
ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

ʉɸʋʎ ɸʨʪʫʨ ɺʘʣʝʨʴʝʚʠʯ 

 

 

 

 

ʆɹɽʉʇɽʏɽʅʀɽ ʕʂʆʃʆɻʀʏɽʉʂʀ ɹɽɿʆʇɸʉʅʆɻʆ ɺʆɿɼʋʐʅʆɻʆ 

ʈɽɾʀʄɸ ɿɼɸʅʀʁ, ʈɸʉʇʆʃʆɾɽʅʅʓʍ ɺɹʃʀɿʀ ʇʆʃʀɻʆʅʆɺ 

ʊɺɪʈɼʓʍ ɹʓʊʆɺʓʍ ʀ ʇʈʆʄʓʐʃɽʅʅʓʍ ʆʊʍʆɼʆɺ 

 

 

ʉʧʝʮʠʘʣʴʥʦʩʪʠ: 05.23.03 ï ʊʝʧʣʦʩʥʘʙʞʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘ-

ʥʠʝ ʚʦʟʜʫʭʘ, ʛʘʟʦʩʥʘʙʞʝʥʠʝ ʠ ʦʩʚʝʱʝʥʠʝ 

 

      03.02.08 ï ʕʢʦʣʦʛʠʷ (ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ɾʂʍ) 

 

 

 

 

 

ɸɺʊʆʈɽʌɽʈɸʊ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌɻɹʆʋ ɺʇʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨ-

ʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɼʘʮʶʢ ʊʘʤʘʨʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: ɻʫʣʴʢʦʚ ɸʣʝʢʩʘʥʜʨ ʅʝʬʸʜʦʚʠʯ,  
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʌɻɸʆʋ ɺʇʆ çɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè, ʢʘʬʝʜʨʘ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʜʝʣʘ  

ʠ ʥʝʬʪʝʭʠʤʠʠ, ʟʘʚʝʜʫʶʱʠʡ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ; 

 

 ʉʣʝʩʘʨʝʚ ʄʠʭʘʠʣ ʖʨʴʝʚʠʯ, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʌɻɹʆʋ ɺʇʆ ʅʀʋ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʢʘʬʝʜʨʘ  

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʪʝʧʣʦʚʦʡ ʠ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʧʨʦʬʝʩʩʦʨ 

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ʌɻɹʆʋ ɺʇʆ  

çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢ-

ʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ ç22è ʜʝʢʘʙʨʷ 2014 ʛ. ʚ 13 
00

 ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘ-

ʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 212.223.06 ʧʨʠ ʌɻɹʆʋ ɺʇʆ çʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʧʦ 

ʘʜʨʝʩʫ: 190005, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʫʣ. 2-ʷ ʂʨʘʩʥʦʘʨʤʝʡʩʢʘʷ, ʜ. 4, ʟʘʣ ʟʘʩʝʜʘʥʠʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ (ʘʫʜʠʪʦʨʠʷ 219). 

ʊʝʣ./ʌʘʢʩ: (812) 316-58-72; E-mail: rector@spbgasu.ru 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʌɻɹʆʋ ɺʇʆ çʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʠ 

ʥʘ ʩʘʡʪʝ www. spbgasu.ru. 

 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç_____è  ʥʦ̫ʙʨʷ 2014 ʛ. 

 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ       ʇʫʭʢʘʣ ɺʠʢʪʦʨ ɸʣʝʢʩʝʝʚʠʯ 
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I. ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʪʚʸʨʜʳʝ ʙʳʪʦʚʳʝ ʦʪʭʦ-

ʜʳ (ʊɹʆ) ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ (ʇʆ) ʧʦʜʣʝʞʘʪ ʟʘʭʦʨʦʥʝʥʠʶ ʥʘ ʧʦʣʠʛʦʥʘʭ. 

ʅʘʧʨʠʤʝʨ, ʚ ʈʌ ʜʣʷ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʝʝ 11000 ʛʘ ʟʝʤʣʠ ʚ 

ʛʦʜ ʚʙʣʠʟʠ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ʙʝʟ ʫʯʸʪʘ ʧʣʦʱʘʜʝʡ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʳʭ ʟʦʥ 

(ʉɿɿ) (ɸ.ʄ. ɻʦʥʦʧʦʣʴʩʢʠʡ ʠ ʜʨ., 2007). ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʪʭʦʜʦʚ ʚʳʜʝʣʷʝʪʩʷ 

ʙʠʦʛʘʟ ï ʷʜʦʚʠʪʘʷ ʩʤʝʩʴ ʤʝʪʘʥʘ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʘʤʤʠʘʢʘ, ʩʝʨʦʚʦʜʦʨʦʜʘ, ʙʝʥ-

ʟʦʣʘ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ. ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʟʜʘʥʠʡ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ. ʂʘʯʝʩʪʚʦ ʚʦʟ-

ʜʫʭʘ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʠ ʞʠʣʳʭ ʟʜʘʥʠʡ ʥʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɼʣʠʪʝʣʴʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʣʶʜʝʡ ʚ ʪʘʢʠʭ ʟʜʘ-

ʥʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʨʠʩʢʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦ-

ʣʝʚʘʥʠʡ, ʟʘʙʦʣʝʚʘʥʠʡ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʪ.ʝ. ʚʦʟʥʠʢʘʝʪ çʩʠʥʜʨʦʤ ʙʦʣʴ-

ʥʦʛʦ ʟʜʘʥʠʷè (ʊ.ʂ.ɹʘʣʘʭʯʠʥʘ, 2012). 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʙʠʦʛʘʟʦʤ ʥʝ ʜʦ-

ʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʫʯʠʪʳʚʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ, ʢʘʢ ʦʙ̡-

ʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʘ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʨʠʤʝʩʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʙʣʠʟʠ ʠ ʚʥʫʪʨʠ ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʠʭ 

ʚʣʠ̫ʥʠʷ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʘ ʙʠʦʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʝʛʦ ʩʙʦʨ ʩ ʧʦ-

ʩʣʝʜʫʶʱʝʡ ʫʪʠʣʠʟʘʮʠʝʡ. ʆʜʥʘʢʦ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʯʝ-

ʩʪʚʦʤ ʦʯʠʩʪʢʠ ʙʠʦʛʘʟʘ ʦʪ ʙʘʣʣʘʩʪʘ ʠ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʠh-

ʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʢʘʯʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʦ-

ʩʥʘʙʞʝʥʠ.̫ 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʦʧʨʦʩʘʤ ʨʘʩʩʝʠʚʘʥʠʷ 

ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ʚʙʣʠʟʠ ʟʜʘʥʠʡ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʘʭ ɻʝ-

ʥʠʭʦʚʠʯʘ ɽ.ʃ., ʊ.ɸ. ɼʘʮʶʢ, ʀ.ʉ. ʂʫʟʥʝʮʦʚʘ, ʅ.ɸ. ʃʠʪʚʠʥʦʚʦʡ, ɸ.ʄ. ʀʙʨʘʛʠʤʦ-

ʚʘ; ʵʤʠʩʩʠʠ, ʫʪʠʣʠʟʘʮʠʠ ʙʠʦʛʘʟʘ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠʤ ʘʪʤʦʩʬʝʨʳ ï ʚ ʨʘʙʦʪʘʭ ɻ.ʇ. 

ʂʦʤʠʥʦʡ, ɼ. ʂʫʧʝʨʘ, ʈ. ʈʝʠʥʭʘʨʪʘ, ʌ. ʈʘʰʘ, ɼ. ʂʝʣʣʠ, ɻ.ʄ. ɹʘʪʨʘʢʦʚʦʡ, ʊ.ʂ. 

ɹʠʯʝʣʜʝʡ, ʊ.ɹ. ɻʦʨʜʦʚʩʢʦʡ, ɸ.ʄ. ʐʘʠʤʦʚʦʡ, ɸ. ɸʣʝʢʩʘʥʜʨʘ, ʉ. ɹʨʫʢʣʠʥʘ, ʆ. 

ʊʘʙʘʩʘʨʘʥʘ, ɻ. ʈʝʪʪʝʥʙʝʨʛʝʨʛʘ, ɸ. ʉʠʥʛʣʝʪʦʥʘ, ʇ.ʇ. ʂʦʥʜʘʫʨʦʚʘ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ī ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʘ ʠ ʩʥʠʞʝʥʠ ̫ʥʝʛʘʪʠʚʥʦ-

ʛʦ ʚʣʠʷʥʠʷ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ ʥʘ ʚʦʟʜʫʰʥʳʡ ʨʝʞʠʤ ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚ ʟʦʥʝ ʠʭ ʚʣʠʷʥʠʷ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʙʠʦʛʘ-

ʟʘ ï ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʠ ʟʘʛʨʷʟʥʠʪʝʣʷ ʘʪʤʦʩʬʝʨʳ; 

2. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠ ʦʙʦʙʱʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ; 

3. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ ʥʘ ʚʦʟʜʫʰʥʳʡ ʨʝʞʠʤ ʟʜʘʥʠʡ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʠʭ ʚʣʠʷʥʠʷ; 

4. ʅʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʙʠʦʛʘʟʦʤ ʚʦʟʜʫʭʘ ʥʘ ʛʨʘʥʠʮʝ ʉɿɿ 
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ʧʦʣʠʛʦʥʦʚ ʠ ʚ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʝ; 

5. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ ʟʘʛʨʷʟʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʞʠʣʳʭ 

ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʟʦʥʝ ʚʣʠʷʥʠʷ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ; 

6. ʀʟʫʯʝʥʠʝ ʩʧʦʩʦʙʦʚ ʫʪʠʣʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʛʘʟʘ ʢʘʢ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ; 

7. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʠʷ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʙʘʣʣʘʩʪʘ ʠʟ 

ʙʠʦʛʘʟʘ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʢʘʯʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨ-

ʛʦʩʥʘʙʞʝʥʠ;̫ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʣʠʛʦʥʳ ʊɹʆ ʠ ʇʆ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚ-

ʥʳʝ ʠ ʞʠʣʳʝ ʟʜʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ʥʠʭ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʊɹʆ ʠ ʇʆ, ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʙʠʦʛʘʟʘ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʊɹʆ ʠ ʇʆ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʤʠʩʩʠʠ ʙʠʦʛʘʟʘ, ʛʘʟʦʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʜʨʝʥʘʞʥʳʭ ʩʢʚʘʞʠʥ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ 

ʇʆ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʛʘʟʘ ʢʘʢ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʠ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. 

2. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʸʪʘ ʵʤʠʩʩʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ ʩ 

ʫʯʘʩʪʢʘ ʧʦʣʠʛʦʥʘ ʊɹʆ ʠ ʇʆ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʦʣʠʛʦʥʳ ʊɹʆ ʠ ʇʆ ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʳʝ ʦʙʲʸʤʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʙʠʦʛʘʟʦʤ ʚʦʟʜʫʭʘ ʚ ʟʘʩʪʨʦʡʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ 

ʇʆ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʩʪʘʥʦʚʠʪʴ ʇɼɺ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠ ʙʝʟʦʧʘʩʥʫʶ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ. 

4. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʙʠʦʛʘʟʦʤ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʭ ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʧʦʣʠ-

ʛʦʥʦʚ ʊɹʆ ʠ ʇʆ. 

5. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʩʠʩʪʝʤʘ ʩʙʦʨʘ, ʦʯʠʩʪʢʠ ʦʪ ʙʘʣʣʘʩʪʘ ʠ ʫʪʠʣʠʟʘʮʠʠ 

ʙʠʦʛʘʟʘ ʧʫʪʸʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʝʧʘʨʘʮʠʠ, ʨʝʘ-

ʛʝʥʪʦʚ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ, ʦʢʩʠʜʘ ʞʝʣʝʟʘ (III) ʠ ʮʝʦʣʠʪʦʚ ʩ ʮʝʣʴʶ ʧʦʚʳ ʝhʥʠʷ 

ʝʛʦ ʢʘʯʝʩʪʚʘ ʢʘʢ ʵʥʝʨʛʦʨʝʩʫʨʩʘ ʠ ʩʥʠʞʝʥʠʷ ʝʛʦ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ: 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʪʝʧ-

ʣʦʚʠʟʠʦʥʥʘ ̫ʩʲʸʤʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʘʩʧʦʨʪʘ ʥʘʫʯʥʦʡ ʩʧʝ-

ʮʠʘʣʴʥʦʩʪʠ ɺɸʂ: 05.23.03 ï ʊʝʧʣʦʩʥʘʙʞʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʚʦʟʜʫʭʘ, ʛʘʟʦʩʥʘʙʞʝʥʠʝ ʠ ʦʩʚʝʱʝʥʠʝ, ʘ ʠʤʝʥʥʦ: ʧ. 1 çʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʦʧ-

ʪʠʤʠʟʘʮʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʪʝʧʣʦʛʘʟʦʩʥʘʙʞʝʥʠʷ, ʦʪʦʧʣʝʥʠʷ, 

ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʤʝʪʦʜʦʚ ʠʭ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠè, ʧ. 5 çʊʝʧʣʦʚʦʡ, ʚʦʟʜʫʰʥʳʡ 

ʠ ʚʣʘʞʥʦʩʪʥʳʡ ʨʝʞʠʤʳ ʟʜʘʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥ ʚ 
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ʦʛʨʘʞʜʝʥʠʷʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʟʜʘʥʠʷʭè ʠ ʧʘʩ-

ʧʦʨʪʘ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 03.02.08 ï ʕʢʦʣʦʛʠʷ (ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ɾʂʍ), ʘ 

ʠʤʝʥʥʦ ʧ. 2.3. çʇʨʠʢʣʘʜʥʘʷ ʵʢʦʣʦʛʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʭʨʘʥʫ ʞʠʚʦʡ ʧʨʠʨʦʜʳ, ʢʘʢ ʥʘ ʚʠʜʦʚʦʤ, ʪʘʢ ʠ ʵʢʦʩʠ-

ʩʪʝʤʥʦʤ ʫʨʦʚʥʝ; ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʦʚ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ 

(ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʫʨʙʦʩʠʩʪʝʤʳ, ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ, ʦʙʲʝʢʪʳ ʘʢʚʘʢʫʣʴʪʫʨʳ, 

ɾʂʍ ʠ ʪ.ʧ.) ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʘʥ-

ʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʥʦʨʤ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ, ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ɾʂʍ ʥʘ ʞʠʚʫʶ ʧʨʠʨʦʜʫè. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨ-

ʞʜʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʚʝʨʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʫʨʘʚʥʝ-

ʥʠʡ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʠ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʜʠʬʬʫʟʠʠ, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ, ʩʭʦʜʠʤʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʠ ʥʘʪʫʨʥʳʭ ʟʘʤʝʨʦʚ 

ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ, ʚʥʝʜʨʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʠ ʨʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦ-

ʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʤʠʩʩʠʠ ʙʠʦʛʘʟʘ ʩ ʫʯʸʪʦʤ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʠʛʦʥʘ ʊɹʆ ʠ ʇʆ, ʛʘʟʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʠʛʦ-

ʥʘ ʊɹʆ ʠ ʇʆ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʜʨʝʥʘʞʥʳʭ ʩʢʚʘʞʠʥ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʚʣʠʷ-

ʥʠʷ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʟɹʦʚʘʥʠʝ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʜʨʝʥʘʞʥʳʭ ʩʢʚʘʞʠʥ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠ-

ʤʦʛʦ ʚʳʙʨʦʩʘ (ʇɼɺ) ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ, ʨʘʟʤʝʨʦʚ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʳʭ ʟʦʥ 

(ʉɿɿ) ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ, 

ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʙʠʦʛʘʟʘ. 

ʇʨʝʜʣʦʞʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʙʠʦʛʘʟʘ, ʧʦʚʳʰʘʶʱʘʷ ʝʛʦ ʢʘʯʝ-

ʩʪʚʦ ʢʘʢ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʜʦ ʫʨʦʚʥʷ, ʙʣʠʟʢʦʛʦ ʢ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʚʥʝʜʨʝʥʳ: 

- ʚ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʆʆ çʊʵʩʣʘè ʚ 2012 ʛ. ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʵʥʝʨʛʦʧʘʩʧʦʨʪʦʚ, ʧʨʦʛʨʘʤʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʚʠʜʝ ʤʝʪʦʜʠʢ ʨʘʩʯʸʪʘ, ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʙʠʦʛʘʟʘ 

ʠ ʦʮʝʥʢʠ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʚʦʟ-

ʜʫʭʘ; 

- ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʙʘʢʘʣʘʚʨʦʚ) ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çɹʝʟʦʧʘʩ-

ʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʪʝʭʥʦʩʬʝʨʝè, ʚ ʣʝʢʮʠʦʥʥʦʤ ʢʫʨʩʝ ʜʠʩʮʠʧʣʠʥʳ 

ʉɼ.10 çʉʠʩʪʝʤʳ ʟʘʱʠʪʳ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷè. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ: ʥʘ 64-ʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ, ʧʦʩʚʷ-

ʱʝʥʥʦʡ 300-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘè (ʌɻɹʆʋ ɺʇʆ çʉʇɹɻɸʉʋè, ʉʇʙ, 2011); 75-ʦʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʘʚ-

ʪʦʤʦʙʠʣʝʡ. ʈʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚ-

ʢʘʤʠè (ʆɸʆ çɸʚʪʦʚʘʟè, ʊʦʣʴʷʪʪʠ, 2011); XXXX  ʖʙʠʣʝʡʥʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 
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ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʝʜʝʣʷ ʥʘʫʢʠ ʉʇɹɻʇʋè (ʌɻɹʆʋ ɺʇʆ 

çʉʇɹɻʇʋè, ʉʇʙ, 2011); I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ: ʧʨʦʙʣʝʤʳ, ʩʦʩʪʦʷʥʠʝ, ʧʝʨʩʧʝʢʪʠʚʳè (ʈʀʀ 

(ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʇʆ çɸʣɻʊʋè, ʈʫʙʮʦʚʩʢ, 2011); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥ-

ʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʜʦʢʪʦʨʘʥʪʦʚ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦ-

ʙʣʝʤʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳè (ʌɻɹʆʋ ɺʇʆ çʉʇɹɻɸʉʋè, ʉʇʙ, 2012); 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʛʨʝʩʩʝ çʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ-

2012è, ʧʦʩʚʷɦ ʸʥʥʦʤ 180-ʣʝʪʠʶ ʉʇɹɻɸʉʋ (ʌɻɹʆʋ ɺʇʆ çʉʇɹɻɸʉʋè, ʉʇʙ, 

2012). ʅʘʫʯʥʳʝ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʫʨʘʚʥʝʥʠʷ ʵʤʠʩʩʠʠ ʠ ʦʯʠʩʪʢʝ ʙʠʦʛʘʟʘ ʧʦ-

ʜʘʚʘʣʠʩʴ ʠ ʟʘʥʷʣʠ 2-ʝ ʤʝʩʪʦ ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʢʦʥʢʫʨʩʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʚ 

ʨʘʤʢʘʭ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʬʝʩʪʠʚʘʣʷ ʥʘʫʢʠ ʚ 2011 ʛ. 

ʇʫʙʣʠʢʘʮʠʠ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 14 ʧʝʯʘʪʥʳʭ ʨʘʙʦ-

ʪʘʭ, ʦʙʱʠʤ ʦʙʲʝʤʦʤ 7,95 ʧ.ʣ., ʣʠʯʥʦ ʘʚʪʦʨʦʤ ï 7,05 ʧ.ʣ., ʚ ʪ.ʯ. 3 ʨʘʙʦʪʳ ʦʧʫʙ-

ʣʠʢʦʚʘʥʳ ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʦʚ, ʫʪʚʝʨʞʜʝʥʥʳʡ ɺɸʂ ʈʌ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ ʩ 

ʚʳʚʦʜʘʤʠ ʧʦ ʢʘʞʜʦʡ ʠʟ ʥʠʭ, ʦʙʱʠʭ ʚʳʚʦʜʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦ-

ʜʝʨʞʠʪ 141 ʩʪʨʘʥʠʮʫ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 24 ʪʘʙʣʠʮʳ, 31 ʨʠʩʫʥʦʢ, 94 ʬʦʨ-

ʤʫʣʳ, 6 ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 102 ʥʘʠʤʝʥʦʚʘ-

ʥʠʷ ʨʘʙʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʜ.ʪ.ʥ., ʧʨʦʬ. ʊ.ɸ. ɼʘʮʶʢ, ʖ.ʇ. ʀʚʣʝʚʫ, ʜ.ʪ.ʥ., 

ʧʨʦʬ. ɺ.ʃ. ɻʦʨʦʭʦʚʫ, ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ʃ.ɸ. ʊʦʣʦʢʦʥʥʠʢʦʚʫ, ʟʘ ʟʘʤʝʯʘʥʠʷ ʠ ʨʝ-

ʢʦʤʝʥʜʘʮʠʠ, ʘ ʪʘʢʞʝ ʀ.ʄ. ɹʝʣʴʩʢʦʤʫ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʠ ʧʦʤʦʱʴ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺʦ ʚʚʝʜʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦ-

ʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ, ʥʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝ-

ʩʢʘʷ ʟʥʘʯʠʤʦʩʪʠ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʨʘʩʯʸʪʘ ʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʤʠʩʩʠʠ ʠ ʨʘʩʩʝʠʚʘʥʠʷ ʙʠʦʛʘʟʘ, 

ʩʠʩʪʝʤ ʩʙʦʨʘ, ʦʯʠʩʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʙʠʦʛʘʟʘ, ʚʣʠʷʥʠʷ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ ʥʘ 

ʚʦʟʜʫʰʥʳʡ ʨʝʞʠʤ ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʥʠʭ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʝʜʣʦʞʝʥʳ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠ çLandGEMè ʩ ʫʯʪ̧ʦʤ ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢ ʨʘʩʯʪ̧ʘ ʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥ ʫʯ̧ʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ 

ʇʆ ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʳʭ ʦʙʲʤ̧ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʘ ʧʨʠʤʝʩʠ ʚ ʚʦʟʜʫʰʥʫʶ 

ʩʨʝʜʫ, ʧʨʝʜʣʦʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʮʝʥʢʠ ʛʘʟʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ ʚ ʵʢʚʠʚʘʣʝʥʪʝ ʪʳʩ. ʤ
3
 ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʧʨʝʜʣʦʞʝʥʳ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʪ̧ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʜʨʝʥʘʞʥʳʭ ʩʢʚʘʞʠʥ. 

ɺ ʪʨʝʪʝʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʙʠʦʛʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ, ʟʘʛʨʷʟʥʝʥʠʷ ʙʠʦʛʘʟʦʤ ʚʦʟʜʫʭʘ 

ʚʙʣʠʟʠ ʠ ʚʥʫʪʨʠ ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʨʘʟʨʘʙʦʪʘʥ,r ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʩʨʝʜʝ çComsol 

Multiphysicsè ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ ʟʘʛʨʷʟʥʝʥʠʷ ʙʠʦʛʘʟʦʤ ʚʦʟ-



7 

 

ʜʫʭʘ ʚʙʣʠʟʠ ʠ ʚʥʫʪʨʠ ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʜʣʷ ʨʘʩʯʸʪʘ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʥʝʝ 500 ʤ ʦʪ ʧʦʣʠʛʦʥʦʚ ʜʘʸʪ ʨʝʟʫʣʴʪʘʪʳ ʙʦʣʝʝ ʙʣʠʟ-

ʢʠʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ, ʯʝʤ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦ ʆʅɼ-86. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʚʳʧʦʣʥʝʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩʙʦʨʘ, ʦʯʠʩʪʢʠ ʠ 

ʫʪʠʣʠʟʘʮʠʠ ʙʠʦʛʘʟʘ ʧʫʪʸʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʝ-

ʧʘʨʘʮʠʠ, ʨʝʘʛʝʥʪʦʚ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ, ʦʢʩʠʜʘ ʞʝʣʝʟʘ (III) ʠ ʮʝʦʣʠʪʦʚ ʜʣʷ ʧʦ-

ʚʳʰʝʥʠʷ ʝʛʦ ʢʘʯʝʩʪʚʘ ʢʘʢ ʵʥʝʨʛʦʨʝʩʫʨʩʘ ʠ ʩʥʠʞʝʥʠʷ ʝʛʦ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. 
 

II. ʆʉʅʆɺʅʓɽ ʇʆʃʆɾɽʅʀʗ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ɼʀʉʉɽʈʊɸʎʀʀ, ɺʓʅʆʉʀʄʓɽ ʅɸ ɿɸʑʀʊʋ 

 

1. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʤʠʩʩʠʠ ʙʠʦʛʘʟʘ, ʛʘʟʦʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʜʨʝʥʘʞʥʳʭ ʩʢʚʘʞʠʥ ʧʦʣʠʛʦ-

ʥʦʚ ʊɹʆ ʠ ʇʆ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʛʘʟʘ ʢʘʢ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠ-

ʢʘ ʵʥʝʨʛʠʠ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨ.r 

ɼʣʷ ʨʘʩʯʸʪʘ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʛʘʟʘ, ʚʳʙʨʘʩʳʚʘʝʤʦʛʦ ʧʦʣʠʛʦʥʦʤ ʊɹʆ ʠ ʇʆ, ʥʘ 

ʙʘʟʝ ʤʦʜʝʣʠ çLandGEMè (EPA, 2005) ʘʚʪʦʨʦʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʩʣʝʜʫʶʱʝʝ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ: 

;
-1

ɝ1,0
1

1

1,0

-

-
ʢʦʤʧ

n

i j

kt

ikT
w

l
ijeM

e

Qʩ
km                           (1) 

ʛʜʝ ml ï ʵʤʠʩʩʠʷ l-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʛʘʟʘ, ʪ/ʛʦʜ; ɝ ï ʜʦʣ̫ ʫʪʠʣʠʟʘʮʠʠ ʙʠʦʛʘʟʘ, 

ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʢʦʪʦʨʦʡ 1ɝ , ʧʨʠ ʝʸ ʥʘʣʠʯʠʠ 0ɝ ; ʩʢʦʤʧ ï ʤʘʩʩʦʚʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʙʠʦʛʘʟʝ ʧʨʠ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʠ; Mi ï ʤʘʩʩʘ ʦʪʭʦʜʦʚ, ʪ; 

tij ï ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʠʛʦʥʘ, ʣʝʪ; i ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʛʦʜʘ; j ï ʥʦʤʝʨ ʘh-

ʛʘ ʧʦ ʚʨʝʤʝʥʠ (ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʠʛʦʥʘ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʛʦʜʘ ʟʘʤʝʥʷʝʪ-

ʩ ̫ʜʠʩʢʨʝʪʥʳʤ ʘʥʘʣʦʛʦʤ ʩ ʰʘʛʦʤ 0,1 ʛʦʜʘ); n ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʰʝʜʰʠʭ 

ʣʝʪ; k ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʦʪʭʦʜʦʚ, ʛʦʜ
-1
; ʜʣʷ ʚʣʘʞʥʦʡ ʩʨʝʜʳ k 

= 0,7; ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʡ k = 0,04-0,05; ʜʣʷ ʩʫʭʦʡ k = 0,02 (EPA, 2005); Qw ï ʫʜʝʣʴ-

ʥʳʡ ʚʳʭʦʜ ʙʠʦʛʘʟʘ ʧʦ ʤʘʩʩʝ ʟʘ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʛʝʥʝʨʘʮʠʠ 

ʧʨʠ ʤʝʪʘʥʦʚʦʤ ʙʨʦʞʝʥʠʠ ʚʣʘʞʥʳʭ ʦʪʭʦʜʦʚ; T ï ʧʝʨʠʦʜ ʧʦʣʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ 

ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʶʱʝʡʩʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʪʭʦʜʦʚ, ʣʝʪ. ɿʥʘʯʝʥʠʷ Qw, ʊ ʦʧʨʝ-
ʜʝʣʷʶʪʩʷ ʥʘ ʦʧʳʪʝ ʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ ʆɸʆ çɸʂʍ ʠʤ. ʂ.ɼ. ʇʘʤʬʠʣʦʚʘè (2004). 

ɼʣʷ ʤʝʪʘʥʘ ʫʨʘʚʥʝʥʠʝ (1) ʙʳʣʦ ʜʦʧʦʣʥʝʥʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʟ ʤʝʪʦʜʠʢʠ 

MUFG (2008), ʫʯʠʪʳʚʘʶʱʠʤʠ ʫʩʣʦʚʠʷ ʧʨʦʪʝʢʘʥʠʷ ʘʵʨʦʙʥʳʭ ʠ ʘʥʘʵʨʦʙʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʪʝʣʝ ʧʦʣʠʛʦʥʘ ʊɹʆ ʠ ʇʆ: 

;
-1

-1
ɝ1,0

1

1

1,0

-
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e
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Qkfcm                       (2) 

ʛʜʝ 
4CHʩ  ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʤʝʪʘʥʘ ʚ ʙʠʦʛʘʟʝ; f ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʧʦʣʠʛʦʥʘ: ʚ ʧʦʣʫʘʥʘʵʨʦʙʥʳʭ ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʧʦʣʠʛʦʥʘʭ, ʠʤʝʶʱʠʭ 
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ʧʨʦʥʠʮʘʝʤʳʡ ʧʦʢʨʳʚʘʶʱʠʡ ʩʣʦʡ, ʩʠʩʪʝʤʫ ʜʨʝʥ, ʜʝʛʘʟʘʮʠʶ f = 0,5; ʜʣʷ ʥʝʩʘʥʢ-

ʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ ʩ ʛʣʫʙʠʥʦʡ ʦʪ 5 ʤ ʠ/ʠʣʠ ʚʙʣʠʟʠ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ, ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʦʪʭʦʜʦʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ f = 0,8; ʜʣʷ ʩʚʘʣʦʢ ʩ ʛʣʫʙʠʥʦʡ ʜʦ 5 

ʤ f = 0,4; ʆʍ ï ʢʦʬɻʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʣʦʷ ʠʟʦʣʷʮʠʠ: ʜʣ̫ ʫʧʨʘʚʣʷʝʤʳʭ 

ʧʦʣʠʛʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʫʥʪʘ ʆʍ = 0,1; ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʆʍ = 0 (MUFG, 

2008). 

ɻʘʟʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʦʣʠʛʦʥʘ ʊɹʆ ʠ ʇʆ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʝʣʠ-

ʯʠʥʦʡ Vʧʨʠʨ.ʛʘʟʘ, ʪʳʩ.ʤ
3
, ʧʦʢʘʟʳʚʘʶʱʝʡ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʤʦʞ-

ʥʦ ʩʙʝʨʝʯʴ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʛʘʟʦʩʥʘʙʞʝʥʠʷ ʚʝʩʴ ʚʳʜʝʣʠʚʰʠʡʩʷ ʤʝʪʘʥ. ɺʝʣʠʯʠʥʫ 

Vʧʨʠʨ.ʛʘʟʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʘʢ: 

;/ɢ ʧʨʠʨ.ʛʘʟʘʩʞ.ʛʘʟʘʧʨʠʨ.ʛʘʟʘ4
kkmV ʉʅ                                 (3) 

ʛʜʝ ɢ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʫʪʝʯʢʠ ʧʨʠ ʜʦʙʳʯʝ ʠ ʧʦʩʪʘʚʢʝ ʛʘʟʘ (ʚ ʈʌ, 

ʩʪʨʘʥʘʭ ɽʚʨʦʩʦʶʟʘ ɢ = 0,99); kʩʞ.ʛʘʟʘ = 1,57 ʠ kʧʨʠʨ.ʛʘʟʘ = 1,154 ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʝʨʝʚʦʜʘ ʚ ʪʦʥʥʳ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ (ʪ ʫ.ʪ.) ʜʣʷ ʩʞʠʞʝʥʥʦʛʦ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ.
 

ʅʝʢʦʪʦʨʳʝ ʧʦʣʠʛʦʥʳ ʦʩʥʘʱʝʥʳ ʛʘʟʦʜʨʝʥʘʞʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ. ʉʢʚʘʞʠʥʳ 

ʧʦʟʚʦʣʷʶʪ ʚʳʨʦʚʥʷʪʴ ʥʘʨʫʞʥʦʝ ʠ ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ, ʚʳʧʦʣʥʠʪʴ ʩʙʦʨ ʠ ʪʦ-

ʯʝʯʥʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʚʳʙʨʦʩ ʙʠʦʛʘʟʘ. ʉʯʠʪʘʷ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ-

ʣʠʛʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ, ʧʨʦʠʟʚʝʜʝʥʠʝ ʧʣʦʱʘʜʠ ʩʝ-

ʯʝʥʠʷ Sʩʢʚ, ʤ
2
, ʠ ʯʠʩʣʘ ʩʢʚʘʞʠʥ nʩʢʚ ʤʦʞʥʦ ʥʘʡʪʠ ʢʘʢ: 

);( ʙʠʦʛʘʟʘʘʪʤʪʸʧʣ

1

ʙʠʦʛʘʟʘʧʝʨʝʚʩʢʚʩʢʚ ʨTRʪʊkSʧ
N

l

ll                   (4) 

ʛʜʝ kʧʝʨʝʚ = 11574,07 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʚʦʜʘ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʪ/ʛʦʜ ʚ ʤʛ/ʩ.; 

ʨʘʪʤ ï ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʇʘ; ʙʠʦʛʘʟʘ= 0,1 ʤ/ʩ. ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʙʠʦʛʘʟʘ ʚ ʩʢʚʘʞʠʥʘʭ; Rl ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ l-ʛʦ ʢʦʤʧʦ-

ʥʝʥʪʘ, ɼʞ/(ʢʛʂʤʦʣʴ); N ï ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ, ʧʦ ʢʦʪʦʨʳʤ ʚʝʜʸʪ-

ʩʷ ʨʘʩʯʸʪ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʙʠʦʛʘʟʘ, ʂ; ʊʪʸʧʣ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʸʧʣʦʛʦ ʧʝʨʠʦʜʘ ʛʦ-

ʜʘ, ʜʥʝʡ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚʳʰʝ 0ÁC. 

ʋʜʝʣʴʥʘʷ ʤʘʩʩʘ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʛʘʟʘ mlʩʢʚ, ʤʛ/ʩ., ʚʜrʝʣʷʝʤʘʷ ʠʟ ʢʘʞʜʦʡ 

ʩʢʚʘʞʠʥʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

).(
1

ʙʠʦʛʘʟʘʪʸʧʣʩʢʚʙʠʦʛʘʟʘʘʪʤʧʝʨʝʚʩʢʚ

N

l

llll RʪʊʊSʨmkm              (5) 

2. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʸʪʘ ʵʤʠʩʩʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ ʩ 

ʫʯʘʩʪʢʘ ʧʦʣʠʛʦʥʘ ʊɹʆ ʠ ʇʆ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʜ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʦʣʠʛʦʥʳ ʊɹʆ ʠ ʇʆ ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʳʝ ʦʙʲʸʤʥʳʝ ʠʩ-

ʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʥʘ ʧʦʣʠʛʦʥʝ ʛʘʟʦʜʨʝʥʘʞʥʳʭ ʩʢʚʘʞʠʥ ʫʯʸʪ ʵʤʠʩʩʠʠ ʙʠʦʛʘʟʘ 

ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (5). ʇʨʠ ʠʭ ʦʪʩʫʪʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʵʤʠʩʩʠʠ ʧʦ ʚʳʩʦʪʝ ʠ ʧʣʦʱʘʜʠ ʧʦʣʠʛʦʥʘ. ʇʦʣʠʛʦʥʳ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʨʘʩʯʸʪʥʫʶ ʩʭʝʤʫ çʋʩʝʯʸʥʥʘʷ ʧʠʨʘʤʠʜʘè, ʢʦʪʦʨʘʷ ʨʘʟʙʠʚʘ-

ʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʭr ʫʯʘʩʪʢʦʚ, ʠ ʟʘʜʘʝʪʩʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 
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ʭʫz ʩ ʥʘʯʘʣʦʤ ʧʦʩʝʨʝʜʠʥʝ ʦʩʥʦʚʘʥʠʷ ʧʦʣʠʛʦʥʘ (ʨʠʩ. 1). ɽʩʣʠ ʧʦʣʠʛʦʥ ʨʘʟʙʠʪ ʥʘ 

ʛʨʫʧʧʫ ʫʯʘʩʪʢʦʚ (ʢʘʨʪ) ʟʘʭʦʨʦʥʝʥʠʷ, ʥʘʯʘʪʳʭ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ, ʪʦ 

ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʧʦ ʜʘʥʥʦʡ ʩʭʝʤʝ ʨʘʟʙʠʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʟʙʠʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʛʦʥʘ ʊɹʆ ʠ ʇʆ ʥʘ ʛʨʫʧʧʫ ʫʯʘʩʪʢʦʚ  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʫʜʝʣʴʥʦʡ ʵʤʠʩʩʠʠ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʛʘʟʘ ʥʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘ-

ʣʦʤ ʫʯʘʩʪʢʝ ʧʦʣʠʛʦʥʦʚ mlʫʯ, ʤʛ/(ʤ
2
ʩʝʢ), ʩʯʠʪʘʷ, ʯʪʦ ʚ ʪʝʣʝ ʧʦʣʠʛʦʥʘ ʧʨʦʠʩʭʦʜʠʪ 

ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʩʨʝʜʳ, ʙʳʣʦ ʚʳʚʝʜʝʥʦ ʧʨʠʙʣʠʞʸʥʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

)/( ʧʦʣʪʸʧʣʧʝʨʝʚʫʯ VʊZmkm ll ;                                 (6) 

ʛʜʝ Z ï ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʦʪʭʦʜʦʚ (ʚʳʩʦʪʘ ʧʦʣʠʛʦʥʘ), ʤ; Vʧʦʣ ï ʦʙʲʸʤ, ʟʘʥʠʤʘʝ-

ʤʳʡ ʧʦʣʠʛʦʥʦʤ, ʤ
3
. 

ʇʨʠ ʥʘʣʠʯʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʛʦʥʘ ʛʨʫʥʪʦʚʦʡ ʠʟʦʣʷʮʠʦʥʥʦʡ ʟʘʩʳʧʢʠ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʛʘʟʦʜʨʝʥʘʞʥʳʭ ʩʢʚʘʞʠʥ ʫʯʸʪ ʵʤʠʩʩʠʠ ʧʨʦʠʟʚʦʜʠʪ-

ʩʷ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ: 

)ɔ(ʧʦʣʪʸʧʣ

ʢʦʤʧʧʝʨʝʚʧʦʣʢʦʤʧʦʪʭʪʸʧʣ

ʚʦʟʜʧʦʚ,
hDVʊ

ZhmkVcDnʊ
c ;                    (7) 

ʛʜʝ D ï ʜʠʬʬʫʟʠʚʥʦʩʪʴ ʛʨʫʥʪʦʚʦʡ ʟʘʩʳʧʢʠ (ʠʟʦʣʠʨʫʶʱʝʡ ʩʥʘʨʫʞʠ ʦʪʭʦʜʳ), 

ʤ
2
/ʩ; h ï ʪʦʣʱʠʥʘ ʛʨʫʥʪʦʚʦʡ ʟʘʩʳʧʢʠ, ʤ; nʦʪʭ = 0,33 ï ʧʦʨʠʩʪʦʩʪʴ ʦʪʭʦʜʦʚ; 

ɔ=0,001-0,0015 ʤ/ʩ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʩʘʯʠʚʘʥʠʷ; ʩlʧʦʚ ï ʢʦʥʮʝʥʪʨʘʮʠʷ l-ʛʦ ʢʦʤ-

ʧʦʥʝʥʪʘ ʙʠʦʛʘʟʘ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʟʘʩʳʧʢʠ ʩʦ ʩʪʦʨʦʥʳ ʚʦʟʜʫʭʘ, ʤʛ/ʤ
3
. 

ʉ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʩʲʸʤʢʠ ʨʷʜʘ ʧʦʣʠʛʦʥʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚʳʙʨʦʩ ʙʠʦʛʘʟʘ ʷʚʣʷʝʪʩʷ çʭʦʣʦʜʥʳʤè, ʯʪʦ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʢʘʢ: 

;ʙʠʦʛʘʟʘʬ ʊʊ                                                   (8) 

ʛʜʝ ʊʙʠʦʛʘʟʘ ʠ ʊʬ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʙʠʦʛʘʟʘ ʠ ʬʦʥʦʚʘʷ, ʂ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʠʙʣʠʞʝʥʠʠ (8) ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ ʪʝʤ-

ʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ ʧʨʠ ʨʘʩʩʝʠʚʘʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʩʙʦʨʝ ʙʠʦʛʘʟʘ. 

 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʟʘʛʨʷʟʥʝ-

ʥʠʷ ʙʠʦʛʘʟʦʤ ʚʦʟʜʫʭʘ ʚ ʟʘʩʪʨʦʡʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʧʦʣʠʛʦ-

ʥʦʚ ʊɹʆ ʠ ʇʆ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʩʪʘʥʦʚʠʪʴ ʇɼɺ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ, ʦʙʝʩ-

ʧʝʯʠʚʘʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʫʶ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ. 

ʈʘʩʯʸʪ ʨʘʩʩʝʠʚʘʥʠʷ ʧʘʩʩʠʚʥʦʡ ʧʨʠʤʝʩʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ c, ʤʛ/ʤ3
, ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ (ɼʋ) ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ: 

;);(
)(

)( trI
z

cw
ckVc

t

c s
xyz

C
CC

                    (9) 

ʛʜʝ t ï ʚʨʝʤʷ (ʬʠʢʪʠʚʥʦʝ), ʩ.; ) ; ;( wvuVV  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫ-



10 

 

ʭʘ, ʤ/ʩ; );( trI
C

 ï ʬʫʥʢʮʠʷ ʵʤʠʩʩʠʠ, ʤʛ/(ʤ
2
Āʩ.); };;{diag zyxxyz kkkk ï ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ, ʤ
2
/ʩ.; sw
C

 ï ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ ʧʨʠʤʝʩʠ, ʤ/ʩ. 

ʅʘ ʚʭʦʜʥʦʡ ʛʨʘʥʠʮʝ ʥʘʨʫʞʥʦʡ ʧʦʜʦʙʣʘʩʪʠ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʟʘʜʘʸʪ-

ʩʷ ʫʨʘʚʥʝʥʠʝʤ ʂʘʨʤʘʥʘ: 

0

ɠ/sinŬ]/)/-ln[(

ɠ/ʩosŬ]/)/-ln[(

00ʩʨ
*

00ʩʨ
*

w

zCzHzuv

zCzHzuʠ

;                    (10) 

ʛʜʝ u* ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ; ʅʩʨ ï ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʚʝʪʨʦʚʳʭ ʧʨʝ-

ʛʨʘʜ, ʤ; z0 ï ʧʘʨʘʤʝʪʨ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʤ; 0,4ɠ ï ʢʦʵʬʬʠʮʠʝʥʪ ʂʘʨʤʘʥʘ; ʉ ï 

ʢʦɻ ʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʤ; Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʪʨʘ ʥʘ ʚʭʦʜʥʦʡ 

ʚ ʨʘʩʯʸʪʥʫʶ ʦʙʣʘʩʪʴ ʛʨʘʥʠʮʝ ʠ ʦʩʴʶ ʭ, ʨʘʜ. 

ʊ.ʢ. ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʜʦʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʪʦ ʝʛʦ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʦʧʠʩʘʪʴ ʩʠʩʪʝʤʦʡ ɼʋ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩʩʠʥʝʩʢʘ: 

0

]1)-(ɓ[ɟ]-)([ɖ)(ɟɟ 0000

V

TTgʨVVVV
t

V
T

ʊ C

; (11) 

ʛʜʝ 0 ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʢʛ/ʤ
3
, ʧʨʠ ʥʝʢʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ0, ʂ; 

)(ɖɖ T  ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ, ʇʘʩ; ɓT ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝ-

ʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʜʫʭʘ, ʂ
-1
; 81,9g
C

ʤ/ʩ
2
 ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʙʣʠʞʝʥʠʝ ɹʫʩʩʠʥʝʩʢʘ ʧʨʠʤʝʥʠʤʦ, ʪ.ʢ. ʦʪʥʦʰʝʥʠʝ 

ʯʠʩʣʘ ʈʵʣʝʷ Ra ʢ ʧʘʨʘʤʝʪʨʫ ɹʫʩʩʠʥʝʩʢʘ )(ɓ 0 TTT ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʟʘʜʘʯ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ (ɺ.ɺ. ʇʫʭʥʘʯʝʚ, 1994): 

;11015,5]ɖ/[ɟ])(Ra/[ɓ 123
00 gLTTT                   (12) 

ʛʜʝ L ï ʭʘʨʘʢʪʝʨʥʳʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ, ʤ; X ï ʪʝʤʧʝʨʘʪʫʨʦ-

ʧʨʦʚʦʜʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ, ʤĮ/ʩ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʠʥʷʪʘ ʩʪʘʮʠʦʥʘʨʥʦʡ, ʝʸ ʨʝʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʫʩʪʘʥʦʚʣʝʥʠʷ. 

ʊʫʨʙʫʣʝʥʪʥʘʷ ʚʷʟʢʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʜʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʉʤʘ-

ʛʦʨʠʥʩʢʦʛʦ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʙʦʣʴʰʠʭ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ: 

;
/

/
22

ʙʘʟ

2
ʙʘʟ

zkk

ykxkk

z

yx
                                    (13) 

ʛʜʝ  ï ʧʦʜʩʝʪʦʯʥʳʡ ʤʘʩʰʪʘʙ, ʤ; kʙʘʟ ï ʙʘʟʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʡ 

ʚʷʟʢʦʩʪʠ, ʤ
2
/ʩ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 
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1,

1 ,2/-1Ů

ʬ

2
ʬ

ʙʘʟ
Rik

RiRiDefk
k ;                         (14) 

ʄʘʩʰʪʘʙ  ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʷʯʝʝʢ ʨʘʟʤʝʨʘʤʠ x, y, z ʧʨʠ ʫʤʝʨʝʥʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʩʝʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

;ȹ 3 zyx                                                (15) 

ʧʨʠ ʩʠʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʩʝʪʢʠ: 

}.;;max{ȹ zyx                                          (16) 

ʛʜʝ kʬ = 1-15 ʤ
2
/ʩ ï ʬʦʥʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ; Ů = 0,1-0,4 ï 

ʢʦʥʩʪʘʥʪʘ ʉʤʘʛʦʨʠʥʩʢʦʛʦ; Def ï ʬʫʥʢʮʠʷ ʜʠʩʩʠʧʘʮʠʠ ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ: 

222222

2

1

x

w

z

u

z

v

y

w

y

u

x

v

z

w

y

v

x

u
Def ; (17) 

Ri ï ʣʦʢʘʣʴʥʦʝ ʯʠʩʣʦ ʈʠʯʘʨʜʩʦʥʘ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʫʨʘʚʥʝʥʠʝʤ: 

;][/]ɔ-)(ɔ[ 2
ʘʬ

ʬ

Defz
T

ʊ

z
gRi                            (18) 

ʛʜʝ dzdTz /)(ɔ ʬʬ  ï ʛʨʘʜʠʝʥʪ ʬʦʥʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, Ü/ʤ; a = 0,01 Ü/ʤ ï ʘʜʠʘ-

ʙʘʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ. 

ʊ.ʢ. ʊ å ʊʬ, ʪʦ 0/)0-01,01(81,9 2Def
z

Ri . 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʠʟʚʝʜʝʥʘ ʚ Comsol Multiphysics, ʨʝʘ-

ʣʠʟʫʶʱʝʛʦ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɸʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʷʟʳʢʝ 

Matlab/Comsol ScriptÊ ʙʳʣ ʥʘʧʠʩʘʥ ʩʢʨʠʧʪ, ʷʚʣʷʶʱʠʡʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʧʨʦ-

ʛʨʘʤʤʥʦʤʫ ʤʦʜʫʣʶ. ʉʢʨʠʧʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʩʯʸʪʦʚ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʉʤʘʛʦʨʠʥʩʢʦʛʦ ʠ ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʸʪʘ ʤʘʩʰʪʘʙʘ ʷʯʝʡʢʠ ʚ ʩʢʨʠʧʪʝ ʧʦʜʢʦʨʝʥʥʦʝ ʧʨʦʠʟʚʝ-

ʜʝʥʠʝ ʭʫz ʚ ʦʧʨʝʜʝʣʝʥʠʠ (15) ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʦʙʲʸʤ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʷʯʝʡʢʠ, ʨʘʚʥʳʡ ʦʙʲʸʤʫ, ʢʦʪʦʨʳʡ ʙʳ ʟʘʥʠʤʘʣʘ ʢʫʙʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʩ ʨʝʙʨʦʤ . 

ʅʘ ʧʨʘʢʪʠʢʝ ʞʝ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ, ʘ ʪʝʪʨʘ-

ʵʜʨʠʯʝʩʢʠʭ ʷʯʝʝʢ. ʄʘʩʰʪʘʙ  ʷʯʝʡʢʠ ʚ ʬʦʨʤʝ ʧʨʘʚʠʣʴʥʦʛʦ ʪʝʪʨʘʵʜʨʘ ʦʙʲyʤʦʤ 

ɋ ʤʦʞʥʦ ʥʘʡʪʠ ʢʘʢ: 

;12/212/2ȹ 33 33 ʘʘ                           (19) 

ʛʜʝ ʘ ï ʨʘʟʤʝʨ ʨʝʙʨʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, ʤ. 

ɼʣʷ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ ʩ ʨʝʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʧʦʩʪʨʦʠʪʴ ʠʟʦʪʨʦʧʥʫʶ 

ʩʝʪʢʫ ʪʨʫʜʥʦ. ʇʦʵʪʦʤʫ ʧʦ ʘʥʘʣʦʛʠʠ ʩ (16) ʬʠʟʠʯʝʩʢʠ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦ ʦʛʨʘʥʠ-

ʯʠʪʴʩʷ ʫʯʸʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʨʝʙʨʘ ʷʯʝʡʢʠ: 

2/Ů92 2
maxʬ

3 Defʘkkʭʫz ;                                  (20) 
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ʛʜʝ ʘmʘʭ ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʨʝʙʨʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, ʤ. 

ɺʳʨʘʞʝʥʠʝ (20) ʥʘ ʧʨʠʤʝʨʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʩʝʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ-

ʢʦʝ ʦʙʦʙʱʝʥʠʝ ʩʨʘʟʫ ʜʚʫʭ ʦʧʨʝʜʝʣʝʥʠʡ ʤʘʩʰʪʘʙʘ . ʇʨʠ ʵʪʦʤ ʦʪʧʘʜʘʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʨʘʩʯʸʪʘ ʧʦʜʩʝʪʦʯʥʦʛʦ ʤʘʩʰʪʘʙʘ ʜʣʷ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʩʝʪʢʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʢʠ ʩʣʝʜʫʝʪ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʭ ʧʨʘʚʠʣ: 

1. ʊʝʤʧ ʨʦʩʪʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʩʪʝʧʝʥʴ 

ʩʛʫʱʝʥʠʷ ʩʝʪʢʠ, ʧʨʠʥʠʤʘʝʪʩʷ ʩʪʨʦʛʦ ʨʘʚʥʳʤ 1. 

2. ʄʘʢʩʠʤʘʣʴʥʳʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘmʘʭ ʟʘʜʘʸʪʩʷ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʨʘʟʤʝʨʦʚ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʫʩʪʦʡ ʩʝʪʢʠ ʩ 

ʫʤʝʨʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʦʙʨʘʥʳ ʘmʘʭ = 4 ʤ, Ů = 0,2 ʠ kʬ = 4 ʤ
2
/ʩ. ʏʪʦʙʳ ʚ ʧʨʝ-

ʜʝʣʘʭ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ kʭʫz = const ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʃʘʛʨʘʥʞʝʚʳ ʢʦʥʝʯ-

ʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ. ʊʦʛʜʘ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʨʦʠʟʚʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʢʦʨʦʩʪʠ ʠ, v ʠ w ʧʦ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ ʙʫʜʫʪ ʢʦʥʩʪʘʥ-

ʪʘʤʠ, ʪʦʛʜʘ Dʝf = const ʠ kʭʫz = const. 
ɼʣʷ ʨʘʩʯʸʪʘ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʙʣʠʟʠ ʟʜʘ-

ʥʠʡ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʉʤʘʛʦʨʠʥʩʢʦʛʦ ʥʝʧʨʠʛʦʜʥʘ. ɺʙʣʠʟʠ ʟʜʘʥʠʡ ʚʥʫʪʨʠ 

ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʩʦʟʜʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʜʦʙʣʘʩʪʠ, ʛʜʝ ʠʟʤʝʣʴʯʘʝʪʩʷ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ (ʨʠʩ. 2), ʘ ʜʣʷ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ çk- è: 

)21(;
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ʛʜʝ k ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ;  ï ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ ʪʫʨʙʫ-

ʣʝʥʪʥʦʩʪʠ; C  = 0,09; CŮ1 = 1,44; CŮ1 = 1,92; k = 1;  = 1,3; gF
CC

0-ɟ . 

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʸʪʥʦʡ ʧʦʜʦʙʣʘʩʪʠ ʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʜʣʷ ɾʂ 

çɼʦʤ ʥʘ ʅʠʞʥʝ-ʂʘʤʝʥʩʢʦʡ ʫʣʠʮʝè   
ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʪʫʨʙʫʣʝʥʪʥʘʷ ʚʷʟʢʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 



13 

 

.ɟ/ɖ 0txyzk                                                (22) 

ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʜʣʷ ʧʦʣʠʛʦʥʦʚ çʎʝʥʪʨʘʣʴʥʳʡè ɺʦʣʛʦʛʨʘʜʘ ʠ 

ʇʊʆ-3 çʅʦʚʦʩʸʣʢʠè ʧʨʠʚʝʜʝʥr  ʥʘ ʨʠʩ. 3 ʠ 4.  
ʘ)                 ʙ) 

 
ʈʠʩ. 3. ʇʦʣʝ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʧʨʠʟʝʤʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʤʛ/ʤ

3
, ʚʙʣʠʟʠ ʧʦʣʠʛʦʥʘ 

çʎʝʥʪʨʘʣʥɹʳʡè ʚ 2007 ʛ.: ʘ) ʤʝʪʘʥʘ; ʙ) ʩʝʨʦʚʦʜʦʨʦʜʘ  
ʘ)             ʙ) 

 
ʈʠʩ. 4. ʇʦʣʝ ʧʨʠʟʝʤʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʤʛ/ʤ

3
, ʚ ʨʘʡʦʥʝ ʧʦʣʠʛʦʥʘ ʇʊʆ-3 çʅʦʚʦʩʸʣʢʠè 

11.03.14: ʘ) ʘʤʤʠʘʢʘ; ʙ) ʙʝʥʟʦʣʘ 
 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʧʦ ʆʅɼ-86. ʊ.ʢ. ʦʥʘ ʥʝ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʯʸʪʦʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʦʙʲʸʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʦ ʧʦʣʠʛʦʥʳ ʨʘʟʙʠ-

ʚʘʣʠʩʴ ʥʘ ʛʨʫʧʧʫ ʧʣʦʱʘʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1 ʠ 2. ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ 

ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʦʣʠʛʦʥʫ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 
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ʜʘʸʪ ʨʝʟʫʣʴʪʘʪʳ ʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ, ʯʝʤ ʆʅɼ-86. 
ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ ʚʙʣʠʟʠ ʧʦʣʠʛʦʥʘ çʎʝʥ-

ʪʨʘʣʴʥʳʡè, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʂʦʤʧʦʥʝʥʪ, ʢʦʥʪʨʦʣʴʥʘʷ ʪʦʯʢʘ, ʛʦʜ 

ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʤʛ/ʤ
3
 

ʕʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʝ 

(ɻ.ɸ. ɹʦʙʫ-

ʥʦʚʘ, 2010)* 

ʈʘʩʯʸʪʥʦʝ ʧʦ 

ʈʘʟʨʘʙʦ-

ʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ 

ʆʅɼ-

86 

ʄʝʪʘʥ, ʟʜʘʥʠʷ ɸʍɿ ʚ 10 ʤ ʦʪ ʧʦʣʠʛʦʥʘ 57,8-86,6 46,93 5,63 

ʄʝʪʘʥ, ʉɿɿ, 50 ʤ ʜʦ ʧʦʩ. ʆʚʨʘʞʥʳʡ 17,0-25,4 27,58 17,66 

ʄʝʪʘʥ, ʮʝʥʪʨ ʧʦʩ. ʆʚʨʘʞʥʳʡ 18,0-27,0 24,76 23,66 

ʉʝʨʦʚʦʜʦʨʦʜ, ʉɿɿ, 50 ʤ ʜʦ ʧʦʩ. ʆʚʨʘʞʥʳʡ 0,003-0,005 0,005 0,001 

ʉʝʨʦʚʦʜʦʨʦʜ, ʮʝʥʪʨ ʧʦʩ. ʆʚʨʘʞʥʳʡ 0,003-0,005 0,005 0,003 

ʉʝʨʦʚʦʜʦʨʦʜ, ʮʝʥʪʨ ʧʦʩ. ʆʚʨʘʞʥʳʡ 0,0049-0,0081 0,005 0,005 

ɸʤʤʠʘʢ, ʟʜʘʥʠʷ ɸʍɿ ʚ 10 ʤ ʦʪ ʧʦʣʠʛʦʥʘ 0,11-0,19 0,02 0,22 

ɸʤʤʠʘʢ, ʉɿɿ, 50 ʤ ʜʦ ʧʦʩ. ʆʚʨʘʞʥʳʡ 0,11-0,19 0,14 0,61 

ɸʤʤʠʘʢ, ʮʝʥʪʨ ʧʦʩ. ʆʚʨʘʞʥʳʡ 0,13-0,23 0,13 0,79 
*
ɼʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠʚʝʜʸʥ ʦʪ ʤʠʥʠʤʘʣʴʥʦʡ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʊʘʙʣʠʮʘ 2 

ɿʥʘʯʝʥʠʷ ʨʘʟʦʚʳʭ ʧʨʠʟʝʤʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ ʚʙʣʠʟʠ ʧʦʣʠʛʦʥʘ 

ʇʊʆ-3 çʅʦʚʦʩʸʣʢʠè, ʤʛ/ʤ
3
, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ɺʝʝɦʩʪʚʦ 

ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʤʛ/ʤ
3
, ʚʙʣʠʟʠ 

ʉʢʣʘʜʩʢʠʭ ʟʜʘʥʠʡ ʟʘʚʦʜʘ çNis-

sanè (500 ʤ ʦʪ ʧʦʣʠʛʦʥʘ) 

ɾʂ çɼʦʤ ʥʘ ʅʠʞʥʝ-ʂʘʤʝʥʩʢʦʡ 

ʫʣʠʮʝè (5,06 ʢʤ ʦʪ ʧʦʣʠʛʦʥʘ) 

ʕʢʩʧʝʨʠ-

ʤʝʥʪʘʣ-ɹ

ʥʦʝ* 

ʈʘʩʯʸʪʥʦʝ ʧʦ ʕʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴ-

ʥʦʝ* 

ʈʘʩʯʸʪʥʦʝ ʧʦ 

ʈʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ 
ʆʅɼ-

86 

ʈʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ 

ʆʅɼ-

86 

ɸʤʤʠʘʢ 12,3 15,0 19,9 4,9 6,9 6,1 

ɹʝʥʟʦʣ 11,9 14,2 22,0 5,0 6,8 6,2 
* 
ʧʦʣʫʯʝʥʦ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʤ ʋɻ-2 ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 25% 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦʣʷ ʩʢʦʨʦʩʪʠ, ʜʘʚʣʝʥʠʷ ʚʝʪʨʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5 ʘ-ʛ. 
ʘ)                ʙ) 

 
ʈʠʩ. 5. ʇʦʣʷ ʚʙʣʠʟʠ ɾʂ çɼʦʤ ʥʘ ʅʠʞʥʝ-ʂʘʤʝʥʩʢʦʡ ʫʣʠʮʝè 11.03.14: ʘ) ʜʘʚʣʝʥʠʷ ʚʝʪʨʘ, ʇʘ; 

ʙ) ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʤ/ʩ  
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ʚ)               ʛ) 

 
ʈʠʩ. 5. ʇʦʣʷ ʚʙʣʠʟʠ ɾʂ çɼʦʤ ʥʘ ʅʠʞʥʝ-ʂʘʤʝʥʩʢʦʡ ʫʣʠʮʝè 11.03.14: ʚ) ʧʨʠʟʝʤʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ, ʤʛ/ʤ
3
; ʛ) ʧʨʠʟʝʤʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʥʟʦʣʘ, ʤʛ/ʤ

3
 

 
ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 

5 ʘ, ʙ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʪʨʘ (ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ 5,1 ʤ/ʩ) 

ʚʜʦʣʴ ʧʨʦʪʷʞʝʥʥʦʡ ʩʪʦʨʦʥʳ ʇ-ʦʙʨʘʟʥʦʛʦ ʟʜʘʥʠʷ ʫ ʥʘʚʝʪʨʝʥʥʦʛʦ ʬʘʩʘʜʘ ʟʥʘʯʝ-

ʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ï 39 ʇʘ. ɺʙʣʠʟʠ ʟʘʚʝʪʨʝʥʥʦʛʦ ʬʘʩʘʜʘ ʥʘʙʣʜʁʘʝʪʩʷ 

ʨʘʟʨʷʞʝʥʠʝ. ɺ ʫʛʣʘʭ ʜʚʦʨʦʚʦʛʦ ʬʘʩʫʶʪʩʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʟʦʥʳ ʩ ʧʦʥʠʞʝʥʥʳʤ 

ʜʘʚʣʝʥʠʝʤ ʠ ʤʘʣʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʦʪʦʢʘ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʝʥʥʦ-

ʛʦ ʚʦʟʜʫʭʘ ʙʫʜʝʪ ʧʦʩʪʫʧʘʪʴ ʚ ʞʠʣʳʝ ʧʦʤʝʱʝʥʠʷ ʯʝʨʝʟ ʥʝʧʣʦʪʥʦʩʪʠ ʦʛʨʘʞʜʘʶ-

ʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʆʂ) ʥʘʚʝʪʨʝʥʥʳʭ ʬʘʩʘʜʦʚ. ɸʥʘʣʠʟ ʧʦʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 4 ʚ, ʛ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʝʥʟʦʣ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʪʷʞʸʣʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ, ʩʢʘʧʣʠʚʘʝʪʩʷ ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʟʦʥʘʭ (ʚ ʫʛʣʘʭ ʜʚʦʨʦʚʦʛʦ 

ʬʘʩʘʜʘ). ʉ ʘʤʤʠʘʢʦʤ ʩʠʪʫʘʮʠʷ ʠʥʘʷ. ʅʘʠʙʦʣʴʰʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʘʤʤʠʘʢʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʥʘʚʝʪʨʝʥʥʳʭ ʩʪʦʨʦʥ ʟʜʘʥʠʡ. ʉ ʧʦʜʚʝʪʨʝʥʥʳʭ ʩʪʦʨʦʥ ʚ ʮʠʨʢʫʣʷ-

ʮʠʦʥʥʳʭ ʟʦʥʘʭ ʘʤʤʠʘʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʘʧʣʠʚʘʝʪʩʷ, ʪ.ʢ. ʦʥ ʣʝʛʯʝ ʚʦʟʜʫʭʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʨʘʩʯʸʪʦʚ ʇɼɺ, ʤʝʪʝʦʨʦʣʦʛʠʯʝ-

ʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʙʘʚʣʝʥʠʷ ʜʣʷ ʘʤʤʠʘʢʘ, ʙʝʥʟʦʣʘ ʠ ʨʘʟʤʝʨʳ ʉɿɿ ʧʦʣʠʛʦ-

ʥʘ ʇʊʆ-3 ʚ 2014 ʛ. ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʣʝʛʘʶʱʝʡ ʟʘʩʪʨʦʡʢʠ (ʪʘʙʣ. 3). 
ʊʘʙʣʠʮʘ 3 

ʈʘʩʯʸʪʥʳʝ ʇɼɺ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʨʘʟʤʝʨʳ ʉɿɿ ʧʦʣʠ-

ʛʦʥʘ ʇʊʆ-3 ʚ 2014 ʛ. ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʣʝʛʘʶʱʝʡ ʟʘʩʪʨʦʡʢʠ 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʣʠʛʦʥʘ ʇʦʢʘʟʘʪʝʣʴ 
ɺʝʱʝʩʪʚʦ 

ɸʤʤʠʘʢ
*
 ɹʝʥʟʦʣ

**
 

500 ʤ (ʚʙʣʠʟʠ ʩʢʣʘʜʩʢʠʭ 

ʟʜʘʥʠʡ ʟʘʚʦʜʘ çNissanè) 

ɼʦʣʷ ʇɼʂʩʨ.ʩʫʪ 375,20 142,11 

ʇɼɺ, ʪ/ʛʦʜ 34,72 138,84 

Kʨʘʟʙ,
 
ʤ

3
/ʩ 8,55Ā10

4
 8,18Ā10

4
 

3 ʢʤ (ʛʨʘʥʠʮʘ ʤʠʥʠʤʘʣʥɹʦ 

ʜʦʧʫʩʪʠʤʦʡ ʉɿɿ ʧʦʣʠʛʦʥʘ 

ʇʆ) 

ɼʦʣʷ ʇɼʂʩʨ.ʩʫʪ 212,53 83,11 

ʇɼɺ, ʪ/ʛʦʜ 61,29 237,41 

Kʨʘʟʙ, ʤ
3
/ʩ 1,49Ā10

5
 1,38Ā10

5
 

5,06 ʢʤ (ʚʙʣʠʟʠ ɾʂ çɼʦʤ ʥʘ 

ʅʠʞʥʝʢʘʤʝʥʩʢʦʡ ʫʣʠʮʝè) 

ɼʦʣʷ ʇɼʂʩʨ.ʩʫʪ 170,1 67,84 

ʇɼɺ, ʪ/ʛʦʜ 76,58 290,84 

Kʨʘʟʙ, ʤ
3
/ʩ 1,88Ā10

5
 1,69Ā10

5
 

*
ʇɼʂ ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ 0,04 ʤʛ/ʤ

3
; 

**
ʇɼʂ ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ 0,1 ʤʛ/ʤ

3 
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4. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʟʘʛʨʷʟʥʝ-

ʥʠʷ ʙʠʦʛʘʟʦʤ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʭ ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʚʣʠʷ-

ʥʠʷ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠʤʝʩʠ ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʭʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ɼʋ (9) ʠ (11), ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ. ɼʣʷ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʧʨʦʱʸʥʥʫʶ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦ-

ʩʪʠ, ʨʝʰʘʷ ʩʠʩʪʝʤʫ ɼʋ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʙʝʟ ʦʩʨʝʜʥʝʥʠʷ ʧʦ ʈʝʡʥʦʣʴʜʩʫ. ʂʠʥʝʤʘ-

ʪʠʯʝʩʢʘʷ ʪʫʨʙʫʣʝʥʪʥʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠʥʠʤʘʝʪʩʷ kʭʫz = 1 ʤ
2
/ʩ. 

ʇʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʜʘʥʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ɼʋ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: 

;ɟ)ɚ(ɟ heatʨʨ QʊVCʊ
t

ʊ
C

C
                             (23) 

ʛʜʝ )(TCC ʨʨ ï ʠʟʦʙʘʨʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʚʦʟʜʫʭʘ, ɼʞ/(ʢʛĀʂ); )(ɚɚ T  ï ʢʦʬɻ-

ʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɺʪ/(ʤĀʂ); Qheat ï ʠʩʪʦʯʥʠʢ ʠʣʠ ʩʪʦʢ ʪʝʧʣʦʪʳ, ɺʪ/ʤ
3
. 

ʕʤʠʩʩʠʶ ʧʨʠʤʝʩʠ, ʧʨʦʥʠʢʘʶʱʝʡ ʚ ʧʦʤʝʱʝʥʠʝ ʟʘ ʩʯʸʪ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝ-

ʤʦʩʪʠ ʦʛʨʘʞʜʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, I i, ʤʛ/ʩʝʢ, ʤʦʞʥʦ ʥʘʡʪʠ ʢʘʢ: 

);ɟ( ʥʧʨʠʩʪ ui RʨʩI                                        (24) 

ʛʜʝ  ï ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢ ʨʘʟʦʚʦʡ 

(ɽ.ʀ.ʊʝʚʝʨʦʚʩʢʠʡ, ʀ.ɸ.ʊʝʨʥʦʚʩʢʠʡ, 1988); ʩʧʨʠʩʪ ï çʧʨʠʩʪʝʥʦʯʥʘʷè ʨʘʟʦʚʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ ʩʥʘʨʫʞʠ ʟʜʘʥʠʷ, ʤʛ/ʤ
3
; ȹʨ ï ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʚʦʟʜʫʭʘ 

ʥʘ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʆʂ, ʇʘ; ɟʥ ï ʧʣʦʪʥʦʩʪʴ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʢʛ/ʤ
3
; Ru ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʥʠʶ ʆʂ, ʢʛ/(ʤ

2
Āʩ). 

ɼʣʷ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʥʦʡ ʛʨʘʥʠʮʝ ʚ ʧʦʤʝʱʝ-

ʥʠʠ ʟʘʜʘʸʪʩʷ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ: 

ui RʨV ʥɟ .                                                 (25) 

ɽʩʣʠ ʧʨʠʪʦʢ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʦʢʥʦ ʠʣʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʢʣʘʧʘʥ, 

ʪʦ ʟʘʜʘyʪʩʷ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ: 

.ɣʧʨʠʩʪʩʩ                                                   (26) 

ʄʝʪʦʜʠʢʘ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʜʣʷ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦ-

ʚʠʡ ʚ ʢʦʤʥʘʪʘʭ ʥʘ 1-ʦʤ ʵʪʘʞʝ ]-ʦʙʨʘʟʥʦʛʦ ʜʦʤʘ ɾʂ çɼʦʤ ʥʘ ʅʠʞʥʝ-ʂʘʤʝʥʩʢʦʡ 

ʫʣʠʮʝè. ʈʘʩʧʦʣʦʞʝʥʠʷ ʦʢʦʥ ʚ ʢʦʤʥʘʪʘʭ ʦʪʤʝʯʝʥʳ ʪʦʯʢʘʤʠ 1 ʠ 2 ʥʘ ʨʠʩ. 6. 

 
ʈʠʩ. 6. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʢʦʥ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʥʘʪ: 1 ï ʦʢʥʦ ʚʳʭʦʜʠʪ ʚ ʩʪʦʨʦʥʫ 

ʧʦʣʠʛʦʥʘ; 2 ï ʦʢʥʦ ʚʳʭʦʜʠʪ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʧʦʣʠʛʦʥ  



17 

 

ʅʘ ʨʠʩ. 7 ʚʠʜʥʦ, ʯʪʦ çʧʨʠʩʪʝʥʦʯʥʳʝè ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷ-

ʶʪʩʷ ʧʦ ʚʳʩʦʪʝ ʟʜʘʥʠʷ. ʊʦʛʜʘ ʧʨʠ ʨʘʩʯʝʪʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ 

ʧʨʦʬʠʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʘʨʫʞʥʦʤ ʚʦʟʜʫʭʝ ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ. 
ʘ)                 

 
ʙ) 

 
ʈʠʩ. 7. ʇʨʦʬʠʣʴ ʨʘʟʦʚʳʭ çʧʨʠʩʪʝʥʦʯʥʳʭè ʢʦʥʮʝʥʪʨʘʮʠʡ, ʤʛ/ʤ

3
,11.03.14 ʧʦ ʚʳʩʦʪʝ ʟʜʘʥʠʷ: ʘ) 

ʘʤʤʠʘʢʘ ʚ ʨʘʡʦʥʝ ʪʦʯʢʠ 1; ʙ) ʙʝʥʟʦʣʘ ʚ ʨʘʡʦʥʝ ʪʦʯʢʠ 2  
ʅʘ ʨʠʩ. 8-9 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʟʘʛʨʷʟʥʝʥʠ̫ ʘʤʤʠʘʢʦʤ ʠ ʙʝʥ-

ʟʦʣʦʤ ʚʦʟʜʫʭʘ ʚ ʜʚʫʭ ʢʦʤʥʘʪʘʭ ʥʘ 1-ʦʤ ʵʪʘʞʝ ʜʦʤʘ ɾʂ çɼʦʤ ʥʘ ʅʠʞʥʝ-

ʂʘʤʝʥʩʢʦʡ ʫʣʠʮʝè. ʆʢʥʦ ʢʦʤʥʘʪʳ ˉ1 ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʚ ʩʪʦʨʦʥʫ ʧʦʣʠʛʦʥʘ ʇʊʆ-

3, ʢʦʤʥʘʪʳ ˉ2 ï ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʪʦʤʫ ʞʝ ʧʦʣʠʛʦʥʫ. 
ʘ)                 ʙ) 

 
ʈʠʩ. 8. ʇʦʣʝ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʤʛ/ʤ

3
, ʚ ʢʦʤʥʘʪʝ ˉ1 (ʢʨʘʪʥʦʩʪʴ ʚʦʟʜʫʭʦʦʙʤʝʥʘ 

0,23 ʯ 
-1

): ʘ) ʘʤʤʠʘʢʘ; ʙ) ʙʝʥʟʦʣʘ 
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ʘ)                ʙ) 

  
ʈʠʩ. 9. ʇʦʣʝ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʤʛ/ʤ

3
, ʚ ʢʦʤʥʘʪʝ ˉ2 (ʢʨʘʪʥʦʩʪʴ ʚʦʟʜʫʭʦʦʙʤʝʥʘ 

0,12 ʯ 
-1
): ʘ) ʘʤʤʠʘʢʘ; ʙ) ʙʝʥʟʦʣʘ 

 
ɺ ʪʘʙʣ. 4 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ 

ʢʦʤʥʘʪʝ 1, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
ʊʘʙʣʠʮʘ 4 

ɿʥʘʯʝʥʠʷ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ ʠ ʙʝʥʟʦʣʘ ʚ ʮʝʥʪʨʝ ʢʦʤʥʘʪʳ ˉ1 ʚ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʤ ʜʦʤʝ ɾʂ çɼʦʤ ʥʘ ʅʠʞʥʝ-ʂʘʤʝʥʩʢʦʡ ʫʣʠʮʝè 

ɺʝʱʝʩʪʚʦ 
ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʤʛ/ʤ

3
 

ʈʘʩʯʸʪʥʝr ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝr 

ɸʤʤʠʘʢ 1,3 1,3Ñ0,3 

ɹʝʥʟʦʣ 1,2 1,0Ñ0,3 
 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥ ʧʝʨʝʨʘʩʯʸʪ ʧʨʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ï ʶʛʦ-

ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 5,1 ʤ/ʩ. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩ-

ʯʪyʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ. 5. 
ʊʘʙʣʠʮʘ 5 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʢʦʤʥʘʪʘʭ ˉ1 ʠ ˉ2 ʧʨʠ ʨʘʟʣʠʯ-

ʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʪʨʘ 

ʂʦʥʪʨʦʣʴʥʘʷ ʪʦʯʢʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, ʜʦʣʠ ʇɼʂʩʨ.ʩʫʪ 

ʇʨʠ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪ-

ʥʦʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʚʝʪʨʘ 

ʇʨʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ 

ɸʤʤʠʘʢʘ ɹʝʥʟʦʣʘ ɸʤʤʠʘʢʘ ɹʝʥʟʦʣʘ 

ɺ ʮʝʥʪʨʝ ʢʦʤʥʘʪʳ ˉ1 32,10 12,47 0,54 0,20 

ɺ ʮʝʥʪʨʝ ʢʦʤʥʘʪʳ ˉ2 17,51 7,19 0,59 0,28 

 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʚ ʪʘʙʣ. 5, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʨʠ ʶʛʦ-

ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʛʨʷʟʥʝʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʬʦʥʦʚʳʡ ʫʨʦ-

ʚʝʥʴ. ʇʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ï ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ, ʚ ʧʦʤʝʱʝʥʠ-

ʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʳʝ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂʩʨ.ʩʫʪ. ʋ ʣʶʜʝʡ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ 

ʜʘʥʥʳʭ ʢʦʤʥʘʪʘʭ ʙʫʜʝʪ ʧʨʦʷʚʣʷʝʪʩʷ çʩʠʥʜʨʦʤ ʙʦʣʴʥʦʛʦ ʟʜʘʥʠʷè ʚ ʚʠʜʝ ʟʘʙʦʣʝ-

ʚʘʥʠʡ, ʚʳʟʳʚʘʝʤʳʭ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ ʙʠʦʛʘʟʦʤ. ʆʜʥʘʢʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ-

ʛʨʷʟʥʝʥʠʡ ʥʠʞʝ ʧʦʨʦʛʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʧʘʭʘ ʚ ʚʦʟʜʫʭʝ ʣʶʜʴʤʠ, ʢʦʪʦʨʳʝ 

ʩʦʩʪʘʚʣʷʶʪ ʜʣʷ ʘʤʤʠʘʢʘ 55 ʇɼʂʩʨ.ʩʫʪ, ʜʣʷ ʙʝʥʟʦʣʘ 50 ʇɼʂʩʨ.ʩʫʪ. ʊ.ʝ. ʥʝʛʘʪʠʚʥʦʝ 
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ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ ʙʫʜʝʪ ʥʦʩʠʪʴ ʪʨʫʜʥʦ ʚʳʷʚʣʷʝʤʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʧʦ-

ʤʝʱʝʥʠʷʭ ʙʫʜʫʪ ʩʦʭʨʘʥʷʪʴʩʷ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ɼʣʷ 

ʵʪʦʛʦ ɼʋ ʜʠʬʬʫʟʠʠ ʨʝʰʘʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦ. ʅʘ ʨʠʩ. 10 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ ʠ ʙʝʥʟʦʣʘ ʚ ʮʝʥʪʨʝ ʢʦʤʥʘʪʳ 1 

ʧʨʠ ʩʤʝʥʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʩ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ. ʅʘ ʛʨʘʬʠ-

ʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʜʦʩʪʠʛʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʟʘ 16000 ʩ. (4,4 ʯʘ-

ʩʘ). ʊ.ʝ. ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʪʨʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʦʙʣʘ-

ʜʘʪʴ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 4,4 ʯʘʩʘ, ʯʪʦʙʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ ʠ ʙʝʥʟʦʣʘ ʚ ʢʦʤʥʘ-

ʪʝ ʜʦʩʪʠʛʣʠ ʩʨʝʜʥʝʩʫʪʦʯʥʦʛʦ ʤʘʢʩʠʤʫʤʘ. ʇʨʠ ʧʨʝʦʙʣʘʜʘʥʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʩʨʝʜʥʝʩʫʪʦ-

ʯʥʳʭ ʇɼʂ ʘʤʤʠʘʢʘ ʠ ʙʝʥʟʦʣʘ. ɺʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʤʝʨʦ-

ʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʧʦʜʦʙʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. 
ʘ)          ʙ) 

 
ʈʠʩ. 10. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʤʛ/ʤ

3
, ʦʪ ʚʨʝʤʝʥʠ, ʩʝʢ., ʚ ʮʝʥʪʨʝ ʢʦʤʥʘʪʳ 1 

ʧʨʠ ʩʤʝʥʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʩ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ: ʘ) 

ʘʤʤʠʘʢʘ; ʙ) ʙʝʥʟʦʣʘ  
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʩʥʠʞʝʥʠʝ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʟʦʥʘʭ ʚʣʠʷʥʠʷ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʠ 

ʞʠʣʳʭ ʟʜʘʥʠʷʭ. ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʘ ʜʝʡʩʪʚʠʡ: 

1. ʈʘʩʯʸʪ ʵʤʠʩʩʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʩ 

ʫʯʸʪʦʤ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʠʛʦʥʘ ʠ ʫʩʣʦʚʠʡ ʨʘʟʣʦʞʝʥʠʷ ʦʪʭʦʜʦʚ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʜʝʡʩʪʚʠʝ ʧʦʣʠʛʦʥʘ 

ʊɹʆ ʠ ʇʆ ʢʘʢ ʠʩʪʦʯʥʠʢʘ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʛʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʠʛʦʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʫʥʪʦʚʦʡ ʠʟʦʣʷʮʠʦʥʥʦʡ ʟʘʩʳʧʢʠ, ʜʝʙʝʪ ʛʘʟʦʜʨʝʥʘʞʥʳʭ 

ʩʢʚʘʞʠʥ, ʵʤʠʩʩʠʠ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʛʘʟʘ ʩ ʫʯʘʩʪʢʘ ʧʦʣʠʛʦʥʘ ʊɹʆ ʠ ʇʆ. 

3. ʈʘʩʯʸʪ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ, ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʝʪʨʘ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʧʦ-

ʣʠʛʦʥʘ ʊɹʆ ʠ ʇʆ. 

4. ʈʘʩʯʸʪ ʧʦʣʝʡ ʨʘʟʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ ʚ ʚʦʟʜʫʭʝ ʚ 

ʟʦʥʝ ʚʣʠʥ̫ʠʷ ʧʦʣʠʛʦʥʘ ʊɹʆ ʠ ʇʆ. 

5. ʈʘʩʯʸʪ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ, ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʝʪʨʘ ʩ ʫʯʸʪʦʤ ʧʨʠʣʝʛʘ-

ʶʱʝʡ ʟʘʩʪʨʦʡʢʠ. 

6. ʈʘʩʯʸʪ ʧʦʣʝʡ ʨʘʟʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ ʚ ʚʦʟʜʫʭʝ ʟʘ-
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ʩʪʨʦʡʢʠ. 

7. ʈʘʩʯʸʪ ʩʨʝʜʥʝʩʫʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʟʜʘʥʠʝ ʩ 

ʧʨʠʪʦʯʥʳʤ ʚʦʟʜʫʭʦʤ. 

8. ʈʘʩʯʸʪ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ (ʚ ʦʪʘʧʣʠʚʘʝʤʳʡ ʧʝʨʠʦʜ), ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ. 

9. ʈʘʩʯʸʪ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ ʚ ʧʦʤʝʱʝʥʠʠ. 

10. ʆʮʝʥʢʘ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ ʚ ʚʦʟʜʫʭʝ ʧʦʤʝʱʝʥʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. 

ɺ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʙʠʦʛʘʟʦʤ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʝʚʳ-

ʰʘʶʱʠʭ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝ-

ʨʦʧʨʠ̫ ʪʠʡ ʧʦ ʝʛʦ ʩʥʠʞʝʥʠʶ. 

 

5. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʩʠʩʪʝʤʘ ʩʙʦʨʘ, ʦʯʠʩʪʢʠ ʦʪ ʙʘʣʣʘʩʪʘ ʠ ʫʪʠʣʠʟʘ-

ʮʠʠ ʙʠʦʛʘʟʘ ʧʫʪʸʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʝʧʘ-

ʨʘʮʠʠ, ʨʝʘʛʝʥʪʦʚ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ, ʦʢʩʠʜʘ ʞʝʣʝʟʘ (III ) ʠ ʮʝʦʣʠʪʦʚ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʢʘʯʝʩʪʚʘ ʢʘʢ ʵʥʝʨʛʦʨʝʩʫʨʩʘ ʠ ʩʥʠʞʝʥʠʷ ʝʛʦ ʚʳʙʨʦʩʦʚ ʚ ʘʪ-

ʤʦʩʬʝʨʫ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʘ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʙʠʦʛʘʟʘ ʢʘʢ 

ʪʦʧʣʠʚʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʝʛʦ ʩʙʦʨʘ ʠ ʦʯʠʩʪʢʠ (ʨʠʩ. 11). 

 
ʈʠʩ. 11. ʉʭʝʤʘ ʩʙʦʨʘ ʠ ʦʯʠʩʪʢʠ ʙʠʦʛʘʟʘ ʩ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʠ ʇʆ 

 ɹʠʦʛʘʟ ʠʟ ʛʘʟʦʜʨʝʥʘʞʥʳʭ ʩʢʚʘʞʠʥ ʧʦʣʠʛʦʥʘ ʧʨʠ ʦʪʢʨʳʪʳʭ ʚʝʥʪʠʣʷʭ 1 ʧʦ-

ʩʪʫʧʘʝʪ ʚ ʢʦʣʣʝʢʪʦʨ 2, ʦʪʢʫʜʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʨʝʩʩʦʨʘ 4 ʧʦʜʘʸʪʩʷ ʚ ʮʝʥʪʨʦʙʝʞ-

ʥr ʡ ʩʝʧʘʨʘʪʦʨ 5 ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʠ ʧʳʣʠ. ɺ ʮʝʣʷʭ ʚʟʨʳʚʦʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʧʨʠ ʧʦʜʘʯʝ ʛʘʟʘ ʦʢʦʣʦ ʩʝʧʘʨʘʪʦʨʘ ʫʯʘʩʪʢʠ ʛʘʟʦʧʨʦʚʦʜʘ ʦʩʥʘʱʘʶʪʩʷ ʪʝʨ-

ʤʦʟʘʧʦʨʥʳʤʠ ʢʣʘʧʘʥʘʤʠ 3 ʠ 6. ɼʘʣʝʝ ʙʠʦʛʘʟ ʧʦʩʪʫʧʘʝʪ ʚ ʫʟʝʣ ʦʯʠʩʪʢʠ ʦʪ ʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ 7. ʋʛʣʝʢʠʩ-

ʣʳʡ ʛʘʟ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʩʝʨʦʚʦʜʦʨʦʜ ʧʦʛʣʦʱʘʝʪʩʷ ʬʠʣʴʪʨʦʤ ʩ 

ʦʢʩʠʜʦʤ ʞʝʣʝʟʘ (III ). ʆʪ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʩʪʘʪʢʦʚ ʘʤʤʠʘʢʘ 


