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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ ʘʚʪʦʤʘʪʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ.  

 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ:  ʌʠʣʘʨʝʪʦʚ ɺʣʘʜʠʤʠʨ ʌʝʜʦʨʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɿʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, 

ɿʘʩʣʫʞʝʥʥʳʡ ʠʟʦʙʨʝʪʘʪʝʣʴ ʈʌ, ʟʘʚʝʜʫʶʱʠʡ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʀɸʇʋ ɼɺʆ 

ʈɸʅ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ 
 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ:    ɽʨʝʤʠʥ ɽʚʛʝʥʠʡ ʃʝʦʥʠʜʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨ r ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ, ʌɻɹʆʋ ɺʇʆ ɸʤʫʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 
 

ʉʪʘʞʢʦʚ ʉʝʨʛʝʡ ʄʠʭʘʡʣʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʧʨʠʢʣʘʜʥʦʡ 

ʤʝʭʘʥʠʢʠ, ʘʚʪʦʤʘʪʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʌɻɹʆʋ ɺʇʆ 

ɹʘʣʪʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

çɺʆɽʅʄɽʍè ʠʤ. ɼ.ʌ. ʋʩʪʠʥʦʚʘ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ʖʱʝʥʢʦ ɸʨʢʘʜʠʡ ʉʝʤʝʥʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʈʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ 

ʉʠʩʪʝʤʳè ʈʂ-10, ʌɻɹʆʋ ɺʇʆ ʄʦʩʢʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʅ.ʕ.ɹʘʫʤʘʥʘ, ʛ. ʄʦʩʢʚʘ 

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠʤ. ʄ.ɺ. 

ʂʝʣʜʳʰʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʛ. ʄʦʩʢʚʘ. 

                                           

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ ç30è ʦʢʪʷʙʨʷ 2015 ʛ. ʚ 10 ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 005.007.01 ʧʨʠ ʀʥʩʪʠʪʫʪʝ ʘʚʪʦʤʘʪʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ɼɺʆ ʈɸʅ ʧʦ ʘʜʨʝʩʫ: 690041, ʛ.ɺʣʘʜʠʚʦʩʪʦʢ, ʫʣ. ʈʘʜʠʦ, 5.  

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʀɸʇʋ ɼɺʆ ʈɸʅ ʠ ʥʘ ʩʘʡʪʝ 

http://iacp.dvo.ru/russian/institute/dissertation/represent.html. 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç    è ʠʶʥʷ  2015 ʛ.  
 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ  

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 005.007.01, ʢʪ.ʥ.                                      ʅ.ʅ. ʇʝʪʨʫʥʴʢʦ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɺ ʧʨʦʮʝʩʩʝ ʦʩʚʦʝʥʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʙʦʣʴʰʫʶ ʨʦʣʴ 

ʠʛʨʘʶʪ ʥʝʦʙʠʪʘʝʤʳʝ ʧʦʜʚʦʜʥʳʝ ʘʧʧʘʨʘʪʳ (ʅʇɸ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʩʢʣʶʯʠʪʴ 

ʧʨʠʩʫʪʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʚ ʦʧʘʩʥʳʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ. ʇʨʠ ʵʪʦʤ ʧʦ ʤʝʨʝ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʅʇɸ 

ʧʨʦʠʩʭʦʜʠʪ ʫʩʣʦʞʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʵʬʬʝʢʪʠʚʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʢʦʪʦʨʳʭ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ (ʉʋ). ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʜʚʦʜʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʪʝʦʨʠʶ ʠ 

ʧʨʘʢʪʠʢʫ ʢʦʪʦʨʦʡ ʚʥʝʩʣʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ ʄ.ɼ. ɸʛʝʝʚ, ɽ.ʅ. 

ʇʘʥʪʦʚ, ɺ.ʉ. ʗʩʪʨʝʙʦʚ, T.I. Fossen, T.J. Tarn, D.R. Yorger ʠ ʜʨ. 

ʅʇɸ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ, ʥʝʣʠʥʝʡʥʳʤ ʠ ʤʥʦʛʦʤʝʨʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ 

ʫʧʨʘʚʣʝʥʠ ̫ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʤʝʞʜʫ ʚʩʝʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. 

ʇʦʵʪʦʤʫ ʩʠʥʪʝʟ ʚʳʩʦʢʦʪʦʯʥʳʭ ʉʋ ʅʇɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʧʨʦʙʣʝʤʫ. ʇʨʠ 

ʵʪʦʤ ʝʝ ʨʝʰʝʥʠʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʯʘʤʠ, ʚʳʧʦʣʥʷʝʤʳʤʠ ʢʦʥʢʨʝʪʥʳʤʠ 

ʅʇɸ, ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ. ʂ ʧʝʨʚʦʤʫ ʪʠʧʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʟʘʜʘʯʠ, ʪʨʝʙʫʶʱʠʝ ʚʳʩʦʢʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ ʚʙʣʠʟʠ 

ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʠ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʅʇɸ, ʠʤʝʶʱʠʤʠ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʜʦ 1 ʤ/c, ʥʦ ʩʣʦʞʥʫʶ ʬʦʨʤʫ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʠʪʝʣʝʡ. 

ʕʪʠ ʅʇɸ ʠʩʧʳʪʳʚʘʶʪ ʧʦʚʳʰʝʥʥʳʝ ʩʠʣʦʚʳʝ ʠ ʤʦʤʝʥʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʦʢʨʫʞʘʶʱʝʡ ʚʷʟʢʦʡ ʩʨʝʜʦʡ ʚʚʠʜʫ ʠʭ ʙʦʣʴʰʠʭ ʛʘʙʘʨʠʪʦʚ ʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʂʦ 

ʚʪʦʨʦʤʫ ʪʠʧʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʟʘʜʘʯʠ, ʪʨʝʙʫʶʱʠʝ ʙʳʩʪʨʦʛʦ (ʙʦʣʝʝ 1 ʤ/c) ʠ ʪʦʯʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʩʣʦʞʥʳʤ ʢʨʠʚʦʣʠʥʝʡʥʳʤ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʤ ʧʨʦʪʷʞʝʥʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʰʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʅʇɸ, ʠʤʝʶʱʠʭ 

ʦʙʪʝʢʘʝʤʫʶ ʬʦʨʤʫ ʠ ʜʚʠʞʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʭ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ 

ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ.  

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʝʨʚʦʛʦ ʪʠʧʘ ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ 

ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʅʇɸ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʙʫʝʪʩ ̫ʠʩʧʦʣʴʟʦʚʘʪ ɹ

ʚʳʩʦʢʦʪʦʯʥʳʝ ʨʦʙʘʩʪʥʳʝ ʠ ʘʜʘʧʪʠʚʥʳʝ ʉʋ, ʠʤʝʶʱʠʝ ʙʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ, ʘ ʟʘʜʘʯʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʙʳʪʴ ʨʝʝhʥʳ ʩ ʧʦʤʦʱʴʶ ʙʦʣʝʝ ʧʨʦʩʪʳʭ, ʥʦ 

ʥʝ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʉʋ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʣʶʙʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʠʧʘ ʠʭ ʉʋ, ʥʦ ʠ ʦʪ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʠʭ ʚʭʦʜʳ ʠ ʟʘʜʘʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʵʪʠʤ 

ʪʨʘʝʢʪʦʨʠʷʤ. ʋʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʠʪʦʛʝ ʦʧʨʝʜʝʣʷʶʪ ʵʬʬʝʢʪ rʚʟʘʠʤʦʚʣʠʷʥʠʡ 

ʤʝʞʜʫ ʚʩʝʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʅʇɸ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʪʦʯʥʦʩʪʴ ʠʭ ʫʧʨʘʚʣʝʥʠʷ. 
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ʄʠʨʦʚʦʡ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʅʇɸ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ ʥʘʟʥʘʯʝʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʟʜʘʚʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʉʋ ʜʣʷ ʵʪʠʭ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʯʘʩʪʦ ʥʝʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʘʣʝʢʠ ʦʪ 

ʩʦʚʝʨʰʝʥʩʪʚʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ (ʦʩʦʙʝʥʥʦ ʩʢʦʨʦʩʪʥʳʤʠ) 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʣʦʞʥʳʭ ʦʧʝʨʘʮʠʡ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʠʭ ʉʋ, ʦʙʣʘʜʘʶʱʠʭ ʥʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʉʦʟʜʘʥʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ, ʢʦʪʦʨʳʝ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʪʦʯʥʦʝ ʜʚʠʞʝʥʠʝ ʅʇɸ 

ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʧʦ ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʧʝʨʝʤʝʥʥʦʩʪʠ ʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʚʷʟʢʦʡ ʩʨʝʜʦʡ ʧʨʠ ʥʘʣʠʯʠʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʚʩʝʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʅʇɸ ʠ ʦʛʨʘʥʠʯʝʥʠʡ 

ʤʦʱʥʦʩʪʠ ʠʭ ʫʩʠʣʠʪʝʣʴʥʳʭ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʦʩʪʠʞʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʝʰʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʉʋ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʦʪʦʯʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʩʪʠ ʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ 

ʠʭ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʠ ʢʘʥʘʣʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʉʋ ʩʢʦʨʦʩʪʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʩ ʦʜʥʠʤ 

ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ ʢʠʥʝʤʘʪʠʢʠ ʜʚʠʞʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʪʦʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʅʇɸ ʧʦ ʛʣʘʜʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ.   

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʉʋ ʨʝʞʠʤʘʤʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʛʣʘʜʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʝʜʝʣʴʥʦ ʙʩrʪʨʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

ʵʪʠʭ ʘʧʧʘʨʘʪʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʟʘʜʘʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ.  

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʛʦ 

ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʩʦʢʦʪʦʯʥʦʝ ʢʦʥʪʫʨʥʦʝ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʝʡʰʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ 

ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʚʠʞʠʪʝʣʝʡ.  

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʩ 

ʨʘʟʣʠʯʥʦʡ (ʯʘʩʪʦ ʥʠʟʢʦʡ) ʯʘʩʪʦʪʦʡ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʥʘʚʠʛʘʮʠʦʥʥʦ-

ʧʠʣʦʪʘʞʥʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ, ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʉʋ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʷ ʅʇɸ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʦʜʠʪʴ ʧʦʣʫʥʘʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʉʋ ʅʇɸ ʚ ʮʝʣʦʤ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʟʘʜʘʯ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʝʦʨʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, 

ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ, ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʉʋ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʟʘ ʩʯʝʪ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʨʘʙʦʪʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʪʦʯʥʦʝ ʜʚʠʞʝʥʠʝ ʵʪʠʭ ʅʇɸ ʧʦ ʟʘʜʘʥʥʳʤ ʛʣʘʜʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ 

ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʧʝʨʝʤʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ, ʥʘʣʠʯʠʷ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʚʩʝʤʠ ʢʘʥʘʣʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʜʚʠʞʠʪʝʣʷʤʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʥʦʚʥʳʤʠ ʥʘʫʯʥʳʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ. 

1. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʥʪʝʟʘ ʉʋ ʜʣʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʠ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝʩʪʥʫʶ ʢʘʯʝʩʪʚʝʥʥʫʶ ʨʘʙʦʪʫ ʉʋ ʅʇɸ 

ʠ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ, ʨʝʘʣʠʟʫʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʟʘʜʘʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʦʯʥʦʩʪʠ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ. 

2. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤ ʩ ʵʪʘʣʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʠ ʧʨʦʛʥʦʟʠʨʫʶʱʠʭ ʥʝʡʨʦ-

ʥʝʯʝʪʢʠʭ ʩʝʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ ʵʪʠʤ ʜʚʠʞʠʪʝʣʷʤ ʟʘʜʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʛʘʨʘʥʪʠʨʫʶʱʠʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʉʋ ʅʇɸ ʚ ʮʝʣʦʤ.  

4. ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʘʜʘʧʪʠʚʥʦʡ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʉʋ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ 

ʅʇɸ, ʢʦʪʦʨʘ ̫ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʚʩʝʡ ʉʋ ʅʇɸ ʟʘ ʩʯʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʅʇɸ.  

5. ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʉʋ ʜʣʷ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʤʘʨʰʝʚʳʤ ʜʚʠʞʠʪʝʣʝʤ, 

ʧʦʟʚʦʣʷʶ ʝɦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʜʚʠʞʝʥʠʝʤ ʵʪʦʛʦ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʦʤʧʝʥʩʘʮʠʶ ʤʦʤʝʥʪʘ ʧʨʦʪʠʚʦʚʨʘʱʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʥʘ ʅʇɸ ʩʦ ʩʪʦʨʦʥʳ ʜʚʠʞʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ 

ʵʪʦʛʦ ʅʇɸ, ʧʦʟʚʦʣʷʶʱʠʝ ʝʤʫ ʧʦʜʦʡʪʠ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʟʘʜʘʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʡ ʤʘʥʝʚʨʝʥʥʦʩʪʠ. 

6. ʄʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʛʦ ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ 

ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʫʢʘʟʘʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 
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ʩʢʦʨʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʉʋ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʯʠʪʳʚʘʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ.  

7. ʄʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʙʦʨʪʦʚʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʦ-ʧʠʣʦʪʘʞʥʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʙʘʟʝ ʩʠʛʤʘ-ʪʦʯʝʯʥʦʛʦ 

ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʬʦʨʤʠʨʦʚʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʩʠʛʥʘʣʳ ʦʙʨʘʪʥʳʭ 

ʩʚʷʟʝʡ ʩ ʯʘʩʪʦʪʦʡ ʨʘʙʦʪʳ ʉʋ ʅʇɸ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʘʩʪʦʪʳ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʥʘ 

ʚʳʭʦʜʘʭ ʥʝʢʦʪʦʨʳʭ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ. 

8. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʡ ʧʨʦʠʟʚʦʣʴʥʳʭ ʅʇɸ, ʦʩʥʘʱʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʉʋ, ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʝ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʦʨʦʥʥʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʢʦʨʨʝʢʪʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʤ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ ʧʦʣʦʞʝʥʠʷʤ 

ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʨʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʦʧʝʨʘʮʠʡ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʉʋ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪ ɹʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʟʘʜʘʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ) ʧʨʦʩʪʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ, ʥʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʉʋ, ʘ ʪʘʢʞʝ ʚ 

ʫʤʝʥʴʰʝʥʠʠ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʉʋ ʅʇɸ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʠʨʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʉʋ ʅʇɸ ʚ 

ʨʝʞʠʤʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʦʙʨʘʟʮʳ ʧʦʜʚʦʜʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʨʘʩʰʠʨʝʥʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʦʙʨʘʟʮʦʚ ʅʇɸ ʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ 

ʢʘʬʝʜʨʳ çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝè (ʥʘʧʨʘʚʣʝʥʠ ̫ ʧʦʜʛʦʪʦʚʢʠ ʤʘʛʠʩʪʨʦʚ 

220400.68 ï ʋʧʨʘʚʣʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, 221000.68 ï ʄʝʭʘʪʨʦʥʠʢʘ ʠ 

ʨʦʙʦʪʦʪʝʭʥʠʢʘ). ʋʢʘʟʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʀɸʇʋ ɼɺʆ ʈɸʅ ʚ ʨʘʤʢʘʭ ʛʦʩʙʶʜʞʝʪʥʳʭ ʪʝʤ 0/20.050/943 

çʇʨʦʙʣʝʤʳ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤè (2005-2007 ʛʛ.), 

çʇʨʦʙʣʝʤʳ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʩʨʝʜʘʭè (2008-2010 ʛʛ.), ʛʨʘʥʪʦʚ ʈʌʌʀ  (05-08-33627-ʘ, 10-07-00395-

ʘ, 11-07-98502-ʨ_ʚʦʩʪʦʢ_ʘ) ʠ ʧʦ ʛʦʩʢʦʥʪʨʘʢʪʘʤ ˉ07.514.11.4085 ʦʪ 17.10.2011 (ʌʎʇ 

çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2007-2013 ʛʦʜʳè) ʠ ˉ02.740.11.0166 ʦʪ 

25.06.2009 (ʌʎʇ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʈʦʩʩʠʠè). 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ  ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 8th IFAC Symp. 

on Computer Aided Control System Design (2000, Selford, UK), DAAAM  Symp. on 

Intelligent Automation and Manufacturing (2001, Jena, Germany; 2007, Zadar, Croatia;  

2008, Trnava, Slovakia; 2009, Vienna, Austria), 7-th  Int. Biennial ASME Conf. on 

Engineering Systems Design and Analysis (2004, Manchester, UK), 14 IFAC Congress 

(2005, Praha, Czech Republic), 6-th Asian Control Conf. (2006, Bali, Indonesia), IEEE Int. 

Conf. on Mechatronics and Automation (2007, Harbin, China), IEEE/ASME Int. Conf. on 

Advanced Intelligent Mechatronics (2008, Xian, China), 8th Pacific/Asia Offshore 

Mechanics Symp. (2008, Bangkok, Thailand), Int. Conf. on Control, Automation and 

Systems ICCAS (2010, Seoul KINTEX, Korea), First Russia and Pacific conf. on Computer 

Technology and Applications (2010, Vladivostok, Russia), 8th Int. Conf. on Informatics in 

Control, Automation and Robotics (2011, Noordwijkerhout, Netherlands), 7th IEEE Int. 

Conf. on Intelligent Data Acquisition and Advanced Computing System (2013, Berlin, 

Germany), 5-  ̫ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬ. çʇʨʦʙʣʝʤʳ ʪʨʘʥʩʧʦʨʪʘ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘè (2003, ɺʣʘʜʠʚʦʩʪʦʢ), ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ 

çɸʜʘʧʪʠʚʥʳʝ ʨʦʙʦʪʳè (2004, ʉ.-ʇʝʪʝʨʙʫʨʛ), IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬ. çʄʘʪʝʤʘʪʠʢʘ, 

ʠʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʝʥʠʝè (2005, ʀʨʢʫʪʩʢ), 2-ʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬ. çʊʝʭʥʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ ʦʩʚʦʝʥʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘè (2007, ɺʣʘʜʠʚʦʩʪʦʢ), 7-ʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬ. çʂʠʙʝʨʥʝʪʠʢʘ ʠ ʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ XXIè (2007, ɺʦʨʦʥʝʞ), ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬ. çʄʝʭʘʪʨʦʥʠʢʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʫʧʨʘʚʣʝʥʠʝè (2007, ʧ. 

ɼʠʚʥʦʤʦʨʩʢʦʝ, 2008, 2010, ʉ.-ʇʝʪʝʨʙʫʨʛ), 2-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬ. ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ çɹʫʜʫʱʝʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʈʦʩʩʠʠè (2009, ʄʦʩʢʚʘ), ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬ. çʕʢʩʪʨʝʤʘʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘè (2009, ʧ. ɼʠʚʥʦʤʦʨʩʦʢʝ, 2011, ʉ.-

ʇʝʪʝʨʙʫʨʛ), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬ. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʚʦʧʨʦʩʳ 

ʤʝʭʘʥʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷè (2011, ɺʣʘʜʠʚʦʩʪʦʢ), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʫʣʴʪʠʢʦʥʬ. 

ʧʦ ʧʨʦʙʣʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ (2011, 2013, ʧ. ɼʠʚʥʦʤʦʨʩʢʦʝ), ɺʩʝʨʦʩʩʠʡʩʢʦʝ ʩʦʚʝʱʘʥʠʝ 

ʧʦ ʧʨʦʙʣʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ (2014, ʄʦʩʢʚʘ). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 68 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 19 

ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ ʈʌ (ʚ ʪʦʤ ʯʠʩʣʝ ʦʜʥʘ ʧʫʙʣʠʢʘʮʠʷ ʚ ʠʥʦʩʪʨʘʥʥʦʤ 

ʞʫʨʥʘʣʝ, ʠʥʜʝʢʩʠʨʫʶʱʝʤʩʷ ʚ ʙʘʟʝ Scopus), 1 ʤʦʥʦʛʨʘʬʠʷ, 10 ʧʘʪʝʥʪʦʚ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʷ ʠ 5 ʩʚʠʜʝʪʝʣʴʩʪʚ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ.   

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɺ ʨʘʙʦʪʘʭ [1-43,45-46,48-51] 

ʘʚʪʦʨʦʤ ʩʦʟʜʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ, ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʜʘʪʯʠʢʦʚ, ʘ ʪʘʢʞʝ ʜʘʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠ ʚʳʧʦʣʥʝʥʦ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɺ ʨʘʙʦʪʘʭ [51-66] ʧʨʝʜʣʦʞʝʥʳ ʩʪʨʫʢʪʫʨʳ 

ʫʧʨʘʚʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 6 

ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 253 ʠʩʪʦʯʥʠʢʘ. ʆʩʥʦʚʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʦ ʥʘ 315 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ. ʈʘʙʦʪʘ 

ʩʦʜʝʨʞʠʪ 97 ʨʠʩʫʥʢʦʚ ʠ 3 ʪʘʙʣʠʮʳ.  
 

ʂʈɸʊʂʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 
 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʪʦʯʥʳʭ ʉʋ ʅʇɸ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʠʭ ʜʚʠʞʝʥʠʷ ʧʦ ʩʣʦʞʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʥʘ ʧʦʚʳʰʝʥʥʳʭ 

ʩʢʦʨʦʩʪʷʭ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʘʥʘ ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʨʘʙʦʪʳ ʠ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦ ʛʣʘʚʘʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʷʚʣʝʥʳ 

ʧʨʦʙʣʝʤʳ ʠ ʪʨʫʜʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʉʋ ʜʣʷ 

ʅʇɸ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ ʥʘʟʥʘʯʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦʜʭʦʜʦʚ 

ʠ ʤʝʪʦʜʦʚ, ʨʝʰʘʶʱʠʭ ʩʭʦʜʥʳʝ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʨʦʙʘʩʪʥʳʝ 

ʠ ʘʜʘʧʪʠʚʥʳʝ ʉʋ ʥʝ ʚʩʝʛʜʘ ʧʦʣʥʦʩʪʴʶ ʫʯʠʪʳʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʅʇɸ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʝʨʝʤʝʥʥʦʩʪʴ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʚʷʟʢʦʡ ʩʨʝʜʦʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʜʚʠʞʝʥʠʷ ʧʦ ʩʣʦʞʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʦʪʦʨʳʝ ʫʜʘʝʪʩʷ ʥʝ ʚʩʝʛʜʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʉʋ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʬʦʨʤʠʨʫʝʤʳʝ ʵʪʠʤʠ ʉʋ ʩʠʛʥʘʣʳ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʴʥʦ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʜʚʠʞʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʅʇɸ, ʦʛʨʘʥʠʯʝʥʠʷ 

ʤʦʱʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʫʯʠʪʳʚʘʶʪʩʷ ʨʝʜʢʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʠʣʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʅʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ 

ʥʝʢʦʪʦʨʳʝ ʝʛʦ ʜʚʠʞʠʪʝʣʠ ʚʭʦʜ̫ʪ ʚ ʥʘʩʳʱʝʥʠʝ, ʯʪʦ ʥʝʤʠʥʫʝʤʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ (ʠʣʠ ʜʘʞʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ). 

ʊʦ ʝʩʪʴ ʧʨʠ ʩʠʥʪʝʟʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʉʋ ʅʇɸ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʵʪʠʭ ʘʧʧʘʨʘʪʦʚ (ʧʝʨʝʤʝʥʥʦʩʪʴ ʤʥʦʛʠʭ ʠʭ ʧʘʨʘʤʝʪʨʦʚ), ʥʦ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʛʥʘʣʳ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ 

(ʚʩʝʛʜʘ) ʦʪʨʘʙʘʪʳʚʘʪʴʩʷ ʵʪʠʤʠ ʉʋ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʦʚʝʜʝʥʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʠʤʝʷ ʚʳʩʦʢʫʶ 

ʩʣʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʥʝ ʫʯʠʪʳʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʨʝʘʣʴʥʦ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʩʳʱʝʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʅʇɸ.  
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ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʉʋ ʥʝ ʫʯʠʪʳʚʘʶʪ ʨʘʟʣʠʯʥʫʶ ʯʘʩʪʦʪʫ ʦʙʥʦʚʣʝʥʠʷ 

ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʞʝ ʪʝ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ, ʥʘ ʧʨʘʢʪʠʢʝ 

ʩʪʘʥʦʚʷʪʩʷ ʚʦʦʙʱʝ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʢʦʥʮʝ ʛʣʘʚʳ ʦʢʦʥʯʘʪʝʣʴʥʦ ʙʳʣʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ 

ʜʦʣʞʥʳ ʩʪʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʉʋ ʜʣʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʠ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʅʇɸ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ 

ʥʘʟʥʘʯʝʥʠʷ ʧʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚ ʫʩʣʦʚʠʷʭ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʩʪʠ (ʯʘʩʪʦ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʡ) ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ.  

ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʦʜʭʦʜʦʚ ʠ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʦʜʭʦʜʦʚ ʠ ʟʘʜʘʯ ʧʦʣʦʞʝʥʥʳʭ  

ʚ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʠ  

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʳ, ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʜʚʝ 

ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. ʇʝʨʚʘʷ 

ʛʨʫʧʧʘ ʜʦʣʞʥʘ ʧʦʟʚʦʣʠʪʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʳʩʦʢʦʪʦʯʥʳʝ ʉʋ ʜʣʷ ʚʳʩʦʢʦʤʘʥʝʚʨʝʥʥʳʭ 

ʅʇɸ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʚʳʧʦʣʥʷʶʱʠʭ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ʚʙʣʠʟʠ 

ʦʙʲʝʢʪʦʚ ʨʘʙʦʪ. ʕʪʠ ʉʋ ʜʦʣʞʥʳ ʩʪʨʦʠʪʴʩʷ ʥʘ ʙʘʟʝ ʩʦʟʜʘʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʉʋ ʅʇɸ 

ʅʇɸ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʪʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʚʙʣʠʟʠ 

ʦʙʲʝʢʪʦʚ ʨʘʙʦʪ 

ʅʇɸ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʧʦ ʩʣʦʞʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ 

ʚʜʦʣʴ ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʪʦʯʥʳʭ ʉʋ, 

ʨʦʙʘʩʪʥʳʭ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ 

ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʉʋ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʜʚʠʞʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ   

ʄʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ 

ʜʚʠʞʝʥʠʷ ʅʇɸ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʥʘʩʳʱʝʥʠʷ ʜʚʠʞʠʪʝʣʝʡ 

ʄʝʪʦʜʳ ʢʦʨʨʝʢʮʠʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʦʚʦʤ 

ʧʨʠʥʮʠʧʝ ʫʧʨʘʚʣʝʥʠʷ 

 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ ʜʣʷ 

ʧʨʝʜʝʣʴʥʦ ʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʟʘʜʘʥʥʦʡ 

ʪʦʯʥʦʩʪʴʶ  

ʄʝʪʦʜʳ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʘʝʤʳʭ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʅʇɸ 

ʄʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ 

ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʋ ʅʇɸ 
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ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʚʘʪʴ ʅʇɸ 

ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʚʩʝʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʧʦ 

ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʟʜʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ 

ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʠʭ ʜʚʠʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʳʡ ʚʭʦʜ 

ʦʪʜʝʣʴʥʳʭ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʚ ʥʘʩʳʱʝʥʠʷ.  

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ, ʠʤʝʶʱʠʤʠ 

ʩʧʝʮʠʘʣʴʥʫʶ ʦʙʪʝʢʘʝʤʫʶ ʬʦʨʤʫ, ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʧʨʦʪʷʞʝʥʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ. 

ʕʪʠ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʞʠʪʝʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʢʦʨʦʩʪʥʳʭ ʅʇɸ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ 

ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʦʚʳʝ 

ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʨʦʩʪʳʝ ʨʝʛʫʣʷʪʦʨʳ ʠ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʩʪʨʦʝʥʠʶ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʚʦʟʤʦʞʥʦʝ ʥʘʩʳʱʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʜʚʠʞʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʙʳʩʪʨʳʭ ʧʝʨʝʤʝʱʝʥʠʡ 

ʅʇɸ. 

 ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʠ ʤʝʪʦʜʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʢʮʠʠ ʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʦʣʞʥʦ 

ʧʦʟʚʦʣʠʪʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʳʩʦʢʦʪʦʯʥʳʝ ʉʋ, ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʅʇɸ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ.  

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʉʋ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʜʘʪʯʠʢʦʚ ʅʇɸ. ʕʪʠ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʙʳʩʪʨʦ ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʦʙʥʦʚʣʷʪʴ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʩʠʛʥʘʣʳ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʩ ʪʨʝʙʫʝʤʦʡ ʯʘʩʪʦʪʦʡ.  

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʉʋ ʅʇɸ ʩ ʮʝʣʴʶ 

ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪʢʠ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ, ʨʘʟʨʘʙʦʪʘʥ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʤʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʉʋ ʅʇɸ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʪʠʤ ʅʇɸ ʚʳʩʦʢʫʶ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ ʚʙʣʠʟʠ ʦʙʲʝʢʪʦʚ ʨʘʙʦʪ ʧʦ ʣʶʙʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʠʭ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʠ ʢʘʥʘʣʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʧʝʨʝʤʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʦʢʨʫʞʘʶʱʝʡ ʚʷʟʢʦʡ ʩʨʝʜʦʡ.  

ʄʦʜʝʣʴ ʅʇɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʠʟ ʜʚʝʥʘʜʮʘʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ 
 

ŰxgɡɡDɡCɡM =+++ )())()((# ,                                       (1) 

ɡxJx )(=# ,                                                          (2)  



11 

 

 

ʛʜʝ 66³ÍRM -ʤʘʪʨʠʮʘ ʠʥʝʨʮʠʠ, ʚʢʣʶʯʘʶʱʘʷ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʤʘʩʩʳ ʠ ʤʦʤʝʥʪʳ 

ʠʥʝʨʮʠʠ ʞʠʜʢʦʩʪʠ; 66)( ³ÍRɡC - ʤʘʪʨʠʮʘ ʢʦʨʠʦʣʠʩʦʚʳʭ ʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ; 

66)( ³ÍRɡD  - ʤʘʪʨʠʮʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ; 6)( Rxg Í -ʚʝʢʪʦʨ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ; T
zyxzyx ],,,,,[ wwwuuu=ɡ  - ʚʝʢʪʦʨ ʧʨʦʝʢʮʠʡ 

ʣʠʥʝʡʥʦʡ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʘ ʦʩʠ ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʉʉʂ); T
tztytxtztytx MMM ],,,,,[ ttt=Ű  - ʚʝʢʪʦʨ ʧʨʦʝʢʮʠʡ ʩʠʣ ʪʷʛʠ 

ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʥʘ ʦʩʠ ʉʉʂ; Tzyx ],,,,,[ yqj=x  - ʚʝʢʪʦʨ ʧʦʣʦʞʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ 

ʅʇɸ ʚ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ɸʉʂ); 66)( ʭRÍxJ  - ʙʣʦʯʥʘʷ ʤʘʪʨʠʮʘ 

ʧʝʨʝʭʦʜʘ ʠʟ ʉʉʂ ʚ ɸʉʂ. 

ɺ ʤʦʜʝʣʠ (1), (2) ʜʠʥʘʤʠʢʘ ʢʘʞʜʦʛʦ ʜʚʠʞʠʪʝʣ ̫ʅʇɸ ʦʧʠʩʳʚʘʝʪʩ̫ ʫʨʘʚʥʝʥʠʷʤʠ 

ʚʠʜʘ: 
 

ukMkJ fttʜ 22 ttww =++# , ),( hdtt HfF wt tt= , ( )hdtmmf HfFM ,w= ,      (3) 

 

ʛʜʝ Hhd ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʰʘʛ ʚʠʥʪʘ; Ft, Fm ï ʦʙʦʙʱʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʷʛʠ ʠ 

ʤʦʤʝʥʪʘ; Jʜ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʜʚʠʞʠʪʝʣʷ ʩ ʫʯʝʪʦʤ 

ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʞʠʜʢʦʩʪʠ; kt1, kt1 ï ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; u 

ï ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʝʤ ʅʇɸ; ʄf ï ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʜʚʠʞʠʪʝʣʷ; 

( ) ( )hdtmhdtm HfHf ,,, ww  - ʥʝʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ. ʄʦʜʝʣ ɹ (3) ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʚ ʜʠʘʧʘʟʦʥʘʭ: maxmin

ʜʜʜ JJJ ¢¢  ʠ maxmin

mmm FFF ¢¢ .
 

ʇʦʩʢʦʣʴʢʫ ʤʦʜʝʣʴ (1) - (3) ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ ʠ ʤʥʦʛʦʤʝʨʥʦʡ, ʪʦ ʝʝ ʩʣʦʞʥʦ 

ʥʘʧʨʷʤʫʶ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʩʠʥʪʝʟʘ ʉʋ ʅʇɸ. ʇʦʵʪʦʤʫ ʚ ʛʣʘʚʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʜʝʢʦʤʧʦʟʠʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʤʦʜʝʣʴ (1) ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʰʝʩʪʴ ʧʦʜʩʠʩʪʝʤ (ʧʦ ʯʠʩʣʫ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʅʇɸ), ʚ ʢʦʪʦʨʳʭ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʚʩʝʤʠ ʵʪʠʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʜʚʠʞʝʥʠ ̫ʅʇɸ ʧʦ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʥʘʧʨʠʤʝʨ, ʣʠʥʝʡʥʦʡ ʧʦ ʦʩʠ ʭ, 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
 

txxxxxx fɡɡdɡdɡm t=+++ 21# ,                                       (4) 

mmin < m < mmax,     d1imin < d1 < d1imax,    d2imin < d2 < d2imax,       

  

ʛʜʝ m ï ʤʘʩʩʘ ʅʇɸ ʩ ʫʯʝʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʞʠʜʢʦʩʪʠ; 
21,dd  - 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʅʇɸ; fx - ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʢʦʥʢʨʝʪʥʫʶ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʩʦ ʩʪʦʨʦʥʳ ʦʩʪʘʣʴʥʳʭ ʩʪʝʧʝʥʝʡ.  

ɺ ʉʋ ʅʇɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʠ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ (ʩʤ. ʨʠʩ. 2): ʢʦʥʪʫʨ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ, ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠ ʢʦʥʪʫʨ 

ʫʧʨʘʚʣʝʥʠʷ ʝʛʦ ʧʦʣʦʞʝʥʠʝʤ, ʩʠʥʪʝʟ ʵʪʠʭ ʢʦʥʪʫʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ.   
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʋ ʅʇɸ  

 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ. 

ʇʝʨʚʳʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʠʥʪʝʟ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʩ ʵʪʘʣʦʥʥʦʡ 

ʤʦʜʝʣʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʠʜʘʪʴ ʢʘʞʜʦʤʫ ʜʚʠʞʠʪʝʣʶ ʟʘʜʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʦʧʠʩʳʚʘʝʤʳʝ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ: 
 

dtdt T)Ű( tt -=# ,                                                      (5) 

 

ʛʜʝ 
dT  - ʞʝʣʘʝʤʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ; 

dt - ʞʝʣʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʚʠʚʘʝʤʦʡ ʩʠʣʳ 

ʪʷʛʠ. ʉʠʥʪʝʟ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ: ʥʘ ʧʝʨʚʦʤ - ʩʠʥʪʝʟʠʨʫʝʪʩʷ 

ʥʝʣʠʥʝʡʥʳʡ ʨʝʛʫʣʷʪʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʠʜʘʪʴ ʜʚʠʞʠʪʝʣʶ ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ (5) ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʨʘʚʥʳ ʥʝʢʦʪʦʨʳʤ ʥʦʤʠʥʘʣʴʥʳʤ 

(ʧʦʩʪʦʷʥʥʳʤ) ʟʥʘʯʝʥʠʷʤ, ʘ ʥʘ ʚʪʦʨʦʤ - ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʢʦʥʪʫʨ ʩʠʛʥʘʣʴʥʦʡ 

ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʧʦ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ, ʘʥʘʣʦʛʠʯʥʳʤ (5), 

ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʠʪʝʣʷ ʦʪ ʠʭ ʥʦʤʠʥʘʣɹʥʳʭ 

ʟʥʘʯʝʥʠʡ. ɺ ʮʝʣʦʤ ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (ʩʤ. ʨʠʩ. 2) ʠʤʝʝʪ ʚʠʜ: 
 

( )( )
amptdchdtmʥ

hdt

ŰdhdtŰd
ʜʥ kk,HɤfF

),HD(ɤ

zFT,HɤfFŰ
Ju öö

÷

õ
ææ
ç

å
++

+-
= wt

t )(
(

, 

 

ʛʜʝ z ï ʩʠʛʥʘʣ ʩʘʤʦʥʘʩʪʨʦʡʢʠ; ),( hdt HDw - ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʬʫʥʢʮʠʷ; ampdc kk ,  - 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʘʤʠ ʜʚʠʛʘʪʝʣʷ; mʥʜʥFJ , - 

ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʠʪʝʣʷ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʉʋ ʜʚʠʞʠʪʝʣʷʤʠ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʷʤʦʛʦ ʠʥʚʝʨʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʤʦʜʝʣʴʶ ʠ 

ʘʜʘʧʪʠʚʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʧʦ ʥʝʡʨʦ-ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ. ɼʣʷ ʩʥʠʞʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʵʪʠʭ ʉʋ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʤʘʣʦʡ 

ʂʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ 

ʂʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ 

ʂʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʠʪʝʣʷʤʠ 

ʉʋ 
ʧʦʣʦ-
ʞʝʥʠʝʤ 

ʉʋ 
ʩʢʦʨʦ-
ʩʪʴʶ 

ɼʚʠʞʠ
-ʪʝʣʴ 

ʉʋ 
ʜʚʠʞʠ-
ʪʝʣʝʤ 

 

ʅʇɸ 
xd ud

 td u t u x 
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ʨʘʟʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʦʙʫʯʘʶʪʩʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʉʋ, ʠʩʧʦʣʴʟʫ ̫

ʦʙʫʯʘʶʱʠʝ ʚʳʙʦʨʢʠ ʤʘʣʦʛʦ ʦʙʲʝʤʘ. ʉʋ, ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʵʪʠʭ ʤʝʪʦʜʦʚ, 

ʧʦʟʚʦʣʷʪʁ ʦʙʝʩʧʝʯʠʪʴ ʜʚʠʞʠʪʝʣʶ ʟʘʜʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʟ ʟʥʘʥʠʷ 

ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʝʛʦ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʇʨʠ ʩʠʥʪʝʟʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʉʋ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʠʩʘʥʠʝ ʝʛʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʫʨʘʚʥʝʥʠʷʤʠ ʚʠʜʘ (4), ʘ ʜʚʠʞʠʪʝʣʝʡ - 

ʫʨʘʚʥʝʥʠʷʤʠ (5). ʇʨʠ ʵʪʦʤ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ ʚʟʘʠʤʦʚʣʠʷʥʠʷ 

ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʚʦ ʚʩʝʭ ʢʘʥʘʣʘʭ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ, ʠ ʠʟʤʝʥʝʥʠ ̫ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. 

ʕʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩ ̫ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʉʇʉ), 

ʨʘʙʦʪʘʶʱʝʡ ʚ ʩʢʦʣʴʟʷʱʝʤ ʨʝʞʠʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʜʠʥʘʤʠʢʫ ʅʇɸ ʧʦ 

ʦʪʜʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʣʠʥʝʡʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ: 
 

uu-==+ deCee ,0# ,                                                  (6) 

 

ʛʜʝ uu ,d  - ʞʝʣʘʝʤʦʝ ʠ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʅʇɸ; ʉ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ɼʣʷ ʚʩʝʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʅʇɸ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʟʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʠʭ ʜʚʠʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʉʇʉ  
 

              tu2u1d ŰksekŰ += )g(|| ,   Cees +=# ,                                      (7) 

 

ʛʜʝ k mTkk ʜu 31= , 
du kk /12= ku2 ï ʧʦʩʪʦʷʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; g(s)- 

ʬʫʥʢʮʠʷ ʨʝʣʝ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ. ʕʪʦʪ ʟʘʢʦʥ, ʠʩʧʦʣʴʟʫ̫ ʘʣʛʦʨʠʪʤ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʉʇʉ ʧʦ ʚʝʣʠʯʠʥʝ ʩʢʚʘʞʥʦʩʪʠ m ʨʘʟʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ (ʧʨʝʜʣʦʞʝʥ 

ɸ.ɸ.ɼʳʜʘ): 
 

D+=-=D+= minmax ),(),/( CCkttt sgsg mmm # ,                         (8) 

 

ʛʜʝ gs tt ,  - ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʧʦ ʦʪʨʝʟʢʘʤ ʩʧʠʨʘʣʝʡ ʠ ʛʠʧʝʨʙʦʣ 

ʚ ʩʢʦʣʴʟʷʱʝʤ ʨʝʞʠʤʝ, ʥʝ ʪʨʝʙʫʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ. ʆʜʥʘʢʦ 

ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʢʦʥ (7) ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʩʪʨʦʡʢʫ 

ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ (8) ʪʦʣʴʢʦ ʧʨʠ ʩʪʫʧʝʥʯʘʪʳʭ 

ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʘʭ, ʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ ʥʘ ʚʩʝ ʚʭʦʜ rʚʩʝʭ ʉʇʉ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʧʦʩʪʫʧʘʝʪ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʱʠʡʩʷ ʩʠʛʥʘʣ. ʇʦʵʪʦʤʫ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʦʞʝʥʦ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʪʦʪ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʱʠʡʩʷ ʩʠʛʥʘʣ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʪʫʧʝʥʯʘʪʳʭ ʩʠʛʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʙʠʨʘʪʴ ʪʘʢʫʶ 

ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʰʘʛʘ ʢʚʘʥʪʦʚʘʥʠʷ ʵʪʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦ ʚʨʝʤʷ 

ʦʪʨʘʙʦʪʢʠ ʦʯʝʨʝʜʥʦʛʦ ʟʘʜʘʶʱʝʛʦ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʠʛʥʘʣʘ ʠʟʦʙʨʘʞʘʶʱʘʷ ʪʦʯʢʘ 
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ʩʠʩʪʝʤ rʫʩʧʝʚʘʝʪ ʧʦʣʥʦʩʪʴʶ ʧʨʦʡʪʠ ʠ ʧʦ ʛʠʧʝʨʙʦʣʝ ʠ ʧʦ ʩʧʠʨʘʣʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʘʜʘʧʪʘʮʠʠ ʉʇʉ (8). 

ʉʠʥʪʝʟʠʨʫʝʤʳʡ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʅʇɸ 

ʧʨʠʜʘʝʪ ʚʩʝʤʫ ʅʇɸ ʚ ʮʝʣʦʤ ʞʝʣʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʧʠʩʳʚʘʝʤʳʝ 

ʫʨʘʚʥʝʥʠʝʤ: 

dd xCxKxKxCx #### +¡=++ pp ,                                           (9) 

 

ʛʜʝ xd = (xd1, xd2, xd3, xd4, xd5, xd6)
ʊ ï ʚʝʢʪʦʨ ʟʘʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ ʧʦʣʦʞʝʥʠʶ ʅʇɸ; 

K p, K¡p Í R6³6 ï ʜʠʘʛʦʥʘʣʴʥʳʝ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (7), (8) ʅʇɸ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʤʘʪʨʠʯʥʳʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ: 
 

dCɡCɡɡ =+# , 
 

ʛʜʝ ud = (ud1, ud2, ud3, ud4, ud5, ud6)
ʊ ï ʚʝʢʪʦʨ ʟʘʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ ʩʢʦʨʦʩʪʠ; ʉ Í 

R6³6 ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ɿʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʅʇɸ ʞʝʣʘʝʤʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (9), ʠʤʝʝʪ ʚʠʜ: 
 

ɡɡJCJxCxKxKJCɡ ++-+-¡= - ))(()( 1 ##dpdpd ,                      (10) 

 

ʛʜʝ ɕpp
2
ʉKK =¡= ; z ï ʥʝʢʦʪʦʨʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʠʜ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʉʋ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʅʇɸ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʉʋ ʅʇɸ ʧʨʠ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʠʟ ʠʩʭʦʜʥʦʡ ʚ ʥʝʢʦʪʦʨʫʶ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʂʨʠʚʳʝ 1 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ çʥʘʠʭʫʜʰʠʤè, ʘ ʢʨʠʚʳʝ 2 ï çʥʘʠʣʫʯʰʠʤè ʧʘʨʘʤʝʪʨʘʤ ʅʇɸ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 2ʘ ʧʦʢʘʟʘʥʘ ʨʘʙʦʪʘ ʪʠʧʦʚʦʡ ʣʠʥʝʡʥʦʡ ʉʋ (ʢʨʠʚʳʝ 3 ʠ 4) ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ çʥʘʠʭʫʜʰʠʭè ʠ çʥʘʠʣʫʯʰʠʭè 

ʧʘʨʘʤʝʪʨʘʭ ʅʇɸ. ʀʟ ʨʠʩ. 3ʘ ʚʠʜʥʦ, ʯʪʦ ʣʠʥʝʡʥʳʡ ʨʝʛʫʣʷʪʦʨ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʪʦʣʴʢʦ ʧʨʠ "ʥʘʠʣʫʯʰʠʭ" ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 

ʅʇɸ, ʘ ʧʨʠ "ʥʘʠʭʫʜʰʠʭ" ʟʥʘʯʝʥʠʷʭ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 

ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʦʛʦ ʧʝʨʝʛʫʣʠʨʦʚʘʥʠ,̫ ʠ ʙʦʣʝʝ ʯʝʤ ʚ 2.5 ʨʘʟʘ ʚʦʟʨʘʩʪʘʝʪ ʚʨʝʤʷ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʜʥʘʢʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘ ̫ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʉʋ ʅʇɸ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʥʦ ʠ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʝʛʦ ʨʘʙʦʪʳ ʧʦʯʪʠ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ (ʩʢʦʨʦʩʪʴ 

ʦʙʥʫʣʝʥʠʷ ʦʰʠʙʢʠ). 

 ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʧʦʣʦʞʝʥʠʝʤ ʅʇɸ ʧʘʨʘʤʝʪʨ m  (ʩʤ. ʨʠʩ. 3ʙ) ʙʳʩʪʨʦ 

ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʙʣʠʟʢʦʛʦ ʢ ʝʜʠʥʠʮʝ), ʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ ʧʨʠʥʠʤʘʝʪ ʨʘʟʣʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ (ʩʤ. ʨʠʩ. 3ʚ).  
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ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʉʋ, ʚʢʣʶʯʘʶʱʝʡ ʟʘʢʦʥ (10), 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ (ʩʤ. ʨʠʩ. 2), ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ 

ʧʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʩʣʦʞʥʳʤ, ʥʦ ʛʣʘʜʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʪʦʯʥʦʩʪʴ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʟʘʜʘʚʘʝʤʦʡ ʩʢʦʨʦʩʪʠ. ʀ, ʝʩʣʠ 

ʜʚʠʞʝʥʠʝ ʧʦ ʚʳʙʨʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 

0.5 ʤ/ʩ ʧʨʠʚʦʜʠʣʦ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʰʠʙʢʘʤ ʅʇɸ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 0.06ʤ, ʪʦ 

ʧʦʚʳʰʝʥʠʝ ʵʪʠʭ ʩʢʦʨʦʩʪʝʡ ʜʦ 1.2 ʤ/ʩ ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʩ ʪʝʤʠ ʞʝ ʉʋ ʠ ʧʦ ʪʝʤ ʞʝ 

ʪʨʘʝʢʪʦʨʠʷʤ ʧʦʚʳʰʘʣʦ ʤʘʢʩʠʤʫʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʫʧʨʘʚʣʝʥʠʷ ʫʞʝ ʜʦ 0.8 ʤ. 

ɽʩʣʠ ʞʝ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʡ ʩ ʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʚʭʦʜʠʣʠ ʚ ʥʘʩʳʱʝʥʠʷ, ʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʝʛʦ ʜʚʠʞʝʥʠʷ ʥʘ 

ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʨʝʟʢʦ ʧʘʜʘʣʘ, ʘ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʨʝʜʧʠʩʘʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʣʠ 1 ʤ. 
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ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʉʋ ʧʨʦʩʪʨʘʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʅʇɸ 

ʧʨʠ ʪʝʨʤʠʥʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥrʭ ʘʜʘʧʪʠʚʥʳʭ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʉʋ ʅʇɸ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʮʝʣʦʤ ʦʥʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʪʨʝʙʫʝʤʫʶ ʚʳʩʦʢʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʚʷʟʢʦʡ ʩʨʝʜʦʡ ʠ ʦʪ 

ʚʟʘʠʤʦʚʣʠʷʥʠʡ ʤʝʞʜʫ ʚʩʝʤʠ ʢʘʥʘʣʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ, ʉʋ, ʩʠʥʪʝʟʠʨʫʝʤʳʝ 

ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʷʚʣʷʷʩʴ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ ʧʨʠ ʚʭʦʜʝ ʠʭ 

ʜʚʠʞʠʪʝʣʝʡ ʚ ʥʘʩʳʱʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʝr ʧʫʪʠ ʠ 

ʧʦʜʭʦʜ,r ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʭʨʘʥʠʪʴ ʚʳʩʦʢʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʅʇɸ, ʧʨʠʤʝʥʷʷ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʉʋ ʙʝʟ ʩʥʠʞʝʥʠʷ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʝʜʧʠʩʘʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ʕʪʠ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ, 

ʩʦʟʜʘʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʦʙʦʙʱʝʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʉʋ 

ʜʣʷ ʅʇɸ, ʠʤʝʶʱʠʭ ʦʙʪʝʢʘʝʤʫʶ ʬʦʨʤʫ ʠ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʪʦʯʥʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚʜʦʣʴ ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʠ 
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ʵʪʦʤ ʨʘʩʩʤʦʪʨʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ, ʚʝʢʪʦʨ ʪʷʛʠ 

ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ. ɺʥʝʰʥʠʡ ʚʠʜ ʅʇɸ ʠ ʝʛʦ 

ʜʚʠʞʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4.  
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ʈʠʩ. 4. ɺʥʝʰʥʠʡ ʚʠʜ ʅʇɸ (ʘ), ʝʛʦ ʜʚʠʞʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʙ) ʩ ʠʟʤʝʥʷʶʱʠʤʩʷ 

ʚʝʢʪʦʨʦʤ ʪʷʛʠ ʠ ʝʝ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ (ʚ)  

           

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ 

ʩʧʦʩʦʙʥʘ ʥʝ ʪʦʣʴʢʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʚʠʥʪ ʚ ʟʘʜʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʧʦʣʦʞʝʥʠʠ (ʫʛʦʣ dd  ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʘ rd ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ), ʥʦ ʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʪʠʚʦʚʨʘʱʝʥʠʷ ʥʘʩʘʜʢʠ ʩʦʟʜʘʚʘʪʴ ʤʦʤʝʥʪ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʡ 

ʦʧʨʦʢʠʜʳʚʘʶʱʠʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʅʇɸ ʩʦ ʩʪʦʨʦʥʳ ʚʨʘʱʘʶʱʝʛʦʩʷ ʚ 

ʞʠʜʢʦʩʪʠ ʚʠʥʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʫʩʪʘʥʦʚʢʠ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʇɸ, ʥʦ ʠ ʩʥʠʞʘʝʪ ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʷʟʢʦʡ ʩʨʝʜʦʡ.  

ʇʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʦʙʱʝʡ ʟʘʜʘʯʠ ʙʳʣʠ ʨʝʰʝʥʳ ʜʚʝ ʧʦʜʟʘʜʘʯʠ.  

1) ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ ʜʚʠʞʠʪʝʣʷ ʅʇɸ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠ ʟʘʜʘʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʩʠʣʳ ʪʷʛʠ ʜʚʠʞʠʪʝʣʷ, ʠ ʩʢʦʨʦʩʪʴ 

ʧʨʦʪʠʚʦʚʨʘʱʝʥʠʷ ʥʘʩʘʜʢʠ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʣʫʯʝʥʠʝ ʣʝʛʢʦ 

ʨʝʘʣʠʟʫʝʤʳʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʘʤʠ ʧʦʚʦʨʦʪʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

ʫʩʪʨʦʡʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ ʤʘʨʰʝʚʦʛʦ ʜʚʠʞʠʪʝʣʷ. 

2) ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʅʇɸ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʫʯʠʪʳʚʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʝʛʦ ʜʚʠʞʠʪʝʣʷ.  

ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʉʋ, ʨʝʰʘʶʱʠʡ ʧʝʨʚʫʶ ʧʦʜʟʘʜʘʯʫ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʵʪʦʛʦ ʅʇɸ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʘ ʪʷʛʠ ʝʛʦ ʚʠʥʪʘ (ʤʘʨʰʝʚʦʛʦ ʜʚʠʞʠʪʝʣʷ). ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʵʪʦʡ ʉʋ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5.  ʕʪʘ ʉʋ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʟʘʜʘʶʱʠʝ 

ʩʠʛʥʘʣʳ ʥʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʜʚʠʞʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠ ʟʘʜʘʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʩʠʣʳ ʪʷʛʠ ʜʚʠʞʠʪʝʣʷ, ʠ ʩʢʦʨʦʩʪʴ 

ʧʨʦʪʠʚʦʚʨʘʱʝʥʠʷ ʥʘʩʘʜʢʠ. ʕʪʘ ʉʋ ʩʦʜʝʨʞʠʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʘʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ: 
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ʫʛʣʘʤʠ ʢʫʨʩʘ y, ʜʠʬʬʝʨʝʥʪʘ q ʠ ʩʢʦʨʦʩʪʴʶ ʝʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ uʭ, ʘ ʪʘʢʞʝ 

ʢʦʥʪʫʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ  ʧʨʦʪʠʚʦʚʨʘʱʝʥʠʷ ʥʘʩʘʜʢʠ crw  ʜʚʠʞʠʪʝʣʷ ʜʣʷ 

ʦʙʥʫʣʝʥʠʷ ʫʛʣʘ  ʢʨʝʥʘ j ʅʇɸ.  ɺʦ ʚʩʝʭ ʢʘʥʘʣʘʭ ʵʪʦʡ ʉʋ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʠʧʦʚʳʝ 

ʣʠʥʝʡʥʳʝ ʨʝʛʫʣʷʪʦʨʳ 321 ,, RRR , ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. 

 

 
ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʋ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ 

 

ʉʋ ʤʘʨʰʝʚʳʤ ʜʚʠʞʠʪʝʣʝʤ (ʉʋʄɼ), ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʞʝʣʘʝʤʫʶ ʩʢʦʨʦʩʪʴ 

ʝʛʦ ʚʨʘʱʝʥʠʷ wᶻ ʥʘ ʦʩʥʦʚʝ ʞʝʣʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʝʛʦ ʩʠʣʳ ʪʷʛʠ dt . ɹʣʦʢ ʚʳʯʠʩʣʝʥʠʷ 

ʞʝʣʘʝʤʳʭ ʫʛʣʦʚ *
itq )3,1( =i  ʧʦʚʦʨʦʪʘ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ ʧʨʠʚʦʜʦʚ ʫʩʪʨʦʡʩʪʚʘ 

ʦʨʠʝʥʪʘʮʠʠ (ɹɺʋʇʇ) ʨʘʩʩʯʠʪʳʚʘʝʪ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʷ ʵʪʠʭ 

ʫʛʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʡ ʞʝʣʘʝʤʳʭ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʜʚʠʞʠʪʝʣʷ dd
*, dr

* ʠ 

ʩʢʦʨʦʩʪʠ ʧʨʦʪʠʚʦʚʨʘʱʝʥʠʷ ʥʘʩʘʜʢʠ *
crw , ʧʦʣʫʯʝʥʥʳʭ ʩ ʫʯʝʪʦʤ ʫʛʣʘ j ʠ ʧʨʦʝʢʮʠʡ 

dzdydx ttt ,,  (ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʞʝʣʘʝʤʳʭ ʟʥʘʯʝʥʠʡ  ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ *
ʭu, ʘ ʪʘʢʞʝ  ʫʛʣʦʚ ʢʫʨʩʘ *y  ʠ ʜʠʬʬʝʨʝʥʪʘ *q ), ʢʦʪʦʨʳʝ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ (ʕʇi) ʟʘ ʩʯʝʪ ʧʦʚʦʨʦʪʦʚ ʠʭ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ ʥʘ ʫʛʣʳ )(titq  )3,1( =i . 

ʇʨʠ ʨʝʰʝʥʠʠ ʚʪʦʨʦʡ ʧʦʜʟʘʜʘʯʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʧʦʚʦʨʦʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ: ʚʳʭʦʜ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʜʚʠʞʝʥʠʝ ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʛʣʘʜʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

ɼʣʷ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ  

)( * xxkxx yc -+= , |))|/()((* * xxkzzarctg ʩy --=q , |*)sin(|),( ** qu uqu kfxʭ += ʍʍ , 

ö
ö

÷

õ

æ
æ

ç

å

-+-

---
+=

2*2*

**

)()(

)sin()()cos()(
arccos*

yyxx

yyxx qq
yy , ),cos)(sin)(( ** qqd yyxxsign -+-=  

ʧʦʟʚʦʣʷʶʱʠʝ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʛʥʘʣʳ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʭʦʜ ʚ ʟʘʜʘʥʥʫʶ ʧʨʦʠʟʚʦʣʴʥʫʶ ʪʦʯʢʫ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʛʜʝ 

),,(),,,( **** zyxzyx == ʍʍ  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʦʨʜʠʥʘʪʳ ʪʝʢʫʱʝʛʦ ʠ ʞʝʣʘʝʤʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʅʇɸ; ʭʩ ï ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʚʝʣʠʯʠʥʘ, ʣʝʞʘʱʘ ̫ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ 
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ʢʦʦʨʜʠʥʘʪ ʭ ʠ ʭ*; uqkky,  - ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

 ʇʨʠ ʚʳʭʦʜʝ ʅʇɸ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʧʦʜʭʦʜʘ ʢ ʦʙʲʝʢʪʫ (ʩʤ. ʨʠʩ. 6).  

 

 
 

ʈʠʩ. 6. ʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʚʳʭʦʜʘ ʅʇɸ ʩ ʦʜʥʠʤ 

ʜʚʠʞʠʪʝʣʝʤ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ  
 

ʕʪʠ ʪʨʘʝʢʪʦʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʣʠ ʚ ʚʠʜʝ ʣʦʤʘʥʦʡ ʣʠʥʠʠ (ʨʠʩ. 6ʘ), 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʦʯʝʢ 011 ,,...,, PPPP nn - , - ʧʦʟʠʮʠʦʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ, ʠʣʠ ʚ ʚʠʜʝ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ Rc ʩ ʥʘʯʘʣʦʤ ʚ ʪʦʯʢʘʭ ʈn1 ʠʣʠ ʈn2 

(ʨʠʩ. 6 ʙ) - ʢʦʥʪʫʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʤʘʥʝʚʨʝʥʥʦʩʪʠ 

ʅʇɸ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʩʯʝʪʘ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ ʜʚʠʞʝʥʠʷ ʅʇɸ ʷʚʣʷʶʪʩʷ ʪʦʯʢʠ ʈn, ʈn1, 

ʠʣʠ ʈn2, ʣʝʞʘʱʠʝ ʚ ʦʜʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʮʝʣʝʚʦʡ ʪʦʯʢʦʡ P0, ʢ ʢʦʪʦʨʳʤ 

ʅʇɸ ʧʦʜʭʦʜʠʪ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɿʘʪʝʤ ʦʥ ʧʨʦʭʦʜʠʪ ʧʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ P0 ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 0y . ʇʨʠ 

ʵʪʦʤ ʧʨʠ ʧʦʟʠʮʠʦʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʫʛʣʳ ʤʝʞʜʫ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʫʯʘʩʪʢʘʤʠ 

ʣʦʤʘʥʥʦʡ ʨʘʚʥʳ yD  = const,  ʘ ʧʨʠ ʢʦʥʪʫʨʥʦʤ ï ʚʳʙʠʨʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩʦ ʩʢʦʨʦʩʪʴʶ 1ʤ/ʩ ʧʦ ʦʜʥʦʡ ʠʟ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 7. ʅʘ ʨʠʩ.7ʘ ʧʦʢʘʟʘʥ rʞʝʣʘʝʤʘʷ 

(1) ʠ ʨʝʘʣʴʥʘʷ (2) ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤʠ ʧʨʦʝʢʮʠʷʤʠ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʠ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʘ ʥʘ ʨʠʩ. 

7ʙ ʦʰʠʙʢʠ xxx -= *e , yyy -= *e , zzz -= *e ʩʣʝʞʝʥʠʷ ʧʦ ʣʠʥʝʡʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʨʠʚʳʝ 1, 2 ʠ 3), ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ y (4) ʠ q (5). ʀʟ 

ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʉʋ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʠʧʦʚʳʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʝʝ ʢʘʥʘʣʘʭ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʭʦʪʴ 

ʠ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʰʠʙʢʠ (ʜʦ 4 ʤ), ʥʦ ʧʨʠ ʵʪʦʤ ʦʪʢʣʦʥʝʥʠʝ ʅʇɸ ʦʪ 

ʪʨʘʝʢʪʦʨʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.8 ʤ. ʏʪʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʤʥʦʛʠʭ 

ʦʧʝʨʘʮʠʡ ʥʘʙʣʶʜʝʥʠʷ. ʅʦ ʧʨʠ ʝʱʝ ʙʦʣʴʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠ ʢʨʠʚʠʟʥʳ 

ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʉʋ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴʩʷ, 
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ʧʨʠʚʦʜʷ ʢ ʥʝʧʨʠʝʤʣʝʤʦ ʙʦʣʴʰʠʤ ʦʪʢʣʦʥʝʥʠʷʤ ʅʇɸ ʦʪ ʧʨʝʜʧʠʩʘʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʠ 

ʤʝʪʦʜʳ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ. 
 

 
                             ʘ)                                                            ʙ) 

ʈʠʩ. 7. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʩ ʦʜʥʠʤ ʜʚʠʞʠʪʝʣʝʤ ʧʦ 

ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 
 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʥʘ ʫʯʘʩʪʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩ ʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ ʠ ʝʝ 

ʫʚʝʣʠʯʝʥʠʷ ʥʘ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʠʪʴ ʟʘʜʘʥʥʫʶ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʅʇɸ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʡ ʪʨʘʝʢʪʦʨʠʠ, ʜʘʞʝ ʠʩʧʦʣʴʟʫʷ ʧʨʦʩʪʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʷ ʜʣʷ ʮʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʩʝʚʜʦ ʪʨʘʝʢʪʦʨʠʠ, ʤʦʞʥʦ ʝʱʝ 

ʙʦʣʴʰʝ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʥʝ ʩʥʠʞʘʷ ʟʘʜʘʥʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʪʦʯʥʦʩʪʴ.  

ɾʝʣʘʝʤʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʚ ʛʣʘʚʝ ʟʘʜʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ: 
 

**)()(* uxft v=ʍ# ,                                                   (11) 

 

ʛʜʝ 3*)( RÍxfv  - ʚʝʢʪʦʨ-ʬʫʥʢʮʠ;̫ u* - ʧʨʦʛʨʘʤʤʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ 

ʪʨʘʝʢʪʦʨʠʠ. 

ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʅʇɸ ʥʝʧʨʝʨʳʚʥʦ ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʝʛʦ ʚʭʦʜ ʩʠʛʥʘʣʦʚ )(t*ʍ  

ʚʦʟʥʠʢʘʝʪ ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʰʠʙʢʘ )()()( * ttt ʍʍŮ -= , ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʢʨʠʚʠʟʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʦʚ ʪʨʘʝʢʪʦʨʠʠ, ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʵʪʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʉʋ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʬʫʥʢʮʠʝʡ )(ÖuF , ʠ ʦʪ ʚʝʢʪʦʨʘ P 

ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʅʇɸ 

 

)),(),(),(()( **
PXXŮ Ö= uFttFt #

e .                                     (12) 
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ɽʩʣʠ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠ ̫ ʅʇɸ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 0)( ¸tŮ , ʪʦ 

ʧʦʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ 30)( RŮ Í¸tn , ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʪʢʣʦʥʝʥʠʝ ʅʇɸ ʦʪ ʵʪʦʡ 

ʪʨʘʝʢʪʦʨʠʠ (ʩʤ. ʨʠʩ. 8). ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ )(tnŮ  ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ 

ʚʝʢʪʦʨʦʚ ),(tʍ  )(tŮ  ʠ ʬʦʨʤʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʬʫʥʢʮʠʝʡ 

)(Övf : 
 

() ))(),(,()( tftFt vnn ŮʍŮ Ö= .                                        (13) 
 

 
ʈʠʩ. 8. ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

 

ʀʟ ʚʳʨʘʞʝʥʠʡ (12) ʠ (13) ʩʣʝʜʫʝʪ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʦʤ ʠʭ ʉʋ, ʥʦ ʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʜʚʠʞʝʥʠʷ (11). ʇʦʵʪʦʤʫ ʚ ʛʣʘʚʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʚʝʢʪʦʨʘ ʍ*(t), ʢʦʪʦʨʳʡ, ʫʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʳʝ ʥʘʩʳʱʝʥʠʷ ʝʛʦ 

ʜʚʠʞʠʪʝʣʝʡ, ʧʦʟʚʦʣʠʣ ʙʳ ʦʪʨʘʙʘʪʳʚʘʪʴ ʚʩʝ ʫʯʘʩʪʢʠ ʣʶʙʦʡ ʛʣʘʜʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ʪʠʧʦʚʦʡ ʉʋ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʙʦʨʪʫ ʅʇɸ, ʥʘ ʧʨʝʜʝʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʠ, ʥʝʠʟʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠ ̫ 
 

() ʜʦʧ|||| e¢tnŮ  ,                                             (14) 

 

ʛʜʝ ʜʦʧe  - ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʅʇɸ ʦʪ ʣʶʙʦʡ ʪʨʘʝʢʪʦʨʠʠ ʝʛʦ ʜʚʠʞʝʥʠʷ.  

ʊʘʢ ʢʘʢ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʷʤ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʵʪʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʪʦ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʷ ʚʝʣʠʯʠʥʫ u*( t) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʡ 

ʪʦʯʥʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ ʧʦ ʵʪʠʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (14) ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʠ, ʥʦ ʠ ʧʦʚʳʰʘʪʴ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʘ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʡ ʩ ʤʘʣʦʡ ʢʨʠʚʠʟʥʦʡ, ʫʤʝʥʴʰʘʷ ʝʝ ʥʘ ʫʯʘʩʪʢʘʭ 

ʩ ʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ. ʌʦʨʤʠʨʦʚʘʥʠʝ u*( t) ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʨʘʞʝʥʠʡ: 

 

||)(||||)(||,),(* * tktEEF nʜʦʧv ŮŮ eexxu +=-== ,                   (15) 

 

ʛʜʝ )(* xvF  - ʨʝʛʫʣʷʪʦʨ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ; ɽ ï ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʠ. ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 
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ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 9 (ʛʜʝ S ï ʩʠʛʥʘʣ ʧʨʝʢʨʘʱʝʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ).  
 

 
ʈʠʩ. 9. ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ  
 

ɺʝʣʠʯʠʥʘ ɽ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ: ||)(|| tnŮ , ʢʦʪʦʨʘʷ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʙʣʦʢʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʢʣʦʥʝʥʠʷ (ɹʌʆ), ʠ ||)(|| tŮ . ʇʨʠ ʵʪʦʤ 

ʚʝʣʠʯʠʥʘ ||)(|| tnŮ  ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʅʇɸ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʳʤ 

ʫʯʘʩʪʢʘʤ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʛʜʘ ʦʪʢʣʦʥʝʥʠʝ ʅʇɸ ʦʪ ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ ʤʘʢʩʠʤʘʣʴʥʦ. ɸ 

ʚʝʣʠʯʠʥʘ ||)(|| tŮ  ̫ ʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ ʥʘ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʡ ʩ ʤʘʣʦʡ ʢʨʠʚʠʟʥʦʡ, 

ʢʦʛʜʘ ||)(|| tnŮ  ʤʘʣʘ ʠ ʪʨʝʙʫʝʪʩʷ ʦʛʨʘʥʠʯʠʪʴ ʚʝʣʠʯʠʥʫ u* ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʭʦʜʘ 

ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʚ ʥʘʩʳʱʝʥʠʝ.      

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ u*  ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʚʳʩʦʢʦʪʦʯʥʳʤʠ ʉʋ ʅʇɸ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʚʭʦʜʘ ʚ ʥʘʩʳʱʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʜʚʠʞʠʪʝʣʝʡ. ɺ 

ʛʣʘʚʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʠʥʪʝʟʝ ʨʝʛʫʣʷʪʦʨʘ )(* xvF ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʋ (10) ʧʦʟʚʦʣʷʝʪ 

ʦʧʠʩʘʪʴ ʆʋ (ʚʳʜʝʣʝʥ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 9) ʣʠʥʝʡʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʴʶ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʘ )(* xvF  ʚʧʦʣʥʝ  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʇʀ-

ʨʝʛʫʣʷʪʦʨ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ u* 

ʅʇɸ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʪʨʘʝʢʪʦʨʠʠ () () )20/*sin(10* txty p=  ʧʨʠ e̅̏̐ πȢς ̍ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 10ʘ. ʀʟ ɻʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʡ ʩ ʤʘʣʦʡ 

ʢʨʠʚʠʟʥʦʡ, ʛʜʝ 0­ne , ʟʥʘʯʝʥʠʝ u*( t) ʚʦʟʨʘʩʪʘʝʪ, ʘ ʨʝʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ u(t) ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʜʚʠʞʠʪʝʣʠ ʚʭʦʜʷʪ ʚ ʥʘʩʳʱʝʥʠʝ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ||)(|| tŮ  ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (15) ï ʢ ʫʚʝʣʠʯʝʥʠʶ E(t).  

 ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 10ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʅʇɸ ʧʦ ʪʦʡ ʞʝ ʩʘʤʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʥʦ ʫʞʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 
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ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ u*( t). ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʅʇɸ ʧʦ ʫʢʘʟʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ u*  = const = 1 ʤ/c ʚʝʣʠʯʠʥʘ |||| nŮ  ʪʘʢʞʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 

0.2 ʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʝʨʝʤʝʱʝʥʠʝ ʅʇɸ ʧʨʦʠʩʭʦʜʠʪ ʠ ʩ ʤʝʥʴʰʝʡ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ, ʠ 

ʤʝʥʝʝ ʪʦʯʥʦ. 
 

  
                                    ʘ                                                              ʙ 

)(2.0)();(2.0||)(||);(5)();/()();/()(* ʤscaletEʤscaletʤscaletyʩʤscaletʩʤscalet n Ö=Ö=Ö=== euu  

ʈʠʩ.10. ʇʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ u* (t), y(t), ||)(|| tnŮ , E(t) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ (ʘ) ʠ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʙ) ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ 
 

ʆʜʥʘʢʦ ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʛʣʘʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ u*( t) ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʡ, ʥʦ ʠ ʟʘ ʩʯʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʚʭʦʜʳ ʅʇɸ. ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʠʛʥʘʣʳ ʜʣʷ ʅʇɸ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʷʭ ()t*
ʍ , 

ʬʦʨʤʠʨʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʝ ʞʝʣʘʝʤʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʧʦ ʢʦʪʦʨʦʡ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʅʇɸ. 

ʅʦ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʅʇɸ ʠ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʜʚʠʞʝʥʠʷ, 

ʠʩʧʦʣʴʟʫ ̫ ʧʨʦʩʪʳʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, ʚʙʣʠʟʠ ʧʨʦʛʨʘʤʤʥʳʭ ʪʨʘʝʢʪʦʨʠʡ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʤʦʞʥʦ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʥʝʧʨʝʨʳʚʥʦ ʩʪʨʦʠʪʴ ʥʦʚʳʝ 

ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʫʜʘʝʪʩʷ ʩʦʭʨʘʥʠʪʴ ʫʩʣʦʚʠʷ (14), ʠ ʥʝ ʫʤʝʥʴʰʘʷ, ʘ ʜʘʞʝ ʫʚʝʣʠʯʠʚʘʷ u(t). ʇʨʠ ɻʪʦʤ 

ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪ ɹʧʨʦʩʪʝʡʰʠʝ ʪʠʧʦʚʳʝ ʨʝʛʫʣʷʪʦʨ,r ʫʞʝ ʠʤʝʶʱʠʝʩʷ ʥʘ ʙʦʨʪʫ 

ʣʶʙʳʭ ʅʇɸ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʪʦʷʥʠʝ (ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʰʠʙʢʘ) ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʥʦʡ 

ʪʦʯʢʦʡ, ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʧʦ ʥʦʚʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʠ ʅʇɸ ʤʦʞʝʪ ʙʳʪʴ 

ʙʦʣʴʰʠʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʅʇɸ ʙʫʜʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʜʦʣʴ 

ʠʩʭʦʜʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

ʅʦʚʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʪʴ ʚ ʚʠʜʝ:   

 

() () ()ttt ***~
ȹʍʍʍ += , () )(* tkt nn Ůȹʍ e= ,                                 (16) 
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ʛʜʝ ()t*
ȹʍ

3
RÍ  - ʚʝʢʪʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʤʝʱʘʶʱʝʛʦ ʪʦʯʢʫ 

()t*
ʍ  ʩ ʧʨʝʜʧʠʩʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ; enk  ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʨʘʞʝʥʠʷ (16) ʚ ʛʣʘʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʧʨʦʩʪʘʷ ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʪʨʝʤʷʱʘʷʩʷ ʦʙʥʫʣʠʪʴ ʚʝʢʪʦʨ )(tnŮ , ʚ ʢʦʪʦʨʦʡ ʚʝʢʪʦʨ 

()t*
ʍ  ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ.  

 ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʅʇɸ ʪʦʣʴʢʦ ʧʨʦʩʪʝʡʰʠʭ ʣʠʥʝʡʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 11ʘ. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ u(t), 

||)()(
~

||||)(~|| * ttt XXŮ -= , ()|||| tnŮ  ʠ y(t) ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʠʩʭʦʜʥʦʡ 

ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʠʛʥʘʣʘ (16) ʧʨʠ 

ʤ/ʩ1* ==constu . ʀʟ ʨʠʩ 11ʘ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ()|||| tnŮ ʩʦʩʪʘʚʣʷʝʪ 

ʚʩʝʛʦ 0.13 ʤ, ʭʦʪʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ||)(~|| tŮ  ʜʦʩʪʠʛʘʝʪ 3,9 ʤ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ 

ʨʠʩ. 11ʙ ʧʦʢʘʟʘʥʳ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʪʝʭ ʞʝ ʚʝʣʠʯʠʥ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ ʩʠʛʥʘʣʘ )(t*X  ʚ ʉʋ ʅʇɸ.  

     
ʘ                                                                        ʙ 
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ʈʠʩ. 11. ʀʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ u(t), y(t), ||)(|| tnŮ , ||)(~|| tŮ ,||e(t)|| ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ (ʘ) ʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʙ) ʚ ʉʋ ʅʇɸ ʥʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʛʥʘʣʦʚ (16), ʢʦʛʜʘ ʤ/ʩ1* ==constu  

 

ʀʟ ʨʠʩ11ʙ ʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ()|||| tnŮ  ʜʦʩʪʠʛʘʝʪ 0.95 ʤ. 

ʊʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʛʥʘʣʦʚ ʙʦʣʝʝ 

ʯʝʤ ʚ 7 ʨʘʟ ʫʚʝʣʠʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʉʋ. 

ʆʜʥʘʢʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʅʇɸ ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʡ 

(16) ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʩʪʨʦʡʢʦʡ ʚʝʣʠʯʠʥʳ ʝʛʦ 


