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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʅʘʫʯʥʦʤ ʮʝʥʪʨʝ ʚʦʣʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʥʩʪʠʪʫʪʘ ʦʙʱʝʡ 

ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʇʝʪʥʠʢʦʚ ɺʘʣʝʨʠʡ ɻʝʦʨʛʠʝʚʠʯ 

  

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ ɽʩʠʧʦʚ ʀʛʦʨʴ ɹʦʨʠʩʦʚʠʯ 

 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʜʦʮʝʥʪ ʉʝʨʛʝʝʚ ʉʝʨʛʝʡ 

ʅʠʢʦʣʘʝʚʠʯ 

  

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ ç 22 è ʥʦʷʙʨʷ 2012 ʛʦʜʘ ʚ 16 ʯʘʩʦʚ ʥʘ 

ʟʘʩʝʜʘʥʠʠ ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 501.001.67 ʚ ʄʦʩʢʦʚʩʢʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʧʦ ʘʜʨʝʩʫ: 119991, 

ʛ. ʄʦʩʢʚʘ, ɻʉʇ-1, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1, ʩʪʨ. 2, ʄɻʋ, ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʖʞʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʘʫʜʠʪʦʨʠʷ. 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʥʘʫʯʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʬʠʟʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç    è ʦʢʪʷʙʨʷ 2012 ʛʦʜʘ. 

 

ʋʯʸʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 501.001.67 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ɸ.ʌ. ʂʆʈʆʃɽɺ  
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ɸʢʫʩʪʠʢʘ ʠʛʨʘʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʦʩʚʦʝʥʠʠ ʦʢʝʘʥʘ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ, 

ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ, ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʚʦʣʥʳ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ (ʜʦ 500 ɻʮ) ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʧʦʜ ʚʦʜʦʡ ʥʘ 

ʩʦʪʥʠ ʠ ʜʘʞʝ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ. ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʜʘʯʘ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʢʝʘʥʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʧʦʤʦʱʴʶ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

ɺ ʧʦʜʚʦʜʥʦʡ ʘʢʫʩʪʠʢʝ ʚ ʦʩʦʙʫʶ ʦʙʣʘʩʪʴ, ʥʘʟʳʚʘʝʤʫʶ ʘʢʫʩʪʠʢʦʡ ʤʝʣʢʦʛʦ 

ʤʦʨʷ [1], ʚʳʜʝʣʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ʰʝʣʴʬʦʚʳʭ ʟʦʥʘʭ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʛʜʝ ʛʣʫʙʠʥʘ ʤʦʨʷ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ. 

ʕʪʦ ʩʚʷʟʘʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʩ ʚʘʞʥʦʩʪʴʶ ʠʟʫʯʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʘʤʦʛʦ ʰʝʣʴʬʘ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ: ʙʠʦʣʦʛʠʯʝʩʢʠʭ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʪ.ʜ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʷʭ, ʚ 

ʦʪʣʠʯʠʝ ʛʣʫʙʦʢʦʛʦ ʦʢʝʘʥʘ, ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʛʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʚʦʣʥ ʩ ʜʥʦʤ, ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʟʘʪʫʭʘʥʠʠ ʟʚʫʢʘ. ʇʨʠ ʵʪʦʤ 

ʥʘʣʠʯʠʝ ʩʣʫʯʘʡʥʳʭ ʠ ʨʝʛʫʣʷʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ 

ʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʢʝʘʥʩʢʦʛʦ 

ʰʝʣʴʬʘ, ʝʱʸ ʙʦʣʴʰʝ ʫʩʣʦʞʥʷʝʪ ʢʘʨʪʠʥʫ ʬʦʨʤʠʨʫʝʤʦʛʦ ʚ ʤʝʣʢʦʤ ʤʦʨʝ 

ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ. 

ʇʦʣʫʯʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʠʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ï ʵʪʦ ʟʘʜʘʯʠ, ʘʢʪʠʚʥʦ ʨʝʰʘʝʤʳʝ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʨʦʙʣʝʤʳ ʠʟʣʫʯʝʥʠʷ ʩʠʛʥʘʣʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʜʝʣʴʥʳʤ ʚʦʣʥʦʚʦʜʥʳʤ ʤʦʜʘʤ [2], ʠ ʬʦʢʫʩʠʨʦʚʢʫ ʟʚʫʢʘ [3], 

ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ çʛʣʦʙʘʣʴʥʦʛʦè ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ (ʬʦʢʫʩʥʦʛʦ ʧʷʪʥʘ) ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʚʦʣʥʦʚʦʜʘ. ʊʘʢʠʝ ʟʘʜʘʯʠ 

ʨʝʰʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʚʠʪʳʭ ʠʟʣʫʯʘʶʱʠʭ ʩʠʩʪʝʤ, 

ʦʙʳʯʥʦ, ʚʝʨʪʠʢʘʣʴʥʳʭ ʘʥʪʝʥʥ. ɺ ʩʣʫʯʘʝ ʬʦʢʫʩʠʨʦʚʢʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ 
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ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ (ʦʙʨʘʱʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʜʣʷ ʪʦʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ) 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠʸʤʥʦ-ʠʟʣʫʯʘʶʱʠʝ ʩʠʩʪʝʤʳ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʢʫʩʥʦʛʦ ʧʷʪʥʘ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʚʠʪʳʭ ʩʠʩʪʝʤ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ï ʤʦʞʥʦ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʦʜʠʥʦʯʥʳʤ ʧʨʠʸʤʥʦ-ʠʟʣʫʯʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ [4]. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʘʢʦʡ ʬʦʢʫʩʠʨʦʚʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʘ ʧʨʘʢʪʠʢʝ. 

ɿʥʘʯʠʪʝʣʴʥʳʤ ʤʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʨʝʰʝʥʠʠ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ 

ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʤʦʨʩʢʦʡ 

ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʚʘʨʠʘʮʠʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚʫʢʦʚʳʭ ʧʦʣʝʡ. ʅʘʠʙʦʣʝʝ 

ʪʠʧʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʤʫʱʝʥʠʡ ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʩʨʝʜʝ ʷʚʣʷʶʪʩʷ 

ʧʨʠʣʠʚʥʳʝ ʚʦʣʥʳ, ʚʝʪʨʦʚʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʚʦʣʥʝʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ. 

ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʫʩʪʘʥʦʚʢʦʡ ʪʦʡ ʠʣʠ ʠʥʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʝʸ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʨʘʜʠʫʩʘ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʟʘʪʫʭʘʥʠʷ ʟʚʫʢʘ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʬʣʫʢʪʫʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʥʝʩʫʪ ʚ ʩʝʙʝ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʤʝʶʱʠʭʩʷ ʥʘ ʪʨʘʩʩʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʠʭ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ. ʂ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʪʥʦʩʠʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʚʨʝʤʝʥ ʟʘʜʝʨʞʝʢ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ [5], ʦʪʚʝʯʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʚʦʣʥʦʚʦʜʥʳʤ ʤʦʜʘʤ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʤʦʜ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʤʝʪʦʜʳ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ [6-8], ʢʦʪʦʨʳʝ ʣʠʰʝʥʳ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ. ʅʘʠʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠʟ ʥʠʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʩʪʦʪʳ ʧʨʠʤʝʥʝʥʠʷ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʪʩʣʝʞʠʚʘʥʠʠ ʯʘʩʪʦʪʥʳʭ 

ʩʤʝʱʝʥʠʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʪʨʘʩʩʝ (ʏʉʀʄ-ʤʦʥʠʪʦʨʠʥʛ). ʆʪʤʝʪʠʤ, ʯʪʦ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʦʮʝʥʠʚʘʣʘʩʴ ʪʦʣʴʢʦ ʜʣʷ 

ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʚ ʩʨʝʜʝ ʜʦʤʠʥʠʨʫʝʪ ʦʜʠʥ ʪʠʧ ʚʦʟʤʫʱʝʥʠʷ (ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ, 
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ʙʘʨʦʪʨʦʧʥʳʡ ʧʨʠʣʠʚ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʰʠʨʠʥʳ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ). ʈʘʟʚʠʪʠʝ 

ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʥʘ ʧʨʘʢʪʠʢʝ ʟʘʜʘʯʝʡ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʫʥʠʢʘʣʴʥʳʭ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʘʢʫʩʪʦ-ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʰʝʣʴʬʦʚʳʭ 

ʟʦʥʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ Shallow 

Water ô06 [9], ʧʨʦʚʝʜʸʥʥʳʡ ʥʘ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʰʝʣʴʬʝ ʉʐɸ ʠ ʜʘʥʥʳʝ ʢʦʪʦʨʦʛʦ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʠ. ɺ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʦʢʦʣʦ 1.5 ʤʝʩʷʮʝʚ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʢʘʢ ʟʚʫʢʦʚʳʝ 

ʩʠʛʥʘʣʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʪʨʘʩʩʘʭ, ʪʘʢ ʠ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʩʦʩʪʦʷʥʠʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ. ɼʘʥʥʳʝ ʧʦʜʦʙʥʳʭ ʥʘʪʫʨʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʣʷʪʴ ʚʘʞʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʟʚʫʢʘ ʚ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʝ, ʥʦ ʠ ʧʨʦʚʝʨʷʪʴ ʠ ʦʪʨʘʙʘʪʳʚʘʪʴ 

ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʘʢʫʩʪʠʯʝʩʢʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ. ʆʙʨʘʙʦʪʢʘ ʪʘʢʠʭ ʜʘʥʥʳʭ 

ʧʦʤʦʛʘʝʪ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ʩʨʝʜʝ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʠ ʚʳʙʦʨʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʦʚʦʜʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

ʎʝʣʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

¶ ʀʟʫʯʝʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʦʡ ʩ 

ʧʦʤʦʱʴʶ ʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʚʦʣʥ ʠ ʦʙʨʘʱʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʚ 

ʤʝʣʢʦʚʦʜʥʦʤ ʚʦʣʥʦʚʦʜʝ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ. 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʠʯʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʧʦ ʩʤʝʱʝʥʠʷʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ 

ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ (100-500 ɻʮ) ʟʚʫʢʦʚʳʝ ʧʦʣʷ ʚ ʤʝʣʢʦʤ ʤʦʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ. 
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ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʚʫʢʦʚʦʛʦ 

ʧʦʣʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʷʭ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʮʝʣʝʡ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʆʮʝʥʢʘ ʧʦʪʝʨʴ ʧʨʠ ʜʘʣʴʥʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʟʚʫʢʘ ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʩʨʝʜʝ ʩ 

ʬʦʥʦʚʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʚʦʣʥʘʤʠ ʠ ʚʝʪʨʦʚʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʦʣʥʝʥʠʝʤ. 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʯʝʩʪʚʘ ʬʦʢʫʩʠʨʦʚʢʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʱʘʶʱʝʡ ʩʠʩʪʝʤʳ. 

¶ ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʦʢʫʩʥʦʛʦ ʧʷʪʥʘ ʧʨʠ 

ʥʘʣʠʯʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʧʦʚʳʰʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʧʝʢʪʨʦʤ ʯʘʩʪʦʪʥʳʭ ʩʤʝʱʝʥʠʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʠ ʩʧʝʢʪʨʦʤ ʚʘʨʠʘʮʠʡ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʚʦʜʘ ʚ ʩʣʫʯʘʡʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ. 

¶ ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʮʝʥʢʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʧʦ ʯʘʩʪʦʪʥʳʤ ʩʤʝʱʝʥʠʷʤ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʨʘʤʢʘʭ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʣʴʥʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʘ ʚ ʤʝʣʢʦʤ 

ʤʦʨʝ, ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʜ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʧʝʨʚʳʝ: 

¶ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʥʦʚʳʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʠ ʚʝʪʨʦʚʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʚʦʣʥʝʥʠʝ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ (ʜʦ Ñ7 ʜɹ) ʩʨʝʜʥʠʭ ʧʦʪʝʨʴ ʧʨʠ 

ʜʘʣʴʥʝʤ (ʜʦ 150 ʢʤ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʘ ʚ ʤʝʣʢʦʤ ʤʦʨʝ; 

¶ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʦʢʫʩʠʨʦʚʢʠ 

ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʦʙʨʘʱʝʥʠʝʤ ʚʨʝʤʝʥʠ; 
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¶ ʧʨʝʜʣʦʞʝʥʳ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʬʦʢʫʩʠʨʦʚʢʠ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʠʥʦʯʥʦʛʦ ʦʙʨʘʱʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ; 

¶ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʬʣʫʢʪʫʘʮʠʡ ʬʘʟʳ ʚ ʬʦʢʫʩʥʦʤ ʧʷʪʥʝ, ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ 

ʦʙʨʘʱʝʥʠʠ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʚ ʫʩʣʦʚʠʷʭ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ (< 1 ʯ) 

ʚʥʫʪʨʝʥʥʠʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ; 

¶ ʧʦʣʫʯʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʩʧʝʢʪʨʦʤ ʯʘʩʪʦʪʥʳʭ ʩʤʝʱʝʥʠʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʠ ʩʧʝʢʪʨʦʤ ʚʘʨʠʘʮʠʡ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʩʣʫʯʘʡʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʤ ʚʦʣʥʦʚʦʜʝ ʩ 

ʘʥʠʟʦʪʨʦʧʥʳʤ ʧʦʣʝʤ ʚʦʟʤʫʱʝʥʠʡ; 

¶ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʨʝʜʥʠʭ ʧʦ ʪʨʘʩʩʝ ʧʘʨʘʤʝʪʨʦʚ ʙʘʨʦʪʨʦʧʥʦʛʦ ʠ ʙʘʨʦʢʣʠʥʥʦʛʦ ʧʨʠʣʠʚʦʚ ʧʦ 

ʫʢʘʟʘʥʥʳʤ ʯʘʩʪʦʪʥʳʤ ʩʤʝʱʝʥʠʷʤ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ: 

¶ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʘʣʴʥʝʡ ʟʚʫʢʦʧʦʜʚʦʜʥʦʡ ʩʚʷʟʠ ʚ ʤʝʣʢʦʤ ʤʦʨʝ; 

¶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʧʨʠʥʮʠʧʝ ʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʚʦʣʥ; 

¶ ʘʢʫʩʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠ ʠʟʤʝʨʝʥʠʷ ʚʘʨʠʘʮʠʡ ʜʣʠʥʳ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʪʨʘʩʩʳ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʌʦʥʦʚʳʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʠ ʚʝʪʨʦʚʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʚʦʣʥʝʥʠʝ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴ ʩʨʝʜʥʠʝ ʧʦʪʝʨʠ ʧʨʠ ʜʘʣʴʥʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʟʚʫʢʘ ʥʘ ʦʢʝʘʥʩʢʦʤ 

ʰʝʣʴʬʝ. 

2. ɼʣʷ ʬʦʢʫʩʠʨʦʚʢʠ ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʨʘʱʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ 

ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʣʠʥʝʡʥʦʡ ʧʨʠʸʤʥʦ-ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥʝ, ʧʝʨʝʢʨʳʚʘʶʱʝʡ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʤʝʣʢʦʚʦʜʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ 

ʢʦʪʦʨʦʡ ʧʨʝʚʳʰʘʝʪ ʧʦʣʦʚʠʥʫ ʜʣʠʥʳ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. 
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3. ʌʦʢʫʩʠʨʦʚʢʘ ʟʚʫʢʘ ʚʨʝʤʝʥʥrӢʤ ʦʙʨʘɦʝʥʠʝʤ ʚʦʣʥ ʚ ʤʝʣʢʦʤ ʤʦʨʝ ʩ 

ʧʦʤʦʱʴʶ ʪʦʯʝʯʥʦʛʦ ʧʨʠʝʤʥʦ-ʠʟʣʫʯʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚʦʟʤʦʞʥʘ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʝ ʧʦʣʦʩʳ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʬʦʢʫʩʥʦʛʦ ʧʷʪʥʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʣʫʯʘʡʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʥʦʚʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʚʦʣʥʘʤʠ 

ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʦʣʥʝʥʠʝʤ.  

4. ʄʠʥʠʤʘʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʬʘʟʳ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʬʦʢʫʩʥʦʤ ʧʷʪʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ 

ʚʘʨʠʘʮʠʠ ʜʣʠʥʳ ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʪʨʘʩʩʳ ʬʘʟʦʚʳʤʠ ʤʝʪʦʜʘʤʠ ʩ 

ʥʘʠʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ. 

5. ɺʨʝʤʝʥʥʦӢʡ (ʯʘʩʪʦʪʥʳʡ) ʩʧʝʢʪʨ ʯʘʩʪʦʪʥʳʭ ʩʤʝʱʝʥʠʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʪʨʘʩʩʝ, ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ 

ʚʦʟʤʫʱʝʥʠʡ. 

6. ɺʦʟʤʦʞʥʘ ʥʝʟʘʚʠʩʠʤʘʷ ʦʮʝʥʢʘ ʘʤʧʣʠʪʫʜʳ ʙʘʨʦʪʨʦʧʥʦʛʦ ʠ ʙʘʨʦʢʣʠʥʥʦʛʦ 

ʧʨʠʣʠʚʦʚ ʧʦ ʯʘʩʪʦʪʥʳʤ ʩʤʝʱʝʥʠʷʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʟʚʫʢʦʚʳʭ 

ʧʦʣʝʡ, ʦʪʚʝʯʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʛʨʫʧʧʘʤ ʚʦʣʥʦʚʦʜʥʳʭ ʤʦʜ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʯʠʩʣʝʥʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʜʘʥʥʳʤʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: XIX  (2007, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ), XXII  (2010, 

ʄʦʩʢʚʘ), XXIV  (2011, ʉʘʨʘʪʦʚ) ʩʝʩʩʠʷʭ ʈʦʩʩʠʡʩʢʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, 

XII  (2009, ʄʦʩʢʚʘ) ʠ XIII (2011, ʄʦʩʢʚʘ) ʰʢʦʣʘʭ-ʩʝʤʠʥʘʨʘʭ ʠʤ. ʘʢʘʜ. 

ʃ.ʄ. ɹʨʝʭʦʚʩʢʠʭ, 9-ʡ (2008, ʇʘʨʠʞ, ʌʨʘʥʮʠʷ) ʠ 10-ʡ (2010, ʉʪʘʤʙʫʣ, ʊʫʨʮʠʷ) 

ɽʚʨʦʧʝʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʧʦʜʚʦʜʥʦʡ ʘʢʫʩʪʠʢʝ, 158-ʡ ʩʝʩʩʠʠ 

ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (2009, ʉʘʥ-ɸʥʪʦʥʠʦ, ʊʝʭʘʩ, ʉʐɸ), 

XIII  ʰʢʦʣʝ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠè (2010, 

ɿʚʝʥʠʛʦʨʦʜ). 
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ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʦ ʚ 22 ʧʝʯʘʪʥʳʭ 

ʨʘʙʦʪʘʭ, 8 ʠʟ ʢʦʪʦʨʳʭ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ 

ʧʝʨʝʯʝʥʴ ɺɸʂ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ 

ʠʣʠ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. ɸʚʪʦʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ 

ʚʳʙʦʨʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʧʦʩʪʘʥʦʚʢʝ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʙʨʘʙʦʪʢʫ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʸʭ ʛʣʘʚ, ʚ ʧʝʨʚʦʡ ʠʟ 

ʢʦʪʦʨʳʭ ʜʘʸʪʩʷ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ 

ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʱʠʡ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 126 ʩʪʨʘʥʠʮ, 

ʚʢʣʶʯʘʷ 50 ʨʠʩʫʥʢʦʚ ʠ 5 ʪʘʙʣʠʮ. ɺ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪʩʷ 95 

ʥʘʠʤʝʥʦʚʘʥʠʡ. 

 

ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

ɺʦ ɺʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʦʪʤʝʯʘʝʪʩʷ ʥʘʫʯʥʘʷ 

ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ, ʦʙʦʟʥʘʯʘʶʪʩʷ ʧʦʣʦʞʝʥʠʷ, 

ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʘʧʨʦʙʘʮʠʠ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʦʙʲʸʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺ ɻʣʘʚʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ. ʆʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʪʠʧr  ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʩʨʝʜʝ: ʧʨʠʣʠʚʳ, ʬʦʥʦʚʳʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ, 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʚʦʣʥʝʥʠʝ, ʠ ʤʝʪʦʜʠʢʘ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠʚʦʜʠʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʚʦʣʥʦʚʦʜʝ, 

ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ ʚʠʜʝ ʩʫʤʤʳ 



10 

 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ (ʤʦʜ). ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʪʝʨʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʤʝʣʢʦʤ ʤʦʨʝ. 

ɼʘʸʪʩʷ ʦʧʠʩʘʥʠʝ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʙʨʘʱʝʥʠʠ ʚʨʝʤʝʥʠ (ʦʙʨʘʱʝʥʠʠ ʚʦʣʥʦʚʦʛʦ 

ʬʨʦʥʪʘ ʜʣʷ ʪʦʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ). ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦ ʩʤʝʱʝʥʠʷʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ.  

ɻʣʘʚʘ 2 ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚ ʨʘʤʢʘʭ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʩʣʫʯʘʡʥʳʭ ʬʦʥʦʚʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʠ ʚʝʪʨʦʚʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʚʦʣʥʝʥʠʷ ʥʘ ʧʦʪʝʨʠ ʧʨʠ ʜʘʣʴʥʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʘ ʚ 

ʤʝʣʢʦʚʦʜʥʳʭ ʚʦʣʥʦʚʦʜʘʭ, ʪʠʧʠʯʥʳʭ ʜʣʷ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʰʝʣʴʬʘ ʉʐɸ ʠ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʚ ʨʘʟʣʠʯʥʳʝ ʩʝʟʦʥʳ ʛʦʜʘ. ɿʜʝʩʴ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠʟʤʝʥʝʥʠʷ 

ʧʦʪʝʨ ɹʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʘʣʠʯʠʝʤ ʫʢʘʟʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʦʟʤʫʱʸʥʥʦʛʦ ʚʦʣʥʦʚʦʜʘ. ʇʨʠ ʵʪʦʤ 

ʚʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʘ ʠʟʫʯʘʶʪʩʷ ʪʦʣʴʢʦ ʩʨʝʜʥʠʝ ʧʦʪʝʨʠ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʟʚʫʢʘ )(rL , ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ: 
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r  ï  ʦʧʦʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦʪʝʨʠ. 

ʂʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʤʦʜ 
m

p  ʥʘ ʨʘʩʩʪʦʷʥʠʠ r ʠ ʛʣʫʙʠʥʝ z ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʜ. 

ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʳ (1) ʢʦʤʧʝʥʩʠʨʫʝʪ ʫʤʝʥʴʰʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʨʘʩʰʠʨʝʥʠʝʤ 

ʬʨʦʥʪʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ. ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ (1) ʠ (2) ʦʮʝʥʠʚʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʳ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ )(rP  ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ, ʩʚʷʟʘʥʥʦʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʟʚʫʢʘ ʚ ʤʦʨʩʢʦʤ ʜʥʝ, 
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ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʟʘʪʫʭʘʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʚʦʣʥ ʚ ʤʝʣʢʦʤ ʤʦʨʝ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʦʡ ʧʦʥʠʤʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ 

ʧʦʣʷ, ʫʩʨʝʜʥʝʥʥʘʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ ʚʦʣʥʦʚʦʜʘ H , ʥʦ ʠ ʧʦ ʨʘʩʩʪʦʷʥʠʶ 

rD, ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʧʝʨʠʦʜʦʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʙʠʝʥʠʡ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʳʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ. ɻʣʫʙʠʥʘ ʚʦʣʥʦʚʦʜʘ ʧʦʣʘʛʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ 80 ʤ ʥʘ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʰʝʣʴʬʝ ʉʐɸ ʠ 120 ʤ ʚ 

ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ. 

 

ʈʠʩ.1. ʏʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ ʪʝʨʤʦʢʣʠʥʘ ʚ ʧʦʣʝ ɺɺ ʩ ʫʢʘʟʘʥʠʝʤ 90 %-ʭ 

ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ ʵʪʦʡ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʘ ʢʦʣʝʙʘʥʠʡ ʪʝʨʤʦʢʣʠʥʘ (ʨʠʩ.1), 

ʧʦʣʫʯʝʥʥʦʛʦ ʘʚʪʦʨʦʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʫʥʠʢʘʣʴʥʳʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʟʘʧʠʩʝʡ 

ʬʣʫʢʪʫʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʥʦʡ ʩʨʝʜʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʪʝʨʤʠʩʪʦʨʥʳʤʠ 

ʮʝʧʦʯʢʘʤʠ ʚ ʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ Shallow Water ô06, ʢʦʪʦʨʳʡ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʦʪʢʨʳʪʦʤ ʦʢʝʘʥʩʢʦʤ ʰʝʣʴʬʝ, ʛʜʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʦʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʳ. 

ʈʝʘʣʠʟʘʮʠʠ ʚʝʪʨʦʚʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʣʥʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ 

ʵʤʧʠʨʠʯʝʩʢʦʤʫ ʩʧʝʢʪʨʫ ʇʠʨʩʦʥʘ-ʅʝʡʤʘʥʘ. ʈʘʩʯʸʪ ʩʣʫʯʘʡʥʳʭ ʧʦʣʝʡ 

ʚʦʟʤʫʱʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʘʣʛʦʨʠʪʤʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ [10]. 

ʇʦʪʝʨʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ )(rL  ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʣʷ ʜʚʫʭ ʩʠʪʫʘʮʠʡ: 

ʢʦʛʜʘ ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʤʘʢʩʠʤʫʤʘ ʧʝʨʚʦʡ, ʥʘʠʤʝʥʝʝ 
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ʟʘʪʫʭʘʶʱʝʡ ʤʦʜʳ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʠ ʢʦʛʜʘ ʠʩʪʦʯʥʠʢ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʜʥʝ 

ʚʦʣʥʦʚʦʜʘ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʝʨʚʘʷ ʤʦʜʘ ʚʦʟʙʫʞʜʘʝʪʩʷ ʩʣʘʙʝʝ ʦʩʪʘʣʴʥʳʭ. 

ʋʩʨʝʜʥʝʥʥʳʝ ʧʦ ʘʥʩʘʤʙʣʶ ʨʝʘʣʠʟʘʮʠʡ ʟʘʚʠʩʠʤʦʩʪʠ )(rL  ʜʣʷ 

ʚʦʟʤʫʱʸʥʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʠ )(rL  ʜʣʷ ʥʝʚʦʟʤʫʱʸʥʥʳʭ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ.2 ʜʣ̫ ʯʘʩʪʦʪʳ 500 ɻʮ. ʈʘʩʯʝʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʩʣʫʯʘʡʥʳʝ ʚʦʟʤʫʱʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʦʚʦʜʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʝ ʥʘʨʫʰʘʶʪ ʟʘʢʦʥ rʩʧʘʜʘʥʠʷ ʟʚʫʢʦʚʦʛʦ 

ʧʦʣʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʚʦʣʥʦʚʦʜʘ ʙʝʟ ʚʦʟʤʫʱʝʥʠʡ, ʭʦʪʷ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʭʦʨʦʰʦ ʟʘʤʝʪʥʦ. 

 

ʈʠʩ.2. ʇʦʪʝʨʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʟʚʫʢʘ ʩ ʯʘʩʪʦʪʦʡ 500 ɻʮ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ (ʚʝʪʝʨ 12 ʤ/ʩ), ʬʦʥʦʚʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʠ ʚ ʩʨʝʜʝ ʙʝʟ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʈʷʜʦʤ ʩ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʫʢʘʟʘʥʳ ʚʨʝʤʷ ʛʦʜʘ ʠ ʛʣʫʙʠʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ. 

 

ɺʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʣʥʝʥʠ ̫ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʛʦʜʘ ʥʘ ɸʪʣʘʥʪʠʯʝʩʢʦʤ 

ʰʝʣʴʬʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 12 ʤ/ʩ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʥʘ 4.6Ñ0.2 ʜɹ (ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʝʨʦʷʪʥʦʩʪʠ 90 %) ʥʘ ʜʠʩʪʘʥʮʠʠ 150 ʢʤ ʠ ʥʘ ʯʘʩʪʦʪʝ 500 ɻʮ. ʆʜʥʘʢʦ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʜʦ 9 ʤ/ʩ ʧʦʧʨʘʚʢʘ ʩʥʠʞʘʝʪʩʷ ʜʦ 0.9Ñ0.1 ʜɹ. ɺ 
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ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʙʦʣʝʝ ʩʣʘʙʦʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʦʡ ʚʦʣʥʦʚʦʜʘ. ʃʝʪʦʤ ʚ ʦʙʝʠʭ ʘʢʚʘʪʦʨʠʷʭ ʩʝʟʦʥʥʳʡ ʪʝʨʤʦʢʣʠʥ 

ñʵʢʨʘʥʠʨʫʝʪò ʟʚʫʢʦʚʦʡ ʢʘʥʘʣ ʦʪ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʚʝʪʨʦʚʳʝ ʚʦʣʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʠ 

ʜʘʣʴʥʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʟʚʫʢʘ. 

ʌʦʥʦʚʳʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ, ʪʘʢ ʠ ʢ ʠʭ ʫʤʝʥʴʰʝʥʠʶ. ʂʦʛʜʘ ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ ʨʘʩʧʦʣʦʞʝʥ ʥʘ 

ʛʣʫʙʠʥʝ ʤʘʢʩʠʤʫʤʘ ʧʝʨʚʦʡ ʤʦʜʳ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʧʦʪʝʨʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 

2.0Ñ0.2 ʜɹ ʥʘ ʯʘʩʪʦʪʝ 500 ɻʮ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʠʩʪʦʯʥʠʢʘ ʥʘ ʤʦʨʩʢʦʝ ʜʥʦ 

ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʟʘʪʫʭʘʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʧʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʠʤʝʝʪ ʤʝʩʪʦ ʧʝʨʝʢʘʯʢʘ 

ʵʥʝʨʛʠʠ ʚ ʧʝʨʚʫʶ ʩʣʘʙʦʟʘʪʫʭʘʶʱʫʶ ʤʦʜʫ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ. ʋʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ 

ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʟʚʫʢʘ ʩ ʯʘʩʪʦʪʦʡ 500 ɻʮ ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪ 6.7Ñ2.1 ʜɹ. 

ʇʨʠ ʩʥʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ ʜʦ 100 ɻʮ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʥʝ ʩʢʘʟʳʚʘʶʪʩʷ 

ʥʘ ʧʦʪʝʨʷʭ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ, ʥʦ ʚʣʠʷʥʠʝ ʚʝʪʨʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʦʩʪʘʸʪʩʷ 

ʟʘʤʝʪʥʳʤ. 

ɺ ɻʣʘʚʝ 3 ʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʢʘʯʝʩʪʚʘ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, 

ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʱʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ (ʆɺʌ) ʠ ʚʨʝʤʝʥʥʦʛʦ 

ʦʙʨʘʱʝʥʠ ̫ʚʦʣʥ (ɺʆɺ), ʚ ʪʠʧʠʯʥʳʭ ʤʝʣʢʦʚʦʜʥʳʭ ʚʦʣʥʦʚʦʜʘʭ ʩʦ ʩʣʫʯʘʡʥʳʤʠ 

ʬʦʥʦʚʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʚʦʣʥʘʤʠ ʠ ʚʝʪʨʦʚʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʦʣʥʝʥʠʝʤ. ɼʣʷ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʬʦʢʫʩʠʨʦʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

 
),(),( zrPzrPK

focfoc
= , (3) 

ʥʘʟʳʚʘʝʤʳʡ ʬʘʢʪʦʨʦʤ ʬʦʢʫʩʠʨʦʚʢʠ, ʛʜʝ ),(
focfoc

zrP  - ʩʨʝʜʥʷʷ ʘʤʧʣʠʪʫʜʘ 

ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ ʬʦʢʫʩʥʦʤ ʧʷʪʥʝ, ),( zrP  - ʩʨʝʜʥʷʷ ʘʤʧʣʠʪʫʜʘ ʧʦʣʷ ʚʥʝ 

ʬʦʢʫʩʥʦʛʦ ʧʷʪʥʘ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʆɺʌ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʩ 

ʯʘʩʪʦʪʘʤʠ 100, 200 ʠ 300 ɻʮ, ʧʨʠ ɺʆɺ ï ʩʠʛʥʘʣ ʩ ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʥʦʡ 
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ʤʦʜʫʣʷʮʠʝʡ ʚ ʧʦʣʦʩʝ 100-300 ɻʮ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 5 ʩ. ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ 

ʬʦʢʫʩʠʨʦʚʢʠ ʩʦʩʪʘʚʣʷʝʪ 5-30 ʢʤ. 

ʀʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʨʠʘʮʠʡ ʜʣʠʥʳ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʪʨʘʩʩʳ ʧʦ ʠʟʤʝʥʝʥʠʶ ʬʘʟʳ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ ʬʦʢʫʩʥʦʤ ʧʷʪʥʝ. 

ɺ ʧʘʨʘʛʨʘʬʝ 3.1 ʧʨʠʚʦʜʷʪʩʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʬʦʢʫʩʠʨʦʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʱʘʶʱʝʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ. 

 

ʈʠʩ.3. ɸʤʧʣʠʪʫʜʘ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʬʦʢʫʩʥʦʛʦ ʧʷʪʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʢʤ ʠ 

ʛʣʫʙʠʥʝ 40 ʤ. (ʘ) ï ʬʦʢʫʩʠʨʦʚʢʘ ʥʘ ʯʘʩʪʦʪʝ 200 ɻʮ ʩ ʧʦʤʦʱʴʶ 24-ʭʵʣʝʤʝʥʪʥʦʡ ʘʥʪʝʥʥʳ, 

ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʚʝʩʴ ʚʦʣʥʦʚʦʜ, ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ 3 ʤ, (ʙ) ï ʪʦ ʞʝ, ʯʪʦ ʠ (ʘ), 

ʥʦ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 12 ʤ. (ʚ) ï ʬʦʢʫʩʠʨʦʚʢʘ ʩʠʛʥʘʣʘ ʚ ʧʦʣʦʩʝ 100-300 ɻʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʠʥʦʯʥʦʛʦ ʧʨʠʸʤʥʦ-ʠʟʣʫʯʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʛʣʫʙʠʥʝ 39 ʤ, (ʛ) ï ʪʦ ʞʝ, ʯʪʦ ʠ (ʚ), ʥʦ ʚ 

ʧʦʣʦʩʝ 195-205 ɻʮ. ʅʘʜ ʢʘʞʜʳʤ ʨʠʩʫʥʢʦʤ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ ʬʦʢʫʩʠʨʦʚʢʠ. 

 

ɼʣʷ ʬʦʢʫʩʠʨʦʚʢʠ ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʆɺʌ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʠʩʢʨʝʪʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʠʸʤʥʦ-ʠʟʣʫʯʘʶʱʠʝ ʘʥʪʝʥʥʳ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʠ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ. 

ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʪʝʥʥʳ, ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʚʝʩʴ 

ʚʦʣʥʦʚʦʜ ʧʦ ʛʣʫʙʠʥʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʢʫʩʥʦʛʦ ʧʷʪʥʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ 

ʧʦʙʦʯʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʧʦʣʘʛʘʪʴ ʵʣʝʤʝʥʪʳ ʯʝʨʝʟ 

ʧʦʣʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ 

ʘʥʪʝʥʥ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 
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ʚʝʣʠʯʠʥʳ, ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʬʦʢʫʩʥʦʛʦ ʧʷʪʥʘ ʧʦ ʫʨʦʚʥʶ 

0.7 (ʩʤ., ʥʘʧʨʠʤʝʨ, ʨʠʩ.3(ʘ,ʙ) ʠ ʨʠʩ.4(ʘ)). ʋʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʘʥʪʝʥʥʳ ʧʨʠʚʦʜʠʪ 

ʢ ʨʘʟʨʫʰʝʥʠʶ ʬʦʢʫʩʠʨʦʚʢʠ. 

 

ʈʠʩ.4. ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʢʪʦʨʘ ʬʦʢʫʩʠʨʦʚʢʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʧʨʠ ʆɺʌ (ʘ) ʠ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʠ ɺʆɺ (ʙ), ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʠʥʦʯʥʳʝ ʧʨʠʸʤʥʦ-

ʠʟʣʫʯʘʶʱʠʝ ʵʣʝʤʝʥʪʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʘʥʪʝʥʥʘ. 

 

ʇʨʠ ɺʆɺ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʬʦʢʫʩʠʨʦʚʢʘ ʚ ʤʝʣʢʦʤ ʤʦʨʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʠʥʦʯʥʦʛʦ ʧʨʠʸʤʥʦ-ʠʟʣʫʯʘʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ (ʪʨʘʥʩʠʚʝʨʘ) (ʨʠʩ.3(ʚ)), ʯʪʦ ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʚ [4]. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʪʘʢʦʡ ʬʦʢʫʩʠʨʦʚʢʠ ʙʫʜʝʪ ʙʣʠʟʢʠʤ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪ ɹʩʠʛʥʘʣ rʩ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʥʝ ʤʝʥʝʝ 40 % 

ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ (ʨʠʩ.3(ʚ,ʛ) ʠ ʨʠʩ.4(ʙ)). 

ɺ ʧʘʨʘʛʨʘʬʝ 3.2 ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʚʝʪʨʦʚʳʭ ʚʦʣʥ ʥʘ ʢʘʯʝʩʪʚʦ 

ʬʦʢʫʩʠʨʦʚʢʠ. ʉʥʘʯʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʦʢʫʩʠʨʦʚʢʘ ʚ ʠʟʦʩʢʦʨʦʩʪʥʦʤ 

ʚʦʣʥʦʚʦʜʝ, ʪʠʧʠʯʥʦʤ ʜʣʷ ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ. ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʨʘʚʥʘ 9 ʤ/ʩ, ʪʦ 

ʦʪʯʸʪʣʠʚʘʷ ʬʦʢʫʩʠʨʦʚʢʘ ʚʩʸ ʝʱʸ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʜʣʷ ɺʆɺ (ʨʠʩ.5(ʚ)), ʪʘʢ ʠ ʜʣʷ 

ʆɺʌ (ʨʠʩ.5(ʘ)). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʜʦ 12 ʤ/ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʪʁ ʬʦʢʫʩʥʦʝ ʧʷʪʥʦ, ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʆɺʌ 

(ʨʠʩ.5(ʙ)). ʇʨʠ ʬʦʢʫʩʠʨʦʚʢʝ ɺʆɺ ʬʦʢʫʩʥʦʝ ʧʷʪʥʦ ʥʝ ʪʝʨʷʝʪ ʩʚʦʝʡ ʮʝʣʦʩʪʥʦʩʪʠ, 

ʥʦ çʨʘʟʤʘʟʳʚʘʝʪʩʷè ʧʦ ʚʦʣʥʦʚʦʜʫ, ʥʝʢʦʪʦʨʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʧʦ 

0 5 10 15 20 
1.5 

2 

2.5 

3 

3.5 

4 

  

  
100 ɻʮ 

300 ɻʮ 

200 ɻʮ 

ȹzj, ʤ 

K
 

0 0.2 0.4 0.6 0.8 1 
1.6 

1.8 

2 

2.2 

2.4 

2.6 

2.8 

3 

  

  

9 ʤ 

39 ʤ 

63 ʤ 

ɸʥʪ. 

ȹf/f 

K
 

(ʘ) (ʙ) 



16 

 

ʛʣʫʙʠʥʝ ʩʦʭʨʘʥʷʝʪʩʷ (ʨʠʩ.5(ʛ)). ʆʪʤʝʯʝʥʥʦʝ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʬʦʢʫʩʠʨʦʚʢʠ 

ʭʘʨʘʢʪʝʨʥʦ ʣʠʰʴ ʜʣʷ ʤʝʣʢʦʚʦʜʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʃʝʪʦʤ 

ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʨʝʟʢʦʛʦ ʪʝʨʤʦʢʣʠʥʘ ʥʠʟʰʠʝ ʵʥʝʨʛʦʥʝʩʫʱʠʝ ʤʦʜʳ, ʬʦʨʤʠʨʫʶʱʠʝ 

ʬʦʢʫʩʥʦʝ ʧʷʪʥʦ ʥʘ ʜʘʣʴʥʝʤ ʨʘʩʩʪʦʷʥʠʠ, ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʚʝʨʭʥʝʡ 

ʛʨʘʥʠʮʝʡ ʚʦʣʥʦʚʦʜʘ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. 

 

ʈʠʩ.5. (ʘ), (ʙ) ï ʪʦ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ.3(ʘ), ʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ 9 ʠ 12 ʤ/ʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (ʚ), (ʛ) - ʪʦ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ.3(ʚ), ʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 9 ʠ 12 ʤ/ʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ɺ ʧʘʨʘʛʨʘʬʝ 3.2 ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʬʦʢʫʩʠʨʦʚʢʠ ɺʆɺ ʩ ʧʦʤʦʱʴʶ ʦʜʠʥʦʯʥʦʛʦ ʦʙʨʘʱʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʥʘʣʠʯʠʠ 

ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʧʦʣʷ ʬʦʥʦʚʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʥʘ 

ʦʢʝʘʥʩʢʦʤ ʰʝʣʴʬʝ. ʇʦʣʦʩʘ ʯʘʩʪʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 100-

300 ɻʮ 

ɺʨʝʤʷ ʢʦʨʨʝʣʷʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ (ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ) 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʪʨʘʩʩʝ 

ʜʣʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʬʦʢʫʩʠʨʦʚʢʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʉʫʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʨʠʸʤ ʠ ʦʙʨʘʱʝʥʠʝ ʩʠʛʥʘʣʘ ʦʪ 

ʧʨʦʙʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʪʨʘʥʩʠʚʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʢʦʪʦʨʳʡ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 
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ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, ʘ ʠʟʣʫʯʝʥʠʝ ʦʙʨʘʱʸʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦ ʚ 

ʚʦʣʥʦʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʉ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʠʟʣʫʯʘʝʤʳʡ ʪʨʘʥʩʠʚʝʨʦʤ ʩʠʛʥʘʣ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ 

ʨʝʘʣʠʟʘʮʠʷ ʧʦʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. 

 

ʈʠʩ.6. ɸʤʧʣʠʪʫʜʘ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʬʦʢʫʩʥʦʛʦ ʧʷʪʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ 

ɺʆɺ, ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. ʇʦʣʦʩʘ ʩʠʛʥʘʣʦʚ 100-

300 ɻʮ 

 

ʅʘʧʨʠʤʝʨ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʢʤ ʬʦʢʫʩʥʦʝ ʧʷʪʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʦʥʦʚʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʨʝʤʝʥʥʦӢʛʦ ʦʙʨʘɦʝʥʠ̫ 

ʜʝʨʞʠʪʩʷ ʥʝ ʙʦʣʝʝ ʯʘʩʘ (ʩʤ. ʨʠʩ.6 ʠ 7), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ ʢʦʨʨʝʣʷʮʠʠ 

ʨʝʘʣʠʟʘʮʠʡ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʧʦ ʪʨʘʩʩʝ, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʩʜʚʠʛ ʠ 

ʨʘʟʨʫʰʝʥʠʝ. ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʬʦʢʫʩʥʦʝ ʧʷʪʥʦ ʤʦʞʝʪ ʚʥʦʚʴ 

ʚʝʨʥʫʪʴʩʷ ʚ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ. ʕʪʦ ʥʘʙʣʶʜʘʝʪʩʷ, ʢʦʛʜʘ ʨʝʘʣʠʟʘʮʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʚʦʣʥ ʥʘ ʪʨʘʩʩʝ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʨʝʤʝʥʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʬʦʢʫʩʠʨʦʚʢʠ. 
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K = 2.97 K = 2.81 

K = 2.05 K = 1.83 




