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ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ɸʊʆʄʅʆʁ ʕʅɽʈɻɽʊʀʂʀ  

ɺ ʈɽʉʇʋɹʃʀʂɽ ʂɸɿɸʍʉʊɸʅ 

 

 

ʂ.ʂ. ʂʘʜʳʨʞʘʥʦʚ 

 

ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʷʜʝʨʥʦʛʦ ʮʝʥʪʨʘ ʈʂ, 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

 

ɹʫʜʫʱʝʝ ʵʥʝʨʛʝʪʠʢʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʦʡ, ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʦʡ ʠ ʜʨʫʛʠʤʠ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ, ʵʥʝʨʛʠʷ ʚʝʪʨʘ, ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʉʦʣʥʮʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʥʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙʥʳʭ ʟʘʤʝʥʠʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ʂʨʦʤʝ ʪʦʛʦ ʫʯʝʥʳʝ ʚʦ 

ʚʩʝʤ ʤʠʨʝ ʙʦʣʝʝ 50 ʣʝʪ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʫ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʩʝ ʝʱʝ ʜʘʣʝʢʠ ʦʪ ʟʘʚʝʨʰʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʥʝʪ ʠʥʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʢʨʦʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʘʯʘʣʦ 21 ʚʝʢʘ ʙʳʣʦ ʦʟʥʘʤʝʥʦʚʘʥʦ ʧʦʚʳʰʝʥʠʝʤ ʠʥʪʝʨʝʩʘ ʢ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʚʦ ʚʩʝʤ 

ʤʠʨʝ, ʠ ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣ ʥʘʟʚʘʥ ʧʝʨʠʦʜʦʤ çʷʜʝʨʥʦʛʦ ʨʝʥʝʩʩʘʥʩʘè. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʝʛʦʜʥʷʰʥʝʡ ʩʠʪʫʘʮʠʠ ʚ ʩʬʝʨʝ 

ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚʳʷʚʠʣ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʚ ʙʫʜʫʱʝʤ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʨʦʩʘ, ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʣʠʪʠʯʝʩʢʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘ 

ɹʣʠʞʥʝʤ ɺʦʩʪʦʢʝ, ʩʪʠʭʠʡʥʦʝ ʙʝʜʩʪʚʠʝ ʚ ʗʧʦʥʠʠ, ʧʦʚʣʝʢʰʝʝ ʘʚʘʨʠʶ ʥʘ ɸʕʉ ʠ ʜʨ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʛʣʦʙʘʣʴʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʨʳʥʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ ʥʘʩʫʱʥʫʶ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʩʦʯʝʪʘʶʱʝʡ ʚ ʩʝʙʝ ʧʨʠʥʮʠʧʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ 

ʛʘʨʘʥʪʠʷʤʠ ʦʙʱʝʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

29 ʠʶʥʷ 2011 ʛʦʜʘ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ˉ728 ʫʪʚʝʨʞʜʝʥʘ ʇʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʥʘ 2011-2020 ʛʦʜʳ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʠ 

ʩʦʟʜʘʥʠʝ ʦʩʥʦʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ. ʈʝʘʣʠʟʘʮʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʇʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʨʘʟʚʠʪʠʝ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; 

2) ʨʘʟʚʠʪʠʝ ʦʩʥʦʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ; 

3) ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʚ ʘʪʦʤʥʦʡ ʩʬʝʨʝ; 

4) ʦʭʨʘʥʘ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʇʨʦʛʨʘʤʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ɸʕʉ ʧʦʢʦʣʝʥʠʷ III  ʠʣʠ 

III+, ʧʨʠ ʵʪʦʤ ʚʳʙʦʨ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʪʨʝʙʫʝʪ ʚʟʚʝʰʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʧʨʦʝʢʪʥʳʭ ʘʚʘʨʠʡ. ɹʝʟʦʧʘʩʥʦʝ ʨʘʟʚʠʪʠʝ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʦʩʥʦʚʫ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʘʫʯʥʦʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʢʘʜʨʦʚʦʡ ʙʘʟʳ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʷʜʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʚʳʩʠʪ ʢʦʥʢʫʨʝʥʪʥʳʡ ʩʪʘʪʫʩ ʂʘʟʘʭʩʪʘʥʘ ʚ ʤʠʨʝ. 

 

1. ɽʞʝʛʦʜʥʳʡ ʜʦʢʣʘʜ ʄɸɻɸʊʕ ʟʘ 2010 ʛʦʜ. ï http://www.iaea.org/ 

2. ʇʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʜʦ 2030 ʛʦʜʘ, ʇʇʈʂ ʦʪ 09.04.1999 ʛʦʜʘ ˉ384. 

3. ʇʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʥʘ 2011 ï 2014 ʛʦʜʳ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʨʘʟʚʠʪʠʷ 

ʜʦ 2020 ʛʦʜʘ, ʇʇʈʂ ʦʪ 29.06.2011 ʛʦʜʘ ˉ728. 
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ɼʆʉʊʀɾɽʅʀʗ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʀʅʉʊʀʊʋʊɸ ʗɼɽʈʅʆʁ ʌʀɿʀʂʀ ʅɸʎʀʆʅɸʃʔʅʆɻʆ 

ʗɼɽʈʅʆɻʆ ʎɽʅʊʈɸ ʈɽʉʇʋɹʃʀʂʀ ʂɸɿɸʍʉʊɸʅ 

 

 

ɹʘʪʳʨʙʝʢʦʚ ʕ.ɻ. 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, 

ʢʦʪʦʨʳʡ ʟʘ ʛʦʜʳ ʩʚʦʝʛʦ ʩʪʘʥʦʚʣʝʥʠʷ (ʦʩʥʦʚʘʥ ʚ 1957 ʛʦʜʫ) ʩʪʘʣ ʚʝʜʫʱʝʡ ʥʘʫʯʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʂʘʟʘʭʩʪʘʥʘ ʚ ʦʙʣʘʩʪʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʨʘʜʠʘʮʠʦʥʥʦʡ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʷʜʝʨʥʳʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɿʘ ʜʚʘʜʮʘʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʝʟʘʚʠʩʠʤʦʛʦ ʨʘʟʚʠʪʠʷ ʂʘʟʘʭʩʪʘʥʘ 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʩʦʭʨʘʥʠʣ ʜʦʩʪʠʛʥʫʪʳʝ ʧʦʟʠʮʠʠ ʠ ʚ ʨʷʜʝ ʥʘʧʨʘʚʣʝʥʠʡ ʜʦʙʠʣʩʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʫʩʧʝʭʦʚ. 

ʕʪʦʛʦ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʙʣʘʛʦʜʘʨʷ ʩʦʭʨʘʥʝʥʥʦʤʫ ʠ ʜʦʧʦʣʥʝʥʥʦʤʫ ʚ ʵʪʠ ʛʦʜʳ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤʫ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ, ʢʦʪʦʨʳʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʢʣʶʯʘʝʪ 5 ʢʨʫʧʥʳʭ ʙʘʟʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ: 

ʘʪʦʤʥʳʡ ʨʝʘʢʪʦʨ ɺɺʈ-ʂ, ʠʟʦʭʨʦʥʥʳʡ ʮʠʢʣʦʪʨʦʥ ʋ-150ʄ, ʫʩʢʦʨʠʪʝʣʴ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ɼʎ-60, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ 

ʫʩʢʦʨʠʪʝʣʴ ʋʂʇ-2-1, ʧʨʦʤʳʰʣʝʥʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʵʣʝʢʪʨʦʥʦʚ ʕʃɺ-4. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʚ ʩʦʩʪʘʚʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʷʜʝʨʥʦʛʦ ʮʝʥʪʨʘ ʩʚʷʟʘʥʳ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʩʦ ʩʪʘʥʦʚʣʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ, ʧʦʜʛʦʪʦʚʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʤʠʜʞʘ ʈʝʩʧʫʙʣʠʢʠ ʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʷʜʝʨʥʦʡ ʩʬʝʨʝ ʧʫʪʝʤ ʨʘʩʰʠʨʝʥʠʷ ʦʪʢʨʳʪʦʛʦ ʫʯʘʩʪʠʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʚʪʦʨʠʪʝʪʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʚ ʦʙʣʘʩʪʠ ʤʠʨʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ. 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʥʘʢʦʧʠʣ ʙʦʣʴʰʦʡ ʦʧʳʪ ʩʦʟʜʘʥʠʷ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʷʜʝʨʥʳʝ, 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʫʞʝ ʚʥʝʜʨʝʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʇʦʩʪʦʷʥʥʦʝ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʨʳʥʢʘ, 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʝ 

ʨʘʟʚʠʪʠʝ ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ. 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʧʨʠʦʙʨʝʣ ʠʟʚʝʩʪʥʦʩʪʴ ʟʘ ʧʨʝʜʝʣʘʤʠ ʂʘʟʘʭʩʪʘʥʘ ʠ ʢʘʢ ʥʘʫʯʥʳʡ ʮʝʥʪʨ, ʠ ʢʘʢ ʜʝʣʦʚʦʡ 

ʧʘʨʪʥʝʨ. ʈʘʙʦʪʘʷ ʚ ʪʝʩʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩʦ ʤʥʦʛʠʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ 

ʮʝʥʪʨʘʤʠ ʠ ʢʦʤʧʘʥʠʷʤʠ, ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʦʪʢʨʳʪ ʜʣʷ ʥʦʚʳʭ ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʥʘʣʘʞʠʚʘʥʠʷ 

ʧʘʨʪʥʝʨʩʢʠʭ ʦʪʥʦʰʝʥʠʡ. 

 

 

 

 

MYRRHA  

AN INNOVATIVE AND UNI QUE RESEARCH FACILITY  

 

 

Olivier Van der Borght 

 

MYRRHA Project Stakeholders Manager 

(on behalf of Prof. Dr. Hamid Aµt Abderrahim, MYRRHA Project Director) 

SCKÅCEN, Boeretang 200, 2400 Mol, Belgium 

ovdborgh@sckcen.be, haitabde@sckcen.be or myrrha@sckcen.be  

 

 

The MYRRHA project started in 1998 by SCKÅCEN in collaboration with Ion Beam Applications (IBA, Louvain-la-

Neuve), as an upgrade of the ADONIS project. MYRRHA is designed as a multi-purpose irradiation facility in order to support 

research programmes on fission and fusion reactor structural materials and nuclear fuel development.  Applications of these are 

found in ADS systems and  in present generation as well as in next generation critical reactors. The first objective of  

MYRRHA however, will be to demonstrate on one hand the ADS concept at a reasonable power level and on the other hand 

the technological feasibility of transmutation of Minor Actinides (MA) and Long-Lived Fission Products (LLFP) arising from 

the reprocessing of radioactive waste. MYRRHA will also help the development of the Pb-alloys technology needed for the 

LFR (Lead Fast Reactor) Gen.IV concept. 

 

Transmutation of MA can be completed in an efficient way in fast neutron spectrum facilities. Both critical reactors and 

sub-critical Accelerator Driven Systems (ADS) are potential candidates as dedicated transmutation systems. However, critical 

reactors, heavily loaded with fuel containing large amounts of MA, pose safety problems caused by unfavorable reactivity 

coefficients and small delayed neutron fraction. A sub-critical ADS operates in a flexible and safe manner even with a core 

loading containing a high amount of MA leading to a high transmutation rate. Thus, the sub-criticality is not a virtue but rather 

a necessity for an efficient and economical burning of the MA. Besides the reduction of the HLW burden, the MYRRHA 

mailto:ovdborgh@sckcen.be
mailto:haitabde@sckcen.be
mailto:myrrha@sckcen.be
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project will serve the purpose of developing the lead alloys technology as a reactor coolant that can be used one of the 

Generation IV reactor concepts namely the Lead Fast Reactor (LFR).  

 

Although carrying out the MYRRHA project will lead to the demonstration of the efficient and safe transmutation of 

MA in ADS systems as the ultimate goal the implementation of such a project will in addition trigger the development of 

various innovative technologies and techniques that are of interest for various nuclear fission and fusion applications. These 

include : 

¶ The development of new martensitic steels resisting high level irradiation embrittlement in combination with  heavy 

liquid metals and high temperature induced corrosion.  

¶ The development of ultrasonic visualisation systems (sensors, full-camera) able to operate under liquid metals at 

high temperature and high dose rates 

¶ The development of the heavy liquid metal technology in terms of pumping, conditioning, filtering, monitoring; 

¶ The development of very reliable high power proton accelerators (approx 10 MW of beam power); 

¶ The development of advanced remote handling (robotics) systems able to operate in radioactive environment and 

under heavy liquid metals; 

¶ The development and testing in real conditions of MA bearing advanced nuclear fuel 

¶ The development of high power liquid metal spallation source; 

¶ The development of high intensity RIB (Radioactive Ion Beams) facility for fundamental physics called 

ISOL@MYRRHA; 

 

Since March 2010, MYRRHA received the financial support from the Belgian government for 40% share of the 960 Mú 

investment.  A 60 Mú extra-funding has been received for the first stage (2010-2014). 

 

In this seminar the present status of the project and its main capabilities as an irradiation facility will be presented.  

 

 

 

 

NEW TWO -BODY POTENTIAL AP PROACHS AND THEIR ASTROPHYSICAL APPLICATION  

 

 
1
Yarmukhamedov R., 

1
Artemov S. V.  and  

2
Burtebaev N. 

 
1
Institute Nuclear Physics, Uzbekistan Academy of Sciences, 100214 Tashkent, Uzbekistan 
2
Institute Nuclear Physics, National Nuclear Center of  Kazakhstan,   Almaty, Kazakhstan 

 

 

In the present review report, the modified two-body potential approach (MTBPA) and the R-method  in which  the 

direct radiative capture astrophysical S factor for the )B   is expressed in term of the asymptotic normalization coefficientgA(a, 

(ANC)  for A+a ŸB,  are presented . It is demonstrated that the MTBPA applied to the analysis of the direct experimental 

astrophysical S factors    can be used as a source of obtaining  both the ANC-value and   a tool of test of the reliability of the 

modified DWBA calculations widely used for determination of the ANC-values of astrophysical interest. 

The results of the analysis of the  astrophysical S factors for the some nuclear concrete  astrophysical )13Ngreactions of 

the pp-chain and the CNO-cycle, include for the 12C(p, reaction measured in the UKP-2 (Almaty,Kazakhstan), are discussed . 

 

 

 

 

SWELLING BEHAVIOR OF FERRITIC AND FERRITIC -MARTENSITIC ALLOYS FOLLOWING HIGH DOSE 

IRRADIATION WITH EITHER NEUTRONS OR IONS  

 

 

F. A. Garner, Radiation Effects Consulting, Richland WA, USA 

V. N. Voyevodin, Kharkov Institute of Physics and Technology, Kharkov, Ukraine 

A. Povstyanko, Research Institute of Atomic Reactors, Dimitrovgrad, Russian Federation 

B. H. Sencer, Idaho National Laboratory, Idaho Falls, ID, USA 

S. Maloy, Los Alamos National Laboratory, Los Alamos, NM, USA 

 

 

 In order to achieve higher burn-up of fast reactor fuel it is necessary to contain the fuel in cladding that resists void 

swelling more effectively than is achieved using austenitic steels. The current first-generation candidate alloys for more 

swelling-resistant alloys are commercial ferritic and ferritic-martensitic steels, with second-generation alloys being 

developmental dispersion-hardened variants of these steels produced by mechanical alloying. Third-generation alloys will be 

based on nano-dispersion-hardened steels produced by techniques more complex than simple mechanical alloying. 
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Whereas current maximum fuel burn-up levels of 10-11% are attained for cladding doses of ~100 dpa, higher burn-ups require 

doses of 250-300 dpa, and some reactor concepts envision doses of 400-500 dpa. The question arises whether swelling 

resistance at such high doses are indeed achievable by any of the three generations. 

A review is presented of  high dose irradiation studies on HT9 and EP-450 conducted in FFTF and BOR-60 with maximum 

doses of 150-200 dpa. To probe doses greater than ~200 dpa ion irradiation is being used. While neutron doses at 200 dpa 

indicate that acceleration of the swelling rate of simple ferritic martensitic alloys is just beginning, ion bombardment shows 

that swelling in this alloy class is bilinear (transient and then steady-state) with a steady-state swelling rate of ~0.2%/dpa, one 

fifth the rate of austenitic steels. The value of the ion-induced swelling rate agrees with an earlier prediction arising from 

simple Fe-Cr binary alloys irradiated in EBR-II and FFTF. 

Ion irradiation of second and third generation alloys is being planned to see if additional swelling resistance can be attained by 

extension of the transient swelling regime. 

 

 

 

 

TECHNICAL SUPPORT OF JAEA FOR KAZAKHSTAN PROJECT  

ON HIGH -TEMPERATURE GAS -COOLED REACTOR  
 

 

Masuro OGAWA, Kazuhiko KUNITOMI, and Hiroshi KAWAMURA 

 

 

Japan Atomic Energy Agency (JAEA) 

4002 Narita-cho, Oarai-machi, Ibaraki, 311-1393, Japan 

E-mail: ogawa.masuro@jaea.go.jp  Phone/Fax +81-29-266-7603 / 7608 

 

 

In order to restrain global warming and attain a low-carbon society, diversification in the use of nuclear heat such as process 

heat and steam for chemical industries, district heating, etc., as well as production of clean energy such as hydrogen, is 

indispensable. The high-temperature gas-cooled reactor (HTGR), which is graphite-moderated and helium gas-cooled, is 

attractive due to its unique capability of producing high temperature nuclear heat and its fully inherent safety feature. In 

particular, small-sized HTGRs with an electric power rating of less than 300MWe can greatly facilitate decentralized energy 

supply, and the HTGRs, which can produce electricity, high temperature process heat and steam as well as hydrogen, create 

new industries and stimulate economical development in cities and localities as well as in those remote regions to which power 

transmission grids are underdeveloped in developing countries such as Kazakhstan.  

 

The interests in HTGR as an advanced nuclear power source for the next generation reactor, therefore, continue to rise in the 

world. This is represented by the Japanese HTTR (High-Temperature Engineering Test Reactor) Project,   Chinese HTR-PM 

Project, International Generation IV VHTR (Very High Temperature Reactor) development program, US NGNP (Next 

Generation Nuclear Plant) program, etc. 

 

Japan Atomic Energy Agency (JAEA) is a sole comprehensive center for nuclear R&D in Japan, and promotes R&D in the 

broad areas of nuclear energy and nuclear applications. To enhance nuclear energy application to heat process industries 

including hydrogen production, which is one of the most promising solutions to the global warming issues, JAEA continues 

extensive efforts for development of HTGRs and hydrogen production system using the nuclear heat from the HTGR in the 

HTTR Project. The HTTR is the first HTGR in Japan constructed at the Oarai Research and Development Centre of JAEA 

with thermal power of 30 MW and the maximum coolant temperature at reactor outlet of 950 C̄.  

 

Using the HTTR, reactor performance and safety demonstration tests have been conducted. The reactor outlet temperature of 

950ÁC was achieved in April 2004 and 50 days continuous operation at 950C̄ was conducted in 2010. For hydrogen 

production as heat utilization technology, R&D on thermo-chemical water splitting by the "Iodine-Sulphur process" (IS 

process) has been conducted step by step. In 2004, one-week continuous operation of the IS process was successfully 

demonstrated using a bench-scale apparatus with hydrogen production rate of 31 L/h. Data necessary for design and numerical 

analysis such as material corrosion data, thermal properties, chemical reaction data and equilibrium data are being accumulated 

toward establishment of IS process technology.  

 

In April 2007, the former president of JAEA visited Kazakhstan and concluded with National Nuclear Center of Kazakhstan 

(NNC) a memorandum of understanding for the future cooperation in nuclear energy research and development. Then, JAEA 

started support for the Kazakhstan HTGR (KHTR) Project by utilizing the technologies developed under the HTTR Project. In 

2008, JAEA technically supported NNC in pre-feasibility study of KHTR gas turbine system with thermal power of 50 MW 

and the maximum coolant temperature at reactor outlet of 900 C̄. In 2009, the feasibility support study on construction of the 

KHTR in Kurchatov was performed by utilizing a program of Japan Bank for International Cooperation (JBIC). Japan parties 

that participated in this study consisted of Marubeni Utility Services, Ltd., Toshiba Corporation, Fuji Electric, Kawasaki Heavy 

Industry, Nuclear Fuel Industry, Shimizu Corporation, and JAEA. In 2010, JAEA started a conceptual design of KHTR steam 

mailto:ogawa.masuro@jaea.go.jp
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turbine system with thermal power of 30~50 MW and the maximum coolant temperature at reactor outlet of 750 C̄ for earlier 

deployment of HTGRs with support of Japan parties in preparation for the feasibility study of KHTR which is expected to be 

started in 2012. JAEA and Japan parties will continue to support NNC in the KHTR Project for the realization of deployment 

of HTGRs in Kazakhstan. 

 

 

 

 

THE PREDICTION OF THE NEW NEUTR ON RICH NUCLEI  

 

 

Gridnev K. A.  

 

St. Petersburg State University, Saint-Petersburg, Russia 

 

 

Locating the proton and neutron drip lines and investigation of the nuclear structure far from the stability valley is one of the 

major problems in nuclear physics having also interdisciplinary importance, for example, in nuclear astrophysics. In studying 

the drip lines for neutron rich nuclei one usually takes a stable nucleus and increments the number of neutrons. At some point 

the nucleus becomes overloaded with neutrons and adding one more neutron makes the system unstable and one speaks of the 

neutron drip line. However, it might happen that adding more neutrons to an already unstable nucleus may restore the stability 

and this unusual fact is often omitted in the research. This phenomenon of stability restoration through adding more nucleons 

results in formation of stability islands and stability peninsulas on the nuclear chart. We use the HF+BCS approach (Hartree-

Fock with Skyrme forces) to analyze neutron rich He, O, Fe, Ni, Ar, Kr, Zr, Rn, Pb in the ground state accounting for 

deformations. The calculations are performed using the oscillator basis. The results are compared with existing HFB and RMF 

calculations. Our analysis shows that stable areas on the nuclear chart may extend far beyond the so far predicted ones. 

 

 

 

 

ɺʆɿɼɽʁʉʊɺʀɽ ʈɸɼʀɸʎʀʀ, ʊɽʄʇɽʈɸʊʋʈʓ ʀ ɼɽʌʆʈʄɸʎʀʀ ʅɸ ʀɿʄɽʅɽʅʀɽ ʌʀɿʀʂʆ-

ʄɽʍɸʅʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʅɽʈɾɸɺɽʖʑʀʍ ʈɽɸʂʊʆʈʅʓʍ ʉʊɸʃɽʁ 

 

 

ʄʘʢʩʠʤʢʠʥ ʆ.ʇ. 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ʛ. ɸʣʤʘʪʳ 

 

 

ʇʨʠʚʝʜʝʥʳ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʢʦʤʧʣʝʢʩʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚʣʠʷʥʠʷ 

ʦʙʣʫʯʝʥʠʷ ʥʝʡʪʨʦʥʘʤʠ ʠ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ (ʤʝʪʘʣʣʦʛʨʘʬʠʷ ʠ ʇʕʄ), 

ʤʝʭʘʥʠʯʝʩʢʠʭ (ʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ), ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ (ʣʘʪʝʥʪʥʘʷ ʵʥʝʨʛʠʷ, ʧʨʝʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʠ) ʠ ʬʠʟʠʯʝʩʢʠʭ (ʧʣʦʪʥʦʩʪʴ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ) ʩʚʦʡʩʪʚ ʘʫʩʪʝʥʠʪʥʳʭ ʥʝʨʞʘʚʝʶʱʠʭ 

ʩʪʘʣʝʡ ï ʤʘʪʝʨʠʘʣʦʚ ʦʙʦʣʦʯʝʢ ʊɺʕʃʦʚ ʠ ʯʝʭʣʦʚ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʘʪʦʤʥʳʭ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʦʟʦʚʳʝ (26.5ï58.9 ʩʥʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ (330ï

423̄ ʉ) ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʧʫʭʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ a-ʬʘʟʳ ʚ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ï ʤʘʪʝʨʠʘʣʝ 

ʩʪʝʥʢʠ ʰʝʩʪʠʛʨʘʥʥʦʛʦ ʯʝʭʣʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʅ-214(I), ɺ-300, ɺ-337, ʎʎ-19 ʘʪʦʤʥʦʛʦ 

ʨʝʘʢʪʦʨʘ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ɹʅ-350.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ a¡-ʤʘʨʪʝʥʩʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʘʜʠʠ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚ ʨʝʰʝʪʢʝ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʝ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ 

ʨʘʩʪʷʞʝʥʠʷ, ʵʥʝʨʛʠʷ Es ʢʨ (Es ʢʨ = 52 ʄɼʞ/ʤ
3 
 ʜʣʷ ʥʝʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, Es ʢʨ = 7 ʄɼʞ/ʤ

3
 ʜʣʷ ʵʪʦʡ ʞʝ ʩʪʘʣʠ, 

ʦʙʣʫʯʝʥʥʦʡ ʬʣʶʝʥʩʦʤ ʥʝʡʪʨʦʥʦʚ 1.5Ö10
20

 ʥ/ʩʤ
2
). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʥʝʡʪʨʦʥʘʤʠ ʜʘʞʝ ʜʦ ʬʣʶʝʥʩʘ 5Ö10
18

 ʥ/ʩʤ
2
 ʩʤʝʱʘʝʪ ʥʘʯʘʣʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʨʪʝʥʩʠʪʥʦʡ a¡-ʬʘʟʳ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ, ʘ ʪʘʢʞʝ ʚʣʠʷʝʪ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ 

ʧʨʦʮʝʩʩ ʟʘʨʦʞʜʝʥʠʷ ʯʘʩʪʠʮ a¡-ʬʘʟ, ʘ ʥʝ ʥʘ ʠʭ ʨʦʩʪ. ʆʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʦʙʨʘʟʦʚʘʥʠʷ çʤʘʨʪʝʥʩʠʪʘ ʦʙʣʫʯʝʥʠʷè 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʨʘʟʮʳ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʠʤʧʫʣʴʩʥʳʭ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 

150-300 ʂʵɺ ʠ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ 5Ö10
18

 · 4Ö10
9
 ɺʪ/ʩʤ

2
 ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʦʙʨʘʪʥʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ a­g-ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʨʝʘʢʪʦʨʥʳʭ ʩʪʘʣʷʭ 

12ʍ18ʅ10ʊ, 08ʍ16ʅ11ʄ3, ʍ18ʅ9 ʠ 04ʍ16ʅ11ʄ3ʊ, ʦʙʣʫʯʝʥʥʳʭ ʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ (ɺɺʈ-ʂ), ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ 

(ʋ-150ʄ), ʘ ʪʘʢʞʝ ʙʳʩʪʨʳʤʠ ʥʝʡʪʨʦʥʘʤʠ (ɹʅ-350) ʜʦ ʚʳʩʦʢʠʭ (58 ʩʥʘ) ʧʦʚʨʝʞʜʘʶʱʠʭ ʜʦʟ ʠ ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʪʞʠʛ a-ʬʘʟʳ. 

ʆʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ a-ʬʘʟʳ ʧʨʠ ʦʪʞʠʛʝ ʚ ʨʘʡʦʥʝ 

400̄ ʉ. ʈʘʟʨʘʙʦʪʘʥʘ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʪʦʛʦ, ʚʧʝʨʚʳʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʣʷ ʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, ʷʚʣʝʥʠʷ, 
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ʢʦʪʦʨʘʷ ʫʚʷʟʘʥʘ ʩ ʨʝʣʘʢʩʘʮʠʝʡ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩʞʘʪʠʷ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʬʘʟʦʚʳʤ g­a-ʧʨʝʚʨʘʱʝʥʠʝʤ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ. 

 

 

 

 

ʂ ʆɹʆʉʅʆɺɸʅʀʖ ʈɽɸʂʊʆʈʅʆʁ ʉʊʈɸʊɽɻʀʀ ʈɸɿɺʀʊʀʗ  

ɸʊʆʄʅʆʁ ʕʅɽʈɻɽʊʀʂʀ ɺ ʂɸɿɸʍʉʊɸʅɽ 
 

 

1
ɹʘʪʳʨʙʝʢʦʚ ɻ.ɸ., 

1
ʂʘʜʳʨʞʘʥʦʚ ʂ.ʂ., 

2
ʄʘʭʘʥʦʚ ʋ.ʄ., 

2
ɻʫʯʝʚʘ ʆ.ɸ., 

2
ɾʘʥʘʙʘʪʳʨʦʚʘ ɼ., 

2
ɸʢʠʤʙʘʝʚʘ ɸ.ʄ. 

 

1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʂʫʨʯʘʪʦʚ, ʂʘʟʘʭʩʪʘʥ

 

2
ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʉʦʛʣʘʩʥʦ ʦʜʥʦʛʦ ʠʟʚʝʩʪʥʦʛʦ ʠ ʥʝʦʩʧʦʨʠʤʦʛʦ ʚʳʩʢʘʟʳʚʘʥʠʷ ʙʫʜʫʱʝʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʨʸʭ 

ʘʢʩʠʦʤʘʭ [3]:  

¶ ɺʦ-ʧʝʨʚʳʭ, ʫ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʝʪ ʙʫʜʫʱʝʛʦ ʙʝʟ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

¶ ɺʦ-ʚʪʦʨʳʭ, ʥʝʪ ʙʫʜʫʱʝʛʦ ʫ ʩʘʤʦʡ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʙʝʟ ʟʘʤʳʢʘʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ (ʗʊʎ) ʧʦ 
ʫʨʘʥʫ ʠ ʧʣʫʪʦʥʠʶ. 

¶ ɺ-ʪʨʝʪʴʠʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʜʣʷ ʟʘʤʳʢʘʥʠʷ ʗʊʎ.  

ɺʳʰʝ ʧʨʠʚʝʜʸʥʥʳʝ ʪʨʠ ʘʢʩʠʦʤʳ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʫʨʘʥʘ ʟʘ ʩʯʸʪ 

ʧʨʠʚʣʝʯʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʠʟʦʪʦʧʘ 
238

U ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ, ʦʩʪʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘ ʥʝ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʥʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ. ʀ ʤʥʦʛʠʝ ʩʪʨʘʥʳ ʦʪʣʦʞʠʣʠ ʨʝʘʣʠʟʘʮʠʶ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʘʢʩʠʦʤ ʥʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʠ ʩʪʨʦʷʪ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ ʩʦ ʩʣʘʙʦ ʦʙʦʛʘʱʸʥʥʳʤ ʫʨʘʥʦʤ, ʩ ʦʪʢʨʳʪʳʤ ʷʜʝʨʥʳʤ 

ʪʦʧʣʠʚʥʳʤ ʮʠʢʣʦʤ (ʆʗʊʎ). ʃʠʰʴ ʥʝʢʦʪʦʨʳʝ ʩʪʨʘʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʨʘʟʚʠʪʦʡ ʠʥʜʫʩʪʨʠʝʡ, ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʠʣʠ ʙʦʛʘʪʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʫʨʘʥʘ, ʪʘʢʠʝ ʢʘʢ ʌʨʘʥʮʠʷ, ɸʥʛʣʠʷ, ʈʦʩʩʠʷ, ʗʧʦʥʠʷ, ʂʦʨʝʷ ʠ ʉʐɸ 

ʚʟʷʣʠ ʢʫʨʩ ʥʘ ʨʘʟʚʠʪʠʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʩ ʟʘʤʢʥʫʪʳʤ ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʥʳʤ 

ʮʠʢʣʦʤ (ɿʗʊʎ). 

ʂʘʟʘʭʩʪʘʥ ʦʙʣʘʜʘʝʪ ʦʛʨʦʤʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʟʘʧʘʩʘʤʠ ʫʨʘʥʘ ʠ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ. ʇʦʵʪʦʤʫ ʚ 

ʂʘʟʘʭʩʪʘʥʝ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʨʘʥʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩʪʨʦʠʪʴ 

ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʤʢʥʫʪʦʛʦ (ɿʗʊʎ).  

ʇʨʠ ʟʘʜʘʥʥʦʤ ʛʨʘʬʠʢʝ ʨʦʩʪʘ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚʩʝʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʦʩʪʘ ʤʦʱʥʦʩʪʠ ɸʕʉ 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʦʮʝʥʦʯʥʳʝ ʨʘʩʯʸʪʳ ʪʝʤʧʦʚ ʨʦʩʪʘ ʤʦʱʥʦʩʪʝʡ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʚ XXI  ʚʝʢʝ ʟʘ ʩʯʸʪ 

ʥʘʨʘʙʦʪʢʠ Pu-239 ʠʟ U-238 ʚ ʨʝʘʢʪʦʨʘʭ ʚʥʘʯʘʣʝ ʥʘ ʪʝʧʣʦʚʳʭ, ʟʘʪʝʤ ʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʇʦʢʘʟʘʥʦ ʯʪʦ ʨʦʩʪ 

ʤʦʱʥʦʩʪʝʡ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʦʙʝʩʧʝʯʠʪ ʢ ʢʦʥʮʫ ʩʪʦʣʝʪʠʷ ʧʦʣʥʫʶ ʟʘʤʝʥʫ ʊʕʉ ʥʘ ɸʕʉ ʧʨʠ 

ʧʦʣʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʠ ʩʪʨʘʥʳ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ 

ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʨʝʟʝʨʚʳ ʤʦʱʥʦʩʪʠ ʜʣʷ ʵʢʩʧʦʨʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʦʩʝʜʥʠʝ ʩʪʨʘʥʳ (ʂʠʪʘʡ, ʈʦʩʩʠʷ, ɸʬʛʘʥʠʩʪʘʥ, 

ʇʘʢʠʩʪʘʥ). ʕʪʦ ʧʦʟʚʦʣʠʪ ʟʘʤʝʥʠʪʴ ʧʨʦʜʘʞʫ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ ʧʨʦʜʘʞʝʡ ʙʦʣʝʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ, ʥʘʫʢʦʸʤʢʦʡ 

ʧʨʦʜʫʢʮʠʠ ï ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ:  

1.ʇʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ, ʧʨʠ ʟʘʜʘʥʥʳʭ ʥʘʤʠ ʨʦʩʪʘʭ ʤʦʱʥʦʩʪʝʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚʩʝʭ ʪʠʧʦʚ, ʘ ʪʘʢʞʝ ʤʦʱʥʦʩʪʝʡ 

ɸʕʉ, ʧʦʟʚʦʣʠʣʠ ʧʨʠʙʣʠʞʝʥʥʦ ʦʮʝʥʠʪʴ ʪʝʤʧʳ ʥʘʨʘʙʦʪʢʠ ʧʣʫʪʦʥʠʷ ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ, ʝʛʦ 

ʨʘʩʰʠʨʝʥʥʦʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʀ ʜʘʣʝʝ, ʧʦʟʚʦʣʠʣʠ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʪʝʤʧʦʚ 

ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʚ XXI  ʚʝʢʝ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

2.ʇʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʠʥʷʪʳʭ ʫʩʣʦʚʠʷʭ ʨʦʩʪ ʤʦʱʥʦʩʪʝʡ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʟʘ ʩʯʸʪ ʨʘʩʰʠʨʝʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʷʜʝʨʥʦʛʦ ʛʦʨʶʯʝʛʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʢ ʢʦʥʮʫ ʩʪʦʣʝʪʠʷ 

ʧʦʣʥʫʶ ʟʘʤʝʥʫ ʊʕʉ ʥʘ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʧʨʠ ʧʦʣʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʠ ʩʪʨʘʥʳ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

3.ɹʦʣʝʝ ʪʦʛʦ, ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʨʝʟʝʨʚʳ ʤʦʱʥʦʩʪʠ ʜʣʷ ʵʢʩʧʦʨʪʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʦʩʝʜʥʠʝ ʩʪʨʘʥʳ (ʂʠʪʘʡ, ʈʦʩʩʠʷ, ɸʬʛʘʥʠʩʪʘʥ, ʇʘʢʠʩʪʘʥ). ʕʪʦ ʧʦʟʚʦʣʠʪ ʟʘʤʝʥʠʪʴ ʧʨʦʜʘʞʫ 

ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ ʧʨʦʜʘʞʝʡ ʙʦʣʝʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ, ʥʘʫʢʦʸʤʢʦʡ ʧʨʦʜʫʢʮʠʠ ï ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

4.ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʦʮʝʥʦʯʥʳʭ ʨʘʩʯʸʪʘʭ ʧʨʠʥʷʪ ʚʝʩʴʤʘ ʫʤʝʨʝʥʥʳʡ ʨʦʩʪ ʵʣʝʢʪʨʦ-ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ: ʥʘ 

46 % ʚ 2030 ʛ. ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2010 ʛ. (ʜʘʥʥʳʝ ʄʘʩʪʝʨ-ʇʣʘʥʘ ʂɽɻʆʂ) ʠ ʥʘ 55% ʚ 2050 ʛ. ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2030 ʛ. ʊʘʢʦʡ 

ʫʤʝʨʝʥʥʳʡ ʨʦʩʪ ʩʦʟʜʘʸʪ ʙʦʣʝʝ ʞʸʩʪʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʥʘʨʘʙʦʪʢʠ ʧʣʫʪʦʥʠʷ ʠ ʚʚʦʜʘ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʦʚ ʨʦʩʪʘ ʤʦʱʥʦʩʪʝʡ ʚʩʝʭ ʩʪʘʥʮʠʡ (ʥʘʧʨʠʤʝʨ, ʚʜʚʦʝ ʢ 2030 ʛ. ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 2010 ʛ), ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʜʚʦʝ ʨʦʩʪ ʤʦʱʥʦʩʪʝʡ ɸʕʉ, ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʥʘʨʘʙʦʪʢʫ 

ʧʣʫʪʦʥʠʷ ʠ ʦʙʣʝʛʯʠʪ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʚʚʦʜʘ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ. ʊʦ ʝʩʪʴ ʞʝʣʘʝʤʘʷ ʮʝʣʴ ï ʨʘʟʚʠʪʴ ʙʦʣʴʰʫʶ ʘʪʦʤʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ, - 

ʜʦʩʪʠʛʘʝʪʩʷ ʣʝʛʯʝ. 
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ʆ ʈɸɿɺʀʊʀʀ ʈɸɼʀɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ʇʆʃʋʏɽʅʀʗ ʇʆʃʀʄɽʈʅʓʍ ɻʀɼʈʆɻɽʃɽɺʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʄɽɼʀʂʆ-ɹʀʆʃʆɻʀʏɽʉʂʆɻʆ  

ʅɸɿʅɸʏɽʅʀʗ ɺ ʂɸɿɸʍʉʊɸʅɽ 

 

 
1
ʄʫʥ ɻ.ɸ., 

2
ʃʳʩʫʭʠʥ C.ʅ.  

 
1
ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʣʴ-ʌʘʨʘʙʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

2
ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʇʦʣʠʤʝʨʥʳʝ ʛʠʜʨʦʛʝʣʠ, ʦʙʣʘʜʘʶʱʠʝ ʫʥʠʢʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ (ʨʝʛʫʣʠʨʫʝʤʘʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʚʦʜʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʞʠʜʢʦʩʪʷʤ, 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʤʷʛʢʘʷ ʪʢʘʥʝʧʦʜʦʙʥʘʷ ʢʦʥʩʠʩʪʝʥʮʠʷ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʦʣʴʰʠʤ ʠ ʤʘʣʳʤ 

ʤʦʣʝʢʫʣʘʤ, ʥʝʪʦʢʩʠʯʥʦʩʪʴ ʠ ʜʨ.) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ. ʂʘʢ ʧʦʢʘʟʘʣʘ ʢʣʠʥʠʯʝʩʢʘʷ 

ʧʨʘʢʪʠʢʘ, ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʥʠʤʠ ʥʝ ʤʦʛʫʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʥʠʢʘʢʠʝ ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʵʥʜʦʧʨʦʪʝʟʦʚ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʚ ʭʠʨʫʨʛʠʠ, ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʟ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʟʨʝʥʠʷ, ʛʝʤʦʩʦʚʤʝʩʪʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʧʝʨʝʚʷʟʦʯʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʣʝʯʝʥʠʷ ʦʙʰʠʨʥʳʭ ʨʘʥ ʠ ʦʞʦʛʦʚ, ʩʠʩʪʝʤ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ 

ʚʳʜʝʣʝʥʠʝʤ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥ-ʤʠʰʝʥʴ ʠ ʪ.ʜ.   

ɺ ʂʘʟʘʭʩʪʘʥʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʙʦʛʘʪʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʤʝʨʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʇʦʪʨʝʙʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʥʪʨʦʚ ʠ ʥʘʩʝʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʝʯʝʙʥʳʭ ʩʨʝʜʩʪʚʘʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʷʭ 

ʯʘʩʪʠʯʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʟʘ ʩʯʝʪ ʠʤʧʦʨʪʘ ʠʟ ʩʪʨʘʥ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ. ʅʦʚʳʝ ʪʠʧʳ ʧʦʣʠʤʝʨʥʳʭ ʛʠʜʨʦʛʝʣʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʦʟʜʘʥʳ ʘʚʪʦʨʘʤʠ ʩ ʩʦʪʨ. ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʳʭ ʚʠʥʠʣʦʚʳʭ ʵʬʠʨʦʚ ʛʣʠʢʦʣʝʡ (ɺʕɻ), ʨʘʥʝʝ ʧʨʦʠʟʚʦʜʠʤʳʭ 

ʚ ʂʘʟʘʭʩʪʘʥʝ. ʇʦʣʫʯʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʧʨʷʤʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʜʘʥʥʳʝ ʦ ʤʝʭʘʥʠʟʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʫ ʠ ʢʦʤʧʣʝʢʩʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʝʪʦʢ, ʢʦʪʦʨʳʝ ʧʦʩʣʫʞʠʣʠ 

ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʤʫ ʜʠʟʘʡʥʫ ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʛʠʜʨʦʛʝʣʝʡ 

ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʫʤʥʳʭè ʤʘʪʝʨʠʘʣʦʚ, ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʥʝʙʦʣʴʰʠʝ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʪʝʤʧʝʨʘʪʫʨʳ, ʨʅ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʜʨ.). ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ɺʕɻ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʫʜʥʦʧʦʣʠʤʝʨʫʱʠʤʩʷ ʤʦʥʦʤʝʨʘʤ ʠ çʟʘʧʦʣʠʤʝʨʠʟʦʚʘʪʴè ʠʭ ʫʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʛʘʤʤʘ-

ʦʙʣʫʯʝʥʠʷ ʩ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʴʶ ʣʠʙʦ ʪʦʨʤʦʟʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʫʯʢʦʚ ʙʳʩʪʨʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʴʶ ʦʙʨʘʟʫʶʪʩʷ ʪʦʣʴʢʦ ʦʣʠʛʦʤʝʨʳ ɺʕɻ ʩ ʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʦʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ ʮʝʧʠ ʩ 

ʫʯʘʩʪʠʝʤ ʨʘʩʪʫʱʝʛʦ ʨʘʜʠʢʘʣʘ ɺʕɻ ʠ ʤʦʣʝʢʫʣ ʤʦʥʦʤʝʨʘ, ʜʚʦʡʥʘʷ ʩʚʷʟʴ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠ ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ 

ʧʦʣʠʤʝʨʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ɺʕɻ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ 

ʫʥʠʢʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʛʠʜʨʦʛʝʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʝʜʠʮʠʥʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ, ʛʠʜʨʦʢʩʠʘʣʢʠʣʘʢʨʠʣʘʪʦʚ ʠ ʜʨ.. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʦʚ ʧʨʦʩʪʳʭ ʚʠʥʠʣʦʚʳʭ ʵʬʠʨʦʚ ʣʝʛʢʦ ʛʠʜʨʦʣʠʟʠʨʫʝʤʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ (ʩʣʦʞʥʦʵʬʠʨʥʳʭ, ʘʤʠʜʥʳʭ ʠ ʧʨ.).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʘ ʨʘʜʠʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʦʩʥʦʚʝ ɺʕɻ ʮʝʣʦʛʦ ʨʷʜʘ ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʛʠʜʨʦʛʝʣʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʜʠʢʦ-ʙʠʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʝʜʠʮʠʥʳ. ɺ 

ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʢʣʠʥʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʛʠʜʨʦʛʝʣʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʭʦʜʠʪ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʦʚʘʷ ʠʥʲʝʢʮʠʦʥʥʘʷ ʬʦʨʤʘ 

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʣʘʩʪʠʯʝʩʢʦʡ ʭʠʨʫʨʛʠʠ ʧʨʠ ʢʦʥʪʫʨʥʦʡ ʧʣʘʩʪʠʢʝ ʠ ʤʘʤʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʚ 

ʜʝʪʩʢʦʡ ʫʨʦʣʦʛʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ  ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʧʣʘʥʪʘʪʦʚ ʢʦʥʩʠʩʪʝʥʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʥʘʤʠ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʝʛʦ ʚ ʤʷʛʢʠʝ ʪʢʘʥʠ ʩ ʧʦʤʦʱʴʶ ʦʙʳʯʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʰʧʨʠʮʘ ʠ ʠʛʣʳ ʚ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʢʦʩʤʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʘʪʨʘʚʤʘʪʠʯʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʭ ʨʫʙʮʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʠ ʧʦʜ ʤʝʩʪʥʦʡ ʘʥʝʩʪʝʟʠʝʡ ʚ ʘʤʙʫʣʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʦʠʟʚʦʜʠʤʳʤ ʚ ʈʦʩʩʠʠ ʧʦʣʠʤʝʨʥʳʤ ʠʤʧʣʘʥʪʘʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ çɹʠʦʛʝʣʴè ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʦʚʳʡ ʛʠʜʨʦʛʝʣʝʚʳʡ ʤʘʪʝʨʠʘʣ ʩʫʱʝʩʪʚʝʥʥʦ ʜʝʰʝʚʣʝ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʦʨʛʘʥʠʟʤʘ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʥʪʫʨʥʦʡ ʧʣʘʩʪʠʢʝ ʠ ʤʘʤʦʣʦʛʠʠ. 
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ʈɸɿʈɸɹʆʊʂɸ ʊʈɽɹʆɺɸʅʀʁ ʂ ɽɼʀʅʆʁ ʉʀʉʊɽʄɽ ʈɸɼʀɸʎʀʆʅʅʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ ɺ ʈɽɻʀʆʅɽ 

ʉɽʄʀʇɸʃɸʊʀʅʉʂʆɻʆ ʀʉʇʓʊɸʊɽʃʔʅʆɻʆ ʇʆʃʀɻʆʅɸ 

 

 

ɼʫʙʘʩʦʚ ʖ. ɺ. 

 

ʅʇʆ "ʈʘʜʠʝʚʳʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɺ. ɻ. ʍʣʦʧʠʥʘ", ʉ.-ʇʝʪʝʨʙʫʨʛ , ʈʌ 

 

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʙʳʚʰʝʛʦ ʉʝʤʠʧʘʣʘʪʠʥʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʚʢʣʶʯʘʷ 

ʪʘʢʠʝ ʚʦʧʨʦʩʳ ʢʘʢ ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ  ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʝʜʤʝʪʦʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧ ʠ ʧʝʨʠʦʜ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʄʦʥʠʪʦʨʠʥʛ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʦʙʱʝʡ ʵʢʦʣʦʛʠʠ, ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ɿʦʥʘʣʴʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʦʥʠʨʦʚʘʥʠʝ ʢʘʢ ʧʦ  ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ ʛʨʘʥʠʮʘʤ, ʪʘʢ ʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠ ʵʢʦʣʦʛʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ .ʂʘʞʜʳʡ ʯʘʩʪʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠʤʝʝʪ ʩʚʦʠ ʤʝʪʦʜʠʢʠ ʠ ʘʧʧʘʨʘʪʫʨʫ. 

ʂʦʥʪʨʦʣʴ ʈʆ ʥʘ ʧʦʣʠʛʦʥʝ ʠ ʚ ʟʦʥʝ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦʣʞʝʥ ʜʘʪʴ ʦʪʚʝʪ (ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ) ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʧʨʦʙʣʝʤ: 

- ʇʨʦʛʥʦʟʥʘʷ ʦʮʝʥʢʘ ʢʦʣʣʝʢʪʠʚʥʳʭ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʦʟ  ʥʘʩʝʣʝʥʠʷ ʚ ʨʝʛʠʦʥʝ ʉʀʇ, ʦʮʝʥʢʠ ʟʦʥʳ ʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ; 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʟʦʥ ʧʦʚʳʰʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʚ ʪ.ʯ. ʧʨʠ ʧʦʜʚʦʨʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ; 

ɺʢʣʘʜ ʝʩʪʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʦʙʣʫʯʝʥʠʷ ʚ ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ ʜʦʟʫ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪ ʨʘʜʦʥʘ; 

ɿʥʘʯʠʤʦʩʪʴ ʘʣʴʬʘ-ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʧʦʯʚʝ ʠ ʚʦʟʜʫʭʝ; 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʭʦʟʷʡʩʪʚʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʝʤʝʣʴ ʉɿɿ ʠ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʉʀʇ, ʚ 

ʪ.ʯ. ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ; 

 ʅʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ ʉʀʇ ʠ ʝʝ ʨʝʟʝʨʚʳ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʨʝʰʘʪʴʩʷ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʢʨʫʧʥʝʥʠʷ ʤʘʩʰʪʘʙʘ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʧʦ ʪʘʢʦʡ ʮʝʧʦʯʢʝ: ʵʧʠʮʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ ʚʟʨʳʚʘ  - ʧʦʣʠʛʦʥ - 

ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʘʷ ʟʦʥʘ - ʨʝʛʠʦʥ. 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʥʠʪʦʨʠʥʛʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʙʳʚʰʠʡ ʉʝʤʠʧʘʣʘʪʠʥʩʢʠʡ ʧʦʣʠʛʦʥ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ 

ʠʩʪʦʯʥʠʢ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʣʝʛʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʷʚʣʷʝʪʩʷ ʣʠ ʙʳʚʰʠʡ ʉʝʤʠʧʘʣʘʪʠʥʩʢʠʡ ʧʦʣʠʛʦʥ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʡʦʥʦʚ 

ʟʘ ʧʨʝʜʝʣʘʤʠ ʛʨʘʥʠʮ ʧʫʪʝʤ ʧʝʨʝʥʦʩʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʧʳʣʴʶ, ʚʦʜʦʡ, ʞʠʚʦʪʥʳʤʠ. ɹʳʚʰʠʡ ʉʝʤʠʧʘʣʘʪʠʥʩʢʠʡ ʧʦʣʠʛʦʥ 

ʢʘʢ ʮʝʣʦʝ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʨʘʜʠʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʨʩʦʥʘʣ ʠ ʥʘʩʝʣʝʥʠʝ; ʦʙʲʝʢʪ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ, ʪʨʝʙʫʶʱʠʡ ʦʛʨʘʥʠʯʝʥʠʷ ʤʠʛʨʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʜʦʟʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʨʝʢʫʣʴʪʠʚʘʮʠʠ; ʘ ʪʘʢʞʝ  ʤʝʩʪʦʤ 

ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ. 

 

 

 

 

ʊɽʍʅʆʃʆɻʀʀ ɿɸʄʓʂɸʅʀʗ ʗɼɽʈʅʆ-ʊʆʇʃʀɺʅʆɻʆ ʎʀʂʃɸ 

 

 

ʇ.ʄ.ɻʘʚʨʠʣʦʚ, ʜ.ʪ.ʥ. 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

çɻʦʨʥʦ-ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè 

ʛ. ɾʝʣʝʟʥʦʛʦʨʩʢ,  ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ,  ʈʦʩʩʠʷ 

 

 

ʉʦʙʳʪʠʷ ʥʘ ɸʕʉ çʌʫʢʫʩʠʤʘ-1è ʚ ʗʧʦʥʠʠ ʝʱʝ ʙʦʣʝʝ ʦʩʪʨʦ ʦʙʦʟʥʘʯʠʣʠ: 

1 ʇʨʦʙʣʝʤʳ ʵʥʝʨʛʝʪʠʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʦʩʪʦʤ ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʠ ʪʝʭʥʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʣʫʛʘʭ ʩʦ ʩʪʦʨʦʥʳ ʛʝʥʝʨʘʪʦʨʦʚ ʵʥʝʨʛʠʠ. 

2 ʇʨʦʙʣʝʤʳ ʷʜʝʨʥʦ-ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ: 

- ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ; 

- ʩʳʨʴʝʚʫʶ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ; 

- ʦʙʨʘʱʝʥʠʝ ʩ ʥʘʢʘʧʣʠʚʘʝʤʳʤ ʦʪʨʘʙʦʪʘʚʰʠʤ ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʦʤ. 

3 ʇʨʦʙʣʝʤʳ ʟʘʤʳʢʘʥʠʷ ʗʊʎ: 

- ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ (ɹʅ); 

- ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʛʦ ʪʦʧʣʠʚʘ; 

- ʥʦʚʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ ʪʝʧʣʦʚʳʭ ʨʝʘʢʪʦʨʦʚ ʠ ɹʅ, ʩʞʠʛʘʥʠʝ 

ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ ʚ ɹʅ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤʘ ʨʝʘʣʠʟʘʮʠʷ ʩʪʨʘʪʝʛʠʠ ɻʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè ʥʘ ʌɻʋʇ 

çɻʦʨʥʦ-ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè: 
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- ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʛʦ ʭʨʘʥʠʣʠʱʘ ʆʗʊ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ɺɺʕʈ-1000 ʠ ʦʧʳʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʩʦʦʨʫʞʝʥʠʝ ʚʦʟʜʫʭʦʦʭʣʘʞʜʘʝʤʳʭ ʭʨʘʥʠʣʠʱ ʆʗʊ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ɺɺʕʈ-1000 ʠ ʈɹʄʂ-1000; 

- ʩʦʟʜʘʥʠʝ ʦʧʳʪʥʦ-ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʆʗʊ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ (ʮʝʣʠ, 

ʟʘʜʘʯʠ, ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ); 

- ʥʘʣʘʞʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʆʂʉ-ʪʦʧʣʠʚʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʛʨʫʟʢʠ ɹʅ. 

ɻʦʨʥʦ-ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ ʦʧʨʝʜʝʣʝʥ ɻʦʩʢʦʨʧʦʨʘʮʠʝʡ çʈʦʩʘʪʦʤè, ʢʘʢ ʮʝʥʪʨ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʆʗʊ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʫʨʦʚʥʝ ʟʘʤʳʢʘʥʠʷ ʗʊʎ. 

 

 

 

 

ʕʃɽʂʊʈʆʅʅʆ-ʀʆʅʅʆ-ʇʃɸɿʄɽʅʅʓɽ ʄɽʊʆɼʓ ʀ ʆɹʆʈʋɼʆɺɸʅʀɽ ɼʃʗ 

ʅɸʅʆʉʊʈʋʂʊʋʈʀʈʆɺɸʅʀʗ ʇʆɺɽʈʍʅʆʉʊʀ ʄɸʊɽʈʀɸʃʆɺ ʀ ʀɿɼɽʃʀʁ 

 

 

ʂʦʚʘʣʴ ʅ.ʅ., ʀʚʘʥʦʚ ʖ.ʌ. 

 

ʀʥʩʪʠʪʫʪ ʩʠʣʴʥʦʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʉʆ ʈɸʅ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʧʫʪʸʤ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʳʭ, ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʠ 

ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʝʸ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʡ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʜʦʩʪʠʛʥʫʪʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʥʳʭ, ʠʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʣʘʟʤʦʛʝʥʝʨʘʪʦʨʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ, ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ 

ʥʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʚ ʀʥʩʪʠʪʫʪʝ ʩʠʣʴʥʦʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʉʆ 

ʈɸʅ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʢʘʢ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

ɻʝʥʝʨʘʮʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ ʚ ʙʦʣʴʰʠʭ (~1 ʤ
3
) ʦʙʲʸʤʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ 

ʛʦʨʝʥʠʷ ʥʝʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʥʠʟʢʦʛʦ (~0,1 ʇʘ) ʜʘʚʣʝʥʠʷ ʧʨʠ ʪʦʢʘʭ ~ (100õ200)ɸ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʣʘʟʤʳ ~ (10
9
õ10

10
)ʩʤ

-3
. ʉʦʟʜʘʥʘ ʩʝʨʠʷ ʧʣʘʟʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʥʘʢʘʣʸʥʥʳʤ ʢʘʪʦʜʦʤ (ʇʀʅʂ), 

ʧʦʤʝʱʸʥʥʳʤ ʚ ʢʘʪʦʜʥʫʶ ʧʦʣʦʩʪʴ, ʢʘʢ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʠʧʘ ʩ ʘʧʝʨʪʫʨʦʡ ʧʦʣʦʩʪʠ ~ 80 ʤʤ, ʪʘʢ ʠ 

ʧʨʦʪʷʞʸʥʥʦʛʦ ʪʠʧʘ ʩ ʘʧʝʨʪʫʨʦʡ ʧʦʣʦʩʪʠ ʜʦ 60ʭ1200 ʤʤ. ɻʝʥʝʨʠʨʫʝʤʘʷ ʚ ʪʘʢʦʤ ʨʘʟʨʷʜʝ ʧʣʘʟʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʠ ʘʢʪʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʘʟʦʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʟʤʝʥʥʦ-ʘʩʩʠʩʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʳʣʝʥʠʷ 

ʩʚʝʨʭʪʚʸʨʜʳʭ (Ó40 ɻʇʘ) ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʩ ʮʝʣʴʶ 

ʠʭ ʫʧʨʦʯʥʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʧʣʘʟʤʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʠʩʧʘʨʠʪʝʣʝʡ ʩʦʟʜʘʥʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʫʩʪʘʥʦʚʢʠ (çɼʫʵʪè, çʊʨʠʦè, çʂʚʘʜʨʦè) ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ. ʋʧʨʦʯʥʝʥʠʶ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʩʪʘʣʠ ʠ ʪʚʸʨʜʳʝ ʩʧʣʘʚʳ. ʇʦʢʘʟʘʪʝʣʴʥʦ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʚ ʝʜʠʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ ʧʨʦʮʝʩʩʦʚ ʘʟʦʪʠʨʦʚʘʥʠʷ ʩʪʘʣʠ 45 ʩ ʩʦʟʜʘʥʠʝʤ ʧʨʦʪʷʞʸʥʥʦʛʦ 

~ (50õ100) ʤʢʤ ʫʧʨʦʯʥʸʥʥʦʛʦ ʩʣʦʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦ-ʘʩʩʠʩʪʠʨʦʚʘʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ 

ʩʚʝʨʭʪʚʸʨʜʦʛʦ (~40 ɻʇʘ) ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ (ʩ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʦʚ ~(10õ20) ʥʤ) ʧʦʢʨʳʪʠʷ ʪʠʧʘ Ti-Cu-N 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ (ʚ ʨʝʞʠʤʝ ʩʫʭʦʛʦ ʪʨʝʥʠʷ) ʚʦʟʨʘʩʪʘʣʘ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. 

ɼʣʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʩʦʟʜʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʵʣʝʢʪʨʦʥʥʦ-ʧʫʯʢʦʚʘʷ ʫʩʪʘʥʦʚʢʘ çʉʦʣʦè, ʠʩʧʦʣʴʟʫʶʱʘʷ ʧʨʠʥʮʠʧ ʛʝʥʝʨʘʮʠʠ ʧʫʯʢʘ ʚ ʩʠʩʪʝʤʝ ʩ ʧʣʘʟʤʝʥʥʳʤ ʢʘʪʦʜʦʤ, 

ʵʤʠʩʩʠʦʥʥʘʷ ʛʨʘʥʠʮʘ ʚ ʢʦʪʦʨʦʤ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʤʝʣʢʦʩʪʨʫʢʪʫʨʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʝʪʢʦʡ. ʋʩʪʘʥʦʚʢʘ çʉʦʣʦè 

ʛʝʥʝʨʠʨʫʝʪ ʚ ʚʘʢʫʫʤʝ ʧʫʯʦʢ ʜʠʘʤʝʪʨʦʤ (1õ3) ʩʤ ʩ ʪʦʢʦʤ ʜʦ 200 ɸ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ (50õ200) ʤʢʩ ʠ 

ʵʥʝʨʛʠʠ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʜʦ 25 ʢʵɺ. ʇʫʯʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʝʡ 

ʠ ʩʧʣʘʚʦʚ ʧʫʪʸʤ ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʩʣʦʷ ʪʦʣʱʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʤʝʪʨʦʚ ʩ ʜʘʣʴʥʝʡʰʠʤ ʩʚʝʨʭʙʳʩʪʨʳʤ 

ʦʩʪʳʚʘʥʠʝʤ ʟʘ ʩʯʸʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʩʥʦʚʳ. ʊʘʢʠʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʚʝʜʫʪ ʢ ʚʳʛʣʘʞʠʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʝʸ 

ʟʘʢʘʣʢʠ ʠʟ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʸʪ ʢ 

2-3ʭ ʢʨʘʪʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ, ʧʦʚʳʰʝʥʠʶ 

ʠʭ ʠʟʥʦʩʦ- ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʫʧʨʦʯʥʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʙʩʫʞʜʘʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
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A RESEARCH PROGRAM NUCLEAR ENERGY CONVERSION  

 

 

Bello Olawale Moshood, Aruna Abiodun Ibrahim,Odukoya Jamiu 

 

International British Institute, Cairo, Egypt 

 

 

Direct conversion of nuclear energy to electricity has been a challenging problem since the inception of the generation 

of electricity from nuclear reactions. The development of wide bandgap, p-n junctions in materials such as diamond, gallium 

nitride, aluminum nitride, and silicon carbide is at the heart of this research. A p-n junction in materials with band-gaps greater 

than 3 eV can be used in nuclear energy conversion in multiple ways. For example, for direct conversion of the kinetic energy 

of particles from the decay of radioisotopes, a diamond p-n junction has some unique advantages. It is less susceptible to 

radiation damage than SiC, GaN, and AlN because, at high temperatures, it can self-anneal point defects caused by radiation 

damage. A method which eliminates the radiation damage problem is a Two-Step Photon Intermediate Direct Energy 

Conversion (PIDEC) method that uses the efficient generation of photons from the interaction of particulate radiation with 

fluorescer media. The photons are then transported to wide band-gap photovoltaic cells where electrical current is generated. 

PIDEC holds the promise of 40% energy conversion efficiency in a single cycle. PIDEC can be applied both to large power 

generation systems and to small scale nuclear batteries based on radioisotopes (Radioisotope Energy Conversion System-

RECS). Students and faculty have built a test stand for the PIDEC and RECS concepts which tests the physics of fluorescence 

production from the interaction of radiation with various fluorescer media, the transport of photons, radiation shielding 

methods, photovoltaic conversion with wide band-gap photovoltaic cells, and conversion efficiencies. The technology is 

licensed to a Missouri company (US Semiconductor, Independence MO) and is helping to facilitate economic development in 

the State of Missouri. 

 

 

 

 

DEFINITION OF RATE C ONSTANTS OF HYDROGEN ISOTOPES INTERACTION  

WITH LITHIUM CPS  

 

 

Gordienko Yu.N., Kulsartov T.V., Kenzhin E.A., Tazhibaeva I.L., Barsukov N.I.,  

Ponkratov Yu.V., Sadvakassova A.O., Tulubaev Ye.Yu. 

 

Institute of Atomic Energy of NNC RK, Kurchatov, Kazakhstan 

 

 

Creation of a thermonuclear energy reactor is in many respects defined by an optimum choice of materials for its 

systems, knots and elements. Lithium is one of the best candidates as a plasma contacting material of divertor reception plates 

and other intrachamber devices of a TOKAMAK-reactor [
1
]. The idea of use of liquid lithium in TOKAMAK has received 

development on the basis of surface tention forse  use in capillary channels of so-called capillary-porous systems (CPS). This 

composit material with liquid and solid components can be considered as a new class of materials for TOKAMAK.  

Advantages of lithium CPS as the plasma-facing materials has been confirmed by multiple experiments with lithium 

devices based on their in modeling conditions and in conditions of ʊ-11ʄ, ʊ-10, FTU TOKAMAKs. 

At present time on Kazakhstan material TOKAMAK (KTM) together with the Russian experts works on creation 

lithium module of KTM divertor reception device are carried out [2,3]. Application of this module will allow to investigate 

plasma-physical aspects of lithium influence, to working off the basic approaches to design of lithium divertor and 

intrachamber elements of DEMO new generation of fusion reactor and also to working off of work technologies with lithium at 

TOKAMAK conditions. 

The module of lithium divertor (MLD) will be created on a basis of lithium CPS with a basis from stainless steel and 

tungsten. In the context of correction of working gases inlet prestarting modes it is necessary to spend estimations of 

parameters of hydrogen  interaction with lithium CPS in the conditions modelling operating conditions of TOKAMAK.  

In present work results of research of interaction of isotopes of hydrogen with ʣʠʪʠʝʚʦʡ ʂʇʉ and influences 

ʥʘʪʝʢʘʥʠʷ atmospheric gases on key parametres of interaction of isotopes of hydrogen with ʣʠʪʠʝʚʳʤʠ ʂʇʉ are resulted. 

As a result of the spent researches main parameters of hydrogen isotopes interaction with lithium CPS have been 

defined. The influence effect of atmospheric gases leaking (at level of an admissible leak about 1,7710
-12

 Pa / (m
3
s)) on rate 

of lithium CPS interaction with hydrogen isotopes have been fixed which is expressed by rate decrease of hydrogen isotopes 

absorption and reduction of a interaction constant more than 1,5 times has been revealed.  

The received parameters of hydrogen isotopes interaction with lithium CPS have been used for calculation of 

deuterium(hydrogen) inlet rate to chamber KTM at a prestarting mode. It is recommended that at use of MLD in chamber 

KTM it is necessary to support continuously a flow(inlet) deuterium/hydrogen to the vacuum chamber at level 10
-10

 mole/s at a 

prestarting stage. 
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1
 S. Mirnov et. al. Plasma Phys. Control. Fusion 48 (2006) 821-837. p. 824 

2
 I.Tazhibayeva, I.Lublinski, A.Vertkov, V.Lazarev, A.Azizov, G. Mazzitelli, P. Agostini, ñMock-up divertor of KTM 

tokamak on the base of lithium CPSò, abstract for 19 ANS Technical Meeting on technology of fusion energy, TOFE-19, Las 

Vegas, 8-11 Novem-ber, 2010, CA, USA,p.93. 
3
 I. Lyublinski, M.L. Apicella, E. Azizov, V. Balakirev, V. Evtikhin D. Ionov, G. Mazzitelli, S. Mirnov, I. Tazhibayeva, A. 

Vertkov  Main Results and Prospects of Lithium Capillary-Porous System Investigation as Tokamak Plasma Facing Material, - 

22-nd IAEA Fusion Energy Conference, 13-18 October, Geneva, 2008, Book of Abstracts, p.121, and  CD full paper.   

 

 

 

 

DEGREE OF BERYLLIUM DAMAGE BY HEAVY -CURRENT E-BEAM  

 

 

Deryavko I.I., Kukushkin I.ʄ., Tarasenko Ye.V., Baklanov V.V. 

 

Institute of Atomic Energy NNC RK, Kurchatov, Kazakhstan 

 

 

The first wall protective layer material of ITER thermonuclear reactor will be exposed to intensive influence of heat and 

gamma radiation, and corpuscular fluxes of plasma (high-energy neutrons, molecules, atoms, ions, electrons). Therefore, 

studying the characteristics of the protective material resistance to the effects of these loads is a very urgent problem. Institute 

of Atomic Energy NNC RK performed the study of degree of beryllium damage, the protective layer candidate material of 

ITER first wall, under the influence of pulsed electron irradiation, simulating the conditions of plasma disruption to the first 

wall using a high-current accelerator GSEP-3. The task of research is to determine the process of beryllium damage under 

electron irradiation: gradual increase of the material degradation from pulse to pulse or as a powerful damage in the first pulse 

followed by a slight increase of damage achieved in the other pulses.  

Used accelerator allowed to create a short (~3 mʩs) pulses of high-current (up to 300 ɸ/cm
2
) beam of high-energy (~0.5 

MeV) electrons, which provided the specific heat fluxes up to 50 GW/m
2
 establishment on the irradiated plane surface with 

area of about 100 cm
2
. The study involved non-textured cylindrical specimens of 14 mm dia and 15 mm height and textured 

prismatic specimens with dimensions 15ʭ20ʭ20 mm.  

Tracking changes in degradation level of each of three types of surfaces was performed in order to determine the 

dynamics of beryllium damage with an increase of electronic pulses number (non-textured surface, surface perpendicular to the 

texture axis, surface parallel to the texture axis) after 2, 4 ,6 and 8 pulses of electron irradiation with energy density ~14 J/cm
2
. 

Tracking showed that the increase of pulses number (according to morphological state visual assessment of the surface, 

measurement of its material sputtering and X-ray determination of this material structure degradation level) causes the gradual 

increase in material damage of all three types of surfaces. That is, among the two main options of beryllium damage by high-

current electron beam (gradual increase of material damage from pulse to pulse or the powerful damage in the first pulse) the 

first ï less dangerous ï option of material degradation is realized.  

From the results of tracking we should also note that the three types of Be-surfaces the surface perpendicular to the 

texture axis is the more resistant to electron irradiation, while the non-textured surface is the least stable one. 

 

 

 

 

DETERMINATION OF REA CTOR TESTS MODES BY CALCULATED -EXPERIMENTAL METHOD  

 

 

Prozorova I.V., Aleinikov Yu.V., Popov Yu.ɸ., Toktaganov ʄ.ʆ., Pakhnits V.ɸ. 

 

Institute of Atomic Energy NNC RK, Kurchatov, Kazakhstan 

 

 

The report presents the results of neutron-physical calculations of experimental deviceôs different designs used for in-

pile experiments. In the course of the work the experimental devices mock-ups, which differ in fuel enrichment, the amount of 

fuel elements and design, are considered.  

According to the results of activation detectors spectrometric measurements the quantitative assessment of the variation 

value in attitude of neutron fluence to the reactor energy release with increasing energy release in a reactor was performed.  

The calculations results are compared with the results of physical research on the mock-up, almost completely repeated 

the experimental device. Further calculation of the influence on the ratio between the energy release in the fuel assembly and 

energy release in the reactor, temperature of fuel and its position as a result of melting process, was studied. 

The results obtained allowed to establish basic correlations necessary to select the diagram of IGR reactor power 

change corresponding to the energy set in the experimental device FA. 
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EFFECT OF GAMMA RADIATION ON SURFACE STRUCTURE ELECTROLESS NI -P LAYER UNDER H2O2 

ENVIRONMENT  

 

 

Garibov A.A., Hashemi M.Y., Agayev T.N. 

 

 Institute of Radiation Problems Azerbaijan National Academy of Sciences, Baku, Azerbaijan 

 

 

In this research structure ,microstructure and chemical compositions of produced phases in electroless Ni-P layer exposed to 

gamma radiation under H2O2 environment were investigated using a (SEM) equipped with an energy-dispersive x-ray 

spectrometer(EDX), an x-ray photoelectron spectroscopy(XPS) analyzer and an x-ray diffraction(XRD) analyzer. Results of 

XRD in fig1(a,b) showed that Ni-P amorphous layer deposited by electroless method on stainless steel 304 substrate after 

gamma radiation for 70h in H2O2 environment transform to deferent oxides such phosphor oxide (P2O3 or P2O5). This result 

confirmed by XPS fig1(c)  and EDX (fig2). From result of XPS thin layer of P2O3 produces in surface of Ni-P layer. As seen 

in fig 1(c) main peak from C (1s) as reference and peak from O (1s) at 532.25ev energy which related to P2O3 formation 

appeared in XPS spectra. XPS results confirmed that surface layer was composed mainly of P2O3 oxide. It can be concluded 

that transformation of Ni-P layer from amorphous(super saturated) state to crystal structure due to oxidant radiation in H2O2 

resulted in escape of P from super saturates state and finally formation of P2O3 oxide at surface layer  

 

            
(a)                                                        (b)                                                            (c) 

Fig 1: XRD of Ni-P layer: a) before, b) after radiation and c ) XPS of Ni-P surface after radiation state  

                                        
a                                                                                        b 

Fig 2: EDX of Ni-P (a) before and (b) after gamma irradiation 

 

[1]: Changdong Gu,  Jianshe Lian, Guargyu Li, Liyuan Niu, Zhonghao Jiang, High corrosion- resistant Ni-P/N i/Ni-P  

multilayer coatings on steel, Surface & Coating Technology 197 (2005)61-67. 

[2]: Zuqiang Qi,Weiming lee"XPS study of CMP mechanisms of NiP coating for hard disk drive substrates, Tribology 

international 43(2010)810-814. 
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INFLUENCE OF PRELIMINARY THERMAL TREATMENT ON RADIATION -OPTICAL  

PROPERTIES OF FIBERS 

 

 

Amonov M.Z. 

 

Institute of Nuclear Physics AS RU, Tashkent, Ulugbek, Uzbekistan 

 

 

The dependence of defect formation under irradiation on OH-group contents was studied, and possibilities for increase 

of radiation-optical hardness of optic fibers (OF) were examined. For this, we have compared effects of preliminary thermal 

treatment of quartz OF with low and high OH-group contents on their radiation hardness. The optimal temperature and thermal 

treatment time were determined which results in increased OFôs radiation-optical hardness in visible and near IR parts of 

spectrum. As samples, USA made Polimicro LLC FIP-300 and FVP-300 OFôs were used. Concentration of OH-group in FIP-

300 and FVP-300 was 1 ʨʨm and 1000 ʨʨm, respectively. 

Measured losses in the OF demonstrated that the spectrum almost did not change in FIP-300 during its thermal 

treatment at 180 
0
ʉ. However, at 200 and 220 

0
ʉ one could observe slight decrease of initial losses, i.e. losses of color in OF. It 

was discovered that at slow cooling of thermally treated samples down to room temperatures one could observe additional 

losses that was pronounced at 470-500 nm, and at 800 nm and more. 

Similar result was observed for FVP-300, which had high concentrations of OH-group. 

In the losses spectrum for thermally treated and g-irradiated FIP-300 OF the band with peak at 610 nm, which belongs to 

absorption of non-bridging oxygen hole centers (NBOHC) does not exist. It was discovered that in the FVP-300 type OF 

absorption spectrum the intensity of absorption band at 610 nm depends on temperature of preliminary treatment. Intensity of 

this absorption band has the least value for the OF preliminary thermally annealed at 200 
0
ʉ. 

Based on the obtained data we assume that preliminary thermal treatment of FIP-300 leads to decrease in number of 

oxygen vacancies, and thereby to the decrease of number of ɽ
¡
-centers and NBOHC. 

Since under heating of OF at mentioned temperatures decay of ʆʅ-binds in FVP-300 is not observed, one can assume 

that the defects of the following type are transformed: ¹ Si - O
0 
ʅ  - O - Si¹  ( lʧʦʛ. = 600 nm ) ʠ ¹ Si - O

0
  ( lʧʦʛ. = 630 nm ). 

Based on the obtained data we have drawn a conclusion that before thermal annealing a type and concentration of 

preliminary defects in structure in quartz OF, containing different concentrations of ʆʅïgroup, are different. Therefore, after 

preliminary thermal annealing the type of defects and degree of imperfection of the structure in the both OF becomes different. 

This causes the fact that the processes, taking place at following g-irradiation, are different. 

 

 

 

 

INFLUENCE OF THERMAL ANNEALING AND g-IRRADIATION ON  

OPTICAL LOSSES OF FIBER WAVEGUIDES  

 

 

Amonov M.Z. 

 

Institute of Nuclear Physics AS RU, Tashkent, Ulugbek, Uzbekistan 

 

 

This work presents the results of studies dedicated to influence of temperature annealing and following g-irradiation, and 

combined influence of temperature annealing and g-irradiation on the transmission spectrum of FVP-300 type optic fibers (OF) 

with ʆʅ-group concentration of 1000 ppm. Annealing temperatures were 180, 200, 220 and 350 
0
ʉ. g-irradiation dose powers 

were 200, 315 and 350 R/sec. 

At annealing at 180 
0
ʉ the OFôs transmission spectra do not change, but color loss in OF is observed at 200 

0
ʉ. At 

annealing temperature of 220 
0
ʉ some loss of transparency is observed compared to the annealing of OF at 200 

0
ʉ. g-

irradiation of both non-annealed and annealed OF induces color centers (CC) with absorption band at 610 nm, known as the 

non-bridging oxygen hole centers (NBOHC). Intensity of this band has the least value in OF samples preliminary thermally 

treated at 200 
0
ʉ. At OF annealing at temperatures higher than 200 

0
ʉ with following g-irradiation the intensity of absorption 

band at 610 nm mainly decreases. It is assumed that that decrease in the intensity of 610 nm absorption band at temperatures 

from 200 to 350 
0
ʉ is caused by that fact that mobile atoms of metal impurities in OF create binds with NBOHC forming 

¹Si-O-Me bind, that causes decrease of NBOHCôs concentration.  

Under combined influence of thermal annealing and g-irradiation similar phenomenon can be observed. 

At thermal treatment at 180 
0
ʉ with simultaneous g-irradiation, the measurement of transmission spectrum at 310ʂ 

demonstrated that the NBOHC with 610 nm peak does not exist in the absorption band spectrum. Similar phenomenon is also 

observed at OF thermal annealing at 200 ʠ 220 
0
ʉ with following g-irradiation. Likewise the previous case, we assume that this 
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is related to the formation of ¹Si-O-Me under influence of temperature and g-irradiation, which in turn decreases the 

concentration of NBOHC, i.e. combined influence of temperature and g-irradiation accelerates this process. 

Based on the obtained data we have drawn a conclusion that the optimal temperature to minimize radiation-induced 

losses affecting on OFôs transparency can be the temperature of 200 
0
ʉ.  

 

 

 

 

INTRINSIC ELECTRON EXCITATIONS IN ZrO 2 ïY2O3
.
CRYSTALS 

 

 
Amonov M.Z. 

 

Institute of Nuclear Physics AS RU, Tashkent, Ulugbek, Uzbekistan 

 

 

Spectral and kinetic luminescence and absorption characteristics of Zr02-Y203 crystals were studied by high time 

resolution impulse spectroscopy. These experiments were performed on Tomsk Polytechnics Universityôs facilities, which 

were based on high-current accelerator GIN-600 provided electrons energy of 300 keV, with pulse duration of 10 nsec and 

current density of up to 1000 A/cm
2
. 

It is demonstrated that the studied crystals have two types of intrinsic luminescence, one of which is caused by radiative 

decay of autolocalized excitons, and the other one appears at decay of autolocalized holes followed by radiative recombination 

with electrons by trapped in F-centers. 

Based on the comparative analysis of luminescence spectra relaxation kinetics it is demonstrated that immediately after 

excitation is stopped the luminescence decrease is caused by the recombination rate at annihilation of electrons with 

autolocalized holes. At the final stage luminescence decrease is caused by decay of autolocalized holes 
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The measurement and interpretation of isomeric ratios have provided information about the energy levels structure of 

nuclear systems and the angular momentum and reaction mechanism effects involved in the production of isomeric states in 

nuclei. 

 In the present work results of investigation of the isomeric yield ratios Ym/Yg of the reaction 
198

Hg(ɔ,n)
197m,g

Hg and 
198

Hg(n,2n)
197m,g

Hg are presented. 

Samples of natural have been irradiated in the bremsstrahlung beam of the betatron SB-50 of Institute of Applied 

Physics of National University of Uzbekistan in the energy range of 12·35 MeV with energy step of 1 MeV. For 14 MeV 

neutron irradiation we used the NG-150   neutron generator of Institute of Nuclear Physics.  

The gamma spectra reactions products were measured with a spectroscopic system consisting of HPGe detector 

CANBERRA with energy resolution of 1,8 keV at 1332 keV gamma ray of 
60

Co, amplifier 2022 and multichannel analyzer 

8192 connected to computer for data processing.  

 The yields of the metastable state decays were evaluated by using the 133,9 keV (
197m

Hg: J
p
=13/2

+
, T1/2=23,8 h) g-

rays. The yields of the ground state decays were evaluated by using the 191,5 keV (
197g

Hg: J
p
= 1/2

-
,
 
T1/2=64,14 h)  g-rays.  

The results of calculation are given in the table below(26·30 MeV). 

 

Egmax, ʄeV 26 28 30 

Ym/Yg 0,118°0,006 0,122°0,00

6 

0,120°0,006 

mailto:satimbay@yandex.ru
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In the range 12-25 MeV  our  results are in good agreement with the date of ref. [2]. In the range 26-35 MeV the 

isomeric yield ratios Ym/Yg of the reaction (g,n)
 
on 

198
Hg  are obtained at first.  

The results are compared with the calculations made in the statistical Fermi-gas theory. The experimental results are in 

agreement with the calculated ratios for values of spin cut-off parameter s between 2 and 3. 
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In the present work results of investigation of the isomeric yield ratios reactions  
74

Se(ɔ,n)
73m,g

Se, 
82

Se(ɔ,n)
81m,g

Se, 
74

Se(n,2n)
73m,g

Se  and 
82

Se(n,2n)
81m,g

Se are presented. The isomeric yield ratios were measured by the induced radioactivity 

method.  

Samples of natural Se have been irradiated in the bremsstrahlung beam of the betatron SB-50 of Institute of Applied 

Physics of National University of Uzbekistan in the energy range of 10·35 MeV with energy step of 1 MeV. For 14 MeV 

neutron irradiation we used the NG-150   neutron generator of Institute of Nuclear Physics.  

The gamma spectra reactions products were measured with a spectroscopic system consisting of HPGe detector 

CANBERRA with energy resolution of 1,8 keV at 1332 keV gamma ray of 
60

Co, amplifier 2022 and multichannel analyzer 

8192 connected to computer for data processing.  

The yields of the metastable state decays were evaluated by using the 254 keV (
73m

Se, J
ˊ
=1/2

ī
, T1/2=38,9 m) and  103 

keV (
81m

Se, J
ˊ
=7/2

+
, T1/2=57,3 m) g-rays. The yields of the ground state decays were evaluated by using the 361 keV (

73g
Se, 

J
ˊ
=7/2

+
, T1/2=7,1 h) and  275 keV (

81g
Se, J

ˊ
=1/2

ī
, T1/2=18,5 m) g-rays.  

For the 
82

Se(ɔ,n)
81m,g

Se the results of calculation are given in the table below (27·30 MeV). 

 

Egmax, MeV 27 28 29 30 

Ym/Yg 0,56°0,02 0,57°0,02 0,57°0,02 0,56°0,02 

 

For the 
74

Se(ɔ,n)
73m,g

Se and  
82

Se(ɔ,n)
81m,g

Se the results are in good agreement with the date of ref. [1]. The isomeric 

yield ratios of the reaction (g, n) on 
74,82

Se in the 25-35 MeV energy range are obtained at first. (g, n)
m
 and (g, n)

g
  reactions 

cross section are obtained. For the 
74

Se(n,2n)
73m,g

Se results are in good agreement with the date of ref. [2]. The results are 

compared with the calculations made in the statistical Fermi-gas theory.  

 

1. Mazur V.M. // Physics of elementary particles and atomic nuclei.2000.V.31. P.1043.  

2. Fam Zun Kihen et al. // Yad. Fiz.. 1982. V.35. P.257.  
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METHODS OF POSTREACTOR RESEARCH OF NJPS FUEL ELEMENTS  
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It is known that during the period from 1975 to 1998 in IVG.1, IRGIT and RA research reactors casing-free carbide rods 

and carbide-graphite rods of nuclear jet-propulsion system (NJPS) were tested in motor mode (in flowing hydrogen 

technological channels), in the low power mode (in the flowing-free helium resource ampoules) and in the high power mode 

(in flowing hydrogen technologic channels). The tests followed by postreactor material testing research of fuel elements, 

whose main aim was to establish qualitative and quantitative efficiency coefficients of fuel elements in all these modes. 

The essence of postreactor studies of fuel rods was to assess the general condition of the fuel elements (and fuel 

elementsô beams) in heating sections (HS) of fuel channels and resource ampoules and in the subsequent study of the main 

parameters degradation level of the irradiated fuel rods. The presence and degree of longitudinal curling of fuel rods in HS, 

fuel elements surface morphology and color change, the presence of distortion and fuel elements surface cracks, the presence 

and relative amount of rods breakage in HS, as well as the presence and amount of fuel rods sintering to each other was 

recorded in assessing the overall state of fuel elements. In the study of the basic parameters of irradiated fuel elements the 

magnitude and sign changes of fuel elementsô weight, length, diameter, running electrical resistivity, density, microhardness, 

lattice spacing, elastic modulus, strength, state of the micro-structure were determined.  

As a long-term postreactor study involved a huge amount of fuel elements (each FA cut in the hot cell of technological 

channel or resource ampoule contains from ~900 to ~3000 fuel rods), it was required to use special techniques to complement 

standard and reduce the duration of the research implementation both at the stage of the fuel elements overall state assessment, 

and at the stage of studying radiation changes of their parameters. In this regard, the methods for estimating the angle of the 

longitudinal curling of fuel rods beam in HS, the method of detection of small residual wryness of the fuel element, the 

methods to detect surface cracks in fuel elements, the method of X-ray determination of fuel rod swelling and method for 

measuring the microhardness of ceramic fuel in the case of high porosity of its structure have been developed and used in 

postreactor studies of irradiated fuel rods. The report presents description of each method and its application limits. 
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One of thermonuclear synthesis problems is the choice of the constructional materials able to withstand thermal and 

neutron loads in stationary and plasma failure operating modes. .As the plasma facing material of ITER first wall it is planned 

to use beryllium, which will be exposed to significant radiation damages. The irradiation of beryllium results in formation and 

accumulation of radiation defects as well as helium and tritium nucleuses in the result of nuclear reactions with beryllium 

atoms. An actual problem of tritium safety of nuclear and fusion facilities is beryllium handling and its cleaning from tritium. 

After commissioning of thermonuclear reactors ITER total amount of irradiated beryllium will be considerably increased. At 

the present time irradiated beryllium is processed as a waste, but because of high cost and ecological danger its disposal is 

rather undesirable procedure. One of tritium removal methods from irradiated beryllium is high-temperature outgasing, and in 

order to select its optimum conditions it is important to know tritium accumulation and solubility parameters.  

The additional reason of steadfast attention to these subjectsô researches is necessity of working out of authentic model 

of the mechanism of tritium interaction with irradiated beryllium, that is the very important for tritium distribution calculations 

in beryllium elements of future fusion reactors.  

In this work the results of thermodesorption investigation of samples of DV-56 grade beryllium irradiated for 300 days 

in BN-350 reactor to fast neutron fluence 5 10
21

 n/cm
2
. TDS experiments were carried out at the VIKA facility in temperature 

range 30 õ 1240 Áʉ with the heat-up rate 10 Áʉ/min.  

As a result of the experiments the kinetic dependences of ʅ2, 
3
ʅʝ, 

4
ʅʝ, H2O, ʅʊ, ʊ2 and ʊ2O release were received for 

the linear heating mode of beryllium samples. It has been established that the main peaks of gas release from beryllium 

samples appear in two temperature intervals. Intensive gas release occurs at the temperatures close to beryllium melting point. 



Nuclear Energy 

26 

Using the experimental data helium and tritium integral inventory in the sample (600 ppm and 15 ppm accordingly) 

were calculated. The contribution of each tritium-containing molecules in the total tritium release was also estimated.  

The general analysis of literary and experimental data allowed us to develop phenomenological model of possible 

mechanisms of tritium and helium interaction with irradiated beryllium based on of processes of tritium diffusion in volume 

and on grainôs border and also tritium absorption and release processes by helium bubbles. 

These processes can be described by the following system of equations: 
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where  cgr ï average concentration of gas atoms in the grain volume;  

cbb ï average concentration of gas atoms in the helium bubble volume;  

cbnd ï average concentration of gas atoms migrated to the grain boundaries.  

 

Proposed model has been applied in the calculation algorithm which allowed to simulate experimental kinetics of 

tritium and helium release from irradiated beryllium of BN-350 reactor. Main parameters of tritium and helium interaction 

with irradiated beryllium of BN-350 are also defined in the result of the modeling. 

 

 

 

 

NUCLEAR ENERGY ï STATUS AND OUTLOOK  
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Rising expectations best characterize the current prospects of nuclear power in a world that is confronted with a 

burgeoning demand for energy, higher energy prices, energy supply security concerns and growing environmental pressures. It 

appears that the inherent economic and environmental benefits of the technology and its excellent performance record over the 

last twenty years are beginning to tilt the balance of political opinion and public acceptance in favor of nuclear power. Nuclear 

power is a cost-effective supply-side technology for mitigating climate change and can make a substantial contribution to 

climate protection. This paper reviews the current status of nuclear power and its fuel cycle and provides an outlook on where 

nuclear power may be headed in the short-to-medium run (20 to 40 years from now). 

 

 

 

 

PECULIARITIES OF DEFECT FORMATION IN BARIUM AND STRONTIUM CERATES UNDER REACTOR 

IRRADIATION  
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Complex oxides with the perovskite structures are very interesting both from the scientific and applied points of view 

because of their unique properties such as high temperature protonic conductivity. This makes it possible to use them in 

hydrogen fuel cells for energy production. Also high temperature proton conducting oxides can be used in a number of 

applications for nuclear industry including hydrogen isotope separation devices, hydrogen sensors and others. It is expected 

that irradiation can brings to significant modification of these materials. So, it is important to obtain knowledge about radiation 

effects on structure and properties of the perovskite type ceramics. 

Samples of BaCeO3 and SrCeO3 doped with neodymium and yttrium were fabricated by solid-state reaction and 

inductive melting technologies. After synthesis, the samples were annealed in air at 650
o
C for 7 hours. Samples were then 

sealed in glass or quartz ampoules and were irradiated at 100
ʦ
ʉ in ówetô channel of the WWR-K reactor of the Institute of 
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Nuclear Physics RK to achieve different total doses. The neutron flux during irradiation was ~3³10
13

 n/cm
2
c. Gas 

thermodesorption and IR spectroscopy were used to characterize these materials. 

The experimental setup used for gas thermodesorption studies allowed the partial pressure of gases in the working 

chamber to be measured during heating at a known ramp rate.  

To achieve an acceptable vacuum (~10
-5
 Pa) the entire vacuum system, including the vacuum chamber was heated to 

300 
o
C prior to the experimental programme. During the system bake-out, samples were placed in a cooler part of the chamber 

which was maintained at approximately 25 
o
C by circulating cooling water through the vessel. The temperature of the samples 

was measured using a W-Re thermocouple placed on the bottom of heating cup. The samples (up to a total of 7) were 

successively placed in the heating cup and thermodesorption spectrums of the gases of interest were measured. 

A personal computer with an Advantech PCI-1710HG module was used to select and control sample heating, choice 

of gas masses to be monitored, temperature and thermodesorption spectrum measurement. This automation scheme allows up 

to 6 desorption spectra of different gases to be measured simultaneously. The samples heating rate was 42 K/min in all cases. 

IR spectra were measured with Japan IA-Prestije-21 Fourier IR spectrometer in the frequency range from 380 to 4000 

cm
-1
 at room temperature.  

Spectra of oxygen and water molecule release from Nd-doped ceramic barium cerate samples irradiated in the reactor 

to different doses at 100 
o
C have shown that the amount of desorbed gases increases with irradiation dose. Earlier we have 

shown that amount of desorbed water and oxygen molecules increases with increase in doped level of barium cerates. So effect 

of irradiation is similar with doping effect. Taking into account that temperature range of gas release from irradiated samples 

remains unchanged in comparison with unirradiated ones it can be suggested that identical processes are responsible for 

oxygen and water molecule release.  

All above mentioned facts allowed us to suggest the following explanation of influence of reactor irradiation on these 

materials. During irradiation oxygen vacancies are formed in the oxides. As a result reducing Ce
4+

 to Ce
3+

 takes place. These 

vacancies can be filled with hydroxyl groups from ambient. Some vacancies can be filled with oxygen in case of barium 

cerates. That is why the higher dose of reactor irradiation the higher amount of desorbed gas molecules from the oxides. 

IR-spectroscopy of these samples has shown that irradiation of these materials brings to formation of Ba and Ce 

hydroxides fig.3. It can be seen that the absorption bands at 1020 ï 1040 cm
-1
  take place in spectra of irradiated samples 

though these bands are absent in spectra of unirradiated ones. It is suggested that these bands are resulting from vibrations of 

OH-group in barium or cerium hydroxides. We consider that these hydroxides are formed on the topmost surface of irradiated 

samples at their contact with ambient during irradiation.  

It is necessary to notice that a significant increase in carbon dioxide release from these samples was observed with 

increasing of irradiation dose. So we consider that irradiation of these materials stimulate their interaction with carbon dioxide 

from ambient and formation of carbonates in subsurface area. Since the presence of carbonates in these materials leads to a 

deterioration of the oxide stability and conductivity, it is necessary to avoid contact of cerates with carbon oxides, especially 

during reactor irradiation.  
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Earlier we investigated the influence of ultra-violet and gamma radiation as well as neutrons and charged particles on 

the surface qualities of different oxide systems: oxides of silicon, beryllium, aluminum and others, in particular their absorbent 

qualities.  

The influence of a- and proton irradiation on surface properties of beryllium oxide were investigated by manometric 

and ESR-spectroscopic methods.   

a- and proton irradiation of the system BeO-O2 located in adsorptive - desorption equilibrium at room temperature 

generates irreversible additional adsorption of oxygen. 

 Comparison of the influence of a-particle irradiation with energy 50 Mev and protons with energy 30 Mev, on 

accumulation of centers of adsorption shows that the speed of accumulation of active centers for ʆ2 under operating of a-

particles is more, than under operating of protons. This can be explained that a-particles in comparison with protons posses a 

large ionizing ability that will lead to creation of a large number of adsorption centers.  

   As for mechanism of oxygen adsorption on ɺʝʆ it is possible to make the following supposition: the surface of ɺʝʆ 

is covered with hydroxyl groups and at irradiation they can be failed. Thus on a surface the active centers are created, which 

are capable to become by centers of adsorption. At irradiation of ɺʝʆ the paramagnetic centers are formed, which have a 

complicated structure. The signals ESR on ɺʝʆ, irradiated by protons, apparently, are formed both on a surface and in volume, 

as from the one hand at adsorption of oxygen there is decreasing of a signal amplitude (destruction of surface ESR centers), 

and on the other hand even flooding of free air does not completely destroy signals of ESR (volumetric ESR centers).  
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 With increase of a dose in the field of a fluence F=4
.
10

13
-3,5

.
10

14
 cm

-2
 a radiation annealing of paramagnetic centers 

is watched in vacuum-processed ɺʝʆ. At further increase of proton flow ( F >  1.5
.
10

14
 cm

-2
 ) a cymbate change of quantity 

of paramagnetic defects, i.e. growth of PMC quantity has a place. 

Dose dependence of concentration PMC ɺʝʆ contained adsorbed O2 is characterized by a maximum in the field of a 

radiation dose Fº3
.
10

14
 cm

-2
. The annealing of PMC begins at the growth of radiation dose (F>3,5

.
10

14
cm

-2
). 

The paramagnetic centers, observed by us, are the sum of volumetric centers on a surface of paramagnetic centers. The 

accumulation curve of paramagnetic centers on a surface ɺʝʆ with adsorbed oxygen lies above by accumulation curve of 

paramagnetic centers of vacuum-processed ɺʝʆ, since the adsorption of oxygen on ɺʝʆ increases quantity of paramagnetic 

centers, i.e. the oxygen is adsorbed in the ion - radical form ʆ2-, as was watched in our experiments except for small doses 

(F<1
.
10

14
cm

-2
). Since a fluence F=2,25

.
10

14
cm

-2
 the number of paramagnetic centers in a system ɺʝʆ-ʆ2 is more than in 

vacuum-processed one. 

Comparison of irradiation influence of vacuum-processed samples ɺʝʆ of a-particles with energy 40 and 50 Mev and 

protons with energy 30 Mev has shown, that the regularity of accumulation of paramagnetic centers for a- and proton 

irradiation has non-linear character: for all cases: the maximum is watched at value of a fluence F¢ 0,3
.
10

14
 cm

-2
 . After a 

narrow maximum the secondary growth of accumulation of paramagnetic centers is watched at doses F> F> 1.5
.
10

14
 ʩʤ

-2
 . 
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The nature of growth defects and radiation-induced defects was studied in ZrO2-Y2O3 crystals. These studies included 

investigation of color acquisition and luminescence mechanisms in ZrO2-Y2O3 under external influence (impulse radiation, 

thermal and chemical treatment), and determination of importance of intrinsic and impurity defects in formation of color 

centers (CC) and luminescence centers (LC). 

In the studied crystals after g-irradiation, in the absorption spectrum one observe a complex wide band at 420 nm, which 

is conditioned by absorption of F-like center. This does not contradict to the data from literature, where it is stated that in ZrO2-

Y2O3 crystals at substitution of Zr
4+

 by Y
3+

 ions an excessive amount of oxygen vacancies are formed in order to compensate 

excessive charge. Based on this data, the influence of Y2O3 stabilizer concentration on CC formation was studied. 

It was discovered that with increase of Y2O3 concentration in ZrO2-Y2O3 crystals the intensity of absorption band at 420 

nm also increases after g-irradiation. In the g-luminescence spectrum of ZrO2-Y2O3 crystals measured at 310ʂ the 

luminescence band at 530 nm was observed. The intensity increase of this luminescence band at 530 nm and absorption band 

at 420 nm is directly proportional to the concentration of Y2O3. 

Based on the obtained results, it was deduced that the absorption band at 420 nm and luminescence band at 530 nm can 

be caused by absorption and luminescence of F-like centers in ZrO2-Y2O3. 
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One of the issues of modern fusion-type reactor (FTR) designing is tritium safety which is closely connected with the 

problem of tritium distribution modeling in FTR structure elements and assemblies. Permeation and diffusion parameters used 

for estimation of tritium migration in FTR should be defined in the conditions similar to the conditions of real FTR operation. 

In the FTR operating condition construction materials are exposed to neutron irradiation and therefore the simulation of its 

influence on the processes of tritium and helium interaction with materials is important research task.  
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This paper presents experimental results of hydrogen isotopes interaction under reactor irradiation, simulating FTR 

neutron flows with prospective FTR materials to be used in various FTR structure elements: divertor plasma-facing material ï 

tungsten; a functional material ï oxygen-free copper; constructional material ïSS316IG steel (ITER grade). 

Investigation of reactor radiation impact on the processes of hydrogen isotopes interaction with FTR materials was 

carried out at IVG1.M reactor of IAE NNC RK. Experiments were carried out by thermodesorption and hydrogen permeation 

techniques and allowed to determine main parameters of hydrogen isotopes interaction with investigated materials at the 

temperatures corresponding to real conditions of fusion facilities operation. 

The obtained results revealed that neutron irradiation influence results in the change of hydrogen isotopes interaction 

parameters with investigated materials in the result of a number of various effects: radiation-stimulated processes of impurityôs 

dissolution in a metal lattice, decrease of trapping activation energy and hydrogen isotopes release from traps, changes of 

dissolution and diffusion activation energies.  
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One of prospective directions of fusion-type reactor (FTR) development is connected with use of liquid lithium in 

chamber FTR. Now liquid lithium systems are applied on various TOKAMAKs, for example liquid-lithium limiters on ʊ11-ʄ 

(Troick, Russia) and FTU (Frascati, Italy), liquid-lithium divertor on NSTX (Princeton, USA). Now works on modelôs creation 

of divertorôs lithium module reception device of Kazakhstan Material TOKAMAK (KTM) are carried out. The lithium module 

will be created on a base of lithium capillary-porous systems (CPS) with a matrix from stainless steel.   

As researches have shown the application of lithium in TOKAMAK allows:  

¶ to create a self repair reception surface of the intrachamber devices possessing practically unlimited resource;  

¶ to lower specific energy loadings at the expense of intensive reradiation on lithium atoms in peripheral area of the 

plasma discharge. Thus issue of heat rejection from reception devices will essentially facilitate;  

¶ to reduce effective plasmaôs charging number Zeff  to minimum possible level close to unit that will essentially raise 

plasma parameters of a reactor;  

¶ to exclude accumulation of tritium that is provided by absence dust-like products of erosion and by possibility of 

active control of the tritium content in liquid lithium.  

At work of FTR tritium and helium will form in lithium under the influence of a neutron irradiation. The detailed 

information on processes of generation and release of these gases is necessary for an estimation of their influence degree on 

plasmaôs parameters.  

In present paper results of the spent works on research of processes of tritium and helium generation and release from 

liquid lithium are resulted. Reactor experiments were carried out on IVG1.M reactor and allowed to define rates of tritium and 

helium release from liquid lithium for various reactor powers. Efficiency of tritium and helium releases have been received 

which were calculated as ratios of gas release flow to their generation rate generation.  

Experiments have shown that for investigated temperatures of liquid lithium (200-350 
Á
ʉ) efficiency of tritium and 

helium release essentially depends from generation rate and temperature.  
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Short-lived color centers in Zr02-Y2 03 (10%) crystals were studied at different moments of time passed since electrons 

irradiation was stopped. These experiments were performed on Tomsk Polytechnics Universityôs facilities, which were based 

on high-current accelerator GIN-600 provided electrons energy of 300 keV, with pulse duration of 10 nsec and current density 

of up to 1000 A/cm
2
. The measurements were performed by means of electrons pulse both at 77 K and at 296 K. Based on the 

experimental data, it was demonstrated that in Zr02-Y203 (10%) crystal under the electrons pulse irradiation one could observe 
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in the absorption spectrum a wide band with its peak at 500 nm similar to the one observed under g-irradiation, but with higher 

intensity. 

By studying the difference of crystalsô absorption spectra taken at different time points passed from the electrons pulses 

influence stopped, for the first time, additional absorption bands were observed with peaks at 330, 480 and 530 nm, which are 

responsible for short-lived color centers, and have made assumptions regarding their nature.  
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Measurements of annihilation spectra of positrons (time of life of positrons (TDAP), angular distribution of annihilation 

photons (ADAP) [1-8]) allow to judge electronic structure of environment, formation and evolution of defects, about kinetics 

intratrack physical and chemical processes in the investigated environment. Experimental researches spend with use of 

accessible radioactive sources of positrons Na-22 and Cu-64 more often. For a method of positron diagnostics the great value 

gets construction of the theoretical models describing electron-positron interaction in materials, possessing defects of structure 

[1]. Along with "exact" numerical calculations simple analytical models are thus used also. In works [1,2] it was offered and 

empirical expression connecting time of life of positrons t with number of vacancies vN  in free volume of silicon is proved: 

t[ns ] = ft [ns] + 1,4 V [ nm
3
], 

3)3/4( RV p=  - free volume of vacancies, where ft - time of life of a positron in a 

faultless crystal. Calculations under the formula (3) for silicon and iron are presented to table. 

 

Defects of vacancion type, times of life of positrons and radiuses 

 of vacancies in silicon 

Type of a state  Time of positron life ,  

dt  (ps) 

Radiuses of vacancies, 

Ȕ 

 

Si-bulk 219  

Si-monovacancy 266-270 2,0 

Si-divacancy 318-325 2,6 

Si-4 vacancy 425 Ñ30 3,3 

Si-4 vacancy 425 Ñ30 3,3 

Si-6 vacancy >520 3,7 
 

 

Thus, the simple analytical model of the connected state of a positron can be used with success for a qualitative explanation of 

features of annihilation process in defective metals and estimations of radiuses of vacancies and a pores of small ((Ȕ) angstrºm 

and nanometer (nm)) sizes. 

 

1. V.I.Grafutin, I.N.Meshkov, E.P.Prokopev, N.O.Hmelevsky, S.L.Jakovenko. Definition of the sizes of defects of vacancion 

type in angstrem ranges by methods of positron annihilation spectroscopy. 

http://www.portalus.ru/modules/science/rus_readme.php?subaction=showdate&id=1284930000&archive=&start_from=&u

cat=& 
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The ion implantation process at grazing angles lead to sputtering of the subsurface layers and to change of a profile of 

composition and structure of further layers. The (001) surface of III-Y semiconductors is one of the most widely used 

semiconductor surfaces in both homo- and hetero-epitaxial growth for the manufacturing of electronic devices. Implantation of 

Be and Se ions into GaAs allows to make the acceptor and donor impurities and ultra shallow junctions in this semiconductor. 

In the present work the peculiarities of the ion sputtering and ion implantation processes under conditions of low-energy 

grazing ion bombardment of Cu(001) and GaAs(001) surfaces have been investigated by computer simulation. The computer 

program for a calculation of the ion trajectories is based on the binary collision approximation. The trajectories of the colliding 

particles have been constructed as a sequence of binary collisions. The particle interactions were described by the screened 

Coulomb potential with the Ziegler-Biersack-Littmark (ZBL) approximation  to the Thomas-Fermi screening function. The 

inelastic energy losses have been considered as local and calculated by modified Firsov model with their including into the 

scattering kinematics. Elastic and inelastic energy losses of scattered and sputtered particles were summed along their 

trajectories. The simulations were run with the crystal atoms initially stationary at equilibrium lattice sites because in the 

conditions of grazing incidence the influence of the thermal vibrations of lattice atoms at room temperature on ion scattering 

and sputtering results is insignificant.  

The sputtering has been simulated in the primary knock-on regime. Only the primary knock-on recoil (PKR) atoms 

ejected from first, second and third layers have been considered. The presence of a planar potential energy barrier with the 

height Us =2.96 eV for Ag atoms on the surface was taken into account. The number of incident ions is 2x10
4
. The incident 

ions and the recoil atoms were followed throughout their slowing-down process until their energy falls below a predetermined 

energy: 25 eV was used for the incident ions, and the surface binding energy was used for the knock-on atoms. The angle of 

incidence of the ion beam relative to the surface was changed in the range ɣ = 5 - 30
0
, the azimuth angle of incidence changed 

in the range ɝ = 0 - 90
0
 by rotation of a target around its normal was counted from <100> direction, the polar and azimuth 

angle of ejection of desorbed particles are marked in ŭ and ű, respectively. The depth distributions of 5 keV Ar ions implanted 

into Cu(001) surface and 1 keV Be and Se ions implanted into GaAs(001) and also full and partial sputtering coefficients for a 

range of grazing angles of incidence (3-30
0
) have been calculated and presented. Some difference of these dependencies for 

two directions is explained by different shapes of surface semichannels in the <110> and <110> directions. It is shown that at 

grazing angles smaller than some critical angle, ion implantation does not take place. The value of the critical angle decreases 

with decreasing mass of incident ion. The oscillatory behaviour of the depth distributions of 1 keV Be+ and Se+ ions for 

<110> direction calculated for three values of angle of incidence is explained by shape of channel in this direction. The 

comparison of depth distributions for Be+ and Se+ ions shows the range for Se+ is shallower than than for Be+ and the half-

width of profile for Se+ is narrow.  It was shown that the formation of recoil atoms at grazing ion incidence beam on an ideal 

atomically smooth surface of a single crystal promotes its layer-by-layer sputtering. In conditions of layer-by-layer sputtering it 

is possible to achieve successive removal of layers without disturbance of the next layer at removal of the previous one.  

   At sufficiently small grazing angles (ɣ < 9
0
) the sputtering processes do not take place due to impossibility of ion 

penetration through surface in the case of perfect surface. In the angular range 9
0
 Ò ɣ Ò 15

0
 the monotonous increasing of the 

total sputtering yield is observed. The main contribution to the total yield is given by atoms of the first layer. Rather small 

contributions of second and third layers on the total yield are caused by reflection of atoms of these layers by top layers, i.e. 

atoms of deeper layers have additional collisions with atoms of top layers and lose its energy. Maxima of angular distribution 

are observed at ű=80
0
-100

0
 and 260

0
-280

0
. When ion falls on the surface at small angle of incidence (ɣ<20

0
), it goes into 

surface semichannels and channels moving near the centre of channels and gives the part of its energy to atoms of these 

channels. As a result these atoms are ejected in the perpendicular direction (ű=90
0
, ű=270

0
) of movement of ion. This 

dependence shows also that the main contribution to sputtering comes from first layer. It has been shown that at grazing ion 

bombardment due to movement of incident ion in surface semichannels and channels the ion scattering and sputtering 

processes have some peculiarities. The elastic energy losses of the scattered particles are considerably smaller than the inelastic 

ones in a region of glancing scattering. The main contribution to sputtering comes from first layer of the surface. It was shown 

that in considered case the main peak of the implanted depth distributions is considerably shallow, the range for Se is shallower 

and the half-width of profile for Se is narrow than that for Be. The obtained results allow to  select the optimum for obtaining 

of implanted depth distributions with demanded shape in narrow near-surface area (5-10 atomic layers) of crystals. 
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In the present work, the studies of irradiation-induced microstructural changes, hydrostatic density and microhardness of 

12Cr13Mo2NbVB were performed. The above mentioned material was used in hexagonal shroud of fuel assembly (region 

close to the edge) and its changes of cross-section dimensions (distance between edges) on different heights from the center of 

active zone (ñ-375 mmò, ñ+75 mmò, ñ+375 mmò) were also studied. 

Advanced fuel assembly ˉ715 170 03 1188 was in service in BN-350 fast neutron reactor for the period from 1989 to 

1992 and worked for 485 effective days, damage dose at burn-up of 7.4%, i.e. 61.1 dpa at 520 MW and irradiation 

temperatures of 300-400̄ ʉ. It was of interest to estimate the scale of microstructural changes and variation of steel properties, 

which influence materialôs working characteristics. 

The obtained results show that radiation and thermal impact lead to phase recrystallization of steel while dynamic 

rearrangements cause redissolution of carbides. As a result, optical micrographs show an increase in volume fraction of ferrite 

with irradiation temperature. At level ñ+375mmò the volume fraction of ferrite is in three times higher than that in at 

unirradiated conditions. Strongly correlated changes of density, microhardness and irradiation-induced swelling of steel which 

showed extremums at 380̄ʉ and 61 dpa (level ñ+75mmò). 

In addition, in the irradiated steel aligned chains of secondary phase particles were observed which were located only at 

the edge surface of shroud and were not observed at the face surface. 

The work discusses effects of recrystallyzation on radiation-induced swelling of ferrite-martensite steel, which 

maximum value did not exceed 0.35% according to profilometry and density data.          
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This work is dedicated to study of color centers (CC) and their non-induced and thermal relaxation in quartz-quartz fiber 

waveguides (FW) after g-irradiation at low temperatures, by measuring of optic absorption spectra, and thermoluminescence 

(TL) curves.  

The g-irradiation of FVP-300 type FW at 77 ʂ starting from the dose of 5Ö10
3
 R induces color in them, which density 

increases with the dose of g-irradiation. The absorption spectrum of irradiated samples one can observe the bands with peaks at 

210, 255, 330 and a wide peak with complex structure at 550 nm. The abovementioned CC are non-stable at 77 ʂ.  

Non-induced relaxation of additional absorption bands (AAB) mainly occurs in 15 minutes, but their decrease rate is 

different, which is apparently caused by different depth of charge traps. 

Study of thermal relaxation of AAB shows that thermal relaxation of absorption bands at 210, 255, 330 and 550 nm 

takes place differently. 

Study of TL curves shows that FW g-irradiated at 77ʂ have post-luminescence. Intensity decrease of LB is observed 

down to 85 ʂ and coincides with thermal relaxation of AB at 210 nm (ɽ
¡
-center). Further, one can observe peaks at 95, 103, 

140, 170 and 250 ʂ on the TL curve. 

Comparative analysis of non-induced relaxation, thermal relaxation of AB and TL curves in FW gives an opportunity to 

determine that within temperatures of 77-300 ʂ the hole centers are charge carriers in recombination processes. ɽ
¡
- centers do 

not participate in the recombination processes in the mentioned temperature interval. 
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Analysis of experimental and literature data gives an insight into the effect of a-phase on processes of radiation-

induced swelling and embrittlement of Cr-Ni stainless steels. Studies of the impact of fast neutrons on shrouds materials of 

BN-350 reactor fuel assemblies provided new results on correlation of radiation-induced swelling, magnetic properties and 

microstructural changes in 12Cr18Ni10Ti and 08Cr16Ni11Mo3. 

It was suggested that in the interval of temperatures for neutron irradiation (20-400̄ C) and at doses less than 20-25 dpa 

in austenitic steels g­a transformations may take place under irradiation, and martensite a-phase forms and develops in defect 

area of Frank loops. This results in formation of ñmartensite of irradiationò, a fine-dispersed nano-sized bcc structure, which 

assumed to be related to the increase of incubation period for void formation and decrease of swelling effect. 

Annealing at temperatures higher than 400C̄ causes disappearance of a-phase during inverse a­g transformations and 

usually leads to an increase in void swelling rate. 

High temperatures (>400̄ ʉ) and neutron irradiation doses lead to a significant depletion of austenite forming elements 

in the solid solution, and as the result, material locally is inclined to g­a phase transformations which take place at cooling 

from irradiation temperature to room temperature. It could be assumed that the identified a-phase is the martensite formed in 

metastable steel under thermal stresses caused by cooling. 

As martensite a-phase is brittle, it could be concluded that so called ñembrittlement at moderate temperaturesò and observed 

viscous and brittle transformations in steel are characterized by high (~10%) levels of swelling, which could be related to the 

formation of martensite under deformation in the matrix between voids.           
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ABSTRACT  

In a digital computer controlled system it is possible to monitor several variables almost at the same time and control 

the system which are very typical and the same in nature  as in the controlled systems ruling the operation of  nuclear reactor. 

This is called a sampled-data control system.The purpose of the paper is to draw attention of atomic energy station designers to 

the fact that Automation Could Have Prevented the Nuclear Accident in Chernobyl and Japan and proposals how to handle 

such a problems and the  solutions of which  are coming from automation systems which are still not sufficiently applied to the 

nuclear reactor control. Our task is to provide this solution with more user friendly interface, and exception handling process 

must be applied to this project .All these solutions are entirely connected  with information technologies and control automated 

systems 

                                                           GENERAL  

Fist of all itôs needed to say once again that the  nuclear power  is not able to be substituted by  solar, geothermal, 

hydraulic energy. We should thoroughly  investigate why we are not able to handle this problem and not to remove the nuclear 

power  by itself. We should try to understand and find the solution of this problem. It is possible Listed below are specific 

design and control errors, which if corrected, could have prevented the Fukushima accident. It is hard to believe that level 

sensors were not provided in the reactors, suppression chambers, storage ponds and therefore the operators did not know if fuel 

rods were uncovered and to what extent. In future designs all safety shutdown systems should be fully automated and their 

triggering should not dependent on the judgment of hesitant or panicked operators. In order for this to happen, operators must 

have full confidence in the reliability of these systems. Therefore they must be well maintained and completely reliable, which 

requires multiple backup sensors. In Fukusima accident many typical problems are revealed .If water is present, it may boil, 

bursting out of its pipes. The fuel and reactor internals may melt. The primary source of electricity was lost because the grid 

was damaged by the earthquake. Backup power should have come from diesel generators, but they were at ground level and 

therefore stopped when they got flooded by the tsunami. The secondary sources of backup power were batteries. These 
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batteries were undersized and quickly depleted. Tertiary backup was not provided and the design did not provide convenient 

means of introducing water by water cannons or dropping water from helicopters .  In order to make sure that cooling can not 

be lost, a ñlast resortò backup system should have been provided, which does not depend on the availability of any interruptible 

energy source (electricity, steam, etc.) and does not contain any moving parts. Such  uninterruptible energy source is gravity. 

Therefore, cooling water tanks should be placed on top of the reactor buildings. These tanks should be sized to remove all the 

heat that is released during a normal reactor shut down. If faster heat removal is needed, the cooling rate can be increased by 

air pressurization of the water tanks and if increased cooling capacity is needed, the tanks can be so designed that they can be 

conveniently refilled by water cannons, fire engines or helicopters. Prior to activating the above described ñlast resortò backup 

system, first a diesel generators should be automatically started and if they fail, the system should be automatically switched to 

battery backup that is sized large enough to supply all electricity needed during the shut down.  

In case of pressure buildup, neither hydrogen, nor steam should be allowed to be released into the atmosphere. 

Therefore, fully enclosed external condensers should be provided outside the reactor building. If regular power is unavailable, 

the coolant for these external condensers should come from the gravity flow system on the roof. All these technical steps 

preventing accidents and ensuring safety actions might  be controlled and perfectly committed by Delta-V systems and likely 

to them which are started to  design  in International University of Information Technologies. 

 

[1] D.E. Knuth, The Art of Computer Programming Vol. 2: Seminumerical Methods (sec- 

ond edition), Addison-Wesley, Reading, Mass., 1998.   

 [2] Automated system DELTA-V 
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In the reaction ppŸ{pp}Ś
0
, where {pp}S  is the proton pair in the

1
S0 state  at small excitation energy E{pp} <3 MeV, the 

s-wave intermediate æN state is forbidden  due to spin-parity conservation and the generalized Pauli principle  and only 

negative  pariry æN states are allowed. Therefore, one should expect that the æ(1232)-isobar contribution, which  dominates 

the similar reaction with the final deuteron, ppŸdˊ
+
,  is considerably suppressed in the reaction ppŸ{pp}Ś

0
 .  In its turn, it 

would mean that the reaction ppŸ{pp}Ś
0
 can give more insight into short-range NN-dymanics,  since the æ-mechanims  is a 

non-short-range type one. However, the  cross section of the reaction ppŸ{pp}Ś
0
,  recently measured at ANKE@COSY 

facility [1] demonstrates a clear æ(1232)-like bump  at beam energy ~ 0.5 -0.6$ GeV for the  cms diproton  scattering angle 

ɗcm=0
0
.  The microscopical model by  Niskanen [2] originally uggested to describe  the reaction ppŸdˊ

+
  in the æ-region,  fails 

to explain this data.   On the other hand, a  simpler model with the on-shell ˊ
0
pŸˊ

0
p  subprocesses  (the one-pion-exchange)  

allows one to explain the shape of energy dependence  of the measured cross section at zero angle and beam energy 0.5 - 1.5 

GeV, although slightly oversestimates its  absolute value.  Here we present  the results of our analysys of the data [1]  on the 

basis the box diagram with  explicite consideration of the æ-isobar.  We found that  the  calculated cross section decreases too 

slowly with ncreasing beam energy  when  the $\Delta$-propagator is under the loop integral, whereas for the impulse 

approximation  the agreement with the data is rather good. We analize physical  reasons  for this unexpected behaviour and 

found that the agreement with the data can be restored   when the large  off-shell momenta q > 0.1  GeV/c  of the half-off shell  

t-matrix of  the $pp(
1
S0) scattering are not involved  into the loop integral. Possible mechanisms  for such a cutoff are 

discussed. 

 

1. Kurbatov V. et al. // Phys. Lett.  B 661, 22 (2008). 

2. Niskanen J.A. // Phys. Lett. B 642, 34 (2006). 

3. Uzikov Yu.N. in Proc: 19th International Baldin Seminar on High Energy  Physics Problem, (September, 2008, Dubna), 

Eds. A.N. Sissakian et al. (JINR,  Dubna, Russia, 2008), v. 2 p. 307; arXiv:0803.2342 [nucl-th] 
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The post-luminescence (PL), thermoluminescence curves (TL) and absorption spectra (AS) of Polymico made quartz-

quartz optic fibers g-irradiated at 77 ʂ were studied. It was discovered that the thermal relaxation ɽ
'
 ï center (210 nm) and PL 

coincide and end at 85 ʂ. Further heating of waveguides up to 290 ʂ cannot change the concentration of ɽ
'
 ï centers, however 

at heating of waveguides up to 300 K concentration ɽ
'
 ï centers increases. 

Our studies demonstrated that traps causing ɽ
'
-centers in quartz-quartz waveguides have deep levels and do not 

participate in the recombination processes in the temperatures interval of 85-550 ʂ. We have shown that within temperature 

values of 85-220 ʂ Vk-centers are charge carriers in recombination processes. Their increase at 300 ʂ can be explained by re-

trapping of some part of electrons at non-radiative decay of electron center with absorption band at 250 nm. 
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ʉʦʙʩʪʚʝʥʥʘʷ ʋʌ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʚʦʟʙʫʞʜʘʝʤʘʷ ʠʦʥʠʟʠʨʫʶʱʘʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʛʨʘʥʘʪʘʭ, ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʜʦ ʩʠʭ ʧʦʨ ʣʠʰʴ ʚ ʠʪʪʨʠʡ ʘʣʶʤʠʥʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (ʀɸɻ), 

ʥʘʠʙʦʣʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʦʤ ʠ ʜʦʩʪʫʧʥʦʤ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʦʛʦ ʦʙʰʠʨʥʦʛʦ ʩʝʤʝʡʩʪʚʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʥʳʭ ʛʨʘʥʘʪʦʚ ʠʟʫʯʘʣʦʩʴ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʚʦʟʙʫʞʜʘʝʤʘʷ ʛʘʤʤʘ ʣʫʯʘʤʠ ʚ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠʪʪʨʠʡ-ʩʢʘʥʜʠʡ-ʛʘʣʣʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (ʀʉɻɻ). ʂʨʠʩʪʘʣʣʳ ʀʉɻɻ ʙʳʣʠ  ʚʳʨʘʱʝʥʳ ʧʦ 

ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ, ʩʦʜʝʨʞʘʱʝʡ 3,5-5 ʦʙʲʤ % ʢʠʩʣʦʨʦʜʘ.   

 ʉʧʝʢʪʨʳ ʛʘʤʤʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ 80 ʂ ʩʦʩʪʦʠʪ ʠʟ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 300 ʥʤ. ʉ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ. ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘ 

ʛʘʤʤʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ɻʃ) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʀʉɻɻ ʘʥʘʣʦʛʠʯʥʦ ʩ ʪʝʤʠ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʀɸɻ ʠ ʚʳʟʚʘʥʳ, ʦʯʝʚʠʜʥʦ, 

ʪʘʢʦʡ ʞʝ ʧʨʠʯʠʥʦʡ- ʥʝʵʣʝʤʝʥʪʘʨʥʦʩʪʴʶ ʧʦʣʦʩʳ ɻʃ, ʢʦʪʦʨʘʷ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʧʦʣʦʩ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. 

 ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ  ʩʪʘʮʠʦʥʘʨʥʦʡ ɻʃ ʧʨʠ  300 ʠ 370 ʥʤ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 100õ300 ʂ 

ʧʨʦʠʩʭʦʜʠʪ ʦʩʣʘʙʣʝʥʠʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ɻʃ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ  ʫʩʠʣʝʥʠʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ, ʢʦʪʦʨʘʷ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʫʰʠʪʩʷ ʧʨʠ ʊ Ó 350 ʂ. ʂʨʠʚʳʝ ʊɺ ʠʤʝʶʪʩʷ ʪʨʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʧʠʢʠ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 160, 280 

ʠ 360 ʂ. ɺ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚʝ ʪʝʨʤʦʚʳʩʚʝʯʠʚʘʥʠʷ (ʊɺ) ʧʠʢ 160 ʂ  ʩʦʜʝʨʞʠʪ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʣʶʤʠʥʝʩʮʝʥʮʠ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 300 ʥʤ . ɺ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 160 Ó ʊ Ó  280 ʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʪʫʭʘʥʠʶ ʧʝʨʚʦʛʦ ʧʠʢʘ ʠ 

ʨʘʟʛʦʨʘʥʠʶ  ʩʣʝʜʫʶʱʝʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʝʱʝ ʦʜʥʘ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʩʚʝʯʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 360 ʥʤ. 

ɺ ʩʧʝʢʪʨʘʭ ʥʘʚʝʜʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʀʉɻɻ ʛʘʤʤʘ ʦʙʣʫʯʝʥʥʳʭ ʧʨʠ 77ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ 

ʙʝʩʩʪʨʫʢʪʫʨʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 640 ʥʤ. ʇʦʩʣʝ ʦʪʞʠʛʘ ʧʝʨʚʦʛʦ ʧʠʢʘ ʚ ʩʧʝʢʪʨʘʭ ʠʩʯʝʟʘʶʪ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 640 ʥʤ ʠ  ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʚʝʜʝʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʢʨʠʩʪʘʣʣʘʭ ʀʉɻɻ  ʢʘʢ ʛʘʤʤʘ ʦʙʣʫʯʝʥʠʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  300 ʂ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʦʨʦʪʢʦʚʦʣʥʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʦʩʳ 

ɻʃ ʩ ʤʘʢʩʠʤʫʤʦʤ 300 ʥʤ ʩʚʷʟʘʥʘ ʩ ʘʥʥʠʛʠʣʷʮʠʝʡ ʵʣʝʢʪʨʦʥʘ ʩ ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʳʨʢʦʡ, ʦʙʨʘʟʫʷ 

ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʵʢʩʠʪʦʥʦ- ʧʦʜʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʴʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʣʦʢʘʣʠʟʘʮʠʠ, ʜʳʨʢʘ ʜʝʣʦʢʘʣʠʟʫʝʪʩʷ ʠ ʨʝʢʦʤʙʠʥʠʨʫʝʪ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʮʝʥʪʨʦʤ.  

 ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʝ ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʵʢʩʠʪʦʥʦ-ʧʦʜʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʚʷʟʘʥʦ ʩ 

ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʵʣʝʢʪʨʦʥʘ, ʜʝʣʦʢʘʣʠʟʫʶʱʝʛʦʩʷ ʠʟ ʤʝʣʢʦʡ ʣʦʚʫʰʢʠ ʩ ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʳʨʢʦʡ. ɺʧʝʨʚʳʝ 

ʦʙʥʘʨʫʞʝʥʦ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʘʷ  ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʵʢʩʠʪʦʥʥʦʚ ʩ ʤʘʢʩʠʤʫʤʦʤ 300 ʥʤ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʀʉɻɻ ʧʨʠ ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 
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ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓɽ ʉʀʉʊɽʄʓ ʈɸɼʀɸʎʀʆʅʅʆɻʆ ʀ ʈɸɼʀɸʎʀʆʅʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ 

ʂʆʅʊʈʆʃʗ ʈɸɼʀɸʎʀʆʅʅʆ-ʆʇɸʉʅʓʍ ʆɹʒɽʂʊʆɺ 

 

 

ʅʫʨʣʳʙʘʝʚ ʂ. 

 

ʅʇʇ çɼʦʟʘè, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 

 

ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʈʌ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ: 

1. ʢʦʥʪʨʦʣʴ ʚ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ (ʈʆʆ) ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʦʙʲʝʢʪʦʚʳʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʦʙʲʝʢʪʦʚʳʝ ɸʉʈʂ); 

2. ʢʦʥʪʨʦʣʴ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʝ ʠ ʟʦʥʝ ʥʘʙʣʶʜʝʥʠʷ ʈʆʆ  ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ 

ʦʙʲʝʢʪʦʚʳʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ (ʦʙʲʝʢʪʦʚʳʝ ɸʉʂʈʆ); 

3. ʢʦʥʪʨʦʣʴ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʈʆʆ ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʪʝʨʨʠʪʦʨʠʘʣʥɹʳʤʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ (ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ɸʉʂʈʆ); 

4. ʢʦʥʪʨʦʣʴ ʧʝʨʝʤʝʱʝʥʠʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʗʄ ʠ ʈɺ) ʯʝʨʝʟ ʛʨʘʥʠʮʳ. 

ʅʘʯʠʥʘʝʪ ʩʪʨʦʠʪʴʩʷ ʪʘʢʞʝ ʠ ʧʦʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʗʄ ʠ ʈɺ ʧʦ ʪʝʨʨʠʪʦʨʠʠ 

ʈʌ. 

ʆʙʲʝʢʪʦʚʳʝ ɸʉʈʂ ʩʦʟʜʘʥʥʳʝ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʚʳʭ ʈʆʆ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʠ ʚʝʜʫʪ ʥʝ ʪʦʣʴʢʦ 

ʨʘʜʠʘʮʠʦʥʥʳʡ, ʥʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ. ʅʘʧʨʠʤʝʨ, ʚ 2004ʛ. ʅʇʇ çɼʦʟʘè ʩʦʚʤʝʩʪʥʦ ʩ ɺʅʀʀɸʕʉ ʥʘ ɺʜɸʕʉ 

ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʝʨʚʘʷ ʨʦʩʩʠʡʩʢʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʯʝʢ ʠʟ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʚʦ ʚʪʦʨʦʡ 

ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠʦʥʫʢʣʠʜʘ N
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 ʚ ʚʦʜʝ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ.  

 ʉʦʙʣʶʜʝʥʠʝ ʞʝʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʢʦʥʪʨʦʣʶ ʚʳʙʨʦʩʦʚ ʠ ʩʙʨʦʩʦʚ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʘʵʨʦʟʦʣʝʡ, ʠʥʝʨʪʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʠ ʡʦʜʘ ʈʆʆ ʚ 

ʘʪʤʦʩʬʝʨʫ. ʉʦʟʜʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʫʯʝʪʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ɸʉʂʈɸʆ). 

 ʇʝʨʚʳʝ ʦʙʲʝʢʪʦʚʳʝ ɸʉʂʈʆ ɸʕʉ ʩʦʟʜʘʥʳ 1999-2001 ʛʛ. ʚʦʢʨʫʛ 10-ʪʠ ʨʦʩʩʠʡʩʢʠʭ ɸʕʉ ʩ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʧʦ 

ʋʂɺ-ʨʘʜʠʦʢʘʥʘʣʫ. ɼʘʥʥʳʝ ʦʪ ɸʉʂʈʆ ɸʕʉ ʚʳʚʦʜʷʪʩʷ ʚ ʉʠʪʫʘʮʠʦʥʥʦ-ʢʨʠʟʠʩʥʳʝ ʮʝʥʪʨʳ (ʉʂʎ) ʢʦʥʮʝʨʥʘ 

çʈʦʩʵʥʝʨʛʦʘʪʦʤè ʠ ɻʂ çʈʦʩʘʪʦʤè. 

 ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʦʨʘʯʠʚʘʥʠʝʤ ʧʣʘʥʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ ɸʕʉ ʜʣʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʦ ʨʝʘʣʴʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʈʆʆ ʩʦʟʜʘʥʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ 

ɸʉʂʈʆ. ʇʦʚʩʝʤʝʩʪʥʦʝ ʨʘʟʚʠʪʠʝ ʩʝʪʝʡ ʩʦʪʦʚʳʭ ʩʚʷʟʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ɸʉʂʈʆ ʧʦ ʩʝʪʠ GSM/GPRS ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ɸʉʂʈʆ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʩ ʦʙʲʝʢʪʦʚʳʭ ʠ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ɸʉʂʈʆ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʚʦʜʠʪʩʷ ʥʘ ʩʘʡʪ www.russianatom.ru ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ 

ʀɹʈɸʕ ʈɸʅ. ɼʘʥʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ ʦʙʝʩʧʝʯʠʣʦ ʩʥʠʞʝʥʠʝ ʨʘʜʠʦʬʦʙʠʠ ʚ ʦʙɦ ʝʩʪʚʝ ʠ ʧʨʠʚʝʣʦ ʢ ʩʧʘʜʫ ʧʨʦʪʝʩʪʦʚ ʧʨʦʪʠʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʕɹ ɸʕʉ. 

ʇʦʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʗʄ ʠ ʈɺ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʩʦʟʜʘʚʘʣʘʩʴ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ 

ʈʌ ʠ ʦʙ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʠʪʴ ʪʨʫʜʥʦ. 

ʉʦʟʜʘʚʘʝʤʘʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤ çɸʥʪʠʪʝʨʨʦʨè ʠ çɹʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʝè ʧʦʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʗʄ ʠ ʈɺ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʦʪʣʠʯʘʝʪʩʷ ʙʝʩʩʠʩʪʝʤʥʦʩʪʴʶ, ʝʝ ʬʨʘʛʤʝʥʪʳ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʙʳʩʪʨʦ ʠ ʩʫʤʙʫʨʥʦ, ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳ ʠ ʥʝʵʬʬʝʢʪʠʚʥʳ. 

ʅʝʨʝʰʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʈʌ ʦʩʪʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʩʪʘʥʜʘʨʪʦʚ ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʥʳʭ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʆʨʛʘʥʠʟʘʮʠʠ ʧʦ ʉʪʘʥʜʘʨʪʠʟʘʮʠʠ (ISO, ʀʉʆ), 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʂʦʤʠʩʩʠʠ (IEC, ʄʕʂ) ʧʨʝʜʲʷʚʣʷʶʱʠʢ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ 

ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʊʉ ʗʈɹ).  

ʉʪʘʥʜʘʨʪʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʇʦʜʢʦʤʠʪʝʪʘʤʠ  ʇʂ45ɺ çʇʨʠʙʦʨʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ʠ ʇʂ45ɸ 

çɸʧʧʘʨʘʪʫʨʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʷʜʝʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠè ʊʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʊʂ 45 ʄʕʂ çʗʜʝʨʥʦʝ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝè ʧʨʝʜʲʷʚʣʷʶʪ ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʢ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ, ʥʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʊʉ ʗʈɹ; ʦʪʨʘʞʘʶʪ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʉ ʗʈɹ; ʩʣʫʞʘʪ ʟʘʱʠʪʦʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʪ 

ʥʝʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɺʘʞʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʩʪʘʥʜʘʨʪʘʭ ʄʕʂ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʥʝ ʪʦʣʴʢʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʊʉ 

ʗʈɹ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʠ ʠʩʧʳʪʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʛʘʨʘʥʪʠʨʫʶʪ 

ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʊʉ ʗʈɹ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʫʪʝʥʪʠʯʥʳʡ ʧʝʨʝʚʦʜ ʩʪʘʥʜʘʨʪʦʚ ʄʕʂ ʠ ʠʭ ʚʥʝʜʨʝʥʠʝ ʥʝʚʦʟʤʦʞʥʳ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʳ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʠʷ ʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʙʘʟʳ, ʨʘʟʣʠʯʠʷ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʙʘʟʝ 

ʩʪʘʥʜʘʨʪʦʚ ʄʕʂ ʠ ʀʉʆ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʩʨʦʯʥʦʡ ʚ ʩʚʷʟʠ ʩ ʥʘʙʣʜʁʘʝʤʳʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʚʳʤʳʚʘʥʠʝʤ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʠ ʚʩʝ ʙʦʣʴʰʠʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʫʧʨʘʚʣʝʥʮʝʚ ʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. 
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ɹɽʅʏ-ʄɸʈʂ ʄʆɼɽʃʔ ʈɽɸʂʊʆʈɸ ʀɻʈ 

 

 

ʂʦʪʦʚ ɺ.ʄ., ʀʨʢʠʤʙʝʢʦʚ ʈ.ɸ., ʂʫʨʧʝʰʝʚʘ ɸ.ʄ. 

 

ʀʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʅʗʎ ʈʂ, ʂʫʨʯʘʪʦʚ, ʂʘʟʘʭʩʪʘʥ 

 

 

ɹʝʥʯ-ʄʘʨʢ ʤʦʜʝʣʴ ʨʝʘʢʪʦʨʘ ʀɻʈ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦ ʧʨʦʛʨʘʤʤʝ MCNP ʩʦʟʜʘʥʘ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʦʛʦʚʦʨʦʤ ˉOJ-30461 ʤʝʞʜʫ ɼɻʇ ʀɸʕ ʈɻʇ ʅʗʎ ʈʂ ʠ ɸʨʛʦʥʥʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ 

(ʉʐɸ) ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʦʙʦʛʘʱʝʥʠʷ ʪʦʧʣʠʚʘ ʚ ʨʝʘʢʪʦʨʘʭ ʀɻʈ ʠ ʀɺɻ.1ʄ. 

ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʧʨʦʚʦʜʷʪʩʷ ʨʘʩʯʝʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʨʠʪʠʯʥʦʩʪʠ ʨʝʘʢʪʦʨʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʣʷ ʧʦ ʦʙʲʝʤʫ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʟʦʛʨʝʚʘ ʢʣʘʜʢʠ ʨʝʘʢʪʦʨʘ. 

ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʩʣʝʜʫʶʱʝʝ. ɸʢʪʠʚʥʘʷ ʟʦʥʘ ʨʝʘʢʪʦʨʘ ʥʘʙʨʘʥʘ ʠʟ ʛʨʘʬʠʪʦʚʳʭ ʢʦʣʦʥʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʢʚʘʜʨʘʪʥʦʡ ʨʝʰʝʪʢʝ ʩ ʰʘʛʦʤ 10 ʩʤ. ʂʦʣʦʥʥʘ ʩʦʩʪʦʠʪ ʠʟ ʛʨʘʬʠʪʦʚʳʭ ʙʣʦʢʦʚ. ʎʝʥʪʨʘʣʴʥʳʝ ʛʨʘʬʠʪʦʚʳʝ ʙʣʦʢʠ ʢʦʣʦʥʥ 

ʧʨʦʧʠʪʘʥʳ ʦʙʦʛʘʱʝʥʥʳʤ ʫʨʘʥʦʤ. ɺ ʢʣʘʜʢʝ ʠʤʝʶʪʩʷ ʟʘʟʦʨʳ ʤʝʞʜʫ ʢʦʣʦʥʘʤʠ, ʩʢʚʦʟʥʳʝ ʢʘʥʘʣʳ ʜʣʷ ʩʪʝʨʞʥʝʡ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʝʢʦʪʦʨʳʝ ʢʦʣʦʥʳ ʠʤʝʶʪ ʫʟʢʠʝ ʢʘʥʘʣʳ ʜʣʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʦʚ. ɺ ʮʝʥʪʨʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʠʤʝʝʪʩʷ 

ʮʝʥʪʨʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʢʘʥʘʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʢʨʝʩʪʦʦʙʨʘʟʥʦʡ ʛʨʘʬʠʪʦʚʦʡ ʢʦʣʦʥʥʝ. ɺ ʫʛʣʫ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ʨʘʩʧʦʣʦʞʝʥ ʙʦʢʦʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʢʘʥʘʣ. 

ʆʪʨʘʞʘʪʝʣʴ ʨʝʘʢʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʛʨʘʬʠʪʦʚʳʭ ʢʦʣʦʥ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ. ʂʦʣʦʥʥʳ ʦʪʨʘʞʘʪʝʣʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʥʝʙʦʣʴʰʠʤ ʟʘʟʦʨʦʤ ʤʝʞʜʫ ʥʠʤʠ. ɿʘ ʛʨʘʬʠʪʦʚʳʤʠ ʢʦʣʦʥʘʤʠ ʨʘʩʧʦʣʦʞʝʥ ʙʘʢ ʩ 

ʚʦʜʦʡ. 

ʉʪʝʨʞʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʠʧʘ AR, RR, PS, KS ʥʘʙʨʘʥʳ ʠʟ ʜʚʫʭ ʪʠʧʦʚ ʛʨʘʬʠʪʦʚʳʭ ʢʦʣʝʮ, ʧʨʦʧʠʪʘʥʥʳʭ ʦʢʩʠʜʦʤ 

ʛʘʜʦʣʠʥʠʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʘʟʤʝʨʘʤʠ ʠ ʩʦʩʪʘʚʦʤ. ʉʪʝʨʞʥʠ ʪʠʧʘ US ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʩʪʝʨʞʥʝʤ ʩʦ ʩʣʦʝʤ 

ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʛʨʘʬʠʪʘ ʠ ʦʢʩʠʜʘ ʛʘʜʦʣʠʥʠʷ. 

ʄʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʀɻʈ [1]. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʙʳʣʠ ʩʦʙʣʶʜʝʥʳ 

ʚʩʝ ʨʘʟʤʝʨʳ ʢʦʣʦʥʥ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʠ ʟʘʜʘʥ ʨʝʘʣʴʥʳʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʦʚ ʩʪʝʨʞʥʝʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʇʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʢʪʠʚʥʘʷ ʟʦʥʘ ʙʳʣʘ ʨʘʟʙʠʪʘ ʥʘ ʯʝʪʚʝʨʪʠ. ʂʦʣʦʥʳ ʢʘʞʜʦʡ ʯʝʪʚʝʨʪʠ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʦʪʜʝʣʴʥʦ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʨʘʟʦʛʨʝʚ ʛʨʘʬʠʪʦʚʦʡ ʢʣʘʜʢʠ ʨʝʘʢʪʦʨʘ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʩʪʝʨʞʥʝʡ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʙʦʢʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʘʥʘʣʘ. 

ɺʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʧʷʪʠ ʢʨʠʪʠʯʝʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʦʣʦʞʝʥʠʷ ʩʪʝʨʞʥʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʩ ʫʩʪʨʦʡʩʪʚʦʤ N-606 (ʯʝʭʦʣ). ʇʨʠ ʨʘʩʯʝʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ: 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʣʘʜʢʠ 50 ÁC     1,0074; 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʣʘʜʢʠ 27 ÁC     1,0067; 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʣʘʜʢʠ 476 ÁC     1,0043; 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʣʘʜʢʠ 794 ÁC     1,0073; 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʣʘʜʢʠ 13 ÁC ʩ ʫʩʪʨʦʡʩʪʚʦʤ N-606  1,0011. 

ʆʰʠʙʢʘ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʩʦʩʪʘʚʠʣʘ 0,16 %. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʨʝʘʢʪʦʨʘ ʀɻʈ ʨʘʙʦʪʦʩʧʦʩʦʙʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʨʝʘʢʪʦʨ 

ʪʦʧʣʠʚʦʤ, ʘ ʪʘʢʞʝ ʪʦʧʣʠʚʦʤ ʤʝʥʴʰʝʛʦ ʦʙʦʛʘʱʝʥʠʷ. 

 

1. ʂʫʨʯʘʪʦʚ ʀ.ɺ., ʌʝʡʥʙʝʨʛ ʉ.ʄ, ɼʦʣʣʝʞʘʣʴ ʅ.ɸ. ʠ ʜʨ. ʀʤʧʫʣʴʩʥʳʡ ʛʨʘʬʠʪʦʚʳʡ ʨʝʘʢʪʦʨ ʀɻʈ. ï ɸʪʦʤʥʘʷ 

ʵʥʝʨʛʠʷ, 1964, ʪ. 17, ʚʳʧ. 6, ʩ. 463-474. 
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ʄʆʅʆʂʈʀʉʊɸʃʃɸʍ  TlInSe2 
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ʀʥʩʪʠʪʫʪ ʈʘʜʠʘʮʠʦʥʥʳʭ ʧʨʦʙʣʝʤ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ, ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

 

 

ʀʥʪʝʨʝʩʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ɸ
3
ɺ

3
ʉ

6
2  ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ  ʷʚʣʷʝʪʩʷ TlInSe2, ʢʦʪʦʨʳʡ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʝ ʪʠʧʘ TlSe (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ I4/mcm) . ɸʪʦʤʳ ʊl ʚ 

ʦʜʥʦʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʝʥʳ ʚʦʩʝʤʴʶ ʘʪʦʤʘʤʠ ʩʝʣʝʥʘ, ʘ ʘʪʦʤʳ ʠʥʜʠʷ ʚ ʪʨʝʭʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʝʥʳ 

ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʩʝʣʝʥʘ. ʊʘʣʣʠʝʚʳʝ ʚʦʩʴʤʠʚʝʨʰʠʥʥʠʢʠ ʠ ʠʥʜʠʝʚʳʝ ʪʝʪʨʘʵʜʨʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ñʉò ʦʙʨʘʟʫʶʪ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʦʩʴʤʠʚʝʨʰʠʥʥʠʢʠ ʠ ʪʝʪʨʘʵʜʨʳ, ʩʚʷʟʘʥʥʳʝ ʦʙʱʠʤʠ ʢʚʘʜʨʘʪʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ 

ʨʝʙʨʘʤʠ.  ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ, 
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ʢʦʪʦʨʳʝ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ . ɺʣʠʷʥʠʝ ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʜʝʬʝʢʪʦʚ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ  ʚʨʝʤʝʥʠ ʥʝ 

ʠʩʩʣʝʜʦʚʘʥʦ.ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ  ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ TlInSe2 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ɔ-ʦʙʣʫʯʝʥʠʷ ʥʘ ʤʝʭʘʥʠʟʤ 

ʪʦʢʦʧʨʦʭʦʞʜʝʥʠʷ ʚ ʩʧʝʮʠʘʣʴʥʦ ʥʝʣʝʛʠʨʦʚʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ TlInSe2 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ TlInSe2 ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ~ 10
8
 W ʩʤ, ʦʙʣʫʯʝʥʥʳʭ g-ʢʚʘʥʪʘʤʠ . ʅʘʡʜʝʥʦ,ʯʪʦ ʜʣʷ ʚʩʝʭ 

ʦʙʨʘʟʮʦʚ  ʚ ʠʥʪʝʨʚʘʣʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ 1,2Ā10
2
õ2Ā10

5
 V/ʩʤ ʧʨʠ ʊ=290 ʂ ʥʘ ɺɸʍ ʠʤʝʶʪʩʷ ʣʠʥʝʡʥʳʝ ʠ 

ʩʚʝʨʭʣʠʥʝʡʥʳʝ ʫʯʘʩʪʢʠ (I~Un
, ʛʜʝ n=1õ4,0 ). 1- ʫʯʘʩʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ ʆʤʘ , 11- ʢʚʘʜʨʘʪʠʯʥʳʡ (I~U2

) ʠ 111-

ʦʙʣʘʩʪʴ ʨʝʟʢʦʛʦ ʨʦʩʪʘ ʪʦʢʘ (I~U3-4
). ɸʥʘʣʠʟ ʢʨʠʚʳʭ ʧʨʦʚʦʜʠʣʩʷ ʚ ʨʘʤʢʘʭ  ʪʝʦʨʠʠ ʠʥʞʝʢʮʠʦʥʥʳʭ ʪʦʢʦʚ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ 

ʠ ʙʝʟʘʢʪʠʚʘʮʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ.ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʦʙʣʘʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ (E<10
2
 V/ʩʤ) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʪʦʢ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʷ ʜʦʟ 2 Ā10
5
 ʨʘʜ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʜʣʠʥʝʥʠʶ 

ʦʤʠʯʝʩʢʦʛʦ ʫʯʘʩʪʢʘ ɺɸʍ ʠ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʚ ʢʦʥʮʝ ʝʛʦ, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʢʚʘʜʨʘʪʠʯʥʳʡ ʫʯʘʩʪʦʢ ɺɸʍ. ʇʦʩʣʝ ʜʦʟʳ 

ʌ=2 10
5
 rad ʚʝʣʠʯʠʥʘ ʪʦʢʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʜʘʣʴʥʝʡʰʠʤ ʨʦʩʪʦʤ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʌ , ʛʜʝ ʧʦʢʘʟʘʪʝʣʴ 

ʩʪʝʧʝʥʠ n > 3. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ɺɸʍ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʝʪ ʙʳʪʴ  ʦʙʫʩʣʦʚʣʝʥ ʪʝʨʤʦʧʦʣʝʚʦʡ ʠʦʥʠʟʘʮʠʝʡ ʣʦʚʫʰʝʢ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʦʙʣʘʩʪʠ ɺɸʍ (j ~L-3
, ʛʜʝ L- ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ, q º 2Ŀ10-6

- ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʙʠʨʘʥʠʷ ʥʦʩʠʪʝʣʝʡ) 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ TlInSe2 ʦʙʣʫʯʝʥʥʳʭ ʜʦ 2 Ā10
5
 rad ʧʝʨʝʥʦʩ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ 

(ɽ< 10
2
 V/ʩʤ) ʦʙʫʩʣʦʚʣʝʥ ʤʦʥʦʧʦʣʷʨʥʦʡ ʠʥʞʝʢʮʠʝʡ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʠʝʡ ʃʘʤʧʝʨʪʘ. ʇʨʠ ɽ>10

2
 V/ʩʤ  ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʪʢʣʦʥʝʥʠʷ  ʧʘʨʘʤʝʪʨʦʚ ɺɸʍ ʦʪ ʪʝʦʨʠʠ ʃʘʤʧʝʨʪʘ.  ɺ ʦʙʨʘʟʮʘʭ ʦʙʣʫʯʝʥʥʳʭ ʌ>2 Ā10
5
 rad  ɺɸʍ ʧʨʠ ɽ< 10

2
 V/ʩʤ  

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʤʝʶʱʠʤʠ ʤʝʩʪʦ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʦʙʣʫʯʝʥʠʷʭ ʌ< 2 10
5
 ʨʘʜ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ 

ʢʨʠʩʪʘʣʣʦʚ ʜʦ10
5
 rad  ʨʘʜʠʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ ʧʨʠʚʦʜʠʪ ʢ ʩʘʤʦʢʦʤʧʝʥʩʘʮʠʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʪʨʝʤʠʪʩʷ ʢ ʩʦʙʩʪʚʝʥʥʦʡ. 

ʇʨʠ ʌ>2 Ā10
5
 rad  ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʝ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ,  ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʚ ʢʚʘʜʨʘʪʠʯʥʦʡ ʦʙʣʘʩʪʠ ɺɸʍ (j ~L-3
, q º 2Ŀ 10-6

) 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʙʣʫʯʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ TlInSe , ʧʝʨʝʥʦʩ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ (ɽ< 10
2
 

V/ʩʤ) ʦʙʫʩʣʦʚʣʝʥ ʤʦʥʦʧʦʣʷʨʥʦʡ ʠʥʞʝʢʮʠʝʡ. ʈʝʟʢʠʡ ʨʦʩʪ ʪʦʢʘ ʚ ʩʠʣʴʥʳʭ ʧʦʣʷʭ ( ɽ>10
2
 V/ʩʤ)  ʩʚʷʟʘʥ ʪʝʨʤʦʧʦʣʝʚʦʡ 

ʠʦʥʠʟʘʮʠʝʡ ʣʦʢʘʣʴʥʳʭ ʣʦʚʫʰʝʢ. ʕʪʦ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ ʪʝʦʨʠʝʡ ʌʨʝʥʢʝʣʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʨʠ ʠʦʥʠʟʘʮʠʠ ʮʝʥʪʨʦʚ 

ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʧʦʣʷ ʥʘ ʚʝʣʠʯʠʥʫ 2ʝ(ʝɽ/e)1/2
. ʃʠʥʝʡʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ b~1/ʊ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ lgs~ f(ÕF) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʝʦʨʠʠ ʌʨʝʥʢʝʣʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʘʥʦʤʘʣʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʩʣʘʙʳʭ ʧʦʣʷʭ ʠ ʤʘʣʳʭ ʜʦʟʘʭ ʦʙʣʫʯʝʥʠʷ 

ʩʚʷʟʘʥʳ ʩ ʨʘʩʧʘʜʦʤ  ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ  ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʤʝʞʜʦʫʟʝʣʴʥʳʡ ʘʪʦʤ ʢʘʪʠʦʥʘ. ɺ ʩʠʣʴʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʧʨʦʠʩʭʦʜʠʪ ʪʝʨʤʦʧʦʣʝʚʘʷ ʠʦʥʠʟʘʮʠʠ ʣʦʚʫʰʝʢ. ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [V In
-
In

+
i] , [ V

-
Se Se

-
i] ʠ ʜʨ.   ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʝʬʝʢʪʘʤʠ,  

ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʝʦʙʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ g -ʦʙʣʫʯʝʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ  TlInS2 ʧʨʦʠʩʭʦʜʠʪ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʢʪʠʚʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʤʠʛʨʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʘʤʤʘ ʦʙʣʫʯʝʥʠʷ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʠʟʤʝʥʝʥʠʶ ʟʘʨʷʜʥʳʭ 

ʩʦʩʪʦʷʥʠʡ  ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʫʨʦʚʥʝʡ  ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʪʝʨʤʦʧʦʣʝʚʦʡ   ʠʦʥʠʟʘʮʠʠ.  

 

 

 

 

ɺʃʀʗʅʀɽ ʅɽʁʊʈʆʅʅʆɻʆ ʆɹʃʋʏɽʅʀʗ ʅɸ ʄɽʍɸʅʀʏɽʉʂʀɽ ʀ ʂʆʈʈʆɿʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ 

ɸʋʉʊɽʅʀʊʅʆʁ ʅɽʈɾɸɺɽʖʑɽʁ ʉʊɸʃʀ, ʇʆɼɺɽʈɻʅʋʊʆʁ ʈɸɺʅʆʂɸʅɸʃʔʅʆʄʋ ʋɻʃʆɺʆʄʋ 

ʇʈɽʉʉʆɺɸʅʀʖ 

 

 
1,a

 ɸʙʨʘʤʦʚʘ ʄ.ʄ., 
1,b
ɸʣʝʢʩʘʥʜʨʦʚ ʀ. ɺ. , 

2,c
ʐʘʤʘʨʜʠʥ ɺ. ʂ.

  
, 

2,d
ɹʫʣʘʥʦʚʘ T.M.

 
,
    

 1 e 
ʂʘʨʘʚʘʝʚʘ ʄ.ɺ., 

2,d
 Kaʨʩʘʢʦʚ A. A.   

 
1
ʋʬʠʤʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ , ʋʬʘ, ʈʦʩʩʠʷ 

2
 ʆɸʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʪʦʤʥʳʭ ʨʝʘʢʪʦʨʦʚè, ɼʠʤʠʪʨʦʚʛʨʘʜ, 

ʋʣɹʷʥʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ    
a
abramovamm@yandex.ru, 

b
iva@mail.rb.ru, 

c
shamardin-vk@yandex.ru, 

 d
tmbul51@mail.ru, 

e
karma11@mail.ru 

 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ 18Cr-9Ni (AISI 

321) ʚ cʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ ʠ ʈʂʋʇ- ʩʦʩʪʦʷʥʠʠ (ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʝ ʋʄɿ-ʩʦʩʪʦʷʥʠʝ)  ʜʦ ʠ ʧʦʩʣʝ ʥʝʡʪʨʦʥʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʚ ʨʝʘʢʪʦʨʝ ɹʆʈ-60 ʜʦ ʧʦʚʨʝʞʜʘʶʱʝʡ ʜʦʟʳ 5,3 ʩʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  350Áʉ. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚ ʥʝʦʙʣʫʯʝʥʥʦʤ ʈʂʋʇ ʩʦʩʪʦʷʥʠʠ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʚʝʩʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ Ŭ-ʬʘʟʳ ʠ ʩʥʠʞʝʥʠʝ ʦʙʣʘʩʪʝʡ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʈʂʋʇ-ʩʦʩʪʦʷʥʠʠ ʩʪʘʣʠ. ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʜʪʚʝʨʜʠʣʘ 

ʬʨʘʛʤʝʥʪʘʮʠʶ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʈʂʋʇ .ʅʘʙʣʶʜʘʣʠʩʴ ʢʘʢ ʨʘʚʥʦʦʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʨʘʟʤʝʨʦʤ 300-400 ʥʤ, 

ʪʘʢ ʠ ʚʳʪʷʥʫʪʳʝ ʟʝʨʥʘ ʩ ʨʘʟʤʝʨʦʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʢʤ ʂʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʩʪʘʣʠ ʚ 

ʈʂʋʇ- ʩʦʩʪʦʷʥʠʠ ʢ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʡ ʢʦʨʨʦʟʠʠ. 

 ʀʩʩʣʝʜʦʚʘʥʳ  ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 20Áʉ ʜʦ 650Áʉ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʫʯʸʥʥʦʡ ʩʪʘʣʠ ʚ ʈʂʋʇ-ʩʦʩʪʦʷʥʠʠ   ʥʝ ʫʩʪʫʧʘʶʪ   ʩʚʦʡʩʪʚʘʤ   ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʦʩʪʘʚʢʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. 

ʆʙʥʘʨʫʞʝʥʘ  ʚʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʠ  ʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʈʂʋ-ʧʨʝʩʩʦʚʘʥʠʝʤ , ʧʦʩʣʝ 

ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. 

ʈʘʙʦʪʳ ʧʦ ʦʙʣʫʯʝʥʠʶ ʠ ʧʦʩʣʝʨʝʘʢʪʦʨʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠʟʤʝʥʝʥʠʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʚʦʡʩʪʚ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ,  ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ (ʋʄɿ)-ʩʪʨʫʢʪʫʨ  ʠ  

ʨʘʟʨʘʙʦʪʢʫ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʨʝʘʢʪʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ,  ʧʨʦʜʦʣʞʘʶʪʩʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ, ʠʥʪʝʥʩʠʚʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʨʨʦʟʠʷ, 

ʥʝʡʪʨʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ 

 

 

 

 

ɺʃʀʗʅʀɽ ʆɹʃʋʏɽʅʀʗ ʅɽʁʊʈʆʅɸʄʀ ʀ ʇʈʆʊʆʅɸʄʀ ʅɸ ʉɺʆʁʉʊɺɸ ʉʇʀʅʆɺʓʍ ʅɸʅʆʉʊʈʋʂʊʋʈ 

ɺ ʆɹʈɸɿʎɸʍ ɺɸʅɸɼʀʗ ʀ ɸʃʖʄʀʅʀʗ ʉ ʈɸɿʃʀʏʅʓʄʀ ɼʆɹɸɺʂɸʄʀ 

 

 
ɹʠʪʝʥʙʘʝʚ ʄ.ʀ., ʇʦʣʷʢʦʚ ɸ.ʀ.   

 

ʊʆʆ çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

ɺ ʨʘʙʦʪʝ [1] ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʠʥʦʚʳʝ ʩʠʩʪʝʤʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʘʙʦʨ ʥʘʥʦʩʪʨʫʢʪʫʨ (ʩʧʠʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ), ʢʦʪʦʨʳʝ ʦʪʢʣʠʢʘʶʪʩʷ ʥʘ ʚʥʝʰʥʝʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʢʘʢ 

ʢʚʘʥʪʦʚʳʝ ʦʩʮʠʣʣʷʪʦʨʳ. ʕʪʦʪ ʵʬʬʝʢʪ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʚʣʠʷʥʠʝʤ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʠ ʧʨʠʤʝʩʝʡ ʥʘ 

ʢʚʘʥʪʦʚʳʝ ʩʚʦʡʩʪʚʘ ʩʧʠʥʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʟʘ ʚʟʘʠʤʦʩʚʷʟʴʶ ʤʝʞʜʫ ʤʠʢʨʦ ʠ ʤʘʢʨʦʩʚʦʡʩʪʚʘʤʠ ʦʙʨʘʟʮʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʚ. 

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʪʘʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʧʠʥ-ʩʠʩʪʝʤ ï ʵʪʦ ʪʦʥʢʠʡ ʘʥʘʣʠʟ ʬʦʨʤʳ 

ʩʧʝʢʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ g(æ) ʠʣʠ ʬʫʥʢʮʠʠ ʨʝʣʘʢʩʘʮʠʠ g(t). ʊ.ʝ. ʤʝʪʦʜʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ, ʕʇʈ, 

ʗʂʈ) ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʧʠʥ-ʩʠʩʪʝʤ, ʧʦʩʢʦʣʴʢʫ ʠ 

ʬʦʨʤʘ ʩʧʝʢʪʨʦʚ, ʠ ʬʫʥʢʮʠʷ ʩʧʠʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʢʚʘʥʪʦʚʳʭ ʦʩʮʠʣʣʷʮʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʟʘ ʩʯʝʪ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʩʧʠʥʦʚ ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʢʚʘʥʪʦʚʦ-ʨʘʟʤʝʨʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʠ ʨʝʣʘʢʩʘʮʠʠ ʪʘʢʠʭ ʢʚʘʥʪʦʚʳʭ ʩʧʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨ 

ʨʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

                                                  0)()()()(
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                                                  (1) 

ʛʜʝ, R ʠ L ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʴʥʦʡ ʢʚʘʥʪʦʚʦ-ʨʘʟʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, 

ʠʩʪʦʯʥʠʢʘ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; wʣʦʢ = gʅʣʦʢ, ʣʦʢʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʟʜʘʚʘʝʤʦʝ ʩʧʠʥʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʢʣʘʩʪʝʨʘ. 

ʀʟ (1) ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʦʨʤʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ g (D) ʠ ʬʫʥʢʮʠʠ ʨʝʣʘʢʩʘʮʠʠ g (t) ʚ ʦʙʨʘʟʮʘʭ 

ʢʦʥʢʨʝʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: 
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ɿʜʝʩʴ, Jb - ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʬʦʨʤʫ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʚʘʥʪʦʚʳʭ ʦʩʮʠʣʣʷʮʠʡ; HL- ʣʦʢʘʣʴʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʬʦʨʤʠʨʫʶʱʝʝʩʷ ʩʧʠʥʘʤʠ ʢʦʥʢʨʝʪʥʳʭ ʢʚʘʥʪʦʚʦ-ʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ; 
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ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʧʠʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ ʠ ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ ʦʙʨʘʟʮʘ ʢ ʦʙʨʘʟʮʫ; d - ʜʠʩʧʝʨʩʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʦ ʩʧʠʥʦʚʳʤ ʢʣʘʩʪʝʨʘʤ ʦʙʨʘʟʮʘ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʷ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʬʦʨʤʝ ʩʧʝʢʪʨʦʚ ʗʄʈ (ʠʣʠ ʕʇʈ) ʦʙʨʘʟʮʦʚ ʢʦʥʢʨʝʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ (1 - 3) ʦʧʨʝʜʝʣʷʪʴ ʨʘʟʤʝʨʳ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʠʥʦʚʳʭ 

ʢʚʘʥʪʦʚʦ-ʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʜʠʥʘʤʠʢʦʡ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʠʣʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʦʩʪʘʚʣʝʥʘ ʠ ʚʳʧʦʣʥʝʥʘ ʨʘʙʦʪʘ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ 

ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ (ʧʨʦʪʦʥʘʤʠ) ʠ ʥʝʡʪʨʦʥʘʤʠ ʥʘ ʢʚʘʥʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʦʙʨʘʟʮʘʭ ʚʘʥʘʜʠʷ ʠ 

ʘʣʶʤʠʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ, ʘ ʪʘʢʞʝ ʚ ʦʙʨʘʟʮʘʭ ʘʣʶʤʠʥʠʷ ʩ ʜʦʙʘʚʢʘʤʠ ʘʪʦʤʦʚ ʤʝʜʠ, ʞʝʣʝʟʘ, ʮʠʥʢʘ ʠ ʢʨʝʤʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ, ʠ ʚʥʝʩʝʥʠʝ 

ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʚ ʦʙʨʘʟʮʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʦʜʠʥʘʢʦʚʳʤ ʵʬʬʝʢʪʘʤ: ʫʤʝʥʴʰʝʥʠʶ ʢʘʢ ʨʘʟʤʝʨʦʚ 

ʢʚʘʥʪʦʚʦ-ʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʘʢ ʠ ʫʨʦʚʥʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʩʧʠʥ-ʩʧʠʥʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ 

ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʦʪʢʣʠʢʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʧʠʥ-ʩʠʩʪʝʤ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʜʝʬʝʢʪʥʦʩʪʠ ʨʝʘʣʴʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

 

1. Polyakov A.I., Bitenbayev M.I. NMR Study of Transport of Nuclear Spin Polarization in Sodium Hypophosphite 

NaH2PO2*nH2O - Solid State Sciences. ï 2009. - V.11.- P. 945-947. 
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ɺʳʩʦʢʦʥʠʢʝʣʝʚʳʡ ʩʧʣʘʚ ʤʘʨʢʠ 0ɿʍ20ʅ45ʄ4ɹʏ (ʏʉ-42) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ  ʥʘ ʦʩʥʦʚʝ ʞʘʨʦʧʨʦʯʥʦʛʦ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʛʦ ʚʳʩʦʢʦʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʪʠʧʘ ʍ20ʅ45ɹ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʟʣʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʚʳʩʦʢʦʘʛʨʝʩʩʠʚʥʳʤʠ ʩʨʝʜʘʤʠ. ɺʳʙʦʨ ʩʧʣʘʚʘ ʪʠʧʘ ʍ20ʅ45ɹ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ 

ʨʝʘʢʪʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʣʝʛʠʨʦʚʘʥʠʠ ʤʦʣʠʙʜʝʥʦʤ ʜʨʫʛʠʤʠ ʥʝʢʦʪʦʨʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʧʦʚʳʰʘʝʪʩʷ ʝʛʦ ʜʣʠʪʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ. ɺ ʩʦʩʪʘʚ ʩʧʣʘʚʘ 0ɿʍ20ʅ45ʄ4ɹʏ ʚʭʦʜʷʪ: ʭʨʦʤ (20 

%), ʥʠʢʝʣʴ (45 %), ʦʢʦʣʦ 4 % ʤʦʣʠʙʜʝʥʘ, 1 % ʥʠʦʙʠʷ, ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʪʪʨʠʡ 

(0,005 %), ʦʩʪʘʣʴʥʦʝ ʞʝʣʝʟʦ ʄʦʣʠʙʜʝʥ ʚʚʦʜʷʪ ʚ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʜʣʷ ʦʩʣʘʙʣʝʥʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʛʨʘʥʠʮʘʤ 

ʟʝʨʝʥ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʟʫʯʝʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʧʝʨʝʥʝʩʝʥʠʶ ʜʝʬʦʨʤʘʮʠʠ ʚʥʫʪʨʴ. ʅʠʦʙʠʡ, ʢʘʢ ʚ ʦʙʳʯʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ 

ʩʪʘʣʷʭ, ʩʚʷʟʳʚʘʝʪ ʫʛʣʝʨʦʜ ʚ ʧʝʨʚʠʯʥʳʡ ʢʘʨʙʠʜ ʥʠʦʙʠʷ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʳʧʘʜʝʥʠʝ ʢʘʨʙʠʜʘ ʪʠʧʘ ʉʛ23ʉʙ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʘʫʩʪʝʥʠʪʥʳʭ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ ʪʠʧʘ 12ʍ18ʅ10ʊ, 08ʍ16ʅ11ʄ3 ʠ ʜʨ., ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʜʝʨʥʦʡ ʪʝʭʥʠʢʠ,  ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʚ ʩʧʣʘʚʝ ʏʉ-42 ʥʝ 

ʦʙʨʘʟʫʝʪʩʷ ʤʘʨʪʝʥʩʠʪʥʘʷ ʬʘʟʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʝʬʦʨʤʘʮʠʠ ʠ ʦʙʣʫʯʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʙʣʫʯʝʥʠʷ ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ.   

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚʳʩʦʢʦʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʚ ʬʦʨʤʝ ʜʚʦʡʥʳʭ 

ʣʦʧʘʪʦʢ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʟʨʳʚ, ʙʘʣʦʯʝʢ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʛʠʙ, ʧʣʘʩʪʠʥ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʤ ʩʪʘʥʢʝ ʦʙʨʘʟʮʳ ʚʳʨʝʟʘʣʠʩʴ ʠʟ ʤʘʩʩʠʚʥʳʭ ʧʣʘʩʪʠʥ ʩʧʣʘʚʘ ʏʉ-42 ʪʦʣʱʠʥʦʡ ~ 1 ʤʤ, ʜʘʣʝʝ ʧʨʦʚʦʜʠʣʩʷ 

ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 850 Áʉ ʜʣʷ ʩʥʷʪʠʷ ʥʘʢʣʝʧʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʰʣʠʬʦʚʢʝ ʠ ʧʦʣʠʨʦʚʢʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. 

ʆʙʣʫʯʝʥʠʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 40 ʢʵɺ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʢʘʥʘʣʝ ʫʩʢʦʨʠʪʝʣʷ ɼʎ-60 (ʬʠʣʠʘʣ ʀʗʌ ʚ ʛ.ɸʩʪʘʥʘ) ʜʦ ʬʣʶʝʥʩʘ 1³10
18

 ʠʦʥ ³ ʩʤ
-2
 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 

150 Áʉ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʘʢ ʥʝʦʙʣʫʯʝʥʥʳʭ, ʪʘʢ ʠ ʦʙʣʫʯʝʥʥʳʭ ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ 

ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ʧʨʠʤʝʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʢʠ: 

- ʦʧʪʠʯʝʩʢʘʷ ʤʝʪʘʣʣʦʛʨʘʬʠʷ; 

- ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ; 

- ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; 

- ʠʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ; 

- ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʠ; 

- ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʪʘʪʠʯʝʩʢʠʡ ʠʟʛʠʙ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʦʙʣʫʯʝʥʠʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ 0ɿʍ20ʅ45ʄ4ɹʏ ʫʩʪʘʥʦʚʣʝʥʦ: 

¶ ʆʙʣʫʯʝʥʠʝ ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ  ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʤʝʱʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ɻʎʂ ʨʝʰʝʪʢʠ ʘʫʩʪʝʥʠʪʘ ʚ ʦʙʣʫʯʝʥʥʦʤ ʦʙʨʘʟʮʝ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ 

ʫʛʣʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 
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¶ ʅʘ ʦʙʣʫʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʧʦʷʚʠʣʠʩʴ ʚʳʩʪʫʧʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʘʤʝʪʨʦʤ ~ 1 ʤʢʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
ʚʳʭʦʜʝ ʥʘʧʦʣʥʝʥʥʳʭ ʛʝʣʠʝʤ ʧʦʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʙʣʠʩʪʝʨʠʥʛʘ ʚ ʩʧʣʘʚʝ 0ɿʍ20ʅ45ʄ4ɹʏ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ ʜʦ ʚʳʩʦʢʠʭ ʬʣʶʝʥʩʦʚ, ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʩʪʘʣʠ 12ʍ19ʅ10ʊ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ~ 150 Áʉ, ʯʪʦ ʚʳʟʚʘʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʝʨʝʩʳʱʝʥʠʷ 

ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʤ ʛʝʣʠʝʤ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ. 

¶ ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ Hm  ʫʤʝʥʴʰʠʣʘʩʴ ʦʪ 252 ʛ³ʤʤ
-2
 ʜʦ 209 ʛ³ʤʤ

-2
. 

¶ ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ, ʦʙʣʫʯʝʥʠʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʘʣʴʬʘ-

ʯʘʩʪʠʮʘʤʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʧʣʘʚʘ. ʇʨʝʜʝʣʳ 

ʪʝʢʫʯʝʩʪʠ s0.2 ʠ ʧʨʦʯʥʦʩʪʠ sɺ ʦʙʣʫʯʝʥʥʦʛʦ s0.2 ʦʙʣ. = 525 ʄʈʘ, sɺ ʦʙʣ.=  768 ʄʈʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʦʙʣʫʯʝʥʥʳʤ s0.2 ʥʝʦʙʣ. = 510 ʄʈʘ, sɺ ʥʝʦʙʣ.=  733 ʄʈʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ d ʪʘʢʞʝ ʚʦʟʨʦʩʣʦ d ʦʙʣ. =  46%, d ʥʝʦʙʣ. =  

42%. 

¶ ʀʩʧʳʪʘʥʠʷ ʥʘ ʩʪʘʪʠʯʝʩʢʠʡ ʠʟʛʠʙ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʧʨʠ ʪʘʢʦʤ ʚʠʜʝ ʠʩʧʳʪʘʥʠʡ 
ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʠʩʴ.   

 

 

 

 

ɺʃʀʗʅʀɽ ʆɹʃʋʏɽʅʀʗ g-ʂɺɸʅʊɸʄʀ 
60
ʉʦ ʅɸ ʕʃɽʂʊʈʆʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʂʈɽʄʅʀʗ, 

ʃɽɻʀʈʆɺɸʅʅʆɻʆ ʈɽɼʂʆɿɽʄɽʃʔʅʓʄʀ ʕʃɽʄɽʅʊɸʄʀ     

 

 

ʅʘʟʳʨʦʚ ɼ.ʕ., ɹʦʙʦʭʫʞʘʝʚ ʂ.ʋ.    

                                                    

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ ʠʤʝʥʠ ʄ. ʋʣʫʛʙʝʢʘ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʨʝʤʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʘ ʠʥʪʝʨʝʩ ʢ ʣʝʛʠʨʦʚʘʥʠʶ ʢʨʝʤʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

(ʈɿʕ), ʧʨʠʚʦʜʷʱʝʤʫ ʢ  ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʝʤʥʠʷ ʢ ʨʘʜʠʘʮʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʠʥʝʪʠʢʫ ʦʪʞʠʛʘ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ ʠʩʭʦʜʥʳʭ, 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠʣʠ ʥʝʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʧʦʣʦʞʝʥʠʝ ʚ ʨʝʰʸʪʢʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ [1-4].  

ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʠʤʝʩʠ ʛʨʫʧʧʳ ʈɿʕ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʪ.ʢ. ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʧʝʨʚʠʯʥʳʤʠ 

ʨʘʜʠʘʮʠʦʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ (ʈɼ) ʦʥʠ ʩʦʟʜʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠ ʧʘʩʩʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ ñʧʨʠʤʝʩʴ+ʜʝʬʝʢʪò, ʪʝʤ ʩʘʤʳʤ, 

ʧʦʚʳʰʘʷ ʨʘʜʠʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʢʨʝʤʥʠʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʦʙʣʫʯʝʥʠʡ g-ʢʚʘʥʪʘʤʠ 
60
ʉʦ ʥʘ ʩʚʦʡʩʪʚʘ 

ʢʨʝʤʥʠʷ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʈɿʕ - ʩʘʤʘʨʠʝʤ, ʛʘʜʦʣʠʥʠʝʤ, ʵʨʙʠʝʤ, ʪʫʣʠʝʤ ʠ ʠʪʪʝʨʙʠʝʤ. ʃʝʛʠʨʦʚʘʥʠʝ ʢʨʝʤʥʠʷ ʈɿʕ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ ʧʦ ʤʝʪʦʜʫ ʏʦʭʨʘʣʴʩʢʦʛʦ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʈɿʕ ʚ ʢʨʝʤʥʠʠ, ʧʦ ʜʘʥʥʳʤ 

ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʃʀʗʌ ʈɸʅ) ʨʘʚʥʷʣʘʩʴ 10
15 
· 5Ö10

19 
ʩʤ

-3
.                ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ ʪʠʧʘ ʂʕʌ-15·20. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ ʝʤʢʦʩʪʠ ʠ ʪʦʢʘ, 

ʠʟʤʝʨʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʢʨʝʤʥʠʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ (tʥʥʟ) ʚ ʢʨʠʩʪʘʣʣʘʭ.  

ɺ ʦʙʨʘʟʮʘʭ ʦʙʣʫʯʝʥʥʳʭ g-ʢʚʘʥʪʘʤʠ 
60
ʉʦ ʚ ʠʥʪʝʨʚʘʣʝ ʜʦʟ 10

16
·5Ö10

18 
ʩʤ

-2 
ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʝʡ (ɻʋ) ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʦʙʱʝʠʟʚʝʩʪʥʳ: ɸ-, ɽ- ʮʝʥʪʨʳ ʠ ʪ.ʜ. [5,6]. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʈɼ ʚ Si<ʈɿʕ> ʩʫʱʝʩʪʚʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʦʟʦʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʷʚʣʝʥʥʳʭ ɻʋ ʚ ʦʙʣʫʯʝʥʥʦʤ n-Si<Sm>, n-Si<Gd>, n-Si<Er>, 

n-Si<Tm> ʠ n-Si<Yb>, ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʚʝʜʝʥʠʷ ʈɼ 

(A- ʠ E-ʮʝʥʪʨʦʚ ʚ ʦʙʨʘʟʮʘʭ, ʩʦʜʝʨʞʘʱʠʝ ʈɿʕ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ.  

ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʥʝʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ (tʥʥʟ) ʚ ʢʨʠʩʪʘʣʣʘʭ n-Si<Sm>, n-Si<Gd>, n-Si<Er>,      n-Si<Tm> ʠ 

n-Si<Yb> ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ, ʚ 3-5 ʨʘʟʘ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ. ʊʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʢʦʨʦʩʪʴ ʚʚʝʜʝʥʠʷ ɸ- ʠ ɽ-ʮʝʥʪʨʦʚ ʚ n-Si<Sm>, n-Si<Gd>,  n-Si<Er>, n-Si<Tm> ʠ n-

Si<Yb> ʤʝʥʴʰʝ (ʚ 2-3 ʨʘʟʘ), ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ. 

ʊʝʤ ʩʘʤʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ  ʢʨʝʤʥʠʷ ʩʘʤʘʨʠʝʤ, 

ʛʘʜʦʣʠʥʠʝʤ, ʵʨʙʠʝʤ, ʪʫʣʠʝʤ ʠ ʠʪʪʝʨʙʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʈɼ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʷʟʘʥʳ ʢʘʢ ʛʝʪʪʝʨʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʈɿʕ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʡ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʢʨʝʤʥʠʡ-ʢʠʩʣʦʨʦʜ.  
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ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʩ ʧʣʘʟʤʦʡ, ʤʦʛʫʪ ʫʜʝʨʞʠʚʘʪʴ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ - ʛʝʣʠʷ ʠ ʚʦʜʦʨʦʜʘ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʠʭ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʨʘʩʧʫʭʘʥʠʷ ʠ 

ʧʦʣʟʫʯʝʩʪʠ) ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʫʪʝʯʢʠ ʛʘʟʦʚ, ʥʝʦʙʭʦʜʠʤʘ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʥʘʨʷʜʫ ʩ ʵʚʦʣʶʮʠʝʡ 

ʢʣʘʩʪʝʨʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʠ ʜʠʬʬʫʟʠʷ ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʯʝʨʝʟ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʥʝʨʞʘʚʝʶʱʠʝ ʩʪʘʣʠ, ʧʦʜʚʝʨʛʥʫʪʳʝ ʨʘʜʠʘʮʠʦʥʥʳʤ ʠ 

ʪʝʨʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʭ ʟʘʱʠʪʳ. 

ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʛʝʣʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʘʤʦʜʠʬʬʫʟʠʠ 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʜʨʫʛʠʭ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʚʥʝʜʨʝʥʠʷ (ʫʛʣʝʨʦʜ, ʘʟʦʪ, ʢʠʩʣʦʨʦʜ). ɼʣʷ 

ʩʪʨʦʛʦʛʦ ʦʧʠʩʘʥʠʷ ʜʠʬʬʫʟʠʠ ʅʝ ʚ ʤʝʪʘʣʣʘʭ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʘ ʅʝ ʢʘʢ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ, ʪʘʢ ʠ ʩ ʨʘʟʥʦʛʦ ʨʦʜʘ ʜʝʬʝʢʪʘʤʠ ʨʝʰʝʪʢʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʨʝʘʣʴʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣʘʭ 

(ʚʘʢʘʥʩʠʷʤʠ, ʤʝʞʫʟʝʣʴʥʳʤʠ ʘʪʦʤʘʤʠ, ʜʠʩʣʦʢʘʮʠʷʤʠ, ʯʘʩʪʠʮʘʤʠ ʚʪʦʨʦʡ ʬʘʟʳ, ʛʨʘʥʠʮʘʤʠ ʟʝʨʝʥ ʠ ʪ.ʜ.).  

-ʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʜʠʬʬʫʟʠʠ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʚʥʝʜʨʝʥʥʳʭ ʘʪʦʤʦʚ ʛʝʣʠʷ. ɺ ʤʘʪʝʨʠʘʣʘʭ ʩʦ ʩʣʦʞʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʜʠʬʬʫʟʠʷ ʘʪʦʤʦʚ ʛʝʣʠʷ ʧʨʦʪʝʢʘʝʪ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʘʥʘʣʘʤ: ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, ʜʠʩʣʦʢʘʮʠʷʤ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʠ ʪ.ʜ., ʧʨʠ ʵʪʦʤ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʳʡ ʦʙʤʝʥ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʢʘʥʘʣʦʚ ʩʧʨʘʚʝʜʣʠʚʦ ʫʨʘʚʥʝʥʠʝ:  
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ʛʜʝ ʉn ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʅʝ ʚ ʧ-ʤ ʢʘʥʘʣʝ; Dn ï ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʧ-ʛʦ ʢʘʥʘʣʘ; kq
p
 ï ʵʬʬʝʢʪʠʚʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʘʪʦʤʦʚ ʅʝ ʨ-ʛʦ ʢʘʥʘʣʘ ʠʟ q-ʛʦ; ʉn
0
 ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʝʣʠʷ ʚ ʧ-ʤ ʢʘʥʘʣʝ. 

ɿʥʘʯʝʥʠʷ Dn ʠ kn
m
 ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʘʪʦʤʦʚ ʅʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 
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ʛʜʝ rʨ ï ʧʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ ʚ ʨ ʢʘʥʘʣʝ; ɽp
b
 ï ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʛʝʣʠʷ ʚ p-ʤ ʢʘʥʘʣʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘʧʠʩʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʚ ʩʠʩʪʝʤʝ MATLAB; ʷʚʥʳʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʘʪʦʤʦʚ ʅʝ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ 

ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ ʧʦʣʫʯʝʥ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SRIM. ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʪʘʢʞʝ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ (18 ʘʪ.% Cr, 10 ʘʪ.% Ni). 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʛʝʣʠʷ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʧʦʪʦʢʦʤ aïʯʘʩʪʠʮ ʩ ʵʥʝʨʛʠʷʤʠ 40 ʢʵɺ, 1 ʄʵɺ ʠ 3 ʄʵɺ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 1ʭ10
19

 ʠʦʥ/ʤ
2
/ʩ. ʊʦʣʱʠʥʘ 

ʦʙʣʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣʘ 110 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʩʪʦʢʦʚ ʜʣʷ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ ʅʝ ʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ (ʚʘʢʘʥʩʠʡ ʠ ʤʝʞʜʦʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʢʨʘʝʚʳʝ 

ʜʠʩʣʦʢʘʮʠʠ ʠ ʚʘʢʘʥʩʠʦʥʥʳʝ ʧʦʨʳ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʜʠʬʬʫʟʠʶ 

ʅʝ ʚ ʩʪʘʣʠ. 

ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʛʝʣʠʷ, ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʤʘʪʝʨʠʘʣʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʦʢʘʭ, ʦʪ ʚʨʝʤʝʥʠ 

ʦʙʣʫʯʝʥʠʷ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʦʙʣʫʯʝʥʠʷ ʠ ʚʨʝʤʝʥʠ ʜʦ 3.6ʭ10
4
ʩ (10 ʯʘʩʦʚ) ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

a-ʯʘʩʪʠʮʳ ʦʩʪʘʶʪʩʷ ʚ ʤʘʪʝʨʠʘʣʝ; ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0.1% ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ 

ʧʦʪʦʢʘ. ʇʦʩʢʦʣʴʢʫ ʦʙʣʘʩʪʠ ʩʪʨʘʛʛʣʠʥʛʘ a-ʯʘʩʪʠʮ ʠ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʛʝʥʝʨʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʠʦʥʦʚ ʅʝ ʟʘʥʠʤʘʝʪ ʚʘʢʘʥʪʥʳʝ ʫʟʣʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʥʠʞʝʥʠʶ ʠʭ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ.  
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ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʜʝʬʝʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʤʘʪʝʨʠʘʣʘ (rod=3x10
14
ʤ

-2
, roh=3x10

22
ʤ

-3
, rh=50 A) ʥʘʢʦʧʣʝʥʠʝ ʅʝ ʚ ʧʦʨʘʭ ʧʨʠʤʝʨʥʦ ʚ 3 · 3.5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʥʘ 

ʜʠʩʣʦʢʘʮʠʷʭ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʦʪ 3x10
13

 ʜʦ 3x10
15
ʤ

-2
 ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʨʘʟʤʝʨʘ ʧʦʨ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʪʦʤʦʚ ʅʝ ʥʘ ʥʠʭ ʚ ~200 ʨʘʟ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʨ ʦʪ 3x10
21 
ʜʦ 3x10

23
ʤ

-3
 ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʚ ʥʠʭ ʚ ~ 1000 ʨʘʟ. 

ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʥʘʢʦʧʣʝʥʠʝ ʅʝ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦʪʦʢʘ ʦʙʣʫʯʝʥʠʷ ʠ ʦʙʣʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʚʥʦʩʠʪ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚ ʚʘʢʘʥʪʥʳʭ ʫʟʣʘʭ ʨʝʰʝʪʢʠ ʤʘʪʝʨʠʘʣʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʅʝ, 

ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʤʘʪʝʨʠʘʣʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʦʢʘʭ, ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ (ʜʦ 3.6ʭ10
4
ʩ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʣʠʥʝʡʥʳʤ ʨʦʩʪʦʤ ʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝ ʜʦʩʪʠʞʝʥʠʠ ʥʘʩʳʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʩʪʦʢʦʚ ʅʝ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥ. 

 

 

 

 

ɺʃʀʗʅʀɽ ʇʆʃʀʄʆʈʌʅʆɻʆ ʌɸɿʆɺʆɻʆ ʇɽʈɽʍʆɼɸ ʅɸ ʆɹʈɸɿʆɺɸʅʀɽ 

ʇʈʀʄɽʉʅʓʍ ʈɸɼʀɸʎʀʆʅʅʆ-ʅɸɺɽɼɽʅʅʓʍ ʎɽʅʊʈʆɺ 
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ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʳ LiKSO4, ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʜʚʫʭʚʘʣʝʥʪʥʳʤʠ 

ʠʦʥʘʤʠ ʩʚʠʥʮʘ ʠʣʠ ʦʣʦʚʘ. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 80-300ʂ ʫ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪʩʷ ʜʚʘ ʧʦʣʠʤʦʨʬʥʳʭ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʘ. ɺ ʨʝʞʠʤʝ ʥʘʛʨʝʚʘʥʠʷ ʦʥʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ 180ʂ (1-ʛʦ ʨʦʜʘ) ʠ 250ʂ (2-ʛʦ ʨʦʜʘ) [1]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʘʚʠʪʴ 

ʟʘʜʘʯʠ ʧʦ ʚʣʠʷʥʠʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʯʠʩʪʳʭ ʢʨʠʩʪʘʣʣʘʭ LiKSO4 ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʣʫʯʘʤʠ ʧʨʠ 80ʂ ʥʘ ʢʨʠʚʦʡ 

ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʊʉʃ) ʥʘʙʣʶʜʘʶʪʩʷ ʧʠʢʠ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʩʚʝʯʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 

ʧʨʠ 125ʂ, 150ʂ, 205ʂ, 260ʂ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʙʣʘʩʪʠ 170ʂ-180ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʚʩʧʳʰʢʘʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺ ʦʙʣʘʩʪʠ  180ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʩʧʘʜ ʚʳʭʦʜʘ 

ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʩʚʝʯʝʥʠʷ ʜʦ ʥʫʣʷ [2]. 

ʇʨʠ ʚʚʝʜʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ Sn
2+

 ʠʣʠ Pb
2+ 

 ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʧʠʢʠ ʊʉʃ  ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 215ʂ ʠ 280ʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [3]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʚʫʭʚʘʣʝʥʪʥʳʝ ʧʨʠʤʝʩʥʳʝ ʨʪʫʪʝʧʦʜʦʙʥʳʝ ʠʦʥʳ  

ʷʚʣʷʶʪʩʷ ʣʦʚʫʰʢʘʤʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʠʢ ʊʉʃ ʧʨʠ 280ʂ ʚ ʦʙʨʘʟʮʝ LiKSO4-Pb.  ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʢʦʧʣʝʥʥʦʡ ʩʚʝʪʦʩʫʤʤʳ ʚ 

ʧʠʢʝ ʊʉʃ ʧʨʠ 280ʂ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʫʯʝʥʠʷ.  ɺʠʜʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ 180ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʥʘʢʦʧʣʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʥʘʚʝʜʝʥʥʳʭ ʧʨʠʤʝʩʥʳʭ ʮʝʥʪʨʦʚ ʀʟʤʝʨʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʩʚʝʪʦʩʫʤʤʳ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʥʝʠʟʤʝʥʥʳʭ ʨʝʞʠʤʘʭ ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ ʠ ʛʝʦʤʝʪʨʠʠ ʫʩʪʘʥʦʚʢʠ. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʬʬʝʢʪʦʚ ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʤ, ʯʪʦ ʚʪʦʨʦʡ 

ʧʦʣʠʤʦʨʬʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʨʝʞʠʤʝ ʥʘʛʨʝʚʘʥʠʷ  ʧʨʠ 250ʂ, ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʛʠʩʪʝʨʝʟʠʩ. ɺ 

ʨʝʞʠʤʝ ʦʭʣʘʞʜʝʥʠʷ ʦʥ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 200ʂ []. ɺ ʠʪʦʛʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʝʪʦʩʫʤʤ ʚ ʧʠʢʝ ʊʉʃ ʚ 
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ʅʘʢʦʧʣʝʥʠʝ ʩʚʝʪʦʩʫʤʤʳ ʚ ʧʠʢʝ ʊʉʃ ʧʨʠ 280ʂ  ʚ ʢʨʠʩʪʘʣʣʝ LiKSO4-Pb
2+

 

ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʣʫʯʝʥʠʷ. 
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ʦʙʣʘʩʪʠ 280ʂ. ʊʝʤʧʝʨʘʪʫʨʳ ʦʙʣʫʯʝʥʠʷ ʙʳʣʘ 210ʂ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʣʘʩʴ ʚ ʨʝʞʠʤʝ ʥʘʛʨʝʚʘʥʠʷ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ LiKSO4-Pb ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʦ ʚ ʨʘʟʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟʘʭ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʨʘʜʠʘʮʠʦʥʥʦ-ʥʘʚʝʜʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ.  
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(100214 ʊʘʰʢʝʥʪ, ʧʦʩ. ʋʣʫʛʙʝʢ, ʀʗʌ ɸʅ ʈʋʟ. ɽ-mail: izida@inp.uz) 

 

 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʥʘʯʘʪʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʣʠʷʥʠʶ ʨʘʜʠʘʮʠʠ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʨʠʤʝʨʝ ʢʨʠʩʪʘʣʣʦʚ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ  ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʛʘʤʤʘ-ʫʩʪʘʥʦʚʢʘ ʠʥʩʪʠʪʫʪʘ, ʧʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ɼ=10
4
 - 10

8
 ʨʘʜ. 

ɼʘʥʥʳʝ ʧʨʝʜʳʜʫʱʠʭ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ - ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgd ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʥʘ ʯʘʩʪʦʪʝ f=0,3 ʢɻʮ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʜʦʟʝ ɼ=10
6
 ʨʘʜ ʠʤʝʝʪ ʜʚʫʭ ʩʪʘʜʠʡʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʨʠ ʜʦʟʝ 10

7
 - 10

8
 ʨʘʜ 

ʜʚʫʭ ʧʦʣʦʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʦʢʦʣʦ 50 ʠ 150
0
ʉ. ʇʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʦʧʨʝʜʝʣʠʪʴ ʭʦʜ ʘʥʘʣʦʛʠʯʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʚʪʦʨʦʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʘ - ʩʪʘʪʠʯʝʩʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (e). 

ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʯʘʩʪʦʪʝ f=0,3 ʢɻʮ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʛʨʘʬʠʢʦʚ ʥʘ 

ʨʠʩ.1 ʠ tgŭ(ʊ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʥʳʡ ʠʭ ʭʦʜ ʧʨʠ ɼ=10
7
 ʨʘʜ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʤʝʩʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʜʚʫʭ 

ʩʪʘʜʠʡʥʦʛʦ ʨʦʩʪʘ ʫʛʣʘ ʧʦʪʝʨʴ ʦʙʥʘʨʫʞʝʥʦ ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʘ, ʢʦʛʜʘ 

ʥʘʚʦʜʷʪʩʷ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʧʠʢʘ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʘʥʘʣʦʛʠʯʥʦ ʪʘʢʦʚʦʤʫ ʜʣʷ ʧʝʨʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʠʘʣʘ, ʥʦ ʧʦʩʣʝ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʜʦʟʘʤʠ ɼ=10
7
 ʨʘʜ ʠ 10

8
 ʨʘʜ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʟ ʜʚʫʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʨʘʜʠʘʮʠʠ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʦʚʳʰʝʥʠʝ ʜʦʟʳ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ (10
6
 - 10

8
 ʨʘʜ), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʚʝʣʦ ʢ ʚʠʜʦʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʢʨʠʚʦʡ e(ʊ). ʉʦʛʣʘʩʥʦ ʛʨʘʬʠʢʘ 2 (ʨʠʩ.1), ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ ʊʤʘʢ= 50
0
ʉ ʨʝʟʢʦ 

ʚʦʟʨʦʩʣʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʙʦʣʴʰʠʭ ʜʦʟ ʛʘʤʤʘ- ʢʚʘʥʪʦʚ. ʅʦ ʧʠʢ ʩ ʊʤʘʢ=150
0
ʉ ʠʩʯʝʟ, ʘ ʧʨʠ ʊ>180

0
ʉ ʬʫʥʢʮʠʷ e(ʊ) ʚʥʦʚʴ 

ʠʥʪʝʥʩʠʚʥʦ ʥʘʨʘʩʪʘʣʘ (ʧʦʩʣʝʜʥʝʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ɼ=10
6
 ʨʘʜ). ʀʟ ʩʨʘʚʥʝʥʠʷ ʩʝʨʠʠ ʠʤʝʶʱʠʭʩʷ ʛʨʘʬʠʢʦʚ ʩʣʝʜʫʝʪ 

ʚʳʚʦʜ ʦ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʝ ʜʝʬʝʢʪʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʦʷʚʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʠʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. 

 

  e,ʦʪʥ.ʝʜ. 

0 1 0 0 2 0 0 3 0 0 

ʊ ʝ ʤ ʧ ʝ ʨ ʘ ʪ ʫ ʨ ʘ ,   ʛ ʨ ʘ ʜ .   ʉ 

6 . 8 0 

6 . 9 0 

7 . 0 0 

7 . 1 0 

1 

2 

 
ʈʠʩ.1. ʍʦʜ e (ʊ) ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ɼ=10

6
 (1) ʠ 10

8
 (2). 
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ɺʃʀʗʅʀɽ ʊɽʈʄʀʏɽʉʂʆɻʆ ʀ ɽʉʊɽʉʊɺɽʅʅʆɻʆ ʉʊɸʈɽʅʀʗ ʅɸ ʄʀʂʈʆʉʊʈʋʂʊʋʈʋ ʀ 

ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʉʊɸʃʀ 12ʍ18ʅ10ʊ, ʆɹʃʋʏɽʅʅʆʁ ɹʓʉʊʈʓʄʀ ʅɽʁʊʈʆʅɸʄʀ 

ɼʆ 55,5 ʉʅɸ 

 

 

*ɹʘʢʣʘʥʦʚ ɺ.ɺ., *ʂʦʷʥʙʘʝʚ ɽ.ʊ., **ʊʫʨʫʙʘʨʦʚʘ ʃ.ɻ., **ʄʝʨʝʞʢʦ ʄ.ʉ. 

 

* ʀʥʩʪʠʪʫʪ ɸʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʅʗʎ ʈʂ, ʛ. ʂʫʨʯʘʪʦʚ, ʂʘʟʘʭʩʪʘʥ 

** ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ʛ. ɸʣʤʘʪʳ,  ʂʘʟʘʭʩʪʘʥ 

 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʧʨʦʙʣʝʤʦʡ ʜʣʠʪʝʣʴʥʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʭʨʘʥʝʥʠʷ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ 

ʛʦʨʶʯʝʛʦ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʠʦʙʨʝʪʘʶʪ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʝʛʨʘʜʘʮʠʠ ʦʙʣʫʯʝʥʥʳʭ ʥʝʡʪʨʦʥʘʤʠ ʩʪʘʣʝʡ ʧʨʠ ʠʭ ʜʣʠʪʝʣʴʥʦʤ ʩʪʘʨʝʥʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʦʙʨʘʟʮʳ ʘʫʩʪʝʥʠʪʥʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʩʪʝʥʢʠ 

ʯʝʭʣʘ (ʦʪʤʝʪʢʘ ç+175 ʤʤè ʦʪ ʮ.ʘ.ʟ.) ʦʪʨʘʙʦʪʘʚʰʝʡ ʩʙʦʨʢʠ ʎʎ-19 ʨʝʘʢʪʦʨʘ ɹʅ-350. ʇʨʦʚʝʜʝʥʦ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ 

ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʠ ʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʦʪʞʠʛʘʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 550, 400 ʠ 300ʉ̄ ʚ ʪʝʯʝʥʠʝ 7000 ʯʘʩʦʚ ʚ ʘʨʛʦʥʝ. 

 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʦʧʦʩʪʘʚʣʷʣʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ 

ʦʙʨʘʟʮʦʚ-ʠʤʠʪʘʪʦʨʦʚ  ʠʟ ʥʝʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ, ʦʪʦʞʞʝʥʥʳʭ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. 

 ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʤʠʢʨʦʠʥʜʝʥʪʠʨʦʚʘʥʠʝ ʠ ʧʦʟʚʦʣʠʣʦ 

ʫʩʪʘʥʦʚʠʪʴ ʬʘʢʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʠ ʧʦ ʰʠʨʠʥʝ ʛʨʘʥʠ ʯʝʭʣʘ ʊɺʉ.  

ʆʙʥʘʨʫʞʝʥ ʠ ʦʙʩʫʞʜʘʝʪʩʷ ʵʬʬʝʢʪ ʫʤʝʥʴʰʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (ʥʘ 16%) ʚ ʟʦʥʝ ʨʘʩʪʷʞʝʥʠʷ ʩʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʟʘ ʜʣʠʪʝʣʴʥʦʝ (~2,5 ʛʦʜʘ) ʚʨʝʤʷ ʚʳʣʝʞʠʚʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʦʮʝʩʩʘʭ 

ʩʪʘʨʝʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʟʦʥʝ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʜʘʥʥʳʤʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʨʬʦʣʦʛʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʢʘʨʙʠʜʥʳʭ ʯʘʩʪʠʮ, ʚʳʜʝʣʠʚʰʠʭʩʷ ʥʘ ʣʠʥʠʷʭ ʩʢʦʣʴʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ. 

ʉʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ ʦ ʨʘʜʠʘʮʠʦʥʥʦʤ ʨʘʩʧʫʭʘʥʠʠ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʚ ʄʊʆ ʩʦʩʪʦʷʥʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ 

ʙʳʩʪʨʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʜʦ ʧʦʚʨʝʞʜʘʶʱʝʡ ʜʦʟʳ ~ 55,5 ʩʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 380Áʉ. 

 

 

 

 

ɺʃʀʗʅʀɽ ʊɽʈʄʆʈɸɼʀɸʎʀʆʅʅʆʁ ʆɹʈɸɹʆʊʂʀ ʅɸ ʂʆʕʌʌʀʎʀɽʅʊ ʇʈʆʇʋʉʂɸʅʀʗ 

ɺʆʃʆʂʆʅʅʓʍ ʉɺɽʊʆɺʆɼʆɺ 

 

 

     ɸʤʦʥʦʚ ʄ.ɿ., ɸʰʫʨʦʚ ʄ.ʍ., ʀʙʨʘʛʠʤʦʚ ɾ.ɼ., ʉʘʠʜʘʭʤʝʜʦʚ ʂ.ʍ. 

        

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʈʋʟ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

  

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 

g-ʨʘʜʠʘʮʠʠ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ  ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʪʝʨʤʦʨʘʜʠʘʮʠʦʥʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ 

(ɺʉ) ʤʘʨʢʠ FVP-300 ʩ ʩʦʜʝʨʞʘʥʠʝʤ OH ʛʨʫʧʧ ~ 1000 ppm. 

ʆʙʨʘʟʮʳ ɺʉ ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʚ g-ʢʘʥʘʣʘʭ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 180, 200 ʠ 220 
0
ʉ 

ʚ ʪʝʯʝʥʠʝ 3
 
ʯʘʩʦʚ. ʄʦʱʥʦʩʪʴ ʢʘʥʘʣʦʚ ʩʦʩʪʘʚʣʷʣʘ 200, 315 ʠ 350 ʈ/ʩ; ʧʦʵʪʦʤʫ ʦʙʨʘʟʮʳ ɺʉ ʧʦʣʫʯʘʣʠ ʨʘʟʣʠʯʥʫʶ ʜʦʟʫ g-

ʦʙʣʫʯʝʥʠʷ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʧʫʩʢʘʥʠʷ Ag(l), ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʤʦʱʥʦʩʪʷʭ g-ʦʙʣʫʯʝʥʠʷ, ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ: ʦʙʨʘʙʦʪʢʘ ɺʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 
0
ʉ ʚ ʢʘʥʘʣʝ ʩ 

ʤʦʱʥʦʩʪʴʶ 200 ʈ/ʩ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ ɺʉ ʜʦ ʪʘʢʦʛʦ ʞʝ ʟʥʘʯʝʥʠʷ Ag(l), ʢʘʢ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 
0
ʉ ʚ ʢʘʥʘʣʝ ʩ ʤʦʱʥʦʩʪʴʶ 315 ʈ/ʩ; ʦʙʨʘʙʦʪʢʘ ɺʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 

0
ʉ ʧʨʠ ʤʦʱʥʦʩʪʠ ʢʘʥʘʣʘ 350 ʈ/ʩ ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ 

ʙʦʣʴʰʝʤʫ ʫʣʫʯʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ - ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ Ag(l). 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ɺʉ ʚ ʢʘʥʘʣʝ ʩ ʤʦʱʥʦʩʪʴʶ 200 ʈ/ʩ ʧʦʣʫʯʝʥʥʘʷ ʜʦʟʘ g-ʦʙʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 2.16Ö10
6
 ʈ, ʘ ʚ ʢʘʥʘʣʘʭ 

ʩ ʤʦʱʥʦʩʪʴʶ 315 ʈ/ʩ ʠ 350 ʈ/ʩ ʜʦʟʘ ʩʦʩʪʘʚʣʷʣʘ 3.4Ö10
6
 ʈ ʠ 3.8Ö10

6
 ʈ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʢʘʥʘʣʘ ʠ ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʵʪʦʤ ʜʦʟʘ g-ʦʙʣʫʯʝʥʠʷ ʩʜʚʠʛʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʩʚʝʪʣʝʥʠʷ 

(ʫʣʫʯʰʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ) ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʦʨʦʥʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ɺʉ ʧʨʠ 

ʪʝʨʤʦʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ  ʚʘʨʠʘʮʠʝʡ ʤʦʱʥʦʩʪʠ g-ʦʙʣʫʯʝʥʠʷ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʟʜʘʥʠʷ, 

ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʛʠʙʝʣʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ.   
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ɺʃʀʗʅʀɽ ʕʃɽʄɽʅʊʆɺ ɺɸʂʋʋʄʅʆʁ ʂɸʄɽʈʓ ʊʆʂɸʄɸʂɸ ʂʊʄ ʅɸ ʋʉʊʆʁʏʀɺʆʉʊʔ 

ʇʃɸɿʄɽʅʅʆɻʆ ʐʅʋʈɸ 

 

 

ʏʝʢʪʳʙʘʝʚ ɹ.ɾ., ʐʘʧʦʚʘʣʦʚ ɻ.ɺ., ʉʘʜʳʢʦʚ ɸ.ɼ. 

 

ʀʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʅʗʎ ʈʂ, ʂʫʨʯʘʪʦʚ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʪʦʢʘʤʘʢʝ ʂʊʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʥʦʛʦ ʢʦʜʘ 

TOKSTAB. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʥʘ ʧʘʩʩʠʚʥʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʘʟʤʝʥʥʦʛʦ ʰʥʫʨʘ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʤʘʩʩʠʚʥʦʛʦ ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʚʝʨʪʦʨʥʦʛʦ ʩʪʦʣʘ ʠ ʝʛʦ 

ʧʦʣʦʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʥʘ ʜʠʚʝʨʪʦʨ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʚʠʪʢʦʚ ʧʘʩʩʠʚʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʥʘ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʘʤʝʨʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʠʥʢʨʝʤʝʥʪʦʚ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ 

ʦʪʨʘʙʦʪʢʠ ʩʤʝʱʝʥʠʷ ʧʣʘʟʤʝʥʥʦʛʦ ʰʥʫʨʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʩʠʩʪʝʤʦʡ ʘʢʪʠʚʥʳʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ. ʊʘʢʞʝ ʦʧʨʝʜʝʣʝʥʥʦ, ʯʪʦ 

ʜʣʷ ʧʘʩʩʠʚʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʘʟʤʝʥʥʦʛʦ ʰʥʫʨʘ ʚʠʪʢʠ ʧʘʩʩʠʚʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʛʨʘʶʪ 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʧʦʨʷʜʦʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʚʝʨʪʦʨʥʳʡ 

ʩʪʦʣ ʠ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʤʘʣʦ ʚʣʠʷʶʪ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʶ ʧʣʘʟʤʝʥʥʦʛʦ ʰʥʫʨʘ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʥʘ 

ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʝʩʴʤʘ ʟʘʤʝʪʥʦ: ʪʘʢ, ʟʥʘʯʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʠʥʢʨʝʤʝʥʪʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ Űɔ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

1,5 ʨʘʟʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʩ 25 ʜʦ 200 ʉ̄. 

 

 

 

 

ɺʃʀʗʅʀɽ g-ʆɹʃʋʏɽʅʀʗ ʅɸ ɼʀʕʃɽʂʊʈʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʄʆʅʆʂʈʀʉʊɸʃʃɸ GaSe <Tl> 
 

 

ʄʫʩʪʘʬʘʝʚʘ ʉ.ʅ., ɸʩʘʜʦʚ ʄ.ʄ. , ʀʩʤʘʡʣʦʚ ɸ.ɸ. 

 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɸʟʝʨʙʘʡʜʞʘʥʘ, 

1143 ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ. Email: solmust@gmail.com 

 

 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʠʟʫʯʝʥʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

p-GaSe <Tl>   ʚ ʧʝʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʷ g-ʦʙʣʫʯʝʥʠʷ ʥʘ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʣʝʛʠʨʦʚʘʥʥʳʝ ʪʘʣʣʠʝʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ p-GaSe (e-ʤʦʜʠʬʠʢʘʮʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ D
1
3h). ʉʦʜʝʨʞʘʥʠʝ ʪʘʣʣʠʷ ʚ p-GaSe ʩʦʩʪʘʚʣʷʣʦ 0.5 

ʤʦʣ. %. ʆʙʨʘʟʮʳ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʚ ñʩʵʥʜʚʠʯʝʚʦʡò ʩʪʨʫʢʪʫʨʝ, ʪ.ʝ. ʧʝʨʝʤʝʥʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʧʦʧʝʨʝʢ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʣʦʝʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘ GaSe. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʘʢʪʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʝʨʝʙʨʷʥʘʷ ʧʘʩʪʘ. ʊʦʣʱʠʥʘ ʠʟʫʯʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨ-GaSe ʩʦʩʪʘʚʣʷʣʘ 660 ʤʢʤ, ʘ 

ʧʦʜʢʦʥʪʘʢʪʥʘʷ ʧʣʦʱʘʜʴ 0.15 ʩʤ
2
. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʊ = 300 ʂ.  

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʥʦʢʨʠʩʪʘʣʣʘ GaSe <Tl> ʠʟʤʝʨʝʥʳ ʨʝʟʦʥʘʥʩʥʳʤ ʤʝʪʦʜʦʤ. ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 

ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʣ f = 5Ö10
4
 ï 3.5Ö10

7
 ɻʮ. g-ʦʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʈʍʋʅɼ - 20000) ʦʪ ʠʩʪʦʯʥʠʢʘ Co
60
. ʕʥʝʨʛʠʷ g-ʢʚʘʥʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 1.25 

ʄʵɺ. ɼʦʟʘ g-ʦʙʣʫʯʝʥʠʷ ʥʘʢʘʧʣʠʚʘʣʘʩʴ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʳʜʝʨʞʝʢ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʦʙʨʘʟʮʝ ʠ ʩʦʩʪʘʚʣʷʣʘ 50 
ʢʨʘʜ ʠ 2.05

 
ʄʨʘʜ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʦʙʣʫʯʝʥʠʷ. 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ g-ʦʙʣʫʯʝʥʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ p-GaSe <Tl>   ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 5Ö10
4
ï3.5Ö10

7
 ɻʮ 

ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʜʠʩʧʝʨʩʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩʫʥʦʢ), ʘ ʪʘʢʞʝ 

ʧʨʠʨʦʜʫ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ. 

ʈʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ p-GaSe <Tl> ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʜʦʟʘʭ g-ʦʙʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʘ ʠ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ.    ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʳ g-ʦʙʣʫʯʝʥʠʷ ʚʧʣʦʪʴ 

ʜʦ 2.05 ʄʨʘʜ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʘ p-GaSe <Tl>  ʫʤʝʥʴʰʘʶʪʩʷ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʤʦʥʦʢʨʠʩʪʘʣʣʫ GaSe <Tl>, ʘ ʪʘʢʞʝ 

ʚʦʟʜʝʡʩʪʚʠʝʤ g-ʦʙʣʫʯʝʥʠʷ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʝʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. 
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ʈʠʩʫʥʦʢ.  ʏʘʩʪʦʪʥʘʷ ʜʠʩʧʝʨʩʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

p-GaSe <Tl> ʜʦ (ʢʨʠʚʘʷ 1) ʠ ʧʦʩʣʝ (ʢʨʠʚʳʝ 2  ʠ 3) g-ʦʙʣʫʯʝʥʠʷ ʜʦʟʘʤʠ  Dg: 2 ï 50 ʢʨʘʜ; 3 ï 2.05 ʄʨʘʜ. 

 

 

 

 

 

ɺʆɿʄʆɾʅʆɽ ʈɸɿɺʀʊʀɽ ʄɽʊʆɼʆɺ ʇʆɿʀʊʈʆʅʅʆʁ ɸʅʅʀɻʀʃʗʎʀʆʅʅʆʁ ʉʇɽʂʊʈʆʉʂʆʇʀʀ ɼʃʗ 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʅɸʅʆʗɺʃɽʅʀʁ ɺ ʅɽʌʊɽɻɸɿʆɼʆɹʓʏɽ 

 

 

ʇʨʦʢʦʧʴʝʚ ɽ.ʇ. 

 

ʌɻʋʇ ɻʅʎ ʈʌ ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʀ.ɸʣʠʭʘʥʦʚʘ, ʫʣ. ɹ.ʏʝʨʝʤʫʰʢʠʥʩʢʘʷ,25, 

117218, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: epprokopiev@mail.ru 

 

 

 ʂʘʢ ʫʪʚʝʨʞʜʘʝʪʩʷ ʚ [1-3] ʢ ʥʝʬʪʝʛʘʟʦʚʳʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ ʦʪʥʦʩʷʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʠ 

ʥʘʥʦʷʚʣʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʠʟʚʣʝʯʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʥʝʜʨ. ʕʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʥʘʥʦʷʚʣʝʥʠʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ (ʪʝʣʘʭ), ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʘʭ ʠ ʧʨʦʤʳʩʣʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʟʘʣʝʞʝʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʬʪʝʠʟʚʣʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ (ʂʀʅ) ʦʪ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʣʘʩʪʝ ʝʝ ʢʦʣʠʯʝʩʪʚʘ (ʟʘʧʘʩʦʚ) [1,2]. ʇʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʤʝʪʦʜʦʚ ʟʘʢʘʯʢʠ ʚʦʜʳ ʚ ʧʣʘʩʪ ʜʣʷ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ (ɸ.ʇ.ʂʨʳʣʦʚ ʠ ʜʨ.) ʂʀʅ ʜʣʷ ʨʷʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʦʩʪʠʛʘʝʪ 

ʚʝʣʠʯʠʥ 0,4-0,5. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʫʢʪʫʨʘ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʠʣʘʩʴ (ʦʢʦʣʦ 65 % ʦʩʪʘʚh ʠʭʩʷ 

ʟʘʧʘʩʦʚ ʷʚʣʷʶʪʩʷ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʤʠ). ɺ ʈʦʩʩʠʠ ʟʥʘʯʝʥʠʷ ʂʀʅ ʚ ʥʠʭ ʧʨʠ ʟʘʚʦʜʥʝʥʠʠ ʩʦʩʪʘʚʣʷʶʪ 0,1-0,3. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʚʠʪʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ 

ʟʘʧʘʩʦʚ ʂʀʅ ʥʝʬʪʠ ʜʦʩʪʠʛʣʠ ʟʥʘʯʝʥʠʡ 0,4. ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʡ ʟʥʘʯʝʥʠʡ ʂʀʅ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʧʦʨʦʜ) ʚʘʞʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʇʨʷʤʦʡ ʩʚʷʟʠ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ ʩ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʥʝʪ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʦʜʳ, ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʨʫʧʥʳʭ ʧʦʨ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʚʝʣʠʯʠʥ ʂʀʅ ʧʨʠ ʟʘʢʘʯʢʝ ʚʦʜʳ ʠ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʠʟ ʧʣʘʩʪʦʚ ʧʦʨʦʜ. ʆʩʦʙʘʷ 

ʨʦʣʴ ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʠ ʦʩʚʦʝʥʠʷ ʥʘʥʦʨʝʟʝʨʚʫʘʨʦʚ ï ʥʘʧʨʠʤʝʨ, ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ 

ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ ʉʠʙʠʨʠ ʠ ʛʘʟʦʚʳʭ ʧʣʘʩʪʦʚ ʩ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʧʦʨʦʚʳʤʠ ʢʘʥʘʣʘʤʠ. ɻʦʚʦʨʠʪʩʷ [1], ʯʪʦ ʚ 

ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʝ (ʦʩʥʦʚʥʦʡ ʢʣʘʜʦʚʦʡ ʨʦʩʩʠʡʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ) ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʧʦʨ ʨʘʚʝʥ 1-10 ʥʤ, ʯʪʦ ʚʩʝʛʦ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ ʨʘʟʤʝʨʦʚ ʤʦʣʝʢʫʣ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʘ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʝʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʨʘʟʤʝʨʳ ʥʘʥʦʧʦʨ ʠ ʥʘʥʦʢʘʧʠʣʣʷʨʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʧʣʦʱʘʜʝʡ ʠ 

ʦʙʲʝʤʦʚ ʧʦʨ ʧʦ ʠʭ ʧʦ ʨʘʜʠʫʩʘʤ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʦʩʦʙʝʥʥʦ ʜʣʷ ʨʘʟʤʝʨʦʚ ʚ ʥʘʥʦʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʪʦʜ ʧʦʟʠʪʨʦʥʥʦʡ ʘʥʥʠʛʠʣʷʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʇɸʉ). 

ʇʦʟʠʪʨʦʥʠʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʪʘʢʞʝ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʠ ʧʦʟʠʪʨʦʥʥʫʶ ʘʥʥʠʛʠʣʷʮʠʦʥʥʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ (ʇɸʉ) (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [4-7]), ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʢʘʢ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʚʝʨʰʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʝ 
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ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʦʩʦʙʦ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʠ ʧʦʨʠʩʪʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʢʘʢ ʚʘʢʘʥʩʠʠ, ʚʘʢʘʥʩʠʦʥʥʳʝ 

ʢʣʘʩʪʝʨʳ ʠ ʩʚʦʙʦʜʥʳʝ ʦʙʲʝʤʳ ʜʦ ʦʜʥʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ ʥʘʥʦʤʝʪʨʘ (ʥʘʥʦʦʙʝ̡ʢʪʳ ʧʫʩʪʦʪʳ). ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚ 

ʦʩʥʦʚʥʦʤ ʪʨʠ ʤʝʪʦʜʘ: ʠʟʫʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʥʥʠʛʠʣ̫ʮʠʦʥʥʳʭ ʬʦʪʦʥʦʚ (ɺʈɸʌ), ʫʛʣʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʥʥʠʛʠʣʷʮʠʦʥʥʳʭ ʬʦʪʦʥʦʚ (ʋʈɸʌ) ʠ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʫʰʠʨʝʥʠʷ ʘʥʥʠʛʠʣʷʮʠʦʥʥʦʡ ʣʠʥʠʠ ʩ ʵʥʝʨʛʠʝʡ 

0,511 ʄʵɺ (ɼʋɸʃ) [4].  

ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʥʘʥʦʦʙʲʝʢʪʦʚ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʩʨʝʜʳ, ʦʢʨʫʞʘʶʱʝʡ ʥʘʥʦʦʙʲʝʢʪʳ, ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʷʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʧʝʢʪʨʦʚ ɺʈɸʌ ʠ ʋʈɸʌ ʜʣʷ 

ʧʦʟʠʪʨʦʥʦʚ, ʘʥʥʠʛʠʣʠʨʫʶʱʠʭ ʚ ʧʦʨʠʩʪʳʭ ʩʠʩʪʝʤʘʭ ʠ ʜʝʬʝʢʪʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʥʘ ʧʨʠʤʝʨʝ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʠʷ ʠ 

ʧʣʘʩʪʠʥ ʢʨʝʤʥʠʷ, ʦʙʣʫʯʝʥʥʳʭ ʧʨʦʪʦʥʘʤʠ, ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʨʘʟʚʠʪʳʭ ʚ [4].  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʥʘʥʦʦʙʲʝʢʪʦʚ (ʚʘʢʘʥʩʠʡ, ʚʘʢʘʥʩʠʦʥʥʳʭ 

ʢʣʘʩʪʝʨʦʚ), ʩʚʦʙʦʜʥʳʭ ʦʙʲʝʤʦʚ ʧʦʨ, ʧʦʣʦʩʪʝʡ, ʧʫʩʪʦʪ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʠ ʢʘʧʠʣʣʷʨʦʚ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʤʝʩʪʝ ʘʥʥʠʛʠʣʷʮʠʠ ʚ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ (ʧʦʨʠʩʪʳʭ ʩʠʩʪʝʤʘʭ, ʥʝʢʦʪʦʨʳʭ ʜʝʬʝʢʪʥʳʭ ʧʦʨʦʜʘʭ ʠ 

ʦʩʦʙʝʥʥʦ ʚ ʧʦʨʦʜʘʭ ʩ ʥʘʥʦʧʦʨʘʤʠ) ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʦʟʠʪʨʦʥʥʦʡ ʘʥʥʠʛʠʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʇɸʉ). ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʜʘʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʥʦʜʝʬʝʢʪʦʚ ʚ ʢʚʘʨʮʝ, ʧʦʨʦʰʢʘʭ ʢʚʘʨʮʘ, ʧʦʨʠʩʪʦʤ 

ʢʨʝʤʥʠʠ, ʢʨʝʤʥʠʠ, ʦʙʣʫʯʝʥʥʳʭ ʧʨʦʪʦʥʘʤʠ [5-7].  

ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ ʜʣʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʠʷ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʚʦʙʦʜʥʳʤʠ ʮʝʥʪʨʘʤʠ 

(ʦʙʣʘʩʪʷʤʠ ʟʘʭʚʘʪʘ ʧʦʟʠʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʠʷ) ʷʚʣʷʁ ʪʩʷ ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʬʝʨʠʯʝʩʢʠʝ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʫʣʴʪʨʘʤʠʢʨʦʧʦʨʳ ʠ ʤʠʢʨʦʧʦʨʳ ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʨʷʜʢʘ 2  ʥʤ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʧʦʨʠʩʪʦʤ ʩʣʦʝ ʢʨʝʤʥʠʷ. ɿʥʘʷ ʦʙʱʫʶ 

ʧʦʨʠʩʪʦʩʪʴ (45%) ʠ ʩʨʝʜʥʠʡ ʦʙʲʝʤ ʧʦʨʳ, ʤʦʞʝʤ ʦʮʝʥʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦʨ ʠʟ ʧʨʦʩʪʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ 

ʠ, ʩʨʘʚʥʠʚ ʝʝ ʩ ʨʘʩʩʯʠʪʘʥʥʦʡ trN , ʧʨʦʚʝʨʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʠʥʷʪʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. ʆʧʨʝʜʝʣʝʥʥʦʤʫ ʥʘʤʠ ʩʨʝʜʥʝʤʫ 

ʨʘʟʤʝʨʫ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʨ ʧʦʨ 2ºtrR  ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʝ ʩʨʝʜʥʠʡ ʦʙʲʝʤ 
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-3
 . ɿʜʝʩʴ h  

- ʪʦʣʱʠʥʘ ʩʣʦʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʠʷ. ɼʣʷ ʩʣʫʯʘʷ çʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠè ʪʘʢʠʭ ʧʦʨ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʭʦʜʷ ʠʟ ʚʝʣʠʯʠʥʳ 

ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ 0,45 ʤʦʛʣʘ ʙʳ ʙʳʪʴ ʨʘʚʥʦʡ 
15106,3/45,0~ Ö=tr
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-3
. ʈʘʩʭʦʞʜʝʥʠʷ ʚʝʣʠʯʠʥʳ 

G
trN  ʩ ʥʘʤʠ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 
141021,3 Ö=trN  ʩʤ

-3 
 [5-7] ʥʝ ʦʯʝʥʴ ʚʝʣʠʢʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʦʟʠʪʨʦʥʥʦʡ ʘʥʥʠʛʠʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʘ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʠʷ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʟʜʝʩʴ ʠʤʝʶʪ ʤʝʩʪʦ ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʦʙʲʝʢʪʳ ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʨʷʜʢʘ 2 ʥʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʨʷʜʢʘ 
1510  ʩʤ

-3
. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʥʘʜʝʷʪʴʩʷ, 

ʯʪʦ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʜʫʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʘʪʴ ʧʘʨʘʤʝʪʨʳ ʘʥʥʠʛʠʣʷʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʨ ʠ 

ʠʭ ʪʦʧʦʣʦʛʠʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ 

ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʦʙʲʝʢʪʦʚ R  (ʩʚʦʙʦʜʥʳʭ ʦʙʲʝʤʦʚ ʧʦʨ, ʧʦʣʦʩʪʝʡ, ʧʫʩʪʦʪ ʠ ʪ.ʜ.), ʠʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

Nʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʤʝʩʪʝ ʘʥʥʠʛʠʣʷʮʠʠ ʧʦʟʠʪʨʦʥʘ ʚ ʧʦʨʠʩʪʳʭ ʩʠʩʪʝʤʘʭ ʠ ʥʝʢʦʪʦʨʳʭ ʜʝʬʝʢʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʠ 
ʚ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʪʝʭʥʠʯʝʩʢʠ ʚʘʞʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʘʭ) ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʦʟʠʪʨʦʥʥʦʡ ʘʥʥʠʛʠʣʷʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʦʣʠ ʩʚʦʙʦʜʥʦʛʦ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

NRVrad Ö= 3)3/4( p , ʠʤʝʶʱʠʝ ʤʝʩʪʦ ʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʠ ʤʝʪʘʥʦʫʛʦʣʴʥʳʭ ʧʦʨʦʜʘʭ. ʆʙʩʫʞʜʘʝʪʩʷ ʠʜʝʷ ʧʦʠʩʢʘ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ radV  ʠ ʜʠʥʘʤʠʢʦʡ ʠʟʤʝʥʝʥʠʡ ʟʥʘʯʝʥʠʡ ʂʀʅ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʧʦʨʦʜ) ʚʘʞʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʇʨʷʤʦʡ 

ʩʚʷʟʠ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ ʩ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʥʝʪ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʨʠʩʪʦʩʪʴʶ ʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʦʜʳ, ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʨʫʧʥʳʭ ʧʦʨ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʝʣʠʯʠʥ ʂʀʅ 

ʧʨʠ ʟʘʢʘʯʢʝ ʚʦʜʳ ʠ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʠʟ ʧʣʘʩʪʦʚ ʧʦʨʦʜ. ʆʩʦʙʘʷ ʨʦʣʴ ʨʘʟʚʠʪʠʷ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʠ ʦʩʚʦʝʥʠʷ ʥʘʥʦʨʝʟʝʨʚʫʘʨʦʚ (ʥʘʥʦʢʦʣʣʝʢʪʦʨʦʚ) ï ʥʘʧʨʠʤʝʨ, ʥʝʬʪʷʥʳʭ 

ʧʣʘʩʪʦʚ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ ʉʠʙʠʨʠ ʠ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ʉʅɻ, ʛʘʟʦʚʳʭ ʠ ʤʝʪʘʥʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʩ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ 

ʧʦʨʦʚʳʤʠ ʢʘʥʘʣʘʤʠ.  
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ɺ ʪʝʭʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ (ʥʘʙʣʶʜʝʥʠʷ) ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʩʚʦʜʠʪʩʷ ʢ ʩʦʟʜʘʥʠʶ 

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʨʫʛʣʦʩʫʪʦʯʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʧʠʩʴʶ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ, ʨʝʛʠʩʪʨʘʮʠʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʤʘʛʥʠʪʦʛʨʘʬʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ, ʘ 

ʠʤʝʥʥʦ: ʦʥʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ; ʠʤʝʪʴ ʚʳʩʦʢʫʶ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʠ ʘʚʪʦʥʦʤʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʦʟʤʦʞʥʘ ʨʘʙʦʪʘ ʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ; ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʨʘʙʦʪʫ ʩ ʜʘʪʯʠʢʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʫʜʘʣʝʥʥʳʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʧʦʨʷʜʢʘ 100 ʤ ʠ ʙʦʣʝʝ ʦʪ ʦʩʪʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ 

ʢʦʤʧʴʶʪʝʨʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʩʝʪʠ. ɼʦʣʞʥʦ ʪʘʢʞʝ ʠʤʝʪʴʩʷ 

ʥʝʦʙʭʦʜʠʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʨʘʙʦʪʫ ʤʘʛʥʠʪʦʛʨʘʬʘ ʩ ʧʨʠʚʷʟʢʦʡ ʥʘʢʘʧʣʠʚʘʝʤʳʭ ʜʘʥʥʳʭ ʢ 

ʪʦʯʥʦʤʫ ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ ʧʫʪʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʦʚ ʢʦʤʧʴʶʪʝʨʘ ʩ ʩʝʨʚʝʨʘʤʠ ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ 

ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʥʘʩʪʨʦʝʢ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʥʘʩʪʨʦʡʢʠ 

ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ʂʨʦʤʝ ʵʪʦʛʦ, ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʩʫʪʦʯʥʳʭ ʬʘʡʣʦʚ ʥʘ ʜʨʫʛʦʡ 

ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ.  

ɺ ʀʗʌ ɸʅ ʈʋʟ ʨʘʟʨʘʙʦʪʘʥ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʜʘʪʯʠʢ [1] ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʥʘ ʫʨʦʚʥʝ 0,01 ʥʊʣ. ʊʘʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʨʝʢʦʨʜʥʦʡ ʜʣʷ ʜʘʪʯʠʢʦʚ, 

ʥʝ ʪʨʝʙʫʶʱʠʭ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ [2,3]. ʅʘ ʙʘʟʝ ʵʪʦʛʦ ʜʘʪʯʠʢʘ ʨʘʟʨʘʙʦʪʘʥ ʦʙʨʘʟʝʮ ʤʘʛʥʠʪʦʛʨʘʬʘ. 

ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʪʘʢ ʠ ʚʦ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʛʜʝ ʪʨʝʙʫʶʪʩʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,01 ʥʊʣ ʜʦ 10000 ʥʊʣ. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʤʘʛʥʠʪʦʛʨʘʬʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡʩʷ ʤʘʛʥʠʪʥʦ-ʚʘʨʠʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʝʡ ʄɺʉ-1 (ʢʦʥʩʪʨʫʢʮʠʠ ɹʦʙʨʦʚʘ) ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʚʨʝʤʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʇʦʤʠʤʦ ʵʪʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠʤʝʶʪʩʷ ʠ ʜʨʫʛʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʦʣʫʯʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ, ʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʚʠʜʝ ʬʘʡʣʦʚ. 
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çɻɸɿè ɺʉɽʃɽʅʅʓʍ ʀ ɺʆɿʄʆɾʅɸʗ ʂʆʅʎɽʇʎʀʗ ɺɽʏʅʆʉʊʀ 

 

 

ʇʨʦʢʦʧʴʝʚ ɽ.ʇ. 
 

ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʀ.ɸʣʠʭʘʥʦʚʘ, (ʀʊʕʌ), 117218, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ [1-4] ʧʦʟʚʦʣʷʶʪ ʧʦ-ʥʦʚʦʤʫ ʥʘʨʠʩʦʚʘʪʴ ʚʦʟʤʦʞʥʫʶ (ʦʜʥʫ ʠʟ ʧʨʦʩʪʝʡʰʠʭ) 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ ɺʝʯʥʦʛʦ ʄʠʨʘ (ɺʝʯʥʦʩʪʠ): ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʯʘʩʪʝʡ. ʕʪʦ ʫʜʘʝʪʩʷ 

ʩʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʬʘʥʪʘʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʪʦʨʠʯʥʦʛʦ (ʪʨʝʪʠʯʥʦʛʦ) ʢʚʘʥʪʦʚʘʥʠʷ, ʨʘʟʚʠʪʦʡ ʚ ʨʘʙʦʪʘʭ [1-4]. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʚ ʢʚʘʥʪʦʚʦʡ ʢʦʩʤʦʣʦʛʠʠ ʚʩʝʣʝʥʥʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʡ ʦʙʲʝʢʪ. ɽʝ ʩʦʩʪʦʷʥʠʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʝʡ Y. ʕʪʘ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʦʧʨʝʜʝʣʝʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 3-

ʛʝʦʤʝʪʨʠʡ ʠ ʚʩʝʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʦʣʷ ʤʘʪʝʨʠʠ-ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʋʠʣʝʨʘ-ɼʝɺʠʪʪʘ [1-

4] 

0)U( 2 =Y-Ð . 

ɿʜʝʩʴ 2Ð  - ʠʥʚʘʨʠʘʥʪʥʳʡ ʣʘʧʣʘʩʠʘʥ ʚ ʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʝ; U - ʩʫʧʝʨʧʦʪʝʥʮʠʘʣ 

ʆʙʳʯʥʦ ʜʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩʣʫʯʘʡ ʛʦʤʦʛʝʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʧʣʦʩʢʦʡ ʚʩʝʣʝʥʥʦʡ (ʤʦʜʝʣʴ 

ʤʠʥʠʩʫʧʝʨʧʨʦʩʪʨʘʥʩʪʚʘ [1-7]). ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʝ ʚʩʝʣʝʥʥʦʡ Y ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ 

ʬʫʥʢʮʠʷʤ pU  [1-7] 

[ ] )],(UC),(UC[),( p

p

ppp fa+fa=faY *+ä                                                                (1) 

[ ] pqqp C,C d=+ ,   [ ][ ]0C,CC,C qpqp == ++
,                                                                  (2) 

ʪʘʢ ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʩʝʣʝʥʥʦʡ ʌʦʢʘ ʦʧʨʝʜʝʣʠʪʩʷ ʚʝʢʪʦʨʦʤ 

{ >++ 0,...C,C
21 pp                                                                                       (3) 

ʩ ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

00Cp ²      ʜʣʷ ʚʩʝʭ p.                                                                               (4) 

ʉʦʩʪʦʷʥʠʝ >0  ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʠʯʝʛʦ, ʛʜʝ ʧʨʦʩʪʨʘʥʩʪʚʦ - ʚʨʝʤʷ ʚ ʦʙʳʯʥʦʤ ʩʤʳʩʣʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɿʜʝʩʴ 

ʠʥʜʝʢʩ "ʨ" ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ ʚʩʝʣʝʥʥʦʡ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʚʩʝʣʝʥʥʦʡ, ʧʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʠ, ʯʠʩʣʦ ʯʘʩʪʠʮ ʠ ʪ.ʜ. 

ʅʘʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʚʝʩʪʥʳʭ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʤʝʪʦʜʦʚ (ʩʤ., ʥʘʧʨʠʤʝʨ, [1-7]) ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʨʝʜʥʝʝ ʯʠʩʣʦ 

ʨʦʞʜʘʶʱʠʭʩʷ (ʨʘʥʥʠʭ) ʠʟ ʥʠʯʝʛʦ ʚʩʝʣʝʥʥʳʭ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʯʪʦ ʵʪʦ ʧʨʦʮʝʩʩ ʥʝ ʝʜʠʥʠʯʥʳʡ, ʘ ʥʝʧʨʝʨʳʚʥʦ 

ʧʨʦʜʦʣʞʘʶʱʠʡʩʷ. ʉʨʝʜʥʝʝ ʯʠʩʣʦ Np ʚʩʝʣʝʥʥʳʭ ʨ ʪʠʧʘ (ʚʠʜʘ) ʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

( )[ ]1

0 1|)|/(||exp
-

-= papNp ,                                                                         (5) 

ʛʜʝ 2/1
0 G|p| = ; a  - ʧʘʨʘʤʝʪʨ ʪʝʦʨʠʠ. 

ʂʚʘʥʪʦʚʦʧʦʣʝʚʘʷ ʪʝʦʨʠʷ ʨʦʞʜʝʥʠʷ ʚʩʝʣʝʥʥʳʭ ʚʦʟʤʦʞʥʦ ʦʧʠʩʳʚʘʝʪ (ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʝʡʰʠʭ) 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ ɺʝʯʥʦʩʪʠ (ɺʝʯʥʦʛʦ ʄʠʨʘ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 

ʥʝʢʦʝʤʦʤ ʚʘʢʫʫʤʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʡ çʛʘʟ ʚʩʝʣʝʥʥʳʭè (çʧʫʟʳʨʠè ʚʩʝʣʝʥʥʳʭ)(ʚ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʙʦʟʝ-ʛʘʟ ʠ ʪ.ʜ.). ɺʩʝʣʝʥʥʳʝ ʵʪʦʛʦ ʛʘʟʘ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʪʘʢ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʤʘʩʩʘ ʟʘʤʢʥʫʪʦʡ ʚʩʝʣʝʥʥʦʡ ʧʦʨʷʜʢʘ ʧʣʘʥʢʦʚʩʢʦʡ ʤʘʩʩʳ 
5

PI 10m -º  ʛ). ʇʨʠ ʵʪʦʤ ʚʩʝʣʝʥʥʳʝ ʤʦʛʫʪ "ʩʪʘʣʢʠʚʘʪʴʩʷ" ʤʝʞʜʫ ʩʦʙʦʡ, "ʧʦʛʨʫʞʘʷʩʴ" ʜʨʫʛ ʚ ʜʨʫʛʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʦʷʚʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (http://www.rbcdaily.ru/2010/12/22/cnews/562949979450784), ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʥʘʣʠʯʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʩʝʣʝʥʥʳʭ. 
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ɼɽʊɽʂʊʆʈʓ  ɼʃʗ  ɼʀʉʊɸʅʎʀʆʅʅʆʁ  ɼʀɸɻʅʆʉʊʀʂʀ  ɹʓʉʊʈʆʇʈʆʊɽʂɸʖʑʀʍ  ʇʈʆʎɽʉʉʆɺ  ɺ  

ʗɼɽʈʅʆ-ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ  ʋʉʊɸʅʆɺʂɽ 

 

 
1
ʄʘʣʴʮʝʚ ɸ.ɸ.,

 2
ʄʘʣʴʮʝʚʘ ʄ.ɺ. 

 

 
1
ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɼʫʙʥʘ, ʈʦʩʩʠʷ 

2
ʊɽʅɿʆʈ, ɼʫʙʥʘ, ʈʦʩʩʠʷ 

 

 

ʇʨʦʚʦʜʠʤʳʝ ʚ ʆʀʗʀ ʬʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʵʣʝʢʪʨʦʷʜʝʨʥʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʪʨʘʥʩʤʫʪʘʮʠʠ ʨʷʜʘ ʥʫʢʣʠʜʦʚ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʦʩʦʙʦʚ ʠ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʙʝʩʢʦʥʪʘʢʪʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʣʝʢʪʨʦʷʜʝʨʥʳʭ ʧʦʜʢʨʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʪʨʘʥʩʤʫʪʘʮʠʠ ʜʦʣʛʦʞʠʚʫʱʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʜʝʣʝʡ (ʤʘʢʝʪʦʚ ʠ ʧʨʦʪʦʪʠʧʦʚ) ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʣʝʢʪʨʦʷʜʝʨʥʳʭ ʠ 

ʪʨʘʥʩʤʫʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʜʢʨʠʪʠʯʝʩʢʦʡ ʩʙʦʨʢʝ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʣʝʢʪʨʦʷʜʝʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʚʷʟʘʥʦ ʩ ʧʨʦʙʣʝʤʦʡ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʧʝʨʚʠʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. ɺʳʜʝʣʷʝʤʘʷ ʵʥʝʨʛʠʷ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʦʙʦʙʱʝʥʥʳʡ 

ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʵʣʝʢʪʨʦʷʜʝʨʥʳʝ ʠ ʪʨʘʥʩʤʫʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʘʢʠʭ ʚʝʣʠʯʠʥ, ʢʘʢ 

ʧʘʨʘʤʝʪʨʳ ʧʫʯʢʘ ʧʨʦʪʦʥʥʳʭ ʠ ʥʝʡʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʩʝʯʝʥʠʡ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʠʰʝʥʠ ʠ ʩʙʦʨʢʠ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʧʦʤʝʭ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʛʠʩʪʨʘʮʠʷ ʠʦʥʠʟʠʨʫʶʱʠʭ (ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ, ʛʘʤʤʘ ʠ ʥʝʡʪʨʦʥʥʦʛʦ) ʠʟʣʫʯʝʥʠʡ, ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚ ʦʙʲʝʤʝ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʡ 

ʤʝʪʦʜ, ʨʝʘʣʠʟʫʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦ-ʪʚʝʨʜʦʪʝʣʴʥʳʭ (ɹɼʉʊ). ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʦʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ: ʩʥʘʯʘʣʘ ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʬʦʪʦʥʳ ʚ ʩʚʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʟʘʪʝʤ ʢʚʘʥʪʳ ʩʚʝʪʘ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʤ (ʊʌʕʋ). ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʊʌʕʋ, 

ʧʨʝʜʫʩʠʣʠʪʝʣʷ, ʢʦʨʧʫʩʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʠʪʝʣʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ɹɼʉʊ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʅʊʇ çʀʥʢʦʨè ɹɼʉʊ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʭʦʨʦʰʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ (ʥʝ ʭʫʞʝ 10% 

ʧʦ ʣʠʥʠʠ 662 ʢʵɺ), ʢʦʤʧʘʢʪʥʦʩʪʴ (ʜʠʘʤʝʪʨ 13 ʤʤ, ʜʣʠʥʘ 80 ʤʤ), ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʥʠʟʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 

(~ 20 ɺ), ʩʪʘʙʠʣʴʥʦʩʪʴ, ʰʠʨʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ (-40é+60 Áʉ), ʙʦʣʴʰʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʘʛʨʫʟʢʘ, 

ʜʣʠʪʝʣʴʥʳʡ ʨʝʩʫʨʩ ʠ ʪ. ʜ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ɹɼʉʊ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚ ʆʀʗʀ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʦʜʢʨʠʪʠʯʝʩʢʦʤ ʵʣʝʢʪʨʦʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ. 

 

 

 

 

ɼɽʊɽʂʊʆʈʓ ʊɽʇʃʆɺʓʍ ʅɽʁʊʈʆʅʆɺ ʅɸ ʆʉʅʆɺɽ ʇʈʆʉʊʓʍ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺ 

 

 
ɺʘʨʣʘʯʝʚ ɺ.ɸ., ɽʤʝʮ ɽ.ɻ., ʉʦʣʦʜʦʚʥʠʢʦʚ ɽ.ʉ. 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʈʦʩʩʠʷ 

634050, ʊʦʤʩʢ, ʧʨʦʩʧ. ʃʝʥʠʥʘ, 30 

e-mail: emecevgeniy@tpu.ru 

 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ 

ʬʣʶʝʥʩʘ ʪʝʧʣʦʚʳʭ ʠ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ. ɸʢʪʠʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ 

ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʣʶʝʥʩʘ ʥʝʡʪʨʦʥʦʚ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ. ʆʜʥʘʢʦ ʵʪʠ ʩʧʦʩʦʙʳ ʦʯʝʥʴ ʪʨʫʜʦʝʤʢʠ ʠ 

ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʀʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʠʟʤʝʨʝʥʠʡ ʬʣʶʝʥʩʘ 

ʥʝʡʪʨʦʥʦʚ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ ʰʘʡʙʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʬʣʶʝʥʩ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʬʣʶʝʥʩʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʦʚ ʦʪʞʝʯʴ ʨʘʜʠʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ, ʪ.ʝ. ʫʙʨʘʪʴ ʚʣʠʷʥʠʝ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʫ.ʵ.ʩ.) ʢʨʝʤʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʷʚʠʪʩʷ ʵʬʬʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʫ.ʵ.ʩ. ɺ ʩʘʤʦʤ 

ʜʝʣʝ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʢʨʝʤʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʬʦʩʬʦʨ 
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30

Si, NSi ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʷʜʝʨ 
30

Si. ʌʦʩʬʦʨ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʢʨʝʤʥʠʠ ʷʚʣʷʝʪʩʷ ʜʦʥʦʨʥʦʡ ʧʨʠʤʝʩʴʶ, ʧʦʵʪʦʤʫ ʚ ʢʨʝʤʥʠʠ n-ʪʠʧʘ ʦʥ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, ʘ ʚ ʢʨʝʤʥʠʠ p-ʪʠʧʘ ï ʫʤʝʥʴʰʘʝʪ. ʄʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʬʣʶʝʥʩʦʤ ʥʝʡʪʨʦʥʦʚ F 

ʩʫʱʝʩʪʚʫʝʪ ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ, ʢʦʪʦʨʘʷ ʚʳʪʝʢʘʝʪ ʠʟ ʚʳʨʘʞʝʥʠʷ (2), 

 )/1/1( 0r-r=KF  (3) 

ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʂ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʜʣʷ ʣʶʙʦʛʦ ʠʩʭʦʜʥʦʛʦ ʫ.ʵ.ʩ. r0. ʂʦʥʝʯʥʦʝ ʫ.ʵ.ʩ. r 

ʠʟʤʝʨʷʶʪ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠ ʦʪʞʠʛʘ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʠʟʤʝʨʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʀʈʊ-ʊ ʤʦʱʥʦʩʪʴʶ 6 ʄɺʪ. ʉ ʧʦʤʦʱʴʶ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʩ 1984 ʛ. ʪʝʭʥʦʣʦʛʠʠ ʥʝʡʪʨʦʥʥʦ-ʪʨʘʥʩʤʫʪʘʮʠʦʥʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʢʨʝʤʥʠʷ ʙʳʣʠ ʟʘʛʦʪʦʚʣʝʥʳ ʰʘʡʙʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʫ.ʵ.ʩ.) ʥʘ ʪʦʨʮʘʭ ʰʘʡʙ 

ʧʨʦʚʦʜʠʣʦʩʴ 4-ʟʦʥʜʦʚʳʤ ʤʝʪʦʜʦʤ ʧʦ 15 ʪʦʯʢʘʤ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 2%. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʜʦ 

ʦʪʞʠʛʘ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʣʶʝʥʩʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʜʝʬʝʢʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʣʶʝʥʩʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ. ʂʦʥʪʨʦʣʴ ʬʣʶʝʥʩʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʰʪʘʪʥʳʭ ʢʘʤʝʨ ʜʝʣʝʥʠʷ ʂʪɺ-4. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʬʣʶʝʥʩʦʤ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʢʘʣʠʙʨʦʚʢʫ ʜʝʪʝʢʪʦʨʘ. ɼʘʞʝ 

ʧʨʠ ʝʜʠʥʩʪʚʝʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʰʘʡʙʳ ʩ ʣʶʙʳʤ ʠʩʭʦʜʥʳʤ ʫ.ʵ.ʩ. ʂʘʣʠʙʨʦʚʢʘ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ ʠʟʤʝʨʷʝʤʦʛʦ 

ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʦʚ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʛʦ ʫ.ʵ.ʩ. ʂʘʞʜʳʡ ʢʨʠʩʪʘʣʣ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʢʨʘʪʥʦ, ʠ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʬʠʟʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʢʨʝʤʥʠʷ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʙʝʩʢʦʥʝʯʥʦ 

ʜʦʣʛʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʝʨʝʧʨʦʚʝʨʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʜʥʘ ʠ ʪʘ ʞʝ ʰʘʡʙʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʦ ʬʣʶʝʥʩʝ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ, ʪʘʢ, ʧʦʩʣʝ 

ʦʪʞʠʛʘ, ʠ ʦ ʬʣʶʝʥʩʝ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ. 
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2. ɺʘʨʣʘʯʝʚ ɺ.ɸ., ʉʦʣʦʜʦʚʥʠʢʦʚ ɽ.ʉ. ʉʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ ʬʣʶʝʥʩʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʜʝʪʝʢʪʦʨʦʤ ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ʇʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ 2379713, ʦʧʫʙʣʠʢʦʚʘʥʦ 20.01.2010. ɹʶʣ. ˉ2. 

 

 

 

 

ɼʀʅɸʄʀʂɸ ʅɸʂʆʇʃɽʅʀʗ ʅɸɺɽɼɽʅʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ɺ ʉʀʉʊɽʄɸʍ ʍʈɸʅɽʅʀʗ ʀ 

ʊʈɸʅʉʇʆʈʊʀʈʆɺʂʀ ʆʊʈɸɹʆʊɸʅʅʆɻʆ ʗɼɽʈʅʆɻʆ ʊʆʇʃʀɺɸ 

 

 
ʂʨʘʚʯʝʥʢʦ ʅ.ʀ., ɻʫʙʘʡʜʫʣʠʥ ʀ.ʄ., ɹʝʜʝʥʢʦ ʉ.ɺ. 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʢ.ʬ.-ʤ.ʥ. ɹʝʜʝʥʢʦ ʉ.ɺ. ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

 

ɿʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʚʳʚʦʜʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʜʝʨʥʳʭ ʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʠʦʨʠʪʝʪʥʘʷ ʜʣʷ ʧʣʘʥʠʨʫʝʤʦʛʦ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦ ʚʳʚʦʜʫ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʠ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ). 

ʇʨʦʙʣʝʤʫ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʆʗʊ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ: ʧʝʨʚʘʷ 

ʟʘʜʘʯʘ ï ʵʪʦ ʟʘʜʘʯʘ ʥʘ ʢʨʠʪʠʯʥʦʩʪʴ.  ʉʝʛʦʜʥʷ ʵʪʘ ʟʘʜʘʯʘ ʫʩʧʝʰʥʦ ʨʝʰʝʥʘ. ɺʪʦʨʘʷ ʟʘʜʘʯʘ ï ʵʪʦ ʠʟʫʯʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚʙʣʠʟʠ ʷʜʝʨʥʦ- ʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ 

ʩʦʜʝʨʞʘʱʠʭ ʆʗʊ. ʕʪʘ ʟʘʜʘʯʘ ʨʝʰʝʥʘ ʥʝ ʧʦʣʥʦʩʪʴʶ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʤʝʩʪʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʮʝʜʫʨ ʨʘʩʯʝʪʘ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʷ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʙʣʠʟʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʫʨʘʥʦʚʳʭ ʪʦʧʣʠʚ ʜʣʷ ʜʝʡʩʪʚʫʶʱʠʭ 

ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪʥʳʡ ʘʥʘʣʠʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʝʡ ʠʟʣʫʯʝʥʠʷ ʚʙʣʠʟʠ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʆʗʊ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʮʝʜʫʨ ʠ ʤʦʜʝʣʝʡ ʨʘʩʯʝʪʘ ʜʦʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʗʊ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʙʘʟʳ 

ʜʘʥʥʳʭ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʫʜʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʠ ʧʘʨʘʤʝʪʨʳ ʧʦʣʝʡ ʠʟʣʫʯʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʭʨʘʥʝʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʢʦʪʦʨʳʝ ʚ ʠʪʦʛʝ ʙʫʜʫʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ, ʣʠʙʦ ʚʳʚʝʜʝʥʳ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʀɿʄɽʅɽʅʀɽ ʄʀʂʈʆʉʊʈʋʂʊʋʈʓ ʆɹʃʋʏɽʅʅʆʁ ɹʓʉʊʈʓʄʀ ʅɽʁʊʈʆʅɸʄʀ ʂʆʅʉʊʈʋʂʎʀʆʅʅʆʁ 

ʉʊɸʃʀ ʇʆʉʃɽ ʄɽʍɸʅʀʏɽʉʂʀʍ ʀʉʇʓʊɸʅʀʗʍ ʅɸ ʇʆʃɿʋʏɽʉʊʔ ʀ ʉ ʇʆʉʊʆʗʅʅʆʁ ʉʂʆʈʆʉʊʔʖ 

ɼɽʌʆʈʄɸʎʀʀ 

  

 

ʂʠʨʝʝʚ ɺ.ɺ., ɼʠʢʦʚ ɸ.ʉ., ʂʠʩʣʠʮʠʥ ʉ.ɹ., ʅʝʩʪʝʨʦʚʘ ɸ.ʖ. 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʷʜʝʨʥʦʛʦ ʮʝʥʪʨʘ ʈʂ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ï ʤʘʪʝʨʠʘʣʘ ʯʝʭʣʦʚ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ (ʊɺʉ) ʨʝʘʢʪʦʨʘ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ɹʅ-350 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʪ.ʝ. 

ʧʦʩʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʝʘʢʪʦʨʝ ɹʅ-350), ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 350 Áʉ 

ʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ 100 ʅ.   

ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʳ ʜʣʷ ʜʚʫʭ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʎʎ-19 ʠ ʅ-214/1, ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʣʠʩʴ. ʊɺʉ ʎʎ-19 ïʮʝʥʪʨʘʣʴʥʘʷ ʩʙʦʨʢʘ, ʅ-214 ï ʊɺʉ ʥʘʨʫʞʥʦʛʦ ʵʢʨʘʥʘ, 

ʧʦʵʪʦʤʫ ʜʦʟʘ ʦʙʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʵʪʠʭ ʩʙʦʨʦʢ ʠ ʩʢʦʨʦʩʪʴ ʥʘʙʦʨʘ ʜʦʟʳ ʨʘʟʣʠʯʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʜʠʥʘʢʦʚʘ ʧʦ ʚʳʩʦʪʝ ʦʙʝʠʭ ʩʙʦʨʦʢ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ 

ʩʪʘʣʠ ʯʝʭʣʦʚ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʙʝʠʭ ʊɺʉ ʠ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʪ.ʢ. ʪʝʤʧʝʨʘʪʫʨʘ, ʜʦʟʘ ʦʙʣʫʯʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʦʙʣʫʯʝʥʠʷ ʜʣʷ 

ʥʠʭ ʨʘʟʣʠʯʘʣʠʩʴ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʠʩʧʳʪʘʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʜʝʬʦʨʤʘʮʠʠ ï ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʠʩʧʳʪʘʥʠʡ ʠ ʧʨʦʮʝʩʩʳ ʜʝʬʦʨʤʘʮʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ. ɺ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʜʝʬʦʨʤʘʮʠʷ ʚ ʦʩʥʦʚʥʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʜʠʬʬʫʟʠʝʡ 

ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʧʦʣʟʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʯʝʨʝʟ ʧʨʝʧʷʪʩʪʚʠʷ, ʢʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʢʘʢ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ ʠʟʥʘʯʘʣʴʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʤʘʪʝʨʠʘʣʝ, ʥʘʧʨʠʤʝʨ, ʩʝʪʢʘ ʜʠʩʣʦʢʘʮʠʡ, ʪʘʢ ʠ ʯʝʨʝʟ ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʜʝʬʝʢʪʳ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʧʦʨʳ, ʩʢʦʧʣʝʥʠʷ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʚʳʜʝʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʬʘʟ. ʉʢʦʨʦʩʪʴ 

ʧʝʨʝʧʦʣʟʘʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʩʧʳʪʘʥʠʡ, ʪ.ʢ. ʟʘʚʠʩʠʪ ʦʪ ʧʦʜʚʠʞʥʦʩʪʠ ʚʘʢʘʥʩʠʡ ʧʦʛʣʦʱʘʝʤʳʭ 

ʧʝʨʝʧʦʣʟʘʶʱʝʡ ʜʠʩʣʦʢʘʮʠʝʡ. ʀʩʧʳʪʘʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʠ (~ ʤʤ/ʤʠʥ) ʨʝʘʣʠʟʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʢʦʣʴʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʪ.ʝ ʙʘʨʴʝʨʳ ʜʣʷ ʜʚʠʞʫʱʝʡʩʷ ʜʠʩʣʦʢʘʮʠʠ ʧʨʝʦʜʦʣʝʚʘʶʪʩʷ çʩʠʣʦʚʳʤè ʧʫʪʝʤ ʠ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʠʩʧʳʪʫʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ. ʆʙʘ 

ʪʠʧʘ ʠʩʧʳʪʘʥʠʡ ʟʘʚʠʩʷʪ ʦʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʩʧʳʪʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʭʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ï ʦʙʨʘʟʮʳ ʩʪʘʣʠ ʧʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ ï ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ ʟʝʨʝʥ, ʤʝʣʢʠʝ ʟʝʨʥʘ ʠʤʝʶʪ 

ʨʘʟʤʝʨ ~ 15-20 ʤʢʤ, ʙʦʣʴʰʠʝ ~ 50-60 ʤʢʤ. ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʦʡʥʠʢʠ ʠ ʢʘʨʙʠʜʳ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʅm ʩʦʩʪʘʚʣʷʝʪ ʦʪ 340 ʜʦ 430  ʢʛ
.
ʤʤ

-2
, ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʙʦʨʦʢ ʠ ʚʟʷʪʳʭ ʩ ʨʘʟʣʠʯʥʳʭ ʦʪʤʝʪʦʢ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʫ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʮʘʟ). ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʦʚ  ʊɺʉ ʎʎ-19 ʠ ʅ-

214/1 ʩ ʦʪʤʝʪʢʠ 0 ʤʤ ʦʪ ʮʘʟ (430 ʢʛ
.
ʤʤ

-2
 ʜʣʷ ʩʪʘʣʠ ʯʝʭʣʘ ʊɺʉ ʅ-214/1), ʪ.ʝ. ʚ ʦʙʣʘʩʪʠ ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʣʫʯʝʥʠʷ. ɿʘʤʝʪʠʤ, ʯʪʦ ʦʙʣʫʯʝʥʥʘʷ ʩʪʘʣʴ ʯʝʭʣʦʚ ʊɺʉ ʫʧʨʦʯʥʝʥʘ ï ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʜʣʷ ʥʝʦʙʣʫʯʝʥʥʦʡ 

ʯʝʭʣʦʚʦʡ ʩʪʘʣʠ ʩʦʩʪʘʚʣʷʝʪ ~ 280 ʢʛ
.
ʤʤ

-2
.     

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʧʦʩʣʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʊɺʉ ʅ-

214(1) ʩ ʦʪʤʝʪʢʠ +900 ʤʤ ʠ 0 ʤʤ ʦʪ ʮʘʟ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʘ. ɼʣʷ ʩʪʘʣʠ ʩ ʩ ʦʪʤʝʪʢʠ +900 ʤʤ ʩʪʨʫʢʪʫʨʘ 

ʥʝʦʜʥʦʨʦʜʥʘʷ, ʯʝʪʢʦʡ ʛʨʘʥʠʮʳ ʟʝʨʝʥ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʟʝʨʥʘ ʠʤʝʶʪ ʨʘʟʤʝʨ ʦʪ 15-20 ʤʢʤ ʜʦ 65-70 ʤʢʤ. ɼʣʷ ʩʪʘʣʠ ʩ 

ʦʪʤʝʪʢʠ 0 ʤʤ ʭʘʨʘʢʪʝʨʥʘ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʯʝʪʢʦ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʛʨʘʥʠʮʳ ʟʝʨʝʥ, ʦʪʩʫʪʩʪʚʫʝʪ 

ʜʚʦʡʥʠʢʦʚʘʥʠʝ, ʟʝʨʥʘ ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʦʪ 15-20 ʤʢʤ ʜʦ 55-60 ʤʢʤ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ʜʣʠʥʝ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʥʝʦʜʥʦʨʦʜʥʘ, ʥʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘ ~ 20% ʚ ʦʙʣʘʩʪʠ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʤʝʩʪʫ ʨʘʟʨʫʰʝʥʠʷ.   

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʩʙʦʨʦʢ ʅ-214/1 ʩ ʦʪʤʝʪʢʠ +900 ʤʤ ʦʪ ʮʝʥʪʨʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

(ʮʘʟ) ʠ ʎʎ-19 +500 ʤʤ ʦʪ ʮʘʟ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʚ ʪʝʯʝʥʠʝ 120 ʯ (ʚʳʭʦʜ ʥʘ ʫʩʪʘʥʦʚʠʚʰʫʶʩʷ ʩʪʘʜʠʶ 

ʧʦʣʟʫʯʝʩʪʠ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ) ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʡ ʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʩʧʳʪʘʥʥʳʭ 

ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʦʙʨʘʟʮʦʚ ʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ ʪʘʢʞʝ ʚʦʟʨʦʩʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʥʘ  ~ 3-5%.  
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ʀɿʄɽʈɽʅʀɽ ʕʃɽʂʊʈʆʉʆʇʈʆʊʀɺʃɽʅʀʗ, ʄʀʂʈʆʊɺɽʈɼʆʉʊʀ ʀ ʄɸɻʅʀʊʅʓʍ ʉɺʆʁʉʊɺ, 

ʆɹʃʋʏɽʅʅʆʁ ʅɽʁʊʈʆʅɸʄʀ ʉʊɸʃʀ 12ʍ18ʅ10ʊ ɺ ʇʈʆʎɽʉʉɽ ʍʆʃʆɼʅʆʁ ɼɽʌʆʈʄɸʎʀʀ 

 

 

ʈʳʙʠʥ ʉ.ɺ., ʈʫʙʘʥ ʉ.ɺ., ʄʘʢʩʠʤʢʠʥ ʆ.ʇ. 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ. ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

 ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʙʝʟʜʠʬʬʫʟʠʦʥʥʳʭ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 

ʦʙʣʫʯʝʥʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʷʭ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʥʠʞʘʶʪ ʵʥʝʨʛʠʶ ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʪʘʣʝʡ ʠ 

ʩʪʠʤʫʣʠʨʫʶʪ ʧʨʦʮʝʩʩʳ g­a-ʧʝʨʝʭʦʜʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʣʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʘʨʪʝʥʩʠʪʥʦʡ a-ʬʘʟʳ ʚ ʦʙʣʫʯʝʥʥʳʭ ʨʝʘʢʪʦʨʥʳʭ ʩʪʘʣʷʭ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 12ʍ18ʅ10ʊ (ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ï ʩʪʘʣʠ 04ʍ16ʅ11ʄ3ʊ). 

 ʇʣʦʩʢʠʝ ʤʠʥʠʘʪʶʨʥʳʝ ʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʘʫʩʪʝʥʠʟʘʮʠʠ (1050ʉ̄, 30 ʤʠʥ) ʦʙʣʫʯʘʣʠ ʚ ʨʝʘʢʪʦʨʝ ɺɺʈ-ʂ ʜʦ 

ʬʣʶʝʥʩʘ ʥʝʡʪʨʦʥʦʚ 4Ö10
18

 ʥ/ʩʤ
2
 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 80ʉ̄. ʅʝʦʙʣʫʯʝʥʥʳʝ ʠ ʦʙʣʫʯʝʥʥʳʝ ʥʝʡʪʨʦʥʘʤʠ 

ʦʙʨʘʟʮʳ ʜʝʬʦʨʤʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 15, 0, -10̄ ʉ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Instron 1195 ʚ 

ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʘʤʝʨʝ. ɼʝʬʦʨʤʘʮʠʷ  ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʰʘʛʦʚʦ, ʥʘ 4% ʠ ʙʦʣʝʝ, ʠ ʧʦʩʣʝ 

ʢʘʞʜʦʛʦ ʰʘʛʘ ʠʟʤʝʨʷʣʠ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʤʝʪʨʘ, ʠʟʫʯʘʣʠ 

ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ (Neophot-2), ʦʧʨʝʜʝʣʷʣʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ (ʇʄʊ-3), ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ a-ʬʘʟʳ (Fisher, Ferritoscope HP-30) ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫʯʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ a-ʬʘʟ.r ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ (ʠ ʚ ʪʦʤ ʯʠʩʣʝ çʠʩʪʠʥʥʳʝè) ʥʝʦʙʣʫʯʝʥʥʦʡ ʠ ʦʙʣʫʯʝʥʥʦʡ ʥʝʡʪʨʦʥʘʤʠ ʩʪʘʣʠ, 

ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨ ʘʚʪʦʢʘʪʘʣʠʪʠʯʥʦʩʪʠ g­a-ʧʨʝʚʨʘʱʝʥʠʷ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠʩʧʳʪʘʥʠʷ. 

 ʋʩʪʘʥʦʚʣʝʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʜʣʷ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʦʙʣʫʯʝʥʥʳʭ ʥʝʡʪʨʦʥʘʤʠ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ 0ʉ̄, 

ʧʨʠʨʦʩʪ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢ ʢʦʥʮʫ ʨʘʩʪʷʞʝʥʠʷ ʩʦʩʪʘʚʠʣ 40%, ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ï 83% ʠ ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʣʦʩʴ 

40% a-ʬʘʟʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʥʝʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ, ʦʙʱʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʪʦʨʦʡ ʙʳʣʘ ʥʘ 10% ʙʦʣʴʰʝ, ʵʪʠ ʟʥʘʯʝʥʠʷ 

ʩʦʩʪʘʚʠʣʠ 34%, 96% ʠ 37%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ʆʙʩʫʞʜʘʝʪʩʷ ʚʢʣʘʜ ʪʦʯʝʯʥʳʭ ʠ ʣʠʥʝʡʥʳʭ ʜʝʬʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʡ ʤʘʨʪʝʥʩʠʪʥʦʡ a-ʬʘʟʳ ʚ ʵʬʬʝʢʪʳ 

ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ. 

 

 

 

 

ʀɿʋʏɽʅʀɽ ʈɸɼʀɸʎʀʆʅʅʆ-ʊɽʈʄʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ɺ ʉʀʉʊɽʄɸʍ Si + H2O 
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ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʢʨʝʤʥʠʡ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ, 

ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʜʠʘʮʠʠ, ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʧʨʦʚʦʜʠʤʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʦʣʴʛʘ ʠʟ ʢʨʝʤʥʠʷ 

(n-ʪʠʧʘ) ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʘ ʨʘʟʤʝʨʦʤ 2Ĭ1 ʩʤ
2
. ʇʦʚʝʨʭʥʦʩʪʴ ʬʦʣʴʛʠ ʙʳʣʘ ʦʯʠʱʝʥʘ, ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʘʜʩʦʨʙʠʨʦʚʘʣʘʩʴ ʚʦʜʘ ʠ ʧʨʦʚʝʜʝʥ ʨʘʜʠʦʣʠʟ. 

ʇʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

¶ ʈʘʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʠʝ ʚʳʭʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʣʱʠʥʳ ʬʦʣʴʛʠ d=0,17; 0,28; 0,49 ʤʤ ʠʟʤʝʥʷʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: G(H2)=1,35; 0,82; 0,49 

ʤʦʣʝʢʫʣ/(100 ʝɺ). 

¶ ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʜʠʘʮʠʠ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʦʣʱʠʥʳ ʬʦʣʴʛʠ ʠ ʨʘʚʥʷʝʪʩʷ W(H2)=7,37Ĭ10
10

 ʤʦʣʝʢʫʣ/(ʩʤ
2
Ĭʩʝʢ); 

¶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ (ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ) ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ; 

¶ ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ Si+H2O ʦʢʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʩʠʩʪʝʤʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʮʝʥʪʨʦʚ: 

-M
+
 (ʢʘʪʠʦʥʥʳʝ ʠ ʨʘʜʠʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ ʪʠʧʘ ʧʘʨ ʌʨʝʥʢʝʣʷ) ʮʝʥʪʨʳ [1]; 
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-ʘʥʠʦʥ (ʢʠʩʣʦʨʦʜʥʳʝ) ʮʝʥʪʨʳ [1]; 

-ʚʥʫʪʨʠ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʥʦʛʦ (SiO2) ʩʣʦʷ ʥʝʡʪʨʘʣʴʥʘʷ ʢʠʩʣʦʨʦʜʥʘʷ ʚʘʢʘʥʩʠʷ (O3ſSiīSiſO3) 

ʠ ʥʘ ʛʨʘʥʠʮʝ ʧʦʣʫʨʧʦʚʦʜʥʠʢ-ʜʠʵʣʝʢʪʨʠʢ ʮʝʥʪʨʳ Si-SiO2 (O3ſSiīSiſSi3) ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʦʥʠʟʠʨʫʶʱʝʶ 

ʠʟʣʫʯʝʥʠʷ ʣʦʢʘʣʠʟʫʶʪ ʚʦʟʥʠʢʰʠʝ ʜʳʨʢʠ (h), ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘʧʨʫʞʝʥʥʳʝ Si-Si ʩʚʷʟʠ ʦʙʨʳʚʘʣʘʩʴ, ʦʙʨʘʟʫʶʪ 

ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʣʦʞʠʪʝʣʴʥʝʝ EË (O3ſSi
+
)  ʠ ʘʤʬʦʪʝʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ Pbï (īSiſO3,  īSiſSi3) ʮʝʥʪʨʳ: 

                                                                       O3ſSiīSiſO3 + h Ÿ O3ſSi
+
 + īSiſO3 

O3ſSiīSiſSi3 + h Ÿ O3ſSi
+
 + īSiſSi3 

ʅʘʭʦʜʷʱʠʡʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ E
Ë
 ʮʝʥʪʨ, ʧʦʚʪʦʨʥʦ  ʟʘʛʨʫʞʘʷʩ  ʚʥʫʪʨʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʪʝʧʣʦʚʳʤʠ ʠʣʠ 

ʪʫʥʥʝʣʴ-ʵʣʝʢʪʨʦʥʘʤʠ, ʤʦʞʝʪ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʨʘʰʝʧʣʝʥʠʠ ʚʦʜʳ  

O3ſSi
+
 + e

-
 + H2O Ÿ O3ſSiīOH + H 

ʀ ʚʦʦʩʪʦʥʦʚʣʝʥʠʤ  ʩʚʷʟʠ  Si-Si 

                                                                        O3ſSi
+
 + īSiſO3 + e

-
 Ÿ  O3ſSiīSiſO3

*
 

                                                                 O3ſSi
+
 + īSiſSi3 + e

-
 Ÿ  O3ſSiīSiſSi3

*
 

ɺ ʵʪʦʤ ʩʣʫʯʘʠ ʤʘʪʨʠʮʘ ʧʝʨʝʭʦʜʠʪ  ʚ ʵʣʝʢʪʨʦʥʥʦ-ʚʦʟʙʫʞʜʝʥʥʦʝ (O3ſSiīSiſO3
*
, O3ſSiīSiſSi3

*
). ʕʪʦ ʵʥʝʨʛʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʘʷ ʧʨʠ ʧʨʠʜʘʯʝ ʤʦʣʝʢʫʣʝ ʚʦʜʳ, ʤʦʞʝʪ ʝʝ ʨʘʟʣʦʞʝʥʠʶ.    
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ɺ XXI  ʚʝʢʝ ʣʶʙʦʡ ʦʙʨʘʟʦʚʘʥʥʳʡ ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ ʫʤʝʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʙʦʪʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʠʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ ʚʳʩʰʝʡ ʰʢʦʣʳ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʦʙʫʯʝʥʠʠ ʬʠʟʠʢʝ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʜʘʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʪʚʦʨʯʝʩʢʦʛʦ ʨʦʩʪʘ ʩʪʫʜʝʥʪʦʚ, ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʪʢʨʳʚʘʶʱʠʝ ʩʪʫʜʝʥʪʘʤ  ʜʦʩʪʫʧ ʢ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʠʥʬʦʨʤʘʮʠʠ ï 

ʵʣʝʢʪʨʦʥʥʳʤ ʛʠʧʝʨʪʝʢʩʪʦʚʳʤ ʫʯʝʙʥʠʢʘʤ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʩʘʡʪʘʤ, ʩʠʩʪʝʤʘʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʪ.ʧ. 

ʅʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ï ʵʪʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʦʚ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʉʤʠʨʥʦʚʘ ɸ.ɺ. çé ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʅʀʊ) ï ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ, 

ʧʝʨʝʜʘʯʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʕɺʄ, ʩʦʟʜʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚè [1]. 

ʇʦʜ ʩʨʝʜʩʪʚʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʀʂʊ) ʇʘʥʶʢʦʚʘ ʉ.ɺ. ʧʦʥʠʤʘʝʪ çʢʦʤʧʣʝʢʩ 

ʪʝʭʥʠʯʝʩʢʠʭ, ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ, ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʙʘʟʝ ʩʨʝʜʩʪʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ; ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʠʩʪʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʶ 

ʚʚʦʜʘ, ʥʘʢʦʧʣʝʥʠʷ, ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ, ʧʝʨʝʜʘʯʠ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡè [2]. 

ɺ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʀʂʊ ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ, ʪʚʦʨʯʝʩʢʦʛʦ 

ʠ ʤʦʜʫʣʴʥʦ-ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʤʳʰʣʝʥʠʷ ʦʙʫʯʘʝʤʳʭ, ʯʪʦ ʢʦʤʧʴʶʪʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʫʯʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʟʘʥʠʤʘʶʱʠʭ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʦʙʨʘʟʥʦʤ ʤʳʰʣʝʥʠʠ, ʘ 

ʦʙʨʘʟʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʝʭ ʠʣʠ ʠʥʳʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʧʘʤʷʪʠ ʦʙʫʯʘʝʤʦʛʦ ʦʙʦʛʘʱʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʫʯʝʙʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʥʘʫʯʥʦʤʫ ʧʦʥʠʤʘʥʠʶ.  

ʉʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʜʚʫʭ ʘʩʧʝʢʪʘʭ: 1) ʚ ʧʨʠʩʚʦʝʥʠʠ ʩʪʫʜʝʥʪʘʤ ʛʦʪʦʚʳʭ ʟʥʘʥʠʡ, ʛʦʪʦʚʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʘʚʠʣʴʥʳʭ, ʪʦʯʥʳʭ 

ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʫʤʩʪʚʝʥʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘ ʦʩʥʦʚʝ ʠʭ ʚʢʣʶʯʠʪʴʩʷ ʚ ʨʝʰʝʥʠʝ ʪʚʦʨʯʝʩʢʠʭ 

ʟʘʜʘʯ; 2) ʚ ʩʦʟʜʘʥʠʠ ʯʝʛʦ-ʪʦ ʩʚʦʝʛʦ, ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ, ʪʦʛʦ, ʯʪʦ ʚ ʦʙʫʯʝʥʠʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʨʝʰʝʥʠʠ 

ʩʪʫʜʝʥʪʦʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ɸʢʪʠʚʥʘʷ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʫʯʝʥʠʠ ʬʠʟʠʢʝ , ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʠ ʧʨʦʪʝʢʘʪʴ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ, ʬʦʨʤʘʤʠ ʠ ʤʝʪʦʜʘʤʠ ʦʙʫʯʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʚʦʜʠʪʩʷ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʩʪʠʞʝʥʠʡ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʅʀʊ, 

ʪʝʤ ʥʝ ʤʝʥʝʝ, ʠʤʝʥʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʫʨʦʚʥʝʡ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ ʬʠʟʠʢʝ  ʤʦʞʝʪ ʜʘʪʴ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, 
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ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

ʅʝʤʘʣʦʚʘʞʥʳʡ ʬʘʢʪʦʨ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʣʠʯʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʤʠʨʝ, ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʙʷʟʘʪʝʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʥʦ ʠ ʦʙʣʘʜʘʪʴ 

ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʚʠʜʝʪʴ, ʨʝʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʨʝʘʣʴʥʳʝ ʩʜʚʠʛʠ ʠ ʜʦʩʪʦʠʥʩʪʚʘ ʩʪʫʜʝʥʪʘ, ʚʦʚʨʝʤʷ ʧʦʜʜʝʨʞʘʪʴ ʝʛʦ, 

ʫʤʝʥʠʝʤ ʬʦʨʤʠʨʦʚʘʪʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʢʣʠʤʘʪ, ʦʙʩʪʘʥʦʚʢʫ ʞʠʟʥʝʨʘʜʦʩʪʥʦʩʪʠ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʥʪʝʨʝʩʦʚʘʥʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʚʦʨʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʊʦʣʴʢʦ ʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʚʟʘʠʤʥʦʡ ʚʳʩʦʢʦʡ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʧʝʜʘʛʦʛʘ ʠ ʩʪʫʜʝʥʪʘ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʡʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʝʦʜʦʣʝʥʠʶ ʩʪʝʨʝʦʪʠʧʦʚ ʚ ʦʙʫʯʝʥʠʠ, ʚʳʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʚʠʪʠʶ 

ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʩʪʫʜʝʥʪʦʚ. 
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ʂʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ ʘʫʩʪʝʥʠʪʥʦʛʦ ʢʣʘʩʩʘ - 12ʍ18ʅ10ʊ ʚ ʩʦʩʪʦʷʥʠʠ ʤʝʭʘʥʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʪ.ʝ. ʧʦʩʣʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800 
0
ʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ, 

ʧʨʠʤʝʥʷʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʯʝʭʣʦʚʳʭ ʰʝʩʪʠʛʨʘʥʥʳʭ ʪʨʫʙ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ (ʊɺʉ) 

ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ɹʅ-350 ʄʘʥʛʳʰʣʘʢʩʢʦʛʦ ʘʪʦʤʥʦʛʦ ʵʥʝʨʛʦʢʦʤʙʠʥʘʪʘ (ʄɸʕʂ) ʚ ʛ. ɸʢʪʘʫ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʢʪʦʨ ɹʅ-350 ʚʳʚʝʜʝʥ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʦʪʨʘʙʦʪʘʥʥʦʝ ʪʦʧʣʠʚʦ ʫʧʘʢʦʚʘʥʦ ʚ ʢʦʥʪʝʡʥʝʨʳ ʠ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ çʩʫʭʦʤè ʭʨʘʥʝʥʠʠ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʩʦʦʨʫʞʝʥʥʦʤ ʭʨʘʥʠʣʠʱʝ. ɼʣʷ ʧʨʦʛʥʦʟʘ ʧʦʚʝʜʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʊɺʉ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʩʫʭʦʤ ʭʨʘʥʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʙʣʠʟʢʠʭ ʢ ʫʩʣʦʚʠʷʤ ʭʨʘʥʝʥʠʷ. ʊʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʜʣʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪ.ʝ. ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʦʣʟʫʯʝʩʪʴ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʥʝʦʙʣʫʯʝʥʥʦʡ ʠ ʦʙʣʫʯʝʥʥʦʡ 

ʩʪʘʣʠ  12ʍ18ʅ10ʊ - ʤʘʪʝʨʠʘʣʘ ʯʝʭʣʦʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ (ʊɺʉ) ʨʝʘʢʪʦʨʘ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ 

ɹʅ ï 350. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ: ʥʝʦʙʣʫʯʝʥʥʘʷ ʯʝʭʣʦʚʘʷ ʩʪʘʣʴ 12ʍ18ʅ10ʊ, ʦʙʨʘʟʮʳ ʩʪʘʣʠ 

ʵʢʨʘʥʥʦʡ ʊɺʉ ʅ-214/1 ʩ ʦʪʤʝʪʦʢ +900 ʠ 0 ʤʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʫ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʮʘʟ) ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʩʙʦʨʢʠ ʎʎ-

19 ʩ ʦʪʤʝʪʦʢ +500 ʠ 0 ʤʤ ʦʪ ʮʘʟ. ɺʳʙʦʨ ʜʘʥʥʳʭ ʦʪʤʝʪʦʢ ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʙʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʪʦʧʣʠʚʥʳʭ ʩʙʦʨʦʢ ï ʪʝʤʧʝʨʘʪʫʨʦʡ, ʧʦʚʨʝʞʜʘʶʱʝʡ ʜʦʟʦʡ ʠ ʩʢʦʨʦʩʪʴʶ ʥʘʙʦʨʘ ʜʦʟʳ. ʂ ʪʦʤʫ ʞʝ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʯʝʭʣʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ï ʦʭʨʫʧʯʠʚʘʥʠʶ, ʨʘʟʨʫʰʝʥʠʶ ï ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʘʪʝʨʠʘʣ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʊɺʉ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʚʳʙʨʘʥʳ ʦʙʨʘʟʮʳ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʯʝʭʣʦʚ ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʚ ʨʝʘʢʪʦʨʝ ɹʅ-350 ʩʪʘʨʠʣʩʷ ʚʥʘʯʘʣʝ ʚ ʫʩʣʦʚʠʷʭ 

ʤʦʢʨʦʛʦ ʭʨʘʥʝʥʠʷ (ʧʨʠʤʝʨʥʦ 5 ʣʝʪ), ʟʘʪʝʤ, ʚ ʪʝʯʝʥʠʝ 8 ʣʝʪ, ʚ ʚʠʜʝ ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʯʝʭʣʦʚ ʊɺʉ ʧʣʘʩʪʠʥ ʚ 

ʥʝʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʭʦʜʠʣʩʷ ʚ ʩʫʭʦʤ ʭʨʘʥʠʣʠʱʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʳʨʝʟʢʘ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʨʝʟʢʠ, ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʛʦʪʘʚʣʠʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʰʣʠʬʦʚʢʠ ʠ 

ʧʦʣʠʨʦʚʢʠ. ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʣʟʫʯʝʩʪʴ, ʢʘʢ ʜʣʷ ʦʙʣʫʯʝʥʥʳʭ ʪʘʢ ʠ ʜʣʷ ʥʝʦʙʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ, 

ʙʳʣʠ ʦʜʠʥʘʢʦʚʳ ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʣʷʣʘ 350 Áʉ, ʥʘʛʨʫʟʢʘ ï 100ʅ. 

ʀʟ ʩʨʘʚʥʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʦʣʟʫʯʝʩʪʠ ʥʝʦʙʣʫʯʝʥʥʦʡ ʠ ʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʚ ʦʜʠʥʘʢʦʚʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʳʭ ʫʩʣʦʚʠʷʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʜʣʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʦʙʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ 

ʥʝʦʙʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʪʘʜʠʠ ʧʦʣʟʫʯʝʩʪʠ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʦʙʣʫʯʝʥʥʦʡ ʠ ʥʝʦʙʣʫʯʝʥʥʦʡ 

ʯʝʭʣʦʚʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʩʪʘʥʦʚʷʪʩʷ ʩʨʘʚʥʠʤʳʤʠ. 

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʧʦ ʚʳʧʦʣʥʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʣʝʜʫʶʱʠʝ: 

- ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ ʤʝʥʴʰʠʭ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʢʘʢ ʜʣʷ ʦʙʣʫʯʝʥʥʦʡ, 

ʪʘʢ ʠ ʥʝʦʙʣʫʯʝʥʥʦʡ  ʩʪʘʣʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʩʢʦʨʦʩʪʴʶ ʧʦʣʟʫʯʝʩʪʠ ~ n³10
-

5 
ʤʤ/ʤʠʥ  - ʧʝʨʝʭʦʜʥʘʷ ʩʪʘʜʠʷ ʧʦʣʟʫʯʝʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʧʦʣʟʫʯʝʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʘ; ʟʘ ʥʝʡ - ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ 

ʩʪʘʜʠʷ ʧʦʣʟʫʯʝʩʪʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝʡ ʯʝʤ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ;  
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- ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʜʣʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350 
0
ʉ ʠ ʥʘʛʨʫʟʢʝ 100 ʅ ʩʢʦʨʦʩʪʴ 

ʧʦʣʟʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʙʣʫʯʝʥʥʦʛʦ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ~337 ʜʦ ~378
ʦ
ʉ ʥʝ ʧʨʝʚʳʰʘʝʪ  ʩʢʦʨʦʩʪʠ ʧʦʣʟʫʯʝʩʪʠ 

ʥʝʦʙʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

- ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʦʙʣʫʯʝʥʠʷ (ʵʢʩʧʣʫʘʪʘʮʠʠ) ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʣʟʫʯʝʩʪʠ.   

-   ʦʙʣʫʯʝʥʠʝ ʜʦ ʙʦʣʴʰʠʭ ʜʦʟ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ.  

 

 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɺʓʉʆʂʆɼʆɿʅʆʁ ʀʄʇʃɸʅʊɸʎʀʀ ʀʆʅʆɺ ɻɽʃʀʗ ʅɸ ʉʃʆʀʉʊʋʖ 

ʉʀʉʊɽʄʋ Fe-Be 

 

 
ɺʝʨʝʱʘʢ ʄ.ʌ., ʄʘʥʘʢʦʚʘ ʀ.ɸ., ʆʟʝʨʥʦʡ ɸ.ʅ., *ʈʫʩʘʢʦʚ ɺ.ʉ., ʊʫʣʝʫʰʝʚ ʖ.ɾ., ʂʘʜʳʨʞʘʥʦʚ ʂ.ʂ. 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ɸʣʤʘʪʳ 050032, ʂʘʟʘʭʩʪʘʥ 

*ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 119899, ʈʦʩʩʠʷ 

 

 

 ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʙʣʫʯʝʥʠʷ ʠʦʥʘʤʠ ʛʝʣʠʷ ʩ ʵʥʝʨʛʠʝʡ 40 ʢʵɺ ʥʘ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʝʭʩʣʦʡʥʦʡ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʳ Be(0.9 ʤʢʤ)-Fe(10 ʤʢʤ)-ɺʝ(1.0 ʤʢʤ), ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʘʤʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ (ʄʉ) ʠ ʚ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʦ ʵʣʝʢʪʨʦʥʥʦʤʫ 

ʢʘʥʘʣʫ (ʂʕʄʉ). 

  

ʀʟʣʦʞʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʠʩʪʦʡ 

ʩʠʩʪʝʤʳ Fe-Be ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʪʝʨʤʦʜʠʬʬʫʟʠʦʥʥʳʡ ʦʪʞʠʛ ʞʝʣʝʟʥʦʡ ʬʦʣʴʛʠ, 
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Fe ʜʦ 89%, ʩ ʙʝʨʠʣʣʠʝʚʳʤ 

ʧʦʢʨʳʪʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650
Á
ʉ ʚ ʚʘʢʫʫʤʝ 1ʭ10

-

6
ʤʤ.ʨʪ.ʩʪ. ʚ ʪʝʯʝʥʠʝ 15 ʯʘʩʦʚ ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʥʦʡ 

ʜʠʬʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʦʜʥʦʨʦʜʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʬʘʟ ʧʦ ʛʣʫʙʠʥʝ ʦʙʨʘʟʮʘ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦʡ ʧʨʠ ʊÒ650
Á
ʉ 

ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʢʦʪʦʨʳʭ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʩʦʜʝʨʞʠʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜ FeBe2, ʘ ʚ ʦʙʲʝʤʝ ï 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ Ŭ-Fe(Be). 

ʆʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʧʫʯʢʦʚ 

ʠʦʥʦʚ ʛʝʣʠʷ ʜʦ ʜʦʟ 1ʭ10
17
, 1ʭ10

18
 ʠ 2ʭ10

18
 ʠʦʥ/ʩʤ

2
 ʥʘ 

ʫʩʢʦʨʠʪʝʣʝ ɼʎ-60 ɸʩʪʘʥʠʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʀʗʌ ʅʗʎ 

ʈʂ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʣʫʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʘ 150
Á
ʉ. 

ʇʨʦʝʢʪʠʚʥʳʡ ʧʨʦʙʝʛ ʠʦʥʦʚ ʛʝʣʠʷ ʚ ʠʩʩʣʝʜʫʝʤʳʝ 

ʦʙʨʘʟʮʳ ʩʦʩʪʘʚʠʣ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 150 ʥʤ. 

ʇʦʩʢʦʣʴʢʫ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʦʥʦʚ ʚ ʤʘʪʝʨʠʘʣ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʦʠʟʤʝʨʠʤʦʡ ʩ ʪʦʣʱʠʥʦʡ ʜʦʩʪʫʧʥʦʡ 

ʜʣʷ ʟʦʥʜʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʂʕʄʉ, ʪʦ ʨʝʛʠʩʪʨʘʮʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʚʝʨʩʠʠ ʧʦʟʚʦʣʠʣʘ 

ʜʝʪʘʣʴʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʟʦʥʫ, ʧʦʜʚʝʨʛʰʫʶʩʷ 

ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʣʝʜʠʪʴ ʟʘ 

ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ, ʫʩʨʝʜʥʝʥʥʳʤ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ 

ʦʙʨʘʟʮʘ. ʇʨʠ ʵʪʦʤ ʟʦʥʘ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʫʶ 

ʧʦʜʚʝʨʛʘʣʠ ʦʙʣʫʯʝʥʠʶ ʥʠʯʪʦʞʥʦ ʤʘʣʘ ʠ ʥʘʭʦʜʠʪʩʷ 

ʟʘ ʧʨʝʜʝʣʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ ʄʉ. ɸʥʘʣʠʟ 

ʩʧʝʢʪʨʦʚ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʥʝ ʚʳʷʚʠʣ ʟʘʤʝʪʥʳʭ 

ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʲʝʤʝ ʦʙʨʘʟʮʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʆʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʚʝʨʜʳʤ 

ʨʘʩʪʚʦʨʦʤ Ŭ-Fe(Be) ʠ ɓ-ʙʝʨʠʣʣʠʜʦʤ FeBe2. 
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ʈʠʩ. ʂʕʄʉ-ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʩʣʦʠʩʪʦʡ 

ʩʠʩʪʝʤʳ  

Be(0.9 ʤʢʤ)-Fe(10 ʤʢʤ)-ɺʝ(1.0 ʤʢʤ) 
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ʀʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʧʝʢʪʨʘʭ, ʠʟʤʝʨʝʥʥʳʭ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʚʝʨʩʠʠ. ɺʠʜʥʦ, 

ʯʪʦ ʫʞʝ ʧʦʩʣʝ ʧʝʨʚʦʡ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ (1ʭ10
17
ʠʦʥ/ʩʤ

2
) ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʥʘ ʬʦʥʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʳʭ 

ʬʘʟ (FeBe2 ʠ Ŭ-Fe(Be)) ʧʦʷʚʠʣʩʷ ʧʘʨʮʠʘʣʴʥʳʡ ʩʧʝʢʪʨ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʧʝʨʝʭʦʜʝ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʚ ʠʥʦʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʘ. ʇʨʠʯʝʤ ʩʪʝʧʝʥʴ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ 

ʚ ʷʚʥʦʤ ʚʠʜʝ ʧʨʦʷʚʣʷʣʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ. ʇʦʣʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʦʪ ʚʨʝʤʝʥʠ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʥʘʙʣʶʜʘʝʤʳʭ ʘʥʦʤʘʣʠʡ. 

 

 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʈɽɸʂʊʆʈʅʆɻʆ ʊɽʈʄʆʆʊɾʀɻɸ ʅɸ ʉʊʈʋʂʊʋʈʋ ʆʂʀʉʀ ʂʈɽʄʅʀʗ 

ʄɽʊʆɼʆʄ ʄɸʃʆʋɻʃʆɺʆɻʆ ʈɸʉʉɽʗʅʀʗ ʈɽʅʊɻɽʅʆɺʉʂʀʍ ʃʋʏɽʁ 

 

 
1
ɹʘʢʪʳʙʘʝʚ ʂ., 

2
ʊʦʢʞʠʛʠʪʦʚ ʂ., ʂʫʰʢʠʤʙʘʝʚʘ ɹ. 

 
1
ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʘʣʴ-ʌʘʨʘʙʠ ʛ.ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

2
ʊʘʨʘʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ.ʊʘʨʘʟ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʄʋʈ) ʚʳʧʦʣʥʝʥʦ ʤʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʚʦʜʳ ʦ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʤʘʪʝʨʠʘʣʘʭ. ɺ ʨʘʙʦʪʝ [1] ʜʘʥʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʠʟʣʦʞʝʥʠʝ ʪʝʦʨʠʠ ʄʋʈ, ʦʧʠʩʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ ʄʋʈ ʫʩʪʘʥʦʚʣʝʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʪʝʢʦʣ [2]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ [3] ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ a- ʢʚʘʨʮʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʘʢʪʦʨʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʦʙʨʘʟʫʝʪʩʷ ʚʳʩʦʢʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ b-ʬʘʟʘ ʢʚʘʨʮʘ. ʇʨʠ ʵʪʦʤ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʟʘʨʦʜʳʰʝʡ b-ʬʘʟʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʦʟʘʭ 5A10
19 
ʥʝʡʪʨʦʥ/ʩʤ

2
. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʟʳ ʦʪ 5A10

19 
ʥʝʡʪʨʦʥ/ʩʤ

2
 ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʨʝʱʠʥ ʠ ʥʘʨʫʰʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʩʪʴ a- ʢʚʘʨʮʘ, ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʜʦʣʷ ʘʤʨʬʠʟʘʮʠʠ ʟʘʚʠʩʠʪ 

ʦʪ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ. 

ʅʘʤʠ, ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢ ʄʋʈ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʦʙʣʫʯʝʥʠʶ ʧʦʪʦʢʘʤʠ ʥʝʡʪʨʦʥʦʚ, ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ ʥʘʣʠʯʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʄʋʈ ʨʘʩʩʝʷʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʨʤʦʦʪʞʠʛʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʣʦ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 600Üʉ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʣʦ ʠʩʯʝʟʘʝʪ, 

ʟʘʪʦ ʧʦʩʪʝʧʝʥʥʦ ʧʦʷʚʣʷʝʪʩʷ ʜʚʦʡʥʦʝ ʙʨʵʛʛʦʚʩʢʦʝ ʦʪʨʘʞʝʥʠʝ (ɼɹʆ), ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠʟʤʝʥʝʥʠʝʤ ʠʩʭʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ï ʧʝʨʝʭʦʜʦʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ. ʊʘʢʘʷ ʞʝ ʩʪʨʫʢʪʫʨʘ ʚʳʷʚʣʷʝʪʩʷ ʧʨʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ. ʆʙʨʘʟʝʮ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ ʮʚʝʪʫ ʠ ʧʦ ʚʝʩʫ; 

ʫʤʝʥʴʰʘʝʪʩʷ ʤʘʩʩʘ ʥʘ 25%. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʪʞʠʛʝ  ʦʙʨʘʟʮʘ, ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʥʘ ʤʘʣʦʫʛʣʦʚʦʤ ʨʘʩʩʝʷʥʠʠ ʥʝ ʜʘʝʪ 

ʠʩʪʠʥʥʫʶ ʢʘʨʪʠʥʫ, ʚ ʩʚʷʟʠ ʩ ʜʚʦʡʥʳʤ ʙʨʵʛʛʦʚʩʢʠʤ ʦʪʨʘʞʝʥʠʝʤ (ɼɹʆ). ɺ ʦʙʨʘʟʮʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘʧʳʣʝʥʠʝ ʠʟ ʤʝʜʠ ʠ ʞʝʣʝʟʘ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʥʘʯʠʥʘʶʪʩʷ ʫʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550Áʉ ʜʣʷ ʞʝʣʝʟʘ ʠ 

500Áʉ ʜʣʷ ʤʝʜʠ. 

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʪʦʢʘʤ ʥʝʡʪʨʦʥʦʚ 10
16
ʩʤ

-2
 ʥʘʯʠʥʘʶʪ ʧʦʷʚʣʷʪʴʩʷ 

ɼɹʆ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʘʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ. ʇʨʠ ʪʘʢʦʤ ʠʥʪʝʛʨʘʣʴʥʦʤ ʧʦʪʦʢʝ ʚ ʦʙʨʘʟʮʘʭ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʜʦ ʦʙʣʫʯʝʥʠʷ ʙʳʣʘ ʥʘʥʝʩʝʥʘ ʧʣʝʥʢʘ ʤʝʜʠ ʠ ʞʝʣʝʟʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ɼɹʆ ʥʝ 

ʧʦʷʚʣʷʝʪʩʷ ʚ ʵʪʠʭ ʦʙʨʘʟʮʘʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʣʦ ʚ ʦʙʨʘʟʮʘʭ ʨʘʚʥʦʤʝʨʥʦ ʩʦʜʝʨʞʘʱʠʭ 

ʤʝʜʴ, ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʨʠ ʜʦʟʝ ʩ 10
19

 ʥʝʡʪʨʦʥ/ʩʤ
2
, ʦʙʨʘʟʝʮ ʩ ʧʣʝʥʢʦʡ ʞʝʣʝʟʘ ʥʘʯʠʥʘʝʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʧʨʠ ʜʦʟʝ ʩ 

10
19

 ʥʝʡʪʨʦʥ/ʩʤ
2
, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʣʦ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʜʦʟʝ  ʩ 10

20
 ʥʝʡʪʨʦʥ/ʩʤ

2
 ʧʦʷʚʣʷʝʪʩʷ ɼɹʆ ʚ 

ʦʪʪʦʞʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʞʝʣʝʟʘ. ɼʣʷ ʚʩʝʭ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʘʭ ʠ ʦʙʨʘʟʮʘʭ ʩ ʥʘʧʳʣʝʥʠʝʤ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 1000Üʉ ʠ ʜʦʟʳ ʨʝʘʢʪʦʨʥʦʛʦ ʦʙʣʫʯʝʥʠʷ 2A10
20 
ʥʝʡʪʨʦʥ/ʩʤ

2
 ʧʦ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤ ʄʋʈ ʤʝʪʦʜʦʤ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʡʜʝʥʳ ʨʘʜʠʫʩʳ ʠʥʝʨʮʠʠ. 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʧʦʷʚʣʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʠ ʜʝʙʘʝʚʩʢʠʝ ʣʠʥʠʠ ʚ ʜʠʦʢʩʠʜʝ 

ʢʨʝʤʥʠʷ, ʦʙʣʫʯʝʥʥʦʛʦ ʥʝʡʪʨʦʥʘʤʠ. ʄʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʪʝʨʤʦʦʪʞʠʛʝ ʠ ʨʝʘʢʪʦʨʥʦʤ ʦʙʣʫʯʝʥʠʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ. ʇʦʢʘʟʘʥʘ ʨʦʣʴ 

ʣʝʛʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ ʞʝʣʝʟʘ ʠ ʤʝʜʠ ʚ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ. 

 

1. ɸ.ɻʠʥʴʝ. ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʢʨʠʩʪʘʣʣʦʚ. // - ʄ., ʬʠʟ-ʤʘʪ., - 1961.  

2. ʅ.ʉ. ɸʥʜʨʝʝʚ, ʊ.ʅ. ɽʨʰʦʚ. ʄʝʞʯʘʩʪʠʯʥʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʧʨʠ ʨʘʩʩʝʷʥʠʠ ʩʚʝʪʘ ʩʫʙʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʳʤ 

ʩʪʝʢʣʦʤ. // ɼɸʅ. ʉʉʉʈ, -1967-, ʩ. 66-472. 

3. ʐ.ɸ. ɺʘʭʠʜʦʚ, ʕ.ʄ.ɻʘʩʘʥʦʚ, ɾ.ɼ.ʀʙʨʘʛʠʤʦʚ, ʇ.ʂ.ʍʘʙʠʙʫʣʘʝʚ. ʌʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ a-ʢʚʘʨʮʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. // ɼɸʅ ʋʟʉʉʈ, - 1984- ʩ.9.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ɻɸɿʆʌɸɿʅʆɻʆ ʆʉɸɾɼɽʅʀʗ ɸʃʄɸɿʅʓʍ ʇʃɽʅʆʂ ʅɸ 

ʇʆɺɽʈʍʅʆʉʊʔ ʗɼɽʈʅʆʁ ʂɽʈɸʄʀʂʀ 

 

 

ɻʘʡʜʘʡʯʫʢ ɸ.ɺ., ʃʠʥʥʠʢ ʉ.ɸ., ʐʘʤʘʥʠʥ ʀ.ɺ. 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠʩʷ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘʟʦʦʭʣʘʞʜʘʝʤʳʭ ʨʝʘʢʪʦʨʦʚ (TRISO - ʪʦʧʣʠʚʦ), ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʧʠʨʦʛʨʘʬʠʪʘ (PyC) ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (SiC). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʚʳʩʦʢʦʡ 

ʩʪʦʡʢʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʤʦʱʥʳʭ ʥʝʡʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ [1-3]. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʨʳʪʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʘʣʤʘʟ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʚʳʩʦʯʘʡʰʘʷ ʪʚʝʨʜʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʨʘʜʠʘʮʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʘʣʤʘʟʥʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʷʜʝʨʥʦʡ ʢʝʨʘʤʠʢʠ, ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʘʟʨʷʜʥʘʷ ʩʠʩʪʝʤʘ ʩ ʩʠʣʴʥʦʪʦʯʥʳʤ ʪʣʝʶʱʠʤ ʨʘʟʨʷʜʦʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ.  

ʈʘʙʦʯʠʡ ʛʘʟ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ  ʩʤʝʩʴ Ar, H2 ʠ CH4, ʧʦʜʘʚʘʣʘʩʴ ʚ ʨʝʘʢʪʦʨ. ɼʘʣʝʝ ʧʫʪʝʤ ʧʨʠʢʣʘʜʳʚʘʥʠʷ 

ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʧʘʨʦʡ ʵʣʝʢʪʨʦʜʦʚ ʠʟ ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ (ʚʦʣʴʬʨʘʤ, ʪʘʥʪʘʣ, ʤʦʣʠʙʜʝʥ), ʟʘʞʠʛʘʣʩʷ 

ʩʠʣʴʥʦʪʦʯʥʳʡ ʪʣʝʶʱʠʡ ʨʘʟʨʷʜ. ʏʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ ʩʦʩʪʘʚʣʷʣʘ 100 ʢɻʮ. ʄʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ  ʦʪ  1,8 ʜʦ  3 

ʢɺʪ. ʈʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ï ʦʪ 160 ʜʦ 300 ɺ. ʊʦʢ ï ʦʪ 5 ʜʦ 10 ɸ. ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʤʝʥʷʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 30 ʜʦ 400 ʊʦʨʨ, ʨʘʩʭʦʜ ʛʘʟʦʚ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 50 ʜʦ 1000 ʤʣ/ʤʠʥ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʵʥʝʨʛʠʷ ʫʭʦʜʠʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʘʟʤʳ, ʘ ʥʝ ʥʘ ʥʘʛʨʝʚ ʵʣʝʢʪʨʦʜʥʦʡ 

ʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʵʣʝʢʪʨʦʜʦʚ ʦʯʝʥʴ ʤʘʣʘ.  ɼʣʠʥʥʘ ʞʝ ʧʣʘʟʤʝʥʥʦʛʦ ʰʥʫʨʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ  

30 ʠ ʙʦʣʝʝ ʩʤ., ʯ ʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʩʠʩʪʝʤʝ ʥʝʩʢʦʣʴʢʠʭ ʰʥʫʨʦʚ  ʧʦʢʨʳʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʱʘʜʴʶ ʩʚʳʰʝ 300 ʩʤ
2
. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʝʥʠʷ ʨʘʟʨʷʜʘ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ,  ʧʨʦʠʩʭʦʜʠʪ  ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ  ʨʘʜʠʢʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ  ʨʦʩʪʘ ʘʣʤʘʟʘ.  

ʇʦʜʣʦʞʢʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10-40 ʤʤ ʦʪ ʧʣʘʟʤʝʥʥʦʛʦ ʰʥʫʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ (700 ï 1000 
ʦ
ʉ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʣʤʘʟʥʳʭ ʧʣʝʥʦʢ ʥʘ 

ʤʦʣʠʙʜʝʥʝ, ʢʨʝʤʥʠʠ, ʪʠʪʘʥʝ. ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʘʣʤʘʟʘ ʚ ʩʣʫʯʘʝ ʩʧʣʦʰʥʳʭ ʧʣʝʥʦʢ ʜʦʩʪʠʛʘʣʘ 10 ʤʢʤ/ʯ., ʘ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʙʳʣʘ ʩʚʳʰʝ 100 ʤʢʤ/ʯ. ʈʦʩʪ ʧʣʝʥʦʢ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʣʦʞʢʠ ʦʪ 700 ʜʦ 

1000 
ʦ
ʉ. ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʝʥʦʢ ʚʦʟʨʘʩʪʘʣʘ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʩʘʞʜʝʥʠʷ ʘʣʤʘʟʥʳʭ ʧʦʢʨʳʪʠʡ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ɼʘʥʥʘʷ ʨʘʟʨʷʜʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ CVD ʨʝʘʢʪʦʨʦʚ.   

 

1. S. Matsumoto, Y. Sato, M. Kamo, and N. Setaka, Jpn. J. Appl.Phys. 21, L183 (1982). 

2. ʇʘʰʥʝʚ ɺ.ʂ., ʉʪʨʝʣʴʥʠʮʢʠʡ ɺ.ɽ., ʆʧʘʣʝʚ ʆ.ɸ., ɻʨʠʮʳʥʘ ɺ.ʀ., ɺʳʨʦʚʝʮ ʀ.ʀ., ɹʠʟʶʢʦʚ ʖ.ɸ., ɹʨʳʢ ɺ.ɺ., 

ʂʦʣʫʧʘʝʚʘ ɿ.ʀ. ʆʩʘʞʜʝʥʠʝ  ʘʣʤʘʟʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ// ʌʠʟʠʯʝʩʢʘʷ ʠʥʞʝʥʝʨʠʷ ʧʦʚʝʨʭʥʦʩʪʠ.- ʍʘʨʴʢʦʚ (ʋʢʨʘʠʥʘ). ï 2003.- ˉ1.- ʉ. 49-55. 

3. J.-K. Lee, K.Y. Eun, Y.-J. Baik, H.J. Cheon, J.W. Rhyu, T.J. Shin, J.-W. Park, Diamond Rel. Mater. 11 (2002) 463-466 

4. ɼʝʨʷʛʠʥ ɹ.ɺ., ʌʝʜʦʩʝʝʚ ɼ.ɺ. ʈʦʩʪ ʘʣʤʘʟʘ ʠ ʛʨʘʬʠʪʘ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ. ʄ. ʅʘʫʢʘ. ï 1977. ï 116ʩ. 

 

5. Abderrafi M. Ougouag, Javier Ortensi // Status Report on the Modeling of TRISO Energy Deposition, Time Dependent 

Temperature Field and Doppler Feedback, July 2009. 

6. D. H?lary, O. Dugneb, and X. Bourrata // Advanced characterization techniques for SiC and PyC coatings on 

hightemperature reactor fuel particles. Journal of Nuclear Materials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Nuclear Energy 

60 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʌʆʈʄʀʈʆɺɸʅʀʗ ʆʂʉʀɼʅʓʍ ʅɸʅʆʉʊʈʋʂʊʋʈ ʅɸ 
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ɻʘʜʞʠʝʚʘ ʅ.ʅ. 
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 ʀʟʫʯʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ  ʩ ʚʦʜʦʡ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚ ʨʘʜʠʘʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, ʬʠʟʠʢʦʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʟʘʱʠʪʳ ʤʘʪʝʨʠʘʣʦʚ [1-3]. ɺʳʷʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ  ʨʝʰʝʥʠʷ  ʢʦʨʨʦʟʠʡʥʦʡ ʩʪʦʡʢʦʩʪʠ 

ʨʝʘʢʪʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ,ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ  ʨʝʘʢʪʦʨʦʚ ʚ ʥʦʨʤʘʣʴʥʳʭ ʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʥʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʩʠʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʣʶʤʠʥʠʷ,ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʩ ʚʦʜʦʡ  ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʩʧʦʣʴʟʦʚʘʣʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʢʠ ʘʣʶʤʠʥʠʷ (R=0,80-0,85). ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ Al ʩʦʟʜʘʣʠ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ 

ʘʣʶʤʠʥʠʝʚʳʭ ʧʣʘʩʪʠʥʦʢ  ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ  ʧʦʜ ʜʝʡʩʪʚʠʝʤ ɔ-ʨʘʜʠʘʮʠʠ  ( 
60

Co, dD/dt=1,03ɻʨ/ʩ)  ʧʦ [1]. ʇʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ 

ʩʦʩʪʘʚʣʷʣʘ 0,5-150 ʢɻʨ,ʘ ʪʦʣʱʠʥʘ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 8 ʜʦ 600 ʥʤ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʧʨʦʩʣʝʞʠʚʘʣʠʩʴ ʧʦ ʀʂ-ʩʧʝʢʪʨʘʤ ʦʪʨʘʞʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ   ɜ=1200-650 ʩʤ
-1
 ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʠ Al-O. ʋʩʪʘʥʦʚʣʝʥʦ,ʯʪʦ  ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʩʠʜʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʷ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʩ ʚʦʜʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʦʙʣʘʩʪʠ 

ʧʦʛʣʦʱʝʥʥʳʭ ʜʦʟ 0,5-150 ʢɻʨ ʧʨʦʪʝʢʘʝʪ ʚ ʪʨʠ ʩʪʘʜʠʠ:ʧʝʨʚʘʷ ʩʪʘʜʠʷ ïʜʦ10ʢɻʨ, ʚʪʦʨʘʷ ïʦʪ 10 ʜʦ 80ʢɻʨ,ʠ ʪʨʝʪʴʷ - ʧʨʠ 

ʜʦʟʘʭ ʩʚʳʰʝ 80ʢɻʨ.  ʅʘ  ʧʝʨʚʳʭ ʜʚʫʭ ʩʪʘʜʠʷʭ ʚ ʠʥʪʝʨʚʘʣʝ ʜʦʟ  D=0,5-80 ʢɻʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Al ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʥʢʦʡ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ  ʩ  ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ  ɜ=1010 ʩʤ
-1 

(d=8-12ʥʤ) ʠ  ʧʘʩʩʠʚʠʨʫʶʱʝʛʦ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ɜ=980ʩʤ
-1
 (d=100-180 ʥʤ). 

ɼʘʣʴʥʝʡʰʝʝ  ʫʚʝʣʠʯʝʥʠʝ  ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ  ʦʪ  80 ʜʦ 150 ʢɻʨ  ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʧʣʦʰʥʦʛʦ 

ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ d~600 ʥʤ  ʠ ʘʤʦʨʬʠʟʘʮʠʝʡ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ  ʩʤʝʱʝʥʠʶ ( ʦʪ 1010 ʜʦ 950 ʩʤ 
-1
)  

ʥʘ  ȹɜ=60ʩʤ
-1
 , ʥʝʦʜʥʦʨʦʜʥʦʤʫ ʫʰʠʨʝʥʠʶ ( ʧʦʣʫʰʠʨʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,4 ʨʘʟʘ), ʚʳʟʚʘʥʥʦʤʫ ʚʣʠʷʥʠʝʤ ʛʘʤʤʘ-

ʦʙʣʫʯʝʥʠʷ  ʠ  ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ 5 ʨʘʟ ʜʘʥʥʦʡ ʧʦʣʦʩʳ.  ʇʦʣʫʯʝʥʥʳʝ ʀʂ-ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ɸʉʄ-

ʠʟʦʙʨʘʞʝʥʠʷʤʠ , ʈʊʃ (ʨʘʜʠʦʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤ) ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤ ʠʟʤʝʨʝʥʠʷʤʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʢʠʩʣʝʥʥʳʭ 

ʧʣʘʩʪʠʥʦʢ ʘʣʶʤʠʥʠʷ.ʉʦʛʣʘʩʥʦ ʈʊʃ - ʠʟʤʝʨʝʥʠʷʤ , ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʠʢʠ ʚʳʩʚʝʯʠʚʘʥʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ 100-250K  ʩ  ʵʥʝʨʛʠʷʤʠ ʘʢʪʠʚʘʮʠʠ  Ea=0,38-0,65 ʵɺ, ʩʚʷʟʘʥʳ    ʩ ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʘʜʩʦʨʙʦ- ʠ 

ʭʝʤʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʢʠʩʣʦʨʦʜʘ ʠ ʩʦʜʝʨʞʘʱʠʭ ʝʛʦ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦ - ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʮʝʥʪʨʘʭ ʧʨʠ ɔ-

ʦʙʣʫʯʝʥʠʠ. ʅʘʙʣʶʜʘʝʤʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʠʢʦʚ ʈʊʃ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʦʣʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʢʠʩʣʦʨʦʜʥʳʭ ʜʳʨʦʯʥʳʭ ʮʝʥʪʨʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ  ɔ-ʦʙʣʫʯʝʥʠʝʤ, ʠ ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ  

ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ [2]. ʉʦʛʣʘʩʥʦ ʪʨʝʭʤʝʨʥʳʤ ɸʉʄ - ʠʟʦʙʨʘʞʝʥʠʷʤ , ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʪʦʥʢʠʤʠ ʦʢʩʠʜʥʳʤʠ ʧʣʝʥʢʘʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ  ʚʳʩʦʢʦʡ ʜʝʬʝʢʪʥʦʩʪʴʶ ʩ ʫʯʘʩʪʠʝʤ ʥʘʥʦʯʘʩʪʠʮ   ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ ( 30-80 ʥʤ),ʘ  ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʧʣʦʰʥʦʛʦ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ( 200-

600 ʥʤ), ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ ʘʤʦʨʬʠʟʘʮʠʝʡ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʝ  ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʘʣʶʤʠʥʠʷ  ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʧʷʪʴ ʧʦʨʷʜʢʦʚ ,ʘ ʪʦʣʱʠʥʘ ʦʙʨʘʟʫʶʱʝʛʦ ʩʧʣʦʰʥʦʛʦ  ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʜʚʘ 

ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ  [3]. 

1.ɻʘʜʞʠʝʚʘ ʅ.ʅ.//ɾʫʨʥ. ʇʨʠʢʣ.ʉʧʝʢʪʨ..2005ʊ.72.ˉ4.ʉ.440-445 

2.ɻʘʜʞʠʝʚʘ  ʅ.ʅ..//ɿʘʱʠʪʘ ʤʝʪʘʣʣʦʚ.2007.ʊ.43.ˉ4.ʉ.423-417. 

3.ɻʘʜʞʠʝʚʘ ʅ.ʅ.//ʌʠʟʠʢʘ ʠ ʭʠʤʠʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ.2010.ˉ3.ʉ.34-38. 

 

 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʇʈʋɻʀʍ ʉɺʆʁʉʊɺ ʂʆʅʉʊʈʋʂʎʀʆʅʅʆɻʆ 

ɸʃʖʄʀʅʀɽɺʆɻʆ ʉʇʃɸɺɸ ʊʀʇɸ ɸʄ ɻ-2 

 

 

ɸʙʜʫʢʘʜʳʨʦʚʘ ʀ.ʍ. 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʋʟʙʝʢʠʩʪʘʥʘ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

(100214 ʊʘʰʢʝʥʪ, ʧʦʩ. ʋʣʫʛʙʝʢ, ʀʗʌ ɸʅ ʈʋʟ. ɽ-mail: izida@inp.uz) 

 

 
ʆʧʨʝʜʝʣʝʥʠʝ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʪʠʧʘ ɸʄɻ-2 ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʨʝʟʦʥʘʥʩʥʦʡ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʜʝʣʝʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʥʘʯʝʥʠʡ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ï ʥʦʨʤʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ( ʤʦʜʫʣʷ ʖʥʛʠ ɽ).   
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ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘ ʫʩʪʘʥʦʚʢʝ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʙʫʞʜʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ ɸʄɻ-2 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʦʚ: ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ (ɸ) ʠ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ (ä), ʥʘ 

ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʷ ɸ (ä) ʠʤʝʝʪ ʤʘʢʩʠʤʫʤʳ. ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ   ä=20-200  ʢʅz. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘʙʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ä ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʩʝʨʠʡ ʚʳʙʨʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʉɸɺ-1.  

ɹʳʣʠ ʚʳʯʠʩʣʝʥʳ ʚʝʣʠʯʠʥʳ ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂ (m, n) ʠ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ä. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ 

ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʠʣ ʫʪʦʯʥʠʪʴ ʨʝʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʯʘʩʪʦʪʳ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʩʧʣʘʚʝ, ʧʦ ʢʦʪʦʨʳʤ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʫʧʨʫʛʦʛʦ ʤʦʜʫʣʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

 ä= r/E
d

Ê
,                                                  (1) 

 

ʛʜʝ ä ï ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ, d ʠ ɟ ï ʜʠʘʤʝʪʨ ʠ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ, ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ, ɽ ï ʤʦʜʫʣʴ ʖʥʛʘ. 

ʇʨʦʩʣʝʞʝʥʦ ʟʘ ʚʣʠʷʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ : ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʠ 30 ʩʫʪʦʢ 

ʧʫʪʝʤ ʩʥʷʪʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʯʝʨʝʟ 24 ʯʘʩʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʰʝʡ ʩʨʝʜʳ ï ʦʢʦʣʦ ʊ=25
ʦ
ʉ. 

ʇʦʣʫʯʝʥʥʳʝ ʫʣʴʨʘʟʚʫʢʦʚʳʤ ʤʝʪʦʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʟʘʢʣʶʯʝʥʠʷ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʘ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʭʨʘʥʝʥʠʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʦʚ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʩʝʨʠʶ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʦʙʨʘʟʮʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʘʣʳʭ ʜʦʟʘʭ (ɼ=10
6
ï10

7 
ʨʘʜ) ʫʧʨʫʛʠʡ 

ʧʘʨʘʤʝʪʨ ɽ ʫʩʪʦʡʯʠʚ ʠ ʝʛʦ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʥʘʣʦʛʠʯʥʳ ʠʩʭʦʜʥʳʤ. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ 

ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ (ɼ=10
7
ï10

9 
ʨʘʜ) ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʩʪʦʡʢʠʤ, ʠʙʦ ʟʥʘʯʝʥʠʷ ʫʧʨʫʛʦʛʦ ʤʦʜʫʣʷ ʠ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʥʝʢʦʪʦʨʦʝ ʠʟʤʝʥʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʚ ʥʘʯʘʣʝ ʦʙʣʫʯʝʥʠʷ ʧʨʠ (1-5)ʭ10
8
 ʨʘʜ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʤʦʜʳ ɽ, ʚʦ 

ʚʪʦʨʦʡ ʦʙʣʘʩʪʠ (5·8)ʭ10
8
  - ʫʧʨʫʛʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ, ʘ ʧʨʠ ɼ > 8ʭ10

8
 ʨʘʜ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʟʘʤʝʜʣʷʝʪʩʷ, ʧʦʷʚʣʷʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ɽ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ, ʠʭ 

ʩʢʦʧʣʝʥʠʷ ʠ ʜʠʩʣʦʢʘʮʠʠ, ʯʪʦ ʧʨʠ ʠʭ ʜʝʬʦʨʤʘʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʜʝʬʝʢʪʦʚ ʚʦʟʨʘʩʪʘʶʪ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʢʦʧʣʝʥʠʡ ʜʝʬʝʢʪʦʚ (ʚʘʢʘʥʩʠʡ, ʤʝʞʜʦʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ) ʚ ʧʣʦʩʢʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʬʦʨʤʘʮʠʠ ʩʧʣʘʚʘ ʠ ʢ ʢʦʥʜʝʥʩʘʮʠʠ ʠʭ ʥʘ ʜʠʩʣʦʢʘʮʠʷʭ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ, ʩ ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʚʳʜʚʠʥʫʪʘ ʢʦʥʮʝʧʮʠʷ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʩʧʣʘʚʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʥʘʢʦʧʣʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ 

ʟʘʣʝʯʠʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ.  

 

 

 

 

ʂ ɺʆʇʈʆʉʋ ʆ ʈɸɼʀɸʎʀʆʅʅʆʄ ʈɸɿʆɻʈɽɺɽ ʈɽɸʂʊʆʈʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 

 

ʀʟʙʘʩʭʘʥʦʚʘ ɸ.ʊ., ʂʝʥʞʠʥ ɽ.ɸ. 

 

ʀʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʅʗʎ ʈʂ, ʂʫʨʯʘʪʦʚ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʷʜʝʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʩʜʝʨʞʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʝʜʝʣʘʤʠ, ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʠʥʮʠʜʝʥʪʘʤ, ʩʚʷʟʘʥʥʳʤ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʩ ʥʘʨʫʰʝʥʠʝʤ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ. ɼʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʜʝʨʥʦ-ʵʥʝʨʛʝ-ʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʠ ʬʘʢʪʦʨʳ, ʩʦʚʤʝʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʥʘ ʫʟʣʳ ʢʦʥʩʪʨʫʢʮʠʠ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʠʭ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʡ ʫʩʪʘʥʦʚʢʠ ʚ ʮʝʣʦʤ. 

ʊʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʤʘʪʝʨʠʘʣʳ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʜʠʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʚʦʧʨʦʩʳ ʥʘʜʝʞʥʦʡ ʠ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʜʠʘʮʠʦʥʥʳʤ ʨʘʟʦʛʨʝʚʦʤ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʨʘʟʤʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʫʯʝʥʠʝ ʵʪʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʠʤʝʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʨʘʜʠʘʮʠʦʥʥʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʨʝʘʢʪʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʦʙʲʝʤʝ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʠʨʝʘʢʪʦʨʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʥʘʠʙʦʣʝʝ ʮʝʥʥʫʶ ʠ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʪʘʢʠʭ ʨʘʙʦʪ ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʠʢʘʤ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʷ, ʪʱʘʪʝʣʴʥʘʷ 

ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʫʩʧʝʰʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝʘʢʪʦʨʘʭ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ 

ʧʨʝʜʣʦʞʝʥ ʨʝʘʢʪʦʨ ʀɻʈ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ 

ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʩʝʨʠʠ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʦʪʨʘʙʦʪʘʥʳ ʜʠʘʛʨʘʤʤʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 
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ʟʘʜʘʥʳ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʠ ʨʘʩʩʯʠʪʘʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʫʩʢʘ. ɺʳʙʦʨ 

ʨʝʞʠʤʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʣʫʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣ ʩʜʝʣʘʥ ʠʩʭʦʜʷ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʣʷ ʨʝʘʢʪʦʨʘ ʀɻʈ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʝʜʝʣʦʚ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʮʝʣʦʩʪʥʦʩʪʠ ʩʠʣʦʚʦʛʦ ʢʦʨʧʫʩʘ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʣʫʯʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʙʘʨʴʝʨʘ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʱʠʪʫ ʥʝʧʦʜʚʠʞʥʦʡ ʘʤʧʫʣʳ ʅɸ-228 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʘʢʪʦʨʘ ʀɻʈ ʦʪ ʣʶʙʦʛʦ ʨʘʟʨʫʰʘʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʪʨʝʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʦʙʣʫʯʝʥʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʣʫʯʰʝʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʠʩʧʳʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ. 

ɺʥʫʪʨʠʨʝʘʢʪʦʨʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ 

ʯʠʩʣʝʥʥʳʤʠ ʘʥʘʣʠʟʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ MCNP ʠ ʇʈʀɿʄɸ-ɼ. ʈʘʩʯʝʪʥʳʝ ʢʦʜʳ ʵʪʠʭ ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʘ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʴʶ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʝʘʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨʘ ʀɻʈ. 

ʅʘ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʙʫʜʫʪ ʚʣʠʷʪʴ ʤʥʦʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʀɻʈ. ʊʘʢ, ʥʘ ʘʙʩʦʣʶʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʙʫʜʫʪ ʚʣʠʷʪʴ ʵʬʬʝʢʪʳ ʧʨʦʩʚʝʪʣʝʥʠʷ ʠ 

ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʢʘʥʘʣʝ. ʅʘ ʧʨʦʬʠʣʴ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʙʫʜʝʪ ʚʣʠʷʪʴ 

ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʜʝʣʝʥʠʡ ʧʦ ʚʳʩʦʪʝ ʢʘʥʘʣʘ ʠ ʵʬʬʝʢʪʳ ʚʦʟʤʫʱʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʣʷ ʚʩʣʝʜʩʪʚʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʩʪʝʨʞʥʝʡ ʉʋɿ. ʀʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʝʡʪʨʦʥʦʚ ʦʢʘʞʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʚʚʦʜʘ ʵʥʝʨʛʠʠ ʚ 

ʦʙʨʘʟʮʘʭ, ʨʘʜʠʘʮʠʦʥʥʳʡ ʨʘʟʦʛʨʝʚ ʤʘʪʝʨʠʘʣʦʚ ʧʦʚʣʠʷʝʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʚʥʝʩʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʩʪʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʣʫʯʘʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʵʧʦʭʫ ʨʝʘʢʪʦʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʨʘʜʠʘʮʠʦʥʥʦʩʪʦʡʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʦʚʦʜʠʤʳʝ ʥʘ ʨʝʘʢʪʦʨʝ ʀɻʈ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʧʦʟʚʦʣʷʪ ʦʧʨʝʜʝʣʠʪʴ ʜʣʷ ʨʝʘʢʪʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ (ʧʨʠ ʢʦʪʦʨʳʭ 

ʦʥʠ ʝʱʝ ʥʝ ʪʝʨʷʶʪ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ) ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʭ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʶ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʙʘʥʢ ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʷʜʝʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ. 
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1
ɹʘʢʪʳʙʘʝʚ ʂ., 

2
ʊʦʢʞʠʛʠʪʦʚ ʂ., ʂʫʰʢʠʤʙʘʝʚʘ ɹ. 

 
1
ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʘʣʴ-ʌʘʨʘʙʠ ʛ.ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

2
ʊʘʨʘʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ.ʊʘʨʘʟ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʊʝʦʨʠʷ ʢʘʥʘʣʠʨʦʚʘʥʠʷ ʚʧʝʨʚʳʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʘʪʩʢʠʤ ʬʠʟʠʢʦʤ  ʃʠʥʭʘʨʜʦʤ. ʇʦʟʞʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʘ 

ʢʘʥʘʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʢʘʟʘʥʘ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʕɺʄ ʈʦʙʠʥʩʦʥʦʤ ʠ ʆʫʵʥʦʤ [1]. ʇʦʯʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʪʦʪ ʵʬʬʝʢʪ ʙʳʣ ʟʘʤʝʯʝʥ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʧʨʦʭʦʞʜʝʥʠʶ ʙʳʩʪʨʳʭ ʯʘʩʪʠʮ ʯʝʨʝʟ ʪʚʝʨʜʳʝ ʪʝʣʘ [2]. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʦʙʝʛʠ ʙʳʩʪʨʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʫʜʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʟʘʚʠʩʷʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʠ ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ  çʢʘʥʘʣʳè ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʯʘʩʪʠʮʘ ʧʨʦʭʦʜʠʪ ʨʘʩʩʪʦʷʥʠʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʝ ʩʨʝʜʥʠʡ 

ʧʨʦʙʝʛ. ɺ ʩʚʦʠʭ ʨʘʙʦʪʘʭ [3], ʦʙʣʫʯʘʷ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ʚ ʨʝʘʢʪʦʨʝ, ʫʙʝʜʠʣʠʩʴ ʚ ʪʦʤ, ʯʪʦ ʥʘʯʠʥʘʷ ʩ ʬʣʶʝʥʩʘ 10
14

 

ʥʝʡʪʨʦʥ/ʩʤ
2
 ʧʨʦʠʩʭʦʜʠʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10
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 ʯʘʩʪʠʮ/ʩʤ

3
 ʧʦʷʚʣʷʝʪʩʷ ʜʚʦʡʥʦʝ ɹʨʵʛʛʦʚʩʢʦʝ 

ʦʪʨʘʞʝʥʠʝ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ɻʠʥʴʝ [4]. ʇʦ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʢʘʥʘʣʠʨʦʚʘʥʠʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ɹʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ çʢʘʥʘʣʳè ʦʢʨʫʞʝʥʳ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʳʤʠ ʨʷʜʘʤʠ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʢʦʚ. ʏʘʩʪʠʮʘ ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʪʘʢʦʤ çʢʘʥʘʣʝè ʚʩʣʝʜʩʪʚʠʝ çʩʢʦʣʴʟʷʱʠʭè ʩʦʫʜʘʨʝʥʠʡ ʩ ʘʪʦʤʘʤʠ 

ʦʙʨʘʟʫʶʱʠʭ çʢʘʥʘʣè ʧʨʠ ʬʣʶʝʥʩʘʭ 10
14

 ʥʝʡʪʨʦʥ/ʩʤ
2
 ʠ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʨʝʘʢʪʦʨʥʦʤ ʦʙʣʫʯʝʥʠʠ ʠ 

ʪʝʨʤʦʦʪʞʠʛʝ ~ 1000Üʉ. 

ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩ ʙʦʣʴʰʠʤ ʧʨʠʮʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʧʨʠ ʢʘʞʜʦʤ ʩʦʫʜʘʨʝʥʠʡ ʨʝʰʝʪʢʝ 

ʧʝʨʝʜʘʝʪʩʷ ʤʘʣʘʷ ʜʦʣʷ ʵʥʝʨʛʠʠ ʠ ʘʪʦʤ ʧʨʦʭʦʜʠʪ çʘʥʦʤʘʣʴʥʦè ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʂʘʥʘʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ ʯʘʩʪʠʮ. ɺ ʠʩʭʦʜʥʦʤ ʜʠʦʢʩʠʜʝ ʢʨʝʤʥʠʷ ʧʨʠ ʪʝʨʤʦʦʪʞʠʛʝ ʠ 

ʬʣʶʝʥʩʘʭ ʨʝʘʢʪʦʨʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʯʝʪʢʦ ʚʠʜʥʦ ʜʚʦʡʥʦʝ ɹʨʵʛʛʦʚʩʢʦʝ ʦʪʨʘʞʝʥʠʝ. ʇʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ ʦ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʢʦʚ, ʵʪʦ ʚʠʜʥʦ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ. ʈʘʟʤʝʨʳ 

ʯʘʩʪʠʮʳ ʜʦʣʞʥʳ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʚ çʢʘʥʘʣʝè, ʘ ʫʛʣʳ ʦʨʠʝʥʪʘʮʠʠ ʫʤʝʥʴʰʘʪʴʩʷ.  

ʕʪʠ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɺ ʨʘʙʦʪʝ [3] ʥʘʙʣʶʜʘʣʘʩʴ ʦʨʠʝʥʪʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʣʠʢʘʛʝʣʷ ʧʨʦʪʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 300-400 ʢʵɺ. ʀʟ ʵʪʦʡ ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ 
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ʵʥʝʨʛʠʡ ʧʨʦʪʦʥʦʚ 100-200 ʢʵɺ ʵʬʬʝʢʪ ʢʘʥʘʣʠʨʦʚʘʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. ʂʘʥʘʣʠʨʦʚʘʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ 300-

400 ʢʵɺ. 

 

4. 1. M.T.Robinson, O.S.Oen   // Appl. Phys. Let. -  1963. - P.2-30. 

5. R.S.Nelson, M.W.Thoompson // Phil. Mag. ï 1964.- P. 8-1677. 

6. ʂ.ʊʦʛʞʠʛʠʪʦʚ. ʊʝʨʤʦ- ʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʠʤʫʤʫʨʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʜʠʦʢʩʠʜʘʭ ʢʨʝʤʥʠʷ. // ɸʚʪʦʨʝʬʝʨʘʪ 

ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. ɸʣʤʘʪʳ. -  2001.  

7. ɸ.ɻʠʥʴʝ. ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʢʨʠʩʪʘʣʣʦʚ. // - ʄ., ʬʠʟ-ʤʘʪ., - 1961.  

 

 

 

 

ʂʆʅɺɽʈʉʀʗ ɸʂʊʀɺʅʆʁ ɿʆʅʓ ʈɽɸʂʊʆʈɸ ʀɺɻ.1ʄ ʅɸ ʆʉʅʆɺɽ  

ʅʀɿʂʆʆɹʆɻɸʑɽʅʅʆɻʆ ʊʆʇʃʀɺɸ 

 

 

ʇʨʦʟʦʨʦʚʘ ʀ.ɺ., ɸʣʝʡʥʠʢʦʚ ʖ.ɺ., ɾʫʤʘʜʠʣʦʚʘ ʋ.ɸ. 

 

ʀʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʅʗʎ ʈʂ, ʂʫʨʯʘʪʦʚ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʡ ʨʝʘʢʪʦʨ ʀɺɻ.1ʄ ʙʳʣ ʩʦʟʜʘʥ ʥʘ ʙʘʟʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʛʘʟʦʦʭʣʘʞʜʘʝʤʦʛʦ ʨʝʘʢʪʦʨʘ ʀɺɻ.1, ʢʦʪʦʨʳʡ ʩ 1975 ʧʦ 1988 ʛʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʛʘʟʦʦʭʣʘʞʜʘʝʤʳʭ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨʘ ʀɺɻ.1ʄ, 

ʧʨʦʚʝʜʝʥʥʦʡ ʜʦ 1990 ʛʦʜʘ, ʷʚʣʷʣʦʩʴ ʩʦʟʜʘʥʠʝ ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʡ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʝʪʣʝʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʦʩʥʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, 

ʷʜʝʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ. ʊʦʧʣʠʚʦʤ ʚ ʥʝʤ ʷʚʣʷʝʪʩʷ ʫʨʘʥ-ʮʠʨʢʦʥʠʝʚʘʷ ʢʦʤʧʦʟʠʮʠʷ ʩ ʦʙʦʛʘʱʝʥʠʝʤ 90 % ʧʦ 
235

U. 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʀɺɻ.1ʄ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʧʣʘʥʠʨʫʝʪʩʷ ʧʝʨʝʚʦʜ ʨʝʘʢʪʦʨʘ ʥʘ ʥʦʚʦʝ ʪʦʧʣʠʚʦ ʠ ʧʨʦʚʝʜʝʥʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ 

ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʨʝʘʢʪʦʨʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʜʦʣʞʥʘ ʙʳʪʴ ʨʝʰʝʥʘ ʠ ʟʘʜʘʯʘ ʢʦʥʚʝʨʩʠʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ï ʩʥʠʞʝʥʠʝ 

ʦʙʦʛʘʱʝʥʠʷ ʪʦʧʣʠʚʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʘʢʪʦʨʘ, ʢʦʪʦʨʦʝ ʠʩʢʣʶʯʠʣʦ ʙʳ ʨʘʙʦʪʫ ʩ ʤʘʪʝʨʠʘʣʦʤ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ 

ʠʟʚʣʝʯʝʥʠʝ ʚʳʩʦʢʦʦʙʦʛʘʱʝʥʥʦʛʦ ʫʨʘʥʘ 

 

 

 

 

ʂʆʅʎɽʇʎʀʗ ʇʆɺʓʐɽʅʀʗ ʈɽʉʋʈʉʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʄɸʊɽʈʀɸʃɸ ʆɹʆʃʆʏɽʂ ʊɺʕʃʆɺ 

ɹʓʉʊʈʆɻʆ ʈɽɸʂʊʆʈɸ ʅɸ ʆʉʅʆɺɽ ɼʀʌʌʋɿʀʆʅʅʓʍ ʂʈʀʊɽʈʀɽɺ 

 

 

*ʂʦʨʦʪʢʠʡ ɸ.ʀ., **ʂʦʣʦʩʢʦʚ ɺ.ʄ., *ʉʫʙʙʦʪʠʥ ʖ.ʅ., *ʏʝʨʥʳʭ ʅ.ʀ. 

 

* ʀʥʩʪʠʪʫʪ ʄʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʋʨʆ ʈɸʅ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ. 

**ʋʨʘʣʴʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ. 

 

 

 ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʦʚ(ɹʈ) ʩ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʦʙʱʝʧʨʠʟʥʘʥʥʘ. ʆʜʥʘʢʦ ʠʭ 

ʰʠʨʦʢʦʝ ʢʦʤʤʝʨʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʜʝʨʞʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʛʨʝʩʩʘ ʚ ʫʣʫʯʰʝʥʠʠ ʨʝʩʫʨʩʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʝʢ ʪʚʵʣʦʚ. ʆʧʪʠʤʘʣʴʥʳʤ ʢʣʘʩʩʦʤ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʙʦʣʦʯʝʢ ʪʚʵʣʦʚ ɹʈ ʩ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʧʦ ʢʦʨʨʦʟʠʦʥʥʳʤ, ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʷʚʣʷʶʪʩʷ ʘʫʩʪʝʥʠʪʥʳʝ ʭʨʦʤʦ-

ʥʠʢʝʣʝʚʳʝ ʩʪʘʣʠ, ʙʣʠʟʢʠʝ ʧʦ ʩʦʩʪʘʚʫ ʢ ʙʘʟʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʍ16ʅ18. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʯʠʪʘʝʪ, ʯʪʦ ʨʝʩʫʨʩʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʙʘʟʝ ʵʪʦʛʦ ʩʦʩʪʘʚʘ ʠʩʯʝʨʧʘʥʳ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʜʠʬʬʫʟʠʦʥʥʦʡ ʤʦʜʝʣʠ [1], [2] ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʜʠʬʬʫʟʠʦʥʥʳʝ ʢʨʠʪʝʨʠʠ 

ʩʦʭʨʘʥʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʚ ʦʙʲʝʤʝ ʟʝʨʥʘ ʧʨʠ ʥʝʡʪʨʦʥʥʦʤ 

ʦʙʣʫʯʝʥʠʠ. ʇʨʦʜʣʝʥʠʝ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʝʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʦʙʲʸʤʝ ʟʝʨʝʥ - ʧʫʪʴ 

ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʝʢ ʪʚʵʣʦʚ [3]. 

ɺ ʨʘʤʢʘʭ ʨʘʟʚʠʪʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ [4] ʥʘʡʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʲʸʤʝ ʟʝʨʝʥ. ʀʩʩʣʝʜʦʚʘʥʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʠ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʥʝʨʘʚʝʥʩʪʚ ʠ ʧʦʣʫʯʝʥʘ ʚʨʝʤʝʥʥʘʷ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʵʚʦʣʶʮʠʠ ʙʘʟʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʜʚʠʞʥʦʩʪʝʡ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ, ʧʘʨʘʤʝʪʨʘʤʠ ʚʥʝʰʥʝʛʦ ʩʪʦʢʘ 

(ʛʨʘʥʠʮʳ ʟʝʨʥʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʬʬʫʟʠʠ ʚʘʢʘʥʩʠʡ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʨʝʩʫʨʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʦʣʦʯʝʢ ʪʚʵʣʦʚ ɹʈ ʟʘʢʣʶʯʝʥʘ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʷ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʧʪʠʤʫʤʘ ʧʦ ʜʠʬʬʫʟʠʦʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. ʇʨʝʜʣʘʛʘʶʪʩʷ  ʧʫʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʆʄʅ ʈɸʅ (çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʤʘʪʝʤʘʪʠʢʠè) ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʝʟʠʜʠʫʤʘ ʋʨʆ ʈɸʅ  (ʧʨʦʝʢʪ 09-ʊ-1-1004). 

 

1. ʂʦʨʦʪʢʠʡ ɸ.ʀ., ʂʦʣʦʩʢʦʚ ɺ.ʄ., ʉʫʙʙʦʪʠʥ ʖ.ʅ., ʏʝʨʥʳʭ ʅ.ʀ., ɻʘʧʦʥʮʝʚ ɺ.ʃ., ɺʨʝʤʝʥʥʘʷ ʵʚʦʣʶʮʠʷ ʧʦʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ ʪʚʵʣʘ ʙʳʩʪʨʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʠʥʢʫʙʘʮʠʦʥʥʦʡ ʩʪʘʜʠʠ. ʊʨʫʜʳ 

ʩʝʜʴʤʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʗʜʝʨʥʘʷ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ ʬʠʟʠʢʘè 8-11 ʩʝʥʪʷʙʨʷ 2009 ʛ. ɸʣʤʘʪʳ, 

ʂʘʟʘʭʩʪʘʥ, ʩ. 172-176. 

2. ʂʦʣʦʩʢʦʚ ɺ.ʄ., ʂʦʨʦʪʢʠʡ ɸ.ʀ., ʉʫʙʙʦʪʠʥ ʖ.ʅ., ʏʝʨʥʳʭ ʅ.ʀ.  ɼʠʬʬʫʟʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʧʠʩʘʥʠʷ ʦʙʨʘʪʥʦʛʦ 
ʵʬʬʝʢʪʘ ʂʠʨʢʝʥʜʘʣʣʘ ʚ ʙʠʥʘʨʥʦʤ ʩʧʣʘʚʝ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʥʝʡʪʨʦʥʘʤʠ. ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʰʝʩʪʦʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: ʌʇʇʂ ï 2010, ʏʝʨʥʦʛʦʣʦʚʢʘ, 16-19 ʥʦʷʙʨʷ, ʩ. 217 

3. ɸ.ʄ. ʇʘʨʰʠʥ, ɸ.ʅ. ʊʠʭʦʥʦʚ, ɻ.ɻ. ɹʦʥʜʘʨʝʥʢʦ, ʅ. ɹ. ʂʠʨʠʣʣʦʚ. ʈʘʜʠʘʮʠʦʥʥʘʷ ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ ʠ ʩʚʦʡʩʪʚʘ 
ʩʧʣʘʚʦʚ. çʇʦʣʠʪʝʭʥʠʢʘè. ʉ.-ʇʝʪʝʨʙʫʨʛ, 1995, 301ʩ. 

4. ʂ.ʇ. ɻʫʨʦʚ. ʌʄʄ, ʪ. 11, ʚʳʧ. 4, ʩ.496-506. 

 

 

 

 

ʂʆʈʈʆɿʀʆʅʅɸʗ ʉʊʆʁʂʆʉʊʔ ʈɽɸʂʊʆʈʅʆʁ ʉʊɸʃʀ 12ʍ18ʅ10ʊ ɺ ʋʉʃʆɺʀʗʍ  

ʆɼʅʆɺʈɽʄɽʅʅʆɻʆ ɼɽʁʉʊɺʀʗ ʅɸʇʈʗɾɽʅʀʁ ʀ ɸɻʈɽʉʉʀɺʅʆʁ ʉʈɽɼʓ 

 

 

ʄʘʢʩʠʤʢʠʥ ʆ.ʇ., ʗʨʦʚʯʫʢ ɸ.ɺ., ʊʫʨʫʙʘʨʦʚʘ ʃ.ɻ., ʈʫʙʘʥ ʉ.ɺ. 

 

ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ ʅʗʎ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

 ʉʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʘʛʨʝʩʩʠʚʥʦʡ  ʩʨʝʜʳ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚʳʟʳʚʘʝʪ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʦʧʘʩʥʳʭ 

ʚʠʜʦʚ ʨʘʟʨʫʰʝʥʠʡ ʚ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʷʭ ï ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ. ʇʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʧʨʦʷʚʣʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʚ ʩʪʘʣʷʭ ʚʦʟʤʦʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʘ, 

ʜʝʡʩʪʚʠʷ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʂʘʢ ʧʦʢʘʟʘʣ ʤʦʥʠʪʦʨʠʥʛ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʝʥʦʢ ʯʝʭʣʦʚ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʅ-42, ʎʎ-19, ʅ-214 (1) ʨʝʘʢʪʦʨʘ ɹʅ-350 ʧʦʩʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʳʣʝʞʠʚʘʥʠʷ ʚ ʙʘʩʩʝʡʥʝ ʦʪʩʪʦʡʥʠʢʝ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʧʦʤʠʤʦ ʧʦʚʨʝʞʜʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʠʟʜʝʣʠʡ ʦʙʥʘʨʫʞʝʥʳ ʜʝʬʝʢʪʳ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ  ʚʳʷʚʣʝʥʳ 

ʤʠʢʨʦʪʨʝʱʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʚʷʟʠ ʩ ʧʨʝʜʩʪʦʷʱʠʤ ʜʣʠʪʝʣʴʥʳʤ ʭʨʘʥʝʥʠʝʤ (50 ʣʝʪ) ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ 

ʪʦʧʣʠʚʘ ʚʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʯʝʭʣʦʚ ʠ ʦʙʦʣʦʯʝʢ ʛʦʨʶʯʝʛʦ ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʝʥʥʫʶ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʘʞʥʦʩʪʴ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʣʦʥʥʦʩʪʠ ʥʝʦʙʣʫʯʝʥʥʳʭ ʠ ʦʙʣʫʯʝʥʥʳʭ 

ʥʝʡʪʨʦʥʘʤʠ ʦʙʨʘʟʮʦʚ ʨʝʘʢʪʦʨʥʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʢ ʢʦʨʨʦʟʠʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʷʞʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʜʚʦʜʘ ʢ ʜʝʬʦʨʤʠʨʫʝʤʦʤʫ ʦʙʨʘʟʮʫ ʨʘʩʪʚʦʨʘ FeCl3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʚʳʜʝʨʞʢʘ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʘʛʨʝʩʩʠʚʥʦʤ ʨʘʩʪʚʦʨʝ (24 ʯʘʩʘ) ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʨʘʩʪʷʞʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,5 ʤʤ/ʤʠʥ. ʆʙʱʝʝ ʫʜʣʠʥʝʥʠʝ ʦʙʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʫʤʝʥʴʰʠʣʦʩʴ ʚʜʚʦʝ ʠ ʧʨʠ ʵʪʦʤ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʧʦʚʳʩʠʣʩʷ ʥʘ ~30% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʣʫʯʝʥʥʳʤ.  

ʆʧʳʪʳ ʧʦ ʩʪʘʪʠʯʝʩʢʦʤʫ ʨʘʩʪʷʞʝʥʠʶ ʦʙʨʘʟʮʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʜʝʡʩʪʚʠʠ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʠ ʥʘʛʨʫʟʢʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ. 

ʄʘʛʠʩʪʨʘʣʴʥʘʷ ʪʨʝʱʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ, ʟʘʨʦʞʜʘʣʘʩʴ ʠ  ʨʘʟʚʠʚʘʣʘʩʴ ʚ ʥʘʠʙʦʣʝʝ 

ʫʷʟʚʠʤʦʡ ʟʦʥʝ ʤʘʪʝʨʠʘʣʘ, ʛʜʝ ʧʨʠ ʚʳʜʝʨʞʢʝ ʚ ʘʛʨʝʩʩʠʚʥʦʤ ʨʘʩʪʚʦʨʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʨʫʧʥʳʝ ʧʠʪʪʠʥʛʦʚʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʝʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʜʚʠʞʝʥʠʷ ʪʨʝʱʠʥʳ ʚ ʤʘʪʝʨʠʘʣʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʪʘʣʠ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʠʣʦʚʦʤ ʠ ʢʦʨʨʦʟʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ.  
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ʂʈʀʊʀʏɽʉʂʀɽ ɿʅɸʏɽʅʀʗ ʄɽʍɸʅʀʏɽʉʂʀʍ ʀ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

 ɔŸŬȭ-ʇɽʈɽʍʆɼɸ ɺ ɼɽʌʆʈʄʀʈʋɽʄʆʁ ʉʊɸʃʀ 12ʍ18ʅ10ʊ, ʆɹʃʋʏɽʅʅʆʁ ʅɽʁʊʈʆʅɸʄʀ 

 

 

ʄʘʢʩʠʤʢʠʥ ʆ.ʇ., ʊʦʢʪʦʛʫʣʦʚʘ ɼ.ɸ. 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʀʥʜʫʮʠʨʫʝʤʳʡ ʜʝʬʦʨʤʘʮʠʝʡ ʙʝʟʜʠʬʬʫʟʠʦʥʥʳʡ ʤʘʨʪʝʥʩʠʪʥʳʡ ɔŸŬȭ-ʧʝʨʝʭʦʜ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʥʝʨʞʘʚʝʶʱʠʭ 

ʨʝʘʢʪʦʨʥʳʭ ʩʪʘʣʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʙʳʪʠʡʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʜʚʘ ʧʝʨʠʦʜʘ. ɺ ʧʝʨʚʦʤ (ʢʨʳʪʦʤ. 

ʀʥʢʫʙʘʮʠʦʥʥʦʤ) ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʤ ʵʣʝʤʝʥʪʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʟʘʨʦʞʜʘʶʪʩʷ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʬʝʢʪʳ, ʩ 

ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʟʘʧʘʩʝʥʥʦʡ (ʣʘʪʝʥʪʥʦʡ) 

ʵʥʝʨʛʠʝʡ. ʇʦ ʜʦʩʪʠʞʝʥʠʶ ʝʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ɔŸŬȭ-ʧʨʝʚʨʘʱʝʥʠʷ. ɺʪʦʨʦʡ ʧʝʨʠʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦ ʚʨʝʤʝʥʠ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʫʯʠʪʳʚʘʶʱʠʤʠ 

ʩʢʣʦʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢ ɻʎʂŸʆʎʂ ʧʝʨʝʭʦʜʫ ʠ ʘʚʪʦʢʘʪʘʣʠʪʠʯʥʦʩʪʴ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʤʠʢʨʦʢʘʣʦʨʠʤʝʪʨʠʠ, ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʳ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ 

ʜʝʬʦʨʤʘʮʠʠ ʜʦ ʥʘʯʘʣʘ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʜʣʷ ʦʙʨʘʟʦʚ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, ʦʙʣʫʯʝʥʥʦʡ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʬʣʶʝʥʩʘ 1Ā10
19
ʥ/ʩʤ

2
 ʥʘ ʨʝʘʢʪʦʨʝ ɺɺʈ-ʂ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʩʪʘʣʝʡ ʍ18ʅ9ʊ, 08ʍ16ʅ11ʄ3 ʠ 

ʍ15ɸɻ14, ʨʘʟʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ, ʦʙʣʫʯʝʥʥʳʭ ʥʝʡʪʨʦʥʘʤʠ ʜʦ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʡ ʧʦʚʨʝʞʜʘʶʱʠʭ 

ʜʦʟ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʢʦʨʦʩʪʝʡ ʠʩʧʳʪʘʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 20-100Áʉ çʠʩʪʠʥʥʳʝè ʢʨʠʪʠʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʯʘʣʫ ɔŸŬȭ-ʧʝʨʝʭʦʜʘ ʚ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʚʦʟʨʘʩʪʘʶʪ, ʪʦʛʜʘ ʢʘʢ ʫʜʝʣʴʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, 

ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ʜʦ ʨʘʟʨʫʰʝʥʠʷ (ɸʨ) ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʨʷʜʫ ʩ ʪʝʤ, ʩ ʨʦʩʪʦʤ ʧʦʚʨʝʞʜʘʶʱʝʡ 

ʜʦʟʳ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚʳʰʝ 1 ʩʥʘ ʚʝʣʠʯʠʥʘ ɸʨ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʠ ʦʪʤʝʯʘʝʪʩʷ ʠʭ 

ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ. 

 

 

 

 

ʃʀʅɽʁʅʆɽ ʈɸʉʐʀʈɽʅʀɽ ʀ ʀɿʄɽʅɽʅʀɽ ʉʊʈʋʂʊʋʈʓ ʇʈʀ ʆʊɾʀɻɽ (20-100̄ ʉ) 

ʌɽʈʈʀʊʆ-ʄɸʈʊɽʅʉʀʊʅʆʁ ʉʊɸʃʀ ʕʇ-450, ʀʄʇʃɸʅʊʀʈʆɺɸʅʅʆʁ ɻɽʃʀɽʄ 

 

 

*ʄʘʢʩʠʤʢʠʥ ʆ.ʇ., **ɿʜʦʨʦʚʝʮ ʄ.ɺ., **ɾʘʥʙʦʪʠʥ ɸ., **ʈʫʩʘʢʦʚʘ ɸ.ɺ. 

 

* ʃʈʄ ʀʗʌ ʅʗʎ ʈʂ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

** ʃʊʊ,  ʬʠʣʠʘʣ ʀʗʌ ʅʗʎ ʈʂ, ʛ. ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʅʝʦʩʣʘʙʝʚʘʶʱʠʡ ʠʥʪʝʨʝʩ  ʢ ʧʨʦʙʣʝʤʝ ʧʦʚʝʜʝʥʠʷ ʛʝʣʠʷ ʚ ʤʝʪʘʣʣʘʭ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʷʜʝʨʥʳʭ ʠ ʦʩʦʙʝʥʥʦ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ (ʊʗʈ). ʊʘʢ, 

ʛʝʣʠʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʙʣʠʩʪʝʨʠʥʛʫ ʧʝʨʚʦʡ ʩʪʝʥʢʠ ʊʗʈ, ʫʭʫʜʰʝʥʠʶ ʝʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10
-2
 ï 10

-1
 ʘʪ% ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʦʙʣʝʤʳ ʛʝʣʠʝʚʦʛʦ ʨʘʩʧʫʭʘʥʠʷ ʠ ʵʨʦʟʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʦʙʣʫʯʝʥʠʷ ʚ ʊʗʈ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʚʣʠʷʥʠʷ ʛʝʣʠʷ ʥʘ ʬʝʨʨʠʪʦ-ʤʘʨʪʝʥʩʠʪʥʳʝ ʩʪʘʣʠ, ʷʚʣʷʶʱʠʝʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ï ʢʘʥʜʠʜʘʪʘʤʠ 

ʜʣʷ ʠʭ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʨʤʦʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ 

ʛʝʣʠʷ ʚ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. ʆʙʲʝʢʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʘ ʩʪʘʣʴ ʬʝʨʨʠʪʦ-ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʩʘ 1ʍ13ʄ2ɹʌʈ 

(ʕʇ-450) ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ             7ʭ20 ʤʤ, ʪʦʣʱʠʥʦʡ 300 ʤʢʤ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʙʣʫʯʘʣʠ ʥʘ ʮʠʢʣʦʪʨʦʥʝ           

ʋ-150-ʄ (ʛ. ɸʣʤʘʪʳ) ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 50 ʄʵɺ. ʉ ʮʝʣʴʶ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦ ʦʙʲʝʤʫ ʠʦʥʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ 

ʦʙʨʘʟʮʳ ʚʨʘʱʘʣʠʩʴ ʧʦʜ ʧʫʯʢʦʤ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʭʣʘʞʜʘʣʠʩʴ ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʪʨʫʝʡ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ. ʈʘʩʯʝʪʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʝʣʠʷ ʚ ʩʪʘʣʠ ʩʦʩʪʘʚʠʣʘ 10
-3
 ï 10

-2
 ʘʪ%.  

ʇʦʩʪʨʘʜʠʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ɸʩʪʘʥʠʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʀʗʌ. 

ɼʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ DIL 402C, ʘ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʣʠ, ʧʨʠʤʝʥʷʷ ʨʘʩʪʨʦʚʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ JEOL-6400. ɸʥʘʣʠʟ ʜʠʣʘʪʦʛʨʘʤʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʣʠʥʝʡʥʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ʦʙʨʘʟʮʘ ʩ ʛʝʣʠʝʤ ʧʨʠ ʥʘʛʨʝʚʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ (V) ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ~400̄ ʉ, ʧʦʩʣʝ 

ʯʝʛʦ V ʩʥʠʞʘʝʪʩʷ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650ʉ̄ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ 0. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ ʫʤʝʥʴʰʘʣʘʩʴ ʪʦʣʱʠʥʘ 

ʦʙʨʘʟʮʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʦʧʠʩʘʥʥʳʝ ʵʬʬʝʢʪʳ ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʣʠʝʚʳʭ ʙʣʠʩʪʝʨʦʚ, ʨʘʟʨʫʰʝʥʠʝʤ ʠʭ ʢʫʧʦʣʦʚ, ʰʝʣʫʰʝʥʠʝʤ  ʠ 

ʦʪʩʣʘʠʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ. 
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ʄɽʍɸʅʀɿʄʓ ʈɽʂʆʄɹʀʅɸʎʀʀ ʈɸɼʀɸʎʀʆʅʅʓʍ ɼɽʌɽʂʊʆɺ  ɺ ʂʈʀʉʊɸʃʃɸʍ KDP 

 

 

ʂʠʤ ʃ.ʄ., ʂʦʢʝʪʘʡʪʝʛʠ ʊ.ɸ. 

 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɽ.ɸ.ɹʫʢʝʪʦʚʘ, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʇʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʢʦʨʦʯʝ 180 ʥʤ ʠʣʠ ʠʦʥʠʟʠʨʫʶʱʝʡ ʨʘʜʠʘʮʠʝʡ ʂʨʠʩʪʘʣʣʳ ʜʠʛʠʜʨʦʬʦʩʬʘʪʘ 

ʢʘʣʠʷ (KH2PO4) ʦʢʨʘʰʠʚʘʶʪʩʷ. ʈʘʜʠʘʮʠʦʥʥʦ-ʥʘʚʝʜʝʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʧʨʦʟʨʘʯʥʦʩʪʠ KDPʩʚʷʟʘʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝ ʜʝʬʝʢʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʚ ʢʨʠʩʪʘʣʣʘʭ ʜʠʛʠʜʨʦʬʦʩʬʘʪʘ ʢʘʣʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʘʜʠʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ: ɺ-ʨʘʜʠʢʘʣʳ (H2PO4)
O
, A-ʨʘʜʠʢʘʣʳ (HPO4)

-
, ʤʝʞʫʟʝʣʴʥʳʝ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʠʦʥʳ PO3

2- 
[1-4]. 

ɺ-ʨʘʜʠʢʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʜʳʨʢʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʠʟʘʮʠʠ ʬʦʩʬʘʪʥʳʭ 

ʘʥʠʦʥʦʚ, ɸ-ʨʘʜʠʢʘʣʳ ï ʜʳʨʢʠ ʩ ʚʦʜʦʨʦʜʥʦʡ ʚʘʢʘʥʩʠʝʡ.  

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ KDP ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʣʫʯʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80ʂ ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʧʦʣʦʩʳ 

ʥʘʚʝʜʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʝ  ʠʤʝʶʪ ʤʘʢʩʠʤʫʤʳ ʧʨʠ 2.26 ʵɺ, 3.17 ʵɺ ʠ 5.75 ʵɺ. ʋʩʪʘʥʦʚʣʝʥʦ [5], ʯʪʦ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 2.26 ʵɺ ʠ 3.17 ʵɺ ʩʚʷʟʘʥʳ ʩ ɺ-ʨʘʜʠʢʘʣʘʤʠ, ʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 

5.75 ʵɺ ï ʩ ʤʝʞʫʟʝʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ. ʂʨʠʚʳʝ ʪʝʨʤʦʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ɺ-ʨʘʜʠʢʘʣʳ ʦʙʞʠʛʘʶʪʩʷ 

ʚ ʦʙʣʘʩʪʠ 100-130ʂ, ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʧʦʣʦʩʝ ʧʦʛʣʦʱʝʥʠʷ ʤʝʞʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʫʙʳʚʘʝʪ ʚʳʰʝ 100ʂ ʠ ʚ ʦʙʣʘʩʪʠ 200ʂ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  

ʅʘ ʢʨʠʚʦʡ ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʊʉʃ) ʢʨʠʩʪʘʣʣʦʚ KDP ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʧʠʢʘ 

ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʀʭ ʤʘʢʩʠʤʫʤʳ ʥʘʭʦʜʷʪʩʷ ʧʨʠ ʚ ʦʙʣʘʩʪʠ 120ʂ, 180ʂ ʠ 290ʂ [6]. ʇʝʨʚʳʡ ʧʠʢ ʊʉʃ 

ʠʤʝʝʪ ʥʝʙʦʣʴʰʫʶ ʩʚʝʪʦʩʫʤʤʫ. ɼʦʤʠʥʠʨʫʶʱʠʤʠ ʧʠʢʘʤʠ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʷʚʣʷʶʪʩʷ ʩʚʝʯʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ 180ʂ ʠ 290ʂ. ɺ ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʠʢʘ ʊʉʃ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ 

ʧʨʠ 2.6 ʵɺ ʠ 4.8 ʵɺ. ʋ ʚʪʦʨʦʛʦ ʧʠʢʘ ʊʉʃ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʦʜʠʥʦʯʥʦʡ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 3.55 ʵɺ. 

ʇʦʣʦʩʘ ʠʟʣʫʯʝʥʠʷ 4.8 ʵɺ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʩʦʡ ʠʟʣʫʯʝʥʠʷ 4.77 ʵɺ, ʦʙʥʘʨʫʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [7] ʧʨʠ 7ʂ. ɸʚʪʦʨʳ 

ʨʘʙʦʪʳ [7] ʩʚʷʟʳʚʘʶʪ ʜʘʥʥʫʶ ʧʦʣʦʩʫ ʠʟʣʫʯʝʥʠʷ ʩ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʵʢʩʠʪʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ   

KDP.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʨʠʚʳʭ ʪʝʨʤʦʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʥʘʚʝʜʝʥʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʩ ʢʨʠʚʳʤʠ ʊʉʃ ʠ  

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʕʇʈ [2] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ 100-130ʂ 

ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʤʠʛʨʘʮʠʠ ʜʳʨʦʢ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʦʣʴ 

ʜʳʨʦʯʥʳʭ ʮʝʥʪʨʦʚ ʠʛʨʘʶʪ ɺ-ʨʘʜʠʢʘʣʳ. ʈʦʣʴ ʵʣʝʢʪʨʦʥʥʳʭ ʮʝʥʪʨʦʚ  ʚʳʧʦʣʥʷʶʪ ʤʝʞʫʟʝʣʴʥʳʝ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ.  ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɺ-ʨʘʜʠʢʘʣʦʚ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʧʨʦʠʩʭʦʜʠʪ çʩʙʦʨʢʘè ʵʢʩʠʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʘʜʘʶʪʩʷ ʧʦ 

ʜʚʫʤ ʢʘʥʘʣʘʤ: ʠʟʣʫʯʘʪʝʣʴʥʦʤʫ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʤʫ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 100ʂ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʵʢʩʠʪʦʥʦʚ ʩʠʣʴʥʦ 

ʧʦʪʫʰʝʥʘ. ɺʳʰʝ 140ʂ ʜʘʥʥʦʝ ʩʚʝʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ  ʥʝʙʦʣʴʰʫʶ 

ʩʚʝʪʦʩʫʤʤʫ ʚ ʧʝʨʚʦʤ ʧʠʢʝ ʊʉʃ.  ʇʨʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʤ ʨʘʩʧʘʜʝ ʵʢʩʠʪʦʥʦʚ ʯʘʩʪʴ ʠʟ ʥʠʭ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ɸ-ʨʘʜʠʢʘʣʳ. 

ɺʦʟʤʦʞʥʦʩʪʴ  ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʢʘʥʘʣʘ ʩʦʟʜʘʥʠʷ ʜʝʬʝʢʪʦʚ ʥʘ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʨʦʩʪ ʯʠʩʣʘ 

ɸ-ʨʘʜʠʢʘʣʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KDP [2]. ʇʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ɸ-ʨʘʜʠʢʘʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ ʵʢʩʠʪʦʥʦʚ.  

ɺ ʦʙʣʘʩʪʠ  180ʂ ʧʠʢ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʩʚʝʯʝʥʠʷ ʥʘʤʠ   ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ɸ-ʨʘʜʠʢʘʣʦʚ ʠ 

ʤʝʞʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʩʚʝʪʦʩʫʤʤ ʚ 

ʩʦʙʩʪʚʝʥʥʳʭ ʧʠʢʘʭ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʵʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʥʥʳʡ, ʪ.ʝ. ʠʤʝʝʪ ʤʝʩʪʦ ʪʝʨʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʤʠʛʨʘʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ɼʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʚʩʝʤʠ ʠʤʝʶʱʠʤʠʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 
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ʄɽʍɸʅʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʅɽʈɾɸɺɽʖʑʀʍ ʉʊɸʃɽʁ, ʆɹʃʋʏɽʅʅʓʍ ɺ 

ʈɽɸʂʊʆʈɽ ɹʅ-350, ʆʇʈɽɼɽʃɽʅʅʓɽ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄɽʊʆɼɸ ʄʀʂʈʆʀʅɼɽʅʊʀʈʆɺɸʅʀʗ 

 

 

ʄʝʨʝʞʢʦ ʄ.ʉ., ʊʫʨʫʙʘʨʦʚʘ ʃ.ɻ., ʄʘʢʩʠʤʢʠʥ ʆ.ʇ.  

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʊʨʘʜʠʮʠʦʥʥʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʠʟʫʯʘʶʪ, ʧʨʦʚʦʜʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʚ ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʦʙʣʫʯʝʥʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʛʜʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ 

ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪ ʤʠʥʠʘʪʶʨʥʳʝ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ, ʥʝʧʨʠʩʧʦʩʦʙʣʝʥʥʳʝ ʜʣʷ ʠʭ ʫʜʝʨʞʘʥʠʷ 

ʚ ʟʘʭʚʘʪʘʭ ʨʘʟʨʳʚʥʳʭ ʤʘʰʠʥ, ʵʪʦʪ ʩʧʦʩʦʙ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʤʝʥʠʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʥʝʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʪʦʜʳ ʣʦʢʘʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚʥʝʜʨʝʥʠʝʤ ʚ ʥʝʛʦ ʤʠʢʨʦʠʥʜʝʥʪʦʨʘ 

(ʰʘʨʠʢʘ, ʘʣʤʘʟʥʳʭ ʧʠʨʘʤʠʜ ʠ ʪ.ʜ.). ʕʪʠ ʤʝʪʦʜʳ, ʠʟʚʝʩʪʥʳʝ ʧʦʜ ʦʙʱʠʤ ʥʘʟʚʘʥʠʝʤ çʤʠʢʨʦʠʥʜʝʥʪʠʨʦʚʘʥʠʝè, ʧʦʟʚʦʣʷʶʪ 

ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʠʭ ʥʝʧʨʝʨʳʚʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʚʝʨʜʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʬʦʨʤʣʝʥʘ ʤʝʪʦʜʠʢʘ ʤʠʢʨʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ (ʚʜʘʚʣʠʚʘʥʠʷ 

ʩʬʝʨʠʯʝʩʢʦʛʦ ʠʥʜʝʥʪʦʨʘ), ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ ʨʘʩʪʷʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʠʭ ʧʦʤʦʱʴʶ 

ʧʨʝʜʝʣʦʚ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ, ʟʥʘʯʝʥʠʡ ʨʘʚʥʦʤʝʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʫʜʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ, ʙʝʟ 

ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʘʩʪʷʞʝʥʠʶ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʀʩʩʣʝʜʦʚʘʣʠ ʘʫʩʪʝʥʠʪʥʳʝ ʥʝʨʞʘʚʝʶʱʠʝ ʩʪʘʣʠ ʧʦʩʣʝ ʠʭ ʦʙʣʫʯʝʥʠʷ ʙʳʩʪʨʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʚ ʨʝʘʢʪʦʨʝ ɹʅ-350 ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʚʨʝʞʜʘʶʱʝʡ ʜʦʟʳ 55,5 ʩʥʘ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ 

çInstron-1195è ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʠ 0,5 ʤʤ/ʤʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʝʥʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʰʘʨʠʢ ʠʟ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ ï ʨʘʟʤʝʨ, ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʰʠʨʠʥʝ ʩʪʝʥʢʠ ʯʝʭʣʘ ʊɺʉ.  

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʩʪʘʣʝʡ ʪʠʧʘ 

12ʍ18ʅ10ʊ ʠ 08ʍ16ʅ11ʄ3, ʚʳʨʝʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʭ ʦʪʤʝʪʦʢ ʠʟ ʩʪʝʥʦʢ ʰʝʩʪʠʛʨʘʥʥʳʭ ʯʝʭʣʦʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʊɺʉ 

ʙʳʩʪʨʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʪʨʝʤ 

ʟʦʥʘʤ ʩʚʘʨʥʦʛʦ ʰʚʘ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ ʍʅʉ-2 (12ʍ18ʅ10ʊ + 0,1% Sc) ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʚʰʝʛʦʩʷ ʚ ʩʦʩʪʘʚʝ 

ʩʙʦʨʢʠ ʮ-601 ʨʝʘʢʪʦʨʘ ɹʅ-350. 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʜʦʟʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʠʭ ʩʚʷʟʴ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. 

 

 

 

 

ʄʀʂʈʆʉʊʈʋʂʊʋʈʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀʀ ɺ ʆɹʃʋʏɽʅʅʆʁ 

ʅɽʁʊʈʆʅɸʄʀ ɸʋʉʊɽʅʀʊʅʆʁ ʉʊɸʃʀ 12ʍ18ʅ10ʊ 

 

 

ʎʘʡ ʂ.ɺ., ʄʘʢʩʠʤʢʠʥ ʆ.ʇ., ɻʫʩʝʚ ʄ.ʅ., ʈʫʙʘʥ ʉ.ɺ., ʑʝʨʙʠʥʠʥʘ ʅ.ɺ. 

 

ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ ʅʗʎ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʘʫʩʪʝʥʠʪʥʳʭ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ, ʦʙʣʫʯʝʥʥʳʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʠʟʫʯʝʥʳ ʧʦʢʘ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ  ʦʙʣʫʯʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʭʘʨʘʢʪʝʨ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʢʠʥʝʪʠʢʫ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʢʘʨʪʠʥʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʙʘʨʴʝʨʳ, ʢʘʥʘʣʠʨʦʚʘʥʠʝ, ʨʘʥʥʝʝ 

ʜʚʦʡʥʠʢʦʚʘʥʠʝ ʠ ʧʨ.), ʥʦ ʠ ʧʨʦʩʣʝʜʠʪʴ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʵʚʦʣʶʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ.   

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʨʘʟʮʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, ʦʙʣʫʯʝʥʥʳʝ ʥʝʡʪʨʦʥʘʤʠ ʜʦ 

ʬʣʶʝʥʩʦʚ 1.4Ö10
19

, 1.3Ö10
20 
ʥ/ʩʤ

2
 ʚ ʨʝʘʢʪʦʨʝ ɺɺʈ-ʂ, ʙʳʣʠ ʜʝʬʦʨʤʠʨʦʚʘʥʳ ʧʦ ʩʭʝʤʝ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 25
ʦ
ʉ. ʈʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʦʙʣʫʯʝʥʥʳʭ ʬʣʶʝʥʩʦʤ 1.9Ö10

19 
ʥ/ʩʤ

2 
ʠ ʥʝʦʙʣʫʯʝʥʥʳʭ, ʧʨʦʚʦʜʠʣʩʷ 

ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʳʪʘʥʠʷ (-100
ʦ
ʉ).  

ʅʘʨʷʜʫ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (sʪ, sʨ, eʨ, e) ʧʦʣʫʯʝʥʳ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʥʘʢʦʧʣʝʥʠʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ a¡-ʬʘʟʳ ʚ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʦʙʨʘʟʮʘʭ. ʇʨʦʚʝʜʝʥʳ ʇʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʩʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠʟʚʝʩʪʥʦʡ ʩʨʝʜʥʝʡ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʣʫʯʝʥʥʦʡ ʥʝʡʪʨʦʥʘʤʠ ʩʪʘʣʠ ʷʚʣʷʝʪʩʷ 

ʜʚʦʡʥʠʢʦʚʘʥʠʝ, ʥʘʯʠʥʘʶʱʝʝʩʷ ʧʨʠ ʤʘʣʳʭ e ʠ ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʜʦ ʤʦʤʝʥʪʘ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ. ʈʘʟʚʠʪʠʝ 

ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘʚʝʨʰʘʝʪʩʷ ʩʪʘʜʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʪʯʘʪʦʡ, ʨʝʞʝ ʩʝʪʯʘʪʦ-ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʠ ʧʨʠ ʵʪʦʤ 
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ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʘʪʨʠʮʳ ʜʚʦʡʥʠʢʘʤʠ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ e ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʡ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʢʝʪʦʚ 

ʧʣʘʩʪʠʥ ʤʘʨʪʝʥʩʠʪʥʦʡ         a¡-ʬʘʟʳ.   

ʆʙʥʘʨʫʞʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʚʦʡʥʠʢʦʚ ʠ ʩʦʜʝʨʞʘʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʤʦʨʬʦʣʦʛʠʝʡ, a¡-ʬʘʟʳ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʤʝʩʪʦʤ ʟʘʨʦʞʜʝʥʠʷ ʢʦʪʦʨʦʡ ʚ ʦʙʣʫʯʝʥʥʦʡ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʪʘʣʠ ʩʣʫʞʘʪ 

ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʦʡʥʠʢʦʚ. 

 

 

 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅɸʂʆʇʃɽʅʀʗ ʀ ʄʀɻʈɸʎʀʀ ɻɽʃʀʗ ɺ ʄɽʊɸʃʃʀʏɸʉʂʀʍ ʄɸʊɽʈʀɸʃɸʍ 

ʇʈʀ ʅɽʇʈɽʈʓɺʅʆʄ ʀ ʀʄʇʋʃʔʉʅʆʄ ʆɹʃʋʏɽʅʀʀ aïʏɸʉʊʀʎɸʄʀ  

 

 
ʂʘʨʧʠʢʦʚ ɸ.ʅ., ʂʠʩʣʠʮʠʥ ʉ.ɹ., ʅʝʩʪʝʨʦʚʘ ɸ.ʖ. 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʆʩʥʦʚʥʳʤʠ ʢʘʥʘʣʘʤʠ ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ ʛʝʣʠʷ ʚ ʦʙʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʷʚʣʷʶʪʩʷ: ʤʠʛʨʘʮʠʷ ʘʪʦʤʦʚ ʚ 

ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ (f), ʚʜʦʣʴ ʜʠʩʣʦʢʘʮʠʡ (d), ʛʨʘʥʠʮ ʟʝʨʝʥ b), ʟʘʭʚʘʪ ʘʪʦʤʦʚ ʅʝ ʯʘʩʪʠʮʘʤʠ ʚʪʦʨʦʡ ʬʘʟʳ (ʧʦʨʘʤʠ) (). 

ʂʨʦʤʝ ʪʦʛʦ, ʅʝ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤʠ ʪʦʯʝʯʥʳʤʠ ʜʝʬʝʢʪʘʤʠ (ʚʘʢʘʥʩʠʷʤʠ (V) ʠ ʤʝʞʜʦʫʟʝʣʴʥʤrʠ 

ʘʪʦʤʘʤʠ (I)) ʧʦʜʚʠʞʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʘʢʘʥʩʠʷ-ʘʪʦʤ ʅʝ (Vʅʝ) ʠ ʤʝʞʜʦʫʟʝʣʴʥʳʡ ʘʪʦʤ-ʘʪʦʤ ʅʝ (Iʅʝ), ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ 

ʦʥ ʪʘʢʞʝ ʤʦʞʝʪ ʤʠʛʨʠʨʦʚʘʪʴ. ɼʠʬʬʫʟʠʷ ʘʪʦʤʦʚ ʅʝ ʠ ʜʠʬʬʫʟʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 
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ɿʜʝʩʴ ʉs ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ ʅʝ ʚ s-ʤ ʢʘʥʘʣʝ (s=f,d,v,b,VHe,IHe); sD
~

 ï ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʛʝʣʠʷ 

ʚ s-ʤ ʢʘʥʘʣʝ (s=f,d,b,VHe,IHe); D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʛʝʣʠʷ ʚ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʝ; DV, DI  ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʜʠʬʬʫʟʠʠ ʚʘʢʘʥʩʠʡ ʠ ʤʝʞʜʦʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Zq
p
 ï ʵʬʬʝʢʪʠʚʥʘʷ ʩʠʣʘ ʟʘʭʚʘʪʘ ʘʪʦʤʦʚ ʛʝʣʠʷ ʨ-ʛʦ 

ʢʘʥʘʣʘ ʠʟ q-ʛo (p,q=f,d,v,b,VHe,IHe); ZS
V
, ZS

I
 ï ʩʠʣʘ ʟʘʭʚʘʪʘ ʚʘʢʘʥʩʠʡ ʠ ʤʝʞʜʦʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ s ïʤ ʢʘʥʘʣʦʤ (s=d,v,b);  

s ï ʧʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ ʚ s-ʤ ʢʘʥʘʣʝ (s=d,v,b); s - ʚʨʝʤʷ ʫʜʝʨʞʘʥʠʷ ʅʝ s-ʤ ʢʘʥʘʣʦʤ (s=f,d,v, b, VHe, IHe); CV, CI ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʘʢʘʥʩʠʡ ʠ ʤʝʞʜʦʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;  ʂV, ʂI  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʚʘʢʘʥʩʠʷ-ʘʪʦʤ ʛʝʣʠʷ (VHe) ʠ ʤʝʞʜʦʫʟʝʣʴʥʳʡ ʘʪʦʤ-ʘʪʦʤ ʛʝʣʠʷ (IHe), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; V I  ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʟʘʠʤʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʝʞʜʫ ʨʘʜʠʘʮʠʦʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʠ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; RV, RI  ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʚʘʢʘʥʩʠʷ-ʘʪʦʤ ʅʝ ʩ ʤʝʞʜʦʫʟʝʣʴʥʳʤ ʘʪʦʤʘʤʠ, ʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʞʜʦʫʟʝʣʴʥʳʡ 

ʘʪʦʤ-ʘʪʦʤ ʛʝʣʠʷ ʩ ʚʘʢʘʥʩʠʷʤʠ; Gʅʝ(x) ï ʩʢʦʨʦʩʪʴ ʚʥʝʜʨʝʥʠʷ Ŭ-ʯʘʩʪʠʮ ʧʨʠ ʦʙʣʫʯʝʥʠʠ; G(ʭ) ï ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ. ʗʚʥʳʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʝʡ Gʅʝ(x) ʠ G(ʭ) ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ ʧʦʣʫʯʝʥ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩ 
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ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SRIM. ʇʨʠ ʠʤʧʫʣʴʩʥʦʤ ʦʙʣʫʯʝʥʠʠ ʧʦʜ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʩʨʝʜʥʷʷ ʟʘ 

ʧʝʨʠʦʜ; ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ Gʅʝ(x) ʠ G(ʭ) ʧʦʣʘʛʘʶʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ. ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ï (8) ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘʧʠʩʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʚ ʩʠʩʪʝʤʝ MATLAB, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘʢʦʧʣʝʥʠʝ ʅʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ, ʵʥʝʨʛʠʷ a-ʯʘʩʪʠʮ, 

ʪʝʤʧʝʨʘʪʫʨʘ) ʠ ʚʥʫʪʨʝʥʥʠʭ (ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ, ʧʣʦʪʥʦʩʪʴ ʠ ʨʘʟʤʝʨ ʧʦʨ, ʨʘʟʤʝʨ ʟʝʨʝʥ) ʬʘʢʪʦʨʦʚ ʢʘʢ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ, ʪʘʢ ʠ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʦʙʣʫʯʝʥʠʠ. 

 

 

 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ɼʀʌʌʋɿʀʀ ʀ ʌɸɿʆʆɹʈɸɿʆɺɸʅʀʗ 

ɺ ʉʃʆʀʉʊʓʍ ʉʀʉʊɽʄɸʍ ʄɽʊɸʃʃ-ʄɽʊɸʃʃʆʀɼ  
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ʉ ʨʘʟʚʠʪʠʝʤ ʠʦʥʥʦ-ʠʤʧʣʘʥʪʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʤʦʜʠʬʠʢʘʮʠʠ ʠʭ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʣʦʷʭ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʤʧʣʘʥʪʘʮʠʦʥʥʳʝ ʩʣʦʠʩʪʳʝ ʩʠʩʪʝʤʳ 

ʤʝʪʘʣʣ-ʤʝʪʘʣʣʦʠʜ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʴʁʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤʘʭ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʬʘʟ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪʞʠʛʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʣʦʠʩʪʳʭ ʩʠʩʪʝʤʘʭ ʤʝʪʘʣʣ-ʤʝʪʘʣʣʦʠʜ, ʧʦʣʫʯʝʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʠʦʥʥʦʡ 

ʠʤʧʣʘʥʪʘʮʠʠ. ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ï ʟʘʢʦʥʳ ʌʠʢʘ ʠ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʚ 

ʜʚʫʭʬʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦ ʥʝʧʨʝʨʳʚʥʳʤ ʢʘʥʘʣʘʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩʦʧʨʠʢʘʩʘʶʱʠʤʠʩʷ 

ʯʘʩʪʠʮʘʤʠ ʦʜʥʦʡ ʬʘʟʳ [1,2]. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ 

DIFFUSION, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʙʠʥʘʨʥʳʭ ʩʣʦʠʩʪʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [3].  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʚ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʝ Fe:O
+
, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʘʤʠ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʩ ʵʥʝʨʛʠʝʡ 50ʢʵɺ 

ʠ ʜʦʟʦʡ 5Ŀ10
17

 ʠʦʥ/ʩʤ
2
 ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʬʦʣʴʛʠ ʠʟ a-

ʞʝʣʝʟʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʜʦ 95ʪ.% 
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Fe. ɼʘʣʝʝ ʩʠʩʪʝʤʘ ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠʟʦʭʨʦʥʥʳʤ ʧʦʣʫʯʘʩʦʚʳʤ ʪʝʨʤʠʯʝʩʢʠʤ 

ʦʪʞʠʛʘʤ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 180 ʜʦ 700ÁC. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʦʪʞʠʛʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ [4]. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʝ Fe:O
+
 ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ Fe-O. 

ʅʘʯʘʣʴʥʳʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʦʬʠʣʴ ʠʤʧʣʘʥʪʘʥʪʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʯʝʪʘ ʧʨʠ ʧʦʤʦʱʠ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ SRIM [5]. 

ʏʘʩʪʦʪʥʳʡ ʬʘʢʪʦʨ DO ʠ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ QO ʧʦʜʙʠʨʘʣʠʩʴ ʥʘʤʠ ʩ 

ʮʝʣʴʶ ʥʘʠʣʫʯʰʝʛʦ ʦʧʠʩʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚ 

ʩʠʩʪʝʤʝ Fe:O
+
 ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʩʯʝʪʦʚ ʚ ʨʘʤʢʘʭ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʦʜʝʣʠ (ʩʤ. ʨʠʩ.). ʄʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 

ʠʤʧʣʘʥʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Fe:O
+
 ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʠʟʤʝʥʝʥʠʝʤ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʜʠʬʬʫʟʠʠ ʢʠʩʣʦʨʦʜʘ ʠ ʦʪʨʘʞʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʥ̫ʠʡ.  
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Tann ʠʟʦʭʨʦʥʥʦʛʦ ʦʪʞʠʛʘ ʜʣʷ 

ʠʤʧʣʘʥʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 57Fe:O+ ʩʦ 
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ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʥʢʠʭ ʧʦʢʨʳʪʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʪʝʨʤʠʯʝʩʢʠʤ ʦʪʞʠʛʦʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʤʠ ʧʨʦʚʦʜʷʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʠ ʠʟʦʭʨʦʥʥʳʭ ʦʪʞʠʛʘʭ ʩʣʦʠʩʪʳʭ ʙʠʥʘʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʦʠʩʪʳʭ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʜʣʦʞʢʦʡ ʠʟ a-ʞʝʣʝʟʘ ʚʦʟʤʦʞʥʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʷʜʝʨ 
57

Fe ʚ ʦʙʨʘʟʝʮ. ʅʘʣʠʯʠʝ ʠʟʦʪʦʧʘ 
57

Fe ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʪʝʭ ʩʣʦʝʚ ʩʠʩʪʝʤʳ, ʛʜʝ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʠʩʭʦʜʷʪ ʪʝʨʤʠʯʝʩʢʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʜʠʬʬʫʟʠʠ ʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʠʝ ʩʣʦʠʩʪʳʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʙʠʥʘʨʥʳʤʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʭʠʤʠʠ ʠ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʪʨʠ ʠʟʦʪʦʧʥʳʭ ʢʦʤʧʦʥʝʥʪʘ, ʢ 

ʢʦʪʦʨʳʤ ʠʟʙʠʨʘʪʝʣʴʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʤʝʩʩʙʘʫɻ ʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʇʦʵʪʦʤʫ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ 

ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʯʘʩʪʠʷ ʠʭ ʚ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʆʥʟʘʛʝʨʘ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʘʥʝʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ 

[1-4], ʚʢʣʶʯʘʷ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʥʘʨʥʦʡ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʳ ʚ ʜʚʫʭʬʘʟʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʦʧʠʩʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ, 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʣʦʠʩʪʳʭ 

ʩʠʩʪʝʤʘʭ ʩ ʪʨʝʤʷ ʠʟʦʪʦʧʘʤʠ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘʤʠ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ DIFFUSION. ɼʣʷ ʝʝ 

ʩʦʟʜʘʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ MS Visual Studio 2005. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʠʘʛʨʘʤʤʳ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ; 

ʟʘʜʘʥʠʝ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʟʦʪʦʧʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʠʭ ʦʪʞʠʛʦʚ; ʩ ʫʯʝʪʦʤ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʯʝʪ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʮʝʩʩʘ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʘʨʮʠʘʣʴʥʳʭ ʤʝʩʩʙʘʫɻ ʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʝʛʠʩʪʨʘʮʠʝʡ ɔ-ʢʚʘʥʪʦʚ ʚ 

ʛʝʦʤʝʪʨʠʠ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ, ʠ ʨʝʛʠʩʪʨʘʮʠʝʡ ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟ ʚ ʘʪʦʤʥʳʭ ʝʜʠʥʠʮʘʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʩʣʦʠʩʪʫʶ ʩʠʩʪʝʤʫ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʪɹʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʝ 
57

Fe(0.07 ʤʢʤ)ïTi(1 ʤʢʤ)ï

Fe0.96Ti0.04(13 ʤʢʤ)ï
57

Fe(0.07 ʤʢʤ) ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʦʪʞʠʛʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 
57

Fe ʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ [5]. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʚʥʦʚʝʩʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ Fe-Ti ʠ ʧʘʨʮʠʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ ʪʠʪʘʥʘ ʚ ʞʝʣʝʟʝ DTi ʠ ʞʝʣʝʟʘ ʚ ʪʠʪʘʥʝ 

DFe, ʢʦʪʦʨʳʝ ʧʦʜʙʠʨʘʣʠʩʴ ʥʘʤʠ ʩ ʮʝʣʴʶ ʥʘʠʣʫʯʰʝʛʦ ʦʧʠʩʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʦʪʞʠʛʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʦʨʦh ʦ ʦʧʠʩʳʚʘʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʬʘʟ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪʞʠʛʘ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʳ. ʍʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘɦ ʝʥʠʡ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʣʦʠʩʪʳʭ ʩʠʩʪʝʤʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʦʙʝʥʥʦʩʪʷʤ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ. 
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ʄʆɼʀʌʀʂɸʎʀʗ ʉʊʈʋʂʊʋʈʅʆ-ʌɸɿʆɺʆɻʆ ʉʆʉʊʆʗʅʀʗ ʀ ʉɺʆʁʉʊɺ ʉʇʃɸɺɸ 67ʂʅ5ɹ ʇʈʀ ʀʆʅʅʆʁ 

ʀʄʇʃɸʅʊɸʎʀʀ 

 

 
1
ʈʘʭʘʜʠʣʦʚ ɹ.ʂ., 

2
ʉʢʘʢʦʚ ʄ.ʂ., 

1
ɽʨʙʦʣʘʪʫʣʳ ɼ. 

 

1
ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ɸʤʘʥʞʦʣʦʚʘ 

ʛ. ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
2
ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ. ʉʝʨʠʢʙʘʝʚʘ 

ʛ. ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʠʦʥʥʳʤ ʧʫʯʢʦʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʜʠʘʮʠʦʥʥʦʝ, ʪʝʧʣʦʚʦʝ ʠ ʫʜʘʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʈʘʟʚʠʚʘʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ 

ʧʨʦʮʝʩʩʳ ʧʝʨʝʩʪʨʦʡʢʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʷʪ ʚ ʫʩʣʦʚʠʷʭ, ʜʘʣʝʢʠʭ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʩ ʫʥʠʢʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʦʥʘʤʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʥʦʚʳʭ ʬʘʟ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘ ʩʯʝʪ ʜʠʩʧʝʨʩʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʥʦ-

ʣʫʯʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʥʘ Co-Ni ʦʩʥʦʚʝ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʩʧʣʘʚ 67ʂʅ5ɹ (67%-Co, 28%-Ni, 5%-Nb), ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʛʨʫʧʧʝ ʜʠʩʧʝʨʩʠʦʥʥʦ-

ʪʚʝʨʜʝʶʱʠʭ ʩʧʣʘʚʦʚ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʧʣʘʚʘ 67ʂʅ5ɹ ʧʦʩʣʝ ʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ.  

ʉʧʣʘʚ 67ʂʅ5ɹ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ g-ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ɻʎʂ-ʨʝʰʝʪʢʦʡ ʠ ʫʧʨʦʯʥʷʝʪʩʷ ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʠ ʠʣʠ ʧʨʠ ʩʪʘʨʝʥʠʠ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʠʟʙʳʪʦʯʥʳʭ ʚʪʦʨʠʯʥʳʭ ʬʘʟ [2]. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [3], ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ 67ʂʅ5ɹ ʜʦʩʪʠʛʘʶʪʩʷ ʦʙʨʘʙʦʪʢʦʡ: ʟʘʢʘʣʢʘ ʦʪ 950ʉ̄ (10 ʤʠʥ), ʧʨʦʢʘʪʢʘ ʥʘ 

90%. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ  ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʧʣʦʩʢʠʝ ʦʙʨʘʟʮʳ ʩ ʨʘʟʤʝʨʘʤʠ 20ʭ20ʭ0,5 ʤʤ, ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ: ʟʘʢʘʣʢʘ ʦʪ 950ʉ̄  (10 ʤʠʥ) ʠ ʧʨʦʢʘʪʢʘ ʥʘ 90%. ʇʝʨʝʜ ʦʙʣʫʯʝʥʠʝʤ ʦʙʨʘʟʮʳ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠ ʧʦʣʠʨʦʚʘʣʠ. 

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʵʥʝʨʛʠʷ ʠʦʥʦʚ (ɽ = 100 ʢʵɺ), ʧʣʦʪʥʦʩʪʴ ʠʦʥʥʦʛʦ ʪʦʢʘ (j = 2 ʤʢɸ/ʩʤ
2
), ʜʦʟʘ 

ʦʙʣʫʯʝʥʠʷ (D = 1Ĭ10
17

-5Ĭ10
17

 ʠʦʥ/ʩʤ
2
). ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʦ ʢʦʪʦʨʦʡ ʥʘʛʨʝʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʚ ʭʦʜʝ 

ʦʙʣʫʯʝʥʠʷ, ʥʝ ʧʨʝʚʳʰʘʣʘ 100Áʉ. ʄʝʪʦʜʘʤʠ ʨʘʩʪʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʡ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʠʤʧʣʘʥʪʘʮʠʠ ʠʦʥʦʚ ʘʟʦʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʦʟʘʭ ʥʘ ʩʪʨʫʢʪʫʨʫ, 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ 67ʂʅ5ɹ.  

ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʦʥʘʤʠ ʘʟʦʪʘ ʜʦʟʦʡ 1³10
17
·5³10

17
 ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʩʧʣʘʚʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʧʣʘʚʘ. 

ʀʤʧʣʘʥʪʘʮʠʷ ʠʦʥʘʤʠ ʘʟʦʪʘ ʜʦ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ 5³10
17

 ʠʦʥ/ʩʤ
2
 ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʧʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʥʝ ʤʝʥʷʝʪʩʷ. 

ɹʦʤʙʘʨʜʠʨʦʚʢʘ ʩʧʣʘʚʘ 67ʂʅ5ɹ ʠʦʥʘʤʠ N+ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʠʢʨʦʪʚⱪʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ 

ʩʧʣʘʚʘ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʧʣʘʚʘ 67ʂʅ5ɹ ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 5000 ʄʇʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʦʥʘʤʠ ʘʟʦʪʘ ʥʘ 10ï50% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ 

ʦʙʣʫʯʝʥʠʷ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ  ʜʦʩʪʠʛʘʝʪ  ʤʘʢʩʠʤʫʤʘ  ʧʨʠ  ʜʦʟʝ 5Ĭ10
17

 ʠʦʥ/ʩʤ
2
. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʯʘʩʪʠʮ  ʥʦʚʳʭ ʬʘʟ. 

ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʦʥʦʚ ʘʟʦʪʘ ʚ ʩʧʣʘʚ 67ʂʅ5ɹ ʥʝ ʧʨʝʚʳʰʘʝʪ 200 ʥʤ, ʪʦʛʜʘ ʢʘʢ ʪʦʣʱʠʥʘ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ 

ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʥ. ʉʚʦʡʩʪʚʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚ ʤʘʪʝʨʠʘʣʘʭ ʨʘʟʣʠʯʥʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʠʦʥðʤʠʰʝʥʴ. 

 

1. ʅʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʠ ʥʠʪʨʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʨʠ ʠʦʥʥʦ-ʣʫʯʝʚʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ / ʀ.ɸ. ʂʫʨʟʠʥʘ [ʠ ʜʨ.] ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʅʊʃ, 2008. ï 324 ʩ. 

2. ʉʫʭʦʚʘʨʦʚ ɺ.ʌ. ʇʨʝʨʳʚʠʩʪʦʝ ʚʳʜʝʣʝʥʠʝ ʬʘʟ ʚ ʩʧʣʘʚʘʭ / ɺ.ʌ.ʉʫʭʦʚʘʨʦʚ ï ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ, 1983. -164 ʩ. 

3. ɽʨʙʦʣʘʪʫʣʳ ɼ. ɺʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʘ ʩʚʝʨʭʧʣʘʩʪʠʯʝʩʢʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʘʫʩʪʝʥʠʪʥʳʭ 
ʥʠʢʝʣ-ɹʭʨʦʤʦʚʳʭ ʠ ʢʦʙʘʣʴʪ-ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ / ɼ. ɽʨʙʦʣʘʪʫʣʳ, ɼ.ʃ. ɸʣʦʥʮʝʚʘ, ʄ.ʂ. ʉʢʘʢʦʚ // ɺʝʩʪʥʠʢ ʂʘʨɻʋ, 

ʩʝʨʠʷ ʌʠʟʠʢʘ. - 2004. - ˉ2 (34). ï ʉ.18-21. 
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ʄʆɼʀʌʀʎʀʈʆɺɸʅʀɽ ʊɺɽʈɼʆʆʂʉʀɼʅʓʍ ʇʈʆʊʆʅʅʓʍ ʇʈʆɺʆɼʅʀʂʆɺ ʀʆʅɸʄʀ ʂʀʉʃʆʈʆɼɸ ʀ 

ɸʈɻʆʅɸ 

 

 

ʍʨʦʤʫʰʠʥ ʀ.ɺ., ɸʢʩʝʥʦʚʘ ʊ.ʀ., ʄʫʥʘʩʙʘʝʚʘ ʂ.ʂ., ɾʦʪʘʙʘʝʚ ɾ.ʈ., 

ʊʫʩʝʝʚ ʊ.ʊ.,ɼʝʛʪʷʨʝʚ ɺ.ɺ., ʈʫʩʘʢʦʚʘ ɸ.ɺ.
 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʂ 

ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

 ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʦʪʦʢʦʚ ʪʷʞʝʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʆ
2+

 (ɽ= 20ʢʵɺ ʥʘ ʟʘʨʷʜ) ʠ Ar
+
 (ɽ= 1,75 ʄʵɺ ʥʘ ʥʫʢʣʦʥ) 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʥʳʭ ʧʨʦʪʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʨʘʪʘ ʙʘʨʠʷ. 

 ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʮʝʨʘʪʘ ʙʘʨʠʷ ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʥʝʦʜʠʤʦʤ (ʭ=15%)  ʚʳʨʝʟʘʣʠ ʚ ʚʠʜʝ ʧʣʦʩʢʠʭ ʧʣʘʩʪʠʥʦʢ 

ʨʘʟʤʝʨʦʤ 10ʭ3ʭ1 ʤʤ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʪʱʘʪʝʣʴʥʦ ʰʣʠʬʦʚʘʣʠ. ʆʙʨʘʟʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʞʠʛʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 650
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 7 ʯʘʩʦʚ. 

ʆʙʣʫʯʝʥʠʝ ʠʦʥʘʤʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʢʦʨʠʪʝʣʝ ɼʉ-60, ʛ. ɸʩʪʘʥʘ. ʆʙʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠ 

ʢʦʤʧʣʝʢʩʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʤʠʢʨʦʘʥʘʣʠʟʦʤ, 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʪʝʨʤʦʜʝʩʦʨʙʮʠʦʥʥʦʡ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʣʫʯʝʥʥʦʡ ʠ 

ʦʙʣʫʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ.  

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʭʦʜʥʦʡ ʢʝʨʘʤʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʢʨʫʧʥʳʭ ʙʣʦʢʦʚ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʫʯʘʩʪʢʦʚ ʪʝʤʥʦ-

ʩʝʨʦʛʦ ʮʚʝʪʘ.  ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʨʘʪʘ ʙʘʨʠʷ  

ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʩʪʝʭʠʦʤʝʪʨʠʠ ʵʪʠʭ ʫʯʘʩʪʢʦʚ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʭʦʪʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʥʝʥʘʨʫʰʝʥʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʝʡ (~BaCe0.835Nd0.107O2.786), ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʚʢʣʶʯʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʥʘʯʘʣʴʥʦʡ 

ʩʪʝʭʠʦʤʝʪʨʠʠ. ʊʘʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʣʠʯʠʝʤ ʩʦʩʪʘʚʘ ʚ ʪʝʣʝ ʟʝʨʥʘ ʠ ʥʘ ʝʛʦ ʛʨʘʥʠʮʘʭ, ʯʪʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʨʘʥʠʤʳʤʠ ʠʟʜʝʨʞʢʘʤʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʘ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

  ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʪʦʢʦʚ ʢʠʩʣʦʨʦʜʘ 

ʚʳʟʳʚʘʝʪ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʮʝʨʘʪʦʚ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʦʙʣʫʯʝʥʥʦʤ ʩʣʦʝ ʦʢʘʟʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʦʞʠʜʘʝʤʦʡ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʚʳʭʦʜʦʤ ʠʟ ʦʙʨʘʟʮʘ ʠ ʨʘʩʧʳʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ. ʕʪʦʪ ʚʳʚʦʜ ʩʜʝʣʘʥ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʧʨʦʬʠʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Srim-2011 ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɻʣʫʙʠʥʘ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʩʣʦʷ 

ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 673 ɸ ʜʣʷ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʠ 6-7 ʤʢʤ ʜʣʷ ʠʦʥʦʚ ʘʨʛʦʥʘ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʮʝʨʘʪʘ ʙʘʨʠʷ ʠʦʥʘʤʠ ʘʨʛʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʮʚʝʪʘ ʦʙʨʘʟʮʦʚ ʩ ʯʝʨʥʦʛʦ ʥʘ ʙʝʣʳʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʙʝʛ ʠʦʥʦʚ ʘʨʛʦʥʘ ʚ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʯʫʪʴ ʙʦʣʝʝ 10 ʤʢʤ  ʮʚʝʪ ʠʟʤʝʥʷʣ ʚʝʩʴ ʦʙʨʘʟʝʮ ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 2 ʤʤ. ʆʙʥʘʨʫʞʝʥʥʳʡ ʵʬʬʝʢʪ 

ñʜʘʣʴʥʦʜʝʡʩʪʚʠʷò, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥ ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʘʨʠʝʚʳʭ ʮʝʨʘʪʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʠʦʥʘʤʠ ʘʨʛʦʥʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʥʪʛʝʥʦʬʘʟʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʪʥʦʡ, ʥʝʦʙʣʫʯʝʥʥʦʡ ʩʪʦʨʦʥʳ 

ʙʘʨʠʝʚʦʛʦ ʮʝʨʘʪʘ ʥʝ ʚʳʷʚʠʣ ʢʘʢʠʭ-ʣʠʙʦ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʥʝʦʙʣʫʯʝʥʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ.  ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʝʩʣʠ ʩʥʷʪʴ ʦʙʣʫʯʝʥʥʳʡ ʩʣʦʡ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʧʦʣʠʨʦʚʢʠ, ʪʦ ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ 

ʦʙʨʘʟʮʘ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʘʷ ʧʨʷʤʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʙʣʫʯʝʥʠʷ, ʠʤʝʷ ʦʜʠʥʘʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʘʚ, ʢʘʢ ʫ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʙʫʜʝʪ ʠʤʝʪʴ ʦʪʣʠʯʥʫʶ ʦʪ ʥʝʛʦ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʬʬʝʢʪʘ 

ñʜʘʣʴʥʦʜʝʡʩʪʚʠʷò ʜʣʷ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʦʜʝʩʦʨʙʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʧʝʢʪʨʳ ʚʳʜʝʣʝʥʠʷ ʚʦʜʳ, ʢʠʩʣʦʨʦʜʘ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠʟ ʦʙʨʘʟʮʦʚ, ʦʙʣʫʯʝʥʥʳʭ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʜʝʥʪʠʯʥʳ ʩʧʝʢʪʨʘʤ ʠʩʭʦʜʥʦʛʦ ʮʝʨʘʪʘ, ʪʦʛʜʘ ʢʘʢ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʦʥʘʤʠ ʘʨʛʦʥʘ ʠʤʝʝʪ ʤʝʩʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʧʝʢʪʨʦʚ ʚʳʜʝʣʝʥʠʷ ʚʦʜʳ ʠ ʢʠʩʣʦʨʦʜʘ.  

 

ɺʳʨʘʞʘʝʤ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ɸʥʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ɸʥʪʦʥʶʢʫ ɺ.ʀ. ʠ ʉʣʶʩʘʨʝʚʫ ɸ.ʇ. ʟʘ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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ʄʆʈʌʆʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ɼɽʌɽʂʊʅʆʁ ʉʊʈʋʂʊʋʈʓ ɺ ʇʈʀɻʈɸʅʀʏʅʓʍ ɿʆʅɸʍ 

ʅɽʈɾɸɺɽʖʑʀʍ ʉʊɸʃɽʁ,  ʆɹʃʋʏɽʅʅʓʍ ɺ ʈɽɸʂʊʆʈɽ ɹʅ-350 

 

 

ʎʘʡ ʂ.ɺ., ʄʘʢʩʠʤʢʠʥ ʆ.ʇ., ʈʦʬʤʘʥ ʆ.ɺ. 

 

ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʦʡ ʌʠʟʠʢʠ ʅʗʎ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʆʜʥʠʤ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʣʝʜʩʪʚʠʡ ʧʨʦʮʝʩʩʘ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʩʝʛʨʝʛʘʮʠʠ ʘʪʦʤʦʚ ʚ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʫʩʪʝʥʠʪʥʳʭ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʷʭ, ʧʦʜʚʝʨʛʘʝʤʳʭ ʠʥʪʝʥʩʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʛʨʘʥʠʯʥʳʭ ʦʙʣʘʩʪʝʡ, ʩʚʦʙʦʜʥʳʭ ʦʪ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ. 

ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʦʙʝʜʥʝʥʥʳʝ ʟʦʥʳè, ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʢʦʨʨʦʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʦʙʣʫʯʝʥʥʳʭ ʨʝʘʢʪʦʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʝʜʥʝʥʥʳʭ ʟʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ 12ʍ18ʅ10ʊ (ʘʥʘʣʦʛ AISI 321) ʠ 

08ʍ16ʅ11ʄ3 (ʘʥʘʣʦʛ AISI 316) ï ʤʘʪʝʨʠʘʣʦʚ ʰʝʩʪʠʛʨʘʥʥʳʭ ʯʝʭʣʦʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ (ʊɺʉ) ʅ-

214(1), ʅ-214(2) ʠ ʎʎ-19 ʨʝʘʢʪʦʨʘ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ɹʅ-350 (ʛ. ɸʢʪʘʫ). ɺ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʣʠ ʙʳʣʠ 

ʦʙʣʫʯʝʥʳ ʜʦ ʧʦʚʨʝʞʜʘʶʱʠʭ ʜʦʟ 0,25-59 ʩʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 280 ʜʦ 423Üʉ, ʘ ʟʘʪʝʤ ʥʘʭʦʜʠʣʠʩʴ ʚ ʚʦʜʥʦʤ ʙʘʩʩʝʡʥʝ 

ʦʪ 4-ʭ ʜʦ 8 ʣʝʪ. ɼʝʬʝʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʧʨʠʛʨʘʥʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ 

ʩʪʝʥʦʢ ʯʝʭʣʦʚ ʩ ʨʘʟʣʠʯʥʳʭ ʦʪʤʝʪʦʢ ʧʦ ʚʳʩʦʪʝ ʊɺʉ, ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(JEM-100CX), ʘ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʝʥ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ-ʧʨʠʩʪʘʚʢʠ ʢ ʨʘʩʪʨʦʚʦʤʫ ʤʠʢʨʦʩʢʦʧʫ AMRAY -

1200. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʙʣʫʯʝʥʠʷ ʧʨʠʛʨʘʥʠʯʥʳʝ ʟʦʥʳ ʚ ʩʪʘʣʠ 12ʍ18ʅ10ʊ 

(ʊɺʉ ʎʎ-19) ʙʳʣʠ ʦʙʝʜʥʝʥʳ ʥʝ ʪʦʣʴʢʦ ʧʦʨʘʤʠ, ʥʦ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʷʤʠ ʚʪʦʨʠʯʥʳʭ ʬʘʟ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʰʠʨʠʥʘ ʦʙʝʜʥʝʥʥʳʭ ʧʦʨʘʤʠ ʟʦʥ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 100 ʥʤ ʧʨʠ ʜʦʟʝ 50 

ʩʥʘ, ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʣʫʯʝʥʠʷ 349Üʉ ʠ ʩʢʦʨʦʩʪʠ ʥʘʙʦʨʘ ʜʦʟʳ 1,13Ö10
-6
 ʩʥʘ/c. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ 

ʧʦʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʫʜʘʣʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ ʟʝʨʥʘ (ʜʦ 300 ʥʤ) ʧʦʟʚʦʣʠʣʘ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʤʝʨ ʧʦʨ 

ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʪʝʣʝ ʟʝʨʥʘ. 

ʀʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʣʫʯʝʥʥʳʭ ʩʪʘʣʝʡ ʧʦʜʪʚʝʨʜʠʣʦ ʪʝʥʜʝʥʮʠʶ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʭʨʦʤʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʥʠʢʝʣʷ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʩ ʨʦʩʪʦʤ ʧʦʚʨʝʞʜʘʶʱʝʡ ʜʦʟʳ.  

ʆʙʩʫʞʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ ʦʙʝʜʥʝʥʥʦʡ ʟʦʥʳ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʙʣʫʯʝʥʠʷ ʙʳʩʪʨʳʤʠ ʥʝʡʪʨʦʥʘʤʠ.  

 

 

 

 

ʅɽʁʊʈʆʅʆɼʀʌʈɸʂʎʀʆʅʅʆɽ ʀɿʋʏɽʅʀɽ ʗɺʃɽʅʀʁ ʉɸʄʆɿɸʃɽʏʀɺɸʅʀʗ ʀ 

ʉɸʄʆʂʈʀʉʊɸʃʃʀɿɸʎʀʀ ʇʈʆɼʋʂʊʆɺ ɼɽɻʀɼʈʀʈʆɺɸʅʀʗ ʊʈʀɻʀɼʈʆʂʉʀɼʆɺ ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ 

ʕʃɽʄɽʅʊʆɺ 

 

 

ʍʠʜʠʨʦʚ ʀ. 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʅ ʈʋʟ, 100214, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ, e-mail: khidirov@inp.uz 

 

 

     ʀʟʫʯʝʥʦ ʷʚʣʝʥʠʝ ʪʝʨʤʦʵʤʠʩʩʠʠ ʚʦʜʦʨʦʜʘ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ  ʧʦʨʦʰʢʦʚʳʭ ʪʨʠʛʠʜʨʦʢʩʠʜʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʈɿʄ) R(OH)3, ʛʜʝ R ï La, Pr, Nd. ʊʝʨʤʦʵʤʠʩʩʠʝʡ ʚʦʜʦʨʦʜʘ ʥʘʟʚʘʥʦ ʯʘʩʪʠʯʥʦʝ ʠʣʠ ʧʦʣʥʦʝ 

ʫʜʘʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ  ʨʝʰʝʪʢʠ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʢʨʠʩʪʘʣʣʘ  ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ ʚ  ʥʝʧʨʝʨʳʚʥʦ ʦʪʢʘʯʠʚʘʝʤʦʤ ʚʳʩʦʢʦʤ  ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʘʜʘ 

(Tʨʘʩʧ.) ʠʣʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʊʨʝʢʨ. ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ: ʊʵʚ< ʊʨʝʢʨ.<Tʨʘʩʧ.  ʇʦʣʴʟʫʷʩʴ ʪʝʨʤʦʵʤʠʩʩʠʝʡ ʚʦʜʦʨʦʜʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 400  - 420 ʂ  ʧʦʣʫʯʝʥʦ  ʥʦʚʦʝ ʧʦʨʦʰʢʦʚʦʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ R[O3] ʪʠʧʘ 

ʨʘʜʠʢʘʣʘ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʟʘʢʦʥʫ ʦ ʚʘʣʝʥʪʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ  çʪʨʠʦʢʩʠʜʳè ʈɿʄ  R[O3] ʠʤʝʶʪ 

ʥʝʩʧʘʨʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ: Pr
3+

[O3]
6-
. ʆʥʠ  ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ çʩʘʤʦʟʘʣʝʯʠʚʘʥʠʷè  ʟʘʭʚʘʪʳʚʘʷ ʚʦʜʦʨʦʜ ʚ ʩʨʝʜʝ, 

ʩʦʜʝʨʞʘʱʝʡ ʚʦʜʦʨʦʜ, ʘ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʟʘʭʚʘʪʳʚʘʷ ʚʦʜʦʨʦʜ  ʠ ʦʪʧʫʩʢʘʷ ʆ2  ʠʟ ʤʦʣʝʢʫʣ ʚʦʜʳ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʱʝʩʪʚʦ R[O3] ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʣʠ ʚ ʣʶʙʦʡ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʚʦʜʦʨʦʜʘ  ʠ ʛʝʥʝʨʘʪʦʨʦʤ ʢʠʩʣʦʨʦʜʘ  ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʙʝʟ 

ʥʘʛʨʝʚʘ ʠ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ).  ʀʟʨʘʩʭʦʜʦʚʘʥʠʝ (ʧʫʪʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʫʜʘʣʝʥʠʷ) ʚʦʜʦʨʦʜʘ  ʠʟ  R(OH)3  

ʦʧʷʪʴ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʝʛʦ ʩʚʦʡʩʪʚʘ ʙʳʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʛʝʥʝʨʘʪʦʨʦʤ ʢʠʩʣʦʨʦʜʘ ʠ ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʚʦʜʦʨʦʜʘ   

ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ɼʣʷ ʧʦʨʦʰʢʦʚʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʨʠʛʠʜʨʦʢʩʠʜʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

ʥʘʡʜʝʥʳ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʚʣʝʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʨʝʰʝʪʢʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʡ ʵʚʘʢʫʘʮʠʠ  

ʚʦʜʦʨʦʜʘ  ʠʟ  ʨʝʰʝʪʢʠ  ʙʝʟ  ʠʟʤʝʥʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ - ʊɻ ʚ (400 - 420 ʂ); ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʥʦʡ  ʘʤʦʨʬʠʟʘʮʠʠ  - 

ʊʘʤʦʨʬ (450 ʂ);  ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ï ʊʨʝʢʨ. (²480 ʂ). ʆʙʥʘʨʫʞʝʥʳ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 
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ʘʤʦʨʬʥʦʛʦ ʚʝʱʝʩʪʚʘ R[O3] ʩ ʠʟʙʠʨʘʪʝʣʴʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚʦʜʦʨʦʜʘ ʠʟ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʥʦʨʤʘʣʴʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ 

ʫʩʣʦʚʠʷʭ  ʠʣʠ ʠʟ ʛʘʟʦʚʦʡ ʩʨʝʜʳ, ʠʤʝʶʱʝʡ  ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ  ʚʦʜʦʨʦʜʘ ʠ  ʝʛʦ  ʦʙʨʘʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʪʨʠʛʠʜʨʦʢʩʠʜ R(OH)3. 

 

 

 

 

ʅɽʂʆɻɽʈɽʅʊʅʆɽ ʌʆʊʆʆɹʈɸɿʆɺɸʅʀɽ ʅɽʁʊʈɸʃʔʅʓʍ ʇʀ-ʄɽɿʆʅʆɺ ʅɸ ʊɽʅɿʆʈʅʆ 

ʇʆʃʗʈʀɿʆɺɸʅʅʓʍ ɼɽʁʊʈʆʅɸʍ 

 

 
1
ɻʘʫʟʰʪʝʡʥ ɺ.ɺ., 

2
ɻʨʘʤʦʣʠʥ ɸ.ɺ., 

2
ɿʝʚʘʢʦʚ ʉ.ɸ., 

1
ʃʦʛʠʥʦʚ ɸ.ʖ., 

2
ʅʠʢʦʣʝʥʢʦ ɼ.ʄ., 

2
ʈʘʯʝʢ ʀ.ɸ.,  

1
ʉʠʜʦʨʦʚ ɸ.ɸ., 

1
ʉʪʠʙʫʥʦʚ ɺ.ʅ., 

2
ʊʦʧʦʨʢʦʚ ɼ.ʂ., 

2
ʐʝʩʪʘʢʦʚ ʖ.ɺ. 

 

1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 

2
ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɻ.ʀ. ɹʫʜʢʝʨʘ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ  

 

 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʬʦʪʦʨʦʞʜʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʠʦʥʘ ʥʘ ʜʝʡʪʨʦʥʝ ʜʣʷ ʵʥʝʨʛʠʡ 

ʬʦʪʦʥʦʚ ʦʪ ʧʦʨʦʛʘ ʜʦ 1000 ʄʵɺ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʥʦʡ ʘʥʘʣʠʟʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʢʮʠʠ 

ʦʪ ʨʘʟʣʠʯʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʘʤʧʣʠʪʫʜʘ ʬʦʪʦʨʦʞʜʝʥʠʷ ʧʠʦʥʦʚ ʥʘ ʥʫʢʣʦʥʝ ʙʳʣʘ ʚʟʷʪʘ ʠʟ 

ʤʦʜʝʣʠ MAID2003. ɺ ʨʘʩʯʝʪʘʭ ʧʨʠʤʝʥʷʣʦʩʴ ʠʤʧʫʣʴʩʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʠ ʫʯʠʪʳʚʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʠʦʥʘ ʠ 

ʧʨʦʪʦʥʦʚ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʪʤʝʯʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʝʥʟʦʨʥʳʭ ʘʥʘʣʠʟʠʨʫʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʢ ʚʢʣʘʜʫ 

ʜʝʣʴʪʘ-ʠʟʦʙʘʨʳ ʠ ʵʬʬʝʢʪʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ [1]. ɺʣʠʷʥʠʝ ʵʬʬʝʢʪʦʚ ʧʝʨʝʨʘʩʩʝʷʥʠʷ ʥʘ 

ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʥʦʡ ʘʥʘʣʠʟʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʦʙʣʘʩʪʠ 

ʙʦʣʴʰʠʭ ʠʤʧʫʣʴʩʦʚ ʥʫʢʣʦʥʦʚ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʩʦʟʜʘʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʥʫʢʣʦʥʥʦʛʦ ʛʦʜʦʩʢʦʧʘ ʠ ʜʚʫʭ ʤʥʦʛʦʢʨʠʩʪʘʣʴʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʢʘʣʦʨʠʤʝʪʨʦʚ ʬʦʪʦʥʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪ ˉ11-02-90715-ʤʦʙ_ʩʪ ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ, ʢʦʥʪʨʘʢʪ ˉ 02.740.11.0245. 

 

1. M.I. Levchuk et al. // Phys.Rev. C 74, 014004 (2006). 

 

 

 

 

ʅɽʂʆʊʆʈʓɽ ɸʉʇɽʂʊʓ ʆʇʊʀʄʀɿɸʎʀʀ ʕʅɽʈɻʆʉʅɸɹɾɽʅʀʗ ʀ ʕʅɽʈɻʆʉɹɽʈɽɾɽʅʀʗ 
 

 

1
ɺʘʣʷʝʚ  ɸ.ʅ., 

2
ɸʨʭʠʧʢʠʥ ʆ.ʆ.,  

3
ɺʘʣʷʝʚ ɸ.ɸ. 

 
1
ʀɹʈɸʕ ʈɸʅ (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

2
ʊʆʆ çʉʧʝʮʣʘʙʧʨʠʙʦʨ ɸè (ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ) 

3
ʉʠʜʥʝʡʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɸʚʩʪʨʘʣʠʷ 

  

 

ʇʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ,  ʧʦʠʩʢ ʝʝ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʠʭ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ  ʧʦʩʪʦʷʥʥʦ 

ʚʦʣʥʫʝʪ ʯʝʣʦʚʝʯʝʩʪʚʦ. ɺ ʨʘʙʦʪʝ ʚʳʜʝʣʝʥʳ  ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ  ʛʣʘʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ  

(ʀʕ): (1) ʅʝʬʪʴ; (2) ɻʘʟ; (3) ɻʕʉ; (4)  ɸʪʦʤʥʘʷ ʵʥʝʨʛʠʷ; (5) ɹʠʦʪʦʧʣʠʚʦ; (6) ɺʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ; (7) ʉʦʣʥʝʯʥʘʷ 

ʵʥʝʨʛʠʷ; (8) ʕʥʝʨʛʠʷ ʚʝʪʨʘ; (8) ʊʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʘʩʧʝʢʪʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ  ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. ɺʳʙʦʨ ʀʕ ʠ ʩʪʝʧʝʥʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʝʥ ʜʣʷ ʢʘʞʜʦʡ ʩʪʨʘʥʳ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʟʘʧʘʩʘʤʠ ʠ 

ʫʨʦʚʥʝʤ ʝʝ ʨʘʟʚʠʪʠʷ.   

ʇʨʝʜʣʦʞʝʥʘ  ʦʙʦʙʱʝʥʥʘʷ  ʩʭʝʤʘ (ʩʠʩʪʝʤʘ) ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ (ʆʕʉʅ)  ʚ 

ʨʝʛʠʦʥʝ,  ʫʯʠʪʳʚʘʶʱʘʷ: (1) ʅʘʣʠʯʠʝ ʦʩʥʦʚʥʳʭ ʀʕ; (2) ɻʣʘʚʥʳʭ  ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʠʠ; (3) ʇʨʦʛʥʦʟʥʳʝ ʚʨʝʤʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʚʳʨʘʙʦʪʢʠ ʀʕ  ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ; (4) ʈʝʘʢʮʠʶ ʆʕʉʅ ʥʘ ʵʪʠ ʠʟʤʝʥʝʥʠʷ; (5)  ɺʦʟʤʦʞʥʳʝ ʨʠʩʢʠ,  

ʩʚʷʟʘʥʥʳʝ ʩ ʫʪʨʘʪʦʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ-ʟʘ: (ʘ) ʈʝʛʫʣʷʨʥʦʛʦ ʠʭ ʠʩʪʦʱʝʥʠʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʠ 

ʯʘʩʪʠʯʥʦʤ ʚʦʟʦʙʥʦʚʣʝʥʠʠ; (ʙ) ɺʳʟʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʠʥʮʠʜʝʥʪʘʤʠ, ʥʘʧʨʠʤʝʨ,   ʧʨʠʨʦʜʥʳʤʠ ʠ ʪʝʭʥʦʛʝʥʥʳʤʠ 

ʢʘʪʘʩʪʨʦʬʘʤʠ ʠ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʤʠ ʘʢʪʘʤʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʠʭ ʘʢʪʦʚ ʥʘ 

ʦʙʲʝʢʪʘʭ ʵʥʝʨʛʝʪʠʢʠ. ʇʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʤʝʨʳ ʧʦ  ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠ ʩʤʷʛʯʝʥʠʶ  ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʦʪʤʝʯʝʥʥʳʭ ʠʥʮʠʜʝʥʪʦʚ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʩʪʦʯʥʠʢʫ ʀʕ, ʪʘʢʠʝ ʢʘʢ  ʜʦʩʪʫʧʥʦʩʪʴ, 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ,  ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ,  ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ  ʵʥʝʨʛʠʠ ʥʘ  

ʙʦʣʴʰʠʝ  ʨʘʩʩʪʦʷʥʠʷ, ʧʨʠʝʤʣʝʤʳʝ ʪʘʨʠʬʳ. ɿʘʪʨʦʥʫʪʳ ʥʝʢʦʪʦʨʳʝ  ʧʨʠʯʠʥʳ ʧʦʚʳʰʝʥʥʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʠ 

ɺɺʇ ʈʦʩʩʠʠ ʠ ʂʘʟʘʭʩʪʘʥʘ. ʆʩʦʙʦʝ  ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ  ʠʩʪʦʯʥʠʢʘʤ  ʀʕ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʟʦʥʘʭ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ, ʛʜʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʨʝʞʠʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ.  ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʘʣʛʦʨʠʪʤʳ ʦʪʚʝʪʥʳʭ 
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ʨʝʘʢʮʠʡ ʆʕʉʅ ʥʘ ʥʝʛʘʪʠʚʥʳʝ  ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ ʫʩʪʦʡʯʠʚʘ ʠ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʆʙʩʫʞʜʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʙʝʟʦʧʘʩʥʦʛʦ  ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ ʠ ʈʌ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ  ʚ ʩʚʝʪʝ 

ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ  ʢʘʪʘʩʪʨʦʬʦʡ  ʥʘ ɸʕʉ ʌʫʢʫʩʠʤʘ, ʘ ʪʘʢʞʝ ʚ ʩʚʷʟʠ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʌʎʇ ʧʦ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʨʘʟʚʠʪʠʶ ʘʪʦʤʥʦʛʦ ʵʥʝʨʛʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʜʦ 2020 ʛʦʜʘ [1].ʉʝʛʦʜʥʷ  ʌʫʢʫʩʠʤʘ ʷʚʣʷʝʪʩʷ ʩʚʦʝʛʦ 

ʨʦʜʘ ʥʦʚʳʤ  ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʤ ʧʦʣʠʛʦʥʦʤ  ʜʣʷ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʡ ʢʘʪʘʩʪʨʦʬʳ. ɼʘʥʘ 

ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ  ʚʦʟʤʦʞʥʳʭ ʫʱʝʨʙʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ  ʦʪʤʝʯʝʥʥʳʤʠ ʨʠʩʢʘʤʠ.  ʆʙʩʫʞʜʘʝʪʩʷ ʚʣʠʷʥʠʝ ʧʦʣʠʪʠʯʝʩʢʠʭ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʧʨʠʯʠʥ ʥʘ ʆʕʉʅ. ʆʪʨʘʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʠ ʚ ʩʪʨʘʥʘʭ ʵʢʩ ʉʉʉʈ. ɿʘʪʨʦʥʫʪʳ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʠʜʝʦʣʦʛʠʠ ʠ ʢʫʣʴʪʫʨʳ ʫ ʥʘʩʝʣʝʥʠʷ. 

 

1. ɺʘʣʷʝʚ ɸ.ʅ. ʠʥʪʝʨʚʴʶ ʀʊɸʈ ï ʊɸʉʉ  (ʥʦʷʙʨʴ 2009) http//Inlillp -Itar-tass/webnews.ru/MaIn?openfr.amesol ʠ 

ʈɸʅ      http://www.ras.ru/news/shownews.aspx?id=c6a97e7e-26ed-4297-b56e-f37f87a8a9be&_Language=ru  

 

 

 

 

ʅʆɺɽʁʐɸʗ ʕʃɽʂʊʈʆʅʀʂɸ ʀ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ɼɸʊʏʀʂʆɺ çʉɸʇʌʀʈè - 

ɹɽɿʆʇɸʉʅʆʉʊʔ ɸʊʆʄʅʆʁ ʕʅɽʈɻɽʊʀʂʀ 

 

 
1
ɼʫʣʦʚ ɽ.ʅ., 

1
ʍʘʣʘʙʫʜʘ ʖ.ʕ., 

2
ʐʫʨʳʛʠʥ ɺ.ɸ. 

  
1
ʂʌʋ ʛ. ʂʘʟʘʥʴ ʈʦʩʩʠʷ, 

2
ʆʆʆ çʅʇɺʆ çʈʘʟʚʠʪʠʝè ʛ. ʂʘʟʘʥʴ ʈʦʩʩʠʷ 

 

 

ɸʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʣʝʢʪʨʦʥʥʳʡ ʫʟʝʣ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʉʘʧʬʠʨ 22ʄʇ-ɺʅ-ɸʉ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ 24-ʙʠʪʥʳʡ ʩʠʛʤʘ-ʜʝʣʴʪʘ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ɸD7799ɺRUZ, 16-ʙʠʪʥʳʡ 

ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩ ʪʦʢʦʚʳʤ ʚʳʭʦʜʦʤ ɸD421ɺR, 32-ʨʘʟʨʷʜʥʳʡ ɸRʄ7-ʧʨʦʮʝʩʩʦʨ ɸʊ91Sɸʄ7s256. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʘʪʯʠʢʘ ʨʝʘʣʠʟʫʝʪ ʦʨʠʛʠʥʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʡ ʜʚʫʤʝʨʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʟʘʣʦʞʝʥʥʦʡ ʚ ʧʨʦʮʝʩʩʦʨ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʪʘʙʣʠʮʝ ʥʘ ʫʨʦʚʥʝ 

ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ 0.01. ʂʣʘʩʩ ʪʦʯʥʦʩʪʠ ʛʦʪʦʚʦʛʦ ʧʨʠʙʦʨʘ (ʦʙʳʯʥʦ 0.05-0.15) ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʝʥʟʦʤʦʩʪʘ ʠ ʪʦʯʥʦʩʪʴʶ ʟʘʜʘʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʦʮʝʩʩʝ 

ʢʘʣʠʙʨʦʚʢʠ. 

ʎʠʬʨʦʚʦʡ ʠʥʪʝʨʬʝʡʩ ʜʘʪʯʠʢʘ ʨʝʘʣʠʟʫʝʪ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

MODBUS ʢʘʢ ʚ ʨʝʞʠʤʝ RTU, ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ ASCII. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʦʪʦʢʦʣʘ ʠʤʝʝʪ 

ʩʚʦʝʡ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʣʝʛʢʦʩʪʴ ʩʦʧʨʷʞʝʥʠʷ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʣʦʛʠʯʝʩʢʠʤʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ. ʌʠʟʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ - 

RS485. 

ɼʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʜʦ 32 ʜʘʪʯʠʢʦʚ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʬʦʨʤʠʨʦʚʘʪʴ ʠ 

ʟʘʧʠʩʳʚʘʪʴ ʚ ʜʘʪʯʠʢ ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʪʘʙʣʠʮʫ, ʩʝʨʠʡʥʳʡ ʥʦʤʝʨ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʜʠʘʧʘʟʦʥʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʘ ʚ 

ʮʠʬʨʦʚʦʤ ʨʝʞʠʤʝ ʢʦʥʝʯʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʦʡ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʧʨʦʛʨʘʤʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʤʬʦʨʪʥʫʶ ʨʘʙʦʪʫ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʘʝʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Windows 98/ Windows 2000/ Windows XP/ Windows 7. 

ʇʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʘ ʠ ʝʛʦ ʥʘʩʪʨʦʡʢʫ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʧʦʤʦʱʴʶ ʣʶʙʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʧʨʦʪʦʢʦʣ ʄʆDBUS. 

ʈʘʟʨʘʙʦʪʢʘ ʉɸʇʌʀʈ-22ʄʇ-ɺʅ-ɸʉ ʚʝʣʘʩʴ ʧʦ ʩʦʛʣʘʩʦʚʘʥʥʳʤ ʩ ʆɸʆ ʢʦʥʮʝʨʥʦʤ çʕʥʝʨʛʦʘʪʦʤè ʪʝʭʥʠʯʝʩʢʠʤ 

ʟʘʜʘʥʠʷʤ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʵʢʩʧʝʨʪʠʟʳ ʠ ʠʩʧʳʪʘʥʠʷ, ʧʦʣʫʯʝʥʳ ʩʝʨʪʠʬʠʢʘʪʳ ʩʠʩʪʝʤʳ ʆʀʊ. ɼʘʪʯʠʢ 

ʧʨʦʰʝʣ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘ ɹʘʣʘʢʣʘʚʩʢʦʡ, ʂʘʣʠʥʠʥʩʢʦʡ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ. 
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ʆ  ɺʆɿʄʆɾʅʆʉʊʀ  ʀʉʇʆʃʔɿʆɺɸʅʀʗ  ʊɺɽʈɼʆʊɽʃʔʅʓʍ  ʌʕʋ  ɼʃʗ  ʇʆɺʓʐɽʅʀʗ  

ʀʅʌʆʈʄɸʊʀɺʅʆʉʊʀ  ɼʆɿʀʄɽʊʈʀʏɽʉʂʆʁ  ʀ  ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ  ɸʇʇɸʈɸʊʋʈʓ  ɸʕʉ 

 

 
1
ʄʘʣʴʮʝʚ ɸ.ɸ., 

2
ʄʘʣʴʮʝʚʘ ʄ.ɺ. 

 
1
ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɼʫʙʥʘ, ʈʦʩʩʠʷ 

2
ʊɽʅɿʆʈ, ɼʫʙʥʘ, ʈʦʩʩʠʷ 

 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʚ ʆʙʲʝʜʠʥʝʥʥʦʤ ʠʥʩʪʠʪʫʪʝ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʌʕʋ ʠ ʇɿʉ ʜʘʪʯʠʢʠ. ʆʜʥʘʢʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʧʨʠʤʝʥʝʥʠʝ ʌʕʋ 

ʦʛʨʘʥʠʯʝʥʦ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʌʕʋ, ʚʳʩʦʢʦʝ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʥʠʟʢʘʷ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʇɿʉ ʜʘʪʯʠʢʦʚ ʥʝ ʚʩʝʛʜʘ 

ʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʠʭ ʧʣʦʭʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʟʘʤʝʪʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʠʣʝʥʠʷ, 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʫʩʠʣʝʥʠʶ ʌʕʋ (10
5
é10

6
). 

ɺʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʫ ʊʌʕʋ, ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʊʌʕʋ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʪʦʧʨʠʝʤʥʠʢ ʠʟ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʥʘʙʦʨʘ 

(ʤʘʪʨʠʮʳ) p-n-ʧʝʨʝʭʦʜʦʚ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʦʙʱʝʡ ʧʦʜʣʦʞʢʝ. ʂʘʞʜʳʡ p-n-ʧʝʨʝʭʦʜ ʨʘʙʦʪʘʝʪ ʚ ʛʝʡʛʝʨʦʚʩʢʦʤ ʨʝʞʠʤʝ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʤʥʦʞʝʥʠʷ 10
6
, ʘ ʚʩʷ ʤʘʪʨʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʘʣʦʛʦʚʳʡ ʜʝʪʝʢʪʦʨ, ʪʘʢ ʢʘʢ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʊʌʕʋ ʝʩʪʴ ʩʫʤʤʘ ʩʠʛʥʘʣʦʚ p-n-ʧʝʨʝʭʦʜʦʚ, ʩʨʘʙʦʪʘʚʰʠʭ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʠʤʠ ʬʦʪʦʥʦʚ. ʊʌʕʋ ʠʤʝʶʪ ʚʳʩʦʢʠʡ, 

ʩʨʘʚʥʠʤʳʡ ʩ ʌʕʋ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʠʣʝʥʠʷ, ʦʙʣʘʜʘʷ ʧʨʠ ʵʪʦʤ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʥʠʟʢʠʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ (ʜʝʩʷʪʢʠ ʚʦʣʴʪ), ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. 

ɹʣʘʛʦʜʘʨʷ ʦʧʠʩʘʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʊʌʕʋ ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʜʦʟʳ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʢʘʢ 

ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ. 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʦʩʪʘʪʦʯʥʦ  ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʧʦʚʳʰʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠʟʜʝʣʠʡ ʠʟ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʟʘ ʩʯʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʝʜʳʩʪʦʨʠʝʡ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʦʯʥʦʩʪʴ ʵʪʦ ʩʚʦʡʩʪʚʦ ʤʘʪʝʨʠʘʣʘ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʝʛʦ ʧʨʠʨʦʜʳ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʦʯʥʦʩʪʴ ʨʝʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ ʥʘ ʜʚʘ-ʪʨʠ ʧʦʨʷʜʢʘ ʥʠʞʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨʘʟʨʳʚʫ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ɽʩʣʠ ʫʨʦʚʝʥʴ  ʧʝʨʝʤʝʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʝʚʳʰʘʝʪ ʥʝʢʦʪʦʨʳʡ ʧʨʝʜʝʣ, ʪʦ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʦʩʪʝʧʝʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʪʨʝʱʠʥ, ʨʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ. ʇʦʷʚʣʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʥʝʨʝʜʢʦ ʩʚʷʟʘʥʦ ʩ ʘʚʘʨʠʝʡ ʠ ʪʷʞʝʣʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ.     

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʩʣʦʢʘʮʠʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ. ʇʦʩʣʝʜʥʝʝ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʝʜʚʝʩʪʥʠʢʦʤ ʧʨʦʮʝʩʩʘ ʫʩʪʘʣʦʩʪʠ, ʢʦʛʜʘ ʤʝʪʘʣʣ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʧʨʠʙʣʠʞʘʝʪʩʷ 

ʢ ʪʦʯʢʝ ʨʘʟʨʫʰʝʥʠʷ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ  ʠ ʥʘʜʝʞʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʧʦʩʪʫʣʘʪ 

ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʩʨʝʜʳ ʢʘʢ ʚʳʩʰʝʡ ʩʪʘʜʠʠ ʚ ʜʦʩʪʠʞʝʥʠʠ ʩʦʚʝʨʰʝʥʩʪʚʘ, ʪʦ ʝʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʩʦʟʜʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʙʳʣʠ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʙʳ ʵʪʠ ʫʩʣʦʚʠʷ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʦʪʥʦʰʝʥʠʠ ʨʝʘʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʵʪʦʛʦ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʧʦ ʚʩʝʡ ʤʘʩʩʝ ʜʝʪʘʣʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʢʨʠʩʪʘʣʣʝ ʥʝʦʙʭʦʜʠʤʦ  ʦʙʝʩʧʝʯʠʪʴ ʪʘʢʠʝ 

ʩʦʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʣʦʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʙʳʣʠ ʙʳ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʙʦʣʝʝ ʧʨʦʩʪʳʝ, ʥʘʧʨʠʤʝʨ, ʚ 

ʪʦʯʝʯʥʳʝ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʤʠʥʠʤʘʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʨʝʟʝʨʚʳ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʘʣʝʢʦ ʝʱʝ ʥʝ ʠʩʯʝʨʧʘʥʳ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʘ ʧʦ ʢʨʠʪʝʨʠʷʤ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  
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ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʥʘʨʫʰʝʥʠʡ ʪʠʧʘ 

ʜʠʩʣʦʢʘʮʠʠ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʦʱʥʳʭ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʙʳʣʦ ʚʧrʦʣʥʝʥʦ ʥʘ ʧʨʠʤʝʨʝ 

ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ Ti, ʣʝʛʠʨʦʚʘʥʥʦʛʦ Sn ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 

ʢʦʪʦʨʳʭ ʚ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʣʘʙʦʝ ʠʟʤʝʥʝʥʠʝ. ʆʙʣʫʯʝʥʠʶ ʧʨʦʪʦʥʘʤʠ ʩ ɽ = 30 ʄʵɺ ʜʦ ʜʚʫʭ ʟʥʘʯʝʥʠʡ 

ʬʣʶʝʥʩʦʚ 5Ŀ10
15

 ʠ 2,5Ŀ10
16

 ʩʤ
-2
 ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʟʮʳ, ʠʤʝʶʱʠʝ ʠʩʭʦʜʥʦʝ ʦʪʦʞʞʝʥʥʦʝ (ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

900
0
ʉ) ʠ  ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ  ʩʦʩʪʦʷʥʠʷ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʨʦʣʠ ʣʝʛʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ, ʥʦ 

ʠ ʧʨʝʜʳʩʪʦʨʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʥʝʯʥʦʡ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʪʨʘʢʪʫʝʪʩʷ ʩ ʧʦʟʠʮʠʠ ʚʦʟʤʦʞʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪʞʠʛʘ ʜʣʷ ʚʩʝʭ ʩʦʩʪʦʷʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʝʩʴʤʘ ʚʘʞʥʳʝ ʚʚrʦʜʳ ʦ 

ʥʝʢʦʪʦʨʦʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʦʜʚʝʨʛʥʫʪʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʝ. 

ɼʣʷ Ti ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ ʧʨʦʪʦʥʘʤʠ ʜʦ ʬʣʶʝʥʩʘ 2,5Ŀ10
16
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 ʠʟ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 60 ʜʦ 220ʉ̄ ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʦ ʚʨrʘʞʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʘʜʠʷ. ʊʘʢʦʝ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʦʝ 

ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʦʡʩʪʚ ʜʝʬʝʢʪʥʳʭ ʤʝʪʘʣʣʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʧʝʨʚʳʝ. ʆʥʦ ʚʦʟʥʠʢʣʦ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʵʚʦʣʮʁʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʭʦʜʥʦʡ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʟʜʘʥʥʦʡ ʩʠʣʴʥʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʱʥʦʛʦ ʧʨʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʘʥʥʘʷ ʩʪʘʜʠʷ, ʢʘʢ ʧʦ ʬʦʨʤʝ, ʪʘʢ ʠ ʧʦ 

ʠʥʪʝʨʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʘʜʠʠ ʢʨʠʚʦʡ ʦʪʞʠʛʘ ʜʣʷ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʠʪʘʥʘ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʦʛʦ ʦʙʣʫʯʝʥʠʶ. ʅʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʘʥʥʠʛʠʣʷʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʩ 15 ʜʦ 63 % ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʤ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ 

ʤʝʪʘʣʣʘʭ. ʈʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʵʪʠʭ ʮʝʥʪʨʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʜʥʦʣʦʚʫʰʝʯʥʦʡ ʤʦʜʝʣʠ ʟʘʭʚʘʪʘ ʧʦʟʠʪʨʦʥʦʚ ʜʣʷ 

ʩʧʣʘʚʘ, ʦʙʣʫʯʝʥʥʦʛʦ ʧʨʦʪʦʥʘʤʠ ʩ ɽ=30 ʄʵɺ ʜʦ ʬʣʶʝʥʩʘ 2,5Ŀ10
16
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, ʜʘʝʪ ʚʝʣʠʯʠʥʫ RV=10¡, ʪ.ʝ. ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʚʘʢʘʥʩʠʦʥʥʳʭ ʩʢʦʧʣʝʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʪʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʧʝʢʪʨʘ ʠʩʭʦʜʥʳʭ ʥʘʨʫʰʝʥʠʡ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʵʚʦʣʶʮʠʠ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʨʘʩʱʝʧʣʝʥʠʶ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʝʨʚʠʯʥʳʭ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ 

ʜʝʬʝʢʪʦʚ. 

 

 

 

 

ʆ ɽɼʀʅʆʁ ʇʈʀʈʆɼɽ ʊʈɽʑʀʅ ʈɸɼʀɸʎʀʆʅʅʆɻʆ ʀ ʅɽʈɸɼʀʎʀʆʅʅʆɻʆ ʇʈʆʀʉʍʆɾɼɽʅʀʗ ʅɸ 

ʇʈʀʄɽʈɽ ʂʈʀʉʊɸʃʃʀʏɽʉʂʆɻʆ ʂʈɽʄʅʀʗ 

 

 

ʊʳʥʳʰʪʳʢʙʘʝʚ ʂ.ɹ., ʈʷʙʠʢʠʥ ʖ.ɸ., ʊʦʢʤʦʣʜʠʥ ʉ.ɾ. 

 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʄʆʅ ʈʂ, ʛ.ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ  ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʪʨʝʱʠʥ ʚ ʫʧʨʫʛʦʡ ʩʨʝʜʝ, 

ʢʦʛʜʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʪʨʝʱʠʥ ʦʙʨʘʟʫʶʪʩʷ ʧʦʨʳ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʢʨʝʤʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʝʤ ʧʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ 

ʪʨʘʚʣʝʥʠʠ. ʅʘʤʠ ʚʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʝʥʦ [2] ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʥʘ ʢʨʝʤʥʠʝʚʳʭ ʚʳʩʪʫʧʘʭ ʤʦʟʘʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʠʷ   ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʘʥʦʜʥʦʤ ʪʨʘʚʣʝʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʨ-ʪʠʧʘ ʢʨʝʤʥʠʷ p-Si (100) 

ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ ʩ ʚʥʫʪʨʝʥʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ, ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʕɼʉ. ʊʨʝʱʠʥʳ ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ (ʨʠʩ.). 

ɼʠʥʘʤʠʢʘ ʟʘʨʦʞʜʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥ ʥʘ ʢʨʝʤʥʠʝʚʳʭ ʚʳʩʪʫʧʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʝʬʝʢʪʥʦ-

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʧʦʨʷʜʦʯʝʥʠʷ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ (ʊɼ) - ʤʝʞʫʟʣʠʡ ISi ʠ ʚʘʢʘʥʩʠʡ VS, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʪʨʘʚʣʝʥʠʠ ʢʨʝʤʥʠʷ [3]. ɿʘʨʦʞʜʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʱʠʥ ʥʘ ʢʨʝʤʥʠʝʚʳʭ                                                               

ʚʳʩʪʫʧʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʢʦʧʣʝʥʠʝʤ ISi, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ  ʪʨʘʚʣʝʥʠ. ISi ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʠʭ ʘʪʝʨʤʠʯʝʩʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʜʠʬʬʫʥʜʠʨʫʶʪ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʠʷ/ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ (por-Si/c-Si), 

ʷʚʣʷʶʱʠʭʩʷ ʩʪʦʢʘʤʠ ʠʟ-ʟʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʦʢ por-Si ʠ ʩ-Si. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʭ 

ʧʝʨʝʤʝʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʠ ʩ ʥʘʠʤʝʥʴʰʝʡ ʧʣʦʪʥʦcʪʴʶ ʫʧʘʢʦʚʢʠ ʘʪʦʤʦʚ ʨʝʰʝʪʢʠ, ʜʣʷ ʩ-Si (100) 

ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʷ [010] ʠ [001] [4]. ʅʘʢʦʧʣʝʥʠʝ ISi ʚ ʤʝʞʨʝʰʝʪʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

(ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ) ʩʣʦʝ ʩ-Si ʧʨʠʚʦʜʠʪ ʢ ʟʘʨʦʞʜʝʥʠʶ ʚʳʩʪʫʧʦʚ (ʨʠʩ. ʪʦʯʢʘ 1), ʦʙʣʘʩʪʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ 

ʨʘʩʪʷʞʝʥʠʷ, ʘ ʥʘʢʦʧʣʝʥʠʝ ʚʘʢʘʥʩʠʡ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʧʘʜʠʥʘʭ (ʨʠʩ. ʪʦʯʢʘ 2), ʚ ʦʙʣʘʩʪʷʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʩʞʘʪʠʷ [3]. ɼʘʣʴʥʝʡʰʠʝ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʚʳʩʪʫʧʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʥʠʭ ʪʨʝʱʠʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʢʦʧʣʝʥʠʷ ʊɼ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʥʠʢʘʶʪ ʬʣʫʢʪʫʘʮʠʠ ʧʦʨʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦʨ), ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ. 

ɸʥʘʣʠʟ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʨʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʨʘʜʠʘʮʠʦʥʥʳʭ, ʚʢʣʶʯʘʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʜʧʦʨʦʛʦʚʳʝ ʵʥʝʨʛʠʠ [5], ʪʝʧʣʦʚʳʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ ʠʤʝʝʪ  ʦʜʠʥʘʢʦʚʫʶ ʧʨʠʨʦʜʫ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʝʡ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ, 




