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ʇʣʝʥʘʨʥʦʝ ʟʘʩʝʜʘʥʠʝ 1. ʌʠʟʠʢʘ ʷʜʨʘ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

 

ʇ1.01. ʇʆɼɻʆʊʆɺʂɸ ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ʂʆʄʇʃɽʂʉʆɺ  

ʃʀʊ ʆʀʗʀ ʀ ʅʅʎ ʍʌʊʀ ʂ ʈɸʉʇʈɽɼɽʃɽʅʅʆʄʋ ɸʅɸʃʀɿʋ  

ɼɸʅʅʓʍ ʕʂʉʇɽʈʀʄɽʅʊɸ CMS (ʎɽʈʅ) 

ʆ.ʆ. ɹʫʥʝʮʢʠʡ1, ɽ.ʉ. ɻʦʨʙʝʥʢʦ1, ʉ.ʉ. ɿʫʙ1, ɺ.ɺ. ʂʦʨʝʥʴʢʦʚ2, ʃ.ɻ. ʃʝʚʯʫʢ1,  

ʉ.ʊ. ʃʫʢʴʷʥʝʥʢʦ1, ɺ.ɺ. ʄʠʮʳʥ2, ɼ.ɸ. ʆʣʝʡʥʠʢ2, ɺ.ʌ. ʇʦʧʦʚ1, ɼ.ɺ. ʉʦʨʦʢʘ1, 

 ʇ.ɺ. ʉʦʨʦʢʠʥ1, ɽ.ɸ. ʊʠʭʦʥʝʥʢʦ2, ɺ.ɺ. ʊʨʦʬʠʤʦʚ2, ʀ.ɸ. ʌʠʣʦʟʦʚʘ2    
1ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò, ʛ.ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ; 

2ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛ.ɼʫʙʥʘ, ʈʦʩʩʠ ̫

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ CMS, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʧʦʜʛʦʪʘʚʣʠʚʘʝʤʳʭ ʥʘ ʢʦʣʣʘʡʜʝʨʝ 

LHC (ʎɽʈʅ) ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʦʪʨʝʙʫʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʡ ʜʣʷ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ  

ʥʘʢʣʘʜʳʚʘʝʪ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ (ɺʂ), 

ʩʦʟʜʘʚʘʝʤʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʘʢʢʫʤʫʣʠʨʫʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ LHC, ʩʦʟʜʘʥʘ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʛʨʠʜ-

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʥʘʟʳʚʘʝʤʘʷ LHC-ʛʨʠʜ (WLCG), ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ 

ʷʚʣʷʶʪʩʷ ɺʂ ʃʀʊ ʆʀʗʀ ʠ ʅʅʎ ʍʌʊʀ. ʅʘ ʠʭ ʙʘʟʝ ʩʦʟʜʘʶʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʮʝʥʪʨʳ 2-ʛʦ ʷʨʫʩʘ WLCG. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʨʝʩʫʨʩʳ ʵʪʠʭ ʮʝʥʪʨʦʚ ʚʳʜʝʣʷʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʘʥʘʣʠʟʘ ʫʞʝ 

ʦʙʨʘʙʦʪʘʥʥʳʭ (ʠʣʠ ʯʘʩʪʠʯʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ) ʜʘʥʥʳʭ CMS ʠ ʜʨʫʛʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ LHC. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ WLCG (ʚ ʯʘʩʪʥʦʩʪʠ, ʭʨʘʥʠʣʠʱ ʠʥʬʦʨʤʘʮʠʠ) ʥʘ ʫʟʣʘʭ ʢʦʤʧʣʝʢʩʦʚ 

ʠ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʢ ʛʨʠʜ-ʩʣʫʞʙ, ʪʘʢ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʘʥʘʣʠʟʘ ʩʦʙʳʪʠʡ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʜʝʪʝʢʪʦʨʦʤ CMS. ʆʙʩʫʞʜʘʶʪʩʷ ʩʪʝʧʝʥʴ ʛʦʪʦʚʥʦʩʪʠ ɺʂ 

ʃʀʊ ʆʀʗʀ ʠ ʅʅʎ ʍʌʊʀ ʢ ʟʘʧʫʩʢʫ LHC ʠ ʧʦʣʫʯʝʥʠʶ ʧʝʨʚʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʩʪʦʚ CMS ʧʦ ʧʨʦʚʝʨʢʝ 

ʛʨʠʜ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʈʌʌʀ) ʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʋʢʨʘʠʥʳ (ʅɸʅʋ), 

ʚʳʜʝʣʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʢʫʨʩʘ ʩʦʚʤʝʩʪʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ ʈʌʌʀ ʠ 

ʅɸʅʋ ʥʘ 2008-2009 ʛʛ. (ʧʨʦʝʢʪ ʈʌʌʀ ˉ 08-07-90410-ʋʢʨ_ʘ ʠ ʜʦʛʦʚʦʨ 

ʅɸʅʋ ˉ 36/30-2008).  
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ʇ1.02. ʆʉʅʆɺʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʀ ʇʈʆɻʈɸʄʄɸ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʇʆ ʌʀɿʀʂɽ ɺʓʉʆʂʀʍ ʕʅɽʈɻʀʁ ɺ ʀʊʌ ʠʤ.ɸ.ʀ. ɸʍʀɽɿɽʈɸ ʅʅʎ 

ʍʌʊʀ 

ɸ.ʖ. ʂʦʨʯʠʥ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ɺ ʜʦʢʣʘʜʝ ʩʦʜʝʨʞʠʪʩʷ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʬʠʟʠʢʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʀʊʌ ʠʤ. ɸ.ʀ. ɸʭʠʝʟʝʨʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʝʥʳ: 

- ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʟʦʥʦʚ, ʙʘʨʠʦʥʦʚ ʠ ʬʦʪʦʥʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʵʣʝʢʪʨʦʥ-

ʧʦʟʠʪʨʦʥʥʦʡ ʘʥʥʠʛʠʣʷʮʠʠ. ʈʘʟʚʠʪʠʝ ʧʦʜʭʦʜʦʚ ʠ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʨʝʜʝʣʝ ʉʪʘʥʜʘʨʪʥʦʡ ʄʦʜʝʣʠ. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʜʣʷ 

ʘʜʨʦʥʥʳʭ ʨʘʩʧʘʜʦʚ ʪʘʫ-ʣʝʧʪʦʥʘ ʠ ʚʳʯʠʩʣʝʥʠʝ ʰʠʨʠʥ ʨʘʩʧʘʜʦʚ. ɺʟʘʠʤʦʩʚʷʟʴ 

ʩ ʧʨʦʮʝʩʩʘʤʠ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʘʥʥʠʛʠʣʷʮʠʠ ʚ ʘʜʨʦʥʳ ʠ ʠʟʫʯʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʪʦʢʘ.  

- ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ PRIMEX, ʧʨʦʚʦʜʠʤʳʭ ʚ 

ʃʘʙʦʨʘʪʦʨʠʠ ʠʤ. ɼʞʝʬʬʝʨʩʦʥʘ (TJNAF, USA) ʧʦ ʚʳʩʦʢʦʪʦʯʥʦʤʫ ʠʟʤʝʨʝʥʠʶ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʩʝʚʜʦʩʢʘʣʷʨʥʳʭ ʤʝʟʦʥʦʚ ʚ ʵʬʬʝʢʪʝ ʇʨʠʤʘʢʦʚʘ. ɺʳʯʠʩʣʝʥʠʷ 

ʩʝʯʝʥʠʡ ʨʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ ʥʘ ʷʜʨʘʭ ʠ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʥʘ ʵʣʝʢʪʨʦʥʝ ʧʨʠ ʵʥʝʨʛʠʷʭ ʬʦʪʦʥʦʚ 5...10 ɻʵɺ. 

- ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʪʷʞʝʣʳʭ  

ʢʚʘʨʢʦʚ (ʯʘʨʤ, ʙʦʪʪʦʤ, ʪʦʧ), ʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʚʘʨʢʦʚ ʠ ɺ-ʤʝʟʦʥʦʚ (ɺ-

ʙʘʨʠʦʥʦʚ) ʚ ʘʜʨʦʥ-ʘʜʨʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʥʘ ʙʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ 

ʢʦʣʣʘʡʜʝʨʝ ʚ ʎɽʈʅʝ. ʀʟʫʯʝʥʠʝ ʧʨʦʷʚʣʝʥʠʷ ʮʚʝʪʦʚʦʡ ʩʠʤʤʝʪʨʠʠ ʂʍɼ ʚ 

ʩʧʝʢʪʨʘʭ ɺ-ʤʝʟʦʥʦʚ. 

ʉʦʜʝʨʞʠʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʠ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ. 
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ʉʝʢʮʠʷ 1. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ  

ʉ1.01. ʄʀʂʈʆʉʂʆʇʀʏɽʉʂʀɽ ʏɽʈʅʓɽ ɼʓʈʓ ʅɸ ʂʆʃʃɸʁɼɽʈɽ LHC 

ʖ.ʄ. ʄʘʣʶʪʘ, ʊ.ɺ. ʆʙʠʭʦʜ 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʯʝʨʥʳʭ ʜʳʨ ʚ ʢʦʥʪʝʢʩʪʝ ʪʝʦʨʠʠ D-ʙʨʘʥ ʠ ʩʫʧʝʨʩʪʨʫʥ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ 

ʯʝʨʥʘʷ ʜʳʨʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʢʚʘʟʠʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʜʚʫʭ D-ʙʨʘʥ, ʩʦʝʜʠʥʝʥʥʳʭ ʩʫʧʝʨʩʪʨʫʥʦʡ. ɽʩʣʠ ʩʫʧʝʨʩʪʨʫʥʘ ʪʘʭʠʦʥʥʘʷ, ʪʦ 

ʯʝʨʥʘʷ ʜʳʨʘ ʩʪʘʙʠʣʴʥʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʯʝʨʥʦʡ 

ʜʳʨʳ. ɼʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʦʚ ʚʳʯʠʩʣʝʥʳ ʩʪʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʦʧʠʩʘʥʳ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʯʝʨʝʟ ʥʠʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ 

ʢʘʢ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʧʦʠʩʢʘʤʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʝʨʥʳʭ ʜʳʨ ʚ ʢʦʣʣʘʙʦʨʘʮʠʠ 

ATLAS ʥʘ ʢʦʣʣʘʡʜʝʨʝ LHC. 

1. P.S. Aspinwail. D-branes on toric Calabi-Yau varieties // arXiv: 0806.2612 

[hep-th]. 

2. S.B. Giddings, M.L. Mangano. Comments on claimed risk from metastable 

dlack holes // arXiv:  0808.4087 [hep-ph].  

 

ʉ1.02. ʄɽɿʆʅ-ʅʋʂʃʆʅʅɸʗ ʉʀʉʊɽʄɸ ʉ ʅɽʃʆʂɸʃʔʅʓʄ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀɽʄ. ʆɼɽʊʓɽ ɻɽʅɽʈɸʊʆʈʓ ɻʈʋʇʇʓ ʇʋɸʅʂɸʈɽ 

ʇ.ɸ. ʌʨʦʣʦʚ, ɺ.ʖ. ʂʦʨʜʘ 

ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʬʠʟʠʢʠ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, 

  ʛ.ʍʘʨʴʢʦʚ 

ɺ ʤʝʟʦʥ-ʥʫʢʣʦʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʦʠʟʚʝʜʝʥʦ ʥʝʣʦʢʘʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʪʨʠʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ ʖʢʘʚʳ ʩ ʧʩʝʚʜʦʩʢʘʣʷʨʥʦʡ ʩʚʷʟʴʶ ʚ 

ʠʤʧʫʣʴʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʢʘʞʜʫʶ ʚʝʨʰʠʥʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʱʝʩʪʚʝʥʥʳʭ ʃʦʨʝʥʮ-ʩʢʘʣʷʨʥʳʭ ʦʙʨʝʟʘʶʱʠʭ ʬʫʥʢʮʠʡ 

(ʬʦʨʤ-ʬʘʢʪʦʨʦʚ). ʉ ʧʦʤʦʱʴʶ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʘʥʘʣʦʛʠʯʥʦʛʦ [1], 

ʛʝʥʝʨʘʪʦʨʳ ʃʦʨʝʥʮ-ʙʫʩʪʦʚ ʚʳʚʝʜʝʥʳ ʠʟ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʘʣʛʝʙʨʳ ʛʨʫʧʧʳ ʇʫʘʥʢʘʨʝ ʚ ʤʛʥʦʚʝʥʥʦʡ ʬʦʨʤʝ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʜʠʥʘʤʠʢʠ. 

ʄʝʪʦʜ ʫʥʠʪʘʨʥʳʭ ʦʜʝʚʘʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ [2,3] ʧʨʠʤʝʥʝʥ ʢ ʦʧʝʨʘʪʦʨʫ 

ɻʘʤʠʣʴʪʦʥʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʥʝʣʦʢʘʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʉ ʧʦʤʦʱʴʶ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʛʝʥʝʨʘʪʦʨʳ ʙʫʩʪʦʚ ʚʳʚʝʜʝʥʳ ʠʟ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʘʣʛʝʙʨʳ ʛʨʫʧʧʳ ʇʫʘʥʢʘʨʝ, ʯʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʝʣʷʪʠʚʠʩʪʩʢʫʶ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʪʝʦʨʠʠ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʦʜʝʚʘʥʠʷ. 

1. H.Kita // Prog. Theor. Phys. 1966, v. 35, p. 934; 1968, v. 39, p. 1332; 1970, 

v. 43, p. 1364; 1972, v. 47, p. 2140; 1972, v. 48, p. 2422. 

2. A.V. Shebeko, M.I. Shirokov // Phys. Part. Nucl.  2001, v. 32, p. 31. 

3. V.Yu. Korda, L. Canton, A.V. Shebeko // Ann. Phys. 2007, v. 322, p. 736. 



 

 

20 

 

ʉ1.03. ʄʆɼɽʃʔʅʆ-ʅɽɿɸɺʀʉʀʄʓʁ ɸʅɸʃʀɿ  ʕʁʈʀ-ʉʊʈʋʂʊʋʈ  

ɺ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʉɽʏɽʅʀʗʍ ʋʇʈʋɻʆɻʆ ʈɸʉʉɽʗʅʀʗ 

 16ʆ+12ʉ ʀ 16ʆ+16O ʇʈʀ ʕʅɽʈɻʀʗʍ 13...22 ʄʵɺ/ʅʋʂʃʆʅ  

ɸ.ʉ. ʄʦʣʝʚ, ɺ.ʖ. ʂʦʨʜʘ, ʃ.ʇ. ʂʦʨʜʘ, ɺ.ʌ. ʂʣʝʧʠʢʦʚ 

ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʬʠʟʠʢʠ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, 

ʛ.ʍʘʨʴʢʦʚ 

ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʴʥʦ-ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʦʜʭʦʜʘ [1], ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʬʦʨʤʘʣʠʟʤʝ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʫʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʝʯʝʥʠʡ 

ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ 16ʆ+12ʉ ʠ 16ʆ+16ʆ ʚ ʦʙʣʘʩʪʠ  ʵʥʝʨʛʠʡ ʥʘʣʝʪʘʶʱʠʭ ʷʜʝʨ 

13...22 ʄʵɺ/ʥʫʢʣʦʥ. ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ S-ʤʘʪʨʠʯʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʠʟʚʣʝʢʘʪʴ ʷʜʝʨʥʫʶ ʯʘʩʪʴ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ ʢʘʢ ʢʦʤʧʣʝʢʩʥʫʶ ʬʫʥʢʮʠʶ 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʠʤʝʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʦ ʷʜʨʦ-ʷʜʝʨʥʦʤ ʨʘʩʩʝʷʥʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʝʯʝʥʠʡ 16ʆ+12ʉ- ʠ 16ʆ+16ʆ-ʨʘʩʩʝʷʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ (ʤʥʠʤʦʡ ʯʘʩʪʠ ʷʜʝʨʥʦʡ ʬʘʟʳ) ʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʷʜʝʨʥʦʡ ʬʘʟʳ, ʷʚʣʷʶʱʠʤʠʩʷ ʧʣʘʚʥʳʤʠ ʤʦʥʦʪʦʥʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ.     

1. V.Yu. Korda, A.S. Molev, L.P. Korda // Phys. Rev. 2005, v. C72, p. 014611. 

 

ʉ1.04. ʉʊʆʍɸʉʊʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ ʀ ʈɸʉʐʀʈɽʅʅɸʗ 

ʉʋʇɽʈʉʀʄʄɽʊʈʀʏʅɸʗ ʂɺɸʅʊʆɺɸʗ ʄɽʍɸʅʀʂɸ 

ɺ.ʇ. ɹʝʨʝʟʦʚʦʡ, ɻ.ʀ. ʀʚʘʰʢʝʚʠʯ 

ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ.ɸ.ʀ. ɸʭʠʝʟʝʨʘ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ (ʌʇ). ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʘ ʩʚʷʟʴ 

ʫʨʘʚʥʝʥʠʷ ʌʇ ʩ ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ N=2 ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʦʡ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʠ (ʉʂʄ) [1], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʘʧʧʘʨʘʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʠ ʩʚʷʟʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ɺ ʨʘʤʢʘʭ ʨʘʩʰʠʨʝʥʥʦʡ N=4 ʉʂʄ [2] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʩʫʱʝʩʪʚʝʥʥʦ-ʥʝʣʠʥʝʡʥʳʭ ʪʦʯʥʦʨʝʰʘʝʤʳʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʩʭʦʜʥʫʶ ʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʣʘ ʚ ʧʦʣʫʯʘʝʤʳʭ ʤʦʜʝʣʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʷʪʴ ʬʦʨʤʫ ʚʭʦʜʷʱʠʭ ʚ ʫʨʘʚʥʝʥʠʝ ʃʘʥʞʝʚʝʥʘ 

ʧʦʪʝʥʮʠʘʣʦʚ. ɼʣʷ Ornstein-Uhlenbeck ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʳ ʩʝʤʝʡʩʪʚʘ ʥʦʚʳʭ 

ʥʝʣʠʥʝʡʥʳʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʚʳʯʠʩʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʪʦʯʥʦʨʝʰʘʝʤʳʭ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
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1. H. Risken. The Fokker-Plank Equation. Methods of Solutions and 

Applications. New York: Springer, 1999, 472 p. 

2. ɺ.ʇ. ɹʝʨʝʟʦʚʦʡ, ɸ.ʀ. ʇʘʰʥʝʚ // ʊʄʌ 1988, ʪ. 74, ʩ. 392.  

 

ʉ1.05. ʉʀɻʅɸʃʀ ʂɺɸʈʂ-ɻʃʖʆʅʅʆɰ ʇʃɸɿʄʀ ɺ ʕʂʉʇɽʈʀʄɽʅʊɯ CBM 

ʄ.ʉ. ɹʦʨʠʩʦʚʘ 

ɯʥʩʪʠʪʫʪ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ.ʂʠʾʚ  

ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʾ ʜʽʘʛʨʘʤʠ ʂʚʘʥʪʦʚʦʾ ʭʨʦʤʦʜʠʥʘʤʽʢʠ ʚ ʦʙʣʘʩʪʽ ʜʫʞʝ 

ʚʠʩʦʢʠʭ ʭʽʤʽʯʥʠʭ ʙʘʨʽʦʥʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʙʫʜʫʪʴ ʧʨʦʚʝʜʝʥʽ ʚ ʨʘʤʢʘʭ 

ʝʢʩʧʝʨʠʤʝʥʪʫ CBM (Compressed Baryonic Matter) ʥʘ ʙʘʟʽ ʤʘʡʙʫʪʥʴʦʛʦ 

ʧʨʠʩʢʦʨʶʚʘʯʘ SIS-300 (ʧʨʦʝʢʪ FAIR, GSI). ɻʦʣʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ CBM ʻ ʚʠʟʥʘʯʝʥʥʷ ʷʜʝʨʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʧʨʠ ʚʠʩʦʢʠʭ ʙʘʨʽʦʥʥʠʭ ʛʫʩʪʠʥʘʭ, ʧʦʰʫʢ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ 

ʧʝʨʰʦʛʦ ʨʦʜʫ ʚʽʜ ʘʜʨʦʥʥʦʾ ʜʦ ʧʘʨʪʦʥʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ʥʘ ʬʘʟʦʚʽʡ ʜʽʘʛʨʘʤʽ. ɽʢʩʧʝʨʠʤʝʥʪ CBM ʷʢ 

ʝʢʩʧʝʨʠʤʝʥʪ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʙʫʜʝ ʦʩʥʘʱʝʥʠʡ ʰʚʠʜʢʠʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʟ 

ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚʠʤʽʨʠ ʟ ʘʜʨʦʥʥʠʭ 

ʪʘ ʣʝʧʪʦʥʥʠʭ ʢʘʥʘʣʽʚ. ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʠʟʘʡʥ ʜʝʪʝʢʪʦʨʘ CBM, ʘʥʘʣʽʟ 

ʩʠʛʥʘʣʽʚ ʧʝʨʝʭʦʜʫ ʜʝʢʦʥʬʘʡʥʤʝʥʪʘ ʪʘ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʚʝʣʠʯʠʥ, ʧʽʜʭʦʜʷʱʠʭ ʚ ʷʢʦʩʪʽ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʨʦʙ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʾ ʧʣʘʟʤʠ. 

 

ʉ1.06. ʈɽɼɾɽɿɸʎʀʗ ɺ ʈɸʉʉɽʗʅʀʀ ʂɺɸʈʂɸ ʅɸ ʂɺɸʈʂɽ ʅɸɿɸɼ  

ʇʈʀ ɺʓʉʆʂʆʁ ʕʅɽʈɻʀʀ 

ʅ.ɺ. ɹʦʥʜʘʨʝʥʢʦ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʨʝʜʞʝʟʘʮʠʠ ʚ ʨʘʩʩʝʷʥʠʠ ʢʚʘʨʢʘ ʥʘ ʢʚʘʨʢʝ ʥʘʟʘʜ ʠ 

ʨʝʟʫʣʴʪʘʪ ʂʠʨʰʥʝʨʘ-ʃʠʧʘʪʦʚʘ ʚ ʛʣʘʚʥʦʤ ʜʚʘʞʜʳ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ [1-3]. ʌʦʨʤʫʣʠʨʫʝʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʣʝʩʪʥʠʯʥʦʡ ʘʤʧʣʠʪʫʜʳ ʚ 

ʪʝʨʤʠʥʘʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʩʚʝʪʦʚʦʛʦ ʢʦʥʫʩʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʩʝʷʥʠʷ ʥʘʟʘʜ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʙʘʨʠʦʥ-ʙʘʨʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʵʬʬʝʢʪʳ ʨʝʜʞʝʟʘʮʠʠ ʜʦʞʥʳ 

ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʧʦʣʥʫʶ ʩʠʣʫ ʥʘʯʠʥʘʷ ʩ 50 ɻʵɺ. 

1. R. Kirschner // Yad. Fiz. 1981, v. 34, p. 546; Phys. Lett. 1981, v. B98, p. 451. 

2. R. Kirschner, L.N. Lipatov // Zh.E.T.F. 1982, v. 83, p. 488; Phys. Rev. 1982, 

v. D26, p. 1202; Nucl. Phys. 1983, B213, p. 122. 

3. M.V. Bondarenco // arXiv: 0812.2886 [hep-ph]. 
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ʉ1.07. ʀɿɺʃɽʏɽʅʀɽ ʋɻʃʆɺ ʋʅʀʊɸʈʅʆɻʆ ʊʈɽʋɻʆʃʔʅʀʂɸ  

ʀɿ ʈɸʉʇɸɼʆɺ B0
dŸń* 0K* 0 ʀ B0dŸD* 0K* 0 

ɺ.ɸ. ʂʦʚʘʣʴʯʫʢ 

ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ.ɸ.ʀ. ɸʭʠʝʟʝʨʘ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʝʥʠ-ʟʘʚʠʩʠʤʳʡ ʫʛʣʦʚʦʡ ʘʥʘʣʠʟ ʢʘʩʢʘʜʥʳʭ ʨʘʩʧʘʜʦʚ 

B0
d(t)Ÿń*

0/D* 0(Ÿń0/D0(Ÿg)ˊ0)K* 0(ŸKŚ
0), 

B0
d(t)Ÿń*

0/D* 0(Ÿń0/D0(Ÿĵ)ˊ0)K* 0(ŸKŚ
0), 

B0
d(t)Ÿń*

0/D* 0(Ÿń0/D0(Ÿg)ɔ  )K* 0(ŸKŚ
0), 

B0
d(t)Ÿń*

0/D* 0(Ÿń0/D0(Ÿĵ)ɔ  )K* 0(ŸKŚ
0), 

ʛʜʝ gſK* +K- (ĵſK* -K+), ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʩʣʘʙʫʶ ʬʘʟʫ ɔ ʠ ʫʛʦʣ Ŭ 

ʫʥʠʪʘʨʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʙʝʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ 

ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʭʦʜʦʚ  B0
dŸń*

0K* 0 ʠ B0
dŸD* 0K* 0. 

 

ʉ1.08. ʆɹʈɸɿʆɺɸʅʀɽ ʇɸʈ ɻʃʖʆʅʆɺ  

ɺ ʂɺɸʅʊʆɺʆʁ ʍʈʆʄʆɼʀʅɸʄʀʂɽ 

ʅ.ɺ. ʂʨʫʧʠʥʘ1, A.ʖ. ʂʦʨʯʠʥ2 
1 ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ;  

2ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʳ ʛʣʶʦʥʦʚ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʢʚʘʨʢʘ ʠ 

ʘʥʪʠʢʚʘʨʢʘ  ʠ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʢ-ʘʥʪʠʢʚʘʨʢʦʚʦʡ ʧʘʨʳ ʧʨʠ 

ʩʪʦʣʢʥʦʚʝʥʠʠ ʜʚʫʭ ʛʣʶʦʥʦʚ ʨʘʩʩʯʠʪʘʥʳ ʚ ʨʘʤʢʘʭ ʧʝʨʪʫʨʙʘʪʠʚʥʦʡ ʂʍɼ. 

ʇʦʣʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʠ ʧʦʣʥʳʝ ʩʝʯʝʥʠʷ ʜʘʥʥʳʭ 

ʨʝʘʢʮʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʤʘʩʩʦʡ ʢʚʘʨʢʦʚ ʚ ʢʚʘʨʢʦʚʳʭ 

ʧʨʦʧʘʛʘʪʦʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʢʦʣʣʠʥʝʘʨʥʳʭ ʨʘʩʭʦʜʠʤʦʩʪʝʡ ʠʣʠ ʤʘʩʩʦʚʳʭ 

ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ (ʧʨʠ ʫʛʣʘʭ ʨʘʩʩʝʷʥʠʷ ɗ = 0 ʠ ɗ = ˊ), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ  

ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʭʦʜʷʱʠʤʩʷ ʧʦʣʥʳʤ ʩʝʯʝʥʠʷʤ. ʇʨʠ ʫʯʝʪʝ ʤʘʩʩ ʢʚʘʨʢʦʚ ʧʦʣʥʳʝ 

ʩʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʟʘʚʠʩʷʪ ʦʪ ʤʘʩʩʳ ʢʚʘʨʢʘ, ů ~ s-1 ln(s/m2
q),  

ʯʪʦ ʦʪʨʘʞʘʝʪ ʚʳʰʝʫʧʦʤʷʥʫʪʫʶ ʤʘʩʩʦʚʫʶ ʩʠʥʛʫʣʷʨʥʦʩʪʴ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, 

ʧʦʣʥʳʝ ʩʝʯʝʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʢʚʘʨʢʘ.   

 

ʉ1.09. ʉʄɽʐɸʅʅʓɽ ʉʇʀʅʆɺʓɽ ʉʆʉʊʆʗʅʀʗ ɺ ʉʀʉʊɽʄɽ (Qq) 

ʀ.ʀ. ɻʘʡʩʘʢ1, ɺ.ʀ. ɾʘʙʘ1, ʇ. ʄʫʨʠʥ2 

1ʋʞʛʦʨʦʜʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʋʞʛʦʨʦʜ, ʋʢʨʘʠʥʘ; 
2ʋʥʠʚʝʨʩʠʪʝʪ ʇ.ʁ. ʐʘʬʘʨʠʢʘ, ʛ.ʂʦʰʠʮʝ, ʉʣʦʚʘʢʠʷ 

ɺ ʨʘʤʢʘʭ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʤʝʰʘʥʥʳʭ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʚ qQ-ʩʠʩʪʝʤʘʭ. 

ʉʤʝʰʠʚʘʥʠʝ ʩʠʥʛʣʝʪʥʦʡ ʠ ʪʨʠʧʣʝʪʥʦʡ ʩʧʠʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ʦʙʫʩʣʦʚʣʝʥʦ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʪʝʥʮʠʘʣʘ ʢʚʘʨʢ-

ʢʚʘʨʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʘʥʘʣʦʛʦʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʜʣʷ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʜʝʡʪʨʦʥʘ, 
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ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʜʚʝ ʦʨʙʠʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʣʘʛʦʜʘʨʷ ʪʝʥʟʦʨʥʳʤ ʥʫʢʣʦʥ-

ʥʫʢʣʦʥʥʳʤ ʩʠʣʘʤ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʥʘ 

ʩʚʷʟʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʩʪʨʘʥʥʳʭ ʤʝʟʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʢʚʘʨʢ-ʢʚʘʨʢʦʚʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚʟʷʪ ʢʦʨʥʝʣʴʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʦ ʩʤʝʰʘʥʥʦʡ ʃʦʨʝʥʮ-ʩʪʨʫʢʪʫʨʦʡ. 

ɼʣʷ ʤʦʜʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʪʦʣʴʢʦ ʢʫʣʦʥʦʚʫ ʢʦʤʧʦʥʝʥʪʫ, 

ʥʘʡʜʝʥʦ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ. ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʧʝʢʪʨʘ ʠ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ 

ʤʦʜʝʣʠ ʩ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʠ ʯʠʩʣʝʥʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʜʣʷ ʨʝʘʣʠʩʪʠʯʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. 

 

ʉ1.10. ɼʆʉʃɯɼɾɽʅʅʗ ʊʆʅʂʆɰ ʉʊʈʋʂʊʋʈʀ ɽʅɽʈɻɽʊʀʏʅʆɻʆ 

ʉʇɽʂʊʈʋ ʇɸʈʅʆ-ʇɸʈʅʀʍ ʗɼɽʈ ɺ ɸɼɯɸɹɸʊʀʏʅʆʄʋ ʅɸɹʃʀɾɽʅʅɯ 

ʈ.ʄ. ʇʣʝʢʘʥ, ɺ.ʖ. ʇʦʡʜʘ, ɯ.ɺ. ʍʽʤʽʯ 

ʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ.ʋʞʛʦʨʦʜ 

ʋ ʨʘʤʢʘʭ ʘʜʽʘʙʘʪʠʯʥʦʾ ʪʨʠʯʘʩʪʠʥʢʦʚʦʾ ʤʦʜʝʣʽ ʷʜʨʘ [1-3] ʧʨʦʚʝʜʝʥʦ 

ʪʝʦʨʝʪʠʯʥʠʡ ʦʧʠʩ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ ʧʘʨʥʦ-ʧʘʨʥʦʛʦ ʷʜʨʘ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ 

ʷʢ ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʩʪʦʚʘ ʽ ʜʚʦʭ ʚʘʣʝʥʪʥʠʭ ʥʫʢʣʦʥʽʚ. 

ɺ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʣʝʞʠʪʴ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʘʜʽʘʙʘʪʠʯʥʠʡ 

ʭʘʨʘʢʪʝʨ ʢʦʨʝʣʴʦʚʘʥʦʛʦ ʨʫʭʫ ʚʘʣʝʥʪʥʠʭ ʥʫʢʣʦʥʽʚ ʫ ʷʜʨʽ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʧʨʦʽʣʶʩʪʨʦʚʘʥʘ ʥʘ ʧʨʠʢʣʘʜʽ 

ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʥʠʟʴʢʦʣʝʞʘʯʠʭ ʟʙʫʜʞʝʥʠʭ 

ʩʪʘʥʽʚ ʮʽʣʦʛʦ ʨʷʜʫ ʧʘʨʥʦ-ʧʘʨʥʠʭ ʷʜʝʨ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʝʥʝʨʛʽʡ ʩʧʘʨʶʚʘʥʥʷ 

ʚʘʣʝʥʪʥʠʭ ʥʫʢʣʦʥʽʚ. ɿôʷʩʦʚʘʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʟʘʣʠʰʢʦʚʦʾ ʚʟʘʻʤʦʜʽʾ 

ʚʘʣʝʥʪʥʠʭ ʥʫʢʣʦʥʽʚ ʤʘʻ ʤʽʩʮʝ ʪʦʥʢʘ ʩʪʨʫʢʪʫʨʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ E(J) ʧʦ 

ʩʫʤʘʨʥʦʤʫ ʢʫʪʦʚʦʤʫ ʤʦʤʝʥʪʫ ʷʜʨʘ. 

1. ʄ.ʄ. ʂʘʧʫʩʪʝʡ, ʈ.ʄ. ʇʣʝʢʘʥ, ɺ.ʖ. ʇʦʡʜʘ, ɯ.ɺ. ʍʽʤʽʯ // ʋʌɾ. 2001, 

ʪ. 46, ʩ. 524. 

2. I.V. Khimich, R.M. Plekan, V.Yu. Pojda // Rad. Phys. Chem. 2003, ʪ. 68, 

ʩ. 159. 

3. ʈ.ʄ. ʇʣʝʢʘʥ, ɺ.ʖ. ʇʦʡʜʘ, ɯ.ɺ. ʍʽʤʽʯ // ʋʌɾ. 2004, ʪ. 49, ʩ. 743.      

 

ʉ1.11. ʋɼɸʃɽʅʅʓʁ ɸʅɸʃʀɿ ɼɸʅʅʓʍ ʕʂʉʇɽʈʀʄɽʅʊɸ  

CMS (ʎɽʈʅ) ɺ ʉʈɽɼɽ WLCG 

ʉ.ʊ. ʃʫʢʴʷʥʝʥʢʦ, ʃ.ɻ. ʃʝʚʯʫʢ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʩ ʢʦʣʣʘʡʜʝʨʘ LHC (ʎɽʈʅ) ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʛʨʠʜ-ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʷ ʨʝʩʫʨʩʳ ñʚʩʝʤʠʨʥʦʛʦ 

LHC-ʛʨʠʜò (WLCG). ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ CMS ʪʘʢʦʡ ʘʥʘʣʠʟ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʚʳʧʦʣʥʷʪʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ñCMS Remote Analysis 

Builderò (CRAB), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʷʟʫʶʱʝʝ ʟʚʝʥʦ ʤʝʞʜʫ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʧʨʦʛʨʘʤʤʦʡ ʘʥʘʣʠʟʘ, ʟʘʧʫʱʝʥʥʦʡ ʩ ʣʦʢʘʣʴʥʦʛʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʟʣʘ (ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ, ʥʘʧʨʠʤʝʨ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ 
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ʢʦʤʧʣʝʢʩʫ ʅʅʎ ʍʌʊʀ), ʠ ʫʜʘʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ 

ʦʩʥʦʚʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʟʘʧʫʩʪʠʪʴ ʟʘʜʘʯʫ, 

ʨʝʘʣʠʟʫʶʱʫʶ ʥʝʢʦʪʦʨʳʡ ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ, ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʫʟʝʣ WLCG, ʠʤʝʶʱʠʡ ʤʘʩʩʠʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʘʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʈʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʚ ʩʨʝʜʝ WLCG, 

ʦʪʧʨʘʚʣʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ CRAB. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ CRAB 

ʨʘʩʩʤʦʪʨʝʥ ʘʥʘʣʠʟ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʚ 

ʩʝʘʥʩʘʭ ʤʘʩʩʦʚʦʡ ʛʝʥʝʨʘʮʠʠ ʩʦʙʳʪʠʡ, ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʤʘʩʩʠʚʥʦʛʦ ʙʦʟʦʥʘ 

ʍʠʛʛʩʘ ʧʦ ʝʛʦ ʨʘʩʧʘʜʘʤ H0ŸZ0Z0Ÿʝ+ʝ-(ɛ+ɛ-)+ɜôɜ. 

 

ʉ1.12. ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʍɸʅʀɿʄɸ ʈɽɸʂʎʀʀ 16ʆ(ɔ,4Ŭ)  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʊʈɽʍ- ʀ ʏɽʊʓʈɽʍʋɻʆʃʔʅʓʍ 

ʌɽʁʅʄɸʅʆɺʉʂʀʍ  ɼʀɸɻʈɸʄʄ  

ɺ.ʅ. ɻʫʨʴʝʚ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ. ʍʘʨʴʢʦʚ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ 16ʆ(ɔ,4Ŭ) ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʬʦʪʦʥʦʚ 

15...45 ʄʵɺ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʬʝʡʥʤʘʥʦʚʩʢʠʭ 

ʜʠʘʛʨʘʤʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʦʪʦʥʦʚ ʩ ʢʣʘʩʪʝʨʘʤʠ ʷʜʝʨ 8ɺʝ ʠ 12ʉ. 

ʇʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʨʝʟʦʥʘʥʩʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʳʭ ʩʝʯʝʥʠʡ ʨʝʘʢʮʠʠ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʤʧʣʠʪʫʜ 

ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʜʠʘʛʨʘʤʤ ʠ ʩʧʝʢʪʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʝʨ 8ɺʝ ʠ 12ʉ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʧʦ ʥʠʤ ʦʮʝʥʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʵʤʫʣʴʩʠʡ ʥʘ ʧʫʯʢʘʭ ʪʦʨʤʦʟʥʳʭ 

ʬʦʪʦʥʦʚ. ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʢʦʨʥʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʨʝʫʛʦʣʴʥʳʭ ʜʠʘʛʨʘʤʤ ʚ ʚʠʜʝ ñʧʨʠʟʨʘʢʦʚò ʷʜʝʨ 8ɺʝ, 8ɺʝ* ʠ  12ʉ* ʚ ʩʠʩʪʝʤʘʭ 

ʚʦʟʙʫʞʜʝʥʠʷ  2Ŭ- ʠ 3Ŭ-ʯʘʩʪʠʮ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ Ŭ-ʯʘʩʪʠʮ ʚ ʬʦʪʦʥʥʳʭ ʚʝʨʰʠʥʘʭ  ʪʨʝʫʛʦʣʴʥʳʭ 
8ɺʝ ʠ 12ʉ  ʜʠʘʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʤ ʚʢʣʘʜʝ ʪʘʢʞʝ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʢʘʥʘʣʘ 16ʆ(ɔ,2Ț8ɺʝ)2Ț8ɺʝ. 

 

ʉ1.13. ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʕʃɽʄɽʅʊʆɺ 

ɺʆʃʅʆɺʆɼʅʆɻʆ ʊʈɸʂʊɸ ʉʀʉʊɽʄʓ ʅɸʂɸʏʂʀ ʇʆʃʗʈʀɿɸʎʀʀ  

ɼʃʗ ʇʆʃʗʈʀɿʆɺɸʅʅʆʁ ʇʈʆʊʆʅʅʆʁ ʄʀʐɽʅʀ  

ʕʂʉʇɽʈʀʄɽʅʊɸ ʉʇɸʉʏɸʈʄ 

ɸ.ɸ. ɹʝʣʷʝʚ, ɸ.ɸ. ʃʫʭʘʥʠʥ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʩʪʝʥʜ ʚ ʀʌɺʕʗʌ ʅʅʎ ʍʌʊʀ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʚʦʣʥʦʚʦʜʥʦʛʦ ʪʨʘʢʪʘ ʜʠʘʧʘʟʦʥʘ 70 ɻɻʮ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʤʦʱʥʦʩʪʴʶ 100 ʤɺʪ, ʤʦʜʫʣʷʪʦʨʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʤʦʱʥʦʩʪʠ, ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠ ʨʘʟʚʷʟʳʚʘʶʱʝʛʦ 

ʘʪʪʝʥʶʘʪʦʨʦʚ, ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʣʠʥʠʠ ʈ1-40, ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʠʢʨʦʚʦʣʴʪʤʝʪʨʘ ʠ 
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ʜʨʫʛʠʭ ʧʨʠʙʦʨʦʚ. ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ ʚ 

ʚʦʣʥʦʚʦʜʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʣʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʚ 

ʦʙʣʘʩʪʠ ʩʚʝʨʭʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʜʣʷ ʧʝʨʝʜʘʯʠ ɺʏ ʤʦʱʥʦʩʪʠ ʥʘ ʦʩʥʦʚʥʳʭ 

ʪʠʧʘʭ ʚʦʣʥ ʚ ʢʨʫʛʣʳʭ ʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʦʣʥʦʚʦʜʘʭ. ʇʨʝʜʣʦʞʝʥ 

ʚʦʣʥʦʚʦʜʥʳʡ ʪʨʘʢʪ ʜʣʷ ʩʠʩʪʝʤʳ ʥʘʢʘʯʢʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ 

ʧʨʦʪʦʥʥʦʡ ʤʠʰʝʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʉʇɸʉʏɸʈʄ (ʛ.ʇʨʦʪʚʠʥʦ, ʈʦʩʩʠʷ), ʩ ʤʘʣʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʧʦʣʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʪʫʭʘʥʠʷ ɺʏ ʤʦʱʥʦʩʪʠ ʥʝ 

ʙʦʣʝʝ 5.3 ʜɹ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ˉ 37/30 ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʦʝʢʪʘ 

ʅɸʅ ʋʢʨʘʠʥʳ ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʉ1.14. ʕʅɽʈɻɽʊʀʏɽʉʂʆɽ ʀ ʋɻʃʆɺʆɽ ʈɸʉʇʈɽɼɽʃɽʅʀʗ Ŭ-ʏɸʉʊʀʎ  

ɺ ʈɽɸʂʎʀʀ 12C(ɔ,3Ŭ) 

ʉ.ʅ. ɸʬʘʥʘʩʴʝʚ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʘʢʮʠʠ ʧʦʣʥʦʛʦ Ŭ-ʯʘʩʪʠʯʥʦʛʦ 

ʬʦʪʦʨʘʩʱʝʧʣʝʥʠʷ ʷʜʨʘ ʫʛʣʝʨʦʜʘ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʠʜʝʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʪʘʧʝ ʷʜʨʘ 8Be ʚ ʦʩʥʦʚʥʦʤ ʠʣʠ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ï 12C(ɔ,Ŭ)8Be*. ʇʦʩʪʨʦʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʷʜʨʘ 8Be ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʝʛʦ ʚ 

ʨʘʟʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʜʛʦʥʦʯʥʳʝ ʬʫʥʢʮʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʨʘʩʯʝʪʦʚ ʨʘʩʧʘʜʘ  
8Be(Jˊ) Ÿ 2Ŭ (0+). 

ʀʟʤʝʨʝʥʳ ʧʘʨʮʠʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʢʘʥʘʣʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʷʜʨʘ 8Be [1]. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʷʜʨʘ 8ɺʝ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʫʟʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʵʥʝʨʛʠʠ ɔ-ʢʚʘʥʪʘ, ʘ ʧʘʨʮʠʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʠʤʝʶʪ 

ʨʝʟʦʥʘʥʩʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʩʦʩʪʘʚʥʦʛʦ ʷʜʨʘ 12C*. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʘʚʥʦʛʦ ʷʜʨʘ 
12C ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʨʘʤʢʘʭ ʜʠʘʛʨʘʤʤ ɼʘʣʠʪʮʘ. ʉʨʘʚʥʝʥʠʝ ʩ ʨʘʩʯʝʪʦʤ [2] ʧʦʟʚʦʣʠʣʦ 

ʦʧʨʝʜʝʣʠʪʴ ʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʦʚʥʝʡ ʷʜʨʘ 12C J0
ˊ. 

ʀʟʤʝʨʝʥʳ ʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ŭ-ʯʘʩʪʠʮʳ ʚ ʧʨʦʮʝʩʩʝ 
12C(J0

ˊ)ŸŬ(0+)+8Be(Jˊ). ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʜʦʛʥʘʥʳ ʧʦʣʠʥʦʤʘʤʠ 

ʃʝʞʘʥʜʨʘ. ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʚʠʜʘ ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ Ŭ-ʯʘʩʪʠʮʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʘʤʧʣʠʪʫʜʫ, ʩʦʛʣʘʩʫʶʱʫʶʩʷ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʩʪʘʚʥʦʛʦ ʷʜʨʘ 12C* ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ. 

1. ʉ.ʅ. ɸʬʘʥʘʩʴʝʚ, ɸ.ʌ. ʍʦʜʷʯʠʭ // ʗʜʝʨʥʘʷ ʬʠʟʠʢʘ 2008, ʪ. 71, ʩ. 1859-

1869. 

2. C. Jacquot, Y. Sakamoto, M. Jung, L. Girardin // Nucl. Phys. A 1973. v. 201, 

p. 247-263. 
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ʉ1.15. ʄʅʆɻʆʏɸʉʊʀʏʅʆɽ ʈɸʉʑɽʇʃɽʅʀɽ ʗɼʈɸ 4ʅʝ  

ʃʀʅɽʁʅʆ ʇʆʃʗʈʀɿʆɺɸʅʅʓʄʀ ʌʆʊʆʅɸʄʀ 

ɼ.ɺ. ɻʫʱʠʥ, ʀ.ɺ. ɼʦʛʶʩʪ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ɺ ʩʚʷʟʠ c ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩʦ ʩʪʨʠʤʝʨʥʦʡ 

ʢʘʤʝʨʦʡ ʩ ʮʠʬʨʦʚʳʤ ʩʲʝʤʦʤ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʧʫʯʢʘʭ ʬʦʪʦʥʦʚ 

ʧʨʦʚʝʜʝʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʡ 
4ʅʝ(ɔ,pn). ʆʙʨʘʙʦʪʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʥʝʝ  ʤʝʪʦʜʦʤ ʩʪʨʠʤʝʨʥʦʡ ʢʘʤʝʨʳ ʥʘ 

ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʧʫʯʢʝ ʬʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʚ ʧʠʢʝ 40, 60 ʠ 80 ʄʵɺ 

ʩʦʙʳʪʠʷ ʩ ʚʳʭʦʜʦʤ ʧʨʦʪʦʥ-ʥʝʡʪʨʦʥʥʳʭ ʧʘʨ. ʇʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʝʯʝʥʠʷ 

ʨʝʘʢʮʠʠ 4ʅʝ(ɔ,pn) ʦʪ ʵʥʝʨʛʠʠ ɔ-ʢʚʘʥʪʦʚ. ʇʫʯʦʢ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʬʦʪʦʥʦʚ ʧʦʣʫʯʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʂʊʀ) 

ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʠʰʝʥʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʧʫʯʢʘʭ ʬʦʪʦʥʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʤʫ ʫʛʣʫ  ʠʟʦʪʨʦʧʥʳ, ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ɔ-ʢʚʘʥʪʦʚ ʧʦʜʦʙʥʳʝ  ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ. 

ʇʨʠʚʝʜʝʥʳ ʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 4ʅʝ(ɔ,pn) ʧʨʠ 

ʵʥʝʨʛʠʷʭ ɔ- ʢʚʘʥʪʦʚ 40 ʠ 60 ʄʵɺ. 

 

ʉ1.16. ʉʆʉʊʆʗʅʀɽ ɼɽʃ ʇʆ ʇʆɼɻʆʊʆɺʂɽ ʂ ʕʂʉʇɽʈʀʄɽʅʊʋ 

ʄɸɻʅʀʊʅʆɻʆ ʉʇɽʂʊʈʆʄɽʊʈɸ ʅɸ ɹɸɿɽ ʉʊʈʀʄɽʈʅʆʁ ʂɸʄɽʈʓ  

ʉ ʎʀʌʈʆɺʓʄ ʉʒɽʄʆʄ ʀʅʌʆʈʄɸʎʀʀ  

ʅɸ ɺʓʍʆɼɽ ʋʉʂʆʈʀʊɽʃʔʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ʃʋʕ-360  

ʉ.ʅ. ɸʬʘʥʘʩʴʝʚ, ɸ.ʃ. ɹʝʩʧʘʣʦʚ, ɽ.ʉ. ɻʦʨʙʝʥʢʦ, ɼ.ɺ. ɻʫʱʠʥ,  

ʀ.ɺ. ɼʦʛʶʩʪ, ʖ.ɺ. ɾʝʙʨʦʚʩʢʠʡ, ɸ.ɸ. ɿʳʙʘʣʦʚ, ʈ.ʊ. ʄʫʨʪʘʟʠʥ, 

ɺ.ʌ. ʇʦʧʦʚ, ʇ.ɺ. ʉʦʨʦʢʠʥ, ɸ.ʌ. ʍʦʜʷʯʠʭ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʯʘʩʪʠʯʥʳʭ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠ 

ʵʥʝʨʛʠʠ ɔ-ʢʚʘʥʪʦʚ ʜʦ 60 ʄʵɺ ʩʦʟʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʙʘʟʝ 

ʪʨʝʢʦʚʦʛʦ 4ˊ-ʜʝʪʝʢʪʦʨʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʙʳʩʪʨʳʤ ʮʠʬʨʦʚʳʤ ʩʲʝʤʦʤ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʦʠʟʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩʦ ʩʪʨʠʤʝʨʥʦʡ 

ʢʘʤʝʨʦʡ (ʉʂ): ʠʟʤʝʥʝʥʦ ʨʘʟʤʝʱʝʥʠʝ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʤʘʛʥʠʪʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ; ʧʨʦʚʝʜʝʥʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦ-ʥʘʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ 

ʠʤʧʫʣʴʩʦʚ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ɻʀʅ); ʠʟʛʦʪʦʚʣʝʥʳ ʥʦʚʦʝ ʬʦʨʤʠʨʫʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʥʦʚʳʝ ʢʦʨʧʫʩ ʠ 

ʵʣʝʢʪʨʦʜʳ ʉʂ, ʥʦʚʳʡ ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʤʧʫʣʴʩʘ; ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ, ʦʪʣʘʞʝʥʘ ʠ ʠʩʧʳʪʘʥʘ ʩʠʩʪʝʤʘ 

ʛʘʟʦʦʙʝʩʧʝʯʝʥʠʷ ʉʂ; ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ, ʠʟʛʦʪʦʚʣʝʥ ʠ ʦʪʣʘʞʝʥ ʪʝʣʝʩʢʦʧ 

ʩʮʠʥʪʠʣʷʮʠʦʥʥʳʭ ʩʯʝʪʯʠʢʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʙʘʟʝ ʩʮʠʥʪʠʣʷʮʠʦʥʥʳʭ ʪʘʡʣʦʚ 
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ʩʦ ʩʚʝʪʦʧʝʨʝʜʘʯʝʡ ʧʦ ʰʠʬʪʝʨʥʳʤ ʚʦʣʦʢʥʘʤ ʜʣʷ ʟʘʧʫʩʢʘ ʉʂ ʦʪ ʢʦʩʤʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʣʘʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʉʂ. ʉʲʝʤʢʘ 

ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩʪʝʨʝʦʬʦʪʦʘʧʧʘʨʘʪʦʤ ʩ ʪʨʝʤʷ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤʠ 

ʮʠʬʨʦʚʳʤʠ ʢʘʤʝʨʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʚʝʨʰʠʥʘʭ ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ. ʇʨʦʚʝʜʝʥ ʧʦʠʩʢ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ʉʦʟʜʘʥ ʩʪʝʥʜ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʨʘʩʯʝʪʘ ʦʧʪʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ 

ʩʪʝʨʝʦʬʦʪʦʘʧʧʘʨʘʪʘ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʩʪʦʨʩʠʠ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʝʩʪʦʚʦʡ 

ʬʦʪʦʢʘʤʝʨʳ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʬʘʡʣʦʚ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʪʨʝʢʦʚ. 

 

ʉ1.17. ʆɹʄɽʅ ɼɸʅʅʓʄʀ ɺ ʕʂʉʇɽʈʀʄɽʅʊɽ CMS ʀ ʈɸɹʆʊɸ  

ʂʆʄʇʃɽʂʉɸ PHEDEX ʅɸ ʂʃɸʉʊɽʈɽ ʅʅʎ ʍʌʊʀ 

ʆ.ʆ. ɹʫʥʝʮʢʠʡ, ʉ.ʉ. ɿʫʙ, ɸ.ʉ. ʇʨʠʩʪʘʚʢʘ, ɼ.ɺ. ʉʦʨʦʢʘ, ʇ.ɺ. ʉʦʨʦʢʠʥ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ CMS ʠ 

ʩʝʨʪʠʬʠʢʘʮʠʠ (commissioning) ʢʘʥʘʣʘ ʩʚʷʟʠ ʢʣʘʩʪʝʨʘ ʅʅʎ ʍʌʊʀ. ɼʘʝʪʩʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʨʘʥʩʬʝʨʪʥʳʭ ʩʩʳʣʦʢ ʤʝʞʜʫ ʷʨʫʩʘʤʠ CMS/WLCG 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʫʨʦʚʥʝʡ ʛʦʪʦʚʥʦʩʪʠ ʮʝʥʪʨʘ ʢ ʩʝʨʪʠʬʠʢʘʮʠʠ. ʆʮʝʥʠʚʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʢʘʥʘʣʘ 

ʩʚʷʟʠ, ʨʘʙʦʪʘ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ (SE)  ʠ srm ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʪ.ʝ. SRM, gfip) 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɺʂ) ʅʅʎ ʍʌʊʀ. ʆʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʥʘʣʘʜʢʠ 

ʩʣʫʞʙʳ PhEDEx ʠ ʝʝ ʤʦʥʠʪʦʨʠʥʛ ʚ CMS. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʫʞʙ PhEDEx ʠ SRM ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʭʨʘʥʠʣʠʱʝʤ ʜʘʥʥʳʭ ɺʂ ʅʅʎ ʍʌʊʀ ʠ ʎɽʈʅ. 

 

ʉ1.18. ʉʊʈʋʂʊʋʈɸ ɺʓʏʀʉʃʀʊɽʃʔʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ʅʅʎ ʍʌʊʀ: 

ʕʃɽʂʊʈʆʅʅʓʁ ʂɸʊɸʃʆɻ ʆɹʆʈʋɼʆɺɸʅʀʗ  

ʆ.ʆ. ɹʫʥʝʮʢʠʡ, ʉ.ʉ. ɿʫʙ, ʉ.ʊ. ʃʫʢʴʷʥʝʥʢʦ, ʃ.ɻ. ʃʝʚʯʫʢ,  

ɼ.ɺ. ʉʦʨʦʢʘ, ɸ.ʉ. ʇʨʠʩʪʘʚʢʘ, ʇ.ɺ. ʉʦʨʦʢʠʥ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ɺʂ) ʅʅʎ ʍʌʊʀ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ. ʇʦʤʠʤʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʜʘʯ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʅʅʎ 

ʍʌʊʀ, ʦʥ ʷʚʣʷʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ,  ʨʝʛʠʦʥʘʣʴʥʳʤ ʛʨʠʜ-ʮʝʥʪʨʦʤ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ɹʦʣʴʰʦʛʦ ʘʜʨʦʥʥʦʛʦ 

ʢʦʣʣʘʡʜʝʨʘ (ʎɽʈʅ), ʘ ʩ ʜʨʫʛʦʡ ï ʫʟʣʦʤ ʋʢʨʘʠʥʩʢʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʛʨʠʜʘ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ɺʂ ʅʅʎ ʍʌʊʀ ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, 

ʦʙʲʝʜʠʥʷʶʱʠʤ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʝʡ ʘʨʭʠʪʝʢʪʫʨʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʫʟʣʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʴ ʵʪʠʭ ʫʟʣʦʚ (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʫʟʣʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 
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ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʩ ʩʫʤʤʘʨʥʦʡ ʝʤʢʦʩʪʴʶ ʜʠʩʢʦʚʳʭ ʤʘʩʩʠʚʦʚ ~45 ʊɹʘʡʪ) 

ʚʳʜʝʣʝʥʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʝʨʚʝʨʥʳʭ ʬʫʥʢʮʠʡ. ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʠʤʝʶʱʝʤʫʩʷ ʦʙʦʨʫʜʦʚʘʥʠʶ ɺʂ ʅʅʎ ʍʌʊʀ ʨʘʟʨʘʙʦʪʘʥ 

ʵʣʝʢʪʨʦʥʥʳʡ ʢʘʪʘʣʦʛ ʝʛʦ ʘʧʧʘʨʘʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʥʠʷ 

ʢʘʪʘʣʦʛʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʛʣʷʜʥʳʡ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ. 

 

ʉ1.19. ʄʆʅʀʊʆʈʀʅɻ ʈɸɹʆʊʓ ʉʊʈʋʂʊʋʈʅʓʍ ʕʃɽʄɽʅʊʆɺ  

ɺʂ ʅʅʎ ʍʌʊʀ 

ʆ.ʆ. ɹʫʥʝʮʢʠʡ, ʉ.ʉ. ɿʫʙ, ʉ.ʊ. ʃʫʢʷʥʝʥʢʦ, ʃ.ɻ. ʃʝʚʯʫʢ,  

ɼ.ɺ. ʉʦʨʦʢʘ, ɸ.ʉ. ʇʨʠʩʪʘʚʢʘ, ʇ.ɺ. ʉʦʨʦʢʠʥ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʅʘ ʙʘʟʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɺʂ) ʅʅʎ ʍʌʊʀ ʩʦʟʜʘʝʪʩʷ 

ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʨʠʜ-ʮʝʥʪʨ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

CMS (ʎɽʈʅ). ɺʳʧʦʣʥʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʥʘʜʝʞʥʦʩʪʠ ʫʟʣʦʚ ɺʂ ʠ ʝʛʦ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʧʦʤʝʱʝʥʠʠ ɺʂ ʅʅʎ ʍʌʊʀ. ʊʘʢʦʡ 

ʤʦʥʠʪʦʨʠʥʛ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʪʦʯʥʠʢʦʚ 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ (ʀɹʇ) APC Smart UPS RT 5000. ʆʙʩʫʞʜʘʝʪʩʷ 

ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ ʚ RAID ʤʘʩʩʠʚʘʭ ʜʠʩʢʦʚʦʛʦ 

ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤ 

ʦʧʦʚʝʱʝʥʠʷ ʦ ʨʘʙʦʪʝ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ɺʂ ʅʅʎ ʍʌʊʀ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʅɸʅ ʋʢʨʘʠʥʳ 2007-2008 ʛʛ. 

 

ʉ1.20. ʊɽʉʊʀʈʆɺɸʅʀɽ  ʆʇʊʆɺʆʃʆʂʆʅʅʆɻʆ  ʂɸʅɸʃɸ   

ʄɽɾɼʋ ɺʂ ʅʅʎ ʍʌʊʀ  ʀ ʎɽʈʅ 

ʉ.ʉ. ɿʫʙ, ɺ.ʀ. ʂʦʩʠʥʦʚ, ʇ.ʈ. ʇʝʣʝʭ, ɸ.ɸ. ʈʘʟʜʦʣʴʩʢʠʡ, ɼ.ɺ. ʉʦʨʦʢʘ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ, 

ʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʧʦʪʝʨʴ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʝʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʜʦ 1 ɻʙʠʪ/ʩ. 
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ʉʝʢʮʠʷ 2. ʗʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʩʤʝʞʥʳʭ ʥʘʫʢʘʭ 

ʉ2.01. ɺʃʀʗʅʀɽ ʂʃʀʅʆʇʊʀʃʆʃʀʊɸ ʅɸ ɺʓɺɽɼɽʅʀɽ  

ʈɸɼʀʆʅʋʂʃʀɼɸ 137Cs ʀɿ ʆʈɻɸʅʀɿʄɸ ɾʀɺʆʊʅʓʍ 

ɸ.ʖ. ʃʦʥʠʥ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʘʚʘʨʠʠ ʧʨʦʠʟʦʰʣʦ ʟʘʛʨʷʟʥʝʥʠʝ  

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʦʣʛʦʞʠʚʫʱʠʤʠ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ. ʅʘ ʧʦʩʪʨʘʜʘʚʰʠʭ 

ʪʝʨʨʠʪʦʨʠʷʭ, ʢʦʪʦʨʳʝ ʥʝ ʚʳʰʣʠ ʠʟ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʙʦʨʦʪʘ, ʘ ʵʪʦ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 93% ʦʪ ʚʩʝʡ ʟʘʛʨʷʟʥʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʦʜʦʣʞʘʶʪ ʞʠʪʴ ʠ ʨʘʙʦʪʘʪʴ 

ʣʶʜʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʜʠʦʥʫʢʣʠʜʳ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʧʨʦʜʫʢʪʘʭ 

ʧʠʪʘʥʠʷ ʠ ʚʦʜʝ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʫʛʨʦʟʘ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ. ʉʦʟʜʘʥʠʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʨʝʰʝʥʠʡ ʚʦʟʥʠʢʰʝʡ ʧʨʦʙʣʝʤʳ.    

ʂʣʠʥʦʧʪʠʣʦʣʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʝʡ ʧʦʣʥʦʡ ʥʝʪʦʢʩʠʯʥʦʩʪʴʶ ʠ 

ʜʝʰʝʚʠʟʥʦʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠʟ ʦʨʛʘʥʠʟʤʘ. 

ʆʧʳʪʳ in vivo ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʚʚʝʜʝʥʠʷ 

ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ (ʟʘ 4 ʜʥʷ ʜʦ ʚʚʝʜʝʥʠʷ ʮʝʟʠʷ-137 ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ 

ʚʚʝʜʝʥʠʷ ʮʝʟʠʷ-137) ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʳ.  

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʨʝʛʠʩʪʨʘʮʠʷ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʧʦʜʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠ ʧʦʤʦʱʠ  ʛʘʤʤʘ-ʘʥʘʣʠʟʘʪʦʨʘ  c 

ʛʝʨʤʘʥʠʡ-ʣʠʪʠʝʚʳʤ ʜʝʪʝʢʪʦʨʦʤ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ. 

 

ʉ2.02. ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʄʆʖʑʀʍ ɼɽɿɸʂʊʀɺʀʈʋʖʑʀʍ 

ʉʈɽɼʉʊɺ, ʀʉʇʆʃʔɿʋɽʄʓʍ ʅɸ ɸʕʉ 

ɸ.ʖ. ʃʦʥʠʥ1, ɸ.ʇ. ʂʨʘʩʥʦʧʝʨʦʚʘ2, ɻ.ɼ. ʖʭʥʦ2 
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 

ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ; 

 2ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʶʱʠʭ 

ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʭ ʩʨʝʜʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ɸʕʉ ʋʢʨʘʠʥʳ ʠ ʈʦʩʩʠʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʦʶʱʠʝ 

ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʝ ʩʨʝʜʩʪʚʘ: ñɿʘʱʠʪʘò (ʈʦʩʩʠʷ), ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ 

ʨʝʮʝʧʪʫʨʘ ɼɽɿ-1 (ʈʦʩʩʠʷ), ñɸɹʉʇò ɼɽɿ-1-5 (ʋʢʨʘʠʥʘ), ñʑʀʊ-ʉ2ò 

(ʋʢʨʘʠʥʘ), ʘ ʪʘʢʞʝ ʤʦʶʱʝʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʜʝʟʘʢʪʠʚʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʮʝʦʣʠʪʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʀʌɺʕʗʌ ʅʅʎ ʍʌʊʀ ʠ ʍʅʋ ʠʤ.ɺ.H. ʂʘʨʘʟʠʥʘ.   

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʶʱʠʭ ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʭ ʩʨʝʜʩʪʚ (ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʟʘʢʪʠʚʘʮʠʠ, ʥʘʣʠʯʠʝ 

ʘʙʨʘʟʠʚʥʦʛʦ ʵʬʬʝʢʪʘ). ɼʝʟʘʢʪʠʚʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ 

ʦʧʨʝʜʝʣʷʣʠ ʚ ʦʪʥʦʰʝʥʠʠ  ʨʘʜʠʦʥʫʢʣʠʜʦʚ 137Cs ʠ 90Sr. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ  ʤʦʶʱʝʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʜʝʟʘʢʪʠʚʘʮʠʠ 
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ʥʘ ʦʩʥʦʚʝ ʮʝʦʣʠʪʦʚ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ 

ʜʝʟʘʢʪʠʚʘʮʠʠ. ʄʦʶʱʝʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʜʝʟʘʢʪʠʚʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʮʝʦʣʠʪʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʘʙʨʘʟʠʚʥʦʛʦ ʵʬʬʝʢʪʘ.  

  

ʉ2.03. ʕʂʆʃʆɻʀʏɽʉʂʀɽ ʊɽʍʅʆʃʆɻʀʀ  ʆɹʈɸɹʆʊʂʀ ʉɽʄʗʅ 

ɸ.ɽ. ʃʘʛʫʪʠʥ1, ɽ.ɸ. ɻʦʨʦʜʝʮʢʘʷ2, 
1ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠʤ. ɸ.ʅ. ʉʝʚʯʝʥʢʦ, ʛ.ʄʠʥʩʢ; 

2ʎʝʥʪʨʘʣʴʥʳʡ ʙʦʪʘʥʠʯʝʩʢʠʡ ʩʘʜ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʛ.ʄʠʥʩʢ 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʝʢʪʦʨʘ ʙʠʦʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ï ʠʭ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ, ʪʨʝʙʫʶʱʘʷ ʦʙʲʝʜʠʥʝʥʠʷ ʫʩʠʣʠʡ ʙʠʦʣʦʛʦʚ, ʬʠʟʠʢʦʚ, 

ʭʠʤʠʢʦʚ, ʤʝʜʠʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʧʣʘʟʤʝʥʥʦ-ʧʫʯʢʦʚʳʭ 

ʤʝʪʦʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʪʠʤʫʣʷʮʠʠ ʚʠʪʘʣʴʥʦʩʪʠ ʩʝʤʷʥ ʢʦʣʣʝʢʮʠʠ ʎɹʉ ʅɸʅ 

ɹʝʣʘʨʫʩʠ, ʩʥʠʞʝʥʠʶ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʨʘʞʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦʚʳhʝʥʠʶ ʠʭ ʚʩʭʦʞʝʩʪʠ. ʈʝʯʴ ʠʜʝʪ ʦ ʚʣʠʷʥʠʠ ʥʘ ʪʘʢʦʡ ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ 

ʢʘʢ ʬʠʪʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʠʦʙʨʝʪʘʝʤʳʭ ʩʝʤʝʥʘʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ, 

ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʩʝʢʪʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʪ ʨʝʰʘʪʴ 

ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

 

ʉ2.04. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɓ-ɼʀʂɽʊʆʅʆɺ ɼʃʗ ʕʂʉʊʈɸʂʎʀʆʅʅʆɻʆ 

ɺʓɼɽʃɽʅʀʗ ʄɽɼʀʎʀʅʉʂʀʍ ʀɿʆʊʆʇʆɺ 

ɺ.ɸ. ɹʦʯʘʨʦʚ1, ɺ.ɸ. ʎʳʤʙʘʣ1, ʀ.ɺ. ʂʦʨʥʫʩ2, ɺ.ɺ. ʄʝʣʴʥʠʢ2 
1ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ñʋʩʢʦʨʠʪʝʣʴò ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ; 

2ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʅ. ʂʘʨʘʟʠʥʘ 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ɓ-ʜʠʢʝʪʦʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʭʝʣʘʪʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʧʨʠ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ ʚʳʜʝʣʝʥʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʪʦʧʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʥʦʝ 

ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ: ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ (ʧʦʩʢʦʣʴʢʫ ɓ-ʜʠʢʝʪʦʥʳ ʷʚʣʷʶʪʩʷ 

ʩʣʘʙʳʤʠ ʢʠʩʣʦʪʘʤʠ),  ʘʢʪʠʚʥʦʩʪʠ ʤʦʣʝʢʫʣ ʠ ʘʥʠʦʥʦʚ,  ʪʘʫʪʦʤʝʨʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ,  ʨʘʩʪʚʦʨʠʤʦʩʪʠ  ɓ-ʜʠʢʝʪʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ.  ɽʥʦʣʴʥʘʷ ʬʦʨʤʘ 

ɓ-ʜʠʢʝʪʦʥʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ ʠ ʦʧʨʝʜʝʣʷʝʪ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʚʩʪʫʧʘʝʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʨʝʘʢʮʠʠ  ɓ-ʜʠʢʝʪʦʥʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʦʭʦʜʷʪ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʡʪʨʘʣʴʥʳʭ ʩʦʣʝʡ, ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ ʦʪ 0,1 ʜʦ 3,0 ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʚʳʭ 

ʬʦʥʘʭ. ʍʣʦʨʠʜʳ ʠ ʥʠʪʨʘʪʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʦʙʣʘʜʘʶʪ ʚʳʩʘʣʠʚʘʶʱʠʤ 

ʜʝʡʩʪʚʠʝʤ ʥʘ ʤʦʣʝʢʫʣʳ ʠ ʠʦʥʳ ɓ-ʜʠʢʝʪʦʥʦʚ, ʚʩʘʣʠʚʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ 

ʦʙʣʘʜʘʝʪ ʧʝʨʭʣʦʨʘʪ ʥʘʪʨʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʧʦʚʝʜʝʥʠʷ ɓ-ʜʠʢʝʪʦʥʦʚ ʠ ɓ-

ʜʠʢʝʪʦʥʘʪʦʚ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʫʛʣʝʢʠʩʣʦʤ ʛʘʟʝ ʠʟʫʯʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘ ʤʝʞʜʫ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʬʦʥʦʚʳʭ ʩʦʣʝʡ ʠ ʥʦʨʤʘʣʴʥʳʤ 
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ʛʝʢʩʘʥʦʤ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʚʦʜʝ, ʛʝʢʩʘʥʝ, ʘ 

ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ 

ʪʘʫʪʦʤʝʨʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʘʮʝʪʠʣʘʮʝʪʦʥʘ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤ ʚʳʩʘʣʠʚʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ  ʥʘ ʭʝʣʘʪʥʳʝ 

(ʮʠʢʣʠʯʝʩʢʠʝ) ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʝʪ ʭʣʦʨʠʜ ʢʘʣʠʷ,  ʪʦʛʜʘ ʢʘʢ ʥʘ ʤʦʣʝʢʫʣʳ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘ ʥʘʠʙʦʣʴʰʠʤ ʚʳʩʘʣʠʚʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʦʙʣʘʜʘʝʪ ʭʣʦʨʠʜ 

ʥʘʪʨʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʢʦʥʩʪʘʥʪʘʤ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʥʠʦʥʦʚ, 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʘʢʪʠʚʥʦʩʪʠ, ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʧʦʣʠʥʦʤʘʤʠ, 

ʚʢʣʶʯʘʶʱʠʤʠ ʟʥʘʯʝʥʠʷ ʠʦʥʥʦʡ ʩʠʣʳ ʚ ʩʪʝʧʝʥʠ 1/3 ʠ 2.   

 

ʉ2.05. ʇʈɽɼʀʂɸʊʀɺʅɸʗ ʄɽʊʈʆʃʆɻʀʗ  

ɻɸʄʄɸ-ʉʇɽʂʊʈʆʄɽʊʈʀʏɽʉʂʀʍ ʀɿʄɽʈɽʅʀʁ 

ʄ.ɺ. ʉʪʝʮ 

ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʋʞʛʦʨʦʜ 

ʅʝʧʨʝʜʠʢʘʪʠʚʥʦʩʪʴ (ʅʇ) ʤʝʪʨʦʣʦʛʠʠ ʚ ʧʨʠʢʣʘʜʥʦʡ ʷʜʝʨʥʦʡ ʛʘʤʤʘ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʇʗɻʉ) ʩʣʝʜʫʝʪ ʠʟ ʅʇ ʤʝʪʨʦʣʦʛʠʠ (ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʠʟʥʘʢʘ 

ɸ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʧʨʠʟʥʘʢʘ ɸ) ʚ ʮʝʣʦʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʦʜʥʘʢʦ, ʯʪʦ ʅʇ 

ʤʝʪʨʦʣʦʛʠʠ ʚ ʮʝʣʦʤ ʫʩʣʦʚʥʘ, ʪʘʢ ʢʘʢ ʝʝ ʟʘʜʘʯʝʡ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʝʩʪʴ 

ʧʦʣʫʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʟʥʘʢʘ ɸ, ʢʦʪʦʨʳʡ ʫʞʝ 

ʨʘʩʧʦʟʥʘʥ ʥʝʢʦʪʦʨʦʡ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʦʡ. ɺ ʇʗɻʉ ʪʘʢʦʡ ʩʠʩʪʝʤʦʡ ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʊɺ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ 

ʘʧʧʘʨʘʪʫʨʥʳʭ ʛʘʤʤʘ-ʩʧʝʢʪʨʘʭ (ɸɻʉ) ʦʙʨʘʟʮʦʚ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʝʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɸɻʉ ʦʙʨʘʟʮʘ, ʚʧʣʦʪʴ ʜʦ 

ʧʦʷʚʣʝʥʠʷ ʚ ɸɻʉ ʣʠʥʠʡ ʬʦʥʦʚʳʭ ʛʘʤʤʘ-ʘʢʪʠʚʥʳʭ ʥʫʢʣʠʜʦʚ (ɻɸʅ); ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʟʥʘʯʝʥʠʡ ʊɺ, ʢʘʢ ʬʫʥʢʮʠʡ ʵʥʝʨʛʠʡ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, 

ʪʦʛʜʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʘʩʠʤʧʪʦʪʳ, ʩʚʷʟʳʚʘʶʱʝʡ ʟʥʘʯʝʥʠʷ ʊɺ 

ʦʙʨʘʟʮʘ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʊɺ ʩʪʘʥʜʘʨʪʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʚ ɸɻʉ 

ʢʦʪʦʨʳʭ ʝʩʪʴ ʣʠʥʠʠ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʬʦʥʦʚʦʛʦ ɻɸʅ ʦʙʨʘʟʮʘ. 

ʆʧʨʝʜʝʣʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʊɺ ʜʣʷ ʢʘʞʜʦʛʦ ɸɻʉ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɺ, ʫʯʠʪʳʚʘʶʱʠʭ ʩʘʤʦʧʦʛʣʦʱʝʥʠʝ, 

ʧʨʦʩʯʝʪʳ, ʩʦʚʧʘʜʝʥʠʷ ʠ ʪ.ʧ., ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʩʦʩʪʘʚ ʠ ʬʦʨʤʫ. ʇʦʵʪʦʤʫ  

ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʟʜʝʩʴ ʤʝʪʨʦʣʦʛʠʷ ʊɺ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʜʠʢʘʪʠʚʥʘ. 

 

ʉ2.06. ɻɸʄʄɸ-ʉʇɽʂʊʈʆʄɽʊʈʀʏɽʉʂʀɽ ɸʅɸʃʀʊʀʏɽʉʂʀɽ 

ʇʈʆɹʃɽʄʅʆ-ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʉʀʉʊɽʄʓ ʀ ʀʍ ʄʆɼɽʃʀ 

ʄ.ɺ. ʉʪʝʮ 

ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʋʞʛʦʨʦʜ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ 

ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ɸɸ), ʨʝʰʘʶʱʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ (ɸʇ) ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʘʭ ʠ ʧʨʦʮʝʩʩʘʭ. ɺ ʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ ɸʇ, ʢʘʢ 

ʩʠʩʪʝʤʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ (ʕʉ), ʩʦʟʜʘʚʘʷ ʪʝʤ 
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ʩʘʤʳʤ ʥʘʜʩʠʩʪʝʤʫ ï ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʥʦïɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʩʠʩʪʝʤʫ 

(ɸʇʕʉ), ʚʭʦʜʷʱʫʶ ʚ ʤʥʦʞʝʩʪʚʦ {ɸʇʕʉ}. ʇʦʥʷʪʠʷ ɸʇʕʉ ʠ {ɸʇʕʉ} ʠʤʝʶʪ 

ʘʥʘʣʦʛʠ ʚ ʜʨʫʛʠʭ ʤʦʜʝʣʷʭ. ɺ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ {ɸʇʕʉ} - ʵʪʦ 

ʧʦʧʫʣʷʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ (ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ɸɸ); ʚ ʣʦʛʠʢʦ-

ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʢʘʞʜʘʷ ɸʇʕʉ - ʩʠʩʪʝʤʘ ʘʢʩʠʦʤ (ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʠ ʦʪʥʦʰʝʥʠʡ) ʠ ʪʝʦʨʝʤ (ʨʝʟʫʣʴʪʘʪʦʚ ɸɸ); ʚ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ 

{ɸʇʕʉ} - ʵʪʦ ʤʥʦʞʝʩʪʚʦ ɸʇʕʉïʨʝʘʣʠʟʘʮʠʡ (ʝʜʠʥʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ) ʠ 

ʠʭ ʘʚʪʦʦʧʪʠʤʘʣʴʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷ 

ʵʚʦʣʶʮʠʠ ʣʘʙʦʨʘʪʦʨʠʠ; ʚ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʪʝʦʨʠʠ ʦʧʨʝʜʝʣʝʥʠʡ, {ɸʇʕʉ}- ʤʥʦʞʝʩʪʚʦ ʦʧʝʨʘʮʠʦʥʘʣʴʥʳʭ 

ʜʝʪʝʨʤʠʥʘʮʠʡ ʧʦʥʷʪʠʡ (ʢʘʢ ʩʠʩʪʝʤʳ ʫʩʣʦʞʥʷʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʟʥʘʥʠʡ). ʈʘʩʩʤʦʪʨʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʬʦʨʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ. 

 

ʉ2.07. ʇʈʀʂʃɸɼʅɸʗ ʗɼɽʈʅɸʗ ɻɸʄʄɸ-ʉʇɽʂʊʈʆʄɽʊʈʀʗ  

ʂɽʈɸʄʀʏɽʉʂʀʍ ɸʈʊɽʌɸʂʊʆɺ 

ʄ.ɺ. ʉʪʝʮ1, ɺ.ʊ. ʄʘʩʣʶʢ1, ɺ.ʄ. ɹʫʟʘʰ2, ʆ.ʄ. ʄʘʪʴʦʚʢʘ2 
1ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʋʞʛʦʨʦʜ; 

2ʋʞʛʦʨʦʜʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʋʞʛʦʨʦʜ 

ɼʣʠʪʝʣʴʥʘʷ ʧʨʘʢʪʠʢʘ ʧʨʠʢʣʘʜʥʦʡ ʷʜʝʨʥʦʡ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʇʗɻʉ) 

ʦʙʨʘʟʮʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʨʘʟʮʦʚ ʧʦʯʚ, ʛʣʠʥ ʠ ʠʟʜʝʣʠʡ ʠʟ 

ʥʠʭ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ ʛʘʤʤʘ-ʘʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʛʘʤʤʘ-

ʘʢʪʠʚʥʳʤʠ ʥʫʢʣʠʜʘʤʠ (ɻɸʅ), ʚʭʦʜʷʱʠʤʠ ʚ ʨʷʜʳ Th232, U235, U238, ʘ ʪʘʢʞʝ  

K40 ʠ Cs137. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʚʳʙʦʨʢʠ ʧʨʦʷʚʣʷʶʪʩʷ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ. 

ɿʥʘʯʝʥʠʷ ʫʜʝʣʴʥʳʭ ʛʘʤʤʘ-ʘʢʪʠʚʥʦʩʪʝʡ ʫʢʘʟʘʥʥʳʭ ɻɸʅ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ 

ʦʙʨʘʟʮʘʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ (ʩʪʨʦʠʪʝʣʴʥʳʡ ʢʠʨʧʠʯ, 

ʯʝʨʝʧʠʮʘ, ʢʝʨʘʤʠʯʝʩʢʘʷ ʧʦʩʫʜʘ), ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʠ ʛʣʠʥ, ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʨʘʭ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʮʝʥʢʝ ʛʠʧʦʪʝʟ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʇʗɻʉ ʢʝʨʘʤʠʯʝʩʢʠʭ ʘʨʪʝʬʘʢʪʦʚ 

ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʨʭʝʦʣʦʛʠʠ. 

 

ʉ2.08. ʈɸɼʀʆʕʂʆʃʆɻʀʗ ɻʆʈʅʓʍ ʈɽʂ ʂɸʈʇɸʊ  

ʇʆ ʀʉʉʃɽɼʆɺɸʅʀʖ ɼʆʅʅʓʍ ʆʊʃʆɾɽʅʀʁ:  

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓɽ ʀ ɺʈɽʄɽʅʅʓɽ ʂʆʈʈɽʃʗʎʀʀ 

ʅ.ʀ. ʉʠʤʢʘʥʠʯ, ɺ.ʊ. ʄʘʩʣʶʢ, ʆ.ɸ. ʇʘʨʣʘʛ 

ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʋʞʛʦʨʦʜ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʥʠʟʢʦʬʦʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʛʘʤʤʘ-

ʘʢʪʠʚʥʳʭ ʥʫʢʣʠʜʦʚ (ɻɸʅ) ʨʷʜʦʚ ʫʨʘʥʘ 238U (214Pb, 214Bi,  226Ra), ʪʦʨʠʷ 232Th 

(212Pb, 212Bi, 228Ac, 208Tl), ʘ ʪʘʢʞʝ 40K ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 137Cs ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ 3-ʭ ʠʟ 5-ʪʠ ʥʘʠʙʦʣʴʰʠʭ ʨʝʢ ɿʘʢʘʨʧʘʪʴʷ: ʨʨ. ʋʞ, ʃʘʪʦʨʠʮʘ ʠ 
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ɹʦʨʞʘʚʘ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʨʦʙʦʦʪʙʦʨʘ ʚʳʙʠʨʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 

10...20 ʢʤ, ʧʝʨʝʧʘʜ ʚʳʩʦʪ ʧʦ ʨʫʩʣʫ ʨʝʢ ʩʦʩʪʘʚʣʷʣ 200...300 ʤ. ʇʨʦʙʦʦʪʙʦʨ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2006-2008 ʛʛ., ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʚʨʝʤʝʥʥʳʝ (ʩʝʟʦʥʥʳʝ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʫʜʝʣʴʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ɻɸʅ ʫʢʘʟʘʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʨʷʜʦʚ, ʯʪʦ 

ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʢʠ ʨʦʣʠ ʠ ʚʣʠʷʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ [1] ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʥʘ ʠʭ ʨʘʚʥʦʚʝʩʠʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦ ʩʪʝʧʝʥʠ ʨʘʚʥʦʚʝʩʠʷ ɻɸʅ ʜʘʝʪ 

ʤʥʦʛʦʤʝʨʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʨʘʜʠʦʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʙʩʫʞʜʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʩʝʟʦʥʥʦʛʦ ʩʘʤʦʦʯʠʱʝʥʠʷ ʛʦʨ ʦʪ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ɻɸʅ. ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ʌʨʦʥʪʘʩʴʝʚʦʡ ʄ.ɺ. ʟʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ. 

1. ʅ.ɸ. Tʠʪʘʨʝʚʘ. ɻʝʦʭʠʤʠʷ ʠʟʦʪʦʧʦʚ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ  

(U, Th, Ra). http://geo.web.ru/db/disser/view.html/mid=1171496.  

 

ʉ2.09. ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʀɿʃʋʏɽʅʀʗ 

ɹʓʉʊʈʓʍ ʕʃɽʂʊʈʆʅʆɺ ɺ ʂʈʀʉʊɸʃʃɸʍ  

ɼʃʗ ʄɽɼʀʎʀʅʉʂʀʍ ʇʈʀʃʆɾɽʅʀʁ 

ɼ.ɸ. ɹʘʢʣʘʥʦʚ, ʀ.ɽ. ɺʥʫʢʦʚ, ʖ.ɺ. ɾʘʥʜʘʨʤʦʚ, ʈ.ɸ. ʐʘʪʦʭʠʥ 

ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ 

ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʦʩʝʚʦʤ ʠ ʧʣʦʩʢʦʩʪʥʦʤ ʢʘʥʘʣʠʨʦʚʘʥʠʠ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʦʚʝʨʰʝʥʥʳʭ ʠ 

ʤʦʟʘʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʩ ʫʯʝʪʦʤ ʤʠʥʠʤʠʟʘʮʠʠ 

ʜʦʟʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʜʦʩʪʠʞʠʤʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʤʘʤʤʦʛʨʘʬʠʠ, ʘʥʛʠʦʛʨʘʬʠʠ ʧʦ ʢʨʘʶ ʧʦʣʦʩʳ ʬʦʪʦʧʦʛʣʦʱʝʥʠʷ ʠ ʜʨʫʛʠʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʩ 

ʧʦʤʦʱʴʶ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚʳʭʦʜʦʚ ʠʟʣʫʯʝʥʠʷ ʩ ʪʨʝʙʫʝʤʳʤʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ 

ʧʨʦʛʨʘʤʤʳ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʪʦʚ ɹʝʣɻʋ. 

 

ʉ2.10. ɿɸɺʀʉʀʄʆʉʊʔ ʈɸɼʀʆʅʋʂʃʀɼʅʆʁ ʏʀʉʊʆʊʓ  

ʄɽɼʀʎʀʅʉʂʆɻʆ ʀɿʆʊʆʇɸ 99mTc, ʇʆʃʋʏɸɽʄʆɻʆ ɺ ʈɽɸʂʎʀʗʍ  

ʅɸ ʇʋʏʂɸʍ ʇʈʆʊʆʅʆɺ, ʆʊ ʉʊɽʇɽʅʀ ʆɹʆɻɸʑɽʅʀʗ 

ʄʆʃʀɹɼɽʅʆɺʆʁ ʄʀʐɽʅʀ ʀɿʆʊʆʇʆʄ 100Mo 

ɼ.ʖ. ɹʘʨʘʥʢʦʚ, ɺ.ɸ. ɺʦʨʦʥʢʦ, ʇ.ɸ. ɼʝʤʯʝʥʢʦ,  

ʖ.ʊ. ʇʝʪʨʫʩʝʥʢʦ, ɺ.ɺ. ʉʦʪʥʠʢʦʚ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ɺ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʚ ʅʅʎ ʍʌʊʀ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʘʧʫʩʢ ʠʟʦʭʨʦʥʥʦʛʦ 

ʮʠʢʣʦʪʨʦʥʘ ʉV-28 ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʵʥʝʨʛʠʝʡ ʣʝʛʢʠʭ ʠʦʥʦʚ (ʧʨʦʪʦʥʳ, 

ʜʝʡʪʨʦʥʳ, ʠʦʥʳ ʛʝʣʠʷ-3 ʠ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ).  ʅʘ ʮʠʢʣʦʪʨʦʥʝ ʉV-28 ʤʦʞʥʦ 

ʥʘʨʘʙʘʪʳʚʘʪʴ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ, ʪʘʢ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ 
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ʨʘʜʠʦʠʟʦʪʦʧʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠʟʦʪʦʧʘ 

Tc-99m (ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ) ʠ ʨʘʜʠʦʥʫʢʣʠʜʘ-ʛʝʥʝʨʘʪʦʨʘ 

Mo-99-Tc-99m ʦʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʥʘ 

ʮʠʢʣʦʪʨʦʥʝ ʉV-28 ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʩ ʟʘʜʘʥʥʦʡ ʨʘʜʠʦʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ  ʠ 

ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʪʠʧ ʫʩʢʦʨʷʝʤʳʭ ʯʘʩʪʠʮ, 

ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʙʣʫʯʝʥʠʷ, ʪʨʝʙʫʝʤʘʷ ʩʪʝʧʝʥʴ 

ʦʙʦʛʘʱʝʥʠʷ ʤʠʰʝʥʝʡ). ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʮʠʢʣʦʪʨʦʥʝ ʉV-28 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʨʘʜʠʦʧʨʝʧʘʨʘʪʦʚ 99mTc  ʥʘ ʧʫʯʢʝ ʧʨʦʪʦʥʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ʜʦ 100 ʠ ʙʦʣʝʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʜʦʟ ʟʘ ʩʤʝʥʫ (6 ʯʘʩʦʚ ʨʘʙʦʪʳ ʫʩʢʦʨʠʪʝʣʷ), 

ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʍʘʨʴʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʇʦʣʫʯʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʪʝʭʥʝʮʠʷ 99Mo-99mTʩ ʚ 

ʪʨʝʙʫʝʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʥʘ ʮʠʢʣʦʪʨʦʥʝ CV-28 ʥʝʚʦʟʤʦʞʥʦ (ʥʠ ʥʘ ʧʨʦʪʦʥʘʭ, 

ʥʠ ʥʘ ʜʝʡʪʨʦʥʘʭ). ʆʧʪʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʨʘʜʠʦʭʠʤʠʯʝʩʢʠ ʯʠʩʪʦʛʦ 99mTc ʩʦʩʪʘʚʣʷʝʪ ~ 21 ʄʵɺ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 99mTc  ʥʘ 

ʧʫʯʢʝ ʧʨʦʪʦʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʛʘʱʝʥʥʳʝ ʧʦ 100ʄʦ ʤʠʰʝʥʠ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʙʣʫʯʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ 99mTc  ʩʪʝʧʝʥʴ ʦʙʦʛʘʱʝʥʠʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 55...80% (ʧʨʠ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʦʚ ~21 ʄʵɺ ). ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʧʘʨʘʪʘ  (ʜʣʠʪʝʣʴʥʦʝ ʦʙʣʫʯʝʥʠʝ ʤʠʰʝʥʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ) ʩʪʝʧʝʥʴ ʦʙʦʛʘʱʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 

80%. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʰʝʥʝʡ ʩ ʦʙʦʛʘʱʝʥʠʝʤ ʜʦ 

80% ʤʦʞʝʪ  ʫʤʝʥʴʰʠʪʴ ʠʭ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʦʙʦʛʘʱʝʥʥʳʤʠ ʤʠʰʝʥʷʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʜʨʫʛʠʭ ʵʥʝʨʛʠʷʭ ʧʨʦʪʦʥʦʚ. 

 

ʉ2.11. ʆʉʆɹɽʅʅʆʉʊʀ ʀɿʆʊʆʇʅʆɻʆ ʆʊʅʆʐɽʅʀʗ 44ʉʘ/48ʉʘ 

ʋ ɼɽʊɽʁ ʉ ɼʀʉʇʃɸɿʀɽʁ ʉʆɽɼʀʅʀʊɽʃʔʅʆʁ ʊʂɸʅʀ 

ʅ.ʇ. ɼʠʢʠʡ1, ɸ.ʅ. ɼʦʚʙʥʷ1,2, ʖ.ɺ. ʃʷʰʢʦ1, ɽ.ʇ. ʄʝʜʚʝʜʝʚʘ1, ɼ.ɺ. ʄʝʜʚʝʜʝʚ1, 

ʆ.ɺ. ʆʭʘʧʢʠʥʘ3, ɺ.ʃ. ʋʚʘʨʦʚ2, ʊ.ɺ. ʌʨʦʣʦʚʘ3, ʀ.ɼ. ʌʝʜʦʨʝʮ4, ɺ.ʀ. ɹʦʨʦʚʣʝʚ1 
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ,ʛ.ʍʘʨʴʢʦʚ; 
2ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ñʋʩʢʦʨʠʪʝʣʴò ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ; 

3ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʍʘʨʴʢʦʚ; 
4ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ, ʛ.ʍʘʨʴʢʦʚ 

ɼʠʩʧʣʘʟʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ (ɼʉʊ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʦʤʘʣʠʶ 

ʪʢʘʥʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʣʣʘʛʝʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʦʨʛʘʥʦʚ 

ʠ ʩʠʩʪʝʤ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʢʘʣʴʮʠʝʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʫ ʜʝʪʝʡ ʩ 

ɼʉʊ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʝʧʝʥʠ ʝʛʦ ʥʘʨʫʰʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ 

ʧʨʠʤʝʤʙʨʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʘ2+ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ 

ʢʘʩʢʘʜʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʤ ʤʘʨʢʝʨʦʤ ʦʮʝʥʢʠ 

ʥʘʨʫʰʝʥʠʡ ʢʘʣʴʮʠʝʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʥʘʨʫʰʝʥʠʡ 

ʦʙʤʝʥʘ ʢʘʣʴʮʠʷ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʉʘ44/ʉʘ48. ɸʥʘʣʠʟ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ 44ʉʘ/ʉʘ48 ʚ ʚʦʣʦʩʘʭ ʧʨʦʚʝʜʝʥ ʫ 187 ʜʝʪʝʡ ʩ ɼʉʊ ʚ ʚʦʟʨʘʩʪʝ 
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9...17 ʣʝʪ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 44ʉʘ/ʉʘ48 ʠʩʧʦʣʴʟʦʚʘʣʠ ʷʜʝʨʥʳʝ 

ʨʝʘʢʮʠʠ, ʚʳʟʚʘʥʥʳʝ ʪʦʨʤʦʟʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ. 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ (ʉʌʉ ʂʊ) 

ʧʨʦʚʦʜʠʣʩʷ ʩ ʫʯʝʪʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʝʥʩʠʪʦʤʝʪʨʠʠ ʥʘ ʘʧʧʘʨʘʪʝ 

ñSonost 2000ò. 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʥʩʠʪʦʤʝʪʨʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʩʪʝʦʧʝʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʠʤʝʶʪ 79,9% ʜʝʪʝʡ.  

ʋ ʚʩʝʭ ʜʝʪʝʡ ʩ ɼʉʊ ʠʤʝʣʦ ʤʝʩʪʦ ʩʥʠʞʝʥʠʝ ʠʥʜʝʢʩʘ 44ʉʘ/ʉʘ48 ʜʦ 0,81  

(ʥʦʨʤʘ 1,0). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʩʥʠʞʝʥʠʷ ʠʥʜʝʢʩʘ 44ʉʘ/ʉʘ48 ʥʘʭʦʜʠʪʩʷ 

ʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʷʞʝʩʪʠ ʦʩʪʝʦʧʝʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ 

(r=0,67, ʨ<0,001). ʆʙʥʘʨʫʞʝʥʥʦʝ ʥʘʨʫʰʝʥʠʝ ʢʘʣʴʮʠʝʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʝ ʣʝʯʝʥʠʷ ʠ ʨʝʘʙʠʣʠʪʘʮʠʠ 

ʜʘʥʥʦʛʦ ʢʦʥʪʠʥʛʝʥʪʘ ʙʦʣʴʥʳʭ, ʘ ʠʤʝʥʥʦ, ʥʘʟʥʘʯʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʤʘʛʥʠʷ ʠ 

ʢʘʣʴʮʠʷ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ. 

 

ʉ2.12. ʉɽʃɽʂʊʀɺʅʆɽ ɺʓɼɽʃɽʅʀɽ 67ʉu ʀɿ ʎʀʅʂɸ 

ʇʈʀ ʇʆʄʆʑʀ ɼʀɸʅʊʀʇʀʈʀʃʇʈʆʇʀʃʄɽʊɸʅɸ 

ʅ.ʀ. ɸʡʟʘʮʢʠʡ2, ʅ.ʇ. ɼʠʢʠʡ1, ɸ.ʅ. ɼʦʚʙʥʷ1,2, ʖ.ɺ. ʃʷʰʢʦ1,  

ɽ.ʇ. ʄʝʜʚʝʜʝʚʘ1, ɼ.ɺ. ʄʝʜʚʝʜʝʚ1, ɺ.ʃ. ʋʚʘʨʦʚ2 
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 

ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ; 
2ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ñʋʩʢʦʨʠʪʝʣʴò ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʈʘʜʠʦʥʫʢʣʠʜ 67Cu ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʨʘʜʠʦʠʤʤʫʥʥʦʡ ʪʝʨʘʧʠʠ [1]. ʕʢʩʪʨʘʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʠʟʦʪʦʧʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʘʥʪʠʧʠʨʠʣʧʨʦʧʠʣʤʝʪʘʥʘ (ɼɸʇʇʄ) ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʦʣʝʝ 103 ʜʣʷ ʤʝʜʠ ʠ ʦʢʦʣʦ 10-4 ʜʣʷ 

ʮʠʥʢʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʥʦʰʝʥʠʶ ʮʠʥʢʘ ʚ ʠʩʭʦʜʥʦʤ ʠ ʢʦʥʝʯʥʦʤ ʨʘʩʪʚʦʨʝ 

10-7. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʳʜʝʣʝʥʠʷ 67Cu ʠʟ ʩʝʨʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ 

(1 ʤʦʣʴ/ʣ) ʮʠʥʢʘ (2 ʤʦʣʴ/ʣ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʡʦʜʠʩʪʦʛʦ ʢʘʣʠʷ (0,1 ʤʦʣʴ/ʣ) ʧʨʠ 

ʧʦʤʦʱʠ ɼɸʇʇʄ (0,02 ʤʦʣʴ/ʣ), ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʭʣʦʨʦʬʦʨʤʝ. 

ɺ ʨʝʵʢʩʪʨʘʢʪʝ 67Cu ʧʨʠ ʧʦʤʦʱʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʪʠʟʦʥʘ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʠ ʮʠʥʢʘ. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʚ ʨʝʵʢʩʪʨʘʢʪʝ ʩʦʩʪʘʚʠʣʦ 0,1 ʤʢʛ/ʤʣ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʘ 3Ț10-6. ɼʘʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʮʠʥʢʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 67Cu ʜʣʷ ʨʘʜʠʦʠʤʤʫʥʥʦʡ ʪʝʨʘʧʠʠ. 

1. R. Schwarzbach, K. Zimmermann, P. Blauenstein, ʝt ʘl. // Appl. Radiat. Isot. 

1995, v. 46, n. 5, p. 329-336. 
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ʉ2.13. ʀɿʋʏɽʅʀɽ ʆʂʀʉʃʆɺ ʈɿʄ  

ʄɽʊʆɼʆʄ ɸʅʅʀɻʀʃʗʎʀʀ ʇʆɿʀʊʈʆʅʆɺ 

ɺ.ɼ. ɿʘʙʦʣʦʪʥʳʡ, ʅ.ʇ. ɼʠʢʠʡ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʀʟʤʝʨʝʥʦ ʜʦʧʧʣʝʨʦʚʩʢʦʝ ʫʰʠʨʝʥʠʝ ʣʠʥʠʡ ʘʥʥʠʛʠʣʷʮʠʠ ʧʦʟʠʪʨʦʥʦʚ 

(ɼʋʃ) ʚ ʧʦʨʦʰʢʘʭ ʦʢʠʩʣʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ Ce, Eu, Gd, Yb, Lu. 

ʀʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ɼʋʃ ʦʪ ʩʦʩʪʘʚʘ ʦʢʠʩʣʘ ʠ ʝʛʦ ʦʪʞʠʛʘ. ʀʟʚʝʩʪʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ɼʋʃ ʢ ʠʤʧʫʣʴʩʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ, 

ʛʝʦʤʝʪʨʠʠ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ɼʋʃ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʯʠʩʪʦʛʦ Ge (D=14 ʤʤ, U=900 ɺ) ʩ 

ʧʨʝʜʫʩʠʣʠʪʝʣʝʤ, ʫʩʠʣʠʪʝʣʷ ñORTEK-537ò, ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ 8192 ʢʘʥʘʣʘ ʠ ʇʂ. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ  ʧʦ ʣʠʥʠʠ 
137ʉs 661.6 ʢʵɺ ʩʦʩʪʘʚʠʣʦ 1,75 ʢʵɺ ʧʨʠ ʟʘʛʨʫʟʢʝ ʜʦ 10 ʢɻʮ. ʆʪʞʠʛ ʧʦʨʦʰʢʦʚ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 165ʦʉ ʚ ʪʝʯʝʥʠʝ 1...4 ʯʘʩʦʚ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʠʩʪʦʯʥʠʢ ʧʦʟʠʪʨʦʥʦʚ 22NaCl (ʢʘʧʣʷ 

ʚʳʩʫʰʝʥʥʦʛʦ ʩʦʣʝʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʥʘʥʝʩʝʥʥʘʷ ʥʘ ʤʘʡʣʘʨʦʚʫʶ ʬʦʣʴʛʫ ʚ 

ʢʦʥʚʝʨʪʝ ʠʟ ʥʠʢʝʣʷ). ʅʘ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ ʫʜʘʣʦʩʴ ʨʘʟʣʦʞʠʪʴ ʩʧʝʢʪʨʳ ʜʣʷ 

Gd2O3, Yb2O3, Lu2O3. ʅʝ ʦʙʥʘʨʫʞʝʥʦ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʟʘʧʦʣʥʝʥʠʷ 

ʵʣʝʢʪʨʦʥʘʤʠ 4f-ʦʙʦʣʦʯʢʠ ʥʘ ʜʦʧʧʣʝʨʦʚʩʢʦʝ ʫʰʠʨʝʥʠʝ ʣʠʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʞʜʘʪʴ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʘʥʥʠʛʠʣʷʮʠʠ ʧʦʟʠʪʨʦʥʦʚ ʥʘ 

ʵʣʝʢʪʨʦʥʘʭ 4f-ʦʙʦʣʦʯʢʠ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʘʭ. 

 

ʉ2.14. ʆʇʈɽɼɽʃɽʅʀɽ ɺʆɿʈɸʉʊɸ ʃʀʊʀɽɺʓʍ ʇɽɻʄɸʊʀʊʆɺ 

ʋʂʈɸʀʅʉʂʆɻʆ ʂʈʀʉʊɸʃʃʀʏɽʉʂʆɻʆ ʑʀʊɸ 

ɸ.ɸ. ɺʘʣʴʪʝʨ3, ʅ.ʇ. ɼʠʢʠʡ1, ɸ.ʅ. ɼʦʚʙʥʷ1,2, ɻ.ʂ. ɽʨʸʤʝʥʢʦ3,  

ʖ.ɺ. ʃʷʰʢʦ1, ɽ.ʇ. ʄʝʜʚʝʜʝʚʘ1, ɼ.ɺ .ʄʝʜʚʝʜʝʚ1,  

ɺ.ɽ. ʉʪʦʨʠʞʢʦ3, ɺ.ʃ. ʋʚʘʨʦʚ2, ɺ.ʀ. ɹʦʨʦʚʣʝʚ1 
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 

ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ;  
2ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ñʋʩʢʦʨʠʪʝʣʴò ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ; 

3ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʉʫʤʳ 

Rb-Sr-ʜʘʪʠʨʦʚʘʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʚʘʞʥʳʝ ʜʣʷ 

ʧʣʘʥʝʪʦʣʦʛʠʠ ʠ ʛʝʦʣʦʛʠʠ ʚʨʝʤʝʥʥʳʝ ʨʫʙʝʞʠ ʨʘʥʥʝʡ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ɿʝʤʣʠ. ʅʘʤʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ [1] ʧʨʷʤʳʝ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʜʘʪʠʨʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʥʝʜʝʩʪʨʫʢʪʠʚʥʦʩʪʴʶ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʡ.  

ʗʜʝʨʥʳʝ ʨʝʘʢʮʠʠ 87Sr(ʝ,ʝ`)87mSr ʠ 87Rb(ɔ,n)86Rb ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʚʦʟʨʘʩʪʘ ʧʘʣʝʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʩʣʶʜ (ʙʠʦʪʠʪ ʠ ʜʨ.)  ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʋʢʨʘʠʥʩʢʦʛʦ ʱʠʪʘ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʣʝʢʪʨʦʥʳ ʩ ʵʥʝʨʛʠʝʡ 10 ʄʵɺ ʜʣʷ 
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ʚʦʟʙʫʞʜʝʥʠʷ 87mSr ʠ ʪʦʨʤʦʟʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 23 ʄʵɺ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 87Rb. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ɔ-ʣʠʥʠʡ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʘʩʴ 

Ge(Li)-ʜʝʪʝʢʪʦʨʦʤ (ȹ1/2=3,2 ʢʵɺ ʜʣʷ 1333 ʢʵɺ) ʠ ʜʝʪʝʢʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ 

ʩʚʝʨʭʯʠʩʪʦʛʦ Ge (ȹ1/2=295 ʵɺ ʜʣʷ 5,9 ʢʵɺ). ʇʨʠʤʝʥʷʣʠʩʴ ʵʪʘʣʦʥʳ SrCO3 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʦʙʦʛʘʱʝʥʥʦʛʦ 87Sr ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʦʝʜʠʥʝʥʠʷ Rb. 

ɺ ʦʙʨʘʟʮʘʭ Rb-ʙʠʦʪʠʪʘ ʉʪʘʥʢʦʚʘʪʩʢʦʛʦ ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʣʠʪʠʝʚʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʐʧʦʣʷʥʦ-ʊʘʰʣʳʢʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ, ʂʠʨʦʚʦʛʨʘʜʩʢʘʷ 

ʦʙʣʘʩʪʴ) ʢʦʥʮʝʥʪʨʘʮʠʷ 87Sr ʠ 87Rb ʠʟʤʝʥʷʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 85,4...225,5 ʠ 

2290...7290 ʤʢʛ/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʚʦʟʨʘʩʪʫ ʧʦʨʦʜ 

(2,09...2,43)Ț109 ʣʝʪ. ʕʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʙʦʣʝʝ ʜʨʝʚʥʠʡ ʚʦʟʨʘʩʪ 

ʱʝʣʦʯʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʤʝʱʘʶʱʠʤʠ ʛʨʘʥʠʪʘʤʠ 

((1,9...2,0)Ț109 ʣʝʪ). ʂʦʣʝʙʘʥʠʷ ʟʥʘʯʝʥʠʡ ʚʦʟʨʘʩʪʘ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦʪʨʘʞʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʤʝʪʘʩʦʤʘʪʠʨʫʶʱʠʭ 

ʨʘʩʪʚʦʨʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʤʝʱʘʶʱʠʭ ʛʨʘʥʠʪʦʚ. 

1. ʅ.ʇ. ɼʠʢʠʡ, ɸ.ʅ. ɼʦʚʙʥʷ, ʖ.ɺ. ʃʷʰʢʦ ʠ ʜʨ. // ɺɸʅʊ. ʉʝʨʠʷ ñʗʜʝʨʥʦ-

ʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷò.  2004, ˉ 5, c. 85-88. 

 

ʉ2.15. ʊʈɸʅʉʇʆʈʊ ʈɸɼʀʆɸʂʊʀɺʅʆɻʆ ʅɸʅʆʄɸɻʅɽʊʀʊɸ  

ɺ ʆʇʋʍʆʃɽɺʓɽ ʂʃɽʊʂʀ ʇʆɼ ɼɽʁʉʊɺʀɽʄ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ 

ʅ.ʇ. ɼʠʢʠʡ1, ʖ.ɺ. ʃʷʰʢʦ1, ɼ.ɺ. ʄʝʜʚʝʜʝʚ1, ɽ.ʇ. ʄʝʜʚʝʜʝʚʘ1, ʀ.ɼ. ʌʝʜʦʨʝʮ2  
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 

ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ;  
2ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʥʘʥʦʤʘʛʥʝʪʠʪʘ ʜʣʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʝʛʦ ʚ ʦʧʫʭʦʣʠ. ɺʨʝʤʷ ʧʦʣʫʚʳʚʝʜʝʥʠʷ ʥʘʥʦʤʘʛʥʝʪʠʪʘ 

ʨʘʟʤʝʨʦʤ 9,4 ʥʤ ʚ ʢʨʦʚʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 7 ʤʠʥ [1]. ɽʩʣʠ ʧʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʪʦ ʚʨʝʤʷ ʧʦʣʫʚʳʚʝʜʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʛʨʘʜʠʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 1 ʊʣ/ʤ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ [2]. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʚ ʦʧʫʭʦʣʠ 

ʦʢʘʟʳʚʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʛʥʝʪʠʪʘ [2]. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʘʚʝʜʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 53Fe c ʊ1/2=8,53 ʤʠʥ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 

ʧʦʟʠʪʨʦʥʦʚ 2,5 ʄʵɺ, ʧʦʣʫʯʘʝʤʫʶ ʚ ʨʝʘʢʮʠʠ 54Fe(ɔ,n)53Fe ʧʨʠ ʧʦʤʦʱʠ 

ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ, ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ 

ʥʘʥʦʤʘʛʥʝʪʠʪʘ ʚ ʦʙʣʘʩʪʴ ʦʧʫʭʦʣʠ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʛʨʘʜʠʝʥʪʦʤ 0,1...2 ʊʣ/ʤ ʧʦʟʚʦʣʠʪ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʤʘʛʥʝʪʠʪʘ ʨʘʟʤʝʨʦʤ ʤʝʥʴʰʝ 20 ʥʤ ʚ ʦʧʫʭʦʣʠ 

ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠʦʜʦʚ ʧʦʣʫʨʘʩʧʘʜʘ 53Fe. 

1. L.M. Lacava, Z.G.M. Lacava, M.F. De Silva, et al. // Biophys. J. 2001, v. 80,  

p. 2483-2486. 

2. W. Yuill, C.E. Seeney, J. Klostergaard // Abstracts 6th Int. Conf. ñScientific 

and Clinical Applications of Magnetic Cerriersò, Krems, Austria, May 2006. 
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ʉ2.16. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʇʈʆɺɽʈʂɸ ɺʆɿʄʆɾʅʆʉʊʀ 

ʌʆʊʆʆɹʈɸɿʆɺɸʅʀʗ 178m2Hf ɺ ʀʅʊɽʅʉʀɺʅʆʄ ʇʋʏʂɽ ʊʆʈʄʆɿʅʓʍ 

ɔ-ʂɺɸʅʊʆɺ ʉ ʄɸʂʉʀʄɸʃʔʅʆʁ ʕʅɽʈɻʀɽʁ ʉʇɽʂʊʈɸ 30 ʄʵɺ ʇʈʀ 

ʆɹʃʋʏɽʅʀʀ ɽʉʊɽʉʊɺɽʅʅʆʁ ʉʄɽʉʀ ʀɿʆʊʆʇʆɺ ɻɸʌʅʀʗ 

ɺ.ɸ. ɹʦʯʘʨʦʚ, ʀ.ɻ. ɻʦʥʯʘʨʦʚ, ɸ.ʅ. ɼʦʚʙʥʷ,  

ʉ.ʉ. ʂʘʥʜʳʙʝʡ, ɺ.ʀ. ʅʦʛʘ, ʖ.ʅ. ʈʘʥʶʢ, ʆ.ʉ. ʐʝʚʯʝʥʢʦ   

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ɺ ʨʘʙʦʪʝ [1] ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʪʦʦʙʨʘʟʦʚʘʥʠʷ 178m2Hf. 

ʅʝʟʘʜʦʣʛʦ ʜʦ ʵʪʦʛʦ ʥʘʤʠ ʙʳʣ ʟʘʧʣʘʥʠʨʦʚʘʥ ʠ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʤʝʨʘ 178m2Hf ʚ 

ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ ʚ ʦʙʣʘʩʪʠ ʛʠʛʘʥʪʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʆʙʣʫʯʝʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʣʠʥʝʡʥʦʤ ʠʤʧʫʣʴʩʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʂʋʊ-20 ʅʀʂ 

ñʋʩʢʦʨʠʪʝʣʴò ʚ ʪʝʯʝʥʠʝ 500 ʯʘʩʦʚ. ʊʦʨʤʦʟʥʦʝ ʠʟʣʫʯʝʥʠʝ ʛʝʥʝʨʠʨʦʚʘʣʦʩʴ 

ʧʫʯʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 30 ʄʵɺ ʠ ʪʦʢʦʤ 200 ʤʢɸ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʣʴʬʨʘʤʦʚʦʡ ʤʠʰʝʥʴʶ ʪʦʣʱʠʥʦʡ 0,4 ʩʤ. 

ʉʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʛʘʬʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʧʦʤʦʱʴʶ GeLi-ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 2,5 ʢʵɺ ʜʣʷ 

ʵʥʝʨʛʠʠ 1333 ʢʵɺ. ʀʟ-ʟʘ ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʝʨʚʳʝ 

ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʯʝʨʝʟ 4 ʤʝʩʷʮʘ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʣʫʯʝʥʠʷ. ɺ 

ʩʧʝʢʪʨʝ ʜʦʤʠʥʠʨʦʚʘʣʠ ʣʠʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ ʛʘʬʥʠʷ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʷʭ, ʧʦʵʪʦʤʫ ʧʨʠʰʣʦʩʴ ʩʜʝʣʘʪʴ 

ʜʚʫʭʣʝʪʥʠʡ ʧʝʨʝʨʳʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ  ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʤ ʦʪʜʝʣʝʥʠʝʤ ʬʨʘʢʮʠʠ 

ʛʘʬʥʠʷ. ʆʜʥʘʢʦ ʣʠʥʠʠ 178m2Hf ʚ ʛʘʬʥʠʝʚʦʡ ʬʨʘʢʮʠʠ ʦʙʥʘʨʫʞʝʥʳ ʥʝ ʙʳʣʠ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʝʪʝʢʪʦʨʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʘʩʧʘʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʚ 

ʦʙʣʫʯʝʥʥʦʡ ʤʠʰʝʥʠ ʠ ʥʘʢʦʧʠʣʠʩʴ ʘʪʦʤʳ 178m2Hf, ʪʦ ʠʭ ʤʝʥʴʰʝ, ʯʝʤ 4,5Ț109. 

ʀʟʦʤʝʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʢʘʟʘʣʦʩʴ ʤʝʥʴʰʝ 1,6Ț10-5. 

1. ɹ.ʉ. ʀʰʭʘʥʦʚ, ʀ.ɸ. ʃʶʪʠʢʦʚ, ʉ.ʀ. ʇʘʚʣʦʚ // ɺʝʩʪʥ. ʄʦʩʢ. ʫʥ-ʪʘ. ʌʠʟ. 

ʘʩʪʨʦʥ. 2004, ˉ 6, ʩ. 25. 

 

ʉ2.17. ʈɸɼʀɸʎʀʆʅʅɸʗ ʉʊʆʁʂʆʉʊʔ ɻʈɸʅʀʊʆʀɼʆɺ ʋʂʈɸʀʅʓ  

ɺ ʋʉʃʆɺʀʗʍ ɼʆʃɻʆɺʈɽʄɽʅʅʆɻʆ ʍʈɸʅɽʅʀʗ  

ʈɸɼʀʆɸʂʊʀɺʅʓʍ ʆʊʍʆɼʆɺ (ʈɸʆ) 

ɹ.ɺ. ɹʦʨʮ, ɽ.ʇ. ɹʝʨʝʟʥʷʢ, ʕ.ʇ. ʐʝʚʷʢʦʚʘ, ʃ.ɸ. ʉʘʝʥʢʦ, ʇ.ʅ. ɹʝʟʜʚʝʨʥʳʡ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʈʘʥʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʠʥʝʨʘʣʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʛʨʘʥʠʪʥʳʝ ʧʦʨʦʜʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʨʘʜʠʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ [1,2]. ʀʟʫʯʝʥʳ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʈʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤʳ ʨʘʟʤʝʱʝʥʠʷ ʈɸʆ ʚ ʧʨʠʨʦʜʥʳʭ ʛʨʘʥʠʪʥʳʭ ʤʘʩʩʠʚʘʭ ʋʢʨʘʠʥʳ 
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ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʝʣʴʥʘʷ ʜʦʟʘ ʚʥʝʰʥʝʛʦ ʦʙʣʫʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʙʨʘʥʘ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 1,5 ʤʠʣʣʠʦʥʦʚ ʣʝʪ, ʩʦʩʪʘʚʣʷʝʪ 

~3Ț109ʨʘʜ [2-3]. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʘʤʠ ʧʷʪʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʨʘʥʠʪʦʠʜʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʤʠʥʝʨʘʣʦʛʦ-

ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ. ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʠ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ 

ʧʦ ʛʣʫʙʠʥʝ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ʕʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʙʫʜʫʪ 

ʧʨʝʚʳʰʘʪʴ ʨʝʘʣʴʥʳʝ, ʩ ʮʝʣʴʶ ʫʩʢʦʨʝʥʥʦʛʦ ʥʘʙʦʨʘ ʤʘʪʝʨʠʘʣʦʤ ʪʨʝʙʫʝʤʦʡ 

ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʫʞʘʪ ʦʙʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʨʘʥʠʪʦʠʜʥʳʭ ʧʦʨʦʜ ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʧʨʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʭʨʘʥʝʥʠʠ ʈɸʆ [3]. 

1. ɺ.ɹ. ɼʫʙʨʦʚʩʢʠʡ. ɺʣʠʷʥʠʝ ʦʙʣʫʯʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʱʠʪʳ ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʄ. 1974, 220 ʩ. 

2. ʕ.ʇ. ʐʝʚʷʢʦʚʘ, ɽ.ɺ. ʃʠʬʰʠʮ, ʈ.ʌ. ʇʦʣʷʰʝʥʢʦ. ʆ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ // ɺɸʅʊ, ʩʝʨ. 

ʌʈʇ ʠ ʈʄ.  1989, ʚʳʧ. 3(50), ʩ. 81-85. 

3. ʕ.ɺ. ʉʦʙʦʪʦʚʠʯ, ɺ.ʄ. ʐʝʩʪʦʧʘʣʦʚ, ʈ.ʃ. ɹʝʣʝʚʮʝʚ ʠ ʜʨ. ʉʦʩʪʦʷʥʠʝ 

ʧʨʦʙʣʝʤʳ ʟʘʭʦʨʦʥʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʚ ʋʢʨʘʠʥʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʠʭ ʠʟʦʣʷʮʠʠ // ʇʨʦʙʣʝʤʠ ʏʝʨʥʦʙʠʣʴʩʢʦʾ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ. 1996, 

ʚʠʧ. 3, ʩ. 5-15.  

 

ʉ2.18. ʀʆʅʅʆ-ʌʆʊʆʅʅɸʗ ʉʇɽʂʊʈʆʄɽʊʈʀʗ  

ʆʈɻɸʅʀʏɽʉʂʀʍ ʂʈɸʉʀʊɽʃɽʁ 

ʀ.ɸ. ɸʬʘʥʘʩʴʝʚʘ, ɺ.ɺ. ɹʦʙʢʦʚ, ʉ.ʇ. ɻʦʢʦʚ1, ɺ.ɺ. ɻʨʠʮʳʥʘ,  

ʆ.ɺ. ʉʫʭʦʩʪʘʚʝʮ, ɼ.ʀ. ʐʝʚʯʝʥʢʦ 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ;  
1ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʥʦ-

ʬʦʪʦʥʥʦʡ ʵʤʠʩʩʠʠ (ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʦʪʣʝʪʘʶʱʠʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʯʘʩʪʠʮ) ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʦʟʙʫʞʜʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʠʦʥʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ. ɹʦʤʙʘʨʜʠʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʠʦʥʘʤʠ Ar+ ʩ 

ʵʥʝʨʛʠʝʡ 20 ʢʵɺ ʠ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ 10 ʤʢɸȚʩʤ-2. ʕʤʠʩʩʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʚ 

ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 250.0...800.0 ʥʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ ʦʪʜʝʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʨʠ ʪʠʧʘ ʤʠʰʝʥʝʡ: (1) ʞʠʜʢʘʷ ʤʠʰʝʥʴ: ʛʣʠʮʝʨʠʥ ʠ ʨʘʩʪʚʦʨ ʚ 

ʛʣʠʮʝʨʠʥʝ ʢʨʘʩʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʠʩʪʦʛʦ 

ʛʨʘʬʠʪʘ; (2) ʤʠʰʝʥʴ-ʪʘʙʣʝʪʢʘ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʠʟ ʧʦʨʦʰʢʘ ʢʨʘʩʠʪʝʣʝʡ ʙʝʟ 

ʢʘʢʠʭ-ʣʠʙʦ ʜʦʙʘʚʦʢ; (3) ʥʘʩʳʱʝʥʥʳʡ ʚʦʜʥʳʡ ʠ ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨʳ 
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ʢʨʘʩʠʪʝʣʝʡ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʠʩʪʦʛʦ ʛʨʘʬʠʪʘ ʠ ʚʳʩʫʰʝʥʥʳʝ ʚ 

ʚʘʢʫʫʤʝ. ʆʧʨʝʜʝʣʝʥʳ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʦʪʣʝʪʫ ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʯʘʩʪʠʮ ʧʨʠ ʠʦʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

 

ʉ2.19. ʄɽʍɸʅʀɿʄʓ ʆɹʈɸɿʆɺɸʅʀʗ ʉʊɸɹʀʃʔʅʓʍ ɼɽʌɽʂʊʆɺ  

ɺ ʂɽʈɸʄʀʂɽ ʐʇʀʅɽʃʀ ʇʆɼ ɺʆɿɼɽʁʉʊɺʀɽʄ 

ɺʓʉʆʂʆʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʕʃɽʂʊʈʆʅʆɺ 

ʉ.ʇ. ɻʦʢʦʚ1, ɺ.ʊ. ɻʨʠʮʳʥʘ2, ɺ.ʀ. ʂʘʩʠʣʦʚ1, ʉ.ʉ. ʂʦʯʝʪʦʚ1, ɸ.ʆ. ʄʦʩʢʚʠʪʠʥ2 
1ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò; 

2ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʤʘʛʥʠʡʘʣʶʤʠʥʠʝʚʦʡ 

ʰʧʠʥʝʣʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 16 ʄʵɺ ʧʨʠ ʧʣʦʪʥʦʩʪʠ 

ʪʦʢʘ 2.5 ʤʢɸ/ʩʤ2. ʀʥʪʝʛʨʘʣʴʥʳʝ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣʠ 4.2Å1016, 1.1Å1017 

ʠ 3.3Å1017 ʵʣʝʢʪʨʦʥ/ʩʤ2. ʊʠʧ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʝʬʝʢʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʥʘ ʨʝʰʝʪʦʯʥʳʭ ʜʝʬʝʢʪʘʭ ʢʨʠʩʪʘʣʣʦʚ. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

ʩʦʜʝʨʞʠʪ ʜʚʝ ʰʠʨʦʢʠʝ ʦʙʣʘʩʪʠ ʧʦʛʣʦʱʝʥʠʷ: ʚ ʚʠʜʠʤʦʡ ï ʩ ʵʥʝʨʛʠʝʡ ʬʦʪʦʥʦʚ 

2...4 ʵɺ ʠ ʚ ʋʌ-ʦʙʣʘʩʪʠ (ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ 4...6 ʵɺ), ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ ʨʷʜʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʣʦʩ. ʈʘʟʣʦʞʝʥʠʝʤ 

ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʛʘʫʩʩʠʘʥʳ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʧʦʣʦʩʘ ʧʨʠ 

2.8 ʵɺ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʜʳʨʦʯʥʳʤʠ ʮʝʥʪʨʘʤʠ ʥʘ ʢʘʪʠʦʥʥʳʭ ʚʘʢʘʥʩʠʷʭ, ʠ 

ʧʦʣʦʩʘ ʧʨʠ 3.8 ʵɺ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩ ʜʳʨʦʯʥʳʤʠ ʮʝʥʪʨʘʤʠ ʥʘ ʜʝʬʝʢʪʘʭ 

ʘʥʪʠʩʪʨʫʢʪʫʨʳ (Mg2+
Al)

0. ɺ ʋʌ-ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʧʦʣʦʩʳ ʧʨʠ 4.15, 4.75 ʠ 5.3 ʵɺ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʮʝʥʪʨʘʤʠ ʥʘ ʜʝʬʝʢʪʘʭ ʘʥʪʠʩʪʨʫʢʪʫʨʳ (Al3+
Mg)

0 ʠ ʘʥʠʦʥʥʳʭ ʚʘʢʘʥʩʠʷʭ ʩ 

ʟʘʭʚʘʪʦʤ ʦʜʥʦʛʦ (F+-ʮʝʥʪʨʳ) ʠʣʠ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ (F-ʮʝʥʪʨʳ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʫʢʘʟʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʦʟ ʦʙʣʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʜʳʨʦʯʥʳʭ ʮʝʥʪʨʦʚ (ʜʝʬʝʢʪʦʚ ʚ ʢʘʪʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʠʣʘʩʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʮʝʥʪʨʦʚ (ʜʝʬʝʢʪʦʚ ʚ 

ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ) ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʦʟʝ ʦʙʣʫʯʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʉʤʘʢʫʣʳ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ F-ʮʝʥʪʨʦʚ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 1.1Å1017 ʜʝʬʝʢʪʦʚ/ʩʤ3. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʜʝʬʝʢʪʦʚ ʵʣʝʢʪʨʦʥʘʤʠ ʩ 

ʵʥʝʨʛʠʝʡ 16 ʄʵɺ ʩʦʩʪʘʚʠʣʘ 0.33 ʜʝʬʝʢʪʘ/ʵʣʝʢʪʨʦʥ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʨʘʟʣʠʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʜʝʬʝʢʪʦʚ ʚ 

ʢʘʪʠʦʥʥʦʡ ʠ ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʘʭ ʰʧʠʥʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. 
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ʇʣʝʥʘʨʥʦʝ ʟʘʩʝʜʘʥʠʝ 2. ʗʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇ2.01. ʂʆʈɽʃʗʎɯʁʅɸ ʉʇɽʂʊʈʆʉʂʆʇɯʗ ʈɽɿʆʅɸʅʉɯɺ ʃɽɻʂʀʍ ʗɼɽʈ.  

ʈɽɿʋʃʔʊɸʊʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ 

ʖ.ʄ. ʇʘʚʣʝʥʢʦ, ʆ.ʂ. ɻʦʨʧʠʥʠʯ 

ɯʥʩʪʠʪʫʪ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ.ʂʠʾʚ 

ʅʘʚʝʜʝʥʦ ʦʛʣʷʜ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʦʥʘʥʩʽʚ ʣʝʛʢʠʭ 

ʷʜʝʨ ʚ ʨʝʘʢʮʽʷʭ, ʫ ʚʠʭʽʜʥʠʭ ʢʘʥʘʣʘʭ ʷʢʠʭ ʫʪʚʦʨʶʻʪʴʩʷ ʪʨʠ ʘʙʦ ʙʽʣʴʰʝ 

ʢʽʥʮʝʚʠʭ ʯʘʩʪʠʥʦʢ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤ, ʦʪʨʠʤʘʥʠʤ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʢʦʨʝʣʷʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʨʝʟʦʥʘʥʩʽʚ, ʷʢʠʡ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʝʻʩʪʨʘʮʽʾ ʦʙʦʭ ʧʨʦʜʫʢʪʽʚ ʨʦʟʧʘʜʫ ʨʝʟʦʥʘʥʩʽʚ ʪʘ ʩʫʤʫʚʘʥʥʽ 

ʧʦʜʽʡ ʟ ʦʜʥʘʢʦʚʠʤ ʚʽʜʥʦʩʥʠʤ ʽʤʧʫʣʴʩʦʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʨʦʮʝʩʠ ʨʦʟʧʘʜʫ ʨʝʟʦʥʘʥʩʽʚ ʚ ʪʦʡ ʯʠ ʽʥʰʠʡ ʢʘʥʘʣ ʷʢ ʚ 

ʪʨʠʯʘʩʪʠʥʢʦʚʠʭ ʨʝʘʢʮʽʷʭ, ʪʘʢ ʽ ʚ ʨʝʘʢʮʽʷʭ ʟ ʯʠʩʣʦʤ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ n > 3. 

ɸʥʘʣʽʟʫʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, 

ʟʦʢʨʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʝʢʟʦʪʠʯʥʠʭ ʥʝʩʪʘʙʽʣʴʥʠʭ ʷʜʝʨ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʛʽʣʦʢ ʨʦʟʧʘʜʫ ʨʝʟʦʥʘʥʩʽʚ. 

 

ʇ2.02. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ɺʓʍʆɼʓ ʆʊʅʆʐɽʅʀʁ 

ɸʂʊʀɺʅʆʉʊɽʁ ʀɿʆʊʆʇʆɺ 239Pu, 240Pu  ʀ ʆʉʂʆʃʂʆɺ ɼɽʃɽʅʀʗ 95Zr, 
103Ru, 106Ru, 141Ce, 144Ce ɼʃʗ ɹʃʀɾʅɽʁ ɿʆʅʓ ʏɸʕʉ 

ɸ.ʅ. ɺʦʜʠʥ1, ʉ.ʅ. ʆʣʝʡʥʠʢ1, ʕ.ɸ. ʈʫʜʘʢ2, ʀ.ɺ. ʋʰʘʢʦʚ1, ʆ.ʀ. ʗʯʥʠʢ2 
1ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò, ʋʢʨʘʠʥʘ; 

 2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʛ.ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ   

ɼʣʷ ʙʣʠʞʥʝʡ ʟʦʥʳ ʏɸʕʉ (ʜʦ 60 ʢʤ ʦʪ ʏɸʕʉ) ʩʜʝʣʘʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʦʪʥʦʰʝʥʠʡ ʘʢʪʠʚʥʦʩʪʝʡ ɟ=A(X1)/A(X 2), 

ʛʜʝ X1 ï ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʝ ʩ ʪʦʧʣʠʚʥʦʡ ʤʘʪʨʠʮʝʡ ʦʩʢʦʣʢʠ ʜʝʣʝʥʠʷ 
95Zr, 141Ce, 

144Ce; X2 ï ʦʩʢʦʣʢʠ ʜʝʣʝʥʠʷ ʩ ʧʝʨʝʤʝʥʥʦʡ çʣʝʪʫʯʝʩʪʴʶè 
103Ru, 106Ru; ʠʟʦʪʦʧʳ 

ʧʣʫʪʦʥʠʷ 239Pu, 240Pu. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʥʦʰʝʥʠʠ ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʦʧʣʠʚʥʦʡ ʤʘʪʨʠʮʝʡ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ 95Zr, 141Ce, 144Ce ʠʟʦʪʦʧʳ ʧʣʫʪʦʥʠʷ ʠ 

ʨʫʪʝʥʠʷ ʚʝʜʫʪ ʩʝʙʷ ʩʭʦʜʥʳʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜʳ ʨʘʥʥʠʭ 

ʨʘʙʦʪ [1,2]. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʄ/68-2008 ʄʆʅ ʋʢʨʘʠʥʳ ʠ ɻʇʌʀ 

ñʇʦʣʷ ʠ ʯʘʩʪʠʮʳò, ʟʘʜʘʥʠʝ 32 ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ.   

1. ʀ.ɸ. ʃʝʙʝʜʝʚ ʠ ʜʨ. // ʊʨʫʜʳ 1-ʡ ɺʩʝʩʦʶʟʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ñʈʘʜʠʘʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʘʚʘʨʠʠò,  ʪ. 2,  ʉ.-ʇ., 1993, ʩ. 211. 

2. ʀ.ɸ. ʃʝʙʝʜʝʚ ʠ ʜʨ. // ɸʪʦʤʥʘʷ ʵʥʝʨʛʠʷ. 1992, ʪ. 72, ʚʳʧ. 6, ʩ. 593. 
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ʇ2.03. ɺʓʉʆʂʆʇʆʈʆɻʆɺʓɽ ʌʆʊʆʗɼɽʈʅʓɽ ʈɽɸʂʎʀʀ ɺʓʐɽ 

ʕʅɽʈɻʀʀ ɻʀɻɸʅʊʉʂʆɻʆ ɼʀʇʆʃʔʅʆɻʆ ʈɽɿʆʅɸʅʉɸ 

ɸ.ʅ. ɺʦʜʠʥ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ. ʍʘʨʴʢʦʚ 

ɼʘʥ ʦʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʦʢʦʧʦʨʦʛʦʚʳʭ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʩ 

ʚr ʣʝʪʦʤ ʥʝʩʢʦʣʴʢʠʭ ʥʫʢʣʦʥʦʚ ʚ ʦʙʣʘʩʪʠ ʛʨʘʥʠʯʥʦʡ ʵʥʝʨʛʠʠ ʪʦʨʤʦʟʥʳʭ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʜʦ 100 ʄʵɺ. ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʝʥʠʝʤ 

ʷʜʝʨ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʧʦʣʦʩʳ ɓ-ʩʪʘʙʠʣʴʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʘʩʧʝʢʪʳ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʘʥʥʳʭ ʧʦ ʵʪʠʤ ʨʝʘʢʮʠʷʤ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 

 

ʇ2.04. ʐɺʀɼʂɯʉʊʔ ɸʉʊʈʆʌɯɿʀʏʅʆɰ ʈɽɸʂʎɯɰ 36S(p,ɔ)37Cl 

ʆ.ʄ. ɺʦʜʽʥ1, ɯ.ɺ. ʋʰʘʢʦʚ1, ɯ.ɸ. ʐʘʧʦʚʘʣ2, ɻ.ɽ. ʊʫʣʣʝʨ1 
1ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ ʽ ʷʜʝʨʥʦʾ ʬʽʟʠʢʠ ʅʅʎ ʍʌʊɯ, ʤ.ʍʘʨʢʽʚ; 

 2ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɺ.ʄ. ʂʘʨʘʟʽʥʘ, ʤ.ʍʘʨʢʽʚ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʦ ʧʝʨʝʨʽʟ ʨʝʘʢʮʽʾ 36S(p,ɔ)37Cl ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʡ 

ʧʨʦʪʦʥʽʚ ɽʨ = 1965 - 2190 ʢʝɺ. ɼʦʩʣʽʜʞʝʥʦ 15 ʨʝʟʦʥʘʥʩʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʨʽʚʥʷʤ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ 37Cl. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʚʠʟʥʘʯʝʥʦ ʝʥʝʨʛʝʪʠʯʥʝ 

ʧʦʣʦʞʝʥʥʷ ʪʘ ʩʠʣʘ ʨʝʟʦʥʘʥʩʫ S. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʜʝʷʢʠʭ ʨʝʟʦʥʘʥʩʽʚ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʩʧʽʥ J ʪʘ ʧʦʚʥʫ ʨʘʜʽʘʮʽʡʥʫ ʰʠʨʠʥʫ ɻɔ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʙʫʣʦ 

ʨʦʟʨʘʭʦʚʘʥʦ ʰʚʠʜʢʽʩʪʴ NA <ůɜ> ʨʝʘʢʮʽʾ 36S(p,ɔ)37Cl. ʇʦʚʥʠʡ ʧʝʨʝʨʽʟ ʨʝʘʢʮʽʾ ů 

ʚʠʟʥʘʯʝʥʦ ʷʢ ʩʫʤʫ ʨʝʟʦʥʘʥʩʥʠʭ ʪʘ ʥʝʨʝʟʦʥʘʥʩʥʠʭ ʚʥʝʩʢʽʚ ʜʦ ʤʝʭʘʥʽʟʤʫ 

ʷʜʝʨʥʦʾ ʨʝʘʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ, ʚʥʝʩʦʢ ʽʟʦʣʴʦʚʘʥʠʭ ʪʘ ʚʫʟʴʢʠʭ ʨʝʟʦʥʘʥʩʽʚ ʜʦ 

ʧʦʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʟʛʽʜʥʦ [1]. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʥʝʩʦʢ 

ʨʦʟʛʣʷʥʫʪʠʭ ʨʝʟʦʥʘʥʩʽʚ ʜʦ ʧʦʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ 36S(ʨ,ɔ)37Cl ʚ ʽʥʪʝʨʚʘʣʽ 

ʟʦʨʷʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 0,01...10Țʊ9 ʻ ʥʝʟʥʘʯʥʠʤ. ʇʨʦʪʝ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʽʣʴʰʝ 

1,0Țʊ9 ʚʽʥ ʩʪʘʻ ʧʦʨʽʚʥʥ̫ʠʤ ʽʟ ʚʥʝʩʢʦʤ ʨʝʘʢʮʽʾ 36S(ʨ,Ŭ)33ʈ ʜʦ ʧʦʚʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʝʘʢʮʽʾ ʧʨʦʪʦʥʽʚ ʥʘ ʷʜʨʘʭ 36S. 

1. C. Iliadis  et al. // The Astrop hysical J. Sup. Series. 2001, v. 134, p. 151.  

 

ʇ2.05. ʅʋʂʃɽʆʉʀʅʊɽɿ ɺ ɿɺɽɿɼɸʍ 

ɽ.ɸ. ʉʢʘʢʫʥ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʟʚʝʟʜʥʳʝ ʩʮʝʥʘʨʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʨʠʨʦʜʝ ʠʟʦʪʦʧʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʝʪʩʷ ʥʘ 

ɔ-ʧʨʦʮʝʩʩ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ  

p-ʷʜʨʘ - ʷʜʨʘ ʥʝʡʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʩ ʤʘʩʩʦʚʳʤʠ 

ʯʠʩʣʘʤʠ ʤʝʞʜʫ ɸ=74 ʠ ɸ=196. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪʩʷ 

ʜʦʩʪʦʚʝʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʷʤ ʤʥʦʞʝʩʪʚʘ ʷʜʝʨʥʳʭ 

ʨʝʘʢʮʠʡ ʠ ʪʘʢʠʤ ʜʘʥʥʳʤ, ʢʘʢ ʤʘʩʩʳ ʠ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʷʜʝʨ. ʀʟʤʝʨʝʥʠʷ ʩʝʯʝʥʠʡ (p,ɔ)- ʠ (p,n)-ʨʝʘʢʮʠʡ ʥʘ ʷʜʨʘʭ ʩʨʝʜʥʝʛʦ ʘʪʦʤʥʦʛʦ 

ʚʝʩʘ ʥʘʯʘʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʢʦʨʠʪʝʣʷ ɺʘʥ ʜʝ ɻʨʘʘʬʘ ʅʅʎ ʍʌʊʀ. 
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ʉʝʢʮʠʷ 3. ʉʪʨʫʢʪʫʨʘ ʷʜʨʘ ʚ ʨʝʘʢʮʠʷʭ ʥʘ ʧʫʯʢʘʭ ʧʨʦʪʦʥʦʚ, ʥʝʡʪʨʦʥʦʚ 

ʠ ʣʝʛʢʠʭ ʷʜʝʨ   

ʉ3.01. ʈʆʃʔ ʆɹʄɽʅʅʆɻʆ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʊʆɾɼɽʉʊɺɽʅʅʓʍ 

ʏɸʉʊʀʎ ɼʀʉʂʈɽʊʅʆɻʆ ʉʇɽʂʊʈɸ ʇʈʀ ʆɼʅʆɺʈɽʄɽʅʅʆʄ 

ʊʋʅʅɽʃʀʈʆɺɸʅʀʀ ʀʍ ʏɽʈɽɿ ʇʆʊɽʅʎʀɸʃʔʅʓʁ ɹɸʈʔɽʈ, 

ʈɸɿɼɽʃʗʖʑʀʁ ʕʊʀ ʏɸʉʊʀʎʓ 

 ʃ.ʉ. ʄʘʨʮʝʥʶʢ, ʉ.ʇ. ʄʘʡʜʘʥʶʢ, ɺ.ʉ. ʆʣʴʭʦʚʩʢʠʡ 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ 

ʇʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʚʘʥʪʦʚʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ, ʧʨʝʜʩʪʘʚʠʚ ʧʦʪʝʥʮʠʘʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʙʘʨʴʝʨʘ [1-3]. ʂ ʯʠʩʣʫ 

ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚʦʦʙʱʝ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ, 

ʦʪʥʦʩʠʪʩʷ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩʳ 

ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ ʚ ʧʦʣʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ, 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʝ ʢʦʪʦʨʦʛʦ ʠ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. ɹʳʣʦ 

ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʙʤʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ V ʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʟʘʚʠʩʠʤʦʩʪʠ V ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʪʦʞʜʝʩʪʚʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʚʘʥʪʦʚʦʛʦ ʙʘʨʴʝʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʘ ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ 

ʠʟʤʝʥʷʝʪ ʬʘʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ 

ʧʨʦʮʝʩʩʳ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ, ʪʦ ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʪʫʥʥʝʣʠʨʦʚʘʥʠʠ ʪʦʞʜʝʩʪʚʝʥʥʳʭ ʯʘʩʪʠʮ ʚʣʠʷʶʪ ʥʘ ʚʨʝʤʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ.  

1. ʃ. ʃʘʥʜʘʫ. ʂʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ. ʄ.: ʅʘʫʢʘ, 1974, 750 ʩ. 

2. ɼ. ɹʦʤ. ʂʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ. ʄ.: ʅʘʫʢʘ, 1965, 727 ʩ. 

3. G. Privitera, G. Salesi, V.S. Olkhovsky, E. Recami. Tunnelling times: An 

elementary introdyction //  Rivista del Nuovo Cim. 1974, v. 26, n. 4, p. 55. 

 

ʉ3.02. ɼʆʉʃɯɼɾɽʅʅʗ ʅɸʁʃɽɻʐʀʍ ʗɼɽʈ 

 ɿɸ ɼʆʇʆʄʆɻʆʖ ʂʆʈɽʃʗʎɯʁʅʀʍ ɽʂʉʇɽʈʀʄɽʅʊɯɺ 

ʆ.ʂ. ɻʦʨʧʠʥʠʯ, ʆ.ʄ. ʇʦʚʦʨʦʟʥʠʢ 

ɯʥʩʪʠʪʫʪ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ.ʂʠʾʚ 

ʗʢ ʚʽʜʦʤʦ, ʙʽʣʴʰʽʩʪʴ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʥʘʡʣʝʛʰʠʭ ʷʜʝʨ ʻ ʥʝʩʪʘʙʽʣʴʥʠʤʠ, ʘ 

ʜʝʷʢʽ ʷʜʨʘ ʥʝʟʚôʷʟʘʥʽ ʽ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ. ʋʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʷʜʝʨ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ  ʢʦʨʝʣʷʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ  ʧʨʠ  ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʛʘʨʘʥʪʫʶʪʴ ʚʠʥʠʢʥʝʥʥʷ  ʩʘʤʝ ʮʴʦʛʦ ʷʜʨʘ. ʐʣʷʭʦʤ 

ʨʝʻʩʪʨʘʮʽʾ ʟʙʽʛʽʚ ʧʨʦʜʫʢʪʽʚ ʨʦʟʧʘʜʫ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʩʭʝʤʠ ʟʙʫʜʞʝʥʥʷ  ʪʘʢʠʭ 

ʷʜʝʨ, ʷʢ: 4-8ʅ, 5-6ʅʝ, 5Li, 8ɺʝ ʪʘ ʽʥʰʽʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʤʝʪʦʜʠʢʠ ʜʘʣʦ 

ʤʦʞʣʠʚʽʩʪʴ  ʫʪʦʯʥʠʪʠ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ ʪʘ ʰʠʨʠʥʠ  ʚʽʜʦʤʠʭ ʨʽʚʥʽʚ ʪʘ  

ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʦʚʽ  ʟʙʫʜʞʝʥʽ ʩʪʘʥʠ ʷʜʝʨ 6ʅʝ, 8ɺʝ, ʚʠʟʥʘʯʠʪʠ ʝʥʝʨʛʽʾ ʾʭ 

ʟʙʫʜʞʝʥʥʷ ʪʘ ʰʠʨʠʥʠ. ɺ ʢʦʨʝʣʷʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ  ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʤʦʜʠ 
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ʨʦʟʧʘʜʫ ʷʜʝʨ ʪʘ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ʅʘʷʚʥʽʩʪʴ  ʮʠʭ ʜʘʥʠʭ ʪʘ ʥʦʚʠʭ ʜʘʥʠʭ ʧʨʦ 

ʟʙʫʜʞʝʥʽ ʩʪʘʥʠ ʥʘʡʣʝʛʰʠʭ ʷʜʝʨ  ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʷʜʝʨʥʦʾ ʚʟʘʻʤʦʜʽʾ, 

ʘ ʢʦʨʝʣʷʮʽʡʥʽ ʤʝʪʦʜʠʢʠ ʻ ʧʦʪʫʞʥʠʤ ʟʘʩʦʙʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʡʣʝʛʰʠʭ ʷʜʝʨ. 

 

ʉ3.03. ʋʇʈʋɻʆɽ  dt-ʈɸʉʉɽʗʅʀɽ ʇʈʀ ʕʅɽʈɻʀʀ 37 ʄʵɺ 

ʆ.ʆ. ɹʝʣʶʩʢʠʥʘ, ɺ.ʀ. ɻʨʘʥʮʝʚ, ɺ.ɺ. ɼʘʚʠʜʦʚʩʢʠʡ, ʂ.ʂ. ʂʠʩʫʨʠʥ,  

ʉ.ɽ. ʆʤʝʣʴʯʫʢ, ɻ.ʇ. ʇʘʣʢʠʥ, ʖ.ʉ. ʈʦʟʥʶʢ, ɹ.ɸ. ʈʫʜʝʥʢʦ,  

ʃ.ʉ. ʉʘʣʪʳʢʦʚ, ɺ.ʉ. ʉʝʤʝʥʦʚ, ʃ.ʀ. ʉʣʶʩʘʨʝʥʢʦ,  

ɹ.ɻ. ʉʪʨʫʞʢʦ, ɺ.ʂ. ʊʘʨʪʘʢʦʚʩʢʠʡ, ɺ.ɸ. ʐʠʪʶʢ  

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ 

ʋʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 37 ʄʵɺ ʧʦʣʫʯʝʥʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʫʣʦʚ ʨʘʩʩʝʷʥʠʷ 150Òɗʣ.ʩ.Ò58
0 (ʣ.ʩ.) ʠʟ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʫʧʨʫʛʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʜʝʡʪʨʦʥʦʚ ʷʜʨʘʤʠ ʪʨʠʪʠʷ, ʘ ʚ ʜʠʘʧʘʟʦʥʝ  46,60Òɗʣ.ʩ.Ò111,4
0 (ʣ.ʩ.) ï 

ʠʟ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʪʨʠʪʦʥʦʚ ʦʪʜʘʯʠ. ɸʥʘʣʠʟ ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

dt-ʨʘʩʩʝʷʥʠʷ ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ NN-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʋʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʡʪʨʦʥʦʚ 

ʫʩʧʝʰʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʤʦʜʝʣʴʶ ʚ ʦʙʣʘʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʘʢʩʠʤʫʤʘ (ɗʮ.ʤ.Ò60
0) 

ʧʨʠ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʥʝʨʛʠʷʭ ʜʝʡʪʨʦʥʦʚ. ʇʨʝʜʣʦʞʝʥʦ ʦʙʲʷʩʥʝʥʠʝ 

ʧʨʠʨʦʜʳ ʧʦʷʚʣʝʥʠʷ ʰʠʨʦʢʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ 

ʜʝʡʪʨʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʦʠʤ ʧʦʷʚʣʝʥʠʤ ʦʥ ʦʙʷʟʘʥ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʢʚʘʥʪʦʚʦʡ ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠʟʦʪʨʦʧʥʦʡ ʘʤʧʣʠʪʫʜ, ʘ  ʪʘʢʞʝ ʚʣʠʷʥʠʶ ʩʪʨʫʢʪʫʨʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʷʜʝʨ. ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʛʣʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʝʯʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ 600Òɗʮ.ʤ.Ò130
0  ʫʜʘʣʦʩʴ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ 

ʢʘʯʝʩʪʚʝʥʥʦ, ʠʩʧʦʣʴʟʫʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʝ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ. 

 

ʉ3.04. ʆ ʉʊɸɹʀʃʔʅʆʉʊʀ ʗɼɽʈ ʇʆ ʆʊʅʆʐɽʅʀʖ ʂ ʀʉʇʋʉʂɸʅʀʖ 

ʅɽʁʊʈʆʅʆɺ ɿɸ ʇʈɽɼɽʃɸʄʀ ɻʈɸʅʀʎʓ ʅɽʁʊʈʆʅʅʆʁ 

ʉʊɸɹʀʃʔʅʆʉʊʀ 

K.A. ɻʨʠʜʥʝʚ1,2, ɺ. ɻʨʘʡʥʝʨ2, ɺ.ʅ. ʊʘʨʘʩʦʚ3, ɼ.ʂ. ɻʨʠʜʥʝʚ2,  

 ɺ.ʀ. ʂʫʧʨʠʢʦʚ3, ɺ.ɺ. ʇʠʣʠʧʝʥʢʦ3, ɼ.ɺ. ʊʘʨʘʩʦʚ3 
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʈʦʩʩʠʷ; 

2ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʀ. ɻʸʪʝ, ʛ. ʌʨʘʥʢʬʫʨʪ, ɻʝʨʤʘʥʠʷ; 
3ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò, ʋʢʨʘʠʥʘ  

ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʍʘʨʪʨʠïʌʦʢʘ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʠʣʘʤʠ ʉʢʠʨʤʘ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʪʥʦïʯʝʪʥʳʭ 

ʠʟʦʪʦʧʦʚ C, O, Ne, Mg, Si, S, Ar, Fe, Ni, Zn, Zr, Hg, Pb c ʠʟʙʳʪʢʦʤ ʥʝʡʪʨʦʥʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʝʡʪʨʦʥʦʠʟʙʳʪʦʯʥʳʭ ʠʟʦʪʦʧʦʚ ʫ ʛʨʘʥʠʮʳ 

ʥʝʡʪʨʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʈʘʩʯʝʪʳ ʩ ʩʠʣʘʤʠ Ska ʠ SkM* ʧʨʝʜʩʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʩʪʨʦʚʦʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʧʫʩʢʘʥʠʶ ʦʜʥʦʛʦ 

ʠʣʠ ʜʚʫʭ ʥʝʡʪʨʦʥʦʚ ʚʙʣʠʟʠ 40O, 76Ar, 110Ni, 152Zr, 278Pb. ɼʣʷ ʵʪʠʭ ʠʟʦʪʦʧʦʚ 
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ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʥʝʡʪʨʦʥʦʚ ʢ ʥʝʩʪʘʙʠʣʴʥʦʤʫ ʷʜʨʫ ʩ ʠʟʙʳʪʢʦʤ 

ʥʝʡʪʨʦʥʦʚ ʤʦʞʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʣʥʳʤ 

ʟʘʧʦʣʥʝʥʠʝʤ ʥʝʡʪʨʦʥʥʦʡ ʧʦʜʦʙʦʣʦʯʢʠ ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʫʛʣʦʚʦʛʦ 

ʤʦʤʝʥʪʘ. ʇʨʠ ʯʘʩʪʠʯʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʪʘʢʦʡ ʧʦʜʦʙʦʣʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʡ 

ʩʦʩʪʦʷʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʝʢʪʨʘ, ʘ ʧʦ ʤʝʨʝ ʝʝ 

ʟʘʧʦʣʥʝʥʠʷ ʦʧʫʩʢʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʘ. ɼʣʷ 

ʥʝʡʪʨʦʥʦʠʟʙʳʪʦʯʥʳʭ ʠʟʦʪʦʧʦʚ Hg ʠ Pb ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʦʙʣʘʩʪʠ 

ʤʘʩʩʦʚʳʭ ʯʠʩʝʣ ɸ~220 ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʩʫʧʝʨʜʝʬʦʨʤʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʥʝʡʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʩ ɓ ~ 0.6. 

 

ʉ3.05. ʈɸʉʏɽʊ ɺʓʍʆɼʆɺ ʅɽʁʊʈʆʅʆɺ, ʀʉʇʋʑɽʅʅʓʍ ʆʉʂʆʃʂɸʄʀ 

ʇʈʀ ɼɽʃɽʅʀʀ 237Np ʊɽʇʃʆɺʓʄʀ ʀ ɹʓʉʊʈʓʄʀ ʅɽʁʊʈʆʅɸʄʀ 

ɸ.ʀ. ʃʝʥʜʴʝʣ1, ʆ.ɸ. ʇʘʨʣʘʛ1, ɺ.ʊ. ʄʘʩʣʶʢ1, ʖ.ɺ. ʂʠʙʢʘʣʦ2 
1ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʋʞʛʦʨʦʜ; 

2ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʠʩʧʫʩʢʘʝʤʳʭ ʥʝʡʪʨʦʥʦʚ ʦʪ ʤʘʩʩʳ 

ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ ɜf(M) ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʜʝʣʝʥʠʷ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ɜf(M) - ʩʣʦʞʥʘʷ 

ʟʘʜʘʯʘ, ʧʦʵʪʦʤʫ ʠʤʝʝʪʩʷ ʜʦʚʦʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʪʘʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɼʦ ʩʠʭ ʧʦʨ ʜʣʷ ʦʮʝʥʢʠ ɜf(M) ʚ ʦʙʣʘʩʪʠ ʣʝʛʢʠʭ ʠ 

ʪʷʞʝʣʳʭ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʘʷ ʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʛʣʘʞʠʚʘʝʪʩʷ 

ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ɜf(M), ʢʦʪʦʨʘʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʘʜʝʞʥʦ 

ʫʩʪʘʥʦʚʣʝʥʘ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʮʝʥʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ɜf(M) ʷʚʣʷʝʪʩʷ ʧʦ ʧʨʝʞʥʝʤʫ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ɜf(M) 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʜʭʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʚʠʯʥʳʭ (ʜʦ ʠʩʧʫʩʢʘʥʠʷ ʥʝʡʪʨʦʥʦʚ) 

ʬʨʘʛʤʝʥʪʦʚ ʜʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʘʢʠʝ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʤʙʠʥʘʮʠʷ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʧʝʨʚʠʯʥʳʭ, ʪʘʢ ʠ ʚʪʦʨʠʯʥʳʭ (ʧʦʩʣʝ ʠʩʧʫʩʢʘʥʠʷ ʥʝʡʪʨʦʥʦʚ) 

ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ 

ʨʘʩʯʝʪʘ ɜf(M), ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʪʦʣʴʢʦ 

ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʤʠ ʠ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ.  ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʨʘʩʯʝʪʘ ɜf(M) ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [1,2] 

ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʧʦʣʥʳʭ ʚʳʭʦʜʘʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ 

ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ [3]. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ɜf(M) ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ 

ʤʘʩʩʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠ ʜʝʣʝʥʠʠ ʷʜʝʨ 237Np 

ʪʝʧʣʦʚʳʤʠ ʠ ʙʳʩʪʨʳʤʠ ʥʝʡʪʨʦʥʘʤʠ.  

1. J. Terrell // Phys. Rev. 1962, v. 127, p. 880. 

2. ɸ.ʀ. ʃʝʥʜʝʣ ʠ ʜʨ. // ʅʘʫʢʦʚʠʡ ɺʽʩʥʠʢ ʋʞʅʋ. ʉʝʨʽʷ ñʌʽʟʠʢʘò  2008, ˉ1.  

3. T.R. England, B.F. Rider // LA-UR-94-3106, ENDF-349, 1994,  173 ʨ.  
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ʉ3.06. ʉʀʉʊɽʄɸ ʂʀʅɽʊʀʏɽʉʂʀʍ ʋʈɸɺʅɽʅʀʁ ɼʃʗ ʏɸʉʊʀʎ ʀ ʗɼɽʈ 

ʀ ʊɽʆʈɽʄɸ ʆ ɺʆʉʉʊɸʅʆɺʃɽʅʀʀ ʅɸʏɸʃʔʅʓʍ ʋʉʃʆɺʀʁ 

ʆɹʈɸɿʆɺɸʅʀʗ ʅʋʂʃʀɼʆɺ 

ʇʆ ɼɸʅʅʓʄ ʆɹ ʀʍ ʈɸʉʇʈʆʉʊʈɸʅɽʅʅʆʉʊʀ 

ɸ.ʄ. ʍʠʣʴʤʘʥʦʚʠʯ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ.ɹ.ʀ. ʉʪʝʧʘʥʦʚʘ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʛ.ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

ʇʨʦʚʦʜʠʪʩʷ ʦʙʦʙʱʝʥʠʝ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʷʜʝʨʥʦʡ 

ʬʠʟʠʢʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ, ʚʢʣʶʯʘʶʱʝʝ ʠ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʷʜʨʘ ʤʠʰʝʥʠ ʤʦʛʫʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʆʙʦʙʱʝʥʠʝ ʚʳʧʦʣʥʝʥʦ ʜʣʷ 

ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʝʡ ʷʜʨʘ ʠ ʯʘʩʪʠʮʳ ʣʶʙʦʛʦ ʪʠʧʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ ʠʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʋʨʘʚʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʥʝʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʡ Ni (<ri>, <ɋi>, Ei, t). ʇʦʩʪʦʷʥʥʳʤʠ, 

ʩʚʷʟʳʚʘʶʱʠʤʠ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʚ ʫʨʘʚʥʝʥʠʷʭ, ʷʚʣʷʶʪʩʷ ʜʚʘʞʜʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʠ ʧʦʩʪʦʷʥʥʳʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ.  

ʈʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʜʝʨ ʚ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɿʘʜʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʷʝʪ 

ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. ɼʦʣʞʥʦ ʙʳʪʴ ʫʯʪʝʥʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʟʘʜʘʥʳ ʬʫʥʢʮʠʠ ʬʣʫʢʪʫʘʮʠʠ ʧʣʦʪʥʦʩʪʝʡ 

ʧʝʨʚʠʯʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʥʷʪʠʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʦʪʢʣʦʥʝʥʠʝ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʠʥʝʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ. ɺ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ 

ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚʚʦʜʠʪʩʷ ʬʫʥʢʮʠʷ ʬʣʫʢʪʫʘʮʠʠ f (<ri>, <ɋi>, Ei , t), ʠʛʨʘʶʱʘʷ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. 

ɽʩʣʠ ʩʦʛʣʘʩʠʝ ʥʝ ʙʫʜʝʪ ʥʘʡʜʝʥʦ, ʪʦ ʵʪʦ ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʟʘʜʘʥʥʳʝ 

ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ni (<ri>, <ɋi>, Ei , t =0) ʠ 

ʬʣʫʢʪʫʘʮʠʠ f (<ri>, <ɋi>, Ei , t = 0) ʥʝ ʷʚʣʷʶʪʩʷ ʘʜʝʢʚʘʪʥʳʤʠ ʠ ʪʨʝʙʫʝʪʩʷ ʠʭ 

ʚʘʨʠʘʮʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ - ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ  

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʠʟʦʪʦʧʦʚ ʠʤʝʶʱʠʤʩʷ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʘʥʥʳʤ ʧʦ 

ʢʦʥʢʨʝʪʥʦʤʫ ʦʙʲʝʢʪʫ - ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʩʣʦʚʠʷ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʜʘʣʴʥʝʡʰʘʷ ʠʩʪʦʨʠʷ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ.  

 

ʉ3.07. ʈʆɿʇɸɼ ɹɯʃʗʇʆʈʆɻʆɺʆɻʆ ʈɽɿʆʅɸʅʉʋ 10ɺʝ*(7,54 ʄʝɺ) 

 ɺ ʈɽɸʂʎɯɰ 58Ni(14N, Ŭ6He)  

ʖ.ʄ. ʇʘʚʣʝʥʢʦ, ɺ.ʆ. ʂʠʚʘ, ɯ.ʄ. ʂʦʣʦʤʽʻʮʴ, ʆ.ʂ. ɻʦʨʧʠʥʠʯ, 

 ɺ.ʄ. ɼʦʙʨʽʢʦʚ, ʆ.ɯ. ɯʚʘʥʠʮʴʢʠʡ  

ɯʥʩʪʠʪʫʪ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ.ʂʠʾʚ 

ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʢʦʨʝʣʷʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʨʝʟʦʥʘʥʩʽʚ ʚ ʨʝʘʢʮʽʾ 
58Ni(14N, Ŭ6He) ʧʨʠ ʝʥʝʨʛʽʾ ɽ(14N) = 125 ʄʝɺ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʤʘʣʦʡʤʦʚʽʨʥʠʡ 

ʨʦʟʧʘʜ ʙʽʣʷʧʦʨʦʛʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ ʷʜʨʘ 10ɺʝ* ʟ ʝʥʝʨʛʽʻʶ ʟʙʫʜʞʝʥʥʷ 7,54 ʄʝɺ ʚ 

ʢʘʥʘʣ Ŭ+6He, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ ʧʨʠ 
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ʜʦʩʣʽʜʞʝʥʥʽ ʪʨʠʯʘʩʪʠʥʢʦʚʠʭ ʨʝʘʢʮʽʡ ʟ ʣʝʛʢʠʤʠ ʷʜʨʘʤʠ [1]. ɿʛʽʜʥʦ ʟ [1], 

ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʘʜʫ ʨʝʟʦʥʘʥʩʫ 10ɺʝ*(7,54 ʄʝɺ) ʚ ʢʘʥʘʣ Ŭ+6He ʩʪʘʥʦʚʠʪʴ 

ʚʩʴʦʛʦ (3,5Ñ1,2)Ā10-3. ʄʦʞʣʠʚʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʢʘʟʘʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʚ 

ʨʝʘʢʮʽʾ 58Ni(14N, Ŭ6He) ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʛʦ 

ʪʽʣʝʩʥʦʛʦ ʢʫʪʘ ʨʝʻʩʪʨʘʮʽʾ ʧʨʦʜʫʢʪʽʚ ʨʦʟʧʘʜʫ ʪʘ ʩʫʤʫʚʘʥʥʷʤ ʧʦʜʽʡ ʟ 

ʦʜʥʘʢʦʚʠʤ ʚʽʜʥʦʩʥʠʤ ʽʤʧʫʣʴʩʦʤ.  

1. J.A. Liendo et al. // Phys. Rev. 2002, v. C65, p. 034317. 

 

ʉ3.08. ʇʈʋɾʅɽ ʈʆɿʉɯʗʅʅʗ ɼɽʁʊʈʆʅɯɺ ʗɼʈɸʄʀ  208Pb  

ʇʈʀ ɽʅɽʈɻɯɰ ɽd = 7,3 ʄʝɺ 

ʖ.ʄ. ʇʘʚʣʝʥʢʦ, ʂ.ʆ. ʊʝʨʝʥʝʮʴʢʠʡ, ɺ.ʇ. ɺʝʨʙʠʮʴʢʠʡ, ɯ.ʇ. ɼʨʷʧʘʯʝʥʢʦ, 

 ɽ.ʄ. ʄʦʞʞʫʭʽʥ, ɺ.ʄ. ɼʦʙʨʽʢʦʚ, ʖ.ʗ. ʂʘʨʣʠʰʝʚ, ʆ.ʂ. ɻʦʨʧʠʥʠʯ, 

 ʆ.ɯ. ʈʫʥʜʝʣʴ, ʊ.ʆ. ʂʦʨʟʠʥʘ, ʆ.I. ɯʚʘʥʠʮʴʢʠʡ 

ɯʥʩʪʠʪʫʪ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ.ʂʠʾʚ 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʧʝʨʝʨʽʟʠ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʜʝʡʪʨʦʥʽʚ ʷʜʨʘʤʠ 208Pb 

ʚʠʤʽʨʶʚʘʣʠʩʷ ʥʘ ʧʨʠʩʢʦʨʶʚʘʯʽ ɽɻʇ-10ʂ ɯʗɼ ʅɸʅ ʋʢʨʘʾʥʠ ʧʨʠ ʝʥʝʨʛʽʾ 

ɽd=7,3 ʄʝɺ ʚ ʜʽʘʧʘʟʦʥʽ ʢʫʪʽʚ ɗ = 40...160Á. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʷʚʣʝʥʦ ʥʝʤʦʥʦʪʦʥʥʠʡ ʭʘʨʘʢʪʝʨ ʢʫʪʦʚʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʧʝʨʝʨʽʟʽʚ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ d + 208Pb, ʘ ʪʘʢʦʞ ʟʥʘʯʥʦ ʙʽʣʴʰʽ 

ʚʽʜʭʠʣʝʥʥʷ ʮʠʭ ʧʝʨʝʨʽʟʽʚ ʚʽʜ ʧʝʨʝʨʽʟʽʚ ʨʝʟʝʨʬʦʨʜʽʚʩʴʢʦʛʦ ʨʦʟʩʽʷʥʥʷ, ʥʽʞ 

ʧʝʨʝʜʙʘʯʝʥʦ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ [1], ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʨʦʟʱʝʧʣʝʥʥʷ ʪʘ 

ʧʦʣʷʨʠʟʘʮʽʶ ʜʝʡʪʨʦʥʽʚ ʚ ʢʫʣʦʥʽʚʩʴʢʦʤʫ ʧʦʣʽ ʚʘʞʢʠʭ ʷʜʝʨ. ʇʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ 

ʤʘʶʪʴ ʽ ʢʫʪʦʚʽ ʨʦʟʧʦʜʽʣʠ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ d+124Sn ʧʨʠ ʝʥʝʨʛʽʷʭ 

ɽd=5,0...5,5 ʄʝɺ ʪʘ d+58Ni ʧʨʠ ʝʥʝʨʛʽʷʭ ɽd = 3,5 ʪʘ 4,5 ʄʝɺ [2]. ʆʪʨʠʤʘʥʽ ʜʘʥʽ 

ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʪʘʣʴʥʽʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʧʽʜʙʘʨôʻʨʥʦʛʦ 

ʨʦʟʩʽʷʥʥʷ ʜʝʡʪʨʦʥʽʚ ʪʘ ʽʥʰʠʭ ʩʣʘʙʢʦʟʚôʷʟʘʥʠʭ ʷʜʝʨ, ʟʦʢʨʝʤʘ 6ʅʝ.     

1. ɺ.ʇ. ɺʝʨʙʠʮʢʠʡ, ʂ.ʆ. ʊʝʨʝʥʝʮʢʠʡ // ʗʜʝʨʥʘʷ ʬʠʟʠʢʘ. 1992, ʪ. 55, ʩ. 362.  

2. Yu.N. Pavlenko, K.O. Terenetsky, V.P. Verbitsky et al. // 2 Intern. Conf. 
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ʉ3.09. ʄɽʊʆɼʀʂɸ ʀʉʉʃɽɼʆɺɸʅʀʁ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʈɽɿʆʅɸʅʉʆɺ 

ʅɽʁʊʈʆʅʅʆ-ʀɿɹʓʊʆʏʅʓʍ ʗɼɽʈ ɹʆʈɸ  

ɸ.ɻ. ɸʨʪʶʭ1,  ɸ.ʅ. ɺʦʨʦʥʮʦʚ1,2, ɺ.ɽ. ʂʦʚʪʫʥ3, ɽ.ʀ. ʂʦʱʠʡ3, ɺ.ɺ. ʆʩʪʘʰʢʦ2, 

ʖ.ʅ. ʇʘʚʣʝʥʢʦ2, ɸ.ʅ. ʇʦʥʦʤʘʨʝʥʢʦ2, ʖ.ʄ. ʉʝʨʝʜʘ1,2, ɸ.ʀ. ʈʫʥʜʝʣʴ2  
1ʆʙʴʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛ.ɼʫʙʥʘ, ʈʦʩʩʠʷ; 
2ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ, ʋʢʨʘʠʥʘ; 

3ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ, ʋʢʨʘʠʥʘ  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʟʦʥʘʥʩʦʚ ʵʢʟʦʪʠʯʝʩʢʠʭ ʣʝʛʢʠʭ ʷʜʝʨ ʩʦʟʜʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ-

ʧʨʦʣʝʪʥʳʡ ʬʨʘʛʤʝʥʪ-ʩʝʧʘʨʘʪʦʨ ʂʆʄɹɸʉ [1]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʠʯʥʳʭ 
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ʧʫʯʢʦʚ ʥʝʡʪʨʦʥʥʦ-ʠʟʙʳʪʦʯʥʳʭ ʷʜʝʨ ʙʦʨʘ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʘʢʮʠʠ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʷʜʝʨ ʧʝʨʚʠʯʥʳʭ ʧʫʯʢʦʚ 18ʆ, 22Ne. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʧʘʨʘʪʦʨʘ 

ʂʆʄɹɸʉ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʝʧʘʨʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʷʜʝʨ 

ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʧʨʝʮʠʟʠʦʥʥʳʝ ʜʘʥʥʳʝ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʨʝʟʦʥʘʥʩʦʚ ʥʝʡʪʨʦʥʥʦ-ʠʟʙʳʪʦʯʥʳʭ ʠʟʦʪʦʧʦʚ 12-15ɺ ʚ ʰʠʨʦʢʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ (ʦʪ ʧʦʨʦʛʦʚʳʭ ʵʥʝʨʛʠʡ ʜʦ ʵʥʝʨʛʠʡ ʚʦʟʙʫʞʜʝʥʠʷ ʚ 

ʜʝʩʷʪʢʠ ʄʵɺ), ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʫʛʣʦʚʳʝ ʢʦʨʨʝʣʷʮʠʠ ʢʣʘʩʪʝʨʦʚ.  

1. A.G. Artukh et al. // Nucl. Instr. and Meth. 1999, v. 426, p. 605. 

 

ʉ3.10. ʕʅɽʈɻɽʊʀʏɽʉʂɸʗ ɿɸɺʀʉʀʄʆʉʊʔ ʉʆʆʊʅʆʐɽʅʀʗ ɺɽʊɺɽʁ 

ʈɸʉʇɸɼɸ ʆʂʆʃʆʇʆʈʆɻʆɺʆɻʆ ʈɽɿʆʅɸʅʉɸ 7Li*(7,45 ʄʵɺ)  

ɺ ʈɽɸʂʎʀʀ 7Li(Ŭ, Ŭ)7Li*    

ɺ.ʃ. ʐʘʙʣʦʚ1, ʖ.ʅ. ʇʘʚʣʝʥʢʦ2, ʀ.ɸ. ʊʳʨʘʩ1,  

ʅ.ʃ. ɼʦʨʦʰʢʦ2 , ʊ.ɸ. ʂʦʨʟʠʥʘ2 
1ʆʙʥʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʛ.ʆʙʥʠʥʩʢ, ʈʦʩʩʠʷ; 
2ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ, ʋʢʨʘʠʥʘ 

ɺ ʨʘʤʢʘʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʪʝʦʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʦʥʝʯʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠʩʩʣʝʜʦʚʘʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʚʝʪʚʝʡ 

ʨʘʩʧʘʜʘ ʚ ʨʝʘʢʮʠʠ 7Li(Ŭ, Ŭ)7Li* ʦʢʦʣʦʧʦʨʦʛʦʚʦʛʦ ʨʝʟʦʥʘʥʩʘ 7Li*(7,45 ʄʵɺ) ʧʦ 

ʢʘʥʘʣʘʤ Ŭ+t ʠ 6Li+n. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʥʘʣʝʪʘʶʱʠʭ 

Ŭ-ʯʘʩʪʠʮ ɽŬ > 30 ʄʵɺ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʘʜʘ ʚ ʢʘʥʘʣ 
6Li+n ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʵʥʝʨʛʠʠ ʠ ʨʘʚʥʘ ʟʥʘʯʝʥʠʶ, ʧʦʣʫʯʝʥʥʦʤʫ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ 7Li*(7,45 ʄʵɺ) ʚ ʙʠʥʘʨʥʳʭ ʨʝʘʢʮʠʷʭ. ʇʨʠ ɽŬ<30 ʄʵɺ ʜʦʣʞʥʦ 

ʥʘʙʣʶʜʘʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʘʜʘ ʚ ʢʘʥʘʣ 6Li+n, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʦʣʷ ʩʦʧʫʪʩʪʚʫʶʱʝʡ Ŭ-ʯʘʩʪʠʮʳ ʥʘ 

ʨʘʩʧʘʜ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 7Li*(7,45 ʄʵɺ). ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʵʥʝʨʛʠʠ 

ɽŬ=27,2 ʵɺ [1] ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʨʘʟʥʳʭ ʵʥʝʨʛʠʷʭ ʚʦ ʚʭʦʜʥʦʤ ʢʘʥʘʣʝ ʪʨʝʭʯʘʩʪʠʯʥʳʭ 

ʨʝʘʢʮʠʡ.  

1. Yu.N. Pavlenko, V.L. Shablov, O.S. Bondarenko et al. // Nuclear Physics 

and Atomic Energy. 2007, v. 2, n. 20, p. 65.  
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ʉ3.11. ʉʇɽʂʊʈʆʉʂʆʇʀʗ ʗɼʈɸ 230Th ɺ ʈɽɸʂʎʀʀ (p,t) 

ɸ.ʀ. ʃʝʚʦʥ1, ɻ. ɻʨʘʚ2, ʖ. ɸʡʟʝʨʤʘʥ2, ʈ. ɻʝʨʪʝʥʙʝʨʛʝʨ2,  

ʅ.ʖ. ʐʠʨʠʢʦʚʘ3, ɸ.ɺ. ʉʫʰʢʦʚ3, ʇ. ʊʠʨʦʣʴʬ2, ɻ.-ʌ. ɺʠʨʩ2 
1ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ, ʋʢʨʘʠʥʘ; 

2ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʃʶʜʚʠʛ-ʄʘʢʩʠʤʠʣʠʘʥʩ-ʋʥʠʚʝʨʩʠʪʝʪʘ,  

ʛ.ʄʶʥʭʝʥ, ɻʝʨʤʘʥʠʷ; 
3ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛ.ɼʫʙʥʘ, ʈʦʩʩʠʷ 

ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʡ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʷʜʨʝ 230Th ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ 

ʨʝʘʢʮʠʠ (p,t). ʋʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʠʪʦʥʦʚ ʠʟʤʝʨʝʥʳ ʜʣʷ 

200 ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʇʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʛʣʦʚʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʚʳʯʠʩʣʝʥʥʳʭ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʩʚʷʟʘʥʥʳʭ ʢʘʥʘʣʦʚ 

ʦʙʥʘʨʫʞʝʥʳ ʜʚʘʜʮʘʪʴ ʯʝʪʳʨʝ 0+-ʚʦʟʙʫʞʜʝʥʠʷ. ʇʨʠʩʚʦʝʥʳ ʩʧʠʥʳ ʜʦ 6+ 

ʚʢʣʯʁʠʪʝʣʴʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺʳʜʝʣʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʪʨʘʢʪʦʚʘʪʴʩʷ ʢʘʢ 

ʢʦʣʣʝʢʪʠʚʥʳʝ ʧʦʣʦʩʳ. ɼʣʷ ʥʠʭ ʦʧʨʝʜʝʣʝʥʳ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ, ʢʦʪʦʨʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʜʣʷ 0+-ʚʦʟʙʫʞʜʝʥʠʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦ 

ʚʝʨʦʷʪʥʳ ʦʜʥʦ- ʠ ʜʚʫʬʦʥʦʥʥʘʷ ʢʚʘʜʨʫʧʦʣʴʥʳʝ ʠ ʜʚʫʬʦʥʦʥʥʘʷ ʦʢʪʫʧʦʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʳ. ʈʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʙʦʟʦʥʦʚ (ʄɺɹ) 

ʜʘʶʪ ʜʣʷ ʥʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʪʫʧʦʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʚ ʨʘʤʢʘʭ 

ʢʚʘʟʠʯʘʩʪʠʯʥʦ-ʬʦʥʦʥʥʦʡ ʤʦʜʝʣʠ (ʂʌʄ) ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʜʨʫʧʦʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʇʨʠʨʘʱʝʥʠʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ (p,t)-ʨʝʘʢʮʠʠ ʜʣʷ 

0+, 2+, 4+-ʚʦʟʙʫʞʜʝʥʠʡ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʂʌʄ. ʆʙʝ ʤʦʜʝʣʠ 

ʜʘʶʪ ʧʨʘʚʠʣʴʥʦʝ ʯʠʩʣʦ 0+-ʚʦʟʙʫʞʜʝʥʠʡ, ʦʜʥʘʢʦ ʟʘʥʠʞʘʶʪ ʯʠʩʣʦ 2+ ʠ 

4+-ʚʦʟʙʫʞʜʝʥʠʡ. 

 

ʉ3.12. g-ʌɸʂʊʆʈʓ 2+ ʉʆʉʊʆʗʅʀʁ ɺ 116,118,120Sn: ʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʔ  

ʂ ʂʆʅʌʀɻʋʈɸʎʀʗʄ ɺɹʃʀɿʀ ʇʆɺɽʈʍʅʆʉʊʀ ʌɽʈʄʀ 

ɸ.ʀ. ʃʝʚʦʥ1, ʄ.ʎ. ʀʩʪ2, ɸ.ɽ. ʉʪʫʯʙʝʨʠ2, ɸ.ʅ. ɺʠʣʩʦʥ2,  

ʇ.ʄ. ɼʘʚʠʜʩʦʥ2, ʊ. ʂʠʙʝʣʠ2 
1ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ, ʋʢʨʘʠʥʘ; 

2ɼʝʧʘʨʪʘʤʝʥʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ɸʚʩʪʨʘʣʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ.ʂʘʥʙʝʨʨʘ, ɸʚʩʪʨʘʣʠʷ 

ʀʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʧʦ ʠʟʦʪʦʧʘʤ ʦʣʦʚʘ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ 2+ ʩʦʩʪʦʷʥʠʷ 

ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ: 2p-2h ʠ 4p-4h ʧʨʦʪʦʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ/ʠʣʠ 

ʥʝʡʪʨʦʥʥʳʝ ʚʦʟʙʫʞʜʝʥʠʷ ʯʝʨʝʟ N=50 ʦʙʦʣʦʯʝʯʥʫʶ ʱʝʣʴ [1]. ʀʟʤʝʨʝʥʠʝ 

g-ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʨʢʦʡ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 190 ʄʵɺ ʧʫʯʢʘ 58Ni ʪʘʥʜʝʤʘ ʚ ʂʘʥʙʝʨʨʝ ʠ ʤʠʰʝʥʝʡ ʠʟ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ Sn ʠ Pd. ɺʩʝ ʠʟʦʪʦʧʳ ʠʟʫʯʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʝʭʥʠʢʦʡ 

ʧʝʨʝʭʦʜʥʳʭ ʧʦʣʝʡ. ʀʟʚʝʩʪʥʳʝ g(2+,Pd) ʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʢʘʣʠʙʨʦʚʢʠ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ g-ʬʘʢʪʦʨʳ ʚ 118Sn ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ g-ʬʘʢʪʦʨʳ ʚ 
116,120Sn ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ, ʝʩʣʠ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʚ 
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2+-ʩʦʩʪʦʷʥʠʷʭ ʷʚʣʷʶʪʩʷ: (s1/2d5/2)2+  ʚ 
116Sn, (d3/2

2)2+  ʠ 
118Sn ʠ (h11/2

2)2+ ʚ 
120Sn. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦ g-ʬʘʢʪʦʨʳ ʚ 116,118,120Sn ʤʦʛʫʪ ʙʳʪʴ ʩʨʘʚʥʝʥʳ ʩ ʦʙʦʣʦʯʝʯʥʳʤʠ 

ʚʳʯʠʩʣʝʥʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ OXBASH [2]. ʕʪʠ ʚʳʯʠʩʣʝʥʠʷ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʪʝʥʜʝʥʮʠʶ ʠʟʤʝʥʝʥʠʡ g-ʬʘʢʪʦʨʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ 

ʙʣʠʟʢʠʝ ʢ ʥʫʣʶ g-ʬʘʢʪʦʨʳ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ. 

1. C.Vaman et al. // Phys. Rev. Lett. 2007, v. 99, p. 162501. 

2. B.A.Brown et al. Oxbash for Windows PC // Michigan State University,  

report. No MSU-SCL 1289, 2004. 

 

ʉ3.13. ʈɸɿʅʆɻʃɸʉʀʗ ɺ ɺɽʃʀʏʀʅɸʍ ɼɽʌɽʂʊʆɺ ʄɸʉʉ ʗɼɽʈ ʊʆʈʀʗ  

ʀ ʋʈɸʅɸ ʀ ʗɼɽʈ ɺʆʃʔʌʈɸʄɸ, ʇʆʃʋʏɽʅʅʓʍ ʀɿ (p,t) ʈɽɸʂʎʀʁ 

ɸ.ʀ. ʃʝʚʦʥ 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ 

ɺ [1] ʠʟʫʯʘʣʠʩʴ 0+-ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʘʢʪʠʥʠʜʥʳʭ ʷʜʨʘʭ 230Th, 228Th ʠ 232U ʚ 

ʨʝʘʢʮʠʠ (p,t). ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʰʢʘʣʳ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ 

ʪʨʠʪʦʥʦʚ ʠʟ ʨʝʘʢʮʠʡ 186W(p,t) ʠ 184W(p,t) ʧʨʠ ʪʝʭ ʞʝ ʫʩʪʘʥʦʚʢʘʭ ʤʘʛʥʠʪʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ Q (ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʜʝʬʝʢʪʳ ʤʘʩʩ) ʜʣʷ ʨʝʘʢʮʠʡ 

(p,t) ʥʘ ʷʜʨʘʭ 232Th, 230Th ʠ 234U ʦʢʘʟʘʣʠʩʴ ʚ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ 

ʨʝʘʢʮʠʡ ʥʘ ʷʜʨʘʭ 186W ʠ 184W. ɽʩʣʠ ʟʥʘʯʝʥʠʝ Q ʜʣʷ 232Th(p,t)-ʨʝʘʢʮʠʠ, 

ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʜʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʤʘʩʩ [2], ʙʝʨʝʪʩʷ ʢʘʢ ʠʩʭʦʜʥʦʝ, ʪʦʛʜʘ  

ʟʥʘʯʝʥʠʷ Q ʠ ʜʣʷ 230Th(p,t) ʠ 234U(p,t)-ʨʝʘʢʮʠʡ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, 

ʚʳʯʠʩʣʝʥʥʳʤʠ ʩʦʛʣʘʩʥʦ [2]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʥʘʯʝʥʠʷ Q ʜʣʷ ʨʝʘʢʮʠʡ 186W(p,t) 

ʠ 184W(p,t) ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪ ʚʳʯʠʩʣʝʥʥʳʭ ʚʝʣʠʯʠʥ. ʀ ʥʘʦʙʦʨʦʪ, 

ʝʩʣʠ ʟʘ ʠʩʭʦʜʥʦʝ ʙʝʨʝʪʩʷ ʟʥʘʯʝʥʠʝ Q ʜʣʷ ʨʝʘʢʮʠʠ 184W(p,t), ʪʦʛʜʘ ʩ ʥʠʤ 

ʩʦʛʣʘʩʫʝʪʩʷ Q ʜʣʷ ʨʝʘʢʮʠʠ 186W(p,t) ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʪʠʚʦʨʝʯʠʠ ʟʥʘʯʝʥʠʷ Q 

ʜʣʷ ʨʝʘʢʮʠʡ 232Th(p,t), 230Th(p,t) ʠ 234U(p,t), ʚʳʯʠʩʣʝʥʥʳʝ ʩʦʛʣʘʩʥʦ [2]. 

ʈʘʟʥʦʛʣʘʩʠʷ ʜʦʩʪʠʛʘʶʪ ʚʝʣʠʯʠʥʳ 12.5 ʢʵɺ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʰʠʙʢʝ 

3.0 ʢʵɺ. 

1. H.-F. Wirth, G. Graw, S. Christen, D. Cutoiu, Y. Eisermann, C. G nɹther, 

R. Hertenberger, J. Jolie, A.I. Levon, O. Mʮller, G. Thiamova, P. Thirolf, 

D. Tonev,  N.V. Zamfir // Phys.Rev. 2004, v. C69, p. 044310-1-13.  

2. G. Audi, A.H. Wapstra, C. Thibault // Nucl. Phys. 2003, v. A729, p. 337. 

 

ʉ3.14. ʀɿʄɽʅɽʅʀɽ ʌʆʈʄʓ ʗɼʈɸ  

ʇʈʀ ɺʆɿɹʋɾɼɽʅʀʀ ɸʅɸʃʆɻʆɺʓʍ ʈɽɿʆʅɸʅʉʆɺ ɺ 23Na 

ʀ.ɺ. ʋʰʘʢʦʚ, ɻ.ʂ. ʍʦʤʷʢʦʚ, ɸ.ʅ. ɺʦʜʠʥ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʀʟʫʯʝʥ ɔ-ʨʘʩʧʘʜ ʨʝʟʦʥʘʥʩʦʚ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʚ ʨʝʘʢʮʠʠ 22Ne(p,ɔ)23Na ʧʨʠ   

ɽʨ = 1623, 1721, 1803 ʠ 1835 ʢʵɺ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʥʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʘʢ 

ʢʦʤʧʦʥʝʥʪʳ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ d5/2-ʠʟʦʙʘʨʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 
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ʷʜʨʘ 23Na [1]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ɔ-ʨʘʩʧʘʜʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʜʝʪ 

ʟʘʩʝʣʝʥʠʝ ʥʠʟʢʦʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʝʡ ʷʜʨʘ 23Na, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ 

ʨʦʪʘʮʠʦʥʥʳʝ ʧʦʣʦʩʳ ʩ Kˊ= 3/2+ ʠ Kˊ = 1/2+, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʝʜʴʤʦʡ [202 3/2] 

ʠ ʜʝʚʷʪʦʡ [211 1/2] ʦʨʙʠʪʘʭ ʩʭʝʤʳ ʅʠʣʴʩʩʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʄ1-ʧʝʨʝʭʦʜʦʚ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʨʘʩʯʝʪʘʤʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ 

ʅʠʣʴʩʩʦʥʘ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʷʜʨʦ 23Na ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ ʩ ʚʳʪʷʥʫʪʦʡ ʥʘ ʩʧʣʶʩʥʫʪʫʶ. 

1. ɸ.ʅ. ɺʦʜʠʥ ʠ ʜʨ. // ʀʟʚʝʩʪʠʷ ʈɸʅ. ʉʝʨ. ʬʠʟ. 2004, ʪ. 68, ˉ 11, ʩ. 1577. 

 

ʉ3.15. ʉʊɸʎʀʆʅɸʈʅʓɽ ʉʆʉʊʆʗʅʀʗ ɺ ʂɺɸʅʊʆɺʆʁ ʄɽʍɸʅʀʂɽ  

ʉ ʈɸʉʐʀʈɽʅʅʓʄ ʌɸɿʆɺʓʄ ʇʈʆʉʊʈɸʅʉʊɺʆʄ 

ɻ.ʂ. ʍʦʤʷʢʦʚ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ. ʍʘʨʴʢʦʚ 

ɼʚʠʞʝʥʠʝ ʝʜʠʥʠʯʥʦʡ ʯʘʩʪʠʮʳ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʩ ʨʘʩʰʠʨʝʥʥʳʤ 

ʬʘʟʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʧʘʨʘʤʝʪʨʠʟʫʝʪʩʷ r , p ʠ R, Z (ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʝʡ) 

ʣʠʙʦ r , p ʠ P (ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ). ʇʨʠ ʵʪʦʤ  ʜʠʥʘʤʠʢʘ ʯʘʩʪʠʮʳ ʤʦʞʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʫʨʘʚʥʝʥʠʝʤ ʅʴʶʪʦʥʘ dp/dt = -grad U, ʘ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ 

ʢʚʘʥʪʦʚʘʥʠʷ [1] ʜʦʣʞ -

- ǩ2 dR/dt=p
2

p dZ/dt=(R,p dP [pp-PP v - ʜʣʷ 

ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ. ɽʩʣʠ ʚʝʣʠʯʠʥʘ ɔ ʬʠʢʩʠʨʫʝʪ ʦʪʜʝʣʴʥʫʶ ʪʨʘʝʢʪʦʨʠʶ, ʪʦ 

ʜʣʷ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʐʨʝʜʠʥʛʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʘʥʩʘʤʙʣʴ ʟʘʜʘʥʥʦʛʦ  

n-ʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʤʝʝʤ Ɋ(r)=Úʩ(r)ȚZ(r dʛ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  

ɔ-ʩʦʩʪʘʚʣʷʶʱʠʭ n-ʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʫʩʣʦʚʠʷ ʚʠʜʘ ɹʦʨʘ-ɿʦʤʤʝʨʬʝʣʴʜʘ [2], ʥʦ ʩ ʟʘʤʝʥʦʡ pi  ʥʘ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ Pi 

ʜʣʷ ʢʘʞʜʦʡ ʦʪʜʝʣʷʶʱʝʡʩʷ ʧʝʨʝʤʝʥʥʦʡ.  

1. ɻ.ʂ. ʍʦʤʷʢʦʚ // ʅʘʫʯʥ. ʚʝʜʦʤ. ɹʝʣɻʋ, ʩʝʨ.ʬʠʟ., 2000, ˉ1 (10), ʩ.130. 

2. ɸ. Sommerfeld. Atombau und Spektrallinien. Iband. Braunschweig. 1951, 

694 p. (in Russian). 

 

ʉ3.16. ɹɽɿʄʆɼɽʃʔʅʆɽ ʆʇʈɽɼɽʃɽʅʀɽ ʌʆʈʄʓ ʇʆʊɽʅʎʀɸʃɸ ʗɼʈɸ. 

ʕʅɽʈɻɽʊʀʏɽʉʂʀɽ ʉʇɽʂʊʈʓ ʃɽɻʂʀʍ ɼɽʌʆʈʄʀʈʆɺɸʅʅʓʍ ʗɼɽʈ 

ɸ.ʅ. ɺʦʜʠʥ1, ʃ.ʇ. ʂʦʨʜʘ1, ɺ.ʖ. ʂʦʨʜʘ2  
1ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò; 

2ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʬʠʟʠʢʠ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, 

ʛ.ʍʘʨʴʢʦʚ 

ɸʥʘʣʠʟʠʨʫʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ ʅʠʣʴʩʩʦʥʘ ʦʧʠʩʳʚʘʪʴ ʩʧʝʢʪʨʳ ʵʥʝʨʛʠʡ ʠ 

ʢʚʘʥʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʠ ʦʜʥʦʯʘʩʪʠʯʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʣʝʛʢʠʭ ʷʜʝʨ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʚ ʨʷʜʝ ʚʘʞʥʳʭ ʩʣʫʯʘʝʚ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ. ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʚʦʧʨʦʩʘ ʤʳ ʨʘʟʚʠʚʘʝʤ ʙʝʟʤʦʜʝʣʴʥʳʡ 

ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ [1], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 
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ʠʟʚʣʝʢʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʦʨʤʝ ʷʜʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʤʦʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ.  

ɺ ʨʘʤʢʘʭ ʥʘʰʝʛʦ ʧʦʜʭʦʜʘ ʵʚʦʣʶʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ 

ʬʦʨʤʳ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʜʥʦʯʘʩʪʠʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʟʘʜʘʥʥʳʝ 

ʯʠʩʣʝʥʥʳʤ ʦʙʨʘʟʦʤ), ʨʘʩʩʯʠʪʳʚʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʷʜʝʨ, ʠʭ 

ʢʚʘʥʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʝʨʦʷʪʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ 

ʫʨʦʚʥʷʤʠ ʠ ʪ. ʜ. ʠ ʦʪʙʠʨʘʝʪ ʪʝ ʧʦʪʝʥʮʠʘʣʳ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʦ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ.       

1. V.Yu. Korda, A.S. Molev, L.P. Korda // Phys. Rev.  2005, v. C72, p. 014611. 

 

ʉ3.17. ʉʊʈʋʂʊʋʈɸ ʀ ʇʆʃʅɸʗ ʉʀʃɸ ʄɸɻʅʀʊʅʆɻʆ ɼʀʇʆʃʔʅʆɻʆ 

ʈɽɿʆʅɸʅʉɸ ɺ ʗɼʈɽ 35Cl  

ɸ.ʉ. ʂʘʯʘʥ, ʀ.ɺ. ʂʫʨʛʫʟ, ʀ.ʉ. ʂʦʚʪʫʥʝʥʢʦ, ɺ.ʄ. ʄʠʱʝʥʢʦ, ʉ.ʅ. ʋʪʝʥʢʦʚ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʈʘʥʝʝ, ʠʟ ʘʥʘʣʠʟʘ ɔ-ʨʘʩʧʘʜʘ ʨʝʟʦʥʘʥʩʥʦ-ʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʈʇʉ), 

ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʨʝʘʢʮʠʠ 34S(p,ɔ)35Cl [1], ʥʘʤʠ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ 

ʄ1-ʨʝʟʦʥʘʥʩ ʥʘ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 35Cl. ʉʠʣʳ ʨʝʟʦʥʘʥʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʥʦʡ ʩʠʣʳ ʄ1-ʨʝʟʦʥʘʥʩʘ (Sʄ1
EW=ɆkEkBk(M1)ŷ), ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʠʟʤʝʨʝʥʥʦʡ ʩ 

ʧʦʤʦʱʴʶ NaI(Tl)-ʜʝʪʝʢʪʦʨʘ.  

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʣʥʘʷ ʩʠʣʘ ʄ1-

ʨʝʟʦʥʘʥʩʘ ʚ 35Cl ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʦʞʠʜʘʝʤʦʡ ʠʟ ʘʥʘʣʠʟʘ ʧʨʘʚʠʣʘ ʩʫʤʤ 

ʂʫʨʘʪʘ (ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʦʙʦʣʦʯʝʯʥʦʡ ʤʦʜʝʣʠ). ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʠʣ ʨʝʟʦʥʘʥʩʦʚ ʚ 

ʨʝʘʢʮʠʠ 34S(p,ɔ)35Cl. ɺ ʨʘʙʦʪʝ ʩʠʣʳ ʨʝʟʦʥʘʥʩʦʚ ʧʨʠ ɽʈ=1212, 1891, 1900, 2791, 

2869 ʢʵɺ, ʨʘʩʧʘʜʘʶʱʠʭʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʈʇʉ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʩʨʘʚʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ɔ-ʣʠʥʠʡ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʩʧʘʜʝ ʠʟʫʯʘʝʤʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʫʨʦʚʥʝʡ, ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ɔ-ʣʠʥʠʠ ʩ ɽɔ=4388 ʢʵɺ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʝʭʦʜʫ ʩ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʨʦʚʥʷ ʧʨʠ ɽp=1212 ʢʵɺ (ʩʠʣʘ ʠ ʩʭʝʤʘ ʨʘʩʧʘʜʘ ʢʦʪʦʨʦʛʦ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ) ʥʘ ʩʦʩʪʦʷʥʠʝ 3163 ʢʵɺ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ɔ-ʩʧʝʢʪʨʦʚ 

ʧʨʠʤʝʥʷʣʩʷ Ge(Li)-ʜʝʪʝʢʪʦʨ ʨʘʟʨʝʰʝʥʠʝʤ 3,2 ʢʵɺ ʜʣʷ Eɔ=1332 ʢʵɺ. 

ʇʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʤʘʛʥʠʪʥʳʭ ʜʠʧʦʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ 

ʥʘ ʦʩʥʦʚʥʦʤ, ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʷʜʨʘ 35Cl. ʕʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʶʪ ʨʝʟʦʥʘʥʩʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦʣʥʘʷ ʩʠʣʘ ʤʘʛʥʠʪʥʦʛʦ 

ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʘ (8,6Ñ1,7) ʄʵɺȚÕN
2 ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ, ʦʞʠʜʘʝʤʦʤʫ ʠʟ ʘʥʘʣʠʟʘ ʧʨʘʚʠʣʘ ʩʫʤʤ ʂʫʨʘʪʘ. 

1. ɸ.ʉ. ʂʘʯʘʥ ʠ ʜʨ. // ʗʜʝʨʥʘʷ ʬʠʟʠʢʘ. 1996, ʪ. 59,  ̄4, ʩ. 16.  
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ʉʝʢʮʠʷ 4. ʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʉ4.01. ʄɽʊʆɼ ʆʇʊʀʄʀɿɸʎʀʀ ʅɸ ʆʉʅʆɺɽ ʄʆɼɽʃʀʈʆɺɸʅʀʗ  

ʈʆʗ ʏɸʉʊʀʎ ɼʃʗ ʉʆʂʈɸʑɽʅʀʗ ʈɸɿʄɽʈʅʆʉʊʀ ɺʓɹʆʈʂʀ 

ɸʣ.ɸ. ʆʣʝʡʥʠʢ, ʉ.ɸ. ʉʫʙʙʦʪʠʥ 

ɿʘʧʦʨʦʞʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʚʳʙʦʨʦʢ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ, ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʪʙʦʨʘ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʘʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʢʨʘʱʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʚʳʙʦʨʢʠ ʧʫʪʸʤ ʚʳʜʝʣʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʟʫʯʘʝʤʳʡ ʦʙʲʝʢʪ ʠʣʠ ʧʨʦʮʝʩʩ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʦʷ ʯʘʩʪʠʮ 

(Particle Swarm Optimization, PSO), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʣʫʯʘʡʥʦʤ ʧʦʠʩʢʝ, ʘ ʪʘʢʞʝ 

ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʜʦʩʪʘʪʢʠ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ PSO, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʣʘʚʠʥʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʨʝʜʣʦʞʝʥʳ ʧʨʦʮʝʜʫʨʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʢʦʥʪʨʦʣʴ ʥʘʜ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʯʘʩʪʠʮ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʣʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ ʜʝʪʘʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

 

ʉ4.02. ʇʆʉʊʈʆɽʅʀɽ ʅɽʁʈʆʉɽʊɽɺʆʁ ʄʆɼɽʃʀ ʂʆʕʌʌʀʎʀɽʅʊɸ 

ʋʇʈʆʏʅɽʅʀʗ ɼɽʊɸʃɽʁ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʋʉʊɸʅʆɺʆʂ 

ɸʥ.ɸ. ʆʣʝʡʥʠʢ, ʉ.ɸ. ʉʫʙʙʦʪʠʥ 

ɿʘʧʦʨʦʞʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʪʘʣʝʡ ʘʚʠʘʜʚʠʛʘʪʝʣʝʡ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 

ʚʦʩʧʨʠʥʠʤʘʝʪ ʥʘʠʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʩʣʫʞʝʙʥʳʭ 

ʩʚʦʡʩʪʚ ʜʝʪʘʣʝʡ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʘ ʠʭ 

ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʝʪʘʣʝʡ ʧʨʠʤʝʥʷʶʪʩʷ 

ʤʝʪʦʜʳ ʫʧʨʦʯʥʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʣʫʯʰʘʪʴ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

ɸʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠʟʜʝʣʠʡ ʧʦʩʣʝ ʫʧʨʦʯʥʝʥʠʷ, ʠ 

ʫʚʝʣʠʯʠʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʧʨʘʚʠʣʴʥʳʭ ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʧʨʦʯʥʝʥʥʳʭ ʜʝʪʘʣʝʡ. 

ʀʩʭʦʜʥʘʷ ʚʳʙʦʨʢʘ ʩʦʜʝʨʞʘʣʘ ʟʥʘʯʝʥʠʷ ʰʝʩʪʥʘʜʮʘʪʠ ʧʨʠʟʥʘʢʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʳʙʨʘʥʥʳʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʦʯʥʷʝʤʳʭ ʜʝʪʘʣʝʡ. ʉʠʥʪʝʟ ʥʝʡʨʦʩʝʪʝʚʦʡ 

ʤʦʜʝʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ ʚʳʧʦʣʥʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 
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ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ. ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ 

ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʜʝʪʘʣʝʡ ʘʚʠʘʜʚʠʛʘʪʝʣʝʡ ʥʘ ʫʩʪʘʣʦʩʪʴ. 

 

ʉ4.03. ʉʊʈʋʂʊʋʈɸ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ ʉʇʇʈ, ʆʈʀɽʅʊʀʈʆɺɸʅʅʆʁ 

ʅɸ ʋʇʈɸɺʃɽʅʀɽ ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʄʀ ʉʀʉʊɽʄɸʄʀ 

ʀ.ɸ. ʄʘʢʨʫʰʘʥ, ɺ.ʄ. ʈʘʡʢʦʚ  

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

iyc@kture.kharkov.ua 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʉʇʇʈ ʜʣʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʮʠʦʥʘʣʴʥʦ ʩʦʯʝʪʘʪʴ ʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʦʧʳʪ, ʟʥʘʥʠʝ 

ʠ ʠʥʪʫʠʮʠʶ ʵʢʩʧʝʨʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ, ʚʳʧʦʣʥʝʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ ʘʣʛʦʨʠʪʤʦʚ, ʢʘʢ ʧʦʜʩʠʩʪʝʤʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʉʇʇʈ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʩʦʙʳʪʠʡ ʠ 

ʧʨʦʮʝʜʫʨ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʵʪʠ ʩʦʙʳʪʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʫʣʴʥʳʡ ʧʦʜʭʦʜ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʙʘʟʘ ʘʣʛʦʨʠʪʤʦʚ (ɹɸ) ʩʦʜʝʨʞʠʪ 17 

ʦʙʱʠʭ ʠ 15 ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. ɼʝʢʦʤʧʦʟʠʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʦʙʱʠʝ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʠ ʪʠʧʠʟʘʮʠʷ ʦʙʱʠʭ ʤʦʜʫʣʝʡ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʦʙʲʝʤ ɹɸ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ.    

 

ʉ4.04. ʄʆɼɽʃʀ ʈɽʐɽʅʀʗ ʄʅʆɻʆʂʈʀʊɽʈʀɸʃʔʅʓʍ ɿɸɼɸʏ  

ɺ ʋʇʈɸɺʃɽʅʀʀ ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʄʀ ʉʀʉʊɽʄɸʄʀ 

ʀ.ɸ. ʄʘʢʨʫʰʘʥ  

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

iyc@kture.kharkov.ua  

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʝʣʷʤʠ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʉʇʇʈ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʪʩʫʪʩʪʚʫʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʰʠʨʦʢʫʶ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ (ʇʨʆ). 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦ ʜʦʧʫʩʪʠʤʦʤʫ 

ʢʣʘʩʩʫ ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ (ʢʣʘʩʩʫ ʟʘʜʘʯ) ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʦ 

ʧʦʜʜʝʨʞʠʚʘʝʤʳʤ ʬʫʥʢʮʠʷʤ, ʪ.ʝ. ʩʠʩʪʝʤʳ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ 

ʢʣʘʩʩ ʟʘʜʘʯ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʙʲʝʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʤʦʜʝʣʠ. ʊʘʢʠʝ 

ʤʦʜʝʣʠ ʤʝʥʝʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ, ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ 

ʦʪʦʙʨʘʞʘʶʪ ʩʠʪʫʘʮʠʶ ʟʘ ʩʯʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʃʇʈ. 
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ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʘʷ 

ʦʪʚʝʯʘʣʘ ʙʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʘʥʥʦʡ ʇʨʆ ʪʨʝʙʦʚʘʥʠʷʤ. 

 

ʉ4.05. ʂʆʄʇʔʖʊɽʈʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʌʀɿʀʏɽʉʂʀʍ ʇʆʃɽʁ ʄɽʊʆɼʆʄ R-ʌʋʅʂʎʀʁ  

ʊ.ʀ. ʐʝʡʢʦ  

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʤ.ɸ.ʅ. ʇʦʜʛʦʨʥʦʛʦ ʅɸʅ ʋʢʨʘʠʥʳ; 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ 

ʂʦʤʧʴʶʪʝʨʥʳʡ ʚʝʢ ʧʦʨʦʜʠʣ ʪʝʦʨʠʶ R-ʬʫʥʢʮʠʡ, ʧʦʟʚʦʣʠʚʰʫʶ ʨʝʰʠʪʴ 

ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʝʜʠʥʳʡ ʧʦʜʭʦʜ ʢ 

ʧʨʦʙʣʝʤʝ ʧʦʩʪʨʦʝʥʠʷ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʦʩʥʦʚʥʳʭ 

ʚʘʨʠʘʮʠʦʥʥʳʭ ʠ ʧʨʦʝʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ [1,2]. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʦʚʳʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʦʧʠʩʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʧʦʩʪʨʦʝʥʠʷ ʠʭ ʫʨʘʚʥʝʥʠʡ. ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ R-ʬʫʥʢʮʠʡ ʠ ʝʛʦ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʘʭ ʨʝʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʨʝʜ. 

1. ɺ.ʃ. ʈʚʘʯʝʚ. ʊʝʦʨʠʷ R-ʬʫʥʢʮʠʡ ʠ ʥʝʢʦʪʦʨʳʝ ʝʸ ʧʨʠʣʦʞʝʥʠʷ. ʂʠʝʚ: 

ʅʘʫʢʦʚʘ ɼʫʤʢʘ, 1982, 552 ʩ.  

2. V.L. Rvachev, T.I. Sheiko // Appl. Mech. Rev. 1995, v. 48, n. 4, p. 151-188. 

 

ʉ4.06. ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʀ ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ɿɸʂʈʋʏɽʅʅʓʍ ʇʆʊʆʂʆɺ ʀ ʊɽʄʇɽʈɸʊʋʈʅʓʍ ʇʆʃɽʁ  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄɽʊʆɼɸ R-ʌʋʅʂʎʀʁ 

ʂ.ɺ. ʄʘʢʩʠʤʝʥʢʦ-ʐʝʡʢʦ  

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʤ.ɸ.ʅ. ʇʦʜʛʦʨʥʦʛʦ ʅɸʅ ʋʢʨʘʠʥʳ; 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ 

ɺ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʥʝʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʧʦʩʪʨʦʝʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʦ 

ʩʢʨʫʯʝʥʥʳʤ ʢʘʥʘʣʘʤ ʥʝʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʚ ʙʝʩʢʦʥʝʯʥʳʭ ʩʢʨʫʯʝʥʥʳʭ 

ʪʨʫʙʘʭ, ʪʨʫʙʘʭ ʩ ʚʠʥʪʦʚʳʤʠ ʚʩʪʘʚʢʘʤʠ ʠ ʚʠʥʪʦʚʳʤ ʦʨʝʙʨʝʥʠʝʤ. ʉ ʧʦʤʦʱʴʶ 

R-ʬʫʥʢʮʠʡ [1-3] ʧʦʩʪʨʦʝʥʳ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ 

ʚʠʥʪʦʚʳʤ ʪʠʧʦʤ ʩʠʤʤʝʪʨʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʨʝʰʝʥʠʷ. ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʇʆʃɽ. ɿʘʜʘʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʚ ʚʠʜʝ ʙʫʢʚʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʦʜʠʪʴ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʨʘʩʯʝʪʳ ʠ ʠʩʩʣʝʜʦʚʘʪʴ 

ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ ʟʘʢʨʫʪʢʠ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ. 
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ʉ4.07. ʇɸʈɸʃʃɽʃʔʅʓɽ ʉʊʈʋʂʊʋʈʓ ɼʃʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ʉʃʆɾʅʓʍ ʌʀɿʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

ɹ.ɹ. ʅʝʩʪʝʨʝʥʢʦ, ʄ.ɸ. ʅʦʚʦʪʘʨʩʢʠʡ 

 ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʦʧʦʣʦʛʠʠ ʛʨʘʬʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʨʠʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʨʢʫʣʷʥʪʥʳʭ ʛʨʘʬʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʨʝʜʣʦʞʝʥʘ ʪʦʧʦʣʦʛʠʷ, 

ʦʙʲʝʜʠʥʷʶʱʘʷ ʩʝʤʝʡʩʪʚʦ ʪʨʝʭʤʝʨʥʳʭ ʮʠʨʢʫʣʷʥʪʥʳʭ ʛʨʘʬʦʚ ʚ ʚʠʜʝ 

ʨʝʰʝʪʯʘʪʦʛʦ ʢʫʙʘ ʩʦ ʩʪʦʨʦʥʦʡ, ʢʨʘʪʥʦʡ ʥʝʯʝʪʥʦʡ ʩʪʝʧʝʥʠ ʜʚʦʡʢʠ. ɿʘʜʘʥʘ 

ʬʫʥʢʮʠʷ ʜʦʩʪʠʞʠʤʦʩʪʠ ʥʘ ʜʘʥʥʦʤ ʛʨʘʬʝ ʠ ʜʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ ʦ ʝʛʦ ʜʠʘʤʝʪʨʝ. 

ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ ʪʦʧʦʣʦʛʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʛʨʘʬʘ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʦʢʣʘʜʢʫ ʦʩʥʦʚʥʦʡ ʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʪʨʘʩʩ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ, ʜʣʠʥʘ 

ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʜʠʘʤʝʪʨʘ. ʈʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ 

ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʥʘ ʜʠʩʢʨʝʪʥʳʭ ʢʣʝʪʦʯʥʳʭ ʩʝʪʷʭ. 

 

ʉ4.08. ʄɽʊʆɼʀʂɸ ʌʆʈʄɸʃʔʅʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʇʈʆɻʈɸʄʄ 

 ɺ ʎʀʌʈʆɺʓɽ ʕʃɽʂʊʈʆʅʅʓɽ ʉʍɽʄʓ  

ʄ.ʆ. ʄʘʣʘʭʦʚʘ 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ɸʉʅʀ) ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʥʪʝʟʘ ʘʧʧʘʨʘʪʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʣʠʙʦ ʥʘʦʙʦʨʦʪ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʘʧʧʘʨʘʪʫʨʳ. ɼʣʷ ʵʪʦʛʦ 

ʞʝʣʘʪʝʣʴʥʦ ʠʤʝʪʴ ʬʦʨʤʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʘʣʛʦʨʠʪʤʘ. ʇʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʠʢʠ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʧʘʨʘʣʣʝʣʴʥʳʤ ʘʣʛʦʨʠʪʤʘʤ, 

ʨʝʛʫʣʷʨʥʦ ʠʩʧʦʣʴʟʫʶʱʠʤ ʩʨʝʜʩʪʚʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʥʘʙʦʨ ʧʨʘʚʠʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʘʧʨʦʙʘʮʠʷ ʤʝʪʦʜʠʢʠ ʥʘ 

ʧʨʠʤʝʨʝ ʦʪʦʙʨʘʞʝʥʠʷ ʘʚʪʦʨʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʘʣʛʦʨʠʪʤʘ ʟʘʜʘʯʠ çʯʠʪʘʪʝʣʠ-

ʧʠʩʘʪʝʣʠè ʚ ʝʛʦ ʘʧʧʘʨʘʪʥʫʶ ʨʝʘʣʠʟʘʮʠʶ. 

 

 



 

 

57 

ʉ4.09. ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɸʈʍʀʊɽʂʊʋʈʓ ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ 

ɺʓʏʀʉʃʀʊɽʃʔʅʆʁ ʉʀʉʊɽʄʓ ʅɸ ɽɽ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʔ  

ɽ.ʇ. ʊʘʙʘʯʥʘʷ 

 ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ (ɺʉ), ʢʘʢʦʚʳʤʠ 

ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ɸʉʅʀ), ʚʩʪʘʝʪ ʟʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʩʪʦʠʤʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʟʘʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʝʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʩʦʙʳʪʠʡ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʢʘʟʳʚʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʪʦʢʘ ʢʦʤʘʥʜ ʚ ʩʠʩʪʝʤʝ, ʪʘʢʠʝ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʚʘʨʠʘʮʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʨʘʟʣʠʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠ 

ʪ.ʧ. ʄʝʪʦʜʦʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʪʦʢʘ ʢʦʤʘʥʜ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ɺʉ.  

 

ʉ4.10. ʈʆɿʈʆɹʂɸ ʄʆɼʋʃʗ ɯɼɽʅʊʀʌɯʂɸʎɯɰ ʆɹôɭʂʊɸ  

ɿ ʅɽɺɯɼʆʄʀʄʀ ɼʀʅɸʄɯʏʅʀʄʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄʀ 

ʅ.ɺ. ɺʘʩʠʣʴʮʦʚʘ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ SCADA-ʩʠʩʪʝʤ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ 

ʩʢʣʘʜʽ ʘʙʦ ʪʽʣʴʢʠ ʪʠʧʦʚʽ ʘʣʛʦʨʠʪʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (PI- ʽ PID-ʘʣʛʦʨʠʪʤʠ), ʘʙʦ ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ ʟʦʚʩʽʤ 

ʚʽʜʩʫʪʥʽ. ɸʣʝ ʚʽʜʦʤʦ, ʱʦ ʪʠʧʦʚʽ PI- ʽ PID-ʘʣʛʦʨʠʪʤʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ 

ʷʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʦʙôʻʢʪʘʤʠ ʟ ʚʝʣʠʢʠʤ ʟʘʧʽʟʥʶʚʘʥʥʷʤ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ 

ʷʢʽʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʩʦʤ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ (ʆʋ). 

ɺ ʨʦʙʦʪʽ ʥʘʜʘʻʪʴʩʷ ʤʦʜʫʣʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʘ, ʱʦ ʨʝʘʣʽʟʫʻ ʨʦʟʨʦʙʣʝʥʠʡ 

ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ, ʧʦʩʪʽʡʥʫ ʯʘʩʫ, ʧʦʩʪʽʡʥʫ 

ʟʘʧʽʟʥʶʚʘʥʥʷ ʦʙôʻʢʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʥʽʤʘʥʥʷ ʢʨʠʚʦʾ ʚʽʜʛʫʢʫ ʆʋ ʥʘ 

ʧʨʷʤʦʢʫʪʥʠʡ ʽʤʧʫʣʴʩ. ɸʤʧʣʽʪʫʜʘ ʽʤʧʫʣʴʩʘ ʟʘʜʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʟʘʣʝʞʥʦ 

ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʆʋ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʫʣʴ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʣʽʥʦʤʽʘʣʴʥʝ ʟʛʣʘʜʞʫʚʘʥʥʷ ʢʨʠʚʦʾ 

ʚʽʜʛʫʢʫ ʆʋ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢ ʢʣʘʩʠʯʥʦʛʦ ʤʝʪʦʜʫ ʥʘʡʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʪʘʢ ʽ 

ʩʪʽʡʢʠʭ ʤʝʪʦʜʽʚ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʛʣʘʜʞʫʚʘʥʘ ʽʤʧʫʣʴʩʥʘ ʢʨʠʚʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʋ. ɿʘ ʩʧʝʮʽʘʣʴʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʤʦʜʝʣʽ ʆʋ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ ʟ ʟʘʧʽʟʥʶʚʘʥʥʷʤ. ʊʘʢʦʞ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʨʽʞʫʚʘʥʥʷ, 

ʷʢʠʡ ʧʦʢʘʟʫʻ, ʚ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʧʝʨʽʦʜ ʦʧʠʪʫʚʘʥʥʷ ʜʣʷ ʜʘʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʙʝʟ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ. ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʫ 

ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʧʝʨʽʦʜʫ ʧʝʨʝʨʘʭʫʥʢʫ ʢʘʥʘʣʫ 

ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʨʝʛʫʣʷʪʦʨʘ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʆʋ ʤʦʞʫʪʴ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʤʦʜʫʣʷʭ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʚ ʤʦʜʫʣʷʭ ʥʘʩʪʨʦʶʚʘʥʥʷ PID 

ʟʘʢʦʥʘ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʆʋ. 

 

ʉ4.11. ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɯɰ ʆɹʄɯʅʋ ʉʊʈʋʂʊʋʈʆɺɸʅʀʄʀ 

ɼɸʅʀʄʀ ʄɯɾ ʇʈʆɻʈɸʄʅʀʄʀ ɼʆɼɸʊʂɸʄʀ 

ʄ.ɺ. ɭʚʣʘʥʦʚ, ɯ.ʖ. ʇʘʥʬʴʦʨʦʚʘ, ɺ.ɸ. ʅʠʢʠʪʶʢ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

ɸʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʻ ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʛʦ ʽ ʥʘʜʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ 

ʨʘʟʥʦʤʘʥʽʪʥʠʤʠ ʜʦʜʘʪʢʘʤʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ 

ʧʣʘʪʬʦʨʤʘʭ, ʧʨʘʮʶʶʪʴ ʚ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʣʘʩʥʽ 

ʚʥʫʪʨʽʰʥʽ ʬʦʨʤʘʪʠ. 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʽʤʧʦʨʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟ 

ʦʜʥʽʻʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚ ʽʥʰʫ ʚ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʦʙôʻʢʪʽ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʦʙʣʝʥʦ ʟʘʩʽʙ ʽʤʧʦʨʪʫʚʘʥʥʷ ʜʘʥʠʭ 

ʽʟ ʟʦʚʥʽʰʥʠʭ ʜʞʝʨʝʣ (ʤʦʜʫʣʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ) ʫ 

ʩʭʦʚʠʱʘ ʜʘʥʠʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ 

ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʾʾ ʘʥʘʣʽʪʠʯʥʦʾ ʦʙʨʦʙʢʠ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʾ NET ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ itool.exe. ʎʝʡ 

ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʽʟ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʮʠʭ ʜʘʥʠʭ ʫ ʪʝʢʩʪʦʚʠʡ ʬʘʡʣ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʪʠʣʽʪʦʡ 

SQL*Loader ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʩʭʦʚʠʱʝ. ʇʨʦʛʨʘʤʥʠʡ 

ʤʦʜʫʣʴ, ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʟʘʜʘʯʫ ʽʤʧʦʨʪʫʚʘʥʥʷ ʜʘʥʠʭ, ʨʦʟʨʦʙʣʝʥʦ ʟ ʧʽʜʪʨʠʤʢʠ 

ʤʦʜʫʣʽʚ, ʱʦ ʧʽʜʢʣʶʯʘʶʪʴʩʷ, ʟʘʙʝʟʧʝʯʫʻ ʟôʻʜʥʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ 

ʨʽʟʥʠʭ ʉʋɹɼ. ʗʢ ʧʨʦʤʽʞʥʠʡ ʬʦʨʤʘʪ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʘʪ ʜʘʥʠʭ 

XML.  

ʗʢ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʧʮʽʾ ʦʙʤʽʥʫ ʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ ʜʘʥʠʤʠ 

ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʽ ʤʦʜʫʣʽ ʽʤʧʦʨʪʫʚʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʨʦʙʦʪʠ ʟ ʉʋɹɼ Oracle 

ʪʘ MS SQL. 

 

ʉ4.12. ʈɸɿʈɸɹʆʊʂɸ ɹɸɿʓ ɼɸʅʅʓʍ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ  

ʉ ʋʏɽʊʆʄ ɼʀʅɸʄʀʂʀ ʍʈɸʅʀʄʆʁ ʀʅʌʆʈʄɸʎʀʀ 

ʀ.ʖ. ʇʘʥʬʝʨʦʚʘ 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʦʙʲʝʢʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ 

(ɹɼ) ʀʉ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ɹɼ ʦʪ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ 
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ʭʦʜʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɹɼ ʀʉ ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʨʘʬʦʚʳʡ ʧʦʜʭʦʜ, 

ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʜʝʡʩʪʚʠʡ: ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ ʵʪʘʧʝ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɼ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʨʘʥʠʤʳʭ 

ʜʘʥʥʳʭ; ʚʳʜʝʣʝʥʠʝ ʩʫʱʥʦʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʥʲʶʥʢʪʫʨʥʫʶ, 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ; ʦʨʛʘʥʠʟʘʮʠʷ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ñʜʝʨʝʚʴʝʚò, ñʢʦʨʥʷʤʠò ʢʦʪʦʨʳʭ ʙʫʜʫʪ 

ʩʫʱʥʦʩʪʠ, ʭʨʘʥʷʱʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ñʚʝʪʚʷʤʠò ï ʩʫɦʥʦʩʪʠ, 

ʭʨʘʥʷʱʠʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʘ ñʣʠʩʪʴʷʤʠò ï ʩʫʱʥʦʩʪʠ, ʭʨʘʥʷʱʠʝ 

ʢʦʥʲʶʥʢʪʫʨʥʳʝ ʜʘʥʥʳʝ. 

 

ʉ4.13. ʆʉʆɹɽʅʅʆʉʊʀ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʌʋʅʂʎʀʀ ʆʊʂʃʀʂɸ 

CdZnTe-ɼɽʊɽʂʊʆʈʆɺ ɻɸʄʄɸ-ʀɿʃʋʏɽʅʀʗ ʄɽʊʆɼʆʄ ʄʆʅʊɽ-ʂɸʈʃʆ 

ɸ.ɸ. ɿʘʭʘʨʯʝʥʢʦ, ɺ.ɽ. ʂʫʪʥʠʡ, ɸ.ɺ. ʈʳʙʢʘ, ʄ.ɸ. ʍʘʞʤʫʨʘʜʦʚ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ (ʘʤʧʣʠʪʫʜʥʳʭ ʩʧʝʢʪʨʦʚ) 

ʧʣʘʥʘʨʥʦʛʦ CdZnTe-ʜʝʪʝʢʪʦʨʘ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ɔ-ʢʚʘʥʪʦʚ ʦʪ 50 ʢʵɺ ʜʦ 

3 ʄʵɺ ʩ ʫʯʝʪʦʤ ʥʝʧʦʣʥʦʛʦ ʩʙʦʨʘ ʟʘʨʷʜʘ ʠ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʰʫʤʦʚ ʜʝʪʝʢʪʦʨʘ ʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʘ ʪʘʢʞʝ ʟʘʭʚʘʪʘ 

ʥʦʩʠʪʝʣʝʡ ʣʦʚʫʰʢʘʤʠ. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʠʟʤʝʨʷʝʤʦʤ ʩʧʝʢʪʨʝ 137Cs ʚʳʨʘʞʝʥʥʦʛʦ 

ʬʦʪʦʧʠʢʘ 661,67 ʢʵɺ (ʦʪʥʦʰʝʥʠʝ ʧʠʢ/ʜʦʣʠʥʘ ʙʦʣʴʰʝ 2:1) ʬʫʥʢʮʠʷ ʦʪʢʣʠʢʘ 

CdZnTe-ʜʝʪʝʢʪʦʨʦʚ ʩ ʥʠʟʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʚʩʝʛʦ ʦʪ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ: 
214Am ʠ 137Cs. ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʟʘʭʚʘʪʘ ʥʦʩʠʪʝʣʝʡ ʥʘ ʰʠʨʠʥʫ 

ʬʦʪʦʧʠʢʘ ʜʝʪʝʢʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʪʦʯʥʠʢ 152Eu.  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ CdZnTe-ʜʝʪʝʢʪʦʨʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 60é3000 ʢʵɺ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʤʦʞʥʦ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʪʢʣʠʢ CdZnTe-ʜʝʪʝʢʪʦʨʦʚ ʥʘ ɔ-ʠʟʣʫʯʝʥʠʷ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʩʧʝʢʪʨʦʤ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʙʦʨʦʚ ʜʣʷ 

ʜʦʟʠʤʝʪʨʠʠ ʠ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ɔ-ʠʟʣʫʯʝʥʠʷ. 

 

ʉ4.14. ʄʆɼɽʃʀ ʀ ʄɽʊʆɼʓ ʆʇʊʀʄʀɿɸʎʀʀ ʅɸʇʈʗɾɽʅʅʆ-

ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ʊʆʈʉɸʊʈʆʅɸ çʋʈɸɻɸʅ-2ʄè 

ʉ.ɸ. ʄʘʨʪʳʥʦʚ, ɺ.ʇ. ɺʦʨʦʙʴʝʚʘ, ʄ.ʉ. ʂʨʫʛʦʣʴ,  

ɸ.ʖ. ʖʨʢʠʥ, ʄ.ɸ. ʍʘʞʤʫʨʘʜʦʚ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʪʦʨʩʘʪʨʦʥʘ ñʋʨʘʛʘʥ-2ʄò. ʈʘʩʩʤʦʪʨʝʥʳ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʅɼʉ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʵʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʠʠ ʪʦʨʩʘʪʨʦʥʘ. ʆʧʨʝʜʝʣʝʥʘ ʬʫʥʢʮʠʷ ʮʝʣʠ ʠ ʩʠʩʪʝʤʘ ʦʛʨʘʥʠʯʝʥʠʡ 

ʥʘ ʫʧʨʘʚʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʫʨʦʚʥʷʭ. 

ʇʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʷ ʩʠʥʪʝʟʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʪʦʨʦʠʜʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʠʥʪʝʟʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ: ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʠʥʪʦʚʦʡ ʦʙʤʦʪʢʠ 

ʪʦʨʩʘʪʨʦʥʘ; ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ; ʅɼʉ ʪʦʨʩʘʪʨʦʥʘ. ɼʣʷ 

ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ ï ʂʆʄʇɸʉ, AutoCad, SolidWorks. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʦʟʥʠʢʘʶʪ ʥʘʧʨʷʞʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʙʲʝʤʥʦʤʫ ʥʘʧʨʷʞʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ɼʘʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʦʮʝʥʢʠ ʪʘʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʠʚʝʜʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʟʘʜʘʯʠ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʘʜʝʢʚʘʪʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

 

ʉ4.15. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇɸʂɽʊɸ ROOT ɼʃʗ ʆɹʈɸɹʆʊʂʀ 

ʌʀɿʀʏɽʉʂʀʍ ʈɽɿʋʃʔʊɸʊʆɺ 

ʀ.ʄ. ʇʨʦʭʦʨʝʮ, ʉ.ʀ. ʇʨʦʭʦʨʝʮ, ɽ.ɺ. ʈʫʜʳʯʝʚ, ʄ.ɸ. ʍʘʞʤʫʨʘʜʦʚ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ROOT - ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦ 

ʧʣʘʥʘʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʙʫʜʝʪ ʜʘʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʛʝʥʝʨʘʮʠʶ 

ʩʦʙʳʪʠʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʪʝʢʪʦʨʦʚ,  ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʩʦʙʳʪʠʡ, ʩʙʦʨ ʠ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʨʘʙʦʪʯʠʢʠ ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʜʝʣʘʶʪ ʥʘ ʘʥʘʣʠʟ ʠ 

ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ. ROOT ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʪʘʢʠʤ ʠʟʚʝʩʪʥʳʤ ʥʘʙʦʨʦʤ ʙʠʙʣʠʦʪʝʢ, ʢʘʢ GEANT4. ROOT 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ LHC-ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ROOT ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ MCNPX. 

 

ʉ4.16. ʄɽʊʆɼʀʂɸ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʉʇɽʂʊʈɸ  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄʆɼɽʃʔʅʓʍ ʌʋʅʂʎʀʁ ʆʊʂʃʀʂɸ 

ʀ.ʄ. ʇʨʦʭʦʨʝʮ, ʉ.ʀ. ʇʨʦʭʦʨʝʮ, ʄ.ɸ. ʍʘʞʤʫʨʘʜʦʚ,  

ɽ.ɺ. ʈʫʜʳʯʝʚ, ɼ.ɺ. ʌʝʜʦʨʯʝʥʢʦ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʈʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʩʧʝʢʪʨʦʚ ʉsI-ʜʝʪʝʢʪʦʨʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʡ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʬʠʪʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʫʨʥʳʭ ʩʧʝʢʪʨʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʯʝʪʘ ʠʩʭʦʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ. ʄʝʪʦʜʠʢʘ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʧʝʢʪʨʦʚ ʨʝʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ. 

 

ʉ4.17. ʇʈʀʄɽʅɽʅʀɽ ɺʆɿʄʆɾʅʆʉʊɽʁ ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʆʁ 

ʉʀʉʊɽʄʓ CUDA ɼʃʗ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ ɻʈɸʌʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉʆʈʆɺ ɺ ɿɸɼɸʏɸʍ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʀʍ ʈɸʉʏɽʊʆɺ 

ɺ.ɸ. ɼʫʜʥʠʢ, ɺ.ʀ. ʂʫʜʨʷʚʮʝʚ, ʊ.ʄ. ʉʝʨʝʜʘ, ʉ.ɸ. ʋʩ, ʄ.ɺ. ʐʝʩʪʘʢʦʚ 

 ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʆʧʠʩʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ CUDA (Compute Unified Device 

Architecture) ð ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ GPU ʢʦʤʧʘʥʠʠ NVIDIA. ɼʘʥʳ ʧʨʠʤʝʨʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ CUDA  ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʚʳʧʦʣʥʷʝʤʳʭ ʩʨʝʜʩʪʚʘʤʠ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ (GPGPU) ʫʩʢʦʨʠʪʝʣʝʡ GeForce ʚʦʩʴʤʦʛʦ 

ʧʦʢʦʣʝʥʠʷ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ ʜʣʷ GPU 

ʦʪ ñʦʙʳʯʥʦʛʦò ʉ. ʇʨʠʚʝʜʝʥʳ ʩʨʘʚʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʳʧʦʣʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ GPU 

ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ GeForce È 8800. 

  

ʉ4.18. ɸʅɸʃʀɿ ʇʆɼʍʆɼʆɺ ʂ ʈɸʉʇʈɽɼɽʃɽʅʀʖ ɺʓʏʀʉʃɽʅʀʁ 

ʖ.ɺ. ʄʠʱʝʨʷʢʦʚ, ɺ.ɻ. ʂʦʙʟʝʚ, ɸ.ɺ. ɻʦʣʦʚʘʭʠʥʘ 

 ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʝʣʘʝʪ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝ ʧʦʚʳʰʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝʤ ʢʘʢ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ, 

ʪʘʢ ʠ ʜʘʥʥʳʭ. ɽʩʣʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʠ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʧʨʦʮʝʩʩʦʨʦʚ, ʪʦ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʜʘʥʥʳʭ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʦ ʩ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʴʶ ʠ ʩʪʨʫʢʪʫʨʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʠʭ ʦʙʨʘʙʦʪʢʠ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʳʯʠʩʣʝʥʠʡ. 

(1) ʀʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʦʜʥʦʪʠʧʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ, ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʥʦ 

ʥʝʟʘʚʠʩʠʤʳʤʠ. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ - ʚʳʜʝʣʝʥʠʝ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʦʜʠʥʘʢʦʚʦʡ ʚʝʣʠʯʠʥʳ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ. 

(2) ʀʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʤʳʤʠ (ʚʳʯʠʩʣʝʥʠʷ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ). ʆʩʥʦʚʥʳʝ 

ʟʘʜʘʯʠ - ʚʳʜʝʣʝʥʠʝ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʥʝʟʘʚʠʩʠʤʳʭ ʙʣʦʢʦʚ ʜʘʥʥʳʭ, 
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ʵʬʬʝʢʪʠʚʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʟʘʜʘʥʠʡ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩ ʫʯʝʪʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʥʠʡ, ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʢʘʟʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʩʣʦʞʥʦʩʪʴʶ ʨʝʰʘʝʤʳʭ 

ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴʶ ʚʟʘʠʤʦʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʤʠ ʜʘʥʥʳʭ.       

 

ʉ4.19. ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ɸʃɻʆʈʀʊʄɸ 

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆ-ʏɸʉʊʆʊʅʆɻʆ ɸʅɸʃʀɿɸ  

ʈʀʉʋʅʂʆɺ ʇɸʇʀʃʃʗʈʅʆɻʆ ʊʀʇɸ 

ɺ.ɻ.ʂʦʙʟʝʚ 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʷʚʣʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝʨʝʜʢʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʝʡ, ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʭʦʞʠʝ ʩ 

ʧʘʧʠʣʣʷʨʥʳʤʠ ʫʟʦʨʘʤʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʘʧʠʣʣʷʨʥʳʭ ʫʟʦʨʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʬʦʨʤʳ ʠ ʯʘʩʪʦʪʳ ʣʠʥʠʡ ʚ ʠʭ ʮʝʥʪʨʘʣʴʥʦʡ 

ʟʦʥʝ. ʄʥʦʛʠʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʣʠʥʠʡ ʧʨʠ ʟʘʜʘʥʥʦʡ ʠʣʠ ʚʳʙʨʘʥʥʦʡ 

ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʝ ʫʟʦʨʘ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʠʟʫʯʝʥʠʠ ʯʘʩʪʦʪʳ 

ʧʦʚʪʦʨʝʥʠʷ ʧʘʧʠʣʣʷʨʥʳʭ ʣʠʥʠʡ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʢʘʞʜʳʡ ʠʟ 6-8 ʣʫʯʝʡ ʠʟ 

ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʅʘʧʨʘʚʣʝʥʠʷ ʩʦʩʝʜʥʠʭ ʣʫʯʝʡ ʯʘʱʝ ʚʩʝʛʦ ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʳʝ ʫʛʣʦʚʳʝ 

ʚʝʣʠʯʠʥʳ. ʏʘʩʪʦʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʘʥʘʣʠʟʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʨʘʚʥʝʥʠʠ ʩʪʝʧʝʥʠ 

ʩʦʚʧʘʜʝʥʠʷ ʧʝʨʠʦʜʘ ʧʝʨʝʩʝʯʝʥʠʷ ʧʘʧʠʣʣʷʨʥʳʭ ʣʠʥʠʡ ʢʘʞʜʳʤ ʣʫʯʦʤ ʩ 

ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʬʠʣʴʪʨʦʤ. ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʜʦʣʴ ʢʘʞʜʦʛʦ ʣʫʯʘ ʦʧʨʝʜʝʣʷʪʴ 

ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʧʝʨʝʩʝʯʝʥʠʡ ʢʘʢ ʚʝʣʠʯʠʥʫ, ʥʘ ʢʦʪʦʨʫʶ ʫʢʘʟʳʚʘʝʪ 

ʤʘʢʩʠʤʫʤ ʟʥʘʯʝʥʠʡ ʬʠʣʴʪʨʘ ʧʨʠ ʧʝʨʝʩʪʨʦʡʢʝ ʝʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʨʝʘʣʴʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʰʘʛʘ ʧʘʧʠʣʣʷʨʥʳʭ ʣʠʥʠʡ. ʄʥʦʞʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ 

ʧʝʨʠʦʜʦʚ ʧʦʚʪʦʨʝʥʠʡ ʧʘʧʠʣʣʷʨʥʳʭ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʤʫ ʣʫʯʫ, 

ʜʝʪʘʣʴʥʝʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʨʠʩʫʥʢʘ ʠ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ. 
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ʇʣʝʥʘʨʥʦʝ ʟʘʩʝʜʘʥʠʝ 3. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʮʝʣʷʭ 

ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʥʫʞʜ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, 

ʤʝʜʠʮʠʥʳ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  

ʇ3.01. ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɸʊɽʈʀɸʃʆɺ ʗɼɽʈʅʆʁ ʕʅɽʈɻɽʊʀʂʀ  

ʇʈʀ ʇʆʄʆʑʀ ʗɼɽʈʅʆ-ʌʀɿʀʏɽʉʂʀʍ ʄɽʊʆɼʆɺ 

ʅ.ʇ. ɼʠʢʠʡ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʗʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʦʜʦʣʞʘʶʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʩʧʝʢʪʠʚʘ ʨʝʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚʠʜʠʪʩʷ 

ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʜʝʨʥʦʛʦ ʜʝʣʝʥʠʷ ʠ ʩʠʥʪʝʟʘ. ʂʣʶʯʝʚʘʷ ʨʦʣʴ ʧʨʠ 

ʵʪʦʤ ʦʪʚʦʜʠʪʩʷ ʨʘʟʚʠʪʠʶ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʟʘʜʘʯ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʦʩʪʘʝʪʩʷ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʳʤ. ʀʟʫʯʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʷʜʝʨʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʘʥʘʣʦʛʦʚ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʚ 

ʟʘʱʠʪʥʳʭ ʦʙʦʣʦʯʢʘʭ ʈɸʆ ʠ ʤʘʪʝʨʠʘʣʘʭ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʭʨʘʥʠʣʠʱ ʈɸʆ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʥʠʛʠʣʷʮʠʠ ʧʦʟʠʪʨʦʥʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʢʩʠʜʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

ʩʪʘʣʝʡ ʠ SiC-ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʧʫʭʘʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʛʝʣʠʷ ʠ ʜʨʫʛʠʭ 

ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ. 

 

ʇ3.02. ʂ ɺʆʇʈʆʉʋ ʆʎɽʅʂʀ ʕʂʆʅʆʄʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʇʈɽɼʇʈʀʗʊʀʁ ʗɼɽʈʅʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

ʖ.ʀ. ʃʘʨʠʦʥʦʚ, ʄ.ɸ. ʍʘʞʤʫʨʘʜʦʚ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʇʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʧʨʠʦʙʨʝʣʘ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʥʪʝʨʝʩʦʚ. ʆʩʥʦʚʥʳʤʠ 

ʧʨʦʙʣʝʤʘʤʠ, ʧʦʜʣʝʞʘʱʠʤʠ ʨʝʰʝʥʠʶ, ʷʚʣʷʶʪʩʷ: 

ï ʦʮʝʥʢʘ ʦʧʘʩʥʦʩʪʠ, ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʨʠʩʢʫ, ʫʷʟʚʠʤʦʩʪʠ 

(ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʨʠʩʢʫ), ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʨʠʩʢʘʤʠ; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʙʦʨʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ï ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʚʦʡʩʪʚ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʥʦʩʷʪ ʨʘʟʥʳʡ ʚʢʣʘʜ ʚ ʦʙʱʠʡ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʛʫʪ 

ʙʳʪʴ: ʟʦʥʳ ʨʠʩʢʘ; ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʨʠʩʢʦʚ; ʬʠʥʘʥʩʦʚʘʷ, ʢʘʜʨʦʚʘʷ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ, 
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ʧʨʘʚʦʚʘʷ ʠ ʩʠʣʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʂ ʥʠʤ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʠʥʪʝʨʬʝʡʩʥʫʶ ʠ ʨʳʥʦʯʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʥʘʜʝʞʥʦʩʪʴ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʧʘʨʪʥʝʨʘʤʠ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ, ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʫ ʫʛʨʦʟ ʧʦ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

 

ʇ3.03. ʋʂʈɸʀʅʆ-ɸʄɽʈʀʂɸʅʉʂʀʁ ʕʂʉʇɽʈʀʄɽʅʊ  

ʇʆ ʌʆʊʆʗɼɽʈʅʆʄʋ ʇʆʃʋʏɽʅʀʖ ʀɿʆʊʆʇɸ Cu-67 

ʅ.ʀ. ɸʡʟʘʮʢʠʡ, ɽ.ɿ. ɹʠʣʣʝʨ, ɸ.ʅ. ɼʦʚʙʥʷ, ʈ.ʅ. ɼʨʦʥʦʚ,  

ɺ.ʀ. ʅʠʢʠʬʦʨʦʚ, ɺ.ʃ. ʋʚʘʨʦʚ, D. Ehst1  

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò, ʋʢʨʘʠʥʘ; 
1ɸʨʛʦʥʥʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʉʐɸ 

ʀʟʦʪʦʧ Cu-67 ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʜʠʦʠʤʤʫʥʥʦʡ ʪʝʨʘʧʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ 

ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʙʘʟʝ ʮʠʢʣʦʪʨʦʥʦʚ ʠ ʚʳʩʦʢʦʧʦʪʦʯʥʳʭ ʨʝʘʢʪʦʨʦʚ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʚʦʟʨʘʩʪʘʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʤʝʜʠʮʠʥʳ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ 

ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʦʡ ʧʨʦʛʨʘʤʤʳ ʍʌʊʀ ʠ ɸʅʃ ʚʝʣʘʩʴ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ Cu-67 ʥʘ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʨʝʘʢʮʠʠ 68Zn(ɔ,p)67Cu. ɺ ʩʦʦʙʱʝʥʠʠ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʤʠʰʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʥʘʨʘʙʦʪʢʠ 

ʠʟʦʪʦʧʘ ʚ ʫʩʣʦʚʠʷʭ ʫʩʢʦʨʠʪʝʣʷ Renʝssʘle Polytechnical Institute (RPI, ʉʐɸ). 

ʆʧʠʩʘʥʳ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʤʧʣʝʢʩʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ RPI ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʥʘʨʘʙʦʪʢʝ ʠ ʚʳʜʝʣʝʥʠʶ ʉu-67 ʠʟ 

ʤʠʰʝʥʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʦʛʦ ʮʠʥʢʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʋʅʊʎ ʈ-228 

 

ʇ3.04. ʋʉʊɸʅʆɺʂɸ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʋɻʃʆɺʓʍ 

 ʀ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɻɸʄʄɸ-ʇʆʃɽʁ  

ɺ ʇʆʃɽɺʓʍ ʋʉʃʆɺʀʗʍ 

ɺ.ɻ. ɹʘʪʠʡ, ʀ.ʄ. ʂʦʧʘʥʝʮ, ʅ.ɸ. ʂʦʯʥʝʚ, ɺ.ɺ. ʉʝʣʶʢʦʚʘ, 

ɼ.ɺ. ʌʝʜʦʨʯʝʥʢʦ, ʄ.ɸ. ʍʘʞʤʫʨʘʜʦʚ  

ʅʅʎ "ʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ"  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʫʛʣʦʚʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʤʦʙʠʣʴʥʳʡ ʢʦʣʣʠʤʠʨʦʚʘʥʥʳʡ 

ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨ (ʂɻʉ) ʥʘ ʦʩʥʦʚʝ CdZnTe-ʜʝʪʝʢʪʦʨʘ. ʂ ʦʩʥʦʚʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʂɻʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʘʥʘʣʦʛʘʤʠ ʦʪʥʦʩʷʪʩʷ 

ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʣʦʞʥʳʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʤʝʩʪʘʭ ʩ ʟʘʪʨʫʜʥʝʥʥʳʤ 

ʜʦʩʪʫʧʦʤ, ʥʘʧʨʠʤʝʨ, ʚ ʦʙʲʝʢʪʝ "ʋʢʨʳʪʠʝ" ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʟʤʝʨʳ ʢʦʣʣʠʤʘʪʦʨʘ ʧʦʜʦʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʢʫ ʤʦʞʥʦ 
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ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʡ ʧʨʠ 

ʧʦʤʦʱʠ ʤʥʦʛʦʜʝʪʝʢʪʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ ʐɼ-1, ʐɼ-3.  

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ, 

ʚʢʣʶʯʘʶʱʘʷ: ʧʨʝʜʫʩʠʣʠʪʝʣʴ, ʫʩʠʣʠʪʝʣʴ-ʬʦʨʤʠʨʦʚʘʪʝʣʴ, ʙʳʩʪʨʳʡ ɸʎʇ 

AD9200 ʠ ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʤʠ (ʉʋʅɼ). ʉʋʅɼ 

ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ɸʊmega88 ʠ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʨʫʯʥʦʡ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 
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ʉʝʢʮʠʷ 5. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʦ-

ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʥʫʞʜ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʤʝʜʠʮʠʥʳ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  

ʉ5.01. ʀʉʉʃɽɼʆɺɸʅʀɽ ʀɿʆʊʆʇʅʆɻʆ ʉʆʉʊɸɺɸ ɹʆʈɸ ɺ ʂɸʈɹʀɼɽ 

ɹʆʈɸ C ʇʆʄʆʑʔʖ ʄɽʊʆɼʆɺ ʗɼɽʈʅʆɻʆ ʄʀʂʈʆɸʅɸʃʀɿɸ 

ɺ.ʅ. ɹʦʥʜʘʨʝʥʢʦ, ɸ.ɺ. ɻʦʥʯʘʨʦʚ, ɸ.ʇ. ɼʘʥʠʣʦʚ, ɺ.ʀ. ʉʫʭʦʩʪʘʚʝʮ, 

 ɺ.ʈ. ʊʘʪʘʨʠʥʦʚ, ɸ.ɻ. ʊʦʣʩʪʦʣʫʮʢʠʡ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʂʘʨʙʠʜ ʙʦʨʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʇʕʃ). ʇʕʃʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ɺ4ʉ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʢʘʢ ʚ ʨʝʘʢʪʦʨʘʭ, ʪʘʢ ʠ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, 

ʚʘʞʝʥ ʠʟʦʪʦʧʥʳʡ ʢʦʥʪʨʦʣʴ. ʆʙʳʯʥʦ ʪʘʢʦʡ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʘʶʱʠʤ ʤʝʪʦʜʦʤ 

ʘʥʘʣʠʟʘ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʩʦʦʪʥʦʰʝʥʠʷ ʠʟʦʪʦʧʦʚ 
10ɺ ʠ 11ɺ ʚ ʢʘʨʙʠʜʝ ʙʦʨʘ ʩ ʧʦʤʦʱʴʶ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʤʝʪʦʜʦʚ ʷʜʝʨʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘ: ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠʦʥʦʚ ʛʝʣʠʷ (ʤʝʪʦʜ RBS) ʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠʟ ʨʝʘʢʮʠʡ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʧʨʦʪʦʥʘʤʠ (ʤʝʪʦʜ 

PIGE). ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʢʘʨʙʠʜʘ ʙʦʨʘ ʧʨʠʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠʟ ʧʦʨʦʰʢʦʚ 

ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʢʦʨʠʪʝʣʝ 

ñʉʦʢʦʣò ʅʅʎ ʍʌʊʀ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʢʘʟʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʦʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ 10ɺ ʠ 11ɺ ʚ ʢʘʨʙʠʜʝ ʙʦʨʘ ʩ ʪʦʯʥʦʩʪʴʶ 1é2%. 

ɺʦʟʤʦʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ï ʠʟʦʪʦʧʥʳʡ ʢʦʥʪʨʦʣʴ 

ʤʘʪʝʨʠʘʣʦʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʩʧʦʨʪʥʳʡ ʢʦʥʪʨʦʣʴ. 

 

ʉ5.02. ʅɽʁʊʈʆʅʅʆ-ʈɸɼʀɸʎʀʆʅʅʓʁ ʄɽʊʆɼ  

ʆɹʅɸʈʋɾɽʅʀʗ ɺɿʈʓɺʏɸʊʓʍ ɺɽʑɽʉʊɺ  

ʅ.ɸ. ʀʚʘʥʦʚ1, ʖ.ʂ. ʂʦʣʦʙʦʚ1,  ʀ.ʅ. ʂʦʨʦʙʢʦʚ2, ʖ.ʀ. ʆʣʴʰʘʥʩʢʠʡ2   
1ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ʈɸʅ, 

 ʛ.ɻʘʪʯʠʥʘ, ʈʦʩʩʠʷ; 
2ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ñʈɸʊʕʂò, ʛ.ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʩʪʘʥʦʚʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚʟʨʳʚʯʘʪʳʭ 

ʚʝʱʝʩʪʚ ʥʘ ʦʩʥʦʚʝ ʥʝʡʪʨʦʥʥʦ-ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ MCNP4C 

ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʬʦʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʫʨʦʚʥʝʡ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʙʘʛʘʞʘ ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʉ, N, O ʚ ʙʘʛʘʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ñʤʝʯʝʥʳʭò ʥʝʡʪʨʦʥʦʚ (API-ʤʝʪʦʜ).  

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʪʘʥʦʚʢʠ.  
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ʉ5.03. ʀɿʋʏɽʅʀɽ ʈɽɾʀʄɸ ɺʆʃʅʓ ʌɽʆʂʊʀʉʊʆɺɸ  

ɺ ɹʓʉʊʈʆʄ ʈɽɸʂʊʆʈɽ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ Th-U-ʎʀʂʃɸ 

ʖ.ʇ. ʄʝʣʴʥʠʢ, ɺ.ɺ. ʇʠʣʠʧʝʥʢʦ, ɸ.ʉ. ʌʦʤʠʥ, ʉ.ʇ. ʌʦʤʠʥ, ʅ.ʌ. ʐʫʣʴʛʘ 

ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ.ɸ.ʀ. ɸʭʠʝʟʝʨʘ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʀʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʚʦʣʥʳ ʤʝʜʣʝʥʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʛʦʨʝʥʠʷ ʚ ʙʝʟʦʧʘʩʥʦʤ ʨʝʘʢʪʦʨʝ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ (ʚʦʣʥʳ 

ʌʝʦʢʪʠʩʪʦʚʘ) ʜʣʷ Th-U ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ. ʈʘʩʯʝʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʨʝʰʝʥʠʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʛʦʤʦʛʝʥʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʥʮʝʧʮʠʠ ʨʘʜʠʘʣʴʥʦʛʦ ʙʘʢʣʠʥʛʘ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʥʦʛʦʛʨʫʧʧʦʚʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʷʜʝʨʥʦʡ ʢʠʥʝʪʠʢʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʟʘʧʘʟʜʳʚʘʶʱʠʭ 

ʥʝʡʪʨʦʥʦʚ, ʧʨʦʮʝʩʩʦʚ ʚʳʛʦʨʘʥʠʷ ʠ ʥʘʨʘʙʦʪʢʠ ʦʩʥʦʚʥʳʭ ʥʫʢʣʠʜʦʚ 

Th-U-ʮʠʢʣʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʠʮʠʘʮʠʠ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʷʜʝʨʥʦʛʦ ʛʦʨʝʥʠʷ ʚ Th-U ʩʨʝʜʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 4 ʩʤ/ʛʦʜ. ɼʦʙʘʚʣʝʥʠʝ ʩ ʩʦʩʪʘʚ ʨʝʘʢʪʦʨʘ ʜʘʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʧʨʠʚʦʜʠʪ, ʦʜʥʘʢʦ, ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʚʦʣʥʳ ʛʦʨʝʥʠʷ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʠʡʩʷ ʨʝʞʠʤ ʷʜʝʨʥʦʛʦ 

ʛʦʨʝʥʠʷ, ʩʫʱʝʩʪʚʫʶʱʠʡ ʚ ʪʝʯʝʥʠʝ ʜʦʚʦʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ (ʧʦʨʷʜʢʘ 30 ʣʝʪ), ʪʝʤ ʥʝ ʤʝʥʝʝ, ʩʠʩʪʝʤʘ ʥʝ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʚʦʣʥʳ 

ʛʦʨʝʥʠʷ, ʙʝʛʫʱʝʡ ʚʜʦʣʴ ʦʩʠ ʨʝʘʢʪʦʨʘ. 

 

ʉ5.04. ʗɼɽʈʅʆɽ ɻʆʈɽʅʀɽ ɺ ʈɽɾʀʄɽ ɺʆʃʅʓ ʌɽʆʂʊʀʉʊʆɺɸ  

ɺ ɹʓʉʊʈʆʄ ʈɽɸʂʊʆʈɽ ʉ ʎʀʃʀʅɼʈʀʏɽʉʂʆʁ ɻɽʆʄɽʊʈʀɽʁ 

ʖ.ʇ. ʄʝʣʴʥʠʢ, ɺ.ɺ. ʇʠʣʠʧʝʥʢʦ, ɸ.ʉ. ʌʦʤʠʥ, ʉ.ʇ. ʌʦʤʠʥ, ʅ.ʌ. ʐʫʣʴʛʘ 

ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ.ɸ.ʀ. ɸʭʠʝʟʝʨʘ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʵʚʦʣʶʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʙʝʟʦʧʘʩʥʦʤ ʙʳʩʪʨʦʤ ʨʝʘʢʪʦʨʝ (ɹʈ), 

ʨʘʙʦʪʘʶʱʝʤ ʚ ʨʝʞʠʤʝ ʚʦʣʥʳ ʷʜʝʨʥʦʛʦ ʛʦʨʝʥʠʷ ʌʝʦʢʪʠʩʪʦʚʘ (ɺʌ), 

ʨʘʟʨʘʙʦʪʘʥ ʢʦʜ EVOLM2D, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʨʝʰʝʥʠʠ ʤʥʦʛʦʛʨʫʧʧʦʚʳʭ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ ʥʝʡʪʨʦʥʦʚ ʩʦʚʤʝʩʪʥʦ ʩ 

ʫʨʘʚʥʝʥʠʷʤʠ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʷʜʝʨʥʦʡ ʢʠʥʝʪʠʢʠ ʜʣʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ ʜʣʷ ʜʚʫʤʝʨʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ɹʈ.  

ʈʘʩʩʤʦʪʨʝʥ ɹʈ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʪʦʧʣʠʚʦʤ UïPu-ʮʠʢʣʘ ʩ ʫʯʝʪʦʤ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (Fe) ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (PbïBi). ʀʟʫʯʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺʌ, ʘ ʪʘʢʞʝ ʚʳʛʦʨʘʥʠʷ ʠ 

ʥʘʨʘʙʦʪʢʠ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʜʚʫʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ɹʈ. ɹʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ʦʙʨʘʪʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʩʚʷʟʠ ʧʦ ʨʝʘʢʪʠʚʥʦʩʪʠ (ʨʝʞʠʤ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ) ʪʘʢʦʡ ɹʈ ʤʦʞʝʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ, ʙʣʠʟʢʦʤ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ. ʈʝʞʠʤ ɺʌ 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ (ʧʦʨʷʜʢʘ 50%). 

ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺʌ ʦʪ ʨʘʜʠʫʩʘ ʨʝʘʢʪʦʨʘ. 

 

ʉ5.05. ɺʃʀʗʅʀɽ ʉʅʀɾɽʅʀʗ ʉʈɽɼʅɽɻʆ ʆɹʆɻɸʑɽʅʀʗ ʊʆʇʃʀɺɸ  

ɺ ɹʓʉʊʈʆʁ ɿʆʅɽ ʅɸ ʆʉʅʆɺʅʓɽ ʅɽʁʊʈʆʅʆʌʀɿʀʏɽʉʂʀɽ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇʆɼʂʈʀʊʀʏɽʉʂʆʁ ʉɹʆʈʂʀ ñʗʃIʅɸ-ɹʋʉʊɽʈò 

ɺ.ɺ. ɹʫʨʥʦʩ, ɸ.ʀ. ʂʠʝʚʠʮʢʘʷ, ɸ.ɺ. ʂʫʣʠʢʦʚʩʢʘʷ, ʂ.ʂ. ʈʫʪʢʦʚʩʢʘʷ, 

 ʉ.ʄ. ʉʘʜʦʚʠʯ, ɸ.ʉ. ʌʝʜʦʨʝʥʢʦ, ɸ.ʖ. ʌʦʢʦʚ, ʖ.ɻ. ʌʦʢʦʚ 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʉʦʩʥʳ, ʛ.ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʝʡʪʨʦʥʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʢʨʠʪʠʯʝʩʢʦʡ ʩʙʦʨʢʠ çʗʣiʥʘ-ɹʫʩʪʝʨè 

ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʢʪʠʚʥʦʡ ʟʦʥʦʡ (ʧʦʩʣʝ ʟʘʤʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ 

90 % -ʛʦ ʦʙʦʛʘʱʝʥʠʷ ʥʘ ʦʢʠʩʥʦʝ ʪʦʧʣʠʚʦ 36 % -ʛʦ ʦʙʦʛʘʱʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʙʳʩʪʨʦʡ ʟʦʥʳ): ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ 

ʥʝʡʪʨʦʥʦʚ kʵʬ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ʥʝʡʪʨʦʥʦʚ, ʩʧʝʢʪʨʳ ʥʝʡʪʨʦʥʦʚ. 

ʇʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʝʡ 

ʧʦʜʢʨʠʪʠʯʥʦʩʪʠ ʩʙʦʨʢʠ, ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʘʥʘʣʘʭ 

ʙʳʩʪʨʦʡ ʠ ʪʝʧʣʦʚʦʡ ʟʦʥ, ʛʨʘʬʠʪʦʚʦʛʦ ʦʪʨʘʞʘʪʝʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ 

ʠʩʪʦʯʥʠʢʘʭ ʥʝʡʪʨʦʥʦʚ ( 252Cf , ʥʝʡʪʨʦʥʳ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʷʜʝʨ DD ʠ DT). 

 

ʉ5.06. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʆʇʈɽɼɽʃɽʅʀɽ ʅɸʈɸɹʆʊʂʀ Pu-239  

ɺ ʇʆɼʂʈʀʊʀʏɽʉʂʆʁ ʉɹʆʈʂɽ ʋʉʊɸʅʆɺʂʀ  

òʕʅɽʈɻʀʗ +ʊʈɸʅʉʄʋʊɸʎʀʗò 

ɺ.ɸ. ɺʦʨʦʥʢʦ1, ʖ.ʊ. ʇʝʪʨʫʩʝʥʢʦ1, ɺ.ɺ. ʉʦʪʥʠʢʦʚ1, ɺ.ɺ. ʉʠʜʦʨʝʥʢʦ1, 

 ʀ.ɺ. ɾʫʢ2, ɸ.ʉ. ʇʦʪʘʧʝʥʢʦ2, ɸ.ɸ. ʉʘʬʨʦʥʦʚʘ2, ɸ.ʀ. ʂʠʝʚʠʮʢʘʷ2, 

ɺ.ɺ. ɹʫʨʥʦʩ2, ʄ.ʀ. ʂʨʠʚʦʧʫʩʪʦʚ3, ʉ.ʈ. ʍʘʰʝʤʠ-ʅʝʩʭʘʜ4 
1ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò, ʛ.ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ; 

2ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʉʦʩʥʳ, ʛ.ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; 
3ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛ.ɼʫʙʥʘ, ʈʦʩʩʠʷ; 

4ʉʠʜʥʝʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʉʠʜʥʝʡ, ɸʚʩʪʨʘʣʠʷ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʷʜʝʨʥʦʛʦ 

ʛʦʨʶʯʝʛʦ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ Pu-239, ʥʘʨʘʙʦʪʘʥʥʦʛʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʡ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʦʚ ʫʨʘʥʦʤ-238. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʈu-239 ʚ 

ʙʣʘʥʢʝʪʝ ʧʦʜʢʨʠʪʠʯʝʩʢʦʡ ʩʙʦʨʢʠ ʫʩʪʘʥʦʚʢʠ ñʕʥʝʨʛʠʷ+ʪʨʘʥʩʤʫʪʘʮʠʷò ʆʀʗʀ, 

ʛ.ɼʫʙʥʘ. ʆʧʠʩʘʥʳ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 
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ʠʟʤʝʨʝʥʘ ʥʘʨʘʙʦʪʢʘ Pu-239. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʨʘʩʯʝʪʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ MCNPX 2.5e. ʍʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʤʝʞʜʫ 

ʠʟʤʝʨʝʥʥʳʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʙʣʘʥʢʝʪʝ U/Pb ʩʙʦʨʦʢ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨʨʝʢʪʥʦʝ ʦʧʠʩʘʥʠʝ 

ʧʝʨʝʥʦʩʘ ʯʘʩʪʠʮ ʚ ʚʝʱʝʩʪʚʝ ʙʣʘʥʢʝʪʘ. 

 

ʉ5.07. ɻɽʅɽʈɸʎʀʗ ʇʈʆʊʆʅʆɺ ʄɽɻɸʕʃɽʂʊʈʆʅɺʆʃʔʊʅʓʍ 

 ʕʅɽʈɻʀʁ ɺ ɸʂʊʀɺʅʆʁ ɿʆʅɽ ɺʆɼʆ-ɺʆɼʗʅʆɻʆ ʈɽɸʂʊʆʈɸ 

ɸ.ɺ. ɻʘʥʥ, ɺ.ɺ. ɻʘʥʥ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʄʝʪʦʜʦʤ ʄʦʥʪʝ ʂʘʨʣʦ ʨʘʩʩʯʠʪʘʥ ʩʧʝʢʪʨ ʙʳʩʪʨʳʭ ʧʨʦʪʦʥʦʚ, 

ʚʦʟʙʫʞʜʘʝʤʳʭ ʚ ʚʦʜʝ ʙʳʩʪʨʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ʆʩʥʦʚʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʙʳʩʪʨʳʭ ʧʨʦʪʦʥʦʚ ʚ ʟʘʤʝʜʣʠʪʝʣʝ ʷʚʣʷʝʪʩʷ ʫʧʨʫʛʦʝ 

ʨʘʩʩʝʷʥʠʝ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʷʜʨʘʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʧʦʪʦʢ ʙʳʩʪʨʳʭ ʧʨʦʪʦʥʦʚ ʥʘ ʦʙʦʣʦʯʢʫ ʪʚʵʣʘ 

ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 0,1 ʤʢɸ/ʩʤ2, ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʦʚ 

~ 1 ʄʵɺ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʦʩʪʠʛʘʝʪ 10 ʄʵɺ. ʈʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ 

ʠʤʧʣʘʥʪʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʮʠʨʢʦʥʠʝʚʫʶ ʦʙʦʣʦʯʢʫ ʪʚʵʣʘ. ʈʘʩʩʯʠʪʘʥ ʧʨʦʬʠʣʴ 

ʧʨʦʙʝʛʦʚ ʧʨʦʪʦʥʦʚ ʧʦ ʪʦʣʱʠʥʝ ʦʙʦʣʦʯʢʠ. ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʙʳʩʪʨʳʭ ʧʨʦʪʦʥʦʚ ʚ ʮʠʨʢʦʥʠʝʚʫʶ ʦʙʦʣʦʯʢʫ ʩʦʩʪʘʚʣʷʝʪ 20 ʤʢʤ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʨʦʙʝʛʘ ʜʦʩʪʠʛʘʝʪ 200 ʤʢʤ. ʆʙʩʫʞʜʘʝʪʩʷ ʨʦʣʴ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʷʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʮʠʨʢʦʥʠʝʚʦʡ 

ʦʙʦʣʦʯʢʠ ʪʚʵʣʦʚ ʚ ʚʦʜʝ ʧʨʠ ʨʝʘʢʪʦʨʥʦʤ ʦʙʣʫʯʝʥʠʠ.  

 

ʉ5.08. ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ʉʇɽʂʊʈɸ ɹʓʉʊʈʓʍ ʅɽʁʊʈʆʅʆɺ 

ʇʆɼʂʈʀʊʀʏɽʉʂʆʁ ʉɹʆʈʂʀ ñʗʃIʅɸ-ɹʋʉʊɽʈò  

ʄɽʊʆɼʆʄ ʇʆʈʆɻʆɺʓʍ ʈɽɸʂʎʀʁ 

ɸ.ʀ. ʂʠʝʚʠʮʢʘʷ1, ʉ.ɺ. ʂʦʨʥʝʝʚ1, ɹ.ɸ. ʄʘʨʮʳʥʢʝʚʠʯ2,  

ɸ.ʉ. ʉʪʝʧʘʥʦʚ1, ʖ.ɻ. ʌʦʢʦʚ1, ɸ.ʄ. ʍʠʣʴʤʘʥʦʚʠʯ2 
1ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʉʦʩʥʳ, ʛ.ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; 
2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ.ɹ.ʀ. ʉʪʝʧʘʥʦʚʘ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʛ.ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʧʝʢʪʨʦʚ ʥʝʡʪʨʦʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʧʦʜʢʨʠʪʠʯʝʩʢʦʡ ʩʙʦʨʢʠ 

ñʗʣiʥʘ-ɹʫʩʪʝʨò ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʢʪʠʚʥʦʡ ʟʦʥʦʡ (ʧʦʩʣʝ ʟʘʤʝʥʳ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ 90%-ʛʦ ʦʙʦʛʘʱʝʥʠʷ ʥʘ ʦʢʠʩʥʦʝ ʪʦʧʣʠʚʦ 36%-ʛʦ 

ʦʙʦʛʘʱʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʙʳʩʪʨʦʡ ʟʦʥʳ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʛʦʚʳʭ 

ʨʝʘʢʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʘʭ ʥʝʡʪʨʦʥʦʚ (ʥʝʡʪʨʦʥʳ ʨʝʘʢʮʠʡ 

ʩʠʥʪʝʟʘ ʷʜʝʨ DD ʠ DT). ʇʨʠʚʦʜʠʪʩʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʧʦʨʦʛʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʦʩʴ 
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ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʧʝʢʪʨʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ. ɺʳʧʦʣʥʝʥʥʳʝ ʧʦ ʜʘʥʥʦʡ ʩʭʝʤʝ 

ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

 

ʉ5.09. ɹɽʉʇʈʆɺʆɼʅʓʁ ʉɽɻʄɽʅʊ  

ʉʀʉʊɽʄʓ ʉɹʆʈɸ ʀɿʄɽʈʀʊɽʃʔʅʆʁ ʀʅʌʆʈʄɸʎʀʀ 

ɼ.ʂ. ʄʠʭʥʦʚ, ʄʦʭʘʤʤʝʜ ʂ. ʄʦʭʘʤʤʝʜ 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ Wi-Fi ʜʣʷ ʩʠʩʪʝʤʳ ʩʙʦʨʘ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʯʢʘ 

ʜʦʩʪʫʧʘ Linksys WRT54GC ʠ Wi-Fi USB ʘʜʘʧʪʝʨ DWA-110. ʇʨʝʜʣʦʞʝʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ ʚ ʩʠʩʪʝʤʝ ʠ 

ʚʳʙʦʨʫ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ Wi-Fi ʩ ʫʯʝʪʦʤ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʠ ʚʦʟʤʫʱʝʥʠʡ. 

 

ʉ5.10. ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ʀɿʄɽʈʀʊɽʃʔʅɸʗ ʉʀʉʊɽʄɸ ʉʊɽʅɼɸ  

ɼʃʗ ʀʉʇʓʊɸʅʀʁ ɸɺʊʆʄɸʊʀʏɽʉʂʀʍ ɺʓʂʃʖʏɸʊɽʃɽʁ 

ɸ.ɺ. ʄʠʭʥʦʚʘ, ɼ.ʂ. ʄʠʭʥʦʚ 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʚ ʨʝʞʠʤʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ɸʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨ ʜʣʷ 

ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʙʘʟʝ ʤʦʜʫʣʝʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ CPU686E ʠ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ AI8S-5A ʬʠʨʤʳ Fastwel, ʘ ʪʘʢʞʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʬʘʡʣʦʚ ʥʘ 

ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ MS Access. ʉʠʩʪʝʤʘ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 8 ʢʘʥʘʣʘʤ. 

ʄʠʥʠʤʘʣʴʥʳʡ ʰʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ ï 40 ʤʢʩ. ʅʘʯʘʣʦ ʟʘʧʠʩʠ ï ʧʦ 

ʚʥʝʰʥʝʤʫ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʝʤʫ ʩʠʛʥʘʣʫ. ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩʠʩʪʝʤʳ. 

 

ʉ5.11. ɸʅɸʃʀɿ ʄɽʊʆɼʀʂʀ ʂʆʅʊʈʆʃʗ ɸʂʊʀɺʅʆʉʊʀ 

ʊɽʇʃʆʅʆʉʀʊɽʃʗ ʇɽʈɺʆɻʆ ʂʆʅʊʋʈɸ ʈɽɸʂʊʆʈɸ ɺɺʕʈ  

ʄɽʊʆɼʆʄ ʂʆʄʇʔʖʊɽʈʅʆɻʆ ʕʂʉʇɽʈʀʄɽʅʊɸ 

ɸ.ɸ. ɿʘʭʘʨʯʝʥʢʦ, ɸ.ɸ. ɺʝʨʝʚʢʠʥ, ʀ.ʅ. ʐʣʷʭʦʚ, 

ɺ.ɽ. ʂʫʪʥʠʡ, ɸ.ɺ. ʈʳʙʢʘ, ʄ.ɸ. ʍʘʞʤʫʨʘʜʦʚ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò  

ʄʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ 

CdZnTe-ʜʝʪʝʢʪʦʨʦʚ ʚ ʩʠʩʪʝʤʘʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ 
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ʦʙʦʣʦʯʝʢ ʪʚʵʣʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝ 

ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ɺɺʕʈ. ʈʘʩʩʯʠʪʘʥ ʦʪʢʣʠʢ 

CdZnTe-ʜʝʪʝʢʪʦʨʘ ʥʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʠ ʘʢʪʠʚʘʮʠʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʪʦʧʣʠʚʘ, ʥʫʢʣʠʜʥʳʡ ʩʦʩʪʘʚ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʝʘʢʪʦʨʦʚ ɺɺʕʈ. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʘʩʯʝʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʚʘʪʴ 

ʘʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʙʝʩʧʨʦʙʦʦʪʙʦʨʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ 

CdZnTe-ʜʝʪʝʢʪʦʨʦʚ, ʠʤʝʶʱʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʵʥʝʨʛʠʠ 

ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʧʨʝʨʳʚʥʳʡ 

ʢʦʥʪʨʦʣʴ ʘʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʚʦʟʤʦʞʝʥ ʩ ʧʦʤʦʱʴʶ 

ʛʘʤʤʘ ʨʘʜʠʦʤʝʪʨʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʠʟʤʝʨʷʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʫʤʤʘʨʥʳʭ 

ʘʢʪʠʚʥʦʩʪʝʡ ʚ ʯʝʪʳʨʝʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʦʪ 60 ʜʦ 1300 ʢʵɺ. 

 

ʉ5.12. ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆɹʒɽʂʊʆɺ ʉ ʗɼɽʈʅʆʁ ʆʇɸʉʅʆʉʊʔʖ 

ʀ.ʄ. ʇʨʦʭʦʨʝʮ, ʉ.ʀ. ʇʨʦʭʦʨʝʮ, ɽ.ɺ. ʈʫʜʳʯʝʚ, ʄ.ɸ. ʍʘʞʤʫʨʘʜʦʚ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʪʦʤʥʘʷ ʵʥʝʨʛʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʋʢʨʘʠʥʝ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʀʩʭʦʜʷ ʠʟ ʧʨʠʥʷʪʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ 

ʋʢʨʘʠʥʳ ʜʦ 2030 ʛʦʜʘ ʚ ʋʢʨʘʠʥʝ ʦʞʠʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʩ 

ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʧʘʩʥʦʩʪʴʶ. ʈʘʜʠʦʘʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʨʘʟʫʶʪʩʷ 

ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ɸʕʉ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʅʘʧʨʠʤʝʨ, 

ʠʩʪʦʯʥʠʢʦʤ ʦʧʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ 

ʤʠʰʝʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʫʧʨʘʚʣʷʝʤʦʤ ʫʩʢʦʨʠʪʝʣʝʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʨʝʘʢʪʦʨʘ 

ɺɺʕʈ-1000 ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʢʦʥʪʝʡʥʝʨʝ ʠ ʤʠʰʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʥʝʡʪʨʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʫʩʢʦʨʠʪʝʣʝʤ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʦʩʴ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʜʦʚ MCNP4C ʠ MCNPX. 

 

ʉ5.13. ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊɸ ɸʂʊʀɺɸʎʀʀ ʀ ʊʈɸʅʉʄʋʊɸʎʀʀ 

ʀɿʆʊʆʇʆɺ ʇʆɼ ɼɽʁʉʊɺʀɽʄ ɺʅɽʐʅʀʍ ʀʉʊʆʏʅʀʂʆɺ ʆɹʃʋʏɽʅʀʗ 

ɽ.ɺ ʈʫʜʳʯʝʚ, ʄ.ɸ. ʍʘʞʤʫʨʘʜʦʚ  

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʘʢʪʠʚʘʮʠʠ ʠ ʪʨʘʥʩʤʫʪʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 

ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʨʝʰʝʥʠʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʟʦʪʦʧʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥrʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʯʘʱʝ ʚʩʝʛʦ ʩ ʩʠʣʴʥʦ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʠʮ ʜʣʷ ʘʥʘʣʠʟʘ 
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ʘʢʪʠʚʘʮʠʠ ʠ ʪʨʘʥʩʤʫʪʘʮʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠʣʠ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ, 

ʠʩʧʦʣʴʟʫʶʱʘʷ ʧʨʷʤʦʡ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄʦʥʪʝ-ʂʘʨʣʦ ʠ ʠʪʝʨʘʮʠʦʥʥʦ-

ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʟʦʪʦʧʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʳʙʨʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʜʳ GEANT4, 

MCNPX ʠ ʢʦʜ FISPACT, ʠʩʧʦʣʴʟʫʶʱʠʡ ʝʚʨʦʧʝʡʩʢʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ 

ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʩʝʯʝʥʠʷʤ ʠ ʪʠʧʘʤ ʨʘʩʧʘʜʘ ï EAF Cross-Section, EAF Decay. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʪʢʨʳʚʘʝʪ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʘʥʘʣʠʟʘ ʜʦʟʦʚʳʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʨʘʥʩʤʫʪʘʮʠʠ ʈɸʆ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʥʝʡʪʨʦʥʦʚ, ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʭʝʤʫ ʪʨʘʥʩʤʫʪʘʮʠʠ. ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ 

ʘʢʪʠʚʘʮʠʠ ʚʦʣʴʬʨʘʤʦʚʦʡ ʤʠʰʝʥʠ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʵʣʝʢʪʨʦʥʦʚ. 

ʆʧʨʝʜʝʣʝʥʳ ʘʢʪʠʚʥʦʩʪʴ ʤʠʰʝʥʠ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ ʦʧʘʩʥʦʩʪʴ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. 

 

ʉ5.14. ʕʃɽʂʊʈʆʅʅʓɽ ʇʆʊɽʈʀ ʕʅɽʈɻʀʀ ʇʈʆʊʆʅʆɺ  

ɺ ʆʉɽɺʆʄ ʂɸʅɸʃɽ ʂʈʀʉʊɸʃʃɸ Ni+0,18 at.%13C 

ʄ.ɺ. ɺʘʱʝʥʢʦ, ʅ.ɸ. ʉʢʘʢʫʥ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ɔ-ʢʚʘʥʪʦʚ ʨʝʟʦʥʘʥʩʥʦʡ 

ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ, ʚʦʟʙʫʞʜʘʝʤʦʡ ʢʘʥʘʣʠʨʦʚʘʥʥʳʤʠ ʧʨʦʪʦʥʘʤʠ ʚ ʪʚʝʨʜʦʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʥʠʢʝʣʴ+ʫʛʣʝʨʦʜ. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥ 

ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʨʝʟʦʥʘʥʩ ʨʝʘʢʮʠʠ 13C(p,ɔ)14N ʧʨʠ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʦʚ 

1,747 ʄʵɺ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʚ ʮʝʥʪʨʝ 

ʦʩʝʚʦʛʦ ʢʘʥʘʣʘ <110>, ʚ ʫʟʢʦʡ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ, ʦʙʣʘʩʪʴ 

ʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʢʘʥʘʣʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʥʦʚ. 

ʈʘʥʝʝ [1] ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʠʢʠ ʢʘʥʘʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʪʦʤʳ 

ʫʛʣʝʨʦʜʘ ʚ ʥʠʢʝʣʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ ʧʨʝʜʝʣ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʟʘʥʠʤʘʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʤʝʞʜʦʫʟʣʠʷ, ʪ.ʝ. ʥʘʭʦʜʷʪʩʷ ʚ 

ʮʝʥʪʨʝ ʢʘʥʘʣʘ <110>. ʊʘʢ ʢʘʢ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʙʣʘʩʪʠ ʦʜʥʦʨʦʜʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʧʨʦʪʦʥʦʚ ʚ ʢʘʥʘʣʝ ʦʢʘʟʘʣʘʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ 

ʰʠʨʠʥʳ ʨʝʟʦʥʘʥʩʘ, ʤʝʪʦʜʦʤ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʦʚ ʚ ʢʘʥʘʣʝ ʥʘ ʩʚʦʙʦʜʥʳʭ ʠ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ. ʉʨʘʚʥʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʥʦʛʦ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʢʘʥʘʣʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʥʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʦʚ ʚ ʦʩʝʚʦʤ ʢʘʥʘʣʝ <110> ʢʨʠʩʪʘʣʣʘ Ni+0,18 at.%13C 

ʩʦʩʪʘʚʣʷʶʪ 0.6 ʪʘʙʣʠʯʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʜʣʷ ʥʝʢʘʥʘʣʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʥʦʚ.   

1. N.A. Skakun, V.A. Oleinik ʝt al. Channeling study of carbon atom location 

in Re-Cx  and Ni-Cx systems // Nucl. Instr. Meth. 1992, v. B67, p. 202-206. 
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ʉ5.15. ʀɿʄɽʈɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʆɻʃʆʑɽʅʀʗ ʇɸʈʆɺ ʁʆɼɸ 

 ʀ ɽɻʆ ʆʈɻɸʅʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ  

ʀɿ ʇʆʊʆʂɸ ɺɽʅʊʀʃʀʈʋɽʄʆɻʆ ɺʆɿɼʋʍɸ 

ɺ.ɻ. ʂʦʣʦʙʨʦʜʦʚ, ɺ.ʀ. ʉʦʢʦʣʝʥʢʦ, ʄ.ɸ. ʍʘʞʤʫʨʘʜʦʚ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʆʩʥʦʚʥʫʶ ʨʘʜʠʘʮʠʦʥʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ɸʕʉ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʦʪʦʧ ʡʦʜʘ-131 (ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ å8,05 ʩʫʪ) ʠ ʡʦʜʠʩʪʳʡ 

ʤʝʪʠʣ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʠʟ-ʟʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʦʨʛʘʥʠʟʤʝ 

ʯʝʣʦʚʝʢʘ. ɼʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʘʨʦʚ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʠʠ 

ʚʦʟʜʫʭʘ ɸʕʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʜʩʦʨʙʝʨʳ ʫʛʦʣʴʥʳʝ ʪʠʧʘ ɸʋ-1500. ʅʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʜʩʦʨʙʝʨʦʚ ʷʚʣʷʶʪʩʷ ʨʝʩʫʨʩ ʨʘʙʦʪʳ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʦʪ ʧʨʠʤʝʩʝʡ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʧʦʪʦʢʘʭ ʚʝʥʪʠʣʠʨʫʝʤʦʛʦ ʚʦʟʜʫʭʘ. C ʠʟʤʝʨʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʯʠʩʪʢʠ ʠ ʦʮʝʥʢʦʡ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʘʜʩʦʨʙʝʨʦʚ ʚʦʟʥʠʢʘʶʪ ʥʝʢʦʪʦʨʳʝ 

ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʯʝʥʴ ʤʘʣʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʘʨʦʚ ʡʦʜʘ-131 ʠ 

ʡʦʜʠʩʪʦʛʦ ʤʝʪʠʣʘ. ʆʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘʨʦʚ ʡʦʜʘ-131 ʚ ʚʝʥʪʠʣʠʨʫʝʤʦʤ 

ʚʦʟʜʫʭʝ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʵʥʝʨʛʦʙʣʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʘʜʩʦʨʙʝʨ ʨʘʚʥʘ 

ʩʚʭ å2Ā10
-16 %, ʘ ʥʘ ʚʳʭʦʜʝ ʩʚʳʭ å1Ā10

-18 %. ʇʦʯʪʠ ʚʩʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʚ ʛʘʟʝ-ʥʦʩʠʪʝʣʝ 

ʦʩʥʦʚʘʥʳ ʥʘ ʤʝʪʦʜʝ ʥʘʢʦʧʣʝʥʠʷ ʠʭ ʥʘ ʩʦʨʙʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʘʭ. ʕʪʦʪ ʤʝʪʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʦ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʘʜʩʦʨʙʝʨʘ ʦʪʙʠʨʘʝʪʩʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʦʪʦʢ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠ ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʧʘʢʝʪ 

ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ 

ʧʨʠʤʝʩʥʦʡ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʤʝʪʦʜʠʢ, ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʝʜʣʦʞʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʩʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

 

ʉ5.16. ʈɸʉʏɽʊ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ  

ɾʀɼʂʀʍ ʉʄɽʉɽʁ 3ʅʝ-4ʅʝ 

ʈ.ʄ. ʉʠʙʠʣʝʚʘ, ʃ.ɺ. ʂʘʨʥʘʮʝʚʠʯ, ʄ.ɺ. ʄʝʣʴʥʠʢʦʚ, ʄ.ɸ.ʍʘʞʤʫʨʘʜʦʚ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʀʥʞʝʥʝʨʥʳʝ ʪʘʙʣʠʮʳ ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʠʭ 

ʩʤʝʩʝʡ 3ʅʝ-4ʅʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʦʚ ʢʨʠʦʩʪʘʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʤʝʪʦʜʝ ʨʘʩʪʚʦʨʝʥʠʷ 3ʅʝ ʚ 4ʅʝ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ 

ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ (ʈ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʊ), ʤʦʣʷʨʥʦʛʦ ʦʙʲʝʤʘ (V) ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʠ (ʩ) (ʈ=ʈ(V,ʊ,ʩ)), ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʤʘʩʩʠʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʈ-V-ʊ-ʜʘʥʥʳʭ ʜʣʷ ʞʠʜʢʠʭ ʩʤʝʩʝʡ 3ʅʝ-4ʅʝ ʠ 

ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʠʟʠʢʠ ʠ 

ʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʠʢʠ ʅʅʎ ʍʌʊʀ, ʘ ʪʘʢʞʝ ʘʥʘʣʦʛʠʯʥʳʭ ʜʘʥʥʳʭ ʚʜʦʣʴ ʣʠʥʠʠ 

ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʠ ʣʠʥʠʠ ʥʘʯʘʣʘ ʟʘʪʚʝʨʜʝʚʘʥʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʧʦʣʫʯʝʥʥʦʛʦ ʝʜʠʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʨʷʜ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʨʘʩʯʝʪʘ  ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʠʭ ʩʤʝʩʝʡ 3ʅʝ-4ʅʝ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2,25...4,2 ʂ ʠ ʜʘʚʣʝʥʠʡ 0é10 ʄʇʘ. 

 

ʉ5.17. ɸʅɸʃʀɿ ʉʊʈʋʂʊʋʈʅʓʍ ʀ ʆʇʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 

ɸʂʊʀɺʀʈʆɺɸʅʅʆɻʆ ʅɸʅʆʂʈʀʉʊɸʃʃʀʏɽʉʂʆɻʆ ʄɸɻʅɽʊʀʊɸ 

ʅ.ʇ. ɼʠʢʠʡ1, ɽ.ʇ. ʄʝʜʚʝʜʝʚʘ1, ʀ.ɼ. ʌʝʜʦʨʝʮ2, ʅ.ʇ. ʍʣʘʧʦʚʘ2 
1ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò; 

2ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ  

 fedorets@univer.kharkov.ua 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʥʘʥʦʤʘʛʥʝʪʠʢʘ 

Fe3O4. ʅʘʨʘʙʦʪʢʘ ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʥʦʤʘʛʥʝʪʠʪʘ ʜʦ ʫʨʦʚʥʷ, 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʃʋʕ ʅʅʎ ʍʌʊʀ ʥʘ ʧʫʯʢʘʭ ʩ ʵʥʝʨʛʠʝʡ 22 ʠ 45 ʄʵɺ ʠ ʪʦʢʦʤ 

500 ʠ 6 ʤʢɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʩʪʦʷʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʭʘʨʘʢʪʝʨʘ 

ʨʝʰʝʪʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʦʥʦʚ ʞʝʣʝʟʘ Fe2+ ʠ Fe3+ ʚ ʦʢʪʘ- ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ 

ʧʦʟʠʮʠʷʭ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʥʘʥʦʤʘʛʥʝʪʠʪʘ ʠ 

ʥʘʥʦʤʘʛʥʝʪʠʪʘ ʬʠʨʤʳ Alta Aesar a Johnson Mathey Company. ɺ ʜʘʣʴʥʝʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚʙʣʠʟʠ 590 ʠ 

440 ʩʤ-1, ʘʩʩʦʮʠʠʨʫʝʤʳʝ ʩ ʨʝʰʝʪʦʯʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ Fe-O-ʩʚʷʟʝʡ ʚ 

ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʠ ʦʢʪʘʵʜʨʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ Fe3O4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʙʣʠʞʥʝʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚʙʣʠʟʠ 

3500...3490 ʩʤ-1, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʘʥʥʳʭ ʆʅ-ʛʨʫʧʧ, 

ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʠʤʝʨʥʳʤʠ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʙʨʘʟʫʷ ʧʨʦʯʥʦʝ ʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ ʜʣʷ 

ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. ʋʩʪʘʥʦʚʣʝʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʨʝʰʝʪʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ  

Fe-O-ʩʚʷʟʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. 

 

ʉ5.18. ʄɽʊʆɼ ɸʅɸʃʀɿɸ ʂʆʄʇʆʅɽʅʊʅʆɻʆ ʉʆʉʊɸɺɸ 

ʈɸɼʀʆɸʂʊʀɺʅʓʍ ʆɹʈɸɿʎʆɺ  

ʅɸ ʆʉʅʆɺɽ ʕɺʆʃʖʎʀʆʅʅʆɻʆ ɸʃɻʆʈʀʊʄɸ 

ɸ.ʅ. ɺʦʜʠʥ1, ɺ.ʖ. ʂʦʨʜʘ2, ʃ.ʇ. ʂʦʨʜʘ1, ɺ.ʊ. ɹʳʢʦʚ1 
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 

ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ;  
2ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʬʠʟʠʢʠ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʅɸʅʋ, ʛ.ʍʘʨʴʢʦʚ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʝʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʘʢʪʠʚʥʦʩʪʠ N(t) ʟʘ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ T ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʳʯʥʳʭ ʤʝʪʦʜʦʚ 
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(ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʥʘʧʨʠʤʝʨ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʦʯʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʦʙʨʘʱʝʥʠʠ ʤʘʪʨʠʮ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʨʝʰʝʥʠʷ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ [1], ʢʦʪʦʨʳʡ ʥʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʝʡʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʯʠʩʣʝʥʥʳʭ 

ʨʘʩʯʝʪʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʧʦʜʛʦʥʢʘ ʢʨʠʚʳʭ ʨʘʩʧʘʜʘ ʥʘʚʝʜʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʝʨʠʦʜʘʤ 

ʧʦʣʫʨʘʩʧʘʜʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʩʧʨʘʚʦʯʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʅɸʅ ʋʢʨʘʠʥʳ ʗʄʈʊ ʍ-9-535. 

1. ɺ.ʖ. ʂʦʨʜʘ, ɸ.ʉ. ʄʦʣʝʚ, ʃ.ʇ. ʂʦʨʜʘ // ɺʽʩʥʠʢ ʍʅʋ. ʉʝʨʽʷ ʬʽʟʠʯʥʘ 

ñʗʜʨʘ, ʯʘʩʪʠʥʢʠ, ʧʦʣʷò. 2007, ʪ. 763, ʚʠʧ. 1/33/, ʩ. 57. 

 

ʉ5.19. ʂ ʆʎɽʅʂɽ ɿɸʇɸʉɸ 90Sr ʇʆ 137Cs  

ɺ ʋʂʈɸʀʅʉʂʆʁ ʏɸʉʊʀ 30-ʢʤ ɿʆʅʓ ʏɸʕʉ 

ɸ.ʅ. ɺʦʜʠʥ1, ʉ.ʅ. ʆʣʝʡʥʠʢ1, ʕ.ɸ. ʈʫʜʘʢ2, ʀ.ɺ. ʋʰʘʢʦʚ1, ʆ.ʀ. ʗʯʥʠʢ2  
1ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò, ʛ.ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ; 
2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ.ɹ.ʀ. ʉʪʝʧʘʥʦʚʘ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʛ.ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

ɺ ʨʘʙʦʪʘʭ [1,2] ʙʳʣʘ ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ ʟʘʧʘʩʘ 90Sr ʚ ʧʦʯʚʝ ʫʢʨʘʠʥʩʢʦʡ ʯʘʩʪʠ 

30-ʢʤ ʟʦʥʳ ʏɸʕʉ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʟʘʧʘʩʫ 137Cs. ʆʩʥʦʚʥʦʡ ʚʳʚʦʜ ʜʘʥʥʳʭ ʨʘʙʦʪ 

ï ʚʳʙʨʦʩ ʪʦʧʣʠʚʘ ʟʘ ʧʨʝʜʝʣʳ ʧʨʦʤʧʣʦʱʘʜʢʠ ʩʦʩʪʘʚʠʣ 1,5 %, ʘ ʥʝ 3 %, ʢʘʢ ʵʪʦ 

ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʠ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʧʦʯʚ ʠʟʦʪʦʧʘʤʠ 

ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʞʝ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʤʝʥʴʰʝ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʚʳʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʨʘʩʭʦʞʜʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ [1,2] ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʦʮʝʥʢʘʤʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʘ 90Sr ʧʦ ʟʘʧʘʩʫ 137Cs ʥʝʦʜʥʦʟʥʘʯʥʘ ʠ ʠʤʝʝʪ 

ʜʚʘ ʨʝʰʝʥʠʷ. ʇʦ ʩʪʨʫʢʪʫʨʝ ʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʟʘʜʘʯʘʤ, ʚ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʝʨʠʨʦʚʘʪʴ ʩʦ ʩʨʝʜʥʠʤʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʢʘʢʠʭ-ʣʠʙʦ ʚʝʣʠʯʠʥ, ʷʚʣʷʶʱʠʭʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʧʨʠʙʣʠʞʝʥʠʷʤʠ ʢ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʷʤ. ɸ ʚ ʨʘʙʦʪʘʭ [1,2] ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʩʦ 

ʩʨʝʜʥʠʤʠ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʟʘʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʧʘʩʘ 90Sr ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʙʨʦʩʘ ʪʦʧʣʠʚʘ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʄ/68-2008 ʄʆʅ ʋʢʨʘʠʥʳ ʠ ɻʇʌʀ "ʇʦʣʷ ʠ 

ʯʘʩʪʠʮʳ", ʟʘʜʘʥʠʝ 32 ʨʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ. 

1. ɺ.ɸ. ʂʘʰʧʘʨʦʚ, ʉ.ʄ. ʃʫʥʜʠʥ, ʖ.ɺ. ʍʦʤʫʪʠʥʠʥ ʠ ʜʨ. // ʈʘʜʠʦʭʠʤʠʷ 

2000, ʪ. 42, ˉ 6, ʩ. 550. 

2. ɺ.ɸ. ʂʘʰʧʘʨʦʚ, ʉ.ʄ. ʃʫʥʜʠʥ, ʉ.ʀ. ɿʚʘʨʠʯ ʠ ʜʨ. // ʈʘʜʠʦʭʠʤʠʷ 2003, 

ʪ. 45, ˉ 2, ʩ. 173. 
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ʉʝʢʮʠʷ 6. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ ʥʘ ʧʫʯʢʘʭ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʬʦʪʦʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʉʇ-95, çʕʣʝʢʪʨʦʥè  ʠ ʥʘ ʧʨʷʤʦʤ 

ʚʳʭʦʜʝ  

ʉ6.01. ɿɸʉɽʃɽʅʀɽ ʄɽʊɸʉʊɸɹʀʃʔʅʓʍ ʉʆʉʊʆʗʅʀʁ ʗɼɽʈ 84Rb ʀ  86Rb 

ɺɹʃʀɿʀ ʇʆʈʆɻʆɺ ʈɽɸʂʎʀʁ (ɔ,n)m  

ɺ.ʄ. ʄʘʟʫʨ, ɿ.ʄ. ɹʠʛʘʥ, ɼ.ʄ. ʉʠʤʦʯʢʦ, ʊ.ʀ. ʄʘʨʠʥʝʮ 

ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʋʞʛʦʨʦʜ 

ɺ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ 11...12 ʄʵɺ ʥʘ ʪʦʨʤʦʟʥʦʤ ʧʫʯʢʝ ʤʠʢʨʦʪʨʦʥʘ ʄ-30 ʩ 

ʰʘʛʦʤ ȹɽ = 62,5 ʢʵɺ ʠʟʤʝʨʝʥʳ ʠʟʦʤʝʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʚʳʭʦʜʦʚ ʨʝʘʢʮʠʡ   
85Rb(ɔ,n)84mRb, 87Rb(ɔ,n)86mRb. ʋʩʪʘʥʦʚʣʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʨʦʛ ʚʦʟʙʫʞʜʝʥʠʷ 

ʠʟʦʤʝʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ Jˊ=6- ʚ ʨʝʘʢʮʠʠ 85Rb(ɔ,n)84mRb: ɽʵʬ.=(11.14Ñ0.06) ʄʵɺ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʨʘ ɽʚʦʟʙ. = ɽʵʬ. ï Bn = (640Ñ60) ʢʵɺ. 

ʕʬʬʝʢʪʠʚʥʳʡ ʧʦʨʦʛ ʨʝʘʢʮʠʠ 87Rb(ɔ,n)86mRb ʩʦʩʪʘʚʣʷʝʪ ɽɻ ʬ.=(11.16Ñ0.06)ʄʵɺ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʨʘ (1260Ñ60) ʢʵɺ  ʠ ʚ ʧʨʝʜʝʣʘʭ 

ʦʰʠʙʦʢ - ʘʢʪʠʚʘʮʠʦʥʥʦʤʫ ʫʨʦʚʥʶ 1248 ʢʵɺ [1]. ʇʝʨʚʳʤ ʫʨʦʚʥʝʤ, ʢʦʪʦʨʳʡ 

ʙʳ ʤʦʛ ʙʳʪʴ ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʠ ʟʘʩʝʣʷʪʴ ʠʟʦʤʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʷʚʣʷʝʪʩʷ 

ʫʨʦʚʝʥʴ ʩ  Jˊ = (4,5)- ʠ ʵʥʝʨʛʠʝʡ 1092,8 ʢʵɺ [1]. ʄʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʟʘʩʝʣʝʥʠʷ 

ʫʨʦʚʥʷ ʩ ɽ =1092 ʢʵɺ ʠ   Jˊ = (4,5)- [1]. ɼʘʥʥʳʝ ʠʟ ENSDF  ʥʝ ʜʘʶʪ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʧʠʥʘ ʵʪʦʛʦ ʫʨʦʚʥʷ. ɺ ʨʝʘʢʮʠʷʭ ʩʨʳʚʘ ʠ ʧʦʜʭʚʘʪʘ 
85Rb(d,p)86Rb, 87Rb(d,p)86Rb ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ  ʩ  Jˊ = 4-  

ʠ   Jˊ = 5-  ʧʨʠ ʚʦʟʤʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ   [(ˊ2p-1
3/2), (ɜ1g

-1
9/2)] ʜʣʷ ʩʦʩʪʦʷʥʠʷ  

ʩ  Jˊ = 5- , ʭʦʪʷ ʜʨʫʛʠʝ ʟʥʘʯʝʥʠʷ ʩʧʠʥʘ ʜʣʷ ʵʪʦʛʦ ʫʨʦʚʥʷ ʥʝ ʠʩʢʣʶʯʝʥʳ [1]. ʊʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʤʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʚʦʟʙʫʞʜʝʥʠʝ ʫʨʦʚʥʷ ʩ ɽ = 1092 ʢʵɺ 

ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ, ʯʪʦ ʚʝʨʦʷʪʥʝʝ ʝʛʦ ʩʧʠʥ-ʯʝʪʥʦʩʪʴ ʩ  Jˊ = 5-.   

1. B. Singh // Nucl. Data Sheets. 2001, v. 94, p. 1. 

 

ʉ6.02. ɿɸɺʀʉʀʄʆʉʊʔ ʀɿʆʄɽʈʅʓʍ ʆʊʅʆʐɽʅʀʁ  

ʆʊ ʕʅɽʈɻʀʀ ɻɸʄʄɸ-ʂɺɸʅʊʆɺ ɺ ʈɽɸʂʎʀʀ 74Se(ɔ,n)73m,gSe  

ɺ.ʄ. ʄʘʟʫʨ, ɿ.ʄ. ɹʠʛʘʥ, ɼ.ʄ. ʉʠʤʦʯʢʦ, ʊ.ʀ. ʄʘʨʠʥʝʮ 

ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʋʞʛʦʨʦʜ 

ʀʟʤʝʨʝʥʳ ʠʟʦʤʝʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʚʳʭʦʜʦʚ ʨʝʘʢʮʠʡ 74Se(ɔ,n)73m,gSe  

d=Ym/Ym+Yg.  ɿʜʝʩʴ Ym, Yg - ʚʳʭʦʜʳ ʟʘʩʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʦʤʝʨʥʦʛʦ m 

ʠ ʦʩʥʦʚʥʦʛʦ g ʩʦʩʪʦʷʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʵʥʝʨʛʠʡ 

ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 12...18 ʄʵɺ ʩ ʰʘʛʦʤ ȹɽ = 0.5 ʄʵɺ ʥʘ ʤʠʢʨʦʪʨʦʥʝ 

ʄ-30 ʀʕʌ ʅɸʅ ʋʢʨʘʠʥʳ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʵʥʝʨʛʠʠ ʧʫʯʢʘ 

ʵʣʝʢʪʨʦʥʦʚ ʙʳʣʘ ʥʝ ʭʫʞʝ 40 ʢʵɺ. ɺ ʢʘʯʝʩʪʚʝ ʪʦʨʤʦʟʥʦʡ ʤʠʰʝʥʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʘʥʪʘʣʦʚʘʷ ʧʣʘʩʪʠʥʘ ʪʦʣʱʠʥʦʡ 0.5 ʤʤ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʤʝʪʦʜʠʢʦʡ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʠʟʦʤʝʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦ ʩʧʠʥ-ʯʝʪʥʦʩʪʴʶ Jˊ=3/2-  ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʛʘʤʤʘ-

ʣʠʥʠʷ Eɔ = 254 ʢʵɺ, ʦʩʥʦʚʥʦʛʦ - ʩ Jˊ=9/2- ʛʘʤʤʘ-ʣʠʥʠʷ ʩ Eɔ=361 ʢʵɺ. 
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ʇʦʣʫʯʝʥʥʦʝ ʠʟʦʤʝʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚʳʭʦʜʦʚ ʦʙʥʘʨʫʞʠʚʘʝʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʧʘʜʝʥʠʶ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠ Eɔmax = 14 ʄʵɺ d = 0.89, ʧʨʠ Eɔmax  d = 0.85. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʛʣʘʩʠʠ ʩ 

ʨʘʩʯʝʪʘʤʠ  ʧʦ ʧʨʦʛʨʘʤʤʝ TALYS-1.0. ʇʨʠ ʵʪʦʤ ʚʳʣʝʪ ʥʝʡʪʨʦʥʦʚ ʠʟ 

ʤʘʪʝʨʠʥʩʢʦʛʦ ʷʜʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚ ʨʘʤʢʘʭ 

ʬʦʨʤʘʣʠʟʤʘ ʍʘʫʟʝʨʘ-ʌʝʰʙʘʭʘ. ʉʪʨʫʢʪʫʨʘ ʚʳʩʦʢʦʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ʧʣʦʪʥʦʩʪʠ ʫʨʦʚʥʝʡ ʚ ʤʦʜʝʣʠ ʬʝʨʤʠ-ʛʘʟʘ ʩʦ 

ʩʤʝʱʝʥʥʦʡ ʵʥʝʨʛʠʝʡ.  

 

ʉ6.03. ʊɽʈʄʆɼʀʅɸʄʀʂɸ ʄɸʃʓʍ ʉʀʉʊɽʄ: 236U, ʉʊʆʍɸʉʊʀʏɽʉʂʀɽ 

ʕʌʌɽʂʊʓ ʀ ʋʇʆʈʗɼʆʏɽʅʀɽ ʆʉʂʆʃʂʆɺ ɼɽʃɽʅʀʗ 

ɺ.ʊ. ʄʘʩʣʶʢ, ʆ.ʆ. ʇʘʨʣʘʛ, ɸ.ʀ. ʃʝʥʜʝʣ, ʊ.ʁ. ʄʘʨʠʥʝʮ 

ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʋʞʛʦʨʦʜ 

ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʧʨʦʷʚʣʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʫʢʣʦʥʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʜʝʣʝʥʠʠ ʷʜʨʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʝʨʚʠʯʥʳʭ ʤʘʩʩʦʚʳʭ (ʟʘʨʷʜʦʚʳʭ) ʩʧʝʢʪʨʦʚ 

ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ ʘʪʦʤʥʳʭ ʷʜʝʨ ʩ ʫʯʝʪʦʤ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʘʣʳʭ ʩʠʩʪʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʳʙʨʘʥ ʠʟʦʪʦʧ  236U, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʠʤʝʝʪʩʷ ʜʦʩʪʦʚʝʨʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʦ ʚʳʭʦʜʘʭ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ. 

ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʝʜʝʣʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʷʜʨʘ ʷʜʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʊ (ʩʤ. ʪʘʢʞʝ [1]),  

ʜʘʚʣʝʥʠʝʤ P ʠ ʦʙʲʝʤʦʤ V.  ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦ ʦʩʢʦʣʢʘʭ ʜʝʣʝʥʠʷ 236U ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʄʦʥʪʝ-

ʂʘʨʣʦ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʨʘʟʣʠʯʥʫʶ ʘʤʧʣʠʪʫʜʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ 

ʧʘʨʘʤʝʪʨʦʚ  ʊ, ʈ, V, ʘ ʪʘʢʞʝ ʯʠʩʣʘ ʥʝʡʪʨʦʥʦʚ ʜʝʣʝʥʠʷ. ʍʦʨʦʰʠʝ 

ʧʨʠʙʣʠʞʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʩʧʝʢʪʨʦʚ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʦʣʫʯʘʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʬʨʘʛʤʝʥʪʦʚ ʜʝʣʝʥʠʷ.  

1. A. Kelic, J. Natowitz, K.-H. Schmidt // Eur. Phys. J.  2006, v. A30,  

p. 203-212.     

 

ʉ6.04. ʆ ʂɸʊɸʃʆɻɽ ɻɸʄʄɸ-ʉʇɽʂʊʈʆɺ ʇʈʆɼʋʂʊʆɺ  

ɸʂʊʀɺɸʎʀʀ ʍʀʄʀʏɽʉʂʀʍ ʕʃɽʄɽʅʊʆɺ  

ʊʆʈʄʆɿʅʓʄ ʀɿʃʋʏɽʅʀɽʄ ʄʀʂʈʆʊʈʆʅɸ  

ʆ.ɸ. ʇʘʨʣʘʛ, ɺ.ʊ. ʄʘʩʣʶʢ, ʇ.ʇ. ʇʫʛʘ, ɺ.ʄ. ɻʦʣʦʚʝʡ 

ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʋʞʛʦʨʦʜ 

nuclear@email.uz.ua  

ɺ ʢʘʪʘʣʦʛʝ [1] ʧʨʠʚʝʜʝʥʦ 111 ʛʘʤʤʘ-ʩʧʝʢʪʨʦʚ 151 ʨʘʜʠʦʠʟʦʪʦʧʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʦʙʨʘʟʮʦʚ 58 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

3 ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʪʦʨʤʦʟʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ 

(ʤʠʢʨʦʪʨʦʥʘ ʄ-30) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʵʥʝʨʛʠʷʭ 12 ʠ 14 ʄʵɺ. ɻʘʤʤʘ-ʩʧʝʢʪʨʳ 

ʠʟʤʝʨʷʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ SBS-40 ʩ ʢʦʘʢʩʠʘʣʴʥʳʤ 
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Ge(Li)-ʜʝʪʝʢʪʦʨʦʤ ʦʙʲʝʤʦʤ 100 ʩʤ3 ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 50 ʜʦ 3500 ʢʵɺ. ɺ 

ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʜʠʦʠʟʦʪʦʧʦʚ  ʧʦ ʦʩʥʦʚʥʳʤ 

ʢʘʥʘʣʘʤ (ɔ,n)-, (ɔ,ɔô)- ʠ (nth,ɔ)-ʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʦʩʥʦʚʥʳʝ ʷʜʝʨʥʦ-

ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʛʘʤʤʘ-ʩʧʝʢʪʨʳ 

ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʷʚʣʷʶʪʩʷ ʩʤʝʰʘʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʥʝʩʢʦʣʴʢʠʭ 

ʨʘʜʠʦʠʟʦʪʦʧʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʧʨʠʨʦʜʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ. ɼʣʷ ʥʫʞʜ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ 

ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʪʘʢʠʝ ʩʧʝʢʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʘʤʠ ʦʪʜʝʣʴʥʳʭ ʨʘʜʠʦʠʟʦʪʦʧʦʚ. 

ʂʘʪʘʣʦʛ ʨʘʩʩʯʠʪʘʥ ʥʘ ʰʠʨʦʢʠʡ ʢʨʫʛ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦ-

ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʜʠʦʠʟʦʪʦʧʦʚ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʬʦʪʦʷʜʝʨʥʦʤ ʘʢʪʠʚʘʮʠʦʥʥʦʤ ʘʥʘʣʠʟʝ.  

1. ʆ.ʆ. ʇʘʨʣʘʛ, ɺ.ʊ. ʄʘʩʣʶʢ, ʇ.ʇ. ʇʫʛʘ, ɺ.ʄ. ɻʦʣʦʚʝʡ. ʂʘʪʘʣʦʛ ʛʘʤʤʘ-

ʩʧʝʢʪʨʽʚ ʧʨʦʜʫʢʪʽʚ ʘʢʪʠʚʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʛʘʣʴʤʽʚʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʽʢʨʦʪʨʦʥʘ.  ʂ.: ʅʘʫʢʦʚʘ ɼʫʤʢʘ, 2008, 184 ʩ. 

 

ʉ6.05. ɺʓʍʆɼʓ ʆʉʂʆʃʂʆɺ ʌʆʊʆɼɽʃɽʅʀʗ 237Np ʠ 241Am 

ʆ.ɸ. ʇʘʨʣʘʛ1, ɺ.ʊ. ʄʘʩʣʶʢ1, ɸ.ʀ. ʃʝʥʜʴʝʣ1, ʖ.ɺ. ʂʠʙʢʘʣʦ2 
1ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʋʞʛʦʨʦʜ; 

2ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ 

ʀʟʤʝʨʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʫʤʫʣʷʪʠʚʥʳʝ ʚʳʭʦʜʳ ʦʩʢʦʣʢʦʚ ʬʦʪʦʜʝʣʝʥʠʷ 
237Np ʠ 241Am ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 12.5 ʄʵɺ 

ʤʝʪʦʜʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ [1]. ʆʙʣʫʯʝʥʠʝ 

ʜʝʣʷʱʠʭʩʷ ʤʠʰʝʥʝʡ ʷʜʝʨ 237Np ʠ 241Am ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʠʢʨʦʪʨʦʥʝ ʄ-30 

ʀʕʌ ʅɸʅʋ. ʅʘ ʛʣʘʜʢʦʡ ʢʨʠʚʦʡ ʚʳʭʦʜʦʚ ʤʘʩʩʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʪʷʞʝʣʳʭ 

ʦʩʢʦʣʢʦʚ ʬʦʪʦʜʝʣʝʥʠʷ 237Np ʠ 241Am ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʤʘʩʩ 

133...134, 138...140 ʠ 143...145, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ  ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʦʛʠʯʥʦʡ 

ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʨʝʘʢʮʠʡ 237Np(n,f)  ʠ  241Am (n,f).  

ɼʣʷ ʥʝʯʝʪʥʳʭ ʧʦ Z ʜʝʣʷʱʠʭʩʷ ʷʜʝʨ ʥʝ ʭʘʨʘʢʪʝʨʥʳ ʥʝʯʝʪʥʦ-ʯʝʪʥʳʝ 

ʵʬʬʝʢʪʳ, ʘ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʦʙʦʣʦʯʝʯʥʳʤʠ  ʵʬʬʝʢʪʘʤʠ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʤʘʩʩʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʜʝʣʝʥʠʷ (ʜʦ ʠʩʧʫʩʢʘʥʠʷ 

ʥʝʡʪʨʦʥʦʚ) [2] ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʧʠʩʳʚʘʶʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʪʨʝʭ 

ʛʘʫʩʩʠʘʥʦʚ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʷʜʝʨʥʳʤ ʦʙʦʣʦʯʢʘʤ 

ʬʨʘʛʤʝʥʪʦʚ. ʇʝʨʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʚʷʟʘʥʘ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ Z=50, 

N=82, ʘ ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʦʙʦʣʦʯʢʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʳ ʩ 

ñʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠò ʦʙʦʣʦʯʢʘʤʠ N=86...90.  

1. O. Parlag. Proceeding of NPAE-Kyiv. 2006. Part II , p. 829-832.  

2. ɸ.ʀ. ʃʝʥʜʴʝʣ ʠ ʜʨ. // ʩʤ. ʥʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʪʝʟʠʩʦʚ. 
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ʉ6.06. ɼʆʉʃɯɼɾɽʅʅʗ ʈɽɸʂʎɯɰ 112Sn(ɔ,p)111Inm,g 

ɺ.ʉ. ɹʦʭʽʥʶʢ, ʆ.ɻ. ʆʢʫʥʻʚ, ʆ.ʄ. ʇʘʨʣʘʛ, ɺ.ɸ. ʇʠʣʠʧʯʝʥʢʦ, 

 ʄ.ʊ. ʉʘʙʦʣʯʽʡ, ɯ.ɺ. ʉʦʢʦʣʶʢ 

ʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ.ʋʞʛʦʨʦʜ 

ʅʘ ʛʘʣʴʤʽʚʥʦʤʫ ʧʫʯʢʫ ʙʝʪʘʪʨʦʥʘ ɹ25/30 ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʘʙʩʦʣʶʪʥʠʭ ʚʠʭʦʜʽʚ ʨʝʘʢʮʽʡ 112Sn(ɔ,p)111Inm,g ʽ 112Sn(ɔ,n)111Sn ʚ ʽʥʪʝʨʚʘʣʽ 

ʝʥʝʨʛʽʡ 17...24 ʄʝɺ ʥʘ ʟʨʘʟʢʘʭ ʽʟ ʧʨʠʨʦʜʥʦʾ ʩʫʤʽʰʽ ʽʟʦʪʦʧʽʚ. ʆʪʨʠʤʘʥʦ 

ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʽʟʦʪʦʧʘ 111Inm,g ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʢʣʘʜʫ ʨʝʘʢʮʽʾ 
112Sn(ɔ,n)111Sng, ʧʨʦʜʫʢʪ ʷʢʦʾ ʰʣʷʭʦʤ ɓ-ʨʦʟʧʘʜʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 111In. 

 

ʉ6.07. ɯɿʆʄɽʈʅɯ ɺɯɼʅʆʐɽʅʅʗ ɼʃʗ ɺɸɾʂʀʍ ʋʃɸʄʂɯɺ 

ʌʆʊʆʇʆɼɯʃʋ ʗɼɽʈ ʊʆʈɯʖ ʊɸ ʋʈɸʅʋ ʇʆɹʃʀɿʋ ɽʌɽʂʊʀɺʅʆɻʆ 

ʇʆʈʆɻʋ ʇʆɼɯʃʋ 

ɺ.ʉ. ɹʦʭʽʥʶʢ, ɯ.ɯ. ɻʘʡʩʘʢ, ʆ.ɻ. ʆʢʫʥʻʚ, ɸ.ʇ. ʆʩʠʧʝʥʢʦ,  

ɺ.ɸ. ʇʠʣʠʧʯʝʥʢʦ, ʄ.ʊ. ʉʘʙʦʣʯʽʡ, ʆ.ʄ. ʌʨʘʜʢʽʥ, ɯ.ɺ. ʍʽʤʽʯ 

ʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ.ʋʞʛʦʨʦʜ 

ʇʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʫ ʨʝʘʢʮʽʷʭ ʬʦʪʦʧʦʜʽʣʫ 232Th 

ʪʘ 238U ʫ ʜʽʘʧʘʟʦʥʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʝʥʝʨʛʽʡ ʚʽʜ 7,2 ʜʦ 20 ʄʝɺ ʜʣʷ ʫʣʘʤʢʽʚ: 131Te, 
133Te, 134mgI  ʪʘ 135Xe. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʛʘʣʴʤʽʚʥʽ ʧʫʯʢʠ ʤʽʢʨʦʪʨʦʥʘ ʄ10 ʘʙʦ 

ʙʝʪʘʪʨʦʥʘ ɹ25 (ʋʞʅʋ) ʪʘ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʘ ʤʝʪʦʜʠʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʭʦʜʽʚ 

[1]. ɺʠʷʚʣʝʥʦ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʫ ʧʨʠʧʦʨʦʛʦʚʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡ ʧʦ ʤʽʨʽ ʚʽʜʜʘʣʝʥʥʷ ʯʠʩʝʣ ʥʫʢʣʦʥʽʚ ʚ ʫʣʘʤʢʘʭ ʚʽʜ ʤʘʛʽʯʥʠʭ 

ʟʥʘʯʝʥʴ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʤʝʞʘʭ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʜʽʣʫ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ  ʦʙʦʣʦʥʢʦʚʠʭ ʧʦʧʨʘʚʦʢ. 

1. ɺ.ʉ. ɹʦʭʽʥʶʢ, ɯ.ɯ. ɻʘʡʩʘʢ, ʆ.ɻ. ʆʢʫʥʻʚ, ɸ.ʇ. ʆʩʠʧʝʥʢʦ, 

ɺ.ɸ. ʇʠʣʠʧʯʝʥʢʦ, ʄ.ʊ. ʉʘʙʦʣʯʽʡ, ɯ.ɺ. ʍʽʤʽʯ. ɺʠʤʽʨʶʚʘʥʥʷ ʽʟʦʤʝʨʥʠʭ 

ʚʽʜʥʦʰʝʥʴ ʜʣʷ ʫʣʘʤʢʽʚ ʬʦʪʦʧʦʜʽʣʫ ʷʜʝʨ ʪʦʨʽʶ ʥʘ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʢʦʨʶʚʘʯʘʭ ʋʞʅʋ.  ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ V ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʬʠʟʠʢʝ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ, ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ ʠ ʫʩʢʦʨʠʪʝʣʷʤ. ʍ.: ʅʅʎ ʍʌʊʀ, 2007, ʩ. 51.  

 

ʉ6.08. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʈɽɸʂʎʀʀ ɼɽʃɽʅʀʗ ɼʃʗ ʀɿʄɽʈɽʅʀʗ 

ʉʊɽʇɽʅʀ ʃʀʅɽʁʅʆʁ ʇʆʃʗʈʀɿɸʎʀʀ ʌʆʊʆʅʅʆɻʆ ʇʋʏʂɸ 

ɺ.ɺ. ɼʝʥʷʢ1, ɺ.ʄ. ʍʚʘʩʪʫʥʦʚ1, ʉ.ɸ. ʇʘʱʫʢ2, ʋ.ʈ. ʉʯʝʣʠʥ2 
1ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò, ʛ.ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ; 

2ʌʝʜʝʨʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʰʪʘʪʘ ʇʘʨʘʥʘ,  

ʛ.ʂʫʨʠʪʠʙʘ, ɹʨʘʟʠʣʠʷ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʬʦʪʦʜʝʣʝʥʠʷ ʯʸʪʥʦ-ʯʸʪʥʳʭ 

ʷʜʝʨ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʥʘʧʨʘʚʣʝʥʠʶ 

ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʠʠ ʬʦʪʦʥʘ ʧʨʠ ʵʥʝʨʛʠʷʭ ɽɔ < 20 ʄʵɺ (ʩʤ., ʥʘʧʨʠʤʝʨ, [1,2]). 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʢʮʠʠ ʬʦʪʦʜʝʣʝʥʠʷ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʬʦʪʦʥʥʦʛʦ ʧʫʯʢʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ 
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ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʬʦʪʦʜʝʣʝʥʠʷ ʷʜʝʨ 232Th ʠ 
238U ʩ ʨʝʘʢʮʠʝʡ ʬʦʪʦʨʘʩʱʝʧʣʝʥʠʷ ʜʝʡʪʝʨʠʷ, ʢʦʪʦʨʘʷ ʪʨʘʜʠʮʠʦʥʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ. 

1. R. Ratzek, W. Wilke, J. Drexler, et al. // Z. Phys. 1982, v. A308, p. 63. 

2. ɺ.ʄ. ʍʚʘʩʪʫʥʦʚ, ɺ.ɺ. ɼʝʥʷʢ // ʗʜʝʨʥʘʷ ʬʠʟʠʢʘ. 2001, ʪ. 64, ʩ. 1269. 

 

ʉ6.09. ɿɸɺʀʉʗʑʀɽ ʆʊ ʉʇʀʅʆɺ ʀʄʇʋʃʔʉʅʓɽ ʈɸʉʇʈɽɼɽʃɽʅʀʗ 

ʅʋʂʃʆʅʆɺ ɺ ʇʆʃʗʈʀɿʆɺɸʅʅʆʄ ʗɼʈɽ 3ʅʝ  

ɺ.ɺ. ʂʦʪʣʷʨ1, ɸ.ɸ. ʑʝʛʣʦʚʘ2 
1ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò; 

2ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ 

ʀʩʩʣʝʜʫʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʬʫʥʢʮʠʡ (ʉʌ), 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʧʠʥʦʚ ʠʤʧʫʣʴʩʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʀʈ) 

ʥʫʢʣʦʥʦʚ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʷʜʨʝ 3ʅʝ, ʢ ʚʳʙʦʨʫ ʤʦʜʝʣʠ ʷʜʝʨʥʳʭ ʩʠʣ. ʉʌ 

ʨʘʩʩʯʠʪʘʥʳ ʩ ʚʦʣʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚ ʪʝʥʟʦʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠʩʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʫʢʣʦʥʘʤʠ. 

ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʢʘʢ ʚʣʠʷʶʪ ʢʦʤʧʦʥʝʥʪʳ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʨʙʠʪʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʤʦʤʝʥʪʦʚ ʥʘ ʉʌ ʠ ʀʈ. 

ɼʝʪʘʣʴʥʦ ʠʟʫʯʘʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʀʈ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʥʫʢʣʦʥʦʚ ʠ 

ʘʩʠʤʤʝʪʨʠʡ ʪʘʢʠʭ ʀʈ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʧʝʨʝʜʘʥʥʦʛʦ ʠʤʧʫʣʴʩʘ.   

 

ʉ6.10. ɼɽʃɽʅʀɽ ʗɼʈɸ 238U ʌʆʊʆʅɸʄʀ ɺɹʃʀɿʀ ʇʆʈʆɻɸ 

ɺ.ʀ. ʂʘʩʠʣʦʚ, ɺ.ʄ. ʍʚʘʩʪʫʥʦʚ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʅʘ ʪʦʨʤʦʟʥʦʤ ʧʫʯʢʝ ʬʦʪʦʥʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 6,5 ʄʵɺ ʧʨʦʚʝʜʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʬʦʪʦʜʝʣʝʥʠʶ ʷʜʨʘ 238U. ʀʟʤʝʨʝʥʳ ʚʳʭʦʜʳ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ʩʪʦʧʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʷʜʝʨʥʦʡ ʤʠʰʝʥʠ 238U, ʥʘ 

ʢʦʪʦʨʫʶ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʙʳʣʠ ʧʨʠʣʦʞʝʥʳ ʜʚʘ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʘ. 

ʇʫʯʦʢ ʬʦʪʦʥʦʚ ʧʘʜʘʣ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘ ʵʪʫ ʩʪʦʧʢʫ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʜʝʪʝʢʪʦʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʳʭʦʜ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ ʚ ʧʝʨʝʜʥʶʶ 

ʠ ʟʘʜʥʶʶ ʧʦʣʫʩʬʝʨʳ. 

ʎʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʟʤʝʨʠʪʴ ʚʳʭʦʜ ʦʩʢʦʣʢʦʚ 

ʜʝʣʝʥʠʷ ʧʦʜ 00 ʠ ʧʦʜ 1800 ʩ ʚʳʩʦʢʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʕʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʟʜʝʣʝʥʠʷ ʣʝʛʢʠʭ ʠ 

ʪʷʞʝʣʳʭ ʦʩʢʦʣʢʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʥʘʜʝʞʥʦʩʪʠ ʪʘʢʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ. ʏʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʘʩʠʤʤʝʪʨʠʶ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʣʝʛʢʠʭ ʦʩʢʦʣʢʦʚ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʪʝʦʨʠʷ [1], ʩʚʷʟʘʥʘ ʩ ʚʢʣʘʜʦʤ 

ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ. ʇʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʤʘʩʩʦʚʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʜʠʘʤʝʪʨʦʚ ʪʨʝʢʦʚ ʚ 

ʩʪʝʢʣʷʥʥʳʭ ʜʝʪʝʢʪʦʨʘʭ. ʆʪʙʦʨ ʪʨʝʢʦʚ ʦʩʢʦʣʢʦʚ, ʚʳʣʝʪʘʶʱʠʭ ʧʦʜ ʫʛʣʘʤʠ 

(0Ñ3)0 ʠ (180Ñ3)0 ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ. ʋʯʠʪʳʚʘʶʪʩʷ 
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ʪʦʣʴʢʦ ʪʝ ʪʨʝʢʠ, ʦʪʦʙʨʘʞʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʜʝʪʝʢʪʦʨʝ ʷʚʣʷʶʪʩʷ ʦʢʨʫʞʥʦʩʪʴʶ 

ʠʣʠ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʦʢʨʫʞʥʦʩʪʠ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 3%. ʇʨʠʚʦʜʷʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʤʘʩʩʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ. 

1. ɺ.ɺ. ʌʣʘʤʙʘʫʤ. ʅʝʯʝʪʥʳʝ ʛʘʨʤʦʥʠʢʠ ʚ ʫʛʣʦʚʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ // ʗʜʝʨʥʘʷ ʬʠʟʠʢʘ. 1985, ʪ. 42, ʩ. 578-583. 

 

ʉ6.11. ʈɸʉʇʈɽɼɽʃɽʅʅʓʁ ʂʆʅɺɽʈʊɽʈ ɼʃʗ ɻɽʅɽʈɸʎʀʀ 

ɺʓʉʆʂʆʕʅɽʈɻɽʊʀʏʅʆɻʆ ʊʆʈʄʆɿʅʆɻʆ ʀɿʃʋʏɽʅʀʗ  

ʉ ɹʆʃʔʐʆʁ ʗʈʂʆʉʊʔʖ 

ɽ.ɿ. ɹʠʣʣʝʨ, ɺ.ʌ. ɾʠʛʣʦ, ɺ.ʀ. ʅʠʢʠʬʦʨʦʚ, ɸ.ʕ. ʊʝʥʠʰʝʚ, ɸ.ɺ. ʊʦʨʛʦʚʢʠʥ, 

 ɺ.ʃ. ʋʚʘʨʦʚ, ɺ.ɸ. ʐʝʚʯʝʥʢʦ, ɹ.ʀ. ʐʨʘʤʝʥʢʦ, ʀ.ʅ. ʐʣʷʭʦʚ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʦʛʦ ʪʦʨʤʦʟʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (ɺʊʀ) ʩ ʚʳʩʦʢʦʡ ʷʨʢʦʩʪʴʶ (>1 ʢɺʪ/ʩʤ2) ʜʣʷ ʬʦʪʦʷʜʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʝ ʧʫʯʢʘ ʫʩʢʦʨʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ Ó30 ʄʵɺ ʠ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ Ó10 ʢɺʪ/ʩʤ2. 

ʇʨʠ ʵʪʦʤ ʩ ʫʯʝʪʦʤ ʧʦʛʣʦʱʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʥʚʝʨʪʝʨʝ 

(ʝʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪ Ó103 ɺʪ/ʩʤ3, ʘ ʠʤʧʫʣʴʩʥʦʝ - ʝʱʝ ʥʘ 3 ʧʦʨʷʜʢʘ 

ʚʝʣʠʯʠʥʳ ʚʳʰʝ) ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʧʣʦʚʦʡ ʩʪʦʡʢʦʩʪʠ 

ʢʦʥʚʝʨʪʝʨʘ. ɼʣʷ ʝʝ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʣʦʞʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʥʦʚʳʡ ʪʠʧ 

ʢʦʥʚʝʨʪʝʨʘ ʚ ʚʠʜʝ ʜʨʦʙʠ ʠʟ ʪʷʞʝʣʦʛʦ ʤʝʪʘʣʣʘ, ʦʭʣʘʞʜʘʝʤʦʡ ʚʦʜʦʡ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ (ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʢʦʥʚʝʨʪʝʨ ï ʈʂ [1]). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, 

ʠʩʩʣʝʜʦʚʘʥ ʚʘʨʠʘʥʪ ʈʂ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʂ ʚʳʧʦʣʥʝʥ ʤʝʪʦʜʦʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʫʩʢʦʨʠʪʝʣʝ ʂʋʊ-30 (32 ʄʵɺ, 260 ʤʢɸ) 

ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ɺʊʀ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʈʂ. 

1. ɺ.ʃ. ʋʚʘʨʦʚ. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʧʨʘʮʶʚʘʥʥʷ ʽʟʦʪʦʧʽʚ. ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ 

 ̄20879, 2007 ʨ. 

 

ʉ6.12. ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆʉʅʆɺʅʓʍ ʇʈʆʎɽʉʉʆɺ, 

ʇʈʆʀʉʍʆɼʗʑʀʍ ɺ ʋʉʊɸʅʆɺʂɽ ɻɸʄʄɸ-ɸʂʊʀɺɸʎʀʆʅʅʆɻʆ 

ɸʅɸʃʀɿɸ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ ʉʆɼɽʈɾɸʅʀʗ ɼɽʃʗʑʀʍʉʗ 

ʄɸʊɽʈʀɸʃʆɺ ɺ ʂʆʅʊɽʁʅɽʈɽ ɹʆʃʔʐʆɻʆ ʆɹʒɪʄɸ 

ɸ.ʖ. ɹʫʢʠ, ʉ.ɸ. ʂʘʣʝʥʠʢ, ʀ.ʅ. ʐʘʧʦʚʘʣ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʛʘʤʤʘ-

ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʸʤ 

ʜʝʣʷʱʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʦʪʦʥʦʚ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʷʜʝʨ (ʜʘʣʝʝ -  

ʜʝʣʷʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ɼʕ), ʥʝʛʦʤʦʛʝʥʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚ ʦʙʲʸʤʝ ʦʙʨʘʟʮʘ. 
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ʆʙʳʯʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ɼʕ ʚ ʦʙʨʘʟʮʝ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ 

ʩʦʩʪʦʠʪ ʚ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʩʦʜʝʨʞʠʤʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʧʫʪʸʤ ʝʛʦ (ʩʦʜʝʨʞʠʤʦʛʦ) 

ʧʝʨʝʤʘʣʳʚʘʥʠʷ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʦʡ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ ʚʝʩʴʤʘ ʪʨʫʜʦʸʤʦʢ 

ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʝʥ, ʠ ʧʨʠʤʝʥʝʥʠʝ ʝʛʦ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʝʡʥʝʨʦʚ 

(ʥʘʧʨʠʤʝʨ, ʢʦʥʪʝʡʥʝʨʦʚ ʈɸʆ ʠʟ ʟʦʥʳ ʏɸʕʉ) ʥʝ ʞʝʣʘʪʝʣʴʥʦ. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʛʘʤʤʘ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ɼʕ, ʢʦʪʦʨʳʝ ʥʝʛʦʤʦʛʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʦʙʲʝʤʝ 

ʦʙʨʘʟʮʘ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʠ ʬʦʪʦʥʦʚ 

ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ GEANT-3, ʧʨʦʭʦʞʜʝʥʠʷ 

ʥʝʡʪʨʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʧʨʦʛʨʘʤʤʳ.  

ʇʦʣʫʯʝʥʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʣʫʯʘʷ ʘʥʘʣʠʟʘ 200 ʣʠʪʨʦʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ 

ʧʝʩʢʦʤ ʩ ʥʝʛʦʤʦʛʝʥʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʚ ʝʛʦ ʦʙʲʸʤʝ ɼʕ. ʆʧʨʝʜʝʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

 

ʉ6.13. ʂʋʃʆʅʆɺʉʂʀɽ ʕʅɽʈɻʀʀ ʗɼɽʈ 6Li ʠ 7Li  

ɸ.ʖ. ɹʫʢʠ, ʀ.ʉ. ʊʠʤʯʝʥʢʦ, ʅ.ɻ. ʐʝʚʯʝʥʢʦ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʀʟ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ 

ʵʣʝʢʪʨʦʥʦʚ ʃʋʕ-300 ʅʅʎ ʍʌʊʀ, ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ ʨʘʙʦʪʳ [1] ʠ 

ʜʘʥʥʳʭ ʨʘʙʦʪʳ [2] ʧʦʣʫʯʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʢʫʣʦʥʦʚʩʢʠʤ 

ʵʥʝʨʛʠʷʤ ʷʜʝʨ 6Li ʠ 7Li. ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥ ʠʟʦʪʦʧʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ 

ʟʥʘʯʝʥʠʷʭ ʢʫʣʦʥʦʚʩʢʠʭ ʩʫʤʤ ʷʜʝʨ. 

1. ɺ.ɼ. ʕʬʨʦʩ // ʇʠʩɹʤʘ ʚ ɾʕʊʌ. 1973, ʪ.17, ˉ 8, ʩ. 442-445. 

2. L.R. Suelzle, M.R. Yearian, H. Crannell // Phys. Rev. 1967, v. 162, n. 4, 

p. 992-1005. 

 

ʉ6.14. ʅɸʉʓʑɽʅʀɽ ʂʋʃʆʅʆɺʉʂʀʍ ʇʈɸɺʀʃ ʉʋʄʄ  

ɺ ʉʃʋʏɸɽ ʗɼʈɸ 6Li  

ɸ.ʖ. ɹʫʢʠ, ʀ.ʉ.ʊʠʤʯʝʥʢʦ, ʅ.ɻ ʐʝʚʯʝʥʢʦ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʀʟ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʃʋʕ-300 ʅʅʎ ʍʌʊʀ, ʥʘʡʜʝʥʳ 

ʟʥʘʯʝʥʠʷ ʢʫʣʦʥʦʚʩʢʦʡ ʩʫʤʤʳ SL(q) ʷʜʨʘ 6Li ʧʨʠ ʧʝʨʝʜʘʥʥʳʭ 3-ʠʤʧʫʣʴʩʘʭ  

q=1,125...1,625 ʌʤï1. ʕʪʠ ʟʥʘʯʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ 

ʩʦʚʧʘʜʘʶʪ ʩ SL(q) ʷʜʨʘ 7Li, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʨʘʥʝʝ [1]:  

(1) ɸʥʦʤʘʣʴʥʦ ʨʘʥʥʠʡ ʧʦ q ʚʳʭʦʜ ʥʘ ʥʘʩʳʱʝʥʠʝ (ʧʣʘʪʦ) ʟʘʚʠʩʠʤʦʩʪʠ 

SL(q)/Z  Li: ʧʨʠ q ~ 1,25 ʌʤï1, ʪʦʛʜʘ ʢʘʢ ʫ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʷʜʝʨ ʧʣʘʪʦ 

SL(q)/Z ʧʨʠ q > 2 ʌʤï1. 
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(2) ʅʘʩʳʱʝʥʠʝ ʧʨʘʚʠʣ ʩʫʤʤ ʚ ʩʣʫʯʘʝ Li  (SL(q)/Z = 1). ɺ ʩʣʫʯʘʝ ʷʜʝʨ  

ʩ ɸ > 3 ʚʝʣʠʯʠʥʘ SL(q)/Z = 0,6...0,9 (ʥʝʜʦʥʘʩʳʱʝʥʠʝ ʧʨʘʚʠʣ ʩʫʤʤ).  

ʆʪʣʠʯʠʝ ʢʫʣʦʥʦʚʩʢʠʭ ʩʫʤʤ ʷʜʝʨ ʠʟʦʪʦʧʦʚ ʣʠʪʠʷ ʦʪ ʢʫʣʦʥʦʚʩʢʠʭ ʩʫʤʤ 

ʦʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʷʜʝʨ ʩ ɸ > 3, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʩʪʨʫʢʪʫʨʳ Ӯ ʢʣʘʩʪʝʨʠʟʦʚʘʥʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʩʣʫʯʘʝ 

ʠʟʦʪʦʧʦʚ ʣʠʪʠʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʥʘʩʳʱʝʥʠʝʤ ʧʨʘʚʠʣ ʩʫʤʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʫʢʣʦʥʦʚ ʚ ʵʪʠʭ ʷʜʨʘʭ (ɟ<0,15 ʥʫʢʣʦʥʦʚ / ʌʤ3) ʧʨʷʤʦ 

ʩʣʝʜʫʝʪ ʠʟ ʛʠʧʦʪʝʟʳ ʦ ʯʘʩʪʠʯʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʫʪʨʠʷʜʝʨʥʳʭ ʥʫʢʣʦʥʦʚ [2]. 

1. ɸ.ʖ. ɹʫʢʠ, ʅ.ɻ ʐʝʚʯʝʥʢʦ, ʀ.ʉ.ʊʠʤʯʝʥʢʦ // ʊʝʟ. ʜʦʢʣ. VI ʢʦʥʬ. ʧʦ 

ʬʠʟ. ʚʩrʦʢʠʭ ʵʥʝʨʛʠʡ, ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ ʠ ʫʩʢʦʨʠʪʝʣʷʤ. ʍʘʨʴʢʦʚ, 2008, ʩ. 84. 

2. A.Yu Buki // Proc. of the 9th Seminar Electromagnetic Interactions of 

Nuclei at Low and Medium Energies (September 20-22, 2000).  Moscow,  p. 206. 

 

ʉ6.15. ʆɹ ʆʇʈɽɼɽʃɽʅʀʀ ʗɼɽʈʅʆ-ʌʀɿʀʏɽʉʂʀʍ ʂʆʅʉʊɸʅʊ 

ʅɸ ʀʄʇʋʃʔʉʅʆʄ ʃʀʅɽʁʅʆʄ ʋʉʂʆʈʀʊɽʃɽ ʕʃɽʂʊʈʆʅʆɺ 

ɺ.ʀ. ʂʘʩʠʣʦʚ, ʉ.ʉ. ʂʦʯʝʪʦʚ, ʆ.ɸ. ʐʦʧʝʥ, ʆ.ɸ. ɼʝʤʝʰʢʦ, 

ʀ.ɺ. ʄʝʣʴʥʠʮʢʠʡ, ɸ.ʖ. ɹʫʢʠ, ɸ.ɸ. ʍʦʤʠʯ, ʀ.ʃ. ʉʝʤʠʩʘʣʦʚ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʉ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ 

ʩʲʝʤʦʤ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʛʨʫʧʧʦʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʝʣʷʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ. ʇʦʣʫʯʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʨʦʚʝʜʝʥ ʠʭ ʘʥʘʣʠʟ. ʀʟʫʯʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʥʘʣʘʛʘʝʤʳʭ ʥʘ ʧʦʠʩʢ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʳʭʦʜʦʚ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ. 

 

ʉ6.16. ʌʆʊʆʗɼɽʈʅʓɽ ʈɽɸʂʎʀʀ ʅɸ ʀɿʆʊʆʇɸʍ ʉɽʈɽɹʈɸ ʀ ʈʆɼʀʗ  

ʇʈʀ ʕʅɽʈɻʀʀ ɻɸʄʄɸ-ʂɺɸʅʊʆɺ ɺʓʐɽ 35 ʄʵɺ 

ʆ.ɸ. ɹʝʩʰʝʡʢʦ3, ɸ.ʅ. ɺʦʜʠʥ1, ʃ.ɸ. ɻʦʣʠʥʢʘ-ɹʝʩʰʝʡʢʦ3, ɸ.ʅ. ɼʦʚʙʥʷ1,2,  

ʀ.ʅ. ʂʘʜʝʥʢʦ3, ɸ.ɸ. ʂʦʚʘʣʝʥʢʦ3, ɺ.ɸ. ʂʫʰʥʠʨ2, ɸ.ʀ. ʃʝʚʦʥ4, 

 ɺ.ɺ. ʄʠʪʨʦʯʝʥʢʦ2,ʉ.ʅ. ʆʣʝʡʥʠʢ1, ɻ.ʕ. ʊʫʣʣʝʨ1 
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ,ʛ.ʍʘʨʴʢʦʚ;  
2ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ñʋʩʢʦʨʠʪʝʣʴò ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ; 

3ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʦ, ʛ.ʂʠʝʚ; 
4ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ 

ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʠʟʦʤʝʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʷʜʝʨʥʳʭ 

ʨʝʘʢʮʠʡ ʥʘ ʦʙʨʘʟʮʘʭ ʩʝʨʝʙʨʘ ʠ ʨʦʜʠʷ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʚʳʣʝʪʦʤ ʥʝʡʪʨʦʥʦʚ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ɔ-ʢʚʘʥʪʘʤʠ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ ʦʙʣʘʩʪʠ 

ʛʠʛʘʥʪʩʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʆʙʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ɔ-ʢʚʘʥʪʘʤʠ 

ʪʦʨʤʦʟʥʦʛʦ ʩʧʝʢʪʨʘ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʵʣʝʢʪʨʦʥʦʚ ʃʋ-40 ʅʀʂ 

ñʋʩʢʦʨʠʪʝʣʴò ʅʅʎ ʍʌʊʀ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʵʣʝʢʪʨʦʥʦʚ ʦʪ 33 ʜʦ 100 ʄʵɺ. 
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ɺ ʢʘʯʝʩʪʚʝ ʪʦʨʤʦʟʥʦʡ ʤʠʰʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʘʥʪʘʣ ʪʦʣʱʠʥʦʡ 1,05 ʤʤ. 

ʇʨʦʚʦʜʠʣʦʩʴ ʦʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʠʨʦʜʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʦʙʦʛʘʱʝʥʥʳʭ ʧʦ ʠʟʦʪʦʧʫ 109Ag. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʢʪʨʦʤʝʪʨ ʥʘ ʙʘʟʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

HPGe-ʜʝʪʝʢʪʦʨʘ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 20 % ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 

1.9 ʢʵɺ ʜʣʷ ʣʠʥʠʠ 1332 ʢɺɻ 60Co.  

ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʅɸʅ ʋʢʨʘʠʥʳ ʗʄʈʊ ʍ-9-535. 

 

ʉ6.17. ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʆʊʆʗɼɽʈʅʓʍ ʈɽɸʂʎʀʁ ʉ 

ʄʅʆɾɽʉʊɺɽʅʅʓʄ ɺʓʃɽʊʆʄ ʅɽʁʊʈʆʅʆɺ ʅɸ ʀɿʆʊʆʇɸʍ ʀʅɼʀʗ 

ʆ.ɸ. ɹʝʩʰʝʡʢʦ3, ɸ.ʅ. ɺʦʜʠʥ1, ʃ.ɸ. ɻʦʣʠʥʢʘ-ɹʝʩʰʝʡʢʦ3, ɸ.ʅ. ɼʦʚʙʥʷ1,2,  

ʀ.ʅ. ʂʘʜʝʥʢʦ3, ɸ.ɸ. ʂʦʚʘʣʝʥʢʦ3, ɺ.ɸ. ʂʫʰʥʠʨ2, ɸ.ʀ. ʃʝʚʦʥ4,  

ɺ.ɺ. ʄʠʪʨʦʯʝʥʢʦ2, ʉ.ʅ. ʆʣʝʡʥʠʢ1, ɻ.ʕ. ʊʫʣʣʝʨ1  
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 

ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ; 
2ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ñʋʩʢʦʨʠʪʝʣʴò ʅʅʎ ʍʌʊʀ, ʛ. ʍʘʨʴʢʦʚ;  

3ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʦ, ʛ.ʂʠʝʚ; 
4ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ 

ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʠʟʦʤʝʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ (ɔ,3n), 

(ɔ,5n) ʠ (ɔ,7n) ʥʘ ʠʟʦʪʦʧʘʭ ʠʥʜʠʷ. ʆʙʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ɔ-ʢʚʘʥʪʘʤʠ 

ʪʦʨʤʦʟʥʦʛʦ ʩʧʝʢʪʨʘ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʵʣʝʢʪʨʦʥʦʚ ʃʋ-40 ʅʀʂ 

ñʋʩʢʦʨʠʪʝʣʴò ʅʅʎ ʍʌʊʀ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʵʣʝʢʪʨʦʥʦʚ ʦʪ 33 ʜʦ 100 ʄʵɺ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʦʨʤʦʟʥʦʡ ʤʠʰʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʘʥʪʘʣ ʪʦʣʱʠʥʦʡ 1,05 ʤʤ. 

ʇʨʦʚʦʜʠʣʦʩʴ ʦʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʠʥʜʠʷ ʧʨʠʨʦʜʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʦʙʦʛʘʱʝʥʥʦʛʦ ʧʦ ʠʟʦʪʦʧʫ 115In. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʢʪʨʦʤʝʪʨ ʥʘ ʙʘʟʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

HPGe-ʜʝʪʝʢʪʦʨʘ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 20 % ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 

1,9 ʢʵɺ ʜʣʷ ʣʠʥʠʠ 1332 ʢʵɺ 60Co.  

ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʅɸʅ ʋʢʨʘʠʥʳ ʗʄʈʊ ʍ-9-535. 

 

ʉ6.18. ʀɿʆʄɽʈʅʓɽ ʆʊʅʆʐɽʅʀʗ ʇʈʆɼʋʂʊʆɺ ʌʆʊʆʗɼɽʈʅʓʍ 

ʈɽɸʂʎʀʁ ʉ ɺʓʃɽʊʆʄ ʇʈʆʊʆʅʆɺ ʅɸ ʗɼʈɸʍ ɾɽʃɽɿɸ ʀ ʎʀʈʂʆʅʀʗ 

ʆ.ɸ. ɹʝʩʰʝʡʢʦ3, ɸ.ʅ. ɺʦʜʠʥ1, ʃ.ɸ. ɻʦʣʠʥʢʘ-ɹʝʩʰʝʡʢʦ3, ɸ.ʅ. ɼʦʚʙʥʷ1,2,  

ʀ.ʅ. ʂʘʜʝʥʢʦ3, ɸ.ɸ. ʂʦʚʘʣʝʥʢʦ3, ɺ.ɸ. ʂʫʰʥʠʨ2, ɺ.ɺ. ʄʠʪʨʦʯʝʥʢʦ2,  

ʉ.ʅ. ʆʣʝʡʥʠʢ1, ɻ.ʕ. ʊʫʣʣʝʨ1 
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ,ʛ.ʍʘʨʴʢʦʚ; 

 2ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ñʋʩʢʦʨʠʪʝʣʴò ʅʅʎ ʍʌʊʀ, ʛ. ʍʘʨʴʢʦʚ; 
3ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʦ, ʛ.ʂʠʝʚ 

ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʠʟʦʤʝʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʷʜʝʨʥʳʭ 

ʨʝʘʢʮʠʡ ʥʘ 54Fe ʠ ʠʟʦʪʦʧʘʭ ʮʠʨʢʦʥʠʷ ʩ ʚʳʣʝʪʦʤ ʧʨʦʪʦʥʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ɔ-ʢʚʘʥʪʘʤʠ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ ʦʙʣʘʩʪʠ ʛʠʛʘʥʪʩʢʦʛʦ 
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ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʆʙʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ɔ-ʢʚʘʥʪʘʤʠ ʪʦʨʤʦʟʥʦʛʦ 

ʩʧʝʢʪʨʘ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʵʣʝʢʪʨʦʥʦʚ ʃʋ-40 ʅʀʂ ñʋʩʢʦʨʠʪʝʣʴò ʅʅʎ 

ʍʌʊʀ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʵʣʝʢʪʨʦʥʦʚ ʦʪ 33 ʜʦ 100 ʄʵɺ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʦʨʤʦʟʥʦʡ ʤʠʰʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʘʥʪʘʣ ʪʦʣʱʠʥʦʡ 1,05 ʤʤ. ʇʨʦʚʦʜʠʣʦʩʴ 

ʦʙʣʫʯʝʥʠʝ ʠʟʦʪʦʧʦʚ ʮʠʨʢʦʥʠʷ, ʘ ʪʘʢʞʝ ʞʝʣʝʟʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʧʦ ʠʟʦʪʦʧʫ 54Fe. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʦʤʝʨʥʳʤ ʦʪʥʦʰʝʥʠʷʤ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʜʘ TALYS [1]. 

ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʅɸʅ ʋʢʨʘʠʥʳ ʗʄʈʊ ʍ-9-535. 

1. A.J. Koning, S. Hilaire, M.C. Duijvestijn. TALYS: Comprehensive nuclear 

reaction modeling // AIP Conf. Proc. 2007, v. 769, p. 1154-1159. 

http://www.talys.eu. 

 

ʉ6.19. ʄɽʊʆɼʀʂɸ ʀɿʄɽʈɽʅʀʗ ʉɽʏɽʅʀʁ  

ʌʆʊʆʗɼɽʈʅʓʍ ʈɽɸʂʎʀʁ ʅɸ ʃʋ-40 ʅʅʎ ʍʌʊʀ 

ʆ.ɸ. ɹʝʩʰʝʡʢʦ1, ɺ.ʇ. ɹʦʞʢʦ2, ɺ.ʊ. ɹʳʢʦʚ2, ɸ.ʅ. ɺʦʜʠʥ2,  

ʃ.ɸ. ɻʦʣʠʥʢʘ-ɹʝʩʰʝʡʢʦ1, ɸ.ʅ. ɼʦʚʙʥʷ2,3, ʀ.ʅ. ʂʘʜʝʥʢʦ1,  

ɺ.ɸ. ʂʫʰʥʠʨ3, ɺ.ɺ. ʄʠʪʨʦʯʝʥʢʦ3, ʉ.ʅ. ʆʣʝʡʥʠʢ2, ɻ.ʕ. ʊʫʣʣʝʨ2   
1ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʦ, ʛ.ʂʠʝʚ;  

2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 

ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ; 
3ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ñʋʩʢʦʨʠʪʝʣʴò ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʩʝʯʝʥʠʡ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʩ 

ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʚʳʣʝʪʦʤ ʯʘʩʪʠʮ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʪʦʨʤʦʟʥʳʭ ɔ-ʢʚʘʥʪʦʚ 

30...100 ʄʵɺ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʵʣʝʢʪʨʦʥʦʚ ʃʋ-40 ʅʅʎ 

ʍʌʊʀ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʪʦʢʠ ʪʦʨʤʦʟʥʳʭ ɔ-ʢʚʘʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʫʩʢʦʨʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʊʘ-ʢʦʥʚʝʨʪʦʨʘ, ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 

Al-ʧʦʛʣʦʪʠʪʝʣʴ ʵʣʝʢʪʨʦʥʦʚ ʠ ʦʙʣʫʯʘʶʪ ʠʟʦʪʦʧʥʫʶ ʤʠʰʝʥʴ. ʉʝʯʝʥʠʷ 

ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʠʰʝʥʠ, 

ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʘ ʙʘʟʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

HPGe-ʜʝʪʝʢʪʦʨʘ. ʏʠʩʣʦ ɔ-ʢʚʘʥʪʦʚ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʫʧʘʚʰʠʭ ʥʘ 

ʤʠʰʝʥʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʩ ʧʦʤʦʱʴʶ ʢʦʜʘ GEANT. ɼʣʷ ʵʪʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʦʨʤʦʟʥʳʭ 

ɔ-ʢʚʘʥʪʦʚ ʥʘ ʤʠʰʝʥʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ʤʝʜʥʦʡ ʤʦʟʘʠʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʝʨʝʜ ʤʠʰʝʥʴʶ. ʀʩʩʣʝʜʫʝʤʘʷ ʤʠʰʝʥʴ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʠʟ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʦʤʥʘʪʳ ʚ ʙʫʥʢʝʨ ʃʋ-40 ʠ ʦʙʨʘʪʥʦ ʩ 

ʧʦʤʦʱʴʶ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. 

ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʗʄʈʊ ʍ-9-535.    
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ʇʣʝʥʘʨʥʦʝ ʟʘʩʝʜʘʥʠʝ 4. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʫʩʢʦʨʠʪʝʣʝʡ ʠ 

ʥʘʢʦʧʠʪʝʣʝʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʇ4.01. ʗɼɽʈʅʆ-ʌʀɿʀʏɽʉʂʀʁ ʂʆʄʇʃɽʂʉ ʅɸ ɹɸɿɽ ʃʀʅɽʁʅʆɻʆ 

ʋʉʂʆʈʀʊɽʃʗ ʕʃɽʂʊʈʆʅʆɺ ʉ ʕʅɽʈɻʀɽʁ ɼʆ 100 ʄʵɺ  

ʅ.ʀ. ɸʡʟʘʮʢʠʡ1, ɺ.ʀ. ɹʝʣʦʛʣʘʟʦʚ1, ɺ.ʇ. ɹʦʞʢʦ2, ɺ.ʅ. ɹʦʨʠʩʢʠʥ1, 

 ɺ.ʅ. ɺʝʨʝʱʘʢʘ1, ɸ.ʅ. ɺʦʜʠʥ2, ɸ.ʅ. ɼʦʚʙʥʷ1,2, ɺ.ʌ. ɾʠʛʣʦ1, ɽ.ʖ. ʂʨʘʤʘʨʝʥʢʦ1, 

ɺ.ɸ. ʂʫʰʥʠʨ1, ɺ.ɺ. ʄʠʪʨʦʯʝʥʢʦ1, ɸ.ʅ. ʆʧʘʥʘʩʝʥʢʦ1, ʉ.ʅ. ʆʣʝʡʥʠʢ2, 

 ʉ.ɸ. ʇʝʨʝʞʦʛʠʥ1, ɻ.ɼ. ʇʫʛʘʯʝʚ1, ʆ.ɸ. ʈʝʧʠʭʦʚ1, ɼ.ʃ. ʉʪʝʧʠʥ1, 

 ɺ.ʀ. ʊʘʪʘʥʦʚ1, ɻ.ʕ. ʊʫʣʣʝʨ2, ʀ.ɺ. ʍʦʜʘʢ1  
1ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ "ʋʩʢʦʨʠʪʝʣʴ" ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ; 

2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʆʩʥʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʜʚʫʭʩʝʢʮʠʦʥʥʳʡ ʣʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ 

ʵʣʝʢʪʨʦʥʦʚ 10-ʩʤ ʜʠʘʧʘʟʦʥʘ.  

ʈʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʧʣʘʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ ʥʘ 

ʚʳʭʦʜʝ ʫʩʢʦʨʠʪʝʣʷ ʚ ʧʨʝʜʝʣʘʭ 30...100 ʄʵɺ. ʇʨʠ ʩʨʝʜʥʝʤ ʪʦʢʝ 3 ʤʢɸ 

ʵʤʠʪʪʘʥʩ ʧʫʯʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.3 ʤʤĀʤʨʘʜ.  

ʆʧʠʩʘʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʠ ʫʜʘʣʝʥʠʷ 

ʦʙʣʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʫʩʢʦʨʠʪʝʣʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʦʪʦʷʜʝʨʥʳʭ 

ʨʝʘʢʮʠʡ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʚʳʣʝʪʦʤ ʯʘʩʪʠʮ. 

 

ʇ4.02. ʌʀɿʀʏɽʉʂʀʁ ɿɸʇʋʉʂ ʃʀʅɽʁʅʆɻʆ ʋʉʂʆʈʀʊɽʃʗ-

ʀʅɾɽʂʊʆʈɸ ʅɸʂʆʇʀʊɽʃʗ ʅɽʉʊʆʈ 

ʅ.ʀ. ɸʡʟʘʮʢʠʡ, ʖ.ʀ. ɸʢʯʫʨʠʥ, ɺ.ʅ. ɹʦʨʠʩʢʠʥ, ɺ.ʀ. ɹʝʣʦʛʣʘʟʦʚ, ɽ.ɿ. ɹʠʣʣʝʨ, 

ɸ.ʅ. ɼʦʚʙʥʷ, ɺ.ʌ. ɾʠʛʣʦ, ɸ.ɺ. ʀʚʘʭʥʝʥʢʦ, ʄ.ɺ. ʀʚʘʭʥʝʥʢʦ, ɸ.ʀ. ʂʦʩʦʡ, 

ɽ.ʖ. ʂʨʘʤʘʨʝʥʢʦ, ɺ.ɸ. ʂʫʰʥʠʨ, ɺ.ɺ. ʄʠʪʨʦʯʝʥʢʦ, ɺ.ɸ. ʄʦʤʦʪ, 

ʃ.ʂ. ʄʷʢʫʰʢʦ, ʊ.ʌ. ʅʠʢʠʪʠʥʘ, ɸ.ʅ. ʆʧʘʥʘʩʝʥʢʦ, ʉ.ɸ. ʇʝʨʝʞʦʛʠʥ, 

ɻ.ɼ. ʇʫʛʘʯʝʚ, ʆ.ɸ. ʈʝʧʠʭʦʚ, ʃ.ɺ. ʈʝʧʨʠʥʮʝʚ, ɺ.ɸ. ʐʝʥʜʨʠʢ, ɸ.ʅ. ʉʘʚʯʝʥʢʦ, 

ɸ.ɸ. ʉʘʨʚʠʣʦʚ, ɼ.ʃ. ʉʪʝʧʠʥ, ɻ.ɽ. ʊʘʨʘʩʦʚ, ɺ.ʀ. ʊʘʪʘʥʦʚ, ʖ.ɼ. ʊʫʨ, 

ɻ.ʅ. ʎʝʙʝʥʢʦ, ʀ.ɺ. ʍʦʜʘʢ  

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʉʦʟʜʘʥʠʝ ʚ ʅʅʎ ʍʌʊʀ ʠʩʪʦʯʥʠʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʝʡʩʪʚʠʝ 

ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʘʭ, ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʠ 

ʥʘʢʦʧʠʪʝʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ-

ʠʥʞʝʢʪʦʨʘ ʩ ʵʥʝʨʛʠʝʡ ʯʘʩʪʠʮ 60...100 ʄ ɺɻ.  
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʫʩʪʘʥʦʚʢʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʩ ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ɺʏ-ʩʠʩʪʝʤʳ 

ʥʘʢʦʧʠʪʝʣʷ ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʫʯʢʘ.  

ʋʩʢʦʨʠʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʠʥʞʝʢʪʦʨʘ ʠ ʜʚʫʭ ʫʩʢʦʨʷʶʱʠʭ ʩʝʢʮʠʡ. ɺ ʨʘʙʦʪʝ 

ʧʨʠʚʝʜʝʥʳ ʦʧʠʩʘʥʠʝ ʫʩʢʦʨʠʪʝʣʷ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʝʛʦ ʩʠʩʪʝʤ, 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʠʥʞʝʢʪʦʨʘ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʫʩʢʦʨʠʪʝʣʷ.   

 

ʇ4.03. ʉʊɸʊʋʉ ʇʈʆɽʂʊɸ ʍɸʈʔʂʆɺʉʂʆɻʆ ʀʉʊʆʏʅʀʂɸ 

ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ ʅɽʉʊʆʈ 

ɺ. ɸʥʜʨʦʩʦʚ, ɽ. ɹʫʣʷʢ, ɸ. ɻʚʦʟʜʴ, ʇ. ɻʣʘʜʢʠʭ, ɺ. ɻʨʝʚʮʝʚ, ʖ. ɻʨʠʛʦʨʴʝʚ, 

ʆ. ɿʚʦʥʘʨʝʚʘ, ɸ. ɿʝʣʠʥʩʢʠʡ, ʀ. ɼʨʝʙʦʪ, ɺ. ʀʚʘʱʝʥʢʦ, ʀ. ʂʘʨʥʘʫʭʦʚ, ɺ. ʂʦʟʠʥ, 

ɺ. ʃʷʱʝʥʢʦ, ɺ. ʄʘʨʛʠʥ, ʅ. ʄʦʯʝʰʥʠʢʦʚ, ɸ. ʄʳʮʳʢʦʚ, ʌ. ʇʝʝʚ, ɸ. ʈʝʟʘʝʚ, 

ɺ. ʉʢʠʨʜʘ, ʖ. ʊʝʣʝʛʠʥ, ɺ. ʊʨʦʮʝʥʢʦ, ʉ. ʐʝʡʢʦ, ɸ. ʑʝʨʙʘʢʦʚ 

 ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʇʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʚ ʅʅʎ ʍʌʊʀ ʛʝʥʝʨʘʪʦʨʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʪʥʦʛʦ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʣʘʟʝʨʥʳʭ ʬʦʪʦʥʦʚ ʥʘ ʵʣʝʢʪʨʦʥʘʭ ʚ ʥʘʢʦʧʠʪʝʣʝ.  

ʇʨʦʝʢʪ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ ʅɽʉʊʆʈ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʙʘʟʝ 

ʥʘʢʦʧʠʪʝʣʷ ʅ-100 ʠ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʵʣʝʢʪʨʦʥʦʚ ʃʋʕ-300. ʇʨʦʝʢʪ 

ʅɽʉʊʆʈ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʅɸʊʆ SFʈ-977982. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʧʨʦʛʨʝʩʩʝ ʧʨʦʝʢʪʘ ʚ 2008 ʛʦʜʫ. ɿʘʢʦʥʯʝʥʳ 

ʨʝʤʦʥʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʦʙʦʨʫʜʦʚʘʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʤʝʱʝʥʠʡ ʢʦʤʧʣʝʢʩʘ ʅɽʉʊʆʈ.  

ʅʘʯʘʪ ʤʦʥʪʘʞ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʥʘʢʦʧʠʪʝʣʝ ʠ ʢʘʥʘʣʝ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʦʪ ʫʩʢʦʨʠʪʝʣʷ ʢ ʥʘʢʦʧʠʪʝʣʶ. ɺ ʩʪʘʜʠʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʥʘʣʘʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘʭʦʜʷʪʩʷ ʚʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ ʠ ɺʏ-ʩʠʩʪʝʤʘ. 

ɹʣʠʟʢʠ ʢ ʟʘʚʝʨʰʝʥʠʶ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʫʩʪʘʥʦʚʢʠ 

ʪʘʢʠʭ, ʢʘʢ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ, ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʧʨ. 

 ɺ ʧʣʘʥʘʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ - ʧʨʦʜʦʣʞʝʥʠʝ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ 

ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʟʘʧʫʩʢ ʩʪʝʥʜʘ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʩʝʨʪʠʬʠʢʘʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʜʨʫʛʦʝ. 

 

ʇ4.04. ʉʆʉʊʆʗʅʀɽ ɼɽʃ ʇʆ ʉʆɿɼɸʅʀʖ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆʁ 

ʉʀʉʊɽʄʓ ʀʉʊʆʏʅʀʂɸ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ ʅɽʉʊʆʈ 

ɸ. ʄʳʮʳʢʦʚ  

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʦ ʩʦʩʪʦʷʥʠʝ ʜʝʣ ʧʦ ʩʦʟʜʘʥʠʶ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʅɽʉʊʆʈ.  
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ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ, ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʥʘʢʦʧʠʪʝʣʷ ʠ ʢʘʥʘʣʘ ʠʥʞʝʢʮʠʠ.  

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʤʫʣʴʪʠʧʦʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʣʠʥʟ ʢʘʥʘʣʘ ʠʥʞʝʢʮʠʠ. 

 

ʇ4.05. ʇʈʆɽʂʊʓ ILC/CLIC ʀ ʅɸʐɽ ɺ ʅʀʍ ʋʏɸʉʊʀɽ 

ɽ.ɺ. ɹʫʣʷʢ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʂʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʝʢʪʳ ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʭ 

ʢʦʣʣʘʡʜʝʨʦʚ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʬʠʟʠʢʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʢʦʪʦʨʳʝ ʥʘʯʥʫʪʩʷ ʥʘ ɹʦʣʴʰʦʤ 

ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ ʚ 2009 ʛʦʜʫ. ʅʅʎ ʍʌʊʀ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʧʦʟʠʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʦʙʦʠʭ ʧʨʦʝʢʪʦʚ. ɺ ʜʦʢʣʘʜʝ ʠʟʣʘʛʘʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʦʟʠʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʥʝʢʦʪʦʨʳʝ ʠʜʝʠ ʠ ʨʝʰʝʥʠʷ, 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʚ ʥʘʰʝʤ ʠʥʩʪʠʪʫʪʝ. 
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ʉʝʢʮʠʷ 7. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʫʩʢʦʨʠʪʝʣʝʡ ʠ ʥʘʢʦʧʠʪʝʣʝʡ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ  

ʉ7.01. ʂʆʅʎɽʇʊʋɸʃʔʅʓʁ ʇʈʆɽʂʊ ʄɸʉʉ-ʉʇɽʂʊʈʆʄɽʊʈʀʏɽʉʂʆɻʆ 

ʄʆʅʀʊʆʈʀʅɻɸ ɻɸɿʆɺʆʁ ʀɿʆʃʗʎʀʀ ɺʓʉʆʂʆɺʆʃʔʊʅʆʁ 

ʉʊʈʋʂʊʋʈʓ ʋʉʂʆʈʀʊɽʃɽʁ ʇʈʗʄʆɻʆ ɼɽʁʉʊɺʀʗ 

ʀ.ɻ. ʀʛʥʘʪʴʝʚ, ɺ.ʀ. ʄʠʨʦʰʥʠʯʝʥʢʦ, ɺ.ɹ. ʄʦʩʢʘʣʝʥʢʦ, ʃ.ʌ. ʉʫʭʦʜʫʙ  

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʉʫʤʳ 

ʇʨʝʜʦʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʤʝʪʦʜʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʦʩʪʘʚʘ ʛʘʟʘ ʛʘʟʦʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ. 

ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ 

ʘʟʦʪʘ, ʵʣʝʛʘʟʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʛʘʟʦʚʦʡ ʠʟʦʣʷʮʠʠ ʫʩʢʦʨʠʪʝʣʝʡ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ. ʈʘʩʩʤʦʪʨʝʥ 

ʧʨʦʝʢʪ ʨʝʘʣʠʟʘʮʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʘʟʦʚʦʡ ʠʟʦʣʷʮʠʠ ʜʣʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʠʦʥʦʚ H+ ʥʘ 2 ʄʵɺ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʩʤʝʩʠ (85% N2+15% CO2) ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ  ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨ ʅɽɺɸ-ʄɽʊɸʃʃ ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ ñSelmiò (ʛ.ʉʫʤʳ, ʋʢʨʘʠʥʘ). 

 

ʉ7.02. ʇʈɽʈʓɺɸʊɽʃʔ ʀʆʅʅʓʍ ʇʆʊʆʂʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ɼʀʕʃɽʂʊʈʀʏɽʉʂʀʍ ʂɸʇʀʃʃʗʈʆɺ 

ɸ.ɽ. ʃʘʛʫʪʠʥ 

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠʤ.ɸ.ʅ. ʉʝʚʯʝʥʢʦ, ʛ.ʄʠʥʩʢ 

ʈʘʟʨʘʙʦʪʘʥʦ ʠ ʘʧʨʦʙʠʨʦʚʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʨʘʟʜʝʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʠʦʥʥʦʛʦ ʧʫʯʢʘ ʥʘ ʩʝʨʠʠ ʠʤʧʫʣʴʩʦʚ ʨʘʟʥʦʡ ʬʦʨʤʳ, ʜʣʠʪʝʣʴʥʦʩʪʠ, 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʈʘʟʜʝʣʝʥʠʝ ʧʫʯʢʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʚʳʭʦʜʝ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʫʩʢʦʨʠʪʝʣʷ, 

ʠʩʧʦʣʴʟʫʷ ʥʝʧʨʝʨʳʚʥʳʡ ʠ ʠʤʧʫʣʴʩʥʳʡ ʨʝʞʠʤʳ ʧʦʧʝʨʝʤʝʥʥʦ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʧʠʣʣʷʨʦʚ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʜʣʠʥʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʧʣʘʥʪʘʮʠʠ ʢʘʢ ʦʜʠʥʦʯʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ, ʪʘʢ ʠ ʩʝʨʠʷʤʠ ʠʤʧʫʣʴʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʧʨʝʮʠʟʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʬʣʶʝʥʩʘʤʠ ʤʝʥʝʝ 

108 ʠʦʥ/ʩʤ2. 

 

ʉ7.03. ʇʆʃʗʈʀɿɸʎʀʗ ʊʆʈʄʆɿʅʆɻʆ ʀɿʃʋʏɽʅʀʗ  

ʅɸ ʅɽʉʌɽʈʀʏɽʉʂʆʄ ʈɸʉʉɽʀɺɸʊɽʃɽ 

ʅ.ɺ. ɹʦʥʜʘʨʝʥʢʦ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò  

ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʬʦʪʦʥʦʚ (ʠʣʠ ʜʠʧʦʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ) 

ʚʳʯʠʩʣʝʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʪʦʨʤʦʟʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʘʩʩʝʠʚʘʪʝʣʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʥʝʩʬʝʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. ɺʩʝ 
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ʵʬʬʝʢʪʳ ʥʝʩʬʝʨʠʯʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʚʦʜʷʪʩʷ ʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʚʝʢʪʦʨʘ N, N
2 Ò 1. ʇʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʫʛʣʘ 

ʠʟʣʫʯʝʥʠʷ ʠ ʯʘʩʪʦʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʧʘʨʘʤʝʪʨʝ ʥʝʩʬʝʨʠʯʥʦʩʪʠ N 

ʧʦʣʷʨʠʟʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʫʛʣʝ ʵʤʠʩʩʠʠ ɗ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦʡ  

(ʚ ʛʣʘʚʥʦʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦ ʧʘʨʘʤʝʪʨʫ ʵʢʨʘʥʠʨʦʚʢʠ).  

ɼʣʷ ʩʝʯʝʥʠʷ, ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦ ʫʛʣʘʤ ʠʟʣʫʯʝʥʠʷ, ʧʦʣʷʨʠʟʘʮʠʷ ʦʛʨʘʥʠʯʝʥʘ 

ʟʥʘʯʝʥʠʝʤ 50%, ʠ ʫʙʳʚʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʬʝʨʠʯʥʦʩʪʠ ʨʘʩʩʝʠʚʘʪʝʣʷ ʠ 

ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ. 

 

 

ʉ7.04. ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʉʀʅʍʈʆʅʅʓʍ ʇɸʈɸʃʃɽʃʔʅʓʍ 

ʀʊɽʈɸʎʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ɼʃʗ ʋʈɸɺʅɽʅʀʗ ʇʋɸʉʉʆʅɸ  

ɸ.ʄ. ɻʦʨʙʘʥʴ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʈʘʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠʤʝʥʝʥʠʝ 

ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʦʙʱʝʡ ʧʘʤʷʪʴʶ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ. ʆʜʥʘʢʦ ʦʧʠʩʘʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʨʴʝʨʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʦʙʱʝʝ ʚʨʝʤʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʚʳʧʦʣʥʝʥʠʷ ʩʘʤʦʛʦ ʤʝʜʣʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʜʣʷ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚʳʭ ʨʘʩʯʝʪʦʚ, 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʠ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʦʚ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ. 

 

 

 

ʉ7.05. ʆʉʆɹɽʅʅʆʉʊʀ ʋʏɽʊɸ ɺʅɽʐʅɽʁ ʎɽʇʀ  

ɺ ʄʆɼɽʃʗʍ ʋʉʂʆʈʀʊɽʃʔʅʓʍ ɼʀʆɼʆɺ  

ɻ.ʕ. ʉʘʨʫʭʘʥʷʥ1, ɸ.ʄ. ɻʦʨʙʘʥʴ2 
1ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɺ.ʅ. ʂʘʨʘʟʠʥʘ; 

2ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʇʦʪʝʥʮʠʘʣʳ, ʠʥʜʫʮʠʨʫʝʤʳʝ ʪʦʢʦʤ ʧʫʯʢʘ ʚ ʮʝʧʷʭ ʧʠʪʘʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ 

ʫʩʢʦʨʠʪʝʣʷ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩʳ ʚ ʫʩʢʦʨʷʶʱʝʡ ʦʙʣʘʩʪʠ. 

ʆʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʶʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʬʦʨʤʫ ʟʘʜʥʝʛʦ ʬʨʦʥʪʘ 
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ʠʤʧʫʣʴʩʘ ʧʫʯʢʘ. ʇʦʵʪʦʤʫ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʫʩʢʦʨʠʪʝʣʷ ʟʘʯʘʩʪʫʶ ʜʦʣʞʥʘ 

ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʢʨʦʤʝ ʤʦʜʝʣʠ ʦʙʣʘʩʪʠ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʪʘʢʞʝ 

ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʮʝʧʝʡ. 

ɺ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ 

ʜʠʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʮʝʧʠ ʧʠʪʘʥʠʷ 

ʫʩʢʦʨʠʪʝʣʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʯʢʘ. ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʥʠʢʘʶʱʠʝ 

ʟʘʪʨʫʜʥʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʫʯʝʪʘ ʚʳʭʦʜʥʳʭ ʪʦʢʦʚ ʠ ʚʦʟʤʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠʭ 

ʨʘʩʯʝʪʘ.   

 

ʉ7.06. ɸʅɸʃʀɿ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʃʋʕ-300  

ʉ ʅʆɺʆʁ ʀʅɾɽʂʊʆʈʅʆʁ ʉʀʉʊɽʄʆʁ 

ʉ.ʇ. ɻʦʢʦʚ, ʃ.ɸ. ʄʘʭʥʝʥʢʦ, ʀ.ɺ. ʍʦʜʘʢ  

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʪʝʢʫʱʝʡ ʧʨʦʛʨʘʤʤʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʫʩʢʦʨʠʪʝʣʷ ʃʋʕ-300 ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʫʩʢʦʨʷʝʤʦʛʦ ʧʫʯʢʘ. ʕʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʫʩʢʦʨʠʪʝʣʝ ʧʨʠʧʦʨʦʛʦʚʳʭ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ,  ʢʦʛʜʘ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ 

ʥʘ ʤʠʰʝʥʠ ʚ ʤʘʣʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ,  ʘ ʪʘʢʞʝ ʧʨʦʩʪʦ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʧʫʯʢʘ ʠ ʫʣʫʯʰʝʥʠʷ ʦʙʱʝʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʨʠ 

ʨʘʙʦʪʝ ʚ ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʦʢʦʚʳʭ ʨʝʞʠʤʘʭ (ʜʦ 100 ʤʢɸ) ʥʘ ʚʩʝʭ ʧʨʦʛʨʘʤʤʘʭ. 

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʃʋʕ-300 ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʨʘʜʠʢʘʣʴʥʦʤ 

ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʛʫʩʪʢʦʚ. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʫʣʫʯʰʝʥʠʷ ʠʥʞʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ 

ʫʩʢʦʨʠʪʝʣʷ ʃʋʕ-300. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʦʣʝʝ ʥʠʟʢʦʚʦʣʴʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʥʦʚ (25 ʢʵɺ) ʠ 5-ʨʝʟʦʥʘʪʦʨʥʦʛʦ 

ʧʨʝʜʛʨʫʧʧʠʨʦʚʘʪʝʣʷ ʥʘ ʩʪʦʷʯʝʡ ʚʦʣʥʝ (ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʘʥʘʣʦʛʘ 

ʠʥʞʝʢʪʦʨʘ ʃʋʕ-60) ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʛʨʫʧʧʠʨʫʶʱʝʡ ʩʝʢʮʠʝʡ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʣʠʥʦʡ 83 ʩʤ ʫʩʢʦʨʠʪʝʣʷ ʃʋʕ-300.  

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʦʮʝʥʢʠ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʚʦʟʤʦʞʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʪʘʢʘʷ ñʜʚʫʭʩʪʫʧʝʥʯʘʪʘʷò ʩʠʩʪʝʤʘ ʛʨʫʧʧʠʨʦʚʢʠ ʵʣʝʢʪʨʦʥʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʛʫʩʪʢʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʠʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʫʩʢʦʨʠʪʝʣʷ. 

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʥʘʛʨʫʟʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʢʦʨʠʪʝʣʷ 

ʃʋʕ-300 ʩ ʥʦʚʦʡ ʠʥʞʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʦʡ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʘʟʣʠʯʥʭr ʨʝʞʠʤʘʭ 

ʉɺʏ-ʧʠʪʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʜʘʞʝ ʚ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦʤ 

ʨʝʞʠʤʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʦʙʝʠʭ ʩʝʢʮʠʡ ʫʩʢʦʨʠʪʝʣʷ ʦʪ ʦʜʥʦʛʦ 

ʢʣʠʩʪʨʦʥʘ ʂʀʋ-12ɸʄ (Pʚʳʭ ~ 14 ʄɺʪ)  ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʪʦʢʝ ~ 0.5 ɸ ʵʥʝʨʛʠʷ 

ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ  ~ 20 ʄ ɺɻ (ʧʨʠ ʥʫʣʝʚʦʤ ʪʦʢʝ ~ 40 ʄʵɺ). 

ʊ.ʝ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʫʩʢʦʨʠʪʝʣʝ ʪʘʢʞʝ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʢʨʫʛ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʨʘʙʦʪ. 
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ʉ7.07. ʇʈʆɹʃɽʄʓ ʇʆʃʋʏɽʅʀʗ ʀ ʇʆɼɼɽʈɾɸʅʀʗ ʉɺɽʈʍɺʓʉʆʂʆɻʆ 

ɺɸʂʋʋʄɸ ɺ ʅɸʂʆʇʀʊɽʃɽ ʅ-100ʄ - ʀʉʊʆʏʅʀʂɽ 

ʂʆʄʇʊʆʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ ʅɽʉʊʆʈ 

ɺ.ɻ. ɻʨʝʚʮʝʚ, ɸ.ʖ. ɿʝʣʠʥʩʢʠʡ, ʀ.ʄ. ʂʘʨʥʘʫʭʦʚ, ʀ.ʀ. ʂʘʨʥʘʫʭʦʚ, 

ʅ.ʀ. ʄʦʯʝʰʥʠʢʦʚ, ɸ.ʆ. ʄʳʮʳʢʦʚ, ɺ.ʃ. ʉʢʠʨʜʘ  

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ɺ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ (ʧʨʠ ʥʘʣʠʯʠʠ ʥʘʢʦʧʣʝʥʥʦʛʦ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ, 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʡ) ʚʨʝʤʷ ʞʠʟʥʠ ʧʫʯʢʘ ʜʦʣʞʥʦ 

ʙʳʪʴ ʥʝ ʭʫʞʝ 1 ʯʘʩʘ. ɼʣʷ ʵʪʦʛʦ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʥʘʢʦʧʠʪʝʣʷ ʜʦʣʞʥʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʜʘʚʣʝʥʠʝ ʥʝ ʚʳʰʝ 5Ā10-9 ʊʦʨʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʫʩʢʦʨʠʪʝʣʝ-

ʠʥʞʝʢʪʦʨʝ ʦʥʦ ʙʫʜʝʪ ʥʝ ʥʠʞʝ 10-7 ʊʦʨʨ.  

ɺʩʝ ʩʨʝʜʩʪʚʘ ʦʪʢʘʯʢʠ ʙʫʜʫʪ ʙʝʟʤʘʩʣʷʥʳʝ, ʵʣʝʤʝʥʪʳ ʚʘʢʫʫʤʥʳʭ ʢʘʤʝʨ ʩ 

ʧʨʦʛʨʝʚʦʤ ʜʦ 180 Üʉ - ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ (316L, X18H10T ʠ 

ʜʨ.), ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʙʝʟʬʣʘʥʮʝʚʘʷ (ʩ ʧʦʤʦʱʴʶ ʘʨʛʦʥʥʦ-ʜʫʛʦʚʦʡ 

ʩʚʘʨʢʠ). ɼʣʷ ʙʝʟʤʘʩʣʷʥʦʡ ʦʪʢʘʯʢʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʦʜʥʳʝ ʠ ʪʨʠʦʜʥʳʝ 

ʤʘʛʥʠʪʦʨʘʟʨʷʜʥʳʝ ʥʘʩʦʩʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʬʠʨʤʳ VARIAN), ʥʘʩʦʩʳ ʩ 

ʨʘʩʧʳʣʷʝʤʳʤ ʠ ʥʝʨʘʩʧʳʣʷʝʤʳʤ ʛʝʪʪʝʨʦʤ, ʢʦʤʧʣʝʢʩ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʙʝʟʤʘʩʣʷʥʦʛʦ ʥʘʩʦʩʘ TURB-BENCH ʬʠʨʤʳ VARIAN ʩ ʧʨʝʜʝʣʴʥʳʤ 

ʜʘʚʣʝʥʠʝʤ 10-9 ʊʦʨʨ ʠ ʩʢʦʨʦʩʪʴʶ ʦʪʢʘʯʢʠ 250 ʣ/ʩ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʧʦʣʫʯʝʥʠʶ ʚʘʢʫʫʤʥʦ-ʯʠʩʪʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ɹʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʝʥʘ ñʤʦʡʢʘò ʩ ʧʦʤʦʱʴʶ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʙʝʥʟʠʥʦʤ, ʘʮʝʪʦʥʦʤ, ʩʧʠʨʪʦʤ ʠ ʪ.ʧ.). ʆʩʥʦʚʥʳʤʠ ʤʦʶʱʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʫʜʫʪ ʱʝʣʦʯʥʳʝ ʨʘʩʪʚʦʨʳ (Na2CO3, Na3PO4, NaOH, 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʆʇ-10). ʅʘ ʦʪʜʝʣʴʥʳʭ 

ʩʪʘʜʠʷʭ ñʤʦʡʢʠò, ñʩʫʰʢʠò ʠ ʪ.ʧ. ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ: ʤʦʡʢʘ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʧʘʨʦʛʝʥʝʨʘʪʦʨ, ʙʝʟʤʘʩʣʷʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʠ ʬʝʥ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ 

ʛʝʥʝʨʘʪʦʨʳ, ʜʠʩʪʠʣʣʷʪʦʨ, ʙʦʡʣʝʨ, ʚʦʟʜʫʰʥʳʝ ʬʠʣʴʪʨʳ, ʙʘʣʣʦʥʥʳʡ ʘʟʦʪ ʠ ʪ.ʧ. 

 

ʉ7.08. ɺʆɿɹʋɾɼɽʅʀɽ ʃʀʅɽʁʅʆɻʆ ʀʄʇɽɼɸʅʉʅʆɻʆ ɺʀɹʈɸʊʆʈɸ 

ʈɽʃʗʊʀɺʀʉʊʉʂʀʄ ʊʆʏɽʏʅʓʄ ɿɸʈʗɼʆʄ ɺ ʂʈʋɻʃʆʄ ɺʆʃʅʆɺʆɼɽ  

ʉ.ɼ. ʇʨʠʡʤʝʥʢʦ  

ʀʥʩʪʠʪʫʪ ʧʣʘʟʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ  

ʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʫʩʢʦʨʝʥʠʷ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʈʘʩʩʤʦʪʨʝʥʦ ʚʦʟʙʫʞʜʝʥʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʪʦʯʝʯʥʳʤ ʟʘʨʷʜʦʤ ʚ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʢʨʫʛʣʦʤ ʚʦʣʥʦʚʦʜʝ ʣʠʥʝʡʥʦʛʦ ʠʤʧʝʜʘʥʩʥʦʛʦ ʚʠʙʨʘʪʦʨʘ 

ʧʨʦʜʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʇʦʩʣʝʜʥʠʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ ʚʦʣʥʦʚʦʜʘ ʠ 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʟʘʨʷʜʦʤ, ʨʘʩʩʝʷʥʥʳʤ ʥʘ ʪʦʨʮʝ ʚʠʙʨʘʪʦʨʘ. 

ʈʘʩʩʯʠʪʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚʜʦʣʴ ʚʠʙʨʘʪʦʨʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʦ ʜʝʣʴʪʘʦʙʨʘʟʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʦʢʘ ʥʘ ʦʜʥʦʤ ʠʟ ʢʦʥʮʦʚ 

ʚʠʙʨʘʪʦʨʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  
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ʇʨʠʤʝʥʝʥ ʘʧʧʘʨʘʪ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ɺʳʜʝʣʝʥʘ ʩʠʤʤʝʪʨʠʯʥʘʷ ʠ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ ʪʦʢʘ. 

 

7.09. ɺʆɿɹʋɾɼɽʅʀɽ ʉɺʗɿɸʅʅʆɻʆ ɺʀɹʈɸʊʆʈɸ  

ʈɽʃʗʊʀɺʀʉʊʉʂʀʄ ʊʆʏɽʏʅʓʄ ɿɸʈʗɼʆʄ  

ɺ ʂʆʈʆʊʂʆɿɸʄʂʅʋʊʆʄ ʂʈʋɻʃʆʄ ɺʆʃʅʆɺʆɼɽ  

ʉ.ɼ. ʇʨʠʡʤʝʥʢʦ  

ʀʥʩʪʠʪʫʪ ʧʣʘʟʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ  

ʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʫʩʢʦʨʝʥʠʷ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʉʚʷʟʘʥʥʳʡ ʣʠʥʝʡʥʳʡ ʠʤʧʝʜʘʥʩʥʳʡ ʚʠʙʨʘʪʦʨ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʩʠ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʢʨʫʛʣʦʛʦ ʚʦʣʥʦʚʦʜʘ. ʆʜʠʥ ʝʛʦ ʢʦʥʝʮ ʢʘʩʘʝʪʩʷ ʧʦʧʝʨʝʯʥʦʡ 

ʩʪʝʥʢʠ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʘ ʜʨʫʛʦʡ ʢʦʥʝʮ ʜʝʣʴʪʦʦʙʨʘʟʥʦ ʚʦ 

ʚʨʝʤʝʥʠ ʚʦʟʙʫʞʜʘʝʪʩʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʪʦʯʝʯʥʳʤ ʟʘʨʷʜʦʤ, ʜʚʠʞʫʱʠʤʩʷ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ɿʘʜʘʯʘ ʦ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʷʟʘʥʥʦʛʦ ʚʠʙʨʘʪʦʨʘ ʚ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʤ 

ʚʦʣʥʦʚʦʜʝ ʩʚʝʜʝʥʘ ʢ ʟʘʜʘʯʝ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʢʨʫʛʣʦʤ ʚʦʣʥʦʚʦʜʝ ʜʣʷ  

ʥʝʩʚʷʟʘʥʥʦʛʦ ʚʠʙʨʘʪʦʨʘ ʫʜʚʦʝʥʥʦʡ ʜʣʠʥʳ. ʆʥ ʚʦʟʙʫʞʜʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦ ʩ 

ʦʙʝʠʭ ʢʦʥʮʦʚ ʜʚʫʤʷ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ ʨʘʟʥʳʭ ʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʜʚʠʞʫʪʩʷ 

ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ɻʨʠʥʘ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʨʫʛʣʦʛʦ ʚʦʣʥʦʚʦʜʘ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʈʘʩʩʯʠʪʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚʜʦʣʴ ʚʠʙʨʘʪʦʨʘ. 

 

ʉ7.10. ɺʆɿɹʋɾɼɽʅʀɽ ʂʀʃʔɺɸʊɽʈʅʓʍ ɺʆʃʅ 

ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊʔʖ ʉɻʋʉʊʂʆɺ ʈɽʃʗʊʀɺʀʉʊʉʂʀʍ 

ʕʃɽʂʊʈʆʅʆɺ ɺ ʇʃɸɿʄɽʅʅʆ-ɼʀʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉʊʈʋʂʊʋʈɸʍ 

ɺ.ɸ. ʂʠʩʝʣʝʚ, ɸ.ʌ. ʃʠʥʥʠʢ, ɺ.ʀ. ʄʠʨʥʳʡ, ʀ.ʅ. ʆʥʠʱʝʥʢʦ, ɺ.ɺ. ʋʩʢʦʚ 

 ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʚʝʣʠʯʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʢʠʣʴʚʘʪʝʨʥʦʛʦ ʧʦʣʷ, ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʩʛʫʩʪʢʦʚ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ (W = 4,5 ʄʵɺ, N = 6000), ʚ ʚʦʣʥʦʚʦʜʥʦ-

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʢʨʫʛʣʦʛʦ ʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ (Ů = 2,1 ʠ 

Ů = 9) ʚ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʟʤʳ ʚ ʧʨʦʣʝʪʥʦʤ ʢʘʥʘʣʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʨʝʟʦʥʘʥʩʥʦʡ ʧʣʘʟʤʳ (fM =f0, ʛʜʝ fM - ʯʘʩʪʦʪʘ 

ʩʣʝʜʦʚʘʥʠʷ ʩʛʫʩʪʢʦʚ, f0 - ʧʣʘʟʤʝʥʥʘʷ ʯʘʩʪʦʪʘ) ʚ ʧʨʦʣʝʪʥʦʤ ʢʘʥʘʣʝ ʩʪʨʫʢʪʫʨʳ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ (ʜʠʵʣʝʢʪʨʠʢ ʩ Ů = 9) ʘʤʧʣʠʪʫʜʘ ʚʦʟʙʫʞʜʘʝʤʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ ʚ 20 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʢʫʫʤʥʳʤ 

ʚʘʨʠʘʥʪʦʤ. ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʫʯʢʘ ʩʦʩʪʘʚʣʷʣʠ ʦʢʦʣʦ 

30%. 
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ʅʘʣʠʯʠʝ ʧʣʘʟʤʳ ʚ ʧʨʦʣʝʪʥʦʤ ʢʘʥʘʣʝ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩ ʜʠʵʣʝʢʪʨʠʢʦʤ, ʠʤʝʶʱʠʤ Ů = 2,1, ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʚ ʮʝʥʪʨʝ 

ʧʨʦʣʝʪʥʦʛʦ ʢʘʥʘʣʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʘʢʫʫʤʥʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʳʤ ʧʦ ʩʝʯʝʥʠʶ ʧʨʦʣʝʪʥʦʛʦ 

ʢʘʥʘʣʘ.  

 

ʉ7.11. ʈɸɿʈɸɹʆʊʂɸ ɺʏ-ʉʀʉʊɽʄʓ ʅɸʂʆʇʀʊɽʃʗ ʅɽʉʊʆʈ 

ɺ.ʇ. ɸʥʜʨʦʩʦʚ, ɸ.ʄ. ɻʚʦʟʜʴ, ʀ.ʄ. ʂʘʨʥʘʫʭʦʚ, ʖ.ʅ. ʊʝʣʝʛʠʥ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ɺʏ-ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ 

ʅɽʉʊʆʈ ʥʘ ʯʘʩʪʦʪʫ 699,3 ʄɻʮ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʊɺ-ʫʩʠʣʠʪʝʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ɺʏ-ʤʦʱʥʦʩʪʠ ʥʘ 

ʩʪʘʜʠʠ ʟʘʧʫʩʢʘ ʥʘʢʦʧʠʪʝʣʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʣʦʢ ʫʩʠʣʠʪʝʣʷ 

TVAU (ñʂʚʘʥʪ-ʕʬʠʨò, ʛ.ʂʠʝʚ) ʩ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ 1 ʢɺʪ ʚ ʥʝʧʨʝʨʳʚʥʦʤ 

ʨʝʞʠʤʝ ʠ ʚʦʟʙʫʜʠʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ɻʂ172-ʊʉ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʚʝʜʝʥʘ ʜʦ 10 ʢɺʪ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʨʘʙʦʪʳ ʠʩʪʦʯʥʠʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʧʫʪʝʤ ʢʘʩʢʘʜʥʦʛʦ ʩʣʦʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ʪʘʢʠʭ ʫʩʠʣʠʪʝʣʝʡ ʚ 

ʚʳʭʦʜʥʦʤ ʩʫʤʤʘʪʦʨʝ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʫʯʢʘ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʫʩʢʦʨʷʶʱʝʛʦ ɺʏ-ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 10-3 ʠ Ñ 0,1Ü ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʪʦʷʥʥʳʝ 

ʮʝʧʝʡ ʘʚʪʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʘʤʧʣʠʪʫʜʳ (ɸʈɸ) ʠ ʬʘʟʳ (ɸʈʌ) ʫʩʢʦʨʷʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚʳʙʨʘʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 50...200 ʤʢʩ, ʯʪʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʦʟʚʦʣʠʪ 

ʠʟʙʝʞʘʪʴ ʨʘʩʢʘʯʢʠ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʤʝʥʳ ʪʨʘʜʠʮʠʦʥʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʩʪʝʤ ɸʈɸ ʠ ɸʈʌ ʝʜʠʥʦʡ ʩʠʩʪʝʤʦʡ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʚʘʜʨʘʪʫʨʥʦʡ ʤʦʜʫʣʷʮʠʠ-ʜʝʤʦʜʫʣʷʮʠʠ.  

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ɺʏ-ʤʦʱʥʦʩʪʠ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ (ɸʇʏ) 

ʨʝʟʦʥʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʨʘʩʩʪʨʘʠʚʘʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʯʘʩʪʦʪʫ ʨʝʟʦʥʘʪʦʨʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʦʢʘ ʧʫʯʢʘ (ʨʝʞʠʤ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʧʫʯʢʘ). ʉʠʩʪʝʤʘ ɸʇʏ ʜʦʣʞʥʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʯʘʩʪʦʪʫ 

ʨʝʟʦʥʘʪʦʨʘ ʩ ʪʦʯʥʦʩʪʴʶ Ñ300 ɻʮ ʧʨʠ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʨʝʟʦʥʘʪʦʨʘ ~30 ʢɻʮ. 

 

ʉ7.12. ʀɿʄɽʈʀʊɽʃʔʅʓʁ ʂʆʄʇʃɽʂʉ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʄʋʃʔʊʀʇʆʃʔʅʆɻʆ ʉʆʉʊɸɺɸ ʂɺɸɼʈʋʇʆʃʔʅʓʍ ʃʀʅɿ  

ɸ.ʄ. ɻʚʦʟʜʴ, ʀ.ʄ. ʂʘʨʥʘʫʭʦʚ, ɺ.ʅ. ʃʷʱʝʥʢʦ,  

ɸ.ʆ. ʄʳʮʳʢʦʚ, ɺ.ʃ. ʉʢʠʨʜʘ, ɺ.ɸ. ʈʝʟʘʝʚ  

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʫʣʴʪʠʧʦʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʣʠʥʟ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 
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ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʘʪʯʠʢʘ (ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʘʪʫʰʢʘ ʚʨʘʱʝʥʠʷ) ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʤʫʣʴʪʠʧʦʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʣʠʥʟ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʅɽʉʊʆʈ.    

 

ʉ7.13. ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʀɻʅɸʃʆɺ ʄɸɻʅʀʊʅʆ-ʀʅɼʋʂʎʀʆʅʅʓʍ 

ʄʆʅʀʊʆʈʆɺ ʇʋʏʂʆɺ ɿɸʈʗɾɽʅʅʓʍ ʏɸʉʊʀʎ 

ɺ.ʀ. ʊʨʦʮʝʥʢʦ, ɺ.ɽ. ʀʚʘʱʝʥʢʦ  

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʀʩʩʣʝʜʦʚʘʥʘ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʠʪʝʚʠʜʥʦʛʦ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʛʦ 

ʧʫʯʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ 2 ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, 

ʠ ʜʘʪʯʠʢʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʫʯʢʦʤ, ʚ ʚʠʜʝ ʢʘʪʫʰʝʢ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʪʠʧʘ ʜʘʪʯʠʢʦʚ: ʨʘʜʠʘʣʴʥʘʷ ʢʘʪʫʰʢʘ (ʝʩʣʠ 

ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʘ ʢʘʪʫʰʢʘ, ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ r 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ) ʠ ʫʛʣʦʚʘʷ ʢʘʪʫʰʢʘ (ʝʩʣʠ ʝʝ ʦʩʴ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ű 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ). 

ɺʳʚʝʜʝʥʳ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʜʘʪʯʠʢʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʜʨʫʛʦʡ ʩʨʝʜʝ ʩ ɛr = 1, ʘ ʪʘʢʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʩ ɛr > 1, ʜʣʷ ʤʦʥʠʪʦʨʦʚ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ 

(ʩʠʩʪʝʤʘ ʠʟ ʜʚʫʭ ʢʘʪʫʰʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ, 

ʩʠʛʥʘʣʳ ʢʦʪʦʨʳʭ ʚʳʯʠʪʘʶʪʩʷ), ʜʣʷ ʤʦʥʠʪʦʨʘ ʪʦʢʘ ʧʫʯʢʘ. 

ʇʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʩʠʛʥʘʣʦʚ ʜʣʷ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʬʦʨʤʫʣ ʧʨʠ 

ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʦʚʳʭ ʨʘʟʤʝʨʦʚ ʢʘʪʫʰʝʢ 2ɣ ʩ ʩʝʨʜʝʯʥʠʢʦʤ  

85 ʤʤ  62 ʤʤ  30 ʤʤ (b  a  L).  

ʄʦʥʠʪʦʨ ʪʦʢʘ ʧʫʯʢʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʪʦʣʴʢʦ ʩ ʫʛʣʦʚʦʡ ʢʘʪʫʰʢʦʡ 

ʩ ɣ = ˊ. ʀʥʜʫʮʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʤʦʥʠʪʦʨʘ ʪʦʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ln(b/ʘ) ʜʣʷ 

ʢʘʪʫʰʢʠ ʙʝʟ ʩʝʨʜʝʯʥʠʢʘ ʠʣʠ ɛr ln(b/ʘ) - ʩ ʞʝʣʝʟʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ. 

ɺʳʷʚʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʤʦʥʠʪʦʨʦʚ ʧʦʣʦʞʝʥʠʷ 

ʧʫʯʢʘ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ɣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʨʘʙʦʯʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʠʪʦʨʦʚ (ʪʘʢ ʜʝʣʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʠʟʚʝʩʪʥʳʭ 

ʨʘʙʦʪʘʭ) ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʫʯʢʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10% ʜʣʷ 

ɣ = /́4 ʜʘʞʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʘ. ɿʘʤʝʯʝʥʦ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʜʣʷ ɣ = ˊ/3. ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʜʦ 1%. 

ʇʨʠ ɛr = 1 ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʮʝʥʪʨʝ ʤʦʥʠʪʦʨʘ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ ʩ 

ʨʘʜʠʘʣʴʥʳʤʠ ʢʘʪʫʰʢʘʤʠ ʚ 3,7 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʩ ʫʛʣʦʚʳʤʠ ʢʘʪʫʰʢʘʤʠ  

(ʂrʭ = 0,0178 ʤʤ
-1, ʂűx = 0,0048 ʤʤ-1 ʜʣʷ ɣ = ˊ/3). ʇʨʠ ʥʘʣʠʯʠʠ ʩʝʨʜʝʯʥʠʢʘ ʩ 

ɛr è1 ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʥʠʪʦʨʦʚ ʩ ʦʙʦʠʤʠ ʪʠʧʘʤʠ ʢʘʪʫʰʝʢ ʨʘʚʥʳ  

(ʂrʭ = ʂűx = 0,0355 ʤʤ-1 ʜʣʷ ɣ = ˊ/3).   

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʤʦʥʠʪʦʨʦʚ 

ʧʫʯʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ.     
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ʉ7.14. ʆ ʌɸɿʆɺʆʁ ɼʀʅɸʄʀʂɽ ʕʃɽʂʊʈʆʅʅʓʍ ʉɻʋʉʊʂʆɺ  

ʇʈʀ ɺʆɿɹʋɾɼɽʅʀʀ ʂʀʃʔɺɸʊɽʈʅʆʁ ɺʆʃʅʓ ɺ ʇʃɸɿʄɽ 

ʀ.ʅ. ʆʥʠʱʝʥʢʦ, ɺ.ʀ. ʄʘʩʣʦʚ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʀʩʩʣʝʜʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʥʘʩʳʱʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʧʣʘʟʤʝʥʥʦʡ ʢʠʣʴʚʘʪʝʨʥʦʡ 

ʚʦʣʥʳ ʧʨʠ ʝʝ ʚʦʟʙʫʞʜʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʛʫʩʪʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʤʝʱʝʥʠʝʤ ʩʛʫʩʪʢʦʚ ʚ ʦʙʣʘʩʪʴ 

ʫʩʢʦʨʷʶʱʠʭ ʬʘʟ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʦʛʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʬʘʟʦʚʦʝ ʜʚʠʞʝʥʠʝ ʩʛʫʩʪʢʦʚ ʚʥʦʩʠʪ ʧʦʧʝʨʝʯʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ.  

 

ʉ7.15. ʂʆɼ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʂʆʄʇʊʆʅʆɺʉʂʀʍ ʂʆʃɽʎ 

ɽ.ɺ. ɹʫʣʷʢ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʅʎ ʍʌʊʀ, ʛ.ʍʘʨʴʢʦʚ 

ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʴʶʪʝʨʥʳʡ ʢʦʜ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʢʦʤʧʪʦʥʦʚʩʢʠʭ ʢʦʣʝʮ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ, ʨʝʰʘʝʤʘʷ ʢʦʜʦʤ, - ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʜʦʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʩʛʫʩʪʢʦʚ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ. ʇʦʧʝʨʝʯʥʘʷ ʜʠʥʘʤʠʢʘ ï 

ʣʠʥʝʡʥʘʷ, ʙʝʟ ʨʝʟʦʥʘʥʩʦʚ. ʂʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʦʣʴʮʘ ʩ ʚʘʨʠʘʮʠʝʡ 

ʬʘʟʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʫʯʘʩʪʢʦʤ ʤʘʣʦʡ ʧʨʦʜʦʣʴʥʦʡ 

ʙʝʪʘ-ʬʫʥʢʮʠʠ. ʂʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʧʝʢʪʨʳ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʫʯʝʪʦʤ ʢʦʣʣʠʤʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʣʘʟʝʨʥʳʭ ʬʦʪʦʥʘʭ. ʂʦʜ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʘʭ ʤʝʜʠʮʠʥʩʢʠʭ ʢʦʤʧʪʦʥʦʚʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ 

ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. 
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ʉʝʢʮʠʷ 8. ʌʠʟʠʢʘ ʜʝʪʝʢʪʦʨʦʚ ʠʟʣʫʯʝʥʠʡ  

ʉ8.01. ʀʉʇʆʃʔɿʆɺɸʅʀɽ Si-ɼɽʊɽʂʊʆʈʆɺ  

ɼʃʗ ɺʓʗɺʃɽʅʀʗ ɓ-ʀɿʃʋʏɽʅʀʗ ɺ ʋʉʃʆɺʀʗʍ  

ʉʀʃʔʅʆɻʆ ʈɸɼʀʆɸʂʊʀɺʅʆɻʆ ɿɸɻʈʗɿʅɽʅʀʗ 

ɸ.ɸ. ʄʘʟʠʣʦʚ, ʅ.ʀ. ʄʘʩʣʦʚ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò  

ɺʳʷʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ɓ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʬʦʥʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ, ʪʘʢ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ɓ-ʠʟʣʫʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʨʦʠʟʚʦʜʠʤʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝʤ. ɺʦʧʨʦʩ ʦ 

ʚʳʷʚʣʝʥʠʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʜʦ ʩʠʭ ʧʦʨ ʩʫʱʝʩʪʚʫʝʪ, ʥʘʧʨʠʤʝʨ, ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ 

ʦʙʲʝʢʪʘ ñʋʢʨʳʪʠʝò. ɺʩʣʝʜʩʪʚʠʝ ʚʳʙʨʦʩʘ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʧʳʣʠ ʠ ʚʳʤʳʚʘʥʠʷ 

ʚʦʜʦʡ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚʦ ʚʥʝʰʥʶʶ 

ʩʨʝʜʫ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʜʚʦʝʥʥʦʛʦ ʢʨʝʤʥʠʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʚ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩ ʮʝʣʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ɓ-ʠʟʣʫʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ɔ-ʬʦʥʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ, ʪ.ʝ. ʢʘʞʜʘʷ 

ʯʘʩʪʠʮʘ ʠʟʤʝʨʷʝʪʩʷ ʩ ʚʳʩʦʢʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʜʚʦʝʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʩʦʚʧʘʜʝʥʠʡ, 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ɓ-ʠʟʣʫʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ɔ-ʬʦʥʘ. 

 

ʉ8.02. ʉʀʉʊɽʄɸ ɼʃʗ ʀɿʄɽʈɽʅʀʗ ʇʈʆʌʀʃʗ  

ʇʋʏʂɸ ɻɸʄʄɸ-ʂɺɸʅʊʆɺ ʀ ʕʃɽʂʊʈʆʅʆɺ  

ʇʆ ʈɸʉʇʈɽɼɽʃɽʅʀʖ ʇʆɺɽʈʍʅʆʉʊʅʆʁ ɓ-ɸʂʊʀɺʅʆʉʊʀ 

 ʅ.ʀ. ɸʡʟʘʮʢʠʡ, ɺ.ʀ. ʂʫʣʠʙʘʙʘ, ʅ.ʀ. ʄʘʩʣʦʚ,  

ɺ.ɸ. ʄʘʮ, ɺ.ɼ. ʆʚʯʠʥʥʠʢ, ɹ.ʀ. ʐʨʘʤʝʥʢʦ 

ʅʅʎ ñʍʘʨʴʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò 

ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ɓ-ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʨʘʟʮʘ, ʵʢʩʧʦʥʠʨʦʚʘʥʥʦʛʦ ʚ ʧʦʪʦʢʝ ʪʦʨʤʦʟʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠʣʠ 

ʵʣʝʢʪʨʦʥʦʚ. ʊʘʢ ʢʘʢ ʦʩʪʘʪʦʯʥʘʷ ɓ-ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʮʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʠʟʦʪʦʧʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʷʜʝʨʥʳʭ (ɔ,n), (ɔ,ʨ) 

ʠ ʵʣʝʢʪʨʦʷʜʝʨʥʳʭ (ʝ,n) ʠ (ʝ,ʨ)-ʨʝʘʢʮʠʡ, ʪʦ ʧʨʦʬʠʣʴ ʦʩʪʘʪʦʯʥʦʡ ɓ-ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʬʠʣʶ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʠʣʠ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ ʧʦʨʦʛʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʷʜʝʨʥʳʭ 

ʨʝʘʢʮʠʡ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʨʝʛʠʩʪʨʘʮʠʠ 

ɓ-ʯʘʩʪʠʮ (ʘ ʥʝ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ) ʩ ʧʦʤʦʱʴʶ ʪʦʥʢʦʛʦ ʢʨʝʤʥʠʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, 

ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʜʝʞʥʦ ʦʪʜʝʣʠʪʴ ʩʠʛʥʘʣʳ, ʩʦʟʜʘʚʘʝʤʳʝ ɓ-ʯʘʩʪʠʮʘʤʠ, 

ʦʪ ʩʠʛʥʘʣʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʜʝʪʝʢʪʦʨʝ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ, ʢʦʪʦʨʳʝ 

ʩʦʧʨʦʚʦʞʜʘʶʪ ɓ-ʨʘʩʧʘʜ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʷʜʨʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 




