʦʚʝʩʪʠ ʰʠʨʦʢʫʶ ʩʝʨʠʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʨʘʟʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ, ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʦʜʥʠʤ ʤʝʭʘʥʠʟʤʦʤ, ʠ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʫʩʢʦʨʝʥʠʷ, 

ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʶʱʠʝ ʜʘʥʥʳʝ.  

 

3.8 ʇʫʙʣʠʢʘʮʠʠ 

1 The Mystery of Spectral Breaks: Lyman Continuum Absorption by Photon-Photon Pair 

Production in the Fermi GeV Spectra of Bright Blazars           Stern, Boris E.; Poutanen, Juri 

Astrophys.J. 794 (2014) 8 (2014-09-18) DOI: 10.1088/0004-637X/794/1/8  e-Print: arXiv:1408.0793 

[astro-ph.HE] | 

2 Fermi observations of blazars, constraints on the location of the gamma-ray emission region.  

Stern, Boris ɼʦʢʣʘʜ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʂʦʩʤʦʣʦʛʠʷ ʠ ʈʝʣʷʪʠʚʠʩʪʩʢʘʷ 

ɸʩʪʨʦʬʠʟʠʢʘè <http://hea.iki.rssi.ru/zeldovich-100> http://hea.iki.rssi.ru/zeldovich-

100/ZELDOVICH100_HEA_v2.3-1.pdf 

3 ʅʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʘʷ ʢʥʠʛʘ "ʇʨʦʨʳʚ ʟʘ ʢʨʘʡ ʤʠʨʘ" (ʌʠʥʘʣʠʩʪ ʧʨʝʤʠʠ "ʇʨʦʩʚʝʪʠʪʝʣʴ") 
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3.9 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʧʦʨʦʛʦʚʦʛʦ ʨʦʞʜʝʥʠʷ ʣʸʛʢʠʭ ʚʝʢʪʦʨʥʳʭ 

ʤʝʟʦʥʦʚ ʠ ʟʘʨʷʞʝʥʥʳʭ  ʢʘʦʥʦʚ ʚ ʧʨʦʪʦʥ ʠ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ 

3.9 ʈʝʬʝʨʘʪ 

ɺ ʨʘʤʢʘʭ ʨʘʩʧʘʜʦʚ) J/Psi, eta/prime-ʤʝʟʦʥʦʚ ʠ ʘʥʪʠʢʘʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʩʨʝʜʝ ʫʞʝ ʧʨʠ 

ʦʙʳʯʥʦʡ ʷʜʝʨʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʇʦʣʫʯʝʥʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʣʷ ʘʙʩʦʣʶʪʥʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʩʝʯʝʥʠʡ ʨʦʞʜʝʥʠʷ ʵʪʠʭ ʯʘʩʪʠʮ ʚ ʜʘʥʥʳʭ ʨʝʘʢʮʠʷʭ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʩʨʘʚʥʝʥʘ ʩ ʠʤʝʶʱʠʤʠʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟ ʵʪʦʛʦ ʩʨʘʚʥʝʥʠʷ ʠʟʚʣʝʯʝʥʘ ʚʝʣʠʯʠʥʘ ʩʜʚʠʛʘ 

ʤʘʩʩʳ eta/prime ʤʝʟʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʠ ʩʝʯʝʥʠʝ eta/prime-ʤʝʟʦʥ-ʥʫʢʣʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢʞʝ ʩʜʝʣʘʥ ʚʘʞʥʳʡ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ñʠʩʪʠʥʥʦʤò ʩʝʯʝʥʠʠ J/Psi-N ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟ ʠʟʫʯʝʥʠʷ ʦʢʦʣʦʧʦʨʦʛʦʚʦʛʦ ʨʦʞʜʝʥʠʷ 

ʯʘʨʤʦʥʠʷ ʚ pA ʨʝʘʢʮʠʷʭ. ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʷʜʝʨʥʫʶ ʩʧʝʢʪʨʘʣʴʥʫʶ ʬʫʥʢʮʠʶ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʝʯʝʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʠʥʢʣʶʟʠʚʥʳʭ ʧʨʦʪʦʥ- ʠ ʵʢʩʢʣʶʟʠʚʥʳʭ ʬʦʪʦʥ-ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ 

ʤʦʜʠʬʠʢʘʮʠʷ ʩʚʦʡʩʪʚ (ʤʘʩʩ, ʰʠʨʠʥ  

3.9 ɺʚʝʜʝʥʠʝ 

ʀʟʫʯʝʥʠʝ ʨʦʞʜʝʥʠʷ ʧʩʝʚʜʦʩʢʘʣʷʨʥʳʭ ʤʝʟʦʥʦʚ (ʟʘʨʷʞʝʥʥʳʭ ʢʘʦʥʦʚ, ɖ ʠ ɖô ʤʝʟʦʥʦʚ), ʘ 

ʪʘʢʞʝ ʣʝʛʢʠʭ ʚʝʢʪʦʨʥʳʭ ʤʝʟʦʥʦʚ (ɟ, ɤ, ʬ)  ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʷʜʝʨ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʙ 

(ʧʨʦʪʦʥʦʚ, ʧʠʦʥʦʚ, ʬʦʪʦʥʦʚ) ʩ ʷʜʨʘʤʠ ʩʪʘʣʦ ʧʨʝʜʤʝʪʦʤ ʚʝʩʴʤʘ ʠʥʪʝʥʩʠʚʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʆʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʢ 

ʜʘʥʥʳʤ ʨʝʘʢʮʠʷʤ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʫʯʝʥʠʷ ʚ ʥʠʭ ʨʝʥʦʨʤʘʣʠʟʘʮʠʠ ʩʚʦʡʩʪʚ 

ʵʪʠʭ ʯʘʩʪʠʮ, ʧʨʝʜʩʢʘʟʳʚʘʝʤʦʡ ʨʘʟʣʠʯʥʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ (ʢʠʨʘʣʴʥʦʡ ʪʝʦʨʠʝʡ 

ʚʦʟʤʫʱʝʥʠʡ, ʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʩʨʝʜʥʝʧʦʣʝʚʳʤʠ ʧʦʜʭʦʜʘʤʠ, ʧʦʜʭʦʜʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʜʣʠʥ ʨʘʩʩʝʷʥʠʷ, ʠ ʪ.ʜ.), ʚ ʛʦʨʷʯʝʡ/ʧʣʦʪʥʦʡ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ. 

ɿʥʘʥʠʝ ʵʪʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʪʘʢʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʪʝʦʨʠʠ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ-ʢʚʘʥʪʦʚʦʡ ʭʨʦʤʦʜʠʥʘʤʠʢʠ, 

(ʂʍɼ), ʘʩʪʨʦʬʠʟʠʢʠ ʠ ʘʜʨʦʥʥʦʡ ʬʠʟʠʢʠ ʢʘʢ ʥʘʣʠʯʠʝ ʢʠʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ (ʧʨʠʙʣʠʞʝʥʥʦʡ) ʫ 

ʣʘʛʨʘʥʞʠʘʥʘ ʂʍɼ ʠ ʝʝ ʯʘʩʪʠʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʧʣʦʪʥʦʡ ʷʜʝʨʥʦʡ ʩʨʝʜʝ, ʥʦ ʫʞʝ 

ʠ ʧʨʠ ʦʙʳʯʥʳʭ ʷʜʝʨʥʳʭ ʧʣʦʪʥʦʩʪʷʭ, ʩʪʨʦʝʥʠʝ ʥʝʦʙʳʯʥʳʭ ʟʚʝʟʜʥʳʭ ʦʙʲʝʢʪʦʚ-ʥʝʡʪʨʦʥʥʳʭ 

ʟʚʝʟʜ ʠ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʘʷ ʯʘʩʪʴ ʥʫʢʣʦʥ-

ʥʫʢʣʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ.   
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3.9 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʉʚʦʡʩʪʚʘ ɖô- ʠ ɤ-ʤʝʟʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʩʨʝʜʝ 

i) ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʵʢʩʢʣʶʟʠʚʥʦʡ ʨʝʘʢʮʠʠ (ɔ, ɖôp) ʥʘ ʷʜʨʝ ʫʛʣʝʨʦʜʘ 

ʧʨʠ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʳʭ ʬʦʪʦʥʦʚ 1.5-2.2 ɻʵɺ, 1.3-2.6 ɻʵɺ. ʈʘʟʨʘʙʦʪʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ 

ʬʠʟʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʠ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʷʤʦʡ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʧʨʦʮʝʩʩʳ, ʥʦʚʝʡʰʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʝʯʝʥʠʷʭ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʩʝʯʝʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʢʦʣʣʘʙʦʨʘʮʠʝʡ CBELSA/TAPS (ɻʝʨʤʘʥʠʷ) ʥʘ ʫʩʢʦʨʠʪʝʣʝ ELSA  

(ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦ ʪʝʣʝʩʥʦʤʫ ʫʛʣʫ ʨʦʞʜʝʥʠʷ ɖô ʤʝʟʦʥʦʚ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʣʝʪʘ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʧʨʦʪʦʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ 1-11 ʛʨʘʜʫʩʦʚ ʚ ʣʘʙ 

ʩʠʩʪʝʤʝ ). ʅʘ ʝʝ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʵʪʦʡ ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ 

ʨʝʥʦʨʤʘʣʠʟʘʮʠʠ ʩʚʦʡʩʪʚ (ʤʘʩʩʳ) ʜʘʥʥʳʭ ʤʝʟʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʩʨʝʜʝ,  ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʧʨʠʣʘʛʘʝʤʦʤ ʥʠʞʝ ʨʠʩʫʥʢʝ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʩ ʧʦʩʣʝʜʥʠʤʠ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

CBELSA/TAPS.  ʕʪʦ ʩʨʘʚʥʝʥʠʝ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ ʩʜʝʣʘʥʥʦʛʦ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ 

ʢʦʣʣʘʙʦʨʘʮʠʠ (M. Nanova, V. Metag, E. Ya. Paryev et al., Phys. Lett. B 727 (2013) 417) ʚʳʚʦʜʘ ʦ 

ʚʝʣʠʯʠʥʝ ʩʜʚʠʛʘ ʤʘʩʩʳ ɖô ʤʝʟʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʩʨʝʜʝ.  

ɿʥʘʥʠʝ ʵʪʦʛʦ ʩʜʚʠʛʘ ʚʘʞʥʦ ʢʘʢ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ ʤʘʩʩ 

ʧʩʝʚʜʦʩʢʘʣʷʨʥʳʭ ʤʝʟʦʥʦʚ ʚ QCD, ʪʘʢ ʠ ʢʠʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʩʘʤʦʡ 

QCD. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʤʘʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʨʷʜʝ ʥʦʚʝʡʰʠʭ ʧʫʙʣʠʢʘʮʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʨʘʙʦʪʳ ʧʣʘʥʠʨʫʝʪʩʷ ʦʧʫʙʣʠʢʦʚʘʪʴ ʚ ʞʫʨʥʘʣʝ Phys. Lett. B ʚ ʪʝʢʫʱʝʤ 

ʛʦʜʫ. 

ii) ʇʨʦʚʝʜʝʥʦ ʥʦʚʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʵʢʩʢʣʶʟʠʚʥʦʡ ʨʝʘʢʮʠʠ (ɔ, ɤp) ʥʘ ʷʜʨʝ 

ʫʛʣʝʨʦʜʘ ʧʨʠ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʳʭ ʬʦʪʦʥʦʚ 1.25-3.1 ɻʵɺ. ʈʘʟʨʘʙʦʪʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʬʠʟʠʯʝʩʢʘʷ 

ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʠ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʷʤʦʡ ʠ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ɤ ʤʝʟʦʥʦʚ, ʥʦʚʝʡʰʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʝʯʝʥʠʷʭ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʅʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʩʝʯʝʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʢʦʣʣʘʙʦʨʘʮʠʝʡ CBELSA/TAPS (ɻʝʨʤʘʥʠʷ) ʥʘ ʫʩʢʦʨʠʪʝʣʝ ELSA.  

ʅʘ ʝʝ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʵʪʦʡ ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʤʦʜʠʬʠʢʘʮʠʠ 

ʩʚʦʡʩʪʚ (ʤʘʩʩʳ)  ɤ ʤʝʟʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʩʨʝʜʝ ʠ ʠʭ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʟʜʝʩʴ.   
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ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʩ ʪʦʣʴʢʦ ʯʪʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʵʪʦʡ 

ʢʦʣʣʘʙʦʨʘʮʠʠ  ʚ ʨʘʙʦʪʝ: S. Friedrich et al., Phys. Lett. B 736 (2014) 26  ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʜʝʣʘʥʥʳʡ ʚ ʵʪʦʡ  ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʷʧʦʥʩʢʠʭ ʬʠʟʠʢʦʚ 

ʚʳʚʦʜ ʦ ʚʝʣʠʯʠʥʝ ʩʜʚʠʛʘ ʤʘʩʩʳ ɤ ʤʝʟʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʩʨʝʜʝ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʚʳʟʚʘʥʘ ʪʝʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʤʦʜʝʣʴ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʝʪ 

ʢʘʢ ʤʝʭʘʥʠʟʤ ʠʟʫʯʘʝʤʦʡ ʨʝʘʢʮʠʠ, ʪʘʢ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ 

ʢʦʣʣʘʙʦʨʘʮʠʝʡ CBELSA/TAPS, ʠ ʧʦʵʪʦʤʫ, ʢʘʢ ʤʦʞʥʦ ʥʘʜʝʷʪʴʩʷ,  ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʥʘʜʝʞʥʳʡ ʚʳʚʦʜ ʦ ʚʝʣʠʯʠʥʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ ɤ ʤʝʟʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ. ɽʛʦ ʟʥʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ñin-

mediumò ʘʜʨʦʥʥʦʡ ʬʠʟʠʢʠ. 

 

˾͙ͫͯͤͦ͟ 9. 
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3.9.1 ʀʟʫʯʝʥʠʝ ʘʥʪʠʢʘʦʥ ï ʷʜʝʨʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʚʧʝʨʚʳʝ   ʢʦʣʣʘʙʦʨʘʮʠʝʡ ANKE ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʦʛʦ ʨʦʩʩʠʡʩʢʦ-ʛʝʨʤʘʥʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʘ ʫʩʢʦʨʠʪʝʣʝ COSY-Juelich (ɻʝʨʤʘʥʠʷ) ʜʘʥʥʳʭ ʧʦ ʥʝʨʝʟʦʥʘʥʩʥʦʤʫ ʨʦʞʜʝʥʠʶ ʢʘʦʥʥʳʭ ʧʘʨ ʚ 

pA ʨʝʘʢʮʠʷʭ ʧʨʠ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʳʭ ʧʨʦʪʦʥʦʚ 2.83 ɻʵɺ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʧʨʠʪʷʛʠʚʘʪʝʣʴʥʦʛʦ ʘʥʪʠʢʘʦʥ-ʷʜʝʨʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ñʤʝʣʢʦʛʦò ʠʣʠ ñʛʣʫʙʦʢʦʛʦò), 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʷʜʝʨʥʦʡ ʠ ʘʜʨʦʥʥʦʡ ʬʠʟʠʢʠ ʢʘʢ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ñʩʪʨʘʥʥʦʡò ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠðʢʘʦʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘðʚ 

ʪʘʢʠʭ ʢʦʤʧʘʢʪʥʳʭ ʟʚʝʟʜʥʳʭ ʦʙʲʝʢʪʘʭ ʢʘʢ ʥʝʡʪʨʦʥʥʳʝ ʟʚʝʟʜʳ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʠʭ ʥʦʚʳʭ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʢʘʢ ʛʣʫʙʦʢʦʩʚʷʟʘʥʥʳʝ ʢʘʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ K(-

)pp, K(-)ppn, K(-)pnn, K(-)ppnn, ʢʘʦʥ ʠ ʤʫʣʴʪʠ-ʢʘʦʥ ʩʚʷʟʘʥʥʳʝ ʷʜʝʨʥʳʝ ʩʦʩʪʦʷʥʠʷ. ɼʘʥʥʘʷ 

ʤʦʜʝʣʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʠ, ʫʯʠʪʳʚʘʝʪ ʢʘʢ ʦʪʣʠʯʠʝ ʩʝʯʝʥʠʷ ʨʦʞʜʝʥʠʷ ʢʘʦʥʥʳʭ 

ʧʘʨ ʥʘ ʥʝʡʪʨʦʥʝ ʦʪ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘ ʧʨʦʪʦʥʝ ʚ ʧʨʷʤʳʭ ʧʨʦʮʝʩʩʘʭ, ʪʘʢ ʠ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʩʣʝʜʥʝʛʦ ʩʝʯʝʥʠʷ (ʩʧʣʦʰʥʘʷ ʪʝʤʥʘʷ ʢʨʠʚʘʷ ʥʘ ʧʨʠʣʘʛʘʝʤ 

ʥʠʞʝ ʨʠʩʫʥʢʝ). 

 

 

 

ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʧʨʷʤʳʝ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʧʨʦʮʝʩʩʳ 

ʥʝʨʝʟʦʥʘʥʩʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ K(+)K(-) ʧʘʨ, ʧʨʦʚʝʜʝʥʳ ʥʦʚʳʝ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʘʙʩʦʣʶʪʥʳʭ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʝʯʝʥʠʡ  ʨʦʞʜʝʥʠʷ ʵʪʠʭ ʧʘʨ ʥʘ ʷʜʨʘʭ C, Cu, Ag, Au ʚ ʘʢʩʝʧʪʘʥʩʝ 
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ʩʧʝʢʪʨʦʤʝʪʨʘ ANKE. ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ ʜʣʷ ʷʜʝʨ ʫʛʣʝʨʦʜʘ ʠ ʤʝʜʠ ʧʦʢʘʟʘʥ  ʥʘ 

ʧʨʠʚʝʜʝʥʥʦʤ ʥʠʞʝ  ʨʠʩʫʥʢʝ. ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʘʩʯʝʪʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʚʦʜʠʪʩʷ ʨʝʘʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʣʣʘʙʦʨʘʮʠʝʡ ANKE ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʥʘʜʝʞʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʢʘʣʷʨʥʦʛʦ ʘʥʪʠʢʘʦʥ-

ʷʜʝʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʛʦʪʦʚʣʝʥʘ ʢ ʧʝʯʘʪʠ ʚ ʟʘʨʫʙʝʞʥʦʤ ʞʫʨʥʘʣʝ 

ʩʪʘʪʴʷ: 

E. Ya. Paryev, M. Hartmann, Yu. T. Kiselev. Non-resonant kaon pair production and medium 

effects in proton-nucleus collisions.  
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3.9.2 ʀʟʫʯʝʥʠʝ ʦʢʦʣʦʧʦʨʦʛʦʚʦʛʦ ʨʦʞʜʝʥʠʷ ʯʘʨʤʦʥʠʷ (J/Psi ʤʝʟʦʥʘ) ʚ 

ʧʨʦʪʦʥ - ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ 

ɼʣʷ ʥʫʞʜ ʧʣʘʥʠʨʫʝʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ CBM ʥʘ ʫʩʢʦʨʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ FAIR (GSI-

Darmstadt, Germany) ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʣʷ ʘʙʩʦʣʶʪʥʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʩʝʯʝʥʠʡ ʨʦʞʜʝʥʠʷ J/Psi ʤʝʟʦʥʦʚ ʚ ʧʨʦʪʦʥ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʧʨʠ ʦʢʦʣʦʧʦʨʦʛʦʚʳʭ 

ʥʘʯʘʣʴʥʳʭ ʵʥʝʨʛʠʷʭ (8-14 ɻʵɺ). ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʠʟʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʘʷ ʢʘʢ ʧʦʛʣʦʱʝʥʠʝ J/Psi ʤʝʟʦʥʦʚ ʚ ʷʜʝʨʥʦʤ ʚʝʱʝʩʪʚʝ, ʪʘʢ ʠ ʠʭ ʜʣʠʥʫ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʥʝʤ, ʘ ʪʘʢʞʝ ʨʝʥʦʨʤʘʣʠʟʘʮʠʶ ʠʭ ʤʘʩʩʳ, ʧʨʝʜʩʢʘʟʳʚʘʝʤʦʡ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʂʍɼ ʘʜʨʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʚ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʵʥʝʨʛʠʷʭ ʵʬʬʝʢʪʳ ʜʣʠʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʨʤʦʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳ (ʩʤ 

ʨʠʩ. ʥʠʞʝ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ñʠʩʪʠʥʥʦʝò ʩʝʯʝʥʠʝ ʥʝʫʧʨʫʛʦʛʦ J/Psi-N ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʟ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚ ʙʫʜʫʱʝʤ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ. 

 

 ʈʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʫʩʧʝʰʥʦ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

24th CBM Collaboration Meeting, 8-12 September 2014, Krakow, Poland. 
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3.9 ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʥʦʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢ ʘʥʘʣʠʟʫ 

ʜʘʥʥʳʭ ʧʦ ʥʝʨʝʟʦʥʘʥʩʥʦʤʫ ʨʦʞʜʝʥʠʶ ʢʘʦʥʥʳʭ ʧʘʨ ʚ pA ʨʝʘʢʮʠʷʭ ʧʨʠ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʳʭ 

ʧʨʦʪʦʥʦʚ 2.83 ɻʵɺ, ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʳʭ ʢʦʣʣʘʙʦʨʘʮʠʝʡ ANKE ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʦʛʦ 

ʨʦʩʩʠʡʩʢʦ-ʛʝʨʤʘʥʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʫʩʢʦʨʠʪʝʣʝ COSY, ʧʦʟʚʦʣʠʪ ʥʘʜʝʞʥʦ ʠʟʚʣʝʯʴ  

ʚʝʣʠʯʠʥʫ ʘʥʪʠʢʘʦʥ-ʷʜʝʨʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʠʣʠ ʩʜʚʠʛʘ ʤʘʩʩʳ 

ʘʥʪʠʢʘʦʥʘ ʚ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ), ʠʤʝʶʱʫʶ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʷʜʝʨʥʦʡ ʠ 

ʘʜʨʦʥʥʦʡ ʬʠʟʠʢʠ . 

ʀʟ ʘʥʘʣʠʟʘ ʥʦʚʳʭ ʵʢʩʢʣʶʟʠʚʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʦʪʦʨʦʞʜʝʥʠʶ eta/prime-ʤʝʟʦʥʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʝʜʘʚʥʦ ʢʦʣʣʘʙʦʨʘʮʠʝʡ CBELSA/TAPS ʥʘ ʫʩʢʦʨʠʪʝʣʝ ELSA (ɹʦʥʥ, ɻʝʨʤʘʥʠʷ), 

ʪʘʢʞʝ ʠʟʚʣʝʯʝʥʳ ʚʝʣʠʯʠʥʘ ʩʜʚʠʛʘ ʤʘʩʩʳ ʵʪʠʭ ʤʝʟʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ, ʧʨʝʜʩʢʘʟʳʚʘʝʤʦʛʦ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʘʜʨʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʪʦʡ, ʠʟʚʣʝʯʝʥʥʦʡ 

ʥʘʤʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ (M. Nanova, V. Metag, E. Ya. Paryev et al., Phys. Lett. B 727 (2013) 

417)  ʠʟ ʘʥʘʣʠʟʘ ʠʥʢʣʶʟʠʚʥʳʭ ʜʘʥʥʳʭ.  ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʥʠʤʘʥʠʷʚ ʨʘʤʢʘʭ ʂʍɼ ʧʨʦʠʩʭʦʞʜʝʥʠʷ  ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ ʤʘʩʩʳ eta/prime 

ʤʝʟʦʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʘʤʠ ʜʨʫʛʠʭ ʯʣʝʥʦʚ ʧʩʝʚʜʦʩʢʘʣʷʨʥʦʛʦ ʤʝʟʦʥʥʦʛʦ ʥʦʥʝʪʘ. 

ʅʘʢʦʥʝʮ, ʩʜʝʣʘʥ ʚʘʞʥʳʡ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ñʠʩʪʠʥʥʦʤò 

ʩʝʯʝʥʠʠ J/Psi-N ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟ ʠʟʫʯʝʥʠʷ ʦʢʦʣʦʧʦʨʦʛʦʚʦʛʦ ʨʦʞʜʝʥʠʷ ʯʘʨʤʦʥʠʷ ʚ pA 

ʨʝʘʢʮʠʷʭ.  

3.9 ʇʫʙʣʠʢʘʮʠʠ 

1.  Yu. T. Kiselev, E. Ya. Paryev, Yu. M. Zaitsev . Near-threshold J/Psi production in proton-

nucleus collisions.  Int. J. Mod. Phys. E, vol. 23, No.12 (2014) 1450085 ; ArXiv: 1409.2428 [nucl-

th] (2014).  

 

 

3.10 ʆʩʮʠʣʣʷʮʠʠ ʯʘʩʪʠʮ ʚ ʧʦʛʣʦʱʘʶʱʝʡ ʩʨʝʜʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʝʨʝʭʦʜʦʚ ʥʝʡʪʨʦʥ-ʘʥʪʠʥʝʡʪʨʦʥ 

3.10 ʈʝʬʝʨʘʪ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʡ ʤʦʜʝʣʠ ʧʝʨʝʭʦʜʦʚ ʥʝʡʪʨʦʥ-

ʘʥʪʠʥʝʡʪʨʦʥ ʚ ʧʦʛʣʦʱʘʶʱʝʡ ʩʨʝʜʝ ʠ ʝʝ ʦʙʦʙʱʝʥʠʝ ʥʘ ʩʣʫʯʘʡ ab-ʧʝʨʝʭʦʜʦʚ. ɺ ʨʘʤʢʘʭ 

ʫʢʘʟʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʣʫʯʠʪʴ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʧʝʨʠʦʜ ʦʩʮʠʣʣʷʮʠʡ ʥʝʡʪʨʦʥ-ʘʥʪʠʥʝʡʪʨʦʥ ʚ 

ʚʘʢʫʫʤʝ. 
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3.10 ɺʚʝʜʝʥʠʝ 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ, ʷʚʣʷʶʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤʠ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʫʪʠ ʤʦʜʝʣʠ - ʪʝʦʨʝʪʠʢʦ-ʧʦʣʝʚʦʤʫ ʧʦʜʭʦʜʫ, ʧʦʩʢʦʣʴʢʫ ʨʘʥʝʝ ʥʘʤʠ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʘʪʴ ʦʩʥʦʚʥʦʡ ʵʬʬʝʢʪ 

ʠʥʜʫʮʠʨʫʝʤʳʡ ʩʨʝʜʦʡ ï ʧʦʛʣʦʱʝʥʠʝ. 

3.10 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ɺ 2014 ʛ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʙʱʝʤʫ ʚʦʧʨʦʩʫ ʪʝʦʨʠʠ ʨʝʘʢʮʠʡ ʠ ʨʘʩʧʘʜʦʚ ʚ 

ʩʨʝʜʝ: ʧʨʠʤʝʥʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʪʝʦʨʝʤʳ ʚ ʤʦʜʝʣʷʭ ʩ ʥʝʵʨʤʠʪʦʚʳʤ ɻʘʤʠʣʴʪʦʥʠʘʥʦʤ. 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ ʥʘʧʨʘʚʣʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ ʧʝʨʝʭʦʜʦʚ ʥʝʡʪʨʦʥ-ʘʥʪʠʥʝʡʪʨʦʥ ʚ ʧʦʛʣʦʱʘʶʱʝʡ ʩʨʝʜʝ 

ʥʝʧʨʘʚʠʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʪʠʯʝʩʢʘʷ ʪʝʦʨʝʤʘ. ʆʥʘ ʜʦʣʞʥʘ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʫʥʠʪʘʨʥʦʡ S-

ʤʘʪʨʠʮʳ. ʆʜʥʘʢʦ ʤʦʜʝʣʴ, ʫʧʦʤʷʥʫʪʘʷ ʚʳʰʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʫʥʠʪʘʨʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʰʠʨʠʥʘ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʰʠʨʠʥʝ ʘʥʥʠʛʠʣʷʮʠʠ ʘʥʪʠʥʝʡʪʨʦʥʘ ʚ ʩʨʝʜʝ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʤʦʜʝʣʠ ʩ ʵʨʤʠʪʦʚʳʤ ɻʘʤʠʣʴʪʦʥʠʘʥʦʤ ʦʥʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʰʠʨʠʥʝ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʦʩʥʦʚʥʦʛʦ ʵʬʬʝʢʪʘ ʚʣʠʷʶʱʝʛʦ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ (ʰʠʨʠʥʘ 

ʘʥʥʠʛʠʣʷʮʠʠ ʘʥʪʠʥʝʡʪʨʦʥʘ ʚ ʩʨʝʜʝ) ʚ ʦʙʝʠʭ ʤʦʜʝʣʷʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ. ʕʪʦʪ ʬʘʢʪ ʷʚʣʷʝʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ. 

ɽʩʣʠ ɻʘʤʠʣʴʪʦʥʠʘʥ ʥʝʵʨʤʠʪʦʚ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʪʠʯʝʩʢʘʷ ʪʝʦʨʝʤʘ, ʪʦ S-ʤʘʪʨʠʮʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʫʥʠʪʘʨʠʟʦʚʘʥʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʚ ʨʷʜʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ (ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʭʦʜʦʚ ʥʝʡʪʨʦʥ-ʘʥʪʠʥʝʡʪʨʦʥ) ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚʦʧʨʦʩ ʚʳʭʦʜʠʪ ʜʘʣʝʢʦ ʟʘ ʨʘʤʢʠ ʠʟʫʯʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ: ʧʝʨʝʭʦʜʳ 

ʥʝʡʪʨʦʥ-ʘʥʪʠʥʝʡʪʨʦʥ ʚ ʧʦʛʣʦʱʘʶʱʝʡ ʩʨʝʜʝ. 

3.10 ʇʫʙʣʠʢʘʮʠʠ 

1 V.I.Nazaruk, Optical theorem and unitarity. arXiv:1403.3576v2 [hep-ph] (2014) 

2 V.I.Nazaruk, Models with non-Hermitian Hamiltonian and optical theorem. 

arXiv:1408.3295v2 [nucl-th] (2014) 
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3.11 ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʚ ʫʛʣʝʨʦʜʥʳʭ 

ʢʦʥʜʝʥʩʘʪʘʭ 

  ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʬʝʜʝʨʘʣʴʥʦʛʦ ʵʢʩʧʝʨʪʘ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʳ ʦʧʫʙʣʠʢʦʚʘʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʜʦʢʫʤʝʥʪ çɺʳʷʚʣʝʥʠʝ ʚʝʜʫʱʠʭ ʪʝʥʜʝʥʮʠʡ ʠ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʚʠʪʠʝ ʩʬʝʨʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ 

ʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ çʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝè, ʩ ʫʯʸʪʦʤ ʧʣʘʥʦʚ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʯʘʩʪʠ çʈʘʟʨʘʙʦʪʢʘ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ - ʦʛʨʘʥʠʯʠʪʝʣʝʡ 

ʪʦʢʘ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡè. 

ʇʨʦʜʦʣʞʘʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʫ çʈʘʟʨʘʙʦʪʢʘ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ - 

ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʪʦʢʘ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡè ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʤʧʘʥʠʠ ʆʆʆ çʂʘʨʨʝʥʪ 

ʃʠʤʠʪʝʜè - ʨʝʟʠʜʝʥʪʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ çʉʢʦʣʢʦʚʦè. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʢʦʣʣʝʛʘʤʠ ʠʟ ʠʥʩʪʠʪʫʪʘ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʝʨʝʢʣʶʯʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʦʪʠʧʘ ʫʛʣʝʨʦʜʥʦʛʦ 

ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʷ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʜʘʣʦʩʴ ʧʦʚʳʩʠʪʴ ʪʦʢʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʜʦ 3ɸ ʠ 

ʦʙʦʩʥʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʪʦʢʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʳʷʚʠʣʠʩʴ 

ʧʨʦʙʣʝʤʳ ʦʭʣʘʞʜʝʥʠʝʤ ʦʙʨʘʟʮʦʚ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʨʘʙʦʪʳ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠʩʢʨʳ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʣʝʥʢʠ ʠ ʧʦʜʣʦʞʢʠ. ʅʘʤʝʯʝʥʳ 

ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʧʨʝʦʜʦʣʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ. 

ʆʙʥʦʚʣʝʥ ʩʘʡʪ ʛʨʫʧʧʳ http://www.serleb.narod.ru , ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʨʦʝʢʪʘʭ ʛʨʫʧʧʳ ʠ ʚʩʝʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ.  

3.11 ʇʫʙʣʠʢʘʮʠʠ 

1. S.G.Lebedev  ñField Effect Switching in Nano-Graphite Filmsò Journal Physics and 

Chemistry of Solids Volume 75, Issue 9, September 2014, Pages 1029ï1032, 2014. 

2. ɺ.ʕ.ʗʥʮ, ʉ.ɻ.ʃʝʙʝʜʝʚ, ʅ.ʄ.ʉʦʙʦʣʝʚʩʢʠʡ  çɻʝʦʭʨʦʥʦʣʦʛʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʢʦʩʤʦʛʝʥʥʳʭ ʠʟʦʪʦʧʦʚ 53Mn, ʠ 10Be ʚ ʟʝʤʥʳʭ ʧʦʨʦʜʘʭè 

ʧʨʠʥʷʪʦ ʢ ʧʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣ çɻʝʦʭʠʤʠʷè 2014. 

3. ʉ.ɻ.ʃʝʙʝʜʝʚ çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʘ  ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ 

ʥʘʥʦʛʨʘʬʠʪʦʚʳʭ ʧʣʝʥʢʘʭ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʵʥʝʨʛʦʩʝʪʷʭè ʇʨʠʛʣʘʰʝʥʥʳʡ ʜʦʢʣʘʜ ʠ ʧʫʙʣʠʢʘʮʠʷ ʚ ʊʨʫʜʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʬʦʨʫʤʘ çHI-

TECH-2014è, ʈʦʩʩʠʷ, ʂʨʳʤ, 25-27 ʩʝʥʪʷʙʨʷ 2014 ʛ. 

4. BENEFITS OF NANO-GRAPHITE FILMS AS SMART STRUCTURE FOR SOLID 

STATE ELECTRONIC APPLICATIONS. Proc. of 2014 Asia-Pacific Materials Science and 

Information Technology Conference, December 13-14, 2014, Shanghai, China. 

http://www.sciencedirect.com/science/journal/00223697/75/9
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5. ʉ.ɻ.ʃʝʙʝʜʝʚ, ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʜʦʢʫʤʝʥʪ: çɺʳʷʚʣʝʥʠʝ ʚʝʜʫʱʠʭ ʪʝʥʜʝʥʮʠʡ ʠ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʚʠʪʠʝ ʩʬʝʨʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

çʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝè, ʩ ʫʯʸʪʦʤ ʧʣʘʥʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʯʘʩʪʠ 

çʈʘʟʨʘʙʦʪʢʘ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ - ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʪʦʢʘ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡè 

07.02.00, ʌɻɹʅʋ ʅʀʀ ʈʀʅʂʎʕ, 2014. 

3.12 ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʣʫʯʝʥʠʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ ʬʦʥʦʥʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ (ʅʌʈ) 

  ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʀʗʀ ʈɸʅ ʩʦʟʜʘʥʘ ʤʝʞʦʪʜʝʣʴʩʢʘʷ ʵʢʩʧʝʨʪʥʘʷ ʛʨʫʧʧʘ ʩ ʫʯʘʩʪʠʝʤ ʜʠʨʝʢʮʠʠ. ɺ 

ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʚʳʜʝʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʙʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ 

ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶ, ʢʦʪʦʨʦʝ ʚʦʟʛʣʘʚʠʣ ʉ.ɻ.ʃʝʙʝʜʝʚ. ɺʩʝ ʫʯʘʩʪʥʠʢʠ ʛʨʫʧʧʳ 

ʉ,ɻ.ʃʝʙʝʜʝʚʘ ʙʫʜʫʪ ʚʦʚʣʝʯʝʥʳ ʚ ʜʘʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ɼʣʷ ʧʨʦʷʩʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʝʣ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʦʜʥʦʤ ʠʟ ʟʘʩʝʜʘʥʠʡ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʳ ʉ.ɻ.ʃʝʙʝʜʝʚʳʤ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ 

ʜʦʢʣʘʜ çʈʘʜʠʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʄʄʌè. 

  ʇʨʦʠʟʚʝʜʝʥʦ ʦʙʥʦʚʣʝʥʠʝ ʢʫʨʩʘ ʕ.ɸ.ʂʦʧʪʝʣʦʚʘ çʈʘʜʠʘʮʠʦʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷè ʜʣʷ ʩʪʫʜʝʥʪʦʚ 5 ʢʫʨʩʘ ʄʌʊʀ, ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʢʘʬʝʜʨʝ ʀʗʀ ʈɸʅ. ɺ ʦʩʝʥʥʝʤ 

ʩʝʤʝʩʪʨʝ 2014 ʛ.. ʧʨʦʯʠʪʘʥ ʢʫʨʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʝʢʮʠʡ, ʚʳʧʦʣʥʝʥʳ ʠ ʧʨʠʥʷʪʳ ʧʦ 2 

ʢʫʨʩʦʚʳʝ ʨʘʙʦʪʳ ʠ ʧʨʦʠʟʚʝʜʝʥ ʧʨʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʢʟʘʤʝʥʘ.  

ʅʘ ʦʙʥʦʚʣʝʥʥʦʤ ʩʘʡʪʝ ʛʨʫʧʧʳ http://www.serleb.narod.ru ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʦʝʢʪʘ. 

3.12 ʇʫʙʣʠʢʘʮʠʠ 

1.ʉ.ɻ.ʃʝʙʝʜʝʚ. ɼʦʢʣʘʜ çʈʘʜʠʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʄʄʌè ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ 

ʤʝʞʦʪʜʝʣʴʩʢʦʡ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʳ.19 ʜʝʢʘʙʨʷ 2014, ʀʗʀ ʈɸʅ 

2. ɺ.ʕ.ʗʥʮ, ʉ.ɻ.ʃʝʙʝʜʝʚ, ʅ.ʄ.ʉʦʙʦʣʝʚʩʢʠʡ, çɻʝʦʭʨʦʥʦʣʦʛʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʢʦʩʤʦʛʝʥʥʳʭ ʠʟʦʪʦʧʦʚ 53Mn, ʠ 10Be ʚ ʟʝʤʥʳʭ ʧʦʨʦʜʘʭè 

ʧʨʠʥʷʪʦ ʢ ʧʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣ çɻʝʦʭʠʤʠʷè 2014. 

3.12 ɺʥʝʜʨʝʥʠʝ ʚ ʤʝʜʠʮʠʥʩʢʫʶ ʧʨʘʢʪʠʢʫ ʪʝʭʥʦʣʦʛʠʠ ʣʝʯʝʥʠʷ 

ʩʤʝʩʷʤʠ ʙʣʘʛʦʨʦʜʥʳʭ ʛʘʟʦʚ ʩ ʢʠʩʣʦʨʦʜʦʤ 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ɹʦʣʴʥʠʮʝʡ ʈɸʅ ʚ ʛ. ʊʨʦʠʮʢʝ. ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ 

ʩʤʝʩʝʡ Ar+ʆ2 ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʝʧʨʝʩʩʠʠ, ʩʪʨʝʩʩʦʚ, ʛʠʧʝʨʪʦʥʠʠ, ʫʣʫʯʰʝʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ 

ʬʫʥʢʮʠʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʘʧʠʷ ʩʤʝʩʷʤʠ Ar+ʆ2 , Xe+ʆ2, Kr+ʆ2 ʫʩʪʨʘʥʷʝʪ ʜʝʧʨʝʩʩʠʶ, ʩʪʨʝʩʩʳ, 

ʛʠʧʝʨʪʦʥʠʶ, ʫʣʫʯʰʘʝʪ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʬʫʥʢʮʠʶ.  

http://www.serleb.narod.ru/
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4 ʃʘʙʦʨʘʪʦʨʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 

ʌʠʟʠʢʘ ʘʪʦʤʥʦʛʦ ʷʜʨʘ, ʜʠʥʘʤʠʢʘ ʷʜʝʨʥʳʭ ʠ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʬʠʟʠʢʘ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʪʷʞʸʣʳʭ ʠʦʥʦʚ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʟ.ʜ.ʥ. ɸ.ɹ.ʂʫʨʝʧʠʥ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʷʜʨʦï̫ ʜʝʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʥʘ ʫʩʪʘʥʦʚʢʝ ALICE ʥʘ ʚʩʪʨʝʯʥʳʭ 

ʧʫʯʢʘʭ ʫʩʢʦʨʠʪʝʣʷ LHC  CERN. 

 

ʇʦʠʩʢ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ ʤʘʪʝʨʠʠ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʫʣʴʪʨʘʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʷʜʝʨ ï  

ʵʢʩʧʝʨʠʤʝʥʪ ALICE ʥʘ LHC. 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʬʠʟʠʢʝ - ɻ ʢʩʧʝʨʠʤʝʥʪ ALICE. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ 

ʟ.ʜ.ʥ. ɸ.ɹ.ʂʫʨʝʧʠʥ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʦʞʜʝʥʠʷ ʚʝʢʪʦʨʥʳʭ ʤʝʟʦʥʦʚ ʚ ʘʜʨʦʥ-ʷʜʝʨʥʳʭ ʠ ʷʜʝʨʥʦ-ʷʜʝʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʥʘ ʫʩʪʘʥʦʚʢʝ HADES (GSI, ɻʝʨʤʘʥʠʷ). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ʌ.ʌ. 

ɻʫʙʝʨ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʦʞʜʝʥʠʷ ʘʜʨʦʥʦʚ ʚ ʘʜʨʦʥ-ʷʜʝʨʥʳʭ ʠ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ 

ʥʘ ʫʩʢʦʨʠʪʝʣʝ SPS ʚ ʎɽʈʅ (ʵʢʩʧʝʨʠʤʝʥʪ NA-61). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʟ.ʜ.ʥ. ɸ.ɹ.ʂʫʨʝʧʠʥ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʩʞʘʪʦʡ ʙʘʨʠʦʥʥʦʡ ʤʘʪʝʨʠʠ ʥʘ ʫʩʪʘʥʦʚʢʝ CBM ʚ GSI 

(ɼʘʨʤʰʘʜʪ, ɻʝʨʤʘʥʠʷ). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʟ.ʜ.ʥ. ɸ.ɹ.ʂʫʨʝʧʠʥ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʣʝʢʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʥʝ ʥʫʢʣʦʥʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚ ʷʜʨʘʭ, 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʞʘʪʦʡ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʧʨʦʪʦʥʦʚ ʠ ʪʷʞʸʣʳʭ 

ʠʦʥʦʚ ʩ ʷʜʨʘʤʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʟ.ʜ.ʥ. ɸ.ɹ.ʂʫʨʝʧʠʥ. 
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4.1 ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʬʠʟʠʢʝ - ʵʢʩʧʝʨʠʤʝʥʪ ALICE. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʟ.ʜ.ʥ. ɸ.ɹ.ʂʫʨʝʧʠʥ. 

 ʉʧʠʩʦʢ ʠʩʧʦʣʥʠʪʝʣʝʡ: 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ʊ.ʃ.ʂʘʨʘʚʠʯʝʚʘ 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ɸ.ʀ.ʈʝʰʝʪʠʥ 

ɺʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʜ.ʬ.-ʤ.ʥ. ʀ.ɸ.ʇʰʝʥʠʯʥʦʚ 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ.  ʅ.ʉ.ʊʦʧʠʣʴʩʢʘʷ  

ɿʘʚʝʜʫʶʱʠʡ ʩʝʢʪʦʨʦʤ ʢ.ʬ.-ʤ.ʥ.  ɼ.ɺ.ʉʝʨʝʙʨʷʢʦʚ 

ɻʣʘʚʥʳʡ ʠʥʞʝʥʝʨ ʀʥʩʪʠʪʫʪʘ  ʆ.ɺ.ʂʘʨʘʚʠʯʝʚ 

ɿʘʚʝʜʫʶʱʠʡ ʩʝʢʪʦʨʦʤ   ɸ.ɺ.ɺʝʩʝʣʦʚʩʢʠʡ 

ɺʝʜʫʱʠʡ ʠʥʞʝʥʝʨ  ʀ.ɺ.ʄʦʨʦʟʦʚ 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɸ.ʀ.ʄʘʝʚʩʢʘʷ 

ʄʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɸ.ɸ ʊʠʭʦʥʦʚ 

ʄʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɸ.ʅ.ʂʫʨʝʧʠʥ 

ɺʝʜʫʱʠʡ ʠʥʞʝʥʝʨ ʅ.ɸ.ʂʫʨʝʧʠʥ 

ʉʪʘʞʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ɸ.ʉ. ʂʦʥʝʚʩʢʠʭ 

ʉʪʘʞʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ɼ.ɸ.ʌʠʥʦʛʝʝʚ  

ʉʪʘʞʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ  ɺ.ɺ.ʀʩʘʢʦʚ  

ʉʪʘʞʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ  ɸ.ɸ.ʌʫʨʩ  

ʉʪʘʞʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ  ɸ.ʀ.ʐʘʙʘʥʦʚ  

 

4 ʈʝʬʝʨʘʪ 

ʂɺɸʈʂ-ɻʃʖʆʅʅɸʗ ʄɸʊɽʈʀʗ, ʋʃʔʊʈɸʇɽʈʀʌɽʈʀʏɽʉʂʀɽ 

ɹɿɸʀʄʆɼɽʁʉʊɺʀʗ, ɹʆʃʔʐʆʁ ɸɼʈʆʅʅʓʁ ʂʆʃʃɸʁɼɽʈ, ʎɽʈʅ, ʉʊʆʃʂʅʆɺɽʅʀʗ 

ʗɼɽʈ ʉɺɽʈʍɺʓʉʆʂʀʍ ʕʅɽʈɻʀʁ, ʕʂʉʇɽʈʀʄɽʅʊ ALICE, ʉɺɽʊʀʄʆʉʊʔ, 

ʊʈʀɻɻɽʈʅʓɽ ɼɽʊɽʂʊʆʈʓ, ɼɽʊɽʂʊʆʈʓ ʏɽʈɽʅʂʆɺɸ, ʂɺɸʈʎɽɺʓʁ ʈɸɼʀɸʊʆʈ, 

ʆʇʊʀʏɽʉʂʀɽ ʉɽʅʉʆʈʓ, ʌʕʋ ʅɸ ʆʉʅʆɺɽ ʄʀʂʈʆʂɸʅɸʃʔʅʓʍ ʇʃɸʉʊʀʅ, 

ʂɺɸʅʊʆɺɸʗ ʕʌʌɽʂʊʀɺʅʆʉʊʔ, ɺʈɽʄɽʅʅʆɽ ʈɸɿʈɽʐɽʅʀɽ, ɸʅɸʃʆɻʆɺɸʗ ʀ 

ʎʀʌʈʆɺɸʗ ʕʃɽʂʊʈʆʅʀʂɸ, ʇʃʆʉʂʆʉʊʔ ʈɽɸʂʎʀʀ, ʄʅʆɾɽʉʊɺɽʅʅʆʉʊʔ. 

ʅʘ ʜʝʪʝʢʪʦʨʝ ʊ0 ʫʩʪʘʥʦʚʢʠ ALICE ʧʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʭ 

ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ ʩ ʮʝʣʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʨʠʛʛʝʨʥʦʡ ʩʠʩʪʝʤʳ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʙʦʪʘʪʴ 

ʧʨʠ ʚʳʚʦʜʝ ʧʫʯʢʘ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 50 ʥʩ ʠ 25 ʥʩ ʤʝʞʜʫ ʙʘʥʯʘʤʠ. ʇʨʦʜʦʣʞʘʝʪʩʷ ʘʥʘʣʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 2010-2013 ʛʛ. 

 ɺʳʧʦʣʥʝʥʦ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʜʝʪʝʢʪʦʨʘ ʊ0 ʚ ʩʚʷʟʠ ʩ ʤʦʜʝʨʥʠʟʘʮʠʝʡ 

ʪʨʠʛʛʝʨʥʦʡ ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʢʠ ALICE ʠ ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʠʛʛʝʨʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʝʪʝʢʪʦʨʘ T0 ʧʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʜʝʪʝʢʪʦʨʘ. 

 ɼʝʪʝʢʪʦʨ ʊ0 ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʨʦʞʜʝʥʥʳʭ 

ʯʘʩʪʠʮ, ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʝʪʠʤʦʩʪʠ, ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ-ʧʨʦʣʝʪʘ 
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ʨʦʞʜʝʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʜʠʘʛʥʦʩʪʠʢʫ ʧʫʯʢʘ ʠ ʬʦʨʤʠʨʫʝʪ ʪʨʠʛʛʝʨʥʳʝ ʩʠʛʥʘʣʳ 

ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ. 

T0 ʜʝʪʝʢʪʦʨ ʩʪʘʙʠʣʴʥʦ ʨʘʙʦʪʘʣ ʚʦ ʚʩʝʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʝʘʥʩʘʭ, ʧʨʦʚʦʜʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ALICE ʚ ʪʝʯʝʥʠʝ 2009-2013 ʛʦʜʦʚ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʝʪʝʢʪʦʨʘ ʊ0 

ʧʦʩʣʝ LS1 ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʚʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ ʤʘʪʝʨʠʠ ʥʘ ʧʫʯʢʘʭ ɹʦʣʴʰʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʦʣʣʘʡʜʝʨʘ ʎɽʈʅ, 

ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʢʦʣʣʘʡʜʝʨʘ ʚ 2013-2014 ʛʛ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʣʘʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ALICE ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʨʠʛʛʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʠ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʪʝʢʪʦʨʫ ʊ0 ʨʘʙʦʪʘʪʴ ʧʨʠ ʚʳʚʦʜʝ ʧʫʯʢʘ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 50 ʠ 25 ʥʩ 

ʤʝʞʜʫ ʙʘʥʯʘʤʠ ʟʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ: 

1. ʇʝʨʝʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʜʝʪʝʢʪʦʨʘ ʊ0 ʚ ʩʚʷʟʠ ʩ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʪʨʠʛʛʝʨʥʦʡ 

ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʢʠ ALICE. 

2. ʀʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʜʝʪʝʢʪʦʨʘ T0 ʧʦʩʣʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʜʝʪʝʢʪʦʨʘ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʨʠʛʛʝʨʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʠʛʛʝʨʥʦʛʦ ʩʠʛʥʘʣʘ LM. 

3. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ ʊ0 ʚ 2013 ʛʦʜʫ. 

4. ɺʳʧʦʣʥʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʜʘʥʥʳʭ LHC10h (ʥʦʷʙʨʴ-ʜʝʢʘʙʨʴ). 

5. ʇʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ DCS. 

6. ɺʳʧʦʣʥʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʝʪʠʤʦʩʪʠ ʚ p-Pb ʩʪʦʣʢʥʦʚʝʥʠʷʭ. 

7. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʣʴʪʨʘʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʜʝʨ. 

 8. ʇʨʦʚʝʜʝʥʘ ʧʦʜʛʦʪʦʚʢʘ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʩʝʘʥʩʫ 2015-2017 ʛʛ. 

9. ʇʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʜʝʪʝʢʪʦʨʘ FIT (Fast 

Interaction Trigger detector). 

10. ʇʨʝʜʣʦʞʝʥʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʩʪʘʥʦʚʢʘ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʤʠʰʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʯʢʦʚ ɹɸʂ. 

4.1 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

4.1.1 ʇʝʨʝʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʜʝʪʝʢʪʦʨʘ ʊ0 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʵʣʝʢʪʨʦʥʠʢʠ ʜʝʪʝʢʪʦʨʘ ʊ0 ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ 

ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʜʝʪʝʢʪʦʨʘ ʊ0 ʥʘ ʚʭʦʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʨʠʛʛʝʨʥʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ (ʉTP) c 625ʥʩ ʜʦ 425 ʥʩ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʫʨʦʚʥʷ ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ 

LM1 (L0 ʤʠʥʫʩ 1). ɺ ʬʝʚʨʘʣʝ ʙʳʣ ʟʘʚʝʨʰʝʥ ʧʝʨʝʥʦʩ ʚʩʝʭ ʧʦʜʩʠʩʪʝʤ ʩʠʩʪʝʤ ʜʝʪʝʢʪʦʨʘ ʥʘ 

ʥʦʚʦʝ ʤʝʩʪʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʩʦʢʨʘʱʝʥʠʝ ʜʣʠʥʳ ʪʨʠʛʛʝʨʥʳʭ ʠ ʩʠʛʥʘʣʴʥʳʭ ʢʘʙʝʣʝʡ. 

ɿʘʚʝʨʰʝʥʘ ʧʨʦʢʣʘʜʢʘ ʚʩʝʭ ʦʧʪʠʯʝʩʢʠʭ ʠ ʩʠʛʥʘʣʴʥʳʭ ʢʘʙʝʣʝʡ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ 

ʦʩʥʦʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (DCS, CTP, DAQ) ʫʩʪʘʥʦʚʢʠ ALICE (ʨʠʩʫʥʦʢ 1) 
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ʈʠʩʫʥʦʢ 1 ï Cʪʦʡʢʠ ʜʝʪʝʢʪʦʨʘ ʊ0 ʜʦ ʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʠʢʠ ʜʝʪʝʢʪʦʨʘ 

4.1.2 ʀʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ 

ʜʝʪʝʢʪʦʨʘ T0 ʧʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʜʝʪʝʢʪʦʨʘ 

ʆʮʝʥʢʘ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʠʛʛʝʨʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʚʳʧʦʣʥʝʥʘ ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʥʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʪʨʠʛʛʝʨʘ LM1, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʠʟʤʝʨʝʥʠʷʭ 2015-2018 ʛʛ. (RUN2). ɼʣʷ ʩʝʘʥʩʦʚ ʠʟʤʝʨʝʥʠʡ 2009-2013 

(RUN1) ʛʦʜʦʚ ʦʮʝʥʢʘ ʩʜʝʣʘʥʘ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ 

ʢʦʤʧʦʥʝʥʪʳ ʜʝʪʝʢʪʦʨʘ, ʚʣʠʷʶʱʠʝ ʥʘ ʟʘʜʝʨʞʢʫ (latency) ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ. ʀʟʤʝʨʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ 

ʧʨʝʜʝʣʘʭ (ʤʝʥʝʝ 425 ʥʩ). 
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ʈʠʩʫʥʦʢ 2 ï ɿʘʜʝʨʞʢʘ ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʚʦ ʚʨʝʤʷ RUN1 ʠ ʧʣʘʥʠʨʫʝʤʘʷ ʟʘʜʝʨʞʢʘ ʜʣʷ RUN2 

 

4.1.3 ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ ʊ0 ʚ 2013 ʛʦʜʫ 

ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ ʊ0 ʚ 2013 ʛʦʜʫ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʝʪʝʢʪʦʨʘ 

ʊ0 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʦʜʥʘʢʦ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʫʣʝʡ QTC, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʟʘʨʷʜʘ ʚʦ ʚʨʝʤʷ, ʤʦʜʫʣʷ GRPG, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʨʘʙʦʪʢʫ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ, 

ʥʝ ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʙʦʪʘʪʴ ʥʘ ʯʘʩʪʦʪʝ 20-40 ʄɻʮ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʭʦʜʷʪ ʠʩʧʳʪʘʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ ʤʦʜʫʣʷ QTC ʥʘ ʫʩʪʘʥʦʚʢʝ ALICE 

c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʜʣʷ 

ʜʦʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʤʦʜʫʣʷ GRPG. 

ɺ 2013 ʛʦʜʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ 

ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ ʢ ʧʘʜʝʥʠʶ ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ ʦʪ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʝʪʝʢʪʦʨʘʭ ʊ0-ɸ ʠ 

ʊ0-ʉ ʚ ʪʝʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ 2011-2013 ʛʛ. ɹʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʯʪʦ ʧʘʜʝʥʠʝ 

ʪʨʘʥʩʤʠʩʩʠʠ ʩʚʝʪʘ ʚ ʢʦʨʦʪʢʠʭ ʢʘʙʝʣʷʭ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ʢʦʨʦʪʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ. 

ɺ ʷʥʚʘʨʝ-ʬʝʚʨʘʣʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʥʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ ʜʣʷ ʩʪʦʨʦʥʳ ʊ0-ɸ ʠ 

ʧʨʦʚʝʜʝʥʘ ʫʩʪʘʥʦʚʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʥʘ ʫʩʪʘʥʦʚʢʝ ALICE. 
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4.1.4 ʂʘʣʠʙʨʦʚʢʘ ʜʘʥʥʳʭ LHC10h (ʥʦʷʙʨʴ-ʜʝʢʘʙʨʴ) 

 ʇʨʦʚʝʜʝʥʘ ʥʦʚʘʷ ʘʤʧʣʠʪʫʜʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʜʣʷ ʩʝʘʥʩʦʚ 2010 ʛʦʜʘ ʥʘ ʙʘʟʝ ʚʨʝʤʷ - 

ʘʤʧʣʠʪʫʜʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, 

ʯʪʦ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʪʨʝʢʠʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʊʈʉ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʠʤʧʫʣʴʩʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʚʩʝ ʜʘʥʥʳʝ 2010 ʛʦʜʘ ʙʫʜʫʪ 

ʦʙʨʘʙʦʪʘʥʳ ʧʦʚʪʦʨʥʦ. ʇʨʠ ʧʝʨʚʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʜʝʪʝʢʪʦʨʘ ʊ0 ʧʨʠʤʝʥʷʣʘʩʴ 

ʢʘʣʠʙʨʦʚʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʣʘʟʝʨʥʳʭ ʜʘʥʥʳʭ. ɺʨʝʤʷ-ʘʤʧʣʠʪʫʜʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʣʘʟʝʨʥʳʭ 

ʩʠʛʥʘʣʦʚ ʧʨʠ ʙʦʣʴʰʠʭ ʘʤʧʣʠʪʫʜʘʭ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʂʘʣʠʙʨʦʚʢʘ, 

ʚʳʧʦʣʥʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʧʨʠ ʥʦʚʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, 

ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʠ ʧʝʨʝʜʘʪʴ ʚʨʝʤʷ ʧʨʦʣʝʪʥʦʤʫ ʜʝʪʝʢʪʦʨʫ (TOF) ʩʠʛʥʘʣ ʦ ʥʘʯʘʣʝ ʩʦʙʳʪʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʜʝʨ ʩʚʠʥʮʘ (ʊ0) ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʵʪʦʛʦ ʩʦʙʳʪʠʷ. 

 

4.1.5 ʈʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ DCS 

ɺʦ ʚʨʝʤʷ LS1 ʥʘ ʫʩʪʘʥʦʚʢʝ ALICE ʧʨʦʚʝʜʝʥʳ ʟʘʤʝʥʘ DCS (ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʟʘ ʜʝʪʝʢʪʦʨʦʤ) ʢʦʤʧʴʶʪʝʨʦʚ ʩʪʘʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʥʦʚʳʝ (DELL Power Edge R310 

1U, X4380 (3.06 GHz) CPU, 16 GB RAM,2x25- GB SATA disk) ʠ ʧʝʨʝʭʦʜ ʩ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʩʠʩʪʝʤʳ PVSS (32bit) ʥʘ WINCC OA (64bit). ʅʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʢʦʤʧʴʶʪʝʨʦʚ ʠʩʧʦʣʴʟʫʝʪ 

ʚʤʝʩʪʦ ʰʠʥʳ PCI ʰʠʥʫ PCIe. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʜʝʪʝʢʪʦʨʝ ʧʨʦʠʟʚʝʜʝʥʘ ʫʩʪʘʥʦʚʢʘ ʥʦʚʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʥʦʚʳʭ ʠʥʪʝʨʬʝʡʩʥʳʭ ʧʣʘʪ (A3818, CAEN). 

ɺʳʧʦʣʥʝʥʦ ʦʙʥʦʚʣʝʥʠʝ ʯʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʜʝʪʝʢʪʦʨʘ ʊ0, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʣʦ 

ʚ ʩʝʙʷ ʟʘʤʝʥʫ ʩʝʨʚʝʨʦʚ, ʟʘʤʝʥʫ ʧʣʘʪ ʦʧʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʜʦʙʘʚʣʝʥʠʝ VME ʢʦʨʟʠʥʳ ʠ 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʜʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʠʪʘʥʠʝʤ ʢʦʨʟʠʥʳ ʠ ʜʦʙʘʚʣʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʣʦʢʘʤʠ ʚ ʥʦʚʦʡ VME ʢʦʨʟʠʥʝ. ɿʘʤʝʥʘ ʩʝʨʚʝʨʦʚ 

ʧʦʚʣʝʢʣʘ ʠ ʟʘʤʝʥʫ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʩʝʡʯʘʩ ʜʣʷ windows ʧʨʠʣʦʞʝʥʠʡ ʚ CERN 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ Windows 2008 server). ʅʦʚʳʝ ʩʝʨʚʝʨʘ ʠʤʝʶʪ ʪʦʣʴʢʦ PCIe 

ʠʥʪʝʨʬʝʡʩ, ʯʪʦ ʧʦʚʣʝʢʣʦ ʟʘʤʝʥʫ ʧʣʘʪ ʦʧʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ CAEN A2818 ʥʘ A3818. 

ʌʦʨʤʘʣʴʥʦ ʪʘʢʘʷ ʟʘʤʝʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʘʙʩʦʣʶʪʥʦ ʩʦʚʤʝʩʪʠʤʘ ʧʨʠ ʟʘʤʝʥʝ ʥʘ ʙʦʣʝʝ 

ʩʦʚʨʝʤʝʥʥʫʶ ʤʦʜʝʣʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ 

ʪʝʩʪʘʤʠ, ʥʦ ʧʨʠ ʟʘʤʝʥʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʰʣʦʩʴ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʜʨʘʡʚʝʨʦʚ. ʉʘʤʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠʣʠ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ, 

ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʘʨʭʠʚʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʤʦʥʠʪʦʨʠʥʛʘ ʠʣʠ ʫʧʨʘʚʣʝʥʠʷ 

(SCADA) ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ WinCC ʚʝʨʩʠʠ 3.11, ʙʳʣʦ ʦʪʨʘʙʦʪʘʥʦ ʚ ʛʨʫʧʧʝ DCS ʠ ʧʦʩʣʝ 
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ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʥʦʚʣʝʥʠʡ ʠ ʠʩʧʨʘʚʣʝʥʠʡ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʩʨʝʜʳ WINCC ( ʩʢʨʠʧʪʳ ) 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʠ ʥʦʨʤʘʣʴʥʦ. ʆʜʥʘʢʦ ʟʘʩʪʘʚʠʪʴ ʨʘʙʦʪʘʪʴ ʩʝʨʚʝʨ ʩʚʷʟʠ ʩ VME 

ʢʦʥʪʨʦʣʣʝʨʦʤ ʯʝʨʝʟ DIM (Distributed Information Management System for the Delphi 

experiment) ʧʨʦʪʦʢʦʣ ʥʝ ʫʜʘʣʦʩʴ, ʪʘʢ ʢʘʢ ʢʦʤʧʘʥʠʷ Microsoft ʠʟʤʝʥʠʣʘ ʧʦʣʠʪʠʢʫ ʟʘʧʫʩʢʘ 

ʧʨʦʛʨʘʤʤ ʢʘʢ ʩʝʨʚʠʩʘ ʠ ʟʘʧʫʩʢʘʪʴ ʩʝʨʚʝʨ ʢʘʢ ʩʝʨʚʠʩ ʪʝʧʝʨʴ ʥʝʚʦʟʤʦʞʥʦ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʤʝʪʦʜʘ. ʇʝʨʚʳʡ ʤʝʪʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʧʠʩʘʥʠʠ ʧʨʦʛʨʘʤʤʳ ʢʣʠʝʥʪʘ ʜʣʷ DIM ʩʝʨʚʝʨʘ ʠ ʟʘʧʫʩʢʝ ʝʝ ʧʦʜ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʫʯʝʪʥʦʡ ʟʘʧʠʩʴʶ ʧʨʠ ʧʦʤʦʱʠ ʩʪʦʨʦʥʥʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʨʝʘʣʠʟʦʚʘʥ ʠʤʝʥʥʦ ʵʪʦʪ ʤʝʪʦʜ. ɹʳʣʠ ʧʨʦʚʝʨʝʥʳ ʚʩʝ ʠʥʪʝʨʬʝʡʩʳ ʩʚʷʟʠ 

ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦʜ Windows ʠ ʦʥʠ ʤʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʪʘʢ ʞʝ, ʢʘʢ ʨʘʙʦʪʘʣʠ ʚ ʩʪʘʨʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺʪʦʨʦʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʙʣʠʦʪʝʢʠ ʦʪ ʢʦʤʧʘʥʠʠ CAEN 

ʥʘʧʠʩʘʥʥʦʡ ʥʘ ʉ++, ʧʦʩʪʘʚʣʷʝʤʦʡ ʩ ʧʣʘʪʦʡ ʠʥʪʝʨʬʝʡʩʘ. WinCC ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʠʭ ʙʠʙʣʠʦʪʝʢ, ʥʦ ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʪʘʢʘʷ ʙʠʙʣʠʦʪʝʢʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʦʩʦʙʳʤ ʩʧʦʩʦʙʦʤ. ɹʳʣʦ ʨʝʰʝʥʦ ʧʦʡʪʠ ʧʦ ʧʫʪʠ ʥʘʧʠʩʘʥʠʷ ʙʠʙʣʠʦʪʝʢʠ-ʤʦʩʪʘ 

ʩ ʚʢʣʶʯʝʥʠʝʤ ʚ ʥʝʝ ʧʦʩʪʘʚʣʷʝʤʦʡ ʙʠʙʣʠʦʪʝʢʠ ʠʥʪʝʨʬʝʡʩʘ. ɻʨʫʧʧʦʡ DCS ʙʳʣ ʚʳʜʝʣʝʥ 

ʩʝʨʚʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʫʜʘʣʦʩʴ ʩʜʝʣʘʪʴ ʨʘʙʦʯʫʶ ʩʚʷʟʢʫ WinCC ʠ C++ ʠ ʧʦʩʪʨʦʠʪʴ ʩʨʝʜʫ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʝʡʯʘʩ ʛʦʪʦʚ ʰʘʙʣʦʥ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʷʤʠ ʦʨʠʛʠʥʘʣʴʥʦʡ 

ʙʠʙʣʠʦʪʝʢʠ. ʕʪʦʪ ʤʝʪʦʜ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʝʥ ʠ ʠʜʝʦʣʦʛʠʯʝʩʢʠ ʢʦʨʨʝʢʪʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ Windows ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʝʪʝʢʪʦʨʘ T0 ʧʦʜʛʦʪʦʚʣʝʥʘ ʢ 

ʪʝʩʪʘʤ ʥʘ ʧʫʯʢʝ. 

4.1.6 ʆʧʨʝʜʝʣʝʥʠʝ ʩʚʝʪʠʤʦʩʪʠ 

ʊʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʝʪʠʤʦʩʪʠ ʠ ʝʛʦ ʤʦʥʠʪʦʨʠʥʛ ʥʝʦʙʭʦʜʠʤ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ 

ʩʚʝʪʠʤʦʩʪʠ ʚʭʦʜʠʪ ʚ ʨʘʩʯʝʪʳ ʩʝʯʝʥʠʡ ʚʩʝʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʉʚʝʪʠʤʦʩʪʴ ʥʘ ALICE 

ʠʟʤʝʨʷʝʪʩʷ ʧʝʨʝʜʥʠʤʠ ʜʝʪʝʢʪʦʨʘʤʠ: V0, ʊ0 ʠ ZDC. ɺʦ ʚʨʝʤʷ ʬʘʟʳ ʟʘʧʫʩʢʘ LHC, ʜʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʧʫʯʢʘ, V0 ʠ T0 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʩʚʝʪʠʤʦʩʪʠ. ɺʦ ʚʨʝʤʷ p-

p ʠ p-Pb ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʪʝʯʝʥʠʠ 2011-2013 ʛʦʜʦʚ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʝʪʝʢʪʦʨ 

ʊ0. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʦʮʝʥʢʠ ʩʚʝʪʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʠʛʛʝʨʥʳʡ ʩʠʛʥʘʣ 

C0TVX (ʩʠʛʥʘʣ ʛʝʥʝʨʠʨʫʝʪʩʷ, ʝʩʣʠ ʚʝʨʰʠʥʘ ʩʪʦʣʢʥʦʚʝʥʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ +-10 ʩʤ). 

ɺʦ ʚʨʝʤʷ Pb-Pb ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʪʦʪ ʩʠʛʥʘʣ ʙʳʣ ʚʢʣʶʯʝʥ ʚ ʪʨʠʛʛʝʨʥʫʶ ʩʠʩʪʝʤʫ ʫʩʪʘʥʦʚʢʠ 

ALICE. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥ ʘʥʘʣʠʟ p-Pb ʜʘʥʥʳʭ ʠ ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʪʘʪʴʷ 

çMeasurement of visible cross sections in proton-lead collisions at ãsNN = 5.02 TeV in van der 

Meer scans with the ALICE detectorè [6]. 
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4.1.7 ʀʩʩʣʝʜʦʚʘʥʠʷ ʫʣʴʪʨʘʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʜʝʨ 

 ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʣʴʪʨʘʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʜʝʨ ʥʘ ʢʦʣʣʘʡʜʝʨʘʭ 

ʷʜʨʦ-ʷʜʨʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʫʣʴʪʨʘʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʷʜʝʨ ʫʨʘʥʘ ʥʘ ʚʩʪʨʝʯʥʳʭ ʧʫʯʢʘʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʀʗʀ 

ʈɸʅ ʤʦʜʝʣʠ RELDIS. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʵʥʝʨʛʠʡ ʩʪʦʣʢʥʦʚʝʥʠʡ U+U ʧʨʠ 

sqrt(sNN)=192.8 ɻʵɺ ʥʘ RHIC (BNL). ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʧʦʪʝʨʷʭ ʧʫʯʢʦʚ ʚ ʢʦʣʣʘʡʜʝʨʝ ʧʦʣʥʦʝ 

ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʜʝʨ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʜʦʤʠʥʠʨʫʶʱʠʡ ʚʢʣʘʜ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʷ ʞʠʟʥʠ ʧʫʯʢʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʝʥʦ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʷʜʝʨ ʫʨʘʥʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʜʦʣʷ (~60%) 

ʩʦʙʳʪʠʡ ʠʭ ʜʝʣʝʥʠʷ. ʆʪʤʝʯʝʥʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʨʝʟʫʣʴʪʘʪʦʚ RELDIS ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʦʚʤʝʩʪʥʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ ʠʟ BNL ʨʘʙʦʪʝ [22]. 

ʇʦʜʛʦʪʦʚʣʝʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʜʦʢʣʘʜ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʚʝʱʘʥʠʠ çWorkshop on 

photon-induced collisions at the LHCèĚ CERN, Geneve, June 2-4, 2014 ʥʘ ʪʝʤʫ ñElectromagnetic 

fragmentation of nuclei ð recent news and future plansò. ɺ ʜʦʢʣʘʜʝ ʦʪʨʘʞʝʥʳ ʥʝʜʘʚʥʦ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʃʈʗʌ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʩʝʯʝʥʠʷʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʜʠʩʩʦʮʠʘʮʠʠ ʷʜʝʨ ʠʥʜʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠ RELDIS ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʜʝʨ, ʢʦʪʦʨʳʝ ʚ ʙʫʜʫʱʝʤ, ʧʦʤʠʤʦ ʷʜʝʨ ʩʚʠʥʮʘ, ʤʦʛʫʪ 

ʙʳʪʴ ʫʩʢʦʨʝʥʳ ʥʘ LHC. 

ʇʦʜʛʦʪʦʚʣʝʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʜʦʢʣʘʜ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʝʤʠʥʘʨʝ çThe XXII  

International Baldin Seminar on High Energy Physics Problems - Relativistic Nuclear Physics and 

Quantum Chromodynamicsè ʥʘ ʪʝʤʫ çMultifragment break-up of 12C in photonuclear reactions 

ð a theorist's point of viewè, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʦʪʦʥʦʚ ʩ ʷʜʨʘʤʠ ʫʛʣʝʨʦʜʘ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ RELDIS. ʈʘʙʦʪʳ 

ʧʨʦʚʦʜʷʪʩʷ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʥʘʙʦʨʘ ʷʜʝʨ, ʚʢʣʶʯʘʷ ʣʸʛʢʠʝ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʫʩʢʦʨʷʪʴ ʚ ʢʦʣʣʘʡʜʝʨʘʭ ʠʣʠ ʜʨʫʛʠʭ ʫʩʢʦʨʠʪʝʣʷʭ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʦʜʝʣʠ RELDIS ʢ ʨʝʘʢʮʠʷʤ ʬʦʪʦʬʨʘʛʤʝʥʪʘʮʠʠ ʣʸʛʢʠʭ 

ʷʜʝʨ ʩʦʚʤʝʩʪʥʦ ʩ ʣʘʙʦʨʘʪʦʨʠʝʡ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ (ɺ.ɻ. ʅʝʜʦʨʝʟʦʚ ʠ ɸ.ɸ.ʊʫʨʠʥʛʝ) 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʢ ʧʝʯʘʪʠ ʩʪʘʪʴʷ çDisintegration of 12C nuclei by 700-1500 MeV photonsè. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʫʩʢʦʨʝʥʥʳʭ ʷʜʝʨ ʩ ʪʢʘʥʝʧʦʜʦʙʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ 

 ʉ ʧʦʤʦʱʴʶ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʦʡ ʤʦʜʝʣʠ MCHIT (Monte Carlo Model for Heavy-Ion 

Therapy) ʚʳʯʠʩʣʝʥʳ ʤʠʢʨʦʜʦʟʠʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʜʝʨ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʫʯʢʦʚ 

(ʧʨʦʪʦʥʳ, ʘʣʴʬʘ-ʯʘʩʪʠʮʳ, ʷʜʨʘ ʣʠʪʠʷ ʠ ʫʛʣʝʨʦʜʘ), ʩʨʝʜʥʠʝ ʣʠʥʝʡʥʳʝ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ 
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(<yf>, <yd>) ʧʨʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʚʦʜʝ, ʚʢʣʶʯʘʷ ʚʩʝ ʨʦʞʜʸʥʥʳʝ ʠʤʠ ʚʪʦʨʠʯʥʳʝ 

ʯʘʩʪʠʮʳ. ʅʘ ʦʩʥʦʚʝ ʤʠʢʨʦʜʦʟʠʤʝʪʨʠʯʝʩʢʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʯʠʩʣʝʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʯʘʩʪʠʮ. ɼʘʥʳ ʦʮʝʥʢʠ <yf>, <yd> ʜʣʷ 

ʪʷʞʝʣʳʭ ʷʜʝʨ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ.ʈʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [23] ʠ [24]. 

4.1.8 ʇʦʜʛʦʪʦʚʢʘ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʩʝʘʥʩʫ 2015-2017 ʛʛ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʫʩʪʘʥʦʚʢʝ ALICE, ʎɽʈʅ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ 

ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ ʢ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʩʝʘʥʩʘʤ 2015-2017 ʛʛ, ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ 2010-2013 ʛʛ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʠ ʠʩʧʳʪʘʥʠʷ ʜʝʪʝʢʪʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʤʦʜʝʨʥʠʟʠʨʫʝʤʳʭ ʜʝʪʝʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʩʫʧʝʨʜʝʪʝʢʪʦʨʘ ALICE ɹʦʣʴʰʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʦʣʣʘʡʜʝʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʫʨʦʚʥʷʭ ʩʚʝʪʠʤʦʩʪʠ ʢʦʣʣʘʡʜʝʨʘ. 

ɺ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʢ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʩʝʘʥʩʘʤ 2015-2017 ʛ.ʛ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ 

ʜʝʪʝʢʪʦʨʫ ʊ0. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʝʪʝʢʪʦʨʘ ʊ0 ʧʦʩʣʝ LS1 ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʚʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ ʤʘʪʝʨʠʠ ʥʘ ʧʫʯʢʘʭ 

ɹʦʣʴʰʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʦʣʣʘʡʜʝʨʘ ʎɽʈʅ, ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʢʦʣʣʘʡʜʝʨʘ ʚ 2013-2014 ʛʛ., 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ALICE ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʨʠʛʛʝʨʥʦʡ ʩʠʩʪʝʤʳ (CTP), 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ, ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʙʦʪʘʪʴ ʧʨʠ 

ʚʳʚʦʜʝ ʧʫʯʢʘ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 50 ʥʩ ʠ 25 ʥʩ ʤʝʞʜʫ ʙʘʥʯʘʤʠ ʚ ʪʨʝʪʴʝʤ ʢʚʘʨʪʘʣʝ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʜʝʪʝʢʪʦʨʘ ʊ0 ʥʘ 

ʚʭʦʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʨʠʛʛʝʨʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (ʉTP) c 625ʥʩ ʜʦ 425 ʥʩ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ 

ʫʨʦʚʥʷ ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ LM1 (L0 ʤʠʥʫʩ 1) ʚ ʧʝʨʚʦʤ ʧʦʣʫʛʦʜʠʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʜʝʪʝʢʪʦʨʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʟʘʜʝʨʞʢʫ ʪʨʠʛʛʝʨʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʦ 425 ʥʩ. ɺ 3 ʢʚʘʨʪʘʣʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʭʝʤʳ ʜʝʪʝʢʪʦʨʘ ʊ0 ʠ ʦʪʜʝʣʴʥʳʭ ʪʨʠʛʛʝʨʥʳʭ ʤʦʜʫʣʝʡ. ɼʣʷ ʪʨʠʛʛʝʨʥʦʛʦ ʤʦʜʫʣʷ ʊ0ʊU ʙʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ ʥʦʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʷ (Firmware), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ 25 ʥʩ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʨʦʞʜʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʜʣʷ ʢʦʨʨʝʢʮʠʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʝʢʪʦʨʘ ʦʪ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʪʨʝʙʫʝʪʩʷ ʩʪʘʙʠʣʴʥʦʝ ʘʤʧʣʠʪʫʜʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʤʦʜʫʣʷ QTC, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʟʘʨʷʜʘ ʚʦ ʚʨʝʤʷ ʩ 

ʚʨʝʤʝʥʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 25 ʥʩ. ɺ ʠʶʣʝ 2014 ʛʦʜʳ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʧʨʦʪʦʪʠʧ ʙʳʣ ʫʩʧʝʰʥʦ 

ʠʩʧʳʪʘʥ ʥʘ ʫʩʪʘʥʦʚʢʝ ALICE ʠ ʥʘʯʘʪʦ ʠʟʛʦʪʦʚʣʝʥʠʝ 5 ʤʦʜʫʣʝʡ QTC. ɺ ʥʦʷʙʨʝ 2014 ʛʦʜʘ 
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ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʙʳʩʪʨʫʶ ʵʣʝʢʪʨʦʥʠʢʫ ʜʝʪʝʢʪʦʨʘ ʊ0 ʜʚʘ ʪʠʧʘ ʤʦʜʫʣʝʡ 

QTC. ʇʝʨʚʳʡ ʪʠʧ ʤʦʜʫʣʷ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʊ0, 

ʚʪʦʨʦʡ ʪʠʧ -ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ ʩ ʢʘʞʜʦʡ ʠʟ ʩʪʦʨʦʥ ʜʝʪʝʢʪʦʨʘ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʳʨʘʙʦʪʢʠ ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ. ʅʘ 

ʨʠʩʫʥʢʝ 3 ,4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦ ʥʦʚʳʭ ʤʦʜʫʣʝʡ QTC. 

 

ʈʠʩʫʥʦʢ 3 ï QTC ʤʦʜʫʣʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʜʝʪʝʢʪʦʨʘ ʊ0 

ʠ ʠʤʝʝʪ 6 ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʥʘʣʦʚ ʠʟʤʝʨʝʥʠʡ 

 

ʈʠʩʫʥʦʢ 4 ï QTC ʤʦʜʫʣʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʩʫʤʤʘʨʥʦʡ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ ʩ 

ʢʘʞʜʦʡ ʠʟ ʩʪʦʨʦʥ ʜʝʪʝʢʪʦʨ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʪʨʠʛʛʝʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʯʘʩʪʦʪʝ 40MHz ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʤʦʜʫʣʴ ʨʘʟʚʝʪʚʠʪʝʣʝʡ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ (FANOUT) ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦ 5 V ʠ ʟʘʚʝʨʰʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ GRPG (Gate reference point 

generator). ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʣʘʥʦʤ ʨʘʙʦʪ ʤʦʜʫʣʠ FANOUT ʠ GRPG (LʉC-ʥʦʚʦʝ ʥʘʟʚʘʥʠʝ 

ʤʦʜʫʣʷ GRPG) ʠʟʛʦʪʦʚʣʝʥʳ ʠ ʜʦʩʪʘʚʣʝʥʳ ʚ ʎɽʈʅ ʚ ʥʦʷʙʨʝ 2014 ʛʦʜʘ [ʨʠʩʫʥʦʢ 5,6]. ʆʜʥʘʢʦ 

ʫʩʪʘʥʦʚʢʘ ʵʪʠʭ ʤʦʜʫʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʪʨʠʛʛʝʨʥʦʛʦ ʫʨʦʚʥʷ LM ʜʝʪʝʢʪʦʨʦʤ TRD.  
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ʈʠʩʫʥʦʢ 5 ï ʄʦʜʫʣʴ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʟʘʧʫʩʢʘ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʟʘʧʫʩʢʘ ʤʦʜʫʣʝʡ QTC 

 

ʈʠʩʫʥʦʢ 6 ï ʄʦʜʫʣʠ FANOUT ʜʣʷ ʨʘʟʚʝʪʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ʙʳʩʪʨʫʶ ʠ ʪʨʠʛʛʝʨʥʫʶ 

ʵʣʝʢʪʨʦʥʠʢʫ ʜʝʪʝʢʪʦʨʘ T0 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʘʤʧʣʠʪʫʜʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʜʝʪʝʢʪʦʨʘ ʊ0-ɸ ʥʘ ʧʫʯʢʝ PS, CERN . 

ʈʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʠ ʨʠʩʫʥʦʢ 7 ʠ 8. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʜʝʪʝʢʪʦʨ ʊ0-ɸ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʫʩʪʘʥʦʚʢʝ ALICE. 

ʇʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʢʘʣʠʙʨʦʚʢʠ ʜʝʪʝʢʪʦʨʘ ʚ ʩʚʷʟʠ ʩ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʵʣʝʢʪʨʦʥʠʢʠ ʜʝʪʝʢʪʦʨʘ ʙʣʠʞʝ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʪʨʠʛʛʝʨʥʦʤʫ ʧʨʦʮʝʩʩʦʨʫ ʠ 

ʧʨʦʚʝʜʝʥ ʨʝʤʦʥʪ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
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ʊʘʙʣʠʮʘ 1 - ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʜʝʪʝʢʪʦʨʘ ʊ0-ɸ 

 

ʇʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʊ0 DCS ʠ 

ʚʢʣʶʯʝʥʠʶ ʥʦʚʳʭ ʤʦʜʫʣʝʡ ʚ ʩʠʩʪʝʤʫ ʊ0 DCS. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʩʠʩʪʝʤʳ ʩʯʠʪʳʚʘʥʠʷ 

ʜʘʥʥʳʭ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʦʪʦʢʦʣʘ ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ 

ʪʨʠʛʛʝʨʥʳʭ ʢʣʘʩʩʦʚ ʜʦ 100. 

 

ʈʠʩʫʥʦʢ 7 ï ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʜʝʪʝʢʪʦʨʦʚ ʊ0-

ɸ1, ʊ0-ɸ2, ʊ0-ɸ3, ʊ0-ɸ11, ʊ0-ɸ12 ʦʪ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʌʕʋ-187  
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ʈʠʩʫʥʦʢ 8 ï ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʜʝʪʝʢʪʦʨʦʚ 

ʊ0-ɸ5, ʊ0-ɸ6, ʊ0-ɸ7, ʊ0-ɸ8, ʊ0-ɸ9 ʦʪ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʌʕʋ-187 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʝʪʝʢʪʦʨʘ ʊ0 . ɹʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʠ ʚʩʪʨʦʝʥʘ ʚ ʩʠʩʪʝʤʫ HLT (High Level Trigger) ʧʨʦʛʨʘʤʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʜʝʪʝʢʪʦʨʘ ʊ0 ʚ ʪʝʯʝʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʟʘʧʠʩʘʪʴ 

ʚ ʙʘʟʫ ʜʘʥʥʳʭ OCDB ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʠ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʜʚʫʭʰʘʛʦʚʦʡ ʩʭʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʢʘʣʠʙʨʦʚʢʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʮʝʜʫʨʘ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʥʘ ʩʪʨʘʥʠʮʝ ALICE QA ʪʨʝʥʜʦʚ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʥʘ ʢʘʞʜʦʛʦ ʧʝʨʠʦʜʘ 

ʠʟʤʝʨʝʥʠʡ: ʨʘʟʨʝʰʝʥʠʝ ʜʝʪʝʢʪʦʨʘ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʦ ʚʨʝʤʝʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʦʢʨʫʛ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʠ. ʅʘ ʨʠʩʫʥʢʫ 9 ʧʦʢʘʟʘʥʳ ʪʨʝʥʜʳ ʨʘʟʨʝʰʝʥʠʝ ʜʝʪʝʢʪʦʨʘ ʊ0 ʠ 

ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʦ ʚʨʝʤʝʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʢʨʫʛ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʠ ʜʣʷ ʧʝʨʠʦʜʘ 

ʧʨʦʪʦʥʥʳʭ ʩʝʘʥʩʦʚ ʧʝʨʠʦʜʘ LHC13g 2013 ʛʦʜʘ.  
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˾͙ͫͯͤͦ͟ ф ς ́ ͔ͪͤ͒·Υ ͔ͪ͊ͪ͘΄͔͙͔ͤ ͔͔͒ͭͭͦͪ͊͟ ό͍͙ͤͯ͘ύ ͙ ͼ͔͙͍͙͔ͤͭͪͪͦ͊ͤ ͙͎͍ͫͤ͊ͦ͡ ͦ ͍͔͔͙ͪͣͤ 
͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͍͎ͦͪͯ͟ ͔͍͚ͤͯͦ͡ ͔͙ͦͭͣͭ͟ ό͍͍͔ͪͻͯύ 

 

4.1.9 ʈʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʜʝʪʝʢʪʦʨʘ FIT 

(fast Interaction Trigger detector) 

ɺ 2013 ʛʦʜʫ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ TDR (ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ) ʧʦ ʥʦʚʦʤʫ ʜʝʪʝʢʪʦʨʫ FIT 

(Fast Interaction Trigger, T0-plus), ʢʦʪʦʨʳʡ ʟʘʤʝʥʠʪ ʜʝʪʝʢʪʦʨ ʊ0 (ʠʟ-ʟʘ ʝʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ 

ʘʢʩʝʧʪʘʥʩʘ) ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʤʶʦʥʥʦʛʦ ʪʨʝʢʝʨʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʜʝʪʝʢʪʦʨʘ FIT ʧʦʣʫʯʠʣʠ ʦʜʦʙʨʝʥʠʝ ʢʦʤʠʪʝʪʘ LHCC. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʜʝʪʝʢʪʦʨʘ FIT ʠ ʨʘʟʨʘʙʦʪʢʘ ʙʳʩʪʨʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ ʤʝʛʘʜʝʪʝʢʪʦʨʘ ALICE ʥʘ ɹʦʣʴʰʦʤ 

ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ (ɹɸʂ) ʚ ʎɽʈʅ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦʙʳ ʙʳʣʠ ʦʙʝʩʧʝʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʫʯʢʘʭ ɹɸʂ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʢʦʣʣʘʡʜʝʨʘ 

ʚ 2017-2018 ʛʛ., ʢʦʛʜʘ ʝʛʦ ʩʚʝʪʠʤʦʩʪʴ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʘ ʙʦʣʝʝ, ʯʝʤ ʚ 10 ʨʘʟ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
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ʦʪʢʨʦʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʜʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʦʚʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʪʨʝʙʫʶʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ALICE, ʚ ʯʘʩʪʥʦʩʪʠ ʪʨʠʛʛʝʨʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ɸʃʀʉɽ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʜʦʙʘʚʣʝʥʠʝ ʜʨʫʛʠʭ ʜʝʪʝʢʪʦʨʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʫʤʝʥʴʰʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʜʦʩʪʫʧʥʦʝ ʜʣʷ 

ʤʦʥʪʘʞʘ ʪʨʠʛʛʝʨʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʉ-ʩʪʦʨʦʥʝ. ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤʘʤ, ʚʦʟʥʠʢʘʝʪ 

ʘʢʪʫʘʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ɸʃʀʉɽ ʥʦʚʦʛʦ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ FIT-ʜʝʪʝʢʪʦʨʘ, ʢʦʪʦʨʳʡ 

ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ T0, V0 ʠ FMD-ʧʦʜʩʠʩʪʝʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʟpʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʊ0-Plus-ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʢʚʘʨʮʝʚʳʭ ʨʘʜʠʘʪʦʨʦʚ 

ʠ ʤʠʢʨʦʢʘʥʘʣʴʥʳʭ ʌʕʋ ʜʣʷ ʪʨʠʛʛʝʨʥʦʛʦ FIT-ʜʝʪʝʢʪʦʨʘ ʫʩʪʘʥʦʚʢʠ ɸʃʀʉɸ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʨʝʤʝʥʥʳʭ ʠ ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʢʨʦʢʘʥʘʣʴʥʳʭ ʌʕʋ 

ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʧʨʦʪʦʪʠʧ ʵʣʝʤʝʥʪʘ ʜʝʪʝʢʪʦʨʘ. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʝʪʝʢʪʦʨʘ 

ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʢʘʥʘʣʴʥʳʭ ʌʕʋ XP85012/A1-Q MCP-PMT Planacon ʩ ʢʚʘʨʮʝʚʳʤ ʦʢʥʦʤ, 

ʢʚʘʨʮʝʚʳʝ ʨʘʜʠʘʪʦʨʳ ʠ ʧʘʩʩʠʚʥʘʷ ʙʳʩʪʨʘʷ ʵʣʝʢʪʨʦʥʠʢʘ. ʅʘ ʨʠʩʫʥʢʝ 10 ʧʦʢʘʟʘʥ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʨʧʫʩ, ʯʝʪʳʨʝ ʢʚʘʨʮʝʚʳʭ ʨʘʜʠʘʪʦʨʘ, XP85012/A1-Q MCP-PMT. ʊʝʩʪʦʚʳʝ 

ʠʩʧʳʪʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʠʶʣʝ 2014 ʛʦʜʘ ʥʘ ʧʫʯʢʝ PS, CERN. ʅʘ ʨʠʩʫʥʢʝ 11 ʧʦʢʘʟʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʨʠʛʛʝʨʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʚʜʦʣʴ ʦʩʠ ʧʫʯʢʘ. 

 

 

ʈʠʩʫʥʦʢ 10 ï ʇʨʦʪʦʪʠʧ ʵʣʝʤʝʥʪʘ ʜʝʪʝʢʪʦʨʘ FIT 
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ʈʠʩʫʥʦʢ 11 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʪʨʠʛʛʝʨʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʚʜʦʣʴ ʦʩʠ ʧʫʯʢʘ PS, CERN 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʪʨʠʛʛʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʦʚʧʘʜʝʥʠʝ ʩʠʛʥʘʣʦʚ 

ʩ ʜʚʫʭ ʜʝʪʝʢʪʦʨʦʚ ʊ0, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʩʠ ʧʫʯʢʘ ʜʦ ʠ ʧʦʩʣʝ ʜʚʫʭ ʧʨʦʪʦʪʠʧʦʚ ʜʝʪʝʢʪʦʨ 

FIT. ʄʠʢʨʦʢʘʥʘʣʴʥʳʡ XP85012/A1-Q MCP-PMT ʠʤʝʝʪ 64 ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʳʭʦʜʦʚ ʠ ʦʜʠʥ 

ʦʙʱʠʡ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʢʘʥʘʣʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʤʝʪʴ ʦʜʠʥ 

ʩʠʛʥʘʣ ʩ 16 ʘʥʦʜʦʚ MCP-PMT. ʆʙʲʝʜʠʥʝʥʠʝ ʵʪʠʭ ʢʘʥʘʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʦʜʥʦʛʦ 

ʢʚʘʨʮʝʚʦʛʦ ʨʘʜʠʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ MCP-PMT. ʊʨʠ ʨʘʜʠʘʪʦʨʘ (1,2,3) ʠʤʝʣʠ ʟʝʨʢʘʣʴʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ ʠ ʯʝʨʥʝʥʥʫʶ ʧʝʨʝʜʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʏʝʪʚʝʨʪʳʡ ʨʘʜʠʘʪʦʨ 

ʠʤʝʣ ʟʝʨʢʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʢʦʚʳʭ ʠ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʌʦʨʤʘ ʩʠʛʥʘʣʦʚ ʩ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ FIT ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʦʜʥʦʛʦ ʧʠʦʥʘ ʯʝʨʝʟ ʦʜʠʥ ʵʣʝʤʝʥʪ ʢʚʘʨʮʝʚʦʛʦ ʨʘʜʠʘʪʦʨʘ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 12. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʧʫʯʢʘ ʥʘ 

ʜʝʪʝʢʪʦʨʝ ʌʀʊ (ʨʠʩʫʥʦʢ 14). 

  

ʈʠʩʫʥʦʢ 12 ï ʉʣʝʚʘ ʧʦʢʘʟʘʥʘ ʬʦʨʤʘ ʩʠʛʥʘʣʦʚ ʩ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ FIT ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʦʜʥʦʛʦ ʧʠʦʥʘ ʯʝʨʝʟ ʦʜʠʥ ʵʣʝʤʝʥʪ ʢʚʘʨʮʝʚʦʛʦ ʨʘʜʠʘʪʦʨʘ. ʉʧʨʘʚʘ ʧʦʢʘʟʘʥʦ 

ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʪʨʠʛʛʝʨʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʊ0 
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ʅʘ ʨʠʩʫʥʢʝ 13 ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʠ ʧʦʣʦʞʝʥʠʶ 

ʚʨʝʤʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ ʦʙʱʝʛʦ ʚʳʚʦʜʘ ʩ MCP-PMT. 

 

ʈʠʩʫʥʦʢ 13 ï ɼʘʥʥʳʝ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʠ 

ʧʦʣʦʞʝʥʠʶ ʚʨʝʤʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ ʦʙʱʝʛʦ ʚʳʚʦʜʘ ʩ MCP-PMT 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʝʝ: 

1. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʱʝʛʦ ʚʳʭʦʜʘ ʩ MCP-PMT ʨʘʟʙʨʦʩ ʧʦʣʦʞʝʥʠʷ ʚʨʝʤʝʥʥʳʭ 

ʩʧʝʢʪʨʦʚ ʧʦ ʧʣʦʱʘʜʠ ʬʦʪʦʢʘʪʦʜʘ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 200 ʧʩ, ʥʘʠʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʚ ʫʛʣʘʭ 

ʌʕʋ. 

2. ʇʦ ʢʚʘʜʨʘʥʪʘʤ ʥʘʠʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ï ʚ 4-ʦʤ ʢʚʘʜʨʘʥʪʝ. ʆʜʥʘʢʦ ʚʨʝʤʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʧʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʧʫʯʢʘ ʚ ʮʝʥʪʨ ʵʪʦʛʦ ʢʚʘʜʨʘʥʪʘ (ʧʷʪʥʦ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʪʘ 

ʠʤʝʝʪ ʜʠʘʤʝʪʨ ʦʢʦʣʦ 4 ʩʤ, ʪ.ʝ. ʦʩʚʝʱʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʧʣʦʱʘʜʴ, ʥʦ ʩ ʙʦʣʴʰʝʡ 

ʧʣʦʪʥʦʩʪʴʶ ʬʦʪʦʥʦʚ ʚ ʮʝʥʪʨʝ) ʩʦʩʪʘʚʠʣʦ 37 ʧʩ. 

3. ʕʪʦʪ ʢʚʘʜʨʘʥʪ ʩ ʟʝʨʢʘʣʦʤ ʥʘ ʧʝʨʝʜʥʝʡ ʛʨʘʥʠ. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʜʝʪʝʢʪʦʨʘ ʩ ʦʙʨʘʪʥʦʡ 

ʩʪʦʨʦʥʳ (ʧʫʯʦʢ ʥʘʧʨʘʚʣʝʥ ʚ ʮʝʥʪʨ ʜʝʪʝʢʪʦʨʘ) ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʪʦʞʝ 37 ʧʩ. 

ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʠ ʨʘʜʠʘʪʦʨʘ ʦʩʚʝʱʝʥʠʝ 

ʬʦʪʦʢʘʪʦʜʘ ʙʳʣʦ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʫʛʣʘʭ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʫ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʱʝʛʦ ʚʳʭʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

4. ɺʨʝʤʝʥʥʦʡ ʨʘʟʙʨʦʩ ʧʨʠ ʩʲʝʤʝ ʩʠʛʥʘʣʦʚ ʩ ʢʚʘʜʨʘʥʪʦʚ ʪʦʞʝ ʝʩʪʴ (ʜʦ 90 ʧʩ ), ʥʦ ʝʛʦ 

ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʧʨʘʚʠʣʴʥʳʤ ʩʲʝʤʦʤ ʩʠʛʥʘʣʦʚ ʩ ʘʥʦʜʦʚ. ʍʦʪʷ ʧʨʠ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʫʯʢʘ ʩ ʢʚʘʜʨʘʥʪʘ ʩ ʟʝʨʢʘʣʦʤ ʧʦʣʫʯʝʥʦ ʨʘʟʨʝʰʝʥʠʝ 34 ʧʩ. 



101 
 

 

ʈʠʩʫʥʦʢ 14 ï ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʦʣʦʞʝʥʠʠ ʧʫʯʢʘ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ 

 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʩʪʦʚʳʤ 

ʠʟʤʝʨʝʥʠʷʤ ʥʦʷʙʨʷ 2014.  

ɺ ʥʦʷʙʨʝ 2014 ʛʦʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʩʪʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʫʯʢʝ PS, CERN ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʦʛʦ ʧʨʦʪʦʪʠʧʘ ʌʀʊ ʜʝʪʝʢʪʦʨʘ.  

 

˾͙ͫͯͤͦ͟ мр ς ̏ ͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊Ύ ͍ͯͫͭ͊ͤͦ͊͟ ͙ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ ͔͚ͣͦ͒ͯ͡ ̅ˮ́ ͍͒ͦ͡Έ ͙ͦͫ ͨͯ;͊͟ t{Σ /9wb 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʰʠʨʦʢʦʤ ʧʫʯʢʝ, ʪ.ʝ. ʜʘʣʝʢʦ ʦʪ ʤʝʩʪʘ ʚʳʭʦʜʘ ʧʫʯʢʘ. 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʜʠʘʪʦʨʳ ʙʝʟ ʟʘʯʝʨʥʝʥʠʷ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʚʩʝʭ ʨʘʜʠʘʪʦʨʘʭ. ʅʘ 
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ʨʠʩʫʥʢʝ 15 ʧʦʢʘʟʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʪʦʪʠʧʦʚ ʌʀʊ 

ʜʝʪʝʢʪʦʨʦʚ ʚʜʦʣʴ ʦʩʠ ʧʫʯʢʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʯʝʨʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʭʦʨʦʰʦ ʨʝʞʝʢʪʠʨʦʚʘʪʴ 

ʬʦʥʦʚʳʝ ʩʦʙʳʪʠʷ (ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʜʝʪʝʢʪʦʨʘ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ) ʧʦ ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ. 

ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 16. ʆʜʥʘʢʦ ʦʜʥʦʡ ʠʟ ʬʫʥʢʮʠʠ ʜʝʪʝʢʪʦʨʘ ʌʀʊ ʷʚʣʷʝʪʩʷ 

ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʝ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʩ 

ʨʘʜʠʘʪʦʨʘʤʠ ʙʝʟ ʟʘʯʝʨʥʝʥʠʷ ʠ ʩ ʟʝʨʢʘʣʴʥʦʡ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 16, 17. ɼʝʪʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩ ʦʮʝʥʢʦʡ 

ʚʨʝʤʝʥʥʦʛʦ ʠ ʘʤʧʣʠʪʫʜʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʨʘʜʠʘʪʦʨʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʝʪʝʢʪʦʨʘ ʌʀʊ. 

 

ʈʠʩʫʥʦʢ 16 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʦʙʣʫʯʝʥʠʷ ʧʨʦʪʦʪʠʧʘ 

ʌʀʊ ʜʝʪʝʢʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʘʪʦʨʦʚ ʩ ʟʘʯʝʨʥʝʥʠʝʤ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 17 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʦʙʣʫʯʝʥʠʷ ʧʨʦʪʦʪʠʧʘ ʌʀʊ 

ʜʝʪʝʢʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ͪ ͙͍͊͒͊ͭͦͪͦ ͫ ͔ͪ͊͘͟͡Έ͚ͤͦ ͔͔͔͚ͨͪ͒ͤ ͍͔ͨͦͪͻͤͦͫͭΈΌ 
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ʈʠʩʫʥʦʢ 18 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʦʙʣʫʯʝʥʠʷ ʧʨʦʪʦʪʠʧʘ 

ʌʀʊ ʜʝʪʝʢʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʘʪʦʨʦʚ ʙʝʟ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʧʝʨʝʜʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ 

ʇʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʜʝʪʝʢʪʦʨʘ ʌʀʊ ʩ ʫʯʝʪʦʤ 

ʨʝʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʯʝʪʯʠʢʘ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʝʢʪʦʨʘ ʌʀʊ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʤʦʜʫʣʝʡ, ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ 

ʩʙʦʨʢʠ ʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʦʯʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʩʠʩʪʝʤʫ AliRoot ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ 

ʜʠʨʝʢʪʦʨʠʷ FIT ʩ ʧʨʦʛʨʘʤʤʘʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʛʝʦʤʝʪʨʠʶ ʠ ʦʪʢʣʠʢ ʜʝʪʝʢʪʦʨʘ. ʈʘʟʤʝʨ ʠ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʏʝʨʝʥʢʦʚʩʢʠʭ ʩʯʝʪʯʠʢʦʚ ʚ ʧʨʦʛʨʘʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʳʤ: ʄʉʈ-

ʈʄʊ ʤʦʜʫʣʠ ʨʘʟʤʝʨʦʤ 64 ʭ 64 ʭ 20 ʤʤ ʩ ʢʚʘʨʮʝʚʳʤʠ ʨʘʜʠʘʪʦʨʘʤʠ 53 ʭ 53 ʭ 20 ʤʤ. ʂʘʞʜʳʡ 

ʨʘʜʠʘʪʦʨ ʨʘʟʜʝʣʝʥ ʥʘ 4 ʨʘʚʥʳʝ ʯʘʩʪʠ ʠ ʨʘʙʦʪʘʝʪ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʡ ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ 

ʵʣʝʤʝʥʪ. ɼʝʪʝʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʌʀʊ-ɸ, ʩʦʩʪʦʷʱʘʷ ʠʟ 24 ʰʪ. ʄʉʈ-ʈʄʊ ʤʦʜʫʣʝʡ, ʠʤʝʝʪ 

ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ 2.9 ʩʤ ʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï 330 ʩʤ.  

 ɼʝʪʝʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʌʀʊ-ʉ (36 ʤʦʜʫʣʝʡ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʥʠʰʝ ʥʘ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʧʣʝʥʠʷ ʧʝʨʝʜʥʝʛʦ ʤʶʦʥʥʦʛʦ ʪʨʝʢʝʨʘ. ɺʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʩʦʩʪʘʚʣʷʝʪ 6 ʩʤ, 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï 80 ʩʤ. ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ ʜʣʷ ʧʨʦʪʦʥ-

ʧʨʦʪʦʥʥʳʭ ʠ ʫʣʴʪʨʘ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʚʠʥʮʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʳʣ ʩʜʝʣʘʥ ʢʘʢ ʜʣʷ 

ʧʦʣʥʦʡ ʩʙʦʨʢʠ, ʪʘʢ ʠ ʜʣʷ 20 ʚʥʫʪʨʝʥʥʠʭ ʤʦʜʫʣʝʡ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ.  
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ʈʠʩʫʥʦʢ 19 ï ɻʝʦʤʝʪʨʠʷ ʜʝʪʝʢʪʦʨʘ ʌʀʊ ʚ ʥʦʚʦʡ ʚʝʨʩʠʠ AliRoot. ʌʀʊ-ɸ ( ʩʣʝʚʘ) ʠ 

ʌʀʊ-ʉ (ʩʧʨʘʚʘ), ʬʨʦʥʪʘʣʴʥʳʡ ʠ ʙʦʢʦʚʦʡ ʚʠʜʳ 

 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʵʥʝʨʛʠʝʡ 14 ʊʵɺ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʛʝʥʝʨʘʪʦʨ PHYTHIA6. ʅʘ ʨʠʩʫʥʢʝ 20 ʧʦʢʘʟʘʥʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʜʝʪʝʢʪʦʨʘ 

ʌʀʊ ʢʘʢ ʬʫʥʢʮʠʠ ʯʠʩʣʘ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ. ʂʨʘʩʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʠʛʛʝʨʫ 

ʩʦʚʧʘʜʝʥʠʷ ɸ ʠ ʉ , ʩʠʥʷʷ - ʠʣʠ ɸ ʠʣʠ ʉ ʜʣʷ ʧʦʣʥʦʡ ʩʙʦʨʢʠ: 25 ʤʦʜʫʣʝʡ ʩʦ ʩʪʦʨʦʥʳ ɸ ʠ 36 

ð ʩʦ ʩʪʦʨʦʥʳ ʉ. ʇʦʣʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʞʠʤʝ çʠè ʩʦʩʪʘʚʣʷʝʪ 76%, ʚ ʨʝʞʠʤʝ çʠʣʠè 

92%. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ 20 ʚʥʫʪʨʝʥʥʠʭ ʤʦʜʫʣʝʡ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʪʝʨʷʝʪʩʷ ʦʢʦʣʦ 

3% ʩʦʙʳʪʠʡ. 

 ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʣʴʪʨʘ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʝʪʝʢʪʦʨ ʌʀʊ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ çʚʝʪʦ-ʜʝʪʝʢʪʦʨè. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʳʪʠʡ 

ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʷʜʝʨ ʩʚʠʥʮʘ ʩ ʵʥʝʨʛʠʝʡ 5.5 ʊʵɺ ʩʦʙʳʪʠʷ ʩ ʧʨʠʮʝʣʴʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ 15-21 ʬʤ ʙʳʣʠ ʛʝʥʝʨʠʨʦʚʘʥʳ ʧʨʦʛʨʘʤʤʦʡ HIJING. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʳʪʠʡ ʜʝʪʝʢʪʦʨʦʤ ʌʀʊ ʢʘʢ ʬʫʥʢʮʠʷ ʧʨʠʮʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʜʝʪʝʢʪʦʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 20. ɺʠʜʥʦ, ʯʪʦ ʌʀʊ-ɸ + ʌʀʊ-ʉ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ 100% ʚʝʪʦ.  
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ʈʠʩʫʥʦʢ 20 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʜʝʪʝʢʪʦʨʦʤ ʌʀʊ ʢʘʢ ʬʫʥʢʮʠʷ ʧʨʠʮʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

 

 

ʇʦʜʛʦʪʦʚʣʝʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʜʦʢʣʘʜ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʚʝʱʘʥʠʠ: 

çXXX-th International Workshop on High Energy Physics çPartical and Astroparticle 

Physics, Gravitation and Cosmology: Observation and New Projectè ʥʘ ʪʝʤʫ ç ALICE Fast 

Interaction Trigger detector for the future è, 23-27 June 2014. 

 

4.1.10 ʇʨʝʜʣʦʞʝʥʠʝ ʧʦʩʪʘʥʦʚʢʠ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʠʰʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʯʢʦʚ ɹɸʂ 

ʇʦʩʣʝʜʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ LHC ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʦʞʜʝʥʠʝ ʢʚʘʨʢʦʥʠʝʚ (ʯʘʨʤʦʥʠʷ ʠ 

ʙʦʪʪʦʤʦʥʠʷ) ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʢʚʘʨʢ - 

ʛʣʶʦʥʥʦʡ ʧʣʘʟʤʳ (ʂɻʇ) ʚ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʤʦʜʝʣʝʡ ʢʚʘʥʪʦʚʦʡ ʭʨʦʤʦʜʠʥʘʤʠʢʠ (QCD) ʚ ʧʨʦʪʦʥ- ʧʨʦʪʦʥʥʦʤ ʨʘʩʩʝʷʥʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʦʞʜʝʥʠʝ ʢʚʘʨʢʦʥʠʝʚ ʚ ʨʨ- ʨʘʩʩʝʷʥʠʠ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʪʝʦʨʠʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ pPb-

ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʶʪ ʧʦʜʘʚʣʝʥʠʝ J/ɣ, ʥʦ ʥʝ ʤʦʛʫʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʩʠʣʴʥʦʝ 

ʧʦʜʘʚʣʝʥʠʝ ɣ(2S) ʠ ʥʝʜʦʦʮʝʥʠʚʘʶʪ ʧʦʜʘʚʣʝʥʠʝ Y(1S) ʧʨʠ ʙʦʣʴʰʠʭ ʙʳʩʪʨʦʪʘʭ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ PbPb-ʨʘʩʩʝʷʥʠʶ ʚʢʣʘʜ ʧʨʦʮʝʩʩʘ ʨʝʛʝʥʝʨʘʮʠʠ ʧʨʠ ʤʘʣʳʭ ʧʝʨʝʜʘʥʥʳʭ 

ʠʤʧʫʣʴʩʘʭ ʜʦʩʪʠʛʘʝʪ 50%; ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʥ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ ʧʨʠ ʙʦʣʴʰʠʭ ʧʝʨʝʜʘʥʥʳʭ 

ʠʤʧʫʣʴʩʘʭ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʪʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʠ ʩ ʚʳʩʦʢʦʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ ʜʣʷ ʧʨʦʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʦʞʜʝʥʠʷ ʢʚʘʨʢʦʥʠʝʚ ʠ ʧʦʠʩʢʘ 
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ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ ʧʣʘʟʤʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʠʰʝʥʴʶ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʴʰʫʶ ʩʚʝʪʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʥʘ ʢʦʣʣʘʡʜʝʨʘʭ. 

ʅʘʰʝ ʧʨʝʜʣʦʞʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʢʩʠʨʦʚʘʥʥʫʶ 

ʤʠʰʝʥʴ ʥʘ ʧʫʯʢʘʭ ɹɸʂ ʚ ʬʦʨʤʝ ʪʦʥʢʦʛʦ ʢʦʣʴʮʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʛʘʣʦ ʧʫʯʢʘ, ʯʪʦ ʥʝ 

ʤʝʰʘʝʪ ʜʨʫʛʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪʫʨʫ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ALICE ʠʣʠ LHCb ʠ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʩ ʭʦʨʦʰʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʕʥʝʨʛʠʷ ʧʫʯʢʦʚ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʤʝʞʜʫ ʵʥʝʨʛʠʷʤʠ RHIC ʠ SPS, ʯʪʦ ʜʘʩʪ ʥʦʚʫʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ɻʨʫʧʧʦʡ ʬʨʘʥʮʫʟʩʢʠʭ ʫʯʝʥʳʭ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ ʥʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ AFTER (A 

Fixed Target ExpeRiment) ʥʘ ʧʫʯʢʘʭ LHC, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʚʳʚʝʜʝʥʥʳʡ ʚ ʩʠʣʴʥʦʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʧʦʣʝ ʧʫʯʦʢ. ʕʢʩʧʝʨʠʤʝʥʪ AFTER ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʠʤʝʝʪ 

ʰʠʨʦʢʫʶ ʬʠʟʠʯʝʩʢʫʶ ʧʨʦʛʨʘʤʤʫ, ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʰʝʥʠ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ ʠ 

ʧʦʣʫʯʘʪʴ ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʫʶ ʩʚʝʪʠʤʦʩʪʴ. ʉʝʡʯʘʩ ʠʜʝʪ ʨʘʙʦʪʘ ʥʘʜ ʧʨʝʜʣʦʞʝʥʠʝʤ (Letter of 

intend) ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʠʰʝʥʠ ʜʣʷ ʎɽʈʅʘ, ʦʜʥʘʢʦ ʩʪʦʠʤʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘ AFTER ʦʯʝʥʴ ʚʳʩʦʢʘ. ʕʢʩʧʝʨʠʤʝʥʪ ʩ ʤʠʰʝʥʴʶ ʚ ʬʦʨʤʝ ʪʦʥʢʦʛʦ ʢʦʣʴʮʘ ʤʦʛ 

ʙʳ ʷʚʣʷʪʴʩʷ ʧʝʨʚʳʤ ʰʘʛʦʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ AFTER. 
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4.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʦʞʜʝʥʠʷ ʚʝʢʪʦʨʥʳʭ ʤʝʟʦʥʦʚ ʚ ʘʜʨʦʥ-ʷʜʝʨʥʳʭ ʠ 

ʷʜʝʨʥʦ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʥʘ ʫʩʪʘʥʦʚʢʝ HADES (GSI, 

ɻʝʨʤʘʥʠʷ) 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ʌ.ʌ.ɻʫʙʝʨ. 

 ʉʧʠʩʦʢ ʠʩʧʦʣʥʠʪʝʣʝʡ: 

ɿʘʚ. ʃʘʙʦʨʘʪʦʨʠʝʡ ʟ.ʜ.ʥ. ɸ.ɹ. ʂʫʨʝʧʠʥ  

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ɸ.ʇ. ʀʚʘʰʢʠʥ  
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ʄʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʆ.ɸ. ʇʝʪʫʭʦʚ  
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4.2 ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ʆʩʥʦʚʥʳʝ ʮʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʍɸɼɽʉ 

ʌʠʟʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪ ʥʘ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʦʤ ʤʘʛʥʠʪʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ 

ʍɸɼɽʉ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʠʩʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʧʦʥʪʘʥʥʳʤ 

ʥʘʨʫʰʝʥʠʝʤ ʢʠʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʩʠʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʙʘʨʠʦʥʥʦʤ ʭʠʤʠʯʝʩʢʦʤ ʧʦʪʝʥʮʠʘʣʝ 

ʬʠʟʠʯʝʩʢʠʡ ʂʍɼ-ʚʘʢʫʫʤ ʦʙʣʘʜʘʝʪ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʢʦʥʬʘʡʥʤʝʥʪʦʤ ʠ 

ʩʧʦʥʪʘʥʥʦ ʥʘʨʫʰʝʥʥʦʡ ʢʠʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ. ʅʘʨʫʰʝʥʠʝ ʢʠʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ 

ʦʧʨʝʜʝʣʷʝʪ ʙʘʟʦʚʳʝ ʩʚʦʡʩʪʚʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʤʠʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʘʩʩʦʚʳʡ ʩʧʝʢʪʨ ʣʝʛʢʠʭ 

ʘʜʨʦʥʦʚ. ɺ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʞʠʜʘʝʪʩʷ çʧʣʘʚʣʝʥʠʝè ʢʠʨʘʣʴʥʦʛʦ 

ʢʦʥʜʝʥʩʘʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʠʨʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʨʝʜʳ. ʆʜʥʘʢʦ, ʫʞʝ ʧʨʠ ʵʥʝʨʛʠʷʭ 

ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ ʧʦʨʷʜʢʘ 1 ɻʵɺ ʥʘ ʥʫʢʣʦʥ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʜʘʥʥʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ 

ʧʨʦʷʚʠʪʴʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚ ʣʝʛʢʠʭ ʚʝʢʪʦʨʥʳʭ ʤʝʟʦʥʦʚ (ʩʜʚʠʛ ʤʘʩʩʳ ʠ 

ʠʟʤʝʥʝʥʠʝ ʰʠʨʠʥʳ ʨʝʟʦʥʘʥʩʦʚ), ʨʦʞʜʝʥʥʳʭ ʚ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ. ʀʟʫʯʝʥʠʝ 

ʩʚʦʡʩʪʚ ʵʪʠʭ ʤʝʟʦʥʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʭ ʨʘʩʧʘʜʦʚ ʩ ʠʩʧʫʩʢʘʥʠʝʤ ʵʣʝʢʪʨʦʥ-

ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʫʩʪʘʥʦʚʢʝ ʍɸɼɽʉ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʪʷʞʝʣʳʭ ʷʜʝʨ, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʍɸɼɽʉʝ. 
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ʇʨʠ ʵʥʝʨʛʠʷʭ ʧʫʯʢʘ ʧʦʨʷʜʢʘ 1-2 ɻʵɺ ʥʘ ʥʫʢʣʦʥ, ʦʩʥʦʚʥʘʷ ʤʦʪʠʚʘʮʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʪʦʢʦʚ 

ʩʚʷʟʘʥʘ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʦʮʝʥʢʠ ʝʸ ʩʞʠʤʘʝʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʥʘ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʦʩʪʘʚʠʪʴ ʧʨʝʜʝʣ ʤʘʩʩʘʤ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʵʚʦʣʶʮʠʠ ʟʚʝʟʜ ʠ ʘʩʪʨʦʬʠʟʠʢʠ ʚ ʮʝʣʦʤ.  

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʪʷʞʝʣʳʭ 

ʠʦʥʦʚ, ʥʝʦʙʭʦʜʠʤʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʣʝʤʝʥʪʘʨʥʳʭ ʥʫʢʣʦʥ-ʥʫʢʣʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʚʳʜʝʣʠʪʴ ʵʬʬʝʢʪʳ ʚ ʷʜʝʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʫʩʪʘʥʦʚʢʘ ʍɸɼɽʉ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʚ ʤʠʨʝ, ʠʟʫʯʘʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʠʣʝʧʪʦʥʦʚ, ʘ ʪʘʢʞʝ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ, ʢʘʦʥʦʚ ʠ ʬʨʘʛʤʝʥʪʦʚ ʷʜʝʨ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ: pp, dp, pA, AA ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʩʪʦʣʢʥʦʚʝʥʠʡ ~1-4 ɻʵɺ ʥʘ 

ʥʫʢʣʦʥ. 

ɻʨʫʧʧʘ ʀʗʀ ʈɸʅ (11 ʯʝʣ. ʠʟ ʥʠʭ 2 ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ) ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʣʣʘʙʦʨʘʮʠʠ ʍɸɼɽʉ (ɻʉʀ, ʛ. ɼʘʨʤʰʪʘʜʪ, ɻʝʨʤʘʥʠʷ) ʩ 1998 ʛʦʜʘ. ʂʦʣʣʘʙʦʨʘʮʠʷ ʍɸɼɽʉ 

ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ 17 ʀʥʩʪʠʪʫʪʦʚ ʠʟ 9 ɽʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ.  

4.2 ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʥʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʛʨʫʧʧʳ ʀʗʀ ʈɸʅ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʍɸɼɽʉ ʚ 2014 ʛ. 

 ɺ 2014 ʛ. ʛʨʫʧʧʘ ʀʗʀ ʈɸʅ ʧʨʦʜʦʣʞʘʣʘ ʘʥʘʣʠʟ ʘʟʠʤʫʪʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʠ Au+Au ʧʨʠ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ 1.23 

ɻʵɺ ʥʘ ʥʫʢʣʦʥ ʥʘ ʫʩʪʘʥʦʚʢʝ ʍɸɼɽʉ. ɸʥʠʟʦʪʨʦʧʥʳʝ ʧʦʪʦʢʠ ʯʘʩʪʠʮ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʠ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʷʜʨʦ-ʷʜʝʨʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʟʠʤʫʪʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʣʝʛʢʠʭ ʠʟʦʪʦʧʦʚ ʚʦʜʦʨʦʜʘ 

(ʧʨʦʪʦʥʦʚ, ʜʝʡʪʨʦʥʦʚ ʠ ʷʜʝʨ ʪʨʠʪʠʷ) ʨʘʩʰʠʨʝʥʦ ʥʘ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ. ɺʧʝʨʚʳʝ ʚ ʜʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʥʝʥʫʣʝʚʦʡ ʚʢʣʘʜ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ ʛʘʨʤʦʥʠʢ ʨʷʜʘ 

ʌʫʨʴʝ, ʯʪʦ ʝʱʝ ʥʝ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʚ ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠ ʵʪʠʭ ʵʥʝʨʛʠʷʭ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʥʘ ʜʚʫʭ ʚʥʫʪʨʝʥʥʠʭ ʩʦʚʝʱʘʥʠʷʭ 

ʢʦʣʣʘʙʦʨʘʮʠʠ ʍɸɼɽʉ, ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ QM, ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʣʘʩʴ ʚ ʢʦʥʮʝ 

ʤʘʷ ʚ ɼʘʨʤʰʪʘʜʪʝ ʠ ʥʘ XXII ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʝʤʠʥʘʨʝ ʠʤ. ɹʘʣʜʠʥʘ ʧʦ ʧʨʦʙʣʝʤʘʤ ʬʠʟʠʢʠ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚ ɼʫʙʥʝ ʚ ʩʝʥʪʷʙʨʝ 2014 ʛ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʩʝʤʠʥʘʨʘ ʛʦʪʦʚʠʪʩʷ ʧʫʙʣʠʢʘʮʠʷ 

ʚ ʩʙʦʨʥʠʢʝ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʠ. 

ɻʨʫʧʧʘ ʀʗʀ ʈɸʅ ʧʨʦʜʦʣʞʠʣʘ ʚ 2014ʛ. ʫʯʘʩʪʠʝ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʦʡ ʜʝʪʝʢʪʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʢʠ ʍɸɼɽʉ ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʫʯʢʘʭ 

ʢʘʢ ʜʝʡʩʪʚʫʶʱʝʛʦ ʫʩʢʦʨʠʪʝʣʷ SIS18 ʚ GSI, ʪʘʢ ʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʫʩʢʦʨʠʪʝʣʷ SIS-100 ʥʘ ʌɸʀʈ 
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ʚ ʛ.ɼʘʨʤʰʪʘʜʪʝ, ɻʝʨʤʘʥʠʷ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʩʪʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʤʦʜʫʣʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʌʕʋ ʢʘʢ 

ʢʦʩʤʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ, ʪʘʢ ʠ ʥʘ ʧʫʯʢʝ ʵʣʝʢʪʨʦʥʦʚ ʚ ʄʘʡʥʮʝ. ʇʨʠ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʀʗʀ 

ʈɸʅ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʢʘʣʦʨʠʤʝʪʨʘ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʚʥʝʰʥʝʡ ʵʢʩʧʝʨʪʠʟʳ ʙʳʣ ʦʜʦʙʨʝʥ ʠ ʧʨʠʥʷʪ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʤʠʪʝʪʦʤ ʌɸʀʈ.  

 

4.2 ʆʪʯʸʪ ʦʙ ʫʯʘʩʪʠʠ ʛʨʫʧʧ ʀʗʀ ʈɸʅ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʍɸɼɽʉ 

ʚ 2014ʛ. 

 

ɺ 2014 ʛʦʜʫ ʨʘʙʦʪʘ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʫ ʍɸɼɽʉ ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʪʨʸʤ 

ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

- ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʪʦʣʢʥʦʚʝʥʠʶ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʟʦʣʦʪʘ Au+Au 

ʧʨʠ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ 1.23 ɻʵɺ ʥʘ ʥʫʢʣʦʥ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʠʰʝʥʴʶ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʫʩʪʘʥʦʚʢʝ ʍɸɼɽʉ ʚ 2012ʛ.; 

- ʨʘʟʨʘʙʦʪʢʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʍɸɼɽʉ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʧʫʯʢʘʭ, ʢʘʢ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʫʩʢʦʨʠʪʝʣʝ 

SIS18 ʚ GSI, ʪʘʢ ʠ ʥʘ ʩʦʟʜʘʚʘʝʤʦʤ ʫʩʢʦʨʠʪʝʣʝ SIS-100 ʢʦʤʧʣʝʢʩʘ ʌɸʀʈ ʚ ɼʘʨʤʰʪʘʜʪʝ; 

ï ʫʯʘʩʪʠʝ ʚ ʩʝʘʥʩʝ ʥʘ ʧʫʯʢʝ ʧʠʦʥʦʚ, ʧʨʦʚʝʜʝʥʥʦʤ ʚ 2014 ʛʦʜʫ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʘʣʠʙʨʦʚʢʦʡ ʧʝʨʝʜʥʝʛʦ ʛʦʜʦʩʢʦʧʘ. 

 ɺʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʛʘʨʤʦʥʠʢ ʪʨʝʪʴʝʛʦ (v3) ʠ ʯʝʪʚʝʨʪʦʛʦ (v4) 

ʧʦʨʷʜʢʦʚ ʜʣʷ ʘʟʠʤʫʪʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ (ʈʠʩʫʥʦʢ 1). ɸʥʪʠʩʠʤʤʝʪʨʠʷ 

v3 ʠ ʩʠʤʤʝʪʨʠʷ v4 ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʳʩʪʨʦʪʳ y0 (ʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʦ 

ʧʦʧʝʨʝʯʥʦʤʫ ʠʤʧʫʣʴʩʫ ʜʣʷ pt > 303 ʄʵɺ/c) ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʞʠʜʘʝʤʦʡ ʩʠʤʤʝʪʨʠʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʪʳ ʉ.ʎ.ʄ. ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʷʜʝʨ ʜʣʷ ʵʪʠʭ ʛʘʨʤʦʥʠʢ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ Ñ0.005 ʜʣʷ v3 ʠ 

Ñ0.002 v4. ɺʢʣʘʜ ʯʘʩʪʠ ʵʬʬʝʢʪʦʚ ʩʠʩʪʝʤʘʪʠʢʠ, ʠʟʫʯʝʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ, ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʵʪʠ ʛʘʨʤʦʥʠʢʠ ʪʘʢʞʝ ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʣʦʩʢʦʩʪʠ 

ʨʝʘʢʮʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʪʦʢʠ ʯʘʩʪʠʮ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʜʥʠʡ 300 

ʢʘʥʘʣʴʥʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʛʦʜʦʩʢʦʧ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ. ɺ 2004 ʛ. ʙʳʣʘ 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʠ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ ʩ ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ ʧʝʨʝʜʥʝʛʦ ʛʦʜʦʩʢʦʧʘ ʠ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ [ʆ.ɺ. ɸʥʜʨʝʝʚʘ, ʄ.ɹ.ɻʦʣʫʙʝʚʘ, ʌ.ɻʫʙʝʨ ʠ ʜʨ., ʇʊʕ, ˉ 2, ʩ. 

1ï18, 2014]. 
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ʈʠʩʫʥʦʢ 1 ï ɸʟʠʤʫʪʘʣʴʥʳʝ ʧʦʪʦʢʠ v3 ʠ v4 ʧʨʦʪʦʥʦʚ, ʚʧʝʨʚʳʝ ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʘʢʮʠʠ 

Au+Au ʧʨʠ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ ʷʜʝʨ ʟʦʣʦʪʘ 1.23 ɻʵɺ ʥʘ ʥʫʢʣʦʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʍɸɼɽʉ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ v1, v2, v3 ʠ v4 ʧʦʪʦʢʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ (ʘʥʘʣʦʛʠʯʥʦ 

ʘʥʘʣʠʟʫ ʜʣʷ ʧʨʦʪʦʥʦʚ) ʪʘʢʞʝ ʜʣʷ ʷʜʝʨ ʜʝʡʪʨʦʥʘ ʠ ʪʨʠʪʠʷ. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ FOPI ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʙʦʨʘ 

ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ.  

ɺ 2014 ʛ. ʙʳʣ ʪʘʢʞʝ ʧʨʦʜʦʣʞʝʥ ʘʥʘʣʠʟ ʘʟʠʤʫʪʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʜʣʷ ʧʦʜʧʦʨʦʛʦʚʦʛʦ 

ʨʦʞʜʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʢʘʦʥʦʚ. ʇʦʣʫʯʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦ ʙʳʩʪʨʦʪʝ ʜʣʷ ʧʝʨʚʳʭ ʜʚʫʭ ʛʘʨʤʦʥʠʢ v1 ʠ v2. ʆʜʥʘʢʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʵʬʬʝʢʪʦʚ ʦʪʙʦʨʘ, 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʧʨʦʪʦʥʦʚ, ʜʝʡʪʨʦʥʦʚ ʠ ʪʨʠʪʠʷ, ʟʘʤʝʪʥʦ 

ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʩʠʩʪʝʤʘʪʠʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʘʢʢʫʨʘʪʥʦʡ ʤʝʪʦʜʠʢʠ ʚʳʯʠʪʘʥʠʷ ʬʦʥʘ. ʇʨʦʮʝʩʩ ʠʟʫʯʝʥʠʷ ʧʦʪʦʢʦʚ 

ʥʝʡʪʨʘʣʴʥʳʭ ʢʘʦʥʦʚ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʠʩʪʝʤʘʪʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʘʩʪʨʦʝʢ ʦʪʙʦʨʘ ʪʨʝʢʦʚ.  

 ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦ ʧʦʪʦʢʘʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʙʳʣʠ 

ʜʦʣʦʞʝʥʳ ʚ 2014ʛ. ʥʘ ʜʚʫʭ ʚʥʫʪʨʝʥʥʠʭ ʩʦʚʝʱʘʥʠʷʭ ʢʦʣʣʘʙʦʨʘʮʠʠ ʍɸɼɽʉ, ʙʳʣʠ ʚʢʣʶʯʝʥʳ 

ʚ ʦʙʟʦʨʥʳʡ ʜʦʢʣʘʜ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʍɸɼɽʉʘ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ QM, ʢʦʪʦʨʘʷ 

ʩʦʩʪʦʷʣʘʩʴ ʚ ʢʦʥʮʝ ʤʘʷ ʚ ʛ.ɼʘʨʤʰʪʘʜʪʝ ʠ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʥʘ XXII ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʝʤʠʥʘʨʝ 

ʠʤ. ɸ.ʄ. ɹʘʣʜʠʥʘ ʧʦ ʧʨʦʙʣʝʤʘʤ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚ ɼʫʙʥʝ ʚ ʩʝʥʪʷʙʨʝ 2014 ʛ. ʇʦ 

ʤʘʪʝʨʠʘʣʘʤ ʩʝʤʠʥʘʨʘ ʛʦʪʦʚʠʪʩʷ ʧʫʙʣʠʢʘʮʠʷ. 

ɻʨʫʧʧʘ ʀʗʀ ʈɸʅ ʧʨʦʜʦʣʞʠʣʘ ʚ 2014ʛ. ʫʯʘʩʪʠʝ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʦʡ ʜʝʪʝʢʪʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʢʠ ʍɸɼɽʉ - ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. ʈʘʥʝʝ ʧʣʘʥʠʨʦʚʘʣʦʩʴ, ʯʪʦ 

ʜʘʥʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʦʜʥʘ ʠʟ ʜʝʪʝʢʪʦʨʥʳʭ 

ʩʠʩʪʝʤ ʍɸɼɽʉʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʫʩʢʦʨʠʪʝʣʝ SIS100 ʥʘ ʌɸʀʈ. ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩʦ 
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ʩʜʚʠʞʢʦʡ ʧʣʘʥʦʚ ʩʦʦʨʫʞʝʥʠʷ ʠ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʌɸʀʈ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʙʨʘʪʴ ʚ ʪʝʯʝʥʠʝ 2015-2016ʛʛ ʠ ʥʘʯʘʪʴ 

ʬʠʟʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʘʭ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʫʩʢʦʨʠʪʝʣʷ SIS18 ʚ GSI ʫʞʝ 2017 ʛ. 

ɽʱʸ ʚ 2008ʛ. ʛʨʫʧʧʘ ʀʗʀ ʈɸʅ ʧʨʝʜʣʦʞʠʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʫʣʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʨʘʥʝʝ ʢʘʣʦʨʠʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ OPAL ʚ 

ʎɽʈʅʝ. ɹʦʣʝʝ 1000 ʵʪʠʭ ʤʦʜʫʣʝʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʠʣʘʤʠ ʀʗʀ ʈɸʅ ʚ ʎɽʈʅʝ ʠ ʜʦʩʪʘʚʣʝʥʳ 

ʚ ɻʉʀ. ʂʦʣʣʘʙʦʨʘʮʠʷ ʍɸɼɽʉ ʦʮʝʥʠʣʘ ʵʪʦ ʢʘʢ ñin-kindò ʚʢʣʘʜ ʀʗʀ ʈɸʅ ʚ ʜʘʥʥʳʡ ʧʨʦʝʢʪ 

ʥʘ ʩʫʤʤʫ 1 ʤʣʥ. ʝʚʨʦ. ʈʘʜʠʘʪʦʨʦʤ ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʩʚʠʥʮʦʚʦʝ ʩʪʝʢʣʦ ʤʘʨʢʠ 

CEREN 25 ʩ ʨʘʟʤʝʨʘʤʠ 92ʭ92ʭ420 ʤʤ. ɻʝʦʤʝʪʨʠʷ ʢʘʣʦʨʠʤʝʪʨʘ ʧʦʚʪʦʨʷʝʪ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ 

ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ ʍɸɼɽʉʘ ʠ ʪʘʢʞʝ ʩʦʩʪʦʠʪ ʠʟ 6 ʩʝʢʪʦʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʙʨʘʥ ʠʟ 

163 ʤʦʜʫʣʝʡ (ʈʠʩʫʥʦʢ 3, ʩʣʝʚʘ). 

 ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʤʦʜʫʣʝʡ ʚ ʢʘʣʦʨʠʤʝʪʨʝ ʍɸɼɽʉʘ ʛʨʫʧʧʘ ʀʗʀ ʈɸʅ ʫʞʝ 

ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚʝʜʝʪ ʨʘʙʦʪʫ ʧʦ ʠʭ ʧʦʣʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩ ʟʘʤʝʥʦʡ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ, ʦʪʨʘʞʘʪʝʣʝʡ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ ʢʦʨʧʫʩʦʚ. ʂ ʢʦʥʮʫ 2014ʛ. ʩʠʣʘʤʠ ʛʨʫʧʧʳ 

ʀʗʀ ʈɸʅ ʧʦʣʥʦʩʪʴʶ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʦʢʦʣʦ 800 ʤʦʜʫʣʝʡ ʠʟ 978 ʤʦʜʫʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʩʙʦʨʢʠ 6 ʩʝʢʪʦʨʦʚ ʢʘʣʦʨʠʤʝʪʨʘ. ʀʩʧʳʪʘʥʠʷ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ 

ʥʘ ʢʦʩʤʠʢʝ ʧʨʦʚʦʜʷʪʩʷ ʚ ɻʉʀ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ, ʩʦʟʜʘʥʥʦʤ ʀʗʀ ʈɸʅ, ʧʦʟʚʦʣʷʶʱʝʤ 

ʪʝʩʪʠʨʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 5 ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ.  

ɺ ʥʘʯʘʣʝ 2014 ʛʦʜʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʝʘʥʩ ʥʘ ʧʫʯʢʝ çʤʝʯʝʥʥʳʭè ʛʘʤʤʘ ʢʚʘʥʪʦʚ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʚ ʄʘʡʥʮʝ (ɻʝʨʤʘʥʠʷ) ʩ ʫʯʘʩʪʠʝʤ ʀʗʀ ʈɸʅ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 16 ʢʘʥʘʣʴʥʦʛʦ 

ʤʦʜʫʣʷ CAEN DT-5742 ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ ʩ ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ. ʎʝʣʴʶ 

ʜʘʥʥʦʛʦ ʩʝʘʥʩʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʦʜʫʣʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʛʘʤʤʘ ʢʚʘʥʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʙʦʨʢʝ 

ʤʦʜʫʣʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2, ʩʧʨʘʚʘ. ɿʜʝʩʴ ʞʝ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʯʣʝʥʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʨʘʟʨʝʰʝʥʠʠ. ɺʠʜʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʝʝ ʨʘʟʨʝʰʝʥʠʝ 

ʧʦʣʫʯʝʥʦ ʜʣʷ ʪʨʝʭʜʶʡʤʦʚʳʭ ʌʕʋ Hamamatsu R6091. ʇʦʣʫʯʝʥʘ ʭʦʨʦʰʘʷ ʣʠʥʝʡʥʦʩʪʴ 

ʦʪʢʣʠʢʘ ʜʣʷ ʤʦʜʫʣʝʡ ʩ ʌʕʋ EMI 9903KB ʠ Hamamatsu R6091. 
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ʈʠʩʫʥʦʢ 2 ï ʉʣʝʚʘ - ʩʭʝʤʘ ʦʙʱʝʛʦ ʚʠʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ 

ʍɸɼɽʉ; ʩʧʨʘʚʘ - ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ ʦʪ ʵʥʝʨʛʠʠ 

ʛʘʤʤʘ ʢʚʘʥʪʦʚ 

ʆʜʥʘʢʦ, ʵʪʠ ʬʦʪʦʫʤʥʦʞʠʪʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʠʝ ʠ, ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ, 

ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʚ 2014 ʛ. ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʦʩʩʠʡʩʢʠʝ ʪʨʝʭʜʶʡʤʦʚʳʝ ʌʕʋ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʕʃɿ ï ʌʕʋ-184ʊɼ. ɹʳʣʠ ʟʘʢʫʧʣʝʥʳ ʦʙʨʘʟʮʳ ʵʪʠʭ ʌʕʋ ʠ ʧʨʦʚʝʜʝʥʳ 

ʪʝʩʪʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʤʶʦʥʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʌʕʋ ʠ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ 

ʩ ʌʕʋ Hamamatsu R6091.  

ʇʦʣʫʯʝʥʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʦʜʫʣʷ ʩ ʌʕʋ-184ʊɼ (ů ~ 6.1%), ʙʦʣʝʝ ʯʝʤ 

ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʣʫʯʰʝ, ʯʝʤ ʨʘʟʨʝʰʝʥʠʝ ʤʦʜʫʣʷ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʌʕʋ Hamamatsu R6091. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʳ ʧʦ ʧʦʜʙʦʨʫ ʨʝʞʠʤʦʚ ʌʕʋ-184ʊɼ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʢʘʢ ʚʨʝʤʝʥʥʳʭ, ʢʘʢ ʠ ʘʤʧʣʠʪʫʜʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ ʦʪʢʣʠʢʘ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ, ʢʘʢ 

ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ, ʪʘʢ ʠ ʥʘ ʧʫʯʢʝ. 

ɺ 2014 ʛ. ʙʳʣʘ ʟʘʚʝʨʰʝʥʘ ʨʘʙʦʪʘ ʩ ʫʯʘʩʪʠʝʤ ʀʗʀ ʈɸʅ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʘ ʢʘʣʦʨʠʤʝʪʨʘ (arXiv:1109.5550 [nucl-ex]). ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʨʦʝʢʪʘ ʙʳʣ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʥʝʰʥʶʶ ʵʢʩʧʝʨʪʠʟʫ ʚ ʌɸʀʈ ʚ ʥʘʯʘʣʝ ʤʘʷ 2014ʛ. (ʈʠʩʫʥʦʢ 3, ʩʣʝʚʘ) ʠ ʚ 

ʦʢʪʷʙʨʝ 2014 ʛ. ʧʨʦʝʢʪ ʫʪʚʝʨʞʜʝʥ ʌɸʀʈ (ʈʠʩʫʥʦʢ 3, ʩʧʨʘʚʘ). 
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ʈʠʩʫʥʦʢ 3 ï ʊʠʪʫʣʴʥʘʷ ʩʪʨʘʥʠʮʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

(ʩʣʝʚʘ) ʠ ʧʠʩʴʤʦ ʠʟ ʌɸʀʈ ʩ ʦʜʦʙʨʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ (ʩʧʨʘʚʘ) 

 

ɺ ʪʝʭʥʠʯʝʩʢʦʤ ʧʨʦʝʢʪʝ ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪ ʠ ʢʦʦʨʜʠʥʘʪʦʨʳ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʢʘʣʦʨʠʤʝʪʨʘ ʤʝʞʜʫ ʠʥʩʪʠʪʫʪʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ 

ʢʦʣʣʘʙʦʨʘʮʶ ʍɸɼɽʉ (ʊʘʙʣʠʮʘ 1). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʀʗʀ ʈɸʅ 

ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʙʦʨʢʝ ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʚ ʠʭ ʪʝʩʪʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ.  

 

ʊʘʙʣʠʮʘ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʪ ʠ ʢʦʦʨʜʠʥʘʪʦʨʳ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ 

ʢʘʣʦʨʠʤʝʪʨʘ ʤʝʞʜʫ ʠʥʩʪʠʪʫʪʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʢʦʣʣʘʙʦʨʘʮʶ ʍɸɼɽʉ. 
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ɺ ʠʶʣʝ ï ʩʝʥʪʷʙʨʝ 2014 ʛ. ʥʘ ʫʩʪʘʥʦʚʢʝ ʍɸɼɽʉ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʧʫʯʢʝ ʧʠʦʥʦʚ. ɺʪʦʨʠʯʥʳʡ ʧʫʯʦʢ ʧʠʦʥʦʚ ʬʦʨʤʠʨʦʚʘʣʩʷ ʢʘʥʘʣʦʤ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʯʘʩʪʠʮ ʦʪ ʧʠʦʥʦʦʙʨʘʟʫʶʱʝʡ ʤʠʰʝʥʠ (ɺʝ) ʜʦ ʤʠʰʝʥʠ ʫʩʪʘʥʦʚʢʠ ʍɸɼɽʉ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʯʢʘ ʧʠʦʥʦʚ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʘ ʩʦʩʪʘʚʣʷʣʘ ʧʦʨʷʜʢʘ (1-2)ʭ105 ʧʠʦʥʦʚ ʚ ʩʝʢ. 

ɺʦ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʩʝʘʥʩʘ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʦʚ ʂ ʤʝʟʦʥʦʚ, ȿ ʠ ű ʚ 

ʨʝʘʢʮʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʦʥʦʚ ʩ ʷʜʨʘʤʠ ʧʨʠ ʠʤʧʫʣʴʩʝ ʥʘʣʝʪʘʶʱʠʭ 

ʧʠʦʥʦʚ 1.7 ɻʵɺ/ʩ ʩ ʷʜʨʘʤʠ ʚʦʣʴʬʨʘʤʘ ʤ ʫʛʣʝʨʦʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚʘʞʥʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʩʪʨʘʥʥʳʭ ʯʘʩʪʠʮ ʠ ʢʦʨʨʝʣʷʮʠʡ ʥʫʢʣʦʥʦʚ ʚ ʭʦʣʦʜʥʦʡ 

ʷʜʝʨʥʦʡ ʩʨʝʜʝ.  

ɺʦ ʚʪʦʨʦʤ ʩʝʘʥʩʝ ʧʨʦʛʨʘʤʤʘ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʭʦʜʦʚ 

ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ ʦʪ ʙʘʨʠʦʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʧʦʜʧʦʨʦʛʦʚʦʡ ʩʚʷʟʠ 

r-ʤʝʟʦʥʘ ʩ ʙʘʨʠʦʥʥʳʤʠ ʨʝʟʦʥʘʥʩʘʤʠ ʠʟ ʚʪʦʨʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʦʙʣʘʩʪʠ (N(1520) ʠ N1535)). ɺ 

ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʦʚ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʩ ʠʤʧʫʣʴʩʦʤ 0.69 ɻʵɺ/ʩ (ãs = 1.49 ɻʵɺ) 

ʩ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʤʠʰʝʥʴʶ. ʇʨʠ ʵʪʦʡ ʵʥʝʨʛʠʠ (ʥʠʞʝ ʧʦʨʦʛʘ ʦʙʨʘʟʦʚʘʥʠʷ ɖ ʤʝʟʦʥʘ), ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚʢʣʘʜʳ ʦʪ ʧʠʦʥ-ʧʨʦʪʦʥʥʳʭ ʠ ʧʠʦʥ-

ʫʛʣʝʨʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ, ʪʘʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʢʩʢʣʶʟʠʚʥʳʡ ʢʘʥʘʣ 

pi-p->e+e- n ʠ ʠʥʢʣʶʟʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ e+e- ʥʘ ʷʜʨʘʭ ʫʛʣʝʨʦʜʘ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʘʢʞʝ 

ʠʟʤʝʨʝʥʠʷ ʚʙʣʠʟʠ ʵʪʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʬʫʥʢʮʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠ 

ʜʚʫʭ ʧʠʦʥʦʚ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʜʣʷ Õs=1.46 (ʨ=0.656 ɻʵɺ/c), Õs=1.49 (ʨ=0.69 ɻʵɺ/c), 

Õs=1.526 (ʨ=0.748 ɻʵɺ/c), Õs=1.55 (p=0.8 ɻʵɺ/c). ʕʪʠ ʠʟʤʝʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʘʨʮʠʘʣʴʥʦ ʚʦʣʥʦʚʦʛʦ ʘʥʘʣʠʟʘ (PWA) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʚʦʟʙʫʞʜʝʥʠʝ r ʨʝʟʦʥʘʥʩʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʠ ʠ ʠʭ ʨʘʩʧʘʜʦʚ r­2p. 

ɻʨʫʧʧʘ ʀʗʀ ʈɸʅ ʧʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ ʚ ʵʪʠʭ ʜʚʫʭ ʩʝʘʥʩʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʣʘ ʨʘʙʦʪʫ 

300-ʢʘʥʘʣʴʥʦʛʦ ʧʝʨʝʜʥʝʛʦ ʛʦʜʦʩʢʦʧʘ, ʝʛʦ ʢʘʣʠʙʨʦʚʢʫ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ ʠ ʥʘ 

ʧʫʯʢʝ, ʘ ʪʘʢʞʝ ʜʝʞʫʨʠʣʘ ʚ ʩʤʝʥʘʭ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʦʚ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʥʘ 

ʧʠʦʥʥʦʤ ʧʫʯʢʝ ʛʨʫʧʧʦʡ ʀʗʀ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʚʚʦʜʫ ʚ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʧʝʨʝʜʥʝʛʦ 

ʛʦʜʦʩʢʦʧʘ Forward Wall. ɹʳʣʠ ʟʘʤʝʥʝʥʳ ʧʨʠʰʝʜʰʠʝ ʚ ʥʝʛʦʜʥʦʩʪʴ ʌʕʋ. ʗʯʝʡʢʠ ʛʦʜʦʩʢʦʧʘ 

ʙʳʣʠ ʪʱʘʪʝʣʴʥʦ ʦʪʢʘʣʠʙʨʦʚʘʥʳ ʢʘʢ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʦʪʢʣʠʢʫ, ʪʘʢ ʠ ʧʦ ʘʤʧʣʠʪʫʜʥʦʤʫ 

ʩʧʝʢʪʨʫ. ʂʘʣʠʙʨʦʚʦʯʥʳʝ ʢʦʥʩʪʘʥʪʳ ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʚ ʦʙʱʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʍɸɼɽʉ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ offline ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʥʘʙʨʘʥʥʳʭ ʥʘ ʧʫʯʢʘʭ ʧʠ-ʤʝʟʦʥʦʚ ʚ 2014ʛ.  
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ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʛʦʜʦʩʢʦʧʘ ʠ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʳ ʚ 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʥʘʤʠ ʩʪʘʪʴʝ (ʆ. ɺ. ɸʥʜʨʝʝʚʘ, ʄ. ɹ. ɻʦʣʫʙʝʚʘ, ʌ. ʌ. ɻʫʙʝʨ ʠ ʜʨ., ʇʊʕ, 2014, 

ˉ 2, ʩ. 1ï18). 

 

4.2 ʉʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʢʦʣʣʘʙʦʨʘʮʠʠ ʍɸɼɽʉ ʩ ʫʯʘʩʪʠʝʤ 

ʩʦʘʚʪʦʨʦʚ ʛʨʫʧʧʳ ʀʗʀ ʈɸʅ ʠ ʛʨʫʧʧʳ ʀʊʕʌ ʟʘ 2014 ʛ. 

1. ʇʝʨʝʜʥʠʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʛʦʜʦʩʢʦʧ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʍɸɼɽʉ, ʆ. ɺ. ɸʥʜʨʝʝʚʘ, ʄ. ɹ. ɻʦʣʫʙʝʚʘ, ʌ. ʌ. ɻʫʙʝʨ, ɸ. ʇ. ʀʚʘʰʢʠʥ, ɸ. Krasa*, 

ɸ. Kugler*, ɸ. ɹ. ʂʫʨʝʧʠʥ, ʆ. ɸ. ʇʝʪʫʭʦʚ, ɸ. ʀ. ʈʝʰʝʪʠʥ, ɸ. ʉ. ʉʘʜʦʚʩʢʠʡ, ʆ. Svoboda*, ʖ. 

ɻ. ʉʦʙʦʣʝʚ*, P. Tlusty*, ɽ. ɸ. ʋʩʝʥʢʦ. ʇʈʀɹʆʈʓ ʀ ʊɽʍʅʀʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸ, 2014, ˉ 

2, ʩ. 1ï18, Instrum.Exp.Tech.57(2014)103-119.  

 DOI: 10.1134/S0020441214020146 

2. Baryon resonance production and dielectron decays in proton-proton collisions at 3.5 GeV, 

HADES collaboration, (G. Agakishiev, éʀʗʀ - M.Golubeva, F.Guber, A.Ivashkin, 

T.Karavicheva, A.Kurepin, A.Reshetin, A.Sadovsky,é, et al.) e-Print: arXiv:1403.3054 [nucl-ex] 

Eur.Phys.J.A50(2014)82.  DOI: 10.1140/epja/i2014-14082-1  

3. Electromagnetic calorimeter for the HADES@FAIR experiment HADES Collaboration (O. 

Svoboda, é.. ʀʗʀ - M.Goubeva, F.Guber, A.Ivashkin, A.Reshetin.et al.) JINST 9 (2014) 

ʗ05002. DOI: 10.1088/1748-0221/9/05/C05002 

4. Associate K^0 production in p+p collisions at 3.5 GeV: The role of Delta(1232)++  

HADES Collaboration (G. Agakishiev,é ʀʗʀ - M.Golubeva, F.Guber, A.Ivashkin, 

T.Karavicheva, A.Kurepin, A.Reshetin, A.Sadovsky,é, et al.) e-Print: arXiv:1403.6662 [nucl-

ex] ʇʨʠʥʷʪʘ ʚ ʧʝʯʘʪʴ ʚ Phys.Rev.C  

5. Searching a Dark Photon with HADES HADES Collaboration (G. Agakishiev, é ʀʗʀ - 

M.Golubeva, F.Guber, A.Ivashkin, T.Karavicheva, A.Kurepin, A.Reshetin, A.Sadovsky,é , et 

al.) Phys.Lett. B731 (2014) 265-271. DOI: 10.1016/j.physletb.2014.02.035 e-Print: 

arXiv:1311.0216 [hep-ex]  

6. Lambda hyperon production and polarization in collisions of p(3.5 GeV)+Nb, HADES 

Collaboration (G. Agakishiev, é ʀʗʀ - M.Golubeva, F.Guber, A.Ivashkin, T.Karavicheva, 

A.Kurepin, A.Reshetin, A.Sadovskyé, et al.) Eur.Phys.J. A50 (2014) 81. DOI: 

10.1140/epja/i2014-14081-2 e-Print: arXiv:1404.3014 [nucl-ex] 

http://dx.doi.org/10.1134/S0020441214020146
http://arxiv.org/abs/arXiv:1403.3054
http://dx.doi.org/10.1140/epja/i2014-14082-1
http://inspirehep.net/record/1287382
http://inspirehep.net/search?p=collaboration:%27HADES%27&ln=ru
http://inspirehep.net/author/profile/Agakishiev%2C%20G.?recid=1287382&ln=ru
http://arxiv.org/abs/arXiv:1403.6662
http://inspirehep.net/record/1263063
http://inspirehep.net/search?p=collaboration:%27HADES%27&ln=ru
http://inspirehep.net/author/profile/Agakishiev%2C%20G.?recid=1263063&ln=ru
http://dx.doi.org/10.1016/j.physletb.2014.02.035
http://arxiv.org/abs/arXiv:1311.0216
http://inspirehep.net/record/1290148
http://inspirehep.net/search?p=collaboration:%27HADES%27&ln=ru
http://inspirehep.net/author/profile/Agakishiev%2C%20G.?recid=1290148&ln=ru
http://dx.doi.org/10.1140/epja/i2014-14081-2
http://arxiv.org/abs/arXiv:1404.3014
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7. In-medium hadron properties measured with HADESɹ HADES Collaboration (J. Pietraszko, 

é ʀʗʀ - M.Golubeva, F.Guber, A.Ivashkin, T.Karavicheva, A.Kurepin, A.Reshetin, 

A.Sadovsky,é,et al. ). EPJ Web Conf. 66 (2014) 04023 DOI: 10.1051/epjconf/20146604023 

8. Low mass dielectrons radiated off cold nuclear matter measured with HADES  

M. Lorenz, é ʀʗʀ - M.Golubeva, F.Guber, A.Ivashkin, T.Karavicheva, A.Kurepin, 

A.Reshetin, A.Sadovskyé,et al. EPJ Web Conf. 66 (2014) 09011.  

DOI: 10.1051/epjconf/20146609011 

9. Medium effects in proton-induced K0 production at 3.5 GeV 

HADES Collaboration (G. Agakishiev, é ʀʗʀ - M.Golubeva, F.Guber, A.Ivashkin, 

T.Karavicheva, A.Kurepin, A.Reshetin, A.Sadovskyé, et al.) Phys. Rev. C 90 (2014), 054906.  

DOI: http://dx.doi.org/10.1103/ 

10. Time of flight measurement in heavy-ion collisions with the HADES RPC TOF wall  

HADES Collaboration (G. Agakishiev, é ʀʗʀ - M.Golubeva, F.Guber, A.Ivashkin, 

T.Karavicheva, A.Kurepin, A.Reshetin, A.Sadovskyé,et al.) JINST 9 (2014) 11, C11015.  

DOI: 10.1088/1748-0221/9/11/C11015 

11. Electromagnetic Calorimeter for HADES Experiment 

P. Rodr²guez-Ramos,é(ʀʗʀ) M. Golubeva, F. Guber, A. Ivashkin, O. Pethukov, et al.,  

for the HADES Collaboration, Eur. Phys. J. Web Conf. 81 (2014) 06009.  

DOI: 10.1051/epjconf/20148106009 

12. Measurement of the quasi free np Ÿ np+́ ī́ and np Ÿ ppī́́0 reactions at 1.25 GeV With 

HADES. HADES Collaboration (G. Agakishiev, é ʀʗʀ - M.Golubeva, F.Guber, A.Ivashkin, 

T.Karavicheva, A.Kurepin, A.Reshetin, A.Sadovskyé, et al.) EPJ Web of Conferences 81, 02009 

(2014). http://dx.doi.org/10.1051/epjconf/20148102009 

 

4.2 ɼʦʢʣʘʜʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʰʢʦʣʘʭ 

1. A.Sadovsky, First indication of the triangular (v3) and quadrangular (v4) flow of light 

hydrogen isotopes in Au+Au collisions at ãsNN =2.4 GeV. 

The XXII International Baldin Seminar on High Energy Physics Problems "Relativistic Nuclear 

Physics and Quantum Chromodynamics", September 15 ï 20 September, 2014, Dubna, Russia. 

 

http://inspirehep.net/record/1292579
http://inspirehep.net/search?p=collaboration:%27HADES%27&ln=ru
http://inspirehep.net/author/profile/Pietraszko%2C%20J.?recid=1292579&ln=ru
http://dx.doi.org/10.1051/epjconf/20146604023
http://inspirehep.net/record/1292660
http://inspirehep.net/author/profile/Lorenz%2C%20M.?recid=1292660&ln=ru
http://dx.doi.org/10.1051/epjconf/20146609011
http://inspirehep.net/author/profile/Agakishiev%2C%20G.?recid=1290148&ln=ru
http://inspirehep.net/record/1330214
http://inspirehep.net/author/profile/Agakishiev%2C%20G.?recid=1290148&ln=ru
http://dx.doi.org/10.1088/1748-0221/9/11/C11015
http://dx.doi.org/10.1051/epjconf/20148106009
http://inspirehep.net/author/profile/Agakishiev%2C%20G.?recid=1290148&ln=ru
http://dx.doi.org/10.1051/epjconf/20148102009
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4.2 ʀʥʬʦʨʤʘʮʠʷ ʧʦ ʩʧʝʮʠʘʣʠʩʪʘʤ ʀʗʀ ʈɸʅ, ʫʯʘʩʪʚʫʶʱʠʤ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ 2014 ʛ. 

ʏʠʩʣʦ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʍɸɼɽʉ 11 (4 ʪʦʣʴʢʦ ʚ ʀʗʀ) 

ʏʠʩʣʦ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʠʚʣʝʯʝʥʥʳʭ ʚ ʵʪʠ ʨʘʙʦʪʳ 2 (1 ʪʦʣʴʢʦ ʚ ʀʗʀ) 

ʏʠʩʣʦ ʩʪʫʜʝʥʪʦʚ - ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 1 

ʏʠʩʣʦ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ, ʟʘʱʠʱʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʫʯʘʩʪʠʷ ʚ 

ʨʘʙʦʪʘʭ ʮʝʥʪʨʘ - 

ʏʠʩʣʦ ʜʦʢʣʘʜʦʚ ʦʪ ʠʤʝʥʠ ʢʦʣʣʘʙʦʨʘʮʠʡ, ʩʜʝʣʘʥʥʳʭ ʨʦʩʩʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ 1 

ʏʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ 12: 

Phys/Lett - 1 ʧʫʙʣ. 

JINST ï 2 ʧʫʙʣ. 

Phys.Rev. C ï 2 ʧʫʙʣ. (ʦʜʥʘ ʠʟ ʥʠʭ ʧʨʠʥʷʪʘ ʚ ʧʝʯʘʪʴ). 

Eur.Phys.J. - 2 ʧʫʙʣ. 

EPJ Web of Conf-4 ʧʫʙʣ. 

ʇʊʕ ï 1 ʧʫʙʣʠʢʘʮʠʷ. 

4.2 ʇʣʘʥ ʫʯʘʩʪʠʷ ʛʨʫʧʧʳ ʀʗʀ ʈɸʅ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ HADES ʥʘ 2015  

ɺ 2015 ʛ. ʛʨʫʧʧʦʡ ʀʗʀ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʫʩʪʘʥʦʚʢʝ HADES ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʦʪʦʢʘʤ ʢʘʦʥʦʚ v1 ʠ v2 ʚ ʨʝʘʢʮʠʠ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʷʜʝʨ ʟʦʣʦʪʘ ʧʨʠ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ ʟʦʣʦʪʘ 1.23 ɻʵɺ ʥʘ ʥʫʢʣʦʥ.  

ʇʣʘʥʠʨʫʝʪʩʷ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʧʨʦʪʦʥʦʚ ʚʧʣʦʪʴ ʜʦ v4, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ 

ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʠʤʧʫʣʴʩʫ. ɹʫʜʝʪ ʧʨʦʜʦʣʞʝʥʦ ʠʟʫʯʝʥʠʝ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʜʝʡʪʨʦʥʘ ʠ ʪʨʠʪʠʷ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ ʧʦʪʦʢʘ ʩʣʝʜʫʶʱʝʛʦ ʧʦʨʷʜʢʘ v4. 

ɹʫʜʫʪ ʧʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʩʙʦʨʢʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʶ ʤʦʜʫʣʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʦʙʱʠʤ ʧʣʘʥʦʤ ʨʘʙʦʪ ʥʘ ʍɸɼɽʉ ʧʦ 

ʩʙʦʨʢʝ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʝʛʦ ʟʘʧʫʩʢʫ ʚ 2017 ʛ.  

ʇʣʘʥʠʨʫʝʪʩʷ ʫʯʘʩʪʠʝ ʠ ʜʦʢʣʘʜʳ ʛʨʫʧʧʳ ʀʗʀ ʥʘ ʩʦʚʝʱʘʥʠʷʭ ʢʦʣʣʘʙʦʨʘʮʠʠ ʍɸɼɽʉ 

ʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʦʚʝʱʘʥʠʷʭ. 
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4.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʦʞʜʝʥʠʷ ʘʜʨʦʥʦʚ ʚ ʘʜʨʦʥ-ʷʜʝʨʥʳʭ ʠ ʷʜʨʦ-

ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʥʘ ʫʩʢʦʨʠʪʝʣʝ SPS ʚ ʎɽʈʅ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʟ.ʜ.ʥ. ɸ.ɹ.ʂʫʨʝʧʠʥ. 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ ʦʪ ʀʗʀ ʈɸʅ: 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ʌ.ʌ. ɻʫʙʝʨ 

 ʉʧʠʩʦʢ ʠʩʧʦʣʥʠʪʝʣʝʡ: 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ɸ.ʇ. ʀʚʘʰʢʠʥ 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ɸ.ʉ. ʉʘʜʦʚʩʢʠʡ 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʄ.ɹ. ɻʦʣʫʙʝʚʘ 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ  ʉ.ɺ. ʄʦʨʦʟʦʚ  

ʄʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ  ʆ.ɸ. ʇʝʪʫʭʦʚ 

ʄʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʆ.ɺ. ɸʥʜʨʝʝʚʘ 

ʊʝʭʥʠʢ ʉ.ʂ. ʇʦʧʦʚ 
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4.3 ʈɽʌɽʈɸʊ 

 ʂʈʀʊʀʏɽʉʂɸʗ ʊʆʏʂɸ ʉʀʃʔʅʆɺɿɸʀʄʆɼɽʁʉʊɺʋʖʑɽʁ ʗɼɽʈʅʆʁ ʄɸʊɽʈʀʀ, 

ɼɽʂʆʅʌɸʁʄɽʅʊ, ʇʈʆʊʆʅ-ʇʈʆʊʆʅʅʓɽ ʉʊʆʃʂʅʆɺɽʅʀʗ, ʗɼʈʆ-ʗɼɽʈʅʓɽ 

ʉʊʆʃʂʅʆɺɽʅʀʗ, ʈɽʃʗʊʀɺʀʉʊʉʂʀɽ ʕʅɽʈɻʀʀ, ʄʅʆɾɽʉʊɺɽʅʅʆʉʊʔ, 

ʇʆʇɽʈɽʏʅʓʁ ʀʄʇʋʃʔʉ, ɸɼʈʆʅʅʓʁ ʂɸʃʆʈʀʄɽʊʈ, ʌʃʋʂʊʋɸʎʀʀ, ɼɸʃʔʅʀɽ 

ʂʆʈʈɽʃʗʎʀʀ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʪ ʀʗʀ ʫʯʘʩʪʚʫʶʪ 8 ʯʝʣʦʚʝʢ ï ʠʟ ʥʠʭ 7 ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ, 

(ʚʢʣʶʯʘʷ 2 ʩʦʪʨʫʜʥʠʢʦʚ ʤʦʣʦʞʝ 36 ʣʝʪ), 1 ʪʝʭʥʠʢ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʵʢʩʧʝʨʠʤʝʥʪʘ NA61(SHINE) ʚ ʎɽʈʅʝ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʩʠʣʴʥʦʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʠ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʯʘʣʘ ʜʝʢʦʥʬʘʡʤʝʥʪʘ. ɼʣʷ ʧʦʠʩʢʘ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʥʝʦʙʭʦʜʠʤʳ ʠʟʤʝʨʝʥʠʷ 

ʥʘʙʣʶʜʘʝʤʳʭ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʵʬʬʝʢʪʘʤ. ʊʘʢʠʤʠ ʥʘʙʣʶʜʘʝʤʳʤʠ ʷʚʣʷʶʪʩʷ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʨʦʞʜʝʥʠʷ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʨʠʯʥʳʭ ʘʜʨʦʥʦʚ, ʚʢʣʶʯʘʷ 

ʩʪʨʘʥʥʳʝ ʙʘʨʠʦʥʳ/ʘʥʪʠʙʘʨʠʦʥʳ, ʠ ʧʦʩʦʙʳʪʠʡʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ, ʪʘʢʠʭ ʢʘʢ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ, ʟʘʨʷʜʳ, ʧʦʧʝʨʝʯʥʳʝ ʠʤʧʫʣʴʩʳ, ʦʪʥʦʰʝʥʠʷ ʚʳʭʦʜʘ 

ʩʪʨʘʥʥʳʭ ʠ ʥʝʩʪʨʘʥʥʳʭ ʤʝʟʦʥʦʚ. ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʬʣʫʢʪʫʘʮʠʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚʙʣʠʟʠ ʢʨʠʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ. ʇʨʦʛʨʘʤʤʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ NA61 ʚʢʣʶʯʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʚʳʭʦʜʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʷʜʝʨ 7ɺʝ + 9ɺʝ, Ar +Sc ʠ Xe + La ʧʨʠ ʵʥʝʨʛʠʷʭ 13, 20, 30, 40, 

80, 158 ɻʵɺ ʥʘ ʥʫʢʣʦʥ ʠ ʨʘʩʩʯʠʪʘʥʘ ʜʦ 2017 ʛ.  

ɺ 2014 ʛ. ʧʨʦʚʝʜʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦ ʚʳʭʦʜʦʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʦʥʦʚ ʚ 

ʨʝʘʢʮʠʠ 7ɺʝ + 9ɺʝ ʥʘ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʤ ʧʫʯʢʝ ʷʜʝʨ 7Be ʧʨʠ ʵʥʝʨʛʠʷʭ ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ 

ʙʝʨʠʣʣʠʷ 40 - 158 ɸɻʵɺ ʠ ʧʦ ʚʳʭʦʜʘʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʥʳʭ ʧʠʦʥʦʚ ʚ ʨʝʘʮʠʠ ʨ+ʨ ʧʨʠ 

ʪʝʭ ʞʝ ʵʥʝʨʛʠʷʭ 40 - 158 ɸɻʵɺ. ɿʘʚʝʨʰʝʥ ʘʥʘʣʠʟ ʠ ʦʧʫʙʦʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʳʭʦʜʘʤ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʚ ʨʝʘʮʠʠ ʨ+ʨ ʧʨʠ ʵʥʝʨʛʠʷʭ 20 - 158 ɸɻʵɺ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ7ɺʝ + 9ɺʝ ʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʨʝʜʥʠʡ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʚ ʀʗʀ ʈɸʅ.  

 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʳ ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ ʚ 

2014 ʛ. ʚ ʎɽʈʅʝ. 

1. ɿʘʚʝʨʰʝʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʠʢʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʫʣʝʡ ʘʜʨʦʥʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ. ʕʪʘ ʵʣʝʢʪʨʦʥʠʢʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʫʩʠʣʝʥʠʷ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ, ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʧʠʪʘʥʠʷ ʬʦʪʦʜʠʦʜʦʚ ʠ ʩʠʩʪʝʤʫ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʜʠʦʜʦʚ.  
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2. ʂʘʣʠʙʨʦʚʢʘ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʘʭ ʤʶʦʥʦʚ ʠ ʘʜʨʦʥʦʚ. 

3. ʋʯʘʩʪʠʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʢ ʩʝʘʥʩʫ ʧʦ ʠʟʤʝʨʝʥʠʶ ʚʳʭʦʜʚ 

ʯʘʩʪʠʮ ʚ ʨʝʘʢʮʠʠ p + Pb ʧʨʠ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ 158 ɻʵɺ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʘ, ʫʯʘʩʪʠʝ ʚ 

ʨʘʙʦʯʠʭ ʩʤʝʥʘʭ NA61.  

4. ʈʘʟʨʘʙʦʪʢʘ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʧʣʦʩʦʩʪʠ ʨʝʘʢʮʠʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʚ ʷʜʨʦ - ̫ ʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩ 

ʧʦʤʦʱʴʶ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʫʩʪʘʥʦʚʢʝ NA61. 

5. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʧʨʦʛʨʘʤʝʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ ʢʘʣʦʨʠʤʝʪʨʘ PSD 

ʵʢʩʧʝʨʠʤʝʥʪʘ NA61 ʠ ʤʦʜʫʣʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ ʩʦ ʚʩʝʭ 

ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʦʙʱʝʡ ʧʘʢʝʪʝ SHINE. 

6. ʋʯʘʩʪʠʝ ʚ ʨʘʙʦʯʠʭ ʩʦʚʝʱʘʥʠʷʭ NA61(SHINE) - ʜʦʢʣʘʜʳ ʠ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʦʨʜʠʥʘʮʠʷ ʨʘʙʦʪ.  

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 2014 ʛ. 

1. ʋʩʧʝʰʥʦ ʟʘʚʝʨʰʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʫʣʝʡ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. ʕʪʘ ʵʣʝʢʪʨʦʥʠʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ, ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʧʠʪʘʥʠʷ ʬʦʪʦʜʠʦʜʦʚ ʠ 

ʩʠʩʪʝʤʫ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʜʠʦʜʦʚ.  

2. ʇʨʦʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʘʭ ʤʶʦʥʦʚ ʠ 

ʘʜʨʦʥʦʚ. ʇʨʦʚʝʜʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

3. ʇʝʨʝʜʥʠʡ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʩʝʘʥʩʫ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʚʳʭʦʜʘ ʯʘʩʪʠʮ ʚ ʨʝʘʢʮʠʠ p + Pb ʧʨʠ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ 158 ɻʵɺ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʦʷʣʩʷ ʚ ʦʢʪʷʙʨʝ-ʜʝʢʘʙʨʝ 2014ʛ. ɻʨʫʧʧʘ ʀʗʀ ʈɸʅ ʦʙʝʩʧʝʯʠʚʘʣʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʘ, ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʨʘʙʦʯʠʭ ʩʤʝʥʘʭ 

NA61.  

4. ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʝʜʣʦʞʝʥʠʝ (ʙʳʣʦ ʜʦʣʦʞʝʥʦ ʥʘ ʩʦʚʝʱʘʥʠʷʭ ʢʦʣʣʘʙʦʨʘʮʠʠ NA61) ʠ 

ʩʜʝʣʘʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʚ ʷʜʨʦ - ̫ ʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʫʩʪʘʥʦʚʢʝ NA61. 

5. ʈʘʟʨʘʙʦʪʘʥʳ ʤʦʜʫʣʠ ʧʨʦʛʨʘʤʝʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ 

ʢʘʣʦʨʠʤʝʪʨʘ PSD ʵʢʩʧʝʨʠʤʝʥʪʘ NA61 ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ ʩʦ ʚʩʝʭ 

ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʦʙʱʝʡ ʧʘʢʝʪʝ SHINE ʵʢʩʧʝʨʠʤʝʥʪʘ NA61. 
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6. ʏʣʝʥʳ ʛʨʫʧʧʳ ʀʗʀ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʨʘʙʦʯʠʭ ʩʦʚʝʱʘʥʠʷʭ NA61 ʩ ʜʦʢʣʘʜʘʤʠ ʧʦ 

ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ.  

4.3 ɺʚʝʜʝʥʠʝ 

 ɸʢʪʫʘʣʴʥʦʩʪʴ, ʮʝʣʠ ʠ ʧʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʦʞʜʝʥʠʷ ʘʜʨʦʥʦʚ ʚ 

ʘʜʨʦʥ-ʷʜʝʨʥʳʭ ʠ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

NA61(SHINE) ʥʘ ʫʩʢʦʨʠʪʝʣʝ SPS ʚ ʎɽʈʅ.  

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʵʢʩʧʝʨʠʤʝʥʪʘ NA61(SHINE) ʚ ʎɽʈʅʝ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʩʠʣʴʥʦʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʠ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʯʘʣʘ ʜʝʢʦʥʬʘʡʤʝʥʪʘ, ʪ.ʝ. ʧʦʠʩʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʜʚʫʤʷ ʬʘʟʘʤʠ ʩʠʣʴʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʤʘʪʝʨʠʠ [1]. ʈʷʜ ʤʦʜʝʣʝʡ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʝʜʩʢʘʟʳʚʘʶʪ 

ʨʝʟʢʫʶ ʬʘʟʦʚʫʶ ʛʨʘʥʠʮʫ (ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 1-ʛʦ ʧʦʨʷʜʢʘ) ʤʝʞʜʫ ʘʜʨʦʥʥʳʤ ʛʘʟʦʤ ʠ ʢʚʘʨʢ-

ʛʣʶʦʥʥʦʡ ʧʣʘʟʤʦʡ, ʟʘʢʘʥʯʠʚʘʶʱʫʶʩʷ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ (ʨʠʩʫʥʦʢ 1). ʇʦʠʩʢ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʜʚʫʤʷ ʬʘʟʘʤʠ ʩʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʤʘʪʝʨʠʠ ʚʝʜʝʪʩʷ 

ʪʘʢʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʫʩʢʦʨʠʪʝʣʝ RHIC (ʉʐɸ) ʠ ʧʣʘʥʠʨʫʝʪʩʷ ʥʘ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʭ 

ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ NICA ʚ ɼʫʙʥʝ ʠ FAIR ʚ ɼʘʨʤʰʪʘʜʪʝ, ɻʝʨʤʘʥʠʷ. ʆʙʣʘʩʪʠ 

ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʫʶʪʩʷ (ʠʣʠ ʙʫʜʫʪ ʠʩʩʣʝʜʦʚʘʪʴʩʷ) ʚ ʵʪʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʪʘʢʞʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

ʈʠʩʫʥʦʢ 1 ï ʇʝʨʝʭʦʜ ʤʝʞʜʫ ʜʚʫʤʷ ʬʘʟʘʤʠ ʩʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʤʘʪʝʨʠʠ: 

ʘʜʨʦʥʥʳʡ ʛʘʟ ʠ ʢʚʘʨʢ-ʛʣʶʦʥʥʘʷ ʧʣʘʟʤʘ 

 

ʊʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʥʝʠʟʚʝʩʪʥʦ. ʇʦʵʪʦʤʫ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ NA61(SHINE) ʝʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʢʘʪʴ, 
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ʩʢʘʥʠʨʫʷ ʵʪʫ ʧʣʦʩʢʦʩʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʷʜʨʘʤʠ ʧʨʠ ʵʥʝʨʛʠʷʭ 

ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 13 ʜʦ 158 ɻʵɺ ʥʘ ʥʫʢʣʦʥ (ʨʠʩʫʥʦʢ 2, ʩʣʝʚʘ).  

  

ʈʠʩʫʥʦʢ 2 ï ʉʣʝʚʘ - ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʧʨʦʛʨʘʤʤʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ NA61(SHINE). ʉʧʨʘʚʘ - ʦʞʠʜʘʝʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʬʣʫʢʪʫʘʮʠʡ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ, ʩʨʝʜʥʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʪ.ʜ. ʜʣʷ ʩʠʩʪʝʤʳ ʩ ʚʳʤʦʨʘʞʠʚʘʥʠʝʤ 

ʚʙʣʠʟʠ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʇʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʥʘʩʪʫʧʣʝʥʠʷ ʥʘʯʘʣʘ ʜʝʢʦʥʬʘʡʥʤʝʥʪʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA49 ʥʘ ʫʩʢʦʨʠʪʝʣʝ SPS ʚ ʎɽʈʅʝ [2, 3]. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʥʘʙʣʶʜʘʝʤʳʭ ʩʚʦʡʩʪʚʘʭ ʘʜʨʦʥʦʚ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʮʝʥʪʨʘʣʴʥʳʭ Pb + Pb ʩʪʦʣʢʥʦʚʝʥʠʷʭ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʠʟʤʝʨʝʥʥʳʭ ʚʳʭʦʜʦʚ ʠ 

ʦʪʥʦʰʝʥʠʡ ʚʳʭʦʜʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʠʤʧʫʣʴʩʝ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ 30A ɻʵɺ / ʩ (ʠʣʠ 

ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʠ ãENN å7,6 ɻʵɺ), ʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʥʘʟʳʚʘʶʪ ʢʘʢ ʨʦʛ, ʠʟʣʦʤ ʠ ɼʵʡʣ [3], ʠ ʯʪʦ 

ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʜʣʷ ʥʘʯʘʣʘ ʜʝʢʦʥʬʘʡʥʤʝʥʪʘ.  

ʅʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ RHIC ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ Au + Au ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʵʥʝʨʛʠʠ ʧʫʯʢʘ [4] ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʩ NA49 

ʠʟʤʝʨʝʥʠʷʤʠ ʧʨʠ ʵʥʝʨʛʠʷʭ ʥʘʯʘʣʘ ʜʝʢʦʥʬʘʡʤʝʥʪʘ. ʆʜʥʘʢʦ, ʧʦʣʫʯʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʩ ʭʦʨʦʰʝʡ ʩʪʘʪʠʩʪʠʢʦʡ ʥʘ RHIC BES ʥʠʞʝ 30 ɻʵɺ/ʩ ʥʘ ʥʫʢʣʦʥ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ 

ʠʟ-ʟʘ ʥʠʟʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʚʩʪʨʝʯʥʳʭ ʧʫʯʢʦʚ ʷʜʝʨ ʟʦʣʦʪʘ, ʪʘʢʞʝ ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʝʢʪʠʚʥʦ ʚʳʜʝʣʠʪʴ ʮʝʥʪʨʘʣʴʥʳʝ ʩʪʦʣʢʥʦʚʝʥʠʷ. ʇʦʵʪʦʤʫ ʩʝʡʯʘʩ ʩʪʘʣʦ 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʛʨʘʤʤʫ NA61/SHINE ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʠʪʴ ʩ ʚʢʣʶʯʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʷʜʝʨ ʩʚʠʥʮʘ Pb + Pb. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ LHC ʧʨʠ ʵʥʝʨʛʠʠ 2,76 ʊʵɺ ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ Pb + Pb 

ʩʪʦʣʢʥʦʚʝʥʠʡ [5] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʳʩʪʨʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ 

ʘʜʨʦʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ SPS. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ 

ʥʘʙʣʶʜʘʝʤʳʭ ʚ NA49 ʩʪʨʫʢʪʫʨ ʢʘʢ ʥʘʩʪʫʧʣʝʥʠʝ ʥʘʯʘʣʘ ʜʝʢʦʥʬʘʡʥʤʝʥʪʘ. ɺʳʰʝ ʵʪʦʡ 
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ʵʥʝʨʛʠʠ ʥʘʯʘʣʘ ʜʝʢʦʥʬʘʡʤʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʢʚʘʨʢ-

ʛʣʶʦʥʥʦʡ ʧʣʘʟʤʳ. 

ʕʢʩʧʝʨʠʤʝʥʪ NA61(SHINE) ʷʚʣʷʝʪʩʷ ʧʨʝʝʤʥʠʢʦʤ NA49 ʠ ʜʘʣʴʥʝʡʰʠʤ ʝʛʦ ʨʘʟʚʠʪʠʝʤ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʛʣʘʚʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʧʦʠʩʢ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ 

ʥʘʙʣʶʜʘʝʤʳʭ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʵʬʬʝʢʪʘʤ. ʊʘʢʠʤʠ ʥʘʙʣʶʜʘʝʤʳʤʠ ʷʚʣʷʶʪʩʷ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʨʦʞʜʝʥʠʷ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʨʠʯʥʳʭ ʘʜʨʦʥʦʚ, ʚʢʣʶʯʘʷ 

ʩʪʨʘʥʥʳʝ ʙʘʨʠʦʥʳ/ʘʥʪʠʙʘʨʠʦʥʳ, ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʦʩʦʙʳʪʠʡʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʥʝʢʦʪʦʨʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʪʘʢʠʭ ʢʘʢ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ, ʟʘʨʷʜʳ, ʧʦʧʝʨʝʯʥʳʝ ʠʤʧʫʣʴʩʳ, 

ʦʪʥʦʰʝʥʠʷ ʚʳʭʦʜʦʚ ʩʪʨʘʥʥʳʭ ʠ ʥʝʩʪʨʘʥʥʳʭ ʤʝʟʦʥʦʚ. 

 ʇʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʜʘʥʥʳʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʵʥʝʨʛʠʷʭ AGS ʠ SPS ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʦʪʥʦʰʝʥʠʝ ʚʳʭʦʜʦʚ ʧʠʦʥʦʚ ʠ ʩʪʨʘʥʥʳʭ ʘʜʨʦʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʷʜʝʨ ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʷʜʝʨ ʩ ɸ Ó 30 - 40. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʜʣʷ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ ʧʨʦʩʪʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʞʝ 

ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ Ar + Ca ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʝʡ SPS. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʪʘʜʠʠ ʨʘʩʰʠʨʝʥʠʷ ʩ ʯʠʩʪʦ ʘʜʨʦʥʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʳ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʷʜʝʨ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʚʦʛʦ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʤʦʨʘʞʠʚʘʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʷʜʝʨ 

(ʨʠʩʫʥʦʢ 18 ʚ [1]). ʄʘʪʝʨʠʷ ʚʳʤʝʨʟʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʜʘʣʝʢʦ ʦʪ ʛʨʘʥʠʮʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 

ʏʪʦʙʳ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʨʦʣʴ ʘʜʨʦʥʥʦʛʦ ʧʝʨʝʨʘʩʩʝʷʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʘʣʳʭ ʷʜʝʨ ʩ 

ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ ʷʜʨʘ ʘʨʛʦʥʘ ʢʘʞʫʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʧʝʨʝʭʦʜʘ 

ʤʝʞʜʫ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ ʧʣʘʟʤʦʡ ʠ ʘʜʨʦʥʥʳʤ ʛʘʟʦʤ. ʇʦʵʪʦʤʫ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʵʪʦʡ 

ʧʨʦʛʨʘʤʤʝ ʠʤʝʶʪ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ Ar + Ca ʩʪʦʣʢʥʦʚʝʥʠʡ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʠʤʧʫʣʴʩʘ ʧʫʯʢʘ 13, 20, 30, 40, 80 ʠ 158 ɻʵɺ/ʩ ʥʘ ʥʫʢʣʦʥ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ 

ʫʞʝ ʚ 2015 ʛ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʡ Xe + La ʠ Pb + Pb ʟʘʧʣʘʥʠʨʦʚʘʥʳ ʥʘ 2015 - 2016 ʛ.ʛ. ʠ 2017 ï 

2018 ʛ.ʛ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 3.) 
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ʈʠʩʫʥʦʢ 3 ï ɼʠʘʛʨʘʤʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

NA61/SHINE. ɿʝʣʝʥʳʤʠ ʢʚʘʜʨʘʪʘʤʠ ʧʦʢʘʟʘʥʳ ʫʞʝ ʟʘʢʦʥʯʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʢʨʘʩʥʳʤʠ - 

ʧʨʦʛʨʘʤʤʘ ʠʟʤʝʨʝʥʠʡ ʥʘ ʧʝʨʠʦʜ 2015-2016 ʛ.ʛ. ʉʝʨʳʤʠ ʢʚʘʜʨʘʪʘʤʠ ʧʦʢʘʟʘʥʳ ʧʣʘʥʠʨʫʝʤʳʝ 

ʠʟʤʝʨʝʥʠʷ Pb + Pb, ʥʦ ʢʦʪʦʨʳʝ ʝʱʝ ʥʝ ʫʪʚʝʨʞʜʝʥʳ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʠʪʝʪʦʤ ʎɽʈʅʘ. [6] 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʬʣʫʢʪʫʘʮʠʡ ʷʚʣʷʝʪʩʷ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚʙʣʠʟʠ ʢʨʠʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ (ʨʠʩʫʥʦʢ 2, 

ʩʧʨʘʚʘ). ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʬʠʟʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ 

NA61 ʫʜʝʣʷʝʪʩʷ ʠʤʝʥʥʦ ʠʟʤʝʨʝʥʠʶ ʚʝʣʠʯʠʥʳ ʬʣʫʢʪʫʘʮʠʡ ʜʘʥʥʦʡ ʥʘʙʣʶʜʘʝʤʦʡ ʦʪ ʩʦʙʳʪʠʷ 

ʢ ʩʦʙʳʪʠʶ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʠʩʪʦʯʥʠʢʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʬʣʫʢʪʫʘʮʠʡ ʚ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʪʷʞʝʣʳʭ ʠʦʥʦʚ. ɺ ʩʘʤʦʤ 

ʦʙʱʝʤ ʦʧʠʩʘʥʠʠ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʠʩʪʦʯʥʠʢʘ ʬʣʫʢʪʫʘʮʠʡ. ʇʝʨʚʳʡ ï ʵʪʦ ʠʥʪʝʨʝʩʫʶʱʝʝ ʥʘʩ 

ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ, ʘ ʠʤʝʥʥʦ, ʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ, ʚʳʟʳʚʘʶʱʘʷ 

ʫʩʠʣʝʥʠʝ ʬʣʫʢʪʫʘʮʠʡ. ɺʪʦʨʦʡ ʠʩʪʦʯʥʠʢ ï ʵʪʦ ʚʘʨʴʠʨʫʝʤʘʷ ʛʝʦʤʝʪʨʠʷ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʪʷʞʝʣʳʭ ʠʦʥʦʚ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʧʝʨʝʤʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʥʫʢʣʦʥʦʚ. 

ʇʦʥʷʪʥʦ, ʯʪʦ ʚʪʦʨʦʡ ʠʩʪʦʯʥʠʢ ʬʣʫʢʪʫʘʮʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʛʝʦʤʝʪʨʠʶ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʥʠʢʘʢ 

ʥʝ ʩʚʷʟʘʥ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʢʨʠʪʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ. ʇʦʵʪʦʤʫ ʵʪʠ ʜʚʘ ʠʩʪʦʯʥʠʢʘ 

ʬʣʫʢʪʫʘʮʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʠʰʝʥʴʶ ʛʝʦʤʝʪʨʠʷ ʩʪʦʣʢʥʦʚʝʥʠʷ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʠʟʤʝʨʷʝʪʩʷ ʧʝʨʝʜʥʠʤ 

ʘʜʨʦʥʥʳʤ ʢʘʣʦʨʠʤʝʪʨʦʤ, ʜʝʪʝʢʪʠʨʫʶʱʠʤ ʵʥʝʨʛʠʶ ʥʝʧʨʦʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʚʰʠʭ ʥʫʢʣʦʥʦʚ 

ʥʘʣʝʪʘʶʱʝʛʦ ʷʜʨʘ, ʠʟ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦ ʥʝʧʨʦʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʚʰʠʭ ʥʫʢʣʦʥʦʚ 

ʥʘʣʝʪʘʶʱʝʛʦ ʷʜʨʘ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʘʪʦʤʥʳʤ ʯʠʩʣʦʤ ʥʘʣʝʪʘʶʱʝʛʦ ʷʜʨʘ ʠ ʠʟʤʝʨʝʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʧʨʦʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʚʰʠʭ ʥʫʢʣʦʥʦʚ ʠ ʜʘʝʪ ʠʩʢʦʤʦʝ ʯʠʩʣʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʥʫʢʣʦʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ 

ʥʫʢʣʦʥʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʦʜʥʦʛʦ ʥʫʢʣʦʥʘ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʠʟʫʯʝʥʠʷ 
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ʢʨʠʪʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ NA61 ʪʘʢʦʡ ʢʘʣʦʨʠʤʝʪʨ ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʠʟʛʦʪʦʚʣʝʥ ʚ ʀʥʩʪʠʪʫʪʝ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ. ʆʩʥʦʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʨʫʧʧʳ ʀʗʀ 

ʈɸʅ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʩʚʷʟʘʥʘ ʩ ʩʦʟʜʘʥʠʝʤ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ NA61 ʠ ʫʯʘʩʪʠʝʤ ʚ ʘʥʘʣʠʟʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʝʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʨʫʛʠʝ ʚʘʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʢʦʣʣʘʙʦʨʘʮʠʠ 

NA61 ʚʝʜʝʪ ʥʘ ʧʫʯʢʘʭ SPS, ʧʝʨʝʯʠʩʣʝʥʳ ʥʠʞʝ: 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʙʦʣʴʰʠʤ ʧʦʧʝʨʝʯʥʳʤ 

ʠʤʧʫʣʴʩʦʤ ʚ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʳʭ ʠ ʧʨʦʪʦʥ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ 

ʅʘʙʣʶʜʝʥʠʝ ʧʦʜʘʚʣʝʥʠʷ ʚʳʭʦʜʘ ʘʜʨʦʥʦʚ ʩ ʙʦʣʴʰʠʤ ʧʦʧʝʨʝʯʥʳʤ ʠʤʧʫʣʴʩʦʤ ʚ 

Au+Au ʩʪʦʣʢʥʦʚʝʥʠʷʭ (ʛʘʰʝʥʠʝ ʩʪʨʫʡ ʚ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ) - ʦʜʥʦ ʠʟ 

ʩʘʤʳʭ ʚʘʞʥʳʭ ʦʪʢʨʳʪʠʡ ʥʘ RHIC. ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʦʛʦ 

ʵʬʬʝʢʪʘ ʧʨʠ ʵʥʝʨʛʠʷʭ SPS ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʝʛʦ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʪʦʣʢʦʚʘʥʠʷ. ʎɽʈʅ ʠʤʝʝʪ 

ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʥʝʩʝʥʠʷ ʢʣʶʯʝʚʦʛʦ ʚʢʣʘʜʘ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʡ ʥʘ SPS ʠ 

LHC. 

 

ʀʟʤʝʨʝʥʠʷ ʩʝʯʝʥʠʡ ʚʳʭʦʜʘ ʟʘʨʷʞʝʥʥʳʭ ʘʜʨʦʥʦʚ ʜʣʷ ʥʝʡʪʨʠʥʥʦʡ ʬʠʟʠʢʠ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ T2K ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʚ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʰʠʚʘʥʠʷ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA61 

ʠʟʤʝʨʝʥʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚʳʭʦʜʳ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʠ ʢʘʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ʨ + ʉ ʧʨʠ 

ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʠʭ ʧʨʦʪʦʥʦʚ 31 ɻʵɺ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʚʳʭʦʜʦʚ ʧʠʦʥʦʚ ʚ 

ʧʠʣʦʪʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 2007 ʛʦʜʘ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 2011 ʛ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʣʝʥʘ 

ʩʪʘʪʴʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʧʦ ʚʳʭʦʜʘʤ ʟʘʨʷʞʝʥʥʳʭ ʢʘʦʥʦʚ.  

 

ʀʟʤʝʨʝʥʠʷ ʩʝʯʝʥʠʡ ʚ ʘʜʨʦʥ-ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ ʜʣʷ ʬʠʟʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ 

ʆʙʩʝʨʚʘʪʦʨʠʷ ʇʴʝʨʘ ʆʞʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪ KASKADE ʘʥʘʣʠʟʠʨʫʶʪ ʰʠʨʦʢʠʝ 

ʘʪʤʦʩʬʝʨʥʳʝ ʣʠʚʥʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ NA61 ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩʝʯʝʥʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʠʦʥʦʚ ʩ ʷʜʨʘʤʠ ʫʛʣʝʨʦʜʘ ʧʨʠ 
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ʵʥʝʨʛʠʠ ʧʠʦʥʦʚ 158 ʠ 350 ɻʵɺ. ʕʪʠ ʩʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʙʳʪʠʡ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ NA61 ʧʦʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ NA61/SHINE ʥʘʯʘʣ ʜʝʪʘʣʴʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚ 

ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ: ʨʘʟʤʝʨ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʷʜʝʨ (p + p, p + Pb, Be + Be, 

Ar + Ca, Xe + La) ʠ ʵʥʝʨʛʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ (13ɸ, 20ɸ, 30ɸ, 40ɸ, 80ɸ, 158ɸ ɻʵɺ/ʩ) ʚ 2009 ʛ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʪʦʨʠʯʥʳʝ ʧʫʯʢʠ ʧʨʦʪʦʥʦʚ ʠ ʷʜʝʨ Be, ʧʦʣʫʯʝʥʥʳʝ 

ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʷʜʝʨ ʩʚʠʥʮʘ ʥʘ ʙʝʨʠʣʣʠʝʚʦʡ ʤʠʰʝʥʠ ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʘʥʘʣʦʤ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʫʩʪʘʥʦʚʢʠ NA61. ʇʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʜʣʷ ʨʝʘʢʮʠʠ ɺʝ + 

ɺʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʚʠʯʥʳʝ ʧʫʯʢʠ ʷʜʝʨ Ar, Xe ʠ ʩʚʠʥʮʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʧʨʦʛʨʘʤʤʦʡ LHC.  

4.3 ʋʯʘʩʪʠʝ ʀʗʀ ʈɸʅ ʚ 2014 ʛ. ʚ ʨʘʙʦʪʘʭ ʧʦ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ NA61(SHINE) ʥʘ SPS, ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠ ʝʝ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʨʝʜʩʪʦʷʱʠʤ ʬʠʟʠʯʝʩʢʠʤ ʩʝʘʥʩʘʤ 

ʇʝʨʚʳʝ ʠʟʤʝʨʝʥʠʷ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʦʚʝʜʝʥʳ ʚ 2011 ʛ. ʜʣʷ ʨʝʘʢʮʠʠ 

7ɺʝ + 9ɺʝ ʧʨʠ ʵʥʝʨʛʠʷʭ 40, 80, 158 ɻʵɺ ʥʘ ʥʫʢʣʦʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʫʯʢʘ ʷʜʝʨ 7ɺʝ. ɺ ʢʦʥʮʝ 2012 ʛ. ï ʥʘʯʘʣʝ 2013 ʛ. ʧʨʦʚʝʜʝʥ ʩʝʘʥʩ ʠʟʤʝʨʝʥʠʡ ʚʳʭʦʜʦʚ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʨʝʘʢʮʠʠ 7ɺʝ + 9ɺʝ ʥʘ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʤ ʧʫʯʢʝ ʷʜʝʨ 7Be ʧʨʠ ʵʥʝʨʛʠʷʭ 

ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ ʙʝʨʠʣʣʠʷ 13, 20 ʠ 30 ɸɻʵɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʝʯʝʥʠʝ 2011-2013 ʛ.ʛ. ʙʳʣʘ 

ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʝʥʘ ʧʨʦʛʨʘʤʤʘ ʠʟʤʝʨʝʥʠʡ ʥʘ ʷʜʨʘʭ ʙʝʨʠʣʣʠʷ ʧʨʠ ʵʥʝʨʛʠʷʭ 13, 20, 30, 40, 

75 ʠ 150 ɸɻʵɺ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʨʝʜʥʠʡ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʚ 

ʀʗʀ ʈɸʅ. ɺ 2014 ʛ. ʧʨʦʚʝʜʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦ ʚʳʭʦʜʦʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʦʥʦʚ 

ʚ ʨʝʘʢʮʠʠ 7ɺʝ + 9ɺʝ ʥʘ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʤ ʧʫʯʢʝ ʷʜʝʨ 7Be ʧʨʠ ʵʥʝʨʛʠʷʭ ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ 

ʙʝʨʠʣʣʠʷ 40 - 158 ɸɻʵɺ ʠ ʧʦ ʚʳʭʦʜʘʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʥʳʭ ʧʠʦʥʦʚ ʚ ʨʝʘʮʠʠ ʨ+ʨ ʧʨʠ 

ʪʝʭ ʞʝ ʵʥʝʨʛʠʷʭ 40 - 158 ɸɻʵɺ. ɿʘʚʝʨʰʝʥ ʘʥʘʣʠʟ ʠ ʦʧʫʙʦʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʳʭʦʜʘʤ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʚ ʨʝʘʮʠʠ ʨ+ʨ ʧʨʠ ʵʥʝʨʛʠʷʭ 20 - 158 ɸɻʵɺ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ7ɺʝ + 9ɺʝ ʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʨʝʜʥʠʡ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʚ ʀʗʀ ʈɸʅ. 

 

4.3 ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ NA61/SHINE 
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ʕʢʩʧʝʨʠʤʝʥʪ NA61(SHINE) ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʩʪʘʚʰʠʤʩʷ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʥʘ 

SPS ʚ ʎɽʈʅʝ, ʢʦʪʦʨʳʡ ʠʤʝʝʝʪ ʫʪʚʝʨʞʜʝʥʥʫʶ ʚ ʎɽʈʅʝ ʧʨʦʛʨʘʤʤʫ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʷʜʨʦ-

ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʵʥʝʨʛʠʷʭ 10-158 ɻʵɺ ʥʘ ʥʫʢʣʦʥ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ NA61 - ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʳʜʫʱʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ NA49 [3]. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʦ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʫʯʢʦʚʳʭ ʩʯʝʪʯʠʢʦʚ. 

 

 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ NA61 (ʚʠʜ ʩʚʝʨʭʫ) 

 

ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʧʫʯʢʦʚʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ (S1 ï S5, V0, 

V1, V1ô), ʯʝʨʝʥʢʦʚʩʢʠʭ (C1, C2) ʜʝʪʝʢʪʦʨʦʚ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʢʘʤʝʨ (BPD -1, 2 ʠ 3), 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʤʠʰʝʥʠ. ʕʪʠ ʜʝʪʝʢʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʨʠʛʛʝʨʘ, ʩʪʘʨʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʚʨʝʤʷ-ʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʢʦʥʪʨʦʣʷ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ ʥʘ 

ʤʠʰʝʥʠ.  

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʚʪʦʨʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʛʥʠʪʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ, 

ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ: 

- ʜʚʘ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʜʠʧʦʣʴʥʳʭ ʤʘʛʥʠʪʘ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʟʘʟʦʨʦʤ 1 ʤʝʪʨ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʞʝʩʪʢʦʩʪʴ ʧʫʯʢʘ 9 ʊʤ; 

- ʜʚʝ ʚʨʝʤʷ-ʧʨʦʝʢʮʠʦʥʥʳʝ ʢʘʤʝʨʳ (VTPC-1 ʠ VTPC-2), ʨʘʟʤʝʱʝʥʥʳʝ ʚ ʟʘʟʦʨʘʭ 

ʜʠʧʦʣʴʥʳʭ ʤʘʛʥʠʪʦʚ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʢʘʤʝʨ ʠʤʝʝʪ ʜʣʠʥʫ 250 ʩʤ, ʰʠʨʠʥʫ 280 ʩʤ ʠ ʚʳʩʦʪʫ 

98 ʩʤ. ʕʪʠ ʢʘʤʝʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʝʨʰʠʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʤʧʫʣʴʩʘ ʯʘʩʪʠʮ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʠʧʘ ʯʘʩʪʠʮ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ 

ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʚ ʛʘʟʝ ʜʝʪʝʢʪʦʨʦʚ; 

- ʜʚʝ ʙʦʣʴʰʠʝ ʚʨʝʤʷ-ʧʨʦʝʢʮʠʦʥʥʳʝ ʢʘʤʝʨʳ (MTPC) ʩ ʨʘʟʤʝʨʘʤʠ 390 ʩʤ x 390 ʩʤ x 

110 ʩʤ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʟʘ ʜʠʧʦʣʴʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʚʥʝ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
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ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʧʫʯʢʘ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʠʤʧʫʣʴʩʦʚ ʯʘʩʪʠʮ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʠʧʘ ʯʘʩʪʠʮ ʧʦ ʠʭ ʠʦʥʠʟʘʮʠʦʥʥʳʤ 

ʧʦʪʝʨʷʤ; 

- ʝʱʝ ʦʜʥʘ ʥʝʙʦʣʴʰʘʷ ʚʨʝʤʷ-ʧʨʦʝʢʮʠʦʥʥʘʷ ʢʘʤʝʨʘ (GAP TPC) ʩ ʨʘʟʤʝʨʘʤʠ 30 ʩʤ x 

81.5 ʩʤ x 70 ʩʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʦʩʠ ʧʫʯʢʘ, ʧʝʨʝʢʨʳʚʘʷ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʚʨʝʤʷ-

ʧʨʦʝʢʮʠʦʥʥʳʝ ʢʘʤʝʨʳ VTPC-1 ʠ VTPC-2 ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʟʘʨʷʞʝʥʥʳʤ ʯʘʩʪʠʮʘʤ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ. ʕʪʘ ʢʘʤʝʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʪʨʝʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʠʭ ʥʘ 

ʚʝʨʰʠʥʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

- ʜʚʘ ʚʨʝʤʷ-ʧʨʦʣʸʪʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʛʦʜʦʩʢʦʧʘ (TOF-L ʠ TOF-R), ʧʦ 891 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʤʫ ʜʝʪʝʢʪʦʨʫ ʚ ʢʘʞʜʦʤ ʛʦʜʦʩʢʦʧʝ. ʆʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʨʘʟʫ ʟʘ MTPC, 

ʩʠʤʤʝʪʨʠʯʥʦ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʦʩʠ ʧʫʯʢʘ. ʕʪʠ ʛʦʜʦʩʢʦʧʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʨʝʤʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʧʦʨʷʜʢʘ 60 ʧʠʢʦʩʝʢʫʥʜ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ 

ʧʦʨʷʜʢʘ 120 ʧʠʢʦʩʝʢʫʥʜ ï ʚ ʧʨʦʪʦʥ - ʧʨʦʪʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ; 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʵʣʝʤʝʥʪʳ ʫʩʪʘʥʦʚʢʠ NA61 ï ʚʨʝʤʷ-ʧʨʦʝʢʮʠʦʥʥʳʝ ʢʘʤʝʨʳ, 

ʤʘʛʥʠʪʳ ʠ ʚʨʝʤʷʧʨʦʣʝʪʥʳʝ ʛʦʜʦʩʢʦʧʳ TOF-L ʠ TOF-R ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ NA49 ʠ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [3]. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ 

ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ: 

- ʩʦʟʜʘʥ ʥʦʚʳʡ ʧʝʨʝʜʥʠʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʚʨʝʤʷʧʨʦʣʝʪʥʳʡ ʛʦʜʦʩʢʦʧ ïTOF-F. 

ʕʪʦʪ ʛʦʜʦʩʢʦʧ ʩʦʩʪʦʠʪ ʠʟ 80 ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʧʣʘʩʪʠʥ, ʩʚʝʪ ʩ ʢʦʪʦʨʳʭ 

ʩʯʠʪʳʚʘʝʪʩʷ ʩ ʪʦʨʮʦʚ ʜʚʫʤʷ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷʤʠ. ʆʥ ʧʝʨʝʢʨʳʚʘʝʪ ʦʙʣʘʩʪʴ ʤʝʞʜʫ 

ʛʦʜʦʩʢʦʧʘʤʠ TOF-L ʠ TOF-R ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʘʢʩʝʧʪʘʥʩʘ ʫʩʪʘʥʦʚʢʠ NA61. ʕʪʦʪ ʛʦʜʦʩʢʦʧ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʳʭʦʜʦʚ ʧʠʦʥʦʚ ʠ ʢʘʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ʨ+ʉ 

ʧʨʠ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʠʭ ʧʨʦʪʦʥʦʚ 30 ɻʵɺ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʊ2ʂ [7,8]. TOF-F ʦʙʝʩʧʝʯʠʚʘʣ 

ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦʨʷʜʢʘ 110 ʧʠʢʦʩʝʢʫʥʜ ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ; 

- ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʀʗʀ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʥʦʚʳʡ ʧʝʨʝʜʥʠʡ ʘʜʨʦʥʥʳʡ 

ʢʘʣʦʨʠʤʝʪʨ ʬʨʘʛʤʝʥʪʦʚ (PSD ï Projectile Spectator Detector), ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʩʧʝʢʪʘʪʦʨʦʚ, ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʵʥʝʨʛʠʪʝʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʩʧʦʩʦʙʝʥ 

ʧʦʩʦʙʳʪʠʡʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʦʜʥʦʛʦ ʥʫʢʣʦʥʘ ʯʠʩʣʦ ʥʝʧʨʦʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʚʰʠʭ 

ʥʫʢʣʦʥʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʷʜʨʦ-ʷʜʝʨʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʣʫʢʪʫʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʥʘʙʣʶʜʘʝʤʳʭ. ʂʦʥʮʝʧʮʠʷ ʢʘʣʦʨʠʤʝʪʨʘ, 

ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʣʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʀʗʀ ʈɸʅ [9, 10]. 
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ʂʘʣʦʨʠʤʝʪʨ ʩʦʩʪʦʠʪ ʠʟ 44 ʤʦʜʫʣʝʡ (ʨʠʩ 5, ʩʣʝʚʘ), ʢʦʪʦʨʳʝ ʧʝʨʝʢʨʳʚʘʶʪ ʧʦʧʝʨʝʯʥʫʶ 

ʦʙʣʘʩʪʴ 120 x 120 ʩʤ2, ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʘʪʦʨʦʚ ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ NA61. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʢʘʣʦʨʠʤʝʪʨʘ ʩʦʩʪʦʠʪ ʠʟ 16 ʤʘʣʝʥʴʢʠʭ ʤʦʜʫʣʝʡ ʩ 

ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ 10 x 10 ʩʤ2. ɺʥʝʰʥʷʷ ʯʘʩʪʴ ʢʘʣʦʨʠʤʝʪʨʘ ʩʦʩʪʦʠʪ ʠʟ 28 ʙʦʣʴʰʠʭ 

ʤʦʜʫʣʝʡ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 20 x 20 ʩʤ2. ʊʘʢʘʷ ʧʦʧʝʨʝʯʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʢʘʣʦʨʠʤʝʪʨʘ 

ʫʤʝʥʴʰʘʝʪ ʪʘʢʞʝ ʟʘʛʨʫʟʢʫ ʦʪʜʝʣʴʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʜʫʣʝʡ (ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ 

ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ). ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʩʦʙʨʘʥ ʠʟ 60 

ʩʣʦʝʚ ʩʚʠʥʮʘ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʤʝʞʜʫ ʥʠʤʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ.. ʊʦʣʱʠʥʘ 

ʢʘʞʜʦʡ ʩʚʠʥʮʦʚʦʡ ʧʣʘʩʪʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 16 ʤʤ, ʘ ʪʦʣʱʠʥʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ 4 ʤʤ. ʇʨʠ ʪʘʢʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʪʦʣʱʠʥ ʩʚʠʥʮʘ ʠ ʩʮʠʥʪʠʣʣʷʪʦʨʘ (4:1) ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʠʟʚʝʩʪʥʦ [6,7], ʢʦʥʩʪʘʥʪʥʳʡ ʯʣʝʥ (b) ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʘ/ãE(ɻʵɺ) + b ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʥʫʣʶ, ʘ ʚʝʣʠʯʠʥʘ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʯʣʝʥʘ (ʘ) ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʧʦʨʷʜʢʘ 55%. 

  ɺ ʢʘʯʝʩʪʚʝ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʚ ʵʪʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʚʧʝʨʚʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʢʨʝʤʥʠʝʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʠʢʨʦʧʠʢʩʝʣʴʥʳʝ ʣʘʚʠʥʥʳʝ ʬʦʪʦʜʠʦʜʳ, MAPD-3N. 

ɺʳʙʦʨ ʵʪʠʭ ʬʦʪʦʜʠʦʜʦʚ ʜʣʷ ʜʘʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʦʙʫʩʣʦʚʣʝʥ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʦʣʴʰʠʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʢʘʣʦʨʠʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʪʘʢʠʤʠ ʠʭ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʚʳʩʦʢʦʝ ʚʥʫʪʨʝʥʥʝʝ ʫʩʠʣʝʥʠʝ, ʚʳʩʦʢʘʷ ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʬʦʪʦʥʦʚ, ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʨʦʭʦʞʜʝʥʠʶ ʯʝʨʝʟ ʥʠʭ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʧʝʨʝʜʥʝʛʦ ʚʠʜʘ (ʩʣʝʚʘ) ʠ ʬʦʪʦʛʨʘʬʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʦʛʦ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʧʫʯʢʝ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘ NA61 (ʩʧʨʘʚʘ) 

 

  ʇʝʨʝʜʥʠʡ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ (PSD) (ʨʠʩ 5, ʩʧʨʘʚʘ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʦʪ 17 ʜʦ 23 ʤʝʪʨʦʚ ʦʪ ʤʠʰʝʥʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ. ʂʘʣʦʨʠʤʝʪʨ ʠ 

ʵʣʝʢʪʨʦʥʠʢʘ ʧʦʣʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʳ ʚ ʀʗʀ ʈɸʅ. ʕʪʘ ʨʘʙʦʪʘ ʚʝʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 6 

ʣʝʪ ʠ ʚ ʫʞʝ ʚ ʢʦʥʮʝ 2011 ʛ. ʚʧʝʨʚʳʝ ʯʘʩʪʴ ʢʘʣʦʨʠʤʝʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʬʠʟʠʯʝʩʢʦʤ ʩʝʘʥʩʝ 

ʥʘ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʤ ʧʫʯʢʝ ʣʝʛʢʠʭ ʷʜʝʨ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA61. ɺ 2012 ʛ. ʢʘʣʦʨʠʤʝʪʨ ʙʳʣ 
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ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥ ʠ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʜʝʢʘʙʨʴʩʢʦʤ (2012 ʛ.) ʠ ʷʥʚʘʨʴʩʢʦʤ (2013 ʛ.) ʩʝʘʥʩʘʭ 

ʠʟʤʝʨʝʥʠʡ.  

 - ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʜʚʘ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʜʠʘʮʠʦʥʥʦ-ʧʨʦʟʨʘʯʥʳʭ 

ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʛʝʣʠʝʚʳʭ ʠʦʥʦʧʨʦʚʦʜʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʦʩʠ ʧʫʯʢʘ ʚʥʫʪʨʠ 

VTPC-1 ʠ VTPC-2 ʫʩʪʘʥʦʚʢʠ NA61 ʚ 2011 ʛ. (ʨʠʩʫʥʦʢ 6).  

 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʉʣʝʚʘ - ʩʭʝʤʘ ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ ʛʝʣʠʝʚʦʛʦ ʠʦʥʦʧʨʦʚʦʜʘ (He - beam pipe). 

ʉʧʨʘʚʘ ï ʨʘʜʠʘʮʠʦʥʥʦ ʧʨʦʟʨʘʯʥʳʡ ʩʚʝʨʭʣʝʛʢʠʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʛʝʣʠʝʚʳʡ ʠʦʥʦʧʨʦʚʦʜ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʧʝʨʚʦʡ ʚʝʨʰʠʥʥʦʡ ʚʨʝʤʷ-ʧʨʦʝʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ (VTPC) 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ (ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ) ʫʤʝʥʴʰʠʪʴ ʟʘʛʨʫʟʢʫ ʪʨʝʢʦʚʳʭ 

ʜʝʪʝʢʪʦʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʪ ʜʝʣʴʪʘ ʵʣʝʢʪʨʦʥʦʚ, ʚʦʥʠʢʘʶʱʠʭ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʷʜʝʨ ʩ ʛʘʟʦʤ ʚ ʠʦʥʦʧʨʦʚʦʜʝ. ɺ ʫʩʪʘʥʦʚʢʝ NA49 ʪʘʢʦʛʦ ʠʦʥʦʧʨʦʚʦʜʘ ʥʝ ʙʳʣʦ 

ʠ ʜʝʣʴʪʘ-ʵʣʝʢʪʨʦʥʳ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʜʝʨ ʧʫʯʢʘ ʩ ʚʦʟʜʫʭʦʤ ʧʦʧʘʜʘʣʠ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ 

ʦʙʲʝʤ ʢʘʤʝʨ, ʫʚʝʣʠʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʠʭ ʬʦʥʦʚʫʶ ʟʘʛʨʫʟʢʫ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ NA61 ʙʳʣʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʵʣʝʢʪʨʦʥʠʢʘ ʩʯʠʪʳʚʘʥʠʷ ʩ ʚʨʝʤʷ-

ʧʨʦʝʢʮʠʦʥʥʳʭ ʢʘʤʝʨ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʩʯʠʪʳʚʘʥʠʷ ʜʦ 70 - 80 ʩʦʙʳʪʠʡ ʚ 

ʩʝʢʫʥʜʫ, ʯʪʦ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʩʯʠʪʳʚʘʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA49. 

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ NA61 ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

- ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʘʢʩʝʧʪʘʥʩ ~50%;  

- ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʠʤʧʫʣʴʩʫ ů(p)/p2å10-4(GeV/c)-1 (ʧʨʠ B=9 TĀm); 

- ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ ʜʣʷ ToF-L/R: ů(t)å60 ps; ʜʣʷ ToF-F: ů(t)å110 ps; 

- ʭʦʨʦʰʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦ ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʧʦʪʝʨʷʤ:  

 ů(dE/dx)/<dE/dx>å0.04; ů(minv)å5 MeV; 
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- ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ: > 95%; 

- ʩʢʦʨʦʩʪʴ ʩʯʠʪʳʚʘʥʠʷ ʩʦʙʳʪʠʡ ~80 ʩʦʙʳʪʠʡ/sec. 

ʇʨʦʚʝʜʝʥʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʘʥʦʚʢʠ NA61 ʧʦʟʚʦʣʷʝʪ ʚʩʝʛʦ ʟʘ ʦʜʠʥ ʧʝʨʠʦʜ ʩʙʦʨʘ 

ʜʘʥʥʳʭ (~40 ʜʥʝʡ) ʟʘʧʠʩʘʪʴ ʜʘʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʥʝʨʛʠʠ ʩʦ ʩʨʝʜʥʝʡ 

ʩʪʘʪʠʩʪʠʢʦʡ ʩʦʙʳʪʠʡ, ʧʨʝʚʳʰʘʶʱʝʡ ʚ ʜʝʩʷʪʴ ʨʘʟ ʜʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʨʘʥʝʝ ʚʦ ʚʨʝʤʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ NA49. ʕʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʪʦʛʦʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʢʠ NA61/SHINE ʠ 

ʜʦʣʞʥʦ ʧʦʟʚʦʣʠʪʴ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘ NA49. ʀʟʫʯʝʥʠʝ ʬʣʫʢʪʫʘʮʠʡ 

ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʜʘʣʴʥʠʭ ʢʦʨʨʝʣʷʮʠʡ, ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ 

ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʩʪʠ (ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʘ PSD, ʩʦʟʜʘʥʥʦʛʦ ʚ ʀʗʀ ʈɸʅ). ɹʦʣʝʝ 

ʪʦʛʦ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA61/SHINE ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʵʥʝʨʛʠʠ ʧʫʯʢʦʚ 13ɸ 

ɻʵɺ/ʩ, ʘ ʪʘʢʞʝ ʷʜʨʦ-ʷʜʝʨʥʳʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʙʝʟ ʦʪʙʦʨʘ ʧʦ ʮʝʥʪʨʘʣʴʥʦʩʪʠ (minimum bias) 

(ʠʩʢʣʶʯʘʷ 40ɸ ʠ 158ɸ ɻʵɺ/ʩ), ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʥʝʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA49. 

ɺʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʦʚ (ʠ ʩʦʦʪʚʝʪʩʚʫʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʥʘʙʦʨʘ 

ʩʪʘʪʠʩʪʠʢʠ) ʩʚʷʟʘʥʘ ʪʘʢʞʝ ʩ 10-ʢʨʘʪʥʳʤ ʩʥʠʞʝʥʠʤ ʬʦʥʘ ʚ ʟʦʥʝ ʜʚʫʭ ʧʝʨʚʳʭ ʚʝʨʰʠʥʥʳʭ 

ʚʨʝʤʷ-ʧʨʦʝʢʮʠʦʥʥʳʭ ʢʘʤʝʨ (VTPC-1 ʠ VTPC-2).  

4.3 ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʚ p+p ʠ Be7+Be9 ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

NA61(SHINE) 

ʂʦʣʣʘʙʦʨʘʮʠʝʡ NA61 ʚ 2014ʛ. ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦ 

ʚʳʭʦʜʘʤ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ʨ+ʨ ʧʨʠ ʵʥʝʨʛʠʷʭ 20 - 158 ɸɻʵɺ. 

ʇʦʣʫʯʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʳʭʦʜʘʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʦʥʦʚ ʚ ʨʝʘʢʮʠʠ 7ɺʝ 

+ 9ɺʝ ʥʘ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʤ ʧʫʯʢʝ ʷʜʝʨ 7Be ʧʨʠ ʵʥʝʨʛʠʷʭ ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ ʙʝʨʠʣʣʠʷ 40, 

75 ʠ 150 ɸɻʵɺ ʠ ʧʦ ʚʳʭʦʜʘʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʧʠʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ʨ+ʨ ʧʨʠ ʪʝʭ ʞʝ 

ʵʥʝʨʛʠʷʭ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ7ɺʝ + 9ɺʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʨʝʜʥʠʡ 

ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʚ ʀʗʀ ʈɸʅ.  

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʧʝʨʝʯʥʳʭ ʤʘʩʩ ʜʣʷ ʨʝʘʢʮʠʡ ʨ+ʨ ʠ 

ɺʝ+ɺʝ ( ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦ ʮʝʥʪʨʘʣʴʥʦʩʪʠ), ʧʦʣʫʯʝʥʥʳʭ ʚ NA61, ʘ ʪʘʢʞʝ 

ʩʧʝʢʪʨʳ ʜʣʷ ʨʝʘʢʮʠʠ Pb+Pb, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA49 (PRC66:054902) ʜʣʷ 

ʮʝʥʪʨʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʪʝʭ ʞʝ ʵʥʝʨʛʠʷʭ. ʉʧʝʢʪʨʳ ʧʦʧʝʨʝʯʥʳʭ ʤʘʩʩ ά

ὴ ά  ʚ ʦʙʣʘʩʪʠ ʙʳʩʪʨʦʪ (0 < y < 0.2)  ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 
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ʬʫʥʢʮʠʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩ 

 

ʈʠʩʫʥʦʢ 7 ï ʉʧʝʢʪʨʳ ʧʦʧʝʨʝʯʥʳʭ ʤʘʩʩ ʜʣʷ ʨʝʘʢʮʠʡ ʨ+ʨ ʠ ɺʝ+ɺʝ ( ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʧʦ ʮʝʥʪʨʘʣʴʥʦʩʪʠ), ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʳ ʜʣʷ ʨʝʘʢʮʠʠ Pb+Pb ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʪʝʭ ʞʝ ʵʥʝʨʛʠʷʭ 

ʇʦʣʫʯʝʥʥʳʝ ʠʟ ʵʪʠʭ ʩʧʝʢʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʊ ʜʣʷ ʵʪʠʭ ʨʝʘʢʮʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʠ ʪʠʧʘ ʥʘʣʝʪʘʶʱʠʭ ʯʘʩʪʠʮ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 8. 

 

ʈʠʩʫʥʦʢ 8 ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʊ ʜʣʷ ʵʪʠʭ ʨʝʘʢʮʠʡ ʨ+ʨ ʠ ɺʝ+ɺʝ ʠ Pb+Pb ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʠ ʪʠʧʘ ʥʘʣʝʪʘʶʱʠʭ ʯʘʩʪʠʮ 

ɺʠʜʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʝʪ ʢʘʢ ʩ ʵʥʝʨʛʠʝʡ ʥʘʣʝʪʘʶʱʠʭ ʯʘʩʪʠʮ, ʪʘʢ ʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʷʜʝʨ. ʅʘ ʨʠʩʫʥʢʝ 9 ʩʣʝʚʘ ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦ ʙʳʩʪʨʦʪʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʦʥʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʘʢʮʠʠ ʨ+ʨ ʧʨʠ ʨʘʟʥʳʭ ʠʤʧʫʣʴʩʘʭ 

ʥʘʣʝʪʘʶʱʠʭ ʧʨʦʪʦʥʦʚ. ʅʘ ʨʠʩʫʥʢʝ 9, ʩʧʨʘʚʘ, ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʠʦʥʦʚ ʧʦ ʙʳʩʪʨʦʪʝ ʜʣʷ ʵʪʦʡ ʨʝʘʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʧʫʣʴʩʘ ʥʘʣʝʪʘʶʱʠʭ ʧʨʦʪʦʥʦʚ. 

ʅʘ ʵʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʠ Pb+Pb, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA49. 
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ʈʠʩʫʥʦʢ 9 ï ʉʣʝʚʘ - ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʙʳʩʪʨʦʪʝ ʦʪʨʠʮʘʪʝʜʴʥʳʭ ʧʠʦʥʦʚ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʘʢʮʠʠ ʨ+ʨ ʧʨʠ ʠʤʧʫʣʴʩʘʭ ʥʘʣʝʪʘʶʱʠʭ ʧʨʦʪʦʥʦʚ 40, 80 ʠ 158 ɻʵɺ/c. 

ʉʧʨʘʚʘ - ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʠʦʥʦʚ ʧʦ ʙʳʩʪʨʦʪʝ ʜʣʷ ʵʪʦʡ ʨʝʘʢʮʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʧʫʣʴʩʘ ʥʘʣʝʪʘʶʱʠʭ ʧʨʦʪʦʥʦʚ. ʅʘ ʵʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ 

ʘʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʠ Pb+Pb, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA49 ʜʣʷ ʵʪʠʭ 

ʞʝ ʵʥʝʨʛʠʡ 

ʇʦʣʫʯʝʥʥʳʝ ʰʠʨʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦ ʙʳʩʪʨʦʪʝ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʦʥʦʚ ʚ ʨ+ʨ 

ʨʝʘʢʮʠʠ ʥʘ 2.5ï4.5% ʤʝʥʴʰʝ ʯʝʤ ʚ Pb+Pb ʩʪʦʣʢʥʦʚʝʥʠʷʭ (PRC77:024903, PRC66:054902). 

ʅʘʙʣʶʜʘʝʤʳʝ ʦʪʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʧʝʨʝʯʥʳʤʠ ʠ ʧʨʦʜʦʣʴʥʳʤʠ 

ʧʦʪʦʢʘʤʠ ʧʠʦʥʦʚ ʚ ʨʝʘʢʮʠʠ Pb+Pb. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʦʪʣʠʯʠʡ ʠ ʨʦʣʠ 

ʠʟʦʩʧʠʥʦʚʳʭ ʵʬʬʝʢʪʦʚ, ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʧʦ ʚʳʭʦʜʘʤ ˊ+ ʤʝʟʦʥʦʚ. 

ʆʯʝʥʴ ʠʥʪʝʨʝʩʥʳʡ ʵʬʬʝʢʪ ʦʙʥʘʨʫʞʝʥ ʢʦʣʣʘʙʦʨʘʮʠʝʡ NA61 ʧʨʠ ʘʥʘʣʠʟʝ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠʮ ʚ ʨʝʘʢʮʠʠ ʨ+ʨ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA49 

ʦʙʥʘʨʫʞʝʥʦ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʚʳʭʦʜʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʢʘʦʥʦʚ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʧʠʦʥʘʤ ʚ ʨʝʘʢʮʠʠ Pb+Pb ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ ʩʚʠʥʮʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʵʪʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʠ ʵʥʝʨʛʠʠ ʷʜʝʨ ʩʚʠʥʮʘ 

ʦʢʦʣʦ 40 ɸɻʵɺ (ʢʦʪʦʨʦʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ çhornè). ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤʝʶʱʠʭʩʷ 

ʤʠʨʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʨʝʘʢʮʠʠ ʨ+ʨ ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʳʡ ʨʦʩʪ ʵʪʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʠʭ ʧʨʦʪʦʥʦʚ (ʈʠʩʫʥʦʢ 10, ʩʣʝʚʘ). ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʨ+ʨ ʨʝʘʢʮʠʠ, ʩ ʚʳʩʦʢʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʝ ʚ 2014ʛ. ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ NA61 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠ ʜʣʷ ʨ+ʨ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʩʳʱʝʥʠʝ ʦʪʥʦʰʝʥʠʷ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʢʘʦʥʦʚ ʠ ʧʠʦʥʦʚ (ʈʠʩʫʥʦʢ 10, ʩʧʨʘʚʘ) ʩ ʨʦʩʪʦʤ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʠʭ 

ʧʨʦʪʦʥʦʚ.  
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ʈʠʩʫʥʦʢ 10 ï ʉʣʝʚʘ - ʦʪʥʦʰʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʚʳʭʦʜʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʢʘʦʥʦʚ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʧʠʦʥʘʤ ʚ ʨʝʘʢʮʠʷʭ ʨ+ʨ ʠ Pb+Pb ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ ʩʚʠʥʮʘ. ʉʧʨʘʚʘ ï ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʢʘʟʘʥʳ 

ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʨ+ʨ ʨʝʘʢʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA61 ʚ 2014 ʛ. 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʊ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʢʘʦʥʦʚ ʚ ʨʝʘʢʮʠʠ 

ʨ+ʨ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʠʤʧʫʣʴʩʫ, ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʬʬʝʢʪ ʥʘʩʳʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 40 ɻʵɺ/c 

(ʨʠʩ 11). 

 
ʈʠʩʫʥʦʢ 11 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʊ ʜʣʷ ʂ+ (ʩʣʝʚʘ) ʠ ʂ- (ʩʧʨʘʚʘ) ʤʝʟʦʥʦʚ ʦʪ ʵʥʝʨʛʠʠ 

ʥʘʣʝʪʘʶʱʠʭ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ 

 

ʊʘʢʠʤ, ʦʙʨʘʟʦʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦ ʚʳʭʦʜʘʤ ʧʠʦʥʦʚ ʠ ʢʘʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ʨ+ʨ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʠʭ ʧʨʦʪʦʥʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʦʙʣʘʩʪʠ 

40 ɻʵɺ/c. ʊʘʢʘʷ ʞʝ ʩʪʨʫʢʪʫʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʵʪʦʡ ʞʝ ʵʥʝʨʛʠʠ ʠ ʚ ʨʝʘʢʮʠʠ Pb+Pb. 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʧʦʷʚʠʚʰʠʝʩʷ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦʪʨʝʙʫʶʪ ʧʝʨʝʩʤʦʪʨʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʵʬʬʝʢʪʘ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʚ ʨʝʘʢʮʠʠ Pb+Pb, ʢʘʢ ʥʘʯʘʣʘ ʜʝʢʦʥʬʘʡʤʝʥʪʘ.  
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4.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʘʟʠʤʫʪʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʚ NA61 

 

ɻʨʫʧʧʘ ʀʗʀ ʈɸʅ ʥʘʯʘʣʘ ʚ 2014ʛ. ʨʘʙʦʪʫ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ 

ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʚ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʥʘ ʫʩʪʘʥʦʚʢʝ NA61. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʪʷʞʝʣʳʭ ʠʦʥʦʚ, ʦʩʪʘʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, 

ʠʟʫʯʘʶʱʝʡ ʩʚʦʡʩʪʚʘ ʩʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʤʘʪʝʨʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʨʘʚʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʷʜʝʨʥʦʡ (ʘʜʨʦʥʥʦʡ) ʤʘʪʝʨʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʚ ʨʝʘʢʮʠʷʭ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʥʘʯʘʪʦ ʚ 1980-ʭ ʥʘ BEVALAC ʠ ʚ 1990-ʭ ʧʨʦʜʦʣʞʝʥʦ ʪʘʢʠʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʢʘʢ KaoS, FOPI ʚ GSI ʚ ʦʙʣʘʩʪʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ 

ʧʦʨʷʜʢʘ 1 ɻʵɺ ʥʘ ʥʫʢʣʦʥ, ʘ ʪʘʢʞʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ E877, BNL ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʦʢʦʣʦ 10 

ɻʵɺ ʥʘ ʥʫʢʣʦʥ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʚ ʎɽʈʅʝ ʥʘ SPS (ʵʢʩʧʝʨʠʤʝʥʪ NA49 ʠ ʜʨ.) 

ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʧʫʯʢʘ 20 ï 180 ɻʵɺ ʥʘ ʥʫʢʣʦʥ, ʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʢʦʣʣʘʡʜʝʨʘʭ RHIC 

ʠ LHC. ʇʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʬʦʢʫʩʠʨʦʚʘʣʠʩʴ ʚ 

ʦʩʥʦʚʥʦʤ ʥʘ ʠʟʫʯʝʥʠʠ ʧʝʨʚʳʭ ʜʚʫʭ ʛʘʨʤʦʥʠʢ ï ʪ.ʥ. ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ 

ʧʦʪʦʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʮʝʩʩʳ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʪʦʣʢʥʦʚʝʥʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ RHIC ʠ LHʉ, ʙʣʘʛʦʜʘʨʷ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʦʩʰʠʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, 

ʧʨʦʚʝʣʠ ʠʟʤʝʨʝʥʠʷ ʚʧʣʦʪʴ ʜʦ 3-ʝʡ ʠ 4-ʡ ʛʘʨʤʦʥʠʢ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ, ʚʷʟʢʦʩʪʴ ʘʜʨʦʥʥʦʡ 

ʤʘʪʝʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʮʝʥʪ ʚ ʠʟʫʯʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʘʜʨʦʥʥʦʡ ʤʘʪʝʨʠʠ 

ʧʦʩʪʝʧʝʥʥʦ ʩʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʢʠ ʩʪʦʣʢʥʦʚʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʡ ʝʸ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʦʪʦʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚ ʢʘʞʜʦʤ ʩʦʙʳʪʠʠ 

ʥʝʢʦʪʦʨʦʛʦ ʚʳʜʝʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ï ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ,  ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʪʦʨʦʤʫ 

ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʚʳʙʦʨʢʠ ʠʩʧʫʱʝʥʥʳʭ ʯʘʩʪʠʮ (ʧʦʪʦʢ). 

ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ ʢʘʢ ʢʦʦʨʜʠʥʘʪ, ʪʘʢ ʠ ʵʥʝʨʛʠʠ ʩʧʝʢʪʘʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʜʥʝʛʦ 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘ NA61. ʆʜʥʘʢʦ, ʥʘʣʠʯʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʝʨʝʜ ʘʜʨʦʥʥʳʤ ʢʘʣʦʨʠʤʝʪʨʦʤ ʚ ʫʩʪʘʥʦʚʢʘʭ NA61 ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʠʢʠ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʨʝʘʢʮʠʠ.  

ɺ 2014 ʛ. ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʛʣʘ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ NA61. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʦʠʪ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ 
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ʠʩʩʣʝʜʦʚʘʪʴ ʥʘ ʫʩʪʘʥʦʚʢʝ NA61 - Ar+Sc ʧʨʠ ʵʥʝʨʛʠʷʭ 12, 18, 29, 39, 75 ʠ 149 Aɻʵɺ ʠ Xe+La 

ʧʨʠ ʵʥʝʨʛʠʠ 39AGeV. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʠ ʜʣʷ ʨʝʘʢʮʠʠ Au+Au, ʧʨʠ 

ʵʥʝʨʛʠʠ 35ɸɻʵɺ. ʉʦʙʳʪʠʷ ʜʣʷ ʵʪʦʡ ʨʝʘʢʮʠʠ ʙʳʣʠ ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʨʘʥʝʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʉɺʄ, ʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʣʦʩʢʦʩʪʠ 

ʨʝʘʢʮʠʠ ʚ ʫʩʪʘʥʦʚʢʝ NA61ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 12 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʨʝʘʢʮʠʠ Au+Au, ʧʨʠ ʵʥʝʨʛʠʠ 

35ɸɻʵɺ,ʚʳʧʦʣʥʝʥʥʳʝ ʜʣʷ NA61,ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʉɺʄ, ʌɸʀʈ, ɼʘʨʤʰʪʘʜʪ, ɻʝʨʤʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʝʨʝʜʥʠʡ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ, ʪʦʣʴʢʦ ʩ ʦʪʚʝʨʩʪʠʝʤ ʜʠʘʤʝʪʨʦʤ 60ʤʤ ʚ 

ʮʝʥʪʨʝ ʢʘʣʦʨʠʤʝʪʨʘ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ ʷʜʝʨ. ɺʠʜʥʦ, ʯʪʦ 

ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʫʛʣʫ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ~ 30-40 ʛʨʘʜʫʩʦʚ ʜʣʷ 

ʧʦʣʫʮʝʥʪʨʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɼʣʷ ʙʦʣʝʝ ʣʝʛʢʦʡ ʩʠʩʪʝʤʳ - Ar+Sc, ʨʘʟʨʝʰʝʥʠʝ ʭʦʪʷ ʠ 

ʥʝʩʢʦʣʴʢʦ ʭʫʞʝ, ʦʜʥʘʢʦ ʦʩʪʘʝʪʩʷ ʥʘ ʧʨʠʝʤʣʝʤʦʤ ʫʨʦʚʥʝ ~40 ʛʨʘʜʫʩʦʚ.  

ɺ 2015 ʛ. ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʜʣʷ ʩʪʦʣʢʥʦʚʝʥʠʡ Pb +Pb ʧʨʠ ʵʥʝʨʛʠʷʭ 20 -150 ɸɻʵɺ. 

ʇʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʫʞʝ ʚ ʢʦʥʮʝ 

ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ. 

 

 

ʈʠʩʫʥʦʢ 12 ï ʉʣʝʚʘ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʫʛʣʘ ʧʣʦʩʢʦʩʪʠ 

ʨʝʘʢʮʠʠ ʜʣʷ Au+Au, ʧʨʠ ʵʥʝʨʛʠʠ 35ɸɻʵɺ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʣʷ NA61, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʉɺʄ. ʉʧʨʘʚʘ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʙʦʣʝʝ ʣʝʛʢʦʡ ʩʠʩʪʝʤʳ 

- Ar+Sc 

  



139 
 

4.3 ʄʦʜʝʨʥʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʫʣʝʡ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʩʠʩʪʝʤʳ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ 

ɺ 2014ʛ. ʛʨʫʧʧʘ ʀʗʀ ʟʘʚʝʨʰʠʣʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʵʣʝʢʪʨʦʥʠʢʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʫʣʝʡ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. ʕʪʘ ʵʣʝʢʪʨʦʥʠʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ, ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʧʠʪʘʥʠʷ ʬʦʪʦʜʠʦʜʦʚ ʠ 

ʩʠʩʪʝʤʫ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʜʠʦʜʦʚ.  

ʕʢʩʢʣʶʟʠʚʥʦʡ ʟʘʜʘʯʝʡ ʛʨʫʧʧʳ ʀʗʀ ʈɸʅ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA61 ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʠ ʧʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʧʝʨʝʜʥʝʛʦ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʦʪʙʦʨʘ ʩʦʙʳʪʠʡ ʩ ʪʨʝʙʫʝʤʳʤ 

ʧʨʠʮʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʘʤ ʢʘʣʦʨʠʤʝʪʨ, ʝʛʦ ʵʣʝʢʪʨʦʥʥʘʷ ʯʘʩʪʴ ʠ ʩʠʩʪʝʤʘ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʚ ʀʗʀ ʈɸʅ ʚ ʧʨʝʜʳʜʫʱʠʝ 2006-2012 

ʛʦʜʳ. ʇʨʦʚʝʨʢʘ ʜʝʪʝʢʪʦʨʘ ʥʘ ʧʨʦʪʦʥʥʳʭ ʧʫʯʢʘʭ ʠ ʧʝʨʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʝʘʥʩʳ ʥʘ ʠʦʥʥʦʤ 

ʧʫʯʢʝ 7ɺʝ ʧʦʜʪʚʝʨʜʠʣʠ ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʢʘʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʥʝʜʦʩʪʘʪʢʠ ʚ ʩʭʝʤʝ ʩʲʝʤʘ ʩʠʛʥʘʣʘ ʩ ʢʘʣʦʨʠʤʝʪʨʘ, ʪʨʝʙʫʶʱʠʝ ʝʝ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʤʦʜʝʨʥʠʟʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʢʘʣʦʨʠʤʝʪʨ ʚʢʣʶʯʝʥ ʚ ʦʙʱʠʡ ʪʨʠʛʛʝʨ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʜʥʠʤ ʠʟ 

ʛʣʘʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʩʪʨʦʛʦ ʩʠʛʥʘʣʘ ʩ ʢʘʣʦʨʠʤʝʪʨʘ ʜʣʷ ʪʨʠʛʛʝʨʥʦʡ 

ʩʠʩʪʝʤʳ. ɼʘʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʙʳʣʦ ʚʳʟʚʘʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʨʝʤʝʥʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʪʨʠʛʛʝʨʥʦʛʦ ʩʠʛʥʘʣʘ ʢʘʣʦʨʠʤʝʪʨʘ ʩ ʩʠʛʥʘʣʘʤʠ ʦʪ ʙʳʩʪʨʳʭ ʧʫʯʢʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʣʘʥʠʨʫʝʤʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʱʝʡ ʩʭʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA61 ʦʪ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʢʠ ʥʘʣʘʛʘʝʪ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʘʜʘʧʪʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʯʘʩʪʴ ʧʝʨʝʜʥʝʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ, ʘ ʠʤʝʥʥʦ, ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʳʡ ʫʩʠʣʝʥʥʳʡ ʩʠʛʥʘʣ ʩʦ ʚʩʝʭ ʩʝʢʮʠʡ ʤʦʜʫʣʝʡ 

ʢʘʣʦʨʠʤʝʪʨʘ.  

ʇʨʦʚʝʜʝʥʠʝ ʩʝʘʥʩʦʚ ʧʦ ʥʘʙʦʨʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʧʫʯʢʘʭ ʠʦʥʦʚ ʚʳʷʚʠʣʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʨʝʡʬ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ, ʪ.ʢ. ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʤʠʢʨʦʧʠʢʩʝʣʴʥʳʝ ʬʦʪʦʜʠʦʜʳ ʠʤʝʶʪ ʩʠʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʩʠʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʨʷʜʢʘ 4%/0ʉ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʥʘʣʘʛʘʝʪ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ 

ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʙʣʠʟʠ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ, ʢʦʥʪʨʦʣʴ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ 

ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʠ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʬʦʪʦʜʠʦʜʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʘʜʘʯʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʯʘʩʪʠ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʟʘʢʣʶʯʘʣʠʩʴ ʚ 

ʩʣʝʜʫʶʱʝʤ:  
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1. ʆʙʝʩʧʝʯʝʥʠʝ ʙʳʩʪʨʳʭ ʫʩʠʣʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʜʝʪʝʢʪʦʨʘ ʜʣʷ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʥʦʚʦʡ ʩʠʩʪʝʤʦʡ ʩʙʦʨʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ NA61;  

2. ʆʙʝʩʧʝʯʝʥʠʝ ʙʳʩʪʨʦʛʦ ʪʨʠʛʛʝʨʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʢʘʣʦʨʠʤʝʪʨʘ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʙʳʩʪʨʳʤʠ ʧʫʯʢʦʚʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ; 

3. ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ; 

4. ʂʦʥʪʨʦʣʴ ʥʘʧʨʷʞʝʥʠʡ ʧʠʪʘʥʠʷ ʬʦʪʦʜʠʦʜʦʚ; 

5. ʇʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʬʦʪʦʜʠʦʜʦʚ. 

ʊʘʢʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʟʘʜʘʯʘ ʧʦʪʨʝʙʦʚʘʣʘ ʨʘʟʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʭʝʤ ʠ ʜʚʫʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ. ʅʦʚʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʣʘʪʳ 

(ʨʠʩʫʥʦʢ 13) ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʚʝʪʦʜʠʦʜʘ, ʙʳʩʪʨʳʝ ʫʩʠʣʠʪʝʣʠ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʬʦʪʦʜʠʦʜʦʚ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʘʪʯʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʦʙʱʝʡ 

ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʪʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʥʪʘʢʪ ʩʦ ʚʩʝʤʠ ʬʦʪʦʜʠʦʜʘʤʠ ʚ 

ʤʦʜʫʣʝ. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʢʨʘʪʢʦʤ ʦʧʠʩʘʥʠʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʳ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʩʚʝʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʬʦʪʦʜʠʦʜʦʚ. 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 13 ï ʌʦʪʦ ʥʦʚʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʩ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʯʘʩʪʴʶ 

ʩʲʝʤʘ ʩʠʛʥʘʣʘ. ʉʣʝʚʘ ï ʬʦʪʦ ʟʘʜʥʝʡ ʯʘʩʪʠ ʧʣʘʪʳ ʩ ʨʘʟʲʝʤʘʤʠ ʜʣʷ ʚʳʭʦʜʥʳʭ ʘʥʘʣʦʛʦʚʳʭ 

ʩʠʛʥʘʣʦʚ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʉʧʨʘʚʘ ï ʬʦʪʦ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʧʣʘʪʳ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ 

ʦʙʱʝʡ ʘʣʶʤʠʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ ʬʦʪʦʜʠʦʜʘʤʠ  

 

ɹʣʦʢ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 14. ʅʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ 

ʩʚʝʪʦʚʦʡ ʚʩʧʳʰʢʠ, ʠʟʣʫʯʘʝʤʦʡ ʩʚʝʪʦʜʠʦʜʦʤ, ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʩʪʨʦʝʥʥʳʤ ʬʦʪʦʜʠʦʜʦʤ. 

ʕʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʬʦʪʦʜʠʦʜʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʢʦʜ ʟʘʨʷʜʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ QDC. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʩʚʝʪʦʚʦʡ ʚʩʧʳʰʢʠ ʯʝʨʝʟ 
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ʦʧʪʠʯʝʩʢʠʡ ʨʘʟʲʝʤ ʠ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʚʳʚʦʜʠʪʩʷ ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʬʦʪʦʜʝʪʝʢʪʦʨ. 

ʈʘʙʦʪʦʡ ʩʚʝʪʦʜʠʦʜʘ ʫʧʨʘʚʣʷʶʪ ʛʝʥʝʨʘʪʦʨ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ (Pulse generator) ʠ ʜʨʘʡʚʝʨ 

ʩʚʝʪʦʜʠʦʜʘ (LED driver). ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʩʚʝʪʦʚʦʡ 

ʚʩʧʳʰʢʠ. 

 

 

 

 

 

 

 

 ʈʠʩʫʥʦʢ 14 ï 

ɹʣʦʢ ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʩʚʝʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ 

 

ɻʝʥʝʨʘʪʦʨ ʩʚʝʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʚʝʪʦʚʦʡ 

ʚʩʧʳʰʢʠ ʥʘ ʫʨʦʚʥʝ 1%, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʦʢ 15 ʧʨʠ ʝʛʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ ʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

 

ʈʠʩʫʥʦʢ 15 ï ʉʣʝʚʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʚʝʪʦʜʠʦʜʘ ʦʪ ʚʨʝʤʝʥʠ (ʚ ʪʝʯʝʥʠʝ 

ʧʨʠʤʝʨʥʦ 30 ʯʘʩʦʚ). ʉʧʨʘʚʘ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʩʚʝʪʦʚʦʡ ʚʩʧʳʰʢʠ ʚ ʪʝʯʝʥʠʝ 

30ʯʘʩʦʚ ʠʟʤʝʨʝʥʠʡ 

 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʬʦʪʦʜʠʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ 

ʧʠʪʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʚʙʣʠʟʠ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʠ ʫʧʨʘʚʣʷʝʤʳʤʠ 

ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʤ ʢʦʥʪʨʦʣʣʝʨʦʤ. ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 63-68 ɺ. 
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ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʥʘʧʨʷʞʝʥʠʷ 10 ʤɺ. ʊʦʢ ʯʝʨʝʟ ʜʠʦʜ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

30 ʤʢɸ. 

ʉʠʛʥʘʣʳ ʩ ʬʦʪʦʜʠʦʜʦʚ ʫʩʠʣʠʚʘʶʪʩʷ ʜʚʫʤʷ ʙʳʩʪʨʳʤʠ ʫʩʠʣʠʪʝʣʷʤʠ ʩ 

ʢʦɻʬʬʠʮʠʝʥʪʘʤʠ ʫʩʠʣʝʥʠʷ 20 ʠ 120. ʊʘʢʘʷ ʜʚʫʭʵʪʘʧʥʘʷ ʩʭʝʤʘ ʫʩʠʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ, ʪʨʝʙʫʝʤʳʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʵʥʝʨʛʠʡ ʢʘʢ ʦʜʠʥʦʯʥʳʭ 

ʥʫʢʣʦʥʦʚ, ʪʘʢ ʠ ʵʥʝʨʛʠʡ ʷʜʝʨ ʧʫʯʢʘ ʚ ʮʝʣʦʤ. ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʫʩʠʣʠʪʝʣʝʡ ʨʘʚʥʘ 20 ʄɻʮ. 

ʉʠʛʥʘʣ ʧʦʩʣʝ ʫʩʠʣʠʪʝʣʝʡ ʨʘʟʚʝʪʚʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: 90% ʩʠʛʥʘʣʘ ʧʦʩʪʫʧʘʝʪ ʚ ʘʤʧʣʠʪʫʜʥʦ-

ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʘ 10% - ʚ ʘʥʘʣʦʛʦʚʳʡ ʩʫʤʤʘʪʦʨ, ʬʦʨʤʠʨʫʶʱʠʡ ʙʳʩʪʨʳʡ ʩʠʛʥʘʣ 

ʜʣʷ ʪʨʠʛʛʝʨʘ. ʅʘ ʨʠʩʫʥʢʝ 16 ʧʦʢʘʟʘʥʘ ʬʦʨʤʘ ʠʤʧʫʣʴʩʘ ʧʦʩʣʝ ʩʫʤʤʘʪʦʨʘ. ɺʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʪʝʧʝʨʴ ʧʦʨʷʜʢʘ 10 ʥʩʝʢ. (ʈʘʥʝʝ ʜʣʷ ʪʨʠʥʛʛʨʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʠʛʥʘʣ ʩ ʚʨʝʤʝʥʝʤ 

ʥʘʨʘʩʪʘʥʠʷ ʧʦʨʷʜʢʘ 60 ʥʩʝʢ). 

 

ʈʠʩʫʥʦʢ 16 ï ʌʦʨʤʘ ʠʤʧʫʣʴʩʘ ʧʦʩʣʝ ʩʫʤʤʘʪʦʨʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʠʛʛʝʨʘ 

ʢʘʣʦʨʠʤʝʪʨʘ 

ʋʧʨʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʳ (ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʬʦʪʦʜʠʦʜʦʚ, 

ʘʤʧʣʠʪʫʜʘ ʩʚʝʪʦʚʦʡ ʚʩʧʳʰʢʠ, ʧʦʢʘʟʘʥʠʷ ʪʝʨʤʦʜʘʪʯʠʢʘ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʱʠʤ ʩʠʩʪʝʤʥʳʤ 

ʤʦʜʫʣʝʤ (ʢʦʥʪʨʦʣʣʝʨʦʤ) (ʨʠʩʫʥʦʢ 17). ʉʠʩʪʝʤʥʳʡ ʤʦʜʫʣʴ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʚʥʦʝ 127, ʚʩʪʨʦʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ~220V(+15%/-20%), 

W 70, ʣʠʥʠʠ ʩʚʷʟʠ ʩ ʢʦʤʧʴʶʪʝʨʦʤ USB-2.0; RS-232, Ethernet. ɺʥʫʪʨʝʥʥʷʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ 

ʣʠʥʠʷ ʩʚʷʟʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʦʪʦʢʦʣʫ RS485 (100 ʢʙʠʪ/ʩ). 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 17 ï ʌʦʪʦ ʩʠʩʪʝʤʥʦʛʦ ʤʦʜʫʣʷ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʳ 

ʢʘʣʦʨʠʤʝʪʨʘ 
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ɺ ʢʘʯʝʩʪʚʝ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʚ ʤʦʜʫʣʷʭ ʢʘʣʦʨʠʤʝʪʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʠʢʨʦʧʠʢʩʝʣʴʥʳʝ 

ʬʦʪʦʜʠʦʜʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʠʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 4 %/0ʉ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʚ ʢʘʣʦʨʠʤʝʪʨʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʦʚʤʝʩʪʥʦ ʩ ʠʥʞʝʥʝʨʥʦʡ ʩʣʫʞʙʦʡ ʎɽʈʅ ʠ ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʩʞʘʪʳʡ ʚʦʟʜʫʭ. ʆʙʳʯʥʦ, ʢʘʣʠʙʨʦʚʢʘ ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʦ ʚʨʝʤʷ 

ʪʝʩʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʬʠʟʠʯʝʩʢʠʤ ʩʝʘʥʩʘʤ. ʌʠʟʠʯʝʩʢʠʝ ʞʝ ʩʝʘʥʩʳ ʥʘ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʤ 

ʧʫʯʢʝ ʷʜʝʨ ʙʝʨʠʣʣʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʦʩʝʥʴʶ, ʘ ʧʦʩʣʝʜʥʠʡ ʩʝʘʥʩ ʚ 2013 ʛ. ʧʨʦʭʦʜʠʣ ʚ ʷʥʚʘʨʝ ï 

ʬʝʚʨʘʣʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʠʣʴʥʳʝ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʦ ʚʨʝʤʷ 

ʢʘʣʠʙʨʦʚʢʠ ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʝʘʥʩʦʚ ʥʝ ʙʳʣʠ 

ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʦʚʘʥʳ ʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, 

ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʨʝʡʬ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʢʘʣʦʨʠʤʝʪʨʝ ʦʪ 

ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ ʠʦʥʥʦʛʦ ʧʫʯʢʘ (ʨʠʩʫʥʦʢ 7), ʢʦʪʦʨʳʡ ʧʨʠʚʝʣ ʢ ʥʝʢʦʨʨʝʢʪʥʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʵʥʝʨʛʠʡ ʩʧʝʢʪʘʪʦʨʦʚ ʠ ʢ ʫʭʫʜʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʢʘʣʦʨʠʤʝʪʨʘ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʘ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʠʢʨʦʧʠʢʩʝʣʴʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ʚ 2013 ʛ. ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ 

ʢʘʣʠʙʨʦʚʢʠ ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʷʜʝʨ 7Be ʩ ʷʜʨʘʤʠ 9Be ʠ ʦʥ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʣʠʙʨʦʚʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢʘʣʦʨʠʤʝʪʨʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʩʝʘʥʩʘʭ 2011 ï 2013 ʛ.ʛ.  

ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʠʭ ʩʝʘʥʩʘʭ ʩʦ ʩʨʝʜʥʠʤʠ ʠ 

ʪʷʞʝʣʳʤʠ ʷʜʨʘʤʠ, ʪ. ʢ. ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʙʫʪʝʪ ʚʳʜʝʣʷʪʴ ʦʜʥʦʯʘʩʪʠʯʥʳʝ ʢʣʘʩʪʝʨʳ 

ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ. ʇʦʵʪʦʤʫ ʢʦʣʣʘʙʦʨʘʮʠʝʡ ʚ 2013 ʛ. ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʦʚʝʩʪʠ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʬʦʪʦʜʠʦʜʦʚ ʢʘʣʦʨʠʤʝʪʨʘ. ʆʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʵʪʫ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʷʚʣʷʝʪʩʷ ʛʨʫʧʧʘ ʀʗʀ ʈɸʅ. 

ɻʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ 10 ʬʦʪʦʜʠʦʜʦʚ ʚ ʢʘʞʜʦʤ ʤʦʜʫʣʝ ʦʜʠʥ ʇʝʣʴʪʴʝ ʵʣʝʤʝʥʪ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʵʪʦʤ 

ʤʦʜʫʣʝ ʠ ʫʧʨʘʚʣʷʝʤʳʡ ʩʧʝʮʠʘʣʴʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʚʝʣʠʯʠʥʫ ʪʦʢʘ ʚ 

ʇʝʣʴʪʴʝ ʵʣʝʤʝʥʪʝ, ʠʟʤʝʨʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʦʙʣʘʩʪʠ ʫʩʪʘʥʦʚʢʠ ʬʦʪʦʜʠʦʜʦʚ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ 

ʝʝ ʥʘ ʫʨʦʚʥʝ ʣʫʯʰʝ 0.1 ʛʨʘʜʫʩʘ ʎʝʣʴʩʠʷ. 

ʉʭʝʤʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 18.  
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ʈʠʩʫʥʦʢ 18 ï ʉʭʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʬʦʪʦʜʠʦʜʦʚ ʇʝʣʴʪʴʝ ʵʣʝʤʝʥʪʦʤ ʚ ʤʦʜʫʣʝ 

ʢʘʣʦʨʠʤʝʪʨʘ. ʇʦʷʩʥʝʥʠʷ ʢ ʨʠʩʫʥʢʫ ʜʘʥʳ ʚ ʪʝʢʩʪʝ 

 

 ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚ 2013 ʛ. ʚ ʀʗʀ ʈɸʅ ʙʳʣʘ ʥʘʯʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʝʥʘ ʚ 2014ʛ. ʕʪʘ 

ʵʣʝʢʪʨʦʥʠʢʘ ʚʢʣʶʯʘʝʪ ʙʳʩʪʨʳʝ ʫʩʠʣʠʪʝʣʠ ʜʣʷ 10 ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʚ ʤʦʜʫʣʝ, ʠʩʪʦʯʥʠʢʠ 

ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʵʪʠʭ ʬʦʪʦʜʠʦʜʦʚ ʠ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʵʪʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɹʳʣʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʫʩʠʣʝʥʠʷ ʬʦʪʦʜʠʦʜʦʚ. ʌʦʪʦʜʠʦʜʳ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʝ, ʠ ʜʣʷ ʝʝ ʦʭʣʘʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʇʝʣʪʴʝ 

ʵʣʝʤʝʥʪ. ʍʦʣʦʜʥʘʷ ʩʪʦʨʦʥʘ ʵʣʝʤʝʥʪʘ ʧʨʠʢʣʝʝʥʘ ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʤ ʢʣʝʝʤ ʢ ʤʝʜʥʦʡ 

ʧʣʘʩʪʠʥʝ. ʕʪʘ ʧʣʘʩʪʠʥʘ ʯʝʨʝʟ ʢʨʫʛʣʳʡ (ʜʠʘʤʝʪʨʦʤ 6 ʤʤ) ʤʝʜʥʳʡ ʪʝʧʣʦʦʪʚʦʜ, ʧʨʦʭʦʜʷʰʠʡ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʮʝʥʪʨʘʭ 2ʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʘʪ, ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʜʨʫʛʦʡ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʦʡ, 

ʧʨʠʢʣʝʝʥʥʦʡ ʢ ʘʣʶʤʠʥʠʚʦʡ ʧʣʘʩʪʠʥʝ ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʜʚʫʤʷ ʨʷʜʘʤʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ 

ʥʝʡ ʬʦʪʦʜʠʦʜʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʥʝʡ 

ʬʦʪʦʜʠʦʜʘʤʠ ʠʟʤʝʨʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʘʪʯʠʢʦʤ, ʨʘʟʤʝʱʝʥʥʳʤ ʥʘ ʵʪʦʡ ʞʝ ʧʣʘʩʪʠʥʝ. 

ɼʨʫʛʦʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʘʪʯʠʢ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʝ ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ, ʢʦʪʦʨʘʷ 

ʧʨʠʢʣʝʝʥʘ ʢ ʨʘʜʠʘʪʦʨʫ. ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʨʘʜʠʘʪʦʨʘ ʦʥ ʦʙʜʫʚʘʝʪʩʷ 

ʭʦʣʦʜʥʳʤ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ. ɺʝʣʠʯʠʥʘ ʪʦʢʘ, ʩʢʦʨʦʩʪʴ ʝʛʦ ʠʟʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʪʝʨʤʦʜʘʪʯʠʢʦʚ ʩʯʠʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ ʊɽʉ.  

 ʅʘ ʨʠʩʫʥʢʝ 19 ʧʦʢʘʟʘʥʳ ʬʦʪʦʛʨʘʬʠʷ ʩʦʙʨʘʥʥʦʡ ʜʣʷ ʦʜʥʦʛʦ ʤʦʜʫʣʷ ʵʣʝʢʪʨʦʥʠʢʠ ʩ 

ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʜʠʦʜʦʚ ʚ ʤʦʜʫʣʝ. ʅʘ ʣʝʚʦʡ 

ʬʦʪʦʛʨʘʬʠʠ ʥʘ ʧʝʨʝʜʥʝʤ ʧʣʘʥʝ ʧʦʢʘʟʘʥ ʢʦʥʪʨʦʣʣʝʨ ʊɽʉ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʬʦʪʦʜʠʦʜʦʚ.  

ɺʩʝʛʦ ʚ 2014 ʛ. ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʠ ʩʦʙʨʘʥʦ 47 ʢʦʤʧʣʝʢʪʦʚ ʪʘʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. 
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ʈʠʩʫʥʦʢ 19 ï ʌʦʪʦʛʨʘʬʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʩ ʩʠʩʪʝʤʦʡ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʜʠʦʜʦʚ ʜʣ ʦʜʥʦʛʦ ʤʦʜʫʣʷ 

ʅʘ ʨʠʩʫʥʢʝ 20 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʩʠʩʪʝʤʳ, ʧʨʦʚʝʜʝʥʥʦʡ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʘ p+Pb ʚ ʥʦʷʙʨʝ 2014ʛ. ʅʘ ʚʝʨʭʥʝʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ 

ʚʘʨʠʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʘʣʝ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥ ʢʘʣʦʨʠʤʝʪʨ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ 

ʠʟʤʝʨʝʥʠʡ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥʷʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 18 - 20.5 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. ʏʝʨʝʟ 

ʢʦʥʪʨʦʣʣʝʨ ʙʳʣʘ ʟʘʜʘʥʘ ʫʩʪʘʥʦʚʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ʩ ʬʦʪʦʜʠʦʜʘʤʠ ʠ 

ʝʝ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘ ʫʨʦʚʥʝ 20 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. ʅʘ ʥʠʞʥʝʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʚʘʨʠʘʮʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟʤʝʨʝʥʥʘʷ ʜʘʪʯʠʢʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʝ ʩ 

ʬʦʪʦʜʠʦʜʘʤʠ. ɺʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 20 ʛʨʘʜʫʩʦʚ, ʠ ʝʝ 

ʠʟʤʝʥʝʥʠʝ ʤʝʥʴʰʝ 0.01 ʛʨʘʜʫʩʦʚ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʦʪʦʜʠʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʩʧʝʢʪʘʪʦʨʦʚ ʩ ʭʦʨʦʰʝʡ 

ʪʦʯʥʦʩʪʴʶ. 

 

ʈʠʩʫʥʦʢ 20 ï ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʤʝʱʝʥʠʝ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥ ʢʘʣʦʨʠʤʝʪʨ 

(ʚʝʨʭʥʠʡ ʨʠʩʫʥʦʢ) ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ʚ ʦʜʥʦʤ ʠʟ ʤʦʜʫʣʝʡ 

ʢʘʣʦʨʠʤʝʪʨʘ (ʥʠʞʥʠʡ ʨʠʩʫʥʦʢ) 
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4.3 ʂʘʣʠʙʨʦʚʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʢʣʠʢʘ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʘʭ 

ʧʠʦʥʦʚ ʠ ʘʜʨʦʥʦʚ ʚ 2014 ʛ. 

 ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚ 2014 ʛ. ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʝʥʦ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʢʘ 

ʚ ʤʦʜʫʣʷʭ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʳʩʪʨʳʭ 

ʩʠʛʥʘʣʦʚ ʜʣʷ ʪʨʠʛʛʝʨʘ, ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ, 

ʢʦʥʪʨʦʣʷ ʧʠʪʘʥʠʷ ʬʦʪʦʜʠʦʜʦʚ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʜʠʦʜʦʚ. ʅʦʚʘʷ 

ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʠʢʠ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʣʘ ʚ ʪʝʯʝʥʠʝ ʦʢʪʷʙʨʷ ï ʜʝʢʘʙʨʷ 2014ʛ. ʥʘ ʧʨʦʪʦʥʥʦʤ 

ʩʝʘʥʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ NA61 ʠ ʧʦʣʥʦʩʪʴʶ ʧʦʜʛʦʪʦʚʣʝʥʘ ʢ ʩʝʘʥʩʫ 2015 ʛ. ʥʘ ʧʫʯʢʝ ʷʜʝʨ ʘʨʛʦʥʘ.  

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚ ʩʝʨʝʜʠʥʝ 2014ʛ. ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʠʢʠ ʢʘʣʦʨʠʤʝʪʨʘ, ʚʩʷ 

ʥʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʠ ʫʞʝ ʩʫʱʝʩʪʚʦʚʘʚʰʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʩʯʠʪʳʚʘʥʠʷ ʙʳʣʠ ʚʥʦʚʴ ʩʦʙʨʘʥʳ ʚ 

ʤʦʜʫʣʷʭ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

NA61. ʂʘʣʦʨʠʤʝʪʨ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ 

ʨʝʣʴʩʘʤ ʚʜʦʣʴ ʦʩʠ ʧʫʯʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʝʛʦ ʚʦ ʚʨʝʤʷ ʬʠʟʠʯʝʩʢʠʭ ʩʝʘʥʩʦʚ ʥʘ 

ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʤʠʰʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ ʷʜʝʨ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʣʘʪʬʦʨʤʘ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴ ʢʘʣʦʨʠʤʝʪʨ ʚ ʧʦʧʝʨʝʯʥʳʭ X-Y ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ 

ʜʠʘʧʘʟʦʥʝ Ñ60ʩʤ ʩ ʪʦʯʥʦʩʪʴʶ Ñ1ʤʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʦʜʫʣʝʡ 

ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʠ ʠʭ ʢʘʣʠʙʨʦʚʢʝ ʥʘ ʧʫʯʢʝ ʤʶʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ. ʅʘ ʨʠʩʫʥʢʝ 21 ʧʦʢʘʟʘʥʳ 

ʬʦʪʦʛʨʘʬʠʠ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʦʛʦ ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʧʣʘʪʬʦʨʤʝ ʢʘʣʦʨʠʤʝʪʨʘ.  

 

  

ʈʠʩʫʥʦʢ 21 ï ʉʣʝʚʘ - ʬʦʪʦʛʨʘʬʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʦʛʦ ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ 

ʧʣʘʪʬʦʨʤʝ ʢʘʣʦʨʠʤʝʪʨʘ. ʉʧʨʘʚʘ - ʬʦʪʦʛʨʘʬʠʷ ʟʘʜʥʝʡ ʯʘʩʪʠ ʢʘʣʦʨʠʤʝʪʨʘ, ʛʜʝ ʚʠʜʥʘ 

ʵʣʝʢʪʨʦʥʠʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʤʦʜʫʣʷʭ ʢʘʣʦʨʠʤʝʪʨʘ 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ʚʩʝʭ ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʛʨʫʧʧʦʡ 

ʀʗʀ ʥʘ ʧʫʯʢʝ ʤʶʦʥʦʚ ʩ ʠʤʧʫʣʴʩʦʤ 158 ɻʵɺ/ʩ ʚ ʦʢʪʷʙʨʝ 2014ʛ. ʅʘʩʪʨʦʡʢʘ ʢʘʥʘʣʘ 
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ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʪʦʨʠʯʥʦʛʦ ʧʫʯʢʘ ʥʘ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʫʩʪʘʥʦʚʢʠ NA61 ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ (ʧʨʠ ʯʘʩʪʠʯʥʦ ʦʪʢʨʳʪʳʭ ʢʦʣʣʠʤʘʪʦʨʘʭ ʢʘʥʘʣʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ), 

ʯʪʦ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʣʦʨʠʤʝʪʨʘ ʧʫʯʦʢ ʘʜʨʦʥʦʚ (ʧʠʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ) ʠʤʝʣ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʨʠʤʝʩʴ ʠ ʤʶʦʥʦʚ ʦʪ ʨʘʩʧʘʜʘ ʧʠʦʥʦʚ. ʇʦʣʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʯʢʘ 

ʩʦʩʪʘʚʣʷʣʘ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʯʘʩʪʠʮ ʚ ʩʝʢʫʥʜʫ. 

ʅʘ ʨʠʩʫʥʢʝ 22, ʩʣʝʚʘ ʧʦʢʘʟʘʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢ ʃʝʚʳʡ ʧʠʢ ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʤʤʘʨʥʦʤʫ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʶ ʤʶʦʥʦʚ ʚʦ ʚʩʝʭ 10 ʩʝʢʮʠʷʭ ʢʘʣʦʨʠʤʝʪʨʘ, ʘ 

ʧʨʘʚʳʡ ʧʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʶ ʘʜʨʦʥʦʚ (ʧʠʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ). ɺʩʝ ʥʘʣʝʪʘʶʱʠʝ 

ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʠʤʧʫʣʴʩ 158 ɻʵɺ/ʩ. 

   

ʈʠʩʫʥʦʢ 22 

ʉʣʝʚʘ ʧʦʢʘʟʘʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʯʘʩʪʠʮ (ʚ ʢʘʥʘʣʘʭ ADC), ʢʦʪʦʨʳʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʣʠʩʴ ʢʘʣʦʨʠʤʝʪʨʦʤ. ʃʝʚʳʡ ʧʠʢ ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʫʤʤʘʨʥʦʤʫ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʶ ʤʶʦʥʦʚ ʚʦ ʚʩʝʭ 10 ʩʝʢʮʠʷʭ ʢʘʣʦʨʠʤʝʪʨʘ, ʘ ʧʨʘʚʳʡ ʧʠʢ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʶ ʘʜʨʦʥʦʚ (ʧʠʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ). ʅʘ ʨʠʩʫʥʢʝ ʚ ʮʝʥʪʨʝ 

ʧʦʢʘʟʘʥʦ ʩʫʤʤʘʨʥʦʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚʦ ʚʩʝʭ 10 ʩʝʢʮʠʷʭ ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʳʭ ʢʦʣʣʠʤʘʪʦʨʘʭ. ʅʘ ʧʨʘʚʦʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʥʘʣʦʞʝʥʥʳʝ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠʟʤʝʨʝʥʥʳʝ ʢʘʢ ʩ ʦʪʢʨʳʪʳʤ ʢʦʣʣʠʤʘʪʦʨʦʤ (ʢʨʘʩʥʳʡ ʮʚʝʪ), ʪʘʢ ʠ ʩ 

ʟʘʢʨʳʪʳʤ ʢʦʣʣʠʤʘʪʦʨʦʤ (ʩʠʥʠʡ ʮʚʝʪ), ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʶ ʤʶʦʥʦʚ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʣʝʚʳʡ ʧʠʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʶʦʥʘʤ, 

ʢʦʣʣʠʤʘʪʦʨʳ ʚ ʢʘʥʘʣʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʳ. ʇʨʠ ʵʪʦʤ ʢʘʣʦʨʠʤʝʪʨ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʟʤʝʨʷʣ ʵʥʝʨʛʠʶ ʪʦʣʴʢʦ ʤʶʦʥʦʚ (ʨʠʩʫʥʦʢ 22 ʚ ʮʝʥʪʨʝ). ʅʘ ʧʨʘʚʦʤ ʨʠʩʫʥʦʢ 

22 ʧʦʢʘʟʘʥʳ ʥʘʣʦʞʝʥʥʳʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠʟʤʝʨʝʥʥʳʝ ʢʘʢ ʩ ʦʪʢʨʳʪʳʤ 

ʢʦʣʣʠʤʘʪʦʨʦʤ (ʢʨʘʩʥʳʡ ʮʚʝʪ), ʪʘʢ ʠ ʩ ʟʘʢʨʳʪʳʤ ʢʦʣʣʠʤʘʪʦʨʦʤ (ʩʠʥʠʡ ʮʚʝʪ).  

  ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʢʘʣʠʙʨʦʚʢʠ ʚʩʝʭ 44 ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʝ ʤʶʦʥʦʚ, 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʘʭ ʙʳʣʠ ʠʟʤʝʥʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʦʞʝʥʠʝ 

ʧʠʢʦʚ ʦʪ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʤʶʦʥʦʚ ʚ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʢʘʣʦʨʠʤʝʪʨʘ ʙʳʣʦ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʳʤʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʤʶʦʥʘʤʠ ʚʩʝʭ 

ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ. 
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ʅʘ ʨʠʩʫʥʢʝ 23 ʩʠʥʠʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʤʶʦʥʦʚ ʜʣʷ 10 ʩʝʢʮʠʡ 

ʦʜʥʦʛʦ ʠʟ ʤʘʣʝʥʴʢʠʭ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʜʫʣʝʡ (ʩʣʝʚʘ) ʠ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʜʣʷ 10 ʩʝʢʮʠʡ 

ʦʜʥʦʛʦ ʠʟ ʙʦʣʴʰʠʭ ʤʦʜʫʣʝʡ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʢʘʣʦʨʠʤʝʪʨʘ (ʩʧʨʘʚʘ). ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ 

ʧʦʢʘʟʘʥʳ ʰʫʤʦʚʳʝ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʝʢʮʠʷʭ ʜʘʥʥʳʭ 

ʤʦʜʫʣʝʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʶʦʥʘʤʠ ʦʜʥʦʛʦ ʠʟ ʩʦʩʝʜʥʠʭ ʤʦʜʫʣʝʡ. ɺʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ 

ʘʤʧʣʠʪʫʜʘ ʦʪ ʤʶʦʥʦʚ ʚʦ ʚʩʝʭ ʩʝʢʮʠʷʭ ʭʦʨʦʰʦ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʰʫʤʦʚʳʭ 

ʘʤʧʣʠʪʫʜ.  

  

ʈʠʩʫʥʦʢ 23 ï ɸʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʤʶʦʥʦʚ (ʩʠʥʠʡ ʮʚʝʪ) ʜʣʷ 10 ʩʝʢʮʠʡ ʦʜʥʦʛʦ ʠʟ 

ʤʘʣʝʥʴʢʠʭ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʜʫʣʝʡ (ʩʣʝʚʘ) ʠ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʤʶʦʥʦʚ ʜʣʷ 10 ʩʝʢʮʠʡ 

ʦʜʥʦʛʦ ʠʟ ʙʦʣʴʰʠʭ ʤʦʜʫʣʝʡ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʢʘʣʦʨʠʤʝʪʨʘ (ʩʧʨʘʚʘ). ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ 

ʧʦʢʘʟʘʥʳ ʰʫʤʦʚʳʝ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ 

 

ʉʨʝʜʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʤʶʦʥʦʚ ʚ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʫʤʤʘʨʥʦʡ ʪʦʣʱʠʥʦʡ 6 ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʠ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 5 ʄʵɺ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʢʘʥʘʣʦʚ ʘʤʧʣʠʪʫʜʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜ ʦʪ ʤʶʦʥʦʚ (ʚ ʝʜʠʥʠʮʘʭ ʢʘʥʘʣʦʚ) ʜʣʷ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʢʘʣʦʨʠʤʝʪʨʘ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʩʫʤʤʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ɻʘʫʩʩʘ ʠ ʃʘʥʜʘʫ (ʨʠʩʫʥʦʢ 24). ʇʦʩʣʝ ʵʪʦʛʦ, 

ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʫʤʫ ʚ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʠʩʚʘʠʚʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ 5 ʄʵɺ. ʎʝʥʘ ʢʘʥʘʣʘ ʘʤʧʣʠʪʫʜʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʰʢʘʣʫ ʧʨʦʩʪʳʤ ʜʝʣʝʥʠʝʤ ʵʪʦʡ ʵʥʝʨʛʠʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʦʤʝʨ ʢʘʥʘʣʘ.  
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ʈʠʩʫʥʦʢ 24 ï ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʤʶʦʥʦʚ ʚ ʦʜʥʦʡ ʠʟ ʩʝʢʮʠʡ ʤʦʜʫʣʷ 

5 ʩʫʤʤʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ɻʘʫʩʩʘ ʠ ʃʘʥʜʘʫ 

ʅʘ ʨʠʩʫʥʢʝ 25 ʧʦʢʘʟʘʥʳ ʧʨʦʜʦʣʴʥʳʝ ʧʨʦʬʠʣʠ ʘʜʨʦʥʥʦʛʦ ʣʠʚʥʷ - ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʘʜʨʦʥʦʚ ʧʦ ʥʦʤʝʨʘʤ ʩʝʢʮʠʡ (1-10) ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʤʘʣʝʥʴʢʠʭ ʤʦʜʫʣʝʡ 

(ʩʣʝʚʘ) ʠ ʙʦʣʴʰʦʛʦ ʤʦʜʫʣʷ (ʚ ʮʝʥʪʨʝ). ʅʘ ʧʨʘʚʦʤ ʨʠʩʫʥʢʝ, ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʯʠʩʣʫ 

ʩʨʘʙʦʪʘʚʰʠʭ ʩʝʢʮʠʡ ʚ ʦʜʥʦʤ ʠʟ ʤʦʜʫʣʝʡ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʤʶʦʥʦʚ. ɺʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʤʶʦʥ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʩʝ 10 ʩʝʢʮʠʡ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ, ʪʝʨʷʷ ʚ ʢʘʞʜʦʡ ʠʟ ʩʝʢʮʠʡ ʵʥʝʨʛʠʶ 

5 ʄʵɺ. 

 

ʈʠʩʫʥʦʢ 25 ï ʇʨʦʜʦʣʴʥʳʝ ʧʨʦʬʠʣʠ ʘʜʨʦʥʥʦʛʦ ʣʠʚʥʷ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʤʘʣʝʥʴʢʠʭ 

ʤʦʜʫʣʝʡ (ʩʣʝʚʘ) ʠ ʙʦʣʴʰʦʛʦ ʤʦʜʫʣʷ (ʚ ʮʝʥʪʨʝ). ʅʘ ʧʨʘʚʦʤ ʨʠʩʫʥʢʝ, ʧʦʢʘʟʘʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʯʠʩʣʫ ʩʨʘʙʦʪʘʚʰʠʭ ʩʝʢʮʠʡ ʚ ʦʜʥʦʤ ʠʟ ʤʦʜʫʣʝʡ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʤʶʦʥʦʚ 

 ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʰʢʘʣʳ ʘʤʧʣʠʪʫʜʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚʩʝʭ 440 ʩʝʢʮʠʡ ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʤʶʦʥʥʦʤ ʧʫʯʢʝ, ʙʳʣ 

ʠʩʩʣʝʜʦʚʘʥ ʦʪʢʣʠʢ ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʠ ʝʛʦ ʧʦʧʝʨʝʯʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʫʯʢʦʤ ʘʜʨʦʥʦʚ ʩ 

ʵʥʝʨʛʠʝʡ 158 ɻʵɺ. ʇʨʠ ʵʪʦʤ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʧʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʶ ʘʜʨʦʥʦʚ ʚ 

ʤʦʜʫʣʷʭ ʢʘʣʦʨʠʤʝʪʨʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʨʝʤʷ ʤʶʦʥʥʦʡ 

ʢʘʣʠʙʨʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʧʦʪʝʨʷʥʥʦʡ 

ʵʥʝʨʛʠʠ ʘʜʨʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ (ʥʦʤʝʨ ʤʦʜʫʣʷ) ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʢʘʣʦʨʠʤʝʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʚʩʝʭ 

ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʤʶʦʥʥʦʤ ʧʫʯʢʝ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 26 (ʩʣʝʚʘ). ɺʠʜʥʦ, ʯʪʦ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʨʷʥʥʦʡ ʵʥʝʨʛʠʠ ʘʜʨʦʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ ʥʘ ʢʘʣʦʨʠʤʝʪʨʝ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʵʥʝʨʛʠʷ ʘʜʨʦʥʦʚ ʚ ʤʦʜʫʣʷʭ ʧʦʢʘʟʘʥʘ 

ʥʘ ʵʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʩʧʨʘʚʘ. ʉʠʥʷʷ ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʯʝʪʫ ʚʳʜʝʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚʦ ʚʩʝʭ 

440 ʩʝʢʮʠʷʭ ʢʘʣʦʨʠʤʝʪʨʘ, ʘ ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʯʝʪʫ ʚʳʜʝʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʪʦʣʴʢʦ 

ʚ ʤʦʜʫʣʷʭ ʦʢʨʫʞʘʶʱʠʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʦʜʫʣʴ (ʢʣʘʩʪʝʨ). ɺʠʜʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʘʜʨʦʥʦʚ ʩ 

ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʥ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʯʢʠ ʧʦʧʘʜʘʥʠʷ ʘʜʨʦʥʘ ʚ ʢʘʣʦʨʠʤʝʪʨ. ʐʫʤʳ ʵʣʝʢʪʨʦʥʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ 
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ʪʦʯʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʤʦʜʫʣʷʭ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʧʦʨʦʛʝ 

ʨʝʛʠʩʪʨʘʮʠʠ (ʢʨʘʩʥʳʝ ʠ ʩʠʥʠʝ ʣʠʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ).  

 

ʈʠʩʫʥʦʢ 26 ï ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʠʠ ʘʜʨʦʥʦʚ (ʩʣʝʚʘ) ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʵʥʝʨʛʠʷ ʘʜʨʦʥʦʚ (ʩʧʨʘʚʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʠʙʨʦʚʦʯʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʤʶʦʥʥʦʤ ʧʫʯʢʝ. ʂʨʘʩʥʳʝ ʠ ʩʠʥʠʝ ʢʨʠʚʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʘʟʥʳʤ ʩʧʦʩʦʙʘʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʵʥʝʨʛʠʠ ʠ ʨʘʟʨʝʰʝʥʠʷ, ʦʧʠʩʘʥʥʳʤ ʚ ʪʝʢʩʪʝ 

 ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʥʝʡʥʦʩʪʠ ʦʪʢʣʠʢʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʢʘʣʦʨʠʤʝʪʨʘ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦ ʵʥʝʨʛʠʠ ʘʜʨʦʥʦʚ ʦʜʥʦʛʦ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʤʘʣʝʥʴʢʠʭ 

ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʦʜʥʦʛʦ ʠʟ ʙʦʣʴʰʠʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʤʦʜʫʣʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 13 ʜʦ 

158 ɻʵɺ. ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʤʶʦʥʥʦʤ ʧʫʯʢʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʘʣʠʙʨʦʚʢʠ, 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʣʠʩʴ ʵʥʝʨʛʠʠ ʘʜʨʦʥʦʚ, ʠʟʤʝʨʝʥʥʳʝ ʢʘʣʦʨʠʤʝʪʨʦʤ. ʅʘ ʨʠʩʫʥʢʝ 27 ʧʦʢʘʟʘʥʳ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

 

ʈʠʩʫʥʦʢ 27 ï ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʵʥʝʨʛʠʡ ʘʜʨʦʥʦʚ ʧʝʨʝʜʥʠʤ ʘʜʨʦʥʥʳʤ ʢʘʣʦʨʠʤʝʪʨʦʤ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʝ ʤʶʦʥʦʚ 

 

 ɺʠʜʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʵʥʝʨʛʠʠ ʘʜʨʦʥʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʬʦʨʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʦʪ ʛʘʫʩʩʦʚʩʢʦʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʫʪʝʯʝʢ ʯʘʩʪʠ ʘʜʨʦʥʥʦʛʦ ʣʠʚʥʷ 
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ʯʝʨʝʟ ʟʘʜʥʶʶ ʩʪʝʥʢʫ ʢʘʣʦʨʠʤʝʪʨʘ, ʪ.ʢ. ʧʦʣʥʘʷ ʜʣʠʥʘ ʢʘʣʦʨʠʤʝʪʨʘ ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ 5.6 

ʷʜʝʨʥʳʭ ʜʣʠʥ.  

ʅʘ ʨʠʩʫʥʢʝ 28, ʩʣʝʚʘ ʧʦʢʘʟʘʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʢʘʣʦʨʠʤʝʪʨʘ, ʢʦʛʜʘ ʧʫʯʦʢ 

ʘʜʨʦʥʦʚ, ʧʦʧʘʜʘʝʪ ʚ ʦʜʠʥ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʘ ʩʧʨʘʚʘ ʧʦʢʘʟʘʥʘ ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʵʪʦʤ 

ʣʠʥʝʡʥʦʩʪʴ ʦʪʢʣʠʢʘ ʢʘʣʦʨʠʤʝʪʨʘ. ʅʘ ʧʨʘʚʦʤ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʠʤʝʝʪʩʷ ʥʝʙʦʣʴʰʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʣʠʥʝʡʥʦʩʪʠ ʧʨʠ ʵʥʝʨʛʠʠ 158 ɻʵɺ, ʯʪʦ ʩʚʷʟʘʥʦ, ʢʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʩ 

ʯʘʩʪʠʯʥʦʡ ʫʪʝʯʢʦʡ ʘʜʨʦʥʥʦʛʦ ʣʠʚʥʷ ʯʝʨʝʟ ʟʘʜʥʶʶ ʩʪʝʥʢʫ ʢʘʣʦʨʠʤʝʪʨʘ. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʢʘʣʦʨʠʤʝʪʨʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʦʩʴ ʬʫʥʢʮʠʝʡ ʩ ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ y = ã( (a/ãE)
2

 

+ b
2

 + (c/E)
2

 ), ʛʜʝ ʘ ï ʢʦʥʩʪʘʥʪʘ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʯʣʝʥʘ, ʚ ï ʢʦʥʩʪʘʥʪʥʳʡ ʯʣʝʥ, ʩ ï ʧʘʨʘʤʝʪʨ 

ʯʣʝʥʘ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʚʢʣʘʜ ʰʫʤʦʚ ʵʣʝʢʪʨʦʥʠʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ : ʘ = 75.5%, b = 

3.3%, c = 0.7 ɻʵɺ. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʯʣʝʥʘ ʩʦʚʧʘʜʘʝʪ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʩʪʘʥʪʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʨʘʥʝʝ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʜʘʥʥʳʭ ʩʝʘʥʩʘ ɺʝ+ ɺʝ.  

 

ʈʠʩʫʥʦʢ 28 ï ʉʣʝʚʘ ʧʦʢʘʟʘʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʢʘʣʦʨʠʤʝʪʨʘ, ʢʦʛʜʘ ʧʫʯʦʢ 

ʘʜʨʦʥʦʚ, ʧʦʧʘʜʘʝʪ ʚ ʦʜʠʥ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʘ ʩʧʨʘʚʘ ʧʦʢʘʟʘʥʘ ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʵʪʦʤ 

ʣʠʥʝʡʥʦʩʪʴ ʦʪʢʣʠʢʘ ʢʘʣʦʨʠʤʝʪʨʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʠ ʧʝʨʚʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʦʪʢʣʠʢʘ 

ʢʘʣʦʨʠʤʝʪʨ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʣʦʨʠʤʝʪʨ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʦʚʝʜʝʥʥʦʡ 

ʢʘʣʠʙʨʦʚʢʠ ʛʦʪʦʚ ʢ ʥʘʙʦʨʫ ʬʠʟʠʯʝʩʢʦʤʫ ʩʝʘʥʩʫ Ar +Sc, ʢʦʪʦʨʳʡ ʥʘʯʥʝʪʩʷ ʚ ʬʝʚʨʘʣʝ 2015ʛ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʘ ʣʠʰʴ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚʦ ʚʨʝʤʷ 

ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʩʝʘʥʩʘ ʜʘʥʥʳʭ. ʊʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡʰʠʡ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʢʘʣʠʙʨʦʚʢʝ ʢʘʣʦʨʠʤʝʪʨʘ ʩ ʙʦʣʝʝ ʪʦʯʥʦʡ ʤʠʥʠʤʠʟʘʮʠʝʡ ʚʢʣʘʜʘ ʰʫʤʦʚ 

ʵʣʝʢʪʨʦʥʠʢʠ, ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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4.3 ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʦʜʜʝʨʞʢʘ ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʢʘʣʦʨʠʤʝʪʨʘ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʦʚ 

 ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ ʢʘʣʦʨʠʤʝʪʨʘ PSD ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʚ 2014ʛ. ʙʳʣ ʥʘʧʠʩʘʥ 

ʩʧʝʮʠʘʣʴʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʧʘʢʝʪʘ ʦʙʨʘʙʦʪʢʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Shine ʵʢʩʧʝʨʠʤʝʥʪʘ NA61. 

ʕʪʦʪ ʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʚʩʶ ʛʝʦʤʝʪʨʠʶ ʢʘʣʦʨʠʤʝʪʨʘ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʧʘʢʝʪʘ GEANT4. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʠʛʥʘʣ 

ʩ "ʠʜʝʘʣʴʥʦʛʦ" ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʩʠʛʥʘʣ, ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʠʡ ʢ ʨʝʘʣʴʥʦʤʫ 

ʦʪʢʣʠʢʫ, ʙʳʣ ʩʦʟʜʘʥ ʤʦʜʫʣʴ ʦʮʠʬʨʦʚʢʠ - PSD Digitizer. .  

ɺ ʢʘʯʝʩʪʚʝ ʩʯʠʪʳʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ 

FPGA, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʢʘʞʜʦʛʦ ʣʘʚʠʥʥʦʛʦ 

ʬʦʪʦʜʠʦʜʘ ʩ ʝʛʦ ʦʮʠʬʨʦʚʢʦʡ, ʠ ʧʦ ʧʨʠʭʦʜʫ ʪʨʠʛʛʝʨʥʦʛʦ ʩʠʛʥʘʣʘ ʙʫʬʝʨ ʠʟ 256 ʧʦʩʣʝʜʥʠʭ 

ʦʪʩʯʝʪʦʚ ʩʯʠʪʳʚʘʝʪʩʷ ʠ ʧʝʨʝʜʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʜʘʥʥʳʭ (DAQ). ʅʘ ʨʠʩʫʥʢʝ 29. ʧʦʢʘʟʘʥʳ 

ʧʨʠʤʝʨʳ ʩʠʛʥʘʣʦʚ ʩ ʜʝʪʝʢʪʦʨʘ PSD, ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʧʫʯʢʝ ʤʶʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ.  

 

 

 

ʈʠʩʫʥʦʢ 29 ï ʌʦʨʤʘ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʩ FPGA ʢʘʣʦʨʠʤʝʪʨʘ PSD. ʉʣʝʚʘ - ʩʠʛʥʘʣ 

ʦʪ ʤʠʥʠʤʘʣʴʥʦ ʠʦʥʠʟʠʨʫʶʱʝʡ ʯʘʩʪʠʮʳ (ʤʦʶʥ), ʩʧʨʘʚʘ ï ʩʠʛʥʘʣ ʚ ʩʝʢʮʠʠ ʦʪ ʘʜʨʦʥʥʦʛʦ 

ʣʠʚʥʷ, ʚʳʟʚʘʥʥʦʛʦ ʧʨʦʪʦʥʦʤ ʩ ʠʤʧʫʣʴʩʦʤ 15 8ɻʵɺ/ʩ. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ - ʦʪʩʯʝʪʳ FPGA 

(256 ʢʘʥʘʣʦʚ); ʚʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ - ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ (ʢʘʥʘʣʳ ADC) 

 

ʅʘ ʨʠʩʫʥʢʝ 30. ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʦʮʠʬʨʦʚʢʠ ʪʘʢʞʝ ʜʣʷ ʤʶʦʥʦʚ 

ʠ ʧʨʦʪʦʥʦʚ.  
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ʈʠʩʫʥʦʢ 30 ï ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʦʮʠʬʨʦʚʢʠ ʜʣʷ ʤʶʦʥʘ (ʩʣʝʚʘ) ʠ ʜʣʷ ʧʨʦʪʦʥʥʦʛʦ 

ʣʠʚʥʷ ʚʦʜʥʦʡ ʠʟ ʩʝʢʮʠʡ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ (ʩʧʨʘʚʘ) 

 

 ɺ 2014ʛ. ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʙʳʣ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʤʦʜʫʣʴ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʦʙʳʪʠʡ 

ʢʘʣʦʨʠʤʝʪʨʘ PSD ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʘ. ʅʘ ʨʠʩʫʥʢʝ 31 ʧʦʢʘʟʘʥ ʚʠʜ ʩʦʙʳʪʠʷ ʦʪ ʧʨʦʭʦʞʜʝʥʠʷ 

ʯʘʩʪʠʮ ʯʝʨʝʟ ʢʘʣʦʨʠʤʝʪʨ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʣʝʜʠʪʴ 

ʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʚʩʝʭ ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʦʜʥʦʚʨʝʤʝʥʥʦ.  

 

 

 

ʈʠʩʫʥʦʢ 31 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʙʦʪʳ ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ PSD ʜʣʷ ʤʶʦʥʦʚ (ʩʣʝʚʘ) ʠ 

ʧʨʦʪʦʥʦʚ (ʩʧʨʘʚʘ). 

 

4.3 ʉʧʠʩʦʢ ʜʦʢʣʘʜʦʚ, ʩʜʝʣʘʥʥʳʭ ʨʦʩʩʠʡʩʢʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʦʚʝʱʘʥʠʷʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ 2014 ʛ. ʧʦ ʪʝʤʘʪʠʢʝ 

NA61. 

ɺ 2014 ʛ. ʩʦʪʨʫʜʥʠʢʠ ʀʗʀ ʈɸʅ ʚʳʩʪʫʧʠʣʠ ʩ 14 ʜʦʢʣʘʜʘʤʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʩʦʚʝʱʘʥʠʷʭ ʢʦʣʣʘʙʦʨʘʮʠʠ NA61: 
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Hardware Upgrade Meeting at CERN, 3 - 5 March 2014, PSD upgrade, Fedor Guber, 

Alexander Ivashkin, Oleg Petukhov 

NA61/NA49 Collaboration meeting in Dubna, 7 -11 April 2014. 

- PSD simulation: the digitizer, O.Petukhov 

- Book-keeping, A.Sadovsky 

- Status of the PSD upgrade, O.Petukhov 

- The PSD slow control, Sergey Morozov 

 - Towards reaction plane reconstruction and azimuthal flow analysis in NA61, Alexander 

Sadovskiy 

NA61/NA49 Collaboration meeting, CERN, 22 -26 September 2014. 

- PSD simulation, O.Petukhov 

- Book-keeping, A.Sadovsky 

- PSD upgrade performance, A.Ivashkin 

ʉʦʪʨʫʜʥʠʢʠ ʛʨʫʧʧ ʀʗʀ ʈɸʅ ʨʝʛʫʣʷʨʥʦ ʚʳʩʪʫʧʘʣʠ ʥʘ ʝʞʝʥʝʜʝʣʴʥʳʭ ʚʠʜʝʦ 

ʩʦʚʝʱʘʥʠʷʭ ʢʦʣʣʘʙʦʨʘʮʠʠ NA61/SHINE (ʢʘʣʠʙʨʦʚʢʘ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʘʥʦʚʢʠ).  

4.3 ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʥʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ 2014ʛ. 

- ʋʩʧʝʰʥʦ ʟʘʚʝʨʰʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʫʣʝʡ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. ʕʪʘ ʵʣʝʢʪʨʦʥʠʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ, ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʧʠʪʘʥʠʷ ʬʦʪʦʜʠʦʜʦʚ ʠ 

ʩʠʩʪʝʤʫ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʜʠʦʜʦʚ.  

 - ʇʨʦʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʘʭ ʤʶʦʥʦʚ ʠ ʘʜʨʦʥʦʚ. 

ʇʨʦʚʝʜʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

 - ʇʝʨʝʜʥʠʡ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʩʝʘʥʩʫ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʚʳʭʦʜʘ ʯʘʩʪʠʮ ʚ ʨʝʘʢʮʠʠ p + Pb ʧʨʠ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ 158 ɻʵɺ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʦʷʣʩʷ ʚ ʦʢʪʷʙʨʝ-ʜʝʢʘʙʨʝ 2014ʛ. ɻʨʫʧʧʘ ʀʗʀ ʈɸʅ ʦʙʝʩʧʝʯʠʚʘʣʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʘ, ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʨʘʙʦʯʠʭ ʩʤʝʥʘʭ 

NA61.  

 - ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʝʜʣʦʞʝʥʠʝ (ʙʳʣʦ ʜʦʣʦʞʝʥʦ ʥʘ ʩʦʚʝʱʘʥʠʷʭ ʢʦʣʣʘʙʦʨʘʮʠʠ NA61) ʠ ʠ 

ʩʜʝʣʘʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʚ ʷʜʨʦ-̫ ʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʜʥʝʛʦ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʫʩʪʘʥʦʚʢʝ NA61. 
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- ʈʘʟʨʘʙʦʪʘʥʳ ʤʦʜʫʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ 

ʢʘʣʦʨʠʤʝʪʨʘ PSD ʵʢʩʧʝʨʠʤʝʥʪʘ NA61 ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ ʩʦ ʚʩʝʭ 

ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʦʙʱʝʡ ʧʘʢʝʪʝ SHINE ʵʢʩʧʝʨʠʤʝʥʪʘ NA61. 

- ʏʣʝʥʳ ʛʨʫʧʧʳ ʀʗʀ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʨʘʙʦʯʠʭ ʩʦʚʝʱʘʥʠʷʭ NA61 ʩ ʜʦʢʣʘʜʘʤʠ ʧʦ 

ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ.  

4.3 ʉʧʠʩʦʢ ʩʪʘʪʝʡ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ 2014ʛ., ʚ 

ʧʦʜʛʦʪʦʚʢʝ ʢʦʪʦʨʳʭ ʨʦʩʩʠʡʩʢʠʝ ʫʯʘʩʪʥʠʢʠ ʠʛʨʘʣʠ ʣʠʜʠʨʫʶʱʫʶ 
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4.3 ʇʨʦʛʥʦʟʥʳʝ ʧʣʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘ NA61 ʥʘ 2015 - 2019 ʛʛ. ʠ 

ʦʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ɺ 2015 ʠ 2016 ʛʦʜʘʭ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʘʤʠ ʢʦʣʣʘʙʦʨʘʮʠʠ ʠ ʫʩʢʦʨʠʪʝʣʷ SPS, 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ ʩ ʧʝʨʚʠʯʥʳʤʠ ʧʫʯʢʘʤʠ ʷʜʝʨ Ar ʠ Xe, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ Sc ʠ La. ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʚ 2015 ʛʦʜʫ 

ʧʨʦʜʦʣʞʝʥʠʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʵʥʝʨʛʠʠ p + Pb (13, 20, 30, 40, 75, 150 AGeV/c). ɺ ʢʦʥʮʝ 2015ʛ 

ʟʘʧʣʘʥʠʨʦʚʘʥ ʜʚʫʭʥʝʜʝʣʴʥʳʡ ʩʝʘʥʩ Pb + Pb ʧʨʠ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ 40 

ɸɻʵɺ. ʇʣʘʥʠʨʫʝʪʩʷ (ʧʦʢʘ ʥʝ ʧʨʠʥʷʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ) ʩʦʚʤʝʩʪʥʦ ʩ ʘʤʝʨʠʢʘʥʩʢʠʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ NA61 ʠʟʤʝʨʝʥʠʠ ʚʳʭʦʜʦʚ ʧʠʦʥʦʚ ʠ ʢʘʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ʨ +ɸ ʧʨʠ ʵʥʝʨʛʠʠ 

ʥʘʣʝʪʘʶʱʠʭ ʧʨʦʪʦʥʦʚ 120 ʠ 60 ɻʵɺ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʥʝʡʪʨʠʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɺ 2017-2019 ʛʦʜʘʭ ʟʘʧʣʘʥʠʨʦʚʘʥʳ ʠʟʤʝʨʝʥʠʷ Pb + Pb (ʧʨʠ ʵʥʝʨʛʠʷʭ 13, 20, 30, 40, 75, 

150 AGeV/c) ʩʦ ʩʪʘʪʠʩʪʠʢʦʡ, ʚ 10 ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʡ ʜʘʥʥʳʝ NA49 ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʦʛʦ 

ʚʝʨʰʠʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ.  

 ɺʦ ʚʩʝʭ ʵʪʠʭ ʧʣʘʥʠʨʫʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʜʥʠʡ ʘʜʨʦʥʥʳʡ 

ʢʘʣʦʨʠʤʝʪʨ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʚ ʀʗʀ ʈɸʅ. ʀʗʀ ʈɸʅ ʦʪʚʝʯʘʝʪ ʟʘ 

ʢʘʣʠʙʨʦʚʢʫ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʘʣʦʨʠʤʝʪʨʘ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʦʚ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩ ʵʪʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ. ʉʇʙɻʋ ʙʫʜʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ ʚʝʨʰʠʥʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʝʛʦ ʠʥʪʝʛʨʘʮʠʠ ʚ NA61(SHINE), ʘ ʪʘʢʞʝ ʚ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ.  

 ʋʩʧʝʰʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʠʪ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʜʚʫʤʷ ʬʘʟʘʤʠ ʩʠʣʴʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʤʘʪʝʨʠʠ ʠ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʥʘʯʘʣʦ ʜʝʢʦʥʬʘʡʤʝʥʪʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʠʤʝʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʚʦʡʩʪʚ ʷʜʝʨʥʦʡ 

ʤʘʪʝʨʠʠ ʚ ʵʢʩʪʨʝʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

4.3 ɿʘʢʣʶʯʝʥʠʝ 

ɻʨʫʧʧʘ ʀʗʀ ʈɸʅ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʠʣʘ ʧʨʦʛʨʘʤʤʫ ʨʘʙʦʪ ʟʘ 2014 ʛ. 

- ʋʩʧʝʰʥʦ ʟʘʚʝʨʰʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʫʣʝʡ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. ʕʪʘ ʵʣʝʢʪʨʦʥʠʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ, ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʧʠʪʘʥʠʷ ʬʦʪʦʜʠʦʜʦʚ ʠ 

ʩʠʩʪʝʤʫ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʜʠʦʜʦʚ. 

- ʇʨʦʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʘʭ ʤʶʦʥʦʚ ʠ 

ʘʜʨʦʥʦʚ. ʇʨʦʚʝʜʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 
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- ʇʝʨʝʜʥʠʡ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʩʝʘʥʩʫ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʚʳʭʦʜʚ ʯʘʩʪʠʮ ʚ ʨʝʘʢʮʠʠ p + Pb ʧʨʠ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ 158 ɻʵɺ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʦʷʣʷ ʚ ʦʢʪʷʙʨʝ-ʜʝʢʘʙʨʝ 2014ʛ. ɻʨʫʧʧʚ ʀʗʀ ʈɸʅ ʦʙʝʩʧʝʯʠʚʘʣʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʘ, ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʨʘʙʦʯʠʭ 

ʩʤʝʥʘʭ NA61. 

- ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʝʜʣʦʞʝʥʠʝ (ʙʳʣʦ ʜʦʣʦʞʝʥʦ ʥʘ ʩʦʚʝʱʘʥʠʷʭ ʢʦʣʣʘʙʦʨʘʮʠʠ NA61) ʠ 

ʩʜʝʣʘʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʚ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʜʥʝʛʦ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʫʩʪʘʥʦʚʢʝ NA61. 

- ʈʘʟʨʘʙʦʪʘʥʳ ʤʦʜʫʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ 

ʢʘʣʦʨʠʤʝʪʨʘ PSD ʵʢʩʧʝʨʠʤʝʥʪʘ NA61 ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ ʩʦ ʚʩʝʭ 

ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʦʙʱʝʤ ʧʘʢʝʪʝ SHINE ʵʢʩʧʝʨʠʤʝʥʪʘ NA61. 

- ʏʣʝʥʳ ʛʨʫʧʧʳ ʀʗʀ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʨʘʙʦʯʠʭ ʩʦʚʝʱʘʥʠʷʭ NA61 ʩ ʜʦʢʣʘʜʘʤʠ ʧʦ 

ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ.  
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4.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʩʞʘʪʦʡ ʙʘʨʠʦʥʥʦʡ ʤʘʪʝʨʠʠ ʥʘ ʫʩʪʘʥʦʚʢʝ CBM ʚ 

GSI (ɼʘʨʤʰʘʜʪ, ɻʝʨʤʘʥʠʷ) 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʟ.ʜ.ʥ. ɸ.ɹ.ʂʫʨʝʧʠʥ. 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ ʦʪ ʀʗʀ ʈɸʅ: 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ʌ.ʌ. ɻʫʙʝʨ 

 ʉʧʠʩʦʢ ʠʩʧʦʣʥʠʪʝʣʝʡ: 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʬ.-ʤ.ʥ. ɸ.ʇ. ʀʚʘʰʢʠʥ 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʄ.ɹ. ɻʦʣʫʙʝʚʘ 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʉ.ɺ. ʄʦʨʦʟʦʚ 

ʄʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʆ.ɸ. ʇʝʪʫʭʦʚ 

ʄʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʆ.ɺ. ɸʥʜʨʝʝʚʘ 

ʊʝʭʥʠʢ 

 

ʉ.ʂ. ʇʦʧʦʚ 

4.4  ɺʚʝʜʝʥʠʝ 
   

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ʆʩʥʦʚʥʳʝ ʮʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʉɺʄ. 

ʌʠʟʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪ ʥʘ ʩʦʟʜʘʚʘʝʤʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʉɺʄ 

(Compressed Barionic Matter) ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩʠʣʴʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʤʘʪʝʨʠʠ [1]. ʅʘ ʢʦʣʣʘʡʜʝʨʘʭ RHIC ʠ LHC ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʂʍɼ 

ʠʟʫʯʘʝʪʩʷ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʦʯʝʥʴ ʥʠʟʢʦʡ ʙʘʨʠʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɼʣʷ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʙʘʨʠʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʞʠʜʘʝʪʩʷ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʧʝʨʚʦʛʦ ʨʦʜʘ ʤʝʞʜʫ ʘʜʨʦʥʥʦʡ ʠ ʧʘʨʪʦʥʥʦʡ ʠʣʠ ʢʚʘʨʢʦʚʦʡ ʤʘʪʝʨʠʝʡ 

ʟʘʢʘʥʯʠʚʘʶʱʠʡʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʦʡ, ʘ ʪʘʢʞʝ ʢʠʨʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʪʢʨʳʪʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣʦ ʙʳ ʚʘʞʥʳʤ ʧʨʦʨʳʚʦʤ ʚ ʥʘʰʝʤ 

ʧʦʥʠʤʘʥʠʠ ʩʚʦʡʩʪʚ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ. ʆʙʣʘʩʪʴ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ 

ʙʫʜʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʵʥʝʨʛʠʷʤʠ ʧʫʯʢʘ 2-

45 ɻʵɺ/ʥʫʢʣʦʥ ʥʘ ʩʦʟʜʘʚʘʝʤʦʡ ʫʩʪʘʥʦʚʢʝ ʉɺʄ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʌɸʀʈ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʢʦʤʧʣʝʢʩʘ ʌɸʀʈ ʷʜʨʦ-ʷʜʝʨʥʳʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʙʫʜʫʪ ʠʟʫʯʘʪʴʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʯʢʦʚ ʫʩʢʦʨʠʪʝʣʷ SIS100 ʩ ʵʥʝʨʛʠʷʤʠ ʜʦ 11 ɻʵɺ/ʥʫʢʣʦʥ ʜʣʷ ʩʪʦʣʢʥʦʚʝʥʠʡ 

AuAu. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʌɸʀʈ (ʫʩʢʦʨʠʪʝʣʴ SIS300) ʵʥʝʨʛʠʷ ʧʫʯʢʘ ʙʫʜʝʪ 

ʫʚʝʣʠʯʝʥʘ ʜʦ 35 ɻʵɺ/ʥʫʢʣʦʥ ʜʣʷ ʷʜʝʨ ʟʦʣʦʪʘ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʦʜʝʣʷʭ, ʫʞʝ ʧʨʠ ʵʥʝʨʛʠʷʭ 

SIS100 ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʙʫʜʫʪ ʜʦʩʪʠʛʘʪʴʩʷ ʧʣʦʪʥʦʩʪʴ ʷʜʝʨʥʦʡ 

ʤʘʪʝʨʠʠ ʚʧʣʦʪʴ ʜʦ 7 ɟ0 ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ (EoS) ʧʨʠ 

ʪʘʢʠʭ ʙʦʣʴʰʠʭ ʧʣʦʪʥʦʩʪʷʭ, ʙʣʠʟʢʠʭ ʢ ʧʣʦʪʥʦʩʪʠ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ, ʠʤʝʝʪ ʧʨʠʣʦʞʝʥʠʷ ʢ 

ʚʦʧʨʦʩʘʤ ʘʩʪʨʦʬʠʟʠʢʠ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ ʛʣʦʙʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʙʳʪʠʡ ʢʘʢ ʮʝʥʪʨʘʣʴʥʦʩʪʴ ʠ 

ʫʛʦʣ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʥʘ ʫʩʪʘʥʦʚʢʝ CBM, 

ʀʗʀ ʈɸʅ ʷʚʣʷʝʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ʬʨʘʛʤʝʥʪʦʚ, PSD ï Projectle Spectator Detector. ʕʪʦʪ ʢʘʣʦʨʠʤʝʪʨ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʩʪʦʣʢʥʦʚʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ, ʜʦʩʪʠʛʘʝʤʦʡ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʦʙʳʪʠʡʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʠ ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʜʨʦʥʦʚ ʠ ʨʝʜʢʠʭ ʧʨʦʙʥʠʢʦʚ, ʚʢʣʶʯʘʷ J/Ɋ. 

 

 

4.4 ʋʯʘʩʪʠʝ ʛʨʫʧʧʳ ʀʗʀ ʈɸʅ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʉɺʄ ʚ 2014ʛ. 
 

ɺ 2013 ʛʦʜʫ ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʧʝʨʝʜʥʝʛʦ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ ʉɺʄ ʠ ʦʪʧʨʘʚʣʝʥ ʚ ʌɸʀʈ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʥʝʰʥʝʡ 

ʵʢʩʧʝʨʪʠʟʳ. ɺ ʪʝʯʝʥʠʝ 2014ʛ. ʧʨʦʚʦʜʠʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʜʦʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʩ 

ʫʯʝʪʦʤ ʚʦʧʨʦʩʦʚ ʠ ʟʘʤʝʯʘʥʠʡ, ʧʦʩʪʫʧʠʚʰʠʭ ʦʪ ʵʢʩʧʝʨʪʦʚ. ɺ ʩʝʥʪʷʙʨʝ 2014ʛ ʧʦʧʨʘʚʣʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʙʳʣ ʦʪʧʨʘʚʣʝʥ ʚ ʌɸʀʈ ʜʣʷ ʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ. ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ 

ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʫʪʚʝʨʞʜʝʥ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʦʤʠʪʝʪʘ ʌɸʀʈ 25 ʥʦʷʙʨʷ 

2014ʛ.   

ʇʨʦʚʝʜʝʥʥʦʝ ʚ 2014ʛ. ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʛʣʘ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʜʝʪʝʢʪʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʉɺʄ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʣʠʥʝʡʥʦʩʪʴ ʦʪʢʣʠʢʘ ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʵʥʝʨʛʠʠ 

ʩʧʝʢʪʘʪʦʨʦʚ.  

ɺ 2014ʛ. ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣ çʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘè ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʪʢʣʠʢʘ ʤʦʜʫʣʷ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ PSD ʥʘ ʧʫʯʢʝ ʢʘʥʘʣʘ ʊ10 ʚ ʎɽʈʅʝ 

ʧʨʠ ʠʤʧʫʣʴʩʘʭ ʥʘʣʝʪʘʶʱʠʭ ʧʨʦʪʦʥʦʚ 2 ï 6 ɻʵɺ/c. 

  



160 
 

4.4 ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʫʯʘʩʪʠʷ ʛʨʫʧʧʳ ʀʗʀ ʈɸʅ ʚ 

ʢɻʩʧʝʨʠʤʝʥʪʝ ʉɺʄ ʚ 2014ʛ. 

 ɺ 2014 ʛʦʜʫ ʨʘʙʦʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʉɺʄ ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

- ʜʦʨʘʙʦʪʢʘ ʊʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ ʉɺʄ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʚʦʧʨʦʩʘʤʠ ʠ ʟʘʤʝʯʘʥʠʷʤʠ ʵʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʠ ʌɸʀʈ. ʉʜʘʯʘ 

ʊʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʜʣʷ ʫʪʚʝʨʞʜʝʥʠʷ ʚ ʌɸʀʈ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʚ ʉɺʄ, ʧʨʦʜʦʣʞʝʥʠʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʧʝʨʝʜʥʠʤ ʘʜʨʦʥʥʳʤ 

ʢʘʣʦʨʠʤʝʪʨʦʤ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʜʝʪʝʢʪʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʉɺʄ;  

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʛʝʥʝʨʘʪʦʨʦʚ ʩʦʙʳʪʠʡ ʷʜʨʦ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ SHIELD 

ʠ LAQGSM, ʫʯʠʪʳʚʘʶʱʠʝ ʪʷʞʝʣʳʝ ʬʨʘʛʤʝʥʪʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʠ 

ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʠ ʠʭ ʠʥʪʝʛʨʘʮʠʷ ʚ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ CBMRoot ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʉɺʄ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʦʨʨʝʣʷʮʠʡ ʦʪʢʣʠʢʘ ʢʘʣʦʨʠʤʝʪʨʘ ʩ ʜʨʫʛʠʤʠ ʜʝʪʝʢʪʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʉɺʄ; 

ï ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ J/psi ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʉɺʄ ʯʝʨʝʟ ʠʭ ʨʘʩʧʘʜ ʥʘ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʫʶ 

ʧʘʨʫ; 

- ʧʦʜʛʦʪʦʚʢʘ ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣ çʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦ ʪʝʩʪʠʨʦʚʘʥʠʶ ʤʦʜʫʣʷ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʝ ʢʘʥʘʣʘ ʊ10 ʚ 

ʎɽʈʅʝ ʧʨʠ ʠʤʧʫʣʴʩʘʭ ʥʘʣʝʪʘʶʱʠʭ ʧʨʦʪʦʥʦʚ 2 ï 6 ɻʵɺ/c; 

 - ʚʳʩʪʫʧʣʝʥʠʷ ʥʘ ʩʦʚʝʱʘʥʠʷʭ ʢʦʣʣʘʙʦʨʘʮʠʠ ʉɺʄ ʩ ʜʦʢʣʘʜʘʤʠ. 

 

4.4 ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʉɺʄ 
 

ʋʩʪʘʥʦʚʢʘ ʉɺʄ [2] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʛʥʠʪʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʩʦ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤ 

ʤʘʛʥʠʪʦʤ ʠ ʨʷʜ ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʠʧʘ ʯʘʩʪʠʮ, ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ 

ʠʤʧʫʣʴʩʦʚ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ï 

PSD ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ-ʩʧʝʢʪʘʪʦʨʦʚ ʥʝ ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʣʝʪʘʶʱʝʛʦ ʷʜʨʘ ʩ ʷʜʨʦʤ ʤʠʰʝʥʠ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʚʝʨʩʠʠ ʫʩʪʘʥʦʚʢʠ 

ʉɺʄ ï ʦʜʥʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʧʘʜʦʚ ʚʝʢʪʦʨʥʳʭ ʤʝʟʦʥʦʚ ʧʦ ʠʭ ʨʘʩʧʘʜʘʤ ʥʘ ʵʣʝʢʪʨʦʥ-

ʧʦʟʠʪʨʦʥʥʳʝ ʧʘʨʳ, ʜʨʫʛʘʷ, ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʧʘʜʦʚ ʥʘ ʤʶʦʥʥʳʝ ʧʘʨʳ. ɸʜʨʦʥʥʳʡ 

ʢʘʣʦʨʠʤʝʪʨ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʙʦʠʭ ʚʝʨʩʠʷʭ ʠ ʩʣʫʞʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ ʛʣʦʙʘʣʴʥʳʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ʮʝʥʪʨʘʣʴʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʣʘ 

ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ. 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʋʩʪʘʥʦʚʢʘ ʉɺʄ. ʉʣʝʚʘ - ʚʝʨʩʠʷ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥ-

ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ, ʩʧʨʘʚʘ ï ʚʝʨʩʠʷ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʶʦʥʥʳʭ ʧʘʨ 

 

4.4 ʋʯʘʩʪʠʝ ʀʗʀ ʈɸʅ ʚ ʨʘʟʨʘʙʦʪʢʝ ʊʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ 

ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. 

 ɿʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʩʦʟʜʘʥʠʝ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʦʪʚʝʯʘʝʪ ʛʨʫʧʧʘ ʀʗʀ 

ʈɸʅ. ʈʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʵʪʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʚʝʜʫʪʩʷ ʚ ʀʗʀ ʈɸʅ ʩ 2006ʛ. ɺ 2014 ʛʦʜʫ 

ʙʳʣ ʜʦʨʘʙʦʪʘʥ ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ ʉɺʄ [3], 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʚʦʧʨʦʩʘʤʠ ʠ ʟʘʤʝʯʘʥʠʷʤʠ ʵʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʠ ʌɸʀʈ. ɺ ʵʪʦʤ 

ʪʝʭʥʠʯʝʩʢʦʤ ʧʨʦʝʢʪʝ ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʨʝʘʢʮʠʠ ʧʝʨʝʜʥʠʤ ʢʘʣʦʨʠʤʝʪʨʦʤ, ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʠ ʦʮʝʥʢʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʢʘʣʦʨʠʤʝʪʨʘ. ɼʝʪʘʣʴʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʫʣʝʡ 

ʢʘʣʦʨʠʤʝʪʨʘ, ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʦʪʦʪʠʧʦʚ ʠ ʪ.ʜ. ʪʘʢʞʝ ʦʙʦʙʱʝʥʳ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʝʭʥʠʯʝʩʢʦʤ ʧʨʦʝʢʪʝ ʵʪʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. ʈʘʥʝʝ, ʚ ʘʧʨʝʣʝ 2013ʛ, 

ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʙʳʣ ʦʜʦʙʨʝʥ ʢʦʣʣʘʙʦʨʘʮʠʝʡ ʉɺʄ (ʨʠʩʫʥʦʢ 2, ʩʣʝʚʘ) ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʢʦʤʠʪʝʪ ʌɸʀʈ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʥʝʰʥʝʡ ʵʢʩʧʝʨʪʠʟʳ. ɺ ʩʝʥʪʷʙʨʝ 2014ʛ ʧʦʧʨʘʚʣʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ (ʩ ʫʯʝʪʦʤ ʟʘʤʝʯʘʥʠʡ ʠ ʚʦʧʨʦʩʦʚ ʵʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʠ) ʙʳʣ ʦʪʧʨʘʚʣʝʥ 

ʚ ʌɸʀʈ ʜʣʷ ʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ. ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ʫʪʚʝʨʞʜʝʥ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʦʤʠʪʝʪʘ ʌɸʀʈ 25 ʥʦʷʙʨʷ 2014ʛ. 
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ʈʠʩʫʥʦʢ 2 ï ʂʦʧʠʷ ʪʠʪʫʣʴʥʦʡ ʩʪʨʘʥʠʮʳ ʊʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ ʉɺʄ (ʩʣʝʚʘ). ʉʭʝʤʘ ʧʝʨʝʜʥʝʛʦ ʚʠʜʘ ʜʝʪʝʢʪʦʨʘ PSD (ʚ ʮʝʥʪʨʝ) ʠ 

ʩʭʝʤʘ ʚʠʜʘ ʦʪʜʝʣʴʥʦʛʦ ʤʦʜʫʣʷ PSD (ʩʧʨʘʚʘ) 

 

 PSD ï ʵʪʦ ʤʦʜʫʣʴʥʳʡ ʢʘʣʦʨʠʤʝʪʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ 44 ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ (ʨʠʩʫʥʦʢ 2, ʚ 

ʮʝʥʪʨʝ) ʩ ʦʪʚʝʨʩʪʠʝʤ ʜʠʘʤʝʪʨʦʤ 60 ʤʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʣʦʨʠʤʝʪʨʘ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʥʘʣʝʪʘʶʱʝʛʦ ʧʫʯʢʘ ʷʜʝʨ. ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʠʤʝʝʪ ʧʦʧʝʨʝʯʥʳʡ 

ʨʘʟʤʝʨ 20 ʭ 20 ʩʤ2 ʠ ʩʦʩʪʦʠʪ ʠʟ 60 ʩʣʦʝʚ ʧʣʘʩʪʠʥ ʩʚʠʥʮʘ ʩ ʪʦʣʱʠʥʦʡ ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʳ 16 

ʤʤ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʤʝʞʜʫ ʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʠʟ ʧʣʘʩʪʠʢʦʚʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʪʦʣʱʠʥʦʡ 

4 ʤʤ. ʉʙʦʨ ʩʚʝʪʘ ʩʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʧʣʘʩʪʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʝʛʦ ʦʧʪʦʚʦʣʦʢʥʘ ʚʢʣʝʝʥʥʦʛʦ ʚʦ ʬʨʝʟʝʨʦʚʘʥʥʫʶ ʢʘʥʘʚʢʫ ʥʘ ʧʣʦʩʢʦʡ 

ʩʪʦʨʦʥʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʳ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʚʝʪʦʩʙʦʨʘ, ʚ ʧʨʝʜʝʣʘʭ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ, ʩʚʝʪʦʩʙʦʨʘ 

ʩ ʧʣʘʩʪʠʥʳ ʩʮʠʥʪʠʣʣʷʪʦʨʘ. ʉʚʝʪ ʠʟ ʢʘʞʜʳʭ 6 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʣʘʩʪʠʥ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʩʦʙʠʨʘʝʪʩʷ ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʤʠ ʦʧʪʦʚʦʣʦʢʥʘʤʠ ʥʘ ʦʜʠʥ ʤʠʢʨʦʧʠʢʩʝʣʴʥʳʡ 

ʣʘʚʠʥʥʳʡ ʬʦʪʦʜʝʪʝʢʪʦʨ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʴʶ 3ʭ3 ʤʤ2, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʢʦʥʮʝ 

ʤʦʜʫʣʷ (ʨʠʩʫʥʦʢ 2, ʩʧʨʘʚʘ). ʇʨʦʜʦʣʴʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʤʦʜʫʣʷ ʥʘ 10 ʩʝʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʙʦʨʘ ʩʚʝʪʘ ʚʜʦʣʴ ʚʩʝʛʦ ʤʦʜʫʣʷ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ, ʪʘʢʞʝ, ʫʥʠʢʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʟʤʝʨʝʥʠʠ 

ʧʨʦʜʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʣʠʚʥʷ. 

ʇʦʣʥʘʷ ʜʣʠʥʘ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 6 ʜʣʠʥʘʤ ʷʜʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɺʝʩ ʦʜʥʦʛʦ ʤʦʜʫʣʷ ʧʦʨʷʜʢʘ 500 ʢʛ. 
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4.4 ʇʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʢʣʠʢʘ 

ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʘʭ ʧʠʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ 

 ɺ 2014ʛ. ʙʳʣ ʟʘʚʝʨʰʝʥ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʪʢʣʠʢʘ 

ʤʦʜʫʣʴ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʝ ʢʘʥʘʣʘ ʊ10 ʚ ʎɽʈʅʝ ʧʨʠ ʠʤʧʫʣʴʩʘʭ ʥʘʣʝʪʘʶʱʠʭ 

ʧʨʦʪʦʥʦʚ 2 ï 6 ɻʵɺ/c. ʈʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʚʠʜʝ ʩʪʘʪʴʠ (ʞʫʨʥʘʣ çʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘè).  

 ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ 

ʣʠʥʝʡʥʦʩʪʠ ʦʪʢʣʠʢʘ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʠ ʵʪʠʭ ʵʥʝʨʛʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʷ, ʠʟʤʝʨʝʥʥʳʭ ʨʘʥʝʝ. ʇʦʣʫʯʝʥʥʘʷ ʢʦʥʩʪʘʥʪʘ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʯʣʝʥʘ ʚ ʨʘʟʨʝʰʝʥʠʠ ï 

ʧʦʨʷʜʢʘ 56%, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ 

ʩʧʝʢʪʘʪʦʨʦʚ. 

  

  

ʈʠʩʫʥʦʢ 3 ï ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʩʣʝʚʘ) ʠ ʣʠʥʝʡʥʦʩʪʠ ʦʪʢʣʠʢʘ (ʩʧʨʘʚʘ) 

ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ 

 

4.4 ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ʚ ʤʦʜʫʣʝ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʚʩʝʭ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘʤʠ ʧʨʦʪʦʪʠʧʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʣʘʚʠʥʥʳʝ ʬʦʪʦʜʠʦʜʳ MAPD3-A (ʧʨʦʠʟʚʦʜʩʪʚʘ Zecotek), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʠʣʴʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 4 %/0ʉ. ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʠʚʦʜʠʪ ʢ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʨʝʡʬʫ ʚʝʣʠʯʠʥʳ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʢʘʣʦʨʠʤʝʪʨʝ ʧʨʠ ʜʘʥʥʦʡ ʵʥʝʨʛʠʠ ʩʧʝʢʪʘʪʦʨʦʚ, ʢ ʥʝʢʦʨʨʝʢʪʥʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʵʥʝʨʛʠʡ ʩʧʝʢʪʘʪʦʨʦʚ ʠ ʢ ʫʭʫʜʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʢʘʣʦʨʠʤʝʪʨʘ.  
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ɺ 2014ʛ. ʛʨʫʧʧʦʡ ʀʗʀ ʈɸʅ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ 10 ʬʦʪʦʜʠʦʜʦʚ ʚ ʢʘʞʜʦʤ ʤʦʜʫʣʝ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ ʇʝʣʴʪʴʝ ʵʣʝʤʝʥʪʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʵʪʦʤ ʤʦʜʫʣʝ ʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʩʧʝʮʠʘʣʴʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ. ʕʪʦʪ 

ʢʦʥʪʨʦʣʣʝʨ ʨʝʛʫʣʠʨʫʝʪ ʚʝʣʠʯʠʥʫ ʪʦʢʘ ʚ ʇʝʣʴʪʴʝ ʵʣʝʤʝʥʪʝ, ʠʟʤʝʨʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʦʙʣʘʩʪʠ 

ʫʩʪʘʥʦʚʢʠ ʬʦʪʦʜʠʦʜʦʚ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʝʝ ʥʘ ʫʨʦʚʥʝ ʣʫʯʰʝ 0.1 ʛʨʘʜʫʩʘ ʎʝʣʴʩʠʷ. 

ʉʭʝʤʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.  

 ʕʪʘ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʞʝ ʠ ʵʣʝʢʪʨʦʥʠʢʫ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ - ʙʳʩʪʨʳʝ 

ʫʩʠʣʠʪʝʣʠ ʜʣʷ 10 ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʚ ʤʦʜʫʣʝ, ʠʩʪʦʯʥʠʢʠ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʵʪʠʭ ʬʦʪʦʜʠʦʜʦʚ ʠ 

ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʵʪʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʫʩʠʣʝʥʠʷ ʬʦʪʦʜʠʦʜʦʚ. 

ʌʦʪʦʜʠʦʜʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʝ, ʠ ʜʣʷ ʝʝ ʦʭʣʘʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʇʝʣʪʴʝ ʵʣʝʤʝʥʪ. ʍʦʣʦʜʥʘʷ ʩʪʦʨʦʥʘ ʵʣʝʤʝʥʪʘ ʧʨʠʢʣʝʝʥʘ ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʤ ʢʣʝʝʤ ʢ ʤʝʜʥʦʡ 

ʧʣʘʩʪʠʥʝ. ʕʪʘ ʧʣʘʩʪʠʥʘ ʯʝʨʝʟ ʢʨʫʛʣʳʡ (ʜʠʘʤʝʪʨʦʤ 6 ʤʤ) ʤʝʜʥʳʡ ʪʝʧʣʦʦʪʚʦʜ, ʧʨʦʭʦʜʷʱʠʡ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʮʝʥʪʨʘʭ 2ʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʘʪ, ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʜʨʫʛʦʡ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʦʡ, 

ʧʨʠʢʣʝʝʥʥʦʡ ʢ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʝ ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʜʚʫʤʷ ʨʷʜʘʤʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʥʘ ʥʝʡ ʬʦʪʦʜʠʦʜʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʥʝʡ 

ʬʦʪʦʜʠʦʜʘʤʠ ʠʟʤʝʨʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʘʪʯʠʢʦʤ, ʨʘʟʤʝʱʝʥʥʳʤ ʥʘ ʵʪʦʡ ʞʝ ʧʣʘʩʪʠʥʝ. 

ɼʨʫʛʦʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʘʪʯʠʢ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʝ ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ, ʢʦʪʦʨʘʷ 

ʧʨʠʢʣʝʝʥʘ ʢ ʨʘʜʠʘʪʦʨʫ. ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʨʘʜʠʘʪʦʨʘ ʦʥ ʦʙʜʫʚʘʝʪʩʷ 

ʭʦʣʦʜʥʳʤ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ. ɺʝʣʠʯʠʥʘ ʪʦʢʘ, ʩʢʦʨʦʩʪʴ ʝʛʦ ʠʟʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʪʝʨʤʦʜʘʪʯʠʢʦʚ ʩʯʠʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ ʊɽʉ. 

 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʬʦʪʦʜʠʦʜʦʚ ʇʝʣʴʪʴʝ ʵʣʝʤʝʥʪʦʤ ʚ ʤʦʜʫʣʝ ʢʘʣʦʨʠʤʝʪʨʘ. 

ʇʦʷʩʥʝʥʠʷ ʢ ʨʠʩʫʥʢʫ ʜʘʥʳ ʚ ʪʝʢʩʪʝ 
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 ʅʘ ʨʠʩʫʥʢʝ 5 (ʩʣʝʚʘ) ʧʦʢʘʟʘʥʘ ʬʦʪʦʛʨʘʬʠʷ ʧʨʦʪʦʪʠʧʘ ʵʣʝʢʪʨʦʥʠʢʠ ʩ ʩʠʩʪʝʤʦʡ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʜʠʦʜʦʚ ʚ ʤʦʜʫʣʝ. ʅʘ ʵʪʦʤ ʞʝ ʨʠʩʫʥʢʝ, ʩʧʨʘʚʘ, 

ʧʦʢʘʟʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ 10 ʬʦʪʦʜʠʦʜʦʚ ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʝ. ʄʝʞʜʫ ʜʚʫʤʷ ʨʷʜʘʤʠ 

ʬʦʪʦʜʠʦʜʦʚ ʚʠʜʥʘ ʤʝʜʥʘʷ ʧʣʘʩʪʠʥʘ, ʧʨʠʢʣʝʝʥʥʘʷ ʢ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʝ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʦʤ ʦʪ ʇʝʣʴʪʴʝ ʵʣʝʤʝʥʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 6 (ʚʚʝʨʭʫ, ʩʣʝʚʘ) ʧʦʢʘʟʘʥʘ ʬʦʪʦʛʨʘʬʠʷ ʤʦʜʫʣʷ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʦʡ ʠ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʠ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ. ʆʙʲʝʤ ʤʦʜʫʣʷ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ ʦʪʜʝʣʷʝʪʩʷ ʪʝʨʤʦʠʟʦʣʠʨʫʶʱʝʡ ʧʣʘʩʪʠʥʦʡ ʦʪ ʚʥʝʰʥʝʛʦ 

ʦʙʲʝʤʘ. ʇʦʵʪʦʤʫ ʥʘ ʵʪʦʡ ʬʦʪʦʛʨʘʬʠʠ ʚʠʜʝʥ ʪʦʣʴʢʦ ʨʘʜʠʘʪʦʨ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʦʙʜʫʚʘʝʪʩʷ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ. 

 

  

ʈʠʩʫʥʦʢ 5 ï ʌʦʪʦʛʨʘʬʠʷ ʧʨʦʪʦʪʠʧʘ ʵʣʝʢʪʨʦʥʠʢʠ ʩ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʜʠʦʜʦʚ ʚ ʤʦʜʫʣʝ. 

 ʅʘ ʵʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʅʘ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʦʤʝʱʝʥʠʠ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥ ʢʘʣʦʨʠʤʝʪʨ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʊʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 

19.5 - 20.5 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. ʏʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨ ʙʳʣʘ ʟʘʜʘʥʘ ʫʩʪʘʥʦʚʢʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ʩ ʬʦʪʦʜʠʦʜʘʤʠ ʠ ʝʝ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘ ʫʨʦʚʥʝ 17 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. 

ʅʘ ʥʠʞʥʝʤ ʣʝʚʦʤ ʨʠʩʫʥʢʝ ʚʝʨʭʥʷʷ ʢʨʠʚʘʷ ʧʦʢʘʟʳʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʜʠʘʪʦʨʘ ʚ ʪʝʯʝʥʠʝ 

ʩʫʪʦʢ, ʘ ʥʠʞʥʷʷ ʢʨʘʩʥʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ, ʠʟʤʝʨʷʝʤʫʶ ʜʘʪʯʠʢʦʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʝ ʩ ʬʦʪʦʜʠʦʜʘʤʠ. ʅʘ ʧʨʘʚʦʤ ʥʠʞʥʝʤ ʨʠʩʫʥʢʝ 

ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ɺʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 17 ʛʨʘʜʫʩʦʚ, ʘ ʰʠʨʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʥʴʰʝ 0.1 ʛʨʘʜʫʩʦʚ.  
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ʈʠʩʫʥʦʢ 6 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʩ ʩʠʩʪʝʤʦʡ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʤʦʜʫʣʝ 

(ʩʧʨʘʚʘ ʚʚʝʨʭʫ) ʠ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʦʷʩʥʝʥʠʷ ʢ ʵʪʦʤʫ ʨʠʩʫʥʢʫ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʝʢʩʪʝ 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʦʪʦʜʠʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʩʧʝʢʪʘʪʦʨʦʚ ʩ ʭʦʨʦʰʝʡ 

ʪʦʯʥʦʩʪʴʶ. 

 

4.4 ʋʯʘʩʪʠʝ ʀʗʀ ʈɸʅ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ʉɺʄ ï ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʠ ʫʛʣʘ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʚ 

ʷʜʨʦ-ʷʜʝʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ 
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʝʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʦʣʢʥʦʚʝʥʠʡ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʩ ʨʝʘʣʠʩʪʠʯʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʷʜʝʨ-ʦʩʢʦʣʢʦʚ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʦʚ ʨʦʞʜʝʥʥʳʭ ʯʘʩʪʠʮ ʠ 

ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GEANT4 ʯʝʨʝʟ ʧʦʣʥʫʶ ʛʝʦʤʝʪʨʠʶ ʉɺʄ ʜʝʪʝʢʪʦʨʘ 

(ʈʠʩʫʥʦʢ 7). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʙʠʝʥʠʝ ʩʦʙʳʪʠʷ ʥʘ 3 ʩʦʩʪʘʚʥʳʭ ʧʦʜʩʦʙʳʪʠʷ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʨʘʜʠʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʘʣʦʨʠʤʝʪʨʘ 

(ʧʦʤʝʯʝʥʳ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ ʠ ʮʠʬʨʘʤʠ 1, 2, 3 ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʨʠʩʫʥʦʢ 2), ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʩʪʠ PSD ʢʘʣʦʨʠʤʝʪʨʦʤ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʩʪʦʣʢʥʦʚʝʥʠʷ, PSD ʠʤʝʝʪ ʩʨʘʚʥʠʤʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʧʨʠʮʝʣʴʥʦʤʫ 

ʧʘʨʘʤʝʪʨʫ, ʯʪʦ ʠ ʩʠʩʪʝʤʘ ʪʨʝʢʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ (STS) ʫʩʪʘʥʦʚʢʠ ʉɺʄ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, PSD 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʳʡ ʤʝʪʦʜ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʚ ʉɺʄ ʵʢʩʧʝʨʠʤʝʥʪʝ. ɹʳʣʦ 
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ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʣʦʨʠʤʝʪʨʘ ʩʦʚʤʝʩʪʥʦ ʩ STS, PSD ʧʦʤʦʛʘʝʪ ʫʣʫʯʰʠʪʴ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 0-40% ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʩ ʨʘʟʙʠʚʢʦʡ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘ ʙʦʣʝʝ ʫʟʢʠʝ ʢʣʘʩʩʳ ʰʠʨʠʥʦʡ 5%.  

 

ʈʠʩʫʥʦʢ 7 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʚ ʉɺʄ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ ʢʦʨʨʝʣʷʮʠʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ 

STS ʠ ʠʟʤʝʨʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʚ ʧʦʜʩʦʙʳʪʠʷʭ ʩʧʝʢʪʘʪʦʨʦʚ (1, 2, 3 ï ʧʦʢʘʟʘʥʳ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ 

ʈʠʩʫʥʦʢ 2) ʚ PSD, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʙʠʥʘʮʠʡ ʧʦʜʩʦʙʳʪʠʡ ʪʦʣʴʢʦ ʚ ʘʜʨʦʥʥʦʤ 

ʢʘʣʦʨʠʤʝʪʨʝ PSD. ʅʘ ʣʝʚʦʡ ʧʘʥʝʣʠ ʧʦʢʘʟʘʥʘ ʧʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʠʮʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ <b> ʠ ʝʛʦ ʦʰʠʙʢʠ ůb, ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦ 

ʧʨʠʮʝʣʴʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʦʚ ʧʦ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʜʝʪʝʢʪʦʨʦʚ. ʅʘ ʧʨʘʚʦʡ ʧʘʥʝʣʠ ʧʦʢʘʟʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʧʨʠʮʝʣʴʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʥʪʨʘʣʴʥʦʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʵʥʝʨʛʠʡ Eb = 2 Aɻʵɺ (ʚʝʨʭʥʠʝ ʧʘʥʝʣʠ), 10 

Aɻʵɺ (ʩʨʝʜʥʠʝ ʧʘʥʝʣʠ), ʠ 35 Aɻʵɺ (ʥʠʞʥʠʝ ʧʘʥʝʣʠ).ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ PSD ʦʪ ʤʠʰʝʥʠ 8 (15) 

ʤ ʧʨʠ Eb = 2 ʠ 10 (35) Aɻʵɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʘʟʨʝʰʝʥʠʝ ʢʘʣʦʨʠʤʝʪʨʘ ʧʦ ʫʛʣʫ 

ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 30 - 40 ʛʨʘʜʫʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 
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ʢʘʣʦʨʠʤʝʪʨʘ ʦʪ ʤʠʰʝʥʠ ʠ ʵʥʝʨʛʠʠ ʩʪʦʣʢʥʦʚʝʥʠʷ. ʉ ʚʥʦʚʴ ʧʨʝʜʣʦʞʝʥʥʦʡ, ʚʳʪʷʥʫʪʦʡ ʚʜʦʣʴ 

ʦʩʠ ʍ ʛʝʦʤʝʪʨʠʝʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʜʫʣʝʡ ʢʘʣʦʨʠʤʝʪʨʘ, ʠ ʩ ʫʯʝʪʦʤ ʢʦʨʨʝʢʮʠʠ ʘʟʠʤʫʪʘʣʴʥʦʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʨʘʟʨʝʰʝʥʠʝ PSD ʧʦ ʫʛʣʫ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʘʛʥʠʪʘ ʉɺʄ (ʈʠʩʫʥʦʢ 8). 

 

 

ʈʠʩʫʥʦʢ 8 ï ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʫʛʣʫ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʜʣʷ ʧʦʣʫʮʝʥʪʨʘʣʴʥʳʭ (20-50%) 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʷʜʝʨ Au + Au. ʉʣʝʚʘ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʵʥʝʨʛʠʡ ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ Eb 

= 2, 4, 6, 10, 15, 25, 35 ʠ Aɻʵɺ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʢʘʣʦʨʠʤʝʪʨʘ ʦʪ ʤʠʰʝʥʠ ʚ 

ʜʠʘʧʘʟʦʥʝ 8 ʠ 15 ʤ. ɼʣʷ ʣʫʯʰʝʡ ʚʠʜʠʤʦʩʪʠ, ʪʦʯʢʠ ʩʣʝʛʢʘ ʩʜʚʠʥʫʪʳ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ. ʅʘ 

ʧʨʘʚʦʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥ ʵʬʬʝʢʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʫʛʣʫ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ 

ʧʨʠ ʵʥʝʨʛʠʠ ʧʫʯʢʘ Eb = 2 Aɻʵɺ. ʇʨʠ ʵʪʦʡ ʵʥʝʨʛʠʠ PSD ʨʘʩʧʦʣʦʞʝʥ ʚ 8 ʤ ʦʪ ʤʠʰʝʥʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʪʘʢʞʝ, ʯʪʦ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʫʛʣʫ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ, 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ PSD ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʝ, ʯʝʤ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʫʛʣʫ ʧʣʦʩʢʦʩʪʠ 

ʨʝʘʢʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ STS, ʣʠʙʦ TOF - ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ ʚ ʪʦʡ ʞʝ ʧʝʨʝʜʥʝʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʠ 

PSD (ʈʠʩʫʥʦʢ 9). 
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ʈʠʩʫʥʦʢ 9 - ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʫʛʣʫ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ 

ʥʘʣʝʪʘʶʱʝʛʦ ʷʜʨʘ ʚ ʨʝʘʢʮʠʠ Au+Au ʜʣʷ ʧʨʠʮʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ b < 11 fm, ʧʦʣʫʯʝʥʥʦʝ ʜʣʷ 

PSD, STS, ʧʝʨʝʜʥʝʛʦ TOF. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʩʦʙʳʪʠʡ 

DCM-QGSM ʠ ʬʠʟʠʯʝʩʢʠʤ ʣʠʩʪʦʤ FTFP_BERT ʚ GEANT4 

 ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ v2, ʠʩʧʦʣʴʟʫʷ UrQMD ʢʘʢ 

ʛʝʥʝʨʘʪʦʨ ʩʦʙʳʪʠʡ ʜʣʷ ʧʨʦʪʦʥʦʚ ʚ Au + Au ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʧʨʠ Eb =10 Aɻʵɺ ʠ ʠʩʧʦʣʴʟʫʷ 

ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʙʳʪʠʡ ʩ ʜʨʫʛʠʭ ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ ʉɺʄ 

ʫʩʪʘʥʦʚʢʠ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʙʳʣʘ ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʩ ʧʦʤʦʱʴʶ PSD ʧʦʪʦʢʦʚ ʜʨʫʛʠʭ ʯʘʩʪʠʮ, ʪʘʢʠʭ ʢʘʢ ʩʪʨʘʥʥʳʝ ʠ ʤʫʣʴʪʠʩʪʨʘʥʥʳʝ ʛʠʧʝʨʦʥʳ ȿ 

ʠ  

ɋ-, ʯʪʦ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʬʠʟʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʠʟʤʝʨʝʥʠʡ ʥʘ ʫʩʪʘʥʦʚʢʝ ʉɺʄ. 

ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʦʮʝʥʢʘʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʣʦʨʠʤʝʪʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʣʦʩʢʦʩʪʠ 

ʨʝʘʢʮʠʠ, ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʧʦʪʦʢ v2, ʜʣʷ ȿ ʠ ʧʨʦʪʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥ ʩ ʪʦʯʥʦʩʪʴʶ ʣʫʯʰʝ 

1% ʚ ʦʙʣʘʩʪʠ ʧʦʧʝʨʝʯʥʳʭ ʤʘʩʩ pT = 0.5 ï 2 ɻʵɺ/c ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʥʘʙʦʨʘ 

ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 100 kHz (ʈʠʩʫʥʦʢ 10). 

 

    

ʈʠʩʫʥʦʢ 10 ï ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʜʣʷ ʵʣʣʠʧʪʠʯʝʩʢʠʭ v2 ʧʦʪʦʢʦʚ 

ʧʨʦʪʦʥʦʚ, ȿ ʠ ɋ- ʜʣʷ ʧʦʣʫʮʝʥʪʨʘʣʴʥʳʭ (b = 6 - 8 fm) ʩʪʦʣʢʥʦʚʝʥʠʡ Au+Au (ʜʣʷ 1010 

(ʧʨʦʪʦʥʳ, ȿ) ʠ 1011 (ɋ-) minimum bias ʩʪʦʣʢʥʦʚʝʥʠʡ Au+Au). 

4.4 ʉʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ 

[1] B. Friman et al., The CBM physics book: Compressed baryonic matter in laboratory 

experiments, Lect.Notes Phys. 814, 1 (2011), doi:10.1007/978-3-642-13293-3. 

[2] CBM Collaboration, P. Senger and V. F. (Eds.), CBM Report 2013, http://www-

alt.gsi.de/documents/DOC-2014-Mar-16-1.pdf (2012). 

 [3] PSD TDR, https://www-alt.gsi.de/documents/DOC-2014-Nov-59.html 

https://www-alt.gsi.de/documents/DOC-2014-Nov-59.html
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4.4 ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʥʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʛʨʫʧʧʳ ʀʗʀ ʈɸʅ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʉɺʄ ʚ 2014 ʛ. 

ɺ ʪʝʯʝʥʠʝ 2014ʛ. ʧʨʦʚʦʜʠʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʜʦʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʩ ʫʯʝʪʦʤ 

ʚʦʧʨʦʩʦʚ ʠ ʟʘʤʝʯʘʥʠʡ, ʧʦʩʪʫʧʠʚʰʠʭ ʦʪ ʵʢʩʧʝʨʪʦʚ. ɺ ʩʝʥʪʷʙʨʝ 2014ʛ ʧʦʧʨʘʚʣʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʙʳʣ ʦʪʧʨʘʚʣʝʥ ʚ ʌɸʀʈ ʜʣʷ ʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ. ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ 

ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʫʪʚʝʨʞʜʝʥ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʦʤʠʪʝʪʘ ʌɸʀʈ 25 ʥʦʷʙʨʷ 

2014ʛ. ʇʨʦʚʝʜʝʥʥʦʝ ʚ 2014ʛ. ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʛʣʘ ʧʣʦʩʢʦʩʪʠ ʨʝʘʢʮʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʜʝʪʝʢʪʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʉɺʄ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʣʠʥʝʡʥʦʩʪʴ ʦʪʢʣʠʢʘ ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʵʥʝʨʛʠʠ 

ʩʧʝʢʪʘʪʦʨʦʚ.  

ɺ 2014 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣ çʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘè ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʪʢʣʠʢʘ ʤʦʜʫʣʷ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ PSD ʥʘ ʧʫʯʢʝ ʢʘʥʘʣʘ ʊ10 ʚ ʎɽʈʅʝ 

ʧʨʠ ʠʤʧʫʣʴʩʘʭ ʥʘʣʝʪʘʶʱʠʭ ʧʨʦʪʦʥʦʚ 2 ï 6 ɻʵɺ/ʩ. 

 

4.4 ʉʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʘʪʠʢʝ ʉɺʄ c ʫʯʘʩʪʠʝʤ ʩʦʘʚʪʦʨʦʚ 

ʛʨʫʧʧʳ ʀʗʀ ʈɸʅ ʟʘ 2014ʛ. 

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʢʣʠʢʘ ʤʦʜʫʣʷ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʠ 

ʥɻʝʨʛʠʷʭ ʧʨʦʪʦʥʦʚ ʠ ʧʠʦʥʦʚ 1-5 ɻʵɺ, ʆ. ɸʥʜʨʝʝʚʘ, ʄ.ɻʦʣʫʙʝʚʘ, ʌ.ɻʫʙʝʨ, ɸ.ʀʚʘʰʢʠʥ, 

ɸ.ʂʫʨʝʧʠʥ, ɺ.ʄʘʨʠʥ, ʆ.ʇʝʪʫʭʦʚ, ɸ.ʉʘʜʦʚʩʢʠʡ, ʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, 6 (2014), 

5ï12, 

An experimental study of the hadron calorimeter module response to protons and pions 

with energies of 1-5 GeV M.B. Golubeva, F.F. Guber, A.P. Ivashkin, A.B. Kurepin, V.N. Marin, 

O.A. Petukhov, A.S. Sadovsky, Instrum.Exp.Tech. 57 (2014) 6, 651-657.  

DOI: 10.1134/S0020441214060050 

 

4.4 ʉʧʠʩʦʢ ʚʳʩʪʫʧʣʝʥʠʡ ʛʨʫʧʧʳ ʀʗʀ ʈɸʅ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʩʦʚʝʱʘʥʠʷʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʪʝʤʘʪʠʢʝ ʉɺʄ 

23rd CBM Collaboration meeting, 7-11 April 2014, GSI, Darmstadt  

-Status of the PSD TDR,  Fedor Guber 

-Prototype of the PSD cooling system, Alexander Ivashkin 

-J/psi simulations, Alla Maevskaya 

-Status and Outlook PSD, Alexander Ivashkin 

 

4.4 ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʩʧʝʮʠʘʣʠʩʪʘʤ ʀʗʀ ʈɸʅ, 

ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ 2014 ʛ. 

ʏʠʩʣʦ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʙʦʪʘʭ ʥʘʜ ʧʨʦʝʢʪʦʤ ʉɺʄ 7  

ʏʠʩʣʦ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʠʚʣʝʯʝʥʥʳʭ ʚ ʵʪʠ ʨʘʙʦʪʳ 1  

http://inspirehep.net/record/1328155
http://inspirehep.net/record/1328155
http://inspirehep.net/author/profile/Golubeva%2C%20M.B.?recid=1328155&ln=ru
http://inspirehep.net/author/profile/Guber%2C%20F.F.?recid=1328155&ln=ru
http://inspirehep.net/author/profile/Ivashkin%2C%20A.P.?recid=1328155&ln=ru
http://inspirehep.net/author/profile/Kurepin%2C%20A.B.?recid=1328155&ln=ru
http://inspirehep.net/author/profile/Marin%2C%20V.N.?recid=1328155&ln=ru
http://inspirehep.net/author/profile/Petukhov%2C%20O.A.?recid=1328155&ln=ru
http://inspirehep.net/author/profile/Sadovsky%2C%20A.S.?recid=1328155&ln=ru
http://dx.doi.org/10.1134/S0020441214060050
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ʏʠʩʣʦ ʩʪʫʜʝʥʪʦʚ - ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 1 

ʏʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ: ʇʊʕ ï 1 ʧʫʙʣ.  

 

4.4 ʇʣʘʥ ʫʯʘʩʪʠʷ ʛʨʫʧʧʳ ʀʗʀ ʈɸʅ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʉɺʄ ʥʘ 2015 ʛ. 

- ɺ 2015ʛ. ʙʫʜʝʪ ʧʦʜʛʦʪʦʚʣʝʥ ʠ ʧʦʜʧʠʩʘʥ ʢʦʥʪʨʘʢʪ ʤʝʞʜʫ ʀʗʀ ʈɸʅ ʠ ʌɸʀʈ ʠ ʥʘʯʘʪʳ 

ʨʘʙʦʪʳ ʧʦ ʨʘʟʤʝʱʝʥʠʶ ʟʘʢʘʟʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʤʧʦʥʝʥʪʳ ʢʘʣʦʨʠʤʝʪʨʘ, ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ 

ʠ ʪʝʩʪʠʨʦʚʘʥʠʶ ʤʦʜʫʣʝʡ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʀʗʀ ʈɸʅ. 

-  ʇʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʢʣʠʢʘ ʤʦʜʫʣʷ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʘʭ 

ʘʜʨʦʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʧʨʦʪʦʪʠʧʦʚ ʩʯʠʪʳʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ. 

- ɹʫʜʫʪ ʧʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʦʪʢʣʠʢʘ ʢʘʣʦʨʠʤʝʪʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʜʘ GEANT4 ʚ CBMRoot ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʠʦʥʦʧʨʦʚʦʜʘ ʫʩʪʘʥʦʚʢʠ ʉɺʄ, ʦʧʪʠʤʠʟʘʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʠ ʫʛʣʘ ʧʣʦʩʢʦʩʪʠ 

ʨʝʘʢʮʠʠ, ʧʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ J/psi ʚ 

ʉɺʄ. 

- ʇʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʢʘʣʠʙʨʦʚʢʠ ʧʨʦʜʦʣʴʥʦ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘ CBM ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʘʭ. 

 

4.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʣʝʢʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʥʝ ʥʫʢʣʦʥʥʳʭ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʚ ʷʜʨʘʭ, ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʞʘʪʦʡ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ 

ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʧʨʦʪʦʥʦʚ ʠ ʪʷʞʸʣʳʭ ʠʦʥʦʚ ʩ ʷʜʨʘʤʠ. 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʟ.ʜ.ʥ. ɸ.ɹ.ʂʫʨʝʧʠʥ. 

  ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʧʨʦʪʦʪʠʧʘ ʢʘʣʦʨʠʤʝʪʨʘ ZDC ʥʘ ʚʳʚʝʜʝʥʥʦʤ ʧʫʯʢʝ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ 

ʤʦʜʫʣʴ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. ʈʘʥʝʝ ʥʘ ʧʫʯʢʝ ʊ10 ʚ ʎɽʈʅ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʪʢʣʠʢʘ ʤʦʜʫʣʷ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʩ ʚʳʧʦʣʥʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʢʦʤʧʝʥʩʘʮʠʠ ʘʜʨʦʥʥʦʡ 

ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʀʗʀ ʈɸʅ ʧʨʠ ʵʥʝʨʛʠʷʭ ʧʨʦʪʦʥʦʚ ʠ ʧʠʦʥʦʚ 

1 ï 5 ɻʵɺ. ʄʦʜʫʣʴ ʧʝʨʝʚʝʟʝʥ ʚ ɼʫʙʥʫ ʠ ʙʫʜʝʪ ʠʩʧʳʪʘʥ ʥʘ ʧʫʯʢʝ ʅʫʢʣʦʪʨʦʥʘ ʚ 2014 ʛ. 

  ʇʦʜʛʦʪʦʚʣʝʥʘ ʟʦʥʘ ʚ ʢʦʨʧʫʩʝ 25 ʥʘ ʚʳʚʝʜʝʥʥʦʤ ʧʫʯʢʝ ʅʫʢʣʦʪʨʦʥʘ ʃʘʙʦʨʘʪʦʨʠʠ 

ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʆʀʗʀ ʚ ɼʫʙʥʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʚʤʝʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʦʜʫʣʝʡ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ZDC, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʚ ʀʗʀ ʈɸʅ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʩʦʦʨʫʞʘʝʤʦʡ ʫʩʪʘʥʦʚʢʠ MPD ʥʘ ʢʦʣʣʘʡʜʝʨʝ NICA.  

  ʅʘ ʚʥʫʪʨʝʥʥʝʤ ʧʫʯʢʝ ʅʫʢʣʦʪʨʦʥʘ ʧʨʦʚʝʜʝʥʳ ʜʚʘ ʩʝʘʥʩʘ ʠʟʤʝʨʝʥʠʡ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʘʥʦʤʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʚʳʭʦʜʘ ʧʠ-ʤʝʟʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʙʝʞʥʦʛʦ 

ʪʝʣʝʩʢʦʧʘ.  

  ɿʘʚʝʨʰʝʥʘ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʚʫʭ ʩʝʘʥʩʘʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʤ 

ʧʫʯʢʝ ʅʫʢʣʦʪʨʦʥʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʥʦʤʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʚʳʭʦʜʘ ʧʠ-

ʤʝʟʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʙʝʞʥʦʛʦ ʪʝʣʝʩʢʦʧʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ 

ʧʨʦʣʝʪʘ ʠ ʧʦ ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ ʧʦʣʫʯʝʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʠʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ. ʀʟʤʝʨʝʥʦ 

ʦʪʥʦʰʝʥʠʝ ʚʳʭʦʜʦʚ ʧʠʦʥʦʚ ʢ ʧʨʦʪʦʥʘʤ ( ʈʠʩʫʥʦʢ 1 ) 
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ʈʠʩʫʥʦʢ 1 ï ʆʪʥʦʰʝʥʠʝ ʚʳʭʦʜʦʚ ʧʠʦʥʦʚ ʢ ʧʨʦʪʦʥʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ 

ʜʝʡʪʨʦʥʦʚ ʥʘ ʦʜʠʥ ʥʫʢʣʦʥ ʜʣʷ ʤʠʰʝʥʠ Al.  

ʇʫʙʣʠʢʘʮʠʷ: 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʢʣʠʢʘ ʤʦʜʫʣʷ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʠ ʵʥʝʨʛʠʷʭ 

ʧʨʦʪʦʥʦʚ ʠ ʧʠʦʥʦʚ 1-5 ɻʵɺ. ʆ. ɸʥʜʨʝʝʚʘ, ʄ.ɻʦʣʫʙʝʚʘ, ʌ.ɻʫʙʝʨ, ɸ.ʀʚʘʰʢʠʥ, ɸ.ʂʫʨʝʧʠʥ, 

ɺ.ʄʘʨʠʥ, ʆ.ʇʝʪʫʭʦʚ, ɸ.ʉʘʜʦʚʩʢʠʡ, ʇʨʠʥʷʪʘ ʚ ʧʝʯʘʪʴ ʚ ʞʫʨʥʘʣʝ çʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘè 
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5 ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʦʠʟʦʪʦʧʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʭ.ʥ. ɹ.ʃ.ɾʫʡʢʦʚ. 

ʌʠʟʠʢʘ ʘʪʦʤʥʦʛʦ ʷʜʨʘ, ʜʠʥʘʤʠʢʘ ʷʜʝʨʥʳʭ ʠ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʬʠʟʠʢʘ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʪʷʞʸʣʳʭ ʠʦʥʦʚ. 

ʇʨʠʢʣʘʜʥʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ, ʨʘʜʠʦʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʷʜʝʨʥʘʷ 

ʪʨʘʥʩʤʫʪʘʮʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ. 

ʈʘʟʚʠʪʠʝ ʷʜʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʦʪʦʥʥʳʭ ʧʫʯʢʘʭ ʄʦʩʢʦʚʩʢʦʡ ʤʝʟʦʥʥʦʡ 

ʬʘʙʨʠʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ  ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʟʦʪʦʧʦʚ ʥʘ ʩʠʣʴʥʦʪʦʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʧʫʯʢʘʭ. 

 

ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʂʦʭʘʥʶʢ ɺ.ʄ. (ʨʘʟʜʝʣ 1,2) 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ  ʢ.ʪ.ʥ. ɽʨʤʦʣʘʝʚ ʉ.ɺ. (ʨʘʟʜʝʣ 1,3) 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʭ.ʥ. ʏʫʜʘʢʦʚ ɺ.ʄ. (ʨʘʟʜʝʣ 2) 

ʀʩʧʦʣʥʠʪʝʣʠ: 

ɻʣʘʚʥʳʡ ʠʥʞʝʥʝʨ ʫʩʪʘʥʦʚʢʠ ɻʘʙʨʠʝʣʷʥʮ ʖ.ɻ. (ʨʘʟʜʝʣ 1) 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʉʢʘʩʳʨʩʢʘʷ ɸ.ʂ. (ʨʘʟʜʝʣ 1) 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢ.ʭ.ʥ. ʃʘʧʰʠʥʘ ɽ.ɺ. (ʨʘʟʜʝʣ 3) 

 

5 ʈɽʌɽʈɸʊ 

ʈɸɼʀʆʀɿʆʊʆʇʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʀʩʩʣʝʜʦʚʘʥʳ ʨʝʞʠʤʳ ʦʙʣʫʯʝʥʠʷ ʨʫʙʠʜʠʝʚʳʭ ʤʠʰʝʥʝʡ ʧʨʠ ʚʳʩʦʢʠʭ ʪʦʢʘʭ 

ʧʨʦʪʦʥʥʦʛʦ ʧʫʯʢʘ.  

2. ʀʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʪʦʨʘ ʨʫʙʠʜʠʷ-82, ʠʟʛʦʪʦʚʣʷʝʤʦʛʦ ʥʘ 

ʦʩʥʦʚʝ ʩʪʨʦʥʮʠʷ-82 ʚ ʈʅʎ ʈʍʊ (ʉ-ʇʝʪʝʨʙʫʨʛ) ʠ ARRONAX GIP (ʌʨʘʥʮʠʷ) ʩ ʮʝʣʴʶ ʇʕʊ-

ʜʠʘʛʥʦʩʪʠʢʠ ʢʘʨʜʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʈʦʩʩʠʠ ʠ ɽʚʨʦʧʝ. 

3.  ʇʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʀʗʀ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʘʢʪʠʥʠʷ-225 ʠ ʨʘʜʠʷ-223 ʠʟ ʤʠʰʝʥʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʦʨʠʷ, ʦʙʣʫʯʝʥʥʦʡ 

ʧʨʦʪʦʥʘʤʠ ʩʨʝʜʥʠʭ ʵʥʝʨʛʠʡ.   
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5 ɺʚʝʜʝʥʠʝ 

ʇʦʣʫʯʝʥʠʝ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʪʦʧʦʚ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ 

ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʥʘʫʯʥʦʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʠ ʩʦʮʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʃʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʀʗʀ ʈɸʅ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʚ ɽʚʨʦʧʝ ʠ ɸʟʠʠ ʪʘʢʦʛʦ 

ʢʣʘʩʩʘ. ʅʘ ʥʝʤ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʨʷʜ ʚʘʞʥʝʡʰʠʭ ʤʝʜʠʮʠʥʩʢʠʭ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʨʦʥʮʠʡ-82 (ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʛʝʥʝʨʘʪʦʨʦʚ 

ʨʫʙʠʜʠʷ-82 ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʧʦʤʦʱʴʶ ʧʦʟʠʪʨʦʥʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ) ʠ ʘʢʪʠʥʠʡ-

225 (ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʛʝʥʝʨʘʪʦʨʦʚ ʚʠʩʤʫʪʘ-213 ʜʣʷ ʪʝʨʘʧʠʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ). ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʫʣʫʯʰʝʥʠʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʩʪʨʦʥʮʠʷ-82  ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʥʠʷ-225, ʘ ʪʘʢʞʝ ʚʘʞʥʦʛʦ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʨʘʜʠʷ-223. ʊʘʢʞʝ ʚ ʜʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ, ʠʟʫʯʘʶʪʩʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʛʝʥʝʨʘʪʦʨʳ 82Sr/82Rb, 

225Ac/213Bi ʠ 223Ra/211Pb. 

 

5.1 ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦ ʧʨʷʤʦʤʫ ʠʟʚʣʝʯʝʥʠʶ ʩʪʨʦʥʮʠʷ-82 

ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʠ ʠʟ ʞʠʜʢʦʛʦ ʨʫʙʠʜʠʷ ʠʟ ʤʠʰʝʥʝʡ, ʦʙʣʫʯʸʥʥʳʭ 

ʧʨʦʪʦʥʘʤʠ ʩʨʝʜʥʠʭ ʵʥʝʨʛʠʡ 

5.1.1 ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʥʘʨʘʙʦʪʢʠ ʩʪʨʦʥʮʠʷ-82 ʥʘ ʫʩʢʦʨʠʪʝʣʝ ʀʗʀ 

ʈɸʅ 
ʇʨʦʚʝʜʝʥʦ ʦʙʣʫʯʝʥʠʝ 8 ʨʫʙʠʜʠʝʚʳʭ ʤʠʰʝʥʝʡ ʪʦʢʦʤ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʨʠ 

ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ ʦʙʣʫʯʝʥʠʷ ʤʝʥʷʣʠ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʩʪʨʦʥʮʠʷ-82 

ʦʪ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ.  ʄʠʰʝʥʠ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʜʠʦʭʠʤʠʯʝʩʢʫʶ ʧʝʨʝʨʘʙʦʪʢʫ 

ʚ ʃɸʅʃ, ʛʜʝ ʦʧʨʝʜʝʣʷʣʩʷ ʚʳʭʦʜ ʚ ʢʘʞʜʦʡ ʤʠʰʝʥʠ, ʘ ʪʘʢʞʝ ʧʦʪʝʨʠ ʧʨʠ ʭʠʤʠʯʝʩʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ. ʇʦʪʝʨʠ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʙʣʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ 

ʩʪʨʦʥʮʠʡ ʥʝʦʙʨʘʪʠʤʦ ʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʚʣʝʯʝʥ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʝʜʝʣʘʭ ʩʤʝʱʝʥʠʝ ʧʫʯʢʘ ʧʦ ʦʩʠ Y ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜ. 

ʉʤʝʱʝʥʠʝ ʞʝ ʮʝʥʪʨʘ ʧʫʯʢʘ ʧʦ ʦʩʠ ʍ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜ (ʩʤ. ʨʠʩʫʥʦʢ 1.1.1), ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʩʩʝʷʥʠʝʤ ʧʫʯʢʘ ʧʨʠ ʠʤʝʶʱʝʡʩʷ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʠʰʝʥʠ. ʂʘʢ ʚʠʜʥʦ 

ʠʟ ʨʠʩʫʥʢʘ 1.1.1, ʚʳʭʦʜ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʷ 2,2 ʤʤ. ʇʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʤ ʩʤʝʱʝʥʠʠ ï 4 ʤʤ (ʥʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ), ʚʳʭʦʜ ʩʥʦʚʘ ʨʝʟʢʦ ʧʘʜʘʝʪ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʰʠʨʠʥʳ ʧʫʯʢʘ ʠ ʫʩʣʦʚʠʡ ʝʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩ ʥʦʚʦʡ ʩʠʩʪʝʤʦʡ ʙʳʩʪʨʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʫʯʢʘ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ ʢʨʘʡʥʝʡ 
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ʤʝʨʝ ʜʦ 120 ʤʢɸ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʨʘʜʠʦʠʟʦʪʦʧʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʩʪʨʦʥʮʠʷ-

82. 

ɿʘʚʠʩʠʤʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʩʪʨʦʥʮʠʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʣʫʯʝʥʠʷ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ.  

 

ʈʠʩʫʥʦʢ 1.1.1 - ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʩʪʨʦʥʮʠʷ-82 (ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ) ʦʪ 

ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʧʫʯʢʘ ʦʪ ʮʝʥʪʨʘ ʧʦ ʦʩʠ ʍ (ʤʤ) ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʢʦʩʦʡ ʤʠʰʝʥʠ ʠʟ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʫʙʠʜʠʷ ʚ ʨʘʟʥʳʭ ʜʝʨʞʘʪʝʣʷʭ (ʧʦʩʪʝʣʷʭ). ɺ ʩʢʦʙʢʘʭ ï ʩʤʝʱʝʥʠʝ ʧʦ ʦʩʠ 

Y (ʤʤ). 

5.1.2 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʣʫʯʝʥʠʷ ʨʫʙʠʜʠʝʚʳʭ ʤʠʰʝʥʝʡ 

5.1.2.1 ʆʮʝʥʢʘ ʜʦʣʝʡ ʧʨʦʪʦʥʦʚ, ʧʦʛʣʦʱʝʥʥʳʭ ʚ ʤʠʰʝʥʠ, ʠ 

ʧʨʦʪʦʥʦʚ, ʚʳʣʝʪʘʶʱʠʭ ʠʟ ʤʠʰʝʥʠ ʩ ʵʥʝʨʛʠʝʡ ʤʝʥʝʝ 35 ʄʵɺ 
ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʩʪʝʣʠ ʤʠʰʝʥʥʦʡ ʢʘʤʝʨʳ ʥʘ ʫʩʪʘʥʦʚʢʝ ʧʦʣʫʯʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

ʀʗʀ ʈɸʅ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʭʦʜʥʦʛʦ ʦʢʥʘ ʫʩʢʦʨʠʪʝʣʷ ʜʦ ʤʠʰʝʥʠ. ʇʨʠ 

ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʦʚ, 

ʧʨʠʭʦʜʷʱʠʭ ʥʘ ʤʠʰʝʥʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʥʷʷ ʚʭʦʜʥʘʷ ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʦʚ ʜʣʷ Rb 

ʤʠʰʝʥʠ ʩʦʩʪʘʚʣʷʝʪ 89 ʄʵɺ, ʘ ʚʳʭʦʜʥʘʷ ï 26 ʄʵɺ. ʄʝʪʦʜ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʧʨʦʪʦʥʦʚ ( ʥʘ ʙʘʟʝ ʷʜʝʨʥʦʛʦ ʢʦʜʘ STRAGL) ʠ ʥʘʛʨʝʚ ʤʠʰʝʥʠ 

(ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ANSYS) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʮʝʥʢʠ  ʜʦʣʝʡ ʧʨʦʪʦʥʦʚ, 

ʧʦʛʣʦʱʝʥʥʳʭ ʚ Rb ʤʠʰʝʥʠ, ʠ ʧʨʦʪʦʥʦʚ, ʚʳʣʝʪʘʶʱʠʭ ʠʟ ʤʠʰʝʥʠ ʩ ʵʥʝʨʛʠʝʡ ʤʝʥʝʝ 35 ʄʵɺ 

(ʵʥʝʨʛʠʷ, ʥʠʞʝ ʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 82Sr ʨʘʚʥʘ ʥʫʣʶ). ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʜʦʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 5.2.1.1. 
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ʈʠʩʫʥʦʢ 5.2.1.1 - ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ: ʘ ï ʜʦʣʝʡ ʧʨʦʪʦʥʦʚ, ʧʦʛʣʦʱʝʥʥʳʭ ʚ Rb ʤʠʰʝʥʠ;  

ʙ ï ʧʨʦʪʦʥʦʚ, ʚʳʣʝʪʘʶʱʠʭ ʠʟ ʤʠʰʝʥʠ ʩ ʵʥʝʨʛʠʝʡ ʤʝʥʝʝ 35 ʄʵɺ. ʇʦʢʘʟʘʥ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʨʝʟ 

ʧʦʣʦʩʪʠ Rb ʤʠʰʝʥʠ ʧʦ ʦʩʠ ʧʫʯʢʘ. 

 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʦʙʱʘʷ ʜʦʣʷ ʧʨʦʪʦʥʦʚ, ʧʦʛʣʦʱʝʥʥʳʭ ʚ Rb ʤʠʰʝʥʠ, ʜʦʭʦʜʠʪ ʜʦ 

16%. ʉʨʝʜʠ ʧʨʦʪʦʥʦʚ, ʚʳʣʝʪʘʶʱʠʭ ʠʟ Rb ʤʠʰʝʥʠ, 64% ʠʤʝʶʪ ʵʥʝʨʛʠʶ ʥʠʞʝ 35 ʄʵɺ. 

ʇʦʪʝʨʷ ʚʳʭʦʜʘ 82Sr, ʩʚʷʟʘʥʥʘʷ ʩ ʚʳʣʝʪʦʤ ʠʟ ʤʠʰʝʥʠ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 35 ʄʵɺ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ. 

 

5.1.2.2 ɺʣʠʷʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʜʚʠʛʘ ʧʫʯʢʘ ʥʘ ʧʦʪʝʨʠ ʧʨʦʪʦʥʦʚ 

ʠ ʥʘ ʚʳʭʦʜ ʩʪʨʦʥʮʠʷ-82 

 
ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʴ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʩʝʷʥʠʷ ʚʳʣʝʪʘʝʪ ʟʘ ʙʦʢʦʚʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ Rb ʤʠʰʝʥʠ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʧʦʪʝʨʴ. ɼʣʷ 

ʵʪʦʛʦ ʚʝʩʴ ʨʫʙʠʜʠʡ ʚ ʤʠʰʝʥʠ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʣʠ ʥʘ ʩʣʦʠ ʠ ʧʨʦʩʣʝʜʠʣʠ ʜʠʥʘʤʠʢʫ ʚʳʣʝʪʘ 

ʧʨʦʪʦʥʦʚ ʙʦʢʦʚʫʶ (ʪʦʨʮʝʚʫʶ) ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʣʦʷ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ (ʈʠʩʫʥʦʢ 

5.2.2.1), ʯʪʦ ʘʨʝʘʣ ʧʦʪʝʨʴ ʥʘʨʘʩʪʘʝʪ ʩʥʘʯʘʣʘ ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ, ʘ ʧʦʪʦʤ ʩ ʣʝʚʦʡ (ʦʩʴ ʧʫʯʢʘ ʠ 

ʮʝʥʪʨ ʚʭʦʜʥʦʛʦ ʦʢʥʘ ʤʠʰʝʥʠ ʩʦʚʧʘʜʘʶʪ). 

  

 ͊  ͋

ͪ ό˩ͫ ͪҐ уф ˸Ήˤύ ͪ ό˩ͫ ͪҐ уф ˸Ήˤύ 
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ʈʠʩʫʥʦʢ 5.2.2.1 - ɼʠʥʘʤʠʢʘ ʚʳʣʝʪʘ ʧʨʦʪʦʥʦʚ ʯʝʨʝʟ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʫʙʠʜʠʝʚʦʡ ʤʠʰʝʥʠ. 

ʊʘʢʦʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʙʦʢʦʚʳʭ ʧʦʪʝʨʴ ʧʫʯʢʘ ʩʚʷʟʘʥʦ ʩ ʫʛʣʦʚʦʡ ʛʝʦʤʝʪʨʠʝʡ 

ʦʙʣʫʯʝʥʠʷ ʤʠʰʝʥʠ. 

 ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʙʦʢʦʚʳʭ ʧʦʪʝʨʴ ʧʫʯʢʘ ʠ ʚʳʭʦʜʘ 82Sr ʦʪ ʩʜʚʠʛʘ ʧʫʯʢʘ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ (ʦʩʠ ʍ) (ʈʠʩʫʥʦʢ 5.2.2.2). 
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ʈʠʩʫʥʦʢ 5.2.2.2 - ɺʣʠʷʥʠʝ ʩʜʚʠʛʘ ʧʫʯʢʘ ʧʦ ʦʩʠ ʍ ʥʘ ʙʦʢʦʚʳʝ ʧʦʪʝʨʠ ʧʫʯʢʘ ʠ ʚʳʭʦʜ 82Sr. 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʤʠʥʠʤʫʤ ʙʦʢʦʚʳʭ ʧʦʪʝʨʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʜʚʠʛʫ ʧʫʯʢʘ ʚʣʝʚʦ ʥʘ ~1 ʤʤ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʘʢʩʠʤʫʤ ʚʳʭʦʜʘ 82Sr ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʯʢʫ, ʙʴʶʱʝʤʫ ʚ ʮʝʥʪʨ ʦʢʥʘ ʤʠʰʝʥʠ. 

 

 

5.1.3 ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʘ on-line ʧʦʣʫʯʝʥʠʷ ʩʪʨʦʥʮʠʷ-82 

5.1.3.1 ʈʘʩʯʝʪ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʨʫʙʠʜʠʷ 

ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʦʙʣʫʯʘʝʤʦʡ ʤʠʰʝʥʠ 
ɼʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʨʫʙʠʜʠʝʤ, ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʚʦ ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʧʦ 

ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ (ʈʠʩʫʥʦʢ 1.3.1.1), ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 

ʨʫʙʠʜʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʦʙʣʫʯʘʝʤʦʡ ʤʠʰʝʥʠ (ʈʠʩʫʥʦʢ 1.3.1.2). 
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ʈʫʙʠʜʠʝʚʘʷ ʤʠʰʝʥʴ 

 

 

 

ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʤʠʰʝʥʠ 80 ʤʤ 

ʪʦʣʱʠʥʘ ʤʠʰʝʥʠ (Rb)             25 ʤʤ 

ʜʠʘʤʝʪʨ ʧʦʜʚʦʜʷʱʝʡ ʪʨʫʙʢʠ  10 ʤʤ 

ʈʠʩʫʥʦʢ 5.3.1.1- ʉʭʝʤʘ ʮʠʨʢʫʣʠʨʫʶʱʝʡ Rb ʤʠʰʝʥʠ. ʈʠʩʫʥʦʢ 5.3.1.2 - ɻʝʦʤʝʪʨʠʷ Rb ʤʠʰʝʥʠ. 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʥʘʯʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʦʚ 70 ʄʵɺ, ʪʦʢ 500 Õɸ, ʬʦʨʤʘ ʧʫʯʢʘ ï 

ɻʘʫʩʩʦʚʘ. ʎʝʥʪʨ ʧʫʯʢʘ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʤʠʰʝʥʠ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʙʝʟ ʚʨʘʱʝʥʠʷ ʧʫʯʢʘ: s = 

1.2 ʩʤ; ʩ ʚʨʘʱʝʥʠʝʤ ʧʫʯʢʘ: s 0.4 ʩʤ, ʨʘʜʠʫʩ ʚʨʘʱʝʥʠʷ 2.9 ʩʤ. ʈʘʩʯʸʪ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 

ʩʣʝʜʫʶʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ: ʪʨʫʙʢʘ ʚʭʦʜʠʪ ʠ ʚʳʭʦʜʠʪ ʠʟ ʤʠʰʝʥʠ ʧʦʜ ʫʛʣʦʤ 45Á, ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʦʪʦʢʘ Rb ï ʩʚʝʨʭʫ ʚʥʠʟ. 

ʆʙʣʫʯʘʝʤʘʷ ʩʙʦʨʢʘ: 

N ʩʣʦʷ ʤʘʪʝʨʠʘʣ 
ʊʦʣʱʠʥʘ, 

ʩʤ 

ɺʳʭʦʜʥʘʷ 

ʵʥʝʨʛʠʷ, ʄʵɺ 

1 Fe 0.01 69.5 

2 Li  0.2 68.6 

3 Fe 0.01 68.1 

4 Water 0.4 64.0 

5 Fe 0.015 63.2 

6 Liquid Rb 2.5 35.5 

7 Fe 0.015 34.2 

8 Water 1.4 Beam Stop 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 1.3.1.3. 

  

Rb-metal target
Oxygen analyzer

Flow meter

Induction 

pump

Hot cell

Sorbing rods
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ɹʝʟ ʚʨʘʱʝʥʠʷ ʧʫʯʢʘ ʉ ʚʨʘʱʝʥʠʝʤ ʧʫʯʢʘ 

  

ɹʝʟ ʧʦʪʦʢʘ ʨʫʙʠʜʠʷ ʚ ʧʝʪʣʝ 

  

ʇʦʪʦʢ ʨʫʙʠʜʠʷ 5 ʣ/ʤʠʥ 

  

ʇʦʪʦʢ ʨʫʙʠʜʠʷ 8 ʣ/ʤʠʥ 

ʈʠʩʫʥʦʢ 5.3.1.3 - ʇʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʦʙʣʫʯʘʝʤʦʡ Rb ʤʠʰʝʥʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ Rb ʠ ʚʨʘʱʝʥʠʷ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ (ʇʣʦʩʢʦʩʪʴ ʩʝʯʝʥʠʷ 

V = 0 L/min 

V = 5 L/min 

V = 8 L/min V = 8 L/min 

V = 5 L/min 

V = 0 L/min 

Tmax = осс ˿ Tmax = 306 ˿  

Tmax = нло ˿ 

Tmax = мтт ˿ 

Tmax = нто ˿ 

Tmax = нлп ˿ 
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ʤʠʰʝʥʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʫʯʢʫ ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ ʙʣʠʟʢʫʶ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ).  

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʨʫʙʠʜʠʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʤʠʰʝʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ: ʩ 366 ʜʦ 204Áʉ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʙʝʟ ʚʨʘʱʝʥʠʷ 

ʧʫʯʢʘ, ʠ ʩ 306 ʜʦ 177Áʉ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩ ʚʨʘʱʝʥʠʝʤ ʧʫʯʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ʈʘʩʩʯʠʪʘʥʥʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʦʩʪʘʚʠʤʳ ʠ ʜʘʞʝ ʥʠʞʝ ʘʥʘʣʦʛʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚ Rb ʤʠʰʝʥʠ, ʦʙʣʫʯʘʝʤʦʡ ʚ ʀʗʀ ʈɸʅ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʘ ʪʘʢʞʝ ʚ Rb ʤʠʰʝʥʷʭ 

ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 82Sr (ʊʘʙʣʠʮʘ 1.3.1.1). 

 

 ʊʘʙʣʠʮʘ 5.3.1.1 - ʉʨʘʚʥʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (Áʉ), ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ Rb ʤʠʰʝʥʝʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. 

ʅʦʚʘʷ ʤʠʰʝʥʴ ʀʗʀ ʈɸʅ 

ʉʪʘʨʘʷ ʤʠʰʝʥʴ 

ʀʗʀ ʈɸʅ 

ʄʠʰʝʥʴ 

ARRONAX 

ʄʠʰʝʥʴ 

LANL (* ) 

ɹʝʟ 

ʮʠʨʢʫʣʷʮʠʠ, 

ʙʝʟ ʚʨʘʱʝʥʠʷ 

ʧʫʯʢʘ 

ʉ ʮʠʨʢʫʣʷʮʠʝʡ 

ʨʫʙʠʜʠʷ 

(8 ʣ/ʤʠʥ, 45Á, 

ʩʚʝʨʭʫ ʚʥʠʟ), ʩ 

ʚʨʘʱʝʥʠʝʤ 

ʧʫʯʢʘ 

(70 ʄʵɺ, 500 Õɸ) 
(143 ʄʵɺ, 100 

Õɸ) 

(70 ʄʵɺ, 150 

Õɸ) 

(100 ʄʵɺ, 250 

Õɸ) 

370 180 420 470 380 

(* ) - John S. Carty. Strontium 82 Production at U.S. Department of Energy. U.S. Department of 

Energy, CARRI Conference, August 23, 2006. 
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5.1.3.2 ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʳʪʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ 

ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʨʫʙʠʜʠʝʤ 
ʉ ʮʝʣʴʶ ʦʪʨʘʙʦʪʢʠ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʫʩʪʘʥʦʚʢʠ ʩ 

ʨʫʙʠʜʠʝʤ, ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʚʦ ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ, ʙʳʣʘ ʩʦʙʨʘʥʘ 

ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʈʠʩʫʥʦʢ 5.3.2.1). 

 

ʈʠʩʫʥʦʢ 5.3.2.1 - ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʨʫʙʠʜʠʝʤ, 

ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ. ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʤʝʤʙʨʘʥʥʳʡ ʥʘʩʦʩ; 2 ï 

ʥʘʛʨʝʚʘʪʝʣʴ; 3 ï ʤʠʰʝʥʴ; 4 ï ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʣʦʚʫʰʢʘ ʜʣʷ 82Sr 

ɹʳʣʠ ʠʩʧʳʪʘʥʳ: 

- ʨʝʞʠʤʳ ʟʘʧʦʣʥʝʥʠʷ ʫʩʪʘʥʦʚʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʨʫʙʠʜʠʝʤ, ʟʘʪʝʤ ï ʦʧʦʨʦʞʥʝʥʠʷ; 

- ʨʘʟʣʠʯʥʳʝ ʩʢʦʨʦʩʪʠ ʧʨʦʢʘʯʠʚʘʥʠʷ ʨʫʙʠʜʠʷ; 

- ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʫʩʪʘʥʦʚʢʠ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʨʫʙʠʜʠʶ; 

- ʧʨʦʮʝʜʫʨʘ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʫʙʠʜʠʷ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

  

1 

2 

3 

4 
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5.1.4 ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʩʪʨʦʥʮʠʷ-82 ʥʘ ʥʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ARRONAX (ʌʨʘʥʮʠʷ) 
ɺ ʨʘʤʢʘʭ ʉʦʛʣʘʰʝʥʠʷ ʦ ʥʘʫʯʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʤʝʞʜʫ ʀʗʀ ʈɸʅ ʠ ARRONAX GIP 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 82Sr ʚ 

ʛʦʨʷʯʠʭ ʢʘʤʝʨʘʭ ARRONAX ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʀʗʀ ʈɸʅ. ɹʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʥʦʚʳʡ ʙʦʢʩ ʩ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʦʡ (ʈʠʩʫʥʦʢ 5.4.1ʘ) ʠ ʥʦʚʘʷ, ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʘʷ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʪʦʢʘʤʠ ʛʘʟʦʚ (ʈʠʩ. 5.4.1ʙ) 

 

 

ʈʠʩʫʥʦʢ 5.4.1ʘ- - ɹʦʢʩ ʩ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʦʡ 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʵʣʝʢʪʨʦʧʣʠʪʢʘ; 

2 ï ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Rb; 

3 ï ʤʝʭʘʥʠʟʤ ʧʝʨʝʤʝʱʝʥʠʷ Rb ʤʠʰʝʥʠ; 

4 ï ʣʠʥʠʠ ʧʦʜʘʯʠ ʠ ʦʪʚʝʜʝʥʠʷ 

ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ. 

ʈʠʩʫʥʦʢ 5.4.1ʙ- - ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʛʘʟʦʚ 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʦʚʦʛʦ ʙʦʢʩʘ ʩ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʦʡ ʷʚʣʷʝʪʩʷ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʧʨʠʚʦʜ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢʨʳʰʢʘ ʠ ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʙʦʢʩʘ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʦʨʷʯʝʡ ʢʘʤʝʨʳ. 

 ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʚʳʜʝʣʝʥʠʷ 82Sr ʙʳʣʘ ʦʙʣʫʯʝʥʘ ʨʫʙʠʜʠʝʚʘʷ ʤʠʰʝʥʴ (ʪʦʢ 

ʧʨʦʪʦʥʦʚ 150 ÕA, ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʧʨʦʪʦʥʦʚ 589 ÕAĿʯ). ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʰʝʥʠ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɹʳʣʦ 

ʚʳʜʝʣʝʥʦ ʦʢʦʣʦ 180 ʤʂʠ 82Sr ʥʘ ɽʆɺ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʯʝʪʥʳʤ ʟʥʘʯʝʥʠʝʤ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʦʯʠʩʪʢʝ 82Sr ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʨʝʧʘʨʘʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ɸʌʀ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʨʷʜʢʠ Sr/Rb-82 ʛʝʥʝʨʘʪʦʨʘ. 
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5.2 ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʝʪʦʜʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʪʨʦʥʮʠʡ/ʨʫʙʠʜʠʡ-82 ʜʣʷ ʧʦʟʠʪʨʦʥʥʦ-

ʵʤʠʩʩʠʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ 

5.2.1  ʄʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʘʥʦʚʢʠ POSIJET ʜʣʷ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʦʟʠʪʨʦʥʥʦʡ ʵʤʠʩʩʠʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʇʕʊ) 
 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʚ ʧʘʮʠʝʥʪʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʨʫʙʠʜʠʷ-82, ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʠ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʤʝʪʦʜʦʤ ʧʦʟʠʪʨʦʥʥʦʡ 

ʵʤʠʩʩʠʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʇʕʊ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʤʝʜʠʮʠʥʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ Sr/Rb-82 

ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʥʦʤʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʚʝʜʝʥʠʷ 

ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʜʠʦʠʟʦʪʦʧʦʚ POSIJET (LEMER PAX, ʌʨʘʥʮʠʷ) ʚ ʢʘʯʝʩʪʚʝ ʠʥʬʫʟʦʨʘ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʢʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʚ ʀʗʀ ʈɸʅ ʛʝʥʝʨʘʪʦʨʦʤ ʨʫʙʠʜʠʷ-82 ɻʈ-01 ʪʦʣʴʢʦ ʜʣʷ ʚʚʝʜʝʥʠʷ 

ʨʘʜʠʦʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ (ʈʌʇ) ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʵʣʶʠʨʦʚʘʥʠʷ ʥʝ ʚʳʰʝ 30 ʤʣ/ʤʠʥ 

(ʧʨʠ ʢʣʠʥʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʷʭ ʜʦ 100 ʤʣ/ʤʠʥ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʘʥʦʚʢʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʜʠʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ ʠ ʧʘʮʠʝʥʪʘ ʪʦʣʴʢʦ ʥʘ ʵʪʘʧʝ 

ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʦʚʝʜʝʥʠʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʤʦʱʥʦʩʪʴ ʵʢʩʧʦʟʠʮʠʦʥʥʦʡ ʜʦʟʳ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʩʤ ʦʪ ʣʶʙʦʛʦ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 2.5 ʤʈ/ʯ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʪʨʦʥʮʠʷ-82 ʚ ʛʝʥʝʨʘʪʦʨʝ 5920 ʄɹʢ (160 ʤʂʠ)). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʫʭʫʜʰʘʝʪʩʷ ʠʟ-ʟʘ ʧʦʷʚʣʝʥʠʷ ʚ 

ʧʦʜʚʦʜʷʱʝʤ ʢ ʧʘʮʠʝʥʪʫ ʧʣʘʩʪʠʢʦʚʦʤ ʫʜʣʠʥʠʪʝʣʝ ʨʫʙʠʜʠʷ-82. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʚ ʛʝʥʝʨʘʪʦʨʝ ʩʪʨʦʥʮʠʷ-82 (ʠ ʥʘʭʦʜʷʱʝʛʦʩʷ ʩ ʥʠʤ ʚ ʨʘʚʥʦʚʝʩʠʠ 

ʨʫʙʠʜʠʷ-82) ʘʢʪʠʚʥʦʩʪʴ ʨʫʙʠʜʠʷ-82 ʚ ʧʣʘʩʪʠʢʦʚʦʤ ʫʜʣʠʥʠʪʝʣʝ ʜʦʩʪʠʛʘʝʪ 2 ɻɹʢ (54 ʤʂʠ) ʥʘ 

ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʵʣʶʠʨʦʚʘʥʠʷ ʈʌʇ. ʇʨʠ ʵʪʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 50 ʩʤ ʦʪ ʫʜʣʠʥʠʪʝʣʷ 

(ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʘʮʠʝʥʪʘ) ʤʦʱʥʦʩʪʴ ʵʢʩʧʦʟʠʮʠʦʥʥʦʡ ʜʦʟʳ ʩʦʩʪʘʚʣʷʝʪ 70-100 ʤʈ/ʯ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʜʣʠʥʠʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʮʠʝʥʪʘ). ɺ ʭʦʜʝ  ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʵʣʶʘʪʘ ʠʟ ʛʝʥʝʨʘʪʦʨʘ ʨʫʙʠʜʠʷ-82 (ʈʅʎ ʈʍʊ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʌ, ʘʧʨʝʣʴ-

ʠʶʥʴ 2014 ʛ.) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʠʩʢʘʞʘʝʪʩʷ ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʧʦʣʫʯʘʝʤʳʭ ʇʕʊ-

ʛʨʘʤʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʥʠʞʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  ʇʦʵʪʦʤʫ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠʥʞʝʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʦʧʦʣʥʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʩʠʩʪʝʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʦʡ. 

ʈʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʫʩʪʘʥʦʚʢʠ POSIJET 

(ʤʝʩʪʦ ʣʦʢʘʣʠʟʘʮʠʠ ʛʝʥʝʨʘʪʦʨʘ ʨʫʙʠʜʠʷ-82 ʠ ʧʣʘʩʪʠʢʦʚʳʡ ʫʜʣʠʥʠʪʝʣʴ). ʈʘʩʯʝʪ ʟʘʱʠʪʳ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʘʢ ʪʨʝʙʦʚʘʥʠʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʝʜʧʝʨʩʦʥʘʣʘ ʠ 

ʧʘʮʠʝʥʪʘ, ʪʘʢ ʠ ʫʩʣʦʚʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʇʕʊ-ʩʢʘʥʝʨʘ (ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ 
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ʵʢʩʧʦʟʠʮʠʦʥʥʦʡ ʜʦʟʳ ʥʘ ʜʘʪʯʠʢʘʭ ʇʕʊ-ʩʢʘʥʝʨʘ ʦʪ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʧʘʮʠʝʥʪʘ ʩ ʚʚʝʜʝʥʥʳʤ ʈʌʇ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 0.1 ʤʈ/ʯ). ʈʘʩʩʯʠʪʘʥʘ 

ʪʦʣʱʠʥʘ ʚʦʣʴʬʨʘʤʦʚʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. ʊʦʣʱʠʥʘ ʩʣʦʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʱʠʪʳ ʜʣʷ 

ʛʝʥʝʨʘʪʦʨʘ ɻʈ-01 (ʀʗʀ ʈɸʅ) ʠ ʜʣʷ ʧʦʜʚʦʜʷʱʝʛʦ ʧʣʘʩʪʠʢʦʚʦʛʦ ʫʜʣʠʥʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 2.5 

ʩʤ.  

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʠ ʚʚʝʜʝʥʠʷ ʈʌʇ ʚ ʧʘʮʠʝʥʪʘ ʧʨʝʜʣʦʞʝʥʦ 

ʟʘʤʝʥʠʪʴ ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ POSIJET ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʠʡ ʥʘʩʦʩ ʥʘ ʙʦʣʝʝ ʤʦʱʥʳʡ 

ʘʥʘʣʦʛʠʯʥʳʡ ʥʘʩʦʩ ʠʣʠ ʥʘ ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʤʝʜʠʮʠʥʝ ʥʘʩʦʩʳ ʜʣʷ ʚʥʫʪʨʠʚʝʥʥʦʛʦ 

ʚʚʝʜʝʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ ʚʝʱʝʩʪʚ.    

 

5.2.2 ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʱʠʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʪʨʦʥʮʠʡ/ʨʫʙʠʜʠʡ-82 
ɺ ʨʘʤʢʘʭ ʟʘʢʣʶʯʝʥʥʦʛʦ ʜʦʛʦʚʦʨʘ ʩ ARRONAX (ʅʘʥʪ, ʌʨʘʥʮʠʷ) ʠ ʬʠʨʤʦʡ Lemer 

PAX (ʌʨʘʥʮʠʷ) ʧʨʦʜʦʣʞʘʶʪʩʷ ʩʦʚʤʝʩʪʥʳʝ ʨʘʙʦʪʳ ʧʦ ʦʪʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʛʝʥʝʨʘʪʦʨʘ ʨʫʙʠʜʠʷ-82 ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʱʠʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ. 

ɺʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʟʘʱʠʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ (ʨʘʟʨʘʙʦʪʯʠʢ Lemer PAX, 

ʌʨʘʥʮʠʷ). ʋʩʪʨʘʥʝʥʳ ʚʳʷʚʣʝʥʥʳʝ ʨʘʥʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʷʚʣʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʤʝʥʴʰʘʷ 

ʪʦʣʱʠʥʘ ʩʣʦʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʨʘʟʣʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʥʦʡ 

ʢʦʣʦʥʢʠ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʨʝʞʠʤʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʈʘʩʩʯʠʪʘʥʘ ʤʦʱʥʦʩʪʴ ʵʢʩʧʦʟʠʮʠʦʥʥʦʡ ʜʦʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʱʠʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ 

ʛʝʥʝʨʘʪʦʨʘ ʚ ʦʙʦʠʭ ʨʝʞʠʤʘʭ. ʈʘʩʩʯʠʪʘʥʘ ʪʦʣʱʠʥʘ ʩʣʦʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʱʠʪʳ ʜʣʷ 

ʛʝʥʝʨʘʪʦʨʘ (ʚʦʣʴʬʨʘʤ ʠ ʩʚʠʥʝʮ) ʜʣʷ ʨʝʞʠʤʘ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 4.0 ʩʤ ʠ 5.5 ʩʤ ʜʣʷ ʚʦʣʴʬʨʘʤʘ ʠ ʩʚʠʥʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.    

ɿʘʧʣʘʥʠʨʦʚʘʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʩʪʨʦʥʮʠʷ-82 925 ʄɹʢ (25 

ʤʂʠ). 

5.2.3 ʈʘʩʯʝʪ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʛʝʥʝʨʘʪʦʨʘ 

 ʈʘʩʩʯʠʪʘʥʦ ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪ ʛʝʥʝʨʘʪʦʨʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʇʕʊ-ʩʢʘʥʝʨʘ (ʩʤ. ʊʘʙʣʠʮʫ 2.3.1). ʕʪʠ ʜʘʥʥʳʝ ʜʦʣʞʥʳ 

ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʞʝʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 2.3.1 - ʈʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʤʦʱʥʦʩʪʴ ʵʢʩʧʦʟʠʮʠʦʥʥʦʡ ʜʦʟʳ ɔ-

ʠʟʣʫʯʝʥʠʷ) ʥʘ ʜʘʪʯʠʢʠ ʇʕʊ-ʩʢʘʥʝʨʘ.  ʄʘʪʝʨʠʘʣ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ï ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʴʬʨʘʤʘ 

ʀʩʪʦʯʥʠʢ  ɸʢʪʠʚʥʦʩʪʴ, 

ʤʂʠ 

R, ʩʤ ʄʦʱʥʦʩʪʴ ʵʢʩʧʦʟʠʮʠʦʥʥʦʡ ʜʦʟʳ, ʤʈ/ʯ 

82Sr 

(82Rb) 

85Sr ʆʩʥʦʚʥʘʷ 

ʟʘʱʠʪʘ 

(d0), ʩʤ 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʱʠʪʘ (dA), ʩʤ 

0 1.5 2.0 2.5 3.0 4.0 

ɻʝʥʝʨʘʪʦʨ  160 240 50 1.5 44 2.6   0.3 0.08 

100 1.5 11      

           

ʇʣʘʩʪʠʢʦʚʳʡ 

ʫʜʣʠʥʠʪʝʣʴ 

(ʧʘʨʘʣʣʝʣʴʥʦ ʪʝʣʫ 

ʧʘʮʠʝʥʪʘ)  

54 

 

- 50 0 70 0.9 0.3 0.1   

 130 0 10 - 

17 

0.3     

ʇʣʘʩʪʠʢʦʚʳʡ 

ʫʜʣʠʥʠʪʝʣʴ 

(ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʪʝʣʫ ʧʘʮʠʝʥʪʘ) 

54 - 25 0 100 

-  

     

 90 0 19      

 110 0 14      

ʇʘʮʠʝʥʪ    0       

ʇʨʠʤʝʯʘʥʠʷ. d0 ï ʪʦʣʱʠʥʘ ʦʩʥʦʚʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʩʤ; dA ï ʪʦʣʱʠʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʩʤ; R ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ɔ-ʠʟʣʫʯʝʥʠʷ ʜʦ 

ʜʘʪʯʠʢʘ ʜʝʪʝʢʪʦʨʘ 

 

5.2.3 ʀʟʫʯʝʥʠʝ ʧʨʦʩʢʦʢʘ ʩʪʨʦʥʮʠʷ ʚ ʛʝʥʝʨʘʪʦʨʝ 

ʉʦʚʤʝʩʪʥʦ ʩ ʈʅʎ ʈʍʊ ʠʟʫʯʝʥ ʧʨʦʩʢʦʢ ʨʘʜʠʦʠʟʦʪʦʧʦʚ  ʩʪʨʦʥʮʠʷ. ʇʨʦʜʫʢʪ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʰʝʥʠ ʀʗʀ ʈɸʅ ʚ ʃɸʅʃ (ʉʐɸ) ʠʤʝʣ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʛʝʥʝʨʘʪʦʨ ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʜʦ 78 ʜʥ., ʘ ʦʙʲʝʤ ʧʨʦʧʫʱʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʜʦ ʧʨʦʩʢʦʢʘ ʩʪʨʦʥʮʠʷ ʚʳʰʝ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ  30 ʣ (ʩʤ. 

ʊʘʙʣʠʮʫ 2). 
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ʊʘʙʣʠʮʘ 2.3.2 - ʇʨʦʩʢʦʢ Sr-82 (T1/2 = 25.55 ʜʥ.) ʠ Sr-85 (T1/2 =64.90 ʜʥ.) ʚ ʛʝʥʝʨʘʪʦʨʝ ɻʈ-01 

ˉ13, ʠʩʧʳʪʘʥʥʦʤ ʚ ʠʶʥʝ 2014 ʛ. (ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ, ʟʘʨʷʞʝʥʥʦʛʦ 11.12.2013, 

ʩʦʩʪʘʚʣʷʣʘ: Sr-82 ï 5.9 ɻɹʢ (160 ʤʂʠ); Sr-85 ï 6.0 ɻɹʢ).  

ɼʘʪʘ ʆʙʱʠʡ 

ʧʝʨʠʦʜ 

ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ 

ɸʢʪʠʚʥʦʩʪʴ ʚ 

ʛʝʥʝʨʘʪʦʨʝ, ɻɹʢ 

ʆʙʲʝʤ 

ʧʨʦʧʫʱʝʥʥʦʛʦ 

ʵʣʶʘʪʘ, ʤʣ 

ʇʨʦʩʢʦʢ, 

ʢɹʢ/ʄɹʢ Rb-82 

Sr-82 Sr-85 Sr-82 Sr-85 

ɺ ʪʝʯʝʥʠʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

12.12.2013 1 5.742 5.946 515 0.00008 0.00008 

26.12.2013 15 3.929 5.119 813 0.00077 0.001 

26.12.2013 15 3.929 5.119 823.4 0.00033 0.00042 

13.01.2014 33 2.412 4.222 868 0.0012 0.0021 

14.01.2014 34 2.348 4.177 952 0.00021 0.00038 

17.01.2014 37 2.164 4.045 1057 0.00033 0.00062 

17.01.2014 37 2.164 4.045 1144 0.00025 0.00046 

31.03.2014 73 0.816 2.752 4715 0.00003 0.00018 

02.04.2014 75 0.773 2.694 6030 0.00012 0.00074 

04.04.2014 77 0.732 2.637 7745 0.00002 0.00012 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

09.04.2014 82 0.639 2.499 10360 0.00009 0.00064 

16.04.2014 89 0.529 2.319 14475 0.00011 0.00086 

18.04.2014 91 0.501 2.270 16091 0.00013 0.0011 

23.04.2014 96 0.438 2.152 17721 0.00004 0.00036 

28.04.2014 101 0.382 2.040 20036 0.00011 0.0011 

08.05.2014 111 0.291 1.833 22051 0.00009 0.0010 

19.05.2014 122 0.216 1.629 25081 0.00024 0.0034 

27.05.2014 130 0.174 1.495 27406 0.0013 0.021 

30.05.2014 133 0.161 1.448 28721 0.0017 0.028 

11.06.2014 144 0.119 1.287 30036 0.0017 0.035 

18.06.2014 151 0.099 1.194 32051 0.0056 0.126 

20.06.2014 153 0.093 1.169 33066 0.0093 0.22 

ʊʨʝʙʦʚʘʥʠʷ ʢ 

ʘʤʝʨʠʢʘʥ-

ʩʢʦʤʫ 

ʛʝʥʝʨʘʪʦʨʫ 

CARDIOGEN  

<42 ʇʨʠʝʤʣʝʤʦ ʧʨʠ 

ʢʘʞʜʦʜʥʝʚʥʦʡ 

ʧʨʦʚʝʨʢʝ ʧʨʦʩʢʦʢʘ 

< 17000 < 0.002 < 0.02 

<42 ʇʨʠʝʤʣʝʤʦ ʧʨʠ 

ʧʨʦʚʝʨʢʝ ʧʨʦʩʢʦʢʘ 

2 ʨʘʟʘ ʚ ʜʝʥʴ 

< 17000 < 0.01 < 0.10 
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5.3 ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʥʠʷ-225 ʠ ʨʘʜʠʷ-223 ʜʣʷ 

ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 
ɹʳʣʠ ʦʙʣʫʯʝʥʳ ʜʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʨʠʝʚʳʝ ʤʠʰʝʥʠ: 17-18.02.2014 ʠ 08-

09.11.2014. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʦʛʦʚʦʨʦʤ, ʟʘʢʣʶʯʝʥʥʳʤ ʤʝʞʜʫ ʀʗʀ ʈɸʅ ʠ ʢʘʬʝʜʨʦʡ 

ʨʘʜʠʦʭʠʤʠʠ ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ (ˉ 1-2013 ʦʪ 01.02.2013), ʦʙʣʫʯʝʥʥʳʝ ʤʠʰʝʥʠ ʙʳʣʠ 

ʧʝʨʝʜʘʥʳ ʚ ʄɻʋ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʠ ʚʳʜʝʣʝʥʠʷ 

ʘʢʪʠʥʠʷ-225 ʠ ʨʘʜʠʷ-223 ʠʟ ʦʙʣʫʯʝʥʥʦʛʦ ʪʦʨʠʷ. 

5.3.1 ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʨʠʝʚʦʡ ʤʠʰʝʥʠ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ 
ʉʦʚʤʝʩʪʥʦ ʩ ʅʀʀ ʅʇʆ "ʃʫʯ" ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʤʠʰʝʥʠ ʠʟ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʦʨʠʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ ʜʣʷ ʥʘʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʘʢʪʠʥʠʷ-225 ʠ ʨʘʜʠʷ-223. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ ʠʩʧʳʪʳʚʘʶʪʩʷ ʥʠʦʙʠʡ 

ʠ ʤʦʣʠʙʜʝʥ, ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠ ʧʦʢʨʳʪʳʡ ʥʠʢʝʣʝʤ. ʉʦʛʣʘʩʥʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, 

ʪʦʢʦʤ ʧʨʦʪʦʥʦʚ 110-120 ɛA  ʤʦʞʥʦ ʙʝʟʦʧʘʩʥʦ ʦʙʣʫʯʘʪʴ ʪʦʨʠʝʚʫʶ ʤʠʰʝʥʴ ʪʦʣʱʠʥʦʡ ʥʝ 

ʤʝʥʝʝ 4-5 ʤʤ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʪʦʨʠʝʚʦʡ ʠ 

ʨʫʙʠʜʠʝʚʦʡ ʤʠʰʝʥʝʡ (ʊʘʙʣʠʮʘ 3.1.1). 

 ʊʘʙʣʠʮʘ 3.1.1 - ʕʥʝʨʛʠʠ ʧʨʦʪʦʥʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʪʦʨʠʝʚʦʡ ʠ 

ʨʫʙʠʜʠʝʚʦʡ ʤʠʰʝʥʝʡ. 

ʆʙʣʫʯʘʝʤʳʡ 

ʦʙʲʝʢʪ 
ʄʘʪʝʨʠʘʣ 

ʊʦʨʠʝʚʘʷ ʤʠʰʝʥʴ + 

ʨʫʙʠʜʠʝʚʘʷ ʤʠʰʝʥʴ ʩʪʘʨʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ 

ʊʦʨʠʝʚʘʷ ʤʠʰʝʥʴ + 

ʨʫʙʠʜʠʝʚʘʷ ʤʠʰʝʥʴ 

ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʊʦʣʱʠʥʘ 

ʩʣʦʷ, ʤʤ 

ɺʭʦʜʥʘʷ 

ʵʥʝʨʛʠʷ 

ʧʨʦʪʦʥʦʚ, 

ʄʵɺ 

ʊʦʣʱʠʥʘ 

ʩʣʦʷ, ʤʤ 

ɺʭʦʜʥʘʷ 

ʵʥʝʨʛʠʷ 

ʧʨʦʪʦʥʦʚ, 

ʄʵɺ 

ɺʭʦʜʥʦʝ ʦʢʥʦ 

Fe 0.1 158.5 0.1 158.5 

Li  2 157.8 2 157.8 

Fe 0.1 156.8 0.1 156.8 

ʆʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ 10 156.1 10 156.1 

ʊʦʨʠʝʚʘʷ 

ʤʠʰʝʥʴ 

Nb 0.1 143.5 0.1 143.5 

Th 4 142.8 5 142.8 

Nb 0.1 112.9 0.1 104.5 

ʆʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ 10 112.1 10 103.7 

ʈʫʙʠʜʠʝʚʘʷ 

ʤʠʰʝʥʴ 

Fe 0.3 95.7 0.3 86.2 

Rb (ʞʠʜʢʠʡ) 30.3 92.9 23.4 83.1 

Fe 0.3 22.0 0.3 26.8 

ʆʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ 10 11.3 10 18.3 
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ʀʩʩʣʝʜʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʣʦʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʦʨʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʬʦʣʴʛʘʤʠ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʦʢʦʥ ʦʙʦʣʦʯʢʠ, ʪʘʢʠʝ ʢʘʢ ʜʠʬʬʫʟʠʦʥʥʘʷ 

ʩʚʘʨʢʘ ʠ ʭʦʣʦʜʥʳʡ ʠʣʠ ʛʦʨʷʯʠʡ ʧʨʦʢʘʪ. 

5.3.2 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʦʪʜʝʣʝʥʠʷ ʦʙʣʫʯʝʥʥʦʛʦ ʪʦʨʠʷ ʦʪ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ 
 ʉʦʚʤʝʩʪʥʦ ʩ ʢʘʬʝʜʨʦʡ ʨʘʜʠʦʭʠʤʠʠ ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚʘʨʠʘʥʪʳ 

ʚʩʢʨʳʪʠʷ ʪʦʨʠʝʚʦʡ ʤʠʰʝʥʠ ʢʘʢ ʚ ʩʣʫʯʘʝ ʦʙʦʣʦʯʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʤʦʣʠʙʜʝʥʘ, 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠ ʧʦʢʨʳʪʦʛʦ ʥʠʢʝʣʝʤ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʥʠʦʙʠʝʚʦʡ ʦʙʦʣʦʯʢʠ. 

 ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʩʣʦʡ ʥʠʢʝʣʷ ʨʘʩʪʚʦʨʷʣʠ ʚ 1-2 M HNO3, ʟʘʪʝʤ ʤʦʣʠʙʜʝʥʦʚʫʶ ʬʦʣʴʛʫ 

ʪʦʣʱʠʥʦʡ 100 ɛm, ʠʤʠʪʠʨʫʶʱʫʶ ʦʢʥʦ ʤʠʰʝʥʠ, ʨʘʩʪʚʦʨʷʣʠ ʚ 5-7 M NaOH ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ, ʜʦʙʘʚʣʷʷ ʧʦ ʢʘʧʣʷʤ 30% H2O2. ʆʙʨʘʟʝʮ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʦʨʠʷ ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʀʉʇ-ɸʕʉ ʘʥʘʣʠʟʦʤ ʧʨʦʙ. ɼʘʣʝʝ 

ʪʦʨʠʡ ʨʘʩʪʚʦʨʷʣʠ ʧʦ ʦʙʳʯʥʦʡ ʤʝʪʦʜʠʢʝ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HNO3 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ HF. 

 ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʥʝ ʥʘʙʣʶʜʘʣʠ ʨʘʩʪʚʦʨʝʥʠʷ ʥʠʦʙʠʝʚʦʡ ʬʦʣʴʛʠ ʪʦʣʱʠʥʦʡ 100 ɛm ʚ 

9-10 M NaOH ʧʨʠ ʢʠʧʷʯʝʥʠʠ. ɽʝ (ʬʦʣʴʛʫ) ʫʜʘʣʦʩʴ ʨʘʩʪʚʦʨʠʪʴ ʚ ʨʘʩʧʣʘʚʝ NaOH ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 400Áʉ. ʊʘʢʞʝ ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʥʠʦʙʠʷ ʚ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʚʩʢʨʳʪʠʶ ʤʠʰʝʥʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʩʪʚʦʨʝʥʠʠ ʥʠʦʙʠʷ ʠ ʪʦʨʠʷ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HNO3 ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ HF. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʩʪʚʦʨʝʥʠʷ ʪʦʨʠʷ ʚ ʨʘʩʪʚʦʨʝ 

ʦʙʥʘʨʫʞʠʣʠ 5-6% ʦʪ ʠʩʭʦʜʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʠʦʙʠʷ. ʕʪʦʪ ʧʦʜʭʦʜ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ 

ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ, ʪʘʢ ʢʘʢ ʧʨʠʚʦʜʠʪ ʢ ʥʘʣʠʯʠʶ ʜʚʫʭ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ï Th ʠ Nb, ʠ 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʫʩʣʦʞʥʝʥʠʶ ʤʝʪʦʜʠʢʠ ʚʳʜʝʣʝʥʠʷ ʘʢʪʠʥʠʷ-225 ʠ ʨʘʜʠʷ-223. 

5.3.3 ʀʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʦʨʙʝʥʪʦʚ 
 ɺ ʤʝʪʦʜʠʢʝ ʚʳʜʝʣʝʥʠʷ ʘʢʪʠʥʠʝʚʦʡ ʬʨʘʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʦʨʙʝʥʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʢʦʤʧʘʥʠʝʡ TrisKem: Ln Resin, DGA Resin, 

TRU Resin. ʉʦʚʤʝʩʪʥʦ ʩ ʢʘʬʝʜʨʦʡ ʨʘʜʠʦʭʠʤʠʠ ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʪʘʢʠʝ ʚʘʞʥʳʝ ʩ ʪʦʯʢʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʨʙʝʥʪʦʚ, ʢʘʢ ʩʦʨʙʮʠʦʥʥʘʷ 

ʝʤʢʦʩʪʴ ʧʦ ʪʦʨʠʶ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʥʠʷ. 

 ʇʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʪʦʨʠʷ ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ ʚ ʚʦʜʥʦʡ ʬʘʟʝ, ʩʦʜʝʨʞʘʱʝʡ 

ʘʢʪʠʥʠʡ-225 ʠ ʨʘʜʠʡ-223, ʦʩʪʘʶʪʩʷ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʪʦʨʠʷ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʩ 

ʚʦʜʥʦʡ ʬʘʟʦʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʨʘʟʤʝʨ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ, ʟʘʚʠʩʷʱʠʡ ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʦʪ ʝʤʢʦʩʪʠ ʩʦʨʙʝʥʪʘ ʧʦ ʪʦʨʠʶ. ʇʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ Ln Resin 

ʚ ʨʘʩʪʚʦʨʘʭ 0.05 ʠ 6 M HNO3, DGA Resin ʚ 6 M HNO3 ʠ TRU Resin ʚ 3 M HNO3. 
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ʂʦʥʮʝʥʪʨʘʮʠʶ ʪʦʨʠʷ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ. ɼʣʷ ʚʩʝʭ ʩʦʨʙʝʥʪʦʚ ʝʤʢʦʩʪʴ ʧʦ 

ʪʦʨʠʶ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 33-37 mg Th/mL sorbent. 

 ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ HNO3 (ʈʠʩʫʥʢʠ 3.3.1ʘ-ʚ). 

 

ʈʠʩʫʥʦʢ 3.3.1ʘ - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ac (III) ʥʘ Ln Resin ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ HNO3. ǒ ï ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ; ƺ ï Horwitz P. et al., J. Inorg. Nucl. Chem., 

1975, v.37, p.425. 

 

ʈʠʩʫʥʦʢ 3.3.1ʙ - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ac (III) ʥʘ DGA Resin ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ HNO3. ǒ ï ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ; ƺ ï Zielinska B. et al., Solv. Extr. Ion 

Exch., 2007, v.25, p.339. 
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ʈʠʩʫʥʦʢ 3.3. 1ʚ - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ac (III) ʠ Am (III) ʥʘ TRU 

Resin ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ HNO3. ǒ ï Ac (III) (ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ); ƺ ï Am (III) (Horwitz P. 

et al., Analyt. Chim. Acta, 1993, v.281, p.361). 

 

ɼʣʷ Ln Resin ʠ DGA Resin ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʶʪ ʩ 

ʜʘʥʥʳʤʠ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʩʤʦʣ ʜʨʫʛʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ï Eichrom. ɼʣʷ TRU Resin 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ, ʠʭ ʩʨʘʚʥʠʣʠ ʩ ʜʘʥʥʳʤʠ ʘʤʝʨʠʮʠʷ, ʢʘʢ ʘʥʘʣʦʛʘ ʘʢʪʠʥʠʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʣʘʥʪʘʥʘ ʠ ʮʝʨʠʷ, ʪʘʢʞʝ ʷʚʣʷʶʱʠʭʩʷ ʘʥʘʣʦʛʘʤʠ ʘʢʪʠʥʠʷ. 

 

5.3.4 ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʡ ʨʘʜʠʝʚʦʡ 

ʬʨʘʢʮʠʠ 
 ʈʘʥʝʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʘʜʠʡ-223 ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʘʢʪʠʥʠʷ-225 ʥʘ ʩʦʨʙʝʥʪʝ DGA 

Resin (ʆʪʯʝʪ ʟʘ 2013 ʛ, ʨʘʟʜʝʣ 3.1.2). ɼʘʣʴʥʝʡʰʫʶ ʦʯʠʩʪʢʫ ʨʘʜʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʢʘʪʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʳ Dowex 50x8 ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʨʙʝʥʪʘ Sr 

Resin (TrisKem). 

 ʕʣʶʘʪ ʧʦʩʣʝ DGA Resin ʧʝʨʝʚʦʜʠʣʠ ʚ 0.1 M HCl ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ Dowex 50x8, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʜʠʡ ʩʦʨʙʠʨʦʚʘʣʩʷ. ʕʢʩʧʝʨʠʤʝʥʪʠʨʫʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʣʶʝʥʪʘʤʠ, ʫʜʘʣʦʩʴ 

ʚʳʜʝʣʠʪʴ ʨʘʜʠʝʚʫʶ ʬʨʘʢʮʠʶ, ʩʦʜʝʨʞʘʱʫʶ ʪʘʢʞʝ 140Ba/140La ʠ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ 103Ru 

(ʈʠʩʫʥʦʢ 3.4.1). 

1.E-01

1.E+00

1.E+01

1.E+02

1.E-02 1.E-01 1.E+00 1.E+01

C(HNO3), M

k'
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ʈʠʩʫʥʦʢ 3.4.1 - ʂʨʠʚʳʝ ʵʣʶʠʨʦʚʘʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʥʘ ʢʘʪʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʝ Dowex 

50x8. 

 

 ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʯʠʩʪʢʠ ʨʘʜʠʝʚʫʶ ʬʨʘʢʮʠʶ ʧʝʨʝʚʦʜʠʣʠ ʚ 0.5 M HClO4 ʠ 

ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ Sr Resin (ʈʠʩʫʥʦʢ 3.4.2). Ra ʠ Ba ʩʦʨʙʠʨʦʚʘʣʠʩʴ, ʘ La ʠ Ru ʚʳʤʳʚʘʣʠʩʴ 

ʠʟ ʢʦʣʦʥʢʠ. 

 

 

ʈʠʩʫʥʦʢ 3.4.2 - ʂʨʠʚʳʝ ʵʣʶʠʨʦʚʘʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʥʘ ʩʦʨʙʝʥʪʝ Sr Resin. 

 

ʇʨʦʧʫʩʢʘʷ ʟʘʪʝʤ 2 ʄ ʨʘʩʪʚʦʨ HNO3, ʧʦʣʫʯʘʣʠ ʯʠʩʪʫʶ ʨʘʜʠʝʚʫʶ ʬʨʘʢʮʠʶ, ʧʨʠ ʵʪʦʤ ʙʘʨʠʡ 

ʦʩʪʘʚʘʣʩʷ ʥʘ Sr Resin. 

0,5 ʄHClO4 2 ʄHNO3
0,5 ʄHClO4 2 ʄHNO3
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5.3.5 ʆʧʪʠʤʠʟʘʮʠʷ ʩʧʦʩʦʙʘ ʩʦʚʤʝʩʪʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʘʢʪʠʥʠʷ-225 ʠ 

ʨʘʜʠʷ-223 ʠʟ ʦʙʣʫʯʝʥʥʦʛʦ ʪʦʨʠʷ 
 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʨʘʙʦʪʘʥ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʩʧʦʩʦʙ 

ʩʦʚʤʝʩʪʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʘʢʪʠʥʠʷ-225 ʠ ʨʘʜʠʷ-223 ʠʟ ʦʙʣʫʯʝʥʥʦʛʦ ʪʦʨʠʷ (ʈʠʩʫʥʦʢ 3.5.1). 

 

 

ʈʠʩʫʥʦʢ 3.5.1 - ʉʭʝʤʘ ʩʦʚʤʝʩʪʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʘʢʪʠʥʠʷ-225 ʠ ʨʘʜʠʷ-223 ʠʟ ʦʙʣʫʯʝʥʥʦʛʦ 

ʪʦʨʠʷ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʘʢʪʠʥʠʷ-225, ʚʳʜʝʣʝʥʥʦʛʦ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʩʧʦʩʦʙʫ, ʜʦʩʪʠʛʘʣ 90%, ʘ 

ʨʘʜʠʷ-223 ï 80-85%. ʈʘʜʠʦʥʫʢʣʠʜʥʘʷ ʯʠʩʪʦʪʘ ʧʨʝʧʘʨʘʪʦʚ ʧʨʝʚʳʰʘʣʘ 99% (ʙʝʟ ʫʯʝʪʘ 227Ac 

ʠ 224Ra, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚ ʘʢʪʠʥʠʷ-225 ʠ ʨʘʜʠʷ-223 ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʷʯʠʭ ʢʘʤʝʨ. 

5.3.6 ʀʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʵʣʶʠʨʦʚʘʥʠʷ 225Ac/213Bi 

ʛʝʥʝʨʘʪʦʨʘ 

5.3.6.1 ʆʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʵʣʶʠʨʦʚʘʥʠʷ ʬʨʘʥʮʠʷ-221 ʠ 

ʚʠʩʤʫʪʘ-213 
 ɺʳʜʝʣʝʥʥʫʶ ʘʢʪʠʥʠʝʚʫʶ ʬʨʘʢʮʠʶ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 225Ac/213Bi 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʠʟʫʯʝʥʠʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 225Ac ʘʜʩʦʨʙʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ (H = 2 ʩʤ, ß = 

0.6 ʩʤ), ʟʘʧʦʣʥʝʥʥʦʡ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʤʦʣʦʡ Actinide Resin (TrisKem). 

ʀʩʭʦʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 225Ac ʩʦʩʪʘʚʣʷʣʘ ~ 1 ʄɹʢ. ɼʦʯʝʨʥʠʝ 221Fr ʠ 213Bi ʵʣʶʠʨʦʚʘʣʠ 
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ʨʘʩʪʚʦʨʘʤʠ HCl ʠ HNO3 ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʀʩʭʦʜʥʳʝ ʢʨʠʚʳʝ ʵʣʶʠʨʦʚʘʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ 1 M HCl ʩʦ ʩʢʦʨʦʩʪʴʶ 0.76 ʤʣ/ʤʠʥ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 

3.6.1.1ʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʵʣʶʠʨʦʚʘʥʠʷ  221Fr ʠ 213Bi ʫʯʠʪʳʚʘʣʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠ ʨʘʩʧʘʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʵʣʶʝʥʪʘ ʯʝʨʝʟ ʢʦʣʦʥʢʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʠʜ 

ʢʨʠʚʳʭ ʠʟʤʝʥʷʣʩʷ (ʈʠʩʫʥʦʢ 3.6.1.1ʙ). 

 

  

ʈʠʩʫʥʦʢ 3.6.1.1 - ʂʨʠʚʳʝ ʵʣʶʠʨʦʚʘʥʠʷ 221Fr ʠ 213Bi: ʘ ï ʠʩʭʦʜʥʳʝ; ʙ ï ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʩ 

ʫʯʝʪʦʤ ʥʘʢʦʧʣʝʥʠʷ ʠ ʨʘʩʧʘʜʘ 221Fr ʠ 213Bi ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʵʣʶʠʨʦʚʘʥʠʷ. 

ʕʣʶʝʥʪ ï 1 M HCl, ʩʢʦʨʦʩʪʴ ʧʨʦʧʫʩʢʘʥʠʷ 0.76 ʤʣ/ʤʠʥ. 

ʀʩʩʣʝʜʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʶʠʨʦʚʘʥʠʷ 221Fr ʠ 213Bi ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ  (ʈʠʩʫʥʦʢ 3.6.1.2). 

 

 

ʈʠʩʫʥʦʢ 3.6.1.2 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʶʠʨʦʚʘʥʠʷ 221Fr ʠ 213Bi ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ 

ʨʘʩʪʚʦʨʦʚ HCl ʠ HNO3. 
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ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʬʨʘʥʮʠʡ ʣʝʛʢʦ ʦʪʜʝʣʷʝʪʩʷ ʦʪ Actinide Resin ʨʘʩʪʚʦʨʘʤʠ ʦʙʝʠʭ ʢʠʩʣʦʪ. 

ɺʠʩʤʫʪ ʥʝ ʚʳʤʳʚʘʣʩʷ ʨʘʩʪʚʦʨʘʤʠ HNO3 ʚ ʠʟʫʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʵʣʶʠʨʦʚʘʥʠʝ ʚʠʩʤʫʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ HCl (1 ʤʦʣʴ/ʣ ʠ ʚʳʰʝ) ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʛʦʪʦʚʠʣʠ ʩʚʝʞʠʡ 225Ac/213Bi 

ʛʝʥʝʨʘʪʦʨ. ɽʛʦ ʵʣʶʠʨʦʚʘʣʠ ʨʘʩʪʚʦʨʦʤ 1 M HCl ʝʞʝʜʥʝʚʥʦ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʳʭʦʜʥʳʭ) ʚ 

ʪʝʯʝʥʠʝ 20 ʜʥʝʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʶʠʨʦʚʘʥʠʷ 213Bi ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 80-85%, 

ʧʨʦʩʢʦʢʘ 225Ac ʥʝ ʥʘʙʣʶʜʘʣʠ. 

 

5.3.6.2 ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʜʚʫʭʢʦʣʦʥʦʯʥʦʛʦ 225Ac/221Fr/213Bi 

ʛʝʥʝʨʘʪʦʨʘ 
ʀʩʩʣʝʜʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʜʚʫʭʢʦʣʦʥʦʯʥʦʛʦ 225Ac/221Fr/213Bi ʛʝʥʝʨʘʪʦʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʦʧʫʩʢʘʥʠʷ ʵʣʶʝʥʪʘ. ʄʘʪʝʨʠʥʩʢʠʡ 225Ac ʩʦʨʙʠʨʦʚʘʣʠ ʥʘ ʧʝʨʚʫʶ 

ʢʦʣʦʥʢʫ ʩ Actinide Resin. 221Fr ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʤʳʚʘʣʠ ʩ ʧʝʨʚʦʡ ʢʦʣʦʥʢʠ ʨʘʩʪʚʦʨʦʤ 0.25 M 

HNO3 ʠ ʥʘʧʨʘʚʣʷʣʠ ʵʣʶʘʪ ʚ ʪʨʫʙʢʫ, ʩʦʝʜʠʥʷʶʱʫʶ ʧʝʨʚʫʶ ʢʦʣʦʥʢʫ ʩʦ ʚʪʦʨʦʡ, ʟʘʧʦʣʥʝʥʥʦʡ 

ʪʝʤ ʞʝ ʩʦʨʙʝʥʪʦʤ. ɺ ʪʨʫʙʢʝ 221Fr ʨʘʩʧʘʜʘʣʩʷ ʚ 213Bi, ʧʦʩʣʝʜʥʠʡ ʥʘʢʘʧʣʠʚʘʣʩʷ ʥʘ ʚʪʦʨʦʡ 

ʢʦʣʦʥʢʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʚʝʢʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʅʘ ʈʠʩʫʥʢʝ 3.6.2.1 ʧʦʢʘʟʘʥʦ ʩʦʜʝʨʞʘʥʠʝ 213Bi 

ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʜʚʫʭʢʦʣʦʥʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʦʧʫʩʢʘʥʠʷ 

ʵʣʶʝʥʪʘ. 
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ʈʠʩʫʥʦʢ 3.6.2.1 - ʉʦʜʝʨʞʘʥʠʝ 213Bi ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʜʚʫʭʢʦʣʦʥʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʦʧʫʩʢʘʥʠʷ ʵʣʶʝʥʪʘ (ʚʝʢʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ ʜʦʩʪʠʛʥʫʪʦ). 

 

ʇʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʵʣʶʝʥʪʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 221Fr ʨʘʩʧʘʜʘʝʪʩʷ ʚ 213Bi ʚ ʧʝʨʚʦʡ 

ʢʦʣʦʥʢʝ, ʛʜʝ 213Bi ʩʦʨʙʠʨʫʝʪʩʷ (ʛʦʣʫʙʘʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ). ʇʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʜʣʠʥʳ 

ʪʨʫʙʢʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʩʧʘʜʘ 221Fr, ʧʦʵʪʦʤʫ ʨʘʩʪʝʪ ʜʦʣʷ 213Bi, ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʚ ʩʤʳʚʝ ʧʦʩʣʝ ʚʪʦʨʦʡ ʢʦʣʦʥʢʠ (ʢʨʘʩʥʘʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʵʣʶʝʥʪʘ ʥʘ ʚʪʦʨʦʡ ʢʦʣʦʥʢʝ ʤʦʞʥʦ ʥʘʢʦʧʠʪʴ ~70% ʘʢʪʠʚʥʦʩʪʠ 213Bi 

(ʟʝʣʝʥʘʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ), ʧʨʠʯʝʤ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʘʢʪʠʚʥʦʩʪʠ 213Bi  ʦʩʪʘʝʪʩʷ ʚ ʪʨʫʙʢʝ 

(~15%, ʩʠʥʷʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ʠ ʫʩʧʝʚʘʝʪ ʧʨʦʩʢʦʯʠʪʴ ʚ ʩʤʳʚ  (8-9%, ʢʨʘʩʥʘʷ ʰʪʨʠʭʦʚʘʷ 

ʣʠʥʠʷ). ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 213Bi, ʥʘʢʘʧʣʠʚʘʝʤʦʡ ʥʘ ʚʪʦʨʦʡ ʢʦʣʦʥʢʝ, ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʝ ʨʘʟʥʳʝ ʩʢʦʨʦʩʪʠ ʧʨʦʧʫʩʢʘʥʠʷ ʵʣʶʝʥʪʘ: ʦʜʥʫ ï ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʚʝʢʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʜʨʫʛʫʶ ï ʜʣʷ ʙʳʩʪʨʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 213Bi, ʦʩʪʘʶʱʝʛʦʩʷ ʚ ʪʨʫʙʢʝ, 

ʢʦ ʚʪʦʨʦʡ ʢʦʣʦʥʢʝ (ʩʠʥʷʷ ʠ ʟʝʣʝʥʘʷ ʩʪʨʝʣʢʠ ʦʪ ʰʪʨʠʭʦʚʳʭ ʣʠʥʠʡ ʢ ʩʧʣʦʰʥʳʤ). 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʧʨʦʪʦʪʠʧʘ ʜʚʫʭʢʦʣʦʥʦʯʥʦʛʦ 225Ac/221Fr/213Bi ʛʝʥʝʨʘʪʦʨʘ ʵʣʶʘʪ 

ʧʦʩʣʝ ʚʪʦʨʦʡ ʢʦʣʦʥʢʠ ʥʘʧʨʘʚʣʷʣʠ ʥʝ ʚ ʩʤʳʚ, ʘ ʥʘ ʧʝʨʚʫʶ ʢʦʣʦʥʢʫ, ʦʙʨʘʟʫʷ ʧʝʪʣʶ. 

ʇʨʠʤʝʥʷʷ ʨʝʞʠʤ ʜʚʫʭ ʩʢʦʨʦʩʪʝʡ ʧʨʦʧʫʩʢʘʥʠʷ ʵʣʶʝʥʪʘ, ʫʜʘʣʦʩʴ ʫʚʝʣʠʯʠʪʴ ʘʢʪʠʚʥʦʩʪʴ 213Bi 

ʥʘ ʚʪʦʨʦʡ ʢʦʣʦʥʢʝ ʜʦ ~90%. ɿʘʪʝʤ 213Bi ʩʤʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ 1 M HCl. 
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5 ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʳʭʦʜ 

ʩʪʨʦʥʮʠʷ-82 ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʨʫʙʠʜʠʝʚʦʡ ʤʠʰʝʥʠ, ʧʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʣʫʯʝʥʠʷ ʨʫʙʠʜʠʝʚʳʭ ʤʠʰʝʥʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʣʫʯʘʝ ʤʠʰʝʥʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʨʫʙʠʜʠʝʤ, 

ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʧʦ ʢʦʥʪʫʨʫ, ʩʦʟʜʘʥʘ ʤʦʜʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʮʠʨʢʫʣʠʨʫʶʱʠʤ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʨʫʙʠʜʠʝʤ.  

ʆʧʨʝʜʝʣʝʥ ʨʷʜ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʨʫʙʠʜʠʷ-82, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʇʕʊ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʣʫʯʰʝ, ʯʝʤ ʫ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʘʥʘʣʦʛʘ. ʇʨʦʠʟʚʝʜʝʥ 

ʨʘʩʯʝʪ ʟʘʱʠʪʳ ʛʝʥʝʨʘʪʦʨʘ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʞʝʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ.   

ʅʘʯʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʨʠʝʚʦʡ ʤʠʰʝʥʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʦʙʦʣʦʯʢʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʥʠʷ-225 ʠ ʨʘʜʠʷ-223 (ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ), ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʪʜʝʣʝʥʠʷ 

ʦʙʣʫʯʝʥʥʦʛʦ ʪʦʨʠʷ ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ 

ʯʠʩʪʦʡ ʨʘʜʠʝʚʦʡ ʬʨʘʢʮʠʠ, ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʩʧʦʩʦʙ ʩʦʚʤʝʩʪʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʘʢʪʠʥʠʷ-225 ʠ 

ʨʘʜʠʷ-223 ʠʟ ʦʙʣʫʯʝʥʥʦʛʦ ʪʦʨʠʷ. ʀʟʫʯʝʥʦ ʵʣʶʠʨʦʚʘʥʠʝ 213Bi ʠʟ   ʛʝʥʝʨʘʪʦʨʘ 225Ac/213Bi.  
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ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʗʀ ʈɸʅ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ɻʈʀɼ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʆ.ɺ.ʂʘʨʘʚʠʯʝʚ. 
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6.1 ʀʟʫʯʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʠ ʥʘ ʫʩʪʘʥʦʚʢʝ CMS 

ʚ ʎɽʈʅʝ: ʧʦʠʩʢ ʥʦʚʦʡ ʬʠʟʠʢʠ ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ. 
 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ʪʝʤʳ ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ, ʜ.ʬ.-ʤ.ʥ. ʅ.ɺ. ʂʨʘʩʥʠʢʦʚ 

ʀʩʧʦʣʥʠʪʝʣʠ ʪʝʤʳ   

C.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ʖ.ʄ. ɸʥʜʨʝʝʚ 

ɺ.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ.ʉ.ʅ. ɻʥʠʥʝʥʢʦ  

ʄ.ʥ.ʩ. ɸ.ɺ. ɼʝʨʤʝʥʝʚ 

C.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ʄ.ʄ. ʂʠʨʩʘʥʦʚ 

ʄ.ʥ.ʩ. ɸ.ɽ. ʂʦʨʥʝʝʚ 

ʅ.ʩ., ʢ.ʬ.-ʤ.ʥ. ɼ.ɸ. ʊʣʠʩʦʚ 

C.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ɸ.ʅ. ʊʦʨʦʧʠʥ 

 

6.1 ʈɽʌɽʈɸʊ 

38 ʨʠʩ., 1 ʪʘʙʣ., 3 ʠʩʪʦʯʥʠʢʘ 

ɹʆʃʔʐʆʁ ɸɼʈʆʅʅʓʁ ʂʆʃʃɸʁɼɽʈ, ʉʊɸʅɼɸʈʊʅɸʗ ʄʆɼɽʃʔ, ʊʗɾɽʃʆɽ 

ʅɽʁʊʈʀʅʆ, ʇʈɸɺʓʁ W-ɹʆɿʆʅ, ɻɽʅɽʈɸʊʆʈʓ ʄʆʅʊɽ-ʂɸʈʃʆ, ɸɼʈʆʅʅʓɽ ʉʊʈʋʀ, 

ʂɸʃʀɹʈʆɺʂɸ ɸɼʈʆʅʅʓʍ ʂɸʃʆʈʀʄɽʊʈʆɺ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩ ʨʦʞʜʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʪʷʞʝʣʦʛʦ ʤʘʡʦʨʘʥʦʚʩʢʦʛʦ ʥʝʡʪʨʠʥʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʙʦʟʦʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ CMS ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ ʚ ʎɽʈʅʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ:  

ʇʨʦʜʦʣʞʝʥʠʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ CMS, ʧʦʣʫʯʝʥʥʳʭ ʚ 2012 ʛ. ʧʨʠ ʵʥʝʨʛʠʠ 

ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʜʦ 8 ʊʵɺ, ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ ʨʦʞʜʝʥʠʷ 

ʪʷʞʝʣʦʛʦ ʤʘʡʦʨʘʥʦʚʩʢʦʛʦ ʥʝʡʪʨʠʥʦ ʠ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʙʦʟʦʥʦʚ, ʧʨʦʚʝʨʢʠ ʧʨʝʜʩʢʘʟʘʥʠʡ 

ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʠ ʧʦʠʩʢʘ ʚʦʟʤʦʞʥʳʭ ʦʪʢʣʦʥʝʥʠʡ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʦʪ ʨʘʩʧʘʜʦʚ WR ʠ Nʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ ʧʦʣʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʙʳʪʠʡ ʚ ʜʝʪʝʢʪʦʨʝ CMS CMSSW. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ ʩ ʩʠʛʥʘʪʫʨʦʡ çʜʚʘ ʣʝʧʪʦʥʘ ʠ ʜʚʝ ʩʪʨʫʠè. 

ʀʟʫʯʝʥʠʝ ʰʫʤʦʚ  ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ CMS.  

ʄʝʪʦʜʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ: 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ ʨʦʞʜʝʥʠʷ ʪʷʞʝʣʦʛʦ ʤʘʡʦʨʘʥʦʚʩʢʦʛʦ 

ʥʝʡʪʨʠʥʦ ʠ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʙʦʟʦʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ CMS. ʈʘʟʚʠʪʠʝ ʄʦʥʪʝ-ʂʘʨʣʦ-

ʛʝʥʝʨʘʪʦʨʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ CMS, 
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ʩʦʙʨʘʥʥʳʭ ʚ 2010-2012 ʛʛ. ʉʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

ʄʦʥʠʪʦʨʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ CMS ʚʦ ʚʨʝʤʷ ʜʝʞʫʨʩʪʚ ʚ ʎɽʈʅʝ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʢʦʣʣʘʙʦʨʘʮʠʝʡ CMS ʚ ʪʝʯʝʥʠʝ 2010-2012 

ʛʛ. ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʥʦʡ ʩʚʝʪʠʤʦʩʪʠ ɹɸʂ 19,7 ʬʙ-1, ʚ 2014 ʛ. ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʘʩʩʫ ʧʨʘʚʦʛʦ ʙʦʟʦʥʘ WR ʦʢʦʣʦ 3000 ɻʵɺ, ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʠʠ ʥʘ ʤʘʩʩʫ ʪʷʞʝʣʦʛʦ ʥʝʡʪʨʠʥʦ 1800 ɻʵɺ. ʅʦʚʳʡ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʥʘ ʤʘʩʩʫ 

ʧʨʘʚʦʛʦ W-ʙʦʟʦʥʘ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʘʨʘʤʝʪʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʊʵʚʘʪʨʦʥʝ,  ʚ 3,7  

ʨʘʟʘ. 

ʉʪʝʧʝʥʴ ʚʥʝʜʨʝʥʠʷ:  

ʈʘʟʨʘʙʦʪʘʥʘ ʦʩʥʦʚʘ ʇʆ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʘʥʘʣʠʟʘ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʜʦʩʪʫʧʥʳʭ ʥʘʙʣʶʜʝʥʠʶ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

CMS. ɺʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʪʝʥʜʘ ʧʦ ʠʟʫʯʝʥʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʛʠʙʨʠʜʥʳʭ ʬʦʪʦʜʠʦʜʦʚ, ʧʣʘʥʠʨʫʝʤʳʭ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ 

ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʫʩʪʘʥʦʚʢʠ CMS. 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʚʳʧʦʣʥʝʥʥʦʡ ʅʀʈ:  

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ CMS ʚ ʬʠʟʠʯʝʩʢʠʭ ʩʝʘʥʩʘʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠ 

ʵʥʝʨʛʠʠ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʜʦ 8 ʊʵɺ ʧʦ ʧʦʠʩʢʫ ʪʷʞʝʣʦʛʦ ʤʘʡʦʨʘʥʦʚʩʢʦʛʦ 

ʥʝʡʪʨʠʥʦ ʠ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʙʦʟʦʥʦʚ, ʫʥʠʢʘʣʴʥʳ ʠ ʦʙʦʟʥʘʯʘʶʪ ʧʝʨʝʜʦʚʦʡ ʨʫʙʝʞ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʥʘ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ. 
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6.1 ɺɺɽɼɽʅʀɽ 

ʆʪʢʨʳʪʠʝ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʥʫʣʝʚʦʡ ʤʘʩʩʳ ʧʦʢʦʷ 

ʥʝʡʪʨʠʥʦ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʷʨʢʠʭ ʠ ʥʘʜʝʞʥʳʭ ʫʢʘʟʘʥʠʡ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʦʚʦʡ ʬʠʟʠʢʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ (ʉʄ). ʄʘʣʦʩʪʴ ʤʘʩʩ 

ʥʝʡʪʨʠʥʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʠʭ ʧʘʨʪʥʝʨʦʚ ï ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʥʝʡʪʨʠʥʦ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ ʤʥʦʛʠʭ ʨʘʩʰʠʨʝʥʠʷʭ ʉʄ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʠʩʢ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ. 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʃʘʙʦʨʘʪʦʨʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʀʥʩʪʠʪʫʪʘ 

ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ (ʀʗʀ ʈɸʅ) ʚ 2014 ʛ. ʚ ʨʘʤʢʘʭ ʤʠʥʠʤʘʣʴʥʦʡ ʣʝʚʦ-ʧʨʘʚʦ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʝʣʠ (ʃʇʉʄ) ʙʳʣʦ ʧʨʦʜʦʣʞʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʦʞʜʝʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʪʷʞʝʣʦʛʦ ʤʘʡʦʨʘʥʦʚʩʢʦʛʦ ʥʝʡʪʨʠʥʦ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʙʦʟʦʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ CMS ʚ ʎɽʈʅʝ. ʄʦʜʝʣʴ ʦʙʲʷʩʥʷʝʪ 

ʥʘʨʫʰʝʥʠʝ ʯʝʪʥʦʩʪʠ ʚ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʙʦʟʦʥʦʚ WR ʠ Z', ʘ ʪʘʢʞʝ ʩʝʤʝʡʩʪʚʘ ʪʷʞʝʣʳʭ ʥʝʡʪʨʠʥʦ N 

ʤʘʡʦʨʘʥʦʚʩʢʦʛʦ ʪʠʧʘ.  ʇʦʠʩʢ ʪʷʞʝʣʳʭ ʥʝʡʪʨʠʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʠ, 

ʚʦʟʤʦʞʥʦ, ʦʧʪʠʤʘʣʴʥʳʭ ʧʫʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʦʡ, ʙʦʣʝʝ ʧʦʣʥʦʡ, 

ʪʝʦʨʠʠ. 
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6.1.1 ʇʆʀʉʂ ʊʗɾɽʃʓʍ ʅɽʁʊʈʀʅʆ ɺ ʕʂʉʇɽʈʀʄɽʅʊɽ CMS 

ʃʝʚʦ-ʧʨʘʚʦʩʠʤʤʝʪʨʠʯʥʘʷ ʤʦʜʝʣʴ 

ʕʢʩʧʝʨʠʤʝʥʪ CMS ʥʘ ɹɸʂ ʚ ʎɽʈʅʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʡ ʤʥʦʛʦʮʝʣʝʚʦʡ ʜʝʪʝʢʪʦʨ ʠ ʦʪʢʨʳʚʘʶʱʠʤ ʥʦʚʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʠ ʧʦʠʩʢʘ ʥʦʚʳʭ 

ʷʚʣʝʥʠʡ, ʣʝʞʘʱʠʭ ʟʘ ʧʨʝʜʝʣʘʤʠ ʉʄ. ʉʨʝʜʠ ʥʝʩʢʦʣʴʢʠʭ ʨʘʩʰʠʨʝʥʠʡ ʉʄ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ CMS, ʃʇʉʄ ʦʧʨʝʜʝʣʝʥʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ. ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʨʠ ʪʷʞʝʣʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʙʦʟʦʥʘ, 

WR
° ʠ Z', ʘ ʪʘʢʞʝ ʪʨʠ ʧʨʘʚʳʭ ʪʷʞʝʣʳʭ ʤʘʡʦʨʘʥʦʚʩʢʠʭ ʥʝʡʪʨʠʥʦ, Nl. ʕʪʠ ʥʝʡʪʨʠʥʦ ʤʦʛʫʪ 

ʙʳʪʴ ʧʘʨʪʥʝʨʘʤʠ ʣʝʛʢʠʭ ʥʝʡʪʨʠʥʥʳʭ ʘʨʦʤʘʪʦʚ, ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʣʝʢʪʨʦʥʥʦʛʦ, 

ʤʶʦʥʥʦʛʦ ʠ ʪʘʫʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ, ʠ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʭ ʤʘʩʩʳ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʟʤʘ 

ʪʠʧʘ çsee-sawè. ʕʪʦ ʜʝʣʘʝʪ ʧʦʠʩʢʠ ʪʷʞʝʣʳʭ ʥʝʡʪʨʠʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ CMS ʯʨʝʟʚʳʯʘʡʥʦ 

ʚʘʞʥʳʤʠ ʠ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʴʥʳʭ ʠ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʠ ʚʳʯʠʩʣʝʥʠʝ ʩʝʯʝʥʠʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ PYTHIA 6.2 ʇʦʣʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ p+p ­ WR + X ­ Nʝ+e° + X ʙʦʣʝʝ 

ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʦʩʭʦʜʠʪ ʩʝʯʝʥʠʝ ʨʝʘʢʮʠʠ p+p ­ Z' + X ­ 2Nʝ+ X, ʜʝʣʘʷ ʝʛʦ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʧʦʠʩʢʘ ʪʷʞʝʣʳʭ ʥʝʡʪʨʠʥʦ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʠʛʥʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʦʪ ʨʘʩʧʘʜʦʚ WR ʠ Nʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

ʧʦʣʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʙʳʪʠʡ ʚ ʜʝʪʝʢʪʦʨʝ CMS CMSSW. ʇʦʩʣʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʙʳʪʠʡ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʪʙʦʨʘ ʩʦʙʳʪʠʡïʢʘʥʜʠʜʘʪʦʚ ʪʨʝʙʦʚʘʣʦʩʴ 

ʥʘʣʠʯʠʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʯʝʪʳʨʝʭ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʠʤʝʥʥʦ, ʜʚʫʭ ʠʣʠ 

ʙʦʣʝʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (ʤʶʦʥʦʚ) ʠ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʩʪʨʫʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʙʦʨʘ 

ʠʩʪʠʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʩʦʩʪʘʚʠʣʘ ʧʨʠ ʵʪʦʤ ʦʢʦʣʦ 90%. ʀʩʪʦʯʥʠʢʦʤ ʬʦʥʘ ʜʣʷ 

ʩʠʛʥʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʉʄ ʩ ʧʘʨʦʡ ʣʝʧʪʦʥʦʚ ʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʫʤʷ 

ʩʪʨʫʷʤʠ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʬʦʥʘ ʵʪʠ ʩʦʙʳʪʠʷ ʙʳʣʠ 

ʩʤʦʜʝʣʠʨʦʚʘʥʳ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʠ ʦʪʦʙʨʘʥʳ ʩ ʧʦʤʦʱʴʶ ʪʝʭ ʞʝ ʧʨʦʛʨʘʤʤ ʠ ʢʨʠʪʝʨʠʝʚ, 

ʯʪʦ ʠ ʩʠʛʥʘʣʴʥʳʝ ʩʦʙʳʪʠʷ. ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʯʠʩʣʦ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ ʬʦʥʘ ʚ 

ʜʝʪʝʢʪʦʨʝ CMS ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʠʭ ʦʞʠʜʘʝʤʦʤʫ ʯʠʩʣʫ ʜʣʷ ʧʦʣʥʦʡ ʩʚʝʪʠʤʦʩʪʠ Lt = 30 ʬʙ
-1. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʚʦʢʫʧʥʳʡ ʬʦʥ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʫʩʣʦʚʠʡ ʦʪʙʦʨʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʭʦʨʦʰʦ ʦʧʠʩʘʥ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʬʦʥ ʚ ʦʙʣʘʩʪʠ ʤʘʩʩ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʛʠʛʘʵʣʝʢʪʨʦʥʚʦʣʴʪ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʧʠʢ 

ʦʪ ʨʘʩʧʘʜʦʚ ʥʝʡʪʨʠʥʦ ʭʦʨʦʰʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ. ɽʩʣʠ ʧʦʪʨʝʙʦʚʘʪʴ, ʯʪʦʙʳ 
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ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘʷ ʠʥʚʘʨʠʘʥʪʥʘʷ ʤʘʩʩʘ ʢʦʤʙʠʥʘʮʠʠ e1e2j1j2 ʚ ʵʪʦʤ ʞʝ ʩʦʙʳʪʠʠ ʙʳʣʘ 

ʙʦʣʴʰʝ, ʯʝʤ 1 ʊʵɺ, ʫʨʦʚʝʥʴ ʬʦʥʘ ʧʦʜ ʧʠʢʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩ 

ʜʣʷ WR-ʩʦʙʳʪʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʦʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʠʢ WR ʧʨʦʷʚʣʷʝʪʩʷ ʦʪʯʝʪʣʠʚʦ.  

ʈʝʟʫʣʴʪʘʪʳ ʦʯʝʨʝʜʥʦʛʦ ʵʪʘʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɿʘ 2010-2012 ʛʛ. ʜʝʪʝʢʪʦʨʦʤ CMS ʙʳʣʦ ʥʘʙʨʘʥʦ ʦʢʦʣʦ 25 ʬʙ-1 ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʪʨʠʛʛʝʨʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʦʣʥʦʩʪʴʶ ʦʙʨʘʙʦʪʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʦ ʜʚʫʤ ʩʠʛʥʘʪʫʨʘʤ: ʘ) 2 ʘʜʨʦʥʥʳʭ ʩʪʨʫʠ + 2 ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʘ ʙ) 2 ʘʜʨʦʥʥʳʭ ʩʪʨʫʠ 

+ 2 ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʶʦʥʘ. ɺ ʵʣʝʢʪʨʦʥ-ʤʶʦʥʥʦʤ ʢʘʥʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʝʥʳ 

ʩʦʙʳʪʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ ʦʪʙʦʨʘ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʉʄ. ɺ ʵʣʝʢʪʨʦʥʥʦʤ ʠ ʤʶʦʥʥʦʤ ʢʘʥʘʣʘʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʠʢ ʦʪ ʨʘʩʧʘʜʘ 

Z-ʙʦʟʦʥʘ. ʈʠʩʫʥʦʢ 1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʝʛʦ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʦʡ ʤʦʜʳ ʨʘʩʧʘʜʘ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. ʂʦʣʠʯʝʩʪʚʦ ʂʍɼ-ʩʪʨʫʡ, 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʢʘʢ ʵʣʝʢʪʨʦʥʳ, ʪʘʢʞʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʝʨʚʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʝ ʯʝʪʳʨʝʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʦʪʙʦʨʘ xʦʨʦʰo 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ. ʊʘʢʦʝ ʩʦʛʣʘʩʠʝ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʜʘʥʥʳʤʠ 

ʛʦʚʦʨʠʪ ʦ ʧʨʘʚʠʣʴʥʦʤ ʧʦʥʠʤʘʥʠʠ ʚʩʝʭ ʚʘʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʷʭ. ʉʦʙʳʪʠʷ, ʧʨʦʰʝʜʰʠʝ ʯʝʨʝʟ ʚʩʝ ʩʪʘʜʠʠ ʦʪʙʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʨʪʠʥʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 2.  

           

ʈʠʩʫʥʦʢ 1 - ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘʷ ʤʘʩʩʘ Z-ʙʦʟʦʥʘ ʚ ʵʣʝʢʪʨʦʥʥʦʤ (ʩʣʝʚʘ) ʠ ʤʶʦʥʥʦʤ 

(ʩʧʨʘʚʘ) ʢʘʥʘʣʘʭ. 
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ʈʠʩʫʥʦʢ 2 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʙʳʪʠʡ ʧʦ ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʝ ʯʝʪʳʨʝʭ ʦʙʲʝʢʪʦʚ 

ʧʦʩʣʝ ʚʩʝʭ ʩʪʘʜʠʡ ʦʪʙʦʨʘ ʚ ʵʣʝʢʪʨʦʥʥʦʤ (ʩʣʝʚʘ) ʠ ʤʶʦʥʥʦʤ (ʩʧʨʘʚʘ) ʢʘʥʘʣʘʭ. 

ʇʦʣʫʯʝʥʳ ʨʝʢʦʨʜʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʘʩʩʫ ʧʨʘʚʦʛʦ W-ʙʦʟʦʥʘ ʠ ʤʘʩʩʫ ʪʷʞʝʣʦʛʦ 

ʥʝʡʪʨʠʥʦ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʛʥʘʪʫʨ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʤʶʦʥʘʤʠ. 

ʇʨʠ ʤʘʩʩʝ ʪʷʞʝʣʦʛʦ ʥʝʡʪʨʠʥʦ ʧʦʨʷʜʢʘ ʧʦʣʦʚʠʥʳ ʤʘʩʩʳ W-ʙʦʟʦʥʘ ʝʛʦ ʤʘʩʩʘ MW ʜʦʣʞʥʘ 

ʙʳʪʴ ʙʦʣʴʰʝ 3100 ɻʵɺ. ɺ ʢʦʦʨʜʠʥʘʪʘʭ çʤʘʩʩʘ ʧʨʘʚʦʛʦ W-ʙʦʟʦʥʘ MW - ʤʘʩʩʘ ʪʷʞʝʣʦʛʦ 

ʥʝʡʪʨʠʥʦ mNè ʧʦʣʫʯʝʥʳ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ W-ʙʦʟʦʥʘ ʠ ʪʷʞʝʣʦʛʦ ʥʝʡʪʨʠʥʦ 

ʩ ʪʘʢʠʤʠ ʤʘʩʩʘʤʠ ʠʩʢʣʶʯʝʥʦ ʚ ʨʘʤʢʘʭ ʣʝʚʦ-ʧʨʘʚʦʩʠʤʤʝʪʨʠʯʥʦʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʤʦʜʝʣʠ 

SUc(3)ÃSUL(2) ÃSUR(2) ÃU(1) ʢʘʢ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʤʶʦʥʥʦʛʦ ʢʘʥʘʣʦʚ. ʅʦʚʳʡ 

ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʥʘ ʤʘʩʩʫ ʧʨʘʚʦʛʦ W-ʙʦʟʦʥʘ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʘʨʘʤʝʪʨ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʊʵʚʘʪʨʦʥʝ, ʙʦʣʝʝ ʯʝʤ ʚ 4 ʨʘʟʘ.  

ɺ ʵʣʝʢʪʨʦʥʥʦʤ ʢʘʥʘʣʝ ʥʘʙʣʶʜʝʥ ʥʝʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʩʦʙʳʪʠʡ ʥʘʜ ʬʦʥʦʤ ʥʘ ʫʨʦʚʥʝ 

2,8 ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʷ ʧʨʠ ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʝ ʵʣʝʢʪʨʦʥʘ, ʧʦʟʠʪʨʦʥʘ ʠ ʜʚʫʭ 

ʘʜʨʦʥʥʳʭ ʩʪʨʫʡ M inv ʚ ʜʠʘʧʘʟʦʥʝ 1,8...2,2 ʊʵɺ, ʭʦʪʷ ʥʘʙʣʶʜʝʥʥʳʡ ʠʟʙʳʪʦʢ ʩʦʙʳʪʠʡ ʪʨʫʜʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʥʘʣʠʯʠʝ WR-ʙʦʟʦʥʘ ʩ ʤʘʩʩʦʡ ʧʦʨʷʜʢʘ 2 ʊʵɺ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ 

SUc(3)ÃSUL(2) ÃSUR(2) ÃU(1) ʩ ʣʝʚʦ-ʧʨʘʚʦʡ ʩʠʤʤʝʪʨʠʝʡ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʞʫʨʥʘʣʝ European Physical Journal, ʦʥʠ ʚʳʟʚʘʣʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʫʞʝ 

ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʩʪʘʪʝʡ, ʦʙʲʷʩʥʷʶʱʠʭ ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʝʚʳʰʝʥʠʝ ʩʦʙʳʪʠʡ ʥʘʜ 

ʬʦʥʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʤʦʜʝʣʠ ʩ ʷʚʥʦ ʥʘʨʫʰʝʥʥʦʡ ʣʝʚʦ-ʧʨʘʚʦʡ ʩʠʤʤʝʪʨʠʝʡ (ʩʤ. Deppisch F. 

et al. Signal of Right-Handed Charged Gauge Bosons at the LHC? // Phys.Rev.D. 2014. V.90. 

P.053014. DOI: 10.1103/PhysRevD.90.053014; Aguilar-Saavedra J.A., Joaquim F.R. A closer 

look at the possible CMS signal of a new gauge boson // Phys.Rev.D. 2014. V.90. P.115010. DOI: 

10.1103/PhysRevD.90.115010).  
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ʉʦʪʨʫʜʥʠʢʦʤ ʃʄʌʇ ʅ.ɺ.ʂʨʘʩʥʠʢʦʚʳʤ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ ɺ.ɸ.ʄʘʪʚʝʝʚʳʤ ʥʘʧʠʩʘʥʘ 

ʤʦʥʦʛʨʘʬʠʷ çʆʪʢʨʳʪʠʝ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʠ ʧʦʠʩʢ ʥʦʚʦʡ ʬʠʟʠʢʠ ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ 

ʢʦʣʣʘʡʜʝʨʝ ʧʨʠ ʵʥʝʨʛʠʷʭ 7 ʠ 8 ʊʵɺè [1]. ʄʦʥʦʛʨʘʬʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ 

ʧʦʠʩʢʫ ʥʦʚʦʡ ʬʠʟʠʢʠ ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ, ʚʢʣʶʯʘʷ ʦʪʢʨʳʪʠʝ ʙʦʟʦʥʘ ʍʠʛʛʩʘ, 

ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʦʚ 2010-2012 ʛʛ. ʠ ʙʫʜʝʪ ʦʧʫʙʣʠʢʦʚʘʥʘ ʠʟʜʘʪʝʣʴʩʪʚʦʤ çʂʨʘʩʘʥʜè ʚ ʥʘʯʘʣʝ 

2015 ʛ. ʆʧʫʙʣʠʢʦʚʘʥʘ ʤʦʥʦʛʨʘʬʠʷ ʉ.ʀ.ɹʠʪʶʢʦʚʘ ʠ ʅ.ɺ.ʂʨʘʩʥʠʢʦʚʘ çʇʨʠʤʝʥʝʥʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʦʡ ʬʠʟʠʢʠ ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝè [2]. 

ʅʘʧʠʩʘʥ ʠ ʦʧʫʙʣʠʢʦʚʘʥ ʦʙʟʦʨ ʧʦ ʧʦʠʩʢʫ ʧʨʘʚʦʛʦ W-ʙʦʟʦʥʘ ʠ ʩʪʝʨʠʣʴʥʦʛʦ ʥʝʡʪʨʠʥʦ ʥʘ 

ʜʝʪʝʢʪʦʨʘʭ CMS ʠ ATLAS [3].  



207 
 

6.1.2 ɸɼʈʆʅʅʓʁ ʂɸʃʆʈʀʄɽʊʈ HCAL 

ʀʟʫʯʝʥʠʝ ʰʫʤʦʚ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ HCAL 

ɺʳʧʦʣʥʷʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʘʪʠʢʝ ʛʨʫʧʧʳ DPG (Detector Performance Group), 

ʠʟʫʯʘʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ (HCAL) ʜʝʪʝʢʪʦʨʘ CMS. ʈʘʙʦʪʘ 

ʚʝʣʘʩʴ ʧʦ ʪʝʤʘʪʠʢʝ ʨʘʙʦʯʠʭ ʛʨʫʧʧ DPG: Noise WG, ʠʟʫʯʘʶʱʝʡ ʰʫʤʳ ʘʜʨʦʥʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ, ʠ HBHE 25ns Reconstruction Group, ʠʟʫʯʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʘʜʨʦʥʥʳʤ ʢʘʣʦʨʠʤʝʪʨʦʤ ʯʘʩʪʠʮʳ ʧʦ ʟʘʨʷʜʫ ʚ ʦʜʥʦʤ 

ʠʥʪʝʨʚʘʣʝ (25 ʥʩ) ʟʘʨʷʜʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (QIE) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʥʘ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʭʝʤʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ (2Ĭ25 ʥʩ). ʉʭʝʤʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʘʞʥʘ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘʣʦʞʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʦʪ ʩʨʘʙʘʪʳʚʘʥʠʡ ʢʘʣʦʨʠʤʝʪʨʘ ʚʥʝ ʜʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʜʦ ʠʣʠ ʧʦʩʣʝ) ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʫʯʢʦʚ ʫʩʢʦʨʠʪʝʣʷ ʚ ʨʝʞʠʤʝ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʦʛʜʘ 

ʚʨʝʤʝʥʥʳʝ ʚʦʨʦʪʘ ʪʨʠʛʛʝʨʘ ʤʦʛʫʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʳ ʜʦ 25 ʥʩ. ʀʟʫʯʘʣʘʩʴ ʢʦʨʨʝʢʮʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʦʜʠʥʦʯʥʦʤ ʘʢʪʝ ʩʨʘʙʘʪʳʚʘʥʠʷ HCAL, ʫʯʠʪʳʚʘʶʱʘʷ Out-Of-

Time Pile-Up.  

ʄʦʜʝʨʥʠʟʘʮʠʷ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ HCAL 

ɺ ʘʜʨʦʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘ CMS ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʦʚʳʡ ʪʠʧ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ð ʢʨʝʤʥʠʝʚʳʝ ʬʦʪʦʫʤʥʦʞʠʪʝʣʠ (Silicon 

Photomultiplier, SiPM). SiPM ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʢʨʝʤʥʠʝʚʳʭ ʷʯʝʝʢ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ 

ʛʝʡʛʝʨʦʚʩʢʦʤ ʨʝʞʠʤʝ (ʩ ʫʩʠʣʝʥʠʝʤ ʧʦʨʷʜʢʘ 106) ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʩʯʝʪʯʠʢʠ ʬʦʪʦʥʦʚ. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ SiPM ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʩʠʛʥʘʣʦʚ ʦʪ ʚʩʝʭ ʷʯʝʝʢ, ʩʨʘʙʦʪʘʚʰʠʭ ʦʪ 

ʧʦʧʘʜʘʥʠʷ ʬʦʪʦʥʘ. ʆʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ SiPM ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʰʫʤʘ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʣʘʚʠʥʥʳʤʠ ʬʦʪʦʜʠʦʜʘʤʠ), ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʪʦʥʦʚ (ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ ð ʥʘ ʫʨʦʚʥʝ ʚʘʢʫʫʤʥʳʭ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ) ʠ ʚʳʩʦʢʦʤ ʚʨʝʤʝʥʥʦʤ ʨʘʟʨʝʰʝʥʠʠ (ʜʝʩʷʪʢʠ ʧʠʢʦʩʝʢʫʥʜ). 

ʉʦʪʨʫʜʥʠʢ ʃʄʌʇ ɸ.ʂʦʨʥʝʝʚ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʪʝʩʪʠʨʦʚʘʥʠʠ ʠ ʚʳʙʦʨʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʪʠʧʦʚ SiPM ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʜʝʪʝʢʪʦʨʘ CMS. ɺ ʥʘʯʘʣʝ 

ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʢʨʫʧʥʦʡ ʩʝʨʠʠ ʧʨʠʙʦʨʦʚ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ, 

ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʳʝ ʨʘʙʦʪʳ ʚ ʵʪʦʤ ʛʦʜʫ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʧʦʜʛʦʪʦʚʢʝ ʥʝʩʢʦʣʴʢʠʭ 

ʩʪʝʥʜʦʚ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ SiPM. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʢʘʢ ʩʘʤʠ ʩʪʝʥʜʳ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʡ. 
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ʇʦʜʛʦʪʦʚʢʘ ʩʪʝʥʜʦʚ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ SiPM 

ɼʣʷ ʤʘʩʩʦʚʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʜʚʘ ʩʪʝʥʜʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ SiPM (ʨʠʩʫʥʦʢ 3): 

ʘ) ʉʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʥʦʚʳʭ ʪʦʢʦʚ ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ. ʕʪʦʪ ʩʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʘʚʘʪʴ 

ʥʘ ʢʘʞʜʳʡ ʧʦʜʢʣʶʯʝʥʥʳʡ ʬʦʪʦʜʝʪʝʢʪʦʨ ʩʝʨʠʶ ʥʘʧʨʷʞʝʥʠʡ ʠ ʠʟʤʝʨʷʪʴ ʚʝʣʠʯʠʥʫ 

ʧʨʦʪʝʢʘʶʱʝʛʦ ʪʦʢʘ, ʠʟʫʯʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʣʴʪ-ʘʤʧʝʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʠʙʦʨʦʚ. 

ʙ) ʉʪʝʥʜ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ. ʕʪʦʪ ʩʪʝʥʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʊʘʢ ʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʫʩʪʘʥʦʚʢʘ ʩʪʝʥʜʘ ʚ 

ʧʝʯʴ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʩʪʘʨʝʥʠʷ ʬʦʪʦʜʝʢʪʦʨʦʚ. 

 

 

ʈʠʩʫʥʦʢ 11 - ʄʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʪʝʥʜʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʥʦʚʳʭ ʪʦʢʦʚ ʠ ʢʦʥʪʨʦʣʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ SiPM. 

ʇʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʄʃʌɼ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ HCAL ʫʩʪʘʥʦʚʢʠ CMS 

ʙʳʣʦ ʧʨʦʜʦʣʞʝʥʦ ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʝʤʥʠʝʚʳʭ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʘʙʨʘʥʥʳʭ ʚ 2012-13 ʛʛ. ɺʦ ʚʥʝʰʥʝʤ ʙʣʦʢʝ HO ʘʜʨʦʥʥʦʛʦ 
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ʢʘʣʦʨʠʤʝʪʨʘ HCAL ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 132 ʢʨʝʤʥʠʝʚʳʭ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ (SiPM) ʬʠʨʤ 

Hamamatsu ʠ Zecotek ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʜʘʣʴʥʝʡʰʝʡ ʟʘʤʝʥʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʘʚʠʥʥʳʭ 

ʬʦʪʦʜʠʦʜʦʚ ʥʘ ʢʨʝʤʥʠʝʚʳʝ ʬʦʪʦʫʤʥʦʞʠʪʝʣʠ. ɸʥʘʣʠʟ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʨʝʤʥʠʝʚʳʭ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʜʦʢʣʘʜʘ ʥʘ ʨʘʙʦʯʝʤ 

ʩʦʙʨʘʥʠʠ ʛʨʫʧʧʳ HCAL. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʤʦʜʫʣʝʡ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ HCAL 

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʚ 2014 ʛ. ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʷ ʦʪʢʣʠʢʘ ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ (ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ) ʜʝʪʝʢʪʦʨʘ CMS. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʩʦʙʨʘʥ ʠ 

ʫʩʪʘʥʦʚʣʝʥ ʧʨʠʚʦʜ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ SR-90 ʩ ʠʥʜʝʢʩʝʨʦʤ ʠ ʧʦʜʚʦʜʷʱʠʤʠ 

ʪʨʫʙʢʘʤʠ.  ʈʘʜʠʦʘʢʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʚʚʦʜʠʣʩʷ ʚʥʫʪʨʴ ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ ʘʜʨʦʥʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʥʷʪʠʝʤ ʧʦʢʘʟʘʥʠʡ ʩ ʵʣʝʢʪʨʦʥʠʢʠ.  ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʧʳʪʘʥʠʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʨʘʜʠʘʮʠʦʥʥʫʶ ʜʝʛʨʘʜʘʮʠʶ ʩʣʦʝʚ ʢʘʣʦʨʠʤʝʪʨʘ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʙʣʠʞʝ ʢ ʦʩʠ ʧʫʯʢʘ.  ɺʘʞʥʦʡ ʨʘʙʦʪʦʡ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢʦ ʚʪʦʨʦʤʫ ʩʝʘʥʩʫ ʨʘʙʦʪʳ ɹɸʂ ʩʪʘʣʘ 

ʟʘʤʝʥʘ  ʙʣʦʢʦʚ ʩʯʠʪʳʚʘʥʠʷ ʩʠʛʥʘʣʦʚ Read-out Module (RM) ʚ ʪʦʨʮʝʚʦʡ ʠ ʙʘʨʨʝʣʴʥʦʡ ʯʘʩʪʷʭ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. ʕʪʠ ʤʦʜʫʣʠ ʧʨʝʦʙʨʘʟʫʶʪ ʩʚʝʪ, ʩʦʙʨʘʥʥʳʡ ʩ ʧʣʘʩʪʠʢʦʚʳʭ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʘʜʨʦʥʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ ʜʝʪʝʢʪʦʨʘ CMS. ɺʩʝʛʦ ʙʳʣʦ ʩʥʷʪʦ, ʧʦʯʠʥʝʥʦ ʠʣʠ ʟʘʤʝʥʝʥʦ, ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʪʥʦ 10 ʪʘʢʠʭ ʤʦʜʫʣʝʡ. 

ʂʨʘʡʥʝ ʚʘʞʥʦʡ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ CMS ʨʘʙʦʪʦʡ ʙʳʣʘ ʟʘʤʝʥʘ ʜʘʪʯʠʢʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʧʨʦʚʝʨʢʘ ʢʘʙʝʣʝʡ ʜʣʷ ʥʠʭ. ɺʩʝʛʦ ʙʳʣʦ ʟʘʤʝʥʝʥʦ ʥʘ 

ʥʦʚʳʝ ʨʘʜʠʘʮʠʦʥʥʦʩʪʦʡʢʠʝ 32 ʜʘʪʯʠʢʘ ʚ ʙʘʨʨʝʣʴʥʦʡ ʯʘʩʪʠ ʠ 32 ʜʘʪʯʠʢʘ ʚ ʪʦʨʮʝʚʦʡ ʯʘʩʪʠ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʜʝʪʝʢʪʦʨʘ CMS. ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʧʨʦʚʦʜʘ ʠ ʵʣʝʢʪʨʦʥʠʢʘ 

ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ. ʊʘʢʦʡ ʞʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʚ 2014 ʛ. ʙʳʣʘ ʧʨʦʚʝʨʢʘ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʘʙʝʣʝʡ ʠ ʘʜʘʧʪʦʨʦʚ ʜʣʷ ʥʦʚʦʛʦ ʧʝʨʝʜʥʝʛʦ ʘʜʨʦʥʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ ʜʝʪʝʢʪʦʨʘ CMS. ʇʝʨʝʜʥʠʡ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʩʯʸʪʘ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʥʫʪʨʠ ʜʝʪʝʢʪʦʨʘ CMS. ʂʘʙʝʣʷ ʠ ʘʜʘʧʪʝʨʳ 

ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʦʩʮʠʣʣʦʛʨʘʬʘ. ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʦʢʦʣʦ 340 ʢʘʙʝʣʝʡ ʠ 

340 ʘʜʘʧʪʝʨʦʚ. 
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6.1.3 ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ʕʂʉʇɽʈʀʄɽʅʊɸ CMS 

CMSSW ï ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ CMS ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. PYTHIA8 ï ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʧʨʦʪʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʘʢʞʝ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʘʜʨʦʥʠʟʘʪʦʨʦʤ ʜʣʷ ʛʝʥʝʨʘʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʫʨʦʚʥʝ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ PYTHIA8 ʩʪʘʥʝʪ ʦʩʥʦʚʥʳʤ ʘʜʨʦʥʠʟʘʪʦʨʦʤ ʚ Run II  LHC ʜʣʷ CMS.  

ʇʦ ʵʪʦʡ ʟʘʜʘʯʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʚʝʨʩʠʡ 

PYTHIA8 ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʩ CMSSW; ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʦʜʦʚ ʜʣʷ ʤʘʪʯʠʥʛʘ ʧʘʨʪʦʥʦʚ ʠ 

ʜʞʝʪʦʚ ʧʨʠ ʘʜʨʦʥʠʟʘʮʠʠ LHE-ʬʘʡʣʦʚ ʧʘʢʝʪʦʤ PYTHIA8 ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʩ CMSSW 

ʜʣʷ ʧʦʣʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ PYTHIA8 ʜʣʷ ʘʜʨʦʥʠʟʘʮʠʠ ʠ ʦʪʢʘʟʘ ʦʪ PYTHIA6; ʧʦʜʜʝʨʞʢʘ 

ʢʣʘʩʩʦʚ EmissionVeto ʠ EmissionVeto1 ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʘʜʨʦʥʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʛʝʥʝʨʘʪʦʨʘʤʠ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʛʝʥʝʨʘʪʦʨʘʤʠ POWHEG ʠ POWHEG_BOX); ʨʝʘʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʚʝʨʩʠʡ PYTHIA8 ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʝʨʩʠʠ CMSSW (ʧʝʨʝʢʣʶʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʪʦʣʴʢʦ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ, ʙʝʟ ʧʝʨʝʢʦʤʧʠʣʠʨʦʚʘʥʠʷ); ʜʦʙʘʚʣʝʥʠʝ 

ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʨʬʝʡʩʘ ʩ ʧʦʜʜʝʨʞʢʦʡ ʝʛʦ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ɺ 2014 ʛ. ʚ ʢʦʣʣʘʙʦʨʘʮʠʠ CMS ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʛʝʥʝʨʘʪʦʨʥʦʡ 

ʛʨʫʧʧʳ: ʦʨʛʘʥʠʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʧʦʜʛʨʫʧʧ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʛʨʫʧʧʘ Generator integration and 

validation. ʉʦʪʨʫʜʥʠʢ ʃʄʌʇ ʄ. ʂʠʨʩʘʥʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʦʜʛʨʫʧʧʳ, 

ʝʛʦ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ - ʠʥʪʝʛʨʘʮʠʷ ʛʝʥʝʨʘʪʦʨʦʚ, ʧʦʜʜʝʨʞʢʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ.  
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6.1 ɿɸʂʃʖʏɽʅʀɽ 

ʈʘʙʦʪʳ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʦʯʝʨʝʜʥʳʤ ʵʪʘʧʦʤ ʫʯʘʩʪʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʃʘʙʦʨʘʪʦʨʠʠ 

ʄʌʇ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ CMS, ʚʳʧʦʣʥʝʥʳ. ʕʪʦʪ ʵʪʘʧ ʚ ʦʩʥʦʚʥʦʤ ʙʳʣ ʩʚʷʟʘʥ ʩ ʧʨʦʚʝʜʝʥʠʝʤ 

ʘʥʘʣʠʟʘ ʥʘʙʨʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʥʦʚʦʡ ʬʠʟʠʢʠ, ʚʳʭʦʜʷʱʝʡ 

ʟʘ ʨʘʤʢʠ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʜʘʣʴʥʝʡʰʠʤ ʫʯʘʩʪʠʝʤ ʚ ʩʝʨʚʠʩʥʳʭ ʨʘʙʦʪʘʭ ʥʘ ʫʩʪʘʥʦʚʢʝ 

CMS, ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʘʥʘʣʠʟʘ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʩ ʨʘʙʦʪʘʤʠ ʧo 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ CMS, ʚ ʯʘʩʪʦʩʪʠ, ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʦ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʚ 2014 ʛ. ʨʘʙʦʪʳ ʧʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ CMS ʪʷʞʝʣʦʛʦ ʥʝʡʪʨʠʥʦ ʤʘʡʦʨʘʥʦʚʩʢʦʛʦ ʪʠʧʘ Ne 

ʠ ʥʦʚʦʛʦ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʙʦʟʦʥʘ WR. ʊʷʞʝʣʳʝ ʥʝʡʪʨʠʥʦ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʪʥʝʨʘʤʠ ʣʝʛʢʠʭ 

ʥʝʡʪʨʠʥʥʳʭ ʘʨʦʤʘʪʦʚ ʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʤʘʩʩʠʚʥʦʩʪʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʝ 

ʧʦʜʘʚʣʝʥʠʝ ʬʦʥʘ ʦʪ ʧʨʦʮʝʩʩʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʴʶ, ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʪʨʝʙʦʚʘʥʠʷ ʥʘʙʣʶʜʝʥʠʷ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʚʫʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʫʭ ʩʪʨʫʡ. ɺ 2014 ʛ. ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ 

ʪʷʞʝʣʳʭ ʥʝʡʪʨʠʥʦ ʠ ʧʨʘʚʦʛʦ WR-ʙʦʟʦʥʘ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʣʝʚʦ-ʧʨʘʚʦʩʠʤʤʝʪʨʠʯʥʳʭ 

ʨʘʩʰʠʨʝʥʠʷʭ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ. ɸʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʩʪʘʪʠʩʪʠʢʝ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʳʭ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʧʨʠ ʵʥʝʨʛʠʠ 8 ʊʵɺ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʜʝʪʝʢʪʦʨʝ CMS ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ 

ʢʦʣʣʘʡʜʝʨʝ ʧʨʠ ʧʦʣʥʦʡ ʩʚʝʪʠʤʦʩʪʠ 19,7 ʬʙ-1. ʇʦʢʘ ʥʝ ʧʦʣʫʯʝʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʙʳʪʦʢ ʩʦʙʳʪʠʡ, ʧʨʝʚʳʰʘʶʱʠʡ ʠʭ ʯʠʩʣʦ, ʦʞʠʜʘʝʤʦʝ ʚ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʘʩʩʫ WR 

ʦʢʦʣʦ 3100 ɻʵɺ, ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʥʘ ʤʘʩʩʫ ʪʷʞʝʣʦʛʦ ʥʝʡʪʨʠʥʦ ʧʦʨʷʜʢʘ ʧʦʣʦʚʠʥʳ ʤʘʩʩʳ W-

ʙʦʟʦʥʘ. ʅʦʚʳʡ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʥʘ ʤʘʩʩʫ ʧʨʘʚʦʛʦ W-ʙʦʟʦʥʘ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ 

ʧʘʨʘʤʝʪʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʊʵʚʘʪʨʦʥʝ, ʙʦʣʝʝ ʯʝʤ ʚ 4 ʨʘʟʘ. ɼʠʘʧʘʟʦʥ ʠʩʢʣʶʯʘʝʤʳʭ ʤʘʩʩ 

WR  ʧʦʣʫʯʝʥ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʣʝʧʪʦʥʳʭ   ʢʘʥʘʣʦʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ (ʪ.ʝ. ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ 

ʤʶʦʥʥʦʛʦ).  

ʅʘʨʷʜʫ ʩ ʫʯʘʩʪʠʝʤ ʚ ʬʠʟʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʝ ʥʘ ʫʩʪʘʥʦʚʢʝ CMS ʩʦʪʨʫʜʥʠʢʠ 

ʃʘʙʦʨʘʪʦʨʠʠ ʄʌʇ ʚ 2014 ʛ. ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʜʝʞʫʨʩʪʚʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ, ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʩʝʨʚʠʩʥʳʭ ʨʘʙʦʪʘʭ ʛʨʫʧʧʳ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʨʘʙʦʪʘʭ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʠ 

ʧʨʠʥʠʤʘʣʘ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʛʝʥʝʨʘʪʦʨʦʚ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʥʘ ʫʩʪʘʥʦʚʢʝ CMS. 
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1. ʂʨʘʩʥʠʢʦʚ ʅ.ɺ., ʄʘʪʚʝʝʚ ɺ.ɸ. ʆʪʢʨʳʪʠʝ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʠ ʧʦʠʩʢ ʥʦʚʦʡ ʬʠʟʠʢʠ ʥʘ 

ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ ʧʨʠ ʵʥʝʨʛʠʷʭ 7 ʠ 8 ʊʵɺ. ʄ.: ʂʨʘʩʘʥʜ, 2015. ï 210 

ʩ. 

2. ɹʠʪʶʢʦʚ ʉ.ʀ., ʂʨʘʩʥʠʢʦʚ ʅ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʠʩʢʘ 

ʥʦʚʦʡ ʬʠʟʠʢʠ ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ. ʄ.: ʂʨʘʩʘʥʜ, 2014. ï 272 ʩ. 

3. Krasnikov N.V., Matveev V.A. Search for the right-handed $W_R$ boson and a heavy 

neutrino at the Large hadron collider // Theoretical and Mathematical Physics. 2014. 

V. 181. P. 1540-1546. 

 

6.1 ʇʈʀʃʆɾɽʅʀɽ 

ʉʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 2014 ʛ. 

ʏʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ ʟʘ 2014 ʛ. ï 153,  

ʚ ʚʝʜʫʱʠʭ ʞʫʨʥʘʣʘʭ:  

Physical Rʝview Letters - 11  

Physics Letters B ï 25 

Journal of High Energy Physics ï 21 

Physical Review D ï 10 

European Physical Journal ï 9 

Journal of Instrumentation ï 3. 

 

ʇʫʙʣʠʢʘʮʠʠ 

ʉʦʪʨʫʜʥʠʢʠ ʃʘʙʦʨʘʪʦʨʠʠ ʄʌʇ ʚʭʦʜʷʪ ʚ ʘʚʪʦʨʩʢʠʡ ʢʦʣʣʝʢʪʠʚ ʢʦʣʣʘʙʦʨʘʮʠʠ CMS, 

ʢʦʪʦʨʳʡ ʚ 2014 ʛ. ʦʧʫʙʣʠʢʦʚʘʣ ʦʢʦʣʦ 80 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ (ʚ 

ʪʦʤ ʯʠʩʣʝ Physical Rʝview Letters ï 8, Physics Letters B ï 17, Journal of High Energy Physics ï 

23, Physical Review D ï 12, European Physical Journal ʉ ï 13). ʇʦ ʪʝʤʘʪʠʢʝ ʨʘʙʦʪ ʃʄʌʇ ʚ 

ʨʘʤʢʘʭ ʢʦʣʣʘʙʦʨʘʮʠʠ CMS ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʣʝʜʫʶʱʘʷ ʧʫʙʣʠʢʘʮʠʷ: 

Khachatryan V. et al (CMS Collaboration). Search for heavy neutrinos and W-bosons with 

right-handed couplings in protonïproton collisions at ãs=8TeV // Eur. Phys. J. C. 2014. V.  74. P. 

3149.Ο DOI 10.1140/epjc/s10052-014-3149-z. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʪʨʫʜʥʠʢʘʤʠ ʃʘʙʨʘʪʦʨʠʠ ʄʌʇ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʝʝ 10 ʨʘʙʦʪ ʧʦʤʠʤʦ 

ʢʦʣʣʘʙʦʨʘʮʠʠ CMS (ʧʦʣʥʳʡ ʩʧʠʩʦʢ ʪʘʢʠʭ ʨʘʙʦʪ ʧʨʠʚʝʜʝʥ ʚ ʤʘʪʝʨʠʘʣʘʭ ʧʦ ʇʈʅɼ). 

ɼʦʢʣʘʜʳ ʠ ʩʦʦʙʱʝʥʠʷ 

Krasnikov N. Search for dark force at CERN // QUARKS-2014, 18th International 

Seminar on High Energy Physics, Suzdal, Russia, 2-8 June, 2014. 
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Tlisov D. Exotica searches in pp collisions at 8 TeV in the CMS detector at the LHC // 
QUARKS-2014, 18th International Seminar on High Energy Physics, Suzdal, Russia, 2-8 June, 

2014. 

Kirsanov M. Search for a heavy neutrino and right-handed W boson of the left-right 

symmetric model in pp collisions at 8 TeV // QUARKS-2014, 18th International Seminar on High 

Energy Physics, Suzdal, Russia, 2-8 June, 2014. 

Kirsanov M. Two-dimensional analysis against one-dimensional one in the search for WR 

and heavy neutrino // 17th Annual CMS RDMS Conference, Dubna, Russia, 7-8 August 2014. 

Tlisov D. Possibility of space anisotropy search at CMS // 17th Annual CMS RDMS 

Conference, Dubna, Russia, 7-8 August 2014. 

 

ʉʦʦʙʱʝʥʠʷ 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʃʘʙʦʨʘʪʦʨʠʠ ʄʌʇ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ ʙʳʣʦ ʩʜʝʣʘʥʦ ʙʦʣʝʝ 30 

ʩʦʦʙʱʝʥʠʡ ʥʘ ʟʘʩʝʜʘʥʠʷʭ ʨʘʙʦʯʠʭ ʛʨʫʧʧ DPG, Noise WG, HCAL Integration & Upgrade 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, ʨʘʙʦʯʠʭ ʛʨʫʧʧ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʛʝʥʝʨʘʪʦʨʥʦʡ 

ʛʨʫʧʧʳ CMS. 



214 
 

6.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʨʫʰʝʥʠʷ ʉʈ ï ʯʸʪʥʦʩʪʠ ʠ ʧʦʠʩʢʠ ʥʦʚʦʡ ʬʠʟʠʢʠ 

ʚ ʨʘʩʧʘʜʘʭ ɺ ʤʝʟʦʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ LHCb 
 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ɽ.ʅ.ɻʫʱʠʥ. 

ʀʩʧʦʣʥʠʪʝʣʠ: 

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʉ.ʅ.ʌʠʣʠʧʧʦʚ 

ɻʣʘʚʥʳʡ ʠʥʞʝʥʝʨ ʀʗʀ ʈɸʅ ʆ.ɺ.ʂʘʨʘʚʠʯʝʚ   

ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɸ.ɸ.ʊʠʭʦʥʦʚ 

ɿʘʚʝʜʫʶʱʠʡ ʩʝʢʪʦʨʦʤ ʃ.ʅ.ɻʦʣʳʰʢʠʥ   

ɺʝʜʫʱʠʡ ʠʥʞʝʥʝʨ ɿ.ʅ.ʐʘʨʠʬʫʣʣʠʥ 

ʉʣʝʩʘʨʴ ʉ.ʂ.ʇʦʧʦʚ 

 

6.2 ʈɽʌɽʈɸʊ 

ɹʆʃʔʐʆʁ ɸɼʈʆʅʅʓʁ ʂʆʃʃɸʁɼɽʈ, ʉʊɸʅɼɸʈʊʅɸʗ ʄʆɼɽʃʔ, ʈɽɼʂʀɽ ʈɸʉʇɸɼʓ 

ɺ-ʄɽɿʆʅʆɺ, ʅɸʈʋʐɽʅʀɽ ʉʈ-ʏɽʊʅʆʉʊʀ, ʂɸʃʆʈʀʄɽʊʈʀʗ, 

ʉʎʀʅʊʀʃʃʗʎʀʆʅʅʓɽ ʄɽʊʆɼʓ ʗɼɽʈʅʆʁ ʌʀɿʀʂʀ, ʅʋʂʃʆʅ, ʌʆʊʆʅ, ʄɽɿʆʅ 

 ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʚʝʨʢʠ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʧʨʝʮʠʟʠʦʥʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʉʈ-ʥʘʨʫʰʝʥʠʷ, ʧʦʠʩʢ ʠ ʠʟʫʯʝʥʠʝ ʨʝʜʢʠʭ ʨʘʩʧʘʜʦʚ D- ʠ B- ʤʝʟʦʥʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪ LHCb ʷʚʣʷʝʪʩʷ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʧʦ ʠʟʫʯʝʥʠʶ ʬʠʟʠʢʠ ʪʷʞʝʣʳʭ ʢʚʘʨʢʦʚ ʥʘ 

ʧʨʦʪʦʥʥʳʭ ʧʫʯʢʘʭ. ʕʢʩʧʝʨʠʤʝʥʪ LHCb ʚ 2014 ʛ. ʧʨʦʜʦʣʞʠʣ ʨʘʙʦʪʫ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʥʘʙʨʘʥʥʳʭ ʜʘʥʥʳʭ (ʚʩʝʛʦ ʟʘ 2011-2013 ʛ.ʛ. ʧʨʠʥʷʪʦ >3/fb ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʚʝʪʠʤʦʩʪʠ), 

ʧʦʣʫʯʝʥ ʮʝʣʳʡ ʨʷʜ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʠʣʠ ʩʨʘʚʥʠʤʳʭ ʧʦ ʪʦʯʥʦʩʪʠ ʩ 

ʣʫʯʰʠʤʠ ʤʠʨʦʚʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ɺ ʪʦʤ ʯʠʩʣʝ ʙʦʣʝʝ ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʉʈ-ʥʘʨʫʰʘʶʱʝʡ 

ʬʘʟʳ fs ʚ Bs
0 ʩʝʢʪʦʨʝ, ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ g ʫʥʠʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʤʘʪʨʠʮʳ ʩʤʝʰʠʚʘʥʠʷ, 

ʦʙʥʘʨʫʞʝʥʠʝ ʉʈ-ʥʘʨʫʱʝʥʠʷ ʚ ʨʘʩʧʘʜʘʭ B0s ʤʝʟʦʥʘ, ʠʟʤʝʨʝʥʠʷ ʉʈ ʘʩʩʠʤʝʪʨʠʠ ʚ Bd ʩʝʢʪʦʨʝ 

ʠ ʨʷʜ ʜʨʫʛʠʭ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ LHCb ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ ʦʪʚʝʯʘʣ ʟʘ 

ʨʘʟʨʘʙʦʪʢʫ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʝʜʣʠʚʥʝʚʦʛʦ 

ʜʝʪʝʢʪʦʨʘ. ɺ 2014 ʛ., ʧʦʣʴʟʫʷʩʴ ʧʣʘʥʦʚʦʡ ʦʩʪʘʥʦʚʢʦʡ ʫʩʢʦʨʠʪʝʣʷ, ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʗʀ ʈɸʅ 

ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʨʦʚʝʨʢʝ ʠ ʟʘʤʝʥʝ ʥʝʠʩʧʨʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʛʨʫʟʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʪʙʦʨ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ. ʉʦʟʜʘʥ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʟʘʛʨʫʟʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ. ɻʨʫʧʧʘ ʀʗʀ ʈɸʅ ʧʨʦʚʝʣʘ ʪʘʢʞʝ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʪʨʝʢʦʚʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʚʦʣʦʢʦʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʧʨʦʪʦʪʠʧʳ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʝʚʳʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʫʤʝʥʴʰʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʫʩʠʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ.  
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6.2 ɺʚʝʜʝʥʠʝ 

LHCb ï ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʠ ʪʷʞʝʣʳʭ ʢʚʘʨʢʦʚ ʥʘ 

ʙʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ LHC. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ï ʧʦʠʩʢ ʵʬʬʝʢʪʦʚ ʅʦʚʦʡ 

ʌʠʟʠʢʠ ʚ ʥʘʨʫʰʝʥʠʠ ʉʈ ʯʝʪʥʦʩʪʠ ʠ ʨʝʜʢʠʭ ʨʘʩʧʘʜʘʭ ʘʜʨʦʥʦʚ ʩ c- ʠ b- ʢʚʘʨʢʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʫʪʝʤ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʠʤʝʶʱʠʭ ʪʦʯʥʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʚ ʉʪʘʥʜʘʨʪʥʦʡ 

ʤʦʜʝʣʠ (ʉʄ). ɿʘ ʛʦʜʳ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʫʞʝ ʧʦʣʫʯʝʥʳ ʢʣʶʯʝʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʩʦʙʝʥʥʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʦʪʢʣʦʥʝʥʠʷʤ ʦʪ ʪʝʦʨʠʠ. ʉʨʝʜʠ ʥʠʭ ʪʘʢʠʝ, ʢʘʢ ʠʟʤʝʨʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʝʜʢʦʛʦ ʨʘʩʧʘʜʘ Bs­mm, ʠʟʤʝʨʝʥʠʝ ʦʩʮʠʣʣʷʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ Dmd ʚ ʩʠʩʪʝʤʝ B
0 ʤʝʟʦʥʘ ʠ 

ʫʛʣʘ ɔ ʫʥʠʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʤʘʪʨʠʮʳ ʩʤʝʰʠʚʘʥʠʷ, ʧʦʠʩʢʠ ʩʚʝʨʭʨʝʜʢʦʛʦ ʨʘʩʧʘʜʘ 

Ks­mm, ʠʟʫʯʝʥʠʝ ʠʟʦʪʦʧʠʯʝʩʢʦʡ ʘʩʠʤʤʝʪʨʠʠ ʚ ʨʘʩʧʘʜʘʭ B­K(*)mm ʠ ʨʷʜ ʜʨʫʛʠʭ. ɼʨʫʛʦʡ 

ʧʨʠʤʝʨ ï ʵʪʦ ʠʟʤʝʨʝʥʠʝ ʉʈ-ʥʘʨʫʰʘʶʱʝʡ fs ʬʘʟʳ ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʤʝʞʜʫ ʩʤʝʰʠʚʘʥʠʝʤ ʠ 

ʨʘʩʧʘʜʘʤʠ Bs ï ʤʝʟʦʥʘ, ʧʨʝʜʩʢʘʟʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʚ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʤʘʣʦ, ʥʦ 

ʵʬʬʝʢʪʳ ʅʦʚʦʡ ʬʠʟʠʢʠ ʤʦʛʫʪ ʩʜʝʣʘʪʴ ʝʛʦ ʙʦʣʴʰʠʤ. ʀʟʤʝʨʝʥʠʝ ʫʛʣʘ ʩʤʝʰʠʚʘʥʠʷ ɔ 

ʫʥʠʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʤʘʪʨʠʮʳ ʂʘʙʠʙʦ-ʂʦʙʘʷʰʠ-ʄʦʩʢʘʚʘ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʰʠʚʘʥʠʷ ʢʚʘʨʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ LHCb ʧʦ ʫʛʣʫ ɔ 

ʫʞʝ ʷʚʣʷʶʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʜʣʷ ʤʠʨʦʚʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ.  

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʣʣʘʙʦʨʘʮʠʠ LHCb ʩ 1993 ʛ., ʥʘʯʠʥʘʷ 

ʩ ʧʨʦʝʢʪʥʦʡ ʩʪʘʜʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʊʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʀʗʀ ʈɸʅ ʙʳʣʘ ʜʦʚʝʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʧʨʝʜʣʠʚʥʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʯʘʩʪʴʶ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ LHCb 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʠʟʤʝʨʝʥʠʠ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʘʜʨʦʥʦʚ ʠ ʚʳʨʘʙʦʪʢʝ ʪʨʠʛʛʝʨʘ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʨʘʩʧʘʜʦʚ ɺ-ʤʝʟʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ Bs­fg, ʠʣʠ ʢʦʥʝʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ 

ʵʣʝʢʪʨʦʥʘʤʠ ʠ p0, ʥʘʧʨʠʤʝʨ, Bd­K*e+e-. ʉʦʪʨʫʜʥʠʢʠ ʀʗʀ ʈɸʅ ʟʘʥʠʤʘʣʠʩʴ ʨʘʟʨʘʙʦʪʢʦʡ, 

ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʠ ʠʟʤʝʨʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʝʢʪʠʨʫʶʱʠʭ ʷʯʝʝʢ ʧʨʝʜʣʠʚʥʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʥʘ ʪʝʩʪʦʚʳʭ ʧʫʯʢʘʭ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʩʚʝʪʦʚʳʭʦʜʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ  ʵʣʝʤʝʥʪʳ ï ʪʦʥʢʦʩʪʝʥʥʳʝ ʢʦʨʧʫʩʘ ʤʦʜʫʣʝʡ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʧʦʜʚʝʩʢʠ ʧʨʝʜʣʠʚʥʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ.  

ɿʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʝʞʜʫ 2010 ʠ 2013 ʛʛ. ʧʨʝʜʣʠʚʥʝʚʳʡ ʜʝʪʝʢʪʦʨ 

ʧʦʢʘʟʘʣ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʠ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʝʢʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ 

ʥʘʢʦʧʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʩʦʪʨʫʜʥʠʢʠ ʀʗʀ ʈɸʅ ʧʨʠʥʠʤʘʣʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʫʩʪʘʥʦʚʢʠ, ʟʘʥʠʤʘʷʩʴ ʢʦʥʪʨʦʣʝʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʠʚʥʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʜʝʞʫʨʩʪʚʦʤ 

ʚ ʩʤʝʥʘʭ ʠ ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
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ʇʘʨʘʣʣʝʣʴʥʦ ʥʘʙʦʨʫ ʠ ʦʙʨʘʙʦʪʢʝ ʪʝʢʫʱʠʭ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪ LHCb ʧʨʦʚʦʜʠʪ 

ʧʦʜʛʦʪʦʚʢʫ ʢ ʨʘʙʦʪʝ ʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ LHC ʧʨʠ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʠ ʠ 

ʩʚʝʪʠʤʦʩʪʠ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʢʠ LHCb ï ʦʙʝʩʧʝʯʝʥʠʝ  

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʥʘ ʩʚʝʪʠʤʦʩʪʠ ʜʦ 2*1033/ʩʤ2/ʩʝʢ, ʯʪʦ ʚ 5 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʜʦʩʪʠʛʥʫʪʳʡ 

ʫʨʦʚʝʥʴ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʩʯʠʪʳʚʘʥʠʷ ʚʩʝʭ ʧʦʜʩʠʩʪʝʤ ʠ 

ʩʦʟʜʘʥʠʝ ʧʦʣʥʦʩʪʴʶ ʛʠʙʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʪʨʠʛʛʝʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʙʦʨʘ ʢʦʥʝʯʥʳʭ ʘʜʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʨʘʩʧʘʜʘʭ B- ʠ D-ʤʝʟʦʥʦʚ. 

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʜʝʪʝʢʪʦʨ ʚʦ ʚʪʦʨʦʡ ʬʘʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʫʜʝʪ ʩʧʦʩʦʙʝʥ ʟʘ 10 ʣʝʪ 

ʥʘʙʨʘʪʴ ʩʪʘʪʠʩʪʠʢʫ ʦʢʦʣʦ 50/ʬʙ-1 ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʚʝʪʠʤʦʩʪʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʜʝʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʘʩʪʠʮ ʠ ʪʨʝʢʦʚʦʡ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʪʨʝʢʝʨ ʥʘ ʦʩʥʦʚʝ ʪʦʥʢʠʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʚʦʣʦʢʦʥ (SciFi), 

ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʥʘʯʘʪʘ ʚ 2011-2012 ʛ.ʛ. ʀʗʀ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ 

ʨʦʩʩʠʡʩʢʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʠ ʫʯʘʩʪʥʠʢʘʤʠ ʠʟ CERN ʠ ʜʨʫʛʠʭ ʛʨʫʧʧ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ʪʨʝʢʝʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʤʦʜʫʣʝʡ ʠ ʨʘʟʨʘʙʦʪʢʝ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʝʚʳʭ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ (SiPM). 

6.2 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ LHCb ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʉʈ-ʥʘʨʫʰʝʥʠʷ ʠ ʧʦʠʩʢ ʅʦʚʦʡ 

ʌʠʟʠʢʠ ʚ ʨʝʜʢʠʭ ʨʘʩʧʘʜʘʭ ɺ-ʤʝʟʦʥʦʚ. ɺ 2014 ʛʦʜʫ ʥʘ ʫʩʢʦʨʠʪʝʣʝ LHC ʧʨʦʜʦʣʞʘʣʠʩʴ 

ʧʣʘʥʦʚʳʝ ʨʘʙʦʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʵʥʝʨʛʠʶ ʧʫʯʢʦʚ ʚ 2015 ʛ. ʧʣʘʥʠʨʫʝʪʩʷ  ʫʚʝʣʠʯʠʪʴ 

ʜʦ 6.5 ʊʵɺ. ʕʢʩʧʝʨʠʤʝʥʪ LHCb ʚ 2014 ʛ. ʧʨʦʜʦʣʞʠʣ ʨʘʙʦʪʫ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʥʘʙʨʘʥʥʳʭ 

ʜʘʥʥʳʭ (ʚʩʝʛʦ ʟʘ 2011-2013 ʛ.ʛ. ʧʨʠʥʷʪʦ >3/fb ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʚʝʪʠʤʦʩʪʠ), ʧʦʣʫʯʝʥ ʮʝʣʳʡ 

ʨʷʜ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʠʣʠ ʩʨʘʚʥʠʤʳʭ ʧʦ ʪʦʯʥʦʩʪʠ ʩ ʣʫʯʰʠʤʠ ʤʠʨʦʚʳʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ. ɺ ʪʦʤ ʯʠʩʣʝ ʙʦʣʝʝ ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʉʈ-ʥʘʨʫʰʘʶʱʝʡ ʬʘʟʳ fs ʚ Bs
0 ʩʝʢʪʦʨʝ, 

ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ -

ʥʘʨʫʱʝʥʠʷ ʚ ʨʘʩʧʘʜʘʭ B0s ʤʝʟʦʥʘ, ʠʟʤʝʨʝʥʠʷ ʉʈ ʘʩʩʠʤʝʪʨʠʠ ʚ Bd ʩʝʢʪʦʨʝ ʠ ʨʷʜ ʜʨʫʛʠʭ. 

ʉʨʝʜʠ ʚʘʞʥʝʡʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ LHCb ʚ 2014 ʛʦʜʫ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ: 

ɼʦʣʦʞʝʥʦ (arXiv:1411.4849) ʦʙ ʦʪʢʨʳʪʠʠ ʜʚʫʭ ʥʦʚʳʭ ʯʘʩʪʠʮ ɂb
'- ʠ ɂb

*-, 

ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʢʚʘʨʢʦʚʦʡ ʤʦʜʝʣʴʶ, ʥʦ ʥʝ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʨʘʥʝʝ. ʆʙʝ ʯʘʩʪʠʮʳ ʩʦʩʪʦʷʪ ʠʟ b-

, s- ʠ d- ʢʚʘʨʢʦʚ ʠ ʷʚʣʷʶʪʩʷ ʙʘʨʠʦʥʥʳʤʠ ʨʝʟʦʥʘʥʩʘʤʠ.  

ʊʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʉʈ ʥʘʨʫʰʝʥʠʷ ʚ ʨʘʩʧʘʜʘʭ Bs
0­J/yKK ʠ Bs

0­J/ý  ́

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʝʪʦʜ, ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ʚʢʣʘʜʘʤ ʅʦʚʦʡ ʬʠʟʠʢʠ ʚ ʉʈ 

ʥʘʨʫʰʘʶʱʫʶ ʬʘʟʫ fs ʚ Bs
0 ʩʝʢʪʦʨʝ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 3 ʬʙ-1 ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʦ 
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(arXiv:1411.3104, Phys. Lett. B 736 (2014) 186) ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʠʨʝ ʚʝʣʠʯʠʥʳ 

fs = -0.010 ° 0.039 rad, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʉʄ. 

ʀʟʤʝʨʝʥʠʝ ʫʛʣʘ g ʫʥʠʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʤʘʪʨʠʮʳ ʩʤʝʰʠʚʘʥʠʷ ʂʘʙʠʙʦ-ʂʦʙʘʷʰʠ-

ʄʦʩʢʘʚʘ: ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 3 ʬʙ-1 ʜʘʥʥʳʭ B(s)­D(s)K(*)  ʧʦʣʫʯʝʥʦ [LHCb-CONF-2014-004] 

ʟʥʘʯʝʥʠʝ g=(72.9+9.2
-9.9)̄.  

ʅʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʉʈ ʘʩʠʤʤʝʪʨʠʠ ʚ Bd ʩʝʢʪʦʨʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 3 ʬʙ
-1 

ʜʘʥʥʳʭ ad
sl = (ī0.02 Ñ 0.19(stat) Ñ 0.30(syst))% ʛʦʪʦʚʠʪʩʷ ʢ ʧʝʯʘʪʠ. ɺʤʝʩʪʝ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ 

ʨʘʥʴʰʝ ʚ Phys. Lett. B728 (2014) 607-615 ʟʥʘʯʝʥʠʝʤ as
sl = (ī0.06 Ñ 0.50(stat) Ñ 0.36(syst))%, 

ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʉʄ. 

ʊʝʩʪ ʣʝʧʪʦʥʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʨʘʩʧʘʜʳ B+ŸK+ǎ+ǎī, ʦʧʫʙʣʠʢʦʚʘʥ ʚ 

Phys. Rev. Lett. 113, 151601 (2014). ɿʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʘʩʧʘʜʦʚ B+ŸK+Õ+Õī 

ʠ B+ŸK+e+eī ʥʘʡʜʝʥʦ ʨʘʚʥʳʤ  0.745+0.090
ī0.074(stat)Ñ0.036(syst). ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʚ ʤʠʨʝ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʉʄ ʥʘ ʫʨʦʚʥʝ 2.6 ů. 

ʀʟʤʝʨʝʥʦ ʚʨʝʤʷ ʞʠʟʥʠ ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ ʪʷʞʝʣʳʭ ʢʚʘʨʢʦʚ Bc ʤʝʟʦʥʘ, ʠʩʧʦʣʴʟʫʷ 

ʧʦʣʫʣʝʧʪʦʥʥʳʝ ʤʦʜʳ ʨʘʩʧʘʜʘ ʩ J/ɣ ʤʝʟʦʥʦʤ ʠ ʤʶʦʥʦʤ ʩ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʝʟʫʣʴʪʘʪ 

Ű=509Ñ8Ñ12 fs ʧʦʣʫʯʝʥ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 2 ʬʙ-1 ʜʘʥʥʳʭ ʠ ʦʧʫʙʣʠʢʦʚʘʥ ʚ Eur. Phys. J. C74 

(2014) 2839. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʢʘ ʥʝ ʩʣʠʰʢʦʤ ʪʦʯʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ.  

ʆʧʫʙʣʠʢʦʚʘʥ (Phys. Rev. Lett. 112, 222002 (2014)) ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʵʢʟʦʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ  Z(4430)-. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʥʘ ʩʪʘʪʠʩʪʠʢʝ 3 ʬʙ-1 ʧʦʜʪʚʝʨʜʠʣʘ ʧʝʨʚʳʝ ʥʘʙʣʶʜʝʥʠʷ 

Belle, ʯʪʦ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʯʘʩʪʠʮʘ ʩ ʯʠʩʣʘʤʠ JP = 1+ ʩ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ 9.7ů. ʄʠʥʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʚʘʨʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ccdu, - ʯʝʪʳʨʝʭʢʚʘʨʢʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ 2 ʢʚʘʨʢ + 2 

ʘʥʪʠʢʚʘʨʢ, ʯʪʦ ʙʫʜʝʪ ʧʝʨʚʳʤ ʥʘʙʣʶʜʘʝʤʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʟʦʥʦʚ ʦʪ 

ʩʪʘʥʜʘʨʪʥʦʡ ʢʚʘʨʢ-ʘʥʪʠʢʚʘʨʢʦʚʦʡ ʤʦʜʝʣʠ. 

 

6.2.1  ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʛʨʫʟʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʘʨʠʤʝʪʨʘ 
 

ʉ ʦʩʪʘʥʦʚʢʦʡ ʫʩʢʦʨʠʪʝʣʷ LHC ʚ 2012 ʛ. ʥʘ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ 

ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭ ʧʫʯʢʠ ʫʩʢʦʨʠʪʝʣʷ, ʩʪʘʣʠ 

ʦʙʨʘʙʦʪʢʘ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʦʙʥʦʚʣʝʥʠʝ ʫʩʪʘʥʦʚʦʢ. ɿʘ ʪʨʠ ʛʦʜʘ ʠʥʪʝʥʩʠʚʥʦʡ 

ʨʘʙʦʪʳ ʧʦʷʚʠʣʠʩʴ ʢʘʢ ʚʳʰʝʜʰʠʝ ʠʟ ʩʪʨʦʷ ʜʝʪʘʣʠ ʜʝʪʝʢʪʦʨʦʚ, ʪʘʢ ʠ ʢʦʤʧʦʥʝʥʪʳ, 

ʜʝʛʨʘʜʠʨʦʚʘʚʰʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʜʦʟ ʨʘʜʠʘʮʠʠ. ɿʘʤʝʥʘ ʠʣʠ ʨʝʤʦʥʪ ʤʥʦʛʠʭ ʯʘʩʪʝʡ 

ʫʩʪʘʥʦʚʦʢ ʙʳʣʠ ʥʝʚʦʟʤʦʞʥʳ ʠʟ-ʟʘ ʠʭ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɼʦʩʪʫʧ ʢ ʪʘʢʠʤ ʯʘʩʪʷʤ ʧʦʪʨʝʙʦʚʘʣ ʙʳ ʧʝʨʝʙʦʨʢʠ ʜʝʪʝʢʪʦʨʘ ʩ ʟʘʪʨʘʪʦʡ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ 

ʚʨʝʤʝʥʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʪʝʨʝʡ ʧʫʯʢʦʚʦʛʦ ʚʨʝʤʝʥʠ. ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ, 

http://dx.doi.org/10.1016/j.physletb.2014.06.079
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ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʟʘʤʝʥʝ ʜʝʪʘʣʝʡ ʜʝʪʝʢʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʦʩʪʘʪʦʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʣʷ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʣʘ ʟʘʤʝʥʘ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ (ʌʕʋ) ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, ʧʦʢʘʟʘʚʰʠʭ ʚʦʟʨʘʩʪʘʥʠʝ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ 

ʠ ʨʦʩʪ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʦʚ ʩ ʨʦʩʪʦʤ ʩʨʝʜʥʝʛʦ ʪʦʢʘ ʯʝʨʝʟ ʬʦʪʦʫʤʥʦʞʠʪʝʣʴ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʠʥʪʝʥʩʠʚ-ʥʦʩʪʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʯʘʩʪʠʮ. ɺ ʪʝʯʝʥʠʝ 2014 ʛ. ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʟʘʤʝʥʘ ~300 ʌʕʋ ʥʘ ʥʦʚʳʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʫʭʦʜʘ 

ʧʘʨʘʤʝʪʨʦʚ ʩʥʷʪʳʭ ʩ ʜʝʪʝʢʪʦʨʘ ʌʕʋ, ʩ ʥʠʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʟʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʵʢʨʘʥʠʨʦʚʢʠ, ʟʘʟʝʤʣʝʥʠʷ ʠ ʪ.ʜ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠ 

ʠʟʤʝʨʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʘ ʥʘʣʠʯʠʝ ʤʠʢʨʦʪʨʝʱʠʥ. ʇʨʠʯʠʥ, ʚʳʟʳʚʘʶʱʠʭ 

ʫʭʫʜʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦ-ʫʤʥʦʞʠʪʝʣʝʡ, ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ.  

ʆʙʨʘʱʝʥʠʝ ʢ ʬʠʨʤʝ ï ʠʟʛʦʪʦʚʠʪʝʣʶ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʡ ʠʩʪʦʯʥʠʢ 

ʫʭʫʜʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʌʕʋ ï ʥʘʣʠʯʠʝ ʧʦʩʪʦʨʦʥʥʝʛʦ ʚʝʱʝʩʪʚʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ 

ʢʦʣʙʳ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ ʚ ʦʙʣʘʩʪʠ ʚʳʚʦʜʘ ʵʣʝʢʪʨʦʜʦʚ ʥʘʨʫʞʫ. ʕʪʦ, ʦʜʥʘʢʦ, ʥʝ ʦʙʲʷʩʥʷʝʪ 

ʧʦʷʚʣʝʥʠʝ ʪʘʢʠʭ ʌʕʋ ʥʘ ʘʜʨʦʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʞʝ ʌʕʋ, ʘ ʵʬʬʝʢʪ ʫʭʫʜʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʪʩʫʪʩʪʚʫʝʪ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʪʘʣ ʚʦʧʨʦʩ ʦ ʢʨʠʪʝʨʠʷʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʥʦʚʳʭ 

ʬʦʪʦʫʤʥʦʞʠʪʝ-ʣʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʥʘ ʟʘʤʝʥʫ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʌʕʋ, ʩʥʷʪʳʭ ʩ 

ʢʘʣʦʨʠʤʝʪʨʘ ʠʟ-ʟʘ ʫʭʫʜʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʘ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʨʝʜʥʝʛʦ ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʦʪ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ ʜʦ 10 ʤʢɸ. ʉʨʝʜʥʠʡ ʪʦʢ ʧʨʠ 

ʵʪʦʤ ʦʙʝʩʧʝʯʠ-ʚʘʣʩʷ ʧʦʜʩʚʝʪʢʦʡ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʚʝʪʦʜʠʦʜʘ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ 

ʢʨʠʪʝʨʠʷ ʦʪʙʦʨʘ ʥʦʚʳʭ ʌʕʋ ʙʳʣʦ ʚʳʙʨʘʥʦ ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʘ ʦʪ ʩʚʝʪʦʜʠʦʜʘ 

ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʡ ʧʦʜʩʚʝʪʢʝ ʢ ʘʤʧʣʠʪʫʜʝ, ʩʦʦʪʚʝʪʩʚʫʶʱʝʡ ʩʨʝʜʥʝʤʫ ʪʦʢʫ 10 ʤʢɸ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʙʳʣ ʩʦʙʨʘʥ ʩʪʝʥʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʈʠʩ.1. ʇʨʦʮʝʜʫʨʘ ʠʟʤʝʨʝʥʠʡ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʟʤʝʨʝʥʠʠ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ ʌʕʋ ʧʦʩʣʝ ʧʨʦʛʨʝʚʘ ʚ ʪʝʯʝʥʠʝ ~20 ʤʠʥ, ʘ ʪʘʢʞʝ 

ʘʤʧʣʠʪʫʜʳ ʩ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ ʜʦ ʚʢʣʶʯʝʥʠʷ ʧʦʜʩʚʝʪʢʠ ʠ ʩʧʫʩʪʷ ʦʜʠʥ ʯʘʩ ʧʦʩʣʝ. 

ʆʪʙʠʨʘʣʠʩʴ ʌʕʋ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʠʟʤʝʥʷʣʦʩʴ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5%. 

 

ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʩʪʝʥʜʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ 
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ʅʘʜʸʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʧʦʚʪʦʨʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ  ʚʳʙʦʨʦʯʥʳʭ 

ʌʕʋ ʠ ʢʦʥʪʨʦʣʝʤ ʟʘ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʨʝʜʥʝʛʦ ʪʦʢʘ ʯʝʨʝʟ ʬʦʪʦʫʤʥʦʞʠʪʝʣʴ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʧʨʠʤʝʨʥʦ ʜʣʷ 10% ʌʕʋ ʥʘʙʣʶʜʘʣʠʩʴ ʬʣʫʢʪʫʘʮʠʠ  ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  

ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ, ʦʙʝʩʧʝʯʠʚ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʘʤʧʣʠʪʫʜʳ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ. ʉʪʝʥʜ ʙʳʣ ʨʘʩʰʠʨʝʥ ʜʦʙʘʚʣʝʥʠʝʤ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʙʘʟʝ 

ʢʦʤʧʴʶʪʝʨʘ, ʢʘʨʢʘʩʘ VME, ʵʣʝʢʪʨʦʥʠʢʦʡ ʚ ʩʪʘʥʜʘʨʪʝ VME ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. 

 

ʈʠʩʫʥʦʢ 2 - ʊʠʧʠʯʥʘʷ ʘʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʦʙʨʘʥʥʦʛʦ ʌʕʋ. 

ʅʘ ʈʠʩ.2 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜ ʭʦʨʦʰʝʛʦ ʌʕʋ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ 

ʧʦʜʩʚʝʪʢʠ ʯʝʨʝʟ ~20 ʤʠʥ ʧʦʩʣʝ ʧʨʦʛʨʝʚʘ ʦʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 3% ʠ ʦʩʪʘʸʪʩʷ ʩʪʘʙʠʣʴʥʦʡ. 

ʆʪʙʠʨʘʣʠʩʴ ʌʕʋ, ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʭʦʜ ʘʤʧʣʠʪʫʜʳ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʣ Ñ5%. 

ʆʢʦʣʦ 90% ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ ʫʣʦʞʠʣʠʩʴ ʚ ʟʘʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʦʪʢʣʦʥʝʥʠʷ, ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʌʕʋ ʩ ʬʣʫʢʪʫʘʮʠʷʤʠ ʘʤʧʣʠʪʫʜʳ ʠ ʩ ʚʳʙʨʦʩʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʙʦʷ ʠʣʠ ʫʪʝʯʝʢ (ʈʠʩ.2). ʇʦʩʢʦʣʴʢʫ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʜʠʥ ʠ 

ʪʦʪ ʞʝ ʩʤʝʥʥʳʡ ʜʝʣʠʪʝʣʴ ʂʦʢʨʦʬʪ-ʋʦʣʪʦʥʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʧʨʦʮʝʩʩʳ 

ʧʨʦʠʩʭʦʜʷʪ ʚʥʫʪʨʠ ʢʦʣʙʳ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ. 

ɹʦʣʝʝ ʜʣʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ~10 ʯʘʩʦʚ ʧʦʢʘʟʘʣʠ ʤʝʜʣʝʥʥʳʡ ʜʨʝʡʬ 

ʘʤʧʣʠʪʫʜʳ ʥʘ 3%, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ.3. ʊʘʢʦʡ ʜʨʝʡʬ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʦʛʨʝʚʦʤ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ ʠ ʝʛʦ ʜʠʥʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʭʦʪʷ ʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʨʢʠ. ʇʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʦʙʝʩʧʝʯʠʚ ʭʦʨʦʰʫʶ ʪʝʨʤʦʠʟʦʣʷʮʠʶ ʌʕʋ ʠ ʦʢʨʫʞʘʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ. 
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ʈʠʩʫʥʦʢ 3 - ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʟʘʙʨʘʢʦʚʘʥʥʳʭ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ. 

 

ʈʠʩʫʥʦʢ 4 - ɺʨʝʤʝʥʥʦʡ ʜʨʝʡʬ ʘʤʧʣʠʪʫʜʳ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ ʟʘ ~10 ʯʘʩʦʚ. 

ʆʪʙʦʨ ʢʘʯʝʩʪʚʝʥʥʳʭ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ ʜʣʷ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʷʚʣʷʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ LHCb, ʧʦʩʢʦʣʴʢʫ ʠʥʬʦʨʤʘʮʠʷ ʩ ʥʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʘʢ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʜʨʦʥʦʚ, ʪʘʢ ʠ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʪʨʠʛʛʝʨʘ. ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʚʝʜʸʪ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ. 

 ɼʣʷ ʧʦʠʩʢʘ ʧʨʠʯʠʥ ʫʭʫʜʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʌʕʋ ʚ 2015 ʛ. ʧʨʠ ʫʯʘʩʪʠʠ ʩʦʪʨʫʜʥʠʢʦʚ 

ʀʗʀ ʈɸʅ ʙʫʜʝʪ ʩʦʟʜʘʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʪʝʥʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʪʝʤʥʦʚʦʡ ʪʦʢ ʠ ʘʤʧʣʠʪʫʜʫ ʌʕʋ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ 

ʟʘʩʚʝʪʢʠ. ʇʦʩʢʦʣʴʢʫ ʠʟʤʝʨʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʟʘʥʠʤʘʶʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʩʪʝʥʜ ʙʫʜʝʪ 

ʩʜʝʣʘʥ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʨʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ 12 ʌʕʋ. ʉʪʝʥʜ 

ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʦʚʳʭ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʥʘ 

ʟʘʤʝʥʫ, ʧʦʢʫʧʢʘ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ 2015 ʛ. ʚ ʢʦʣʠʯʝʩʪʚʝ 1000 ʰʪ. 

6.2.2   ʋʯʘʩʪʠʝ ʀʗʀ ʈɸʅ ʚ ʩʦʟʜʘʥʠʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ 

ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ LHCb 
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ʇʘʨʘʣʣʝʣʴʥʦ c ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʨʘʙʦʪʘʤʠ ʥʘ ʜʝʪʝʢʪʦʨʝ ʚ 2014 ʛ. 

ʢʦʣʣʘʙʦʨʘʮʠʷ LHCb ʧʨʦʚʦʜʠʣʘ ʨʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʘʙʦʪʳ 

ʥʘ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʩʚʝʪʠʤʦʩʪʠ ʧʦʩʣʝ 2018 ʛ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʫʩʪʘʥʦʚʢʠ ʛʨʫʧʧʘ ʀʗʀ ʈɸʅ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʪʨʝʢʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʚʦʣʦʢʦʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ï 

ʢʨʝʤʥʠʝʚʳʭ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ʆʩʥʦʚʥʳʝ ʮʝʣʠ ʠ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʪʦʪʠʧʦʚ SiPM (ʂɽʊɽʂ) ʚ 

2013-2014 ʛ.: 

- ʇʦʚʳʰʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ SiPM ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʧʠʢʩʝʣʝʡ ʜʦ 60 Õʤ Ĭ 62.5 Õʤ (GE=69.6%) ʠ 82.5 Õʤ Ĭ 62.5 Õʤ (GE=73.5%);  

- ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ SiPM ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ: 64 ʢʘʥʘʣʘ/ʯʠʧ ʠ 108 ʧʠʢʩʝʣʝʡ/ʢʘʥʘʣ 

ʜʣʷ ʚʘʨʠʘʥʪʘ ʩ 6 ʨʷʜʘʤʠ ʚʦʣʦʢʦʥ; 

- ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʟʝʣʝʥʦʤʫ ʩʚʝʪʫ ʠ ʧʦʚʳʰʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʧʨʦʙʦʚʘʪʴ ʚʘʨʠʘʥʪʳ ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʥʦʡ ʪʦʣʱʠʥʦʡ 

ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʩʣʦʷ ʠ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ p-n ʧʝʨʝʭʦʜʘ; 

- ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʠʢʩʝʣʷ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʳ ʩʪʨʫʢʪʫʨʳ 

(ʤʝʥʴʰʝʡ ʝʤʢʦʩʪʠ ʧʠʢʩʝʣʷ) ʠ ʫʤʝʥʴʰʝʥʠʷ ʛʘʩʷʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ RQ. ʋʯʠʪʳʚʘʝʪʩʷ ʪʘʢʞʝ 

ʟʘʚʠʩʠʤʦʩʪʴ RQ(T); 

- ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʘʥʘʚʦʢ ʤʝʞʜʫ ʧʠʢʩʝʣʷʤʠ ʚ ʮʝʣʷʭ ʫʣʫʯʰʝʥʠʷ 

ʩʚʝʪʦʠʟʦʣʷʮʠʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ. 

ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ ʠ ʚ 

ʪʘʙʣʠʮʝ ʥʠʞʝ. ɺʩʝʛʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʳʣʦ ʟʘʧʫʱʝʥʦ 12 ʧʣʘʩʪʠʥ ʩ ʨʘʟʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʩʪʨʫʢʪʫʨʳ, ʧʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʩ ʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʝʡ 

ʯʠʧʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ. 
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ʊʘʙʣʠʮʘ 1 ï ʇʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʳʪʥʦʡ ʧʘʨʪʠʠ ʠʟ 12 ʧʣʘʩʪʠʥ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʣʘʚʠʥʥʦʡ ʟʦʥʳ, ʨʘʟʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʛʘʩʷʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʚʘʨʠʘʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʥʘʚʦʢ. 

 

ʈʠʩʫʥʦʢ 5 ï ʇʦʢʘʟʘʥʳ ʚʘʨʠʘʥʪʳ ʯʠʧʦʚ ʩ ʨʘʟʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʨʘʟʤʝʨʘʤʠ ʷʯʝʝʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʝʤʝʪʨʦʚ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʯʠʧʦʚ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʠʟʤʝʨʝʥʠʷ 

ʨʦʙʦʡʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʧʨʦʚʝʨʢʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʚʩʝʭ ʢʘʥʘʣʦʚ ʯʠʧʘ, ʠʟʤʝʨʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʦʚ (PDE, 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʪʦʥʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. 
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ʊʘʙʣʠʮʘ 2 ï ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʙʦʨʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

64-ʢʘʥʘʣʴʥʳʭ ʯʠʧʦʚ ʬʦʪʦʜʠʦʜʦʚ: ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʙʦʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ (ʜʚʘ 

ʤʝʪʦʜʘ), ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪʘʶʱʠʭ ʢʘʥʘʣʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʪʦʥʘ. 

6.2.3 ʀʟʤʝʨʝʥʠʝ ʛʘʩʷʱʝʛʦ ʧʦʣʠʨʝʟʠʩʪʦʨʘ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ SiPM 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʛʘʩʷʱʝʛʦ ʨʝʟʠʩʪʦʨʘ Rq ʚ ʩʪʨʫʢʪʫʨʝ ʷʯʝʡʢʠ SiPM ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ SiPM. ʇʨʠ 

ʵʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʤʦʞʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʰʫʤʦʚ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ SiPM ʚ ʚʦʣʦʢʦʥʥʦʤ 

ʪʨʝʢʝʨʝ LHCb ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ (-40 .. -50 ʉ), ʪʦ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ Rq ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ +20ʉ ʜʦ ï 50ʉ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ SiPM 

ʨʘʙʦʪʘʶʪ ʥʘʜ ʦʧʪʠʤʠʟʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʠ ʨʝʟʠʩʪʦʨʘ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʵʬʬʝʢʪ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʝʟʠʩʪʦʨʘ ʷʯʝʡʢʠ SiPM ʬʠʨʤʳ 

ʂɽʊɽʂ ʜʣʷ ʧʘʨʪʠʠ ʜʝʪʝʢʪʦʨʦʚ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʜʣʷ LHCb ʚ 2014 ʛ.  

  

ʈʠʩʫʥʦʢ 6 ï ʇʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʛʘʩʷʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʯʠʧʘ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ ʨʘʙʦʯʝʡ 

(-40ʉ) ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1.5 ʨʘʟʘ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʨʝʟʠʩʪʦʨʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 

293 ʂ (+20ʉ) ʜʦ 233 ʂ (-40ʉ) ʧʨʠʤʝʨʥʦ ʚ 1.5 ʨʘʟʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ 

ʨʝʟʠʩʪʦʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʧʘʨʘʤʝʪʨʳ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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6.2.4 ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʦʧʳʪʥʦʡ ʧʘʨʪʠʠ 64-ʢʘʥʘʣʴʥʳʭ ʯʠʧʦʚ 

ʬʠʨʤʳ ʂɽʊɽʂ 
ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʯʠʧʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʪʨʝʙʦʚʘʥʠʡ LHCb, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʣʫʯʰʝʥʠʝ ʙʘʟʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ SiPM: ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʤʝʥʝʝ 5%, ʫʣʫʯʰʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, 64 ʢʘʥʘʣʘ ʚ ʦʜʥʦʤ ʯʠʧʝ 

ʩ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʦʡ ʫʧʘʢʦʚʢʠ ʜʣʷ ʯʠʧʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʝʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʣʘʩʪʠʥ ʙʳʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʦʤʝʪʨʠʠ ʷʯʝʡʢʠ. ɼʣʷ ʷʯʝʝʢ ʩ ʙʦʣʴʰʠʤ 

ʨʘʟʤʝʨʦʤ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʫʚʝʣʠʯʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʡ ʧʣʦʱʘʜʠ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʚʳʙʦʨʦʯʥʳʝ ʧʨʦʚʝʨʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʰʫʤʦʚʦʛʦ ʩʯʝʪʘ ʦʪ ʧʦʨʦʛʘ (x_talk), ʧʨʦʚʝʨʢʘ ʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ V_BD, 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʰʫʤʘ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ PDE. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʞʥʦ ʠʟʣʦʞʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

- ʆʜʥʦʨʦʜʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ V_BD ʢʘʥʘʣʦʚ ʚ ʦʜʥʦʤ ʯʠʧʝ ʧʨʝʚʦʩʭʦʜʥʘʷ: 

ʨʘʟʙʨʦʩ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ʤɺ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʫʩʠʣʝʥʠʷ ʠ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʦʠʟʚʦʜʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʧʦʜʩʪʨʦʡʢʫ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʢʘʥʘʣʘʭ.  

- ʆʧʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʝʥʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 1 Õm ʢʘʥʘʚʦʢ 

ʤʝʞʜʫ ʧʠʢʩʝʣʷʤʠ ʩ ʥʘʧʦʣʥʝʥʠʝʤ ʥʝʧʨʦʟʨʘʯʥʳʤ ʩʦʜʝʨʞʘʱʠʤ ʚʦʣʴʬʨʘʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʀʟʤʝʨʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʦʢʘʟʘʣʩʷ ʤʝʥʝʝ 5%  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʯʪʦ 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʦ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʚʳʭʦʜ ʛʦʜʥʳʭ ʢʘʥʘʣʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʟʝʣʝʥʦʛʦ ʩʚʝʪʘ, ʜʦʣʞʥʳ ʙʳʪʴ ʫʣʫʯʰʝʥʳ ʚ ʙʫʜʫʱʠʭ ʦʧʳʪʥʳʭ ʧʘʨʪʠʷʭ.  

 

6.2 ɿʘʢʣʶʯʝʥʠʝ 

ɻʨʫʧʧʘ ʀʗʀ ʈɸʅ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʠʣʘ ʚʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʧʦ ʫʯʘʩʪʠʶ  ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ LHCb ʚ 2014 ʛ. ʕʢʩʧʝʨʠʤʝʥʪ LHCb ʚ 2014 ʛ. 

ʧʨʦʜʦʣʞʠʣ ʨʘʙʦʪʫ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʥʘʙʨʘʥʥʳʭ ʜʘʥʥʳʭ (ʚʩʝʛʦ ʟʘ 2011-2013 ʛ.ʛ. ʧʨʠʥʷʪʦ 

>3/fb ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʚʝʪʠʤʦʩʪʠ), ʧʦʣʫʯʝʥ ʮʝʣʳʡ ʨʷʜ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʚʦʩʭʦʜʷʱʠʭ 

ʠʣʠ ʩʨʘʚʥʠʤʳʭ ʧʦ ʪʦʯʥʦʩʪʠ ʩ ʣʫʯʰʠʤʠ ʤʠʨʦʚʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ɺ ʪʦʤ ʯʠʩʣʝ ʥʘʠʙʦʣʝʝ 

ʪʦʯʥʦʝ ʚ ʤʠʨʝ ʠʟʤʝʨʝʥʠʝ ʉʈ-ʥʘʨʫʰʘʶʱʝʡ ʬʘʟʳ fs = -0.010 ° 0.039 rad ʚ Bs
0 ʩʝʢʪʦʨʝ, 

ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ g=(72.9+9.2
-9.9)̄ ʫʥʠʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʤʘʪʨʠʮʳ ʩʤʝʰʠʚʘʥʠʷ, ʠʟʤʝʨʝʥʠʷ 

ʉʈ ʘʩʩʠʤʝʪʨʠʠ ʚ Bd ʩʝʢʪʦʨʝ ʠ ʨʷʜ ʜʨʫʛʠʭ.  
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ʅʘ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʫʩʪʘʥʦʚʢʠ LHCb ʛʨʫʧʧʘ ʀʗʀ ʈɸʅ ʨʘʟʨʘʙʦʪʘʣʘ ʠ ʠʟʛʦʪʦʚʠʣʘ 

ʧʨʝʜʣʠʚʥʝʚʳʡ ʜʝʪʝʢʪʦʨ, ʩʦʩʪʘʚʣʷʶʱʫʶ ʯʘʩʪʴ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʂʘʢ ʧʦʢʘʟʘʣ 

ʚʝʩʴ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʣʠʚʥʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʥʘʜʝʞʥʦʡ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʚʩʝ 12032 ʷʯʝʡʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳ. ʈʘʜʠʘʮʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʩʣʝ ʥʘʙʦʨʘ ʧʦʯʪʠ 3/fb 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʚʝʪʠʤʦʩʪʠ ʠ ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʪʘʨʝʥʠʝ ʩʦ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (2005-2006 ʛʛ) 

ʵʣʝʤʝʥʪʦʚ ʜʝʪʝʢʪʦʨʘ ʤʘʣʦʟʘʤʝʪʥʳ ʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʙʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʪʝʢʪʦʨʘ ʙʣʠʟʢʘ ʢ 100%. ɺʦ ʚʨʝʤʷ ʧʣʘʥʦʚʦʡ ʦʩʪʘʥʦʚʢʠ ʫʩʢʦʨʠʪʝʣʷ ʚ 2014 ʛ. ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʀʗʀ ʈɸʅ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʨʦʚʝʨʢʝ ʠ ʟʘʤʝʥʝ ʥʝʠʩʧʨʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʛʨʫʟʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʪʙʦʨ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ, ʩʦʟʜʘʥ ʩʪʝʥʜ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʟʤʝʨʝʥʠʷ ʟʘʛʨʫʟʦʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ. ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʪʨʝʢʦʚʦʡ ʩʠʩʪʝʤʳ LHCb ʥʘ 

ʦʩʥʦʚʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʚʦʣʦʢʦʥ ʩʦʚʤʝʩʪʥʦ ʩ ʬʠʨʤʘʤʠ ʂɽʊɽʂ ʠ HAMAMATSU  

ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʧʨʦʪʦʪʠʧʳ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʝʚʳʭ 

ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʫʤʝʥʴʰʝʥ ʜʦ 5% (Vov = 3.5 ɺ) ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʪʦʥʝʧʨʦʥʠʮʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʢʘʥʘʚʢʘʭ. ʆʜʥʦʨʦʜʥʦʩʪʴ ʫʩʠʣʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʜʦʩʪʠʛʥʫʪʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʨʘʙʦʪʳ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʟʝʣʝʥʦʛʦ 

ʩʚʝʪʘ ʙʫʜʫʪ ʧʨʦʜʦʣʞʝʥʳ.  
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6.3 ʈʘʟʚʠʪʠʝ Grid ʪʝʭʥʦʣʦʛʠʡ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʟʘʚ.ʩʝʢʪ. ʃ.ʀ.ʉʪʝʧʘʥʦʚʘ. 

6.3 ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʬʠʟʠʢʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʨʝʙʫʝʪ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ 

ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʜʘʥʥʳʭ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ 

ʩʨʦʢʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʳ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʩʧʦʩʦʙʥʳʝ ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʜʘʥʥʳʝ ʧʦʨʷʜʢʘ ʩʦʪʝʥ ʪʝʨʘʙʘʡʪ ʚ ʩʫʪʢʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʦʪʥʠ ʪʳʩʷʯ ʟʘʜʘʯ ʠ ʭʨʘʥʠʪʴ ʩʦʪʥʠ ʧʝʪʘʙʘʡʪ ʜʘʥʥʳʭ.  

ʅʘʠʙʦʣʝʝ ʚʧʝʯʘʪʣʷʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʛʣʦʙʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʦʣʫʯʝʥʳ ʚ ʧʨʦʝʢʪʝ WLCG (Worldwide LHC Computing Grid 

ʠʣʠ ɺʩʝʤʠʨʥʳʡ ʛʨʠʜ ʜʣʷ ɹʦʣʴʰʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʦʣʣʘʡʜʝʨʘ) ʚ ʎɽʈʅʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ LHC. ʅʘ ʩʝʤʠʥʘʨʝ 4 ʠʶʣʷ 2012 ʛʦʜʘ, ʧʦʩʚʷʱʝʥʥʦʤ ʥʘʙʣʶʜʝʥʠʶ ʙʦʟʦʥʘ 

ʍʠʛʩʘ, ʜʠʨʝʢʪʦʨ ʎɽʈʅʘ ʈ.ʍʦʡʝʨ ʜʘʣ ʚʳʩʦʢʫʶ ʦʮʝʥʢʫ ʛʨʠʜ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʠʭ ʟʥʘʯʠʤʦʩʪʠ 

ʜʣʷ ʤʠʨʦʚʦʡ ʥʘʫʢʠ. ɹʝʟ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʠʜ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ LHC ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʢʦʣʦʩʩʘʣʴʥʳʡ ʦʙʲʤy ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʢʦʣʣʘʡʜʝʨʘ, ʘ ʟʥʘʯʠʪ 

ʠ ʩʦʚʝʨʰʘʪʴ ʥʘʫʯʥʳʝ ʦʪʢʨʳʪʠʷ.  

ʉʫʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʦʜʝʣʠ ʘʨʭʠʪʝʢʪʫʨʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʚʝʩʴ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʩ ʜʝʪʝʢʪʦʨʦʚ ɹɸʂ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ 

ʧʝʨʚʠʯʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʢʦʚ ʯʘʩʪʠʮ, ʠʭ ʠʤʧʫʣʴʩʦʚ ʠ ʜʨʫʛʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟ ʭʘʦʪʠʯʝʩʢʦʛʦ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʩʠʩʪʝʤ) 

ʜʦʣʞʝʥ ʥʘʧʨʘʚʣʷʪʴʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʚ ʨʝʛʠʦʥʘʣʴʥʳʝ ʮʝʥʪʨʳ ʨʘʟʥʳʭ 

ʫʨʦʚʥʝʡ ʠʣʠ ʷʨʫʩʦʚ (Tier's): Tier0 (CERN) -> Tier1 -> Tier2 -> Tier3 -> ʢʦʤʧʴʶʪʝʨʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʋʨʦʚʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʤʘʩʰʪʘʙʫ ʨʝʩʫʨʩʦʚ (ʩʝʪʝʚʳʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ, 

ʜʠʩʢʦʚʳʝ, ʘʨʭʠʚʥʳʝ) ʠ ʧʦ ʚʳʧʦʣʥʷʝʤʳʤ ʬʫʥʢʮʠʷʤ. 

6.3 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ɺ ʀʗʀ ʩʦʟʜʘʥ ʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʫʨʦʚʥʷ Tier2 (Ru-Troitsk-INR-LCG2), 

ʚʳʧʦʣʥʷʝʤʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʨʝʧʣʠʢʘʮʠʷ ʠ ʭʨʘʥʝʥʠʝ ʥʘʙʦʨʦʚ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʙʳʪʠʡ,  ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ CMS, ALICE, LHCB ʥʘ 

ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ   

ʉʘʡʪ ʀʗʀ Ru-Troitsk-INR-LCG2  ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ WLCG/EGEE 

(Wold-Wide LHC Computing GRID/Enabling Grids for E-sciencE) ʢʘʢ ʙʘʟʦʚʳʝ ʩʝʨʚʠʩʳ 

(ʩʣʫʞʙʳ) ʛʨʠʜ: Berkley DB Information Index (top level BDII), site BDII, Computing Element 

(CREAMCE),   Workload Management System (WMS), Logging&Bookkeeping Service (LB), 

Accounting Processor for Event Logs (APEL), Storage Element (SE), User Interface (UI)); ʪʘʢ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʛʨʠʜ-ʩʝʨʚʠʩʳ:  VO boxes ʜʣʷ ALICE, CMS , Storage Element ʪʠʧʘ 
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XROOTD ʜʣʷ ALICE, Frontier ï ʩʝʨʚʠʩ ʢʵʰʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʘ ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʙʘʟʘʤ ʠ 

ʛʣʦʙʘʣʴʥʦʡ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ CVMFS. ɼʣʷ ʜʦʩʪʫʧʘ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ 

ʚʠʨʪʫʘʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʛʣʦʙʘʣʴʥʘʷ ʬʘʡʣʦʚʘʷ ʩʠʩʪʝʤʘ CVMFS. ʋʩʪʘʥʦʚʣʝʥʘ 

ʠ ʥʘʩʪʨʦʝʥʘ ʩʣʫʞʙʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʟʘʜʘʯʘʭ-ʧʠʣʦʪʘʭ ð GLEXEC. ʈʘʙʦʯʠʝ 

ʫʟʣʳ ʩʚʷʟʘʥʳ ʧʦ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ 1 ʛʠʛʘʙʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ. 

  ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ CMS ʫʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ PhEDEx (Physics 

Event Data Export). Cʠʩʪʝʤʘ PhEDEx ʠʤʝʝʪ ʦʪʣʠʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʧʦʠʩʢʦʚʳʝ ʩʝʨʚʠʩʳ. 

ʇʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ CMS ʥʘʟʳʚʘʝʪʩʷ CMSSW. ʈʝʣʠʟʳ CMSSW ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʛʨʫʞʘʶʪʩʷ 

ʚ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ CVMFS (/cvmfs/cms.cern.ch) 

  ɿʘʧʫʩʢ ʟʘʜʘʯ ALICE ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤʳ AliEn (ALICE 

Environment). ʈʝʣʠʟʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ALICE ʥʘʭʦʜʷʪʩʷ ʚ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ 

CVMFS (/cvmfs/alice.cern.ch) 

  ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ LHCB ʥʘʭʦʜʷʪʩʷ ʚ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ CVMFS 

(/cvmfs/lhcb.cern/ch) 

ʈʝʩʫʨʩʳ ʀʗʀ ʛʨʠʜ ʢʣʘʩʪʝʨʘ ʚ 2014ʛ. 

ɼʠʩʢʠ            353 TB  

ʇʨʦʮʝʩʩʦʨʳ     344 ʷʜʝʨ     4398 HEP-SPEC06 

ɿʘʧʨʘʰʠʚʘʝʤʳʝ ʨʝʩʫʨʩʳ ʵʢʩʧʝʨʠʤʝʥʪʘ CMS ʜʣʷ ʩʘʡʪʘ ʫʨʦʚʥʷ Tier2 ʥʘ 2015ʛ. 

8700 HEP-SPEC06  ʧʨʦʮʝʩʩʦʨʥʳʭ ʨʝʩʫʨʩʦʚ 

551TB ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ  

ɺʘʞʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 2012 ï 2014 ʛʛ: ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ: ʧʦʣʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʦʧʝʨʘʮʠʦʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ 

ʛʣʦʙʘʣʴʥʫʶ ʛʨʠʜ ʩʠʩʪʝʤʫ WLCG ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ɹɸʂ ʢʣʘʩʪʝʨʘ ʀʗʀ ʈɸʅ ʫʨʦʚʥʷ Tier2. 

ɻʨʠʜ-ʢʣʘʩʪʝʨ ʀʗʀ ʈɸʅ ʚʳʚʝʜʝʥ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ʧʦ ʫʨʦʚʥʶ ʩʨʝʜʥʝʡ 

ʟʘʛʨʫʟʢʠ ʟʘʜʘʥʠʷʤʠ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʛʨʠʜ ʩʝʨʚʠʩʦʚ, ʩʢʦʨʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʩ ʮʝʥʪʨʘʤʠ ʫʨʦʚʥʷ Tier1 ʛʣʦʙʘʣʴʥʦʡ ʛʨʠʜ ʩʠʩʪʝʤʳ WLCG  

ʇʦʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʜ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʦʡ ʟʘʜʘʯʠ ʧʦʣʥʦʩʪʴʶ 

ʚʳʧʦʣʥʝʥʳ 

6.3 ʆʩʥʦʚʥʳʝ ʧʫʙʣʠʢʘʮʠʠ 

ʉʦʟʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʝʩʪʳ WLCG/EGEE ʩʝʨʚʠʩʦʚ    

1 MyProxy ʪʝʩʪʳ. MyProxy ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʝʰʝʥʠʝ ʜʣʷ ʜʝʣʝʛʠʨʦʚʘʥʠʷ ʧʦʣʥʦʤʦʯʠʡ 

GRID ʧʦʨʪʘʣʦʚ, ʧʦʟʚʦʣʷʝʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ GRID ʫʩʣʫʛʠ ʦʪ ʠʤʝʥʠ ʧʦʣʴʟʦʚʘʪʝʣʷ: https:// 

github.com/italiangrid/org.glite.wms/tree/master/org.glite.testsuites.ctb/WMS/WMS-api/python 

2 ʍʨʘʥʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʪʝʩʪʳ (https://www.gridpp.ac.uk/wiki/ 

Storage_and_Data_Management_Testing) dCache-srm-client ʪʝʩʪʳ. dCache-srm-client  ʧʦʜʜʝʨ-

ʞʠʚʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ dCache-srm ʦʧʝʨʘʮʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʜʥʦʤ Java ʧʨʠʣʦʞʝʥʠʠ 

https://svnweb.cern.ch/trac/lcgdm/changeset/4307/testing/trunk/unstable/dCache-srm-client/ 

DMLite (ʧʣʘʛʠʥ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʙʠʙʣʠʦʪʝʢʝ ʜʣʷ ʜʦʩʪʫʧʘ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ) Python 

Unit ʪʝʩʪʳ https://svnweb.cern.ch/trac/lcgdm/browser/dmlite/trunk/tests/python 

 

https://github.com/italiangrid/org.glite.wms/tree/master/org.glite.testsuites.ctb/WMS/WMS-api/python
https://github.com/italiangrid/org.glite.wms/tree/master/org.glite.testsuites.ctb/WMS/WMS-api/python
https://svnweb.cern.ch/trac/lcgdm/changeset/4307/testing/trunk/unstable/dCache-srm-client/
https://svnweb.cern.ch/trac/lcgdm/browser/dmlite/trunk/tests/python
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7 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 

ʌʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʝʦʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ 

ʧʦʣʝʡ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʩʤʦʣʦʛʠʷ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ɸ.ʖ.ʇʦʣʷʨʫʰ. 

 ʀʟʤʝʨʝʥʠʝ ʨʘʩʧʘʜʘ K+ Ÿ ˊ+ɜɜ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA62. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʝʜʢʠʭ ʨʘʩʧʘʜʦʚ ʢʘʦʥʦʚ ʵʢʩʧʝʨʠʤʝʥʪ ʆʂɸ, 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʀʗʀ-ʀʌɺʕ. 

 
ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʥʦʚʦʛʦ ʛʦʜʦʩʢʦʧʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʦʪʠʧʦʚ ʵʣʝʢʪʨʦʥʠʢʠ ʜʝʪʝʢʪʦʨʘ NA62 ʥʘ ʪʝʩʪʦʚʳʭ ʧʫʯʢʘʭ ʫʩʢʦʨʠʪʝʣʷ ʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʘʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʜʢʠʭ ʠ ʟʘʧʨʝʱʸʥʥʳʭ ʨʘʩʧʘʜʦʚ ʟʘʨʷʞʝʥʥʳʭ ʠ 

ʥʝʡʪʨʘʣʴʥʳʭ ʢʘʦʥʦʚ ʠ ʧʠʦʥʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʨʫʰʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʩʠʤʤʝʪʨʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʥʩʠʚʥʳʭ 

ʧʫʯʢʦʚ ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʦʥʦʚ. 

 

7.1 ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʝʜʢʠʭ ʨʘʩʧʘʜʦʚ ʢʘʦʥʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪ ʆʂɸ, ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʀʗʀ-ʀʌɺʕ 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʘʥʦʚʢʠ ʆʂɸ. ɿʘʚʝʨʰʝʥʦ ʩʦʟʜʘʥʠʝ 120 ʤʦʜʫʣʝʡ ʥʦʚʦʛʦ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ.  ɺʩʝ ʤʦʜʫʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʟʦʥʝ ʫʩʪʘʥʦʚʢʠ.  ʀʟʛʦʪʦʚʣʝʥʳ 240 

ʧʦʨʪʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʪʠʧʘ ʂʦʢʨʦʬʪ-ʋʦʣʪʦʥ  ʜʣʷ ʌʕʋ  ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. 

ɺ ʭʦʜʝ ʥʦʷʙʨʴʩʢʦʛʦ ʩʝʘʥʩʘ ʥʘ ʫʩʢʦʨʠʪʝʣʝ ʟʘʧʠʩʘʣʠ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ  

ʵʢʩʧʦʟʠʮʠʡ ʦʙʣʘʩʪʝʡ ɻɼɸ. ʆʥ-ʣʘʡʥ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʞʝ ʧʦʣʦʚʠʥʢʠ ʥʦʚʳʭ ʤʦʜʫʣʝʡ ʚ 

4-5 ʨʘʟ ʣʫʯʰʝ ʧʦ ʩʚʝʪʦʚʳʭʦʜʫ, ʯʝʤ ʮʝʣʳʝ ʤʦʜʫʣʠ ʩʪʘʨʦʛʦ ɻɼɸ. ʉʪʘʥʮʠʷ ʤʘʡʣʘʨʦʚʳʭ 

ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ  ʩʤʦʥʪʠʨʦʚʘʥʘ ʚ ʟʦʥʝ ʫʩʪʘʥʦʚʢʠ. 

ʆʙʨʘʙʦʪʢʘ ʨʘʥʝʝ ʥʘʙʨʘʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. ɿʘʚʝʨʰʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʜʝʢʘʙʨʴʩʢʦʛʦ 

ʩʝʘʥʩʘ 2012 ʛ.  ʠ ʘʧʨʝʣʴʩʢʦʛʦ ʩʝʘʥʩʘ 2013 ʛ. ʅʘ ʯʘʩʪʠ ʩʪʘʪʠʩʪʠʢʠ 2012 ʛ. (~6 ʤʠʣʣʠʦʥʦʚ 

ʨʘʩʧʘʜʦʚ) ʧʦʣʫʯʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʬʘʢʪʦʨʦʚ 

ʨʘʩʧʘʜʘ Ke3: ʠʟʤʝʨʝʥ ʩʨʝʜʥʠʡ ʥʘʢʣʦʥ ʚʝʢʪʦʨʥʦʛʦ ʬʦʨʤ-ʬʘʢʪʦʨʘ , ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʦʛʣʘʩʠʠ ʩ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʂʠʨʘʣʴʥʦʡ ʇʝʨʪʫʨʙʘʪʠʚʥʦʡ ʊʝʦʨʠʠ (ɢʈʊ). ʀʟʤʝʨʝʥ ʪʘʢʞʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʢʚʘʜʨʘʪʠʯʥʦʤ ʯʣʝʥʝ ʬʦʨʤ-ʬʘʢʪʦʨʘ. 

ʅʘ ʩʪʘʪʠʩʪʠʢʝ ʩʝʘʥʩʘ 2012 ʛ. ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʞʜʝʥʠʷ K+ˊ0 

ʩʠʩʪʝʤʳ ʥʘ ʷʜʨʘʭ ʤʝʜʠ ʧʨʠ ʠʤʧʫʣʴʩʝ ʧʫʯʢʘ 17.7 ɻʵɺ.  ʇʨʦʚʝʜʝʥʦ ʚʳʜʝʣʝʥʠʝ ʢʦʛʝʨʝʥʪʥʦʛʦ 
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ʨʦʞʜʝʥʠʷ ʂ+ ˊ0ῐ ʩʠʩʪʝʤʳ ʥʘ ʷʜʨʘʭ ʤʝʜʠ. ʆʧʨʝʜʝʣʝʥʦ ʩʝʯʝʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʦʙʣʘʩʪʠ 

K* ῐ ʤʝʟʦʥʘ. ʅʘʙʣʶʜʘʝʪʩʷ ʢʦʛʝʨʝʥʪʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʂ+ ˊ0 ῐ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʢʫʣʦʥʦʚʩʢʦʛʦ, 

ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʤʝʞʜʫ ʥʠʤʠ.  ʆʧʨʝʜʝʣʝʥʦ ʩʝʯʝʥʠʝ 

ʢʫʣʦʥʦʚʩʢʦʛʦ ʨʦʞʜʝʥʠʷ ʚ ʦʙʣʘʩʪʠ K*, ʪʘʢʞʝ ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʥʘ ʬʘʟʫ ʤʝʞʜʫ ʢʫʣʦʥʦʚʩʢʦʡ 

ʠ ʩʠʣʴʥʦʡ ʘʤʧʣʠʪʫʜʘʤʠ.  

ʇʨʦʚʝʜʝʥʠʝ ʩʝʘʥʩʘ ʠʟʤʝʨʝʥʠʡ ʥʘ ʫʩʪʘʥʦʚʢʝ ʆʂɸ. ɺ ʥʦʷʙʨʴʩʢʦʤ ʩʝʘʥʩʝ 2014 ʛ.  

ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: ɺʢʣʶʯʝʥʠʝ ʚʩʝʡ ʘʧʧʘʨʘʪʫʨʳ ʫʩʪʘʥʦʚʢʠ. ʀʩʧʳʪʘʥʠʝ 

ʥʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. ɹʳʣʘ ʫʩʧʝʰʥʦ ʫʩʪʘʥʦʚʣʝʥʘ, ʚʢʣʶʯʝʥʘ ʠ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʥʦʚʘʷ 

ʩʪʘʥʮʠʷ ʤʘʡʣʘʨʦʚʳʭ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ. ɹʳʣʦ ʟʘʧʠʩʘʥʦ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ 

ʜʣʷ ʧʦʜʨʦʙʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʫʙʦʢ ʧʨʠ ʨʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ. ʇʨʦʚʝʜʝʥʦ 

ʦʙʣʫʯʝʥʠʝ ʥʦʚʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʧʫʯʢʝ ʤʶʦʥʦʚ. ʀʟʤʝʨʝʥ ʦʪʢʣʠʢ ʙʘʰʝʥ 

ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ ʤʶʦʥʘʭ.  

 

7.2 ʀʟʤʝʨʝʥʠʝ ʨʘʩʧʘʜʘ K+ Ÿ ˊ+ɜɜ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA62 
 

  ɿʘʚʝʨʰʝʥʠʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʚʳʙʦʨʫ ʙʘʟʦʚʦʡ ʷʯʝʡʢʠ ʛʦʜʦʩʢʦʧʘ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ CHOD. ɹʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠ ʠʟʫʯʝʥʳ ʥʘ ʩʪʝʥʜʝ ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʦʚ 

ʥʦʚʳʝ ʧʨʦʪʦʪʠʧʳ ʷʯʝʝʢ ʛʦʜʦʩʢʦʧʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʩʯʸʪʯʠʢʦʚ ʜʣʷ ʥʦʚʦʛʦ ʧʘʜʦʚʦʛʦ ʛʦʜʦʩʢʦʧʘ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʫʩʪʘʥʦʚʢʠ NA62. ʀʟʫʯʝʥʳ ʧʨʦʪʦʪʠʧʳ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʯʸʪʯʠʢʦʚ ʨʘʟʤʝʨʘʤʠ 90 

Ĭ 90 ʤʤ, 100 Ĭ 100 ʤʤ, 150 Ĭ 150 ʤʤ, 180 Ĭ 100 ʤʤ ʠ 270 Ĭ 100 ʤʤ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ 

ʧʨʷʤʦʛʦ ʩʚʝʪʦʩʙʦʨʘ ʩ ʛʨʘʥʠ ʠ ʩ ʫʛʣʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʘ ʪʘʢʞʝ ʩʚʝʪʦʩʙʦʨ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʝʛʦ ʚʦʣʦʢʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʨʝʤʥʠʝʚʳʝ 

ʬʦʪʦʜʠʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʎʇʊɸ ʠ SensL, ʢʦʤʧʘʢʪʥʳʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʫʤʥʦʞʠʪʝʣʴ 

(ʬ.ʵ.ʫ.) R7400U ʠ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ï ʬ.ʵ.ʫ. R7899_20 ʩ ʭʦʨʦʰʝʡ ʢʚʘʥʪʦʚʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ ʩʚʝʪʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʘʭ 

ʠ ʧʫʯʢʦʚʦʤ ʛʘʣʦ 21 ʢʘʥʘʣʘ ʚ ʟʦʥʝ ʫʩʪʘʥʦʚʢʠ ʆʂɸ. ʇʦʣʫʯʝʥʥʦʝ ʫʩʨʝʜʥʝʥʥʦʝ ʧʦ ʧʣʦʱʘʜʠ 

ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʣʷ ʷʯʝʡʢʠ 100 Ĭ 100 ʤʤ ʩʦʩʪʘʚʠʣʦ 590 Ñ 10 ʧʩ ʧʨʠ ʩʯʠʪʳʚʘʥʠʠ 

ʚʦʣʦʢʥʘʤʠ ʠ 260 Ñ 25 ʧʩ ʜʣʷ ʚʘʨʠʘʥʪʘ ʧʨʷʤʦʛʦ ʩʚʝʪʦʩʙʦʨʘ ʩ ʛʨʘʥʠ ʩʮʠʥʪʠʣʣʷʪʦʨʘ.   

ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʜʣʷ ʛʦʜʦʩʢʦʧʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

CHOD.  ɺ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠʟʛʦʪʦʚʣʝʥʦ 20 

ʩʯʸʪʯʠʢʦʚ ʧʦ ʧʦʣʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʉʯʸʪʯʠʢʠ ʙʳʣʠ ʦʪʧʨʘʚʣʝʥʳ ʚ ʎɽʈʅ ʠ ʩʤʦʥʪʠʨʦʚʘʥʳ ʚ 

ʚʠʜʝ ʧʨʦʪʦʪʠʧʘ ʛʦʜʦʩʢʦʧʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ.                                                    

ʋʯʘʩʪʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʧʝʨʚʦʛʦ ʩʝʘʥʩʘ ʥʘ ʫʩʪʘʥʦʚʢʝ NA-62. ɺ ʦʢʪʷʙʨʝ-ʜʝʢʘʙʨʝ ʥʘ 

ʚʳʚʝʜʝʥʥʦʤ ʧʫʯʢʝ SPS  ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʝʨʚʳʡ ʩʝʘʥʩ ʥʘ ʫʩʪʘʥʦʚʢʝ NA-62. ɺ ʭʦʜʝ ʩʝʘʥʩʘ ʙʳʣ  
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ʫʩʧʝʰʥʦ ʟʘʧʫʱʝʥ ʤʶʦʥʥʳʡ ʛʦʜʦʩʢʦʧ MUV3, ʢʦʪʦʨʳʡ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʪʨʠʛʛʝʨʝ. 

ɹʳʣ ʫʩʪʘʥʦʚʣʝʥ ʠ ʟʘʧʫʱʝʥ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʡ ʧʨʦʪʦʪʠʧ ʛʦʜʦʩʢʦʧʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. 

ʇʨʦʠʟʚʝʜʝʥ ʥʘʙʦʨ ʜʘʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʛʦʜʦʩʢʦʧʦʚ. ɼʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ. 

 

7 ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦʤ ʀʗʀ-ʀʌɺʕ, ʜʦʣʦʞʝʥʳ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʞʫʨʥʘʣʘʭ: 

1. Measurement of charged kaon semileptonic decay branching fraction KīŸeīɜľé0 

using ISTRA+ detector   Phys.Atom.Nucl. 77 (2014) 725-732,  ʗ.ʌ. 77 (2014) 765ï774  

2. ɺ.ʌ. ʆʙʨʘʟʮʦʚ ñHigh statistics measurement of the K+ -->pi0 e+ nu (Ke3) decay 

formfactorsò  37-th International Conference for High Energy Physics (ICHEP- 2014) ɺʘʣʝʥʩʠʷ, 

ʀʩʧʘʥʠʷ 02.07.14-09.09.14  ʈʘʙʦʪʘ ʧʨʠʥʷʪʘ ʢ ʧʝʯʘʪʠ, ʙʫʜʝʪ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʪʨʫʜʘʭ 

ʢʦʥʬʝʨʝʥʮʠʠ.  

3. ʆ. ʇ. ʖʱʝʥʢʦ ñʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʙʦʣʴʰʦʡ ʩʪʘʪʠʩʪʠʢʝ ʨʘʩʧʘʜʘ  Ke3 ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʆʂɸò ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʝʩʩʠʷ-ʢʦʥʬʝʨʝʥʮʠʷ ʉʝʢʮʠʠ ʗʌ ʆʌʅ ʈɸʅ ñʌʠʟʠʢʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡò  ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 17.11.14-21.11.14 ʈʘʙʦʪʘ ʧʨʠʥʷʪʘ ʢ 

ʧʝʯʘʪʠ, ʙʫʜʝʪ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʪʨʫʜʘʭ ʢʦʥʬʝʨʝʥʮʠʠ  

4. ɺ. ʉ. ɹʫʨʪʦʚʦʡ  "ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʦʮʝʩʩʘ K+ ʷʜʨʦ  --> K+ ˊ0 ʷʜʨʦ ʧʨʠ 

ʵʥʝʨʛʠʠ 18 ɻʵɺ ʥʘ ʫʩʪʘʥʦʚʢʝ ʆʂɸ". ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʝʩʩʠʷ-ʢʦʥʬʝʨʝʥʮʠʷ ʉʝʢʮʠʠ ʗʌ ʆʌʅ 

ʈɸʅ ñʌʠʟʠʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡò  ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 17.11.14-21.11.14 ʈʘʙʦʪʘ 

ʧʨʠʥʷʪʘ ʢ ʧʝʯʘʪʠ, ʙʫʜʝʪ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʪʨʫʜʘʭ ʢʦʥʬʝʨʝʥʮʠʠ 

5.   Prospects for K+ Ÿ +́ɜɜ at CERN in NA62      arXiv:1411.0109 

6.  ʉ.ɸ. ʍʦʣʦʜʝʥʢʦ  ''Time resolution measurements of scintillating counters prototypes 

for a new  trigger charged hodoscope(CHOD)''  Instrumentation for Colliding Beam Physics 

INSTR14, Novosibirsk 24.02.14-01.03.14 

 7.  Time resolution measurements of scintillating counters for a new NA62 trigger charged 

hodoscope''  Journal of Instrumentation(JINST) 9(2014)C09002 
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8 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʠ ʵʣʝʢʪʨʦʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʌʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʝʦʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ 

ʧʦʣʝʡ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʩʤʦʣʦʛʠʷ. 

ʅʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ, ʥʝʡʪʨʠʥʥʘʷ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ, ʬʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ, ʧʨʦʙʣʝʤʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʧʨʦʬ. ʖ.ɻ.ʂʫʜʝʥʢʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʨʫʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʉʈ ʠ ʊ ʩʠʤʤʝʪʨʠʡ ʚ ʨʘʩʧʘʜʘʭ 

ʢʘʦʥʦʚ. 

ʀʟʫʯʝʥʠʝ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ ʥʘ 

ʧʨʦʪʦʥʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʂɽʂ ʠ J-PARC. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʫʩʢʦʨʠʪʝʣʴʥʳʤʠ ʥʝʡʪʨʠʥʦ. 

ɽʚʨʦʧʝʡʩʢʠʡ ʧʨʦʝʢʪ ʥʝʡʪʨʠʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ LAGUNA-

LBNO. 

 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʠʥʦ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ~1 ɻʵɺ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʨʫʰʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʩʠʤʤʝʪʨʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʥʩʠʚʥʳʭ 

ʧʫʯʢʦʚ  ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʦʥʦʚ.      

 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʜʣʷ  

ʫʯʝʙʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ  ʚ ʰʢʦʣʘʭ ʠ ʫʯʝʙʥʳʭ ʠʥʩʪʠʪʫʪʘʭ . 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ʆ.ɺ.ʄʠʥʝʝʚ, ʢ.ʬ.-ʤ.ʥ. ʖ.ɺ.ʄʫʩʠʝʥʢʦ. 
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8 ʈʝʬʝʨʘʪ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʨʫʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ CP ʠ T ʩʠʤʤʝʪʨʠʡ ʚ ʨʘʩʧʘʜʘʭ 

ʢʘʦʥʦʚ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ 100% ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ɽ949 ʥʘ ʧʨʝʜʤʝʪ ʧʦʠʩʢʘ ʪʷʞʸʣʳʭ 

ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʤʘʩʩʘʤʠ 140-300 ʄʵɺ/c2 ʚ ʨʘʩʧʘʜʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʦʥʦʚ K+ -> ɛ+nH. 

ʇʦʣʫʯʝʥ ʥʦʚʳʡ ʧʨʝʜʝʣ ʥʘ ʩʤʝʰʠʚʘʥʠʝ ʪʷʞʝʣʳʭ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʦʙʳʯʥʳʤʠ ʥʝʡʪʨʠʥʦ: 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʩʩ ʪʷʞʝʣʳʭ ʥʝʡʪʨʠʥʦ ʦʪ 175 ʜʦ 300 ʄʵɺ/ 

c2 ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10-8, ʯʪʦ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʫʣʫʯʰʘʝʪ ʧʨʝʜʳʜʫʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ (CERN PS191). 

ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ T2K ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ ʥʘ 

ʧʨʦʪʦʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ J-PARC (ʗʧʦʥʠʷ) ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʥʘʙʨʘʥʥʳʭ ʚ 2010 - ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʝ 2013 ʛʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ 

ʠʟʤʝʨʝʥʠʶ ʢʘʢ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʭ ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʝʡʪʨʠʥʦ ʩ ʚʝʱʝʩʪʚʦʤ. ɺ ʜʘʣʴʥʝʤ ʜʝʪʝʢʪʦʨʝ ʉʫʧʝʨ-ʂʘʤʠʦʢʘʥʜʵ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 120 

ʩʦʙʳʪʠʡ,  ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʤʶʦʥʦʧʦʜʦʙʥʳʝ, ʧʦʷʚʠʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʜʝʪʝʢʪʦʨʝ ʯʝʨʝʟ ʟʘʨʷʞʝʥʥʳʡ ʪʦʢ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ (ʜʦ ~5 ɻʵɺ). ʆʞʠʜʘʝʤʦʝ ʯʠʩʣʦ ʪʘʢʠʭ ʩʦʙʳʪʠʡ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʩʮʠʣʣʷʮʠʡ nm­nm 

ʩʦʩʪʘʚʠʣʦ ʙʳ  446.0 ° 22.5 ʩʦʙʳʪʠʡ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʦʩʮʠʣʣʷʮʠʡ ʤʶʦʥʥʳʭ 

ʥʝʡʪʨʠʥʦ (nm­ nm) ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʩʤʝʰʠʚʘʥʠʷ q23 ʠ ʨʘʟʥʦʩʪʴ 

ʢʚʘʜʨʘʪʦʚ ʤʘʩʩ ʥʝʡʪʨʠʥʦ ȹm2
32 (çʘʪʤʦʩʬʝʨʥʳʝè ʧʘʨʘʤʝʪʨʳ ʦʩʮʠʣʣʷʮʠʡ): sin

2q23=0.514+0.055
-

0.056 ʜʣʷ  ʥʦʨʤʘʣʴʥʦʡ ʠʝʨʘʨʭʠʠ ʤʘʩʩ ʥʝʡʪʨʠʥʦ (NH, m3 > m2) ʠ 0.511°0.055 ʜʣʷ ʠʥʚʝʨʩʥʦʡ 

ʠʝʨʘʨʭʠʠ (IH, m3<m2); ȹm
2
32= (2.51°0.1)Ĭ10-3 ʵɺ2/ʩ4 (NH), ȹm2

13= (2.48°0.10)Ĭ10-3 ʵɺ2/ʩ4 (IH). 

ʅʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ q13 ʠ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʣʘ q23 ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ 

ʦʧʨʝʜʝʣʝʥʠʷ CP-ʥʘʨʫʰʘʶʱʝʡ ʬʘʟʳ d ʚ ʣʝʧʪʦʥʥʦʤ ʩʝʢʪʦʨʝ. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ  

ʥʘʤʝʢ ʥʘ ʥʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʬʘʟʳ ʦʢʦʣʦ ï(3/2)́ .  

ɼʨʫʛʦʡ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ T2K, ʢʘʩʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʤʝʩʠ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʠʩʭʦʜʥʦʤ ʧʫʯʢʝ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʵʪʘ 

ʧʨʠʤʝʩʴ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1.2% ʦʪ ʚʩʝʛʦ ʧʦʪʦʢʘ ʥʝʡʪʨʠʥʦ ʦʪ ʫʩʢʦʨʠʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʵʣʝʢʪʨʦʥʥʳʭ 

ʥʝʡʪʨʠʥʦ ʢ ʚʝʣʠʯʠʥʝ, ʧʨʝʜʩʢʘʟʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʚʥʘ 1.01°0.10, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʞʠʜʘʝʤʫʶ ʦʮʝʥʢʫ ʵʪʦʛʦ ʬʦʥʘ. 

ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ T2K ʚʧʝʨʚʳʝ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʩʝʯʝʥʠʝ ʢʚʘʟʠʫʧʨʫʛʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ ʩ ʷʜʨʦʤ ʢʠʩʣʦʨʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʡʪʨʘʣʴʥʳʭ ʪʦʢʦʚ (NCQE). 
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ɺ T2K ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʚʘ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʠʥʢʣʶʟʠʚʥʳʭ ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝʡʪʨʠʥʦ (ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʤʶʦʥʥʦʛʦ) ʚ ʢʦʤʧʣʝʢʩʝ 

ʙʣʠʞʥʝʛʦ ʜʝʪʝʢʪʦʨʘ, ʧʨʠʯʝʤ ʠʥʢʣʶʟʠʚʥʦʝ ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ 

ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʚʧʝʨʚʳʝ ʩ 1978 ʛ. 

ɽʱʝ ʦʜʠʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ T2K ʧʦʩʚʷʱʝʥ ʧʦʠʩʢʫ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʙʣʠʞʥʝʤ ʜʝʪʝʢʪʦʨʝ 

(0.2 ï 10 ɻʵɺ). 

ɺʘʞʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ T2K ʚ 2014 ʛʦʜʫ ʷʚʣʷʝʪʩʷ ʫʩʧʝʰʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʚ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʘʥʪʠʥʝʡʪʨʠʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ CP-ʥʘʨʫʰʝʥʠʝ ʚ ʣʝʧʪʦʥʥʦʤ 

ʩʝʢʪʦʨʝ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʷʪʴ ʩʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʥʝʡʪʨʠʥʦ ʩ ʚʝʱʝʩʪʚʦʤ. 

ɺ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʦʨʦʪʢʦʡ 

ʠ ʜʣʠʥʥʦʡ ʙʘʟʦʡ ʠʟʛʦʪʦʚʣʝʥʦ ʩʚʳʰʝ ʜʝʚʷʪʠ ʪʳʩʷʯ ʧʣʘʩʪʠʥ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʩʪʠʨʦʣʘ ʤʝʪʦʜʦʤ ʵʢʩʪʨʫʟʠʠ (ʚ ʢʦʤʧʘʥʠʠ ʋʥʠʧʣʘʩʪ, ʛ. ɺʣʘʜʠʤʠʨ) ʨʘʟʤʝʨʦʤ 900 ʭ 10 ʭ 7 ʤʤ3. 

ɺ 202-ʤ ʢʦʨʧʫʩʝ ʀʗʀ ʈɸʅ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʫʯʘʩʪʦʢ ʜʣʷ ʤʘʩʩʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʭ ʩʯʝʪʯʠʢʦʚ. ʉʨʝʜʥʠʡ ʩʚʝʪʦʚʳʭʦʜ ʩ ʦʙʦʠʭ ʢʦʥʮʦʚ ʩʯʝʪʯʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 100-

140 ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʠʥʠʤʘʣʴʥʦ ʠʦʥʠʟʠʨʫʶʱʫʶ ʯʘʩʪʠʮʫ (ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʭʦʨʦʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ. ʋʨʦʚʝʥʴ ʙʨʘʢʦʚʘʥʥʳʭ 

ʩʯʝʪʯʠʢʦʚ (ʩ ʥʠʟʢʠʤ ʩʚʝʪʦʚʳʭʦʜʦʤ) ʥʝ ʧʨʝʚʳʰʘʝʪ 1% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʯʝʪʯʠʢʦʚ. ɼʚʝ ʧʘʨʪʠʠ 

ʩʯʝʪʯʠʢʦʚ (200 + 4500 ʰʪʫʢ) ʦʪʧʨʘʚʣʝʥʳ ʚ ʎɽʈʅ ʜʣʷ ʤʦʥʪʘʞʘ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʩʪʦʚʳʭ ʨʘʙʦʪ. 

ʇʨʦʚʝʜʝʥ ʠʥʞʝʥʝʨʥʳʡ ʩʝʘʥʩ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA62 (ʎɽʈʅ), ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ ʢʘʦʥʥʦʤ ʧʫʯʢʝ ʧʨʦʪʦʪʠʧ ʥʦʚʦʛʦ  ʪʨʠʛʛʝʨʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

NEWCHOD. ʈʘʟʨʘʙʦʪʘʥʘ, ʩʦʟʜʘʥʘ ʠ ʠʩʧʳʪʘʥʘ ʙʳʩʪʨʘʷ ʘʥʘʣʦʛʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʜʣʷ ʵʪʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʣʘʚʠʥʥʳʝ ʬʦʪʦʧʨʠʝʤʥʠʢʠ SensL ʩ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ  

3ʭ3 ʤʤ2.   
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8 ɺʚʝʜʝʥʠʝ 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʜʢʠʭ ʨʘʩʧʘʜʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʢʘʢ ʜʣʷ 

ʨʘʩʰʠʨʝʥʠʷ ʥʘʰʠʭ ʟʥʘʥʠʡ ʦ ʧʨʠʨʦʜʝ ʠ ʩʚʦʡʩʪʚʘʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʪʘʢ ʠ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʨʫʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ CP ʠ T ʩʠʤʤʝʪʨʠʡ ʚ ʨʘʩʧʘʜʘʭ 

ʢʘʦʥʦʚ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ  ɽ949 (ʧʦʠʩʢ ʨʝʜʢʠʭ ʨʘʩʧʘʜʦʚ ʢʘʦʥʦʚ, ɹʅʃ, 

ʉʐɸ) ʧʦ ʧʦʠʩʢʫ ʪʷʞʝʣʳʭ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʤʘʩʩʘʤʠ 140-300 ʄʵɺ.   ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʦ ʥʦʚʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʤʝʰʠʚʘʥʠʷ ʵʪʦʡ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ 

ʩ ʘʢʪʠʚʥʳʤʠ ʥʝʡʪʨʠʥʦ.  

ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ T2K ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ ʥʘ 

ʧʨʦʪʦʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ J-PARC (ʗʧʦʥʠʷ) ʧʨʦʚʝʜʝʥʘ ʜʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʧʦ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ, 

ʥʘʢʦʧʣʝʥʥʳʭ ʚ 2010-2013 ʛʛ. ɺ 2014 ʛ. ʥʘʙʦʨ ʜʘʥʥʳʭ ʙʳʣ ʧʨʦʜʦʣʞʝʥ, ʧʨʠʯʝʤ ʯʘʩʪʴ ʩʝʘʥʩʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʝʞʠʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʠʥʝʡʪʨʠʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʤʝʶʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʥʝʡʪʨʠʥʦ, ʪʘʢ ʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ CP-ʥʘʨʫʰʝʥʠʷ ʚ 

ʣʝʧʪʦʥʥʦʤ ʩʝʢʪʦʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʩʝʯʝʥʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ (ʤʶʦʥʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʷʜʨʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʠʩʢ 

ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ.  

ɿʘʢʦʥʯʝʥʘ ʧʦʜʛʦʪʦʚʢʘ ʢ ʥʘʙʦʨʫ ʩʪʘʪʠʩʪʠʢʠ ʠ ʧʨʦʚʝʜʝʥ ʠʥʞʝʥʝʨʥʳʡ ʩʝʘʥʩ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ NA62 (ʎɽʈʅ), ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʨʘʩʧʘʜʘ ʢʘʦʥʘ ʥʘ 

ʧʠʦʥ ʠ 2 ʥʝʡʪʨʠʥʦ. ʕʪʦ ʨʘʩʧʘʜ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʥʦʚʦʡ ʬʠʟʠʢʝ ʟʘ ʨʘʤʢʘʤʠ ʉʪʘʥʜʘʨʪʥʦʡ ʄʦʜʝʣʠ. 

ɼʣʷ  ʙʫʜʫʱʠʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʦʨʦʪʢʦʡ ʠ ʜʣʠʥʥʦʡ ʙʘʟʦʡ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʙʣʠʞʥʝʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʩʠʣʴʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ  ʩʦʩʪʦʷʱʝʛʦ ʠʟ 9000 ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʢʦʚ, ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʭ ʚʦʣʦʢʦʥ ʠ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ.  

  



239 
 

8 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

8.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʨʫʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʉʈ ʠ ʊ ʩʠʤʤʝʪʨʠʡ ʚ 

ʨʘʩʧʘʜʘʭ ʢʘʦʥʦʚ 

ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ 100% ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ɽ949 ʥʘ ʧʨʝʜʤʝʪ ʧʦʠʩʢʘ ʪʷʞʸʣʳʭ 

ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʤʘʩʩʘʤʠ 140-300 ʄʵɺ/c2 ʚ ʨʘʩʧʘʜʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʦʥʦʚ K+ -> ɛ+nH. 

ʇʨʠ ʘʥʘʣʠʟʝ ʠʤʧʫʣʴʩʥʳʭ ʩʧʝʢʪʨʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʨʠ ʦʩʪʘʥʦʚʢʝ ʠ 

ʨʘʩʧʘʜʝ ʟʘʨʷʞʝʥʥʳʭ ʢʘʦʥʦʚ (ʚʩʝʛʦ 1.7Ĭ1012 ʩʦʙʳʪʠʡ), ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ, ʘʥʘʣʦʛʠʯʥʳʝ ʤʝʪʦʜʘʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʠ ʧʦʠʩʢʝ ʭʠʛʛʩʦʚʩʢʠʭ ʙʦʟʦʥʦʚ ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ. ʇʦʣʫʯʝʥ ʥʦʚʳʡ ʧʨʝʜʝʣ ʥʘ 

ʩʤʝʰʠʚʘʥʠʝ ʪʷʞʝʣʳʭ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʦʙʳʯʥʳʤʠ ʥʝʡʪʨʠʥʦ: ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʩʩ ʪʷʞʝʣʳʭ ʥʝʡʪʨʠʥʦ ʦʪ 175 ʜʦ 300 ʄʵɺ/ c2 ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 10-8, ʯʪʦ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʫʣʫʯʰʘʝʪ ʧʨʝʜʳʜʫʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ 

(CERN PS191).  

 

8.2 ʀʟʫʯʝʥʠʝ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʜʣʠʥʥʦʡ 

ʙʘʟʦʡ ʥʘ ʧʨʦʪʦʥʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʂɽʂ ʠ J-PARC 

ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ T2K ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ ʥʘ 

ʧʨʦʪʦʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ J-PARC (ʗʧʦʥʠʷ) ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʥʘʙʨʘʥʥʳʭ ʚ 2010 - ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʝ 2013 ʛʦʜʘ (ʜʘʥʥʳʝ ʠʟ 1-4 ʩʝʘʥʩʦʚ, 6.57Ĭ1020 POT, ʧʨʦʪʦʥʦʚ ʥʘ ʤʠʰʝʥʠ), ʥʘ ʧʨʝʜʤʝʪ 

ʧʦʠʩʢʘ ʜʝʬʠʮʠʪʘ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ (nm­ nm). ɺ ʜʘʣʴʥʝʤ ʜʝʪʝʢʪʦʨʝ ʉʫʧʝʨ-ʂʘʤʠʦʢʘʥʜʵ ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 120 ʩʦʙʳʪʠʡ,  ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʤʶʦʥʦʧʦʜʦʙʥʳʝ, ʧʦʷʚʠʚʰʠʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʜʝʪʝʢʪʦʨʝ ʯʝʨʝʟ ʟʘʨʷʞʝʥʥʳʡ ʪʦʢ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ (ʜʦ ~5 ɻʵɺ). ʆʞʠʜʘʝʤʦʝ ʯʠʩʣʦ ʪʘʢʠʭ ʩʦʙʳʪʠʡ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʩʮʠʣʣʷʮʠʡ 

nm­nm ʩʦʩʪʘʚʠʣʦ ʙʳ  446.0 ° 22.5 ʩʦʙʳʪʠʡ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʦʩʮʠʣʣʷʮʠʡ 

ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ (nm­ nm) ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʩʤʝʰʠʚʘʥʠʷ 

q23 ʠ ʨʘʟʥʦʩʪʴ ʢʚʘʜʨʘʪʦʚ ʤʘʩʩ ʥʝʡʪʨʠʥʦ ȹm232 (çʘʪʤʦʩʬʝʨʥʳʝè ʧʘʨʘʤʝʪʨʳ ʦʩʮʠʣʣʷʮʠʡ): 

sin2q23=0.514+0.055-0.056 ʜʣʷ  ʥʦʨʤʘʣʴʥʦʡ ʠʝʨʘʨʭʠʠ ʤʘʩʩ ʥʝʡʪʨʠʥʦ (NH, m3 > m2) ʠ 

0.511°0.055 ʜʣʷ ʠʥʚʝʨʩʥʦʡ ʠʝʨʘʨʭʠʠ (IH, m3<m2); ȹm232= (2.51°0.1)Ĭ10-3 ʵɺ2/ʩ4 (NH), 

ȹm213= (2.48°0.10)Ĭ10-3 ʵɺ2/ʩ4 (IH). ʅʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ q13 ʠ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʣʘ 

q23 ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ CP-ʥʘʨʫʰʘʶʱʝʡ ʬʘʟʳ d ʚ ʣʝʧʪʦʥʥʦʤ ʩʝʢʪʦʨʝ. 

ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ  ʥʘʤʝʢ ʥʘ ʥʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʬʘʟʳ ʦʢʦʣʦ ï(3/2)ˊ. 
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ɼʨʫʛʦʡ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ T2K, ʢʘʩʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʤʝʩʠ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʠʩʭʦʜʥʦʤ ʧʫʯʢʝ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ. ɿʥʘʥʠʝ ʵʪʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʥʝʡʪʨʠʥʥʦʛʦ ʧʫʯʢʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʦʩʮʠʣʣʷʮʠʡ 

çʥʘ ʧʦʷʚʣʝʥʠʝè (nm­ ne). ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʵʪʘ ʧʨʠʤʝʩʴ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1.2% ʦʪ ʚʩʝʛʦ 

ʧʦʪʦʢʘ ʥʝʡʪʨʠʥʦ ʦʪ ʫʩʢʦʨʠʪʝʣʷ. ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʠʩʭʦʜʥʦʤ 

ʧʫʯʢʝ ʷʚʣʷʶʪʩʷ ʨʘʩʧʘʜʳ ʤʶʦʥʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʥʝʡʪʨʠʥʦ < 1.6 ɻʵɺ) ʠ 

ʢʘʦʥʦʚ. ʀʟʤʝʨʝʥʠʝ ʧʨʠʤʝʩʠ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʣʠʞʥʝʛʦ 

ʜʝʪʝʢʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ND280, ʚ ʢʦʪʦʨʦʤ ʠʤʝʶʪʩʷ ʜʝʪʝʢʪʦʨʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʪʨʝʢʦʚ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʣʠʚʥʝʡ ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʢ ʚʝʣʠʯʠʥʝ, ʧʨʝʜʩʢʘʟʘʥʥʦʡ ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʚʥʘ 1.01°0.10, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʞʠʜʘʝʤʫʶ ʦʮʝʥʢʫ ʵʪʦʛʦ ʬʦʥʘ. 

ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ T2K ʚʧʝʨʚʳʝ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʩʝʯʝʥʠʝ ʢʚʘʟʠʫʧʨʫʛʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ ʩ ʷʜʨʦʤ ʢʠʩʣʦʨʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʡʪʨʘʣʴʥʳʭ ʪʦʢʦʚ (NCQE). ʕʪʦ 

ʩʝʯʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʠʩʧʫʱʝʥʥʳʭ 

ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ, ʦʙʨʘʟʦʚʘʚʰʠʤʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʥʝʡʪʨʠʥʦ ʚ ʯʝʨʝʥʢʦʚʩʢʦʤ ʜʝʪʝʢʪʦʨʝ ʉʫʧʝʨ-ʂʘʤʠʦʢʘʥʜʵ. ɺʨʝʤʝʥʥôʘʷ ʧʨʠʚʷʟʢʘ ʢ ʧʫʯʢʫ 

ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʥʝʡʪʨʠʥʦ, ʠʤʝʶʱʠʭ ʙʘʥʯʝʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʞʝ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʰʠʥ 

ʥʝʡʪʨʠʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʨʘʙʦʯʝʤ ʦʙʲʝʤʝ ʜʝʪʝʢʪʦʨʘ, ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʜʘʚʠʪʴ 

ʙʦʣʴʰʦʡ ʬʦʥ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʘʥʘʣʠʟʝ ʯʘʩʪʠ ʥʘʙʨʘʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ 

(3.01Ĭ1020 POT) ʚʳʜʝʣʝʥʦ 43 ʩʦʙʳʪʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʦʪ 4 ʜʦ 30 ʄʵɺ, ʯʪʦ 

ʩʨʘʚʥʠʤʦ ʩ ʦʞʠʜʘʝʤʳʤ ʯʠʩʣʦʤ ʩʦʙʳʪʠʡ ï 55.7, ʠʟ ʢʦʪʦʨʳʭ 17.3 ʩʦʙʳʪʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʬʦʥʦʚʳʤ (ʠʟ ʥʠʭ ʣʠʰʴ 1.2 ʩʦʙʳʪʠʡ ï ʦʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ). ɼʣʷ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ 

ʥʝʡʪʨʠʥʦ 630 ʄʵɺ ʧʦʣʫʯʝʥʥʦʝ ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʝʪ 1.35Ĭ10-38 ʩʤ2, ʯʪʦ 

ʩʨʘʚʥʠʤʦ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ    2.01Ĭ10-38 ʩʤ2. 

ɺ T2K ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʚʘ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʠʥʢʣʶʟʠʚʥʳʭ ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝʡʪʨʠʥʦ (ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʤʶʦʥʥʦʛʦ) ʚ ʢʦʤʧʣʝʢʩʝ 

ʙʣʠʞʥʝʛʦ ʜʝʪʝʢʪʦʨʘ.  

ɺ ʧʝʨʚʦʡ ʨʘʙʦʪʝ ʠʟʤʝʨʷʣʦʩʴ ʠʥʢʣʶʟʠʚʥʦʝ ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʥʝʡʪʨʠʥʦ ʩ ʷʜʨʘʤʠ ʫʛʣʝʨʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʨʷʞʝʥʥʳʭ ʪʦʢʦʚ ï ʥʘ ʫʩʪʘʥʦʚʢʝ ND280, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ 2.5 ʛʨʘʜʫʩʦʚ ʢ ʦʩʠ ʧʨʦʪʦʥʥʦʛʦ ʧʫʯʢʘ. ʕʣʝʢʪʨʦʥʥʳʝ ʥʝʡʪʨʠʥʦ 

ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ 1% ʧʨʠʤʝʩʠ ʚ ʠʩʭʦʜʥʦʤ (ʤʶʦʥʥʦʤ) ʧʦʪʦʢʝ ʥʝʡʪʨʠʥʦ. ʇʦʣʫʯʝʥʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʷʜʨʘʤʠ ʫʛʣʝʨʦʜʘ ʧʨʠ 
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ʵʥʝʨʛʠʠ ʦʢʦʣʦ 1 ɻʵɺ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʝʯʥʦʛʦ ʵʣʝʢʪʨʦʥʘ (ʠʤʧʫʣʴʩʘ, ʫʛʣʘ 

ʨʘʩʩʝʷʥʠʷ) ʠ ʦʪ ʚʝʣʠʯʠʥʳ ʧʝʨʝʜʘʥʥʦʛʦ 4-ʠʤʧʫʣʴʩʘ. ʇʦʣʥʦʝ ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ ʩ ʷʜʨʦʤ ʫʛʣʝʨʦʜʘ ʨʘʚʥʦ ů = 1.11 Ñ 0.09 (ʩʪʘʪ.) Ñ 0.18 (ʩʠʩʪ.) 10-38 

ʩʤ2/ʥʫʢʣʦʥ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʥʝʡʪʨʠʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ NEUT ʠ GENIE, ʘ ʪʘʢʞʝ 

ʩ ʧʨʝʜʳʜʫʱʠʤ ʠʟʤʝʨʝʥʠʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ɻʘʨʛʘʤʝʣʣʴ (1978 ʛ.). 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʠʥʢʣʶʟʠʚʥʦʝ ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʠʟʤʝʨʷʣʦʩʴ 

ʥʘ ʫʩʪʘʥʦʚʢʝ INGRID, ʙʣʠʞʥʝʤ ʜʝʪʝʢʪʦʨʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʦʩʠ ʥʝʡʪʨʠʥʥʦʛʦ ʧʫʯʢʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ ʟʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʷʜʨʘ ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ ʫʛʣʝʚʦʜʦʨʦʜ (CH), ʠʟ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʦʠʪ ʧʣʘʩʪʠʢʦʚʳʡ ʩʮʠʥʪʠʣʣʷʪʦʨ. ɼʣʷ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʥʝʡʪʨʠʥʦ 1.51 ɻʵɺ ʩʝʯʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʷʜʨʘʤʠ ʞʝʣʝʟʘ ʠ ʫʛʣʝʨʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʚʥʦ 1.444 

Ñ 0.002 (ʩʪʘʪ.) +0.189 -0.157 (ʩʠʩʪ.) x 10-38 ʩʤ2/ʥʫʢʣʦʥ  ʠ 1.379 Ñ 0.009 (ʩʪʘʪ.) +0.178 -0.147 

(ʩʠʩʪ.) x 10-38 ʩʤ2/ʥʫʢʣʦʥ, ʘ ʠʭ ʦʪʥʦʰʝʥʠʝ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʝʜʠʥʠʮʳ: 1.047 Ñ 0.007 (ʩʪʘʪ.) 

Ñ 0.035  (ʩʠʩʪ.). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʤʦʜʝʣʴʥʳʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ. 

ɽʱʝ ʦʜʠʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ T2K ʧʦʩʚʷʱʝʥ ʧʦʠʩʢʫ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʙʣʠʞʥʝʤ ʜʝʪʝʢʪʦʨʝ 

(0.2 ï 10 ɻʵɺ). ʀʟʤʝʨʝʥʥʳʡ ʩʧʝʢʪʨ ʩʨʘʚʥʠʚʘʣʩʷ ʩ ʤʦʜʝʣʠʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʠʩʢʣʶʯʠʪʴ ʦʙʣʘʩʪʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʰʠʚʘʥʠʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʩʪʝʨʠʣʴʥʳʭ 

ʥʝʡʪʨʠʥʦ. ʕʪʘ ʨʘʙʦʪʘ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʘ ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ. 

ɺʘʞʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ T2K ʚ 2014 ʛʦʜʫ ʷʚʣʷʝʪʩʷ ʫʩʧʝʰʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʚ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʘʥʪʠʥʝʡʪʨʠʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ CP-ʥʘʨʫʰʝʥʠʝ ʚ ʣʝʧʪʦʥʥʦʤ 

ʩʝʢʪʦʨʝ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʷʪʴ ʩʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʥʝʡʪʨʠʥʦ ʩ ʚʝʱʝʩʪʚʦʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʥʝʡʪʨʠʥʥʳʭ ʠ ʘʥʪʠʥʝʡʪʨʠʥʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ.   
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8.3 ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʫʩʢʦʨʠʪʝʣʴʥʳʤʠ ʥʝʡʪʨʠʥʦ 

ɼʣʷ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʦʨʦʪʢʦʡ ʠ ʜʣʠʥʥʦʡ ʙʘʟʦʡ 

ʧʨʦʜʦʣʞʘʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʧʨʦʪʦʪʠʧʘ ʙʣʠʞʥʝʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ.  

ʀʟʛʦʪʦʚʣʝʥʦ ʩʚʳʰʝ ʜʝʚʷʪʠ ʪʳʩʷʯ ʧʣʘʩʪʠʥ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʪʠʨʦʣʘ 

ʤʝʪʦʜʦʤ ʵʢʩʪʨʫʟʠʠ (ʚ ʢʦʤʧʘʥʠʠ ʋʥʠʧʣʘʩʪ, ʛ. ɺʣʘʜʠʤʠʨ) ʨʘʟʤʝʨʦʤ 900 ʭ 10 ʭ 7 ʤʤ3. ɺ 202-ʤ 

ʢʦʨʧʫʩʝ ʀʗʀ ʈɸʅ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʫʯʘʩʪʦʢ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʪʠʭ ʩʯʝʪʯʠʢʦʚ (ʜʣʷ ʚʳʨʝʟʘʥʠʷ ʢʘʥʘʚʦʢ ʚ ʧʣʘʩʪʠʥʘʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʢʣʝʠʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʝʛʦ ʚʦʣʦʢʥʘ ʠ ʨʘʟʲʝʤʘ ʚ ʜʘʥʥʳʝ ʢʘʥʘʚʢʠ). ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʷʪʩʷ 

ʪʝʩʪʳ ʠ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʯʝʪʯʠʢʦʚ. ʉʨʝʜʥʠʡ 

ʩʚʝʪʦʚʳʭʦʜ ʩ ʦʙʦʠʭ ʢʦʥʮʦʚ ʩʯʝʪʯʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 100-140 ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʠʥʠʤʘʣʴʥʦ 

ʠʦʥʠʟʠʨʫʶʱʫʶ ʯʘʩʪʠʮʫ (ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʭʦʨʦʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ. ʋʨʦʚʝʥʴ ʙʨʘʢʦʚʘʥʥʳʭ ʩʯʝʪʯʠʢʦʚ (ʩ ʥʠʟʢʠʤ ʩʚʝʪʦʚʳʭʦʜʦʤ) ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʯʝʪʯʠʢʦʚ. 

ɺ ʘʧʨʝʣʝ 2014 ʛ. ʧʝʨʚʘʷ ʧʘʨʪʠʷ ʠʟ 200 ʩʯʝʪʯʠʢʦʚ ʙʳʣʘ ʦʪʧʨʘʚʣʝʥʘ ʚ ʎɽʈʅ ï ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʠ ʪʝʩʪʦʚʳʭ ʨʘʙʦʪ. ɺʪʦʨʘʷ ʧʘʨʪʠʷ ʠʟ 4500 ʩʯʝʪʯʠʢʦʚ -  ʜʣʷ 

ʤʦʥʪʘʞʘ ʜʝʪʝʢʪʦʨʘ - ʙʳʣʘ ʦʪʧʨʘʚʣʝʥʘ ʚ ʎɽʈʅ ʚ ʩʝʨʝʜʠʥʝ ʜʝʢʘʙʨʷ 2014 ʛ.  

8 ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʨʫʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ CP ʠ T ʩʠʤʤʝʪʨʠʡ ʚ ʨʘʩʧʘʜʘʭ 

ʢʘʦʥʦʚ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ 100% ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ɽ949 ʥʘ ʧʨʝʜʤʝʪ ʧʦʠʩʢʘ ʪʷʞʸʣʳʭ 

ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʤʘʩʩʘʤʠ 140-300 ʄʵɺ/c2 ʚ ʨʘʩʧʘʜʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʦʥʦʚ K+ -> ɛ+nH. 

ʇʦʣʫʯʝʥ ʥʦʚʳʡ ʧʨʝʜʝʣ ʥʘ ʩʤʝʰʠʚʘʥʠʝ ʪʷʞʝʣʳʭ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʦʙʳʯʥʳʤʠ ʥʝʡʪʨʠʥʦ: 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʩʩ ʪʷʞʝʣʳʭ ʥʝʡʪʨʠʥʦ ʦʪ 175 ʜʦ 300 ʄʵɺ/ 

c2 ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10-8, ʯʪʦ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʫʣʫʯʰʘʝʪ ʧʨʝʜʳʜʫʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ (CERN PS191). 

ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ T2K ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ ʥʘ 

ʧʨʦʪʦʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ J-PARC (ʗʧʦʥʠʷ) ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʥʘʙʨʘʥʥʳʭ ʚ 2010 - ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʝ 2013 ʛʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ 

ʠʟʤʝʨʝʥʠʶ ʢʘʢ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʭ ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʝʡʪʨʠʥʦ ʩ ʚʝʱʝʩʪʚʦʤ. ɺ ʜʘʣʴʥʝʤ ʜʝʪʝʢʪʦʨʝ ʉʫʧʝʨ-ʂʘʤʠʦʢʘʥʜʵ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 120 

ʩʦʙʳʪʠʡ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʤʶʦʥʦʧʦʜʦʙʥʳʝ, ʧʦʷʚʠʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʜʝʪʝʢʪʦʨʝ ʯʝʨʝʟ ʟʘʨʷʞʝʥʥʳʡ ʪʦʢ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ (ʜʦ ~5 ɻʵɺ). ʆʞʠʜʘʝʤʦʝ ʯʠʩʣʦ ʪʘʢʠʭ ʩʦʙʳʪʠʡ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʩʮʠʣʣʷʮʠʡ  nm­nm 

ʩʦʩʪʘʚʠʣʦ ʙʳ  446.0 ° 22.5 ʩʦʙʳʪʠʡ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʦʩʮʠʣʣʷʮʠʡ ʤʶʦʥʥʳʭ 

ʥʝʡʪʨʠʥʦ (nm­ nm) ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʩʤʝʰʠʚʘʥʠʷ q23 ʠ ʨʘʟʥʦʩʪʴ 

ʢʚʘʜʨʘʪʦʚ ʤʘʩʩ ʥʝʡʪʨʠʥʦ ȹm2
32 (çʘʪʤʦʩʬʝʨʥʳʝè ʧʘʨʘʤʝʪʨʳ ʦʩʮʠʣʣʷʮʠʡ): sin

2q23=0.514+0.055
-

0.056 ʜʣʷ  ʥʦʨʤʘʣʴʥʦʡ ʠʝʨʘʨʭʠʠ ʤʘʩʩ ʥʝʡʪʨʠʥʦ (NH, m3 > m2) ʠ 0.511°0.055 ʜʣʷ ʠʥʚʝʨʩʥʦʡ 

ʠʝʨʘʨʭʠʠ (IH, m3<m2); ȹm
2
32= (2.51°0.1)Ĭ10-3 ʵɺ2/ʩ4 (NH), ȹm2

13= (2.48°0.10)Ĭ10-3 ʵɺ2/ʩ4 (IH). 

ʅʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ q13 ʠ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʣʘ q23 ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ 

ʦʧʨʝʜʝʣʝʥʠʷ CP-ʥʘʨʫʰʘʶʱʝʡ ʬʘʟʳ d ʚ ʣʝʧʪʦʥʥʦʤ ʩʝʢʪʦʨʝ. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʥʘʤʸʢ ʥʘ ʥʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʬʘʟʳ ʦʢʦʣʦ ï(3/2)́ .  

ɼʨʫʛʦʡ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ T2K, ʢʘʩʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʤʝʩʠ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʠʩʭʦʜʥʦʤ ʧʫʯʢʝ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʵʪʘ 

ʧʨʠʤʝʩʴ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1.2% ʦʪ ʚʩʝʛʦ ʧʦʪʦʢʘ ʥʝʡʪʨʠʥʦ ʦʪ ʫʩʢʦʨʠʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʵʣʝʢʪʨʦʥʥʳʭ 

ʥʝʡʪʨʠʥʦ ʢ ʚʝʣʠʯʠʥʝ, ʧʨʝʜʩʢʘʟʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʚʥʘ 1.01°0.10, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʞʠʜʘʝʤʫʶ ʦʮʝʥʢʫ ʵʪʦʛʦ ʬʦʥʘ. 

ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ T2K ʚʧʝʨʚʳʝ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʩʝʯʝʥʠʝ ʢʚʘʟʠʫʧʨʫʛʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ ʩ ʷʜʨʦʤ ʢʠʩʣʦʨʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʡʪʨʘʣʴʥʳʭ ʪʦʢʦʚ (NCQE). 

ɺ T2K ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʚʘ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʠʥʢʣʶʟʠʚʥʳʭ ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝʡʪʨʠʥʦ (ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʤʶʦʥʥʦʛʦ) ʚ ʢʦʤʧʣʝʢʩʝ 

ʙʣʠʞʥʝʛʦ ʜʝʪʝʢʪʦʨʘ, ʧʨʠʯʝʤ ʠʥʢʣʶʟʠʚʥʦʝ ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ 

ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʚʧʝʨʚʳʝ ʩ 1978 ʛ. 

ɽʱʝ ʦʜʠʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ T2K ʧʦʩʚʷʱʝʥ ʧʦʠʩʢʫ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʙʣʠʞʥʝʤ ʜʝʪʝʢʪʦʨʝ 

(0.2 ï 10 ɻʵɺ). 

ɺʘʞʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ T2K ʚ 2014 ʛʦʜʫ ʷʚʣʷʝʪʩʷ ʫʩʧʝʰʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʚ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʘʥʪʠʥʝʡʪʨʠʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ CP-ʥʘʨʫʰʝʥʠʝ ʚ ʣʝʧʪʦʥʥʦʤ 

ʩʝʢʪʦʨʝ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʷʪʴ ʩʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʥʝʡʪʨʠʥʦ ʩ ʚʝʱʝʩʪʚʦʤ. 

ʇʨʦʚʝʜʝʥ ʠʥʞʝʥʝʨʥʳʡ ʩʝʘʥʩ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ NA62 (ʎɽʈʅ), ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʨʝʜʢʦʛʦ ʨʘʩʧʘʜʘ ʟʘʨʷʞʝʥʥʦʛʦ ʢʘʦʥʘ ʥʘ ʧʠʦʥ ʠ 2 ʥʝʡʪʨʠʥʦ. ɿʘʚʝʨʰʝʥʘ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʚʝʜʝʥʳ ʪʝʩʪʳ ʥʘ ʢʘʦʥʥʦʤ ʧʫʯʢʝ ʜʝʪʝʢʪʦʨʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ NEWCHOD. 

ɺ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʦʨʦʪʢʦʡ 

ʠ ʜʣʠʥʥʦʡ ʙʘʟʦʡ ʠʟʛʦʪʦʚʣʝʥʦ ʩʚʳʰʝ ʜʝʚʷʪʠ ʪʳʩʷʯ ʧʣʘʩʪʠʥ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʩʪʠʨʦʣʘ ʤʝʪʦʜʦʤ ʵʢʩʪʨʫʟʠʠ (ʚ ʢʦʤʧʘʥʠʠ ʋʥʠʧʣʘʩʪ, ʛ. ɺʣʘʜʠʤʠʨ) ʨʘʟʤʝʨʦʤ 900 ʭ 10 ʭ 7 ʤʤ3. 
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ɺ 202-ʤ ʢʦʨʧʫʩʝ ʀʗʀ ʈɸʅ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʫʯʘʩʪʦʢ ʜʣʷ ʤʘʩʩʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʭ ʩʯʝʪʯʠʢʦʚ. ʉʨʝʜʥʠʡ ʩʚʝʪʦʚʳʭʦʜ ʩ ʦʙʦʠʭ ʢʦʥʮʦʚ ʩʯʝʪʯʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 100-

140 ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʠʥʠʤʘʣʴʥʦ ʠʦʥʠʟʠʨʫʶʱʫʶ ʯʘʩʪʠʮʫ (ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʭʦʨʦʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ. ʋʨʦʚʝʥʴ ʙʨʘʢʦʚʘʥʥʳʭ 

ʩʯʝʪʯʠʢʦʚ (ʩ ʥʠʟʢʠʤ ʩʚʝʪʦʚʳʭʦʜʦʤ) ʥʝ ʧʨʝʚʳʰʘʝʪ 1% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʯʝʪʯʠʢʦʚ. ɼʚʝ ʧʘʨʪʠʠ 

ʩʯʝʪʯʠʢʦʚ (200 + 4500 ʰʪʫʢ) ʦʪʧʨʘʚʣʝʥʳ ʚ ʎɽʈʅ ʜʣʷ ʤʦʥʪʘʞʘ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʩʪʦʚʳʭ ʨʘʙʦʪ. 
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9 ʃʘʙʦʨʘʪʦʨʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ʀ.ʄ.ɾʝʣʝʟʥʳʭ. 

ʌʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʝʦʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʡ 

ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʩʤʦʣʦʛʠʷ. 

ʅʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ, ʥʝʡʪʨʠʥʥʘʷ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ, ʬʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʧʨʦʙʣʝʤʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʚ ʥʠʟʢʦʬʦʥʦʚʳʭ ʧʦʜʟʝʤʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʠ ʛʣʫʙʦʢʦ ʧʦʜ ʚʦʜʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

ʇʨʠʢʣʘʜʥʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ, ʨʘʜʠʦʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʷʜʝʨʥʘʷ 

ʪʨʘʥʩʤʫʪʘʮʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ  ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ.  

ʈʘʟʨʘʙʦʪʢʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʷʜʝʨʥʳʭ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ 

ʤʠʢʨʦʧʠʢʩʝʣʴʥʳʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ.     
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ʄɽʊʆɼʓ ʈɽɻʀʉʊʈɸʎʀʀ ʅɽʁʊʈʀʅʆ  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʅʦʚʳʝ (ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʦʧʪʠʯʝʩʢʠʤ) ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ; 

ʜʝʪʝʢʪʦʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ.   

ʎʝʣʠ ʨʘʙʦʪʳ.  

ʉʦʚʤʝʩʪʥʳʝ ʨʦʩʩʠʡʩʢʦ-ʛʨʝʯʝʩʢʠʝ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ (ʚ 

ʨʘʤʢʘʭ ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʛʦ ʩʦʛʣʘʰʝʥʠʷ ʦ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ 

ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ɻʨʝʮʠʝʡ). 

ʈʘʟʨʘʙʦʪʢʠ: 

-  ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ  ʥʝʡʪʨʠʥʦ ʩʚʝʨʭʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ; 

- ʨʘʜʠʦʚʦʣʥʦʚʦʛʦ ʤʝʪʦʜʘ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʤʘʩʩʠʚʘʤʠ ʘʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʣʴʜʘ; 

 - ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʵʢʩʪʨʝʤʘʣʴʥʦ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ʥʝʡʪʨʠʥʦ, ʧʨʦʪʦʥʦʚ ʠ ʜʨ.), ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʃʫʥʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʥʦʚʝʡʰʠʭ 

ʤʠʢʨʦʧʠʢʩʝʣʴʥʳʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ (ʄʃʌɼ).  

ʄʝʪʦʜʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʙʳʩʪʨʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ çʪʨʝʭʤʝʨʥʳʭè ʵʣʝʢʪʨʦʥʥʦ-ʘʜʨʦʥʥʳʭ 

ʢʘʩʢʘʜʦʚ ʩʚʝʨʭʚʳʩʦʢʠʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚ ʚʦʜʝ, ʚʦ ʣʴʜʫ, ʚ ʣʫʥʥʦʤ ʨʝʛʦʣʠʪʝ ʩ 

ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ ʃʘʥʜʘʫ - ʇʦʤʝʨʘʥʯʫʢʘ ï ʄʠʛʜʘʣʘ ʠ ʛʣʘʚʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʠʭ 

ʨʘʩʯʝʪʦʚ ʧʨʦʠʟʚʦʜʠʤʳʭ ʢʘʩʢʘʜʘʤʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʚʦʜʝ ʠ ʨʘʜʠʦ ʩʠʛʥʘʣʦʚ ʚʦ ʣʴʜʫ ʠ 

ʣʫʥʥʦʤ ʛʨʫʥʪʝ. 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ ʟʚʫʢʘ ʚ ʚʦʜʝ ʵʣʝʢʪʨʦʥʥʦ-ʬʦʪʦʥʥʳʤʠ ʢʘʩʢʘʜʘʤʠ, 

ʧʨʦʠʟʚʦʜʠʤʳʤʠ ʠʤʧʫʣʴʩʥʳʤ ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʣʘʟʝʨʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʪʝʥʜʘ. 

ʉʦʟʜʘʥʠʝ ʠ ʠʩʧʳʪʘʥʠʝ ʤʘʢʝʪʦʚ (ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ) ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ ʛʘʤʤʘ ʢʚʘʥʪʦʚ, ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʄʃʌɼ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ ʣʠʪʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, 

ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʥʝʡʪʨʦʥʳ. 
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ɺ ʠʶʣʝ 2013 ʛ. ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ ʚ ʈʠʦ ʜʝ 

ɾʘʥʝʡʨʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʩʝʥʩʘʮʠʦʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʥʝʡʪʨʠʥʥʳʤ ʪʝʣʝʩʢʦʧʦʤ 

IceCube ʥʘ ʖʞʥʦʤ ʧʦʣʶʩʝ ʜʠʬʬʫʟʥʦʛʦ (ʠʟʦʪʨʦʧʥʦʛʦ) ʧʦʪʦʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ 

ʚʥʝʘʪʤʦʩʬʝʨʥʦʛʦ (ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʛʦ) ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ʚʩʝʛʦ 28 

ʩʦʙʳʪʠʡ ʩ ʵʥʝʨʛʠʷʤʠ 6ʭ1013 - 2ʭ1015 ʵɺ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʣʝʪ, ʠʟ ʥʠʭ 12 ʩʦʙʳʪʠʡ ï ʬʦʥʦʚʳʭ) [1]. 

ʕʪʦ ʧʝʨʚʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʦʣʝʝ ʯʝʤ 50-ʣʝʪʥʝʛʦ ʨʘʟʚʠʪʠʷ 

ʥʦʚʦʡ ʦʪʨʘʩʣʠ ɸʩʪʨʦʥʦʤʠʠ ï ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʥʦʤʠʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ɽ>109 ʵɺ), 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ 1958-1961 ʛ.ʛ. ʚ ʨʘʙʦʪʘʭ [2]. 

ɽʩʣʠ ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ ʩ 

ʵʥʝʨʛʠʷʤʠ 6ʭ1013 - 2ʭ1015 ʵɺ ʩ ʤʘʩʩʠʚʦʤ ʧʨʦʟʨʘʯʥʦʛʦ ʣʴʜʘ ʧʦʪʨʝʙʦʚʘʣʩʷ ʦʙʲʝʤ ʜʝʪʝʢʪʦʨʘ 

IceCube ʧʦʨʷʜʢʘ 1 ʢʫʙʠʯʝʩʢʦʛʦ ʢʠʣʦʤʝʪʨʘ, ʪʦ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ ʩ 

ʵʥʝʨʛʠʷʤʠ 1016-1019 ʵɺ (ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠʣʠ ɻɿʂ- ʥʝʡʪʨʠʥʦ) ʦʙʲʝʤ ʥʝʡʪʨʠʥʥʦʡ 

ʤʠʰʝʥʠ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 10 - 1000 ʢʫʙʠʯʝʩʢʠʭ ʢʠʣʦʤʝʪʨʦʚ ʚʝʱʝʩʪʚʘ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʧʦʜʦʙʥʳʭ ʛʠʛʘʥʪʩʢʠʭ ʨʘʟʤʝʨʦʚ ʝʱʝ ʚ 80-ʭ ʛʦʜʘʭ 

ʚ ʀʗʀ ʈɸʅ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ, ʘ 

ʠʤʝʥʥʦ ʨʘʜʠʦʚʦʣʥʦʚʦʡ [3] ʠ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʠʡ [4] ʤʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʣʴʜʘ ʠ ʃʫʥʳ ʢʘʢ ʥʝʡʪʨʠʥʥʳʭ ʤʠʰʝʥʝʡ. ɽʱʝ ʨʘʥʴʰʝ ʚ 70-ʭ ʛʦʜʘʭ ʚ ʌʀɸʅʝ 

(ɻ.ɸ. ɸʩʢʘʨʷʥ ʠ ɹ.ɸ. ɼʦʣʛʦʰʝʠʥ) ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʈʘʟʨʘʙʦʪʢʘ 

ʨʘʜʠʦʚʦʣʥʦʚʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʈɸʄɸʅɼ ʚ ɸʥʪʘʨʢʪʠʜʝ [5] ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʧʪʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ (ʧʨʦʝʢʪ ʅɽʉʊʆʈ) ʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʝʡʪʨʠʥʦ 

(ʧʨʦʝʢʪ ʉɸɼʂʆ) ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʣʠʩʴ ʜʦ 1991 ʛ. ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ 

ʄ.ɸ. ʄʘʨʢʦʚʘ çʉʦʚʝʪʩʢʠʡ ɼʖʄɸʅɼè.  

ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʙʳʣʘ ʚʝʩʴʤʘ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ - ʤʠʢʨʦʧʠʢʩʝʣʴʥʳʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ (ʄʃʌɼ), 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʀʗʀ ʈɸʅ (ɿ.ʗ. ʉʘʜʳʛʦʚ ʠ ʜʨ.), ɺ ʪʝ ʛʦʜʳ ʀʗʀ ʈɸʅ ʦʧʝʨʝʞʘʣ ʟʘʨʫʙʝʞʥʳʭ 

ʥʘʫʯʥʳʭ ʢʦʥʢʫʨʝʥʪʦʚ ʥʘ 5-10 ʣʝʪ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʨʫʜʥʦʩʪʠ ʩ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ ʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʧʨʦʜʦʣʞʘʣʘʩʴ ʚ 90-ʝ ʠ 2000-ʝ ʛʦʜʳ. ʊʘʢ 

ʧʦʠʩʢ ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʝʡʪʨʠʥʦ ʩ ʣʫʥʥʳʤ 

ʨʝʛʦʣʠʪʦʤ, ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʂʘʣʷʟʠʥʩʢʦʤ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʦʤ ʪʝʣʝʩʢʦʧʝ ʚ ʥʘʯʘʣʝ 2000-ʭ ʚ 

ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ɺ.ɸ. ʄʘʪʚʝʝʚʘ çʅʝʡʪʨʠʥʥʘʷ ʬʠʟʠʢʘ ʠ ʘʩʪʨʦʬʠʟʠʢʘè. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʥʝ 

ʪʦʣʴʢʦ ʦʧʨʦʙʦʚʘʪʴ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʥʦ ʠ ʧʦʣʫʯʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʪʦʢʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ [6].   
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 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʝʢʪʳ ʩʦʟʜʘʥʠʷ ʚ ɸʥʪʘʨʢʪʠʜʝ ʛʠʛʘʥʪʩʢʠʭ ʨʘʜʠʦ ʜʝʪʝʢʪʦʨʦʚ 

ʥʝʡʪʨʠʥʦ ʩ ʨʝʛʠʩʪʨʠʨʫʶʱʠʤ ʦʙʲʝʤʦʤ ʚʧʣʦʪʴ ʜʦ 103 ʢʫʙ. ʢʤ (ɸRA - Askaryan Radio Array ʠ 

ARIANNA) ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʫʯʝʥʳʤʠ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʪʘʢʞʝ 

ʧʨʦʝʢʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ SKA (ʧʣʦʱʘʜʴʶ 1 ʢʚ. ʢʤ) ʚ 

ɸʚʩʪʨʘʣʠʠ ʠ ʖʥʦʡ ɸʬʨʠʢʝ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʜʠʦ ʠʤʧʫʣʴʩʦʚ ʦʪ ʢʘʩʢʘʜʦʚ ʵʢʩʪʨʝʤʘʣʴʥʦ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ, 

ʙʦʤʙʘʨʜʠʨʫʶʱʠʤʠ ʃʫʥʫ. ʉʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʟʜʘʥʠʝ ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ 

ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʂʄ3 NeT, ʥʦ ʠ ʨʘʟʨʘʙʦʪʢʫ (ʥʘ ʙʘʟʝ ʧʦʣʠʛʦʥʘ 

ʅɽʉʊʆʈ) ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ.  

ɺʝʜʫʱʠʝ ʟʘʨʫʙʝʞʥʳʝ ʬʠʨʤʳ ʗʧʦʥʠʠ, ɽʚʨʦʧʳ ʚʢʣʘʜʳʚʘʶʪ ʙʦʣʴʰʠʝ ʩʨʝʜʩʪʚʘ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ʠ ʠʤʝʥʥʦ ʄʃʌɼ-ʪʠʧʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ ʠ 

ʜʨʫʛʠʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʦʝ ʥʘʯʘʣʦʩʴ ʚ ʉʉʉʈ ʠ ʈʦʩʩʠʠ, ʩʝʡʯʘʩ ʚʝʩʴʤʘ ʫʩʧʝʰʥʦ ʧʨʦʜʦʣʞʝʥʦ, ʥʦ ʚ 

ʦʩʥʦʚʥʦʤ ʟʘ ʨʫʙʝʞʦʤ. 

ʆʯʝʥʴ ʤʘʣʦʝ ʪʝʢʫʱʝʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ ʠʣʠ ʢʦʦʨʜʠʥʘʪʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ 

ʥʦʚʳʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ, ʧʦʣʫʯʘʝʤʦʝ ʀʗʀ ʈɸʅ, ʜʝʣʘʝʪ ʥʘʫʯʥʦʝ ʩʦʨʝʚʥʦʚʘʥʠʝ ʩ 

ʟʘʨʫʙʝʞʥʳʤʠ ʫʯʝʥʳʤʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ, ʥʦ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʠ ʚ ʩʣʫʯʘʝ ʠʭ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ [7-9]. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʫʩʧʝʭʠ ʚ ʨʘʟʨʘʙʦʪʢʘʭ ʢʦʦʨʜʠʥʘʪʥʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ (ʤʘʪʨʠʯʥʳʭ) ʜʝʪʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʥʦʚʝʡʰʠʭ 

ʤʫʣʴʪʠʧʠʢʩʝʣʴʥʳʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ï ʄʃʌɼ ʙʫʜʫʪ ʠʤʝʪʴ ʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʘʩʪʨʦʬʠʟʠʢʠ, ʥʦ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚ 

ʈʦʩʩʠʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʟʠʪʨʦʥʥʦ-ʵʤʠʩʩʠʦʥʥʳʭ 

ʪʦʤʦʛʨʘʬʦʚ (ʇʕʊ-ʩʢʘʥʝʨʦʚ) [10-11]. 

9 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʅʀʈ ʚ 2014 ʛ. 

9.1 ʉʦʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘ ʅɽʉʊʆʈ-ʉɸɼʂʆ: 

ɺ 2014 ʛ. ʀʥʩʪʠʪʫʪʦʤ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ (ʛʦʣʦʚʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ) ʩʦʚʤʝʩʪʥʦ ʩ 

ɸʪʣʘʥʪʠʯʝʩʢʠʤ ʦʪʜʝʣʝʥʠʝʤ ʀʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʣʦʛʠʠ  ʈɸʅ (ʛ. ʂʘʣʠʥʠʥʛʨʘʜ), ʀʥʩʪʠʪʫʪʦʤ 

ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈɸʅ (ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ) ʠ  ʀʥʩʪʠʪʫʪʦʤ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ ʬʠʟʠʢʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çɼɽʄʆʂʈʀʊʆʉè, 

ɸʬʠʥʳ, ɻʨʝʮʠʷ ʩʦʩʪʘʚʣʝʥ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʝʢʪ  
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çʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʚ 

ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ ʠ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʤʥʦʛʦʮʝʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʨʩʢʦʡ ʩʨʝʜʳè (ʧʨʦʝʢʪ ʅɽʉʊʆʈ ï ʉɸɼʂʆ, ʥʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʩ ʨʦʩʩʠʡʩʢʦʡ ʩʪʦʨʦʥʳ ʘʢʘʜʝʤʠʢ ɺ.ɸ. ʄʘʪʚʝʝʚ).  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʨʦʝʢʪ ʅɽʉʊʆʈ ï ʉɸɼʂʆ ʥʘʮʝʣʝʥ ʥʘ ʫʩʠʣʝʥʠʝ ʨʦʩʩʠʡʩʢʦʛʦ ʫʯʘʩʪʠʷ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʈʦʩʩʠʡʩʢʦ-ɻʨʝʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʧʦ 

ʩʦʟʜʘʥʠʶ ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ ʚʙʣʠʟʠ ʙʝʨʝʛʦʚ ɻʨʝʮʠʠ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ïçʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘè ʅɽʉʊʆʈ - ʩ ʮʝʣʴʶ ʨʘʟʚʠʪʠʷ ʥʦʚʦʡ 

ʚʝʪʚʠ ɸʩʪʨʦʥʦʤʠʠ ï ʅʝʡʪʨʠʥʥʦʡ ɸʩʪʨʦʥʦʤʠʠ ɺʳʩʦʢʠʭ ʕʥʝʨʛʠʡ.  

ʇʨʦʝʢʪ ʅɽʉʊʆʈ ï ʉɸɼʂʆ ʥʘʧʨʘʚʣʝʥ ʪʘʢʞʝ ʥʘ ʘʢʪʠʚʠʟʘʮʠʶ ʨʦʩʩʠʡʩʢʠʭ 

ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʥʠʢʘʣʴʥʳʭ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʭʦʜʝ ʧʨʦʝʢʪʘ: ʘ 

ʠʤʝʥʥʦ  

- ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʘʣʴʬʘ-ʙʝʪʘ-ʛʘʤʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ (ʀʗʀ ʈɸʅ ʠ ʆʂɹ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ ʈɸʅ),  

-  ʢʦʤʧʘʢʪʥʦʛʦ ʧʦʛʨʫʞʥʦʛʦ ʬʦʪʦʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʳ (ʀʗʀ ʈɸʅ ʠ ʆʂɹ ʆʊ ʈɸʅ), 

 -  ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʅɽʉʊʆʈ   (ʀʗʀ ʈɸʅ ʠ 

ʆʂɹ ʆʊ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çɼɽʄʆʂʈʀʊʆʉè, ɸʬʠʥʳ, ɻʨʝʮʠʷ), -  

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩ ʮʠʬʨʦʚʳʤʠ ʛʠʜʨʦʬʦʥʘʤʠ (ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈɸʅ), 

-  ʙʝʩʢʘʙʝʣʴʥʳʭ ʟʦʥʜʦʚ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʚ (ɸʪʣʘʥʪʠʯʝʩʢʦʝ ʦʪʜʝʣʝʥʠʝ 

ʀʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʣʦʛʠʠ ʈɸʅ),  

 

ɺʘʞʥʘʷ ʨʦʣʴ ʧʨʦʝʢʪʘ ʅɽʉʊʆʈ ʚ ʈʦʩʩʠʡʩʢʦ-ɻʨʝʯʝʩʢʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʨʦʪʦʢʦʣʦʤ ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʈʦʩʩʠʡʩʢʦ-ɻʨʝʯʝʩʢʦʡ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ (13 

ʤʘʨʪʘ 2014 ʛ., ɸʬʠʥʳ). 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪ ʅɽʉʊʆʈ-ʉɸɼʂʆ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʢʦʥʢʫʨʩ ʥʘ ʧʨʘʚʦ ʟʘʢʣʶʯʝʥʠʷ ʛʦʩʢʦʥʪʨʘʢʪʘ ʚ ʨʘʤʢʘʭ ʌʎʇ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2014-

2020 ʛʦʜʳ ʚ ʨʘʤʢʘʭ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ 

ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ ʩʪʨʘʥ-ʯʣʝʥʦʚ ɽʉè. 

ɻʨʝʯʝʩʢʘʷ ʩʪʦʨʦʥʘ ʦʙʷʟʘʣʘʩʴ ʠʩʪʨʘʪʠʪʴ ʥʘ ʩʦʚʤʝʩʪʥʳʡ ʧʨʦʝʢʪ ʩʫʤʤʫ ʚ ʝʚʨʦ 

ʘʥʘʣʦʛʠʯʥʫʶ ʨʦʩʩʠʡʩʢʦʤʫ ʚʢʣʘʜʫ.  
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ʆʜʥʘʢʦ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʠʯʠʥʝ  (ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʙʦʪʦʡ ʵʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʠ) ʧʨʦʝʢʪ 

ʅɽʉʊʆʈ-ʉɸɼʂʆ ʥʝ ʧʦʧʘʣ ʚ ʯʠʩʣʦ ʧʦʙʝʜʠʪʝʣʝʡ ʢʦʥʢʫʨʩʘ (ʥʝ ʭʚʘʪʠʣʦ 1 ʙʘʣʣʘ ʠʟ 100). 

9.2 ɿʘʷʚʢʘ ʥʘ ʫʯʘʩʪʠʝ ʚ ʢʦʥʢʫʨʩʝ 2015 ʛ. ʧʦ ʧʨʦʛʨʘʤʤʝ ʇʨʝʟʠʜʠʫʤʘ 

ʈɸʅ çʌʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʥʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘè 
 

ʇʨʦʝʢʪ: çʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ  ʧʠʣʦʪʥʦʡ ʫʩʪʘʥʦʚʢʠ - ʩʠʩʪʝʤʳ ʘʥʪʝʥʥ, ʩʧʦʩʦʙʥʳʭ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʤʧʫʣʴʩʳ ʚ ʤʝʪʨʦʚʦʤ ʨʘʜʠʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝè (ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ  

ʈ.ɼ. ɼʘʛʢʝʩʘʤʘʥʩʢʠʡ).   

ɺ 2014 ʛʦʜʫ ʟʘ ʨʫʙʝʞʦʤ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʠʛʘʥʪʩʢʦʛʦ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ SKA, ʩʦʦʨʫʞʘʝʤʦʛʦ ʚ ɸʚʩʪʨʘʣʠʠ ʠ ʖʞʥʦʡ ɸʬʨʠʢʝ (ʩ ʦʙʱʝʡ 

ʧʣʦʱʘʜʴʶ ʘʥʪʝʥʥ ʚ 1 ʢʚʘʜʨʘʪʥʳʡ ʢʠʣʦʤʝʪʨ), ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʩʣʦʷʤʠ ʃʫʥʳ. ʇʨʝʜʣʦʞʝʥʠʝ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ SKA ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʩʦʪʨʫʜʥʠʢʘʤʠ ʇʈɸʆ ɸʂʎ ʌʀɸʅ ʠ ʀʗʀ ʈɸʅ ʚ ʤʘʨʪʝ 2014 ʛ. (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 1).  

ɼʦʢʣʘʜ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʥʘʫʯʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʜʣʷ SKA ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ɼʞʘʩʪʠʥʦʤ ɹʨʝʝʤ 

(Justin Bray) ʚ ʥʘʯʘʣʝ ʦʢʪʷʙʨʷ 2014 ʛ.[13].   

  

ʀʜʝʷ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ ʠ 

ʧʨʦʪʦʥʦʚ (ʷʜʝʨ), çʙʦʤʙʘʨʜʠʨʫʶʱʠʭè ʃʫʥʫ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ ʥʘ ɿʝʤʣʝ ʠ ʜʘʞʝ 

ʥʘ ʣʫʥʥʳʭ ʩʧʫʪʥʠʢʘʭ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ ʀʗʀ ʈɸʅ ʠ ʇʈɸʆ ɸʂʎ ʌʀɸʅ ʝʱʝ ʚ ʢʦʥʮʝ 80-ʭ 

ʛʦʜʦʚ.   

ɺ ʧʨʦʝʢʪʝ RAMHAND [4] ʨʝʯʴ ʰʣʘ ʦ ʧʦʠʩʢʝ ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ ʚ  ʜʠʘʧʘʟʦʥʝ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʄɻʮ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ɻɻʮ,  ʧʨʦʠʟʚʦʜʠʤʳʭ  ʢʘʩʢʘʜʘʤʠ ʦʪ ʢʦʩʤʠ-

ʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚ ʣʫʥʥʦʤ ʨʝʛʦʣʠʪʝ.  ʇʦʟʜʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʥʠʪʦʨʠʥʛ 

ʢʦʨʦʪʢʠʭ ʚʩʧʣʝʩʢʦʚ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʦʪ ʃʫʥʳ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ  ʥʝʡʪʨʠʥʦ 

ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (ɽ > 1022ʵɺ). ʆ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʰʣʘ ʨʝʯʴ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [8].    

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʧʨʦʝʢʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʩʦʟʜʘʪʴ ʥʘ ʙʘʟʝ ʇʫʱʠʥʩʢʦʡ 

ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ (ʇʈɸʆ ɸʂʎ ʌʀɸʅ) ʩ ʫʯʘʩʪʠʝʤ ʀʗʀ ʈɸʅ 

(ʵʣʝʢʪʨʦʥʠʢʘ, ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ) ʧʠʣʦʪʥʫʶ ʫʩʪʘʥʦʚʢʫ ï ʩʠʩʪʝʤʫ ʘʥʪʝʥʥ, ʩʧʦʩʦʙʥʳʭ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʤʧʫʣʴʩʳ ʚ ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ, ʪʦ ʝʩʪʴ ʨʘʩʰʠʨʠʪʴ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ ʚʧʣʦʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʄɻʮ.  ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʧʠʣʦʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 1000 ʢʚ. ʤ., ʘ ʚʨʝʤʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ ʦʪ ʃʫʥʳ ʩʦʩʪʘʚʠʪ 4-5 ʯʘʩʦʚ ʚ ʩʫʪʢʠ. ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
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ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʘ ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ SKA.   

 

9.3. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʙʳʩʪʨʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ çʪʨʝʭʤʝʨʥʳʭè 

ʵʣʝʢʪʨʦʥ-ʘʜʨʦʥʥʳʭ ʢʘʩʢʘʜʦʚ ʩʚʝʨʭʚʳʩʦʢʠʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ (1015-1021 ʵɺ ʠ ʚʳʰʝ) ʚ ʚʝʱʝʩʪʚʝ ʩ ʮʝʣʴʶ ʨʘʩʯʝʪʦʚ 

ʧʨʦʠʟʚʦʜʠʤʳʭ ʠʤʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦ ʩʠʛʥʘʣʦʚ 
 (ʩʤ. ʪʘʢʞʝ [12]) 

9.3.1. ʈʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʸʪʘ LPM-G4-3D ʠ ʨʘʩʯʸʪ 

ʢʘʩʢʘʜʦʚ ʜʣʷ ʵʥʝʨʛʠʡ 104 ï107 ʛʵɺ. 
ʈʘʟʨʘʙʦʪʘʥ ʠ ʦʪʣʘʞʝʥ ʛʠʙʨʠʜʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʪʨʸʭʤʝʨʥʦʛʦ ʢʘʩʢʘʜʘ ʦʪ ʥʝʡʪʨʠʥʦ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚ ʚʦʜʝ LPM-G4-3D. ɺ ʵʪʦʤ ʘʣʛʦʨʠʪʤʝ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ Geant4 3-

ʤʝʨʥʳʝ ʢʘʩʢʘʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ñʭʚʦʩʪʦʚʳʭò ʢʘʩʢʘʜʦʚ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ 

ʵʥʝʨʛʠʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 10-1 · 103 ɻʵʚ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ 5-ʪʠ ʙʘʟʦʚʳʭ ñʭʚʦʩʪʦʚʳʭò Geant-4 ʢʘʩʢʘʜʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ ʵʥʝʨʛʠʡ 10-1, 100, 101, 

102 ʠ 103 ɻʵɺ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʜʣʷ ʢʘʩʢʘʜʦʚ ʦʪ ʵʥʝʨʛʠʡ 

104, 105, 106, 107 ʠ 108 ɻʵɺ ʩ ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʝʡ Eth=103 ɻʵɺ. ʇʨʦʚʝʜʝʥʠʝ ʨʘʩʯʸʪʦʚ ʜʣʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʠʟ-ʟʘ ʨʝʟʢʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʚʨʝʤʝʥʠ 

ʚʳʯʠʩʣʝʥʠʡ. ʇʦʵʪʦʤʫ ʙʳʣʘ ʩʜʝʣʘʥʘ ʜʘʣʴʥʝʡʰʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʩ ʮʝʣʴʶ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. 

9.3.2. ʄʦʜʝʨʥʠʟʘʮʠʷ ʛʠʙʨʠʜʥʦʛʦ LPM-G4-3D ʘʣʛʦʨʠʪʤʘ ʠ ʨʘʩʯʸʪ 

ʢʘʩʢʘʜʦʚ ʜʣʷ ʵʥʝʨʛʠʡ 109 ï1011 ɻʵɺ. 
 ʄʦʜʝʨʥʠʟʘʮʠʷ ʨʘʩʯʸʪʘ ʪʨʸʭʤʝʨʥʦʛʦ ʢʘʩʢʘʜʘ ʧʦ ʛʠʙʨʠʜʥʦʤʫ LPM-G4-3D ʘʣʛʦʨʠʪʤʫ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʜʦʙʘʚʣʝʥʠʠ, ʢ 5-ʪʠ Geant-4 ʙʘʟʦʚʳʤ ñʭʚʦʩʪʦʚʳʤò ʢʘʩʢʘʜʘʤ, 3-ʭ ʭʚʦʩʪʦʚʳʭ 

ʢʘʩʢʘʜʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ ʵʥʝʨʛʠʡ 104, 105 ʠ 106 ɻʵɺ ʧʦ ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ 

LPM-G4-3D. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʳʯʠʩʣʝʥʠʷ ʢʘʩʢʘʜʦʚ 

2pRdE/dV (ʢʘʢ ʬʫʥʢʮʠʠ ʦʪ Z ʠ R) ʜʣʷ ʵʥʝʨʛʠʡ 109, 1010 ʠ 1011 ɻʵɺ ʩʦ ʟʥʘʯʝʥʠʝʤ ʧʦʨʦʛʦʚʦʡ 

ʵʥʝʨʛʠʠ 106 ɻʵɺ. ɺ ʢʘʯʝʩʪʚʝ ñʭʚʦʩʪʦʚʳʭò ʢʘʩʢʘʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʧʦ 8-ʠ ʙʘʟʦʚʳʤ ʢʘʩʢʘʜʘʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʢʘʩʢʘʜʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʧʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤʫ LPM-G4-3D ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʵʥʝʨʛʠʡ 109, 1010, 1011 ɻʵɺ (ʧʦʨʦʛʦʚʘʷ 

ʵʥʝʨʛʠʷ ʚ ʵʪʦʤ ʨʘʩʯʸʪʝ Eth = 106 ɻʵɺ. 
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 (ʘ)        (b)  

 

 

    (c) 

ʈʠʩ. 1. ʊʨʸʭʤʝʨʥʳʝ ʢʘʩʢʘʜʳ ʚ ʚʦʜʝ 2pRdE/dV (ʢʘʢ ʬʫʥʢʮʠʠ ʦʪ Z ʠ R) ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤʫ LPM-G4-3D ʘʣʛʦʨʠʪʤʫ (8 ʙʘʟʦʚʳʭ ñʭʚʦʩʪʦʚʳʭò ʢʘʩʢʘʜʦʚ, ʧʦʨʦʛʦʚʘʷ 

ʵʥʝʨʛʠʷ Eth = 106 ɻʵɺ. ɼʣʷ ʵʥʝʨʛʠʡ (a) ï 109 (ʫʩʨʝʜʥʝʥʠʝ ʧʦ 100 ʯʘʩʪʠʮʘʤ), (b) ï 1010 

(ʫʩʨʝʜʥʝʥʠʝ ʧʦ 10 ʯʘʩʪʠʮʘʤ), (c) ï 1011 ɻʵɺ (ʢʘʩʢʘʜ ʦʪ ʦʜʥʦʡ ʯʘʩʪʠʮʳ). 

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʚʳʯʠʩʣʝʥʳ 

ʧʨʦʜʦʣʴʥʳʝ (dE/dZ) ʠ ʨʘʜʠʘʣʴʥʳʝ (dE/dR) ʠʥʪʝʛʨʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

9.4 ʇʨʦʚʝʜʝʥʠʝ  ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʝʢʪʦʤ ʅɽʉʊʆʈ 

ɺ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʘ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʤʝʞʜʫ ʀʗʀ ʈɸʅ ʠ ʀʥʩʪʠʪʫʪʦʤ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ 

ʬʠʟʠʢʠ ʯʘʩʪʠʮ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɼʝʤʦʢʨʠʪʫʩè, ɸʬʠʥʳ, ɻʨʝʮʠʷ, ʩʦʟʜʘʥ ʠ 

ʠʩʧʳʪʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʦʙʨʘʟʝʮ ʘʚʪʦʥʦʤʥʦʛʦ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʪʝʨʤʦʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ ʚʦʜʳ ʥʘ ʦʩʥʦʚʝ ʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʟʚʫʢʘ ʚ ʚʦʜʝ ʜʘʸʪ 

ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ ʥʝʡʪʨʠʥʦ ʩ 

ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ɺʦʟʥʠʢʘʶʱʠʡ ʚ ʚʦʜʥʦʡ ʤʘʩʩʝ ʵʣʝʢʪʨʦʥ-ʬʦʪʦʥʥʳʡ (ʘʜʨʦʥ-

ʵʣʝʢʪʨʦʥʥʳʡ) ʢʘʩʢʘʜ, ʚʳʟʳʚʘʝʪ ʤʛʥʦʚʝʥʥʳʡ ʨʘʟʦʛʨʝʚ ʚʦʜʳ ʚ ʦʙʲʝʤʝ ʢʘʩʢʘʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʠʟʣʫʯʝʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ. 
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ʀʟʤʝʨʝʥʠʷ  ʪʝʨʤʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʚʦʜʳ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ  ʦʪ +10 ʉ ʜʦ +30 ʉ  

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʘ ʥʘ ʠʪʪʨʠʡ-ʘʣʶʤʠʥʠʝʚʦʤ 

ʛʨʘʥʘʪʝ (ʀɸɻ), ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʥʝʦʜʠʤʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1,06 ʤʢʤ ʠ ʜʣʠʥʦʡ ʟʘʪʫʭʘʥʠʷ ʚ ʚʦʜʝ 

5-10 ʩʤ,  ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ,  ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʛʠʜʨʦʬʦʥ, 

ʤʘʣʦʰʫʤʷʱʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ, ʩʝʣʝʢʪʠʚʥʳʡ ʫʩʠʣʠʪʝʣʴ UNIPAN 232B,  

ʦʩʮʠʣʣʦʛʨʘʬ Tektronix , ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 96 ʢɻʮ 

, ʨʘʟʨʝʰʝʥʠʝʤ 16 ʙʠʪ ʥʘ ʦʩʥʦʚʝ ʧʝʨʩʦʥʘʣʴʥʦʛʦ  ʢʦʤʧʴʶʪʝʨʘ ʚ ʩʨʝʜʝ Windows (ʨʠʩ.2).  

 

 

 

ʈʠʩ.2.  ɹʣʦʢ-ʩʭʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ\ʰʫʤ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʚʦʜʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʘ 

ʦʧʪʠʤʠʟʘʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ.  ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʠʤʧʫʣʴʩʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 10 - 30 ʛʨʘʜ.ʉ ʚ ʧʨʝʩʥʦʡ ʚʦʜʝ.  ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 10-30 ʛʨʘʜ.ʉ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.4. ʂʨʘʩʥʘʷ 

ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʠʛʥʘʣʘ. 
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ʈʠʩ.3. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʚʦʜʳ. ʈʠʩ.4.  ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʠʛʥʘʣʘ. 

ɿʘʤʝʥʘ ʣʘʟʝʨʘ ʧʦʟʚʦʣʠʣʘ ʫʚʝʣʠʯʠʪʴ ʦʙʣʘʩʪʴ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʟʘ ʩʯʝʪ ʤʝʥʴʰʝʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʚʦʜʦʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1,06 ʤʢʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʞʥʠʤ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 3 ʤʢʤ (ʩʤ. ʨʠʩ.3), ʦʜʥʘʢʦ ʨʝʟʢʦ ʫʧʘʣ ʫʨʦʚʝʥʴ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʪʨʝʙʦʚʘʣʦ 

ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʣʘʟʝʨʝ ʠʤʧʫʣʴʩʥʘʷ ʢʩʝʥʦʥʦʚʘʷ ʣʘʤʧʘ 

ʩʦʟʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ. 

ɺ ʙʫʜʫʱʝʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʘʢʪʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʧʦʪʨʝʙʫʝʪʩʷ ʟʘʤʝʥʘ 

ʣʘʟʝʨʘ ʥʘ ʘʥʘʣʦʛʠʯʥʳʡ, ʥʦ ʩ ʠʤʧʫʣʴʩʥʦʡ ʥʘʢʘʯʢʦʡ ʠʟʣʫʯʝʥʠʝʤ ʦʪ ʤʦʱʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ.   

 

9. 5   ʈʘʟʨʘʙʦʪʢʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ ʜʝʪʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ï ʄʃʌɼ 
(ʩʦʚʤʝʩʪʥʦ ʩ ʆʀʗʀ, ɿ.ʗ. ʉʘʜʳʛʦʚ). 

ʈʘʙʦʪʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʫʣʴʪʠʧʠʢʩʝʣʴʥʳʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ (ʄʃʌɼ) ʚ 

ʜʝʪʝʢʪʦʨʘʭ ʷʜʝʨʥʳʭ ʯʘʩʪʠʮ ʧʨʦʚʦʜʷʪʩʷ ʚ ʨʘʤʢʘʭ  ʧʦʜʧʠʩʘʥʥʦʛʦ ʀʗʀ ʈɸʅ çʇʨʦʪʦʢʦʣʘ ʦ 

ʩʦʚʤʝʩʪʥʦʡ ʥʘʫʯʥʦʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 2012-2015 ʛ.ʛé.è ʩ 

ʆʀʗʀ (ɼʫʙʥʘ), ʀʥʩʪʠʪʫʪʦʤ ʬʠʟʠʢʠ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ (ɹʘʢʫ) ʠ ʩ ʬʠʨʤʘʤʠ ï 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ñZecotek Photonics Singapore Pte Ltdò ʠ ʅʇʆ 

(ʢʦʣʣʘʙʦʨʘʮʠʷ ñɼʫʙʥʘ-ʄʃʌɼò). ʉʪʘʪʴʷ ʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʄʃʌɼ - 

ʤʘʪʨʠʮ ʜʣʷ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʯʘʩʪʠʮ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ [14].  

ɼʣʷ ʩʦʟʜʘʚʘʝʤʦʡ ʚ ʈʦʩʩʠʠ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ çʌʆʊʆʅʀʂɸè ʩʦʚʤʝʩʪʥʦ ʩ 

ʆʀʗʀ (ɼʫʙʥʘ) ʧʨʝʜʣʦʞʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ çʆʜʥʦʬʦʪʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠè ʠ ʧʨʝʜʣʦʞʝʥ ʧʨʦʝʢʪ: çʈʘʟʨʘʙʦʪʢʘ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʨʠʯʥʳʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚè. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ, ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʠ ʨʘʙʦʪʳ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ 2014 ʛ. ʙʳʣʘ ʧʨʦʜʦʣʞʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 
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ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʝʥʜʘ ʃʅʄɼʅ ʠ ɿʏ ʀʗʀ ʈɸʅ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚ 2014 ʛ. ʧʨʦʚʦʜʠʪʴ ʩʦ 

ʩʪʫʜʝʥʪʘʤʠ ʄʌʊʀ  (ʢʘʬʝʜʨʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʢʦʩʤʦʣʦʛʠʠ) ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʨʘʙʦʪʳ ʧʦ ʪʝʤʝ çʇʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʜʝʪʝʢʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʬʦʪʦʧʨʠʝʤʥʠʢʦʚè, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʃɸʗ ʠ ʃʈʗʌ. 

ʇʨʦʚʝʜʝʥʳ ʪʝʩʪʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʧʨʦʪʦʪʠʧʦʤ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ZnS/LiF,  ʩʚʝʪʦʚʦʜʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 

(20 ʢʚ.ʤʤ) ʠ ʤʠʢʨʦʧʠʢʩʝʣʴʥʳʭ ʬʦʪʦʜʠʦʜʦʚ (ʩʦʚʤʝʩʪʥʦ ʩ ʃʅʀ ʀʗʀ). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʩʩʝʷʥʠʷ 

ʥʝʡʪʨʦʥʦʚ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ   ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʈʅʉʀ-ʂʉ-2014 27-31 

ʦʢʪʷʙʨʷ 2014 ʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ [15]. 

ʊʝʟʠʩʳ ʜʦʢʣʘʜʘ ɺ.ʉ.ʃʠʪʚʠʥ, ɺ.ʅ.ʄʘʨʠʥ, ʉ.ʍ.ʂʘʨʘʝʚʩʢʠʡ, ʠ ʜʨ., "ɼʚʫʭʢʦʦʨʜʠʥʘʪʥʳʝ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ  ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ  ʠ 

ʩʚʝʪʦʚʦʜʦʚ"  ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʙʦʨʥʠʢʝ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʢʦʥʬʝʨʝʥʮʠʠ. 

 

9.6 ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ ʣʠʪʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʦʣʠʩʪʠʨʦʣʴʥʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʥʝʡʪʨʦʥʳ. 

 
ɺ ʪʝʯʝʥʠʝ 2014 ʛʦʜʘ ʩʦʚʤʝʩʪʥʦ ʩ ʀʌɺʕ (ʇʨʦʪʚʠʥʦ) ʧʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʣʠʩʪʠʨʦʣʴʥʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ (ʅʇʉ). ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʅʇʉ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (ʉʕ) ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʘ ʩʦʝʜʠʥʝʥʠʷ ʢʣʘʩʩʘ ʙʝʥʟʦʢʩʘʟʦʣʦʚ (ʜʠʤʝʪʠʣ-ʘʤʠʥʦʬʝʥʠʣ-ʙʝʥʟʦʢʩʘʟʦʣ ɺʆ) 

ʠ ʠʥʜʦʣʦʚ (1 ʤʝʪʠʣ-2 ʙʠʬʝʥʠʣʠʥ-ʠʥʜʦʣ).  

ʀʟʤʝʨʝʥʳ ʉʕ ʦʙʨʘʟʮʦʚ ʧʦʣʠʩʪʠʨʦʣʴʥʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʨʘʟʥʳʭ ʩʦʩʪʘʚʦʚ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʪʠʚʘʪʦʨʘ ʚ ʧʨʝʜʝʣʘʭ 0,5 ï 5%). ʇʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʉʕ ʦʙʨʘʟʮʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʪʠʚʘʪʦʨʘ ʚ ʩʪʠʨʦʣʝ. ɸʤʧʣʠʪʫʜʳ ʤʘʢʩʠʤʫʤʦʚ 

ʢʨʠʚʳʭ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʣʝʞʘʪ ʚ ʨʘʡʦʥʝ 1 ï 2% ʠ ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʨʘʚʥʳ 

ʤʘʢʩʠʤʫʤʫ ʉʕ ʵʪʘʣʦʥʘ (ʩʪʠʨʦʣ + 2% ʈʊ + 0,05% ʈʆʈʆʈ). 

ʆʙʨʘʟʮʳ ʅʇʉ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʘʤʧʫʣʘʭ ʩʪʠʨʦʣʘ, ʠʤʝʶʪ ʙʦʣʝʝ 

ʦʜʥʦʨʦʜʥʳʡ ʩʦʩʪʘʚ ʠ ʙʝʟ ʧʫʟʳʨʴʢʦʚ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʧʨʝʩʩʦʚʘʥʠʷ ʛʨʘʥʫʣ ʧʦʣʠʩʪʠʨʦʣʘ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʅʇʉ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʜʝʪʝʢʪʦʨʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ 

ʛʦʜʫ ʦʪʨʘʙʦʪʢʫ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʪʠʨʦʣʘ ʚ ʘʤʧʫʣʘʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʦʙʲʝʤʘ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 

ʜʚʘ ʨʘʟʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠʟʛʦʪʦʚʣʝʥ ʦʙʨʘʟʝʮ ʤʦʜʫʣʷ ʜʝʪʝʢʪʦʨʘ ʠʟ ʅʇʉ ʚ ʚʠʜʝ 

ʪʦʥʢʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʩ ʜʚʫʤʷ ʣʘʚʠʥʥʳʤʠ ʬʦʪʦʜʠʦʜʘʤʠ.   
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9 ɿʘʢʣʶʯʝʥʠʝ 

ɺ 2014 ʛ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʃʄɼʅ ʠ ʕʏ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ ʅʀʈ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʚʳʭ (ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ) ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʭ ʯʘʩʪʠʮ:  

1. ʉʦʩʪʘʚʣʝʥ ʧʨʦʝʢʪ ʦ ʧʨʦʚʝʜʝʥʠʠ ʩʦʚʤʝʩʪʥʳʭ ʨʦʩʩʠʡʩʢʦ-ʛʨʝʯʝʩʢʠʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʙʣʠʟʠ ʙʝʨʝʛʦʚ ɻʨʝʮʠʠ (ʚ ʨʘʤʢʘʭ ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʛʦ 

ʩʦʛʣʘʰʝʥʠʷ ʦ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ɻʨʝʮʠʝʡ ʠ ʜʦʛʦʚʦʨʘ 

ʀʗʀ ʈɸʅ ʩ ʀʥʩʪʠʪʫʪʦʤ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ ʬʠʟʠʢʠ ʯʘʩʪʠʮ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ 

ʮʝʥʪʨʦʤ çɼʝʤʦʢʨʠʪʦʩè ʚ ɸʬʠʥʘʭ).  

ʊʝʤʘ ʧʨʦʝʢʪʘ: 

çʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʚ 

ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ ʠ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʤʥʦʛʦʮʝʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʨʩʢʦʡ ʩʨʝʜʳè (ʧʨʦʝʢʪ ʅɽʉʊʆʈ ï ʉɸɼʂʆ, ʥʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʩ ʨʦʩʩʠʡʩʢʦʡ ʩʪʦʨʦʥʳ ʘʢʘʜʝʤʠʢ ɺ.ɸ. ʄʘʪʚʝʝʚ).          

2. ʇʦʜʛʦʪʦʚʣʝʥʘ (ʩʦʚʤʝʩʪʥʦ ʩ ʇʈɸʆ ʌʀɸʅ) ʟʘʷʚʢʘ ʥʘ ʫʯʘʩʪʠʝ ʚ ʢʦʥʢʫʨʩʝ 2015 ʛ. ʧʦ 

ʧʨʦʛʨʘʤʤʝ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ çʌʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʥʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘè.  

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʧʨʦʝʢʪ ʥʘʮʝʣʝʥ ʥʘ ʨʘʟʚʠʪʠʝ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ ʠ ʧʨʦʪʦʥʦʚ (ʷʜʝʨ) ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, 

çʙʦʤʙʘʨʜʠʨʫʶʱʠʭè ʃʫʥʫ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ ʥʘ ɿʝʤʣʝ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʦʦʨʫʞʘʝʤʦʛʦ ʛʠʛʘʥʪʩʢʦʛʦ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʉʂɸ.  

ʊʝʤʘ ʧʨʦʝʢʪʘ:  

 çʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ  ʧʠʣʦʪʥʦʡ ʫʩʪʘʥʦʚʢʠ - ʩʠʩʪʝʤʳ ʘʥʪʝʥʥ, ʩʧʦʩʦʙʥʳʭ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʤʧʫʣʴʩʳ ʚ ʤʝʪʨʦʚʦʤ ʨʘʜʠʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝè (ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ  

ʈ.ɼ. ɼʘʛʢʝʩʘʤʘʥʩʢʠʡ). 

   3. ʇʨʦʜʦʣʞʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʙʳʩʪʨʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ çʪʨʝʭʤʝʨʥʳʭè 

ʵʣʝʢʪʨʦʥʥʦ - ʘʜʨʦʥʥʳʭ ʢʘʩʢʘʜʦʚ ʩʚʝʨʭʚʳʩʦʢʠʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʚʳʧʦʣʥʝʥ 

ʨʘʩʯʝʪ ʵʣʝʢʪʨʦʥʥʦ-ʬʦʪʦʥʥʳʭ ʢʘʩʢʘʜʦʚ ʩ ʵʥʝʨʛʠʷʤʠ 1015-1021 ʵɺ ʚ ʚʝʱʝʩʪʚʝ ʩ ʮʝʣʴʶ 

ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʧʨʦʠʟʚʦʜʠʤʳʭ ʠʤʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦ ʩʠʛʥʘʣʦʚ.      

4. ʇʨʦʚʝʜʝʥʳ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʝʢʪʦʤ ʅɽʉʊʆʈ: 

ʠʩʧʳʪʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʦʙʨʘʟʝʮ  ʢʦʤʧʘʢʪʥʦʡ ʣʘʟʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ  ʜʣʷ ʛʣʫʙʦʢʦʚʦʜʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʪʝʨʤʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʚʦʜʳ (ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ɻʨʶʥʘʡʟʝʥʘ). 

   5. ɺʳʧʦʣʥʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʄʃʌɼ-ʤʘʪʨʠʮ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʟʠʮʠʦʥʥʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʣʘʚʠʥʥʳʭ ʬʦʪʦʜʠʦʜʦʚ. ɼʣʷ 

ʩʦʟʜʘʚʘʝʤʦʡ ʚ ʈʦʩʩʠʠ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ çʌʆʊʆʅʀʂɸè ʩoʚʤʝʩʪʥʦ ʩ ʆʀʗʀ 

(ɼʫʙʥʘ) ʧʨʝʜʣʦʞʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ çʆʜʥʦʬʦʪʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ 
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ʠʥʬʦʨʤʘʮʠʠè ʠ ʧʨʝʜʣʦʞʝʥ ʧʨʦʝʢʪ: çʈʘʟʨʘʙʦʪʢʘ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʨʠʯʥʳʭ ʣʘʚʠʥʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚè. 

   6. ʇʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʦʪʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ 

ʧʦʣʠʩʪʠʨʦʣʴʥʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ.   
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9 ʇʨʠʣʦʞʝʥʠʝ 1 

ʂʦʤʫ: 

zhelezny@minus.inr.ac.ru<zhelezny@minus.inr.ac.ru>;rdd@prao.ru<rdd@prao.ru>;Robert 

Mutel<robert-mutel@uiowa.edu>;Ken Gayley<ken.gayley@gmail.com>;Ray 

Protheroe<ray.protheroe@gmail.com>;Ron Ekers<Ron.Ekers@csiro.au>;Jaime Alvarez-

Muniz<jaime.alvarezmuniz@gmail.com>;Peter Gorham<gorham@phys.hawaii.edu>;David 

Saltzberg<saltzbrg@physics.ucla.edu>;mevius@astron.nl<mevius@astron.nl>;ben.stappers@manc

hester.ac.uk<ben.stappers@manchester.ac.uk>;ralph.spencer@manchester.ac.uk<ralph.spencer@m

anchester.ac.uk>;German Gusev<gusevgag@mail.ru>; 

Dear all, 

You are hereby invited to participate in the drafting of a chapter on the feasibility of using 

the Square Kilometre Array to detect ultra-high-energy particles (neutrinos and cosmic rays) hitting 

the Moon. The chapter is currently being prepared for the SKA science meeting in June in Sicily to 

update the SKA science case: 

https://indico.skatelescope.org/conferenceDisplay.py?ovw=True&confId=270 

https://indico.skatelescope.org/conferenceDisplay.py?ovw=True&confId=270
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You are being invited on behalf of the undersigned because of your previous involvement 

with the lunar technique, and because we believe that the challenges of using the SKA for UHE 

particle searches can only be met by a large collaboration. This email is only a request for an 

informal commitment - however, some help with drafting the document will be expected. Our hope 

is to gather all interested parties in order to make the very best case possible for using the SKA for 

UHE particle detection, with the expectation that this group will form the nucleus of a future 

collaboration. 

An abstract for this chapter was submitted last Friday, and is attached below. We apologise 

that there was no time to have a broader discussion before submission - however, we only became 

aware of the deadline at the last minute. Note that we do not intend a-priori to make any statements 

on the relative feasibility of neutrinos vs cosmic rays, high vs low frequencies, and/or the previous 

efforts of one collaboration or another. 

 

Please reply if you are interested in being part of this effort. We look forward to hearing 

your response. 

Regards, 

J. Bray, S. Buitink, H. Falcke, T. Huege, C.W. James, O. Scholten, F. Schrºder, and S. ter 

Veen 

email: clancy.james@physik.uni-erlangen.de 

Ph: +49 (0) 9131-85-28961 

 

Erlangen Centre of Astroparticle Physics (ECAP), 

Friedrich-Alexander Universitªt Erlangen-N¿rnberg 

Erwin-Rommel StraÇe 1 

91058 Erlangen 

GERMANY 

 

  

mailto:clancy.james@physik.uni-erlangen.de
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10 ʃʘʙʦʨʘʪʦʨʠʷ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ʈ.ɸ.ʄʫʭʘʤʝʜʰʠʥ. 

ʌʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʝʦʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʡ 

ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʩʤʦʣʦʛʠʷ. 

ʅʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ, ʥʝʡʪʨʠʥʥʘʷ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ, ʬʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʧʨʦʙʣʝʤʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. 

ɺʳʩʦʢʦʛʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʩʪʨʦ- ʠ ʷʜʝʨʥʦʬʠʟʠʯʝʩʢʦʛʦ ʘʩʧʝʢʪʦʚ ʐɸʃ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʜʨʦʥʦʚ ʧʨʠ ʵʥʝʨʛʠʷʭ 1014 ï 1018 ʵɺ. 

ʊʸʤʥʘʷ ʤʘʪʝʨʠʷ ʠ ʪʝʤʥʘʷ ʵʥʝʨʛʠʷ ʚ ʘʩʪʨʦʬʠʟʠʢʝ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɺ.ʀ.ɼʦʢʫʯʘʝʚ. 

ʊʦʧʦʣʦʛʠʷ  ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʜʠʥʘʤʠʢʘ ʉʦʣʥʮʘ ʠ ʧʦʪʦʢʠ  ʥʝʡʪʨʠʥʦ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ɽ.ɸ.ɻʘʚʨʶʩʝʚʘ. 

ʅʦʚʳʝ ʩʚʦʡʩʪʚʘ ʘʪʦʤʥʳʭ ʷʜʝʨ ʠ ʥʝʡʪʨʠʥʦ ʠ ʠʭ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʳʭ 

ʷʚʣʝʥʠʡ ʚ ʬʠʟʠʢʝ ʠ ʘʩʪʨʦʬʠʟʠʢʝ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ʖ.ʉ.ʂʦʧʳʩʦʚ. 

ʅʝʡʪʨʠʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʌʝʨʤʠʣʘʙʝ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. 

ɸ.ɺ.ɹʫʪʢʝʚʠʯ. 

ʇʦʠʩʢ ʜʚʦʡʥʦʛʦ ʙʝʟʥʝʡʪʨʠʥʦʛʦ ʙʝʪʘ ʨʘʩʧʘʜʘ ʠʟʦʪʦʧʘ 76Ge. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ 

ʢ.ʬ.-ʤ.ʥ. ʀ.ʈ.ɹʘʨʘʙʘʥʦʚ 

 

ʈʘʟʨʘʙʦʪʢʘ ʞʠʜʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʩ ʫʣʴʪʨʘʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʨʘʜʠʦʫʛʣʝʨʦʜʘ (14ʉ ) ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʠʥʦ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ. ʉʦʚʤʝʩʪʥʦ ʩ ɹʅʆ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ɽ.ɸ.ʗʥʦʚʠʯ. 

ʈʝʛʠʩʪʨʘʮʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʥʘ ʷʜʨʘʭ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. 

ɸ.ɺ.ʂʦʧʳʣʦʚ. 

ɹʝʟʥʝʡʪʨʠʥʥʳʡ ʜʚʦʡʥʦʡ ʙʝʪʘ ʨʘʩʧʘʜ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ʃ.ɹ.ɹʝʟʨʫʢʦʚ, ʢ.ʬ.-

ʤ.ʥ. ʀ.ʈ.ɹʘʨʘʙʘʥʦʚ 

ʀʟʤʝʨʝʥʠʝ ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ ʩ ʷʜʨʘʤʠ ʫʛʣʝʨʦʜʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ 

ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ.ɹʫʪʢʝʚʠʯ 

ʊʫʥʢʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɹ.ʂ.ʃʫʙʩʘʥʜʦʨʞʠʝʚ 

ɸʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ. ʊʸʤʥʘʷ ʤʘʪʝʨʠʷ ʠ 

ʪʸʤʥʘʷ ʵʥʝʨʛʠʷ ʚ ʘʩʪʨʦʬʠʟʠʢʝ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɺ.ʀ.ɼʦʢʫʯʘʝʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʟʦʪʦʧʘ ʉ14 ʚ ʫʛʣʝʚʦʜʦʨʦʜʘʭ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. 

ɽ.ɸ.ʗʥʦʚʠʯ, ʢ.ʬ.-ʤ.ʥ. ɸ.ʄ.ɻʘʥʛʘʧʰʝʚ.  
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10.3 ʇʦʠʩʢ ʜʚʦʡʥʦʛʦ ʙʝʟʥʝʡʪʨʠʥʦʛʦ ʙʝʪʘ ʨʘʩʧʘʜʘ ʠʟʦʪʦʧʘ 76Ge 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ʀ.ʈ.ɹʘʨʘʙʘʥʦʚ 

ʀʩʧʦʣʥʠʪʝʣʠ: ʃ.ɹ ɹʝʟʨʫʢʦʚ,ɺ.ʀ. ɻʫʨʝʥʮʦʚ, ɸ.ɺ. ɺʝʨʝʩʥʠʢʦʚʘ, ɽ.ɸ. ʗʥʦʚʠʯ 

10.3 ʈʝʬʝʨʘʪ 

ʇʦʠʩʢ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʙʝʪʘ-ʨʘʩʧʘʜʘ ʷʜʝʨ ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ 

ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʟʘʜʘʯ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ. ɽʛʦ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʠʨʦʜʳ ʤʘʩʩʳ ʥʝʡʪʨʠʥʦ (ɼʠʨʘʢʦʚʩʢʦʡ ʠʣʠ ʄʘʡʦʨʘʥʦʚʩʢʦʡ) ʠ ʚʦʟʤʦʞʥʳʤ 

ʥʘʨʫʰʝʥʠʝʤ ʣʝʧʪʦʥʥʦʛʦ ʯʠʩʣʘ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʙʫʜʝʪ ʠʤʝʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʣʝʜʩʪʚʠʷ 

ʜʣʷ ʬʠʟʠʢʠ ʯʘʩʪʠʮ ʠ ʢʦʩʤʦʣʦʛʠʠ. ʕʢʩʧʝʨʠʤʝʥʪ GERDA ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʜʝʪʝʢʪʦʨʘ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʫʣʴʪʨʘʥʠʟʢʠʤ ʬʦʥʦʤ ʜʣʷ ʧʦʠʩʢʘ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʙʝʪʘ-ʨʘʩʧʘʜʘ 

76Ge. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʘʩʩʠʚʥʦʡ ʟʘʱʠʪʳ ʠʟ ʞʠʜʢʦʛʦ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʠ ʩʦʟʜʘʥʠʝ ʛʝʨʤʘʥʠʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʦʚʦʛʦ ʪʠʧʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ ʧʦ ʬʦʨʤʝ ʠʤʧʫʣʴʩʘ. ʇʨʦʝʢʪ ʚʢʣʶʯʘʝʪ ʪʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʬʘʟʳ. ɺ 2013 ʛ. ɿʘʚʝʨʰʝʥʘ ʧʝʨʚʘʷ ʬʘʭʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ  ʧʦʣʫʯʝʥ 

ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʜʣʷ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ 76Ge ï 2,1Ā1025 ʣʝʪ (90%). ɺ 2014 ʛ ʚʝʣʘʩʴ 

ʧʦʣʥʦʤʘʩʰʪʘʙʥʘʷ  ʧʦʜʛʦʪʦʚʢʘ ʚʪʦʨʦʡ ʬʘʟʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʡ ʥʘʨʷʜʫ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʪʘʨʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ 30 ʥʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʦʚʦʛʦ 

ʪʠʧʘ (ʢʨʠʩʪʘʣʣʳ ʩ ʪʦʯʝʯʥʳʤ ʘʥʦʜʦʤ, ʪʘʢ ʥʘʟ. BTG ʢʨʠʩʪʘʣʣʳ.  

 

10.3 ɺʚʝʜʝʥʠʝ 

ɼɺʆʁʅʆʁ ɹɽʊɸ-ʈɸʉʇɸɼ (2ɓ0ɜ) - ʦʩʦʙʳʡ ʚʠʜ ʙʝʪʘ-ʨʘʩʧʘʜʘ ʷʜʝʨ, ʧʨʠ ʢ-ʨʦʤ ʷʜʨʦ 

ʠʩʧʫʩʢʘʝʪ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʠʣʠ ʧʦʟʠʪʨʦʥʘ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʷʜʨʦ-ʠʟʦʙʘʨʫ ʩ ʟʘʨʷʜʦʤ(Z - 

ʟʘʨʷʜ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʷʜʨʘ). ɺ ʩʣʫʯʘʝ ʩʦʭʨʘʥʝʥʠʷ ʣʝʧʪʦʥʥʦʛʦ ʯʠʩʣʘ ɼ. ʙ--ʨ. ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʩʧʫʩʢʘʥʠʝʤ ʜʚʫʭ ʵʣʝʢʪʨʦʥʥʳʭ ʘʥʪʠʥʝʡʪʨʠʥʦ ʠʣʠ ʥʝʡʪʨʠʥʦ :  

 

ɽʩʣʠ ʣʝʧʪʦʥʥʦʝ ʯʠʩʣʦ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʝʡʪʨʠʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʪʠʥʥʦ ʥʝʡʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠʮʝʡ, ʪ. ʝ. ʩʦʚʧʘʜʘʪʴ ʩʦ ʩʚʦʝʡ ʘʥʪʠʯʘʩʪʠʮʝʡ. ʊʘʢʦʝ ʥʝʡʪʨʠʥʦ ʥʘʟʳʚʘʶʪ ʤʘʡʦʨʘʥʦʚʩʢʠʤ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʝʥ 2ɓ0ɜ ʨʘʩʧʘʜ: 

 

ʇʨʦʮʝʩʩ ɹɼɹʈ ʧʨʦʠʩʭʦʜʠʪ ʩ ʥʘʨʫʰʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʣʝʧʪʦʥʥʦʛʦ ʯʠʩʣʘ ʠ 

ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʚʫʭ ʫʩʣʦʚʠʡ: 



264 
 

1) ʥʝʡʪʨʠʥʦ ʷʚʣʷʝʪʩʷ ʤʘʡʦʨʘʥʦʚʩʢʦʡ ʯʘʩʪʠʮʝʡ 

2) ʤʘʩʩʘ ʥʝʡʪʨʠʥʦ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ñʢʣʘʩʩʠʯʝʩʢʦʡò ʉʪʘʥʜʨʪʥʦʡ ʤʦʜʝʣʠ ʯʘʩʪʠʮ ʤʘʩʩʘ ʥʝʡʪʨʠʥʦ ʩʪʨʦʛʦ 

ʨʘʚʥʘ ʥʫʣʶ ʠ ɹɼɹʈ ʥʝʩʦʟʤʦʞʝʥ. ʆʜʥʘʢʦ ʦʜʥʠʤ ʠʟ ʚʝʣʠʫʠʭ ʬʠʟʠʯʝʩʢʠʭ ʦʪʢʨʳʪʠʡ ʥʘʯʘʣʘ 21-

ʛʦ ʚʝʢʘ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʠʝ ʵʬʬʝʢʪʘ ʦʩʮʠʣʣʷʮʠʠ ʥʝʡʪʨʠʥʦ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʵʪʦʛʦ  ʵʬʬʝʢʪʘ 

ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʤʘʩʩʳ ʥʝʡʪʨʠʥʦʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʰʨʠʥʝʥʠʷʉʪʘʥʜʨʪʥʦʡ ʤʦʜʝʣʠ ʠʧʨʦʮʝʩʩ  ɹɼɹʈ ʩʪʘʥʦʚʠʪʩʷʚʦʨʟʤʦʞʥʳʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴ ʨʘʟʥʦʩʪʠ ʢʚʘʜʨʘʪʦʚ ʤʘʩʩ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʥʝʡʪʨʠʥʦ, ʥʦ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʨʘʰʠʨʝʥʠʠʉʪʘʥʜʨʪʥʦʡ ʤʦʜʝʣʠ  ɹɼɹʈ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʤʝʥʘ 

ʣʝʛʢʠʤʠ ʄʘʡʦʨʘʥʦʚʩʢʠʤʠ ʥʝʡʪʨʠʥʦ ʠʣʠ ʩʤʝʩʴ ʧʨʘʚʳʭ ʪʦʢʦʚ ʚ ʩʣʘʙʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʠʥʠʮʠʠʨʦʚʘʥ ʦʙʤʝʥʦʤ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʯʘʩʪʠʮ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʜʝʣʷʭ.  ʈʘʩʧʘʜ (0ɜɓɓ) ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ  ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ ʤʘʡʦʨʘʥʦʚʩʢʦʛʦ 

ʥʝʡʪʨʠʥʦ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  

 

ʛʜʝ Uei ï ʤʘʪʨʠʮʘ ʩʤʝʰʠʚʘʥʠʷ, mi ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʩʩ. 

ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʜʣʷ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʙʝʪʘ-ʨʘʩʧʘʜʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʢʚʘʜʨʘʪʫ ʤʘʩʩʳ ʤʘʡʦʨʘʥʦʚʩʢʦʛʦ ʥʝʡʪʨʠʥʦ: 

 

ʛʜʝ G0ɜ ï ʬʘʟʦʚʳʡ ʦʙʲʝʤ, ï ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʧʝʨʝʭʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʠʩʢ 

ɹɼɹʈ ʧʦʟʚʦʣʷʝʪ ʚ ʩʣʫʯʘʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦʜʪʚʝʨʜʠʪʴ ʤʘʡʦʨʘʥʦʚʩʢʫʶ ʧʨʠʨʦʜʫ 

ʥʝʡʪʨʠʥʦ (ʢʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʦʩʪʝʡʰʠʭ ʤʦʜʝʣʷʭ ʨʘʩʰʠʨʝʥʠʷ ʉʪʘʥʜʨʪʥʦʡ ʤʦʜʝʣʠ, ʪʘʢ ʠ 

ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʝʝ ʤʘʩʩʳ. ɼʨʫʛʠʤ ʩʣʝʜʩʪʚʠʝʤ ʥʘʙʣʶʜʝʥʠʷ ɹɼɹʈ, ʚʦʟʤʦʞʥʦ ʜʘʞʝ ʙʦʣʝʝ 

ʚʘʞʥʳʤ ʢʘʢ ʜʣʷ ʬʠʟʠʢʠ ʯʘʩʪʠʮ, ʪʘʢ ʠ ʜʣʷ ʢʦʩʤʦʣʦʛʠʠ, ʙʳʣʦ ʙʳ ʦʪʢʨʳʪʠʝ ʥʘʨʫʰʝʥʠʝ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʣʝʧʪʦʥʥʦʛʦ ʯʠʩʣʘ.  

10.3 ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʕʢʩʧʝʨʠʤʝʥʪ GERDA 

ʕʢʩʧʝʨʠʤʝʥʪ GERDA (Germanium Detector Array) ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʜʝʪʝʢʪʦʨʘ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʫʣʴʪʨʘʥʠʟʢʠʤ ʬʦʥʦʤ ʜʣʷ ʧʦʠʩʢʘ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʙʝʪʘ-ʨʘʩʧʘʜʘ 

76Ge.   ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ GERDA ʩʦʩʪʦʠʪ ʠʟ  13 ʠʥʩʪʠʪʫʪʦʚ ʠʟ 5 ʩʪʨʘʥ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ GERDA ʦʩʥʦʚʘʥʘ ʥʘ ʙʦʣʝʝ ʨʘʥʥʝʤ ʧʨʝʜʣʦʞʝʥʠʠ ʨʘʩʧʦʣʦʞʠʪʴ ʦʪʢʨʳʪʳʝ Ge 
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ʜʝʪʝʢʪʦʨʳ ʚʥʫʪʨʠ ʞʠʜʢʦʛʦ ʛʘʟʘ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ. ʕʪʘ ʠʜʝʷ ʦʩʥʦʚʘʥʘ ʥʘ ʚʳʚʦʜʝ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʛʝʨʤʘʥʠʝʚʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ, ʯʪʦ ʬʦʥʦʚʳʝ ʩʠʛʥʘʣʳ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʥʝʰʥʠʤ ʠʟʣʫʯʝʥʠʝʤ ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʬʦʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʟʘʱʠʪʘ: ʚ ʙʦʣʴʰʦʡ ʚʦʜʷʥʦʡ ʙʘʢ ʩʦ ʩʚʝʨʭʯʠʩʪʦʡ ʚʦʜʦʡ 

ʫʩʪʘʥʦʚʣʝʥ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʨʠʦʛʝʥʥʳʡ ʩʦʩʫʜ ʜʠʘʤʝʪʨʦʤ 4 ʤ ʠ ʜʣʠʥʦʡ 6 ʤ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ, ʩʦʜʝʨʞʘʱʠʡ ʞʠʜʢʠʡ ʘʨʛʦʥ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʬʦʥʘ ʦʪ ʤʘʪʝʨʠʘʣʘ 

ʢʨʠʦʩʪʘʪʘ ʥʘ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʱʠʪʘ ʠʟ ʤʝʜʠ 

ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ.  

ɺ ʮʝʥʪʨʝ ʢʨʠʦʩʪʘʪʘ ʫʩʪʘʥʦʚʣʝʥʳ ʙʝʟʦʙʦʣʦʯʝʯʥʳʝ ʛʝʨʤʘʥʠʝʚʳʝ ʜʝʪʝʢʪʦʨʳ, 

ʦʙʦʛʘʱʝʥʥʳʝ ʧʦ ʠʟʦʪʦʧʫ Ge-76 (86%) ʩ ʦʙʱʝʡ ʤʘʩʩʦʡ 20 ʢʛ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʬʦʥʘ ʫʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ 2 ʢʨʠʩʪʘʣʣʘ ʠʟ ʛʝʨʤʘʥʠʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʕʩʢʠʟ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ GERDA ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 1.  

ɾʠʜʢʠʡ ʠʥʝʨʪʥʳʡ ʛʘʟ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʧʘʩʩʠʚʥʦʡ ʟʘʱʠʪʳ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʯʠʱʝʥ ʜʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ ʧʦ ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʧʨʠʤʝʩʷʤ, ʥʝʜʦʩʪʫʧʥʦʡ ʜʣʷ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʟʘʱʠʪʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ GERDA 

ʇʨʦʝʢʪ ʚʢʣʶʯʘʝʪ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʬʘʟʳ. ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ  ʜʦʩʪʠʞʝʥʠʝ 

ʠʥʜʝʢʩʘ ʬʦʥʘ ʥʘ ʫʨʦʚʥʝ 10-3 /ʢʵɺ.ʢʛ.ʛʦʜ ʢ ʢʦʥʮʫ ʚʪʦʨʦʡ ʬʘʟʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʨʘʙʦʪʢʫ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʝʢʪʘ ʩ ʤʘʩʩʦʡ ~ 1 ʪʦʥʥʳ 76Ge. ɺ 
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ʧʝʨʚʦʡ ʌʘʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʝʪʝʢʪʦʨʳ76Ge, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ HDM ʠ IGEX (ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʦʢʦʣʦ 18 ʢʛ). 

ɺ ʪʝʯʝʥʠʝ 2013 ʛ. ʟʘʢʦʥʯʝʥʘ ʧʝʨʚʘʷ ʬʘʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘ.  ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʘʥʘʣʠʟʝ 

ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ  ʚ ʧʝʨʠʦʜ ʥʦʷʙʨʴ 2011 ï ʤʘʡ 2013 ʩ ʧʦʣʥʦʡ ʵʢʩʧʦʟʠʮʠʝʡ 21,6 ʢʛ.ʛʦʜ. 

ɼʦʩʪʠʛʥʫʪʳʡ  ʠʥʜʝʢʩ ʬʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 10-2 /ʢʵɺ.ʢʛ.ʛʦʜ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʧʦ 

ʬʦʨʤʝ ʠʤʧʫʣʴʩʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ 2. 

 

 

 

ʈʠʩ 2.  ʉʧʝʢʪʨ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ ʧʨʠ ʵʢʩʧʦʟʠʮʠʝʡ 21,6 ʢʛ.ʛʦʜ 

 

ɺ ʦʙʣʘʩʪʠ 2ɓ0ɜ ʨʘʩʧʘʜʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 3 ʩʦʙʳʪʠʷ ʧʨʠ ʦʞʠʜʘʝʤʳʭ 2,5 ʩʦʙʳʪʠʷʭ ʦʪ 

ʬʦʥʘ. ʀʟ ʦʪʩʫʪʩʪʚʠʷ ʩʠʛʥʘʣʘ ʧʦʣʫʯʝʥ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʜʣʷ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ 76Ge ï 

2,1Ā1025 ʣʝʪ (90%). 

ʈʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʜʨʫʛʠʤ ʩʦʚʨʝʤʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ 

ʧʦ ʧʦʠʩʢʫ  ʜʚʦʡʥʦʛʦ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ  ʙʝʪʘ ʨʘʩʧʘʜʘ. 

ʈʝʟʫʣʴʪʘʪ ʚʥʝʩ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʷʩʥʦʩʪʴ ʚ 10-ʣʝʪʥʶʶ ʧʨʦʙʣʝʤʫ ʠʥʪʨʠʛʫʶʱʝʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʂʣʘʧʜʦʨʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɻʘʡʜʝʣʴʙʝʨʛ-ʄʦʩʢʚʘ. 
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ɺʪʦʨʘʷ ʬʘʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺ 2014 ʛ ʥʘʯʘʣʘʩʴ ʧʦʣʥʦʤʘʩʰʪʘʙʥʘʷ  ʧʦʜʛʦʪʦʚʢʘ ʚʪʦʨʦʡ ʬʘʟʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

1. ʀʟʛʦʪʦʚʣʝʥʳ , ʠʩʧʳʪʘʥʳ ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʫʩʪʘʥʦʚʢʝ ʚ ʢʨʠʦʩʪʘʪ 30 ʢʨʠʩʪʘʣʣʦʚ 

ʥʦʚʦʛʦ ʪʠʧʘ (ʢʨʠʩʪʘʣʣʳ ʩ ʪʦʯʝʯʥʳʤ ʘʥʦʜʦʤ, ʪʘʢ ʥʘʟ. BEG ʜʝʪʝʢʪʦʨʳ) ʠʟ ʦʙʦʛʘʱʝʥʥʦʛʦ 76 

Ge.   (ʨʠʩ.3)                                                                                                 

2. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʳ ʠ ʛʦʪʦʚʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʘʢʩʠʘʣʴʥʳʝ ʜʝʪʝʢʪʦʨʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʝʨʚʦʡ ʬʘʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ ʚʪʦʨʦʡ 

ʬʘʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʧʘʨʘʣʣʝʣʴ ʩ ʥʦʚʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ. 

3. ʉʤʦʥʪʠʨʦʚʘʥ ʧʝʨʚʳʡ ʩʪʨʠʥʛ (ʈʠʩ.4) ʠʟ ʥʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʠ ʛʦʪʦʚ ʢ ʫʩʪʘʥʦʚʢʝ ʚ 

ʢʨʠʦʩʪʘʪ.  

4. ʀʟʛʦʪʦʚʣʝʥʘ ʥʦʚʘʷ ʩʠʩʪʝʤʘ ʚʝʨʭʥʝʛʦ ʙʣʦʢʘ (ʨʠʩ. 5), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʢʨʠʦʩʪʘʪʘ. ʆʙʱʠʡ ʚʝʩ ʙʣʦʢʘ 60 ʢʛ. ʅʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʪ ʫʩʪʘʥʦʚʢʫ ʠ 

ʩʲʝʤ ʜʘʥʥʳʭ ʩ 4 ʩʪʨʠʥʛʦʚ ʥʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʠ 3-ʭ  ʩʪʨʠʥʛʦʚ ʩʪʘʨʳʭ ʜʝʪʝʢʪʦʨʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʧʝʨʚʦʡ ʬʘʟʝ. 

5. ʀʟʤʝʨʝʥʘ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʦʥʘ ʩ ʥʦʚʦʡ ʩʠʩʪʝʤʦʡ ʚʝʨʭʥʝʛʦ ʙʣʦʢʘ 12,5 ʤɹʢ, ʯʪʦ ʥʝ 

ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚ ʬʦʥ ʢʨʠʦʩʪʘʪʘ 

6. ʀʟʛʦʪʦʚʣʝʥʘ ʠ ʠʩʧʳʪʘʥʘ ʩʠʩʪʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʩʠʛʘʣʘ ʚ 

ʞʠʜʢʦʤ ʘʨʛʦʥʝ. ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʭ ʥʘʙʦʨʘ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʜʠʘʤʝʪʨʦʤ 470 ʤʤ ʠ 

ʜʣʠʥʥʦʡ 2200 ʤʤ, ʧʨʦʩʤʘʪʨʠʚʘʝʤʳʭ[ 16-ʶ ʌʕʋ. ʉʠʩʪʝʤʘ ʙʫʜʝʪ ʦʢʨʫʞʘʪʴ ʛʝʨʤʘʥʠʝʚʳʝ 

ʜʝʪʝʢʪʦʨʳ ʠ ʚʢʣʶʯʝʥʘ ʥʘ ʘʥʪʠʩʦʚʧʘʜʝʥʠʷ ʩ ʥʠʤʠ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʝʨʚʦʡ ʬʘʟʝ, ʚʳʧʦʣʥʝʥ ʧʦʠʩʢ: 

1)  2ɜ2ɓ ʨʘʩʧʘʜʘ ʥʘ ʚʦʟʙʫʞʜʝʥʥʳʝ ʫʨʦʚʥʠ 76Se (21
+, 01

+, 22
+ ), ʢʦʪʦʨʳʡ ʜʦʣʞʥʳ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʨʘʤʢʘʭ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ. ʀʟ ʦʪʩʫʪʩʪʚʠʷ ʩʠʛʥʘʣʘ ʧʦʣʫʯʝʥʳ ʚʝʨʭʥʠʝ 

ʧʨʝʜʝʣʳ ʜʣʷ ʠʩʢʦʤʳʭ ʨʘʩʧʘʜʦʚ ʥʘ ʫʨʦʚʥʝ 1023 ï 1025 ʣʝʪ. 

2) 2ɜ2ɓ ʨʘʩʧʘʜʘ ʩ ʫʯʘʩʪʠʝʤ ʤʘʡʦʨʦʥʘ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ n=1, 2, 3 ʠ 7 . ʀʟ 

ʦʪʩʫʪʩʪʚʠʷ ʩʠʛʥʘʣʘ ʧʦʣʫʯʝʥʳ ʚʝʨʭʥʠʝ ʧʨʝʜʝʣʳ ʜʣʷ ʠʩʢʦʤʳʭ ʨʘʩʧʘʜʦʚ ʥʘ ʫʨʦʚʥʝ ʚ 6 ʨʘʟ 

ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ.  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʚʪʦʨʦʡ ʬʘʟʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ  ʬʦʥʘ ʥʘ ʧʦʨʷʜʦʢ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʚʦʡ ʬʘʟʳ ʜʦ ʫʨʦʚʥʷ 10-3 /ʢʵɺ.ʢʛ.ʛʦʜ 
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ʈʠʩ.3. ʅʦʚʳʝ ʜʝʪʝʢʪʦʨʳ ʚ ʩʦʙʨʘʥʥʦʤ ʚʠʜʝ. 
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ʈʠʩ.5. ʅʦʚʳʡ  5ɲ40 (ʚʝʨʪʠʢʘʣʴʥʳʡ) ʟʘʧʦʨʥʳʡ ʙʣʦʢ ʜʣʷ 4ɲ90 LAr ʚʝʪʦ 

10.3 ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʪʝʯʝʥʠʝ 2014ʛ ʚʳʧʦʣʥʝʥʘ ʚʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ  ʜʣʷ ʥʘʯʘʣʘ 

ʚʪʦʨʦʡ ʬʘʟʳ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʚʪʦʨʦʡ ʬʘʟʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ  

ʬʦʥʘ ʥʘ ʧʦʨʷʜʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʚʦʡ ʬʘʟʳ ʜʦ ʫʨʦʚʥʷ 10-3 /ʢʵɺ.ʢʛ.ʛʦʜ 

ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʝʨʚʦʡ ʬʘʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʫʯʝʥʳ: 

1. ɺʝʨʭʥʠʝ ʧʨʝʜʝʣʳ ʜʣʷ 2ɜ2ɓ 76Ge ʨʘʩʧʘʜʘ 76Ge ʥʘ ʚʦʟʙʫʞʜʝʥʥʳʝ ʫʨʦʚʥʠ 76Se 

2. ʆʛʨʘʥʠʯʝʥʠʷ ʜʣʷ 2ɜ2ɓ ʨʘʩʧʘʜʘ 76Ge ʩ ʫʯʘʩʪʠʝʤ ʤʘʡʦʨʦʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜ 

ʨʘʩʧʘʜʘ. 

 

10.3 ʇʫʙʣʠʢʘʮʠʠ: 

1,GERDA Col ñThe background in the neutrinoless double beta decay experiment 

GERDAò, EPJC 74 (2014) 2764.  

2. GERDA Col ñNeutrinoless double beta decayò CERN COURIER , Feb 24, 2014,  

3. GERDA Col ò Production, characterization and operation of 76Ge enriched BEGe 

detectors in GERDAò  ʇʨʠʥʷʪʦ ʢ ʧʝʯʘʪʠ ʚ Eur. Phys. J. C (2014) 

 

 

http://dx.doi.org/10.1140/epjc/s10052-014-2764-z
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10.4 ʅʦʚʳʝ ʩʚʦʡʩʪʚʘ ʘʪʦʤʥʳʭ ʷʜʝʨ ʠ ʥʝʡʪʨʠʥʦ ʠ ʠʭ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʷʚʣʝʥʠʡ ʚ ʬʠʟʠʢʝ ʠ ʘʩʪʨʦʬʠʟʠʢʝ 

 

10.4 ʈɽʌɽʈɸʊ 
ʅʘʯʘʪʘ ʧʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʢʦʥʮʝʧʮʠʶ 

ʭʦʣʦʜʥʦʡ ʪʨʘʥʩʤʫʪʘʮʠʠ ʘʪʦʤʥʳʭ ʷʜʝʨ (ʍʊʗ) ʥʝ ʚʳʭʦʜʷ ʟʘ ʨʘʤʢʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʷʜʝʨʥʦʡ 

ʬʠʟʠʢʠ. ʇʨʝʜʣʦʞʝʥʘ ʚʦʟʤʦʞʥʘʷ ʤʦʜʝʣʴ ʍʊʗ ʥʘ ʧʨʠʤʝʨʝ ʪʨʸʭʯʘʩʪʠʯʥʳʭ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʩ 

ʫʯʘʩʪʠʝʤ ʠʟʦʪʦʧʦʚ ʚʦʜʦʨʦʜʘ $ , (  ʠ ʙʝʨʠʣʣʠʷ "Å , ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʤʦʣʝʢʫʣ "Å $  ʠ "Å $(: 

$ $ "Å #ᶻ ̘̜̋̏̎̆̎̆ ̜̐̑̏̅̔̋̓, 

$ ( "Å #ᶻ ̘̜̋̏̎̆̎̆ ̜̐̑̏̅̔̋̓, 

ʛʜʝ #ᶻ ʠ #ᶻ ð ʷʜʝʨʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʗʄɸʂ), 

ʩʦʜʝʨʞʘʱʠʝ ʚʥʫʪʨʠ ʩʝʙʷ ʚʳʩʦʢʦʚʦʟʙʫʞʜʸʥʥʫʶ ʨʘʟʨʫʰʝʥʥʫʶ ʘʣʴʬʘ-ʯʘʩʪʠʮʫ, ʘ "Å  ð ʷʜʨʦ-

ʢʘʪʘʣʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʠʩʭʦʜʥʳʝ ʤʦʣʝʢʫʣʳ ʧʨʝʚʨʘʱʘʝʪ ʚ ʷʜʝʨʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʨʘʩʧʘʜʘʶʱʠʝʩʷ ʥʘ ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʥʫʢʣʝʦʩʠʥʪʝʟʘ, ʚʢʣʶʯʘʷ 

(Å , ( , ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʥʝʡʪʨʦʥʳ, ʧʨʦʪʦʥʳ ʠ ʫʤʝʨʝʥʥʦʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ. ʗʜʝʨʥʦ-

ʤʦʣʝʢʫʣʷʨʥʳʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʩʪʘʚʥʳʝ ʨʳʭʣʳʝ ʷʜʨʘ 

ʚʝʨʝʪʝʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʦʩʠ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʶʪ ʩ ʦʩʷʤʠ ʠʩʭʦʜʥʳʭ ʤʦʣʝʢʫʣ, ʠʤʝʶʱʠʭ 

ʣʠʥʝʡʥʫʶ ʬʦʨʤʫ. ʗʄɸʂ ʷʚʣʷʶʪʩʷ ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʘʛʠʩʪʨʘʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ (doorway), ʘ 

ʚʝʩʴ ʧʨʦʮʝʩʩ ʍʊʗ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʥʝ ʥʠʞʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, 

ʚʢʣʶʯʘʷ ʠ ʧʨʦʮʝʩʩ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʧʨʝʦʜʦʣʝʥʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʙʘʨʴʝʨʘ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ 

ʚʘʨʠʘʥʪ ʤʦʜʝʣʠ ʗʄɸʂ, ʩ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʥʘʯʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʩʯʸʪʳ ʍʊʗ, ð ʤʦʜʝʣʴ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʥʫʢʣʦʥʥʦʝ 

ʛʘʣʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʠʟ ʥʫʢʣʦʥʦʚ ʨʘʟʨʫʰʝʥʥʦʡ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ ʠ, 

ʚʦʟʤʦʞʥʦ, ʥʝʡʪʨʦʥʘ ʠʟ ʷʜʨʘ "Å . ʅʘʡʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʨʛʫʤʝʥʪʳ ʚ ʧʦʣʴʟʫ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʷʜʨʘ-ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟʦʪʦʧʦʚ ʥʠʢʝʣʷ. 

10.4 ɺɺɽɼɽʅʀɽ 
ɺ ʧʦʩʣʝʜʥʝʡ ʯʝʪʚʝʨʪʠ ʚʝʢʘ ʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ ʠ ʚ ʈʦʩʩʠʠ ʨʘʟʚʠʚʘʝʪʩʷ ʥʦʚʦʝ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʚ ʥʘʫʢʝ, ʢʦʪʦʨʦʝ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʠʤʝʝʪ ʨʘʟʥʦʝ ʥʘʟʚʘʥʠʝ: ɺ ʀʪʘʣʠʠ ʠ ʗʧʦʥʠʠ ï ʵʪʦ 

ñCondensed Matter Nuclear Scienceò (CMNS), ʚ ʉʐɸ ï ñLow Energy Nuclear Reactionsò (LENR) 

(ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʜ ʥʘʟʚʘʥʠʝʤ International Conference on Cold 

Fusionò (ICCF)), ʚ ʈʦʩʩʠʠ ï ʍʦʣʦʜʥʘʷ ʪʨʘʥʩʤʫʪʘʮʠʷ ʘʪʦʤʥʳʭ ʷʜʝʨ (ʍʊʗ). ʇʦ ʵʪʦʡ ʪʝʤʝ ʚ 

ʈʦʩʩʠʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 21 ʢʦʥʬʝʨʝʥʮʠʷ ʠ 13-ʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ICCF13. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥ ʦʙʰʠʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʱʠʡ ʦ ʧʦʷʚʣʝʥʠʠ ʠʟʙʳʪʦʯʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʤʝ-
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ʪʘʣʣʘʤʠ, ʥʘʩʳʱʝʥʥʳʤʠ ʚʦʜʦʨʦʜʦʤ, ʦʙʦʛʘʱʸʥʥʳʤ ʜʝʡʪʝʨʠʝʤ, ʘ ʪʘʢʞʝ ʩʣʝʜʦʚ ʷʜʝʨʥʳʭ ʠʟ-

ʣʫʯʝʥʠʡ ʪʠʧʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʥʝʡʪʨʦʥʦʚ, ʪʨʠʪʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʧʦʪʦʢ ʨʘʙʦʪ, ʘʚʪʦʨʳ 

ʢʦʪʦʨʳʭ ʧʳʪʘʶʪʩʷ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʥʦʚʳʭ ʷʚʣʝʥʠʡ, ʝʜʠʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʢʦʥʮʝʧʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺ ʠʩʪʝʢʰʝʤ 2014 ʛʦʜʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʢʦʥʮʝʧʮʠʶ ʍʊʗ, ʥʝ ʚʳʭʦʜʷʱʫʶ ʟʘ 

ʨʘʤʢʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ. 

 

10.4 ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 
ʇʝʨʚʳʝ ʥʘʤʸʪʢʠ ʪʘʢʦʡ ʢʦʥʮʝʧʮʠʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʘʙʦʪʝ [1], ʜʦʣʦʞʝʥʥʦʡ 

ɻ. ʊ. ɿʘʮʝʧʠʥʳʤ ʚ ʘʧʨʝʣʝ 1978 ʛ. ʚ ɺʘʰʠʥʛʪʦʥʝ ʥʘ ʤʝʤʦʨʠʘʣʴʥʦʤ ʩʠʤʧʦʟʠʫʤʝ, ʧʦʩʚʷʱʸʥʥʦʤ 

ʧʘʤʷʪʠ ʂ. ʃ. ʂʦʫʵʥʘ. ʆʙʩʫʞʜʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʫʩʢʦʨʝʥʠʷ pp-ʨʝʘʢʮʠʠ 

ʚʦʜʦʨʦʜʥʦʡ ʮʝʧʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʝʪʴʝʡ ʯʘʩʪʠʮʳ-ʥʫʢʣʠʜʘ. ʆʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʝ 

ʫʩʣʦʚʠʝ ʫʩʢʦʨʝʥʠʷ ï ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʳʭʣʳʭ ʩʦʩʪʘʚʥʳʭ ʷʜʝʨ, ʪ. ʥ. çʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚè. ʆʩʪʘʚʘʣʩʷ ʥʝʚʳʷʩʥʝʥʥʳʤ ʚʦʧʨʦʩ, ʢʘʢʦʚʘ ʧʨʠʨʦʜʘ ʨʳʭʣʳʭ ʷʜʝʨʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚ ʜʦʢʣʘʜʘʭ [2,3,4,5,6]. ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʩʘ-

ʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʦʣʷ ʷʜʨʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʛʠʧʦʪʝʟʘ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʢʫʤʫ-

ʣʷʪʠʚʥʦʛʦ ʧʨʝʦʜʦʣʝʥʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʙʘʨʴʝʨʘ. ʇʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠ ʨʘʩʧʘʜ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʡ ʧʨʦʪʷʞʸʥʥʦʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʷʜʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʫʥʢʪʦʤ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʛʠʧʦʪʝʟʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʪʘʢʠʝ ʷʜʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʍʊʗ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʪʨʸʭʯʘʩʪʠʯʥʦʡ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ, 

ʧʨʦʪʝʢʘʶʱʝʡ ʚʥʫʪʨʠ ʤʦʣʝʢʫʣʳ "Å $ : 

$ $ "Å ᵼ #ᶻ ᵼ

ừ
Ử
Ừ

Ử
ứ "Å (Å ὲ σȟςχ ̞̇ˏ

"Å ( ὴ τȟπσ ̞̇ˏ

"Å (Å ςὲ σȟφρ ̞̇ˏ

"Å ( ὴ ὲ ςȟσχ ̞̇ˏ

,                       

ρ
ς
σ
τ

 

ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ ʩʦʩʪʘʚ ʗʄɸʂ ʚʭʦʜʠʣʘ 

ʨʘʟʨʫʰʝʥʥʘʷ ʘʣʴʬʘ-ʯʘʩʪʠʮʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʢʫʤʫʣʷʪʠʚʥʳʡ ʧʨʦʮʝʩʩ 

ʚʪʷʛʠʚʘʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʥʫʢʣʠʜʦʚ ʚʥʫʪʨʴ ʢʦʤʧʘʢʪʥʦʛʦ ʷʜʨʘ. ʕʪʦ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʚʘ ʜʝʡʪʨʦʥʘ ʚ ʩʦʩʪʦʷʥʠʠ ʩ ʠʟʦʩʧʠʥʦʤ Ὕ π ʠ ʩʧʠʥʦʤ Ὓ ρ, ʚʭʦʜʷʱʠʝ 

ʚ ʩʦʩʪʘʚ ʣʠʥʝʡʥʦʡ ʤʦʣʝʢʫʣʳ "Å$  ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʩʧʠʥʘʤʠ ʫʞʝ ʩʘʤʠ ʧʦ ʩʝʙʝ ʩʦʩʪʘʚʣʷʶʪ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʝ ʧʦʨʦʛʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʟʙʫʞʜʸʥʥʦʡ ʜʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʘʜʘ ʘʣʴʬʘ-

ʯʘʩʪʠʮʳ, ʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʩʦʚʧʘʜʘʪʴ ʩ ʢʚʘʥʪʦʚʳʤʠ ʯʠʩʣʘʤʠ ʝʸ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ɽʩʪʴ ʝʱʸ ʠ ʜʨʫʛʦʝ ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʪʝʤʠ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʦ 

ʩʦʩʪʘʚʣʝʥʥʦʝ ʠʟ ʜʚʫʭ ʚʦʟʙʫʞʜʸʥʥʳʭ ʜʝʡʪʨʦʥʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʨʦʪʦʥʘ ʠ ʥʝʡʪʨʦʥʘ ʚ 

ʩʠʥʛʣʝʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʠʟʦʩʧʠʥʦʤ Ὕ ρ ʠ ʩʧʠʥʦʤ Ὓ π, ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
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ʵʥʝʨʛʠʠ ʧʝʨʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚʦʟʤʦʞʝʥ ʚʠʨʪʫʘʣʴʥʳʡ ʧʝʨʝʭʦʜ ʠʟ ʜʝʡʪʨʦʥʥʦʛʦ 

ʚ ʢʚʘʟʠʜʝʡʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʅʦ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʫʞʝ ʥʝʪ ʞʸʩʪʢʦʡ ʩʚʷʟʠ ʥʝʡʪʨʦʥʘ ʩ 

ʧʨʦʪʦʥʦʤ, ʠ ʫʨʦʚʝʥʴ ʢʚʘʟʠʜʝʡʪʨʦʥʘ ʷʚʣʷʝʪʩʷ ʚʠʨʪʫʘʣʴʥʳʤ. ʆʜʥʘʢʦ, ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ 

ʥʝʡʪʨʦʥʳ, ʢʘʢ ʠ ʵʣʝʢʪʨʦʥʳ ʤʦʣʝʢʫʣʳ $, ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʩʧʘʨʝʥʥʳʤʠ, ʘ ʚʩʷ ʤʦʣʝʢʫʣʘ $  

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʷʜʝʨʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ. ɺ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʨʝʟʢʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʦʣʷ ʙʣʘʛʦʜʘʨʷ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʤʫ 

ʧʨʠʪʷʛʠʚʘʶʱʝʤʫ ʧʦʪʝʥʮʠʘʣʫ ʥʝʡʪʨʦʥʦʚ. ɺ ʵʪʦʤ ʩʤʳʩʣ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʫʣʦʥʦʚʩʢʦʛʦ (ʠ, ʚʦʟʤʦʞʥʦ, ʮʝʥʪʨʦʙʝʞʥʦʛʦ) ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ. ɽʩʣʠ ʚ 

ʮʝʥʪʨʝ ʪʘʢʦʛʦ ʷʜʝʨʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʢʘʞʝʪʩʷ ʜʨʫʛʦʝ ʷʜʨʦ, ʥʘʧʨʠʤʝʨ, (Å , "Å , "Å  

ʠ ʜʨ., ʪʦ ʚʦʟʤʦʞʥʦ ʨʝʟʦʥʘʥʩʥʦʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʫʩʠʣʝʥʠʝ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʟʘ ʩʯʸʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʚʝʨʝʪʝʥʦʦʙʨʘʟʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʛʘʣʦ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʍʊʗ ʪʠʧʘ (1)ï(4) ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ, ʦʜʥʘʢʦ ʵʪʠ ʫʤʦʟʨʠʪʝʣʴʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʢʨʝʧʣʝʥʳ ʧʨʝʮʠʟʠʦʥʥʳʤʠ ʨʘʩʯʸʪʘʤʠ, ʧʨʝʞʜʝ ʯʝʤ ʜʝʣʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʝ 

ʚʳʚʦʜʳ ʦ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʦʧʠʩʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ 2015 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʜʛʦʪʦʚʠʪʴ 

ʥʝʦʙʭʦʜʠʤʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʠ ʥʘʯʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʯʸʪʳ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʪʘʢʠʭ ʨʘʩʯʸʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʗʄɸʂ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʝʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʘʥʠʟʦʪʨʦʧʥʳʡ ʦʩʮʠʣʣʷʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʠʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʘʨʛʫ-

ʤʝʥʪʳ ʚ ʧʦʣʴʟʫ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʦʜʦʣʝʥʠʷ ʢʫʣʦ-

ʥʦʚʩʢʦʛʦ ʙʘʨʴʝʨʘ: 

1. ɼʚʫʭʧʨʦʪʦʥʥʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ï ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

2. ɼʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʷʜʝʨ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʬʦʨʤʘʮʠʠ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʚʢʣʶʯʘʷ ʩʠʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʥʝʡʪʨʦʥʥʦʛʦ ʛʘʣʦ. 

3. ɼʣʷ ʩʠʣʴʥʦ ʚʦʟʙʫʞʜʸʥʥʳʭ ʷʜʝʨ ʥʝʪ ʟʘʧʨʝʪʦʚ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʠʣʴʥʦ 

ʚʳʪʷʥʫʪʦʛʦ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɽʩʣʠ ʫʜʘʩʪʩʷ ʧʦʣʫʯʠʪʴ ʪʘʢʦʝ ʨʝʰʝʥʠʝ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʟʘʜʘʯʠ, ʪʦ, ʩʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʵʨʛʦʜʠʯʝʩʢʦʡ 

ʛʠʧʦʪʝʟʳ ʪʘʢʠʝ ʩʦʩʪʦʷʥʠʷ ʷʜʝʨ ʜʦʣʞʥʳ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ ʧʨʠʨʦʜʝ. 

ʇʦʣʫʯʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʫʢʘʟʘʥʠʷ ʥʘ ʪʦ, ʯʪʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʜʣʷ ʍʊʗ ʤʦʞʝʪ ʠʛʨʘʪʴ 

ʥʝʡʪʨʠʥʥʳʡ ʢʦʥʜʝʥʩʘʪ. ɽʛʦ ʚʦʟʙʫʞʜʝʥʠʝ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʩʧʫʩʢʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʍʊʗ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʫʢʘʟʘʥʠʝʤ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʡʪʨʠʥʥʦʛʦ ʟʘʨʷʜʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ ʀʗʀ ʈɸʅ ʜʝʬʠʮʠʪ 

ʩʢʦʨʦʩʪʠ ʩʯʸʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʢʘʣʠʙʨʦʚʢʝ ʩʦʣʥʝʯʥʦʛʦ ʛʘʣʣʠʡ-ʛʝʨʤʘʥʠʝʚʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ 

ʪʝʣʝʩʢʦʧʘ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʥʝʡʪʨʠʥʦ [7]. ʕʪʦʪ ʜʝʬʠʮʠʪ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʧʝʨʝʚʦʨʦʪʦʤ ʩʧʠʥʘ ʥʝʡʪʨʠʥʦ ʚ ʛʝʦʬʠʟʠʯʝʩʢʦʤ çʤʘʛʥʠʪʥʦʤ ʧʦʣʝè ʥʝʡʪʨʠʥʥʦʛʦ ʪʠʧʘ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʪʦʢʘʤʠ ʥʝʡʪʨʠʥʥʦʛʦ ʟʘʨʷʜʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʘʢʦʡ 
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ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʤ 8-

ʢʘʤʝʨʥʳʤ (ʠʣʠ 16-ʢʘʤʝʨʥʳʤ) ʥʝʡʪʨʠʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ, ʩʧʦʩʦʙʥʳʤ ʠʟʤʝʨʷʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʩʢʦʨʦʩʪʝʡ ʩʯʸʪʘ ʥʝʡʪʨʠʥʦ ʦʪ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. 

10.4 ɿɸʂʃʖʏɽʅʀɽ 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʚ ʦʪʯʸʪʥʦʤ ʛʦʜʫ, ʜʘʶʪ ʫʢʘʟʘʥʠʝ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʡ ʍʊʗ, ʥʝ ʚʳʭʦʜʷ ʟʘ ʨʘʤʢʠ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ. ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʟʜʝʩʴ ʜʦʣʞʥʳ ʠʛʨʘʪʴ ʢʫʤʫʣʷʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ 

ʧʨʝʦʜʦʣʝʥʠʷ ʷʜʝʨʥʦʛʦ ʢʫʣʦʥʦʚʩʢʦʛʦ ʙʘʨʴʝʨʘ ʟʘʨʷʞʝʥʥʳʤʠ ʥʫʢʣʠʜʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʀʥʪʝʨʝʩʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʝʦʨʠʷ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ. ʆʪʢʨʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ ʧʝʨʠʦʜʦʚ ʧʦʣʫʨʘʩʧʘʜʘ ʘʣʴʬʘ-ʨʘʩʧʘʜʥʳʭ ʷʜʝʨ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

çʬʘʢʪʦʨʦʚ ʟʘʧʨʝʪʘè ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʷʜʝʨ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʯʸʪʥʦʝ ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ ʠ/ʠʣʠ 

ʧʨʦʪʦʥʦʚ [6]. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʟʘʧʨʝʪʘ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʙʫʜʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʚ ʧʦʣʴʟʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʢʫʤʫʣʷʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʡʪʨʠʥʥʦʛʦ ʟʘʨʷʜʘ ʫ ʘʪʦʤʥʳʭ ʷʜʝʨ ʠ ʫ 

ʥʝʡʪʨʠʥʦ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʷʚʣʝʥʠʷ ʥʦʚʦʡ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʬʦʨʤʝ ʧʦʯʪʠ 

ʚʳʨʦʞʜʝʥʥʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʚ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʙʲʸʤʘʭ ʣʶʙʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝʡʪʨʠʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʥʘ ʧʨʦʮʝʩʩʳ ʷʜʝʨʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʪʠʧʘ ʭʦʣʦʜʥʦʡ ʪʨʘʥʩʤʫʪʘʮʠʠ ʷʜʝʨ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʠʛʨʘʪʴ ʦʯʝʥʴ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʷʜʝʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʢʘʢ ʚ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ. 
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10.5 ʅʝʡʪʨʠʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʀʗʀ ʈɸʅ ʚʦ ʌʅɸʃ: ʵʢʩʧʝʨʠʤʝʥʪʳ 

E938 (MINERvA) ʠ  E929 (NOvA) 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ. ɹʫʪʢʝʚʠʯ  

ʀʩʧʦʣʥʠʪʝʣʠ: 

ʘʢ. ʄʘʪʚʝʝʚ ɺ.ɸ. 

ʩ.ʥ.ʩ. ʢ.ʬ-ʤ.ʥ. ɿʘʜʦʨʦʞʥʳʡ ʉ.ɺ.  

ʩ.ʥ.ʩ. ʢ.ʬ-ʤ.ʥ. ʂʫʣʘʛʠʥ ʉ.ɸ.  

ʣʘʙʦʨʘʥʪ ʩʪʫʜʝʥʪ 6-ʛʦ ʢʫʨʩʘ ʄʌʊʀ ʈʦʜʢʠʥ ɼ.ʄ. 

ʣʘʙʦʨʘʥʪ ʩʪʫʜʝʥʪ 6-ʛʦ ʢʫʨʩʘ ʄʌʊʀ ʃʫʯʫʢ ʉ.ɺ. 

10.5.1 ɺʚʝʜʝʥʠʝ 

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ MINERvA ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʥʘ ʷʜʨʘʭ. 

ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʝʪʝʢʪʦʨʘ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ arXiv:hep-

ex/0405002 ʠ ʥʘ ʩʘʡʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ http://minerva.fnal.gov 

ʇʨʦʛʨʘʤʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʢʣʶʯʘʝʪ ʠʟʤʝʨʝʥʠʝ ʩʝʯʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʷʜʝʨʥʳʤʠ ʤʠʰʝʥʷʤʠ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʢʚʘʟʠ-ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʨʦʞʜʝʥʠʷ 

ʨʝʟʦʥʘʥʩʦʚ ʠ ʛʣʫʙʦʢʦ-ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʠ ʠʭ ʘʥʘʣʠʟʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʝʤ ʯʪʦ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʩʝʯʝʥʠʷʭ ʢʚʘʟʠ-ʫʧʨʫʛʦʛʦ ʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝʡʪʨʠʥʦ ʩ 

ʷʜʨʘʤʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʚ ʫʩʢʦʨʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʜʘʣʴʥʠʤʠ ʥʝʡʪʨʠʥʦ, ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʞʠʚʘʥʠʷ 

ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʠ ʧʘʨʘʤʝʪʨʳ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ (ʘʥʪʠ)ʥʝʡʪʨʠʥʦ 

ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʡ.      

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ NOvA ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ɜɛ Ÿ ɜe  ʦʩʮʠʣʣʷʮʠʡ ʥʝʡʪʨʠʥʦ. 

ʇʨʦʛʨʘʤʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʢʣʶʯʘʝʪ ʠʟʤʝʨʝʥʠʝ ʯʠʩʣʘ ʩʦʙʳʪʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ (ʘʥʪʠ)ʥʝʡʪʨʠʥʦ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʚ ʧʫʯʢʘʭ ʤʶʦʥʥʳʭ 

(ʘʥʪʠ)ʥʝʡʪʨʠʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ɜɛ Ÿ ɜe ʦʩʮʠʣʣʷʮʠʡ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʪʘʢʠʭ ʧʝʨʝʭʦʜʦʚ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʫʛʦʣ ʩʤʝʰʠʚʘʥʠʷ  ɗ13 , ʬʘʟʫ ʥʘʨʫʰʝʥʠʷ ʉʈ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʚ ʣʝʧʪʦʥʥʦʤ ʩʝʢʪʦʨʝ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʠʝʨʘʨʭʠʶ ʤʘʩʩ ʥʝʡʪʨʠʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. ʅʘʙʣʶʜʝʥʠʝ ʥʘʨʫʰʝʥʠʷ ʉʈ-ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʚ ʣʝʧʪʦʥʥʦʤ ʩʝʢʪʦʨʝ, ʢʦʪʦʨʦʝ ʩʘʤʦ ʧʦ 

ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʠʝʤ, ʷʚʠʣʦʩʴ ʙʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʙʘʟʠʩʦʤ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠʜʝʠ 

ʣʝʧʪʦʛʝʥʝʟʠʩʘ, ʢʦʪʦʨʘʷ ʦʙʲʷʩʥʷʝʪ ʙʘʨʠʦʥʥʫʶ ʘʩʠʤʤʝʪʨʠʶ ɺʩʝʣʝʥʥʦʡ. ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ, 

ʪʘʢʞʝ, ʦʧʨʝʜʝʣʠʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʦʩʮʠʣʣʷʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʥʷʪʴ 
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ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʤʝʰʠʚʘʥʠʝʤ ʢʚʘʨʢʦʚ ʠ ʣʝʧʪʦʥʥʦʚ. ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʜʝʪʝʢʪʦʨʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʥʘ ʩʘʡʪʝ www-nova.fnal.gov 

10.5.2 ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 2012-2014 ʛʛ. 

 ɺ 2014 ʛʦʜʫ ʟʘʢʦʥʯʠʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʜʝʪʝʢʪʦʨʦʚ NOvA ʠ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʠʭ ʬʠʟʠʯʝʩʢʠʡ ʟʘʧʫʩʢ. ʉʝʡʯʘʩ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʥʘʙʦʨʘ ʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʚ ʥʝʡʪʨʠʥʥʦʡ ʤʦʜʝ ʧʫʯʢʘ NuMI, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 350 ʢɺʪ. ʊʝʧʝʨʴ 

ʵʢʩʧʝʨʠʤʝʥʪ NOvA ʠʩʧʦʣʴʟʫʝʪ ʩʘʤʳʤ ʤʦʱʥʳʤ ʚ ʤʠʨʝ ʧʫʯʢʦʤ ʥʝʡʪʨʠʥʦ ʠ ʟʘʥʠʤʘʝʪ 

ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ MINERvA, ʪʘʢʞʝ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  ʀʟʤʝʨʝʥʳ 

ʦʪʥʦʰʝʥʠʷ ʧʦʣʥʳʭ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʟʘʨʷʞʝʥʥʳʤ ʪʦʢʦʤ ʥʘ 

ʷʜʨʘʭ ʫʛʣʝʨʦʜʘ, ʞʝʣʝʟʘ ʠ ʩʚʠʥʮʘ ʢ ʩʝʯʝʥʠʷʤ, ʠʟʤʝʨʝʥʥʳʤ ʥʘ ʷʜʨʘʭ ʩʮʠʥʪʠʣʣʷʪʦʨʘ (ʉʅ). 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʝʯʝʥʠʷ  ʫʩʨʝʜʥʝʥʳ  ʧʦ ʩʧʝʢʪʨʫ ʥʝʡʪʨʠʥʦ ʚ ʧʫʯʢʝ NuMI ʩʦ ʩʨʝʜʥʝʡ 

ʵʥʝʨʛʠʝʡ <E>=8 ɻʵɺ. ʕʪʦ ʧʝʨʚʳʝ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʷʜʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʥʝʡʪʨʠʥʦ ʩ ʨʘʟʥʳʤʠ ʤʠʰʝʥʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʫʯʢʘ ʥʝʡʪʨʠʥʦ. 

ʀʟʤʝʨʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʢʘʢ ʬʫʥʢʮʠʠ ʭ (ʧʝʨʝʤʝʥʥʘʷ ɹʴʸʨʢʝʥʘ) ʧʣʦʭʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʦʞʠʜʘʝʤʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʷʜʝʨʥʳʝ ʵʬʬʝʢʪʳ ʚ ʧʨʦʮʝʩʩʘʭ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ.  

ʀʟʤʝʨʝʥʦ, ʪʘʢʞʝ, ʩʝʯʝʥʠʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʟʘʨʷʞʝʥʥʳʤ ʪʦʢʦʤ 

ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ ʥʘ ʷʜʨʘʭ ʫʛʣʝʨʦʜʘ ɜɛ +
12CŸ Õ+ˊ+12C. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʜʦʤʠʥʠʨʫʝʪ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʢʚʘʜʨʘʪʘ ʧʝʨʝʜʘʥʥʦʛʦ 4-ʭ ʠʤʧʫʣʴʩʘ Q2  

ʠ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʯʘʩʪʚʫʝʪ ʪʦʣʴʢʦ ʘʩʠʘʣʴʥʳʡ ʚʝʢʪʦʨʥʳʡ ʪʦʢ. 

ʀʟʤʝʨʝʥʳ ʧʦʣʥʳʝ ʩʝʯʝʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʥʝʡʪʨʠʥʦ 1.5 < E < 20 ɻʵɺ, ʘ 

ʪʘʢʞʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʧʦ ʫʛʣʫ ʨʘʩʩʝʷʥʠʷ ʧʠʦʥʘ ʠ ʧʦ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʠʦʥʘ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʫʩʨʝʜʥʝʥʳ ʧʦ ʩʧʝʢʪʨʫ ʥʝʡʪʨʠʥʦ ʚ ʧʫʯʢʝ NuMI. ʉʝʯʝʥʠʷ ʜʣʷ 

ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ ʦʢʘʟʘʣʠʩʴ, ʧʨʠʤʝʨʥʦ, ʦʜʠʥʘʢʦʚʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʤʝʥʦʤ ʪʦʣʴʢʦ 

ʘʢʩʠʘʣʴʥʳʤ ʪʦʢʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʥʝʡʪʨʠʥʥʳʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ. ʆʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʷʚʣʷʶʪʩʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʩʝʯʝʥʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ ʩ ʷʜʨʘʤʠ. 

ʅʘ ʨʷʜʫ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠ ʨʘʩʯʝʪʳ ʩʝʯʝʥʠʡ ʢʚʘʟʠ-ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ 

(ʘʥʪʠ)ʥʝʡʪʨʠʥʦ ʥʘ ʷʜʨʘʭ ʭʣʦʨʘ ʚ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮ ʥʘ ʷʜʨʘʭ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʤʘʪʝʨʠʘʣʘʭ ʜʝʪʝʢʪʦʨʘ NOvA ʩʦʜʝʨʞʠʪʩʷ, ʧʨʠʤʝʨʥʦ, 20% ʭʣʦʨʘ.  
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10.5.3 ʇʫʙʣʠʢʘʮʠʠ ʚ ʨʝʬʝʨʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʚ 2014 ʛ. 

1. L. Aliaga et al. (MINERvA Collaboration), çDesign, calibration, and performace of the 

MINERvA detectorè, Nucl. Instrum. Meth. A743,130-159 (2014) 

2. A. Butkevich et al. çDetermination of the axial nucleon form factor from the MiniBooNE 

dataè, Phys. Rev. D89,053014 (2014) 

3. B.G. Tice et al.  (MINERvA Collaboration), çMeasurement of ratios of  ɜɛ  

charged-current cross sections on C, Fe, and Pb to CH at neutrino energies 2-20 GeVè, Phys. 

Rev. Lett. 112,(2014)23, 231801 

4 A. Higuera et al.  (MINERvA Collaboration), çMeasurement of coherent production of ˊÑ   

in neutrino and antineutrino beams on carbon from  Eɜ  of 1.5  to 20 GeVè, Phys. Rev. Lett. 113, 

(2014), 261802 

     ʇʨʝʧʨʠʥʪʳ ʵʣʝʢʪʨʦʥʥʳʝ 

B. G. Tice et al. (MINERvA Collaboration) / Measurement of ratios of ɜÕ charged-current 

cross sections on C, Fe, and Pb to CH at neutrino energies 2-20 GeV // arXiv:1403.2103 [hep-ex]  

A. Higuera et al. (MINERvA Collaboration) / Measurement of coherent production of ˊÑ in 

neutrino and anti-neutrino beams ob carbon from Eɜ  of 1.5 to 20 GeV // arXiv:1409.3835 [hep-ex] 

B. Eberly et al. (MINERvA Collaboration) / Charged pion production in ɜÕ interactions on 

hydrocarbon at <Eɜ> =4 GeV // arXiv:1406.6415 [hep-ex] 

T. Walton et al. (MINERvA Collaboration) / Measurement of muon plus final states in ɜÕ 

interactions on hydrocarbon at <Eɜ> =4.2 GeV // arXiv:1409.4497 [hep-ex] 

 

ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʣʣʘʙʦʨʘʮʠʦʥʥʳʭ ʩʦʚʝʱʘʥʠʷʭ, ʩʝʤʠʥʘʨʘʭ  ʚ 

ʅʝʡʪʨʠʥʥʦʤ ʆʪʜʝʣʝ ʌʝʨʤʠʣʘʙʘ. ʉʜʝʣʘʥʦ ʜʚʘ ʜʦʢʣʘʜʘ ʥʘ 57 ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʄʌʊʀ. 

ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ. 

ɸʜʨʝʩ web-ʩʪʨʘʥʠʮʳ ʵʢʩʧʝʨʠʤʝʥʪʘ MINERvA http://minerva.fnal.gov ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

NOvA   http://www-nova.fnal.gov 
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10.6 ʈʘʟʨʘʙʦʪʢʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʟʦʪʦʧʘ 14ʉ 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʠʥʦ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ 
 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ʃ.ɹ.ɹʝʟʨʫʢʦʚ.  

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ: ʢ.ʬ.-ʤ.ʥ. ʀ.ʈ.ɹʘʨʘʙʘʥʦʚ.  

ʀʩʧʦʣʥʠʪʝʣʠ: ʖ. ʄ. ɻʘʚʨʠʣʶʢ, ɸ. ʄ. ɻʘʥʛʘʧʰʝʚ, ɺ. ʀ. ɻʫʨʝʥʮʦʚ, ɺ. ɺ. ʂʫʟʴʤʠʥʦʚ, ɹ. 

ʂ. ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ɻ. ʗ. ʅʦʚʠʢʦʚʘ, ɺ. ɺ. ʉʠʥʸʚ, ɽ. ɸ. ʗʥʦʚʠʯ. 

 

10.6.1 ʈʝʬʝʨʘʪ  
 

ɺ ʧʦʜʟʝʤʥʦʡ ʥʠʟʢʦʬʦʥʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɹʅʆ ʀʗʀ ʈɸʅ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʛʣʫʙʠʥʝ 

4900 ʤ.ʚ.ʵ.,   ʥʘ ʙʘʟʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʦʙʲʸʤʦʤ 1.5 ʣ ʩʦʟʜʘʥʘ ʥʠʟʢʦʬʦʥʦʚʘʷ 

ʫʩʪʘʥʦʚʢʘ  ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʣʴʪʨʘʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʟʦʪʦʧʘ 14ʉ ʚ ʦʙʨʘʟʮʘʭ ʞʠʜʢʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ.  ʇʨʦʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʜʝʪʝʢʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʤʤʘ-

ʠʩʪʦʯʥʠʢʦʚ Am-241, Ba-133, Cs-137. ʀʟʤʝʨʝʥ ʬʦʥ ʜʝʪʝʢʪʦʨʘ. ʀʟ ʩʨʘʚʥʝʥʠʷ ʬʦʨʤʳ 

ʠʟʤʝʨʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʩ ʬʦʨʤʦʡ ʤʦʜʝʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ   ʚʝʣʠʯʠʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʠʦʫʛʣʝʨʦʜʘ 14ʉ/12ʉ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʨʘʚʥʦʝ  (5.4 Ñ 1.7)Ā10-17. 

 

10.6.2 ɺʚʝʜʝʥʠʝ  
 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʝʢʪʳ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʠʭ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʞʠʜʢʠʭ ʜʝʪʝʢʪʦʨʦʚ, SNO+, LENA, JUNO, ɹʅʆ ʀʗʀ ʈɸʅ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʢʨʘʡʥʝ ʨʝʜʢʠʭ ʩʦʙʳʪʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʝʡʪʨʠʥʥʳʭ ʧʦʪʦʢʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʧʦʪʦʢʦʚ ʘʥʪʠʥʝʡʪʨʠʥʦ ʦʪ ʨʘʩʧʘʜʦʚ 

U-238, Th-232 ʠ K-40, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʟʝʤʥʳʭ ʥʝʜʨʘʭ. ʅʘʜʸʞʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʵʪʠʭ 

ʘʥʪʠʥʝʡʪʨʠʥʦ (ʛʝʦʥʝʡʪʨʠʥʦ) ʧʦʟʚʦʣʠʪ ʫʩʪʘʥʦʚʠʪʴ ʚʢʣʘʜ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʨʘʩʧʘʜʘ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʠʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ɿʝʤʣʠ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʨʝʜʢʠʭ ʩʦʙʳʪʠʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʧʨʝʜʲʷʚʣʷʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʢʘʢ ʢ ʚʥʝʰʥʝʤʫ, ʪʘʢ ʠ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʬʦʥʫ ʫʩʪʘʥʦʚʢʠ. 

ɺʥʫʪʨʝʥʥʠʡ ʬʦʥ ʜʝʪʝʢʪʦʨʘ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʝʡ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʮʠʥʪʠʣʣʷʪʦʨʝ (ɾʆʉ). ʊʘʢ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

Borexino (ʣʘʙʦʨʘʪʦʨʠʷ ɻʨʘʥ-ʉʘʩʩʦ, ʀʪʘʣʠʷ), ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʠʛʥʫʪʦʤʫ ʦʯʝʥʴ ʥʠʟʢʦʤʫ 

ʨʘʜʠʦʘʢʪʠʚʥʦʤʫ ʬʦʥʫ, ʫʜʘʣʦʩʴ ʚʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʦʪʦʢʠ ʩʦʣʥʝʯʥʳʭ 7Be, ʨʝʨ 

ʥʝʡʪʨʠʥʦ, ʘ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʟ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ ʬʦʥʘ ʪʘʢʞʝ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʧʦʪʦʢ 

ʩʦʣʥʝʯʥʳʭ ʨʨ-ʥʝʡʪʨʠʥʦ. ʊʨʫʜʥʦʩʪʴ ʚ ʠʟʤʝʨʝʥʠʠ ʧʦʪʦʢʘ ʨʨ-ʥʝʡʪʨʠʥʦ ʠ ʝʛʦ ʩʧʝʢʪʨʘ ʩ ʧʦʤʦʱʴʶ 

ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʞʠʜʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ   ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʘ ʩ 
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ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴʶ ʠʟʦʪʦʧʘ 14ʉ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʣʶʙʳʭ ʤʦʣʝʢʫʣ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʦʪʜʘʯʠ ʦʪ ʨʘʩʩʝʷʥʠʷ ʨʨ-ʥʝʡʪʨʠʥʦ (ɽmax= 420 ʢʵɺ) ʚ 

ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 264 ʢʵɺ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ɓ- ʨʘʩʧʘʜʘ 14ʉ ï 156.48 ʢʵɺ. ʉ 

ʫʯʸʪʦʤ ʢʦʥʝʯʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ  (~ 10%  ʚ ʦʙʣʘʩʪʠ 200 ʢʵɺ) ʠ ʵʬʬʝʢʪʘ 

ʥʘʣʦʞʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʦʪ ʨʘʩʧʘʜʘ 14ʉ ʚʦʟʤʦʞʥʳ ʩʦʙʳʪʠʷ ʩ ʵʥʝʨʛʠʝʡ > 200 ʢʵɺ. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʮʠʥʪʠʣʣʷʪʦʨ ʜʝʪʝʢʪʦʨʘ Borexino ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʠʟʦʪʦʧʘ 14C ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʚ ʜʨʫʛʠʭ ʩʮʠʥʪʠʣʣʷʪʦʨʘʭ. ʕʪʘ ʚʝʣʠʯʠʥʘ 

ʩʦʩʪʘʚʣʷʝʪ (2.7 Ñ 0.1) Ț 10-18 ʛ/ʛ (14C/12C). ʈʘʩʯʸʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʦʟʨʘʩʪʝ ʥʝʬʪʠ, ʠʟ ʢʦʪʦʨʦʡ 

ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʩʮʠʥʪʠʣʣʷʪʦʨ (ʧʩʝʚʜʦʢʫʤʦʣ), ʩ ʫʯʸʪʦʤ ʛʣʫʙʠʥʳ  ʟʘʣʝʛʘʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʢʨʫʞʘʶʱʠʭ ʧʦʨʦʜʘʭ ʜʘʶʪ ʜʣʷ ʦʩʥʦʚʥʳʭ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 14ʉ,  ʧʨʝʜʝʣ ʥʘ ʫʨʦʚʥʝ 14C/12C< 10-21. ʅʘʙʣʶʜʘʝʤʦʝ ʨʘʩʭʦʞʜʝʥʠʝ 

ʠʟʤʝʨʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʟʦʪʦʧʘ  14ʉ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʘʭ (Borexino, KamLAND) ʠ ʨʘʩʯʸʪʥʳʭ 

ʟʥʘʯʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, ʪʘʢ ʠ 

ʙʦʣʝʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ.   

 

10.6.3 ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 
 

ɺ ʧʦʜʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɹʅʆ ʀʗʀ ʈɸʅ ʥʘ ʛʣʫʙʠʥʝ 4900 ʤ.ʚ.ʵ. (3700 ʤ ʦʪ ʚʭʦʜʘ ʚ 

ʪʫʥʥʝʣʴ) ʫʩʪʘʥʦʚʣʝʥ ʞʠʜʢʠʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʫʣʴʪʨʘʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʟʦʪʦʧʘ ʉ-14,  ʥʘ ʫʨʦʚʥʝ ~ 10-18 (ʉ-14/C-12) ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʘʭ ʞʠʜʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ.  ʅʘ ʵʪʦʡ ʛʣʫʙʠʥʝ ʧʦʪʦʢ ʤʶʦʥʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ~ 0.1 ʤ-2 ʯʘʩ-1 , ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʠʪʴ ʬʦʥ ʦʪ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ. ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʨʘʟʤʝʱʸʥ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʥʠʟʢʦʬʦʥʦʚʦʡ ʢʘʤʝʨʝ, ʩʪʝʥʳ 

ʢʦʪʦʨʦʡ ʚʳʣʦʞʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟ ʩʣʦʸʚ ʧʦʣʠʵʪʠʣʝʥʘ (25 ʩʤ), ʢʘʜʤʠʷ (1 ʤʤ) ʠ ʩʚʠʥʮʘ (15 

ʩʤ). ʉʘʤ ʜʝʪʝʢʪʦʨ ʨʘʟʤʝʱʸʥ ʚ ʢʦʨʦʙʝ ʠʟ ʦʨʛ. ʩʪʝʢʣʘ (14.5*14.5 *120) ʩʤ3 ʠ ʦʢʨʫʞʸʥ ʩʦ ʚʩʝʭ 

ʩʪʦʨʦʥ ʟʘʱʠʪʦʡ ʠʟ ʦʩʦʙʦ ʯʠʩʪʦʡ ʤʝʜʠ ʪʦʣʱʠʥʦʡ 15 ʩʤ. ɺʥʫʪʨʠ ʤʝʜʥʦʡ ʟʘʱʠʪʳ ʧʦʤʝʱʸʥ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʤʦʜʫʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʙʦʨʢʫ ʠʟ ʢʚʘʨʮʝʚʦʡ ʷʯʝʡʢʠ (ʌ100ʭ200 

ʤʤ2), ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʠʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ ʃɸɹ (ɺʈʆ-2 ʛ/ʣ), ʜʚʫʭ ʩʚʝʪʦʚʦʜʦʚ 

(100ʭ100ʭ300 ʤʤ3)  ʠʟ ʘʢʨʠʣʘ ʠ ʜʚʫʭ ʬʵʫ (3ò).  ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 3ò ʬʵʫ 110 ʙʳʣʠ 

ʟʘʤʝʥʝʥʳ ʥʘ 3ò ET9306. ɼʣʷ ʣʫʯʰʝʛʦ ʩʚʝʪʦʩʙʦʨʘ ʷʯʝʡʢʘ ʠ ʩʚʝʪʦʚʦʜʳ ʦʙʸʨʥʫʪʳ ʟʝʨʢʘʣʴʥʦʡ 

ʦʪʨʘʞʘʶʱʝʡ ʧʣʸʥʢʦʡ VM2000.  ʅʘ ʨʠʩ.1 ʠʟʦʙʨʘʞʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʘ ʥʘ ʨʠʩ.2  

ʧʦʢʘʟʘʥ ʦʪʢʨʳʪʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʤʦʜʫʣʴ ʚ ʟʘʱʠʪʝ. 
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ʈʠʩ.1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʜʫʣʷ. 

 

 

ʈʠʩ.2. ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʤʦʜʫʣʴ  ʚʥʫʪʨʠ ʤʝʜʥʦʡ ʟʘʱʠʪʳ. 

 

ʉʠʣʠʢʦʥʦʚʘʷ ʩʤʘʟʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʫʯʰʝʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʢʚʘʨʮʝʚʦʡ 

ʷʯʝʡʢʦʡ, ʩʚʝʪʦʚʦʜʦʤ ʠ ʬ.ʵ.ʫ. ɻʝʨʤʝʪʠʯʥʳʡ ʯʝʭʦʣ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ, ʦʢʨʫʞʘʶʱʠʡ ʜʝʪʝʢʪʦʨ 

ʩʥʘʨʫʞʠ, ʩʣʫʞʠʪ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʨʘʜʦʥʘ. ʀʟ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʸʤʘ ʨʘʜʦʥ ʫʜʘʣʷʝʪʩʷ ʧʨʦʜʫʚʢʦʡ  

ʛʘʟʦʦʙʨʘʟʥʳʤ ʘʟʦʪʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʟʦʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʴʶʘʨ ʩ ʞʠʜʢʠʤ ʘʟʦʪʦʤ.  

ʋʩʣʦʚʠʷ ʠʟʤʝʨʝʥʠʷ ʫʣʴʪʨʘʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʜʝʣʘʶʪ ʥʝʦʙʭʦʜʠʤʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʪʝʢʪʦʨʘ ʵʣʝʤʝʥʪʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʧʨʠʤʝʩʝʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩ ʧʦʤʦʱʴʶ ʥʠʟʢʦʬʦʥʦʚʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ HPGe 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʦʪ ʢʚʘʨʮʝʚʦʡ ʷʯʝʡʢʠ ʩ ʦʙʨʘʟʮʦʤ 
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ʞʠʜʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠ ʬ.ʵ.ʫ. ET9306. ʇʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ 

ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ (ɹʢ/ʢʛ) ʚ  ʷʯʝʡʢʝ ʩ ɾʆʉ ʠ ʚ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝ, ʪʘʙʣ.1. 

 

ʀʟʦʪʦʧ 
ʂʚʘʨʮʝʚʘʷ ʷʯʝʡʢʘ ʩ ɾʆʉ      

ɸʢʪʠʚʥʦʩʪʴ ʚ ɹʢ/ʢʛ 

ɽʊ9306 

ɸʢʪʠʚʥʦʩʪʴ ʚ ɹʢ/ʢʛ [ɹʢ/ʌʕʋ] 

40K Ò1.0Ā10-2 1.71Ñ0.09            [0.26 Ñ 0.01] 

208Tl Ò9.4Ā10-4 (3.6Ñ0.6)Ā10-2  [(5.4Ñ0.8)Ā10-3] 

214Bi (3.5Ñ1.7)Ā10-3 1.21Ñ0.03          [0.180Ñ0.004] 

228Ac Ò2.3Ā10-3 0.10Ñ0.01         [(1.5Ñ0.2)Ā10-2] 

 

ʀʟʤʝʨʝʥʥʳʝ ʜʣʷ ʞʠʜʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ (ʃɸɹ+ɺʈʆ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʝʪʦʚʳʭʦʜʘ ʠ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʜʘʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʯʝʥʠʷ ~ 8000 ʬʦʪʦʥ/ʄʵɺ ʠ 15 ʤ (420 ʥʤ).  ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʚ ʦʙʨʘʟʮʘʭ ʙʦʣʴʰʦʡ ʤʘʩʩʳ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʚ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ (< 50 ʢʵɺ) ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʛʜʝ ʣʝʞʠʪ ʙʦʣʴʰʘʷ ʜʦʣʷ ʩʦʙʳʪʠʡ ʦʪ ʨʘʩʧʘʜʘ 

ʨʘʜʠʦʫʛʣʝʨʦʜʘ.  

ɼʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʜʝʪʝʢʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʠ ʠʩʪʦʯʥʠʢʘ ʛʘʤʤʘ- 

ʢʚʘʥʪʦʚ: Am-241, Cs-137  ʠ Ba-133.ʕʥʝʨʛʠʠ ʛʘʤʤʘ ʢʚʘʥʪʦʚ ʠ ʵʥʝʨʛʠʷ ʚ ʧʠʢʝ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʩʧʝʢʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

ʀʩʪʦʯʥʠʢ 

ʕʥʝʨʛʠʷ 

ʠʟʣʫʯʘʝʤʳʭ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ, ʢʵɺ 

ʕʥʝʨʛʠʷ 

ʵʣʝʢʪʨʦʥʘ 

ʦʪʜʘʯʠ ʧʨʠ 

ʨʘʩʩʝʷʥʠʠ 

ʥʘʟʘʜ, ʢʵɺ 

ʕʥʝʨʛʠʷ ʚ 

ʥʘʙʣʶʜʘʝʤʦʤ 

ʧʠʢʝ, ʢʵɺ 

ʇʠʢ 

ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ, 

ʢʘʥʘʣ 

137Cs 661.657 477.334 440 3862 

133Ba 

356.017 (45%) 

302.853 (13.4%) 

80.997 (25%) 

79.614 (1.9%) 

197.3 

170 

 

80 

1308 

241Am 
59.54 (93%) 

26.34 (6%) 

 
59.54 413.9 
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ʅʘ ʨʠʩʫʥʢʘʭ 3,4,5 ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʠ ʨʘʩʯʸʪʥʳʝ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʩʧʝʢʪʨʳ ʦʪ Am-

241, Ba-133, Cs-137.    ʉʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʩ ʜʚʫʭ ʢʘʥʘʣʦʚ 

ʦʩʮʠʣʣʦʛʨʘʬʘ. 
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ʈʠʩ.3 ʉʧʝʢʪʨ Am-241 
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ʈʠʩ.4. ʉʧʝʢʪʨ Ba-133 

 

0 100 200 300 400 500 600 700 800
0

5000

10000

15000

20000

25000

30000

35000

40000

ʈʘʩʯʸʪ

ʕʢʩʧʝʨʠʤʝʥʪ

ʏ
ʠ
ʩ
ʣ
ʦ
 
ʩ
ʦ
ʙ
ʳ
ʪ
ʠ
ʡ
 
ʥ
ʘ
 
1
0
 
ʢ
ʵ
ɺ

ɽ, ʢʵɺ

 

ʈʠʩ. 5.   ʉʧʝʢʪʨ  Cs-137. 
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ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʪʨʸʤ ʪʦʯʢʘʤ (Am-241, Cs-137 ʠ Ba-133) ʧʦʩʪʨʦʝʥʘ ʢʘʣʠʙʨʦʚʦʯʥʘʷ 

ʢʨʠʚʘʷ, ʢʦʪʦʨʘʷ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʠʥʦʤʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ:  

ɽ=7.367+0.123*N ï 2.455*10-6N2 , 

ʛʜʝ ɽ ï ʵʥʝʨʛʠʷ ʩʦʙʳʪʠʷ ʚ ʢʵɺ, ʘ N ï ʥʦʤʝʨ ʢʘʥʘʣʘ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʷʯʝʡʢʠ, ʧʝʨʝʩʯʠʪʘʥʥʦʝ ʥʘ ʵʥʝʨʛʠʶ 662 

ʢʵɺ, ʨʘʚʥʦ 18 %. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʉ-14 ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʥʘ ʦʩʥʦʚʝ ʃɸɹʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʚʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ. ɺ ʧʝʨʚʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʢʣʘʜʘ ʠʟʦʪʦʧʘ 14C ʚ ʠʟʤʝʨʝʥʥʳʡ  

ʬʦʥ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ : 

{Fexp(E)- [A1+A2*EXP(A3/E)+A4*F beta(E)]},  

ʛʜʝ Fexp(E) ï ʠʟʤʝʨʝʥʥʳʡ ʬʦʥ, A4*Fbeta(E) ï ʙʝʪʘ-ʩʧʝʢʪʨ ʠʟʦʪʦʧʘ 14C  ʩ ʫʯʸʪʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʝʪʝʢʪʦʨʘ A1+A2*EXP(-A3/E) ï ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʬʦʥʘ, ʢʦʪʦʨʳʡ ʚ 

ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʵʥʝʨʛʠʡ (20-200) ʢʵɺ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʪʦʡ.  

ʀʟʤʝʨʝʥʥʳʡ ʬʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ ʥʘʙʦʨʘ ʩʦʙʳʪʠʡ ʟʘ 400.2 ʯʘʩʘ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʩʯʸʪʘ 70 ʠʤʧʫʣʴʩʦʚ ʚ  ʯʘʩ, ʧʨʠ ʧʦʨʦʛʝ ʨʝʛʠʩʪʨʘʮʠʠ 50 ʢʵɺ (ʈʠʩ.6).  
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ʈʠʩ.6 ʀʟʤʝʨʝʥʥʳʡ ʬʦʥ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʷʯʝʡʢʠ ʟʘ 400.2 ʯʘʩʦʚ. 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʦʥʘ, ʚʳʧʦʣʥʝʥʥʦʡ ʧʦ ʵʪʦʡ ʤʝʪʦʜʠʢʠ, ʷʚʣʷʝʪʩʷ ʚʝʨʭʥʷʷ 

ʛʨʘʥʠʮʘ ʩʦʜʝʨʞʘʥʠʷ C-14 ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ 14ʉ/12C<  3.7*10-17.  

ɺʪʦʨʦʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʉ-14 ʠʩʧʦʣʴʟʦʚʘʣ ʩʪʘʥʜʘʨʪʥʳʡ ʧʘʢʝʪ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ROOTʚʝʨʩʠʷ 5.30/02 . ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

14ʉ ʚ  ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ, ʧʦʣʫʯʝʥʥʳʡ ʟʘ 537.78 ʯʘʩʦʚ 

ʠʟʤʝʨʝʥʠʷ.  ʉʢʦʨʦʩʪʴ ʩʯʝʪʘ ʟʘ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ ʚ ʩʨʝʜʥʝʤ  92.5 ʠʤʧʫʣʴʩʦʚ ʚ ʯʘʩ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 14ʉ/12ʉ ʨʘʚʥʦʝ (5.4 Ñ 1.7)Ĭ10-17. 



284 
 

 

10.6.4 ɿʘʢʣʶʯʝʥʠʝ 

 

ʉʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ ʧʦ ʠʟʤʝʨʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʠʦʫʛʣʝʨʦʜʘ14ʉ ʚ ʦʙʨʘʟʮʘʭ ʞʠʜʢʦʛʦ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ. ʇʨʦʚʝʜʝʥʳ ʧʝʨʚʳʝ ʠʟʤʝʨʝʥʠʷ ʩʦ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʃɸɹʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʦʙʨʘʙʦʪʦʢ ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʩʦʜʝʨʞʘʥʠʝ 14ʉ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʣʫʯʝʥʦ ʜʣʷ ʩʮʠʥʪʠʣʣʷʪʦʨʘ Borexino. ʅʘʰʝ ʠʟʤʝʨʝʥʠʝ ʧʦ ʦʜʥʦʤʫ 

ʤʝʪʦʜʫ ʜʘʝʪ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʦʪʥʦʰʝʥʠʷ 14ʉ/12ʉ < 3.7Ĭ10-17, ʘ ʧʦ ʜʨʫʛʦʤʫ ï ʟʥʘʯʝʥʠʝ 14ʉ/12ʉ = 

(5.4 Ñ 1.7)Ĭ10-17. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʨʘʟʮʳ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʩ ʦʩʥʦʚʦʡ ʠʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʥʝʬʪʠ, ʜʦʙʳʚʘʝʤʦʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 14ʉ (ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʥʝʪ ʣʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʦʜʝʨʞʘʥʠʷ 14ʉ ʦʪ ʤʝʩʪʘ ʜʦʙʳʯʠ ʥʝʬʪʠ). ʊʘʢʞʝ ʙʫʜʫʪ ʧʨʦʚʝʨʝʥʳ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ. 

ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʬʦʥʦʚ ʜʝʪʝʢʪʦʨʘ ʩ ʮʝʣʴʶ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʜʘʚʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ 

ʧʦʨʦʛʘ ʜʝʪʝʢʪʦʨʘ ʜʣʷ ʙʦʣʝʝ ʫʚʝʨʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʙʝʪʘ-ʩʧʝʢʪʨʘ14ʉ. 

ʇʦ ʠʟʤʝʨʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʝʪʝʢʪʦʨʘ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʉ-14 ʚ 

ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʦʧʫʙʣʠʢʦʚʘʥ ʧʨʝʧʨʠʥʪ: ɹʘʨʘʙʘʥʦʚ ʀ.ʈ., ɹʝʟʨʫʢʦʚ ʃ.ɹ., ɻʘʚʨʠʣʶʢ ʖ.ʄ. ʠ ʜʨ. 

ñʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 14ʉ ʚ ʞʠʜʢʠʭ ʩʮʠʥʪʠʣʣʷʪʦʨʘʭò ʇʨʝʧʨʠʥʪ ʀʗʀ ˉ1393/2014.  
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10.7 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʘʥʪʠʥʝʡʪʨʠʥʦ ʦʪ ʨʝʘʢʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʨʦʛʦʤ ʥʠʞʝ 1 ʢʵɺ 
 

10.7 ʈʝʬʝʨʘʪ 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʧʨʦʪʦʪʠʧ ʛʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩ ʥʠʟʢʠʤ ʧʦʨʦʛʦʤ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʥʘ ʷʜʨʘʭ. ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʚ ʦʙʦʩʥʦʚʘʥʠʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʨʝʛʠʩʪʨʘʮʠʠ ʘʥʪʠʥʝʡʪʨʠʥʦ ʦʪ ʨʝʘʢʪʦʨʘ. ʇʦʣʫʯʝʥʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʝʢʪʦʨʘ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥʘ ʜʦʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʪʝʢʪʦʨʘ.  

 

10.7 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʪʨʸʭ ʩʝʢʮʠʦʥʥʳʡ ʛʘʟʦʚʳʡ ʜʝʪʝʢʪʦʨ ʩ ʥʠʟʢʠʤ ʧʦʨʦʛʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʜʝʪʝʢʪʦʨʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʥʘ ʷʜʨʘʭ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʩʝʢʮʠʷ ʩ ʜʠʘʤʝʪʨʦʤ ʢʘʪʦʜʘ 40 ʤʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʟʦʚʦʛʦ 

ʫʩʠʣʝʥʠʷ 105. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʜʝʪʝʢʪʦʨʘ ʮʝʥʪʨʘʣʴʥʘʷ ʩʝʢʮʠʷ ʦʢʨʫʞʝʥʘ 

ʜʨʝʡʬʦʚʳʤ ʧʨʦʤʝʞʫʪʢʦʤ, ʦʪʢʫʜʘ ʵʣʝʢʪʨʦʥʳ ʦʪ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʠʦʥʠʟʘʮʠʠ ʛʘʟʘ 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʩʝʢʮʠʶ. ʇʨʦʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʜʝʪʝʢʪʦʨʘ ʠʩʪʦʯʥʠʢʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 55Fe ʧʨʠ ʜʘʚʣʝʥʠʠ 0.1 ʄʇʘ ʠ 0.3 ʄʇʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʡ ʩʙʦʨ ʥʘ ʘʥʦʜʝ ʜʝʪʝʢʪʦʨʘ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʠʦʥʠʟʘʮʠʠ ʢʘʢ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ, ʪʘʢ ʠ ʚ ʜʨʝʡʬʦʚʦʡ ʩʝʢʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʝʢʪʦʨʘ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʪʝʢʪʦʨʘ. 

ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʦʪ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʥʘ ʷʜʨʘʭ ʢʘʢ ʬʫʥʢʮʠʷ 

ʵʥʝʨʛʠʠ ʦʪʜʘʯʠ ʷʜʨʘ ʜʣʷ ʨʘʟʥʳʭ ʛʘʟʦʚ.  

 

ʈʠʩʫʥʦʢ 1. ʀʥʪʝʛʨʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʯʸʪʘ ʢʘʢ ʬʫʥʢʮʠʷ ʧʦʨʦʛʘ ʜʝʪʝʢʪʦʨʘ.  
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ʈʘʩʩʯʠʪʘʥʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʯʸʪʘ ʢʘʢ ʬʫʥʢʮʠʷ ʧʦʨʦʛʘ ʜʝʪʝʢʪʦʨʘ, ʩʤ. ʨʠʩ. 

1.  

 

 

ʈʠʩʫʥʦʢ 2. ɺʨʝʤʝʥʘ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʘ. 

ʈʘʩʩʯʠʪʘʥʳ ʚʨʝʤʝʥʘ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʘ ʦʪ ʨʝʘʢʪʦʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʜʚʫʭ ʨʘʟʥʳʭ ʚʝʣʠʯʠʥʘʭ ʬʦʥʘ B: ʢʦʛʜʘ B=R ʠ 

B=10R, ʟʜʝʩʴ R ï ʦʞʠʜʘʝʤʘʷ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʬʦʥʘ ʚ 

ʪʘʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʚʝʣʠʯʠʥʘʤʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ  ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʚʘ ʧʨʝʧʨʠʥʪʘ ʠ ʜʚʝ ʩʪʘʪʴʠ ʚ ʨʝʬʝʨʠʨʫʝʤʳʭ 

ʞʫʨʥʘʣʘʭ. ʉʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʧʨʠʣʘʛʘʝʪʩʷ. 
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11 ʃʘʙʦʨʘʪʦʨʠʷ ʣʝʧʪʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ɸ.ʉ.ʃʠʜʚʘʥʩʢʠʡ. 

ʅʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ, ʥʝʡʪʨʠʥʥʘʷ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ, ʬʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʧʨʦʙʣʝʤʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. 

ʇʨʠʢʣʘʜʥʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ, ʨʘʜʠʦʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʷʜʝʨʥʘʷ 

ʪʨʘʥʩʤʫʪʘʮʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 1011 ï 1020 ʵɺ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʛʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ PRISMA-YBJ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ LHAASO. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ 

ʜ.ʬ.-ʤ.ʥ. ʖ.ɺ.ʉʪʝʥʴʢʠʥ. 

 

ʀʟʫʯʝʥʠʝ ʘʜʨʦʥʥʦʡ ʢʦʠʧʦʥʝʥʪʳ ʐɸʃ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ʖ.ɺ.ʉʪʝʥʴʢʠʥ. 

11 ʈʝʬʝʨʘʪ 

ʇʨʝʜʩʪʘʚʣʝʥ ʦʪʯʝʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʃʝʧʪʦʥʦʚ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚ ʨʘʤʢʘʭ ʜʚʫʭ ʪʝʤ, ʦʪʯʝʪʳ ʧʦ ʢʦʪʦʨʳʤ ʩʦʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʦ. ʆʪʯʝʪ 

ʩʦʜʝʨʞʠʪ   14  ʩʪʨʘʥʠʮ ʠ  7  ʨʠʩʫʥʢʦʚ. ʉʧʠʩʢʠ ʧʫʙʣʠʢʘʮʠʡ ʟʘ 2014 ʛ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʦ 

ʧʦʩʣʝ ʦʪʯʝʪʦʚ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʜʚʫʭ ʪʝʤ.  

11 ɺʚʝʜʝʥʠʝ 

ɺ ʃʘʙʦʨʘʪʦʨʠʠ ʃʝʧʪʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚ ʧʦʩʣʝʜʥʠʡ ʛʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʜʚʫʤ ʪʝʤʘʤ: çʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 1011 

ï 1020 ʵɺè, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʪʝʤʳ ɸ.ʉ. ʃʠʜʚʘʥʩʢʠʡ, ʠ çʊʝʧʣʦʚʳʝ ʥʝʡʪʨʦʥʳ ʚ ʰʠʨʦʢʠʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʷʭ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝè, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʪʝʤʳ ʖ.ɺ. ʉʪʝʥʴʢʠʥ. 

ɺ 2014 ʛʦʜʫ ʚ ʨʘʤʢʘʭ ʧʝʨʚʦʡ ʠʟ ʵʪʠʭ ʪʝʤ ʧʨʦʚʦʜʠʣʠʩʴ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚʦ ʚʨʝʤʷ ʛʨʦʟ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʬʬʝʢʪʦʚ, ʨʘʥʝʝ ʦʙʥʘʨʫʞʝʥʥʳʭ 

ʚʦ ʚʨʝʤʷ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ɹʘʢʩʘʥʩʢʦʡ ʥʝʡʪʨʠʥʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ.  

ʀʩʧʦʣʥʠʪʝʣʠ: ɸ.ɺ. ʃʘʧʘ (ʘʩʧʠʨʘʥʪ ʃʃɺʕ),  

                         ʅ.ʉ. ʍʘʝʨʜʠʥʦʚ (ɹʅʆ),  

                         ɺ.ɸ. ʂʦʟʷʨʠʚʩʢʠʡ (ʃʃɺʕ),  

                         ʊ.ʀ. ʊʫʣʫʧʦʚʘ (ʃʃɺʕ),  

                         ʄ.ʅ. ʍʘʝʨʜʠʥʦʚ (ʃʃɺʕ),  

                         ʂ.ʍ. ʂʘʥʦʥʠʜʠ (ʀɿʄʀʈɸʅ) 

                         ɺ.ʀ. ɹʫʙʝʥʥʠʢʦʚʘ (ʃʃɺʕ).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʪʦʨʦʡ ʠʟ ʵʪʠʭ ʪʝʤ ʚʢʣʶʯʘʣʠ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʫʩʪʘʥʦʚʢʘʭ ʚ ʄʦʩʢʚʝ ʠ ʥʘ ɹʘʢʩʘʥʝ, ʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʶ 
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ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʫʩʪʘʥʦʚʢʠ  PRISMA ʚ ʊʠʙʝʪʝ (ʗʥʛʙʘʜʞʠʥʛ, ʂʅʈ) ʩʦʚʤʝʩʪʥʦ ʩ 

ʢʠʪʘʡʩʢʠʤʠ ʢʦʣʣʝʛʘʤʠ ʚ ʨʘʤʢʘʭ ɼʦʛʦʚʦʨʘ ʦ ʥʘʫʯʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʤʝʞʜʫ ʀʗʀ ʈɸʅ ʠ 

ʀʥʩʪʠʪʫʪʦʤ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʂʠʪʘʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ  (ʇʝʢʠʥ).  

ʀʩʧʦʣʥʠʪʝʣʠ: ɸʣʝʢʩʝʝʥʢʦ ɺ.ɺ. (ɹʅʆ) 

ɺʦʣʯʝʥʢʦ ɺ.ʀ. (ɹʅʆ) 

ɻʨʦʤʫʰʢʠʥ ɼ.ʄ. (ʩʦʚʤʝʩʪʠʪʝʣʴ, ʘʩʧʠʨʘʥʪ ʄʀʌʀ) 

ɼʞʘʧʧʫʝʚ ɼ.ɼ. (ɹʅʆ) 

ʂʫʜʞʘʝʚ ɸ.ʋ. (ɹʅʆ) 

ʄʠʭʘʡʣʦʚʘ ʆ.ʀ. (ɹʅʆ) 

ʉʪʝʧʘʥʦʚ ɺ.ʀ. (ʃʃɺʕ) 

ʃʘʭʦʥʠʥ ɸ.ɸ. (ʩʪʫʜʝʥʪ ʄʀʌʀ) 

ʑʝʛʦʣʝʚ ʆ.ɹ. (ʘʩʧʠʨʘʥʪ ʀʗʀ, ʃʃɺʕ) 

ʈʫʣʝʚ ɺ.ɺ.(ʃʃɺʕ)  

 

11.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʚʘʨʠʘʮʠʡ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 1011 ï 1020 ʵɺ 

ʘ) ɿʘ ʧʝʨʠʦʜ 2014 ʧʨʦʚʦʜʠʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʛʫʣʷʨʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʥʝʰʥʠʭ ʫʜʘʣʸʥʥʳʭ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʧʫʥʢʪʦʚ. ɺʸʣʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʧʨʦʩʤʦʪʨ 

ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ ʚ ʩʞʘʪʦʤ ʨʝʞʠʤʝ. 

ʙ) ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʩʥʷʪʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʠʜʝʦʢʘʤʝʨʳ. 

ʚ) ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʵʬʬʝʢʪʳ ʚʦ ʚʨʝʤʷ ʛʨʦʟ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ 

ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ ʧʨʦʚʝʜʝʥʦ 5 ʜʦʢʣʘʜʦʚ ʥʘ 

ʨʦʩʩʠʡʩʢʦʡ ʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʇʦʜʛʦʪʦʚʣʝʥʦ ʠ ʩʜʘʥʦ ʚ ʨʝʜʘʢʮʠʶ 4 ʩʪʘʪʴʠ. 

 

11.1.1 ʀʩʩʣʝʜʦʚʘʥʠʡ ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚʦ ʚʨʝʤʷ ʛʨʦʟ. 

ɺʠʜʝʦʥʘʙʶʜʝʥʠʝ ʫʜʘʣʸʥʥʳʤʠ ʢʘʤʝʨʘʤʠ   

 

ɺ ʪʝʯʝʥʠʠ ʧʝʨʠʦʜʘ 2014 ʛ. ʤʝʪʦʜʦʤ, ʦʩʚʦʝʥʥʳʤ ʚ 2013 ʛ., ʨʝʛʫʣʷʨʥʦ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʧʠʩʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ ʦʪʩʥʷʪʦʛʦ ʜʚʫʤʷ ʫʜʘʣʸʥʥʳʤʠ 

ʚʠʜʝʦʢʘʤʝʨʘʤʠ. ɺʠʟʫʘʣʴʥʦ, ʚ ʩʞʘʪʦʤ ʨʝʞʠʤʝ, ʧʨʦʩʤʘʪʨʠʚʘʣʩʷ ʟʘʧʠʩʘʥʥʳʡ ʤʘʪʝʨʠʘʣ. ʅʠʞʝ 

ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʛʦʜʦʚʦʛʦ ʧʨʦʩʤʦʪʨʘ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʨʠʘʣ ʧʦ 

ʚʠʜʝʦ ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʦʟʦʚʳʭ ʩʦʙʳʪʠʡ ʢʘʤʝʨʘʤʠ ʚ ʨʘʟʥʳʭ ʧʫʥʢʪʘʭ. ʀʟ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ 



289 
 

ʧʦʣʦʚʠʥʘ ʚʩʝʭ ʛʨʦʟ, ʚʠʜʠʤʘʷ ʚ ʅʝʡʪʨʠʥʦ, ʥʝ ʚʠʜʥʘ ʚ ʍʘʩʘʥʴʝ. ʅʦʯʥʳʝ ʛʨʦʟʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘʜ ɹʅʆ ï ʨʝʜʢʦʩʪʴ. ʊʦʣʴʢʦ ʦʜʥʦ ʛʨʦʟʦʚʦʝ ʩʦʙʳʪʠʝ (ʙʣʠʟʢʦʝ ʢ ʅʝʡʪʨʠʥʦ), ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʷʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ 

ʛʨʦʟʦʚʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʉʘʤ ʘʥʘʣʠʟ ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚʦ ʚʨʝʤʷ ʛʨʦʟ 2014ʛ. ʝʱʸ 

ʥʝ ʧʨʦʚʦʜʠʣʩʷ.  

ʊʘʙʣʠʮʘ 1.  

 ʍʘʩʘʥʴʷ (75ʢʤ) ʅʝʡʪʨʠʥʦ (1ʢʤ) 

ɺʩʝʛʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʦʯʥʳʭ ʛʨʦʟ 20 13 

ɹʣʠʟʢʠʝ (ʤʦʣʥʠʝʚʳʝ ʨʘʟʨʷʜʳ ʥʘʜ ʢʘʤʝʨʦʡ) 1 2 

ɺʠʜʠʤʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʜʚʫʭ ʧʫʥʢʪʘʭ 7 

ɹʣʠʟʢʠʝ ʢ ʅʝʡʪʨʠʥʦ, ʚʠʜʠʤʳʝ ʚ ʍʘʩʘʥʴʝ. 1 

 

ɺʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʩʤʦʪʨʘ. ɺ ʧʫʥʢʪʝ, ʨʘʟʤʝʱʸʥʥʳʤ ʚ ʩ. ʍʘʩʘʥʴʷ 

(75 ʢʤ), ʚ ʷʩʥʫʶ ʧʦʛʦʜʫ, ʤʦʞʥʦ ʫʚʝʨʝʥʥʦ ʚʝʩʪʠ ʫʜʘʣʸʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʦʙʣʘʩʪʠ ʩʪʨʘʪʦʩʬʝʨʳ 

ʥʘʜ ɹʅʆ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜ ʧʦʟʜʥʝʡ ʦʩʝʥʠ ʠ ʥʘʯʘʣʘ ʟʠʤʳ, ʢʦʛʜʘ ʨʝʛʫʣʷʨʥʦ ʚ ʥʝʙʝ 

ʚʠʩʠʪ ʧʣʦʪʥʳʡ ʥʠʟʢʠʡ ʪʫʤʘʥ. ɺ ʪʝʯʝʥʠʠ ʛʨʦʟʦʚʦʛʦ ʩʝʟʦʥʘ, ʦʞʠʜʘʝʪʩʷ 1-2 ʥʦʯʥʳʭ ʛʨʦʟʳ ʥʘʜ 

ɹʅʆ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʜʘʣʸʥʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ (ʠʟ ʩ. 

ʍʘʩʘʥʴʷ). 

 

11.1.2 ʂʘʣʠʙʨʦʚʢʘ ʚʠʜʝʦʢʘʤʝʨ 

 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ, ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʚʠʜʝʦʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʘʤʝʨʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʚʠʜʝʦʩʠʛʥʘʣʘ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ ʧʦ ʥʦʤʝʨʘʤ ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ ʮʚʝʪʘ (256 ʢʘʥʘʣʦʚ) ʚ ʦʙʣʘʩʪʠ ʩʚʝʯʝʥʠʷ ʥʘ 

ʩʥʠʤʢʝ J. ʂʘʣʠʙʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʪʸʤʥʦʤ ʧʦʤʝʱʝʥʠʠ ʚ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʮʚʝʪʦʚʳʝ ʬʠʣʴʪʨʳ, ʜʥʝʚʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʦʪʢʣʶʯʘʶʪʩʷ, 

ʠʟʦʙʨʘʞʝʥʠʝ ʯʸʨʥʦ - ʙʝʣʦʝ, ʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʤʘʪʨʠʮʳ 

ʚʠʜʝʦʢʘʤʝʨʳ ʠ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʧʨʠʥʠʤʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠʤʝʨ ʬʦʥʦʚʦʛʦ 

ʪʝʤʥʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʩʨʝʜʥʷʷ 

ʷʨʢʦʩʪʴ (ʚ ʢʘʥʘʣʘʭ) Jʬ = 7 ʢ. ʆʪʤʝʪʠʤ, ʦʩʚʝʱʸʥʥʦʩʪʠ ʤʘʪʨʠʮʳ Eʤ ʦʪʚʝʯʘʝʪ ʧʨʝʚʳʰʝʥʠʝ 

ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ ʥʘʜ ʬʦʥʦʤ Jʘ =J-Jʬ ~ Eʤ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʦʩʚʝʱʸʥʥʦʩʪʴʶ ʢʘʤʝʨʳ ɽʢ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʲʝʢʪʠʚʘ: ɽʤ = mĀɽʢ. ʂʦʵʬʬʠʮʠʝʥʪ m ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʬʦʢʫʩʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ 

F. ɺ ʪʝʢʫʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʙʲʝʢʪʠʚʘ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʤʘʢʩʠʤʘʣʴʥʦʝ 
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ʧʦʣʦʞʝʥʠʝ Fmax, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʦʙʟʦʨʫ (ʫʛʣʦʚʦʤʫ ʨʘʟʤʝʨʫ ʩʥʠʤʢʘ). 

ʋʩʣʦʚʠʝ ʢʘʣʠʙʨʦʚʢʠ ʦʧʨʝʜʝʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ɖL ʤʝʞʜʫ ʦʩʚʝʱʸʥʥʦʩʪʴʶ ʢʘʤʝʨʳ 

ʵʪʘʣʦʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ Eʢ ʠ ʧʨʝʚʳʰʝʥʠʝʤ ʷʨʢʦʩʪʠ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ Jʘ, ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʥʘʩʪʨʦʡʢʘʭ ʦʙʲʝʢʪʠʚʘ, ʠʟ ʫʨʘʚʥʝʥʠʷ: 

Eʢ = ɖLĀJʘ.      (1) 

ʂʘʢ ʵʪʘʣʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʝʪʦʜʠʦʜʳ ʨʘʟʥʳʭ ʮʚʝʪʦʚ, ʩ ʠʟʚʝʩʪʥʦʡ 

(ʧʦ ʧʘʩʧʦʨʪʫ) ʩʠʣʦʡ ʩʚʝʪʘ I ~ 1 ʢʜ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʦʪʨʘʞʸʥʥʦʛʦ ʩʚʝʪʘ, ʩʚʝʪʦʚʦʡ 

ʧʦʪʦʢ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣ ʦʛʨʘʥʠʯʝʥ ʰʠʨʠʥʦʡ ʚ 1ʦ. ʆʛʨʘʥʠʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʸʤ 

ʧʦʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚ ʟʘʢʨʳʪʳʡ ʷʱʠʢ ʩ ʤʘʣʳʤ ʦʪʚʝʨʩʪʠʝʤ. ʂʦʣʣʠʤʠʨʦʚʘʥʥʳʡ ʣʫʯ 

ʥʘʧʨʘʚʣʷʣʩʷ ʚ ʢʘʤʝʨʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ ʫʜʘʣʝʥʠʠ 7.5 ʤ. ʆʩʚʝʱʸʥʥʦʩʪʴ ʥʘ ʦʙʲʝʢʪʠʚʝ ʢʘʤʝʨʳ:  

ɽʢ [ʣ] = I/r2 [ʢʜ/ʤ2].      (2) 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʙʣʫʯʸʥʥʦʩʪʴ Wʢ[ɺʪ/ʤ2]=Eʢ/(kĀn), ʛʜʝ k = 683 [ʣʤ/ɺʪ], n(ɚ) Ò 1 ï 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʛʣʘʟʘ. ʇʨʠ ʟʘʜʘʥʥʦʡ ʫʜʘʣʸʥʥʦʩʪʠ ʢʘʤʝʨʳ ʷʨʢʦʩʪʴ ʧʠʢʩʝʣʝʡ ʚ 

ʠʟʦʙʨʘʞʝʥʠʠ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʝʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 255. ʅʝʦʙʭʦʜʠʤʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʦʩʚʝʱʸʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʵʪʠʭ 

ʮʝʣʝʡ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʧʪʠʢʫ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʥʘ ʢʘʤʝʨʝ. ʋʚʝʣʠʯʠʚʘʷ ʩ ʧʦʤʦʱʴʶ ʦʙʲʝʢʪʠʚʘ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ (ʫʤʝʥʴʰʘʷ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ çʨʘʟʤʳʚʘʷè ʠʟʦʙʨʘʞʝʥʠʝ 

ʨʝʛʫʣʠʨʦʚʢʦʡ ʨʝʟʢʦʩʪʠ) ʵʥʝʨʛʠʷ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʷʨʢʦʩʪʴ ʩʚʝʯʝʥʠʷ ʢʘʞʜʦʛʦ ʧʘʜʘʝʪ. ʋʤʝʥʴʰʘʷ ʦʩʚʝʱʸʥʥʦʩʪʴ ʤʘʪʨʠʮʳ ʥʘʩʪʨʦʡʢʘʤʠ ʦʙʲʝʢʪʠʚʘ, 

ʜʣʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʘʝʤ ʵʬʬʝʢʪ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʤʝʥʴʰʝʥʠʶ 

ʦʩʚʝʱʸʥʥʦʩʪʠ ʢʘʤʝʨʳ ʝʩʣʠ ʙʳ ʥʘʩʪʨʦʡʢʠ ʥʝ ʤʝʥʷʣʠʩʴ. ʊʦʛʜʘ ʢʘʣʠʙʨʦʚʢʫ ʜʣʷ ʩʨʝʜʥʝʡ ʷʨʢʦʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ ʚ ʦʙʣʘʩʪʴ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʦʩʚʝʱʸʥʥʦʩʪʠ ʢʘʤʝʨʳ ɽʥ, ʤʝʥʷʷ 

ʥʘʩʪʨʦʡʢʠ ʦʙʲʝʢʪʠʚʘ. 

Eʥ = ɖLĀJʘ,    ʛʜʝ ɽʥ = mĀɽʢ     (3) 

ʆʪʤʝʪʠʤ, ʨʝʟʫʣʴʪʘʪ ʪʘʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠʤʝʥʠʤ ʣʠʰʴ ʜʣʷ ʨʝʞʠʤʘ ʧʨʝʞʥʠʭ ʥʘʩʪʨʦʝʢ. 

ʅʘ ʨʠʩʫʥʢʘʭ 2 - 5 ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʠʩʪʦʯʥʠʢʘ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ (ɚ=630 ʥʤ, J = 0.5 ʢʜ) ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʬʦʢʫʩʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʠ ʨʘʟʥʦʡ ʥʘʩʪʨʦʡʢʝ ʨʝʟʢʦʩʪʠ. ʀʟ ʬʦʪʦʛʨʘʬʠʡ ʚʠʜʥʦ, ʢʘʢ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʧʦʥʠʞʝʥʠʝʤ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ. ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʧʨʝʚʳʰʝʥʠʷ ʵʪʦʡ ʷʨʢʦʩʪʠ ʥʘʜ ʬʦʥʦʤ Jʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʦʩʣʘʙʣʝʥʥʦʡ 

ʵʪʘʣʦʥʥʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ ʢʘʤʝʨʳ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ: 

m = (Sʦ/S)Ā(Fmin/Fmax).     (4) 

ɻʜʝ Fminï ʤʠʥʠʤʘʣʴʥʦʝ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, So ï ʧʣʦʱʘʜʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 

ʥʘ ʬʦʪʦʛʨʘʬʠʠ ʧʨʠ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʫʚʝʣʠʯʝʥʠʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʟʢʦʩʪʠ, ʘ S, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʣʦʱʘʜʴ ʠʟʦʙʨʘʞʝʥʠʷ ʩ çʨʘʟʤʳʪʦʡè ʨʝʟʢʦʩʪʴʶ. ʊʦ ʝʩʪʴ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 

ʜʣʷ ʩʨʝʜʥʝʡ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʘʝʤ çʥʦʚʫʶ ʦʩʣʘʙʣʝʥʥʫʶ ʦʩʚʝʱʸʥʥʦʩʪʴ ʢʘʤʝʨʳè ɽʥ 
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= mĀɽʢ. ʅʘʧʨʠʤʝʨ, ʩʨʝʜʥʝʝ ʧʨʝʚʳʰʝʥʠʝ ʥʘʜ ʬʦʥʦʤ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 

Jʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʩʣʘʙʣʝʥʠʷ m ʜʣʷ ʨʠʩ. 2: (>248ʢ) ʠ 0.22; ʜʣʷ ʨʠʩ. 3: 32ʢ 

ʠ 7.5Ā10-4; ʜʣʷ ʨʠʩ. 4: 14 ʠ 2.9Ā10-4; ʜʣʷ ʨʠʩ. 5: 9 ʠ 1.5Ā10-4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʸʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʘʣʠʙʨʦʚʢʫ ʚʠʜʝʦʩʠʛʥʘʣʘ ʙʣʠʟʢʦ ʢ ʧʦʨʦʛʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʪʨʠʮʳ 

ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʳʡ ʵʪʘʣʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ. ʋʯʠʪʳʚʘʷ (2) ʠ (4), ʠʟ (3) ʩʣʝʜʫʝʪ  

ɖL = (Sʦ/S)Ā(Fmin/Fmax)(I/r2)/Ja.    (5) 

ɿʜʝʩʴ So/S ʠ Ja ʠʟʤʝʨʷʝʤʳʝ ʚʝʣʠʯʠʥʳ, ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ï ʧʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ. 

ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʣʠʙʨʦʚʢʠ ɖL ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʦʩʚʝʱʸʥʥʦʩʪʠ ʚ ʣʶʢʩʘʭ 

ʦʪʚʝʯʘʶʱʝʡ ʧʨʝʚʳʰʝʥʠʶ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʴ ʥʘʜ ʬʦʥʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʚ 1 ʢʘʥʘʣ, ʚ ʫʩʣʦʚʠʷʭ 

ʙʣʠʟʢʠʭ ʢ ʧʦʨʦʛʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʣʠʙʨʦʚʢʠ: ɖW = ɖL/(kĀn), 

ʛʜʝ k = 683 [ʣʤ/ɺʪ], n(ɚ) ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʛʣʘʟʘ. ɽʛʦ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʣʫʯʸʥʥʦʩʪʠ ʢʘʤʝʨʳ, ʦʪʚʝʯʘʶʱʝʡ ʧʨʝʚʳʰʝʥʠʶ ʷʨʢʦʩʪʠ 

ʧʠʢʩʝʣʴ ʥʘʜ ʬʦʥʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʚ 1 ʢʘʥʘʣ. ʂʘʣʠʙʨʦʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ 

ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʢʠ ʜʣʷ 5 ʵʪʘʣʦʥʥʳʭ 

ʠʟʣʫʯʘʪʝʣʝʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʚʳʧʦʣʥʷʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʨʘʟʥʳʭ 

ʥʘʩʪʨʦʡʢʘʭ ʦʙʲʝʢʪʠʚʘ. ʇʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʦʰʠʙʢʠ ʦʪʚʝʯʘʶʪ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʨʘʟʙʨʦʩʫ. 

ʊʘʙʣʠʮʘ 2 

 ɚ [ʥʤ] 405 

ʬʠʦʣʝʪʦʚʳʡ 

430 

ʩʠʥʠʡ 

525 

ʟʝʣʸʥʳʡ 

630 

ʢʨʘʩʥʳʡ 

940 

ʀʂ 

ʌʦʪʦ-

ʤʝʪʨʠʯ. 

ʝʜʠʥʠʮʳ 

ɖL(ɚ)Ā107 

[ʣ/ʢ] 
0.42(1Ñ.11) 0.55(1Ñ.15) 1.33(1Ñ.13) 1.80(1Ñ.13)  

ɛL(ɚ) 3.2 2.4 1 .74 Ð 

ʕʥʝʨʛʝ-

ʪʠʯ. 

ʝʜʠʥʠʮʳ 

ɖW(ɚ)Ā109 

[(ɺʪ/ʤ2)/ʢ] 
76(1Ñ.11) 6.9(1Ñ.15) 0.25(1Ñ.13) 1.0(1Ñ.13) 5.1(1Ñ.14) 

ɛW(ɚ) 0.003 0.036 1 0.247 0.048 

 

ɺ ʪʘʙʣʠʮʝ 2, ɛL(ɚ) - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ (ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

ʢʘʤʝʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʟʘ), ɛW(ɚ) ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ. ʀʟ 

ʟʥʘʯʝʥʠʡ ɛL(ɚ) ʩʣʝʜʫʝʪ, ʯʪʦ ʢʘʤʝʨʘ ʨʝʛʠʩʪʨʠʨʫʝʪ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʥʝʚʠʜʠʤʦʝ ʛʣʘʟʦʤ, 

ʢʨʦʤʝ ʪʦʛʦ ʦʥʘ ʠ ʚ ʦʙʣʘʩʪʠ ʢʦʨʦʪʢʠʭ ʚʦʣʥ ʯʫʚʩʪʚʠʪʝʣʴʥʝʝ ʚ 2 ï 3 ʨʘʟʘ. ʀʟ ʟʥʘʯʝʥʠʡ ɛW(ɚ) 

ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʵʥʝʨʛʠʷ ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ. 

ʀʤʝʷ, ʧʨʠ ʥʦʯʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʯʝʨʥʦ ʙʝʣʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʥʝʠʟʚʝʩʪʥʦʛʦ ʮʚʝʪʘ, ʚ 

ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠʝ ʜʣʷ 
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ʟʝʣʸʥʦʛʦ ɖL = 10-7 ʣ/ʢ, ɖW = 2Ā10-10 (ɺʪ/ʤ2)/ʢ. ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʙʦʣʴʰʦʡ ʯʘʩʪʠ ʚʠʜʠʤʦʛʦ 

ʩʧʝʢʪʨʘ ʙʫʜʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ.  

 

ʈʠʩ. 1. ʌʦʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʠʢʩʝʣʝʡ ʧʦ 256 ʦʪʪʝʥʢʘʤ ʩʝʨʦʛʦ ʮʚʝʪʘ. ʇʦ ʚʝʨʪʠʢʘʣʠ ï 

ʧʨʦʮʝʥʪʳ. ʇʦ ʛʦʨʠʟʦʥʪʘʣʠ ï ʥʦʤʝʨʘ ʢʘʥʘʣʦʚ. 

 

 

ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʠʷ ʠʩʪʦʯʥʠʢʘ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ (ɚ = 630 ʥʤ, I = 0.5 ʢʜ). ʌʦʢʫʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʠʥʠʤʘʣʴʥʦʝ. ʈʝʟʢʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʷ: (5, 5) 
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ʈʠʩ. 3. ʀʩʪʦʯʥʠʢ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ (ɚ = 630 ʥʤ, I = 0.5 ʢʜ). ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʠʥʠʤʘʣʴʥʦʝ. ʈʝʟʢʦʩʪʴ ʨʘʩʩʪʨʦʝʥʘ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʷ: (84, 90). 

 

 

ʈʠʩ. 4. ʀʩʪʦʯʥʠʢ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ (ɚ = 630 ʥʤ, I = 0.5 ʢʜ). ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʠʥʠʤʘʣʴʥʦʝ. ʈʝʟʢʦʩʪʴ ʨʘʩʩʪʨʦʝʥʘ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʷ: (134, 147). 

 

 

ʈʠʩ. 5. ʀʩʪʦʯʥʠʢ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ (ɚ = 630 ʥʤ, I = 0.5 ʢʜ). ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʠʥʠʤʘʣʴʥʦʝ. ʈʝʟʢʦʩʪʴ ʨʘʩʩʪʨʦʝʥʘ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʷ: (186, 197). 

 

11.1.3 ʅʘʙʣʶʜʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʩʦʙʳʪʠʡ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ ʩ 

ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ ʠ ʩʝʯʝʥʠʝʤ ʩʪʨʘʪʦʩʬʝʨʳ 

 

 ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 2013 ʛ. ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʫʯʘʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ 

ʦ ʥʘʣʠʯʠʠ ʢʦʨʨʝʣʷʮʠʠ ʘʥʦʤʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚʦ ʚʨʝʤʷ ʛʨʦʟ, ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʩʚʝʯʝʥʠʝʤ ʦʙʣʘʩʪʝʡ ʘʪʤʦʩʬʝʨʳ 

ʠ ʧʫʣʴʩʘʮʠʷʤʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʬʘʢʪ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʛʣʦʙʘʣʴʥʳʭ 
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ʚʦʟʤʫʱʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʛʨʦʟʦʚʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʄʘʛʥʠʪʥʳʝ ʧʫʣʴʩʘʮʠʠ 

ʧʨʦʚʦʮʠʨʫʶʪ ʘʪʤʦʩʬʝʨʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʘ ʪʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʠʭ. 

ʊʘʢ ʥʘ ʨʠʩ. 6, ʥʘ ʧʨʠʤʝʨʝ ʩʦʙʳʪʠʷ 31.08.2013 ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʠʟʤʝʨʷʝʤʳʭ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʛʨʦʟʦʚʦʡ ʧʨʦʮʝʩʩ. 

ʆʢʦʣʦ 5 ʯ ʫʪʨʘ ʦʪʤʝʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʇʦ 

ʜʘʥʥʳʤ ʧʦʣʫʯʝʥʥʳʤ ʙʣʠʞʥʝʡ ʢʘʤʝʨʦʡ (ʫʜʘʣʝʥʠʝ ʦʪ ʫʩʪʘʥʦʚʢʠ 1 ʢʤ), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʦʩʚʝʱʸʥʥʦʩʪʠ ʢʘʤʝʨʳ ʚ ʧʝʨʠʦʜ ʛʨʦʟʳ, ʥʘ ʫʨʦʚʥʝ ~0.5Ā10-7 ʣ, ʩ 

ʜʦʞʜʸʤ ʠ ʚʘʨʠʘʮʠʷʤʠ ʤʷʛʢʦʡ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʧʝʨʠʦʜ ʧʦʟʞʝ 5 ʯ ï ʫʪʨʝʥʥʷʷ ʟʘʩʚʝʪʢʘ. ɺ 

ʫʜʘʣʸʥʥʦʤ ʧʫʥʢʪʝ, ʚ ʍʘʩʘʥʴʝ (ʫʜʘʣʝʥʠʝ 75 ʢʤ), ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʚʝʯʝʥʠʷ ʦʙʣʘʩʪʠ 

ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʫʩʪʘʥʦʚʢʦʡ ʚ ʧʨʝʜʫʪʨʝʥʥʠʡ ʧʝʨʠʦʜ, ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʡ 

ʷʨʢʦʩʪʠ ʦʙʣʘʩʪʠ ʩʥʠʤʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʪʨʦʧʦʩʬʝʨʝ ʥʘʜ ʥʝʡ, ʢ ʩʨʝʜʥʝʡ ʷʨʢʦʩʪʠ ʧʦ ʚʩʝʤʫ 

ʩʥʠʤʢʫ. ʅʘ ʨʠʩ. 6, ʧʘʥʝʣʴ 7 ʧʨʠʚʝʜʸʥ ʛʨʘʬʠʢ ʦʪʥʦʰʝʥʠʷ. ʀʟ ʥʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ 

ʯʘʩʪʴ ʥʝʙʘ, ʧʨʦʩʤʘʪʨʠʚʘʝʤʘʷ ʢʘʤʝʨʦʡ ʚ ʫʜʘʣʸʥʥʦʤ ʧʫʥʢʪʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʙʣʘʩʪʠ 

ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʫʩʪʘʥʦʚʢʦʡ, ʚ ʧʝʨʠʦʜ ʩ 4.5 ï 5 ʯ ʠʩʧʳʪʘʣʘ ʨʦʩʪ ʠ ʩʧʘʜ ʩʚʝʯʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʚ 4ʯ 41ʤ. ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʵʪʦ ʚʨʝʤʷ ʫʩʪʘʥʦʚʢʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘ ʠʟʙʳʪʦʢ 

ʛʘʤʤʘ ï ʢʚʘʥʪʦʚ ʥʘʜ ʬʦʥʦʤ.  
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ʈʠʩ. 6. ɻʨʦʟʦʚʦʝ ʩʦʙʳʪʠʝ 31.08.2013. ʅʘ ʛʨʘʬʠʢʘʭ ʚʨʝʤʷ ʧʨʠʚʝʜʝʥʦ ʤʝʩʪʥʦʝ ʠʩʪʠʥʥʦʝ, 

ʦʧʝʨʝʞʘʶʱʝʝ ʤʠʨʦʚʦʝ ʥʘ 3 ʯʘʩʘ. ʅʘ ʧʷʪʠ ʚʝʨʭʥʠʭ ʧʘʥʝʣʷʭ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʫʩʨʝʜʥʸʥʥʳʝ ʧʦ 

15 ʩʝʢʫʥʜ. ʉʚʝʨʭʫ ʚʥʠʟ: 1 ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ. 2 ʄʦʣʥʠʝʦʪʤʝʪʯʠʢ (ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʝʜʠʥʠʮʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʘʤʧʣʠʪʫʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʤʦʣʥʠʠ). 3 ɺʘʨʠʘʮʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʷʛʢʦʡ ʢʦʤʧʦʥʝʥʪʳ. 4 ɺʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʞʸʩʪʢʦʡ ʢʦʤʧʦʥʝʥʪʳ. 5 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʜʦʞʜʷ. 6 ɹʣʠʞʥʷʷ ʢʘʤʝʨʘ. ʉʨʝʜʥʷʷ ʷʨʢʦʩʪʴ ʧʠʢʩʝʣʝʡ ʧʦ ʚʩʝʤʫ ʩʥʠʤʢʫ 

(ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ: 1 ~ 10-7ʣ ʦʩʚʝʱʸʥʥʦʩʪʠ). ɼʦ ʤʦʤʝʥʪʘ 3ʯ. 41 ʤ. 24 ʩ., ʧʨʠʚʦʜʠʪʩʷ 1 

ʠʟʤʝʨʝʥʠʝ ʟʘ ʢʘʞʜʳʝ 30 ʩʝʢ. ɼʘʣʝʝ, ʜʘʥʥʳʝ ʧʦʩʝʢʫʥʜʥʳʝ, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ 4 ʢʘʜʨʘʤ (4 
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ʩʝʢʫʥʜʳ). 7 ɼʘʣʴʥʷʷ ʢʘʤʝʨʘ. ʆʪʥʦʰʝʥʠʝ ʷʨʢʦʩʪʠ ʦʙʣʘʩʪʠ ʪʨʦʧʦʩʬʝʨʳ ʢ ʩʨʝʜʥʝʡ ʷʨʢʦʩʪʠ ʧʦ 

ʚʩʝʤʫ ʩʥʠʤʢʫ. ʇʨʠʚʝʜʝʥʳ ʩʝʢʫʥʜʥʳʝ ʟʥʘʯʝʥʠʷ. 8 ɺʘʨʠʘʮʠʠ H-ʢʦʤʧʦʥʝʥʪʳ ʠʥʜʫʢʮʠʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʝʢʫʥʜʥʳʝ ʟʥʘʯʝʥʠʷ. ʊʦʣʩʪʘʷ ʣʠʥʠʷ ï ʜʘʥʥʳʝ ɹʅʆ, ʰʢʘʣʘ ʩʣʝʚʘ. ʊʦʥʢʘʷ 

ï ʜʘʥʥʳʝ ʄʦʩʢʚʳ (ʀɿʄʀʈɸʅ), ʰʢʘʣʘ ʩʧʨʘʚʘ. 9 ɺʘʨʠʘʮʠʠ D-ʢʦʤʧʦʥʝʥʪʳ ʠʥʜʫʢʮʠʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʝʢʫʥʜʥʳʝ ʟʥʘʯʝʥʠʷ. ʊʦʣʩʪʘʷ ʣʠʥʠʷ ï ʜʘʥʥʳʝ ɹʅʆ, ʰʢʘʣʘ ʩʣʝʚʘ. ʊʦʥʢʘʷ 

ï ʜʘʥʥʳʝ ʄʦʩʢʚʳ (ʀɿʄʀʈɸʅ), ʰʢʘʣʘ ʩʧʨʘʚʘ. 

ʍʘʨʘʢʪʝʨʥʘʷ ʘʤʧʣʠʪʫʜʘ ʚʦʟʤʫʱʝʥʠʷ ʦʩʚʝʱʸʥʥʦʩʪʠ ʢʘʤʝʨʳ ʚ ʫʜʘʣʸʥʥʦʤ ʧʫʥʢʪʝ ʵʪʠʤ 

ʣʦʢʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʫʤʘ ~2Ā10-7 ʣ. (4Ā10-10 ɺʪ/ʤ2). ʉʥʠʤʦʢ ʵʪʦʛʦ ʤʦʤʝʥʪʘ, 

ʩ ʫʩʠʣʝʥʥʦʡ ʷʨʢʦʩʪʴʶ ʚ 8 ʨʘʟ, ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 7. ɺʠʜʥʘ ʧʦʜʩʚʝʪʢʘ ʦʙʣʘʢʦʚ ʠʩʪʦʯʥʠʢʦʤ ʚ 

ʩʪʨʘʪʦʩʬʝʨʝ, ʥʘ ʚʳʩʦʪʝ ʚʳʰʝ 14 ʢʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʧʦʨʷʜʢʘ 25 ʢʤ ʚ ʧʦʧʝʨʝʯʠʥʝ. ʀʟ ʘʥʘʣʠʟʘ 

ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ɹʅʆ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʦʟʤʫʱʝʥʠʡ çʛʣʦʙʘʣʴʥʦʛʦè ʧʦʣʷ ʚ ʧʝʨʠʦʜ ʛʨʦʟʳ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦ 

ʵʪʦ ʟʘʤʝʪʠʪʴ ʧʦ ʛʨʘʬʠʢʫ ʜʣʷ H-ʢʦʤʧʦʥʝʥʪʳ, ʛʜʝ ʘʤʧʣʠʪʫʜʘ ʧʝʨʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʠʟʤʝʨʝʥʥʦʛʦ 

ʚ ɹʅʆ ʚ ʧʝʨʠʦʜ ʜʦ ʛʨʦʟʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʯʪʠ ʪʘʢʘʷ, ʢʘʢ ʠ ʚ ʄʦʩʢʚʝ, ʧʦʩʣʝʜʫʶʱʠʝ ʞʝ 

ʧʫʣʴʩʘʮʠʠ, ʠʟʤʝʨʝʥʥʳʝ ʚʦ ʚʨʝʤʷ ʛʨʦʟʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʜʘʚʣʝʥʳ. ʅʘ ʛʨʘʬʠʢʘʭ, ʥʫʣʝʚʦʡ 

ʫʨʦʚʝʥʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʥʦʚʦʤʫ ʟʥʘʯʝʥʠʶ, ʧʦʩʯʠʪʘʥʥʦʤʫ ʟʘ ʧʝʨʠʦʜ ʩʦʩʝʜʥʠʭ 12 ʯʘʩʦʚ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʛʨʦʟʦʚʦʡ ʧʝʨʠʦʜ (4ʯ 35-50ʤʠʥ), ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʘʥʦʤʘʣʴʥʳʤ 

ʚʦʟʤʫʱʝʥʠʝʤ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ ʠ ʤʘʢʩʠʤʫʤʦʤ ʩʚʝʯʝʥʠʷ ʚ ʩʪʨʘʪʦʩʬʝʨʝ ʥʘʜ ʦʙʣʘʩʪʴʶ ʛʨʦʟʳ, 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ D-ʢʦʤʧʦʥʝʥʪʝ ʚ ʥʘʣʠʯʠʝ çʣʦʢʘʣʴʥʦʛʦè ʚʦʟʤʫʱʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʦʙʱʝʛʦ çʛʣʦʙʘʣʴʥʦʛʦè ʚʦʟʤʫʱʝʥʠʷ.  

 

ʈʠʩ. 7.  ɻʨʦʟʦʚʦʝ ʩʦʙʳʪʠʝ 31.08.2013. ʉʥʠʤʦʢ, ʩʜʝʣʘʥʥʳʡ ʫʜʘʣʸʥʥʦʡ ʢʘʤʝʨʦʡ ʚ ʤʦʤʝʥʪ 

4ʯ 41ʤ (ʤʝʩʪʥʦʛʦ ʠʩʪʠʥʥʦʛʦ ʚʨʝʤʝʥʠ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʚʝʯʝʥʠʶ 

ʣʦʢʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʫʩʪʘʥʦʚʢʦʡ. ʗʨʢʦʩʪʴ ʩʥʠʤʢʘ ʫʩʠʣʝʥʘ ʚ 8 ʨʘʟ. ɺʚʝʨʭʫ 

ʩʥʠʤʢʘ ʜʝʢʨʝʪʥʦʝ ʚʨʝʤʷ. ɺʚʝʨʭʫ ʩʧʨʘʚʘ ʢʦʟʳʨʸʢ ʢʨʳʰʠ ʜʦʤʘ.  
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11.1 ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʧʫʥʢʪʝ, ʨʘʟʤʝʱʸʥʥʳʤ ʚ ʩ. ʍʘʩʘʥʴʷ (75 ʢʤ), ʚ ʷʩʥʫʶ ʧʦʛʦʜʫ, ʤʦʞʥʦ ʫʚʝʨʝʥʥʦ ʚʝʩʪʠ 

ʫʜʘʣʸʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʦʙʣʘʩʪʠ ʩʪʨʘʪʦʩʬʝʨʳ ʥʘʜ ɹʅʆ. ɺ ʪʝʯʝʥʠʠ ʛʨʦʟʦʚʦʛʦ ʩʝʟʦʥʘ, ʦʞʠʜʘʝʪʩʷ 

1-2 ʥʦʯʥʳʭ ʛʨʦʟʳ ʥʘʜ ɹʅʆ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʜʘʣʸʥʥʳʤ 

ʥʘʙʣʶʜʝʥʠʝʤ ʠʟ ʩ. ʍʘʩʘʥʴʷ. 

ʇʨʦʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʚʠʜʝʦʩʠʛʥʘʣʘ ʩ ʢʘʤʝʨʳ ʚʝʜʫʱʝʡ ʥʘʙʣʶʜʝʥʠʝ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʚ 

ʫʩʣʦʚʠʷʭ ʙʣʠʟʢʠʭ ʢ ʧʦʨʦʛʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʦʪʩʥʷʪʦʛʦ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʝʧʨʝʨʳʚʥʦʝ ʩʚʝʯʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʛʨʦʟʦʚʳʤʠ ʦʙʣʘʢʘʤʠ, 

ʢʦʨʨʝʣʠʨʫʶʱʝʝ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ.  

 

11.1 ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ ʧʦʜʛʦʪʦʚʣʝʥʦ 5 ʜʦʢʣʘʜʦʚ. ɼʦʢʣʘʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʠʭ 

ʤʘʪʝʨʠʘʣʘʭ. ʉʜʘʥʦ ʚ ʧʝʯʘʪʴ 5 ʩʪʘʪʝʡ.  

1. ɸ.ʉ. ʃʠʜʚʘʥʩʢʠʡ, ʕʬʬʝʢʪʳ, ʚʳʟʳʚʘʝʤʳʝ ʢʦʩʤʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ ʚ ʛʨʦʟʦʚʦʡ 

ʘʪʤʦʩʬʝʨʝ, ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çXVI  ʍʘʨʠʪʦʥʦʚʩʢʠʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ 

çʄʦʱʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʵʣʝʢʪʨʦʬʠʟʠʢʘèè, ʉʘʨʦʚ, 21-25 ʘʧʨʝʣʷ 2014 ʛ. (ʇʨʠʛʣʘʰʝʥʥʳʡ ʜʦʢʣʘʜ).  

2. ɸ.ʉ.ʃʠʜʚʘʥʩʢʠʡ, ʄ.ʅ.ʍʘʝʨʜʠʥʦʚ, ʅ.ʉ.ʍʘʝʨʜʠʥʦʚ, ʍʘʨʘʢʪʝʨʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʛʨʦʟʦʚʦʡ ʘʪʤʦʩʬʝʨʳ ʠʟ ʜʘʥʥʳʭ ʧʦ ʚʘʨʠʘʮʠʷʤ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 33 ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ (ɼʫʙʥʘ, 11-15 ʘʚʛʫʩʪʘ 2014 ʛ).  

3. ʂ.ʍ. ʂʘʥʦʥʠʜʠ, ɸ.ʉ.ʃʠʜʚʘʥʩʢʠʡ, ʄ.ʅ.ʍʘʝʨʜʠʥʦʚ, ʅ.ʉ.ʍʘʝʨʜʠʥʦʚ,  ɺʘʨʠʘʮʠʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚʦ ʚʨʝʤʷ ʛʨʦʟ ʠ ʥʦʚʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, 33 ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ (ɼʫʙʥʘ, 11-15 ʘʚʛʫʩʪʘ 2014 ʛ).  

4.  ʂ.ʍ. ʂʘʥʦʥʠʜʠ, ɸ.ʅ.ʂʫʨʝʥʷ, ɸ.ʉ.ʃʠʜʚʘʥʩʢʠʡ, ʄ.ʅ.ʍʘʝʨʜʠʥʦʚ, ʅ.ʉ. ʍʘʝʨʜʠʥʦʚ, 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʨʦʟʦʚʳʭ ʦʙʣʘʢʘʭ, 33 ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ (ɼʫʙʥʘ, 11-15 ʘʚʛʫʩʪʘ 2014 ʛ).  

5.  M.N. Khaerdinov, N.S. Khaerdinov, A.S. Lidvansky, Data on cosmic ray variations during 

thunderstorms: Indication to existence of a slow large-scale atmospheric discharge, European Cosmic 

ray Symposium (ECRS) 2014, September 1-5, 2014, Kiel, Germany.   

6.  K. Kh. Kanonidi, M.N. Khaerdinov, N.S. Khaerdinov, A.S. Lidvansky, Correlations of 

cosmic ray particle events during thunderstorms with geomagnetic pulsations, European Cosmic ray 

Symposium (ECRS) 2014, September 1-5, 2014, Kiel, Germany.    
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11.2 ʊʝʧʣʦʚʳʝ ʥʝʡʪʨʦʥʳ ʚ ʰʠʨʦʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʷʭ ʠ 

ʦʢʨʫʞʘʶʱʝʡ  ʩʨʝʜʝ 

 

 ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʨʘʥʝʝ ʥʦʚʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʐɸʃ ʠ ʬʦʥʦʚʳʭ ʧʦʪʦʢʦʚ 

ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʧʦʣʫʯʠʣ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ.  

 ɺ 2014 ʛ. ʧʨʦʚʦʜʠʣʩʷ ʥʘʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʥʝʡʪʨʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ (ʵʥ-ʜʝʪʝʢʪʦʨʦʚ) ʧʦ ʪʝʤʝ çʊʝʧʣʦʚʳʝ 

ʥʝʡʪʨʦʥʳ ʚ ʰʠʨʦʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʷʭ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝè ʥʘ ʚʘʨʠʘʮʠʦʥʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ: çʅʝʡʪʨʦʥè ʚ ʄʀʌʀ, ʚ ʆʙʥʠʥʩʢʝ (ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʈɸʅ), ʚ ʅʀʀʗʌ ʄɻʋ, 

ʚ ɹʅʆ ʠ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦ (ʀʪʘʣʠʷ), ʚ ʗʥʛʙʘʜʞʠʥʛʝ (ʊʠʙʝʪ, ʂʅʈ, 4300 ʤ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ) ʢʘʢ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʥʘʙʣʶʜʝʥʠʷ, ʪʘʢ ʠ ʧʦʜ ʟʝʤʣʝʡ ʘ ʪʘʢʞʝ ʥʘ 

2-ʭ ʧʨʦʪʦʪʠʧʘʭ PRISMA-YBJ ʠ PRISMA-32 ï ʫʩʪʘʥʦʚʢʠ ʥʦʚʦʛʦ ʪʠʧʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʐɸʃ 

(ʧʨʦʝʢʪ PRISMA). ɺ ʜʝʢʘʙʨʝ 2014 ʛ. ʙʳʣʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʧʦʜʟʝʤʥʘʷ ʚʘʨʠʘʮʠʦʥʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʚ ʄɻʋ. 

ʇʦ ʚʘʨʠʘʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʩ ʧʦʤʦʱʴʶ ʥʘʰʝʡ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʠʟ ʵʥ-ʜʝʪʝʢʪʦʨʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʜʘʥʥʳʝ: 

- ʆ ʧʦʪʦʢʘʭ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʚʦ ʚʨʝʤʷ ʌʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʵʥ-ʜʝʪʝʢʪʦʨʦʚ, ʢʘʢ ʥʘʜ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʘʢ ʠ ʧʦʜ ʥʝʡ. ʆʙʥʘʨʫʞʝʥʦ ʥʦʚʦʝ ʷʚʣʝʥʠʝ: ʦʪʢʣʠʢ ʧʦʜʟʝʤʥʳʭ ʵʥ-

ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʌʦʨʙʫʰ-ʵʬʬʝʢʪ. 

- ʇʦ ʠʟʤʝʨʝʥʠʶ ʥʝʡʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚʦ ʚʨʝʤʷ ʛʨʦʟ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʩʦʦʙʱʝʥʠʡ ʦ 

ʚʦʟʤʦʞʥʦʡ ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʤʦʣʥʠʷʤʠ. ɹʳʣ ʧʦʣʫʯʝʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ: ʥʠ ʚ 

ʦʜʥʦʡ ʠʟ ʛʨʦʟ ʢʘʢ ʚ ʄʦʩʢʚʝ, ʪʘʢ ʠ ʚ ʛʦʨʘʭ, ʟʘ 2011-2014 ʛʛ. ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʝʚʳʰʝʥʠʷ 

ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘʜ ʬʦʥʦʚʳʤ ʧʦʪʦʢʦʤ. ɹʦʣʝʝ ʪʦʛʦ, ʚʦ ʚʨʝʤʷ ʩʘʤʦʡ ʤʦʱʥʦʡ ʛʨʦʟʳ 

20.07.2012 ʚ ʄʦʩʢʚʝ, ʢʦʛʜʘ ʤʦʣʥʠʷ ʧʦʧʘʣʘ ʚ ʟʜʘʥʠʝ, ʛʜʝ ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ, ʙʳʣʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦʥʠʞʝʥʠʝ ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, ʩʚʷʟʘʥʥʦʝ, ʢʘʢ ʤʳ 

ʧʦʣʘʛʘʝʤ, ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ. ʊʘʢʦʝ ʞʝ ʧʦʥʠʞʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʥʘ 

ʜʨʫʛʠʭ ʥʘʰʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʝʩʣʠ ʛʨʦʟʘ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʦʙʠʣʴʥʳʤʠ ʦʩʘʜʢʘʤʠ ʧʦʩʣʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʩʫʭʦʛʦ ʧʝʨʠʦʜʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʴʢʦ ʚ ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦʣʥʘʷ ʦʮʠʬʨʦʚʢʘ ʚʩʝʭ ʠʤʧʫʣʴʩʦʚ ʩ ʜʝʪʝʢʪʦʨʦʚ ʠ ʦʪʙʦʨ  ʥʝʡʪʨʦʥʥʳʭ ʩʦʙʳʪʠʡ ʧʦ 

ʬʦʨʤʝ ʠʤʧʫʣʴʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʙʳʪʴ ʘʙʩʦʣʶʪʥʦ ʫʚʝʨʝʥʥʳʤʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʥʘʚʦʜʢʘʤʠ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʤʦʣʥʠʝʚʳʤʠ 
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ʨʘʟʨʷʜʘʤʠ. ʇʦ ʵʪʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʪʘʪʴʷ, ʧʨʠʥʷʪʘʷ ʚ ʢʦʥʮʝ 2014 ʛ. ʚ ʞʫʨʥʘʣ Phys. 

Rev. Letters. 

- ɹʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚ ʚʘʨʠʘʮʠʷʭ ʥʝʡʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʝʨʠʦʜʳ 

(ʚʝʨʦʷʪʥʦʩʪʴ ʩʣʫʯʘʡʥʦʡ ʨʝʘʣʠʟʘʮʠʠ < 10-3) ʚ ʜʠʘʧʘʟʦʥʝ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ɿʝʤʣʠ (12, 15, 35, 43, 54 ʤʠʥ.). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʥʘʙʦʨ 

ʩʪʘʪʠʩʪʠʢʠ ʠ ʧʦʠʩʢ ʢʦʨʨʝʣʷʮʠʡ ʘʤʧʣʠʪʫʜʳ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʤʦʱʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʠ 

ʜʨʫʛʠʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ. ɻʦʪʦʚʠʪʩʷ ʧʫʙʣʠʢʘʮʠʷ. 

 

ʇʦ ʧʨʦʛʨʘʤʤʝ ʠʟʫʯʝʥʠʷ ʐɸʃ ʤʝʪʦʜʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʥʠʭ ʥʝʡʪʨʦʥʦʚ ʚ 

2014 ʛ. ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʄʀʌʀ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ PRISMA-32 ʥʘ ʙʘʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅɽɺʆɼ ʚ 

ʄʀʌʀ). ʅʝʧʨʝʨʳʚʥʦ ʨʘʙʦʪʘʣʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʘʷ ʚʳʩʦʢʦʛʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ PRISMA-YBJ ʚ 

ʊʠʙʝʪʝ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʣʷ ʜʚʫʭ ʫʨʦʚʥʝʡ ʥʘʙʣʶʜʝʥʠʷ ʧʦʣʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʥʝʡʪʨʦʥʦʚ ʚ ʐɸʃ, ʧʦ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝʤ ʚ ʫʩʪʘʥʦʚʢʝ ʠ 

ʯʠʩʣʦʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʥʝʡ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʧʦ ʩʧʝʢʪʨʫ ʐɸʃ ʧʦ ʯʠʩʣʫ 

ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʐɸʃ ʧʦ ʯʠʩʣʫ ʥʝʡʪʨʦʥʦʚ ʠʤʝʝʪ ʩʪʝʧʝʥʥʦʡ ʚʠʜ ʚ 

ʇʵɺ-ʥʦʡ ʦʙʣʘʩʪʠ ʧʝʨʚʠʯʥʳʭ ʵʥʝʨʛʠʡ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʥʘ 33-ʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ ʚ ɼʫʙʥʝ ʠ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ 

ISVHECRIô2014 ʚ ʎɽʈʅʝ. ɻʦʪʦʚʷʪʩʷ ʞʫʨʥʘʣʴʥʳʝ ʧʫʙʣʠʢʘʮʠʠ.  

ɺ ʜʝʢʘʙʨʝ 2014 ʛ. ʙʳʣʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʧʦʜʟʝʤʥʘʷ ʚʘʨʠʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚ ʄɻʋ: 

ʜʦʙʘʚʣʝʥ ʜʝʪʝʢʪʦʨ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʥʘ ʢʨʠʩʪʘʣʣʝ CsI. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʫʩʪʘʥʦʚʢʠ ï ʠʟʫʯʝʥʠʝ 

ʬʦʥʦʚʳʭ ʫʩʣʦʚʠʡ ʚ ʧʦʜʟʝʤʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʠ ʚʘʨʠʘʮʠʡ ʬʦʥʦʚʳʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ. ɺ 2014 ʛ. ʧʦ ʜʘʥʥʳʤ ʵʪʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ ʟʘʜʝʨʞʘʥʥʳʭ ʥʘ  ~2 ʩʫʪʦʢ ʘʥʪʠʢʦʨʨʝʣʷʮʠʡ ʬʦʥʦʚʦʛʦ 

ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʛʣʫʙʦʢʦ ʧʦʜ ʟʝʤʣʝʡ ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ.  

11.2 ʇʫʙʣʠʢʘʮʠʠ 

ɺ 2014 ʛ. ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 2 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, 4 ʧʦʜʛʦʪʦʚʣʝʥʳ ʠ ʧʨʠʥʷʪʳ ʚ ʧʝʯʘʪʴ, 

ʧʦʜʛʦʪʦʚʣʝʥʦ 5 ʜʦʢʣʘʜʦʚ ʥʘ 33-ʶ ɺʩʝʨʦʩʩʠʡʩʢʫʶ ʢʦʥʬʝʨʝʥʮʠʶ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ ʚ 

ɼʫʙʥʝ ʠ 1 ʜʦʢʣʘʜ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ ISVHECRIô2014 ʚ ʎɽʈʅʝ. 

1. ɼ.ɼ. ɼɾɸʇʇʋɽɺ, ɺ.ʀ. ɺʆʃʏɽʅʂʆ, ɸ.ʋ. ʂʋɼɾɸɽɺ, ʆ.ʀ. ʄʀʍɸʁʃʆɺɸ, 

ɺ.ɹ. ʇɽʊʂʆɺ, ʖ.ɺ. ʉʊɽʅʔʂʀʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʜʨʦʥʥʳʭ ʩʪʚʦʣʦʚ ʐɸʃ ʥʘ ʫʩʪʘʥʦʚʢʝ ʂʦʚʝʨ 

ï 2. // ʀʟʚʝʩʪʠʷ ʈɸʅ, ʩʝʨʠʷ ʬʠʟʠʯʝʩʢʘʷ, 78(3), (2014), ʩ. 330-332. 
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2. D. Gromushkin, V. Alekseenko,  A. Petrukhin, O. Shchegolev, Yu. Stenkin, V. Stepanov, 

I.Yashin and E. Zadeba. The array for EAS neutron component detection. JINST, 9, (2014), 

C08028. 

ʉʪʘʪʴʠ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʢ ʧʝʯʘʪʠ ʚ 2014 ʛ.: 

1. V. Alekseenko, F. Arneodo, G. Bruno, et al. Do thunderstorms produce neutrons? // Phys. 

Rev. Lett. (2015) (ʧʨʠʥʷʪʘ ʚ ʧʝʯʘʪʴ) 

2. ɼ. ʄ. ɻʨʦʤʫʰʢʠʥ, ɺ. ʀ. ɺʦʣʯʝʥʢʦ, A. A. ʇʝʪʨʫʭʠʥ, ʖ. ɺ. ʉʪʝʥʴʢʠʥ, ɺ. ʀ. ʉʪʝʧʘʥʦʚ, 

O. ɹ. ʑʝʛʦʣʝʚ, ʀ. ʀ. ʗʰʠʥ. ʅʦʚʳʡ ʤʝʪʦʜ ʨʝʛʠʩʪʨʘʮʠʠ ʘʜʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʐɸʃ. ʗʌ, ʪʦʤ 

78, (2015), ̄ 3-4, ʩ. 1ï 4,  ʚ ʧʝʯʘʪʠ 

3. ɼ.ʄ. ɻʨʦʤʫʰʢʠʥ, ɺ.ʀ.ɺʦʣʯʝʥʢʦ ʠ ʜʨ. ʉʧʝʢʪʨ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʡ ʚ ʫʩʪʘʥʦʚʢʝ 

ʇʈʀɿʄɸ-32. ʀʟʚʝʩʪʠ ʈɸʅ, ʩʝʨʠʷ ʌʠʟʠʯʝʩʢʘʷ, (2015), ʚ ʧʝʯʘʪʠ 

4. ɺ.ɺ. ɸʣʝʢʩʝʝʥʢʦ, ɼ.ʄ. ɻʨʦʤʫʰʢʠʥ ʠ ʜʨ. ɺʘʨʠʘʮʠʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚʦ 

ʚʨʝʤʷ ʛʨʦʟ. ʀʟʚʝʩʪʠ ʈɸʅ, ʩʝʨʠʷ ʌʠʟʠʯʝʩʢʘʷ, (2015), ʚ ʧʝʯʘʪʠ 

ɼʦʢʣʘʜʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. ɺ.ɺ. ɸʣʝʢʩʝʝʥʢʦ, ɼ.ʄ. ɻʨʦʤʫʰʢʠʥ ʠ ʜʨ. ɺʘʨʠʘʮʠʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚʦ 

ʚʨʝʤʷ ʛʨʦʟ. // 33 ɺʂʂʃ, ɼʫʙʥʘ, (2014), ID 45  

15) 2. ʖ.ɺ. ʉʪʝʥʴʢʠʥ, ɺ.ɺ. ɸʣʝʢʩʝʝʥʢʦ, ɼʞ. ɾʘʦ ʠ ʜʨ. ʉʧʝʢʪʨ ʐɸʃ ʧʦ ʯʠʩʣʫ 

ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʧʦ ʜʘʥʥʳʤ ʫʩʪʘʥʦʚʢʠ PRISMA-YBJ. // 33 ɺʂʂʃ, ɼʫʙʥʘ, (2014), ID 97.    

16) 3. ʖ.ɺ. ʉʪʝʥʴʢʠʥ, ɺ.ɺ. ɸʣʝʢʩʝʝʥʢʦ ʠ ʜʨ. ʉʧʝʢʪʨ ʢʨʘʪʥʦʩʪʝʡ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʦʚ ʚ ʐɸʃ ʧʦ ʜʘʥʥʳʤ ʫʩʪʘʥʦʚʢʠ ʇʈʀɿʄɸ-32. // 33 ɺʂʂʃ, ɼʫʙʥʘ, (2014), ID 95.    

4. ʆ. ʑʝʛʦʣʝʚ, ɺ. ɸʣʝʢʩʝʝʥʢʦ ʠ ʜʨ. ʌʇʈ ʘʜʨʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʐɸʃ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʘʭ. // 33 ɺʂʂʃ, ɼʫʙʥʘ, (2014), ID 96. 

5. ɼ.ʄ. ɻʨʦʤʫʰʢʠʥ, ɺ.ʀ.ɺʦʣʯʝʥʢʦ ʠ ʜʨ. ʉʧʝʢʪʨ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʡ ʚ ʫʩʪʘʥʦʚʢʝ 

ʇʈʀɿʄɸ-32. // 33 ɺʂʂʃ, ɼʫʙʥʘ, (2014), ID 145. 

6. O. Shchegolev, V. Alekseenko, et al. EAS electron and hadron lateral distributions 

at different altitudes. // ISVHECRIô2014, CERN, (2014), ID 7  

 

11 ɿʘʢʣʶʯʝʥʠʝ 

ɺ 2014 ʛ. ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʃɺʕ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʥʳʤ 

ʧʣʘʥʘʤ. ʇʦʣʫʯʝʥʳ ʚʘʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʛʝʦʬʠʟʠʢʠ.  
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12 ʃʘʙʦʨʘʪʦʨʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʯʣ.-ʢʦʨʨ. ʈɸʅ ʆ.ɻ.ʈʷʞʩʢʘʷ. 

ʌʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʝʦʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʡ 

ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʩʤʦʣʦʛʠʷ. 

ʅʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ, ʥʝʡʪʨʠʥʥʘʷ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ, ʬʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʧʨʦʙʣʝʤʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʚ ʥʠʟʢʦʬʦʥʦʚʳʭ ʧʦʜʟʝʤʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʠ ʛʣʫʙʦʢʦ ʧʦʜ ʚʦʜʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

ʅʝʡʪʨʦʥʥʘʷ ʬʠʟʠʢʘ, ʪʝʭʥʦʣʦʛʠʷ ʠʥʪʝʥʩʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʦʥʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, ʨʘʜʠʘʮʠʦʥʥʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ. 

ʇʨʠʢʣʘʜʥʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ, ʨʘʜʠʦʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʷʜʝʨʥʘʷ 

ʪʨʘʥʩʤʫʪʘʮʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ. 

ʇʦʠʩʢʠ ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʣʣʘʧʩʦʚ ʟʚʸʟʜ ʚ ɻʘʣʘʢʪʠʢʝ ʥʘ ʜʝʪʝʢʪʦʨʘʭ 

ɸʉɼ ʠ LVD.  

ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʥʝʡʪʨʠʥʦ ʥʘ ʫʩʪʘʥʦʚʢʘʭ LVD ʠ OPERA ʚ ʧʦʜʟʝʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ɻʨʘʥ-ʉʘʩʩʦ. 

 

ʂʦʣʣʘʧʩ ʠ ʬʠʟʠʢʘ ʥʝʡʪʨʠʥʦ ʥʘ ʙʦʣʴʰʠʭ ʧʦʜʟʝʤʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. 

ʈʘʟʚʠʪʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ  ʤʶʦʥʥʳʭ 

ʥʝʡʪʨʠʥʦ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʦʞʜʝʥʠʷ ʪʘʫ-ʥʝʡʪʨʠʥʦ ʚ ʜʝʪʝʢʪʦʨʝ OPERA ʥʘ ʧʫʯʢʘʭ ʥʝʡʪʨʠʥʦ 

ʠʟ ʎɽʈʅ. 

 

ʆʩʥʦʚʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ ʪʝʤʳ: 

ʥ.ʩ. ɸʛʘʬʦʥʦʚʘ ʅ.ʖ.   

ʩʪʘʞʸʨ-ʠʩʩʣʢʜʦʚʘʪʴ ɸʰʠʭʤʠʥ ɺ.ɺ.  

ʩ.ʥ.ʩ., ʢ. ʬ.-ʤ. ʥ. ɼʘʜʳʢʠʥ ɺ.ʃ. (ʃʅɸ)  

ʤ.ʥ.ʩ. ɼʦʙʨʳʥʠʥʘ ɽ.ɸ.  

ʥ.ʩ. ɽʥʠʢʝʝʚ ʈ.ʀ.  

ʩ.ʥ.ʩ., ʢ. ʬ.-ʤ. ʥ.  ʄʘʣʴʛʠʥ ɸ.ʉ.   

ʤ.ʥ.ʩ. ʄʘʥʫʢʦʚʩʢʠʡ ʂ.ɺ.  

ʠʥʞʝʥʝʨ ʆʯʢʘʩ ʆ.ɺ.  

ʩ.ʥ.ʩ., ʢ. ʬ.-ʤ. ʥ. ʈʷʩʥʳʡ ɺ.ɻ.   

ʤ.ʥ.ʩ. ʐʘʢʠʨʴʷʥʦʚʘ ʀ.ʈ.  

ʥ.ʩ. ʖʜʠʥ ɸ.ɺ.  

ʥ.ʩ.    ʗʢʫʰʝʚ ɺ.ʌ. 
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12 ʈʝʬʝʨʘʪ 
13 ʨʠʩ., 2 ʪʘʙʣ. 

ʅɽʁʊʈʀʅʆ, ɸʅʊʀʅɽʁʊʈʀʅʆ, ʄʖʆʅʓ, ʂʆʉʄʀʏɽʉʂʀɽ ʃʋʏʀ, ʅɽʁʊʈʆʅʓ, 

ʉʎʀʅʊʀʃʃʗʎʀʆʅʅʓɽ ʄɽʊʆɼʓ ʗɼɽʈʅʆʁ ʌʀɿʀʂʀ 

ʅʘ ʧʦʜʟʝʤʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʘʭ ʀʗʀ ʈɸʅ: ɸʉɼ (ɸʨʪʝʤʦʚʩʢ, ʋʢʨʘʠʥʘ), 

LVD ʠ OPERA (ɻʨʘʥ ʉʘʩʩʦ, ʀʪʘʣʠʷ) ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʝʡʪʨʠʥʥʦʡ ʬʠʟʠʢʠ, 

ʬʠʟʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʘʩʪʨʦʬʠʟʠʢʠ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ɸʉɼ ʠ LVD ̫ ʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʣʘʧʩʦʚ ʟʚʝʟʜ ʚ ɻʘʣʘʢʪʠʢʝ ʠ ʄʘʛʝʣʣʘʥʦʚʳʭ ʦʙʣʘʢʘʭ. ʈʝʛʠʩʪʨʘʮʠʷ ʚʩʝʭ 

ʪʠʧʦʚ ʥʝʡʪʨʠʥʦ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʚ ʪʝʯʝʥʠʝ 37 ʣʝʪ (ʩ 1977 ʛ ʧʦ 2014 ʛ) 

ʧʦʣʫʯʝʥʦ ʩʘʤʦʝ ʩʠʣʴʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʯʘʩʪʦʪʫ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʣʝʩʢʦʚ ʦʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʣʘʧʩʦʚ ʟʚʸʟʜ ʚ ɻʘʣʘʢʪʠʢʝ: ʤʝʥʝʝ 1 ʩʦʙʳʪʠʷ ʟʘ 16.07 ʛʦʜʘ ʥʘ 90% ʫʨʦʚʥʝ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ.  

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ OPERA ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʦʩʮʠʣʣʷʮʠʡ ɜÕ  ʚ  ɜŰ  ʚ ʧʫʯʢʝ ɜÕ  ʦʪ 

ʫʩʢʦʨʠʪʝʣʷ ʎɽʈʅôʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʷʤʦʡ ʨʝʛʠʩʪʨʘʮʠʠ Ű-ʣʝʧʪʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʵʤʫʣʴʩʠʠ. ʂ ʢʦʥʮʫ 

2014 ʚ ʜʝʪʝʢʪʦʨʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 4 ʩʦʙʳʪʠʷ-ʢʘʥʜʠʜʘʪʘ. 

ʉʦʪʨʫʜʥʠʢʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʘʭ ʧʦ ʚʳʧʦʣʥʝʥʠʶ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ 2014 ʛʦʜ, ʚʢʣʶʯʘʶʱʝʛʦ ʧʨʦʝʢʪʳ ʧʦ ʮʝʣʝʚʳʤ ʧʨʦʛʨʘʤʤʘʤ ʈɸʅ 

(çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʠ ʠ ʘʩʪʨʦʬʠʟʠʢʘè ʠ çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʙʦʪʘʤʠ ʥʘ 

ʫʩʢʦʨʠʪʝʣʷʭ ʎɽʈʅè), ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʛʨʘʥʪʘ ʈʌʌʀ 12-02-00213_ʘ çʇʦʠʩʢ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ ʟʚʝʟʜ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʥʝʡʪʨʠʥʥʦʡ ʬʠʟʠʢʠ, ʘʩʪʨʦʬʠʟʠʢʠ ʠ ʬʠʟʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʧʦʜʟʝʤʥʳʭ ʜʝʪʝʢʪʦʨʘʭ 

ʃʘʙʦʨʘʪʦʨʠʠ ʕʄɼʅ ʈɸʅ ʠ ʃʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦè 2012-2014, ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʧʨʦʝʢʪʘ ʧʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʦʛʣʘʰʝʥʠʶ ʦ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ  ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ 

ʛʨʫʧʧ ʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦ (ʀʪʘʣʠʷ). ʅʘʧʨʘʚʣʝʥʠʝ - çʌʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʠ ʨʝʜʢʠʭ ʨʘʩʧʘʜʦʚè. 
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12 ɺʚʝʜʝʥʠʝ 

ʕʢʩʧʝʨʠʤʝʥʪʳ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʚ ʧʦʜʟʝʤʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʦʨʛʘʥʠʯʥʦ ʜʦʧʦʣʥʷʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʨʦʚʦʜʠʤʳʝ ʥʘ 

ʫʩʢʦʨʠʪʝʣʷʭ. ʇʦʠʩʢ ʨʝʜʢʠʭ ʷʚʣʝʥʠʡ ʚ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʜʦʩʪʠʯʴ, 

ʧʫʩʪʴ ʜʘʞʝ ʢʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʵʥʝʨʛʠʡ, ʛʜʝ ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ ʪʝʦʨʠʷ ʦʙʲʝʜʠʥʝʥʠʷ ʩʠʣ 

ʠ ʢʚʘʥʪʦʚʳʝ ʘʩʧʝʢʪʳ ʛʨʘʚʠʪʘʮʠʠ. ʊʘʢʠʝ ʵʥʝʨʛʠʠ ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ. ʇʦʜʟʝʤʥʳʝ 

ʣʘʙʦʨʘʪʦʨʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʯʝʥʴ ʥʠʟʢʠʡ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʬʦʥ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʦʠʩʢʘ ʵʪʠʭ 

ʨʝʜʢʠʭ ʷʜʝʨʥʳʭ ʠ ʩʫʙʲʷʜʝʨʥʳʭ ʷʚʣʝʥʠʡ. 

ʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ï ʛʘʣʘʢʪʠʯʝʩʢʠʝ ʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ï ʧʦʩʪʦʷʥʥʦ 

ʧʨʦʥʠʢʘʶʪ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʯʘʩʪʠʮ ʩ ʘʪʤʦʩʬʝʨʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʣʠʚʥʝʡ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʤʝʭʦʡ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʜʢʠʭ ʷʚʣʝʥʠʡ 

ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʥʘʙʣʶʜʝʥʠʶ ʯʘʩʪʠʮ, ʪʘʢʠʭ ʢʘʢ ʥʝʡʪʨʠʥʦ ʠʣʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ. 

ʈʦʣʴ ʥʝʡʪʨʠʥʦ ʚ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʦʡ. ʈʦʞʜʘʷʩʴ ʚ 

ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ ʚ ʛʣʫʙʠʥʝ ʟʚʝʟʜ, ʵʪʠ ʯʘʩʪʠʮʳ ʣʝʛʢʦ ʚʳʭʦʜʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʜʘʚʘʷ ʮʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʘʭ, ʩʢʨʳʪʳʭ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ ʦʛʨʦʤʥʳʤʠ ʪʦʣʱʘʤʠ ʟʚʝʟʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʇʦʣʫʯʝʥʠʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ ʧʨʘʚʠʣʴʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ï ʟʘʜʘʯʘ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʦʡ.  
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12.1 ʇʦʠʩʢʠ ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʣʣʘʧʩʦʚ ʟʚʸʟʜ ʚ 

ɻʘʣʘʢʪʠʢʝ ʥʘ ʜʝʪʝʢʪʦʨʝ ʂʆʃʃɸʇʉ ɸʅʉ ʠ ʥʘ ʜʝʪʝʢʪʦʨʝ LVD 
 

ʊʝʦʨʠʷ ʧʨʝʜʩʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʤʘʩʩʠʚʥʳʭ ʟʚʝʟʜ ʛʣʘʚʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʤʦʞʝʪ ʟʘʚʝʨʰʠʪʴʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʢʦʣʣʘʧʩʦʤ ʠ ʤʦʱʥʳʤ ʢʦʨʦʪʢʠʤ ʠʤʧʫʣʴʩʦʤ ʥʝʡʪʨʠʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ɺ ʤʦʜʝʣʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʣʣʘʧʩʘ (ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʘʷ, ʥʝʚʨʘʱʘʶʱʘʷʩʷ, 

ʥʝʤʘʛʥʠʪʥʘʷ ʟʚʝʟʜʘ, ʄʉʂ) ʠʟʣʫʯʘʶʪʩʷ ʚʩʝ ʪʠʧʳ ʥʝʡʪʨʠʥʦ ʚ ʨʘʚʥʳʭ ʜʦʣʷʭ. ʅʘʠʙʦʣʝʝ 

ʝʩʪʝʩʪʚʝʥʥʦ ʧʦʧʳʪʘʪʴʩʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʥʳʭ ʘʥʪʠʥʝʡʪʨʠʥʦ. ɼʣʷ ʵʪʦʛʦ 

ʪʨʝʙʫʝʪʩʷ ʭʦʨʦʰʦ ʟʘʱʠʱʝʥʥʳʡ ʦʪ ʬʦʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʧʦʜʟʝʤʥʳʡ ʜʝʪʝʢʪʦʨ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʩʦʪʥʠ, ʘ ʣʫʯʰʝ ʙʳ ʜʘʞʝ, 1000 ʪʦʥʥ ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ ʜʣʷ 

ʨʝʘʢʮʠʠ ǹʝp­e+n. ʕʬʬʝʢʪ ʦʪ ʢʦʣʣʘʧʩʘ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʧʦ ʧʦʷʚʣʝʥʠʶ ʚ ʧʨʝʜʝʣʘʭ 20 ʩʝʢʫʥʜ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʝʜʢʦʛʦ ʩʛʫʱʝʥʠʷ ʠʤʧʫʣʴʩʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʝʪʝʢʪʦʨʦʤ. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʩʦʚʧʘʜʝʥʠʝ ʵʬʬʝʢʪʘ ʩ ʦʧʪʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʝʤ ʚʩʧʳʰʢʠ ʩʚʝʨʭʥʦʚʦʡ. ʉʠʣʴʥʦ ʫʣʫʯʰʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʘʨʘʣʣʝʣʴʥʘʷ  ʨʘʙʦʪʘ ʥʝʩʢʦʣʴʢʠʭ ʜʝʪʝʢʪʦʨʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʣʣʘʧʩʘ ʟʚʝʟʜ ʧʦʟʚʦʣʠʪ ʥʘʤ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʚʝʜʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚʘ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʷʜʝʨʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʩʚʝʨʭʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ, ʤʦʱʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ, 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ ʠ ʯʝʨʥʳʭ ʜʳʨ ï ʩʘʤʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦ 

ɺʩʝʣʝʥʥʦʡ.  

ʅʘʯʠʥʘʷ ʩ ʢʦʥʮʘ 70-ʭ ʛʛ., ʚ ʀʗʀ ʥʘʤʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʭ ʧʦʜʟʝʤʥʳʭ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʠʟʤʝʨʠʪʴ ʥʝʡʪʨʠʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ʢʦʣʣʘʧʩʘ. ʕʪʦ  

- ɸʉɼ (1977 ʛ.), ɹʇʉʊ (1978 ʛ.), LSD (1984 ʛ.), LVD (1992 ʛ.).  

23 ʬʝʚʨʘʣʷ 1987 ʛ., ʢʦʛʜʘ ʚ ʛʘʣʘʢʪʠʢʝ ɹʦʣʴʰʦʝ ʄʘʛʝʣʣʘʥʦʚʦ ʆʙʣʘʢʦ ʚʩʧʳʭʥʫʣʘ 

ʉʚʝʨʭʥʦʚʘʷ SN1987A, ʜʝʪʝʢʪʦʨʳ KII  ʠ IMB ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʝʡʪʨʠʥʥʳʡ ʩʠʛʥʘʣ ʚ 7:35 UT, 

ʘ ʜʝʪʝʢʪʦʨ LSD - ʚ 2:52 UT. ʕʪʦʪ ʩʠʛʥʘʣ ʦʢʘʟʘʣʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʲʷʩʥʠʤʳʤ ʚ ʨʘʤʢʘʭ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ. ʆʥ ʧʦʣʫʯʠʣ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʚ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʚʨʘʱʝʥʠʝ ʢʝʨʥʘ 

ʟʚʝʟʜʳ. ʕʪʘ ʤʦʜʝʣʴ ʙʳʣʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ɺ.ʉ. ʀʤʰʝʥʥʠʢʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʝʭʘʥʠʟʤ 

ʩʙʨʦʩʘ ʦʙʦʣʦʯʢʠ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʵʚʦʣʶʮʠʠ ʤʘʩʩʠʚʥʳʭ ʟʚʝʟʜ ʛʣʘʚʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʥʘʟʚʘʥʘ ʘʚʪʦʨʦʤ ʤʦʜʝʣʴʶ ʚʨʘʱʘʶʱʝʛʦʩʷ ʢʦʣʣʘʧʩʘʨʘ (ʄɺʂ). ʕʪʘ 

ʤʦʜʝʣʴ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʫʩʪʘʜʠʡʥʦʛʦ ʢʦʣʣʘʧʩʘ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʠʟʣʫʯʘʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʥʥʳʝ ʥʝʡʪʨʠʥʦ ʩʦ ʩʨʝʜʥʠʤʠ ʵʥʝʨʛʠʷʤʠ 30-40 ʄʵɺ, ʚʦ ʚʪʦʨʦʡ ï ʚʩʝ ʪʠʧʳ 

ʥʝʡʪʨʠʥʦ, ʢʘʢ ʚ ʄʉʂ, ʩʦ ʩʨʝʜʥʠʤʠ  ʵʥʝʨʛʠʷʤʠ 10-15 ʄʵɺ.  

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʠʪʝʣʴʥʘʷ ʥʝʧʨʝʨʳʚʥʘʷ 

ʨʘʙʦʪʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 
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ʯʪʦʙʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʥʝʡʪʨʠʥʥʫʶ ʚʩʧʳʰʢʫ ʠ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧʳ 

ʠʟʤʝʨʝʥʥʳʭ ʥʝʡʪʨʠʥʦ. ʕʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʟʚʝʟʜʦʡ ʥʘ 

ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ. ʋʩʪʘʥʦʚʢʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʩʝ ʪʠʧʳ 

ʥʝʡʪʨʠʥʦ, ʷʚʣʷʶʪʩʷ: ʜʝʪʝʢʪʦʨ LVD,  ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʧʨʠʤʝʨʥʦ 1 ʢʪ ʞʝʣʝʟʘ ʠ 1 ʢʪ 

ʞʠʜʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʠ ʫʩʪʘʥʦʚʢʘ çɸʨʪʝʤʦʚʩʢʠʡ ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ɼʝʪʝʢʪʦʨè Aʉɼ 

ɸʨʪʝʤʦʚʩʢʦʡ ʅʘʫʯʥʦʡ ʉʪʘʥʮʠʠ ʀʗʀ ʈɸʅ.  

ɺ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʦʜʝʣʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʣʣʘʧʩʘ (ʄʉʂ) ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ, ʠʜʫʱʘʷ 

ʚ ʥʝʡʪʨʠʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 10% ʦʪ ʤʘʩʩʳ ʩʢʦʣʣʘʧʩʠʨʦʚʘʚʰʝʡ ʟʚʝʟʜʳ ʠ 

ʜʝʣʠʪʩʷ ʤʝʞʜʫ ʰʝʩʪʴʶ ʪʠʧʘʤʠ ʥʝʡʪʨʠʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʨʦʚʥʫ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ 

ʨʝʘʢʮʠʝʡ ʜʣʷ ʧʦʠʩʢʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʩʪʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʩʯʝʪʯʠʢʦʚ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʥʪʠʥʝʡʪʨʠʥʦ ʩ ʚʦʜʦʨʦʜʦʤ:  

ǹe + p ­ e + n, 
e

EE
e n~=+  -1.3 ʄʵɺ                                             (1) 

ʕʪʘ ʨʝʘʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʭʚʘʪʦʤ ʥʝʡʪʨʦʥʘ ʚʦʜʦʨʦʜʦʤ ʩ ʠʟʣʫʯʝʥʠʝʤ g-ʢʚʘʥʪʘ 2.2 

ʄʵɺ: 

 n + p ­ d + g,  Eg = 2.2 ʄʵɺ.                                            (2) 

ɺ ʜʝʪʝʢʪʦʨʝ ɸʉɼ ʥʝʡʪʨʦʥʳ, ʨʦʞʜʝʥʥʳʝ ʚʙʣʠʟʠ ʩʪʝʥʦʢ, ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʪʘʢʞʝ ʷʜʨʘʤʠ 

Cl, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʦʢʨʫʞʘʶʱʝʡ ʫʩʪʘʥʦʚʢʫ ʩʦʣʠ 

35Cl + n ­ 36Cl* + Sg,  Eg = 5·7 ʄʵɺ.                                             (3) 

ɺʨʝʤʷ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʦʚ ʚ ɸʉɼ ʨʘʚʥʦ t = 170 ʤʢʩʝʢ. ɺʝʨʦʷʪʥʦʩʪʴ ʟʘʭʚʘʪʘ 85%. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ɸʉɼ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ ʤʦʞʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ǹʝ. 

ɺʩʝ ʪʠʧʳ ʥʝʡʪʨʠʥʦ (ni) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʘʢʞʝ ʩ ʫʛʣʝʨʦʜʦʤ. ɺ ʩʣʫʯʘʝ ʄʉʂ ʦʩʥʦʚʥʦʡ 

ʨʝʘʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʝʨʥʦʛʦ ʫʨʦʚʥʷ ʫʛʣʝʨʦʜʘ 1+ (15.11 ʄʵɺ) ʟʘ ʩʯʝʪ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʪʦʢʘ: 

ni + 12C ­ 12C* + ni,                                                        (4) 

12ʉ*  Ÿ  12ʉ  +  ɔ (15.11 ʄʵɺ)  (96%),                                     (5) 

12ʉ* Ÿ 12ʉ + ɔ (10.7 ʄʵɺ) + ɔ (4.4 ʄʵɺ), (4%),                              (6) 

ɺ ʩʣʫʯʘʝ ʄʦʜʝʣʠ ɺʨʘʱʘʶʱʝʛʦʩʷ ʂʦʣʣʘʧʩʘʨʘ (ʄɺʂ) ʨʝʛʠʩʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʥʝʡʪʨʠʥʦ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʙʣʘʛʦʜʘʨʷ ʨʝʘʢʮʠʷʤ: 

ne + (A, Z) ­ e- + (A, Z+1) 

ne + (A, Z) ­ e- + (A, Z+1)* 

ne + (A, Z) ­  ne ó+ (A, Z)*  

ɼʣʷ ʫʛʣʝʨʦʜʘ ʵʪʦ ʨʝʘʢʮʠʠ: 

ɜe + 12ʉ  Ÿ  12N + eĖ , ȹM = 16.83 ʄʵɺ 

12N Ÿ 12ʉ + e+ + ɜe ,  Ű = 15.9 ʤʩ, Emax å 16.4 ʄʵɺ 
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ɜe + 12ʉ Ÿ 12ɺ + e+  , ȹM = 13.88 ʄʵɺ 

12ɺ Ÿ 12ʉ + e- + ɜe , Ű = 29.3 ʤʩ 

ʕʣʝʢʪʨʦʥʥʳʝ ʥʝʡʪʨʠʥʦ 30-40 ʄʵɺ (ʄɺʂ) ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ ʭʣʦʨʠʜʦʤ ʥʘʪʨʠʷ ɁaCl: 

ɜe + Na23 Ÿ e- + Mg23, ʧʦʨʦʛ ʧʨʠʤʝʨʥʦ 4 ʄʵɺ      

ɜe + Cl35,37 Ÿ e- + Ar, ʧʦʨʦʛ ~ 800 ʢʵɺ  ʜʣʷ Cl37(24.5%) ʠ ~ 5 ʄʵɺ ʜʣʷ Cl35 (75.5%). 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʥʦʚ ʩ ʩʦʣʴʶ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʨʦʞʜʝʥʠʷ ʷʜʨʘ ʄg23 ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʠʟʣʫʯʝʥʠʝʤ ɔ-ʢʚʘʥʪʘ ʩ ʵʥʝʨʛʠʝʡ ʧʨʠʤʝʨʥʦ7.5 ʄʵɺ.  

 

12.1.1 ɸʉɼ - ʩʪʦʪʦʥʥʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ɸʨʪʸʤʦʚʩʢʦʡ 

ʅʘʫʯʥʦʡ ʩʪʘʥʮʠʠ 
 

ɼʝʪʝʢʪʦʨ ɸʉɼ (ʈʠʩ.1.1) ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʦʣʷʥʦʡ ʰʘʭʪʝ ʥʘ ʛʣʫʙʠʥʝ 570 ʤ.ʚ.ʵ. (ʛ. 

ɸʨʪʝʤʦʚʩʢ, ɼʦʥʙʘʩʩ), ʛʜʝ ʬʦʥ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʚ 300 ʨʘʟ ʤʝʥʴʰʝ ʯʝʤ 

ʚ ʦʙʳʯʥʦʤ ʛʨʫʥʪʝ. ɼʝʪʝʢʪʦʨ ʠʤʝʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʜʠʘʤʝʪʨ (556Ñ3) ʩʤ, ʚʳʩʦʪʘ 547 

ʩʤ; ʩʦʜʝʨʞʠʪ 105 ʪʦʥʥ ʞʠʜʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʫʘʡʪ-ʩʧʠʨʠʪʘ. ɺʳʩʦʪʘ ʩʪʦʣʙʘ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ 540 ʩʤ, ʧʣʦʪʥʦʩʪʴ ï 0.78 ʛ/ʩʤ3. 144 ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ. 

ʄʘʩʩʘ ʤʠʰʝʥʠ ʜʣʷ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʣʣʘʧʩʦʚ ʟʚʝʟʜ ʨʘʚʥʘ 105 ʪʦʥʥʘʤ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠ 1000 ʪʦʥʥʘʤ ʩʦʣʠ (NaCl). ʏʠʩʣʦ ʦʞʠʜʘʝʤʳʭ ʩʦʙʳʪʠʡ ʧʨʠ ʚʩʧʳʰʢʝ 

ʩʚʝʨʭʥʦʚʦʡ, ʪʠʧʘ SN1987A, ʚ ʮʝʥʪʨʝ ɻʘʣʘʢʪʠʢʠ ʨʘʚʥʦ 57 ǹʝp ʚ ʤʦʜʝʣʠ ʄʉʂ ʠ 44 nʝA ʚ ʧʝʨʚʦʡ 

ʬʘʟʝ ʄɺʂ. 

ʄʝʪʦʜʦʤ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʦ ʚ ʜʝʪʝʢʪʦʨʝ ʷʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʚʩʝʭ ʩʦʙʳʪʠʡ, ʠʤʝʶʱʠʭ 

ʵʥʝʨʛʦʚʳʜʝʜʝʣʝʥʠʝ E > 5 ʄʵɺ, ʵʪʦʪ ʪʨʠʛʛʝʨ ʦʪʢʨʳʚʘʝʪ ʚʨʝʤʝʥʥʳʝ ʚʦʨʦʪʘ Dt = 1 mʩʝʢ ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʨʦʛʦʤ 0.7 ʄʵɺ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʨʝʘʢʮʠʠ (1, 2) 

ɿʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ɻʘʣʘʢʪʠʢʦʡ ʧʦ ʜʘʥʥʳʤ ʫʩʪʘʥʦʚʢʠ ʩ 1977ʛ. ʧʦ 2014ʛ. 

ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʚʩʧʳʰʢʠ ʉʚʝʨʭʥʦʚʳʭ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ɿʘ 37 ʣʝʪ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʦ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʯʘʩʪʦʪʫ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʣʘʧʩʦʚ ʤʝʥʝʝ, ʯʝʤ ʦʜʥʦ ʩʦʙʳʪʠʝ ʟʘ 16.07 ʛʦʜʘ ʥʘ 

90% ʜʦʚʝʨʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ (fcol < 0.062 ʛʦʜʘ
-1).  
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ʈʠʩ.1.1 ʋʩʪʘʥʦʚʢʘ ɸʉɼ ɸʅʉ 

12.1.2 ɼʝʪʝʢʪʦʨ ɹʦʣʴʰʦʛʦ ʆʙʲʝʤʘ LVD 
 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ LVD ï ʧʦʠʩʢ ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʣʣʘʧʩʦʚ ʟʚʝʟʜ. ʇʦ ʵʪʦʡ 

ʧʨʦʛʨʘʤʤʝ LVD ʨʘʙʦʪʘʝʪ ʩ 1992 ʛʦʜʘ. ɼʝʪʝʢʪʦʨ LVD (Large Volume Detector), ʨʘʩʧʦʣʦʞʝʥʥʳʡ 

ʚ ʧʦʜʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦ (ʀʪʘʣʠʷ) ʥʘ ʛʣʫʙʠʥʝ <H> = 3650 ʤ.ʚ.ʵ., ʩʦʩʪʦʠʪ ʠʟ 840 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʯʝʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʥʪʝʡʥʝʨʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ ʨʘʟʤʝʨʘʤʠ 100 ³ 100 ³ 150 ʩʤ3, ʟʘʧʦʣʥʝʥʥʳʝ ʞʠʜʢʠʤ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʫʘʡʪ-

ʩʧʠʨʠʪʘ. ʆʥʠ ʨʘʟʤʝʱʝʥʳ ʧʦ 8 ʰʪʫʢ ʚ ʩʪʘʣʴʥʳʭ ʥʝʩʫʱʠʭ ʤʦʜʫʣʷʭ (ʧʦʨʪʘʪʘʥʢʦ), ʢʦʪʦʨʳʝ 

ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ 7 ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʣʦʸʚ ʠ ʦʙʨʘʟʫʶʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʣʦʥʥʳ.  

LVD ʩʦʩʪʦʠʪ ʠʟ 3-ʭ ʙʘʰʝʥ. ʇʝʨʚʘʷ ʙʘʰʥʷ LVD ʥʘʯʘʣʘ ʨʘʙʦʪʘʪʴ ʚ 1992 ʛʦʜʫ, 3 ʙʘʰʥʠ ï 

ʚ 2002 ʛʦʜʘ. ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʠʚʝʜʝʥʦ ʟʥʘʯʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʘʩʩʳ ʫʩʪʘʥʦʚʢʠ ʩ 1992 ʧʦ 2014 ʛʦʜ. 

ʇʦʣʥʘʷ ʤʘʩʩʘ ʞʠʜʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʨʘʚʥʘ 970 ʪʦʥʥ. ʄʘʩʩʘ ʞʝʣʝʟʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʥʝʩʫʱʫʶ 

ʩʪʨʫʢʪʫʨʫ ʫʩʪʘʥʦʚʢʠ, ï ʦʢʦʣʦ 1000 ʪʦʥʥ. 

 

ʈʠʩ. 1.2  ʋʩʪʘʥʦʚʢʘ LVD 
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ʇʦʣʥʘʷ ʤʠʰʝʥʴ LVD ʩʦʩʪʦʠʪ ʠʟ 8.313³1031 ʩʚʦʙʦʜʥʳʭ ʧʨʦʪʦʥʦʚ, 4.267³1031 ʷʜʝʨ 

ʫʛʣʝʨʦʜʘ, 9.7 ³1030 ʷʜʝʨ ʞʝʣʝʟʘ ʠ 3.393³1032 ʵʣʝʢʪʨʦʥʦʚ. 

ʂʘʥʘʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ ʚ ʜʝʪʝʢʪʦʨʝ LVD (ʄʉʂ):   

ǹe + p ­ e+ + n  (1.8 ʄʵɺ) (88%)    

  ne + 12C ­ 12N +e-  (17.3 ʄʵɺ)  (1.5%)    

ǹe + 12C ­ 12B +e+  (14.4 ʄʵɺ)  (1.0%)    

    ni + 12C ­ ni + 12C* +g  (15.1 ʄʵɺ)  (2.0%)    

    ni + e- ­ ni + e-   (-)  (3.0%)    

    ne + 56Fe ­ 56Co* +e-  (10. ʄʵɺ)  (3.0%)    

  ̀ ne + 56Fe ­ 56Mn +e+  (12.5 ʄʵɺ)  (0.5%)    

    ni + 56Fe ­ ni + 56Fe* +g (15. ʄʵɺ)  (2.0%)    

ɺ ʤʦʜʝʣʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʣʣʘʧʩʘ (ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʘʷ, ʥʝʚʨʘʱʘʶʱʘʷʩʷ, 

ʥʝʤʘʛʥʠʪʥʘʷ ʟʚʝʟʜʘ, ʄʉʂ) ʠʟʣʫʯʘʶʪʩʷ ʚʩʝ ʪʠʧʳ ʥʝʡʪʨʠʥʦ ʚ ʨʘʚʥʳʭ ʜʦʣʷʭ. 

ɺ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʦʜʝʣʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʣʣʘʧʩʘ (ʄʉʂ) ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ, ʠʜʫʱʘʷ 

ʚ ʥʝʡʪʨʠʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 10% ʦʪ ʤʘʩʩʳ ʩʢʦʣʣʘʧʩʠʨʦʚʘʚʰʝʡ ʟʚʝʟʜʳ ʠ 

ʜʝʣʠʪʩʷ ʤʝʞʜʫ ʰʝʩʪʴʶ ʪʠʧʘʤʠ ʥʝʡʪʨʠʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʨʦʚʥʫ. ʅʘ ʫʩʪʘʥʦʚʢʝ LVD 

ʦʩʥʦʚʥʦʡ ʨʝʘʢʮʠʝʡ (ʜʣʷ ʄʉʂ) ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʥʪʠʥʝʡʪʨʠʥʦ 

ʩ ʚʦʜʦʨʦʜʦʤ: ǹe + p ­ e + n, 
e

EE
e n~=+  -1.3 ʄʵɺ. ʆʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʭʚʘʪʦʤ ʥʝʡʪʨʦʥʘ 

ʚʦʜʦʨʦʜʦʤ ʩ ʠʟʣʫʯʝʥʠʝʤ g-ʢʚʘʥʪʘ 2.2 ʄʵɺ: n + p ­ d + g,  Eg = 2.2 ʄʵɺ. 

ɺ ʩʣʫʯʘʝ ʄʦʜʝʣʠ ɺʨʘʱʘʶʱʝʛʦʩʷ ʂʦʣʣʘʧʩʘʨʘ (ʄɺʂ) ʨʝʛʠʩʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʥʝʡʪʨʠʥʦ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʙʣʘʛʦʜʘʨʷ ʨʝʘʢʮʠʷʤ: 

ne + (A, Z) ­ e- + (A, Z+1) 

ne + (A, Z) ­ e- + (A, Z+1)* 

ne + (A, Z) ­  ne ó+ (A, Z)*  

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ ʩʦʩʪʘʚʝ ʜʝʪʝʢʪʦʨʘ LVD ʷʜʝʨ ʫʛʣʝʨʦʜʘ ʠ ʞʝʣʝʟʘ, ʦʥ ʯʫʚʩʪʚʠʪʝʣʝʥ 

ʪʘʢʞʝ ʢʦ ʚʩʝʤ ʪʠʧʘʤ ʥʝʡʪʨʠʥʦ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʨʝʘʢʮʠʷʤ: 

*e Fe e Con -+ ­ + , 

12 12 *C Cn n+ ­ + , 

ʧʨʠʯʝʤ ʚʦʟʙʫʞʜʝʥʠʝ ʷʜʨʘ ʢʦʙʘʣʴʪʘ, ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʚ ʨʝʘʢʮʠʠ ʩ ʞʝʣʝʟʦʤ, ʩʥʠʤʘʝʪʩʷ 

ʧʫʪʝʤ ʠʩʧʫʩʢʘʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʵʥʝʨʛʠʝʡ ʦʪ 1.7 ʜʦ 10.7 ʄʵɺ (ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʵʥʝʨʛʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ~7 ʄʵɺ). ɺ ʨʝʘʢʮʠʠ ʩ ʫʛʣʝʨʦʜʦʤ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚʩʝ ʪʠʧʳ ʥʝʡʪʨʠʥʦ ʠ 
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ʘʥʪʠʥʝʡʪʨʠʥʦ, ʘ ʧʝʨʝʭʦʜ ʷʜʨʘ ʫʛʣʝʨʦʜʘ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʩʧʫʩʢʘʥʠʝʤ 

ʛʘʤʤʘ-ʢʚʘʥʪʘ ʩ ʵʥʝʨʛʠʝʡ 15.1 ʄʵɺ. 

ɺ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʢʦʣʣʘʧʩʘ ʚ ʤʦʜʝʣʠ ʄɺʂ (En = 20 · 40 ʄʵɺ) ʦʩʥʦʚʥʦʡ ʨʝʘʢʮʠʝʡ 

ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʡʪʨʠʥʦ ʩ ʞʝʣʝʟʦʤ (80% ʩʦʙʳʪʠʡ ʦʙʷʟʘʥʳ ʝʡ). ʏʠʩʣʦ 

ʦʞʠʜʘʝʤʳʭ ʩʦʙʳʪʠʡ ʧʨʠ ʚʩʧʳʰʢʝ ʩʚʝʨʭʥʦʚʦʡ, ʪʠʧʘ SN1987A, ʚ ʮʝʥʪʨʝ ɻʘʣʘʢʪʠʢʠ ʨʘʚʥʦ 500 

ǹʝp ʚ ʤʦʜʝʣʠ ʄʉʂ ʠ 410 nʝA ʚ ʧʝʨʚʦʡ ʬʘʟʝ ʄɺʂ. 

 

 

ʈʠʩ.1.3 ɸʢʪʠʚʥʘʷ ʤʘʩʩʘ M(t) ʫʩʪʘʥʦʚʢʠ LVD. 1992 ʛʦʜ ï ʟʘʧʫʩʢ ʧʝʨʚʦʡ ʙʘʰʥʠ T1, 1996 ʛ ï 

ʟʘʧʫʩʢ T2, 2002 ʛ. ï ʨʘʙʦʪʘ ʚʩʝʭ ʪʨʝʭ ʙʘʰʝʥ ʫʩʪʘʥʦʚʢʠ. 

 

ɺ ʪʝʯʝʥʠʝ 22 ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʣʘʧʩʦʚ ʚ ɻʘʣʘʢʪʠʢʝ ʠ ʄʘʛʝʣʣʘʥʦʚʳʭ 

ʦʙʣʘʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʢʨʳʪʳʭ (ʙʝʟ ʩʙʨʦʩʘ ʦʙʦʣʦʯʢʠ), ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ LVD ʩ 1992 ʛʦʜʘ ʧʦ 2014 ʧʨʝʜʝʣ ʥʘ ʯʘʩʪʦʪʫ ʚʩʧʳʰʝʢ 

ʩʚʝʨʭʥʦʚʳʭ ʩʦʩʪʘʚʣʷʝʪ 1/ 9.55 ʛʦʜʘ-1. 

 

12.2 ʇʦʜʟʝʤʥʳʡ ʢʦʤʧʣʝʢʩ ɻʨʘʥ ʉʘʩʩʦ 
 

ɼʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʥʠʟʢʦʬʦʥʦʚʳʭ ʧʦʜʟʝʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʦʠʩʢʫ ʨʝʜʢʠʭ 

ʩʦʙʳʪʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʝʛʠʩʪʨʘʮʠʷ ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʣʣʘʧʩʦʚ ʟʚʝʟʜ, ʧʦʠʩʢ ʯʘʩʪʠʮ 

ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ ʠ ʧʨ., ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ 

ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʬʦʥʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴʶ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʶʦʥʘʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ɺʳʩʦʢʦʵʥʝʨʛʠʯʥʳʝ ʤʶʦʥʳ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

ʣʝʛʢʦ ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ ʪʦʣʱʫ ʛʨʫʥʪʘ ʠ ʜʦʩʪʠʛʘʶʪ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʧʦʜʟʝʤʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʛʝʥʝʨʠʨʫʷ ʥʝʡʪʨʦʥʳ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 
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ʷʜʨʘʤʠ, ʘ ʥʘʯʠʥʘʷ ʩ ʛʣʫʙʠʥ ~100ʤ ʚ ʦʩʥʦʚʥʦʤ ʚ ʘʜʨʦʥʥʳʭ, ʘ ʪʘʢʞʝ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʣʠʚʥʷʭ 

ʚʥʫʪʨʠ ʢʦʥʩʪʨʫʢʮʠʡ ʜʝʪʝʢʪʦʨʘ, ʵʣʝʤʝʥʪʘʭ ʟʘʱʠʪʳ ʠ ʦʢʨʫʞʘʶʱʝʛʦ ʛʨʫʥʪʘ. ʕʪʠ ʥʝʡʪʨʦʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʘʤʫʶ ʥʝʞʝʣʘʪʝʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʬʦʥʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʧʦʣʥʦʩʪʴʶ ʠʤʠʪʠʨʦʚʘʪʴ ʠʩʢʦʤʳʝ ʨʝʜʢʠʝ ʧʨʦʮʝʩʩʳ.  

ɼʝʪʝʢʪʦʨ LVD ʚ ʧʦʜʟʝʤʥʦʡ ʥʠʟʢʦʬʦʥʦʚʦʡ ʃʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ 

ʥʝʡʪʨʦʥʳ ʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʤʶʦʥʘʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʤʶʦʥʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʤʶʦʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʛʣʫʙʠʥʝ 3650 ʤ ʚ.ʵ. ʚ 

ʧʦʜʟʝʤʥʦʤ ʟʘʣʝ ʨʘʚʥʘ 280 ɻʵɺ. ʄʶʦʥʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʵʪʦ ʤʶʦʥʳ ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʫʯʢʘ ʥʝʡʪʨʠʥʦ ʠʟ ʎɽʈʅʘ ʩ ʛʨʫʥʪʦʤ. ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʪʘʢʠʭ ʤʶʦʥʦʚ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʝʪʝʢʪʦʨʦʤ, ʦʢʦʣʦ 17 ɻʵɺ.  

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʥʝʡʪʨʦʥʦʚ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʶʦʥʘʤʠ ʚ ʚʝʱʝʩʪʚʝ 

ʜʝʪʝʢʪʦʨʘ, ʨʘʟʣʠʯʘʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʠʟʤʝʨʝʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʄʦʥʪʝ-

ʂʘʨʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʘʢʝʪʘ Geant4. 

12.2.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʶʦʥʘʤʠ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʝʡʪʨʠʥʥʦʛʦ ʧʫʯʢʘ ʠʟ ʎɽʈʅʘ ʚ 

ʛʨʫʥʪʝ 
 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʚ 2014 ʛʦʜʫ ʥʘ ʫʩʪʘʥʦʚʢʝ LVD, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʤʶʦʥʘʤʠ ʩʦ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʝʡ 

16.5 ɻʵɺ. ʇʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʤʶʦʥʘʤʠ 

ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Geant4. ɺʳʯʠʩʣʝʥʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʦʪ ʤʶʦʥʦʚ ʚ ʫʩʪʘʥʦʚʢʝ LVD. 

ʇʨʦʝʢʪ CNGS (CERN Neutrinos to Gran Sasso:  ʥʝʡʪʨʠʥʦ ʠʟ ʎɽʈʅʘ ʚ ɻʨʘʥ ʉʘʩʩʦ) ï 

ʩʦʟʜʘʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʥʝʡʪʨʠʥʦ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʦʢ ʧʦʜʟʝʤʥʦʡ ʃʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ 

ʉʘʩʩʦ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʎɽʈʅʦʤ ʠ ɻʨʘʥ ʉʘʩʩʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 732 ʢʤ. ʅʘʧʨʘʚʣʝʥʠʝ ʧʫʯʢʘ 

ʩʦʩʪʘʚʣʷʝʪ -3.265Ü ʦʪ ʫʨʦʚʥʷ ʛʦʨʠʟʦʥʪʘ. ʇʫʯʦʢ ʧʨʦʪʦʥʦʚ ʟʘʧʫʩʢʘʣʩʷ ʚ 2007-2011 ʛʛ. ʜʚʫʤʷ 

ʵʢʩʪʨʘʢʮʠʷʤʠ, ʢʘʞʜʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 10.5 ʤʢʩ. ʇʨʦʪʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʛʨʘʬʠʪʦʚʦʡ ʤʠʰʝʥʴʶ, ʦʙʨʘʟʫʷ ʧʠʦʥʳ ʠ ʢʘʦʥʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʘʜʘʶʪʩʷ ʚ ʚʘʢʫʫʤʥʦʤ ʪʫʥʥʝʣʝ, 

ʨʦʞʜʘʷ ʚ ʦʩʥʦʚʥʦʤ ʤʶʦʥʥʳʝ ʥʝʡʪʨʠʥʦ ʠ m+ (ʧʦʩʣʝʜʥʠʝ ʧʦʣʥʦʩʪʴʶ ʧʦʛʣʦʱʘʶʪʩʷ ʚ ʛʨʫʥʪʝ). 

ʇʫʯʦʢ CNGS ʚ ɻʨʘʥ ʉʘʩʩʦ ʧʦʤʠʤʦ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʩʦʩʪʦʠʪ ʠʟ ʤʘʣʦʡ ʜʦʣʠ ʤʶʦʥʥʳʭ 

ʘʥʪʠʥʝʡʪʨʠʥʦ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ 

ʯʘʩʪʠʮ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʥʝʡʪʨʠʥʦ ʚ ʧʫʯʢʝ ʨʘʚʥʘ 17 ɻʵɺ. 

ʄʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʶʦʥʦʚ, 

ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʶʦʥʥʳʤʠ ʥʝʡʪʨʠʥʦ ʚ ʛʨʫʥʪʝ ʠ ʧʨʠʭʦʜʷʱʠʭ ʢ ʫʩʪʘʥʦʚʢʘʤ ʃʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ 

ʉʘʩʩʦ. 
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ʅʝʡʪʨʦʥʳ, ʨʦʞʜʝʥʥʳʝ ʤʶʦʥʘʤʠ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʥʝʡʪʨʠʥʦ ʦʪ ʧʫʯʢʘ ʠʟ ʎɽʈʅɸ, 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʜʝʪʝʢʪʦʨʝ LVD. ʇʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʙʳʪʠʷ, ʚ ʢʦʪʦʨʳʭ ʩʨʘʙʦʪʘʣʦ ʙʦʣʝʝ ʜʚʫʭ ʩʯʸʪʯʠʢʦʚ ʩ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝʤ ʙʦʣʝʝ 

50 ʄʵɺ ʚ ʢʘʞʜʦʤ. ʇʨʠ ʟʘʧʫʩʢʝ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʚ ʎɽʈʅʝ ʚʝʜʝʪʩʷ ʟʘʧʠʩʴ ʦ ʚʨʝʤʝʥʠ ʝʛʦ ʟʘʧʫʩʢʘ, 

ʘ ʪʘʢʞʝ ʦ ʪʝʢʫʱʝʡ ʬʦʨʤʝ ʵʢʩʪʨʘʢʮʠʠ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʚʨʝʤʝʥʠ ʟʘʧʫʩʢʦʚ ʧʝʨʝʜʘʝʪʩʷ ʚ ɻʨʘʥ 

ʉʘʩʩʦ. ʆʪʙʦʨ ʩʦʙʳʪʠʡ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʤʝʶʱʝʛʦʩʷ ʙʘʥʢʘ ʜʘʥʥʳʭ. ʅʝʡʪʨʠʥʦ 

ʧʨʦʭʦʜʷʪ ʨʘʩʩʪʦʷʥʠʝ ʚ 732 ʢʤ ʚ ʪʝʯʝʥʠʝ ʦʢʦʣʦ 2.44 ʤʩ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʠʩʢʘʣʠʩʴ ʩʦʙʳʪʠʷ 

ʦʪ ʧʫʯʢʘ ʚ LVD ʚʦ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ tLVD - tCERN = 2.44 Ñ 0.1 (ʤʩ). ɿʘ 2008 ï 2011 ʛʛ. ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 98560 ʩʦʙʳʪʠʡ.  

ʅʘʧʨʘʚʣʝʥʠʝ ʧʨʠʭʦʜʘ ʤʶʦʥʦʚ ʚ ʦʩʥʦʚʥʦʤ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʝʡʪʨʠʥʥʦʛʦ 

ʧʫʯʢʘ. ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʩʧʝʢʪʨʘ ʤʶʦʥʦʚ ʨʘʚʥʘ ~ 16.5 ɻʵɺ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ LVD ʨʝʛʠʩʪʨʠʨʫʝʪ ʩʦʙʳʪʠʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ (ʨʠʩ. 2.1).  

 

ʈʠʩ.2.1 ɺʨʝʤʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʶʦʥʥʳʭ ʩʦʙʳʪʠʡ ʚ ʜʝʪʝʢʪʦʨʝ LVD. ʂʨʘʩʥʘʷ ʣʠʥʠʷ ï 

ʫʩʨʝʜʥʝʥʥʘʷ ʧʨʦʪʦʥʥʘʷ ʬʦʨʤʘ ʧʫʯʢʘ ʚ ʎɽʈʅʝ, ʩʠʥʷʷ ï ʤʶʦʥʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

ʫʩʪʘʥʦʚʢʦʡ. 

ɺʝʣʠʯʠʥʘ ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʤʶʦʥʘʤʠ Yn ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ, 

ʦʙʨʘʟʫʝʤʳʭ ʦʜʥʠʤ ʤʶʦʥʦʤ ʚ  1ʛ/ʩʤ2 ʚʝʱʝʩʪʚʘ: Yi =  Nn /(Nɛ Ā l i), ʛʜʝ Nn ï ʦʙʱʝʝ ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ, 

ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʶʦʥʘʤʠ, Nɛ ï ʦʙʱʝʝ ʯʠʩʣʦ ʤʶʦʥʦʚ, l i ï ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʪʨʝʢʘ (ʚ ʛ/ʩʤ
2), 

ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʠʪ ʤʶʦʥ ʚ i-ʦʤ ʚʝʱʝʩʪʚʝ. ʏʠʩʣʦ ʥʝʡʪʨʦʥʦʚ Nn ʦʧʨʝʜʝʣʷʝʪʩʷ  ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ɔ 

ï ʢʚʘʥʪʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ ʧʦʩʣʝ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʦʪʦʥʘʤʠ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ npŸD*ŸDɔ, Eɔ = 2.2 ʄʵɺ, Ű å 180 ʤʢʩ, ʘ ʪʘʢʞʝ ʷʜʨʘʤʠ ʞʝʣʝʟʘ ʚ ʩʪʨʫʢʪʫʨʝ LVD 

nFeŸFe*ŸFe(kɔ), <Eɔ> =7 ʄʵɺ, Ű å 100 ʤʢʩ. ʏʠʩʣʦ ʥʝʡʪʨʦʥʦʚ (Nni) ʚ ʩʣʦʞʥʦʤ ʚʝʱʝʩʪʚʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʜʦʣʠ ʥʝʡʪʨʦʥʦʚ, ʨʦʞʜʝʥʥʳʭ ʚ i-ʦʤ ʚʝʱʝʩʪʚʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʚ ʫʩʪʘʥʦʚʢʝ: Nni=Nɔ Ā fi/ Ů. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʦ ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 

ʥʝʡʪʨʦʥʦʚ ʚ ʩʣʦʞʥʦʤ ʚʝʱʝʩʪʚʝ: Yi= Nɔ Ā fi /(Nɛ Ā l iĀŮi). 

ʉʠʛʥʘʣʳ ʦʪ ɔ-ʢʚʘʥʪʦʚ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ: ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ 

ʚ ʩʯʝʪʯʠʢʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1.5 ʜʦ 10 ʄʵɺ, ʚʨʝʤʷ ʦʪ ʥʘʯʘʣʘ ʩʦʙʳʪʠʷ ʦʪ 50 ʜʦ 1000 ʤʢʩ. ʀʩʧʦʣʴʟʫʷ 

ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ LVD ʠ ʧʦʜʛʦʥʢʫ ʧʨʦʛʨʘʤʤʥʳʤ ʧʘʢʝʪʦʤ ROOT 
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(ʬʫʥʢʮʠʝʡ ʚʠʜʘ dNɔ/dt = N0 + Aexp(-t/Ű)) ʧʦʣʫʯʝʥʳ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʦʚ: ʫʨʦʚʝʥʴ ʬʦʥʘ N0 = 

343 Ñ 18, ʯʠʩʣʦ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Nɔ(t=0) A=1084Ñ59, ʧʦʢʘʟʘʪʝʣʴ 

ʵʢʩʧʦʥʝʥʪʳ Ű = 140 Ñ 13 ʤʢʩ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʠ ʜʦʣʠ ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 

ʥʝʡʪʨʦʥʦʚ ʚ ʞʝʣʝʟʝ ʠ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʄʦʥʪʝ-ʂʘʨʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ 

Geant4. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʜʦʣʷ ʥʝʡʪʨʦʥʦʚ, ʨʦʞʜʝʥʥʳʭ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʨʘʚʥʘ fʩʮ = 16%, 

ʨʦʞʜʝʥʥʳʭ ʚ ʞʝʣʝʟʝ ï fFe = 84%. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ  ʙʣʠʞʘʡʰʠʤʠ 8 

ʩʯʝʪʯʠʢʘʤʠ ʚʦʢʨʫʛ ʪʨʝʢʘ ʤʶʦʥʘ ʨʘʚʥʘ Ů = 68%.  

ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʪʨʝʢʘ ʤʶʦʥʘ ʚ ʨʝʛʠʩʪʨʠʨʫʶʱʝʤ ʚʝʱʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ ʨʘʚʥʘ <lʩʮ>=406Ñ10 

(ʛ/ʩʤ2). ɺʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʧʦʪʝʨʷʤ ʤʶʦʥʘ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ. ʀʟ 

ʨʦʟʳʛʨʳʰʘ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʨʝʜʥʷʷ ʜʣʠʥʘ, ʧʨʦʡʜʝʥʥʘʷ ʤʶʦʥʦʤ ʚ 

ʞʝʣʝʟʝ  <lFe> = 327Ñ8 (ʛ/ʩʤ
2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʠʥ ʤʶʦʥ c ɻ ʥʝʨʛʠʝʡ <E> 

å 15 ɻʵɺ ʥʘ ʛ/ʩʤ2 ʨʘʚʥʘ Yʩʮ = (3.6Ñ0.7)Ā10-5 n/mĀ(ʛ-1Āʩʤ2) ʜʣʷ ʩʮʠʥʪʠʣʣʷʪʦʨʘ  ʠ YFe = (23.2 Ñ 4.6)Ā10-

5 n/mĀ(ʛ-1Āʩʤ2) ʜʣʷ ʞʝʣʝʟʘ. ʆʰʠʙʢʘ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ Yʩʮ,Fe ʩʚʷʟʘʥʘ ʩ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʯʠʩʣʘ ʥʝʡʪʨʦʥʦʚ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤʠ ʨʘʩʯʝʪʘ ʜʣʠʥʳ ʪʨʝʢʦʚ ʤʶʦʥʘ ʠ ʦʰʠʙʢʦʡ ʨʘʩʯʝʪʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʄʦʥʪʝ-ʂʘʨʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʠ.   

12.2.2 ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʤʶʦʥʘʤʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʞʝʣʝʟʝ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʘ LVD 
 

ʄʶʦʥʳ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʛʨʫʥʪ ʠ ʚʝʱʝʩʪʚʦ ʜʝʪʝʢʪʦʨʦʚ, ʪʝʨʷʶʪ ʩʚʦʶ ʵʥʝʨʛʠʶ ʥʘ 

ʠʦʥʠʟʘʮʠʶ ʘʪʦʤʦʚ ʩʨʝʜʳ, ʥʘ ʠʟʣʫʯʝʥʠʝ ʪʦʨʤʦʟʥʳʭ g-ʢʚʘʥʪʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥ-

ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ ʠ ʛʣʫʙʦʢʦ-ʥʝʫʧʨʫʛʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʉʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʶʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ (ʵʣʝʢʪʨʦʥʳ, ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʧʠʦʥʳ, ʧʨʦʪʦʥʳ, ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ, 

ʥʝʡʪʨʦʥʳ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʬʦʥʦʚʳʝ ʩʦʙʳʪʠʷ ʚ ʜʝʪʝʢʪʦʨʘʭ, ʥʝʡʪʨʦʥʳ ʟʘʥʠʤʘʶʪ 

ʦʩʦʙʦʝ ʤʝʩʪʦ. ʅʝʡʪʨʦʥʳ ʤʦʛʫʪ ʠʤʠʪʠʨʦʚʘʪʴ ʨʝʜʢʠʝ ʩʦʙʳʪʠʷ ʚ ʧʦʜʟʝʤʥʳʭ ʜʝʪʝʢʪʦʨʘʭ.  

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʡʪʨʦʥʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʤʶʦʥʘʤʠ ʚ ʚʝʱʝʩʪʚʝ, 

ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʤʶʦʥʦʤ ʚ 1 ʛ/ʩʤ2 (ʚʳʭʦʜ ʥʝʡʪʨʦʥʦʚ Yn). 

14 ʤʘʷ 2013 ʛʦʜʘ ʤʝʞʜʫ ʩʯʝʪʯʠʢʘʤʠ ʫʩʪʘʥʦʚʢʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʞʝʣʝʟʦ, ʤʘʩʩʘ 

ʢʦʪʦʨʦʛʦ 470 ʢʛ. ʇʣʘʩʪʠʥʳ ʞʝʣʝʟʘ ʩ ʦʙʱʝʡ ʪʦʣʱʠʥʦʡ 4 ʩʤ ʧʨʠʜʚʠʥʫʪʳ ʢʦ ʜʥʫ ʚʝʨʭʥʝʛʦ 

ʩʯʝʪʯʠʢʘ ʚʧʣʦʪʥʫʶ. ʄʶʦʥ, ʧʝʨʝʩʝʢʘʷ ʧʘʨʫ ʩʯʝʪʯʠʢʦʚ ʩ ʚʚʝʜʝʥʥʳʤ ʚʝʱʝʩʪʚʦʤ ʤʝʞʜʫ ʥʠʤʠ, 

ʦʙʨʘʟʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʦʥʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʥʝʡʪʨʦʥʦʚ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʦʜʠʥ ʤʶʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʡʪʨʦʥʘʤ, ʨʦʞʜʝʥʥʳʤ ʚ ʞʝʣʝʟʝ ʥʘ ʜʣʠʥʝ ʧʨʦʙʝʛʘ ʤʶʦʥʘ ʚ ʛ/ʩʤ2. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʪʙʠʨʘʣʠʩʴ ʤʶʦʥʳ, ʧʨʦʰʝʜʰʠʝ ʯʝʨʝʟ ʚʳʙʨʘʥʥʫʶ ʧʘʨʫ ʩʯʝʪʯʠʢʦʚ ʩ 

ʩʫʤʤʘʨʥʳʤ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʝ 200 ʄʵɺ ʠ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʜʦʣʞʥʦ 
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ʙʳʪʴ > 10 ʄʵɺ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʬʦʥʘ ʚʳʙʠʨʘʣʠʩʴ ʚʥʫʪʨʝʥʥʠʝ ʩʯʝʪʯʠʢʠ ʜʝʪʝʢʪʦʨʘ. ɹʳʣʠ 

ʦʪʦʙʨʘʥʳ 3 ʧʘʨʳ ʩʯʝʪʯʠʢʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʢʘ ʚʢʣʶʯʝʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪ ʦʜʥʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʟʫʶʪ ʜʚʝ ʚʨʝʤʝʥʥʳʝ ʛʨʫʧʧʳ: ʘ) ʜʦ ʫʩʪʘʥʦʚʢʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʞʝʣʝʟʘ ʚ ʧʝʨʠʦʜ ʩ 1/1/2009 ʜʦ 31/12/2012  ʠ ʙ)  ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʞʝʣʝʟʘ 

14/05/2013 ï 14/05/2014. 

ʈʝʛʠʩʪʨʘʮʠʷ ʥʝʡʪʨʦʥʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʟʤʝʨʝʥʠʶ g - ʢʚʘʥʪʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʧʨʦʪʦʥʘʤʠ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠ ʷʜʨʘʤʠ 

ʞʝʣʝʟʘ ʚ ʩʪʨʫʢʪʫʨʝ LVD. ʏʠʩʣʦ ʥʝʡʪʨʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʠʤʧʫʣʴʩʦʚ (1 ï 12 ʄʵɺ) ʚʦ ʚʨʝʤʝʥʥʦʤ ʦʢʥʝ 50 ï 550 ʤʢʩ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʤʶʦʥʘ. ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʟʘʢʦʥ: 

Nn(t) = N0Öexp(-t/t) + B, ʛʜʝ t = 145 ʤʢʩ ï ʵʢʩʧʦʥʝʥʪʘ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʦʛʦ ʥʝʡʪʨʦʥʘ ʚ 

ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʠ ʞʝʣʝʟʝ, B ï const, ʟʘʚʠʩʷʱʘʷ ʦʪ ʬʦʥʦʚʳʭ ʫʩʣʦʚʠʡ ʩʯʝʪʯʠʢʘ (ʨʠʩ.2.2). 

 

ʈʠʩ.2.2. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠ ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  ʠʤʧʫʣʴʩʦʚ ʦʪ  np ï ʠ nFe ï ʟʘʭʚʘʪʦʚ  ʜʣʷ 

ʧʝʨʠʦʜʘ ʘ). ʂʨʠʚʘʷ ʥʘ ʧʨʘʚʦʤ ʨʠʩʫʥʢʝ ï ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʷ (Nn(t) 

= N0Öexp(-t/t) + B, ʛʜʝ t = 145 ʤʢʩ). 

 

ɼʦ ʫʩʪʘʥʦʚʢʠ ʞʝʣʝʟʘ ʙʳʣʦ ʦʪʦʙʨʘʥʦ  Nmʘ = 20379 ʤʶʦʥʦʚ, ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʚʳʙʨʘʥʥʫʶ 

ʧʘʨʫ ʩʯʝʪʯʠʢʦʚ. ʕʪʦʤʫ ʯʠʩʣʫ ʤʶʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ Nn
ʘ = 598 ʥʝʡʪʨʦʥʦʚ.  

ɺ ʧʝʨʠʦʜ ʙ) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ Nmʙ =  4037 ʤʶʦʥʦʚ. ɺ ʵʪʠʭ ʩʦʙʳʪʠʷʭ ʙʳʣʦ ʥʘʡʜʝʥʦ Nn
ʙ = 170 

ʥʝʡʪʨʦʥʦʚ.  

ɺ ʧʝʨʠʦʜ ʘ) ʥʘʙʦʨʘ ʜʘʥʥʳʭ (ʜʦ ʫʩʪʘʥʦʚʢʠ ʞʝʣʝʟʘ) ʧʦʣʫʯʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʥʝʡʪʨʦʥʦʚ Nn/Nɛ = 0.030 n/ɛ. ɺ ʵʪʦ ʯʠʩʣʦ ʚʭʦʜʷʪ ʥʝʡʪʨʦʥʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʢʘʢ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ, 

ʪʘʢ ʠ ʚ ʞʝʣʝʟʝ ʩʯʝʪʯʠʢʦʚ, ʦʢʨʫʞʘʶʱʠʭ ʚʳʙʨʘʥʥʫʶ ʧʘʨʫ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
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ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʧʨʠ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ hFe = 0.22  ʠ hsc = 0.69 ʜʣʷ 

ʥʝʡʪʨʦʥʦʚ, ʨʦʞʜʝʥʥʳʭ ʚ ʞʝʣʝʟʝ ʠ ʩʮʠʥʪʠʣʣʷʪʦʨʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʩʣʝ ʧʦʤʝʱʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʞʝʣʝʟʘ ʚʝʣʠʯʠʥʘ Nn/Nɛ ʩʦʩʪʘʚʠʣʘ 0.042 n/ɛ 

(ʈʠʩ. 2.3). ɺ ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʷʪ ʪʘʢʞʝ ʠ ʥʝʡʪʨʦʥʳ, ʨʦʞʜʝʥʥʳʝ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʩʣʦʝ 

ʞʝʣʝʟʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʚ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ hFe = 0.21 ʠ 

hsc = 0.68, ʪ.ʝ. ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʞʝʣʝʟʘ ʥʝ 

ʠʟʤʝʥʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʤʶʦʥʦʤ ʚ ʚʝʱʝʩʪʚʝ 

ʜʝʪʝʢʪʦʨʘ, ʦʢʨʫʞʘʶʱʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʞʝʣʝʟʦ. ʈʘʩʯʝʪ ʪʘʢʞʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʧʝʢʪʨʳ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʡ g-ʢʚʘʥʪʦʚ ʜʦ ʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʞʝʣʝʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

 

ʈʠʩ.2.3. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ Nn/Nɛ ʟʘ ʛʦʜ ʥʘʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ. 

 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʘ ʥʝʡʪʨʦʥʦʚ ʚ ʞʝʣʝʟʝ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ 

ʥʝʡʪʨʦʥʦʚ DNn/Nɛ ʜʝʣʠʤ ʥʘ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʧʨʦʙʝʛʘ ʤʶʦʥʘ ʚ ʩʣʦʝ ʞʝʣʝʟʘ ʩ ʫʯʝʪʦʤ ʫʛʣʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʶʦʥʦʚ rl = 35.6 ʛ/ʩʤ2 ʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ h = 0.21: 

Yn= (DNn/Nɛ )/hrl =  16³10-4 n/m/(ʛ/ʩʤ2). ɸʙʩʦʣʶʪʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʨʘʚʥʘ 

° 4Ö10-4 n/m/(ʛ/ʩʤ2). ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʩʦʩʪʘʚʣʷʝʪ 6 %.  

12.3 ʕʢʩʧʝʨʠʤʝʥʪ OPERA 

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ OPERA (ʈʠʩ.3.1) ʷʚʣʷʝʪʩʷ ʥʘʙʣʶʜʝʥʠʝ ʦʩʮʠʣʣʷʮʠʡ ɜÕ  ʚ ɜŰ  ʚ ʧʫʯʢʝ 

ɜÕ  ʦʪ ʫʩʢʦʨʠʪʝʣʷ ʎɽʈʅ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʷʤʦʡ ʨʝʛʠʩʪʨʘʮʠʠ Ű-ʣʝʧʪʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʵʤʫʣʴʩʠʠ ʚ 
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ʧʦʜʟʝʤʥʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʗʜʝʨʥʦʡ ʬʠʟʠʢʠ 

(ʀʪʘʣʠʷ). ʇʫʯʦʢ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʦʪ ʫʩʢʦʨʠʪʝʣʷ SPS ʚ ʎɽʈʅʝ  ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʜʝʪʝʢʪʦʨ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ 732 ʢʤ, ʢʦʪʦʨʳʡ ʦʥ ʜʦʩʪʠʛʘʝʪ ʟʘ 2.7Ö10-3 ʩʝʢʫʥʜʳ. ɻʣʘʚʥʳʡ ʵʣʝʤʝʥʪ ʜʝʪʝʢʪʦʨʘ 

- ɻ ʤʫʣʴʩʠʦʥʥʳʝ ʧʣʘʩʪʠʥʳ, ʚ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʩʦʙʳʪʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ, 

ʚ ʪʦʤ ʯʠʩʣʝ tn, ʧʦʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʦʤ ʦʩʮʠʣʣʷʮʠʠ.  

 

ʈʠʩ.3.1 ʕʢʩʧʝʨʠʤʝʥʪ ʆʇɽʈɸ ʚ ʟʘʣʝ ʉ ʧʦʜʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦ. 

ɼʣʷ ʥʘʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʘ ʙʦʣʴʰʘʷ ʤʘʩʩʘ ʜʝʪʝʢʪʦʨʘ, ʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ 

ʢʦʨʦʪʢʦʞʠʚʫʱʝʛʦ ʪʘʫ-ʣʝʧʪʦʥʘ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. ɼʝʪʝʢʪʦʨ 

ʤʘʩʩʦʡ 1.25 ʢʪ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʫʧʝʨʤʦʜʫʣʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʙʣʦʢʠ 

ʤʠʰʝʥʠ, ʪʨʝʢʦʚʫʶ ʩʠʩʪʝʤʫ ʮʝʣʝʫʢʘʟʘʥʠʷ (ʊʉʎ) ʠ ʤʶʦʥʥʳʝ ʩʧʝʢʪʨʦʤʝʪʨʳ. ʆʩʥʦʚʥʦʡ 

ʵʣʝʤʝʥʪ ʜʝʪʝʢʪʦʨʘ ï ɻ ʤʫʣʴʩʠʦʥʥʳʡ ʢʠʨʧʠʯ, ʩʦʩʪʦʷʱʠʡ ʠʟ 56 ʩʚʠʥʮʦʚʳʭ ʧʣʘʩʪʠʥ ʪʦʣʱʠʥʦʡ 

ʚ 1 ʤʤ ʠ 57 ʵʤʫʣʴʩʠʦʥʥʳʭ ʧʣʘʩʪʠʥ. ʇʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʵʤʫʣʴʩʠʦʥʥʦʛʦ ʢʠʨʧʠʯʘ 

12.8Ĭ10.2 ʩʤ2, ʪʦʣʱʠʥʘ 7.9 ʩʤ (ʦʢʦʣʦ 10 ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʣʠʥ) ɿʘ ʢʘʞʜʦʡ ʩʪʝʥʢʦʡ ʠʟ 

ʤʠʰʝʥʥʳʭ ʙʣʦʢʦʚ ʥʘʭʦʜʷʪʩʷ ʊʉʎ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʵʤʫʣʴʩʠʦʥʥʳʡ ʢʠʨʧʠʯ, ʚ ʢʦʪʦʨʦʤ 

ʠʤʝʣʦ ʤʝʩʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ OPERA ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʥʘʩʪʦʷʱʝʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ 2012 ʛʦʜʫ ʥʘʙʦʨ ʜʘʥʥʳʭ ʙʳʣ ʟʘʢʦʥʯʝʥ, ʜʝʪʝʢʪʦʨ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ ʦʢʦʣʦ 17 000 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝʡʪʨʠʥʦ, ʜʣʷ ʥʠʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʙʣʦʢʠ ʤʠʰʝʥʠ, ʩʦʜʝʨʞʘʱʠʝ ʚʝʨʰʠʥʫ 

http://consiliencecast.files.wordpress.com/2011/09/opera_detector2006.jpg
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ʩʦʙʳʪʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩʧʝʮʠʘʣʴʥʳʡ ʨʦʙʦʪ ʠʟʚʣʝʢʘʣ ʙʣʦʢʠ ʠʟ ʜʝʪʝʢʪʦʨʘ, ʦʥʠ 

ʨʘʟʙʠʨʘʣʠʩʴ, ʷʜʝʨʥʘʷ ʬʦʪʦʵʤʫʣʴʩʠʷ ʙʳʣʘ ʧʨʦʷʚʣʝʥʘ ʠ ʦʪʧʨʘʚʣʝʥʘ ʚ ʠʥʩʪʠʪʫʪʳ-ʫʯʘʩʪʥʠʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʘʥʘʣʠʟʘ. ɺ ʙʣʠʞʘʡʰʠʝ ʜʚʘ ʛʦʜʘ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʝʥ, 

ʜʝʪʝʢʪʦʨ ʨʘʟʦʙʨʘʥ. ʆʜʥʘʢʦ ʥʘʢʦʧʣʝʥʥʳʡ ʟʘ ʛʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʳʪ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʥʦʚʳʭ ʧʨʦʝʢʪʘʭ ʧʦ ʥʝʡʪʨʠʥʥʦʡ ʬʠʟʠʢʝ. ʏʘʩʪʠ ʜʝʪʝʢʪʦʨʘ OPERA ʫʞʝ ʞʜʫʪ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ JUNO (ʂʠʪʘʡ) ʠ SHIP (ʎɽʈʅ). ɺ ʧʦʩʣʝʜʥʝʤ ʧʨʦʝʢʪʝ ʦʞʠʜʘʝʪʩʷ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦ 

ʠʥʪʝʥʩʠʚʥʳʡ ʧʦʪʦʢ ʪʘʫ-ʥʝʡʪʨʠʥʦ, ʠ ʦʧʳʪ ʵʢʩʧʝʨʠʤʝʥʪʘ OPERA ʙʫʜʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʧʦʣʝʟʝʥ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʵʪʦʡ ʯʘʩʪʠʮʳ. 

ʅʘ ʨʠʩ. 3.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʠʟ 17 ʪʳʩʷʯ ʩʦʙʳʪʠʡ, ʥʘʡʜʝʥʥʳʭ ʚ ʵʤʫʣʴʩʠʦʥʥʦʤ ʤʠʰʝʥʥʦʤ 

ʙʣʦʢʝ, ʣʠʰʴ ʚ å 6 ʪʳʩʷʯʘʭ ʩʦʙʳʪʠʡ ʥʘʡʜʝʥʘ ʚʝʨʰʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɽʱʸ ʤʝʥʴʰʝ ʩʦʙʳʪʠʡ 

ʧʦʣʥʦʩʪʴʶ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʢʦʣʣʘʙʦʨʘʮʠʠ OPERA. 

 

ʈʠʩ. 3.2. ʉʦʚʨʝʤʝʥʥʳʡ ʩʪʘʪʫʩ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

OPERA ʧʦ ʜʘʥʥʳʤ ʜʦʢʣʘʜʘ De Lellis, ʩʝʥʪʷʙʨʴ 2014 ʛ. 

ʈʦʩʩʠʡʩʢʠʝ ʫʯʘʩʪʥʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ OPERA ʚʥʝʩʣʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʚʝʜʝʥʠʝ 

ʠ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʚ ʩʙʦʨʢʝ ʜʝʪʝʢʪʦʨʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ɻʨʘʥ-ʉʘʩʩʦ, ʚ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ, ʥʘʯʠʥʘʷ ʩ ʫʨʦʚʥʷ 

ʧʨʦʮʝʜʫʨ ʧʨʦʷʚʢʠ ʵʤʫʣʴʩʠʡ ʠ ʜʦ ʬʠʟʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ɺ 2014 ʛʦʜʫ ʙʳʣʘ ʧʨʦʜʦʣʞʝʥʘ 

ʦʙʨʘʙʦʪʢʘ ʵʤʫʣʴʩʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ OPERA ʥʘ ʩʢʘʥʠʨʫʶʱʠʭ ʢʦʤʧʣʝʢʩʘʭ 

ʌʀɸʅ ʠ ʅʀʀʗʌ ʄɻʋ (ʚʩʝʛʦ ʥʘ ʩʢʘʥʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʝʨʝʜʘʥʦ 98 ʵʤʫʣʴʩʠʦʥʥʳʭ ʢʠʨʧʠʯʘ). ɺ 
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ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʢʦʣʣʘʙʦʨʘʮʠʠ OPERA ʚ 2014 ʛ. ʦʧʫʙʣʠʢʦʚʘʥʦ 28 ʩʦʙʳʪʠʡ. ɺ 

ʦʙʨʘʙʦʪʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʯʘʨʤʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ.  

ɺʳʧʦʣʥʝʥ ʤʥʦʛʦʤʝʨʥʳʡ ʘʥʘʣʠʟ ʯʝʪʳʨʝʭ ʩʦʙʳʪʠʡ-ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

nu_tau ʚ ʵʤʫʣʴʩʠʦʥʥʦʤ ʜʝʪʝʢʪʦʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘ OPERA. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʠʧʦʪʝʟʘ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʦʩʮʠʣʣʷʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʪʚʝʨʛʥʫʪʘ ʥʘ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ~5.1 ů. 

 

12.3.1 ʈʝʛʠʩʪʨʘʮʠʷ ʯʝʪʚʸʨʪʦʛʦ ʩʦʙʳʪʠʷ-ʢʘʥʜʠʜʘʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

OPERA 

ʆʙʨʘʙʦʪʘʥʳ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ OPERA  ʩ 2008 ʧʦ 2012 ʛʦʜ. ʇʝʨʚʦʝ ʩʦʙʳʪʠʝ-

ʢʘʥʜʠʜʘʪ ʙʳʣʦ ʥʘʡʜʝʥʦ ʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ 2010 ʛʦʜʫ. ʉʦʙʳʪʠʝ ʩ ʫʯʘʩʪʠʝʤ ʪʘʫ-ʥʝʡʪʨʠʥʦ 

ʦʪʤʝʯʝʥʦ ʧʦ ʭʘʨʘʢʪʝʨʥʦʡ ʪʦʧʦʣʦʛʠʠ ʨʘʩʧʘʜʘ ʪʘʫ-ʣʝʧʪʦʥʘ, ʢʦʪʦʨʳʡ ʨʦʜʠʣʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʘʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ ʩ ʷʜʨʦʤ ʩʚʠʥʮʘ (t- ­ h). ɺ 2013 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ 

ʨʘʙʦʪʘ ʦ ʚʪʦʨʦʤ ʩʦʙʳʪʠʠ-ʢʘʥʜʠʜʘʪʝ ʩ ʨʘʩʧʘʜʦʤ ʪʘʫ ʣʝʧʪʦʥʘ ʥʘ ʪʨʠ ʘʜʨʦʥʘ (t- ­3h). ɺ 2014 

ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ ʦ ʪʨʝʪʴʝʤ ʩʦʙʳʪʠʠ ʚ ʢʘʥʘʣʝ t- ­ ɛ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʙʥʘʨʫʞʝʥʳ 4 ʩʦʙʳʪʠʷ-ʢʘʥʜʠʜʘʪʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɜŰ ʚ 

ʵʤʫʣʴʩʠʦʥʥʦʤ ʜʝʪʝʢʪʦʨʝ ʚ ʢʘʥʘʣʘʭ ʨʘʩʧʘʜʘ ŰŸh, ŰŸ3h ʠ ŰŸɛ (ʚ ʢʘʥʘʣʝ ʨʘʩʧʘʜʘ ŰŸe ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʥʠ ʦʜʥʦʛʦ ʩʦʙʳʪʠʷ-ʢʘʥʜʠʜʘʪʘ). ɺʠʜ ʯʝʪʚʝʨʪʦʛʦ ʩʦʙʳʪʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 3.3. ʈʠʩʫʥʦʢ ʩʣʝʚʘ ï ʧʨʦʝʢʮʠʷ z-y ʧʨʦʜʦʣʴʥʘʷ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʥʝʡʪʨʠʥʦ, 

ʩʧʨʘʚʘ ï ʧʦʧʝʨʝʯʥʘʷ ʧʨʦʝʢʮʠʷ. ɻʠʧʦʪʝʟʘ ʪʦʣʴʢʦ ʬʦʥʘ ï 0.23 ʩʦʙʳʪʠʷ ï ʦʪʚʝʨʛʥʫʪʘ  ʥʘ ʫʨʦʚʥʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ 4.2ů.  

ʇʦʣʫʯʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʦʜʝʣʠ ʩʤʝʰʠʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʥʝʡʪʨʠʥʦ ʩʦ ʩʪʝʨʠʣʴʥʳʤʠ. 

ʕʪʦʪ ʦʯʝʥʴ ʚʘʞʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʝʨʝʭʦʜʦʚ ʜʚʫʭ ʪʠʧʦʚ ʥʝʡʪʨʠʥʦ - 

ʤʶʦʥʥʳʭ ʠ ʪʘʫ, ʦʙʲʷʩʥʷʝʪ ʜʝʬʠʮʠʪ ʘʪʤʦʩʬʝʨʥʳʭ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ. 
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ʈʠʩ.3.3 ʏʝʪʚʝʨʪʦʝ ʩʦʙʳʪʠʝ-ʢʘʥʜʠʜʘʪ ʥʘ ʪʘʫ ïʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʜʝʪʝʢʪʦʨʝ OPERA. 

 

 

12.3.2 ɿʘʨʷʜʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʤʶʦʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 1 ʜʦ 20 ʊʵɺ 
 

OPERA ʷʚʣʷʝʪʩʷ ʛʠʙʨʠʜʥʳʤ ʜʝʪʝʢʪʦʨʦʤ; ʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʠʰʝʥʥʫʶ ʯʘʩʪʴ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʵʤʫʣʴʩʠʦʥʥʳʭ ʙʣʦʢʦʚ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʦʙʳʪʠʡ. ʂʨʦʤʝ ʩʦʙʳʪʠʡ ʦʪ ʧʫʯʢʘ CNGS, ʜʝʪʝʢʪʦʨ OPERA 

ʨʝʛʠʩʪʨʠʨʫʝʪ ʪʘʢʞʝ ʢʦʩʤʠʯʝʩʢʠʝ ʤʶʦʥʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʬʦʥʦʤ ʜʣʷ ʧʦʠʩʢʘ ʦʩʮʠʣʣʷʮʠʡ. 

ʇʨʠʤʝʨʳ ʥʝʩʢʦʣʴʢʠʭ ʩʦʙʳʪʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

OPERA, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3.4. ʂʘʞʜʦʤʫ ʩʦʙʳʪʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʘ ʨʠʩʫʥʢʘ ï ʚʠʜ ʩʚʝʨʭʫ ʠ 

ʚʠʜ ʩʙʦʢʫ. ʂʘʞʜʳʡ ʩʫʧʝʨʤʦʜʫʣʴ ʜʝʪʝʢʪʦʨʘ OPERA ʠʤʝʝʪ ʤʘʛʥʠʪʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ, ʩʣʫʞʘʱʠʡ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ ʤʶʦʥʘ. ʉʧʝʢʪʨʦʤʝʪʨʳ ʩʦʩʪʦʷʪ ʠʟ ʤʘʛʥʠʪʘ, ʚ ʞʝʣʝʟʦ ʢʦʪʦʨʦʛʦ 

ʚʩʪʘʚʣʝʥʳ ʢʘʤʝʨʳ RPC ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ 

(HPT). ʉʠʩʪʝʤʘ ʢʘʤʝʨ RPC ʩʥʘʙʞʝʥʘ ʜʦʙʘʚʦʯʥʳʤʠ ʥʘʢʣʦʥʥʳʤʠ ʤʦʜʫʣʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʧʦʜ ʫʛʣʦʤ 42.6 ʛʨ ʢ ʛʦʨʠʟʦʥʪʘʣʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʪʦʯʥʝʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʪʨʝʢʠ ʯʘʩʪʠʮ. 

ʂʘʞʜʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʠʤʝʝʪ ʧʦ 6 ʤʦʜʫʣʝʡ HPT, ʧʦʟʚʦʣʷʶʱʠʭ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʪʨʝʢʦʚ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ~ 0.3 ʤʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ ʠ ʟʥʘʢʘ 

ʟʘʨʷʜʘ ʤʶʦʥʦʚ. 
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ʈʠʩ.3.4. ʇʨʠʤʝʨ ʧʨʦʭʦʞʜʝʥʠʷ ʤʶʦʥʘ ʯʝʨʝʟ ʜʝʪʝʢʪʦʨ OPERA. 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ OPERA ʧʦ ʜʘʥʥʳʤ 2008-2012 ʧʦʣʫʯʝʥʦ ʟʘʨʷʜʦʚʦʝ ʦʪʥʦʰʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʳʭ ʤʶʦʥʦʚ. ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 4 ʜʠʘʧʘʟʦʥʘ ʵʥʝʨʛʠʡ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ, ʫʛʦʣ, ʦʪʥʦʰʝʥʠʝ R (m+/m-)  ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ (ʊʘʙʣ.3.1). 

 

ʊʘʙʣʠʮʘ 3.1. ɺʝʣʠʯʠʥʳ ʟʘʨʷʜʦʚʦʛʦ ʦʪʥʦʰʝʥʠʷ ʤʶʦʥʦʚ R (m+/m-) ʜʣʷ ʯʝʪʳʨʝʭ ʜʠʘʧʘʟʦʥʦʚ 

ʵʥʝʨʛʠʠ. 

 

ʅʘʙʣʶʜʘʝʤʦʝ ʧʦʚʝʜʝʥʠʝ R (m+/m-) ʢʘʢ ʬʫʥʢʮʠʷ ʵʥʝʨʛʠʠ ʦʪ 1 ʜʦ 20 ʊʵɺ ʥʝ ʧʦʢʘʟʳʚʘʝʪ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʤʦʜʝʣʠ ʚʢʣʶʯʘʶʱʝʡ ʪʦʣʴʢʦ ʚʢʣʘʜ ʧʠʦʥʦʚ ʠ ʢʘʦʥʦʚ ʚ ʙʳʩʪʨʫʶ ʢʦʤʧʦʥʝʥʪʫ 

ʤʶʦʥʥʦʛʦ ʧʦʪʦʢʘ (ʈʠʩ.3.5). 
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ʈʠʩ.3.5. ʀʟʤʝʨʝʥʠʝ ʟʘʨʷʜʦʚʦʛʦ ʦʪʥʦʰʝʥʠʷ ʤʶʦʥʦʚ ʢʘʢ ʬʫʥʢʮʠʷ ʵʥʝʨʛʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʉʝʨʳʝ ʪʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪʳ L3+C, Utah, MINOS, CMS. 
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12.4 ʇʦʠʩʢ ʨʘʟʥʳʭ ʪʠʧʦʚ ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ 

ʟʚʝʟʜ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʝʡʪʨʠʥʥʦʡ ʬʠʟʠʢʠ, 

ʘʩʪʨʦʬʠʟʠʢʠ ʠ ʬʠʟʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʧʦʜʟʝʤʥʳʭ ʜʝʪʝʢʪʦʨʘʭ 

ʃʘʙʦʨʘʪʦʨʠʠ ʕʄɼʅ ʈɸʅ ʠ ʃʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦ 
 

ɿʘ ʪʨʠ ʛʦʜʘ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʞʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

¶ ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ɸʉɼ (ɸʨʪʝʤʦʚʩʢʦʡ ʅʘʫʯʥʦʡ 

ʩʪʘʥʮʠʠ) ʚ ʪʝʯʝʥʠʝ 37 ʣʝʪ (1977 ï 2014) ʧʦʣʫʯʝʥʦ ʩʘʤʦʝ ʩʠʣʴʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʯʘʩʪʦʪʫ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʣʝʩʢʦʚ ʦʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʣʘʧʩʦʚ ʟʚʸʟʜ ʚ 

ɻʘʣʘʢʪʠʢʝ: ʤʝʥʝʝ 1 ʩʦʙʳʪʠʷ ʟʘ 16.07 ʛʦʜʘ ʥʘ 90% ʫʨʦʚʥʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

¶ ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ LVD 1992 ʛ. ʧʦ 2014ʛ. (22 ʛʦʜʘ) ʧʨʝʜʝʣ ʥʘ ʯʘʩʪʦʪʫ 

ʚʩʧʳʰʝʢ ʩʚʝʨʭʥʦʚʳʭ ʩʦʩʪʘʚʣʷʝʪ 1/9.55 ʛ-1 ʥʘ 90% ʫʨʦʚʥʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

¶ ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʪʨʠʥʥʦʛʦ ʧʫʯʢʘ ʎɽʈʅ - ɻʨʘʥ ʉʘʩʩʦ, ʩ ʢʦʨʦʪʢʠʤʠ ʙʘʥʯʘʤʠ 

ʰʠʨʠʥʦʡ 3 ʥʩ ʠ ʠʥʪʝʨʚʘʣʦʤ ʤʝʞʜʫ ʥʠʤʠ 100 ʥʩ, ʥʘ ʫʩʪʘʥʦʚʢʝ LVD ʠʟʤʝʨʝʥʘ ʚʝʣʠʯʠʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʝʡʪʨʠʥʦ (v) ʦʪ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ: -3.3³10-6 < (v - c)/c < 

3.5³10-6 (ʥʘ 99% ʫʨʦʚʥʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ). 

¶ ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 2009-2011 ʵʢʩʧʝʨʠʤʝʥʪʘ LVD ʧʦʣʫʯʝʥʳ 

ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʦʠʩʢʫ ʦʩʮʠʣʣʷʮʠʡ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʵʣʝʢʪʨʦʥʥʳʝ ʚ CNGS ʧʫʯʢʝ 

ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ. ʄʦʜʫʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʦʧʦʣʦʛʠʶ 

ʩʦʙʳʪʠʡ ʠ ʨʘʟʜʝʣʠʪʴ ʩʦʙʳʪʠʷ ʦʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʤʶʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ. ɼʦʣʷ ʢʘʥʜʠʜʘʪʦʚ ʥʘ 

ʨʝʛʠʩʪʨʘʮʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ CNGS ʤʶʦʥʦʤ ʧʫʯʢʝ ʩʦʩʪʘʚʣʷʝʪ d = 504/60776 = 0.8 %, 

ʚʝʣʠʯʠʥʫ ʙʣʠʟʢʫʶ ʢ ʠʭ ʜʦʣʝ ʚ ʧʫʯʢʝ. 

¶ ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ 2010 ʧʦ 2013 ʛ, ʦʧʨʝʜʝʣʝʥʦ 

ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʶʦʥʘʤʠ ʚ 5 ʩʤ ʪʦʣʱʠʥʝ ʩʦʣʠ NaCl, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ 

ʜʚʫʤʷ ʩʯʝʪʯʠʢʘʤʠ ʚ ʜʝʪʝʢʪʦʨʝ LVD. ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʦʥʦʚ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʶʦʥʦʤ ʚ 1 ʛ/ʩʤ2 

NaCl ʨʘʚʥʘ:  Yn(NaCl) = (9 ° 2) ³10-4 (n/ʤʶʦʥ/(ʛ/ʩʤ2)). 

¶ ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʫʯʝʥʠʶ 

ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʤʶʦʥʘʤʠ, ʠʤʝʶʱʠʤʠ ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʝʶ 280 ɻʵɺ ʚ ʞʝʣʝʟʝ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʚ ʩʪʨʫʢʪʫʨʫ LVD. 

ɺ 2014 ʛʦʜʫ ʠʟʫʯʘʣʘʩʴ ʛʝʥʝʨʘʮʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚʘʭ. ʇʦʣʫʯʝʥʳ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʨʘʩʯʝʪʘʭ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Geant4. ʅʠʞʝ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ, 

ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʦʚ ʠ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ. 
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12.4.1 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʤʶʦʥʘʤʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚʘʭ 
 

ʅʘ ʚʘʞʥʫʶ ʨʦʣʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʷʜʝʨʥʦ-ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʚ 

ʘʜʨʦʥʥʳʭ ʣʠʚʥʷʭ ʚʧʝʨʚʳʝ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ Ryazhskaya O., Zatsepin G. (Proc. of ICRC, 

1965). ʈʝʘʢʮʠʷ ʛʣʫʙʦʢʦ ʥʝʫʧʨʫʛʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Õ+ A Ÿ Õ+ mˊ+ɢ ʤʶʦʥʦʚ ʩ ʷʜʨʘʤʠ ʛʨʫʥʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʧʠʦʥʦʚ ʩ ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʷʜʝʨʥʦʛʦ ʢʘʩʢʘʜʘ. 

ʊʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʪʨʦʥʥʦʛʦ ʬʦʥʘ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʤʶʦʥʘʤʠ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ, ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʧʨʦʩʦʤ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʧʦʜʟʝʤʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʜʝʪʝʢʪʦʨʦʚ ʠ ʠʭ 

ʵʣʝʤʝʥʪʦʚ ʟʘʱʠʪʳ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʨʦʞʜʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʦʪ ʘʪʦʤʥʦʛʦ ʚʝʩʘ ʤʘʪʝʨʠʘʣʘ 

ʤʳ ʧʨʦʚʝʣʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʭʦʞʜʝʥʠʷ ʤʶʦʥʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʵʥʝʨʛʠʝʡ 

ʯʝʨʝʟ ʤʠʰʝʥʴ ʧʨʦʩʪʦʡ ʬʦʨʤʳ ʩ ʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʠ ʙʝʩʢʦʥʝʯʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʧʝʨʝʯʥʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʤʶʦʥʘ. 

ʇʦʣʥʘʷ ʪʦʣʱʠʥʘ ʤʠʰʝʥʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʱʝʩʪʚʘ ʚʳʙʠʨʘʣʘʩʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʟʥʘʯʝʥʠʶ 2000 ʛ 

ʩʤ-2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʡ ʧʦʪʝʨʝ ʵʥʝʨʛʠʠ ʤʶʦʥʘ ʦʢʦʣʦ 5%. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ 

ʵʥʝʨʛʠʠ ʤʶʦʥʦʚ ʨʘʚʥʦʡ 280 ɻʵɺ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.1, ʥʘ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʠʩʣʦ 

ʥʝʡʪʨʦʥʦʚ Yn, ʨʦʞʜʝʥʥʳʭ ʚ ʚʝʱʝʩʪʚʝ ʤʠʰʝʥʠ, ʢʘʢ ʬʫʥʢʮʠʷ ʩʨʝʜʥʝʛʦ ʘʪʦʤʥʦʛʦ ʚʝʩʘ <A>. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʙʝʟ ʚʩʷʢʦʛʦ ʦʪʙʦʨʘ ʩʦʙʳʪʠʡ. ʆʪʙʦʨ 

ʤʶʦʥʦʚ, ʩʢʘʞʝʤ, ʧʦ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʧʦʪʝʨʷʥʥʦʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʤʠʰʝʥʴ, ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʘ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʨʦʞʜʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʟʘʤʝʪʥʦ 

ʦʪʣʠʯʥʳʝ ʛʨʫʧʧʳ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʝʱʝʩʪʚʘ ʤʠʰʝʥʠ (ʩʤ. ʨʠʩʫʥʦʢ 4.1): ʙʝʟ Ŭ-

ʯʘʩʪʠʯʥʳʭ ʷʜʝʨ (ʥʘʧʨʠʤʝʨ, Fe ʠʣʠ NaCl), ʯʠʩʪʳʝ Ŭ-ʯʘʩʪʠʯʥʳʝ ʷʜʨʘ (C, Ca ʠ ʧʨ.) ʠ ʤʘʪʝʨʠʘʣʳ 

ʩʦ ʩʤʝʰʝʥʥʳʤ ʩʦʩʪʘʚʦʤ (ʥʘʧʨʠʤʝʨ, ʩʢʘʣʴʥʘʷ ʧʦʨʦʜʘ ʧʦʜʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦ), ʜʣʷ 

ʢʦʪʦʨʳʭ ʥʘ ʨʠʩʫʥʢʝ ʫʢʘʟʘʥʘ ʜʦʣʷ ʘʣʴʬʘ-ʯʘʩʪʠʯʥʳʭ ʷʜʝʨ. ʋ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʚʝʱʝʩʪʚ ʪʝʤʧ 

ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ Yn (A) ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʠʜʘ Y ~ A 0.904 (ʯʝʨʥʘʷ 

ʢʨʠʚʘʷ ʥʘ ʨʠʩʫʥʢʝ 4.1). 
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ʈʠʩ. 4.1  ɿʘʚʠʩʠʤʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʦʪ ʘʪʦʤʥʦʛʦ ʚʝʩʘ ʚʝʱʝʩʪʚʘ ʜʣʷ ʤʶʦʥʦʚ ʩ 

ʵʥʝʨʛʠʝʡ 280 ɻʵɺ (ɻ-ʉ ï ʩʢʘʣʴʥʘʷ ʧʦʨʦʜʘ ʧʦʜʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦ). 

 

ɼʣʷ Ŭ-ʯʘʩʪʠʯʥʳʭ ʷʜʝʨ ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʨʦʞʜʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʦʪ ʘʪʦʤʥʦʛʦ ʚʝʩʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʘʙʦʡ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ ʥʘ ʨʠʩʫʥʢʝ 4.1). ʅʘʢʦʥʝʮ, ʚʝʱʝʩʪʚʘ ʩʦ ʩʤʝʰʘʥʥʳʤ 

ʩʦʩʪʘʚʦʤ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʤʝʞʜʫ 

ʜʚʫʤʷ ʫʧʦʤʷʥʫʪʳʤʠ ʢʨʠʚʳʤʠ, ʟʘʤʝʪʥʦ ʢʦʨʨʝʣʠʨʫʶʱʠʤ ʩ ʜʦʣʝʡ Ŭ-ʯʘʩʪʠʯʥʳʭ ʷʜʝʨ ʚ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʚʝʱʝʩʪʚʘ ʤʠʰʝʥʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʢʦʪʦʨʳʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (ʪʘʢʠʝ, 

ʥʘʧʨʠʤʝʨ, ʢʘʢ K ʠ U) ʩʦʛʣʘʩʫʶʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩ ʵʪʠʤ ʫʧʨʦʱʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʘʨʛʦʥ Ar ʠ ʢʘʣʴʮʠʡ ʉʘ, ʢʦʪʦʨʳʝ, ʠʤʝʷ ʦʯʝʥʴ 

ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʘʪʦʤʥʦʛʦ ʚʝʩʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʯʠʩʣʫ ʨʦʞʜʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ (ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩʣʝʜʫʶʱʠʡ ʨʘʩʯʸʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʜʘ SHIELD: ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʤʠʰʝʥʴ (R=1.5 ʤ, H=3 ʤ) 

ʦʙʣʫʯʘʣʘʩʴ ʚʜʦʣʴ ʦʩʠ ʧʫʯʢʦʤ ˊīʤʝʟʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ 1, 10 ʠ 100 ɻʵɺ. ʄʘʪʝʨʠʘʣʦʤ ʤʠʰʝʥʠ 

ʩʣʫʞʠʣʠ ʠʣʠ ʞʠʜʢʠʡ ʘʨʛʦʥ (ɟ=1.65 ʛ/ʩʤ3) ʠʣʠ ʢʘʣʴʮʠʡ (ɟ=1.55 ʛ/ʩʤ3). ɹʳʣʠ ʚʳʯʠʩʣʝʥʳ 

ʛʝʥʝʨʘʮʠʷ ʥʝʡʪʨʦʥʦʚ ʠ ʚʳʭʦʜ ʥʝʡʪʨʦʥʦʚ ʠʟ ʤʠʰʝʥʠ. ɻʝʥʝʨʘʮʠʷ ʥʝʡʪʨʦʥʦʚ ï ʵʪʦ ʯʠʩʣʦ 

ʥʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʥʠʞʝ 14.5 ʄʵɺ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚʥʫʪʨʠ ʤʠʰʝʥʠ ʚ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʜʨʦʥʦʚ (ʚʢʣʶʯʘʷ ʢʘʩʢʘʜʥʳʝ ʥʝʡʪʨʦʥʳ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 14.5 ʄʵɺ). ɺʳʭʦʜ 

ʥʝʡʪʨʦʥʦʚ ï ʵʪʦ ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʥʠʞʝ 14.5 ʄʵɺ, ʚʳʣʝʪʝʚʰʠʭ ʟʘ ʛʨʘʥʠʮʫ ʤʠʰʝʥʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.1. ɹʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ Ar ʠ Ca ʦʙʲʷʩʥʷʝʪʩʷ, ʚʦ-
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ʧʝʨʚʳʭ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴʶ ʥʝʡʪʨʦʥʦʚ ʚ ʘʜʨʦʥ-ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ ʥʘ ʘʨʛʦʥʝ. 

ɺʪʦʨʘʷ ʧʨʠʯʠʥʘ ï ʟʥʘʯʠʪʝʣʴʥʦʝ (ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ) ʨʘʟʣʠʯʠʝ ʚ ʥʝʡʪʨʦʥʥʳʭ ʩʝʯʝʥʠʷʭ ʧʨʠ 

ʵʥʝʨʛʠʷʭ ʥʠʞʝ 14.5 ʄʵɺ. 

 

ʕʥʝʨʛʠʷ 

ʧʠʦʥʦʚ 

(ɻʵɺ) 

Ar Ca 

ʛʝʥʝʨʘʮʠʷ 
ɺʳʭʦʜ ʠʟ 

ʤʠʰʝʥʠ 
ʛʝʥʝʨʘʮʠʷ 

ɺʳʭʦʜ ʠʟ 

ʤʠʰʝʥʠ 

1 16.7 17.1 7.47 4.69 

10 77.0 78.8 33.6 20.7 

100 381 390 161 99.1 

ʊʘʙʣʠʮʘ 4.1.  ʉʨʘʚʥʝʥʠʝ ʛʝʥʝʨʘʮʠʠ ʠ ʚʳʭʦʜʘ ʥʝʡʪʨʦʥʦʚ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʤʠʰʝʥʠ, 

ʦʙʣʫʯʘʝʤʦʡ ʧʠ-ʤʝʟʦʥʘʤʠ ʨʘʟʥʳʭ ʵʥʝʨʛʠʡ. ʇʨʠʚʝʜʝʥʳ ʯʠʩʣʘ ʨʦʞʜʝʥʥʳʭ ʚ ʤʠʰʝʥʠ ʠ 

ʚʳʰʝʜʰʠʭ ʥʝʡʪʨʦʥʦʚ ʠʟ ʤʠʰʝʥʠ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʧʠ-ʤʝʟʦʥ. ʄʘʪʝʨʠʘʣ ʤʠʰʝʥʠ ï ʞʠʜʢʠʡ  

ʘʨʛʦʥ ʠʣʠ ʢʘʣʴʮʠʡ. 

12.4.2 ʈʘʩʯʝʪʳ ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʤʶʦʥʘʤʠ ʚ ʞʝʣʝʟʝ 
 

ɺʝʜʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ, ʥʘ ʙʘʟʝ ʜʝʪʝʢʪʦʨʘ LVD, ʧʦ ʠʟʤʝʨʝʥʠʶ ʯʠʩʣʘ ʥʝʡʪʨʦʥʦʚ 

ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʶʦʥʘʤʠ ʚ ʚʝʱʝʩʪʚʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʪʦʤʥʳʤʠ ʥʦʤʝʨʘʤʠ (Fe, Pb). ʇʨʷʤʦʡ 

ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʘ ʥʝʡʪʨʦʥʦʚ ʧʨʝʜʣʦʞʝʥ ʚʧʝʨʚʳʝ. ʇʦʣʥʘʷ ʄʦʥʪʝ-ʂʘʨʣʦ ʩʠʤʫʣʷʮʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʧʦʣʥʝʥʘ ʜʣʷ A=57 (Fe). ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ. 

 

ʈʠʩ. 4.2.  ʂʦʥʩʪʨʫʢʮʠʷ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʞʝʣʝʟʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʩʯʝʪʯʠʢʘʤʠ LVD. 

 

14 ʤʘʷ 2013 ʛʦʜʘ ʤʝʞʜʫ ʩʯʝʪʯʠʢʘʤʠ LVD 3446 ʠ 3436 ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʞʝʣʝʟʦ, ʤʘʩʩʘ 

ʢʦʪʦʨʦʛʦ 470 ʢʛ (ʈʠʩ. 4.2). ʄʶʦʥ, ʧʝʨʝʩʝʢʘʷ ʧʘʨʫ ʩʯʝʪʯʠʢʦʚ ʩ ʚʚʝʜʝʥʥʳʤ ʚʝʱʝʩʪʚʦʤ ʤʝʞʜʫ 
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ʥʠʤʠ, ʦʙʨʘʟʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʦʥʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʥʝʡʪʨʦʥʦʚ ʚ ʨʘʩʯʝʪʝ 

ʥʘ ʦʜʠʥ ʤʶʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʡʪʨʦʥʘʤ, ʨʦʞʜʝʥʥʳʤ ʚ ʞʝʣʝʟʝ ʥʘ ʜʣʠʥʝ ʧʨʦʙʝʛʘ ʤʶʦʥʘ ʚ ʛ/ʩʤ2.  

 

Monte-Carlo ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 ʈʘʩʯʝʪ ʩ ʜʦʧ.ʞʝʣʝʟʦʤ  ʈʘʩʯʝʪ ʙʝʟ ʜʦʧ. ʞʝʣʝʟʘ  

ʏʠʩʣʦ ʤʶʦʥʦʚ  30000 30000 

ɼʣʠʥʘ ʧʨʦʙʝʛʘ ʤʶʦʥʘ ʚ 

ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʛ/ʩʤ^2  
441.5  441.3  

ɼʣʠʥʘ ʧʨʦʙʝʛʘ ʤʶʦʥʘ ʚ 

ʞʝʣʝʟʝ ʩʪʨʫʢʪʫʨʳ , ʛ/ʩʤ^2 
361.2  361.2  

ɼʣʠʥʘ ʧʨʦʙʝʛʘ ʤʶʦʥʘ ʚ ʜʦʧ. 

ʞʝʣʝʟʥʦʡ ʧʣʘʩʪʠʥʝ ʛ/ʩʤ^2 
35.6 0 

ɺʝʱʝʩʪʚʦ ʜʝʪʝʢʪʦʨʘ  ʏʠʩʣʦ ʨʦʞʜʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ  

ʜʦʧ. ʞʝʣʝʟʦ 1041  0  

ʩʮʠʥʪʠʣʣʷʪʦʨ 3125  3336  

ɾʝʣʝʟʦ ʩʪʨʫʢʪʫʨʳ 10475  10284  

ɺʝʱʝʩʪʚʦ ʜʝʪʝʢʪʦʨʘ ʏʠʩʣʦ ʟʘʭʚʘʯʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ 

ʜʦʧ. ʞʝʣʝʟʦ 106  0  

ʩʮʠʥʪʠʣʣʷʪʦʨ 10049  9508  

ʞʝʣʝʟʦ ʩʪʨʫʢʪʫʨʳ 4197  3891  

ʇʦʨʦʛ, ʄʵɺ  ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ  

0.7  0.23 

1  0.21 

1.5  0.20 

 

ʊʘʙʣʠʮʘ 4.2. ʈʝʟʫʣʴʪʘʪʳ ʄʦʥʪʝ-ʂʘʨʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ: 

ʧʨʘʚʘʷ ʢʦʣʦʥʢʘ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʞʝʣʝʟʘ; ʮʝʥʪʨʘʣʴʥʘʷ ï ʩ 

ʜʦʧ. ʞʝʣʝʟʦʤ. 

 

ʇʦʣʥʦʝ ʄʦʥʪʝ-ʂʘʨʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Geant4. ʄʶʦʥʳ, ʩ ʵʥʝʨʛʠʝʡ, ʨʘʟʳʛʨʘʥʥʦʡ ʧʦ ʠʟʚʝʩʪʥʦʤʫ 

ʩʧʝʢʪʨʫ ʠ ʫʛʣʦʚʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʟʘʧʫʩʢʘʣʠ ʯʝʨʝʟ ʚʳʙʨʘʥʥʳʝ ʩʯʝʪʯʠʢʠ. ʄʦʜʝʣʠʨʦʚʘʣʩʷ 

ʧʨʦʮʝʩʩ ʨʦʞʜʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʦʪ ʤʶʦʥʦʚ ʚ ʚʝʱʝʩʪʚʝ ʫʩʪʘʥʦʚʢʝ LVD. 

ʌʠʢʩʘʮʠʷ ʥʝʡʪʨʦʥʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʛʘʤʤʘ-ʢʚʘʥʪʘʤ, ʠʩʧʫʩʢʘʝʤʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʧʨʦʪʦʥʘʤʠ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠ ʷʜʨʘʤʠ ʞʝʣʝʟʘ ʚ 
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ʩʪʨʫʢʪʫʨʝ LVD. ʈʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʦʟʳʛʨʳʰʘ ʤʶʦʥʦʚ ʠ ʛʝʦʤʝʪʨʠʠ: ʘ) ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 4-ʭ ʩʤ ʩʣʦʝʤ ʞʝʣʝʟʘ ʠ ʙ) ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʞʝʣʝʟʘ. ɺ ʢʘʞʜʦʡ ʛʨʫʧʧʝ 

ʨʘʟʳʛʨʳʚʘʣʦʩʴ 30000 ʤʶʦʥʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.2. ɹʳʣʦ 

ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚ  ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʞʝʣʝʟʝ ʙʳʣʦ ʨʦʞʜʝʥʦ 1041 ʥʝʡʪʨʦʥ. ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʧʨʦʙʝʛʘ 

ʤʶʦʥʘ ʚ 4-ʭ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʩʣʦʝ ʞʝʣʝʟʘ ʩ ʫʯʝʪʦʤ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʶʦʥʦʚ ʩʦʩʪʘʚʠʣʘ  

35.6 ʛ/ʩʤ2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʥʝʡʪʨʦʥʦʚ, ʨʦʞʜʝʥʥʳʭ ʤʶʦʥʘʤʠ, ʚ ʜʦʧ. ʞʝʣʝʟʥʦʡ ʧʣʘʩʪʠʥʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʨʦʛʘʤʠ 

ʨʝʛʠʩʪʨʘʮʠʠ. ɼʣʷ ʧʦʨʦʛʘ Eth=1 ʄʵɺ, ʠʩʧʦʣʴʟʫʝʤʦʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʩʦʩʪʘʚʠʣʘ 0.21. 
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12.5 ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʦ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ 

ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦ 

(ʀʪʘʣʠʷ) ʥʘʧʨʘʚʣʝʥʠʝ: çʌʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʨʝʜʢʠʭ 

ʨʘʩʧʘʜʦʚè 
 

ʈʦʩʩʠʡʩʢʠʝ ʩʦʪʨʫʜʥʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʃʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦ ʧʨʠʥʠʤʘʶʪ ʘʢʪʠʚʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʂʦʣʣʘʙʦʨʘʮʠʡ. ʈʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʜʝʞʫʨʩʪʚʘ ʥʘ ʜʝʪʝʢʪʦʨʘʭ, ʟʘʥʠʤʘʶʪʩʷ ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʘʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

(LVD, OPERA, BOREXINO); ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠ ʥʘʣʘʞʠʚʘʶʪ ʦʙʦʨʫʜʦʚʘʥʠʝ (GERDA) ʠ 

ʟʘʥʠʤʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ.  

ʃʘʙʦʨʘʪʦʨʠʷ ɻʨʘʥ ʉʘʩʩʦ ʅʘʮʠʦʥʘʣʴʥʦ ʠʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʀʪʘʣʠʠ ʨʘʩʧʦʣʦʞʝʥʘ 

ʧʦʜ ʛʦʨʥʳʤ ʤʘʩʩʠʚʦʤ ʚ 10-ʢʠʣʦʤʝʪʨʦʚʦʤ ʪʫʥʥʝʣʝ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ ʊʝʨʘʤʦ ʠ ʃ'ɸʢʚʠʣʘ ʚ 120 

ʢʤ ʦʪ ʈʠʤʘ. ɽʝ ʧʦʜʟʝʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʙʦʣʴʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʣʘ 

100 ʤ ʚ ʜʣʠʥʫ,  20 ʤ ʚ ʰʠʨʠʥʫ ʠ 18 ʤ ʚ ʚʳʩʦʪʫ ʢʘʞʜʳʡ, ʦʙʱʠʤ ʦʙʲʝʤʦʤ 180 ʪʳʩ. ʤ3. 

ʉʦʪʨʫʜʥʠʢʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ LVD ʠ OPERA ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ. 

ʈʘʙʦʪʳ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʝ LVD ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ: 

ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʤʶʦʥʘʤʠ ʚ ʞʝʣʝʟʝ ʠ ʩʚʠʥʮʝ (ʧʦʜʛʦʪʦʚʢʘ 

ʧʣʘʩʪʠʥ, ʨʝʟʢʘ, ʫʩʪʘʥʦʚʢʠ, ʤʦʥʪʘʞ ʢʦʥʩʪʨʫʢʮʠʠ), ʟʘʤʝʥʘ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ, 

ʢʨʫʛʣʦʩʫʪʦʯʥʳʝ ʜʝʞʫʨʩʪʚʘ ʥʘ ʫʩʪʘʥʦʚʢʝ. ʉ 1 ʷʥʚʘʨʷ ʧʦ 31 ʜʝʢʘʙʨʷ 2014 ʛʦʜʘ ʩʦʪʨʫʜʥʠʢʠ ʀʗʀ 

ʜʝʞʫʨʠʣʠ ʚ ʪʝʯʝʥʠʝ 17 ʥʝʜʝʣʴ (17 ³ 7 ʜʥʝʡ ³ 1 ʯʝʣʦʚʝʢ) = 119 ʯʝʣʦʚʝʢʦʜʥʝʡ. 

ɺ ʪʝʯʝʥʠʝ 2014 ʛʦʜʘ ʩ 15 ʷʥʚʘʨʷ ʧʦ 20 ʜʝʢʘʙʨʷ ʩʦʪʨʫʜʥʠʢʠ ʀʗʀ ʈɸʅ ʜʝʞʫʨʠʣʠ ʥʘ 

ʫʩʪʘʥʦʚʢʝ OPERA 49 ʥʝʜʝʣʴ, ʚ ʪʦʤ ʯʠʩʣʝ 33 ʥʝʜʝʣʠ ʨʘʙʦʪʘʣʠ 1 ʯʝʣʦʚʝʢʦʜʝʥʴ ʠ 16 ʥʝʜʝʣʴ ï 2 

ʯʝʣʦʚʝʢʦʜʥʷ. ʇʦʣʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʨʫʧʧʳ OPERA ʀʗʀ ʈɸʅ ʩʦʩʪʘʚʣʷʝʪ  165 ʜʝʥʴ ³ 1 + 80 ʜʝʥʴ 

³ 2 = 325 ʯʝʣʦʚʝʢʦʜʥʝʡ.  

Super-K, LVD, IceCube, Borexino, KamLAND ʦʙʨʘʟʫʶʪ ʛʣʦʙʘʣʴʥʫʶ ʩʝʪʴ SNEWS 

(SuperNova Early Warning System) ʜʣʷ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʣʝʩʢʦʚ ʦʪ ʉʚʝʨʭʥʦʚʳʭ, ʢʦʪʦʨʘʷ 

ʨʘʙʦʪʘʝʪ ʫʞʝ ʚ ʪʝʯʝʥʠʝ 14 ʣʝʪ (ʩ Borexino ï 4 ʛʦʜʘ). ʉ ʜʝʪʝʢʪʦʨʦʚ ʧʦʩʳʣʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʢʘʥʜʠʜʘʪʘʭ ʥʘ ʥʝʡʪʨʠʥʥʦʝ ʩʦʙʳʪʠʝ ʥʘ ʩʝʨʚʝʨ SNEWS ʚ ɹʨʫʢʭʵʡʚʝʥʩʢʫʶ ʅʘʮʠʦʥʘʣʴʥʫʶ 

ʣʘʙʦʨʘʪʦʨʠʶ, ʉʐɸ. ʎʝʣʴ SNEWS ï ʧʨʝʜʦʩʪʘʚʠʪʴ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʤʫ ʩʦʦʙʱʝʩʪʚʫ ʨʘʥʥʝʝ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʚʩʧʳʰʢʝ ʉʚʝʨʭʥʦʚʦʡ ʚ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʝ ʩ ʪʝʤ, ʯʪʦʙʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʠʛʥʘʣ ʦʪ ʉʚʝʨʭʥʦʚʦʡ, ʤʦʛʣʠ ʙʳ 

ʥʘʙʣʶʜʘʪʴ ʷʚʣʝʥʠʝ ʩʚʝʨʭʥʦʚʦʡ. ɹʦʣʝʝ ʪʦʛʦ, SNEWS ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʦʙʳʪʠʡ, 

ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʥʘ ʧʦʨʦʛʝ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ.  
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ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ LVD ʠ ɸʉɼ ʚ ʪʝʯʝʥʠʝ 37 ʣʝʪ (ʩ 1977 ʛ ʧʦ 

2014 ʛ) ʧʦʣʫʯʝʥʦ ʩʘʤʦʝ ʩʠʣʴʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʯʘʩʪʦʪʫ ʥʝʡʪʨʠʥʥʳʭ 

ʚʩʧʣʝʩʢʦʚ ʦʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʣʘʧʩʦʚ ʟʚʸʟʜ ʚ ɻʘʣʘʢʪʠʢʝ: ʤʝʥʝʝ 1 ʩʦʙʳʪʠʷ ʟʘ 16.07 ʛʦʜʘ ʥʘ 

90% ʫʨʦʚʥʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ.  

ɺ 2014 ʛʦʜʫ ʥʘ ʫʩʪʘʥʦʚʢʝ LVD ʧʨʦʚʦʜʠʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʤʝʨʝʥʠʶ ʯʠʩʣʘ ʥʝʡʪʨʦʥʦʚ, 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʶʦʥʘʤʠ ʚ ʞʝʣʝʟʝ (Fe) ʠ ʩʚʠʥʮʝ (Pb). ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ. 

ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ 

ʤʶʦʥʘʤʠ, ʨʦʞʜʸʥʥʳʤʠ ʦʪ ʥʝʡʪʨʠʥʥʦʛʦ ʧʫʯʢʘ ʠʟ ʎɽʈʅʘ ʚ ʜʝʪʝʢʪʦʨʝ LVD.  

ɺ ʵʤʫʣʴʩʠʦʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ OPERA ʚ 2014 ʛʦʜʫ ʦʙʥʘʨʫʞʝʥʦ ʯʝʪʚʝʨʪʦʝ ʩʦʙʳʪʠʝ-

ʢʘʥʜʠʜʘʪ ʥʘ ʨʘʩʧʘʜ ʪʘʫ ʣʝʧʪʦʥʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʙʥʘʨʫʞʝʥʳ ʩʦʙʳʪʠʷ-ʢʘʥʜʠʜʘʪʳ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɜŰ ʚ ʵʤʫʣʴʩʠʦʥʥʦʤ ʜʝʪʝʢʪʦʨʝ ʚ ʢʘʥʘʣʘʭ ʨʘʩʧʘʜʘ ŰŸh, ŰŸ3h ʠ ŰŸɛ. ñɻʠʧʦʪʝʟʘ 

ʪʦʣʴʢʦ ʬʦʥʘò ʦʪʚʝʨʛʥʫʪʘ ʥʘ ʫʨʦʚʥʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ 4.2ů. ʇʦʣʫʯʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʤʦʜʝʣʠ ʩʤʝʰʠʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʥʝʡʪʨʠʥʦ ʩʦ ʩʪʝʨʠʣʴʥʳʤʠ. 
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ʖʜʠʥ ʠ ʜʨ. "ɻʝʥʝʨʘʮʠʷ ʥʝʡʪʨʦʥʦʚ ʤʶʦʥʘʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ" 

8). 33-Russian conference of Cosmic Rays, ɺʂʂʃ 2014, Dubna, 11-15 August, 2014, (poster) 

ʈ. ʅʦʚʦʩʝʣʴʮʝʚʘ ʠ ʜʨ."ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʣʝʩʢʦʚ ʧʦ ʩʦʚʤʝʩʪʥʳʤ 

ʜʘʥʥʳʤ ɹʇʉʊ ʠ LVD" 

9). 1094 ʉʝʤʠʥʘʨ "ʅʝʡʪʨʠʥʥʘʷ ʠ ʷʜʝʨʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ" ʠʤʝʥʠ ɻ.ʊ. ɿʘʮʝʧʠʥʘ, 7 ʥʦʷʙʨʷ, 

2014, ɸʛʘʬʦʥʦʚʘ ʅ.ʖ. "ʀʟʫʯʝʥʠʝ ʤʶʦʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʥʝʡʪʨʦʥʦʚ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 

ʠʤʠ ʧʦʜ ʟʝʤʣʝʡ ʚ ʜʝʪʝʢʪʦʨʝ LVD" (ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ) 

10).1095 ʉʝʤʠʥʘʨ "ʅʝʡʪʨʠʥʥʘʷ ʠ ʷʜʝʨʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ" ʠʤʝʥʠ ɻ.ʊ. ɿʘʮʝʧʠʥʘ,21 ʥʦʷʙʨʷ, 

2014, ɸʰʠʭʤʠʥ ɺ.ɺ. "ʇʦʠʩʢ ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ ʟʚʸʟʜ ʩ ʧʦʤʦʱʴʶ 

ʫʩʪʘʥʦʚʦʢ LVD ʠ ɹʇʉʊ" 

 

12 ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʪʨʫʜʥʠʢʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʘʭ ʧʦ ʚʳʧʦʣʥʝʥʠʶ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ 2014 ʛʦʜ, ʚʢʣʶʯʘʶʱʝʛʦ ʧʨʦʝʢʪʳ ʧʦ ʮʝʣʝʚʳʤ ʧʨʦʛʨʘʤʤʘʤ ʈɸʅ 

(çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʠ ʠ ʘʩʪʨʦʬʠʟʠʢʘè ʠ çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ 
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ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʙʦʪʘʤʠ ʥʘ 

ʫʩʢʦʨʠʪʝʣʷʭ ʎɽʈʅè), ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʛʨʘʥʪʘ ʈʌʌʀ 12-02-00213_ʘ çʇʦʠʩʢ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ ʟʚʝʟʜ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʥʝʡʪʨʠʥʥʦʡ ʬʠʟʠʢʠ, ʘʩʪʨʦʬʠʟʠʢʠ ʠ ʬʠʟʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʧʦʜʟʝʤʥʳʭ ʜʝʪʝʢʪʦʨʘʭ 

ʃʘʙʦʨʘʪʦʨʠʠ ʕʄɼʅ ʈɸʅ ʠ ʃʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦè 2012-2014, ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʧʨʦʝʢʪʘ ʧʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʦʛʣʘʰʝʥʠʶ ʦ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ  ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ 

ʛʨʫʧʧ ʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʨʘʥ ʉʘʩʩʦ (ʀʪʘʣʠʷ) ʥʘʧʨʘʚʣʝʥʠʝ: çʌʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʠ ʨʝʜʢʠʭ ʨʘʩʧʘʜʦʚè. 

ɺ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ʥʘ 2015 ʛʦʜ ʧʣʘʥʠʨʫʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʫʩʪʘʥʦʚʦʢ LVD 

ʠ ɸʉɼ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʫʯʥʳʭ ʧʨʦʛʨʘʤʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ; 

ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʦʠʩʢʫ ʚʩʝʭ ʪʠʧʦʚ ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ 

ʟʚʸʟʜ ʥʘ ʜʝʪʝʢʪʦʨʘʭ ɸʉɼ ʠ LVD. ʀʟʫʯʝʥʠʝ ʧʦʪʦʢʦʚ ʚʩʝʭ ʪʠʧʦʚ ʥʝʡʪʨʠʥʦ ʧʨʠ ʫʩʣʦʚʠʠ ʚʩʧʳʰʢʠ 

ʉʚʝʨʭʥʦʚʦʡ ʚ ɻʘʣʘʢʪʠʢʝ, ʣʠʙʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʝʜʝʣʘ ʥʘ ʯʘʩʪʦʪʫ ʢʦʣʣʘʧʩʦʚ. ʉʦʚʤʝʩʪʥʳʡ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʀʗʀ ʈɸʅ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 

ʜʣʷ ʦʜʠʥʦʯʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ, ʠʟʤʝʨʝʥʥʳʭ ʙʦʣʴʰʠʤʠ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ LVD, ɸʉɼ, ɹʇʉʊ. 

ʅʘ ʫʩʪʘʥʦʚʢʝ LVD ʧʣʘʥʠʨʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥ ʧʦʪʦʢʦʚ ʘʪʤʦʩʬʝʨʥʳʭ ʤʶʦʥʦʚ ʠ 

ʥʝʡʪʨʠʥʦ ʚʙʣʠʟʠ ʛʦʨʠʟʦʥʪʘ, ʠ ʤʶʦʥʥʳʭ ʛʨʫʧʧ; ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʤʶʦʥʘʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪ OPERA ʧʦʜʭʦʜʠʪ ʢ ʩʚʦʝʡ ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ. ɺ 2015 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ 

ʨʘʟʙʦʨ ʜʝʪʝʢʪʦʨʘ, ʩʢʘʥʠʨʦʚʘʥʠʝ ʦʩʪʘʚʰʝʡʩʷ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʝʱʝ 1-2 

ʩʦʙʳʪʠʡ-ʢʘʥʜʠʜʘʪʦʚ. 

ʇʦ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʝ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʤʶʦʥʘʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʦʩʪʘʥʦʚʦʢ ʤʶʦʥʦʚ ʚ 

ʜʝʪʝʢʪʦʨʝ LVD ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʥʦʛʦ ʧʫʯʢʘ ʠʟ ʎɽʈʅʘ. ʉ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ 

OPERA ʧʣʘʥʠʨʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʝʪʦʜʠʢʠ ʧʦʠʩʢʘ ʨʝʜʢʠʭ ʩʦʙʳʪʠʡ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʜʝʪʝʢʪʦʨʝ. 

ʉʦʪʨʫʜʥʠʢʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʚʳʠʛʨʘʣʠ ʛʨʘʥʪ ʈʌʌʀ ʥʘ 2015-2017 ʛʦʜʘ. ɺ ʧʣʘʥ ʥʘ 2015 

ʚʢʣʶʯʝʥʳ ʨʘʙʦʪʳ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʩʚʠʥʮʘ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʞʜʫ ʩʯʝʪʯʠʢʘʤʠ 

ʫʩʪʘʥʦʚʢʠ LVD. ʇʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʛʝʥʝʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʤʶʦʥʘʤʠ ʚ ʞʝʣʝʟʝ (ʥʘʙʦʨ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ï 1 ʛʦʜ) ʠ ʚ ʩʚʠʥʮʝ (ʧʦʣʫʯʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ). 
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13 ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ 

ʠ ʃʘʙʦʨʘʪʦʨʠʷ ʛʘʣʣʠʡ-ʛʝʨʤʘʥʠʝʚʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ɹʅʆ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʅ.ɻʘʚʨʠʥ. 

ʌʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʝʦʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʡ 

ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʩʤʦʣʦʛʠʷ. 

ʅʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ, ʥʝʡʪʨʠʥʥʘʷ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ, ʬʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʧʨʦʙʣʝʤʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʚ ʥʠʟʢʦʬʦʥʦʚʳʭ ʧʦʜʟʝʤʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʠ ʛʣʫʙʦʢʦ ʧʦʜ ʚʦʜʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

ɻʘʣʣʠʡ-ʛʝʨʤʘʥʠʝʚʳʡ ʥʝʡʪʨʠʥʥʳʡ ʪʝʣʝʩʢʦʧ (ɻɻʅʊ) ɹʘʢʩʘʥʩʢʦʡ ʥʝʡʪʨʠʥʥʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ.  

ʕʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʝʡʪʨʠʥʦ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʥʫʢʣʠʜʘ 

51Cr ʘʢʪʠʚʥʦʩʪʴʶ 3 ʄʂʠ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ: ɽ.ʇ. ɺʝʨʝʪʸʥʢʠʥ, ʢ.ʬ.-ʤ.ʥ. ɺ.ɺ. ɻʦʨʙʘʯʸʚ 

 

ʄʦʥʠʪʦʨʠʥʛ  ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ. 

ʂʘʣʠʙʨʦʚʦʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʜʚʫʭʟʦʥʥʦʡ ʛʘʣʣʠʝʚʦʡ ʤʠʰʝʥʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. 

 

ʆʙʦʟʥʘʯʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ 

SNU ï (Solar Neutrino Unit) ʉʦʣʥʝʯʥʘʷ ʅʝʡʪʨʠʥʥʘʷ ɽʜʠʥʠʮʘ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʚ ʩʝʢʫʥʜʫ ʚ ʤʠʰʝʥʠ, ʩʦʜʝʨʞʘʱʝʡ 1036 ʘʪʦʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ 

ʥʝʡʪʨʠʥʦ ʠʟʦʪʦʧʘ. 

SAGE ï ʈʦʩʩʠʡʩʢʦ-ɸʤʝʨʠʢʘʥʩʢʠʡ ʛʘʣʣʠʝʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. 

BEST ï ɹʘʢʩʘʥʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʦʠʩʢʫ ʩʪʝʨʠʣʴʥʳʭ ʥʝʡʪʨʠʥʦ. 

ɻʀʇ - ʛʘʟʦʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ 

ʇʇɼ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʜʝʪʝʢʪʦʨ 

ɺʊʀ  - ʚʥʫʪʨʝʥʥʝʝ ʪʦʨʤʦʟʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʕʀ ï ʵʣʝʢʪʨʦʜ-ʠʥʩʪʨʫʤʝʥʪ 
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13 ʈʝʬʝʨʘʪ 

2 ʨʠʩ., 9 ʠʩʪʦʯʥʠʢʦʚ 

ʉʊɸʅɼɸʈʊʅɸʗ ʉʆʃʅɽʏʅɸʗ ʄʆɼɽʃʔ, ʉʆʃʅɽʏʅʓɽ ʅɽʁʊʈʀʅʆ, ɻɸʃʃʀɽɺʓʁ 

ʕʂʉʇɽʈʀʄɽʅʊ,  ɻɸʃʃʀʁ-ɻɽʈʄɸʅʀɽɺʓʁ ʅɽʁʊʈʀʅʅʓʁ ʊɽʃɽʉʂʆʇ, 

ʆʉʎʀʃʃʗʎʀʀ ʅɽʁʊʈʀʅʆ, ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʉʊʆʏʅʀʂ, ʈɸɼʀʆɸʂʊʀɺʅʓʁ 

ʀɿʆʊʆʇ, ʂɸʃʆʈʀʄɽʊʈ, ɻɽʈʄɸʅʀɽɺʓʁ ɼɽʊɽʂʊʆʈ  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʡʪʨʠʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʉʦʣʥʮʘ ʠ ʩʚʦʡʩʪʚʘ ʥʝʡʪʨʠʥʦ, 

ʢʦʨʦʪʢʦ ʙʘʟʦʚʳʝ ʦʩʮʠʣʣʷʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʥʝʡʪʨʠʥʦ ʚ ʩʪʝʨʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ çʛʘʣʣʠʝʚʘʷ ʘʥʦʤʘʣʠʷè, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʛʘʣʣʠʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ SAGE ʠ GALLEX ʧʨʠ ʢʘʣʠʙʨʦʚʢʘʭ ʩʦʣʥʝʯʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʥʝʡʪʨʠʥʦ. 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʠ ʉʦʣʥʮʘ ʠ ʬʠʟʠʢʠ ʥʝʡʪʨʠʥʦ, ʧʦʜʛʦʪʦʚʢʘ ʫʩʣʦʚʠʡ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ 

ʥʝʡʪʨʠʥʦ ʠ ʚʦʟʤʦʞʥʳʭ ʢʦʨʦʪʢʦ ʙʘʟʦʚʳʭ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ 

ʦʪ 3 ʄʂʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 51ʉr ʠʩʪʦʯʥʠʢʘ ʚ ʩʪʝʨʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʠ ʩʚʦʡʩʪʚ ʥʝʡʪʨʠʥʦ ʧʨʦʚʦʜʷʪʩʷ ʧʦ 

ʝʞʝʤʝʩʷʯʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʟʘʭʚʘʪʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 

233 ʢʵɺ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʛʘʣʣʠʠ ʚ ɻʘʣʣʠʡ-ʛʝʨʤʘʥʠʝʚʦʤ ʥʝʡʪʨʠʥʥʦʤ ʪʝʣʝʩʢʦʧʝ ɹʘʢʩʘʥʩʢʦʡ 

ʥʝʡʪʨʠʥʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʗʀ ʈɸʅ (ɻɻʅʊ), ʦʩʦʙʝʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʚ ʝʛʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʥʝʡʪʨʠʥʦ ʦʪ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʦʡ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʦʡ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʇʦʠʩʢ ʢʦʨʦʪʢʦ ʙʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʩʪʝʨʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʪʦʢʘ ʥʝʡʪʨʠʥʦ ʦʪ ʤʦʱʥʦʛʦ ʢʦʤʧʘʢʪʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 51Cr ʩ ʷʜʨʘʤʠ ʛʘʣʣʠʝʚʦʡ 

ʤʠʰʝʥʠ ʨʘʟʤʝʱʝʥʥʦʡ ʚ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ ʦʙʣʫʯʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ. ɺ ʮʝʥʪʨ 

ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʦʡ 50 ʪʦʥʥʦʡ ʛʘʣʣʠʝʚʦʡ ʤʠʰʝʥʠ, ʨʘʟʜʝʣʝʥʥʦʡ ʥʘ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʟʦʥʳ, 

ʚʥʫʪʨʝʥʥʶʶ ʠ ʚʥʝʰʥʶʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʨʘʚʥʳʝ ʩʨʝʜʥʠʝ ʜʣʠʥʳ ʧʨʦʙʝʛʘ ʥʝʡʪʨʠʥʦ, 

ʧʦʤʝʱʘʝʪʩʷ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ 51Cr ʘʢʪʠʚʥʦʩʪʴʶ 3 ʄʂʠ ʠ ʠʟʤʝʨʷʶʪʩʷ ʩʢʦʨʦʩʪʠ 

ʟʘʭʚʘʪʘ ʥʝʡʪʨʠʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʘʞʜʦʡ ʟʦʥʝ. ɺ ʩʣʫʯʘʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʝʩʧʝʯʝʥʥʦʛʦ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ ʩʢʦʨʦʩʪʠ ʟʘʭʚʘʪʘ ʥʝʡʪʨʠʥʦ ʚ ʟʦʥʘʭ, ʣʠʙʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʦʙʝʩʧʝʯʝʥʥʦʛʦ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʟʘʭʚʘʪʘ ʚ ʦʙʝʠʭ ʟʦʥʘʭ ʠ ʦʞʠʜʘʝʤʦʡ 

ʚʝʣʠʯʠʥʦʡ, ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʧʨʷʤʦʝ ʫʢʘʟʘʥʠʝ ʥʘ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʡʪʨʠʥʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʚ ʟʦʥʘʭ ʩʢʦʨʦʩʪʝʡ ʢ ʦʞʠʜʘʝʤʳʤ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʦʙʣʘʩʪʠ ʨʘʟʨʝʰʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʮʠʣʣʷʮʠʡ ʥʝʡʪʨʠʥʦ ʚ ʩʪʝʨʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 
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1) ʧʦʣʫʯʝʥʘ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʟʘʭʚʘʪʘ ʥʝʡʪʨʠʥʦ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 233 ʢʵɺ ʥʘ ʷʜʨʘʭ 

71Ga ʚ ɻɻʅʊ ʟʘ ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ ʩ 1990 ʧʦ 2014 ʛʦʜ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 64.4+3.6
-3.7 SNU, ʯʪʦ 

ʩ ʫʯʝʪʦʤ MSW ʵʬʬʝʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʤʫ ʩʦʚʨʝʤʝʥʥʦʤʫ ʧʦʪʦʢʫ ʧʨʠʭʦʜʷʱʠʭ ʥʘ ɿʝʤʣʶ 

pp-ʥʝʡʪʨʠʥʦ (6.1Ñ 0.84)Ĭ10
10 ɜe/(ʩʤ

2 ʩʝʢ);  

2) ʚ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʫʩʣʦʚʠʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʥʝʡʪʨʠʥʦ ʩʦʟʜʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʦʙʣʫʯʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʢʘʥʘʣʦʤ ʜʣʷ ʚʚʦʜʘ 

ʠʩʪʦʯʥʠʢʘ ʠ ʨʘʟʤʝʱʝʥʠʝʤ ʛʘʣʣʠʝʚʦʡ ʤʠʰʝʥʠ ʚ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʟʦʥʘʭ; 

3) ʩʦʟʜʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʘʨʪʦʚʦʡ ʤʠʰʝʥʠ ʠʟ 3500 ʛ ʭʨʦʤʘ-50 97% 

ʦʙʦʛʘʱʝʥʠʷ ʜʣʷ ʥʘʨʘʙʦʪʢʠ ʚ ʨʝʘʢʪʦʨʝ ʉʄ-3 ʨʘʜʠʦʥʫʢʣʠʜʘ 51Cr ʘʢʪʠʚʥʦʩʪʴʶ 3ʄʂʠ, 

ʚʳʧʦʣʥʝʥʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʠʰʝʥʝʡ ʠʟ ʢʦʤʧʘʢʪʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʭʨʦʤʘ ʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʧʨʦʪʦʪʠʧʳ ʭʨʦʤʦʚʳʭ ʤʠʰʝʥʝʡ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʨʝʟʢʠ ʟʘʛʦʪʦʚʦʢ.   

4) ʩʦʟʜʘʥʳ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʠ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʥʫʢʣʠʜʘ 51Cr ʩ 

ʪʦʯʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 1%; 

13 ɺʚʝʜʝʥʠʝ 

ʊʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʡʪʨʠʥʦ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʳʰʣʘ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚ 

ʧʨʦʛʨʘʤʤʘʭ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ. ɺ ʥʝʡʪʨʠʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʟʫʯʘʶʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ ʦʪ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: ʦʪ ʉʦʣʥʮʘ ʠ ʟʚʸʟʜ, ʦʪ ʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ ʠ ʫʩʢʦʨʠʪʝʣʝʡ ʯʘʩʪʠʮ, ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʨʘʩʧʘʜʦʚ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʷʭ ɿʝʤʣʠ ʠ 

ʦʪ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɻɻʅʊ [1] ʙʳʣ ʩʦʟʜʘʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʟʘʭʚʘʪʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ ʚ 

ʨʝʘʢʮʠʠ 71Ga + ɜe Ÿ
71Ge + e-, ʧʦʨʦʛ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 233 ʢʵɺ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʜʝʬʠʮʠʪʘ ʥʝʡʪʨʠʥʦ, ʥʘʙʣʶʜʝʥʥʦʛʦ ʚ 37Cl ʵʢʩʧʝʨʠʤʝʥʪʝ 

[2]. ʅʠʟʢʠʡ ʧʦʨʦʛ ʟʘʭʚʘʪʘ ʥʝʡʪʨʠʥʦ ʥʘ 71Ga ʜʝʣʘʝʪ ʛʘʣʣʠʝʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ 

ʨʝʘʢʮʠʠ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʦʛʦ ʩʠʥʪʝʟʘ p + p Ÿ d + e+ + ɜe, ʚ ʢʦʪʦʨʦʡ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʦʜʘʚʣʷʶʱʘʷ 

ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ ʩʝʨʝʜʠʥʳ 2014 ʛʦʜʘ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ɻɻʅʊ ʙʳʣ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʚ ʢʦʪʦʨʦʤ ʠʟʤʝʨʷʣʘʩʴ ʩʢʦʨʦʩʪʠ ʵʪʦʡ ʨʝʘʢʮʠʠ [3]. 

ɺ ʩʝʨʝʜʠʥʝ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʵʢʩʧʝʨʠʤʝʥʪ Borexino [4] ʧʨʝʜʩʪʘʚʠʣ ʨʝʟʫʣʴʪʘʪʳ 

ʥʝʟʘʚʠʩʠʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʦʪʦʢʘ pp-ʥʝʡʪʨʠʥʦ, ʧʨʠʭʦʜʷʱʝʛʦ ʥʘ ɿʝʤʣʶ, ʠʩʧʦʣʴʟʫʷ 

ʨʝʘʢʮʠʶ ʨʘʩʩʝʷʥʠʷ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ ʥʘ ʵʣʝʢʪʨʦʥʘʭ ʞʠʜʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ 

ʙʣʝʩʪʷʱʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʣʫʯʝʥʥʳʡ ʚ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ɻɻʅʊ ʨʝʟʫʣʴʪʘʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʧʦʪʦʢʘ ʧʨʠʭʦʜʷʱʝʛʦ ʥʘ ɿʝʤʣʶ pp-
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ʥʝʡʪʨʠʥʦ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʛʨʫʧʧʘʤʠ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʤʝʪʦʜʘʤʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʠʥʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʩʚʦʡʩʪʚ ʥʝʡʪʨʠʥʦ [5,6]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ ʠʩʪʦʯʥʠʢʠ ʜʘʶʪ ʧʦʪʦʢʠ ʯʠʩʪʦ 

ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʩ ʠʟʚʝʩʪʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʟʤʝʨʝʥʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʠ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʯʝʥʴ ʢʦʨʦʪʢʠʭ 

ʥʘʩʪʦʷʥʠʷʭ ʦʪ ʠʩʪʦʯʥʠʢʘ. ʅʘʯʘʣʦ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʙʳʣʦ ʧʦʣʦʞʝʥʦ ʯʝʪʳʨʴʤʷ ʛʘʣʣʠʝʚʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ SAGE [7,8] ʠ GALLEX [9], ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʜʝʪʝʢʪʦʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʝʡʪʨʠʥʦ. ʅʝʦʞʠʜʘʥʥʦ ʥʠʟʢʠʡ ʨʝʟʫʣʴʪʘʪ, 

ʧʦʣʫʯʝʥʥʳʡ ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ çʛʘʣʣʠʝʚʦʡ ʘʥʦʤʘʣʠʠè. ɼʝʬʠʮʠʪ 

ʥʝʡʪʨʠʥʦ, ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ ʵʪʠʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʪʘʢʞʝ ʢʘʢ ʠ ʜʝʬʠʮʠʪ 

ʥʝʡʪʨʠʥʦ ʚ ʨʝʘʢʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʩʪʝʨʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ.  

ɻɻʅʊ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʠʥʦ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ 

ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʩʪʝʨʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʥʘ ʦʯʝʥʴ ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ. 

 

13 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

13.1 ɻʘʣʣʠʡ-ʛʝʨʤʘʥʠʝʚʳʡ ʥʝʡʪʨʠʥʥʳʡ ʪʝʣʝʩʢʦʧ (ɻɻʅʊ) ɹʘʢʩʘʥʩʢʦʡ 

ʥʝʡʪʨʠʥʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 
 

ʀʟʤʝʨʝʥʠʷ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ SAGE ʥʘ ɻɻʅʊ ʧʨʦʚʦʜʷʪʩʷ 

ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʉʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʥʝʡʪʨʠʥʦ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 233 ʢʵɺ  

ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʷʜʨʘʤʠ ʤʠʰʝʥʠ 71Ga. ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʠʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʯʠʩʣʫ ʨʘʩʧʘʜʦʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʘʪʦʤʦʚ 71Ge, ʢʦʪʦʨʳʝ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʨʠʤʝʨʥʦ ʤʝʩʷʯʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ 50 ʪʦʥʥʦʡ ʛʘʣʣʠʝʚʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʠ ʧʦʤʝʱʘʶʪʩʷ  ʚ 

ʤʠʥʠʘʪʶʨʥʳʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʩʯʝʪʯʠʢ, ʛʜʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʠʭ ʨʘʩʧʘʜʳ. ʇʨʦʮʝʩʩ 

ʠʟʚʣʝʯʝʥʠʷ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ ʧʦʣʫʪʦʨʘ ʩʫʪʦʢ, ʨʝʛʠʩʪʨʘʮʠʷ ʨʘʩʧʘʜʦʚ ï ʦʢʦʣʦ ʰʝʩʪʠ ʤʝʩʷʮʝʚ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʠ ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʚʝʣʠʯʠʥʫ ʧʦʪʦʢʘ ʥʝʡʪʨʠʥʦ, ʧʨʠʭʦʜʷʱʝʛʦ 

ʥʘ ɿʝʤʣʶ ʦʪ ʉʦʣʥʮʘ. ʄʝʪʦʜ ɻɻʅʊ ʜʘʝʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʩʦʣʥʝʯʥʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʧʦʪʦʢʘ. 
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ɺ 2014 ʛʦʜʫ ʥʘ ɻɻʅʊ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ ʝʞʝʤʝʩʷʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʘ 

ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ ʚʳʧʦʣʥʝʥʦ 12 ʠʟʚʣʝʯʝʥʠʡ. ʇʦʣʫʯʝʥʘ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʟʘʭʚʘʪʘ 

ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ ʥʘ ʛʘʣʣʠʠ ʚ 2014 ʛʦʜʫ. ʉ ʷʥʚʘʨʷ 1990 ʧʦ ʜʝʢʘʙʨʴ 2014 ʛʦʜʘ ʚʳʧʦʣʥʝʥʦ 

245 ʠʟʤʝʨʝʥʠʡ. ɺ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʠʘʧʘʟʦʥʘʭ L- ʠ K-ʧʠʢʦʚ ʨʘʩʧʘʜʘ 71Ge ʦʪʦʙʨʘʥʦ 4864 

ʩʦʙʳʪʠʷ, ʠʟ ʢʦʪʦʨʳʭ 1308 ʦʪʥʝʩʝʥʦ ʚʨʝʤʝʥʥʳʤ ʘʥʘʣʠʟʦʤ ʢ 71Ge. ʇʦʣʫʯʝʥʘ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ 

ʟʘʭʚʘʪʘ ʥʝʡʪʨʠʥʦ ʩ ʵʥʝʨʛʠʡ ʚʳʰʝ 233 ʢʵɺ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 64.4 +3.7/-3.7 SNU.  

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʛʘʣʣʠʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ Cl 

ʵʢʩʧʝʨʠʤʝʥʪ ɼʵʚʠʩʘ, SNO ʠ Borexino ʚ SAGE ʧʦʣʫʯʝʥʘ ʚʝʣʠʯʠʥʘ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʳʭ ʨʨ-

ʥʝʡʪʨʠʥʦ, ʜʦʩʪʠʛʘʶʱʠʭ ɿʝʤʣʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʘʨʦʤʘʪʘ, 3.38(1 Ñ 0.14)Ĭ1010 ve/(ʩʤ
2c). ʉ ʫʯʝʪʦʤ 

MSW ʵʬʬʝʢʪʘ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ʨʨ-ʥʝʡʪʨʠʥʦ, 

ʧʨʠʭʦʜʷʱʠʭ ʥʘ ɿʝʤʣʶ, 6.0(1 Ñ 0.14)Ĭ1010 (ʩʤ2ʩ)-1, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʝʣʠʯʠʥʘʤʠ, 

ʦʞʠʜʘʝʤʳʤʠ ʥʘ ʦʩʥʦʚʝ ʉʪʘʥʜʘʨʪʥʦʡ ʩʦʣʥʝʯʥʦʡ ʤʦʜʝʣʠ (ʉʉʄ): 5.97 Ñ 0.04 (ʜʣʷ high 

metallicity) ʠ 6.04 Ñ 0.03 (ʜʣʷ low metallicity), ʦʙʝ ʚʝʣʠʯʠʥʳ ʚ ʝʜʠʥʠʮʘʭ 1010 (ʩʤ2 ʩ)-1. ɻʝʥʝʨʘʮʠʷ 

ʵʥʝʨʛʠʠ ʚ ʉʉʄ ʩʪʨʦʛʦ ʦʛʨʘʥʠʯʝʥʘ ʠʟʤʝʨʝʥʥʦʡ ʩʚʝʪʠʤʦʩʪʴʶ ʉʦʣʥʮʘ ʠ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, 

ʯʪʦ ʚʨʝʤʷ ʚʳʭʦʜʘ ʩʚʝʪʘ, ʨʦʞʜʘʝʤʦʛʦ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʉʦʣʥʮʘ, ʟʘʥʠʤʘʝʪ ʧʦʨʷʜʢʘ 1015 

ʣʝʪ, ʨʘʩʯʝʪʥʳʡ ʧʦʪʦʢ pp-ʥʝʡʪʨʠʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʪʦʢ, ʚʳʨʘʙʦʪʘʥʥʳʡ ʉʦʣʥʮʝʤ ʦʢʦʣʦ 

40000-100000 ʣʝʪ ʥʘʟʘʜ. ʍʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʤʝʞʜʫ ʩʦʚʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ pp-ʧʦʪʦʢʘ, 

ʠʟʤʝʨʷʝʤʦʡ ʚ ʛʘʣʣʠʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʠ ʧʦʪʦʢʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʩʦʣʥʝʯʥʦʡ ʤʦʜʝʣʠ ʩ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʦ ʩʚʝʪʠʤʦʩʪʠ, ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʪʦʢ pp-ʥʝʡʪʨʠʥʦ ʦʪ ʉʦʣʥʮʘ ʥʝ ʠʟʤʝʥʠʣʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 14% ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 40000-100000 ʣʝʪ.  

13.1.1 ʄʦʜʝʨʥʠʟʘʮʠʷ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ɻɻʅʊ ʠ 

ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʣʫʯʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʥʝʡʪʨʠʥʦ ʥʘ ʦʯʝʥʴ ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʥʝʡʪʨʠʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʙʝʪʘ-ʨʘʩʧʘʜʥʳʭ ʥʝʡʪʨʠʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʦʩʮʠʣʣʷʮʠʠ ʥʝʡʪʨʠʥʦ ʥʘ ʦʯʝʥʴ 

ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʥʘ ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ ʦʙʥʘʨʫʞʝʥʳ ʘʥʦʤʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʝ 

ʧʦʜʜʘʶʱʠʝʩʷ ʦʙʲʷʩʥʝʥʠʶ ʚ ʨʘʤʢʘʭ ñʩʪʘʥʜʘʨʪʥʦʡ ʪʝʦʨʠʠò ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ. ɻʘʣʣʠʡ-

ʛʝʨʤʘʥʠʝʚʳʡ ʥʝʡʪʨʠʥʥʳʡ ʪʝʣʝʩʢʦʧ ɹʅʆ ʀʗʀ ʈɸʅ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʦʠʩʢ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʡʪʨʠʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʠʥʦ ʠ 

ʘʥʪʠʥʝʡʪʨʠʥʦ. 

ɺ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʫʩʣʦʚʠʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʥʝʡʪʨʠʥʦ ʚ 2014 ʛʦʜʫ ʧʨʦʜʦʣʞʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʭʠʤʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ɻɻʅʊ ʠ ʟʘʚʝʨʰʝʥʳ ʨʘʙʦʪʳ ʧʦ ʩʦʦʨʫʞʝʥʠʶ ʩʧʝʮʠʘʣʴʥʦʡ 
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ʦʙʣʫʯʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʥʝʡʪʨʠʥʦ ʥʘ ʦʯʝʥʴ 

ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ.  

ʆʙʣʫʯʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʝʤʢʦʩʪʝʡ ʩ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚ ʮʝʥʪʨʝ ʤʠʰʝʥʝʡ. ɺʥʫʪʨʝʥʥʷʷ ʟʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʬʝʨʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ ʨʘʜʠʫʩʦʤ 660 ʤʤ, ʢʦʪʦʨʘʷ ʚʤʝʱʘʝʪ 7,5 ʪʦʥʥ ʛʘʣʣʠʷ. 

ɺʥʝʰʥʷʷ ʟʦʥʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʘ c ʚʳʧʫʢʣʳʤ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʜʥʦʤ, ʜʠʘʤʝʪʨ ʠ ʚʳʩʦʪʘ 

ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʶʪ 2192 ʤʤ. ɺʥʝʰʥʷʷ ʟʦʥʘ ʚʤʝʱʘʝʪ 42,5 ʪʦʥʥʳ ʛʘʣʣʠʷ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ ʝʤʢʦʩʪʝʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʜʠʥʘʢʦʚʫʶ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʧʨʦʙʝʛʘ ʥʝʡʪʨʠʥʦ ʚ ʛʘʣʣʠʝʚʳʭ 

ʤʠʰʝʥʷʭ ʦʙʝʠʭ ʟʦʥ, àLð 550 ʤʤ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʠ ʬʦʪʦ ʫʩʪʘʥʦʚʢʠ ʚ 

ʨʝʘʢʪʦʨʥʦʤ ʟʘʣʝ ɻɻʅʊ. 

 

     

ʈʠʩʫʥʦʢ 1 ï ʆʙʣʫʯʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ: ʩʣʝʚʘ - ʩʭʝʤʘ, ʩʧʨʘʚʘ ï ʬʦʪʦ ʫʩʪʘʥʦʚʢʠ. 

 

ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʝʤʢʦʩʪʝʡ ʬʫʪʝʨʦʚʘʥʘ ʧʦʣʠʧʨʦʧʠʣʝʥʦʤ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʢʦʥʪʘʢʪʘ ʛʘʣʣʠʷ ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʤʘʪʝʨʠʘʣʦʤ ʩʪʝʥʦʢ ʠ ʜʥʘ ʝʤʢʦʩʪʠ. ɺʦ ʚʥʝʰʥʝʡ ʝʤʢʦʩʪʠ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʠ ʬʠʢʩʘʮʠʠ ʚʥʫʪʨʝʥʥʝʡ ʰʘʨʦʦʙʨʘʟʥʦʡ ʝʤʢʦʩʪʠ. ɺ 

ʦʙʝʠʭ ʝʤʢʦʩʪʷʭ ʧʨʝʜʫʩʤʦʪʨʝʥ ʧʘʪʨʫʙʦʢ ʜʣʷ ʟʘʢʘʯʢʠ/ʦʪʢʘʯʢʠ ʞʠʜʢʦʛʦ ʛʘʣʣʠʷ ʩ ʥʝʦʙʭʦʜʠʤʦʡ 

ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʦʡ. ʇʦʚʝʨʭʥʦʩʪʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʝʤʢʦʩʪʝʡ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʩ ʛʘʣʣʠʝʤ, 

ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʳ ʩ ʬʫʪʝʨʦʚʢʦʡ ʧʦʣʠʧʨʦʧʠʣʝʥʦʤ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ 

ʛʘʣʣʠʷ ʥʝ ʥʠʞʝ 35Áʉ ʧʨʝʜʫʩʤʦʪʨʝʥ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʙʦʛʨʝʚ ʝʤʢʦʩʪʝʡ. ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʛʘʣʣʠʷ 

ʚ ʫʩʪʘʥʦʚʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʩʪʝʤʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɿʘʧʦʣʥʝʥʠʝ ʝʤʢʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʠʥʭʨʦʥʥʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʳʪʘʣʢʠʚʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʬʝʨʠʯʝʩʢʫʶ 

ʝʤʢʦʩʪʴ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʢʦʡ ʧʦʜʘʯʠ ʥʘʩʦʩʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʦʙʝʠʭ 

ʝʤʢʦʩʪʷʭ ʫʨʦʚʥʝʤʝʨʘʤʠ 
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ɺ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ɻɻʅʊ ʧʣʘʥʠʨʫʝʪʩʷ ʜʝʪʘʣʴʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ BEST [6] ʩ ʠʩʪʦʯʥʠʢʦʤ 51Cr 

ʘʢʪʠʚʥʦʩʪʴʶ 3 ʄʂʠ ʠ ʥʦʚʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ  ʵʢʩʧʝʨʠʤʝʥʪʘ BEST-2 ʩ ʠʩʪʦʯʥʠʢʦʤ 65Zn ʥʘ 

ʛʘʣʣʠʝʚʦʡ ʤʠʰʝʥʠ. ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʜʣʦʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʠʩʪʦʯʥʠʢʘʤʠ ʘʥʪʠʥʝʡʪʨʠʥʦ ʜʣʷ ʧʦʠʩʢʘ ʤʘʡʦʨʘʥʦʚʦʡ ʧʨʠʨʦʜʳ ʥʝʡʪʨʠʥʦ. 

 

13.2 ʕʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʝʡʪʨʠʥʦ ʥʘ ʦʩʥʦʚʝ 

ʨʘʜʠʦʥʫʢʣʠʜʘ 51Cr ʘʢʪʠʚʥʦʩʪʴʶ 3 ʄʂʠ 

13.2.1 ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʘʨʪʦʚʦʡ ʤʠʰʝʥʠ ʠʟ 

ʦʙʦʛʘʱʝʥʥʦʛʦ ʭʨʦʤʘ 

ʀʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʩʦʟʜʘʥʳ ʤʝʪʦʜʠʢʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʠʰʝʥʝʡ ʠʟ 

ʢʦʤʧʘʢʪʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʭʨʦʤʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʜʦ 97% ʧʦ ʠʟʦʪʦʧʫ Cr-50. ʆʙʦʛʘʱʝʥʠʝ 

ʭʨʦʤʘ ʜʦ 97% ʩʦʜʝʨʞʘʥʠʷ ʠʟʦʪʦʧʘ Cr-50 ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ 

ʣʝʪʫʯʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʭʨʦʤʘ ï ʬʪʦʨʠʩʪʦʛʦ ʭʨʦʤʠʣʘ CrO2F2. ʇʦʩʣʝ ʦʙʦʛʘʱʝʥʠʷ ʬʪʦʨʠʩʪʳʡ 

ʭʨʦʤʠʣ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʭʨʦʤʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʫʪʝʤ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦʨʦʰʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʦʛʘʱʝʥʥʦʛʦ 

ʭʨʦʤʘ. ʀʟ ʧʦʨʦʰʢʘ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʢʘʧʩʫʣʘʭ ʧʦʣʫʯʘʶʪ ʢʦʤʧʘʢʪʥʳʝ ʟʘʛʦʪʦʚʢʠ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʭʨʦʤʘ. ʂʘʧʩʫʣʘ 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʡ ʠʟʦʩʪʘʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ, ʩʦʭʨʘʥʷʪʴ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ, ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʜʦʩʪʠʞʝʥʠʷ 100%-ʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʝʩʩʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʟʘʜʘʥʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʟʘʛʦʪʦʚʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʭʨʦʤʦʚʳʭ ʩʪʝʨʞʥʝʡ ʜʣʠʥʦʡ 95 ʤʤ ʩ 

ʩʝʯʝʥʠʝʤ ʚ ʚʠʜʝ ʧʨʘʚʠʣʴʥʦʛʦ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ (ʜʠʘʤʝʪʨ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ 9.3 ï 0.02 ʤʤ) 

ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ Ra = 0,4 ʤʢʤ ʧʦʣʫʯʝʥʥʳʝ ʭʨʦʤʦʚʳʝ ʟʘʛʦʪʦʚʢʠ ʧʦʜʚʝʨʛʘʶʪ 

ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʨʝʟʢʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʦʪʭʦʜʘʤʠ ʦʪ ʠʩʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ (ʧʦʪʝʨʠ ʭʨʦʤʘ-

50). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʪʝʨʴ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ 

ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ Creo Parametric 2.0, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʕʀ. ʆʧʠʩʘʥʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʦ 

ʠʟʛʦʪʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʥʳʭ ʜʝʪʘʣʝʡ (ʩʤ. ʨʠʩʫʥʦʢ 2) ʠ ʚʳʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ 

ʤʝʞʵʣʝʢʪʨʦʜʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʕʀ ʠ ʟʘʛʦʪʦʚʢʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʷʚʣʝʥʥʦʡ ʪʦʯʥʦʩʪʠ.  
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ʈʠʩʫʥʦʢ 2 ï ʇʨʦʙʥʳʝ ʜʝʪʘʣʠ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʩʦʙʣʶʜʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʤʠʥʠʤʠʟʠʨʦʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʩʪʦʨʦʥʥʠʤʠ ʧʨʠʤʝʩʷʤʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʅʀʈ ʦʬʦʨʤʣʝʥ 

ʠʪʦʛʦʚʳʡ ʦʪʯʝʪ çʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʙʝʟʦʪʭʦʜʥʦʡ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʚʳʨʝʟʢʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʭʨʦʤʦʚʳʭ ʟʘʛʦʪʦʚʦʢè. 

 

13.2.2 ʉʦʟʜʘʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʟʤʝʨʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ  

ʨʘʜʠʦʥʫʢʣʠʜʘ 51Cr  ʩ ʪʦʯʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 1%. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʡʪʨʠʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʅʀʈ ʩʦʟʜʘʥʘ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ (ʥʝʩʢʦʣʴʢʦ ʄʂʠ) ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʠʥʦ ʥʘ ʦʩʥʦʚʝ 51Cr ʩ 

ʪʦʯʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 0.5-1%. ʇʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʨʷʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ 

ʩʦʪʥʠ ʚʘʪʪ, ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʭʝʤʘ ʧʨʦʪʦʯʥʦʛʦ ʣʘʙʠʨʠʥʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʦʪʚʦʜ ʚʩʝʛʦ ʚʳʜʝʣʷʝʤʦʛʦ ʪʝʧʣʘ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʭʦʜʝ ʨʘʟʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʳʭʦʜʝ ʠ ʥʘ ʚʭʦʜʝ ʚ ʢʘʣʦʨʠʤʝʪʨ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʶ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʠʦʥʠʟʦʚʘʥʥʘʷ ʚʦʜʘ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʘʪʠʥʦʚʳʝ 

ʪʝʨʤʦʤʝʪʨʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ Ò 0.002Áʂ. ʇʦʩʪʦʷʥʥʳʡ ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʝʮʠʟʠʦʥʥʳʤ ʰʝʩʪʝʨʝʥʯʘʪʳʤ ʥʘʩʦʩʦʤ ʠ ʠʟʤʝʨʷʝʪʩʷ 

ʢʦʨʠʦʣʠʩʦʚʳʤ ʤʘʩʩʦʚʳʤ ʨʘʩʭʦʜʦʤʝʨʦʤ ʩ ʦʰʠʙʢʦʡ ʠʟʤʝʨʝʥʠʷ Ñ0.05%. ʉʪʘʙʠʣʠʟʘʮʠʷ ʚʭʦʜʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʦʭʣʘʞʜʘʶʱʠʤ ʪʝʨʤʦʩʪʘʪʦʤ ʩ ʪʦʯʥʦʩʪʴʶ 

ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ Ñ0.01Áʂ.  
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʧʦʜʦʛʨʝʚʘʝʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʤʠʪʘʪʦʨʘ ʩ ʨʘʟʤʝʨʘʤʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʝʡʪʨʠʥʦ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʢʠ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 150 - 700 ɺʪ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʡ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

ʤʝʥʝʝ 0.5%, ʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 270 - 700 ɺʪ ʤʝʥʝʝ 0.25%.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣ çʗʜʝʨʥʘʷ ʬʠʟʠʢʘ ʠ ʠʥʞʠʥʠʨʠʥʛè. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʧʦ ʝʛʦ ɔ ʠʟʣʫʯʝʥʠʶ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʬʫʥʢʮʠʡ 

ʦʪʢʣʠʢʘ ʜʣʷ ʛʝʨʤʘʥʠʝʚʦʛʦ ʇʇɼ ʚ ʜʠʘʧʘʟʦʥʝ ʚʥʫʪʨʝʥʥʝʛʦ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 51Cr ʠ 

ʦʞʠʜʘʝʤʳʭ ʧʨʠʤʝʩʝʡ ʠ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʠʟʤʝʨʝʥʠʷʤ ʢʦʘʢʩʠʘʣʴʥʳʡ ʇʇɼ GEM20P4-70. ʌʫʥʢʮʠʠ 

ʦʪʢʣʠʢʘ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʛʝʨʤʘʥʠʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʢʨʠʩʪʘʣʣʦʤ ʜʠʘʤʝʪʨʦʤ 8 ʩʤ ʩ ʦʩʝʚʳʤ ʦʪʚʝʨʩʪʠʝʤ ʜʠʘʤʝʪʨʦʤ 6 ʩʤ ʚ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ ʬʦʪʦʥʦʚ ʦʪ 150 ʜʦ 2750 ʢʵɺ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʇʇɼ GEM20P4-70  ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʪʦʯʥʦʩʪʴʶ ʥʝ ʭʫʞʝ 

1%: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʣʠʥʠʠ 60Co ʩʦʩʪʘʚʣʷʝʪ 24%, ʜʣʷ ʬʦʪʦʥʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ 

ʢʦʣʣʠʤʘʪʦʨ; ʢʨʠʩʪʘʣʣ ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʵʬʬʝʢʪʠʚʥʝʝ ʢʨʠʩʪʘʣʣʘ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʛʝʦʤʝʪʨʠʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʦʢ ʬʫʥʢʮʠʡ ʦʪʢʣʠʢʘ ʤʝʪʦʜʘʤʠ 

ʄʦʥʪʝ-ʂʘʨʣʦ; ʨʘʟʨʝʰʝʥʠʝ ɔ-ʣʠʥʠʡ ʚ ʠʟʤʝʨʷʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ (ʦʪ 0.3 ʜʦ 3 ʄʵɺ) 

ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 2 ʢʵɺ ʧʨʠ ʪʦʤ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʰʝʡ ʟʘʜʘʯʠ ʜʦʩʪʘʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʝʰʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ 5 ʢʵɺ ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʝʥʝʙʨʝʯʴ 

ʧʝʨʝʢʨʳʪʠʷʤʠ ʚʳʜʝʣʷʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʥʪʝʨʚʘʣʦʚ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣ çʗʜʝʨʥʘʷ ʬʠʟʠʢʘ ʠ 

ʠʥʞʠʥʠʨʠʥʛè. 

 

13 ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʚ ʨʘʤʢʘʭ ʅʀʈ 2014  ʚʳʧʦʣʥʝʥʳ  ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. 
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14 ʃʘʙʦʨʘʪʦʨʠʷ ʧʦʜʟʝʤʥʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɺ.ɹ.ʇʝʪʢʦʚ. 

ʅʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ, ʥʝʡʪʨʠʥʥʘʷ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ, ʬʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʧʨʦʙʣʝʤʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʚ ʥʠʟʢʦʬʦʥʦʚʳʭ ʧʦʜʟʝʤʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʠ ʛʣʫʙʦʢʦ ʧʦʜ ʚʦʜʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʥʘ ʢʦʤʧʣʝʢʩʝ ʫʩʪʘʥʦʚʦʢ ɹʇʉʊ. 

ɹʘʢʩʘʥʩʢʠʡ ʧʦʜʟʝʤʥʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʪʝʣʝʩʢʦʧ. 

ʇʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ ɹʇʉʊ, ñʂʦʚʸʨ-2ò ʠ ñɸʥʜʳʨʯʠò, 

ʧʨʦʚʝʜʝʥʠʝ ʥʘʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʚʩʝʤ ʨʝʰʘʝʤʳʤ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʬʠʟʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ 

  

14 ʈʝʬʝʨʘʪ 

ɺ ʦʪʯʸʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ ñʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ ʢʦʤʧʣʝʢʩʝ ʫʩʪʘʥʦʚʦʢ ɹʇʉʊò ʟʘ 

2014 ʛʦʜ. ɺ 2014 ʛʦʜʫ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʙʳʣʦ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪ: 

ʧʨʦʚʝʜʝʥʠʝ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʣʝʩʢʦʚ ʦʪ ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ ʟʚʸʟʜ ʥʘ ɹʇʉʊ; ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʦʝʢʪʘ, ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʛʦʜʦʩʢʦʧʘ ʠʤʧʫʣʴʩʥʦʛʦ ʢʘʥʘʣʘ (ɻʀʂ) ɹʇʉʊ; 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʚʥʝʚʦʛʦ ʤʘʩʪʝʨʘ 

ʜʣʷ ʤʶʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʫʩʪʘʥʦʚʢʠ ñʂʦʚʸʨ-3ò. ɺʩʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʦʪʯʸʪʝ.  

 

14 ɺʚʝʜʝʥʠʝ 

ɺ ɹʘʢʩʘʥʩʢʦʡ ʥʝʡʪʨʠʥʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʗʀ ʈɸʅ ʠʤʝʝʪʩʷ ʫʥʠʢʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ (ɹʘʢʩʘʥʩʢʠʡ ʧʦʜʟʝʤʥʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʪʝʣʝʩʢʦʧ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘʜ ʥʠʤ ʣʠʚʥʝʚʘʷ ʫʩʪʘʥʦʚʢʘ ñɸʥʜʳʨʯʠò ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʣʠʚʥʝʚʘʷ ʫʩʪʘʥʦʚʢʘ 

ñʂʦʚʝʨ-2ò), ʥʘ ʢʦʪʦʨʳʭ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ ñʢʦʩʤʦʤʠʢʨʦʬʠʟʠʢʘò (ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ï ñAstroparticle Physicsò). ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʨʝʞʠʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʢʦʤʧʣʝʢʩʝ ʫʩʪʘʥʦʚʦʢ, 

ʜʣʷ ʯʝʛʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʫʩʪʘʥʦʚʦʢ 

ʠ ʧʨʦʚʦʜʠʪʴ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʶ. ɺ ʪʝʯʝʥʠʝ 2014 ʛʦʜʘ ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʨʝʞʠʤ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʥʘʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʢʦʤʧʣʝʢʩʘ, ʧʨʦʚʦʜʠʣʩʷ ʤʦʥʠʪʦʨʠʥʛ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ 
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ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʦʜʦʣʞʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʫʩʪʘʥʦʚʢʠ ñʂʦʚʝʨ-3ò 

(ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʚʥʝʚʦʛʦ ʤʘʩʪʝʨʘ 

ʜʣʷ ʤʶʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʫʩʪʘʥʦʚʢʠ ñʂʦʚʸʨ-3ò) ʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ɹʇʉʊ 

(ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ, ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʛʦʜʦʩʢʦʧʘ ʠʤʧʫʣʴʩʥʦʛʦ ʢʘʥʘʣʘ 

ɹʇʉʊ). 

ʅʘ ɹʇʉʊ ʧʨʦʚʝʜʸʥ ʧʦʠʩʢ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʳʰʝʢ ʦʪ ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ ʟʚʝʟʜ, ʧʦʣʫʯʝʥʦ 

ʥʦʚʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʯʘʩʪʦʪʫ ʚʩʧʳʰʝʢ ʩ ʢʦʣʣʘʧʩʦʤ ʷʜʨʘ ʚ ɻʘʣʘʢʪʠʢʝ. ʊ.ʢ. ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʣʝʩʢʦʚ, ʧʦʟʚʦʣʠʪ ʩ ʙʦʣʴʰʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʧʦʠʩʢ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʳʰʝʢ ʦʪ ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ ʟʚʝʟʜ ʠ 

ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʠ ʧʨʦʚʝʜʸʥ ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ɹʇʉʊ ʠ LVD ʧʦ ʧʨʦʛʨʘʤʤʝ ʧʦʠʩʢʘ 

ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʣʝʩʢʦʚ. 

 

14.1 ʇʦʠʩʢ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʣʝʩʢʦʚ ʦʪ ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ ʟʚʸʟʜ 

ʇʨʦʜʦʣʞʘʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʞʠʤʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ɹʇʉʊ. ʇʦʣʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʚ 2014 ʛʦʜʫ ʩʦʩʪʘʚʠʣʦ 94.3% ʦʪ ʢʘʣʝʥʜʘʨʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɿʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʙʳʣʦ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʳ ʜʝʣʠʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ ʠ/ʠʣʠ ʬʦʨʤʠʨʦʚʘʪʝʣʠ 

ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 155 ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʯʝʪʯʠʢʘʭ, ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʜʩʪʨʦʡʢʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʠ ʧʦʨʦʛʦʚ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 234 ʩʯʝʪʯʠʢʘʭ. ɺ 

2014 ʛʦʜʫ ʙʳʣʠ ʟʘʤʝʥʝʥʳ 4 ʌʕʋ ʠ 1(ʦʜʠʥ) ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʩʮʠʥʪʠʣʣʷʪʦʨʘ. ʇʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ 

ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ɹʇʉʊ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʤʦʥʪ: 

ʩʯʝʪʯʠʢʘ ʯʠʩʣʘ ʩʨʘʙʘʪʳʚʘʥʠʡ ɻɸʂ (ʂɸʄɸʂ), ʦʩʥʦʚʥʦʡ ʢʘʩʩʝʪʳ ɻɸʂ, ʘʜʘʧʪʝʨʘ AT/PC ï 

KAMAK , ʙʣʦʢʘ ʚʳʨʘʙʦʪʢʠ ʥʘʯʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʙʣʦʢʘ ʟʘʧʫʩʢʘ ʘʙʩʦʣʶʪʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʨʦʠʟʚʝʜʝʥ ʨʝʤʦʥʪ ʠ ʢʦʥʪʨʦʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ 4-ʭ ʜʠʩʢʨʠʤʠʥʘʪʦʨʦʚ ʩ ʚʨʝʤʝʥʥʦʡ ʧʨʠʚʷʟʢʦʡ 

ʂʌ-2. 

ʇʦ ʠʥʬʦʨʤʘʮʠʠ ɹʇʉʊ ʟʘ 2014 ʛʦʜ ʧʨʦʚʝʜʸʥ ʧʦʠʩʢ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʳʰʝʢ ʦʪ 

ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ ʟʚʝʟʜ. ɹʇʉʊ ʩʦʩʪʦʠʪ ʠʟ 8 ʧʣʦʩʢʦʩʪʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ 3184 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʯʝʪʯʠʢʘ. ʂʘʞʜʳʡ ʩʯʝʪʯʠʢ ʠʤʝʝʪ ʨʘʟʤʝʨʳ 0.7*0.7*0.3 ʤ3 ʠ ʟʘʧʦʣʥʝʥ 

ʞʠʜʢʠʤ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʫʘʡʪ-ʩʧʠʨʠʪʘ (CnH2n+2, n å 9), ʧʦʨʦʛ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʯʸʪʯʠʢʘ 

8 ʄʵɺ. ɺ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 3 ʥʠʞʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ ɹʇʉʊ, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪ 1200 ʩʯʝʪʯʠʢʦʚ (ʧʦ 400 ʥʘ ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʠ) ʦʙʱʝʡ ʤʘʩʩʦʡ 130 ʪʦʥʥ. ʌʦʥʦʚʳʡ ʪʝʤʧ 

ʩʯʝʪʘ ʩʦʙʳʪʠʡ, ʢʦʛʜʘ ʩʨʘʙʘʪʳʚʘʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʩʯʝʪʯʠʢ ʥʘ ʫʩʪʘʥʦʚʢʝ ("1 ʠʟ 3200"), ʥʘ ʵʪʠʭ 

ʧʣʦʩʢʦʩʪʷʭ ʨʘʚʝʥ 0.02 ʩ-1. ʄʝʪʦʜ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʘʥʪʠʥʝʡʪʨʠʥʦ ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʪʥʦʛʦ ʙʝʪʘ-ʨʘʩʧʘʜʘ:  
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ʊ.ʢ. ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʧʦʟʠʪʨʦʥʘ å15 ʄʵɺ, ʪʦ ʨʝʘʢʮʠʷ (1), ʢʘʢ ʧʨʘʚʠʣʦ, ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʩʨʘʙʘʪʳʚʘʥʠʶ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʩʯʝʪʯʠʢʘ ʥʘ ʫʩʪʘʥʦʚʢʝ. ʆʞʠʜʘʝʤʦʝ ʩʦʙʳʪʠʝ ʦʪ ʢʦʣʣʘʧʩʘ ʟʚʝʟʜʳ 

ʜʦʣʞʥʦ ʚʳʛʣʷʜʝʪʴ ʚ ʫʩʪʘʥʦʚʢʝ ʢʘʢ ʩʝʨʠʷ ʦʜʠʥʦʯʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʩʯʝʪʯʠʢʦʚ (ʩʦʙʳʪʠʝ "1 ʠʟ 

3200" ʥʘ ɹʇʉʊ) ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʥʝʡʪʨʠʥʥʦʡ ʚʩʧʳʰʢʠ (ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 10-20 ʩʝʢʫʥʜ). ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʥʦʡ ʚʩʧʳʰʢʠ ʦʪ 

ʢʦʣʣʘʧʩʠʨʫʶʱʝʡ ʟʚʝʟʜʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʧʦʠʩʢʘ ʚʨʝʤʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʦʜʠʥʦʯʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ ʩʯʝʪʯʠʢʦʚ ʚ ʫʩʪʘʥʦʚʢʝ. 

ʏʠʩʪʦʝ ʚʨʝʤʷ ʥʘʙʦʨʘ ʧʦ ʟʘʜʘʯʝ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʳʰʝʢ ʦʪ ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ ʟʚʝʟʜ 

ʟʘ 2014 ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 27492654 ʩʝʢʫʥʜ (318.2 ʩʫʪʦʢ, ʪ.ʝ. 87.2% ʦʪ ʢʘʣʝʥʜʘʨʥʦʛʦ ʚʨʝʤʝʥʠ). 

ʇʨʝʪʝʥʜʝʥʪʦʚ ʥʘ ʢʣʘʩʪʝʨ ʥʝʡʪʨʠʥʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ ʟʚʸʟʜ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʏʠʩʪʦʝ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʩ 30 ʠʶʥʷ 1980 ʛʦʜʘ ʧʦ 31 ʜʝʢʘʙʨʷ 2014 ʛʦʜʘ ʩʦʩʪʘʚʠʣʦ 29.76 ʛʦʜʘ. 

ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʥʘ ʩʨʝʜʥʶʶ ʯʘʩʪʦʪʫ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʣʘʧʩʦʚ ʚ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʝ ʨʘʚʥʘ 

0.077 ʚ ʛʦʜ ʥʘ 90% ʜʦʚʝʨʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ. 

ʇʦ ʧʨʦʛʨʘʤʤʝ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʣʝʩʢʦʚ ʧʨʦʚʝʜʸʥ ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ɹʇʉʊ ʠ LVD ʧʦ ʠʥʬʦʨʤʘʮʠʠ ʟʘ 2012 ʛʦʜ. ʏʠʩʪʦʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʠʤʝʣʠʩʴ ʜʘʥʥʳʝ ʩ ʦʙʝʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʩʦʩʪʘʚʣʷʝʪ 7967 ʯʘʩʦʚ (330 ʩʫʪʦʢ). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦ 

ʢʨʘʪʥʦʩʪʠ ʢʣʘʩʪʝʨʘ ʥʘ ɹʇʉʊ ʠ LVD ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʢʣʘʩʪʝʨʳ 

ʩʦʙʳʪʠʡ ʷʚʣʷʶʪʩʷ ʬʦʥʦʚʳʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʜʚʫʭ ʠ ʙʦʣʝʝ ʫʩʪʘʥʦʚʦʢ ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳʤ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʧʪʠʯʝʩʢʘʷ ʚʩʧʳʰʢʘ ʉʚʝʨʭʥʦʚʦʡ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ 

ʧʨʠʯʠʥʘʤ ʥʝ ʚʠʜʥʘ. 

 

14.2 ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʦʝʢʪʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ɹʇʉʊ 

ɺ 2014 ʛʦʜʫ ʧʨʦʜʦʣʞʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʦʝʢʪʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ɹʘʢʩʘʥʩʢʦʛʦ 

ʧʦʜʟʝʤʥʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ. ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʟʘʜʘʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ, ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʥʦʚʦʛʦ ʛʦʜʦʩʢʦʧʘ ʠʤʧʫʣʴʩʥʦʛʦ 

ʢʘʥʘʣʘ (ɻʀʂ) ɹʇʉʊ. ʅʦʚʳʡ ʛʦʜʦʩʢʦʧ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʟʘʤʝʥʳ ʩʪʘʨʦʛʦ ɻʀʂ, ʢʦʪʦʨʳʡ ʫʞʝ 

ʚʳʨʘʙʦʪʘʣ ʩʚʦʡ ʨʝʩʫʨʩ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ɻʀʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʦʚʘʷ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ: 

ʇʃʀʉ ʠ LVDS-ʤʠʢʨʦʩʭʝʤʳ. ʂʦʥʩʪʨʫʢʮʠʷ ʥʦʚʦʛʦ ɻʀʂ ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʛʦ ʨʘʟʤʝʱʝʥʠʝ ʚ 4-ʭ 

ʢʨʝʡʪʘʭ ʂɸʄɸʂ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ ɹʇʉʊ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʥʦʚʦʛʦ ɻʀʂ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. ɹʣʦʢ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʢʘʢ 

1_and_2_planes, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʣʦʩʢʦʩʪʠ 

ʪʝʣʝʩʢʦʧʘ, ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ.  

 

(1)                
+

+­+ enpen
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ʈʠʩ. 1. ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʦʜʦʩʢʦʧʘ ʠʤʧʫʣʴʩʥʳʭ ʢʘʥʘʣʦʚ. 
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ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʘʩʩʝʪʳ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʤʘʪʨʠʮʳ ɻʀʂ 

ʠ 4-ʩʣʦʡʥʘʷ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʜʣʷ ʵʪʦʡ ʢʘʩʩʝʪʳ, ʠʟʛʦʪʦʚʣʝʥʘ ʦʜʥʘ ʢʘʩʩʝʪʘ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʤʘʪʨʠʮʳ ɻʀʂ. ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʢʘʩʩʝʪʳ (ʩʦʜʝʨʞʠʤʦʝ ʢʦʪʦʨʦʡ 

ʭʨʘʥʠʪʩʷ ʚ ʇɿʋ EPCS4 ʬʠʨʤʳ ALTERA) ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʘʜʘʧʪʝʨ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʘʪʦʨʘ 

BeeProg+ ʬʠʨʤʳ ELNEC.  

ʇʨʦʚʝʜʝʥʘ ʦʪʣʘʜʢʘ ʦʜʥʦʡ ʚʭʦʜʥʦʡ ʢʘʩʩʝʪʳ ɻʀʂ ʩʦʚʤʝʩʪʥʦ ʩ ʫʧʨʘʚʣʷʶʱʝʡ ʢʘʩʩʝʪʦʡ 

CTRL_UNIT. ɼʣʷ ʦʪʣʘʜʢʠ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʩʠʤʫʣʷʪʦʨ ʨʘʙʦʪʳ ɻʀʂ ʩ ʚʭʦʜʥʳʤ ʨʝʛʠʩʪʨʦʤ VME, 

ʜʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʠʪʴ ʦʙʱʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʘʩʩʝʪ. ʇʦʩʣʝ ʦʪʣʘʜʢʠ ʢʘʩʩʝʪ 

ʙʳʣʦ ʧʦʜʛʦʪʦʚʣʝʥʦ ʟʘʜʘʥʠʝ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ 80 ʰʪʫʢ ʚʭʦʜʥʳʭ ʢʘʩʩʝʪ 

ɻʀʂ ʠ ʧʷʪʠ ʫʧʨʘʚʣʷʶʱʠʭ ʢʘʩʩʝʪ CTRL_UNIT. ʇʨʦʚʝʜʸʥ ʜʝʤʦʥʪʘʞ ʩʝʤʠ ʨʝʟʝʨʚʥʳʭ 

(ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ) ʢʘʩʩʝʪ ʩʪʘʨʦʛʦ ʛʦʜʦʩʢʦʧʘ, ʠʟʛʦʪʦʚʣʝʥʘ ʣʠʮʝʚʘʷ ʧʘʥʝʣʴ ʢʘʩʩʝʪʳ çCTRL_ 

UNITè, ʠʟʛʦʪʦʚʣʝʥʳ 13 ʣʠʮʝʚʳʭ ʧʘʥʝʣʝʡ ʚʭʦʜʥʳʭ ʢʘʩʩʝʪ. 

 

14.3 ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʣʠʚʥʝʚʦʡ ʫʩʪʘʥʦʚʢʠ ñʂʦʚʝʨ-3ò 

ɺ 2014 ʛʦʜʫ ʧʨʦʜʦʣʞʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʫʩʪʘʥʦʚʢʠ ñʂʦʚʝʨ-3ò, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʠ ʩʦʩʪʘʚʘ ʇʂʀ ʚ ʦʙʣʘʩʪʠ ʧʝʨʚʠʯʥʳʭ ʵʥʝʨʛʠʡ 50 ʊʵɺ ï 104 ʊʵɺ. ɺ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʟʘʜʘʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ 

ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʚʥʝʚʦʛʦ ʤʘʩʪʝʨʘ ʜʣʷ ʤʶʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (ʄɼ) ʫʩʪʘʥʦʚʢʠ ñʂʦʚʸʨ-3ò. 

ɹʳʣʘ ʟʘʢʦʥʯʝʥʘ ʥʘʩʪʨʦʡʢʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʦʨʘʙʦʪʢʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʟʘʨʷʜʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʯʠʩʣʦʠʤʧʫʣʴʩʥʳʡ ʢʦʜ LCN-1. ɿʘ ʠʩʪʝʢʰʠʡ ʧʝʨʠʦʜ 

ʥʘʩʪʨʦʝʥʳ 143 ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ LCN-1 ʠ 143 ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ ʩ ʚʨʝʤʝʥʥʦʡ ʧʨʠʚʷʟʢʦʡ SKF-1, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʜʣʷ ʄɼ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʙʱʝʝ ʯʠʩʣʦ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʜʝʣʠʡ SKF-1 ʠ 

LCN-1 ʩʦʩʪʘʚʣʷʝʪ 420 ʵʢʟʝʤʧʣʷʨʦʚ ʢʘʞʜʦʛʦ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ LCN-1 

ʠ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ SKF-1 ʧʨʠʚʝʜʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʨʠʩ. 2 ʠ ʨʠʩ. 3. 

ʈʘʟʨʘʙʦʪʘʥʳ ʵʩʢʠʟʳ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʫʟʣʦʚ ʙʣʦʢʘ ʤʘʩʪʝʨʦʚ ʤʶʦʥʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʘ çɺʠʰʥʷè. ʇʦ ʜʘʥʥʳʤ ʵʩʢʠʟʘʤ ʠʟʛʦʪʦʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʧʨʠʝʤʥʳʭ ʙʣʦʢʦʚ ʩʠʛʥʘʣʦʚ ʜʠʩʢʨʠʤʠʥʘʪʦʨʦʚ ʩ ʚʨʝʤʝʥʥʦʡ ʧʨʠʚʷʟʢʦʡ SKF-1 ʥʘ ʙʘʟʝ ʦʪʜʝʣʴʥʳʭ 

ʢʨʝʡʪʦʚ çɺʠʰʥʷè, ʧʦ 205 ʢʘʥʘʣʦʚ ʚ ʢʘʞʜʦʤ. ɺ ʢʘʞʜʦʤ ʧʨʠʝʤʥʦʤ ʢʨʝʡʪʝ ʦʜʥʘ ʠʟ ʚʦʩʴʤʠ ʢʘʩʩʝʪ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʦʪʜʝʣʴʥʳʭ ʪʨʠʛʛʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ Ó 10 ʠʟ 205 ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʦʥʥʝʣʷ ʤʶʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʦ ʩʫʤʤʝ ʠʤʧʫʣʴʩʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʪʦʢʦʚʳʤʠ ʢʣʶʯʘʤʠ ʢʘʞʜʦʛʦ 

ʧʨʠʝʤʥʦʛʦ ʢʘʥʘʣʘ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʯʝʪʳʨʝʭʩʣʦʡʥʘʷ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʧʨʠʝʤʥʦʛʦ ʙʣʦʢʘ ʩʠʛʥʘʣʦʚ SKF-1, 

ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʜʘʥʥʦʡ ʧʣʘʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ɿʘʢʘʟʘʥʦ ʠ ʠʟʛʦʪʦʚʣʝʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 14 ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʧʨʠʝʤʥʦʛʦ ʙʣʦʢʘ 

ʩʠʛʥʘʣʦʚ SKF-1 ʚ ʬʠʨʤʝ ʆʆʆ çʊɸɹɽʈʋè. 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ 16- ʢʘʥʘʣʴʥʳʡ ʠʤʠʪʘʪʦʨ ʩʠʛʥʘʣʦʚ SKF-2, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʠʛʛʝʨʥʳʭ ʩʠʛʥʘʣʦʚ Ó10 ʠʟ 205 ʤʶʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. 

ʇʨʦʠʟʚʝʜʝʥ ʧʣʘʥʘʨʥʳʡ ʤʦʥʪʘʞ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ 7 ʧʣʘʪ (ʠʟ 14) ʧʨʠʝʤʥʦʛʦ ʙʣʦʢʘ 

ʩʠʛʥʘʣʦʚ SKF-1 ʥʘ 205 ʢʘʥʘʣʦʚ, ʦʪʜʝʣʴʥʦ ʦʪ ʙʣʦʢʘ ʚʳʨʘʙʦʪʢʠ ʪʨʠʛʛʝʨʘ. ʀʟʛʦʪʦʚʣʝʥʦ 2 ʙʣʦʢʘ 

ʚʳʨʘʙʦʪʢʠ ʪʨʠʛʛʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 10 Ó 205 ʜʣʷ ʤʶʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. 

ʇʨʦʠʟʚʝʜʝʥ ʧʣʘʥʘʨʥʳʡ ʤʦʥʪʘʞ ʠ ʥʘʩʪʨʦʡʢʘ 7 ʧʣʘʪ (ʠʟ 14) ʜʚʫʭ ʧʨʠʝʤʥʳʭ ʙʣʦʢʦʚ 

ʩʠʛʥʘʣʦʚ SKF-1, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʪʘʥʜʘʨʪʝ 

ʕʉʃ ï LVDS ʠ ʚʳʨʘʙʦʪʢʠ ʪʨʠʛʛʝʨʥʦʛʦ ʩʠʛʥʘʣʘ Ó 10 ʠʟ 205 ʢʘʥʘʣʦʚ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʦʥʥʝʣʷ ʤʶʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʦʜʠʥʦʯʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠʝʤʥʦʛʦ ʙʣʦʢʘ 

ʩʠʛʥʘʣʦʚ SKF-1 ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.4. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʥʘ ʩʭʝʤʝ 32-ʭ ʢʘʥʘʣʴʥʦʛʦ ʙʣʦʢʘ ʠʟʦʙʨʘʞʝʥ 

ʪʦʣʴʢʦ ʦʜʠʥ ʬʨʘʛʤʝʥʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ 4ʭ ʢʘʥʘʣʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʕʉʃ ï LVDS ʠ 

ʪʦʢʦʚʳʭ ʢʣʶʯʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʫʤʤʠʨʦʚʘʥʠʷ ʪʦʢʦʚʳʭ ʩʠʛʥʘʣʦʚ SKF-1 ʩ ʮʝʣʴʶ ʚʳʨʘʙʦʪʢʠ 

ʪʨʠʛʛʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦ ʚʩʝʤ 205 ʢʘʥʘʣʘʤ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʚ ʩʝʤʠ 

ʦʪʜʝʣʴʥʳʭ ʫʟʣʘʭ ʫʩʪʨʦʡʩʪʚʘ. 

 

 
 

ʈʠʩ.2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ LCN-1. 
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ʈʠʩ. 3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ SKF-1. 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʩʭʝʤʳ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ SKF-1 ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʪʨʠʛʛʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ Ó 10 ʠʟ 205 ʤʶʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʀʟʛʦʪʦʚʣʝʥʦ ʜʚʘ 

ʵʢʟʝʤʧʣʷʨʘ ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ ʪʨʠʛʛʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ Ó 10 ʠʟ 205 ʜʣʷ ʢʘʞʜʦʛʦ ʪʦʥʥʝʣʷ 

ʤʶʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. 
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ʈʠʩ.4. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʦʜʠʥʦʯʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠʝʤʥʦʛʦ ʙʣʦʢʘ ʩʠʛʥʘʣʦʚ SKF-1. 
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14 ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʪʝʯʝʥʠʝ 2014 ʛʦʜʘ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʢʦʤʧʣʝʢʩʘ ɹʇʉʊ ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʨʝʞʠʤ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝʤ ʬʠʟʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ ʠ ʧʨʦʚʦʜʠʣʩʷ ʤʦʥʠʪʦʨʠʥʛ 

ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʦʚʦʜʠʣʠʩʴ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʫʩʪʘʥʦʚʢʘʭ. ʇʨʦʜʦʣʞʘʝʪʩʷ ʥʘʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʧʨʦʛʨʘʤʤʝ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʣʝʩʢʦʚ, ʧʦʣʫʯʝʥʦ ʥʦʚʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʩʨʝʜʥʶʶ 

ʯʘʩʪʦʪʫ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʣʘʧʩʦʚ ʚ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʝ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠ ʧʨʦʚʝʜʸʥ 

ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʜʚʫʭ ʫʩʪʘʥʦʚʦʢ ʀʗʀ ʈɸʅ ï ɹʇʉʊ ʠ LVD ï ʧʦ ʧʨʦʛʨʘʤʤʝ ʧʦʠʩʢʘ 

ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʣʝʩʢʦʚ. 

ʇʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʦʢ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʩʨʝʜʩʪʚ, 

ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʛʦʩʟʘʜʘʥʠʷ (ʟʘʨʧʣʘʪʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ), 

ʧʨʦʚʦʜʠʣʘʩʴ ʣʠʰʴ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʦʚ, ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʠ ʥʘʩʪʨʦʡʢʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʙʣʦʢʦʚ ʩʠʣʘʤʠ ʩʦʪʨʫʜʥʠʢʦʚ ʣʘʙʦʨʘʪʦʨʠʠ. ʅʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʧʨʠʙʦʨʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ (ʚ ʪ.ʯ. ʨʘʜʠʦʢʦʤʧʦʥʝʥʪ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʨʝʜʩʪʚʘ ʠʟ 

ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. 

 

14 ʇʫʙʣʠʢʘʮʠʠ 
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ʖ.ɺ. ʉʪʝʥʴʢʠʥ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʜʨʦʥʥʳʭ ʩʪʚʦʣʦʚ ʐɸʃ ʥʘ ʫʩʪʘʥʦʚʢʝ ñʂʦʚʝʨ-2ò. ʀʟʚʝʩʪʠʷ 

ʈɸʅ. ʩʝʨ. ʬʠʟ., ʪ. 78, ˉ 3, ʩ. 330ï332, 2014. 
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hemisphere Gamma-Ray Bursts with BUST. International Workshop on Prospects of Particle 

Physics: "Neutrino Physics and Astrophysics", Valdai, Russia, January 27 - February 1, 2014 

2. V.B. Petkov. Experimental search for evaporating primordial black holes. International 

Workshop on Prospects of Particle Physics: "Neutrino Physics and Astrophysics", Valdai, Russia, 

January 27 - February 1, 2014.  

3. M.M. Kochkarov. Search for low-energy neutrino from the gamma-ray bursts on the 

Baksan Underground Scintillation Telescope. International Workshop on Prospects of Particle 

Physics: "Neutrino Physics and Astrophysics", Valdai, Russia, January 27 - February 1, 2014. 

4. ɺ.ɹ. ʇʝʪʢʦʚ. ɹʘʢʩʘʥʩʢʘʷ ʥʝʡʪʨʠʥʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ. 33-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, 11 - 15 ʘʚʛʫʩʪʘ, 

ʛ. ɼʫʙʥʘ. 
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5. ʄ.ʄ. ɹʦʣʠʝʚ. ʇʦʠʩʢ ʣʦʢʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʠʥʦ ʥʘ ɹʇʉʊ. 33-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ,  11 - 15 ʘʚʛʫʩʪʘ, ʛ. ɼʫʙʥʘ. 

6. ʄ.ʄ. ʂʦʯʢʘʨʦʚ. ʅʘʨʘʙʦʪʢʘ ʠʟʦʪʦʧʘ 12B ʥʝʡʪʨʦʥʘʤʠ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ɹʇʉʊ ʠ ʧʦʪʦʢ 

ʥʝʡʪʨʦʥʦʚ ʥʘ ʛʣʫʙʠʥʝ 850 ʛ/ʩʤ2. 33-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ,  11 

- 15 ʘʚʛʫʩʪʘ, ʛ. ɼʫʙʥʘ. 

7. ɼ.ɼ. ɼʞʘʧʧʫʝʚ. ʋʩʪʘʥʦʚʢʘ ñʂʦʚʝʨ-3ò ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʙʣʘʩʪʠ ʠʟʣʦʤʘ ʚ ʩʧʝʢʪʨʝ ʇʂʀ. 

33-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ,  11 - 15 ʘʚʛʫʩʪʘ, ʛ. ɼʫʙʥʘ. 

8. ɼ.ɼ. ɼʞʘʧʧʫʝʚ, ɸ.ʋ. ʂʫʜʞʘʝʚ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʩʧʝʢʪʨʘ 

ʠ ʩʦʩʪʘʚʘ ʇʂʀ ʥʘ ʫʩʪʘʥʦʚʢʝ "ʂʦʚʝʨ-3". 33-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ 

ʣʫʯʘʤ,  11 - 15 ʘʚʛʫʩʪʘ, ʛ. ɼʫʙʥʘ. 

9. ʈ.ɺ. ʅʦʚʦʩʝʣʴʮʝʚʘ. ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʥʳʭ ʚʩʧʣʝʩʢʦʚ ʧʦ 

ʩʦʚʤʝʩʪʥʳʤ ʜʘʥʥʳʤ ɹʇʉʊ ʠ LVD. 33-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, 

11 - 15 ʘʚʛʫʩʪʘ, ʛ. ɼʫʙʥʘ. 

10. ʄ.ʄ. ʂʦʯʢʘʨʦʚ. ʀʟʤʝʨʝʥʠʝ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʩʢʘʣʴʥʦʤ ʛʨʫʥʪʝ ʥʘ ʛʣʫʙʠʥʝ 850 

ʛʛ/ʩʤ2 ʧʦ ʥʘʨʘʙʦʪʢʝ ʠʟʦʪʦʧʘ 12B ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ɹʇʉʊ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʝʩʩʠʷ-ʢʦʥʬʝʨʝʥʮʠʷ 

ʉʝʢʮʠʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʆʌʅ ʈɸʅ çʌʠʟʠʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡè, 17 - 21 

ʥʦʷʙʨʷ 2014 ʛ., ʄʦʩʢʚʘ. 
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15 ʃʘʙʦʨʘʪʦʨʠʷ ʥʠʟʢʦʬʦʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ɸ.ʄ.ɻʘʥʛʘʧʰʝʚ. 

ʌʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʝʦʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʡ 

ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʩʤʦʣʦʛʠʷ. 

ʅʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ, ʥʝʡʪʨʠʥʥʘʷ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ, ʬʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʧʨʦʙʣʝʤʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. 

ʇʨʠʢʣʘʜʥʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ, ʨʘʜʠʦʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʷʜʝʨʥʘʷ 

ʪʨʘʥʩʤʫʪʘʮʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ. 

ʀʟʫʯʝʥʠʝ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ 

ʧʦʜʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʦʥʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠʟ 

ZnS(Ag) ʩ ʜʦʙʘʚʢʘʤʠ 6LiF. 

ʇʦʠʩʢ ʩʦʣʥʝʯʥʳʭ ʘʜʨʦʥʥʳʭ ʘʢʩʠʦʥʦʚ. 

ʅʦʚʳʡ ʵʪʘʧ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʦʠʩʢʫ 2ʂ-ʟʘʭʚʘʪʘ ʚ 124Xe. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ 

ʜ.ʬ.-ʤ.ʥ. ɺ.ɺ.ʂʫʟʴʤʠʥʦʚ. 

ʉʦʟʜʘʥʠʝ ʚʦʟʜʫʰʥʦʡ ʠʦʥʥʦʡ ʢʘʤʝʨʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʀʂɺɼ) ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 222Rn ʚ ʧʦʜʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʋʯʘʩʪʠʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ AMORE ʧʦ ʧʦʠʩʢʫ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ 

ʜʚʦʡʥʦʛʦ ʙʝʪʘ-ʨʘʩʧʘʜʘ ʠʟʦʪʦʧʘ 100Mo.  ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ɺ.ɺ.ʂʘʟʘʣʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ ʘʣʴʬʘ-

ʘʢʪʠʚʥʦʛʦ ʷʜʨʘ 214Po.  ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɽ.ʅ.ɸʣʝʢʩʝʝʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʩʦʟʜʘʥʠʷ  ʙʦʣʴʰʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʚ 

ɹʘʢʩʘʥʩʢʦʡ ʥʝʡʪʨʠʥʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʗʀ ʈɸʅ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. 

ɺ.ɺ.ʉʠʥʸʚ. 

 

ʅʠʟʢʦʬʦʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ɹʅʆ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɺ.ɺ.ʂʫʟʴʤʠʥʦʚ. 

ʆɻʈɸʅ ï ʆʧʪʦ-ʘʢʫʩʪʠʯʝʩʢʘʷ ɻʈʘʚʠʪʘʮʠʦʥʥʘʷ ɸʅʪʝʥʥʘ ʜʣʷ ʧʦʠʩʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʠ ʩʣʘʙʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʧʨʦʬ. 

ɺ.ʅ.ʈʫʜʝʥʢʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʧʦʪʦʢʘʭ ʥʝʡʪʨʠʥʦ ʦʪ ʨʝʘʢʪʦʨʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ɺ.ɺ.ʉʠʥʸʚ. 
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15 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

 15.1 ʋʯʘʩʪʠʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ GERDA ʧʦ ʧʦʠʩʢʫ 

ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʙʝʪʘ-ʨʘʩʧʘʜʘ ʠʟʦʪʦʧʘ 76Ge 
ʅʘʭʦʜʷʩʴ ʚ ʢʦʤʘʥʜʠʨʦʚʢʝ ʩʦʪʨʫʜʥʠʢʠ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ ʫʩʪʘʥʦʚʢʝ GERDA ʚ ɻʨʘʥ-ʉʘʩʩʦ 

(ʀʪʘʣʠʷ) ʚʳʧʦʣʥʠʣʠ ʠʟʤʝʨʝʥʠʷ ʯʠʩʪʦʪʳ ʘʨʛʦʥʘ ʚ ʢʨʠʦʩʪʘʪʝ GERDA ʠ ʩʢʦʨʦʩʪʠ ʵʤʘʥʘʮʠʠ 

ʛʘʟʦʚ ʠʟ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʢʘʙʝʣʝʡ ʚʥʫʪʨʠ ʛʝʨʤʝʪʠʯʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʪʘʞʘ ʠ  

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʜʝʪʝʢʪʦʨʦʚ. ɺʳʷʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʵʤʘʥʘʮʠʠ ʠʟ 

ʢʘʙʝʣʝʡ ʧʦʩʣʝ ʩʝʨʠʠ ʦʪʢʘʯʠʚʘʥʠʷ ʠ ʟʘʧʦʣʥʝʥʠʷ ʩʠʩʪʝʤʳ ʯʠʩʪʳʤ ʘʨʛʦʥʦʤ ʠʟ ʢʨʠʦʩʪʘʪʘ ʩ 

ʧʦʜʦʛʨʝʚʦʤ. ʋʯʘʩʪʚʦʚʘʣʠ ʚ ʩʙʦʨʢʝ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʬʠʢʩʘʮʠʠ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ ʠ ʦʧʪʠʯʝʩʢʠʭ 

ʚʦʣʦʢʦʥ ʜʣʷ ʚʪʦʨʦʡ ʬʘʟʳ ʵʢʩʧʝʨʠʤʝʥʪʘ (LAr-instrumentation), ʘ ʪʘʢ ʞʝ ʚ ʨʘʙʦʪʘʭ ʧʦ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʪʝʩʪʘʤ ʩʠʩʪʝʤʳ.  

15.1 ʇʫʙʣʠʢʘʮʠʠ  

1. M. Agostini, M. Allardt, E. Andreotti et al., çThe background in the 0ɜɓɓ experiment 

Gerdaè, European Physical Journal C (2014) 74:2764 

2. M. Agostini, M. Allardt, E. Andreotti, et al., ñProduction, characterization and operation of 

$^{76}$Ge enriched BEGe detectors in GERDAò, arXiv:1410.0853v1 [nucl-det]. 

 

 15.2 ʅʦʚʳʡ ʵʪʘʧ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʦʠʩʢʫ 2ʂ-ʟʘʭʚʘʪʘ ʚ 78Kr ʠ 

124Xe ʩ ʧʦʤʦʱʴʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʩʯʸʪʯʠʢʦʚ 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʜʘʚʣʝʥʠʠ 1.1ʘʪ, ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʦʙʲʝʜʠʥʝʥʠʝ 

ʠʤʝʶʱʝʛʦʩʷ ʦʙʨʘʟʮʘ ʩ ʯʘʩʪʴʶ (40 ʣ) ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ ʦʙʲʝʤʦʤ 58 ʣ., ʩʦʜʝʨʞʘʱʠʤ 4,3 ʣ (23,96 

ʛʨ.) ʍʝ-124 ʠ 15,24 ʣ  (85,7 ʛʨ.) ʍʝ-126. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʦʙʨʘʟʝʮ ʦʙʲʝʤʦʤ 52 ʣ 

ʩʦʜʝʨʞʘʱʠʡ: ʍʝ-124 ð  10,578 ʣ, ʍʝ-126 ð  14,122 ʣ. ɼʘʥʥʳʤ ʦʙʨʘʟʮʦʤ ʢʩʝʥʦʥʘ ʙʳʣ ʟʘʧʦʣʥʝʥ 

ʩʯʝʪʯʠʢ ʫʩʪʘʥʦʚʢʠ çʂʨʠʧʪʦʥè ʜʦ ʜʘʚʣʝʥʠʷ 4,925 ʘʪʪ. ï 51,07 ʣ. ʅʘʯʘʪʳ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ 

ʠʟʤʝʨʝʥʠʷ  ʧʦ ʧʦʠʩʢʫ 2ʂ-ʟʘʭʚʘʪʘ ʍʝ-124. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʙʨʘʥʘ ʩʪʘʪʠʩʪʠʢʘ ʟʘ 1800 ʯʘʩʦʚ 

ʞʠʚʦʛʦ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʡ. ɺ ʠʩʢʦʤʦʤ ʠʥʪʝʨʚʘʣʝ ʟʘ ʜʘʥʥʦʝ ʚʨʝʤʷ ʤʳ ʠʤʝʝʤ 0 ʩʦʙʳʪʠʡ, ʯʪʦ 

ʜʘʝʪ ʥʘʤ ʧʨʝʜʝʣ ʥʘ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ Xe-124 ʦʪʥʦʩʠʪʝʣʴʥʦ 2ʂ-ʟʘʭʚʘʪʘ ʥʘ ʫʨʦʚʥʝ 

 

15.2 ʇʫʙʣʠʢʘʮʠʠ  

1. Yu.M. Gavrilyuk, A.M. Gangapshev, V.V. Kazalov et al., çFirst result of the experimental 

search for the 2K-capture of Xe-124 with the copper proportional counterè, arXiv:1404.5530v1 [nucl-

ex]. 

2. Yu.M. Gavrilyuk,  A.M. Gangapshev,  V.V. Kazalov, V.V. Kuzminov,  D.A. Tekueva, S.I. 

Panasenko,  S.S. Ratkevich, S.P. Yakimenko. ñFirst results of the experimental search for the 2Kï
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capture  of 124Xe with the copper proportional counterò. The talk given at the Workshop on Prospects 

of Particle Physics 2014 "Neutrino Physics and Astrophysics",  January 26 - Ferbuary 2, 2014, 

Valday, Russia. arXiv: 1404.5530v1 [nucle-ex] 22 Apr 2014. 

3. ʖ.ʄ.ɻʘʚʨʠʣʶʢ, ɸ.ʄ.ɻʘʥʛʘʧʰʝʚ, ɺ.ɺ.ʂʘʟʘʣʦʚ, ɺ.ɺ.ʂʫʟʴʤʠʥʦʚ, ʉ.ʀ.ʇʘʥʘʩʝʥʢʦ, 

ʉ.ʉ.ʈʘʪʢʝʚʠʯ, ɼ.ɸ. ʊʝʢʫʝʚʘ, ʉ.ʇ.ʗʢʠʤʝʥʢʦ.  çʄʝʪʦʜʠʢʘ ʧʦʠʩʢʘ 2ʂ-ʟʘʭʚʘʪʘ ʍʝ-124  ʩ ʧʦʤʦʱʴʶ 

ʤʝʜʥʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʩʯʝʪʯʠʢʘè. ɼʦʢʣʘʜ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʩʩʠʠ-ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʆʌʅ ʈɸʅ çʌʠʟʠʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡè - 2014. 

ʄʦʩʢʚʘ, 17-21 ʥʦʷʙʨʷ 2014 ʛ. 

 

15.3 ʉʦʟʜʘʥʠʝ ʚʦʟʜʫʰʥʦʡ ʠʦʥʥʦʡ ʢʘʤʝʨʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʀʂɺɼ) 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 222Rn ʚ ʧʦʜʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ 

ɿʘʚʝʨʰʝʥʳ ʠʟʤʝʨʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʧʨʝʜʫʩʠʣʠʪʝʣʷ ʠ ʨʘʟʨʝʰʝʥʠʷ Ŭ-ʣʠʥʠʠ 5.49 ʄʵɺ ʦʪ ʨʘʩʧʘʜʘ 222Rn. ʇʨʠ ʜʘʚʣʝʥʠʠ 620 ʤʤ ʨʪ. ʩʪ. 

ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 2000 ɺ ʜʦʩʪʠʛʥʫʪʦ ʨʘʟʨʝʰʝʥʠʝ 1.5 %, ʫʥʠʢʘʣʴʥʦʝ ʜʣʷ ʜʝʪʝʢʪʦʨʦʚ ʪʘʢʦʛʦ ʪʠʧʘ. 

 ʇʦʜʛʦʪʦʚʣʝʥʘ ʦʩʥʘʩʪʢʘ ʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʦʚ ʠ 

ʨʘʟʨʝʰʝʥʠʷ ʦʪ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ. ʇʨʦʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʦʟʜʫʭʘ ʜʦ ~3 ʘʪʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ. 

 

15.4. ʀʟʫʯʝʥʠʝ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʧʦʜʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ʪʦʥʢʠʭ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʥʘ ʦʩʥʦʚʝ ZnS(Ag) 

ʩ ʜʦʙʘʚʢʦʡ 6LiF 
ɺʳʧʦʣʥʝʥʘ ʧʦʚʪʦʨʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʜʝʪʝʢʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʠʩʪʦʯʥʠʢʘ ʥʝʡʪʨʦʥʦʚ, 

ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʪʢʣʠʢ ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʥʝʡʪʨʦʥʳ ʚ ʪʝʯʝʥʠʝ ~1 ʛʦʜʘ ʥʝ ʠʟʤʝʥʠʣʩʷ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʚʳʢʣʶʯʝʥʠʷ ʚʝʥʪʠʣʣʷʮʠʠ ʚ ʰʪʦʣʴʥʝ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʚʳʰʘʝʪʩʷ ʩ ~50% ʜʦ 90%, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʚʳʰʘʝʪʩʷ ʪʝʤʧ ʩʯʝʪʘ ʜʝʪʝʢʪʦʨʦʚ ʥʘ 

~70ʯ-1 (~7% ʩ ʫʯʝʪʦʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʬʦʥʘ ʜʝʪʝʢʪʦʨʦʚ). ɺʪʦʨʦʡ ʵʪʘʧ ʠʟʤʝʨʝʥʠʡ ʧʨʦʜʦʣʞʘʝʪʩʷ, 

ʥʘʙʨʘʥʘ ʩʪʘʪʠʩʪʠʢʘ ʟʘ ~10000 ʯʘʩʦʚ ʠʟʤʝʨʝʥʠʡ. ʇʘʨʘʣʣʝʣʴʥʦ ʚʝʜʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ.  

 

15.5 ɺ ʨʘʤʢʘʭ ʫʯʘʩʪʠʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ AMORE ʧʦ 

ʧʦʠʩʢʫ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʙʝʪʘ-ʨʘʩʧʘʜʘ ʠʟʦʪʦʧʘ 100Mo 
ʇʦ ʧʨʦʛʨʘʤʤʝ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʯʠʩʪʦʪʳ ʥʦʚʦʡ ʧʘʨʪʠʠ 

ʦʙʨʘʟʮʦʚ ʦʪ ʢʦʤʧʘʥʠʠ ʆɸʆ çʌʦʤʦʩ-ʄʘʪʝʨʠʘʣʩè: 

  1. ʄʦʣʠʙʜʘʪ ʢʘʣʴʮʠʷ ʠʟʤʝʣʴʯʝʥʥʳʡ 40ʉʘ100ʄʦʆ4. ʄʘʩʩʘ 500ʛʨ. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 830 

ʯʘʩʦʚ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ: ʂ-40 

- Ò4,9Ŀ10-3 ɹʢ/ʢʛ, Tl-208 - (3,1 Ñ 2,0)Ö10-4 ɹʢ/ʢʛ, Bi-214 (U-238) - (1,4 Ñ 0,1)* 10-2 ɹʢ/ʢʛ, Ac-228 ï 

Ò1,2Ŀ 10-3 ɹʢ/ʢʛ; 
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   2. ʐʠʭʪʘ ʤʦʣʠʙʜʘʪʘ ʢʘʣʴʮʠʷ 40ʉʘ100ʄʦʆ4 ï ʧʦʨʦʰʦʢ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʄʘʩʩʘ 630ʛʨ. 

ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 830 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʠʨʦʜʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ: ʂ-40 - ¢4,9Ö10-3 ɹʢ/ʢʛ, Tl-208 - (3,1Ñ2,0)Ö10-4 ɹʢ/ʢʛ, Bi-

214 (U-238) - (1,4°0,1)Ö10-2 ɹʢ/ʢʛ, Ac-228 ï ¢1,2Ö10-3 ɹʢ/ʢʛ; 

   3. ʆʪʭʦʜʳ ʤʦʣʠʙʜʘʪʘ ʢʘʣʴʮʠʷ ˉ74ɹ. ʄʘʩʩʘ 552ʛʨ. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 147 ʯʘʩʦʚ. 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ: ʂ-40 - (4,1 Ñ 

0,5)* 10-1 ɹʢ/ʢʛ, Tl-208 - (4,1 Ñ 1,9)* 10-3 ɹʢ/ʢʛ, Bi-214 (U-238) - (2,6 Ñ 0,1)* 10-1 ɹʢ/ʢʛ, Ac-228 ï 

(2,3 Ñ 0,8)* 10-2 ɹʢ/ʢʛ; 

   4. ʆʪʭʦʜʳ ʤʦʣʠʙʜʘʪʘ ʢʘʣʴʮʠʷ ˉ72ɹ. ʄʘʩʩʘ 614ʛʨ. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 334 ʯʘʩʦʚ. 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ: ʂ-40 - Ò0,20 

Ñ 0,01 ɹʢ/ʢʛ, Tl-208 - (5,4 Ñ 3,4)* 10-4 ɹʢ/ʢʛ, Bi-214 (U-238) - (5,1 Ñ 0,2)* 10-2 ɹʢ/ʢʛ, Ac-228 ï 

Ò3,4Ŀ 10-3 ɹʢ/ʢʛ; 

   5. ʆʪʭʦʜʳ ʤʦʣʠʙʜʘʪʘ ʢʘʣʴʮʠʷ 81ʉʉ. ʄʘʩʩʘ 667ʛʨ. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 1247 ʯʘʩʦʚ. 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ: ʂ-40 - Ò2,7* 

10-2 ɹʢ/ʢʛ, Tl-208 - Ò2,9* 10-3 ɹʢ/ʢʛ, Bi-214 (U-238) - Ò5,0* 10-3 ɹʢ/ʢʛ, Ac-228 ï Ò6,2* 10-3 ɹʢ/ʢʛ; 

   6. ʆʪʭʦʜʳ ʤʦʣʠʙʜʘʪʘ ʢʘʣʴʮʠʷ ˉ72ɹ. ʄʘʩʩʘ 635ʛʨ. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 236 ʯʘʩʦʚ. 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ: ʂ-40 - Ò0,52 

Ñ 0,03 ɹʢ/ʢʛ, Tl-208 - Ò(4,7 Ñ 1,6)* 10-3 ɹʢ/ʢʛ, Bi-214 (U-238) - 0,235 Ñ 0,008 ɹʢ/ʢʛ, Ac-228 ï Ò(1,6 

Ñ 0,4)* 10-2 ɹʢ/ʢʛ; 

   7. ʀʟʤʝʣʴʯʝʥʥʳʝ ʦʙʨʝʟʢʠ ʠʟ ʪʠʛʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ˉ79ɹ. ʄʘʩʩʘ 568ʛʨ. ɺʨʝʤʷ 

ʠʟʤʝʨʝʥʠʷ 724 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʠʟʦʪʦʧʦʚ: ʂ-40 - Ò(1,0 Ñ 0,5)* 10-2 ɹʢ/ʢʛ, Tl-208 - Ò4,1Ŀ 10-4 ɹʢ/ʢʛ, Bi-214 (U-238) - (1,6 Ñ 0,2)* 

10-2 ɹʢ/ʢʛ, Ac-228 ï Ò (2,4 Ñ 1,0)* 10-3 ɹʢ/ʢʛ; 

   8. ʐʠʭʪʘ ʤʦʣʠʙʜʘʪʘ ʢʘʣʴʮʠʷ 40ʉʘ100ʄʦʆ4 ï ʧʦʨʦʰʦʢ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʄʘʩʩʘ 500ʛʨ. 

ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 354,41 ʯʘʩʘ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʠʨʦʜʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ: ʂ-40 - Ò4,9* 10-2 ɹʢ/ʢʛ, Tl-208 - Ò5,9* 10-3 ɹʢ/ʢʛ, Bi-214 

(U-238) - Ò8,9* 10-3 ɹʢ/ʢʛ, Ac-228 ï Ò1,3* 10-2 ɹʢ/ʢʛ; 

   9. ʇʝʩʪʠʢ ʠ ʩʪʫʧʢʘ. ʉʪʘʣʴ 37ʍ12ʅ8ɻ8ʄʌɹ. ʇʨʝʜʥʘʟʥʘʯʝʥʠʝ ï ʧʦʤʦʣ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ 40ʉʘ100ʄʦʆ4  ʠ ʦʪʭʦʜʦʚ ʦʪ ʢʨʠʩʪʘʣʣʦʚ. ʄʘʩʩʘ 2649+1021 ʛʨ. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 

ʩʦʩʪʘʚʠʣʦ 215 ʯʘʩʦʚ. ʂ-40 - Ò5,2Ŀ 10-3 ɹʢ/ʢʛ, Tl-208 - (1,6 Ñ 0,5)* 10-3 ɹʢ/ʢʛ, Bi-214 (U-238) - (1,6 

Ñ 1,0)* 10-3 ɹʢ/ʢʛ, Ac-228 ï (2,5 Ñ 1,1)* 10-3 ɹʢ/ʢʛ; 

ʆʪ ʢʦʤʧʘʥʠʠ çʕʣʝʢʪʨʦʭʠʤʧʨʠʙʦʨè : 

1. ʂʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ 40ʉʘʉʆ3. - ʧʦʨʦʰʦʢ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʄʘʩʩʘ 500 ʛʨ. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 

ʩʦʩʪʘʚʠʣʦ 600 ʯʘʩʦʚ. ʂ-40 - ¢3,9Ö10-2 ɹʢ/ʢʛ, Tl-208 - ¢4,8Ö10-3 ɹʢ/ʢʛ, Bi-214 (U-238) - (4,4°0,6)Ö10-

2 ɹʢ/ʢʛ, Ac-228 ï ¢1,0Ö10-2 ɹʢ/ʢʛ; 



356 
 

 2. ʂʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ 40ʉʘʉʆ3. - ʧʦʨʦʰʦʢ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʄʘʩʩʘ 626 ʛʨ. ɺʨʝʤʷ 

ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 745,11ʯʘʩʦʚ. ʂ-40 - Ò4,8Ŀ 10-3 ɹʢ/ʢʛ, Tl-208 - (5,1 Ñ 3,1)* 10-4 ɹʢ/ʢʛ, Bi-

214 (U-238) - (7,3 Ñ 1,0)* 10-3 ɹʢ/ʢʛ, Ac-228 ï (1,9 Ñ 0,7)* 10-3  ɹʢ/ʢʛ; 

 15.5 ʇʫʙʣʠʢʘʮʠʠ  
O.A. Busanov, R.A. Etezov, Yu.M. Gavriljuk et al., ñBackground radioactivity of 

construction materials, raw substance and ready-made CaMoO4 crystalsò, EPJ Web of 

Conferences, Volume 65, 2014, RPSCINT 2013 ï International Workshop on Radiopure 

Scintillators. 

  

 15.6 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ 

ʧʦʣʫʨʘʩʧʘʜʘ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʛʦ ʷʜʨʘ 214Po 

 

ʆʙʨʘʙʦʪʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝʧʨʝʨʳʚʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ 214ʈʦ (Ű) ʥʘ 

ʫʩʪʘʥʦʚʢʘʭ ʊɸʋ-1 ʠ ʊɸʋ-2 ʟʘ 480 ʜʥʝʡ. ʇʦ ʜʘʥʥʳʤ ʫʩʪʘʥʦʚʢʠ ʊɸʋ-1 ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʚʢʣʘʜʘ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʝʣʠʯʠʥʫ Ű. ɺ ʨʷʜʫ ʟʥʘʯʝʥʠʡ Ű 

ʩ ʫʩʪʘʥʦʚʢʠ ʊɸʋ-2 ʦʙʥʘʨʫʞʝʥʳ ʛʦʜʦʚʘʷ ʚʘʨʠʘʮʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ ɸ= (6.9Ñ2.3)Ā10-4 ʠ ʩʦʣʥʝʯʥʦ-

ʩʫʪʦʯʥʘʷ ʚʘʨʠʘʮʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ ɸ1= (9.8Ñ0.8)Ā10
-4 ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʋʩʨʝʜʥʸʥʥʦʝ 

ʟʘ 480 ʜʥʝʡ ʥʦʚʦʝ ʚʳʩʦʢʦʪʦʯʥʦʝ ʩʧʨʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ 214ʈʦ ʩʦʩʪʘʚʠʣʦ 

ʚʝʣʠʯʠʥʫ Ű = 163.42Ñ0.06 ʤʢʩ.  

 ɺ ʫʩʪʘʥʦʚʢʝ ʊɸʋ-1 ʧʨʦʚʝʜʝʥʘ ʟʘʤʝʥʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ, ʘʥʘʣʦʛʠʯʥʳʡ ʜʝʪʝʢʪʦʨʫ ʚ ʫʩʪʘʥʦʚʢʝ ʊɸʋ-2. ʇʨʦʜʦʣʞʘʝʪʩʷ ʥʘʙʦʨ 

ʩʪʘʪʠʩʪʠʢʠ. 

15.6 ʇʫʙʣʠʢʘʮʠʠ 

1. E.N. Alexeyev, Yu.M. Gavrilyuk, A.M. Gangapshev et al., çSources of the systematic 

errors in measurements of Po-214 decay half-life time variations at the Baksan deep underground 

experimentsè, arXiv:1404.5769v1 [nucl-ex]. 

2. E.N.Alexeev, Yu.M. Gavrilyuk,  A.M. Gangapshev,  V.V. Kazalov, V.V. Kuzminov, S.I. 

Panasenko,  S.S. Ratkevich. ñSources of the systematic errors of 214Po half-life measurements.ò 

3. The talk given at the Workshop on Prospects of Particle Physics 2014 "Neutrino Physics 

and Astrophysics",  January 26 - Ferbuary 2, 2014, Valday, Russia. arXiv: 1404.5769v1 [nucle-ex] 

23 Apr 2014. 

4. ɽ.ʅ.ɸʣʝʢʩʝʝʚ, ʖ.ʄ.ɻʘʚʨʠʣʶʢ, ɸ.ʄ.ɻʘʥʛʘʧʰʝʚ, ɺ.ɺ.ʂʘʟʘʣʦʚ, ɺ.ɺ.ʂʫʟʴʤʠʥʦʚ, 

ʉ.ʀ.ʇʘʥʘʩʝʥʢʦ, ʉ.ʉ.ʈʘʪʢʝʚʠʯ. çʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʩʫʪʦʯʥʳʭ ʠ ʛʦʜʦʚʳʭ 

ʚʘʨʠʘʮʠʡ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ 214ʈʦè. ɼʦʢʣʘʜ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʩʩʠʠ-ʢʦʥʬʝʨʝʥʮʠʠ 
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ʉʝʢʮʠʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʆʌʅ ʈɸʅ çʌʠʟʠʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡè - 2014. 

ʄʦʩʢʚʘ, 17-21 ʥʦʷʙʨʷ 2014 ʛ. 

 

 15.7 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʟʦʪʦʧʘ 14ʉ ʚ ʞʠʜʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʮʠʥʪʠʣʣʷʪʦʨʘʭ 

ʉʦʙʨʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʩ ʥʦʚʳʤʠ ʥʠʟʢʦʬʦʥʦʚʳʤʠ ʌʕʋ. ʋʨʦʚʝʥʴ ʬʦʥʘ ʚ ʦʙʣʘʩʪʠ ~20-

~1000ʢʵɺ ʩʦʩʪʘʚʠʣ ~10 ʯʘʩ-1ʢʛ-1. ʀʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪʩʷ. 

 

15.8 ʇʦʠʩʢ ʩʦʣʥʝʯʥʳʭ ʘʜʨʦʥʥʳʭ ʘʢʩʠʦʥʦʚ 

 

ʇʨʦʜʦʣʞʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʢʨʠʧʪʦʥʦʤ ʩ ʦʙʦʛʘʱʝʥʠʝʤ ʧʦ ʠʟʦʪʦʧʫ 

Kr-83 ʥʘ ʫʨʦʚʥʝ 58%. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʟʘ 188.3 ʜʥʝʡ ʧʦʣʫʯʝʥ ʧʨʝʜʝʣ ʥʘ ʤʘʩʩʫ 

ʘʜʨʦʥʥʦʛʦ ʘʢʩʠʦʥʘ ʥʘ ʫʨʦʚʥʝ ma<100ʵɺ.  

 ʇʨʠʦʙʨʝʪʝʥʦ ~7ʣ ʢʨʠʧʪʦʥʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʧʦ ʠʟʦʪʦʧʫ Kr-83 ʜʦ 99,9%, ʩ ʦʧʣʘʪʦʡ ʠʟ 

ʩʨʝʜʩʪʚ ʛʨʘʥʪʘ ʈʌʌʀ ˉ14-02-00258. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʦʙʨʝʪʝʥʦ ʝʱʝ ~13ʣ ʪʘʢʦʛʦ ʞʝ 

ʢʨʠʧʪʦʥʘ, ʩ ʦʧʣʘʪʦʡ ʠʟ ʙʫʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ. ɻʦʪʦʚʠʪʩʷ ʧʫʙʣʠʢʘʮʠʷ ʚ ʨʝʬʝʨʠʨʫʝʤʦʤ ʞʫʨʥʘʣʝ.  

15.8 ʇʫʙʣʠʢʘʮʠʠ 
 

1. Yu.M. Gavrilyuka, A.M. Gangapsheva, A.V. Derbinb et al., çFirst result of the 

experimental search for the 9.4 keV solar axion reactions with Kr-83 in the copper proportional 

counter1è, arXiv:1404.1271v1 [nucl-ex]. 

2. Yu.M. Gavrilyuk,  A.M. Gangapshev,  V.V. Kazalov, V.V. Kuzminov, D.A. Tekueva, S.I. 

Panasenko,  S.S. Ratkevich. ñFirst results of the experimental search for the 9.4 keV solar axions 

reactions with 83Kr in the copper proportional counterò. The talk given at the Workshop on Prospects 

of Particle Physics 2014 "Neutrino Physics and Astrophysics",  January 26 - Ferbuary 2, 2014, 

Valday, Russia arXiv: 1405.1271 [nucl-ex] 6 May, 2014. 

3. A.V. Derbin, A.M. Gangapshev, Yu.M. Gavrilyuk, V.V. Kazalov, H.J. Kim, Y.D. Kim, 

V.V. Kobychev, V.V. Kuzminov, Luqman Ali, V.N. Muratova, S.I. Panasenko, S.S. Ratkevich, D.A. 

Semenov, D.A. Tekueva, S.P. Yakimenko, E.V. Unzhakov. ñNew limit on the mass of 9.4-keV solar 

axions emitted in an M1 transition in 83Kr nucleiò Proceeding of the 10th Patras Axion-WIMPs 2014  

 

15.9 ɼʚʦʡʥʦʡ ʂ-ʟʘʭʚʘʪ 

 ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʡ 126ʍʝ(n,ɔ)127ʍʝ ʠ 

128ʍʝ(Õ,n)127ʍʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ  ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʤʝʶʱʠʡʩʷ ʦʙʨʘʟʝʮ ʢʩʝʥʦʥʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʟʦʪʦʧʦʚ 126ʍʝ ʠ 128ʍʝ 

http://lanl.arxiv.org/abs/1405.1271
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ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʚ ʧʦʜʟʝʤʥʳʭ ʥʠʟʢʦʬʦʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 4 ʤʝʩʷʮʝʚ ʜʣʷ ʨʘʩʧʘʜʘ 127ʍʝ 

(ʊ1/2=30 ʩʫʪ.), ʨʘʥʝʝ ʥʘʨʘʙʦʪʘʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ ʟʘ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɸʢʪʠʚʥʦʩʪʴ ʠʟʦʪʦʧʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʠʟʤʝʨʝʥʠʷʤʠ ʚ ʥʠʟʢʦʬʦʥʦʚʦʤ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʩʯʸʪʯʠʢʝ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʛʦʪʦʚʠʪʩʷ ʧʝʨʝʥʦʩʥʘʷ ʟʘʱʠʪʘ ʦʙʨʘʟʮʘ ʦʪ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʦʚ (ʧʦʣʠʵʪʠʣʝʥ 15 ʩʤ+ʉd 0.15 ʩʤ). ɹʘʣʣʦʥ ʩ ʦʙʨʘʟʮʦʤ ʧʦʤʝʱʘʝʪʩʷ ʚ ʷʱʠʢ ʠ ʚʳʥʦʩʠʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʥʘ ʦʙʣʫʯʝʥʠʝ ʤʶʦʥʘʤʠ ʢ.ʣ. ʀʭ ʧʦʪʦʢ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ. ʏʝʨʝʟ 1 ʤʝʩ. 

ʦʙʣʫʯʝʥʠʷ ʠʟʤʝʨʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʮʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʨʘʟʝʮ ʦʧʷʪʴ ʚʳʥʦʩʠʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʥʦ ʙʝʟ ʜʦʧ. ʟʘʱʠʪʳ. ʆʧʷʪʴ ʚʳʜʝʨʞʠʚʘʝʪʩʷ 1 ʤʝʩ. ʠ ʟʘʪʝʤ ʠʟʤʝʨʷʝʪʩʷ. ʇʦ ʨʘʟʥʦʩʪʠ 

ʩʢʦʨʦʩʪʝʡ ʩʯʸʪʘ ʩ ʫʯʸʪʦʤ ʚʢʣʘʜʘ ʤʶʦʥʦʚ ʥʘʭʦʜʠʪʩʷ ʩʝʯʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʝʡʪʨʦʥʦʚ.  

 ʇʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ ʧʦʜʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 4-ʭ ʤʝʩʷʮʝʚ, ʦʙʨʘʟʝʮ ʢʩʝʥʦʥʘ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʚ ʥʝʡʪʨʦʥʥʫʶ ʟʘʱʠʪʫ ʠ ʚʳʚʝʟʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʨʘʩʧʦʣʦʞʝʥ ʨʷʜʦʤ ʩ ʫʩʪʘʥʦʚʢʦʡ 

çʂʆɺɽʈè, ʛʜʝ ʪʦʯʥʦ ʠʟʤʝʨʷʝʪʩʷ ʧʦʪʦʢ ʤʶʦʥʦʚ. ʇʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʦʙʨʘʟʝʮ 

ʙʳʣ ʠʟʤʝʨʝʥ ʥʘ ʧʨʝʜʤʝʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʤ Xe-127, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʩʢʘʣʳʚʘʥʠʷ ʤʶʦʥʘʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʀʟʤʝʨʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Xe-127 ʚ ʦʙʨʘʟʮʝ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ. ʀʜʝʪ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ʆʙʨʘʟʝʮ ʙʳʣ ʚʳʜʝʨʞʘʥ ʚ ʧʦʜʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 

3-ʭ ʤʝʩʷʮʝʚ, ʟʘʪʝʤ ʚʳʥʝʩʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʚ ʢʘʙʠʥʝʪ ˉ404 ʣʘʙ. ʢʦʨʧʫʩʘ ɹʅʆ ʀʗʀ ʈɸʅ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʧʦʤʝʱʝʥʠʠ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʝʪʝʢʪʦʨ ʥʘ ʦʩʥʦʚʝ  ZnS(Ag) ʩ 

ʜʦʙʘʚʢʦʡ 6LiF ʩ ʠʟʤʝʨʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ. ʕʢʩʧʦʟʠʮʠʷ ʦʙʨʘʟʮʘ 

ʧʨʦʜʦʣʞʘʝʪʩʷ.  
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15.10 ʇʨʦʙʣʝʤʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ 

ʀʩʧʦʣʥʠʪʝʣʠ: ʀ.ʈ. ɹʘʨʘʙʘʥʦʚ, ɻ.ʗ. ʅʦʚʠʢʦʚʘ, ɺ.ɺ. ʉʠʥʝʚ, ɽ.ɸ. ʗʥʦʚʠʯ 

15.10 ʈʝʬʝʨʘʪ 

ʅʘʯʠʥʘʷ ʩ 2006 ʛ ʚ ʀʗʀ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʙʦʣʴʰʦʛʦ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (~10 ʢʪ) ʥʘ ɹʘʢʩʘʥʩʢʦʡ ʥʝʡʪʨʠʥʥʦʡ ʩʪʘʥʮʠʠ (ɹʅʆ) ʀʗʀ ʩ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʠʥʦ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʈʝʛʠʩʪʨʘʮʠʷ ʛʝʦ-ʥʝʡʪʨʠʥʦ ʤʦʞʝʪ ʧʦʤʦʯʴ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ɿʝʤʣʠ ʠ ʚʳʙʦʨʘ ʜʝʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʩʪʨʦʝʥʠʷ ɿʝʤʥʳʭ ʥʝʜʨ.  

 ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʚʳʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʩʦʩʪʘʚʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʜʣʷ 

ʜʝʪʝʢʪʦʨʘ, ʠʩʩʣʝʜʦʚʘʥʳ ʝʛʦ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʩʚʝʪʦʚʦʡ ʚʳʭʦʜ, ʧʨʦʟʨʘʯʥʦʩʪʴ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ). ʉʦʟʜʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʝʪʝʢʪʦʨʘ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʝʛʦ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʤʝʨʦʚ ʜʝʪʝʢʪʦʨʘ). ʋʩʧʝʰʥʘʷ 

ʨʘʙʦʪʘ ʜʝʪʝʢʪʦʨʘ ʥʝʡʪʨʠʥʦ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʤ ʬʦʥʝ 

ʦʪ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʜʠʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʬʦʥʦʚʳʭ ʫʩʣʦʚʠʡ ʥʘ ɹʅʆ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʬʦʥʘ ʜʦ ʪʨʝʙʫʝʤʳʭ ʫʨʦʚʥʝʡ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʜʘʥʥʦʛʦ 

ʧʨʦʝʢʪʘ. ɺ 2014 ʛʦʜʫ ʥʘʯʘʪʘ ʨʘʙʦʪʘ   ʧʦ ʩʦʟʜʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʬʦʥʘ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ  ʠ ʤʝʪʦʜʦʚ ʝʛʦ ʩʥʠʞʝʥʠʷ.  ɹʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʦʪ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʥʘ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʫʨʘʥʘ, ʪʦʨʠʷ, ʢʘʣʠʷ) ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʩʮʠʥʪʠʣʣʷʪʦʨʝ. ɺʧʝʨʚʳʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ  ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʟʦʪʦʧʘ 14ʉ (ʨʘʜʠʦʫʛʣʝʨʦʜʘ) ʚ ʩʦʩʪʘʚʝ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ.   

 

15.10 ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ 21 ʚʝʢʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʩʝʪʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ  (~ ʜʝʩʷʪʢʠ  ʢʪ ) ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʧʦʜʟʝʤʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʜʣʷ ʨʝʰʝʥʠʷ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʷʜʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʪʘʢʠʭ ʜʝʪʝʢʪʦʨʦʚ ʙʫʜʝʪ 

ʨʝʛʠʩʪʨʘʮʠʷ (ʘʥʪʠ)ʥʝʡʪʨʠʥʥʳʭ ʧʦʪʦʢʦʚ ʠʟ ʥʝʜʨ ɿʝʤʣʠ (ʛʝʦʥʝʡʪʨʠʥʦ). ʊʦʯʥʦʝ ʟʥʘʥʠʝ ʵʪʠʭ 

ʧʦʪʦʢʦʚ ʧʦʟʚʦʣʠʪ ʜʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ï̫ ʚʣʷʶʪʩʷ ʣʠ ʨʘʩʧʘʜʳ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʪʦʢʘ ʪʝʧʣʘ, ʠʜʫʱʝʛʦ ʠʟ ʥʝʜʨ ʟʝʤʣʠ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʨʘʥʘ ʚ ʟʝʤʥʳʭ ʥʝʜʨʘʭ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʥʝ ʠʩʢʣʶʯʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʨʫʛʠʭ 

ʵʢʟʦʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ  ʛʝʦʥʝʡʪʨʠʥʦ, ʥʘʧʨʠʤʝʨ ʝʩʪʝʩʪʚʝʥʥʳʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ʈʝʰʝʥʠʝ 

ʵʪʦʛʦ ʚʦʧʨʦʩ ʧʦʤʦʞʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʚʳʙʦʨ ʜʝʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʩʪʨʦʝʥʠʷ ʟʝʤʥʳʭ ʥʝʜʨ.  ɼʠʘʧʘʟʦʥ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʝʪ, ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ, ʧʦʠʩʢ ʨʘʩʧʘʜʘ 

ʧʨʦʪʦʥʘ (ʤʠʢʨʦʬʠʟʠʢʘ), ʨʝʛʠʩʪʨʘʮʠʶ ʥʝʡʪʨʠʥʦ ʦʪ ʩʚʝʨʭʥʦʚʦʡ (ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 10 ʢʧʩ) ʠ 

ʥʝʡʪʨʠʥʥʦʛʦ ʬʦʥʘ ʦʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʣʘʧʩʦʚ, ʠʤʝʚʰʠʭ ʤʝʩʪʦ ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ ɺʩʝʣʝʥʥʦʡ 

(ʢʦʩʤʦʬʠʟʠʢʘ). 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɹʘʢʩʘʥʩʢʦʡ 

ʥʝʡʪʨʠʥʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʠ ʚʘʞʥʳʤ ʟʚʝʥʦʤ, ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʤʠʨʦʚʦʡ ʩʝʪʠ ʧʦʜʦʙʥʳʭ ʜʝʪʝʢʪʦʨʦʚ. ɼʝʪʝʢʪʦʨ ʧʦʟʚʦʣʠʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʧʦʪʦʢʠ ʠ ʠʟʤʝʨʷʪʴ ʩʧʝʢʪʨʳ ʥʝʡʪʨʠʥʦ ʥʠʟʢʠʭ ʠ ʩʨʝʜʥʠʭ ʵʥʝʨʛʠʡ: 1ï100 ʄʵɺ. ʆʩʥʦʚʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʞʠʜʢʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʮʠʥʪʠʣʣʷʪʦʨ, 

ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʥʦʚʳʤ, ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʊʨʝʙʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ: ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʚʳʭʦʜʘ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʭʦʨʦʰʠʝ 

ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʠʥʝʨʪʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʚʳʛʦʜʥʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ɹʘʢʩʘʥʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ (ʧʨʠʵʣʴʙʨʫʩʴʝ): ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʛʣʫʙʦʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʪʝʢʪʦʨʘ ʧʦʜ ʟʝʤʣʝʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʪʝʢʪʦʨʘʤʠ KamLAND ʠ ɹʦʨʝʢʩʠʥʦ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʤʝʥʴʰʠʡ, ʧʨʠʤʝʨʥʦ ʥʘ 

ʧʦʨʷʜʦʢ, ʬʦʥ ʦʪ ʤʶʦʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʜʝʪʝʢʪʦʨʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʣʝʪ, ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ 

ʰʠʨʦʢʫʶ ʧʨʦʛʨʘʤʤʫ ʥʝʡʪʨʠʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʨʷʜʫ ʩ ʧʦʜʛʦʪʦʚʢʦʡ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʪʦʠʤʦʩʪʴ ʪʘʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʙʫʜʝʪ 

ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʘ ʠ, ʚ ʵʪʦʡ ʩʚʷʟʠ, ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʣʣʘʙʦʨʘʮʠʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʦʙʱʫʶ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʭʝʤʫ ʜʝʪʝʢʪʦʨʘ, ʝʛʦ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

 

15.10 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʇʨʦʝʢʪ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ ɹʘʢʩʘʥʩʢʦʡ ʥʝʡʪʨʠʥʥʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ (ɹʅʆ) ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ 2006-2007 ʛʛ. ɹʳʣʠ ʦʪʤʝʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ɹʅʆ ʢʘʢ 

ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʪʝʢʪʦʨʘ -  ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʨʝʘʢʪʦʨʦʚ, ʢʘʢ 

ʠʩʪʦʯʥʠʢʦʚ ʬʦʥʘ, ʠ ʩʫʱʝʩʪʚʝʥʥʘʷ ʛʣʫʙʠʥʘ ʣʘʙʦʨʘʪʦʨʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʥʘʡʜʝʥ 

ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʩʦʩʪʘʚʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʜʣʷ ʜʝʪʝʢʪʦʨʘ, ʠʩʩʣʝʜʦʚʘʥʳ ʝʛʦ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ (ʩʚʝʪʦʚʦʡ ʚʳʭʦʜ, ʧʨʦʟʨʘʯʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ, ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ).  ʉʦʟʜʘʥʘ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʝʪʝʢʪʦʨʘ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʝʛʦ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʯʠʩʣʦ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʥʦʚ ʬʦʪʦʜʝʪʝʢʪʦʨʘʤʠ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʤʝʨʦʚ 

ʜʝʪʝʢʪʦʨʘ). ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʥʳʭ ʩʦʙʳʪʠʡ ʩ 

ʵʥʝʨʛʠʝʡ ~2  ʄʵɺ ʚʧʣʦʪʴ ʜʦ ʤʘʩʩʳ ʜʝʪʝʢʪʦʨʘ   ~ 10ʢʪ. ɺʧʝʨʚʳʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ 14ʉ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʠ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 14ʉ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʋʩʪʘʥʦʚʢʘ ʩʦʙʨʘʥʘ ʥʘ ɹʅʆ ʠ 

ʥʘʯʘʪ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʝʝ ʬʦʥʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʈʘʩʩʯʠʪʘʥ ʦʞʠʜʘʝʤʳʡ ʵʬʬʝʢʪ ʦʪ 

ʛʝʦʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʠʥʦ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ. ʈʘʩʩʯʠʪʘʥ 

ʵʬʬʝʢʪ ʦʪ ʥʝʡʪʨʠʥʥʦʛʦ ʧʦʪʦʢʘ ʦʪ ʨʘʩʧʘʜʘ 40ʂ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʩʦʩʪʘʚʘ ɿʝʤʣʠ. ɻʨʫʧʧʦʡ 

ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʞʠʜʢʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʮʠʥʪʠʣʣʷʪʦʨʘʤʠ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ ʚ ʧʨʦʝʢʪʘʭ LENS, SHOOS ʠ ʜʨʫʛʠʭ. ɺ ʧʨʦʮʝʩʩʝ ʤʥʦʛʦʣʝʪʥʝʛʦ ʦʧʳʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʦʯʠʩʪʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, 

ʠʩʧʳʪʘʥʠʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʠʜʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 6-ʠ ʩʪʘʪʴʷʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ,  

15.10.1 ʈʘʩʯʝʪ ʬʦʥʘ ʦʪ ʨʝʘʢʪʦʨʦʚ ɸʕʉ 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʬʦʥʘ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʛʝʦʥʝʡʪʨʠʥʦ ʷʚʣʷʶʪʩʷ (ʘʥʪʠ)ʥʝʡʪʨʠʥʦ ʦʪ 

ʨʝʘʢʪʦʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʫʩʪʘʥʦʚʢʠ. ɹʳʣʠ ʚʳʜʝʣʝʥʳ 22  

ɸʕʉ, ʢʘʢ ʈʦʩʩʠʡʩʢʠʭ ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʫʩʪʘʥʦʚʢʠ. ɺʢʣʘʜ ʚ ʬʦʥ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʛʝʦʥʝʡʪʨʠʥʦ ʚʦʟʥʠʢʘʝʪ ʦʪ ʨʝʘʢʪʦʨʥʳʭ 

(ʘʥʪʠ)ʥʝʡʪʨʠʥʦ) ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ  1,8-3,3 ʄʵʚ ʈʘʩʩʯʠʪʘʥʘ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 

ʩʫʤʤʘʨʥʳʡ ʧʦʪʦʢ ʥʝʡʪʨʠʥʦ ʦʪ ʚʩʝʭ ɸʕʉ ʚ ʵʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʫʯʝʪʦʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʦʩʮʠʣʣʷʮʠʷʤ ʥʝʡʪʨʠʥʦ ʜʣʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʃɸɹʘ . ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪ :  

N=55 ʛʦʜ-1  ʜʣʷ 10 ʢʪ ʃɸɹ ʠʣʠ 8,7 TNU 

ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʣʝʜʫʝʪ ʩʨʘʚʥʠʪʴ ʩ ʦʞʠʜʘʝʤʳʤ ʧʦʪʦʢʦʤ ʛʝʦʥʝʡʪʨʠʥʦ ~40 TNU (ʧʦ 

ʜʘʥʥʳʤ ɹʦʨʝʢʩʠʥʦ . ʌʦʥ ʦʪ ʨʝʘʢʪʦʨʥʳʭ ʥʝʡʪʨʠʥʦ ʜʣʷ ʜʝʪʝʢʪʦʨʘ ʥʘ ɹʅʆ ʩʦʩʪʘʚʣʷʝʪ ~0,22 ʦʪ 

ʦʞʠʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʝʪʝʢʪʦʨʘʤʠ (ɹʦʨʝʢʩʠʥʦ ~1. ʂʘʤʣʝʥʜ  ~2. ɺ ʵʪʦʤ ʩʦʩʪʦʠʪ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ  ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʥʘ ɹʅʆ ʜʝʪʝʢʪʦʨʘ ʛʝʦʥʝʡʪʨʠʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʝʡʩʪʚʫʶʱʠʤʠ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ. 
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15.10.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʈʝʛʠʩʪʨʘʮʠʷ ʨʝʜʢʠʭ ʩʦʙʳʪʠʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʧʨʝʜʲʷʚʣʷʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ  ʪʨʝʙʦʚʘʥʠʷ, ʢʘʢ ʢ ʚʥʝʰʥʝʤʫ, ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʝʤʫ ʬʦʥʫ ʫʩʪʘʥʦʚʢʠ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʥʦʚʳʭ ʫʩʣʦʚʠʡ ʚ ʧʦʜʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɹʅʆ ʀʗʀ ʈɸʅ ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʘ ʫʩʪʘʥʦʚʢʘ, ʛʜʝ ʧʦʪʦʢ ʤʶʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ~ 0.1 ʤ-2 ʯʘʩ-1 . 

ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʬʦʥʘ ʦʪ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤʤʘ ʢʚʘʥʪʦʚ ʦʢʨʫʞʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʣ ʢʦʤʥʘʪʳ, 

ʛʜʝ ʫʩʪʘʥʦʚʣʝʥ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ, ʚʳʧʦʣʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟ ʩʣʦʸʚ 

ʧʦʣʠʵʪʠʣʝʥʘ (25 ʩʤ), ʢʘʜʤʠʷ (1ʤʤ) ʠ ʩʚʠʥʮʘ (15 ʩʤ). ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʢʚʘʨʮʝʚʫʶ ʷʯʝʡʢʫ, ʜʠʘʤʝʪʨʦʤ 100 ʤʤ ʠ ʜʣʠʥʦʡ 200 ʤʤ , 

ʟʘʧʦʣʥʝʥʥʫʶ ʦʙʨʘʟʮʦʤ ʞʠʜʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʜʚʫʭ ʩʚʝʪʦʚʦʜʦʚ ʠʟ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ (ʇʄʄɸ), ʨʘʟʤʝʨʦʤ 100*100*300 ʤʤ3 ʠ ʜʚʫʭ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ  ET9306 

(3ò).  ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʚʝʪʦʩʙʦʨʘ,  ʢʚʘʨʮʝʚʘʷ ʷʯʝʡʢʘ ʠ ʩʚʝʪʦʚʦʜʳ ʦʙʸʨʥʫʪʳ ʟʝʨʢʘʣʴʥʦʡ 

ʦʪʨʘʞʘʶʱʝʡ ʧʣʸʥʢʦʡ VM2000. ʉʠʣʠʢʦʥʦʚʘʷ ʩʤʘʟʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʣʫʯʰʝʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʢʚʘʨʮʝʚʦʡ ʷʯʝʡʢʦʡ, ʩʚʝʪʦʚʦʜʦʤ ʠ ʬ.ʵ.ʫ. ʜʝʪʝʢʪʦʨ ʨʘʟʤʝʱʸʥ ʚ ʢʦʨʦʙʝ ʠʟ ʦʨʛ. 

ʩʪʝʢʣʘ (14.5 * 14.5 *120) ʩʤ3 ʠ ʦʢʨʫʞʸʥ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʟʘʱʠʪʦʡ ʠʟ ʦʩʦʙʦ ʯʠʩʪʦʡ ʤʝʜʠ, 

ʪʦʣʱʠʥʦʡ 15 ʩʤ.    . ɻʝʨʤʝʪʠʯʥʳʡ ʯʝʭʦʣ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ, ʦʢʨʫʞʘʶʱʠʡ ʜʝʪʝʢʪʦʨ ʩʥʘʨʫʞʠ, 

ʩʣʫʞʠʣ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʨʘʜʦʥʘ. ʀʟ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʸʤʘ ʨʘʜʦʥ ʫʜʘʣʷʣʩʷ ʧʨʦʜʫʚʢʦʡ  

ʛʘʟʦʦʙʨʘʟʥʳʤ ʘʟʦʪʦʤ. ʇʝʨʚʳʡ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʬʦʥʘ ʟʘ 405 ʯʘʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ 1. 

ʉʢʦʨʦʩʪʠ ʩʯʸʪʘ ʩʦʙʳʪʠʡ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 70 ʩʦʙʳʪʠʡ ʚ  ʯʘʩ. 

ʕʪʘ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ  ʧʨʦʝʢʪʘ ï 

ʠʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 14ʉ (ʨʘʜʠʦʫʛʣʝʨʦʜʘ) ʚ ʞʠʜʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʮʠʥʪʠʣʣʷʪʦʨʘʭ. 

ʀʟ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ɽ<150 ʢʵɺ  ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 14C  ʧʦʣʫʯʝʥʦ 

ʟʥʘʯʝʥʠʝ   12ʉ/14C  <  3.7*10-17 

15.10.3 ʆʯʠʩʪʢʘ ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ 

ʇʣʘʥʠʨʫʝʤʳʡ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʣʘʙʳʭ ʥʝʡʪʨʠʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʪʨʝʙʫʝʪ ʜʦʩʪʠʞʝʥʠʷ ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʝʡ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʞʠʜʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʮʠʥʪʠʣʣʷʪʦʨʝ U,Th,K-40 < 10E-15 ʛ/ʛ . ʄʘʩʰʪʘʙ ʜʝʪʝʢʪʦʨʦʚ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ (10 ï 30 ʢʪ) ʜʝʣʘʝʪ ʞʝʣʘʪʝʣʴʥʳʤ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʫʣʴʪʨʘʥʠʟʢʦʡ ʦʯʠʩʪʢʠ ʦʪ ʧʨʠʤʝʩʝʡ.  ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʘʢʮʝʥʪ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʦʡ 

ʵʢʩʪʨʘʢʮʠʠ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʦʯʠʩʪʢʠ ʃɸɹʘ ʦʪ ʧʨʠʤʝʩʝʡ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʏʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʚʦʜʥʦ-ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʃɸɹʘ 

ʦʪ ʧʨʠʤʝʩʝʡ U, Th, K ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʚʚʝʜʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʚʠʜʝ ʫʩʪʦʡʯʠʚʳʭ 

ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʦʩʪʘʚ ʞʠʜʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ.  
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15.10.4 ʆʯʠʩʪʢʘ ʦʪ ʫʨʘʥʘ 

ɼʣʷ ʚʚʝʜʝʥʠʷ ʚ ʃɸɹ ʫʨʘʥʘ ʠ ʪʦʨʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʞʠʜʢʦʩʪʥʘʷ  ʵʢʩʪʨʘʢʮʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʊʆʈʆ (ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʦʢʩʠʜʘ) ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʩ ʪʦʨʠʝʤ ʠ 

ʫʨʘʥʠʣ-ʠʦʥʦʤ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ.  

ʋʨʘʥ  ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʚʠʜʝ ʩʦʣʠ  UO2(NO3)2, ʠʟ ʢʦʪʦʨʦʡ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ C=0,014ʤʦʣʴ/ʣ.  ʋʨʘʥ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʚ ʃɸɹ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʘ 

ʊʆʈʆ ʚ ʃɸɹʝ (ʉ=0,02ʤʦʣʴ/ʣ). ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʠʦʥʦʤ UO2
+2 ʠ ʊʆʈʆ ʙʨʘʣʠ 

ʨʘʚʥʳʤ 1:3. ʉʦʦʪʥʦʰʝʥʠʝ ʚʦʜʥʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʩʦʩʪʘʚʣʷʣʦ 1:1. ɼʣʷ ʫʣʫʯʰʝʥʠʷ 

ʫʩʣʦʚʠʡ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʩʘʣʠʚʘʪʝʣʴ  LiCl  ʚ ʢʦʣʠʯʝʩʪʚʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʛʦ ʚ ʵʢʩʪʨʘʛʠʨʫʝʤʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʣʷʣʘ 6 ʤʦʣʴ /ʣ.  

ʅʘ ʵʢʩʪʨʘʢʮʠʶ ʦʪʙʠʨʘʣʠ 10 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ UO2(NO3)2 (ʉ=0,014 ʤʦʣʴ/ʣ), 5 ʤʣ 

ʨʘʩʪʚʦʨʘ ʊʆʈʆ ʚ ʃɸɹʝ (ʉ=0,02 ʤʦʣʴ/ʣ) ʠ 5 ʤʣ 12 ʄ ʨʘʩʪʚʦʨʘ LiCL. ʕʢʩʪʨʘʛʠʨʦʚʘʣʠ 3 ʤʠʥ ʚ 

ʜʝʣʠʪʝʣʴʥʦʡ ʚʦʨʦʥʢʝ. ʇʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʚʦʜʥʦʡ ʬʘʟʳ, ʦʪʙʠʨʘʣʠ ʥʘ ʘʥʘʣʠʟ 5 

ʤʣ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ, ʠʟ ʢʦʪʦʨʦʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʩʮʠʥʪʠʣʣʷʪʦʨ ʈʈʆ (2 ʛ/ʣ), 

bis-MSB (100 ʤʛ/ʣ). ɸʢʪʠʚʥʦʩʪʴ ʫʨʘʥʘ ʚ ʧʨʦʙʝ ʃɸɹʘ (5 ʤʣ) ï 75 ɹʢ. ʅʘ ʨʠʩ.1 ʠʟʦʙʨʘʞʝʥ ʩʧʝʢʪʨ 

U-238 ʦʪ ʨʘʩʧʘʜʘ ʘʣʴʬʘ ʯʘʩʪʠʮʳ ʩ ʵʥʝʨʛʠʝʡ 4.2 ʄʵɺ. ɸʥʘʣʠʟ ʚʦʜʥʦʡ ʬʘʟʳ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʫʨʘʥʘ ʚ ʃɸɹ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʫʨʘʥʘ ʚ 

ʃɸɹ  ʩ ʧʦʤʦʱʴʶ ʵʢʩʪʨʘʢʮʠʠ ʩʦʩʪʘʚʠʣʘ ~ 99 %.  

ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʦʙʲʝʤʦʚ ʃɸɹʘ ʠ ʚʦʜʳ 

ʨʘʚʥʦʤ 1:1,  ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ, ʢʘʢ ʤʝʪʦʜʘ ʦʯʠʩʪʢʠ ʦʪ ʫʨʘʥʘ, ʩʦʩʪʘʚʠʣʦ 31 %, 

ʘ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ (Vʦʨʛ. : Vʚʦʜ.= 1:5) ï 99 %.  ʉʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʚ ʃɸɹʝ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʧʦ 

ʠʟʤʝʨʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʨʘʟʮʝ ʞʠʜʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ. 
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ʈʠʩ.1 ʉʧʝʢʪʨ ʫʨʘʥʘ ʚ ʞʠʜʢʦʤ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʥʘ ʦʩʥʦʚʝ ʃɸɹʘ 

 

15.10.5 ʆʯʠʩʪʢʘ ʦʪ ʪʦʨʠʷ 

ɼʣʷ ʚʚʝʜʝʥʠʷ ʪʦʨʠʷ ʚ ʃɸɹʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ  ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ Th(NO3)4, ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,975 ʤʦʣʴ/ʣ. ʕʢʩʪʨʘʢʮʠʷ Th ʚ ʦʨʛʘʥʠʢʫ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʚʳʩʘʣʠʚʘʪʝʣʷ, 12ʄ ʨʘʩʪʚʦʨʘ LiCl. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʪʦʨʠʷ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ  ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʊʆʈʆ, ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʤʦʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ Th ʠ TOPO ʨʘʚʥʦʝ 1:3. ʇʦʩʣʝ ʦʪʜʝʣʝʥʠʷ  ʚʦʜʥʦʡ ʬʘʟʳ, ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ 

ʩʦʜʝʨʞʘʥʠʝ ʪʦʨʠʷ ʚ ʃɸɹʝ. ʉ ʵʪʦʡ ʮʝʣʴʶ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʫʨʘʥʦʤ, ʙʳʣʘ ʧʨʠʛʦʪʦʚʣʝʥʘ ʧʨʦʙʘ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʩ ʈʈʆ(2 ʛ/ʣ) ʠ bis-MSB(100 ʤʛ/ʣ). ʅʘ ʨʠʩ.2 ʠʟʦʙʨʘʞʸʥ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ 

ʪʦʨʠʷ ʠ ʝʛʦ ʜʦʯʝʨʥʠʭ ʧʨʦʜʫʢʪʦʚ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʦʙʲʸʤʦʤ 5 ʤʣ. ɸʢʪʠʚʥʦʩʪʴ ʧʨʦʙʳ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ 5 ʤʣ ʩʦʩʪʘʚʠʣʘ 266 ʨʘʩʧ./ʩʝʢ. ɼʣʷ ʦʯʠʩʪʢʠ ʃɸɹʘ ʦʪ ʪʦʨʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ, 

ʢʘʢ ʠ ʜʣʷ ʫʨʘʥʘ, ʜʝʠʦʥʠʟʦʚʘʥʥʘʷ ʚʦʜʘ, ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:5. ɼʣʷ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʚʦʜʥʦʡ ʬʘʟʘʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʪʦʨʠʷ ʠʟ ʦʨʛʘʥʠʢʠ ʩʦʩʪʘʚʠʣʘ 97%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʢ ʜʣʷ ʫʨʘʥʠʣ-ʠʦʥʘ, ʪʘʢ ʠ ʜʣʷ ʪʦʨʠʷ ʯʠʩʪʘʷ 

ʜʝʠʦʥʠʟʦʚʘʥʥʘʷ ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʭ ʠʟ ʃɸɹʘ.  ʇʨʠ ʵʪʦʤ, 

ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʦʚ ʃɸɹʘ ʠ ʚʦʜʳ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʥʝ 

ʤʝʥʝʝ 1:5. 
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ʈʠʩ.2. ʉʧʝʢʪʨ Th  ʚ ʃɸɹʝ ʈʈʆ(2 ʛ/ʣ), bis-MSB(20 ʤʛ/ʣ). 

 

15.10.6 ʆʯʠʩʪʢʘ ʦʪ ʢʘʣʠʷ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ ʂ-40 ʚ  ʧʨʠʨʦʜʥʦʤ ʢʘʣʠʠ ʩʦʩʪʘʚʣʷʝʪ 0.0117 %. 

ʂ-40 ʤʦʞʝʪ ʨʘʩʧʘʜʘʪʴʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʙʝʪʘ ʨʘʩʧʘʜ Emax ï 1.314 ʄʵɺ (89 %) ʠ ʵ.ʟ (11 %) ʩ 

ʚʳʣʝʪʦʤ ʛʘʤʤʘ ʢʚʘʥʪʘ 1.46 ʄʵɺ. ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʤʦʛʫʪ 

ʷʚʣʷʪʴʩʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʫʨʘʥʘ, ʪʦʨʠʷ, ʧʳʣʴ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʢʘʢʘʷ-ʥʠʙʫʜʴ 

ʢʘʣʠʡ-ʩʦʜʝʨʞʘʱʘʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʩʦʣʴ, ʨʘʩʪʚʦʨʠʚʰʘʷʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ. 

ɼʣʷ ʦʯʠʩʪʢʠ ʃɸɹʘ ʦʪ ʢʘʣʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʵʢʩʪʨʘʢʮʠʷ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʦʙʲʸʤʦʚ ʃɸɹ: ʚʦʜʘ (1:2). ʀʟʤʝʨʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʃɸɹʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ (~ 100% ) ʢʘʣʠʡ ʧʝʨʝʭʦʜʠʪ ʠʟ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʚʦʜʥʫʶ. 
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ʈʠʩ.3. ʉʧʝʢʪʨ ʬʦʥʘ ʃɸɹʘ (1) ʠ ʂ-40 ʚ ʃɸɹʝ (2) 

 

15.10 ɿʘʢʣʶʯʝʥʠʝ 

ɺ 2014 ʛ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʩʪʦʯʥʠʢʦʚ ʬʦʥʘ ʚ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʤ ʜʝʪʝʢʪʦʨʝ ʠ ʤʝʪʦʜʘʭ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. ʈʘʩʩʯʠʪʘʥ ʬʦʥ ʦʪ ʨʝʘʢʪʦʨʥʳʭ 

ʥʝʡʪʨʠʥʦ ɸʕʉ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʜʝʪʝʢʪʦʨʘ ʥʘ ɹʅʆ ʦʥ ʩʦʩʪʘʚʣʷʝʪ  ʩʦʩʪʘʚʣʷʝʪ ~0,22 ʦʪ 

ʦʞʠʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʝʪʝʢʪʦʨʘʤʠ (ɹʦʨʝʢʩʠʥʦ ~1. ʂʘʤʣʝʥʜ  ~2. ɺ ʵʪʦʤ ʩʦʩʪʦʠʪ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ  ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʥʘ ɹʅʆ ʜʝʪʝʢʪʦʨʘ ʛʝʦʥʝʡʪʨʠʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʝʡʩʪʚʫʶʱʠʤʠ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʦʪ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʧʨʠʤʝʩʝʡ (ʫʨʘʥʘ, ʪʦʨʠʷ, ʢʘʣʠʷ), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʪʨʝʙʫʝʤʳʝ ʬʦʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʠʥʦ ʦʪ ʨʘʟʣʠʯʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ. 

15.10 ʇʫʙʣʠʢʘʮʠʠ 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 14ʉ ʚ ʞʠʜʢʠʭ ʩʮʠʥʪʠʣʣʷʪʦʨʘʭ ʀ. ʈ., ɹʘʨʘʙʘʥʦʚ, 

ʃ. ɹ. ɹʝʟʨʫʢʦʚ, ɸ.ɺ ɺʝʨʝʩʥʠʢʦʚʘ ʖ. ʄ. ɻʘʚʨʠʣʶʢ, ɸ. ʄ. ɻʘʥʛʘʧʰʝʚ, ɺ. ʀ. ɻʫʨʝʥʮʦʚ, ɺ. ɺ. 

ʂʫʟʴʤʠʥʦʚ, ɹ. ʂ. ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ɺ. ʇ. ʄʦʨʛʘʣʶʢ, ɻ. ʗ. ʅʦʚʠʢʦʚʘ, ɺ. ɺ. ʉʠʥʝʚ, ɽ. ɸ. 

ʗʥʦʚʠʯ, ʇʨʝʧʨʠʥʪ ʀʗʀ ˉ1393/2014 
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15.11 ʆʙʦʩʥʦʚʘʥʠʝ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʚ ɹʅʆ ʀʗʀ ʈɸʅ 

 
ʀʩʧʦʣʥʠʪʝʣʠ: ʀ. ʈ. ɹʘʨʘʙʘʥʦʚ, ʃ. ɹ. ɹʝʟʨʫʢʦʚ, ɸ.ɺ ɺʝʨʝʩʥʠʢʦʚʘ, ʖ. ʄ. ɻʘʚʨʠʣʶʢ, ɸ. 

ʄ. ɻʘʥʛʘʧʰʝʚ, ɺ. ʀ. ɻʫʨʝʥʮʦʚ, ɺ. ɺ. ʂʘʟʘʣʦʚ,  ɺ. ɺ. ʂʫʟʴʤʠʥʦʚ, ɹ. ʂ. ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ʉ. ɹ. 

ʃʫʙʩʘʥʜʦʨʞʠʝʚ, ɺ. ʇ. ʄʦʨʛʘʣʶʢ, ɻ. ʗ. ʅʦʚʠʢʦʚʘ, ɺ. ɺ. ʉʠʥʝʚ, ɽ. ɸ. ʗʥʦʚʠʯ 

ʈʝʛʠʩʪʨʘʮʠʷ ʛʝʦ-ʥʝʡʪʨʠʥʦ ʤʦʞʝʪ ʧʦʤʦʯʴ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ɿʝʤʣʠ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ɿʝʤʣʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 47 Ñ4 ʊɺʪ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ 

ʢʦʨʝ ʠ ʜʦ 300 ʊɺʪ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʦʪʦʢ 

ʜʘʶʪ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ: ʫʨʘʥ, ʪʦʨʠʡ ʠ ʢʘʣʠʡ. ʇʦʪʦʢ ʦʪ ʫʨʘʥʘ ʠ ʪʦʨʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 19-

20 ʊɺʪ. ʇʦʪʦʢ ʦʪ ʢʘʣʠʷ ʩʯʠʪʘʝʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ. ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʜʘʥʥʳʝ ʦ 

ʩʦʜʝʨʞʘʥʠʠ ʢʘʣʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠ ʵʪʫ ʚʝʣʠʯʠʥʫ ʥʘ ʚʩʶ ɿʝʤʣʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʫʤʤʘʨʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʦʪ ʚʩʝʭ ʪʨʝʭ ʠʟʦʪʦʧʦʚ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʫʶ ʚʝʣʠʯʠʥʫ 

ʧʦʪʦʢʘ ʦʪ ɿʝʤʣʠ. 

15.11 ɺʚʝʜʝʥʠʝ 
ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ ʠʟ ʥʝʜʨ ɿʝʤʣʠ ʠʟʫʯʘʝʪʩʷ ʫʞʝ ʤʥʦʛʦ ʣʝʪ. ʅʝʜʘʚʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʦʚʦʣʴʥʦ ʪʦʯʥʳʝ ʚʝʣʠʯʠʥʳ ʵʪʦʛʦ ʧʦʪʦʢʘ 47 Ñ 1 ʊɺʪ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʨʦʙʫʨʝʥʥʳʭ ʰʘʭʪʘʭ ʚ ʢʦʨʝ. ʆʜʥʘʢʦ, ʠʤʝʶʪʩʷ ʠ ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ (ʜʦ 2 

ʢʤ ʛʣʫʙʠʥʳ) ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʕʪʠ ʠʟʤʝʨʝʥʠʷ ʦʮʝʥʠʚʘʶʪ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʜʦ 300 

ʊɺʪ.  ɼʠʩʢʫʪʠʨʫʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʘʢʫʶ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʘʟʳʚʘʶʪʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʢʦʨʝ ʠ ʤʘʥʪʠʠ. 

ʕʪʦ, ʚ ʦʩʥʦʚʥʦʤ, 238U, 232Th ʠ 40K. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʚ ʷʜʨʝ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʪʴ ʥʝ ʜʦʣʞʥʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʣʠʪʦʬʠʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʨʳ ʜʦʣʞʥʳ ʙʳʣʠ ʧʝʨʝʡʪʠ ʚ ʪʚʝʨʜʫʶ ʢʦʨʫ ʠʟ ʞʠʜʢʦʡ 

ʤʘʥʪʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʠʷ ʩʦʩʪʘʚʘ ɿʝʤʣʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʟʫʯʝʥʠʠ ʢʦʨʳ ʠ ʭʦʥʜʨʠʪʦʚʳʭ 

ʤʝʪʝʦʨʠʪʦʚ. ʕʪʘ ʪʝʦʨʠʠ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʆʩʥʦʚʥʦʡ ʩʠʣʠʢʘʪʥʦʡ ʪʝʦʨʠʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ 

ʪʝʦʨʠʠ ɿʝʤʣʷ ʩʦʜʝʨʞʠʪ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʦʨʝ ʠ ʤʘʥʪʠʠ.  ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ɿʝʤʣʠ ʠ ʤʝʪʝʦʨʠʪʦʚ ʩʯʠʪʘʝʪʩʷ 

ʪʦʞʜʝʩʪʚʝʥʥʳʤ.  

ʀʟʤʝʨʠʪʴ ʨʘʜʠʦʛʝʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʤʦʞʥʦ, ʦʧʨʝʜʝʣʠʚ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ ʚʦ ʚʩʝʭ ʩʣʦʷʭ ɿʝʤʣʠ. ʈʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʩʧʘʜʘʶʪʩʷ, 

ʠʩʧʫʩʢʘʷ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ ʠ ʙʝʪʘ-ʯʘʩʪʠʮʳ ʩ ʘʥʪʠʥʝʡʪʨʠʥʦ. ʕʣʝʢʪʨʦʥʳ (ʙʝʪʘ-ʯʘʩʪʠʮʳ) ʚʤʝʩʪʝ ʩ 

ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ ʥʘʛʨʝʚʘʶʪ ɿʝʤʣʶ, ʘ ʘʥʪʠʥʝʡʪʨʠʥʦ ʧʨʦʭʦʜʷʪ ʩʢʚʦʟʴ ɿʝʤʣʶ ʠ ʫʣʝʪʘʶʪ ʚ 

ʦʢʨʫʞʘʶʱʠʡ ʢʦʩʤʦʩ. 
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ʅʝʡʪʨʠʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 

ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʩʫʤʤʘʨʥʳʡ ʥʝʡʪʨʠʥʥʳʡ ʧʦʪʦʢ, 

ʠʩʭʦʜʷʱʠʡ ʠʟ ʟʝʤʥʳʭ ʥʝʜʨ ʦʪ ʚʩʝʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʷʜʝʨ ʠ ʨʘʩʩʯʠʪʘʪʴ ʩʫʤʤʘʨʥʳʡ ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ. ʂʨʦʤʝ ʪʦʛʦ ʪʘʢʦʡ ʜʝʪʝʢʪʦʨ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʨʘʥʘ ʠ 

ʪʦʨʠʷ ʚʦ ʚʩʝʡ ɿʝʤʣʝ ʠ ʩʨʘʚʥʠʪʴ ʝʛʦ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʵʪʠʭ ʠʟʦʪʦʧʦʚ ʚ ʢʦʨʝ ʠ 

ʤʝʪʝʦʨʠʪʘʭ. ʊʘʢʦʝ ʠʟʤʝʨʝʥʠʝ ʤʦʞʝʪ ʧʨʦʷʩʥʠʪʴ ʩʠʪʫʘʮʠʶ ʩ ʪʝʦʨʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ɿʝʤʣʠ. 

15.11 ʉʧʝʢʪʨʳ ʘʥʪʠʥʝʡʪʨʠʥʦ 238U, 232Th ʠ 40K 
ɸʥʪʠʥʝʡʪʨʠʥʦ ʦʪ  238U ʠ 232Th ʧʨʦʠʩʭʦʜʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʨʘʩʧʘʜʦʚ ʚ ʮʝʧʦʯʢʝ, 4 ʫ 232Th ʠ 

6 ʫ 238U. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʘʥʪʠʥʝʡʪʨʠʥʦ 238U ʜʦʩʪʠʛʘʝʪ 3.26 ʄʵɺ, ʘ 232Th ï 2.25 ʄʵɺ, 

ʧʨʠʯʝʤ ʥʠʞʝ 2.25 ʄʵɺ ʬʦʨʤʘ ʩʧʝʢʪʨʘ ʫʨʘʥʘ ʠ ʪʦʨʠʷ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ (ʩʤ. ʨʠʩ.1).  

40K ʠʤʝʝʪ ʢʘʢ ʘʥʪʠʥʝʡʪʨʠʥʦ ʚ ʩʚʦʝʤ ʨʘʩʧʘʜʝ, ʪʘʢ ʠ ʥʝʡʪʨʠʥʦ. ɸʥʪʠʥʝʡʪʨʠʥʦ ʦʙʨʘʟʫʝʪʩʷ 

ʚ 89.28% ʩʣʫʯʘʝʚ ʧʨʠ ʨʘʩʧʘʜʝ 40K ʚ 40ʉʘ, ʦʙʨʘʟʫʷ ʩʧʝʢʪʨ ʩ ʛʨʘʥʠʯʥʦʡ ʵʥʝʨʛʠʝʡ 1.311 ʄʵɺ. 

ʅʝʡʪʨʠʥʦ ʞʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʂ-ʟʘʭʚʘʪʘ ʠ ʧʝʨʝʭʦʜʝ  40K ʚ 40Ar. ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ 10.67% 

ʠʟʣʫʯʘʝʪʩʷ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʥʝʡʪʨʠʥʦ 44 ʢʵɺ, ʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0.05% - 

ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʥʝʡʪʨʠʥʦ ʩ ʵʥʝʨʛʠʝʡ 1.504 ʄʵɺ.  

 

 

 

ʈʠʩ.4 ʉʧʝʢʪʨʳ ʘʥʪʠʥʝʡʪʨʠʥʦ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʢʨʘʩʥʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʧʦʨʦʛ ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʘʢʮʠʠ (1). 
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ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʘʥʪʠʥʝʡʪʨʠʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʘʢʮʠʶ ʦʙʨʘʪʥʦʛʦ 

ʙʝʪʘ-ʨʘʩʧʘʜʘ ʥʘ ʧʨʦʪʦʥʝ  

en+ p ­ n + e+ ,       (1) 

ʫ ʢʦʪʦʨʦʡ ʧʦʨʦʛ ʨʝʛʠʩʪʨʘʮʠʠ 1.806 ʄʵɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʘʥʪʠʥʝʡʪʨʠʥʦ ʦʪ 232Th ʠ 238U. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʘʥʪʠʥʝʡʪʨʠʥʦ ʦʪ 40K 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʘʢʮʠʶ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʥʘ ʵʣʝʢʪʨʦʥʝ 

    ’  Ὡ  O ’ Ὡ .      (2)  

ʫ ʢʦʪʦʨʦʡ ʥʝʪ ʧʦʨʦʛʘ ʨʝʛʠʩʪʨʘʮʠʠ, ʪʦʯʥʝʝ ʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʬʦʥʦʚ ʜʝʪʝʢʪʦʨʘ.  

ʉʝʯʝʥʠʝ ʨʝʘʢʮʠʠ (2) ʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 
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  (3), 

ʛʜʝ E ʠ T ï ʵʥʝʨʛʠʷ ʘʥʪʠʥʝʡʪʨʠʥʦ ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ ʦʪʜʘʯʠ, 

452 10308.4 -³=
p

m
gF

ʩʤ2,  x2 = sin2qW = 0.232. 

15.11 ɼʝʪʝʢʪʦʨ ʛʝʦʥʝʡʪʨʠʥʦ 
ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ ʛʝʦʥʝʡʪʨʠʥʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʞʠʜʢʦʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ 

ʜʝʪʝʢʪʦʨ ʦʙʲʝʤʦʤ ʦʪ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʪʦʥʥ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦʪʦʥʥ. ʆʙʲʝʤ ʜʝʪʝʢʪʦʨʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʘʪʠʩʪʠʢʦʡ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʵʬʬʝʢʪʘ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʩʯʝʪʘ ʛʝʦʥʝʡʪʨʠʥʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʪʝʢʪʦʨʘ ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣ. 1. ʈʘʩʯʝʪ 

ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʤʦʜʝʣʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʨʝ ʠ ʤʘʥʪʠʠ. 

ʊʘʙʣʠʮʘ 1. ʆʞʠʜʘʝʤʳʝ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ 
geoN  ʨʝʘʢʮʠʠ 

ʝn + p ­ e+ + n  ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ 

ɿʝʤʣʠ ʚ ʩʫʤʤʘʨʥʦʤ ʧʦʪʦʢʝ 
ʝn ʦʪ ʨʘʩʧʘʜʦʚ U ʠ Th (ʩ ʫʯʝʪʦʤ ʦʩʮʠʣʣʷʮʠʡ) ʚ ʝʜʠʥʠʮʘʭ TNU (1 

TNU = 1 ʩʦʙʳʪʠʝ ʚ ʛʦʜ ʚ ʤʠʰʝʥʠ, ʩʦʜʝʨʞʘʱʝʡ 1032 ʧʨʦʪʦʥʦʚ). ʆʪʥʦʰʝʥʠʝ R ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ 

ʬʦʥʘ ʨʝʘʢʪʦʨʥʳʭ ʘʥʪʠʥʝʡʪʨʠʥʦ Nreactor ʢ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʩʦʙʳʪʠʡ ʛʝʦʥʝʡʪʨʠʥʦ Ngeo ʚ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ ʛʝʦʥʝʡʪʨʠʥʦ. ʇʨʠʚʝʜʝʥʘ ʛʣʫʙʠʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʪʝʢʪʦʨʘ. 

 

   ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ 

 

ɻʣʫʙʠʥʘ 

   ʤ ʚ.ʵ. 

  ʉʢʦʨʦʩʪʴ ʩʯʝʪʘ 
geoN ,     TNU 

 

geo

reactor

N

N
 

Enomoto, 

2005 
Fogli, 

2005 

Manto-

vani, 2004 

Hawaii (ʉʐɸ) ~ 4000    13.4    13.4   12.5    0.1  

Kamioka (ʗʧʦʥʠʷ)    2700    36.5    31.6  34.8    6.7 

Gran Sasso (ʀʪʘʣʠʷ)    3700    43.1    40.5  40.5    0.9  

Sudbury (ʂʘʥʘʜʘ)    6000    50.4    47.9  49.6    1.1  

Pyhªsalmy (ʌʠʥʣʷʥʜʠʷ)    4000    52.4    49.9  52.4    0.5  

Baksan (ʈʦʩʩʠʷ)    4800    55.0    50.7  51.9    0.2  

 

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʧʨʠʤʝʨʥʦ 50 ʩʦʙ./ʛʦʜ ʥʘ ʢʠʣʦʪʦʥʥʫ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʤʘʩʩʫ ʜʝʪʝʢʪʦʨʘ ʥʝ ʤʝʥʝʝ 10 ʢʪ ʜʣʷ ʫʚʝʨʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʛʝʦʥʝʡʪʨʠʥʦ ʦʪ ʫʨʘʥʘ ʠ ʪʦʨʠʷ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ Th/U ʩ ʪʦʯʥʦʩʪʴʶ 
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20% ʚ ʩʨʝʜʥʝʤ ʧʦ ʧʣʘʥʝʪʝ ʥʝʦʙʭʦʜʠʤʘʷ ʤʘʩʩʘ ʜʝʪʝʢʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 50 ʢʪ, ʥʦ ʩ ʫʯʝʪʦʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʠʥʠʤʫʤ ʚ 10 ʣʝʪ ʤʘʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ ʜʦ 25 ʢʪ.  

ʇʦʪʦʢ ʛʝʦʥʝʡʪʨʠʥʦ ʦʪ 238U ʠ 232Th ʙʳʣ ʥʝʜʘʚʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʜʚʫʤʷ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ KamLAND (1000 ʪ) [1] ʠ BOREXINO (300 

ʪ) [2]. ʇʦʣʫʯʝʥʥʳʡ ʧʦʪʦʢ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʤʠʥʠʤʘʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚ ɿʝʤʣʝ, ʩʣʝʜʫʶʱʝʤʫ 

ʠʟ Bulk Silicate Earth, ʥʦ ʠ ʥʝ ʟʘʢʨʳʚʘʝʪ ʦʢʦʥʯʘʪʝʣʴʥʦ ʜʨʫʛʠʝ ʛʠʧʦʪʝʟʳ ʩ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ 238U ʠ 232Th [3, 4]. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 25%. ʄʦʱʥʦʩʪʴ 

ʛʝʦʨʝʘʢʪʦʨʘ ʠʟ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 4.5 ʊɺʪ.  

ʅʦʚʳʡ ʜʝʪʝʢʪʦʨ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ [5], ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ 

ʩʦʦʪʥʦʰʝʥʠʷ Th/U ʚ ɿʝʤʣʝ ʥʝʦʙʭʦʜʠʤʦ 25 ʢʪ ʣʝʪ. ʊʦ ʝʩʪʴ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʝʪʝʢʪʦʨ 5 ʢʪ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʘʢʪʠʚʝʥ ʚ ʪʝʯʝʥʠʠ 5-10 ʣʝʪ ʠʣʠ 10 ʢʪ ʩʦ ʚʨʝʤʝʥʝʤ ʠʟʤʝʨʝʥʠʷ ʦʪ 2.5 ʣʝʪ ʜʦ ʧʷʪʠ 

ʠ ʪ.ʜ. 

15.11 ʉʮʠʥʪʠʣʣʷʪʦʨ  
ɺ ʜʝʪʝʢʪʦʨʝ  BOREXINO ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʮʠʥʪʠʣʣʷʪʦʨ ʥʘ ʦʩʥʦʚʝ ʧʩʝʚʜʦʢʫʤʦʣʘ 

(Pseudoʩumene, PC), ʘ ʚ ʜʝʪʝʢʪʦʨʝ  KamLAND ï ʥʘ ʦʩʥʦʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʝʢʪʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʥʝʡʥʳʡ ʘʣʢʠʣʙʝʥʟʦʣ (LAB). ɺ ʪʘʙʣ. 2. ʧʨʠʚʝʜʝʥʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʮʠʬʨʳ ʩʦʜʝʨʞʘʥʠʷ ʷʜʝʨ ʚʦʜʦʨʦʜʘ ʅ, ʫʛʣʝʨʦʜʘ ʉ ʠ ʵʣʝʢʪʨʦʥʦʚ ʚ 1000 ʪ ʃɸɹʘ ʠ 

ʧʩʝʚʜʦʢʫʤʦʣʘ. 

ʊʘʙʣʠʮʘ 2. ʉʦʜʝʨʞʘʥʠʝ ʷʜʝʨ ʚʦʜʦʨʦʜʘ ʫʛʣʝʨʦʜʘ ʠ ʵʣʝʢʪʨʦʥʦʚ ʚ 1000 ʪ ʣʠʥʝʡʥʦʛʦ 

ʘʣʢʠʣʙʝʥʟʦʣʘ ʠ ʧʩʝʚʜʦʢʫʤʦʣʘ 

1000 ʪ LAB PC 

ʌʦʨʤʫʣʘ C18H30 C9H12 

ʗʜʝʨ ʅ 7.465î1031 6.013î1031 

ʗʜʝʨ ʉ 4.479î1031 4.510î1031 

ʕʣʝʢʪʨʦʥʳ 3.434î1032 3.307î1032 

 

ʉʮʠʥʪʠʣʣʷʪʦʨ ʥʘ ʦʩʥʦʚʝ ʃɸɹʘ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʚʳʩʦʢʠʡ ʩʚʝʪʦʚʳʭʦʜ ʠ ʙʦʣʴʰʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ). ʂʨʦʤʝ ʪʦʛʦ ʦʥ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ.  

 

 

15.11 ʉʦʦʪʥʦʰʝʥʠʝ 232Th 238U ʚ ɿʝʤʣʝ 
ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʧʦʟʠʪʨʦʥʦʚ ʨʝʘʢʮʠʠ ʦʙʨʘʪʥʦʛʦ ʙʝʪʘ ʨʘʩʧʘʜʘ (1) ʦʪ 

ʧʦʪʦʢʦʚ ʫʨʘʥʘ, ʪʦʨʠʷ ʠ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʚ ʜʝʪʝʢʪʦʨʝ ʤʘʩʩʦʡ 1 ʢʪ. ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʨʠʩʫʥʢʘ 

ʧʦʥʷʪʥʦ ʢʘʢ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʩʧʝʢʪʨʳ ʫʨʘʥʘ ʠ ʪʦʨʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʤʝʨʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 
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ʩʦʜʝʨʞʘʥʠʷ ʫʨʘʥʘ ʠ ʪʦʨʠʷ ʚʦ ʚʩʝʡ ɿʝʤʣʝ [5]  

 

 
 

ʈʠʩ. 5. ʉʧʝʢʪʨʳ ʧʦʟʠʪʨʦʥʦʚ ʨʝʘʢʮʠʠ ʦʙʨʘʪʥʦʛʦ ʙʝʪʘ ʨʘʩʧʘʜʘ ʦʪ ʧʦʪʦʢʦʚ ʫʨʘʥʘ, ʪʦʨʠʷ ʠ 

ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ.  

15.11 ʇʨʦʙʣʝʤʘ 40ʂ 
ɺ ʨʘʙʦʪʝ [5] ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʦʪʦʢ ʛʝʦʥʝʡʪʨʠʥʦ, ʧʨʦʠʟʚʦʜʠʤʳʡ 40ʂ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʢʘʣʠʷ ʚ ɿʝʤʣʝ ʜʦ 3.76% (ʠʟ ʨʘʙʦʪʳ [4]) ʧʦʪʦʢ ʦʢʘʟʘʣʩʷ ʩʨʘʚʥʠʤʳʤ ʩ ʧʦʪʦʢʦʤ ʩʦʣʥʝʯʥʳʭ 

ʥʝʡʪʨʠʥʦ ʦʪ 7Be; 7.8Ĭ108 ʩʤ-2 ʩ-1, ʧʨʠ ʙʝʨʠʣʣʠʝʚʦʤ ʧʦʪʦʢʝ 4.8Ĭ109 ʩʤ-2 ʩ-1.   

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʚ ɿʝʤʣʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ: ʦʪ 0.024% [3] 

ʜʦ 3.76% [4]. ʄʳ ʨʝʰʠʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʪʦʢ ʘʥʪʠʥʝʡʪʨʠʥʦ ʦʪ 40ʂ ʠ ʧʦʣʫʯʠʪʴ ʚʝʨʭʥʶʶ ʠ 

ʥʠʞʥʶʶ ʛʨʘʥʠʮʳ ʵʪʦʛʦ ʧʦʪʦʢʘ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʤʦʞʥʦ ʣʠ ʝʛʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʥʝʡʪʨʠʥʦ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ [6] ʤʳ ʧʦʤʝʩʪʠʣʠ 

ʢʘʣʠʡ ʚ ʢʦʨʫ ʠ ʚ ʷʜʨʦ. ɺʩʝ ʨʘʩʯʝʪʳ ʤʳ ʧʨʦʚʝʣʠ ʜʣʷ ʜʝʪʝʢʪʦʨʘ BOREXINO, ʧʦʩʪʨʦʝʥʥʦʛʦ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ Gran Sasso ʚ ʀʪʘʣʠʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʳʭ 

ʥʝʡʪʨʠʥʦ ʧʦ ʨʝʘʢʮʠʠ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʠʥʦ ʥʘ ʵʣʝʢʪʨʦʥʝ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʤʳ ʚʳʙʨʘʣʠ ʤʦʜʝʣʴ ɿʝʤʣʠ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʬʝʨʠʯʝʩʢʠʭ ʩʣʦʝʚ ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʩʣʦʷ ʄʦʭʦʨʦʚʠʯʠʯʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʢʦʨʘ, ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʚʝʨʭʥʶʶ, ʩʨʝʜʥʶʶ ʠ ʥʠʞʥʶʶ. ʕʪʦ ʨʘʟʜʝʣʝʥʠʝ ʙʳʣʦ ʚʟʷʪʦ ʠʟ 

[7], ʛʜʝ ʩʦʜʝʨʞʘʪʩʷ ʜʘʥʥʳʝ ʧʦ ʛʣʫʙʠʥʝ ʥʘʭʦʞʜʝʥʠʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʚ ʪʦʯʢʘʭ ʯʝʨʝʟ ʢʘʞʜʳʝ 2 

ʛʨʘʜʫʩʘ ʜʦʣʛʦʪʳ ʠ ʰʠʨʦʪʳ. ɼʘʣʝʝ ʤʳ ʨʘʩʧʦʣʘʛʘʣʠ ʚʝʨʭʥʶʶ ʤʘʥʪʠʶ ʜʦ ʛʣʫʙʠʥʳ 660 ʢʤ, ʝʝ ʞʝ 

ʩʯʠʪʘʣʠ ʣʠʪʦʩʬʝʨʦʡ ʧʨʠ ʨʘʩʯʝʪʘʭ. ʅʘ ʛʣʫʙʠʥʝ 2900 ʢʤ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʠʞʥʷʷ ʤʘʥʪʠʷ, ʜʘʣʝʝ 

ʩʣʝʜʫʝʪ ʚʥʝʰʥʝʝ (ʞʠʜʢʦʝ) ʷʜʨʦ ʜʦ ʛʣʫʙʠʥʳ 5140 ʢʤ, ʟʘʪʝʤ ʜʦ ʮʝʥʪʨʘ ï ʚʥʫʪʨʝʥʥʝʝ (ʪʚʝʨʜʦʝ) 

ʷʜʨʦ.  
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40ʂ ʙʳʣ ʧʦʤʝʱʝʥ ʚ ʢʦʨʫ ʠ ʚʝʨʭʥʶʶ ʤʘʥʪʠʶ ʧʨʠ ʨʘʩʯʝʪʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʚ ʢʦʨʝ ʚʟʷʪʦ 2.1 ʚʝʩʦʚʳʭ % ʩʦʛʣʘʩʥʦ [8] (ʚ ʩʨʝʜʥʝʤ ʧʦ ɿʝʤʣʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʣʠʷ ʩʦʩʪʘʚʠʣʦ 0.3%). ʇʨʠ ʨʘʩʯʝʪʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ 40ʂ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʤʝʱʘʣʩʷ ʚ 

ʮʝʥʪʨʝ (ʪʚʝʨʜʦʤ ʠ ʞʠʜʢʦʤ ʷʜʨʘʭ) ʚ ʢʦʣʠʯʝʩʪʚʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ 

ʚ ɿʝʤʣʝ 3.7% ʩʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ ʛʠʜʨʠʜʥʦʡ ɿʝʤʣʠ [3, 4]. ʀʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʜʘʥʥʳʝ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3. ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʚ ʩʣʦʷʭ ɿʝʤʣʠ ʚ ʚʝʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ. ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ 

ʝʜʠʥʠʮʳ ʛ/ʛ ʥʘʜʦ ʧʨʠʤʝʥʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 10-2. 

 

 ʄʠʥʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ, % 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ 

(ʄʦʜʝʣʴ 1), % 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ 

(ʄʦʜʝʣʴ 2), % 

ʂʦʨʘ 2.1 2.1 2.1 

ɺʝʨʭʥʷʷ ʤʘʥʪʠʷ 2.1 2.1 3.0 

ʅʠʞʥʷʷ ʤʘʥʪʠʷ 0 0 3.5 

ɺʥʝʰʥʝʝ ʷʜʨʦ 0 10 4.5 

ɺʥʫʪʨʝʥʥʝʝ ʷʜʨʦ 0 10 6.0 

ʆʢʝʘʥʳ 0.042 0.042 0.042 

ʆʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ 0.2 0.2 0.2 

ɺʩʝʛʦ ʚ ɿʝʤʣʝ 0.36 3.74 3.74 

 

ɺ ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʧʦʪʦʢʠ ʥʝʡʪʨʠʥʦ ʠ ʦʞʠʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʚ 100 ʪ 

ʧʩʝʚʜʦʢʫʤʝʥʘ ʩ ʧʦʨʦʛʘ 200 ʢʵɺ. ʇʨʠ ʨʘʩʯʝʪʝ ʫʯʠʪʳʚʘʣʠʩʴ ʚʘʢʫʫʤʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʥʝʡʪʨʠʥʦ, ʠ 

ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʵʬʬʝʢʪ ʄʠʭʝʝʚʘ-ʉʤʠʨʥʦʚʘ-ɺʦʣʴʬʝʥʩʪʘʡʥʘ. ɺʢʣʘʜ ʚ ʨʘʩʩʝʷʥʠʝ ʜʘʶʪ ʪʘʢʞʝ 

ʤʶʦʥʥʳʝ ʠ ʪʘʦʥʥʳʝ ʥʝʡʪʨʠʥʦ. 

 

 

 

 

 

 

 



373 
 

ʊʘʙʣʠʮʘ 4. ʇʦʪʦʢʠ ʘʥʪʠʥʝʡʪʨʠʥʦ ʠ ʥʝʡʪʨʠʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ 

ʩʦʙʳʪʠʡ ʚ 100 ʪ ʧʩʝʚʜʦʢʫʤʦʣʘ. 

 ʉʦʜʝʨʞʘʥʠʝ ʂ 3.74% ʉʦʜʝʨʞʘʥʠʝ ʂ 0.36% 

 ʅʝʡʪʨʠʥʦ ʘʥʪʠʥʝʡʪʨʠʥʦ ʥʝʡʪʨʠʥʦ ʘʥʪʠʥʝʡʪʨʠʥʦ 

ʇʦʪʦʢ, ʩʤ-2 ʩ-1 1.70î106 7.58î108 3.05î105 1.36î108 

ʉʢʦʨʦʩʪʴ ʩʯʝʪʘ, 

ʩʫʪ.-1 

0.06 4.04 (ʄʦʜ.1) 

4.54 (ʄʦʜ.2) 

0.015 1.01 

 

ʅʘ ʨʠʩ. 3. ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʵʣʝʢʪʨʦʥʦʚ ʦʪʜʘʯʠ ʚ ʩʣʫʯʘʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʠʷ ʚ ɿʝʤʣʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʝʢʪʨʘʤʠ ʦʜʠʥʦʯʥʳʭ ʩʦʙʳʪʠʡ ʦʪ 

ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʦʥʦʚ BOREXINO [9]. ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʘ 

ʩʫʪʦʯʥʘʷ ʩʢʦʨʦʩʪʴ ʩʯʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ. ʊʘʢ, ʩʢʦʨʦʩʪʴ ʩʯʝʪʘ ʩʦʙʳʪʠʡ ʦʪ 

ʥʝʡʪʨʠʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʧʦʪʦʢʘ7Be ʩʦʩʪʘʚʣʷʝʪ 46 ʚ ʩʫʪ., ʘ ʦʪ ʢʘʣʠʷ ʣʝʞʠʪ ʚ ʢʦʨʠʜʦʨʝ ʦʪ 1 ʜʦ 4 

ʚ ʩʫʪ. 

 

ʈʠʩ. 6. ʉʧʝʢʪʨʳ ʦʜʠʥʦʯʥʳʭ ʩʦʙʳʪʠʡ  ʚ ʰʢʘʣʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʡ ʚ ʜʝʪʝʢʪʦʨʝ BOREXINO 

ʟʘ 147 ʜʥʝʡ ʜʣʷ 75.5 ʪ ʞʠʜʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠʟ [9]. ʅʘ ʛʨʘʬʠʢ ʥʘʣʦʞʝʥ ʨʘʩʯʝʪʥʳʡ ʢʦʨʠʜʦʨ 

ʚʦʟʤʦʞʥʳʭ ʩʧʝʢʪʨʦʚ ʵʣʝʢʪʨʦʥʦʚ ʦʪʜʘʯʠ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʘʥʪʠʥʝʡʪʨʠʥʥʳʤ ʧʦʪʦʢʦʤ 40ʂ, 

ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ɿʝʤʣʝ.  

 

40K (1-4) 
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15.11 ʇʨʦʙʣʝʤʘ 14ʉ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ 
 

ɺ ʩʮʠʥʪʠʣʣʷʪʦʨʘʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʘʙʳʭ ʥʝʡʪʨʠʥʥʳʭ ʧʦʪʦʢʦʚ ʦʯʝʥʴ ʚʘʞʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʨʘʜʠʘʮʠʦʥʥʘʷ ʯʠʩʪʦʪʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʘʤʳʡ ʯʠʩʪʳʡ 

ʩʮʠʥʪʠʣʣʷʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʝʪʝʢʪʦʨʝ BOREXINO. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʫʨʘʥʘ ʠ ʪʦʨʠʷ ʝʛʦ 

ʯʠʩʪʦʪʘ ʜʦʭʦʜʠʪ ʜʦ 10-18 ʛ/ʛ.  

ʆʜʥʘʢʦ, ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ (< 150-200 

ʢʵɺ), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʬʦʥʘ ʚʳʩʪʫʧʘʝʪ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʠʟʦʪʦʧ ʫʛʣʝʨʦʜʘ 14ʉ (ʛʨʘʥʠʯʥʘʷ ʵʥʝʨʛʠʷ 

ʙʝʪʘ-ʩʧʝʢʪʨʘ 156.48 ʢʵɺ, ʘ ʛʨʘʥʠʯʥʘʷ ʵʥʝʨʛʠʷ ʥʝʡʪʨʠʥʥʦʛʦ ʩʧʝʢʪʨʘ ʦʪ ʨʨ-ʮʠʢʣʘ 423 ʢʵɺ). 

ʀʟʤʝʨʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 14ʉ ʚ ʞʠʜʢʦʤ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ  

10-18 ʛ/ʛ ʚ ʜʝʪʝʢʪʦʨʝ BOREXINO, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 10-

21 ʛ/ʛ.  

ʅʝʧʦʥʷʪʥʦ ʦʪʢʫʜʘ ʙʝʨʝʪʩʷ 14ʉ ʚ ʞʠʜʢʦʤ ʩʮʠʥʪʠʣʣʷʪʦʨʝ, ʪʘʢ ʢʘʢ, ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʦʡ 

ʪʝʦʨʠʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʝʬʪʠ, ʦʥʘ ʭʨʘʥʠʪʩʷ ʙʝʟ ʢʦʥʪʘʢʪʘ ʩ ʘʪʤʦʩʬʝʨʦʡ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʣʝʪ. 

ɿʘ ʵʪʦ ʚʨʝʤʷ ʚʝʩʴ 14ʉ ʜʦʣʞʝʥ ʙʳʣ ʨʘʩʧʘʩʪʴʩʷ, ʪʘʢ ʢʘʢ ʝʛʦ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ 5730 ʣʝʪ. ɽʩʪʴ 

ʦʜʥʘ ʛʠʧʦʪʝʟʘ [10], ʢʦʪʦʨʘʷ ʦʙʲʷʩʥʷʝʪ ʧʨʦʠʩʭʦʞʜʝʥʠʝ  14ʉ ʚ ʥʝʬʪʠ, ʥʦ ʦʥʘ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ. ɽʩʣʠ ʫʜʘʩʪʩʷ ʧʦʜʪʚʝʨʜʠʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ, ʪʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʪʴ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʠʣʠ ʫʙʨʘʪʴ ʚʦʚʩʝ. 

15.11 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʦʜʝʨʞʘʥʠʷ 14ʉ  
ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 14ʉ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ [11], ʚʢʣʶʯʘʶʱʘʷ: 

ʇʨʦʟʨʘʯʥʘʷ ʢʶʚʝʪʘ ʠʟ ʦʨʛʩʪʝʢʣʘ; 

ʇʨʦʟʨʘʯʥʘʷ ʢʶʚʝʪʘ ʠʟ ʢʚʘʨʮʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʞʠʜʢʦʩʪʝʡ;  

ɼʚʘ ʥʠʟʢʦʰʫʤʷʱʠʭ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ; 

ɿʘʱʠʪʘ ʠʟ ʤʝʜʠ ʠ ʧʦʣʠʵʪʠʣʝʥʘ. 

ʉʦʟʜʘʚʘʝʤʳʡ ʜʝʪʝʢʪʦʨ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʦʜʟʝʤʥʦʡ ʥʠʟʢʦʬʦʥʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɹʅʆ ʀʗʀ 

ʈɸʅ [12] ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʫʣʴʪʨʘʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʟʦʪʦʧʘ 14C ʚ ʦʙʨʘʟʮʘʭ 

ʞʠʜʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ. ʃʘʙʦʨʘʪʦʨʠʷ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʛʦʨʳ (3700 ʤ ʦʪ ʚʭʦʜʘ 

ʚ ʪʦʥʥʝʣʴ), ʥʘ ʛʣʫʙʠʥʝ 4900 ʤ.ʚ.ʵ., ʛʜʝ ʧʦʪʦʢ ʤʶʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ~ 0.1 ʤ-2 ʯʘʩ-1. ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ 

ʬʦʥʘ ʦʪ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤʤʘ ʢʚʘʥʪʦʚ ʦʢʨʫʞʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʪʝʥʳ, ʧʦʣ ʠ ʧʦʪʦʣʦʢ ʢʦʤʥʘʪʳ, 

ʛʜʝ ʫʩʪʘʥʦʚʣʝʥ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ, ʚʳʧʦʣʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟ ʩʣʦʸʚ 

ʧʦʣʠʵʪʠʣʝʥʘ (25 ʩʤ), ʢʘʜʤʠʷ (1ʤʤ) ʠ ʩʚʠʥʮʘ (15 ʩʤ). ʉʘʤ ʜʝʪʝʢʪʦʨ ʨʘʟʤʝʱʸʥ ʚ ʢʦʨʦʙʝ ʠʟ 

ʦʨʛʩʪʝʢʣʘ (14.5 * 14.5 *120) ʩʤ3 ʠ ʦʢʨʫʞʸʥ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʟʘʱʠʪʦʡ ʠʟ ʦʩʦʙʦ ʯʠʩʪʦʡ ʤʝʜʠ, 

ʪʦʣʱʠʥʦʡ 15 ʩʤ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʝʪʝʢʪʦʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1. ɼʝʪʝʢʪʦʨ ʚʢʣʶʯʘʝʪ ʚ 



375 
 

ʩʝʙʷ ʢʚʘʨʮʝʚʫʶ ʷʯʝʡʢʫ, ʜʠʘʤʝʪʨʦʤ 100 ʤʤ ʠ ʜʣʠʥʦʡ 200 ʤʤ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʪʦʣʱʠʥʦʡ 3 

ʤʤ, ʟʘʧʦʣʥʝʥʥʫʶ ʦʙʨʘʟʮʦʤ ʞʠʜʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʜʚʫʭ ʩʚʝʪʦʚʦʜʦʚ ʠʟ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ (ʇʄʄɸ), ʨʘʟʤʝʨʦʤ 100*100*300 ʤʤ3 ʠ ʜʚʫʭ ʥʠʟʢʦʬʦʥʦʚʳʭ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ (ʌʕʋ) ET9302ɺ (3ò). ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʚʝʪʦʩʙʦʨʘ, ʢʚʘʨʮʝʚʘʷ ʷʯʝʡʢʘ ʠ 

ʩʚʝʪʦʚʦʜʳ ʦʙʸʨʥʫʪʳ ʟʝʨʢʘʣʴʥʦʡ ʦʪʨʘʞʘʶʱʝʡ ʧʣʸʥʢʦʡ VM2000. ɼʣʷ ʣʫʯʰʝʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʢʚʘʨʮʝʚʦʡ ʷʯʝʡʢʦʡ, ʩʚʝʪʦʚʦʜʘʤʠ ʠ ʌʕʋ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʣʠʢʦʥʦʚʘʷ ʩʤʘʟʢʘ. 

ɻʝʨʤʝʪʠʯʥʳʡ ʯʝʭʦʣ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ, ʦʢʨʫʞʘʶʱʠʡ ʜʝʪʝʢʪʦʨ ʩʥʘʨʫʞʠ, ʩʣʫʞʠʣ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʨʘʜʦʥʘ. ʀʟ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʸʤʘ ʨʘʜʦʥ ʫʜʘʣʷʣʩʷ ʧʨʦʜʫʚʢʦʡ ʛʘʟʦʦʙʨʘʟʥʳʤ ʘʟʦʪʦʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʴʶʘʨ ʩ ʞʠʜʢʠʤ ʘʟʦʪʦʤ.  

ʋʩʣʦʚʠʷ ʠʟʤʝʨʝʥʠʷ ʫʣʴʪʨʘʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʪʝʢʪʦʨʘ ʵʣʝʤʝʥʪʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʧʨʠʤʝʩʝʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ, ʩ ʧʦʤʦʱʴʶ ʥʠʟʢʦʬʦʥʦʚʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʠʟ 

ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʛʝʨʤʘʥʠʷ HPGe, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ  ʛʘʤʤʘ ʢʚʘʥʪʦʚ 

ʢʚʘʨʮʝʚʦʡ ʷʯʝʡʢʠ ʩ ʦʙʨʘʟʮʦʤ ʞʠʜʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ ET9302ɺ. ʇʦ 

ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ (ɹʢ/ʢʛ) ʚ  

ʷʯʝʡʢʝ ʩ ɾʆʉ ʠ ʚ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝ, ʧʨʝʜʩʪʘʚʣʝʥʳʝ ʚ ʪʘʙʣ. 5. 

 

ʊʘʙʣʠʮʘ 5. ʉʦʜʝʨʞʘʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʷʯʝʡʢʝ ʩ ɾʆʉ ʠ ʌʕʋ. 

 

ʀʟʦʪʦʧ    ʂʚʘʨʮʝʚʘʷ ʷʯʝʡʢʘ ʩ 

ɾʆʉ 

      ɸʢʪʠʚʥʦʩʪʴ ʚ ɹʢ/ʢʛ 

        ɽʊ9306 

ɸʢʪʠʚʥʦʩʪʴ ʚ ɹʢ/ʢʛ 

[ɹʢ/ʌʕʋ] 
40K Ò1.0Ŀ10-2 1.71Ñ0.09            [0.26 Ñ 

0.01]  
208Tl Ò9.4Ŀ10-4 (3.6Ñ0.6)Ā10-2  

[(5.4Ñ0.8)Ā10-3] 
214Bi (3.5Ñ1.7)Ā10-3 1.21Ñ0.03          

[0.180Ñ0.004]  
228Ac Ò2.3Ŀ10-3 0.10Ñ0.01         

[(1.5Ñ0.2)Ā10-2]  

 

ɼʘʣʴʥʝʡʰʝʝ ʫʣʫʯʰʝʥʠʝ ʬʦʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʥʠʟʢʦʬʦʥʦʚʳʭ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ.  

ɼʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʜʝʪʝʢʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʠ ʠʩʪʦʯʥʠʢʘ ʛʘʤʤʘ ʢʚʘʥʪʦʚ: 

241Am, 137Cs ʠ 133Ba.ʕʥʝʨʛʠʠ ʛʘʤʤʘ ʢʚʘʥʪʦʚ ʠ ʵʥʝʨʛʠʷ ʚ ʧʠʢʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʧʝʢʪʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6.  
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ʊʘʙʣʠʮʘ 6. ʂʘʣʠʙʨʦʚʦʯʥʳʝ ʠʩʪʦʯʥʠʢʠ. 

ʀʩʪʦʯʥʠʢ ʕʥʝʨʛʠʷ ʠʟʣʫʯʘʝʤʳʭ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʢʵɺ 

ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ 

ʦʪʜʘʯʠ ʧʨʠ ʨʘʩʩʝʷʥʠʠ 

ʥʘʟʘʜ, ʢʵɺ 

ʕʥʝʨʛʠʷ ʚ 

ʥʘʙʣʶʜʘʝʤʦ

ʤ ʧʠʢʝ, ʢʵɺ 

ʅʦʤʝʨ 

ʢʘʥʘʣʘ 

137Cs 661.657 477.334 440 3862 

133Ba 356.017 (45%) 

302.853 (13.4%) 

 80.997 (25%) 

 79.614 (1.9%) 

197.3 170 

 

80 

1308 

241Am 59.54 (93%) 

26.34 (6%) 

 59.54 413.9 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ 14ʉ ʚ ʦʙʲʝʤʝ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ, ʧʦʣʫʯʝʥʥʳʡ ʟʘ 537.78 ʯʘʩʦʚ ʠʟʤʝʨʝʥʠʷ. ʉʧʝʢʪʨ ʙʳʣ ʧʨʝʦʙʨʘʟʦʚʘʥ 

ʚ ʛʠʩʪʦʛʨʘʤʤʫ ʧʦ 5 ʢʵɺ, ʦʥ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4. ʉʢʦʨʦʩʪʴ ʩʯʝʪʘ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʣ 

ʚ ʩʨʝʜʥʝʤ (ʦʥ ʤʝʥʷʣʩʷ ʚ ʨʘʟʥʳʭ ʮʠʢʣʘʭ ʠʟʤʝʨʝʥʠʷ) 92.5 ʦʪʩʯʝʪʘ ʚ ʯʘʩ. ʇʦʩʣʝ ʧʝʨʝʚʦʜʘ ʩʧʝʢʪʨʘ 

ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʰʢʘʣʫ ʦʥ ʦʧʠʩʳʚʘʣʩʷ ʬʫʥʢʮʠʝʡ ʚ ʚʠʜʝ ʩʫʤʤʳ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʠ, 

ʵʢʩʧʦʥʝʥʪʳ ʠ ʩʧʝʢʪʨʘ 14ʉ: A1+A2*exp(-A3/E)+A4*Fbeta(E)]. ʇʘʨʘʤʝʪʨ ɸ4 ʦʧʨʝʜʝʣʷʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʧʘʜʦʚ ʠʟʦʪʦʧʘ 14ʉ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʤʝ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʠʥʷʪ 

ʚ ʥʘʰʝʤ ʘʥʘʣʠʟʝ 1.85 ʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ɸ4 = 28038.5 Ñ 8660.4. ʏʝʨʝʟ 

ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ 14ʉ ʨʘʚʥʳʡ 5730 ʣʝʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʣʥʦʝ ʯʠʩʣʦ ʠʟʦʪʦʧʦʚ ʚ ʦʙʲʝʤʝ ʠ 

ʨʘʩʩʯʠʪʘʪʴ ʦʪʥʦʰʝʥʠʝ 14ʉ/12ʉ. ʆʥʦ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ (5.4 Ñ 1.7)Ĭ10-17. 

 

 

ʈʠʩ. 7. ɻʠʩʪʦʛʨʘʤʤʘ ʬʦʥʘ ʧʦ 5 ʢʵɺ ʚ ʙʠʥʝ (ʯʝʨʥʳʝ ʪʦʯʢʠ ʩ ʦʰʠʙʢʦʡ). ʂʨʘʩʥʘʷ ʣʠʥʠʷ ï 

ʧʦʜʛʦʥʦʯʥʘʷ ʢʨʠʚʘʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʧʦʩʪʦʷʥʥʦʡ, ʵʢʩʧʦʥʝʥʪʳ ʠ ʙʝʪʘ-ʩʧʝʢʪʨʘ14ʉ. ɿʝʣʝʥʘʷ ʣʠʥʠʷ 

ï ʬʦʥ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʚʠʜʝ ʩʫʤʤʳ ʧʦʩʪʦʷʥʥʦʡ ʠ ʵʢʩʧʦʥʝʥʪʳ. ʉʠʥʷʷ ʣʠʥʠʷ ï ʙʝʪʘ-ʩʧʝʢʪʨ 14ʉ.  
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15.11 ɿʘʢʣʶʯʝʥʠʝ  
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʝʦʥʝʡʪʨʠʥʦ ʚ ʧʦʜʟʝʤʥʦʡ ʥʠʟʢʦʬʦʥʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɹʅʆ ʀʗʀ ʈɸʅ 

ʥʘ ʂʘʚʢʘʟʝ. ɹʦʣʴʰʦʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʛʝʦʥʝʡʪʨʠʥʦ:  

- ʊʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʠ ʪʦʨʠʷ ʚ ɿʝʤʣʝ ʠ ʧʨʦʚʝʨʠʪʴ ʥʘʩʢʦʣʴʢʦ ʦʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʠʟʤʝʨʝʥʠʡ ʭʦʥʜʨʠʪʦʚʳʭ ʤʝʪʝʦʨʠʪʦʚ; 

- ʀʟʤʝʨʠʪʴ ʧʦʪʦʢ 40ʂ ʠ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʧʦʣʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ɿʝʤʣʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ 

ʙʳʪʴ ʧʝʨʝʩʤʦʪʨʝʥ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ɿʝʤʣʠ.  

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʨʘʟʤʝʨʦʚ ʜʝʪʝʢʪʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʟʘ 

ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ ï 25 ʢʪ ʣʝʪ. 

ʄʳ ʧʨʠʚʦʜʠʤ ʨʘʩʯʝʪʳ ʩʧʝʢʪʨʦʚ ʵʣʝʢʪʨʦʥʦʚ ʦʪʜʘʯʠ, ʚʳʟʳʚʘʝʤʳʝ ʧʦʪʦʢʦʤ ʘʥʪʠʥʝʡʪʨʠʥʦ, 

ʧʨʦʠʟʚʦʜʠʤʳʤ ʠʟʦʪʦʧʦʤ 40ʂ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ɿʝʤʣʝ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʪʦʢ ʦʢʘʟʳʚʘʝʪʩʷ 

ʩʨʘʚʥʠʤʳʤ ʩ ʧʦʪʦʢʦʤ ʙʝʨʠʣʣʠʝʚʳʭ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʤ ʜʝʪʝʢʪʦʨʦʤ 

BOREXINO. ʕʪʦʪ ʬʦʥ ʥʠʢʦʛʜʘ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ, ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʳʡ, ʜʣʷ ʜʝʪʝʢʪʦʨʦʚ 

ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 10% ʦʪ ʩʧʝʢʪʨʘ ʙʝʨʠʣʣʠʝʚʳʭ 

ʥʝʡʪʨʠʥʦ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʤʦʜʝʣʷʭ ʩʦʩʪʘʚʘ ɿʝʤʣʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʠʟʤʝʨʝʥʠʷʤ BOREXINO ʜʘʞʝ ʚ ʩʣʫʯʘʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʠʷ ʚ ɿʝʤʣʝ ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ [3, 4]. 

ʉʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ ʧʦ ʠʟʤʝʨʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʠʦʫʛʣʝʨʦʜʘ14ʉ ʚ ʦʙʨʘʟʮʘʭ ʞʠʜʢʦʛʦ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ. ʇʨʦʚʝʜʝʥʳ ʧʝʨʚʳʝ ʠʟʤʝʨʝʥʠʷ ʩʦ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʃɸɹʘ. ʈʝʟʫʣʴʪʘʪ ʩʦʜʝʨʞʘʥʠʷ 14ʉ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ 

ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʚ ʜʝʪʝʢʪʦʨʝ Borexino [5]. ʅʘʰʝ ʠʟʤʝʨʝʥʠʝ ʧʦ ʦʜʥʦʤʫ ʤʝʪʦʜʫ ʜʘʝʪ 

ʟʥʘʯʝʥʠʝ14ʉ/12C =  (3.4 Ñ1.2)Ĭ10-17, ʘ  ʧʦ ʜʨʫʛʦʤʫ ï ʟʥʘʯʝʥʠʝ 14ʉ/12ʉ = (5.4 Ñ 1.7)Ĭ10-17. 

ɺʦʟʤʦʞʥʦ ʈʉ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʜʝʪʝʢʪʦʨʝ Borexino ʚ ʚʠʜʝ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠʤʝʝʪ ʠʟʥʘʯʘʣʴʥʦ 

ʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ 14ʉ ʠʣʠ ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʃɸɹʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʨʘʟʮʳ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʩ ʦʩʥʦʚʦʡ ʠʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʥʝʬʪʠ, ʜʦʙʳʚʘʝʤʦʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 14ʉ (ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʥʝʪ ʣʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʦʜʝʨʞʘʥʠʷ 14ʉ ʦʪ ʤʝʩʪʘ ʜʦʙʳʯʠ ʥʝʬʪʠ). ʊʘʢʞʝ ʙʫʜʫʪ ʧʨʦʚʝʨʝʥʳ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ. 

ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʬʦʥʦʚ ʜʝʪʝʢʪʦʨʘ ʩ ʮʝʣʴʶ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʜʘʚʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ 

ʧʦʨʦʛʘ ʜʝʪʝʢʪʦʨʘ ʜʣʷ ʙʦʣʝʝ ʫʚʝʨʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʙʝʪʘ-ʩʧʝʢʪʨʘ 14ʉ. 
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16 ʃʘʙʦʨʘʪʦʨʠʷ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʯʣ.-ʢʦʨʨ. ʈɸʅ ɻ.ɺ.ɼʦʤʦʛʘʮʢʠʡ. 

ʌʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʝʦʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʡ 

ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʩʤʦʣʦʛʠʷ. 

ʅʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ, ʥʝʡʪʨʠʥʥʘʷ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ, ʬʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʧʨʦʙʣʝʤʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʚ ʥʠʟʢʦʬʦʥʦʚʳʭ ʧʦʜʟʝʤʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʠ ʛʣʫʙʦʢʦ ʧʦʜ ʚʦʜʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

ʇʨʠʢʣʘʜʥʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ, ʨʘʜʠʦʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʷʜʝʨʥʘʷ 

ʪʨʘʥʩʤʫʪʘʮʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ. 

ɻʣʫʙʦʢʦʚʦʜʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʤʶʦʥʦʚ ʠ ʥʝʡʪʨʠʥʦ ʥʘ ʦʟ. ɹʘʡʢʘʣ. 

ʇʝʨʚʠʯʥʳʝ ʯʸʨʥʳʝ ʜʳʨʳ ʚ ʨʘʥʥʝʡ ɺʩʝʣʝʥʥʦʡ ʠ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʝ ʩʣʝʜʩʪʚʠʷ 

ʠʭ ʨʦʞʜʝʥʠʷ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. ʕ.ɺ.ɹʫʛʘʝʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʤʶʦʥʦʚ ʠ ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʧʦʠʩʢ 

ʤʘʛʥʠʪʥʳʭ ʤʦʥʦʧʦʣʝʡ ʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ɹʘʡʢʘʣʴʩʢʦʤ 

ʛʣʫʙʦʢʦʚʦʜʥʦʤ  ʥʝʡʪʨʠʥʥʦʤ ʪʝʣʝʩʢʦʧʝ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʥʠʪʝʣʝʡ ʦʪʯʸʪʘ: 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɻ.ɺ.ɼʦʤʦʛʘʮʢʠʡ (16.1 ʚʚʝʜʝʥʠʝ, ʟʘʢʣʶʯʝʥʠʝ) 

ɺʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʜ.ʬ.-ʤ.ʥ. ɾ.-ɸ.ʄ.ɼʞʠʣʢʠʙʘʝʚ (16.1 ʚʚʝʜʝʥʠʝ) 

ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʢ.ʬ.-ʤ.ʥ. ɺ.ʄ.ɸʡʥʫʪʜʠʥʦʚ (16.1 ʚʚʝʜʝʥʠʝ, ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ) 

ɺʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʜ.ʬ.-ʤ.ʥ. ʕ.ɺ.ɹʫʛʘʝʚ (16.2) 
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16.1 ɻʣʫʙʦʢʦʚʦʜʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʤʶʦʥʦʚ ʠ ʥʝʡʪʨʠʥʦ ʥʘ ʦʟ. ɹʘʡʢʘʣ 

16.1 ʈʝʬʝʨʘʪ 

ʅɽʁʊʈʀʅʆ, ʄʖʆʅ, ʅɽʁʊʈʀʅʅʓʁ ʊɽʃɽʉʂʆʇ, ʆɿɽʈʆ ɹɸʁʂɸʃ, ʄʆʅʀʊʆʈʀʅɻ 

ɺʆɼʅʆʁ ʉʈɽɼʓ   

ʆʪʯʝʪ ʃʘʙʦʨʘʪʦʨʠʠ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʀʗʀ ʈɸʅ ʩʦʩʪʘʚʣʝʥ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʅʀʈ "ɻʣʫʙʦʢʦʚʦʜʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʤʶʦʥʦʚ ʠ ʥʝʡʪʨʠʥʦ ʥʘ ʦʟ. ɹʘʡʢʘʣ. ʀʟʤʝʨʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ, ʦʙʥʘʨʫʞʝʥʠʝ ʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʦʦʨʫʞʝʥʠʝ ʩ ʵʪʦʡ ʮʝʣʴʶ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʩ ʨʘʙʦʯʠʤ ʦʙʲʝʤʦʤ ʜʦ 2 ʢʤ3.  ʉʦʟʜʘʥʠʝ ʠ ʫʩʪʘʥʦʚʢʘ ʧʝʨʚʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʢʣʘʩʪʝʨʘ ï ʙʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʪʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʅʊ-1000.  ʅʘʢʦʧʣʝʥʠʝ, ʘʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦ 

ʧʨʦʛʨʘʤʤʘʤ ʨʝʛʠʩʪʨʘʮʠʠ ʤʶʦʥʦʚ ʠ ʣʠʚʥʝʡ ʦʪ ʥʝʡʪʨʠʥʦ" ʠ ʧʨʦʝʢʪʘ 14-02-00972 ʈʌʌʀ 

çʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʤʶʦʥʦʚ ʠ ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, 

ʧʦʠʩʢ ʧʨʦʷʚʣʝʥʠʡ ʤʘʩʩʠʚʥʳʭ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʠ ʜʨʫʛʠʭ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ɹʘʡʢʘʣʴʩʢʦʤ ʛʣʫʙʦʢʦʚʦʜʥʦʤ ʥʝʡʪʨʠʥʥʦʤ ʪʝʣʝʩʢʦʧʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷè.  

ʂʦʥʝʯʥʘʷ ʮʝʣʴ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ï ʩʦʟʜʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 10 ʣʝʪ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ 

ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ (ʅʊ1000), ʤʝʪʦʜʦʚ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ 10 ʊʵɺ ʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ ʚ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʘʩʪʨʦʬʠʟʠʢʠ. ɺ 2014 ʛ. ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʚʠʛʘʶʱʠʝ ʢʦʣʣʝʢʪʠʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢ ʥʘʤʝʯʝʥʥʳʤ ʮʝʣʷʤ: 

ʚʳʧʦʣʥʝʥʳ ʧʣʘʥʳ ʨʘʙʦʪ ʧʦ ʫʩʪʘʥʦʚʢʝ ʥʘ ʦʟʝʨʝ ɹʘʡʢʘʣ 2 ʛʠʨʣʷʥʜ ʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ (ʚʩʝʛʦ 

ʥʘ 2014ʛ. ʫʩʪʘʥʦʚʣʝʥʦ 5 ʛʠʨʣʷʥʜ) ʠ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʟʘʚʝʨʰʝʥʠʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʝʨʚʦʛʦ ʢʣʘʩʪʝʨʘ ʠʟ 8 ʛʠʨʣʷʥʜ ʩʦʟʜʘʚʘʝʤʦʛʦ ʪʝʣʝʩʢʦʧʘ ʅʊ1000. 

ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʤʶʦʥʦʚ ʠ 

ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ (ɽ>10 ʊʵɺ) ʵʥʝʨʛʠʡ, ʧʦ ʧʦʠʩʢʫ ʤʘʛʥʠʪʥʳʭ ʤʦʥʦʧʦʣʝʡ ʠ 

ʤʘʩʩʠʚʥʳʭ ʯʘʩʪʠʮ ï ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʦʣʴ ʭʦʣʦʜʥʦʡ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʠʟʫʯʝʥʠʶ ʬʦʥʦʚʳʭ ʫʩʣʦʚʠʡ (ʩʚʝʯʝʥʠʷ) ʚʦʜʥʦʡ ʩʨʝʜʳ ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʪʝʣʝʩʢʦʧʘ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʪʘʢʞʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʠʟʫʯʝʥʠʠ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ ɹʘʡʢʘʣ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʚ 2014 ʛ. ʦʧʫʙʣʠʢʦʚʘʥʳ 2 ʩʪʘʪʴʠ ʠ 2 ʩʪʘʪʴʠ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʠ ʧʨʠʥʷʪʳ ʚ ʧʝʯʘʪʴ. ɿʘʱʠʱʝʥʘ ʦʜʥʘ ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʪʝʧʝʥʴ ʢʘʥʜʠʜʘʪʘ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ. 
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16.1 ɺʚʝʜʝʥʠʝ 

ɹʘʡʢʘʣʴʩʢʠʡ ʥʝʡʪʨʠʥʥʳʡ ʪʝʣʝʩʢʦʧ, ʧʝʨʚʘʷ ʦʯʝʨʝʜʴ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʚ ʘʧʨʝʣʝ 

1993 ʛʦʜʘ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʯʝʪʳʨʥʘʜʮʘʪʠ ʣʝʪ ʙʳʣ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚ ʤʠʨʝ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʛʣʫʙʦʢʦʚʦʜʥʳʤ ʯʝʨʝʥʢʦʚʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ʃʠʰʴ ʚ 2007 

ʛʦʜʫ ʥʘ ʩʦʟʜʘʚʘʚʰʝʤʩʷ ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ ʜʝʪʝʢʪʦʨʝ ANTARES ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʧʝʨʚʦʝ 

ʩʦʙʳʪʠʝ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʝ ʘʚʪʦʨʘʤʠ ʢʘʢ ʩʦʙʳʪʠʝ ʦʪ ʥʝʡʪʨʠʥʦ, ʘ ʚ ʩʚʦʝʤ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʤ 

ʚʘʨʠʘʥʪʝ ʜʝʪʝʢʪʦʨ ʚʚʝʜʝʥ ʚ ʩʪʨʦʡ ʚ ʩʝʨʝʜʠʥʝ 2008 ʛʦʜʘ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ɹʘʡʢʘʣʴʩʢʦʤ ʥʝʡʪʨʠʥʥʦʤ ʪʝʣʝʩʢʦʧʝ ʠ ʥʘ ʜʝʪʝʢʪʦʨʝ ANTARES ʨʝʟʫʣʴʪʘʪʳ, ʪʘʢʞʝ ʢʘʢ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʩʣʝʜʫʶʱʠʭ ʣʝʪ, ʚʧʣʦʪʴ ʜʦ ʩʦʟʜʘʥʠʷ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʥʝʩʢʦʣʴʢʠʭ, 

ʩʚʷʟʘʥʥʳʭ ʚ ʝʜʠʥʫʶ ʩʝʪʴ ʜʝʪʝʢʪʦʨʦʚ ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʠ ʙʫʜʫʪ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʢʨʠʪʝʨʠʷʤ ʥʦʚʠʟʥʳ çʧʦ ʦʧʨʝʜʝʣʝʥʠʶè. ʊʘʢʦʝ ʞʝ ʫʪʚʝʨʞʜʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦ ʚʩʝʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʘʝʤʳʤ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ɹʘʡʢʘʣʘ ʢʘʢ 

ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. 

ɽʩʣʠ ʞʝ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʥʘ 

ʢʨʫʧʥʝʡʰʠʭ ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʜʣʝʜʥʳʭ ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʘʭ, ʪʦ ɹʘʡʢʘʣʴʩʢʠʡ ʛʣʫʙʦʢʦʚʦʜʥʳʡ 

ʥʝʡʪʨʠʥʥʳʡ ʪʝʣʝʩʢʦʧ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʚ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʘʢ ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʧʦʪʦʢʘ ʤʶʦʥʦʚ ʚʳʩʦʢʠʭ (ʩʚʳʰʝ 10 ɻʵɺ) ʵʥʝʨʛʠʡ ʦʪ 

ʘʪʤʦʩʬʝʨʥʳʭ ʥʝʡʪʨʠʥʦ, ʢʘʢ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʧʦʪʦʢʘ ʤʘʛʥʠʪʥʳʭ ʤʦʥʦʧʦʣʝʡ ʠ ʧʦʠʩʢ 

ʧʨʦʷʚʣʝʥʠʡ ʤʘʩʩʠʚʥʳʭ ʯʘʩʪʠʮ - ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʦʣʴ ʭʦʣʦʜʥʦʡ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ. ɹʘʡʢʘʣʴʩʢʠʡ 

ʜʝʪʝʢʪʦʨ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʢʦʤʧʘʥʠʠ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ (ʥʘʨʷʜʫ ʩ ʜʝʪʝʢʪʦʨʦʤ 

ANTARES ʠ ʩʦʟʜʘʥʥʳʤ ʚ ʘʥʪʘʨʢʪʠʯʝʩʢʦʤ ʣʴʜʫ ʜʝʪʝʢʪʦʨʦʤ AMANDA, ʘ ʩ 11 ʤʘʷ 2009 ʛʦʜʘ - 

IceCube) ʠ ʚ ʟʘʜʘʯʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʧʦʪʦʢʘ ʥʝʡʪʨʠʥʦ ʩ ʵʥʝʨʛʠʝʡ ʩʚʳʰʝ 10 ʊʵɺ.  

ʆʪʯʝʪ ʃʘʙʦʨʘʪʦʨʠʠ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʀʗʀ ʈɸʅ ʩʦʩʪʘʚʣʝʥ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʅʀʈ "ɻʣʫʙʦʢʦʚʦʜʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʤʶʦʥʦʚ ʠ ʥʝʡʪʨʠʥʦ ʥʘ ʦʟ. ɹʘʡʢʘʣ.  

 ʀʟʤʝʨʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʦʙʥʘʨʫʞʝʥʠʝ ʠʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʩʦʦʨʫʞʝʥʠʝ ʩ ʵʪʦʡ ʮʝʣʴʶ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ɹʘʡʢʘʣʴʩʢʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʩ 

ʨʘʙʦʯʠʤ ʦʙʲʝʤʦʤ ʜʦ 2 ʢʤ3.  ʉʦʟʜʘʥʠʝ ʠ ʫʩʪʘʥʦʚʢʘ ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʢʣʘʩʪʝʨʘ ï ʙʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʪʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ɹʘʡʢʘʣʴʩʢʦʛʦ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ 

ʪʝʣʝʩʢʦʧʘ ʅʊ-1000.  ʅʘʢʦʧʣʝʥʠʝ, ʘʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʨʝʛʠʩʪʨʘʮʠʠ 

ʤʶʦʥʦʚ ʠ ʣʠʚʥʝʡ ʦʪ ʥʝʡʪʨʠʥʦ" ʠ ʧʨʦʝʢʪʘ 14-02-00972 ʈʌʌʀ çʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ 

ʧʦʪʦʢʦʚ ʤʶʦʥʦʚ ʠ ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʧʦʠʩʢ ʧʨʦʷʚʣʝʥʠʡ ʤʘʩʩʠʚʥʳʭ 

ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʠ ʜʨʫʛʠʭ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ɹʘʡʢʘʣʴʩʢʦʤ 

ʛʣʫʙʦʢʦʚʦʜʥʦʤ ʥʝʡʪʨʠʥʥʦʤ ʪʝʣʝʩʢʦʧʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷè.   
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ʂʦʥʝʯʥʘʷ ʮʝʣʴ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ï ʩʦʟʜʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 10 ʣʝʪ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ 

ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ (ʅʊ1000), ʤʝʪʦʜʦʚ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ 10 ʊʵɺ ʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ ʚ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʘʩʪʨʦʬʠʟʠʢʠ. ɺ 2014 ʛ. ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʚʠʛʘʶʱʠʝ ʢʦʣʣʝʢʪʠʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢ ʥʘʤʝʯʝʥʥʳʤ ʮʝʣʷʤ: 

ʚʳʧʦʣʥʝʥʳ ʧʣʘʥʳ ʨʘʙʦʪ ʧʦ ʫʩʪʘʥʦʚʢʝ ʥʘ ʦʟʝʨʝ ɹʘʡʢʘʣ 2 ʛʠʨʣʷʥʜ ʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ (ʚʩʝʛʦ 

ʥʘ 2014 ʛ. ʫʩʪʘʥʦʚʣʝʥʦ 5 ʛʠʨʣʷʥʜ) ʠ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʟʘʚʝʨʰʝʥʠʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʝʨʚʦʛʦ ʢʣʘʩʪʝʨʘ ʠʟ 8 ʛʠʨʣʷʥʜ ʩʦʟʜʘʚʘʝʤʦʛʦ ʪʝʣʝʩʢʦʧʘ ʅʊ1000. 

ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʤʶʦʥʦʚ ʠ 

ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ (ɽ>10 ʊʵɺ) ʵʥʝʨʛʠʡ, ʧʦ ʧʦʠʩʢʫ ʤʘʛʥʠʪʥʳʭ ʤʦʥʦʧʦʣʝʡ ʠ 

ʤʘʩʩʠʚʥʳʭ ʯʘʩʪʠʮ ï ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʦʣʴ ʭʦʣʦʜʥʦʡ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʠʟʫʯʝʥʠʶ ʬʦʥʦʚʳʭ ʫʩʣʦʚʠʡ (ʩʚʝʯʝʥʠʷ) ʚʦʜʥʦʡ ʩʨʝʜʳ ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʪʝʣʝʩʢʦʧʘ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʪʘʢʞʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʠʟʫʯʝʥʠʠ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ ɹʘʡʢʘʣ.   

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʚ 2014 ʛ. ʦʧʫʙʣʠʢʦʚʘʥʳ 2 ʩʪʘʪʴʠ ʠ 2 ʩʪʘʪʴʠ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʠ ʧʨʠʥʷʪʳ ʚ ʧʝʯʘʪʴ. ɿʘʱʠʱʝʥʘ ʦʜʥʘ ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʪʝʧʝʥʴ ʢʘʥʜʠʜʘʪʘ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ.  

 ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʩʫʱʝʩʪʚʫʶʪ ʧʷʪʴ, 

ʢʨʦʤʝ ɹʘʡʢʘʣʴʩʢʦʛʦ, ʬʠʥʘʥʩʠʨʫʝʤʳʭ ʧʨʦʝʢʪʦʚ - IceCube (AMANDA) ʥʘ ʖʞʥʦʤ ʧʦʣʶʩʝ ʠ 

ANTARES, NESTOR, NEMO, KM3Net ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ. ʇʨʦʝʢʪʳ ʩʦʟʜʘʥʠʷ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ ʥʘʭʦʜʷʪʩʷ ʣʠʙʦ ʥʘ ʩʪʘʜʠʠ ʥʝʜʘʚʥʝʛʦ 

ʟʘʚʝʨʰʝʥʠʷ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʠ ʦʩʤʳʩʣʝʥʠʷ ʧʝʨʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ANTARES), ʣʠʙʦ ʥʘ ʩʪʘʜʠʠ 

ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (NESTOR, NEMO), ʣʠʙʦ ʥʘ ʩʪʘʜʠʠ ʧʦʠʩʢʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʘʨʭʠʪʝʢʪʫʨʳ ʜʝʪʝʢʪʦʨʘ (KM3Net). ʉʦʟʜʘʥʠʷ 

ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʟʜʝʩʴ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʥʝ ʨʘʥʴʰʝ, ʯʝʤ ʢ ʢʦʥʮʫ ʪʝʢʫʱʝʛʦ 

ʜʝʩʷʪʠʣʝʪʠʷ. 

ʂʦʣʣʘʙʦʨʘʮʠʷ ANTARES (ʌʨʘʥʮʠʷ, ɸʥʛʣʠʷ, ɻʦʣʣʘʥʜʠʷ, ʀʩʧʘʥʠʷ, ʈʦʩʩʠʷ, ʀʪʘʣʠʷ) ʚ 

ʩʝʨʝʜʠʥʝ 2008 ʛʦʜʘ ʟʘʚʝʨʰʠʣʘ ʧʨʦʮʝʩʩ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʚ ʊʫʣʦʥʩʢʦʤ 

ʟʘʣʠʚʝ ʉʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʷ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʛʦ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʪʘʧ ʥʘ ʧʫʪʠ ʩʦʟʜʘʥʠʷ 

ʪʝʣʝʩʢʦʧʘ ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ. ʊʝʣʝʩʢʦʧ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 2400 ʤʝʪʨʦʚ 

ʚ 25 ʢʤ ʦʪ ʙʝʨʝʛʘ ʠ ʩʦʜʝʨʞʠʪ 900 ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ (ʌʕʋ), ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʚ 

ʪʨʠʧʣʝʪʳ ʠ ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ 12-ʪʠ ʩʪʨʠʥʛʘʭ (ʧʨʠʪʦʧʣʝʥʥʳʭ ʙʫʡʢʦʚʳʭ ʩʪʘʥʮʠʷʭ ʩ 

ʨʝʛʠʩʪʨʠʨʫʶʱʠʤʠ ʤʦʜʫʣʷʤʠ) ʜʣʠʥʦʡ 350 ʤ, ʨʘʟʥʝʩʝʥʥʳʭ ʥʘ 70 ʤʝʪʨʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʣʦʱʘʜʴ ʠ ʦʙʲʝʤ ʪʝʣʝʩʢʦʧʘ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.07 ʢʤ^2 ʠ 2x10^{-

2} ʢʤ^3.  
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ɺ ʤʘʨʪʝ 2008 ʛʦʜʘ ʥʝʡʪʨʠʥʥʳʡ ʪʝʣʝʩʢʦʧ ANTARES ʧʨʠʩʪʫʧʠʣ ʢ ʥʘʙʦʨʫ ʜʘʥʥʳʭ ʚ 

ʧʨʦʝʢʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺ ʭʦʜʝ ʩʦʟʜʘʥʠʷ ʪʝʣʝʩʢʦʧʘ ʢʦʣʣʘʙʦʨʘʮʠʷ ʩʪʦʣʢʥʫʣʘʩʴ ʩ ʨʷʜʦʤ 

ʧʨʦʙʣʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʘʢ ʪʨʫʜʥʦʩʪʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʚ 

ʤʦʨʝ, ʪʘʢ ʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʚʦʜʥʦʡ ʩʨʝʜʳ. ɺ ʪʝʯʝʥʠʝ 3-ʭ ʧʝʨʚʳʭ 

ʤʝʩ̫ʮʝʚ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʚ 2006 ʛʦʜʫ, ʫʨʦʚʝʥʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʚʝʯʝʥʠʷ ʚʦʜʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʧʨʦʮʝʩʩʘʤʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʦʢʘʟʘʣʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʧʨʠ ʪʝʩʪʦʚʳʭ ʠʟʤʝʨʝʥʠʷʭ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʘʥʥʳʝ ʟʘ ʵʪʦʪ 

ʧʝʨʠʦʜ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ɺ ʠʶʥʝ 2008 ʛʦʜʘ ʙʳʣʘ ʧʦʪʝʨʷʥʘ ʩʚʷʟʴ ʩ 

ʫʩʪʘʥʦʚʢʦʡ ʠʟ-ʟʘ ʦʙʨʳʚʘ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʢʘʙʝʣʷ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʪʝʣʝʩʢʦʧ ʩ ʙʝʨʝʛʦʚʳʤ 

ʮʝʥʪʨʦʤ. ʕʪʫ ʧʦʣʦʤʢʫ ʫʜʘʣʦʩʴ ʫʩʪʨʘʥʠʪʴ ʢ ʥʘʯʘʣʫ ʩʝʥʪʷʙʨʷ. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʣʝʩʢʦʧʘ 

ANTARES ʜʦʣʞʝʥ ʜʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʙʣʝʤʘʭ, ʩ ʢʦʪʦʨʳʤʠ ʧʨʠʜʝʪʩʷ ʩʪʦʣʢʥʫʪʴʩʷ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʜʝʪʝʢʪʦʨʘ ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʝʡʪʨʠʥʥʳʡ ʪʝʣʝʩʢʦʧ ANTARES ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʩʠʛʥʘʣʫ ʚ ʟʘʜʘʯʝ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʠʥʦ ʠʟ ʮʝʥʪʨʘ 

ɻʘʣʘʢʪʠʢʠ ʠ ʛʘʣʘʢʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʂʦʣʣʘʙʦʨʘʮʠʷ NESTOR (ɻʨʝʮʠʷ, ɻʝʨʤʘʥʠʷ, ʈʦʩʩʠʷ, ʐʚʝʡʮʘʨʠʷ, ʉʐɸ) ʚʝʜʝʪ ʨʘʙʦʪʳ 

ʧʦ ʩʦʟʜʘʥʠʶ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ ʫ ʙʝʨʝʛʦʚ ɻʨʝʮʠʠ 

ʩ ʥʘʯʘʣʘ 90-ʭ ʛʦʜʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ, ʛʠʜʨʦʦʧʪʠʯʝʩʢʠʝ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ʠ ʫʨʦʚʝʥʴ ʬʦʥʘ (ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʨʦʮʝʩʩʘʤʠ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ) ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʣʝʩʢʦʧʘ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʜʦʩʪʠʛʥʫʪʳʤ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ, ʷʚʣʷʝʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʚ 2003 ʛʦʜʫ ʧʨʦʪʦʪʠʧʘ ʫʤʝʥʴʰʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ (12 

ʌʕʋ) ʦʜʥʦʛʦ ʵʪʘʞʘ ʙʫʜʫʱʝʛʦ ʜʝʪʝʢʪʦʨʘ. ʇʦʩʣʝ ʤʝʩʷʮʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘʙʦʨ 

ʜʘʥʥʳʭ ʙʳʣ ʧʨʝʨʚʘʥ ʚ ʩʚʷʟʠ ʩ ʚʦʟʥʠʢʰʠʤʠ ʥʝʧʦʣʘʜʢʘʤʠ ʚ ʩʠʩʪʝʤʝ ʵʥʝʨʛʦʧʠʪʘʥʠʷ. ʉʦʟʜʘʥʠʝ 

ʧʝʨʚʦʡ ʦʩʤʳʩʣʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʌʕʋ, ʟʜʝʩʴ 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʥʝ ʨʘʥʝʝ ʯʝʤ ʯʝʨʝʟ ʜʚʘ-ʪʨʠ ʛʦʜʘ. ʈʝʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʧʦʢʘ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳ. 

ʂʦʣʣʘʙʦʨʘʮʠʷ NEMO (ʀʪʘʣʠʷ) ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʥʘʯʘʣʘ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʡʦʥʘ ʉʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʷ ʚʙʣʠʟʠ ʉʠʮʠʣʠʠ ʩ ʮʝʣʴʶ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʪʘʤ ʜʝʪʝʢʪʦʨʘ, ʢʦʪʦʨʳʡ 

ʧʦʩʣʫʞʠʪ ʧʨʦʪʦʪʠʧʦʤ ʙʫʜʫʱʝʛʦ ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʦʙʱʝʝʚʨʦʧʝʡʩʢʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ 

ʪʝʣʝʩʢʦʧʘ. ɺ ʜʝʢʘʙʨʝ 2006 ʛʦʜʘ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʠ ʥʘʯʘʣʠʩʴ ʥʘʪʫʨʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ʦʜʥʦʡ ʙʘʰʥʠ ʙʫʜʫʱʝʛʦ ʜʝʪʝʢʪʦʨʘ, ʩʦʜʝʨʞʘʱʝʡ 16 ʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. 

ʆʜʥʘʢʦ ʧʦʩʣʝ ʤʝʩʷʮʘ ʨʘʙʦʪʳ ʧʨʦʪʦʪʠʧ ʧʦʪʝʨʷʣ ʧʣʘʚʫʯʝʩʪʴ ʠ ʣʝʛ ʥʘ ʜʥʦ. ɺ 2013 ʛʦʜʫ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ NEMO-2 ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʫʩʧʝʰʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ 
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ʧʨʦʪʦʪʠʧʘ ʜʝʪʝʢʪʠʨʫʶʱʝʛʦ ʤʦʜʫʣʷ ʪʝʣʝʩʢʦʧʘ ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʦʣʣʘʙʦʨʘʮʠʝʡ ï ʦʜʥʦʡ ʙʘʰʥʠ ʩʦʜʝʨʞʘʱʝʡ 32 ʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʷ ʥʘ ʙʘʟʝ 

ʜʝʩʷʪʠʜʶʡʤʦʚʦʛʦ ʌʕʋ Hamamatsu R7081. 

ɼʘʣʴʥʝʡʰʠʝ ʧʣʘʥʳ ʢʦʣʣʘʙʦʨʘʮʠʠ NEMO ʩʚʷʟʘʥʳ ʩ ʩʦʟʜʘʥʠʝʤ ʜʝʪʝʢʪʦʨʘ 

ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʫ ʙʝʨʝʛʦʚ ʀʪʘʣʠʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ KM3NeT. ʇʨʦʝʢʪ KM3NeT 

ʷʚʣʷʝʪʩʷ ʦʙʱʝʝʚʨʦʧʝʡʩʢʠʤ ʧʨʦʝʢʪʦʤ ʩʦʟʜʘʥʠʷ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ 

ʤʘʩʰʪʘʙʘ ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʫʩʣʦʚʠʝʤ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʦʝʢʪʘ ʠʟ 

ʦʙʱʝʛʦ ʙʶʜʞʝʪʘ ʩʪʨʘʥ ɽʉ ʷʚʣʷʣʦʩʴ ʦʙʲʝʜʠʥʝʥʠʝ ʫʩʠʣʠʡ ʚʩʝʭ ʪʨʝʭ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʭ 

ʢʦʣʣʘʙʦʨʘʮʠʡ (ANTARES,NEMO ʠ NESTOR) ʜʣʷ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʭʦʜʝ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʚ ʧʝʨʠʦʜ ʩ 2006 ʛʦʜʘ ʠ ʚʧʣʦʪʴ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʙʳʣʘ ʚʳʨʘʙʦʪʘʥʘ 

ʦʙʱʘʷ ʢʦʥʮʝʧʮʠʷ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʩʠʩʪʝʤʳ ʙʫʜʫʱʝʛʦ ʜʝʪʝʢʪʦʨʘ. ɼʝʪʝʢʪʦʨ 

ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʰʝʩʪʠ ʥʝʟʘʚʠʩʠʤʳʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʚʝʨʥʫʪʴ ʚ ʪʨʝʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʫ ʙʝʨʝʛʦʚ ʌʨʘʥʮʠʠ, ʀʪʘʣʠʠ ʚ ɻʨʝʮʠʠ (ʧʦ ʜʚʘ ʙʣʦʢʘ ʚ ʢʘʞʜʦʤ). 

ʂʘʞʜʳʡ ʙʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʘʚʪʦʥʦʤʥʳʡ ʛʣʫʙʦʢʦʚʦʜʥʳʡ ʯʝʨʝʥʢʦʚʩʢʠʡ ʜʝʪʝʢʪʦʨ ʩ 

ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʲʝʤ ʧʦʨʷʜʢʘ 0.5 ʢʤ3, ʩʦʜʝʨʞʘʱʠʳʡ ʧʨʠʤʝʨʥʦ 2000 ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ 

ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ 115 ʛʠʨʣʷʥʜʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʌʨʘʥʮʠʠ ʠ ʚ ʀʪʘʣʠʠ ʚʝʜʫʪʩʷ ʥʘʪʫʨʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʠ ʩʪʨʠʥʛʘ ʙʫʜʫʱʝʛʦ ʪʝʣʝʩʢʦʧʘ. ʆʙʲʷʚʣʝʥʥʦʡ 

ʮʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʢ 2020 ʛʦʜʫ ʜʚʫʭ ʙʣʦʢʦʚ ʩ ʦʙʱʠʤ ʵʬʬʝʢʪʠʚʥʳʤ 

ʦʙʲʝʤʦʤ ʧʦʨʷʜʢʘ ʦʜʥʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ ʢʠʣʦʤʝʪʨʘ, ʘ ʢ 2025 ʛʦʜʫ ï ʰʝʩʪʠ ʙʣʦʢʦʚ ʩ ʦʙʱʠʤ 

ʦʙʲʝʤʦʤ ʧʦʨʷʜʢʘ 3 ʢʤ3. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʣʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʝʢʪ AMANDA (ʉʐɸ, ʐʚʝʮʠʷ, 

ɻʝʨʤʘʥʠʷ), ʘ ʥʳʥʝ IceCube, ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ ʩʦʟʜʘʥʠʝ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ 

ʖʞʥʦʤ ʧʦʣʶʩʝ ʧʫʪʝʤ ʚʤʦʨʘʞʠʚʘʥʠʷ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʤʦʜʫʣʝʡ ʚ ʣʝʜʦʚʳʡ ʤʘʩʩʠʚ 

ɸʥʪʘʨʢʪʠʜʳ. ʋʩʧʝʰʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ AMANDA ʧʦʟʚʦʣʠʣʦ ʫʙʝʜʠʪʴ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʠ 

ʢʦʥʛʨʝʩʩ ʉʐɸ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ (ʦʢʦʣʦ 300 ʤʣʥ. ʜʦʣʣʘʨʦʚ 

ʉʐɸ) ʥʘ ʩʦʟʜʘʥʠʝ ʥʘ ʖʞʥʦʤ ʧʦʣʶʩʝ ʜʝʪʝʢʪʦʨʘ ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʦʙʲʝʤʦʤ ʧʦʨʷʜʢʘ 

ʢʫʙʦʢʠʣʦʤʝʪʨʘ. ʇʝʨʚʳʡ ʠʟ 86-ʪʠ ʩʪʨʠʥʛʦʚ ʙʳʣ ʚʤʦʨʦʞʝʥ ʚ ʘʥʪʘʨʢʪʠʯʝʩʢʠʡ ʣʝʜ ʟʠʤʦʡ 2005 

ʛʦʜʘ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʪʝʤʧʳ ʤʦʥʪʘʞʘ ʫʩʪʘʥʦʚʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʨʘʩʪʘʣʠ: ʚ 2009 ʛʦʜʫ 

ʙʳʣʦ ʨʘʟʚʝʨʥʫʪʦ 19 ʩʪʨʠʥʛʦʚ, ʘ ʠʭ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʠʛʣʦ 59-ʪʠ. ɿʘʚʝʨʰʝʥʠʝ ʨʘʙʦʪ ʧʦ 

ʩʦʟʜʘʥʠʶ ʥʘ ʖʞʥʦʤ ʧʦʣʶʩʝ ʪʝʣʝʩʢʦʧʘ IceCube ʠ ʦʬʠʮʠʘʣʴʥʘʷ ʠʥʘʫʛʫʨʘʮʠʷ ʧʨʦʝʢʪʘ 

ʧʨʦʠʟʦʰʣʠ 27 ʘʧʨʝʣʷ 2011 ʛʦʜʘ. ɺ ʧʨʝʜʜʚʝʨʠʝ ʵʪʦʛʦ 11 ʤʘʷ 2009 ʛʦʜʘ ʙʳʣ ʚʳʚʝʜʝʥ ʠʟ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʪʝʢʪʦʨ AMANDA, ʧʨʦʨʘʙʦʪʘʚʰʠʡ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 9 ʣʝʪ ʚ ʩʚʦʝʡ ʧʨʦʝʢʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʝʣʝʩʢʦʧʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʵʬʬʝʢʪʘ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ, ʧʦʠʩʢʫ ʯʘʩʪʠʮ ï ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʦʣʴ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ, 
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ʘ ʪʘʢʞʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʘʧʝʨʪʫʨʳ ʪʝʣʝʩʢʦʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʠʥʦ ʠʟ ʚʝʨʭʥʝʡ 

ʧʦʣʫʩʬʝʨʳ ʧʣʦʪʥʦʩʪʴ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʝʣʝʩʢʦʧʘ, ʧʦʣʫʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ 

DeepCore, ʫʚʝʣʠʯʝʥʘ ʟʘ ʩʯʝʪ ʧʦʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 6-ʪʠ ʛʠʨʣʷʥʜ ʜʣʠʥʦʡ ʧʦ 72 ʤʝʪʨʘ ʩ 

ʙʦʣʝʝ ʧʣʦʪʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚʜʦʣʴ ʵʪʠʭ ʛʠʨʣʷʥʜ. DeepCore ʦʙʣʘʜʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʦʙʲʝʤʦʤ ʧʦʨʷʜʢʘ 10^7 ʤ^3 ʧʨʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʦʨʦʛʝ ʨʝʛʠʩʪʨʘʮʠʠ ʤʶʦʥʦʚ 

ʧʦʨʷʜʢʘ 10 ɻʵɺ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ DeepCore ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʪʝʣʝʩʢʦʧʘ IceCube 

ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ veto- ʜʝʪʝʢʪʦʨʘ ʠ ʧʦʟʚʦʣʷʝʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʧʦʜʘʚʠʪʴ ʬʦʥ ʦʪ 

ʘʪʤʦʩʬʝʨʥʳʭ ʤʶʦʥʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʣʝʩʢʦʧʝ IceCube ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʙʣʝʤ ʘʩʪʨʦʬʠʟʠʢʠ, ʢʦʩʤʦʣʦʛʠʠ ʠ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ ʩʦʪʝʥ ɻʵɺ ʠ ʚʧʣʦʪʴ ʜʦ ʫʣʴʪʨʘʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʥʘ ʫʨʦʚʥʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʶʱʝʤ ʫʨʦʚʝʥʴ, ʜʦʩʪʠʛʥʫʪʳʡ ʥʘ ʥʝʡʪʨʠʥʥʳʭ 

ʪʝʣʝʩʢʦʧʘʭ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʘʢʦʧʣʝʥʥʳʭ ʢʘʢ ʧʦ ʤʝʨʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʪʝʣʝʩʢʦʧʘ IceCube, ʪʘʢ ʠ ʧʦʩʣʝ ʚʚʦʜʘ ʝʛʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʤ ʧʨʦʝʢʪʦʤ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʨʠʚʝʣ ʢ ʩʝʨʴʝʟʥʦʤʫ ʧʨʦʜʚʠʞʝʥʠʶ ʚ ʟʘʜʘʯʘʭ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʦ ʦʪ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʠʥʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʛʘʤʤʘ-

ʚʩʧʣʝʩʢʠ, ʧʦʠʩʢʘ ʧʨʦʷʚʣʝʥʠʡ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʧʦʪʦʢʘ ʥʝʡʪʨʠʥʦ ʠ ʚ 

ʨʷʜʝ ʜʨʫʛʠʭ ʟʘʜʘʯ.  

ʅʘʠʙʦʣʝʝ ʷʨʢʠʤ ʠ ʟʥʘʯʠʤʳʤ ʩʦʙʳʪʠʝʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ ʩʪʘʣʘ 

ʧʫʙʣʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʥʘʢʦʧʣʝʥʥʳʭ ʟʘ ʧʝʨʠʦʜ ʩ ʤʘʷ 2010 ʛ. ʧʦ ʤʘʡ 

2013 ʛ., ʧʨʠ ʢʦʪʦʨʦʤ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 37 ʩʦʙʳʪʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 30 ʊʵɺ ʜʦ 2.0 ʇʵɺ, 

ʯʴʠ ʚʝʨʰʠʥʳ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʳʜʝʣʝʥʥʦʤ ʚʥʫʪʨʝʥʥʝʤ ʦʙʲʝʤʝ ʪʝʣʝʩʢʦʧʘ ʨʘʟʤʝʨʦʤ 0.4 

ʢʤ^3. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠ ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʩʦʙʳʪʠʡ ʩ ʤʶʦʥʥʳʤ ʪʨʝʢʦʤ ʚ ʧʦʣʥʦʤ ʯʠʩʣʝ ʩʦʙʳʪʠʡ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʞʠʜʘʝʤʳʤ 

ʵʬʬʝʢʪʦʤ ʦʪ ʠʟʦʪʨʦʧʥʦʛʦ ʧʦʪʦʢʘ ʥʝʡʪʨʠʥʦ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʩʧʝʢʪʨʦʤ, ʙʣʠʟʢʠʤ ʢ ~E^(-2), ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʨʘʚʥʦʡ ʜʦʣʝ ʥʝʡʪʨʠʥʦ ʚʩʝʭ ʪʨʝʭ ʪʠʧʦʚ ï 

ʵʣʝʢʪʨʦʥʥʦʛʦ, ʤʶʦʥʥʦʛʦ ʠ ʪʘʦʥʥʦʛʦ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ, ʩʪʘʣ ʚʘʞʥʝʡʰʝʡ ʚʝʭʦʡ ʚ ʨʘʟʚʠʪʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʘʢ ʢʘʢ ʦʥ ʦʪʚʝʯʘʝʪ ʥʘ ʚʦʧʨʦʩ ʦ 

ʚʝʣʠʯʠʥʝ ʧʦʪʦʢʘ ʥʝʡʪʨʠʥʦ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ. 

ɽʩʣʠ ʞʝ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ ɹʘʡʢʘʣʴʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩ ʢʨʫʧʥʝʡʰʠʤʠ ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʧʦʜʟʝʤʥʳʤʠ ʥʝʡʪʨʠʥʥʳʤʠ ʪʝʣʝʩʢʦʧʘʤʠ (ɹʘʢʩʘʥʩʢʠʡ ʧʦʜʟʝʤʥʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʪʝʣʝʩʢʦʧ 

ʠ ʯʝʨʝʥʢʦʚʩʢʠʡ ʜʝʪʝʢʪʦʨ SUPERKAMIOKANDE) ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘ 

ʥʠʭ ʪʝʭ ʠʣʠ ʠʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ɹʘʡʢʘʣʴʩʢʦʤ 
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ʥʝʡʪʨʠʥʥʦʤ ʪʝʣʝʩʢʦʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʦʠʟʤʝʨʠʤʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʤʥʦʞʠʪʝʣʝʡ (192 ʚ ʅʊ200 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 11 ʪʳʩʷʯʘʤʠ ʚ SUPERKAMIOKANDE) ʜʣʷ 

ʧʨʦʩʤʦʪʨʘ ʢʘʢ ʤʠʥʠʤʫʤ ʚʜʚʦʝ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ. ʇʦʵʪʦʤʫ ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʧʦʨʦʛ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʳʪʠʡ ʧʦ ʵʥʝʨʛʠʠ (ʦʢʦʣʦ 20 ɻʵɺ) ʠ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʜʝʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʙʳʪʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʤʦʜʫʣʝʡ ʚ ʦʪʢʨʳʪʦʤ ʦʙʲʝʤʝ ʚʦʜʳ ʠ ʭʦʨʦʰʝʝ ʚʨʝʤʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʚʝʩʪʠ ʧʦʠʩʢ ʷʨʢʠʭ ʠ ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʥʘ ʦʯʝʥʴ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ɹʘʡʢʘʣʴʩʢʠʡ ʥʝʡʪʨʠʥʥʳʡ ʪʝʣʝʩʢʦʧ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʷ ʜʝʪʝʢʪʦʨʫ 

SUPERKAMIOKANDE ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʪʦʢʘ ʘʪʤʦʩʬʝʨʥʳʭ ʥʝʡʪʨʠʥʦ, ʦʙʣʘʜʘʝʪ 

ʥʝʩʦʠʟʤʝʨʠʤʦ ʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʪʦʢʘ ʥʝʡʪʨʠʥʦ ʩʚʝʨʭʚʳʩʦʢʠʭ 

(ʩʚʳʰʝ 10 ʊʵɺ) ʵʥʝʨʛʠʡ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʛʨʦʤʥʦʛʦ ʚʥʝʰʥʝʛʦ ʦʙʲʝʤʘ ʚʦʜʳ (ʤʘʩʰʪʘʙ 

ʤʝʛʘʪʦʥʥ) ʢʘʢ ʚʝʱʝʩʪʚʘ ʤʠʰʝʥʠ.  

 ɿʘʢʣʶʯʠʤ ʵʪʦʪ ʨʘʟʜʝʣ ʦʪʯʝʪʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʂ 2011 ʛʦʜʫ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʦ 

ʜʠʬʬʫʟʥʦʤ ʧʦʪʦʢʝ ʥʝʡʪʨʠʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ (10^13 ï 10^18) ʵɺ, ʦ ʣʦʢʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʥʝʡʪʨʠʥʦ ʩ ʵʥʝʨʛʠʝʡ ʩʚʳʰʝ 10 ɻʵɺ, ʦ ʧʨʠʨʦʜʥʦʤ ʧʦʪʦʢʝ ʙʳʩʪʨʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʥʦʧʦʣʝʡ ʠ ʦ 

ʧʨʦʷʚʣʝʥʠʷʭ ʤʘʩʩʠʚʥʳʭ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ɹʘʡʢʘʣʴʩʢʦʤ ʛʣʫʙʦʢʦʚʦʜʥʦʤ ʥʝʡʪʨʠʥʥʦʤ 

ʪʝʣʝʩʢʦʧʝ ʅʊ200, ʥʘ ʜʝʪʝʢʪʦʨʝ AMANDA ʥʘ ʖʞʥʦʤ ʧʦʣʶʩʝ ʠ (ʚ ʧʦʩʣʝʜʥʠʝ 2009, 2010 ʛʦʜʳ) 

ʥʘ ʜʝʪʝʢʪʦʨʝ ANTARES ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ. ɺʚʦʜ ʚ ʩʪʨʦʡ ʚ 2011 ʛʦʜʫ ʜʝʪʝʢʪʦʨʘ IceCube ʥʘ 

ʖʞʥʦʤ ʧʦʣʶʩʝ ʧʦʟʚʦʣʠʣ, ʚ ʨʷʜʝ ʟʘʜʘʯ, ʧʦʜʥʷʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʝʱʝ ʥʘ ʦʜʠʥ-ʜʚʘ ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ. ʅʘ ʧʦʚʝʩʪʢʝ ʜʥʷ ʩʪʦʠʪ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʚ 

ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʜʝʪʝʢʪʦʨʘ(ʦʚ) ʩʧʦʩʦʙʥʦʛʦ(ʳʭ) ʚʝʩʪʠ ʠʟʫʯʝʥʠʝ ʮʝʥʪʨʘ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʠ 

ʥʘ ʫʨʦʚʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʦʠʟʤʝʨʠʤʦʡ ʩ ʜʝʪʝʢʪʦʨʦʤ IceCube. ɼʘʣʴʰʝ ʚʩʝʭ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ 

ʟʘʜʘʯʠ ʧʨʦʜʚʠʥʫʣʘʩʴ ʩʝʡʯʘʩ ɹʘʡʢʘʣʴʩʢʘʷ ʢʦʣʣʘʙʦʨʘʮʠʷ, ʛʜʝ ʟʘʚʝʨʰʘʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʘʚʪʦʥʦʤʥʦʛʦ ʢʣʘʩʪʝʨʘ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʛʠʨʣʷʥʜ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʤʦʜʫʣʝʡ - ʙʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

ʜʝʪʝʢʪʦʨʘ ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʅʊ1000 (BAIKAL-GVD). ɼʘʣʴʥʝʡʰʝʝ ʩʦʭʨʘʥʝʥʠʝ 

ʧʦʣʥʦʧʨʘʚʥʳʭ ʧʦʟʠʮʠʡ ɹʘʡʢʘʣʴʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʚ ʢʦʤʧʘʥʠʠ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʙʫʜʝʪ ʫʞʝ 

ʟʘʚʠʩʝʪʴ ʦʪ ʪʝʤʧʦʚ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʝʢʪʘ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʅʀʈ 2014 ʛʦʜʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʟʘʜʘʥʠʝʤ ʧʦʵʪʘʧʥʦʛʦ ʩʦʟʜʘʥʠʷ ɹʘʡʢʘʣʴʩʢʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʅʊ1000 ʠ ʟʘʚʝʨʰʝʥʠʷ 

ʩʦʟʜʘʥʠʷ ʚ 2015 ʛ. ʧʝʨʚʦʛʦ ʢʣʘʩʪʝʨʘ ʪʝʣʝʩʢʦʧʘ ʠʟ 8 ʛʠʨʣʷʥʜ ʆʄ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ.  ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ ʜʦʣʞʥʳ ʙʳʣʠ ʙʳʪʴ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 
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- ʧʦʜʛʦʪʦʚʢʘ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʢʘ 2 ʛʠʨʣʷʥʜ ʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ 

(ʧʦ 24 ʆʄ ʚ ʢʘʞʜʦʡ) ʚ ʩʦʩʪʘʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʢʣʘʩʪʝʨʘ ʩʦʟʜʘʚʘʝʤʦʛʦ 

ɹʘʡʢʘʣʴʩʢʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʅʊ1000; 

- ʥʘʙʦʨ ʠ ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʢʣʘʩʪʝʨʘ ʚ ʩʦʩʪʘʚʝ 5 ʛʠʨʣʷʥʜ ʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ 

ʟʘ ʧʨʠʤʝʨʥʦ 200 ʩʫʪʦʢ ʝʛʦ ʨʘʙʦʪʳ; 

- ʤʦʥʠʪʦʨʠʥʛ ʟʥʘʯʝʥʠʡ ʛʠʜʨʦʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʨʦʚʥʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʚʝʯʝʥʠʷ 

ʚʦʜʥʦʡ ʩʨʝʜʳ ʚ ʨʘʩʰʠʨʝʥʥʦʤ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʅʊ200) ʜʠʘʧʘʟʦʥʝ ʛʣʫʙʠʥ ʚ ʨʘʡʦʥʝ ʧʦʩʪʘʥʦʚʢʠ 

ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʅʊ1000 ; 

- ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʢʣʠʢʘ ʫʩʪʘʥʦʚʢʠ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ 2014 ʛ. ʥʘ ʯʝʨʝʥʢʦʚʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʣʠʚʥʝʡ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 10 ʊʵɺ ʦʪ ʧʦʪʦʢʘ ʥʝʡʪʨʠʥʦ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʝʢʪʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ IceCube,  

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʢʣʠʢʘ ʫʩʪʘʥʦʚʢʠ ʥʘ ʤʶʦʥʳ ʠ ʣʠʚʥʠ ʦʪ ʬʦʥʦʚʳʭ ʧʦʪʦʢʦʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʤʶʦʥʦʚ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʥʝʡʪʨʠʥʦ; 

- ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʢʣʘʩʪʝʨʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ 

ʤʶʦʥʦʚ ʠ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ; 

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʥʘʢʦʧʣʝʥʥʳʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʣʘʩʪʝʨʘ, ʧʦ 

ʧʨʦʛʨʘʤʤʝ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʦ ʦʪ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ. 

ʄʝʪʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʅʀʈ. ʇʨʠʨʦʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʠʥʠʮʠʠʨʫʶʱʠʤʠ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʩʦʙʳʪʠʷ ʚ ʥʝʡʪʨʠʥʥʦʤ ʪʝʣʝʩʢʦʧʝ, ʷʚʣʷʶʪʩʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʤʶʦʥʳ ʠ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʝ ʢʘʩʢʘʜʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ. ʉʦʟʜʘʥʘ ʦʙʰʠʨʥʘʷ ʙʠʙʣʠʦʪʝʢʘ 

ʨʘʩʯʝʪʥʳʭ ʧʨʦʛʨʘʤʤ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʢʘʢ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʟʨʘʯʥʳʭ ʩʨʝʜʘʭ (ʚ ʚʦʜʝ, ʚʦ ʣʴʜʫ) ʠ ʦʪʢʣʠʢʘ 

ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʥʘ ʵʪʦ ʠʟʣʫʯʝʥʠʝ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʤʶʦʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʪ ʠ ʵʥʝʨʛʠʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʣʠʚʥʝʡ. 

ʉ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ɹʘʡʢʘʣʴʩʢʠʭ 

ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʪʘʥʜʘʨʪʥʘʷ ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ BARS (Baikal 

Analysis and Reconstruction Software), ʢʦʪʦʨʘʷ ʚʳʛʣʷʜʠʪ ʢʘʢ ʮʝʧʦʯʢʘ ʠʟ ʥʝʟʘʚʠʩʠʤʳʭ 

ʩʪʘʥʜʘʨʪʥʳʭ ʙʣʦʢʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʢʦʥʢʨʝʪʥʳʝ ʜʝʡʩʪʚʠʷ ʥʘʜ ʜʘʥʥʳʤʠ. 

16.1 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ 2014 ʛʦʜʫ ʥʘ ʢʦʤʧʣʝʢʩʝ ʫʩʪʘʥʦʚʦʢ ɹʘʡʢʘʣʴʩʢʦʛʦ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ 

ʪʝʣʝʩʢʦʧʘ (ɹɻʅʊ) ʚʳʧʦʣʥʷʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʠʟʫʯʝʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʤʶʦʥʦʚ ʠ ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ (ɽ>10 ʊʵɺ) ʵʥʝʨʛʠʡ, ʧʦ 

ʧʦʠʩʢʫ ʤʘʛʥʠʪʥʳʭ ʤʦʥʦʧʦʣʝʡ ʠ ʤʘʩʩʠʚʥʳʭ ʯʘʩʪʠʮ ï ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʦʣʴ ʭʦʣʦʜʥʦʡ ʪʝʤʥʦʡ 

ʤʘʪʝʨʠʠ. 
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ɺ ʧʝʨʠʦʜ ʟʠʤʥʝʡ ʵʢʩʧʝʜʠʮʠʠ 2014 ʛʦʜʘ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʘʥʘʣʠʟʫ ʩʦʩʪʦʷʥʠʷ, 

ʨʝʤʦʥʪʫ, ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʦʜʚʦʜʥʳʭ ʣʠʥʠʡ 

ʢʘʙʝʣʴʥʦʡ ʩʚʷʟʠ ʢʦʤʧʣʝʢʩʘ ɹɻʅʊ. ʈʘʟʚʝʨʥʫʪ ʠ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘ ʦʟ.ɹʘʡʢʘʣ ʚ ʨʝʞʠʤʝ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʨʘʙʦʯʠʡ ʧʨʦʪʦʪʠʧ ʢʣʘʩʪʝʨʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʅʊ1000 ʠʟ ʧʷʪʠ ʛʠʨʣʷʥʜ ʧʦ 24 

ʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ (ʥʘ ʙʘʟʝ ʌʕʋ R7081HQE) ʢʘʞʜʘʷ. ɺ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʘ ʧʨʦʭʦʜʷʪ ʥʘʪʫʨʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʥʦʚʳʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʚʚʝʜʝʥʥʳʝ ʚ ʩʦʩʪʘʚ ʛʠʨʣʷʥʜ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʛʦʜʠʯʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʣʘʩʪʝʨʘ 2013 ʛʦʜʘ, ʩʪʘʚʷʱʠʝ ʮʝʣʴʶ ʩʥʠʞʝʥʠʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ. 

ɿʘʜʘʯʠ 2014-ʛʦ ʛʦʜʘ  ʩ ʯʠʩʪʦʡ ʩʦʚʝʩʪʴʶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʳʧʦʣʥʝʥʥʳʤʠ, ʚʢʣʘʜʳʚʘʷ ʚ ʵʪʠ 

ʩʣʦʚʘ ʪʦʪ ʩʤʳʩʣ, ʯʪʦ ʥʘ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ 

ʵʪʘʧʳ ʧʦʜʛʦʪʦʚʢʠ ʢ ʵʢʩʧʝʜʠʮʠʠ ʥʘ ʦʟ.ɹʘʡʢʘʣ 2014 ʛʦʜʘ, ʯʪʦ ʩʘʤʘ ʵʢʩʧʝʜʠʮʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʚ ʦʧʪʠʤʘʣʴʥʳʝ ʩʨʦʢʠ, ʯʪʦ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ (ʧʫʩʪʴ ʠ ʩ ʥʝʢʦʪʦʨʳʤʠ ʰʝʨʦʭʦʚʘʪʦʩʪʷʤʠ, 

ʥʝʠʟʙʝʞʥʳʤʠ ʧʨʠ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʦʚ ʨʘʙʦʪ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ) ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʦʩʥʦʚʥʳʝ ʧʫʥʢʪʳ ʧʨʦʛʨʘʤʤʳ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʚ 2014-ʤ ʛʦʜʫ ʙʳʣ ʨʘʟʚʝʨʥʫʪ ʠ 

ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘ ʦʟ.ɹʘʡʢʘʣ ʚ ʨʝʞʠʤʝ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʢʣʘʩʪʝʨ ʚ 

ʩʦʩʪʘʚʝ ʧʷʪʠ ʜʚʫʭʩʝʢʮʠʦʥʥʳʭ ʛʠʨʣʷʥʜ ʩʦʟʜʘʚʘʝʤʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ 

ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʅʊ1000, ʯʪʦ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 23 ʜʝʢʘʙʨʷ 2014 ʛʦʜʘ çʞʠʚʦʝ 

ʚʨʝʤʷè ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʘʚʠʣʦ 172-ʝ ʩʫʪʦʢ, ʯʪʦ ʚʳʧʦʣʥʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʣʠʟʢʘ ʢ ʟʘʚʝʨʰʝʥʠʶ ʧʦʜʛʦʪʦʚʢʘ ʘʧʧʘʨʘʪʫʨʳ ʢʣʘʩʪʝʨʘ-

2015 ʛʦʜʘ ʚ ʩʦʩʪʘʚʝ ʚʦʩʴʤʠ ʛʠʨʣʷʥʜ ʆʄ ʠ ʚʝʜʫʪʩʷ ʝʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ. 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʧʣʘʥʠʨʫʝʪʩʷ ʟʘʚʝʨʰʠʪʴ ʜʦ ʢʦʥʮʘ ʷʥʚʘʨʷ 2015 ʛʦʜʘ.  

ɺ 2014 ʛʦʜʫ ʟʘʚʝʨʰʝʥ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ 

ʅʊ200 ʚ ʟʘʜʘʯʝ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʘʥʥʠʛʠʣʷʮʠʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʚ ʉʦʣʥʮʝ. 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʤʶʦʥʦʚ ʠ ʥʝʡʪʨʠʥʦ, ʘ 

ʪʘʢʞʝ ʥʘ ʚʝʣʠʯʠʥʫ ʩʝʯʝʥʠʷ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʥʘ ʧʨʦʪʦʥʘʭ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʦʚ ʘʥʥʠʛʠʣʷʮʠʠ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʢʘʥʘʣʘ ʘʥʥʠʛʠʣʷʮʠʠ ʚ ʧʘʨʫ ʥʝʡʪʨʠʥʦ- 

ʘʥʪʠʥʝʡʪʨʠʥʦ, ʢʦʪʦʨʳʡ ʥʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʨʘʥʝʝ.  

16.1 ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʝʟʫʣʴʪʘʪʳ ʅʀʈ 2014 ʛʦʜʘ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʦʟʜʘʥʠʠ ɹʘʡʢʘʣʴʩʢʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ 

ʪʝʣʝʩʢʦʧʘ ʅʊ1000 ʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʩʪʨʦʬʠʟʠʢʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʝʯʝʥʠʷ ʚʦʜ ʦʟʝʨʘ ɹʘʡʢʘʣ ʥʘʡʜʫʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʟʫʯʝʥʠʠ ʫʥʠʢʘʣʴʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ. 

 

 



389 
 

16.1 ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʅʀʈ ʨʝʰʝʥʳ ʚʩʝ ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʦʩʟʘʜʘʥʠʝʤ ʠ 

ʧʨʦʝʢʪʦʤ ʈʌʌʀ ʥʘ 2014 ʛ. ʢʘʢ ʚ ʯʘʩʪʠ ʵʪʘʧʘ ʩʦʟʜʘʥʠʷ ʪʝʣʝʩʢʦʧʘ ʅʊ1000, ʪʘʢ ʠ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʢʦʧʣʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʩ ʧʦʣʫʯʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʨʦʚʦʛʦ 

ʫʨʦʚʥʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʃʘʙʦʨʘʪʦʨʠʠ ʥʝʡʪʨʠʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ ʀʗʀ ʈɸʅ ʩʦʭʨʘʥʷʪʴ ʣʠʜʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʚ ʨʘʙʦʪʘʭ ʧʦ ʩʦʟʜʘʥʠʶ ʛʣʫʙʦʢʦʚʦʜʥʳʭ 

ʥʝʡʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʢʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ.  

16.1 ʇʫʙʣʠʢʘʮʠʠ 

A.D.Avrorin et al., çSearch for neutrino emission from relic dark matter in the Sun with the 

Baikal NT200 detectorè, arXiv:1405.3551v1 [astro-ph] 

A.D.Avrorin et al., çSearch for neutrino emission from relic dark matter in the Sun with the 

Baikal NT200 detectorè, Asnroparticle Physics, (2014), DOI 

information:10.1016/j.astropartphys.2014.07.006 

16.1 ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

1.IceCube homepage. Available from: http://www.icecube.wisc.edu 

2.ʂʦʣʣʘʙʦʨʘʮʠʷ ñɹʘʡʢʘʣ, ʅʘʫʯʥʦ-ʊʝʭʥʠʯʝʩʢʠʡ ʇʨʦʝʢʪ ɻʣʫʙʦʢʦʚʦʜʥʦʛʦ ʅʝʡʪʨʠʥʥʦʛʦ 

ʊʝʣʝʩʢʦʧʘ ʂʫʙʦʢʠʣʦʤʝʪʨʦʚʦʛʦ ʄʘʩʰʪʘʙʘ ʥʘ ʦʟ. ɹʘʡʢʘʣ. (2010), [http://baikalwebjinr.ru]  

3.KM3NeT Coll., P.Baglay et al., Conceptual Design Report, ISBN 978-90-6488-031-5 

(2008) 

4.KM3NeT Coll., P.Baglay et al., Technical Design Report, ISBN 978-90-6488-033-9 (2010). 

Available from: http://www.km3net.org. 

5.IceCube Coll., M.G.Aartsen et al., Evidence for High-Energy Extraterrestrial Neutrinos at 

the IceCube Detector, arXiv:1311:5238 [astro-ph.HE] 

6.IceCube Coll., M.G.Aartsen et al., First observation of PeV-energy neutrinos with IceCube, 

arXiv:1304:5303 [astro-ph] 

7.IceCube Coll., M.G.Aartsen et al., Observation of High-Energy Astrophysical Neutrinos in 

Three Year of IceCube Data, arXiv:1405:5303 [astro-ph] 

8.KM3NeT Coll., A. Magriotta,  The KM3NeT deep-see neutrino telescope, arXiv:1408:1392 

[astro-ph.IM].   

 

16.2 ʇʝʨʚʠʯʥʳʝ ʯʸʨʥʳʝ ʜʳʨʳ ʚ ʨʘʥʥʝʡ ɺʩʝʣʝʥʥʦʡ ʠ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʝ 

ʩʣʝʜʩʪʚʠʷ ʠʭ ʨʦʞʜʝʥʠʷ. ʌʦʪʦʷʜʝʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʝʧʪʦʥʦʚ ʧʨʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ 

ʇʦ ʧʝʨʚʦʡ ʧʦʜʪʝʤʝ, çʇʝʨʚʠʯʥʳʝ ʯʸʨʥʳʝ ʜʳʨʳ ʚ ʨʘʥʥʝʡ ɺʩʝʣʝʥʥʦʡ ʠ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʝ 

ʩʣʝʜʩʪʚʠʷ ʠʭ ʨʦʞʜʝʥʠʷè, ʚ 2014 ʛʦʜʫ ʛʣʘʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʟʘʜʘʯʝ ʧʦʣʫʯʝʥʠʷ 
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ʦʛʨʘʥʠʯʝʥʠʡ (ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʧʦ ʧʦʠʩʢʘʤ ʧʝʨʚʠʯʥʳʭ ʯʸʨʥʳʭ ʜʳʨ) ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʥʝʢʦʪʦʨʳʭ ʤʦʜʝʣʝʡ ʘʢʩʠʦʥʥʦʡ ʠʥʬʣʷʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʚʦʟʥʠʢʘʶʪ ʥʘ ʪʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʝ ʩʮʝʥʘʨʠʠ, ʚ ʢʦʪʦʨʳʭ ʠʥʬʣʷʮʠʦʥʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʞʜʝʥʠʝʤ ʢʚʘʥʪʦʚ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʡ, ʧʨʠʚʦʜʷʱʠʤ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʘʤʧʣʠʪʫʜʳ ʧʝʨʚʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʢʨʠʚʠʟʥʳ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʤʘʩʰʪʘʙʦʚ. 

ɺ 2014 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣʝ Phys.Rev.D ʠ ʩʜʝʣʘʥ ʜʦʢʣʘʜ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ 

ʩʝʤʠʥʘʨʝ çʂʚʘʨʢʠ2014è (ʩʦʘʚʪʦʨʳ ï ʕ.ɺ.ɹʫʛʘʝʚ ʠ ʇ.ɸ.ʂʣʠʤʘʡ). 

ʇʦ ʚʪʦʨʦʡ ʧʦʜʪʝʤʝ, çʌʦʪʦʷʜʝʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʝʧʪʦʥʦʚ ʧʨʠ ʩʚʝʨʭʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʷʭè, ʚ 2014 ʛʦʜʫ ʚʝʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʥʘʧʠʩʘʥʠʶ ʦʙʟʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ  ʩʦʘʚʪʦʨʘʤʠ (ʕ.ɺ.ɹʫʛʘʝʚʳʤ ʠ ɹ.ɺ.ʄʘʥʛʘʟʝʝʚʳʤ) ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ 

ʣʝʪ.  ʆʙʟʦʨ ʦʧʫʙʣʠʢʦʚʘʥ ʚ ʞʫʨʥʘʣʝ Phys.Rev.D. 

16.2 ʇʫʙʣʠʢʘʮʠʠ 

1. E.V.Bugaev and P.A.Klimai, Axion inflation with gauge field production and 

primordial black holes,  Phys.Rev.D90(2014)10,103501 

2. P.A.Klimai and E.V.Bugaev, Primordial black hole constraints on some models of 

dissipative inflation, talk at Quarks-2014, ʙʫʜʝʪ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʞʫʨʥʘʣʝ ʕʏɸʗ 

3. E.V.Bugaev and B.V.Mangazeev, Vector meson dominance and deep inelastic 

scattering at low and medium Q squared, e-print, arXiv:1404.4202[hep-ph] 

4. E.V.Bugaev and B.V.Mangazeev, Vector meson dominance and deep inelastic 

scattering at low and medium Q**2, Phys.Rev.D90(2014)014026 
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17 ʃʘʙʦʨʘʪʦʨʠʷ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʧʨʦʬ. ɺ.ɻ.ʅʝʜʦʨʝʟʦʚ. 

ʌʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʪʝʦʨʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʡ 

ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʩʤʦʣʦʛʠʷ. 

ʌʠʟʠʢʘ ʘʪʦʤʥʦʛʦ ʷʜʨʘ, ʜʠʥʘʤʠʢʘ ʷʜʝʨʥʳʭ ʠ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʬʠʟʠʢʘ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʪʷʞʸʣʳʭ ʠʦʥʦʚ. 

ʅʝʡʪʨʦʥʥʘʷ ʬʠʟʠʢʘ, ʪʝʭʥʦʣʦʛʠʷ ʠʥʪʝʥʩʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʪʨʦʥʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, ʨʘʜʠʘʮʠʦʥʥʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ. 

ʇʨʠʢʣʘʜʥʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ, ʨʘʜʠʦʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʷʜʝʨʥʘʷ 

ʪʨʘʥʩʤʫʪʘʮʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ. 

ʇʨʝʮʠʟʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʫʢʣʦʥʦʚ ʠ 

ʷʜʝʨ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʘʜʨʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʩʨʝʜʝ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʷʟʘʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ (ʤʝʟʦʥʥʳʝ ʷʜʨʘ, ʜʝʣʴʪʘ-ʷʜʨʘ, ʛʠʧʝʨʷʜʨʘ). ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ʜ.ʬ.-ʤ.ʥ. 

ɻ.ʄ.ɻʫʨʝʚʠʯ, ʢ.ʬ.-ʤ.ʥ. ɺ.ʇ.ʃʠʩʠʥ. 

ʀʟʫʯʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠʥʪʝʥʩʠʚʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩ ʚʝʱʝʩʪʚʦʤ ʥʘ ʧʫʯʢʘʭ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʠʦʥʦʚ, ʵʣʝʢʪʨʦʥʦʚ ʠ ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʪʝʨʘʚʘʪʪʥʳʭ ʣʘʟʝʨʦʚ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ɸ.ʄ.ʃʘʧʠʢ, ʢ.ʬ.-ʤ.ʥ. ɸ.ɽ.ʊʫʨʠʥʛʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʛʠʛʘʥʪʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ ʚ ʷʜʨʘʭ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ 

ʢ.ʬ.-ʤ.ʥ. ɹ.ɸ.ʊʫʣʢʧʦʚ, ʜ.ʬ.-ʤ.ʥ. ɹ.ʉ.ɼʦʣʙʠʣʢʠʥ, ʢ.ʬ.-ʤ.ʥ. ʃ.ɿ.ɼʞʠʣʘʚʷʥ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʩʪʦʯʥʠʢʘ ʤʝʜʣʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʙʘʟʝ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ 

ʃʋʕ-8. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ.ɻ.ɺ.ʉʦʣʦʜʫʭʦʚ, ʜ.ʪ.ʥ. ɸ.ɺ.ɸʥʜʨʝʝʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʠʟʦʪʦʧʦʚ 

ʥʘ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʢ.ʬ.-ʤ.ʥ. ʃ.ɿ.ɼʞʠʣʘʚʷʥ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʬʠʟʠʢʝ ʬʦʪʦʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʠʟʫʯʝʥʠʝ ʩʧʠʥʦʚʳʭ ʵʬʬʝʢʪʦʚ 

ʠ  ʥʝʥʫʢʣʦʥʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʘʪʦʤʥʳʭ ʷʜʝʨ). 
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ʆʩʥʦʚʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ:  

 

ɻʫʨʝʚʠʯ ɻʨʠʛʦʨʠʡ ʄʘʥʦʚʠʯ ʜ.ʬ.-ʤ.ʥ. ʟʘʚ. ʩʝʢʪ. 

ɼʞʠʣʘʚʷʥ ʃʝʦʥʠʜ ɿʘʚʝʥʦʚʠʯ ʢ.ʬ.-ʤ.ʥ. ʩ.ʥ.ʩ 

ɼʦʣʙʠʣʢʠʥ ɹʦʨʠʩ ʉʝʨʛʝʝʚʠʯ ʜ.ʬ-ʤ.ʥ., ʚ.ʥ.ʩ. 

ʂʦʥʜʨʘʪʴʝʚ ʈʫʜʦʣʴʬ ʃʝʦʥʠʜʦʚʠʯ ʢ.ʬ-ʤ.ʥ., ʩ.ʥ.ʩ 

ʃʘʧʠʢ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ  ʥ.ʩ.  

ʃʠʩʠʥ ɺʘʣʝʨʠʡ ʇʘʚʣʦʚʠʯ ʢ.ʬ-ʤ.ʥ ʟʘʚ.ʩʝʢʪ. 

ʄʫʰʢʘʨʝʥʢʦʚ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ ʢ.ʬ-ʤ.ʥ ʥ.ʩ. 

ʅʝʜʦʨʝʟʦʚ ɺʣʘʜʠʤʠʨ ɻʝʦʨʛʠʝʚʠʯ ʜ.ʬ.-ʤ.ʥ. ʟʘʚ.ʣʘʙ. 

ʇʦʣʦʥʩʢʠʡ ɸʥʜʨʝʡ ʃʝʦʥʠʜʦʚʠʯ ʢ.ʬ-ʤ.ʥ., ʥ.ʩ.  

ʈʫʜʥʝʚ ʅʠʢʦʣʘʡ ɺʷʯʝʩʣʘʚʦʚʠʯ    ʤ.ʥ.ʩ. 

ʈʫʩʘʢʦʚ ɸʨʪʫʨ ɺʣʘʜʠʤʠʨʦʚʠʯ  ʥ.ʩ. 

ʉʦʣʦʜʫʭʦʚ ɻʝʥʥʘʜʠʡ ɺʘʩʠʣʴʝʚʠʯ ʢ.ʬ-ʤ.ʥ ʟʘʚ.ʩʝʢʪ. 

ʉʦʨʦʢʠʥ ʖʨʠʡ ʀʚʘʥʦʚʠʯ ʢ.ʬ-ʤ.ʥ ʥ.ʩ.  

ʊʫʣʫʧʦʚ ɹʦʨʠʩ ɸʣʝʢʩʝʝʚʠʯ ʢ.ʬ-ʤ.ʥ ʩ.ʥ.ʩ 

ʊʫʨʠʥʛʝ ɸʥʜʨʝʡ ɸʨʠʩʦʚʠʯ ʢ.ʬ-ʤ.ʥ ʩ.ʥ.ʩ.  

 

17 ʈʝʬʝʨʘʪ 

 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʗɼɽʈ, ʅʋʂʃʆʅ, ʌʆʊʆʅ, ʄɽɿʆʅ 

ɺ ʦʪʯʸʪʝ ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 2014 ʛʦʜʫ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʀʗʀ ʈɸʅ ʧʦ ʬʠʟʠʢʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʫʢʣʦʥʦʚ ʠ 

ʷʜʝʨ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʩʧʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʫʢʣʦʥʦʚ. ʅʘʯʘʪʦ ʠʟʫʯʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠʥʪʝʥʩʠʚʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩ ʚʝʱʝʩʪʚʦʤ ʥʘ ʧʫʯʢʘʭ ʵʣʝʢʪʨʦʥʦʚ, 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʠʦʥʦʚ ʠ ʬʝʤʪʦʩʝʢʫʜʥʳʭ ʪʝʨʘʚʘʪʪʥʳʭ ʣʘʟʝʨʦʚ. ɺʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʦʪʯʝʪʝ 

ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʠʨʦʚʦʤʫ ʫʨʦʚʥʶ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʨʝʮʠʟʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʥʫʢʣʦʥʦʚ ʠ ʷʜʝʨ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʘʜʨʦʥʦʚ ʚ ʷʜʝʨʥʦʡ ʩʨʝʜʝ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʷʟʘʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ (ʤʝʟʦʥʥʳʝ ʷʜʨʘ, ʜʝʣʴʪʘ-ʷʜʨʘ, ʛʠʧʝʨʷʜʨʘ);  ʠʟʫʯʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ 

ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠʥʪʝʥʩʠʚʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩ 

ʚʝʱʝʩʪʚʦʤ ʥʘ ʧʫʯʢʘʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʠʦʥʦʚ, ʵʣʝʢʪʨʦʥʦʚ ʠ ʬʝʤʪʦʩʝʢʫʜʥʳʭ ʪʝʨʘʚʘʪʪʥʳʭ 

ʣʘʟʝʨʦʚ 
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17 ɺʚʝʜʝʥʠʝ 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʜʝʨ ʚ ʚʝʜʫʱʠʭ 

ʥʘʫʯʥʳʭ ʮʝʥʪʨʘʭ ʉʐɸ, ʗʧʦʥʠʠ, ɻʝʨʤʘʥʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʨʘʩʰʠʨʝʥʠʝʤ ʪʝʤʘʪʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʤʝʪʦʜʦʚ.  ʕʪʦ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ 

ʧʨʝʮʠʟʠʦʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʘʤʧʣʠʪʫʜ ʬʦʪʦʨʦʞʜʝʥʠʷ ʤʝʟʦʥʦʚ ʥʘ ʩʚʦʙʦʜʥʳʭ ʠ ʩʚʷʟʘʥʥʳʭ 

ʥʫʢʣʦʥʘʭ, ʠʟʫʯʝʥʠʝ ʩʧʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʫʥʢʮʠʡ ʠ ʬʦʨʤʬʘʢʪʦʨʦʚ ʥʫʢʣʦʥʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʣʣʝʢʪʠʚʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ ʷʜʝʨ (ʛʠʛʘʥʪʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ), ʬʦʪʦ ï ʠ ʵʣʝʢʪʨʦʜʝʣʝʥʠʷ ʷʜʝʨ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʧʫʯʢʘʭ ʨʝʘʣʴʥʳʭ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʬʦʪʦʥʦʚ, ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ 

ʠʦʥʦʚ ʠ ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʣʘʟʝʨʦʚ ʩ ʙʦʣʴʰʦʡ ʠʤʧʫʣʴʩʥʦʡ ʤʦʱʥʦʩʪʴʶ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ 

ʨʘʟʚʠʚʘʣʠʩʴ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʷʜʝʨʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʠ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʜʨ. ɺ ʥʘʩʪʦʷʱʝʤ ʦʪʯʝʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʠ ʀʗʀ ʈɸʅ ʚ ʨʘʤʢʘʭ ʫʢʘʟʘʥʥʦʡ ʪʝʤʘʪʠʢʠ 

ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

- ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʫʢʣʦʥʦʚ ʠ ʷʜʝʨ; ʩʚʦʡʩʪʚʘ ʘʜʨʦʥʦʚ ʠ ʠʭ ʩʚʷʟʘʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚ ʷʜʝʨʥʦʡ ʩʨʝʜʝ (ʤʝʟʦʥʥʳʝ ʷʜʨʘ, ʜʝʣʴʪʘ-ʷʜʨʘ, ʛʠʧʝʨʷʜʨʘ). 

- ʉʚʦʡʩʪʚʘ ʛʠʛʘʥʪʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ ʚ ʷʜʨʘʭ.  

- ʅʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠʥʪʝʥʩʠʚʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩ ʚʝʱʝʩʪʚʦʤ ʥʘ ʧʫʯʢʘʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʠʦʥʦʚ, ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʪʝʨʘʚʘʪʪʥʳʭ ʣʘʟʝʨʦʚ. 

- ʄʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʠʟʦʪʦʧʦʚ ʥʘ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʢʦʨʠʪʝʣʷʭ. 

- ʀʩʪʦʯʥʠʢ ʤʝʜʣʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʙʘʟʝ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʃʋʕ-8. 

 

17 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

1. ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʚʳʧʦʣʥʝʥʥʦʤ ʢʦʣʣʘʙʦʨʘʮʠʝʡ ɸ2 ʥʘ ʧʫʯʢʝ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʬʦʪʦʥʦʚ ʦʪ ʫʩʢʦʨʠʪʝʣʷ MAMI  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʧʨʦʪʦʥʥʦʡ 

ʤʠʰʝʥʠ ʆʀʗʀ-ʀʗʀ (ʨʠʩ. 1), ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʚʩʝ ʯʝʪʳʨʝ ʩʧʠʥʦʚʳʝ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ 

ʧʨʦʪʦʥʘ ɔE1E1, ɔM1M1, ɔE1M2, ɔM1E2, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʧʠʥʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʦʪʦʥʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʥʩʪʘʥʪ ʜʘʝʪ ʥʦʚʫʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʪʨʦʝʥʠʠ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʥʘ ʫʨʦʚʥʝ ʥʫʢʣʦʥʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ.  
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ʈʠʩʫʥʦʢ. 1.  ʇʦʣʷʨʠʟʦʚʘʥʥʘʷ ʤʠʰʝʥʴ ʩ ʨʝʢʦʨʜʥʳʤʠ ʥʘ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ ʧʘʨʘʤʝʪʨʘʤʠ - 

ʨʦʩʩʠʡʩʢʠʡ ʚʢʣʘʜ ʚ ʵʢʩʧʝʨʠʤʝʥʪ 

 

2. ʅʘ ʫʩʢʦʨʠʪʝʣʝ MAMI  ʉ ʚʧʝʨʚʳʝ ʠʟʤʝʨʝʥʘ ʧʝʨʝʜʘʯʘ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪ ʧʫʯʢʘ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʬʦʪʦʥʦʚ ʥʫʢʣʦʥʫ ʦʪʜʘʯʠ. ɺ ʵʪʠʭ ʠʟʤʝʨʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʩʧʠʥʦʚʦʡ ʧʦʣʷʨʠʤʝʪʨʠʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ 

ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʷʜʝʨʥʦʡ ʠ ʘʜʨʦʥʥʦʡ ʬʠʟʠʢʝ. 

3. ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʧʫʯʢʦʚʦʡ ʘʩʠʤʤʝʪʨʠʠ ʚ ʬʦʪʦʨʦʞʜʝʥʠʠ ʧʘʨ ˊ0ˊÑ ʥʘ ʩʚʦʙʦʜʥʳʭ 

ʧʨʦʪʦʥʘʭ, ʢʚʘʟʠʩʚʦʙʦʜʥʳʭ ʧʨʦʪʦʥʘʭ ʠ ʥʝʡʪʨʦʥʘʭ ʧʨʠ ʵʥʝʨʛʠʷʭ ʬʦʪʦʥʦʚ ʜʦ 1,4 ɻʵɺ. ɺ ʩʣʫʯʘʝ 

ʥʝʡʪʨʦʥʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʢʚʘʟʠʩʚʦʙʦʜʥʦʡ ʢʠʥʝʤʘʪʠʢʝ ʜʣʷ ʥʝʡʪʨʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʚ 

ʜʝʡʪʨʦʥʝ.  

4. ʂʦʣʣʘʙʦʨʘʮʠʝʡ ɸ2 ʥʘ ʫʩʢʦʨʠʪʝʣʝ MAMI  C ʚʧʝʨʚʳʝ ʚ ʤʠʨʝ ʚʳʧʦʣʥʝʥʳ ʧʨʝʮʠʟʠʦʥʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʣʷ ʬʦʪʦʨʦʞʜʝʥʠʷ ˊ0-ʤʝʟʦʥʦʚ ʥʘ ʥʝʡʪʨʦʥʘʭ, ʩʚʷʟʘʥʥʳʭ ʚ 

ʜʝʡʪʨʦʥʝ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʵʥʝʨʛʠʷʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 0.45-1.4 ɻʵɺ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

4-́ʜʝʪʝʢʪʦʨʘ Crystal Ball-TAPS. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʪʦʡ ʨʝʘʢʮʠʠ. 

5. ʀʟ ʠʟʤʝʨʝʥʠʡ ʧʦʨʦʛʘ ʨʝʘʢʮʠʠ ɔpŸɖp, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʫʩʢʦʨʠʪʝʣʝ MAMI  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʤʝʯʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʦ ʵʥʝʨʛʠʠ, ʦʙʣʘʜʘʶʱʝʡ ʧʦʚʳʰʝʥʥʳʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʧʦʣʫʯʝʥʦ ʥʦʚʦʝ ʧʨʝʮʠʟʠʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ɖ-ʤʝʟʦʥʘ, ʨʘʚʥʦʝ 

mɖ = (547.851 Ñ 0.031ʩʪʘʪ. Ñ 0.062ʩʠʩʪ.) ʄʵɺ. 

6. ʅʘ ʫʩʢʦʨʠʪʝʣʝ MAMI  ʠʩʩʣʝʜʦʚʘʥ ʨʘʩʧʘʜ ɖŸe+eīɔ ʚ ʨʝʘʢʮʠʠ ɔpŸɖp ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʬʦʪʦʥʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʦʚ Crystal Ball ʠ TAPS. ɺ ʵʪʠʭ ʠʟʤʝʨʝʥʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʚ ʣʶʙʦʤ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʠʟʤʝʨʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ ʥʘʢʣʦʥʘ ȿ-2 ʜʣʷ ɖ-ʬʦʨʤʬʘʢʪʦʨʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. 
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7. ʂʦʣʣʘʙʦʨʘʮʠʝʡ ɸ2 ʥʘ ʫʩʢʦʨʠʪʝʣʝ MAMI  C ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩʝʯʝʥʠʡ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʬʦʪʦʨʦʞʜʝʥʠʷ ʧʠʦʥʦʚ ʥʘ ʷʜʨʘʭ 208Pb, ʠʟ ʢʦʪʦʨʳʭ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʨʘʟʤʝʨʝ ʠ ʬʦʨʤʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʷʜʨʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʥʝʡʪʨʦʥʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʢʠʥ-ʩʣʦʡ ʷʜʨʘ 208Pb ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʛʘʣʦ. ʕʪʠ ʠʟʤʝʨʝʥʠʷ ʜʘʶʪ ʚʘʞʥʳʝ ʥʦʚʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʷʜʝʨ ʠ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʥʝʡʪʨʦʥʥʦʡ 

ʤʘʪʝʨʠʠ. 

8. ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʡ ɔpŸK+ȿ ʠ ɔpŸK+Ɇ0 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʦʚʦʡ ʤʝʪʦʜʠʢʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ K+-ʤʝʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʣʘʙʦʛʦ ʨʘʩʧʘʜʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ ʚʨʝʤʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ 

ʢʘʣʦʨʠʤʝʪʨʝ Crystal Ball. ʊʘʢʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʜʨʫʛʠʭ ʫʩʪʘʥʦʚʢʘʭ. ɺʳʩʦʢʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʥʦʚʳʭ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʘʥʘʣʠʟ ʚ ʨʘʤʢʘʭ ʧʨʠʙʣʠʞʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ ʚʦʣʥ ʩ ʮʝʣʴʶ 

ʣʫʯʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘ ʚʦʟʙʫʞʜʝʥʠʡ ʥʫʢʣʦʥʘ. ʅʦʚʳʡ ʘʥʘʣʠʟ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʢʚʘʨʢ-ʜʠʢʚʘʨʢʦʚʦʡ ʜʠʥʘʤʠʢʠ ʚ ʥʫʢʣʦʥʝ. 

9. ʅʘ ʫʩʢʦʨʠʪʝʣʝ MAMI  C ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʜʝʡʪʝʨʠʝʚʦʡ ʤʠʰʝʥʠ ʠʟʤʝʨʝʥʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʠ ʧʦʣʥʳʝ ʩʝʯʝʥʠʷ ʢʚʘʟʠʩʚʦʙʦʜʥʳʭ ʨʝʘʢʮʠʡ ɔpŸɖp ʠ ɔnŸɖn. ʉʝʯʝʥʠʷ 

ʨʦʞʜʝʥʠʷ ɖ-ʤʝʟʦʥʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚ ʩʦʚʧʘʜʝʥʠʠ ʩ ʧʨʦʪʦʥʘʤʠ ʦʪʜʘʯʠ, ʥʝʡʪʨʦʥʘʤʠ ʦʪʜʘʯʠ ʠ 

ʚ ʠʥʢʣʶʟʠʚʥʦʡ ʤʦʜʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʶʶ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʩʝʯʝʥʠʡ ʥʘ 

ʧʨʦʪʦʥʝ ʠ ʥʝʡʪʨʦʥʝ ʚ ʤʘʢʩʠʤʫʤʝ ʨʝʟʦʥʘʥʩʘ S11(1535) ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʠʢʘ ʧʨʠ 

ʵʥʝʨʛʠʠ 1670 ʄʵɺ ʚ ʥʝʡʪʨʦʥʥʦʤ ʩʝʯʝʥʠʠ, ʢʦʪʦʨʳʡ ʦʪʩʫʪʩʪʚʫʝʪ ʜʣʷ ʧʨʦʪʦʥʘ. 

10. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʧʫʯʢʝ ʮʠʨʢʫʣʷʨʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʤʝʯʝʥʳʭ ʬʦʪʦʥʦʚ ʦʪ 

ʫʩʢʦʨʠʪʝʣʷ MAMI  C ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʧʝʨʝʯʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʧʨʦʪʦʥʥʦʡ ʤʠʰʝʥʠ ʩ 

ʟʘʤʦʨʦʞʝʥʥʳʤʠ ʩʧʠʥʘʤʠ ʠ ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ Crystal-Ball/TAPS ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʧʦʧʝʨʝʯʥʦʡ ʤʠʰʝʥʥʦʡ ʘʩʠʤʤʝʪʨʠʠ T ʠ ʧʝʨʚʳʝ ʜʘʥʥʳʝ ʜʣʷ ʘʩʠʤʤʝʪʨʠʠ ʧʫʯʦʢ-

ʤʠʰʝʥʴ F ʚ ʨʝʘʢʮʠʠ ɔpŸɖp ʧʨʠ ʵʥʝʨʛʠʷʭ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ ʜʦ 1.9 ɻʵɺ. ʉʫʱʝʩʪʚʫʶʱʠʝ 

ʤʦʜʝʣʴʥʳʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞʥʫʶ ʨʦʣʴ 

ʫʯʝʪʘ ʚ ʪʝʦʨʠʠ ʚʥʫʪʨʝʥʥʝʡ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʬʦʪʦʨʦʞʜʝʥʠʷ ɖ-ʤʝʟʦʥʘ. 

11. ɺʧʝʨʚʳʝ ʠʟʤʝʨʝʥʳ ʩʧʠʥʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʝʯʝʥʠʡ 

ʧʦʣʫʠʥʢʣʶʟʠʚʥʳʭ ʨʝʘʢʮʠʡ ɔ 3He Ÿ ˊ0 X ʠ ɔ 3He Ÿ ˊÑ X ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 200-450 ʄʵɺ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʥʘ ʫʩʢʦʨʠʪʝʣʝ MAMI  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʜʦʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ 

ʛʘʟʦʚʦʡ ʤʠʰʝʥʠ 3He. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

ʌʠʢʩʘ-.ɸʨʝʥʭʦʬʝʣʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʭʘʥʠʟʤʝ 

ʬʦʪʦʨʦʞʜʝʥʠʷ ʧʠʦʥʦʚ ʥʘ 3He. 
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12. ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ çʧʦʣʥʦʛʦ ʦʧʳʪʘè ʢʦʣʣʘʙʦʨʘʮʠʝʡ ɸ2 ʧʨʦʚʝʜʝʥʳ ʜʚʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʝʘʥʩʘ (ʷʥʚʘʨʴ-ʬʝʚʨʘʣʴ ʠ ʘʧʨʝʣʴ-ʤʘʡ 2014 ʛ.) ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʘʝʤʳʭ E ʠ G ʚ ʬʦʪʦʨʦʞʜʝʥʠʠ ʤʝʟʦʥʦʚ ʠ ʤʝʟʦʥʥʳʭ ʧʘʨ ʥʘ ʧʨʦʪʦʥʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʯʢʘ ʮʠʨʢʫʣʷʨʥʦ ʠ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʬʦʪʦʥʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʥʝʨʛʠʝʡ 1.5 ɻʵɺ ʦʪ ʫʩʢʦʨʠʪʝʣʷ MAMI  ʉ ʠ ʤʠʰʝʥʠ ʩ ʧʨʦʜʦʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʧʨʦʪʦʥʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʭʦʜʝ ʚʪʦʨʦʛʦ ʩʝʘʥʩʘ ʚʧʝʨʚʳʝ ʠʟʤʝʨʝʥʘ ʩʧʠʥʦʚʘʷ ʘʩʠʤʤʝʪʨʠʷ Ɇ2z ʩʝʯʝʥʠʷ 

ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʧʨʦʪʦʥʝ ʚ ʦʙʣʘʩʪʠ ȹ(1232)-ʨʝʟʦʥʘʥʩʘ. ʕʪʠ ʠʟʤʝʨʝʥʠʷ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʧʦʣʥʝʥʥʳʤʠ ʨʘʥʝʝ ʜʘʶʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʩʧʠʥʦʚʳʭ ʘʩʠʤʤʝʪʨʠʡ, ʥʝʦʙʭʦʜʠʤʳʡ 

ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʯʝʪʳʨʝʭ ʩʧʠʥʦʚʳʭ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʧʨʦʪʦʥʘ ʩ ʤʘʣʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ. 

13. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʝʜʘʚʥʦ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʯʘʩʪʠʯʥʦ-ʜʳʨʦʯʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʛʠʛʘʥʪʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ ʚ ʷʜʨʘʭ. ʆʧʠʩʘʥʳ 

ʧʨʦʩʪʝʡʰʠʝ ʬʦʪʦʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ (ʧʦʣʥʦʝ ʩʝʯʝʥʠʝ ʬʦʪʦʧʦʛʣʦʱʝʥʠʷ, ʧʨʷʤʳʝ + ʧʦʣʫʧʨʷʤʳʝ 

ʬʦʪʦʥʝʡʪʨʦʥʥʳʝ ʠ ʦʙʨʘʪʥʳʝ ʨʝʘʢʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʚʦʟʙʫʞʜʝʥʠʝʤ ʠʟʦʚʝʢʪʦʨʥʳʭ 

ʛʠʛʘʥʪʩʢʠʭ ʜʠʧʦʣʴʥʦʛʦ ʠ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʦʚ ʚ ʩʨʝʜʥʝʪʷʞʝʣʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʷʜʨʘʭ), ʘ 

ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʘ ʜʚʦʡʥʘʷ ʧʝʨʝʭʦʜʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʟʦʩʢʘʣʷʨʥʦʛʦ ʤʦʥʦʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, 

ʠʤʝʶʱʘʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʷʜʝʨʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ. 

14. ɼʣʷ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ E1-ʛʠʛʘʥʪʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ ʚ 

ʘʪʦʤʥʳʭ ʷʜʨʘʭ, ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʦʪʦʢʦʚ ʠ ʩʧʝʢʪʨʦʚ ʢʚʘʟʠʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʬʦʪʦʥʦʚ ï 

ʧʨʦʜʫʢʪʦʚ ʘʥʥʠʛʠʣʷʮʠʠ ʧʦʟʠʪʨʦʥʦʚ ʥʘ ʣʝʪʫ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʤʠʰʝʥʝʡ.  

15. ʇʦʜʪʚʝʨʞʜʝʥʘ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʚʢʣʘʜʦʚ, ʚʳʟʚʘʥʥʳʭ ʪʦʨʤʦʟʥʳʤʠ 

ʬʦʪʦʥʘʤʠ ʦʪ ʧʦʟʠʪʨʦʥʦʚ, ʠʟ ʜʘʥʥʳʭ ʩ ʪʦʨʤʦʟʥʳʤʠ ʬʦʪʦʥʘʤʠ ʦʪ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʪʝʭ ʞʝ 

ʨʘʜʠʘʪʦʨʦʚ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ E1 ʛʠʛʘʥʪʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʩ ʧʦʤʦʱʴʶ 

ʢʚʘʟʠʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʘʥʥʠʛʠʣʷʮʠʦʥʥʳʭ ʬʦʪʦʥʦʚ. ɼʘʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʬʦʪʦʷʜʝʨʥʳʭ 

ʨʝʘʢʮʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʢ ʪʦʨʤʦʟʥʳʭ ʬʦʪʦʥʦʚ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʧʦʟʠʪʨʦʥʦʚ ʚ ʩʤʳʩʣʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʜʝʣʝʥʠʷ ʚʢʣʘʜʦʚ ʠʟʦʚʝʢʪʦʨʥʳʭ E1 ʠ E2 ʛʠʛʘʥʪʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ. 

16. ʀʟʫʯʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʦʮʝʥʢʘʭ ʧʘʨʘʤʝʪʨʦʚ E1 ʛʠʛʘʥʪʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʬʦʨʤʫ ʪʦʨʤʦʟʥʦʛʦ ʩʧʝʢʪʨʘ (ʐʠʬʬ, 

ɿʝʣʴʮʝʨ ʠ ɹʝʨʛʝʨ).  

17. ʇʨʠ ʵʥʝʨʛʠʷʭ ʧʘʜʘʶʱʠʭ ʬʦʪʦʥʦʚ Eg = 4·46 ʄʵɺ ʠʟʤʝʨʝʥʦ ʩʝʯʝʥʠʝ ʨʝʘʢʮʠʠ 

115In(g, g¡)115mIn. ʋʪʦʯʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʧʠʢʘ ʚ ʵʪʦʤ ʩʝʯʝʥʠʠ ʧʨʠ Eg @ 9 ʄʵɺ. ʈʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʙʳʣʦ ʟʘʷʚʣʝʥʦ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚʪʦʨʦʛʦ ʧʠʢʘ ʚ ʩʝʯʝʥʠʠ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ Eg ~ 27 ʄʵɺ ʩ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʩʝʯʝʥʠʝʤ, ʤʥʦʛʦʢʨʘʪʥʦ ʙʦʣʴʰʠʤ, ʯʝʤ ʫ ʧʝʨʚʦʛʦ ʧʠʢʘ, ʯʝʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʧʦʧʳʪʢʠ, ʥʝ ʫʜʘʚʘʣʦʩʴ ʥʘʡʪʠ ʨʘʟʫʤʥʦʝ ʦʙʲʷʩʥʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ 
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ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ Eg ~ 27 ʄʵɺ ʦʪʩʫʪʩʪʚʫʝʪ ʧʠʢ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤ ʩʝʯʝʥʠʝʤ sʠʥʪ, ʙʦʣʴʰʠʤ 0.2sʠʥʪ 

ʜʣʷ ʧʠʢʘ ʧʨʠ Eg @ 9 ʄʵɺ. 

18. ʀʟʤʝʨʝʥʳ ʚʳʭʦʜʳ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʤʝʩʠ ʠʟʦʪʦʧʦʚ ʪʠʪʘʥʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʫʯʢʘ ʪʦʨʤʦʟʥʳʭ g-ʢʚʘʥʪʦʚ ʩ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ 55 ʄʵɺ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʨʘʩʯʸʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ TALYS. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʩʝʯʝʥʠʡ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʠʟʦʪʦʧʘʭ Ti ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʟʦʩʧʠʥʦʚʦʝ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ E1 ʛʠʛʘʥʪʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ. 

19. ʇʦʣʫʯʝʥ ʧʘʪʝʥʪ ʥʘ ʩʧʦʩʦʙ ʥʘʨʘʙʦʪʢʠ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʜʣʷ ʮʝʣʝʡ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ 

(ʩʦʚʤʝʩʪʥʦ ʩ ʌʀɸʅ ʠʤ.ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʠ ʅʀʀʗʌ ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ) ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ Ee = 55 ʄʵɺ ʠ ʩʨʝʜʥʠʤ ʪʦʢʦʤ ʧʫʯʢʘ I ~ 40 ʤʢɸ. ʇʦʢʘʟʘʥʦ, ʯʪʦ  ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ ʤʠʰʝʥʠ ʠʟ NaOH ʪʦʣʱʠʥʦʡ 10 ʛ/ʩʤ2 ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t ~ 5.5 ʯʘʩ 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʨʘʜʠʦʠʟʦʪʦʧʘ 18F ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʧʦʣʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

A ~ (40õ60) ʤʂʠ ʠ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ a ~ (2·3) ʤʂʠ/ʤʣ. ʋʢʘʟʘʥʥʳʡ ʠʟʦʪʦʧ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʟʠʪʨʦʥʥʦ ï ʵʤʠʩʩʠʦʥʥʳʭ ʪʦʤʦʛʨʘʬʘʭ (ʨʠʩ. 2).  

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2. g- ʩʧʝʢʪʨ ʦʙʣʫʯʝʥʥʦʡ ʤʠʰʝʥʠ (ʚʚʝʨʭʫ) ʠ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ (ʚʥʠʟʫ). 

20. ʀʟʤʝʨʝʥʳ ʜʦʟʳ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʠʤʠʪʘʪʦʨʦʚ ʙʘʛʘʞʘ ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ 

ʧʦʩʣʝ ʠʭ ʦʙʣʫʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʫʯʝʥʠʶ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʜʦʩʤʦʪʨʘ ʚ 

ʬʦʪʦʷʜʝʨʥʦʤ ʜʝʪʝʢʪʦʨʝ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʘʩʥʦʩʪʠ ʥʠ ʜʣʷ ʥʘʩʝʣʝʥʠʷ, ʥʠ ʜʣʷ 

ʧʝʨʩʦʥʘʣʘ ʘʵʨʦʧʦʨʪʘ.  

21. ʇʦʣʫʯʝʥ ʧʘʪʝʥʪ ʉʐɸ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʫʛʣʝʨʦʜ ʠ ʘʟʦʪ. ʋʩʪʨʦʡʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪ ʬʦʪʦʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ, 
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ʚʝʜʫʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʭʘʨʘʢʪʝʨʥʳʭ ʫʣʴʪʨʘʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʨʘʜʠʦʠʟʦʪʦʧʦʚ, ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʨʘʟʨʝʟʥʦʛʦ ʤʠʢʨʦʪʨʦʥʘ, ʪʦʨʤʦʟʥʦʡ ʤʠʰʝʥʠ ʠ ʥʘʧʦʣʥʝʥʥʦʛʦ ʚʦʜʦʡ ʏʝʨʝʥʢʦʚʩʢʦʛʦ ʩʯʝʪʯʠʢʘ. 

22. ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ 48Ti(g, p), ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʨʘʜʠʦʠʟʦʪʦʧʘ 47Sc (T1/2 @ 3.3492 ʩʫʪ), ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʨʘʜʠʦʠʤʤʫʥʦʪʝʨʘʧʠʠ ʚ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʝ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ 

ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʣʫʯʝʥʠʝ ʵʪʦʛʦ ʨʘʜʠʦʠʟʦʪʦʧʘ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ ʵʣʝʢʪʨʦʥʦʚ. 

23. ʇʦʣʫʯʝʥ ʧʘʪʝʥʪ ʥʘ ʩʧʦʩʦʙ ʛʝʥʝʨʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʠʰʝʥʠ. 

24. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʠ ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʬʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʄʵɺ ʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʠʰʝʥʷʭ ʥʘ ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ. 

 

17 ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʜ ʣʘʙʦʨʘʪʦʨʠʝʡ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʀʗʀ ʈɸʅ ʥʘ 2014 ʛʦʜ ʟʘʜʘʯʠ 

ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʚʳʧʦʣʥʝʥʥʳʤʠ. ʉʨʝʜʠ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 2014 ʛʦʜʫ, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ:  

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʢʦʣʣʘʙʦʨʘʮʠʝʡ ɸ2 ʥʘ 

ʧʫʯʢʝ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʬʦʪʦʥʦʚ ʦʪ ʫʩʢʦʨʠʪʝʣʷ MAMI  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ 

ʧʨʦʪʦʥʥʦʡ ʤʠʰʝʥʠ ʆʀʗʀ-ʀʗʀ, ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʚʩʝ ʯʝʪʳʨʝ ʩʧʠʥʦʚʳʝ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ 

ʧʨʦʪʦʥʘ ɔE1E1, ɔM1M1, ɔE1M2, ɔM1E2, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʧʠʥʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʦʪʦʥʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʥʩʪʘʥʪ ʜʘʝʪ ʥʦʚʫʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʪʨʦʝʥʠʠ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʥʘ ʫʨʦʚʥʝ ʥʫʢʣʦʥʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ.  

2. ʇʦʣʫʯʝʥ ʧʘʪʝʥʪ ʥʘ ʩʧʦʩʦʙ ʥʘʨʘʙʦʪʢʠ ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʜʣʷ ʮʝʣʝʡ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ 

(ʩʦʚʤʝʩʪʥʦ ʩ ʌʀɸʅ ʠʤ.ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʠ ʅʀʀʗʌ ʄɻʋ ʠʤ.ʃʦʤʦʥʦʩʦʚʘ) ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ Ee = 55 ʄʵɺ ʠ ʩʨʝʜʥʠʤ ʪʦʢʦʤ ʧʫʯʢʘ I ~ 40 ʤʢɸ. ʇʦʢʘʟʘʥʦ, ʯʪʦ  ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ ʤʠʰʝʥʠ ʠʟ NaOH ʪʦʣʱʠʥʦʡ 10 ʛ/ʩʤ2 ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t ~ 5.5 ʯʘʩ 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʨʘʜʠʦʠʟʦʪʦʧʘ 18F ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʧʦʣʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

A ~ (40õ60) ʤʂʠ ʠ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ a ~ (2·3) ʤʂʠ/ʤʣ. ʋʢʘʟʘʥʥʳʡ ʠʟʦʪʦʧ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʟʠʪʨʦʥʥʦ ï ʵʤʠʩʩʠʦʥʥʳʭ ʪʦʤʦʛʨʘʬʘʭ.  

ʉʨʝʜʠ ʦʙʱʠʭ ʪʝʥʜʝʥʮʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʜʝʨ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʨʘʩʰʠʨʝʥʠʝ ʪʝʤʘʪʠʢʠ ʟʘ ʩʯʝʪ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʦʪʦʥʦʚ, ʵʣʝʢʪʨʦʥʦʚ ʠ ʪʷʞʝʣʳʭ ʠʦʥʦʚ, ʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ - ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʣʘʟʝʨʥʳʭ 
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ʠʤʧʫʣʴʩʦʚ. ʇʨʠʤʝʨʦʤ ʵʪʦʤʫ ʩʣʫʞʘʪ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʦʝʢʪʳ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʉʐɸ (JLab, 

MIT, BNL) , ɽʚʨʦʧʝ (ELI-NP, DESY, MAMI , FAIR), ʗʧʦʥʠʠ (Spring-8) ʠ ʜʨ. ɺ ʩʦʩʪʘʚʝ ʢʨʫʧʥʳʭ 

ʢʦʣʣʘʙʦʨʘʮʠʡ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ  MAMI  (ʄʘʡʥʮ) , ELSA  (ɹʦʥʥ) ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʩʦʪʨʫʜʥʠʢʠ 

ʣʘʙʦʨʘʪʦʨʠʠ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʀʗʀ ʈɸʅ. ʇʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʥʘʫʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʝʣʘʶʪ ʀʗʀ ʈɸʅ ʦʜʥʠʤ ʠʟ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʚ ʫʢʘʟʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʨʝʛʫʣʷʨʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʤʠʥʘʨʘʭ ʧʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʷʜʝʨ (ɽʄʀʅ), ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ 

ʀʗʀ ʈɸʅ. ʆʯʝʨʝʜʥʦʡ ʩʝʤʠʥʘʨ ʟʘʧʣʘʥʠʨʦʚʘʥ ʥʘ ʦʢʪʷʙʨʴ 2015 ʛ. ʉʦʪʨʫʜʥʠʢʠ ʣʘʙʦʨʘʪʦʨʠʠ 

ʨʝʛʫʣʷʨʥʦ ʧʨʠʛʣʘʰʘʶʪʩʷ ʩ ʜʦʢʣʘʜʘʤʠ ʥʘ ʚʝʜʫʱʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʫʢʘʟʘʥʥʦʡ ʪʝʤʘʪʠʢʝ.  

ʇʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʠ ʩʦʜʝʨʞʠʪʩʷ ʥʘ ʩʘʡʪʝ 

www.inr.ac.ru/~pnlab. 

 

17 ʇʫʙʣʠʢʘʮʠʠ 

- ʨʝʬʝʨʠʨʫʝʤʳʝ ʞʫʨʥʘʣʳ (ʚʢʣʶʯʘʷ ʨʘʙʦʪʳ, ʧʨʠʥʷʪʳʝ ʢ ʧʝʯʘʪʠ): 

1. ɻ.ʄ.ɻʫʨʝʚʠʯ. ʀʟʤʝʨʝʥʠʝ ʩʧʠʥʦʚʳʭ ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʧʨʦʪʦʥʘ. ʗʜʝʨʥʘʷ ʬʠʟʠʢʘ, 77, 1 

(2014) 113-119. 

2. ɻ.ʄ.ɻʫʨʝʚʠʯ. ɸʢʪʠʚʥʘʷ ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʤʠʰʝʥʴ: ʠʟʤʝʨʝʥʠʝ ʩʧʠʥʦʚʳʭ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʝʡ ʧʨʦʪʦʥʘ. ʇʠʩʴʤʘ ʚ ʕʏɸʗ, 11, 1(185) (2014) 57-65. 

3. G.M.Gurevich. Measurement of spin polarizabilities of the proton. Physics of atomic nuclei, 

77, 1 (2014) 110-116. 

4. G.M.Gurevich. Active Polarized Target: Measurement of Proton Spin Polarizabilities. 

Physics of Particles and Nuclei Letters, 2014, Vol. 11, No. 1, pp. 31ï35. 

5. C. S. Akondi, G.Gurevich, R.Kondratiev, V.Lisin, A.Mushkarenkov, A.Polonski et al. 

Measurement of  the Transverse Target and Beam-Target Asymmetries in ɖ Meson Photoproduction 

at MAMI. Phys. Rev. Lett. 113, 102001 (2014). 

6. M.H. Sikora, R Kondratiev, V.Lisin, A.Mushkarenkov, A.Polonski et al. Measurement of 

the 1H(ɔ,p)ˊ0  reaction using a novel nucleon spin polarimeter. PRL 112, 022501 (2014). 

7. M. Oberle, R Kondratiev, V.Lisin, A.Mushkarenkov, A.Polonski et al. Measurement of the 

beam-helicity asymmetry IO in the photoproduction of ˊ0ˊÑ-pairs off  protons and off neutrons. EPJ 

A 50 (2014) 54. 

8. M.Dieterle, R Kondratiev, V.Lisin, A.Mushkarenkov, A.Polonski et al. Photoproduction 

of ˊ0-mesons off neutrons in the nucleon resonance region. Phys. Rev. Let. 112, 142001 (2014). 

9. A.Nikolaev, R Kondratiev, V.Lisin, A.Polonski et al. Determination of the ɖ mass with the 
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