
1 

ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ɼɽʈɾɸɺʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ 

 

                                                                                     ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

ɻʦʨʦʭʦʚʩʴʢʠʡ ɭʚʛʝʥ ʇʝʪʨʦʚʠʯ 

 

 ʇʨʠʤ. ˉ  _      

ʋɼʂ 621.391.8 

(ʽʥʜʝʢʩ) 

ɼʀʉɽʈʊɸʎɯʗ 

ʄʝʪʦʜʠʢʘ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʥʘ 

 ʙʘʟʽ ʦʙô̒ ʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 
(ʥʘʟʚʘ ʜʠʩʝʨʪʘʮʽʾ) 

 

05.12.02 ï ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʽ 

(ʰʠʬʨ ʽ ʥʘʟʚʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ) 

17 ï ɽʣʝʢʪʨʦʥʽʢʘ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ 

(ʛʘʣʫʟʴ ʟʥʘʥʴ) 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

                                  ɭ.ʇ. ɻʦʨʦʭʦʚʩʴʢʠʡ 
(ʧʽʜʧʠʩ ʽʥʽʮʽʘʣʠ ʪʘ ʧʨʽʟʚʠʱʝ ʟʜʦʙʫʚʘʯʘ) 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ (ʢʦʥʩʫʣʴʪʘʥʪ) ɹʝʨʢʤʘʥ ʃʶʙʦʚ ʅʘʫʤʽʚʥʘ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ) 

 

 

ʂʠʾʚ-2017  



2 

ɸʅʆʊɸʎɯʗ 

ɻʦʨʦʭʦʚʩʴʢʠʡ ɭ.ʇ. ʄʝʪʦʜʠʢʘ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʥʘ ʙʘʟʽ ʦʙôʻʢʪʥʘ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ (ʜʦʢʪʦʨʘ 

ʬʽʣʦʩʦʬʽʾ) ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.12.02 çʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʽè (17 ï 

ɽʣʝʢʪʨʦʥʽʢʘ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ) ï ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʂʠʾʚ, 

2017. 

ɿʤʽʩʪ ʘʥʦʪʘʮʽʾ 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ 

ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʥʘ ʙʘʟʽ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʟʜʘʪʥʦʾ  ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʤʽʥʽʤʽʟʘʮʽʶ ʾʾ ʟʘʪʨʠʤʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʷʢʝ ʻ ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʤʘʻ ʚʘʞʣʠʚʝ ʥʘʫʢʦʚʝ ʽ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʪʘ ʚʠʟʥʘʯʝʥʦ ʪʝʥʜʝʥʮʽʾ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʩʫʯʘʩʥʠʤʠ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ. ɺʠʟʥʘʯʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟʛʽʜʥʦ ʟ ʽʜʝʦʣʦʛʽʻʶ ʚʟʘʻʤʦʜʽʾ 

ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ, ʢʦʥʮʝʧʮʽʡ TMN ʪʘ Smʘrt TMN. 

ʇʦʢʘʟʘʥʦ ʱʦ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʻ ʨʝʘʣʽʟʘʮʽʷ ʤʝʨʝʞʝ ʮʝʥʪʨʠʯʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ.  

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘʪʨʠʤʢʠ ʧʨʦʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʥʘʭʦʜʷʪʴ ʟʘʣʝʞʥʽʩʪʴ ʟʘʪʨʠʤʢʠ ʚʽʜ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʘ ʩʪʨʫʢʪʫʨʫ ʤʝʨʝʞʽ. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʦʪʨʠʤʘʥʦ 

ʟʘʣʝʞʥʦʩʪʽ ʟʘʪʨʠʤʢʠ ʦʜʝʨʞʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ 

ʚʠʤʦʛ, ʚʽʜ ʰʚʠʜʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʽʜ ʤʝʪʦʜʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʪʨʠʤʢʫ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʦʭʦʧʣʶʶʪʴ ʥʦʚʽʪʥʽ 
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ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʦʤʫ ʨʝʘʣʽʟʫʻ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ 

ʙʣʠʟʴʢʫ ʜʦ ʧʦʪʝʥʮʽʡʥʦʾ. ʆʙʤʝʞʝʥʥʷ ʧʦʚôʷʟʘʥʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠ ʧʨʠʡʥʷʪʪʽ 

ʨʽʰʝʥʥʷ ʦʮʽʥʦʢ ʟʨʘʟʢʽʚ ʩʠʛʥʘʣʽʚ, ʱʦ ʥʝ ʧʦʟʙʘʚʣʝʥʽ ʚʧʣʠʚʫ ʟʘʚʘʜ.  

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʦʤʫ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ 

ʩʠʛʥʘʣʽʚ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʨʘʭʦʚʫʻ ʬʘʟʦ-ʨʽʟʥʠʮʝʚʫ ʤʦʜʫʣʷʮʽʶ 

ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʦʙʫʜʦʚʠ ʩʠʛʥʘʣʽʚ ʟ ʝʚʢʣʽʜʦʚʦʶ 

ʤʝʪʨʠʢʦʶ.  

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʫʯʘʩʥʠʤʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʾʭ 

ʫʧʨʘʚʣʽʥʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ ʩʪʨʘʪʝʛʽʶ ʩʪʚʦʨʝʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʦʧʝʨʘʪʦʨʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʷʢʘ ʙʫʜʝ ʦʨʛʘʥʽʯʥʦʶ 

ʯʘʩʪʠʥʦʶ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʽʷʣʴʥʽʩʪʶ ʦʧʝʨʘʪʦʨʘ ʽ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʦʶ ʢʦʥʚʝʨʛʝʥʪʥʦʶ ʤʝʨʝʞʝʶ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʽʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʦʚʦʣʝʥʥʷ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ ʩʧʦʞʠʚʘʯʽʚ ʩʫʯʘʩʥʠʤ ʥʘʙʦʨʦʤ ʧʦʩʣʫʛ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʚʽʜ ʙʘʟʦʚʠʭ ʜʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʧʦʩʣʫʛ ʤʫʣʴʪʠʤʝʜʽʘ ʥʘ ʙʘʟʽ 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

ɺʠʟʥʘʯʝʥʦ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, ʟʘ ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ 

ʫʧʨʘʚʣʽʥʥʷ, ʨʦʟʛʣʷʥʫʪʦ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʽʥʥʷ ʨʽʟʥʦʨʽʜʥʦʶ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʶ 

ʤʝʨʝʞʝʶ, ʧʦʙʫʜʦʚʘʥʦʶ ʥʘ ʙʘʟʽ TMN. ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʻ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʠʤ ʽ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʠʤ. ʇʨʠ 

ʮʴʦʤʫ, ʷʢʱʦ ʚʽʥ ʟʘʜʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʘʚʪʦʤʘʪʥʦʛʦ ʦʧʠʩʫʚʘʥʥʷ, ʪʦ ʥʝʩʢʣʘʜʥʦ 

ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʨʦʙʦʪʫ ʢʝʨʫʶʯʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʟʘʢʣʘʚʰʠ ʚ ʾʾ ʧʘʤôʷʪʴ, 

ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʤʘʪʥʫ ʪʘʙʣʠʮʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʜʫʚʘʥʥʷ ʚʭʦʜʽʚ ʽ ʚʠʭʦʜʽʚ, 

ʟʚôʷʟʘʥʠʭ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʦʙôʻʢʪʦʤ. ʂʦʜʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʪʘʥʽʚ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʠʤ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ITU ʤʝʨʝʞʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʪʘ ʩʣʫʞʙʘʤʠ ʦʧʝʨʘʪʦʨʽʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʤʝʨʝʞ, ʥʘʜʘʥʥʽ ʧʦʩʣʫʛ, ʧʦʙʫʜʦʚʽ ʪʘ ʚʚʝʜʝʥʥʽ ʚ 
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ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʦʚʠʭ ʩʠʩʪʝʤ ʽ ʧʦʩʣʫʛ, ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʡ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ. 

ʗʢ ʜʦʙʨʝ ʚʽʜʦʤʦ, ʢʦʞʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ 

ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ ï ʧʽʜʩʠʩʪʝʤʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʪʘ ʧʽʜʩʠʩʪʝʤʫ ʚʠʢʦʥʘʥʥʷ 

ʨʽʰʝʥʴ. ʇʝʨʰʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʛʨʘʤʥʦ-

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʥʦʨʤ ʽ ʧʨʘʚʠʣ ʾʭ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ ʮʝ, 

ʦʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ TMN ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʦʧʝʨʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʪʘ/ʘʙʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ 

ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʛʦʜʞʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʽʥʪʝʨʬʝʡʩʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʪʦʢʦʣʠ ʽ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʩʫʯʘʩʥʠʤʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ  ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʟʛʽʜʥʦ ʟ ʽʜʝʦʣʦʛʽʻʶ ʚʟʘʻʤʦʜʽʾ 

ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ, ʢʦʥʮʝʧʮʽʡ TMN ʪʘ Smʘrt TMN. ʊʘʢʦʞ ʦʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʧʦʙʫʜʦʚʠ ʻ ʽʜʝʦʣʦʛʽʷ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ SDN (Software-defined 

Networking), ʚ ʷʢʠʡ ʚʝʩʴ ʽʥʪʝʣʝʢʪ ʤʝʨʝʞʽ ʚʠʥʝʩʝʥʦ ʚ ʦʢʨʝʤʫ ʘʧʘʨʘʪʥʫ/ʧʨʦʛʨʘʤʥʫ 

ʙʘʟʫ, ʘ ʚʩʝ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʧʨʦʭʦʜʠʪʴ ʥʘ ʙʘʟʽ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʪʦʢʦʣʽʚ 

(ʥʘʧʨʠʢʣʘʜ, OpenFlow). 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʫ 

ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ. ɺ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʽʥʥʷ ʩʫʯʘʩʥʠʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʩʝʨʝʜʥʷ ʟʘʪʨʠʤʢʘ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʜʦʩʪʘʚʢʠ ʫʧʨʘʚʣʷʶʯʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʟʘʪʨʠʤʢʠ ʢʝʨʫʶʯʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʪʝʦʨʽʷ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ɺʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʟʘʪʨʠʤʢʠ ʧʨʦʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ ʮʽʻʾ ʟʘʪʨʠʤʢʠ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤʠ ʽ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ʎʝ 
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ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʪʨʠʤʢʫ ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ. 

ʉʫʯʘʩʥʽ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʥʦʚʠʭ ʤʝʪʦʜʠʢ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʷʢʽ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʻʜʠʥʠʭ 

ʽʥʪʝʨʬʝʡʩʽʚ, ʩʪʘʥʜʘʨʪʽʚ ʽ ʧʨʦʪʦʢʦʣʽʚ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʾ ʤʝʨʝʞʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʪʨʠʤʢʠ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʫ, ʪʦʤʫ 

ʜʦʮʽʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɺ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʬʘʢʪʦʨʠ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʠ ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ.  

ɺʠʟʥʘʯʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ: 

ɺʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʟʘʣʝʞʥʦʩʪʽ ʟʘʪʨʠʤʢʠ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ 

ʢʦʤʘʥʜ ʫʧʨʘʚʣʽʥʥʷ. ɼʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ 

ʚʠʤʦʛ ⱦ ς ʟʘʪʨʠʤʢʘ ʢʦʤʘʥʜ ʫʧʨʘʚʣʽʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʟʨʦʩʪʘʥʥʶ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʤʦʛ. ʇʨʠ ⱦ ς ʟʘʪʨʠʤʢʘ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ 

ʟʘʢʦʥʦʤ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʫʪʘʮʽʡʥʠʭ 

ʚʫʟʣʽʚ, ʘʙʦ ʟʤʽʥʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ m.  

ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʜʝʢʚʘʪʥʦʾ 

ʨʝʞʠʤʫ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʟʤʽʥʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʩʧʨʷʤʦʚʘʥʦʾ  ʜʦ ʚʫʟʣʘ ʢʦʤʫʪʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʨʝʞʠʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʚʽʜʤʦʚʘʤʠ, ʪʦʤʫ ʱʦ ʧʨʠ ʨʽʟʢʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʣʘ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʤʠ ʥʝ ʟʤʦʞʝʤʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʝʦʙʭʽʜʥʫ ʟʘʪʨʠʤʢʫ.  
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ɺ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜʠʢʫ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʪʨʠʤʢʠ ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʚ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʤʝʨʝʞʽ. 

ɼʦʪʨʠʤʫʶʯʠ  ʥʝʦʙʭʽʜʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʧʨʠ ʟʘʜʘʥʽʡ 

ʚʽʨʦʛʽʜʥʦʩʪʽ ʚʽʜʤʦʚ, ʤʠ ʟʥʘʭʦʜʠʤʦ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʟʘʜʽʷʥʠʭ ʢʘʥʘʣʽʚ ʩʠʩʪʝʤʠ, 

ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʤʽʥʽʤʘʣʴʥʫ ʟʘʪʨʠʤʢʫ. ɰʭ ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʛʦ ʯʠʩʣʘ 

ʢʘʥʘʣʽʚ ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʤʽʥʶʚʘʥʦʛʦ ʯʠʩʣʘ ʢʘʥʘʣʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ 

ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʶʚʘʥʠʭ ʢʘʥʘʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʟʘʪʨʠʤʮʽ ʢʝʨʫʶʯʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʛʦ ʢʘʥʘʣʫ 

ʧʝʨʝʜʘʯʽ ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʡ ʛʨʫʧʦʚʠʡ 

ʩʠʛʥʘʣ ʟ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʥʝʩʫʯʠʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʠʩʪʝʤʽ ʚʣʘʩʪʠʚʽʩʪʴ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʱʦʜʦ ʟʘʚʘʜʠ ʪʠʧʫ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʘʟʦ-ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʽʤʧʫʣʴʩʥʠʭ ʟʘʚʘʜ, 

ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʧʝʨʝʨʠʚʘʥʴ ʟʚôʷʟʢʫ.  

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ 

ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʜʦʟʚʦʣʠʪʴ ʚʨʘʭʫʚʘʪʠ 

ʢʨʘʪʥʽʩʪʴ ʤʦʜʫʣʷʮʽʾ ʟ ʚʠʟʥʘʯʝʥʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʥʘʣʫ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ, ʷʢʠʡ ʤʘʻ ʧʨʦʚʦʜʠʪʠʩʴ 

ʚʠʙʦʨʦʤ ʥʘʡʢʨʘʱʠʭ ʩʠʛʥʘʣʴʥʠʭ ʩʫʟʽʨôʾʚ. 

ʋʜʦʩʢʦʥʘʣʝʥʘ ʤʝʪʦʜʠʢʘ ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʬʘʟʦʤʦʜʫʣʶʶʯʠʭ 

ʩʠʛʥʘʣʽʚ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʘʣʴʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʙʦʨʫ ʩʠʩʪʝʤʠ ʩʠʛʥʘʣʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ 

ʩʠʛʥʘʣʴʥʠʤʠ ʪʦʯʢʘʤʠ ʧʨʠ ʚʠʟʥʘʯʝʥʽʡ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʩʠʛʥʘʣ/ʟʘʚʘʜʘ.  
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ɺ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʦʤʫ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʽʜʝʘʣʴʥʦʛʦ ʩʧʦʩʪʝʨʽʛʘʯʘ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ 

ʩʠʛʥʘʣʽʚ. 

ɿʘ ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ 

ʧʝʨʝʜʘʯʽ ʫʧʨʘʚʣʷʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʽʜʥʦʰʝʥʴ ʩʠʛʥʘʣ/ʰʫʤ ʪʘ 

ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. 

ɼʣʷ ʦʮʽʥʢʠ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʚ ʨʦʙʦʪʽ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʽʤʦʚʽʨʥʦʩʪʽ 

ʧʦʤʠʣʢʠ  ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ 

ʰʫʤʫ ʜʣʷ ʩʠʩʪʝʤʠ ʩʠʛʥʘʣʽʚ ɸʌʄ.  

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʦ ʨʽʟʥʽ ʤʝʪʦʜʠ ʦʙ'ʻʜʥʘʥʥʷ ʽ ʦʜʝʨʞʘʥʥʷ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʥʘ ʙʘʟʽ ʯʘʩʪʢʦʚʠʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʛʣʦʙʘʣʴʥʠʡ 

ʩʠʥʪʝʟ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʦʮʽʣʴʥʦ ʟʫʧʠʥʠʪʠʩʷ ʥʘ ʚʠʙʦʨʽ 

ʢʽʣʴʢʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ ʩʠʥʪʝʟʽ. ʂʽʣʴʢʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ, 

ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢʽʩʪʴ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʚʝʣʠʢʦʶ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʯʠʤ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ ʩʠʥʪʝʟʽ 

ʩʠʩʪʝʤʠ, ʪʠʤ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʦʶ ʙʫʜʝ ʩʠʥʪʝʟʦʚʘʥʘ ʩʠʩʪʝʤʘ. ɺ ʪʦʡ ʯʘʩ, ʢʦʣʠ 

ʙʽʣʴʰʝ ʚʨʘʭʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʪʦʜʽ ʩʢʣʘʜʥʽʰʝ ʧʨʦʚʝʩʪʠ ʩʠʥʪʝʟ ʙʝʟ 

ʚʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʛʨʫʙʠʭ ʧʨʠʧʫʱʝʥʴ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ. ɺʠʟʥʘʯʝʥʦ ʤʽʥʽʤʘʣʴʥʦ 

ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʧʨʠ ʷʢʠʭ ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ 

ʜʦ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʢʣʘʜʝʥʽ ʚʘʨʽʘʥʪʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʙʨʘʥʦ 

ʥʘʡʢʨʘʱʠʡ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʥʫʪʦ ʜʦʧʫʩʪʠʤʽ ʚʘʨʽʘʥʪʠ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

(ʂ̔ )ʚʽʜ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʭ ʜʦ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʪʘ ʚʠʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʘʛʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʧʨ̔ʦʨʠʪʝʪʘʤʠ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʤʠ ʦʪʨʠʤʫʻʤʦ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ, ʜʣʷ ʷʢʠʭ 
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ʟʘʛʘʣʴʥʠʡ ʥʦʨʤʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʠʡ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ ï ʦʧʪʠʤʘʣʴʥʦʶ. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʘ ʙʘʟʽ ʚʠʢʦʥʘʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʨʽʰʝʥʦ 

ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʦ ʧʨʠʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʥʘ ʙʘʟʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʤʝʨʝʞʽ.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1.ɺʠʟʥʘʯʝʥʦ ʪʝʥʜʝʥʮʽʾ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʩʫʯʘʩʥʠʤʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ. ɼʦʩʣʽʜʞʝʥʦ ʢʦʥʮʝʧʮʽʶ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ TMN 

ʄʽʞʥʘʨʦʜʥʦʛʦ ʩʦʶʟʫ ʝʣʝʢʪʨʦʟʚôʷʟʢʫ ʟ ʧʠʪʘʥʴ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ (ITU); ʤʦʜʝʣʽ 

Smart TMN ʌʦʨʫʤʫ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ (TeleManagement Forum ï TM 

Forum).  

2.ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ, ʪʦʤʫ ʱʦ ʤʝʨʝʞʽ ʙʽʣʴʰ ʥʝ ʻ ʘʚʪʦʥʦʤʥʠʤʠ, ʩʘʤʦʜʦʩʪʘʪʥʽʤʠ 

ʜʦʤʽʥʽʦʥʘʤʠ, ʚʦʥʠ ʩʪʘʣʠ ʯʘʩʪʠʥʦʶ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ. ʂʣʶʯʦʚʠʤʠ ʢʦʥʮʝʧʮʽʷʤʠ 

ʩʫʯʘʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʻ ʥʘʩʢʨʽʟʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜ ʢʨʘʶ ʜʦ ʢʨʘʶ, ʫʧʨʘʚʣʽʥʥʷ 

ʨʽʚʥʝʤ ʧʦʩʣʫʛ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʠʭ ʧʨʘʚʠʣ. ʅʘʩʢʨʽʟʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʻ ʥʘ ʫʚʘʟʽ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʥʘʜ ʫʩʽʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ - 

ʚʢʣʶʯʘʶʯʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡ ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʙʘʟʫ ʜʘʥʠʭ ʽ ʩʠʩʪʝʤʫ 

ʪʨʘʥʟʘʢʮʽʡ, ʩʝʨʚʝʨʠ ʽ ʤʝʡʥʬʨʝʡʤʠ, ʝʣʝʤʝʥʪʠ ʣʦʢʘʣʴʥʦʾ ʽ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ - ʷʢ 

ʻʜʠʥʦʛʦ ʮʽʣʦʛʦ.  

3.ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

4. ʇʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘʪʨʠʤʢʠ ʧʨʦʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʥʘʭʦʜʷʪʴ ʟʘʣʝʞʥʽʩʪʴ ʟʘʪʨʠʤʢʠ ʚʽʜ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʘ ʩʪʨʫʢʪʫʨʫ ʤʝʨʝʞʽ. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʦʪʨʠʤʘʥʦ 

ʟʘʣʝʞʥʦʩʪʽ ʟʘʪʨʠʤʢʠ ʦʜʝʨʞʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ, 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʽʜ ʤʝʪʦʜʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ 
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ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʪʨʠʤʢʫ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʦʭʦʧʣʶʶʪʴ 

ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥ ̫ 

5. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʩʧʦʩʦʙʫ 

ʧʨʠʡʤʘʥʥʷ, ʪʘʢ ʽ ʚʽʜ ʚʠʛʣʷʜʫ ʧʝʨʝʜʘʥʠʭ ʩʠʛʥʘʣʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʦʤʫ ʨʝʘʣʽʟʫʻ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ, ʙʣʠʟʴʢʫ ʜʦ ʧʦʪʝʥʮʽʡʥʦʾ. 

ʆʙʤʝʞʝʥʥʷ ʧʦʚôʷʟʘʥʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʥʷ ʦʮʽʥʦʢ ʟʨʘʟʢʽʚ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʥʝ ʧʦʟʙʘʚʣʝʥʽ ʚʧʣʠʚʫ ʟʘʚʘʜ.  

6.ʅʘ ʧʽʜʩʪʘʚʽ ʥʘʚʝʜʝʥʦʛʦ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚʧʝʨʰʝ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʦʤʫ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʩʠʛʥʘʣʽʚ, ʷʢʘ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʨʘʭʦʚʫʻ ʬʘʟʦ-ʨʽʟʥʠʮʝʚʫ ʤʦʜʫʣʷʮʽʶ ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʦʙʫʜʦʚʠ ʩʠʛʥʘʣʽʚ ʟ ʝʚʢʣʽʜʦʚʦʶ ʤʝʪʨʠʢʦʶ.  

7. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʚʠʢʦʥʘʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʉʋ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʝʩʪʠ ʾʾ ʦʧʪʠʤʽʟʘʮʽʶ ʟ 

ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʜʽʻ ʚ 

ʫʤʦʚʘʭ ʥʝʧʨʦʛʥʦʟʦʚʘʥʠʭ ʚʽʜʤʦʚ ʪʨʘʢʪʽʚ, ʢʘʥʘʣʽʚ ʽ ʦʙʣʘʜʥʘʥʥʷ ʫ ʧʝʨʽʦʜ 

ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ. 

ʉʫʢʫʧʥʽʩʪʴ ʜʦʩʷʛʥʫʪʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʦʟʚʦʣʠʣʠ ʚʠʨʽʰʠʪʠ ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʠʢʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ, ʟʜʘʪʥʦʾ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʾʾ 

ʟʘʪʨʠʤʢʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʦʪʘʭ, 

ʧʨʦʚʝʜʝʥʠʭ ʚ ɼʝʨʞʘʚʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. ʊʝʦʨʝʪʠʯʥʽ ʽ ʧʨʘʢʪʠʯʥʽ 

ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ɼʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ 

  Iʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʘ ʤʝʨʝʞʘ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, 

ʤʽʥʽʤʽʟʘʮʽʷ ʟʘʪʨʠʤʢʠ, ʦʧʪʠʤʽʟʘʮʽʷ, ʢʝʨʫʶʯʘ ʽʥʬʦʨʤʘʮʽʷ, ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ 

ʧʽʜʭʽʜ.  
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ɿʄɯʉʊ 
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ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠééééééééééééééé..éé.....43 

1.5.ʆʨʛʘʥʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

SDN ï Software-definedNetworking ï ʧʨʦʛʨʘʤʥʦ ʢʦʥʬʽʛʫʨʦʚʘʥʽ ʤʝʨʝʞʽ 

ʊʆʄ ï Telecom Operʘt o̔ns Mʘp ï ʢʘʨʪʘ ʧʨʦʮʝʩʽʚ ʜʽʷʣʴʥʦʩʪʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʢʦʤʧʘʥʽɰ 

OSI ï Open Systems Interconnection ï ʚʟʘʻʤʦʜʽʷ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ 

TMN ï Telecommunication Management Network ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʘʤʠ ʦʧʝʨʘʪʦʨʽʚ ʝʣʝʢʪʨʦʟʚôʷʟʢʫ  

ʉʆʊʋ ï ʩʠʩʪʝʤʠ ʦʧʝʨʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 
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ʆʋ ï ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ 

ʎʋʊʄ ï ʮʝʥʪʨ ʫʧʨʘʚʣiʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ʈɹɼ ï ʨʦʟʧʦʜʽʣʝʥʽ ʙʘʟʠ ʜʘʥʠʭ 

ʎʂʇʋɯ ï ʮʠʬʨʦʚʠʡ ʢʘʥʘʣ ʧʝʨʝʜʘʚʘʥʥʷ ʫʧʨʘʚʣʷʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ  
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɺ ʥʘʰ ʯʘʩ ʦʩʥʦʚʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʦʧʝʨʘʪʦʨʽʚ ʛʘʣʫʟʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʻ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ ʥʦʚʠʭ ʧʦʩʣʫʛ. ʆʜʥʘʢ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʥʘʜʘʥʥʷ ʥʦʚʠʭ ʧʦʩʣʫʛ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʩʪʫ ʪʘ ʫʩʢʣʘʜʥʝʥʥʷ ʤʝʨʝʞʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʨʦʪʷʞʥʦʩʪʽ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʪʘ ʢʽʣʴʢʦʩʪʽ ʧʦʩʣʫʛ, 

ʷʢʽ ʥʘʜʘʶʪʴʩʷ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʤʝʨʝʞ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʘʤʠ ʻ ʦʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ 

ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʤʝʨʝʞʥʠʭ 

ʚʫʟʣʽʚ. 

ʐʚʠʜʢʝ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʧʦʩʣʫʛ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʰʠʨʦʢʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʪʽʣʴʢʠ ʤʝʨʝʞʘʤʠ, ʘ 

ʡ ʧʦʩʣʫʛʘʤʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʪʨʝʙʫ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

 ʈʽʚʝʥʴ ʽʩʥʫʶʯʦʾ, ʥʘ ʜʘʥʠʡ ʯʘʩ, ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ 

ʚʠʤʦʛʘʤ, ʥʝ ʜʘʻ ʟʤʦʛʫ ʦʧʝʨʘʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʦʪʨʽʙʥʦʾ ʷʢʦʩʪʽ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʦʙôʻʢʪʘʤʠ, ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ 

ʤʽʞ ʩʫʙôʻʢʪʘʤʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʥʝ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦ 

ʫʧʨʘʚʣʷʪʠ ʩʠʪʫʘʮʽʷʤʠ ʥʘ ʤʝʨʝʞʘʭ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʫʤʦʚʣʶʻʪʴʩʷ ʪʘʢʦʞ 

ʛʣʦʙʘʣʴʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʫ ʛʘʣʫʟʽ ʪʘ ʝʢʦʥʦʤʽʮʽ, ʥʦʚʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ 

ʪʘ ʧʨʽʦʨʠʪʝʪʘʤʠ ʚ ʤʝʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʟʨʦʩʪʘʥʥʷʤ 

ʚʧʣʠʚʫ ʮʠʬʨʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʜʽʷʣʴʥʽʩʪʴ ʛʘʣʫʟʽ ʫ ʮʽʣʦʤʫ ʪʘ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ. ɺ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʾ ʮʠʬʨʦʚʠʟʘʮʽʾ ʤʝʨʝʞ, 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ. 

ɼʦʜʘʪʢʦʚʫ ʩʢʣʘʜʥʽʩʪʴ ʜʦʜʘʶʪʴ ʚʽʜʩʫʪʥʽʩʪʴ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙ'ʻʢʪʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʤʥʦʞʠʥʘ ʫʧʨʘʚʣʷʶʯʠʭ ʜʽʡ ʽ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʮʠʤ ʨʘʮʽʦʥʘʣʴʥʠʡ 

ʧʦʯʘʪʢʦʚʠʡ ʾʭ ʚʠʙʽʨ, ʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ ʽʥʬʦʨʤʘʮʽʾ, ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ ʥʘʜʽʡʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ. ʗʢ ʥʘʩʣʽʜʦʢ ʫʜʦʩʢʦʥʘʣʝʥʦ ʧʦʙʫʜʦʚʫ ʘʜʝʢʚʘʪʥʦʾ, 
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ʚʩʝʦʭʦʧʣʶʶʯʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽ ʨʦʟʚôʷʟʘʥʥʷ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʛʦʣʦʚʥʦʾ ʤʝʪʠ ï ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʊʦʤʫ, ʪʝʤʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʷʢʘ ʧʨʠʩʚʷʯʝʥʘ ʤʝʪʦʜʠʮʽ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʥʘ ʙʘʟʽ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ, ʧʨʠʯʦʤʫ ʚʘʞʣʠʚʽʩʪʴ ʾʾ ʚ 

ʧʝʨʩʧʝʢʪʠʚʽ ʣʠʰʝ ʟʨʦʩʪʘʪʠʤʝ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ.  

 ʆʙʨʘʥʠʡ ʥʘʧʨʷʤ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʘʪʠʮʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, 

ʚʠʢʦʥʘʥʠʭ ʫ ɼʝʨʞʘʚʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʘ ʩʘʤʝ: ñʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶò (ɼʈ ˉ 0114U000757). 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ɼʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʘʢʪʘʤʠ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ 

ʤʝʪʦʜʠʢʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʥʘ ʙʘʟʽ 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʟʜʘʪʥʦʾ  ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʝʨʫʶʯʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʾʾ ʟʘʪʨʠʤʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʤʝʨʝʞʽ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʪʘʢʽ ʥʘʫʢʦʚʽ 

ʟʘʚʜʘʥʥʷ: 

- ʥʘ ʙʘʟʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʩʫʯʘʩʥʠʤʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ  ʚʠʟʥʘʯʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ 

ʨʦʟʚʠʪʢʫ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟʛʽʜʥʦ ʟ ʽʜʝʦʣʦʛʽʻʶ 

ʚʟʘʻʤʦʜʽʾ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ, ʢʦʥʮʝʧʮʽʡ TMN ʪʘ Smʘrt TMN. 

- ʫʜʦʩʢʦʥʘʣʠʪʠ ʽʩʥʫʶʯʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʙʘʟʽ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʽʟʘʮʽʶ ʟʘʪʨʠʤʢʠ 

ʧʝʨʝʜʘʚʘʥʥʷ ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ; 
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- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʪʨʠʤʢʠ  ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ  ʚ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʣʘʩʪʠʚʽʩʪʴ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ; 

- ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠʢʫ ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ 

ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʜʦʟʚʦʣʠʪʴ ʚʨʘʭʫʚʘʪʠ 

ʢʨʘʪʥʽʩʪʴ ʤʦʜʫʣʷʮʽʾ ʟ ʚʠʟʥʘʯʝʥʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʩʠʛʥʘʣʘʤʠ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʦʤʫ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

ʥʘ ʙʘʟʽ ʬʘʟʦʨʽʟʥʠʮʝʚʦʾ ʤʦʜʫʣʷʮʽʾ ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ 

ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʩʠʥʪʝʟʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʟʘʜʘʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ: ʪʝʦʨʽʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʪʝʦʨʽʷ ʧʦʪʝʥʮʽʡʥʦʾ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ,  ʤʝʪʦʜʠ 

ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʤʝʪʦʜʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ  ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʦʤʫ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʚ 

ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ óóʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶò (ɼʈ ˉ 0114U000757) ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ɼʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ 

ʜʦʜʘʪʢʫ ʜʦ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

- ʫʜʦʩʢʦʥʘʣʝʥʦ ʽʩʥʫʶʯʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʙʘʟʽ ʦʙôʻʢʪʥʦ-
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ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʽʟʘʮʽʶ ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʚʘʥʥʷ 

ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

- ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʪʨʠʤʢʠ  ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ  

ʚ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʣʘʩʪʠʚʽʩʪʴ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʤʝʨʝʞʽ; 

-ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʨʘʪʥʽʩʪʴ ʤʦʜʫʣʷʮʽʾ ʟ 

ʙʫʜʴ-ʷʢʦʶ  ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʩʠʛʥʘʣʘʤʠ;  

-ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʦʤʫ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ 

ʩʠʛʥʘʣʽʚ ʥʘ ʙʘʟʽ ʬʘʟʦʨʽʟʥʠʮʝʚʦʾ ʤʦʜʫʣʷʮʽʾ ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ; 

-ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʠʥʪʝʟʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ 

ʟʘʜʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʇʨʦʚʝʜʝʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚôʷʟʘʪʠ ʥʘʫʢʦʚʫ 

ʟʘʜʘʯʫ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ 

ʤʝʨʝʞʽ ʥʘ ʙʘʟʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʘʤʦʩʪʽʡʥʦ 

ʚʠʢʦʥʘʥʦʶ ʨʦʙʦʪʦʶ, ʚ ʷʢʽʡ ʚʽʜʦʙʨʘʞʝʥʦ ʦʩʦʙʠʩʪʠʡ ʘʚʪʦʨʩʴʢʠʡ ʧʽʜʭʽʜ ʪʘ 

ʦʩʦʙʠʩʪʦ ʦʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʥʘ ʙʘʟʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʩʧʽʣʴʥʦ ʟ 

ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ. ʋ ʩʧʽʣʴʥʠʭ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʠʪʴ ʥʘʩʪʫʧʥʝ: [1] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ; ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʧʦʣʷʛʘʻ ʚ ʟʥʘʭʦʜʞʝʥʥʽ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʢʦʤʧʨʦʤʽʩʥʦ ʦʧʪʠʤʽʟʫʻ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʩʧʝʢʪʨʘ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚ; [2] ï 
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ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʜʘʯʫ ʚʝʢʪʦʨʥʦʛʦ ʩʠʥʪʝʟʫ ʟʚʝʩʪʠ ʜʦ ʪʦʛʦ, ʱʦʙ ʟ ʤʥʦʞʠʥʠ ʩʪʨʦʛʦ 

ʜʦʧʫʩʪʠʤʠʭ ʪʦʯʦʢ ʚʠʙʨʘʪʠ ʪʦʯʢʫ (ʩʠʩʪʝʤʫ) ʟ ʥʘʡʢʨʘʱʠʤ ʟʥʘʯʝʥʥʷʤ ʚʝʢʪʦʨʘ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ K; [3] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʦʧʠʩʫʚʘʥʽ ʩʫʢʫʧʥʽʩʪʶ ʢʦʜʽʚ ʜʣʷ ʢʘʥʘʣʽʚ ʟ ʘʜʠʪʠʚʥʦʶ ʩʠʛʥʘʣʴʥʦʶ ʚʽʜʩʪʘʥʥʶ; [4] 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʠʬʫʟʽʡʥʫ ʤʦʜʝʣʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʠʩʢʨʝʪʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʫ ʜʣʷ ʦʙʨʘʥʥʷ ʦʙʨʠʩʫ ʤʝʨʝʞʽ 

ʧʩʝʚʜʦʩʫʧʫʪʥʠʢʦʚʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ; [5] ï 

ʨʦʟʨʦʙʣʝʥʦ ʘʜʝʢʚʘʪʥʽ ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ ʽ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʜʦʩʷʛʥʫʪʠ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʟʤʽʥ ʬʘʟʠ ʽ ʯʘʩʪʦʪʠ 

ʩʠʛʥʘʣʫ; [6] ï ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʘʛʦʚʠʭ ʤʝʪʦʜʽʚ; [8] ï ʨʦʟʨʦʙʣʝʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ FN, ʜʦ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ 

ʬʘʢʪʦʨʽʚ; [9] ï ʨʦʟʨʘʭʦʚʘʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʨʠʡʦʤʽ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ; [10] ï ʜʦʩʣʽʜʞʝʥʦ ʨʽʟʥʽ ʚʠʜʠ 

ʜʠʩʮʠʧʣʽʥ ʯʝʨʛʠ, ʘ ʪʘʢʦʞ ʚʠʧʘʜʢʦʚʠʡ ʚʠʙʽʨ ʚʠʤʦʛʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʚʠʩʥʦʚʢʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʜʠʩʝʨʪʘʮʽʾ ʥʘʣʝʞʘʪʴ ʘʚʪʦʨʫ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ ʩʝʤʽʥʘʨʘʭ ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ ʽ 

ʥʘʫʢʦʚʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ɼʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. 

ʇʫʙʣʽʢʘʮʽʾ. ʅʘ ʪʝʤʫ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 13 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ 10 ʩʪʘʪʝʡ (ʟ ʥʠʭ 1 ʦʜʥʦʦʩʽʙʥʦ) ʫ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʞʫʨʥʘʣʘʭ, 3 ʪʝʟ ʜʦʧʦʚʽʜʝʡ (ʟ ʥʠʭ 1 ʦʜʥʦʦʩʽʙʥʦ) ʫ ʟʙʽʨʥʠʢʘʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʥʘ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʪʘ ʩʠʤʧʦʟʽʫʤʽ. 

 ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ 

(ʘʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ). ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 153 ʩʪʦʨʽʥʢʠ ʜʨʫʢʦʚʘʥʦʛʦ 

ʪʝʢʩʪʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʤʽʩʪʠʪʴ 20 ʨʠʩʫʥʢʽʚ ʪʘ 6 ʪʘʙʣʠʮʴ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʥʘ 11 ʩʪʦʨʽʥʢʘʭ ʤʽʩʪʠʪʴ 104 ʥʘʡʤʝʥʫʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 1 

 

ɸʅɸʃɯɿ ʇʆɹʋɼʆɺʀ ʉʋʏɸʉʅʀʍ ɯʅʌʆʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʄɽʈɽɾ 

ʊɸ ʆʈɻɸʅɯɿɸʎɯʗ ɰʍ ʋʇʈɸɺʃɯʅʅʗ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

 

ɺ ʥʘʰ ʯʘʩ ʦʩʥʦʚʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʦʧʝʨʘʪʦʨʽʚ ʛʘʣʫʟʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʻ 

ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʥʦʚʠʭ ʧʦʩʣʫʛ. ʆʜʥʘʢ ʩʪʚʦʨʝʥʥʷ ʪʘ ʥʘʜʘʥʥʷ ʥʦʚʠʭ ʧʦʩʣʫʛ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʩʪʫ ʪʘ ʫʩʢʣʘʜʥʝʥʥʷ ʤʝʨʝʞʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʪʷʞʥʦʩʪʽ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʪʘ ʢʽʣʴʢʦʩʪʽ ʧʦʩʣʫʛ, 

ʷʢʽ ʥʘʜʘʶʪʴʩʷ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʤʝʨʝʞ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʘʤʠ ʻ ʦʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʶ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʤʝʨʝʞʥʠʭ ʚʫʟʣʽʚ. 

ʐʚʠʜʢʝ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʧʦʩʣʫʛ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʰʠʨʦʢʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʮʥʠʭ ʧʦʩʣʫʛ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʥʝ 

ʪʽʣʴʢʠ ʤʝʨʝʞʘʤʠ, ʘ ʡ ʧʦʩʣʫʛʘʤʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʪʨʝʙʫ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʈʽʚʝʥʴ ʽʩʥʫʶʯʦʾ, ʥʘ ʜʘʥʠʡ ʯʘʩ, ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ 

ʚʠʤʦʛʘʤ, ʥʝ ʜʘʻ ʟʤʦʛʫ ʦʧʝʨʘʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʦʪʨʽʙʥʦʾ ʷʢʦʩʪʽ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʦʙôʻʢʪʘʤʠ, ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ 

ʤʽʞ ʩʫʙôʻʢʪʘʤʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʥʝ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦ 

ʫʧʨʘʚʣʷʪʠ ʩʠʪʫʘʮʽʷʤʠ ʥʘ ʤʝʨʝʞʘʭ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʫʤʦʚʣʶʻʪʴʩʷ ʪʘʢʦʞ 

ʛʣʦʙʘʣʴʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʫ ʛʘʣʫʟʽ ʪʘ ʝʢʦʥʦʤʽʮʽ, ʥʦʚʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʪʘ 

ʧʨʽʦʨʠʪʝʪʘʤʠ ʚ ʤʝʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʟʨʦʩʪʘʥʥʷʤ 

ʚʧʣʠʚʫ ʮʠʬʨʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʜʽʷʣʴʥʽʩʪʴ ʛʘʣʫʟʽ ʫ ʮʽʣʦʤʫ ʪʘ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ. ɺ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʾ ʮʠʬʨʦʚʠʟʘʮʽʾ ʤʝʨʝʞ, 
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ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ. 

ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʫʧʨʘʚʣʷʪʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ʤʝʨʝʞʘʤʠ, ʻ ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤʠ ʦʧʝʨʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉʆʊʋ) ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʝʨʝʞʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ (ɸʉʋʄʊ). 

ʅʘʷʚʥʽʩʪʴ ʫ ʢʦʞʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʚʦʾʤʠ ʤʝʨʝʞʘʤʠ ʪʘ 

ʽʻʨʘʨʭʽʯʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʚʠʢʣʶʯʘʻ 

ʤʦʞʣʠʚʦʩʪʽ, ʷʢʱʦ ʚ ʮʴʦʤʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ 

ʘʙʦ ʜʝʷʢʠʤʠ ʯʘʩʪʠʥʘʤʠ ʦʙ'ʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʮʝʥʪʨʘ ʫʧʨʘʚʣʽʥʥʷ 

ʩʠʩʪʝʤʠ. ʉʘʤʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ 

ʫ ʢʨʠʟʦʚʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

ɺ ʨʦʟʜʽʣʽ ʚʠʟʥʘʯʝʥʘ ʩʪʨʘʪʝʛʽ ̫ ʩʪʚʦʨʝʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʦʧʝʨʘʪʦʨʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʷʢʘ ʙʫʜʝ ʦʨʛʘʥʽʯʥʦʶ 

ʯʘʩʪʠʥʦʶ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʽʷʣʴʥʽʩʪʶ ʦʧʝʨʘʪʦʨʘ ʽ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʦʶ ʢʦʥʚʝʨʛʝʥʪʥʦʶ ʤʝʨʝʞʝʶ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʽʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʦʚʦʣʝʥʥʷ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ ʩʧʦʞʠʚʘʯʽʚ ʩʫʯʘʩʥʠʤ ʥʘʙʦʨʦʤ ʧʦʩʣʫʛ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʚʽʜ ʙʘʟʦʚʠʭ ʜʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʧʦʩʣʫʛ ʤʫʣʴʪʠʤʝʜʽʘ ʥʘ ʙʘʟʽ 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

1.1 ɿʘʛʘʣʴʥʽ ʧʠʪʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ. ʄʦʜʝʣʴ ʦʙô̒ ʢʪʘ ʽ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ 

ʫʩʢʣʘʜʥʝʥʥʷʤ ʟʘʜʘʯ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ ʟʚôʷʟʢʫ ʟ ʧʝʨʝʭʦʜʦʤ ʚʽʜ 

ʫʧʨʘʚʣʽʥʥʷ ʦʢʨʝʤʠʤʠ ʦʙôʻʢʪʘʤʠ ʜʦ ʦʜʥʦʯʘʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʦʙôʻʢʪʽʚ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʚ 

ʪʝʦʨʽʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʷʜʫ ʥʦʚʠʭ ʧʠʪʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʝʨʝʜʘʯʝʶ ʪʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʚ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʦʙôʻʢʪʽʚ ʽʩʪʦʪʥʦ ʚʤʽʪʠ 

ʦʮʽʥʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʣʽʥʽʷʤ ʟʚôʷʟʢʫ ʤʽʞ ʦʙôʻʢʪʘʤʠ 

ʪʘ ʚʽʜ ʦʙôʻʢʪʽʚ ʜʦ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ. ʆʩʢʽʣʴʢʠ ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʽʻʶ ʰʫʤʽʚ ʪʘ ʟʘʚʘʜ, ʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 



23 

ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʜʣʷ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʚ ʰʫʤʘʭ ʪʘ ʚʠʜʽʣʝʥʥʷ ʾʭ ʟ ʰʫʤʽʚ, ʪʦʙʪʦ ʤʝʪʦʜʠ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ɹʫʜʴ-ʷʢʽ ʪʝʭʥʽʯʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʤʦʞʥʘ 

ʥʘʟʚʘʪʠ ʦʙôʻʢʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ (ʆʋ), ʘ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʾʭ 

ʩʪʘʥ (ʩʪʘʥ ʙʫʜʴ-ʷʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʽʻʶ ʘʙʦ 

ʜʝʢʽʣʴʢʦʤʘ ʬʽʟʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ), - ʚʠʭʽʜʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʙôʻʢʪʽʚ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʚʠʭʽʜʥʽ ʚʝʣʠʯʠʥʠ ʦʙôʻʢʪʽʚ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʠʤ ʚʠʤʦʛʘʤ. 

ʉʫʢʫʧʥʽʩʪʴ ʧʦʣʦʞʝʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʚʠʭʽʜʥʠʭ ʚʝʣʠʯʠʥ ʦʙ'ʻʢʪʽʚ, 

ʜʦʮʽʣʴʥʦ ʥʘʟʠʚʘʪʠ ʘʣʛʦʨʠʪʤʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ 

ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ: 

- ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʧʦʩʪʽʡʥʦʶ ʚʠʭʽʜʥʫ ʚʝʣʠʯʠʥʫ ɓ(t), ʷʢʘ ʜʦʨʽʚʥʶʻ ʧʦʪʨʽʙʥʦʤʫ 

(ʟʘʜʘʥʦʤʫ) ʟʥʘʯʝʥʥʶ ɓʧ(t); 

- ʟʤʽʥʘ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʟʘ ʟʘʜʘʥʠʤ ʟʘʢʦʥʦʤ (ʧʨʦʛʨʘʤʦʶ);  

- ʟʤʽʥʘ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʟʘ ʥʝʚʽʜʦʤʠʤ ʟʘʢʦʥʦʤ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙôʻʢʪʘ) 

[1].  

 

ʈʠʩ. 1.1 ʉʭʝʤʘ ʦʙôʻʢʪʘ ʪʘ ʜʽʷʥʴ 

 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʠʭʽʜʥʘ ʚʝʣʠʯʠʥʘ ɓ(t) ʦʙ'ʻʢʪʘ (ʨʠʩ. 1) ʥʘʙʫʣʘ ʧʦʪʨʽʙʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʥʘ ʡʦʛʦ ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ ʚʭʽʜʥʠʡ ʚʧʣʠʚ ɛ(t). ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʭʽʜʥʘ 

ʚʝʣʠʯʠʥʘ ʦʙ'ʻʢʪʘ ɓ(t) ʟʘ ʜʝʷʢʠʭ ʧʨʠʯʠʥ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʮʠʭ ʧʨʠʯʠʥ ʻ ʚʧʣʠʚ ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʥʘ ʦʙ'ʻʢʪ (ʥʘ ʨʠʩ. 1.1 

ʧʦʢʘʟʘʥʦ ʟʦʚʥʽʰʥʻ ʟʙʫʨʝʥʥʷ L(t)). ɼʨʫʛʦʶ ʧʨʠʯʠʥʦʶ ʻ ʚʧʣʠʚ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙôʻʢʪʘ, ʪʦʙʪʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ Lʧ(t) (ʨʠʩ. 1). ʏʘʩʪʦ ʟʦʚʥʽʰʥʽ ʪʘ 

ʧʘʨʘʤʝʪʨʠʯʥʽ ʟʙʫʨʝʥʥʷ ʥʘʟʠʚʘʶʪʴ ʧʨʦʩʪʦ ʟʙʫʨʝʥʥʷʤʠ. ʊʨʝʪʷ ʧʨʠʯʠʥʘ, ʷʢʘ 

ʩʧʨʠʯʠʥʶʻ ʚʽʜʭʠʣʝʥʥʷ ɓ(t) ʚʽʜ ʧʦʪʨʽʙʥʦʛʦ (ʟʘʜʘʥʦʛʦ) ʟʥʘʯʝʥʥʷ ɓʧ(t), ʦʙʫʤʦʚʣʝʥʘ 

ɛ(t) ɓ(t) 

Lʧ(t) L(t) 

ʆʙôʻʢʪ 
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ʟʤʽʥʦʶ ʩʘʤʦʛʦ ʟʥʘʯʝʥʥʷ ʢʝʨʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. ʗʢʱʦ ʧʦʪʨʽʙʥʝ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ 

ʚʝʣʠʯʠʥʠ ʟʤʽʥʶʻʪʴʩʷ, ʪʦʜʽ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʟʤʽʥʠ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ 

ʚʝʣʠʯʠʥʠ ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʶʚʘʪʠ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʚʭʦʜʽ ʦʙ'ʻʢʪʘ. ʇʨʠ ʟʤʽʥʽ 

ʚʧʣʠʚʫ ʥʘ ʚʭʦʜʽ ʦʙ'ʻʢʪʘ, ʷʢʠʡ ʤʘʻ ʽʥʝʨʮʽʡʥʽʩʪʴ, ʚʠʥʠʢʘʻ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ, 

ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʠʭʽʜʥʘ ʚʝʣʠʯʠʥʘ ʥʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʪʨʽʙʥʦʤʫ ʟʥʘʯʝʥʥʶ [2]. 

ɺʽʜʭʠʣʝʥʥʷ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʥʝ ʪʽʣʴʢʠ ʚ 

ʧʝʨʝʭʽʜʥʦʤʫ, ʘ ʡ ʚ ʫʩʪʘʣʝʥʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ, ʢʦʣʠ ʧʦʪʨʽʙʥʝ ʟʥʘʯʝʥʥʷ 

ʟʤʽʥʶʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʘʙʦ ʞ ʟ ʧʦʩʪʽʡʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ. 

ɺʽʜʭʠʣʝʥʥʷ ɓ(t) ʚʽʜ ʧʦʪʨʽʙʥʦʛʦ (ʟʘʜʘʥʦʛʦ) ʟʥʘʯʝʥʥʷ ɓʧ(t) ʧʽʜ ʚʧʣʠʚʦʤ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʧʨʠʯʠʥ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʥʝʜʦʧʫʩʪʠʤʦ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ, ʧʨʠ ʷʢʠʭ 

ʧʦʨʫʰʫʻʪʴʩʷ ʟʘʙʝʟʧʝʯʫʚʘʥʠʡ ʦʙ'ʻʢʪʦʤ ʪʝʭʥʽʯʥʠʡ ʧʨʦʮʝʩ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ 

ʟʤʝʥʰʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʚʠʭʽʜʥʠʭ ʚʝʣʠʯʠʥ ʦʙ'ʻʢʪʽʚ ʚʽʜ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ. ʎʷ ʟʘʜʘʯʘ ʻ 

ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʫʧʨʘʚʣʽʥʥʷ. 

ɺʠʟʥʘʯʠʤʦ ʰʣʷʭʠ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ, ʥʘ ʚʠʭʽʜʥʫ 

ʚʝʣʠʯʠʥʫ ɓ(t) ʦʙ'ʻʢʪʘ (ʨʠʩ. 1.1), ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʜʽʻ ʟʙʫʨʝʥʥʷ L(t), ʧʨʠʢʣʘʜʝʥʝ ʜʦ 

ʧʝʚʥʦʾ ʪʦʯʢʠ ʦʙ'ʻʢʪʘ, ʽ ʩʧʨʠʯʠʥʶʻ ʥʝʙʘʞʘʥʫ ʟʤʽʥʫ ɓ(t) - ʾʾ ʚʽʜʭʠʣʝʥʥʷ ᴆL(t), ʚʽʜ 

ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʂʘʥʘʣ, ʯʝʨʝʟ ʷʢʠʡ ʟʙʫʨʝʥʥʷ L(t) ʚʧʣʠʚʘʻ ʥʘ ʚʠʭʽʜʥʫ 

ʚʝʣʠʯʠʥʫ ɓ(t) ʦʙ'ʻʢʪʘ, ʥʘʟʠʚʘʶʪʴ ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ (ʂɿ) ʦʙ'ʻʢʪʘ (ʨʠʩ. 2). ʅʘ ɓ(t) 

ʤʦʞʥʘ ʚʧʣʠʚʘʪʠ ʪʘʢʦʞ ʧʦʜʘʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʧʣʠʚʫ ɛ(t) ʥʘ ʚʭʽʜ ʦʙ'ʻʢʪʘ, 

ʜʦʤʘʛʘʶʯʠʩʴ ʟʤʝʥʰʝʥʥʷ ʘʙʦ ʞ ʫʩʫʥʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ɓ(t) ʚʽʜ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʂʘʥʘʣ ʜʽʾ ʚʭʽʜʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʠʭʽʜʥʫ ʚʝʣʠʯʠʥʫ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʢʘʥʘʣʦʤ 

ʫʧʨʘʚʣʽʥʥʷ (ʂʋ) ʦʙ'ʻʢʪʘ. ɺʠʭʽʜʥʽ ʚʝʣʠʯʠʥʠ ʢʘʥʘʣʽʚ ʩʢʣʘʜʘʶʪʴʩʷ (ʚʽʜʥʽʤʘʶʪʴʩʷ) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʤʘʪʦʨʘ Ɇ. 
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ʈʠʩ. 1.2 ʉʭʝʤʘ ʦʙôʻʢʪʘ 

 ʅʝʭʘʡ ʚʽʜʭʠʣʝʥʥʷ ᴆL(t) ʚʝʣʠʯʠʥʠ ɓ(t) ʚʽʜ ɓʧ(t), ʩʧʨʠʯʠʥʝʥʝ ʟʙʫʨʝʥʥʷʤ L(t) 

ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʜʝʷʢʠʤ ʟʘʢʦʥʦʤ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ᴆL(t) ʧʦʪʨʽʙʥʦ ʚʽʜʰʫʢʘʪʠ ʪʘʢʠʡ 

ʟʘʢʦʥ ʟʤʽʥʠ ɛ(t) ʥʘ ʚʭʦʜʽ ʦʙ'ʻʢʪʘ (ʨʠʩ. 1.2), ʟʘ ʷʢʠʤ ʢʨʠʚʘ ʩʧʨʠʯʠʥʝʥʦʛʦ ʥʠʤ 

ʚʽʜʭʠʣʝʥʥʷ ᴆɛ(t) ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ɓ(t) ʚʽʜ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ ɓʧ(t) ʙʫʜʝ 

ʟʙʽʛʘʪʠʩʷ ʟ ʢʨʠʚʦʶ ʚʽʜʭʠʣʝʥʥʷ ᴆL(t), ʘʣʝ ʤʘʪʠʤʝ ʧʨʦʪʠʣʝʞʥʠʡ ʟʥʘʢ. ʊʦʜʽ 

ʚʽʜʭʠʣʝʥʥʷ ʙʫʜʫʪʴ ʚʟʘʻʤʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠʩʴ, ʨʝʟʫʣʴʪʫʶʯʝ ʚʽʜʭʠʣʝʥʥʷ ᴆ(t)=ᴆL(t)-

ᴆɛ(t)=0 ʽ ʚʠʭʽʜʥʘ ʚʝʣʠʯʠʥʘ ʥʝ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ L(t). ɺʧʣʠʚ ɛ(t) ʥʘ ʚʠʭʦʜʽ ʦʙ'ʻʢʪʘ 

ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʟʘʣʝʞʘʪʠ ʚʽʜ ʟʙʫʨʥʦʛʦ ʜʽʷʥʥʷ, ʘ ʪʘʢʦʞ 

ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙ'ʻʢʪʘ (ʡʦʛʦ ʢʘʥʘʣʽʚ ʟʙʫʨʝʥʥʷ ʽ 

ʫʧʨʘʚʣʽʥʥʷ). 

ɺʽʜʭʠʣʝʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʫ ʟʚ'ʷʟʢʫ ʟʽ ʟʤʽʥʦʶ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ 

ʚʝʣʠʯʠʥʠ, ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʦ ʘʙʦ ʫʩʫʥʝʥʦ ʧʦʜʘʚʘʥʥʷʤ ʥʘ ʚʭʽʜ ʦʙ'ʻʢʪʘ 

ʚʧʣʠʚʫ, ʷʢʝ ʻ ʚʠʟʥʘʯʝʥʦʶ ʬʫʥʢʮʽʻʶ ʚʽʜ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ ɓʧ(t) ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙ'ʻʢʪʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʫʩʫʥʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ 

ʦʙ'ʻʢʪʘ ʚʽʜ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʟʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ) ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʧʣʠʚʫ ʥʘ ʚʭʦʜʽ ʦʙ'ʻʢʪʘ ʚʽʜ ʟʙʫʨʝʥʥʷ, ʟʤʽʥʠ ʧʦʪʨʽʙʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙ'ʻʢʪʘ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ. 

ɺʧʣʠʚ ʥʘ ʚʭʦʜʽ ʦʙ'ʻʢʪʘ, ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʬʘʢʪʦʨʽʚ, ʱʦ ʩʧʨʠʯʠʥʶʶʪʴ 

ʚʽʜʭʠʣʝʥʥʷ ɓ(t) ʚʽʜ ɓʧ(t), ʘʙʦ ʩʘʤʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʽ ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʮʴʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ (ʽ ʪʠʤ ʩʘʤʠʤ ʥʘʙʣʠʞʘʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʜʦ ʘʣʛʦʨʠʪʤʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ), ʥʘʟʠʚʘʶʪʴ ʢʝʨʫʶʯʠʤ ʚʧʣʠʚʦʤ. ɺʠʭʽʜʥʘ ʚʝʣʠʯʠʥʘ ʦʙ'ʻʢʪʘ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʝʨʦʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʘ ʦʙ'ʻʢʪ - ʦʙ'ʻʢʪʦʤ ʫʧʨʘʚʣʽʥʥʷ. ʄʘʪʝʤʘʪʠʯʥʠʡ 

ɛ(t) 

L(t) 

ɓ(t) 
Ñ ʂʋ 

ʂɿ 

× 

ʆʙôʻʢʪ 
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ʚʠʨʘʟ ʟʘʣʝʞʥʦʩʪʽ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʟʙʫʨʝʥʥʷ, ʟʤʽʥʠ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʢʝʨʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʪʘ ʾʾ ʚʽʜʭʠʣʝʥʥʷ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙ'ʻʢʪʘ ʥʘʟʠʚʘʶʪʴ 

ʘʣʛʦʨʠʪʤʦʤ ʫʧʨʘʚʣʽʥʥʷ (ʨʝʛʫʣʶʚʘʥʥʷ) [3]. 

ʆʪʞʝ, ʩʬʦʨʤʫʣʶʻʤʦ ʚʠʟʥʘʯʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ: ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʨʦʟʫʤʽʻʪʴʩʷ 

ʟʜʽʡʩʥʝʥʥʷ ʚʧʣʠʚʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘʚʜʷʢʠ ʦʙʨʦʙʮʽ ʽʩʥʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽ 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʆʋ ʚʽʜ ʟʘʜʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʆʯʝʚʠʜʥʦ, ʱʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʢʝʨʫʶʯʦʤʫ ʚʧʣʠʚʽ 

ʚʠʥʠʢʘʻ ʪʦʜʽ, ʢʦʣʠ ʧʨʦʮʝʩ ʚ ʦʙ'ʻʢʪʽ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʚʠʤʦʛ, ʟʘʜʘʥʠʭ ʘʣʛʦʨʠʪʤʦʤ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʧʨʘʚʣʽʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʘʢʫ ʦʨʛʘʥʽʟʘʮʽʶ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʨʦʮʝʩʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʾ ʤʝʪʠ ʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩ 

ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʯʦʪʠʨʴʦʭ ʝʣʝʤʝʥʪʽʚ: 

1) ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ; 

2) ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʫʧʨʘʚʣʽʥʥʷ, ʪʦʙʪʦ ʧʨʦ ʧʦʚʝʜʽʥʢʫ 

ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ; 

3) ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ; 

4) ʚʠʢʦʥʘʥʥʷ ʨʽʰʝʥʥʷ, ʪʦʙʪʦ ʚʠʢʦʥʘʥʥʷ ʢʝʨʫʶʯʠʭ ʜʽʡ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʠʤ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ 

ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʜʘʯʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʫʧʨʘʚʣʽʥʥʷ, ʧʨʠʩʪʨʦʾ ʜʣʷ ʘʥʘʣʽʟʫ 

ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʪʘ ʧʨʠʩʪʨʦʾ, ʱʦ ʚʠʢʦʥʫʶʪʴ 

ʫʧʨʘʚʣʽʥʥʷ ʦʙôʻʢʪʦʤ.  

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ (ʉʋ) ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʚʩʽʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʴ-ʷʢʠʤ ʦʙôʻʢʪʦʤ [4]. ʅʘ ʨʠʩ. 1.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʉʋ. 
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ʈʠʩ. 1.3 ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ɺʠʩʦʢʦʪʦʯʥʽ ʪʘ ʷʢʽʩʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʘʮʶʶʪʴ ʟʘ 

ʩʢʣʘʜʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʡ ʧʨʦʮʝʩ. 

ʅʠʥʽ ʜʣʷ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʢʨʠʪʝʨʽ ʾ[5]. 

1. ʂʨʠʪʝʨʽʡ ʤʽʥʽʤʫʤʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ ʥʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ. ʎʝʡ ʢʨʠʪʝʨʽʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʥʫʚʘʪʠ ʩʠʥʪʝʟ 

ʢʝʨʫʶʯʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʬʽʣʴʪʨʘ. ʇʘʨʘʤʝʪʨʠ ʪʘʢʦʛʦ 

ʬʽʣʴʪʨʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʝʨʦʚʘʥʦʾ ʯʘʩʪʠʥʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʝʰʢʦʜʠ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʢʝʨʦʚʘʥʫ ʯʘʩʪʠʥʫ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʮʝʡ 

ʢʨʠʪʝʨʽʡ, ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʩʠʥʪʝʟ ʢʝʨʫʶʯʦʾ ʯʘʩʪʠʥʠ ʨʽʟʥʠʭ ʩʠʩʪʝʤ 

ʩʪʘʙʽʣʽʟʘʮʽʾ. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʢʝʨʫʶʯʦʾ ʯʘʩʪʠʥʠ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʝʧʝʨʝʨʚʥʦʾ ʜʽʾ. 

2. ʂʨʠʪʝʨʽʾ ʦʪʨʠʤʘʥʥʷ ʝʢʩʪʨʝʤʫʤʫ ʜʝʷʢʦʾ ʬʫʥʢʮʽʾ. ɸʣʛʦʨʠʪʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʦʛʦ ʢʨʠʪʝʨʽʶ ʜʦ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʪʦ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ 

ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ ʘʙʦ ʤʝʪʦʜʫ ʛʨʘʜʽʻʥʪʘ ʟʘ ʚʩʽʤʘ ʟʤʽʥʶʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʣʷ ʧʦʰʫʢʫ ʥʦʚʦʛʦ ʝʢʩʪʨʝʤʫʤʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʘʻ 

ʟʤʦʛʫ ʩʠʥʪʝʟʫʚʘʪʠ ʩʠʩʪʝʤʠ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ 

ʢʝʨʫʶʯʦʾ ʯʘʩʪʠʥʠ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ. 

3. ʂʨʠʪʝʨʽʡ ʦʪʨʠʤʘʥʥʷ ʤʽʥʽʤʫʤʫ ʯʘʩʫ ʧʝʨʝʭʽʜʥʦʛʦ  ʧʨʦʮʝʩʫ ʚ ʩʠʩʪʝʤʽ 

ʫʧʨʘʚʣʽʥʥʷ. ʎʝ ï ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʠʥʪʝʟʫʚʘʪʠ 

ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ ʢʝʨʦʚʘʥʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʜʣʷ ʧʝʨʝʚʦʜʫ ʾʾ ʢʦʦʨʜʠʥʘʪ ʟ 

ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʚ ʟʘʜʘʥʠʡ ʟʘ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ. 

ɼʞʝʨʝʣʘ 

ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʟʘʜʘʯʽ 

ʫʧʨʘʚʣʽʥʥʷ 

ʇʨʠʩʪʨʦʾ ʜʣʷ 

ʦʧʨʘʮʶʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ 

ɺʠʢʦʥʘʚʯʽ 

ʧʨʠʩʪʨʦʾ 

ʆʙôʻʢʪ 

ʫʧʨʘʚʣʽʥʥʷ 

ɼʞʝʨʝʣʘ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʨʝʟʫʣʴʪʘʪʠ 

ʫʧʨʘʚʣʽʥʥʷ 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʦ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ. ʊʦʤʫ ʚ 

ʢʝʨʫʶʯʽʡ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʞʜʠ ʤʽʩʪʷʪʴʩʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʥʝʧʝʨʝʨʚʥʦʛʦ ʘʙʦ ʜʠʩʢʨʝʪʥʦʛʦ ʪʠʧʫ. 

4. ʂʨʠʪʝʨʽʡ ʧʦʰʫʢʫ ʥʦʚʦʛʦ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ ʧʨʠ ʟʤʽʥʶʚʘʥʠʭ ʜʘʥʠʭ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʠʭ ʢʨʠʪʝʨʽʾʚ ʩʪʘʣʦ ʧʦʰʪʦʚʭʦʤ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʰʫʢʦʚʦʛʦ ʪʠʧʫ ʚ ʨʽʟʥʠʭ ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʟʘʩʦʙʘʭ. ɯʥʦʜʽ ʪʘʢʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʫʪʴ ʧʝʨʝʨʦʙʣʶʚʘʪʠ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʽ, ʟʘʧʘʤôʷʪʦʚʫʶʯʠ ʭʘʨʘʢʪʝʨʥʽ 

ʩʠʪʫʘʮʽʾ, ñʩʘʤʦʥʘʚʯʘʪʠʩʷò. 

ʇʦʙʫʜʦʚʘ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʛʦ ʯʠ ʢʽʣʴʢʦʭ ʢʨʠʪʝʨʽʾʚ ʚʠʤʘʛʘʻ ʟʥʘʯʥʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ 

ʢʝʨʫʶʯʦʾ ʯʘʩʪʠʥʠ. ɯʥʦʜʽ ʮʶ ʯʘʩʪʠʥʫ ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʥʝʤʦʞʣʠʚʦ 

ʩʠʥʪʝʟʫʚʘʪʠ ʪʽʣʴʢʠ ʟ ʝʣʝʤʝʥʪʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʥʝʧʝʨʝʨʚʥʦʛʦ ʪʠʧʫ, ʪʦʤʫ 

ʜʫʞʝ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʣʝʤʝʥʪʠ ʮʠʬʨʦʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. ʆʪʞʝ, 

ʢʝʨʫʶʯʘ ʯʘʩʪʠʥʘ ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʷʚʣʷʻ ʩʦʙʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʢʝʨʫʶʯʫ 

ʮʠʬʨʦʚʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʤʘʰʠʥʫ [5]. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʨʽʟʥʦʨʽʜʥʦʶ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶ, ʧʦʙʫʜʦʚʘʥʦʶ ʥʘ ʙʘʟʽ TMN. ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʘʣʛʦʨʠʪʤ 

ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʦʙôʻʢʪʘʤʠ (ʂʆ) ʻ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʠʤ ʽ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʽʜʦʤʠʤ. ʇʨʠ ʮʴʦʤʫ, ʷʢʱʦ ʚʽʥ ʟʘʜʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʘʚʪʦʤʘʪʥʦʛʦ ʦʧʠʩʫʚʘʥʥʷ, ʪʦ 

ʥʝʩʢʣʘʜʥʦ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʨʦʙʦʪʫ ʢʝʨʫʶʯʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ (ʂʆʄ), 

ʟʘʢʣʘʚʰʠ ʚ ʾʾ ʧʘʤôʷʪʴ, ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʤʘʪʥʫ ʪʘʙʣʠʮʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʜʫʚʘʥʥʷ 

ʚʭʦʜʽʚ ʽ ʚʠʭʦʜʽʚ, ʟʚôʷʟʘʥʠʭ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʦʙôʻʢʪʦʤ. ʂʦʜʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʩʪʘʥʽʚ ʂʆ ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʠʤ. 

ɿʘ ʫʤʦʚʠ, ʱʦ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʥʦʩʠʪʴ ʞʦʨʩʪʢʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽ ʧʽʜ ʯʘʩ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʜʘʯʫ ʩʠʛʥʘʣʽʚ ʥʘ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʚôʷʟʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʟʘʜʘʯʽ, ʪʘ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʧʝʨʝʚʽʨʢʠ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʂʆ, 

ʨʘʥʽʰʝ ʥʝʚʽʜʦʤʦʾ ʨʦʟʨʦʙʥʠʢʫ, ʪʦ ʚ ʩʠʩʪʝʤʽ SMS ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʨʫʶʯʦʾ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʻ ʜʦʮʽʣʴʥʠʤ [6]. 
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ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʫʧʨʘʚʣʽʥʥʷ, ʢʦʣʠ ʂʆʄ, ʧʨʠ ʧʦʷʚʽ ʥʘ ʾʾ ʚʭʦʜʽ ʩʠʪʫʘʮʽʾ S(t), 

ʚʠʜʘʚʘʣʘ ʥʘ ʚʠʭʦʜʽ ʜʝʷʢʝ ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʧʫʩʪʠʤʝ ʨʽʰʝʥʥʷ V(t). ʇʨʠ ʮʴʦʤʫ 

ʜʦʮʽʣʴʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʪʘʢʠʡ ʨʝʞʠʤ, ʱʦʙ ʟʘ ʥʘʷʚʥʦʩʪʽ ʢʽʣʴʢʦʭ ʜʦʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴ 

ʂʆʄ ʚʠʙʠʨʘʣʘ ʥʘʡʢʨʘʱʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʫʧʨʘʚʣʽʥʥʷ ʌ. ʗʢʱʦ ʧʨʠ ʟʘʜʘʥʦʤʫ ʌ ʚʠʙʽʨ 

ʨʽʰʝʥʴ V(t) ʧʦ ʚʭʽʜʥʠʤ ʚʧʣʠʚʘʤ S(t) ʻ ʦʜʥʦʟʥʘʯʥʠʤ ʽ ʧʨʦʮʝʩ ʮʴʦʛʦ ʚʠʙʦʨʫ ʚʽʜʦʤʠʡ 

ʨʦʟʨʦʙʥʠʢʫ, ʪʦ ʟʘʣʠʰʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ ʽ ʟʘʥʝʩʪʠ ʡʦʛʦ ʚ 

ʧʘʤôʷʪʴ ʂʆʄ, ʘ ʩʘʤʝ ʪʘʙʣʠʮʶ, ʚ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʷʢʦʾ ʧʝʨʝʣʽʯʝʥʽ ʚʩʽ ʩʠʪʫʘʮʽʾ S(t), 

ʜʦʧʫʩʪʠʤʽ ʪʝʭʥʦʣʦʛʽʻʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʦʙôʻʢʪʘ, ʘ ʚ ʧʨʘʚʽʡ ï ʪʽ 

ʤʥʦʞʠʥʠ ʨʽʰʝʥʴ, ʷʢʽ ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʧʫʩʪʠʤʽ ʟʘ ʜʘʥʦʾ ʩʠʪʫʘʮʽʾ ʽ ʟ ʷʢʠʭ ʧʦʪʨʽʙʥʦ 

ʦʙʨʘʪʠ ʥʘʡʢʨʘʱʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʨʠʪʝʨʽʶ ʫʧʨʘʚʣʽʥʥʷ ʌ. ɸʣʝ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʨʝʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʤʽʨʠ ʮʽʻʾ ʪʘʙʣʠʮʽ ʻ ʘʩʪʨʦʥʦʤʽʯʥʦ ʚʝʣʠʢʠʤʠ. 

ʆʪʞʝ, ʧʽʜʭʽʜ, ʧʦʚôʷʟʘʥʠʡ ʟ ʫʚʝʜʝʥʥʷʤ ʫ ʧʘʤôʷʪʴ ʂʆʄ ʟʘʟʥʘʯʝʥʦʾ ʪʘʙʣʠʮʽ, ʻ 

ʥʝʝʬʝʢʪʠʚʥʠʤ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʚʚʝʩʪʠ ʚ ʧʘʤôʷʪʴ ʂʆʄ ʜʚʽ ʤʦʜʝʣʽ: ʦʙôʻʢʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦ ʫʧʨʘʚʣʽʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ ʦʙôʻʢʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ï ʮʝ ʨʽʟʥʦʨʽʜʥʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʤʝʨʝʞʘ ʟʚôʷʟʢʫ, ʘ ʤʦʜʝʣʴ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ TMN [7]. 

 

 

ʈʠʩ. 1.4. ʄʦʜʝʣʴ ʦʙôʻʢʪʘ ʚ ʧʘʤôʷʪʽ ʂʆʄ 
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ɿ ʨʠʩ. 1.4 ʚʠʜʥʦ, ʱʦ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ ʚ ʧʘʤôʷʪʽ ʂʆʄ ʥʘ ʝʪʘʧʽ ʦʙʯʠʩʣʝʥʥʷ 

ʚʠʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʤʦʜʝʣʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʤʘʻ 

ʽʤʽʪʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʦʙôʻʢʪʘ, ʧʝʨʝʜʙʘʯʘʶʯʠ ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʽʚ ʮʴʦʛʦ ʦʙôʻʢʪʘ, ʷʢʽ 

ʦʪʨʠʤʫʶʪʴ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʥʘ ʦʙôʻʢʪ ʚʽʜ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ʎʽ ʧʝʨʝʜʙʘʯʝʥʽ 

ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʽʚ ʦʙôʻʢʪʘ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʚʝʢʪʦʨ ‍ ὸ ρȟ‍ ὸ ρȟȣȟ‍ ὸ

ρ , ʧʦʜʘʶʪʴʩʷ ʥʘ ʤʦʜʝʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ ʦʜʥʦʯʘʩʥʦ ʥʘ ʙʣʦʢ ʢʦʨʝʢʮʽʾ. ʎʝʡ 

ʙʣʦʢ ʧʦʨʽʚʥʶʻ ʧʨʦʛʥʦʟ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ, ʟ ʨʝʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʚʠʭʦʜʫ ʦʙôʻʢʪʘ, ʷʢʽ ʟôʷʚʣʷʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʜʝʷʢʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ 

ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ.  

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʝʫʟʛʦʜʞʝʥʥʷ ʧʨʦʛʥʦʟʫ ʽ ʨʝʘʣʴʥʦʩʪʽ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʤʦʜʝʣʴ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʩʪʚʦʨʶʻ ʚʝʢʪʦʨ ‫ȟ‫ȟȣ‫ . ʋ ʨʘʟʽ ʧʦʪʨʝʙʠ 

ʤʦʜʝʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʜʽʡʩʥʶʻ ʢʦʨʠʛʫʚʘʥʥʷ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ. ɹʣʦʢ ʢʦʨʝʢʮʽʾ ʫ 

ʮʽʡ ʩʪʨʫʢʪʫʨʽ ʥʝ ʧʦʪʨʽʙʝʥ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ ʘʧʨʽʦʨʥʦ ʧʦʚʥʘ. 

ɼʦ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʩʧʝʮʽʘʣʽʩʪʠ ʚ ʛʘʣʫʟʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʤʘʛʘʣʠʩʷ ʦʧʠʩʘʪʠ ʦʙôʻʢʪʠ ʫʧʨʘʚʣʽʥʥʷ ʫ ʚʠʛʣʷʜʽ ʢʣʘʩʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʜʘʚʥʦ 

ʚʽʜʦʤʠʭ ʚ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ. ʎʽ ʤʦʜʝʣʽ ʦʧʠʩʫʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʘ ʘʙʦ 

ʩʠʩʪʝʤʦʶ ʘʣʛʝʙʨʠʯʥʠʭ ʨʽʚʥʷʥʴ, ʘʙʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, ʘʙʦ 

ʟʚʠʯʘʡʥʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ (ʨʽʟʥʠʮʝʚʠʤʠ) ʨʽʚʥʷʥʥʷʤʠ, ʘʙʦ ʢʦʤʙʽʥʘʮʽʻʶ ʮʠʭ 

ʨʽʚʥʷʥʴ. ɯʥʰʽ ʪʠʧʠ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ (ʽʥʪʝʛʨʘʣʴʥʽ, ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʪʘ 

ʜʝʷʢʽ ʽʥʰʽ ʚʠʜʠ ʨʽʚʥʷʥʴ) ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʫʞʝ 

ʨʽʜʢʦ. 

ʊʝʦʨʽʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʘʻ ʩʧʝʮʽʘʣʴʥʠʡ ʨʦʟʜʽʣ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ 

ʪʝʦʨʽʻʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɺ ʪʝʦʨʽʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ 

ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʝʨʝʚʽʨʮʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʘ ʽ ʡʦʛʦ ʨʝʘʢʮʽʡ ʥʘ ʟʙʫʨʥʽ ʜʽʷʥʥʷ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʧʫʙʣʽʢʘʮʽʡ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʧʨʦʙʣʝʤʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. 

ʄʠ ʟʚʝʨʥʝʤʦʩʷ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. 

ʉʪʘʪʠʩʪʠʯʥʫ ʤʦʜʝʣʴ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʂʆʄ ʘʙʦ ɽʆʄ ʜʦ 

ʨʦʟʨʦʙʢʠ ʩʘʤʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ʅʘʡʧʨʦʩʪʽʰʽ ʩʪʘʪʠʩʪʠʯʥʽ ʤʦʜʝʣʽ, ʧʨʠʡʥʷʪʥʽ, 
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ʥʘ ʞʘʣʴ, ʥʝ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʙʫʜʫʶʪʴ ʪʘʢ. ʋ ʧʨʦʮʝʩʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʘ ʬʦʨʤʫʶʪʴʩʷ ʜʘʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʟʘʧʽʟʥʶʚʘʥʥʷ ʚ 

ʦʙôʻʢʪʽ (ʪʘʙʣ.1.1). 

 

ʘi iɻ r i ɓi ui 

ʘi (1) - r i(1) ɓi(1) ui(1) 

ʘi (2) - r i(2) ɓi(2) ui(2) 

 

ʊʘʙʣʠʮʷ.1.1. ɼʘʥʽ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʦʜʝʣʽ 

 

ʋ ʩʪʦʚʧʮʽ  ‏ ʟʘʧʠʩʫʶʪʴ ʽʥʦʜʽ ʦʧʦʩʝʨʝʜʢʦʚʘʥʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ‏. ʋ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʮʽ ʩʪʦʚʧʮʽ ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʣʴʥʠʤʠ. ʇʨʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʤʫ 

ʦʙôʻʤʽ ʪʘʙʣʠʮʽ ʪʘ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʚʝʣʠʯʠʥ ʽ ʩʪʘʪʠʩʪʠʯʥʫ ʜʠʩʧʝʨʩʽʶ ʪʘʙʣʠʯʥʠʭ ʚʝʣʠʯʠʥ. 

ʇʦʟʥʘʯʘʶʯʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʯʝʨʝʟ ὥ,  ὶ,  ‍, ʘ ʩʪʘʪʠʩʪʠʯʥʽ ʜʠʩʧʝʨʩʽʾ ʯʝʨʝʟ 

ίȟίȟ̨  ί , ʧʝʨʝʡʜʝʤʦ ʚʽʜ ʬʽʟʠʯʥʠʭ ʜʦ ʙʝʟʨʦʟʤʽʨʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʝʣʠʯʠʥ 

’Ƕ , ʜʝ ὺ ï ʘʙʦ ὥ, ʘʙʦ ὶ, ʘʙʦ ‍. ɺʩʽ ʚʝʣʠʯʠʥʠ ’Ƕ ʤʘʶʪʴ ʤʘʪʝʤʘʪʠʯʥʝ 

ʩʧʦʜʽʚʘʥʥʷ, ʷʢʝ ʜʦʨʽʚʥʶʻ ʥʫʣʝʚʽ, ʽ ʦʜʠʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʡ, ʪʦʙʪʦ ʚʝʣʠʯʠʥʠ  

’Ƕ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʚʝʣʠʯʠʥ ʧʦʨʽʚʥʷʥʥʽ ʤʽʞ ʩʦʙʦʶ. ɼʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʯʠ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʜʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʠʡ ʦʧʠʩ ʧʦʚʝʜʽʥʢʠ 

ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʚʠʷʚʠʪʴʩʷ, ʱʦ ʦʙôʻʢʪ ʽʟ ʜʦʩʪʘʪʥʴʦʶ 

ʪʦʯʥʽʩʪʶ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʣʽʥʽʡʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʨʝʛʨʝʩʽʾ, ʪʦ 

‍ ὥὥ ὦὶǶ 

ʂʦʝʬʬʽʮʽʻʥʪʠ ai  ̔ bi ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ (ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ). ɿʥʘʢ  ^  

ʥʘʜ, ‍, ὥ, ʡ ὶ ʪʘ ʽʥʰʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʟʥʘʯʘʻ, ʱʦ ʙʝʨʫʪʴ cʪʘʥʜʘʨʪʠʟʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
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ʇʦʙʫʜʦʚʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ ʧʦʚôʷʟʘʥʘ ʟ ʜʝʷʢʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. ʇʦ-

ʧʝʨʰʝ, ʚʠʤʘʛʘʻ ʟʙʠʨʘʥʥʷ ʧʨʝʜʩʪʘʚʥʠʮʴʢʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʨʝʘʣʴʥʦʤʫ ʬʫʥʢʮʽʦʥʫʶʯʦʤʫ ʦʙôʻʢʪʽ. ʎʝ ʤʦʞʣʠʚʦ ʥʝ ʟʘʚʞʜʠ. ʈʦʟʨʦʙʥʠʢ ʤʦʞʝ 

ʦʪʨʠʤʘʪʠ ʟʘʚʜʘʥʥʷ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʦʙôʻʢʪʦʤ, ʷʢʦʛʦ ʱʝ 

ʧʨʦʩʪʦ ʥʝ ʽʩʥʫʻ, ʦʪʞʝ, ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʝʞ ʥʝʤʘʻ. ʅʘ ʙʘʛʘʪʴʦʭ ʦʙôʻʢʪʘʭ, 

ʱʦ ʙʫʜʫʚʘʣʠʩʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʤʘʻ 

ʧʦʪʨʽʙʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʙʠʨʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʨʦʙʠʪʴ ʪʘʙʣʠʮʽ ʪʠʧʫ 

1 ʤʘʣʦʧʨʝʜʩʪʘʚʥʠʮʴʢʠʤʠ. ɼʣʷ ʙʘʛʘʪʴʦʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʝ ʥʝʩʪʘʮʽʦʥʘʨʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʦʙʫʜʦʚʫ ʦʜʥʽʻʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ ʽ 

ʚʠʤʘʛʘʻ ʧʦʙʫʜʦʚʠ ʩʫʢʫʧʥʦʩʪʽ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʽ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟʤʽʥʠ ʤʦʜʝʣʝʡ. 

ɺʩʝ ʮʝ ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ peʛʨʝʩʽʡʥʦʤʫ 

ʘʙʦ ʜʠʩʧʝʨʩʽʡʥʦʤʫ ʘʥʘʣʽʟʽ. ɺ ʩʫʯʘʩʥʽʡ ʪʝʦʨʽʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʽʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ 

ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʽʰʠʭ, ʥʽʞ ʱʦʡʥʦ ʨʦʟʛʣʷʥʫʪʽ. ɸʣʝ ʚʩʽ ʚʦʥʠ ʤʘʶʪʴ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ. 

ʂʨʽʤ ʪʦʛʦ, ʫ ʙʫʜʴ-ʷʢʠʭ ʤʝʪʦʜʘʭ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʠʩʫʪʥʽʡ ʝʣʝʤʝʥʪ ʘʧʨʽʦʨʥʦʛʦ ʚʛʘʜʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʫ ʮʽʻʾ ʤʦʜʝʣʽ. 

ʊʽʣʴʢʠ ʧʽʩʣʷ ʚʜʘʣʦʛʦ ʚʛʘʜʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ 

ʧʨʦ ʚʜʘʣʫ ʧʦʙʫʜʦʚʫ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ. 

1.2. ɸʥʘʣʽʟ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʩʫʯʘʩʥʠʤʠ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ɼʣʷ ʚʟʘʻʤʦʜʽʾ ʨʦʟʧʦʜʽʣʝʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʚ ʻʜʠʥʽʡ ʩʠʩʪʝʤʽ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʝʶ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ ʥʝʦʙʭʽʜʥʘ ʥʘʜʽʡʥʘ, ʩʪʽʡʢʘ ʤʝʨʝʞʘ, 

ʧʦ ʷʢʽʡ ʧʝʨʝʜʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ. ʈʦʟʫʤʽʥʥʷ ʮʴʦʛʦ ʟʫʤʦʚʠʣʦ ʨʦʟʨʦʙʢʫ 

ʢʦʥʮʝʧʮʽʾ ʤʝʨʝʞʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ (TMN ï Telecommunication 

Management Network) [1, 2, 3, 4, 5]. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʙʫʜʦʚʘ ʷʢʦʾ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʮʽʡ ʢʦʥʮʝʧʮʽʾ, ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʽ ʧʦʩʣʫʛʘʤʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʘ ʪʘʢʦʞ ʥʘʜʘʻ ʟʚôʷʟʦʢ ʤʽʞ ʩʚʦʾʤʠ ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ, ʥʝʶ 

ʩʘʤʦʶ ʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ, ʧʦʩʣʫʛʘʤʠ ʪʘ ʽʥʰʠʤʠ ʤʝʨʝʞʘʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ (ʽʥʰʠʤʠ TMN). 

ʇʨʠʥʮʠʧ ʣʦʛʽʯʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʤʝʨʝʞʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ TMN 

ʚʽʜ ʚʣʘʩʥʝ ʤʝʨʝʞ ʪʘ ʧʦʩʣʫʛ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʷʢʠʤʠ ʚʦʥʘ ʫʧʨʘʚʣʷʻ, ʜʘʶʪʴ 
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ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ TMN ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʤʦʞʥʘ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʘʙʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ. ʊʦʙʪʦ ʤʝʨʝʞʘ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ ʜʘʻ ʟʤʦʛʫ ʦʧʝʨʘʪʦʨʘʤ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʟ ʢʽʣʴʢʦʭ 

ʮʝʥʪʨʽʚ ʟʜʽʡʩʥʶʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʰʠʨʦʢʦʶ ʥʦʤʝʥʢʣʘʪʫʨʦʶ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʤʝʨʝʞ ʪʘ ʧʦʩʣʫʛ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ITU ʤʝʨʝʞʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ 

ʩʣʫʞʙʘʤʠ ʦʧʝʨʘʪʦʨʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʤʝʨʝʞ, ʥʘʜʘʥʥʽ ʧʦʩʣʫʛ, 

ʧʦʙʫʜʦʚʽ ʪʘ ʚʚʝʜʝʥʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʦʚʠʭ ʩʠʩʪʝʤ ʽ ʧʦʩʣʫʛ, ʪʝʭʥʽʯʥʦʤʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʡ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ [2].  

ʇʨʠ ʮʴʦʤʫ ʧʦʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ TMN ʧʦʣʷʛʘʶʪʴ ʫ ʟʜʘʪʥʦʩʪʽ: 

- ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʫʧʨʘʚʣʽʥʥʷ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ TMN ʟ ʤʝʨʝʞʘʤʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ; 

- ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʫʧʨʘʚʣʽʥʥʷ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ ʤʽʞ ʥʝʶ ʩʘʤʦʶ ʡ ʽʥʰʠʤʠ 

ʤʝʨʝʞʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ (ʽʥʰʠʤʠ TMN); 

- ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʟ ʦʜʥʦʛʦ ʬʦʨʤʘʪʫ ʚ ʽʥʰʠʡ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʮʠʨʢʫʣʶʻ ʚ ʾʾ ʤʝʞʘʭ, ʤʘʣʘ ʦʜʥʘʢʦʚʫ ʧʨʠʨʦʜʫ; 

- ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʤʽʞ ʧʫʥʢʪʘʤʠ ʚ ʤʝʞʘʭ TMN; 

- ʟʜʽʡʩʥʝʥʥʷ ʘʥʘʣʽʟʫ ʽ ʘʜʝʢʚʘʪʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʽʥʬʦʨʤʘʮʽʶ ʫʧʨʘʚʣʽʥʥʷ; 

- ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʽ ʜʦʚʝʜʝʥʥʷ ʾʾ ʜʦ ʬʦʨʤʠ, ʟʨʦʟʫʤʽʣʦʾ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʮʽʻʶ ʽʥʬʦʨʤʘʮʽʻʶ; 

- ʜʦʩʪʘʚʢʠ ʽʥʬʦʨʤʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʽ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʾʾ ʚ ʥʘʣʝʞʥʦʤʫ ʚʠʛʣʷʜʽ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʢʨʠʪʪʷ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤ, ʷʢʽ 

ʥʝ ʤʘʶʪʴ ʥʘ ʮʝ ʧʨʘʚʘ. 

ʗʢ ʜʦʙʨʝ ʚʽʜʦʤʦ, ʢʦʞʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ 

ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ ï ʧʽʜʩʠʩʪʝʤʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʪʘ ʧʽʜʩʠʩʪʝʤʫ ʚʠʢʦʥʘʥʥʷ 

ʨʽʰʝʥʴ. ʇʝʨʰʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʛʨʘʤʥʦ-

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʥʦʨʤ ʽ ʧʨʘʚʠʣ ʾʭ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ ʮʝ, 

ʦʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ TMN ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ 
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ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʦʧʝʨʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʪʘ/ʘʙʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ 

ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʛʦʜʞʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʽʥʪʝʨʬʝʡʩʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʪʦʢʦʣʠ ʽ ʧʦʚʽʜʦʤʣʝʥʥʷ [2, 3, 6]. 

ʄʝʨʝʞʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ TMN ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʬʫʥʢʮʽʾ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʚôʷʟʦʢ ʷʢ ʤʽʞ ʨʽʟʥʠʤʠ ʦʧʝʨʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢ ʽ ʤʽʞ 

ʦʧʝʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʽ ʻʜʠʥʠʤ ʝʣʝʤʝʥʪʦʤ ʦʙʣʘʜʥʘʥʥʷ ʟʚôʷʟʢʫ ʜʦ ʩʢʣʘʜʥʦʾ 

ʤʝʨʝʞʽ, ʱʦ ʚʟʘʻʤʥʦ ʧʦʚôʷʟʫʻ ʙʘʛʘʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ 

ʦʙʣʘʜʥʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʤʝʨʝʞʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ TMN ʻ ʦʢʨʝʤʦʶ 

ʤʝʨʝʞʝʶ, ʱʦ ʟôʻʜʥʫʻʪʴʩʷ ʟ ʤʝʨʝʞʝʶ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʚ ʦʢʨʝʤʠʭ ʪʦʯʢʘʭ ʜʣʷ 

ʚʟʘʻʤʥʦʛʦ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʤʝʪʦʶ ʟʜʽʡʩʥʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʟʘʛʘʣʴʥʦʶ 

ʤʝʨʝʞʝʶ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. ɼʣʷ ʩʚʦʾʭ ʮʽʣʝʡ ʚʦʥʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʚʥʽ 

ʯʘʩʪʠʥʠ ʤʝʨʝʞʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.5. 

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʤʝʨʝʞʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ ʜʣʷ ʩʚʦʾʭ ʧʦʪʨʝʙ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʘʥʘʣʠ ʪʘ ʩʠʩʪʝʤʠ ʢʦʤʫʪʘʮʽʾ ʤʝʨʝʞʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. ʅʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 1.1. ʤʝʞʽ ʤʝʨʝʞʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʢʦʨʠʩʪʫʚʘʯ (ʘʙʦʥʝʥʪ) ʧʦ TMN ʤʘʚ ʟʤʦʛʫ ʫʧʨʘʚʣʷʪʠ ʧʦʩʣʫʛʘʤʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. 

ʏʝʨʝʟ ʤʝʨʝʞʫ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ TMN ʤʦʞʥʘ, ʥʘʧʨʠʢʣʘʜ, 

ʫʧʨʘʚʣʷʪʠ: 

- ʤʝʨʝʞʘʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ: ʮʠʬʨʦʚʠʤʠ ʤʝʨʝʞʘʤʠ ʟ 

ʽʥʪʝʛʨʘʣʴʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ, ʤʝʨʝʞʘʤʠ ʟʚôʷʟʢʫ ʟ ʨʫʭʦʤʠʤʠ ʦʙôʻʢʪʘʤʠ, 

ʚʽʨʪʫʘʣʴʥʠʤʠ ʧʨʠʚʘʪʥʠʤʠ ʤʝʨʝʞʘʤʠ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ ʪʦʱʦ; 

- ʚʣʘʩʥʝ ʤʝʨʝʞʝʶ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ; 
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ʈʠʩ. 1.5 ɺʟʘʻʤʦʜʽʷ ʤʝʨʝʞʝʶ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ ʪʘ ʤʝʨʝʞʘʤʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ (ʟʛʽʜʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ITU-ʊ ʄ3010)  

- ʢʽʥʮʝʚʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ (ʦʙʣʘʜʥʘʥʥʷʤ ʛʨʫʧʦʫʪʚʦʨʝʥʥʷ, 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʤʠ, ʨʘʜʽʦʨʝʣʝʡʥʠʤʠ, ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʪʘ ʽʥʰʠʤʠ ʣʽʥʽʷʤʠ 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ); 

- ʮʠʬʨʦʚʠʤʠ ʽ ʘʥʘʣʦʛʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (ʢʘʙʝʣʴʥʠʤʠ, 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʤʠ, ʨʘʜʽʦʨʝʣʝʡʥʠʤʠ, ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʣʽʥʽʷʤʠ ʪʦʱʦ); 

- ʩʠʩʪʝʤʘʤʠ ʚʽʜʥʦʚʣʝʥʥʷ (ʨʝʟʝʨʚʫʚʘʥʥʷ) ʽʥʬʦʨʤʘʮʽʾ (ʜʘʥʠʭ); 

- ʦʧʝʨʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʾʭ ʧʝʨʠʬʝʨʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʢʽʥʮʝʚʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ (ʜʝʚʘʡʩʘʤʠ), ʧʘʥʝʣʴʥʠʤʠ ʢʦʤʧôʶʪʝʨʘʤʠ, ʧʨʦʮʝʩʦʨʘʤʠ, ʛʨʫʧʦʚʠʤʠ 

ʢʦʥʪʨʦʣʝʨʘʤʠ, ʩʝʨʚʝʨʘʤʠ ʬʘʡʣʽʚ ʪʦʱʦ; 

- ʛʣʦʙʘʣʴʥʠʤʠ, ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ ʽ ʣʦʢʘʣʴʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ (ʚʽʜʧʦʚʽʜʥʦ WAN, MAN, LAN); 

- ʤʝʨʝʞʘʤʠ  ʢʦʤʫʪʘʮʽʻʶ ʢʘʥʘʣʽʚ ʽ ʧʘʢʝʪʽʚ; 
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- ʢʽʥʮʝʚʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ ï ʩʠʩʪʝʤʘʤʠ ʪʝʣʝʬʦʥʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ, 

ʪʨʘʥʟʠʪʥʠʤʠ ʧʫʥʢʪʘʤʠ ʩʠʛʥʘʣʽʟʘʮʽʾ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʙʘʟʘʤʠ ʜʘʥʠʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ï ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; 

- ʪʝʣʝʤʘʪʠʯʥʠʤʠ ʩʣʫʞʙʘʤʠ; 

- ʚʽʜʦʤʯʠʤʠ ɸʊʉ, ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʫ ʚʽʜʦʤʯʠʭ ɸʊʉ ʪʘ ʢʽʥʮʝʚʠʤ ʦʙʣʘʜʥʘʥʥʷʤ 

(ʪʝʨʤʽʥʘʣʘʤʠ) ʢʦʨʠʩʪʫʚʘʯʽʚ; 

- ʪʝʨʤʽʥʘʣʘʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʮʠʬʨʦʚʠʭ ʤʝʨʝʞ ʟ ʽʥʪʝʛʨʘʣʴʥʠʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ [7, 8]; 

- ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʱʦ ʥʘʜʘʻʪʴʩʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʩʣʫʞʙʘʤʠ, 

ʘʙʦ ʟʚôʷʟʘʥʠʤ ʟ ʥʠʤ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʠʩʪʝʤ ʢʦʤʫʪʘʮʽʾ; 

- ʧʨʠʢʣʘʜʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʫ ʤʝʞʘʭ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ, 

ʚʢʣʶʯʘʶʯʠ ʧʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʨʝʞʽ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ TMN; 

- ʜʦʧʦʤʽʞʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ï ʚʠʧʨʦʙʫʚʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʩʠʩʪʝʤʘʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ, ʩʠʩʪʝʤʘʤʠ ʧʦʞʝʞʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ ʪʘ ʽʥ. 

ʄʝʨʝʞʫ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʩʣʫʞʙʘʤʠ ʪʘ ʧʦʩʣʫʛʘʤʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ ʚʠʟʥʘʯʝʥʠʭ ʚʠʱʝ (ʪʘ ʽʥʰʠʭ) ʩʢʣʘʜʦʚʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ.  

ʉʣʫʞʙʠ ʽ ʧʨʦʪʦʢʦʣʠ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ OSI (Open Systems 

Interconnection) ʩʪʚʦʨʶʶʪʴ ʧʽʜʢʦʤʧʣʝʢʩ ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʟʚôʷʟʢʫ ʪʘ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ [9, 10, 11, 12]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʧʦʜʽʣʝʥʽ ʩʝʨʝʜʦʚʠʱʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ ʫ 

ʮʠʭ ʚʠʧʘʜʢʘʭ ʧʦʪʨʝʙʫʶʪʴ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʦʾ, ʷʢ ʚʽʜʢʨʠʪʘ ʨʦʟʧʦʜʽʣʝʥʘ ʦʙʨʦʙʢʘ ODP (Open Distributed 

Processing). 

ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʩʪʘʥʥʽʭ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʤʝʨʝʞ: ʧʽʜ ʯʘʩ 

ʧʦʙʫʜʦʚʠ, ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʧʨʠ ʾʭ 

ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʚʠʪʢʫ ʽ ʚ ʟʘʚʝʨʰʘʣʴʥʠʡ ʧʝʨʽʦʜ ʽʩʥʫʚʘʥʥʷ, ʢʦʣʠ ʚʽʜʧʨʘʮʶʚʘʚʰʠ 
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ʬʽʟʠʯʥʦ ʘʙʦ ʤʦʨʘʣʴʥʦ ʤʝʨʝʞʽ ʟʘʤʽʥʶʶʪʴʩʷ (ʘʙʦ ʚʠʪʽʩʥʷʶʪʴʩʷ) ʥʦʚʠʤʠ ʽ 

ʥʦʚʽʪʥʽʤʠ. 

ʉʴʦʛʦʜʥʽ ʦʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʚʚʘʞʘʶʪʴʩʷ:  

- ʧʣʘʥʫʚʘʥʥʷ ʤʝʨʝʞ ʪʘ ʩʪʚʦʨʝʥʥʷ ʙʘʟ ʜʘʥʠʭ (ʧʽʜ ʯʘʩ ʚʚʝʜʝʥʥʷ ʤʝʨʝʞ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ); 

- ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʫ ʧʨʠ ʧʦʰʢʦʜʞʝʥʥʷʭ, 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ, ʢʦʥʪʨʦʣʴ ʟʘ ʷʢʽʩʪʶ ʧʦʩʣʫʛ, ʨʦʟʨʘʭʫʥʢʠ ʽʟ ʢʦʨʠʩʪʫʚʘʯʘʤʠ (ʫ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝʨʝʞ); 

- ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʨʦʩʪʘʥʥʷ ʪʨʘʬʽʢʘ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʤʝʨʝʞ (ʫ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ 

ʤʝʨʝʞ). 

ITU ʨʝʢʦʤʝʥʜʫʻ ʧʦʜʽʣʷʪʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʭʘʨʘʢʪʝʨʫ ʨʦʙʽʪ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʥʘ ʧôʷʪʴ ʦʩʥʦʚʥʠʭ ʩʝʢʪʦʨʽʚ [2]: 

- ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʈʄ ï Perfomance Management); 

- ʫʧʨʘʚʣʽʥʥʷ ʫʩʫʥʝʥʥʷʤ ʧʦʰʢʦʜʞʝʥʴ ï ʪʝʭʥʽʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ (FM ï Fault 

Management); 

- ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʻʶ (CM ï Configuration Management); 

- ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʽʥʬʦʨʤʘʮʽʾ (SM ï Security Management); 

- ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʨʘʭʫʥʢʘʤʠ (AM ï Accounting Management). 

ɺ ʟʘʛʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶ ʧʨʠʡʥʷʪʦ ʚʠʟʥʘʯʘʪʠ 

ʥʘʩʪʫʧʥʽ ʨʽʚʥʽ: ʜʽʷʣʴʥʽʩʪʴ, ʧʦʩʣʫʛʠ, ʚʣʘʩʥʝ ʤʝʨʝʞʘ, ʝʣʝʤʝʥʪʠ ʤʝʨʝʞʠ. ʅʘ ʢʦʞʥʦʤʫ 

ʟ ʨʽʚʥʽʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ ʚʠʨʽʰʫʻʪʴʩʷ ʩʚʽʡ ʧʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, 

ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ. 1.1.  
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ʊʘʙʣʠʮʷ 1.2 ʇʝʨʝʣʽʢ ʟʘʚʜʘʥʴ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ ʥʘ 

ʣʦʛʽʯʥʠʭ ʨʽʚʥʷʭ 

ʈʽʚʝʥʴ 

ʫʧʨʘʚʣʽʥʥʷ 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʦʙʣʘʩʪʴ ʫʧʨʘʚʣʽʥʥʷ 

ʨʦʙʦʯʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʫʩʫʥʝʥʥʷʤ 

ʧʦʰʢʦʜʞʝʥʴ 

ʢʦʥʬʽʛʫʨʘ-

ʮʽʻʶ 

ʙʝʟʧʝʢʦʶ 

ʽʥʬʦʨʤʘʮʽʾ 

ʨʦʟʨʘʭʫʥʢʘʤʠ 

ɼʽʷʣʴʥʽʩʪʴ 

ʇʦʩʣʫʛʠ 

ʄʝʨʝʞʘ 

ɽʣʝʤʝʥʪʠ 

ʤʝʨʝʞʽ 

+ 

+ 

+ 

+ 

 

 

+ 

+ 

+ 

 

+ 

 

+ 

 

 

+ 

+ 

 

+ 

 

 

ʇʨʠ ʤʝʥʰʽʡ, ʥʽʞ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ, ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʢʦʜʠ ʜʚʦʭ 

ʘʙʦ ʙʽʣʴʰʝ ʨʽʚʥʽʚ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʦʜʠʥ, ʥʘ ʥʴʦʤʫ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʚʜʘʥʥʷ, 

ʧʨʠʪʘʤʘʥʥʽ ʢʦʞʥʦʤʫ ʽʟ ʨʽʚʥʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʦʙôʻʜʥʘʥʥʷ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ: 

- ʥʝ ʻ ʦʙʦʚôʷʟʢʦʚʠʤʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝʤʝʥʪʘ ʤʝʨʝʞʽ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ. ɰʭʥʷ ʩʧʝʮʠʬʽʢʘʮʽʷ ʽ ʨʦʟʚʠʪʦʢ ʻ ʚʥʫʪʨʽʰʥʴʦʶ ʩʧʨʘʚʦʶ 

ʘʜʤʽʥʽʩʪʨʘʮʽʡ ʟʚôʷʟʢʫ; 

- ʥʝ ʚʠʯʝʨʧʫʶʪʴ ʫʚʝʩʴ ʧʝʨʝʣʽʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ ʫʧʨʘʚʣʽʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢ ʦʢʨʝʤʽ ʦʙʣʘʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʘʢʦʞ ʫʚʝʜʝʥʥʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ, ʧʣʘʥʫʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʜʝʷʢʽ ʽʥʰʽ. 

ɺʟʘʛʘʣʽ ʫ ʚʠʧʘʜʢʫ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʟʥʘʯʝʥʦʤʫ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʘʻ ʤʽʩʪʠʪʠ ʚ ʩʦʙʽ: 

- ʢʦʥʪʨʦʣʴ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ; 

- ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʚʘʪʠ: 

- ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʨʦʟʨʦʙʢʫ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʱʦʜʦ ʧʦʣʽʧʰʝʥʥʷ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʣʽʧʰʝʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ 

ʜʽʘʧʘʟʦʥʫ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ; 

- ʘʥʘʣʽʟ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʟ ʤʝʪʦʶ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. 
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ʇʨʠ ʮʴʦʤʫ ʷʢʽʩʪʴ ʧʦʩʣʫʛʠ ʟʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʻʶ ITU ʄ.3400 [2] ʚʢʣʶʯʘʻ ʫ 

ʩʦʙʽ ʢʦʥʪʨʦʣʴ ʽ ʟʘʧʠʩ ʧʘʨʘʤʝʪʨʽʚ ʱʦʜʦ: 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʟôʻʜʥʘʥʥʷ; 

- ʫʪʨʠʤʘʥʥʷ ʟôʻʜʥʘʥʥʷ; 

- ʮʽʣʽʩʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ; 

- ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʠ ʬʘʡʣʽʚ ʨʝʻʩʪʨʘʮʽʾ ʽʩʪʦʨʽʾ ʩʪʘʥʫ ʤʝʨʝʞʽ ʪʘ ʩʠʩʪʝʤ; 

- ʽʥʽʮʽʶʚʘʥʥʷ ʟôʻʜʥʘʥʴ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʧʦʩʣʫʛʠ. 

ɿʘʚʜʘʥʥʷ, ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 

ʢʦʥʪʨʦʣʴ, ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʩʪʘʥʥʻ ï ʢʦʥʪʨʦʣʴ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʙʝʟʧʝʨʝʨʚʥʝ 

ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴʩʷ, 

ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʪʨʘʬʽʢʘ (ʙʝʟʧʝʨʝʨʚʥʝ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ 

ʤʝʨʝʞʽ ʪʘ ʾʾ ʝʣʝʤʝʥʪʽʚ, ʷʢʝ ʥʘʜʘʻʪʴʩʷ ʦʧʝʨʘʪʦʨʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʝʣʝʤʝʥʪʽʚ 

ʤʝʨʝʞʽ ʘʙʦ ʚʽʜ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ), ʢʦʥʪʨʦʣʴ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʬʽʢʘ 

(ʦʮʽʥʢʘ ʧʦʪʦʯʥʠʭ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ ʽ ʪʨʘʬʽʢʘ). 

ʅʘ ʦʩʥʦʚʽ ʢʦʥʪʨʦʣʶ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʚʦʜʠʪʴʩʷ ʟʘʛʘʣʴʥʘ ʦʮʽʥʢʘ 

ʷʢʦʩʪʽ ʧʦʩʣʫʛʠ. 

1.3 ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ ʫʧʨʘʚʣʽʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʽʡ 

ʤʝʨʝʞʽ 

ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʪʝʨʤʽʥʘʣʫ ʘʙʦʥʝʥʪʫ ʧʨʠʟʥʘʯʝʥʘ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʚ 

ʪʝʨʤʽʥʘʣʽ ʪʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʚ'ʷʟʦʢ ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʘʙʦʥʝʥʪʩʴʢʠʤʠ ʧʦʩʣʫʛʘʤʠ ʜʦʩʪʫʧʫ, ʘ ʪʘʢʦʞ ï ʧʦʩʣʫʛʘʤʠ SDN. ɺ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʷʢ ʜʦʤʽʥʫʶʯʠʡ ʢʦʤʧʦʥʝʥʪ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʪʝʨʤʽʥʘʣʽ. 

ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʚʫʟʣʘ ʧʦʩʣʫʛ ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʾ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʽʩʮʝʚʠʭ ʩʪʘʥʮʽʡ, ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ 

ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʜʦʩʪʫʧʫ. ʏʘʩʪʢʦʚʦ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʷʢ ʯʘʩʪʠʥʘ ʤʽʩʮʝʚʦʾ 

ʩʪʘʥʮʽʾ. ʇʦʢʣʠʢʘʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʨʷʤʠʡ ʟʚ'ʷʟʦʢ ʽʟ ʽʥʰʠʤʠ ʦʧʝʨʘʮʽʡʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ. 
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ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʜʦʢʦʨʽʥʥʠʤ ʯʠʥʦʤ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ 

ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʻʶ ʤʝʨʝʞʝʶ ʜʦʩʪʫʧʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʫʩʽʭ ʥʘʷʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʪʘ ʢʦʤʫʪʘʮʽʾ SDN. 

ʉʪʚʦʨʶʻ ʪʘ ʧʽʜʪʨʠʤʫʻ ʟʚ'ʷʟʦʢ ʽʟ ʦʧʝʨʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ QoS, ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ [5]. 

ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʧʦʩʣʫʛ ʚʠʢʦʥʫʻ ʦʩʦʙʣʠʚʽ 

ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʘʤʦʤʫ ʪʝʨʤʽʥʘʣʽ ʢʦʨʠʩʪʫʚʘʯʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʦʥʘ ʨʝʛʫʣʷʨʥʦ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʽʥʰʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʤʝʪʦʶ ʨʦʟʰʠʨʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ 

ʩʧʝʢʪʨʫ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʭ ʧʦʩʣʫʛ. 

ʌʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚ SDN 

ʆʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʢʝʨʫʚʘʥʥʷ ʪʝʨʤʽʥʘʣʦʤ ʢʦʨʠʩʪʫʚʘʯʘ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

[14]: 

- ʋʧʨʘʚʣʽʥʥʷ ʣʦʛʽʯʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʰʣʝʡʬʽʚ; 

- ʏʽʪʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʦʩʣʫʛ ʪʝʨʤʽʥʘʣʦʤ; 

- ʋʧʨʘʚʣʽʥʥʷ ʪʝʩʪʦʚʠʤʠ ʩʠʛʥʘʣʘʤʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

- ɼʦʩʪʫʧ ʜʦ ʜʘʥʠʭ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʧʘʤôʷʪʽ ʪʝʨʤʽʥʘʣʫ; 

- ʈʝʛʫʣʷʨʥʘ ʧʝʨʝʚʽʨʢʘ ʟʘʧʠʪʽʚ ʚʽʜ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘ 

ʧʦʩʣʫʛ; 

- ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʌʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ï ʮʝ ʦʩʦʙʣʠʚʘ ʛʨʫʧʘ ʬʫʥʢʮʽʡ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʚʟʘʻʤʦʜʽʾ ʽʟ ʽʥʰʠʤʠ ʬʫʥʢʮʽʷʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚ ʽʥʰʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʅʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʧʨʠʢʣʘʜʦʤ ʷʚʣʷʻʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʰʣʝʡʬʘʤʠ ʚ 

ʤʝʨʝʞʥʠʭ ʘʙʦ ʣʽʥʽʡʥʠʭ ʪʝʨʤʽʥʘʣʘʭ. ʊʘʢʦʞ, ʟʜʽʡʩʥʝʥʥʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʦʩʣʫʛ 

ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʜʦʩʪʫʧʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʙʘʟ ʜʘʥʠʭ, ʚ ʷʢʠʭ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʜʦʩʪʫʧʫ. 

ʌʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʮʝʥʪʨʫ ï ʮʝ ʥʘʙʽʨ ʬʫʥʢʮʽʡ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʢʝʨʫʚʘʥʥʷ 

ʤʝʨʝʞʝʶ, ʦʩʦʙʣʠʚʦ ʚʢʣʶʯʘʶʯʠ ʝʣʝʤʝʥʪʠ, ʩʣʫʞʙʠ ʪʘ ʧʦʩʣʫʛʠ. ʆʩʥʦʚʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ [15]: 

- ɿʘʧʠʪʠ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʫʟʣʘ ʧʦʩʣʫʛ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʘʢʪʠʚʘʮʽʻʶ 

ʰʣʝʡʬʽʚ; 
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- ɿʜʽʡʩʥʝʥʥʷ ʢʦʥʪʨʦʣʶ ʥʘʜ ʚʚʝʜʝʥʥʷʤ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʢʦʤʧʦʥʝʥʪʽʚ 

ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʜʦʩʪʫʧʫ; 

- ʆʜʝʨʞʘʥʥʷ ʢʦʨʠʩʥʦʾ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʜʦʩʪʫʧʫ; 

- ʋʧʨʘʚʣʽʥʥʷ ʧʦʩʣʫʛʘʤʠ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʘʙʦʥʝʥʪʦʚʽ, ʽ ʦʩʦʙʣʠʚʦ, ʧʝʨʝʚʽʨʢʘ 

ʩʣʫʞʙʦʚʠʭ ʟʘʧʠʪʽʚ. 

ʌʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʧʦʩʣʫʛ  ʚʢʣʶʯʘʶʪʴ  ʬʫʥʢʮʽʾ ʧʦ 

ʫʧʨʘʚʣʽʥʥʶ ʘʙʦʥʝʥʪʩʴʢʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ ʘʙʦ ʷʢʦʶ-ʥʝʙʫʜʴ ʡʦʛʦ ʯʘʩʪʠʥʦʶ. 

ɿʜʽʡʩʥʶʶʪʴ ʧʦʩʪʽʡʥʠʡ ʦʙʤʽʥ ʩʣʫʞʙʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʧʨʠ ʯʦʤʫ ʥʝ ʟʜʽʡʩʥʶʶʪʴ 

ʧʨʷʤʦʛʦ ʢʝʨʫʚʘʥʥʷ ʘʙʦʥʝʥʪʩʴʢʠʤ ʜʦʩʪʫʧʦʤ. ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ, ʮʝ: 

- ɿʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʡ ʩʣʫʞʙʦʚʠʭ ʟʘʧʠʪʽʚ; 

- ʆʨʛʘʥʽʟʘʮʽʷ ʟʘʧʠʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʮʝʥʪʨʦʤ, ʱʦ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʽʥʬʦʨʤʘʮʽʶ ʧʦ 

ʟʘʧʠʪʘʤ ʜʦ ʙʘʟ ʜʘʥʠʭ; 

- ɺʠʢʦʥʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʤʽʥʘʣʦʤ ʧʨʦ ʢʣʶʯʦʚʽ ʟʘʭʦʜʠ ʱʦʜʦ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

 

 

 

ʈʠʩ.1.6 ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ ʪʘ ʾʭ ʢʣʶʯʦʚʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ 
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ʇʦʩʣʫʛʠ ʫʧʨʘʚʣʽʥʥʷ 

ʇʦʚʥʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʡ SDN ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʧʦʩʣʫʛ 

ʫʧʨʘʚʣʽʥʥʷ: 

- ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʘʙʦʥʝʥʪʦʤ; 

- ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ; 

- ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷʤ ʪʨʘʬʽʢʫ ʽ ʘʥʘʣʽʟʦʤ ʚʠʤʽʨʶʚʘʥʴ; 

- ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘʨʠʬʘʤʠ ʽ ʥʘʨʘʭʫʚʘʥʥʷʤ ʧʣʘʪʠ (ʚʢʣʶʯʘʶʯʠ 

ʨʦʟʨʘʭʫʥʢʠ); 

-  ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʨʝʞʽ ʫʧʨʘʚʣʽʥʥʷ; 

- ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ; 

-  ʫʧʨʘʚʣʽʥʥʷ ʘʙʦʥʝʥʪʩʴʢʠʤ ʜʦʩʪʫʧʦʤ; 

-  ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʤʝʨʝʞʘʤʠ (ʢʘʥʘʣʠ, ʪʨʘʢʪʠ, ʣʽʥʽʾ); 

- ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʫʪʘʮʽʻʶ; 

- ʫʧʨʘʚʣʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷʤ ʚ ʧʦʤʝʰʢʘʥʥʽ ʘʙʦʥʝʥʪʘ; 

- ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʇɿ; 

- ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʧʦʩʣʫʛ ʽ ʨʦʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʤʝʨʝʞʽ; 

- ʫʧʨʘʚʣʽʥʥʷ ʧʦʩʣʫʛʦʶ, ʷʢʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʘʙʦʥʝʥʪʦʤ; 

- ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʘʤʠ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʉʂʉˉ 7; 

- ʫʧʨʘʚʣʽʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ; 

- ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʧʦʚʝʨʥʝʥʥʷ; 

- ʫʧʨʘʚʣʽʥʥʷ ʤʘʪʝʨʽʘʣʘʤʠ; 

- ʩʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʽʚ ʨʦʙʽʪ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʦʩʣʫʛ ʫʧʨʘʚʣʽʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʧʝʮʠʬʽʯʥʠʭ ʧʦʩʣʫʛ, 

ʥʘʧʨʠʢʣʘʜ, ʫʧʨʘʚʣʽʥʥʷ ʚʟʘʻʤʦʜʽʻʶ ʟ ʩʠʩʪʝʤʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʘʙʦʥʝʥʪʩʴʢʦʛʦ 

ʪʨʘʬʽʢʫ, ʤʘʶʪʴ ʧʦʩʪʽʡʥʦ ʜʦʧʦʚʥʶʚʘʪʠʩʷ. 
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1.4. ʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʫʯʘʩʥʠʤʠ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ʆʜʥʘ ʟʽ ʩʪʨʘʪʝʛʽʯʥʠʭ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʢʨʘʾʥʠ ʛʘʣʫʟʝʡ - ʛʘʣʫʟʴ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ - 

ʚʽʜʽʛʨʘʻ ʚʝʣʠʯʝʟʥʫ ʨʦʣʴ ʫ ʟʙʘʣʘʥʩʦʚʘʥʦʤʫ ʨʦʟʚʠʪʢʫ ʛʣʦʙʘʣʴʥʦʾ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʾ 

ʝʢʦʥʦʤʽʢʠ. ʈʦʟʚʠʪʦʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʷʢ ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ 

ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʤʠ ʧʦʩʣʫʛʘʤʠ ʟʚ'ʷʟʢʫ ʻ ʦʜʥʠʤ 

ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʥʘʧʨʷʤʽʚ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʙʫʜʴ-ʷʢʦʾ 

ʜʝʨʞʘʚʠ, ʽ, ʟʦʢʨʝʤʘ, ʋʢʨʘʾʥʠ. ʅʝʡʤʦʚʽʨʥʦ ʟʙʽʣʴʰʝʥʽ ʧʦʪʦʢʠ ʽʥʬʦʨʤʘʮʽʾ - 

ʪʝʣʝʬʦʥʥʽ ʨʦʟʤʦʚʠ, ʬʘʢʩʠʤʽʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ, ʤʘʩʠʚʠ ʜʘʥʠʭ ʪʘ 

ʪʝʣʝʙʘʯʝʥʥʷ - ʧʦʢʘʟʫʶʪʴ, ʷʢʦʶ ʤʽʨʦʶ ʩʚʽʪ ʩʪʘʻ ʱʝ ʙʽʣʴʰ ʟʘʣʝʞʥʠʤ ʚʽʜ ʟʘʩʦʙʽʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʙʽʟʥʝʩ, ʩʪʠʣʴ ʞʠʪʪʷ, ʩʫʩʧʽʣʴʩʪʚʦ ʚ ʮʽʣʦʤʫ. 

ʂʦʤʫʥʽʢʘʮʽʡʥʽ ʧʦʩʣʫʛʠ ʩʪʠʨʘʶʪʴ ʢʦʨʜʦʥʠ ʤʽʞ ʢʫʣʴʪʫʨʘʤʠ, ʤʦʚʘʤʠ ʪʘ ʯʘʩʦʤ. 

ʅʦʚʠʡ ʝʪʘʧ ʫ ʨʦʟʚʠʪʢʫ ʫʢʨʘʾʥʩʴʢʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ï ʮʝ ʝʪʘʧ ʧʦʚʥʦʧʨʘʚʥʦʛʦ 

ʚʭʦʜʞʝʥʥʷ ʥʘʰʦʾ ʢʨʘʾʥʠ ʜʦ ʩʚʽʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʧʽʣʴʥʦʪʠ [17]. 

ɼʣʷ ʩʚʽʪʦʚʦʛʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʨʠʥʢʫ ʭʘʨʘʢʪʝʨʥʽ ʧʨʦʮʝʩʠ ʽʥʪʝʛʨʘʮʽʾ ʪʘ 

ʛʣʦʙʘʣʽʟʘʮʽʾ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʫʢʨʘʾʥʩʴʢʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ - ʨʦʟʧʦʯʘʚʩʷ 

ʧʽʜʛʦʪʦʚʯʠʡ ʧʝʨʽʦʜ ʜʦ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʩʪʚʦʨʝʥʥʷ ʷʢʦʛʦ ʻ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʥʘʮʽʦʥʘʣʴʥʠʭ ʟʘʚʜʘʥʴ.  

ɸʥʘʣʽʟʫʶʯʠ ʦʛʣʷʜ ʪʝʭʥʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ʤʝʨʝʞʘʤʠ ʧʨʦʚʽʜʥʠʭ ʬʽʨʤ ʪʘ ʢʦʨʧʦʨʘʮʽʡ ʩʚʽʪʫ, ʰʣʷʭʠ ʩʪʚʦʨʝʥʥʷ ʽ ʪʝʥʜʝʥʮʽʾ 

ʨʦʟʚʠʪʢʫ ʫʧʨʘʚʣʽʥʥʷ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʧʦʣʦʞʝʥʥʷ: 

- ʚ ʫʩʽʭ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʨʦʟʨʦʙʣʝʥʦ ʘʙʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʘ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ʤʝʨʝʞʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ 

ʧʦʩʪʽʡʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ;  

- ʧʦʩʪʽʡʥʝ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʡ ʤʝʨʝʞʽ ʪʘ ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʶʪʴʩʷ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ, ʩʪʘʚʣʷʪʴ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ ʛʥʫʯʢʦʩʪʽ ʩʠʩʪʝʤ ʽ ʦʧʝʨʘʪʠʚʥʦʩʪʽ 

ʫʧʨʘʚʣʽʥʥʷ, ʾʭ ʟʜʘʪʥʦʩʪʽ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʫʤʦʚ ʨʦʙʦʪʠ ʪʘ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʨʝʞ, 

ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʪʘ ʞʠʚʫʯʦʩʪʽ ʷʢ ʩʘʤʦʾ ʢʝʨʦʚʘʥʦʾ ʤʝʨʝʞʽ, 

ʪʘʢ ʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; 
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- ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʘʮʽʦʥʘʣʴʥʠʭ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜ 

ʫʩʽʤʘ ʬʽʨʤʘʤʠ ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ - ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷʤ, 

ʦʧʪʠʤʽʟʘʮʽʾ ʽʩʥʫʶʯʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʤʝʨʝʞ ʟʚ'ʷʟʢʫ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ-

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʨʦʟʨʦʙʢʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ ʢʦʥʪʨʦʣʴ 

ʨʦʙʦʪʠ ʽ ʫʧʨʘʚʣʽʥʥʷ ʷʢ ʽʩʥʫʶʯʦʛʦ, ʪʘʢ ʽ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [18]; 

- ʥʘʜʘʶʪʴʩʷ ʧʝʨʝʚʘʛʠ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʽʥʥʷ, ʧʦʙʫʜʦʚʘʥʠʤ ʥʘ ʙʘʟʽ ʪʘ 

ʧʨʠʥʮʠʧʘʭ ʩʠʩʪʝʤ ʧʘʢʝʪʥʦʾ ʢʦʤʫʪʘʮʽʾ; ʫʩʽ ʧʦʰʫʢʠ ʧʦʢʨʘʱʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʘʤʠ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʥʠʞʝʥʥʷ ʟʘʪʨʘʪ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʩʫʯʘʩʥʠʭ ʧʦʛʣʷʜʽʚ, ʦʩʥʦʚʥʠʤ ʚʠʜʦʤ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʪʘʚʣʝʥʠʤ ʟʘʜʘʯʘʤ, ʻ ʤʫʣʴʪʠʩʝʨʚʽʩʥʘ ʤʝʨʝʞʘ ʟʚ'ʷʟʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʚʘʞʥʦ ʧʘʢʝʪʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʜʘʯʽ. ʊʝʦʨʝʪʠʯʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ 

ʻ ʢʦʥʮʝʧʮʽʷ ʤʝʨʝʞ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʟʘʛʘʣʴʥʽ ʩʠʩʪʝʤʥʽ 

ʨʽʰʝʥʥʷ ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʫʤʽʩʥʽʩʪʴ ʽ ʚʟʘʻʤʦʜʽʶ ʽʩʥʫʶʯʠʭ ʽ ʤʘʡʙʫʪʥʽʭ ʤʝʨʝʞ. 

ʊʝʭʥʽʯʥʝ ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʤʝʨʝʞ, ʾʭ ʮʠʬʨʦʚʽʟʘʮʽʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʥʘ ʥʦʚʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʟʤʝʥʰʠʪʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʝʨʩʦʥʘʣʫ, 

ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʥʘʜʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʽ ʨʦʟʰʠʨʠʪʠ ʾʭ ʥʦʤʝʥʢʣʘʪʫʨʫ, 

ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ.  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʜʠ  

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʪʘ ʧʦʩʣʫʛʘʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʤʦʞʥʘ ʟʛʨʫʧʫʚʘʪʠ ʷʢ ʪʝʭʥʽʯʥʝ,  

ʬʫʥʢʮʽʦʥʘʣʴʥʝ, ʦʧʝʨʘʪʠʚʥʝ ʪʘ ʢʦʦʨʜʠʥʘʮʽʡʥʝ  ʫʧʨʘʚʣʽʥʥʷ. 

ʎʽ ʚʠʜʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʟʥʘʯʝʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ: 

¶ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʚʽʜʤʦʚ ʦʙʣʘʜʥʘʥʥʷ,  ʧʽʜʪʨʠʤʢʠ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʛʦʪʦʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʜʦ ʨʦʙʦʪʠ (ʪʝʭʥʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ); 

¶ ʧʽʜʪʨʠʤʢʠ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʬʫʥʢʮʽʡ ʽ ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ  

(ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ); 
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¶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʘʜʝʢʚʘʪʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʟʤʽʥʫ 

ʩʠʪʫʘʮʽʡ ʫ ʤʝʨʝʞʽ (ʦʧʝʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ); 

¶ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʫʣʘʛʦʜʞʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʢʦʥʬʣʽʢʪʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʾ 

(ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ  ʫʧʨʘʚʣʽʥʥʷ); 

¶ ʚʠʩʫʚʘʥʥʷ ʥʦʚʠʭ ʽʜʝʡ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʜʣʷ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʚʪʽʣʝʥʥʷ, ʦʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ (ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʨʦʙʢʘʤʠ); 

¶ ʝʢʩʪʝʥʩʠʚʥʦʛʦ ʪʘ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞʽ, ʨʦʟʰʠʨʝʥʥʷ  ʢʽʣʴʢʦʩʪʽ 

ʩʧʦʞʠʚʘʯʽʚ ʽ ʥʦʤʝʥʢʣʘʪʫʨʠ ʧʦʩʣʫʛ (ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʚʠʪʢʦʤ). 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʥʘʚʝʜʝʥʽ ʚʠʜʠ ʫʧʨʘʚʣʽʥʥʷ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ, ʨʦʟʚʠʪʦʢ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʮʽʣʦʤʫ ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ 

ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʽʟ ʡʦʛʦ ʬʫʥʢʮʽʡ. ʇʨʠ ʮʴʦʤʫ ʫʧʨʘʚʣʽʥʥʷ ʤʘʻ ʙʫʪʠ ʢʦʤʧʣʝʢʩʥʠʤ, 

ʪʦʙʪʦ ʧʦʚʠʥʥʘ ʽʩʥʫʚʘʪʠ ʩʠʩʪʝʤʘ, ʷʢʘ ʚʠʢʦʥʫʚʘʣʘ ʙ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʫ. 

ʈʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʟʘʚʜʘʥʥʷʤʠ, ʱʦ 

ʚʠʨʽʰʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʘ 

ʪʘʢʦʞ ʧʽʜʪʨʠʤʢʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʤʫʣʴʪʠʚʝʥʜʦʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭ ʚʟʘʻʤʦʜʽʾ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʽʻʨʘʨʭʽʾ ʫʧʨʘʚʣʽʥʥʷ. 

ɼʦ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʥʘʷʚʥʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ʤʝʨʝʞʘʤʠ; 

- ʥʘʷʚʥʽʩʪʴ ʻʜʠʥʦʾ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ; 

- ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

- ʥʦʤʝʥʢʣʘʪʫʨʘ ʧʽʜʨʦʟʜʽʣʽʚ (ʩʣʫʞʙ) ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʧʝʨʝʣʽʢ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ; 

- ʥʘʷʚʥʽʩʪʴ ʨʽʚʥʽʚ ʫʧʨʘʚʣʽʥʥʷ TMN ʟʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʻʶ ʄʉɽ-ʊ ʄ.3010; 
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- ʚʽʜʩʦʪʦʢ ʦʭʦʧʣʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ; 

- ʥʘʷʚʥʽʩʪʴ ʮʝʥʪʨʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ; 

- ʥʘʷʚʥʽʩʪʴ ʮʝʥʪʨʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʶ 

ʤʝʨʝʞʝʶ; 

- ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚ OSS/BSS-ʨʽʰʝʥʥʷ; 

- ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʽʻʨʘʨʭʽʾ ʫʧʨʘʚʣʽʥʥʷ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʤʝʨʝʞʽ; 

- ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʦʢʨʝʤʠʤʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ʤʝʨʝʞʘʤʠ ʟ ʎʋʊʄ. 

ɹʘʟʦʚʠʤʠ ʢʦʥʮʝʧʮʽʷʤʠ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʻ ʢʦʥʮʝʧʮʽʷ TMN ʄʽʞʥʘʨʦʜʥʦʛʦ 

ʩʦʶʟʫ ʝʣʝʢʪʨʦʟʚôʷʟʢʫ ʟ ʧʠʪʘʥʴ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʤʦʜʝʣʴ Smart TMN ʬʦʨʫʤʫ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ (Tele Management Forum ï TM Forum). 

ʊʦʤʫ, ʙʝʟʫʤʦʚʥʦ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʧʦʚʠʥʥʘ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʪʠ ʫʩʽʤ ʚʠʤʦʛʘʤ ʮʠʭ ʢʦʥʮʝʧʮʽʡ, ʪʦʙʪʦ: 

- ʙʫʜʫʚʘʪʠʩʷ ʟʘ ʽʻʨʘʨʭʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʨʽʚʥʽ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ, 

ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʤʝʥʪʘʤʠ ʤʝʨʝʞʽ, ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ) ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ TMN ʥʘ 

ʥʠʞʯʠʭ ʨʽʚʥʷʭ ʽʻʨʘʨʭʽʾ ʫʧʨʘʚʣʽʥʥʷ;  

- ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʫʩʽʻʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ, ʚʠʟʥʘʯʝʥʦʾ ʚ 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʄʉɽ-ʊ M.3400; 

- ʥʘ ʚʠʱʠʭ ʨʽʚʥʷʭ ʽʻʨʘʨʭʽʾ ʫʧʨʘʚʣʽʥʥʷ (ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʩʣʫʛʘʤʠ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩʦʤ) ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʜʽʷʣʴʥʽʩʪʶ ʦʧʝʨʘʪʦʨʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʤʦʜʝʣʣʶ ʊʆʄ (Telecom 

Operʘtʽons Mʘp) ʬʦʨʫʤʫ TM Forum. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ʤʝʨʝʞʘʤʠ ʦʧʝʨʘʪʦʨʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʤʘʻ ʙʫʪʠ ʦʨʛʘʥʽʯʥʦʶ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ 

ʻʜʠʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʽʷʣʴʥʽʩʪʶ ʦʧʝʨʘʪʦʨʘ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ;  
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- ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʥʘʩʢʨʽʟʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜ ʢʨʘʶ ʜʦ ʢʨʘʶ, ʪʦʙʪʦ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʥʘʜ ʫʩʽʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ - 

ʚʢʣʶʯʘʶʯʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡ ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʙʘʟʫ ʜʘʥʠʭ, ʩʝʨʚʝʨʠ ʪʘ 

ʝʣʝʤʝʥʪʠ ʣʦʢʘʣʴʥʦʾ ʽ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ - ʷʢ ʻʜʠʥʦʛʦ ʮʽʣʦʛʦ.  

ɺʠʤʦʛʘʤʠ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ FN, ʻ: 

- ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ ʚ ʜʝʢʽʣʴʢʦʭ ʤʝʨʝʞʥʠʭ 

ʧʨʠʩʪʨʦʷʭ, ʟʦʢʨʝʤʘ: 

-  ʫ ʧʨʠʩʪʨʦʾ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʣʠʢʘʤʠ ʽ ʩʝʘʥʩʘʤʠ ʟʚ'ʷʟʢʫ; 

-  ʫ ʧʨʠʩʪʨʦʾ ʤʝʨʝʞʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʨʝʥʝʩʝʥʥʷ ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ 

ʩʧʦʞʠʚʘʯʘ ʽʥʬʦʨʤʘʮʽʾ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʢʨʠʪʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʫʧʨʘʚʣʷʪʠ 

ʨʽʟʥʦʪʠʧʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ (ʚʢʣʶʯʘʶʯʠ ʤʝʨʝʞʥʽ  ʚʫʟʣʠ, ʤʽʞʤʝʨʝʞʥʽ ʰʣʶʟʠ ʪʦʱʦ), 

ʷʢʝ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ FN, ʟʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ - 

CMIP, SNMP ʪʘ ʽʥʰʠʭ ʧʨʦʪʦʢʦʣʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʬʦʨʤʘʣʴʥʠʭ ʤʦʚ ʜʣʷ ʦʧʠʩʫ 

ʽʥʪʝʨʬʝʡʩʽʚ (CORBA IDL, JAVA, GDMO); 

- ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ FN ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʛʥʫʯʢʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʩʫʤʽʩʥʽʩʪʴ ʟ ʽʥʰʠʤʠ ʨʽʰʝʥʥʷʤʠ, ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ, ʪʘ ʷʢ ʨʝʟʫʣʴʪʘʪ - 

ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

- ʦʧʝʨʘʪʦʨ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʧʦʚʠʥʝʥ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʠʬʽʢʫʚʘʪʠ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʧʝʮʠʬʽʯʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ 

ʥʦʚʽ ʧʦʩʣʫʛʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ɺʦʜʥʦʯʘʩ, ʘʨʭʽʪʝʢʪʫʨʘ ʩʘʤʦʾ FN ʚʠʟʥʘʯʘʻ ʜʝʷʢʽ ʚʠʤʦʛʠ ʜʦ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ FN. ɸʨʭʽʪʝʢʪʫʨʘ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʽ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟʛʽʜʥʦ ʟ 

ʨʝʢʦʤʝʥʜʘʮʽʻʶ ʄʉɽ-ʊ M.3060/Y.2401 (03/06) ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʘ ʥʘ ʯʦʪʠʨʠ 

ʤʦʜʝʣʽ : 

- ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩ - ʧʨʦʮʝʩʘʤʠ; 

- ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ; 

- ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ; 

- ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ. 
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ʋ ʢʦʞʥʽʡ ʟ ʤʦʜʝʣʝʡ ʚʨʘʭʦʚʫʶʪʴʩʷ ʘʩʧʝʢʪʠ ʙʝʟʧʝʢʠ ʩʘʤʦʾ FN ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʘ: 

ʧʝʨʰʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ, ʧʦʪʽʤ ʽʥʬʦʨʤʘʮʽʡʥʘ, ʽ, ʥʘʨʝʰʪʽ, 

ʬʽʟʠʯʥʘ. ɹʽʟʥʝʩ-ʧʨʦʮʝʩ ʻ ʯʠʥʥʠʢʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ʉʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʥʘ ʧʨʘʢʪʠʮʽ, ʮʝʡ ʧʨʦʮʝʩ ʽʪʝʨʘʪʠʚʥʠʡ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʚʠʪʦʢ ʚʩʽʭ ʘʩʧʝʢʪʽʚ ʘʨʭʽʪʝʢʪʫʨʠ ʟʘ ʯʘʩʦʤ [19]. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʘʻ ʧʝʨʝʣʽʢ ʬʫʥʢʮʽʡ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ 

ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʦʧʠʩʫʻ ʽʥʬʦʨʤʘʮʽʶ ʫʧʨʘʚʣʽʥʥʷ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʟʚ'ʷʟʢʫ 

ʤʽʞ ʦʙ'ʻʢʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʫ ʨʘʟʽ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʟʛʽʜʥʦ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ 

ʤʦʜʝʣʣʶ ʘʨʭʽʪʝʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʦʧʠʩʫʻ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʪʽʣʝʥʽ ʚ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʷʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʧʨʦʪʦʢʦʣʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʘʨʭʽʪʝʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ FN ʻ ʧʨʠʥʮʠʧ 

ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ ʘʨʭʽʪʝʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʧʦʩʣʫʛʠ (SOA- Service-Oriented 

Architecture). 

ʈʽʰʝʥʥʷ ʥʘ ʙʘʟʽ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʝʨʝʚʘʛʠ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦʩʣʫʛ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, 

ʜʦʟʚʦʣʷʶʯʠ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ.  

ʆʜʥʽʻʶ ʟ ʥʦʚʠʭ ʽʜʝʦʣʦʛʽʡ  ʧʦʙʫʜʦʚʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭʠ ʤʝʨʝʞ -  ̒ʧʦʙʫʜʦʚʘ 

ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʘʣʴʥʦʾ ʤʝʨʝʞʽ SDN (Software-definedNetworking) ʟʘʧʨʦʧʦʥʦʚʘʥʘ  

ʢʦʥʩʦʨʮʽʫʤʦʤ Open Foundation ʤʝʨʝʞʽ (ʆʅʌ) 

SDN - ʮʝ ʽʜʝʦʣʦʛʽʷ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ, ʚ ʷʢʽʡ ʚʝʩʴ ʽʥʪʝʣʝʢʪ ʤʝʨʝʞʽ ʚʠʥʝʩʝʥʦ ʥʘ 

ʦʢʨʝʤʫ ʘʧʘʨʘʪʥʫ / ʧʨʦʛʨʘʤʥʫ ʙʘʟʫ, ʘ ʚʩʝ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʪʦʢʦʣʽʚ (ʥʘʧʨʠʢʣʘʜ, OpenFlow), ʷʢʽ ʦʧʝʨʫʶʪʴ ʧʦʥʷʪʪʷʤ 

çʧʦʪʽʢè ʽ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʨʽʟʥʽ ʜʽʾ ʟ ʥʠʤ (ʜʦʟʚʦʣʠʪʠ, ʟʘʙʦʨʦʥʠʪʠ, 

ʧʝʨʝʥʘʧʨʘʚʠʪʠ, ʧʝʨʝʧʠʩʘʪʠ ʧʦʣʷ ʚ ʧʘʢʝʪʘʭ ʽ ʪ.ʜ.). ʌʘʢʪʠʯʥʦ, ʥʘ ʢʦʥʪʨʦʣʝʨʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʽʪʠʢʘ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʥʘ ʦʩʥʦʚʽ ʟʘʜʘʥʠʭ ʧʨʘʚʠʣ, ʘ ʪʘʢʦʞ 
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ʨʦʙʦʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʜʦʜʘʪʢʽʚ (ʥʘʧʨʠʢʣʘʜ, ʨʦʙʦʪʫ STP ʘʙʦ ʧʨʦʪʦʢʦʣʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ). ʇʦʪʽʤ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʢʦʤʫʪʘʪʦʨʠ ʧʦ 

ʧʨʦʪʦʢʦʣʫ OpenFlow ʫ ʚʠʛʣʷʜʽ ʧʦʪʦʢʫ ʪʘʙʣʠʮʴ, ʱʦ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, 

ʢʫʜʠ, ʷʢ ʽ ʷʢʠʡ ʪʨʘʬʽʢ ʧʝʨʝʜʘʚʘʪʠ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʚʝʣʠʢʫ 

ʛʥʫʯʢʽʩʪʴ ʚ ʫʧʨʘʚʣʽʥʥʽ ʤʝʨʝʞʝʶ, ʟ ʽʥʰʦʛʦ - ʩʫʪʪʻʚʦ ʩʧʨʦʱʫʻ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ (ʽ, 

ʘʨʭʽʪʝʢʪʫʨʫ) ʤʝʨʝʞʽ. 

ʆʢʨʝʤʘ ʪʝʤʘ - ʮʝ ʧʦʙʫʜʦʚʘ ʩʠʩʪʝʤʠ ʤʝʨʝʞʝʚʦʾ ʙʝʟʧʝʢʠ ʥʘ ʙʘʟʽ OpenFlow. 

ʂʦʥʪʨʦʣʝʨ ʬʘʢʪʠʯʥʦ ʮʝʥʪʨʘʣʽʟʫʻ ʮʶ ʬʫʥʢʮʽʶ ʪʝʞ (ʫ ʚʠʛʣʷʜʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʜʦʜʘʪʢʠ) ʽ, ʧʦʪʝʥʮʽʡʥʦ, ʟʘʙʠʨʘʻ ʥʘ ʩʝʙʝ ʚʝʩʴ ʽʥʪʝʣʝʢʪ firewallʦʚ, IPS-ʽʚ ʪʘ ʽʥʰʠʭ 

ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʝʨʝʞʝʚʦʛʦ ʟʘʭʠʩʪʫ.ʆʩʥʦʚʥʽ ʽʜʝʾ SDN: 

Å ʧʦʜʽʣ ʧʨʦʮʝʩʽʚ ʧʝʨʝʜʘʯʽ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ; 

Å ʻʜʠʥʠʡ, ʫʥʽʬʽʢʦʚʘʥʠʡ, ʥʝʟʘʣʝʞʥʠʡ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʽʥʪʝʨʬʝʡʩ ʤʽʞ ʨʽʚʥʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʨʽʚʥʝʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ; 

Å ʣʦʛʽʯʥʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ, ʟʜʽʡʩʥʶʚʘʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʪʨʦʣʝʨʘ ʟ ʚʩʪʘʥʦʚʣʝʥʦʾ ʤʝʨʝʞʝʚʦʶ ʦʧʝʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʽ ʨʝʘʣʽʟʦʚʘʥʠʤʠ 

ʧʦʚʝʨʭ ʤʝʨʝʞʝʚʠʤʠ ʜʦʜʘʪʢʘʤʠ; 

Å ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʬʽʟʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ. 

ɹʝʟʫʤʦʚʥʦ, ʜʣʷ ʫʩʧʽʭʫ ʩʪʨʘʪʝʛʽʾ ʧʨʠʩʢʦʨʝʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʚ 

ʋʢʨʘʾʥʽ ʚ ʯʠʩʣʽ ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʧʦ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʧʦʚʠʥʥʦ ʙʫʪʠ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʥʘʡʩʫʯʘʩʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʽʢʨʦ- ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ, 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʣʽʥʽʡ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʤʘʩʦʚʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʧʘʨʘʪʥʠʭ ʽ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʪʝʣʝʢʦʤʫʥʠʢʘʮʽʡ. ʈʦʟʚʠʪʦʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʦʞʝ 

ʩʣʫʛʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʽʥʩʪʨʫʤʝʥʪʦʤ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʪʨʘʪʝʛʽʡ ʪʘ 

ʽʥʥʦʚʘʮʽʡ ʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ, ʘ ʡ ʩʣʫʛʫʚʘʪʠ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ˇʨʫʥʪʦʚʥʠʭ ʟʘʜʘʯ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʧʨʠʩʢʦʨʝʥʦʛʦ ʨʦʟʚʠʪʢʫ ʫʢʨʘʾʥʩʴʢʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ [20]. 

 

1.5. ʆʨʛʘʥʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ 

ɺ ʜʘʥʠʡ ʯʘʩ ʫ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ 

ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʟʘʩʥʦʚʘʥʘ ʥʘ 
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ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʬʝʨʫ ʧʦʚʩʷʢʜʝʥʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʆʩʥʦʚʥʽ ʟʘʭʦʜʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʪʨʴʦʭ ʢʣʶʯʦʚʠʭ 

ʦʙʣʘʩʪʷʭ: ʨʦʟʛʦʨʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʢʦʤʫʥʽʢʘʮʽʡ, ʨʦʟʨʦʙʢʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʽ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ, ʨʦʟʨʦʙʢʠ ʫʥʽʬʽʢʦʚʘʥʠʭ ʬʦʨʤʘʪʽʚ 

ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʬʦʨʤʫʚʘʥʥʷ ʢʦʛʥʽʪʠʚʥʦʾ ʩʬʝʨʠ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʧʠʪʘʥʴ 

ʨʝʦʨʛʘʥʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʡ ʨʦʙʦʪʠ ʧʝʨʩʦʥʘʣʫ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ.  

ʉʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʦʢʽʚ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʩʠʩʪʝʤʘʭ ʟ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʟʘ ʨʘʭʫʥʦʢ ʧʦʙʫʜʦʚʠ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʙʘʛʘʪʦʨʘʟʦʚʝ ʜʫʙʣʶʚʘʥʥʷ ʽ ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʦʨʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʜʥʽ ʡ ʪʽ 

ʞ ʦʙôʻʢʪʠ ʘʙʦ ʷʚʠʱʘ, ʥʘʷʚʥʽʩʪʴ ʥʝʨʽʚʥʦʪʦʯʥʦʾ ʪʘ ʥʝʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʚʠʢʣʠʢʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤ ʟʙʦʨʫ ʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ (ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ) ʧʨʦ ʦʙôʻʢʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ.  

ʋ ʩʢʣʘʜʽ ʩʠʩʪʝʤʠ ʟ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʧʝʨʝʜʙʘʯʝʥʦ 

ʩʬʦʨʤʫʚʘʪʠ ʽʥʪʝʛʨʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʤʝʨʝʞʝʚʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʻʜʠʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʚ ʷʢʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʦʤʧʦʥʝʥʪ ʩʢʣʘʜʘʪʠʤʫʪʴ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʙʘʟʠ ʜʘʥʠʭ (ʈɹɼ) ʨʽʟʥʦʨʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʤʝʪʘʙʘʟʠ, 

ʦʙôʻʜʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ɯʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽ ʦʙʨʘʥʦ ʟʘʩʦʙʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʡ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤʠ ï ʬʨʘʛʤʝʥʪʘʮʽʾ ʪʘ ʨʝʧʣʽʢʘʮʽʾ ʈɹɼ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʩʧʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ 

ʧʝʨʝʜʙʘʯʝʥʦ ʤʝʭʘʥʽʟʤ ʚʟʘʻʤʥʠʭ ʚʠʢʣʶʯʝʥʴ, ʷʢʠʡ ʙʫʜʝ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʚ ʢʦʞʥʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ ʪʽʣʴʢʠ ʦʜʠʥ ʧʨʦʮʝʩ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʫ. ʇʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʜʦʟʚʦʣʠʣʦ ʦʙʨʘʪʠ ʢʣʘʩ 

ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʚ ɸʉ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʠʥʘʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ ï ʨʦʟʧʦʜʽʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʟ ʜʚʦʬʘʟʦʚʠʤ ʙʣʦʢʫʚʘʥʥʷʤ.  
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ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʨʝʧʣʽʢʘʮʽʾ ʜʘʥʠʭ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʟ 

ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʦʙʨʘʥʦ ʢʣʘʩ ʤʦʜʝʣʝʡ ʥʝʩʫʧʝʨʝʯʣʠʚʦʩʪʽ ʜʘʥʠʭ 

(ʤʦʜʝʣʽ ʩʣʘʙʢʦʾ, ʚʽʣʴʥʦʾ ʪʘ ʧʦʝʣʝʤʝʥʪʥʦʾ ʥʝʩʫʧʝʨʝʯʣʠʚʦʩʪʽ) ʪʘ ʧʨʦʪʦʢʦʣʽʚ 

ʦʥʦʚʣʝʥʥʷ ʨʝʧʣʽʢ (ʧʨʦʪʦʢʦʣʠ ʧʝʨʚʠʥʥʦʾ ʢʦʧʽʾ ʪʘ ʧʝʨʚʠʥʥʦʛʦ ʘʨʭʽʚʫʚʘʥʥʷ) ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ɸʉʄɼʆ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ ʥʝʩʫʧʝʨʝʯʣʠʚʦʩʪʽ 

ʷʢ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʙʘʟʠ ʜʘʥʠʭ.    

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʘʛʝʥʪʥʦʛʦ ʧʽʜʭʦʜʫ), ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʫʜʫʚʘʪʠ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʷʢ ʤʥʦʞʠʥʫ ʟʘʭʠʱʝʥʠʭ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʜʦʤʝʥʽʚ ʟ ʨʦʟʧʦʜʽʣʦʤ ʧʨʘʚʠʣ ʙʝʟʧʝʢʠ ʽ 

ʧʦʚʥʦʚʘʞʝʥʴ ʥʘ ʣʦʢʘʣʴʥʽ ʽ ʛʣʦʙʘʣʴʥʽ (ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʽ). 

 

ʆʨʛʘʥʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ɸʉ 

(ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ) ʤʦʥʽʪʦʨʠʥʛʫ (ʈʠʩ. 1.7.) 

 

 

 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ 

ʧʦʟʥʘʯʝʥʥʷ ʥʘ ʨʠʩʫʥʢʫ:  
R1 ï ʟʘʧʠʪ ʥʘ ʯʠʪʘʥʥʷ 

ʜʘʥʠʭ;  

R2 ï ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʘʧʠʪ 

ʜʣʷ ʯʠʪʘʥʥʷ;  

W1 ï ʟʘʧʠʪ ʥʘ ʟʘʧʠʩ 

ʜʘʥʠʭ;  

W2 ï ʧʝʨʝʤʽʱʝʥʥʷ 

ʝʣʝʤʝʥʪʫ ʜʘʥʠʭ ʍ ʥʘ 

ʥʦʚʠʡ ʧʝʨʚʠʥʥʠʡ ʩʝʨʚʝʨ;  

W3 ï ʧ̔ ʜʪʚʝʨʜʞʝʥʥʷ 

ʟʘʚʝʨʰʝʥʥʷ ʟʘʧʠʩʫ;  

W4 ï ʩʠʛʥʘʣ ʥʘ ʦʥʦʚʣʝʥʥʷ 

ʨʝʟʝʨʚʥʠʭ ʢʦʧʽʡ;  

W5 ï ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ.  
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ɯʥʬʦʨʤʘʮʽʡʥʘ ʚʟʘʻʤʦʜʽʷ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ɸʉ ʤʦʥʽʪʦʨʠʥʛʫ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (ʈʠʩ.1.8.) 

 

ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽʟ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ: 

1. ʆʙ'ʻʜʥʘʥʥʷ ʚ ʻʜʠʥʫ ʛʣʦʙʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʫʧʨʘʚʣʷʶʯʫ ʤʝʨʝʞʫ ʚʩʽʭ 

ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʩʠʣ ʽ ʟʘʩʦʙʽʚ ʨʦʟʚʽʜʢʠ ʽ ʈɽɹ.  

2. ʅʘʷʚʥʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʟʚ'ʷʟʢʽʚ ʥʘ ʫʩʽʭ ʨʽʚʥʷʭ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʚʟʘʻʤʦʜʽʾ.  

3. ɿʜʦʙʫʪʪʷ ʥʝʦʙʭʽʜʥʠʭ ʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʜʘʥʠʭ ʙʫʜʴ-ʷʢʠʤ ʦʨʛʘʥʦʤ ʫʧʨʘʚʣʽʥʥʷ 

ʫ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ.  

4. ʈʝʘʣʽʟʘʮʽʷ ʧʨʠʥʮʠʧʫ çʧʽʜʢʣʶʯʠʚ ʽ ʧʨʘʮʶʡè, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʽʥʪʝʛʨʘʮʽʶ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʽ ʟʘʩʦʙʽʚ ʨʦʟʚʽʜʢʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 
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5. ʆʨʛʘʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʤʝʪʘʜʘʥʠʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʥʽʬʽʢʦʚʘʥʠʭ ʬʦʨʤʘʪʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

6. ʄʦʜʫʣʴʥʘ ʧʦʙʫʜʦʚʘ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʛʣʦʙʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʫʧʨʘʚʣʷʶʯʦʾ 

ʤʝʨʝʞʽ.  

7. ɭʜʠʥʽ ʩʪʘʥʜʘʨʪʠ ʽ ʬʦʨʤʘʪʠ ʜʦʢʫʤʝʥʪʽʚ.  

8. ʇʦʚʥʘ ʩʫʤʽʩʥʽʩʪʴ ʧʨʦʛʨʘʤʥʠʭ ʽ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

9. ɻʘʨʘʥʪʦʚʘʥʠʡ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ.  

 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽʟ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʶ 

ʘʨʭʽʪʝʢʪʫʨʦʶ: 

1.  ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʛʨʘʮʽʾ ʤʦʞʣʠʚʦʩʪʝʡ ʫʩʽʭ   

ʟʘʩʦʙʽʚ ʜʦʙʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

2. ʇʦʪʝʥʮʽʡʥʝ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʦʙʽʟʥʘʥʦʩʪʽ ʥʘ ʫʩʽʭ ʣʘʥʢʘʭ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʜʦʩʪʫʧʥʦʩʪʽ ʫʩʽʻʾ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

3.  ʄʦʞʣʠʚʽʩʪʴ ʧʝʨʝʧʽʜʧʦʨʷʜʢʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʨʦʟʚʽʜʢʠ ʫ ʨʘʟʽ ʚʠʭʦʜʫ ʟ ʣʘʜʫ 

ʧʫʥʢʪʽʚ (ʮʝʥʪʨʽʚ) ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ.  

4.  ʇʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ, ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ. 

5. ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʩʢʨʠʪʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʦʜʥʘʢ ʧʦʚʥʝ 

ʚʠʢʨʠʪʪʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʻ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʠʤ. 

6. ʆʙôʻʢʪʠʚʥʠʤ ʥʘʩʣʽʜʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʨʦʣʽ ʩʘʤʦʩʠʥʭʨʦʥʽʟʘʮʽʾ ʻ ʟʥʠʞʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʽʚ ʩʠʩʪʝʤʠ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʤʘʻ ʧʽʜʚʠʱʠʪʠʩʷ 

ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʦʪʞʝ ʡ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯ ʩʠʩʪʝʤʠ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ.  

ɺʠʩʥʦʚʢʠ 

1. ɺʠʟʥʘʯʝʥʦ ʪʝʥʜʝʥʮʽʾ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʩʫʯʘʩʥʠʤʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ. ɼʦʩʣʽʜʞʝʥʦ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ TMN 

ʄʽʞʥʘʨʦʜʥʦʛʦ ʩʦʶʟʫ ʝʣʝʢʪʨʦʟʚôʷʟʢʫ ʟ ʧʠʪʘʥʴ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ (ITU); ʤʦʜʝʣʽ Smart 
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TMN ʌʦʨʫʤʫ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ (TeleManagement Forum ï TM 

Forum). 

2. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, 

ʪʦʤʫ ʱʦ ʤʝʨʝʞʽ ʙʽʣʴʰ ʥʝ ʻ ʘʚʪʦʥʦʤʥʠʤʠ, ʩʘʤʦʜʦʩʪʘʪʥʽʤʠ ʜʦʤʽʥʽʦʥʘʤʠ, ʚʦʥʠ 

ʩʪʘʣʠ ʯʘʩʪʠʥʦʶ ʙʽʟʥʝʩʽʚ-ʧʨʦʮʝʩʽʚ. ʂʣʶʯʦʚʠʤʠ ʢʦʥʮʝʧʮʽʷʤʠ ʩʫʯʘʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʻ ʥʘʩʢʨʽʟʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜ ʢʨʘʶ ʜʦ ʢʨʘʶ, ʫʧʨʘʚʣʽʥʥʷ ʨʽʚʥʝʤ ʧʦʩʣʫʛ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʠʭ ʧʨʘʚʠʣ. ʅʘʩʢʨʽʟʥʝ ʫʧʨʘʚʣʽʥʥʷ ʤʘʻ ʥʘ ʫʚʘʟʽ ʤʦʞʣʠʚʽʩʪʴ 

ʢʦʥʪʨʦʣʶ ʥʘʜ ʫʩʽʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ - ʚʢʣʶʯʘʶʯʠ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʡ ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʙʘʟʫ ʜʘʥʠʭ ʽ ʩʠʩʪʝʤʫ ʪʨʘʥʟʘʢʮʽʡ, ʩʝʨʚʝʨʠ ʽ 

ʤʝʡʥʬʨʝʡʤʠ, ʝʣʝʤʝʥʪʠ ʣʦʢʘʣʴʥʦʾ ʽ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ - ʷʢ ʻʜʠʥʦʛʦ ʮʽʣʦʛʦ.  

3. ʈʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ ʫʧʨʘʚʣʽʥʥʷ, ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʩʪʫʧʦʤ ʪʘ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ.    ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʮʝʥʪʨʫ 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʻʶ ʤʝʨʝʞʝʶ ʜʦʩʪʫʧʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʩʽʭ ʥʘʷʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤʠ 

ʧʝʨʝʜʘʯʽ ʪʘ ʢʦʤʫʪʘʮʽʾ. ʉʪʚʦʨʶʻ ʪʘ ʧʽʜʪʨʠʤʫʻ ʟʚ'ʷʟʦʢ ʽʟ ʦʧʝʨʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ QoS, ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʩʫʯʘʩʥʠʤʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ  ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʟʛʽʜʥʦ ʟ ʽʜʝʦʣʦʛʽʻʶ ʚʟʘʻʤʦʜʽʾ ʚʽʜʢʨʠʪʠʭ 

ʩʠʩʪʝʤ, ʢʦʥʮʝʧʮʽʡ TMN ʪʘ Smʘrt TMN. ʊʘʢʦʞ ʦʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʧʦʙʫʜʦʚʠ ʻ ʽʜʝʦʣʦʛʽʷ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ SDN (Software-defined Networking), ʚ ʷʢʠʡ 

ʚʝʩʴ ʽʥʪʝʣʝʢʪ ʤʝʨʝʞʽ ʚʠʥʝʩʝʥʦ ʚ ʦʢʨʝʤʫ ʘʧʘʨʘʪʥʫ/ʧʨʦʛʨʘʤʥʫ ʙʘʟʫ, ʘ ʚʩʝ 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʧʨʦʭʦʜʠʪʴ ʥʘ ʙʘʟʽ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʪʦʢʦʣʽʚ (ʥʘʧʨʠʢʣʘʜ, 

OpenFlow). 
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ʈʆɿɼɯʃ 2 

ʄɽʊʆɼʀʂɸ ɺʀɿʅɸʏɽʅʅʗ ʄɸʈʐʈʋʊʋ ʇɽʈɽɼɸɺɸʅʅʗ 

ɯʅʌʆʈʄɸʎɯɰ ɺ ʄɽʈɽɾɽʎɽʅʊʈʀʏʅʀʍ ʉʀʉʀʊɽʄɸʍ ʋʇʈɸɺʃɯʅʅʗ 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ̔

 

ɺ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʩʫʯʘʩʥʠʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʦʜʥʠʤ ʟ 

ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʩʝʨʝʜʥʷ ʟʘʪʨʠʤʢʘ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʜʦʩʪʘʚʢʠ 

ʫʧʨʘʚʣʷʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ [157]. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʟʘʪʨʠʤʢʠ ʻ ʪʝʦʨʽʷ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʨʦʪʝ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʡʯʘʩʪʽʰʝ ʧʦʪʨʝʙʫʻ 

ʧʨʦʧʦʟʠʮʽʡ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʩʢʣʘʜʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ.  

ʊʦʤʫ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʪʦʯʥʽ ʢʽʣʴʢʽʩʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘʪʨʠʤʢʠ ʚʠʢʦʥʘʪʠ 

ʥʝʤʦʞʣʠʚʦ. ʄʦʜʝʣʽ ʟʛʘʜʘʥʦʾ ʪʝʦʨʽʾ ʥʝʨʽʜʢʦ ʩʪʘʶʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʜʦʩʪʘʪʥʴʦ 

ʪʦʯʥʠʭ ʘʧʨʦʢʩʠʤʘʮʽʡ ʟʘʪʨʠʤʢʠ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʘʪʠ ʧʦʟʠʪʠʚʥʽ ʪʘ 

ʷʢʽʩʥʽ ʨʝʟʫʣʴʪʘʪʠ.  

ʇʠʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʡ ʘʥʘʣʽʟ ʚʘʨʽʘʥʪʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʪʨʠʤʢʠ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʚ [28]. ʅʘʚʝʜʝʤʦ ʜʝʷʢʽ 

ʦʩʥʦʚʥʽ ʤʦʤʝʥʪʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɸʥʘʣʽʟʫʶʯʠ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʜʚʘ ʭʘʨʘʢʪʝʨʥʠʭ ʚʠʜʠ ʤʝʨʝʞ: 

ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ ʽ ʢʦʤʫʪʘʮʽʻʶ ʢʘʥʘʣʽʚ. ʇʝʨʰʠʡ ʚʠʜ - ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ 

ʯʝʨʝʟ ʤʝʨʝʞʫ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʦʜʝʨʞʫʚʘʯʘ ʟʘ ʜʝʷʢʠʤ ʤʘʨʰʨʫʪʦʤ, ʚʠʙʽʨ ʷʢʦʛʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʝʢʪʦʤ ʤʝʨʝʞʽ. ʋ ʜʨʫʛʦʤʫ - ʢʦʤʫʪʘʮʽʷ ʢʘʥʘʣʽʚ ʜʣʷ ʧʘʨʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï ʮʝ ʦʙôʻʢʪʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ), ʷʢʽ ʧʦʚʠʥʥʽ 

ʟʚ'ʻʜʥʫʚʘʪʠʩʷ ʤʽʞ ʩʦʙʦʶ, ʫʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʘʨʰʨʫʪ ʧʝʨʝʜʘʯʽ ʚʽʜ ʦʜʥʦʛʦ ʜʦ 

ʽʥʰʦʛʦ.    ʊʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʯʠʩʣʦ ʽ ʜʦʚʞʠʥʘ ʧʘʢʝʪʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʤʝʨʝʞʽ 

ʘʙʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʥʝʾ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʯʠʩʣʦ ʚʠʢʣʠʢʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ 

ʥʘ ʚʭʽʜ ʤʝʨʝʞʽ ʟʘ   ʟʘʜʘʥʠʡ ʯʘʩ, ʪʨʠʚʘʣʽʩʪʴ ʟʘʡʥʷʪʪʷ,   ʫ   ʟʘʛʘʣʴʥʦʤʫ      ʚʠʧʘʜʢʫ 

ʩʭʠʣʴʥʽ ʜʦ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʤʽʥ.    ʊʦʤʫ, ʜʣʷ ʚʠʚʯʝʥʥʷ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʠʩʪʝʤʫ ʡ 

ʦʜʝʨʞʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ, ʧʦʚʠʥʥʽ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʡʤʦʚʽʨʥʦʩʪʥʽ ʤʝʪʦʜʠ. ʂʣʶʯʦʚʫ ʨʦʣʴ ʚ ʘʥʘʣʽʟʽ ʤʝʨʝʞ ʚʽʜʽʛʨʘʻ 

ʪʝʦʨʽʷ ʯʝʨʛ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚ ʦʨʠʛʽʥʘʣʽ queneing theory ʘʙʦ ʧʨʦʩʪʦ queneing, ʫ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʪʝʨʤʽʥ ʪʝʦʨʽʷ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʅʘʫʢʫ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʯʝʨʛ, ʘʙʦ ʪʝʦʨʽʶ ʤʘʩʦʚʦʛʦ 
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ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʩʪʦʩʦʚʥʦ ʟʘʜʘʯ ʨʦʟʨʘʭʫʥʢʫ ʤʝʨʝʞ ʟʚ'ʷʟʢʫ, ʥʘʟʠʚʘʶʪʴ ʪʝʦʨʽʻʶ 

ʪʝʣʝʪʨʘʬʽʢʘ.  

ʋ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘʪʨʠʤʢʠ ʧʨʦʭʦʜʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ ʮʽʻʾ 

ʟʘʪʨʠʤʢʠ ʚʽʜ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤʠ ʽ 

ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

2.1. ɿʘʪʨʠʤʢʘ ʽʥʬʦʨʤʘʮʽʾ ʚ ʦʜʥʦʢʘʥʘʣʴʥʠʭ ʪʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʟ ʧʫʘʩʩʦʥʽʚʩʴʢʠʤ ʪʘ ʜʦʚʽʣʴʥʠʤ ʚʭʽʜʥʠʤ ʧʦʪʦʢʦʤ ʽ ʜʦʚʽʣʴʥʠʤ ʯʘʩʦʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

 

ʉʫʯʘʩʥʽ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʥʦʚʠʭ ʤʝʪʦʜʠʢ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʻʜʠʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʩʪʘʥʜʘʨʪʽʚ ʽ ʧʨʦʪʦʢʦʣʽʚ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʾ ʤʝʨʝʞʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʪʨʠʤʢʠ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʫ, ʪʦʤʫ 

ʜʦʮʽʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɿʘʪʨʠʤʢʘ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʫʘʩʩʦʥʽʚʩʢʠʤ ʚʭʽʜʥʠʤ 

ʧʦʪʦʢʦʤ ʽ ʜʦʚʽʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʚʠʤʦʛ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʠʩʪʝʤʽ, ʨʦʟʧʦʜʽʣ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʽʦʜʫ ʟʘʡʥʷʪʦʩʪʽ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, 

ʱʦ ʚ ʮʴʦʤʫ ʧʝʨʽʦʜʽ ʙʫʜʝ ʦʙʩʣʫʛʦʚʘʥʦ ʜʘʥʝ ʯʠʩʣʦ ʚʠʤʦʛ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ὴ, - ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ Ὁ. (j = 0, 1, 2), ʪʦʙʪʦ ʤʘʻʤʦ Ὦ 

ʚʠʤʦʛ, ʷʢʽ ʦʯʽʢʫʶʪʴ ʫ ʯʝʨʟʽ ʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. 

ʊʚʝʨʜʞʝʥʥʷ ʟʘʩʥʦʚʘʥʝ ʥʘ ʜʦʢʘʟʽ, ʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʽ 

ʡʤʦʚʽʨʥʽʩʪʴ ὴ ʟʙʽʛʘʻʪʴʩʷ ʟ “ - ʡʤʦʚʽʨʥʽʩʪʶ ʪʦʛʦ, ʱʦ ʚ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʘʥ Ὁ. ʇʨʠ ʨʦʟʛʣʷʜʽ ʩʠʩʪʝʤ ʟ ʛʨʫʧʦʚʠʤ 

ʥʘʜʭʦʜʞʝʥʥʷʤ ʚʠʤʦʛ ʽ ʛʨʫʧʦʚʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ “ 
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ὖᾀ

В “ ᾀ ᾀ

ᾀ
ὑᾀ

 
(2.1) 

  ʇʨʠʧʫʩʪʠʤʦ, ʱʦ Ὓ ρȟ“ ὴ ʪʘ ὑᾀ ‍ ‗ρ ᾀ  ʪʦ ʦʪʨʠʤʘʻʤʦ 

ʬʫʥʢʮʽʶ ʡʤʦʚʽʨʥʦʩʪʝʡ ὴ : 

 
ὖᾀ

ὴ ᾀ ρ‍‗ρ ᾀ

ᾀ ‍‗ρ ᾀ
 

(2.2) 

                   

ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʧʨʠ ᾀO ρ 

 ρ ὑᾀ

ρ ᾀ
ᴼ
‗

‘
 

(2.3) 

  

ʜʝ   ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

 ʆʪʞʝ,  
ρ ὖρ

ὖ

ρ
‗
‘

 
 

 

ʆʪʞʝ, ʦʩʪʘʪʦʯʥʦ ʤʘʻʤʦ ʚʠʨʘʟ 

ὖᾀ
ρ ‗‘ϳ ‍‗ρ ᾀ

ρ ρ ‍‗ρ ᾀ ρ ᾀϳ
 

(2.4) 

  

ʷʢʠʡ ʩʧʨʘʚʝʜʣʠʚʠʡ ʧʨʠ ρ 

ʗʢʱʦ ρ, ʪʦ ʚʩʽ ʡʤʦʚʽʨʥʦʩʪʽ ὴ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʪʘʢ ʢʦʞʝʥ ʩʪʘʥ ʻ 

ʥʫʣʴʦʚʠʤ ʨʝʢʫʨʝʥʪʥʠʤ ʩʪʘʥʦʤ. ʎʝ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʪʦʛʦ, ʱʦ ʨʦʟʛʣʷʥʫʪʠʡ 

ʣʘʥʮʶʛ ʻ ʪʘʢʠʤ, ʱʦ ʥʝ ʧʨʠʚʦʜʠʪʴʩʷ; ʦʪʞʝ, ʚʩʽ ʾʾ ʩʪʘʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʽ ʪʦʛʦ 

ʞ ʢʣʘʩʫ (ʟʦʢʨʝʤʘ, Ὁ ʥʫʣʴʦʚʠʡ ʨʝʢʫʨʨʝʥʪʥʠʡ ʩʪʘʥ.) 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʝ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʽʦʜʽʚ 

ʟʘʡʥʷʪʦʩʪʽ ʜʣʷ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʎʽ ʪʨʠʚʘʣʦʩʪʽ, ʦʧʠʩʫʶʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤʠ  

ʚʝʣʠʯʠʥʘʤʠ ὢȟὢȟȣȟ ʽ ʤʘʶʪʴ ʚʟʘʻʤʥʦ ʥʝʟʘʣʝʞʥʽ ʦʜʥʘʢʦʚʽ ʨʦʟʧʦʜʽʣʠ, 

ʦʩʢʽʣʴʢʠ ʚ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʢʘʥʘʣ ʚʽʣʴʥʠʡ, ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʽʯʦʛʦ ʪʘʢʦʛʦ, ʱʦ ʤʦʛʣʦ ʙ 

ʟʤʽʥʠʪʠ ʨʦʟʧʦʜʽʣ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʽʦʜʫ. ʇʝʨʽʦʜ ʟʘʪʨʠʤʢʠ ʧʦʯʠʥʘʻʪʴʩʷ, ʢʦʣʠ ʚʠʤʦʛʘ 
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ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʢʦʣʠ ʟʘʚʝʨʰʫʻʪʴʩʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʦʩʪʘʥʥʴʦʾ ʚʠʤʦʛʠ ʟ ʯʝʨʛʠ, ʱʦ ʫʪʚʦʨʠʣʘʩʷ ʧʽʜ ʯʘʩ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʮʴʦʛʦ ʞʦʜʥʘ ʚʠʤʦʛʘ ʥʝ ʥʘʜʭʦʜʠʪʴ, ʽ, ʦʪʞʝ, ʢʘʥʘʣ ʩʪʘʻ 

ʚʽʣʴʥʠʤ. 

ʅʝʭʘʡ Ὃὼ ὖὢ ὼ ī ʨʦʟʧʦʜʽʣ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʽʦʜʫ ʟʘʡʥʷʪʦʩʪʽ 

ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʫʘʩʩʦʥʽʚʩʢʠʤ ʚʭʽʜʥʠʤ ʧʦʪʦʢʦʤ ʟ ʧʘʨʘʤʝʪʨʦʤ ‗ ʪʘ 

ʜʦʚʽʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ὄὸ. ʌʫʥʢʮʽʷ Ὃὼ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʦʛʦ, ʷʢ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚʠʙʽʨ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʨʦʟʧʦʜʽʣ ʩʫʤʠ n ʧʝʨʽʦʜʽʚ ʟʘʡʥʷʪʦʩʪʽ ʻ n-ʢʨʘʪʥʘ ʟʛʦʨʪʢʘ 

ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ Ὃὼ. ɺʽʜʦʤʦ, ʱʦ n-ʢʨʘʪʥʦʾ ʟʛʦʨʪʢʘ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ Ὃὼ  

ʦʪʨʠʤʘʥʘ ʟʛʦʨʪʢʦʶ ʬʫʥʢʮʽʾ Ὃὼ ʟ ʨʽʚʥʦʶ ʾʡ ʬʫʥʢʮʽʻʶ, ʟʛʦʨʪʢʦʶ ʨʝʟʫʣʴʪʫʶʯʦʾ 

ʬʫʥʢʮʽʾ ʟʥʦʚʫ ʟ ʬʫʥʢʮʽʻʶ Ὃὼ ʽ ʪʘʢ ʜʘʣʽ. ʊʘʢ, ʷʢʱʦ ʥʘʧʠʩʘʪʠ Ὃ ὼ = Ὃὼ ʪʦ 

ʦʪʨʠʤʘʻʤʦ ʜʚʦʢʨʘʪʥʫ ʟʛʦʨʪʢʫ ʬʫʥʢʮʽʾ G (x) ʫ ʚʠʛʣʷʜʽ 

 
Ὃ ὼ Ὃ ὼ ώὨὋώ 

(2.5) 

 ʽ ʚʟʘʛʘʣʽ, n-ʢʨʘʪʥʦ ʫ ʟʛʦʨʪʢʫ 

 
Ὃ ὼ Ὃ ὼ ώὨὋώȟὲ ςȢ 

(2.6) 

ʗʢʱʦ ʦʙʯʠʩʣʠʪʠ Ὃὼ. ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʽʦʜʫ ʟʘʡʥʷʪʦʩʪʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʪʨʠʚʘʣʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʝʨʰʦʾ ʚʠʤʦʛʠ ʽ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʽʦʜʫ ʟʘʡʥʷʪʦʩʪʽ ʜʣʷ 

ʚʠʤʦʛ, ʱʦ ʥʘʜʽʡʰʣʠ ʧʽʟʥʽʰʝ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʪʨʠʚʘʣʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʝʨʰʦʾ ʚʠʤʦʛʠ ʜʦʨʽʚʥʶʻ ʫ ʽ ʟʘ ʮʝʡ ʯʘʩ ʥʘʜʽʡʰʣʦ n ʚʠʤʦʛ (ʡʤʦʚʽʨʥʽʩʪʴ ʮʽʻʾ ʧʦʜʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ʇʫʘʩʩʦʥʘ), ʪʦ, ʜʣʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʤʦʜʝʣʽ, ʮʽ n ʚʠʤʦʛ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʦʢʨʝʤʦ. ʇʝʨʰʘ ʚʠʤʦʛʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʚʠʤʦʛʠ; ʷʢʱʦ ʟʘ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʥʘʜ̔ʡʜʫʪʴ ʥʦʚʽ ʚʠʤʦʛʠ, ʪʦ ʚʩʽ ʚʦʥʠ ʙʫʜʫʪʴ ʦʙʩʣʫʞʝʥʽ ʨʘʥʽʰʝ ʥʘʩʪʫʧʥʦʛʦ ʟ ʨʝʰʪʠ n 

ï 1 ʚʠʤʦʛ. ɸʥʘʣʦʛʽʯʥʦ ʻ ʽ ʧʽʜ ʯʘʩ ʚʩʪʫʧʫ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʘʥʦʛʦ ʚʠʤʦʛʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, n ʚʠʤʦʛ ʽ ʪʽ ʚʠʤʦʛʠ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʟʘ ʯʘʩ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʽʦʜʫ ʟʘʡʥʷʪʦʩʪʽ ʚʽʜ ʤʦʤʝʥʪʫ ʯʘʩʫ ὼ ώ ʜʦ ʤʦʤʝʥʪʫ 

ʯʘʩʫ ʭ. ɸʣʝ ʨʦʟʧʦʜʽʣ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʽʦʜʫ ʟʘʡʥʷʪʦʩʪʽ ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʮʠʭ n ʚʠʤʦʛ 
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ʦʜʥʦ Ὃὼ ώ, ʘ ʚʟʷʚʰʠ n-ʢʨʘʪʥʫ ʟʛʦʨʪʢʫ, ʟʥʘʡʜʝʤʦ Ὃ ὼ ώ . ʎʝʡ ʚʠʩʣʽʚ ʤʘʻ 

ʙʫʪʠ ʧʦʤʥʦʞʝʥʠʡ  ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ n ʚʠʤʦʛ ʟʘ ʯʘʩ ʫ ʽ ʧʽʜʩʫʤʦʚʘʥʦ ʟʘ 

ʚʩʽʤʘ n. 

ʑʦʙ ʦʪʨʠʤʘʪʠ Ὃὼ , ʮʝʡ ʨʝʟʫʣʴʪʘʪ ʧʦʪʨʽʙʥʦ ʧʦʤʥʦʞʠʪʠ ʥʘ Ὠὄώ  ̔

ʧʨʦʽʥʪʝʛʨʫʚʘʪʠ ʧʦ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʪʨʠʚʘʣʦʩʪʷʭ ʫ.  

ʆʪʞʝ, 
Ὃὼ Ὡ

‗ώ

ὲȦ
Ὃ ὼ ώὨὄώȟ 

(2.7) 

  

ɼʝ 
Ὃ ὼ

ρȟ̠ ̋̚ ̏ὼ πȢ
πȟ̠ ̋̚ ̏ὼ πȢ

 
 

  

ɿʘʩʪʦʩʫʚʘʚʰʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ-ʉʪʽʣʪʴʻʩʘ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʽ 

ʚʚʽʚʰʠ ʧʦʟʥʘʯʝʥʥʷ 

 
ːί Ὡ ὨὋὼȟ 

(2.8) 

 

ʤʘʻʤʦ 

 
ːί

ːί

ὲȦ
Ὡ

ρ

ὲȦ
‗ ːί ί ‗ 

(2.9) 

 

ʜʝ ‍ - ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ-ʉʪʽʣʪʴʻʩʘ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʨʽʚʥʷʥʥʷ, ʷʢʦʤʫ ʧʦʚʠʥʥʦ ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʉʪʽʣʪʴʻʩʘ ʬʫʥʢʮʽʾ Ὃὼ ʜʣʷ ὙὩί π. ʊʘʢʘʯ ʧʨʠʚʦʜʠʪʴ 

ʜʦʢʘʟ ʪʦʛʦ, ʱʦ ʮʝ ʨʽʚʥʷʥʥʷ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʶ ːί ̐̑ ̉ːЊ π, ʘ ʟ 

ʮʽʻʾ ʬʫʥʢʮʽʾ ʪʘʢʦʞ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ Ὃὼ. ɺʽʥ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʨʘʟ ʜʣʷ Ὃὼ 

ʩʧʨʘʚʝʜʣʠʚʠʡ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ρ. ʏʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʡʤʦʚʽʨʥʽʩʪʶ, ʷʢʘ ʜʦʨʽʚʥʶʻ ρ ÌÉÍO Ὃὼ , ʤʦʞʝʤʦ ʤʘʪʠ ʥʝʩʢʽʥʯʝʥʥʫ 

ʪʨʠʚʘʣʽʩʪʴ. ʄʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʨʽʚʥʶʻ .  

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ‍ί - ʩʧʘʜʘʶʯʘ ʬʫʥʢʮʽʷ ʧʨʠ π ί Њ, ʧʨʠ ʮʴʦʤʫ ‍π

ρ ʪʘ ‍Њ π. ʎʷ ʬʫʥʢʮʽʷ ʜʠʬʝʨʝʥʮʽʶʻʪʴʩʷ ʧʨʠ π ί Њ, ʪʘ ‍Ǭί ʟʨʦʩʪʘʻ 
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ʤʦʥʦʪʦʥʥʦ. ʄʘʻʤʦ ‍Ǭπ  ʪʘ ‍ǬЊ π. ʊʦʜʽ ʷʢ ‍ί ï ʤʦʥʦʪʦʥʥʘ ʬʫʥʢʮʽʷ, 

ʪʦ ʚʦʥʘ ʤʘʻ ʻʜʠʥʫ ʦʙʝʨʥʝʥʫ ʬʫʥʢʮʽʶ ‍ ὼ ʧʨʠ π ὼ ρ. 

ʈʦʟʛʣʷʥʝʤʦ ʙʘʛʘʪʦʢʘʥʘʣʴʥʫ ʩʠʩʪʝʤʫ ʟ ʧʫʘʩʩʦʥʽʚʩʢʠʤ ʚʭʽʜʥʠʤ ʧʦʪʦʢʦʤ ʽ 

ʜʦʚʽʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʚʩʽʭ ʢʘʥʘʣʽʚ, ʧʨʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʚʠʤʦʛ ʚ ʧʦʨʷʜʢʫ ʥʘʜʭʦʜʞʝʥʥʷ. ʏʠʩʣʦ ʢʘʥʘʣʽʚ ʜʦʨʽʚʥʶʻ ʩ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʨʽʩʪ ʚʝʣʠʯʠʥʠ ὡ ὸ ʥʝ ʜʦʨʽʚʥʶʻ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʦʜʠʥʦʯʥʦʾ ʚʠʤʦʛʠ, ʱʦ ʥʘʜʽʡʰʦʚ ʟʘ ʯʘʩ Ўὸ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʧʨʦʤʽʞʦʢ ʯʘʩʫ 

ʤʽʞ ʧʦʯʘʪʢʦʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʮʽʻʾ ʚʠʤʦʛʠ ʪʘ ʤʦʤʝʥʪʦʤ ʯʘʩʫ ὸ, ʢʦʣʠ ʢʘʥʘʣ 

ʚʧʝʨʰʝ ʩʪʘʚ ʚʽʣʴʥʠʡ, ʪʘʢ ʷʢ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʤʦʛʘ ʦʯʽʢʫʚʘʣʘ, ʧʦʪʨʽʙʥʦ, ʱʦʙ ʫʩʽ 

ʢʘʥʘʣʠ ʙʫʣʠ ʟʘʡʥʷʪʽ. 

ɯʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʘʡʥʷʪʠʡ ʢʘʥʘʣ (ʚʠʢʣʶʯʘʶʯʠ ʢʘʥʘʣ, ʟʘʡʥʷʪʠʡ 

ʚʠʤʦʛʦʶ, ʱʦ ʥʘʜʽʡʰʣʠ ʧʨʦʪʷʛʦʤ ʯʘʩʫ Ўὸ ʥʝ ʟʚʽʣʴʥʠʪʴʩʷ ʯʝʨʝʟ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʫ 

ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʮʽʻʾ ʚʠʤʦʛʠ, ʜʦʨʽʚʥʶʻ 

 
‘ ὄ ὼὨὼȟ 

(2.10) 

ʜʝ  -  ʩʝʨʝʜʥʽʡ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʢʘʥʘʣ ʟʘʡʥʷʪʠʡ. 

ʋ ʮʴʦʤʫ ʚʠʨʘʟʽ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʴʦʤʫ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ 

ʷʢʦʛʦ ʢʘʥʘʣ ʙʫʜʝ ʟʘʣʠʰʘʪʠʩʷ ʟʘʡʥʷʪʠʤ ʧʽʩʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ ώ. ɺʽʥʦʰʝʥʥʷ ʮʠʭ 

ʚʝʣʠʯʠʥ ʽ ʻ ʰʫʢʘʥʦʾ ʡʤʦʚʽʨʥʽʩʪʶ. ɺʠʨʦʙʣʷʶʯʠ ʧʦʜʘʣʴʰʽ ʚʠʢʣʘʜʢʠ ʽ 

ʟʘʩʪʦʩʫʚʘʚʰʠ ʧʨʘʚʠʣʦ ʃʦʧʽʪʘʣʷ, ʦʪʨʠʤʘʻʤʦ 

ὄ ώὨώ ρ ὦὼὨὼὨώ ÌÉÍ
ᴼ

Ὡ ρ ὦὼὨὼὨώ  

ÌÉÍ
ᴼ

᷿ ὦὼὨὼ᷿ Ὡ ÌÉÍ
ᴼ

ᶻ

. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʡʤʦʚʽʨʥʽʩʪʴ ʅ (ʫ) ʪʦʛʦ, ʱʦ ʚʩʽ ʢʘʥʘʣʠ ʟʘʡʥʷʪʽ, ʜʦʨʽʚʥʶʻ 

ʡʤʦʚʽʨʥʦʩʪʽ ɺʉ (ʫ) ʪʦʛʦ, ʱʦ ʢʘʥʘʣ, ʜʦ ʷʢʦʛʦ ʥʘʜʽʡʰʣʘ ʜʘʥʘ ʚʠʤʦʛʘ, ʟʘʣʠʰʘʻʪʴʩʷ 

ʟʘʡʥʷʪʠʤ ʧʨʦʪʷʛʦʤ ʯʘʩʫ, ʱʦ ʧʝʨʝʚʝʨʰʫʻ ʫ, ʧʦʤʥʦʞʝʥʦʾ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ 

ʽʥʰʽ c ī 1 ʢʘʥʘʣʽʚ ʪʘʢʦʞ ʟʘʡʥʷʪʽ ʧʨʦʪʷʛʦʤ ʯʘʩʫ, ʱʦ ʧʝʨʝʚʝʨʰʫʻ ʫ, 
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Ὄώ ‘ ὄ ὼὨὼ ὄ ώȢ 

(2.11) 

    

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ H(y) ʚʽʜʽʛʨʘʻ ʪʫ ʞ ʨʦʣʴ, ʱʦ ʽ ʬʫʥʢʮʽʷ ὄ ώ ʚ 

ʨʘʟʽ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ.  

ʗʢ ʽ ʨʘʥʽʰʝ, ʨʦʟʛʣʷʥʝʤʦ ʜʣʷ N ʩʠʩʪʝʤ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ 

ʩʪʘʥʽ, ʟʤʽʥʘ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʟʘ ʯʘʩ Ўὸ. ʏʠʩʣʦ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʧʝʨʝʙʫʚʘʻ ʤʽʞ ʽ w +Ўὸ, ʜʦʨ̔ʚʥʶ̒ ‫ 

 
ὔ
Ὠὖ‫

Ὠ‫
ЎὸȢ 

(2.12) 

 

ɿ ʮʴʦʛʦ ʯʠʩʣʘ ʧʦʪʨʽʙʥʦ ʚʽʜʥʷʪʠ ʯʠʩʣʦ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʧʝʨʝʚʝʨʰʫʻ w. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʯʠʩʣʦ ʜʦʨʽʚʥʶʻ 

 
ὔ‗ɝὸ

Ὠὖὼ

Ὠὼ
Ὄ‫ ὼὨὼ 

 

(2.13) 

 

ʧʨʠ ʭ> 0. 

ʗʢʱʦ ʭ = 0, ʪʦ ʯʠʩʣʦ ʩʠʩʪʝʤ, ʷʢʽ ʟʘ ʯʘʩ Ўὸ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʜʨʫʛʦʾ ʛʨʫʧʠ, 

ʪʦʙʪʦ ɺ ʛʨʫʧʫ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʩʪʘʻ ʙʽʣʴʰʝ w, ʦʙʯʠʩʣʶʻʪʴʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ. 

ʗʢʱʦ ʚʠʤʦʛʘ ʱʦ ʧʦʩʪʫʧʘʻ ʤʘʻ ʥʫʣʴʦʚʠʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚ ʪʠʭ ʩʠʩʪʝʤʘʭ, ʜʝ 

ʟʥʘʭʦʜʠʪʴʩʷ (0, 1,..., ὧ ρ) ʚʠʤʦʛ. ʏʠʩʣʦ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʜʥʦ NP (O). ʊʽʣʴʢʠ ʪʽ ʟ 

ʮʠʭ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ὧ ρ ʚʠʤʦʛ, ʤʦʞʫʪʴ ʟʘ ʯʘʩ Ўὸ ʧʝʨʝʡʪʠ ʚ ʛʨʫʧʫ 

ʩʠʩʪʝʤ, ʱʦ ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʠʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ (ʪʦʙʪʦ ʢʦʣʠ ʥʘʜʭʦʜʠʪʴ ʚʠʤʦʛʘ 

ʟʘʡʤʘʻ ʦʜʠʥ ʢʘʥʘʣ, ʘ ʚ ʽʥʰʠʭ ʢʘʥʘʣʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ὧ ρ ʽʥʰʠʭ ʚʠʤʦʛ). ʆʪʞʝ, ʟʘ 

ʮʝʡ ʯʘʩ ʚʠʷʚʣʷʪʴʩʷ ʟʘʡʥʷʪʠʤʠ ʚʩʽ ʢʘʥʘʣʠ, ʽ ʟʥʦʚʫ ʥʘʜʭʦʜʠʪʴ ʚʠʤʦʛʘ ʤʘʪʠʤʝ 

ʧʦʟʠʪʠʚʥʠʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ.  

 

 

 



62 

 

2.2. ʆʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʊʘʢʘʯʘ. 

ʈʦʟʧʦʜʽʣ ʇʫʘʩʩʦʥʘ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʷʚʣʷʻ ʩʦʙʦʶ ʡʤʦʚʽʨʥʽʩʥʠʡ ʨʦʟʧʦʜʽʣ ʜʠʩʢʨʝʪʥʦʛʦ ʪʠʧʫ. ʎʝʡ ʨʦʟʧʦʜʽʣ ʤʦʜʝʣʶʻ 

ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʯʠʩʣʦ ʧʦʜʽʡ, ʱʦ ʩʪʘʣʠʩʷ ʟʘ ʬʽʢʩʦʚʘʥʠʡ ʯʘʩ, 

ʟʘ ʫʤʦʚʠ, ʱʦ ʜʘʥʽ ʧʦʜʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʜʝʷʢʦʶ ʬʽʢʩʦʚʘʥʦʶ ʩʝʨʝʜʥʴʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʽ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 

ʈʽʚʥʷʥʥʷ ʊʘʢʘʯʘ ʜʘʻ ʨʦʟʧʦʜʽʣ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʟ ʧʫʘʩʩʦʥʦʚʩʴʢʠʤ 

ʚʭʽʜʥʠʤ ʧʦʪʦʢʦʤ ʽ ʜʦʚʽʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʧʝʨʝʭʽʜʥʦʛʦ 

ʩʪʘʥʫ. ʈʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʊʘʢʘʯʘ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʘ 

ʧʦʪʽʤ ʟʥʘʭʦʜʠʪʴʩʷ ʨʽʰʝʥʥʷ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʫ. ɿʘʛʘʣʴʥʝ ʨʽʰʝʥʥʷ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʣʷ ʚʠʧʘʜʢʫ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʜʣʷ ʽʥʰʠʭ ʚʠʧʘʜʢʽʚ ʡʦʛʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʝʣʠʢʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʦʢʘʥʘʣʴʥʠʡ ʩʠʩʪʝʤʫ ʟ ʧʫʘʩʩʦʥʦʚʩʢʠʤ ʚʭʽʜʥʠʤ ʧʦʪʦʢʦʤ ʟ 

ʧʘʨʘʤʝʪʨʦʤ ɚ ʽ ʜʦʚʽʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʚʩʽʭ 

ʚʠʤʦʛ) ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʚʠʤʦʛ ʟʘ ʧʦʨʷʜʢʦʤ ʥʘʜʭʦʜʞʝʥʥʷ. ʇʨʠ ʚʠʚʝʜʝʥʥʽ 

ʨʽʚʥʷʥʥʷ ʙʫʜʝʤʦ ʩʣʽʜʫʚʘʪʠ ʩʫʜʞʝʥʥʶ ɼʝʢʘʥʘ. ʉʧʦʯʘʪʢʫ ʟʨʦʙʠʤʦ ʟʘʫʚʘʞʝʥʥʷ ʧʨʦ 

ʪʝ, ʱʦ ʬʫʥʢʮʽʷ ὡ ὸ, ʷʢʘ ʦʧʠʩʫʻ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚ ʯʝʨʟʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ʚ ʤʦʤʝʥʪʠ 

ʥʘʜʭʦʜʞʝʥʥʷ ʥʦʚʠʭ ʚʠʤʦʛ (ʟʘ ʫʤʦʚʠ ʥʝ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ) 

ʤʘʻ ʜʦʜʘʪʥʽ ʩʢʘʯʢʠ ʥʘ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛʠ, ʱʦ 

ʥʘʜʽʡʰʣʘ ʱʦʡʥʦ. ʗʢʱʦ ʥʦʚʽ ʚʠʤʦʛʠ ʥʝ ʧʦʩʪʫʧʘʶʪʴ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ 

ὡ ὸ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ ʩ ʢʫʪʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʤʽʥʫʩ 

ʦʜʠʥʠʮʽ. ʄʘʻʤʦ ʤʘʨʢʦʚʩʴʢʠʡ ʧʨʦʮʝʩ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ  t. ɺʽʜʤʽʪʠʤʦ, 

ʱʦ ʬʫʥʢʮʽʷ ὡ ὸï ʮʝ ʡʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʪʦʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ʘ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʠʤʦʛʘ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʚ ʤʦʤʝʥʪ 

ʯʘʩʫ t, ʧʦʚʠʥʥʘ ʦʯʽʢʫʚʘʪʠ ʧʝʨʝʜ ʥʘʜʭʦʜʞʝʥʥʷʤ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʚʠʤʦʛ ʟʘ ʧʦʨʷʜʢʦʤ ʥʘʜʭʦʜʞʝʥʥʷ. ʇʦʜʽʙʥʽ ʟʘʫʚʘʞʝʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ 

ʽ ʜʦ ʚʠʧʘʜʢʫ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 
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ɺʠʚʝʜʝʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʜʥʦʛʦ ʢʘʥʘʣʫ. ʅʝʭʘʡ ὖ‫ȟὸ ī ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ 

ʚʠʤʦʛʘ ʦʯʽʢʫʻ ʚ ʯʝʨʟʽ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ὡ ὸ ʟʘ ʫʤʦʚʠ, ʱʦ ʚʦʥʦ ʥʘʜʽʡʰʣʦ ʚ ‫ 

ʤʦʤʝʥʪ ʯʘʩʫ t. 

ʈʦʟʛʣʷʥʝʤʦ ʚʝʣʠʢʝ ʯʠʩʣʦ N ʦʜʥʦʢʘʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟ ʦʜʥʘʢʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʽ ʦʜʥʘʢʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ 

ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʯʘʩ. ʅʝʦʙʭʽʜʥʦ ʚʠʨʘʟʠʪʠ P(.(Dt, t + ‫) t) ʽ P ,‫) t + Dt) ʯʝʨʝʟ ʈ ,‫ 

ʋ ʤʦʤʝʥʪ ʯʘʩʫ t ʮʽ N ʩʠʩʪʝʤ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ:   

1. ʉʠʩʪʝʤʠ, ʜʣʷ ʷʢʠʭ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ὡ ὸ ʂʽʣʴʢʽʩʪʴ ʾʭ ʜʦʨʽʚʥʶʻ NP .‫ 

(t) (ʪʦʙʪʦ N ʤʥʦʞʠʪʴʩʷ ʥʘ ʯʘʩʪʢʫ ʪʠʭ ʚʠʤʦʛ, ʷʢʽ ʦʯʽʢʫʶʪʴ ʧʨʦʪʷʛʦʤ ʯʘʩʫ,‫ 

ὡ ὸ (.‫ 

2. ʉʠʩʪʝʤʠ, ʜʣʷ ʷʢʠʭ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ὡ ὸ ʂʽʣʴʢʽʩʪʴ ʾʭ ʜʦʨʽʚʥʶʻ N-NP .‫ 

(.(t,‫ 

ʋ ʤʦʤʝʥʪ ʯʘʩʫ t +Dt ʯʠʩʣʦ ʩʠʩʪʝʤ ʧʝʨʰʦʾ ʛʨʫʧʠ ʩʪʘʻ ʨʽʚʥʠʤ NP ((Dt, t+ ‫ 

ʤʽʥʫʩ ʯʠʩʣʦ ʪʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʘʣʠ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ὡ ὸ ʘʣʝ ʚʥʘʩʣʽʜʦʢ ,‫ 

ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ʚ ʽʥʪʝʨʚʘʣʽ Dt, ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚ ʥʠʭ ʩʪʘʻ ʨʽʚʥʠʤ ὡ ὸ .‫ 

ɿʥʘʡʜʝʤʦ ʮʶ ʚʝʣʠʯʠʥʫ. 

ʉʧʦʯʘʪʢʫ ʚʠʟʥʘʯʠʤʦ ʯʠʩʣʦ ʩʠʩʪʝʤ, ʜʣʷ ʷʢʠʭ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʧʝʨʝʙʫʚʘʻ ʚ ʧʨʦʤʽʞʢʫ (ʭ, x + dx). ʊʘʢ ʷʢ ʈ(ʭ, t) ī ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ, ʪʦ ʧʽʩʣʷ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʨʠ ὼ π ʦʜʝʨʞʠʤʦ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ. ʏʠʩʣʦ ʮʠʭ ʩʠʩʪʝʤ 

ʜʦʨʽʚʥʶʻ ὔ
ȟ
Ὠὼ, ʷʢʱʦ ὼ π, ʘʙʦ NP (0, t), ʷʢʱʦ ὼ π. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ: 1) ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ὸȟὸ Ўὸ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʧʝʨʝʚʝʨʰʠʪʴ ʚʝʣʠʯʠʥʫ ʷʢʱʦ ʟʘ ʯʘʩ Ўὸ ʥʘʜʽʡʜʝ ʦʜʥʘ ʚʠʤʦʛʘ, ʽ 2) ʯʘʩ ,‫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫ ʮʽʻʾ ʚʠʤʦʛʠ, ʱʦ ʜʦʜʘʥʝ ʜʦ ʭ, ʧʝʨʝʚʝʨʰʠʪʴ w (ʪʦʙʪʦ ὼ ώ , 

ʦʪʞʝ, ώ ‫ ὼ). ʊʦʤʫ ʧʦʪʨʽʙʥʦ ʧʦʤʥʦʞʠʪʠ ʯʠʩʣʦ ʩʠʩʪʝʤ, ʜʣʷ ʷʢʠʭ ʯʘʩ 

ʦʯʽʢʫʚʘʥʥʷ ʜʦʨʽʚʥʶʻ ʭ, ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʦʜʥʽʻʾ ʚʠʤʦʛʠ ʟʘ ʯʘʩ Ўὸ, ʪʦʙʪʦ 

ʥʘ ‗Ўὸ, ʽ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʮʽʻʾ ʚʠʤʦʛʠ ʧʝʨʝʚʝʨʰʠʪʴ w-

ʭ. ʗʢʱʦ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʫ ʜʦʨʽʚʥʶʻ ὦώ, ʪʦ ʡʤʦʚʽʨʥʽʩʪʴ ʦʩʪʘʥʥʴʦʾ ʧʦʜʽʾ 

ʜʦʨʽʚʥʶʻ 
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ὦώὨώ
Ð

 

 

ʊʦʤʫ ʜʣʷ ʬʽʢʩʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ‫ π ʯʠʩʣʦ ʩʠʩʪʝʤ, ʷʢʽ 

ʧʝʨʝʡʜʫʪʴ ʟ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚ ʜʨʫʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

 

 
ὔ‗Ўὸ

‬ὖὼȟὸ

‬ὼ
Ὠὼ ὦώὨώ

Ð

ὔ‗Ўὸ
‬ὖὼȟὸ

‬ὼ
Ὠὼὄ ‫ ὼ 

(2.14) 

 

ʷʢʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʧʽʜʩʫʤʦʚʘʥʝ ʧʦ ʚʩʽʭ x, 0<x<=.  

ʊʫʪ 

 
ὄ ώḳρ ὦόὨόḳρ ὄώȢ 

 

 

ʗʢʱʦ ʭ = 0, ʪʦ ʚʠʨʘʟ ʜʣʷ ʯʠʩʣʘ ʩʠʩʪʝʤ, ʷʢʽ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʜʨʫʛʦʾ ʛʨʫʧʠ (ʟ 

ʯʘʩʦʤ ʦʯʽʢʫʚʘʥʥʷ W (t)>, w) ʤʘʻ ʚʠʛʣʷʜ 

 
ὔ‗Ўὸὖπȟὸ ὦώὨώ ὔ‗Ўὸὖπȟὸὄ ύ

Ð

 
(2.15) 

 

ʊʘʢʠʤ ʯʠʥʦʤ 

ὔὖύȟὸ Ўὸ ὔὖύ Ўὸȟὸ ὔ‗Ўὸ᷿
ȟ
ὄ ύ ὼὨὼ

 ὔ‗Ўὸὖπȟὸὄ ύ    

(2.16) 

 

ʈʦʟʜʽʣʠʤʦ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʚʠʨʘʟʫ (2.16) ʥʘ N, ʚʽʜʥʽʤʝʤʦ P(w,t) ʟ ʦʙʦʭ ʯʘʩʪʠʥ 

ʨʽʚʥʷʥʥʷ, ʨʦʟʜʽʣʠʤʦ ʥʘ Ўὸ ʡ ʧʝʨʝʡʜʝʤʦ ʜʦ ʤʝʞʽ. ʆʪʨʠʤʘʻʤʦ  

‬ὖύȟὸ

‬ὸ

‬ὖύȟὸ

‬ὸ
‗

‬ὖὼȟὸ

‬ὼ
ὄ ύ ὼὨὼ ‗ὖπȟὸὄ ύ  

(2.17) 

 

ɼʣʷ ʤʘʣʠʭ ʜʦʜʘʪʥʠʭ Ўὸ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʦʟʛʦʨʪʘʥʥʷ ʚ ʨʷʜ 

 

ὖύ Ўὸȟὸ ὖύȟὸ
‬ὖὼȟὸ

‬ὼ
Ўὸ έЎὸ 
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ʈʽʰʝʥʥʷ ʜʘʥʦʛʦ ʽʥʪʝʛʨʦ-ʜʽʬʬʝʨʝʥʜʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʪʘʢʠʤ 

ʚʠʤʦʛʘʤ: P (w, 0) = 1 ʜʣʷ ʚʩʽʭ w, ʈ (¤, t) = 1 ʜʣʷ ʚʩʽʭ t. 

ɯʥʪʝʛʨʫʻʤʦ ʧʦ ʯʘʩʪʠʥʘʭ, ʦʪʨʠʤʘʻʤʦ 

‬ὖὼȟὸ

‬ὼ

‬ὖύȟὸ

‬ὸ
‗ὖύȟὸ ‗ ὖύ ὺȟὸὨὄ ὺ 

. 

(2.18)   

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʷʢʱʦ ʚ (2.17) ʟʘʧʠʩʘʪʠ ὄὸ ρ ὄ ὸ ʽ ʚʟʷʪʠ ʚ ʷʢʦʩʪʽ 

ʥʠʞʥʴʦʾ ʤʝʞʽ 0 ʟʘʤʽʩʪʴ +0 (ʚʢʣʶʯʘʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʚ 

ʧʦʯʘʪʢʦʚʽʡ ʪʦʯʮʽ), ʪʦ ʦʪʨʠʤʘʻʤʦ 

‬ὖὼȟὸ

‬ὼ

‬ὖύȟὸ

‬ὸ
‗ὖύȟὸ ‗ ὖύ ὼὨὖὼȟὸ 

. 

(2.19)   

 

ʎʝ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʊʘʢʘʯʘ ʩʧʨʘʚʝʜʣʠʚʦ ʽ ʧʨʠ ʟʘʤʽʥʽ l ʥʘ 

l(t).  

2.3. ʏʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʦʟʧʦʜʽʣʝʥʠʡ ʧʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʘʙʦ 

ʧʦ ʟʘʢʦʥʫ ɽʨʣʘʥʛʘ. 

ʋ ʩʠʩʪʝʤʫ ʥʘʜʭʦʜʠʪʴ ʧʦʪʽʢ ʟ ʦʙʤʝʞʝʥʦʶ ʧʽʩʣʷʜʽʻʶ, ʘ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʻ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʘʙʦ ʞ ʝʨʣʘʥʛʦʚʩʴʢʠʡ ʨʦʟʧʦʜʽʣ. ɼʣʷ ʚʠʧʘʜʢʫ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʚʦʜʠʪʴʩʷ ʚʝʣʠʯʠʥʘ ὖ όȟὸ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ὖ ὸ ʪʦʛʦ, ʱʦ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ὸ ʚ ʩʠʩʪʝʤʽ ʟʥʘʭʦʜʠʪʴʩʷ 

ὲ ʚʠʤʦʛ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ, ʘ ʧʦʪʽʤ ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʜʦ ʟʚʦʨʦʪʥʴʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʟʥʘʡʜʝʤʦ ὖ ὸ. ɺ 

ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ ʨʝʟʫʣʴʪʘʪ ʚʽʜʧʦʚʽʜʘʻ ʨʽʰʝʥʥʶ ʟʘʚʜʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʟ 

ʧʫʘʩʩʦʥʽʚʩʢʠʤ ʚʭʽʜʥʠʤ ʧʦʪʦʢʦʤ. ɼʣʷ ʩʠʩʪʝʤʠ ʟ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʯʘʩʦʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʽʦʜʫ ʟʘʡʥʷʪʦʩʪʽ. 

ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʽʨʥʠʡ ʪʘʢʦʞ ʚ ʨʘʟʽ ʨʝʛʫʣʷʨʥʦʛʦ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ. 
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ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʦ ʢʘʥʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʚ ʷʢʽʡ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʤʽʞ ʤʦʤʝʥʪʘʤʠ 

ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ʚʟʘʻʤʥʦ ʥʝʟʘʣʝʞʥʽ ʽ ʤʘʶʪʴ ʜʦʚʽʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʟ ʱʽʣʴʥʽʩʪʶ 

ʡʤʦʚʽʨʥʦʩʪʽ, ʱʦ ʜʦʨʽʚʥʶʻ ὥὸ, ʘ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʻ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʟ ʧʘʨʘʤʝʪʨʦʤ m. ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʦʨʷʜʢʫ 

ʥʘʜʭʦʜʞʝʥʥʷ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ὖ ὸ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ὸ ʚ 

ʩʠʩʪʝʤʽ ʟʥʘʭʦʜʠʪʴʩʷ ὲ ʚʠʤʦʛ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ὖ όȟὸ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ 

ʪʦʛʦ, ʱʦ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ὸ ʚ ʩʠʩʪʝʤʽ ʟʥʘʭʦʜʠʪʴʩʷ n ʚʠʤʦʛ ʟʘ ʫʤʦʚʠ, ʱʦ ʦʩʪʘʥʥʷ 

ʚʠʤʦʛʘ ʥʘʜʽʡʰʣʘ ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ὸόὨόȟὸ, ʘ ʯʝʨʝʟ ὖ πȟὸ ī ʱʽʣʴʥʽʩʪʴ 

ʡʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ὸ ὸȟὸ ʥʘʜʽʡʜʝ ʚʠʤʦʛʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʩʠʩʪʝʤʘ ʧʝʨʝʡʜʝ ʟʽ ʩʪʘʥʫ Ὁ  ʚ ʩʪʘʥ Ὁ. ʄʘʻʤʦ ὖ πȟὸ π. ɺʚʝʜʝʤʦ ʪʘʢʦʞ 

ʬʫʥʢʮʽʶ ὴ . 

ɯʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ό, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʥʝ ʥʘʜʭʦʜʠʪʴ ʞʦʜʥʦʾ 

ʚʠʤʦʛʠ, ʙʫʜʝ ʟʘʢʽʥʯʝʥʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ὲ ʚʠʤʦʛ ʟʘ ʫʤʦʚʠ, ʱʦ ʥʘ ʧʦʯʘʪʢʫ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ ό ʯʠʩʣʦ ʚʠʤʦʛ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʠʩʪʝʤʽ, ʙʫʣʦ ʙʽʣʴʰʝ ὲ, ʜʦʨʽʚʥʶʻ 

ὦ ό Ὡ
Ȧ
Ȣ  ʗʢʱʦ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ό ʚ ʩʠʩʪʝʤʽ ʟʥʘʭʦʜʠʪʴʩʷ ὔ 

ʚʠʤʦʛ, ʪʦ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚʩʽ ʚʦʥʠ ʙʫʜʫʪʴ ʦʙʩʣʫʞʝʥʽ ʟʘ ʮʝʡ ʧʨʦʤʽʞʦʢ, 

ʜʦʨʽʚʥʶʻ 

 

ὦ ό ρ ὦό 

(2.20) 

 

ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʧʝʨʰʘ ʚʠʤʦʛʘ ʥʘʜʭʦʜʠʪʴ ʚ ʩʠʩʪʝʤʫ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ὸ π, 

ʢʦʣʠ ʚ ʩʠʩʪʝʤʽ ʥʝʤʘʻ ʽʥʰʠʭ ʚʠʤʦʛ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ 

ʩʪʘʥʫ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ.  

ɯʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ὸ Ὠὸȟὸ ʥʘʜʽʡʜʝ ʦʜʥʘ ʚʠʤʦʛʘ, 

ʜʦʨʽʚʥʶʻ  

 
ὖπȟὸ ὖ πȟὸȢ 

 

 ʇʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʮʴʦʛʦ ʚʠʨʘʟʫ ʤʘʻ ʚʠʛʣʷʜ 
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ɿʘʫʚʘʞʠʤʦ, ʱʦ a ὸ π ī ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʤʦʤʝʥʪʫ ʯʘʩʫ ὸ π, ʥʘʩʪʫʧʥʘ ʚʠʤʦʛʘ ʥʘʜʽʡʜʝ ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ὸ Ὠὸȟὸ. 

ʆʪʨʠʤʘʚʰʠ ʚʠʨʘʟ ʜʣʷ ὖπȟὸ, ʧʦʢʘʞʝʤʦ, ʱʦ ʮʝʡ ʨʷʜ ʩʭʦʜʠʪʴʩʷ ʜʣʷ ὙὩί π. 

ʇʦʪʽʤ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ὖ πȟὸ. 

ʅʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛʠ ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ὸ Ὠὸȟὸ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʧʝʨʰʠʤ ʧʽʩʣʷ 

ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʚʠʤʦʛʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ὸ π ʟ ʡʤʦʚʽʨʥʽʩʪʶ ‌ὸ πὨὸ, 

ʘʙʦ ʦʩʪʘʥʥʻ ʥʘʜʭʦʜʞʝʥʥʷ, ʧʦʧʝʨʝʜʥʻ ʜʘʥʦʤʫ, ʤʦʞʝ ʩʪʘʪʠʩʷ ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ 

ὸ ό Ὠόȟὸ ό ʟ ʡʤʦʚʽʨʥʽʩʪʶ ὖπȟὸ ό ʪa ό πὨόȟὨὸ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʤʘʻʤʦ 

 
ὖπȟὸ ‌ὸ ὖπȟὸ όὥόὨό 

(2.22) 

 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ 

 
ὖᶻπȟί

‌ᶻί

ρ ‌z ί
 

(2.23) 

 

                     

ʩʭʦʜʠʪʴʩʷ ʜʣʷ ὙὩί π. ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʟʘʧʠʩ ʫ ʚʠʛʣʷʜʽ ‌ (t-0) = a(t) ʥʝ 

ʚʠʢʣʠʯʝ ʪʨʫʜʥʦʱʽʚ. ʂʨʽʤ ʪʦʛʦ, ʤʘʻʤʦ 

 ὖ πȟὸ ‌ὸὦ ὸ ᷿‌όВ ὖ πȟὸ όὦ όὨόȟÐ    

ὖ πȟὸ ‌ὸὦ ὸ ᷿‌όВ ὖ πȟὸ όὦ όὨόȟÐ    

ὖ πȟὸ ‌ό ὖ πȟὸ ό

Ð

ὦ όὨόȟὲ σȢ 

(2.24) 

 

ʇʝʨʰʠʡ ʚʠʨʘʟ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʧʝʨʰʦʛʦ ʨʽʚʥʷʥʥʷ ʻ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ 

ʪʦʛʦ, ʱʦ ʚʠʤʦʛʘ, ʱʦ ʥʘʜʽʡʰʣʘ ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ὸ Ὠὸȟὸ, ʙʫʜʝ ʧʝʨʰʠʤ ʧʽʩʣʷ 

 
ὖᶻπȟί ὖᶻπȟί

Ð

 
 

(2.21) 
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ʤʦʤʝʥʪʫ ʯʘʩʫ ὸ π. ɼʨʫʛʠʡ ʚʠʨʘʟ ʻ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʚʠʤʦʛʘ, ʱʦ 

ʥʘʜʽʡʰʣʘ ʜʦ ʮʴʦʛʦ ʤʦʤʝʥʪʫ, ʩʢʘʞʽʤʦ, ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ὸ ό Ὠόȟὸ ό, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʘʥʫ Ὁ, ʧʨʠ ʷʢʦʤʫ ʚʩʽ ʚʠʤʦʛʠ ʙʫʜʫʪʴ ʦʙʩʣʫʞʝʥʽ ʜʦ ʢʽʥʮʷ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ ό. ɯʤʦʚʽʨʥʽʩʪʴ ʮʽʻʾ ʧʦʜʽʾ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʦ ʚʩʽʤ ά ʽ ʚʩʽʤ ό, π ό ὸ 

ʪʝʞ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʜʦ ʽʥʰʠʭ ʨʽʚʥʷʥʴ. 

ɺʽʟʴʤʝʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ. ʆʪʨʠʤʘʻʤʦ ʦʜʥʦʨʽʜʥʝ 

ʨʽʚʥʷʥʥʷ ʚ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʷʭ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʱʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ὲ: 

 
ὖᶻπȟί ‗ ίὖᶻ πȟί 

(2.25) 

ʊʫʪ 

 
‗ ί Ὡ ‌όὦ όὨό Ὡ ‘ό‌ό

Ὠό

άȦ
 

(2.26) 

ʤʘʻʤʦ ʟʛʦʨʪʢʫ. ʂʨʽʤ ʪʦʛʦ, ‗ ί ʻ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʠ ὼ  ʚ ʨʦʟʢʣʘʜʘʥʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 

 
Ὡ ‌όὨό ‌ᶻί ρ ὼ‘ 

(2.27) 

 

ʟʘ ʩʪʫʧʝʥʷʤʠ ὼ. ʋ ʮʴʦʤʫ ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʨʦʟʢʣʘʚʰʠ ʧʨʘʚʫ ʯʘʩʪʠʥʫ 

ʮʴʦʛʦ ʚʠʨʘʟʫ ʚ ʨʷʜ ʽ ʥʘʧʠʩʘʚʰʠ ʽʥʪʝʛʨʘʣ, ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʷʢʦʛʦ ʻ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ 

ὼ . 

ʇʽʜʩʪʘʚʣʷʶʯʠ ὼ ὖᶻπȟί ʚ ʨʽʚʥʷʥʥʷ ʚ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʷʭ (2.25) ʽ 

ʩʧʨʦʱʫʶʯʠ (2.26) ʱʦʙ ʦʪʨʠʤʘʪʠ ʩʧʽʣʴʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʤʘʻ ʚʠʛʣʷʜ 

 
ὖᶻπȟί Ὧ‚ 

 

 

2.4.  ʈʽʟʥʽ ʚʠʜʠ ʜʠʩʮʠʧʣʽʥʠ ʯʝʨʛʠ. ɺʠʧʘʜʢʦʚʠʡ ʚʠʙʽʨ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɺ ʧʨʦʮʝʩʽ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʫʪʚʦʨʶʶʪʴʩʷ 

ʯʝʨʛʠ ʟʘʷʚʦʢ (ʚʠʤʦʛ) ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʦʣʷʛʘʻ ʚ 

ʧʦʩʪʫʧʦʚʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʩʠʩʪʝʤʠ, ʚʠʤʦʛʘ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʯʝʨʛʠ ʽʥʰʠʭ  

ʚʠʤʦʛ. ʂʘʥʘʣ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʙʠʨʘʻ ʚʠʤʦʛʫ ʷʢʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʯʝʨʟʽ, ʟ ʪʠʤ ʱʦʙ 

ʧʨʠʩʪʫʧʠʪʠ ʜʦ ʾʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
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ʯʝʨʛʦʚʦʾ ʚʠʤʦʛʠ ʢʘʥʘʣ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠʩʪʫʧʘʻ ʜʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʾ 

ʚʠʤʦʛʠ, ʷʢʱʦ ʪʘʢʘ ʻ ʚ ʙʣʦʮʽ ʦʯʽʢʫʚʘʥʥʷ, ʮʠʢʣ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʜʽʙʥʦʛʦ ʨʦʜʫ ʧʦʚʪʦʨʶʻʪʴʩʷ ʙʘʛʘʪʦʨʘʟʦʚʦ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 

ʧʝʨʽʦʜʫ ʨʦʙʦʪʠ ʚʠʨʽʰʫʶʪʴʩʷ ʩʠʩʪʝʤʠ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʝʨʝʭʽʜ 

ʩʠʩʪʝʤʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛʦʚʦʛʦ ʚʠʤʦʛʠ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦʾ ʚʠʤʦʛʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʠʪʪʻʚʦ, ʚ ʚʠʧʘʜʢʦʚʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. 

ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʚʠʜʫ ʻ: 

- ʚʭʽʜʥʠʡ ʧʦʪʽʢ ʚʩʪʫʧʥʠʢʽʚ ʚʠʤʦʛ ʘʙʦ ʟʘʷʚʦʢ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

- ʜʠʩʮʠʧʣʽʥʘ ʯʝʨʛʠ; 

- ʤʝʭʘʥʽʟʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɼʣʷ ʦʧʠʩʫ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʚʠʤʦʛ ʧʦʪʨʽʙʥʦ ʟʘʜʘʪʠ ʽʤʦʚʽʨʥʽʩʥʠʡ ʟʘʢʦʥ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʚʢʘʟʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʚʠʤʦʛ ʚ ʢʦʞʥʦʤʫ ʯʝʨʛʦʚʦʤʫ ʥʘʜʭʦʜʞʝʥʥʽ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, 

ʦʧʝʨʫʶʪʴ ʧʦʥʷʪʪʷʤ çʽʤʦʚʽʨʥʽʩʥʠʡ ʨʦʟʧʦʜʽʣ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛè.  

ɼʠʩʮʠʧʣʽʥʘ ʯʝʨʛʠ ʮʝ ʚʘʞʣʠʚʠʡ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʚʽʥ ʚʠʟʥʘʯʘʻ ʧʨʠʥʮʠʧ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʭʽʜ ʦʙʩʣʫʛʦʚʫʶʯʦʾ 

ʩʠʩʪʝʤʠ ʚʠʤʦʛʠ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʟ ʯʝʨʛʠ ʜʦ ʧʨʦʮʝʜʫʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʠʩʮʠʧʣʽʥʠ ʯʝʨʛʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʧʨʘʚʠʣʘʤʠ: 

- ʧʝʨʰʠʤ ʧʨʠʡʰʦʚ - ʧʝʨʰʠʤ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ; 

- ʧʨʠʡʰʦʚ ʦʩʪʘʥʥʽʤ - ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʧʝʨʰʠʤ; 

- ʚʠʧʘʜʢʦʚʠʡ ʚʽʜʙʽʨ ʟʘʷʚʦʢ; 

- ʚʽʜʙʽʨ ʟʘʷʚʦʢ ʟʘ ʢʨʠʪʝʨʽʻʤ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ; 

- ʦʙʤʝʞʝʥʥʷ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʤʦʤʝʥʪʫ ʥʘʩʪʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʄʝʭʘʥʽʟʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʘʤʦʾ ʧʨʦʮʝʜʫʨʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʩʪʨʫʢʪʫʨʦʶ ʦʙʩʣʫʛʦʚʫʶʯʦʾ ʩʠʩʪʝʤʠ. ɼʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʮʝʜʫʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ: ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʜʫʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʪʘʢʦʾ 
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ʧʨʦʮʝʜʫʨʠ. ɼʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʠʩʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʜʫʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʦʧʝʨʫʶʪʴ ʧʦʥʷʪʪʷʤ çʽʤʦʚʽʨʥʽʩʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʷʚʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʩʘʤʦʾ 

ʟʘʷʚʢʠ ʘʙʦ ʚʠʤʦʛ ʢʣʽʻʥʪʘ ʽ ʚʽʜ ʩʪʘʥʫ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʦʙʩʣʫʛʦʚʫʶʯʦʾ ʩʠʩʪʝʤʠ. ʋ ʨʷʜʽ 

ʚʠʧʘʜʢʽʚ ʜʦʚʦʜʠʪʴʩʷ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʭʦʜʫ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ 

ʧʨʠʣʘʜʫ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʜʝʷʢʦʛʦ ʦʙʤʝʞʝʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ. 

ʉʪʨʫʢʪʫʨʘ ʦʙʩʣʫʛʦʚʫʶʯʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʽ ʚʟʘʻʤʥʠʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʘʥʘʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʝʨʰ ʟʘ ʚʩʝ ʩʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ 

ʩʠʩʪʝʤʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ ʤʘʪʠ ʥʝ ʦʜʠʥ ʢʘʥʘʣ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʢʽʣʴʢʘ; 

ʩʠʩʪʝʤʘ ʪʘʢʦʛʦ ʨʦʜʫ ʟʜʘʪʥʘ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʢʽʣʴʢʘ ʚʠʤʦʛ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʩʽ ʢʘʥʘʣʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʦʧʦʥʫʶʪʴ ʦʜʥʽ ʡ ʪʽ ʞ ʧʦʩʣʫʛʠ, ʽ, ʦʪʞʝ, 

ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʧʘʨʘʣʝʣʴʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʉʠʩʪʝʤʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʨʽʟʥʦʪʠʧʥʠʭ ʢʘʥʘʣʽʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʯʝʨʝʟ ʷʢʽ ʤʘʻ ʧʨʦʡʪʠ ʢʦʞʥʝ ʦʙʩʣʫʛʦʚʫʻʤʩʷ ʚʠʤʦʛʘ, ʪʦʙʪʦ ʚ 

ʦʙʩʣʫʛʦʚʫʶʯʦʾ ʩʠʩʪʝʤʽ ʧʨʦʮʝʜʫʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛ ʨʝʘʣʽʟʫʶʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʦ. ʄʝʭʘʥʽʟʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʦʜʠʪʴ 

(ʦʙʩʣʫʛʦʚʘʥʦʛʦ) ʧʦʪʦʢʫ ʚʠʤʦʛ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʦʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

- ʽʤʦʚʽʨʥʽʩʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʴ ʟʘʷʚʦʢ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

(ʦʜʠʥʠʯʥʠʭ ʘʙʦ ʛʨʫʧʦʚʠʭ); 

- ʽʤʦʚʽʨʥʽʩʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʫ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

- ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʦʙʩʣʫʛʦʚʫʶʯʦʾ ʩʠʩʪʝʤʠ (ʧʘʨʘʣʝʣʴʥʝ, ʧʦʩʣʽʜʦʚʥʝ ʘʙʦ 

ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ);Å ʢʽʣʴʢʽʩʪʶ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʢʘʥʘʣʽʚ; 

- ʜʠʩʮʠʧʣʽʥʦʶ ʯʝʨʛʠ; 

- ʧʦʪʫʞʥʽʩʪʶ ʜʞʝʨʝʣʘ ʚʠʤʦʛ. 

ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʨʦʟʚ'ʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ ʤʦʞʫʪʴ 

ʚʠʩʪʫʧʘʪʠ: 
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- ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʛʘʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʜʽʡʰʣʘ ʟʘʷʚʢʠ; 

- ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʥʘʜʽʡʰʣʘ ʟʘʷʚʢʠ; 

- ʚʽʜʥʦʩʥʘ ʽ ʘʙʩʦʣʶʪʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ; 

- ʩʝʨʝʜʥʽʡ ʚʽʜʩʦʪʦʢ ʟʘʷʚʦʢ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʚʽʜʤʦʚʫ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ; 

- ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚ ʯʝʨʟʽ; 

- ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʯʝʨʛʠ; 

- ʩʝʨʝʜʥʽʡ ʜʦʭʽʜ ʚʽʜ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ ʽ ʪ. ʧ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʽ ʝʬʝʢʪʠʚʥʽʩʪʶ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ.  

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʩʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʘʙʦ ʬʫʥʢʮʽʷʤʠ, ʪʦʤʫ ʮʽ ʩʠʩʪʝʤʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʩʪʝʤ. ɺʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʧʦʪʦʢʫ ʟʘʷʚʦʢ (ʚʠʤʦʛ), 

ʘ ʪʘʢʦʞ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʽ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, 

ʱʦ ʚ ʩʠʩʪʝʤʽ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ. 

ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʉʄʆ), ʨʦʟʨʽʟʥʷʶʪʴ ʩʠʩʪʝʤʠ ʤʘʨʢʦʚʩʴʢʽ ʽ ʥʝʤʘʨʢʦʚʩʴʢʽ. ʋ 

ʤʘʨʢʦʚʩʢʠʭ ʩʠʩʪʝʤʘʭ ʚʭʽʜʥʠʡ ʧʦʪʽʢ ʚʠʤʦʛ ʽ ʚʠʭʽʜʥʠʡ ʧʦʪʽʢ ʦʙʩʣʫʞʝʥʠʭ ʚʠʤʦʛ 

(ʟʘʷʚʦʢ) ʻ ʧʫʘʩʩʦʥʽʚʩʢʠʤ. ʇʫʘʩʩʦʥʽʚʩʴʢʽ ʧʦʪʦʢʠ ʜʦʟʚʦʣʷʶʪʴ ʣʝʛʢʦ ʦʧʠʩʘʪʠ ʽ 

ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɼʘʥʽ ʤʦʜʝʣʽ ʤʘʶʪʴ ʜʦʩʠʪʴ ʧʨʦʩʪʽ ʨʽʰʝʥʥʷ, ʪʦʤʫ ʙʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʜʦʜʘʪʢʽʚ 

ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʨʢʦʚʩʴʢʫ ʩʭʝʤʫ. ʋ ʨʘʟʽ 

ʥʝʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʶʪʴʩʷ ʽ ʚʠʤʘʛʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʩʠʩʪʝʤʽ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʚʠʜʠ ʉʄʆ: 

- ʩʠʩʪʝʤʠ ʟ ʚʽʜʤʦʚʘʤʠ, ʚ ʷʢʠʭ ʟʘʷʚʢʘ, ʱʦ ʥʘʜʽʡʰʣʘ ʚ ʩʠʩʪʝʤʫ ʚ ʤʦʤʝʥʪ, ʢʦʣʠ 

ʚʩʽ ʢʘʥʘʣʠ ʟʘʡʥʷʪʽ, ʦʪʨʠʤʫʻ ʚʽʜʤʦʚʫ ʽ ʚʽʜʨʘʟʫ ʞ ʟʘʣʠʰʘʻ ʯʝʨʛʫ; 
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- ʩʠʩʪʝʤʠ ʟ ʦʯʽʢʫʚʘʥʥʷʤ (ʯʝʨʛʦʶ), ʚ ʷʢʠʭ ʟʘʷʚʢʘ, ʱʦ ʥʘʜʽʡʰʣʘ ʚ ʤʦʤʝʥʪ, 

ʢʦʣʠ ʚʩʽ ʢʘʥʘʣʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʡʥʷʪʽ, ʩʪʘʻ ʚ ʯʝʨʛʫ ʽ ʯʝʢʘʻ, ʧʦʢʠ ʥʝ ʟʚʽʣʴʥʠʪʴʩʷ 

ʦʜʠʥ ʟ ʢʘʥʘʣʽʚ. 

ʉʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʦʯʽʢʫʚʘʥʥʷʤ ʜʽʣʷʪʴʩʷ ʥʘ ʩʠʩʪʝʤʠ ʟ 

ʦʙʤʝʞʝʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ ʽ ʩʠʩʪʝʤʠ ʟ ʥʝʦʙʤʝʞʝʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ. ʋ ʩʠʩʪʝʤʘʭ ʟ 

ʦʙʤʝʞʝʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ ʤʦʞʝ ʦʙʤʝʞʫʚʘʪʠʩʷ ʜʦʚʞʠʥʦʶ ʯʝʨʛʠ ʪʘ ʯʘʩʦʤ 

ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʯʝʨʟʽ. ʋ ʩʠʩʪʝʤʘʭ ʟ ʥʝʦʙʤʝʞʝʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ ʟʘʷʚʢʘ, ʱʦ ʩʪʦʾʪʴ ʚ 

ʯʝʨʟʽ, ʯʝʢʘʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʝʦʙʤʝʞʝʥʦ ʜʦʚʛʦ, ʪʦʙʪʦ ʧʦʢʠ ʥʝ ʧʽʜʽʡʜʝ ʯʝʨʛʘ. 

ɺʩʽ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴ ʟʘ ʢʽʣʴʢʽʩʪʶ ʢʘʥʘʣʽʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʜʥʦʢʘʥʘʣʴʥʽ ʪʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ ʩʠʩʪʝʤʠ.  

ʅʘʡʯʘʩʪʽʰʝ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʩʪʫʧʘʶʪʴ ʚ ʷʢʦʩʪʽ ʟʤʽʰʘʥʠʭ 

ʩʠʩʪʝʤ. ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʚ ʪʝʦʨʽʾ ʯʝʨʛ ʻ ʩʠʩʪʝʤʘ ʟ ʚʠʙʽʨʢʦʶ ʟ ʯʝʨʛʠ ʟʘ 

ʧʨʠʥʮʠʧʦʤ FCFS (ʧʝʨʰʠʡ ʧʨʠʡʰʦʚ - ʧʝʨʰʠʡ ʦʙʩʣʫʞʝʥʠʡ). ʆʜʥʘʢ ʟʥʘʯʥʠʡ 

ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʽ ʽʥʰʠʡ ʧʨʠʥʮʠʧ - ʚʠʧʘʜʢʦʚʠʡ ʚʠʙʽʨ ʟ ʯʝʨʛʠ (RANDOM).  

ʈʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʧʨʦʧʦʥʫʶʪʴʩʷ  ʪʘ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʯʠʩʪʦ 

ʤʘʨʢʦʚʩʢʽ ʩʠʩʪʝʤʠ M/M/n. ɿʦʢʨʝʤʘ, ʚ ʥʠʭ ʚʠʚʦʜʷʪʴʩʷ ʬʦʨʤʫʣʠ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʱʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʠʩʮʠʧʣʽʥʦʶ FCFS: 

 Ὑ ρ ὴςϳ  

Ὑ τ ςὴ ς ὴϳ  

 

     

ʋ ʤʦʤʝʥʪ ʚʽʜʭʦʜʫ ʦʙʩʣʫʛʦʚʘʥʦʛʦ ʚʠʤʦʛʠ, ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ 

ʥʘʜʭʦʜʞʝʥʥʷ ʦʯʽʢʫʻ ʚʠʤʦʛʠ, ʜʘʥʘ ʚʠʤʦʛʘ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʩʠʩʪʝʤʽ ʨʘʟʦʤ ʟ 

ὲ ρ ʽʥʰʠʤʠ ʡʤʦʚʽʨʥʽʩʪʶ ὖὲȿ‗, ʷʢʱʦ ʚ ʤʦʤʝʥʪ ʚʽʜʭʦʜʫ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʱʦ 

ʧʝʨʝʜʫʚʘʚ ʚʣʘʰʪʫʚʘʥʥʶ ʜʘʥʦʾ ʚʠʤʦʛʠ, ʚ ʩʠʩʪʝʤʽ ʧʝʨʝʙʫʚʘʣʦ k ʚʠʤʦʛ (k = 0, ..., n) ʽ 

ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʚʠʤʦʛʠ ʥʘʜʽʡʰʣʦ ʱʝ ὲ Ὧ ʚʠʤʦʛ. 

ʄʘʻʤʦ: 

 
ὖὲȿ‗ ὴ ὴ

‗ Ὡ

ὲ ρȦ
ȢȢȢὴὩ  

(2.28) 
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ʎʝʡ ʚʠʩʣʽʚ ʻ ʨʽʚʥʷʥʥʷʤ ʂʨʦʤʤʝʣʽʥʘ ʜʣʷ ὴ , ʽ, ʦʪʞʝ, 

 ὖὲȿ‗ ὴ  (2.29) 

       

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ήὸȿὲ, ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 

ʟʘ ʫʤʦʚʠ, ʱʦ ʦʯʽʢʫʻ ʚʠʤʦʛʘ ʻ ʦʜʥʠʤ ʟ ὲ ʚʠʤʦʛ, ʷʢʽ ʦʯʽʢʫʶʪʴ ʧʦʯʘʪʢʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʤʦʤʝʥʪ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʭʽʜ ʧʝʨʰʦʛʦ ʦʙʩʣʫʛʦʚʘʥʦʾ 

ʚʠʤʦʛʠ ʧʽʩʣʷ ʥʘʜʭʦʜʞʝʥʥʷ ʜʘʥʦʾ ʚʠʤʦʛʠ ʚ ʩʠʩʪʝʤʫ. 

ʊʦʜʽ 
                           ὖ ὸ ὖὲȿ‗ήὸȿὲ                                       

(2.30) 

 

ɸʣʝ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʤʽʞ ʤʦʤʝʥʪʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʜʘʥʦʾ ʚʠʤʦʛʠ ʽ ʤʦʤʝʥʪʦʤ 

ʜʦʛʣʷʜʫ ʧʝʨʰʦʛʦ ʦʙʩʣʫʛʦʚʘʥʦʛʦ ʚʠʤʦʛʠ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ 

ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʚ ʽʥʪʝʨʚʘʣʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʦʯʽʢʫʚʘʥʥʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʚʠʙʽʨ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. 

ɺ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʦʯʽʢʫʻ ʚʠʤʦʛʘ ʥʘʜʽʡʜʝʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʘ ʚʠʤʦʛ, ʱʦ ʦʯʽʢʫʶʪʴ ʚ ʮʝʡ ʯʘʩ, ʽ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʦʛʦ, ʩʢʽʣʴʢʠ ʯʘʩʫ ʮʝ ʚʠʤʦʛʘ ʚʞʝ ʯʝʢʘʣʦ.  

ɺʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʯʠʤ ʜʦʚʰʝ ʚʠʤʦʛʘ ʦʯʽʢʫʻ, ʪʠʤ ʤʝʥʰʝ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ 

ʚʦʥʦ ʙʫʜʝ ʦʙʩʣʫʛʦʚʫʚʘʪʠʩʴ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʤʽʞʢʫ ʯʘʩʫ t.  

 

2.5. ɹʘʛʘʪʦʬʘʟʦʚʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʠʭʽʜʥʠʡ ʧʦʪʽʢ ʩʠʩʪʝʤʠ. 

ʇʨʦʙʣʝʤʘ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʪʝʣʝʪʨʘʬʠʢʘ ʰʣʷʭʦʤ ʾʾ ʟʙʘʛʘʯʝʥʥʷ ʥʦʚʠʤʠ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʠ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ 

ʫʤʦʚʘʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʫ, ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʚ 

ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʢʦʥʚʝʨʛʝʥʮʽʾ ʤʝʨʝʞ ʽ ʧʦʙʫʜʦʚʠ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʤʝʨʝʞ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ NGN. ʊʘʢʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʟʘʛʘʣʴʥʦʤʫ ʧʽʜʭʦʜʫ, 

ʧʨʠʡʥʷʪʦʤʫ ʚ ʤʽʞʥʘʨʦʜʥʽʡ ʧʨʘʢʪʠʮʽ ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦʤʫ ʚ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ITU. 
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ɹʘʟʦʚʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʷʢ A/B/m/r/. 

ɿʛʽʜʥʦ ʪʘʢʦʶ ʬʦʨʤʦʶ ʟʘʧʠʩʫ ʙʘʟʦʚʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʉʄʆ ʦʧʠʩʫʻʪʴʩʷ 

ʥʘʙʦʨʦʤ ʩʠʤʚʦʣʽʚ: 

ʧʝʨʰʠʡ A ï ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ; 

ʜʨʫʛʠʡ B ï ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ;   

ʪʨʝʪʽʡ mï ʢʽʣʴʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ; 

ʯʝʪʚʝʨʪʠʡ rï ʢʽʣʴʢʽʩʪʴ ʤʽʩʮʴ ʦʯʽʢʫʚʘʥʥʷʥʝʦʙʦʚ'ʷʟʢʦʚʠʡ).  

ʊʦʙʪʦ, 3-ʡ ʽ 4-ʡ ʩʠʤʚʦʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʭʝʤʘ ʽ ʜʠʩʮʠʧʣʽʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʧʠʪʽʚ. 

ɼʣʷ ʦʧʠʩʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʠʤʦʛʘʤʠ ʘʙʦ ʪʨʠʚʘʣʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʟʘʢʦʥʠ. ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʦʟʧʦʜʽʣʠ, ʜʘʥʽ ʥʠʞʯʝ ʽ ʧʦʟʥʘʯʝʥʽ ʙʫʢʚʘʤʠ: 

ï M ï ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ (M ï ʤʘʨʢʽʚʩʴʢʘ ʤʦʜʝʣʴ) ï ʢʦʵʬ. ʚʘʨ. vx = 1; 

ï H ï ʛʽʧʝʨʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ (Hyper-exponential) ï ʚʘʨ.vx = 1 . ʝ; 

ï D ï ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ (Determined) ï ʢʦʵʬ. ʚʘʨ.vx = 0; 

ï U ï ʨʽʚʥʦʤʽʨʥʠʡ (Uniform) ï ʢʦʵʬ. ʚʘʨ. vx = 0,58; 

ï E ï ʨʦʟʧʦʜʽʣ ɽʨʣʘʥʛʘ ï ʢʦʵʬ. ʚʘʨ.vx = 0 . 1; 

ï G ï ʜʦʚʽʣʴʥʠʡ ʘʙʦ ʫʟʘʛʘʣʴʥʝʥʠʡ (General). 

ɺ ʙʫʜʴ-ʷʢʽʡ ʉʄʆ ʚʠʤʦʛʘ ʚ ʧʨʦʮʝʩʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ ʧʨʦʡʪʠ ʚʩʽ ʬʘʟʠ 

(ʧʦʩʣʽʜʦʚʥʽ ʢʘʥʘʣʠ) ʘʞ ʜʦ ʦʩʪʘʥʥʴʦʾ ʘʙʦ ʤʦʞʝ ʧʦʩʪʫʧʠʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ 

ʧʝʚʥʫ ʬʘʟʫ.  

ʉʠʩʪʝʤʘ ʟ ʙʘʛʘʪʦʬʘʟʦʚʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʘʻ ʩʠʩʪʝʤʽ ʟ 

ʧʦʩʣʽʜʦʚʥʠʤʠ ʢʘʥʘʣʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ ʜʚʘ ʚʘʨʽʘʥʪʠ:  

ï ʚʽʜʩʫʪʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʧʝʨʝʜ ʚʩʽʤʘ ʢʘʥʘʣʘʤʠ, ʦʢʨʽʤ ʧʝʨʰʦʛʦ. ʅʦʚʘ ʚʠʤʦʛʘ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʧʦʧʝʨʝʜʥʷ ʚʠʤʦʛʘ ʧʨʦʡʜʝ ʚʩʽ ʬʘʟʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ï ʦʯʽʢʫʚʘʥʥʷʚʠʨʽʰʫʻʪʴʩʷ ʧʝʨʝʜ ʨʽʟʥʠʤʠ ʬʘʟʘʤʠ.  

ɼʠʩʮʠʧʣʽʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʦʢʫ ʚʠʤʦʛ ʚʠʟʥʘʯʘʻ ʧʨʘʚʠʣʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʜʦʣʶ ʚʠʤʦʛ ʧʨʠ ʾʭ ʥʘʜʭʦʜʞʝʥʥʽ  ʚ ʩʠʩʪʝʤʫ. ʈʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʪʠʧʠ ʉʄʆ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʦʩʦʙʦʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛ: 
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1. ʉʠʩʪʝʤʠ ʟ ʚʪʨʘʪʘʤʠ ï ʚʠʤʦʛʠ, ʷʢʽ ʧʽʜ ʯʘʩ ʚʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤʠ ʥʝ ʟʥʘʭʦʜʷʪʴ 

ʚ ʥʽʡ ʞʦʜʥʦʛʦ ʚʽʣʴʥʦʛʦ ʩʝʨʚʝʨʘ, ʜʽʩʪʘʶʪʴ ʚʽʜʤʦʚʫ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʽ ʚʪʨʘʯʘʶʪʴʩʷ. 

2. ʉʠʩʪʝʤʠ ʟ ʯʝʨʛʘʤʠ ï ʚʠʤʦʛʠ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʩʣʫʞʝʥʽ ʚʽʜʨʘʟʫ ʽʟ-ʟʘ 

ʟʘʡʥʷʪʦʩʪʽ ʚʩʽʭ ʩʝʨʚʝʨʽʚ ʩʠʩʪʝʤʠ, ʩʪʘʶʪʴ ʚ ʯʝʨʛʫ, ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʷʢʦʾ 

ʜʠʩʮʠʧʣʽʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚ ʷʢʦʤʫ ʧʦʨʷʜʢʫ ʯʝʢʘʶʯʽ ʚʠʤʦʛʠ 

ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʯʝʨʛʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛʠ ʻ: 

ï FF (FIFO ï first in first out) ï ʚʠʤʦʛʠ ʟ ʯʝʨʛʠ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʚ ʧʦʨʷʜʢʫ ʾʭ 

ʥʘʜʭʦʜʞʝʥʥʷ (ʚʧʦʨʷʜʢʦʚʘʥʘ ʯʝʨʛʘ); 

ï LF (LIFO ï last in first out) ï ʢʦʞʥʦʛʦ ʨʘʟʫ ʧʝʨʝʚʘʛʘ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʻ 

ʚʠʤʦʛʘ, ʱʦ ʧʦʩʪʫʧʠʣʘ ʚ ʯʝʨʛʫ ʦʩʪʘʥʥʴʦʶ; 

ï SR (SIRO ï service in random order) ï ʩʣʝʜʫʶʱʝʝ ʪʨʝʙʦʚʘʥʠʝ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʟ ʦʯʝʨʝʜʠ ʚʳʙʠʨʘʝʪʩʷ ʩʣʫʯʘʡʥʦ (ʩʣʫʯʘʡʥʘʷ ʦʯʝʨʝʜʴ). 

3. ʂʦʤʙʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ ʟ ʯʝʨʛʘʤʠ ʽ ʚʪʨʘʪʘʤʠ (ʩʠʩʪʝʤʠ ʟ ʯʝʨʛʦʶ ʧʨʠ 

ʦʙʤʝʞʝʥʥʷʭ).  

4. ʇʨʽʦʨʠʪʝʪʥʽ ʩʠʩʪʝʤʠ ï ʜʣʷ ʚʠʤʦʛ ʧʝʨʝʜʙʘʯʝʥʽ ʨʽʟʥʽ ʧʨʽʦʨʠʪʝʪʠ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. ʗʢʱʦ ʚʠʤʦʛʘ, ʷʢʘ ʧʦʩʪʫʧʠʣʘ, ʤʘʻ ʚʠʩʦʢʠʡ ʧʨʽʦʨʠʪʝʪ, ʘ ʚʩʽ 

ʩʝʨʚʝʨʠ ʟʘʡʥʷʪʽ, ʪʦ ʚʦʥʦ ʘʙʦ ʟʘʡʤʘʻ ʦʜʥʝ ʟ ʧʝʨʰʠʭ ʤʽʩʮʴ ʚ ʯʝʨʟʽ, ʘʙʦ ʪʠʤʯʘʩʦʚʦ 

ʧʨʠʧʠʥʷʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛʠ ʥʠʟʴʢʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʽ ʟʘʡʤʘʻ ʡʦʛʦ ʤʽʩʮʝ ʚ 

ʩʝʨʚʝʨʽ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʪʘʢʽ ʧʨʽʦʨʠʪʝʪʥʽ ʧʨʘʚʠʣʘ: 

ï ʘʙʩʦʣʶʪʥʠʡ ʧʨʽʦʨʠʪʝʪ ʟ ʧʝʨʝʨʠʚʘʥʥʷʤ (pre-emptive discipline) ï ʚʠʤʦʛʫ 

ʚʠʩʦʢʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʧʝʨʝʨʠʚʘʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛʠ ʥʠʟʴʢʦʛʦ ʧʨʽʦʨʠʪʝʪʫ. 

ʄʦʞʣʠʚʦ: ʘʙʩʦʣʶʪʥʠʡ ʧʨʽʦʨʠʪʝʪ ʟ ʚʪʨʘʪʘʤʠ (pre-emptive loss discipline), 

ʘʙʩʦʣʶʪʥʠʡ ʧʨʽʦʨʠʪʝʪ ʟ ʜʦʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ (pre-emptive resume discipline) ʽ 

ʘʙʩʦʣʶʪʥʠʡ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʩʧʦʯʘʪʢʫ (pre-emptive repeat different discipline); 

ï ʚʽʜʥʦʩʥʠʡ ʧʨʽʦʨʠʪʝʪ (head of the line priority discipline) ï ʚʠʤʦʛʘ ʚʠʱʦʛʦ 

ʧʨʽʦʨʠʪʝʪʫ ʩʪʘʥʝ ʚ ʧʦʯʘʪʦʢ ʚ ʯʝʨʟʽ ʙʝʟ ʧʝʨʝʨʠʚʘʥʥʷ. 

ɿʤʽʰʘʥʽ ʧʨʽʦʨʠʪʝʪʠ ʟʫʤʦʚʣʶʶʪʴ ʚʠʙʽʨ ʘʙʩʦʣʶʪʥʦʛʦ ʘʙʦ ʚʽʜʥʦʩʥʦʛʦ 

ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʧʨʘʚʠʣʘ ʟʘʣʝʞʥʦ ʚʽʜ ʚʞʝ ʨʝʘʣʽʟʦʚʘʥʦʾ ʯʘʩʪʠʥʠ ʪʨʠʚʘʣʦʩʪʽ 
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ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʜʠʥʘʤʽʯʥʽ ï ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʧʦʪʦʯʥʠʭ ʚʠʤʦʛ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ ʨʽʟʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ, ʷʢʠʡ ʻ ʚ ʩʝʨʚʝʨʘʭ ʽ ʚ ʯʝʨʟʽ. 

ʑʦʜʦ ʤʦʜʝʣʝʡ ʉʄʆ ʙʘʛʘʪʦʬʘʟʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʶ ʧʽʜʣʷʛʘʶʪʴ 

ʪʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ  ʟ ʚʪʨʘʪʘʤʠ M/M/m,  ʩʠʩʪʝʤʠ ʟ ʥʝʦʙʤʝʞʝʥʦʶ ʯʝʨʛʦʶ M/M/m/Ð, 

ʩʠʩʪʝʤʠ ʟ ʦʙʤʝʞʝʥʦʶ ʯʝʨʛʦʶ M/M/m/r ʪʦʱʦ. 

ʆʜʥʘʢ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘ ʜʘʥʠʡ ʯʘʩ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶʟʘʜʘʯʝʶ ʻ ʘʥʘʣʽʟ 

ʉʄʆ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʚʠʤʦʛ ï ʤʦʜʝʣʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʛʦ ʪʨʘʬʽʢʘ. 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʦʩʣʫʛ 

ʟʫʤʦʚʣʶʻ ʨʽʟʥʦʨʽʜʥʽʩʪʴ ʪʨʘʬʽʢʫ, ʷʢʘ ʩʠʣʴʥʦ ʟʤʽʥʶʻ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ ʽ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ. 

ʊʨʘʬʽʢ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʤʝʨʝʞ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ ʤʘʻ ʧʫʣʴʩʫʶʯʠʡ 

ʭʘʨʘʢʪʝʨ, ʚʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʽʩʪʦʪʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʪʦʢʽʚ ʧʘʢʝʪʽʚ ʚʽʜ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ ʧʦʪʦʢʫ. ɿʘ ʘʜʝʢʚʘʪʥʫ ʤʦʜʝʣʴ ʧʦʪʦʢʽʚ ʚ ʪʘʢʠʭ 

ʤʝʨʝʞʘʭ ʚʚʘʞʘʶʪʴʩʷ ʩʘʤʦʧʦʜʽʙʥʽ (self-similarity) ʧʨʦʮʝʩʠ, ʜʝ ʚʭʽʜʥʠʡ ʧʦʪʽʢ 

ʦʧʠʩʫʻʪʴʩʷ ʬʨʘʢʪʘʣʴʥʠʤ ʙʨʦʫʥʽʚʩʴʢʠʤ ʨʫʭʦʤ (ʤʦʜʝʣʴ fBM). ʇʨʦʪʝ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʉʈɯ ʚ ʮʠʭ ʫʤʦʚʘʭ ʻ ʜʫʞʝ ʩʢʣʘʜʥʠʤ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʇʨʠʯʠʥʦʶ ʪʦʤʫ ʻ ʩʣʘʙʢʘ ʬʦʨʤʘʣʽʟʦʚʘʥʽʩʪʴ ʤʦʜʝʣʽ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʦʪʦʢʽʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʽ ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʦ 

ʦʙʛʨʫʥʪʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ QoS ʚ ʩʠʩʪʝʤʘʭ ʨʦʟʧʦʜʽʣʫ 

ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʦʜʥʦʩʝʨʚʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʽ ʧʦʩʪʽʡʥʠʤ ʯʘʩʦʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʤʦʜʝʣʴ fBM/D/1/Ð).  

ʋ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞʘʭ ʟʚ'ʷʟʢʫ ʚʭʽʜʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ 

ʤʦʞʫʪʴ ʤʘʪʠ ʧʦʩʪʽʡʥʫ (CBR), ʟʤʽʥʥʫ (VBR) ʽ ʟʤʽʰʘʥʫ ʙʽʪʦʚʫ ʰʚʠʜʢʽʩʪʴ, ʚʽʜ ʯʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʪʦʢʫ ʤʦʞʝ ʙʫʪʠ ʚʽʜ ʧʨʦʩʪʦʾ ʧʫʘʩʩʦʥʦʚʩʢʦʡ ʜʦ ʩʢʣʘʜʥʦʾ 

ʤʦʜʝʣʽ ʬʨʘʢʪʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ (ʩʘʤʦʧʦʜʦʙʥʳʡ ʪʨʘʬʽʢ). ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʫ 

ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ ʚ ʮʠʭ ʧʦʪʦʢʘʭ ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʠʡ ʽ ʪʦʤʫ ʚ ʫʟʘʛʘʣʴʥʝʥʽʡ 

ʤʦʜʝʣʽ ʨʝʟʦʥʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʠʡ (G) ʚʠʜ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ. ɼʦʚʞʠʥʘ ʧʘʢʝʪʽʚ ʢʦʞʥʦʶ ʽʟ ʩʣʫʞʙ ʟʘʛʘʣʴʥʽʡ ʜʣʷ ʥʠʭ 
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ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʤʝʨʝʞʽ (ʦʩʪʶʜʘ ʽ ʪʨʠʚʘʣʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ) ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ 

ï ʜʣʷ ʦʜʥʠʭ ʩʣʫʞʙ ʧʦʩʪʽʡʥʦʶ, ʘ ʜʣʷ ʽʥʰʠʭ ï ʟʤʽʥʥʽʡ. 

ʋ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ ʟʚ'ʷʟʢʫ ʪʨʘʬʽʢ ʤʘʻ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ 

ʚʠʤʘʛʘʻ ʜʣʷ ʩʚʦʛʦ ʦʧʠʩʫ ʽʩʪʦʪʥʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʪʦʢʫ 

ʚʠʤʦʛ. ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ ʚ ʮʠʭ ʧʦʪʦʢʘʭ ʤʦʞʝ ʙʫʪʠ 

ʜʦʚʽʣʴʥʠʡ, ʽ ʪʦʤʫ ʚ ʤʦʜʝʣʽ ʦʙʩʣʫʛʦʚʫʶʯʦʶ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʡ ʪʨʘʬʽʢ, ʨʝʟʦʥʥʦ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʠʡ (G) ʚʠʜ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʮʴʦʛʦ 

ʽʥʪʝʨʚʘʣʫ. ʎʝ, ʥʘʩʘʤʧʝʨʝʜ,  ʩʠʩʪʝʤʠ ʟ ʥʝʦʙʤʝʞʝʥʦʶ ʯʝʨʛʦʶ G/D/1/Ð, G/M/1/Ð, 

G/G/1/Ð. 

ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʩʠʩʪʝʤ ʟʧʦʩʣʽʜʦʚʥʠʤʠ ʢʘʥʘʣʘʤʠ, ʻ ʨʦʟʧʦʜʽʣ ʧʦʪʦʢʫ 

ʦʜʥʦʛʦ ʢʘʥʘʣʫ, ʷʢʠʡ ʧʦʪʽʤ ʚ̒ʭʽʜʥʠʤ ʧʦʪʦʢʦʤ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʢʘʥʘʣʫ. ɺʽʜʤʽʪʠʤʦ, 

ʱʦ ʨʦʟʧʦʜʽʣ ʧʦʪʦʢʫ ʩʠʩʪʝʤʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ, ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʨʘʥʥʦʾ ʜʠʩʮʠʧʣʽʥʠ ʯʝʨʛʠ. ɼʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ʄ/ʄ/ʩ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ, ʱʦ ʧʦʢʠʜʘʶʪʴ ʩʠʩʪʝʤʫ, 

ʚʟʘʻʤʥʦ ʥʝʟʘʣʝʞʥʽ. ʋ ʮʽʡ ʩʠʩʪʝʤʽ ʦʙʩʣʫʞʝʥʽ ʚʠʤʦʛʠ, ʱʦ ʧʦʢʠʜʘʶʪʴ ʩʠʩʪʝʤʫ, 

ʫʪʚʦʨʶʶʪʴ ʧʫʘʩʩʦʥʽʚʩʴʢʠʡ ʧʦʪʽʢ ʟ ʪʠʤ ʞʝ ʧʘʨʘʤʝʪʨʦʤ ɚ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʨʦʟʧʦʜʽʣ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ.  

ʋ ʙʘʛʘʪʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʟ ʧʦʩʪʽʡʥʠʤʠ ʧʨʦʤʽʞʢʘʤʠ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ, ʱʦ 

ʧʦʢʠʜʘʶʪʴ ʩʠʩʪʝʤʫ, ʽ ʧʦʩʪʽʡʥʠʤ ʯʘʩʦʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʭʽʜʥʠʡ ʧʦʪʽʢ (ʷʢʱʦ ʻ 

ʯʝʨʛʘ) ʪʘʢʦʞ ʻ ʧʦʩʪʽʡʥʠʤ. ɽʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʤʽʞ 

ʧʦʩʪʫʧʘʶʯʠʤʠ ʚʠʤʦʛʘʤʠ ʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʦʜʽʣ ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ɢ-ʢʚʘʜʨʘʪ ʟ ʜʚʦʤʘ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ, ʘ 

ʧʦʩʪʽʡʥʠʤ ʧʨʦʤʽʞʢʘʤ ʯʘʩʫ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ʽ ʧʦʩʪʽʡʥʦʤʫ ʯʘʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʦʜʽʣ ʧʦ ʟʘʢʦʥʫ ɢ-ʢʚʘʜʨʘʪ ʟʥʝʩʢʽʥʯʝʥʥʠʤ ʯʠʩʣʦʤ 

ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ.  

 

2.6. ɹʘʛʘʪʦʢʘʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʟ ʧʦʩʣʽʜʦʚʥʠʤʠ ʽ ʧʘʨʘʣʝʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ Ὧ ʧʦʩʣʽʜʦʚʥʠʭ ʬʘʟ ʟ ʯʝʨʛʦʶ ʧʝʨʝʜ ʢʦʞʥʦʶ ʬʘʟʦʶ ʽ ʥʝʦʙʤʝʞʝʥʠʤ 

ʧʫʘʩʦʥʽʚʩʴʢʠʤ ʧʦʪʦʢʦʤ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʢʦʞʥʫ ʬʘʟʫ, Ὥ-ʪʘ ʬʘʟʘ, ʜʝ Ὥ-ʙʫʜʴ-ʷʢʝ 

ʯʠʩʣʦ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ὶ ʧʘʨʘʣʝʣʴʥʠʭ ʢʘʥʘʣʽʚ ʟ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʯʘʩʦʤ 
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ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʧʘʨʘʤʝʪʨʦʤ ‘ ʪʘʢʠʤ ʯʠʥʦʤ, ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʘ ʯʘʩ Ўὸ ʙʫʜʝ 

ʟʘʢʽʥʯʝʥʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʜʥʦʛʦ ʟ ὲ ʚʠʤʦʛ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ Ὥ-ʡ ʬʘʟʽ, ʜʦʨʽʚʥʶʻ 

ὲ‘Ўὸ έЎὸ ʧʨʠ ὲ ὶ ʽ ʜʦʨʽʚʥʶʻ ὲ‘Ўὸ έЎὸ ʧʨʠ ὲ ὶ. 

ʇʨʠ  ὴ ρ Ὥ ρȟȣȟὯ ʨʽʚʥʷʥʥʷ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʤʘʶʪʴ 

ʚʠʛʣʷʜ 

‗ ὲ‏ ‌ὲ ‘ ὴὲȟȣȟὲ

ὲ‏ ρ‌ὲ ρ‘ὴὲȟȣȟὲ ρȟὲ ρ ρȟ 

ὲ ȟȣȟὲ ‗ὴὲ ρȟὲȟȣȟὲ  

(2.31) 

ʗʢʱʦ ʙʫʜʴ-ʷʢʠʡ ʟ ʘʨʛʫʤʝʥʪʽʚ ʻ ʥʝʛʘʪʠʚʥʠʤ, ʪʦ ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʽ 

ʦʩʪʘʥʥʷ ʩʫʤʘ ʥʝ ʤʽʩʪʠʪʴ ʝʣʝʤʝʥʪʽʚ ʟ -1 ʽ ʤʽʩʪʠʪʴ ʦʜʠʥ ʝʣʝʤʝʥʪ ʟ +1. ʂʨʽʤ ʪʦʛʦ, 

 
‌ὲ

ὲȟὲ ὶȟ

ὶȟὲ ὶȟ 
(2.32) 

 
ὲ‏

ρȟὲ πȟ

πȟὲ πȟ
 Ὦ ρȟςȟȣȟὯȢ 

(2.33) 

ʈʽʰʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ 

 

ὴὲȟȣȟὲ ὴπȟȣȟπ ὦὲ  

(2.34) 

 

ὦὲ

ừ
Ử
Ừ

Ử
ứ

ρ

ὲȦ
ὶὴ ȟὲ ὶȟ

ρ

ὶȦ
ὶὴ ȟὴ ȟὲ ὶȢ

 

(2.35) 

 

ʊʘʢ ʷʢ ʩʫʤʘ ʟʘ ʚʩʽʤʘ ʟʥʘʯʝʥʥʷʤʠ ὲ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʦʜʠʥʠʮʽ, ʪʦ 

ʆʪʨʠʤʘʻʤʦ 

 

ȣ ὦὲ ὦὲ ḳ ὃȟὮ ρȟȢȢȟὯȟ 

(2.36) 
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ʪʘ 

 
ὴπȟȣȟπ ὃ Ȣ 

(2.37) 

ʈʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʬʘʟʠ ʥʘʭʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʧʽʜʩʫʤʫʚʘʥʥʷ 

ʧʦ ʯʠʩʣʫ ʚʠʤʦʛ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ  ʚʩʽʭ ʽʥʰʠʭ ʬʘʟʘʭ. ɿʚʽʜʩʠ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ  ʚ 

-ʡ ʬʘʟʽ ʻ ὲ ʚʠʤʦʛ, ʱʦ ʜʦʨʽʚʥʶʻ 

 
ὴὲ

ὦὲ

ὃ
 

 

ʑʦʙ ʟʥʘʡʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ j-ʡ ʬʘʟʽ ʟʥʘʭʦʜʠʪʴʩʷ ὲ ʚʠʤʦʛ, ʚʠʟʥʘʯʠʤʦ, 

ʱʦ ὲ ὲ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʪʘʢʦʞ, ʚʠʨʽʰʫʶʯʠ ʟʘʚʜʘʥʥʷ ʜʣʷ 

ʩʠʩʪʝʤʠ ʟ ὧ ʧʘʨʘʣʝʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ ʧʨʠ ὧ ὶὮ. 

ɺʠʟʥʘʯʘʻʤʦ ὶ ρ Ὦ ρȟȣȟὯ, ʜʣʷ ʦʜʥʦʛʦ ʟ ʧʦʩʣʽʜʦʚʥʠʭ ʢʘʥʘʣʽʚ ʦʪʨʠʤʘʻʤʦ 

 

ὴὲȟȣȟὲ ὴπȟȣȟπ ὴ ȟ 
(2.38) 

 

ὴπȟȣȟπ ρ ὴ Ȣ 
(2.39) 

ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ ʱʦ ʬʘʟʠ ʚʟʘʻʤʥʦ ʥʝʟʘʣʝʞʥʽ, ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ j-ʡ ʬʘʟʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ὲ ʚʠʤʦʛ, ʜʦʨʽʚʥʶʻ 

 ὴ ρ ὴ  (2.40) 

ʉʝʨʝʜʥʻ ʯʠʩʣʦ ʚʠʤʦʛ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʮʽʡ ʬʘʟʽ, ʩʪʘʥʦʚʠʪʴ 

 
ὲὴ ρ ὴ

ὴ

ρ ὴ
 

(2.41) 

ʉʝʨʝʜʥʻ ʯʠʩʣʦ ʚʠʤʦʛ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ j-ʡ ʬʘʟʽ, ʜʦʨʽʚʥʶʻ 

 
ὴ ρ ὴ ὴȢ 

(2.42) 

ʉʝʨʝʜʥʻ ʯʠʩʣʦ ʚʠʤʦʛ, ʱʦ ʦʯʽʢʫʶʪʴ ʧʦʯʘʪʢʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ -ʡ ʬʘʟʽ, ʜʦʨʽʚʥʶʻ 

 ὴ ρ ὴ  (2.43) 

ʄʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʯʠʩʣʦ ʚʠʤʦʛ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʠʩʪʝʤʽ, ʜʦʨʽʚʥʶʻ 

ʩʫʤʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʯʽʢʫʚʘʥʴ ʯʠʩʣʘ ʚʠʤʦʛ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʬʘʟʘʭ.  
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ʈʦʟʧʦʜʽʣ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʜʣʷ ʢʣʽʻʥʪʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ Ὦ ρ-ʾ ʬʘʟʠ ʚ -ʪʫ ʬʘʟʫ, 

ʷʢ ʧʦʢʘʟʘʥʦ ʜʣʷ ʦʜʥʦ ʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʤʘʻ ʚʠʛʣʷʜ 

 
Ὢ‚Ὠ‚ ρ ὴ ὴ‘‚

Ὡ

ὲ ρȦ
Ὠ‚  

‗ρ ὴ Ὡ Ὠ‚ 

(2.44) 

ɯʤʦʚʽʨʥʽʩʪʴ ʚʽʜʩʫʪʥʦʩʪʽ ʦʯʽʢʫʚʘʥʥʷ ʚ Ὦ-ʡ ʬʘʟʽ, ʜʦʨʽʚʥʶʻ ρ ὴ, ʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʦʯ̔ʢʫʚʘʥʥʷ, ʢʦʣʠ ʩʠʩʪʝʤʘ ʟʘʡʥʷʪʘ, 

 ‘ ‗Ὡ Ὠ‚ (2.45) 

ʇʨʠ  ‘ ‘ ̈́̅́̍̏Вὲ ὲȢ ʅʝʭʘʡ ὴὲ-ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ ʩʠʩʪʝʤʽ 

ʦʯʽʢʫʻ ὲ ʚʠʤʦʛ. ʊʦʜʽ 

 ὴὲ
ὲ Ὧ ρ
Ὧ ρ

ὴ ρ ὴ ȟ (2.46) 

ʜʝ ὴ  .  

2.7. ɽʣʝʤʝʥʪʠ ʪʝʦʨʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɼʠʩʢʨʝʪʥʠʡ ʪʘ 

ʥʝʧʝʨʝʨʠʚʥʠʡ ʧʨʦʮʝʩʠ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ. 

ʋ ʪʝʦʨʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʮʝʩʫ 

ʟʘʤʽʥʠ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ ʽ ʟʘʤʽʥʶʶʪʴʩʷ ʥʦʚʠʤʠ. ʢʦʣʠ ʝʣʝʤʝʥʪ 

ʚʠʭʦʜʠʪʴ ʟ ʣʘʜʫ, ʚʽʥ ʟʘʤʽʥʶʻʪʴʩʷ ʥʦʚʠʤ; ʢʦʣʠ ʚʠʭʦʜʠʪʴ ʟ ʣʘʜʫ ʽ ʮʝʡ ʝʣʝʤʝʥʪ, ʪʦ 

ʡʦʛʦ ʟʥʦʚʫ ʟʘʤʽʥʶʶʪʴ ʽ ʪ.ʜ. ʟʘʟʚʠʯʘʡ ʷʚʣʷʻ ʽʥʪʝʨʝʩ ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʚʽʜʥʦʚʣʝʥʴ ʟʘ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʽ ʡʦʛʦ ʜʠʩʧʝʨʩʽʷ. 

ʇʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʟʘʻʤʥʦ ʥʝʟʘʣʝʞʥʠʭ 

ʥʝʚʽʜ'ʻʤʥʠʭ ʦʜʥʘʢʦʚʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ὢ , ʪʫʪ ὼ 

ʧʦʟʥʘʯʘʻ ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʧʨʠ i -ʡ ʟʘʤʽʥʽ. 

ʊʘʢ, ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʚ ʩʠʩʪʝʤʫ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟ ʧʘʨʘʤʝʪʨʦʤ 

ɚ, ʫʪʚʦʨʶʶʪʴ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʟ ʟʘʛʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ 

Ὂὸ ρ Ὡ . ʇʦʪʽʢ ʟ ʦʙʤʝʞʝʥʦʶ ʧʽʩʣʷʜʽʻʶ ʪʘʢʦʞ ʻ ʧʨʦʮʝʩʦʤ 

ʚʽʜʥʦʚʣʝʥʥʷ. ɹʽʣʴʰʽʩʪʴ ʛʣʠʙʦʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʽʾ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʘʩʠʤʧʪʦʪʠʯʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʬʫʥʢʮʽʡ, ʪʘʢ ʷʢ ʟʘʟʚʠʯʘʡ 
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ʩʪʘʥʦʚʠʪʴ ʽʥʪʝʨʝʩ ʧʦʚʝʜʽʥʢʘ ʬʫʥʢʮʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʜʣʷ ʪʨʠʚʘʣʠʭ 

ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ.  

ɿʘʧʠʰʝʤʦ n-ʫ ʯʘʩʪʢʦʚʫ ʩʫʤʫ ʫ ʚʠʛʣʷʜʽ Ὓ ὢ Ễ ὢȠ ʪʦʜʽ Ὓ ὲ

ρȟςȟȣ ʙʫʜʝ ʤʦʤʝʥʪʦʤ ʯʘʩʫ, ʚ ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ n-ʝ ʚʽʜʥʦʚʣʝʥʥʷ. ɯʥʦʜʽ ʜʦʜʘʻʪʴʩʷ 

ʜʦʜʘʪʢʦʚʘ ʥʝʚʽʜôʻʤʥʘ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ ὢ, ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ὢ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʦʪʨʠʤʫʻʤʦ ʟʘʛʘʣʴʥʠʡ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ὢȟὢȣ, ʜʝ ὢï ʟʘʣʠʰʢʦʚʘ 

ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘ ʚʠʭʽʜʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʥʘʷʚʥʦʛʦ ʚ ʧʦʯʘʪʢʦʚʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ. 

ʆʧʫʩʪʠʤʦ ʫʤʦʚʠ ʥʝʚʽʜ'ʻʤʥʦʩʪʽ ὢ, ʦʪʨʠʤʘʻʤʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʨʦʮʝʩ 

ʚʽʜʥʦʚʣʝʥʥʷ. ʇʦʟʥʘʯʠʚʰʠ ʯʝʨʝʟ Z1, ʧʝʨʰʫ ʥʝʚʽʜ'ʻʤʥʫ ʯʘʩʪʢʦʚʫ ʩʫʤʫ, ʘ ʯʝʨʝʟ Z1 + 

... + Zk ʧʝʨʰʫ ʥʝʚʽʜ'ʻʤʥʫ ʯʘʩʪʢʦʚʫ ʩʫʤʫ Sn, ʚʝʣʠʢʫ Z1 + ... + Zk-1. ɹʣʝʢʫʝʣʣ ʧʨʠʚʽʚ 

ʮʝʡ ʚʠʧʘʜʦʢ ʜʦ ʟʚʠʯʘʡʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ὤ . ʆʪʨʠʤʘʥʽ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ 

Zn ʻ ʥʝʚʽʜ'ʻʤʥʠʤʠ ʦʜʥʘʢʦʚʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. 

ʉʤʽʪ [770] ʧʦʟʥʘʯʠʚ ʯʝʨʝʟ ὔ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ n, ʜʣʷ 

ʷʢʦʾ Ὓ ὸ. ɺʽʥ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʻ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʧʨʦʮʝʩʫ 

ʚʠʧʘʜʢʦʚʦʛʦ ʙʣʫʢʘʥʥʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʦʛʣʠʥʘʶʯʠʭ ʙʘʨ'ʻʨʽʚ, ʢʦʣʠ ʚʽʜʙʽʨ ʚʝʣʠʯʠʥ 

ὢ  ʪʨʠʚʘʻ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ Ὓ ʚ ʧʝʨʰʠʡ ʨʘʟ ʥʝ ʧʝʨʝʚʠʱʠʪʴ t, a ὔ ρï ʪʘʢʠʡ 

ʦʙʩʷʛ ʚʠʙʽʨʢʠ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʫʧʠʥʢʘ. ʊʝʦʨʽʷ ʚʠʧʘʜʢʦʚʦʛʦ ʙʣʫʢʘʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢ ʽʩʥʫʚʘʥʥʷ ʢʽʥʮʝʚʠʭ ʤʦʤʝʥʪʽʚ ʚʩʽʭ ʧʦʨʷʜʢʽʚ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ Nt, ʘʣʝ ʽʥʰʽ ʤʝʪʦʜʠ ʜʘʶʪʴ ʙʽʣʴʰ ʩʠʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʋ ʨʘʟʽ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʬʫʥʢʮʽʷ ʚʽʜʥʦʚʣʝʥʥʷ U (t) ſ E (Nt). 

 

ɼʠʩʢʨʝʪʥʠʡ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ 

ʉʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʯʘʩ ʨʦʟʜʽʣʝʥʦ ʥʘ ʜʠʩʢʨʝʪʥʽ ʧʨʦʤʽʞʢʠ. 

ʅʝʭʘʡ ὥ ï ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʥʦʚʠʡ ʝʣʝʤʝʥʪ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʯʘʩʫ, ʚʠʡʜʝ ʟ ʣʘʜʫ ʨʽʚʥʦ ʯʝʨʝʟ n ʪʠʤʯʘʩʦʚʠʭ ʦʜʠʥʠʮʴ. ʄʦʞʥʘ ʧʨʠʡʥʷʪʠ 

ʜʦʧʫʱʝʥʥʷ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘ ʧʦʟʠʪʠʚʥʘ, ʽ ʪʦʤʫ ὥ π. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʟʘʤʽʥʘ ʝʣʝʤʝʥʪʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʙʝʟ ʧʝʨʝʨʚʠ, ʽ, ʷʢ ʪʽʣʴʢʠ 

ʝʣʝʤʝʥʪ ʚʠʭʦʜʠʪʴ ʟ ʣʘʜʫ, ʚʽʥ ʟʘʤʽʥʶʻʪʴʩʷ ʥʦʚʠʤ; ʧʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ 

ʝʣʝʤʝʥʪʽʚ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ. ɼʦʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʚʠʭʽʜʥʘ ʢʽʥʮʝʚʘ ʩʫʢʫʧʥʽʩʪʴ 
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ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʦʨʽʚʥʶʻ N, ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠʩʷ ʪʽʣʴʢʠ ʟ ʥʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʊʘʢ, ʷʢʱʦ ʩʧʦʯʘʪʢʫ ʻ ὧ ʝʣʝʤʝʥʪʽʚ, ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ k ʷʢʠʭ 

ʜʦʨʽʚʥʶʻ k ʪʠʤʯʘʩʦʚʠʤ ʦʜʠʥʠʮʷʤ, ʪʦ 

ὔ ὧ 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ k ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʙʫʜʴ-ʷʢʝ ʟʥʘʯʝʥʥʷ. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʙʫʜ-ɹʷʢʠʭ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʟʘʤʽʥʽ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʩʘʤʽ ʟʘʤʽʥʠʣʠ ʽʥʰʽ ʝʣʝʤʝʥʪʠ. ʅʝʭʘʡ Ç ρὲ ï ʩʝʨʝʜʥʻ ʯʠʩʣʦ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ n ʙʫʣʠ ʟʘʤʽʥʝʥʽ ( ̔ + 1) -ʡ ʨʘʟ. ʄʘʻʤʦ ʥʘʩʪʫʧʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʯʠʩʣʦʤ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʤʽʥʶʶʪʴʩʷ (ʽ +1) -ʡ. ʈʘʟ,  ̔ʯʠʩʣʦʤ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʤʽʥʶʶʪʴʩʷ -̔ʡ ʨʘʟ: 

 
Ç ὲ Ç ὲ Ὧὥ 

(1) 

                                 

ʑʦʙ ʧʦʢʘʟʘʪʠ, ʱʦ ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʦ, ʟʘʫʚʘʞʠʤʦ, ʱʦ ʚ ʤʦʤʝʥʪ 

ʯʘʩʫ n ʟʘʤʽʥʶʶʪʴʩʷ (i + 1) -ʡ ʨʘʟ ʪʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ n ʙʫʣʠ ʟʘʤʽʥʝʥʽ 

ʽ ʨʘʟ ʪʘ ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ n ʚʠʡʰʣʠ ʟ ʣʘʜʫ. ɿ ʯʠʩʣʘ ʝʣʝʤʝʥʪʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʽ-ʡ ʨʘʟ 

ʚ ʤʦʤʝʥʪ ʯʘʩʫ n ï k (0 Ò k Ò n), ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ n ʚʠʡʜʝ ʟ ʣʘʜʫ gi (h - k) ak 

ʝʣʝʤʝʥʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʤʽʥʶʶʪʴʩʷ (i + 1) -ʡ ʨʘʟ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ ʧʦ k. ʎʝ ʜʘʻ ʥʘʚʝʜʝʥʝ ʚʠʱʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. 

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʚʽʜʥʦʚʣʝʥʴ, ʚʠʨʦʙʣʝʥʠʭ ʚ ʤʦʤʝʥʪ ʯʘʩʫ n, 

ʯʝʨʝʟ 

 
ό Çὲȟ 

(2) 

 

ʪʦ, ʧʽʜʩʫʤʫʚʘʚʰʠ ʨʽʚʥʽʩʪʴ (1) ʧʦ ,̔ ʦʪʨʠʤʘʻʤʦ ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ, 

ʟʘʤʽʥʝʥʠʭ ʚ ʤʦʤʝʥʪ ʯʘʩʫ n: 

 
ό Ç ὲ ό ὥ 

(3) 
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ʊʫʪ g1 (n) ï ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚʠʭʽʜʥʦʾ ʩʫʢʫʧʥʦʩʪʽ (ʷʢʘ ʜʦʨʽʚʥʶʻ 

ʩʫʤʽ ʯʠʩʝʣ ck), ʟʘʤʽʥʝʥʠʭ ʚ ʤʦʤʝʥʪ ʯʘʩʫ n. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, 

ʱʦ u0=0. ɿʥʘʯʝʥʥʷ ʘk ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʪʽʣʴʢʠ ʜʣʷ ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʚʠʭʽʜʥʽʡ 

ʩʫʢʫʧʥʦʩʪʽ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʪʘʢʦʞ ʝʣʝʤʝʥʪʠ, ʱʦ ʙʫʣʠ ʫ ʚʞʠʪʢʫ. ɯʤʦʚʽʨʥʽʩʪʴ 

ʪʦʛʦ, ʱʦ ʚ ʤʦʤʝʥʪ ʯʘʩʫ n ʪʘʢʠʡ ʝʣʝʤʝʥʪ (ʟ ʪʨʠʚʘʣʽʩʪʶ ʽʩʥʫʚʘʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ k 

ʪʠʤʯʘʩʦʚʠʤ ʦʜʠʥʠʮʷʤ, ʷʢʘ ʚʞʝ ʟʘʢʽʥʯʠʣʘʩʷ) ʚʠʭʦʜʠʪʴ ʟ ʣʘʜʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ rk, 

ʡʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘ ʙʽʣʴʰʝ k ʪʠʤʯʘʩʦʚʠʭ 

ʦʜʠʥʠʮʴ, ʪʦʙʪʦ ὶ ὥ ὥ  ȣ ρ В ὥ, ʷʢʱʦ ὥ  ï ʪʘʢʘ ʬʫʥʢʮʽʷ 

ʨʦʟʧʦʜʽʣʫ, ʱʦ Ɇan = 1. ʊʘʢʠʤ ʯʠʥʦʤ, ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ ʤʦʤʝʥʪ n ʟ ʣʘʜʫ ʚʠʡʜʝ 

ʝʣʝʤʝʥʪ, ʷʢʠʡ ʧʨʦʩʣʫʞʠʚ k ʪʠʤʯʘʩʦʚʠʭ ʦʜʠʥʠʮʴ, ʜʦʨʽʚʥʶʻ 

 ὥ

ὶ
 

(4) 

ʊʘʢ ʷʢ ʻ ck ʝʣʝʤʝʥʪʽʚ, ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʷʢʠʭ ʚʞʝ ʧʝʨʝʚʠʱʠʣʘ k, ʪʦ 

ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʟʘʤʽʥʠ ʚ ʤʦʤʝʥʪ n ʦʜʥʦ 

 ὧὥ

ὶ
 

(5) 

ʗʢʱʦ ʧʽʜʩʫʤʫʚʘʪʠ ʧʦ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʥʷʭ k, ʪʦ ʦʪʨʠʤʘʻʤʦ ʩʝʨʝʜʥʻ 

ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ ʚʠʭʽʜʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʟʘʤʽʥʝʥʠʭ ʚ ʤʦʤʝʥʪ ʯʘʩʫ n. ʊʘʢʠʤ ʯʠʥʦʤ, 

 
Ç ὲ

ὧὥ

ὶ
ȟ 

(6) 

ʽ ʦʩʪʘʪʦʯʥʦ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʯʠʩʣʘ ʚʽʜʥʦʚʣʝʥʴ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 

n ʫ ʚʠʛʣʷʜʽ 

 
ό ό ὥ ὦȟ   ὲ ρ 

(7) 

ɼʝ     ὦ Ὣ ὲ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʨʠ ʟʘʤʽʥʽ ʝʣʝʤʝʥʪʽʚ ʚ ʜʠʩʢʨʝʪʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʡʤʦʚʽʨʥʽʩʪʴ 

ʪʦʛʦ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘ ʜʦʨʽʚʥʶʻ k ʪʠʤʯʘʩʦʚʠʤ ʦʜʠʥʠʮʷʤ, ʤʘʻ 

ʙʽʥʦʤʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ 
Ȧ

ȦȦ
ὴή , ʜʝ m ʜʦʨʽʚʥʶʻ ʧôʷʪʠ ʯʘʩʦʚʠʤ 

ʦʜʠʥʠʮʷʤ, ʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘ ʥʝ ʤʝʥʰʝ ʦʜʥʽʻʾ 

ʯʘʩʦʚʦʾ ʦʜʠʥʠʮʽ, ʜʦʨʽʚʥʶʻ 0,75. ʇʨʠʧʫʩʪʠʤʦ ʪʘʢʦʞ, ʱʦ ʚʠʭʽʜʥʘ ʩʫʢʫʧʥʽʩʪʴ 



84 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ 100 ʝʣʝʤʝʥʪʽʚ, ʟ ʷʢʠʭ ʩʧʦʯʘʪʢʫ 10 ʝʣʝʤʝʥʪʽʚ ʙʫʣʠ ʥʦʚʠʤʠ, 15 

ʧʨʦʧʨʘʮʶʚʘʣʠ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʯʘʩʦʚʦʾ ʦʜʠʥʠʮʽ, 25 ï ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʯʘʩʦʚʠʭ 

ʦʜʠʥʠʮʴ, ʘ 50 ï ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʯʘʩʦʚʠʭ ʦʜʠʥʠʮʴ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʞʦʜʝʥ 

ʝʣʝʤʝʥʪ ʥʝ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʙʽʣʴʰʝ ʧ'ʷʪʠ ʯʘʩʦʚʠʭ ʦʜʠʥʠʮʴ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʙʽʥʦʤʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʜʚʦʭ ʜʝʩʷʪʢʦʚʠʭ ʟʥʘʢʽʚ ʟʥʘʭʦʜʠʤʦ 

ʟʥʘʯʝʥʥʷ ʘn, ʷʢʽ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʪʦʯʥʠʤʠ. ʊʘʢ, ʘ0 = 0; ʘ1 = 0,01; ʘ2 = 0,09; ʘ3 = 0,26; 

ʘ4 = 0,40; ʘ5 = 0,24. ʗʩʥʦ, ʱʦ ʧʨʠ n > 5 ʤʘʻʤʦ ʘn = 0. ʊʦʜʽ r0 = 1; r1 = 0,99; r2 = 0,90; 

r3 = 0,64;     r4 = 0,24 ʽ r5 = 0. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʷʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʭʽʜʥʫ ʩʫʢʫʧʥʽʩʪʴ, ʟʘʧʠʰʝʤʦ c0 = 

10, ʪʘʢ ʷʢ ʩʧʦʯʘʪʢʫ 10 ʝʣʝʤʝʥʪʽʚ ʤʘʣʠ ʥʫʣʴʦʚʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. ɸʥʘʣʦʛʽʯʥʦ, c1 = 

15, c2 = 0, c3 = 25, c4 = 50. ʄʘʢʩʠʤʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʙʫʣʘ ʧʨʠʡʥʷʪʘ 

ʨʽʚʥʦʶ ʧ'ʷʪʠ ʯʘʩʦʚʠʤ ʦʜʠʥʠʮʷʤ. ʆʪʞʝ, ʥʝ ʤʦʞʥʘ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʝʣʝʤʝʥʪʠ, 

ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʧ'ʷʪʠ ʦʜʠʥʠʮʷʤ, ʪʘʢ ʷʢ ʚʦʥʠ ʚʞʝ ʚʠʡʰʣʠ ʟ 

ʣʘʜʫ. 

ʂʨʽʤ ʪʦʛʦ, ʤʘʻʤʦ 

Ç ρ ρπϽπȟπρ
ρυϽπȟπω

πȟωω

ςυϽπȟτπ

πȟφτ

υπϽπȟςτ

πȟςτ
φχȟπω 

ʘʥʘʣʦʛʽʯʥʦ: 

g1 (2) = 14,21, 

g1 (3) = 8,66, 

g1 (4) = 7,63, 

g1 (5) = 2,4. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʷʢʱʦ ʧʦʪʨʽʙʥʦ ʦʙʯʠʩʣʠʪʠ ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʚʽʜʥʦʚʣʝʥʴ ʜʣʷ 

ʢʦʞʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ, ʪʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚʠʨʘʟʠ ʜʣʷ ʧʦʭʽʜʥʠʭ ʬʫʥʢʮʽʡ a(s) ʽ b(s), 

ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ u(s), ʟʚʽʜʢʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʩʝ ʟʥʘʯʝʥʥʷ un. 

ʗʢʱʦ ʢʦʨʽʥʥʷ ʟʥʘʤʝʥʥʠʢʘ u(s) ʚʽʜʦʤʽ, ʪʦ u(s) ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʥʘ ʧʨʦʩʪʽ ʜʨʦʙʠ 

(ʢʦʞʥʫ ʟ ʷʢʠʭ ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʚ ʨʷʜ); ʧʦʪʽʤ ʧʨʦʚʦʜʠʪʴʩʷ ʛʨʫʧʫʚʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ sn. ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʜʦʨʽʚʥʶʻ un. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʚʽʜʥʦʚʣʝʥʴ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʟʥʘʯʝʥʴ un, ʦʪʨʠʤʘʥʠʭ ʧʨʠ s Ÿ 1 ʚ u(s). 

ʇʝʨʰʠʡ ʚʠʨʘʟ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʬʦʨʤʫʣʠ (7) ʻ ʟʛʦʨʪʢʘ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ὥ  ̔ 

ό . ɺʚʝʜʝʤʦ ʧʦʭʽʜʥʽ ʬʫʥʢʮʽʾ: 
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ὥί ὥίȟ ὦί όίȟ ό πȟ ὦ πȢ 

ɿʘʩʪʦʩʫʚʘʚʰʠ ʧʦʭʽʜʥʫ ʬʫʥʢʮʽʶ ʜʦ ʨʽʚʥʷʥʴ (7) ʽ ʟʛʘʜʘʚʰʠ, ʱʦ ʚʠʨʦʙʣʷʻ ʬʫʥʢʮʽʷ 

ʟʛʦʨʪʢʠ ʻ ʪʚʽʨ ʚʠʨʦʙʣʷʶʪʴ ʬʫʥʢʮʽʡ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ, ʦʪʨʠʤʘʻʤʦ 

όί όίὥί ὦίȢ 

ʆʪʞʝ, 

 
όί

ὦί

ρ ὥί
 

(8) 

 ̔

 
ό ḳ

ρ

ὲȦ

Ὠόί

Ὠί
ȿί π 

(9) 

                                                     

ɿʘʫʚʘʞʠʤʦ ʥʘʩʪʫʧʥʝ. 

1. ʈʷʜʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ί ʽ ὦί, ʩʭʦʜʷʪʴʩʷ ʧʨʠ ȿίȿ ρ, ʪʘʢ ʷʢ ʾʭ 

ʢʦʝʬʽʮʽʻʥʪʠ ʦʙʤʝʞʝʥʽ. 

2. ʗʢʱʦ ʻ ʬʽʢʩʦʚʘʥʘ ʚʝʨʭʥʷ ʤʝʞʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʪʦ ʚʠʨʦʙʣʷʻ ʬʫʥʢʮʽʷ a(s) 

ʩʪʘʻ ʧʦʣʽʥʦʤʦʤ ʱʦʜʦ s ʽ ʾʾ ʽʩʥʫʚʘʥʥʷ ʛʘʨʘʥʪʫʻʪʴʩʷ. ʎʝʡ ʚʠʧʘʜʦʢ ʤʘʻ ʥʘʡʙʽʣʴʰʝ 

ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

3. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʴ ʜʣʷ ʚʩʽʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ 

όȢ 

ʎʝʡ ʨʷʜ ʩʭʦʜʠʪʴʩʷ, ʷʢʱʦ Вὥ ρ, ʱʦ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ (8).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʚʽʜʥʦʚʣʝʥʴ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʨʘʛʥʝ ʜʦ 

ʯʠʩʣʘ ʝʣʝʤʝʥʪʽʚ ʚʠʭʽʜʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʧʦʜʽʣʝʥʽʡ ʥʘ ʩʝʨʝʜʥʶ ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʘ. ʋ ʨʘʟʽ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʤʝʞʽ ʽ ʧʨʠ ʘ(1) = 1 ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʘʻ 

ʧʝʨʽʦʜʠʯʥʦʶ: 

ό ᴼ
ὴὦ ὦ ὦ Ȣ  Ȣ  Ȣ

В ὲὥ
 

 

ʧʨʠ n Ÿ ¤, ʜʝ n - ʧʝʨʽʦʜ. 
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4. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ὧ ὲ ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ, ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʷʢʠʭ ʚ 

ʤʦʤʝʥʪ ʯʘʩʫ n ʩʪʘʥʦʚʠʪʴ k ʯʘʩʦʚʠʭ ʦʜʠʥʠʮʴ. ʎʝ ʯʠʩʣʦ ʜʦʨʽʚʥʶʻ ʟʘʛʘʣʴʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ n ï k ʽ ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ n 

ʥʝ ʚʠʡʰʣʠ ʟ ʣʘʜʫ. ʊʘʢʠʤ ʯʠʥʦʤ, 

5. ὧ ὲ ό ὶ (10) 

                                            

ʗʢʱʦ k > n, ʪʦ ʚ ʥʫʣʴʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʮʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʤʘʪʠ ʪʨʠʚʘʣʽʩʪʴ 

ʽʩʥʫʚʘʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ k ï n ʯʘʩʦʚʠʤ ʦʜʠʥʠʮʷʤ, ʽ ʥʝ ʚʠʡʪʠ ʟ ʣʘʜʫ ʜʦ ʤʦʤʝʥʪʫ 

ʯʘʩʫ n, ʘ ʩʘʤʝ 

 
ὧ ὲ

ὧ πὶ

ὶ
 

(11) 

   

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʧʦʜʽʣ ʛʨʘʥʠʯʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ʦʜʥʦ 

 ὔὶ

В ὲὥ
 Ȣ 

(12) 

ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʚʠʭʽʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʽʩʥʫʚʘʥʥʷ. 

ɹʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ 

ɼʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʟʥʘʯʠʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʭʦʜʫ 

ʝʣʝʤʝʥʪʘ ʟ ʣʘʜʫ ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ Ὠὼ ʯʝʨʝʟ ὪὼὨὼ f; Ὢὼ π ʜʣʷ ὼ π. 

ʆʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʯʠʩʣʦʤ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʤʽʥʶʶʪʴʩʷ 

Ὥ ρ -ʡ ʨʘʟ, ʽ ʯʠʩʣʦʤ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʤʽʥʶʶʪʴʩʷ i-ʡ ʨʘʟ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t: 

 
Ç ρὸ Çὸ ὼὪὼὨὼȟ 

(13) 

                     

ʪʘʢ ʷʢ ʟ Çὸ ὼ - ʝʣʝʤʝʥʪʽʚ, ʟʘʤʽʥʝʥʠʭ i-ʡ ʨʘʟ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ὸ ὼ, ʜʦ ʢʽʥʮʷ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʭ ʚʠʡʜʝ ʟ ʣʘʜʫ Çὸ ὼὪὼὨὼ ʝʣʝʤʝʥʪʽʚ. 

ʗʢʱʦ ʚʚʝʜʝʤʦ ʬʫʥʢʮʽʶ 

 
όὸ Çὸ 

(14) 

    

ʪʦ, ʷʢ ʽ ʨʘʥʽʰʝ, ʦʪʨʠʤʘʻʤʦ ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʚʽʜʥʦʚʣʝʥʴ ʚ ʧʨʦʤʽʞʢʫ ὸȟὸ Ὠὸ: 
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όὸ Ç ὸ όὸ ὼὪὼὨὼ 

(15) 

    

ʗʢʱʦ ʜʦʧʫʩʪʠʪʠ, ʱʦ ʚʠʭʽʜʥʘ ʩʫʢʫʧʥʽʩʪʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ N ʝʣʝʤʝʥʪʽʚ, ʪʦ 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ὸȟὸ Ὠὸ ʚʽʜʙʫʜʝʪʴʩʷ ʧʝʨʰʘ ʟʘʤʽʥʘ 

ʝʣʝʤʝʥʪʽʚ ʮʽʻʾ ʩʫʢʫʧʥʦʩʪʽ, ʜʦʨʽʚʥʶʻ 

 Ç ὸ ὔὪὸὨὸȢ (16) 

    

ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʩʫʢʫʧʥʽʩʪʴ N = 1 ʽ ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʴ ʚ ʧʨʦʤʽʞʢʫ 

ʯʘʩʫ ὸȟὸ Ὠὸ, ʦʪʨʠʤʘʻʤʦ 

 
όὸ ὪὸὨὸ όὸ ὼὪὼὨὼ 

(17) 

  

ʎʝʡ ʚʠʩʣʽʚ ʧʦʢʘʟʫʻ ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʚʽʜʥʦʚʣʝʥʴ ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ (t, t + dt). 

ʉʫʤʘʨʥʝ ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʚʽʜʥʦʚʣʝʥʴ ʟʘ ʯʘʩ t ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʚʽʜʥʦʚʣʝʥʥʷ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʦʨʽʾ ʚʽʜʥʦʚʣʝʥʥʷ 

Ὗὸ Ὂὸ ᷿Ὠό᷿ όώ ὼὪὼὨὼ Ὂὸ ᷿Ὠὼ᷿ όώ

ὼὪὼὨώ=Ὂὸ+ 0ὸὟὸὼὨὊ(ὼ).  

(18) 

ɿʘʫʚʘʞʠʤʦ, ʱʦ Ὗὸï ʧʝʨʰʠʡ ʤʦʤʝʥʪ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ὔ, ʪʦʙʪʦ 

Ὗὸ Ὁὔ , ʘ ʟʥʘʯʠʪʴ 

 
Ὂὸ ὪὼὨὼ 

(19) 

       

ɼʣʷ ʽʩʥʫʚʘʥʥʷ Ὗὸ ʥʝ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʬʫʥʢʮʽʷ Ὂὸ ʙʫʣʘ ʘʙʩʦʣʶʪʥʦ 

ʙʝʟʧʝʨʝʨʚʥʦʾ, ʦʪʞʝ, ʽʩʥʫʚʘʥʥʷ Ὢὼ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ. ʗʢʱʦ ʬʫʥʢʮʽʷ Ὗὸ 

ʚʽʜʦʤʘ, ʪʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʩʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ. 

 

ɺʀʉʅʆɺʂʀ 

1. ɺ ʜʘʥʠʡ ʯʘʩ ʫ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ 

ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʟʘʩʥʦʚʘʥʘ ʥʘ 
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ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʬʝʨʫ ʧʦʚʩʷʢʜʝʥʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʆʩʥʦʚʥʽ ʟʘʭʦʜʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʪʨʴʦʭ ʢʣʶʯʦʚʠʭ 

ʦʙʣʘʩʪʷʭ: ʨʦʟʛʦʨʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʢʦʤʫʥʽʢʘʮʽʡ, ʨʦʟʨʦʙʢʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʽ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ, ʨʦʟʨʦʙʢʠ ʫʥʽʬʽʢʦʚʘʥʠʭ ʬʦʨʤʘʪʽʚ 

ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʬʦʨʤʫʚʘʥʥʷ ʢʦʛʥʽʪʠʚʥʦʾ ʩʬʝʨʠ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʧʠʪʘʥʴ 

ʨʝʦʨʛʘʥʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʡ ʨʦʙʦʪʠ ʧʝʨʩʦʥʘʣʫ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ.  

2. ʋ ʨʦʙʦʪʽ ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʫʚʘʛʘ ʥʘ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʟʦʢʨʝʤʘ ʩʠʩʪʝʤʘʭ 

ʤʦʥʽʪʦʨʠʥʛʫ ʨʫʭʦʤʠʭ ʧʦʚʽʪʨʷʥʠʭ, ʥʘʟʝʤʥʠʭ ʪʘ ʥʘʜʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʧʦʩʪʽʡʥʦ 

ʟʤʽʥʶʶʪʴ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʭʫ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɼʦ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʨʽʟʥʦʨʽʜʥʽʩʪʴ ʪʘ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʟʥʘʯʥʽʡ ʪʝʨʠʪʦʨʽʾ, 

ʟʥʘʯʥʽ ʧʦʪʦʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙôʻʜʥʘʥʥʷ ʦʪʨʠʤʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʦʨʽʻʥʪʫʚʘʥʥʷ ʥʘ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ.  

3. ʉʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʦʢʽʚ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʩʠʩʪʝʤʘʭ ʟ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʟʘ ʨʘʭʫʥʦʢ ʧʦʙʫʜʦʚʠ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʙʘʛʘʪʦʨʘʟʦʚʝ ʜʫʙʣʶʚʘʥʥʷ ʽ ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʦʨʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʜʥʽ ʡ 

ʪʽ ʞ ʦʙôʻʢʪʠ ʘʙʦ ʷʚʠʱʘ, ʥʘʷʚʥʽʩʪʴ ʥʝʨʽʚʥʦʪʦʯʥʦʾ ʪʘ ʥʝʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʚʠʢʣʠʢʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʤʝʪʦʜʽʚ 

ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʟʙʦʨʫ ʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ (ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ) ʧʨʦ ʦʙôʻʢʪʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ.  

4. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʦʩʥʦʚʥʠʭ ʧʠʪʘʥʴ ʩʪʚʦʨʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʨʫʭʦʤʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʽʡ 

ʘʨʭʽʪʝʢʪʫʨʽ, ʚʠʷʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʶ 

ʘʨʭʽʪʝʢʪʫʨʦʶ, ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʮʴʦʛʦ ʢʣʘʩʫ, ʨʦʟʛʣʷʥʫʪʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ, ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ 

ʧʦʣʦʞʝʥʥʷ ʽ ʤʝʪʦʜʠ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ.  
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5. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʯʥʽ ʟʘʩʘʜʠ ʦʙôʻʜʥʘʥʥʷ ʥʝʨʽʚʥʦʪʦʯʥʦʾ ʪʘ ʨʽʟʥʦʨʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʽ ʨʦʟʧʦʜʽʣʫ ʘʛʨʝʛʦʚʘʥʠʭ ʜʘʥʠʭ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ ʚ ʩʠʩʪʝʤʘʭ ʟ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ.  ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʽʚ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʶ 

ʦʨʛʘʥʽʟʘʮʽʻʶ, ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʦʙôʻʜʥʘʥʥʷ ʥʝʨʽʚʥʦʪʦʯʥʦʾ ʨʽʟʥʦʨʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʚʽʜ ʤʥʦʞʠʥʠ ʜʞʝʨʝʣ ʟʘ ʤʥʦʞʠʥʦʶ ʷʢʽʩʥʠʭ ʽ ʢʽʣʴʢʽʩʥʠʭ ʦʟʥʘʢ,  ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜʠʢʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ (ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ) ʦʙôʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʘʧʘʨʘʪʫ ʥʝʯʽʪʢʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ.  

6. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʛʨʫʧʫʚʘʥʥʷ ʈʆ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ï çʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘè. ʋ ʜʘʥʦʤʫ ʧʽʜʭʦʜʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʢʣʘʩʠʯʥʦʛʦ ʚʠʨʽʰʝʥʥʷ, ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʢʣʘʩʪʝʨʽʚ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʾʭ 

ʨʦʟʨʘʭʦʚʘʥʽ ʮʝʥʪʨʠ, ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʥʦʞʠʥʠ ʜʦ 

ʛʨʘʥʠʮʴ ʽʩʥʫʶʯʠʭ ʢʣʘʩʪʝʨʽʚ. ʂʨʽʤ ʪʦʛʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʠʬʽʢʘʮʽʶ ʤʝʪʦʜʫ, ʷʢʘ 

ʧʦʣʷʛʘʻ ʫ ʟʙʝʨʝʞʝʥʥʽ ʪʘ ʘʥʘʣʽʟʽ çʭʦʣʦʩʪʠʭè ʢʨʦʢʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʽʡʢʠʭ ʩʪʘʥʽʚ (ʩʪʽʡʢʠʭ ʧʨʦʤʽʞʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ) ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʅʘʡʙʽʣʴʰ ʩʪʽʡʢʫ 

ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ (ʛʨʫʧ ʦʙôʻʢʪʽʚ) ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʘʪʠ ʟʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ çʭʦʣʦʩʪʠʭè ʢʨʦʢʽʚ. ʇʝʨʝʚʘʛʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ 

ʡʦʛʦ ʘʥʘʣʽʪʠʯʥʘ ʧʨʦʩʪʦʪʘ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʘʚʪʦʤʘʪʠʯʥʦ ʙʝʟ ʫʯʘʩʪʽ ʦʧʝʨʘʪʦʨʘ, ʥʝʟʘʣʝʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʽʜ 

ʧʦʯʘʪʢʫ ʪʘ ʧʦʨʷʜʢʫ ʘʥʘʣʽʟʫ ʦʙôʻʢʪʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʤʦʞʣʠʚʽʩʪʴ çʧʨʘʚʠʣʴʥʦʛʦè 

ʛʨʫʧʫʚʘʥʥʷ çʣʘʥʮʶʛʦʧʦʜʽʙʥʠʭè ʛʨʫʧʦʚʠʭ ʦʙôʻʢʪʽʚ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʥʝ ʚʠʢʣʶʯʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʫʧʠʥʢʠ ʧʨʦʮʝʩʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʽʥʰʠʭ ʚʽʜʦʤʠʭ ʢʨʠʪʝʨʽʾʚ.  

7. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʛʨʫʧʫʚʘʥʥʷ ʨʫʭʦʤʠʭ ʦʙôʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʩʧʦʩʦʙʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʦʜʫ ʚʨʦʮʣʘʚʩʴʢʦʾ ʪʘʢʩʦʥʦʤʽʾ ʽʟ ʧʦʙʫʜʦʚʦʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʝʥʜʨʠʪʘ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʾ ʟʘʛʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʨʝʙʝʨ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʦʙôʻʢʪʠ 

ʛʨʫʧʫʚʘʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ (ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʤʝʪʦʜʦʤ  çʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘè), ʦʜʥʘʢ ʧʦʪʨʝʙʫʻ ʤʝʥʰʠʭ ʦʙʩʷʛʽʚ 

ʦʙʯʠʩʣʝʥʴ, ʘ ʦʪʞʝ, ʻ ʙʽʣʴʰ ʰʚʠʜʢʠʤ.  
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8. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

(ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ) ʦʙôʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʤʥʦʞʠʥʘʤʠ 

ʨʽʟʥʦʨʽʜʥʠʭ ʦʟʥʘʢ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ɼʣʷ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʫ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʠʢʫ. ʇʨʠ ʮʴʦʤʫ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʦʩʪʽ çʦʙʨʘʟʫè ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙôʻʢʪʘ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʤʥʦʞʠʥʠ ʦʟʥʘʢ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʟʘʩʦʙʽʚ ʨʦʟʚʽʜʢʠ, ʜʦ ʧʝʚʥʦʛʦ ʢʣʘʩʫ ʦʙôʻʢʪʽʚ 

(ʝʪʘʣʦʥʫ), ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʫ ʤʽʨʫ ʙʣʠʟʴʢʦʩʪʽ 

ɾʫʨʘʚʣʴʦʚʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʫ ʬʽʟʠʯʥʫ ʧʨʠʨʦʜʫ ʦʟʥʘʢ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʷʢ ʫ ʢʽʣʴʢʽʩʥʽʡ, ʪʘʢ ʽ ʷʢʽʩʥʽʡ ʬʦʨʤʽ.  

9. ɺʨʘʭʦʚʫʶʯʠ ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʦʛʦ ʨʦʜʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʱʦʜʦ ʦʙôʻʢʪʽʚ ʨʦʟʚʽʜʢʠ 

ʪʘ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʾʭ ʦʟʥʘʢ ʚʽʜ ʟʘʩʦʙʽʚ ʨʦʟʚʽʜʢʠ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʦʙôʻʢʪʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʯʽʪʢʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʤʽʨʦʶ ʉʫʛʝʥʦ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ 

ʨʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʠʢʫ, ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʷʢʦʾ ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʧʨʘʢʪʠʯʥʦʤʫ 

ʧʨʠʢʣʘʜʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʘ 

ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʦʮʽʥʢʫ ʩʪʫʧʝʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ (ʩʭʦʞʦʩʪʽ) 

çʦʙʨʘʟʫè ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙôʻʢʪʘ ʟ ʝʪʘʣʦʥʦʤ, ʥʝʟʘʣʝʞʥʫ ʚʽʜ ʦʮʽʥʦʢ ʽʥʰʠʭ çʦʙʨʘʟʽʚè. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʯʽʪʢʦʛʦ ʽʥʪʝʛʨʘʣʫ, ʷʢ ʽ ʚʽʜʩʪʘʥʽ ɾʫʨʘʚʣʴʦʚʘ, ʪʘʢʦʞ ʻ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʣʠʚʦʩʪʽ ʟʛʦʨʪʢʠ ʷʢ ʢʽʣʴʢʽʩʥʠʭ, ʪʘʢ ʽ ʷʢʽʩʥʠʭ ʦʟʥʘʢ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʝʨʫʚʘʪʠ ʨʽʟʥʦʨʽʜʥʠʤʠ ʦʟʥʘʢʘʤʠ ʨʫʭʦʤʠʭ ʦʙôʻʢʪʽʚ.  

10. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʘʤʝ ʧʨʠʥʮʠʧ ʨʦʟʧʦʜʽʣʫ ʜʘʥʠʭ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ ʚʽʜʨʽʟʥʷʻ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʫ ʩʠʩʪʝʤʫ ʚʽʜ ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ ʩʠʩʪʝʤʠ. ɺ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʽʡ 

ʩʠʩʪʝʤʽ ʙʫʜʴ-ʷʢʠʡ ʩʧʦʞʠʚʘʯ ʤʦʞʝ ʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ (ʘʙʦ ʧʦʩʣʫʛʠ), ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʘʥʽʡ ʽʥʪʝʛʨʦʚʘʥʦʾ ʤʝʨʝʞʽ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʚʥʫ ʥʘʷʚʥʽʩʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʟʚôʷʟʢʽʚ ʚ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʫʩʽʤ ʩʧʦʞʠʚʘʯʘʤ, ʚ ʨʝʘʣʴʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʷ ʧʦʪʨʽʙʥʘ ʢʦʞʥʦʤʫ 

ʩʧʦʞʠʚʘʯʫ ʣʠʰʝ ʚ ʯʘʩʪʠʥʽ, ʱʦ ʡʦʛʦ ʩʪʦʩʫʻʪʴʩʷ. ʅʘʩʘʤʧʝʨʝʜ, ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʩʠʩʪʝʤ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.  

11. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʬʦʨʤʫʚʘʥʥʷ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʩʠʪʫʘʮʽʡʥʦʾ ʦʙʽʟʥʘʥʦʩʪʽ ʚʩʽʭ ʣʘʥʦʢ ʫʧʨʘʚʣʽʥʥʷ, ʤʝʪʦʜʠ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʚ 

ʽʥʪʝʛʨʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʦʙôʻʜʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ɭɯʇ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʽ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ 

ʨʽʟʥʠʭ ʣʘʥʦʢ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ.  

12. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʠ ɭɯʌʇ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ ʻʜʠʥʠʡ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʨʦʩʪʽʨ ɸʉ ʟ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʷʢ 

ʧʨʦʩʪʦʨʦʚʦ ʦʨʛʘʥʽʟʦʚʘʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʦʧʝʨʘʪʠʚʥʽʩʪʴ, ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ, ʩʢʨʠʪʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʽ 

ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʟ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʽ ʜʦʩʪʘʪʥʽʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʩʽʭ ʟʘʚʜʘʥʴ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʠ.  

13. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʬʦʨʤʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʢʦʤʧʨʦʤʽʩʫ ʤʽʞ ʧʦʚʥʦʪʦʶ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʚʽʜʦʙʨʘʟʠʪʠ, ʽ ʤʦʞʣʠʚʽʩʪʶ ʾʾ ʦʙʨʦʙʢʠ ʦʧʝʨʘʪʦʨʦʤ ʚ ʦʙʤʝʞʝʥʠʡ ʯʘʩ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʦʙôʻʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʙʦʨʫ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʯʘʩ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʦʙʩʪʘʥʦʚʢʠ, ʥʝ ʧʦʛʽʨʰʫʶʯʠ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʦʧʝʨʘʪʦʨʘ.  

14. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʦʜʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ 

ʽʤʝʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʩʧʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ 

ʧʝʨʝʜʙʘʯʝʥʦ ʤʝʭʘʥʽʟʤ ʚʟʘʻʤʥʠʭ ʚʠʢʣʶʯʝʥʴ, ʷʢʠʡ ʙʫʜʝ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʚ ʢʦʞʥʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ ʪʽʣʴʢʠ ʦʜʠʥ ʧʨʦʮʝʩ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʫ. ʇʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʢʣʘʩ 

ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʚ ɸʉ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʠʥʘʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ.  

15. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʨʝʧʣʽʢʘʮʽʾ ʜʘʥʠʭ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʟ 

ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʦʙʨʘʥʦ ʢʣʘʩ ʤʦʜʝʣʝʡ ʥʝʩʫʧʝʨʝʯʣʠʚʦʩʪʽ ʜʘʥʠʭ ʪʘ 

ʧʨʦʪʦʢʦʣʽʚ ʦʥʦʚʣʝʥʥʷ ʨʝʧʣʽʢ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ɸʉ ʤʦʥʽʪʦʨʠʥʛʫ ʨʫʭʦʤʠʭ 

ʦʙôʻʢʪʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ ʥʝʩʫʧʝʨʝʯʣʠʚʦʩʪʽ ʷʢ ʜʣʷ 

ʩʪʘʮʽʦʥʘʨʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʙʘʟʠ ʜʘʥʠʭ.  
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16. ɼʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʦʣʦʛʽʶ ʜʠʩʢʨʝʪʥʦ-ʧʦʜʽʻʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʫ ʽ ʡʦʛʦ 

ʥʝʦʙʭʽʜʥʦʾ ʧʦʚʝʜʽʥʢʠ (ʩʧʝʮʠʬʽʢʘʮʽʾ). ʄʝʪʦʜʦʣʦʛʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ 

ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʽ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʦʜʝʣʽ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ɼʇʉ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʤʦʜʝʣʽ ʤʝʨʝʞʽ ʇʝʪʨʽ Sp ʧʦ ɼʇʉ, ʱʦ ʤʦʜʝʣʶʻ 

ʧʨʦʮʝʩʠ ʚ ʦʙôʻʢʪʽ, ʪʝʭʥʽʢʫ ʘʥʘʣʽʟʫ Sp ʽ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʢʝʨʫʶʯʦʾ ʤʝʨʝʞʽ ʩʫʧʝʨʚʽʟʦʨʘ 

Sʩ .  

17. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʝʚʠʭ ʘʨʭʽʪʝʢʪʫʨ ʽ ʪʝʭʥʦʣʦʛʽʡ ʾʭ 

ʨʝʘʣʽʟʘʮʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʜʦ 

ʩʚʦʛʦ ʩʢʣʘʜʫ ʚʢʣʶʯʘʻ ʜʚʘ ʨʽʚʥʽ: ʤʘʛʽʩʪʨʘʣʴʥʦ-ʦʧʦʨʥʫ ʤʝʨʝʞʫ ʽ ʤʝʨʝʞʫ ʜʦʩʪʫʧʫ. 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʚʠʜʠ ʤʝʨʝʞʝʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʙʝʟʜʨʦʪʦʚʠʭ ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞ 

ʟʘʣʝʞʥʦ ʚʽʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʚʫʟʣʽʚ: ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ (ʦʧʦʨʥʽ) ʤʝʨʝʞʽ; ʢʣʽʻʥʪʩʴʢʽ 

ʩʪʽʣʴʥʠʢʦʚʽ ʤʝʨʝʞʽ.  

18. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʙʝʟʜʨʦʪʦʚʠʭ ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞ  ʨʦʟʨʦʙʣʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ: ʤʦʜʝʣʴ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ ʜʘʥʠʭ ʤʽʞ ʜʚʦʤʘ ʚʫʟʣʘʤʠ, 

ʤʦʜʝʣʴ ʥʘʜʽʡʥʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʜʚʦʤʘ ʚʫʟʣʘʤʠ, ʤʦʜʝʣʴ 

ʥʘʜʽʡʥʦʩʪʽ ʚʫʟʣʘ, ʤʦʜʝʣʴ ʚʧʣʠʚʫ ʝʬʝʢʪʫ ʧʨʠʭʦʚʘʥʦʛʦ ʚʫʟʣʘ. ʆʪʨʠʤʘʥʥʷ ʢʽʣʴʢʽʩʥʠʭ 

ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞ   ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ.  ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʪʘ ʚʠʙʽʨ ʩʠʩʪʝʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞ. ʋ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  ʩʠʩʪʝʤʫ Castalia.  

19. ʇʦʢʘʟʘʥʦ, ʱʦ ʷʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʟ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʶ 

ʘʨʭʽʪʝʢʪʫʨʦʶ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʾ 

ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʰʝʥʥʷ ʽ ʬʦʨʤʫʶʪʴʩʷ ʫʧʨʘʚʣʷʶʯʽ ʜʽʾ. ɺʠʥʠʢʘʻ ʩʧʽʣʴʥʝ ʟʘʚʜʘʥʥʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʦʙʤʝʞʝʥʠʤʠ ʧʨʦʧʫʩʢʥʠʤʠ ʟʜʘʪʥʦʩʪʷʤʠ ʢʘʥʘʣʽʚ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɺ ʷʢʦʩʪʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʙʨʘʪʠ 

ʚʝʣʠʯʠʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ, ʪʦʙʪʦ ʪʽʻʾ ʯʘʩʪʠʥʠ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ 

ʤʦʞʝ ʙʫʪʠ ʧʨʦʧʫʱʝʥʘ ʤʝʨʝʞʝʶ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ.  
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20. ɺ ʪʝʨʤʽʥʘʭ ʪʝʦʨʽʾ ʪʝʣʝʪʨʘʬʽʢʫ ʧʦʙʫʜʦʚʘʥʦ ʽʤʦʚʽʨʥʽʩʥʫ ʤʦʜʝʣʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʌʦʨʤʫʣʠ ʜʣʷ ʦʢʨʝʤʦʾ ʣʘʥʢʠ ʤʝʨʝʞʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ, ʟʨʫʯʥʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʬʽʢʘ.  

21. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʠʤʫʣʷʪʦʨʘ Dynamips. ɺʠʢʦʥʘʥʦ ʨʷʜ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʧʦ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʤʝʨʝʞʽ, ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ QoS (ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ) ʽ 

ʟʘʭʠʱʝʥʦʩʪʽ ʢʣʽʻʥʪʩʴʢʠʭ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʢʣʽʻʥʪʽʚ ʤʝʨʝʞʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ʤʝʨʝʞʽ ʧʨʘʮʝʟʜʘʪʥʘ ʽ 

ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʫʢʫʧʥʦʩʪʽ ʚʜʦʩʢʦʥʘʣʶʶʪʴ 

ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʫ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʟʘʣʫʯʝʥʥʷ ʫ ʧʨʦʮʝʩ ʜʦʩʷʛʥʝʥʥʷ ʩʧʽʣʴʥʦʾ 

ʤʝʪʠ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ ʽ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ 

ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʨʽʰʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʘʶʪʴ ʩʫʪʪʻʚʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʩʠʩʪʝʤ ʥʝʛʘʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʧʨʠʨʦʜʥʽ ʷʚʠʱʘ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʩʠʩʪʝʤ ʣʦʛʽʩʪʠʢʠ 

ʧʦʩʪʘʯʘʥʴ ʚʘʥʪʘʞʽʚ ʽ ʪʦʚʘʨʽʚ ʄʽʥʽʩʪʝʨʩʪʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ɿʙʨʦʡʥʠʭ ʉʠʣ ʪʘ ʽʥ.  
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ʈʆɿɼɯʃ 3 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ɸʅɸʃɯɿ ʄɽʊʆɼʀʂʀ ʇʆɹʋɼʆɺʀ 

ɽʌɽʂʊʀɺʅʆɻʆ ʂɸʅɸʃʋ ʇɽʈɽɼɸɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯɰ ʋʇʈɸɺʃɯʅʅʗ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

 

ɿʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʚʘʥʥʷ ʫʧʨʘʚʣʷʶʯʦʾ 

ʽʥʬʦʨʤʘʮʽʾ  (ʎʂʇʋɯ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʘʜʘʯ ʜʚʦʭ ʪʠʧʽʚ. ʇʝʨʰʠʤ ʟ ʥʠʭ ʻ ʨʦʟʛʣʷʜ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ ʷʢ 

ʎʂʇʋɯ. ʊʘʢʠʡ ʪʠʧ ʟʘʜʘʯ ʚʠʨʽʰʫʻʪʴʩʷ ʚʠʙʦʨʦʤ ʪʘʢʦʛʦ ʢʘʥʘʣʫ (ʟ ʫʞʝ ʚʽʜʦʤʠʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʽ ʡʤʦʚʽʨʥʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʜʦ 

ʎʂʇʋɯ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ. ɼʨʫʛʠʤ ʪʠʧʦʤ ʟʘʜʘʯ ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʦʛʦ ʎʂʇʋɯ ʻ 

ʨʦʟʨʦʙʢʘ ʩʧʝʮʽʘʣʴʥʠʭ ʢʘʥʘʣʽʚ. ʎʝʡ ʪʠʧ ʟʘʜʘʯ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ 

ʛʨʫʧʠ: ʜʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʟʘʜʘʯʽ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʎʂʇʋɯ ʚ ʽʥʰʦʤʫ 

ʮʠʬʨʦʚʦʤʫ ʢʘʥʘʣʽ (ʱʦ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʝʨʝʰʢʦʜʦʩʪʽʡʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʫ, ʫ ʷʢʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʎʂʇʋɯ), ʜʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ï 

ʟʘʜʘʯʽ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʎʂʇʋɯ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʦʛʦʚʦʛʦ ʢʘʥʘʣʫ. ɼʣʷ ʤʝʨʝʞʽ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʟʚôʷʟʢʫ ʋʢʨʘʾʥʠ ʟʘʜʘʯʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʚʥʘʩʣʽʜʦʢ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʤʝʨʝʞ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʟʚôʷʟʢʫ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʥʘ 

ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʥʮʠʧʘʭ ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ [1]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʮʠʬʨʦʚʠʭ 

ʢʘʥʘʣʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʦʛʦʚʠʭ ʢʘʥʘʣʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʝʨʝʜʦʚʠʱʝʤ ʧʝʨʝʜʘʚʘʥʥʷ 

(ʤʝʪʘʣʝʚʠʡ ʢʘʙʝʣʴ, ʭʚʠʣʝʚʽʜ ʅɺʏ, ʨʘʜʽʦ) ʽ ʤʘʶʪʴ ʙʝʟʧʝʨʝʨʚʥʠʡ ʭʘʨʘʢʪʝʨ. ʎʝ 

ʩʧʨʠʯʠʥʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʪʦʜʽ, ʢʦʣʠ ʧʽʜ ʯʘʩ 

ʨʦʟʛʣʷʜʫ ʮʠʬʨʦʚʠʭ ʢʘʥʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚʠʙʽʨ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʦʛʦ ʟ 

ʜʠʩʢʨʝʪʥʦʛʦ ʨʷʜʫ ʩʪʘʥʜʘʨʪʥʠʭ ʟʥʘʯʝʥʴ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʧʘʨʘʤʝʪʨʘ [2, 3]. 

ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʎʂʇʋɯ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʪʘ ʚʝʣʠʢʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ ʜʦ ʢʽʣʴʢʦʩʪʽ 

ʫʧʨʘʚʣʷʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ  ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʨʦʙʣʷʪʴ ʚʠʭʽʜʥʽ ʚʠʤʦʛʠ ʜʦ ʎʂʇʋɯ ʟ 

ʥʘʜʽʡʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʟ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽ ʟʘʪʨʠʤʢʠ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ʫʧʨʘʚʣʷʶʯʦʾ 

ʽʥʬʦʨʤʘʮʽʾ  ʙʽʣʴʰ ʞʦʨʩʪʢʠʤʠ, ʘ ʝʢʦʥʦʤʽʯʥʽ ʚʠʤʦʛʠ ï ʧʦʤʽʨʥʽʰʠʤʠ, ʥʽʞ ʜʣʷ 

ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʜʣʷ 
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ʎʂʇʋɯ ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʚ ʩʤʫʟʽ ʢʘʥʘʣʫ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ, Signal to Noise Rate ï 

SNR) ʙʽʣʴʰʝ 10 ʜɹ. ʇʨʠ ʪʘʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʩʠʛʥʘʣ/ʰʫʤ ʩʪʘʻ ʤʦʞʣʠʚʠʤ 

ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʠ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʜʝʤʦʜʫʣʷʪʦʨʘ ʟ ʪʦʯʥʽʩʪʶ, ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʢʚʘʟʽʢʦʛʝʨʝʥʪʥʦʛʦ ʤʝʪʦʜʫ ʜʝʤʦʜʫʣʷʮʽʾ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʜʘʪʢʦʚʠʡ ʚʠʛʨʘʰ ʜʦ 6ï8 ʜɹ ʜʣʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʥʝʦʧʪʠʤʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʡʤʘʥʥʷ. ʄʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʢʚʘʟʽʢʦʛʝʨʝʥʪʥʦʛʦ 

ʜʝʤʦʜʫʣʷʪʦʨʘ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ ʤʦʜʫʣʷʮʽʶ ʩʠʛʥʘʣʘʤʠ ʟ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ 

ʛʘʨʤʦʥʽʡʥʠʤʠ ʥʝʩʫʯʠʤʠ (ʆɻʉ, Orthogonal Frequency Division Multiplex ï OFDM), 

ʱʦ ʤʘʶʪʴ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʾ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʨʷʜ ʧʝʨʝʚʘʛ ʧʝʨʝʜ 

ʦʜʥʦʢʘʥʘʣʴʥʠʤ ʨʝʞʠʤʦʤ ʧʝʨʝʜʘʚʘʥʥʷ ʽ ʩʠʛʥʘʣʘʤʠ ʟ ʯʘʩʪʦʪʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʢʘʥʘʣʽʚ ʙʝʟ ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʽʚ ʯʘʩʪʦʪʥʠʭ ʧʽʜʢʘʥʘʣʽʚ: 

- ʽʥʚʘʨʽʘʥʪʽʩʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ɸʏʍ ʽ ʥʝʣʽʥʽʡʥʦʩʪʽ ʌʏʍ ʢʘʥʘʣʫ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʘʤʧʣʽʪʫʜʥʽ ʪʘ ʬʘʟʦʚʽ ʢʦʨʝʢʪʦʨʠ, ʘ ʧʨʠ ʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʯʘʩʪʦʪʥʠʭ ʧʽʜʢʘʥʘʣʽʚ ʟʦʚʩʽʤ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʥʠʭ; 

- ʰʚʠʜʢʝ ʩʧʘʜʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʦʟʘ ʩʤʫʛʦʶ 

ʧʨʦʧʫʩʢʘʥʥʷ ʢʘʥʘʣʫ, ʱʦ ʟʤʝʥʰʫʻ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʭʨʝʩʥʠʭ ʧʝʨʝʰʢʦʜ, ʜʘʻ 

ʤʦʞʣʠʚ̔ʩʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʩʤʫʛʫ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʩʧʨʦʩʪʠʪʠ ʩʤʫʛʦʚʽ ʬʽʣʴʪʨʠ; 

- ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʢʘʥʘʣʫ ʤʘʢʩʠʤʽʟʘʮʽʻʶ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʜʘʚʘʥʥʷ ʚ ʢʦʞʥʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʧʽʜʢʘʥʘʣʽ; 

- ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʪʘʢʪʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʙʝʟ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʤʝʥʰʫʻ ʚʧʣʠʚ ʽʤʧʫʣʴʩʥʠʭ ʧʝʨʝʰʢʦʜ, ʟʘʚʤʠʨʘʥʴ, 

ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʩʪʽ ʡ ʽʥʰʠʭ ʚʠʜʽʚ ʧʝʨʝʰʢʦʜ ʽ ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʢʦʞʥʦʤʫ ʦʢʨʝʤʦʤʫ 

ʪʘʢʪʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʽ ʥʘʙʣʠʞʘʻ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʰʢʦʜ ʜʦ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʽʣʦʛʦ ʰʫʤʫ; 

- ʤʦʞʣʠʚʽʩʪʴ ʷʢ ʤʦʜʫʣʴʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʦʪʥʠʭ 

ʧʽʜʢʘʥʘʣʽʚ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ, ʪʘʢ ʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʦʙôʻʜʥʘʥʥʷʤ ʦʜʥʦʪʠʧʥʠʭ ʚʫʟʣʽʚ ʫ ʩʢʣʘʜʽ ʮʴʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ; 

- ʜʚʦʨʘʟʦʚʝ, ʧʦʨʽʚʥʷʥʦ ʟ ʏʈʂ, ʙʝʟ ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʯʘʩʪʦʪʥʠʭ 

ʧʽʜʢʘʥʘʣʽʚ, ʟʚʫʞʝʥʥʷ ʩʧʝʢʪʨʘ ʛʨʫʧʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 
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ʥʠʟʴʢʦʯʘʩʪʦʪʥʫ ʦʙʣʘʩʪʴ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ, ʷʢʘ ʜʣʷ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʛʦ ï 

ʩʠʤʝʪʨʠʯʥʦʛʦ ʢʘʙʝʣʶ ï ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʝʥʰʠʤ ʟʘʛʘʩʘʥʥʷʤ ʽ ʧʦʪʫʞʥʽʩʪʶ 

ʧʝʨʝʭʨʝʩʥʠʭ ʧʝʨʝʰʢʦʜ. ʂʨʽʤ ʪʦʛʦ, ʜʚʦʨʘʟʦʚʝ ʟʚʫʞʝʥʥʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʠʪʠ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʨʠ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʤʫ 

ʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʷʭ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʫʩʽʭ ʧʦʜʘʣʴʰʠʭ ʦʧʝʨʘʮʽʡ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ [4, 5, 6]. 

ɿʘʩʪʦʩʦʚʫʚʘʥʠʡ ʫ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʜʝʤʦʜʫʣʷʮʽʾ ʛʨʫʧʦʚʦʛʦ ʩʠʛʥʘʣʫ OFDM ʤʝʪʦʜ 

ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ (ʐʇʌ) [7] ʟʘʙʝʟʧʝʯʫʻ ʣʽʥʽʡʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʴ 

ʩʠʛʥʘʣʫ ʽ ʧʦʨʽʚʥʷʥʦ ʤʘʣʫ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʟ ʡʦʛʦ ʦʙʨʦʙʢʠ. ʆʜʥʘʢ ʤʝʪʦʜ ʐʇʌ 

ʥʝ ʚʠʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʬʘʟ ʩʠʛʥʘʣʽʚ ʧʽʜʢʘʥʘʣʽʚ, ʘ ʢʽʣʴʢʘʨʘʟʦʚʽ 

ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷïʜʦʜʘʚʘʥʥʷ ʚʽʜʣʽʢʽʚ ʩʠʛʥʘʣʫ ʟʤʝʥʰʫʶʪʴ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ. 

ʂʨʽʤ ʪʦʛʦ, ʤʦʜʫʣʴʥʝ ʥʘʨʦʱʫʚʘʥʥʷ ʜʝʤʦʜʫʣʷʪʦʨʘ ʜʦʜʘʚʘʥʥʷʤ ʥʦʚʠʭ ʯʘʩʪʦʪʥʠʭ 

ʧʽʜʢʘʥʘʣʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʐʇʌ ʫʩʢʣʘʜʥʝʥʝ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʢʚʘʟʽʢʦʛʝʨʝʥʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʝʤʦʜʫʣʷʮʽʾ OFDM ʩʠʛʥʘʣʽʚ, ʱʦ ʥʝ ʤʘʻ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʥʝʜʦʣʽʢʽʚ, ʻ ʘʢʪʫʘʣʴʥʦʶ [8]. 

 

3.1 ʇʦʙʫʜʦʚʘ ʝʬʝʢʪʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʢʘʥʘʣʫ ʜʣʷ ʧʝʨʝʜʘʯʽ  ʽʥʬʦʨʤʘʮʽʾ 

ʫʧʨʘʚʣʽʥʥʷ 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʝʤʦʜʫʣʷʪʦʨʘ ʩʠʛʥʘʣʽʚ OFDM 

ɼʝʤʦʜʫʣʷʪʦʨ ʩʠʛʥʘʣʽʚ OFDM ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ: 

- ʨʦʟʧʦʜʽʣ ʩʠʛʥʘʣʽʚ ʯʘʩʪʦʪʥʠʭ ʧʽʜʢʘʥʘʣʽʚ ʟ ʛʨʫʧʦʚʦʛʦ ʩʠʛʥʘʣʫ OFDM (ʜʘʣʽ ï 

ʫʤʦʚʘ ñ1ò); 

- ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʣʽʥʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ (ʫʤʦʚʘ 

ñ2ò); 

- ʚʠʩʦʢʫ ʧʝʨʝʰʢʦʜʦʩʪʽʡʢʽʩʪʴ ʧʨʠ ʧʨʠʡʤʘʥʥʽ ʚʫʟʴʢʦʩʤʫʛʦʚʦʛʦ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʙʽʣʦʤʫ ʰʫʤʽ (ʫʤʦʚʘ ñ3ò); 

- ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ, ʥʘʜʘʥʠʭ ʮʠʬʨʦʚʠʤʠ ʩʠʛʥʘʣʴʥʠʤʠ 

ʧʨʦʮʝʩʦʨʘʤʠ (DSP) (ʫʤʦʚʘ ñ4ò); 

- ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʫʣʴʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʚʚʝʜʝʥʥʷʤ ʫ ʛʨʫʧʦʚʠʡ ʩʠʛʥʘʣ 

ʜʦʜʘʪʢʦʚʠʭ ʯʘʩʪʦʪʥʠʭ ʧʽʜʢʘʥʘʣʽʚ (ʫʤʦʚʘ ñ5ò); 
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- ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʱʦʜʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʩʠʛʥʘʣʴʥʠʭ ʧʦʻʜʥʘʥʴ (ʫʤʦʚʘ ñ6ò); 

- ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʬʘʟʠ ʩʠʛʥʘʣʫ ʜʣʷ 

ʢʦʞʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʧʽʜʢʘʥʘʣʫ (ʫʤʦʚʘ ñ7ò). 

ɺʠʢʦʥʘʥʥʷ ʫʤʦʚ ñ1ò ʽ ñ2ò ʤʦʞʣʠʚʝ ʚʠʢʣʶʯʥʦ ʧʦʜʽʣʦʤ ʩʠʛʥʘʣʽʚ ʯʘʩʪʦʪʥʠʭ 

ʧʽʜʢʘʥʘʣʽʚ ʥʘ ʥʘʡʧʝʨʰʦʤʫ ʝʪʘʧʽ ʦʙʨʦʙʢʠ ʛʨʫʧʦʚʦʛʦ ʩʠʛʥʘʣʫ OFDM. ʆʪʞʝ, 

ʧʝʨʰʠʤ ʙʣʦʢʦʤ ʜʝʤʦʜʫʣʷʪʦʨʘ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʬʽʣʴʪʨ ʯʘʩʪʦʪʥʦʛʦ ʧʽʜʢʘʥʘʣʫ, ʱʦ 

ʤʘʻ: 

- ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʤʝʪʦʜ ʘʢʪʠʚʥʦʾ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʽʣʴʪʨʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʨʦʟʧʦʜʽʣ ʩʠʛʥʘʣʽʚ ʧʽʜʢʘʥʘʣʽʚ ʙʝʟ ʚʪʨʘʪ ʽ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ 

ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠʡʦʤʫ [9]; 

- ʙʫʪʠ ʥʝʟʘʣʝʞʥʠʤ ʚʽʜ ʽʥʰʠʭ ʬʽʣʴʪʨʽʚ; 

- ʙʫʪʠ ʥʝʟʘʣʝʞʥʠʤ ʚʽʜ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʧʽʜʢʘʥʘʣʫ. 

ʊʘʢʠʤʠ ʬʽʣʴʪʨʘʤʠ ʻ ʦʙʯʠʩʣʶʚʘʯʽ ʧʨʦʝʢʮʽʡ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʜʚʘ 

ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʦʧʦʨʥʠʭ ʩʠʛʥʘʣʠ. ʗʢ ʦʧʦʨʥʽ ʩʠʛʥʘʣʠ ʧʨʠʡʤʘʶʪʴʩʷ ʜʚʽ 

ʛʘʨʤʦʥʽʢʠ ʟ ʯʘʩʪʦʪʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʯʘʩʪʦʪʽ ʥʝʩʫʯʦʾ ‫ὸ ʽ ʬʘʟʘʤʠ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ ˊ/2. ʆʜʥʘ ʟ ʦʧʦʨʥʠʭ ʛʘʨʤʦʥʽʢ ÃÏÓ‫ ὸ Ў•  ʬʦʨʤʫʻʪʴʩʷ ʚ 

ʦʧʦʨʥʦʤʫ ʛʝʥʝʨʘʪʦʨʽ (ʆɻ), ʘ ʜʨʫʛʘ ï ÓÉÎ‫ ὸ Ў• ÃÏÓ‫ ὸ ʌȾς Ў•  ï 

ʰʣʷʭʦʤ ʟʩʫʚʫ ʬʘʟʠ ʧʝʨʰʦʾ ʥʘ ˊ/2 ʫ ʬʘʟʦʟʩʫʚʘʯʽ ʯʠ ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ. ʆʙʯʠʩʣʝʥʥʷ 

ʧʨʦʝʢʮʽʡ ʩʠʛʥʘʣʫ ʥʘ ʦʧʦʨʥʽ ʛʘʨʤʦʥʽʢʠ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʩʫʯʘʩʥʠʭ DSP ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʫ ʐʇʌ [10]. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʘʭ ʪʘ ʘʧʘʨʘʪʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʩʭʝʤʠ ʥʘ ʽʥʪʝʛʨʘʪʦʨʘʭ ʟʽ ʩʢʠʜʘʥʥʷʤ [11], ʱʦ ʧʨʠ 

ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ ʟʚʦʜʷʪʴʩʷ ʜʦ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʜʦʙʫʪʢʽʚ ʚʽʜʣʽʢʽʚ ʧʨʠʡʥʷʪʦʛʦ 

ʩʠʛʥʘʣʫ ʥʘ ʟʥʘʯʝʥʥʷ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ (ʨʠʩ. 1.1). 

 

 

 

ʈʠʩ. 3.1. ɸʢʪʠʚʥʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʬʽʣʴʪʨ 
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ʅʘʧʨʠʢʽʥʮʽ ʪʘʢʪʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ n ʥʘ ʚʠʭʦʜʘʭ ʢʦʞʥʦʾ ʧʘʨʠ ʢʦʨʝʣʷʮʽʡʥʠʭ 

ʬʽʣʴʪʨʽʚ ʬʦʨʤʫʶʪʴʩʷ ʜʚʘ ʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʽʥʪʝʛʨʘʣʽʚ (X0n, Y0n) ï 

ʧʨʦʝʢʮʽʡ ʚʝʢʪʦʨʘ ʩʠʛʥʘʣʫ, ʧʨʠʡʥʷʪʦʛʦ ʥʘ ʪʘʢʪʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ n ʥʘ ʦʧʦʨʥʽ 

ʢʦʣʠʚʘʥʥʷ (3.1): 

 
ὢ ὸḧ ὢὸÃÏÓ ‫ὸ • ὨὸȠ

        ὣ ὸḧ ὢὸÓὭὲ ‫ὸ • ὨὸȢ
ữ
Ử
Ữ

Ử
ử

 

(3.1) 

ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʤʘʥʥʷ ʨʽʚʥʦʡʤʦʚʽʨʥʠʭ ʩʠʛʥʘʣʽʚ ʩʫʟʽʨôʷ ʢʨʘʪʥʦʩʪʽ 

m ʜʣʷ ʢʘʥʘʣʫ ʟ ʙʽʣʠʤ ʰʫʤʦʤ ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢ: ʨʽʰʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ ʢʦʨʠʩʪʴ 

ʩʠʛʥʘʣʫ Si(t) , ʷʢʱʦ ʜʣʷ ʚʩʽʭ iÍj  ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʨʽʚʥʽʩʪʴ 

 

ὢὸ Ὓ ὸ Ὠὸ ὢὸ Ὓὸ Ὠὸȟ 

(3.2) 

  

ɼʝ  X(t) ï ʧʨʠʡʥʷʪʠʡ ʩʠʛʥʘʣ, ʊ ï ʪʨʠʚʘʣʽʩʪʴ ʩʠʛʥʘʣʫ; ʘʙʦ ʫ ʩʪʠʩʣʽʡ ʬʦʨʤʽ 

 

 

Ὥ ÁÒÇÍÉÎ ὢὸ Ὓὸ ὨὸȟÊ ρȟÍȢ 

(3.3) 

    

ɼʣʷ ʩʠʛʥʘʣʽʚ, ʧʦʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʧʨʦʝʢʮʽʡ ʥʘ ʦʧʦʨʥʽ ʛʘʨʤʦʥʽʢʠ (3.1), ʚʠʨʘʟ 

(3.3) ʥʘʙʫʚʘʻ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ: 

 É ÁÒÇ ÍÉÎØ Ø 9 9 Ƞ

8ḧ 3 ÔÃÏÓʖÔ ʒ ÄÔȠ

ὣḧ ὛὸÓÉÎ‫ὸ • Ὠὸȟ
ữ
Ử
Ữ

Ử
ử

 

(3.4) 

   

ʜʝ Xj ʪʘ Yj ï ʧʨʦʝʢʮʽʾ ʚʩʽʭ ʩʠʛʥʘʣʽʚ ʩʫʟʽʨôʷ ʥʘ ʦʧʦʨʥʽ ʛʘʨʤʦʥʽʢʠ. 

ʆʪʞʝ, ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʤʘʥʥʷ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʚʠʭʦʜʽʚ 

ʧʘʨʠ ʘʢʪʠʚʥʠʭ ʬʽʣʴʪʨʽʚ ʙʝʟ ʷʢʠʭ-ʥʝʙʫʜʴ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ 

ʫʤʦʚʽ ñ2ò. ɼʣʷ ʩʭʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʉʇʈ), ʱʦ ʨʝʘʣʽʟʫʻ ʦʧʪʠʤʘʣʴʥʝ 

ʧʨʠʡʤʘʥʥʷ ʟʘ (3.4) ʧʦʪʨʽʙʥʽ ʟʨʘʟʢʠ ʚʩʽʭ ʩʠʛʥʘʣʽʚ ʩʫʟʽʨôʷ (X1, Y1). ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ 
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ʟʨʘʟʢʽʚ ʩʠʛʥʘʣʽʚ ʩʫʟʽʨôʷ ʟ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʤʝʪʦʜʘʤʠ ʟʚʝʜʝʥʥʷ 

ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʦʜʥʦʛʦ ʽʟ ʩʠʛʥʘʣʽʚ ʩʫʟʽʨôʷ (ʪʘʢ ʟʚʘʥʠʡ ʧʽʣʦʪ-ʩʠʛʥʘʣ) ʪʘ 

ʫʩʝʨʝʜʥʝʥʥʷ ʡʦʛʦ ʦʮʽʥʢʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ ʧʝʨʝʰʢʦʜ. ɼʣʷ ʮʴʦʛʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ὥ ÃÏÓ‫ὸ Ў• Ƞ ʥʘ ʢʦʨʠʩʪʴ ʷʢʦʛʦ 

ʜʝʤʦʜʫʣʷʪʦʨʦʤ ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ (n-1) -ʤʫ ʪʘʢʪʦʚʦʤʫ 

ʽʥʪʝʨʚʘʣʽ, ʦʙʯʠʩʣʶʶʪʴʩʷ ʧʨʦʝʢʮʽʾ ʧʽʣʦʪ-ʩʠʛʥʘʣʫ X1 ʪʘ Y1 ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ: 

 ὢ ὢ
ὣ ὣ

ὲ ρȠ

ὢ
ὥ

ὥ
ὢ ÃÏÓЎ• ὣ ÓÉÎЎ•

ὣ
ὥ

ὥ
ὣ ÃÏÓЎ• ὢ ÓÉÎЎ•

ữ
Ữ

ử
ὲ ρȟ

ữ
Ử
Ữ

Ử
ử

 

(3.5) 

ʜʝ  aj ï ʘʤʧʣʽʪʫʜʠ ʚʘʨʽʘʥʪʽʚ ʩʠʛʥʘʣʽʚ ʩʫʟʽʨôʷ; æűn-1 ï ʨʽʟʥʠʮʷ ʬʘʟ ʤʽʞ ʟʨʘʟʢʘʤʠ 

ʟʚʝʜʝʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʩʠʛʥʘʣʫ, ʥʘ ʢʦʨʠʩʪʴ ʷʢʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʦʤ ʙʫʣʦ ʧʨʠʡʥʷʪʝ 

ʨʽʰʝʥʥʷ ʥʘ ʪʘʢʪʦʚʦʤʫ (n-1)-ʤʫ ʽʥʪʝʨʚʘʣʽ. 

ʆʩʢʽʣʴʢʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʤʧʣʽʪʫʜ an-1/aj ʽ ʨʽʟʥʠʮʽ ʬʘʟ ʤʽʞ ʧʽʣʦʪ-ʩʠʛʥʘʣʦʤ ʪʘ 

ʚʩʽʤʘ ʽʥʰʠʤʠ ʩʠʛʥʘʣʘʤʠ ʩʫʟʽʨôʷ ʧʦʩʪʽʡʥʽ ʡ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʽ, ʪʦ ʩʭʝʤʘ ʚʠʜʽʣʝʥʥʷ 

ʧʽʣʦʪ-ʩʠʛʥʘʣʫ (ʉɺʇʉ) ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʙʣʠʮʽ ʧʘʨ ʟʥʘʯʝʥʴ K1 ʽ K2ï 

ʟʚʝʜʝʥʠʭ ʧʨʦʝʢʮʽʡ ʩʠʛʥʘʣʫ, ʥʘ ʢʦʨʠʩʪʴ ʷʢʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʦʤ ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ 

ʥʘ ʪʘʢʪʦʚʦʤʫ (n-1)-ʤʫ ʽʥʪʝʨʚʘʣʽ, ʥʘ ʧʽʣʦʪʥʠʡ ʩʠʛʥʘʣ. ɺʠʙʽʨ ʮʠʭ ʟʥʘʯʝʥʴ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʽʰʝʥʥʷ, ʧʨʠʡʥʷʪʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʦʤ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʪʘʢʪʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. ʊʦʜʽ 

(3.5) ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʚ 

 ὑ
ὥ

ὥ
ÃÏÓЎ• Ƞ

ὑ
ὥ

ὥ
ÓÉÎЎ• Ƞ

ὢ ḧὢ
ὣḧὣ

ὲ ρȠ

ὢ ḧὑὢ ὑὣ
ὣȡ ὑὣ ὑὢ

ὲ ρȢ
ữ
Ử
Ử
Ữ

Ử
Ử
ử

 

(3.6) 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʘʭ ʦʙʯʠʩʣʝʥʥʷ 

ʢʦʞʥʦʾ ʧʨʦʝʢʮʽʾ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʦʜʥʽʻʶ ʦʧʝʨʘʮʽʻʶ ʤʥʦʞʝʥʥʷïʜʦʜʘʚʘʥʥʷ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʨʠ ʜʝʤʦʜʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ 
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ʘʤʧʣʽʪʫʜ ʩʠʛʥʘʣʽʚ, ʘ ʾʭ ʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʘʛʘʩʘʥʥʷ ʩʠʛʥʘʣʫ. 

ʇʦʪʽʤ ʟʥʘʯʝʥʥʷ (X1,Y1) ʫʩʝʨʝʜʥʶʶʪʴʩʷ ʫ ʩʫʤʘʪʦʨʘʭ-ʥʘʛʨʦʤʘʜʞʫʚʘʯʘʭ ʥʘ ʄ 

ʦʩʪʘʥʥʽʭ ʪʘʢʪʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ ʤʝʪʦʜʦʤ ʚʽʢʥʘ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. ʋʩʝʨʝʜʥʝʥʥʷ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʘʚʜʦʧʦʜʽʙʥʽ ʦʮʽʥʢʠ (X1,Y1) ʽʟ ʩʫʤʽʰʽ ʩʠʛʥʘʣʫ ʟ 

ʛʘʫʩʩʦʚʠʤ ʰʫʤʦʤ: 

 

ὢ ὲḧ
ρ

ὲ
ὢ ὢ Ὥ

ὣὲḧ
ρ

ὲ
ὣ ὣὭ

ữ
Ử
Ữ

Ử
ử

ὲ ὓ

ὢ ὲȡ
ρ

ὓ
ὢ ὢ Ὥ

ὣὲȡ
ρ

ὓ
ὣ ὣὭ

ữ
Ử
Ữ

Ử
ử

ὲ ὓ

ữ
Ử
Ử
Ử
Ử
Ữ

Ử
Ử
Ử
Ử
ử

 

(3.7) 

   

ʆʯʝʚʠʜʥʦ, ʱʦ ʯʠʤ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʫʩʝʨʝʜʥʝʥʥʷ ʄ, ʪʠʤ ʪʦʯʥʽʰʘ 

ʦʮʽʥʢʘ ʟʘ ʫʤʦʚ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʡʤʦʚʽʨʥʽʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ ʥʘ ʧʨʦʤʽʞʢʫ 

ʯʘʩʫ æt=Mn. ʇʨʠʡʤʘʶʯʠ ʄ ʪʘʢʠʤ, ʱʦ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʪʘʢʪʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ n 

ʧʽʩʣʷ ʦʩʪʘʥʥʴʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʜʘʚʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʴ 

ʦʜʝʨʞʫʻʤʦ ʨʝʢʫʨʝʥʪʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʩʫʤʘʪʦʨʽʚ ʜʣʷ ʢʘʥʘʣʫ ʟʽ ʩʪʘʮʽʦʥʘʨʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: 

 
ὢ ὲḧ ρ

ρ

ὲ
ὢ ὲ ρ ὢ

ὣὲḧ ρ
ρ

ὲ
ὣὲ ρ ὣ

 

(3.8) 

 

ɺ ʫʤʦʚʘʭ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʽʚ, ʙʽʣʴʰ ʚʽʜʜʘʣʝʥʠʭ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ ʟʘ ʯʘʩʦʤ, ʤʝʥʰ ʢʦʨʝʣʴʦʚʘʥʽ, ʦʪʞʝ, ʫʩʝʨʝʜʥʝʥʥʷ ʤʘʻ ʧʨʦʚʦʜʠʪʠʩʴ ʟ 

ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ɚ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ, ʷʢʠʡ ʤʠʥʫʚ ʟ ʤʦʤʝʥʪʫ ʪʘʢʪʦʚʦʛʦ 

ʽʥʪʝʨʚʘʣʫ: ʯʠʤ ʙʽʣʴʰʝ ʧʨʦʡʰʣʦ ʯʘʩʫ, ʪʠʤ ʤʝʥʰʘ ʚʘʛʘ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ ʧʨʠ 

ʫʩʝʨʝʜʥʝʥʥʽ (ʪʦʙʪʦ ‗ ‗ ȟὯ ρȟςȣὲ Ὦ ρȡ 
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ὢ ὲḧ
ρ

ὲ
‗ὢ ‗ ὢ Ὥ Ƞ

ὣὲḧ
ρ

ὲ
‗ὣ ‗ ὣ Ὥ Ȣ

ữ
Ử
Ữ

Ử
ử

 

(3.9) 

 

                      

 

ɿʽ ʟʥʘʯʝʥʴ ʫʩʝʨʝʜʥʝʥʠʭ ʧʨʦʝʢʮʽʡ ʧʽʣʦʪ-ʩʠʛʥʘʣʫ, ʦʪʨʠʤʘʥʠʭ ʟʘ (3.8) ʯʠ (3.9), 

ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ, ʬʦʨʤʫʶʪʴʩʷ ʫʩʝʨʝʜʥʝʥʽ ʧʨʦʝʢʮʽʾ ὢʪʘ ὣ ʚʩʽʭ 

ʽʥʰʠʭ ʩʠʛʥʘʣʽʚ ʩʫʟʽʨôʷ:   

 ὢḧ
ὥ

ὥ
ὢὧέίЎ• ὣίὭὲ Ў• Ƞ

ὣḧ
ὥ

ὥ
ὢίὭὲЎ• ὣÃÏÓЎ• Ȣ

 

(3.10) 

   

ʆʩʢʽʣʴʢʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʤʧʣʽʪʫʜ ὥὥ ʧʽʣʦʪʥʦʛʦ ʽ ʚʩʽʭ ʽʥʰʠʭ ʩʠʛʥʘʣʽʚ 

ʩʫʟʽʨôʷ ʽ ʨʽʟʥʠʮʽ ʬʘʟ Ў• ʤʽʞ ʥʠʤʠ ʚʽʜʦʤʽ, ʘ ʬʦʨʤʫʚʘʯ ʧʨʦʝʢʮʽʡ ʟʨʘʟʢʽʚ ʩʠʛʥʘʣʽʚ 

ʩʫʟʽʨôʷ ὢὣ  ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʮʠʬʨʦʚʦʤʫ ʩʠʛʥʘʣʴʥʦʤʫ ʧʨʦʮʝʩʦʨʽ 2(j-1) ʦʧʝʨʘʮʽʷʤʠ 

ʤʥʦʞʝʥʥʷ ï ʜʦʜʘʚʘʥʥʷ [12], ʪʦ (3.10) ʚʠʨʦʜʞʫʻʪʴʩʷ ʚ 

 ὢḧὢὑ ὣὑ Ƞ

ὣḧὢὑ ὣὑ Ƞ

ὑ ḧ
ὥ

ὥ
ÓÉÎЎ• Ƞ

ὑ ḧ
ὥ

ὥ
ÃÏÓЎ• ȟ

ữ
ỬỬ
Ữ

ỬỬ
ử

 

(3.11) 

 

ʜʝ ὑ É ὑï ʟʚʝʜʝʥʽ ʧʨʦʝʢʮʽʾ ʩʠʛʥʘʣʫ j ʥʘ ʧʽʣʦʪʥʠʡ ʩʠʛʥʘʣ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʫʚʘʯ ʟʨʘʟʢʽʚ ʩʠʛʥʘʣʽʚ ʩʫʟʽʨôʷ ʤʘʻ ʩʪʨʫʢʪʫʨʫ, ʧʦʜʘʥʫ ʥʘ 

ʨʠʩ.3.2. 
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ʈʠʩ. 3.2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʬʦʨʤʫʚʘʯʘ ʟʨʘʟʢʽʚ ʩʠʛʥʘʣʽʚ ʩʫʟʽʨôʷ 

 

ʅʘ ʧʝʨʰʠʡ ʚʭʽʜ ʬʦʨʤʫʚʘʯʘ ʟʨʘʟʢʽʚ ʩʠʛʥʘʣʽʚ ʩʫʟʽʨôʷ (ʌɿʉʉ) ʟ ʘʢʪʠʚʥʠʭ 

ʬʽʣʴʪʨʽʚ ʥʘʜʭʦʜʷʪʴ ʧʨʦʝʢʮʽʾ ὢ ȟὣ  ʩʠʛʥʘʣʫ, ʧʨʠʡʥʷʪʦʛʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʪʘʢʪʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. ʅʘ ʜʨʫʛʠʡ ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ ʥʦʤʝʨ ʩʠʛʥʘʣʫ ʩʫʟʽʨôʷ, ʥʘ ʢʦʨʠʩʪʴ 

ʷʢʦʛʦ ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ ʚ ʉʇʈ ʥʘ ʧʽʜʩʪʘʚʽ ʟʥʘʯʝʥʴ ὢ ȟὣ  ʪʘ ʟʨʘʟʢʽʚ 

ʩʠʛʥʘʣʽʚ ʩʫʟʽʨôʷ ὢȟὣȟ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʬʦʨʤʫʚʘʯʝʤ ʜʦ ʤʦʤʝʥʪʫ ʟʘʢʽʥʯʝʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʘʢʪʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ. ɿʘ ʟʥʘʯʝʥʥʷʤʠ ὢ ȟὣ  ʩʭʝʤʘ ʚʠʜʽʣʝʥʥʷ 

ʧʽʣʦʪ-ʩʠʛʥʘʣʫ (ʉɺʇʉ) ʟʘ (3.6) ʬʦʨʤʫʻ ʜʚʽ ʚʝʣʠʯʠʥʠ ὢ É ὣ,  ʷʢʽ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʜʽʾ 

ʧʝʨʝʰʢʦʜ ʫʩʝʨʝʜʥʶʶʪʴʩʷ ʚ ʩʫʤʘʪʦʨʘʭ-ʥʘʛʨʦʤʘʜʞʫʚʘʯʘʭ ʤʝʪʦʜʦʤ ʚʽʢʥʘ, ʱʦ 

ʟʩʫʚʘʻʪʴʩʷ, ʥʘ ʧʨʦʤʽʞʢʫ ʚ ʄ ʪʘʢʪʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ ʟʘ (3.8) ï ʧʨʠ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ 

ʡʤʦʚʽʨʥʦʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ ʯʠ ʟʘ (3.9) ï ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ. 

ʋʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʧʨʦʝʢʮʽʡ ʧʽʣʦʪ-ʩʠʛʥʘʣʫ ʟ ʚʠʭʦʜʽʚ ʩʫʤʘʪʦʨʽʚ-

ʥʘʛʨʦʤʘʜʞʫʚʘʯʽʚ ʥʘʜʭʦʜʷʪʴ ʫ ʬʦʨʤʫʚʘʯ ʧʨʦʝʢʮʽʡ ʩʠʛʥʘʣʽʚ ʩʫʟʽʨôʷ (ʌʇʉʉ), ʱʦ 

ʨʝʘʣʽʟʫʻ (3.11). ʆʪʨʠʤʘʥʽ ʥʘ ʚʠʭʦʜʽ ʌʇʉʉ ʧʨʦʝʢʮʽʾ Xj, Yj, ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʽʜ ʉʇʈ 

ʟʛʽʜʥʦ ʟ ʨʠʩ. 3.3. 
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ʈʠʩ. 3.3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʝʤʦʜʫʣʷʪʦʨʘ ʩʠʛʥʘʣʫ ʦʜʥʦʛʦ ʧʽʜʢʘʥʘʣʫ OFDM 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʜʝʤʦʜʫʣʷʪʦʨʘ ʯʘʩʪʦʪʥʦʛʦ ʧʽʜʢʘʥʘʣʫ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʚʠʱʝʟʛʘʜʘʥʠʭ ʫʤʦʚ: 

- ʩʠʛʥʘʣʠ ʯʘʩʪʦʪʥʠʭ ʧʽʜʢʘʥʘʣʽʚ ʚʠʜʽʣʷʶʪʴʩʷ ʟ ʛʨʫʧʦʚʦʛʦ ʩʠʛʥʘʣʫ ʘʢʪʠʚʥʠʤʠ 

ʢʦʨʝʣʷʮʽʡʥʠʤʠ ʬʽʣʴʪʨʘʤʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʥʘʩʪʨʦʶʚʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʜʘʚʘʥʥʷ ʚ ʢʦʞʥʦʤʫ ʟ ʧʽʜʢʘʥʘʣʽʚ ʦʢʨʝʤʦ; 

- ʚʠʜʽʣʝʥʠʡ ʩʠʛʥʘʣ ʯʘʩʪʦʪʥʦʛʦ ʧʽʜʢʘʥʘʣʫ ʥʝ ʟʘʟʥʘʻ ʧʦʜʘʣʴʰʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽ 

ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʥʷ ʫ ʥʝʟʤʽʥʝʥʦʤʫ ʚʠʛʣʷʜʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʝʥʴ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ; 

- ʜʝʤʦʜʫʣʷʪʦʨ ʨʝʘʣʽʟʫʻ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʟʘ ʧʨʘʚʠʣʦʤ ʂʦʪʝʣʴʥʠʢʦʚʘ, ʪʦʙʪʦ ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ ʧʨʠʡʤʘʯʝʤ ʽ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʧʝʨʝʰʢʦʜʦʩʪʽʡʢʽʩʪʴ ʚ 

ʫʤʦʚʘʭ ʙʽʣʦʛʦ ʰʫʤʫ; 

- ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʜʝʤʦʜʫʣʷʪʦʨʘ ʥʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ; 

- ʤʦʞʣʠʚʝ ʤʦʜʫʣʴʥʝ ʥʘʨʦʱʫʚʘʥʥʷ ʜʝʤʦʜʫʣʷʪʦʨʘ ʛʨʫʧʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʫʩʪʘʥʦʚʢʦʶ ʜʦʜʘʪʢʦʚʠʭ ʜʝʤʦʜʫʣʷʪʦʨʽʚ ʯʘʩʪʦʪʥʠʭ ʧʽʜʢʘʥʘʣʽʚ; 

- ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʩʠʛʥʘʣʴʥʠʭ ʩʫʟʽʨôʾʚ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʫ 

ʉɺʇʉ ʽ ʌʇʉʉ ʚʽʜʧʦʚʽʜʥʠʭ ʪʘʙʣʠʮʴ ʢʦʝʬʽʮʽʻʥʪʽʚ; 

- ʜʝʤʦʜʫʣʷʪʦʨ ʥʝ ʧʦʪʨʝʙʫʻ ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʽ ʬʘʟʠ ʩʠʛʥʘʣʫ ʟʘʚʜʷʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʥʘʯʝʥʴ ʚʽʜʥʦʰʝʥʴ ʘʤʧʣʽʪʫʜ ʽ ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ ʧʝʨʝʰʢʦʜ ʧʨʠ 

ʫʩʝʨʝʜʥʝʥʥʽ ʧʽʣʦʪ-ʩʠʛʥʘʣʫ [13, 14]. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʰʢʦʜʦʩʪʽʡʢʽʩʪʴ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʩʧʦʩʦʙʫ 

ʧʨʠʡʤʘʥʥʷ, ʪʘʢ ʽ ʚʽʜ ʚʠʛʣʷʜʫ ʧʝʨʝʜʘʥʠʭ ʩʠʛʥʘʣʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʜʝʤʦʜʫʣʷʪʦʨ 
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ʨʝʘʣʽʟʫʻ ʧʝʨʝʰʢʦʜʦʩʪʽʡʢʽʩʪʴ, ʙʣʠʟʴʢʫ ʜʦ ʧʦʪʝʥʮʽʡʥʦʾ. ʆʙʤʝʞʝʥʥʷ ʧʦʚôʷʟʘʥʝ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʥʷ ʦʮʽʥʦʢ ʟʨʘʟʢʽʚ ʩʠʛʥʘʣʽʚ, ʱʦ ʥʝ ʧʦʟʙʘʚʣʝʥʽ 

ʚʧʣʠʚʫ ʧʝʨʝʰʢʦʜ. ʊʦʤʫ ʧʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʥʘʣʫ ʥʘ 

ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʤʘʻ ʧʨʦʚʦʜʠʪʠʩʴ ʚʠʙʦʨʦʤ ʥʘʡʢʨʘʱʠʭ ʩʠʛʥʘʣʴʥʠʭ ʩʫʟʽʨôʾʚ. 

 

3.2. ʌʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʬʦʨʤʫʚʘʥʥʷ ʽ ʦʙʨʦʙʢʠ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʌʄ, ʌʈʄ-1 ʪʘ ʌʈʄ-2, ʽʣʶʩʪʨʫʚʘʣʠʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʥʘ ʧʨʠʢʣʘʜʽ 

ʜʚʦʧʦʟʠʮʽʡʥʠʭ (ʦʜʥʦʢʨʘʪʥʠʭ) ʩʠʛʥʘʣʽʚ, ʚ ʷʢʠʭ ʬʘʟʘ ʯʠ ʨʽʟʥʠʮʷ ʬʘʟ (ʧʝʨʰʦʛʦ ʘʙʦ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ) ʧʨʠʡʤʘʻ ʪʽʣʴʢʠ ʜʚʘ ʟʥʘʯʝʥʥʷ: 0 ʘʙʦ ˊ. ʅʘʩʧʨʘʚʜʽ ʞ ʙʘʛʘʪʦ ʷʢʽ ʟ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ ʚʣʘʩʪʠʚʦʩʪʽ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʌʈʄ-1 ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʬʘʟʠ ʽ ʌʈʄ-2 ʜʦ ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ, 

ʚʽʜʥʦʩʷʪʴʩʷ ʚ ʨʽʚʥʽʡ ʤʽʨʽ ʜʦ ʚʩʽʭ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʠʭ 

ʩʠʛʥʘʣʽʚ ʽ ʩʠʛʥʘʣʽʚ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʤʦʜʫʣʷʮʽʾ. ʗʢ ʧʨʘʚʠʣʦ, ʷʢʱʦ ʮʝ 

ʩʧʝʮʽʘʣʴʥʦ ʥʝ ʦʙʛʦʚʦʨʝʥʦ, ʥʝ ʨʦʙʣʷʪʴʩʷ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʌʄ, ʌʈʄ-1 ʯʠ ʌʈʄ-2. 

ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʝʷʢʘ ʩʫʢʫʧʥʽʩʪʴ ʩʠʛʥʘʣʴʥʠʭ ʚʝʢʪʦʨʽʚ, ʪʦ ʚʦʥʠ 

ʤʦʞʫʪʴ ʚʽʜʥʦʩʠʪʠʩʷ ʜʦ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʩʧʦʩʦʙʽʚ ʤʦʜʫʣʷʮʽʾ, ʘ ʚʘʨʽʘʥʪʠ ʬʘʟ ʩʠʛʥʘʣʽʚ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚ ʦʜʥʘʢʦʚʽʡ ʤʽʨʽ ʚʘʨʽʘʥʪʘʤʠ ʨʽʟʥʠʮʽ ʬʘʟ. ʎʝ ʟʘʩʪʝʨʝʞʝʥʥʷ ʥʝʦʙʭʽʜʥʝ 

ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʝ ʧʽʜʢʨʝʩʣʶʚʘʪʠ ʱʦʨʘʟʫ, ʱʦ ʩʠʛʥʘʣ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʽ ʧʨʠ ʌʄ, ʽ ʧʨʠ ʌʈʄ ʣʠʰʝ ʟ ʪʽʻʶ ʚʽʜʤʽʥʥʽʩʪʶ, ʱʦ ʚ ʧʝʨʰʦʤʫ 

ʚʠʧʘʜʢʫ ʚʽʜʢʣʘʜʝʥʽ ʥʘ ʚʝʢʪʦʨʥʽʡ ʜʽʘʛʨʘʤʽ - ʧʝʨʝʜʘʥʽ ʘʙʩʦʣʶʪʥʽ ʬʘʟʠ, ʘ ʫ ʜʨʫʛʦʤʫ - 

ʨʽʟʥʠʮʽ ʬʘʟ ʩʫʩʽʜʥʽʭ ʧʦʩʠʣʦʢ [115]. 

ʇʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ m-ʧʦʟʠʮʽʡʥʠʭ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ ʜʫʞʝ ʧʨʦʩʪʠʡ: 

ʪ ʩʠʛʥʘʣʴʥʠʭ ʪʦʯʦʢ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʽ ʽʟ ʨʘʜʽʫʩʦʤ, ʟʘʣʝʞʥʠʤ ʚʽʜ 

ʧʦʪʫʞʥʦʩʪʽ (ʘʙʦ ʝʥʝʨʛʽʾ ʧʦʩʠʣʢʠ) ʩʠʛʥʘʣʫ ʥʘ ʨʽʚʥʠʭ ʚʽʜʩʪʘʥʷʭ ʟ ʢʫʪʦʚʠʤ 

ʽʥʪʝʨʚʘʣʦʤ 2ʣ/ʪ ʨʘʜʽʘʥ. ʊʘʢʽ ʩʫʢʫʧʥʦʩʪʽ ʩʠʛʥʘʣʴʥʠʭ ʪʦʯʦʢ-ʚʝʢʪʦʨʽʚ ʜʣʷ ʚʠʧʘʜʢʽʚ 

ʪ = 2, 3, 4, 8 ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.3.4. ʈʘʜʽʫʩʠ ʚʩʽʭ ʦʢʨʫʞʥʦʩʪʝʡ, ʥʘ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʽ 

ʩʠʛʥʘʣʴʥʽ ʪʦʯʢʠ, ʩʧʽʚʧʘʜʘʶʯʽ ʟ ʢʽʥʮʷʤʠ ʚʽʜʨʽʟʢʽʚ, ʧʨʠʨʽʚʥʷʥʽ ʜʦ ʢʦʨʝʥʷ 

ʢʚʘʜʨʘʪʥʦʛʦ ʟ ʝʥʝʨʛʽʾ ʧʦʩʠʣʦʢ ʩʠʛʥʘʣʫ: Ὑ ЍὉȢ 
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ʗʢʱʦ ʥʘ ʧʦʩʠʣʮʽ ʧʝʨʝʜʘʻʪʴʩʷ ʛʘʨʤʦʥʽʡʥʝ ʢʦʣʠʚʘʥʥʷ ʟ ʧʘʨʘʤʝʪʨʘʤʠ jwia, , ʪʦ 

ʮʷ ʚʝʣʠʯʠʥʘ ʜʦʨʽʚʥʶʻ: 

 

Ὑ ЍὉ ὥίὭὲὥὸ•Ὠὸ
ὥЍὝ

Ѝς
 

(3.12) 

    

 

ɿʥʘʯʝʥʥʷ (3.12) ʟʙʽʛʘʻʪʴʩʷ ʟ ʝʚʢʣʽʜʦʚʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʮʝʥʪʨʦʤ ʦʢʨʫʞʥʦʩʪʽ ʽ 

ʙʫʜʴ-ʷʢʦʶ ʪʦʯʢʦʶ ʥʘ ʥʽʡ. 
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ʈʠʩ. 3.4. ɹʘʛʘʪʦʧʦʟʠʮʽʡʥʽ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʽ ʩʠʛʥʘʣʠ: ʘ) ʜʚʽʡʢʦʚʽ (ʦʜʥʦʢʨʘʪʥʽ); 

ʙ) ʪʨʽʡʢʦʚʽ; ʚ,ʛ) ʯʝʪʚʽʨʢʦʚʽ (ʜʚʦʢʨʘʪʥʽ); ʜ,ʝ) ʚʦʩʴʤʠʨʽʯʥʽ (ʪʨʠʢʨʘʪʥʽ) 
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ʅʘ ʨʠʩ.3.4,ʘ ʧʦʢʘʟʘʥʠʡ ʜʚʦʧʦʟʠʮʽʡʥʠʡ (ʦʜʥʦʢʨʘʪʥʠʡ) ʩʠʛʥʘʣ ʟ ʬʘʟʘʤʠ 0 ʽ ˊ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʩʠʛʥʘʣʴʥʠʤʠ ʪʦʯʢʘʤʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ Ὠ ςЍὉ - ʮʝ ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ ʢʦʣʘ ʟ ʨʘʜʽʫʩʦʤ ЍὉ . ɺʦʥʘ ʮʽʣʢʦʤ ʚʠʟʥʘʯʘʻ 

ʧʦʪʝʥʮʽʡʥʫ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʜʘʥʦʾ ʜʚʦʧʦʟʠʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ɺʽʜʩʪʘʥʴ Ὠ ςЍὉ ʻ 

ʚʽʜʣʽʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ, ʟ ʷʢʦʶ ʟʽʩʪʘʚʣʷʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʘʨʽʘʥʪʘʤʠ ʩʠʛʥʘʣʫ ʚ 

ʨʽʟʥʠʭ ʙʘʛʘʪʦ ʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ɼʚʦʧʦʟʠʮʽʡʥʠʡ ʩʠʛʥʘʣ ʢʦʜʫʻʪʴʩʷ 

ʝʣʝʤʝʥʪʘʨʥʦ: ʜʦ ʦʜʥʦʛʦ ʟ ʡʦʛʦ ʚʘʨʽʘʥʪʽʚ ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʠʤʚʦʣ 0, ʘ 

ʽʥʰʦʤʫ - ʩʠʤʚʦʣ 1, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.4,ʘ. 

ʅʘ ʨʠʩ. 3.4,ʙ ʧʦʢʘʟʘʥʠʡ ʪʨʠʧʦʟʠʮʽʡʥʠʡ ʌʄ ʩʠʛʥʘʣ ʟ ʚʝʢʪʦʨʘʤʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ 120Á. ʎʝ ʻʜʠʥʘ ʟ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽʟ ʌʄ, 

ʫ ʷʢʽʡ ʚʽʜʩʪʘʥʽ ʤʽʞ ʫʩʽʤʘ ʚʘʨʽʘʥʪʘʤʠ ʩʠʛʥʘʣʫ ʦʜʥʘʢʦʚʽ (ʝʢʚʽʜʠʩʪʘʥʪʥʽ ʩʠʛʥʘʣʠ). 

ɺʽʜʤʽʪʠʤʦ ʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʛʘʨʤʦʥʽʡʥʠʤʠ ʩʠʛʥʘʣʘʤʠ Ὓ Ὥ Ὓ  

ʪʨʠʚʘʣʽʩʪʶ ʊ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʬʘʟʦʶ ʥʘ •: 

ὨὛὛ Ὓ ὸ Ὓ ὸ Ὠὸ ὥÓÉÎ‫ὸ • ὥÓÉÎ‫ὸὨὸ

ὥὝ ὥὝὧέί•ЍςὉ ρ ὧέί•ȟ 

(3.13) 

ʜʝ Ὁ ὥὝȾςȢ ʋ ʪʘʙʣ. 3.1 ʧʨʠʚʝʜʝʥʽ ʚʽʜʩʪʘʥʽ Ὠ  ʤʽʞ ʥʘʡʙʣʠʞʥʽʤʠ 

ʚʘʨʽʘʥʪʘʤʠ ʩʠʛʥʘʣʫ ʚ ʪ-ʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʌʄ ʽ ʧʨʦʛʨʘʰ (ʟʘ ʤʽʥʽʤʘʣʴʥʦʶ 

ʩʠʛʥʘʣʴʥʦʶ ʚʽʜʩʪʘʥʥʶ) ʪ-ʧʦʟʠʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʚʦʧʦʟʠʮʽʡʥʦʾ. ʋ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʥʝ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʱʦ 

ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ. ʁʤʦʚʽʨʥʽʩʪʴ ʧʦʭʠʙʢʠ ʚ ʽʜʝʘʣʴʥʦʤʫ ʧʨʠʡʤʘʯʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʠʩʪʝʤʠ ʩʠʛʥʘʣʽʚ ʫ ʮʽʣʦʤʫ, ʘ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ 

ʚʘʨʽʘʥʪʘʤʠ ʩʠʛʥʘʣʫ. ʆʜʥʘʢ ʜʣʷ ʟʘʜʘʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʠʛʥʘʣʴʥʠʭ ʪʦʯʦʢ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʦʭʠʙʦʢ ʻ ʤʦʥʦʪʦʥʥʦ ʩʧʘʜʘʶʯʦʶ ʬʫʥʢʮʽʻʶ ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ. ʎʝʡ ʧʘʨʘʤʝʪʨ 

ʟʨʫʯʥʠʡ ʜʣʷ ʷʢʽʩʥʦʛʦ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʩʠʛʥʘʣʽʚ. 
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ʊʘʙʣʠʮʷ 3.1 

ʂʨʘʪʥʽʩʪʴ 

ʤʦʜʫʣʷʮʽʾ N 

ʏʠʩʣʦ 

ʬʘʟ m 

ʄʽʥʽʤʘʣʴʥʘ 

ʨʽʟʥʠʮʷ ʬʘʟ 

ʄʽʥʽʤʘʣʴʥʘ ʝʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʩʠʛʥʘʣʘʤʠ md  

,2 / mdd

ʜɹ 

1 

ÌÏÇσ 

2 

 

3 

 

4 

 

5 

2 

3 

4 

 

8 

 

16 

 

32 

Ʉ 

2ˊ/3 

ˊ/2 

 

ˊ/4 

 

ˊ/8 

 

ˊ/16 

ςЍὉ 

ЍσὉ ρȟχσЍὉ 

ЍςὉ ρȟτρЍὉ 

ς ςὉ πȟχφυЍὉ 

ς Ѝς ЍςὉ πȟσωЍὉ 

ς Ѝς Ѝς ЍςὉ πȟρωφЍὉ 

0 

1.25 

3.01 

8.34 

14.2 

 

20.2 

 

ʋ ʚʠʧʘʜʢʫ ʪʨʠʧʦʟʠʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, (ʜʠʚ. ʨʠʩ.3.4,ʙ) 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʠʛʥʘʣʘʤʠ Ὠ ЍσὉ ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ Ὠ ʥʘ 1.25 ʜɹ. ʊʦʤʫ ʧʨʠ 

ʨʽʚʥʽʡ ʚʽʜ Ὠ ʥʘ 1.25 ʜɹ. ʊʦʤʫ ʧʨʠ ʨʽʚʥʽʡ ʪʨʠʚʘʣʦʩʪʽ ʧʦʩʠʣʢʠ ʪʨʠʧʦʟʠʮʽʡʥʘ 

ʩʠʩʪʝʤʘ ʥʝʟʥʘʯʥʦ ʧʦʩʪʫʧʘʻʪʴʩʷ ʜʚʦʧʦʟʠʮʽʡʥʽʡ ʟʘ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʶ, ʧʝʨʝʚʝʨʰʫʶʯʠ 

ʾʾ ʧʦ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʚ ÌÏÇσ ρȟυψ ʨʘʟʠ. ʗʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ, ʨʦʟʛʣʷʥʫʪʘ 

ʪʨʠʧʦʟʠʮʽʡʥʘ ʩʠʩʪʝʤʘ ʌʄ ʩʠʛʥʘʣʽʚ ʧʨʠ ʟʘʜʘʥʽʡ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʭʠʙʢʠ ʻ 

ʦʧʪʠʤʘʣʴʥʦʶ ʧʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪʘʭ, ʷʢʽ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʧʝʨʝʜʘʯʫ ʦʜʥʦʛʦ ʙʽʪʘ 

ʽʥʬʦʨʤʘʮʽʾ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʨʽʜʢʦ ʯʝʨʝʟ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʫ ʪʨʽʡʢʦʚʠʡ. 

ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʦʜʝʨʞʘʣʠ ʯʦʪʠʨʠʧʦʟʠʮʽʡʥʽ 

(ʜʚʦʢʨʘʪʥʽ) ʩʠʛʥʘʣʠ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.3.4,ʚ ʽ ʛ. ɼʚʦʢʨʘʪʥʘ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʜʚʦʭ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʚʘʨʽʘʥʪʘʭ: ʟ ʬʘʟʘʤʠ (ʘʙʦ ʨʽʟʥʠʮʷʤʠ ʬʘʟ) 0, ˊ/2, ˊ ʽ ɿˊ/2 

(ʨʠʩ.4.4,ʚ) ʘʙʦ ˊ/4, ɿˊ/4, 5ˊ/4 ʽ 7ˊ/4 (ʨʠʩ.3.4,ʛ). ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʤʽʥʽʤʘʣʴʥʘ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʘʨʽʘʥʪʘʤʠ ʩʠʛʥʘʣʫ Ὠ ЍςὉ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʩʠʛʥʘʣʘʤʠ. ʇʦʢʘʟʘʥʽ ʯʦʪʠʨʠʧʦʟʠʮʽʡʥʽ ʩʠʛʥʘʣʠ ʻ ʥʘʡʢʨʘʱʠʤʠ ʟʘ 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʶ ʟ ʫʩʽʭ ʜʚʦʚʠʤʽʨʥʠʭ ʯʦʪʠʨʠʧʦʟʠʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, ʮʽ 

ʩʠʛʥʘʣʠ ʤʘʶʪʴ ʯʫʜʦʚʫ ʚʣʘʩʪʠʚʽʩʪʴ: ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʚʦʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʘʢʫ ʞ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ, ʷʢ ʽ ʜʚʦʧʦʟʠʮʽʡʥʽ ʩʠʛʥʘʣʠ ʟ ʌʄ (ʜʠʚ. 
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ʨʠʩ.3.4,ʘ), ʪʦʤʫ ʱʦ ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʚ Ѝς ʨʘʟʠ ʮʽʣʢʦʤ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʧʦʜʦʚʞʝʥʥʷʤ ʧʦʩʠʣʢʠ ʩʠʛʥʘʣʫ ʚʜʚʽʯʽ. ʂʦʞʥʘ ʧʦʩʠʣʢʘ ʟ 

ʜʚʦʢʨʘʪʥʦʶ ʌʄ ʯʠ ʌʈʄ ʥʝʩʝ ʜʚʘ ʙʽʪʠ ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʨʠʩ.3.4,ʚ ʽ ʛ ʧʦʢʘʟʘʥʘ 

ʪʠʧʦʚʘ ʩʠʩʪʝʤʘ ʢʦʜʫʚʘʥʥʷ ʜʚʦʢʨʘʪʥʠʭ ʩʠʛʥʘʣʽʚ ʜʚʦʨʦʟʨʷʜʥʠʤʠ ʜʚʽʡʢʦʚʠʤ 

ʢʦʤʙʽʥʘʮʽʷʤʠ. ʎʷ ʩʠʩʪʝʤʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʜʦʤ ɻʨʝʷ, ʷʢʠʡ ʤʘʻ ʪʫ ʚʣʘʩʪʠʚʽʩʪʴ, ʱʦ 

ʢʦʜʦʚʽ ʢʦʤʙʽʥʘʮʽʾ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʡʙʣʠʞʯʠʤ ʬʘʟʘʤ (ʘʙʦ ʨʽʟʥʠʮʷʤ ʬʘʟ), 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʦʜʥʠʤ ʜʚʽʡʢʦʚʠʤ ʩʠʤʚʦʣʦʤ. ʇʨʠ ʜʚʦʢʨʘʪʥʽʡ ʌʄ ʢʦʜ ɻʨʝʷ ʻ 

ʻʜʠʥʠʤ ʤʘʥʽʧʫʣʷʮʽʡʥʠʤ ʢʦʜʦʤ, ʷʢʠʡ ʤʘʻ ʪʘʢʫ ʚʣʘʩʪʠʚʽʩʪʴ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʤʠʣʢʦʚʠʡ ʧʨʠʡʦʤ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʪʽʣʴʢʠ 

ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʧʝʨʝʜʘʥʠʭ ʜʚʽʡʢʦʚʠʭ ʩʠʤʚʦʣʽʚ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʩʠʩʪʝʤʠ ʩʠʛʥʘʣʽʚ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.3.4,ʚ ʽ ʛ, ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ 

ʧʦʪʝʥʮʽʡʥʫ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʨʝʘʣʽʟʘʮʽʡʥʠʤʠ ʘʩʧʝʢʪʘʤʠ. ʋ 

ʩʠʩʪʝʤʽ ʨʠʩ.3.4,ʛ ʤʽʥʽʤʘʣʴʥʝ ʬʘʟʦʚʠʡ ʟʩʫʚ ʨʽʚʥʠʡ ˊ/4; ʚ ʥʽʡ ʟʘʚʞʜʠ, ʪʦʙʪʦ ʥʘ 

ʢʦʞʥʽʡ ʧʦʩʠʣʮʽ, ʻ ʪʦʡ ʯʠ ʽʥʰʠʡ ʥʝʥʫʣʴʦʚʠʡ ʩʪʨʠʙʦʢ ʬʘʟʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʩʪʝʤʠ 

ʨʠʩ.3.4,ʚ. ʫ ʷʢʽʡ ʧʨʠ ʧʝʨʝʜʘʯʽ ʢʦʤʙʽʥʘʮʽʾ 00 ʬʘʟʦʚʠʡ ʟʩʫʚ ʜʦʨʽʚʥʶʻ ʥʫʣʝʚʽ. ʎʝ 

ʚʠʟʥʘʯʘʻ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʷʪʦʨʘ ʽ ʜʝʤʦʜʫʣʷʪʦʨʘ, ʧʨʦ ʱʦ ʱʝ ʙʫʜʝ 

ʡʪʠ ʤʦʚʘ ʥʘʜʘʣʽ. 

ʅʘ ʨʠʩ.3.4,ʜ ʽ ʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʘ ʚʘʨʽʘʥʪʠ ʚʦʩʴʤʠʧʦʟʠʮʽʡʥʠʭ (ʪʨʠʢʨʘʪʥʠʭ) 

ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ. ʋ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʬʘʟʠ ʯʠ ʨʽʟʥʠʮʽ ʬʘʟ ʧʨʠʡʤʘʶʪʴ 

ʟʥʘʯʝʥʥʷ Ὥ ρ“Ⱦτ, ʜʝ  ̔= 1,2,...,8, ʘ ʚ ʜʨʫʛʦʤʫ ʚʘʨʽʘʥʪʽ ð ʟʥʘʯʝʥʥʷ ςὭ ρ“Ⱦψ. 

ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ ʥʘʯʝʙʪʦ ʧʦʻʜʥʫʻ ʩʠʛʥʘʣʠ ʜʚʦʭ ʯʦʪʠʨʠʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤ 

(ʨʠʩ.3.4,ʚ ʽ ʛ), ʟʩʫʥʫʪʠʭ ʦʜʠʥ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʦʛʦ ʥʘ ˊ/4. ɺʘʨʽʘʥʪ ʥʝ ʤʽʩʪʠʪʴ 

ʥʫʣʴʦʚʦʾ ʬʘʟʠ ʽ ʤʘʻ ʧʦʩʪʽʡʥʠʡ ʟʩʫʚ ʱʦʜʦ ʧʝʨʰʦʛʦ ʥʘ ˊ/8. ʂʦʞʥʘ ʧʦʩʠʣʢʘ 

ʚʦʩʴʤʠʧʦʟʠʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝʩʝ ʪʨʠ ʜʚʽʡʢʦʚʽ ʦʜʠʥʠʮʽ ʽʥʬʦʨʤʘʮʽʾ. ɺ ʪʨʠʢʨʘʪʥʽʡ 

ʩʠʩʪʝʤʽ, ʪʘʢ ʷʢ ʽ ʚ ʜʚʦʢʨʘʪʥʽʡ, ʽʩʥʫʻ ʻʜʠʥʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʤʘʥʽʧʫʣʷʮʽʡʥʠʡ ʢʦʜ, ʫ 

ʷʢʦʤʫ ʪʨʠ-ʨʦʟʨʷʜʥʽ ʜʚʽʡʢʦʚʽ ʢʦʤʙʽʥʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʽ ʥʘʡʙʣʠʞʯʠʤ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ 

ʩʠʛʥʘʣʴʥʠʤ ʚʝʢʪʦʨʘʤ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʜʚʽʡʢʦʚʦʤʫ ʩʠʤʚʦʣʽ ð ʮʝ 

ʢʦʜ ɻʨʝʷ. ʅʘ ʨʠʩ. 3.4 ʢʦʤʙʽʥʘʮʽʾ ʤʘʥʽʧʫʣʷʮʽʡʥʦʛʦ ʢʦʜʫ ɻʨʝʷ ʧʨʦʩʪʘʚʣʝʥʽ ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʢʪʦʨʘʭ. 
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ɺʽʜʩʪʘʥʴ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ ʚʝʢʪʦʨʘʤʠ ʚ ʪʨʠʢʨʘʪʥʠʭ ʩʠʩʪʝʤʘʭ ʩʠʛʥʘʣʽʚ, 

ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 3.4, Ὠ ς ЍςὉ, ʱʦ ʥʘ 8.3 ʜɹ ʤʝʥʰʝ, ʥʽʞ ʚ ʦʜʥʦʢʨʘʪʥʽʡ 

ʩʠʩʪʝʤʽ. ʎʷ ʚʽʜʩʪʘʥʴ ʫʞʝ ʥʝ ʻ ʤʽʥʽʤʘʣʴʥʦʶ, ʷʢ ʫ ʨʦʟʛʣʷʥʫʪʠʭ ʨʘʥʽʰʝ ʩʠʛʥʘʣʘʭ 

ʤʝʥʰʦʾ ʢʨʘʪʥʦʩʪʽ. 

ʈʽʚʥʦʤʽʨʥʝ ʨʦʟʤʽʱʝʥʥʷ ʚʩʽʭ ʩʠʛʥʘʣʴʥʠʭ ʪʦʯʦʢ ʥʘ ʦʢʨʫʞʥʦʩʪʽ, ʪʦʙʪʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʦ-ʧʦʪʫʞʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ ʬʘʟʦʶ, ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ ʪʽʣʴʢʠ ʜʣʷ ʜʚʦʭ-, ʪʨʴʦʭ- ʽ ʯʦʪʠʨʴʦʭ-ʧʦʟʠʮʽʡʥʠʭ ʚʠʧʘʜʢʽʚ (ʜʠʚ. ʨʠʩ. 

3.4, ʘ-ʛ). ʇʨʠ ʪ>4 ʦʧʪʠʤʘʣʴʥʠʤʠ ʻ ʥʝʨʽʚʥʦʧʦʪʫʞʥʽ ʩʠʛʥʘʣʠ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʷʢ 

ʬʘʟʦʶ, ʪʘʢ ʽ ʘʤʧʣʽʪʫʜʦʶ ʽ ʨʦʟʤʽʱʝʥʽ ʨʽʚʥʦʤʽʨʥʦ ʚʩʝʨʝʜʠʥʽ ʦʢʨʫʞʥʦʩʪʽ, ʨʘʜʽʫʩ ʷʢʦʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʧʫʩʪʠʤʦʶ ʝʥʝʨʛʽʻʶ ʩʠʛʥʘʣʫ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ 

ʤʦʜʫʣʷʮʽʾ ʪʘʢʽ ʩʠʛʥʘʣʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʤʦʜʫʣʷʮʽʾ, ʧʨʠ ʷʢʠʭ 

ʦʜʥʦʯʘʩʥʦ ʟʤʽʥʶʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ - ʫ ʚʠʧʘʜʢʫ, ʷʢʠʡ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʘʤʧʣʽʪʫʜʘ ʽ ʬʘʟʘ ʯʠ ʨʽʟʥʠʮʷ ʬʘʟ. ʉʠʛʥʘʣʠ ʟ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʦʶ ʯʠ 

ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʨʽʟʥʠʮʝʚʦʶ ʤʦʜʫʣʷʮʽʻʶ (ɸʌʄ) ʨʦʟʛʣʷʥʫʪʽ ʚ [16, 39, 107, 130, 

175, 177 ʪʘ ʽʥ.]. 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʩʠʛʥʘʣʽʚ ʟ ɸʌʄ ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʪʦʤʫ, ʱʦ 

ʩʠʛʥʘʣʴʥʽ ʪʦʯʢʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʜʚʦʭ ʢʦʥʮʝʥʪʨʠʯʥʠʭ ʦʢʨʫʞʥʽʩʪʴ. ʎʝʡ ʰʣʷʭ, 

ʦʜʥʘʢ, ʥʝ ʟʘʚʞʜʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʥʘ 

ʨʠʩ. 3.5 ʧʦʢʘʟʘʥʠʡ ʧʦʙʫʜʦʚʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʚʦʩʴʤʠʧʦʟʠʮʽʡʥʠʡ ʩʠʛʥʘʣ ʟ ɸʌʄ - 

ʩʠʛʥʘʣʴʥʽ ʪʦʯʢʠ ʧʦʟʥʘʯʝʥʽ ʭʨʝʩʪʠʢʘʤʠ. ʏʦʪʠʨʠ ʩʠʛʥʘʣʠ ʨʦʟʤʽʱʝʥʽ ʥʘ ʦʢʨʫʞʥʦʩʪʽ 

ʨʘʜʽʫʩʦʤ Ὑ ЍὉ, ʘ ʯʦʪʠʨʠ ð ʥʘ ʦʢʨʫʞʥʦʩʪʽ ʨʘʜʽʫʩʦʤ ὶ Ὑ ʽʟ ʟʩʫʚʦʤ ʧʦ ʬʘʟʽ ʥʘ 

ˊ/4. ɼʘʥʘ ʩʫʢʫʧʥʽʩʪʴ ʩʠʛʥʘʣʽʚ ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʫʤʫ ʤʽʥʽʤʘʣʴʥʦʾ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʫʩʽʚ R  ̔ r. ɼʽʡʩʥʦ, ʯʠʤ 

ʙʽʣʴʰʝ r ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ R, ʪʠʤ ʙʽʣʴʰʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ ʚʥʫʪʨʽʰʥʴʦʾ 

ʦʢʨʫʞʥʦʩʪʽ, ʘʣʝ ʪʠʤ ʤʝʥʰʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ ʚʥʫʪʨʽʰʥʴʦʾ ʽ ʟʦʚʥʽʰʥʴʦʾ 

ʦʢʨʫʞʥʦʩʪʝʡ. ʊʦʤʫ ʰʫʢʘʥʠʡ ʤʘʢʩʠʤʫʤ ʜʦʩʷʛʘʻʪʴʩʷ, ʢʦʣʠ ʮʽ ʚʽʜʩʪʘʥʽ ʩʪʘʶʪʴ 

ʨʽʚʥʠʤʠ, ʪʦʙʪʦ ʢʦʣʠ ʪʨʠʢʫʪʥʠʢ abc ʥʘ ʨʠʩ. 3.5 ï ʨʽʚʥʦʩʪʦʨʦʥʥʽʡ: 

 ab=bc=ca (3.14) 
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ʅʘʡʜʝʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ R/r, ʧʨʠ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ (3.14). 

ʆʯʝʚʠʜʥʽ ʥʘʩʪʫʧʥʽ ʨʽʚʥʦʩʪʽ: 

 ὥὨ

ς
ὶίὭὲ

“

τ
ȟ

ὦὧ

ÓÉÎ“Ⱦτ

Ὑ

ÓÉÎ “ “Ⱦτ “Ⱦφ
 

(3.15) 

 

ʇʽʜʩʪʘʚʠʚʰʠ (3.15) ʫ (3.14), ʦʜʝʨʞʠʤʦ: 

 ὙȾὶ ςὧέί“Ⱦρς ρȾωσς (3.16) 
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ʈʠʩ.3.5. ɺʦʩʴʤʠ ʧʦʟʠʮʽʡʥʠʡ ʩʠʛʥʘʣ  ʈʠʩ.3.6. ʅʘʡʢʨʘʱʠʡ ʚʦʩʴʤʠ ʧʦʟʠʮʽʡʥʠʡ  

ʟ ɸʌʄ ʽʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʩʠʛʥʘʣʴʥʠʭ  ʩʠʛʥʘʣ ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

            ʪʦʯʦʢ ʥʘ ʜʚʦʭ ʢʦʥʮʝʥʪʨʠʯʥʠʭ  

            ʦʢʨʫʞʥʦʩʪʷʭ 

ʇʨʠ ʮʴʦʤʫ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ὙȾὶ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʩʠʛʥʘʣʘʤʠ 

 
Ὠ ὥὦ

ЍὉίὭὲ“Ⱦτ

ὧέί“Ⱦρς
πȢχσЍὉ 

(3.17) 

 

ʎʷ ʚʽʜʩʪʘʥʴ ʪʨʦʭʠ ʤʝʥʰʘ, ʥʽʞ ʫ ʩʠʩʪʝʤʠ ʚʦʩʴʤʠʧʦʟʠʮʽʡʥʠʭ ʌʄ ʩʠʛʥʘʣʽʚ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʦʜʥʽʡ ʦʢʨʫʞʥʦʩʪʽ ʨʘʜʽʫʩʦʤ Ὑ ЍὉ (ʜʠʚ. ʨʠʩ.3.4,ʜ ʽ ʝ ̔ ʪʘʙʣ.3.1). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʚʠʧʘʜʢʫ ʪʨʠʢʨʘʪʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʤʽʱʝʥʥʷ ʩʠʛʥʘʣʴʥʠʭ ʚʝʢʪʦʨʽʚ ʥʘ 

ʜʚʦʭ ʢʦʥʮʝʥʪʨʠʯʥʠʭ ʦʢʨʫʞʥʦʩʪʷʭ ʟʘʤʽʩʪʴ ʦʜʥʽʻʾ ʥʝ ʜʘʻ ʚʠʛʨʘʰʫ. ʆʧʪʠʤʘʣʴʥʦʶ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʫʤʫ ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʡʧʨʦʩʪʽʰʘ 

ʚʦʩʴʤʠʧʦʟʠʮʽʡʥʘ ʩʠʩʪʝʤʘ ʟ ɸʌʄ, ʫ ʷʢʽʡ ʩʽʤ ʩʠʛʥʘʣʽʚ ʨʦʟʤʽʱʝʥʽ ʨʽʚʥʦʤʽʨʥʦ ʥʘ 
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ʦʢʨʫʞʥʦʩʪʽ ʨʘʜʽʫʩʦʤ Ὑ ЍὉ, ʘ ʚʦʩʴʤʠʡ ʩʠʛʥʘʣ ʜʦʨʽʚʥʶʻ ʥʫʣʝʚʽ [130]. ʊʘʢʘ 

ʩʫʢʫʧʥʽʩʪʴ ʩʠʛʥʘʣʴʥʠʭ ʪʦʯʦʢ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.6. ʄʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʫ ʮʽʡ 

ʩʠʩʪʝʤʽ: 

 
Ὠ ὥὦ

ЍὉÓÉÎς“Ⱦχ

ὧέί“Ⱦχ
πȢψφЍὉ 

(3.18) 

 ʅʝʜʦʣʽʢ ʩʠʛʥʘʣʫ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 3.6. ʪʦʡ ʞʝ, ʱʦ ʡ ʫ ʚʩʽʭ ʩʠʛʥʘʣʽʚ ʟ 

ɸʌʄ, - ʥʝʨʽʚʥʦ-ʧʦʪʫʞʥʽʩʪʴ ʚʘʨʽʘʥʪʽʚ. ʅʝʨʽʚʥʦ-ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʽʚ ʚʠʢʣʠʢʘʻ 

ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ ʷʢ ʧʨʠ ʾʭ ʧʝʨʝʜʘʯʽ ʧʦ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ (ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʥʝʣʽʥʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ), ʪʘʢ ʽ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ. ʅʝ ʜʠʚʣʷʯʠʩʴ 

ʥʘ ʚʽʜʦʤʽ ʥʝʜʦʣʽʢʠ ɸʌʄ, ʮʝʡ ʩʧʦʩʽʙ ʤʦʜʫʣʷʮʽʾ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʪʘʢ ʷʢ 

ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪ ʨʽʚʥʦʧʦʪʫʞʥʽ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʽ ʩʠʛʥʘʣʠ ʰʚʠʜʢʦ ʚʪʨʘʯʘʶʪʴ 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ. 

ʈʦʟʛʣʷʥʝʤʦ 16-ʧʦʟʠʮʽʡʥʽ ʩʠʛʥʘʣʠ ʟ ʌʄ ʽ ɸʌʄ. 

ʅʘ ʨʠʩ. 3.7 ʫ ʷʢʦʩʪʽ ʧʝʨʰʦʛʦ ʧʨʠʢʣʘʜʫ ʧʦʢʘʟʘʥʽ ʜʚʽ ʩʠʩʪʝʤʠ ʧʦʜʽʙʥʠʭ 

ʩʠʛʥʘʣʽʚ. ʊʦʯʢʘʤʠ ʥʘ ʦʢʨʫʞʥʦʩʪʽ ʨʘʜʽʫʩʦʤ Ὑ ЍὉ ʧʦʟʥʘʯʝʥʽ 16 ʚʘʨʽʘʥʪʽʚ ʩʠʛʥʘʣʫ 

ʟ ʌʄ. ʉʠʛʥʘʣʴʥʽ ʪʦʯʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʤʽʱʝʥʽ ʨʽʚʥʦʤʽʨʥʦ ʚʟʜʦʚʞ ʦʢʨʫʞʥʦʩʪʽ 

ʟ ʢʨʦʢʦʤ ˊ/8. ɿʘʟʚʠʯʘʡ ʚʦʥʠ ʢʦʜʫʶʪʴʩʷ ʯʦʪʠʨʠʨʦʟʨʷʜʥʠʤʠ ʜʚʽʡʢʦʚʠʤʠ 

ʢʦʤʙʽʥʘʮʽʷʤʠ ʯʦʪʠʨʠʢʨʘʪʥʦʛʦ ʢʦʜʫ ɻʨʝʷ. ʆʜʥʘʢ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʜ ɻʨʝʷ ʻ ʥʝ 

ʻʜʠʥʠʤ ʦʧʪʠʤʘʣʴʥʠʤ ʤʘʥʽʧʫʣʷʮʽʡʥʠʤ ʢʦʜʦʤ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ ʩʠʛʥʘʣʴʥʠʤʠ ʪʦʯʢʘʤʠ ʚ 16-ʧʦʟʠʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʟ 

ʌʄ ʯʠ ʌʈʄ Ὠ ˡ˙ πȢσωЍὉ (ʜʠʚ. ʪʘʙʣ.3.1), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʛʨʘʰʫ ʙʽʣʴʰʝ 

14 ʜɹ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʚʦʧʦʟʠʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚ ʢʦʣʽ ʜʘʥʦʛʦ 

ʨʘʜʽʫʩʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʢʨʘʱʫ ʩʠʩʪʝʤʫ ʩʠʛʥʘʣʽʚ ʟ ɸʌʄ. 

ʉʠʩʪʝʤʘ ʟ 16 ʩʠʛʥʘʣʽʚ ʟ ɸʌʄ ʧʦʟʥʘʯʝʥʘ ʥʘ ʨʠʩ. 3.7 ʭʨʝʩʪʠʢʘʤʠ.  
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ʈʠʩ.3.7. ʐʽʩʪʥʘʜʮʷʪʠʧʦʟʠʮʽʡʥʠʡ ʩʠʛʥʘʣ  ʈʠʩ.3.8. ʐʽʩʪʥʘʜʮʷʪʠʧʦʟʠʮʽʡʥʽ ʩʠʛʥʘʣʠ  

ʽʟ ɸʌʄ ʽʟ ʩʠʛʥʘʣʴʥʠʤʠ ʪʦʯʢʘʤʠ ʥʘ ʜʚʦʭ  ʽʟ ʌʄ ʪʘ ɸʌʄ ʽʟ ʩʠʛʥʘʣʴʥʠʤʠ ʪʦʯʢʘʤʠ 

ʢʦʥʮʝʥʪʨʠʯʥʠʭ ʦʢʨʫʞʥʦʩʪʷʭ   ʫ ʚʫʟʣʘʭ ʢʚʘʜʨʘʪʥʦʾ ʨʝʰʽʪʢʠ ʧʨʠ  

       ʦʙʤʝʞʝʥʽʡ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ 
 

ʅʝʧʘʨʥʽ ʩʠʛʥʘʣʠ ʮʽʻʾ ʩʠʩʪʝʤʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʤʽʱʝʥʽ ʥʘ ʦʢʨʫʞʥʦʩʪʽ ʙʽʣʴʰʦʛʦ 

ʨʘʜʽʫʩʫ ʟ ʽʥʪʝʨʚʘʣʦʤ ˊ/4. ʅʝʧʘʨʥʽ ʩʠʛʥʘʣʴʥʽ ʪʦʯʢʠ ʩʠʩʪʝʤʠ ʟ ɸʌʄ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʥʝʧʘʨʥʠʤʠ ʩʠʛʥʘʣʴʥʠʤʠ ʪʦʯʢʘʤʠ ʩʠʩʪʝʤʠ ʟ ʌʄ. ʇʘʨʥʽ ʩʠʛʥʘʣʠ ʩʠʩʪʝʤʠ ʟ ɸʌʄ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʤʽʱʝʥʽ ʥʘ ʦʢʨʫʞʥʦʩʪʽ ʤʝʥʰʦʛʦ ʨʘʜʽʫʩʫ r<R ʟ ʪʠʤ ʞʝ ʽʥʪʝʨʚʘʣʦʤ 

ˊ/4 ʽ ʟ ʟʘʛʘʣʴʥʠʤ ʟʩʫʚʦʤ ʚʽʜʥʦʩʥʦ ʥʝʧʘʨʥʠʭ ʚʘʨʽʘʥʪʽʚ ʥʘ ˊ/8. ʄʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʪʦʯʢʘʤʠ ʩʠʩʪʝʤʠ ʤʘʢʩʠʤʽʟʫʻʪʴʩʷ ʚʠʙʦʨʦʤ ʪʘʢʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ r<R  ʧʨʠ 

ʷʢʦʤʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʪʦʯʢʘʤʠ ʥʘ ʦʢʨʫʞʥʦʩʪʽ ʨʘʜʽʫʩʦʤ r ʜʦʨʽʚʥʶʻ ʚʽʜʩʪʘʥʽ 

ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ ʪʦʯʢʘʤʠ ʥʘ ʜʚʦʭ ʦʢʨʫʞʥʦʩʪʷʭ: cabcab == . ɸʥʘʣʦʛʽʯʥʦ (3.14) - 

(3.16): 

 ὥὦ ςὶίὭὲ“ȾψȠ (3.19) 

 
ὦὧ

ὙίὭὲ “Ⱦψ

ÓÉÎ “ “Ⱦψ “Ⱦφ
 

(3.20) 

  

ʇʦʨʽʚʥʶʶʯʠ (3.19) ʽ (3.20), ʦʜʝʨʞʫʻʤʦ: 

 ὙȾὶ ςὧέίυ“Ⱦςτ ρȢυψχ (3.21) 

 

ʇʨʠ ʜʘʥʦʤʫ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ R/r ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʩʠʛʥʘʣʘʤʠ: 

 
Ὠ ὃl ˙ ὥὦ

ЍὉίὭὲ “Ⱦψ

ὧέί υ“Ⱦςτ
πȢτψςЍὉ 

(3.22) 



113 

ʷʢʘ, ʷʢ ʚʠʜʥʦ, ʙʽʣʴʰʘ, ʥʽʞ Ὠ  (ʌʄ). 

ɺ ̫ ʢʦʩʪʽ ʜʨʫʛʦʛʦ ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ. 3.8 ʧʦʢʘʟʘʥʘ 16-ʧʦʟʠʮʽʡʥʘ ʩʠʩʪʝʤʘ 

ʩʠʛʥʘʣʽʚ ʟ ɸʌʄ, ʫ ʷʢʽʡ ʩʠʛʥʘʣʴʥʽ ʪʦʯʢʠ, ʧʦʟʥʘʯʝʥʽ ʭʨʝʩʪʠʢʘʤʠ ʽ ʧʨʦʥʫʤʝʨʦʚʘʥʽ, 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʫʟʣʘʭ ʢʚʘʜʨʘʪʥʦʾ ʨʝʰʽʪʢʠ. ʈʦʟʤʽʨ ʨʝʰʽʪʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʜʽʘʛʦʥʘʣʴ ʚʝʣʠʢʦʛʦ ʢʚʘʜʨʘʪʘ ʨʽʚʥʘ ʜʽʘʤʝʪʨʫ ʦʧʠʩʘʥʦʾ ʜʦʚʢʦʣʘ ʥʴʦʛʦ ʦʢʨʫʞʥʦʩʪʽ 

ςὙ ςЍὉ. ʅʘ ʦʢʨʫʞʥʦʩʪʽ ʜʣʷ ʟʽʩʪʘʚʣʝʥʥʷ ʨʦʟʤʽʱʝʥʽ 16 ʩʠʛʥʘʣʴʥʠʭ ʪʦʯʦʢ 

ʩʠʩʪʝʤʠ ʟ ʌʄ. ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʨʠʢʣʘʜʽ ʦʙʠʜʚʽ ʩʠʩʪʝʤʠ, ʱʦ ʟʽʩʪʘʚʣʷʶʪʴʩʷ, ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʝ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ, ʷʢʘ ʫ ʩʠʩʪʝʤʽ ʟ ɸʌʄ 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʟ ʥʦʤʝʨʘʤʠ 3, 7, 11 ʽ 15. ɿʘ ʪʘʢʠʭ ʫʤʦʚ 

ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʠʛʥʘʣʴʥʠʤʠ ʪʦʯʢʘʤʠ: 

 Ὠ ὃl ˙ ЍςὉȾσ πȢτχЍὉ (3.23) 

 

ʎʝ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʩʠʩʪʝʤʽ ʟ 16-ʧʦʟʠʮʽʡʥʦʶ ʌʄ, ʽ ʤʘʡʞʝ ʩʪʽʣʴʢʠ ʞ, ʩʢʽʣʴʢʠ ʚ 

ʩʠʩʪʝʤʽ ʩʠʛʥʘʣʽʚ ʟ ɸʌʄ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ. 3.7. 

ʅʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʜʘʻ ʧʝʨʝʭʽʜ ʚʽʜ ʌʄ ʜʦ ɸʌʄ ʫ ʩʠʩʪʝʤʘʭ ʟ ʦʙʤʝʞʝʥʦʶ 

ʩʝʨʝʜʥʴʦʶ ʧʦʪʫʞʥʽʩʪʶ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʛʥʘʣʴʥʽ ʪʦʯʢʠ 3, 7, 11 ʽ 15 ʩʠʩʪʝʤʠ 

ʩʠʛʥʘʣʽʚ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 3.8, ʙʫʜʫʪʴ ʣʝʞʘʪʠ ʥʘ ʦʢʨʫʞʥʦʩʪʽ ʨʘʜʽʫʩʦʤ, ʙʽʣʴʰʠʤ, 

ʥʞ̔ Ὑ ЍὉ, ʽ, ʦʪʞʝ, ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʙʫʜʝ ʙʽʣʴʰʦʶ, ʥʽʞ πȢτχЍὉ, ʫ ʪʦʡ ʯʘʩ ʷʢ 

ʜʣʷ ʩʠʛʥʘʣʽʚ ʽʟ ʌʄ ʫʩʽ ʧʘʨʘʤʝʪʨʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ, ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʧʦʧʝʨʝʜʥʽʤ, ʪʘʢ ʷʢ ʜʣʷ ʮʠʭ ʩʠʛʥʘʣʽʚ ʩʝʨʝʜʥʷ ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʦʩʪʽ ʨʽʚʥʽ ʦʜʠʥ 

ʦʜʥʦʤʫ. 
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ʈʠʩ.3.9. ʐʽʩʪʥʘʜʮʷʪʠʧʦʟʠʮʽʡʥʽ ʩʠʛʥʘʣʠ ʟ ʌʄ ʽ ɸʈʄ ʽʟ ʩʠʛʥʘʣʴʥʠʤʠ ʪʦʯʢʘʤʠ ʫ ʚʫʟʣʘʭ 

ʢʚʘʜʨʘʪʥʦʾ ʨʝʰʽʪʢʠ ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʩʝʨʝʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ 

 

ʅʘ ʨʠʩ.3.9 ʫ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʽ ʞ, ʱʦ ʽ ʥʘ ʨʠʩ. 3.8, 16-ʧʦʟʠʮʽʡʥʽ 

ʩʠʛʥʘʣʠ ʟ ʌʄ ʽ ɸʌʄ, ʘʣʝ ʜʣʷ ʚʠʧʘʜʢʫ ʦʙʤʝʞʝʥʦʾ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʅʘ 

ʦʢʨʫʞʥʦʩʪʽ ʨʘʜʽʫʩʦʤ Ὑ ЍὉ, ʜʝ E ð ʝʥʝʨʛʽʷ ʧʦʩʠʣʢʠ ʩʠʛʥʘʣʫ ʟ ʌʄ, ʧʦʢʘʟʘʥʽ 16 

ʩʠʛʥʘʣʴʥʠʭ
 
ʪʦʯʦʢ ʯʦʪʠʨʠʢʨʘʪʥʦʛʦ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʐʽʩʪʥʘʜʮʷʪʴ 

ʩʠʛʥʘʣʴʥʠʭ ʪʦʯʦʢ ʩʠʩʪʝʤʠ ʟ ɸʌʄ, ʚʽʜʟʥʘʯʝʥʽ ʭʨʝʩʪʠʢʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʫʟʣʘʭ 

ʢʚʘʜʨʘʪʥʦʾ ʨʝʰʽʪʢʠ, ʷʢʘ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʦʢʨʫʞʥʦʩʪʽ ʨʘʜʽʫʩʦʤ 

ЍὉ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʥʝʦʙʭʽʜʥʦ 

ʚʠʭʦʜʠʪʠ ʟ ʨʽʚʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʩʝʨʝʜʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʽʚ ʽʟ ʌʄ ʽ 

ɸʌʄ. ʋ ʩʠʛʥʘʣʽʚ ʽʟ ʌʄ ʩʝʨʝʜʥʷ ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʝʥʝʨʛʽʾ ʧʦʩʠʣʦʢ ʩʠʛʥʘʣʫ 

 Ὁὧὴl ˙ Ὁ ˡ˙ Ὁ (3.24) 

 

ʋ ʩʠʛʥʘʣʽʚ ʟ ɸʌʄ ʩʝʨʝʜʥʷ ʝʥʝʨʛʽʷ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʝʥʝʨʛʽʶ ʚʘʨʽʘʥʪʽʚ: 

 

Ὁὧὴὃl ˙
ρ

ρφ
ὉȢ 

(3.25) 

 

ʄʘʢʩʠʤʘʣʴʥʘ ʝʥʝʨʛʽʷ ʤʘʻ ʤʽʩʮʝ ʚ ʩʠʛʥʘʣʘʭ ʟ ʥʦʤʝʨʘʤʠ 3, 7, 11 ʽ 15: 
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 Ὁ Ὁ Ὁ Ὁ Ὁ Ȣ (3.26ʘ) 

 

ɽʥʝʨʛʽʷ ʽʥʰʠʭ ʩʠʛʥʘʣʽʚ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ Ὁ : 

 Ὁ Ὁ Ὁ Ὁ Ὁ ȾσȠ (3.26ʙ) 

 Ὁ Ὁ ỄὉ ЍυὉ ȾσȢ (3.26ʚ) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʩʪʘʚʠʚʰʠ (3.26) ʫ (3.25), ʦʜʝʨʞʠʤʦ: 

 Ὁ ὃl ˙ ς υὉ ȾφȢ (3.27) 

 

ʇʨʠʨʽʚʥʶʶʯʠ (3.24) ʽ (3.27), ʤʘʻʤʦ: 

 
Ὁ φȾς υЍὉ ρȢρωЍὉȢ 

(3.28) 

 

ʗʢ ʚʠʜʥʦ, ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʩʝʨʝʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʚʝʢʪʦʨʘ 

ʩʠʛʥʘʣʫ ʨʦʟʛʣʷʥʫʪʦʾ ʩʠʩʪʝʤʠ ʟ ɸʌʄ ʧʨʠʙʣʠʟʥʦ ʥʘ 20% ʙʽʣʴʰʘ ʚʽʜ ʜʦʚʞʠʥʠ 

ʚʝʢʪʦʨʘ ʩʠʛʥʘʣʫ ʟ ʌʄ. ʇʨʠ ʮʴʦʤʫ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʝʢʪʦʨʘʤʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ πȢτχЍὉ ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ (ʜʠʚ. ʨʠʩ.3.8) ʜʦ 

 Ὠ ὃl ˙ πȢυφЍὉ (3.29) 

  

ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʩʝʨʝʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ (ʜʠʚ. ʨʠʩ. 3.9). 

ʈʦʟʨʘʭʫʥʢʠ, ʘʥʘʣʦʛʽʯʥʽ ʧʨʠʚʝʜʝʥʠʤ, ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʚʠʧʘʜʢʫ ʩʠʛʥʘʣʽʚ ʟ 

ɸʌʄ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʜʚʦʭ ʢʦʥʮʝʥʪʨʠʯʥʠʭ ʦʢʨʫʞʥʦʩʪʷʭ (ʜʠʚ. ʨʠʩ.3.7), ʪʽ ʞ, ʱʦ 

ʡ ʫ (3.28) ʽ (3.29) ʧʘʨʘʤʝʪʨʠ ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʩʝʨʝʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ: 

 Ὁ ρȢςὉȠ    Ὠ ὃl ˙ πȢυψЍὉȢ (3.30) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʥʫʪʽ 16-ʧʦʟʠʮʽʡʥʽ ʩʠʛʥʘʣʠ ʟ ɸʌʄ - ʦʜʠʥ ʚʘʨʽʘʥʪ ʥʘ ʨʠʩ. 

3.7, ʘ ʜʨʫʛʠʡ ʥʘ ʨʠʩ. 3.8 ʽ 3.9 - ʧʨʠʙʣʠʟʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ ʜʦ ʧʦʪʝʥʮʽʡʥʦʾ 

ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʧʨʠ ʦʙʤʝʞʝʥʠʭ ʷʢ ʤʘʢʩʠʤʘʣʴʥʦʾ, ʪʘʢ ʽ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʷʭ. ʎʽ 

ʚʘʨʽʘʥʪʠ ʥʝ ʻ ʩʪʨʦʛʦ ʦʧʪʠʤʘʣʴʥʠʤʠ, ʦʜʥʘʢ ʙʣʠʟʴʢʽ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘ 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʶ [130]. ɺʦʥʠ ʟʨʫʯʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽ ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ. 
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ʈʦʟʛʣʷʥʫʪʽ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʽ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʽ ʩʠʛʥʘʣʠ ʽ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʽ 

ʩʠʛʥʘʣʠ ʟ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʦʶ (ʬʘʟʦʨʽʟʥʠʮʝʚʦʶ) ʤʦʜʫʣʷʮʽʻʶ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ ʮʠʬʨʦʚʦʛʦ ʟʚ'ʷʟʢʫ. ɺ ʨʘʜʽʦʢʘʥʘʣʘʭ ʤʘʡʞʝ ʚʠʥʷʪʢʦʚʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʩʠʛʥʘʣʠ ʟ ʦʜʥʦ-, ʜʚʦ- ʽ ʪʨʠʢʨʘʪʥʦʶ ʌʄ ʽ ʌʈʄ, ʘ ʪʘʢʦʞ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʥʠʭ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʋ ʢʘʥʘʣʘʭ ʧʨʦʚʦʜʦʚʦʛʦ ʽ 

ʨʘʜʽʦʨʝʣʝʡʥʦʛʦ ʟʚ'ʷʟʢʫ ʢʨʽʤ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʦʪʠʨʠʢʨʘʪʥʽ ʩʠʛʥʘʣʠ ʟ ɸʌʄ ʽ 

ʩʠʛʥʘʣʠ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʢʨʘʪʥʦʩʪʽ. 

 

3.3. ʌʘʟʦʨʽʟʥʠʮʝʚʘ ʤʦʜʫʣʷʮʽʷ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ 

 

ʌʘʟʦʨʽʟʥʠʮʝʚʘ ʤʦʜʫʣʷʮʽʷ ʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʫ ʧʨʘʢʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ 

ʯʘʩʪʢʦʚʠʤ ʚʠʧʘʜʢʦʤ ʨʽʟʥʠʮʝʚʦʾ ʤʦʜʫʣʷʮʽʾ. ɺʦʣʦʜʽʶʯʠ ʜʦʩʪʦʾʥʩʪʚʘʤʠ ʢʣʘʩʠʯʥʦʾ 

ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʚ ʦʙʣʘʩʪʽ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʌʈʄ ʷʢ ʨʽʟʥʠʮʝʚʘ ʤʦʜʫʣʷʮʽʷ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʥʫʪʠ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʟʤʽʥ ʬʘʟʠ ʽ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ. ʆʩʪʘʥʥʴʦʶ 

ʚʣʘʩʪʠʚʽʩʪʶ ʚʦʣʦʜʽʻ ʽ ʯʘʩʪʦʪʥʦ-ʨʽʟʥʠʮʝʚʘ ʤʦʜʫʣʷʮʽʷ (ʏʈʄ), ʦʜʥʘʢ ʟʘ ʽʥʰʠʭ 

ʨʽʚʥʦʧʨʘʚʥʠʭ ʫʤʦʚ ʌʈʄ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʚʠʩʦʢʽ ʧʠʪʦʤʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ. 

ʇʨʠ ʌʈʄ k-ʛʦ ʧʦʨʷʜʢʫ ʽʥʬʦʨʤʘʮʽʷ ʚʢʣʘʜʘʻʪʴʩʷ ʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ k-ʭ ʨʽʟʥʠʮʴ 

ʬʘʟ ʥʝʩʫʯʦʛʦ ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʢʽʥʮʝʚʝ ʯʠʩʣʦ ʟʥʘʯʝʥʴ: 

Ў•ȟЎ•ȟȣȟЎ• Ȣ ɺʽʜʧʦʚʽʜʥʘ ʩʠʩʪʝʤʘ ʥʘʟʠʚʘʻʪʴʩʷ ʪ-ʧʦʟʠʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʟ 

ʌʈʄ k-ʛʦ ʧʦʨʷʜʢʫ ʯʠ ʧʨʠ ά ς  ʩʠʩʪʝʤʦʶ ʟ N-ʢʨʘʪʥʦʶ ʌʈʄ k-ʛʦ ʧʦʨʷʜʢʫ. ʋ N-

ʢʨʘʪʥʠʭ ʩʠʩʪʝʤʘʭ ʚʘʨʽʘʥʪʠ ʧʝʨʝʜʘʥʠʭ k-ʭ ʨʽʟʥʠʮʴ ʬʘʟ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 

Ў̌• Ў̌•    Ὥ ρȟςȟȣȟς , ʜʝ Ў•  - ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ k-ʾ ʨʽʟʥʠʮʽ 

ʬʘʟ, ʷʢʝ ʦʙʠʨʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟʽ ʟʨʫʯʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʦʧʝʨʘʮʽʡ ʤʦʜʫʣʷʮʽʾ ʪʘ 

ʜʝʤʦʜʫʣʷʮʽʾ. 

ɺʠʙʽʨ ʧʦʨʷʜʢʫ ʌʈʄ ʘʙʦ ʏʈʄ ʫ ʪʽʡ ʯʠ ʽʥʰʽʡ ʩʠʩʪʝʤʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ 

ʥʝʘʜʠʪʠʚʥʠʭ ʜʽʡ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʯʘʩʪʦʪʠ ʽ ʬʘʟʠ ʩʠʛʥʘʣʫ, ʽ 

ʘʧʨʽʦʨʥʠʤʠ ʚʽʜʦʤʦʩʪʷʤʠ ʧʨʦ ʮʽ ʜʽʾ. ʈʦʟʛʣʷʥʝʤʦ ʮʝ ʧʠʪʘʥʥʷ ʜʦʢʣʘʜʥʽʰʝ. 

ʅʝʭʘʡ ʩʠʛʥʘʣ-ʧʝʨʝʥʦʩʥʠʢ ʤʘʻ ʢʦʣʠʚʘʥʥʷ ʚʠʜʫ: 
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 Ὓὸ ὥίὭὲ ‪ὸȢ (3.31) 

 

ɺʠʜʽʣʠʤʦ ʽʟ ʘʨʛʫʤʝʥʪʫ ʜʘʥʦʾ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ʣʽʥʽʡʥʫ ʩʢʣʘʜʦʚʫ ,‫ὸ 

ʷʢʘ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥ ʧʦʯʘʪʢʦʚʦʾ ʬʘʟʠ ʚ ʤʦʤʝʥʪʠ, ʢʨʘʪʥʽ ʪʨʠʚʘʣʦʩʪʽ ʧʦʩʠʣʢʠ ʊ, 

ʱʦ, ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠ ‫ ς“ὰȾὝ, ʜʝ l - ʮʽʣʝ ʯʠʩʣʦ. ʊʦʜʽ ʨʽʟʥʠʮʷ ʬʘʟ ‪ὸ ‫ὸ

•ὸ ʙʫʜʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʦʾ ʬʘʟʠ ʩʠʛʥʘʣʫ ʚ ʟʘʟʥʘʯʝʥʽ ʤʦʤʝʥʪʠ, ʘ 

ʩʠʛʥʘʣ (3.31) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

 Ὓὸ ὥίὭὲ‫ ὸ •ὸȢ (3.32) 

 

ʇʨʠ ʮʠʬʨʦʚʽʡ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʧʦ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʠʤʠ 

ʩʠʛʥʘʣʘʤʠ ʬʫʥʢʮʽʷ •ὸ ʚʽʜʦʙʨʘʞʘʻ ʷʢ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, ʪʘʢ ʽ 

ʟʙʫʨʶʶʯʽ ʜʽʾ. ʆʩʪʘʥʥʽ ʥʘʟʠʚʘʶʪʴʩʷ ʟʘʚʘʜʘʤʠ, ʘ ʪʘʢʦʞ ʥʝʣʽʥʽʡʥʠʤʠ ʽ 

ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʩʠʛʥʘʣʫ ʚ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ. ʎʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢ 

ʧʨʘʚʠʣʦ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘ ʢʽʥʮʝʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʦʣʽʥʦʤʽʘʣʴʥʦʶ ʤʦʜʝʣʣʶ ʟ 

ʚʠʧʘʜʢʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ •ȟ•ȟ•ȟȣȟ ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʦʩʪʽʡʥʽ, ʣʽʥʽʡʥʽ, 

ʢʚʘʜʨʘʪʠʯʥʽ ʽ ʪ.ʜ. ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʦʾ ʬʘʟʠ ʩʠʛʥʘʣʫ, 

 

•ὸ •ὸ • ὸȟ 
(3.33) 

 

ʜʝ  • - ʽʥʬʦʨʤʘʮʽʡʥʘ ʬʘʟʘ ʩʠʛʥʘʣʫ. ʊʘʢ ʷʢ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʚʽʜ ‫ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ‫  ʜʦʨʽʚʥʶʻ ʧʦʭʽʜʥʽʡ ʚʽʜ (3.33), ʪʦ: 

 

‫ὸ
Ὠ•

Ὠὸ
Ὥ•ὸ ‫ ὸȟ 

(3.34) 

 

ʜʝ  ‫ -  ̔ ʥʬʦʨʤʘʮʽʡʥʝ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ. ɿ (3.33) ʪʘ (3.34): 

 Ὠ •ὸ • ὸ

Ὠὸ
ḳπȟ

Ὠ ‫ὸ ‫ ὸ

Ὠὸ
ḳπȟ 

(3.35) 

 

ʟʚʽʜʢʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʦʚʝʜʝʥʦʶ ʚʠʱʝ ʚʣʘʩʪʠʚʽʩʪʶ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ 

ʜʠʩʢʨʝʪʥʦ ʨʽʟʥʠʮʝʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ k -ʝ ʨʽʟʥʠʮʽ ʬʘʟ ʩʠʛʥʘʣʫ ʽ (k-1)-

ʝ ʨʽʟʥʠʮʽ ʯʘʩʪʦʪʠ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʙʫʨʶʶʯʠʭ ʜʽʡ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʬʫʥʢʮʽʻʶ (3.33). 



118 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʧʘʨʘʟʠʪʥʘ ʟʤʽʥʘ ʬʘʟʠ ʩʠʛʥʘʣʫ ʥʘ ʽʥʪʝʨʚʘʣʽ ʪʨʠʚʘʣʽʩʪʶ 

(k+1)ʊ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʘ (k-1)-ʛʦ ʧʦʨʷʜʢʫ, ʪʦ ʘʙʩʦʣʶʪʥʫ 

ʽʥʚʘʨʽʘʥʪʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʮʠʭ ʟʤʽʥ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʌʈʄ k-ʛʦ ʧʦʨʷʜʢʫ ʯʠ (k-1)-ʛʦ 

ʧʦʨʷʜʢʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʪʢʦʚʽ ʚʠʧʘʜʢʠ:  

1. ʅʝʚʠʟʥʘʯʝʥʘ, ʘʣʝ ʥʝʟʤʽʥʝʥʘ ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ ʩʠʛʥʘʣʫ: 

 •ὸ • ὸ •Ƞ    ‫ὸ ‫ ὸȢ (3.36) 

 

ʎʷ ʩʠʪʫʘʮʽʷ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʥʝʢʦʛʝʨʝʥʪʥʦʩʪʽ ʟʘʜʘʶʯʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʫ ʣʽʥʽʾ 

ʟʚ'ʷʟʢʫ ʘʙʦ ʥʝʩʪʨʦʛʦʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʩʠʛʥʘʣʫ ʪʘ ʦʧʦʨʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʚ 

ʜʝʤʦʜʫʣʷʪʦʨʽ (ʢʦʛʝʨʝʥʪʥʽʩʪʴ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʜʠʩʢʨʝʪʥʦʛʦ ʟʩʫʚʫ). ʊʘʢ ʷʢ ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ 

 Ὠ•ὸ • ὸ

Ὠὸ
ḳπȠ  ‫ὸ ‫ ὸḳπȟ 

 

ʪʦ Ў• Ў• Ὥὲ ÖÁÒ•Ƞ  Ў‫ ‫ Ὥὲ ÖÁÒ•Ȣ (3.37) 

 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʘʙʩʦʣʶʪʥʫ ʽʥʚʘʨʽʘʥʪʥ̔ ʩʪʴ ʜʦ ʧʦʩʪʽʡʥʠʭ ʚʽʜʭʠʣʝʥʴ ʬʘʟʠ 

ʩʠʛʥʘʣʫ ʟʘʙʝʟʧʝʯʫʻ ʌʈʄ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʽ ʏʈʄ ʥʫʣʴʦʚʦʛʦ (ʪʦʙʪʦ ʏʄ) ʧʦʨʷʜʢʫ. 

2. ʅʝʚʠʟʥʘʯʝʥʘ ʽ ʣʽʥʽʡʥʦ ʟʤʽʥʥʘ ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ (ʥʝʚʠʟʥʘʯʝʥʘ, ʘʣʝ ʧʦʩʪʽʡʥʘ 

ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ): 

 •ὸ • ὸ • • Ƞ    ‫ὸ ‫ ὸ •Ȣ (3.38) 

 

ʎʷ ʩʠʪʫʘʮʽʷ ʚʠʥʠʢʘʻ ʚ ʥʘʩʣʽʜʦʢ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʥʝʝʪʘʣʦʥʥʦʩʪʽ ʟʘʜʘʶʯʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ ʫ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ ʪʘ ʝʬʝʢʪʦʤ ɼʦʧʧʣʝʨʘ ʧʨʠ ʟʚ'ʷʟʢʫ ʟ ʨʫʭʦʤʠʤ ʯʠ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʦʙ'ʻʢʪʦʤ ʽʟ ʨʽʚʥʦʤʽʨʥʦʶ ʫ ʯʘʩʽ ʟʤʽʥʦʶ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʽ 

ʧʨʠʡʤʘʯʝʤ. ʊʘʢ ʷʢ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ: 

 Ὠ •ὸ • ὸȾὨὸḳπȠ  Ὠ‫ὸ ‫ ὸȾὨὸḳπȟ (3.39) 

ʪʦ Ў• Ў• Ὥὲ ÖÁÒ•ȟ• Ƞ  Ў‫ Ў‫ Ὥὲ ÖÁÒ•ȟ•   

 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʘʙʩʦʣʶʪʥʫ ʽʥʚʘʨʽʘʥʪʥ̔ ʩʪʴ ʜʦ ʣʽʥʽʡʥʠʭ ʚʽʜʭʠʣʝʥʴ ʬʘʟʠ ʩʠʛʥʘʣʫ 

ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʌʈʄ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʽ ʏʈʄ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 



119 

3. ʅʝʚʠʟʥʘʯʝʥʘ ʽ ʢʚʘʜʨʘʪʠʯʥʦ-ʟʤʽʥʥʘ ʬʘʟʘ ʩʠʛʥʘʣʫ (ʥʝʚʠʟʥʘʯʝʥʘ ʽ ʣʽʥʽʡʥʦ 

ʟʤʽʥʥʘ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ): 

 •ὸ • ὸ • •ὸ •ὸȠ  ‫ὸ ‫ ὸ ‫ ς‫ὸȢ (3.40) 

 

ʎʷ ʩʠʪʫʘʮʽʷ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʟʘʜʘʶʯʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʫ ʣʽʥʽʾ 

ʟʚ'ʷʟʢʫ ʪʘ ʯʝʨʝʟ ʝʬʝʢʪ ɼʦʧʧʣʝʨʘ ʧʨʠ ʨʽʚʥʦʧʨʠʩʢʦʨʝʥʽʡ ʟʤʽʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʧʝʨʝʜʘʚʘʯʝʤ ʽ ʧʨʠʡʤʘʯʝʤ. ʊʘʢ ʷʢ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

 Ὠ •ὸ • ὸȾὨὸḳπȠ   Ὠ ‫ὸ ‫ ὸȾὨὸḳπȟ  

ʪʦ Ў• Ў• Ὥὲ ὺὥὶ•ȟ•ȟ• Ƞ  Ў‫ Ў‫ Ὥὲ ὺὥὶ•ȟ•ȟ• Ƞ (3.41) 

  

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʘʙʩʦʣʶʪʥʫ ʽʥʚʘʨʽʘʥʪʥ̔ ʩʪʴ ʜʦ ʢʚʘʜʨʘʪʠʯʥʠʭ ʟʤʽʥ ʬʘʟʠ 

(ʣʽʥʽʡʥʠʭ ʚʽʜʭʠʣʝʥʥʷʭ ʯʘʩʪʦʪʠ) ʩʠʛʥʘʣʫ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʌʈʄ ʪʨʝʪʴʦʛʦ 

ʧʦʨʷʜʢʫ ʽ ʏʈʄ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. 

ɼʝʷʢʽ ʜʦʜʘʪʢʦʚʽ ʟʘʫʚʘʞʝʥʥʷ ʩʣʽʜ ʟʨʦʙʠʪʠ ʟ ʧʨʠʚʦʜʫ ʫʤʦʚ ʽ ʟʘʩʦʙʽʚ ʜʦʩʷʛʥʝʥʥʷ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʚ ʨʦʟʛʣʷʥʫʪʠʭ ʩʠʪʫʘʮʽʷʭ. 

ʑʦʜʦ ʫʤʦʚ ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʘʧʨʦʢʩʠʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʟʤʽʥ ʬʘʟʠ ʽ ʯʘʩʪʦʪʠ, ʷʢʘ 

ʟʘʜʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (3.33) ʽ (3.34), ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʧʨʘʚʝʜʣʠʚʦʶ ʜʣʷ 

ʽʥʪʝʨʚʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʪʨʠʚʘʣʽʩʪʴ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʪʨʠʚʘʣʦʩʪʽ k+1 ʧʦʩʠʣʢʠ 

ʩʠʛʥʘʣʫ. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʌʈʄ-1, ʪʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʘʙʩʦʣʶʪʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʬʘʟʠ ʦʩʪʘʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝʟʤʽʥʥʦʶ ʥʘ 

ʽʥʪʝʨʚʘʣʽ ʜʚʦʭ ʧʦʩʠʣʦʢ. ʗʢʱʦ ʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʌʈʄ-2, ʪʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʘʙʩʦʣʶʪʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʜʦ ʯʘʩʪʦʪʠ ʥʝʩʫʯʦʛʦ ʢʦʣʠʚʘʥʥʷ ʮʷ ʯʘʩʪʦʪʘ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʥʝʟʤʽʥʥʦʶ ʥʘ ʽʥʪʝʨʚʘʣʽ ʪʨʴʦʭ ʧʦʩʠʣʦʢ. ʗʢʱʦ ʟʘʟʥʘʯʝʥʽ ʫʤʦʚʠ ʥʝ 

ʚʠʢʦʥʫʶʪʴʩʷ ʽ ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʠ ʬʘʟʠ ʥʝ ʚʠʨʘʞʘʶʪʴʩʷ ʪʦʯʥʦ ʯʝʨʝʟ ʧʦʣʽʥʦʤ (k-1)-ʛʦ 

ʩʪʫʧʝʥʷ ʥʘ ʽʥʪʝʨʚʘʣʽ k+1 ʧʦʩʠʣʢʠ, ʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʌʈʄ-k ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʣʠʰʝ ʚʽʜʥʦʩʥʫ ʽʥʚʘʨʽʘʥʪʥ̔ ʩʪʴ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʟʠʪʥʠʭ ʟʤʽʥ ʬʘʟʠ ʽ ʯʘʩʪʦʪʠ 

ʩʠʛʥʘʣʫ, ʪʦʙʪʦ ʧʦʩʣʘʙʠʪʠ, ʘ ʥʝ ʫʩʫʥʫʪʠ ʚʧʣʠʚ ʟʙʫʨʶʶʯʠʭ ʜʽʡ. ʉʪʫʧʽʥʴ ʪʘʢʦʛʦ 

ʦʩʣʘʙʣʝʥʥʷ ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʩʠʪʫʘʮʽʾ ʦʢʨʝʤʦ. 

ɿʘʩʦʙʘʤʠ ʜʦʩʷʛʥʝʥʥʷ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʜʦ ʟʤʽʥ ʯʘʩʪʦʪʠ ʪʘ ʬʘʟʠ ʩʠʛʥʘʣʫ ʻ 

ʘʜʝʢʚʘʪʥʽ ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ (ʤʦʜʫʣʷʮʽʾ) ʽ ʦʙʨʦʙʢʠ (ʜʝʤʦʜʫʣʷʮʽʾ) ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ. 
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ʈʝʘʣʽʟʘʮʽʷ ʤʦʜʫʣʷʪʦʨʽʚ ʫ ʩʠʩʪʝʤʘʭ ʽʟ ʌʈʄ-k ʥʝ ʤʽʩʪʠʪʴ ʥʽʷʢʠʭ ʧʨʠʥʮʠʧʦʚʠʭ 

ʪʨʫʜʥʦʱʽʚ. ɯʟ ʟʘʛʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʩʠʛʥʘʣʽʚ ʟ ʌʈʄ ʥʝʚʘʞʢʦ ʦʜʝʨʞʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʌʈ-k. ʋ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ.3.10 ʧʦʢʘʟʘʥʽ ʩʭʝʤʠ ʤʦʜʫʣʷʪʦʨʽʚ 

ʩʠʛʥʘʣʽʚ ʽʟ ʌʈʄ-2 ʽ ʌʈʄ-3. ɺʦʥʠ ʤʽʩʪʷʪʴ ʢʦʜʝʨʠ, ʬʘʟʦʚʽ ʤʦʜʫʣʷʪʦʨʠ (ʌʄ) ʽ 

ʧʨʠʩʪʨʦʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʟʥʠʮʴ ʬʘʟ ʜʨʫʛʦʛʦ ʘʙʦ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʪʦʯʥʦʾ ʬʘʟʠ ʩʠʛʥʘʣʫ, ʷʢʽ, ʟʘʟʚʠʯʘʡ, ʥʘʟʠʚʘʶʪʴ ʧʝʨʝʢʦʜʦʚʫʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 

(ʦʙʚʝʜʝʥʽ ʰʪʨʠʭʦʚʠʤʠ ʣʽʥʽʷʤʠ).  

ɹʽʣʴʰ ʩʢʣʘʜʥʠʤ ʻ ʧʠʪʘʥʥʷ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʜʝʤʦʜʫʣʷʪʦʨʽʚ ʩʠʛʥʘʣʽʚ ʟ ʌʈʄ-k. 

ʇʨʠ ʌʈʄ - ʮʝ ʚʠʤʽʨʶʚʘʯ-ʜʝʤʦʜʫʣʷʪʦʨ ʩʠʛʥʘʣʫ, ʱʦ ʙʫʜʫʻʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘʧʨʽʦʨʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʧʨʠʡʥʷʪʠʡ ʩʠʛʥʘʣ ʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʧʦʨʷʜʢʫ ʦʙʯʠʩʣʶʚʘʥʠʭ ʥʘʜʘʣʽ ʨʽʟʥʠʮʴ ʬʘʟʠ. ʊʘʢ, ʧʨʠ ʌʈʄ-1, ʷʢ ʚʽʜʟʥʘʯʘʣʦʩʷ 

ʚʠʱʝ, ʚʣʘʩʪʠʚʽʩʪʴ ʘʙʩʦʣʶʪʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ, ʩʪʦʩʦʚʥʦ ʥʝʚʠʟʥʘʯʝʥʦʾ ʧʦʯʘʪʢʦʚʦʾ 

ʬʘʟʠ ʩʠʛʥʘʣʫ, ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ 

ʩʠʛʥʘʣʽʚ ʽʟ ʌʈʄ-1, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʡ 

ʘʚʪʦ-ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʽʚ. ɸʣʛʦʨʠʪʤʠ ʨʦʙʦʪʠ ʽ ʩʭʝʤʠ ʪʘʢʠʭ 

ʜʝʤʦʜʫʣʷʪʦʨʽʚ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʠʞʯʝ. ʇʨʠ ʌʈʄ-2 ʚʣʘʩʪʠʚʽʩʪʴ 

ʘʙʩʦʣʶʪʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʜʦ ʯʘʩʪʦʪʠ ʥʝʩʫʯʦʛʦ ʢʦʣʠʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʚʪʦ-ʢʦʨʝʣʷʮʽʡʥʠʭ ʜʝʤʦʜʫʣʷʪʦʨʽʚ, ʱʦ ʪʘʢʦʞ ʜʦʢʣʘʜʥʦ ʚʠʚʯʘʶʪʴʩʷ 

ʥʠʞʯʝ. ʇʨʠ ʌʈʄ-3 ʘʚʪʦ-ʢʦʨʝʣʷʮʽʡʥʠʡ ʜʝʤʦʜʫʣʷʪʦʨ, ʷʢ ʙʫʜʝ ʥʘʚʝʜʝʥʦ, ʟʘʙʝʟʧʝʯʫʻ 

ʪʽʣʴʢʠ ʚʽʜʥʦʩʥʫ ʽʥʚʘʨʽʘʥʪʥ̔ ʩʪʴ ʜʦ ʣʽʥʽʡʥʠʭ ʟʤʽʥ ʯʘʩʪʦʪʠ, ʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʘʙʩʦʣʶʪʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʩʠʥʪʝʟʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʠʡ ʥʝʜʚʦʚʠʤʽʨʥʠʡ 

ʚʠʤʽʨʶʚʘʯ ʧʦʪʦʯʥʦʾ ʬʘʟʠ ʩʠʛʥʘʣʫ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʤʽʨʶʚʘʯ ʬʘʟʠ ʚ 

ʩʠʩʪʝʤʘʭ ʽʟ ʌʈʄ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʠʩʪʨʽʡ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʬʘʟʠ ʩʠʛʥʘʣʫ ʧʨʠ ʘʧʨʽʦʨʥʠʭ ʚʽʜʦʤʦʩʪʷʭ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʽʡ ʩʪʫʧʝʥʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʷʢʫ ʜʘʥʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʧʦʜʦʣʘʪʠ [137]. 
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ʈʠʩ.3.10. ʄʦʜʫʣʷʪʦʨʠ ʩʠʛʥʘʣʽʚ ʟ ʌʈʄ ʜʨʫʛʦʛʦ (ʘ) ʪʘ ʪʨʝʪʴʦʛʦ (ʙ) ʧʦʨʷʜʢʽʚ 

 

ɺʀʉʅʆɺʂʀ ʧʝʨʝʩʤʦʪʨʝʪʴ 

1. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʩʧʦʩʦʙʫ ʧʨʠʡʤʘʥʥʷ, ʪʘʢ ʽ 

ʚʽʜ ʚʠʛʣʷʜʫ ʧʝʨʝʜʘʥʠʭ ʩʠʛʥʘʣʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʜʝʤʦʜʫʣʷʪʦʨ ʨʝʘʣʽʟʫʻ 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ, ʙʣʠʟʴʢʫ ʜʦ ʧʦʪʝʥʮʽʡʥʦʾ. ʆʙʤʝʞʝʥʥʷ ʧʦʚôʷʟʘʥʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠ 

ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʥʷ ʦʮʽʥʦʢ ʟʨʘʟʢʽʚ ʩʠʛʥʘʣʽʚ, ʱʦ ʥʝ ʧʦʟʙʘʚʣʝʥʽ ʚʧʣʠʚʫ ʟʘʚʘʜ. 

2. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʥʘʣʫ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʤʘʻ 

ʧʨʦʚʦʜʠʪʠʩʴ ʚʠʙʦʨʦʤ ʥʘʡʢʨʘʱʠʭ ʩʠʛʥʘʣʴʥʠʭ ʩʫʟʽʨôʾʚ, ʥʘʚʝʜʝʥʠʭ ʚ 3-ʤʫ ʨʦʟʜʽʣʽ. 

3. ʅʘ ʧʽʜʩʪʘʚʽ ʥʘʚʝʜʝʥʦʛʦ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜʠʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʦʤʫ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʩʠʛʥʘʣʽʚ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, 

ʚʨʘʭʦʚʫʻ ʬʘʟʦ-ʨʽʟʥʠʮʝʚʫ ʤʦʜʫʣʷʮʽʶ ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ 

ʧʦʙʫʜʦʚʠ ʩʠʛʥʘʣʽʚ ʟ ʝʚʢʣʽʜʦʚʦʶ ʤʝʪʨʠʢʦʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʝʨʝʩʪʘʥʦʚʦʯʥʠʭ ʢʦʜʽʚ. 
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ʈʆɿɼɯʃ 4. 

ʆʇʊʀʄɯɿɸʎɯʗ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʄʆɼɽʃɯ  ʉʀʉʊɽʄʀ 

ʋʇʈɸɺʃɯʅʅʗ ɯʅʌʆʂʆʄʋʅɯʂɸʎɯʁʅʀʄʀ ʄɽʈɽɾɸʄʀ ʅɸ ɹɸɿɯ 

ʆɹɭʂʊʅʆ-ʆʈɯɭʅʊʆɺɸʅʆɻʆ ʇɯɼʍʆɼʋ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ (ʉʋ) ʩʫʯʘʩʥʠʤʠ ɯʂʄ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʟʘʜʘʥʠʤ ʨʽʚʥʝʤ 

ʢʽʙʝʨʙʝʟʧʝʢʠ, ʢʦʢʫʨʝʥʪʦʟʜʘʪʥʽʩʪʶ, ʩʢʣʘʜʥʽʩʪʶ, ʚʝʣʠʢʠʤʠ ʬʽʟʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ, 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʚʽʜʤʦʚ ʽ ʟʙʦʾʚ. 

ʇʨʠʨʦʜʥʦ, ʱʦ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʷʢʦʩʪʽ ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʦʙʩʷʛʫ ʥʘʜʘʚʘʻʤʠʭ ʧʦʩʣʫʛ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʢʽʣʴʢʽʩʪʴ ʫʧʨʘʚʣʷʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʉʋ ʩʫʪʪʻʚʦ 

ʟʨʦʩʪʘʻ. ʊʦʤʫ ʧʨʠ ʩʠʥʪʝʟʽ ʩʠʩʪʝʤ ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ ʧʨʦʚʦʜʠʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ ʷʢ 

ʩʘʤʦʾ ʉʋ, ʪʘʢ ʽ ʧʨʦʮʝʩʫ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʷ [4]. ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʨʦʟʨʦʙʣʶʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʘ ʪʝʨʤʽʥʫ ʯʘʩʫ ʨʦʟʨʦʙʢʠ, 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ, ʯʘʩ ʽ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʩʘʤʦʾ ʩʠʩʪʝʤʠ 

ʪʘ ʾʾ ʧʘʨʘʤʝʪʨʘʤʠ. ɸʣʝ ʟʘʚʜʘʥʥʷ ʦʜʥʦʯʘʩʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʉʋ ʽ 

ʧʨʦʮʝʩʫ ʾʾ ʩʠʥʪʝʟʫ ʷʚʣʷʻʪʴʩʷ ʩʢʣʘʜʥʠʤ. ɿʘʚʜʘʥʥʷ ʩʠʥʪʝʟʫ ʧʦʣʷʛʘʻ ʚ ʟʥʘʭʦʜʞʝʥʥʽ 

ʪʘʢʦʾ ʉʋ, ʷʢʘ ʧʨʦʚʦʜʠʪʴ ʦʧʪʠʤʽʟʘʮʽʶ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ 

ʧʨʦ ʚʭʽʜʥʽ ʜʘʥʽ ʪʘ ʩʧʝʢʪʨ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚ.  

ɿʘʚʜʘʥʥʷ ʩʠʥʪʝʟʫ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ, ʪʦʙʪʦ ʥʘ ʦʩʥʦʚʽ ʚʝʢʪʦʨʽʚ ὑὯȟὯȟȣȟὯ . ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʟʘʜʘʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʨʷʜʦʢ ʢʨʠʪʝʨʽʘʣʴʥʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʥʦʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʠʥʪʝʟʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʫʧʨʘʚʣʷʶʯʠʭ 

ʟʤʽʥʥʠʭ ὼɴ Ὀ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʥʦʯʘʩʥʦ ʤʽʥʽʤʫʤ ʚʩʽʭ ʚʚʝʜʝʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ א ὼȟὑ ρȟςȟȣȟίȢ 

ʗʢ ʧʨʘʚʠʣʦ ʜʘʥʽ ʢʨʠʪʝʨʽʾ ʷʚʣʷʶʪʴʩʷ ʩʫʧʝʨʝʯʣʠʚʠʤʠ, ʘ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘ ʢʦʞʥʠʤ ʟ 

ʥʠʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʚʦʾʭ ʟʥʘʯʝʥʴ ʫʧʨʘʚʣʷʶʯʠʭ ʟʤʽʥʠʭ.  
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ʊʦʤʫ ʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ï ʮʝ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʚʠʙʦʨʫ 

ʫʧʨʘʚʣʷʶʯʠʭ ʟʤʽʥʠʭ ʭ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦʧʫʩʪʠʤʽʡ ʦʙʣʘʩʪʽ D ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʋ - אὼ). ʊʘʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ ʧʦʢʘʟʫʻ 

ʚ̔ ʜʥʦʩʥʫ "ʧʝʨʝʚʘʛʫ" ʦʜʥʦʛʦ ʚʘʨʽʘʥʪʫ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʠʪʝʨʽʻʤ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ. 

ɽʢʩʪʨʝʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ אὼ) (ʢʽʣʴʢʽʩʥʝ ʟʥʘʯʝʥʥʷ) 

ʤʦʞʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʦʜʥʫ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʉʋ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʜʣʷ ʢʦʞʥʦʛʦ ʢʨʠʪʝʨʽʶ א ὼȟא ὼȟȣȟא ὼ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʚʝʢʪʦʨ  ὼ

ὼȟὼȟȣȟὼ  ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʝ (ʤʘʢʩʠʤʘʣʴʥʝ) ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʟʘ ʚʠʨʘʟʦʤ (4.1) ʧʨʠ ʨʽʰʝʥʥʽ ʩʠʩʪʝʤʠ ʥʝʨʽʚʥʦʩʪʝʡ (4.1), (4.2). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʉʋ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʫʤʦʚʠ ʦʧʪʠʤʽʟʘʮʽʾ - ʚʠʨʘʟʽʚ (4.1) - (4.3), ʪʦʙʪʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ  ὼᶻ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʥʝʨʽʚʥʦʩʪʷʤ (4.2), (4.3) ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ 

ʤʽʥʽʤʘʣʴʥʦʛʦ (ʤʘʢʩʠʤʘʣʴʥʦʛʦ) ʟʥʘʯʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʉʋ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ. 

ɼʣʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ɯʂʄ ʚʠʟʥʘʯʠʤʦ ʯʘʩʪʢʦʚʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ: א ὼ ï 

ʦʙʻʤ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ; א ὼ ï ʚʝʣʠʯʠʥʘ ʟʘʪʨʠʤʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʤʝʨʝʞʽ; א ὼ - ʥʘʜʽʡʥʽʩʪʴ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ 

ʤʝʨʝʞʽ; א ὼ - ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ; א ὼ - ʮʽʥʘ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ɯʂʄ. 

ʈʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʩʠʥʪʝʟʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʧʪʠʤʘʣʴʥʝ ʜʣʷ ʞʦʜʥʦʛʦ ʟ 

ʯʘʩʪʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʘʣʝ ʻ ʢʦʤʧʨʦʤʽʩʥʠʤ ʜʣʷ ʚʝʢʪʦʨʘ אὼ) ʫ ʮʽʣʦʤʫ. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʤʧʨʦʤʽʩʥʝ ʨʽʰʝʥʥʷ ὼᶻᶰὈ ʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ ʟʥʘʯʝʥʥʷʤ, 

ʷʢʱʦ ʜʣʷ ʥʴʦʛʦ ʩʧʨʘʚʝʜʣʠʚʘ ʥʝʨʽʚʥʽʩʪʴ אὼᶻ ὼ ʧʨʠ ὼɴא Ὀ. ʊʦʙʪʦ, ʙʫʜʴ-ʷʢʠʡ 

ʢʦʤʧʦʥʝʥʪ א ὼᶻ א ὼȟ ʜʝ Ὧ ρȟςȟȣȟίȟ ʘʣʝ ʭʦʯʘ ʙ ʜʣʷ ʦʜʥʦʛʦ ʟ s-ʯʠʩʝʣ 

ʟʥʘʡʜʝʪʴʩʷ ʟʥʘʯʝʥʥʷ ὼɴ Ὀ, ʧʨʠ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʞʦʨʩʪʢʘ ʥʝʨʽʚʥʽʩʪʴ א ὼᶻ

ὗὼ. ʄʥʦʞʠʥʦʶ ʚʩʽʭ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʥʘʟʠʚʘʻʪʴʩʷ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ, ʘʙʦ 

ʦʙʣʘʩʪʴ ʨʽʰʝʥʴ [9]. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʝ ʤʦʞʥʘ ʜʘʣʽ ʟʤʝʥʰʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʙʫʜʴ-

ʷʢʦʛʦ ʟ ʯʘʩʪʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʥʝ ʧʽʜʥʽʤʘʶʯʠ ʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ ʟ ʽʥʰʠʭ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʫʤʫ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʉʋ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ אὼ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʡʪʠ ʚʽʜ ʟʘʚʜʘʥʥʷ ʚʝʢʪʦʨʥʦʛʦ 

ʩʠʥʪʝʟʫ ʜʦ ʟʘʚʜʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʫ: 

ὼא  ˡא ὼȟא ὼȣȟא ὼ  (4. 31) 

 

4.1. ʂʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ɯʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ (ʉʋ) ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʦʟʥʘʢʘʤʠ ʩʢʣʘʜʥʦʾ ʚʝʣʠʢʦʾ ʩʠʩʪʝʤʠ ï ʙʘʛʘʪʦʤʽʨʥʽʩʪʶ, ʨʦʟʤʘʾʪʪʷʤ ʩʪʨʫʢʪʫʨʠ, 

ʙʘʛʘʪʦʟʚ'ʷʟʥʽʩʪʶ ʝʣʝʤʝʥʪʽʚ, ʨʽʟʥʦʨʽʜʥʽʩʪʶ ʙʘʟʠ ʝʣʝʤʝʥʪʽʚ, ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽʩʪʶ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʦʧʪʠʤʽʟʘʮʽʶ ʷʢ ʩʘʤʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʪʘʢ ʽ ʧʨʦʮʝʩʫ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʆʙʠʜʚʘ ʥʘʧʨʘʚʣʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽ ʽ ʛʨʫʥʪʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʝʢʪʦʨʥʦʛʦ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʠ. 

ɺʝʢʪʦʨʥʠʤ [1] ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʥʪʝʟ, ʷʢʠʡ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʪʦʙʪʦ ʥʘ ʦʩʥʦʚʽ ʚʝʢʪʦʨʽʚ ὑὯȟὯȣȟὯ , ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʝʢʪʦʨʥʦʛʦ 

ʩʠʥʪʝʟʫ ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʝʥʥʷ ʫʧʨʘʚʣʷʶʯʠʭ ʟʤʽʥʥʠʭ ὼɴ Ὀ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ 

ʦʜʥʦʯʘʩʥʦ ʤʽʥʽʤʫʤ ʚʩʽʭ ʚʚʝʜʝʥʠʭ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ א ὼȟὑ ρȟςȟȣȟίȢ 

ʆʧʪʠʤʽʟʘʮʽʷ ʟʘ ʢʦʞʥʠʤ ʟ ʥʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʫʧʨʘʚʣʷʶʯʠʭ 

ʟʤʽʥʠʭ ʽ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʝʢʪʦʨʥʠʡ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ א א ὼȟȣȟא ὼ , ʥʘ 

ʦʩʥʦʚʽ ʷʢʦʛʦ ʧʨʦʚʦʜʷʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʊʦʤʫ ʚʚʘʞʘʻʪʴʩʷ [2], ʱʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ï ʮʝ ʧʨʦʮʝʩ 

ʚʠʙʦʨʫ ʫʧʨʘʚʣʷʶʯʠʭ ʟʤʽʥʠʭ ʭ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦʧʫʩʪʠʤʽʡ ʦʙʣʘʩʪʽ D ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʋ ï אὼ. ʉʘʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʫʻ 

ʚʽʜʥʦʩʥʫ "ʧʝʨʝʚʘʛʫ" ʦʜʥʦʛʦ ʚʘʨʽʘʥʪʫ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʠʪʝʨʽʻʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ (ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ). 

ɽʢʩʪʨʝʤʘʣʴʥʝ ʢʽʣʴʢʽʩʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ אὼ ʧʦʚʠʥʥʝ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʠ ʦʜʥʫ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʉʋ ʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʘʚʜʘʥʥʷ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʦʪʨʠʤʫʶʪʴ ʤʘʢʩʠʤʫʤ ʘʙʦ ʤʽʥʽʤʫʤ ʮʽʻʾ ʬʫʥʢʮʽʾ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʢʦʞʥʦʛʦ ʢʨʠʪʝʨʽʶ א ὼȟא ὼȟȣȟא ὼ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ 

ʚʝʢʪʦʨ ὼ ὼȟὼȟȣȟὼ , ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʤʽʥʽʤʘʣʴʥʝ (ʤʘʢʩʠʤʘʣʴʥʝ) 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

א  א ὼȟὼȟȣȟὼ ȟὭ ρȟςȟȣȟίȠ (4.1) 

ʧʨʠ ʨʽʰʝʥʥʽ ʩʠʩʪʝʤʠ ʥʝʨʽʚʥʦʩʪʝʡ 

א  ὼȟὼȟȣȟὼ ȟ πȟὭ ρȟςȟȣȟίȠ (4.2) 

 

 ὼ ὼ ὼȟὮ ρȟςȟȣȟὲȢ (4.3) 

ʆʪʞʝ, ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʉʋ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʨʽʰʝʥʥʷ ʫʤʦʚʠ 

ʦʧʪʠʤʽʟʘʮʽʾ - ʚʠʨʘʟʫ (4.1), ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʭ*, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʥʝʨʽʚʥʦʩʪʷʤ (4.2), (4.3) ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ 

(ʤʘʢʩʠʤʘʣʴʥʦʛʦ) ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɼʣ̫ ʉʋ ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ ʯʘʩʪʥʽ ʢʨʠʪʝʨʽʾ: 

א ὼ - ʬʫʥʢʮʽʷ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʟʘʜʘʥʠʡ ʩʧʝʢʪʨ ʧʦʩʣʫʛ; 

א ὼ- ʬʫʥʢʮʽʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʪʨʠʤʢʫ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ 

ʚʠʟʥʘʯʝʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʫʟʣʽʚ, ʰʚʠʜʢʦʜʽʾ ʮʝʥʪʨʽʚ ʢʦʤʫʪʘʮʽʾ ʉʋ; 

א ὼ- ʬʫʥʢʮʽʷ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʜʽʡʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʟʘʜʘʥʠʭ 

ʦʙʤʝʞʝʥʥʷʭ; 

א ὼ- ʬʫʥʢʮʽʷ, ʢʦʪʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

א ὼ- ʬʫʥʢʮʽʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʘʨʪʽʩʪʴ ʉʋ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʇʨʠ ʦʜʥʦʢʨʠʪʝʨʽʘʣʴʥʦʤʫ ʨʽʰʝʥʥʽ ʪʘʢʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʉʋ, ʧʝʨʝʚʘʛʘ 

ʥʘʜʘʻʪʴʩʷ ʦʜʥʦʤʫ ʟ ʥʘʚʝʜʝʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʘ ʜʣʷ ʽʥʰʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʣʘʩʪʴ 

ʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. ɼʣʷ ʩʫʯʘʩʥʦʾ ʉʋ ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʡ, 

ʦʩʢʽʣʴʢʠ ʧʝʨʝʨʘʭʦʚʘʥʽ ʯʘʩʪʢʦʚʽ ʢʨʠʪʝʨʽʾ ʩʫʧʝʨʝʯʘʪʴ ʦʜʠʥ ʦʜʥʦʤʫ. ʊʘʢ ʢʨʠʪʝʨʽʡ 

א ὼ- "ʤʽʥʽʤʫʤ ʟʘʪʨʠʤʢʠ" ʫʧʨʘʚʣʷʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʫʧʝʨʝʯʠʪʴ ʢʨʠʪʝʨʽʶ א ὼ - 

"ʤʘʢʩʠʤʫʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ". ɺʠʢʦʥʘʥʥʷ ʚʩʽʭ ʢʨʠʪʝʨʽʾʚ א ὼ- א ὼ, ʩʫʧʝʨʝʯʘʪʴ 

ʢʨʠʪʝʨʽʶ א ὼ - "ʤʽʥʽʤʫʤ ʚʘʨʪʦʩʪʽ". ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʧʪʠʤʘʣʴʥʝ ʜʣʷ ʞʦʜʥʦʛʦ ʟ ʯʘʩʪʢʦʚʠʭ 
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ʢʨʠʪʝʨʽʾʚ, ʘʣʝ ʻ ʢʦʤʧʨʦʤʽʩʥʠʤ ʜʣʷ ʚʝʢʪʦʨʘ אὼ ʫ ʮʽʣʦʤʫ, ʙʦ ʧʨʠ ʮʴʦʤʫ ʢʦʣʠ  

ʚʠʟʥʘʯʝʥʦ, ʱʦ ὼᶻ‭Ὀ ʽ ʜʣʷ ʥʝʾ ʩʧʨʘʚʝʜʣʠʚʘ ʥʝʨʽʚʥʽʩʪʴ אὼᶻ ὼ ʧʨʠ ὼɴא Ὀ, ʪʦ 

ʮʝ ʝʬʝʢʪʠʚʥʝ ʟʥʘʯʝʥʥʷ. 

ʊʦʙʪʦ, ʙʫʜʴ-ʷʢʠʡ ʢʦʤʧʦʥʝʥʪ א ὼᶻ א ὼȟ  ʜʝ  k=1, 2, ... , s, ʘʣʝ ʭʦʯʘ ʙ ʜʣʷ 

ʦʜʥʦʛʦ ʟ s-ʯʠʩʝʣ ʟʥʘʡʜʝʪʴʩʷ ʪʦʯʢʘ ʭÎD, ʚ ʷʢʽʡ ʚʠʢʦʥʫʻʪʴʩʷ ʞʦʨʩʪʢʘ ʥʝʨʽʚʥʽʩʪʴ 

א ὼᶻ  ὼ. ɿ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʦʯʢʠ ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ ʚʦʥʘ ʥʝ ʻא

ʻʜʠʥʦʶ. 

ʄʥʦʞʠʥʦʶ ʚʩʽʭ ʝʬʝʢʪʠʚʥʠʭ ʪʦʯʦʢ ʥʘʟʠʚʘʻʪʴʩʷ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ, ʘʙʦ 

ʦʙʣʘʩʪʴ ʨʽʰʝʥʴ. ʆʧʪʠʤʘʣʴʥʽʩʪʴ ʚʝʢʪʦʨʥʦʛʦ ʢʨʠʪʝʨʽʶ אὼ ʦʟʥʘʯʘʻ, ʱʦ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʥʝ ʤʦʞʥʘ ʟʤʝʥʰʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ ʟ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ, ʥʝ 

ʟʙʽʣʴʰʫʶʯʠ ʟʥʘʯʝʥʥʷ ʭʦʯʘ ʙ ʦʜʥʦʛʦ ʟ ʽʥʰʠʭ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʫʤ ʚʝʢʪʦʨʥʦʛʦ ʢʨʠʪʝʨʽʶ אὼ, ʧʦʪʨʽʙʥʦ 

ʧʝʨʝʡʪʠ ʚʽʜ ʟʘʜʘʯʽ ʚʝʢʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟʽ 

ʩʧʝʮʽʘʣʴʥʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦʶ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ: 

ὼא  ɮא ὼȟא ὼȣȟא ὼ  (4.4) 

    

ʇʨʦʮʝʩ ʧʦʰʫʢʫ ʩʢʘʣʷʨʥʦʾ ʬʫʥʢʮʽʾ (4.4), ʷʢʠʡ ʻ ʫʟʘʛʘʣʴʥʝʥʠʤ ʢʨʠʪʝʨʽʻʤ ʜʣʷ 

ʟʘʜʘʯʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ï ʮʝ ʦʙ'ʻʜʥʘʥʥʷ ʚʝʢʪʦʨʥʦʛʦ ʢʨʠʪʝʨʽʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʆʙ'ʻʜʥʘʥʥʷ ʢʽʣʴʢʽʩʥʦ ʩʫʤʽʩʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʂʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ א ὼ, 

ʂ=1,2,é,s ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʢʽʣʴʢʽʩʥʦ ʩʫʤʽʩʥʠʤʠ, ʷʢʱʦ ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʚʘʞʣʠʚʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. ʇʘʨʘʤʝʪʨʠ ‗ 

ʥʘʟʠʚʘʶʪʴʩʷ ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ (ʩʪʫʧʝʥʝʤ ʢʦʨʠʩʥʦʩʪʽ ʂ-ʛʦ ʢʨʠʪʝʨʽʶ, ʚʘʛʦʶ 

ʢʨʠʪʝʨʽʶ ʽ ʪ.ʜ.). ʈʦʟʤʽʨʥʦʩʪʽ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ‗ ʪʘʢʽ: ʚ ʯʠʩʝʣʴʥʠʢʫ - ʟʘʛʘʣʴʥʘ 

ʨʦʟʤʽʨʥʽʩʪʴ, ʘ ʚ ʟʥʘʤʝʥʥʠʢʫ - ʨʦʟʤʽʨʥʽʩʪʴ ʯʘʩʪʢʦʚʦʛʦ ʢʨʠʪʝʨʽʶ א ὼ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʦʜʝʨʞʘʪʠ ʫʟʘʛʘʣʴʥʝʥʠʡ ʩʢʘʣʷʨʥʠʡ ʢʨʠʪʝʨʽʡ אὼ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʘʜʠʪʠʚʥʦʶ 

ʬʫʥʢʮʽʻʶ ʢʦʨʠʩʥʦʩʪʽ, ʰʣʷʭʦʤ ʩʫʤʠ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʪʘ ʤʥʦʞʝʥʥʷ ʥʘ ʩʚʦʾ 

ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ (ʤʝʪʦʜ ʟʚʘʞʝʥʠʭ ʩʫʤ). 
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ὼא א‗ ὼ 

(4.5) 

ʜʝ  ‗ πȢ 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʨʠʧʫʩʢʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʥʝ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʘ 

ʚʪʨʘʪ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. ɺʪʨʘʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʤʽʞ א ὼ ʽ ʡʦʛʦ 

ʦʧʪʠʤʘʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ א, ʜʝ 

ᶻא ÍÉÎɴ א (x). 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʘʜʠʪʠʚʥʘ ʬʫʥʢʮʽʷ ʢʦʨʠʩʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ: 

 
ὼא ‗ א ὼ ᶻא  

(4.6) 

                            

ɺʠʨʘʟ (4.5) ʦʙ'ʻʜʥʫʻ ʯʘʩʪʢʦʚʽ ʢʨʠʪʝʨʽʾ א ὼ ʨʽʟʥʠʭ ʨʦʟʤʽʨʥʦʩʪʝʡ, ʘ ʨʽʚʥʽʩʪʴ 

(4.6) ʧʨʠʚʦʜʠʪʴ ʮʽ ʢʨʠʪʝʨʽʾ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ ʽ ʜʦ ʦʜʥʽʻʾ ʨʦʟʤʽʨʥʦʩʪʽ. 

ʅʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ ʟʚʘʞʝʥʠʭ ʩʫʤ ʻ ʪʝ, ʱʦ ʢʦʤʧʨʦʤʽʩʥʝ ʪʘ ʦʧʪʠʤʘʣʴʥʝ 

ʨʽʰʝʥʥʷ ʫ ʩʢʣʘʜʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ אὼ, ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʟʘʜʦʚʽʣʴʥʠʤ ʟʘ

ʦʜʥʠʤ ʟ ʯʘʩʪʢʦʚʠʭ ʨʽʰʝʥʴ א ὼ. ʊʦʙʪʦ, ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʣʷ אὼ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ, ʱʦ ʦʜʠʥ ʢʨʠʪʝʨʽʡ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʽʥʰʠʭ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʜʫʞʝ ʚʝʣʠʢʠʤʠ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ ʥʝʜʦʣʽʢʘ 

ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨ ὅ , ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʽʜʭʠʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ ʟ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʚʽʜ ʡʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ 

ʦʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʽʥʰʠʭ ʢʨʠʪʝʨʽʾʚ: 

 
ὅ

א ὼᶻ א ὼᶻ

א ὼᶻ  
(4.7) 

 

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ὅ  ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʧʣʠʚ ʚʝʢʪʦʨʘ ὼᶻ ʥʘ ʢʨʠʪʝʨʽʡ א ὼ. 

ʆʙ'ʻʜʥʘʥʥʷ ʢʨʠʪʝʨʽʾʚ, ʜʣʷ ʷʢʠʭ ʚʠʟʥʘʯʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʚʘʛʠ ʟʘ 

ʚʘʛʦʤʽʩʪʶ. ʅʝʭʘʡ ʟʘʜʘʥʦ ʧʝʨʝʚʘʛʫ ʟʘ ʚʘʛʦʤʽʩʪʶ ʜʣʷ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ א ὼ. ʇʨʠʯʦʤʫ ʮʷ ʧʝʨʝʚʘʛʘ ʟʘʜʘʥʘ ʫʤʦʚʦʶ, ʧʨʠ ʷʢʽʡ ʢʨʠʪʝʨʽʡ א ὼ 

ʙʽʣʴʰ ʚʘʛʦʤʽʰʠʡ, ʥʽʞ ʢʨʠʪʝʨʽʡ א ὼȟ ʘ א ὼ ʙʽʣʴʰ ʚʘʛʦʤʽʰʠʡ, ʥʽʞ א ὼ ʽ ʪ.ʜ. 
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ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʙ'ʻʜʥʘʥʥʷ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʦʛʦ - "ʦʩʥʦʚʥʦʛʦ" ʢʨʠʪʝʨʽʶ אὼ א ὼ, 

ʪʦʙʪʦ ʧʦʪʨʽʙʥʦ ʟʤʝʥʰʠʪʠ ʧʨʠ ʟʘʜʘʥʠʭ "ʛʨʘʥʠʯʥʠʭ" ʟʥʘʯʝʥʥʷʭ א  ʽʥʰʠʭ 

ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ: 

ʆʜʥʠʤ ʽʟ ʩʧʦʙʽʚ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʟʘ ʚʘʛʦʤʽʩʪʶ ʻ ʚʚʝʜʝʥʥʷ ʦʮʽʥʦʢ 

ʧʨʽʦʨʠʪʝʪʫ ‘   ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ. ʅʘʧʨʠʢʣʘʜ, ρπ
ρ - ʧʝʨʝʚʘʞʥʘ ʚʘʛʦʤʽʩʪʴ i-ʛʦ 

ʢʨʠʪʝʨʽʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ j-ʤ ʢʨʠʪʝʨʽʻʤ, υ
ρ - ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʚʘʛʦʤʽʩʪʴ, 

ς
ρ - ʚʝʣʠʢʘ 

ʚʘʛʦʤʽʩʪʴ ʽ ρ
ρ - ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʘ ʚʘʛʦʤʽʩʪʴ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʫʧʽʥʴ ʧʦʨʽʚʥʷʥʥʷ (ʧʝʨʝʚʘʛʠ ʟʘ ʚʘʛʦʤʽʩʪʶ) ʢʨʠʪʝʨʽʾʚ 

ʥʘʚʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʴ Ὓ Ὓ ρ, ʫ ʢʦʞʥʠʡ ʨʷʜʦʢ ʷʢʦʛʦ ʚʥʦʩʠʪʴʩʷ ʦʮʽʥʢʘ 

ʧʨʽʦʨʠʪʝʪʽʚ ‘, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʘʛʦʤʽʩʪʴ ʢʨʠʪʝʨʽʶ א ὼ ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ 

ʢʨʠʪʝʨʽʾʚ. 

ʅʝʭʘʡ ʦʮʽʥʢʘ ‘ υ
ρ, ʪʦʙʪʦ ʢʨʠʪʝʨʽʡ א ὼ ʤʘʻ ʱʝ ʙʽʣʴʰʫ ʚʘʛʦʤʽʩʪʴ, ʥʽʞ 

ʢʨʠʪʝʨʽʡ א ὼ. ʊʦʜʽ ʥʘ ʧʝʨʝʪʠʥʽ ʜʨʫʛʦʛʦ ʨʷʜʢʘ ʽ ʪʨʝʪʴʦʛʦ ʩʪʦʚʧʯʠʢʘ ʩʪʘʚʠʤʦ 

ʮʠʬʨʫ 5, ʘ ʥʘ ʧʝʨʝʪʠʥʽ ʪʨʝʪʴʦʛʦ ʨʷʜʢʘ ʪʘ ʜʨʫʛʦʛʦ ʩʪʦʚʧʯʠʢʘ - 1 ʽ ʪ.ʜ. ʋ ʦʩʪʘʥʥʴʦʤʫ 

(S+1)-M ʩʪʦʚʧʯʠʢʫ ʤʘʪʨʠʮʽ ʟʥʘʭʦʜʷʪʴʩʷ ʩʫʤʠ ʦʮʽʥʦʢ ʟʘ ʩʪʦʚʧʯʠʢʘʤʠ “ , ʂ=1,2, é 

,S. ɺʽʜʥʦʩʥʘ ʚʘʛʦʤʽʩʪʴ ʢʦʞʥʦʛʦ ʯʘʩʪʢʦʚʦʛʦ ʢʨʠʪʝʨʽʶ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʘ ʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ: 

 ‗
‗

“
“ȟὭȟὑ ρȟςȟȣȟὛȟὰ Ὧȟ 

‗ ρȢ 

 

 

 

(4.8) 

 

ʅʝʭʘʡ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʦʤʦ, ʱʦ ʢʨʠʪʝʨʽʡ א ὼ ʤʘʻ ʧʝʨʝʚʘʞʥʫ ʚʘʛʦʤʽʩʪʴ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ א ὼ, ʘ ʢʨʠʪʝʨʽʡ א ὼ ʤʘʻ ʱʝ ʙʽʣʴʰʫ ʚʘʛʦʤʽʩʪʴ, ʥʽʞ א ὼ. 

ɿʘʟʥʘʯʠʤʦ, ʥʘʧʨʠʢʣʘʜ, ʱʦ א ὼ - ʮʝ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʉʋ, ʷʢʘ 
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ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʘʥʫ ʪʦʯʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ, ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʪʘ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

א ὼ - ʮʝ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʫʧʨʘʚʣʷʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ; א ὼ - ʟʘʪʨʠʤʢʘ ʫʧʨʘʚʣʷʶʯʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʯʘʩʪʥʽ ʢʨʠʪʝʨʽʾ ʜʦʟʚʦʣʷʻ ʟʚʝʩʪʠ ʦʮʽʥʢʠ ʧʨʽʦʨʠʪʝʪʽʚ ʜʦ 

ʟʥʘʯʝʥʴ: ‘ ρπ
ρȟ‘

ρπ
ρ Ὥ ‘

υ
ρȢ 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʨʠʮʶ ʧʨʦ̔ʨʠʪʝʪʽʚ ʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʙʣʠʮʝʶ: 

         ʊʘʙʣʠʮʷ 4.1 

 Q1 Q2 Q3 pk 

Q1 0 10 10 20 

Q2 1 0 5 6 

Q3 1 1 0 2 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ‗ȟ‗ȟ‗  ʤʘʻʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ:  

‗
‗

ςπ
ςȟ
‗
‗

φ
ςȠ ‗ ‗ ‗ ρ. 

ɿʚʽʜʢʠ ʇ χςȟʇ πȟςρφ É ‗ πȟπχςȟ  ʽ ʘʜʠʪʠʚʥʘ ʬʫʥʢʮʽʷ ʢʦʨʠʩʥʦʩʪʽ 

ʜʦʨʽʚʥʶʻ 

ὼא πȟχςא ὼ πȟςρφא ὼ πȟπχςא ὼȢ 

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʘʛʦʤʽʩʪʴ ʯʘʩʪʥʠʭ ʢʨʠʪʝʨʽʾʚ ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʦʥʠ ʨʽʥʦʮʽʥʥʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʚ ʷʢʦʩʪʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʤʫ ʚʽʜʥʦʩʥʠʭ ʚʽʜʭʠʣʝʥʴ ʯʘʩʪʥʠʭ ʢʨʠʪʝʨʽʾʚ ʚʽʜ ʾʭ ʦʧʪʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ: 

 

ὼא א ὼ  ᶻאᶻȾא
(4.9) 

ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ, ʱʦ ʟʘʜʘʥʘ 

ʚʠʨʘʟʦʤ (4.9), ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʨʦʤʽʩʥʦʛʦ ʨʽʰʝʥʥʷ, ʪʦʙʪʦ ʥʘʡʢʨʘʱʠʤ 

ʦʙʠʨʘʻʪʴʩʷ "ʩʝʨʝʜʥʻ". ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʰʝʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʢʨʘʱʝ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʢʨʠʪʝʨʽʶ, "ʥʘʡʙʽʣʴʰ" ʚʽʜʜʘʣʝʥʦʛʦ ʚʽʜ ʩʚʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʫʟʘʛʘʣʴʥʝʥʽ ʢʨʠʪʝʨʽʾ: 
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ὼא  ÍÁØȿא ὼ  ᶻȿȢ (4.10)אᶻȾא

ʗʢʱʦ ʧʨʦ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ lk ʚʽʜʦʤʦ ʪʽʣʴʢʠ ʪʝ, ʱʦ ʚʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ 

ʤʥʦʞʠʥʠ: 

 
Ў ‗

‗ πȟὯ ρȟςȟȣὛȠ ‗ ρȟ 
 

ʪʦʜʽ ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ: 

 

ὼא ÍÁØ
Ўɴ

א‗ ὼȢ 
(4.11) 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘʚʝʜʝʥʠʡ ʢʨʠʪʝʨʽʻʡ ʝʬʝʢʪʠʚʥʦʩʪʽ (4.11) ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ 

ʥʘʡʢʨʘʱʝ ʨʽʰʝʥʥʷ ʭ* ʜʣʷ ʥʘʡʛʽʨʰʦʛʦ ʨʦʟʢʣʘʜʫ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ lk, ʘ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʦʶ. 

 

4.2. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ 

ʤʝʨʝʞʽ 

ɺʘʞʣʠʚʝ ʧʠʪʘʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ɯʂʄ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʷʢ 

ʫʧʨʘʚʣʷʪʠ ʨʦʙʦʪʦʶ ʚʩʽʻʾ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ ʽ ʧʝʨʝʤʽʱʘʪʠ ʧʦʪʦʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʋʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʤʦʞʥʘ ʨʦʟʫʤʽʪʠ ʷʢ ʩʣʫʞʙʫ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʽ 

ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʦʨʫ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ. 

ʋʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʦʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʩʶ ʤʝʨʝʞʫ ʟ 

ʧʝʚʥʦʛʦ ʤʽʩʮʷ ʽ, ʧʦ ʤʦʞʣʠʚʦʩʪʽ, ʜʠʩʪʘʥʮʽʡʥʦ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ 

ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʚ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ ʤʝʨʝʞʽ, ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʽ, 

ʢʦʤʫʪʘʮʽʾ ʽ ʙʘʟʘʭ ʜʘʥʠʭ, ʷʢʽ ʚʩʽ ʨʘʟʦʤ ʽ ʩʪʚʦʨʶʶʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ. 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʽ ʝʬʝʢʪʠʚʥʦʛʦ ʫʩʫʥʝʥʥʷ ʚʽʜʤʦʚ ʚʘʞʣʠʚʦ, ʱʦʙ 

ʦʙ'ʻʢʪʠ ʫʧʨʘʚʣʽʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʣʠ ʧʦʛʦʜʞʝʥʦ. ɺʘʞʣʠʚʠʤʠ ʧʠʪʘʥʥʷʤʠ ʻ ʪʘʢʦʞ 

ʘʜʘʧʪʘʮʽʷ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʚʝʜʽʥʢʠ ʪʨʘʬʽʢʫ, 

ʷʢʠʡ ʤʦʞʝ ʤʽʥʷʪʠʩʷ ʘʙʩʦʣʶʪʥʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʤ ʯʠʥʦʤ. 
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ɺ ʜʘʥʠʡ ʯʘʩ ʦʩʥʦʚʦʶ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʟʚ'ʷʟʢʫ ʻ ʧʨʠʥʮʠʧ ʤʝʨʝʞʽ 

ʫʧʨʘʚʣʽʥʥʷ ʟʚ'ʷʟʢʦʤ TMN, ʷʢʠʡ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʦʧʠʩʫʻ ʤʦʜʝʣʴ ʪʦʛʦ, ʷʢ 

ʤʦʞʥʘ ʙʫʣʦ ʙ ʫʧʨʘʚʣʷʪʠ ʤʝʨʝʞʝʶ ʟʚ'ʷʟʢʫ [3]. TMN ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʨʽʚʥʽʚ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʦʜʠʥ ʥʘʜ ʦʜʥʠʤ (ʈʠʩ.4.1): 

¶ ʨʽʚʝʥʴ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʄʝʨʝʞʘ ʟʚ'ʷʟʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ 

ʬʽʟʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʢʦʤʫʪʘʪʦʨʠ, ʢʦʥʪʨʦʣʝʨʠ, ʪʝʨʤʽʥʘʣʠ ʽ ʪ.ʽ. ʋ TMN ʚʩʽ 

ʚʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʜʥʽʻʶ ʟʘʛʘʣʴʥʦʶ ʥʘʟʚʦʶ - ʤʝʨʝʞʝʚʠʡ ʝʣʝʤʝʥʪ NE, ʽ ʮʽ 

ʤʝʨʝʞʝʚʽ ʝʣʝʤʝʥʪʠ ʨʘʟʦʤ ʬʦʨʤʫʶʪʴ ʨʽʚʝʥʴ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

¶ ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʤʝʥʪʘʤʠ. ʎʝʡ ʨʽʚʝʥʴ ʤʽʩʪʠʪʴ ʚʩʽ ʬʫʥʢʮʽʾ ʽ ʨʝʩʫʨʩʠ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʟʘʻʤʦʜʽʾ TMN ʟ ʤʝʨʝʞʝʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ NE ʽ ʨʽʚʥʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʝʶ. 

¶ ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ. ʈʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʤʽʩʪʠʪʴ ʚʩʽ 

ʬʫʥʢʮʽʾ ʽ ʨʝʩʫʨʩʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʚʠʤ ʝʣʝʤʝʥʪʦʤ. ʋ ʮʴʦʤʫ 

ʢʦʥʪʝʢʩʪʽ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʦʢʨʝʤʠʭ ʰʘʨʫʶʯʠ ʘʙʦ ʨʽʚʥʷ: ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʠ ʚʽʜʤʦʚʘʭ, ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ. 

¶ ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʧʦʩʣʫʛʘʤʠ. ʈʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʧʦʩʣʫʛʘʤʠ  ʤʽʩʪʠʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʟʘʻʤʦʨʦʟʨʘʭʫʥʢʽʚ ʤʽʞ ʢʣʽʻʥʪʘʤʠ 

(ʘʙʦʥʝʥʪʘʤʠ, ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ) ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʧʦʩʣʫʛ, ʘ ʪʘʢʦʞ ʫʢʣʘʜʝʥʥʷ 

ʜʦʛʦʚʦʨʽʚ ʥʘ ʧʦʩʣʫʛʠ, ʟʙʦʨʫ ʽ ʘʥʘʣʽʟʫ ʩʪʘʪʠʩʪʠʢʠ, ʪʘʨʠʬʽʢʘʮʽʾ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ. 

¶ ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʙʽʟʥʝʩʦʤ (ʧʽʜʧʨʠʻʤʥʠʮʪʚʦʤ). ʎʝʡ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ 

ʫʧʨʘʚʣʽʥʥʷ ʚʢʣʶʯʘʻ: ʮʽʣʽ, ʧʣʘʥʫʚʘʥʥʷ ʙʽʟʥʝʩʫ ʽ ʧʦʩʣʫʛ, ʘ ʪʘʢʦʞ ʬʽʥʘʥʩʦʚʽ ʧʠʪʘʥʥʷ 

(ʥʘʧʨʠʢʣʘʜ, ʩʢʣʘʜʘʥʥʷ ʙʶʜʞʝʪʫ), ʧʨʘʚʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʙʝʟʧʝʢʘ. 
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ʋʧʨʘʚʣʽʥʥʷ ʥʘ ʨʽʚʥʽ 
ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ

ʋʧʨʘʚʣʽʥʥʷ ʥʘ ʨʽʚʥʽ ʧʦʩʣʫʛ

ʋʧʨʘʚʣʽʥʥʷ ʥʘ ʨʽʚʥʽ ʤʝʨʝʞ

ʈʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʚʠʤʠ
ʦʙô̒ ʢʪʘʤʠ

ʈʽʚʝʥʴ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ

˻͙ͨͭͣ͊͘͜ͼ͜Ύ 
͔͔ͣͪ͗͜

͍̂ͨͪ͊ͤͤ͜͡Ύ 
͙ͦͨͭͣ͊͘͜ͼ͜ΊΌ

˭ͣͤ͊͜ ͦͤ͟ͺ͎ͯͪ͊͜ͼ͜͝ 
͔͔͔͍ͣͤͭ͜͡

˴ͦͤͭͪͦ͡Έ 
ͨͦ΄͔ͦ͒͗ͤ͟Έ

͍̂ͨͪ͊ͤͤ͜͡Ύ ͙ͨͪ 
͍͍͒ͣͦ͊͜ͻ

ˤ͍͔͒ͤͦͤͤ͜͡Ύ 
͔͔ͣͪ͗͜

ˤ͔͔͒ͤͤΎ 
͙͙͙ͫͭ͊ͭͫͭ͟

͍̂ͨͪ͊ͤͤ͜͡Ύ 
ͪͦ͋ͦ;͙͙ͣ 

ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟

 

ʈʠʩ. 4.1. ʇʽʨʘʤʽʜʘʣʴʥʘ ʤʦʜʝʣʴ TMN ʽ ʜʝʷʢʽ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʧʦʚʠʥʥʽ ʦʭʦʧʣʶʚʘʪʠ ʷʢ ʚʠʤʦʛʠ 

ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʨʽʚʥʽ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʤʫʣʴʪʠʧʣʝʢʩʦʨʠ ʽ 

ʙʘʟʦʚʘ ʤʝʨʝʞʘ, ʪʘʢ ʽ ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʽ ʧʦʩʣʫʛʘʤʠ. ʋʧʨʘʚʣʽʥʥʷ ʥʘ ʨʽʚʥʽ 

ʤʝʨʝʞʝʚʦʛʦ ʝʣʝʤʝʥʪʫ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʚʚʝʜʝʥʥʷ ʚ ʜʽʶ, 

ʽʥʩʪʘʣʷʮʽʾ ʽ ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦʜʽ ʷʢ ʬʫʥʢʮʽʾ 

ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʩʦʙʠ ʦʙʨʦʙʢʠ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ 

ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʤʽʥ ʚ ʤʘʩʰʪʘʙʘʭ ʚʩʽʻʾ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ. 

ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʚʢʣʶʯʘʶʪʴ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ 

ʚʽʜʤʦʚʘʭ, ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʽ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʻʶ: 

- ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʚʽʜʤʦʚʘʭ - ʮʝ ʧʨʦʮʝʩ (ʘʙʦ ʧʨʦʮʝʩʠ) ʦʙʨʦʙʢʠ ʚʽʜʤʦʚ 

ʘʚʘʨʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʘʭ NE, ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʽʜʤʦʚʠ ʽ ʾʾ 

ʚʽʜʧʨʘʚʢʠ ʚ ʮʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ.  

- ʮʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ - ʮʝ ʬʽʟʠʯʥʠʡ ʧʫʥʢʪ, ʱʦ ʚʠʢʦʥʫʻ ʚʩʽ ʜʽʾ ʥʘ 

ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ; 

- ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ - ʮʝ ʧʨʦʮʝʩ (ʘʙʦ ʧʨʦʮʝʩʠ) ʟʙʦʨʫ 

ʩʪʘʪʠʩʪʠʢʠ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʾʾ ʚʽʜʧʨʘʚʢʠ ʚ ʮʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ; 
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- ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʻʶ - ʮʝ ʧʨʦʮʝʩ (ʘʙʦ ʧʨʦʮʝʩʠ) ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʚ 

ʢʦʥʬʽʛʫʨʘʮʽʶ) ʤʝʨʝʞʝʚʦʛʦ ʝʣʝʤʝʥʪʫ NE: ʜʦʜʘʚʘʥʥʷ, ʫʩʫʥʝʥʥʷ ʽ ʤʦʜʠʬʽʢʘʮʽʾ.  

ʇʨʠ ʨʦʟʛʣʷʜʽ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʾʾ 

ʨʦʟʚʠʪʦʢ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʩʪʨʫʢʪʫʨʦʶ ʚʩʽʻʾ ʤʝʨʝʞʽ. ɯʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ 

ʤʦʞʝ ʥʝ ʧʦʚʥʽʩʪʶ ʧʽʜʭʦʜʠʪʠ ʜʣʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ, ʽ ʥʘʚʧʘʢʠ. ɼʫʞʝ 

ʚʘʞʣʠʚʦ, ʱʦʙ ʝʢʩʧʣʫʘʪʘʮʽʷ ʽ ʟʤʽʥʠ ʚ ʤʝʨʝʞʽ ʙʫʣʘ ʫʟʛʦʜʞʝʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ NMS, ʦʩʢʽʣʴʢʠ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʽʟ 

ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʨʦʟʚʠʪʢʦʤ, ʩʪʦʩʫʶʪʴʩʷ ʷʢ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʘʢ ʽ ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ.  

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʫʧʨʘʚʣʽʥʥʷʤ ɯʂʄ, ʜʫʞʝ 

ʨʽʟʥʽ ʧʦ ʜʽʷʤ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʚʠʢʦʨʠʩʪʘʥʠʤ ʜʘʥʠʤ ʽ 

ʩʪʫʧʝʥʷ ʜʝʪʘʣʽʟʘʮʽʾ ʦʧʠʩʫ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʦʤʫ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʤʦʞʣʠʚʠʤ ʜʘʪʠ ʚʠʯʝʨʧʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʮʠʭ ʤʦʜʝʣʝʡ. ɻʨʫʥʪʫʶʯʠʩʴ ʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʨʦʣʽ ʤʦʜʝʣʝʡ, ʪʦʙʪʦ ʥʘ ʪʠʭ ʟʘʚʜʘʥʥʷʭ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʚʦʥʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʤʦʞʥʘ ʫʤʦʚʥʦ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ ʢʣʘʩʠ: 

Å ʧʨʦʛʥʦʟʥʽ ʤʦʜʝʣʽ, 

Å ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ, 

Å ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʤʦʜʝʣʽ. 

ʇʨʦʛʥʦʟʥʽ ʤʦʜʝʣʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʟʘʚʜʘʥʥʷ. ʅʝʭʘʡ 

ʚʽʜʦʤʽ ʛʝʦʤʝʪʨʽʷ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɯʂʄ, ʘ ʪʘʢʦʞ ʨʦʟʤʽʱʝʥʥʷ ʾʾ ʧʦʪʦʢʦʚʠʭ ʦʙ'ʻʢʪʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʤʠ ʙʫʜʫʪʴ ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʪʦʢʠ ʚ ʮʽʡ ʤʝʨʝʞʽ. ɹʽʣʴʰ 

ʜʝʪʘʣʴʥʦ, ʧʨʦʛʥʦʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʝʨʝʞʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʨʦʟʨʘʭʫʥʦʢ ʫʩʝʨʝʜʥʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʬʽʢʫ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʤʦʜʝʣʝʡ ʤʦʞʣʠʚʦ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʤʝʨʝʞʝʶ, 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʩʣʽʜʢʠ ʟʤʽʥ ʫ ɯʂʄ ʘʙʦ ʚ ʨʦʟʪʘʰʫʚʘʥʥʽ ʾʾ ʦʙ'ʻʢʪʽʚ ʥʘ ʤʽʩʮʝʚʦʩʪʽ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʴʦʛʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʚʠʪʴ ʩʦʙʽ ʟʘ ʤʝʪʫ 

ʚʜ̔ʪʚʦʨʝʥʥʷ ʚʩʽʭ ʜʝʪʘʣʝʡ ʤʝʨʝʞʽ, ʚʢʣʶʯʘʶʯʠ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʫ ʚ ʯʘʩʽ. ʇʨʠ ʮʴʦʤʫ 

ʫʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʽʚ ʽ ʨʦʟʧʦʜʽʣ ʧʦ ʰʣʷʭʘʭ ʚʚʘʞʘʶʪʴʩʷ ʚʽʜʦʤʠʤʠ ʽ 

ʩʣʫʛʫʶʪʴ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʮʠʭ ʤʦʜʝʣʝʡ. ɿʘ ʣʦʛʽʢʦʶ ʜʽʡ ʮʶ ʚʽʜʤʽʥʥʽʩʪʴ 

ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢ: ʧʨʦʛʥʦʟʥʽ ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘ ʟʘʧʠʪʘʥʥʷ: çʩʢʽʣʴʢʠ ʽ 
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ʢʫʜʠè ʙʫʜʝ ʪʨʘʬʽʢʽʚ ʚ ʜʘʥʽʡ ʤʝʨʝʞʽ, ʘ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘ 

ʟʘʧʠʪʘʥʥʷ: ʷʢ ʚ ʜʝʪʘʣʷʭ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʨʫʭ, ʷʢʱʦ ʚʽʜʦʤʦ ʚ ʩʝʨʝʜʥʴʦʤʫ, çʩʢʽʣʴʢʠ 

ʽ ʢʫʜʠè. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʛʥʦʟ ʧʦʪʦʢʽʚ ʽ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʧʦʚʥʶʶʪʴ 

ʦʜʠʥ ʜʨʫʛʝ ʧʨʠ ʚʠʟʥʘʯʝʥʽʡ ʤʝʪʽ. 

ʋ ʤʦʜʝʣʷʭ ʮʴʦʛʦ ʢʣʘʩʫ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʨʽʟʥʘ ʤʝʪʦʜʦʣʦʛʽʷ - ʚʽʜ ʽʤʽʪʘʮʽʾ 

ʨʫʭʫ ʦʢʨʝʤʦʛʦ ʪʨʘʬʽʢʫ ʜʦ ʦʧʠʩʫ ʜʠʥʘʤʽʢʠ ʟʘʛʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ. ɼʣʷ ʜʠʥʘʤʽʯʥʠʭ 

ʤʦʜʝʣʝʡ ʭʘʨʘʢʪʝʨʥʘ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʜʝʪʘʣʽʟʘʮʽʷ ʦʧʠʩʫ ʨʫʭʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʪʨʝʙʘ ʫ 

ʚʝʣʠʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʘʭ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ 

ʜʠʥʘʤʽʢʫ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʟʘʪʨʠʤʢʠ, ʜʦʚʞʠʥʠ ʽ ʜʠʥʘʤʽʢʫ ʧʦʷʚʠ çʯʝʨʛè ʪʘ ʽʥʰʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʭʫ ʪʨʘʬʽʢʫ. ʆʩʥʦʚʥʽ ʦʙʣʘʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ - ʧʦʣʽʧʰʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʤʝʨʝʞ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʊʘʢʽ ʩʠʩʪʝʤʠ 

ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ ʜʘʪʯʠʢʽʚ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʜʠʥʘʤʽʯʥʠʤ 

ʽʤʽʪʘʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ʄʦʜʝʣʽ ʧʨʦʛʥʦʟʫ ʧʦʪʦʢʽʚ ʽ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʩʪʘʚʣʷʪʴ 

ʩʦʙʽ ʟʘ ʤʝʪʫ ʘʜʝʢʚʘʪʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ.  

ɯʩʥʫʻ, ʦʜʥʘʢ, ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʦʜʝʣʝʡ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯʂʄ. ɺ ʮʴʦʤʫ ʢʣʘʩʽ ʤʦʜʝʣʝʡ [4] ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʚʜʘʥʥʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʨʦʙʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʤʝʨʝʞʽ ʪʘ ʟʘʜʘʯʘ çʽʥʞʠʥʽʨʠʥʛʫè. 

ʅʘʡʙʽʣʴʰ ʢʨʘʱʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ɯʂʄ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʻ ʟʘʜʘʯʘ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʪʘʢ ʷʢ 

ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʥʫʪʠ ʩʫʢʫʧʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʤʘʻ ʬʽʟʠʯʥʫ 

ʽʥʪʝʨʧʨʠʪʘʮʽʶ ʽ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟ ʨʽʟʥʠʭ ʪʦʯʦʢ 

ʟʦʨʫ. ɹʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʻ ʩʧʨʦʙʦʶ ʦʪʨʠʤʘʪʠ ʷʢʥʘʡʢʨʘʱʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʜʝʷʢʦʾ ʙʝʟʣʽʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʦʛʦ ʦʙ'ʻʢʪʫ, ʪʦʙʪʦ ʟʥʘʡʪʠ ʜʝʷʢʠʡ ʢʦʤʧʨʦʤʽʩ 

ʤʽʞ ʪʠʤʠ ʧʨʠʚʘʪʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ )(xQi , ʚʠʟʥʘʯʝʥʠʤʠ ʟʘ (4.1), ʟʘ ʷʢʠʤʠ ʜʦʮʽʣʴʥʦ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʽʰʝʥʥʷ. ʊʦʜʽ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʟʛʽʜʥʦ (4.10) ʽ (4.11) 

ʾʾ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢ: 
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ừ
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
ứ
א ὼᴆᴼÍÉÎ ÍÁØȟ

א ὼᴆᴼÍÉÎ ÍÁØȟ
Ễ Ễ Ễ Ễ Ễ

א ὼᴆᴼÍÉÎ ÍÁØȟ
Ç ὼȟὼȟȣȟὼ ὦ

Ç ὼȟὼȟȣȟὼ ὦȟ
Ễ Ễ Ễ Ễ Ễ
Ç ὼȟὼȟȣȟὼ ὦ
Ὠ ὼ ὈȟὮ ρȟςȟȣȟὲȢ

 

(4.12) 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʩʥʫʶʪʴ ʧʨʠʯʠʥʠ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʫ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʉʋ ʽ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʯʝʨʝʟ ʨʦʟʚôʷʟʘʥʥʷ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ. ɺʦʥʠ ʪʘʢʽ. 

1. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʦʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʩʪʽ, ʻ ʤʥʦʞʠʥʥʽʩʪʴ 

ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ, ʷʢʽ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɰʭ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʩʠʩʪʝʤʠ ʥʝʨʽʚʥʦʩʪʝʡ. 

 Çὼᴆ ÇȟὭ ρȟςȟȣȟί (4.13) 

ʜʝ Ç  ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ i-ʾ ʪʝʭʥʽʯʥʦʾ ʚʠʤʦʛʠ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʚʘʪʥʽ ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʟʘʟʚʠʯʘʡ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ 

ʚʽʜʩʫʪʥʽ ʽ ʾʭ ʜʦʚʦʜʠʪʴʩʷ ʚʚʦʜʠʪʠ ʰʪʫʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ: 

 
א̨ ὼᴆ

πȟ̠ ̋̚ ̏Çὼᴆ Ç

ύ Çὼᴆ Ç ȟ̠ ̋̚ ̏ Çὼᴆ Ç
 (4.14)

 

 

ʊʫʪ  ύ- ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʧʦ ʘʥʘʣʦʛʽʾ ʽʟ (4.10) ʥʘʙʫʚʘʻ ʩʤʠʩʣʫ ‗, ʘʣʝ 

ʚʨʘʭʦʚʫʻ ʚʘʞʣʠʚʽʩʪʴ i-ʛʦ ʦʙʤʝʞʝʥʥʷ, ʪʘ ʩʢʣʘʜʘʻ ʜʽʘʧʘʟʦʥ 

ύ ρȢ 

ʊʦʜʽ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʥʝʨʽʚʥʦʩʪʝʡ (4.14) ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʝʢʪʦʨʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ: 

 ÍÉÎ
ᴆɴ
א ὼᴆȟÍÉÎ

ᴆɴ
א ὼᴆȟȣȟÍÉÎ

ᴆɴ
א ὼᴆȢ (4.15) 

2. ʅʘʩʪʫʧʥʦʶ ʧʨʠʯʠʥʦʶ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʩʪʽ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʦʝʢʪʦʚʘʥʦʾ ʤʝʨʝʞʽ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʪʦʙʪʦ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʫʤʦʚ, ʚ ʷʢʠʭ ʜʦʚʦʜʠʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ɯʂʄ. ʇʨʠ ʮʴʦʤʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʞʝ ʤʘʪʠ 

ʘʙʦ ʢʽʣʴʢʽʩʥʠʡ ʭʘʨʘʢʪʝʨ, ʚʠʨʘʞʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʘ v, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ: 

 ÍÉÎ
ᴆɴ
ὼᴆȟὺ ̅̌ ̨̠̖̃̒ ὺɴא ὺȟὺ  (4.16) 

ʘʙʦ ʷʢʽʩʥʠʡ ʭʘʨʘʢʪʝʨ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʢʘʟʽʚʢʦʶ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʜʣʷ 

ʢʦʞʥʦʛʦ ʨʝʞʠʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʜʣʷ ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʤʝʨʝʞʽ ʧʨʝʜʩʪʘʚʣʷʻ ʥʝʙʝʟʧʝʢʘ ʘʙʦ ʟʘʚʘʜʘ א ὼ, ʱʦ ʚʠʢʣʠʢʘʻ ʟʘʤʠʢʘʥʥʷ ʩʭʝʤʠ, 

ʘʙʦ ʟʘʚʘʜʘ א ὼ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʽʜʤʠʢʘʥʥʷ ʩʭʝʤʠ. ʊʦʜʽ, ʷʢʱʦ ʧʽʜ 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʶ ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʨʦʟʫʤʽʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʧʦʨʽʛ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʯʫʪʣʠʚʦʾ ʩʭʝʤʠ, ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʣʦʛʽʯʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʷʢ ʟʘʜʘʯʘ ʚʝʢʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ: 

 ÍÁØ
ᴆɴ
א ὼᴆȟÍÁØ

ᴆɴ
א ὼᴆ (4.17) 

ʜʝ Ὀ  ʜʦʧʫʩʪʠʤʘ ʦʙʣʘʩʪʴ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ʗʢʱʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʘʻ ʢʽʣʴʢʽʩʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʟʘʜʘʯʘ 

ʦʧʪʠʤʽʟʘʮʽʾ (4.16) ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʚʝʢʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ (4.17) ʰʣʷʭʦʤ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ אὼᴆȟὺ ʧʦ ʧʘʨʘʤʝʪʨʫ v ʽ ʨʦʟʛʣʷʜʫ ʷʢ 

ʧʨʠʚʘʪʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʬʫʥʢʮʽʡ 

א  ὼᴆ ὼᴆȟὺא ȟ̅  ̆ὺᶰὺȟὺ Ȣ  

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ (ʟʘʛʘʩʘʥʥʷ, ʧʦʪʫʞʥʽʩʪʴ ʽ ʪ.ʽ.) ʥʘ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ 

ʽ ʦʙʤʝʞʝʥʥʷ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

3. ʇʨʠ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ 

ʧʠʪʘʥʴ ʻ ʚʠʙʽʨ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ אὼᴆ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʢʨʠʪʝʨʽʡ ʧʦʚʠʥʝʥ 

ʤʘʪʠ ʢʦʥʢʨʝʪʥʠʡ ʬʽʟʠʯʥʠʡ ʩʝʥʩ, ʘ ʟ ʽʥʰʦʶ - ʚʽʜ ʥʴʦʛʦ ʚʠʤʘʛʘʻʪʴʩʷ, ʱʦʙ ʚʽʥ 

ʥʘʡʧʦʚʥʽʰʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚ ʧʨʦʝʢʪʦʚʘʥʫ ʤʝʨʝʞʫ. ʇʨʦʪʝ ʚʠʤʦʛʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʧʦʚʥʦʪʠ ʚʘʞʢʦ ʟʘʜʦʚʦʣʴʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, 

ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʚʠʯʘʡʥʦ ʦʧʠʩʫʻ ʢʦʥʢʨʝʪʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ʧʨʠʩʪʨʦʶ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 



137 

ʜʦʚʦʜʠʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ ʩʫʢʫʧʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ אȟȣȟא, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʤʘʻ ʥʘʦʯʥʫ 

ʬʽʟʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʽ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ὼᴆᶻ ʟ 

ʨʽʟʥʠʭ ʪʦʯʦʢ ʟʦʨʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʥʦʪʠ ʧʦʢʘʟʥʠʢʽʚ, 

ʱʦ ʢʦʥʢʨʝʪʠʟʫʶʪʴ ʦʧʪʠʤʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʝʢʪʦʚʘʥʦʾ ʤʝʨʝʞʽ, ʧʨʠ 

ʦʜʥʦʯʘʩʥʽʡ ʾʭ ʬʽʟʠʯʥʽʡ ʥʘʦʯʥʦʩʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʩʪʽ, ʷʢʘ 

ʚʠʪʽʢʘʻ ʧʨʷʤʦ ʟ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʦʜʥʦʯʘʩʥʦ 

ʜʝʢʽʣʴʢʘ ʧʨʠʚʘʪʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʝʨʝʞʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʦʾ ʟʘʜʘʯʽ ʚʝʢʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ: 

 ÍÁØ
ᴆɴ
א ὼᴆȟÍÁØ

ᴆɴ
א ὼᴆȟÍÉÎ

ᴆɴ
א ὼᴆȟÍÁØ

ᴆɴ
א ὼᴆȟÍÉÎ

ᴆɴ
א ὼᴆȢȟ (4.18) 

ʜʝ Ὀ  ʮʝ ʚʞʝ ʜʦʧʫʩʪʠʤʘ ʦʙʣʘʩʪʴ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ; א ὼᴆ - ʟʜʘʪʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; א ὼᴆ - ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʤʝʨʝʞʽ; א ὼᴆ - ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʤʝʨʝʞʽ; א ὼᴆ - ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʩʠʛʥʘʣʫ. ʆʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ 

ʧʨʦʝʢʪʦʚʘʥʦʾ ʤʝʨʝʞʽ ʧʦʚʠʥʝʥ ʤʘʪʠ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦ ʢʦʞʥʦʤʫ ʟ 

ʧʨʠʚʘʪʥʠʭ ʢʨʠʪʝʨʽʾʚ אȟȣȟא . 

4. ɺ ʪʠʭ ʚʠʧʘʜʢʘʭ. ʢʦʣʠ ʧʨʦʝʢʪʦʚʘʥʘ ʤʝʨʝʞʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ 

ʚʟʘʻʤʦʟʚ'ʷʟʘʥʠʭ ʚʫʟʣʽʚ ʽ ʙʣʦʢʽʚ, ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʚʩʽʻʾ ʤʝʨʝʞʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʽ ʷʢʽʩʪʶ ʡʦʛʦ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʭʦʯʘ ʙ ʦʜʥʠʤ ʧʨʠʚʘʪʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ א ὼᴆ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʻʾ ʤʝʨʝʞʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʷʢʥʘʡʢʨʘʱʦʶ, 

ʷʢʱʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʢʝʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ x
C
 ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʝʢʩʪʨʝʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʧʨʠʚʘʪʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʷʢ ʦʩʥʦʚʥʠʭ ʧʽʜʮʽʣʝʡ ʦʜʥʽʻʾ 

ʟʘʛʘʣʴʥʦʾ ʤʝʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ.  

5. ɯʥʰʦʶ ʩʠʪʫʘʮʽʻʶ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʩʪʽ, ʻ ʚʠʧʘʜʦʢ, ʢʦʣʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʧʨʦʝʢʪʦʚʘʥʦʾ ʤʝʨʝʞʽ ʚʽʜʩʫʪʥʷ ʽ ʧʦʪʨʽʙʥʦ ʾʾ 

ʧʦʙʫʜʫʚʘʪʠ ʪʘʢ, ʱʦʙ ʟʦʚʥʽʰʥʽ ʧʘʨʘʤʝʪʨʠ ʤʝʨʝʞʽ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʚʽʜʧʦʚʽʜʘʣʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ x
C
, ʧʦʙʫʜʦʚʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʭʝʤ ʟʘʤʽʱʝʥʥʷ ʢʦʤʧʦʥʝʥʪ, ʤʦʞʫʪʴ ʥʝ ʤʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 
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ʚʽʜʥʦʩʠʥʠ ʜʦ ʚʥʫʪʨʽʰʥʽʭ ʧʨʦʮʝʩʽʚ ʚ ʤʝʨʝʞʽ, ʘ ʧʦʚʠʥʥʽ ʧʽʜʙʠʨʘʪʠʩʷ ʪʘʢ, ʱʦʙ 

ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ (ʚ ʜʝʷʢʦʤʫ ʨʦʟʫʤʽʥʥʽ) ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʝʢʪʦʚʘʥʦʾ 

ʤʝʨʝʞʽ.  

ʆʜʥʽʻʶ ʟ ʦʙʣʘʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ɯʂʄ ʽ ʷʢ 

ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʉʋ ʤʝʨʝʞʝʶ. ɿʘʛʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʾʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.2. 

 

ʈʠʩ. 4.2. ʄʦʜʝʣʴ  ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ  ʥʘ ʙʘʟʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʙʣʘʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʥʘʜʘʥʘ ʚʠʨʘʟʦʤ (4.18) ʻ ʥʘʧʨʷʤʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ɯʂʄ, ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʾʾ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ 

ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, ʧʦʰʠʨʝʥʥʷ ʚʠʜʽʚ ʧʦʩʣʫʛ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ.  

4.3 ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ɯʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʚ ʨʝʞʠʤʽ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

ɺ ʫʤʦʚʘʭ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʢʨʘʾʥʠ ʮʝ ʟʘʚʜʘʥʥʷ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʾ 

ʚʘʛʠ, ʨʦʟʚôʷʟʘʥʥʷ ʷʢʦʛʦ ʧʦʨʷʜ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʽ ʨʦʟʚʠʪʢʦʤ ʩʠʩʪʝʤʠ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ɯʂʄ, ʧʽʜʚʠʱʝʥʥʷʤ ʥʘʜʽʡʥʦʩʪʽ ʾʾ ʩʢʣʘʜʦʚʠʭ ï ʟʘʩʦʙʽʚ 

ʽ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ, ʩʠʩʪʝʤ ʽ ʦʙôʻʢʪʽʚ ʟʚôʷʟʢʫ, ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞ 

ʟʚôʷʟʢʫ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʦʾ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʾʾ 
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ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʝʨʝʞʽ, ʱʦ ʟʘʟʥʘʻ ʟʥʘʯʥʦʾ ʰʢʦʜʠ ʧʽʜ 

ʚʧʣʠʚʘʚ ʟʦʚʥʽʰʥʽʭ ʥʝʧʨʦʛʥʦʟʦʚʘʥʠʭ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ. 

ʆʩʢʽʣʴʢʠ ɯʂʄ ʤʝʨʝʞʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʢʣʘʜʥʫ ʛʝʪʝʨʦʛʝʥʥʫ ʩʠʩʪʝʤʫ, ʘ 

ʛʦʣʦʚʥʠʤ ʾʾ ʟʘʚʜʘʥʥʷʤ ʧʽʩʣʷ ʚʽʜʤʦʚʠ ʫ ʥʘʩʣʽʜʦʢ ʥʘʩʪʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ 

ʩʪʘʻ ʚʽʜʥʦʚʣʝʥʥʷ, ʪʦ ʧʦʪʨʽʙʥʘ ʧʦʧʝʨʝʜʥʷ ʦʮʽʥʢʘ ʚʠʤʦʛ, ʷʢʽ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʩʪʘʥʽ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʾʾ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʽ ʥʘʜʽʡʥʽʩʪʴ 

ʦʢʨʝʤʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʯʠ ʥʘʧʨʷʤʢʫ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʩʣʫʛ ʟʚôʷʟʢʫ.  

ʇʝʨʰʝ ʮʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʥʘ ʟʘʟʜʘʣʝʛʽʜʴ ʧʦʟʥʘʯʝʥʠʭ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʥʘʧʨʷʤʘʭ ʟʚôʷʟʢʫ ʚ ʽʥʪʝʨʝʩʘʭ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʦʙʦʨʦʥʠ, 

ʙʝʟʧʝʢʠ ʪʘ ʦʭʦʨʦʥʠ ʧʨʘʚʦʧʦʨʷʜʢʫ ʚ ʨʘʟʽ ʙʫʜʴ-ʷʢʠʭ (ʥʘʚʽʪʴ ʤʘʩʦʚʠʭ) ʨʫʡʥʫʚʘʥʴ ʥʘ 

ʤʝʨʝʞʽ ʟʚôʷʟʢʫ. 

ɼʨʫʛʝ ʮʝ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʩʪʘʣʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ 

ʟ ʥʝʦʙʭʽʜʥʦʶ ʷʢʽʩʪʶ ʚ ʫʤʦʚʘʭ ʤʦʞʣʠʚʠʭ ʨʫʡʥʫʚʘʥʴ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʤʝʨʝʞʽ, ʣʽʥʽʡ 

ʯʠ ʩʪʘʮʽʦʥʘʨʥʠʭ ʦʙôʻʢʪʽʚ ʟʚôʷʟʢʫ, ʢʦʣʠ ʤʦʞʝ ʡʪʠʩʷ ʧʨʦ ʦʧʝʨʘʪʠʚʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʤʝʪʦʜʦʤ ʨʦʟʛʦʨʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʚ ʨʘʡʦʥʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, 

ʘ ʪʘʢʦʞ ʦʙʭʽʜʥʠʭ ʽ ʨʝʟʝʨʚʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ. 

ʊʨʝʪʻ ʮʝ ʥʘʜʽʡʥʽʩʪʴ (ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ) ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʛʦʨʥʫʪʦʾ ɯʂʄ, ʪʦʙʪʦ 

ʟʜʘʪʥʽʩʪʶ ʤʝʨʝʞʽ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʶ ʬʫʥʢʮʽʶ ʧʨʠ ʚʠʭʦʜʽ ʟ ʣʘʜʫ ʯʘʩʪʠʥʠ ʾʾ 

ʝʣʝʤʝʥʪʽʚ, ʢʦʣʠ ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʥʝʧʝʨʝʜʙʘʯʝʥʘ, ʥʝ ʧʣʘʥʫʻʪʴʩʷ, ʪʦʙʪʦ ʥʘ 

ʥʘʜʟʚʠʯʘʡʥʠʡ ʩʪʘʥ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʫ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʥʘ ʟʦʚʥʽʰʥʽ 

ʚʧʣʠʚʠ. 

ɺ ʩʫʯʘʩʥʽʡ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʢʦʞʥʦʤʫ ʽʟ ʥʘʧʨʷʤʢʽʚ ʚʠʤʦʛ ʥʘʜʘʥʦ 

ʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ, ʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʦʙʨʘʞʝʥʽ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʠʢʘʭ ʽ ʅɼʈ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʝʨʰʦʾ ʮʝ - ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʚʽʜʤʦʚ ʫ 

ʥʘʜʘʥʥʽ ʧʦʩʣʫʛ ʧʨʠ ʟʘʥʷʪʦʩʪʽ ʯʠ ʚʽʜʤʦʚʽ ʢʘʥʘʣʽʚ [5], ʜʣʷ ʜʨʫʛʦʾ ʤʝʪʦʜʠʢʘ 

çʆʮʽʥʶʚʘʥʥʷ ʩʪʘʣʦʩʪʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʚ ʫʤʦʚʘʭ ʜʽʾ ʟʦʚʥʽʰʥʽʭ 

ʥʝʧʨʦʛʥʦʟʦʚʘʥʠʭ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚè [6], ʜʣʷ ʪʨʝʪʴʦʾ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ 

ʥʘʜʽʡʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʾʭ ʩʢʣʘʜʦʚʠʭ ʽ ʝʣʝʤʝʥʪʽʚ, ʚʠʢʣʘʜʝʥʽ [7] ʚ ʅɼʈ ʢʘʬʝʜʨʠ 

ʂʅɯʊ ʫ ɼʋʊ. ʈʘʟʦʤ ʟ ʪʠʤ ʚʦʥʠ ʚʠʨʽʰʫʶʪʴ ʦʢʨʝʤʽ ʟʘʚʜʘʥʥʷ, ʙʦ ʚʽʜʩʫʪʥʽʡ ʬʘʢʪʦʨ, 
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ʱʦ ʤʦʞʝ ʾʭ ʧʦʻʜʥʘʪʠ ï ʥʘʜʟʚʠʯʘʡʥʠʡ ʩʪʘʥ (ʅʉ), ʯʠ ʨʝʞʠʤ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ , 

ʢʦʣʠ ʚʠʤʦʛʦʶ ʩʪʘʻ ʥʝ ʤʦʞʣʠʚʽʩʪʴ, ʘ ʦʙʦʚôʷʟʢʦʚʽʩʪʴ ʾʭ ʚʠʢʦʥʘʥʥʷ. 

ʊʦʤʫ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ, ʱʦ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ 

ʛʦʣʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʣʫʛ ʥʘʩʝʣʝʥʥʷ ʽʟ ʟʘʜʘʥʠʤ QoS ʚ ʩʢʣʘʜʥʠʭ 

ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʦʮʽʥʢʫ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ɯʂʄ ʚ ʨʝʞʠʤʽ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

 ʊʘʢʠʡ ʧʦʛʣʷʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʢʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʣʫʞʙʠ 

ʚʽʜʥʦʚʣʝʥʥʷ, ʟʣʘʛʦʜʞʝʥʘ ʜʽʷ ʷʢʦʾ, ʥʘʙʫʚʘʻ ʘʢʪʫʘʣʴʥʠʡ ʟʤʽʩʪ ʪʘ ʟʥʘʯʫʱʽʩʪʴ. 

ʇʝʨʰʠʡ ï ʮʝ ʧʽʜʚʠʱʝʥʥʷ ʞʠʚʫʯʦʩʪʽ, ʩʪʘʣʦʩʪʽ ʩʪʘʮʽʦʥʘʨʥʦʾ ʤʝʨʝʞʽ, ʷʢʠʡ 

ʜʦʩʷʛʘʻʪʴʩʷ ʨʝʟʝʨʚʫʚʘʥʥʷʤ ʥʘʧʨʷʤʢʽʚ ʟʚôʷʟʢʫ, ʧʦʢʨʘʱʝʥʥʷʤ ʟʚôʷʟʥʦʩʪʽ ʚʫʟʣʽʚ 

ʤʝʨʝʞʽ, ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʾʾ. 

ɼʨʫʛʠʡ ʥʘʧʨʷʤʦʢ ʮʝ ʩʪʚʦʨʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ, ʛʥʫʯʢʦʾ, ʤʦʙʽʣʴʥʦʾ ʩʣʫʞʙʠ 

ʚʽʜʥʦʚʣʝʥʥʷ. 

 ʆʙʠʜʚʘ ʥʘʧʨʷʤʢʠ ʚʘʞʣʠʚʽ ʽ ʤʘʶʪʴ ʩʪʘʪʠ ʧʨʝʜʤʝʪʦʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ, ʧʨʝʜʤʝʪʦʤ ʫʚʘʛʠ ʎʆɺɿ, ʅʎʋ ʫʩʽʭ ʦʧʝʨʘʪʦʨʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. 

ʉʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʧʦ ʦʙʦʭ ʥʘʧʨʷʤʘʭ ʧʦʚʠʥʥʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʚʣʘʩʥʠʢʽʚ ʤʝʨʝʞ 

ʥʘ ʧʽʜʪʨʠʤʢʫ ʾʭ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. ʆʧʪʠʤʽʟʘʮʽʷ 

ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʣʦʩʪʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʘ ʽʟ 

ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʽʩʮʴ ʽ ʤʘʩʰʪʘʙʽʚ ʚʽʨʦʛʽʜʥʠʭ ʨʫʡʥʫʚʘʥʴ ʤʝʨʝʞʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʫʡʥʫʚʘʥʴ ʧʦʚʠʥʥʽ ʩʪʘʪʠ ʧʦʯʘʪʢʦʚʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 

ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʣʦʩʪʽ ɯʂʄ. 

 ʇʨʠ ʮʴʦʤʫ ʟʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʣʦʩʪʽ ʤʝʨʝʞʽ ʧʦʣʷʛʘʻ ʚ ʟʘʭʠʩʪʽ ʪʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ, ʚʽʨʦʛʽʜʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʘ, ʘ ʪʘʢʦʞ ʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʦʙʭʽʜʥʠʭ ʰʣʷʭʽʚ, ʧʘʨʘʣʝʣʴʥʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ, ʧʽʜʛʦʪʦʚʮʽ ʟʘʟʜʘʣʝʛʽʜʴ 

ʟʘʩʦʙʽʚ ʚʽʜʥʦʚʣʝʥʥʷ, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʥʝʨʫʡʥʦʚʘʥʦʶ ʤʝʨʝʞʫ ʟʨʦʙʠʪʠ 

ʥʝʤʦʞʣʠʚʦ, ʘ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʜʘʯʘ ʟʚʦʜʠʪʠʩʷ ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʤʝʨʝʞʽ, 

ʚʠʪʨʘʪʠ ʥʘ ʨʫʡʥʫʚʘʥʥʷ ʷʢʦʾ ʚ ʙʘʛʘʪʦ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʾʾ ʟʤʽʮʥʝʥʥʷ 

ʯʠ ʚʽʜʥʦʚʣʝʥʥʷ, ʪʦʙʪʦ ʤʘʶʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʪʘʢʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʧʦʩʠʣʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞ, ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ, ʚʘʨʪʽʩʪʴ ʷʢʠʭ ʙʫʣʘ ʙ 

ʟʥʘʯʥʦ ʤʝʥʰʝ ʚʘʨʪʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ. 
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 ʄʘʪʝʤʘʪʠʯʥʦ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʰʫʢʫ ʤʘʢʩʠʤʫʤʫ ʤʽʞ ʚʠʪʨʘʪʘʤʠ ʥʘ 

ʨʫʡʥʫʚʘʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʤʝʨʝʞʽ: ‚ ÍÁØὅὃ Ὠὃ ȠὃᶰὛȟ  ʜʝ ʉ(ɸ) ï 

ʚʠʪʨʘʪʠ ʥʘ ʨʫʡʥʫʚʘʥʥʷ ʙʝʟʣʽʯʽ ʝʣʝʤʝʥʪʽʚ A ʤʝʨʝʞʽ S; d(A) ï ʟʙʠʪʦʢ ʚʽʜ ʨʫʡʥʫʚʘʥʥʷ 

ʤʝʨʝʞʽ S, çʚʠʛʦʜʘè ʦʜʝʨʞʘʥʘ ʥʘʚʤʠʩʥʠʤ ʧʦʨʫʰʝʥʥʷʤ ʤʝʨʝʞʽ. 

 ʊʘʢʫ ʟʘʜʘʯʫ ʥʘʟʠʚʘʶʪʴ ʟʘʜʘʯʝʶ çʘʪʘʢʠè, ʷʢʘ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʦʚʠʥʥʘ 

ʨʦʟʛʣʷʜʘʪʠʩʴ ʢʦʤʧʣʝʢʩʥʦ, ʙʦ ʥʝ ʚʠʨʽʰʫʻʪʴʩʷ ʨʦʟʚôʷʟʘʥʥʷʤ ʦʜʥʽʻʾ ʟʘʜʘʯʽ, ʘ 

ʧʨʝʜʩʪʘʚʣʷʻ n ʦʜʥʦʪʠʧʥʠʭ ʟʘʜʘʯ ʘʪʘʢʠ ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ ʤʽʩʮʴ 

ʥʘʡʚʽʨʦʛʽʜʥʽʡʰʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʣʷ ʦʮʽʥʢʠ ʾʭ ʧʦʷʚʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 ʆʩʢʽʣʴʢʠ ʣʶʙʝ ʟʤʽʮʥʝʥʥʷ ʤʝʨʝʞʽ ʥʝ ʚʠʢʣʶʯʘʻ ʽʤʦʚʽʨʥʦʩʪʽ ʾʾ ʨʫʡʥʫʚʘʥʥʷ ʽ 

ʮʷ ʧʦʜʽʷ ʤʦʞʣʠʚʦ ʚʽʜʙʫʜʝʪʴʩʷ, ʪʦ ʟʘʜʘʯʘ ʘʚʪʦʤʘʪʠʯʥʦ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʟʘʜʘʯʫ 

ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. ɼʣʷ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʽ ʩʢʣʘʜ ʽ ʥʘʷʚʥʽʩʪʴ ʚʽʜʥʦʚʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʚ ʬʽʢʩʦʚʘʥʠʡ ʪʝʨʤʽʥ ʟʘʟʥʘʯʝʥʠʡ 

ʨʝʛʣʘʤʝʥʪʦʤ ʟʘʙʝʟʧʝʯʘʪʴ ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʩʧʦʞʠʚʘʯʘʤ 

ʚ ʫʤʦʚʘʭ ʟʨʫʡʥʦʚʘʥʦʾ ʽ ʯʘʩʪʢʦʚʦ ʚʽʜʥʦʚʣʝʥʦʾ ʤʝʨʝʞʽ, ʘ ʢʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʩʪʘʻ 

ʤʽʥʽʤʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʧʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʚʽʜʥʦʚʣʝʥʥʷ: 

 ‚ ÍÉÎ ὧᵬ (4.19) 

 ʜʝ  ὧᵬ- ʚʘʨʪʽʩʪʴ k-ʛʦ ʚʽʜʥʦʚʥʦʛʦ ʟʘʩʦʙʫ ʥʘ l-ʤʫ ʝʣʝʤʝʥʪʽ ʤʝʨʝʞʽ. 

 ʆʮʽʥʢʘ ʤʝʨʝʞʽ ʟʘ (4.19) ï ʮʝ ʧʝʨʰʘ ʩʢʣʘʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʝʨʝʞʽ ʚ 

ʫʤʦʚʘʭ ʅʉ. ʗʢ ʚʽʜʟʥʘʯʘʣʦʩʴ, ʟʘʜʘʯʝʶ ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʪʦ ʻ ʥʝ ʪʽʣʴʢʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʨʫʡʥʦʚʘʥʦʾ ʤʝʨʝʞʽ, ʘʣʝ ʡ ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʜʘʪʢʦʚʦʾ ʪʠʤʯʘʩʦʚʦʾ ʤʝʨʝʞʽ ʚ ʟʦʥʽ ʅʉ ʯʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʝʨʚʥʠʭ ʰʣʷʭʽʚ, ʤʦʞʣʠʚʦ, ʧʦʧʝʨʝʜʥʴʦ ʟʘʢʦʥʩʝʨʚʦʚʘʥʠʭ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʰʫʢ ʤʽʥʽʤʫʤʫ ʚʠʪʨʘʪ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʥʦʚʦʾ ʤʝʨʝʞʽ ʥʘ ʙʘʟʽ 

ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʪʝʭʥʽʯʥʠʭ ʚʘʨʽʘʥʪʽʚ ʯʠ ʨʦʟʢʦʥʩʝʨʚʘʮʽʾ ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʰʣʷʭʽʚ. ʊʦʜʽ 

ʟʘʜʘʯʘ ʥʘʙʫʚʘʻ ʜʦʜʘʪʢʦʚʦʾ ʩʢʣʘʜʥʦʩʪʽ ʧʦʚôʷʟʘʥʦʾ ʽʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʦʧʦʣʦʛʽʾ 

ʤʝʨʝʞʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʨʝʞʽ ʽ 

ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʟʚôʷʟʥʦʩʪʽ ʾʾ ʚʫʟʣʽʚ.  

ʇʨʠʢʣʘʜʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʤʝʪʦʜʠʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ [6], 

ʢʦʣʠ ʟʚôʷʟʥʽʩʪʴ ʚʫʟʣʽʚ ʜʦ ʧʨʦʷʚʠ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ ʅʉ ʚʠʟʥʘʯʘʶʪʴ ʷʢ 




