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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʘʩʧʝʢʪʦʚ ʧʨʦʙʣʝʤʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʣʝʞʘʱʝʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʫʜʥʘ ʧʨʠ ʧʣʘʚʘʥʠʠ ʚ ʩʪʝʩʥʝʥʥʳʭ 

ʨʘʡʦʥʘʭ ʧʣʘʚʘʥʠʷ. ɸʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝ 

ʧʦʜʯʠʥʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʪʝʨʷ ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʝʤʳʭ ʚʝʣʠʯʠʥ. 

ʊʘʢ ʢʘʢ ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʫʜʦʚʦʞʜʝʥʠʷ, ʷʚʣʷʶʪʩʷ, ʥʝʩʦʤʥʝʥʥʦ, ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʚʝʜʫʱʠʤ ʢ ʦʭʨʘʥʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ ʥʘ ʤʦʨʝ ʠ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ, ʪʦ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʳʙʦʨʢʠ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʚʳʙʨʘʥʥʦʡ ʪʝʤʘʪʠʢʝ. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʊʨʘʥʩʧʦʨʪʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʋʢʨʘʠʥʳ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛ. (ʨʘʩʧʦʨʷʞʝʥʠʝ ʂʘʙʠʥʝʪʘ ʄʠʥʠʩʪʨʦʚ 

ʋʢʨʘʠʥʳ ʦʪ 20.10.2010 ʛ., ˉ2174-ʨ), ʨʝʰʝʥʠʷ ʉʦʚʝʪʘ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʙʦʨʦʥʳ ʋʢʨʘʠʥʳ ʦʪ 16.05.2008 ʛ. çʆ ʤʝʨʦʧʨʠʷʪʠʷʭ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʨʘʟʚʠʪʠʷ ʋʢʨʘʠʥʳ ʢʘʢ ʤʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘè (ʫʢʘʟ 

ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʠʥʳ ʦʪ 20.05.2008 ʛ. ˉ463/2008), ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʧʣʘʥʦʚ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʆʜʝʩʩʢʘʷ ʤʦʨʩʢʘʷ 

ʘʢʘʜʝʤʠʷè ʧʦ ʛʦʩʙʶʜʞʝʪʥʦʡ ʪʝʤʝ "ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʚ 

ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ ʧʣʘʚʘʥʠʷ" (ˉ ɼʈ 0115U003580, 2015 ʛ.), ʚ ʢʦʪʦʨʦʡ 

ʩʦʠʩʢʘʪʝʣʴ ʚʳʧʦʣʥʠʣ ʦʪʜʝʣʥɹr ʡ ʨʘʟʜʝʣ. 
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ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʧʫʪʝʤ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʳʙʦʨʢʠ.  

ʈʘʙʦʯʘʷ ʛʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʤʝʩʠ 

ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʩ ʨʘʟʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʚ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʝ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʳ ʥʘʣʠʯʠʷ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʚ ʠʩʭʦʜʥʦʡ, ʯʪʦ ʫʚʝʣʠʯʠʪ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠ ̫ʤʝʩʪʘ ʩʫʜʥʘ. 

ɻʣʘʚʥʘ ̫ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʫʜʥʘ ʧʨʠ ʠʟʙʳʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʳʙʦʨʢʠ.  

ʈʝʰʝʥʠʝ ʛʣʘʚʥʦʡ ʟʘʜʘʯʠ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʥʳʭ 

ʟʘʜʘʯ: 

- ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʦʥʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʚʳʙʦʨʢʠ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ; 

- ʩʠʥʪʝʟ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʠʡ ʠ ʯʘʩʪʦʪ ʩʤʝʩʠ ʯʘʩʪʥʳʭ 

ʚʳʙʦʨʦʢ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʦʛʨʝʰʥʦʩʪʠ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʟʘʢʦʥʳ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʫʜʥʘ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʧʦʠʩʢʘ 

ʨʝʰʝʥʠʡ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ:  
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- ʜʝʜʫʢʮʠʠ - ʧʨʠ ʘʥʘʣʠʟʝ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ; 

- ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ - ʜʣʷ ʚʳʙʦʨʘ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʢʘʨʪʳ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

- ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ - ʜʣʷ ʜʝʢʦʤʧʦʟʠʮʠʠ ʛʣʘʚʥʦʡ ʟʘʜʘʯʠ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ ʩʦʩʪʘʚʥʳʝ ʟʘʜʘʯʠ; 

- ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ - ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʤʝʰʘʥʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʩʭʦʜʥʦʡ 

ʚʳʙʦʨʢʠ; 

- ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ - ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʧʨʠ ʠʟʙʳʪʦʯʥʳʭ 

ʠʟʤʝʨʝʥʠʷʭ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ 

ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʫʜʥʘ ʧʨʠ ʥʘʣʠʯʠʠ 

ʠʟʙʳʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʳʙʦʨʢʠ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ: 

- ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʦʥʦʚ  

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʚʳʙʦʨʢʠ; 

- ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ  

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʧʦ ʠʩʭʦʜʥʦʡ ʛʠʩʪʦʛʨʘʤʤʝ ʩ 

ʧʦʤʦɦ ʴʶ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

- ʧʦʣʫʯʠʣʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  

ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʛʨʝʰʥʦʩʪʝʡ 



 8  

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʦʙʫʯʝʥʠʠ ʠ 

ʧʦʚʳʰʝʥʠʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʫʜʦʚʦʜʠʪʝʣʝʡ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʝʜʨʝʥʳ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʝʙʥʦ-ʪʨʝʥʘʞʝʨʥʦʛʦ ʮʝʥʪʨʘ çɸʣʴʬʘ-

ʊʨʝʡʥʠʥʛè ʜʣʷ ʦʙʫʯʝʥʠʷ, ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʦʬʠʮʝʨʦʚ ʤʦʨʩʢʠʭ 

ʩʫʜʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʉʫʜʦʚʦʞʜʝʥʠʝè ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʣʘʚʘʥʠʷ (ʘʢʪ ʚʥʝʜʨʝʥʠʷ ʦʪ 23.11.2015 ʛ.), ʯʘʩʪʥʦʛʦ ʚʳʩʰʝʛʦ ʫʯʝʙʥʦʛʦ 

ʟʘʚʝʜʝʥʠʷ çʀʥʩʪʠʪʫʪ ʧʦʩʣʝʜʠʧʣʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷè çʆʜʝʩʩʢʠʡ ʤʦʨʩʢʦʡ 

ʪʨʝʥʘʞʝʨʥʳʡ ʮʝʥʪʨè ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʫʜʦʚʦʜʠʪʝʣʝʡ (ʘʢʪ ʚʥʝʜʨʝʥʠʷ ʦʪ 

12.11.2015 ʛ.).  

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʆʜʝʩʩʢʘʷ ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè 

(ʘʢʪ ʚʥʝʜʨʝʥʠʷ ʦʪ 10.12.2015 ʛ.), ʘ ʪʘʢʞʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ 

ʧʨʝʧʦʜʘʚʘʥʠʠ ʜʠʩʮʠʧʣʠʥ rçʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʩʫʜʦʚʦʞʜʝʥʠʷè (ʘʢʪ ʚʥʝʜʨʝʥʠʷ ʦʪ 12.11.2015 ʛ.). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, 

ʢʦʪʦʨʳʝ ʚʳʥʦʩʷʪʩʷ ʥʘ ʟʘʱʠʪʫ, ʧʦʣʫʯʝʥʳ ʩʦʠʩʢʘʪʝʣʝʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʙʝʟ 

ʩʦʘʚʪʦʨʦʚ. ʉʦʠʩʢʘʪʝʣʝʤ ʧʨʦʚʝʜʝʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ ʠ ʚʳʧʦʣʥʝʥ 

ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʫʜʦʚʦʞʜʝʥʠʷ, ʦʙʝʩʧʝʯʝʥʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥ-

ʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʣʦʞʝʥ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʫʜʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʠʟʙʳʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʠ, ʚʳʧʦʣʥʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʥʝʜʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ.  

ʀʟ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʪʝ ʧʦʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʘʚʪʦʨʫ ʣʠʯʥʦ: 

ʧʨʦʮʝʜʫʨʘ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʧʨʠ 

ʩʤʝʰʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʧʦʛʨʝʰʥʦʩʪʝʡ [106], ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʧʨʠ ʧʝʨʚʦʤ ʩʤʝʰʘʥʥʦʤ ʟʘʢʦʥʝ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ [123], ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʚʳʨʘʞʝʥʠʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʧʨʠ 

ʧʝʨʚʦʤ ʩʤʝʰʘʥʥʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ [124], ʤʝʪʦʜʠʢʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʩʤʝʰʘʥʥʳʤʠ ʟʘʢʦʥʘʤʠ [111], ʧʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʧʨʠ ʩʤʝʰʘʥʥʳʭ ʟʘʢʦʥʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ [112], ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʟʙʳʪʦʯʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʪʦʯʥʦʩʪʴ ʦʙʩʝʨʚʘʮʠʠ [113], ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʦʪ ʪʠʧʘ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ 

[115]. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʣʘʜʳʚʘʣʠʩʴ, ʦʙʩʫʞʜʘʣʠʩʴ ʠ 

ʙʳʣʠ ʦʜʦʙʨʝʥʳ ʥʘ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 

- çʄʦʨʩʴʢ ̔ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʩʫʜʥʦʧʣʘʚʩʪʚʽè 

ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʆʜʝʩʩʘ, 18-19 ʥʦʷʙʨʷ 2014 ʛ.). 

- çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ 

(MINTT-2015)è ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʍʝʨʩʦʥ, 26-28 ʤʘ̫ 

2015 ʛ.). 

- çʄʦʨʩʴʢ ̔ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʩʫʜʥʦʧʣʘʚʩʪʚʽè 

ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʆʜʝʩʩʘ, 19-20 ʥʦʷʙʨʷ 2015 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʦʤ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 11 ʥʘʫʯʥʳʭ ʨʘʙʦʪ (ʠʟ ʥʠʭ 4 ʝʜʠʥʦʣʠʯʥʦ), ʚ ʪʦʤ ʯʠʩʣʝ: 

- ʚ ʧʨʦʬʠʣʴʥʳʭ ʩʙʦʨʥʠʢʘʭ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʧʝʨʝʯʝʥʴ 

ʥʘʫʯʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʟʜʘʥʠʡ ʋʢʨʘʠʥʳ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʋʢʨʘʠʥʳ ʜʣʷ ʧʫʙʣʠʢʘʮʠʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʜʦʢʪʦʨʘ ʠ 

ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ ï 7 ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ [104, 105, 107, 108, 111, 112, 123]; 
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- ʚ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʬʠʣʴʥʳʭ ʠʟʜʘʥʠʷʭ - 1 ʥʘʫʯʥʘ ̫

ʩʪʘʪʴ ̫[113]; 

- ʚ ʩʙʦʨʥʠʢʘʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ - 3 ʜʦʢʣʘʜʘ [106, 115, 124]. 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʨʘʟʜʝʣʦʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

(124 ʥʘʠʤʝʥʦʚʘʥʠ)̫ ʠ ʪʨʝʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 

270 ʩʪʨʘʥʠʮ ʠ ʩʦʜʝʨʞʠʪ 38 ʨʠʩʫʥʢʦʚ, 44 ʪʘʙʣʠʮ,r ʚ ʯʘʩʪʥʦʩʪʠ: 182 

ʩʪʨʘʥʠʮʳ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʘ, 15 ʩʪʨʘʥʠʮ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, 73 ʩʪʨʘʥʠʮ rʧʨʠʣʦʞʝʥʠʡ. 
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ʈɸɿɼɽʃ 1 

ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʅʓʍ ʀʉʊʆʏʅʀʂʆɺ ʇʆ ʇʈʆɹʃɽʄɽ 

ʆɹɽʉʇɽʏɽʅʀʗ ɹɽɿʆʇɸʉʅʆʉʊʀ ʉʋɼʆɺʆɾɼɽʅʀʗ ʀ ɺʓɹʆʈ 

ʊɽʄɸʊʀʂʀ ɼʀʉʉɽʈʊɸʎʀʆʅʅʆɻʆ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

1.1 ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ  

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ 

 

ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʘʩʧʝʢʪʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚʦʧʨʦʩʳ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ 

ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ ʠ ʝʛʦ ʧʨʦʛʥʦʟʘ, ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚ ʚ 

ʨʘʟʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩʫʜʦʚ, ʫʯʝʪʘ 

ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʠʭ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʠ ʜʨʫʛʠʝ.  

ʂʘʢ ʧʦʢʘʟʘʣ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʨʘʙʦʪʳ [1-3] 

ʧʦʩʚʷʱʝʥʳ ʚʦʧʨʦʩʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʧʫʪʝʤ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʤʝʩʪʘ ʩʫʜʥʘ. ɺ ʨʘʙʦʪʝ [4] ʰʠʨʦʢʦ ʦʩʚʷʱʝʥʳ 

ʚʦʧʨʦʩʳ, ʢʘʢ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʫʜʦʚ, ʪʘʢ ʠ ʠʭ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʦʧʨʦʩʘʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʧʨʠ 

ʧʣʘʚʘʥʠʠ ʚ ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ ʧʦʩʚʷʱʝʥ ʨʷʜ ʨʘʙʦʪ [5-27]. 

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [5], ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʚ ʫʟʢʦʩʪʷʭ, 

ʧʨʦʣʠʚʘʭ, ʥʘ ʨʝʡʜʘʭ ʠ ʧʦʨʪʦʚʳʭ ʘʢʚʘʪʦʨʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʤʝʥʝʝ 90% 

ʦʙɦʝʛʦ ʯʠʩʣʘ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʘʚʘʨʠʡ, ʧʨʠʯʝʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫʜʦʚ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʦʰʠʙʦʢ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʘʚʘʨʠʷʤ, ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʩʠʪʫʘʮʠʠ ʜʦ ʥʘʯʘʣʘ ʤʘʥʝʚʨʘ, ʠ 

ʧʦʩʣʝ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʨʝʥʘʞʝʨʦʚ ʰʚʘʨʪʦʚʦʢ ʚ ʤʦʨʝ ʚ ʩʣʦʞʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠʣʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʥʘ ʛʠʙʢʠʭ ʩʚʷʟʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʫʜʦʚ. 
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ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʛʦʩʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘʟʥʘʯʝʥʠʝʤ 

ʧʦʣʶʩʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʊʦʢʠʡʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʪʦʨʛʦʚʦʛʦ ʬʣʦʪʘ ʨʘʟʨʘʙʦʪʘʥ ʘʚʪʦʨʫʣʝʚʦʡ, ʘʜʘʧʪʠʚʥʦ 

ʥʘʩʪʨʘʠʚʘʶʱʠʡʩʷ ʥʘ ʪʝʢʫʱʠʝ ʫʩʣʦʚʠʷ ʧʣʘʚʘʥʠʷ ʠ ʤʘʥʝʚʨʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ, ʥʘ ʢʦʪʦʨʦʤ ʦʥ ʫʩʪʘʥʦʚʣʝʥ, ʩʦʦʙʱʘʝʪʩʷ ʚ ʩʪʘʪʴʝ [6].  

ʉʦʟʜʘʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʕɺʄ, ʢʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʪʘʪʴʝ [7], 

ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʪʨʦʣʣʝʨʦʚ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. ʇʨʠʯʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʫʜʦʚʳʤ ʨʫʣʝʤ ʩ ʧʦʤʦʱʴʶ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ ɹʨʘʡʩʦʥʘ-ʍʦ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʳ ʪʝʦʨʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʤ ʠ ʘʧʧʘʨʘʪʥʳʤ ʪʝʨʤʠʥʘʣʘʤʠ ʠ ʩʧʦʩʦʙʦʚ ʪʘʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʫʜʥʘ ʥʘ 

ʟʘʜʘʥʥʦʤ ʢʫʨʩʝ.  

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʣʠʥʝʡʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʧʨʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʠʟʤʝʥʝʥʠʷ 

ʢʫʨʩʘ ʩʫʜʥʘ ʧʨʠ ʨʝʣʝʡʥʦʤ ʫʧʨʘʚʣʝʥʠʠ. ʀʟʣʦʞʝʥʳ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʫʣʝʤ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʦʥʪʨʦʣʣʝʨʘ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʠ ʕɺʄ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʥʘ ʫʯʝʙʥʦʤ ʩʫʜʥʝ "ʉʠʦʜʟʠ-ʤʘʨʫ" ʊʦʢʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʦʨʛʦʚʦʛʦ 

ʬʣʦʪʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʧʨʠ 

ʫʜʝʨʞʘʥʠʠ ʢʫʨʩʘ ʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʚʦʨʦʪʦʚ ʥʘ ʟʘʜʘʥʥʳʝ ʫʛʣʳ ʜʦʢʘʟʘʣʠ 

ʠʩʧʳʪʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʅʦʚʳʝ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʥʳʭ 

ʤʘʥʝʚʨʦʚ ʚ ʢʨʘʪʯʘʡʰʝʝ ʚʨʝʤʷ, ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [8], ʧʨʠʯʝʤ 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʚʝʜʝʥʦ ʩʦʪʨʫʜʥʠʢʘʤʠ 
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ʊʝʭʥʠʯʝʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʬʠʨʤʳ 

"ʀʩʠʢʘʚʘʜʟʠʤʘ-ʍʘʨʠʤʘ ʜʟʶʢʦʛʸ" (ʗʧʦʥʠʷ).  

ʂʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʟʘʜʘʯʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʤʘʥʝʚʨʘ ʚ 

ʢʨʘʪʯʘʡʰʝʝ ʚʨʝʤʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʦʙʱʠʝ ʜʘʥʥʳʝ ʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʤʘʥʝʚʨʠʨʫʶʱʝʛʦ ʩʫʜʥʘ. ʇʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʘʥʝʚʨʦʚ - ʜʣʷ ʦʩʪʘʥʦʚʢʠ ʠʜʫʱʝʛʦ ʩʚʦʠʤ 

ʭʦʜʦʤ ʩʫʜʥʘ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʟʘ ʢʨʘʪʯʘʡʰʝʝ ʚʨʝʤʷ, ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʨʫʣʝʤ ʠ ʛʨʝʙʥʳʤ ʚʠʥʪʦʤ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʰʘʛʘ (ɺʈʐ), ʘ ʪʘʢʞʝ ʨʫʣʝʤ, ɺʈʐ 

ʠ ʥʦʩʦʚʳʤ ʧʦʜʨʫʣʠʚʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʊʘʢʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʧʦʩʦʙ 

ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʦʛʦ ʤʘʥʝʚʨʘ ʩ ʧʦʤʦʱʴʶ ʨʫʣʷ, ɺʈʐ, ʥʦʩʦʚʦʛʦ ʠ ʢʦʨʤʦʚʦʛʦ 

ʇʋ. ʀʩʧʳʪʘʥʠʷ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʥʘ ʫʯʝʙʥʦʤ ʩʫʜʥʝ "ʉʠʦʤʠʪʠ ʤʘʨʫ", 

ʦʩʥʘʱʝʥʥʳʤ ɺʈʐ, ʥʦʩʦʚʳʤ ʠ ʢʦʨʤʦʚʳʤ ʇʋ ʧʦʜʪʚʝʨʜʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʚʰʠʭ  ʩʧʦʩʦʙʦʚ ʚʳʧʦʣʥʝʥʠʷ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʚ ʢʨʘʪʯʘʡʰʝʝ 

ʚʨʝʤʷ. 

ʇʦʥʷʪʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʩʫʜʥʘ ʥʘ ʝʛʦ ʤʘʥʝʚʨʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [9]. ɼʣʷ 

ʨʘʜʠʫʩʘ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʮʠʨʢʫʣʷʮʠʠ ʩʫʜʥʘ, ʚʳʜʚʠʛʘ, ʥʘʯʘʣʴʥʦʡ 

ʧʦʚʦʨʦʪʣʠʚʦʩʪʠ ʩʫʜʥʘ ʠ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʜʝʨʞʠʚʘʥʠʷ ʧʨʦʠʟʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʣʠʷʥʠʷ. 

ʇʘʪʝʥʪ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʫʜʥʘ 

ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [10]. ʀʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʩʪʝʤʘʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʫʜʥʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʨʘʙʦʪʳ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ. ɺ ʩʦʩʪʘʚʝ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʝʤ ʩʫʜʥʘ ʠʤʝʶʪʩʷ ʜʘʪʯʠʢʠ ʫʛʣʘ ʧʝʨʝʢʣʘʜʢʠ ʨʫʣʷ ʠ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʧʦʚʦʨʦʪʘ ʩʫʜʥʘ, ʫʩʪʨʦʡʩʪʚʦ ʫʩʪʘʥʦʚʢʠ ʧʫʪʝʚʦʛʦ ʫʛʣʘ, ʨʫʣʝʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩʫʜʥʘ, ʧʨʠʝʤʥʠʢ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ 

ʘʥʪʝʥʥʦʡ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʧʫʪʝʚʦʛʦ ʫʛʣʘ.  
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ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʩʦʜʝʨʞʠʪ ʚʳʯʠʩʣʠʪʝʣʴ 

ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩʫʜʥʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʙʣʦʢ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʩʫʜʥʘ ʠ ʩʫʤʤʘʪʦʨ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʣʦʢ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʩʫʜʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʩʫʤʤʘʪʦʨʦʚ, ʯʝʪʳʨʝʭ ʫʤʥʦʞʠʪʝʣʝʡ ʠ ʯʝʪʳʨʝʭ 

ʠʥʪʝʛʨʘʪʦʨʦʚ, ʚʳʭʦʜʳ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʚʳʭʦʜʘʤʠ ʙʣʦʢʘ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʩʫʜʥʘ. ɿʘʢʦʥ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʩʫʜʥʘ, ʚʢʣʶʯʘʝʪ ʦʮʝʥʢʫ ʫʛʣʘ ʜʨʝʡʬʘ.  

ɺ ʧʫʙʣʠʢʘʮʠʠ [11] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʢʦʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʩʫʜʥʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʫʛʣʫ ʢʫʨʩʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʫʛʣʦʤ ʜʨʝʡʬʘ, ʘ ʪʘʢʞʝ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʙʦʢʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʧʨʠ 

ʰʚʘʨʪʦʚʢʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʟʘʜʘʥʥʦʛʦ ʢʫʨʩʘ. ʇʨʠʚʦʜʷʪʩʷ 

ʟʘʢʦʥʳ ʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʩʫʜʥʘ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ 

ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʩʠʩʪʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʫʜʥʘ ʧʦʣʥʦʩʪʴʶ ʥʘʙʣʶʜʘʝʤʘ ʠ 

ʫʧʨʘʚʣʷʝʤʘ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʚʪʦʨʫʣʝʚʳʭ. ʋʢʘʟʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʦʩʪʠʛʥʫʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʩʦʚʳʭ ʧʦʜʨʫʣʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʠʝʤʥʠʢʘ 

ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʨʘʙʦʪʝ [12] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʬʠʨʤʘ çʌʫʨʫʥʦ ʜʵʥʢʠè (ʗʧʦʥʠʷ) 

ʨʘʟʨʘʙʦʪʘʣʘ ʩʠʩʪʝʤʫ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʜʚʠʞʝʥʠʝʤ ʤʦʨʩʢʠʭ ʩʫʜʦʚ, ʚ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʛʣʦʙʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɼʚʠʞʝʥʠʝ ʩʫʜʦʚ ʵʬʬʝʢʪʠʚʥʦ 

ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ,  ʨʘʟʨʘʙʦʪʘʥʳ 

ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʩ ʬʫʥʢʮʠʷʤʠ ʦʙʨʘʙʦʪʢʠ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʝʪʝʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɺ ʨʘʙʦʪʝ [13] ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʛʨʘʤʤʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ ʧʦ ʣʠʥʝʡʥʦʤʫ ʬʘʨʚʘʪʝʨʫ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʣʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʢʘʩʘʶʪʩʷ 
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ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʣʠʯʝʩʪʚʘ ʩʠʪʫʘʮʠʡ ʦʧʘʩʥʦʛʦ ʩʙʣʠʞʝʥʠʷ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ ʧʣʘʚʘʥʠʷ. 

ɺ ʧʫʙʣʠʢʘʮʠʠ [14] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʨʝʥʘʞʝʨʦʚ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʫʜʥʦʤ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʣʘʚʘʥʠʷ 

ʧʦ ʬʘʨʚʘʪʝʨʘʤ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʨʘʙʦʪʝ ʠʟʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʧʨʠ ʧʣʘʚʘʥʠʠ ʧʦ ʬʘʨʚʘʪʝʨʫ, ʢʦʪʦʨʘʷ  

ʫʯʠʪʳʚʘʝʪ ʤʘʥʝʚʨʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʫʜʥʘ, ʩʢʦʧʣʝʥʠʝ 

ʩʫʜʦʚ ʥʘ ʬʘʨʚʘʪʝʨʝ, ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ 

ʩʫʜʦʚʦʜʠʪʝʣʷ, ʚʣʠʷʥʠʷ ʚʝʪʨʘ ʠ ʪʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʩʚʦʙʦʜʥʦʡ 

ʘʢʚʘʪʦʨʠʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʝʡʣʝʨʥʦʝ ʩʫʜʥʦ, 

ʩʧʝʮʠʘʣʴʥʦʝ ʩʫʜʥʦ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʦʥʪʝʡʥʝʨʦʚʦʟ ʠ 

ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʡ ʪʘʥʢʝʨ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʩʳʨʦʡ ʥʝʬʪʠ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ 

ʠʭ ʛʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʝʥʘʞʝʨ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʩʫʜʥʦʤ, ʧʨʠʚʝʜʝʥʳ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʣʘʚʘʥʠʠ ʧʦ ʬʘʨʚʘʪʝʨʫ. 

ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʜʦʚʦʜʠʪʝʣʷ ʦʮʝʥʠʚʘʪʴ ʚʝʣʠʯʠʥʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʦʢʦʚʦʛʦ ʩʥʦʩʘ ʠ ʩʪʝʧʝʥʴ ʚʣʠʥ̫ʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʦʰʠʙʢʠ 

ʥʘ ʪʘʢʫʶ ʦʮʝʥʢʫ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʥʳʭ ʩʫʜʦʚ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʦʠʪ ʠʟ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʝʡ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ 

ʨʘʙʦʪʝ [15]. ʆʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʧʨʠʚʝʜʝʥ ʝʝ 

ʩʦʩʪʘʚ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʪʠʧʦʚ ʩʢʦʨʦʩʪʥʳʭ ʩʫʜʦʚ, ʫʢʘʟʘʥʳ ʧʦʜʭʦʜʳ ʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʣʦʢʘʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ.  

ɺ ʨʘʙʦʪʝ [16] ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʚʳʙʦʨʘ ʤʦʤʝʥʪʘ ʦʪʜʘʯʠ ʢʦʤʘʥʜʳ 

ʨʫʣʝʚʦʤʫ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʫʨʩʘ ʩʫʜʥʘ ʧʨʠ ʝʛʦ ʩʣʝʜʦʚʘʥʠʠ ʚ ʫʟʢʦʩʪʷʭ. ɺ ʦʩʥʦʚʫ 

ʩʧʦʩʦʙʘ ʧʦʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʪʝʢʫʱʝʡ ʠ ʥʦʚʦʡ ʪʨʘʝʢʪʦʨʠʡ ʜʦ ʥʘʯʘʣʘ ʮʠʨʢʫʣʷʮʠʠ ʩʫʜʥʘ, 

ʢʦʪʦʨʳʝ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʧʝʨʝʢʣʘʜʢʠ ʨʫʣʷ ʠ 

ʩʢʦʨʦʩʪʝʡ ʭʦʜʘ ʩʫʜʥʘ. ʇʨʦʚʝʨʢʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ 
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ʧʣʘʚʘʥʠʠ ʚʦ ɺʥʫʪʨʝʥʥʝʤ ʗʧʦʥʩʢʦʤ ʤʦʨʝ ʥʘ ʩʫʜʥʝ çʊʘʡʩʵʡ-ʤʘʨʫè, 

ʧʨʠʥʘʜʣʝʞʘʱʝʤʫ ʮʝʥʪʨʫ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʪʨʘʥʩʧʦʨʪʘ ʗʧʦʥʠʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʚʦ ʚʨʝʤʷ 

ʧʣʘʚʘʥʠʷ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʢʫʨʩʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ.  

ɼʠʥʘʤʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ ʫʩʪʨʘʥʝʥʠʝ ʧʦʤʝʭ ʧʨʠ ʘʜʘʧʪʠʚʥʦʤ ʦʙʨʘʪʥʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʙʦʪʳ [17]. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʣʫʯʰʝʥʘ ʜʠʘʛʨʘʤʤʘ ʦʙʨʘʪʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ AIC (Adaptive 

Inverse Control), ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʦʚʘʥʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʜʝʣʠ ʩʫʜʥʘ. ɺʤʝʩʪʦ 

ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʢʦʥʪʨʦʣʣʝʨʘ ʘʣʛʦʨʠʪʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʠʘʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ AIC ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ʩʫʜʥʘ, ʧʨʠ ʵʪʦʤ ʫʣʫʯʰʘʶʪʩʷ  ʨʝʟʫʣʴʪʘʪʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ PID. 

ɺ ʨʘʙʦʪʝ [18] ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʣʷ ʯʝʛʦ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʚʣʠʷʥʠʷ ʚʩʝʭ 

ʚʥʝʰʥʠʭ ʩʠʣ, ʠʤʝʶʱʠʤ ʦʪʥʦʰʝʥʠʝ ʢ ʫʧʨʘʚʣʝʥʠʶ ʩʫʜʥʦʤ ʚ ʩʣʦʞʥʳʭ 

ʫʩʣʦʚʠʷʭ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʦʮʝʥʢʠ ʚʥʝʰʥʠʭ ʩʠʣ 

ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʩʫʜʥʦʤ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʩʠʣʳ ʚ 

ʢɻʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʫʢʩʠʨʦʚ. 

ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʯʥʳʤ 

ʚʦʜʦʠʟʤʝʱʘʶʱʠʤ ʩʫʜʥʦʤ ʚ ʨʝʞʠʤʝ ʧʝʨʝʚʦʜʘ ʥʘ ʟʘʜʘʥʥʳʡ ʢʫʨʩ ʧʫʪʝʤ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ 

ʘʚʪʦʨʫʣʝʚʦʛʦ ʷʚʣ̫ʝʪʩʷ ʮʝʣʴʶ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ [19], ʘ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥ 

ʘʜʘʧʪʠʚʥʳʡ ʧʦ ʩʢʦʨʦʩʪʠ ʘʩʪʘʪʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʩʦʩʪʦʷʥʠʷ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʙʦʪʝ [20].  

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [21], ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
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ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʋʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ 

ʤʦʨʩʢʠʝ ʧʦʜʚʠʞʥʳʝ ʦʙʲʝʢʪʳ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʨʩʢʠʝ ʩʫʜʘ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʣʘʩʩʫ ʪ. ʥ. ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ.  

ɺ ʧʫʙʣʠʢʘʮʠʠ [22] ʦʧʠʩʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦ-

ʩʪʦʷʥʠʠ ʬʘʨʚʘʪʝʨʘ ARGO. ʕʪʘ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʦʤ 

ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʩʣʫʞʙ ʬʝʜʝʨʘʣʴʥʦʛʦ ʄʠʥʠʩʪʝʨʩʪʚʘ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ɻʝʨʤʘʥʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʫʶ ʢʘʨʪʫ ʨʝʢʠ, ʥʘ ʢʦʪʦʨʫʶ 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʪʝʢʫʱʝʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʢʦʪʦʨʘʷ 

ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʛʣʫʙʠʥʘʭ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʢʘʭ ʚʦʜʥʦʛʦ ʧʫʪʠ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʚʳʚʦʜʠʪʩʷ ʥʘ ʤʦʥʠʪʦʨ, 

ʦʩʫʱʝʩʪʚʣʷʷ ʦʧʝʨʘʪʠʚʥʦʝ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʦ ʩʦʩʪʦʷʥʠʠ 

ʬʘʨʚʘʪʝʨʘ ʠ ʦ ʛʣʫʙʠʥʘʭ ʫʯʘʩʪʢʘ ʚʦʜʥʦʛʦ ʧʫʪʠ, ʛʜʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʥʘʭʦʜʠʪʩʷ ʩʫʜʥʦ. 

ʉ ʧʦʟʠʮʠʡ ʩʠʥʝʨʛʝʪʠʢʠ ʚ ʨʘʙʦʪʝ [23] ʠʟʣʦʞʝʥʘ ʪʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʡʨʦʩʝʪʠ ʠ ʠʭ ʘʨʭʠʪʝʢʪʫʨʘ, ʦʧʠʩʘʥʳ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʥʝʡʨʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʂʘʢ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʧʫʙʣʠʢʘʮʠʠ [24], ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʩʫʜʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʦʩʪ 

ʠʭ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʩʦʢʨʘʱʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ, 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʘʚʘʨʠʡʥʦʩʪʠ ʟʘ ʩʯʸʪ ʠʩʢʣʶʯʝʥʠʷ ʩʫʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ 

ʠʟ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ. 

ɺ ʨʘʙʦʪʝ [25] ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʠʥʷʪʦʡ ʢ ʠʩʩʣʝʜʦʚʘ-

ʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʥʝʣʠʥʝʡʥʳʭ ʯʣʝʥʦʚ ʥʘ ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ. ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʙʠʬʫʨʢʘʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʦʪ ʠʟʤʝʥʝʥʠʷ ʚʝʪʨʘ. ɺʚʝʜʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 
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ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʘʣʛʦʨʠʪʤ ʘʚʪʦʨʫʣʝʚʦʛʦ ʧʦʟʚʦʣʠʣʦ ʥʝ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʩrʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʧʨʝʦʜʦʣʝʚʘʪʴ ʥʝʢʦʪʦʨʫʶ ʩʪʝʧʝʥʴ 

ʥʝʫʧʨʘʚʣʷʝʤʦʩʪʠ. 

ɺʦʧʨʦʩʳ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʩʫʜʦʚ ʥʘ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ ʠ ʩʚʷʟʴ ʠʭ ʩʦ ʩʧʫʪʥʠʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʧʫʙʣʠʢʘʮʠʠ [26]. 

ɺʦʧʨʦʩʘʤ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʡ ʢʫʨʩʦʤ ʩʫʜʥʘ ʘʚʪʦʨʫʣʝʚʳʤ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʧʦʩʚʷʱʝʥʘ ʩʪʘʪʴʷ [27], ʚ ʥʝʡ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʘʜʘʧʪʘʮʠʠ ʩʠʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʩʣʦʞʥʦʡ ʜʠʥʘʤʠʢʠ 

ʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʫʜʥʘ ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ 

ʩʣʫʯʘʡʥʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ɺ ʨʘʙʦʪʘʭ [28-32] ʠʟʣʦʞʝʥʳ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʫʜʦʚʦʞʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʤ ʭʦʜʦʚʦʛʦ ʤʦʩʪʠʢʘ, 

ʨʘʩʩʤʦʪʨʝʥʳ  ʠʭ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚ, ʤʝʩʪʦ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ 

ʦʙʱʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ. ʇʨʠʚʝʜʝʥʳ ʪʨʝʙʦʚʘʥʠʷ, 

ʧʨʝʜʲ̫ ʚʣʷʝʤʳʝ ʢ ʜʘʥʥr ʤ ʩʠʩʪʝʤʘʤ ʭʦʜʦʚʦʛʦ ʤʦʩʪʠʢʘ. 

ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʦʪʨʘʩʣʠ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʗʧʦʥʠʠ ʚ ʧʫʙʣʠʢʘʮʠʠ 

[28] ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʢʦʨʧʫʩʘ ʤʦʨʩʢʦʛʦ ʩʫʜʥʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʣʩʷ 

ʤʝʪʦʜ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʚʘʨʴʠʨʫʝʤʳʤʠ ʚʦ ʚʨʝʤʝʥʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʦɻ ʬʬʠʮʠʝʥʪʦʚ.  

ɺ ʨʘʙʦʪʝ [29] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʥʪʝʛʨʘʮʠʠ ʩʝʥʩʦʨʦʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ɸʀʉ) ʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʝʤ ʩʫʜʦʚ (ʉʋɼʉ). ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ ʩʫʜʦʚʳʭ ɸʀʉ ʪʨʘʥʩʧʦʥʜʝʨʦʚ ʚ ʉʋɼʉ. 

ʅʝʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʤʦʨʩʢʠʤ ʩʫʜʥʦʤ ʩ ʮʝʣʴʶ ʝʛʦ 

ʫʜʝʨʞʘʥʠʷ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʠ ʩ ʟʘʜʘʥʥʳʤ ʢʫʨʩʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 
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ʨʘʙʦʪʝ [30], ʧʨʠʯʝʤ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʥʝʣʠʥʝʡʥʦʛʦ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ 

ʩ ʣʦʢʘʣʴʥʳʤʠ ʠʪʝʨʘʮʠʷʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʟʘʢʦʥʘ 

ʫʧʨʘʚʣʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ  ʦʮʝʥʢʘ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. ɺ ʧʫʙʣʠʢʘʮʠʠ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʝʨʞʘʥʠʷ ʩʫʜʥʘ ʚ ʧʨʝʜʝʣʘʭ 4-8 ʤ ʦʪ 

ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦ ʢʫʨʩʫ ʥʝ ʭʫʞʝ 2Á. 

ɺ ʨʘʙʦʪʝ [31] ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʙʦʨʪʦʚʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʦʮʝʥʢʠ, ʧʨʦʛʥʦʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʦʨʝʭʦʜʥʦʩʪʠ. ʆʩʚʝʱʝʥʳ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʘ ʤʦʨʝʭʦʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʚʳʙʦʨʘ ʨʝʰʝʥʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʪʘʢʠʭ ʩʨʝʜʩʪʚ. 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʠʛʨʘʶʪ 

ʥʘʚʠʛʘʮʠʦʥʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʅʀʉ) ʩʫʜʥʘ, ʦ ʯʝʤ ʫʢʘʟʳʚʘʝʪʩʷ ʚ 

ʨʘʙʦʪʝ [32]. ɺ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʪʯʠʢʦʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. ʇʦʜʨʦʙʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʅʀʉ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʨʪʘʭ, ʧʨʠʚʝʜʝʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʅʀʉ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ [33-43] ʧʦʩʚʷʱʝʥʳ ʚʦʧʨʦʩʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʚ ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ ʧʣʘʚʘʥʠʷ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʠʤ ʨʘʟʣʠʯʥʳʭ ʤʘʥʝʚʨʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʠ ʙʝʟʦʧʘʩʥʦʤʫ ʧʣʘʚʘʥʠʶ ʩʫʜʥʘ ʚ ʩʪʝʩʥʝʥʥʳʭ ʚʦʜʘʭ.  

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʪʘʪʴʝ [33], ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʩʦʧʨʷʞʝʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʡ ʧʣʘʚʘʥʠʷ: ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʚʦʣʥʝʥʠʷ, 
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ʧʝʨʝʤʝʥʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ, ʧʦʨʳʚʠʩʪʦʛʦ ʚʝʪʨʘ ʠ ʪ. ʧ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʵʪʦ 

ʜʣʷ ʤʘʥʝʚʨʝʥʥʦʛʦ ʪʨʝʥʘʞʝʨʘ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʩʫʜʥʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʦʜʥʳʭ ʧʫʪʝʡ.  

ɺ ʩʪʘʪʴʝ [34] ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʭʦʜʩʪʚʦʤ VTMIS ʚ ʪʫʨʝʮʢʠʭ ʧʨʦʣʠʚʘʭ. 

ʇʨʠʯʝʤ ʚ ʥʝʡ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʠʤʠʪʘʮʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʦʩʪʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ ʚ 

ʩʪʝʩʥʝʥʥʳʭ ʚʦʜʥʳʭ ʧʫʪʷʭ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʩʫʜʦʭʦʜʩʪʚʦʤ.  

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴ ʠʤʠʪʘʮʠʠ ʧʦʪʦʢʘ ʩʫʜʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʫʜʥʦʤ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʫʩʣʦʚʠʷ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ. ɺ ʪʫʨʝʮʢʠʭ ʧʨʦʣʠʚʘʭ ʧʦ ʫʩʣʦʚʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʦʭʦʞʜʝʥʠʝ ʥʝ ʙʦʣʝʝ 5 ʪʳʩ. ʩʫʜʦʚ ʚ ʤʝʩʷʮ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʘʪʴʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʩʫʞʜʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʤʦʨʩʢʠʭ ʘʚʘʨʠʡ ʥʘ ʚʦʜʥʳʭ ʧʫʪʷʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʠʟʥʝʡ ʠ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʨʘʙʦʪʝ [35] ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʦʪʩʪʦʷʥʠʷ ʨʫʣʝʚʦʛʦ ʦʨʛʘʥʘ ʦʪ 

ʮʝʥʪʨʘ ʤʘʩʩ ʩʫʜʥʘ ʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʦʤ ʝʛʦ ʜʨʝʡʬʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ.  

ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʨʩʢʠʭ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʩ 

ʥʝʠʟʤʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʚ ʨʘʙʦʪʝ [36] ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʷʭ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʦʝ ʤʘʪʨʠʯʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʝʣʠʥʝʡʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʚʦʡʩʪʚʘ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ 

ʤʦʜʝʣʝʡ ʜʚʠʞʝʥʠʷ ʥʘʜʚʦʜʥʦʛʦ ʚʦʜʦʠʟʤʝʱʘʶʱʝʛʦ ʩʫʜʥʘ, ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ, 

ʩʫʜʥʘ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ.  

ʈʘʙʦʪʳ [37, 38] ʧʦʩʚʷʱʝʥʳ ʨʘʟʨʘʙʦʪʢʝ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʫʜʥʘ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ ʜʚʠʞʝʥʠʷ, ʘ 

ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ ʚ ʩʢʦʧʣʝʥʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚ 
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ʨʘʙʦʪʝ [39] ʠ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʥɹʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʜʝʥʠʷ ʩʫʜʦʚ ʚ ʩʢʦʧʣʝʥʠʠ. 

ɺ ʨʘʙʦʪʝ [40] ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʟʘʭʦʜʘ ʚ ʢʘʤʝʨʫ ʰʣʶʟʘ. ʆʪʣʠʯʠʝ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʪ ʧʦʟʠʮʠʠ ʩʫʜʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʣʶʟʘ. 

ɺ ʨʘʙʦʪʝ [41] ʬʦʨʤʘʣʠʟʦʚʘʥʘ ʟʘʜʘʯʘ ʩʠʥʪʝʟʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ 

ʩʫʜʥʘ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʪʦʯʥʦʩʪʥʦʤʫ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ 

ʢʨʠʪʝʨʠʷʤ ʩ ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʤʦʜʝʣʠ ʩʫʜʥʘ ʠ ʜʝʡʩʪʚʫʶʱʠʭ 

ʚʦʟʤʫʱʝʥʠʡ. ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʦʙʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʫʜʥʘ ʩʧʦʩʦʙʦʤ 

ʤʥʦʛʦʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ.  

ʋʪʦʯʥʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [42]. 

ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ ʚ ʩʢʦʧʣʝʥʠʠ ʧʨʠ ʘʚʪʦʥʦʤʥʳʭ 

ʜʝʡʩʪʚʠʷʭ ʢʘʞʜʦʛʦ ʩʫʜʥʘ ʩʢʦʧʣʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [43]. ɺ ʤʦʜʝʣʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʩʫʜʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʯʝʪʳʨʝʭ ʪʠʧʦʚ ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʣ: ʜʚʠʞʝʥʠʝ ʢ ʮʝʣʠ, 

ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʘʷ ʩʠʣʘ, ʫʢʣʦʥʝʥʠʝ ʦʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ 

ʩʠʣʳ. ɼʚʠʞʝʥʠʝ ʩʫʜʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʘʨʥʦʡ ʩʠʣʦʡ, ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʝʪʩʷ ʩ 

ʫʯʝʪʦʤ "ʫʜʝʣʴʥʳʭ ʚʝʩʦʚ" ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʩʠʣ. ʆʧʨʝʜʝʣʝʥʠʝ "ʚʝʩʦʚʦʡ" 

ʬʫʥʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʚʚʝʜʝʥʠʝʤ ʛʣʘʜʢʠʭ ʥʝʣʠʥʝʡʥʳʭ ʢʨʠʚʳʭ ʦʪʨʘʞʘʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʦʧʝʨʘʪʦʨʘ ʩʫʜʥʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʧʨʠʯʝʤ  ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʨʘʞʘʪʴ ʨʝʘʣʴʥʫʶ 

ʦʢʨʫʞʘʶʱʫʶ ʦʙʩʪʘʥʦʚʢʫ. ʇʦ 9600 ʩʣʫʯʘʷʤ ʥʘʢʦʧʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 
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ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʜʝʥʠʷ ʩʫʜʦʚ ʚ 

ʩʢʦʧʣʝʥʠʠ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʫʜʦʚʦʞʜʝʥʠʷ ʚ ʫʟʢʦʩʪʷʭ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʩʫʜʦʚ (ʉʋɼʉ), ʟʘʜʘʯʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ, ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʩʚʷʱʝʥʳ 

ʨʘʙʦʪʳ [44-70]. 

ɺ ʩʪʘʪʴʝ [44] ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʭʦʜʩʪʚʦʤ VTMIS (Vessel Traffic Management & Information 

System) ʚ ʪʫʨʝʮʢʠʭ ʧʨʦʣʠʚʘʭ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʪʘʪʴʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʦʚʦʞʜʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ  

ʧʝʨʝʤʝʥʥʳʭ ʪʝʯʝʥʠʡ ʚ ʩʪʝʩʥʝʥʥʳʭ ʚʦʜʘʭ.  

ɺ ʨʘʙʦʪʝ [45] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʩ 1 ʷʥʚʘʨʷ 1998 ʛ., ʥʘʯʘʣʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʩʫʜʦʚ ʚ ʧʨʦʣʠʚʝ 

ʂʫʨʫʩʠʤʘ. ʅʦʚʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʚʦʜʢʠ ʚ ʧʦʨʪ 

ʩʫʭʦʛʨʫʟʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʩʫʜʦʚ ʜʝʜʚʝʡʪʦʤ ʜʦ 100 ʪʳʩ. ʪ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ 

ʩʪʫʧʝʥʯʘʪʦʡ ʨʘʜʘʨʥʦʡ ʩʠʩʪʝʤʳ ʬʠʨʤʳ Atlas ʠ ʜʚʫʭ CCTV - ʫʩʪʘʥʦʚʦʢ 

(Close Circuit TV), ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤ ʙʣʦʢʦʤ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩ ʧʦʤʦʱʴʶ 

ʩʚʝʪʦʚʦʜʘ ʠʤʝʝʪ ʩʚʷʟʴ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʣʦʮʤʘʥʩʢʦʡ ʩʪʘʥʮʠʝʡ. ʉʪʘʥʮʠʷ 

ʦʩʥʘʱʝʥʘ AIS ʜʣʷ ʚʳʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʙʦʨʪ ʩʫʜʥʘ. 

ɺ ʨʘʙʦʪʝ [46] ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ ʜʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʞʝʩʪʚʦʤ ʜʚʠʞʫʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʣʦʪʠʣʠʝʡ ʩʫʜʦʚ. ʈʝʘʣʠʟʘʮʠʷ ʩʧʦʩʦʙʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʥʘʯʘʣʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʣʫʯʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʧʝʨʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʦʚ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ 

ʬʘʟʦʠʥʚʝʨʩʠʝʡ, ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠʝʤ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ ʠ ʝʛʦ 

ʜʝʤʦʜʫʣʷʮʠʷ, ʚʳʷʚʣʷʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʕʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝʤ ʘʤʧʣʠʪʫʜ ʚ ʨʷʜʝ 
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ʪʦʯʝʢ ʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʬʨʦʥʪʘ ʧʝʨʝʜ 

ʧʠʢʘʤʠ ʢʦʨʨʝʣʷʮʠʠ.  

ɺ ʨʘʙʦʪʝ [47] ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʦʚʳʰʝʥʠʠ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ 

ʛʝʨʤʘʥʩʢʠʤ ʣʦʮʤʘʥʘʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ. 

ɺ ʧʫʙʣʠʢʘʮʠʠ [48] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʥʘ ʮʝʥʪʨʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʝʤ ʩʫʜʦʚ ʉʋɼʉ ʚʦʟʣʦʞʝʥʘ ʦʙʷʟʘʥʥʦʩʪʴ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ ʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʦ ʚʩʪʫʧʣʝʥʠʝʤ ʚ 

ʩʠʣʫ ISPS ʂʦʜʘ ʨʦʣʴ ʮʝʥʪʨʦʚ ʉʋɼʉ ʠʟʤʝʥʠʪʩʷ, ʩʤʝʱʘʷʩʴ ʚ ʩʪʦʨʦʥʫ 

ʢʦʥʪʨʦʣʷ  ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʥʘ. ʈʘʟʨʘʙʦʪʘʥʦ ʥʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʬʠʨʤʘʤʠ 

Simrad Mesotech Ltd (ʂʘʥʘʜʘ) ʠ Norcontrol IT (ʅʦʨʚʝʛʠʷ) ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʂʦʜʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ɸʀʉ. 

ɺ ʩʪʘʪʴʝ [49] ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʝʤ ʩʫʜʦʚ, ʢʦʪʦʨʘʷ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʧʦʨʪʦʚ ʠ ʚ ʩʪʝʩʥʝʥʥʳʭ 

ʚʦʜʘʭ ʩʚʦʙʦʜʥʦʝ ʜʚʠʞʝʥʠʝ ʩʫʜʦʚ ʠ ʟʘʱʠʪʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ 

ʧʦʩʣʝʜʩʪʚʠʡ ʠʭ ʘʚʘʨʠʡ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʩʫʜʦʭʦʜʩʪʚʘ ʚ ʧʨʦʣʠʚʝ ʃʘ-ʄʘʥʰ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [50]. 

ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʦ ʚ ʵʪʦʤ 

ʨʘʡʦʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʀʄʆ ʠ ʥʘʭʦʜʠʪʩʷ 

ʧʦʜ ʥʘʙʣʶʜʝʥʠʝʤ ʉʋɼʉ ʧʨʠʙʨʝʞʥʳʭ ʩʪʨʘʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʩʫʜʦʭʦʜʩʪʚʘ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʠʤ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ ʘʚʠʘʮʠʠ ʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

ɺ ʨʘʙʦʪʝ [51] ʧʦʢʘʟʘʥʦ, ʯʪʦ ɻʝʨʤʘʥʩʢʘʷ ʬʠʨʤʘ Atlas Electronic 

ʟʘʢʣʶʯʠʣʘ ʜʦʛʦʚʦʨ ʦ ʧʦʩʪʘʚʢʝ ʚ ʧʦʨʪ ʂʠʪʘʷ ʩʠʩʪʝʤʳ ʧʨʦʚʦʜʢʠ ʩʫʜʦʚ (VTS), 

ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʚʦʜʢʠ ʚ ʧʦʨʪ ʩʫʭʦʛʨʫʟʦʚ, ʘ ʪʘʢʞʝ 

ʜʨʫʛʠʭ ʩʫʜʦʚ ʜʝʜʚʝʡʪʦʤ ʜʦ 100 ʪʳʩ. ʪ. ʉʪʫʧʝʥʯʘʪʘʷ ʨʘʜʘʨʥʘʷ ʩʠʩʪʝʤʘ 

ʬʠʨʤʳ Atlas, ʜʚʝ ʫʩʪʘʥʦʚʢʠ Close Circuit TV, ʠʤʝʶʱʠʝ ʩʚʷʟʴ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ 
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ʣʦʮʤʘʥʩʢʦʡ ʩʪʘʥʮʠʝʡ, ʠ AIS ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʫʜʥʦ ʩʦʩʪʘʚʣʷʶʪ 

ʩʠʩʪʝʤʫ VTS. 

ʉʚʝʜʝʥʠʷ ʦ ʥʘʙʣʶʜʝʥʠʷʭ ʧʦʚʦʨʦʪʣʠʚʦʩʪʠ ʩʫʜʦʚ ʥʘ ʬʘʨʚʘʪʝʨʝ ɹʫʛʩʢʦ-

ɼʥʝʧʨʦʚʩʢʦ-ʃʠʤʘʥʩʢʦʛʦ ʢʘʥʘʣʘ ʧʨʠʚʝʜʝʥʳ ʚ ʩʪʘʪʴʝ [52]. ʈʝʟʫʣʴʪʘʪʳ 

ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʫʧʨʘʚʣʷʶʱʝ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʩʪʦʚ ʋʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ 

ʩʫʜʦʚ. 

ɺ ʨʘʙʦʪʝ [53] ʨʘʩʩʤʦʪʨʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʜʚʠʞʝʥʠʝ ʩʫʜʦʚ ʧʦ 

ʚʥʫʪʨʝʥʥʠʤ ʚʦʜʥʳʤ ʧʫʪʷʤ ʟʘ ʩʯʸʪ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʨʝʞʠʤʘ 

ʜʚʠʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʦʛʦ ʧʫʪʠ, ʠʟʚʣʝʢʘʝʤʳʭ ʠʟ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʳ, ʠ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʠʪʫʘʮʠʠ. ɺ ʨʘʙʦʪʝ 

ʫʢʘʟʳʚʘʝʪʩʷ ʯʪʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʵʢʦʥʦʤʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʙʝʟ 

ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʚ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʚʦʜʢʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʣʘʚʘʥʠʷ ʚ ʩʪʝʩʥʝʥʥʳʭ ʚʦʜʘʭ ʩ ʫʯʝʪʦʤ 

ʦʩʥʦʚʥʳʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʨʘʙʦʪʘʭ [54-70] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʩʫʜʦʚʳʝ ʙʝʟʦʧʘʩʥʳʝ ʟʦʥʳ, ʧʦʜʭʦʜʳ ʢ ʠʭ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʠ ʧʣʘʚʘʥʠʠ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʧʨʦʩʫ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʩʪʠ ʨʠʩʢʘ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʨʠʯʝʤ 

ʩʪʘʥʜʘʨʪʥʳʤ ʦʧʠʩʘʥʠʝʤ ʪʘʢʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʢʨʫʛ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʛʦ 

ʥʘʭʦʜʠʪʩʷ ʩʫʜʥʦ, ʘ ʨʘʜʠʫʩʦʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʘʷ ʜʠʩʪʘʥʮʠʷ 

ʩʙʣʠʞʝʥʠʷ 
dop

D . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʣʘʩʪʴ ʨʠʩʢʘ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 
dop

D .  

ɺʦʧʨʦʩʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʩʫʜʦʚʦʡ ʟʦʥʳ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ 

[54-60]. ɺ ʥʠʭ ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʦʜʝʨʞʘʱʘʷ ʩʠʩʪʝʤʥʳʡ 



 25  

ʫʯʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʘʥʠʷ ʩʫʜʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʨʘʙʦʪʝ [61] ʧʨʠʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʦʜʦʣʴʥʳʭ ʠ 

ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʟʦʥʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚ ʧʦ ʥʘʪʫʨʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ, 

ʧʨʠʯʝʤ ʚ ʥʝʡ ʧʦʣʫʯʝʥʳ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʦʥʳ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

ʧʦ ʥʦʩʫ ʩʫʜʥʘ - ʦʢʦʣʦ 10 ʝʛʦ ʜʣʠʥ, ʧʦ ʢʦʨʤʝ - ʧʦʨʷʜʢʘ 3 - 4 , ʧʦ ʪʨʘʚʝʨʟʘʤ - 

ʦʢʦʣʦ ʧʷʪʠ ʜʣʠʥ. 

ɺ ʨʘʙʦʪʝ [62] ʵʣʣʠʧʩʦʤ ʦʧʠʩʘʥʘ ʟʦʥʘ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. 

ʇʨʠ ʵʪʦʤ ʢʨʠʚʘʷ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʟʦʥʫ, ʦʧʠʩʳʚʘʝʪʩʷ ʠʟ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ ʩʫʜʥʘ ʨʘʜʠʫʩʦʤ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ 

ʩʫʜʥʘ, ʝʛʦ ʩʢʦʨʦʩʪʠ ʠ ʢʫʨʩʦʚʦʛʦ ʫʛʣʘ ʨʘʜʠʫʩʘ. ʈʘʟʤʝʨʳ ʟʦʥʳ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, 

ʢʦʵʬʬʠʮʠʝʥʪʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʛʨʫʟʘ 

ʩʫʜʥʘ. 

ʈʘʙʦʪʳ [63, 64] ʧʦʩʚʷʱʝʥʳ ʤʝʪʦʜʘʤ ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʟʦʥ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩʫʜʦʚ. ɺ ʧʫʙʣʠʢʘʮʠʠ [63] ʘʚʪʦʨ, ʩʩʳʣʘʷʩʴ ʥʘ ʟʘʨʫʙʝʞʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ,  ʦʧʠʩʳʚʘʝʪ ʜʦʤʝʥʳ ɻʫʜʚʠʥʘ ʠ ɼʵʚʠʩʘ, ʘ ʚ ʨʘʙʦʪʝ [64] 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʟʦʥʳ ʚ ʩʠʪʫʘʮʠʷʭ ʦʙʛʦʥʘ ʜʣʷ ʩʣʫʯʘʝʚ ʢʘʢ 

ʭʦʨʦʰʝʡ, ʪʘʢ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʠʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʝ ʟʦʥʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʟʥʘʯʝʥʠʷʤ ʚʨʝʤʝʥʠ ʠ ʜʠʩʪʘʥʮʠʠ 

ʢʨʘʪʯʘʡʰʝʛʦ ʩʙʣʠʞʝʥʠʷ. 

ʈʷʜ ʨʘʙʦʪ [65-70] ʧʦʩʚʷʱʝʥ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʟʤʝʨʦʚ ʙʝʟʦʧʘʩʥʦʡ 

ʦʙʣʘʩʪʠ ʩʫʜʥʘ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʩ ʫʯʝʪʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʮʝʜʫʨʳ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ ʙʝʟʦʧʘʩʥʦʡ ʦʙʣʘʩʪʠ.  
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ɺ ʨʘʙʦʪʘʭ [71-77] ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʫʜʦʚʦʞʜʝʥʠʷ ʚ ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ ʧʣʘʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʝʝ ʧʦʚʳʰʝʥʠʷ. 

ɺ ʩʪʘʪʴʝ [71] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʳʯʥʦʛʦ ʤʝʪʦʜʘ 

ʧʦʩʪʨʦʝʥʠʝʤ "ʜʝʨʝʚʘ ʩʦʙʳʪʠʡ" ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʚʳʷʚʣʝʥʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʦʙʳʪʠʷ ʧʦʩʘʜʢʠ ʥʘ ʤʝʣʴ ʧʦ ʧʨʠʯʠʥʝ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʦʰʠʙʢʠ, ʪʘʢ ʢʘʢ ʥʝʚʦʟʤʦʞʥʦ ʫʯʝʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʘʟʦʚʳʭ ʩʦʙʳʪʠʡ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʘʚʘʨʠʠ ʠʟ-

ʟʘ ʯʝʣʦʚʝʯʝʩʢʦʡ ʦʰʠʙʢʠ ʧʨʠʤʝʥʝʥʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʥʮʝʧʮʠʷ fuzzy error 

rate ʠ fuzzy error possibility, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ "fuzzy ʚʝʨʦʷʪʥʦʩʪʴ" ʧʦʩʘʜʢʠ 

ʩʫʜʥʘ ʥʘ ʤʝʣʴ ʠʟ-ʟʘ ʦʰʠʙʢʠ ʩʫʜʦʚʦʜʠʪʝʣʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʛʠʙʨʠʜʥʦʤʫ 

"ʜʝʨʝʚʫ ʩʦʙʳʪʠʡ". ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʜʝʢʩʳ ʧʦʢʘʟʘʪʝʣʝʡ fuzzy 

sensibility ʠ fuzzy uncertainly.  

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ 

ʧʦʣʝʟʝʥ ʧʨʠ ʘʥʘʣʠʟʝ ʚʝʨʦʷʪʥʦʩʪʠ ʘʚʘʨʠʡʥʦʛʦ ʩʦʙʳʪʠʷ ʠʟ-ʟʘ ʦʰʠʙʦʢ 

ʯʝʣʦʚʝʢʘ. ʆʙʷʟʘʥʥʦʩʪʴʶ ʦʧʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʨʦʮʝʩʩʫ "ʧʨʠʥʫʞʜʝʥʠʷ" ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ, 

ʚ ʢʦʪʦʨʦʡ ʬʦʨʤʘʣʠʟʦʚʘʥʦ ʧʦʥʷʪʠʝ ʮʝʣʠ ʜʚʠʞʝʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʩʪʘʥʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʧʝʨʘʪʦʨʫ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʠʤʘʪʴ ʢʦʨʨʝʢʪʥʳʝ ʨʝʰʝʥʠʷ, ʘ ʫʨʘʚʥʝʥʠʷ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʜʠʥʘʤʠʢʠ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. 

ɺ ʨʘʙʦʪʝ [72] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʩʫʜʦʭʦʜʩʪʚʘ 

ʚ ʧʦʨʪʫ ɼʘʣʷʥ ɹ (ʂʅʈ), ʚʳʧʦʣʥʝʥ ʧʨʦʛʥʦʟ ʚʦʟʤʦʞʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ, 

ʨʘʟʨʘʙʦʪʘʥʘ  ʢʦʤʧʴʶʪʝʨʥʘʷ ʠʤʠʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʧʦʨʪʫ ʩ 

ʫʯʝʪʦʤ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ, ʠʤʝʶʱʝʛʦʩʷ ʬʘʨʚʘʪʝʨʘ ʠ ʷʢʦʨʥʳʭ ʩʪʦʷʥʦʢ. 
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ɺ ʩʪʘʪʴʝ [73] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʤʦʜʝʣ ɹ ʦʮʝʥʢʠ ʨʠʩʢʘ ʘʚʘʨʠʠ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ ʚ ʟʘʜʘʥʥʦʤ ʨʘʡʦʥʝ. ʇʨʠ ʵʪʦʤ 

ʫʯʠʪʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʭʦʜʩʪʚʦʤ ʠ ʚʣʠʷʥʠʝ 

ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʨʝʧʣʘʚʘʥʠʷ ʧʣʘʥʠʨʫʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʥʦʚʳʭ ʩʨʝʜʩʪʚ 

ʥʘʚʠʛʘʮʠʠ, ʩʭʝʤ ʨʘʟʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ ʠ ʜʨ.). ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʦʡ 

ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʡʦʥʘ ʧʣʘʚʘʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʘʷ ʤʦʜʝʣʴ ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʨʫʢʦʚʦʜʷʱʝʛʦ 

ʜʦʢʫʤʝʥʪʘ ʀʄʆ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʌʦʨʤʘʣʴʥʦʛʦ ɸʥʘʣʠʟʘ ɹʝʟʦʧʘʩʥʦʩʪʠ 

(FSA). ʋʯʠʪʳʚʘʷ ʧʦʩʣʝʜʩʪʚʠʷ ʧʦʩʣʝʜʥʠʭ ʢʘʪʘʩʪʨʦʬ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʚʦʜʘʭ, 

ʚ ɼʠʨʝʢʪʠʚʥʦʤ ʧʘʢʝʪʝ, ʧʨʠʥʷʪʦʤ ʝʚʨʦʧʝʡʩʢʠʤ ʧʘʨʣʘʤʝʥʪʦʤ, ʫʢʘʟʳʚʘʝʪʩʷ, 

ʯʪʦ ʧʦʜʦʙʥʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʤʝʨ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ɼʠʨʝʢʪʠʚʘʭ. ʊʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʥʮʝʧʮʠʶ ʨʠʩʢʘ ʚ ʤʦʜʝʣʠ ʜʣʷ ʥʘʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʨʠʩʢʘ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʩʫʜʦʚ, ʟʘʚʠʩʷʱʠʭ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʚʦʟʨʘʩʪ ʩʫʜʥʘ, ʝʛʦ ʬʣʘʛ, ʢʣʘʩʩ, ʚʠʜ ʛʨʫʟʘ), ʥʦ ʠ ʦʪ ʪʘʢʠʭ 

ʬʘʢʪʦʨʦʚ ʢʘʢ ʫʩʣʦʚʠʷ ʩʫʜʦʭʦʜʩʪʚʘ ʠ ʧʦʛʦʜʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʘʡʦʥʝ 

ʧʣʘʚʘʥʠʷ.  

ʊʘʢʦʡ ʠʥʜʝʢʩ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ 

ʋʧʨʘʚʣʝʥʠʝʤ ʉʫʜʦʭʦʜʩʪʚʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʘ ʩʫʜʦʭʦʜʩʪʚʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʡʦʥʝ, ʘ ʪʘʢʞʝ ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʚʳʷʚʣʝʥʠʶ "ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ 

ʩʫʜʦʚ". ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʤʦʜʝʣʠ 

ʦʮʝʥʢʠ ʨʠʩʢʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʳ ʠʭ ʩʙʦʨʘ. 

ʇʨʠʚʝʜʝʥʳ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʅʠʜʝʨʣʘʥʜʘʭ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʤʦʜʝʣʠ SAMSON ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ 

ʨʠʩʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʩʫʜʦʚ, ʠʩʭʦʜʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʦʜʝʣʠ. 
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ʅʝʤʝʮʢʦʝ ʥʘʚʠʛʘʮʠʦʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ (DNV) ʩʦʚʤʝʩʪʥʦ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠʟ ʩʪʨʘʥ ʉʝʚʝʨʥʦʡ ɽʚʨʦʧʳ, ʢʘʢ ʫʢʘʟʳʚʘʝʪʩʷ 

ʚ ʨʘʙʦʪʝ [74], ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʢʦʥʮʝʧʮʠʶ ʙʝʟʦʧʘʩʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ, 

ʫʯʠʪʳʚʘʶʱʫʶ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ ʥʘ ʚʦʜʥʳʭ 

ʤʘʛʠʩʪʨʘʣʷʭ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʧʦʣʦʞʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʢ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʘʥʠʷ. ʆʪʤʝʯʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʤʦʨʝʧʣʘʚʘʥʠʷ. ɺʳʧʦʣʥʝʥʳ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʬʘʢʪʠʯʝʩʢʠʤ ʩʫʜʦʭʦʜʩʪʚʦʤ. ʉ 

ʫʯʝʪʦʤ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʨʪʘ ʚ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʨʷʜʘ ʥʦʚʳʭ ʩʠʩʪʝʤ ʩʫʜʦʭʦʜʩʪʚʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʥʦʚʳʭ ʤʝʪʦʜʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʘʢʩʠʤʫʤʘ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ɺ ʧʫʙʣʠʢʘʮʠʠ [75] ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʫʜʦʭʦʜʩʪʚʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʦʨʪʘ Xiamen (ʂʠʪʘʡ) ʩ ʧʦʤʦʱʴʶ ʠʟʫʯʝʥʠʷ 

ʤʦʨʩʢʠʭ ʘʚʘʨʠʡ ʚ ɻʪʦʤ ʨʘʡʦʥʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʦʧʘʩʥʦʩʪʝʡ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʩʥʦʚʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʩʣʫʯʠʪʴʩʷ ʚ ʵʪʦʤ ʨʘʡʦʥʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʧʨʝʜʣʦʞʝʥʳ ʤʝʨʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

ʈʘʙʦʪʘ [76] ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ ʥʘ ʤʦʨʩʢʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ 

ʧʫʪʷʭ. ɺ ʥʝʡ ʦʩʚʝʱʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʦʮʝʥʢʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʫʜʦʚ, ʧʦʜʛʦʪʦʚʢʠ ʯʣʝʥʦʚ ʵʢʠʧʘʞʝʡ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʘʚʘʨʠʡ ʠ ʜʨ. 

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʪʘʪʴʝ [77], ʚ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥʘʭ ʗʧʦʥʠʠ, ʟʘʯʘʩʪʫʶ 

ʚʘʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʦʙʩʪʘʥʦʚʢʫ ʩʦʦʨʫʞʝʥʠʡ ʚ 

ʨʘʡʦʥʝ ʤʦʨʩʢʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ "ʯʝʣʦʚʝʢ - 

ʤʘʰʠʥʘ", ʫʯʠʪʳʚʘʶʱʫʶ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ 

ʤʝʥʪʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʩʫʜʦʚʦʜʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʷ ʜʣʷ 
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ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʩʫʜʦʚʦʜʠʪʝʣʷ, ʜʣʷ ʯʝʛʦ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʚ ʟʘʜʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʘ ʜʝʡʩʪʚʠʡ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʘʚʘʨʠʠ. ʇʣʘʥ 

ʚʢʣʶʯʘʝʪ ʚʳʙʦʨ ʢʫʨʩʘ ʦʪʚʦʨʦʪʘ ʩʫʜʥʘ, ʦʮʝʥʢʫ ʚʝʨʦʷʪʥʦʩʪʠ ʩʪʦʣʢʥʦʚʝʥʠʷ ʠ 

ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʤʘʥʝʚʨʘ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʪʨʝʙʫʝʪʩʷ ʠʩʢʣʶʯʠʪʴ ʧʦʩʘʜʢʫ ʩʫʜʥʘ ʥʘ ʤʝʣʴ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʛʣʫʙʠʥʘʭ ʠ 

ʫʯʝʩʪʴ ʠʟʤʝʥʝʥʠʝ ʩʠʪʫʘʮʠʠ ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʧʦʷʚʣʝʥʠʠ ʠʣʠ ʠʩʯʝʟʥʦʚʝʥʠʠ 

ʜʨʫʛʠʭ ʩʫʜʦʚ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʝʢʩ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ 

ʦʧʘʩʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʨʘʡʦʥʝ ʧʣʘʚʘʥʠʷ ʩʫʜʥʘ, ʢʦʪʦʨʳʡ ʧʦʣʝʟʝʥ 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʩʫʞʜʝʥʠʷ ʩʫʜʦʚʦʜʠʪʝʣʷ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩʫʜʦʚ. 

ɺ ʧʫʙʣʠʢʘʮʠʷʭ [78, 79] ʦʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʫʜʦʚʦʞʜʝʥʠʷ ʚ ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ ʧʫʪʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʘʢʠʭ ʨʘʡʦʥʦʚ. ɺʦʧʨʦʩʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʧʣʘʚʘʥʠʷ ʩʫʜʦʚ ʚ ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ ʤʝʪʦʜʘʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʥʘʚʠʛʘʮʠʠ 

ʧʦʩʚʷʱʝʥʳ ʩʪʘʪʴʠ [80-82].  

ɸʩʧʝʢʪʫ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʤʝʩʪʘ ʩʫʜʥʘ, ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ 

[83-118]. 

ɺ ʨʘʙʦʪʝ [83] ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʧʦʜʛʦʪʦʚʢʠ ʙʠʙʣʠʦʪʝʢʠ 

ʤʘʨʰʨʫʪʦʚ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʤʘʨʰʨʫʪ ʧʣʘʚʘʥʠʷ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʜʦʚʦʜʠʪʝʣʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʩʫʜʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʘʜʘʥʥʦʛʦ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʧʦʜʩʠʩʪʝʤʦʡ ʙʝʟ ʠʩʧʦʣʟɹʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʨʪ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʣʘʚʘʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʨʘʚʥʦʪʦʯʥʳʭ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ 
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ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʣʦʞʝʥʠʷ ʢʨʦʤʦʢ ʬʘʨʚʘʪʝʨʘ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [84]. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʦʢʘʟʘʥʘ ʤʝʪʦʜʦʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ [85] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʫʜʥʘ ʚ 

ʟʘʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʨʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʪʦʣʴʢʦ ʧʦ ʜʘʥʥʳʤ 

ʩʠʛʥʘʣʦʚ ʦ ʤʦʤʝʥʪʝ ʨʳʩʢʘʥʠʷ ʠ ʩʠʣʝ ʧʨʦʜʦʣʴʥʦʛʦ ʩʥʦʩʘ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʧʨʠʯʝʤ ʫʯʠʪʳʚʘʝʪʩʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʠʥʪʝʛʨʘʣʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤ ʟʘʚʠʩʠʤʳʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʩ ʧʦʤʦʱʴʶ ʦʙʦʙʱʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʫʘʩʩʦʥʘ ʩ 

ʙʘʟʦʚʳʤ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [86].  

ʉʪʨʘʪʝʛʠʷ ʚʚʝʜʝʥʠʷ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ 

ʠʟʣʦʞʝʥʘ ʚ ʧʫʙʣʠʢʘʮʠʠ [87]. ʋʯʠʪʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʀʄʆ, 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʠ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʬʠʟʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ (ɺɺʇ) ʨʘʟʥʳʭ 

ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ.  

ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʨʘʙʦʪʘʭ [88, 89]. ɺ ʨʘʙʦʪʝ [90] ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʠ 

ʥʘʜʝʞʥʦʩʪʴʶ ʥʘʚʠʛʘʮʠʠ, ʘ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʝ [1].  

ʅʘ ʙʘʟʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʀʄʆ ʧʦ ʪʦʯʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʚ ʨʘʙʦʪʝ [91] 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʦʧʫʩʪʠʤʳʭ 

ʚʝʣʠʯʠʥ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʣʘʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʜʚʠʞʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [92] ʧʨʠʚʝʜʝʥʳ ʤʦʜʝʣʠ ʜʣʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʧʘʩʥʦʛʦ 

ʧʣʘʚʘʥʠʷ ʚ ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ, ʚ ʢʦʪʦʨʳʭ ʩʪʝʩʥʝʥʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚ 
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ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʙʦʢʦʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʩʝʨʝʜʠʥʳ ʬʘʨʚʘʪʝʨʘ ʜʦ 

ʝʛʦ ʛʨʘʥʠʮ. ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʧʘʩʥʦʛʦ ʧʣʘʚʘʥʠʷ ʟʘʜʘʥʥʳʤ ʤʘʨʰʨʫʪʦʤ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ 

ʙʦʢʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩʫʜʥʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʘʨʰʨʫʪʘ. 

ʂʘʢ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [93], ʜʣʷ ʚʭʦʜʘ ʩʫʜʥʘ ʚ ʛʘʚʘʥʴ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʦʪʢʨʳʪʦʤ ʤʦʨʩʢʦʤ ʧʦʙʝʨʝʞʴʝ, ʚ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ. ʇʨʠ ʩʠʣʴʥʦʤ ʚʦʣʥʝʥʠʠ ʩʫʜʥʦ, ʚʭʦʜʷʱʝʝ ʚ 

ʛʘʚʘʥʴ, ʤʦʞʝʪ ʠʤʝʪʴ ʦʧʘʩʥʳʝ ʩʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʥʠʨʫʝʤʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʪʦʣʢʥʦʚʝʥʠʶ ʩʫʜʥʘ ʩ ʚʦʣʥʦʣʦʤʦʤ. ʅʘ 

ʙʘʟʝ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠʥʜʝʢʩʳ, ʦʮʝʥʠʚʘʶɦ ʠʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʭʦʜʘ.  

ɺ ʨʘʙʦʪʝ [94] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʢʦʨʨʝʢʪʠʨʫʶʪ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʦ ʩʠʩʪʝʤʝ GPS, ʦʜʥʘʢʦ 

ʧʦʧʨʘʚʢʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʠʩʪʝʤʳ ʦʪ ʩʪʘʥʮʠʠ ʥʫʣʝʚʦʛʦ 

ʦʪʩʯʝʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʠ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʨʘʩʩʪʦʷʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʩʠʩʪʝʤʳ DGPS ʦʪ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ, 

ʧʨʠʯʝʤ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 1 ʤ ʥʘ ʢʘʞʜʳʝ 150 ʢʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ. ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʨʝʘʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʰʝʩʪʴ 

ʪʘʢʠʭ ʧʨʠʝʤʥʠʢʦʚ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʚʜʦʣʴ ʧʦʨʪʫʛʘʣʴʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʯʝʨʝʟ 

50 ʤʠʣʴ ʢ ʩʝʚʝʨʫ ʠ ʶʛʫ ʦʪ ʩʪʘʥʮʠʠ ʦʪʩʯʝʪʘ Sagres Broadcast Station. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,22 ʤ ʥʘ ʢʘʞʜʳʝ 100 ʢʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʩʪʘʥʮʠʠ ʦʪʩʯʝʪʘ, ʯʪʦ ʤʝʥʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʰʠʙʢʠ ʚ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʰʝ ʚ ʧʦʨʪʘʭ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʷʤʦʡ 

ʚʠʜʠʤʦʩʪʠ ʩʧʫʪʥʠʢʘ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʪʙʦʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʳʢʘʭ 

ʙʦʣʴʰʠʭ ʤʦʩʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘʜ ʬʘʨʚʘʪʝʨʘʤʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ 
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ʩʫʜʦʭʦʜʩʪʚʦʤ, ʢʘʢ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʩʪʘʪʴʝ [95], ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩʫʜʦʚ ʩ ʙʳʢʘʤʠ.  

ɺ ʨʘʙʦʪʝ [2] ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʤʦʜʝʣʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦ̫ ʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ.  

ɺ ʨʘʙʦʪʝ [96] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʠʩʭʦʜʥʳʭ ʧʦʧʨʘʚʦʢ ʩʪʘʥʮʠʠ Dziwnow ʚ ʨʘʡʦʥʝ ʧʦʨʪʘ ʑʝʮʠʥ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ DGPS, ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʣʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʧʦʧʨʘʚʦʢ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʫʢʘʟʘʥʦ, 

ʯʪʦ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʦ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝ-

ʥʝʥʠʶ ʩʠʩʪʝʤʳ DGPS ʜʣʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʮʝʣʝʡ ʚ ʧʦʨʪʫ ʑʝʮʠʥ. 

ɸʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ 

ʩʫʜʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʸʤʥʠʢʘ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʠʟʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [97]. ɸʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ 

ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ ʧʦ ʟʘʢʦʥʫ ɻʘʫʩʩʘ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ ʠ ʪʨʝʙʫʝʪ 

ʘʣʪɹʝʨʥʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ. 

ɿʥʘʯʠʪʝʣʴʥʳʤ ʩʦʙʳʪʠʝʤ ʚ ʪʝʦʨʠʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʷʚʠʣʩʷ ʥʦʚʳʡ ʚʟʛʣʷʜ 

ʥʘ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʦʪʣʠʯʘʚʰʠʡʩʷ ʦʪ ʤʦʜʝʣʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʂ. ɻʘʫʩʩʦʤ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ [2].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʩʫʜʦʚʦʞʜʝʥʠʠ ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʧʦʜʯʠʥʷʣʠʩʴ ʩʤʝʰʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʚʝʨʦʷʪʥʦʩʪʝʡ, 

ʦʪʣʠʯʥʳʤ ʦʪ ʟʘʢʦʥʘ ɻʘʫʩʩʘ (ʭʦʪʷ ʛʨʘʥʠʯʥʳʤ ʩʤʝʰʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʢʘʢ ʨʘʟ ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ) [98, 99]. ʇʨʠʥʷʪʘʷ ʛʠʧʦʪʝʟʘ ʦ 

ʩʤʝʰʘʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʧʦʛʨʝʰʥʦʩʪʷʤ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, 
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ʛʠʩʪʦʛʨʘʤʤʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʚ ʢʨʘʡʥʠʭ ʨʘʟʨʷʜʘʭ ʠʟʙʳʪʦʯʥʦʝ ʯʠʩʣʦ ʯʣʝʥʦʚ, 

ʥʝ ʧʦʟʚʦʣʷʶʱʝʝ ʚ ʢʘʯʝʩʪʚʝ ʛʠʧʦʪʝʟʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɻʘʫʩʩʘ. 

ʉʤʝʰʘʥʥʳʝ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʘʢ ʨʘʟ ʠʤʝʶʪ 

ʫʪʷʞʝʣʝʥʥʳʝ ʭʚʦʩʪʳ. ʅʝʜʦʩʪʘʪʢʦʤ ʤʦʜʝʣʝʡ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʥʝ ʦʪʥʦʩʷʪʩʷ ʥʠ ʢ ʫʩʪʦʡʯʠʚʳʤ, ʥʠ ʢ ʙʝʟʛʨʘʥʠʯʥʦ-

ʜʝʣʠʤʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ. ʇʦʵʪʦʤʫ ʥʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʦʧʠʩʘʥʠʶ 

ʩʠʩʪʝʤ ʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤ ʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʦʙʦʙʱʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʫʘʩʩʦʥʘ 

[100], ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɼʝʣʦ 

ʚ ʪʦʤ, ʯʪʦ ʦʙʦʙʱʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇʫʘʩʩʦʥʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ.  

ɺ ʨʘʙʦʪʝ [101] ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʚʳʙʦʨʦʢ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʨʝʥʠʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ 

ʩʦʛʣʘʩʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʟʘʢʦʥʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʘʙʦʪ [102, 103], ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ. 

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʦʮʝʥʦʢ ʦʪʩʫʪʩʪʚʫʶʪ.  

ɺ ʨʘʙʦʪʘʭ [104-115] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʠ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʩ ʨʘʟʥʦʡ ʜʠʩʧʝʨʩʠʝʡ. ʇʦʣʫʯʝʥʘ ʧʨʦʮʝʜʫʨʘ ʦʮʝʥʢʠ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʩʤʝʰʘʥʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʠ. 

 

1.2 ɺʳʙʦʨ ʪʝʤʘʪʠʢʠ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʦʚ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʚ ʩʪʝʩʥʝʥʥʳʭ 

ʨʘʡʦʥʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡʥʦʩʪʠ 

ʩʫʜʦʚ ʷʚʣʷʶʪʩʷ: 

- ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʩʫʜʦʚ, 

ʟʘʜʘʯʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ; 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʧʨʠ ʧʣʘʚʘʥʠʠ ʚ 

ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ; 

- ʦʙɦʠʝ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʚ 

ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ ʧʣʘʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʝ ʧʦʚʳʰʝʥʠʷ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʜʦʚʳʭ ʙʝʟʦʧʘʩʥʳʭ ʟʦʥ, 

ʧʦʜʭʦʜʳ ʢ ʠʭ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʧʣʘʚʘʥʠʠ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʚ ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ ʧʣʘʚʘʥʠʷ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʠʤ ʨʘʟʣʠʯʥʳʭ ʤʘʥʝʚʨʦʚ;  

- ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʤʝʩʪʘ ʩʫʜʥʘ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠ̫ ʭ. 

ɸʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʧʦʛʨʝʰʥʦʩʪʷʤ ʠʟʤʝʨʝʥʠʡ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʧʦʢʘʟʘʣ, ʯʪʦ 

ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʟʘʢʦʥʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʟʘʢʦʥʘ ɻʘʫʩʩʘ. 

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʙʦʨʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʠ 

ʫʪʦʯʥʠʪʴ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ 
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ʨʘʩʯʝʪʘ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʠʟʙʳʪʦʯʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʠ 

ʧʦʛʨʝʰʥʦʩʪʝʡ. ɼʣʷ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʩʣʝʜʫʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʮʝʜʫʨʫ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ ʪʝʤʘʪʠʢʫ 

ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

 

1.3 ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʤʫ ʨʘʟʜʝʣʫ 

 

ɺ ʨʘʟʜʝʣʝ ʧʨʦʠʟʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʠ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ 

ʚ ʩʪʝʩʥʝʥʥʳʭ ʚʦʜʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʶʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʧʨʠ ʧʣʘʚʘʥʠʠ ʚ ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʚ ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ ʧʣʘʚʘʥʠʷ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʠʤ ʨʘʟʣʠʯʥʳʭ ʤʘʥʝʚʨʦʚ, ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ 

ʤʝʩʪʘ ʩʫʜʥʘ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʩʫʜʦʚ, ʟʘʜʘʯʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʙʝʟʦʧʘʩʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ, ʦʙʱʠʝ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʫʜʦʚʦʞʜʝʥʠʷ ʚ ʩʪʝʩʥʝʥʥʳʭ ʨʘʡʦʥʘʭ ʧʣʘʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʝʝ ʧʦʚʳʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʫʜʦʚʦʡ ʙʝʟʦʧʘʩʥʦʡ ʟʦʥʳ, ʧʦʜʭʦʜʳ ʢ ʝʝ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ 

ʧʣʘʚʘʥʠʠ. 

ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʤʝʩʪʘ ʩʫʜʥʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʦʛʨʝʰʥʦʩʪʠ ʢʦʪʦʨʳʭ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʟʘʢʦʥʫ ʦʪʣʠʯʘʶʱʝʛʦʩʷ 

ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ. 
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ʆʙʦʩʥʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦʩʚʷʱʝʥʳ ʧʨʦʙʣʝʤʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ 

ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ, ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʩʤʝʰʘʥʥʳʤ ʟʘʢʦʥʘʤ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʦʛʨʝʰʥʦʩʪʠ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʟʘʢʦʥʳ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʧʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ̫ʣʷʶʪʩʷ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʤʝʩʪʘ ʩʫʜʥʘ. 
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ʈɸɿɼɽʃ 2 

ʄɽʊʆɼʆʃʆɻʀʏɽʉʂʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ɼʀʉʉɽʈʊɸʎʀʆʅʅʆʁ 

ʈɸɹʆʊʓ 

 

2.1 ɺʳʙʦʨ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ 

 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʘʩʧʝʢʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʫʜʥʘ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʣʦʢʘʣʴʥʳʭ 

ʦʙʨʘʱʝʥʥʳʭ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟʙʳʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʠ ʢʦʦʨʜʠʥʘʪʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʢʦʨʨʝʢʪʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʛʨʝʰʥʦʩʪʠ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʜʯʠʥʝʥʳ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʟʘʢʦʥʘ ɻʘʫʩʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʢʦʛʜʘ ʠʤʝʶʪʩʷ ʠʟʙʳʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʠʭ 

ʪʦʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ, ʠʤʝʶʱʠʭ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʚʳʨʘʞʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʧʨʠʤʝʥʷʪʴ ʧʨʠ 

ʨʘʩʯʝʪʝ ʢʦʦʨʜʠʥʘʪ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʧʨʠ ʠʟʙʳʪʦʯʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʠʟʤʝʨʝʥʠʷʭ ʠ ʫʪʦʯʥʠʪʴ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ, ʫʯʠʪʳʚʘʷ ʩʤʝʩʴ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʝʣʠʯʠʥ ʠʩʭʦʜʥʦʡ 

ʚʳʙʦʨʢʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ, ʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 
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ʧʨʦʠʟʚʝʩʪʠ ʚʳʙʦʨ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ 

ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʳʙʦʨʢʠè. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ: 

- ʧʨʝʜʩʪʘʚʠʪʴ ʛʣʘʚʥʫʶ ʟʘʜʘʯʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʩʪʘʚʥʳʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʟʘʜʘʯʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ.  

- ʈʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʦʥʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʚʳʙʦʨʢʠ.  

- ʉʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʮʝʜʫʨʫ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʠ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ.  

- ʈʘʩʩʤʦʪʨʝʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʧʝʨʩʠʡ ʠ 

ʯʘʩʪʦʪ ʩʤʝʩʠ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʘʪʠʢʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʫʜʦʚʦʞʜʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʤʝʩʪʘ ʩʫʜʥʘ. 

ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʨʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʠ ʠ ʧʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʩʣʦʚʠʡ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ 

ʨʘʩʯʝʪʘ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʧʨʠ ʠʟʙʳʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʷʭ. 

ɺʦʟʤʦʞʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʟʘ 

ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʫʙʳʪʢʦʚ ʦʪ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʘʚʘʨʠʡʥʦʩʪʠ ʧʦ ʧʨʠʯʠʥʝ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʩʘʜʦʢ ʩʫʜʦʚ ʥʘ ʤʝʣʴ. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʘ ʦʪ ʦʙʝʩʧʝʯʝʥʠʷ 
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ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ, ʚʝʜʫʱʘʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʝʨʪʚ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʘʚʘʨʠʷʭ. 

ʈʝʘʣʠʟʫʝʤʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ, ʢʦʪʦʨʫʶ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʨʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʦʛʨʝʰʥʦʩʪʠ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʟʘʢʦʥʳ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʢʦʥʪʨʦʣʷ ʤʝʩʪʘ ʩʫʜʥʘ. 

ʊʝʤʘʪʠʢʘ ʚʳʙʨʘʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʧʨʘʚʣʝʥʠʶ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʣʝʢʪʠʚʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʝʪ 

ʩʦʠʩʢʘʪʝʣʴ. 

 

2.2 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʭʝʤʫ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʛʣʘʚʥʦʡ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1.  

ʉʦʚʨʝʤʝʥʥʳʤʠ ʟʘʧʨʦʩʘʤʠ ʧʨʘʢʪʠʢʠ ʷʚʣʷʶʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ 

ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʤʝʩʪʘ 

ʩʫʜʥʘ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʳʙʦʨʢʠ.  
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ʇʨʠʥʷʪʘ ʛʠʧʦʪʝʟʘ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʤʝʩʠ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʩ 

ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩ ʨʘʟʥʦʡ 

ʜʠʩʧʝʨʩʠʝʡ ʚ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʝ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʳ 

ʥʘʣʠʯʠʷ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʚ ʠʩʭʦʜʥʦʡ, ʯʪʦ ʫʚʝʣʠʯʠʪ ʪʦʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ 

ʤʝʩʪʘ ʩʫʜʥʘ. 

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʫʜʥʘ ʧʨʠ ʠʟʙʳʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʳʙʦʨʢʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʯʘʩʪʥʳʤʠ ʩʦʩʪʘʚʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ. 

ʂʘʢ ʧʦʢʘʟʘʣ ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ, ʛʣʘʚʥʫʶ ʟʘʜʘʯʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʯʘʩʪʥʳʝ 

ʩʦʩʪʘʚʥʳʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʦʥʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʚʳʙʦʨʢʠ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ.  

3. ʉʠʥʪʝʟ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʠʡ ʠ ʯʘʩʪʦʪ ʩʤʝʩʠ ʯʘʩʪʥʳʭ 

ʚʳʙʦʨʦʢ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʧʝʨʚʦʡ ʯʘʩʪʥʦʡ ʩʦʩʪʘʚʥʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʙʦʨʢʠ. 

ɺʥʘʯʘʣʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʤʦʜʝʣʴ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʳʙʦʨʢʠ, ʘ ʟʘʪʝʤ ʤʦʜʝʣʴ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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ʚʝʨʦʷʪʥʦʩʪʝʡ, ʧʨʠʯʝʤ ʜʦʧʫʩʢʘʝʪʩʷ, ʯʪʦ ʚʳʙʦʨʢʘ ʩʦʩʪʦʠʪ ʠʟ ʥʦʨʤʘʣʴʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʠʩʧʝʨʩʠʡ. 

ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʩʫʜʥʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʟʘʢʦʥʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɽʩʣʠ ʦʥʠ ʥʝ 

ʩʦʚʧʘʜʘʶʪ, ʪʦ ʪʦʯʥʦʩʪʴ ʦʙʩʝʨʚʘʮʠʡ ʩʥʠʞʘʝʪʩʷ. ʊʘʢ ʢʘʢ ʧʦʤʠʤʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʛʫʪ ʠʤʝʪʴ 

ʩʤʝʰʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʪʦ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʩʣʝʜʫʝʪ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩʳ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʤʝʰʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʠ ʚʳʷʩʥʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʩʤʝʰʘʥʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʶʪ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʷʚʥʦʤ 

ʚʠʜʝ ʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʚʝʨʦʢ ʧʦʜʪʚʝʨʜʠʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ.  

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʧʦʣʫʯʠʪʴ ʧʣʦʪʥʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ. ɺ ʟʘʚʝʨʰʝʥʠʝ ʨʝʰʝʥʠʷ ʧʝʨʚʦʡ 

ʩʦʩʪʘʚʥʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʙʳʯʥʦʡ ʠ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʯʘʩʪʥʦʡ ʩʦʩʪʘʚʥʦʡ ʟʘʜʘʯʝʡ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʩʣʝʜʫʝʪ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʠ ʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʜʠʩʧʝʨʩʠʷʤʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʇʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʩʠʪʫʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦ ʟʘʢʦʥʫ ɻʘʫʩʩʘ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 
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ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʨʘʩʯʝʪʘ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʪʘʢ ʢʘʢ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʅʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʙʦʨʢʠ ʧʦʜʯʠʥʝʥʘ ʩʤʝʩʠ 

ʥʦʨʤʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠ. 

ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʮʝʜʫʨʫ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʠ ʧʦʣʫʯʠʪʴ ʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʙʦʨʢʠ ʧʦ 

ʩʤʝʰʘʥʥʳʤ ʟʘʢʦʥʘʤ. 

ʈʝʰʝʥʠʝ ʪʨʝʪʴʝʡ ʯʘʩʪʥʦʡ ʩʦʩʪʘʚʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʠʥʪʝʟ 

ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʠʡ ʠ ʯʘʩʪʦʪ ʩʤʝʩʠ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʚ ʦʙʱʝʡ 

ʚʳʙʦʨʢʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.   

ɼʣʷ ʨʝʰʝʥʠʷ ʪʨʝʪʴʝʡ ʯʘʩʪʥʦʡ ʩʦʩʪʘʚʥʦʡ ʟʘʜʘʯʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʬʦʨʤʘʣʠʟʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʜʠʩʧʝʨʩʠʡ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʱʫʶ 

ʚʳʙʦʨʢʫ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʠʩʧʝʨʩʠʡ ʥʘʜʣʝʞʠʪ ʚʳʙʨʘʪʴ 

ʥʝʫʙʳʚʘʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʫʙʳʚʘʶʱʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʠʩʧʝʨʩʠʡ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʧʦ ʠʩʭʦʜʥʦʡ ʛʠʩʪʦʛʨʘʤʤʝ. 

ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʘ ʫʢʘʟʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʧʨʦʩʪʳʭ ʠʪʝʨʘʮʠʡ. 

ʇʣʘʥʠʨʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʳʙʠʨʘʪʴ ʪʫ, ʢʨʠʪʝʨʠʡ ʩʦʛʣʘʩʠʷ 2c - ʇʠʨʩʦʥʘ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ. ʇʨʠʯʝʤ ʜʣʷ ʨʘʩʯʝʪʘ ʢʨʠʪʝʨʠʷ ʩʦʛʣʘʩʠʷ 2c - ʇʠʨʩʦʥʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʘ ʃʘʧʣʘʩʘ.  
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ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠ ʨʘʩʩʯʠʪʘʪʴ ʪʘʙʣʠʮʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. 

ʉ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩʣʝʜʫʝʪ 

ʧʨʦʠʟʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʘʟʦʚʳʭ ʧʣʦʪʥʦʩʪʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʈʝʰʝʥʠʝʤ ʢʘʞʜʦʡ ʠʟ ʩʦʩʪʘʚʥʳʭ ʥʝʟʘʚʠʩʠʤʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʫʯʥʳʡ ʨʝʟʫʣʴʪʘʪ (ʅʈ1, ʅʈ2 ʠ ʅʈ3):  

- ʥʘʫʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʚʦʡ ʩʦʩʪʘʚʥʦʡ ʟʘʜʘʯʠ ʅʈ1 ʷʚʣʷʶʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʙʦʨʢʠ; 

- ʧʨʦʮʝʜʫʨʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʩ 

ʫʯʝʪʦʤ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʅʈ2 ʚʪʦʨʦʡ ʩʦʩʪʘʚʥʦʡ ʟʘʜʘʯʠ; 

- ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʧʦ ʠʩʭʦʜʥʦʡ ʛʠʩʪʦʛʨʘʤʤʝ ʩ ʧʦʤʦʱʴʶ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʫʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʅʈ3 

ʪʨʝʪʴʝʡ ʩʦʩʪʘʚʥʦʡ ʟʘʜʘʯʠ. 

ɺ ʨʘʙʦʪʝ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʝʩʪʠ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ  ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʳʙʦʨʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʠʥʷʪʫʶ ʥʘʫʯʥʫʶ ʛʠʧʦʪʝʟʫ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʤʝʩʠ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩ ʨʘʟʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʚ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʝ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʳ ʥʘʣʠʯʠʷ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʚ ʠʩʭʦʜʥʦʡ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʤʝʩʪʘ ʩʫʜʥʘ. 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʦʩʥʦʚʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʳ ʠ 

ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʦʙʫʯʝʥʠʠ ʠ ʧʦʚʳʰʝʥʠʠ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʫʜʦʚʦʜʠʪʝʣʝʡ.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ 

ʥʘʫʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʢʦʪʦʨʦʝ ʬʦʨʤʫʣʠʨʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ 

ʩʫʜʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʠʟʙʳʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʳʙʦʨʢʠ. 

 

2.3 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ  

 ʨʘʙʦʪʳ 

 

ʇʨʠʚʝʜʝʤ ʢʨʘʪʢʦʝ ʠʟʣʦʞʝʥʠʝ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɸʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʞʜʝʥʠʷ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʜʝʜʫʢʮʠʠ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʦʩʥʦʚʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ  ʜʝʢʦʤʧʦʟʠʮʠʶ ʛʣʘʚʥʦʡ ʟʘʜʘʯʠ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʝ ʩʦʩʪʘʚʥʳʝ ʟʘʜʘʯʠ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ, ʧʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʚʳʙʦʨʢʠ ʠ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʪʘʢʘʷ ʩʣʫʯʘʡʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʠʣʠ ʩʤʝʰʘʥʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ.  

ʊʘʢ ʢʘʢ ʧʦʤʠʤʦ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʛʫʪ ʠʤʝʪʴ ʩʤʝʰʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʪʦ ʩʣʝʜʫʝʪ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩʳ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʤʝʰʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʠ ʚʳʷʩʥʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʬʫʥʢʮʠʡ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʳʭ 

ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ.  

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʠ ʝʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʇʦʢʘʟʘʪʴ ʤʝʪʦʜʘʤʠ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʣʫʯʘʡʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ ʩ ʜʠʩʧʝʨʩʠʝʡ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʜʠʩʧʝʨʩʠʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʟʘʢʦʥʘ, 

ʨʘʚʥʘ ʝʜʠʥʠʮʝ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʚʝʣʠʯʠʥ ʜʠʩʧʝʨʩʠʡ.  

ɼʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʨʘʩʯʝʪʘ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʪʘʢ ʢʘʢ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʈʘʟʨʘʙʦʪʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ 

ʧʨʦʮʝʜʫʨʫ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʠ 

ʧʦʣʫʯʠʪʴ ʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʙʦʨʢʠ ʧʦ ʩʤʝʰʘʥʥʳʤ ʟʘʢʦʥʘʤ. 
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ʄʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʤʦʪʨʝʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʬʦʨʤʘʣʠʟʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʝʡ  ʠ ʜʠʩʧʝʨʩʠʡ 

ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʱʫʶ ʚʳʙʦʨʢʫ. ʇʨʠʯʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʠʩʧʝʨʩʠʡ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʥʝʫʙʳʚʘʶʱʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʳʙʨʘʪʴ 

ʚʦʟʨʘʩʪʘʶʱʝʡ,  ʧʦʩʪʦʷʥʥʦʡ ʠ ʫʙʳʚʘʶʱʝʡ. 

ʄʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʧʦ ʠʩʭʦʜʥʦʡ ʛʠʩʪʦʛʨʘʤʤʝ, ʧʨʠʯʝʤ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʫʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʘ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʩʪʳʭ ʠʪʝʨʘʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ ʚʙrʠʨʘʝʪʩʷ ʪʫ, 

ʢʨʠʪʝʨʠʡ ʩʦʛʣʘʩʠʷ 2c - ʇʠʨʩʦʥʘ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ. ɼʣʷ 

ʨʘʩʯʝʪʘ ʢʨʠʪʝʨʠʷ ʩʦʛʣʘʩʠʷ 2c - ʇʠʨʩʦʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʪʝʛʨʘʣʘ ʃʘʧʣʘʩʘ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʧʦ ʠʩʭʦʜʥʦʡ ʛʠʩʪʦʛʨʘʤʤʝ ʠ 

ʤʝʭʘʥʠʟʤʫ ʨʘʩʯʝʪʘ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʧʨʠ ʠʟʙʳʪʦʯʥʳʭ 

ʠʟʤʝʨʝʥʠʷʭ. 

 

2.4 ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʤʫ ʨʘʟʜʝʣʫ 

 

ɺ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʙʦʨ 

ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʝʛʦ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʪʨʘʞʝʥʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʝʜʝʥʦ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 
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ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʝʛʦ ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʝ 

ʩʦʩʪʘʚʥʳʝ ʟʘʜʘʯʠ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʩʪʘʚʥʳʭ ʟʘʜʘʯ, ʧʨʠʯʝʤ 

ʧʨʝʜʣʦʞʝʥʘ ʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʘʙʦʯʘʷ ʛʠʧʦʪʝʟʘ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʦʢʘʟʘʥʳ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʝʛʦ ʦʩʥʦʚʥʦʝ ʥʘʫʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʘ ʦʩʥʦʚʥʘʷ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʦʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʚʢʣʶʯʘʶʱʠʡ ʨʘʟʨʘʙʦʪʢʫ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʈɸɿɼɽʃ 3 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʌʆʈʄʀʈʆɺɸʅʀʗ ɿɸʂʆʅʆɺ 

ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʉʃʋʏɸʁʅʓʍ ʇʆɻʈɽʐʅʆʉʊɽʁ 

ʅɸɺʀɻɸʎʀʆʅʅʓʍ ʀɿʄɽʈɽʅʀʁ ɺʓɹʆʈʂʀ 

 

3.1 ɿʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ  

 ʠʟʤʝʨʝʥʠʡ ʚʳʙʦʨʢʠ 

 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ ɝ ʟʘʜʘʥʥʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ h ʦʨʛʘʥʠʟʫʶʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʦʛʨʝʰʥʦʩʪʠ iɝ, ʢʦʪʦʨʳʝ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʚʳʙʦʨʢʫ. ɺʳʙʦʨʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ 

ʟʥʘʯʝʥʠʡ ʧʦʛʨʝʰʥʦʩʪʠ iɝ, ʢʦʪʦʨʦʝ ʦʙʦʟʥʘʯʝʥʦ )( iɝM . 

ɿʘʯʘʩʪʫʶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʙʦʨʢʠ ʟʥʘʯʝʥʠʡ ʧʦʛʨʝʰʥʦʩʪʠ iɝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ 

ʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʚʳʙʦʨʢʘ )( iɝM  ʩʦʜʝʨʞʠʪ ʧʦʜʤʥʦʞʝʩʪʚʘ )( ij ɝm  ʟʥʘʯʝʥʠʡ 

ʧʦʛʨʝʰʥʦʩʪʠ iɝ, ʧʨʠʯʝʤ ʧʦʜʤʥʦʞʝʩʪʚʦ )( ij ɝm  ʧʦʣʫʯʝʥʦ ʚ ʢʦʥʢʨʝʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʝʥʠʡ, ʪ.ʝ. ʜʠʩʧʝʨʩʠʠ jD  ʢʘʞʜʦʛʦ ʠʟ ʧʦʜʤʥʦʞʝʩʪʚ )( ij ɝm  ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʨʘʩʧʦʣʘʛʘʷ ʚʳʙʦʨʢʦʡ )( iɝM , ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʠʩʢ 

ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ɝ. 

ɼʦ ʩʠʭ ʧʦʨ ʧʨʠʥʷʪʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʧʦʜʯʠʥʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʭʦʪʷ ʚ 

ʨʘʙʦʪʘʭ [2, 99] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ, ʥʝ ʧʦʜʯʠʥʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ 
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ʟʘʢʦʥʫ, ʘ ʚ ʨʘʙʦʪʘʭ [2, 116, 117] ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ ʩʤʝʰʘʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ. 

ʇʦʵʪʦʤʫ ʚ ʦʪʥʦʰʝʥʠʠ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, 

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʶʪ ʠʩʭʦʜʥʫʶ ʚʳʙʦʨʢʫ )( iɝM , ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʘ, ʧʦʣʘʛʘʶʱʠʝ ʥʦʨʤʘʣʴʥʦʝ ʠʣʠ 

ʩʤʝʰʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʭʦʪʷ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʩʭʦʜʥʦʡ 

ʚʳʙʦʨʢʠ )( iɝM  ʠ ʧʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ. 

ʆʪʤʝʪʠʤ ʩʣʝʜʫʶʱʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ: ʚ ʨʘʙʦʪʝ [2] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ 

ʦʜʥʦʡ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʧʦʜʤʥʦʞʝʩʪʚʘ )( ij ɝm  ʧʦʛʨʝʰʥʦʩʪʠ iɝ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʠ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʥʦʨʤʘʣʴʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦ ʢʨʠʪʝʨʠʶ 2c - ʇʠʨʩʦʥʘ ʜʘʝʪ ʭʦʨʦʰʝʝ 

ʩʦʛʣʘʩʠʝ ʛʠʧʦʪʝʟʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʩʪʘ ʩʫʜʥʘ ʫʩʣʦʚʠʷ ʥʘʙʣʶʜʝʥʠʡ 

ʥʝʠʟʤʝʥʥʳ ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɝ ʚ 

ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʧʦʜʯʠʥʝʥʘ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ ʥʝʠʟʚʝʩʪʥʳʤ ʥʘʤ 

ʟʥʘʯʝʥʠʝʤ ʜʠʩʧʝʨʩʠʠ rD . 

ʆʧʨʝʜʝʣʷʷ ʤʝʩʪʦ ʩʫʜʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʦ ʠʟʙʳʪʦʯʥʳʤ ʠʟʤʝʨʝʥʠʷʤ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠʣʠ ʥʘʠʤʝʥʴʰʝʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ, ʩ 

ʫʯʝʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ɝʚ ʪʦ 

ʚʨʝʤʷ, ʢʦʛʜʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʠʩʭʦʜʥʦʡ 

ʚʳʙʦʨʢʝ )( iɝM , ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʦʜʥʦʤ 

ʩʣʫʯʘʝ ʜʠʩʧʝʨʩʠʝʡ ʚʳʙʦʨʢʠ mD , ʘ ʚʦ ʚʪʦʨʦʤ ï ʩʤʝʰʘʥʥʳʤ ʟʘʢʦʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʪʦʯʥʦʩʪʠ ʦʙʩʝʨʚʘʮʠʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ ʩ ʜʠʩʧʝʨʩʠʝʡ rD , 

ʢʦʪʦʨʦʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʥʦʨʤʘʣʴʥʦʝ ʩ 

ʜʠʩʧʝʨʩʠʝʡ mD , ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʩʤʝʰʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ, ʢʘʢʠʝ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ (ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʮʝʥʦʢ) ʧʨʦʠʩʭʦʜʷʪ ʚ ʫʢʘʟʘʥʥʳʭ ʩʣʫʯʘʷʭ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ  )(xf , 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʛʜʝ rr D=s  - ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ɝ. 

ɼʣʷ ʧʝʨʚʦʛʦ ʩʣʫʯʘʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʙʦʨʢʠ )( iɝM , ʪ.ʝ. ʥʦʨʤʘʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩ ʜʠʩʧʝʨʩʠʝʡ mD , ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ  
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ʧʨʠʯʝʤ mm D=s . 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʚ ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʤʦʪʨʝʪʴ ʩʤʝʰʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʷʚʥʦʤ ʚʠʜʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʫʥʢʮʠʡ. 

ʉʤʝʰʘʥʥʳʝ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʨʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʤʦʪʨʠʤ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʦʜʨʘʟʜʝʣʘʭ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ. 
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3.2 ʉʤʝʰʘʥʥʳʝ ʟʘʢʦʥʳ, ʧʣʦʪʥʦʩʪʠ ʢʦʪʦʨʳʭ ʚʳʨʘʞʘʶʪʩʷ ʚ ʷʚʥʦʤ ʚʠʜʝ 

 

ɺ ʨʘʙʦʪʝ [118] ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʴʥʳʝ ʛʠʧʦʪʝʟʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʜʚʘ ʪʠʧʘ ʩʤʝʰʘʥʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠʤʝʶʱʠʭ 

çʫʪʷʞʝʣʝʥʥʳʝ ʭʚʦʩʪʳè. 

ɺ ʨʘʙʦʪʘʭ [2, 98] ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʴ ʩʤʝʰʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. 

ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʜʚʝ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʧʦʩʳʣʢʠ: 

1. ʇʦʛʨʝʰʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʥʘʙʣʶʜʝʥʠʡ ʠʤʝʶʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʥʫʣʝʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʦʞʠʜʘʥʠʝʤ. 

2. ɺʘʨʠʘʮʠʠ ʫʩʣʦʚʠʡ ʥʘʙʣʶʜʝʥʠʷ ʚʝʜʫʪ ʢ ʩʣʫʯʘʡʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʩ.ʢ.ʦ.  s ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʠʯʝʤ  s, ʢʘʢ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, 

ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ () j s, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʫʩʣʦʚʠʷʤ: 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʣʦʪʥʦʩʪʴ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʠʤʝʝʪ ʚʠʜ: 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʣʦʪʥʦʩʪʠ () j s ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()  f x  ʚ ʷʚʥʦʤ ʚʠʜʝ ʠ 
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ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʨʠʩʫʱʠʝ ()f x. ʊʘʢ, ʂʦʥʜʨʘʰʠʭʠʥ ɺ.ʊ., 

ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴʥʳʝ ʛʠʧʦʪʝʟʳ, ʧʨʝʜʣʦʞʠʣ ʚ ʢʘʯʝʩʪʚʝ () j s 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʈʝʣʝʷ ʠ ʣʦʛʥʦʨʤʘʣʴʥʦʝ, ʘ ʚ ʨʘʙʦʪʝ [98], ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʦʨ () j s ʚ ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ɺʝʡʙʫʣʣʘ. ʆʜʥʘʢʦ, ʪʦʣʴʢʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʈʝʣʝʷ ʚ ʢʘʯʝʩʪʚʝ () j s ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʧʣʦʪʥʦʩʪʴ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()  f x  ʚ ʷʚʥʦʤ ʚʠʜʝ. ʕʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʃʘʧʣʘʩʘ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʣʘʩʩʫ ʙʝʟʛʨʘʥʠʯʥʦ 

ʜʝʣʠʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʥʝ ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ 

(ʨʘʟʨʳʚ ʚ ʪʦʯʢʝ 0). ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ()  f x  ʥʝ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʫʥʢʮʠʷʭ. 

ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [118] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʣʦʪʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

() j s ʜʚʫʭ ʪʠʧʦʚ  
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ʩʫʱʝʩʪʚʫʝʪ ʧʣʦʪʥʦʩʪʴ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()  f x  ʚ ʷʚʥʦʤ ʚʠʜʝ. 

ʇʨʠʯʝʤ ʧʨʠ 0=n  ʚʳʨʘʞʝʥʠʝ (3.2) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʘʟʦʚʫʶ 

ʧʣʦʪʥʦʩʪʴ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʚʦʛʦ ʪʠʧʘ 

)(1 xfb  (ʟʘʢʦʥ ʂʦʰʠ) ʠʤʝʶʱʫʶ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [118]: 

 

)2/(

1
  

2
)(

21
ap

a

+
=

x
xfb . 

 

ɹʘʟʦʚʘʷ ʧʣʦʪʥʦʩʪʴ )(1 xfb ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʤʝʡʩʪʚʘ 

ʧʣʦʪʥʦʩʪʝʡ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʛʠʩʪʦʛʨʘʤʤʳ ʩ 

çʫʪʷʞʝʣʝʥʥʳʤʠ ʭʚʦʩʪʘʤʠè. 

ɸʥʘʣʠʪʠʯʝʩʢʠ ʧʣʦʪʥʦʩʪʴ ʦʙʦʙʱʝʥʥʦʛʦ ʟʘʢʦʥʘ ʂʦʰʠ ʚʳʨʘʞʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʝʨʚʦʛʦ ʪʠʧʘ )(1 xf  ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 6¢n  ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 3.1. 

 

ʊʘʙʣʠʮʘ 3.1 - ʇʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʧʝʨʚʦʛʦ ʪʠʧʘ 

)(1 xf  ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 
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)2/(

1
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ap

a

+x
 

 

4=n  
52

2
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)2/(

1
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ap

a

+x
 

5=n  
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)2/(

1
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6=n  
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103952
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ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ () j s, ʚʳʨʘʞʘʶʱʘʷʩʷ ʬʦʨʤʫʣʦʡ (3.3), ʧʨʠ 

0=n , ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [118], ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʟʦʚʫʶ ʧʣʦʪʥʦʩʪʴ 

ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʪʦʨʦʛʦ ʪʠʧʘ )(2 xfb ,  

ʠʤʝʶɦʫʶ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

2

3

2

2

)2/(

1
  

22
)(

a

a

+

=

x

xfb . 

 

ʅʘ ʨʠʩ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(1 xf ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʜʠʩʧʝʨʩʠʝʡ ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ  ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ  

ï 6 ʜʦ 6 ʩ.ʢ.ʦ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.1 - ʂʨʠʚʳʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ 

ʧʝʨʚʦʛʦ ʪʠʧʘ 
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ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [118], ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʝʤʝʡʩʪʚʦ ʧʣʦʪʥʦʩʪʝʡ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʦʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʛʠʩʪʦʛʨʘʤʤʳ 

ʩ çʫʪʷʞʝʣʝʥʥʳʤʠ ʭʚʦʩʪʘʤʠè, ʧʨʠʯʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʥʠ ʚʳʨʘʞʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

2

3

2

1

2

)2/(

1
  

!22

)12(531
)(

1
+

+

+

+ÖÖÖ
=

+
n

n

x

n

n
xf

n

a

a
,    ( 5¢n ),  (3.5) 

 

ʛʜʝ a - ʤʘʩʰʪʘʙʥʳʡ ʧʘʨʘʤʝʪʨ; n ï ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ. 

ɿʥʘʯʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ n ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 5. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʦʛʦ 

ʪʠʧʘ )(1 xf  ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 5¢n  ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.2.  

 

ʊʘʙʣʠʮʘ 3.2 - ʇʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʚʪʦʨʦʛʦ ʪʠʧʘ 

)(2 xf  ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.2 

)(2 xf  ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 

 

4=n  

2

11

2

5

)2/(

1
  

7682

945

a

a

+x

 

5=n  

2

13

2

6

)2/(

1
  

76802

10395

a

a

+x

 

 

ʅʘ ʨʠʩ. 3.2 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩ ʦʜʠʥʘʢʦʚʦʡ ʜʠʩʧʝʨʩʠʝʡ, 

ʢʦʪʦʨʳʝ ʩʥʠʟʫ ʦʛʨʘʥʠʯʝʥʳ ʢʨʠʚʦʡ ʙʘʟʦʚʦʡ ʧʣʦʪʥʦʩʪʠ (ʇʠʨʩʦʥʘ VII  ʪʠʧʘ), ʘ 

ʩʚʝʨʭʫ - ʢʨʠʚʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʢʦʥʘ ɻʘʫʩʩʘ. ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ 

ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʦʪ -6 ʩ.ʢ.ʦ. ʜʦ 6 ʩ.ʢ.ʦ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.2 - ʂʨʠʚʳʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʚʪʦʨʦʛʦ 

ʪʠʧʘ 
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ʇʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʪʠʧ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʨʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ çʫʪʷʞʝʣʝʥʥʳʤʠ 

ʭʚʦʩʪʘʤʠè, ʪ. ʝ. ʵʢʩʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʙʦʣʴʰʝ ʵʢʩʮʝʩʩʘ ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʝ ʝʜʠʥʠʮʝ.  

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʵʢʩʮʝʩʩʘ ʧʝʨʚʦʛʦ ʪʠʧʘ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ 1g ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

1
32

12
1 >

-

-
=

n

n
g , 

 

ʘ ʜʣʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ 2g : 

 

1
1

2 >
-

=
n

n
g . 

 

ɿʥʘʯʝʥʠʷ ʵʢʩʮʝʩʩʦʚ 1g ʠ 2g  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ n ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.3. 

 

ʊʘʙʣʠʮʘ 3.3 - ɿʥʘʯʝʥʠʷ ʵʢʩʮʝʩʩʦʚ 1g ʠ 2g  

n  2 3 4 5 6 

1g 3 1,67 1,4 1,29 1,2 

2g  2 1,5 1,33 1,25 - 

 

ɸʥʘʣʠʟʠʨʫʷ ʪʘʙʣ. 3.3, ʟʘʤʝʯʘʝʤ, ʯʪʦ ʩ ʨʦʩʪʦʤ n  ʩʤʝʰʘʥʥʳʝ ʟʘʢʦʥʳ 

ʩʭʦʜʷʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ɺ ʨʘʙʦʪʝ [118] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʩʧʝʨʩʠʠ ʩʤʝʰʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 1D  

ʠ 2D  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ: 
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3.3 ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʟʘʢʦʥʦʚ 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʩʤʝʰʘʥʥʳʭ 

ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʧʣʦʪʥʦʩʪʴ 

)(hg ʩʚʷʟʘʥʘ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ )(xf ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [119]: 

 

)()( 22 hmmh fg = . 

 

ɼʣʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʧʝʨʚʦʛʦ ʪʠʧʘ ʜʠʩʧʝʨʩʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ 

ʚʳʨʘʞʝʥʠʝ: 
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ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʧʣʦʪʥʦʩʪʴ )(hkg : 
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ʠʣʠ 
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nn

n
g

n

hp
h ,  ( 6¢n ). 

 

ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʜʘʥʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.3. 
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ʈʠʩʫʥʦʢ 3.3 - ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʧʣʦʪʥʦʩʪʠ  ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ  ʧʝʨʚʦʛʦ 

ʪʠʧʘ 

 

ɼʣʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʚʪʦʨʦʛʦ ʪʠʧʘ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ 

ʜʠʩʧʝʨʩʠʠ:  
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a
m =2 ,  ( 0>n ). 

 

ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʧʣʦʪʥʦʩʪʴ )(hPg : 
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2/3
21
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2

(

1
  

!22

)12(31
)(

+
+

+

+ÖÖÖ
=

n

P

n

nn

n
g

n h
h , ( 5¢n ). 

ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.4. 

ʇʨʠʚʝʜʝʤ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʚʳʨʘʞʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʩʤʝʰʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʦʚ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʤʝʰʘʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʦʛʦ ʪʠʧʘ )(hkg  ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 6¢n  

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.4 - ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʧʣʦʪʥʦʩʪʠ  ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʚʪʦʨʦʛʦ ʪʠʧʘ 
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ʊʘʙʣʠʮʘ 3.4 - ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ 

ʟʘʢʦʥʘ ʧʝʨʚʦʛʦ ʪʠʧʘ 

)(hkg  ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 
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+xp
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4=n  
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5=n  
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+xp
 

 

6=n  
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46080

+xp
 

 

ɺ ʪʘʙʣ. 3.5. ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʦʛʦ ʪʠʧʘ )(hPg  ʜʣʷ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 5¢n . 

 

ʊʘʙʣʠʮʘ 3.5 - ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ 

ʟʘʢʦʥʘ ʚʪʦʨʦʛʦ ʪʠʧʘ 

)(hPg  ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.5 

)(hPg  ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 
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+x

 

 

3.4 ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʟʘʢʦʥʦʚ 

 

ʅʘʡʜʝʤ ʚʳʨʘʞʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ 

ʧʝʨʚʦʛʦ ʪʠʧʘ )(xFkn , ʜʣʷ ʯʝʛʦ ʚʥʘʯʘʣʝ ʧʦʣʫʯʠʤ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

)(xFk  ʟʘʢʦʥʘ ʂʦʰʠ: 
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ʇʨʦʠʟʚʝʜʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ 
2

x
=y , dyd 2=x  ʠ ʧʦʣʫʯʠʤ: 
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ʇʦʜʩʪʘʚʣʷʝʤ ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: 
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ʆʢʦʥʯʘʪʝʣʴʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 
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arctgxFk += . 

 

ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʧʝʨʚʦʛʦ ʪʠʧʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
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ʉʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ: 
2

x
=y , dyd 2=x  ʠ ʧʦʣʫʯʠʤ: 
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ɼʘʥʥʳʡ ʠʥʪʝʛʨʘʣ ʠʤʝʝʪ ʠʟʚʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʨʝʢʫʨʨʝʥʪʥʦʡ 

ʬʦʨʤʫʣʳ: 
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ʇʦʜʩʪʘʚʣʷʷ ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʠʤ: 
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ʆʢʦʥʯʘʪʝʣʴʥʦ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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a

ap
. (3.6) 

 

ʉʤʝʰʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʚʦʛʦ ʪʠʧʘ ʧʨʠʤʝʥʠʤʦ ʜʣʷ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 6¢n , ʧʦʵʪʦʤʫ ʚ ʪʘʙʣ. 3.6 ʧʨʠʚʝʜʝʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )()...( 51 xFxF kk .  

ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )()...( 51 xFxF kk ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 3.5, ʧʨʠʯʝʤ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ  ï 6 ʜʦ 6 ʩ.ʢ.ʦ. 

ʅʘʡʜʝʤ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(xFP ʜʣʷ ʙʘʟʦʚʦʡ ʧʣʦʪʥʦʩʪʠ )(2 xfb , 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
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ʊʘʙʣʠʮʘ 3.6 - ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʝʨʚʦʛʦ 

ʪʠʧʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.6 

)(xFkn  ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 
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ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(xFP : 

 

ñ
¤-

+

=
x

P

d
xF

2

32

)
2

(
22

)(

a
x

xa
. 

 

ʇʨʦʠʟʚʝʜʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ: 
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ɺʥʘʯʘʣʝ ʥʘʡʜʝʤ ʧʝʨʚʦʦʙʨʘʟʥʫʶ ʬʫʥʢʮʠʶ ʜʣʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ 
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ʈʠʩʫʥʦʢ 3.5 - ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʧʝʨʚʦʛʦ ʪʠʧʘ 

 

ʇʨʝʦʙʨʘʟʫʝʤ ʧʦʜʥrʪʝʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʢ ʚʠʜʫ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʜʨʦʙʠ, ʠʩʧʦʣʴʟʫʷ ʧʝʨʚʫʶ ʧʦʜʩʪʘʥʦʚʢʫ ʕʡʣʝʨʘ: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 
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ʉ ʫʯʝʪʦʤ (3.7) ʧʦʣʫʯʠʤ: 
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ʇʦʵʪʦʤʫ: 
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ʇʨʦʠʟʚʦʜʠʤ ʦʯʝʨʝʜʥʫʶ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ: 
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. 

 

ɺʦʟʚʨʘʪʠʤʩʷ ʢ ʠʩʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʧʦʣʫʯʠʤ: 
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ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(xF
P

 ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 
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ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 
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ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʇʨʦʠʟʚʝʜʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ: 
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ʉʜʝʣʘʝʤ ʧʦʜʩʪʘʥʦʚʢʫ ʠ ʨʘʩʩʤʦʪʨʠʤ ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ À: 
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ʀʟʙʘʚʠʤʩʷ ʦʪ ʠʨʨʘʮʠʦʥʘʣʴʥʦʡ ʜʨʦʙʠ ʚ ʧʦʜʥrʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ, 

ʠʩʧʦʣʴʟʫʷ ʧʝʨʚʫʶ ʧʦʜʩʪʘʥʦʚʢʫ ʕʡʣʝʨʘ: 
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ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʷ: 
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ʇʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʚ ʠʩʭʦʜʥʳʡ ʠʥʪʝʛʨʘʣ À, ʠʤʝʝʤ: 



 70  

ññ +

+

+

+

+
=

+-

-
=À

222

2
12

22222

222

)(

2
22

))((2

)2(2)(
2

n

n
n

n

n

t

tdtt
dt

ttt

ttt

aaa

a
. 

 

ʇʨʦʠʟʚʝʜʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ: 
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ʈʘʟʣʦʞʠʤ ʚ ʨʷʜ ʄʘʢʣʦʨʝʥʘ ʯʠʩʣʠʪʝʣʴ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ: 
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ʇʨʠ ʵʪʦʤ ʠʩʭʦʜʥʳʡ ʠʥʪʝʛʨʘʣ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʠʩʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʧʦʣʫʯʠʤ: 
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ʊʝʧʝʨʴ ʥʝʩʣʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(xFPn : 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ -¤x  ʚʳʨʘʞʝʥʠʝ (3.8) ʨʘʚʥʦ -1, ʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(xFPn  ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ʊʘʢ ʢʘʢ ʩʤʝʰʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʨʠʤʝʥʠʤʦ ʜʣʷ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 5¢n , ʪʦ ʚ ʪʘʙʣ. 3.7 ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʳʨʘʞʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )()...( 51 xFxF PP , ʘ ʠʭ ʛʨʘʬʠʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.6. 

 

ʊʘʙʣʠʮʘ 3.7 - ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

)(xFPn  ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.7 

)(xFPn  ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 
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ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʨʘʞʝʥʠʷʭ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʝʥʠʝ: 
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ʈʠʩʫʥʦʢ 3.6 - ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʚʪʦʨʦʛʦ ʪʠʧʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʟʘʢʦʥʦʚ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʘ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʦʙʦʠʭ 

ʪʠʧʦʚ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ñ
¤-

=
x

ii dnfnxF xaxa ),,(),,( . (3.10) 

 

ʆʙʦʟʥʘʯʠʤ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʘʟʦʚʦʛʦ ʟʘʢʦʥʘ (ʂʦʰʠ ʠʣʠ 

ʇʠʨʩʦʥʘ VII  ʪʠʧʘ) ),( axFo  ʠ ʝʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʀʟ ʚʳʨʘʞʝʥʠʷ (3.11) ʩʣʝʜʫʝʪ: 

 

ñ
¤-

=
x

oo dūxFA xaxaa ),(),()( . 

 

ʆʙʦʟʥʘʯʘʝʤ ),()(),( aaa xFAx oo =À  ʠ ʧʦʣʫʯʠʤ: 
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ɼʠʬʬʝʨʝʥʮʠʨʫʝʤ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (3.13) ʧʦ ʧʘʨʘʤʝʪʨʫ a: 
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ʇʨʘʚʘʷ ʯʘʩʪʴ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʜ ʟʥʘʢʦʤ ʠʥʪʝʛʨʘʣʘ ʩʦʜʝʨʞʠʪ 

ʩʤʝʰʘʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ),,( nfn ax , ʘ ʩʘʤʘ ʧʨʘʚʘʷ ʯʘʩʪʴ ʨʘʚʥʘ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ),,( nxFn a . ʇʦʵʪʦʤʫ: 

 

)]([)]}([{),,(
1

x,ŬAnxF on

n

n

n

n À
µ

µ

µ

µ
=

-

a
a

a
a .  (3.14) 

 

ʉ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (3.12) 

ʧʦʣʫʯʝʥʳ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʧʝʨʚʦʛʦ ʪʠʧʘ ʚ 

ʷʚʥʦʤ ʚʠʜʝ. ɿʜʝʩʴ ʧʨʠʚʝʜʝʤ ʠʭ ʚʳʨʘʞʝʥʠʷ ʜʣʷ n  = 1,2 ʠ 3, ʘ ʠʭ 

ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ -6 ʜʦ 6 ʩ.ʢ.ʦ. ʧʦʣʫʯʝʥʳ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3.7. 
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ʈʠʩʫʥʦʢ 3.7 - ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʧʝʨʚʦʛʦ ʪʠʧʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʚʪʦʨʦʛʦ ʪʠʧʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ, ʧʨʠʯʝʤ:  
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3.5 ʇʨʦʚʝʨʢʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʬʫʥʢʮʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʟʘʢʦʥʦʚ 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʟʘʢʦʥʦʚ ʦʙʦʠʭ ʪʠʧʦʚ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ  ʤʝʪʦʜʦʤ ʉʠʤʧʩʦʥʘ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ: 
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x

PikPik dnfnxF xaxa ),,(),,( ,, ,  (3.15) 

 

ʜʣʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ x  ʠ ʜʣʷ ʵʪʠʭ ʞʝ ʟʥʘʯʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ  

ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(xFkn  ʠ )(xFPn  ʧʦ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʬʦʨʤʫʣʘʤ  
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(3.6) (ʂʦʰʠ) ʠ (3.9) (ʇʠʨʩʦʥʘ). 

ʇʦʩʣʝ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʷ ),,( nxFik a  ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ )(xFkn , ʠ 

),,( nxFiP a  ʩ )(xFPn , ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʜʝʣʘʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(xFkn ʠ )(xFPn . 

ʈʘʩʩʤʦʪʨʠʤ ʚʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʘ (3.15) ʤʝʪʦʜʦʤ ʉʠʤʧʩʦʥʘ, ʜʣʷ ʯʝʛʦ 

ʧʦʜʳʥʪʝʛʨʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʦʙʦʟʥʘʯʠʤ: 

 

),,(, nf)y( Pik axx= . 

 

ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʚʳʨʘʞʝʥʠʷ: 
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x

Pik

x

PikPik dnfdnfnxF
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,,, ),,(
2
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),,(),,( xaxxaxa ,  (3.16) 

 

ʪʘʢ ʢʘʢ ʩʤʝʰʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʫʥʠʤʦʜʘʣʴʥʳʤʠ ʠ 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ. 

ɼʣʷ ʩʤʝʰʘʥʥʦʛʦ ʟʘʢʦʥʘ ʧʝʨʚʦʛʦ ʪʠʧʘ  ʩ ʧʘʨʘʤʝʪʨʦʤ Ŭ = 6,7, ʘ ʪʘʢʞʝ 

n=1é6 ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ),,( nxFik a , 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ  ʥʘ ʚʝʨʭʥʝʡ ʩʪʨʦʢʝ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ n  ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 0 ʜʦ 6 ʩ.ʢ.ʦ. (ʨʠʩ. 3.8). ɺ ʥʠʞʥʝʡ ʩʪʨʦʢʝ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ nʨʘʩʩʯʠʪʘʥʳ 

ʟʥʘʯʝʥʠʷ )(xFkn . ʇʨʠʯʝʤ ʧʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʣʝʜʫʝʪ ʫʤʥʦʞʠʪʴ ʥʘ 4
10
- . 

ɼʣʷ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʨʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ Ŭ 

ʠ n ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ),,( nxFiP a  ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʚʝʨʭʥʝʡ ʩʪʨʦʢʝ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ n  (ʨʠʩ. 3.9). ɺ ʥʠʞʥʝʡ 

ʩʪʨʦʢʝ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ nʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ )(xFPn .  

ɺʩʝ ʟʥʘʯʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʨʦʢʘʭ ʪʘʙʣʠʮʳ ʨʠʩ. 3.9, ʥʝʦʙʭʦʜʠʤʦ 

ʫʤʥʦʞʠʪʴ ʥʘ 4
10
- . 

ɸʥʘʣʠʟ ʪʘʙʣʠʮ ʥʘ ʨʠʩ. 3.8 ʠ ʨʠʩ. 3.9 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʬʫʥʢʮʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝh ʘʥʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʦʠʭ ʪʠʧʦʚ. 
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 79  
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3.6 ɺʳʚʦʜʳ ʧʦ ʪʨʝʪʴʝʤʫ ʨʘʟʜʝʣʫ 

 

ɺ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʙʦʨʢʠ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʘʷ 

ʩʣʫʯʘʡʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʠʣʠ ʩʤʝʰʘʥʥʦʤʫ ʟʘʢʦʥʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʩʝʨʚʦʚʘʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʟʘʢʦʥʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ɽʩʣʠ ʦʥʠ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʪʦʯʥʦʩʪʴ ʦʙʩʝʨʚʘʮʠʡ ʩʥʠʞʘʝʪʩʷ. ʊʘʢ ʢʘʢ 

ʧʦʤʠʤʦ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʛʫʪ 

ʠʤʝʪʴ ʩʤʝʰʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʪʦ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʤʝʰʘʥʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʚʳ̫ ʩʥʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ. 

ʇʨʠʚʝʜʝʥʳ ʧʣʦʪʥʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʚʫʭ ʪʠʧʦʚ, 

ʙʘʟʦʚʳʤʠ ʧʣʦʪʥʦʩʪʷʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʦʰʠ 

ʠ ʇʠʨʩʦʥʘ ʩʝʜʴʤʦʛʦ ʪʠʧʘ. 

ɼʣʷ ʜʚʫʭ ʜʘʥʥʳʭ ʩʤʝʰʘʥʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʫʯʝʥʳ ʚ 

ʚ̫ʥʦʤ ʚʠʜʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʚʝʨʦʢ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. ʆʧʠʩʘʥʳ ʜʚʘ 

ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʳʭ 

ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʇʦʣʫʯʝʥʳ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ. ɺ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʧʨʠʚʝʜʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʙʳʯʥʦʡ ʠ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʭ ʛʨʘʬʠʢʠ. 
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ʈɸɿɼɽʃ 4 

ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆɹʉɽʈɺʆɺɸʅʅʓʍ ʂʆʆʈɼʀʅɸʊ ʉʋɼʅɸ 

 

4.1 ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʧʨʠ ʥʝʩʦʚʧʘʜʝʥʠʠ  

ʠʩʪʠʥʥʦʛʦ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

 

ɺ ʥʘʩʪʦʷʱʝʤ ʧʦʜʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʬʘʢʪʦʨʦʚ 

ʩʥʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ - ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʠ ʠʩʪʠʥʥʦʝ  ʨʘʩʧʨʝʜʝʣʝʥʠʝ  ʧʦʛʨʝʰʥʦʩʪʝʡ  ʠʟʤʝʨʝʥʠʡ ʥʝ 

ʩʦʚʧʘʜʘʶʪ.  

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʜʣʷ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ 

ʤʘʪʨʠʮʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʧʦʟʠʮʠʦʥʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʩʫʜʥʘ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʚ ʨʘʟʥʦʩʪʠ ʰʠʨʦʪ ʠ ʦʪʰʝʩʪʚʠʠ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʩʪʠʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ )f(x, ʘ ʦʮʝʥʢʘ ʧʦ 

ʤʝʪʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ  ʧʨʘʚʜʦʧʦʜʦʙʠʷ  ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(xf . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʟʠʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ [102]: 
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ʟʜʝʩʴ n ï ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ, ʘ i - ʷ ʧʦʟʠʮʠʦʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʤʝʝʪ ʚʠʜ: 

 

ii
wsincos

ii
aaj D-D-=rɝ , 
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,ar  - ʧʝʨʝʥʦʩ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʛʨʘʜʠʝʥʪʘ; 

      w,DDj  - ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʨʘʟʥʦʩʪʠ ʰʠʨʦʪ ʠ ʦʪʰʝʩʪʚʠʠ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ: 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ 
ii

ȹwsincosȹ
ii

ɝr =-- aaj , ʧʦ ʧʨʘʚʠʣʫ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʝ 

ʩʦʦʪʥʦʰʝʥʠʝ: 
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ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʠʤ: 
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ʅʘʡʜʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ: 
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ʧʦʣʫʯʠʤ: 
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ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʥʘʭʦʜʠʤ: 
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ɸʥʘʣʦʛʠʯʥʦ ʥʘʭʦʜʠʤ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʪʦʨʦʡ ʩʤʝʰʘʥʥʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʨʠʮʳ iA  ʠ iB  ʙʫʜʫʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʆʯʝʚʠʜʥʦ, ʧʨʦʠʟʚʝʜʝʥʠʝ T

iiAA  ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʚʳʨʘʞʝʥʠʝ: 
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ʊʝʧʝʨʴ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʘʪʨʠʮʳ ɻ: 
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ʊʝʧʝʨʴ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʘʪʨʠʮʳ D: 
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ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ 
i

R1
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}]

)(

)(

){[(fp
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= . ʇʦʩʣʝ ʵʪʦʛʦ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʘʪʨʠʮʳ Dʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ʅʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ  ɻ-1: 
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ʛʜʝ ʛD  ï ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ɻ. 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʠʟʤʝʨʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʚʥʦʪʦʯʥʳʝ ʠ 

ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ 1q  = 2q  =é..=q   ʢʘʢ  ʠ   1p  = 2p  =..é=p. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʧʨʘʚʝʜʣʠʚʳ ʩʦʦʪʥʦʰʝʥʠʷ: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
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ʧʨʠʯʝʤ ȹ
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)cossin()sin)(cos(
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ȹ
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2
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aaaa ,  (4.1) 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ )ȹw,K(ȹj  ʥʘʡʜʝʤ 

ʚʥʘʯʘʣʝ ʧʨʦʠʟʚʝʜʝʥʠʝ  Dɻ
1-

: 
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ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (4.1), ʧʦʣʫʯʠʤ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
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p
 Dɻ
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D
-= . 

 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʥʘʡʪʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʘʤʦʡ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ: 
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ʦʢʦʥʯʘʪʝʣʴʥʦ: 
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)cossin()sin)(cos( aaaa . 

 

ʅʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ  ʤʘʪʨʠʮʳ, ʢʦʪʦʨʫʶ  ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ min)ȹw,K(ȹj . ʕʪʦ 

ʟʥʘʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ, ʝʩʣʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʦʚʧʘʜʘʝʪ ʩ ʠʩʪʠʥʥʳʤ, ʪ. ʝ. )()f( xfx= . ɺ [102]  ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝ: 
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ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ ʜʣʷ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚ ʧʦʩʣʝʜʥʝʤ 
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ʇʦʵʪʦʤʫ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ min)ȹw,K(ȹj  

ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

ää

ää

==

=== nn

i

nn

n

1i
i

2

1i
i

1i
iii

1i

2

D

2min

coscossin-

cossin-sin

ȹ

s
)ȹw,K(ȹ

aaa

aaa
j , 

 

ʛʜʝ 
ùú

ø
éê

è -= ä ää
= ==

n
2

nn

n 1i 1i
iii

2

1i
i

2

2D
)cossin()sin)(cos(

s
ȹ

2

aaaa  - ʦʧʨʝʜʝʣʠʪʝʣʴ 

ʤʘʪʨʠʮʳ *D . ʆʯʝʚʠʜʥʦ, ʯʪʦ ȹ
s

ȹ
2D

2

n
= . 

ʇʦʵʪʦʤʫ ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ  min)ȹw,K(ȹj  ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ e ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʟʥʘʯʝʥʠʡ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ min)ȹw,K(ȹj , 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ  ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʠ ʠʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʚʧʘʜʘʶʪ, ʢ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʝ )ȹw,K(ȹj , ʚ 

ʢʦʪʦʨʦʡ ʫʧʦʤʷʥʫʪʳʝ ʧʣʦʪʥʦʩʪʠ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ.  

ʇʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ: 
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= . 

 

ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (4.2) ʠ (4.3) ʧʦʣʫʯʠʤ:  
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q
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= .  (4.4) 

 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʩʪʝʧʝʥʴ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʠʟ-ʟʘ ʥʝʢʦʨʨʝʢʪʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʩʦʩʪʘʚʣʷʝʪ 1
e
- , ʪ. ʝ. 

ʚʝʣʠʯʠʥʫ 
2q

ps
. 

ʇʨʠʚʝʜʝʤ ʧʦʨʷʜʦʢ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʧʨʠ  ʠʟʚʝʩʪʥʳʭ 

ʠʩʪʠʥʥʦʤ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ ʟʘʢʦʥʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʨʝʥʠʡ. 

ɼʦʧʫʩʪʠʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʣʦʪʥʦʩʪʷʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ )(xf  ʠ 

ʜʝʡʩʪʚʠʪʝʣʥɹʦʛʦ )f(x  ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʠʤʝʶʱʠʤʠ ʷʚʥʦʝ ʚʳʨʘʞʝʥʠʝ. ʀʩʭʦʜʷ 

ʠʟ ʟʘʜʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʦʙʦʠʭ ʧʣʦʪʥʦʩʪʝʡ, ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʡʪʠ ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ p, q  ʠ s, ʠʩʧʦʣʴʟʫʷ ʦʙʱʠʝ ʚʳʨʘʞʝʥʠʷ. 

 

4.2 ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʧʨʠ  

ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʩʪʠʥʥʦʛʦ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʠʩʧʝʨʩʠʠ 

 

ɺ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʠʤ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʧʦʩʦʙʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ, ʚ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʧʣʦʪʥʦʩʪʠ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʶʪʩʷ ʥʦʨʤʘʣʴʥʳʤʠ, ʥʦ ʠʤʝʶʪ ʨʘʟʥʳʝ ʜʠʩʧʝʨʩʠʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ e, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʪʦʯʥʦʩʪʴ ʦʙʩʝʨʚʦʚʘʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ  ʚʳʨʘʞʝʥʠʝʤ (4.4): 
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q
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= , 

 

ʛʜʝ p, s ʠ q ï ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʣʦʪʥʦʩʪʝʡ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʩʪʠʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ  ʠʟʤʝʨʝʥʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ f(x), ʘ ʧʣʦʪʥʦʩʪʴʶ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ű(x), ʧʨʠʯʝʤ: 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ 

ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ  q,  p,  ʠ  s,  ʠʩʧʦʣʴʟʫʷ  ʚʳʨʘʞʝʥʠʷ:  
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ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ q 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʥʦʩʪʴ ʜʚʫʭ ʠʥʪʝʛʨʘʣʦʚ:  
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ʧʨʠʯʝʤ ʚʪʦʨʦʡ ʠʥʪʝʛʨʘʣ ʚ ʧʦʣʫʯʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʨʘʚʝʥ ʠʥʪʝʛʨʘʣʫ p. 

ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 
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ʅʘʡʜʝʤ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʠʟʚʦʜʥʳʝ:  
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ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʥʘʭʦʜʠʤ ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ p: 
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ʅʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ q  ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʇʦʵʪʦʤʫ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʥʝʩʦʙʩʪʚʝʥʥʳʭ 

ʠʥʪʝʛʨʘʣʦʚ: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

 

1

ů

1

ů

ů

ů

1

ps

q
e

2
r

4
m

2
r

4
m

2

=== . 

 

4.3 ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʧʨʠ ʩʤʝʩʠ  

 ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʙʱʝʡ ʚʳʙʦʨʢʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʠʩʭʦʜʥʘʷ ʚʳʙʦʨʢʘ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʮʝʥʢʘ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ x, 

ʩʦʜʝʨʞʠʪ ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʠʩʧʝʨʩʠʠ. 

ɼʦʧʫʩʪʠʤ, ʧʦʛʨʝʰʥʦʩʪʠ ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʷʚʣʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦ 
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ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʨʘʟʣʠʯʥʳʤ 

ʯʘʩʪʥʳʤ ʚʳʙʦʨʢʘʤ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʠʩʧʝʨʩʠʠ 2
is . ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʦʙʱʘʷ ʚʳʙʦʨʢʘ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʜʠʩʧʝʨʩʠʷʤʠ, ʧʨʠʯʝʤ ʩ.ʢ.ʦ. s ʚʳʙʦʨʦʢ ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 1s , 2s , is , ns  ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ 

1p , 2p , ip , np . ʊʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʚʳʙʦʨʢʠ )(f s x  ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʋʯʠʪʳʚʘʷ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ),(f iN sx , ʧʦʣʫʯʠʤ: 
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ʇʦʣʫʯʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʩʤʝʰʘʥʥʦʡ ʚʳʙʦʨʢʠ, ʘ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦ-

ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʠʟʙʳʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʥʘʡʜʝʤ ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ sq , sp  ʠ ss . 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ sq  ʟʘʚʠʩʠʪ 

ʪʦʣʴʢʦ ʦʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ 

ʚrʨʘʞʝʥʠʝ: 
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{

x
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x 1
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s ää
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-
-
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µ
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µ
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i iii
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i ii

i

ssspssp
, 

 

ʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʝʝ ʢʚʘʜʨʘʪʘ: 

 

2

1
2

2

2

2
s )]

2
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exp()

x
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p
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1
(x)]f

x
[ ä

=
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µ n

i iii
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ʇʦʵʪʦʤʫ ʜʣʷ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ss  ʩʧʨʘʚʝʜʣʠʚʦ ʚʳʨʘʞʝʥʠʝ: 

 

ñ
ä

ä

ñ
ä
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-
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-
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=
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2
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1
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2

2
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dx

)
2

x
exp(

p
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2

x
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p
[

x
2

1
dx

)
2

x
exp(

p

2

1

)]
2

x
exp()

x
(

p
[

2

1

s
n

i ii

i

n

i ii

i

n

i ii

i

n

i iii

i

ss

ss

p

ssp

sssp
. 

 

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʥʝʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ sq , 

sp  ʠ ss  ʟʘʧʠʩʳʚʘʝʤ ʬʦʨʤʫʣʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: 

 

ä ñ

ä -

ä -
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=
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i ii
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4
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4
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2
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)
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p
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2

x
exp(

p
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x
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1
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ů

1

ů

1
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q
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ss

ss

p
s

. 

 

ʋʯʠʪʳʚʘʝʤ, ʯʪʦ 2
m

1

2
ůp =ä

=

n

i
iis , ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ:  

ñ

ä -

ä -

=

=

=

R1

dx

)
2

x
exp(

p

)]
2

x
exp(

p
[

x
2

ů

1
e

1
2

2

2

1
2

2

3
2

2
m

n

i ii

i

n

i ii

i

ss

ss

p

.   (4.6) 

 

ʈʘʩʩʤʦʪʨʠʤ ʝʱʝ ʦʜʠʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʦʙʱʘʷ ʚʳʙʦʨʢʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ip  ʥʘ ʠʥʪʝʨʚʘʣʝ ],[ maxmin ss , ʧʨʠʯʝʤ 

],[ maxmin sssÍi , ʪʦ: 

msD
=

1
pi , 
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ʛʜʝ minmax sss -=D m . ʆʙʦʟʥʘʯʠʤ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ 

is ʯʝʨʝʟ sd , ʪ. ʝ. i1id sss -= + . ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʝ (4.5) ʜʣʷ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 

)
)d(2

exp(
)d(

1

2

1
)(f

0
2

min

2

min
s ä

= +
-

+D
=

m

im ii ss

x

sssp
x , 

 

ʛʜʝ ss d/mm D= . 

ɽʩʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʪʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ, ʢʘʢ ʨʘʥʴʰʝ 

ʫʢʘʟʳʚʘʣʦʩʴ, ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (4.4): 

 

ss

2
s

sp

q
e= ,  

ʛʜʝ:                    }dx
(x)ű

ű(x)]
ɝ

[ű(x)]ű(x)
x

[

(x){fq
2

2

2

2

ss

R1

µ

µ
-

µ

µ

=ñ ,   (4.7) 

dx}]
ű(x)

ű(x)
x(x){[fp

R1

2
ss ñ

µ

µ

= ,   (4.8) 

ñ
µ

µ

=
1 s

2
s

s

R

dx
(x)f

(x)]f
x

[

s . (4.9) 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ 

s

2

2

ss p-}dx
ű(x)

ű(x)]
x

[

(x){fq
R1

µ

µ

=ñ , ʥʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʛʨʘʣʘ sp , ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (4.8): 

dx(x)fx
ů

1
dx(x)f

ů

x
dx}]

ű(x)

ű(x)
x(x){[fp

R1R1R1

s
2

4
m

s4
m

2
2

ss ñññ ==µ
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ʋʯʠʪʳʚʘʝʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʤ ʚʳʨʘʞʝʥʠʠ ss
2

Ddx(x)fx
R1

=ñ  - ʜʠʩʧʝʨʩʠʷ 

ʧʦʛʨʝʰʥʦʩʪʠ x, ʧʦʵʪʦʤʫ: 

 

s4
m

s D
ů

1
p = . 

 

ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (4.7) ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ sq  ʧʨʠʥʠʤʘʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

s4
m

s
2

4
m

s2
m

s4
m

4
m

2

2
m

ss D
ů

1
-(x)dxfx

ů

1
(x)dxf
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ñññ +=+= . 

 

ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ 1(x)dxf s

R1

=ñ  ʠ ss
2

Ddx(x)fx
R1

=ñ , ʪʦ ʧʦʣʫʯʠʤ: 

 

2
mů

1
-sq = .  (4.10) 

 

ʅʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʜʠʩʧʝʨʩʠʠ dx(x)fxD
R1

s
2

s ñ= , ʜʣʷ ʯʝʛʦ 

ʧʦʜʩʪʘʚʣʷʝʤ ʚʳʨʘʞʝʥʠʝ )x(f s  ʠ ʧʦʣʫʯʠʤ: 
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ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ: 
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ʧʦʵʪʦʤʫ: 

ä
=

+
D
=

m

im

i
0

2
mins )d(

1
D ss

s
. 

 

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʠʩʧʝʨʩʠʠ sD  ʧʦʣʫʯʠʤ: 
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ʅʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ss , ʠʩʧʦʣʴʟʫʷ 

ʚʳʨʘʞʝʥʠʝ (4.8). ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʜʥʦʡ 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ: 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɸʥʘʣʠʟ ʚʳʨʘʞʝʥʠʡ (4.6) ʠ (4.11) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ ʩʤʝʩʝʡ ʯʘʩʪʥʳʭ 

ʚʳʙʦʨʦʢ, ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʳʭ ʧʦʜʯʠʥʝʥʳ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ 

ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩ. ʢ. ʦ. is ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. 

 

4.4 ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʚ ʩʣʫʯʘʝ  

ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ. ʢ. ʦ. s ʚʳʙʦʨʢʠ 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [106], ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʩʫʜʥʘ ʧʨʠ ʧʝʨʚʦʤ ʩʤʝʰʘʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ )ű(x  ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʘʷ, ʘ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʨʠʚʦʡ ʇʠʨʩʦʥʘ ʯʝʪʚʝʨʪʦʛʦ ʪʠʧʘ f(x), ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ  ʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʩ ñʫʪʷʞʝʣʝʥʥʳʤʠ ʭʚʦʩʪʘʤʠò ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʠʜ: 

 

1m2

m

)2/(

A
)(f

+
+

=
lx

x ,  (4.12) 

 

ʛʜʝ  2/1m
2m2

m
m)!2(2

)!m(2
A

+
= l
p

 - ʥʦʨʤʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ, 

m - ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, ʧʨʠʥʠʤʘʶʱʠʡ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, 

l - ʤʘʩʰʪʘʙʥʳʡ ʧʘʨʘʤʝʪʨ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

 

}
2

exp{-
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1
)ű(

2

2

s

x

sp
x= . 

ʅʘʡʜʝʤ ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ   q,  p,  ʠ  s, ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ: 
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ʊʘʢ ʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʧʣʦʪʥʦʩʪʠ )ű(x: 
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)
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x
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1
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1
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x
2
m

2

m
4
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2

2
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µ
, 

4
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2
2
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x
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4
m

2

2
m

2

2

ů

x

ů

1
-

ű(x)

ű(x)]
x

[

+=µ

µ

. 

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʥʘʭʦʜʠʤ ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ p: 

dx
)2/(x

Ax
dx}]

)x(ű

)x(ű
x{[)x(fp

1m2

m

R1
4

2
2

R1
+

+
=µ

µ

= ññ
ls

. 

ʅʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ q  ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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p -dx}
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A
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m

R1
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2
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m

4

2
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2 lslss

 

,
1

-dx
)2/(x
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-
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m

R1
2 sls

=
+

=
+ñ  

ʪʘʢ ʢʘʢ dx
)2/(x

A
1m2

m

R1
+

+
ñ

l
 = 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

2

1
-q
s

= . 

 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʠʥʪʝʛʨʘʣʫ p, ʦʪʤʝʪʠʤ: 

 

dx
)2/(x

A
x

1
dx

)2/(x

Ax
p

1m2

m2

R1
41m2

m

R1
4

2

++
+

=
+

= ññ
lsls

,  ʠʣʠ  

24
ɛ

1
p
s
= , 

ʛʜʝ m2  - ʚʪʦʨʦʡ ʮʝʥʪʨʘʣʴʥʳʡ ʤʦʤʝʥʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʠʟʤʝʨʝʥʠʷ. 

ʇʦʢʘʞʝʤ, ʯʪʦ 
1-m2

2
ɛ2

l
=  ʠ ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ʨ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ 
1-m2

21
p

4

l

s
= . ɼʣʷ ʵʪʦʛʦ ʥʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʪʦʨʦʛʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ  m2.  ʉ  ʵʪʦʡ  ʮʝʣʴʶ ʥʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʯʝʪʥʳʭ  

ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ  n2ɛ . ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ:  

ñ µ
+

=
+

R1
1m2

2

2
)2/(

ɛ x
lx

xn

n , (n < m). 
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ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ À: 

ññ µ
+
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=À
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+
x
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x
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x n
n

1m2

12

1m2
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)2/()2/(
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ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ: 
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+
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1
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1
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- d . 

ʇʦʵʪʦʤʫ: 
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1
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-
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ʀʥʪʝʛʨʠʨʫʝʤ ʧʦ ʯʘʩʪʷʤ, ʧʨʠʥʠʤʘʷ 12
u

-
=

nx , )
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1
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m2 lx +
=dd . 

ʆʪʢʫʜʘ ʧʦʣʫʯʠʤ 22
)12(du

-
-=

nxn ,  )
)2/(

1
(v

m2 lx +
= .  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
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n
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 ʚ ʧʦʩʣʝʜʥʝʤ ʚʳʨʘʞʝʥʠʠ ʦʧʷʪʴ 

ʠʥʪʝʛʨʠʨʫʝʤ ʧʦ ʯʘʩʪʷʤ ʘʥʘʣʦʛʠʯʥʦ ʠʩʭʦʜʥʦʤʫ. ʇʦʵʪʦʤʫ ʥʝʩʣʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ:  
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ʈʘʩʩʤʦʪʨʠʤ ʠʥʪʝʛʨʘʣ ñ +
+

=À
nlx

x
-1m2

)2/(
1

d
, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʨʝʢʫʨʨʝʥʪʥʦʡ ʬʦʨʤʫʣʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [120, 121]: 
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ʇʨʦʜʦʣʞʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʪʘʢʦʡ ʞʝ ʨʝʢʫʨʨʝʥʪʥʦʡ ʩʭʝʤʝ, ʧʦʥʠʞʘʷ 

ʧʦʨʷʜʦʢ ʟʥʘʤʝʥʘʪʝʣʷ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʧʦʣʫʯʠʤ ʨʝʰʝʥʠʝ 

ʠʥʪʝʛʨʘʣʘ À1 ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʤʥʦʛʦʯʣʝʥʘ: 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʠʥʪʝʛʨʘʣ ʨʘʚʝʥ: 
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ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʠʩʢʦʤʦʛʦ ʠʥʪʝʛʨʘʣʘ À1: 
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ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʠʩʭʦʜʥʦʤʫ ʠʥʪʝʛʨʘʣʫ  À,  ʦʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, 

ʯʪʦ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʧʨʝʜʝʣʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ¤ ʠ - ¤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʯʝʪʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʯʣʝʥʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʢʚʘʜʨʘʪʥʳʭ 

ʩʢʦʙʢʘʭ, ʢʘʢ ʠʥʪʝʛʨʘʣʘ À, ʪʘʢ ʠ À1, ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʠ. ʇʦʵʪʦʤʫ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʯʝʪʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ 

ʩʣʝʜʫʶʱʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ: 

 

³
+

-
=

++

)-11)...(m-m(m

)12...(3*1
2

m)!2(2

)m!(2
ɛ

1-m1/2m
2m2

2
n

n
l

p

n
n  

¤
¤-

--
³

l

x

lln

n
nn 2

arctg
2

1

)!2-(m

]1)m(2...[3*1
-m)-2(m

. 

 

ʇʦʜʩʪʘʚʣʷʷ ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ  ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʯʝʪʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ:  
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ʠʣʠ ʦʢʦʥʯʘʪʝʣʴʥʦ: 
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ɼʣʷ ʚʪʦʨʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ  n=1,  ʧʦʵʪʦʤʫ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ:  

 

1-m2

2
ɛ2

l
= . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʦʨʦʡ ʮʝʥʪʨʘʣʴʥʳʡ ʤʦʤʝʥʪ 
1-m2

2
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l
=  ʠ 

ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
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1-m2
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ʅʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ s: 
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ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ  ʜʣʷ  ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ s ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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ʛʜʝ ɜA  - ʥʦʨʤʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʭʦʜʥʫʶ 

ʧʦʜʳʥʪʝʛʨʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʚ ʢʘʯʝʩʪʚʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʂʘʢ ʠ ʨʘʥʴʰʝ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʥʦʞʠʪʝʣʷ mA , ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 
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ʇʦʵʪʦʤʫ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ: 
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ʢʦʪʦʨʦʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ -1
h=l   ʠ  ʧʦʣʫʯʠʤ: 
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ɿʘʤʝʥʷʝʤ ʧʘʨʘʤʝʪʨ h ʧʘʨʘʤʝʪʨʦʤ l, ʧʦʣʫʯʠʤ: 
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ʋʤʥʦʞʠʤ ʦʙʝ ʯʘʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʥʘ ʚʝʣʠʯʠʥʫ 2--nl ʠ 

ʧʦʣʫʯʠʤ: 
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ʇʨʦʠʟʚʝʜʝʤ ʧʦʜʩʪʘʥʦʚʢʫ  n = m + 1: 
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ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ 

ʨʘʚʝʥ ʠʩʢʦʤʦʤʫ ʠʥʪʝʛʨʘʣʫ J.  

ʇʦʵʪʦʤʫ ʟʘʧʠʩʳʚʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʠʥʪʝʛʨʘʣʘ J:  

 

2/3m1m

2m

B
J

--+

+
= l . 

 

ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (3.9) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

22m21m
])!1m[(2

)]!1m(2[2
B

+

+
=

++

p
 

 

ʠ ʠʥʪʝʛʨʘʣ J ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

2/3m

22m2
])!1m[(22)m(

)]!1m(2[2
J

--

+
++

+
= l

p
. 



 111  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʦʨʤʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ mA  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (4.12): 
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, 

 

ʧʦʵʪʦʤʫ ʠʥʪʝʛʨʘʣ  s  ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ: 

 

2)(m2

1)1)(2m(m
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+

++
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l
. 

 

ʈʘʩʧʦʣʘʛʘʷ ʚʳʨʘʞʝʥʠʷʤʠ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʥʝʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ p, q 

ʠ s, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ e: 
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ʆʢʦʥʯʘʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ e ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 

13m2m

3
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2
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-= . (4.14) 
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ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʦʛʨʝʰʥʦʩʪʠ ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʤʝʩʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʪʦʨʦʤʫ ʩʤʝʰʘʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʮʝʥʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʩʣʝʜʫʷ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ [102]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ e ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ: 

 

e =
ps

q2

,  

 

ʛʜʝ                           q =ñ
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)(xf {
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2
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xfxf
x µ

µ
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µ
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} xd ,  (4.15) 

p = ñ
R1

)(xf { [
)(

)(

xf

xf
xµ

µ

] 2 } xd , (4.16) 

s = ñ
R1 )(

)]([
2

x

x
x

f

f
µ

µ

xd . (4.17) 

 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʧʣʦʪʥʦʩʪʷʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ )(xf  ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ 

)(xf  ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʠʤʝʶʱʠʤʠ ʷʚʥʦʝ ʚʳʨʘʞʝʥʠʝ. ʀʩʭʦʜʷ ʠʟ ʟʘʜʘʥʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʦʙʦʠʭ ʧʣʦʪʥʦʩʪʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ 

ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ p, q ʠ s, ʠʩʧʦʣʴʟʫʷ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʦʨʢʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʪʦʨʦʤʫ ʩʤʝʰʘʥʥʦʤʫ ʟʘʢʦʥʫ, 

ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʢʨʠʚʦʡ ʇʠʨʩʦʥʘ ʩʝʜʴʤʦʛʦ ʧʦʨʷʜʢʘ ʠ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʠʜ: 
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ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ ʩ ʧʣʦʪʥʦʩʪʴʶ 

)(űx : 
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ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʝʝ ʨʘʚʝʥʩʪʚʦ: 
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x df .  (4.18) 

ʅʘʡʜʝʤ ʚʳʨʘʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʣʦʪʥʦʩʪʠ )(űx, ʜʣʷ 

ʥʝʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ (4.14)é(4.17). 
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ʋʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ p 

ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (4.18) ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ q  ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʠʥʪʝʛʨʘʣʫ p, ʦʪʤʝʪʠʤ: 
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ʛʜʝ m2  - ʚʪʦʨʦʡ ʮʝʥʪʨʘʣʴʥʳʡ ʤʦʤʝʥʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(xf . 

ʅʘʡʜʝʤ ʚʪʦʨʦʡ ʮʝʥʪʨʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʪʦʨʦʛʦ ʩʤʝʰʘʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʜʣʷ ʯʝʛʦ ʟʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩ ʫʯʝʪʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʠʜʘ ʥʦʨʤʠʨʫʶʱʝʛʦ ʤʥʦʞʠʪʝʣʷ A m, ʪ. ʝ.: 
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ɺʥʘʯʘʣʝ ʥʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʯʝʪʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʈʘʩʩʤʦʪʨʠʤ ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ  Á:  
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ʇʨʝʦʙʨʘʟʫʝʤ ʵʪʦʪ ʠʥʪʝʛʨʘʣ ʢ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʚʠʜʫ, ʠʩʧʦʣʴʟʫʷ  

ʧʦʜʩʪʘʥʦʚʢʫ ʏʝʙʳʰʝʚʘ, ʜʣʷ ʯʝʛʦ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʚʳʥʦʩʠʤ ʟʘ ʩʢʦʙʢʠ ʚʳʨʘʞʝʥʠʝ 2x /2: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʣ  Á ʠʤʝʝʪ ʚʠʜ: 
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ʈʘʩʩʤʦʪʨʠʤ ʠʥʪʝʛʨʘʣ  ñ +
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. ʈʘʟʣʦʞʠʤ ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ 

ʯʠʩʣʠʪʝʣʴ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ: 
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ʇʦɻʪʦʤʫ ʠʥʪʝʛʨʘʣ Á1 ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʇʦʯʣʝʥʥʦ ʠʥʪʝʛʨʠʨʫʷ, ʧʦʣʫʯʠʤ: 
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ʇʦʵʪʦʤʫ ʠʥʪʝʛʨʘʣ Á ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɼʣʷ ʚʪʦʨʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ n=1, ʧʦʵʪʦʤʫ 
m

2

l
m = . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʩʦʙʩʪʚʝʥʥʳʡ  ʠʥʪʝʛʨʘʣ  p  ʦʧʨʝʜʝʣʷʝʪʩʷ  ʚʳʨʘʞʝʥʠʝʤ: 

 

4
m

p
s

l
= . 

 

ʅʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ s. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʟʘʧʠʰʝʤ ʧʨʦʠʟʚʦʜʥʫʶ: 

 

x
lxlxx

x
x 3/21)(m2

m

3/2m2

m

)2/(

3/2)m(A
]

)2/(

A
[)(

+++
+

+
-=

+µ

µ
=

µ

µ
f  

 

ʠ ʝʝ ʢʚʘʜʨʘʪ: 

 

2

52m2

22
m2

)2/(

3/2)m(A
)]([ x

lx
x

x +
+

+
=

µ

µ
f . 

 

ʅʘʭʦʜʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ  )(/)]([
2 xx

x
ff

µ

µ
: 

 

2

2/3)2(m2

2
m

m

3/2m2
2

52m2

22
m2

)2/(

3/2)m(A

A

)2/(

)2/(

3/2)m(A
)(/)]([ x

lx

lx
x

lx
xx

x ++

+

+
+

+
=

+

+

+
=

µ

µ
ff . 

 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʥʘʡʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʛʨʘʣʘ s: 



 118  

ñ
µ

µ

=
R1

2

)(

)]([

s x
x

x
x

d
f

f

, ʠʣʠ  

x
lx

x
xx

lx
µ

+
+=µ

+

+
= ññ ++++

R1
2/3)2(m2

2
2

m
R1

2

2/3)2(m2

2
m

)2/(
3/2)m(A

)2/(

3/2)m(A
s . 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ  s  ʧʨʠʥʠʤʘʝʪ ʦʢʦʥʯʘʪʝʣʴʥʳʡ 

ʚʠʜ:  
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ e ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ:  
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ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʩʣʫʯʘʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʥʘʠʤʝʥʴʰʝʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ ʚ  ʩʣʫʯʘʝ,  ʝʩʣʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʥʦʨʤʘʣʴʥʳʤ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʚʘʨʠʘʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʚ e 1-  ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʠʥʠʤʘʣʴʥʦ  ʚʦʟʤʦʞʥʦʡ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ  ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʨʦʩʪʦʤ m, ʪʘʢ ʢʘʢ ʩ ʨʦʩʪʦʤ m ʧʣʦʪʥʦʩʪʴ f(x) ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʝʪʩʷ 

ʢ ʥʦʨʤʘʣʴʥʦʡ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʥʝʪ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʢʦʥʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩʣʝʜʫʝʪ, ʢʘʢ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ [102], ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʦʮʝʥʢʘʤʠ.  

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʨʨʝʢʪʥʦ ʫʩʨʝʜʥʷʷ ʧʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ 

ʢʘʞʜʳʤ ʠʟ ʩʧʦʩʦʙʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʚʝʩʦʚ ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ ʦʮʝʥʦʢ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʠʨʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʚʘʟʠʧʨʘʚʜʦʧʦʜʦʙʥʳʭ ʦʮʝʥʦʢ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  ʧʨʠʚʝʜʝʥʳ ʚ ʪʦʡ ʞʝ ʨʘʙʦʪʝ [102]. 

 

4.5 ɺʳʚʦʜʳ ʧʦ ʯʝʪʚʝʨʪʦʤʫ ʨʘʟʜʝʣʫ 

 

ʇʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʠ ʝʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ 

ʜʠʩʧʝʨʩʠʝʡ, ʦʪʣʠʯʘʶɦ ʝʡʩʷ ʦʪ ʜʠʩʧʝʨʩʠʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʟʘʢʦʥʘ, ʨʘʚʥʘ 

ʝʜʠʥʠʮʝ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʚʝʣʠʯʠʥ ʜʠʩʧʝʨʩʠʡ.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʪʫʘʮʠʠ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʨʘʩʯʝʪʘ ʦʙʩʝʨʚʦʚʘʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʇʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʙʦʨʢʠ ʧʦʜʯʠʥʝʥʘ ʩʤʝʩʠ ʥʦʨʤʘʣʴʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠ. 
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ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʮʝʜʫʨʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʝʨʚʦʚʘʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʠ ʧʦʣʫʯʝʥʦ ʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʙʦʨʢʠ ʧʦ 

ʧʝʨʚʦʤʫ ʠ ʚʪʦʨʦʤʫ ʩʤʝʰʘʥʥʳʤ ʟʘʢʦʥʘʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʣʫʯʘʡʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʪʦʨʦʤʫ 

ʩʤʝʰʘʥʥʦʤʫ ʟʘʢʦʥʫ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʘ ʝʝ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʧʘʨʘʤʝʪʨʝ m=1 ʨʘʚʥʦ 0,7. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ m  

ʩʤʝʘhʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʝʤʠʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʩʝʨʚʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ï ʢ ʝʜʠʥʠʮʝ. 
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ʈɸɿɼɽʃ 5 

ʄɽʊʆɼ ʆʎɽʅʂʀ ʇɸʈɸʄɽʊʈʆɺ ɿɸʂʆʅɸ ʈɸʉʇʈɽɼɽʃɽʅʀʗ  

ʉʃʋʏɸʁʅʓʍ ʇʆɻʈɽʐʅʆʉʊɽʁ ʅɸɺʀɻɸʎʀʆʅʅʓʍ 

ʀɿʄɽʈɽʅʀʁ ʆɹʑɽʁ ɺʓɹʆʈʂʀ 

 

5.1 ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʝʨʦʷʪʥʦʩʪʝʡ }{p i  ʠ  

ʜʠʩʧʝʨʩʠʡ }{
2
is  ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ 

 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(fs x  ʧʦʛʨʝʰʥʦʩʪʠ ʦʙʱʝʡ 

ʚʳʙʦʨʢʠ  
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s ä
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x   (5.1) 

 

ʩʦʜʝʨʞʠʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ n, ip  ʠ is, ʧʨʠʯʝʤ ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴʩʷ 

ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

 

1p
1

=ä
=

n

i
i , (5.2) 

ä
=

=
n

i
iim

1

22
pss . (5.3) 

 

ʇʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʯʠʩʣʘ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʚ ʦʙʱʝʡ 1²n  ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ ʥʘʙʦʨʘ ʯʘʩʪʥʳʭ ʩ.ʢ.ʦ. 1s , 2s , é is, éns  ʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ 1p , 2p , é ip , é np . ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʠʝ ʥʘʙʦʨʳ  }{p i  ʠ }{ is , ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ 



 124  

(5.2), (5.3) ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʩ ʛʠʩʪʦʛʨʘʤʤʦʡ 

ʚʳʙʦʨʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʠʝ ʥʘʙʦʨʳ ʚʝʨʦʷʪʥʦʩʪʝʡ }{p i , ʢʘʞʜʳʡ ʯʣʝʥ ʢʦʪʦʨʦʛʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪ.ʝ. 

ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ: 

 

pipp mini D+= . 

 

ɿʥʘʯʝʥʠʝ pD  ʥʘʭʦʜʠʪʩʷ ʠʟ ʨʘʚʝʥʩʪʚʘ (5.2): 
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p  . (5.4) 

 

ʇʦʢʘʞʝʤ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʜʣʷ ʯʝʛʦ  ʧʦʜʩʪʘʚʠʤ 

pD  ʚ  ʚʳʨʘʞʝʥʠʝ ä
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D+
n

i 1
min p)i(p : 
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ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʶ (5.2), ʯʝʤ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʪʠʥʥʦʩʪʴ ʚʳʨʘʞʝʥʠʷ (5.4). 

ɸʥʘʣʠʟ ʚʳʨʘʞʝʥʠʷ (5.4) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ pD  ʟʘʚʠʩʠʪ ʦʪ 

ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ minp , ʧʨʠʯʝʤ ʧʨʠ ʟʥʘʯʝʥʠʠ 0pmin =  ʚʝʣʠʯʠʥʘ 0p>D   
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ʠ ʧʨʠʥʠʤʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ ä
=

=D
n

i

n
1

min i/pp .  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ minp  ʜʦ ʟʥʘʯʝʥʠʷ n/1pmin =  ʚʝʣʠʯʠʥʘ pD  ʦʙʨʘʱʘʝʪʩʷ 

ʚ ʥʦʣʴ, ʪ.ʝ. 0p=D . ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ n/1pmin >  ʚʝʣʠʯʠʥʘ pD  

ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʘ ʥʘʙʦʨ ʚʝʨʦʷʪʥʦʩʪʝʡ }{p i  ʩʪʘʥʦʚʠʪʩʷ 

ʫʙʳʚʘʶʱʠʤ, ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʝ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ m
minp , 

ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʩʣʝʜʥʠʡ ʯʣʝʥ np  ʫʙʳʚʘʶʱʝʛʦ ʥʘʙʦʨʘ }{p i  ʷʚʣʷʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʅʘʡʜʝʤ ʟʥʘʯʝʥʠʝ m
minp  ʩ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʦʛʦ ʫʩʣʦʚʠʷ, ʪ. ʝ.: 

 

0ppp
m
minn >D+= n , 

 

ʠʣʠ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (5.4) 
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ʦʪʢʫʜʘ ʧʦʣʫʯʘʝʤ  ʥʝʨʘʚʝʥʩʪʚʦ: 
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ʀʟ ʜʘʥʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʥʘʭʦʜʠʤ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, )p,0[p
m
minminÍ , ʧʨʠʯʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ }{p i  

ʷʚʣʷʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʝʡ ʧʨʠ n/1pmin < , ʧʨʠ n/1pmin =  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

}{p i  ʩʦʜʝʨʞʠʪ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ mini pp = . ɺ ʩʣʫʯʘʝ m
minmin pp/1 <<n  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ }{p i  ʷʚʣʷʝʪʩʷ ʫʙʳʚʘʶʱʝʡ. 

ʅʘʙʦʨ ʩ.ʢ.ʦ. }{ is  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʨʘʥʥʳʤ ʥʘʙʦʨʦʤ }{p i  ʩ ʫʯʝʪʦʤ 

ʫʩʣʦʚʠʷ (5.3), ʧʨʠʯʝʤ ʥʘʙʦʨ }{ is  ʩʦʜʝʨʞʠʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʷʶʱʠʝ 

ʯʣʝʥʳ isʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

 
2
i

2
min

2
i sss D+= i . 

 

ɺʝʣʠʯʠʥʘ 2
isD  ʥʘʭʦʜʠʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (5.3): 
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ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʚʳʨʘʞʝʥʠʷ ʥʘʭʦʜʠʤ 2
isD : 

 

ä
=

-
=D

n

i
i
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i
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2
2
i

p

ss
s . (5.5) 

 

ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ 

ʥʝʫʙʳʚʘʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{ is , ʧʨʠ ʢʦʪʦʨʳʭ 0
2
i ²Ds . ʇʦʵʪʦʤʫ 

ʧʘʨʘʤʝʪʨ 2
mins ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʠʟ ʠʥʪʝʨʚʘʣʘ ʩ ʛʨʘʥʠʮʘʤʠ 0 ʠ 

2
ms , ʧʨʠʯʝʤ ʚ ʩʣʫʯʘʝ 

22
min mss =  ʩʤʝʰʘʥʥʘʷ ʚʳʙʦʨʢʘ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨʢʦʡ 

ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩ ʜʠʩʧʝʨʩʠʝʡ 2
ms . 
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ʇʦʢʘʞʝʤ ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʳʨʘʞʝʥʠʷ (5.5), ʠʩʧʦʣʴʟʫʷ  ʫʩʣʦʚʠʝ (5.3). ɼʣʷ 

ʵʪʦʛʦ ʥʘʡʜʝʤ ʩʫʤʤʫ: 
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ʠʣʠ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (5.5):  
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ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʜʪʚʝʨʞʜʘʝʪ  ʢʦʨʨʝʢʪʥʦʩʪʴ ʬʦʨʤʫʣʳ (5.5). 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʩʢʨʝʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʩʧʝʨʩʠʡ 2
is  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{ is , ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ ʥʘ ʠʥʪʝʨʚʘʣʝ 

[1, n], ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.1. 
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ʈʠʩʫʥʦʢ 5.1 - ɿʘʚʠʩʠʤʦʩʪʴ 2
is  ʦʪ  n 

 

ɿʘʚʠʩʠʤʦʩʪʴ 2
is  ʦʪ n ʤʦʞʥʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʅʘʡʜʝʤ ʧʘʨʘʤʝʪʨ DD , ʧʨʠ ʢʦʪʦʨʦʤ ʩʧʨʘʚʝʜʣʠʚʦ ʫʩʣʦʚʠʝ (5.3). 

ɺʝʣʠʯʠʥʘ 2
isD  ʥʘʭʦʜʠʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (5.3): 
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ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ DD : 
 

ä
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=D
2/

1

2

ip4

D
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i
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mns
. (5.7) 

 

ɺ ʨrʘʞʝʥʠʝ (5.3) ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʧʨʠʥʠʤʘʝʪ ʚʠʜ (5.6), 

ʧʦʵʪʦʤʫ ʩ ʫʯʝʪʦʤ (5.7) ʥʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ: 
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ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʬʦʨʤʫʣʳ (5.7). 

 

5.2 ʇʦʠʩʢ ʧʘʨʘʤʝʪʨʦʚ minp  ʠ 2
mins  ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ  

ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʧʦ ʠʩʭʦʜʥʦʡ ʛʠʩʪʦʛʨʘʤʤʝ 

 

ɽʩʣʠ ʠʤʝʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦ ʧʦʛʨʝʰʥʦʩʪʷʤ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʙʦʨʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʛʠʩʪʦʛʨʘʤʤʦʡ, ʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʧʨʦʚʝʨʢʫ ʛʠʧʦʪʝʟ ʦ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʙʦʨʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ ʚʳʙʠʨʘʝʪʩʷ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʩʠ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʥʳʭ ʚʳʙʦʨʦʢ ʩ 

ʧʣʦʪʥʦʩʪʴʶ )(fs x  (5.1), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ  minp  ʠ 2
mins . 

ʇʘʨʘʤʝʪʨʳ minp  ʠ 2
mins  ʜʣʷ ʫʜʦʙʩʪʚʘ ʦʙʦʟʥʘʯʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʝʨʝʟ 

x ʠ z, ʪ. ʝ.:  

 

minp=x ,  2
mins=z . (5.8) 

 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ x ʠ z ʥʘʭʦʜʠʤ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, 

ʜʦʙʠʚʘʷʩʴ ʥʘʠʣʫʯʰʝʛʦ ʩʦʚʧʘʜʝʥʠʷ ʢʨʠʚʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(fs x  
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ʩ ʛʠʩʪʦʛʨʘʤʤʦʡ ʚʳʙʦʨʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.2. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʡʪʠ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʦʥʘʣʘ G: 

 

min]},,)
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i s , (5.9) 

 

ʛʜʝ s=20 ï ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ ʛʠʩʪʦʛʨʘʤʤʳ; 

2/msN

m
y i

i = , ʧʨʠʯʝʤ im - ʯʠʩʣʦ ʯʣʝʥʦʚ ʚʳʙʦʨʢʠ ʚ ʨʘʟʨʷʜʝ, N - ʦʙʱʝʝ 

ʯʠʩʣʦ ʯʣʝʥʦʚ ʚʳʙʦʨʢʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 5.2 - ɻʠʩʪʦʛʨʘʤʤʘ ʚʳʙʦʨʢʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʧʣʦʪʥʦʩʪʠ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ G ʥʘʭʦʜʠʤ 

ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 
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 ʠ ʧʨʠʨʘʚʥʠʚʘʝʤ ʠʭ ʢ ʥʫʣʶ, ʪ.ʝ.: 

î
î
í

îî
ì

ë

=
µ

µ

=
µ

µ

.0

,0

y

G
x

G

 (5.10) 


