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ɼʀʉɽʈʊɸʎɯʗ 

 

ʄʆɼɽʃɯ ʊɸ ʄɽʊʆɼʀ ʉʀʅʊɽɿʋ ʉʇɽʎɯɸʃɯɿʆɺɸʅʆɰ 
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ɸʅʆʊɸʎɯɰ 

ʄʦʞʘʻʚ ʄ.ʆ. çʄʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ  ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽè, . ï ʅʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.05 ï ʢʦʤʧ'ʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʪʘ ʢʦʤʧʦʥʝʥʪʠ. ï ʏʝʨʢʘʩʴʢʠʡ 

ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, 

ʏʝʨʢʘʩʠ, 2021.  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʥʦʚʢʽʚ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ 

ʚ ʫʤʦʚʘʭ ʦʙʨʦʙʢʠ ʟʥʘʯʥʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʚʠʤʦʛ ʜʦ ʩʫʯʘʩʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; ʥʘ ʦʩʥʦʚ ̔

ʘʥʘʣʽʟʫ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʥʝʦʙʭʽʜʥʠʭ ʘʧʘʨʘʪʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʽʜʪʨʠʤʫʶʯʠʭ ʾʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. ʇʨʦʚʝʜʝʥʠʡ 

ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʥɹʦʩʪʽ, ʘʣʝ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʝ ʟʘʚʞʜʠ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ ʟ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. ʎ̫  ʦʙʩʪʘʚʠʥʘ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʢʣʘʩʠʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʚʠʩʥʦʚʢʽʚ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʘʣʽʟʤʫ ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʽʥʪʝʛʨʘʣʽʚ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʦʧʪʠʯʥʠʤ ʢʘʥʘʣʘʤ ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʟʥʘʯʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-
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ʯʘʩʦʚʠʭ ʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʭ ʢʦʨʝʣʷʮʽʡ ʧʦʣʷ ʭʚʠʣʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʫ 

ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʩʣʘʙʢʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ 

ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʷʢʽ ʧʨʠ ʮʴʦʤʫ 

ʚʠʥʠʢʘʶʪʴ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ  ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʽʚ ʦʧʝʨʘʪʠʚʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜ̔ ʷʣʴʥʦʩʪʽ   ʟ ʢʦʥʪʨʦʣʝʤ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ, ʘʢʫʩʪʦʦʧʪʠʯʥʠʤʠ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʘʯʽ  ʧʘʢʝʪʽʚ ʫ ʤʝʨʝʞʽ.. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʚʧʣʠʚʫ ʟʘʚʘʜ ʥʘ ʘʧʘʨʘʪʥʽ ʩʢʣʘʜʦʚ,̔ ʘ ʩʘʤʝ 

ʥʘ ʤʝʨʝʞʥʝ ʦʙʣʘʜʥʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦ ʧʨʦʚʽʜʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʥʘʣʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʧʨʦʚʽʜʥʦʛʦ ʩʪʘʥʫ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʨʦʤʽʞʢʫ ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ ʧʨʠ 

ʩʠʥʪʝʟʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʫʤʦʚʠ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʧʽʜʚʠʱʠʪʴ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʠʟʠ; 

ɼʽʩʪʘʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ  ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ  ʫ 

ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ 

ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʚʠʤʽʨʶʚʘʯʘ ʜʦʩʪʫʧʥʦʾ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷ̒  

ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʟ'ʻʜʥʘʥʴ ʟ ʤʝʥʰʦʶ ʜʦʩʪʫʧʥʦʶ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ, ʥʽʞ ʚʩʽ ʧʦʧʝʨʝʜʥʽ ʟ'ʻʜʥʘʥʥʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʤʘʨʰʨʫʪʽ ʪʘ 

ʩʬʦʨʤʫʚʘʪʠ ʟʙʘʣʘʥʩʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʫʟʣʠ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʫ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʚʽʨʪʫʘʣʴʥʠʭ 

ʤʘʨʰʨʫʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 
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ʝʢʩʧʝʨʪʠʟʠ ʟʘ ʨʘʭʫʥʦʢ ʧʦʢʨʘʝɦʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ, ʷʢʽ 

ʧʝʨʝʜʘʶʪʴʩʷ ʪʘ ʦʙʨʦʙʣʷʶʪʴʩʷ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ 

ʋʜʦʩʢʦʥʘʣʝʥʦ  ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʦʟʥʘʢ ʤʦʥʪʘʞʫ ʬʦʪʦ- ʪʘ ʚʽʜʝʦ- 

ʜʘʥʠʭ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʘʜʘʧʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥ̫ ʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʜʽʣʝʥʥʷ 

ʰʫʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʥʪʨʦʧʽʾ ʪʘ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ ʧʝʨʚʠʥʥʠʭ 

ʜʘʥʠʭ ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʦʟʥʘʢ ʤʦʥʪʘʞʫ ʜʦʩʷʛʥʫʪʠ 

ʧʽʜʚʠʱʝʥʥʷ  ʜʦʩʪʦʚ̔ ʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ɼʽʩʪʘʣʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ   ʤʝʪʦʜ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩ̫  ʚ MIMO ʪʝʭʥʦʣʦʛʽʷʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʧʦʤʠʣʦʢ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʠʤ ʯʠʥʦʤ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ, ʽ ʪʠʤ ʩʘʤʠʤ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

ï ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʘʣʽʟʤʫ ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʽʥʪʝʛʨʘʣʽʚ, ʢ̫ʠʡ ʚʨʘʭʦʚʫʻ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʦʧʪʠʯʥʠʤ ʢʘʥʘʣʘʤ ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʟʥʘʯʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ 

ʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʭ ʢʦʨʝʣʷʮʽʡ ʧʦʣʷ ʭʚʠʣʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʤʦʜʝʣʝʡ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʫ ʢʦʤʧ'ʶʪʝʨʥʽʡ 

ʩʠʩʪʝʤʽ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʩʣʘʙʢʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʷʢʽ ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ  ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 
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ï ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʽʚ ʦʧʝʨʘʪʠʚʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ   ʟ ʢʦʥʪʨʦʣʝʤ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪɹ  

ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ, ʘʢʫʩʪʦʦʧʪʠʯʥʠʤʠ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʘʯʽ  ʧʘʢʝʪʽʚ ʫ ʤʝʨʝʞʽ; 

ï ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʚʧʣʠʚʫ ʟʘʚʘʜ ʥʘ ʘʧʘʨʘʪʥʽ ʩʢʣʘʜʦʚʽ, 

ʘ ʩʘʤʝ ʥʘ ʤʝʨʝʞʥʝ ʦʙʣʘʜʥʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦ ʧʨʦʚʽʜʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʥʘʣʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʧʨʦʚʽʜʥʦʛʦ ʩʪʘʥʫ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʨʦʤʽʞʢʫ ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ ʧʨʠ ʩʠʥʪʝʟʽ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʫʤʦʚʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ 

ʧʽʜʚʠʱʠʪʴ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʠʟʠ; 

ï ʜʽʩʪʘʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ  ʫ 

ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤ̔  ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʧʽʜʭʦʜʫ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʚʠʤʽʨʶʚʘʯʘ ʜʦʩʪʫʧʥʦʾ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʟ'ʻʜʥʘʥʴ ʟ ʤʝʥʰʦʶ ʜʦʩʪʫʧʥʦʶ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ, ʥʽʞ ʚʩʽ ʧʦʧʝʨʝʜʥʽ ʟ'ʻʜʥʘʥʥʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʤʘʨʰʨʫʪʽ ʪʘ 

ʩʬʦʨʤʫʚʘʪʠ ʟʙʘʣʘʥʩʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʫʟʣʠ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʫ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʜʣ ̫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʠʟʠ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʢʨʘʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʪʘ 

ʦʙʨʦʙʣʷʶʪʴʩʷ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ; 

ï ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʦʟʥʘʢ ʤʦʥʪʘʞʫ ʬʦʪʦ- ʪʘ ʚʽʜʝʦ- ʜʘʥʠʭ, 

ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʘʜʘʧʪʠʚʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʜʽʣʝʥʥʷ ʰʫʤʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʥʪʨʦʧʽʾ ʪʘ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʪʘ ʟʘ ʨʘʭʫʥʦʢ 
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ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʦʟʥʘʢ ʤʦʥʪʘʞʫ ʜʦʩʷʛʥʫʪʠ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʝʢʩʧʝʨʪʠʟʠ; 

ï ʜʽʩʪʘʚ ʧʦʜʘʣɹ ʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

MIMO ʪʝʭʥʦʣʦʛʽʷʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʦʤʠʣʦʢ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʠʤ ʯʠʥʦʤ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ, ʽ ʪʠʤ ʩʘʤʠʤ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ 

ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʫ ʨʦʙʦʪʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʻ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʽʥʞʝʥʝʨʥʽ ʤʝʪʦʜʠ ʪʘ 

ʘʣʛʦʨʠʪʤʠ ʜʘʶʪʴ ʟʤʦʛʫ: 

ï ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʾʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ; 

ï ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʝʨʝʨʦʟʧʦʜʽʣ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ ʪʘ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʢʦʤʧôʶʪʝʨʥʫ ʩʠʩʪʝʤʫ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ 8%; 

ï ʚʜʦʩʢʦʥʘʣʠʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʢʨʠʪʝʨʽʡ ʚʠʜʽʣʝʥʥʷ ʰʫʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʘʜʘʧʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ  

ʧʦʤʠʣʢʠ ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʠʟʠ ʬʦʪʦʟʦʙʨʘʞʝʥʴ ʥʘ 7%; 

ï ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʟôʻʜʥʘʥʴ ʟ ʤʝʥʰʦʶ ʜʦʩʪʫʧʥʦʶ 

ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʥʽʞ ʚʩʽ ʧʦʧʝʨʝʜʥʽ ʟôʻʜʥʘʥʥʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ 

ʤʘʨʰʨʫʪʽ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʟʙʘʣʘʥʩʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʫʟʣʠ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ; 

ï ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽ̫ ʣʴʥʦʩʪʽ ʥʘ 3- 7%. 

ʈʝʘʣʽʟʘʮʽʷ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʫ ʅɼʈ 

ʏʝʨʢʘʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʆʜʝʨʞʘʥʽ ʚ ʥʽʡ 
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ʪʝʦʨʝʪʠʯʥʽ ʡ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʪʘʢʠʭ 

ʟʘʢʣʘʜʘʭ, ʫʩʪʘʥʦʚʘʭ, ʦʨʛʘʥʽʟʘʮʽʭ̫: 

- ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʮʝʥʪʨ ̔çɯʥʩʪʠʪʫʪ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʽʤ. ɿʘʩʣ. 

ʧʨʦʬ. ʄ.ʉ. ɹʦʢʘʨʽʫʩʘè ʚ ʭʦʜʽ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ ʪʘ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʽʡ ʨʦʙʦʪʽ. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 10.06.2019; 

- ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʤʫ ʮʝʥʪʨ ̔ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʟ ʧʠʪʘʥʴ 

ʥ̔ʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʄʽʥʽʩʪʝʨʩʪʚʘ ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ ( ʤ ʂʠʾʚ) ʧʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʘʜʘʯ ʩʠʥʪʝʟʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 10.06.2020; 

- ʊʆɺ çʍʘʨʢʽʚʇʨʦʤʧʦʩʪʘʯè (ʤ. ʍʘʨʢʽʚ) ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ 

ʨʦʙʦʪʠ. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 10.06.2020; 

- ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʏʝʨʢʘʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 20.12.2019. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ, ʢʦʤʧôʶʪʝʨʥʘ ʤʝʨʝʞʘ, ʩʠʥʪʝʟ, 

ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʤʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ ʩʠʥʪʝʟʫ, ʟʙʘʣʘʥʩʦʚʚʘʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ, 

ʤʝʪʦʜʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽ.ʾ 
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ABSTRACTS 

Mozhaiev M.O. çModels and methods of synthesis of a specialized 

computer system in providing forensic science services for justiceè, . ï 

Manuscript. 

Dissertation for a Doctor Degree of Technical Science(ScD): Speciality 

05.13.05 ï "Computer systems and components". ï Cherkasy state technological 

university, Cherkasy, 2021. 

The dissertation is devoted to the solving of an actual scientific and applied 

problem of increasing of reliability of conclusions of forensic examinations in the 

conditions of processing of considerable data sets on the basis of development of 

mathematical models and methods of synthesis of a specialized computer system in 

providing forensic science service for justice. 

Forensic science services are various in form and fact and its providing is 

impossible without the involvement of information resources, by which the 

legislator understands individual documents and individual arrays of documents, 

documents and arrays of documents in information systems (libraries, archives, 

funds, data banks, other information systems). Data support of forensic science 

services should be defined by the legislator as a process of collecting, processing, 

accumulating, storing, searching and disseminating information. Thus, the data 

support of forensic examination is necessary to solve forensic cases. 

The applicability of the dissertation is induced by the need to comply with 

the requirements for the reliability of the forensic report using a specialized 

computer system in providing forensic science services for justice. The analysis of 

the current state of development of computer systems of forensic examination has 

shown a tendency to increase the amount of data to be processed. This, in turn, 

leads to an additional strain on the hardware and software of a specialized 

computer system to provide forensic science services for justice, which can lead to 

a decrease in the reliability of forensic conclusions.  

Tasks and objectives. The task of the research is to increase the reliability of 

forensic conclusions in the processing of large data sets by developing 
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mathematical models and methods of synthesis of a specialized computer system 

for forensic activities. 

To achieve this task the following objectives were formulated in the 

dissertation: 

1) analysis of requirements to modern specialized computer systems for 

forensic science services; 

2) development of a set of interconnected models of computer system 

components to ensure providing forensic science services using the formalism of 

Feynman integrals; 

3) development of a set of methods for operational assessment of the quality 

of the computer system to ensure forensic activities with control of the basic 

parameters of the signals; 

4) development of a set of models of interference impact on hardware 

components, namely on the network equipment of the computer system to ensure 

forensic activities; 

5) development of a method of research of signs of editing of photo and 

video data with application of a complex criterion of noise allocation; 

6) development of a simulation model of information transmission in a 

computer system to provide forensic science services based on the study of 

network structure using a space-time meter of available bandwidth; 

7) development of a method of redistribution of computing resources of a 

computer system to provide forensic activities through the use of signal processing 

algorithms; 

8) conducting a comparative assessment of developed and existing models 

and methods of synthesis of specialized computer systems for providing forensic 

science services; 

9) research and implementation of developed models and methods of 

synthesis of specialized computer systems for forensic science services.ʆʙôʻʢʪ 

ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. 
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Subject of research ï models and methods of synthesis of a specialized 

computer system of forensic examination. 

The analysis of the existing requirements to modern specialized computer 

systems of providing forensic activity is carried out; general requirements for the 

necessary hardware components of the computer system and their supporting 

software are formulated on the basis of analysis. The analysis showed the 

feasibility of using specialized computer systems for providing forensic science 

services, but also found that currently existing models and methods of synthesis of 

specialized computer systems for forensic science services do not always comply 

with requirements for the reliability of the results of expert services. This fact 

determines the need to improve the relevant classical mathematical tools to 

increase the reliability of the conclusions of forensic examinators. 

A set of interconnected models of computer system components was 

developed to ensure forensic activity using the formalism of Feynman integrals, 

which considers the peculiarities of information transmission over optical channels 

and is based on the determination of information parameters by studying the 

spatio-temporal and spatio-frequency correlations of the wave field. The use of this 

set of models in predicting the distribution of information flows in a computer 

system allows to consider the impact of weak heterogeneity of the signal 

propagation environment and nonlinear effects, what leads to improved reliability 

of the computer systems in providing forensic science services. 

A set of methods for operational quality assessment of the computer system 

to provide forensic science services with control of the main parameters of signals 

that provide information transmission, acousto-optical spectrum analyzers, which 

improves the reliability of packet transmission in the network. 

A set of models for the impact of interference on hardware components, 

namely on the network equipment of a computer system that provides forensic 

services, which considers the process of forming a highly conductive electronic 

channel that affects the conduction state of the air gap of different geometric sizes. 

The appliance of these models in the synthesis of a computer system will improve 
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the conditions for the transfer of information in a computer system which ensure 

forensic science services, which will increase the reliability of the results of the 

examination; 

A simulation model of information transmission in a computer system has 

been developed to provide forensic activities based on an approach focused on 

studying the structure of the network using a space-time meter of available 

bandwidth, which allows to determine the location of connections with less 

available bandwidth than all previous connections on the studied route and to form 

a balanced strain on the nodes of the core network. The application of the results of 

this model in the development of methods of information transfer in a computer 

system to provide forensic activities will increase the bandwidth of virtual routes, 

which improves the reliability of examination results by improving the reliability 

of primary data transmitted and processed in computer system. 

The method of research of signs of editing of photo and video data which 

differs from known ones by use of orthogonal adaptive transformations is 

improved with application of complex criterion of allocation of noise taking into 

account entropy and dispersion of partial images. Use of this method allows to 

reduce time for processing of primary data and due to improvement of quality of 

allocation of signs of installation to reach increase of reliability of results of the 

corresponding examination. 

The method of redistribution of computing resources of the computer system 

for providing forensic science services due to the use of signal processing 

algorithms used in MIMO technologies was further developed, which reduces 

errors in the process of information transfer, thus improving the quality of 

information transmission in difficult conditions, and thus significantly improve the 

reliability of the results of the computer systems in forensic science services. 

 

Scientific novelty of the obtained results: 

- for the first time a set of interconnected models of computer system 

components was developed to provide forensic activities using the continuum 
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integral formalism, which takes into account the peculiarities of information 

transmission over optical channels and is based on determining information 

parameters by studying spatiotemporal and spatiofrequency wave field 

correlations. . The use of this set of models in predicting the distribution of 

information flows in a computer system allows to take into account the impact of 

weak heterogeneity of the signal propagation environment and nonlinear effects 

that occur, which leads to improved reliability of the computer system to provide 

forensic activities; 

- for the first time a set of methods for operational assessment of the quality 

of the computer system to ensure forensic activities with control of the main 

parameters of signals that provide information transmission, acousto-optical 

spectrum analyzers, which improves the reliability of packet transmission in the 

network; 

- for the first time a set of models of interference impact on hardware 

components was developed, namely on the network equipment of a computer 

system to provide forensic expertise, which takes into account the process of 

forming a highly conductive electronic channel. The use of these models in the 

synthesis of a computer system will improve the conditions for the transfer of 

information in a computer system to ensure forensic activities, which will increase 

the reliability of the results of the examination; 

- further developed a simulation model of information transmission in a 

computer system to provide forensic activities based on an approach focused on 

studying the structure of the network using a space-time meter of available 

bandwidth, which allows to determine the location of connections with less 

available bandwidth than all previous connections on the studied route and to form 

a balanced load on the nodes of the core network. The application of the results of 

this model in the development of methods of information transfer in a computer 

system to provide forensic activities will increase the bandwidth of virtual routes, 

which improves the reliability of the examination results by improving the 

reliability of primary data transmitted and processed in the computer system; 
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- the method of research of signs of montage of photo and video data which 

differs from known by use of orthogonal adaptive transformations with application 

of complex criterion of allocation of noise taking into account entropy and 

dispersion of partial images is improved. The use of this method allows to reduce 

the time for processing the primary data and by improving the quality of the 

selection of installation features to increase the reliability of the results of the 

relevant examination; 

- further developed the method of redistribution of computing resources of 

the computer system to provide forensic activities through the use of signal 

processing algorithms used in MIMO technologies, which reduces errors in the 

transmission of information, thus improving the quality of information 

transmission in complex conditions, and thus significantly improve the reliability 

of the results of the computer system of forensic science. 

Practical significance of obtained results. The practical value of the work 

is that the models and methods developed in the work are a scientific and practical 

basis for the creation and improvement of computer systems of forensic science. 

The engineering methods and algorithms presented on their basis allow: 

- perform modeling of the computer system of forensic activity and its 

computer network; 

- optimize the redistribution of computing resources in the computer system 

and reduce the load on a specialized computer system to provide forensic activities 

by 8%; 

- to improve the complex criterion of noise allocation taking into account 

orthogonal adaptive transformations allows to reduce the probability of error of the 

conclusion of examination of photographic images by 7%; 

- to determine the location of connections with less available bandwidth than 

all previous connections on the studied route and to form a balanced load on the 

nodes of the core network; 

- reduce the cost of operating a computer system of forensic science by 3-

7%. 
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Implementation. The dissertation was performed in accordance with the 

research plan of Cherkasy State Technological University. The theoretical and 

practical results obtained in it are used and implemented in the following 

institutions, establishments, organizations: 

- National Research Center "Institute of Forensic Science. Zasl. prof. M.S. 

Bocarius òin the course of research work and implemented in research work. Act of 

implementation dated June 10, 2019; 

- Research Center for Forensic Intellectual Property of the Ministry of Justice 

of Ukraine (Kyiv) in solving promising problems of synthesis of a specialized 

computer system of forensic science. Act of implementation dated 10.06.2020; 

- LLC "KharkivPrompostach" (Kharkiv) in the performance of research work. 

Act of implementation dated 10.06.2020; 

- in the educational process of Cherkasy State Technological University. Act of 

implementation dated 20.12.2019. 

Keywords: computer system, computer network, synthesis, simulation model, 

methods and models of synthesis, balanced loading, methods of information 

transfer. 
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ʢʝʨʽʚʥʦʛʦ ʩʢʣʘʜʫ ʢʨʠʤʽʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʦʨʛʘʥʽʚ ʪʘ ʧʽʜʨʦʟʜʽʣ̔ʚ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʧʦʣʽʮʽʾ ʋʢʨʘʾʥʠ ʪʘ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʢʘʬʝʜʨ ʦʧʝʨʘʪʠʚʥʦ-

ʨʦʟʰʫʢʦʚʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʄɺʉ ʋʢʨʘʾʥʠ / ʅʘʮ. ʧʦʣʽʮʽʷ 

ʋʢʨʘʾʥʠ ; ʍʘʨʢʽʚ. ʥʘʮ. ʫʥ-ʪ ʚʥʫʪʨ. ʩʧʨʘʚ. ʍʘʨʢʽʚ : ʍʅʋɺʉ, 2019. ʉ. 179-184. 

ɿʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

31. ʄʦʞʘʝʚ ʄ. ʆ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʛʘʣʫʟʽ ʢʦʤʧ'ʶʪʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʖʨʠʜʠʯʥʘ ʧʨʘʢʪʠʢʘ ʚ ʢʨʘʾʥʘʭ ɭʉ ʪʘ ʚ ʋʢʨʘʾʥʽ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ: ʤʘʪʝʨʽʘʣʠ 

ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, ʤ. ɸʨʘʜ, 25-26 ʩʽʯʥʷ 2019. ʉ. 

545-547 (ʻ ʩʝʨʪʠʬʽʢʘʪ ʫʯʘʩʥʠʢʘ). 

32. ɹʨʝʥʜʝʣʴ ʆ. ɯ., ʄʦʞʘʝʚ ʄ. ʆ., ʈʦʤʘʥ ɸ. ɯ ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ ʩʪʝʥʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʰʫʤʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ ʨʝʜʘʛʫʚʘʥʥʷ 

ʮʠʬʨʦʚʠʭ ʬʦʪʦʛʨʘʬʽʡ: ɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʽ 

ʢʨʠʤʽʥʘʣʽʩʪʠʢʠ: ʟʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʤʽʞʥʘʨʦʜ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ., 

ʧʨʠʩʚʷʯʝʥʦʾ 150-ʨʽʯʯʶ ʟ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ɿʘʩʣ. ʧʨʦʬ. ʄ. ʉ. ɹʦʢʘʨʽʫʩʘ (ʍʘʨʢʽʚ, 

18-19 ʢʚʽʪ. 2019 ʨ.). ʍʘʨʢʽʚ: ʍʅɼɯʉɽ, 2019. ʉ. 261-263. 

ɿʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʦʟʥʘʢ ʤʦʥʪʘʞʫ ʬʦʪʦ- ʪʘ 

ʚʽʜʝʦ- ʜʘʥʠʭ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʘʜʘʧʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʜʽʣʝʥʥʷ 

ʰʫʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʥʪʨʦʧ̔ʾ  ʪʘ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

33. ʄʦʞʘʝʚ ʄ. ʆ., ɻʦʤʦʥ ɺ.ʆ. ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʨʪʘʣʫ ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʦʣʽʮʽʾ/ 

ʇʨʦʪʠʜʽʷ ʢʽʙʝʨʟʘʛʨʦʟʘʤ ʪʘ ʪʦʨʛʽʚʣʽ ʣʶʜʴʤʠ ( 27 ʪʨʘʚʥʷ. 2020 ʨ., ʤ. ʍʘʨʢʽʚ) 

ʄɺʉ ʋʢʨʘʾʥʠ, ʍʘʨʢʽʚ. ʥʘʮ. ʫʥ-ʪ ʚʥʫʪʨ. ʩʧʨʘʚ ; ʂʦʦʨʜʠʥʘʪʦʨ ʧʨʦʝʢʪʽʚ ʆɹʉɭ ʚ 

ʋʢʨʘʾʥʽ. ʍʘʨʢʽʚ : ʍʅʋɺʉ, 2020. ʉ. 75-76. 

ɿʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ  ʜʠʘʛʥʦʩʪʠʢʠ  ʧʦʨʫʰʝʥʴ ʩʽʥʭʨʦʥʽʟʘʮʽʾ 

ʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
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34.  ʄʦʞʘʝʚ ʄ. ʆ. ʄʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʫʜʝʙʥʦʡ ʵʢʩʧʝʨʪʠʟʳ / 

ʇʨʦʙʣʝʤʠ ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ (ʇɯʄ-2020). ʊʝʟʠ ʜʚʘʜʮʘʪʦʾ 

ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ.-ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè, 2020.-ʉ.58. 

35. ʄʦʞʘʝʚ ʄ. ʆ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʪʠʯʥʠʭ ʢʘʥʘʣʽʚ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʇʨʦʙʣʝʤʠ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ: ʪʝʟʠ ʜʦʧ. ɺʦʩʤʠʡ ʤʽʞʥʘʨ. 

ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ., (ʤ. ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ, 26ï27 ʣʠʩʪʦʧ. 2020ʨ.). ʏʝʨʢʘʩʠ: 

ʏɼʊʋ; ɹʘʢʫ: ɺɸ ɿʉ ɸʈ; ɹʝʣʴʩʴʢʦ-ɹʷʣʘ: ʋʊʽɻʅ; ʍʘʨʢʽʚ, ʅʊʋ çʍʇɯè 2020, ʊ1. 

ʉ. 16. 



 24 
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2.4.2. ʆʮʽʥʢʘ ʧʦʪʝʥʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʣʘʜʫ ʧʦ ʯʘʩʪʦʪʽ ʜʚʦʭ 

ʽʤʧʫʣʴʩʽʚééééééééééééééééééééééééééééé 

ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 2éééééééééééééééééééééé........ 

ʈʆɿɼɯʃ  3  ʄʆɼɽʃʖɺɸʅʅʗ ʉʂʃɸɼʆɺʀʍ ɹɸɿʆɺʆɰ ʄɽʈɽɾɯ 
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3.1 ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʘʣʽʟʤʫ ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʌʝʡʤʘʥʘ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʧʪʠʯʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯ̔  ̔ʥʬʦʨʤʘʮʽʾ............. 

3.1.1 ʌʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʽ ʦʩʥʦʚʥʽ ʜʦʧʫʱʝʥʥʷ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚéééé.. 

3.1.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʘʨʘʙʦʣʽʯʥʦʛʦ 

ʭʚʠʣʴʦʚʦʛʦ ʨʽʚʥʷʥʥʷéééééééééééééééééééééééé. 

3.1.3. ɸʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʧʦʣ̫  ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘééééé. 

3.1.4 ʈʽʚʥʷʥʥʷ ʜʣʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡééééééééééééééé. 

3.1.5. ʈʽʚʥʷʥʥʷ ʜʣʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʜʦʚʽʣʴʥʦʛʦ ʧʦʨʷʜʢʫééééé..... 
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ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 3ééé..éééééééééééééééééééé. 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʟʤʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾééééééééééééééééé. 

4.3 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʾ ʽʦʥʽʟʘʮʽʾ ʪʘ ɽʄɺ ʥʘ ʤʘʢʨʦʩʢʦʧʽʯʥʽ 
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ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 4ééé..éééééééééééééééééééé. 

ʈʆɿɼɯʃ 5 ʄɽʊʆɼʀʂɸ ɺʀɹʆʈʋ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄɽʊʆɼɯɺ ʆɹʈʆɹʂʀ 

ʎʀʌʈʆɺʀʍ ɿʆɹʈɸɾɽʅʔ ʋ ʉʀʉʊɽʄɯ ʉʋɼʆɺʆɰ 

ɽʂʉʇɽʈʊʀɿʀéééééééééééééééééééééééééé.. 

5.1 ʉʧʦʩʦʙʠ ʬʦʨʤʫʚʘʥʥʷ ʡ ʟʙʝʨʝʞʝʥʥʷ ʬʦʪʦʟʦʙʨʘʞʝʥʴ. ʍʘʨʘʢʪʝʨ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʾʭ ʜʦʩʣʽʜʞʝʥʥʽééééééé 

5.2 ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʚʝʜʝʥʥʷ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠééééééééééééééééééé.. 

5.3 ʄʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʨʝʜʘʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴééééééééééééé. 

5.3.1 ɸʥʘʣʽʟ ʪʠʧʽʚ ʨʝʜʘʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴééééééééééééééé. 

5.3.2 ɸʥʘʣʽʟ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚééééééééééé.. 

5.4. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ ʤʦʥʪʘʞʫ ʥʘ ʦʩʥʦʚʽ ʚʠʜʽʣʝʥʥʷ ʰʫʤʽʚ ʟʘ 

ʤʘʢʩʠʤʽʟʘʮʽʻʶ ʝʥʪʨʦʧʽéʾééééééééééééééééééééé... 

5.4.1 ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʚʠʜʽʣʝʥʥʷ ʰʫʤʫ 

ʟʦʙʨʘʞʝʥʥʷéééééééééééééééééééééééééééé 

5.4.2 ʄʝʪʦʜ ʚʠʜʽʣʝʥʥʷ ʰʫʤʽʚ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʝʥʪʨʦʧʽʾéééééééééééééééééééééééééééé..é 

5.4.3 ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʨʽʚʥʷ ʰʫʤʫ ʚʽʜ ʷʩʢʨʘʚʦʩʪʽ ʬʦʥʫéééééé.. 

5.4.4 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʪʠʩʢʘʥʥʷ ʟ ʚʪʨʘʪʘʤʠ ʥʘ ʨʽʚʝʥʴ ʰʫʤʽʚ 

ʟʦʙʨʘʞʝʥʥʷéééééééééééééééééééééééééééé 

5.5 ʈʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʘʥʘʣʽʟʫ ʦʟʥʘʢ ʤʦʥʪʘʞʫ 

ʮʠʬʨʦʚʠʭ ʬʦʪʦʛʨʘʬʽʡééééééééééééééééééééééé.. 

5.5.1 ʈʦʟʨʦʙʣʝʥʥʷ ʜʝʪʝʢʪʦʨʘ ʦʟʥʘʢ ʬʦʪʦʤʦʥʪʘʞʫéééééééééééé 

5.5.2 ʇʨʠʢʣʘʜ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʪʫʰʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʝʥʪʨʦʧʽʾ ʰʫʤʽʚéééééééééééééééééééééééééé.. 

5.5.3 ʇʨʠʢʣʘʜ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʪʦʤʦʥʪʘʞʫ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʝʥʪʨʦʧʽʾ ʰʫʤʽʚéééééééééééééééééééééééééé.. 

ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 5ééééééééééééééééééééééé. 

ʈʆɿɼɯʃ 6 ɼʆʉʃɯɼɾɽʅʅʗ ʄʆɼɽʃɽʁ ʊɸ ʄɽʊʆɼɯɺ ʉʀʅʊɽɿʋ 

ʂʆʄʇʖʊɽʈʅʆɰ ʉʀʉʊɽʄʀ ʉʋɼʆɺʆ-ɽʂʉʇɽʈʊʅʆɰ ɼɯʗʃʔʅʆʉʊɯééé 
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6.1 ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʾ ʤʝʨʝʞʽ ʟʚ'ʷʟʢʫ ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽééééééééééééééééééééé 

6.1.1 ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʝ Opnet Modeler v 14.0ééééé. 

6.1.2. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ The Network Simulator (NS-2)é. 

6.2.ɸʥʘʣʽʟ ʩʠʩʪʝʤ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʤʦʜʫʣʷʤʠ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾééééééééééééééééé 

6.3 ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʨʝʞʠʤʫ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷéééééééééééééééééé 

6.3.1. ɸʥʘʣʽʟ ʤʘʞʦʨʠʪʘʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʥʝʥʘʚʘʥʪʘʞʝʥʠʤ ʨʝʟʝʨʚʫʚʘʥʥʷʤéé. 

6.3.2. ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘʜʽʡʥʦʩʪʽ DCHééééééééééééééé. 

6.3.3. ʄʘʨʢʽʚʩʴʢʘ ʤʦʜʝʣʴ ʥʘʜʽʡʥʦʩʪʽ DCHééééééééééééééé 

6.3.4.ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ ʩʪʨʫʢʪʫʨʠééééééééééééé. 

6.4 ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʂʉ 

ʉɽɼééééééééééééééééééééééééééééééé. 

ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 6éééééééééééééééééééééééé 

ɺʀʉʅʆɺʂʀééééééééééééééééééééé.éééééé. 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃéééééééééééééééé. 

ɼʆɼɸʊʂʀ................................................................................................................. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɿʘ ʦʩʪʘʥʥʽ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʚ ʋʢʨʘʾʥʽ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʠʣʦʩʷ ʢʽʣʴʢʽʩʪʴ ʢʨʠʤʽʥʘʣʴʥʠʭ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʨʦʚʘʜʞʝʥʴ. ʎʷ 

ʪʝʥʜʝʥʮʽʷ ʚʠʢʣʠʢʘʥʘ  ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘʛʦʩʪʨʝʥʥʷʤ ʩʫʩʧʽʣʴʥʦ-ʧʦʣʽʪʠʯʥʦʾ 

ʩʠʪʫʘʮʽʾ ʚ ʋʢʨʘʾʥʽ, ʧʦʩʷʛʘʥʥʷʤʠ ʥʘ ʾʾ ʢʦʥʩʪʠʪʫʮʽʡʥʠʡ ʣʘʜ ʽ ʪʝʨʠʪʦʨʽʘʣʴʥʫ 

ʮʽʣʽʩʥʽʩʪʴ, ʘʥʝʢʩʽʾ ɸʚʪʦʥʦʤʥʦʾ ʈʝʩʧʫʙʣʽʢʠ ʂʨʠʤ, ʦʢʫʧʘʮʽʾ ʯʘʩʪʠʥʠ ʪʝʨʠʪʦʨʽʾ 

ɼʦʥʝʮʴʢʦʾ ʽ ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʥʘʰʽʡ ʜʝʨʞʘʚʽ 

ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʚʠʧʘʜʢʠ ʪʝʨʦʨʠʟʤʫ ʽ ʩʝʧʘʨʘʪʠʟʤʫ. ʂʨʽʤ ʪʦʛʦ ʥʘ 

ʟʙʽʣʴʰʝʥʥʷ ʟʣʦʯʠʥʥʦʩʪʽ ʩʧʨʘʚʠʣʘ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʧʘʥʜʝʤʽʷ ʢʦʨʦʥʘʚʽʨʫʩʫ 

COVID-19. ʋ ʤʝʞʘʭ ʙʦʨʦʪʴʙʠ ʽʟ ʟʘʛʨʦʟʦʶ ʞʠʪʪʶ ʪʘ ʟʜʦʨʦʚôʶ ʣʶʜʩʪʚʘ, ʚʣʘʜʘ 

ʙʘʛʘʪʴʦʭ ʜʝʨʞʘʚ ʟʘʧʨʦʚʘʜʠʣʘ ʞʦʨʩʪʢʽ ʢʘʨʘʥʪʠʥʥʽ ʟʘʭʦʜʠ, ʘ ʦʪʞʝ, ʟʤʽʥʠʣʘ 

ʟʚʠʯʥʠʡ ʩʧʦʩʽʙ ʞʠʪʪʷ ʩʦʮʽʘʣʴʥʠʭ ʛʨʫʧ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʝʨʞʘʚʠ ʧʦʩʪʘʣʠ ʥʝ 

ʣʠʰʝ ʧʝʨʝʜ ʟʘʛʨʦʟʦʶ ʢʦʨʦʥʘʚʽʨʫʩʫ, ʘ ʡ ʧʝʨʝʜ ʬʘʢʪʠʯʥʠʤʠ ʪʘ ʧʦʪʝʥʮʽʡʥʠʤʠ 

ʟʤʽʥʘʤʠ ʫ ʩʪʘʥʽ ʟʣʦʯʠʥʥʦʩʪʽ, ʷʢ ʫ ʟʘ ʢʽʣʴʢʽʩʥʠʤʠ, ʪʘʢ ʽ ʟʘ ʷʢʽʩʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʨʠʟʥʘʯʝʥʥʷ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʜʦ ʜʝʨʞʘʚʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʫʩʪʘʥʦʚ, 

ʟʦʢʨʝʤʘ ʜʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʄʽʥʽʩʪʝʨʩʪʚʘ 

ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ. 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʩʪ. 1 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʩʫʜʦʚʫ ʝʢʩʧʝʨʪʠʟʫè: çʉʫʜʦʚʘ 

ʝʢʩʧʝʨʪʠʟʘ ï  ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʫ ʛʘʣʫʟʽ ʥʘʫʢʠ, 

ʪʝʭʥʽʢʠ, ʤʠʩʪʝʮʪʚʘ, ʨʝʤʝʩʣʘ ʪʦʱʦ ʦʙôʻʢʪʽʚ, ʷʚʠʱ ʽ ʧʨʦʮʝʩ̔ʚ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ 

ʚʠʩʥʦʚʢʫ ʟ ʧʠʪʘʥʴ, ʱʦ ʻ ʘʙʦ ʙʫʜʫʪʴ ʧʨʝʜʤʝʪʦʤ ʩʫʜʦʚʦʛʦ ʨʦʟʛʣʷʜʫè ʪʘ ʚ ʘʙʟʘʮʽ 

ʪʨʝʪʴʦʤʫ ʧʫʥʢʪʫ 1.8 ʨʦʟʜʽʣʫ I çɯʥʩʪʨʫʢʮʽʾ ʧʨʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴè: çʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʪʠʟ ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʣʘʜʘʶʪʴʩʷ ʫ ʧʠʩʴʤʦʚʦʤʫ ʜʦʢʫʤʝʥʪʽ ï 

ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʘè.  

ʅʘʨʘʟʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ ʢʝʨʫʶʯʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʬʝʨʘʭ ʞʠʪʪʷ 

ʣʶʜʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ: ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʙʽʟʥʝʩʽ, ʥʘʫʮ̔ ʪʘ ʦʩʚʽʪʽ, ʬʽʥʘʥʩʘʭ ʽ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʝʢʪʘʭ, ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʧʨʘʚʦʦʭʦʨʦʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 
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ɺʘʞʣʠʚʝ ʤʽʩʮʝ ʪʘʢʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟʘʡʤʘʶʪʴ ʽ ʚ ʩʠʩʪʝʤʽ ʩʫʜʦʚʠʭ 

ʝʢʩʧʝʨʪʠʟ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʚʠʢʦʥʫʚʘʥʠʭ ʝʢʩʧʝʨʪʠʟ, ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʧʨʠʡʥʷʪʪʷ 

ʝʢʩʧʝʨʪʥʠʭ ʨʽʰʝʥʴ, ʽʩʪʦʪʥʦ ʩʢʦʨʦʪʠʪʴ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʥʘ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʪʠʟʠ. 

ʈʽʟʥʦʤʘʥʽʪʥʘ ʟʘ ʬʦʨʤʘʤʠ ʽ ʟʤʽʩʪʦʤ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʘ ʜʽʷʣʴʥʽʩʪʴ 

ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʽʜ ʷʢʠʤʠ ʟʘʢʦʥʦʜʘʚʝʮɹ 

ʨʦʟʫʤʽʻ ʦʢʨʝʤʽ ʜʦʢʫʤʝʥʪʠ ʽ ʦʢʨʝʤʽ ʤʘʩʠʚʠ ʜʦʢʫʤʝʥʪʽʚ, ʜʦʢʫʤʝʥʪʠ ʽ ʤʘʩʠʚʠ 

ʜʦʢʫʤʝʥʪʽʚ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ (ʙʽʙʣʽʦʪʝʢʘʭ, ʘʨʭʽʚʘʭ, ʬʦʥʜʘʭ, ʙʘʥʢʘʭ 

ʜʘʥʠʭ, ʽʥʰʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ). ɯʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʤʘʻ ʷʚʣʷʪʠ ʩʦʙʦʶ ʧʨʦʮʝʩ, ̫ʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʢʦʥʦʜʘʚʮʝʤ ʷʢ 

ʧʨʦʮʝʩ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ, ʥʘʢʦʧʠʯʝʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ, ʧʦʰʫʢʫ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ ʟʘʚʜʘʥʴ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʩʫʜʦʚʽ ʝʢʩʧʝʨʪʠʟʠ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʘʣʝ ʫ ʟʚôʷʟʢʫ ʟʽ ʩʪʨʽʤʢʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʠʟʥʘʯʝʥʠʭ ʝʢʩʧʝʨʪʠʟ ʽ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʜʦ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʪʠʟ ʽ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ 

ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʜʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʥʦʚʢʫ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʨʦʟʚʠʪʢʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʧʦʢʘʟʘʚ ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʦʙôʻʤʽʚ ʜʘʥʠʭ, 

ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʦʙʨʦʙʮʽ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʧʘʨʘʪʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʥʦʚʢʽʚ ʩʫʜʦʚʠʭ 

ʝʢʩʧʝʨʪʠʟ.  
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ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʪʘ ʤʝʪʦʜʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʘ ʘʚʪʦʨʠ ʦʧʠʩʫʶʪʴ ʧʦ-ʨʽʟʥʦʤʫ: ɿʽʥʽʥ ʆ.ʄ., ʅ.ʇ. ʄʘʡʣʽʩ ʚ 

çʩʫʪʪʻʚʽʡè ʦʮʽʥʮʽ ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʘ ʚʙʘʯʘʶʪʴ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ï çʜʦʧʫʩʪʠʤʽʩʪʴ 

ʦʙôʻʢʪʽʚ, ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʢʩʧʝʨʪʦʤ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʥʦʚʢʫ; 

ʜʦʩʪʘʪʥʩ̔ʪʴ ʥʘʜʘʥʠʭ ʝʢʩʧʝʨʪʫ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ; 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʥʘʜʘʥʠʭ ʝʢʩʧʝʨʪʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ; ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʪʠ 

ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷè. ʄ.ɻ. ʑʝʨʙʘʢʦʚʩʴʢʠʡ ʚ ʟʘʛʘʣʴʥʫ ʦʮʽʥʢʫ 

çʩʧʝʮʽʘʣʴʥʦʾè ʩʪʦʨʦʥʠ ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʘ ʚʢʣʘʜʘʻ ʪʘʢʽ ʦʢʨʝʤʽ ʾʾ ʩʢʣʘʜʦʚʽ: 

çʚʠʟʥʘʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʜʘʥʠʭ ʥʘ ʝʢʩʧʝʨʪʠʟʫ ʦʙôʻʢʪʽʚ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʧʠʪʘʥʴ, ʦʮʽʥʢʫ ʜʦʙʨʦʷʢʽʩʥʦʩʪʽ ʥʘʜʘʥʠʭ ʦʙôʻʢʪʽʚ, 

ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ; ʦʮʽʥʢʫ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʧʨʘʚʦʤʽʨʥʦʩʪʽ ʽ 

ʥʘʫʢʦʚʦʾ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʦʾ ʝʢʩʧʝʨʪʦʤ ʤʝʪʦʜʠʢʠ (ʤʝʪʦʜʘ) 

ʜʦʩʣʽʜʞʝʥʥʷ; ʦʮʽʥʢʫ ʧʦʚʥʦʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ; ʦʮʽʥʢʫ ʧʨʘʚʠʣʴʥʦʩʪʽ 

ʦʧʠʩʫ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʟʥʘʢ ʦʙôʻʢʪʽʚ; ʦʮʽʥʢʫ ʥʘʫʢʦʚʦʾ 

ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʧʨʦʤʽʞʥʠʭ ʽ ʧʽʜʩʫʤʢʦʚʠʭ ʚʠʩʥʦʚʢʽʚ; ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʝʢʩʧʝʨʪʘè. ʂʨʽʤ ʪʦʛʦ, ʚʽʥ ʟʘʟʥʘʯʘʻ ʧʨʦ ʥʘʩʪʫʧʥʝ: 

çʇʨʘʚʠʣʴʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʇʽʜ ʧʨʘʚʠʣʴʥʽʩʪʶ 

ʨʦʟʫʤʽʶʪʴ ʟʜʘʪʥʽʩʪʴ ʤʝʪʦʜʫ ʜʘʪʠ ʚʽʨʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʊʦʯʥʽʩʪʴ ï ʩʪʫʧʽʥʴ 

ʙʣʠʟʴʢʦʩʪʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʥʝʟʘʣʝʞʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʢʦʥʢʨʝʪʥʠʭ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʫʤʦʚʘʭ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʷʤʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷè. ʖ.ʂ. ʆʨʣʦʚ, 

ʨʦʟʛʣʷʜʘʶʯʠ ʚ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ ʚʤʽʩʪʽ ʢʨʠʪʝʨʽʡ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʥʦʚʢʫ 

ʝʢʩʧʝʨʪʘ, ʥʘʟʠʚʘʻ ʪʘʢʽ ʫʤʦʚʠ ʷʢ: çʥʘʜʽʡʥʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʦʾ ʝʢʩʧʝʨʪʦʤ 

ʤʝʪʦʜʠʢʠ; ʜʦʩʪʘʪʥʽʩʪʴ ʽ ʜʦʙʨʦʷʢʽʩʥʽʩʪʴ ʥʘʜʘʥʦʛʦ ʝʢʩʧʝʨʪʫ ʤʘʪʝʨʽʘʣʫ; ʧʦʚʥʦʪʘ 

ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ; ʘʨʛʫʤʝʥʪʦʚʘʥʽʩʪʴ ʚʠʩʥʦʚʢʽʚ ʝʢʩʧʝʨʪʘ ʚ 

ʩʘʤʦʤʫ ʚʠʩʥʦʚʢʫ; ʫʟʛʦʜʞʝʥʽʩʪʴ (ʥʝʧʨʦʪʠʨʽʯʯʷ) ʚʠʩʥʦʚʢʫ ʽʟ ʥʘʷʚʥʠʤʠ ʚ ʩʧʨʘʚʽ 

ʜʦʢʘʟʘʤʠ (ʚ ʪʦʤʫ ʯʠʩʣʫ, ʟ ʽʥʰʠʤʠ ʚʠʩʥʦʚʢʘʤʠ)è. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʥʠʢʘʶʪʴ ʟʘʚʘʜʠ, ʱʦ ʤʦʞʫʪʴ 

ʟʥʠʟʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʩʥʦʚʢʫ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʻ ʤʽʩʮʝ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʬʘʢʪʠʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ  ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʽ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʜʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʥʦʚʢʫ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʟ ʽʥʰʦʛʦ 

ʙʦʢʫ. 

ʇʦʜʦʣʘʪʠ ʮʁ ʩʫʧʝʨʝʯʥʽʩʪʴ ʤʦʞʥʘ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʥʦʚʢʽʚ ʩʫʜʦʚʠʭ 

ʝʢʩʧʝʨʪʠʟ ʚ ʫʤʦʚʘʭ ʦʙʨʦʙʢʠ ʟʥʘʯʥʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʢʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ʊʝʤʘʪʠʢʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʷʢ̔ ʚʠʢʦʥʫʚʘʣʠʩʴ ʫ ʤʝʞʘʭ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʅɼʈ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ çɯʥʩʪʠʪʫʪ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʽʤ. ɿʘʩʣ. ʧʨʦʬ. 

ʄ. ʉ. ɹʦʢʘʨʽʫʩʘè ʄʽʥʽʩʪʝʨʩʪʚʘ ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ: çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʽʚ ʟʥʠʱʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʮʠʬʨʦʚʠʭ ʥʦʩʽʷʭè (ɼʈ 

ˉ0117U004748), çʄʝʪʦʜʠʯʥʽ ʦʩʥʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ 

ʝʢʩʧʝʨʪʽʚ ʫ ʛʘʣʫʟʽ ʢʦʤʧôʶʪʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾè (ɼʈ ˉ0115U000734), 

çʈʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʦʛʦ ʟʚʽʪʫ çʋʜʦʩʢʦʥʘʣʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʜʦʚʠʭ 

ʝʢʩʧʝʨʪʠʟè (ɼʈ ˉ0116U003867), çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʩʫʜʦʚʠʭ ʢʦʤʧôʪʁʝʨʥʦ-

ʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷè 

(ɼʈ ˉ0119U100797), çʈʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʟʥʘʢ ʤʦʥʪʘʞʫ 

ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʝʥʪʨʦʧʽʾ ʰʫʤʽʚè (ɼʈ ˉ0117U004744), 

çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ  ʟ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʢʦʤʧôʶʪʝʨʥʦ-

ʪʝʭʥʽʯʥʠʭ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʫʜʦʚʦ-

ʪʦʚʘʨʦʟʥʘʚʯʠʭ ʝʢʩʧʝʨʪʠʟè (ɼʈ ˉ 0116U003877), çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʢʦʜʛʨʘʙʙʝʨʽʚ ʥʘ ʙʘʟʽ ʧʫʣʴʪʘ ʘʚʪʦʩʠʛʥʘʣʽʟʘʮʽʾ 

çSHERIFFè (ɼʈ ˉ0118U004620), çʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʘʧʘʨʘʪʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʝʨʤʽʥʘʮʽʾ ʛʦʣʦʩʦʚʦʛʦ ʪʨʘʬʽʢʫè (ɼʈ ˉ0120U101995) 

ʪʘ çʈʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ ʟ 

ʧʨʘʢʪʠʢʠ ʢʦʤʧôʶʪʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟè (ɼʈ ˉ0117U004747).. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʥʦʚʢʽʚ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʚ ʫʤʦʚʘʭ ʦʙʨʦʙʢʠ ʟʥʘʯʥʠʭ 

ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʰʣʷʭʦʤ  ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʙʫʣʠ 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1) ʘʥʘʣʽʟ ʚʠʤʦʛ ʜʦ ʩʫʯʘʩʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

2) ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʘʣʽʟʤʫ ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʽʥʪʝʛʨʘʣʽʚ; 

3) ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ ʦʧʝʨʘʪʠʚʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʟ ʢʦʥʪʨʦʣʝʤ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ; 

4) ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ ʚʧʣʠʚʫ ʟʘʚʘʜ ʥʘ ʘʧʘʨʘʪʥʽ ʩʢʣʘʜʦʚʽ, ʘ 

ʩʘʤʝ ʥʘ ʤʝʨʝʞʥʝ ʦʙʣʘʜʥʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

5) ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ ʦʟʥʘʢ ʤʦʥʪʘʞʫ ʬʦʪʦ- ʪʘ ʚʽʜʝʦ- 

ʜʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʜʽʣʝʥʥʷ ʰʫʤʫ; 

6) ʨʦʟʨʦʙʣʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ  ʫ ʢʦʤʧ'ʶʪʝʨʥʽʡ 

ʩʠʩʪʝʤʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣɹʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʚʠʤʽʨʶʚʘʯʘ 

ʜʦʩʪʫʧʥʦʾ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ; 

7) ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ 
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8) ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʨʦʟʨʦʙʣʝʥʠʭ ʪʘ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ 

ʪʘ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

9) ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ 

ʩʠʥʪʝʟʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʽʚ. ʊʘʢ, ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʩʠʥʪʝʟʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʠʡ ʧʽʜʭʽʜ: ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʝʦʨʽʾ ʛʨʘʬʽʚ, ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʪʘ ʝʚʦʣʶʮʽʡʥʽ ʤʝʪʦʜʠ 

ʢʦʤʧóʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ, 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʫ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʨʦʟʧʦʜʣ̔ʫ ̔ʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ 

ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʪʝʦʨʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʆʮʽʥʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ 

ʫ ʭʦʜʽ ʨʦʙʦʪʠ, ʧʨʦʚʦʜʠʣʘʩʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʦʙʫʤʦʚʣʝʥʘ ʨʦʟʨʦʙʣʝʥʠʤʠ 

ʩʠʥʪʝʟʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʷʢʽ 

ʥʘʜʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʚʽʜʧʦʚʽʜʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʥʘʧʨʷʤʫ, ʪʘ ʚ ʤʝʞʘʭ 

ʷʢʠʭ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʥʦʚʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʽ: 

ï ʢʦʤʧʣʝʢʩ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʘʣʽʟʤʫ 

ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʽʥʪʝʛʨʘʣʽʚ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦ 

ʦʧʪʠʯʥʠʤ ʢʘʥʘʣʘʤ ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 
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ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʭ ʢʦʨʝʣʷʮʽʡ 

ʧʦʣʷ ʭʚʠʣʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ 

ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʫ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʩʣʘʙʢʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʩʠʛʥʘʣʫ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʷʢʽ ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ  ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

ï ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʽʚ ʦʧʝʨʘʪʠʚʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ   ʟ 

ʢʦʥʪʨʦʣʝʤ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʘʢʫʩʪʦʦʧʪʠʯʥʠʤʠ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʘʯʽ  ʧʘʢʝʪʽʚ ʫ ʤʝʨʝʞʽ; 

ï ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʚʧʣʠʚʫ ʟʘʚʘʜ ʥʘ ʘʧʘʨʘʪʥʽ ʩʢʣʘʜʦʚʽ, ʘ ʩʘʤʝ ʥʘ 

ʤʝʨʝʞʥʝ ʦʙʣʘʜʥʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦ ʧʨʦʚʽʜʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʥʘʣʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʧʨʦʚʽʜʥʦʛʦ ʩʪʘʥʫ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʨʦʤʽʞʢʫ ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ ʧʨʠ 

ʩʠʥʪʝʟʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʫʤʦʚʠ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʢʦʤʧôʶʪʝʨʥʡ̔ ʩʠʩʪʝʤʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʧʽʜʚʠʱʠʪʴ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʠʟʠ; 

ʜʽʩʪʘʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ: 

ï ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ  ʫ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʧʜ̔ʭʦʜʫ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʥʘ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ 

ʚʠʤʽʨʶʚʘʯʘ ʜʦʩʪʫʧʥʦʾ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʟ'ʻʜʥʘʥʴ ʟ ʤʝʥʰʦʶ ʜʦʩʪʫʧʥʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʥʽʞ 

ʚʩʽ ʧʦʧʝʨʝʜʥʽ ʟ'ʻʜʥʘʥʥʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʤʘʨʰʨʫʪʽ ʪʘ ʩʬʦʨʤʫʚʘʪʠ 

ʟʙʘʣʘʥʩʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʫʟʣʠ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 
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ʜʽʷʣʴʥʦʩʪʽ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʠʟʠ 

ʟʘ ʨʘʭʫʥʦʢ ʧʦʢʨʘʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʪʘ 

ʦʙʨʦʙʣʷʶʪʴʩʷ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ 

ʫʜʦʩʢʦʥʘʣʝʥʽ: 

ï ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥ̫ ʦʟʥʘʢ ʤʦʥʪʘʞʫ ʬʦʪʦ- ʪʘ ʚʽʜʝʦ- ʜʘʥʠʭ, ʷʢʠʡ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʘʜʘʧʪʠʚʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʜʽʣʝʥʥʷ ʰʫʤʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʥʪʨʦʧʽʾ ʪʘ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʪʘ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʦʟʥʘʢ ʤʦʥʪʘʞʫ ʜʦʩʷʛʥʫʪʠ ʧʽʜʚʠʱʝʥʥʷ  

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʝʢʩʧʝʨʪʠʟʠ; 

ʜʽʩʪʘʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ: 

ï ʤʝʪʦʜ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ MIMO ʪʝʭʥʦʣʦʛʽʷʭ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʦʤʠʣʦʢ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʠʤ 

ʯʠʥʦʤ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʠɦʪʠ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ, ʽ 

ʪʠʤ ʩʘʤʠʤ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʴ ʽ ʚʠʩʥʦʚʢʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩ̫: 

ï ʟʙʽʞʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ 

ʧʨʠ ʧʨʦʛʨʘʤʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ, ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʽ 

ʧʨʘʢʪʠʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʚʽʜʦʙʨʘʞʝʥʠʤʠ ʚ ʧʫʙʣʽʢʘʮʽʷʭ, ʽ ʦʙʫʤʦʚʣʝʥʘ ʾʭ 

ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʜʦ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʩʠʥʪʝʟʫ ʩʧʝʮʘ̔ʣʽʟʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ; 

ï ʟʚʝʜʝʥʥʷʤ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʜʦ ʚʽʜʦʤʠʭ ʪʘ ʘʧʨʦʙʦʚʘʥʠʭ ʤʦʜʝʣʝʡ 

ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʧʨʠ ʾʭ ʨʦʟʨʦʙʣʝʥʥʽ; 
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ï ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʶ ʧʨʠʧʫʱʝʥʴ, ʟʨʦʙʣʝʥʠʭ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʤʦʜʝʣʝʡ ʽ 

ʤʝʪʦʜʽʚ, ʚʠʭʦʜʯ̫ʠ ʟ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ; 

ï ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʽ ʫ ʨʦʙʦʪʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʻ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʽʥʞʝʥʝʨʥʽ ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʜʘʶʪʴ 

ʟʤʦʛʫ: 

ï ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪ̔ ʪʘ ʾʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ; 

ï ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʝʨʝʨʦʟʧʦʜʽʣ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ ʪʘ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʢʦʤʧôʶʪʝʨʥʫ ʩʠʩʪʝʤʫ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ 8%; 

ï ʚʜʦʩʢʦʥʘʣʠʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʢʨʠʪʝʨʽʡ ʚʠʜ̔ʣʝʥʥʷ ʰʫʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʘʜʘʧʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ  

ʧʦʤʠʣʢʠ ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʠʟʠ ʬʦʪʦʟʦʙʨʘʞʝʥʴ ʥʘ 7%; 

ï ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʟôʻʜʥʘʥʴ ʟ ʤʝʥʰʦʶ ʜʦʩʪʫʧʥʦʶ 

ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʥʽʞ ʚʩʽ ʧʦʧʝʨʝʜʥʽ ʟôʻʜʥʘʥʥʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ 

ʤʘʨʰʨʫʪʽ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʟʙʘʣʘʥʩʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʫʟʣʠ ʙʘʟʦʚʦʾ 

ʤʝʨʝʞʽ; 

ï ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ 3- 7%. 

ʈʝʘʣʽʟʘʮʽʷ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʫ ʅɼʈ 

ʏʝʨʢʘʩɹʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʆʜʝʨʞʘʥʽ ʚ ʥʽʡ 

ʪʝʦʨʝʪʠʯʥʽ ʡ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʪʘʢʠʭ 

ʟʘʢʣʘʜʘʭ, ʫʩʪʘʥʦʚʘʭ, ʦʨʛʘʥʽʟʘʮʽʷʭ: 

- ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʮʝʥʪʨ ̔çɯʥʩʪʠʪʫʪ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʽʤ. ɿʘʩʣ. 

ʧʨʦʬ. ʄ.ʉ. ɹʦʢʘʨʫ̔ʩʘè ʚ ʭʦʜʽ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ ʪʘ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʽʡ ʨʦʙʦʪʽ. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 10.06.2019; 
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- ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʤʫ ʮʝʥʪʨ ̔ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʟ ʧʠʪʘʥʴ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʄʽʥʽʩʪʝʨʩʪʚʘ ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ ( ʤ ʂʠʾʚ) ʧʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʘʜʘʯ ʩʠʥʪʝʟʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 10.06.2020; 

- ʊʆɺ çʍʘʨʢʽʚʇʨʦʤʧʦʩʪʘʯè (ʤ. ʍʘʨʢʽʚ) ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ 

ʨʦʙʦʪʠ. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 10.06.2020; 

- ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʏʝʨʢʘʩɹ ʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 20.12.2019. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. Bci ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʦ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʈʝʟʫʣʴʪʘʪʠ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ [9,10,16, 

20], ʦʪʨʠʤʘʥʽ ʦʜʥʦʦʩʽʙʥʦ. ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮ̫ʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, 

ʟ ʧʠʪʘʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘʚʪʦʨʫ ʥʘʣʝʞʘʪʴ: ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞ ̔ [1,22] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʜʞʠʪʪʝʨʫ ʫ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ [2], ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʚʧʣʠʚʫ ʚʠʩʦʢʦʝʥʝʨʛʽʡʥʠʭ 

ʟʘʚʘʜ ʥʘ  ʢʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ [3,4], ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ  ʜʽʘʛʥʦʩʪʠʢʠ  ʧʦʨʫʰʝʥʴ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ [5], ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʜʣʷ    

ʧʦʢʨʘʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ [6], ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ [7], ʨʦʟʨʦʙʣʝʥʽ ʯʘʩʦʚʽ ʪʘ ʝʥʝʨʛʽʡʥʽ ʢʨʠʪʝʨʽʾ ʟʘʭʠʩʪʫ  

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʽʜ ʚʧʣʠʚʫ ʚʠʩʦʢʦ 

ʝʥʝʨʛʽʡʥʠʭ ʟʘʚʘʜ [8,18], ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ  ʤʝʪʦʜʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʦʪʨʝʙ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ [11], ʨʦʟʨʦʙʣʝʥʦ  ʤʝʪʦʜ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʫ ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ [12], 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʞʠʤʫ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʫ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [13], ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜʠ ʤʦʜʝʣʚʁʘʥʥʷ ʩʦʮʽʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʫ 
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ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [14], ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʦʮʽʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʫ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [15], ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ [19], 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʩʢʣʘʜʦʚʠʭ ʤʝʨʝʞʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʥʘ ʦʩʥʦʚʽ ʦʙʣʽʢʫ ʥʝʣʽʥʝʡʥʠʭ ʪʘ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ [20], ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʦʟʥʘʢ ʤʦʥʪʘʞʫ ʬʦʪʦ- ʪʘ 

ʚʽʜʝʦ- ʜʘʥʠʭ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʘʜʘʧʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʜʽʣʝʥʥʷ 

ʰʫʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʥʪʨʦʧʽʾ ʪʘ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ [24]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʷ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʪʘ ʙʫʣʠ ʚʠʟʥʘʥʽ ʥʘ ʪʘʢʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʽ ʩʠʤʧʦʟʽʫʤʘʭ: I ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʇʨʦʙʣʝʤʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʯ̔ʥʦʛʦ ʪʘ ʧʨʘʚʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʫ 

ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽè (ʍʘʨʢʽʚ, 2016); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ, ʧʨʠʩʚʷʯʝʥʦʾ 90-ʨʽʯʯʶ ʚʽʜ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʚʠʜʘʪʥʦʛʦ ʚʯʝʥʦʛʦ-

ʢʨʠʤʽʥʘʣʽʩʪʘ, ʜʦʢʪʦʨʘ ʶʨʠʜʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʘ ʃ.ʖ. ɸʨʦʮʢʝʨʘ (ʇʦʣʪʘʚʘ , 

2017); 2nd International Conference on Advanced Information and 

Communication Technologies-2017 (AICT-2017) (ʃʴʚʽʚ ʋʢʨʘʾʥʘ 2017) ; 

ʏʝʪʚʝʨʪʘ IEEE ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡ. 

ʅʘʫʢʘ ʪʘ ʪʝʭʥʦʣʦʛʽʾè (PICS&T-2017) (ʍʘʨʢʽʚ, 2017); ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʧʨʦʪʠʜʽʾ ʢʽʙʝʨʟʣʦʯʠʥʥʦʩʪʽ ʪʘ 

ʪʦʨʛʽʚʣʽ ʣʶʜʴʤʠ (ʍʘʨʢʽʚ, 2018, 2019,2020);  3rd International Conference on 

Advanced Information and Communications Technologies (AICT). (ʃɹʚʽʚ 

ʋʢʨʘʾʥʘ 2019); ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʡ ʩʝʤʽʥʘʨ ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʜʽʷʣʴʥʦʩʪʽ ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʦʨʛʘʥʽʚ (ʍʘʨʢʽʚ, 2019); ʤʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʷ. ʖʨʠʜʠʯʥʘ ʧʨʘʢʪʠʢʘ ʚ ʢʨʘʾʥʘʭ ɭʉ ʪʘ ʚ 

ʋʢʨʘʾʥʽ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ(ʤ. ɸʨʘʜ, 2019);  ʄʽʞʥʘʨʦʜʥʘ. ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ, ʧʨʠʩʚʷʯʝʥʘ 150-ʨʽʯʯʶ ʟ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ɿʘʩʣ. ʧʨʦʬ. ʄ. ʉ. 
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ɹʦʢʘʨʽʫʩʘ ɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʽ ʢʨʠʤʽʥʘʣʽʩʪʠʢʠ (ʍʘʨʢʽʚ, 

2019);  ʜʚʘʜʮʷʪʘ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʇʨʦʙʣʝʤʠ 

ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ (ʇɯʄ-2020) (ʍʘʨʢʚ̔, 2020);   VIII ʄʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʨʦʙʣʝʤʠ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾè (ʏʝʨʢʘʩʠ, 2020). 

ʇʫʙʣʽʢʘʮʽʾ. 35 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʟ ʷʢʠʭ: 19 ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ (ʟ ʥʠʭ 2 

ʚʭʦʜʠʪʴ ʜʦ ʙʘʟʠ ʜʘʥʠʭ Scopus 3 ʢʚʘʨʪʠʣʴ; 2 ï ʚʭʦʜʠʪʴ ʜʦ ʙʘʟʠ ʜʘʥʠʭ Web of 

Science; 1 ï ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʨʝʮʝʥʟʦʚʘʥʠʭ ʚʠʜʘʥʥʷʭ; 14 ï ʫ ʚʽʪʯʠʟʥʷʥʠʭ 

ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ), 3 ʤʦʥʦʛʨʘʬʽʾ (1 ï ʟʘ ʢʦʨʜʦʥʦʤ), ʘ ʪʘʢʦʞ 13 ʪʝʟ 

ʜʦʧʦʚʽʜʝʡ (ʟ ʥʠʭ 3 ʚʭʦʜʠʪʴ ʜʦ ʙʘʟʠ ʜʘʥʠʭ Scopus). 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʘʥʦʪʘʮʽʡ ʜʚʦʤʘ ʤʦʚʘʤʠ, ʚʩʪʫʧʫ, ʰʝʩʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 332 

ʩʪʦʨʽʥʦʢ: ʟ ʥʠʭ 56 ʨʠʩʫʥʢʽʚ ʟʘ ʪʝʢʩʪʦʤ; 11 ʨʠʩʫʥʢʽʚ ʥʘ 7 ʦʢʨʝʤʠʭ ʩʪʦʨʽʥʢʘʭ; 7 

ʪʘʙʣʠʮʴ ʟʘ ʪʝʢʩʪʦʤ; 3 ʜʦʜʘʪʢʠ ʥʘ 22 ʩʪʦʨʽʥʢʘʭ; 250 ʥʘʡʤʝʥʫʚʘʥʴ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʥʘ 25 ʩʪʦʨʽʥʢʘʭ.
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ʈʆɿɼɯʃ 1 ʉʋʏɸʉʅʀʁ ʉʊɸʅ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ 

ʂʆʄʇôʖʊɽʈʅʆɰ ʉʀʉʊɽʄʀ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ʉʋɼʆɺʆ-

ɽʂʉʇɽʈʊʅʆɰ ɼɯʗʃʔʅʆʉʊɯ 

 

ɿʘ ʦʩʪʘʥʥʽ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʚ ʋʢʨʘʾʥʽ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʦʩʷ ʢʽʣʴʢʽʩʪʴ 

ʢʨʠʤʽʥʘʣʴʥʠʭ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʨʦʚʘʜʞʝʥʴ. ʎʷ ʪʝʥʜʝʥʮʽʷ ʚʠʢʣʠʢʘʥʘ  ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʟʘʛʦʩʪʨʝʥʥʷʤ ʩʫʩʧʽʣʴʥʦ-ʧʦʣʽʪʠʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʋʢʨʘʾʥʽ, 

ʧʦʩʷʛʘʥʥʷʤʠ ʥʘ ʾʾ ʢʦʥʩʪʠʪʫʮʽʡʥʠʡ ʣʘʜ ʽ ʪʝʨʠʪʦʨʽʘʣʴʥʫ ʮʽʣʽʩʥʽʩʪʴ, ʘʥʝʢʩʽʾ 

ɸʚʪʦʥʦʤʥʦʾ ʈʝʩʧʫʙʣʽʢʠ ʂʨʠʤ, ʦʢʫʧʘʮʽʾ ʯʘʩʪʠʥʠ ʪʝʨʠʪʦʨʽʾ ɼʦʥʝʮʴʢʦʾ ʽ 

ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʥʘʰʽʡ ʜʝʨʞʘʚʽ ʥʘʙʫʣʠ 

ʧʦʰʠʨʝʥʥʷ ʚʠʧʘʜʢʠ ʪʝʨʦʨʠʟʤʫ ʽ ʩʝʧʘʨʘʪʠʟʤʫ. ʂʨʽʤ ʪʦʛʦ ʥʘ ʟʙʽʣʴʰʝʥʥʷ 

ʟʣʦʯʠʥʥʦʩʪʽ ʩʧʨʘʚʠʣʘ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʧʘʥʜʝʤʽʷ ʢʦʨʦʥʘʚʽʨʫʩʫ COVID-19. ʋ 

ʤʝʞʘʭ ʙʦʨʦʪʴʙʠ ʽʟ ʟʘʛʨʦʟʦʶ ʜʣʷ ʞʠʪʪʷ ʪʘ ʟʜʦʨʦʚôʷ ʣʶʜʩʪʚʘ, ʚʣʘʜʘ ʙʘʛʘʪʴʦʭ 

ʜʝʨʞʘʚ ʟʘʧʨʦʚʘʜʠʣʘ ʞʦʨʩʪʢʽ ʢʘʨʘʥʪʠʥʥʽ ʟʘʭʦʜʠ, ʘ ʦʪʞʝ, ʟʤʽʥʠʣʘ ʟʚʠʯʥʠʡ 

ʫʢʣʘʜ ʞʠʪʪʷ ʩʦʮʽʘʣʴʥʠʭ ʛʨʫʧ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʝʨʞʘʚʠ ʧʦʩʪʘʣʠ ʥʝ ʣʠʰʝ 

ʧʝʨʝʜ ʟʘʛʨʦʟʦʶ ʢʦʨʦʥʘʚʽʨʫʩʫ, ʘ ʡ ʧʝʨʝʜ ʬʘʢʪʠʯʥʠʤʠ ʪʘ ʧʦʪʝʥʮʽʡʥʠʤʠ 

ʟʤʽʥʘʤʠ ʫ ʩʪʘʥʽ ʟʣʦʯʠʥʥʦʩʪʽ, ʷʢ ʫ ʟʘ ʢʽʣʴʢʽʩʥʠʤʠ, ʪʘʢ ʽ ʟʘ ʷʢʽʩʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʨʠʟʥʘʯʝʥʥʷ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʜʦ ʜʝʨʞʘʚʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʫʩʪʘʥʦʚ, 

ʟʦʢʨʝʤʘ ʜʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʄʽʥʽʩʪʝʨʩʪʚʘ 

ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ. 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʩʪ. 1 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʩʫʜʦʚʫ ʝʢʩʧʝʨʪʠʟʫè: çʉʫʜʦʚʘ 

ʝʢʩʧʝʨʪʠʟʘ - ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʫ ʛʘʣʫʟʽ ʥʘʫʢʠ, 

ʪʝʭʥʽʢʠ, ʤʠʩʪʝʮʪʚʘ, ʨʝʤʝʩʣʘ ʪʦʱʦ ʦʙôʻʢʪʽʚ, ʷʚʠʱ ʽ ʧʨʦʮʝʩʚ̔ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ 

ʚʠʩʥʦʚʢʫ ʟ ʧʠʪʘʥʴ, ʱʦ ʻ ʘʙʦ ʙʫʜʫʪʴ ʧʨʝʜʤʝʪʦʤ ʩʫʜʦʚʦʛʦ ʨʦʟʛʣʷʜʫè ʪʘ ʚ ʘʙʟʘʮ̔ 

ʪʨʝʪʴʦʤʫ ʧʫʥʢʪʫ 1.8 ʨʦʟʜʽʣʫ I çɯʥʩʪʨʫʢʮʽʾ ʧʨʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴè: çʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʪʠʟ ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʣʘʜʘʶʪʴʩʷ ʫ ʧʠʩʴʤʦʚʦʤʫ ʜʦʢʫʤʝʥʪʽ -

ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʘè [1].  
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ɺ ʜʘʥʠʡ ʯʘʩ ʽʥʬʦʨʤʘʮ̔ʡʥ̔ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ 

ʢʝʨʫʶʯʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʩʬʝʨʘʭ ʞʠʪʪʷ ʣʶʜʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ: ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʙʽʟʥʝʩʽ, ʥʘʫʮʽ ʪʘ ʦʩʚʽʪʽ, 

ʬʽʥʘʥʩʘʭ ʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʝʢʪʘʭ, ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʧʨʘʚʦʦʭʦʨʦʥʥʦʾ 

ʜ̔ ʷʣɹʥʦʩʪʽ. ɺʘʞʣʠʚʝ ʤʽʩʮʝ ʪʘʢʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟʘʡʤʘʶʪʴ ʽ ʚ ʩʠʩʪʝʤʽ 

ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣ̫̒  ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʢʦʥʫʚʘʥʠʭ ʝʢʩʧʝʨʪʠʟ, ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʥʘ 

ʧʨʠʡʥʷʪʪʷ ʝʢʩʧʝʨʪʥʠʭ ʨʽʰʝʥʴ, ʽʩʪʦʪʥʦ ʩʢʦʨʦʪʠʪʴ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʥʘ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ. 

ʈʽʟʥʦʤʘʥʽʪʥʘ ʟʘ ʬʦʨʤʘʤʠ ʽ ʟʤʽʩʪʦʤ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʘ ʜʽʷʣʴʥʽʩʪʴ 

ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʽʜ ʷʢʠʤʠ ʟʘʢʦʥʦʜʘʚʝʮʴ 

ʨʦʟʫʤʽʻ ʦʢʨʝʤʽ ʜʦʢʫʤʝʥʪʠ ʽ ʦʢʨʝʤʽ ʤʘʩʠʚʠ ʜʦʢʫʤʝʥʪʽʚ, ʜʦʢʫʤʝʥʪʠ ʽ ʤʘʩʠʚʠ 

ʜʦʢʫʤʝʥʪ̔ʚ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ (ʙʽʙʣʽʦʪʝʢʘʭ, ʘʨʭʽʚʘʭ, ʬʦʥʜʘʭ, ʙʘʥʢʘʭ 

ʜʘʥʠʭ, ʽʥʰʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ). ɯʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʤʘʻ ʷʚʣʷʪʠ ʩʦʙʦʶ ʧʨʦʮʝʩ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʢʦʥʦʜʘʚʮʝʤ ʷʢ 

ʧʨʦʮʝʩ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ, ʥʘʢʦʧʠʯʝʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ, ʧʦʫhʢʫ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ ʟʘʚʜʘʥʴ. 

ʇʦʥʷʪʪʷʤ çʩʫʜʦʚʘ ʝʢʩʧʝʨʪʠʟʘè ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʰʠʨʦʢʝ ʢʦʣʦ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʦʜʷʪɹʩʷ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʨʠ 

ʧʨʦʚʘʜʞʝʥʥʽ ʜʽʟʥʘʥʥʷ, ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʣʽʜʩʪʚʘ ʽ ʩʫʜʦʚʦʛʦ ʨʦʟʛʣʷʜʫ ʥʝʦʙʭʽʜʥʽ 

ʩʧʝʮʽʘʣʴʥʽ ʟʥʘʥʥʷ ʚ ʥʘʫʮʽ, ʪʝʭʥʽʮʽ, ʤʠʩʪʝʮʪʚʽ ʯʠ ʨʝʤʝʩʣʽ, ʱʦʙ ʚʠʷʚʠʪʠ ʽ 

ʧʽʟʥʘʪʠ ʧʨʠʭʦʚʘʥʫ ʩʫʪʴ ʷʚʠʱ ʽ ʨʝʯʝʡ ʽ ʜʘʪʠ ʾʤ ʥʘʫʢʦʚʝ ʪʣʫʤʘʯʝʥʥʷ [2-4]. 

ɿʘ ʩʚʦʻʶ ʩʫʪʥʽʩʪʶ ʝʢʩʧʝʨʪʥʝ ʧʽʟʥʘʥʥʷ ʻ ʨʽʟʥʦʚʠʜ ʧʽʟʥʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʬʘʢʪʫ. ɺʦʥʦ ʟʘʩʥʦʚʘʥʝ ʥʘ ʪʠʭ ʞʝ ʧʨʠʥʮʠʧʘʭ, ʱʦ ʽ ʙʫʜʴ- ʢ̫ʠʡ ʽʥʰʠʡ ʚʠʜ 

ʧʽʟʥʘʥʥʷ ʚ ʭʦʜʽ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʽ ʩʫʜʦʚʦʛʦ ʨʦʟʛʣʷʜʫ ʩʧʨʘʚʠ. ʈʘʟʦʤ ʟ ʪʠʤ ʚʦʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʩʚʦʻʶ ʧʨʦʮʝʩʫʘʣʴʥʦʶ ʬʦʨʤʦʶ, ʘ ʡ, ʱʦ ʥʝ ʤʝʥʰ 

ʚʘʞʣʠʚʦ, ʟʘʩʦʙʘʤʠ ʽ ʤʝʪʦʜʘʤʠ. 

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʥʠʭ ʩʴʦʛʦʜʥʽ ʟʘʡʥʷʣʠ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʩʪʘʣʠ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʧʝʚʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʝʢʩʧʝʨʪʥʦʛʦ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʷʢ ʧʨʦʮʝʩʫ ʧʽʟʥʘʥʥʷ, ʟ ʽʥʰʦʛʦ - ʟʥʘʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʡʦʛʦ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʥʘʫʢʦʚʦʾ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʦʜʝʨʞʫʚʘʥʠʭ 

ʜʘʥʠʭ. ɯ ʪʝ ʡ ʽʥʰʝ ʤʘʻ ʩʚʦʾ ʦʙ'ʻʢʪʠʚʥʽ ʧʝʨʝʜʫʤʦʚʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʷʜʦʤ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʨʦʙʣʝʥʠʭ 

ʷʢ ʚ ʪʝʦʨʽʾ, ʪʘʢ ʽ ʚ ʧʨʘʢʪʠʮʽ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ ʢʦʞʥʘ ʟ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʥʠʥʽ 

ʤʝʪʦʜʠʢ ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧ'ʶʪʝʨʽʚ, 

ʩʧʝʮʠʬʽʯʥʘ ʽ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʨʽʟʥʠʭ ʦʙ'ʻʢʪʽʚ, ʚʦʥʠ ʤʘʶʪʴ ʨʷʜ ʟʘʛʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʇʦ-ʧʝʨʰʝ, ʚ ʦʩʥʦʚʽ ʮʠʭ ʤʝʪʦʜʠʢ ʣʝʞʘʪʴ ʪʘʢʽ ʢʘʨʜʠʥʘʣʴʥʽ ʧʨʠʥʮʠʧʠ 

ʧʨʘʚʦʚʦʾ ʽʥʬʦʨʤʘʪʠʢʠ, ʷʢ ʧʨʠʥʮʠʧ ʩʠʩʪʝʤʥʦʾ ʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ ʦʙ'ʻʢʪʘ 

ʧ̔ ʟʥʘʥʥʷ, ʢʽʣʴʢʽʩʥʠʭ ʚʠʟʥʘʯʝʥʴ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʽ ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʧʽʟʥʘʥʥʷ ʽ 

ʧ̔ ʟʥʘʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ. 

ʇʦ-ʜʨʫʛʝ, ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ, ʣʘʥʢʦʶ, ʱʦ ʧʝʨʝʜʫʻ 

ʬʦʨʤʫʚʘʥʥʶ ʽ ʟʘʩʪʦʩʫʚʘʥʥʶ ʙʫʜʴ-ʷʢʦʾ ʢʦʥʢʨʝʪʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥ̫ʤ ʢʦʤʧ'ʶʪʝʨʽʚ, ʻ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʽ ʨʦʟʨʦʙʢʘ 

(ʘʙʦ ʚʠʙʽʨ) ʘʣʛʦʨʠʪʤʫ ʧʨʦʮʝʩʫ ʡʦʛʦ ʧʽʟʥʘʥʥ.̫ ʇʨʠ ʮʴʦʤʫ ʧʽʜ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʢʣʘʩ 

ʟʘʩʦʙʽʚ ʧʽʟʥʘʥʥʷ, ʥʽʞ ʢʣʘʩ ʟʘʩʦʙʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʩʫʪʦ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ. ʊʫʪ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʥʝ ʪʽʣʴʢʠ ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ 

ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʾ ʟʘʜʘʯʽ, ʘ ʡ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʘ ʘʥʘʣʽʟʫ, ʤʦʜʝʣʽ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʦʟʥʘʢ ʪʘ ʽʥ. ɸ ʮʽ ʤʦʜʝʣʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʻ ʟʤʽʩʪʦʚʥʠʤʠ ʽ 

ʙʫʜʫʶʪʴʩʷ ʥʝ ʤʘʪʝʤʘʪʠʢʘʤʠ, ʘ ʝʢʩʧʝʨʪʘʤʠ-ʧʦʯʝʨʢʦʟʥʘʚʮʷʤʠ, ʩʫʜʦʚʠʤʠ 

ʙʘʣʠʩʪʘʤʠ, ʪʨʘʩʦʣʦʛʽʾ ʽ ʪ. ʜ., ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʛʦ 

ʘʥʘʣʽʟʫ. 

ʇʦ-ʪʨʝʪʻ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚ ʩʪʨʫʢʪʫʨʽ 

ʢʦʞʥʦʾ ʟ ʪʘʢʠʭ ʤʝʪʦʜʠʢ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʟ ʥʠʭ 

ʝʣʝʤʝʥʪʠ, ʟʦʢʨʝʤʘ, ʪʘʢʽ, ʷʢ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ; 

ʨʦʟʯʣʝʥʫʚʘʥʥʷ ʩʧʽʣɹʥʦʾ ʩʧʨʘʚʠ ʥʘ ʧʨʠʚʘʪʥʽ ʧʽʜʟʘʜʘʯʽ; ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ 
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ʟʘʩʦʙʽʚ ʽ ʧʨʠʡʦʤʽʚ ʾʭ ʨʝʘʣʽʟʘʮʽʾ; ʚʣʘʩʥʝ ʧʨʘʢʪʠʯʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʧʝʚʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʪʨʫʜʦʚʠʭ ʦʧʝʨʘʮʽʡ; ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʽ ʡʦʛʦ ʦʮʽʥʢʘ; 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. 

ʇʦ-ʯʝʪʚʝʨʪʝ, ʞʦʜʥʘ ʤʝʪʦʜʠʢʘ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧ'ʶʪʝʨʽʚ, 

ʥʝ ʦʭʦʧʣʶʻ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʨʽʰʝʥʥʷ ʝʢʩʧʝʨʪʥʦʾ ʟʘʚʜʘʥʥʷ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢ 

ʧʨʘʚʠʣʦ, ʦʙ'ʝʢʪʠʚʽʟʫʻ ʽ ʘʚʪʦʤʘʪʠʟʫʻ ʣʠʝh ʪʫ ʯʠ ʽʥʰʫ ʦʧʝʨʘʮʽʶ (ʘʙʦ ʛʨʫʧʫ 

ʦʧʝʨʘʮʽʡ), ʷʢʘ ʤʦʞʝ ʩʪʘʚʠʪʠʩʷ ʷʢ ʜʦ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʧʽʟʥʘʥʥʷ, ʪʘʢ ʽ ʜʦ ʦʮʽʥʢʠ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʽ ʚ 

ʷʢʦʤʫ ʨʘʟʽ ʥʝ ʚʠʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʙ'ʻʢʪʫ ʧʽʟʥʘʥʥʷ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʘʟʘʥʦʛʦ ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ ʚʘʞʣʠʚʽʩʪʴ ʧʨʦʙʣʝʤʠ: ʣʶʜʠʥʘ 

ʘʙʦ ʤʘʰʠʥʘ. ʋ ʙʽʣʴʰ ʞ ʰʠʨʦʢʦʾ ʧʦʩʪʘʥʦʚʮ̔, ʮʝ ʧʨʦʙʣʝʤʠ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʨʜʦʥʽʚ, ʟʘʚʜʘʥʴ ʽ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʽʚ ʫ ʩʬʝʨʽ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʾʾ ʩʫʙ'ʻʢʪʽʚ, ʾʭ ʨʦʣʽ ʽ ʬʫʥʢʮʡ̔ ʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʨʽʰʝʥʥʷ ʧʨʘʚʦʚʠʭ ʟʘʜʘʯ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʩʫʜʦʚʽ ʝʢʩʧʝʨʪʠʟʠ ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʘʣʝ ʫ ʟʚôʷʟʢʫ ʟʽ ʩʪʨʽʤʢʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʠʟʥʘʯʝʥʠʭ ʝʢʩʧʝʨʪʠʟ ʽ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʜʦ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʪʠʟ ʽ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ 

ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʟʫʤʦʚʣʝʥʽ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʜʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʥʦʚʢʫ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣ̫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʨʦʟʚʠʪʢʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʧʦʢʘʟʘʚ ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʦʙôʤ̒̔ ʚ ʜʘʥʠʭ, 

ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʦʙʨʦʙʮʽ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʧʘʨʘʪʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢ̔ ʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʥʦʚʢʽʚ ʩʫʜʦʚʠʭ 

ʝʢʩʧʝʨʪʠʟ.  
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ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʪʘ ʤʝʪʦʜʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʘ ʘʚʪʦʨʠ ʦʧʠʩʫʶʪʴ ʧʦ-ʨ̔ ʟʥʦʤʫ: ɿʽʥʽʥ ʆ.ʄ., ʅ.ʇ.ʄʘʡʣʽʩ ʚ 

çʩʫʪʪʻʚʽʡè ʦʮʽʥʮʽ ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʘ ʚʙʘʯʘʶʪʴ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ï çʜʦʧʫʩʪʠʤʽʩʪʴ 

ʦʙôʻʢʪʽʚ, ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʢʩʧʝʨʪʦʤ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʥʦʚʢʫ; 

ʜʦʩʪʘʪʥʽʩʪʴ ʥʘʜʘʥʠʭ ʝʢʩʧʝʨʪʫ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ; 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʥʘʜʘʥʠʭ ʝʢʩʧʝʨʪʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ; ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʪʠ 

ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷè ʄ.ɻ. ʑʝʨʙʘʢʦʚʩʴʢʠʡ ʚ ʟʘʛʘʣɹʥʫ ʦʮʽʥʢʫ 

çʩʧʝʮʽʘʣʴʥʦʾè ʩʪʦʨʦʥʠ ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʘ ʚʢʣʘʜʘʻ ʪʘʢʽ ʦʢʨʝʤʽ ʾʾ ʩʢʣʘʜʦʚʽ: 

çʚʠʟʥʘʯʝʥʥʷ ʜʦʩʪʘʪʥʦɹʾ ʢʽʣʴʢʦʩʪʽ ʥʘʜʘʥʠʭ ʥʘ ʝʢʩʧʝʨʪʠʟʫ ʦʙôʻʢʪʽʚ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʧʠʪʘʥʴ, ʦʮʽʥʢʫ ʜʦʙʨʦʷʢʽʩʥʦʩʪʽ ʥʘʜʘʥʠʭ ʦʙôʻʢʪʽʚ, 

ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ; ʦʮʽʥʢʫ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʧʨʘʚʦʤʽʨʥʦʩʪʽ ʽ 

ʥʘʫʢʦʚʦʾ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʦʾ ʝʢʩʧʝʨʪʦʤ ʤʝʪʦʜʠʢʠ (ʤʝʪʦʜʘ) 

ʜʦʩʣʽʜʞʝʥʥʷ; ʦʮʽʥʢʘ ʧʦʚʥʦʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ; ʦʮʽʥʢʘ ʧʨʘʚʠʣʴʥʦʩʪʽ 

ʦʧʠʩʫ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʟʥʘʢ ʦʙôʻʢʪʽʚ; ʦʮʽʥʢʘ ʥʘʫʢʦʚʦʾ 

ʦʙˇʨʫʥʪʦʚʘʥʦʩʪ̔  ʧʨʦʤʽʞʥʠʭ ʽ ʧʽʜʩʫʤʢʦʚʠʭ ʚʠʩʥʦʚʢʽʚ; ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʝʢʩʧʝʨʪʘè. ʂʨʽʤ ʪʦʛʦ ʚʽʥ ʟʘʟʥʘʯʘʻ ʥʘʩʪʫʧʥʝ: çʇʨʘʚʠʣʴʥʽʩʪʴ, 

ʪʦʯʥʽʩʪʴ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʇʽʜ ʧʨʘʚʠʣʴʥʽʩʪʶ ʨʦʟʫʤʽʶʪʴ 

ʟʜʘʪʥʽʩʪʴ ʤʝʪʦʜʫ ʜʘʪʠ ʚʽʨʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʊʦʯʥʽʩʪʴ - ʩʪʫʧʽʥʴ ʙʣʠʟʴʢʦʩʪʽ ʦʜʠʥ 

ʜʦ ʦʜʥʦʛʦ ʥʝʟʘʣʝʞʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʢʦʥʢʨʝʪʥʠʭ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ 

ʫʤʦʚʘʭ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʷʤʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷè. ʖ.ʂ. ʆʨʣʦʚ, ʨʦʟʛʣʷʜʘʶʯʠ ʚ ʙʽʣʴʰ 

ʰʠʨʦʢʦʤʫ ʚʤʽʩʪʽ ʢʨʠʪʝʨʽʡ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʘ, ʥʘʟʠʚʘʻ ʪʘʢʽ 

ʫʤʦʚʠ ʷʢ: çʥʘʜʽʡʥʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʦʾ ʝʢʩʧʝʨʪʦʤ ʤʝʪʦʜʠʢʠ; ʜʦʩʪʘʪʥʽʩʪʴ ʽ 

ʜʦʙʨʦʷʢʽʩʥʽʩʪʴ ʥʘʜʘʥʦʛʦ ʝʢʩʧʝʨʪʫ ʤʘʪʝʨʽʘʣʫ; ʧʦʚʥʦʪʘ ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ; ʘʨʛʫʤʝʥʪʦʚʘʥʽʩʪʴ ʚʠʩʥʦʚʢʽʚ ʝʢʩʧʝʨʪʘ ʚ ʩʘʤʦʤʫ ʚʠʩʥʦʚʢʫ; 

ʫʟʛʦʜʞʝʥʽʩʪʴ (ʥʝʧʨʦʪʠʨʽʯʯʷ) ʚʠʩʥʦʚʢʫ ʽʟ ʥʘʷʚʥʠʤʠ ʚ ʩʧʨʘʚʽ ʜʦʢʘʟʘʤʠ (ʚ ʪʦʤʫ 

ʯʠʩʣʫ, ʟ ʽʥʰʠʤʠ ʚʠʩʥʦʚʢʘʤʠ)è. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʥʠʢʘʶʪʴ ʟʘʚʘʜʠ, ʱʦ ʤʦʞʫʪʴ 

ʟʥʠʟʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʩʥʦʚʢʫ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ [8,9].  
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʤʦʤʝʥʪ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: 

- ʨʦʟʧʦʜʽʣʝʥʫ ʥʘ ʧʽʜʛʨʫʧʠ ʢʦʤʧôʶʪʝʨʥʫ ʤʝʨʝʞʫ, ʷʢʘ ʟôʻʜʥʫʻ ʤʽʞ 

ʩʦʙʦʶ ʢʦʥʢʨʝʪʥʽ ʧʽʜʨʦʟʜʽʣʠ ʟ ʜʦʩʪʫʧʦʤ ʜʦ ʭʤʘʨʥʦʛʦ ʩʝʨʝʜʦʚʠɦ ʘ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʜʦʚʽʜʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ; 

- ʩʠʩʪʝʤʫ ʦʙʣʽʢʫ ʪʘ ʨʦʟʧʦʜʽʣʫ ʝʢʩʧʝʨʪʠʟ ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

- ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʟʥʘʥʥʷʤʠ, ʝʤʧʽʨʠʯʥʠʤʠ ʜʘʥʠʤʠ ʟ ʧʨʘʢʪʠʢʠ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ; 

- ʚʝʙ-ʜʦʩʪʫʧ ʜʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʦʟʤʽʱʝʥʦ ʥʘ ʩʝʨʚʝʨʽ. 

ɺ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʽʩʥʫʻ ʙʝʟʣʽʯ ʧʨʠʢʣʘʜʽʚ ʫʩʧʽʰʥʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ. ʅʘʡʙʽʣʴʰʠʡ ʧʦʧʠʪ ʚʦʥʠ 

ʟʥʘʡʣhʠ ʫ ʢʦʨʧʦʨʘʪʠʚʥʦʤʫ ʩʝʛʤʝʥʪʽ, ʨʝʘʣʽʟʫʶʯʠ ʙʘʟʠ ʥʘʢʦʧʠʯʝʥʥʷ ʟʥʘʥʴ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʦʨʛʘʥʽʟʘʮʽʡ, ʧʨʦʝʢʪʽʚ ʪʦʱʦ. ʅʘ ʪʝʧʝʨʝʰʥʽʡ ʯʘʩ ʤʘʡʞʝ ʢʦʞʥʘ 

ʢʦʤʧʘʥʽʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʩʚʦʾʡ ʜʽʷʣʴʥʦʩʪʽ, 

ʦʙʦʚôʷʟʢʦʚʦ ʤʘʻ ʝʣʝʢʪʨʦʥʥʫ ʙʘʟʫ ʟʥʘʥʴ, ʜʝ ʟʽʙʨʘʥʘ ʫʩ̫  ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʙʦʪʠ 

ʜʦʢʫʤʝʥʪʘʮʽʷ, ʽʥʩʪʨʫʢʮʽʾ, ʚʽʜʦʤʦʩʪʽ, ʥʦʚʠʥʠ, ʟʚʽʪʠ ʪʦʱʦ. ɸʣʝ ʪʘʢʦʞ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ ʟʥʘʡʰʣʠ ʽ ʚ ʩʦʮʽʘʣʴʥʽʡ ʩʬʝʨʽ. 

ʅʘʚʽʜʤʽʥʫ ʚʽʜ ʢʦʨʧʦʨʘʪʠʚʥʠʭ, ʪʘʢʽ ʩʠʩʪʝʤʠ ʻ ʧʫʙʣʽʯʥʦ ʜʦʩʫʪʧʥʠʤʠ ʪʘ ʤʽʩʪʷʪʴ 

ʩʦʮʽʘʣʴʥʦ ʟʥʘʯʫʱʫ ʽʥʬʦʨʤʘʮʽʶ. ɸʙʩʦʣʶʪʥʘ ʙʽʣʴʰʽʩʪʴ ʮʠʭ ʟʘʩʦʙʽʚ ʧʨʘʮʶʻ ʥʘ 

ʙʘʟʽ ʪʘʢ ʟʚʘʥʠʭ Wiki-ʪʝʭʥʦʣʦʛʽʡ [5-7]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʩʢʣʘʣʦʩʷ ʢʽʣʴʢʘ ʥʘʧʨʷʤʢʽʚ ʢʦʤʧ'ʶʪʝʨʠʟʘʮʽʾ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɰʭ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʧʦ ʨʷʜʫ ʧʽʜʩʪʘʚ, ʟʦʢʨʝʤʘ: 

Å ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʥʘ ʙʘʟʽ ʷʢʦʛʦ ʙʫʜʫʶʪʴʩʷ 

ʢʦʤʧ'ʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʥʢʨʝʪʥʽ ʤʝʪʦʜʠʢʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʤʝʪʦʜʠʢʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʜʘʥʠʭ ʤʝʪʨʦʣʦʛʽʾ, 

ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʧʨʦʝʢʪʠʚʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽ ʪ.ʧ .; 

Å ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʚʠʨʽʰʫʚʘʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʟʘʚʜʘʥʴ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 
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ʪʝʭʥʽʢʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʟʘʚʜʘʥʴ (ʥʘʧʨʠʢʣʘʜ, ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʬʘʢʪʫ ʚʠʢʦʥʘʥʥʷ ʪʝʢʩʪʫ ʥʘʚʤʠʩʥʦ ʟʤʽʥʝʥʠʤ ʧʦʯʝʨʢʦʤ, ʩʢʦʨʦʧʠʩʥʠʤ 

ʩʧʦʩʦʙʦʤ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʢʪʫ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʦʙ'ʻʢʪʽʚ); ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʟʘʚʜʘʥʴ (ʥʘʧʨʠʢʣʘʜ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʪʽ ʧʦ 

ʧʦʯʝʨʢʫ, ʚʽʜʥʝʩʝʥʥʷ ʥʝʚʽʜʦʤʦʾ ʨʝʯʦʚʠʥʠ ʜʦ ʛʨʫʧʠ ʥʘʨʢʦʪʠʯʥʠʭ); ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʟʘʚʜʘʥʴ (ʩʪʦʩʦʚʥʦ ʣʶʜʠʥʠ, ʟʥʘʨʷʜʜʷ, ʤʘʪʝʨʽʘʣʫ, 

ʨʝʯʦʚʠʥʠ ʪʘ ʽʥ.); 

Å ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʟʘʚʜʘʥʴ, ʥʝ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʢʦʥʢʨʝʪʥʦʛʦ 

ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘʣʝ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʟʘʚʜʘʥʴ ʧʝʚʥʦʛʦ ʚʠʜʫ ʘʙʦ ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʚ ʮʽʣʦʤʫ. ʊʫʪ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʪʘʢʽ ʥʘʧʨʷʤʢʠ: ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʚʠʤʽʨʶʚʘʥʴ ʽ ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ; ʩʪʚʦʨʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʙʘʥʢʽʚ ʜʘʥʠʭ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙ'ʻʢʪʽʚ; 

ʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʷʢ ʫ ʅɼʈ, ʪʘʢ ʽ ʚ 

ʝʢʩʧʝʨʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ; ʩʪʚʦʨʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʷ ʧʨʦʛʨʘʤ ʜʣʷ ʣʦʛʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʫʧʨʘʚʣʽʥʥʷ, ʦʙʣʽʢʫ ʢʘʜʨʽʚ, ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʚ ʛʘʣʫʟʽ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʪʘ ʽʥ. 

ʄʦʞʫʪʴ, ʟʚʠʯʘʡʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽ ʽʥʰʽ ʧʽʜʩʪʘʚʠ ʜʣʷ ʚʠʜʽʣʝʥʥʷ 

ʩʫʯʘʩʥʠʭ ʥʘʧʨʷʤʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚ ʩʬʝʨʽ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʄʠ ʨʦʟʛʣʷʥʝʤʦ ʣʠʰʝ ʜʝʷʢʽ ʟʽ ʩʬʦʨʤʦʚʘʥʠʭ ʥʘʧʨʷʤʢʽʚ [2, 7, 10]. 

ɺʽʪʯʠʟʥʷʥʘ ʽ ʟʘʨʫʙʽʞʥʘ ʧʨʘʢʪʠʢʘ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʧʝʨʝʢʦʥʣʠʚʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʦʞʥʦʛʦ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʥʘʧʨʷʤʢʽʚ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʾʭ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʎʝ ʚʠʟʥʘʯʘʻʪʴʩ̫ ʨʷʜʦʤ 

ʦʙʩʪʘʚʠʥ. 

ʇʦ-ʧʝʨʰʝ, ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʦʙ'ʻʢʪʘʤʠ ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʪʠʩʷʯʽ ʨʽʟʥʦʚʠʜʽʚ ʤʘʪʝʨʘ̔ʣʽʚ, ʨʝʯʦʚʠʥ ʽ ʚʠʨʦʙʽʚ, ʢʦʞʥʘ ʟ ʷʢʠʭ 
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ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʝʟʣʽʯʯʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʦʟʥʘʢ, ʘ ʦʪʞʝ, ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ 

ʥʠʭ. 

ʇʦ-ʜʨʫʛʝ, ʦʧʝʨʘʪʠʚʥʝ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʥʢʨʝʪʥʠʡ ʦʙ'ʻʢʪ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʾʾ ʘʥʘʣʽʟ ʩʪʘʣʠ ʤʦʞʣʠʚʽ ʣʠʰʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʩʫʯʘʩʥʠʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʽ ʢʦʤʧʣʝʢʩʽʚ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʥʠʥʽ ʨʦʟʨʦʙʣʝʥʦ ʙʝʟʣʽʯ 

ʤʝʪʦʜʠʢ ʚʠʨʽʰʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʝʢʩʧʝʨʪʥʠʭ ʟʘʚʜʘʥʴ. 

ʇʦ-ʪʨʝʪʻ, ʚʘʞʣʠʚʦʁ  ʩʬʝʨʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʫʧʨʘʚʣʽʥʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ʚ ʛʘʣʫʟʽ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ. 

ɿʽ ʩʢʘʟʘʥʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʽ ʝʢʩʧʝʨʪ, ʽ ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ 

ʫʩʪʘʥʦʚ ʧʦʚʠʥʥʽ ʦʧʝʨʫʚʘʪʠ ʚʝʣʠʯʝʟʥʦʶ ʥʝ ʪʽʣʴʢʠ ʯʠʩʪʦ ʢʨʠʤʽʥʘʣ̔ʩʪʠʯʥʦʾ, ʘ ʡ 

ʜʦʧʦʤʽʞʥʽ-ʜʦʚʽʜʢʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚ ʝʢʩʧʝʨʪʥʠʭ ʫʩʪʘʥʦʚʘʭ 

ʩʪʚʦʨʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʪʘ ʾʭ ʢʦʤʧʣʝʢʩʠ, ʙʘʥʢʠ ʜʘʥʠʭ ʷʢʠʭ 

ʘʢʫʤʫʣʶʶʪʴ ʚʽʜʧʦʚʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʎʝ, ʧʝʨʰ ʟʘ ʚʩʝ, ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʧʦʰʫʢʦʚʽ ʩʠʩʪʝʤʠ (ɯʇʉ). ʆʜʥʘʢ ʨʦʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʤʘʻ ʧʝʚʥʫ ʩʧʝʮʠʬʽʢʫ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʞʝ ʚ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʚ ʢ̫ʦʩʪʽ ʦʜʥʦʛʦ ʟ ʝʪʘʧʽʚ ʝʢʩʧʝʨʪʠʟʠ, ʙʦ ʙʝʟ ʥʴʦʛʦ ʙʘʛʘʪʦ ʝʢʩʧʝʨʪʥʽ 

ʟʘʚʜʘʥʥʷ ʘʙʦ ʟʦʚʩʽʤ ʥʝʤʦʞʣʠʚʦ ʨʦʟʚ'ʷʟʘʪʠ, ʘʙʦ ʚʪʨʘʯʘʶʪʴ ʦʧʝʨʘʪʠʚʥʽʩʪʴ, 

ʩʪʘʶʪʴ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤʠ. ɼʦ ʪʘʢʠʭ ʟʘʚʜʘʥʴ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʥʦʩʷʪʴʩʷ: 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʫ ʽ ʨʽʟʥʦʚʠʜʫ ʬʘʨʥʦʛʦ (ʽ ʽʥʰʦʛʦ) ʩʢʣʘ, ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʠʭ 

ʨʝʯʦʚʠʥ, ʣʘʢʽʚ ʽ ʬʘʨʙ, ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʚʠʢʦʥʘʥʽ ʜʦʢʫʤʝʥʪʠ. 

ʗʢ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʝʢʩʧʝʨʪʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʟʦʢʨʝʤʘ, 

ʪʦʛʦ ʾʾ ʨʦʟʜʽʣʫ, ʷʢʠʡ ʧʨʠʩʚʷʯʝʥʠʡ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʛʨʫʧʦʚʦʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ. ʉʧʝʮʠʬʽʢʘ ʪʫʪ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʻ 

ʧʦʰʫʢʦʚʽ ʦʟʥʘʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʝʢʩʧʝʨʪʦʤ ʦʙ'ʢ̒ʪʘ ʽ ʦʟʥʘʢʠ, ʷʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʙ'ʻʢʪʠ, ʚʚʝʜʝʥʽ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʙʘʥʢ ʩʠʩʪʝʤʠ. ʈʘʟʦʤ ʟ 

ʪʠʤ ʧʨʦʮʝʩ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʚ ʨʦʟʛʣʷʥʫʪʠʭ ʩʠʩʪʝʤʘʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʧʨʦʮʝʩʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. 



 48 

ʇʝʨʰʝ ʟ ʪʘʢʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ, ʟʜʽʡʩʥʶʶʯʠ ʧʨʦʮʝʩ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʚʥʦʛʦ ʦʙ'ʻʢʪʘ, ʝʢʩʧʝʨʪ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʶ ʛʘʤʫ ʥʘʣʝʞʘʪʴ ʮʴʦʤʫ ʦʙ'ʻʢʪʫ ʦʟʥʘʢ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʚʠʜʽʣʝʥʠʭ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʦʤʫ ʧʦʣʽ. ɹʫʜʴ-ʷʢʘ ʞ ɯʇʉ ʦʧʝʨʫʻ ʥʝ ʟ ʫʩʽʤʘ 

ʦʟʥʘʢʘʤʠ, ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʦʙ'ʻʢʪʘ ʧʦʰʫʢʫ, ʘ ʣʠʰʝ ʟ ʪʠʤʠ, ʷʢʽ ʚʚʝʜʝʥʽ ʚ 

ʜʘʥʫ ʩʠʩʪʝʤʫ. ɯ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ, ʱʦ ʚʦʥʠ ʥʝ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʠʥ 

ʦʜʥʦʤʫ ʟʘ ʦʙʩʷʛʦʤ ʽ ʭʘʨʘʢʪʝʨʦʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʜʚʽ ʥʝʛʘʪʠʚʥʽ ʩʠʪʫʘʮʽʾ: ʘʙʦ ʩʠʩʪʝʤʘ ʚʠʜʘʻ 

ʜʫʞʝ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʙ'ʻʢʪʽʚ (ʚ ʯʠʩʣʽ ʷʢʠʭ ʙʫʜʝ ʽ ʰʫʢʘʥʠʡ), ʘʙʦ ʩʪʘʥʝʪʴʩʷ 

ʪʘʢ ʟʚʘʥʠʡ çʧʨʦʧʫʩʢ ʮʽʣʽè, ʪʦʙʪʦ ʰʫʢʘʥʠʡ ʦʙ'ʻʢʪ, ʭʦʯʘ ʽ ʙʫʜʝ ʧʝʨʝʙʫʚʘʪʠ ʚ 

ʥ̔ʬʦʨʤʘʮʽʡʥʦʤʫ ʬʦʥʜʽ, ʘʣʝ ʩʠʩʪʝʤʘ ʥʝ ʚʠʜʘʻ ʜʘʥʽ ʧʨʦ ʥʴʦʛʦ, çʥʝ ʟʥʘʡʜʝè 

ʡʦʛʦ. ʆʩʴ ʯʦʤʫ ʽ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ, ʩʪʨʦʛʦ 

ʢʘʞʫʯʠ, ʥʝ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʨʽʚʥʦʟʥʘʯʥʠʡ ʝʢʩʧʝʨʪʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʧʦ 

ʚʩʪʘʥʦʚʣʝʥʥʶ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʪʦʪʦʞʥʦʩʪʽ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʙʘʟʽ ɽʆʄ ʙʘʥʢʠ ʜʘʥʠʭ ʧʨʦ ʦʙ'ʻʢʪʠ 

ʚʠʢʦʥʘʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʩʧʝʢʪʨʦʛʨʘʬʽʯʥʠʭ, ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʭ, 

ʪʨʘʩʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʰʠʭ), ʱʦ ʦʭʦʧʣʶʶʪʴ ʥʝ ʪʽʣʴʢʠ ʨʦʜʦʚʠʜʦʚʽ, ʘ ʡ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦ-ʩʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙ'ʻʢʪʽʚ, ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʚʠʥʠʢʥʝʥʥʷ ʚʠʜʽʣʝʥʠʭ ʦʟʥʘʢ ʽ ʦʮʽʥʢʠ 

ʜʦʩʪʘʪʥʦʩʪʽ ʾʭ ʢʦʤʧʣʝʢʩʫ. ʆʩʪʘʥʥʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʝ 

ʪʽʣʴʢʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʟʘʜʘʯ. ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʪʘʢʽ ʩʠʩʪʝʤʠ ʩʪʘʥʫʪʴ ʚʘʞʣʠʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʮʽʥʦʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʝʢʩʧʝʨʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʨʽʚʥʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʦʪʦʪʦʞʥʝʥʥʷ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɺʣʘʩʥʝ ʞ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʰʫʢ ʤʦʞʥʘ ʨʦʟʛʣ̫ʜʘʪʠ ʷʢ ʦʜʠʥ ʟ 

ʡʦʛʦ ʝʪʘʧʽʚ. ʆʜʥʘʢ ʮʝ ʥʽʷʢ ʥʝ ʧʨʠʤʝʥʰʫʻ ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʽ 

ʨʦʣʽ ʩʘʤʠʭ ɯʇʉ ʨʦʟʛʣʷʥʫʪʦʛʦ ʪʠʧʫ ʚ ʟʘʛʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʧʦ ʨʦʟʢʨʠʪʪʶ ʽ ʨʦʟʩʣʽʜʫʚʘʥʥʶ ʟʣʦʯʠʥʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʥʘ ʨʽʚʥʽ ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʷʢ ʙʘʥʢʠ ʜʦʧʦʤʽʞʥʠʭ ʜʘʥʠʭ ʪʫʪ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʝ ʪʽʣʴʢʠ ʪʽ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʩʫʜʦʚʦ-
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ʝʢʩʧʝʨʪʥʠʭ ʫʩʪʘʥʦʚʘʭ, ʘ ʡ ʪʽ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʽʥʰʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʽ 

ʫʩʪʘʥʦʚʘʭ ʷʢ ʶʨʠʜʠʯʥʦʾ, ʪʘʢ ʽ ʽʥʰʦʛʦ ʧʨʦʬʽʣʶ. 

ɹʫʜʴ-ʷʢʘ ʧʨʘʢʪʠʯʥʘ ʜʽʷʣʴʥ̔ʩʪʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʽʥʬʦʨʤʘʮʽʡʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʤʘʻ ʩʧʨʘʚʫ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ ʟ ʽʥʬʦʨʤʘʮʽʻʶ, ʧʝʨʝʪʚʦʨʝʥʦʾ ʚ 

ʚʽʜʦʤʦʩʪʽ ʘʙʦ ʜʘʥʽ, ʷʢʽ ʪʦʪʦʞʥʽ ʟʘ ʟʤʽʩʪʦʤ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʤʽʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʽ 

ʷʢʽʩʥʽ ʩʪʦʨʦʥʠ, ʷʢʽ ʚ ʩʫʢʫʧʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʾʾ ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʠʤʽʩʪʴ. 

ʉʧʨʘʚʝʜʣʠʚʦ ʟʘʫʚʘʞʫʻ ʟ ʮʴʦʛʦ ʧʨʠʚʦʜʫ ʊ.ɺ. ɸʚʝʨ'ʷʥʦʚʘ, ʱʦ çʢʘʞʫʯʠ ʧʨʦ 

ʟʤʽʩʪ ʽʥʬʦʨʤʘʮʽʾ, ʙʽʣʴʰʽʩʪʴ ʘʚʪʦʨʽʚ ʥʘʤʘʛʘʶʪʴʩʷ ʨʦʟʢʨʠʪʠ ʪʽ ʾʾ ʷʢʽʩʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ. ʉʘʤʝ ʷʢʽʩʥʽ 

ʦʩʦʙʣʠʚʦʩʪ ̔ʽʥʬʦʨʤʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʝʢʩʧʝʨʪʠʟʠ, 

ʙʫʜʴ ʪʦ çʜʘʥʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙ'ʻʢʪ ʧʽʟʥʘʥʥʷ, ʘʙʦ çʚʽʜʦʤʦʩʪʽè (ʟʥʘʥʥʷ), 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʝʨʝʜʘʯʽè, ʽ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʚ ʧʦʥʷʪʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʾʾ ʟʥʘʯʝʥʥʷ ʜʣʷ ʮʽʣʝʡ ʝʢʩʧʝʨʪʠʟʠè. 

ɯʩʥʫʪʁɹ  ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʬʦʨʤʘʮʽʾ, 

ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʙ'ʻʢʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʥʠʤ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʉɽɼ, ʚʠʜʘʻʪʴʩʷ ʧʦʟʠʮʽʷ ʄ.ɻ. ʄʠʭʘʡʣʽʚʩʴʢʦʛʦ. ʅʘ ʡʦʛʦ ʜʫʤʢʫ, 

ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʪʘʢʠʤ ʦʩʥʦʚʥʠʤ ʚʠʤʦʛʘʤ: ʧʦ-ʧʝʨʰʝ, ʚʦʥʘ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʦʚʽʨʥʦʶ, ʪʦʙʪʦ ʤʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʝ ʤʘʪʠ ʧʨʠʭʦʚʘʥʠʭ 

ʧʦʤʠʣʦʢ ʽ ʥʝ ʤʘʪʠ ʩʧʦʪʚʦʨʝʥʴ ʜʽʡʩʥʦʩʪʽ; ʧʦ-ʜʨʫʛʝ, ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʘʜʝʢʚʘʪʥʦʶ, ʪʦʙʪʦ ʤʘʪʠ ʚʣʘʩʪʠʚʽʩʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʩʪʘʥʫ ʜʽʡʩʥʦʩʪʽ; ʧʦ-ʪʨʝʪʻ, 

ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʧʝʨʘʪʠʚʥʦʶ, ʪʦʙʪʦ ʤʘʪʠ ʚʣʘʩʪʠʚʽʩʪʴ ʚʜ̔ʧʦʚʽʜʘʪʠ 

ʪʠʤʯʘʩʦʚʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʽʡʩʥʦʩʪʽ, ʷʢʫ ʚʽʜʦʙʨʘʞʘʻ. ɯ, ʥʘʡʩʢʣʘʜʥʽʰʝ, ʧʦ-

ʯʝʪʚʝʨʪʝ, ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦʶ, ʪʦʙʪʦ ʤʘʪʠ ʚʣʘʩʪʠʚʽʩʪʴ 

ʜʦʩʠʪʴ ʧʦʚʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʜʽʡʩʥʽʩʪʴ. 

ɸʥʘʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʜʦʪʨʠʤʫʶʪʴʩʷ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ ʘʚʪʦʨʽʚ. 

ʆʜʥʘʢ ̔ʩʥʫʶʪʴ ʜʫʤʢʠ ʚʯʝʥʠʭ, ʱʦ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʤʽʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʧʦʪʨʽʙʥʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʾʾ 

ʶʨʠʜʠʯʥʫ ʧʨʠʨʦʜʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 
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ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʘʚʦʚʽʜʥʦʩʠʥ ʚ ʧʨʦʮʝʩʽ ʟʜʽʡʩʥʝʥʥʷ ʽʥʬʦʨʤʘʮʡ̔ʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʜʦ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʥʘʩʪʫʧʥʽ: 

1. ʇʝʨʝʪʚʦʨʶʚʘʥʽ, ʪʦʙʪʦ ʙʫʜʴ-ʷʢʘ ʽʥʬʦʨʤʘʮʽʷ ʚ ʉɽɼ ʷʢ ʦʙ'ʻʢʪ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʤʘʪʝʨʽʘʣʴʥʦ ʬʽʢʩʦʚʘʥʦʤʫ ʥʦʩʽʾ ʽ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʥʭ̫ ʪʝʦʨʽʾ ʚʽʜʦʙʨʘʞʝʥʥʷ.  

2. ʇʽʟʥʘʚʘʥʥʦʩʪʽ ʦʟʥʘʯʘʻ, ʱʦ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʻ 

ʧʟ̔ʥʘʚʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ, ʪʘʢ ʷʢ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʚʯʝʥʥʷ ʩʫʪʥʦʩʪ̔  ʦʙ'ʻʢʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʜʦʚʠʡ ʝʢʩʧʝʨʪ ʥʘʙʫʚʘʻ ʥʦʚʦʛʦ ʟʥʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʽʟʥʘʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʦʙ'ʻʢʪʠʚʥʦʾ ʜʽʡʩʥʦʩʪʽ.  

3. ɼʦʢʘʟʦʚʘ, ʪʦʙʪʦ ʝʢʩʧʝʨʪʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢ ʦʙ'ʻʢʪ ʧʨʘʚʦʚʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʥʦʩʠʥ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʧʨʦʮʝʩʫʘʣʴʥʦʛʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ. ʇʨʠ ʮʴʦʤʫ ʚʦʥʘ ʤʦʞʝ ʤʘʪʠ ʜʦʢʘʟʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʦʙʩʪʘʚʠʥ ʩʧʨʘʚʠ. ɿʘ ʪʚʝʨʜʞʝʥʥʷʤ ɺ.ɸ. ʆʙʨʘʟʮʦʚʘ, 

ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʽʟʥʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʧʨʦʮʝʩʫʘʣʴʥʦʛʦ ʜʦʢʘʟʫʚʘʥʥʷ, ʦʩʥʦʚʫ ʧʨʠʡʥʷʪʪʷ 

ʧʨʘʚʦʚʠʭ ʨʽʰʝʥʴ ʫʪʚʦʨʶʶʪʴ ʜʦʢʘʟʠ. ʅʘ ʩʣʫʰʥʝ ʤʽʨʢʫʚʘʥʥʷ A.M. ɿʽʥʽʥʘ ʽ 

ʅ.ʇ. ʄʘʡʣʽʩ, ʩʫʜʦʚʠʡ ʝʢʩʧʝʨʪ ʦʧʝʨʫʻ ʪʽʣʴʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʡʦʤʫ ʚ ʨʘʤʢʘʭ 

ʧʨʦʮʝʩʫʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʤʘʪʝʨʽʘʣʘʤʠ ʽ ʜʦʢʘʟʦʚʝ ʟʥʘʯʝʥʥʷ ʬʘʢʪʽʚ, ʚʠʢʣʘʜʝʥʠʭ ʫ 

ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʘ, ʦʮʽʥʶʻʪʴʩʷ ʷʢ ʧʦ ʩʫʪʽ, ʪʘʢ ʽ ʧʦ ʧʨʦʮʝʩʫʘʣʴʥʽʡ ʬʦʨʤʽ. 

ɺʽʜʩʪʫʧ ʚʽʜ ʮʠʭ ʚʠʤʦʛ ʧʦʟʙʘʚʣʷʻ ʚʠʩʥʦʚʦʢ ʜʦʢʘʟʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. 

4. ɿʥʘʯʠʤʽʩʪʴ ʝʢʩʧʝʨʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʫʤʽʨʥʽʩʪʶ 

ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟ ʾʾ ʧʨʘʢʪʠʯʥʦʶ ʮʽʥʥʽʩʪʶ. ɼʣʷ ʧʦʚʥʦʪʠ ʧʦʜʘʯʽ ʮʴʦʛʦ 

ʧʦʢʘʟʥʠʢʘ, ʚʠʟʥʘʯʠʤʦ ʟʤʽʩʪ ʧʦʥʪ̫ʪʷ çʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦ ʟʥʘʯʠʤʘ ʽʥʬʦʨʤʘʮʽʷè. 

ɺ ʥʘʫʢʦʚʠʡ ʦʙʽʛ ʮʝʡ ʪʝʨʤʽʥ ʧʝʨʰʽ ʙʫʚ ʚʚʝʜʝʥʠʡ ʈ. ʉ. ɹʝʣʢʠʥʠʤ. 

ʈʦʟʤʝʞʦʚʫʁʯʠ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦ ʟʥʘʯʠʤʫ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʽʥʰʠʭ ʚʠʜʽʚ 

ʽʥʬʦʨʤʘʮʽʾ, ʚʯʝʥʠʡ ʧʠʩʘʚ: ç... ʊʝʨʤʽʥç ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ 

èʙʝʟʟʤʽʩʪʦʚʥʠʡ ʽ ʙʝʟʧʨʝʜʤʝʪʥʘ. ɺʽʥ ʥʝ ʥʝʩʝ ʥʽʷʢʦʛʦ ʩʤʠʩʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʘ ʽʥʬʦʨʤʘʮʽʷ ʻ 

ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʾ, ʘ ʥʝ ʧʨʦʮʝʩʫʘʣʴʥʦʾ ʘʙʦ ʦʧʝʨʘʪʠʚʥʦʾ, ʷʢʽ ʚʠʢʣʶʯʥʦ ʾʾ 
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ʜʞʝʨʝʣʘ. ʋ ʧʨʠʨʦʜʽ ʥʝ ʽʩʥʫʻ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʻ ʣʠʰʝ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦ 

ʟʥʘʯʠʤʘ ʽʥʬʦʨʤʘʮʽ,̫ ʷʢʘ ʦʟʥʘʯʘʻ ʙʫʜʴ-ʷʢʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʠʭ ʟʘʚʜʘʥʴ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʾ ʨʦʜʫ ʽ ʜʞʝʨʝʣʘ. ɸ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʩʦʙʽʚ, ʟʘʚʜʘʥʴ ʪʘ ʮʽʣʝʡ ʜʦʢʘʟʫʚʘʥʥʷ, ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʪ̔ ʣʴʢʠ ʜʦʢʘʟʦʚʦʾ ʘʙʦ ʦʨʽʻʥʪʫʻ è. 

ʊʨʦʭʠ ʽʥʰʦʾ ʪʦʯʢʠ ʟʦʨʫ ʜʦʪʨʠʤʫʶʪʴʩʷ ʘʚʪʦʨʠ ʥʘʫʢʦʚʦʾ ʩʪʘʪʪʽ çʇʨʦ 

ʧʦʥʷʪʪʷ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾè, ʷʢʽ ʧʠʰʫʪʴ: çʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦ 

ʟʥʘʯʠʤʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʤʽʥʘʣʴʥʦ-

ʧʨʦʮʝʩʫʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʪʘʢ ʷʢ ʮʷ ʽʥʬʦʨʤʘʮʽʷ ʩʪʘʥʦʚʠʪʴ ʟʤʽʩʪ ʪʽʣʴʢʠ ʥʘʫʢʠ 

ʢʨʠʤʽʥʘʣʽʩʪʠʢʠ. ʈʦʟʧʦʜʽʣ ʧʨʦʮʝʩʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʜʦʢʘʟʦʚʫ ʽ 

ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʫ ʥʝʢʦʨʝʢʪʥʦ. ɼʦʢʘʟʦʚʘ ʽ ʧʨʦʮʝʩʫʘʣʥɹʘ ʽʥʬʦʨʤʘʮʽʷ - ʢʘʪʝʛʦʨʽʾ 

ʙʣʠʟʴʢʽ, ʘʣʝ ʥʝ ʪʦʪʦʞʥʽ, ʪʦʤʫ ʱʦ ʚ ʩʪʨʫʢʪʫʨʽ ʧʨʦʮʝʩʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʽ 

ʽʥhʘ - ʩʫʧʫʪʥʷ. ɼʦʢʘʟʦʚʘ ʽ ʩʫʧʫʪʥʷ ʽʥʬʦʨʤʘʮʽ̫ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ 

ʚʯʠʥʝʥʥʷ ʟʣʦʯʠʥʫè. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ɸ.ʌ. ɺʦʣʠʥʩʴʢʦʛʦ ʪʘ ʽʥʰʠʭ ʧʽʜ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦ 

ʟʥʘʯʫɦʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʬʘʢʪʠʯʥʽ ʜʘʥʽ ʘʙʦ ʚʽʜʦʤʦʩʪʽ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʟ ʧʦʜʽʻʶ ʟʣʦʯʠʥʫ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ɹ ʩʧʦʩʽʙ ʡʦʛʦ ʚʯʠʥʝʥʥʷ, ʦʩʽʙ ʷʢʽ ʡʦʛʦ ʚʯʠʥʠʣʠ, ʧʨʝʜʤʝʪʠ 

ʟʣʦʯʠʥʥʦʛʦ ʧʦʩʷʛʘʥʥʷ, ʟʥʘʨʷʜʜʷ ʟʣʦʯʠʥʫ ʽ ʪʦʤʫ ʧʦʜʽʙʥʽ ʦʙʩʪʘʚʠʥʠ. 

ʅʘ ʥʘʰʫ ʞ ʜʫʤʢʫ, ʥʘʡʙʽʣʴʰ ʪʦʯʥʦʤʫ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ 

ʧʦʥʷʪʪʷ ʜʦʪʨʠʤʫʶʪʴʩʷ ʘʚʪʦʨʠ ʧʽʜʨʫʯʥʠʢʘ çʂʨʠʤʽʥʘʣʽʩʪʠʢʘè, ʷʢʽ ʨʦʟʨʽʟʥʷʶʪʴ 

ʜʚʘ ʚʠʜʠ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦ ʟʥʘʯʠʤʦʾ ʽʥʬʦʨʤʘʮʽʾ: ʘʢʪʫʘʣʴʥʘ ʽ ʧʦʪʝʥʮʽʡʥʘ. ʅʘ 

ʾʭʥʶ ʜʫʤʢʫ, ʧʽʜ ʘʢʪʫʘʣʴʥʦʶ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʟ ʧʦʜʽʻʶ ʢʦʥʢʨʝʪʥʦʛʦ ʟʣʦʯʠʥʫ (ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʧʦʩʽʙ ʟʣʦʯʠʥʫ, ʦʩʽʙ, ʷʢʽ ʡʦʛʦ ʚʯʠʥʠʣʠ, ʧʨʝʜʤʝʪ ʟʣʦʯʠʥʥʦʛʦ 

ʧʦʩʷʛʘʥʥʷ, ʟʥʘʨʷʜʜʷ ʟʣʦʯʠʥʫ, ʦʙʩʪʘʚʠʥʠ ʟʣʦʯʠʥʫ). ʊʦʜʽ ʷʢ ʧʦʪʝʥʮʽʡʥʘ 

ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦ ʟʥʘʯʠʤʘ ʽʥʬʦʨʤʘʮʽʷ - ʮʝ ʜʦʚʽʜʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ (ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʟʥʘʢʠ ʨʽʟʥʠʭ ʦʙ'ʻʢʪʽʚ - ʣʶʜʠʥʠ, ʤʘʪʝʨʽʘʣʽʚ, ʨʝʯʦʚʠʥ, ʚʠʨʦʙʽʚ ʪʘ 

ʧʨʝʜʤʝʪʽʚ, ʱʦ ʥʝ ʤʘʶʪ,ɹ ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʟ ʧʦʜʽʻʶ 
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ʢʦʥʢʨʝʪʥʦʛʦ ʟʣʦʯʠʥʫ, ʽ ʩʧʨʠʷʻ ʚʠʨʽʰʝʥʥʶ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʽ ʽʜʝʥʪʠʬ̔ʢʘʮʽʡʥʠʭ 

ʟʘʚʜʘʥʴ ʨʦʟʩʣʽʜʫʚʘʥʥʷ). 

ʇʦʜʽʣʷʶʯʠ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʤʦʞʥʘ ʜʦʜʘʪʠ ʥʘʩʪʫʧʥʝ, ʱʦ ʷʢʱʦ ʧʨʦʮʝʩ 

ʟʙʦʨʫ, ʦʙʨʦʙʢʠ, ʧʝʨʝʜʘʯʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʤ̔ ʥʘʣʽʩʪʠʯʥʦ ʟʥʘʯʠʤʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʜʞʝʨʝʣʘ ʥʘʜʭʦʜʞʝʥʥʷ ʽ ʭʘʨʘʢʪʝʨʫ ʦʙ'ʻʢʪʘ, 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ, ʪʦ ʥʝʦʙʭʽʜʥʦ 

ʚʚʘʞʘʪʠ, ʱʦ ʜʘʥʽ ʘʙʦ ʚʽʜʦʤʦʩʪʽ ʤʦʞʫʪʴ ʥʦʩʠʪʠ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʜʦʚʽʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. ʇʦʜʽʙʥʫ ʜʫʤʢʫ ʚʠʩʣʦʚʣʶʶʪʴ ʽ ʽʥʰʽ ʘʚʪʦʨʠ ʽ 

ʜʦʩʣʽʜʥʠʢʠ. 

ʆʪʞʝ, ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʟʤʽʩʪʫ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʚʠʟʥʘʯʝʥʴ, ʩʣʽʜ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ɦʦ ʭʦʯʘ ʚ ʥʠʭ ʽ ʻ ʥʝʩʫʪʪʻʚʽ ʨʦʟʙʽʞʥʦʩʪʽ, ʘʣʝ ʚ ʮʽʣʦʤʫ ʩʫʪʴ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʜʥʦʛʦ, ʱʦ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦ ʟʥʘʯʠʤʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʘ 

ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʜʘʥʽ ʽ ʚʽʜʦʤʦʩʪʽ, ʱʦ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʬʘʢʪʠʯʥʠʭ ʦʙʩʪʘʚʠʥ ʽ ʧʦʜʽʡ, ʧʦʚ'ʷʟʘʥʠʭ ʚʠʢʣʶʯʥʦ ʟʽ ʟʣʦʯʠʥʦʤ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʮʝ, ʤʠ ʙʘʯʠʤʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʚ ʥʘʫʢʦʚʠʡ ʪʘ ʝʢʩʧʝʨʪʥʠʡ ʦʙʽʛ ʧʦʥʷʪʪʷ 

çʩʫʜʦʚʦ-ʟʥʘʯʫʱʘ ʽʥʬʦʨʤʘʮʽʷè, ʩʪʦʩʦʚʥʦ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʉɽɼ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʢʩʧʝʨʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʾ ʥʘʫʢʦʚʫ, ʧʨʘʚʦʚʫ ʽ ʧʨʘʢʪʠʯʥʫ ʧʨʠʨʦʜʫ ʚ 

ʩʫʢʫʧʥʦʩʪʽ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʘʟʘʥʦʛʦ ʜʦ ʷʢʽʩʥʠʭ ʩʪʦʨʦʥʘʤ ʝʢʩʧʝʨʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʧʦʚʥʦʪʫ, ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ (ʷʢ 

ʟʜʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʟʘʢʨʽʧʣʶʚʘʪʠʩʷ ʥʘ ʤʘʪʝʨʽʘʣʴʥʦ-ʬʽʢʩʦʚʘʥʠʭ ʥʦʩʽʷʭ), 

ʧʟ̔ʥʘʚʘʥ̔ʩʪʴ, ʜʦʢʘʟʦʚʦʶ ʽ ʟʥʘʯʠʤʽʩʪʴ (ʚʠʨʘʞʝʥʘ ʚ ʧʨʘʢʪʠʯʥʦʾ ʮʽʥʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʨʫʥʪʫʶʯʠʩʴ ʥʘ ʘʥʘʣʽʟʘʭ ʥʘʫʢʦʚʠʭ ʽ ʟʘʢʦʥʦʜʘʚʯʠʭ 

ʧʽʜʭʦʜ̔ ʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʠʭʦʜʷʯʠ ʟ ʚʠʷʚʣʝʥʠʭ ʷʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʾʾ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʽ ʧʨʠʟʥʘʯʝʥʥʷ, ʥʘʤʠ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʚʪʦʨʩʴʢʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ çʩʫʜʦʚʦ ʝʢʩʧʝʨʪʥʘ ʽʥʬʦʨʤʘʮʽʷè: 

ʮʷ ʙʫʜ-ɹʷʢʘ ʟʘʬʽʢʩʦʚʘʥʘ ʥʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʥʦʩʽ̫ʭ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʚ ʩʠʣʫ 

ʧʨʠʪʘʤʘʥʥʠʭ ʾʡ ʷʢʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʦʟʥʘʢ, ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ 
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ʚ ʟʚʝʜʝʥʥʷ ʽ ʜʘʥʽ, ʱʦ ʤʘʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʮʽʣʦʤʫ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʧʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʟʤʽʩʪʫ ʧʦʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʡʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʦʩʦʚʥʦ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʽʥʬʦʨʤʘʮʽʷ ʚʽʜʧʦʚʽʜʘʣʘ ʧʦʪʨʝʙʘʤ 

ʪʽʻʾ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ, ʜʝ ʧʨʠʟʥʘʯʘʻʪʴʩʷ, ʚʦʥʘ ʧʦʚʠʥʥʘ ʧʽʜʜʘʚʘʪʠʩʷ ʧʝʚʥʽʡ 

ʧʨʦʮʝʜʫʨʽ, ʷʢʘ ʚ ʩʫʢʫʧʥʦʩʪʽ ʽʤʝʥʫʪ̒ʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʧʨʦʮʝʩʦʤ. ɰʤ ʢʝʨʫʶʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʫʢʦʚʦ-

ʦʙʨ̌ʫʥʪʦʚʘʥʫ, ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʢʝʨʦʚʘʥʫ ʽ ʩʪʨʫʢʪʫʨʥʦ-ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʫ 

ʩʫʢʫʧʥʽʩʪʴ ʧʽʜʩʠʩʪʝʤ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. 

ɺ ʜʘʥʠʡ ʯʘʩ, ʽʩʥʫʁ ʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ 

çʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷè. ʊʘʢ, ʚ ʩʣʦʚʥʠʢʦʚʦʤʫ ʟʥʘʯʝʥʥʽ ʩʣʦʚʦ 

çʟʘʙʝʟʧʝʯʝʥʥʷè ʦʟʥʘʯʘʻ: 1. ʊʝ, ʯʠʤ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʛʦ-ʥʝʙʫʜʴ ʘʙʦ ʱʦ-ʥʝʙʫʜʴ. 

2. ʅʘʜʘʪʠ ʘʙʦ ʟʘʙʝʟʧʝʯʠʪʠ ʯʠʤʦʩʴ ʚ ʧʦʪʨʽʙʥʽʡ ʢʽʣʴʢʦʩʪʽ. 

ɿ ʧʦʟʠʮʽʾ O.A. ɹʻʣʦʚʘ, çʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷè ʷʚʣʷʻ ʩʦʙʦʶ 

ʧʨʦʮʝʩ ʟ ʧʝʚʥʠʤʠ, ʧʦʩʣʽʜʦʚʥʦ ʟʤʽʥʶʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ ʩʪʘʜʽʷʤʠ, ʚ ʷʢʦʤʫ 

ʩʫʙ'ʻʢʪʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʙ'ʻʢʪʠ (ʽʥʬʦʨʤʘʮʽʶ) ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ (ʮʽʣʝʡ). 

ɿ ʯʠʩʣʝʥʥʠʭ ʚʠʟʥʘʯʝʥʴ ʧʦʥʷʪʪʷ çʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥ̫è, 

ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʤ ʽ ʥʘʫʢʦʚʠʤ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʻ ʚʠʟʥʘʯʝʥʥʷ, ʩʬʦʨʤʫʣʴʦʚʘʥʝ 

ʄ.ɻ. ʄʠʭʘʡʣʽʚʩʴʢʠʤ. ʅʘ ʡʦʛʦ ʜʫʤʢʫ, ʧʽʜ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʣʽʜ 

ʨʦʟʫʤʽʪʠ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʨʝʙ, ʪʦʙʪʦ ʧʦʪʨʝʙ ʚ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ, 

ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʚ ʧʨʦʮʝʩʽ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥ̫ ʩʫʢʫʧʥʦʩʪʽ ʤʝʪʦʜʽʚ, ʩʠʩʪʝʤ ʽ ʟʘʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ, ʟʙʦʨʫ, 

ʦʙʨʦʙʢʠ, ʟʙʝʨʽʛʘʥʥʷ, ʧʝʨʝʜʘʯʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʜʘʯʽ 

ʪʘ ʨʦʟʧʦʜʽʣʽ ʩʫʙ'ʻʢʪʘʤ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʪʽʻʾ 

ʩʬʝʨʠ, ʜʝ ʚʦʥʘ ʧʨʠʟʥʘʯʘʻʪʴʩʷ. 
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ɿ ʪʦʯʢʠ ʟʦʨʫ ʘʚʪʦʨʽʚ ʧʽʜʨʫʯʥʠʢʘ çʉʫʜʦʚʘ ʝʢʩʧʝʨʪʠʟʘè, ʽʥʬʦʨʤʘʮʽʡʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʤʘʻ ʷʚʣʷʪʠ ʩʦʙʦʁ  ʥʘʫʢʦʚʦ-ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʽ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ (ʢʫʨʩʠʚ ʘʚʪ. - ɹ.ʎ.) ʚʽʜʙʦʨʫ, ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʚʠʜʘʯʽ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ ʟʘʜʘʯ. 

ʅʘʡʙʽʣʴʰ ʨʦʟʰʠʨʝʥʝ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʦʜʦ 

ʉɽɼ ʜʘʥʦ ɼ.ʅ. ʉʨʝʪʝʥʮʝʚʠʤ. ʅʘ ʡʦʛʦ ʜʫʤʢʫ, çʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʉɽɼè ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʮʝʩ ʟ ʚʽʜʙʦʨʫ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʩʬʝʨ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʽ ʜʞʝʨʝʣ ʝʢʩʧʝʨʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʢʫʨʩʠʚ ʘʚʪ. - ɹ.ʎ.) ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʷʢʠʭ ʻ ʚʠʜʘʯʘ ʩʫʙ'ʻʢʪʘʤ ʉɽɼ , ʥʝʦʙʭʽʜʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ 

ʩʫʜʦʚʦ ʝʢʩʧʝʨʪʥʠʭ ʟʘʚʜʘʥʴ. 

ʅʘʨʝʰʪʽ, ʟʘ ʩʧʨʘʚʝʜʣʠʚʠʤ ʟʘʫʚʘʞʝʥʥʷʤ ɸ.ʊ. ʂʫʜʽʥʦʚʘ, çʽʥʬʦʨʤʘʮʽʡʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʦʜʦ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʚ ʜʚʦʭ ʘʩʧʝʢʪʘʭ: ʧʦ-

ʧʝʨʰʝ, ʷʢ ʽʥʬʦʨʤʘʮʽʶ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ; ʧʦ-ʜʨʫʛʝ, ʷʢ 

ʜʽʷʣʴʥʽʩʪʴ, ʩʧʨʷʤʦʚʘʥʫ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʩʽʙ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴ ʝʢʩʧʝʨʪʠʟʠ, 

ʜʦʜʘʪʢʦʚʦʾ ʥʘʫʢʦʚʦʶ ʽ ʪʝʭʥʽʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʝʢʩʧʝʨʪʥʠʭ ʟʘʚʜʘʥʴ è. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʩʧʝʮʽʘʣʴʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʱʦʜʦ ʩʫʪʥʦʩʪʽ ʧʦʥʷʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ, ʧʦʢʘʟʫʻ, ʱʦ ʙʘʛʘʪʦ ʘʚʪʦʨʽʚ 

ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʩʪʦʩʫʚʘʣʠʩʷ ʧʨʦʙʣʝʤʠ ʨʦʟʢʨʠʪʪʷ ʾʭ ʟʤʽʩʪʫ ʪʘ ʷʢʽʩʥʠʭ 

ʩʪʦʨʽʥ, ʚʞʠʚʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʣʘʩʥʫ ʪʝʨʤʽʥʦʣʦʛʽʶ. ʇʨʠ ʮʴʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʜʚʦʭ ʘʩʧʝʢʪʘʭ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʽʥʬʦʨʤʘʮʽʶ 

ʷʢ ʦʙ'ʻʢʪ ʥʘʫʢʦʚʦʛʦ ʧʽʟʥʘʥʥʷ ̔ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʘ ʟ ʽʥʰʦʛʦ, ʜʽʷʣʴʥʽʩʪʴ 

ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ. 

ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʽʟʫ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ 

ʭʘʨʘʢʪʝʨʥʽ ʨʠʩʠ, ʚʣʘʩʪʠʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ: ʥʘʫʢʦʚʽʩʪʴ, 

ʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴ, ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ, ʩʠʩʪʝʤʥʽʩʪʴ, ʦʧʝʨʘʪʠʚʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ. 
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1.1 ʇʨʠʥʮʠʧʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜ̔ ʷʣʴʥʦʩʪʽ 

 

ɿʘʚʜʷʢʠ ʧʨʠʥʮʠʧʘʤ ʚʜ̔ʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʣʶʯʘʻʪʴʩʷ ʥʘʜʤʽʨʥʽʩʪʴ 

ʚʽʜʦʤʦʩʪʝʡ ʚ ʤʘʩʠʚʽ ʙʘʟ ʜʘʥʠʭ, ʱʦ ʫʪʨʫʜʥʷʻ ʧʦʰʫʢ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ 

ʪʘʢʦʞ ʙʝʟʧʝʨʝʙʽʡʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. ɼʦ ʥʠʭ 

ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ ʧʨʠʥʮʠʧʠ: ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʪʦʙʪʦ ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʘ 

ʥʘʜʭʦʜʠʪʠ ʟ ʥʘʜʽʡʥʠʭ ʧʝʨʰʦʜʞʝʨʝʣ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʾʭ ʟʙʦʨʫ ʪʘ 

ʧʨʠʜʙʘʥʥʷ; ʘʢʪʫʘʣʴʥʽʩʪʴ, ʪʦʙʪʦ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚ̔ʜʘʪʠ ʫʤʦʚʘʤ ʽ ʚʠʤʦʛʘʤ ʯʘʩʫ; 

ʧʦʚʥʦʪʘ, ʪʦʙʪʦ ʧʦʪʨʽʙʥʠʡ ʦʙʩʷʛ ʥʝʦʙʭʽʜʥʠʭ ʚʽʜʦʤʦʩʪʝʡ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʧʦʪʨʝʙʠ, ʱʦ ʮʽʢʘʚʠʪʴ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪ̔. 

ɼʦ ʧʨʠʥʮʠʧʘʤ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ 

ʚʽʜʥʦʩʷʪʴʩʷ: ʧʨʦʩʪʦʪʘ - ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʨʫʯʥʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ; 

ʛʥʫʯʢʽʩʪʴ, ʪʦʙʪʦ ʣʝʛʢʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʨʦʩʪʘʶʯʠʭ ʽ ʤʽʥʣʠʚʠʭ ʧʦʪʨʝʙ; 

ʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴ - ʨʦʟʧʦʜʽʣ ʽʥʬʦʨʤʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾ ʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʽ 

ʚʘʞʣʠʚʽʩʪʴ ʩʧʨʘʚ; ʟʘʭʠʱʝʥʽʩʪʴ - ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʭʠʱʝʥʽ ʚʽʜ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ; ʽʥʪʝʛʨʘʮʽʷ - ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʣʠʩʷ ʚ ʻʜʠʥʫ 

ʩʠʩʪʝʤʫ; ʘʚʪʦʤʘʪʠʟʘʮʽʷ - ʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʚʝʣʠʢʽ ʦʙʩʷʛʠ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʨʦʙʠʪʴ ʥʝʦʙʭʽʜʥʠʤ ʭʾ ʘʚʪʦʤʘʪʠʟʘʮʽʶ. 

ɼʦ ʧʨʠʥʮʠʧʘʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʽʜʥʦʩʷʪʴʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʙʦʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʘʢʽ 

ʧʨʠʥʮʠʧʠ: ʩʚʦʻʯʘʩʥʽʩʪʴ - ʙʘʥʢ ʜʘʥʠʭ ʩʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʚʠʥʝʥ ʦʧʝʨʘʪʠʚʥʦ ʽ ʧʦʩʪʽʡʥʦ ʧʦʧʦʚʥʶʚʘʪʠʩʷ; ʘʜʝʢʚʘʪʥʽʩʪʴ, ʪʦʙʪʦ ʚʽʜʧʦʚʽʜʴ 

ʥʘ ʟʘʧʠʪ ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʠʤ ʽ ʚʽʜʦʙʨʘʞʘʪʠ ʟʘʧʠʪ ʩʧʦʞʠʚʘʯʘ; 

ʥʘʜʽʡʥʽʩʪʴ - ʦʙʫʤʦʚʣʝʥʠʡ ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʦʪʨʠʤʘʥʥʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʫ ʽ ʪ.ʜ. 

ʇʨʠʙʣʠʟʥʦ ʪʘʢʦʾ ʞ ʪʦʯʢʠ ʟʦʨʫ, ʱʦʜʦ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ, ʜʦʪʨʠʤʫʶʪʴʩʷ ʙʘʛʘʪʦ ʽʥʠhʭ ʘʚʪʦʨʽʚ. 

ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʦʩʦʙʣʠʚʦ ʩʣʽʜ ʥʘʛʦʣʦʩʠʪʠ ʥʘ ʚʘʞʣʠʚʦʩʪʽ ʧʨʠʥʮʠʧʫ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʨʦʣʴ ʷʢʦʛʦ ʟʨʦʩʪʘʻ ʚ ʫʤʦʚʘʭ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ. ɺ ʩʠʣʫ ʮʴʦʛʦ, 
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ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙ'ʻʢʪʠ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʩʠʣʫ ʮʦɹʛʦ ʫʩʢʣʘʜʥʷʻʪʴʩʷ ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʟ ʥʠʤʠ, 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʝʣʠʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ ʽ ʩʠʣʠ. ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʮʴʦʛʦ 

ʟʘʚʜʘʥʥʷ ʧʦʪʨʽʙʥʝ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʟʘʩʥʦʚʘʥʦʾ ʥʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ 

(ɸɯʇʉ). 

ʆʜʥʘʢ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʟʚʦʨʦʪʥʠʡ ʙʽʢ ʧʨʦʮʝʩʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚ 

ʝʢʩʧʝʨʪʥʽʡ ʧʨʘʢʪʠʮʽ. ʅʘ ʩʣʫʰʥʝ ʤʽʨʢʫʚʘʥʥʷ A.M. ɿʽʥʽʥʘ ʽ ʅ.ʇ. ʄʘʡʣʽʩ, 

çʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʟʚʠʯʘʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʝʪʘʧʥʦ. ʈʝʟʫʣʴʪʘʪʠ ʢʦʞʥʦʛʦ ʝʪʘʧʫ 

ʧʽʜʜʘʶʪʴʩʷ ʛʣʠʙʦʢʦʤʫ ʘʥʘʣʽʟʫ. ʊʘʢʠʡ ʧʦʨʷʜʦʢ ʨʦʙʦʪʠ ʦʙʫʤʦʚʣʝʥʠʡ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʦʪʨʠʤʘʥʥʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʽ ʚʧʨʦʚʘʜʞʝʥʥ ̔

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʾʭ ʨʦʟʨʦʙʢʘ ʥʘʡʯʘʩʪʽʰʝ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʚʝʣʠʢʠʤʠ ʪʨʫʜʦʚʠʤʠ ʽ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʽ ʥʽʢʦʣʠ ʥʝ ʚʠʢʣʶʯʝʥʠʡ 

ʨʠʟʠʢ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʥʝʧʨʦʜʫʢʪʠʚʥʠʤʠ (ʧʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʜʦʩʚʽʜ 

ʨʦʟʨʦʙʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʜʘʢʪʠʣʦʩʢʦʧʽʯʥʠʭ ʽ ʙʘʣ̔ʩʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ)è. 

ʊʘʢʠʤ ʯʠʥʦʤ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʚʠʱʝʚʠʢʣʘʜʝʥʦʤʫ, ʥʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʘʚʪʦʨʩʴʢʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ çʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽè: ʮʝ ʥʘʫʢʦʚʦ-ʦʨʛʘʥʽʟʦʚʘʥʠʡ, ʩʠʩʪʝʤʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʽ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʚʠʜʘʯʽ ʩʫʙ'ʻʢʪʘʤ ʥʝʦʙʭ̔ʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʠ ʩʪʘʥʫ ʽ ʨʦʟʚʠʪʢʫ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ 

ʮʽʣʦʤʫ. 

 

1.2 ʇʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʝʢʩʧʝʨʪʥʦ- ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʠʭ ʦʙʣʽʢʽʚ ʧʦ 

ʦʙ'ʻʢʪʘʤ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ 

 

ʆʜʥʝ ʟ ʧʨʦʚʽʜʥʠʭ ʤʽʩʮʴ ʚ ʧʨʦʮʝʩʽ ʟʜʽʡʩʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʟʘʡʤʘʻ ʩʠʩʪʝʤʘ ʨʝʻʩʪʨʘʮʽʾ ʽ ʦʙʣʽʢʫ, ʨʦʣʴ ʽ ʟʥʘʯʝʥʥʷ, ʷʢʠʭ 
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ʟʨʦʩʪʘʻ ʚ ʤʽʨʫ ʨʦʟʰʠʨʝʥʥʷ ʢʦʣʘ ʽ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

ɺ ʩʠʣʫ ʮʴʦʛʦ, ʜʘʥʘ ʩʬʝʨʘ ʜʽʷʣʴʥʦʩʪʽ ʤʘʻ ʛʦʩʪʨʫ ʧʦʪʨʝʙʫ ʚ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ. 

ʉʘʤʝ ʟ ʮʽʻʶ ʤʝʪʦʶ ʚ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ ʫʩʪʘʥʦʚʘʭ ʤʽʥʽʩʪʝʨʩʪʚʘ ʶʩʪʠʮʽʾ 

ʋʢʨʘʾʥʠ ʩʪʚʦʨʶʶʪʴʩʷ ʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʚʠʜʠ ʦʙʣʽʢʽʚ ʽ 

ʩʠʩʪʝʤʠ ʨʝʻʩʪʨʘʮʽʾ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ, ʥʝ ʪʽʣʴʢʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʡ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʚ ʮʽʣʦʤʫ. 

ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʧʨʦʙʣʝʤʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʩʬʝʨʠ 

ʜʽʷʣʴʥʦʩʪʽ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽhʠʭ ʚ 

ʝʢʩʧʝʨʪʥʽʡ ʧʨʘʢʪʠʮʽ ʚ ʋʢʨʘʾʥʽ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʚ ʨʘʤʢʘʭ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʦʟʛʣʷʥʝʤʦ ʣʠʰʝ ʦʜʥʫ ʩʪʦʨʦʥʫ ʪʘʢʦʛʦ ʟʥʘʯʥʦʛʦ ʽ ʦʙ'̒ʤʥʦʛʦ ʧʠʪʘʥʥʷ, ʱʦ 

ʩʪʦʩʫʻʪʴʩʷ ʧʨʦ ʨʦʣʴ ʽ ʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʨʝʻʩʪʨʘʮʽʾ ʽ ʦʙʣʽʢʫ ʧʦ ʦʙ'ʻʢʪʘʭ 

ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʩʪʦʩʦʚʥʦ ʽʥʬʦʨʤʘʮʡ̔ʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ. 

ʗʢ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʠʱʝ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʩʪʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥ̫ ʦʙʩʷʛʫ ʽ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ 

ʦʙ'ʻʢʪʽʚ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʠʩʪʝʤ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪɹ ʚ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ ʫʩʪʘʥʦʚʘʭ 

ʋʢʨʘʾʥʠ.  

ʎʴʦʤʫ ʩʧʨʠʷʣʘ ʨʦʟʨʦʙʢʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʥʪʨʦʧʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ 

ʨʝʻʩʪʨʘʮʽʾ ʟʣʦʯʠʥʮʽʚ, ʚʠʥʘʡʜʝʥʦʛʦ ʬʨʘʥʮʫʟʴʢʠʤ ʢʨʠʤʽʥʘʣʽʩʪʦʤ ɸ. 

ɹʝʨʪʠʣʴʦʥʦʤ. ʇʽʟʥʽʰʝ ʧʦʜʽʙʥʘ ʬʦʨʤʘ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʙʣʽʢʫ ʟʥʘʡʰʣʘ ʩʚʦʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʘʢʪʠʣʦʩʢʦʧʽʾ ʽ ʚ ʽʥʰʠʭ ʩʬʝʨʘʭ, ʧʦʩʪʫʧʦʚʦ ʩʬʦʨʤʫʚʘʣʠʩʷ ʚ 

ʩʫʯʘʩʥʫ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʾ ʨʝʻʩʪʨʘʮʽʾ. 

ʊʘʢ, ʧʽʜ ʪʝʨʤʽʥʦʤ çʦʙ'ʻʢʪè ʚ ʩʣʦʚʥʠʢʦʚʦʤʫ ʪʣʫʤʘʯʝʥʥʽ ʨʦʟʫʤʽʶʪʴ, 

ʷʚʠʱʝ, ʧʨʝʜʤʝʪ, ʥʘ ʷʢʠʡ ʩʧʨʷʤʦʚʘʥʘ ʯʠʷʩʴ ʜʽʷʣʴʥʽʩʪʴ ʘʙʦ ʯʠʷʩʴ ʥʝʙʫʜʴ ʫʚʘʛʘ 

ʘʙʦ ʪʝ, ʱʦ ʧʨʦʪʠʩʪʦʾʪʴ ʩʫʙ'ʻʢʪʫ ʚ ʡʦʛʦ ʧʨʝʜʤʝʪʥʦ ʧʨʘʢʪʠʯʥʦʾ ʽ ʧʽʟʥʘʚʘʣʴʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʽ ʚʠʩʪʫʧʘʻ ʜʣʷ ʽʥʜʠʚʽʜʘ, ʱʦ ʧʽʟʥʘʻ ʚ ʬʦʨʤʘʭ ʡʦʛʦ ʜʽʷʣʥɹʦʩʪʽ, ʤʦʚʠ ʽ 

ʟʥʘʥʴ. 

ʋ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʩʪʫ ʧʦʥʷʪʪʷ ʦʙ'ʻʢʪʘ 

ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʧʨʠʜʽʣʝʥʦ ʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʜʫʤʢʫ ɸ.ʈ. 
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ʐʣʷʭʦʚʘ, ʦʙ'ʻʢʪʠ ʝʢʩʧʝʨʪʠʟʠ - ʮʝ ʥʦʩʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʬʘʢʪʠ ʽ ʧʦʜʽʾ, ʜʞʝʨʝʣʘ 

ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʖ.ʂ. ʆʨʣʦʚʘ, ʦʙ'ʻʢʪʦʤ ʝʢʩʧʝʨʪʠʟʠ ʻ ʪʽ ʜʞʝʨʝʣʘ ʚʽʜʦʤʦʩʪʝʡ 

ʧʨʦ ʚʩʪʘʥʦʚʣʶʚʘʥʠʭ ʬʘʢʪʘʭ, ʪʽ ʥʦʩʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ ʝʢʩʧʝʨʪʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʶ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʝʢʩʧʝʨʪ ʧʽʟʥʘʻ ʦʙʩʪʘʚʠʥʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʧʨʝʜʤʝʪʫ ʝʢʩʧʝʨʪʠʟʠ. 

ɼʝʱʦ ʽʥʰʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ ʦʙ'ʻʢʪʽʚ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ʧʨʦʧʦʥʫʶʪʴʩʷ ʚʯʝʥʠʤʠ A.M. ɿʽʥ̔ʥʠʤ ʽ ʅ.ʇ. ʄʘʡʣʽʩ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ 

ʨʦʟʛʣʷʜʘʪʠ ʜʘʥʫ ʧʨʦʙʣʝʤʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʫʢʠ ʽ ʧʨʘʢʪʠʢʠ. ʅʘ ʾʭʥʶ ʜʫʤʢʫ, 

ʩʪʦʩʦʚʥʦ ʜʦ ʧʦʥʷʪʴ ʥʘʫʢʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʦʙ'ʻʢʪ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ - ʮʝ 

ʨʽʜ (ʚʠʜ) ʦʙ'ʻʢʪʽʚ, ʙʫʜʴ-ʷʢʦʾ ʢʣʘʩ, ʢʘʪʝʛʦʨʽʷ ʧʨʝʜʤʝʪʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩɹ̫  

ʟʘʛʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʋ ʧʨʘʢʪʠʯʥʽʡ ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ - ʮʝ ʧʝʚʥʠʡ 

ʧʨʝʜʤʝʪ (ʧʨʝʜʤʝʪʠ), ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʝʨʪʫ. ʎʝ, ʚ 

ʦʩʥʦʚʥʦʤʫ, ʨʝʯʦʚʽ ʜʦʢʘʟʠ. ɺ ɽʥʮʠʢʣʦʧʝʜʽʾ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʧʽʜ ʦʙ'ʻʢʪʦʤ 

ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʨʦʟʫʤʽʶʪʴʩʷ çʤʘʪʝʨʽʘʣʴʥ ̔ ʦʙ'ʻʢʪʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʥ̔ʬʦʨʤʘʮʽʶ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʝʢʩʧʝʨʪʥʦʾ ʟʘʚʜʘʥʥʷè. 

ɿ ʘʥʘʣʽʟʫ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʚʠʟʥʘʯʝʥʴ ʚʠʜʥʦ, ʱʦ ʭʘʨʘʢʪʝʨʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʦʙ'ʻʢʪʘ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʻ ʤʘʪʝʨʽʘʣʴʥʘ ʩʪʦʨʦʥʘ ʚʠʨʘʞʝʥʥʷ. ʋ 

ʧʽʜʪʚʝʨʜʞʝʥʥʽ ʪʦʛʦ ʊ.ɺ. ɸʚʝʨ'ʷʥʦʚʘ ʟʘʟʥʘʯʘʻ, ʱʦ çʜʫʤʢʠ ʧʨʦ ʪʝ, ʱʦ ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʦʙ'ʻʢʪʦʤ ʝʢʩʧʝʨʪʠʟʠ ʻ ʫʷʚʥʠʡ ʦʙʨʘʟ ʘʙʦ ʧʩʠʭʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ 

ʩʫʙ'ʻʢʪʘ, ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʽʨʥʠʤ, ʦʩʢʽʣʴʢʠ ʫʷʚʥʠʡ ʦʙʨʘʟ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ 

ʷʢʦʤʫʩʴ ʤʘʪʝʨʽʘʣʴʥʦʤʫ ʚʪʽʣʝʥʥʽ, ʷʢʝ ʽ ʻ ʩʧʨʘʚʞʥʽʤ ʦʙ'ʻʢʪʦʤ ʝʢʩʧʝʨʪʠʟʠ, ʘ 

ʧʩʠʭʽʯʥʘ ʜʽʷʣʴʥ̔ʩʪʴ ʟʘʚʞʜʠ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʨʝʘʣʴʥʠʭ ʜʽʷʭ, ʚʯʠʥʢʘʭ, ʧʦʚʝʜʽʥʮʽ, 

ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʆʙ'ʻʢʪʠ - ʥʦʩʽʾ ʪʘʢʠʭ 

ʚʽʜʦʙʨʘʞʝʥʴ ʽ ʙʫʜʫʪʴ ʦʙ'ʻʢʪʘʤʠ ʝʢʩʧʝʨʪʠʟʠè. 

ʋ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘʡʙʽʣʴʰ ʨʦʟʰʠʨʝʥʠʡ ʧʝʨʝʣʽʢ ʦʙ'ʻʢʪʽʚ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʜʘ̒ʪʴʩʷ ʘʚʪʦʨʘʤʠ ʧʽʜʨʫʯʥʠʢʘ çʉʫʜʦʚʘ ʝʢʩʧʝʨʪʠʟʘè. ʅʘ ʾʭʥʶ 

ʜʫʤʢʫ, ʜʦ ʦʙ'ʻʢʪʽʚ - ʨʝʯʦʚʠʭ ʜʦʢʘʟʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʚʽʜʦʙʨʘʞʝʥʥʷ ʣʶʜʝʡ ʽ 

ʪʚʘʨʠʥ, ʧʨʝʜʤʝʪʽʚ, ʤʝʭʘʥʽʟʤʽʚ, ʘʛʨʝʛʘʪʽʚ, ʯʘʩʪʠʥʠ ʮʠʭ ʧʨʝʜʤʝʪʽʚ, ʨʝʯʦʚʠʥʠ, 

ʤʘʪʝʨʽʘʣʠ, ʚʠʨʦʙʠ, ʜʦʢʫʤʝʥʪʠ ʪʘ ʧʦʣʽʛʨʘʬʽʯʥʘ ʧʨʦʜʫʢʮʽʷ, ʪʨʫʧʠ ʣʶʜʠʥʠ ʽ 
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ʪʚʘʨʠʥ ʽ ʾʭ ʯʘʩʪʠʥʠ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʙ'ʻʢʪʠ ʨʦʩʣʠʥʥʦʛʦ ʽ ʪʚʘʨʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ (ʢʫʨʩʠʚʠ ʘʚʪ. - ɹ.ʎ.) ʽ ʽʥ. 

ɿʘ P.C. ɹʝʣʢʠʥʫ, çʦʙ'ʻʢʪʘʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʤʘʪʝʨʽʘʣʴʥʽ ʦʩʚʽʪʠ (ʤʘʪʝʨʽʘʣʴʥʽ ʦʙ'ʻʢʪʠ) ʽ ʧʨʦʮʝʩʠ. ɼʦ ʧʝʨʰʠʭ ʥʘʣʝʞʘʪʴ 

ʧʨʝʜʤʝʪʠ (ʨʝʯʦʚʽ ʜʦʢʘʟʠ, ʟʨʘʟʢʠ ʽ ʾʭ ʢʦʤʧʣʝʢʩʠ), ʜʦʢʫʤʝʥʪʠ, ʣʶʜʠ, ʪʚʘʨʠʥʠ, 

ʪʨʫʧʠ, ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ. ɼʦ ʜʨʫʛʠʭ - ʨʽʟʥʽ ʧʨʦʮʝʩʠ (ʷʚʠʱʘ, ʧʦʜʽʾ, ʜʽʾ). 

ʆʪʞʝ, ʦʙ'ʻʢʪ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʘʚʪʦʨʘʤʠ ʷʢ ʙʫʜʴ- ʢ̫ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʟʘʬʽʢʩʦʚʘʥ̔  ʥʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ 

ʥʝʤʘʪʝʨʽʘʣʴʥʠʭ ʥʦʩʽʷʭ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ ʚʠʟʥʘʯʘʣʴʥʠʭ ʷʢʦʛʦ ʚʽʜʥʦʩʷʪʴ: ʨʝʯʦʚʽ 

ʜʦʢʘʟʠ ʽ ʧʨʦʮʝʩʠ. ʆʜʥʘʢ ʧʠʪʘʥʥʷ ʧʨʦ ʾʭ ʚʽʜʥʝʩʝʥʥʷ ʜʦ ʦʙ'ʻʢʪʽʚ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʜʦ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʜʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʜʠʩʢʫʩʽʡʥʠʭ ʩʝʨʝʜ 

ʚʯʝʥʠʭ ʽ ʜʦʩʣʽʜʥʠʢʽʚ. 

ʅʘʡʙʽʣʴʰ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʟ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʜʘʻʪʴʩʷ ʚ 

ʨʦʙʦʪʘʭ ʊ.ɺ. ɸʚʝʨ'ʷʥʦʚʘ, A.M. ɿʽʥʽʥʘ, ʅ.ʇ. ʄʘʡʣʽʩ, ʖ.ɻ. ʂʦʨʫʭʦʚʘ, ʖ.ʂ. 

ʆʨʣʦʚʘ, ʖ.ɻ. ʇʣʝʩʦʚʩʢʠʭ, ɸ.ʈ. ʐʣʷʭʦʚʘ ʪʘ ʽʥ. ʅʘʧʨʠʢʣʘʜ, ʷʢ ʩʪʚʝʨʜʞʫʻ ʟ 

ʮʴʦʛʦ ʧʨʠʚʦʜʫ ʖ.ʂ. ʆʨʣʦʚ: çɺ ʧʨʠʥʮʠʧʽ ʝʢʩʧʝʨʪʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʤʦʞʫʪʴ 

ʧʽʜʜʘʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʢʦʥʢʨʝʪʥʽ ʧʨʝʜʤʝʪʠ, ʘ ʡ ʨʽʟʥʽ ʧʨʦʮʝʩʠ (ʧʦʜʽʾ, ʷʚʠʱʘ, 

ʜʽʾ), ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʚʯʝʥʥʷ ʢ̫ʠʭ ʝʢʩʧʝʨʪ ʧʽʟʥʘʻ ʽʥʰʽ ʬʘʢʪʠ, ʷʢʽ ʻ ʧʨʝʜʤʝʪʦʤ 

ʝʢʩʧʝʨʪʠʟʠ. ʊʘʢ, ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʚʦʛʥʶ (ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ, 

ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʥ̔.) ɼʦʟʚʦʣʷʻ ʝʢʩʧʝʨʪʫ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʨʠʯʠʥʠ ʧʦʞʝʞʽ. 

ʊʦʤʫ ʚ ʛʥʦʩʝʦʣʦʛʽʯʥʦʤʫ ʩʝʥʩʽ ʷʢ ʦʙ'ʻʢʪ ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʝʢʩʧʝʨʪʘ 

ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʬʘʢʪè. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʽʻʾ ʧʦʟʠʮʽʾ ʘʚʪʦʨʠ 

ʧʽʜʨʫʯʥʠʢʘ çʉʫʜʦʚʘ ʝʢʩʧʝʨʪʠʟʘè ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʜʦ ʦʙ'ʻʢʪʽʚ ʝʢʩʧʝʨʪʠʟʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʜʽʾ, ʬʘʢʪʠ, ʷʚʠʱʘ ʪʘ ʽʥʰʽ ʥʝʤʘʪʝʨʽʘʣʴʥʽ ʦʙ'ʻʢʪʠ, ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʚʯʝʥʥʷ ʷʢʠʭ ʚ ʧʨʦʮʝʩʽ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʽ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʜʥʘʢ ʚʠʚʯʝʥʥʷ ʮʠʭ ʧʦʜʽʡ, ʬʘʢʪʽʚ, 

ʷʚʠʱ ʪʘ ʽʥʰʠʭ ʥʝʤʘʪʝʨʽʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʥʦʩʽʾʚ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʠʭ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʦʙ'ʻʢʪʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ 

ʧʨʦʮʝʩʫʘʣʴʥʦʛʦ ʩʪʘʪʫʩʫ, ʥʘ ʥʘʰ, ʧʦʛʣʷʜ, ʘʙʩʦʣʶʪʥʦ ʧʨʘʚʠʣʴʥʦʶ ʪʦʯʢʠ ʟʦʨʫ 
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ʜʦʪʨʠʤʫʻʪʴʩʷ ʊ.ɺ. ɸʚʝʨ'ʷʥʦʚʘ. ʅʘ ʾʾ ʜʫʤʢʫ, çʜʦʢʘʟʦʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʥʝ ʩʘʤʘ 

ʨʽʯ, ʱʦ ʥʝ ʩʘʤ ʧʨʝʜʤʝʪ, ʘ ʯʠ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, ʦʟʥʘʢʠ, ʘʙʦ ʟʘʬʽʢʩʦʚʘʥʽ ʥʠʤʠ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ. ʉʘʤʘ ʨʽʯ ʚʠʩʪʫʧʘʻ ʪʽʣʴʢʠ ʷʢ ʥʦʩʽʡ ʽʥʬʦʨʤʘʮʽʾ. 

ɼʦʢʘʟʦʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʣʠʰʝ ʮʷ ʽʥʬʦʨʤʘʮʽʷ, ʽ ʩʘʤʝ ʟʘʚʜʷʢʠ ʾʾ ʥʘʣʝʞʥʦʩʪʽ ʜʦ 

ʩʧʨʘʚʠ ʤʠ ʥʘʟʠʚʘʻʤʦ ʮʶ ʩʠʩʪʝʤʫ - ʥʦʩʽʡ ʽ ʡʦʛʦ ʟʤʽʩʪ - ʨʝʯʦʚʠʤ ʜʦʢʘʟʦʤ è. 

ɼʘʥʘ ʧʦʟʠʮʽʷ ʱʦʜʦ ʦʙ'ʻʢʪʘ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ̒ ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʥʦʶ. 

ɺʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʠʭ ʽ ʧʨʘʚʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʦʥʷʪʪʷ ʦʙ'ʻʢʪʘ, 

ʩʣʽʜ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʦʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪɹ  ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʩʪʫ ʧʦʥʷʪʪʷ ʽ 

ʧʝʨʝʣʽʢʫ ʦʙ'ʻʢʪʽʚ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʙ'ʻʢʪ ʷʢ ʩʢʣʘʜʥʘ ʽ 

ʙʘʛʘʪʦʛʨʘʥʥʘ ʩʠʩʪʝʤʘ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʟʘʛʘʣʴʥʠʭ ʨʠʩʘʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ 

ʛʥʦʩʝʦʣʦʛʽʯʥʦʾ ʩʫʪʥʦʩʪʽ, ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʽ ʧʨʦʮʝʩʫʘʣʴʥʦʾ ʧʨʠʨʦʜʠ. 

ʇʨʠ ʮʴʦʤʫ ʚ ʩʫʢʫʧʥʦʩʪʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙ'ʻʢʪʘ ʷʢ ʧʽʟʥʘʚʘʣʴʥʘ, ʧʨʘʢʪʠʯʥʘ ʽ ʥʘʫʢʦʚʘ ʟʥʘʯʠʤʽʩʪʴ, ʶʨʠʜʠʯʥʘ (ʜʦʢʘʟʦʚʘ) 

ʽ ʤʘʪʝʨʽʘʣʴʥʘ ʧʨʠʨʦʜʘ, ʧʨʘʚʦʚʽ ʥʘʩʣʽʜʢʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʢʦʤʧʦʥʝʥʪʠ, ʚʣʘʩʪʠʚʦʩʪʽ, ʦʟʥʘʢʠ ʽ ʪ.ʜ. ʇʜ̔ʪʚʝʨʜʞʝʥʥʷʤ ʻ ʧʦʟʠʮʽʷ P.C. 

ɹʻʣʢʽʥʘ, ʷʢʠʡ ʩʪʚʝʨʜʞʫʚʘʚ, ʱʦ ç... ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʚʠʟʥʘʯʝʥʥʷʭ (ʽ, ʜʦʜʘʤʦ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʠʩʢ̔ʚ ʦʙ'ʻʢʪʽʚ) ʧʦʷʩʥʶʶʪʴʩʷ ʘʩʧʝʢʪʦʤ ʨʦʟʛʣʷʜʫ - 

ʧʨʦʮʝʩʫʘʣʴʥʠʤ ʘʙʦ ʽʥʬʦʨʤʘʮʽʡʥʠʤè. 

ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʪʴ ʜʫʤʢʠ ʚʯʝʥʠʭ, ʱʦ ʧʝʨʝʣʽʢ ʦʙ'ʻʢʪʚ̔ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʥʝʦʙʭʽʜʥʦ ʜʦʧʦʚʥʠʪʠ ʽʥʰʠʤʠ ʦʙ'ʻʢʪʘʤʠ, ʟʘʚʜʷʢʠ ʷʢʠʤ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʚʥʦʪʘ, ʚʩʝʙʽʯʥʽʩʪʴ ʪʘ ʦʙ'ʻʢʪʠʚʥʽʩʪʴ, ʥʝ ʪʽʣʴʢʠ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʡ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʚ ʮʽʣʦʤʫ. 

ʅʘʧʨʠʢʣʘʜ, ʜʦ ʪʘʢʠʭ ʥʘʣʝʞʘʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʜʦʚ̔ ʜʢʦʚʽ ʤʘʪʝʨʽʘʣʠ. ʍʦʯʘ, 

ʤʦʞʥʘ ʧʽʜʪʨʠʤʘʪʠ ʮʶ ʪʦʯʢʫ ʟʦʨʫ, ʘʣʝ, ʪʠʤ ʥʝ ʤʝʥʰ, ʧʦʩʪʘʻ ʽʥʰʝ ʧʠʪʘʥʥʷ: ʱʦ 

ʩʣʽʜ ʜʦ ʥʠʭ ʚʽʜʥʝʩʪʠ. 

ʅʘ ʥʘh  ʧʦʛʣʷʜ, ʦʢʨʝʤʽ ʩʪʦʨʦʥʠ ʥʘʟʚʘʥʦʾ ʧʨʦʙʣʝʤʠ ʥʘʡʙʽʣʴʰ ʜʝʪʘʣʴʥʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʨʦʙʦʪʘʭ ʖ.ɻ. ʇʣʝʩʦʚʩʢʠʭ. ʗʢ ʟʘʟʥʘʯʘʻ ʘʚʪʦʨ, ʚ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʚʯʝʥʽ ʚ ʷʢʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʪʘʢʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʽ ʦʜʠʥʠʮʽ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʩʘʤʠʭ ʨ̔ʟʥʠʭ 
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ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʜʦʚʽʜʢʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʎʝ, ʟʦʢʨʝʤʘ: 

ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʽ ʦʙʣʽʢʠ; ʛʘʣʫʟʝʚʽ ʝʥʮʠʢʣʦʧʝʜʽʾ, ʜʦʚʽʜʥʠʢʠ, ʩʣʦʚʥʠʢʠ; 

ʜʦʚʽʜʢʦʚʽ ʢʦʣʝʢʮʽʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʇʨʠ ʮʴʦʤʫ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ, ʱʦ ʩʪʦʩʦʚʥʦ ʜʦʚʽʜʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʟʥʘʯʘ̒ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʧʠʪʘʥʥʷ ʧʨʦ ʪʝ, ʯʠ ʻ ʷʢʘʩʴ ʽʥʬʦʨʤʘʮʽʡʥʘ ʦʜʠʥʠʮʷ ʦʙ'ʻʢʪʦʤ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʣʫʞʠʪʴ ʥʝ ʬʘʢʪ ʾʾ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʪʦʤʫ, ʯʠ ʽʥʰʦʤʫ 

ʤʘʩʠʚʽ ʜʦʚʽʜʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʾʾ ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʜʦʚʦ - ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʜ̔ʞʝʥʥʷ ... è. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʣʽʜ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʩʥʦʚʥʠʤ ʦʙ'ʻʢʪʦʤ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ, ʻ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʚ ʩʠʣʫ ʧʨʠʪʘʤʘʥʥʠʭ ʾʡ 

ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʤʠ ʷʢ çʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʘè. ɿʘʙʝʟʧʝʯʫʻ 

ʧʽʜʩʠʩʪʝʤʘ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʦʩʦʚʥʦ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʤʠ ʷʢ ʥʘʫʢʦʚʦ-ʦʨʛʘʥʽʟʦʚʘʥʠʡ, ʩʠʩʪʝʤʥʦ-ʨʦʟʚʠʚʘʻʪʴʩʷ ʽ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʧʨʦʮʝʩ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʽ ʧʝʨʝʜʘʯʽ ʩʫʙ'ʻʢʪʘʤ ʩʫʜʦʚʦ 

ʝʢʩʧʝʨʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ ʟʘʚʜʘʥʴ. 

ʗʢ ʙʫʜʴ-ʷʢʘ ʽʥʘh ʜ̫̔ʣʴʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʙʫʜʫʻʪʴʩʷ 

ʥʘ ʧʨʠʥʮʠʧʘʭ. ʅʠʤʠ ʻ: ʧʦʚʥʦʪʘ, ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʩʚʦʻʯʘʩʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ. 

ɺ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʣʦʩʷ ʧʠʪʘʥʥʷ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʾ ʨʝʻʩʪʨʘʮ̔ʾ  ʽ ʦʙʣʽʢʫ ʧʦ ʦʙ'ʻʢʪʘʭ 

ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʨʦʙʦʪʽ, ʚ ʫʤʦʚʘʭ ʚʩʝ ʙʽʣʴʰ ʟʨʦʩʪʘʶʯʦʾ 

ʨʦʣʽ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʚ ʩʬʝʨʽ ʉɽɼ, ʽʩʥʫʻ ʥʘʛʘʣʴʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʝʢʩʧʝʨʪʥʦ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʽ ʦʙʣʽʢʫ ʧʦ ʦʙ'ʻʢʪʘʭ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʩʪʦʩʦʚʥʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ.  

 

1.3 ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʫʙ'ʻʢʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ 

ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʾʭ ʨʦʣʴ ʚ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ 

 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʩʧʝʮʽʘʣʴʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʠʪʘʥʥʷ ʧʨʦ 

ʩʫʙ'ʻʢʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʥʝ ʧʨʠʜʽʣʷʣʦʩʷ ʜʦʩʪʘʪʥʴʦʾ ʫʚʘʛʠ. 
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ʉʫʙ'ʻʢʪ ʚ ʦʩʥʦʚʥʦʤʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʢʨʠʤʽʥʘʣʴʥʦ-ʧʨʦʮʝʩʫʘʣɹʥʦʤʫ ʘʩʧʝʢʪʽ, 

ʪʦʯʥʽʰʝ ʩʪʦʩʦʚʥʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʽ ʫʯʘʩʪʽ ʚ ʧʨʦʮʝʩʫʘʣʴʥʠʭ 

ʜʽʷʭ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʫʙ'ʻʢʪʘʤʠ ʻ: ʩʫʜʦʚʠʡ ʝʢʩʧʝʨʪ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʚʠʢʦʥʘʚʝʮʴ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ; ʜʝʨʞʘʚʥʽ ʪʘ ʥʝʜʝʨʞʘʚʥʽ ʦʨʛʘʥʠ ʪʘ ʫʩʪʘʥʦʚʠ, ʚ 

ʷʢʠʭ ʧʨʦʚʦʜʷʪʴʩʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ; ʾʭ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʽ 

ʢʝʨʽʚʥʠʢʠ; ʦʩʦʙʠ, ʱʦ ʧʨʠʟʥʘʯʘʶʪʴ ʩʫʜʦʚʽ ʝʢʩʧʝʨʪʠʟʠ; ʬʘʭʽʚʝʮʴ ʷʢ ʫʯʘʩʥʠʢ ʚ 

ʧʨʦʮʝʩʫʘʣʴʥʠʭ ʜʽʷʭ. 

ʆʜʥʘʢ, ʷʢ ʽ ʚ ʙʫʜʴ-ʷʢʠʡ ̔ʥʰʠʡ ʜʽʷʣʴʥʦʩʪʽ, ʚ ʧʨʦʮʝʩʽ ʟʜʽʡʩʥʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʩʫʙ'ʻʢʪʘ ʚʠʩʪʫʧʘʻ 

ʨʦʟʫʤʥʦ ʤʠʩʣʯ̫ʠʡ ʽʥʜʠʚʽʜ ʟ ʚʣʘʩʪʠʚʠʤʠ ʡʦʤʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʽ ʬʽʟʠʯʥʠʤʠ 

ʟʜʽʙʥʦʩʪʷʤʠ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʡʦʛʦ ʧʨʦʬʝʩʽʡʥʠʤʠ, 

ʧʩʠʭʦʣʦʛʽʯʥʠʤʠ ʪʘ ʦʩʦʙʠʩʪʽʩʥʠʤʠ ʷʢʦʩʪʷʤʠ, ʜʦ ʥʴʦʛʦ ʷʢ ʩʫʙ'ʻʢʪʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʧʨʝʜ'ʷʚʣʷʻʪʴʩʷ ʨʷʜ ʚʠʤʦʛ. ʊʘʢ, ʥʘ ʜʫʤʢʫ 

ʘʚʪʦʨʽʚ ʢʥʠʛʠ çʆʩʥʦʚʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠè, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʩʠʭʦʣʦʛʽʯʥʠʭ, 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʤʦʨʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʩʫʜʦʚʦ ʝʢʩʧʝʨʪʥʘ 

ʜʽʷʣʴʥʽʩʪʴ ʧʨʝʜ'ʷʚʣʷʻ ʜʦ ʦʩʦʙʠ - ʾʾ ʩʫʙ'ʻʢʪʫ - ʪʘʢʽ ʚʠʤʦʛʠ: ʝʨʫʜʦʚʘʥʽʩʪʴ, 

ʩʧʦʩʪʝʨʝʞʣʠʚʽʩʪʴ, ʜʦʧʠʪʣʠʚʽʩʪʴ, ʪʨʝʥʦʚʘʥʘ ʧʘʤ'ʷʪʴ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ 

ʮʽʣʽʩʥʽʩʪʴ, ʦʧʝʨʘʪʠʚʥʝ ʤʠʩʣʝʥʥʷ, ʨʦʟʚʠʥʝʥʝ ʫʷʚʠ, ʛʥʫʯʢʽʩʪʴ ʚ ʦʧʝʨʫʚʘʥʥʷ 

ʦʙʨʘʟʘʤʠ, ʧʨʘʛʥʝʥʥʷ ʜʦ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʩʘʤʦʜʠʩʮʠʧʣʽʥʘ ʽ ʩʘʤʦʢʦʥʪʨʦʣʴ. 

ʂʨʽʤ ʪʦʛʦ, ʷʢ ʟʘʟʥʘʯʘʻ ʇ.ɸ. ʈʫʜʠʢ, çʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʜʫ ʽ ʚʠʜʫ ʧʨʦʬʝʩʽʡʥʘ 

ʜ̫̔ʣʴʥʽʩʪʴ ʣʶʜʠʥʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽʩʪʶ, ʧʣʘʥʦʚʽʩʪʴ, 

ʩʠʩʪʝʤʘʪʠʯʥʽʩʪʶè. 

ʆʩʦʙʣʠʚʽ ʚʠʤʦʛʠ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʩʫʙ'ʻʢʪʽʚ ʱʦʜʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʷʢʽ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʽʡ 

ʣ̔ ʪʝʨʘʪʫʨʽ. ʊʦʤʫ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʥʠʭ ʩʪʦʩʦʚʥʦ ʜʦ ʩʫʙ'ʻʢʪʽʚ (ʫʯʘʩʥʠʢʽʚ) 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʣʝʞʥʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʨʠʩʠ ʩʫʙ'ʻʢʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʜʦʮʽʣʴʥʦ ʜʽʣʠʪʠ ʥʘ ʩʧʝʮʽʘʣʴʥʽ, ʪʦʙʪʦ ʚʣʘʩʪʠʚʽ ʦʢʨʝʤʠʤ 

ʢʘʪʝʛʦʨʽʷʤ, ʽ ʟʘʛʘʣʴʥʽ, ʪʦʙʪʦ ʚʣʘʩʪʠʚʽ ʜʦ ʚʩʽʭ ʚʠʜʽʚ ʩʫʙ'ʻʢʪʽʚ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ 

ʜʦ ʩʧʝʮʽʘʣʴʥʠʭ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʘʢʽ ʨʠʩʠ ʩʫʙ'ʻʢʪʘ, ʷʢ ʥʘʜʽʣʝʥʥʷ ʡʦʛʦ 
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ʩʧʝʮʽʘʣʴʥʠʤ ʟʥʘʥʥʷʤ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʥʝʟʘʣʝʞʥʦʩʪʽ, ʧʨʘʚʦʩʫʙ'ʻʢʪʥʦʩʪʽ, 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʽ ʪʘ ʽʥ. ʊʦʜʽ ʷʢ ʜʦ ʟʘʛʘʣʴʥʠʭ ʨʠʩ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ: 

ʥʘʫʢʦʚʽʩʪʴ, ʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴ, ʩʠʩʪʝʤʥʽʩʪʴ, ʮʽʣʝʩʧʨʷʤʦʚʘʥʽʩʪʴ, ʢʝʨʦʚʘʥʽʩʪʴ, 

ʯʽʪʢʘ ʬʦʨʤʘ ʧʦʜʽʣʫ ʧʨʘʮʽ, ʢʦʣʝʛʽʘʣʴʥʽʩʪʴ, ʧʽʟʥʘʚʘʥʽʩʪʴ, ʘʜʘʧʪʦʚʘʥʽʩʪʴ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʩʫʙ'ʻʢʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ, ʻ ʥʘʜʽʣʝʥʥʷ ʾʤ ʩʧʝʮʽʘʣʴʥʠʤ ʟʥʘʥʥʷʤ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, 

ʩʫʙ'ʻʢʪʠ ʩʣʽʜ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: ʧʦ-ʧʝʨʰʝ, ʩʪʦʨʦʥʘ, ʱʦ ʚʦʣʦʜʽʻ 

(ʥʦʩʽʡ) ʩʧʝʮʽʘʣʴʥʠʤ ʟʥʘʥʥʷʤ, ʧʦ-ʜʨʫʛʝ, ʩʪʦʨʦʥʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩ̫ 

(ʦʜʝʨʞʫʚʘʯ ʘʙʦ ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ) ʩʧʝʮʽʘʣʴʥʽ ʟʥʘʥʥʷ. 

ʊʘʢ, ʟʘ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʋʢʨʘʾʥʠ ʚ ʷʢʦʩʪʽ ʩʪʦʨʽʥ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ 

ʩʧʝʮ̔ ʘʣʴʥʠʤʠ ʟʥʘʥʥʷʤʠ, ʚʽʜʥʦʩʷʪʴ ʝʢʩʧʝʨʪʘ ʽ ʬʘʭʽʚʮʷ, ʚ ʦʩʥʦʚʥʦʤʫ 

ʟʜʽʡʩʥʶʶʪʴ ʧʨʦʮʝʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʢʘʟʦʚʠʭ ʬʘʢʪʽʚ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʘ ʪʘʢʦʞ ʟ 

ʤʝʪʦʶ ʾʭ ʘʥʘʣʽʟʫ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʨʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʚʘʞʣʠʚʽ ʟʘʢʦʥʦʜʘʚʯʽ 

ʥʦʨʤʠ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʧʨʘʚʦʚʽ ʚʽʜʥʦʩʠʥʠ, ʱʦ ʚʠʥʠʢʘʁʪʴ ʚ ʧʨʦʮʝʩʽ ʟʜʡ̔ʩʥʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʚʠʭ ʟʘʢʦʥʦʜʘʚʩʪʚʘʭ çʇʨʦ ʩʫʜʦʚʫ 

ʝʢʩʧʝʨʪʠʟʫè, ʚʽʜʩʫʪʥʷ ʻʜʠʥʘ ʽ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ 

çʩʧʝʮʽʘʣʴʥʽ ʟʥʘʥʥʷè ʽ ʱʦʜʦ ʬʽʛʫʨʠ ʩʫʙ'ʻʢʪʘ ʥʘʜʽʣʝʥʦʛʦ ʥʠʤʠ. ɭʜʠʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘ ʨʽʚʥʽ ʟʘʢʦʥʦʜʘʚʩʪʚʘ, ʜʘʻʪʴʩʷ ʱʦʜʦ ʧʦʥʷʪʪʷ çʝʢʩʧʝʨʪè. ʋ 

ʙʫʢʚʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ ʚʦʥʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ: çʝʢʩʧʝʨʪ - ʮʝ ʦʩʦʙʘ, 

ʷʢʘ ʤʘʻ ʩʧʝʮʽʘʣʴʥʠʤ ʟʥʘʥʥʷʤ ʽ ʧʨʦʬʝʩʽʻʶ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʪʘ ʚʠʥʝʩʝʥʥʷ ʚʠʩʥʦʚʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʦʞʝʥʴ 

ʟʘʟʥʘʯʝʥʠʤʠ ʚ ʟʘʢʦʥʦʜʘʚʩʪʚʽè. 

ʆʜʥʘʢ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʚʯʝʥʠʭ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʘ ʩʫʙ'ʻʢʪʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʥɹʠʭ ʟʥʘʥʴ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʨʠ ʧʽʜʨʫʯʥʠʢʘ çʊʝʦʨʽʷ 

ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠè, ʜʦ ʩʫʙ'ʻʢʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʫ 

ʩʫʜʦʯʠʥʩʪʚʽ ʚʽʜʥʦʩʷʪʴ: ʩʣʽʜʯʦʛʦ, ʩʫʜʜʶ, ʜʽʟʥʘʚʘʯʘ, ʥʘʯʘʣʴʥʠʢʘ ʩʣʽʜʯʦʛʦ 

ʚʽʜʜʽʣʫ, ʩʧʝʮʽʘʣʽʩʪʘ, ʝʢʩʧʝʨʪʘ, ʦʩʽʙ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʟʥʘʥʥʷʤʠ ʚ ʦʙʣʘʩʪ̔ ʥʘʫʢʠ, 

ʪʝʭʥʽʢʠ, ʨʝʤʝʩʣʘ, ʤʠʩʪʝʮʪʚʘ ʽ ʨʝʤʝʩʣʘ , ʘʣʝ ʥʝ ʥʘʜʽʣʝʥʠʤʠ ʧʨʦʮʝʩʫʘʣʴʥʠʤʠ 

ʧʨʘʚʘʤʠ ʝʢʩʧʝʨʪʘ, ʦʧʝʨʘʪʠʚʥʠʭ ʧʨʘʮʽʚʥʠʢ̔ʚ. 
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ʊʘʢ ʷʢ ʨʦʟʛʣʷʜ ʟʘʟʥʘʯʝʥʦʛʦ ʧʠʪʘʥʥʷ ʥʝ ʚʭʦʜʠʪʴ ʚ ʟʘʚʜʘʥʥʷ ʥʘʰʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʪʝ ʥʘʧʨʦʰʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʦʢʨʝʤʦʛʦ ʨʦʟʛʣ̫ʜʫ 

ʩʪʦʩʦʚʥʦ ʜʦ ʩʫʙ'ʻʢʪʽʚ ʥʝ ʪʽʣʴʢʠ ʚʦʣʦʜʽʶʪʴ ʩʧʝʮʽʘʣʴʥʠʤʠ ʟʥʘʥʥʷʤʠ, ʘʣʝ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʥʠʤʠ. ʆʩʢʽʣʴʢʠ ʦʙˇʨʫʥʪʦʚʫʶʪʴ ʟʥʘʥʥʷʤ ʝʢʩʧʝʨʪʠʟ ʨʽʟʥʠʭ 

ʨʦʜʽʚ ʻ ʨʽʟʥʽ ʥʘʫʢʠ, ʪʦ ʚʽʜ ʦʙʦʭ ʩʪʦʨʽʥ ʨʽʚʥʦʟʥʘʯʥʦ ʧʦʪʨʽʙʥʦ ʥʘʚʠʢ ʽ ʚʤʽʥʥʷ ʚ 

ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʟʥʘʥʥʷ. ʎʽʻʾ ʧʦʟʠʮ̔ʾ  ʜʦʪʨʠʤʫʶʪʴʩʷ ʙʘʛʘʪʦ ʨʦʩʽʡʩʴʢʽ ʚʯʝʥʽ, ʚ 

ʯʠʩʣʽ ʷʢʠʭ ʊ.ɺ. ɸʚʝʨ'ʷʥʦʚʘ, ɽ.ʀ ɻʘʣʷʰʽʥʘ, A.M. ɿʽʥʽʥ, ʅ.ʇ. ʄʘʡʣʽʩ, ʆ.ʈ. 

ʈʦʩʽʡʩʢɹʘ ʽ ʽʥ. 

ʅʝʚʽʜ'ʻʤʥʦʶ ʨʠʩʦʶ ʜʣʷ ʩʫʙ'ʻʢʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ 

ʪʘʢʦʞ ʻ - ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʟʘ ʝʥʮʠʢʣʦʧʝʜʠʯʥʠʤ ʩʣʦʚʥʠʢʦʤ 

ʦʟʥʘʯʘʻ: çʟʥʘʥʥʷ ʽ ʜʦʩʚʽʜ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʦʙʣʘʩʪʽè. ɺ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʉɽɼ, ʚʦʥʘ ʚʠʢʦʥʫʻ ʟʘʢʨʽʧʣʶʻ ʨʦʣʴ ʦɦʜʦ ʽʥʰʠʭ ʚʠʤʦʛ ʜʦ 

ʩʫʙ'ʻʢʪʘ. ʊʠʤ ʩʘʤʠʤ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʪʘʢʠʭ ʷʢʽʩʥʠʭ ʩʪʦʨʽʥ ʫ ʩʫʙ'ʻʢʪʘ, ʷʢ 

ʫʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʚ ʢʦʤʘʥʜʽ ʘʙʦ ʦʜʥʦʦʩʽʙʥʦ, ʟʜʘʪʥʽʩʪʴ ʽ ʥʘʚʠʢ ʜʦ ʘʢʪʠʚʥʠʭ ʽ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʜʽʡ, ʧʨʠʡʥʷʪʪʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ ʽ ʽʥ. 

ɯʥʰʠʤ, ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʚʠʤʦʛʦʁ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʩʫʙ'ʻʢʪʘ, 

ʪʦʯʥʽʰʝ ʩʫʜʦʚʦʤʫ ʝʢʩʧʝʨʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ, ʻ 

ʥʝʟʘʣʝʞʥʽʩʪʴ (ʧʨʦʮʝʩʫʘʣʴʥʘ ʩʘʤʦʩʪʽʡʥʩ̔ʪʴ). 

ɿʛʽʜʥʦ ʟ ʮʠʤ ʘʨʛʫʤʝʥʪʫ, ʦʙʣʘʩʪʴ ʧʨʦʷʚʠ ʛʘʨʘʥʪʽʡ ʥʝʟʘʣʝʞʥʦʩʪʽ, ʥʝ ʩʣʽʜ 

ʦʙʤʝʞʫʚʘʪʠ ʫ ʚʫʟʴʢʠʭ ʢʦʣʘʭ, ʪʦʙʪʦ ʚ ʤʝʞʘʭ ʨʦʜʫ ʜ̫̔ ʣʴʥʦʩʪʽ ʦʢʨʝʤʠʭ ʦʩʽʙ 

(ʩʫʜʦʚʦʛʦ ʝʢʩʧʝʨʪʘ) ʘʙʦ ʦʨʛʘʥʫ (ʝʢʩʧʝʨʪʥʠʭ ʫʩʪʘʥʦʚ), ʘ ʥʘʚʧʘʢʠ, ʧʦʪʨʽʙʥʦ 

ʨʦʟʰʠʨʝʥʠʡ ʧʽʜʭʽʜ, ʚʢʣʶʯʘʶʯʠ ʩʧʽʣʴʥʫ ʜʽ̫ʣʴʥʽʩʪʴ ʽ ʽʥʰʠʭ ʫʯʘʩʥʠʢʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ 

ʩʧʝʮʠʬʽʢʫ ʩʘʤʦʾ ʜʽʷʣʴʥʦʩʪ̔  ʽ ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʚʜʘʥʴ, ʷʢʘ ʚʠʤʘʛʘʻ ʢʦʣʝʢʪʠʚʥʦʛʦ 

ʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʘʣʝ ʽ ʨʝʟʫʣʴʪʘʪ ʮʽʻʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʠʨʘʞʝʥʠʡ ʚ 

ʥʝʟʘʧʝʨʝʯʥʦʩʪʽ ʽ ʦʙ'ʻʢʪʠʚʥʦʩʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʾʡ ʥʘʢʘʟʫʻ ʚʣʘʩʪʠʚʽʩʪʴ 

ʟʤʘʛʘʣʴʥʦʩʪʽ ʩʪʦʨʽʥ ʫ ʬʦʨʤʽ ʟʘʩʪʦʩʫʚʘʥʥʷ çʬʦʨʤʘʣʴʥʦʛʦ ʥʘʛʣʷʜʫè. 

ʂʨ̔ʤ ʪʦʛʦ, ʷʢ ʚ ʧʨʘʢʪʠʯʥʽʡ ʝʢʩʧʝʨʪʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʪʘʢ ʽ ʚ ʩʬʝʨʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ, ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ 

ʧʨʦʮʝʩʫʘʣʴʥʽʡ ʽ ʥʝʧʨʦʮʝʩʩʫʘʣʴʥʦʡ ʬʦʨʤʘʭ. ʊʘʢ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʧʽʜʨʫʯʥʠʢʘ 
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çʉʫʜʦʚʘ ʝʢʩʧʝʨʪʠʟʘè, ʚʟʘʻʤʠʥʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʫʘʣʴʥʽʡ ʬʦʨʤʽ, 

ʦʙʫʤʦʚʣʝʥʽ, ʧʝʨʰ ʟʘ ʚʩʝ, ʟʘʢʨʽʧʣʝʥʠʤʠ ʟʘʢʦʥʦʤ ʧʨʘʚʘʤʠ ʪʘ ʦʙʦʚ'ʷʟʢʘʤʠ 

ʩʫʙ'ʻʢʪʽʚ, ʷʢʽ ʚʩʪʫʧʘʶʪʴ ʫ ʚʟʘʻʤʦʜʽʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʥʫʚʘʥʦʾ ʬʫʥʢʮʽʾ ʽ 

ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʚʜʘʥʴ ʩʫʜʦʯʠʥʩʪʚʘ ʽ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

ɿʽ ʩʢʘʟʘʥʦʛʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʧʨʦʮʝʩʫʘʣɹ ʥʘ ʬʦʨʤʘ ʚʠʢʦʥʫ̒ ʟʘʢʨʽʧʣʶʻ 

ʨʦʣʴ ʜʦ ʽʥʰʠʭ ʚʠʤʦʛ ʩʫʙ'ʻʢʪʘ, ʥʘʜʽʣʷʶʯʠ ʾʭ ʦʩʦʙʣʠʚʠʤ ʩʪʘʪʫʩʦʤ - 

ʧʨʘʚʦʩʫʙ'ʻʢʪʥʽʩʪʴ. ɿʘ ʟʘʢʦʥʦʜʘʚʩʪʚʘʤ ʄʦʥʛʦʣʽʾ ʽ ʈʦʩʽʾ ʥʠʤʠ ʥʘʜʽʣʝʥʽ: ʩʫʜʦʚʠʡ 

ʝʢʩʧʝʨʪ, ʬʘʭʽʚʝʮʴ, ʢʝʨʽʚʥʠʢʠ ʩʫʜʦʚʦ ʝʢʩʧʝʨʪʥʠʭ ʫʩʪʘʥʦʚ ʽ ʽʥ. 

ʅʝʧʨʦʮʝʩʫʘʣʴʥʘ ʬʦʨʤʘ ʚʟʘʤ̒ʦʜʽʾ ʩʫʙ'ʻʢʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʫ ʚʠʛʣʷʜʽ ʢʦʥʩʫʣʴʪʘʮʽʡ, ʩʧʽʣʴʥʠʭ ʟʘʭʦʜʽʚ ʫ 

ʬʦʨʤʽ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʢʨʫʛʣʠʭ ʩʪʦʣʽʚ, ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʠʭ 

ʟʫʩʪʨʽʯʝʡ ʽ ʩʝʤʽʥʘʨʽʚ, ʥʘʚʝʜʝʥʥʷ ʽ ʜʘʯʽ ʜʦʚʽʜʦʢ, ʟʘʧʠʪʽʚ ʽ ʪ.ʜ. 

ɼʝʱʦ ʽʥʰʦʾ ʧʽʜʭʦʜʫ ʚʠʤʘʛʘʻ ʨʦʟʛʣʷʜ ʧʠʪʘʥʥʷ ʱʦʜʦ ʚʠʜʽʣʝʥʥʷ 

ʟʘʛʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʨʠʩ, ʧʨʠʪʘʤʘʥʥʠʭ ʩʫʙ'ʻʢʪʘʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ. ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʮʝ ʧʦʚ'ʷʟʘʥʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʽ 

ʩʧʝʮʠʬʽʯʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʾ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ. ɺʠʭʦʜʷʯʠ ʟ ʜʽʘʣʝʢʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ ʥʘʫʢʦʚʦʛʦ ʧʽʟʥʘʥʥʷ, ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʤʠ ʷʢ ʥʘʫʢʦʚʦ-

ʦʨʛʘʥʽʟʦʚʘʥʠʡ, ʩʠʩʪʝʤʥʦ-ʨʦʟʚʠʚʘʻʪʴʩʷ ʽ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʧʨʦʮʝʩ ʟʙʦʨʫ, 

ʦʙʨʦʙʢʠ ʽ ʧʝʨʝʜʘʯʽ ʩʫʙ'ʻʢʪʘʤ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʠʭ ʟʘʚʜʘʥʴ. 

ʆʪʞʝ, ʟʤʽʩʪ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʱʦʜʦ ʾʾ ʩʫʙ'ʻʢʪʘ ʤʦʞʥʘ 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʩʢʣʘʜʥʫ ʽ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʧʦʚ'ʷʟʘʥʫ ʟ 

ʦʙʨʦʙʢʦʶ ʽ ʚʠʜʘʯʝʶ ʡʦʤʫ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʢʘʟʘʥʝ ʦʙʫʤʦʚʠʣʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦʛʦ ʨʦʟʛʣʷʜʫ ʜʘʥʦʛʦ 

ʧʠʪʘʥʥʷ. 

ʇʝʨʰ ʟʘ ʚʩʝ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʠ ʧʽʜʪʨʠʤʫʻʤʦ ʪʦʯʢʘ ʟʦʨʫ ʪʠʭ ʘʚʪʦʨʽʚ, 

ʥʘ ʜʫʤʢʫ ʷʢʠʭ, ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʬʦʨʤʘ 

ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʘ ʥʦʩʠʪʴ ʜʚʦʾʩʪʠʡ ʭʘʨʘʢʪʝʨ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʦʥʘ ʤʘʻ 

ʚʣʘʩʪʠʚʽ ʨʠʩʠ çʥʘʫʢʦʚʦʛʦ ʩʧʽʚʪʦʚʘʨʠʩʪʚʘè, ʷʢʽ ʚʠʨʘʞʘʶʪʴʩʷ ʚ ʭʘʨʘʢʪʝʨʽ 

ʤʽʞʦʩʦʙʠʩʪʽʩʥʠʭ ʚʽʜʥʦʩʠʥ, ʨʽʚʥʽ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʩʪʽ, ʻʜʥʦʩʪʽ ʚʦʣʽ ʽ ʜʽʡ 
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ʩʫʙ'ʻʢʪʽʚ. ʅʘʫʢʦʚʝ ʧʽʟʥʘʥʥʷ ʷʢ ʮʽʣʽʩʥʘ ʩʠʩʪʝʤʘ ʟʥʘʥʴ, ʩʧʨʤ̫ʦʚʘʥʘ ʥʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙ'ʻʢʪʠʚʥʦʾ ʽʩʪʠʥʠ, ʜʦʩʣʽʜʞʫʻ ʥʝ ʪʽʣʴʢʠ ʩʚʽʜʦʤʝ ʩʪʘʚʣʝʥʥʷ 

ʩʫʙ'ʻʢʪʘ ʜʦ ʦʙ'ʻʢʪʘ, ʘʣʝ ʽ ʜʦ ʩʘʤʦʛʦ ʩʝʙʝ, ʜʦ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʩʫʙ'ʻʢʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ. ʗʢ ʚʽʜʟʥʘʯʘʶʪʴ ʟ ʮʴʦʛʦ 

ʧʨʠʚʦʜʫ ʘʚʪʦʨʠ ʧʽʜʨʫʯʥʠʢʘ çʊʝʦʨ̫̔  ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠè, ʱʦ ʩʫʜʦʚʘ 

ʝʢʩʧʝʨʪʠʟʘ ʷʢ ʧʨʘʢʪʠʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ʝʢʩʧʝʨʪʘ ʤʘʻ ʜʚʦʾʩʪʠʡ ʭʘʨʘʢʪʝʨ. ɿ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʚʦʥʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʘʫʢʦʚʠʭ ʟʥʘʥʥʷʭ, ʻ ʙʘʟʦʚʠʤʠ ʜʣʷ ʜʘʥʦʛʦ ʨʦʜʫ ʽ 

ʚʠʜʫ ʝʢʩʧʝʨʪʠʟʠ, ʟʥʘʥʥʷʭ ʧʨʘʚʦʚʠʭ ʥʘʫʢ, ʚʢʣʶʯʘʶʯʠ ʟʘʛʘʣʴʥʫ ʪʝʦʨʽʶ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʽ ʢʨʠʤʽʥʘʣʽʩʪʠʢʫ, ʟ ʽʥʰʦʛʦ - ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʽ 

ʧʨʠʚʘʪʥʠʭ ʤʝʪʦʜʠʢ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʽʷʣʴʥʽʩʪʴ ʩʫʙ'ʻʢʪʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʡʦʛʦ çʪʚʦʨʯʠʡ 

ʭʘʨʘʢʪʝʨè, ʪʦʙʪʦ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ, ʤʝʪʘ ʷʢʦʛʦ ʧʽʟʥʘʥʥʷ ʧʨʠʯʠʥʥʦ-

ʥʘʩʣʽʜʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʷʚʠʱʘʤʠ ʽ ʧʦʜʽʷʤʠ ʦʙ'ʻʢʪʠʚʥʦʾ ʜʽʡʩʥʦʩʪʽ. ʊʫʪ 

ʜʦʨʝʯʥʦ ʥʘʚʝʩʪʠ ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʘʚʪʦʨʽʚ. ʅʘ ʾʭʥ ʁʜʫʤʢʫ, 

çʢʦʞʝʥ ʚʠʧʘʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ, 

ʦʩʢʽʣʴʢʠ ʦʙ'ʻʢʪʠ ʝʢʩʧʝʨʪʠʟʠ ʢʦʞʝʥ ʨʘʟ ʽʥʜʠʚʽʜʫʘʣʴʥʦ-ʢʦʥʢʨʝʪʥ̔. ʊʦʤʫ ʚ ʙʫʜʴ-

ʷʢʦʤʫ ʝʢʩʧʝʨʪʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʟʘʩʥʦʚʘʥʦʤʫ ʥʘ ʥʘʢʦʧʠʯʝʥʠʭ ʚ ʥʘʫʮʽ 

ʟʥʘʥʥʷʭ ʽ ʝʢʩʧʝʨʪʥʦʤʫ ʜʦʩʚʽʜʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʘʧʨʦʙʦʚʘʥʽ 

ʤʝʪʦʜʠʢʠ ʽ ʘʣʛʦʨʠʪʤʠ, ʘ ʡ ʝʚʨʠʩʪʠʯʥʽ ʟʘʩʦʙʠ ʟʘʣʫʯʝʥʥʷ ʥʦʚʠʭ ʟʥʘʥʴ, ʱʦ 

ʥʘʜʘʻ ʜʦʩʣʽʜʞʝʥʥʶ ʪʚʦʨʯʠʡ ʭʘʨʘʢʪʝʨ è. 

ʉʣʽʜ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʽ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʨʦʙʦʪʠ ʟ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʟʜʽʡʩʥʶ̒ʪʴʩʷ ʚ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʽ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʧʦʪʨʽʙʥʘ 

ʯʽʪʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ʚʽʜ ʩʘʤʠʭ ʩʫʙ'ʻʢʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ. ɺ 

ʮʴʦʤʫ ʚʣʘʩʥʝ ʧʦʣʷʛʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʜʽʣʝʥʥʷ ʩʫʙ'ʻʢʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʪʘʢʠʡ ʚʘʞʣʠʚʦʶ ʨʠʩʦʁ  ʷʢ ʥʘʫʢʦʚʘ ʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴ. 

ʅʘʩʪʫʧʥʘ ʨʠʩʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ - ʩʠʩʪʝʤʥʘ 

ʨʦʟʚʠʥʝʥʽʩʪʴ, ʷʢʘ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʽʜʥʦʰʝʥʥʷ ʽ ʜʦ ʾʾ ʩʫʙ'ʻʢʪʫ. ɺʦʥʘ 

ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʩʪʫʧʝʥʽ ʘʢʪʠʚʥʦʩʪʽ ʫʯʘʩʥʠʢʽʚ ʽ ʾʭ ʮʽʥʥʽʩʥʦʾ ʦʨʽʻʥʪʘʮʽʾ, ʱʦ 

ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʤʘʡʩʪʝʨʥʦʩʪʽ, ʟʥʘʥʥʷ ʽ ʥʘʚʠʯʢʠ 
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ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʢʦʥʫʚʘʥʦʾ ʥʠʤʠ ʬʫʥʢʮʽʾ. ɼʘʥʘ ʨʠʩʘ ʥʘʡʙʽʣʴʰ ʯʽʪʢʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ, ʢʦʣʠ ʚʩʝ ʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʜʣʷ 

ʩʫʙ'ʻʢʪʘ ʙʫʜʴ-ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ ʩʪʘʶʪʴ ʽʥʥʦʚʘʮʽʡʥʝ ʤʠʩʣʝʥʥʷ, ʚʤʽʥʥʷ ʽ 

ʥʘʚʠʯʢʠ ʨʦʙʦʪʠ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʪʠʚʥʦʾ ʩʝʨʝʜʦʚʠʱʽ. 

ʊʘʢʽ ʷʢʦʩʪʽ ʩʫʙ'ʻʢʪʽʚ ʷʢ ʮʽʣʝʩʧʨʷʤʦʚʘʥʘ ʽ ʢʝʨʦʚʘʥʽʩʪʴ ʚʠʨʘʞʘʻʪʴʩʷ ʚ 

ʩʪʫʧʝʥʽ ʚʦʣʦʜʽʥʥ̫ ʩʚʦʙʦʜʦʶ ʚʠʙʦʨʫ ʤʝʪʦʜʠʯʥʠʭ ʟʘʩʦʙʽʚ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, 

ʘ ʪʘʢʦʞ ʟʛʫʨʪʦʚʘʥʦʩʪ ̔ ʜʽʡ ʽ ʻʜʥʽʩʪʴ ʧʦʛʣʷʜʽʚ ʫʯʘʩʥʠʢʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʜʦʩʷʛʥʝʥʥʷ ʩʧʽʣʴʥʦʾ ʤʝʪʠ. 

ʗʢ ʽ ʙʫʜʴ-ʷʢʠʡ ʧʨʦʮʝʩ, ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ 

ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ɿʘ ʩʣʦʚʥʠʢʦʚʦʤʫ ʚʠʟʥʘʯʝʥʥʶ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ 

ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʩʚʽʜʦʤʦ ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʨʦʮʝʩ, ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʦʧʪʠʤʘʣʴʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʟʛʦʜʞʝʥʠʭ ʜʽʡ ʽ ʚʽʜʥʦʩʠʥ 

ʩʫʙ'ʻʢʪʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʟ ʨʽʟʥʠʭ ʬʦʨʤ ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ: 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ, ʧʣʘʥʦʚʦʾ, ʦʙʣʽʢʦʚʦʾ, ʘʥʘʣʽʟʫ, ʢʦʥʪʨʦʣʴʥʦʾ, ʩʪʠʤʫʣʶʚʘʥʥʷ ʽ ʪ.ʜ. 

ʇʠʪʘʥʥʷ ʧʨʦ ʟʨʦʩʪʘʶʯʫ ʨʦʣʴ ʽ ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʬʦʨʤʘʮ̔ʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʚ ʫʧʨʘʚʣʽʥʩʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʙʘʛʘʪʴʤʘ 

ʨʦʩʽʡʩʴʢʠʤʠ ʘʚʪʦʨʘʤʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ɯ.ɺ. ʂʦʪʝʣʝʚʩʴʢʘ ʟʘʟʥʘʯʘʻ, ʱʦ 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʟʥʠʭ ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʚ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ 

ʘʢʪʫʘʣʴʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʧʦʚ'ʷʟʫʻ ʚʩʽʭ ʾʾ ʫʯʘʩʥʠʢ̔ ʚ ʷʢ ʩʫʙ'ʻʢʪʽʚ ʧʨʘʚʘ. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʤʽʯʝʥʦ, ʱʦ ʝʧʽʟʦʜʠʯʥʘ ʨʦʙʦʪʘ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʟʥʠʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʧʨʦʮʝʩʫ, ʚʝʜʝ ʜʦ ʥʝʧʦʚʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʶ ʚ 

ʨʽʰʝʥʥʽ ʨʽʟʥʦʤʘʥʽʪʪʷ ʨʝʛʫʣʴʦʚʘʥʠʭ ʾʤ ʚʽʜʥʦʩʠʥ, ʜʦ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʦʤʠʣʦʢ. 

ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʽʻʾ ʜʫʤʢʠ ɯ.ʄ. ʉʣʝʧʝʥʢʦʚ ʟʘʟʥʘʯʘʻ, ʱʦ çʩʫʙ'ʻʢʪʘʤʠ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʚʽʜʥʦʩʠʥ ʻ ʚʩʽ ʥʦʩʽʾ ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʩʧʽʚʫʯʘʩʥʠʢʠ 

ʫʧʨʘʚʣʽʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʧʦʣʦʞʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʽ ʢʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ. ʋ 

ʢʦʞʥʦʤʫ ʨʘʟʽ ʩʫʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʚʽʜʥʦʩʠʥ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʽ ʷʢ ʩʫʙ'ʻʢʪ, ʽ 

ʷʢ ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʦʢʨʝʤʦʛʦ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ 

ʚʧʣʠʚʫ ʽ ʭʘʨʘʢʪʝʨʫ ʚʟʘʻʤʦʜʽʾ è. 

ɿʘʟʥʘʯʝʥʽ ʘʨʛʫʤʝʥʪʠ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʮʽʣʢʦʤ ʧʨʠʡʥʷʪʥʽ ʽ ʜʣʷ ʩʫʙ'ʻʢʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʚ ʫʧʨʘʚʣʽʥʩʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ. 
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ʋʧʨʘʚʣʽʥʩʴʢʠʡ ʭʘʨʘʢʪʝʨ ʩʫʙ'ʻʢʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ 

ʧʦʨʦʜʞʫʻ ʪʘʢʫ ʚʘʞʣʠʚʫ ʨʠʩʫ ʷʢ ʯʽʪʢʘ ʬʦʨʤʘ ʧʦʜʽʣʫ ʧʨʘʮʽ. ɺʦʥʘ ʯʽʪʢʦ 

ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʚ ʭʘʨʘʢʪʝʨʽ ʨʦʟʧʦʜʽʣʫ ʨʦʣʝʡ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʚ ʧʨʦʮʝʩʽ 

ʧʽʜʛʦʪʦʚʢʠ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥɹ . ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʟʤʽʰʘʥʽ ʬʦʨʤʠ ʧʦʜʽʣʫ 

ʧʨʘʮʽ (ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʽ ʚʝʨʪʠʢʘʣʴʥʘ). ʊʘʢʝ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʜʽʣʫ ʧʨʘʮʽ ʚ 

ʨʝʟʫʣʴʪʘʪ̔ ʫʪʚʦʨʶʻ ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʷʢ ʦʜʥʝ ʟ ʚʠʟʥʘʯʘʣʴʥʠʭ ʦʩʥʦʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ (ʫʩʪʘʥʦʚʠ), ʦʩʥʦʚʥʠʤ ʨʦʜʦʤ ʜʽ̫ʣɹʥʦʩʪʽ, 

ʷʢʦʶ ʻ ʚʠʨʦʙʥʠʮʪʚʦ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ - ʩʫʜʦʚʘ ʝʢʩʧʝʨʪʠʟʘ. 

ʊʠʤ ʯʘʩʦʤ, ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʚ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ 

ʧʨʦʮʝʩʘʭ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʟʛʫʨʪʦʚʘʥʦʩʪʽ ʽ ʚʟʘʻʤʦʜʽʾ 

ʩʫʙ'ʢ̒ʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ʢʦʣʝʢʪʠʚʥʦʩʪʽ. ʋ ʥʽʡ ʚ̔ʜʙʠʚʘʻʪʴʩʷ, ʥʝ ʪʽʣʴʢʠ 

ʢʽʣʴʢʽʩʥʘ ʩʪʦʨʦʥʘ ʧʨʘʢʪʠʯʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʡ ʷʢʽʩʥʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʽ 

ʢʦʨʧʦʨʘʪʠʚʥʽʩʪʴ ʻʜʥʦʩʪʽ ʫʯʘʩʥʠʢʚ̔. ɼʘʥʘ ʨʠʩʘ ʪʘʢʦʞ ʥʘʦʯʥʦ ʚʠʨʘʞʘʻʪʴʩʷ ʫ 

ʚʽʜʥʦʰʝʥʥʽ ʩʫʙ'ʻʢʪʘ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʢʦʣʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʽʜʛʦʪʦʚʢʠ ʽ ʧʨʠʡʥ̫ʪʪʷ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʦʣʝʢʪʠʚʥʦʾ ʜʫʤʢʠ ʽ ʟʥʘʥʥʷ. 

ʉʧʨʘʚʝʜʣʠʚʦ ʟʘʫʚʘʞʫʻ ʟ ʮʴʦʛʦ ʧʨʠʚʦʜʫ ʖ.ʂ. ʆʨʣʦʚ, ʱʦ çʚ ʫʤʦʚʘʭ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʝʢʩʧʝʨʪʥʫ ʧʨʘʢʪʠʢʫ ʥʘʫʢʦʚʠʭ ʽ ʪʝʭʥʽʯʥʠʭ 

ʜʦʩʷʛʥʝʥʴ ʽ ʧʦʩʠʣʶʶʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʟʥʘʥʴ, ʧʨʦʮʝʩ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʢʩʧʝʨʪʠʟʠ ʚʩʝ ʙʽʣʴʰʝ ʥʘʙʫʚʘʻ ʥʝ ʪʽʣʴʢʠ ʢʦʣʝʢʪʠʚʥʠʡ, ʘ ʡ 

ʢʦʦʧʝʨʫʚʘʪʠʩʷ ʭʘʨʘʢʪʝʨ, ʚ ʥʴʦʤʫ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʨʠʩʠ ʥʘʫʢʦʚʦʛʦ ʧʦʜʽʣʫ 

ʧʨʘʮ̔. ɺʥʘʩʣʽʜʦʢ ʫʩʢʣʘʜʥʝʥʥʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʽ 

ʤʝʪʦʜʠʢ ʧʦʩʠʣʶʻʪʴʩʷ ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʝʢʩʧʝʨʪʽʚ. ɯ ʚʩʝ ʯʘʩʪ̔h ʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʝʢʩʧʝʨʪʠʟʠ ʩʪʘʻ ʥʝʧʦʩʠʣʴʥʠʤ ʜʣʷ ʝʢʩʧʝʨʪʘ ʣʠʰʝ ʦʜʥʽʻʾ ʷʢʦʾʩʴ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʽ, 

ʪʠʤ ʙʽʣʴʰʝ, ʚʫʟʴʢʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ è. ʉʘʤʝ ʚ ʮʴʦʤʫ ʚʠʨʘʞʘʻʪʴʩʷ ʪʘʢʘ ʨʠʩʘ ʷʢ 

ʢʦʣʝʛʽʘʣʴʥʽʩʪʴ. 

ɺ ʫʤʦʚʘʭ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʙ̔ʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʜʣʷ ʩʫʙ'ʻʢʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʩʪʘʶʪʴ ʪʘʢʽ ʟʘʛʘʣʴʥʽ ʨʠʩʠ ʷʢ ʧʽʟʥʘʚʘʥʽʩʪʴ, 

ʢʦʤʫʥʽʢʘʪʠʚʥʽʩʪʴ, ʘʜʘʧʪʦʚʘʥʽʩʪʴ. 
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ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʩʫʙ'ʻʢʪ ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ (ʷʢʠʤ ʻ ʽ 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ) ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʚʟʘ̒ ʤʦʟʚ'ʷʟʦʢ ʽ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʜʚʦʭ ʩʫʙʩʪʘʥʮʽʡ ʚ ʾʭ ʻʜʥʦʩʪʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ - ʷʢ ʜʞʝʨʝʣʦ 

ʩʠʩʪʝʤʠ ʟʥʘʥʥʷ ʚ ʮʽʣʦʤʫ, ʘ ʟ ʽʥʰʦʛʦ - ʥʦʩʽʡ ʧʨʝʜʤʝʪʥʦ-ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʦʙ'ʻʢʪ ʧʽʟʥʘʥʥʷ. ɺ ʷʢʦʩʪʽ ʩʫʙ'ʻʢʪʘ ʧʽʟʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʷʢ ʦʢʨʝʤʘ ʦʩʦʙʘ (ʩʫʜʦʚʠʡ ʝʢʩʧʝʨʪ, 

ʬʘʭʽʚʝʮʴ, ʢʝʨʽʚʥʠʢ ʝʢʩʧʝʨʪʥʦʾ ʫʩʪʘʥʦʚʠ, ʧʨʦʛʨʘʤʽʩʪ, ʚʯʝʥʠʡ ʜʦʩʣʽʜʥʠʢ ʽ ʪ.ʜ.), 

ʪʘʢ ʽ ʛʨʫʧʘ ʦʩʽʙ (ʢʦʤʽʩʽʷ ʝʢʩʧʝʨʪʽʚ, ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʯ̔ʥʠʡ ʧʝʨʩʦʥʘʣ ʽ ʪ.ʜ. ). ʇʨʠ 

ʮʴʦʤʫ ʚʦʥʠ ʦʙ'ʻʜʥʘʥʽ ʩʧʽʣʴʥʽʩʪʶ ʤʝʪʠ, ʾʭ ʜʽʷʣʴʥʽʩʪɹ  ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʟʥʘʥʥʷ 

ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙ'ʻʢʪʽʚ, ʦʩʚʦʻʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʽ 

ʽʥʥʦʚʘʮʽʡʥʠʤ ʧʨʦʮʝʩʦʤ ʟ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ ʽʥʬʦʨʤʘʮʡ̔ʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ. 

ʆʪʞʝ, ʧʽʟʥʘʥʥʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʉɽɼ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʻ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʘ ʜʽʷ ʩʫʙ'ʻʢʪʘ ʜʣ̫ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʟʥʘʥʴ ʚ ʭʦʜʽ ʟʜʽʡʩʥʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʟʽ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʽ ʧʝʨʝʜʘʯʽ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙ'ʻʢʪʠʚʥʠʭ ʬʘʢʪʽʚ, ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʾ ʜʽʡʩʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʽʥʬʦʨʤʘʮʽʷ ʚʽʜʽʛʨʘʻ ʨʦʣʴ çʩʧʦʣʫʯʥʦʾ 

ʣʘʥʢʠè ʤʽʞ ʩʫʙ'ʻʢʪʘʤʠ ʧʨʦʮʝʩʫ ʧʽʟʥʘʥʥʷ ʽ ʾʭ ʩʧʽʣʴʥʠʤʠ ʜʽʷʤʠ. 

ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʩʫʜʦʚʦʛʦ ʝʢʩʧʝʨʪʘ 

ʦʙʤʝʞʫʚʘʣʦʩʷ ʚʝʣʠʢʦʶ ʤʽʨʦʶ ʘʥʘʣʽʟʦʤ ʧʽʟʥʘʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ 

ʧʩʠʭʦʣʦʛʽʯʥʠʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ ʢʦʤʫʥʽʢʘʪʠʚʥʦʛʦ ʘʩʧʝʢʪʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʣʦ ʧʨʠʜʽʣʷʣʦʩʷ ʫʚʘʛʠ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʷʚʫ ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʷʢʦʩʪʝʡ 

ʩʫʙ'ʻʢʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ, ʻ ʘʜʘʧʪʦʚʘʥʽʩʪʴ, ʷʢʘ ʚʠʨʘʞʘʻʪʴʩʷ 

ʚ ʛʥʫʯʢʦʩʪʽ, ʤʦʙʽʣʴʥʦʩʪʽ, ʤʦʪʠʚʘʮʽʾ, ʽʥʥʦʚʘʮʽʡʥʦʩʪʽ ʽ ʪ.ʜ. ʇʽʜ ʘʜʘʧʪʦʚʘʥʽʩʪɹ, 

ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʷʢ ʧʩʠʭʦʣʦʛʽʯʥʫ, ʪʘʢ ʽ ʧʨʦʬʝʩʽʡʥʫ ʛʦʪʦʚʥʽʩʪʴ 

ʩʫʙ'ʻʢʪʘ ʚʠʢʦʥʘʪʠ ʨʦʙʦʪʫ ʚ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚʘʭ ʽ ʟʤʽʥʠ, ʩʧʦʣʫʯʝʥʠʤʠ ʾʭ 

ʦʩʦʙʠʩʪʠʤʠ ʷʢʦʩʪʷʤʠ ʽ ʟʜʽʙʥʦʩʪʷʤʠ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚ ʫʤʦʚʘʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʢʦʤʫʥʽʢʘʪʠʚʥʦʾ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʚʣʘʩʪʠʚʦ ʩʫʙ'ʻʢʪʘʤ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ. 
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ʊʘʢʦʞ ʚ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʾ ʟʤʽʥʠ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʤʘʛʘʶʪʴ 

ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʤʝʪʦʜʽʚ ʽ ʟʜʽʡʩʥʶʶʪʴ ʧʨʦʮʝʩʽʚ ʧʦ ʾʭ 

ʦʙʨʦʙʮʽ, ʚʩʝ ʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʤ ʩʪʘʻ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʷʢʦʩʪʝʡ ʫ ʫʯʘʩʥʠʢʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ. 

ʂʦʤʧʝʪʝʥʪʥʽʩʪʴ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʪʘʢʠʭ ʷʢʽʩʥʠʭ ʩʪʦʨʽʥ ʩʫʙ'ʻʢʪʘ ʷʢ 

ʤʠʩʪʝʮʪʚʦ ʽ ʛʨʘʤʦʪʥʽʩʪʴ ʩʧʽʣʢʫʚʘʥʥʷ ʽ ʚʤʽʥʥʷ ʚʩʪʘʥʦʚʠʪʠ ʢʦʥʪʘʢʪʠ ʟ ʽʥʰʠʤʠ 

ʫʯʘʩʥʠʢʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ. 

ʗʢ ʙʘʯʠʤʦ, ʦʩʥʦʚʥ̔ ʨʠʩʠ ʽ ʾʭ ʝʣʝʤʝʥʪʠ, ʧʨʠʪʘʤʘʥʥʽ ʩʫʙ'ʻʢʪʘʤ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ, ʚʠʨʘʞʘʶʪʴʩʷ ʚ ʫʤʽʥʥʽ ʽ ʚʦʣʦʜʽʥʥʽ ʥʠʤʠ 

ʫʧʨʘʚʣʷʪʠ ʩʫʯʘʩʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʦʧʝʨʘʮʽʷʤʠ ʽ ʧʨʦʮʝʩʘʤʠ, 

ʩʧʨʷʤʦʚʘʥʠʤʠ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥ̫  ʽ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ. ʉʧʨʘʚʝʜʣʠʚʦ ʟʘʟʥʘʯʘʚ ʟ 

ʮɹ ʦʛʦ ʧʨʠʚʦʜʫ ʃ.ɭ. ɸʨʦʮʢʝʨ, ʱʦ ʥʝʩʚʽʜʦʤʘ ʚʽʨʘ ʚ ʥʝʧʦʛʨʽʰʥʽʩʪʴ ɽʆʄ, 

ʥʝʨʦʟʫʤʽʥʥʷ ʽ ʥʝʟʥʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʾʾ ʜʽʷʣʴʥʦʩʪʽ, ʦʟʥʘʢ, ʷʢʠʤʠ ʚʦʥʘ ʦʧʝʨʫʻ, 

ʦʙ'ʻʢʪʠʚʥʦ ʧʦʟʙʘʚʣʷʶʪʴ ʝʢʩʧʝʨʪʘ ʧʨʘʚʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɽʆʄ ʚ ʝʢʩʧʝʨʪʠʟʽ. 

ʆʪʞʝ, ʚʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ 

ʭʘʨʘʢʪʝʨʥʽ ʨʠʩʠ, ʚʣʘʩʪʠʚʽ ʩʫʙ'ʻʢʪʘʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ: 

ʥʘʜʽʣʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʤ ʟʥʘʥʥʷʤ, ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ, ʥʝʟʘʣʝʞʥʽʩʪʴ, 

ʧʨʘʚʦʩʫʙ'ʻʢʪʥʽʩʪʴ, ʥʘʫʢʦʚʽʩʪʴ, ʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴ, ʩʠʩʪʝʤʥʽʩʪ,ɹ ʨʘʟʚʽʚʘʝʤʦʩʪʴ, 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʽʩʪʴ, ʢʝʨʦʚʘʥʽʩʪɹ, ʯʽʪʢʘ ʬʦʨʤʘ ʧʦʜʽʣʫ ʧʨʘʮʽ, ʢʦʣʝʛʽʘʣʴʥʽʩʪʴ, 

ʧʽʟʥʘʚʘʥʽʩʪʴ, ʘʜʘʧʪʦʚʘʥʽʩʪʴ, ʢʦʤʫʥʽʢʘʪʠʚʥʽʩʪʴ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʜʘʥʠʡ ʧʝʨʝʣʢ̔ ʥʝ ʻ ʚʠʯʝʨʧʥʠʤ. 

ʈʝʟʶʤʫʶʯʠ ʚʠʢʣʘʜʝʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʝʮʠʬʽʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʉɽɼ, ʜʦ ʨʦʟʛʣ̫ʜʫ ʧʠʪʘʥʥʷ ʧʨʦ ʾʾ ʩʫʙ'ʻʢʪ, 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʽʡʪʠ ʷʢ ʮʽʣʽʩʥʫ ʩʠʩʪʝʤʫ. ʗʢ ʚʽʜʟʥʘʯʘʶʪʴ ʟ ʮʴʦʛʦ ʧʨʠʚʦʜʫ ʘʚʪʦʨʠ 

ʧʽʜʨʫʯʥʠʢʘ çʉʫʜʦʚʘ ʝʢʩʧʝʨʪʠʟʘè, çʥʘʩʪʽʣʴʢʠ ʩʢʣʘʜʥʘ, ʱʦ ʜʠʥʘʤʽʯʥʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʚʠʤʘʛʘʻ ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʫʙ'ʻʢʪʽʚ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɺʦʥʦ ʧʦʚʠʥʥʦ ʙʫʪʠ ʘʜʝʢʚʘʪʥʦ 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʟʘʚʜʘʥʴ, ʷʢʽ ʜʦʚʦʜʠʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʚ ʝʢʩʧʝʨʪʥʠʭ ʫʩʪʘʥʦʚʘʭ, 

ʚʽʜʧʦʚ̔ʜʘʪʠ ʬʦʨʤʘʤ ʮʽʻʾ ʜʽʷʣʴʥʦʩʪʽ è. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ʋ ʨʦʟʜʽʣʽ  ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ, ʜʦʩʣʽʜʞʝʥʦ 

ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʪʘ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ ʩʢʣʘʜʦʚʠʭ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʠʭ ʩʠʩʪʝʤ. 

1. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʚʠʤʦʛ ʜʦ ʩʫʯʘʩʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʩʢʣʘʜʫ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʧʽʜʪʨʠʤʫʶʯʠʭ ʾʭ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʤʝʨʝʞʽ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʨʷʜ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ 

ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧôʶʪʝʨʥʦ ʾ ʩʠʩʪʝʤʠ, ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʶʪʴʩʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʽ ʢʦʤʧʦʥʝʥʪʠ,  ʱʦ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʂʉ. 

ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʢʦʥʪʨʦʣʶ, ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʻ ʥʝʦʙʭʽʜʥʦʶ ʨʝʘʣʴʥʽʩʪʶ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

2. ɹʫʣʠ ʚʠʜʽʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʚʘʜʦʚʦʛʦ ʚʧʣʠʚʫ ʚʠʩʦʢʦ ʝʥʝʨʛʽʡʥʠʭ 

ʟʘʚʘʜ ʥʘ ʞʠʚʫʯʽʩʪʴ ʂʉ ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ 

ʚʧʣʠʚʫ. ɺʠʜʽʣʝʥʽ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʟʘʚʘʞʘʶʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʦʚʽʨʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʪʠʟʠ   

3. ʆʙʨʘʥʦ ʟʘʛʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʥʪʝʟʫ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜ̫̔ ʣʴʥʦʩʪʽ.  

4. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ [8,9]. 
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2 ʈʆɿɼɯʃ 

ʄɽʊʆɼʀ ʆʎɯʅʂʀ ʗʂʆʉʊɯ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ 

ʂʆʄʇôʖʊɽʈʅʆɰ ʄɽʈɽɾɯ ʉʀʉʊɽʄʀ ʉʋɼʆɺʆɰ ɽʂʉʇɽʈʊʀɿʀ 

 

 

ʂʦʤʧ'ʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʬʝʨʘʭ 

ʞʠʪʪʷ ʣʶʜʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ: ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʙʽʟʥʝʩʽ, ʥʘʫʮʽ ʪʘ ʦʩʚʽʪʽ, 

ʬʽʥʘʥʩʘʭ ʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʝʢʪʘʭ, ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʧʨʘʚʦʦʭʦʨʦʥʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʧʨʠ ʾʾ ʧʦʙʫʜʦʚʽ ʚʠʙʠʨʘʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʘ ʧʨʦʛʨʘʤʥʘ ʧʣʘʪʬʦʨʤʘ. ʊʘʢʘ ʧʣʘʪʬʦʨʤʘ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨ 

ʧʦʚʝʜʽʥʢʠ ʙʘʟʦʚʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ. ɿʦʢʨʝʤʘ, ʚ ʜʘʥʠʡ ʯʘʩ 

ʧʦʧʫʣʷʨʥʽ ʪʘʢʽ ʧʣʘʪʬʦʨʤʠ: ʭʤʘʨʥʽ, ʢʦʥʚʝʨʛʝʥʪʥʽ, ʛʽʧʝʨʢʦʥʚʝʨʛʝʥʪʥ.̔ ʇʨʠ 

ʚʠʙʦʨʽ ʧʣʘʪʬʦʨʤʠ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪɹ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʙʘʟʦʚʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ. ʊʦʤʫ 

ʧʝʨʝʜ ʬʦʨʤʦʚʘʥʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶ ʩʪʘʚʣʷʪʴ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ. 

ʂʨʽʤ ʪʦʛʦ, ʤʝʨʝʞʘ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʨʷʜʫ ʦʙʤʝʞʝʥʴ, ̫ʢʽ ʧʦʩʪʘʚʣʝʥʽ 

ʢʦʤʧ'ʶʪʝʨʥʦʶ ʩʠʩʪʝʤʦʶ. ʊʽʣʴʢʠ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʫʤʦʚ ʜʦʟʚʦʣʠʪʴ 

ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʚʠʨʽʰʠʪʠ ʧʦʩʪʘʚʣʝʥʽ ʧʝʨʝʜ ʥʝʁ  ʟʘʚʜʘʥʥʷ. ʊʘʢʦʞ ʧʨʠ 

ʧʦʙʫʜʦʚʽ, ʤʦʜʠʬʽʢʘʮʽʾ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʚʠʥʠʢʘʻ 

ʜʦʩʠʪʴ ʟʘʛʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʧʦ ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʽʚ, ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʤʝʨʝʞʽ ʪʘ ʾʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

 

2.1. ʄʝʪʦʜ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʨʫʰʝʥʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ 

ʤʝʨʝʞʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

 

ʈʦʟʰʠʨʝʥʥʷ ʧʝʨʝʣʽʢʫ ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʷʢʦʩʪ̔ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʢʣʶʯʦʚʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʚ 

ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ. ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

(QoS) ʧʦʩʪʽʡʥʦ ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʨʦʙʦʪʘ ʚʩʽʭ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʪʦʢʦʣʽʚ ʽ 

ʦʢʨʝʤʠʭ ʤʝʭʘʥʽʟʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ. ɺʽʜʦʤʦ, ʱʦ ʥʘ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ 
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ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʫʯʘʩʥʦʤʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʚʧʣʠʚʘʻ ʷʢʽʩʪʴ 

ʧʨʠʩʪʨʦʾʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʊʦʤʫ ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʥʝʦʙʭʽʜʥʦʤʫ ʨʽʚʥʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ QoS. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʽʩʪʦʪʥʦ ʧʦʩʠʣʶʁʪʩɹʷ ʚʠʤʦʛʠ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʫʤʦʚʘʭ ʟʙʽʣʴʰʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ. 

ʆʪʞʝ, ʷʢʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥ̫ ʽʩʥʫʶʯʠʭ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ ʥʝʤʦʞʣʠʚʦ ʧʽʜʚʠʱʠʪʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʜ̔ʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ [10]. 

ɺ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ 

ʢʦʤʧ'ʶʪʝʨʥʽʡ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʟʘʚʞʜʠ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʥʴʦʾ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʷʢʘ ʚʠʢʣʠʢʘʥʘ ʨʽʟʥʠʤʠ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʉʠʥʭʨʦʥʽʟʘʮʽʷ - ʮʝ ʟʘʩʽʙ ʧʽʜʪʨʠʤʢʠ ʨʦʙʦʪʠ ʚʩʴʦʛʦ ʮʠʬʨʦʚʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚ 

ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʜʥʽʡ ʩʝʨʝʜʥʽʡ ʰʚʠʜʢʦʩʪʽ, ʷʢʝ ʧʦʚʠʥʥʦ 

ʽʩʥʫʚʘʪʠ ʥʘ ʪʨʴʦʭ ʨʽʚʥʷʭ: ʙʽʪʦʚʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ, ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʥʘ ʨʽʚʥʽ 

ʢʘʥʘʣʴʥʠʭ ʽʥʪʝʨʚʘʣʽʚ (time slot) ʽ ʢʘʜʨʦʚʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ. ʊʘʢʪʦʚʠʡ ʛʝʥʝʨʘʪʦʨ 

ʤʝʨʝʞʽ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʚʫʟʣʽ ʜʞʝʨʝʣʘ, ʫʧʨʘʚʣʷʻ ʯʘʩʪʦʪʦʶ ʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʮʝʡ 

ʚʫʟʦʣ ʙʽʪʽʚ, ʢʘʜʨʽʚ ʽ ʢʘʥʘʣɹʥʠʭ ʽʥʪʝʨʚʘʣʽʚ. ɺʪʦʨʠʥʥʠʡ ʛʝʥʝʨʘʪʦʨ ʤʝʨʝʞʽ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʧʨʠʡʤʘʶʯʦʤʫ ʚʫʟʣʽ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʰʚʠʜʢʽʩʪʶ 

ʟʯʠʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮ̔ʾ . ʄʝʪʦʶ ʪʘʢʪʦʚʦʶ ʤʝʨʝʞʝʚʠʡ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʻ 

ʫʟʛʦʜʞʝʥʘ ʨʦʙʦʪʘ ʧʝʨʚʠʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽ ʧʨʠʡʤʘʯʘ ʟ ʪʠʤ, ʱʦʙ ʧʨʠʡʤʘʻ 

ʚʫʟʦʣ ʤʛ̔ ʧʨʘʚʠʣʴʥʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ. ʈʽʟʥʠʮʷ ʚ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚʫʟʣʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʤʝʨʝʞʽ, ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʧʨʦʧʫʩʢʫ ʘʙʦ ʜʦ ʧʦʚʪʦʨʥʦʛʦ ʟʯʠʪʫʚʘʥʥʷ ʧʨʠʡʤʘʶʯʠʤ ʚʫʟʣʦʤ ʥʘʜʽʩʣʘʥʽʡ ʥʘ 

ʥʴʦʛʦ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥ̫ ʽʩʥʫʶʯʠʭ 

ʽ ʧʨʦʝʢʪʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥ̫ [11,13]. 

ɼʦʩʣʽʜʞʝʥʥʶ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʧʨʠʜʽʣʝʥʦ ʚʝʣʠʢʫ ʫʚʘʛʫ [3-25]. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʦʚʝʜʝʥʦ ʚ [3-6]. ɸʥʘʣʽʟ  

ʚʧʣʠʚʫ ʘʨʭʽʪʝʢʪʫʨʠ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ̔ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʙʫʣʦ 
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ʧʨʦʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [4, 5, 7, 8, 34, 35, 36]. ʈʦʙʦʪʠ [9-14] ʧʨʠʩʚʷʯʝʥʽ ʘʥʘʣʽʟʫ 

ʯʝʨʛ ʧʘʢʝʪʽʚ ʽ ʨʦʟʨʦʙʮʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʽʘʛʥʦʩʪʠʢʠ QoS ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ. ʂʨʽʤ ʪʦʛʦ, ʦʢʨʝʤʦ ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʧʨʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ 

ʧʦʢʘʟʥʠʢʽʚ QoS ʽ ʚʠʢʦʥʘʥʥʽ ʚʠʤʦʛ ʜʦ ʪʨʘʥʟʘʢʮʽʡ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ [15-

20]. ɺ [21] ʚʠʜʽʣʝʥʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʙʘʟʦʚʦʾ ʪʝʣʝʢʦʤʫʥ̔ʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʨʘʥʟʘʢʮʽʡ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. ɿʦʢʨʝʤʘ, 

ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʠʙʦʨʽ ʩʧʝʮʽʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ 

ʫʧʨʘʚʣʽʥʥʷʤ (ʢʦʥʚʝʨʛʝʥʪʥʽ ʪʘ ʛʽʧʝʨʢʦʥʚʝʨʛʝʥʪʥʠʝ) ʽʩʪʦʪʥʫ ʨʦʣʴ ʛʨʘʻ 

ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʨʦʙʦʪʘʭ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴ ʩʪʽʡʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʢʦʤʧ'ʪʁʝʨʥʦʾ ʩʠʩʪʝʤʠ. ʊʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʪʘʢʦʛʦ 

ʢʦʥʪʨʦʣʶ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʘʭ [22, 23]. ɺ ʨʦʙʦʪʽ [35] ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ʜʞʠʪʪʝʨʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʜʠʥʘʤʽʯʥʫ ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʥʷ 

ʤʝʨʝʞʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʄʝʪʦʶ ʧʽʜʨʦʟʜʽʣʫ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʨʫʰʝʥʴ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜ̔ʣʥɹʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ 

ʩʧʝʢʪʨʦʘʥʘʣ̔ʟʘʪʦʨʘ. 

2.1.1. ɺʠʜʠ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ 

ɹʽʪʦʚʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʝʨʝʜʘʻ ʽ ʧʨʠʡʤʘʻ ʢʽʥʮʽ ʣʽʥʽʾ 

ʧʝʨʝʜʘʯʽ ʧʨʘʮʶʶʪʴ ʥʘ ʦʜʥʽʡ ʪʘʢʪʦʚʽʡ ʯʘʩʪʦʪʽ, ʪʦʤʫ ʙʽʪʠ ʟʯʠʪʫʶʪʴʩʷ 

ʧʨʘʚʠʣʴʥʦ. ɼʣʷ ʜʦʩʷʛʥʝʥʥ̫ ʙʽʪʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʯ ʤʦʞʝ ʦʪʨʠʤʫʚʘʪʠ 

ʩʚʦʾ ʪʘʢʪʦʚʽ ʽʤʧʫʣʴʩʠ ʟ ʚʭʽʜʥʦʾ ʣʽʥ̔ʾ . ɹʽʪʦʚʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʚʢʣʶʯʘʻ ʪʘʢʽ 

ʧʨʦʙʣʝʤʠ ʷʢ ʜʞʽʪʪʝʨ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʽ ʱʽʣʴʥʽʩʪʴ ʦʜʠʥʠʮʴ. ʎʽ ʧʨʦʙʣʝʤʠ 

ʧʽʜʥʽʤʘʶʪʴʩʷ ʧʨʠ ʧʨʝʜ'ʷʚʣʝʥʥʽ ʚʠʤʦʛ ʜʦ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʽ ʩʠʩʪʝʤʘʤ ʧʝʨʝʜʘʯʽ 

[26-33]. 

 ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʢʘʥʘʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ (time slot) ʟ'ʻʜʥʫʻ ʧʨʠʡʤʘʯ ʽ 

ʧʝʨʝʜʘʚʘʯ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʢʘʥʘʣʴʥʽ ʽʥʪʝʨʚʘʣʠ ʤʦʛʣʠ ʙʫʪʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ 
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ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʜʘʥʠʭ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʢʩʦʚʘʥʦʛʦ 

ʬʦʨʤʘʪʫ ʢʘʜʨʫ ʜʣʷ ʧʦʜʽʣʫ ʙʘʡʪʽʚ. ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʥʘ 

ʨʽʚʥʽ ʢʘʥʘʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʻ ʯʘʩ ʟʤʽʥʠ ʢʘʜʨʫ ʽ ʚʠʷʚʣʝʥʥʷ ʚʪʨʘʪʠ ʢʘʜʨʫ. 

ʂʘʜʨʦʚʘ ʩʠʥʭʨʦʥʽʟʘʮ̫̔  ʚʠʢʣʠʢʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʫʟʛʦʜʞʝʥʥʷ ʧʦ ʬʘʟʽ 

ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʧʦʯʘʪʦʢ ʢʘʜʨʫ. ʂʘʜʨʦʤ ʚ ʩʠʛʥʘʣʽ DS1 ʘʙʦ E1 ʻ ʛʨʫʧʘ ʙʽʪʽʚ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʘʜʮʷʪʠ ʯʦʪʠʨʴʦʭ ʘʙʦ ʪʨʠʜʮ̫ʪʠ ʙʘʡʪʽʚ (ʢʘʥʘʣʴʥʠʭ ʽʥʪʝʨʚʘʣʽʚ) ʚʽʜʧʦʚʽʜʥʦ, ʽ 

ʦʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʢʘʜʨʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʏʘʩ ʢʘʜʨʫ ʦʜʥʦ 125 ʤʽʢʨʦʩʝʢʫʥʜ. 

ʂʘʥʘʣʴʥʽ ʽʥʪʝʨʚʘʣʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʢʦʥʢʨʝʪʥʠʭ (ʪʝʣʝʬʦʥʥʠʭ) 

ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚ ʽʻʨʘʨʭʽʯʥʽʡ ʤʝʨʝʞʽ ʧʝʨʝʜʘʚʘʯʘ -

ʧʨʠʡʤʘʯʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʨʴʦʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ: ʧʦʛʨʽʰʥʽʩʪʶ ʢʝʨʫʶʯʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʨʦʟʧʦʜʽʣʷʶʪʴ ʝʪʘʣʦʥʥʠʡ ʩʠʛʥʘʣ, 

ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʝʥʝʨʘʪʦʨʽʚ ʧʨʠʡʤʘʯʘ, ʱʦ ʦʜʝʨʞʫʻ ʝʪʘʣʦʥʥʠʡ ʩʠʛʥʘʣ 

ʯʝʨʝʟ ʮʽ ʧʨʠʩʪʨʦʾ. ɺʽʜʦʤʦ, ʱʦ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʢʝʨʫʶʯʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟʘʟʚʠʯʘʡ ʩʣʘʙʦ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʚ 

ʤʝʨʝʞʘʭ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʟʥʘʯʘʶʪʩɹʷ ʢʦʤʙʽʥʘʮʽʻʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʩʪʨʦʾʚ ʨʦʟʧʦʜʽʣʫ ʽ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʠʡʤʘʯʘ. ʋ ʨʝʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʛʝʥʝʨʘʪʦʨ ʧʨʠʡʤʘʯʘ, ʧʨʠʻʜʥʘʥʠʡ ʜʦ 

ʢʝʨʫʶʯʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʟ ʜʦʚʛʦʪʨʠʚʘʣʦʶ ʯʘʩʪʦʪʦʶ, ʱʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʯʘʩʪʦʪʠ ʢʝʨʫʶʯʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ 

ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʡʤʘʯʘ ʟʘʟʚʠʯʘʡ ʚ 10 -100 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

ʯʘʩʪʦʪʠ ʢʝʨʫʶʯʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʊʦʤʫ, ʛʝʥʝʨʘʪʦʨʠ ʧʨʠʡʤʘʯʘ ʩʣʫʞʘʪʴ 

ʧʨʠʯʠʥʦʶ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʧʦʤʠʣʦʢ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʽ ʧʨʦʩʣʠʟʘʥʥʷ ʚ ʤʝʨʝʞʘʭ 

[37-40]. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʝʨʝʜʘʻ ʽʥʬʦʨʤʘʮ̔ʁ , ʧʨʘʮʶʻ ʥʘ 

ʯʘʩʪʦʪʽ, ʙʽʣʴʰʦʶ, ʥʽʞ ʯʘʩʪʦʪʘ ʧʨʠʡʤʘʻ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʪʦ ʧʨʠʡʤʘʯ ʥʝ ʤʦʞʝ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʦʪʽʢ ʽʥʬʦʨʤʘʮʽʾ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʤʘʯ ʙʫʜʝ ʧʝʨʽʦʜʠʯʥʦ 6 

ʧʨʦʧʫʩʢʘʪʠ ʯʘʩʪʠʥʫ ʧʝʨʝʜʘʥʦʾ ʡʦʤʫ ʽʥʬʦʨʤʘʮʽʾ. ɺʪʨʘʪʘ ʽʥʬʦʨʤʘʮʽʾ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʩʣʠʟʘʥʥʷʤ ʚʠʜʘʣʝʥʥ.̫ ʋ ʨʘʟʽ, ʷʢʱʦ ʧʨʠʡʤʘʯ ʧʨʘʮʶʻ ʥʘ 
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ʯʘʩʪʦʪʽ ʧʝʨʝʚʠʱʫʻ ʯʘʩʪʦʪʫ ʧʝʨʝʜʘʚʘʯʘ, ʧʨʠʡʤʘʯ ʙʫʜʝ ʜʫʙʣʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, 

ʧʨʦʜʦʚʞʫʶʯʠ ʧʨʘʮʶʚʘʪʠ ʥʘ ʩʚʦʾʡ ʯʘʩʪʦʪʽ ʽ ʚʩʝ ʱʝ ʟʜʽʡʩʥʶʶʯʠ ʟʚ'ʷʟʦʢ ʟ 

ʧʝʨʝʜʘʚʘʯʝʤ. ʎʝ ʜʫʙʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʩʣʠʟʘʥʥʷʤ 

ʧʦʚʪʦʨʝʥʥʷ. 

ɺʧʣʠʚ ʦʜʥʦʛʦ ʘʙʦ ʙʽʣʴʰʝ ʧʨʦʩʣʠʟʘʥʴ ʥʘ ʷʢʽʩʪʴ ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʚ 

ʮʠʬʨʦʚʠʭ ʤʝʨʝʞʘʭ ʟʚ'ʷʟʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʮʠʭ ʧʦʩʣʫʛ [1-6]. ʅʠʞʯʝ 

ʦʧʠʩʘʥʦ ʚʧʣʠʚ ʦʜʠʥʦʯʥʠʭ ʧʨʦʩʣʠʟʘʥʴ ʥʘ ʨʽʟʥʽ ʚʠʜʠ ʧʦʩʣʫʛ. ʇʨʠ ʥʘʜʘʥʥʽ 

ʧʦʩʣʫʛ ʪʝʣʝʬʦʥʥʦʛʦ (ʛʦʣʦʩʦʚʠʡ) ʟʚ'ʷʟʢʫ ʧʨʦʩʣʠʟʘʥʥʷ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ 

ʚʠʧʘʜʢʦʚʽ ʟʚʫʢʦʚʽ ʢʣʘʮʘʥʥʷ. ʎʽ ʢʣʘʮʘʥʥʷ ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ ʧʦʯʫʪʠ ʽ ʥʝ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʝʨʡʦʟʥʠʭ ʧʝʨʝʢʨʫʯʫʚʘʥʴ ʤʦʚʠ. ʊʦʤʫ ʧʦʩʣʫʛʠ ʪʝʣʝʬʦʥʥʦʛʦ 

ʟʚ'ʷʟʢʫ ʥʝʢʨʠʪʠʯʥʽ ʜʦ ʧʨʦʩʣʠʟʘʥʥʷ. ʏʘʩʪʦʪʘ ʧʦʷʚʠ ʧʨʦʩʣʠʟʘʥʴ ʜʦ ʜʝʢʽʣʴʢʦʭ 

ʧʨʦʩʣʠʟʘʥʴ ʚ ʭʚʠʣʠʥʫ ʚʚʘʞʘʻʪʴʩʷ ʜʦʧʫʩʪʠʤʦʶ. ʇʦʦʜʠʥʦʢʽ ʧʨʦʩʣʠʟʘʥʥʷ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʢʨʫʯʝʥʥʷ ʯʠ ʧʨʦʧʘʞʽ ʨʷʜʢʽʚ ʚ ʧʨʠʡʥʷʪʦʤʫ ʬʘʢʩʠʤʽʣʴʥʦʤʫ 

ʧʦʚʽʜʦʤʣʝʥʥʽ. ʇʨʦʩʣʠʟʘʥʥʷ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʨʦʧʘʞʘ ʜʦ 8 ʩʢʘʥʦʚʘʥʠʭ ʣʽʥʽʡ. 

ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʧʫʩʢʫ 0,08 ʜʶʡʤʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʅʘ ʩʪʘʥʜʘʨʪʥʽʡ 

ʚʠʜʨʫʢʫʚʘʥʦʾ ʩʪʦʨʽʥʮʽ ʧʨʦʩʣʠʟʘʥʥʷ ʚʠʛʣʷʜʘʻ ʷʢ ʚʽʜʩʫʪʥʽʩʪʴ ʚʝʨʭʥʴʦʾ ʘʙʦ 

ʥʠʞʥʴʦʾ ʧʦʣʦʚʠʥʠ ʚʠʜʨʫʢʫʚʘʥʦʾ ʨʷʜʢʠ. ʊʨʠʚʘʣʝ ʧʦʚ̫ʘ ʧʨʦʩʣʠʟʘʥʥʷ ʧʨʠʟʚʝʜʝ 

ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʚʪʦʨʥʦʾ ʧʝʨʝʜʘʯʽ ʩʪʦʨʽʥʦʢ, ʷʢʽ ʟʘʟʥʘʣʠ ʾʭ ʚʧʣʠʚʫ. ʇʦʚʪʦʨʥʘ 

ʧʝʨʝʜʘʯʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʽ ʟʜʡ̔ʩʥʁ̒ ʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚʨʫʯʥʫ. 

ɺʧʣʠʚ ʧʨʦʩʣʠʟʘʥʥʷ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʤʽʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʜʦʚʛʠʭ ʧʘʢʝʪʽʚ ʧʦʤʠʣʦʢ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 10 ʤʽʣʽʩʝʢʫʥʜ ʜʦ 1,5 ʩʝʢʫʥʜ. ɺ 

ʧʝʨʽʦʜ ʧʦʷʚʠ ʮʠʭ ʧʦʤʠʣʦʢ ʢʽʥʮʝʚʝ ʧʨʠʡʤʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ 

ʤʦʜʝʤʫ, ʧʨʠʡʤʘʻ ʩʧʦʪʚʦʨʝʥʽ ʜʘʥʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʠʪʠ 

ʧʦʚʪʦʨʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. 

ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʨʦʩʣʠʟʘʥʥʷ ʧʽʜ ʯʘʩ ʩʝʘʥʩʫ ʚʽʜʝʦʪʝʣʝʬʦʥʥʦʛʦ ʟʚ'ʷʟʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʧʘʞʘ ʟʦʙʨʘʞʝʥʥʷ. ɸʙʦʥʝʥʪʽʚ ʧʨʦʩʷʪʴ ʧʦʚʪʦʨʥʦ ʚʩʪʘʥʦʚʠʪʠ 

ʟʚ'ʷʟʦʢ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. ɺʧʣʠʚ ʧʨʦʩʣʠʟʘʥʥʷ ʥʘ ʧʝʨʝʜʘʯʫ 

ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʨʦʪʦʢʦʣʫ. ʋ ʧʨʦʪʦʢʦʣʘʭ, 

ʷʢʽ ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʧʦʚʪʦʨʥʦʾ ʧʝʨʝʜʘʯʽ, ʤʦʞʣʠʚʽ ʧʨʦʧʫʩʢʠ, 

ʧʦʚʪʦʨʝʥʥʷ ʘʙʦ ʧʝʨʝʢʨʫʯʫʚʘʥʥʷ ʜʘʥʠʭ. ʄʦʞʣʠʚʘ ʚʪʨʘʪʘ ʢʘʜʨʦʚʦʾ 
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ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ɦʦ ʚʠʢʣʠʢʘʻ ʩʧʦʪʚʦʨʝʥʥʷ ʙʝʟʣʽʯʽ ʢʘʜʨʽʚ ʧʨʠ ʧʦʥʦʚʣʝʥʥʽ 

ʥʘʜʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʢʘʜʨʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʇʨʦʪʦʢʦʣʠ ʟ ʧʦʚʪʦʨʥʦʶ 

ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʠʪʠ ʧʨʦʩʣʠʟʘʥʥʷ ʽ ʽʥʽʮʽʶʚʘʪʠ ʧʦʚʪʦʨʥʫ ʧʝʨʝʜʘʯʫ. ɼʣʷ 

ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʽ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʾ ʨʝʪʨʘʥʩʣʷʮʽʾ ʟʘʟʚʠʯʘʡ ʧʦʪʨ̔ʙʥʘ ʦʜʥʘ ʩʝʢʫʥʜʘ. 

ʊʦʤʫ ʧʨʦʩʣʠʟʘʥʥʷ ʚʧʣʠʚʘʪʠʤʫʪʴ ʥʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʟʘʟʚʠʯʘʡ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʩʝʢʫʥʜʠ ʯʘʩʫ ʧʝʨʝʜʘʯʽ. ʇʨʠ ʮʠʬʨʦʚʽʡ ʧʝʨʝʜʘʯʽ 

ʟʦʙʨʘʞʝʥʴ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʷ), ʧʨʦʩʣʠʟʘʥʥʷ ʟʘʟʚʠʯʘʡ ʚʠʢʣʠʢʘʻ 

ʩʧʦʪʚʦʨʝʥʥʷ ʯʘʩʪʠʥʠ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʡʦʛʦ çʟʘʤʦʨʦʞʫʚʘʥʥʷè ʥʘ ʯʘʩ ʜʦ 6 

ʩʝʢʫʥʜ. ʉʝʨʡʦʟʥʽʩʪʴ ʽ ʪʨʠʚʘʣʽʩʪʴ ʩʧʦʪʚʦʨʝʥʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥ̫ 8 ʢʦʜʫʚʘʥʥʷ ʽ ʢʦʤʧʨʝʩʽʾ. ʅʘʡʙʽʣʴʰ ʟʥʘʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʠʟʴʢʦʾ ʜʝʢʦʜʠʨʫʶʱʝʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʧʨʦʩʣʠʟʘʥʥ̫ ʥʘʜʘʶʪʴ ʧʨʠ ʥʘʜʘʥʥʽ ʧʦʩʣʫʛ ʟ ʧʝʨʝʜʘʯʽ 

ʟʘʰʠʬʨʦʚʘʥʠʭ ʜʘʥʠʭ. ʇʨʦʩʣʠʟʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʢʣʶʯʘ ʢʦʜʫʚʘʥʥʷ. 

ɺʪʨʘʪʘ ʢʣʶʯʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʜʦʩʪʫʧʥʦʩʪʽ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ ʜʦ ʧʦʚʪʦʨʥʦʾ 

ʧʝʨʝʜʘʯʽ ʢʣʶʯʘ ʽ ʧʦʚʪʦʨʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʟʚ'ʷʟʢʫ. ʊʦʤʫ ʚʩʷ ʟʚ'ʷʟʦʢ 

ʟʫʧʠʥʷʻʪʴʩ.̫ ʑʦ ʚʘʞʣʠʚʽʰʝ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʨʝʪʨʘʥʩʣʷʮʽʾ ʢʣʶʯʘ ʟʥʘʯʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʙʝʟʧʝʢʫ. ɼʣʷ ʙʘʛʘʪʴʦʭ ʜʦʜʘʪʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʨʦʙʣʝʤʘʤʠ ʙʝʟʧʝʢʠ, 

ʯʠʩʣʦ ʧʨʦʩʣʠʟʘʥʴ, ʱʦ ʧʝʨʝʚʠʱʫʻ 1 ʚ ʜʝʥʴ, ʚʚʘʞʘʻʪʴʩʷ ʥʝʧʨʠʡʥʷʪʥʠʤ. 

ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʪʦʪʦʶ ʧʨʦʩʣʠʟʘʥʴ, ʧʦʜʽʷʤʠ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʧʦʢʘʞʯʠʢʽʚ ʽ ʧʫʯʢʘʤʠ ʧʦʤʠʣʦʢ, ʚʠʢʣʠʢʘʥʠʭ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ, ITU ʽ ANSI 

ʚʩʪʘʥʦʚʠʣʠ ʢʽʣʴʢʘ ʚʠʤʦʛ ʜʦ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ɼʣʷ 

ʤʽʞʥʘʨʦʜʥʠʭ ʩʧʦʣʫʯʝʥʴ ʧʦʨʽʛ ʰʚʠʜʢʦʩʪʽ ʧʨʦʩʣʠʟʘʥʴ ʜʣʷ çʧʨʠʡʥʷʪʥʦʛʦè 

ʟ'ʻʜʥʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ITU ʥʘ ʨʽʚʥʽ ʦʜʥʦʛʦ ʧʨʦʩʣʠʟʘʥʥʷ ʟʘ ʢʦʞʥʽ ʧ'ʷʪʴ ʛʦʜʠʥ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʦʚʽʣʴʥʦʶ ʰʚʠʜʢʦʩʪʽ ʧʨʦʩʣʠʟʘʥʴ ʧʨʠ ʥʘʩʢʨʽʟʥʠʡ ʧʝʨʝʜʘʯʽ 

ʜʦʚʛʦʩʪʨʦʢʦʚʘ ʤʘʢʩʠʤʘʣʴʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ ʥʘ ʚʠʭʦʜʽ ʮʠʬʨʦʚʦʾ 

ʩʠʩʪʝʤʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 1ʭ10-11. ʎʷ ʚʠʤʦʛʘ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʦ ʷʢ 

ANSI [26], ʪʘʢ ʽ ITU [27,28]. ɺʠʤʦʛʠ ʜʦ ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʜʦʧʫʩʢʘʶʪʴ ʚʽʜ 1 ʜʦ 10 ʤʽʢʨʦʩʝʢʫʥʜ ʟ ʧʦʤʠʣʢʘʤʠ ʚ ʜʝʥʴ ʥʘ ʚʠʭʦʜʽ ʢʦʞʥʦʛʦ 

ʤʝʨʝʞʝʚʦʛʦ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ [26,27]. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʧʦʨʫʰʝʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʦʜʽʻʶ ʽ ʪʦʯʥʽʩʪʶ 

ʚʠʟʥʘʯʘʪʠ ʧʦʪʦʯʥʫ ʯʘʩʪʦʪʫ ʛʝʥʝʨʘʪʦʨʽʚ ʚ ʤʝʨʝʞʽ. ɺ ʜʘʥʠʡ ʯʘʩ ʪʘʢʠʤʠ 

ʘʧʘʨʘʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʻ ʘʢʫʩʪʦʦʧʪʠʯʥʽ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʘ (ɸʆɸʉ) ʟ 

ʧʨʦʩʪʦʨʦʚʠʤ ʽʥʪʝʛʨʫʚʘʥʥʷʤ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ ʙʫʜʫʪʴ ʜʦʩʣʽʜʞʝʥʽ ʚ ʥʘʩʪʫʧʥ̔ʡ ʯʘʩʪʠʥʽ 

ʧʨʦʧʦʥʦʚʘʥʦʾ ʨʦʙʦʪʠ. 

2.1.2. ʆʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʅʘʛʘʜʘʻʤʦ, ʜʣʷ ʧʦʚʥʦʪʠ ʚʠʢʣʘʜʫ, ʦʩʥʦʚʠ ʘʥʘʣʽʟʫ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʘʥʘʣ̔ʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʽʥʪʝʛʨʫʚʘʥʥʷʤ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʘʥʘʣʽʟʘʪʦʨʘ [22] ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.1, ʜʝ ʧʦʟʥʘʯʝʥʽ: 1 - ʣʘʟʝʨ. 2 - 

ʢʦʥʜʝʥʩʘʪʦʨ, 3 - ʢʦʣʽʤʘʪʦʨ, 4 - ʘʢʫʩʪʦʦʧʪʠʯʥʠʡ ʤʦʜʫʣʷʪʦʨ (ɸʆʄ), 5 - ʬʫʨ'ʻ-

ʣʽʥʟʘ, 6 - ʧʨʠʩʪʨʽʡ, ʱʦ ʨʝʻʩʪʨʫʻ ʽ ʟʦʙʨʘʞʝʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ x1, y1, z1 ʪʘ x2, ʫ12, z2. 

  

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.1  ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ 

ʂʦʥʜʝʥʩʘʪʦʨ ʽ ʢʦʣʽʤʘʪʦʨ ʧʝʨʝʪʚʦʨʷʪʴ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʣʘʟʝʨʦʤ 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʫ ʭʚʠʣʶ   ʚ ʧʘʜʘʶʯʫ ʧʽʜ ʢʫʪʦʤ   ʥʘ ɸʆʄ 

ʧʣʦʩʢʫ ʭʚʠʣʶ  ʟ ʟʘʜʘʥʦʶ 
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ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʙʽʞʫʯʠʡ ʘʢʫʩʪʠʯʥʫ ʭʚʠʣʶ , ʱʦ 
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ʧʦʰʠʨʶʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ v. ʋ ʣʽʥʽʡʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʧʦʣʝ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ 

ʧʝʨhʦʛʦ ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʧʦʨʷʜʢʫ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

 

,    (2.1) 

 

ʜʝ A ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʦʜʫʣʠʨʫʶʱʝʝ ʚʧʣʠʚ ʘʢʫʩʪʠʯʥʦʾ ʭʚʠʣʽ ʥʘ ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ɸʆʄ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʋ ʚʠʭʽʜʥʠʡ ʧʣʦʱʠʥʽ ʘʥʘʣʽʟʘʪʦʨʘ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʟʘʜʥʴʦʶ ʬʦʢʘʣʴʥʦʶ 

ʧʣʦʱʠʥʦ ʁʣʽʥʟʠ 5, ʧʦʣʝ ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ 

 

,                (2.2) 

 

ʜʝ F - ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ ʣʽʥʟʠ,  - ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʢʣʘʜʘʥʥʷ (2.1), ʬʦʨʤʫʣʫ (2.2) ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ 

ʜʦ ʚʠʛʣʷʜʫ:             

 

 ,              (2.3) 

 

ʜʝ ʦʧʫʱʝʥʠʡ ʥʝʩʫʪʪʻʚʠʡ ʥʘʜʘʣʽ ʤʥʦʞʥʠʢ   ʪʘ 

ʚʚʝʜʝʥʦ ʧʦʟʥʘʯʝʥʥʷ , ʘ  ʻ ʪʨʠʚʘʣʽʩʪʴ ʪʠʤʯʘʩʦʚʦʾ 

ʚʠʙʽʨʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʚʽʪʣʦʚʠʡ ʘʧʝʨʪʫʨʽ D. ʋ ʬʦʨʤʫʣʽ (3) ʽ ʚʩʶʜʠ ʥʠʞʯʝ 

ʷʚʥʦ ʚʽʜʦʙʨʘʞʝʥʘ ʟʘʣʝʞʥʩ̔ʪʴ ʧʦʣʷ   ʦʪ   ʟʘ ʜʦʧʦʤʦʛʦʶ . 

ʇʨʦʜʦʚʞʠʤʦ ʨʦʟʛʣʷʜʘʪʠ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʩʚʽʪʣʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʽʥʪʝʛʨʘʣʫ ʟʘ ʯʘʩʦʤ 

ʚʽʜ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ  

  

 ,                                   (2.4) 
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ʜʝ   - ʯʘʩ ʨʝʻʩʪʨʘʮʽʾ, ʱʦ ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜ ʤʦʤʝʥʪʫ t=0. 

3. ɼʦʟʚʽʣ ʤ̔ʧʫʣʴʩʽʚ ʟ ʧʨʷʤʦʢʫʪʥʦʶ ʦʙʚʽʜʥʦʾ. ʅʝʭʘʡ ʥʘ ʚʭʽʜ ʘʥʘʣʽʟʘʪʦʨʘ 

ʦʜʥʦʯʘʩʥʦ ʥʘʜʭʦʜʷʪʴ ʜʚʘ ʽʤʧʫʣʴʩʫ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʦʜʥʘʢʦʚʦʶ ʦʜʠʥʠʯʥʦʾ 

ʘʤʧʣʽʪʫʜʠ, ʘʣʝ ʟ ʨʽʟʥʠʤʠ ʥʝʩʫʯʠʤʠ ʯʘʩʪʦʪʘʤʠ , ʪʨʠʚʘʣʽʩʪʶ  ʪʘ ʯʘʩʦʤ 

ʟʘʪʨʠʤʢʠ , ʜʝ  

 

                   (2.5) 

 

ʇʽʜʩʪʘʥʦʚʢʘ (2.5) ʚ (2.3) ʜʘʻ 

 

,                         (2.6) 

 

ʜʝ ʜʦʜʘʥʦʢ , ʚ̔ʜʧʦʚ̔ʜʥʝ ʚʽʜʛʫʢʫ ʥʘ a -ʡ ʚʭʽʜʥʠʡ ʽʤʧʫʣʴʩ 

(a=1,2), ʫ ʚʠʧʘʜʢʫ ʪʠʤʯʘʩʦʚʦʾ ʘʧʨʝʪʫʨʠ T, ʤʝʥʰʦʾ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʘ , ʟ 

ʪʦʯʥʽʩʪʶ ʜʦ ʥʝʩʫʪʪʻʚʦʛʦ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʛʣʷʜʫ ʤʥʦʞʥʠʢʘ 

  ʟʘʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʚʠʨʘʟʘʤʠ: 

ʧʨʠ TR <ta 

 

;                                          (2.7) 

 

ʧʨʠ   

 

;                       (2.8) 

 

ʧʨʠ   
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;                         (2.9) 

 

ʧʨʠ +T 

 

;     (2.10) 

 

ʇʨʠ  

 

.                                          (2.11) 

 

ʋ ʬʦʨʤʫʣʘʭ (2.8-2.10) ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʟʘʧʠʩʫ ʚʚʝʜʝʥʦ ʧʦʟʥʘʯʝʥʥ̫ ʜʣʷ 

ʬʫʥʢʮʽʾ ʪʨʴʦʭ ʟʤʽʥʥʠʭ 

 , 

 

ʜʝ   . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʩʠʣʫ (2.4) ʽ (2.6), ʩʫʤʘʨʥʠʡ ʨʝʻʩʪʨʦʚʘʥʠʡ ʩʠʛʥʘʣ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ    

 

 ,             (2.12) 

 

ʜʝ   ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʪʽʣʴʢʠ ʘ-ʛʦ ʽʤʧʫʣʴʩʫ, ʘ ʪʨʝʪʽʡ ʜʦʜʘʥʦʢ 

 

,            (2.13) 

 

ʚʠʥʠʢʘʻ ʷʢ ʨʝʟʫʣʴʪʘʪ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʧʝʨʰʠʭ ʜʚʦʭ (ʨʠʩʘ ʟʚʝʨʭʫ ʦʟʥʘʯʘʻ 

ʢʦʤʧʣʝʢʩʥʝ ʩʧʦʣʫʯʝʥʥʷ). 
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ɺʠʨʘʟʠ ʜʣʷ   ʫ ʚʠʧʘʜʢʫ ʪʠʤʯʘʩʦʚʦ ʾ ʘʧʝʨʪʫʨʠ T, ʤʝʥʰʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʽʤʧʫʣʴʩʽʚ  , ʥʘʚʝʜʝʥʽ ʚ [29]. ʗʚʥʽ ʚʠʨʘʟʠ ʜʣʷ 

  ʚʠʭʦʜʷʪʴ ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚ (2.13) ʬʦʨʤʫʣ (2.7-2.11) ʽ ʪʫʪ ʥʝ 

ʥʘʚʦʜʷʪʴʩ̫ ʪʽʣʴʢʠ ʚ ʩʠʣʫ ʾʭ ʛʨʦʤʽʟʜʢʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʚʨʘʭʦʚʫʶʪʴ ʚʩʽ ʤʦʞʣʠʚʽ 

ʚʘʨʽʘʥʪʠ ʚʟʘʻʤʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʦ ʦʩʽ ʯʘʩʫ ʝʪʘʧʽʚ ʚʭʦʜʞʝʥʥʷ ʚ ʘʧʝʨʪʫʨʫ, ʾʾ 

ʧʦʚʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʽ ʚʠʭʦʜʫ ʟ ʘʧʝʨʪʫʨʠ ʢʦʞʥʦʛʦ ʟ ʽʤʧʫʣʴʩʽʚ. ʌʽʟʠʯʥʘ 

ʪʨʘʢʪʫʚʘʥʥʷ ʮʠʭ ʚʠʨʘʟʽʚ ʘʥʘʣʦʛʽʯʥʘ ʥʘʚʝʜʝʥʦʾ ʚ [29] ʜʣʷ ʚʝʣʠʯʠʥ . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʢʫʧʥʽʩʪʴ ʬʦʨʤʫʣ (2.7-2.13) ʚʠʟʥʘʯʘʻ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʥʘ ʡʦʛʦ ʚʭʽʜ ʜʚʦʭ ʽʤʧʫʣʴʩʽʚ 

ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʟ ʨʽʟʥʠʤʠ ʥʝʩʫʯʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʜʣʠʪʝʣʴʥʦʩʪʷʤʠ ʽ ʯʘʩʦʤ 

ʟʘʪʨʠʤʢʠ. 

4. ʏʠʩʝʣɹ ʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʽ ʷʢʽʩʥʽ ʪʘ 

ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʦʪʥʦʛʦ ʜʦʟʚʦʣʫ ʤʦʞʥʘ ʙʘʯʠʪʠ ʚʞʝ ʥʘ ʧʨʠʢʣʘʜʽ 

ʜʚʦʭ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʥʝʩʫʯʠʤʠ ʯʘʩʪʦʪʘʤʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʡʤʘʣʦʩʷ, ʱʦ ʪʨʠʚʘʣʦʩʪʽ 

ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ , ʘ ʚʝʣʠʯʠʥʘ ʪʠʤʯʘʩʦʚʦʾ ʘʧʝʨʪʫʨʠ 

T=800  (ʯʘʩ ʚʠʤʽʨʶʚʘʚʩʷ ʚ ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʭ̫, ʷʢʽ ʚʠʟʥʘʯʘʣʠʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ). ɿʘʪʨʠʤʢʠ ʦʙʦʭ ʽʤʧʫʣʴʩʽʚ ʙʝʟ ʚʪʨʘʪʠ ʩʧʽʣʴʥʦʩʪʽ 

ʧʦʢʣʘʜʘʣʠʩʷ ʨʽʚʥʠʤʠ t1=t2,=0,  ʘ ʪʠʤʯʘʩʦʚʘ ʝʚʦʣʶʮ̫̔  ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʨʦʟʛʣʷʜʘʣʘʩʷ ʥʘ ʽʥʪʝʨʚʘʣʽ , ʦɦ ʜʦʟʚʦʣʷʣʦ ʚʠʷʚʠʪʠ ʚʩʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʠʤʯʘʩʦʚʦʛʦ ʭʦʜʫ, ʦʩʢʽʣʴʢʠ ʧʦʪʽʤ ʩʠʛʥʘʣ ʚʠʭʦʜʠʚ ʥʘ ʩʪʘʮʽʦʥʘʨʥʝ 

ʟʥʘʯʝʥʥʷ [29]. 

ʈʠʩ. 2.2 ʽʣʶʩʪʨʫʻ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʠʤʯʘʩʦʚʦʾ ʝʚʦʣʶʮʽʾ 

ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʜ̔ʥʦʛʦ ʩʠʛʥʘʣʫ   ʚʽʜ ʚʝʣʠʯʠʥʠ , ʧʨʦʧʦʨʮʽʡʥʽʡ 

ʢʦʦʨʜʠʥʘʪʽ  ʜʣʷ ʚʽʜʥʦʩʥʦʾ ʨʘʩʪʨʦʡʢʠ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ 

 . 
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ʈʠʩʫʥʦʢ 2.2. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ ʧʨʠ ʚʝʣʠʢʽʡ ʨʘʩʩʪʨʦʡʢʝ 

ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ 

 

ɺʽʩʴ x  ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʽ  , ʘ ʚʽʩʴ y ï ʚʝʣʠʯʠʥʽ , ʧʨʠʯʦʤʫ ʣʽʚʠʡ 

ʧʽʢ ʥʘ ʮʴʦʤʫ ʽ ʥʘʩʪʫʧʥʠʭ ʤʘʣʶʥʢʘʭ ʧʨʝʜʩʪʘʚʣʷʻ ʚʭʽʜʥʠʡ ʽʤʧʫʣʴʩ ʟ ʥʝʩʫʯʦʾ 

, ʧʨʘʚʠʡ - ʽʤʧʫʣʴʩ ʟ ʥʝʩʫʯʦʶ  . 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.2, ʧʨʠ ʪʘʢʽʡ ʚʝʣʠʯʠʥʽ ʨʘʩʩʪʨʦʡʢʠ ʥʘʷʚʥʽʩʪʴ 

ʥ̔ʪʝʨʬʝʨʝʥʮ̔ ʡʥʦʛʦ ʯʣʝʥʘ ʫ ʚʠʨʘʟʽ (2.12) ʧʨʘʢʪʠʯʥʦ ʥʝʩʫʪʪʚ̒ʦ, ʽ ʽʤʧʫʣʴʩʠ 

ʜʦʩʪʦʚʽʨʥʦ ʧʦʤʽʪʥʽ ʚʞʝ ʧʽʩʣʷ ʝʪʘʧʫ ʟʘʧʦʚʥʝʥʥʷ ʥʠʤʠ ʘʧʝʨʪʫʨʠ ɸʆʄ. 

ʅʘ ʨʠʩ. 2.3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

  ʜʣʷ ʚ ʜʚʘ ʨʘʟʠ ʤʝʥʰʦʶ, ʥʽʞ ʥʘ ʨʠʩ. 1.2, ʨʘʩʩʪʨʦʡʢʠ   ʧʨʠ 

ʥʝʟʤʽʥʥʠʭ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʘʭ. ɿʽʩʪʘʚʣʝʥʥʷ ʮʠʭ ʤʘʣʶʥʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʘʩʩʪʨʦʡʢʠ ʚʧʝʚʥʝʥʝ ʜʦʟʚʽʣ ʽʤʧʫʣʴʩʽʚ 

ʤʦʞʣʠʚʦ ʣʠʰʝ ʧʨʠ ʜʦʩʠʪʴ ʚʝʣʠʢʦʤʫ (ʙʣʠʟʢɹʦʤʫ ʜʦ ʝʪʘʧʫ ʚʠʭʦʜʫ ʥʘ 

ʩʪʘʮʽʦʥʘʨʥʝ ʟʥʘʯʝʥʥʷ) ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 2.3. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʨʠ ʧʦʤʽʨʥʽʡ ʨʘʩʩʪʨʦʡʢʝ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ 

 

ʂʨʽʤ ʪʦʛʦ, ʷʢʱʦ ʜʣʷ ʨʘʩʩʪʨʦʡʢʠ     ʚʞʝ ʥʘ ʩʘʤʦʤʫ ʧʦʯʘʪʢʫ 

ʨʝʻʩʪʨʫʶʪʴʩʷ ʜʚʘ (ʥʝʭʘʡ ʽ ʩʣʘʙʦ ʧʦʤʽʪʥʠʭ) ʽʤʧʫʣʴʩʫ, ʘ ʚ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ   

ʾʭ ʚʽʜʤʽʥʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦ ʜʣʷ   ʩʧʦʯʘʪʢʫ ʦʙʠʜʚʘ ʽʤʧʫʣʴʩʫ 

ʘʙʩʦʣʶʪʥʦ ʥʝʚʠʨʘʟʥʽ (ʚʠʛʣʷʜʘʶʪʴ ʷʢ ʦʜʥʝ ʮʽʣʝ) ʽ ʣʠʰʝ ʚ ʧʨʦʮʝʩʽ ʨʝʻʩʪʨʘʮʽʾ, 

ʷʢʱʦ ʾʾ ʯʘʩ ʜʦʩʠʪʴ ʚʝʣʠʢʝ, ʚʽʜʙʫʚʘʻʪʩɹʷ ʚʩʝ ʙʽʣʴʰ ʧʦʚʥʝ ʾʭ ʜʦʟʚʽʣ. 

ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʨʠʩ. 3 ʪʘʢʦʞ ʽʣʶʩʪʨʫʶʪʴ ʩʣʘʙʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʽʟʥʝʥʥ̫  ʩʠʛʥʘʣʽʚ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ (ʟʘ ʢʨʠʪʝʨʽʻʤ ʈʝʣʝʷ) ʜʦʟʚʽʣ 

ʚʠʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʟʘʩʥʦʚʘʥʦʤʫ ʥʘ ʬʽʣʴʪʨʘʮʽʾ ʥ̔ʪʝʨʬʝʨʝʥʮʽʡʥʦʛʦ ʯʣʝʥʘ ʚ 

(1.12) ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ ʯʝʨʝʟ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ (ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʯʘʩʪʦʪʦʶ ʙʠʪʪʷ, ʧʨʦʧʦʨʮʽʡʥʦʶ ʨʽʟʥʠʮʽ ) ʬʽʣʴʪʨ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʪʘʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʨʘʩʩʪʨʦʡʢʠ e ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʡ ʯʣʝʥ ʧʦʨʽʚʥʷʻʤʦ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟ 

ʚʽʜʛʫʢʘʤʠ ʚʽʜ ʦʢʨʝʤʠʭ ʽʤʧʫʣʴʩʽʚ ʽ ʜʘʻ ʧʦʨʽʚʥʷʥʥʠʡ ʟ ʥʠʤʠ ʚʥʝʩʦʢ ʚ ʩʫʤʘʨʥʠʡ 

ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʪʦ ʡʦʛʦ ʬʽʣʴʪʨʘʮʽʷ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʢʦʨʠʩʥʦʛʦ 

ʩʠʛʥʘʣʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʧʘʜʽʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.4, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʜʚʦʭ ʧʦʧʝʨʝʜʥ̔ʭ ʱʝ ʙʽʣʴʰʦʶ ʚʝʣʠʯʠʥʦʶ ʨʘʩʩʪʨʦʡʢʠ: . ʍʘʨʘʢʪʝʨ 

ʟʤʥ̔ʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘʢʠʡ ʞʝ, ʷʢ ʽ ʥʘ ʨʠʩ. 3: ʩʧʦʯʘʪʢʫ ʦʙʠʜʚʘ ʽʤʧʫʣʴʩʫ ʷʢ 

ʻʜʠʥʠʡ ʥʝʚʠʨʘʟʥʠʡ, ʽ ʣʠʰʝ ʚ ʧʨʦʮʝʩʽ ʨʝʻʩʪʨʘʮʽʾ ʢʨʠʚʘ ʟʘʣʝʞʥʦʩʪʽ  
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ʚʽʜ   ʩʪʘʻ ʜʚʦʛʦʨʙʠʡ. ʆʜʥʘʢ ʥʘʚʽʪʴ ʧʨʠ ʚʠʭʦʜʽ ʩʠʛʥʘʣʫ ʥʘ ʩʪʘʮʽʦʥʘʨʥʝ 

ʟʥʘʯʝʥʥʷ ʮʷ ʜʚʦʛʦʨʙʠʡ ʥʝʚʝʣʠʢʘ, ʽ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʜʨʫʛʦʛʦ ʽʤʧʫʣʴʩʫ ʥʘ ʪʣʽ 

ʧʝʨʰʦʛʦ ʤʦʞʥʘ ʣʠʰʝ ʧʦʙʽʯʥʦ ʩʫʜʠʪʠ ʧʨʦ ʧʽʜʚʠʱʝʥʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʧʝʨʝʜʥʽʤ ʤʘʣʶʥʢʦʤ ʩʫʤʘʨʥʦʶ ʘʤʧʣʽʪʫʜʦʶ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

 

ʈʠʩʫʥʦʢ 2.4. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʨʠ ʤʘʣʽʡ ʨʘʩʩʪʨʦʡʢʝ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ 

ɺʪ̔ ʤ, ʷʢ ʣʝʛʢʦ ʙʘʯʠʪʠ, ʩʫʤʘʨʥʠʡ ʩʠʛʥʘʣ ʚʽʜ ʜʚʦʭ ʧʦʚʥʽʩʪʶ 

ʽʜʝʥʪʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʧʝʨʝʚʠʱʫʻ ʩʠʛʥʘʣ ʚʽʜ ʦʜʠʥʦʯʥʦʛʦ ʽʤʧʫʣʴʩʫ ʪʽʣʴʢʠ ʚ 

ʯʦʪʠʨʠ ʨʘʟʠ, ʯʦʛʦ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚ ʧʨʠʩʪʨʦ̫ʭ, ʧʘʨʘʤʝʪʨʠ 

ʷʢʠʭ ʧʦʜʽʙʥʽ ʚʠʢʦʨʠʩʪʘʥʠʤ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʧʨʠ 

ʩʝʨʝʜʥʽʭ ʽ ʤʘʣʠʭ ʚʝʣʠʯʠʥʘʭ ʨʘʩʩʪʨʦʡʢʠ ʟʘʛʘʣʴʥʠʤ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻ 

ʜʦʩʠʪʴ ʚʝʣʠʢʘ (ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʤʘʨʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʽ 

ʪʠʤʯʘʩʦʚʦʾ ʘʧʝʨʪʫʨʠ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ) ʯʘʩ ʨʝʻʩʪʨʘʮʽʾ. ʊʘʢʝ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪ̔  ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘʥʘʣʽʟʘʪʦʨʘ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ 

ʢʨʠʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʨʫʰʝʥʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʽʜʚʠʱʝʥʥʽ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ. ʆʩʥʦʚʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: 
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Å ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʨʫʰʝʥʥʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʷʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʩʠʩʪʝʤʠ; 

Å ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʜʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮ̔ ʾ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ɸʆɸʉ; 

Å ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʧʨʠ ʩʝʨʝʜʥʽʭ ʽ ʤʘʣʠʭ 

ʚʝʣʠʯʠʥʘʭ ʨʘʩʩʪʨʦʡʢʠ ʟʘʛʘʣʴʥʠʤ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻ ʜʦʩʠʪʴ ʚʝʣʠʢʘ (ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʤʘʨʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʽ ʪʠʤʯʘʩʦʚʦʾ ʘʧʝʨʪʫʨʠ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ) ʯʘʩ ʨʝʻʩʪʨʘʮʽʾ; 

Å ʦʩʥʦʚʥʠʤ ʧʽʜʩʫʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ɸʆɸʉ ̒ ʪʝ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʠʥʭʨʦʥʥʦʩʪʽ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʽʚ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʤʝʨʝʞʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS); 

Å ʧʦʜʘʣʴʰʽ ʜʦʩʣ̔ʜʞʝʥʥʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʙʘʞʘʥʦ ʧʨʠʩʚʷʪʠʪʠ 

ʦʪʨʠʤʘʥʥʷ ʢʚʘʟʽʦʧʪʠʤʘʣʴʥʠʭ ʽ ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ɸʆɸʉ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʦʙʦʪʠ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ. 

 

2.2. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʜʞʠʪʝʨʘ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʤʝʨʝʞ̔ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʩʧʝʮʽʘʣʴʥʽʡ ʧʨʦʛʨʘʤʥʽʡ ʧʣʘʪʬʦʨʤʽ 

ɺ ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʩʧʝʮʽʘʣʴʥʽʡ 

ʧʨʦʛʨʘʤʥʽʡ ʧʣʘʪʬʦʨʤʽ ʩʪʘʚʠʪʴʩʷ ʟʘʚʜʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʪʠʤʯʘʩʦʚʠʭ ʚʠʤʦʛ ʜʦ 

ʩʠʩʪʝʤʥʠʭ ʪʨʘʥʟʘʢʮʽʡ. ʏʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʧʘʨʘʤʝʪʨ̔ ʚ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʙʘʟʦʚʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, ʪʘʢ ʽ ʚʽʜ 

ʘʨʭʽʪʝʢʪʫʨʠ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. ʆʜʥʘʢ ʚ ʩʠʩʪʝʤʘʭ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ 
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ʫʧʨʘʚʣʽʥʥʷʤ ʚʧʣʠʚ ʘʨʭʽʪʝʢʪʫʨʠ ʽʩʪʦʪʥʦ ʤʝʥʰʝ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʘʥʥʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʠʤʯʘʩʦʚʠʭ ʚʠʤʦʛ ʜʦ ʩʠʩʪʝʤʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʤʦʞʝ ʙʫʪʠ 

ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʪʘʢ: ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʽ ʧʘʨʘʤʝʪʨʠ QoS, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʜʠʥʘʤʽʯʥʫ ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʥʷ ʤʝʨʝʞʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʪʠʤʯʘʩʦʚʠʭ ʚʠʤʦʛ ʜʦ ʩʠʩʪʝʤʥʠʭ ʪʨʘʥʟʘʢʮʽʡ. 

ɸʥʘʣʽʟʫ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʡ̔ʥʠʭ ʤʝʨʝʞ ʥʘ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ [3-21]. ʊʘʢ, ʚ [3-6] 

ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʽʚ. ɺ [7, 8] ʘʥʘʣʽʟʫʻʪʴʩʷ ʚʧʣʠʚ 

ʘʨʭʽʪʝʢʪʫʨʠ ʤʝʨʝʞʽ. ɺ [4, 5] ʦʩʥʦʚʥʠʡ ʫʧʦʨ ʟʨʦʙʣʝʥʠʡ ʥʘ ʘʨʭʽʪʝʢʪʫʨʫ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. ɺ [9-12] ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʯʝʨʟʽ ʧʘʢʝʪʽʚ. ɺ [13, 14] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʘʥʘʣʽʟʫ QoS. ʂʨʽʤ ʪʦʛʦ, ʦʢʨʝʤʦ ʩʪʦʾʪʴ 

ʧʠʪʘʥʥʷ ʧʨʦ ʚʟʘʤ̒ʦʟʚ'ʷʟʦʢ ʧʦʢʘʟʥʠʢʽʚ QoS ʽ ʚʠʢʦʥʘʥʥʽ ʚʠʤʦʛ ʜʦ ʪʨʘʥʟʘʢʮʽʡ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ [15-20]. ɺ [21] ʚʠʜʽʣʝʥʽ ʦʩʥʦʚʥ ̔ ʧʘʨʘʤʝʪʨʠ ʙʘʟʦʚʦʾ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʨʘʥʟʘʢʮʽʡ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. ɿʦʢʨʝʤʘ, ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʠʙʦʨ̔ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʣʘʪʬʦʨʤ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ (ʢʦʥʚʝʨʛʝʥʪʥʽ ʪʘ 

ʛʽʧʝʨʢʦʥʚʝʨʛʝʥʪʥ̔) ʽʩʪʦʪʥʫ ʨʦʣʴ ʛʨʘʻ ʟʥʘʯʝʥʥ̫  ʜʞʠʪʪʝʨʘ. ɼʞʠʪʪʝʨ - ʥʘʡʤʝʥʰ 

ʜʦʩʣʽʜʞʝʥʠʡ ʧʘʨʘʤʝʪʨ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ. ʗʢʽʩʪʴ ʜʠʥʘʤʽʯʥʦʾ 

ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, ʟʦʢʨʝʤʘ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʜʞʠʪʪʝʨʘ. 

ʄʝʪʦʶ ʧʽʜʨʦʟʜʽʣʫ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʟʥʘʯʝʥʥʷ ʜʞʠʪʪʝʨʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ 

ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʜʞʠʪʪʝʨ (ʬʘʟʦʚʠʡ ʪʨʝʤʪʽʥʥʷ), ʷʚʠʱʝ ʬʘʟʦʚʦʾ 

ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʫ (ʷʢ ʘʥʘʣʦʛʦʚʦʛʦ, ʪʘʢ ʽ ʮʠʬʨʦʚʦʛʦ). ɺ ʜʘʥʠʡ ʯʘʩ 

ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʜʞʠʪʪʝʨʘ - ʫ 

ʪʝʨʤʽʥʘʭ ʬʘʟʠ ʽ ʚ ʪʝʨʤʽʥʘʭ ʯʘʩʪʦʪʠ. ɺʽʜʦʤʦ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʯʘʩʪʦʪʠ ʽ ʬʘʟʠ 

ʧʦʚ'ʷʟʘʥʽ ʧʨʦʩʪʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ, ʪʦʙʪʦ ʦʙʠʜʚʘ ʧʽʜʭʦʜʠ ʝʢʚʽʚʘʣʝʥʪʥʽ. ʆʧʠʩ 

ʜʞʠʪʪʝʨʘ ʷʢ ʬʘʟʦʚʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʠʡʥʷʪʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ ʥʘʡʙʽʣʴʰ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʷʚʠ 
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ʚʠʟʥʘʯʝʥʴ ʜʞʠʪʝʨʘ ʷʢ ʬʘʟʦʚʠʭ ʬʣʫʢʪʫʘʮʽʡ. ɸʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʽʩʥʫʶʪʴ 

ʦʙ'ʻʢʪʠʚʥʽ ʪʨʫʜʥʦʱʽ ʚʠʤʽʨʶʚʘʥʥʷ ʬʘʟʠ. ʊʦʤʫ ʟ'ʷʚʠʣʦʩʷ ʧʨʠʢʣʘʜʥʝ ʫʷʚʣʝʥʥʷ 

ʜʞʠʪʪʝʨʘ ʷʢ ʚʘʨʽʘʮʽʾ ʯʘʩʪʦʪʠ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ. ʋ ʪʘʢʦʤʫ ʧʦʜʘʥʥʽ 

ʘʤʧʣʽʪʫʜʘ ʽ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ ʩʪʘʶʪʴ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʞʠʪʪʝʨʘ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʶ ʦʧʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʧʨʠ ʘʥʘʣʽʟʽ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ [22-24], ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʩʧʝʮʠʬʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʘʢʠʭ ʤʝʪʦʜʽʚ: ʧʘʨʘʣʝʣʴʥʦʶ ʦʙʨʦʙʢʠ, ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʽ ʯʘʩʪʦʪʦʶ ʦʧʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʪ.ʜ. 

ʎʽ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʦʚʘʥʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʩʫʯʘʩʥʠʭ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʧʘʨʘʣʝʣʴʥʦʶ 

ʦʙʨʦʙʢʦʶ ʩʠʛʥʘʣʽʚ ʫ ʰʠʨʦʢʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ ʽ ʧʨʘʢʪʠʯʥʦ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ 

ʯʘʩʫ [22]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʚʘʛ ʙʝʟʧʦʰʫʢʦʚʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʽ 

ʨʦʟʰʠʨʝʥʥʷ ʩʤʫʛʠ ʦʜʥʦʯʘʩʥʦ ʘʥʘʣʽʟʦʚʘʥʠʭ ʯʘʩʪʦʪ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʾʭ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʶ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ, ʮʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʪʝʨʽʶ ʈʝʣʝʷ [22, 23]. ʊʘʢ ʩʢʣʘʣʦʩʷ ʽʩʪʦʨʠʯʥʦ, ʟʘ ʘʥʘʣʦʛʽʻʶ 

ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʩ̔ʪʶ ʙʽʣʴʰʦʩʪʽ ʦʧʪʠʯʥʠʭ ʧʨʠʣʘʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʪʝʣʝʩʢʦʧʽʚ. 

ɸʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʟʽʨʦʢ, ʚʠʧʨʦʤʽʥʁʚʘʥʥʷ ʷʢʠʭ ʻ ʥʝʢʦʛʝʨʝʥʪʥʠʤ, ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʛʝʨʝʥʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ. 

ʆʮʽʥʢʠ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʧʨʦʚʝʜʝʥʽ ʟʘ ʢʨʠʪʝʨʽʻʤ ʈʝʣʝʷ [23], ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʧʨʠ ʨʦʟʣʘʜʽ ʩʠʛʥʘʣʫ ʽʤʧʫʣʴʩʠ ʚʞʝ ʥʝ ʧʦʤʽʪʥʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʟʘʪʨʠʤʢʠ 

ʩʠʛʥʘʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ, 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʨʠʪʝʨʽʶ ʈʝʣʝʷ, ʟʥʘʯʥʦ ʤʝʥʰʝ ʧʦʪʝʥʮʽʡʥʦʾ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ, ʷʢ ʚʽʜʦʤʦ ʽʟ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ 

ʨʘʜʽʦʣʦʢʘʮʽʾ, ʚʠʟʥʘʯʘ̒ʪʴʩʷ ʪʨʠʚʘʣʽʩʪʶ ʽʤʧʫʣʴʩʫ, ʘʙʦ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʰʽʪʢʠ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ. 
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2.2.1. ɸʥʘʣʽʟ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʜʞʠʪʪʝʨʘ ʽ ʤʝʪʦʜʠ ʡʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʞʠʪʪʝʨʘ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʫ ʚʩʴʦʤʫ 

ʞʠʪʪʻʚʦʤʫ ʮʠʢʣʽ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ. ɺ ʜʘʥʠʡ ʯʘʩ ʧʨʦʭʦʜʠʪʴ ʨʦʟʨʦʙʢʘ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ ʰʚʠʜʢʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (ʪʘʢʽ ʷʢ InfiniBand, 

PCI Express, 10-Gigabit Ethernet ʽ ʽʥ.) ɿʽ ʰʚʠʜʢʦʩʪʷʤʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʽ ʟʥʘʯʥʦ 1 ɻʙʽʪ / ʩ. ʇʨʠ ʪʘʢʠʭ ʰʚʠʜʢʦʩʪʷʭ, ʚʨʘʭʦʚʫʶʯʠ 

ʘʥʘʣʦʛʦʚʫ ʧʨʠʨʦʜʫ ʩʠʛʥʘʣʫ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʩʠʛʥʘʣʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʨʝʩʫʨʩʫ. ʆʪʨʠʤʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ, ʱʦ ʚʠʢʣʠʢʘʻ ʜʦʚʽʨʫ, ʤʦʞʣʠʚʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʭ 

ʧʨʦʮʝʜʫʨ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮ̔ʡʥʦʾ ʤʝʨʝʞʽ. 

ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʞʠʪʪʝʨʘ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ 

ʧʨʠʨʦʜʠ ʚʠʥʠʢʥʝʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʽ ʡʦʛʦ ʢʣʘʩʠʬʽʢʘʮʽʻʶ. 

ʅʘʡʯʘʩʪʽʰʝ ʜʞʠʪʪʝʨ ʚʠʢʣʠʢʘʻʪʴʩʷ ʘʤʧʣʽʪʫʜʥʠʤ ʽ ʬʘʟʦʚʠʤ ʰʫʤʦʤ, ʷʢ 

ʚʥʫʪʨʽʰʥʴʦʛʦ, ʪʘʢ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ɿʘʟʚʠʯʘʡ ʜʞʠʪʪʝʨ ʧʦʜ̔ʣʷʶʪʴ ʥʘ ʜʚʘ ʦʩʥʦʚʥʽ ʢʣʘʩʠ: ʚʠʧʘʜʢʦʚʠʡ (random 

ji tter - RJ) ʽ ʨʝʛʫʣʷʨʥʠʡ (deterministic jitter - DJ). ɺʠʧʘʜʢʦʚʠʡ ʜʞʠʪʪʝʨ 

ʦʙʫʤʦʚʣʝʥʠʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʰʫʤʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʽʩʥʫʶʪʴ ʫ ʚʩʽʡ 

ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ ʽ ʢʦʤʧʦʥʝʥʪʘʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ɺʚʘʞʘʪ̒ʴʩ̫, ʱʦ 

ʜʣʷ ʚʠʧʘʜʢʦʚʦʛʦ ʜʞʠʪʪʝʨʘ ʩʧʨʘʚʝʜʞʣʽʚʦ ʨʦʟʧʦʜʽʣ ɻʘʫʩʩʘ. ʆʪʞʝ, ʪʘʢʠʡ 

ʜʞʠʪʪʝʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʦʤʠʤʠ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ: ʩʝʨʝʜʥʽʤ 

ʟʥʘʯʝʥʥʷʤ ʽ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʚʽʜʭʠʣʝʥʥʷʤ. ɺʠʧʘʜʢʦʚʠʡ ʜʞʠʪʪʝʨʘ ʻ 

ʥʘʩʣʽʜʢʦʤ ʪʘʢʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢ: - ʪʝʧʣʦʚʠʡ ʰʫʤ (thermal noise) - 

ʚʠʢʣʠʢʘʥʠʡ ʧʦʪʦʢʦʤ ʝʣʝʢʪʨʦʥʽʚ ʚ ʧʨʦʚʽʜʥʠʢʘʭ ʽ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʤʫʛʠ 

ʧʨʦʧʫʩʢʘʥʥ̫, ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ; - ʜʨʦʙʦʚʠʡ ʰʫʤ (shot noise) - 

ʰʫʤ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ, ʷʢʠʡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚ̔ ʜ ʩʪʨʫʤʫ ʟʤʽʱʝʥʥʷ ʽ ʚʠʤʽʨʶʚʘʥʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ; - ʰʫʤ ʤʝʨʝʭʪʽʥʥʷ (flicker 

noise) - ʰʫʤ, ʩʧʝʢʪʨ ʷʢʦʛʦ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʡ̔ʥʘ ʯʘʩʪʦʪʽ, ʪ.ʟʚ. ʨʦʞʝʚʠʡ ʰʫʤ. 

ʈʝʛʫʣʷʨʥʠʡ ʜʞʠʪʪʝʨ ʚʠʢʣʠʢʘʻʪʴʩʷ ʚʧʣʠʚʦʤ ʥʘ ʩʠʛʥʘʣ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʙʣʘʜʥʘʥʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ, ʚʽʥ ʤʦʞʝ 
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ʧʨʦʷʚʠʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʽʚ ʧʦʜʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ. 

ʉʠʩʪʝʤʥʠʡ ʜʞʠʪʪʝʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʠʢʣʘʜʠ ʜʞʝʨʝʣ ʩʠʩʪʝʤʥʦʛʦ ʜʞʠʪʪʝʨʘ: 

- ʧʝʨʝʭʨʝʩʥʽ ʧʝʨʝʰʢʦʜʠ ʚʽʜ ʚʠʧʨʦʤʽʥʶʚʘʥʠʭ ʘʙʦ ʧʝʨʝʜʘʥʠʭ ʩʠʛʥʘʣʚ̔; 

- ʚʧʣʠʚ ʜʠʩʧʝʨʩʽʾ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʩʠʛʥʘʣʫ; 

- ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ʦʧʦʨʽʚ. 

ɿʘʣʝʞʥʽʩʪʴ ʧʦʷʚʠ ʜʞʠʪʪʝʨʘ ʚʽʜ ʩʧʦʩʦʙʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʥʘʡʙʽʣʴʰ 

ʩ̔ʪʦʪʥʘ, ʢʦʣʠ ʩʭʝʤʘ ʢʦʜʫʚʘʥʥʷ ʘʙʦ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ 

ʚʠʟʠʚʘʚʶʪ ʤʝʨʝʞʝʚʠʡ ʜʞʠʪʪʝʨ, ʱʦ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘ ʩʪʦʨʦʥ̔ ʧʨʠʡʤʘʯʘ. 

ɼʞʝʨʝʣʘʤʠ ʜʞʠʪʪʝʨʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʘʥʠʭ ʻ: 

- ʤʽʞʩʠʤʚʦʣʴʥʽ ʽʥʪʝʨʬʝʨʝʥʮʽʷ; 

- ʩʧʦʪʚʦʨʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʽʤʧʫʣʴʩʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ; 

- ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʜʚʽʡʢʦʚʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʞʠʪʪʝʨʘ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ 

ʧʨʠʯʠʥʠ, ʱʦ ʚʠʢʣʠʢʘʣʠ ʡʦʛʦ. ɼʞʝʨʝʣʘ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʜʞʠʪʪʝʨʘ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʘʥʘʣʽʟʫʶ ʣʽʥʽʡʯʘʪʠʡ (ʜʠʩʢʨʝʪʥʠʡ) ʩʧʝʢʪʨ ʦʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʇʨʠ 

ʘʥʘʣʽʟʽ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʘʙʦ 

ʩʧʝʢʪʨʘ ʜʞʠʪʪʝʨʘ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʞʠʪʪʝʨ ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʟʽ ʟʨʫʰʝʥʥʷʤ 

ʯʘʩʪʦʪʠ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʱʦʜʦ ʡʦʛʦ ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʫ ʦʮʽʥʢʫ ʜʞʠʪʪʝʨʘ 

ʯʝʨʝʟ ʽʩʪʦʪʥʦ ʙʽʣʴʰʦʾ ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʠʛʥʘʣʫ ʽ ʤʦʞʣʠʚʽʩʪʶ 

ʫʧʨʘʚʣʥ̔ʥʷ ʩʤʫʛʦʶ ʯʘʩʪʦʪ. ʃʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʜʞʠʪʪʝʨ ʧʦ 

ʧʽʢʘʭ ʥʘ ʩʧʝʢʪʨʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʚʘʨʮʦʚʽ ʛʝʥʝʨʘʪʦʨʠ ʟ ʬʘʟʦʚʠʤ 

ʘʚʪʦʧʽʜʩʪʨʦʶʚʘʥʥʷʤ ʯʘʩʪʦʪʠ. 

ʑʝ ʦʜʥʠʤ ʤʝʪʦʜʦʤ ʚʠʚʯʝʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʜʞʠʪʪʝʨʘ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (ʐʇʌ). ʄʝʪʦʜ ʐʇʌ ʥʝ ʪʘʢ ʪʦʯʥʠʡ, ʱʦʙ 

ʚʠʤʽʨʶʚʘʪʠ ʩʣʘʙʢʠʡ ʬʘʟʦʚʠʡ ʰʫʤ, ʘʣʝ ʚʽʥ ʥʝ ʟʘʤʽʥʠʤʦ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʰʚʠʜʢʦʛʦ ʽ ʧʨʦʩʪʦʛʦ ʧʝʨʝʛʣʷʜʫ ʽʩʪʦʪʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɺʟʘʛʘʣʽ, ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʜʞʠʪʪʝʨʘ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʥʝ ʻ ʩʧʦʩʦʙʦʤ ʡʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ, ʘʣʝ ʚʦʥʘ ʚʘʞʣʠʚʘ ʚ ʧʨʘʢʪʠʯʥʽʡ ʦʙʣʘʩʪʽ - ʷʢ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 
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ʧʨʠʯʠʥ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʪʘʢ ʽ ʜʣʷ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʨʦʙʢʠ. ʗʢʱʦ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʜʽʣʠʪʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʜʞʠʪʪʝʨ, ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʦʙʯʠʩʣʠʪʠ 

ʪʨʝʥʜ ʩʝʨʝʜʥʻ ʚʽʜʭʠʣʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʜʞʠʪʪʝʨʘ, ʪʦ ʚʠʥʠʢʥʝ ʤʦʞʣʠʚʽʩʪʴ 

ʦʮʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʙʽʪʦʚʠʭ ʧʦʤʠʣʦʢ (BER) ʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʩʠʩʪʝʤʠ, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʠʚʘʣʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥ̔ 

BER ʟ ʪʦʯʥʽʩʪʴ ʙʣʠʟʴʢʦ 10-12 ʟ 95% ʚʽʨʦʛʽʜʥʽʩʪʶ. 

ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʩʧʦʩʦʙʦʤ ʻ ʦʮʽʥʢʘ ʜʞʠʪʪʝʨʘ ʧʦ ɻʣʘʟʢʦʚʦʾ ʜʽʘʛʨʘʤʽ. 

ɻʣʘʟʢʦʚʘ ʜʽʘʛʨʘʤʘ - ʮʝ ʩʫʤʘʨʥʠʡ ʚʠʜ ʚʩʽʭ ʙʽʪʦʚʠʭ ʧʝʨʽʦʜʽʚ ʚʠʤʽʨʶʚʘʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʥʘʢʣʘʜʝʥʠʭ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. ʅʘ ʨʠʩ. 1.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʽʩʪʦʛʨʘʤʘ 

ʦʙʣʘʩʪʽ ʧʝʨʝʭʦʜʫ ʛʣʘʟʢʦʚʦʾ ʜʽʘʛʨʘʤʠ. ʇʦ ʢʨʘʷʭ ʜʽʘʛʨʘʤʠ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ 

ʨʦʙʠʪʴ ʚʠʧʘʜʢʦʚʠʡ ʜʞʠʪʪʝʨ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʢʦʤʧʦʥʝʥʪʠ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ 

ʜʞʠʪʪʝʨʘ ʧʝʨʝʚʘʞʘʶʪʴ ʚ ʮʝʥʪʨʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʘʜʢʦʚʦʛʦ 

ʜʞʠʪʪʝʨʘ ʧʦ ʢʨʘʷʭ ʛʽʩʪʦʛʨʘʤʠ ʪʨʝʙʘ "ʚʧʠʩʘʪʠ" ʛʨʘʬʽʢʠ ʬʫʥʢʮʽʾ ɻʘʫʩʩʘ ʽ ʧʦ 

ʥʠʤ ʧʦʨʘʭʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 

(ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʽ ʜʠʩʧʝʨʩʽʶ)  

 

ʈʠʩʫʥʦʢ.2.5 ɻʽʩʪʦʛʨʘʤʘ ʦʙʣʘʩʪʽ ʧʝʨʝʭʦʜʫ ʛʣʘʟʢʦʚʦʾ ʜʽʘʛʨʘʤʠ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʜʞʠʪʪʝʨʘ ʚ ʯʘʩʪʦʪʥʦʤʫ ʧʦʜʘʥʥʽ 

ʚʠʤʘʛʘʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ, ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ, 

ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʩʫʯʘʩʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ. ɺ ʜʘʥʠʡ ʯʘʩ, ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʣʠ 

ʘʢʫʩʪʦʦʧʪʠʯʥʽ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʠ, ʷʢʽ ʜʦʟʚʦʣʷʁʪʴ ʚʠʟʥʘʯʘʪʠ ʩʧʝʢʪʨ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʞʠʪʪʝʨʘ, ʷʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ ʚʘʞʣʠʚʦʶ ʻ ʚʠʩʦʢʘ ʨʦʟʜʽʣʴʥʘ 
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ʤʦʞʣʠʚʽʩʪʴ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʧʨʠʩʚʷʯʝʥʽ 

ʦʮʽʥʢʠ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʧʨʠ ʦʙʣʽʢʫ 

ʢʦʛʝʨʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

 

2.2.2 ʆʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʨʘʟʦʤ ʟ ʦʩʥʦʚʥʠʤʠ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩʠ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ, ʜʦʩʠʪʴ ʧʦʚʥʦ ʚʠʢʣʘʜʝʥʽ 

ʚ [22]. ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʮʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʙʣʠʟʴʢʠʭ ʧʦ ʯʘʩʪʦʪ̔ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʦʘʥʘʣʟ̔ʘʪʦʨʽʚ. , ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʙʽʞʫʯʠʡ ʘʢʫʩʪʠʯʥʫ ʭʚʠʣʶ 

, ʱʦ ʧʦʰʠʨʶʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ . ʋ ʣʽʥʽʡʥʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʧʦʣʝ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ ʧʝʨʰʦʛʦ ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʧʦʨʷʜʢʫ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

 

  (2.14) 

 

ʜʝ A ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʦʜʫʣʠʨʫʶʱʝʝ ʚʧʣʠʚ ʘʢʫʩʪʠʯʥʦʾ ʭʚʠʣʽ ʥʘ ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʘʢʫʩʪʦʦʧʪʠʯʥʠʡ ʤʦʜʫʣʷʪʦʨ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʋ ʚʠʭʽʜʥʠʡ ʧʣʦʱʠʥʽ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ ʧʦʣʝ ʙʫʜʝ 

ʟʘʧʠʩʫʚʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ 

 

                     (2.15) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ (1.14), ʬʦʨʤʫʣʫ (1.15) ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʜʦ 

ʚʠʛʣʷʜʫ 

 

     (2.16) 
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ʜʝ ʦʧʫʱʝʥʠʡ ʥʝʩʫʪʪʻʚʠʡ ʤʥʦʞʥʠʢ   ̔ ʚʚʝʜʝʥʦ 

ʧʦʟʥʘʯʝʥʥʷ 

,  ʘ  ï ʪʨʠʚʘʣʽʩʪʴ ʪʠʤʯʘʩʦʚʦʾ ʚʠʙʽʨʢʠ, 

ʚʽʜʧʦʚʽʜʘʶʯʠʡ ʪʠʤʯʘʩʦʚʽʡ ʘʧʝʨʪʫʨʽ D. ɺ ʬʦʨʤʫʣʽ ʽ ʚʩʶʜʠ ʥʠʞʯʝ ʷʚʥʦ 

ʚʽʜʦʙʨʘʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʣʷ  ʦʪ  ʟʘ ʜʦʧʦʤʦʛʦʶ . 

4. ɼʦʟʚʽʣ ʜʚʦʭ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ 

ʅʝʭʘʡ ʥʘ ʚʭʽʜ ʥʝʣʽʥʽʡʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʦʜʥʦʯʘʩʥʦ ʥʘʜʭʦʜʷʪʴ ʜʚʘ 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʫ ʦʜʠʥʠʯʥʦʾ ʘʤʧʣʽʪʫʜʠ, ʘʣʝ ʟ ʨʽʟʥʠʤʠ 

ʥʝʩʫʯʠʤʠ ʯʘʩʪʦʪʘʤʠ  (a = 1,2): 

,  

ʜʝ 

.                                     (2.17)  

 

ʇʽʜʩʪʘʥʦʚʢʘ (2.17) ʚ (2.16) ʜʘʻ: 

 

,                        (2.18) 

 

ʜʝ ʜʦʜʘʥʦʢ  ï ʚʽʜʧʦʚʽʜʥʝ ʚʽʜʛʫʢʫ ʥʘ a -ʡ ʚʭʽʜʥʠʡ ʨʘʜ̔ʦʩʠʛʥʘʣ 

(a=1,2). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʦʛʣʷʜʫ ʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʧʨʠʩʪʨʦʶ, ʱʦ 

ʨʝʻʩʪʨʫʻ, ʘ ʪʘʢʦʞ ʚ ʩʠʣʫ (1.5) ʩʫʤʘʨʥʠʡ ʨʝʻʩʪʨʦʚʘʥʠʡ ʩʠʛʥʘʣ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

ʫ ʚʠʛʣʷʜʽ 

,                    (2.19) 

ʜʝ 

                                   (2.20) 

ʻ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʪʽʣʴʢʠ ʘ-ʛʦ ʩʠʛʥʘʣʫ, ʘ ʪʨʝʪʽʡ 

ʜʦʜʘʥʦʢ: 

                (2 .21) 
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ʚʠʥʠʢʘʻ ʷʢ ʨʝʟʫʣʴʪʘʪ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʧʝʨʰʠʭ ʜʚʦʭ (ʨʠʩʘ ʟʚʝʨʭʫ ʦʟʥʘʯʘʻ 

ʢʦʤʧʣʝʢʩʥʝ ʩʧʦʣʫʯʝʥʥʷ). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ [23] ʤʠ ʥʝ ʧʨʦʚʦʜʠʣʠ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʟʘ ʯʘʩʦʤ ʘʤʧʣʽʪʫʜʠ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ ʷʢ ʧʨʠʩʪʨʦʾ, ʚ ʷʢʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʢʦʛʝʨʝʥʪʥʠʭ ʩʠʛʥʘʣʽʚ. 

5. ʏʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʽ ʷʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʦʪʥʦʛʦ ʜʦʟʚʦʣʫ 

ʤʦʞʥʘ ʙʘʯʠʪʠ ʚʞʝ ʥʘ ʧʨʠʢʣʘʜʽ ʜʚʦʭ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʥʝʩʫʯʠʤʠ ʯʘʩʪʦʪʘʤʠ. 

ʈʠʩ. 2.6 ʽʣʶʩʪʨʫʻ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.20), (2.21) 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʟʥʘʯʥʽʡ ʚʝʣʠʯʠʥʽ ʨʦʟʣʘʜʫ ʯʘʩʪʦʪ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʜʦʟʚʽʣ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʽ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ (ʥʘʧʨʠʢʣʘʜ, [22-24]). ɸʚʪʦʨʽʚ ʙʽʣʴʰʝ 

ʮʽʢʘʚʠʪʴ ʚʝʣʠʯʠʥʘ ʜʠʬʨʘʢʮʽʡʥʦʾ ʧʣʷʤʠ . ɿ ʦʛʣʷʜʫ ʥʘ ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʫʤʦʚ 

ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʢʦʞʥʦʤʫ 

ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʫ ʥʘ ʧʝʚʥʽʡ ʯʘʩʪʦʪʽ ʚʽʜʧʦʚʽʜʘʻ ʥʝ ʪʽʣʴʢʠ ʩʚʦʻ ʟʥʘʯʝʥʥʷ , 

ʘʣʝ ̔ ʚʣʘʩʥʘ ʰʠʨʠʥʘ ʜʠʬʨʘʢʮʽʡʥʦʾ ʧʣʷʤʠ . ʎʝ ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ ʧʽʜ ʯʘʩ 

ʛʨʘʜʫʶʚʘʥʥʷ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʩʥʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʩ̔ʪʴ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ, ʪʘʢ ʷʢ ʢʦʞʥʦʤʫ ʟʥʘʯʝʥʥʶ ʯʘʩʪʦʪʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʚʽʜʧʦʚʽʜʘʻ ʜʚʘ ʥʝʟʘʣʝʞʥ̔  ʧʘʨʘʤʝʪʨʠ. 

 

ʈʠʩʫʥʦʢ 2.6. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʨʠ ʚʝʣʠʢʦʤʫ ʟʥʘʯʝʥʥʽ ʨʘʩʩʪʨʦʡʢʠ 

ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ 

 

Dwx1 

U1,2 

wx, c
-1 Dwx2 

0,7 

1,0 

U1 U2 
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ʅʘ ʨʠʩ. 1.7 ʧʨʝʜʩʪʘʚʣʝʥ̔ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ 

ʤʘʣʦʤʫ ʟʥʘʯʝʥʥʽ ʨʦʟʣʘʜʫ ʯʘʩʪʦʪʠ ʚʭʽʜʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

 

ʈʠʩʫʥʦʢ 2.7. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʨʠ ʤʘʣʦʤʫ ʟʥʘʯʝʥʥʽ ʨʘʩʩʪʨʦʡʢʠ ʥʝʩʫʯʦʾ 

ʯʘʩʪʦʪʠ 

ɻʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʮʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜ ʧʨʦʚʝʜʝʥʠʭ ʚ [24] ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʚ ʟʘʛʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʜʚʦʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʤʦʞʥʘ 

ʚʠʷʚʠʪʠ ʬʣʫʢʪʫʘʮʽʾ ʘʤʧʣʽʪʫʜʠ ʚʠʭ̔ ʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʯʘʩʪʦʪʘʤʠ ʥʘʙʘʛʘʪʦ ʥʠʞʯʝ 

ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʈʦʟʨʘʭʫʥʢʠ 

(2.7), (2.8) ʧʨʦʚʦʜʠʣʠʩʷ ʙʝʟ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ, 

ʚʠʟʥʘʯʠʪʠ ʽ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʙʠʪʪʷ, ʪʦʙʪʦ ʢʦʣʠʚʘʥʥʷ ʥʘ ʢʦʤʙ̔ ʥʘʮʽʡʥʠʭ 

ʯʘʩʪʦʪʘʭ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʧʨʠ ʧʨʠʧʫʱʝʥʥʷʭ, ʥʘ ʷʢʠʭ ʙʘʟʫʚʘʣʠʩʷ ʧʦʧʝʨʝʜʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʊʦʜʽ ʚʠʤʽʨʶʶʯʠ ʽ ʘʥʘʣʽʟʫʶʯʠ ʟʥʘʯʝʥʥʷ xSDw  ʪʘ ʯʘʩʪʦʪʠ ʙʠʪʪʷ 

1 2x x-Dw  ʤʦʞʥʘ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ ʧʦ ʯʘʩʪʦʪʽ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ, ʧʦ-ʧʝʨʰʝ, ʯʘʩ ʚʽʜ ʯʘʩʫ ʧʨʦʚʦʜʠʪʠ ʛʨʘʜʫʶʚʘʥʥʷ 

ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ ʷʢ , ʪʦʙʪʦ ʷʢ ʬʫʥʢʮʽʶ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʪʘʢʦʞ ʚʠʜʽʣʷʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʦʟʣʘʜʫ ʥʝʩʫʯʦʾ 

ʯʘʩʪʦʪʠ (ʙʠʪʪ̫). ʎʝʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʥʘʙʣʠʟʠʪʠ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʧʦ ʯʘʩʪʦʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʽ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʜʦ ʟʥʘʯʝʥʴ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʟʘʛʘʣʴʥʦʶ ʪʝʦʨʽʻʶ 

ʨʘʜʽʦʣʦʢʘʮʽʾ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʚ ʮʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʛʝʨʝʥʪʥʠʭ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʛʝʨʝʥʪʥʦʾ ʚʟʘʻʤʦʜ̔ʾ  ʩʠʛʥʘʣʽʚ. 

U1,2 

wx,c
-1 DwxS 

0,7 

1,0 
Dwx1- x2 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʩʦʙʫ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʛʝʨʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʠʛʥʘʣʽʚ 

ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʜʞʠʪʪʝʨʘ ʜʦʟʚʦʣʠʪʴ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʢʦʥʪʨʦʣʴ ʟʘ ʷʢʽʩʪʶ 

ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʧʦ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, ʱʦ, 

ʙʝʟʩʫʤʥʽʚʥʦ, ʜʘʩʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʩʽʻʾ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʟʥʘʯʝʥʥʷ ʜʞʠʪʪʝʨʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʝʩʪʠ ʜʠʥʘʤʽʯʥʫ 

ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʚ ʪʝʣʝʢʦʤʫʥʢ̔ʘʮʽʡʥʽʡ ʧʽʜʩʠʩʪʝʤʽ, ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʦʩʣʽʜʞʝʥʦ ʨʦʣʴ ʜʞʠʪʪʝʨʘ ʥʘ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʤʝʨʝʞ.̔ ʇʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʜʞʠʪʪʝʨʘ ʽ ʧʨʠʯʠʥʠ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʡʦʛʦ ʚʠʥʠʢʥʝʥʥʷ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʧʦʣʽʧʰʫʶʪʴ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʤʝʨʝʞʽ ʟʘ ʨʘʭʫʥʦʢ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʜʞʠʪʪʝʨʘ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʛʝʨʝʥʪʥʠʭ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ. ʆʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣ̫  ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʧʨʠ ʜʚʦʭ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʨʘʜʦ̔ʩʠʛʥʘʣʘʭ ʥʘ ʚʭʦʜʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ 

ʝʬʝʢʪʠ ʥʝʣʽʥʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʘʧʨʽʦʨʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʰʠʨʠʥʠ ʜʠʬʨʘʢʮʽʡʥʦʾ ʧʣʷʤʠ ʚʽʜ ʯʘʩʪʦʪʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʅʘʚʝʜʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʙʫʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʝʨʝʚʽʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʾʭ ʫʟʛʦʜʞʝʥʥʷ ʟ ʦʪʨʠʤʘʥʠʤʠ ʨʘʥʽʰʝ 

ʪʝʦʨʝʪʠʯʥʠʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ 

ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʠʛʥʘʣʽʚ ʚ ʧʨʦʮʝʩʽ ʦʙʯʠʩʣʝʥʥʷ 

ʯʘʩʪʦʪʥʦʛʦ ʜʞʠʪʪʝʨʘ. ʅʘ ʡʦʛʦ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ʜʞʠʪʪʝʨʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʝʩʪʠ ʜʠʥʘʤ̔ʯʥʫ ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
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ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʞʘʥʦ ʧʨʠʩʚʷʪʠʪʠ ʚʠʚʯʝʥʥʶ ʤʝʪʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʜʦ 

ʪʝʦʨʝʪʠʯʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʭ ʤʝʞ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ 

ʦʧʪʠʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʚ̔. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʜʠʥʘʤʽʯʥʦʾ 

ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

 

2.3. ɿʘʩʦʙʠ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʤʝʨʝʞʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ɺ ʜʘʥʠʡ ʯʘʩ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ 

ʢʝʨʫʁ ʯ̔  ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʩʬʝʨʘʭ ʞʠʪʪʷ ʣʶʜʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ: ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʙʽʟʥʝʩʽ, ʥʘʫʮʽ ʪʘ ʦʩʚʽʪʽ, 

ʬ̔ ʥʘʥʩʘʭ ʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʝʢʪʘʭ, ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʧʨʘʚʦʦʭʦʨʦʥʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. ɺʘʞʣʠʚʝ ʤʽʩʮʝ ʪʘʢʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟʘʡʤʘʶʪʴ ʽ ʚ ʩʠʩʪʝʤʽ 

ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ 

ʚʠʢʦʥʫʚʘʥʠʭ ʝʢʩʧʝʨʪʠʟ, ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʧʨʠʡʥʷʪʪʷ 

ʝʢʩʧʝʨʪʥʠʭ ʨʽʰʝʥʴ, ʽʩʪʦʪʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʥʘ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʪʠʟʠ [13, 14]. 

ʈ̔ʟʥʦʤʘʥʽʪʥʘ ʟʘ ʬʦʨʤʘʤʠ ʽ ʟʤʽʩʪʦʤ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʘ ʜʽʷʣʴʥʽʩʪʴ 

ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʽʜ ʷʢʠʤʠ ʟʘʢʦʥʦʜʘʚʝʮʴ 

ʨʦʟʫʤʽʻ ʦʢʨʝʤʽ ʜʦʢʫʤʝʥʪʠ ʽ ʦʢʨʝʤʽ ʤʘʩʠʚʠ ʜʦʢʫʤʝʥʪʽʚ, ʜʦʢʫʤʝʥʪʠ ʽ ʤʘʩʠʚʠ 

ʜʦʢʫʤʝʥʪʽʚ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ (ʙʽʙʣʽʦʪʝʢʘʭ, ʘʨʭ̔ ʚʘʭ, ʬʦʥ-ʜʘʭ, ʙʘʥʢʘʭ 

ʜʘʥʠʭ, ʽʥʰʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ). ɯʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʤʘʻ ʷʚʣʷʪʠ ʩʦʙʦʶ ʧʨʦʮʝʩ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʢʦʥʦʜʘʚʮʝʤ ʷʢ 

ʧʨʦʮʝʩ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ, ʥʘʢʦʧʠʯʝʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ, ʧʦʰʫʢʫ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ ʟʘʚʜʘʥʴ. 

ɼʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʣʦʢʘʣʴʥʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʤʝʨʝʞʽ, ʥʘʧʨʠʢʣʘʜ, 

ʧʨʠ ʟʜʽʡʩʥʝʥʥ̔ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʾ ʨʝʻʩʪʨʘʮʽʾ, ʪʘʢ ʽ ʛʣʦʙʘʣʴʥʘ ʤʝʨʝʞʘ ɯʥʪʝʨʥʝʪ. 
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ʋ ʙʘʛʘʪʴʦʭ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʠʭ ʫʩʪʘʥʦʚ, ʷʢ ʜʝʨʞʘʚʥʠʭ, ʪʘʢ ʽ ʥʝʛʦʩʧʦʜʘʨʯʠʭ, 

ʽʩʥʫʶʪʴ ʚʣʘʩʥʽ ʩʘʡʪʠ, ʜʝ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʫʞʝ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

 ʆʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʽʜʩʠʩʪʝʤ ʮʽʻʾ ʩʠʩʪʝʤʠ - ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʥʘʜʽʡʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʠʭ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʨʚʠʥʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʝʢʩʧʝʨʪʠʟʠ, ʘ ʪʘʢʦʞ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʟ ʧʠʪʘʥʴ ʝʢʩʧʝʨʪʠʟʠ. ʊʦʤʫ ʧʝʨʝʜ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ 

ʩʪʦʷʪʴ ʜʫʞʝ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ, ʽ ʚʦʥʘ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʽʜʧʦʚʽʜʥʠʤ 

ʦʙʤʝʞʝʥʥʷʤ. ʊʽʣʴʢʠ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʫʤʦʚ ʜʦʟʚʦʣʠʪʴ ʚʩʽʡ ʽʥʬʦʨʤʘʮʽʡʥʽʡ 

ʩʠʩʪʝʤʽ ʚʠʨʽʰʠʪʠ ʧʦʩʪʘʚʣʝʥʽ ʧʝʨʝʜ ʥʝʶ ʟʘʚʜʘʥʥʷ [25]. 

ʋ ʩʫʯʘʩʥʽʡ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʽʡ ʧʨʘʢʪʠʮʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʤʝʨʝʞʽ (ʂʉ) ʻ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʢʦʤʧ'ʶʪʝʨʥʦ-ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʪʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʾʭ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. ʎʝ 

ʟʤʫʰʫʻ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʪʘʚʠʪʠ ʧʠʪʘʥʥʷ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪ ɹʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ, 

ʟʘʭʠʩʪʫ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. 

ʂʦʤʧ'ʶʪʝʨʥʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʩʫʜʦʚʽ ʝʢʩʧʝʨʪʠʟʠ ʤʘʶʪʴ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʚʘʞʢʦ ʧʽʜʜʘʶʪʴʩʷ ʜʦʢʫʤʝʥʪʫʚʘʥʥʶ ʟʘʩʦʙʘʤʠ ʢʣʘʩʠʯʥʦʛʦ 

ʟʙʝʨʝʞʝʥʥʷ ʦʬʽʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʦʙʫʤʦʚʣʝʥʘ ʩʪʨʽʤʢʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʫ ʽ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʟʘʧʘʤ'ʷʪʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʩʚʽʪʦʚʦʤʫ 

ʨʠʥʢʫ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʨ̔ ʟʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʊʽʣʴʢʠ ʚ ʝʢʩʧʝʨʪʥʦʾ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 10.9 

çɼʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚè ʤʦʞʥʘ 

ʥʘʨʘʭʫʚʘʪʠ ʩʦʪʥʽ ʪʠʩʷʯ ʤʦʞʣʠʚʠʭ ʚʠʜʽʚ ʦʙ'ʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʙʽʣʴʰʽʩʪʴ ʟ 

ʷʢʠʭ ʧʦʪʨʝʙʫʶʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, ʪʦʤʫ ʱʦ ʢʦʞʝʥ ʟ ʦʙ'ʻʢʪʽʚ - 

ʫʥʽʢʘʣʴʥʠʡ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʂʦʞʝʥ ʟ ʮʠʭ 

ʦʙ'ʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʽʥʜʠʚʽʜʫʘʣʴʥ̔ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢ, ʜʚʽ ʚʝʨʩʽʾ ʦʜʥʦʛʦ ʽ 

ʪʦʛʦ ʞ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ, 

ʚ̔ ʜʧʦʚʽʜʥʦ, ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ ʘʨʪʝʬʘʢʪʠ. ɺʩʝ ʯʘʩʪʽʰʝ ʩʫʜʦʚʠʤ ʝʢʩʧʝʨʪʘʤ 

ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʫʚʘʪʠ ʥʘʜʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ - ʩʢʦʤʧʦʥʦʚʘʥʦʾ ʪʘ 
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ʧʝʨʝʚʽʨʝʥʦʾ. ɽʢʩʧʝʨʪ ʚʠʪʨʘʯʘʻ ʯʠʤʘʣʦ ʯʘʩʫ ʥʘ ʧʦʰʫʢ ʜʨʫʢʦʚʘʥʠʭ ʪʘ 

ʝʣʝʢʪʨʦʥʥʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʫhʻ ʪʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ 

ʝʢʩʧʝʨʪʠʟ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʬʘʭʽʚʮʷʤʠ ʩʝʢʪʦʨʘ ʢʦʤʧ'ʶʪʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ 

 ̔ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʍʘʨʢʽʚʩʴʢʦʛʦ ʅɼɯ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʽʤ. 

ɿʘʩʣ. ʇʨʦʬ. ʄ.ʉ. ɹʦʢʘʨʽʫʩʘ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʘ 

çɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ ʧʦ ʧʨʘʢʪʠʮʽ 

ʢʦʤʧ'ʶʪʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟè. ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʚʠʤʘʛʘʻ 

ʜʠʥʘʤʽʯʥʦʶ, ʰʚʠʜʢʦ ʥʘʧʦʚʥʶʻʪʴʩʷ, ʧʨʦʩʪʠʡ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʣʝʛʢʦʜʦʩʪʫʧʥʦʶ 

ʩʠʩʪʝʤʠ, ʟʜʘʪʥʦʾ ʟʙʝʨʽʛʘʪʠ ʟʘʟʥʘʯʝʥʫ ʚʠʱʝ ʽʥʬʦʨʤʘʮʽʶ ʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʧʦ-

ʤʘʭ ʽ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʥʝʾ. ɿ ʦʛʣʷʜʫ ʥʘ ʭʘʨʘʢʪʝʨ ʽʥʬʦʨʤʘʮʽʾ, ʯʘʩ 

ʜʦʩʪʫʧʫ ʜʦ ʥʝʾ ʤʘʻ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ, ʱʦ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʡ Internet. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʽ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʢʨʽʤ ʟʥʘʯʥʦʛʦ ʯʠʩʣʘ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʱʦ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʟʚ'ʷʟʢʫ, ʧʦʨʦʜʠʣʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʙʣʝʤ, 

ʚʠʢʣʠʢʘʥʠʭ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʚ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ. ʎʝ 

ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʜʦ ʜʽʷʣʴʥʦʩʪʽ ʝʢʩʧʝʨʪʥʦʛʦ ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ, ʷʢʝ ʧʦʚʠʥʥʦ 

ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴ ʟʘ ʧʦʪʦʯʥʠʤ ʩʪʘʥʦʤ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ, ʤʦʞʣʠʚʽʩʪʶ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ, ʘ ʪʘʢʦʞ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ 

ʮʠʤʠ ʢʘʥʘʣʘʤʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚ ʪʝʦʨʽʾ ʧʦʙʫʜʦʚʠ, ʤʦʜʠʬʽʢʘʮʽʾ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʮʠʬʨʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʠʥʠʢʘʻ ʜʦʩʠʪʴ ʟʘʛʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʧʦ 

ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʽʚ, ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʝʨʝʞʽ ʪʘ ʾʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

ɺʠʨʽʰʝʥʥʶ ʜʘʥʦʾ ʩʢʣʘʜʥʦʾ ʽ ʙʘʛʘʪʦʛʨʘʥʥʦʾ ʧʨʦʙʣʝʤʠ ʙʫʣʠ ʧʨʠʩʚʷʯʝʥʽ 

ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʘʥʘʣʽʟʫʚʘʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ̔ ʧʨʦʧʦʥʫʚʘʣʠ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʾ. ɹʘʛʘʪʦ ʟ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʜ̔ʞʝʥʴ ˇʨʫʥʪʫʚʘʣʠʩʷ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʘʩʪʦʪʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ 

ʚ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɸʜʞʝ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 
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ʚʠʤʽʨʶʚʘʥʴ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ ʚ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ, ʜʦʟʚʦʣʠʪʴ 

ʟʥʠʟʠʪʠ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ ʽ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ  ̔ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ, ʱʦ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʴ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʧ̔ʜʭʦʜʽʚ ʜʦ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʴʦʛʦʜʥʽ ʘʢʫʩʪʦʦʧʪʠʯʥʽ 

ʤʝʪʦʜʠ ʢʦʥʢʫʨʫʶʪʴ ʟ ʮʠʬʨʦʚʦʶ ʪʝʭʥʽʢʦʶ, ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ ʷʢʦʾ ʜʦʟʚʦʣʷʶʪʴ 

ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʨʷʜ ʟʘʚʜʘʥʴ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʽʩʥʫʶʪʴ ʟʘʚʜʘʥʥʷ, ʚ 

ʷʢʠʭ ʮʠʬʨʦʚʽ ʟʘʩʦʙʠ ʧʦʩʪʫʧʘʶʪʴʩʷ ʘʢʫʩʪʦʦʧʪʠʯʥʽ. ʎʠʬʨʦʚʘ ʪʝʭʥʽʢʘ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʧʨʠʣʘʜʘ, ʥʝ ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʰʠʨʦʢʫ ʤʠʪʪʻʚʫ 

ʩʤʫʛʫ ʘʥʘʣʽʟʫ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʟ ʧʨʠʡʥʷʪʥʠʤ ʯʘʩʪʦʪʥʠʤ ʜʦʟʚʦʣʦʤ. 

ɿʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ ʟʥʘʯʝʥʥʶ ʩʤʫʛʠ ʘʥʘʣʽʟʦʚʘʥʠʭ ʦʜʥʦʯʘʩʥʦ ʯʘʩʪʦʪ, 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦ ʯʘʩʪʦʪʽ ʽ ʯʘʩʫ ʧʨʠʙʫʪʪʷ ʩʠʛʥʘʣʫ ʘʢʫʩʪʦʦʧʪʠʯʥʽ 

ʘʥʘʣʽʟʘʪʦʨʠ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ 

ʙʦʨʦʪʴʙʠ, ʨʘʜʽʦʣʦʢʘʮʽʾ, ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʽ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ʽ 

ʚʠʨʽʰʝʥʥʷ ʽʥʰʠʭ ʟʘʚʜʘʥʴ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʜʝ ʧʦʪʨʽʙʥʘ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ . 

ɸʢʫʩʪʦʦʧʪʽʯʝʩʢʽʝ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʘ (ɸʆɸʉ) ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽ 

ʚ ʤʝʨʝʞʘʭ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʤʝʨʝʞʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʧʦʢʘʟʥʠʢʠ QoS ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

ɸʣʝ ʥʘ ʫʚʘʟʽ ʰʚʠʜʢʦʛʦ ʟʙʣ̔ʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʪʘ ʦʙʤʝʞʝʥʦʩʪʽ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʫ, ʟʛʽʜʥʦ [30], ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. ɯ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ 

ʪʝʭʥʽʢʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʚʦʜʠʪʴʩ ̫ ʘʢʫʩʪʦʦʧʪʠʯʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʫ 

ʩʧʝʢʪʨʘ. ɯʩʥʫʶʯʽ ɸʆɸʉ ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʦ ʯʘʩʪʦʪʽ, ʘʣʝ ʚʩʝ ʞ ʚʦʥʠ ʥʝ ʜʦʩʷʛʣʠ ʩʚʦʾʭ ʪʝʦʨʝʪʠʯʥʠʭ ʦʙʤʝʞʝʥʴ 

[39-51]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʚʘʛ ʙʝʟʧʦʰʫʢʦʚʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʽ 

ʨʦʟʰʠʨʝʥʥʷ ʩʤʫʛʠ ʦʜʥʦʯʘʩʥʦ ʘʥʘʣʽʟʦʚʘʥʠʭ ʯʘʩʪʦʪ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 
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ʘʥʘʣʽʟʘʪʦʨʘʭ ʩʧʝʢʪʨʘ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ ʛʣʠʙ-ʢʦʛʦ ʘʥʘʣʽʟʫ ʾʭ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪ̔ ʧʦʢʘʟʥʠʢʠ QoS ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ 

ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʣ̔ɹ ʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʶ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ QoS ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ 

ʧʨʠʜʽʣʝʥʦ ʚʝʣʠʢʫ ʫʚʘʛʫ [4-21]. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʦʚʝʜʝʥʦ ʚ [4-6]. ɸʥʘʣʽʟ [7, 8] ʚʧʣʠʚʫ ʘʨʭʽʪʝʢʪʫʨʠ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [4, 5, 

7, 8]. ʈʦʙʦʪʠ [9-14] ʧʨʠʩʚʷʯʝʥʽ ʘʥʘʣʽʟʫ ʯʝʨʛ ʧʘʢʝʪʽʚ ʽ ʨʦʟʨʦʙʮʽ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʽʘʛʥʦʩʪʠʢʠ QoS ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ. ʂʨʽʤ ʪʦʛʦ, ʦʢʨʝʤʦ 

ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʧʨʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʧʦʢʘʟʥʠʢʽʚ QoS ʽ ʚʠʢʦʥʘʥʥʽ ʚʠʤʦʛ ʜʦ 

ʪʨʘʥʟʘʢʮʽʡ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ [15-20]. ɺ [21] ʚʠʜʽʣʝʥʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʙʘʟʦʚʦʾ ʪʝʣʝʢʦʤʫʥ̔ʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʪʨʘʥʟʘʢʮʽʡ ʢʦʧʴʶʪʝʨʥʦ ʾ ʩʠʩʪʝʤʠ. ɿʦʢʨʝʤʘ, ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʠʙʦʨʽ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ (ʢʦʥʚʝʨʛʝʥʪʥʽ ʪʘ 

ʛʽʧʝʨʢʦʥʚʝʨʛʝʥʪʥʠʝ) ʽʩʪʦʪʥʫ ʨʦʣʴ ʛʨʘʻ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ 

ʢʦʥʪʨʦʣʴ ʩʪʽʡʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ .. ɺ 

ʨʦʙʦʪʽ [25] ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ʜʞʠʪʪʝʨʘ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʧʜ̔ʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʜʠʥʘʤʽʯʥʫ 

ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɺ ʨʦʙʦʪʽ [31] ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ 

ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʨʫʰʝʥʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʦʘʥʘʣ̔ʟʘʪʦʨʘ. 

ʄʝʪʦʶ ʧʽʜʨʦʟʜʽʣʫ ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʙʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣ̔ʚ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʘʭ ʩʧʝʢʪʨʘ, ʷʢʘ 
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ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ɸʆɸʉ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʟʚʦʣʫ ʧʦ ʯʘʩʪʦʪʽ ʜʚʦʭ ʥʝʦʜʥʦʯʘʩʥʠʭ ʨʘʜʽʦʽʤʧʫʣʴʩʽʚ ʚʝʣʠʢʦʾ ʪʨʠʚʘʣʦʩʪʽ. 

ɼʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʧʦʢʨʘʱʝʥʥʷ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʨʘʜʽʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʽʟʫ. ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʢʣʘʩʽʚ ʟʘʩʦʙʽʚ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʘʢʫʩʪʦʦʧʪʠʯʥʽ ʘʥʘʣʽʟʘʪʦʨʠ 

ʩʧʝʢʪʨʘ. 

ʆʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ ʧʨʠʩʚʷʯʝʥʘ 

ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ. 

ʊʘʢ, ʚ [32] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʦʪʠ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʽʚ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʟ ʧʨʦʩʪʦʨʦʚʦ - ʥʝʽʥʚʘʨʽʘʥʪʥʠ ʘʧʘʨʘʪʥʦʾ ʬʫʥʢʮʽʻʶ. 

ʋʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ 

ʧʨʠ ʾʭ ʘʢʫʩʪʦʦʧʪʠʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʦʟʛʣʷʥʫʪʽ ʚ [33]. 

ɺ [34] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ 

ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʦʜʥʦʯʘʩʥʦ ʷʢ ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʘʢ ʽ ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʩʢʣʘʜʦʚʠʭ. 

ʄʦʞʣʠʚʽʩʪʴ ʟʤʝʥʝhʥʥ̫ ʯʘʩʫ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʢʠ ʩʧʝʢʪʨʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ 

[35]. ɸʚʪʦʨʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʢʚʘʜʨʘʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʢʠ ʩʧʝʢʪʨʘ ʚ ʽʥʪʝʨʬʝʨʝʥʮʽʦʥʥʠʭ 

ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʧʨʦʩʪʠʪʠ ʾʭ 

ʨʝʘʣʽʟʘʮʽʶ. 

ʉʝʨʝʜ ʜʦʩʪʦʾʥʩʪʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʠʩʪʦ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʘʚʪʦʨʠ ʩʪʘʪʪʽ [36] ʚʠʜʽʣʷʶʪʴ ʪʘʢʽ, ʷʢ ʧʨʦʩʪʦʪʘ, 

ʤʝʥʰʽ ʛʘʙʘʨʠʪʠ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽ ʚʘʨʪʽʩʪʴ. ʇʨʠ ʮʴʦʤʫ ʜʦ ʾʭ ʥʝʜʦʣʽʢʽʚ 

ʚʽʜʥʦʩʷʪʴ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʠʡ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʝʣʽʥʽʡʥʽʩʪʶ 

ɸʊ ʚʟʘʻʤʦʜʽʾ. 
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2.3.1. ʆʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥ̫  ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ. 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʥʘ ʨʘʜʽʦʪʝʭʥʽʯʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʘʢʫʩʪʦʦʧʪʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ, ʥʘʜʭʦʜʷʪʴ ʜʚʘ ʽʤʧʫʣʴʩʫ ʦʜʥʘʢʦʚʦʶ 

ʪʨʠʚʘʣʦʩʪʽ , ʧʝʨʰʠʡ ʚ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ t1 ʪʘ t2, ʘ ʜʨʫʛʠʡ ʚ ʽʥʪʝʨʚʘʣʽ t3 ʪʘ t4, 

ʧʨʠ ʮʴʦʤʫ, ʪʦʙʪʦ ʽʤʧʫʣʴʩʠ ʚʝʣʠʢʦʾ ʪʨʠʚʘʣʦʩʪʽ, ʟ ʯʘʩʪʦʪʘʤʠ 

ʟʘʧʦʚʥʝʥʥʷ   ʠ , ʪʘʢʠʤʠ, ʱʦ  (ʨʠʩ. 1.8). 

 

 

 

 

 

 

 

 

 

 

 

ʅʘ ʚʠʭʦʜʽ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʩʧʝʢʪʨʠ ʘʥʘʣʽʟʦʚʘʥʠʭ 

ʽʤʧʫʣʴʩʽʚ ʤʘʪʠʤʫʪʴ ʚʠʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.9 (ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ 

ʟʦʙʨʘʞʝʥʽ ʩʧʝʢʪʨʠ ʢʦʞʥʦʛʦ ʽʤʧʫʣʴʩʫ ʦʢʨʝʤʦ, ʘ ʰʪʨʠʭʦʚʠʡ - ʨʝʟʫʣʴʪʫʶʯʘ 

ʩʧʝʢʪʨʘ). ʗʩʥʦ, ʱʦ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩ̫ 

ʚʝʣʠʯʠʥʦʶ , ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ. ʎʶ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʷʢ , ʜʝ  a ï ʧʘʨʘʤʝʪʨ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʠʬʨʘʢʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʠʜʥʦ, ʱʦ ʜʚʘ ʽʤʧʫʣʩɹʫ, ʱʦ ʧʨʠʡʰʣʠ ʚ ʨʽʟʥʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʟ 

ʙʣʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦ ʯʘʩʪʦʪʽ , ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʤʽʪʥʽ 

ʥʘ ʧʽʜʩʪʘʚʽ ʢʨʠʪʝʨʽʶ ʈʝʣʝʷ. 

T, ʩ 

U, ɺ 

 

t1          t2                        t3t4 

ʈʠʩʫʥʦʢ 2.8 ɺʭʽʜʥʠʡ ʩʠʛʥʘʣ (ʜʚʘ ʪʨʠʚʘʣʠʭ ʽʤʧʫʣʴʩʘ) 

ʟ  ʙʣʠʟʴʢʠʤʠ ʥʝʩʫʱʠʤʠ ʯʘʩʪʦʪʘʤʠ) 
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ɸʣʝ, ʷʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʪʘʢʽ ʽʤʧʫʣʴʩʠ ʜʦʩʠʪʴ ʯʘʩʪʦ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʽʟʥʷʪʠ, ʪʦʙʪʦ ʚʠʤʨ̔ʁʚʘʪʠ ʯʘʩʪʦʪʫ ʟ ʪʦʯʥʽʩʪʶ, ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʯʫ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʤʝʪʦʜʠʢʦʶ ʦʙʨʦʙʢʠ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ [34], ʷʢʘ ʚ ʨʘʜʽʦʣʦʢʘʮʽʾ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʯʘʩ 

ʟʘʧʽʟʥʶʚʘʥʥʷ ʧʨʠʭʦʜʫ ʜʦʩʠʪʴ ʜʦʚʛʦʛʦ ʽʤʧʫʣɹʩʫ ʟ ʪʦʯʥʽʩʪʶ, ʱʦ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨʠ ʽʤʧʫʣʴʩʫ. ɺʦʥʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ 

ʤ̔ʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦ ʩʪʨʦʙʫ ʟʤʽʥʥʦʛʦ ʟʥʘʢʫ ʪʘ ʧʦʜʘʣʴʰʦʛʦ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʯʘʩʫ 

ʧʨʠʭʦʜʫ ʩʠʛʥʘʣʫ ʟ ʜʠʩʧʝʨʩʽʻʶ, ʟʥʘʯʥʦ ʤʝʥʰʦʶ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʮʝʡ ʧʽʜʭʽʜ ʙʫʜʝ ʧʦʰʠʨʝʥʠʡ ʽ ʥʘ ʚʠʤ̔ ʨ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʩʧʝʢʪʨʘ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʘʭ ʩʧʝʢʪʨʘ. 

ʅʘ ʨʠʩ. 2.10 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʩʪʨʦʙ 

ʤʘʻ ʚʠʛʣʷʜ ʜʚʦʭ ʩʭʽʜʯʘʩʪʠʭ ʬʫʥʢʮʽʡ: ʧʦʟʠʪʠʚʥʦʾ ʽ ʥʝʛʘʪʠʚʥʦʾ. ɺʽʩʽ   

ʠ T, ʩ ʻ ʧʦ ʩʫʪʽ ʪʦʪʦʞʥʠʤʠ, ʪʘʢ ʷʢ ʨʘʭʫʥʦʢ ʧʦʪʦʢʫ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ, ʻ, ʚʟʘʛʘʣʽ 

ʢʘʞʫʯʠ, ʬʫʥʢʮʽʻʶ ʯʘʩʫ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ, ʚ ʷʢʦʤʫ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2.11. 

 

 

 

ʈʠʩ. 2.9. ɺʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʽʤʧʫʣʴʩʽʚ ʧʨʠ ʤʘʣʽʡ ʨʘʩʩʪʨʦʡʢʝ ʯʘʩʪʦʪʠ 

U1,2, ɺ 

1
x ʩ,
-w  

2x1x w-w  
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ʗʢ ʚʠʜʥʦ, ʥʘ ʨʠʩ. 2.10, 2.11 ʦʙʨʦʙʢʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʧʦ ʩʪʨʦʙʫ ʟʤʽʥʥʦʛʦ ʟʥʘʢʫ ʽ ʪʦʜʽ ʽʥʪʝʛʨʘʣ 

ʧʦ ʚʩʴʦʤʫ ʩʪʨʦʙʫ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʩʫʤʦʶ ʜʚʦʭ ʽʥʪʝʛʨʘʣʽʚ 

, 

ʜʝ ̔ʥʪʝʛʨʘʣʠ  i   ʤʦʞʣʠʚʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

                              (2.22) 

 

,                        (2.23) 

T, ʩ 

U, ɺ 

 

str1x t-
    e          

1x
            

str1x t+   

ʈʠʩ.2.10 ʉʪʨʦʙʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʩʧʝʢʪʨʘ ʜʚʦʤʘ 

ʩʭ̔ʜʯʘʩʪʠʤʠ ʽʤʧʫʣʴʩʘʤʠ 

1
x ʩ,
-w  

 
xw 

 

0x

 
wd  

ʈʠʩʫʥʦʢ 2.11 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʦʙʨʦʙʢʠ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ 

ñ 

ñ 

ɸʆʉɸ 

S 
    ʇʨʠʩʪʨʽʡ 

   ʬʦʨʤʫʚʘʥʥʷ 

   ʩʪʨʦʙʘ 
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ʜʝ  ï ʧʨʷʤʦʫʛʦʣʴʥʘ ʽʤʧʫʣʴʩʥʘ ʬʫʥʢʮʽʷ;  ï 

ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʫ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ;  ï ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

ʧʦʪʦʢʫ ʩʠʛʥʘʣʴʥʠʭ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ;  ï ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʫ 

ʟʘʚʘʜʦʚʠʭ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ. 

ɼʣʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʧʦʪʦʢʫ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ ʩʧʨʘʚʝʜʣʠʚʦ ʥʘʩʪʫʧʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

,                                             (2.24) 

 

ɼʝ   i ï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʘʭʫʥʢʫ ʧʦ ʯʘʩʪʦʪʽ ʩʠʛʥʘʣʴʥʠʭ 

ʽ ʟʘʚʘʜʦʚʠʭ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ, ʚʽʜʧʦʚʽʜʥʦ. 

ʗʢ ʚʽʜʦʤʦ [35], ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʫ ʩʠʛʥʘʣʴʥʠʭ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ 

ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʘʭ ʩʧʝʢʪʨʘ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʪʘʢʦʤʫ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ: 

 

,                                          (2.25) 

 

ʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʤʝʭʦʚʠʭ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ ʧʦʩʪʽʡʥʦ ʥʘ ʚʩʴʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. 

ɯʥʪʝʛʨʘʣʠ  i   ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʩʫʤʫ ʜʚʦʭ 

ʽʥʪʝʛʨʘʣʽʚ ʢʦʞʝʥ, ʚʽʜʧʦʚʽʜʥʦ: 

;   ,ʛʜʝ   ï ʽʥʪʝʛʨʘʣʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʚʝʜʽʥʢʫ 

ʩʠʛʥʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʪʦʢʫ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ, ʘ   ï ʟʘʚʘʚʜʦʚʦʾ: 

 

 ,                                         (2.26) 

 

,                                         (2.27) 
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ʜʝ ʧʦʟʥʘʯʝʥʥʷ  ʚʽʜʧʦʚʽʜʘʻ ʽʥʪʝʛʨʫʚʘʥʥʶ ʧʦʪʦʢʫ 

ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ ʧʦ ʩʪʨʦʙʫ. 

ʊʦʜʽ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʚʠʨʘʟ ʜʣʷ ʬʫʥʢʮʽʾ, ʷʢʘ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ 

ʩʧʝʢʪʨʘ ̫ʢ . ɺʚʝʜʝʤʦ ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ   ʚʽʜ   

ʢ̫ . ɸʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʠ, ʷʢ  

 

.                                   (2.28) 

 

ʉʧʨʷʤʫʻʤʦ ʚʠʨʘʟ   ʜʦ ʥʫʣʷ, ʪʦʜ ̔  ̔ , ʪʦʙʪʦ ʤʝʞʘ ʩʪʨʠʙʘʻ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ. ʊʦʜ̔ ʚʝʣʠʯʠʥʘ 

ʩʝʨʝʜʥʴʦʛʦ ʚʽʜʭʠʣʝʥʥʷ  e ʚʽʜʧʦʚʽʜʥʦ ʜʦ (1.28) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 

 

                          (2.29) 

 

ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʜʠʩʧʝʨʩʽʾ ʚʝʣʠʯʠʥʠ ʚʽʜʭʠʣʝʥʥʷ   ʚʽʜ   ʚ ʫʤʦʚʘʭ 

ʧʨʦʧʦʥʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʩʧʝʢʪʨʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʦʙʨʝ ʚʽʜʦʤʦ, ʱʦ 

 ʘʙʦ, ʚʨʘʭʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.27, 

2.28): 

.                   (2.30) 

 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʚʠʜ ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʧʝʢʪʨʘ ʩʠʤʝʪʨʠʯʥʠʡ, ʪʦ ʜʣʷ 

ʩʧʨʦʱʝʥʥʷ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʜʦʧʫʩʪʠʪʠ, ʱʦ   i  

ʊʦʜʽ ʚʠʨʘʟ ʜʣʷ ʜʠʩʧʝʨʩʽʾ   ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

      

                                               (2.31) 

 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʚʝʣʠʯʠʥʠ e ʧʨʦʘʥʘʣʽʟʫʡʤʦ ʢʦʞʝʥ ʟ ʜʦʜʘʥʢʽʚ 

ʚʠʨʘʟʠ (2.31). ɿ ʦʛʣʷʜʫ ʥʘ, ʱʦ ʧʦʩʪʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʞʥʘ ʚʠʥʦʩʠʪʠ ʟ-ʧʽʜ 
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ʟʥʘʢʘ ʜʠʩʧʝʨʩʽʾ, ʟʚʽʚʰʠ ʾʭ ʜʦ ʜʨʫʛʦʛʦ ʩʪʝʧʝʥʷ, ʫʷʚʤ̔ʦ ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʫ 

ʚʠʛʣʷʜʽ (2.31): 

 

.                  (2.32) 

 

ɺʠʨʘʟ (2.31) ʚʢʣʶʯʘʻ ʜʠʩʧʝʨʩʽʶ ʚʽʜ ʽʥʪʝʛʨʘʣʘ ʧʦʪʦʢʫ ʩʠʛʥʘʣʴʥʠʭ 

ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ ʧʦ ʩʪʨʦʙʫ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʚʠʨʘʟʫ (2.32) ʥʝʦʙʭʽʜʥʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʪʽʢ ʩʠʛʥʘʣʴʥʠʭ ʬʦʪʦʝʣʝʢʪʨʦʥ̔ʚ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʘʥʘʣʽʟʘʪʦʨʽ ʩʧʝʢʪʨʘ, ʷʢ ʚʽʜʦʤʦ, ʦʧʠʩʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʇʫʘʩʩʦʥʘ. ɸʣʝ ʦʜʥʠʤ ʟ 

ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʟʘ ʟʘʢʦʥʦʤ 

ʇʫʘʩʩʦʥʘ, ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚʟʘʻʤʥʦʾ ʢʦʨʝʣʷʮʽʾ ʩʢʣʘʜʦʚʠʭ ʧʫʘʩʩʦʥʦʚʩʢʠʤ ʧʦʪʦʢʫ, 

ʪʦʙʪʦ ʢʦʞʥʝ ʟʥʘʯʝʥʥ̫ ʨʝʘʣʽʟʘʮʽʾ , ʱʦ ʚʭʦʜʠʪʴ ʚ ʽʥʪʝʛʨʘʣ (2.32), ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʥʝʟʘʣʝʞʥʠʤ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʽ ʥʘʩʪʫʧʥʦʛʦ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʚʠʱʝʩʢʘʟʘʥʝ, ʽʥʪʝʛʨʘʣ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʝʩʢʽʥʯʝʥʥʦʾ ʩʫʤʦʶ ʚʟʘʻʤʥʦ 

ʥʝʟʘʣʝʞʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʪʦʢʫ ʩʠʛʥʘʣʴʥʠʭ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ. ɿ ʦʛʣ̫ʜʫ ʥʘ ʪʝ, ʱʦ 

ʜʠʩʧʝʨʩʽʷ ʩʫʤʠ, ʭʦʯ ʽ ʥʝʩʢʽʥʯʝʥʥʦʶ, ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʜʠʩʧʝʨʩʽʡ, ʪʦ ʜʠʩʧʝʨʩʽʶ 

ʤʦʞʥʘ ʚʥʝʩʪʠ ʧʽʜ ʟʥʘʢ ʽʥʪʝʛʨʘʣʘ   

 

.                        (2.33) 

 

ʇʽʜʩʪʘʚʘʤʠ ʚ (2.33) ʚʠʨʘʟ (2.25) ʽ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ 

 

.            (2.34) 

 

ɺ̔ʜʥʦʰʝʥʥʷ   ʚ ʥʘʪʫʨʘʣʴʥʦʤʫ ʚʠʨʘʞʝʥʥʽ (2.34) ʻ ʧʦʩʪʽʡʥʠʤ, 

ʪʦʙʪʦ ʱʦ ʥʝ ʟʤʽʥʶʶʪʴʩ ̫ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʽ ʪʦʤʫ ʡʦʛʦ ʪʝʞ ʤʦʞʥʘ 

ʚʠʥʝʩʪʠ ʟʘ ʟʥʘʢ ʜʠʩʧʝʨʩʽʾ 
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                     (2.35) 

 

ʊʘʢ ʷʢ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʇʫʘʩʩʦʥʘ ʭʘʨʘʢʪʝʨʥʦ ʨʚ̔ʥʩ̔ʪʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʦʯʽʢʫʚʘʥʥʷ ʽ ʜʠʩʧʝʨʩʽʾ, ʚʠʨʘʟ ʜʣʷ ʜʠʩʧʝʨʩʽʾ (2.35) ʤʦʞʥʘ ʦʩʪʘʪʦʯʥʦ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

,                         (2.36) 

 

ʆʪʨʠʤʘʥʠʡ ʽʥʪʝʛʨʘʣ ʣʝʛʢʦ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʘʙʣʠʯʥʦʛʦ, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʠ 

ʦʪʨʠʤʫʻʤʦ 

 

.                                              (2.37) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʤ̫ ʤʽʞ   ʠ , ʚʠʨʘʟ (2.37) ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

 

.                                              (2.38) 

 

ʇʨʠ ʤʥʦʞʝʥʥʽ ʯʠʩʝʣʴʥʠʢʘ ʽ ʟʥʘʤʝʥʥʠʢʘ ʫ ʚʠʨʘʟʽ (2.38) ʽ ʚʨʘʭʦʚʫʶʯʠ 

ʨʽʚʥʽʩʪʴ ʜʠʩʧʝʨʩʽʡ ʧʦ ʩʠʤʝʪʨʠʯʥʦʤʫ ʩʪʨʦʙʫ ʜʣʷ ʜʠʩʧʝʨʩʽ ʾ ʩʠʛʥʘʣʴʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ, ʦʪʨʠʤʘʻʤʦ ʚʽʜʧʦʚʽʜʥʠʡ ʚʠʨʘʟ 

 

,                                           (2.39) 

 

ʜʝ   ï ʝʥʝʨʛʽʷ ʚʠʤʽʨʶʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ (  ï ʙʝʟʨʦʟʤʽʨʥʘ 

ʚʝʣʠʯʠʥʘ, ʪʘʢ ʷʢ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜ ʝʥʝʨʛʽʻʶ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʤʘʻʪʴʩʷ 

ʥʘ ʫʚʘʟʽ ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʬʦʪʦʥʽʚ). 
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ʇʨʦʚʽʚʰʠ ʘʥʘʣʦʛʽʯʥʽ ʤʽʨʢʫʚʘʥʥʷ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʽ ʜʣʷ 

ʜʠʩʧʝʨʩʽʾ, ʦʙʫʤʦʚʣʝʥʦʾ ʧʦʤʝʭʦʚʦʡ ʩʢʣʘʜʦʚʦʾ ʧʦʪʦʢʫ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ: 

.                                         (2.40) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʩʧʝʨʩʽʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

.                                        (2.41) 

ɿ (2.41) ʚʠʜʥʦ, ʱʦ ʜʠʩʧʝʨʩʽʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʧʨʦʧʦʨʮʽʡʥʘ 

ʰʠʨʠʥʽ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʧʝʢʪʨʘ ʽ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ. ɸʣʝ ʚ 

ʪʦʡ ʞʝ ʯʘʩ ʟ (2.41) ʚʠʜʥʦ, ʱʦ ʽ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʤʝʭʦʚʦʡ ʩʢʣʘʜʦʚʦʾ 

ʜʠʩʧʝʨʩʽʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʙʫʜʝ ʚʽʜʤʽʥʥʘ ʚʽʜ ʥʫʣʷ ʯʝʨʝʟ 

ʢʚʘʥʪʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩ̔ ʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽ 

ʩʧʝʢʪʨʘ. ʆʯʝʚʠʜʥʦ, ʱʦ ʟʙʽʣʴʰʫʶʯʠ ʝʥʝʨʛʽʶ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ, ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ:  , ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʪʦʯʥʽʰʝ 

ʚʠʤʽʨʶʚʘʪʠ ʯʘʩʪʦʪʫ ʨʘʜʽʦʽʤʧʫʣʴʩʫ ʚʝʣʠʢʦʾ ʪʨʠʚʘʣʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ 

ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʟ̔ʘʪʦʨʘʭ ʩʧʝʢʪʨʘ ʾʭ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʧʦʣʽʧʰʝʥʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʠʢʘʤʠ, 

ʟʘʩʥʦʚʘʥʠʤʠ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʨʠʪʝʨʽʶ ʈʝʣʝʷ. 

ɺʠʩʥʦʚʢʠ. ʋ ʧ̔ʜʨʦʟʜ̔ʣ̔ ʧʨʦʘʥʘʣʟ̔ʦʚʘʥʦ ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʩʠʩʪʝʤʠ 

ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʆɸʉ ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʩʫʜʥʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

ʊʘʢʦʞ ʚ ʧ̔ʜʨʦʟʜ̔ʣ̔ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʚ 

ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. ʎʷ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ɸʆɸʉ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʽʤʧʫʣʴʩʥʦʛʦ 

ʩʠʛʥʘʣʫ ʧʦ ʩʪʨʦʙʫ ʟʤʽʥʥʦʛʦ ʟʥʘʢʫ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʯʘʩʫ ʧʨʠʭʦʜʫ ʩʠʛʥʘʣʫ ʟ 

ʜʠʩʧʝʨʩʽʻʶ, ʟʥʘʯʥʦ ʤʝʥʰʦʶ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ. ʋ ʧʨʦʧʦʥʦʚʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʮʷ ʤʝʪʦʜʠʢʘ ʙʫʜʝ ʧʦʰʠʨʝʥʘ ʽ ʥʘ ʚʠʤʽʨ ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʧʝʢʪʨʘ ʚ 
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ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʘʭ ʩʧʝʢʪʨʘ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʧʦʪʽʢ 

ʩʠʛʥʘʣʴʥʠʭ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽ ʩʧʝʢʪʨʘ ʦʧʠʩʫʻʪʴʩʷ 

ʨʦʟʧʦʜʽʣʦʤ ʇʫʘʩʩʦʥʘ, ʜʦʩʷʛʘʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [] 2
ʠʟʤɼ dw<<e , ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʠʪʠ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʢʘʥʘʣʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʂʉ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʟʘʙʝʟʧʝʯʫʻ ʽʩʪʦʪʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ QoS ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ 

ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ɯʩʥʫʶʯʽ ʘʧʘʨʘʪʥʽ ʦʙʤʝʞʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʨʠʪʝʨʽʾ ʈʝʣʝʷ, ʥʝ ʻ ʛʨʘʥʠʯʥʠʤʠ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʠʢ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʚ̔ ʤʦʞʥʘ ʽʩʪʦʪʥʦ 

ʧʽʜʚʠʱʠʪʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦ ʯʘʩʪʦʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ 

ʩʧʝʢʪʨʘ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʘʥʘʣʽʟʘʪʦʨʘʭ ʩʧʝʢʪʨʘ. 

 

2.4. ʄʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ 

 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʬʫʥʢʮʽʦʥʫʻ ʢʦʣʦʩʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʛʦʪʦʚʠʭ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʙʫʣʠ 

ʩʪʚʦʨʝʥʽ ʚ ʨʽʟʥʠʡ ʯʘʩ. ɼʣʷ ʾʭ ʨʦʟʨʦʙʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʨʽʟʥʽ ʧʽʜʭʦʜʠ. ʋ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʠ ʨʦʟʨʦʙʮʽ ʙʽʣʴʰ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʽ ʟʘʩʪʦʩʫʚʘʪʠ ʚʞʝ ʛʦʪʦʚʽ ʟʘ ʩʚʦʾʤʠ ʬʫʥʢʮʽʷʤʠ, ʚʞʝ ʧʨʘʮʶʶʪʴ ʛʦʪʦʚʽ 

ʢʦʤʧʦʥʝʥʪʠ. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʾʭ ʩʪʚʦʨʝʥʥʽ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʷ 

ʚʠʤʦʛʠ ʩʫʤʽʩʥʦʩʪʽ. ʎʽ ʢʦʤʧʦʥʝʥʪʠ ʥʝ ʨʦʟʫʤʽʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ, ʚʦʥʠ ʥʝ 

ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʩʧʽʣʴʥʦ. ɹʘʞʘʥʦ ʤʘʪʠ ʤʝʭʘʥʽʟʤ ʘʙʦ ʥʘʙʽʨ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʷʪʴ ʟʨʦʙʠʪʠ ʪʘʢʽ ʥʝʟʘʣʝʞʥʦ ʨʦʟʨʦʙʣʝʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʨʝʩʫʨʩʠ ʩʫʤʽʩʥʠʤʠ. ɻʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʪʘʢʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʻ, ʧʝʨʰ ʟʘ ʚʩʝ, ʧʦʣʝʛʰʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʚʽʜʜʘʣʝʥʠʭ 



 112 

ʨʝʩʫʨʩʽʚ ʽ ʢʦʥʪʨʦʣʴ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʨʝʩʫʨʩʽʚ (ʢʦʤʧ'ʶʪʝʨʽʚ, 

ʬʘʡʣʽʚ, ʜʘʥʠʭ ʚ ʙʘʟʽ ʜʘʥʠʭ (ɹɼ). ʗʢʨʘʟ ʜʦ ʪʘʢʠʭ ʨʝʩʫʨʩʽʚ ʚʽʜʥʦʩʷʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʨʦʟʧʦʜʽʣʝʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ʈɯʉ). 

ʅʘʙʽʨ ʟ'ʻʜʥʘʥʠʭ ʢʘʥʘʣʘʤʠ ʟʚ'ʷʟʢʫ ʢʦʤʧ'ʶʪʝʨʽʚ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ 

ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ (ʜʦʜʘʪʦʢ), ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʦʢʨʝʤʦʛʦ ʧʨʦʮʝʩʫ. 

ʂʦʨʠʩʪʫʚʘʯ̔  ʽ ʜʦʜʘʪʢʠ ʦʜʥʦʤʘʥʽʪʥʦ ʧʨʘʮʶʶʪʴ ʚ ʈɯʉ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʜʝ ʽ 

ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʮ̫ ʚʟʘʻʤʦʜʽʷ. ɼʣʷ ʮʴʦʛʦ ʈɯʉ ʧʦʚʠʥʥʽ ʤʘʪʠ ʪʘʢʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʧʨʠʭʦʚʫʚʘʥʥʷ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ 

ʢʦʤʧ'ʶʪʝʨʘʤʠ ʽ ʩʧʦʩʦʙʽʚ ʟʚ'ʷʟʢʫ ʤʽʞ ʥʠʤʠ. ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʈɯʉ ʻ ʩʧʦʩʽʙ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʜʥʘʢʦʚʘ 

ʨʦʙʦʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʽ ʜʦʜʘʪʢʽʚ) ʚ ʈɯʉ. ʈɯʉ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʪʘʢʠʤ 

ʚʠʤʦʛʘʤ: - ʧʨʦʟʦʨʽʩʪʴ; - ʚʽʜʢʨʠʪʽʩʪʴ; - ʛʥʫʯʢʽʩʪʴ; - ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ 

(ʨʦʟʰʠʨʶʚʘʥʽʩʪʴ). ʋ ʮʠʭ ʚʠʤʦʛʘʭ ʬʽʢʩʫʶʪʴʩʷ ʜʚʘ ʽʩʪʦʪʥʽ ʤʦʤʝʥʪʠ: 

ʘʚʪʦʥʦʤʥʽʩʪʴ ʚʫʟʣʽʚ ʈɯʉ ʽ ʫʷʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʷʢ ʻʜʠʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʦʶ ʩʧʦʣʫʯʥʦʶ ʣʘʥʢʦʶ ʈɯʉ ʻ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʈʽʟʥʦʤʘʥʽʪʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʽ 

ʧʨʦʥʠʢʘʻ ʚ ʫʩʽ ʩʬʝʨʠ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪ̔ . ʅʝ ʻ ʚʠʥʷʪʢʦʤ ʽ ʩʫʜʦʚʘ ʝʢʩʧʝʨʪʠʟʘ. 

ʈʦʟʧʦʜʽʣʝʥʠʡ ʭʘʨʘʢʪʝʨ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʽ 

ʟʥʘʯʠʤʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʩʠʩʪʝʤʦʶ, ʧʨʝʜ'ʷʚʣʷʶʪʴ ʧʽʜʚʠʱʝʥʽ 

ʚʠʤʦʛʠ ʷʢ ʜʦ ʩʪʨʫʢʪʫʨʠ ʩʘʤʦʾ ʩʠʩʪʝʤʠ, ʪʘʢ ʽ ʜʦ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ 

ʨ̔ ʟʥʠʤʠ ʧ̔ ʜʩʠʩʪʝʤʘʤʠ. ʇʦʜʦʣʘʥʥʶ ʮʠʭ ʧʨʦʙʣʝʤ ʙʫʣʦ ʧʨʠʩʚʷʯʝʥʦ ʚʝʣʠʢʝ 

ʯʠʩʣʦ ʜʦʩʣʽʜʞʝʥʴ [4, 7-10, 14, 16, 39, 42]. 

ɿʥʘʯʥʝ ʤʽʩʮʝ ʚ ʮʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʡʤʘʻ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʷʢʦʩʪʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʈɯʉ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

ʇʨʦʚʝʜʝʥʽ ʚ ʮʠʭ ʨʦʙʦʪʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʈɯʉ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ 

ʷʢʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʙʝʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [8, 

14, 16-18, 21, 24, 25]. 
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ʆʪʞʝ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʩʽʻʾ ɯʉ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʘʥʘʣʽʟ ʽʩʥʫʯʁʠʭ ʤʦʜʝʣʝʡ ʽ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʽ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ QoS 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʟʘ ʨʘʭʫʥʦʢ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ 

ʦʮʽʥʶʚʘʥʥʷ ʯʘʩʪʦʪ ʜʚʦʭ ʦʜʥʦʯʘʩʥʦ ʧʨʠʡʰʣʠ ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʩʚʝʨʭʨʝʣʝʝʚʩʢʦʛʦ ʜʦʟʚʦʣʫ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʘʥʘʣʽʟʘʪʦʨʘʭ ʩʧʝʢʪʨʘ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʨʷʜ ʧʨʠʚʘʪʥʠʭ 

ʟʘʚʜʘʥʴ: 

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʽ 

ʟʘʚʜʘʥʥʷ, ʷʢʽ ʚʦʥʠ ʚʠʨʽʰʫʶʪʴ. 

2. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʆɸʉ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʛʥʘʣʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʽ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

3. ʆʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ 

ʚʝʣʠʯʠʥʠ ʨʦʟʣʘʜʫ ʧʦ ʯʘʩʪʦʪʽ ʜʚʦʭ ʽʤʧʫʣʴʩʽʚ. 

 

2.4.1. ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʆɸʉ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʤʝʨʝʞʽ. 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʪ̔ʥʦʾ ʩʫʤʽʩʥʦʩʪʽ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʩʥʫʶʯʠʭ ʚ ʜʘʥʠʡ ʯʘʩ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʚ'ʷʟʢʫ, 

ʨʘʜʽʦʥʘʚʽʛʘʮʽʾ ʽ ʨʘʜʽʦʣʦʢʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ, ʚ ʨʝʘʣʴʥʦʤʫ 

ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʚʠʟʥʘʯʘʪʠ ʧʘʨʘʤʝʪʨʠ ʜʞʝʨʝʣ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿʘʚʜʘʥʥʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦh ʠʨʶʶʪʴʩʷ ʩʠʛʥʘʣʽʚ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʩʫʯʘʩʥʽ ʨʘʜʽʦʪʝʭʥʽʯʥʽ ʢʦʤʧʣʝʢʩʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʘʢʽ ʷʢ: ʯʘʩʪʦʪʘ, ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ, ʧʝʨʽʦʜ 

ʧʨʦʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ. ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ 

ʦʙʨʦʙʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʢʫʩʪʦʦʧʪʠʯʥʽ ʚʟʘʻʤʦʜʽʷ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ 
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ʩʧʝʮʠʬʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʘʢʠʭ ʤʝʪʦʜ̔ʚ: ʧʘʨʘʣʝʣʴʥʦʶ, ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʽ ʯʘʩʪʦʪʦʶ ʦʙʨʦʙʢʠ ʦʧʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʪ.ʜ. [25, 42, 44]. 

ʇʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʘʥʘʣʽʟʘʪʦʨʘʭ ʩʧʝʢʪʨʘ (ɸʆɸʉ), ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʽ 

ʧʘʨʘʣʝʣʴʥʦʶ ʦʙʨʦʙʢʦʶ ʩʠʛʥʘʣʽʚ ʫ hʠʨʦʢʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ ʽ ʧʨʘʢʪʠʯʥʦ ʚ 

ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ [42]. ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥ̫ ɸʆɸʉ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʨʦʟʰʠʨʝʥʥʷ ʩʤʫʛʠ ʦʜʥʦʯʘʩʥʦ ʘʥʘʣʽʟʦʚʘʥʠʭ 

ʯʘʩʪʦʪ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʮʠʭ ʧʨʠʣʘʜʽʚ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʶ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ, ʮʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʪʝʨʽʶ ʈʝʣʝʷ [42]. ʊʘʢ ʩʢʣʘʣʦʩʷ ʽʩʪʦʨʠʯʥʦ, ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʙʽʣʴʰʦʩʪʽ ʦʧʪʠʯʥʠʭ ʧʨʠʣʘʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʪʝʣʝʩʢʦʧʽʚ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ ʨʦʙʦʪʘʭ [25, 44], ʧʨʠʩʚʷʯʝʥʠʭ ʧʨʦʙʣʝʤʽ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʽ 

ʽʥʰʽ ʬʽʟʠʯʥʽ ʧʨʠʥʮʠʧʠ. ʊʘʢ ʚ [25] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʝʣʽʥʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʚʟʘʻʤʦʜʽʾ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʘʥʘʣʽʟ 

ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʚʟʘʻʤʦʜʽʾ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʘʭ 

ʩʧʝʢʪʨʘ, ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʙʝʟ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʬʣʫʢʪʫʘʮʽʡ. 

ɼʫʞʝ ʯʘʩʪʦ ʯʘʩʪʦʪʠ ʚʠʤʽʨʶʚʘʥʠʭ ʚ ɸʆɸʉ ʨʘʜʠʦʠʤʧʫʣɹʩʦʚ ʥʘʩʪʽʣʴʢʠ 

ʙʣʠʟʴʢʽ, ʱʦ ʨʦʟʨʽʟʥʠʪʠ ʾʭ ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ ʈʝʣʝʷ, ʪʘʢ ʽ ʽʥʰʠʭ 

ʤʝʪʦʜʽʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. ɸʣʝ ʚ ʽʤʧʫʣʴʩʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʾ ʽʩʥʫʻ 

ʤʝʪʦʜ ʩʚʝʨʭʨʝʣʝʝʚʩʢʦʛʦ ʜʦʟʚʦʣʫ ʚʫʟʴʢʦʩʤʫʛʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʧʦ ʯʘʩʫ ʾʭ 

ʧʨʠʭʦʜʫ. ʆʩʥʦʚʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ  ̒ʙʝʩʰʫʤʦʚʘʷ ʽʜʝʘʣʽʟʘʮʽʷ ʩʠʛʥʘʣʴʥʦʾ ʩʫʤʽʰʽ ʽ 

ʾʾ ʘʥʘʣʽʪʠʯʥʠʤ ʧʦʜʘʥʥʷʤ ʧʦʣʠʥʦʤʦʤ, ʩʪʫʧʽʥʴ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʜʞʝʨʝʣ 

ʩʠʛʥʘʣʫ, ʘ ʢʦʨʽʥʥʷ ʦʜʥʦʟʥʘʯʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʾʭ ʧʘʨʘʤʝʪʨʘʤʠ. 
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2.4.2. ʆʮʽʥʢʘ ʧʦʪʝʥʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʣʘʜʫ ʧʦ ʯʘʩʪʦʪʽ 

ʜʚʦʭ ʽʤʧʫʣʴʩʽʚ 

ʗʢ ʜʦʙʨʝ ʚʽʜʦʤʦ, ʚ ʙʽʣʴʰʦʩʪʽ ʽʩʥʫʶʯʠʭ ʚ ʜʘʥʠʡ ʯʘʩ ɸʆɸʉ, 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʝ ʟʯʠʪʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʟ ʣʽʥʽʡʢʠ ʬʦʪʦʯʫʪʣʠʚʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʻ ʚʝʢʪʦʨ, ɦʦ ʤʽʩʪʠʪʴ   

ʚʠʤʽʨʶʚʘʥʴ ʚ ʪʦʯʢʘʭ   ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, ʨʦʟʧʦʜʽʣʝʥʦʾ ʟʘ ʟʘʢʦʥʦʤ 

ʇʫʘʩʩʦʥʘ . ʂʦʞʝʥ ʝʣʝʤʝʥʪ ʚʝʢʪʦʨʘ ʚʠʤʽʨʶʚʘʥʴ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ   ʪʘ ʜʠʩʧʝʨʩʽʻʶ ɼ , 

ʧʨʠʯʦʤʫ 

   . 

ɺʽʜʦʤʦ [10], ɦ ʦ   ̒  ʬʫʥʢʮʽʷʤʠ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ , , : 

 

,                                  (2.42) 

 

ʜʝ ï ʧʘʨʘʤʝʪʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʠʬʨʘʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʥʘʣʽʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ, ʘ ʥʝʚʽʜʦʤʠʤ ʻ ʧʘʨʘʤʝʪʨ D, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʘʩʩʪʨʦʡʢʫ ʧʦ ʯʘʩʪʦʪʽ 

ʜʚʦʭ ʘʥʘʣʽʟʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ. 

ɺ (2.42) ʘʤʧʣʽʪʫʜʘ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʦʨʤʦʚʘʥʦʾ ʜʦ ʦʜʠʥʠʮʽ, ʦʩʢʽʣʴʢʠ ʾʾ 

ʦʙʣʽʢ ʚ ʧʦʜʘʣʴʰʦʤʫ ʥʝ ʤʘʻ ʪʨʫʜʥʦʱʽʚ. 

ʅʘ ʨʠʩ. 2.12, 2.13 ʧʦʢʘʟʘʥʠʡ ʤʦʞʣʠʚʠʡ ʚʠʜ ʩʝʨʝʜʥʦɹʛʦ ʟʥʘʯʝʥʥʷ 

ʚʝʢʪʦʨʘ n, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ (2.22) ʧʨʠ ʟʥʘʯʝʥʥʷʭ  i  

ʚʽʜʧʦʚʽʜʥʦ (ʚʝʣʠʯʠʥʘ D = 1). 

ʇʨʠ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜʣʽʢʽʚ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʩʧʽʣʴʥʝ ʾʭ ʨʦʟʧʦʜʽʣ ʙʫʜʝ 

ʤʘʪʠ ʚʠʛʣʷʜ: 

 

,                                        (2.43) 

 

ʜʝ                                            (2.44) 
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ʇʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʪʝʥʮʽʡʥʫ ʪʦʯʥʽʩʪʴ ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ  D. 

2 0 2
0

1

2

b i 10,( )

x i( )                 

2 0 2
0

1

2

b i 10,( )

x i( )    

ʈʠʩ. 2.12 ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ n    ʈʠʩ. 2.13. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ n 

         ʧʨʠ ʘ =                                                                  ʧʨʠ ʘ = 0,5 

ʇʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʘ ʜʠʩʧʝʨʩʽʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʘ D ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʭʦʜʷʯʠ ʟ ʥʝʨʽʚʥʦʩʪʽ ʈʘʦ-ʂʨʘʤʝʨʘ. ɺʦʥʘ ʜʦʨʽʚʥʶʻ ʟʚʦʨʦʪʥʽʡ ʚʝʣʠʯʠʥʽ 

ʦʯʽʢʫʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʪʦʙʪʦ ʫʩʝʨʝʜʥʝʥʦʛʦ ʧʦ ʨʝʘʣʽʟʘʮʽʷʤ) ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ 

ʣʦʛʘʨʠʬʤʘ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ (2), ʚʟʷʪʦʾ ʟ ʧʨʦʪʠʣʝʞʥʠʤ ʟʥʘʢʦʤ [18]: 

 

,                    (2.45) 

 

ʜʝ ʤʝʞʘ ʥʘʜ ʚʠʨʘʟʦʤ ʦʟʥʘʯʘʻ ʟʥʘʢ ʫʩʝʨʝʜʥʝʥʥʷ,  

 

 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʠʨʘʟ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʠʩʧʝʨʩʽʾ ʥʝ ʤʽʩʪʠʪʴ ʜʨʫʛʠʭ 

ʧʦʭ̔ʜʥʠʭ ʚʽʜ bi. ʅʘ ʧʨʘʢʪʠʮʽ ʽʩʪʠʥʥʽ ʟʥʘʯʝʥʥʷ   ʥʝʚʽʜʦʤʽ, ʪʦʤʫ ʾʭ ʟʘʤʽʥʶʶʪʴ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʮʽʥʢʘʤʠ. ʆʜʥʘʢ ʪʫʪ ʤʠ ʥʝ ʨʦʟʛʣʷʜʘʻʤʦ ʧʠʪʘʥʥʷ ʦʪʨʠʤʘʥʥʷ 

ʦʮʽʥʦʢ ʥʝʚʽʜʦʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʽ ʜʣʷ ʮʽʣʝʡ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʝʥʮʽʡʥʦʾ 

ʪʦʯʥʦʩʪʽ ʚ̔ʜ ʚʝʣʠʯʠʥʠ ʥʝʚʽʜʦʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʚʽʥ ʪʦʯʥʦ 

ʚʽʜʦʤʠʡ. 
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ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ 

ʧʦʤʠʣʢʠ ʦʮʽʥʶʚʘʥʥʷ ʨʘʩʩʪʨʦʡʢʠ ʜʚʦʭ ʽʤʧʫʣʴʩʽʚ ʧʦ ʯʘʩʪʦʪʽ  ʚ̔ʜ ʚʝʣʠʣʯʠʥʠ 

ʨʘʩʩʪʨʦʡʢʠ  ʧʨʠ ʨʽʟʥʡ̔ ʯʘʩʪʦʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʘʨʘʤʝʪʨʘ x. ɼʠʩʢʨʝʪʠʟʘʮʽʷ 

ʧʘʨʘʤʝʪʨʘ ʭ ʧʨʦʚʦʜʠʣʘʩʷ ʥʘ ʽʥʪʝʨʚʘʣʽ [ï 2 p /a, 2p/a], ʪ.ʝ. 

, ʛʜʝ i = 1, 2, é , N; ʜʝ N ï ʢʽʣʴʢʽʩʪʴ ʜʠʩʢʨʝʪ ʥʘ 

ʦʙʨʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʘ = p ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3 ʠ 4, 

ʘ ʥʘ ʨʠʩ. 5 ʠ 6 ï ʜʣʷ ʘ = 0.5. ʂʽʣʴʢʽʩʪʴ ʜʠʩʢʨʝʪ ʚʠʙʠʨʘʣʦʩʷ ʨʽʚʥʠʤ 10 ʽ 100. 

0 0.5 1
0

0.2

0.4

s j( )

D j( )                      
0 0.5 1

0

0.02s j( )

D j( )  

ʈʠʩ. 2.14 ɿʘʣʝʞʥʽʩʪʴ   ʚʽʜ ʚʝʣʠʯʠʥʠ ʨʘʩʩʪʨʦʡʢʠ D  ʈʠʩ. 2. 15ɿʘʣʝʞʥʽʩʪʴ  

ʚʽʜ ʚʝʣʠʯʠʥʠ ʨʘʩʩʪʨʦʡʢʠ D  

                      ʧʨʠ N = 10, ʘ = p                                                                    

ʧʨʠ  N = 100, ʘ = p 

0 0.5 1
0

0.2

0.4

s j( )

D j( )                         

0 0.5 1
0

0.02s j( )

D j( )           

 ʈʠʩ. 2.16. ɿʘʣʝʞʥʽʩʪʴ  ʚʽʜ ʚʝʣʠʯʠʥʠ         ʈʠʩ. 2.17. ɿʘʣʝʞʥʽʩʪʴ  ʚʽʜ 

ʚʝʣʠʯʠʥʠ        ʨʘʩʩʪʨʦʡʢʠ D ʧʨʠ N = 10, ʘ = 0,5                      ʨʘʩʩʪʨʦʡʢʠ D ʧʨʠ 

N = 100, ʘ = 0,5    

 

ɸʥʘʣʽʟ ʨʠʩ. 2.14 ï 2.17 ʧʦʢʘʟʫʻ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ 

ʧʦʤʠʣʢʠ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʣʘʜʫ ʧʦ ʯʘʩʪʦʪʽ ʚʽʜ ʾʾ ʚʝʣʠʯʠʥʠ ʥʦʩʠʪʴ ʧʝʨʽʦʜʠʯʥʠʡ 

ʭʘʨʘʢʪʝʨ. ʎʝ ʧʨʠʨʦʜʥʦ, ʦʩʢʽʣʴʢʠ ʩʢʣʘʜʦʚʠʤʠ ʚ (2.45) ʻ ʪʘʢʦʞ ʧʝʨʽʦʜʠʯʥʽ 
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ʬʫʥʢʮʽʾ. ʆʜʥʘʢ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʝʣʠʯʠʥʠ ʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʥʘ ʦʙʨʘʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʩʪʘʻ ʤʝʥʰ ʧʦʤʽʪʥʦʶ (ʨʠʩ. 2.12, 2.13), ʯʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʚʽʜʤʽʥʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʫ ʢʨʠʚʠʭ ʥʘ ʨʠʩ. 2.14, 2.16. ʇʨʠ ʤʘʣʦʤʫ ʯʠʩʣ̔ ʜʠʩʢʨʝʪ 

(N = 10, ʨʠʩ. 2.14, 2.16) ʪʘ ʥʝʚʝʣʠʢʽʡ ʚʝʣʠʯʠʥʽ ʨʘʩʩʪʨʦʡʢʠ  

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʤʠʣʢʘ ʦʮʽʥʶʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʨʽʚʥʷʥʥʘ ʟ ʡʦʛʦ 

ʚʝʣʠʯʠʥʦʶ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʦʮʽʥʦʢ ʚ ʮʠʭ ʫʤʦʚʘʭ 

ʤʘʣʦʡʤʦʚʽʨʥʦ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʜʠʩʢʨʝʪ ʥʘ ʦʙʨʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ (N = 100, 

ʨʠʩ. 2.15, 2.17) ʚʝʣʠʯʠʥʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 

10% ʚʽʜ ʚʝʣʠʯʠʥʠ ʦʮʽʥʶʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ.  

 

ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 2 

 

ʋ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʥʘʥʥʷ ʜʦʩʠʪʴ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛ 

ʜʦ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʦʙʤʽʥ ʚ 

ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʪʨʦʣʶ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʢʦʥʪʨʦʣʶ ʟʘ ʯʘʩʪʦʪʦʶ ʧʦʰʠʨʶʶʪʴʩʷ ʚ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ 

ʽʤʧʫʣʴʩʚ̔ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʘʥʘʣʽʟʘʪʦʨʦʚ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦ ʯʘʩʪʦʪʽ. 

ʋ ʨʦʟʜʽʣʽ  ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʨʫʰʝʥʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʽʜʚʠʱʝʥʥʽ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʘʢʫʩʪʦʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ. ʆʩʥʦʚʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: 

Å ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʨʫʰʝʥʥʷ 

ʩʪʘʙʽʣʽʟʘʮ̔ ʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʷʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʩʠʩʪʝʤʠ; 

Å ʚ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʜʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ɸʆɸʉ; 

Å ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʧʨʠ ʩʝʨʝʜʥ̔ ʭ ʽ ʤʘʣʠʭ 

ʚʝʣʠʯʠʥʘʭ ʨʘʩʩʪʨʦʡʢʠ ʟʘʛʘʣʴʥʠʤ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻ ʜʦʩʠʪʴ ʚʝʣʠʢʘ (ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʤʘʨʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʽ ʪʠʤʯʘʩʦʚʦʾ ʘʧʝʨʪʫʨʠ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ) ʯʘʩ ʨʝʻʩʪʨʘʮʽʾ; 

Å ʦʩʥʦʚʥʠʤ ʧʽʜʩʫʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ɸʆɸʉ ʻ ʪʝ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʠʥʭʨʦʥʥʦʩʪʽ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʽʚ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʤʝʨʝʞʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS); 

ɺ ʨʝʟʫʣɹʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʚ ʮʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʛʝʨʝʥʪʥʠʭ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʛʝʨʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʠʛʥʘʣʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʩʦʙʫ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʛʝʨʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʠʛʥʘʣʽʚ 

ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʜʞʠʪʪʝʨʘ ʜʦʟʚʦʣʠʪʴ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʢʦʥʪʨʦʣʴ ʟʘ ʷʢʽʩʪʶ 

ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʧʦ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, ʱʦ, 

ʙʝʟʩʫʤʥʽʚʥʦ, ʜʘʩʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʩʽʻʾ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʟʥʘʯʝʥʥʷ ʜʞʠʪʪʝʨʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʝʩʪʠ ʜʠʥʘʤʽʯʥʫ 

ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺ ʨʦʟʜʽʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. ʎʷ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ɸʆɸʉ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦ ʩʪʨʦʙʫ 
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ʟʤʽʥʥʦʛʦ ʟʥʘʢʫ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʯʘʩʫ ʧʨʠʭʦʜʫ ʩʠʛʥʘʣʫ ʟ ʜʠʩʧʝʨʩʽʻʶ, ʟʥʘʯʥʦ 

ʤʝʥʰʦʶ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ. ʋ ʧʨʦʧʦʥʦʚʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʷ ʤʝʪʦʜʠʢʘ ʙʫʜʝ 

ʧʦʰʠʨʝʥʘ ʽ ʥʘ ʚʠʤʽʨ ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʧʝʢʪʨʘ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʘʭ 

ʩʧʝʢʪʨʘ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʧʦʪʽʢ ʩʠʛʥʘʣʴʥʠʭ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ ʚ 

ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽ ʩʧʝʢʪʨʘ ʦʧʠʩʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʇʫʘʩʩʦʥʘ, 

ʜʦʩʷʛʘʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [] 2
ʠʟʤɼ dw<<e , ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʠʪʠ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʢʘʥʘʣʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʂʉ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʟʘʙʝʟʧʝʯʫʻ ʽʩʪʦʪʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ QoS ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʩʠʩʪʝʤʠ 

ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ʋ ʨʦʟʜʽʣʽ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʚʝʨʭʨʝʣʝʝʚʩʢʦʛʦ 

ʜʦʟʚʦʣʫ ʽʤʧʫʣʴʩʽʚ ʧʦ ʯʘʩʪʦʪʽ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ. 

ʆʪʨʠʤʘʥʦ ʚʠʨʘʟ ʜʣʷ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʨʦʟʣʘʜʫ ʧʦ 

ʯʘʩʪʦʪʽ ʜʚʦʭ ʽʤʧʫʣʴʩʽʚ. ɸʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʪʝʥʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʧʦʢʘʟʫʻ, ʱʦ 

ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʾ ʩʚʝʨʭʨʝʣʝʝʚʩʢʦʛʦ ʜʦʟʚʦʣʫ ʽʤʧʫʣʴʩʽʚ ʧʦ 

ʯʘʩʪʦʪʽ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʝʦʙʭʽʜʥʫ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚʠʙʽʨʢʠ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ [8, 9, 10, 25, 35, 36, 42]. 
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ʈʆɿɼɯʃ 3  

ʄʆɼɽʃʖɺɸʅʅʗ ʉʂʃɸɼʆɺʀʍ ɹɸɿʆɺʆɰ ʄɽʈɽɾɯ 

ʂʆʄʇ'ʖʊɽʈʅʆɰ ʉʀʉʊɽʄʀ ʉʋɼʆɺʆɰ ɽʂʉʇɽʈʊʀɿʀ 

 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɯʉ) ʚʽʜʛ̔ʨʘʶʪʴ ʟʥʘʯʥʫ ʨʦʣʴ ʚ ʩʠʩʪʝʤʽ ʩʫʜʦʚʠʭ 

ʝʢʩʧʝʨʪʠʟ. ɺʠʢʦʨʠʩʪʘʥʥʷ ɯʉ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʚʠʢʦʥʫʚʘʥʠʭ 

ʝʢʩʧʝʨʪʠʟ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʛʦ ʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʤʽʥʫ ʧʝʨʚʠʥʥʠʤʠ ʜʘʥʠʤʠ, ʩʣʫʞʙʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʨʝʟʫʣʪɹʘʪʘʤʠ ʝʢʩʧʝʨʪʠʟʠ ʥʝʦʙʭʽʜʥʠʤ ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. ʊʦʤʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʤʝʨʝʞʘ ɯʉ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʪʨʠʤʘʥʥʷ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛ ʧʦ ʧʽʜʪʨʠʤʮʽ ʧʘʨʘʤʝʪʨʽʚ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) [1 - 7], ʱʦ ʚ ʧʽʜʩʫʤʢʫ ʜʦʟʚʦʣʠʪʴ ʚʩʽʡ 

ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʚʠʨʽʰʠʪʠ ʧʦʩʪʘʚʣʝʥʽ ʧʝʨʝʜ ʥʝʶ ʟʘʚʜʘʥʥʷ. 

ʆʪʞʝ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʩʽʻʾ ɯʉ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʚʥʽʩʪʶ ʦʧʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʘʢʪʫʘʣʴʥʦ ʚ ʜʘʥʠʡ ʯʘʩ ʽ ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʝʨʝʞʽ ɯʉ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. ɸʣʝ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ 

ʧʨʦʪʦʢʦʣʽʚ ʧʝʨʝʜʘʯʽ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʚʩʽʭ ʚʠʱʠʭ ʨʽʚʥʷʭ ʢʣʘʩʠʯʥʦʾ ʤʦʜʝʣʽ OSI ISO. 

ʇʨʠʯʦʤʫ ʪʘʢʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʽʥʪʝʛʨʘʣʴʥʦ ʟʨʦʩʪʘʪʠ ʚ ʤʽʨʫ ʧʝʨʝʭʦʜʫ ʥʘ ʙʽʣʴʰ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʦʜʝʣʽ. ʋʥʠʢʥʫʪʠ ʪʘʢʠʭ ʧʦʨʫʰʝʥʴ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʤʝʨʝʞʽ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʤʝʨʝʞʽ 

ʽ ʚʠʷʚʣʝʥʥʷ ʤʦʤʝʥʪʽʚ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ʤʝʨʝʞʽ [2, 4, 6, 7]. 

ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʻ 

ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʚʠʢʣʠʢʘʥʠʡ ʷʢ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʘʤʦʛʦ 

ʬʽʟʠʯʥʦʛʦ ʢʘʥʘʣʫ, ʪʘʢ ʽ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʨʽʚʥʷʭ 

ʩʝʤʽʨʽʚʥʝʚʽʡ ʤʦʜʝʣʽ, ʷʢʽ ʤʘʶʪʴ ʬʨʘʢʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʜ ʜʦʩʣʽʜʥʠʢʘʤʠ ʩʪʦʾʪʴ ʜʦʩʠʪʴ ʚʘʞʣʠʚʘ ʽ ʘʢʪʫʘʣʴʥʘ 

ʟʘʜʘʯʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʽʟʠʯʥʦʤʫ 

ʨʽʚʥʽ ʚ ʦʧʪʠʯʥʠʭ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ. 

 

3.1 ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʘʣʽʟʤʫ ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʌʝʡʤʘʥʘ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʧʪʠʯʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ 

 

ɼʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʥʝʦʜʥʦʨʽʜʥʽʡ ʥʝʣʽʥʽʡʥʦʾ 

ʩʝʨʝʜʦʚʠʱʽ, ʷʢʦʾ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʽ ʦʧʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʝʨʩʧʝʢʪʠʚʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʬʦʨʤʘʣʽʟʤʦʤ ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʌʝʡʤʘʥ, 

ʷʢʽ ʤʦʞʫʪʴ ʜʦʟʚʦʣʠʪʠ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʽʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʜʘʥʠʭ. 

ʂʦʥʪ̔ʥʫʘʣʴʥʽ ʽʥʪʝʛʨʘʣʠ (ʂɯ), ʚʚʝʜʝʥʽ ʚ ʤʘʪʝʤʘʪʠʢʫ ʅ. ɺʽʥʝʨʦʤ ʷʢ ʤʝʪʦʜ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʪʝʦʨʽʾ ʜʠʬʫʟʽʾ ʽ ʙʨʦʫʥʽʚʩʴʢʦʛʦ ʨʫʭʫ, ʫ ʬʽʟʠʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ 

ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ ʌʝʡʥʤʘʥʦʚʩʢʽ - ʥʘ ʯʝʩʪʴ ʈ. ʌʝʡʥʤʘʥʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʘʚ ʾʭ 

ʜʣʷ ʧʝʨʝʬʦʨʤʫʣʶʚʘʥʥʷ ʢʚʘʥʪʦʚʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ. ɿʛʦʜʦʤ ʤʝʪʦʜ ʂɯ ʙʫʚ 

ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʦ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʟʘʚʜʘʥʴ ʽ ʚ ʜʘʥʠʡ ʯʘʩ ʻ ʦʜʥʠʤ ʟ 

ʥʘʡʙʽʣʴʰ ʧʦʪʫʞʥʠʭ ʤʝʪʦʜʽʚ ʪʝʦʨʝʪʠʯʥʦʾ ʬʽʟʠʢʠ [8 - 11]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʂɯ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ 

ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ. ɺʽʜʤʽʥʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʭʦʜʞʝʥʴ ʪʦʯʥʠʭ 

ʨʽʰʝʥʴ, ʟʘ ʫʤʦʚʠ ʾʭ ʽʩʥʫʚʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʂɯ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ ʫ ʨʘʟʽ ʤʦʜʠʬʽʢʘʮʽʾ ʩʪʘʥʜʘʨʪʥʦʾ ʪʝʦʨʽʾ ʟʙʫʨʝʥʴ, ʟ 

ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʘʪʠ ʩʧʦʩʽʙ ʾʾ ʢʦʥʢʨʝʪʥʦʾ 

ʨʝʘʣʽʟʘʮ̔ʾ . 

ʉʫʚʦʨʘ ʤʘʪʝʤʘʪʠʯʥʘ ʪʝʦʨʽʷ ʽ ʢʦʨʝʢʪʥʝ ʚʠʟʥʘʯʝʥʥʷ, ʚ ʜʘʥʠʡ ʯʘʩ, ʦʪʨʠʤʘʥʽ 

ʣʠʰʝ ʜʣʷ ʯʘʩʪʠʥʠ ʙʝʟʣʽʯʽ ʂɯ. ɸʣʝ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʟʙʫʨʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʂɯ 
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ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʧʘʜʢʫ - ʛʘʫʩʦʚʦʛʦ, ʬʦʨʤʘʣʽʟʤ ʂɯ ʻ ʜʦʩʪʘʪʥʴʦ ʩʫʚʦʨʠʤ, ʽ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʜʠʬʨʘʢʮʽʾ ʚ ʭʚʠʣʴʦʚʦʾ ʪʝʦʨʽʾ ʩʚʽʪʣʘ ʤʝʪʦʜ 

ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʨ̫ ʜʽ ʚʠʧʘʜʢʽʚ [12, 13]. ɺ ʪʝʦʨʽʾ 

ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ ʚ ʚʠʧʘʜʢʦʚʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʚʽʥ ʙʫʚ ʟʘʜʽʷʥʠʡ ʚ 

ʨʦʙʦʪʘʭ [14,15], ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʦʪʨʠʤʘʚ ʧʨʠʨʦʜʥʠʡ ʨʦʟʚʠʪʦʢ ʚ ʘʪʤʦʩʬʝʨʥʦʾ 

ʦʧʪʠʢʠ. ʂɯ ʜʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʦʧʠʩ ʤʘʣʠʭ ʬʣʫʢʪʫʘʮʽʡ ʦʧʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʩʪʘʪʠʩʪʠʯʥʦ ʦʜʥʦʨʽʜʥʫ ʽ ʽʟʦʪʨʦʧʥʫ 

ʪʫʨʙʫʣʝʥʪʥʫ ʘʪʤʦʩʬʝʨʫ [16, 17]. 

ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʂɯ ʻ ʣʝʛʢʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʚ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʽʟʦʪʨʦʧʽʾ, 

ʨʝʛʫʣʷʨʥʦʾ ʨʝʬʨʘʢʮʽʾ, ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʧʦ ʦʜʥʽʡ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

ʎʝ ʚʠʟʥʘʯʠʣʦ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪɹ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʢʫʩʪʠʮʽ ʦʢʝʘʥʫ, ʜʝ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʧʨʦʩʪʦʨʦʚʠʤ ʽ ʪʠʤʯʘʩʦʚʠʤ ʧʦʚʝʜʽʥʢʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʠʩʧʝʨʩʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ ʭʚʠʣʴ, ʘ ʥʝ ʛʽʧʦʪʝʟʦʶ ʊʝʡʣʦʨʘ ʧʨʦ 

ʟʘʤʦʨʦʞʝʥʠʭ ʬʣʫʢʪʫʘʮʽʡ [58-63]. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʂɯ, ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʠʧʘʜʦʢ ʥʘʩʠʯʝʥʠʭ 

ʬʣʫʢʪʫʘʮʽʡ, ʢʦʣʠ ʥʦʨʤʦʚʘʥʘ ʜʠʩʧʝʨʩʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʜʦʚʞʠʥʠ ʪʨʘʩʠ ʧʦʰʠʨʝʥʥʷ ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʤʘʢʩʠʤʫʤʫ. [18, 19]. 

ʇʨʦʧʦʥʦʚʘʥʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʝ ʚʠʟʥʘʯʝʥʥʶ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʦʨʤʘʣʽʟʤʫ ʂɯ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦʤʫ 

ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ ʟʘ ʨʘʭʫʥʦʢ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʽ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʪʦʪʥʠʭ ʢʦʨʝʣʷʮʽʡ ʧʦʣʷ ʭʚʠʣʽ. ʊʘʢʝ ʟʘʚʜʘʥʥʷ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʦʶ 

ʯʝʨʝʟ ʪʨʫʜʥʦʱʽ ʦʪʨʠʤʘʥʥʷ ʚʠʨʘʟʽʚ ʜʣʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʤʦʤʝʥʪʽʚ 

ʜʦʚʽʣʴʥʦʛʦ ʧʦʨʷʜʢʫ. ʆʜʥʠʤ ʽʟ ʧʨʠʡʥʷʪʥʠʭ ʨʽʰʝʥʴ ʪʘʢʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʧʦʰʫʢ 

ʘʙʦ ʚʠʩʥʦʚʦʢ ʨʽʚʥʷʥʴ, ʷʢʽ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʯʠʩʝʣʴʥʝ. 

 

3.1.1 ʌʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʽ ʦʩʥʦʚʥʽ ʜʦʧʫʱʝʥʥʷ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ 

ʈʦʟʛʣʷʥʝʤʦ ʩʢʘʣʷʨʥʫʶ ʚʝʣʠʯʠʥʫ ( )trH ,
C

- ʦʜʥʫ ʟ ʢʦʤʧʦʥʝʥʪ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʋ ʧʨʠʧʫɦ ʝʥʥʽ ʚʫʟʴʢʦʩʤʫʛʦʚʦʛʦ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ 

ʧʦʣʝ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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ʜʝ w - ʯʘʩʪʦʪʘ ʭʚʠʣʽ, ʘ ʪʠʤʯʘʩʦʚʦʾ ʤʘʩʰʪʘʙ ʟʤʽʥʠ 
w

H  ʙʘʛʘʪʦ ʙʽʣʴʰʝ 

.1-w  

ʇʦʰʠʨʝʥʥʷ ʭʚʠʣʴ ʦʧʠʩʫʻʪʴʩʷ ʭʚʠʣʴʦʚʠʤ ʨʽʚʥʷʥʥʷʤ, ʚ ʷʢʝ ʚʭʦʜʠʪʴ 

ʚʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ ʢʦʦʨʜʠʥʘʪ: 

 

( ) ( ) .0,,2
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ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʚʠʧʘʜʦʢ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ (ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʚʞʠʥʦʶ 

ʭʚʠʣʽ) ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ ʧʦʰʠʨʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʦʙʤʝʞʝʥʥʷ ʤʝʪʦʜ 

ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʻ ʦʜʥʠʤ ʟ ʨʝʟʫʣʴʪʘʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ 

ʩʢʣʘʜʥʦʩʪʽ ʭʚʠʣʴʦʚʦʛʦ ʨʽʚʥʷʥʥʷ [18,19]. ɺ ʨʘʤʢʘʭ ʩʢʘʣʷʨʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ 

ʨʽʚʥʷʥʥʷ ɻʝʣʴʤʛʦʣʴʮʘ ʚʽʥ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʥʘʙʣʠʞʝʥʥʶ ʨʦʟʩʽʶʚʘʥʥʷ ʚʧʝʨʝʜ. 

ʎʝ ʥʘʙʣʠʞʝʥʥʷ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʩʝʨʝʜʘʭ, ʧʦʚʽʣʴʥʦ ʤʽʥʣʠʚʠʭ ʥʘ 

ʤʘʩʰʪʘʙʘʭ ʧʦʨʷʜʢʫ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʟʜʦʚʞ ʜʝʷʢʦʛʦ ʚʠʜʽʣʝʥʦʛʦ ʥʘʧʨʷʤʢʫ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʥʘʙʣʠʞʝʥʠʭ ʤʝʪʦʜʽʚ ʨʽʰʝʥʥʷ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʨʽʚʥʷʥʥʷ ʜʝʢʣʘʨʫʻ ʪʨʦʭʠ ʟʙʫʨʝʥʴ ( )kr ;
C

mD  [16, 17]. 

ʎʝ ʦʙʤʝʞʝʥʥʷ, ʘʙʦ ʻ ʦʩʥʦʚʦʶ ʤʝʪʦʜʫ (ʤʘʣʠʭ ʟʙʫʨʝʥʴ), ʘʙʦ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʠʪʠ ʥʘʙʣʠʞʝʥʽ ʨʽʚʥʷʥʥʷ (ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʧʪʠʢʠ, ʤʝʪʦʜʫ ʧʣʘʚʥʠʭ 

ʟʙʫʨʝʥʴ). ɺʦʥʦ ʦʙʫʤʦʚʣʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʽ ʥʝ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜ 

ʩʠʣʴʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʭʚʠʣʴʦʚʦʛʦ ʧʦʣʷ. 

ʑʝ ʦʜʠʥ ʤʘʣʠʡ ʧʘʨʘʤʝʪʨ - ʚʽʜʥʦʰʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʛʦ (ʚʟʜʦʚʞ 

ʥʘʧʨʷʤʢʫ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ) ʨʘʜʽʫʩʘ ʢʦʨʝʣʮ̫̔ ʾ ʬʣʫʢʪʫʘʮʽʡ ( )kr ;
C

mD  ʜʦ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʧʦʜʦʚʞʥʴʦʤʫ ʤʘʩʰʪʘʙʫ ʬʣʫʢʪʫʘʮʽʡ ʧʦʣʷ ʭʚʠʣʽ - ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʥʘʙʣʠʞʝʥʥʷ ʤʘʨʢʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ. ɼʝʣʴʪʘ-ʢʦʨʝʣʠʨʦʚʘʥʽʩʪʴ ʧʦʣʷ ( )kr ;
C

mD  ʧʦ 

ʧʦʟʜʦʚʞʥʽʡ ʢʦʦʨʜʠʥʘʪʽ ʜʦʟʚʦʣʷʻ ʚʠʭʦʜʷʯʠ ʟ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʨ̔ʚʥʷʥʥʷ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʘʤʧʣʽʪʫʜʠ ʭʚʠʣʴ ()rU
C
, ʘʣʝ ʥʝ ʚʠʨʽʰʫʶʯʠ ʡʦʛʦ, ʦʪʨʠʤʘʪʠ 
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ʟʘʤʢʥʫʪʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʤʦʤʝʥʪʽʚ ()rU
C

 ʙʝʟ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʤʘʣʽʩʪʴ ʬʣʫʢʪʫʘʮʽʡ 

ʘʤʧʣʽʪʫʜʠ ʭʚʠʣʽ. 

ʊʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʄʘʨʢʽʚʩʴʢʝ ʥʘʙʣʠʞʝʥʥʷ ʦʧʠʩʫʻ ʽ ʩʠʣʴʥʽ 

ʬʣʫʢʪʫʘʮʽʾ ʭʚʠʣʴʦʚʦʛʦ ʧʦʣʷ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʪʦʜʽ, ʢʦʣʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ 

ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʘʟʘʜ. 

 

3.1.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʨʽʚʥʷʥʥʷ 

 

ʆʩʢʽʣʴʢʠ ʧʦʣʝ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʤʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʤ̫ʠ 

ʩʢʦʥʮʝʥʪʨʦʚʘʥʦ ʫ ʚʫʟʴʢʦʤʫ ʢʦʥʫʩʽ ʥʘʧʨʷʤʢʽʚ, ʪʦ ʡʦʛʦ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʚʠʛʣʷʜʽ ʦʙʫʨʝʥʦʾ ʧʣʦʩʢʦʾ ʭʚʠʣʽ: ( ) ( ) ).(exp,, ikztrUtrH
CC

ww =  ʇʨʠ ʮʴʦʤʫ ʢʦʤʧʣʝʢʩʥʘ 

ʘʤʧʣʽʪʫʜʘ ʭʚʠʣʽ, ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʫʟʜʦʚʞ ʧʦʟʠʪʠʚʥʦʛʦ ʥʘʧʨʷʤʢʫ ʦʩʽ z ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʟ ʤʘʛʥ̔ ʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ () ( ),;1 krr
CC

mmw D+=  ʦʧʠʩʫʻʪʴʩʷ 

ʧʘʨʘʙʦʣʽʯʥʠʤ ʨʽʚʥʷʥʥʷʤ 

 

( ) ( ) ,0;,;,
2

1

2

1
2

=ù
ú

ø
é
ê

è
D+D+

µ

µ
^ kzUkz

kzk

i
rrm
CC

                     (3.1) 

 

ʜʝ ̂D - ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ ʧʦ ʧʦʧʝʨʝʯʥʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ),( yx=r
C

. ʊʫʪ ʽ 

ʥʠʞʯʝ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʟʘʧʠʩʫ ʦʧʫɦ ʝʥʘ ʧʣʘʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʣʠʯʠʥ 

ʚʽʜ ʯʘʩʫ (ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʾ ʤʦʞʥʘ ʚʽʜʥʦʚʠʪʠ ʚ ʢʽʥʮʽ ʨʦʟʨʘʭʫʥʢʽʚ). ʈʽʰʝʥʥʷ 

ʨʽʚʥʷʥʥʷ (2.1) ʜʣʷ ʜʦʚʽʣʴʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ 

 

( ) ( )( ),;,;,,;, kzUkzzGdkzU ooooo rrrrr
CCCCC

ñ=                       (3.2) 

 

ʜʝ ʬʫʥʢʮʽʷ ɻʨʽʥʘ ( )kzzG
oo
;,, rr

CC
 ʟʘʜʦʚʦʣʴʥʷʻ ʟʘ ʧʝʨʰʦʶ ʧʘʨʦʶ 

ʘʨʛʫʤʝʥʪʽʚ ʪʦʛʦ ʞ ʨʽʚʥʷʥʥʷ (2.1), ʘʣʝ ʟ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ 

( ) ( )
ooo

kzzG rrdrr
CCCC
-=;,, . ʈʽʚʥʷʥʥʷ (2.1) ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ (>=-1k - ʧʦʩʪʽʡʥʘ 
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ʇʣʘʥʢʘ, () ()rVr
CC

2-=De ) ʟʙʽʛʘʻʪʴʩʷ ʟ ʜʚʦʚʠʤʽʨʥʠʤ ʨʽʚʥʷʥʥ̫ ʤ ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ 

ʯʘʩʪʢʠ ʦʜʠʥʠʯʥʦʾ ʤʘʩʠ, ʚ ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʣʽ ()rV
C
, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʨʘʟʫ ʟʘʧʠʩʘʪʠ 

ʚʠʨʘʟ ʜʣʷ ( )kzzG
oo
;,, rr

CC
 ʫ ʚʠʛʣʷʜʽ ʂɯ [8]: 

 

( ) () ()( )[ ] ().;,
2

exp
1

;,, 2

Ôññ
¡

¡
ý
ü
û

í
ì
ë

¡¡D+¡¡=
z

z

z

oo
zdkzzzzd

ik

N
kzzG

o

hhehrr
CC#CCC

   

(3.3) 

 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʚ (3.3) ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʚʩʽʤʘ ʜʚʦʚʠʤʽʨʥʠʤ ʪʨʘʢ̒ʪʦʨʽʷʭ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ 
oo

z rh
CC
=)( , rh

CC
=)(z , ʘ ʥʦʨʤʫʚʘʣʴʥʠʡ ʤʥʦʞʥʠʢ 

N  ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʫʤʦʚʠ 

 

() () ( ),;,
2

exp
1 2 kzzGzdzzd

ik

N
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z

z
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--=¡
ý
ü
û

í
ì
ë

¡¡ Ôññ
¡

rrhh
CCC#C             (3.4) 

 

ʜʝ ( ) ö
÷

õ
æ
ç

å
= 2

2
exp

2
;, r

p
r

CC

z

ik

iz

k
kzG

o
 ï ʬʫʥʢʮʽʷ ɻʨʽʥʘ ʨʽʚʥʷʥʥʷ (1) ʜʣʷ 

ʦʜʥʦʨʽʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʧʨʠ ( ) 0; =D kr
C
e ). ɼʣʷ ʥʘʰʦʾ ʟʘʜʘʯʽ ʤʥʦʞʥʠʢ N  ʤʦʞʥʘ 

ʚʢʣʶʯʠʪʠ ʜʦ ʧʦʟʥʘʯʝʥʥʷ ʤʽʨʠ:  

() .
1

hh
CC

Dzd
N z

=¡Ô
¡

 

ʌʦʨʤʫʣʫ (3.3) ʤʦʞʥʘ ʨʦʟʫʤʽʪʠ, ʷʢ ʢʦʤʧʘʢʪʥʫ ʟʘʧʠʩ ʥʝʩʢʽʥʯʝʥʥʦʛʦ 

ʽʥʪʝʛʨʘʣʘ

( )

( ) ,;,
2

exp

2
lim;,,
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1

1

1

1

îý

î
ü

û

îí
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è
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ö
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÷
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æ

ç

å

D

-
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ç

å

D
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--

-

=

-

=
¤­

ä

ñÔ

k
ik

d
i

k
kzzG

jj

j

jj
N

j

j

N

j

j

j
N

oo

zhe
z

hh
z

h
zp

rr

C
CC

CCC

 

ʜʝ njjj zzzzzz ,...,,, 211--=D  ï ʨʦʟʙʠʪʪʷ ʽʥʪʝʨʚʘʣʫ [ ]zz
o
,  ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

zz
noo
¹<<<< zzz ...

1
, ʠ 

oo
rh
CC
¹ , rh

CC
¹

N
. 

ʆʩʢʽʣʴʢʠ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ, ʪʦ 

ʚ (3.1) - (3.4) ʷʚʥʦ ʚʠʜ̔ʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʩʽʭ ʚʝʣʠʯʠʥ ʚʽʜ ʯʘʩʪʦʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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)(wkk= . ʅʘʜʘʣʽ ʤʠ ʦʙʤʝʞʠʤʦʩʷ ʜʦʩʠʪʴ ʟʘʛʘʣʴʥʠʤ ʚʠʧʘʜʢʦʤ, ʢʦʣʠ ʟʘʣʝʞʥʽʩʪʴ 

( )kr ;
C

mD  ʚʽʜ k  ̒  ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʽʡ: ( ) ()rkkr
CC

dmem )(; =D . 

ɺ ʩʠʣʫ ʣʽʥʽʡʥʦʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.2) ʤʦʤʝʥʪʠ ʢʦʤʧʣʝʢʩʥʦʾ ʘʤʧʣʽʪʫʜʠ 

( )krU ;
C

 ʦʯʝʚʠʜʥʠʤ ʯʠʥʦʤ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʤʦʤʝʥʪʠ ʬʫʥʢʮʽʡ ɻʨʽʥʘ, 

ʟʘʜʦʚʦʣʴʥʷʶʯʠ ʪʠʤ ʞʝ ʨʽʚʥʷʥʥʷʤ, ʘʣʝ ʽʥʰʠʤ ʧʦʯʘʪʢʦʚʠʤ ʫʤʦʚʘʤ. ʊʦʤʫ ʙʫʜʝʤʦ 

ʨʦʟʛʣʷʜʘʪʠ ʤʦʤʝʥʪʠ 

 

{ }{ }( ) ,......,,,, **

11, mnssppmn
GGGGzkkɻ ¡¡=¡¡rr

CC
                  (3.5) 

 

ʜʝ ( )kzzG
ooppp
;,, rr

CC
, np ...,,1= , ( )

soosss
kzzG ¡¡ ;,,* rr

CC
, ms ,...,1= , ʘ ʢʫʪʦʚʽ 

ʩʢʦʙʢʠ ʧʦʟʥʘʯʘʶʪʴ ʫʩʝʨʝʜʥʝʥʥʷ ʧʦ ʘʥʩʘʤʙʣʶ ʨʝʘʣʽʟʘʮʽʡ ʬʣʫʢʪʫʘʮʽʡ ( )kr ;
C

mD . 

ʇʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʤʦʤʝʥʪʽʚ (2.5) ʻ 

{ }{ }( ) ( ) ( ).,,,,
1 1

, Ô Ô
= =

--=¡¡
n

p

m

s
ossoppossppmn

zkkɻ rrdrrdrr
CCCCCC

 

 

3.1.3. ɸʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʧʦʣʷ ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ 

 

ʇʦʯʠʥʘʶʯʠ ʟ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʟ ʤʦʤʝʥʪʽʚ (3.5), ʫʩʝʨʝʜʥʠʪʠ ʚʠʨʘʟ (3.3) ʜʣʷ 

( )kzzG
oo
;,, rr

CC
 - ʧʦ ʩʫʪʽ, ʧʦʣʷ ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʪʦʯʮʽ 

( )
oo

z,r
C

, ̔  ʦʪʨʠʤʘʻʤʦ 

( ) () [ ] ,
2

exp,,
,1

2

,1
hlhr
C#CC

Dzzd
ik

zkɻ
o

z

z

o

o

F
ý
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û

í
ì
ë

¡¡=ñ ñ                        (3.6) 

ʜʝ  

( ) ( )( ) ()( );)(
2

1
,,1 zzzhzzhkkz oo

¡-¡¡--¡= hrderl
CCC

                    (3.7) 

)(zh  ï ʩʪʫʧʽʥʯʘʩʪʘ ʬʫʥʢʮʽʷ ʍʝʚʽʩʘʡʜʘ, ʘ [] ()()[ ]ñ=F rrrdi
CCC
ldml exp  - 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ. 
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ʗʢ ʚʽʜʦʤʦ [19], ʽ ʷʢ ʚʠʧʣʠʚʘʻ ʟ (6), ʜʣʷ ʪʦʛʦ, ʱʦʙ ʜʣʷ ʨʽʚʥʷʥʥʷ ʤʦʤʝʥʪʽʚ 

mn
ɻ

,
 ʙʫʣʠ ʟʘʤʢʥʫʪʠʤʠ, ʧʦʣʝ ()r

C
dm  ʧʦʚʠʥʥʦ ʙʫʪʠ ʜʝʣʴʪʘ-ʢʦʨʝʣʴʦʚʘʥʠʤ ʧʦ z, 

ʪʦʙʪʦ ʡʦʛʦ ʢʫʤʫʣʷʥʪʠ ʤʘʪʠ ʚʠʛʣʷʜ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʡ ʧʦ ʚʩʴʦʤʫ z-ʘʨʛʫʤʝʥʪʽʚ: 
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ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʪʦʜʽ ʚ ʚʠʛʣʷʜʽ 
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CCCCCC#          (3.9) 

ʗʢ ʚʠʜʥʦ ʟ (9), []lq
z¡
#  ʻ ʥʘʩʧʨʘʚʜʽ ʬʫʥʢʮʽʦʥʘʣʦʤ ʚʽʜ ( )z¡¡,rl

C
 ʷʢ ʬʫʥʢʮʽʾ 

ʪʽʣʴʢʠ r¡
C
, ʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ z¡ ʚʭʦʜʠʪʴ ʧʘʨʘʤʝʪʨʠʯʥʝ (ʪʘʢʝ ʧʦʟʥʘʯʝʥʥʷ ʚʚʝʜʝʥʦ 

ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ [19]). 

ʇʜ̔ʩʪʘʚʣʷʶʯʠ (3.7) ʚ (3.9), ʘ ʧʦʪʽʤ ʚ (3.6), ʦʪʨʠʤʫʻʤʦ 
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                  (3.11) 

 

ʇʦʨʽʚʥʶʶʯʠ (3.10) ʟ (3.3), ʪʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ( )zkɻ
o

,,
,1
r
C

 ʟʘʜʦʚʦʣʴʥʷʻ 

ʨʽʚʥʷʥʥʶ (3.1), ʚ ʷʢʦʤʫ ( )zr ,
C

dm  ʟʘʤʽʥʝʥʦ ʥʘ ( )zʵʬ ,rdm
C
. ʗʢʱʦ ʬʣʫʢʪʫʘʮʽʾ ʤʘʛʥʽʪʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʻ ʦʜʥʦʨʽʜʥʠʤʠ, ʪʦ ( )
nnn

KzK =
11

,,..., rr
CC

 ʽ ʚʠʨʘʟ (3.11) ʚʞʝ ʪʘʢʦʞ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʦʨʜʠʥʘʪ: 
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ʊʦʜʽ ʚʽʜʧʦʚʽʜʥʠʡ ʤʥʦʞʥʠʢ ʚ (10) ʤʦʞʥʘ ʚʠʥʝʩʪʠ ʟ-ʧʽʜ ʟʥʘʢʘ ʢʦʥʪʠʥʫʘʣʥɹʦʾ 

ʽʥʪʝʛʨʘʣʘ ʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ (4), ʦʪʨʠʤʘʪʠ: 
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                 (3.13) 

 

ʗʢ ʣʝʛʢʦ ʧʦʢʘʟʘʪʠ 0Im >ʵʬdm , ʽ, ʦʪʞʝ, ʬʦʨʤʫʣʘ (3.13) ʦʧʠʩʫʻ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ ʟʘʛʘʩʘʥʥʷ ʢʦʛʝʨʝʥʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʣʷ ʭʚʠʣʽ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʚ 

ʚʠʧʘʜʢʦʚʦ-ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɺʠʨʘʟ (3.13) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʚʠʨʽʰʫʶʯʠ ʨʽʚʥʷʥʥʷ ʜʣʷ 

( )zkɻ
o

,,
,1
r
C

 ʚʠʜʫ (11), ʚ ʷʢʦʤʫ 
ʵʬdm ʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (3.12). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʟ 

ʤʦʤʝʥʪʚ̔ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʘʣʽʟʤʫ ʂɯ 

ʌʝʡʤʘʥʘ. ʆʪʞʝ, ʚʩʪʘʥʦʚʣʝʥʘ ʪʝʦʨʝʪʠʯʥʘ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ 

ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦʤʫ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ ʟʘ ʨʘʭʫʥʦʢ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʭ ʢʦʨʝʣʷʮʽʡ ʧʦʣʷ ʭʚʠʣʽ. 

 

3.1.4 ʈʽʚʥʷʥʥʷ ʜʣʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ   1,1ɻ  ʧʦʪʨʽʙʥʦ  ʫʩʝʨʝʜʥʠʪʠ ʜʦʙʫʪʦʢ ʜʚʦʭ ʬʫʥʢʮʽʡ ɻʨʽʥʘ 

*
21GG , ʜʣʷ ʢʦʞʥʦʾ ʟ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚʠʨʘʟ ʫ ʚʠʛʣʷʜʽ ʂɯ [8]. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʦʪʨʠʤʘʻʤʦ: 
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ʜʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʝʜʝʪʴʩʷ ʧʦ ʜʚʦʚʠʤʽʨʥʠʤ ʪʨʘʻʢʪʦʨʽʷʤʠ ʟ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ 1oo1 )z( r=h
CC

,  

2oo2 )z( r=h
CC

, 11 )z( r=h
CC

, 22 )z( r=h
CC
, ʘ ʬʫʥʢʮʽʷ  

 

       (3.15) 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʪʦʜʽ ʚ ʚʠʛʣʷʜʽ: 
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CCCC#          (3.16) 

 

ɺʠʨʘʟ (1) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3) ʜʘʻ ʦʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʚ ʬʦʨʤʽ ʂɯ, ʟ 

ʚʠʛʣʷʜʫ ʷʢʦʛʦ ʚʽʜʨʘʟʫ ʚʠʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ 
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,1̂D 2̂D  ς ʧʦʧʝʨʝʯʥʠʡ ʣʘʧʣʘʩʽʘʥ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ 21,rr
CC

. 

 

3.1.5. ʈʽʚʥʷʥʥʷ ʜʣʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʜʦʚʽʣʴʥʦʛʦ ʧʦʨʷʜʢʫ 

 

ɹʝʟ ʽʩʪʦʪʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʤʦʤʝʥʪʽʚ 

ʜʦʚʽʣʴʥʦʛʦ ʧʦʨʷʜʢʫ. ʋʩʝʨʝʜʥʶʶʯʠ ʜʦʙʫʪʦʢ 
*
m

*
1n1 G...GG...G ¡¡  ʽ ʟʥʦʚʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʩʧʽʚʤʥʦʞʥʠʢʽʚ ʧʦʜʘʥʥʷ ʜʦ ʚʠʛʣʷʜʽ ʂɯ, 

ʦʪʨʠʤʘʻʤʦ: 
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                                      (3.19) 

 

,D...DD,D...DD m1n1 h¡h¡=h¡hh=h
CCCCCC

 

ʘ ̔ ʥʪʝʛʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʚʩʽʤ ʜʚʦʚʠʤʽʨʥʠʤ ʪʨʘʻʢʪʦʨʽʷʭ ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ: 

 

opop )z( r=h
CC

,  ;n,...,1p,)z( pp =r=h
CC

,  

osos )z( r¡=h¡
CC

,   .m...,,1s,)z( ss =r¡=h¡
CC

 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʧʨʝʜʩʪʘʚʣʷʻʪʩɹ̫  ʪʦʜʽ ʚ ʚʠʛʣʷʜʽ: 
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CCCC#  (3.20) 

ʌʦʨʤʫʣʘ (3.18) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.20) ʜʘʻ ʚʠʨʘʟ ʜʣʷ m,nɻ  ʚ ʬʦʨʤʽ ʂɯ, ʟ 

ʚʠʛʣʷʜʫ ʷʢʦʛʦ ʤʦʞʥʘ ʚʽʜʨʘʟʫ ʟʘʧʠʩʘʪʠ ʚʽʜʧʦʚʽʜʥʝ ʨʽʚʥʷʥʥʷ: 
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ɺʚʘʞʘʯʁʠ ʚ (3.21) kk...kk...k s1n1 =¡==¡=== , ʧʨʠʡʜʝʤʦ ʜʦ ʨʽʚʥʷʥʴ ʜʣʷ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ [29]. ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ ʛʘʫʩʩʦʚʘ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ()r
C

de ʨʽʚʥʷʥʥʷ (3.21) ʨʘʥʽʰʝ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ [31,32]. 

ʈ̔ʚʥʷʥʥʷ (3.21) ʜʫʞʝ ʩʢʣʘʜʥʽ ʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʧʘʜʢʫ ʧʨʦʩʪʦʨʦʚʠʭ 

ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ, ʘʥʘʣʽʪʠʯʥʦ ʨʦʟʚ'ʷʟʘʪʠ ʚʞʝ ʧʦʯʠʥʘʶʯʠ ʟ ʚʠʧʘʜʢʫ 

1mn ==  (3.17). 

ɼʣʷ ʩʪʘʪʠʩʪʠʯʥʦ ʦʜʥʦʨʽʜʥʦʛʦ ʧʦ ʧʦʧʝʨʝʯʥʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʧʦʣʷ ()r
C

de , 

ʢʦʣʠ ( ) ( )21212121 k,k;z,Qk,k;z,,Q r-r=rr
CCCC

, ʬʫʥʢʮʽʶ 1,1ɻ  ʤʦʞʥʘ ʪʽʣʴʢʠ 

ʬʘʢʪʦʨʽʟʦʚʘʪʠ. ɼʣʷ ʮʴʦʛʦ ʚ ʢʦʥʪʠʥʫʘʣʴʥʦʤʫ ʽʥʪʝʛʨʘʣʽ (3.14) ʟʨʦʙʠʤʦ ʟʘʤʽʥʫ 

ʟʤʽʥʥʠʭ 21 h-h=h
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.  ʊʝʧʝʨ ʟʤʽʥʥʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ (3.14) 

ʧʦʜʽʣʷʶʪʴʩʷ: 
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                              (3.22) 

ʜʝ ʪʨʘʻʢʪʦʨʽʾ ʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ: 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʨʤʫʚʘʥʥʷ ʚʠʨʘʟ (3.22) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʪʘʢʠʤ 

ʯʠʥʦʤ: 
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ʜʝ ʬʫʥʢʮʽʷ ( )21 k,k;z,f r
C

 ʟʘʜʦʚʦʣʴʥʷʻ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ ʽ ʧʦʯʘʪʢʦʚʽʡ 

ʫʤʦʚʽ 
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ʈʽʚʥʷʥʥʷ ʜʣʷ ʤʦʤʝʥʪʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽ ʽʥʰʠʤ, ʢʽʣʴʢʘ ʙʽʣʴʰ 

ʛʨʦʤʽʟʜʢʠʤ ʰʣʷʭʦʤ - ʧʝʨʝʪʚʦʨʶʶʯʠ ʚ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʽ ʫʩʨʝʜʥʷʷ 

ʚʽʜʧʦʚʽʜʥʽ ʩʪʦʭʘʩʪʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʪʽʤ ʫʤʦʚʘ ʜʝʣʴʪʘ-

ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ʜʣʷ ʨʦʟʯʝʧʣʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʩʝʨʝʜʥʽʭ ʽ, ʥʘʨʝʰʪʽ, 

ʧʝʨʝʭʦʜʷʯʠ ʥʘʟʘʜ ʜʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʬʦʨʤʽ ʟʘʧʠʩʠ. ʅʘʚʽʪʴ ʦʩʪʘʥʥʽʡ ʢʨʦʢ ʜʣʷ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʨʝʣʷʮʽʡʥʠʭ ʤʦʤʝʥʪʽʚ ʟ'ʷʚʠʚʩʷ ʩʚʦʛʦ ʯʘʩʫ ʥʝʪʨʠʚʽʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ. 

ʂʨ̔ʤ ʪʦʛʦ, ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʽʜʭʦʜʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʴ 

ʬʦʨʤʫʣʠ ʌʫʨʫʮʫ-ʅʦʚʠʢʦʚʘ ʚʥʦʩʠʪʴ ʜʦʜʘʪʢʦʚʽ ʪʨʫʜʥʦʱʽ, ʩʫʪʴ ʷʢʠʭ ʚ 

ʥʘʩʪʫʧʥʦʤʫ. ʋ ʬʽʟʠʯʥʠʭ ʟʘʚʜʘʥʥʷʭ, ʦʧʠʩʫʚʘʥʠʭ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʧʦ ʚʠʜʽʣʝʥʽʡ (ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʾʾ ʪʠʤʯʘʩʦʚʦʾ) 

ʟʤ̔ʥʥʦʾ t ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ t=0, ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʰʝʥʥʷ ʚ 

ʤʦʤʝʥʪ t ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ )(z tʧʨʠ t0 ¢t¢ , ʷʢʽ ʧʦʚʥʽʩʪʶ ʦʧʠʩʫʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ 

ʬʫʥʢʮʽʦʥʘʣʦʤ 
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ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʬʦʨʤʫʣʦʶ ʌʫʨʫʮʫ-ʅʦʚʠʢʦʚʘ ʩʝʨʝʜʥʽ 

]z[R)t(z ¡  ( ]z[R - ʷʢʠʡʩʴ ʬʫʥʢʮʽʦʥʘʣ ʚʽʜ )T(z ) ʟʘʟʥʘʶʪʴ ʨʦʟʨʠʚ ʚ ʪʦʯʮʽ tt =¡ , 

ʦʙʫʤʦʚʣʝʥʠʡ ʥʝʢʦʤʫʪʘʪʠʚʥʠʤʠ ʦʧʝʨʘʮʽ̫ʤʠ ʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ tt ­¡  ʽ 

ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʨʷʜ ʊʝʡʣʦʨʘ. 

ʉʢʣʘʜʥʽʩʪʴ ʽ ʪʨʫʜʥʦʱʽ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ ʜʣʷ ʤʦʤʝʥʪʽʚ ʟʨʦʩʪʘʻ ʟ ʨʦʩʪʦʤ ʾʭ 

ʧʦʨʷʜʢʫ: ʷʢʱʦ ʨʽʚʥʷʥʥʷ ʥʘʚʽʪʴ ʜʣʷ ʧʨʦʩʪʦʨʦʚʠʭ ʬʫʥʢʮʽʡ ʢʦʛʝʨʝʥʪʥʦʩʪʽ 

ʧʝʨʰʦʛʦ o,1ɻ  ʽ ʜʨʫʛʦʛʦ 1,1ɻ  ʧʦʨʷʜʢʽʚ ʚʠʨʽʰʫʶʪʴʩʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʪʦ 
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ʘʥʘʣʽʪʠʯʥʝ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʜʣʷ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʤʦʤʝʥʪʽʚ ʦʪʨʠʤʘʪʠ ʚʞʝ ʥʝ 

ʚʜʘʻʪʴʩʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʂɯ ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʦ ʟʘʧʠʩʫʚʘʪʠ ʷʢ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ ʙʫʜʴ-

ʷʢʦʛʦ ʧʦʨʷʜʢʫ (ʭʦʯʘ ʟʚʠʯʘʡʥʦ ʟʘʧʠʩ ʨʽʰʝʥʴ ʫ ʚʠʛʣʷʜʽ ʂɯ ʻ ʧʝʨʝʥʝʩʝʥʥʷʤ 

ʪʨʫʜʥʦʱʽʚ ʟ ʦʜʥʽʻʾ ʦʙʣʘʩʪʽ - ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ ʚ ʧʨʠʚʘʪʥʠʭ ʧʦʭʽʜʥʠʭ ʚ ʽʥʰʫ, 

ʪʦʤʫ ʱʦ ʪʦʯʥʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʂɯ ʣʠʰʝ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʜʫ - ʛʘʫʩʦʚʽ), ʪʘʢ ʽ 

ʚʠʨʘʟʠ ʜʣʷ ʪʘʢʠʭ ʚʝʣʠʯʠʥ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʟʘʤʢʥʫʪʠʤʠ 

ʨ̔ʚʥʷʥʥʷʤʠ, ʫʥʠʢʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʚʝʜʝʥʥʷ ʟʘʡʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘʤʢʥʫʪʠʡ ʨʽʚʥʷʥʥʷ ʜʣʷ ʬʫʥʢʮʽʾ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ 2,2ɻ , ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʧʦʪʽʤ ʟʥʘʡʪʠ ʩʝʨʝʜʥʽʡ ʢʚʘʜʨʘʪ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ( )z,I2 r
C

. ʆʜʥʘʢ, ʷʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʘʥʘʣʽʪʠʯʥʦ ʚʽʜʧʦʚʽʜʥʝ 

ʨʽʚʥʷʥʥʷ ʥʝ ʚʠʨʽʰʫʻʪʴʩʷ ʽ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ ʟʘʡʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʫʷʚʣʝʥʥʷ ( )z,I2 r
C

 ʫ ʚʠʛʣʷʜʽ ʂɯ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʤʽʩʪʠʪʴ. ʊʦʤʫ ʪʘʢʠʡ ʟʘʧʠʩ 

ʢʦʨʠʩʥʘ ʜʣʷ ʚʠʚʯʝʥʥʷ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʧʦʜʣ̔ʫ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

ʗʢ ʚʽʜʦʤʦ, ʧʦʟʘ ʨʘʤʢʘʤʠ ʤʘʨʢʚ̔ʩɹʢʦʛʦ ʥʘʙʣʠʞʝʥʥʷ, ʟ ʨʽʚʥʷʥʥʷ (3.14) 

ʚʜʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ ʣʠʰʝ ʣʘʥʮʶʞʦʢ ʧʦʚ'ʷʟʘʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʦʤʝʥʪʽʚ ʧʦʣʷ ()rU
C
, ʚ ʨʽʚʥʷʥʥʷ ʜʣʷ ʥʠʞʯʠʭ ʤʦʤʝʥʪʽʚ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʭʦʜʷʪʴ 

ʤʦʤʝʥʪʠ ʙʽʣɹh  ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ. ʉʢʣʘʜʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʣʘʥʮʶʞʢʘ 

ʨʽʚʥʷʥʴ ʧʦʚ'ʷʟʘʥʘ ʟ ʪʨʫʜʥʦʱʘʤʠ ʦʙʯʠʩʣʝʥʥʷ ʂɯ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ. 

ɿʘʟʚʠʯʘʡ ʜʣʷ ʨʦʟʯʝʧʣʝʥʥʷ ʣʘʥʮʶʞʢʘ ʽ ʦʪʨʠʤʘʥʥʷ ʟʘʤʢʥʫʪʠʭ ʨʽʚʥʷʥʴ ʜʣʷ 

ʤʦʤʝʥʪʽʚ ʜʘʥʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠʡʤʘʶʪʴʩʷ ʧʝʚʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʛʧ̔ʦʪʝʟʠ ʧʨʦ 

ʨʽʰʝʥʥʷ. ʇʨʠ ʬʦʨʤʫʣʶʚʘʥʥʽ ʟʘʚʜʘʥʥʷ ʚ ʪʝʨʤʽʥʘʣʘʭ ʂɯ ʪʘʢʽ ʩʪʘʪʠʩʪʠʯʥʽ 

ʛʽʧʦʪʝʟʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʷʢ ʜʝʷʢʽ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʧʽʜ̔ʥʪʝʛʨʘʣʴʥʦʛʦ ʚʠʨʘʞʝʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʝʞʠʪʠ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʥʘʙʣʠʞʝʥʴ ʽ ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ ʾʭ 

ʟʘʩʪʦʩʦʚʥʦʩʪʽ.  

 

 



 135 

3.2 ʄʦʜʝʣʶʚʘʥʥʷ ʥʝʣ̔ʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʨʠʪʠʯʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʤʝʨʝʞʽ 

ʇʨʦʙʣʝʤʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

(QoS) ʙʫʣʦ ʧʨʠʩʚʷʯʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ [2-20]. ʋ ʥʠʭ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʂʉ. ʎʽ 

ʬʘʢʪʦʨʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʢʽʣʴʢʘ ʛʨʫʧ: 

-  ʬʘʢʪʦʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʽ ʘʨʭʽʪʝʢʪʫʨʦʶ ʂʉ; 

-  ʬʘʢʪʦʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠʥʮʠʧʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʨʝʩʫʨʩʫ ʂʉ; 

-  ʬʘʢʪʦʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮ̔ʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʂʉ. 

ʂʦʞʥʦʤʫ ʟ ʮʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʨʦʙʽʪ, ʘʣʝ ʚ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ 

ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʙʫʜʝ ʧʨʠʜʽʣʝʥʘ ʦʩʪʘʥʥʴʦʤʫ ʬʘʢʪʦʨʫ. ɺʣʘʩʪʠʚʦʩʪʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʢʦʥʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤ̔ʞ ʥʝʦʙʭʽʜʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ QoS ʽ ʪʠʤʠ, ʱʦ ʨʝʘʣʴʥʦ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ. ɯ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʯʘʩʪʦʪʠ 

ʩʠʛʥʘʣʫ, ʥʘ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ. ʋ ʨʦʙʦʪʘʭ [1, 21, 22] ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʽ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʩʫʯʦʾ 

ʯʘʩʪʦʪʠ ʚ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʜʞʠʪʪʝʨʘ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ. ɸʣʝ ʜʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʢ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ, ʪʘʢ ʽ ʩʝʨʝʜʦʚʠʱʘ 

ʧʦʰʠʨʝʥʥʷ. ɺ ʨʝʘʣʴʥʦʩʪʽ ʚʩʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʝ, ʪʦʤʫ ʱʦ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʤʘʣʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʂʉ. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʻ ʩʪʚʦʨʝʥʥ̫  ʤʦʜʝʣʽ ʥʝʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ QoS. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʨʷʜ ʧʨʠʚʘʪʥʠʭ ʟʘʚʜʘʥʴ: 
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1. ʉʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʚʧʣʠʚʫ ʤʘʣʦʾ ʥʝʣʥ̔̔ʡʥʦʩʪʽ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʣʘʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ 

2. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʽʣʴʥʠʡ ʨʫʭ ʦʩʮʠʣʷʪʦʨʘ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ ʨʽʚʥʷʥʥʷ 

ɼʶʬʬʽʥʛʘ 

3. ʇʦʙʫʜʫʚʘʪʠ ʟʘʛʘʣʴʥʠʡ ʽʥʪʝʛʨʘʣ ʨʽʚʥʷʥʥʷ ɼʶʬʬʽʥʛʘ ʚ ʨʘʟʽ ʞʦʨʩʪʢʦʾ 

ʩʠʩʪʝʤʠ 

 

3.2.1 ʆʩʥʦʚʥʽ ʩʧ̔ʚʚʽʜʥʦʰʝʥʥʷ ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʦʮʽʥʠʤʦ ʚʧʣʠʚ ʤʘʣʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʥʘ 

ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʝʟʦʥʘʥʩʥʦʾ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʢʨʝʤʦʛʦ 

ʢʚʘʨʮʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʈʚ̔ʥ̫ʥʥʷ ʚʽʣʴʥʦʛʦ ʨʫʭʫ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ ʦʩʮʠʣ̫ʪʦʨʘ ʤʘʻ 

ʚʠʛʣʷʜ: 

 

0=+f(x)z ,                                                           (3.23) 

 

ʜʝ f (x) ï ʩʠʣʘ, ʱʦ ʚʽʜʥʦʚʣʶʻ, ʚ ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ. 

ʇʦʧʝʨʝʯʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʪʨʠʞʥʷ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʧʨʫʞʥʝ ʥʝʚʘʛʦʤʝ 

ʧʦʢʨʠʪʪʷ, ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ: 

 

                                             (3.24) 

 

ɺʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʥʪʫʨʽ ʙʝʟ ʟʘʛʘʩʘʥʥʷ ʟ ʥʝʣʽʥʽʡʥʦʾ 

ʻʤʥʽʩʪʶ ʦʧʠʩʫʶʪʴʩʷ (3.23) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʽʢʘ. ɺʝʣʠʯʠʥʘ ɚ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʝʣ̔ʥʽʡʥʦʩʪʽ. ʈʽʚʥʷʥʥʷ () ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʩʠʣʦʶ (2) 

ʧʨʠ ɚ>0 ʘʙʦ ɚ<0 ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʨʽʚʥʷʥʥʷʤ ɼʶʬʬʽʥʛʘ. 

ʋ ʨʘʟʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ, ʱʦ ʟʜʽʡʩʥʶʻ ʧʣʦʩʢʠʡ ʨʫʭ, ʬʫʥʢʮʽʷ f (x) 

ʜʦʨʽʚʥʶʻ: 
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    ...
1206

)sin(
53

-+-==
xx

xxf(x)                                      (3.25) 

 

ʄʘʩʘ, ʱʦ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦ 

ʦʩʽ ʨʦʟʪʷʛʥʫʪʠʭ ʧʨʫʞʠʥ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʩʠʣʽ ʪʘʢʦʛʦ 

ʚʠʛʣʷʜʫ: 

 

0,
)1(

1
2

>
ö
ö

÷

õ

æ
æ

ç

å

+
-+= b

b
b

x
xf(x)                                    (3.26) 

 

ɺ (3.24) ʽ (3.26) ʚʽʜʥʦʚʣʶʻ ʩʠʣʘ ʚʽʜʧʦʚ̔ ʜʘʻ ʞʦʨʩʪʢʦʶ (ʛʨʫʙʦʾ) ʩʠʩʪʝʤʽ, ʘ 

ʚ (3.25) - ʤ'ʷʢʦʶ ʩʠʩʪʝʤʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʽʣʴʥʠʡ ʨʫʭ ʦʩʮʠʣʷʪʦʨʘ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ ʨʽʚʥʷʥʥʷ 

ɼʶʬʬʽʥʛʘ: 

 

,03 =++ xxx l##                                                (3.27). 

 

ʈ̔ʚʥʷʥʥʷ (3.27) ʜʦʧʫʩʢʘʻ ʟʥʠʞʝʥʥʷ ʧʦʨʷʜʢʫ. ʇʦʢʣʘʜʝʤʦ: 

).(, xvvvx ==#  

ʄʘʻʤʦ: 

 

,
dx

dv
V

dt

dx

dx

dv
vx =Ö==###                                        (3.28). 

 

ʆʪʞʝ, ʨʽʚʥʷʥʥʷ (3.27) ʧʨʠʡʤʘʻ ʚʠʜ: 

 

,03 =++ xx
dx

dv
v l                                   (3.29) 

 

ʇʦʜʣ̔ʷʶʯʠ ʟʤʽʥʥʽ, ʦʪʨʠʤʘʻʤʦ: 
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,0)( 3 =++ dxxxvdv l                                    (3.29) 

 

ɯʥʪʝʛʨʫʶʯʠ ʦʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ, ʟʥʘʭʦʜʠʤʦ: 

 

.,)(
2

00

2

ConstCCxʇ
v

==+                            (3.30) 

 

ʜʝ ʇ(x) - ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ. 

 

,
4

1

2

1
)( 42 xxxʇ l+=                                 (3.31) 

ʇʦʩʪʽʡʥʘ C0 ʟʥʘʭʦʜʠʪɹ ʩʷ ʟ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ: 

 

00 )0(,)( xxvxv ==                                      (3.32) 

 

ɿʥʘʯʝʥʥʷ C0 ʜʦʨʽʚʥʶʻ: 

 

),(
2

0

2

0

0 xʇ
v

C +=                                          (3.33) 

 

ɺʠʩʣʦʚʠʤʦ v ʟ ʨʽʚʥʷʥʥʷ (3.30): 

 

)(2)( 00 xʇCxv -°=                                           (3.34) 

 

ʅʘ ʧʣʦʱʠʥʽ (x, v) ʬʘʟʦʚʘ ʪʨʘʻʢʪʦʨʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʛʽʣʦʢ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ɚ = 0. ʌʘʟʦʚʘ ʪʨʘʻʢʪʦʨʽʷ ʣʽʥʽʡʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ ʷʚʣʷʻ 

ʩʦʙʦʶ ʢʦʣʦ. 

ʅʝʭʘʡ ɚ> 0 (ʞʦʨʩʪʢʘ ʩʠʩʪʝʤʘ). 
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ʇʦʩʪʽʡʥʘ C0> 0 ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʟʥʘʯʝʥʥʷʭ v0, x0 ʚ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ 

(3.32). ɻʨʘʬʽʯʥʝ ʧʦʙʫʜʦʚʘ ʧʦʢʘʟʫʻ, ʱʦ ʬʘʟʦʚʘ ʪʨʘʻʢʪʦʨʽʷ ʟʘʤʢʥʫʪʘ, ʪʦʙʪʦ 

ʨʽʰʝʥʥʷ (3.27) ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʯʘʪʢʦʚʠʤ ʫʤʦʚʘʤ (3.30) ʽ ʻ ʧʝʨʽʦʜʠʯʥʠʤ. 

ʇʦʩʪʽʡʥʘ C0 ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ:, ʜʝ v(0) - ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ x = 0. 

ɿ (3.33) ʚʠʜʥʦ, ʱʦ (ʧʨʠ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʟʥʘʯʝʥʥʷʭ v0, x0) ʟʙʽʣʴʰʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ ʥʝʣʽʥʽʡʥʦʩʪʽ ɚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ v(0). 

ʊʦʯʢʠ ʧʝʨʝʪʠʥʫ ʬʘʟʦʚʦʛʦ ʪʨʘʻʢʪʦʨʽʾ ʟ ʚʽʩʩʶ x ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʨʽʰʝʥʥʷ 

ʨʽʚʥʷʥʥʷ ʧʨʠʯʦʤʫ 

 

.lim,
411

2 01
0

0
1 xx

C

C
x =

++
=

­ll
                                           (3.35) 

 

ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ x1 ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʫʞʝ ʞʦʨʩʪʢʦʶ ʥʝʣʽʥʽʡʥʦʾ 

ʩʠʩʪʝʤʽ. ʋ ʜʫʞʝ ʞʦʨʩʪʢʦʶ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʽ (x0 = const), ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʪʷʛʫʚʘʥʥʷ ʬʘʟʦʚʦʾ ʪʨʘʻʢʪʦʨʽʾ ʚʟʜʦʚʞ ʦʩʽ v. ʋʤʦʚʘ x0  ̧0 - ʽʩʪʦʪʥʦ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ɚ <0 (ʤ'ʷʢʘ ʩʠʩʪʝʤʘ). ʇʦʩʪʽʡʥʘ C0, ʟʘʜʘʥʘ 

ʬʦʨʤʫʣʦʶ (3.33), ʤʘʻ ʜʚʘ ʤʘʢʩʠʤʫʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ 

20 xx °= , ʜʝ  2x  ʜʦʨʽʚʥʶʻ: 

 

.0,
10

2 <-= l
l

x                                                  (3.36) 

 

ɿʥʘʯʝʥʥʷ ʤʘʢʩʠʤʫʤʝ C0(x0) ʜʦʨʽʚʥʶʻ: 

 

.0,
4

1

2
)(max

2

0

00 >-= l
l

v
xC                          (3.37) 
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ʇʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽ̫  )(xʇ ʟʛʽʜʥʦ (3.31) ʤʘʻ ʜʚʘ ʤʘʢʩʠʤʫʤʝ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ 
0 2x x=°, ʜʝ 2x  ʥʘʭʦʜʞʝʥʘ ʫ (3.36) 

 

0
4

1

4

1
)(max * >==-= Cxʇ

ll
                     (3.38) 

 

ɿ (15) ʽ (16) ʚʠʜʥʦ, ʱʦ ʽʩʥʫʻ ʪʘʢʽ ʟʥʘʯʝʥʥʷ C0, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʥʝʨʽʚʥʦʩʪʽ 
*

0 CC > . ʋʪʦʯʥʠʤʦ ʦʙʣʘʩʪʴ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ v0, x0, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʘʪʠ ʚʢʘʟʘʥʫ ʥʝʨʽʚʥʽʩʪʴ. ɿʘʬʽʢʩʫʻʤʦ ʟʥʘʯʝʥʥʷ x0 ʽ ʚʠʟʥʘʯʠʤʦ ʦʙʣʘʩʪʴ 

ʟʥʘʯʝʥʴ 
2

0v  ʫ ʚʠʛʣʷʜʽ ʥʝʨʽʚʥʦʩʪʽ: 

 

2

0

4

0

2

0

1

2

1
xxv -

ö
ö

÷

õ

æ
æ

ç

å
+> l

l
                              (3.39) 

 

ɺ (3.39) ʚʠʢʦʥʘʥʦ ʥʝʨʽʚʥʽʩʪʴ 
*

0 CC > . 

 

ʊʝʦʨʝʤʘ  

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʝʨʽʚʥʦʩʪ ̔(2.39), 

ʨʫʭ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʟʘʜʘʯʝʶ ʂʦʰʽ ʜʣʷ ʨʽʚʥʷʥʥʷ ɼʶʬʬʽʥʛʘ, ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʤ'ʷʢʦʶ ʩʠʩʪʝʤʽ, ʻ ʥʝʦʙʤʝʞʝʥʠʤ. 

ɼʦʚʝʜʝʥʥʷ 

ʈʦʟʛʣʷʥʝʤʦ ʚ (3.34) ʧʨʘʚʫ ʯʘʩʪʠʥʫ. ɺʦʥʘ ʚʠʟʥʘʯʝʥʘ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ x ̔  ʻ 

ʟʨʦʩʪʘʶʯʦʶ ʬʫʥʢʮʽʻʶ ʧʨʠ x Ÿ °¤ . ɼʦʢʘʟ ʪʝʦʨʝʤʠ ʟʘʢʽʥʯʝʥʦ. 

 

ö
ö

÷

õ

æ
æ

ç

å
+->
l

ll
1

2
2

1
),( 2

0

4

00

2

1 xxxv                                             (3.40) 

 

ʋʪʦʯʥʠʤʦ ʦʧʠʩ ʪʨʘʻʢʪʦʨʽʾ ʥʘ ʬʘʟʦʚʽʡ ʧʣʦʱʠʥʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ (3.40). 

ʇʦʟʥʘʯʠʤʦ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʥʝʨʽʚʥʦʩʪʽ (3.40). 
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ʅʝʚʘʞʢʦ ʜʦʚʝʩʪʠ, ʱʦ 

 

l
l

1
,0),( 2

00

2

1 ¸> xxv , 

l
l

1
,0),( 22

2

1 =>° xxv . 

 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʝʨʽʚʥʦʩʪʽ 

(3.39), ʥʝ ʧʝʨʝʪʠʥʘʶʪʴ ʚʽʩʴ ʍ. ʈʦʟʛʣʷʥʝʤʦ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʤ'ʷʢʦʾ ʩʠʩʪʝʤʠ, 

ʷʢʽ ʧʝʨʝʪʠʥʘʶʪʴ ʚʽʩʴ ʍ. 

ʅʝʭʘʡ ʧʦʩʪʽʡʥʘ C0 ʟʘʜʦʚʦʣʴʥʷʻ ʥʝʨʽʚʥʦʩʪʽ 
*

0 CC <  . ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʦʪʨʠʤʫʻʤʦ: 

 

),,( 0

2

1

2

0 lxvv <  

ʜʝ ),( 0

2

1 lxv  ʚʠʟʥʘʯʝʥʦ ʚ (3.40). 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʦ ʥʝʨʽʚʥʽʩʪʴ, ʷʢʝ ʧʨʦʪʠʣʝʞʥʦ ʟʘ ʟʤʽʩʪʦʤ 

ʥʝʨʽʚʥʦʩʪʽ ʚ (3.39). ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʚ (3.32) ʟʘʜʘʶʪʴʩʷ ʚ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ 

ʯʘʩʫ, ʪʦʤʫ ʟʨʫʯʥʽʰʝ ʟʘʜʘʚʘʪʠ ʫʤʦʚʠ ʚ ʤʦʤʝʥʪ ʧʝʨʝʪʠʥʫ ʬʘʟʦʚʦʛʦ ʪʨʘʻʢʪʦʨʽʾ 

ʦʩʽ ʍ. 

 

00 )0(,0)( xxxv ==                                            (3.41) 

 

ʇʽʜʩʪʘʚʠʤʦ (3.41) ʫ (3.34), ʚʨʘʭʫʻʤʦ ʥʝʨʽʚʥʽʩʪʴ 
*

0 CC < ,  ʪʘ ʤʘʻʤʦ: 

 

,
4

1

4

1

2

1
),( 4

0

2

0
l

l <-= xxxʇC  

ʪʦʙʪʦ 0),( 0

2

1 >lxv . 

ɿʚʽʜʩʠ ʚʠʚʦʜʠʤʦ ʜʚʘ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʠ: 
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l

1
0)0(,0)( 000 <<== xxxxv                              (3.42) 

 

l

1
)0(,0)( 000 >== xxxxv                            (3.43) 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ (3.42) ʨʫʭ ʧʝʨʽʦʜʠʯʥʠʡ, ʘ ʬʘʟʦʚʽ 

ʪʨʘʻʢʪʦʨʽʾ - ʟʘʤʢʥʫʪʽ ʣʽʥʽʾ, ʷʢʽ ʦʪʦʯʫʶʪʴ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ 

ʚʠʢʦʥʘʥʥʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ (3.43) ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ɼʶʬʬʽʥʛʘ 

ʥʝʦʙʤʝʞʝʥʦ. ɼʝʪʘʣʴʥʽʰʝ ʨʦʟʛʣʷʥʝʤʦ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʽʦʜʠʯʥʦʛʦ ʨʫʭʫ. ɿʛʽʜʥʦ 

(3.42) ʧʦʢʣʘʜʝʤʦ 

 

.10,
1

0 <<> e
l

x                                   (3.44) 

 

ɿ (3.42) ʽ (3.33) ʟʥʘʡʜʝʤʦ C0 . ɿ (3.34) ʚʠʟʥʘʯʠʤʦ )(xv . ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʤʘʻʤʦ ʬʦʨʤʫʣʫ ʬʘʟʦʚʦʾ ʪʨʘʻʢʪʦʨʽʾ: 

 

.10,,
22

1)( 0

4

2 <<¢+-ö
÷

õ
æ
ç

å
-= e

le

l

e
xx

x
xxv           (3.45) 

 

ʉʢʦʨʠʩʪʘʻʤʦʩʷ (3.45) ʽ ʦʙʯʠʩʣʠʤʦ ʚʽʜʥʦʰʝʥʥʷ 

 

.10,
2

1
)0(

0

<<-= e
e

x

v
                                  (3.46) 

 

ɿ (3.46) ʚʠʧʣʠʚʘʻ, ʱʦ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʽʦʜʠʯʥʦʛʦ ʨʫʭʫ ʤ'ʷʢʦʾ 

ʩʠʩʪʝʤʠ ʚʠʪʷʛʥʫʪʽ ʫʟʜʦʚʞ ʦʩʽ ʍ. ʋ ʮʴʦʤʫ ʷʢʽʩʥʦ ʧʦʣʷʛʘʻ ʚʽʜʤʽʥʥʽʩʪʴ 

ʬʘʟʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ ʧʝʨʽʦʜʠʯʥʠʭ ʨʫʭʽʚ ʤ'ʷʢʦʶ ʽ ʞʦʨʩʪʢʠʭ ʥʝʣʽʥʽʡʥʠʭ 

ʩʠʩʪʝʤ. ʌʦʨʤʫʣʠ (23) ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ 
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ʬʘʟʦʚʦʾ ʪʨʘʻʢʪʦʨ̔ʾ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʠ ʚʽʜʦʤʦʤʫ ʧʦʯʘʪʢʦʚʦʤʫ 

ʚʽʜʭʠʣʝʥʥʽ ʩʠʩʪʝʤʠ, ʦʧʠʩʘʥʦʤʫ ʚ (20) ʽ (22). ʈʽʚʥʷʥʥʷ ʬʘʟʦʚʦʾ ʪʨʘʻʢʪʦʨʽʾ 

(12) ʚ ʥʝʷʚʥʽʡ ʬʦʨʤʽ ʤʘʻ ʚʠʛʣʷʜ,0),( =vxF ʜʝ F ʜʦʨʽʚʥʶʻ 

 

.
2

2),( 42

0

2 xxCvvxF
l
++-=  

 

ʆʩʦʙʣʠʚʽ ʪʦʯʢʠ ʤʘʶʪʴ ʢʦʦʨʜʠʥʘʪʠ (0,0), ( 2x- ,0), ( 2x  ,0), ʜʝ 

 

l

1
2 -=x . 

 

ʂʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʦʪʠʯʥʦʾ ,vk ¡=  ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ 

 

,02 2 =++ CkBkA  

ʜʝ ɸ, ɺ, ʉ ï ʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʠʭ 

 

2

22

2

2

,,
dv

Fd

dxdv

Fd

dx

Fd
 

ʚ ʪʦʯʮʽ. ɿʥʘʡʜʝʤʦ ʧʦʭʽʜʥ̔  ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ: 

 

.2,0,62
2

22
2

2

2

==+=
dv

Fd

dxdv

Fd
x

dx

Fd
l  

 

ɼʠʩʢʨʠʤʽʥʘʥʪ ʢʚʘʜʨʘʪʥʦʛʦ ʨʽʚʥʷʥʥʷ ʱʦʜʦ K ʤʘʻ ʚʛʣʜ̫: 

 

( ) .0622 22 <+-=- xACB l  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʦʙʣʠʚʽ ʪʦʯʢʠ ʪʘʢʽ, ʱʦ ʚ ʥʠʭ ʥʝʤʘʻ ʜʦʪʠʯʥʽʡ. ʊʘʢʽ ʪʦʯʢʠ 

ʥʘʟʠʚʘʶʪʴ ʽʟʦʣʴʦʚʘʥʠʤʠ. ʋ ʤʘʣʽʡ ʦʢʦʣʠʮʽ ʽʟʦʣʴʦʚʘʥʠʭ ʪʦʯʦʢ ʧʦʚʝʨʪʘ̒  ʩʠʣʘ 
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ʤʘʻ ʨʽʟʥʫ ʧʦʚʝʜʽʥʢʫ. ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʧʦʚʝʨʪʘʻ ʩʠʣʠ ʰʣʷʭʦʤ ʩʢʣʘʜʘʥʥʷ ʚ 

ʩʪʘʪʝʯʥʦʾ ʨʷʜ. ʋʪʨʠʤʫʶʯʠ ʧʝʨʰʠʡ ʯʣʝʥ ʩʪʘʪʝʯʥʦʛʦ ʨʷʜʫ, ʚʠʚʦʜʠʤʦ: 

()

()

() ).(2),0,(

),(2),0,(

,),0,0(

2

2

2

2

xxxfx

xxxfx

xxf

--º

+-º-

º

 

 

ɿ ʬʦʨʤʫʣʠ ʚʠʜʥʦ, ʱʦ ʚ ʪʦʯʮʽ (0,0) ʩʠʣʘ, ʱʦ ʧʦʚʝʨʪʘʻ, ʩʧʨʷʤʦʚʘʥʘ ʜʦ 

ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ. ɺ ʽʥʰʠʭ ʪʦʯʢʘʭ ʩʠʣʘ, ʱʦ ʧʦʚʝʨʪʘʻ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʚʽʜʨʘʟʣʠʚʫ. 

ʇʦʙʫʜʫʻʤʦ ʟʘʛʘʣʴʥʠʡ ʽʥʪʝʛʨʘʣ ʨʽʚʥʷʥʥʷ ɼʶʬʬʽʥʛʘ ʚ ʨʘʟʽ ʞʦʨʩʪʢʦʾ 

ʩʠʩʪʝʤʠ: 

 

0,03 >=++ llxxx##                                            (3.47) 

 

ʈʽhʝʥʥʷ (3.47) ʚʽʜʰʫʢʫʻʤʦ ʫ ʚʠʛʣʷʜʽ ʝʣʽʧʪʠʯʥʦʛʦ ʢʦʩʠʥʫʩʘ 

 

( ) ,,, tukuacnx s==                                              (3.48) 

 

ʜʝ ʘ, ů , k ï ʥʝʚʽʜʦʤʽ ʧʦʩʪʽʡʥʽ. 

ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʚʽʜʦʤʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʟ ʪʝʦʨʽʾ ʝʣʽʧʪʠʯʥʠʭ 

ʬʫʥʢʮʽʡ 

 

.)(;)(;)( 2 cnusnukdnudnusnusnusnuducnu Ö-=¡Ö=¡-=¡     (3.49) 

 

ʅʘʡʜʝʤʦ ʧʦʭʽʜʥʽ ʚʽʜ (3.48) 

 

).()(; 22222222 usnkudnxucnusnkudncnuaxsnuduax --=-Ö-=-= sss ### (3.50) 
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ʇʝʨʝʪʚʦʨʠʤʦ (3.50), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʰʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʦʨʽʾ 

ʝʣʽʧʪʠʯʥʠʭ ʬʫʥʢʮʽʡ: 

 

.11;1 2222222 ucnkusnkudnucnusn +-=-=-=        (3.51) 

 

ʆʪʨʠʤʘʻʤʦ: 

 

( ) ( )[ ] ( ) ,
2

111 2

2

2
22222222

ù
ú

ø
é
ê

è
+-=--+--= x

a

k
kxycnkucnkkxx ss##  

ʪʦʙʪʦ 

 

( ) .
2

1 3

2

22
22 x

a

k
xkx

s
s +-+##                               (3.52) 

ɿ (3.48)  ̔(3.52) ʦʪʨʠʤʫʻʤʦ ʜʚʘ ʨʽʚʥʷʥʥʷ 

 

( ) .
2

,11
2

22
22 l

s
s ==-

a

k
k                           (3.53) 

 

ʋ ʨʽʚʥʷʥʥʽ (3.53) ʚʭʦʜʷʪʴ ʪʨʠ ʥʝʚʽʜʦʤʠʭ, ʪʦʤʫ ʨʦʟʛʣʷʥʝʤʦ ʧʦʯʘʪʢʦʚʽ 

ʫʤʦʚʠ: 

 

.0)0(,)0( 0 == xxx #                                               (3.54) 

 

ɿʘʜʦʚʦʣʴʥʠʤʦ ʧʦʯʘʪʢʦʚʠʤ ʫʤʦʚʘʤ, ʚʨʘʭʦʚʫʶʯʠ, ɦ ʦ cn(0, k) =1,  

sn(0, k)=0.  ɿʥʘʡʜʝʤʦ, ʱʦ 
0xa= , ʪʦʙʪʦ ʟʤʽʱʝʥʥʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ʇʦ ʫʤʦʚʘʤ ɚ> 0, ʪʦʤʫ ʚ (31) ʟʥʘʯʝʥʥ ̫k ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʝʨ̔ʚʥʦʩʪ̔  

 

.
2

1
0 ¢¢k                                            (3.55) 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʻʤʦ ʟʘʛʘʣʴʥʠʡ ʽʥʪʝʛʨʘʣ ʨʽʚʥʷʥʥʷ ɼʶʬʬʽʥʛʘ (ʞʦʨʩʪʢʘ 

ʩʠʩʪʝʤʘ) ʫ ʚʠʛʣʷʜʽ: 

 

( ),,0 ktcnxx s=                                              (3.56) 

 

ʜʝ 

 

( ) ( )
.

21

2
,

21

1
22

0

2

2 kx

k

k -
=

-
= ls                               (3.57) 

  

ɿʥʘʯʝʥʥʷ k (ʝʢʚ̔ ʚʘʣʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝʣʽʥʽʡʥʦʩʪʽ) ʚ (3.55) 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʥʪʝʨʚʘʣʫ ʧʘʨʘʤʝʪʨʘ ʥʝʣʽʥʽʡʥʦʩʪʽ ɚ, ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʥʫʣʷ 

ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. 

ʅʘ ʨʠʩ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʧʣʠʚʫ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʥʦʾ ʚ ʤʝʨʝʞʽ 

ʽʥʬʦʨʤʘʮʽʾ. ʎʝʡ ʛʨʘʬʽʢ ʜʝʤʦʥʩʪʨʫʻ ʥʘʩʢʽʣʴʢʠ ʟʤʽʥʶʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʩʠʛʥʘʣʫ, ʱʦ ʟʘʜʘʻ ʧʨʠ ʚʽʜʧʦʚʽʜʥʽʡ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʘ k.  

 

 

ʈʠʩʫʥʦʢ 3.1. ɿʘʣʝʞʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪʠ ʢʦʣʠʚʘʥʴ ʩʠʛʥʘʣʫ ʚʽʜ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʥʝʣʽʥʽʡʥʦʩʪʽ k. 
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ɼʣʷ ʙʽʣɹʰʦʾ ʥʘʦʯʥʦʩʪʽ ʥʘ ʨʠʩ. 3.2 - 3.4 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʟʥʠʮʽ ʤʽʞ ʩʠʛʥʘʣʦʤ, 

ʱʦ ʧʦʰʠʨʶʻʪʴʩʷ, ʽ ʩʪʘʥʜʘʨʪʥʠʤ ʛʘʨʤʦʥʽʡʥʠʤ ʩʠʛʥʘʣʦʤ ʜʣʷ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʽʚ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝʣʽʥʽʡʥʦʩʪʽ. 

 

ʈʠʩʫʥʦʢ 3.2 ʈʽʟʥʠʮʷ ʤʽʞ ʩʠʛʥʘʣʦʤ, ʰʦ ʧʦʰʠʨʶʻʪʴʩʷ, ʽ ʩʪʘʥʜʘʨʪʥʠʤ 

ʛʘʨʤʦʥʽʡʥʠʤ ʩʠʛʥʘʣʦʤ ʧʨʠ 0<k<0,2 

 

 

ʈʠʩʫʥʦʢ 3.3 ʈʽʟʥʠʮʷ ʤʽʞ ʩʠʛʥʘʣʦʤ, ʰʦ ʧʦʰʠʨʶʻʪʴʩʷ, ʽ ʩʪʘʥʜʘʨʪʥʠʤ 

ʛʘʨʤʦʥʽʡʥʠʤ ʩʠʛʥʘʣʦʤ ʧʨʠ 0,2<k<0,4 
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ʈʠʩʫʥʦʢ 3.4 ʈʽʟʥʠʮʷ ʤʽʞ ʩʠʛʥʘʣʦʤ, ʰʦ ʧʦʰʠʨʶʻʪʴʩʷ, ʽ ʩʪʘʥʜʘʨʪʥʠʤ 

ʛʘʨʤʦʥʽʡʥʠʤ ʩʠʛʥʘʣʦʤ ʧʨʠ 0,4<k<0,7 

 

ʈʠʩʫʥʢʠ 3.2-3.4 ʧʨʝʜʩʪʘʚʣʝʥ̔  ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʦʥʠ ʦʭʦʧʣʶʶʪʴ ʚʝʩʴ 

ʜʽʘʧʘʟʦʥ ʟʤʽʥ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝʣʽʥʽʡʥʦʩʪʽ k. 

ʇʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʘ k ʚ ʤʝʞʘʭ 0<k<0,01 ʢʦʣʠʚʘʥʥʷ (ʨʠʩ. 3.2) 

ʩʠʩʪʝʤʠ ʻ ʛʘʨʤʦʥʽʡʥʠʤʠ ʘʙʦ ʜʫʞʝ ʙʣʠʟʴʢʠʤʠ ʜʦ ʥʠʭ. ʉʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ 

ʢʦʣʠʚʘʥʴ 
82 10dw w-Ö .  ɸʣʝ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʥʘʯʝʥʴ k=0,25 ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʯʘʩʪʦʪʠ ʽʩʪʦʪʥʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʜʦ 
65 10dw w-Ö  ʊʘʢʽ ʬʣʫʢʪʫʘʮʽʾ ʯʘʩʪʦʪʠ ʚʞʝ 

ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʂʉ. ɸʣʝ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʧʘʨʘʤʝʪʨʘ k ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʩʪʦʪʥʝ ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ 

ʛʘʨʤʦʥʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʦʣʠʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʂʉ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʚʽʪʴ 

ʥʝʟʥʘʯʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʥʦʛʦ ʚ 

ʤʝʨʝʞʽ ʩʠʛʥʘʣʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʝʜʝ ʜʦ ʽʩʪʦʪʥʠʭ ʚʪʨʘʪ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ 

ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʜʦʩʪʦʚʽʨʥʦʾ ʧʝʨʝʜʘʯ.̔ 
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ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 3 

 

1. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦʤʫ ʢʘʥʘʣ̔ ʟʚ'ʷʟʢʫ ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʭ ʢʦʨʝʣʷʮʽʡ ʧʦʣʷ 

ʭʚʠʣʽ, ʷʢʘ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʦʨʤʘʣʽʟʤʫ ʂɯ ʌʝʡʤʘʥʘ 

2. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʦʙʤʝʞʝʥʥʷ 

ʥʘ ʧʘʨʘʤʝʪʨʠ. ʈʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʭʚʠʣɹʦʚʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʚ 

ʤʘʨʢʽʚʩʴʢʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʣʠʭ ʟʙʫʨʝʥʴ ʩʝʨʝʜʦʚʠʱʘ ʽ ʤʘʣʠʭ 

ʬʣʫʢʪʫʘʮʽʡ ʧʦʰʠʨʶʻʪʴʩʷ ʧʦʣʷ 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʘʣʽʟʤʫ ʂɯ ʌʝʡʤʘʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ 

ʦʧʪʠʯʥʠʭ ʢʘʥʘʣʘʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

4. ʆʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʧʦʣʷ ʪʦʯʢʦʚʦʛʦ 

ʜʞʝʨʝʣʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʝʦʨʝʪʠʯʥʫ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ 

ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦʤʫ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʭ ʢʦʨʝʣʷʮʽʡ ʧʦʣʷ 

ʭʚʠʣʽ, ʷʢʘ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʦʨʤʘʣʽʟʤʫ ʂɯ ʌʝʡʤʘʥʘ. 

5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣ ɹ ʥʝʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʩʠʩʪʝʤʠ ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥ̫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ QoS ʚ ʷʢʦʾ: 

- ʩʪʚʦʨʝʥʦ ʤʦʜʝʣʴ ʚʧʣʠʚʫ ʤʘʣʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʣʘʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ 

- ʧʨʦʘʥʘʣʽʟʫʚʘʥʦ ʚʽʣʴʥʠʡ ʨʫʭ ʦʩʮʠʣʷʪʦʨʘ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ ʨʽʚʥʷʥʥʷ 

ɼʶʬʬʽʥʛʘ 

- ʧʦʙʫʜʫʚʘʥʦ ʟʘʛʘʣʴʥʠʡ ʽʥʪʝʛʨʘʣ ʨʽʚʥʷʥʥʷ ɼʶʬʬʽʥʛʘ ʚ ʨʘʟʽ ʞʦʨʩʪʢʦʾ 

ʩʠʩʪʝʤʠ 

- ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʥʝʣʽʥʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʝʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʥʦʾ ʚ ʤʝʨʝʞʽ ʽʥʬʦʨʤʘʮʽʾ  
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- ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʘ ʥʝʣʽʥʽʡʥʦʩʪʽ k ʚ 

ʤʝʞʘʭ 0<k<0,01ʢʦʣʠʚʘʥʥʷ ʩʠʩʪʝʤʠ ʻ ʛʘʨʤʦʥʽʡʥʠʤʠ ʘʙʦ ʜʫʞʝ ʙʣʠʟʴʢʠʤʠ ʜʦ ʥʠʭ, 

ʦʜʥʘʢ ͙ͨͪ ͒ͦͫΎ͎͔ͤͤͤ͜ ͤ͊͘;͔ͤΈ k=0,25 ͫͭ͊͋͜͡Έͤͫͭ͜Έ ;͙͊ͫͭͦͭ ͫͭͦͭͤͦ͜ ͎ͨͦͪ͜΄ͯΊͭΈͫΎ ͒ͦ 

65 10dw w-Ö  ʊʘʢʽ ʬʣʫʢʪʫʘʮʽʾ ʯʘʩʪʦʪʠ ʚʞʝ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʬʫʥʢʮʦ̔ʥʫʚʘʥʥʷ ʂʉ. ɸʣʝ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʧʘʨʘʤʝʪʨʘ 

k ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʩʪʦʪʥʝ ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ʛʘʨʤʦʥʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʣʠʚʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʂʉ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʘ 

ʥʝʣʽʥʽʡʥʩ̔ʪʴ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʥʦʛʦ ʚ ʤʝʨʝʞʽ 

ʩʠʛʥʘʣʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʝʜʝ ʜʦ ʽʩʪʦʪʥʠʭ ʚʪʨʘʪ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ 

ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʜʦʩʪʦʚʽʨʥʦʾ ʧʝʨʝʜʘʯ.̔ 

 

6. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʦ [25, 35, 36, 71, 72, 73]. 
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ʈʆɿɼɯʃ 4 

ʄʆɼɽʃʖɺɸʅʅʗ ɿɸɺɸɼʆɺʆɻʆ ɺʇʃʀɺʋ ʅɸ ɸʇɸʈɸʊʅɯ 

ʉʂʃɸɼʆɺɯ ʂʆʄʇôʖʊɽʈʅʆɰ ʉʀʉʊɽʄʀ ʉʋɼʆɺʆɰ ɽʂʉʇɽʈʊʀɿʀ 

 

ɺ ʪʝʧʝʨʽʰʥʡ̔ ʯʘʩ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʥʠʢʘʻ ʚʘʞʣʠʚʘ 

ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʭʠʩʪ ʡʦʛʦ ʚʽʜ 

ʘʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʟ ʤʝʪʦʶ ʧʦʰʢʦʜʞʝʥʥʷ ʷʢ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʫ 

ʩʠʩʪʝʤʽ, ʪʘʢ ʡ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɿʘʨʘʟ ʽʩʥʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ  

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ  ʟʘʩʦʙʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʧʣʠʚʫ (ɽʄɺ), ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ ʟʘʩʦʙʽʚ, ʷʢ ̔ʟʘʩʥʦʚʘʥ ̔ʥʘ ʬʽʟʠʯʥʦʤʫ ʧʨʠʥʮʠʧʽ ʚʧʣʠʚʫ ʪʘ ʧʨʠʟʥʘʯʝʥ ̔ʜʣʷ 

ʫʨʘʞʝʥʥʷ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɼʦ ʮʠʭ ʟʘʩʦʙʽʚ ʚʽʜʥʦʩʷʪʴʩʷ 

ʨʘʜʽʦʯʘʩʪʦʪʥ,̔ ʦʧʪʠʯʥ ̔ʟʘʩʦʙʽ ʪʘ ʟʘʩʦʙʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʽʤʧʫʣʴʩʫ (ɽʄɯ).  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʟʨʘʟʢʽʚ ɽʄɺ ʟʥʘʯʥʦ ʟʘʛʦʩʪʨʶʻ ʧʨʦʙʣʝʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʦʙôʻʢʪʽʚ ʂʉ ʉɽɼ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʭ 

ʬʘʢʪʦʨʽʚ, ʷʢʠʡ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʂʉ ʉɽɼ ʻ 

ʟʘʩʦʙʠ ʾʭ ʟʘʭʠʩʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʽ ʨʽʚʥʽ ʫʨʘʞʘʶʯʠʭ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʬ̔ʟʠʯʥʠʭ ʬʘʢʪʦʨʘʭ ʚʧʣʠʚʫ ɽʄɿ. 

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʥʝ ʟʘʚʞʜʠ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘ ʩʚʦʾʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʦʙʭʽʜʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʠʩʪʫ ʂʉ ʉɽɼ, ʥʘʩʘʤʧʝʨʝʜ, 

ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʽʜʝʘʣʴʥʠʭ ʝʢʨʘʥʽʚ (ʙʝʟ ʜʝʬʝʢʪʽʚ), ʥʝʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

(ʥʘʷʚʥʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʪʚʦʨʽʚ, ʱʽʣʠʥ, ʰʚʽʚ, ʤʽʩʮʴ ʟôʻʜʥʘʥʴ ʚ ʢʦʨʧʫʩʘʭ, 

ʤʽʩʮʴ ʚʚʝʜʝʥʥʷ ʢʘʙʝʣʽʚ ʞʠʚʣʝʥʥʷ, ʣʽʥʽʡ ʟʚôʷʟʢʫ,) ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʨʤʝʪʠʯʥʠʭ ʝʢʨʘʥʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ɽʄɺ (ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʘʥʪʝʥʥʠʭ 

ʚʭʦʜʽʚ), ʥʝʟʜʘʪʥʽʩʪʴ ʽʩʥʫʶʯʠʭ ʦʙʤʝʞʫʚʘʯʽʚ ʚʠʪʨʠʤʫʚʘʪʠ ʽʤʧʫʣʴʩʥ̔ 

ʧʝʨʝʥʘʧʨʫʛʠ ʧʽʜ ʚʧʣʠʚʦʤ ɽʄɺ ʩʫʯʘʩʥʠʭ ʚʠʜʽʚ ɽʄɿ, ʥʝʜʦʩʪʘʪʥʶ ʰʚʠʜʢʦʜʽʶ 

ʪʘ ʥʝʧʨʠʡʥʷʪʥʽ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʪʞʝ ʚʠʥʠʢʣʘ ʘʢʪʫʘʣʴʥʘ 

ʥʘʫʢʦʚʘ ʟʘʜʘʯʘ, ʧʦʙʫʜʦʚʠ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ  ʚʧʣʠʚ 

ʟʘʚʘʜʦʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʂʉ ʉɽɼ.  
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ɺʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ, ʱʦ ʩʢʣʘʣʦʩʷ, ʚ ʨʦʙʦʪʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʢʦʥʮʝʧʮʽʾ ʟʘʭʠʩʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʟʤʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʩʠʥʪʝʟʫ ʤʘʪʝʨʽʘʣʽʚ 

ʪʘ ʩʝʨʝʜʦʚʠʱ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʈɽɿ ʚʽʜ 

ʧʦʪʫʞʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʫʣʴʪʨʘʢʦʨʦʪʢʦʾ ʪʨʠʚʘʣʦʩʪʽ (ʋʂʊ) ʙʝʟ ʚʧʣʠʚʫ ʥʘ 

ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʟʤʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʜʘʪʥʝ ʧʨʠʚʥʝʩʪʠ ʚ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ 

ʨʷʜ ʥʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʟʘʩʦʙʘʤʠ. ʅʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤʠ ʟ ʥʠʭ ʻ ʤʠʪʪʻʚʘ ʟʤʽʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʪʘ ʦ̔ʥʽʟʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʚʜ̔ʙʠʚʘʶʯʽ, ʧʦʛʣʠʥʘʶʯʽ ʪʘ ʟʘʤʠʢʘʶʯʽ  ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʧʽʜ 

ʚʧʣʠʚʦʤ ʧʦʪʫʞʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʋʂʊ,  ʘ ʪʘʢʦʞ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʥʘ 

ʧʨʦʪʷʟʽ ʫʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʈɽɿ ʪʘ ʟʜʘʪʥʽʩʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʽʤʧʫʣʴʩʥʽ 

ʧʝʨʝʥʘʧʨʫʛʠ, ʱʦ ʩʪʚʦʨʶʁʪʴʩʷ ʟʘʩʦʙʘʤʠ ɽʄɿ [75-81].  

 

4.1. ɸʥʘʣʽʟ  ʚʠʤʦʛ ʜʦ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʂʉ ʉɽɼ ʚʽʜ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʫʣʴʪʨʘʢʦʨʦʪʢʦʾ 

ʪʨʠʚʘʣʦʩʪʽ 

 

ɿ ʤʝʪʦʶ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʟʘʩʦʙʽʚ 

ʟʘʭʠʩʪʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʂʉ ʉɽɼ ʚʽʜ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʛʦ 

ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʫʣʴʪʨʘʢʦʨʦʪʢʦʾ ʪʨʠʚʘʣʦʩʪʽ ʫ ʧʽʜʨʦʟʜʽʣʽ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ 

ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʠʢ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʦʙôʻʢʪʽʚ 

ʆɺʊ, ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʯʘʩʥʦ ʾ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʾ ɽʄɿ, ʘ ʪʘʢʦʞ ʧʝʨʩʧʝʢʪʠʚ ʾʾ ʨʦʟʚʠʪʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʙʫʜʦʚʠ ʪʘ ʪʝʥʜʝʥʮʽʡ ʧʦʜʘʣʴʰʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ ʚ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʈɽɿ ʂʉ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʦʩʥʦʚʥʠʭ ʬʽʟʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʛʦ ʽʤʧʫʣʩɹʥʦʛʦ ɽʄɺ ʋʂʊ ʥʘ 

ʈɽɿ ʂʉ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʱʦʜʦ ʾʭ ʟʘʭʠʩʪʫ. ɺ ʦʩʥʦʚʫ 

ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ, ʧʦʢʣʘʜʝʥʦ ʨʦʟʨʦʙʣʝʥʫ ʘʚʪʦʨʦʤ ʫʟʘʛʘʣʴʥʝʥʫ ʤʦʜʝʣʴ 
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ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʈɽɿ ʆɺʊ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʫ ʦʧʝʨʘʪʠʚʥʦ-

ʪʘʢʪʠʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ (ʆʊʆ), ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.1  

 

ʈʠʩʫʥʦʢ 4.1 - ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʈɽɿ ʂʉ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʤʦʜʝʣʽ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʦʙʽʚ 

ʟʘʭʠʩʪʫ ʈɽɿ ʂʉ ʦʙʨʘʥʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʙʦʚôʷʟʢʽʚ 

ʈɽɿ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʛʦ ɽʄɺ (ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʈɽɿ ʪʘ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʽʾ ɽʄɿ, ʚ ʢʨʠʪʝʨʽʾ ʥʝ ʚʨʘʭʦʚʘʥʽ): 

 

ɽʄɺ
ɺɹɿ ʇʆʈɺʍ
ʈ =ʈ ʇ ʇ

å õ
¢æ ö

ç ÷.                                           (4.1) 

 

  ʜʝ ɺɹɿʈ  -  ʡʤʦʚʽʨʥʩ̔ʪɹ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʙʦʚôʷʟʢʽʚ ʚ 

ʫʤʦʚʘʭ ʤʦʞʣʠʚʠʭ ʚʧʣʠʚʽʚ; 

 ɽʄɺ
ɺʍ
ʇ

-  ʧʦʪʽʢ ʧʘʜʘʶʯʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʩʦʙʘʤʠ 

ɽʄɿ; 
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ʇʆʈʇ - ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʧʘʜʘʶʯʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʧʨʠ ʷʢʽʡ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʫʥʢʮʦ̔ʥʘʣʴʥʝ ʫʨʘʞʝʥʥʷ ʈɽɿ.  

ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʈɽɿ ʂʉ ʉɽɼ ʧʦʣʷʛʘʶʪʴ ʚ 

ʥʘʩʪʫʧʥʦʤʫ: 

1. ɼʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ 1 ʤʤ ʜʦ 100 ʢʤ. 

2. ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ɽʄɺ  ʥʘ ʚʭʦʜʽ ʚ ʪʦʯʢʘʭ ʜʦʩʪʫʧʫ ʚ ʈɽɿ ʜʦ 10-

8ɼʞ. 

3. ʏʘʩ ʩʧʨʘʮʶʚʘʥʥʷ ʥʝ ʤʝʥʰʝ 10-10ʩ ʜʣ̫ ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʩʦʙʽʚ ɽʄɯ ʪʘ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʟʘʩʦʙʽʚ, ʪʘ 10-19ʩ - ʚʽʜ ʦʧʪʠʯʥʠʭ ʟʘʩʦʙʽʚ. 

4. ɿʜʘʪʥʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ (240é2000) 

ʂ). 

5. ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ 

ʬʽʟʠʯʥʠʭ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʪʠʩʢ ʧʦʚ̔ʪʨʷ (760é10) ʤʤ. ʨʪ. ʩʪ.)). 

 

4.2 ʆʩʥʦʚʥʽ  ʥʘʧʨʷʤʢʠ ʨʦʟʨʦʙʢʠ ʟʘʭʠʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʝʨʝʜʦʚʠʱ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʟʤʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ 

 

ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʟʘʭʠʩʪʫ ʈɽɿ, ʚʠʟʥʘʯʝʥʦ 

ʬ̔ ʟʠʯʥʽ ʤʝʭʘʥʽʟʤʠ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʤʦʛʠ ʜʦ ʟʘʩʦʙ̔ʚ ʟʘʭʠʩʪʫ 

ʈɽɿ ʚʽʜ ʧʦʪʫʞʥʦʛʦ ɽʄɺ, ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʠʩʫ ʟʤʽʥʠ 

ʧʨʦʚʽʜʥʦʛʦ ʩʪʘʥʫ ʩʣʘʙʦʽʦʥʽʟʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʪʫʞʥʦʛʦ 

ɽʄɺ ʋʂʊ.  

ʂʦʥʮʝʧʮʽʷ ʟʘʭʠʩʪʫ ʈɽɿ ʂʉ ʚʽʜ ʧʦʪʫʞʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʋʂʊ, ʱʦ 

ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ɽʄɯ, ʨʘʜʽʦʯʘʩʪʦʪʥʠʤʠ ʪʘ ʦʧʪʠʯʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʧʦʣʷʛʘʻ 

ʚ ʟʘʙʝʟʧʝʯʝʥʽ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ɽʄɺ ʥʘ ʚʭʦʜʘʭ ʚ ʪʦʯʢʘʭ ʜʦʩʪʫʧʫ ʚ ʈɽɿ 

ʜʦ ʛʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʦʛʦ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʟʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʘʪɹ ʟʘʤʠʢʘʥʥʷ, ʚʽʜʚʝʜʝʥʥʷ, ʝʬʝʢʪʠʚʥʝ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʽʜʙʠʪʪʷ ʮʴʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [70-73]. 
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ɿ ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʟʘʤʠʢʘʥʥʷ ʨʦʟʨʷʜʥʦʛʦ ʧʨʦʤʽʞʢʫ ʚ ʦʪʚʦʨʘʭ ʈɽɿ 

ʧʽʜ ʚʧʣʠʚʦʤ ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʻ ʧʨʦʙʽʡ ʩʣʘʙʦʽʦʥʽʟʦʚʘʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʧʨʦʮʝʩʽ ʧʨʦʨʦʩʪʘʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʟʽ ʟʤʝʥʰʝʥʦʶ 

ʱʣ̔ʴʥʽʩʪʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʽʝʣʝʢʪʨʠʢʦʤ [76-84]. 

ʈʦʟʨʦʙʢʘ ʬʦʨʤʘʣʽʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʟʘʤʠʢʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ 

ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʋʂʊ ʚ ʦʪʚʦʨʘʭ ʟʜʽʡʩʥʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʥʘʣʫ, ʢ̫ʠʡ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥ̔ ʩʪʘʜʽʾ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʙʦʶ: 

ʧʣʘʟʤʦʚʫ (ʧʽʜ ʚʧʣʠʚʦʤ ʜʞʝʨʝʣʘ a-ʯʘʩʪʦʢ ʚ ʨʦʟʨʷʜʥʦʤʫ ʧʨʦʤʽʞʢʫ ʽʩʥʫʻ 

ʩʪʘʮʽʦʥʘʨʥʘ ʩʣʘʙʦ̔ ʦʥʽʟʦʚʘʥʘ ʢʚʘʟʽʨʽʚʥʦʚʘʞʥʘ ʧʣʘʟʤʘ). ʉʝʨʝʜʦʚʠʱʝ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʚʘʟʽʨʽʚʥʦʚʘʞʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ (ʌʈ) ʟʘʨʷʜʞʝʥʠʭ 

ʯʘʩʪʦʢ 0f , ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʻʁ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʘʢʪʠʚʥʦʩʪʽ 

ʨʘʜʽʦʽʟʦʪʦʧʥʦʛʦ ʜʞʝʨʝʣʘQ , 0n =n(Q), ʝʣʝʢʪʨʦʥʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ eT  ʪʘ 

ʜʠʬʫʟʽʻʶ ʯʘʩʪʦʢ ʇD . ʇʨʦʚ̔ʜʥʽʩʪʴ ʩʣʘʙʦʽʦʥʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝʟʥʘʯʥʘ ʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʥʝʡʪʨʘʣʴʥʠʭ ʯʘʩʪʦʢ ʝʥů=f(n ) 0º ;  

ʧʣʘʟʤʦʚʦ-ʣʘʚʠʥʥʫ, ʢʦʣʠ ʩʧʦʪʚʦʨʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ E0 ʚʩʝ ʱʝ ʜʫʞʝ 

ʤʘʣʝ, ʘ ʪʠʩʢ ʽʥʜʫʢʦʚʘʥʦʛʦ ʧʦʣʷ E2/4ˊ ʩʪʘʻ ʟʥʘʯʥʠʤ ʪʘ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʜʠʥʘʤʽʢʫ ʨʦʟʚʠʪʢʫ ʧʣʘʟʤʦʚʦʾ ʣʘʚʠʥʠ, ʭʘʨʘʢʪʝʨ ʾʾ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. ʅʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʥʠʢʘʻ ʩʠʣʴʥʦ ʽʦʥʽʟʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʝʨʽʚʥʦʚʘʞʥʦʶ ʌʈ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ  1 l if (t ,v,r,E,Ű ).  

ʏʘʩ ʬʦʨʤʫʚʘʥʥʷ ʧʣʘʟʤʦʚʦʾ ʣʘʚʠʥʠ ʩʢʣʘʜʘʻ t1 ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ɽʄɺ (iE,Ű) ʽ ʧʦʧʝʨʝʜʥʴʦ ʩʬʦʨʤʦʚʘʥʦʶ ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ 

ʨʦʟʚʠʪʢʫ ʧʨʦʙʦʶ ʧʦʯʘʪʢʦʚʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ 0n =n(Q).  

ʃʘʚʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝ 1ʊ = f(f ); ʜʠʬʫʟʽʻʶ ʝʣʝʢʪʨʦʥʽʚe eD = f(T )  ʪʘ ʽʦʥʽʚ 

i iD = f(T ). ʂʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʚ ʣʘʚʠʥʽe l 1n = n = f(f ). ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ɽʄɺ ɤʚ ʧʣʘʟʤʦʚʽʡ ʣʘʚʠʥʽ ʙʫʜʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʧʨʦʮʝʩʠ 
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ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʯʘʩ ʨʦʟʚʠʪʢʫ ʣʘʚʠʥʠ. 

ʇʨʦʚʽʜʥʽʩʪʴ ʧʣʘʟʤʦʚʦʾ ʣʘʚʠʥʠ ʚʠʟʥʘʯʝʥʦ ʷʢʣ l 1ů =f(n (f ),ɤ); 

ʧʣʘʟʤʦʚʦ-ʩʪʨʽʤʝʨʥʫ, ʢʦʣʠ ʧʦʣʝ E1 ʧʦʚʥʽʩʪʶ ʢʦʤʧʝʥʩʫʻ ʟʦʚʥʽʰʥʻ ʧʦʣʝ 

E0. ʅʘ ʮʽʡ ʩʪʘʜʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʦʩʠʣʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ ʧʦʟʘ ʩʪʨʽʤʝʨʥʽʡ 

ʦʙʣʘʩʪʽ, ʦʭʦʣʦʜʞʝʥʥʷ ʧʣʘʟʤʠ ʩʪʨʽʤʝʨʘ ʽ ʽʥʪʝʥʩʠʚʥʘ ʨʝʢʦʤʙʽʥʘʮʽʷ. ɺʥʘʩʣʽʜʦʢ 

ʧʦʛʣʠʥʘʥʥʷ ʨʝʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʨʦʜʞʝʥʥʷ 

ʥʦʚʠʭ ʣʘʚʠʥ ʽ ʾʭ ʧʨʠʩʢʦʨʝʥʝ ʧʦʰʠʨʝʥʥʷ ʚ ʧʦʩʠʣʝʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ.  

ʇʘʨʘʤʝʪʨʠ ʧʣʘʟʤʠ ʥʘ ʧʣʘʟʤʦʚʦ-ʩʪʨʽʤʝʨʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʧʨʦʙʦʶ 

ʥʘʩʪʫʧʥʽ:  

1. ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ  2 c if (t ,v,r,E,Ű ). 

2. ɼʠʬʫʟʽʷ ʝʣʝʢʪʨʦʥʽʚe eD = f(T )  ʪʘ ʽʦʥʽʚ i iD = f(T ).  

3. ʂʨʠʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ, ʧʨʠ ʷʢʽʡ ʙʫʜʝ ʩʬʦʨʤʦʚʘʥʦ 

ʚʠʩʦʢʦʧʨʦʚʽʜʥʠʡ ʢʘʥʘʣ,  ʢʨ l 2 ʨn = f(n ,f ,Ŭ ,p)
, ʜʝ ʨ

Ŭ , p
-ʢʦʝʬʽʮʽʻʥʪ ʨʫʭʦʤʦʩʪʽ 

ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ. 

4. ʇʨʦʚʽʜʥʽʩʪʴ ʩʪʨʤ̔ʝʨʘ ʩ ʢʨů = f(n ,ɤ)
. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʝʪʘʧʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʙʦ ʁ ʚ ʦʪʚʦʨʽ 

ʨʦʟʤʽʨʦʤdʧʨʦʙʽʡʥʘ ʥʘʧʨʫʛʘ ʻ ʬʫʥʢʮʽʻʶ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʧʣʘʟʤʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ɽʄɺ ʪʘ ʪʠʩʢʫ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: 

ʧʨ 1 l 2 c ʽ ʨɽ = f(Q,f (t ,v,r,E); f (t ,v,r,E), Ű ,Ŭ ,p,d).
 ʏʘʩ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ 

ʢʘʥʘʣʫ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʣʘʚʠʥʠ ʪʘ ʩʪʨʽʤʝʨʘ 

ʧʨ l cŰ =f(t ;t )
 ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʢʦʥʘʥʥʶ ʫʤʦʚʠʢʨn n²

. 

ʌʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ 

ʪʨʠʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.2. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʦʧʠʩʫ ʧʨʦʮʝʩʫ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʠʤʠ ʚʠʨʘʟʘʤʠ: 

 

ʩ ʢʨů = f(n ,ɤ);
                                                           (4.2) 
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ʢʨ l 2 ʨn = f(n ,f ,Ŭ ,p);
                                                            (4.3) 

 

ʧʨ l cŰ = f(t ;t );
                                                                (4.4) 

 

ʧʨ 1 lɽ = f(Q,f (t ,v,r,E);
                                                        (4.5) 

 

2 c ʽ ʨf (t ,v,r,E), Ű ,Ŭ ,p,d).
                                                      (4.6) 

 

 

 

ʈʠʩʫʥʦʢ 4.2 - ʉʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʜʦʚʛʦʛʦ 

ʨʦʟʨʷʜʥʦʛʦ ʧʨʦʤʽʞʢʫ 
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ʆʩʦʙʣʠʚʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʾʾ ʥʦʚʠʟʥʫ, ʧʦʣʷʛʘʻ ʚ 

ʫʨʘʭʫʚʘʥʥʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩ̔ʚ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʧʣʘʟʤʦʚʽʡ, ʧʣʘʟʤʦʚʦ-ʣʘʚʠʥʥʽʡ ʪʘ 

ʧʣʘʟʤʦʚʦ-ʩʪʨʽʤʝʨʥʽʡ ʩʪʘʜʽʷʭ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʧʨʦʚʽʜʥʦʛʦ ʩʪʘʥʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʤʽʞʢʫ, ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʯʘʩʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʤʦʚ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʦʪʚʦʨʽʚ 

ʢʦʨʧʫʩ̔ʚ-ʝʢʨʘʥʽʚ, ʢʘʙʝʣʴʥʠʭ ʢʘʥʘʣʽʚ ʚʚʝʜʝʥʥʷ ʈɽɿ ʂʉ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʧʦʪʫʞʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʋʂʊ ʟʽ ʩʣʘʙʦʽʦʥʽʟʦʚʘʥʠʤ ʧʦʚʽʪʨʷʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣʘ ʽʦʥʽʟʘʮʽʾ, ʧʘʨʘʤʝʪʨʽʚ ɽʄɺ, 

ʘ ʪʘʢʦʞ ʚʝʣʠʯʠʥʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ ʪʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʝʚʦʣʶʮʽʾ ʽʤʧʫʣʴʩʫ 

ɽʄɺ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʫ ʤʘʪʨʠʮ,ʁ ʚ ʷʢʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʨʦʟʤʽʱʝʥʦ ʝʣʝʤʝʥʪʠ ʨʘʜʽʦʘʢʪʠʚʥʦʾ 

ʨʝʯʦʚʠʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʽʦʥʽʟʘʮʽʾ ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ. 

ʈʘʜʽʦʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ ʫ ʚʠʛʣʷʜʽ ʧʣʽʚʢʠ ʤʦʞʝ ʙʫʪʠ ʨʦʟʤʽʱʝʥʘ ʤʽʞ ʤʝʪʘʣʝʚʠʤ 

ʢʦʨʧʫʩʦʤ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʶ ʤʘʪʨʠʮʝʁ. ʂʨʽʤ ʪʦʛʦ, ʨʘʜʽʦʘʢʪʠʚʥʘ 

ʨʝʯʦʚʠʥʘ ʤʦʞʝ ʙʫʪʠ ʭʘʦʪʠʯʥʦ ʨʦʟʤʽʱʝʥʘ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽʡ ʤʘʪʨʠʮʽ ʫ 

ʚʠʛʣʷʜʽ ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʬʦʨʤʠ (ʢʨʫʛʣʦʾ, ʧʽʜʢʦʚʦʧʦʜʽʙʥʦʾ). ɼʣʷ 

ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚ ʤʘʪʨʠʮʽ ʟʘʩʪʦʩʦʚʘʥʦ 

ʛʝʢʩʘʬʝʨʠʪʦʚ ̔ʚʢʣʶʯʝʥʥʷ, ʢ̫ʽ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪ̔ 

ʾʭ ʧʦʛʣʠʥʘʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʨʽʘʣ 

ʫʤʦʚʥʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʙʘʛʘʪʦʰʘʨʦʚʠʡ. ɹʘʟʦʚʘ ʩʪʨʫʢʪʫʨʘ ʬʽʟʠʯʥʦʾ 

ʤʦʜʝʣʽ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.3 
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ʈʠʩʫʥʦʢ 4.3 - ɹʘʟʦʚʘ ʩʪʨʫʢʪʫʨʘ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ 

ʧʣʘʟʤʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʘ 

ʚʠʟʥʘʯʘʻ ʝʢʨʘʥʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʜʽ: 

 

( ) ( ) ( )

( ) ( )

( ) ( ) ( )

i

i

N M

ʧ ʤ ʚʢʣ ʥʝʨʘʚʥ
i 1 1

M J

ʛ i ʥʝʨʘʚʥ
i 1 1

2
eff eff eff i e

,k ,k ,k,Q

T(E,H)

4
i ,k T(E,H) E ,

x

n

= x=

= n=

e w =e + de w + de w +

+ de w + de +

pë ûè ø+ s w +s +s w +aì üê úwí ý

ä ä

ä ä

        (4.7) 

 

ʜʝ ʤeï ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

( )i

N

ʚʢʣ
i 1

,k

=

de wä
 - ʚʥʝʩʦʢ ʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʚʢʣʶʯʝʥʴ; 

( )
M

ʥʝʨʘʚʥ
1

,k,Q
x

x=

de wä
ï ʚʥʝʩʦʢ ʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪ ɹ

ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ, ʱʦ ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ 

ʨʘʜʽʦʽʟʦʪʦʧʥʠʭ ʚʢʣʶʯʝʥʴ Q; 
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( )
J

ʥʝʨʘʚʥ
1

T(E,H)
n

n=

deä
 ʚʥʝʩʦʢ ʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ 

ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ, ʱʦ ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ 

ʥʘʛʨʽʚʫ ʧʽʜ ʚʧʣʠʚʦʤ ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʋʂʊ; 

( )
i

M

ʛ i
i 1=

de wä
, ( )eff is w

 - ʚʥʝʩʦʢ ʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ  

ʛʝʢʩʘʬʝʨʠʪʦʚʠʭ ʚʢʣʶʯʝʥʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʘ ʩʢʣʘʜʦʚʽ 

ʫʷʚʥʦʾ ʯʘʩʪʠʥʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ; 

( ) ( )( )1 2
eff eff e4 ,k T(E,H) E-pw s w +s +a

 ï ʣʽʥ̔ʡʥʽ ʪʘ ʥʝʣʽʥʽʡʥʽ 

ʩʢʣʘʜʦʚʽ ʫʷʚʥʦʾ ʯʘʩʪʠʥʠ ʜʝ̔ʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ 

ʰʘʨʫ; 

ea , E ï ʝʬʝʢʪʠʚʥʘ ʥʝʣʽʥʽʡʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʩʝʨʝʜʥʻ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, 

ʚʽʜʧʦʚʽʜʥʦ; 

, kw ï ʯʘʩʪʦʪʘ ʡ ʭʚʠʣʴʦʚʠʡ ʚʝʢʪʦʨ. 

ʄʘʛʥ̔ʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʢʩʘʬʝʨʠʪʦʚʠʭ ʚʢʣʶʯʝʥʴ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʨʘʟʫ: 

 

U

i s i
s 1

( ) 1 ( )

=

m w = + m wä
,                                             (4.8) 

ʜʝ 

U

s i
s 1

( )

=

m wä
 - ʚʥʝʩʦʢ ʚ ʤʘʛʥʪ̔ʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʛʝʢʩʘʬʝʨʠʪʦʚʠʭ 

ʚʢʣʶʯʝʥʴ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ɺ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʣʘʟʝʨʥʦʾ ʟʙʨʦ ʾ ʧʦʪ̔ʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ 

ʧʘʜʘʻ ʥʘ ʧʦʚʝʨʭʥʶ ʝʢʨʘʥʘ ʚʽʜ ʧʦʪʫʞʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʜʞʝʨʝʣʘ, ʟʘ ʨʘʭʫʥʦʢ ʾʾ 

ʧʦʛʣʠʥʘʥʥʷ ʧʨʠʟʚʝʜʝ ʜʦ ʥʘʛʨʽʚʫ ʪʘ ʤʦʞʣʠʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʨʝʯʦʚʠʥʠ 

ʟʘʭʠʩʥʦʛʦ ʤʘʪʝʨʘ̔ʣʫ. ʊʦʤʫ ʦʧʠʩ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝʦʙʭʽʜʥʦ ʜʦʧʦʚʥʠʪʠ 

ʪʝʧʣʦʚʦʶ ʤʦʜʝʣʣʶ ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜʙʠʪʪʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʃɺ). 

ʂʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪ ̫ʃɺ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʣʘʟʤʦʚʦʶ ʯʘʩʪʦʪʦʶ ʟʘʭʠʩʥʦʛʦ 

ʝʢʨʘʥʘ, ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ. 

ʋʤʦʚʦ  ʁʩʪʚʦʨʝʥʥʷ ʧʣʘʟʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ, ʱʦ ʚʽʜʙʠʚʘʻ ʃɺ, :̒ 

 

2
p e

ʢʨ 2

ɤ m
n > n = ,

4ˊe                                                     (4.9) 

 

ʜʝ 

2

p ʢʨ

4ˊne
ɤ =ɤ =

m   - ʧʣʘʟʤʦʚʘ ʯʘʩʪʦʪʘ; 

n - ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ; 

ʝ, m - ʟʘʨʷʜ ʪʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʫ. 

ʢʨn
- ʢʨʠʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʚ ʧʣʘʟʤʽ. 

ʇʣʘʟʤʘ ʪʘʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʥʠʢʘʻ ʧʨʠ ʚʧʣʠʚʽ ʃɺ ʣʠʰʝ ʥʘ ʤʝʪʘʣʝʚʫ 

ʧʦʚʝʨʭʥʶ. ɿʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʦʜʥʦʨʽʜʥʦʾ ʧʣʘʟʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʟʜʽʡʩʥʶʚʘʪʠ, ʩʪʠʤʫʣʶʶʯʠ ʚ ʥʽʡ ʨʦʟʧʘʜʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʥʝʩʪʽʡʢʦʩʪʽ, ʷʢʽ 

ʟʚôʷʟʫʶʪʴ ʨʽʟʥʠ ʪʠʧʠ ʢʦʣʠʚʘʥʴ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʨʦʟʧʘʜʥʦʾ ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʥʝʩʪ̔ʡʢʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʫʤʦʚʠ, ʧʨʠ ʷʢʽʡ 

ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽ ʁʝʣʝʢʪʨʦʥʽʚ ʤʝʥʰʝ ʢʨʠʪʠʯʥʦ:ʾ 

 

2

Te
ʢʨn > n ,

c

vʞ ʮ
ʯʟ ʯʟ ʯʟ ʯʟʠ  h                                               (4.10) 

 

ʜʝ Te
v
ï ʪʝʧʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣ̔, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʚʠʨʘʟʘʤʠ (4.2-4.6), (4.7), (4.10) ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʨʘʥʫʶʯʠʭ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ɽʄɺ ʪʘ ʟʘʭʠʩʪʫ ʈɽɿ ʂʉ ʚʽʜ ɽʄɿ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʚʠʪʢʫ  ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʟʘʭʠʩʪʫ ʈɽɿ ʂʉ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʣʘʟʤʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢ ̔ ʜʘʜʫʪʴ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ ʫʤʦʚʠ ʟʜʽʡʩʥʝʥʥʷ 

ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ ʈɽɿ ʂʉ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

[102-106].  

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʡ ʨʦʟʨʦʙʢʠ ʧʣʘʟʤʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʩʝʨʝʜʦʚʠʱ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʧʦʪʫʞʥʦʛʦ ɽʄɺ, ʚʠʟʥʘʯʝʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʪʚʝʨʜʦʪʽʣʴʥʠʭ 

ʧʣʘʟʤʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʩʣʘʙʦʽʦʥʽʟʦʚʘʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ ʾʭ 

ʚʟʘʻʤʦʜʽʾ ʟ ʽʤʧʫʣʴʩʥʠʤʠ ʧʦʪʫʞʥʠʤʠ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʤʠ ʧʦʣʷʤʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʥʘʟʝʤʥʠʭ ʪʘ ʙʦʨʪʦʚʠʭ ʦʙ'ʻʢʪʽʚ ʆɺʊ ʚʽʜ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʋʂʊ. 

 

4.3 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʾ ʽʦʥʽʟʘʮʽʾ ʪʘ ɽʄɺ ʥʘ 

ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʦʪʚʦʨʘʭ ʢʦʨʧʫʩʽʚ 

ʪʘ ʢʘʙʝʣʴʥʠʭ ʢʘʥʘʣʘʭ ʚʚʝʜʝʥʥʷ 

 

ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʦʧʠʩʫ ʝʚʦʣʶʮʽʾ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜ ʚʧʣʠʚʦʤ 

ʜʞʝʨʝʣʘ ʽʦʥʽʟʘʮʽʾ ʚ ʦʪʚʦʨʘʭ ʪʘ ʱʽʣʠʥʘʭ ʟʜʽʡʩʥʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʣʽʥʽʡʥʠʭ 

ʨʦʟʤʽʨʽʚ. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʚ ʚʠʧʘʜʢʫ ʤʘʣʠʭ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʦʪʚʦʨʽʚ, 

ʱʽʣʠʥ, ʘʥʪʝʥʥʠʭ ʚʭʦʜʽʚ (d 3,8cʤ¢ - ʤʝʥʰʝ, ʥʽʞ ʝʥʝʨʛʽʷ ʚʪʨʘʪ a-ʯʘʩʪʦʢ) 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣ ʽʦʥʽʟʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʚʘʞʥʦʾ ʌʈ ʝʣʝʢʪʨʦʥʽʚ 

f (ɽ), ʷʢʘ ʚʠʷʚʣʷʻʪʴʩʷ ʙʣʠʟʴʢʦʶ ʜʦ ʩʪʘʪʝʯʥʦʾ:  

 

() Sf E Aɽ=
,                                                    (4.11) 

 

ʜʝ Aï ʥʦʨʤʫʚʘʣʴʥʘ ʢʦʥʩʪʘʥʪʘ; 

E- ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʽʚ; 

s- ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ.  
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ʇʦʢʘʟʘʥʦ, ʱʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʦʜʥʦʨʽʜʥʦʩʪʽ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʜ̔ʩʠʩʪʝʤʠ ʩʣʘʙʦʽʦʥʽʟʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʨʦʟʨʷʜʥʦʤʫ ʧʨʦʤʽʞʢʫ ʦʪʚʦʨʫ ʜʣʷ ʦʧʠʩʫ ʢʽʥʝʪʠʢʠ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʦ ʦʜʥʦʨʽʜʥʝ ʥʝʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ 

ɹʦʣʴʮʤʘʥʘ ʟ ʜʞʝʨʝʣʘʤʠ ʽ ʩʪʦʢʘʤʠ ʯʘʩʪʦʢ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

ʟ
f ( )

I {f ,f} L(v)
t

µ
= +

µ

v

,  L(v) S S+ -= -  ,                         (4.12) 

 

ʜʝ L(v)  ī ʜʞʝʨʝʣʘ ʽ ʩʪʦʢʠ ʚ ʧʨʦʩʪʦʨʽ ʰʚʠʜʢʦʩʪʝʡ; 

 

2S ~ I (v v ) / v° ° °d - .                                          (4.13) 

 

1ʟ 1 1I {f ,f} d d g (g, )(f ( , t)f ( , t) f ( , t)f ( , t))= W s q -ñv v v v v ,         (4.14)  

ʜʝ ů(g,ɗ) ī ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʧʝʨʝʪʠʥ  ʨʦʟʩʽʶʚʘʥʥʷ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʜ̔ʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʫʪʘ  ʨʦʟʩʽʶʚʘʥʥʷ q ʤʽʞ ʚʝʢʪʦʨʘʤʠ g  ʪʘ 1g v v¡ ¡ ¡= - ; 

sin d ddW= q q jï ʝʣʝʤʝʥʪ ʪʽʣʝʩʥʦʛʦ ʢʫʪʘ; 

1g -=v v
 ī ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʦʢ ʧʨʠ ʟʽʪʢʥʝʥʥʷʭ. 

ɼʞʝʨʝʣʦ ʽʦʥʽʟʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʨʘʜʽʦʽʟʦʪʦʧʥʦʾ ʧʣʽʚʢʠ, ʱʦ ʥʘʥʝʩʝʥʘ ʥʘ 

ʧʦʚʝʨʭʥʶ ʨʝʙʨʘ ʦʪʚʦʨʫ (ʱ̔ʣʠʥʠ), ʻ ʣʦʢʘʣʽʟʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ ʚ ʧʨʦʩʪʦʨʽ 

ʝʥʝʨʛʽʡ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʤʦʜʝʣʴ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʚ ʧʨʦʩʪʦʨʽ ʝʥʝʨʛʽʡ ʜʞʝʨʝʣʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʫ  ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ:  

 

i i i i

i i i i
i

0, x x -ȹ , x x +ȹ ;

Q(x)= 1
G , x -ȹ <x<x +ȹ ,

2ȹ

ë ¢ ²
î
ì
î
í                              (4.15) 

 

ʜʝ Q  - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʞʝʨʝʣʘ ʽʦʥʽʟʘʮʽʾ; 
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G  - ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ ʽʦʥʽʟʘʮʽʾ; 

iȹ- ʥʘʧʽʚʰʠʨʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʦʙʣʘʩʪʽ, ʚ ʷʢʽʡ ʜʞʝʨʝʣʦ ʧʨʘʮʶʻ. 

ɼʣʷ ʫʤʦʚ ʽʦʥʽʟʘʮʽʾ ʚ ʧʦʚʽʪʨʽ 0i ­D . ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʨʘʟ (4.13) ʤʘʻ 

ʚʠʛʣʷʜ iQ(x) = Gŭ(x-x ). ʄʦʜʝʣʴ ʩʪʦʢʫ ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʬʦʨʤʽ 

1
- f(x)
Ű(x). ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ (4.15) ʚʠʨʘʟ, ʱʦ ʦʧʠʩʫʻ ʜʞʝʨʝʣʘ ʪʘ ʩʪʦʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚʠʨʘʟʦʤ: 

 

1
L(x) = Q(x) - f(x)

Ű(x),                                          (4.16) 

 

ʜʝ Ű(x) - ʭʘʨʘʢʪʝʨʥʽʡ ʯʘʩ ʚʪʨʘʪʠ ʟʘʨʷʜʞʝʥʦʾ ʯʘʩʪʢʠ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʦʙʣʘʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʦʢʫ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʪʦʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʌʈ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 
ʩ

ʩ

1
Q = f(x)
Ű , ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ 

ʚʠʟʥʘʯʝʥʦ ʤʦʤʝʥʪʠ ʌʈ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʦʩʥʦʚʥʽ ʤʘʢʨʦʩʢʦʧʽʯʥ ̔ ʧʘʨʘʤʝʪʨʠ 

ʽʦʥʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʜʞʝʨʝʣʘ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ɼQ
ʪʘ ʢʽʥʮʝʚʦʶ 

ʰʠʨʠʥʦʶ Ű-ʩʪʦʢʘ ʦʜʝʨʞʘʥʦ ʩʪʘʮʽʦʥʘʨʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʫʣʴʦʚʦʛʦ 0M  ʪʘ 

ʧʝʨʰʦʛʦ ʤʦʤʝʥʪʽʚ 1M : 

 

0st ɼ cM = Q Ű
;            

1st ɼ ɼ c

2
M = x Q Ű

3 ,                                (4.17) 

 

ʷʢʽ ʻ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʧʦʪʫʞʥʦʛʦ ɽʄɺ 

ʋʂʊ ʟ ʽʦʥʽʟʦʚʘʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʦʪʚʦʨʫ. 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʦʤʝʥʪʽʚ ʌʈ ʚʽʜ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ Ů, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʷʢʦʛʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.4, ʧʦʢʘʟʘʣʦ, ʱʦ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ Ůʤʦʤʝʥʪʠ ʌʈ ʧʨʘʛʥʫʪʴ ʜʦ ʩʚʦʾʭ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ.  
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ɺ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ɽʄɺ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʦʪʚʦʨʫ (d 3,8cm² ) ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʽʡ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʨʠ ʪʘʢʽʡ ʚʝʣʠʯʠʥʽ ʨʦʟʤʽʨʫ 

ʦʪʚʦʨʫ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʜʦʚʞʠʥʫ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ a-ʯʘʩʪʦʢ ʚ ʧʦʚʽʪʨʷʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱ,̔ ʩʫʪʪʻʚʠʤʠ ʩʪʘʶʪʴ ʧʨʦʮʝʩʠ ʨʝʣʘʢʩʘʮʽʾ. ɸʣʝ ʧʽʜ ʚʧʣʠʚʦʤ 

ʟʦʚʥʽʰʥʴʦʛʦ ɽʄɺ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʤʽʥʘ ʩʪʘʥʫ ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ɽʄɺ, ʯʘʩʪʦʪʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʮʽ ʧʨʦʮʝʩʠ 

ʙʫʜʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʪʘ ʧʦ ʨʽʟʥʦʤʫ ʚʠʟʥʘʯʘʪʠ ʫʤʦʚʠ ʟʜ̔ʡʩʥʝʥʥʷ ʟʘʭʠʩʪʫ ʈɽɿ 

ʆɺʊ. 
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ʈʠʩʫʥʦʢ 4.4 - ʇʦʚʝʨʭʥʷ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʝʚʦʣʶʮʽʶ ʤʦʤʝʥʪʽʚ ʬʫʥʢʮʽʾ 

ʨʦʟʧʦʜʽʣʫ ʚʽʜ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʧʘʨʘʤʝʪʨʫŮ 

 

ʆʩʢʽʣʴʢʠ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʨʦʟʨʷʜʫ 

ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʩʠ ʛʝʥʝʨʘʮʽʾ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ ʪʘ ʾʭ ʚʪʨʘʪʠ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ 

ʜʠʬʫʟʽʻʶ, ʧʨʠʣʠʧʘʥʥʷʤ, ʟʤʽʥʦʶ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʝʨʝʪʠʥʦʤ 

ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʨʝʢʦʤʙʽʥʘʮʽʻʶ, ʨʦʟʛʣʷʥʫʪʦ ʦʢʨʝʤʦ ʢʦʞʝʥ ʟ ʮʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ɽʄɺ. 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ɽʄɺ ʌʈ ʝʣʝʢʪʨʦʥʽʚ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

0
0

e me

feE
f = f + ,

m ɜ V

µ

µ                                               (4.18) 

 

ʜʝ 
me

1
ɜ =

Űʟ ï ʯʘʩʪʦʪʘ ʟʽʪʢʥʝʥʴ ʝʣʝʢʪʨʦʥʽʚ ʟ ʥʝʡʪʨʘʣʘʤʠ ʟ ʧʝʨʝʜʘʯʝʶ 

ʽʤʧʫʣʴʩʘ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (4.18) ʚʠʨʘʟ ʜʣʷ ʧʨʦʚʽʜʥʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦ ʽʦʥʽʟʦʚʘʥʦʛʦ 

ʧʦʚ̔ʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  ʯʝʨʝʟ ʯʘʩʪʦʪʫ meɜ  ʟʽʪʢʥʝʥʴ ʝʣʝʢʪʨʦʥʽʚ ʟ 

ʥʝʡʪʨʘʣʘʤʠ: 

22
p

e me me

ɤne
ů = =

m ɜ 4ˊɜ
.                                  (4.19) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ (4.19) ʧʨʦʚʽʜʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦ ʩʣʘʙʦʽʦʥʽʟʦʚʘʥʦʛʦ 

ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʦʪʚʦʨʽ ʢʦʨʧʫʩʫ-ʝʢʨʘʥʫ  ʈɽɿ ʂʉ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʣʘʟʤʦʚʦʶ ʯʘʩʪʦʪʦʶ ʽ ʯʘʩʪʦʪʦʶ ʟʽʪʢʥʝʥʴ ʝʣʝʢʪʨʦʥʽʚ ʟ ʥʝʡʪʨʘʣʘʤʠ 

( p meɤ ɜ
) ʪʘ ʻ ʤʘʣʦʶ ʚʝʣʠʯʠʥʦʶ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʦʧʝʨʝʜʥʷ ʽʦʥʽʟʘʮʽʷ 

ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʠʩʪʫ ʘʥʪʝʥʥʦʛʦ ʭʚʠʣʴʦʚʦʜʘ ʈɽɿ 

ʂʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʞʝʨʝʣʘ a-ʯʘʩʪʦʢ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʭʦʜʞʝʥʥʷ ʨʦʙʦʯʦʛʦ 

ʩʠʛʥʘʣʫ, ʷʢʠʡ ʟʘʚʞʜʠ ʻ ʤʘʣʠʤ.  

ʇʽʜ ʚʧʣʠʚʦʤ ʜʞʝʨʝʣʘ ʽʦʥʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʠʥʠʢʘʻ 

ʛʨʘʜʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ, ʷʢʠʡ ʟʘ ʨʘʭʫʥʦʢ ʟʽʪʢʥʝʥʴ ʫʪʷʛʫʻ ʟʘ ʩʦʙʦʶ 

ʝʣʝʢʪʨʦʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʚʽʜʥʽʩʪʴ ʽʦʥʽʟʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʦʪʚʦʨʘʭ ʈɽɿ ʂʉ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʜʠʬʫʟʽʾ ʯʘʩʪʦʢ ʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ ʨʦʟʨʷʜʥʦʛʦ ʧʨʦʤʽʞʢʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ɽʄɺ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʤ ʟʘʩʦʙʦʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʧʣʠʚʫ ʟʘʩʦʙʽʚ ɽʄɯ, ʥʘ ʝʣʝʢʪʨʦʥʥʫ 
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ʧʨʦʚʽʜʥʽʩʪʴ ʩʣʘʙʦʽʦʥʽʟʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʟʘʤʠʢʘʥʥʷ ɽʄɺ ʧʨʠ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʦʪʚʦʨʘʤʠ, 

ʱʣ̔ʠʥʘʤʠ, ʢʘʙʝʣʴʥʠʤʠ ʚʚʦʜʘʤʠ ʈɽɿ ʂʉ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ɽʄɺ ʥʘ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ ʚ 

ʨʦʟʨʷʜʥʦʤʫ ʧʨʦʤʽʞʢʫ. ʆʜʝʨʞʘʥʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʦʢ ʚ 

ʤʦʤʝʥʪ ʯʘʩʫ t ʥʘ ʚʽʜʩʪʘʥʽ r ʚʽʜ ʜʞʝʨʝʣʘ ʽʦʥʽʟʘʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ:  

 

2 2
-10 i d

i3
i

2 0i
i mi0

i mi

 n (Q) x + (ʭ -ɜ t )
n(Q,E,x,t) = expɜ t - A (E)

kT
4 (t-t )kT

m ɜA(E) (t-t )
m ɜ

å õå õ
æ öæ ö
æ öæ ö
æ öæ ö

å õ æ öæ ö
W ç ÷ç ÷æ ö

ç ÷ ,   (4.20)  

 

ʜʝ iɜ- ʯʘʩʪʦʪʘ ʽʦʥʽʟʘʮʽʾ; 

2

e e ex= m V 2T
; 

A  ï ʢʦʥʩʪʘʥʪʘ ʥʦʨʤʫʚʘʥʥʷ.  

im  ï ʤʘʩʘ ʽʦʥʘ; 

T̔  ï ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ ʽʦʥʽʟʘʮʽʾ; 

k- ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ; 

Q  - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʞʝʨʝʣʘ ʽʦʥʽʟʘʮʽʾ; 

W - ʪʽʣʝʩʥʠʡ ʢʫʪ. 

ɺʠʨʘʟ (4.20) ʦʧʠʩʫʻ ʧʨʦʬʽʣʴ ʣʘʚʠʥʠ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʨʦʟʨʷʜʥʦʤʫ 

ʧʨʦʤʽʞʢʫ ʥʘ ʧʦʯʘʪʢʫ ʧʣʘʟʤʦʚʦ-ʣʘʚʠʥʦʾ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ 

ʢʘʥʘʣʫ ʚ ʧʝʧʝʨʝʜʥʴʦ ʽʦʥʽʟʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʦʪʚʦʨʫ ʢʦʨʧʫʩʫ-ʝʢʨʘʥʫ ʈɽɿ ʂʉ 

ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʋʂʊ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘ ʩʪʘʥ ʝʣʝʢʪʨʦʥʥʦʾ 

ʧʽʜʩʠʩʪʝʤʠ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʝ ʚʨʘʭʦʚʫʻ ʜʨʝʡʬ 

ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ, ʾʭ ʚʪʨʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʨʫʭʣʠʚʦʩʪʽ ʪʘ ʘʤʙʽʧʦʣʷʨʥʦʾ ʜʠʬʫʟʽʾ. 

ɺʨʘʭʦʚʘʥʦ, ʱʦ ʧʨʦʮʝʩʠ ʨʝʢʦʤʙʽʥʘʮʽʾ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ ʧʨʠ ʨʽʟʥʠʭ 
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ʟʥʘʯʝʥʥʷʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʚ ʨʦʟʨʷʜʥʦʤʫ ʧʨʦʤʽʞʢʫ, ʱʦ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʙʫʜʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʚʠʥʠʢʥʝʥʥʷ 

ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʪʘ ʧʽʜ ʚʧʣʠʚʦʤ ʙʽʣʴʰʦʾ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ɽʄɺ, ʷʢʘ 

ʤʦʞʝ ʧʝʨʝʚʠʱʠʪʠ ʛʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ [89-101].  

ʉʠʣʴʥʦ ʥʝʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʨʦʤʽʞʢʫ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʦʪʚʦʨʘʭ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ʧʽʜ ʚʧʣʠʚʦʤ 

ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʋʂʊ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʚʦʣʶʮʽʾ ʌʈ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʬʦʨʤʘʣʽʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʚ 

ʨʦʟʨʷʜʥʦʤʫ ʧʨʦʤʽʞʢʫ, ʜʦ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ ʚ ʧʣʘʟʤʦʚʦ-

ʩʪʨʽʤʝʨʥʽʡ ʩʪʘʜʽʾ. ʅʘ ʮʽʡ ʩʪʘʜʽʾ ʯʘʩʦʚʘ ʪʘ ʧʨʦʩʪʦʨʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʌʈ ʯʘʩʪʦʢ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʥʝʪʠʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, ʚ ʷʢʠʭ ʽʥʪʝʛʨʘʣʠ ʟʽʪʢʥʝʥʴ ʟʫʤʦʚʣʝʥʽ 

ʢʦʨʝʣʷʮʽʻʶ ʤʽʞ ʯʘʩʪʢʘʤʠ. ʅʘ ʮʽʡ ʩʪʘʜʽʾ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʝʤʦʞʣʠʚʦ 

ʦʙʤʝʞʠʪʠʩʴ ʣʽʥʽʡʥʠʤ ʥʘʙʣʠʞʝʥʥʷʤ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ 

ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʦʶ ʜʣʷ ʦʧʠʩʫ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ 

ʩʪʘʥʫ ʻ ʢʽʥʝʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʟ ʽʥʪʝʛʨʘʣʦʤ ʟʽʪʢʥʝʥʴ ʃʝʥʘʨʜʘ-ɹʘʣʝʩʢʫ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ( )Ů=Ů kv,k
. 

ɼʣʷ ʮʠʭ ʫʤʦʚ ʦʜʝʨʞʘʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʚʝʢʪʦʨʫ ʧʦʪʦʢʫ: 

 

2 2 4 4
2S+5max

i 4 3

p

8ˊ A e k 2S+9
j = p

ɤ m (S+2)(S+7)(S+9)

å õ
æ ö
ç ÷.                            (4.21) 

 

ʜʝ k - ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ; 

p - ʽʤʧʫʣʴʩ ʝʣʝʢʪʨʦʥʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʩʥʫʻ ʜʚʘ ʨʽʰʝʥʥʷ: p ʝS = -7/2,   S = -9/2 
, ʧʨʠ ʷʢʠʭ 

ʚʠʥʠʢʘʶʪʴ ʩʪʘʮʽʦʥʘʨʥʽ ʥʝʨʽʚʥʦʚʘʞʥʽ ʩʪʘʥʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ 

ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʘʣʦʨʦʟʤʽʨʥʠʭ ʦʪʚʦʨʽʚ, ʱʽʣʠʥ ʢʦʨʧʫʩʽʚ-ʝʢʨʘʥʽʚ ʪʘ 

ʢʘʙʝʣʴʥʠʭ ʢʘʥʘʣʽʚ ʚʚʝʜʝʥʥʷ ʷʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ʪʘʢ ʽ 

ʙʝʟ ʥʝʾ. 



 169 

ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ɽʄɺ ʥʘ ʽʦʥʽʟʦʚʘʥʝ ʧʦʚʽʪʨʷʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚ ʦʪʚʦʨʽ 

ʢʦʨʧʫʩʫ ʈɽɿ ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʦʜʝʨʞʘʥʥʷ ʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʘ, ʱʦ 

ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩʥʽ ʜʽʝʣʝʢʪʨʠʯʥʫ ʪʘ ʤʘʛʥʽʪʥʫ ʧʨʦʥʠʢʥʦʩʪʽ 

ʽʦʥʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʧʨʠʧʫʱʝʥʥʽ ʥʝʟʤʽʥʥʦʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʧʦʣʷ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʟ 

ʽʦʥʽʟʦʚʘʥʠʤ ʧʦʚʽʪʨʷʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʭʚʠʣʴʦʚʦʛʦ ʨʽʚʥʷʥʥʷ ʚ ʧʦʣʷʨʥʽʡ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ: 

 

2 2

2 2 2 2

1 1 k
r + - 0

r r r r ɗ c t

µ µ µ µå õ
=æ ö
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E E E

,                                     (4.22) 

 

ʜʝ ʩ - ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʚ ʟʤʦʛʫ ʦʜʝʨʞʘʪʠ ʚʠʨʘʟ ʜʣ̫ ʦʧʠʩʫ ʨʦʟʧʦʜʽʣʫ ʚʝʢʪʦʨʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ ʽʤʧʫʣʩɹʫ ɽʄɺ ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ ʟʙʨʦʾ ʥʘ ʤʝʞʽ ʧʦʚʽʪʨʷ-

ʽʦʥʽʟʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʦʪʚʦʨʫ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʜʽ: 

( ) i

0
N M

jɤ t n

ni=1 k=1

0

coskɗ
E (ɤ,ɗ) coskɗdɗ +

2 L (r)1
E r,ɗ,t e ,

L (m)2 sinkɗ
+ E (ɤ,ɗ) sinkɗdɗ

2

p

p

p

p

p

p

p

-

-

å õ
æ ö
æ ö

= æ ö
æ ö
æ ö
ç ÷

ñ
ä ä

ñ
      (4.23) 

 

ʜʝ 

n n

n n n n n2

n

aɤ aɤ
Z Y

c crɤ 1 rɤ rɤ rɤ
L (r)=J  - J + N +Z

aɤc c c cc
N

c

å õå õå õ å õ
+æ öæ ö æ öæ ö

å õ å õ å õ å õç ÷ ç ÷ç ÷æ öæ ö æ ö æ ö æ ö
æ öå õç ÷ ç ÷ ç ÷ ç ÷

æ öæ öç ÷ç ÷, 

 

ʜʝ N - ʢʽʣʴʢʽʩʪʴ ʛʘʨʤʦʥʽʢ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʦʛʠʥʘʶʯʫ ʬʫʥʢʮʽʶ ʚʽʜʙʠʪʠʭ 

ʚʽʜ ʽʦʥʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʘɦ ʭʚʠʣʴʦʚʠʭ ʧʘʢʝʪʽʚ;  
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M - ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʽʚ ʨʷʜʫ, ʱʦ ʦʧʠʩʫʶʪʴ ʬʫʥʢʮʽʶ ʟ ʥʝʦʙʭʽʜʥʦʶ 

ʪʦʯʥʽʩʪʶ;  

nJ - ʬʫʥʢʮʽʷ ɹʝʩʝʣʷ ʧʝʨʰʦʛʦ ʨʦʜʫ ʧʦ ʽʥʜʝʢʩʫ n;  

nN  - ʬʫʥʢʮʽʷ ʅʝʡʤʘʥʘ ʟʘ ʽʥʜʝʢʩʦʤ n. 

 

Ű 22
-jɤt 0

0 max 2 2
0

ɗ1 t
E (ɗ,ɤ) ʝ E exp - sin(ɤt)exp - dt.

2 2a ɗp

å õå õ
= æ öæ öæ ö æ ö

ç ÷ ç ÷
ñ

          (4.24) 

 

ʌʫʥʢʮʽ0̫E (ɤ,ɗ), ʱʦ ʩʪʦʾʪʴ ʧʽʜ ʽʥʪʝʛʨʘʣʦʤ ʚ (24), ʚʠʟʥʘʯʘʻ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʦʣʷ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʟ ʽʦʥʽʟʦʚʘʥʠʤ ʧʦʚʽʪʨʷʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚ ʦʪʚʦʨʽ 

ʢʦʨʧʫʩʫ-ʝʢʨʘʥʫ ʈɽɿ ʂʉ. 

ʌʫʥʢʮʽʷ 
n

rɤ
Z

c

å õ
æ ö
ç ÷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʽʰʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ɹʝʩʝʣʷ ʜʣʷ 
( )

n

rL
ʩ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ ʧʣʘʟʤʦʚʦʾ 

ʯʘʩʪʦʪʠ.  ʄʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʧʦʣ ̫ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʟ ʽʦʥʽʟʦʚʘʥʠʤ ʧʦʚʽʪʨʷʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚ ʦʪʚʦʨʽ ʢʦʨʧʫʩʫ-

ʝʢʨʘʥʫ ʈɽɿ ʂʉ (4.24) ʦʧʠʩʫʻ ʜʠʥʘʤʽʢʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʛʠ ʅɺʏ ʽʤʧʫʣʴʩʫ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʨʘʜʽʦʯʘʩʪʦʪʥʦʶ ʟʙʨʦʻʶ, ʚ 

ʽʦʥʽʟʦʚʘʥʦʤʫ ʧʦʚʪ̔ʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʦʪʚʦʨʫ ʢʦʨʧʫʩʫ-ʝʢʨʘʥʫ ʈɽɿ ʂʉ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʽʥʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʽʦʥʽʟʦʚʘʥʦʤʫ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʟʦʢʨʝʤʘ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʚʪʨʘʪ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʚ ʦʪʚʦʨʽ.  

ʅʘʷʚʥʽʩʪʴ ʽʩʥʫʶʯʠʭ ʟʨʘʟʢʽʚ ɽʄɿ, ʱʦ ʟʜʘʪʥ̔ ʛʝʥʝʨʫʚʘʪʠ ʪʘ ʢʘʥʘʣʽʟʫʚʘʪʠ 

ɽʄɺ ʋʂʊ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, ʦʙʫʤʦʚʠʣʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʬʦʢʫʩʥʦ ʾ

ʚʽʜʩʪʘʥ,̔ ʚʧʣʠʚʫ ʧʦʚʽʪʨʷ ʥʘ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ɽʄɺ ʪʘ ʥʘʛʨʽʚ ʝʣʝʢʪʨʦʥʽʚ. 

ɿʥʘʡʜʝʥʦ, ʦɦ ʧʦʪʫʞʥʝ ɽʄɺ ʋʂʊ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʟ ʧʦʪʫʞʥʽʩʪʶ 
10 12P 10 ...10 ɺʪ= , ʙʫʜʝ 
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ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʧʦʚʽʪʨʥ̫ʠʡ ʧʨʦʩʪʽʨ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʬʦʢʫʩʥʠʭ 

ʚʽʜʩʪʘʥʷʭʌH 130ʪʘ170 ʢʤ= , ʚʽʜʧʦʚʽʜʥʦ. 

ɯʤʧʫʣʴʩʥʝ ɽʄɺ ʟ ʧʦʪʫʞʥʽʩʪʶ
10P 10 ɺʪ=  ( i 50ʥct = ) ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʩʪʽʨ ʧʨʠ ʌH 70ʢʤ² . ʇʨʠ
12P 10 ɺʪ= ( i 20ʥct = ) ʤʽʥʽʤʘʣʴʥʘ 

ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ ʩʢʣʘʜʘʻ ʌH 85ʢʤ² . ʆʮʽʥʢʠ ʚʠʢʦʥʘʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪ 

ʚ ʜʠʬʫʟʽʡʥʽʡ ʦʙʣʘʩʪʽ ʪʘ ʚ ʦʙʣʘʩʪʽ ʧʨʠʣʠʧʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʪʘ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʠʢ 

ʟʘʙʝʟʧʝʯʠʣʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʙʘʣʘʥʩʫ 

ʝʥʝʨʛʽʾ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʨʦʟʚʠʪʢʫ ʧʨʦʙʦʶ, ʘ ʪʘʢʦʞ ʩʪʘʣʦ ʦʩʥʦʚʦʶ ʜʣʷ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʪʘ ʯʘʩʦʚʦʛʦ ʢʨʠʪʝʨ̔ʾʚ ʚʠʟʥʘʯʝʥʥʷ 

ʫʤʦʚ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʧʨʦʙʦʶ ʚ ʦʪʚʦʨʘʭ ʈɽɿ ʂʉ.  

ʆʜʝʨʞʘʥʦ, ʱʦ ʧʣʘʟʤʦʚʘ ʩʪʘʜʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʝʣʝʢʪʨʦʥʽʚ

c
0 ɼ c

Ű
n =n(Q)= Q Ű = G

ȹi. ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʦʪʚʦʨʽʚ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ʨʽʚʥʦʚʘʞʥʘ, ʚʝʣʠʢʠʭ ʦʪʚʦʨʽʚ - 

ʥʝʨʽʚʥʦʚʘʞʥʘ. 

ɿʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʧ̔ ʜ ʚʧʣʠʚʦʤ ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʥʘ ʜʨʫʛʽʡ 

ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʽʚʥʷʥʥʷʤ: 

 

( )e

i ɼ ʇ ɼʨ ʨ 0

n
= ɜ -(ɜ +ɜ +ɜ +ɜ ) n

t

µ

µ ,                             (4.25) 

 

ʜʝ ʚn- ʯʘʩʪʦʪʘ ʚʪʨʘʪ ʝʣʝʢʪʨʦʥʽʚ; 

ʜʨn   - ʯʘʩʪʦʪʘ ʜʨʝʡʬʫ ʝʣʝʢʪʨʦʥʽʚ; 

ʨn- ʯʘʩʪʦʪʘ ʨʝʢʦʤʙʽʥʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ; 

ɼn- ʯʘʩʪʦʪʘ ʨʝʢʦʤʙʽʥʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ; 

ʇn- ʯʘʩʪʦʪʘ ʧʨʠʣʠʧʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ. 
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ɺʠʢʦʥʘʥʥʷ ʫʤʦʚʠ: 

 

i ɼ ʇ ɼʨ ʨɜ ɜ +ɜ +ɜ +ɜ²
                                          (4.26) 

 

ʦʟʥʘʯʘʻ ʧʦʯʘʪʦʢ ʧʦʷʚʠ ʣʘʚʠʥʠ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʦʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʞʝ ʙʫʪʠ  ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʠʨʘʟʦʤ: 

 

( )e 0 i ɼ ʇ ɼʨ ʨn (x,t)= n(Q,E ,x,t) expɜ -(ɜ +ɜ +ɜ +ɜ ) t
ʧʣ

³
,                  (4.27) 

 

ʅʘ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʪʘ ʨʦʟʚʠʪʢʫ ʧʨʦʙʦʶ 

ʟʦʚʥʽʰʥʻ ʧʦʣʝ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʟʙʨʦʻʶ ɽʄɯ, ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʚʥʫʪʨʽʰʥʻ 

ʧʦʣʝ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɸʣʝ ʥʘ ʤʝʞʽ ʣʘʚʠʥʘ-ʩʪʨʽʤʝʨ ʮʽ ʧʦʣʷ 

ʚʠʨʽʚʥʶʶʪʴʩʷ. 

ɼʣʷ ʽʩʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 
6 3

en 10 ʩʤ-= ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

ʰʚʠʜʢʽʩʪʴ ʥʘʨʦʙʢʠ ʝʣʝʢʪʨʦʥʽʚ ʩʢʣʘʜʘʣʘ ʥʝ ʤʝʥʰ ʥʽʞ 
12 3 110 ʩʤ ʩ- -

. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʤʦʞʣʠʚʝ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ɽʄɺ ʟ ɽ0=10ʢɺ/ʩʤ, ʱʦ ʥʠʞʯʝ ʤʝʞʽ ʧʨʦʙʦʶ ʧʦʚʽʪʨʷ, ʘʣʝ ʣʝʛʢʦ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʞʝʨʝʣʘ ʽʦʥʽʟʘʮʽʾ ʥʘ ʧʣʘʟʤʦʚʽʡ ʩʪʘʜʽʾ. ʇʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ a-ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʜʞʝʨʝʣ ʽʦʥʽʟʘʮʽʾ ʰʚʠʜʢʽʩʪʴ ʥʘʨʦʙʢʠ ʝʣʝʢʪʨʦʥʽʚ 

12 3 110 ʩʤ ʩ- -
 ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʘʢʪʠʚʥʦʩʪʽ 10ī2 é10ī3 ʂʁ /cʤ3.  

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʢʨn n²
 ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʯʘʩʪʦʪʘ 

ʽʦʥʽʟʘʮʽʾ ʧʝʨʝʚʠʱʫʚʘʣʘ ʚʪʨʘʪʠ ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʜʠʬʫʟʽʾ ʪʘ ʜʨʝʡʬʫ, ʽ 

ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ɽʄɺ ʥʘ ʽʦʥʽʟʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʟʘ ʨʘʭʫʥʦʢ 

ʜʠʩʠʧʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʥʝʨʽʚʥʦʚʘʞʥʦʤʫ ʨʦʟʧʦʜʽʣʽ 

ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʧʦʥʝʥʪʠ:  
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( )e e i 0 ɼ ɼʨn (x,t)= n (x, t)ʝxpɜ (ɽ )-(ɜ +ɜ ) t
ʧʩ ʧʣ

¡
,                          (4.28) 

 

ʜʝ iɜ (ɽ)
¡

 - ʯʘʩʪʦʪʘ ʽʦʥʽʟʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ɽʄɺ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ʥʝʨʽʚʥʦʚʘʞʥʠʤ ʧʣʘʟʤʦʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ʈʽʚʥʷʥʥʷ ʙʣʘʥʩʫ ʝʥʝʨʛʽʾ ʥʘ ʧʣʘʟʤʦʚʦ-ʩʪʨ̔ʤʝʨʥʽʡ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ ʧʨʦʙʦʶ 

ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʜ: 

 

ʧʩ ʧʣ E ʊ B ʟW  = W + W  - W  - W  - W,                            (4.29) 

 

ʜʝ ʧʣW - ʝʥʝʨʛʽʷ  ʧʣʘʟʤʦʚʦ-ʣʘʚʠʥʥʦʾ ʩʪʘʜʽʾ;  

EW  - ʜʦʜʘʪʦʢ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ; 

ʊW  -  ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ;  

BW  - ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

ʟW  - ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʽʪʢʥʝʥʴ. 

ʆʜʝʨʞʘʥʦ ʚʠʨʘʟ ʜʣʷ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʧʨʦʙʦʶ ʚ ʦʪʚʦʨʽ ʈɽɿ ʂʉ ʧʽʜ 

ʚʧʣʠʚʦʤ ɽʄɺ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ  ʨʘʜʽʦʯʘʩʪʦʪʥʦʶ ʟʙʨʦʻʶ: 

 

( )
ʢʨ ʧʣ ʧʩ

ʢʨ i

ɼ

n (n ,n )
t ɜ =ln ,

n Q

å õ
æ ö¡
æ ö
ç ÷                                          (4.30) 

 

ʜʝ ʢʨ ʧʣ ʧʩt =t +t
; 

ʢʨʧʣ
ʧʣ

iʧʣ 0

n1
t = ln

ɜ n

è øå õ
é ùæ ö
é ùç ÷ê ú - ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʣʘʚʠʥʠ; 

ʢʨʧʩ
ʧʩ

iʧʩ ʢʨʧʣ

n1
t = ln
ɜ n

å õ
æ ö
æ ö
ç ÷ - ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʽʤʝʨʘ. 
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ʂʨʠʪʝʨʽʡ ʧʨʦʙʦʶ ʚʠʟʥʘʯʝʥʦ ʟ ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʝʥʝʨʛʽʾ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʘ ʙʘʣʘʥʩʫ ʯʘʩʪʦʢ:  

 

( )

2

i

2
ʢʨ ʧʣ ʧʩ

ʧ 2
ʽ i ɼ

ɜ (Q,E) ɤn (n ,n )m4 1
E W ln .

3 Ű ɜ (Q,E)n Qe

ʝ
ɽ

å õ+
æ ö
æ ö
ç ÷

>

               (4.31) 

ʜʝ 

E
i

W
=I

e  [ɼʞ/ʂʣ] - ʧʦʪʝʥʮʽʘʣ ʽʦʥ̔ʟʘʮʽʾ. 

ɺʠʨʘʟ (4.31) ʚʨʘʭʦʚʫʻ ʫʤʦʚʠ ʟʜʽʡʩʥʝʥʥʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ ʦʪʚʦʨʽʚ 

ʢʦʨʧʫʩʽʚ-ʝʢʨʘʥʽʚ ʈɽɿ ʆɺʊ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʨʦʟʚʠʪʢʫ ʣʘʚʠʥʦ-ʩʪʨʽʤʝʨʥʦʛʦ ʧʨʦʙʦʶ. 

ʏʠʩʝʣʴʥʽ ʦʮʽʥʢʠ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʙʽʡʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʪʚʦʨʽ ʈɽɿ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.5. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʯʘʪʢʦʚʦʾ ʽʦʥʽʟʘʮʽʾ ʚ ʦʪʚʦʨʽ ʈɽɿ ʆɺʊ ʟ 

9 -3

e0n =10 ʩʤ ʜʦ 
10 -3

e0n =10 ʩʤ ʧʨʦʙʠʚʥʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʨʠ 

p=760 ʤʤ.ʨʪ.ʩʪ. ʟʤʝʥʰʫʻʪʴʩʷ ʟ E =30ʢɺ/ʩʤʧ  ʜʦ E =5ʢɺ/ʩʤʧ . 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʠʩʦʪʠ ʟʥʘʭʦʜʞʝʥʥʷ ʈɽɿ ʆɺʊ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʦʚʽʪʨʷʥʦʛʦ ʪʠʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʧʨʦʙʽʡʥʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ. ʊʘʢ ʟʙʽʣʴʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 

10 -3

e0n =10 ʩʤʧʨʠ ʟʤʝʥʰʝʥʥʽ ʧʦʚʽʪʨʷʥʦʛʦ ʪʠʩʢʫ ʜʦ 
.p=10ʤʤʨʪ.ʩʪ
 ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʨʦʙʽʡʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟ ʧE = 30ʢɺ/ʩʤ ʜʦ 

E =20ʢɺ/ʩʤʧ . 
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ʈʠʩʫʥʦʢ 4.5 - ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʙʽʡʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʪʚʦʨʽ ʈɽɿ ʆɺʊ 

 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʪʘ 

ʧʨʠʩʪʨʦʾʚ ʟʘʭʠʩʪʫ ʦʪʚʦʨʽʚ, ʱʽʣʠʥ ʈɽɿ ʂʉ ʚʽʜ ɽʄɿ, ʚ ʷʢʠʭ ʨʝʘʣʽʟʦʚʘʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʚʽʜʥʽʩʪʶ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʨʦʙʽʡʥʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʟʘʭʠʩʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʇʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʩʪʨʦʶ ʟʘʭʠʩʪʫ ʈɽɿ ʚʽʜ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʋʂʊ 

ʯʝʨʝʟ ʦʪʚʦʨʠ ʚ ʾʭ ʢʦʨʧʫʩʘʭ ʪʘ ʧʦ ʢʘʙʝʣʴʥʠʭ ʢʘʥʘʣʘʭ ʧʨʦʥʠʢʥʝʥʥʷ, ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 4.6. 

 

ʈʠʩʫʥʦʢ 3.6 - ʇʨʠʩʪʨʽʡ ʟʘʭʠʩʪʫ ʈɽɿ ʚʽʜ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʋʂʊ 

ʯʝʨʝʟ ʦʪʚʦʨʠ ʚ ʾʭ ʢʦʨʧʫʩʘʭ ʪʘ ʧʦ ʢʘʙʝʣʴʥʠʭ ʢʘʥʘʣʘʭ ʧʨʦʥʠʢʥʝʥʥʷ 

80 

60 

40 

20 

ne0, ʩʤ-3 1010 1011 
0 

ɽʧ, ʢɺ/ʩʤ 

100 

109 1012 

p=760 ʤʤ. ʨʪ.ʩʪ 

p=10ʤʤ. ʨʪ.ʩʪ 



 176 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʟʘʭʠʩʪʫ ʈɽɿ ʚʽʜ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʋʂʊ 

ʯʝʨʝʟ ʦʪʚʦʨʠ ʚ ʾʭ ʢʦʨʧʫʩʘʭ ʪʘ ʧʦ ʢʘʙʝʣʴʥʠʭ ʢʘʥʘʣʘʭ ʧʨʦʥʠʢʥʝʥʥʷ ʤʩ̔ʪʠʪʴ 

ʤʦʥʪʘʞʥʠʡ ʦʪʚʽʨ 1, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʢʦʨʧʫʩʽ ʈɽɿ 2, ʚ ʩʝʨʝʜʠʥʫ ʷʢʦʛʦ 

ʚʭʦʜʠʪʴ ʢʘʙʝʣʴ 5. ʅʘ ʩʪʽʥʢʘʭ ʢʦʨʧʫʩʫ ʧʦʙʣʠʟʫ ʟ ʤʦʥʪʘʞʥʠʤ ʦʪʚʦʨʦʤ ʈɽɿ ʘʙʦ 

ʭʚʠʣʴʦʚʦʜʥʦʶ ʥʘʩʘʜʢʦʶ ʚʩʪʘʥʦʚʣʝʥʦ ʮʠʣʽʥʜʨʠ ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʜʽʾ ʟ ʧʦʨʰʥʷʤʠ  

3,ʥʘ ʧʦʚʝʨʭʥʶ ʷʢʠʭ ʥʘʥʝʩʝʥʘ ʧʣʽʚʢʘ ʟ Ŭ ï ʨʘʜʽʦʘʢʪʠʚʥʦʶ ʨʝʯʦʚʠʥʦʶ 4, ʪʘ 

ʩʦʣʝʥʦʾʜ 6, ʱʦ ʩʪʚʦʨʶʻ ʧʦʩʪʽʡʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʜʠʬʫʟʽʾ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ 

ʧʨʦʙʽʡʥʠʭ ʧʦʣʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʧʨʠʩʪʨʦʾʚ ʟʘʭʠʩʪʫ. 

 

4.4 ʄʦʜʝʣʽ  ʧʦʛʣʠʥʘʶʯʠʭ ʪʘ ʚʽʜʙʠʚʘʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʟʘʭʠʩʪʫ ʈɽɿ ʂʉ ʚ̔ ʜ ʚʧʣʠʚʫ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʪʘ ʣʘʟʝʨʥʠʭ ʟʘʩʦʙʽʚ 

  

ɼʘʥʠʡ ʧʽʜʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʜʦʩʣʽʜʞʝʥʥ ʁʝʢʨʘʥʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʟʘʭʠʩʪʫ ʈɽɿ ʂʉʊ ʚʜ̔ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ ʪʘ ʣʘʟʝʨʥʦʾ ʟʙʨʦʾ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚʠ (4.12) ʚ ʨʦʟʧʘʜʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʥʘʩʪʫʧʥʽ ʭʚʠʣʽ:  

 

t t +¡ ¡¡­ ,                                                     (4.32) 

 

ʜʝ t¡ï ʧʘʜʘʶʯʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ; 

 ï ʣʝʥʛʤʶʨʽʚʩʴʢʘ ʭʚʠʣʷ;  

t¡¡ï ʚʽʜʙʠʪʘ ʭʚʠʣʷ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (4.32) ʟʜʽʡʩʥʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʽʜʙʠʪʪʷ  ʃɺ ʚʽʜ ʽʟʦʪʨʦʧʥʦʛʦ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ɺʠʟʥʘʯʝʥʥʷ ʮʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʚʠʧʘʜʢʫ ʟʣʠʪʪʷ ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ ʭʚʠʣʴ ʟ 
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ʭʚʠʣʴʦʚʠʤ ʚʝʢʪʦʨʦʤ kl. ɺʨʘʭʦʚʘʥʦ, ʱʦ ʧʘʜʘʶʯʘ ɽʄʍ ʪʘ ʣʝʥʛʤʶʨʽʚʩʴʢʘ 

ʭʚʠʣʷ ʟʚôʷʟʘʥʽ ʨʦʟʧʘʜʥʠʤʠ ʫʤʦʚʘʤʠ: 

 

t l t l t t''k +k =k ,ɤ +ɤ =ɤ¡ ¡¡ ¡. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ l t'k >> k
 ɽʄʍ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ. ɿ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʧʠʩʫ 

ʨʦʟʩʽʶʚʘʥʥʷ ɽʄʍ ʥʘ ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ ʭʚʠʣʷʭ ʟʥʘʡʜʝʥʦ ʘʤʧʣʽʪʫʜʫ 

ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ ʭʚʠʣʴ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʙʠʪʪʷ ʃɺ, ʪʘ ʧʦʪʽʢ ʝʥʝʨʛʽʾ 

ʚʽʜʙʠʪʦʛʦ ʃɺ: 

 

() 2t 2
2 2x l

t'' ʃ ʣ2
te

cH ke
ʇ A a

8ˊ k(2m ɤ) c

¡¡

¡¡

å õ
º º æ ö

ç ÷ ,                     (4.33) 

 

ʜʝ ʃA  ï ʘʤʧʣʽʪʫʜʘ ʃɺ; 

ʣa  ï ʘʤʧʣʽʪʫʜʘ ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ ʭʚʠʣʴ; 

ɿʥʘʡʜʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ T ʧʦ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ ʚ 

ʝʥʝʨʛʽʶ ʚʽʜʙʠʪʦʾ ʭʚʠʣʽ: 

 

( )

22
2t'' l
ʣ2

t' tʝ

S ke
T= a

S k2m cɤ ¡¡

å õ
º æ ö

ç ÷
.                                 (4.34) 

 

ɿ (4.34) ʧʨʠ ʊ = 1 ʦʜʝʨʞʘʥʦ ʚʠʨʘʟ ʜʣʷ ʘʤʧʣʽʪʫʜʠ ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ 

ʭʚʠʣʴ: 

 

( )
2 2

ʝ2 t''
ʣ 2

l

2m cɤk
a

k e

å õ
ºæ ö
ç ÷ .                                     (4.35) 
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ɺ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ pɤ (10...20)ɤº
 ʟʥʘʡʜʝʥʦ ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ T: 

 

2 2
-10 2ʣ

ʣ2 2 2 2
ʝ p

e a
T= (1...2) 10 a .

4m c 10ɤ
º Ö

 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ, ʱʦ ʧʨʠ ʧʦʚʥʦʤʫ ʚʽʜʙʠʪʪʽ ʃɺ ʚʽʜ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ 

ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʊ=1, ʦʜʝʨʞʘʥʦ ʚʝʣʠʯʠʥʫ ʘʤʧʣʽʪʫʜʠ ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ 

ʭʚʠʣʴ: 
3

ʣa =(0.165...0.33)10. ʇʦʢʘʟʘʥʦ, ʷʢ ʧʨʠ ʧʦʚʥʦʤʫ  ʚʽʜʙʠʪʪʽ ʃɺ ʚʽʜ 

ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʴ ʘʤʧʣʽʪʫʜʘ 

ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ ʭʚʠʣʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʧʘʜʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ.  

ʇʨʠ ʨʦʟʧʘʜʥʽʡ ʥʝʩʪʽʡʢʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʩʠʣʝʥʥʷ ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ 

ʭʚʠʣʴ (ʽʥʢʨʝʤʝʥʪ ʥʘʨʦʩʪʘʥʥʷ). ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʢʨʝʤʝʥʪʫ ʥʘʨʦʩʪʘʥʥʷ 

ʚʠʟʥʘʯʝʥʦ ʘʤʧʣʽʪʫʜʫ ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ ʭʚʠʣʴ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʜʽ: 

 

ʥɔ t
ʣ 0a =a e ,                                               (4.36) 

 

ʜʝ ʘ0 ï ʘʤʧʣʽʪʫʜʘ ʧʣʘʟʤʦʚʠʭ ʭʚʠʣʴ, ʱʦ ʟʙʫʜʞʫʶʪʴʩʷ ʃɺ; 

( )
1

ʣ 2
ʥ t p

ʝ t

eA
ɔ = ɤɤ

m ɤʩ
¡

¡
ï ʽʥʢʨʝʤʝʥʪ ʥʘʨʦʩʪʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʣʘʟʤʦʚʠʭ ʭʚʠʣʴ. 

ɿʥʘʡʜʝʥʦ, ʱʦ ʜʣʷ ʪʠʧʦʚʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʃɺ 

10
t' 2

ɺʪ
S 10

ʩʤ
º

 ʚʝʣʠʯʠʥʘ 

ɸʃ ¢104. ɼʣʷ ʦʜʝʨʞʘʥʠʭ ʟʥʘʯʝʥʴ ʚʠʟʥʘʯʝʥʦ ʘʤʧʣʽʪʫʜʫ ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ 

ʭʚʠʣʴ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʪʦʚʱʠʥ ʟʘʭʠʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʍ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʜʣʷ ʍ = 3ʤʤ ʥʘ ʯʘʩʪʦʪ ̔ʃɺ 
16ɤ=10ɻʮ ʚʝʣʠʯʠʥʘ ʘʣ ² 103 ɺ/ʩʤ, ʜʣʷ ʍ = 0.3ʤʤ 

ʧʨʠ 
17ɤ=10ɻʮ, 

3
ʣʘ 10¢ ɺ/ʩʤ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʭʘʥʽʟʤʫ ʨʦʟʧʘʜʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʫ ʪʚʝʨʜʦʪʽʣʴʥʦʤʫ 

ʧʣʘʟʤʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʟʘ ʯʘʩ ʨʦʟʚʠʪʢʫ ʥʝʣʽʥʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ 
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ʥ
ʥ

1
Ű =
ɔ  ʱʽʣʴʥʽʩʪʴ  ʧʣʘʟʤʠ ʩʢʣʘʜʘʣʘ ʚʝʣʠʯʠʥʫ ʥʝ ʤʝʥʰʝ 1010 ʩʤ-3. ʇʨʠ ʮʴʦʤʫ 

ʃɺ ʧʦʚʠʥʥʦ ʧʨʦʧʣʘʚʠʪʠ ʝʢʨʘʥʫʶʯʠʡ ʤʘʪʝʨʽʘʣ ʥʘ ʛʣʠʙʠʥʫ: 

 

ʥ ʧʍ=Űʊ ,                                                       (4.37) 

 

ʜʝ ʧʊ  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

( )
t'

ʧ
1 0 0

S
ʊ =
ɚ 1+2.2/y ɟ

,                                          (4.38) 

 

ʜʝ 0ɟ ï ʱʽʣʴʥʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʚ ʪʚʝʨʜʦʪʽʣʴʥʦʤʫ ʤʘʪʝʨʽʘʣʽ; 

1ɚ ï ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʢʨʠʰʪʘʣʝʚʦʾ ʛʨʘʪʠ; 

1
0

0

ɚ
y =

kT ; 

ʊ0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ; 

k ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ. 

ʆʮʽʥʝʥʦ ʪʦʚʱʠʥʫ ʟʘʭʠʩʥʦʛʦ ʝʢʨʘʥʫ ʜʣʷ ʦʙʨʘʥʠʭ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

ɼʣʷ 
23 -3

0n =10 ʩʤ ,
10

t' 2

ɺʪ
S =10 ,

ʩʤ  1 ɚ~5eɺ ʪʘ ʊ0~ 0,1ʝɺ ʪʦʚʱʠʥʘ 

ʝʢʨʘʥʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʜʝ ʩʢʣʘʜʘʪʠ ʍ ~ 1 ʤʤ. 

ʇʽʜ ʚʧʣʠʚʦʤ ʃɺ ʚ ʪʚʝʨʜʦʪʽʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʥʠʢʘʻ ʥʝʨʽʚʥʦʚʘʞʥʠʡ 

ʩʪʘʥ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪɹ ʜʦ ʟʤʽʥʠ ʡʦʛʦ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ɿ ʨʽʰʝʥʥʷ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚ ʫʤʦʚʘʭ ʨʦʟʧʘʜʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ 

ʦʜʝʨʞʘʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʽʥʢʨʝʤʝʥʪʫ ʥʝʩʪʽʡʢʦʩʪʽ, ʷʢʝ ʤʘʻ ʚʠʜ: 
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( )
22

p 0
ʥ

0 e ds

ɤ a k
ɔ (k)= ImŮ ɤ,k

32́ n T k

å õ
æ ö
ç ÷ ,                            (4.39) 

 

ʜʝ a0  ï ʘʤʧʣʪ̔ʫʜʘ ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ ʢʦʣʠʚʘʥʴ; 

n0  ï ʧʦʯʘʪʢʦʚʘ ʱʽʣʴʥʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʚ ʪʚʝʨʜʦʪʽʣʴʥʦʤʫ ʧʣʘʟʤʦʚʦʤʫ 

ʤʘʪʝʨʽʘʣʽ; 

ʊʝ ï ʪʝʤʧʝʨʘʪʫʨʘ ʝʣʝʢʪʨʦʥʽʚ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

dsk īʭʚʠʣʴʦʚʠʡ ʚʝʢʪʦʨ ɼʝʙʘʷ. 

ɺʠʨʘʟ (4.39) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʥ̔ʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʥʝʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʽʚʥʦʚʘʞʥʠʤ (ʟʘ ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ  

ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʃɺ). ʊʘʢ ʪʠʧʦʚʠʭ ʫʤʦʚ (W =5 ʝɺ , ʯʘʩʪʦʪʘ ʘʢʫʩʪʠʯʥʠʭ 

ʧʣʘʟʤʦʚʠʭ ʢʦʣʠʚʘʥʴ wps=3Ö1013 ɻʮ, 
6

TEV 10º  ʩʤ/ʩ, ʰʚʠʜʢʽʩʪ ɹʝʣʝʢʪʨʦʥʥʦʛʦ 

ʟʚʫʢʘ 
7

iv 6 10 Wº Ö , ʩʤ/c) ʟʜʽʡʩʥʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʚʽʜʥʦʰʝʥʥʷ ʽʥʢʨʝʤʝʥʪʫ 

ʥʘʨʦʩʪʘʥʥʷ: 

 

H

0

ɔ (k)
(35...40)ʜɹ

ɔ (k)
º

.                                           (4.40) 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʨʦʟʧʘʜʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʚ 

ʪʚʝʨʜʦʪʽʣʴʥʦʤʫ ʧʣʘʟʤʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʙʠʪʪʷ ʃɺ 

ʜʦ 40 ʜɹ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ 

ʥʝʟʥʘʯʥʽʡ ʪʦʚʱʠʥʽ ʝʢʨʘʥʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʟʽʪʢʥʝʚʦʾ ʧʣʘʟʤʠ ʟʜʽʡʩʥʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ 

ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʝʚʦʣʶʮʽʶ ʽʤʧʫʣʴʩʫ ʃɺ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʃɺ ʟ ʜʠʩʧʝʨʩʽʡʥʠʤ ʧʣʘʟʤʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʝʚʦʣʶʮʽʷ ʽʤʧʫʣʴʩʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʯʘʩʦʚʦʤʫ ʫʰʠʨʝʥʥʽ 

ʽʤʧʫʣʴʩʫ. ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʚʦʣʶʮʽʾ ʽʤʧʫʣʴʩʥʦʛʦ 
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ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʜʠʩʧʝʨʩʽʡʥʠʤ ʧʣʘʟʤʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.7. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʦ, ʱʦ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʨʦʟʧʘʜʥʦʾ 

ʥʝʩʪʽʡʢʦʩʪʽ ʧʨʠ ʪʦʚɦʠʥʽ ʟʘʭʠʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʨʷʜʢʫ ʦʜʠʥʠʮʴ ʤʽʣʽʤʝʪʨʽʚ 

ʥʝʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ  ʝʢʨʘʥʫʚʘʥʥʷ ʈɽɿ ʆɺʊ ʚʽʜ ʃɺ, ʦʩʢʽʣʴʢʠ ʥʝʟʥʘʯʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʥʠʞʝʥʥʷ 

ʧʨʦʥʠʢʘʶʯʦ ʾʟʜʘʪʥʦʩʪ̔ ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʋʂʊ ɽʄɿ. 

 

ʈʠʩʫʥʦʢ 4.7 - ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ 

ʜʠʩʧʝʨʩʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ 

ʨʦʟʧʣʠʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥ ̫

 

ɼʦʩʣʽʜʞʝʥʦ ʝʢʨʘʥʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʪʚʝʨʜʦʪʽʣʴʥʠʤ 

ʧʣʘʟʤʦʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟ ʛʝʢʩʘʬʝʨʠʪʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ ʟʙʨʦʾ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʪʠʧʦʤ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʪʘ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʻʶ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ 

ʧʦʨʦʰʢʫ ʙʘʨʽʻʚʦʛʦ ʛʝʢʩʘʬʝʨʠʪʫ ʩʪʨʫʢʪʫʨʠ BaFe12O19 ʟ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ 

90-160 ʤʢʤ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 25 ʜʦ 275 ɻɻʮ 

ʧʦʛʣʠʥʘʥʥʷ ʚʽʜ 25% ʜʦ 70% ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʛʝʢʩʘʬʝʨʠʪʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʩʪʨʦʥʮʽʻʚʦʛʦ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʬʝʨʠʪʫ ʄ-

ʪʠʧʫ (SrFe12O19), ʣʝʛʦʚʘʥʦʛʦ ʽʦʥʘʤʠ ʪʠʪʘʥʫ, ʢʦʙʘʣʴʪʫ ʽ ʘʣʶʤʽʥʽʶ c 
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ʜʦʜʘʚʘʥʥʷʤ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʢʘʨʙʽʜʫ ʟʘʣʽʟʘ ʚʝʣʠʯʠʥʘ ʟʘʙʝʟʧʝʯʠʪʴ 

ʧʦʛʣʠʥʘʥʥʷ ɽʄɺ ʚʽʜ 5 ʜʦ 21 ʜɹ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 30 ʜʦ 55 ɻɻʮ. 

ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʚʠʣʦʩʴ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʦʛʦ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʪʫʞʥʦʛʦ ɽʄɺ 

ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʚ ʦʪʚʦʨʽ ʢʦʨʧʫʩʫ-ʝʢʨʘʥʫ ʈɽɿ ʂʉ ʚ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʙʘʨôʻʨʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʛʝʨʤʝʪʠʯʥʦʛʦ ʝʢʨʘʥʫ, ʘ 

ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʮʽʥʦʢ ʩʪʫʧʝʥʷ ʟʘʭʠʩʪʫ ʦʪʚʦʨʽʚ ʈɽɿ ʂʉ ʚʽʜ ʽʤʧʫʣʴʩʥʦʛʦ 

ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʋʂʊ, ʦʜʝʨʞʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʩʫʪʥʦʩʪʽ ʨʘʜʽʦʽʟʦʪʦʧʥʦʾ ʧʣʽʚʢʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʾ ʽʦʥʽʟʘʮʽʾ ʚ ʦʪʚʦʨʽ ʢʦʨʧʫʩʫ ʈɽɿ ʆɺʊ, ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ  ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʦʥʢʠʡ ʤʽʜʥʠʡ ʜʨʽʪ ʤʽʞ ʩʪʽʥʢʘʤʠ ʦʪʚʦʨʫ. 

ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʠʩʪʦʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ 

ʧʨʦʩʪʦʪʠ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚ ʭʚʠʣʴʦʚʦʜʥʦʤʫ ʪʨʘʢʪʽ  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ 

ʜʦʩʣʽʜʞʝʥʴ [102-107].   

ʈʝʻʩʪʨʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ɽʄɯ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʦʛʦ 

ʦʩʮʠʣʦʛʨʘʬʫ DPO 4104, ʷʢʠʡ ʤʘʻ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʙʽʣʴʰʝ 1%. 

ʆʩʮʠʣʦʛʨʘʤʠ ʥʘʧʨʫʞʝʥʦʩʪʽ ʽʤʧʫʣʴʩʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʇʃ-48 ʜʣʷ 

ʦʙʨʘʥʠʭ ʟʥʘʯʝʥʴ ʘʤʧʣʽʪʫʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ (ʨʠʩ. 4.8, 4.9). 

ʏʘʩʦʚʽ ʧʘʨʘʤʝʪʨʠ ʽʤʧʫʣʴʩʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʦʩʮʠʣʦʛʨʘʤʘʭ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 4.8, 4.9). 
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ʈʠʩʫʥʦʢ 4. 8 - ʆʩʮʠʣʦʛʨʘʤʘ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʨʠ 15 

ʢɺ/ʤ 

ʈʠʩʫʥʦʢ 4. 9 - ʆʩʮʠʣʦʛʨʘʤʘ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʧʨʠ 23 ʢɺ/ʤ 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ. 

1. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʛʨʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʜʽʡʩʥʝʥʦ ʟʘʭʠʩʪ ʜʝʪʝʢʪʦʨʥʦʛʦ 

ʜʽʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʥʢʦʜʨʦʪʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʚʩʽʭ 

ʚʠʧʘʜʢʘʭ ʚʧʣʠʚʫ ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʋʂʊ ʜʽʦʜ ʟʘʣʠʰʘʚʩʷ ʥʝʧʦʰʢʦʜʞʝʥʠʤ. 

2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʃʄ ʙʝʟ ʝʣʝʤʝʥʪʘ ʟʘʭʠʩʪʫ ʧʨʠʟʚʝʣʦ ʜʦ ʚʠʚʝʜʝʥʥʷ ʟʽ 

ʩʪʨʦʶ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʢʘʟʘʥʦ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʚ ʦʪʚʦʨʘʭ, ʱʽʣʠʥʘʭ ʢʦʨʧʫʩʽʚ-ʝʢʨʘʥʽʚ ʈɽɿ ʂʉ, 

ʢʘʙʝʣʴʥʠʭ ʢʘʥʘʣʘʭ ʚʚʝʜʝʥʥʷ ʟʜʘʪʥʝ ʟʜʽʡʩʥʠʪʠ ʛʘʨʘʥʪʦʚʘʥʠʡ ʟʘʭʠʩʪ ʚʽʜ 

ʚʧʣʠʚʫ ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʋʂʊ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ɽʄɿ. 

ɺʜ̔ʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʟʘʩʦʙʽʚ 

ʟʘʭʠʩʪʫ ʈɽɿ ʂʉ ʚʽʜ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʋʂʊ ʚ ʷʢʦʩʪʽ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʠʩʪʫ ʚʠʢʦʨʠʩʪʘʥʦ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʙʦʡʦʚʦʾ ʟʘʜʘʯʽ  ɺɹɿʈ  ʈɽɿ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ɽʄɿ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʦʙʢʠ  ʤʦʜʝʣʽ ʦʧʠʩʫ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʩʪʘʥʫ ʪʘ ʤʝʪʦʜʫ 

ʟʘʭʠʩʪʫ ʦʪʚʦʨʽʚ ʢʦʨʧʫʩʽʚ-ʝʢʨʘʥʽʚ ʈɽɿ ʂʉ ʽ ʢʘʙʝʣʴʥʠʭ ʢʘʥʘʣʽʚ ʚʚʝʜʝʥʥʷ ʚʽʜ 
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ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʙʦʡʦʚʦʾ ʟʘʜʘʯʽ ɺɹɿʈ  ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ 

ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʥʘ ʦʪʚʦʨʠ, ʱʽʣʠʥʠ ʢʦʨʧʫʩʽʚ-ʝʢʨʘʥʽʚ ʈɽɿ, ʬʘʢʪʠʯʥʦ ʦʟʥʘʯʘʻ 

ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʟʜʽʡʩʥʝʥʥʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ 

ʟʘʭʠʩʪʫ ʦʪʚʦʨʽʚ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʚ ʦʪʚʦʨʽ. 

ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʠʩʪʫ ʦʪʚʦʨʽʚ ʢʦʨʧʫʩʽʚ-ʝʢʨʘʥʽʚ ʈɽɿ ʂʉ ʽ ʢʘʙʝʣʴʥʠʭ 

ʢʘʥʘʣʽʚ ʚʚʝʜʝʥʥʷ ʚʽʜ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʥʘʩʪʫʧʥʦʤʫ 

ʚʠʜʽ: 

 

( )
( )

ʢʨ ʧʣ ʧʩ
ɺɹɿ ʧ ʽ i

ɼ

n (n ,n )
ʈ =ʈ ɽ ɽ f W, ɤ, Ű ,ɜ (Q,E), ln .

n Q

å õå õ
æ öæ ö¢ =

æ öæ ö
ç ÷ç ÷        (4.41) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʦ 

ʚʠʨʘʟʫ (4.35) ʧʘʨʘʤʝʪʨʘʤʠ, ʟʘʙʝʟʧʝʯʠʪʴ ʛʘʨʘʥʪʦʚʘʥʠʡ ʟʘʭʠʩʪ ʦʪʚʦʨʽʚ 

ʢʦʨʧʫʩʽʚ-ʝʢʨʘʥʽʚ ʽ ʢʘʙʝʣʴʥʠʭ ʢʘʥʘʣʽʚ ʚʚʝʜʝʥʥʷ ʈɽɿ ʆɺʊ. ɿ ʚʠʨʘʟʫ (4.41) 

ʚʠʜʥʦ, ʱʦ ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ ( ɺɹɿʈ 1= ) ʤʦʞʥʘ ʚʧʣʠʚʘʪʠ 

ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʞʝʨʝʣʘ ʽʦʥʽʟʘʮʽʾ, ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʝʣʠʯʠʥʠ ʧʦʚʽʪʨʷʥʦʛʦ ʪʠʩʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʩʦʪʠ ʟʥʘʭʦʜʞʝʥʥʷ ʈɽɿ, 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ɽʄɿ ʪʘ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ 

ʦʪʚʦʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʜʠʩʠʧʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ 

ʚʪʨʘʪʠ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ. 

ɺʠʟʥʘʯʝʥʦ ʩʪʫʧʝʥʴ ʟʥʠʞʝʥʥʷ ʧʨʦʙʽʡʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ, ʷʢʫ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ: 

 

( )

2

i

12
5.34

4

9
iʧɽ

2ʧ
ʢʨ ʧʣ ʧʩ

2
ʽ i ɼ

ɤ 1
30ʨ 2 1+ 1.1+1.5 10

ʨŰ4 10ʨɽ
U=20 lʦg 20 lʦg

ɽ ɜ (Q,E) ɤn (n ,n )m4 1
W ln

3 Ű ɜ (Q,E)n Qe

ʝ
ɽ

-

å õ
å õå õæ ö

Öæ öæ öæ ö
Ö ç ÷ç ÷æ ö=

æ öå õ+æ öæ ö
æ öæ öæ ö

ç ÷ç ÷.    (4.42) 
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ɺʠʟʥʘʯʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʨʘʥʫʚʘʥʥʷ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʪʚʝʨʜʦʪʽʣʴʥʠʤ 

ʧʣʘʟʤʦʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟ ʛʝʢʩʘʬʝʨʠʪʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ 

ʤʘʪʝʨʽʘʣ ʪʦʚʱʠʥʦʶ l ʤʘʻ ʥʝʩʢʽʥʯʝʥʫ ʪʨʠʚʘʣʽʩʪʴ, ʥʘ ʷʢʠʡ ʧʘʜʘʻ ʧʣʦʩʢʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ ʟ ʧʘʨʘʤʝʪʨʘʤʠ Eʧʘʜ,  Hʧʘʜ, ʪʘ ʻ ʙʝʟʧʝʨʝʨʚʥʠʤ.  

ʏʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 3 ʜʦ 100 ɻɻʮ 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ ɽʄɺ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʚʝʣʠʯʠʥʠ ʜʦ 70 ʜɹ ʧʨʠ ʚʠʙʦʨʽ 

ʚʝʣʠʯʠʥʠ ʘʢʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣʘ ʽʦʥʽʟʘʮʽʾ ʚ ʢʦʦʨʜʠʥʘʪʥʦʤʫ ʧʨʦʩʪʦʨʽ ʘʙʦ ʧʽʜ 

ʚʧʣʠʚʦʤ ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʪʫʞʥʦʛʦ ɽʄɺ, ʝʥʝʨʛʽʷ ʷʢʠʭ ʩʢʣʘʜʘʻ 60é70 

ʤʢʂu/ʩʤ2. ʆʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʨʘʥʫʚʘʥʥʷ ʧʦʪʫʞʥʦʛʦ ɽʄɺ ʪʚʝʨʜʦʪʽʣʴʥʠʤ 

ʧʣʘʟʤʦʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟ ʛʝʢʩʘʬʝʨʠʪʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʦʢʘʟʘʣʠ 

ʧʦʪʝʥʮʽʡʥʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʨʘʥʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʋʂʊ ʚ 

ʤʝʞʘʭ 62é72 ʜɹ. 

 

ɺʠʩʥʦʚʢʠ ʟ 4 ʨʦʟʜʽʣʫ 

 

1.1. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʠʩʫ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ 

ʩʪʘʥʫ ʩʣʘʙʦʽʦʥʽʟʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʚʧʣʠʚʦʤ 

ʽʤʧʫʣʴʩʥʦʛʦ ɽʄɺ ʋʂʊ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʦʪʚʦʨʽʚ ʝʢʨʘʥʽʚ-ʢʦʨʧʫʩʽʚ ʈɽɿ 

ʰʣ̫ʭʦʤ ʡʦʛʦ ʟʘʤʠʢʘʥʥʷ. 

1.2 ʆʪʨʠʤʘʚ ʧʦʜʘʣɹʰʠʡ ʨʦʟʚʠʪʦʢ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʫ 

ʚʟʘʻʤʦʜʽʾ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʧʦʪʫʞʥʠʤ ɽʄɺ ʋʂʊ. ʇʨʠ 

ʮʴʦʤʫ: 

ʘ) ʦʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʦʧʠʩʫ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ 

ʧʣʘʟʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʛʝʢʩʘʬʝʨʠʪʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ;  

ʙ) ʦʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʃɺ ʟ ʧʣʘʟʤʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ 

ʟʘʭʠʩʪʫ ʈɽɿ ʆɺʊ ʰʣʷʭʦʤ ʚʽʜʙʠʪʪʷ ʮʴʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʦ [102, 103, 104, 105, 106]. 
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ʈʆɿɼɯʃ 5 

ʄɽʊʆɼʀʂɸ ɺʀɹʆʈʋ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄɽʊʆɼɯɺ ʆɹʈʆɹʂʀ 

ʎʀʌʈʆɺʀʍ ɿʆɹʈɸɾɽʅʔ ʋ ʉʀʉʊɽʄɯ ʉʋɼʆɺʆɰ ɽʂʉʇɽʈʊʀɿʀ 

 

ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʧʨʠʟʚʝʣʦ ʜʦ ʨʽʟʢʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʽ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʭ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʛʨʘʬʽʯʥʽ ʦʙʨʘʟʠ ʘʙʦ ʟʦʙʨʘʞʝʥʥʷ. ʆʜʥʘʢ ʚʝʣʠʯʝʟʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʻʤʥʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʪʘʢ ʯʠ ʽʥʘʢʰʝ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʰʚʠʜʢʦʜʽʶ 

ʽ ʽʥʰʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ ʩʫʯʘʩʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ, ʮʽ ʦʙʤʝʞʝʥʥʷ 

ʚʠʷʚʣʷʶʪʴʩʷ ʚʽʜʨʘʟʫ, ʷʢ ʪʽʣʴʢʠ ʦʙʩʷʛʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʥʦʩʷʪʴʩʷ 

ʟʦʙʨʘʞʝʥʥʷʤʠ, ʧʦʯʠʥʘʶʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʝʷʢʽ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ. ɯʥʘʢʰʝ 

ʢʘʞʫʯʠ, ʥʘʩʢʽʣɹʢʠ ʙ ʥʝ ʨʦʟʰʠʨʶʚʘʣʠʩʷ ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ, ʟʘʚʞʜʠ ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʦʧʝʨʫʚʘʥʥʷ ʦʙ'ʻʢʪʘʤʠ ʙʽʣʴʰʦʛʦ ʦʙʩʷʛʫ, ʥʽʞ ʮʽ ʢʦʰʪʠ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ [124-127]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʚʫʟʴʢʠʤ ʣʘʥʢʦʶ ʜʣʷ ʧʝʨʝʜʘʯʽ ʛʨʘʬʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʮʠʬʨʦʚʽ ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ: ʾʭ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʰʚʠʜʢʦʾ ʧʝʨʝʜʘʯʽ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ 

ʧʝʨʝʜʘʯʽ. ɺʩʝ ʮʝ ʪʦʨʢʘʻʪʴʩʷ ʽ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ, ʷʢʘ ʟʦʙʦʚôʟ̫ʘʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʜʦʩʠʪʴ ʞʦʨʩʪʢʠʤ ʢʨʠʪʝʨʽʷʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʧʝʨʘʪʠʚʥʦʩʪʽ.   

ʉʪʨʽʤʢʠʡ ʧʨʦʛʨʝʩ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʬʦʪʦʟʡʦʤʢʠ, ʚʽʜʝʦʟʘʧʠʩʫ, 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʰʠʨʶʻ ʷʢ ʤʦʞʣʠʚʦʩʪʽ ʪʨʘʜʠʮʽʡʥʠʭ 

ʟʘʩʦʙʽʚ ʬʽʢʩʘʮʽʾ ʬʦʪʦ-, ʚʽʜʝʦʜʘʥʠʭ, ʪʘʢ ʽ ʥʦʚʠʭ (ʤʦʙʽʣʥɹʠʭ, ʤʝʨʝʞʝʚʠʭ, 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ, ʢʦʩʤʽʯʥʠʭ) ʽʟ ʥʦʚʠʤʠ ʬʦʨʤʘʪʘʤʠ ʜʘʥʠʭ, ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ 

ʦʥʦʚʣʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ ʫ ʛʘʣʫʟʽ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ 

ʬʦʪʦʟʦʙʨʘʞʝʥʴ[129-135]. 
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ʋʩʝ ʙʽʣʴʰʝ ʚ ʤʘʪʝʨʽʘʣʘʭ ʜʦʩʫʜʦʚʠʭ, ʩʫʜʦʚʠʭ ʧʨʦʚʘʜʞʝʥʴ ʟôʷʚʣʷʶʪʴʩʷ 

ʨʝʯʦʚʽ ʜʦʢʘʟʠ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʯʠ ʾʭ ʟʦʙʨʘʞʝʥʴ, 

ʬʦʪʦʟʦʙʨʘʞʝʥʴ, ʚʽʜʝʦʟʘʧʠʩʽʚ, ʩʢʘʥʦʚʘʥʠʭ ʢʦʧʽʡ, ʱʦ ʤʘʶʪʴ ʮʠʬʨʦʚʫ ʧʨʠʨʦʜʫ 

ʫʪʚʦʨʝʥʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʚʽʜʥʦʩʥʫ ʣʝʛʢʽʩʪʴ ʩʪʚʦʨʝʥʥʷ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ, 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʣʦʛʽʯʥʘ ʚ ʩʣʽʜʩʪʚʘ ʯʠ ʩʫʜʫ ʚʠʥʠʢʘʻ 

ʧʠʪʘʥʥʷ ʾʭ ʜʦʩʪʦʚʽʨʥʦʩʪʽ (ʘʚʪʝʥʪʠʯʥʦʩʪʽ) [136-140]. 

ɼʦʩʷʛʥʫʪʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʦʙʣʘʩʪʽ ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ ʧʦʜʘʥʥʷ ʽ ʩʪʠʩʥʝʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʧʨʦʪʝ ʥʝ ʚʠʨʽʰʫʶʪʴ ʧʦʚʥʦʶ ʤʽʨʦʶ ʟʘʚʜʘʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ 

ʘʢʪʫʘʣʴʥʠʤ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʾʾ ʚʠʨʽʰʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝ ʬʦʨʤʘʣʽʟʦʚʘʥʝ ʾʭ 

ʢʦʜʫʚʘʥʥʷ, ʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʾʭ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʽ ʻ ʥʦʩʽʻʤ ʫʢʣʘʜʝʥʦʾ 

ʚ ʥʠʭ ʽʥʬʦʨʤʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʟʦʙʨʘʞʝʥʴ ʮʽʣʢʦʤ ʽ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʧʨʦʩʪʦʨʦʚʦ-ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʻ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʘʜʘʧʪʠʚʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽʥʬʦʨʤʘʮʽʾ ʜʣ̫  ʚʠʷʚʣʝʥʥʷ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ. 

 

5.1 ʉʧʦʩʦʙʠ ʬʦʨʤʫʚʘʥʥʷ ʡ ʟʙʝʨʝʞʝʥʥʷ ʬʦʪʦʟʦʙʨʘʞʝʥʴ. ʍʘʨʘʢʪʝʨ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʾʭ ʜʦʩʣʽʜʞʝʥʥʽ 

 

ʆʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʬʘʢʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʻ 

ʩʧʝʮʠʬʽʯʥʦʶ ʜʣʷ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʬʦʨʤʦʶ ʧʟ̔ʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ.  

ʉʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʘ ʛʘʣʫʟʴ ʟʥʘʥʴ ʻ ʥʘʫʢʦʚʦʶ ʙʘʟʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʪʠʟʠ, ʘ ʝʢʩʧʝʨʪʥʘ ʧʨʘʢʪʠʢʘ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʩʪʘʚʠʪʴ ʟʘʚʜʘʥʥʷ ʧʝʨʝʜ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʶ ʛʘʣʫʟʟʶ, ʚʠʟʥʘʯʘʶʯʠ ʥʘʧʨʷʤ ʾʾ ʨʦʟʚʠʪʢʫ, ʧʦʩʪʘʚʣʷʻ 

ʝʤʧʽʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʥʘʫʢʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʫʟʘʛʘʣʴʥʝʥʴ. ʇʨʠ ʮʴʦʤʫ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʘ ʛʘʣʫʟʴ ʟʥʘʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʬʦʨʤʦʶ ʟʥʘʥʴ ʽ ʚʠʜʦʤ ʜʽʷʣʴʥʦʩʪʽ, 

ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʟʥʘʥʴ, ʘ ʩʫʜʦʚʘ ʝʢʩʧʝʨʪʠʟʘ ï ʚʠʜʦʤ 
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ʜʽʷʣʴʥʦʩʪʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʟʥʘʥʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ, ʱʦ ʚʠʥʠʢʘʪʁ ɹʥʘ 

ʯʘʩ ʜʦʩʫʜʦʚʦʛʦ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʪʘ ʨʦʟʛʣʷʜʫ ʢʦʥʢʨʝʪʥʠʭ ʩʫʜʦʚʠʭ ʩʧʨʘʚ [141, 

142].  

ɿʘʟʥʘʯʝʥʝ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʽʟʥʝʥʥʷ ʧʦʥʷʪʴ çʧʨʝʜʤʝʪ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʦʾ ʛʘʣʫʟʽ ʟʥʘʥʴè ʽ çʧʨʝʜʤʝʪ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠè, ʷʢʠʡ ʻ ʧʦʭʽʜʥʠʤ ʚʽʜ 

ʛʘʣʫʟʝʚʠʭ ʟʥʘʥʴ. ʊʝʦʨʝʪʠʯʥʘ ʨʦʟʨʦʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʤʝʪʘ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʛʘʣʫʟʽ ʟʥʘʥʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʥʘʫʢʦʚʫ ʙʘʟʫ ʡ 

ʧʦʙʫʜʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʩʪʨʫʢʪʫʨʫ ʛʘʣʫʟʝʚʠʭ ʟʥʘʥʴ, ʱʦ ʫ ʩʚʦʶ 

ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʡ ʤʝʞʽ ʧʝʚʥʦʾ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

ʉʫʜʦʚʘ ʬʦʪʦʪʝʭʥʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ ʩʪʚʦʨʶʚʘʣʘʩʴ ʽ ʨʦʟʚʠʚʘʣʘʩʴ ʷʢ ʧʽʜʚʠʜ 

ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʜʦʩʷʛʥʝʥʥʷʭ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʾ 

ʪʝʭʥʽʢʠ ʪʘ ʬʦʪʦʛʨʘʬʽʾ. ʇʨʝʜʤʝʪ ʬʦʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʩʧʨʘʚʠ ʪʘ ʧʦʚôʷʟʘʥ ̔ ʽʟ ʟʘʬʽʢʩʦʚʘʥʦʶ ʫ 

ʬʦʪʦʟʥʽʤʢʘʭ ʽʥʬʦʨʤʘʮʽʻʶ, ʪʝʭʥʽʢʦʶ ʡ ʪʝʭʥʦʣʦʛʽʻʶ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ [136, 

137]. ʎʝ ʚʠʟʥʘʯʝʥʥʷ ʧʨʝʜʤʝʪʘ ʬʦʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʜʦʩʠʪʴ ʯʽʪʢʦ ʦʧʠʩʫʻ 

ʦʩʥʦʚʥʽ ʡʦʛʦ ʩʢʣʘʜʦʚʽ ʷʢ ʚʠʜʫ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘʣʝ ʥʝ ʦʢʨʝʩʣʶʻ 

ʧʨʝʜʤʝʪ ʛʘʣʫʟʽ ʟʥʘʥʴ, ʷʢʠʡ ʟʘ ʟʘʛʘʣʴʥʠʤ ʬʽʣʦʩʦʬʩʴʢʠʤ ʪʨʘʢʪʫʚʘʥʥʷʤ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʘʬʽʢʩʦʚʘʥʠʭ ʫ ʜʦʩʚʽʜʽ ʡ ʫʢʣʶʯʝʥʠʭ ʫ ʧʨʦʮʝʩ ʧʨʘʢʪʠʯʥʦʾ 

ʜʽʣ̫ʴʥʦʩʪʽ ʣʶʜʠʥʠ ʩʪʦʨʽʥ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʚʽʜʥʦʩʠʥ ʦʙôʻʢʪʘ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʽʟ ʚʠʟʥʘʯʝʥʦʶ ʤʝʪʦʶ ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ ʽ ʦʙʩʪʘʚʠʥʘʭ. ɯʥʰʠʤʠ 

ʩʣʦʚʘʤʠ, ʧʨʝʜʤʝʪ ï ʮʝ ʣʦʛʽʯʥʦ ʡ ʧʨʘʢʪʠʯʥʦ ʟʫʤʦʚʣʝʥʘ ʧʦʜʘʥʽʩʪʴ ʦʙôʻʢʪʘ ʫ 

ʧʝʚʥʦʤʫ ʟʥʘʥʥʽ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʧʦʜʘʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʦʙôʻʢʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʩʠʩʪʝʤʽ ʟʥʘʥʴ ʫ ʛʘʣʫʟʽ ʬʦʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ. 

ɿʘ ʧʨʠʨʦʜʦʶ ʬʦʪʦʟʥʽʤʢʠ ʻ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

(ʦʙʨʘʟ, ʩʪʘʥ) ʩʝʨʝʜʦʚʠʱʘ (ʦʙôʻʢʪʘ) ʫ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʷʢʘ 

ʩʪʚʦʨʶʻʪʴʩʷ ʦʧʪʠʯʥʠʤ ʰʣʷʭʦʤ ʟʘʩʦʙʘʤʠ ʮʝʥʪʨʘʣʴʥʦʾ ʧʨʦʝʢʮʽʾ. ʊʘʢʠʡ ʰʣʷʭ 

ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʻ ʦʙôʻʢʪʠʚʥʠʤ ʚʽʜʙʠʪʢʦʤ ʤʘʪʝʨʽʘʣʴʥʦʾ ʩʫʪʥʦʩʪʽ 

ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʠʛʣʜ̫ʽ ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. ɼʣʷ ʬʽʢʩʘʮʽʾ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʚʽʪʣʦʯʫʪʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʣʦʛʝʥʽʚ ʩʨʽʙʣʘ, 



 189 

ʱʦ ʪʦʥʢʠʤ ʨʽʚʥʦʤʽʨʥʠʤ ʝʤʫʣʴʩʽʡʥʠʤ ʰʘʨʦʤ ʥʘʥʦʩʠʣʠʩʷ ʥʘ ʧʣʦʩʢʫ ʧʦʚʝʨʭʥʶ 

ʨʽʟʥʠʭ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʽʜʢʣʘʜʦʢ (ʧʨʦʟʦʨʦʾ ʧʣʽʚʢʠ, ʩʢʣʘ ʯʠ ʧʘʧʝʨʫ). ʇʽʜ 

ʜʽʻʶ ʩʚʽʪʣʘ, ʷʢʠʤ ʬʦʨʤʫʻʪʴʩʷ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʩʝʨʝʜʦʚʠʱʘ, ʟʤʽʥʶʻʪʴʩʷ 

ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʝʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʛʘʣʦʛʝʥʽʚ ʩʨʽʙʣʘ ʚ ʝʤʫʣʴʩʽʡʥʦʤʫ ʰʘʨʽ, 

ʪʦʙʪʦ ʬʦʨʤʫʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ çʮʝʥʪʨʠ ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷè. ɺʽʟʫʘʣʽʟʘʮʽʷ 

ʮʠʭ ʮʝʥʪʨʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʦʙʨʦʙʣʝʥʥʷʤ ʝʤʫʣʴʩʽʾ (ʧʨʦʷʚʣʝʥʥʷ, 

ʬʽʢʩʘʮʽʷ), ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʦʩʪʝʨʽʛʘʪʠ ʦʧʪʠʯʥʠʡ ʦʙʨʘʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʠʛʣʷʜʽ ʧʣʦʩʢʦʾ ʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʭʽʜ ʤʽʞ 

ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʚʽʜʪʚʦʨʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʻ ʧʣʘʚʥʠʤ ʽ 

ʥʝʨʦʟʨʠʚʥʠʤ. ɯʟ ʨʦʟʚʠʪʢʦʤ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʩʦʙʠ 

ʬʽʢʩʘʮʽʾ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʫʪʪʻʚʦ ʟʤʽʥʠʣʠʩʷ. ʉʚʽʪʣʦʯʫʪʣʠʚʫ ʝʤʫʣʴʩʽʶ ʽʟ 

ʛʘʣʦʛʝʥʽʚ ʩʨʽʙʣʘ ʟʘʤʽʥʠʣʠ ʥʘ ʩʫʢʫʧʥʽʩʪʴ ʧʨʠʣʘʜʽʚ ʽʟ ʟʘʨʷʜʦʚʠʤ ʟʚôʷʟʢʦʤ (ʇɿɿ 

(ʉʉD) ʤʘʪʨʠʮʷ ï ʤʘʪʨʠʮʷ ʧʨʠʣʘʜʽʚ ʽʟ ʟʘʨʷʜʦʚʠʤ ʟʚôʷʟʢʦʤ). ʆʧʪʠʯʥʠʡ ʦʙʨʘʟ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʮʝʥʪʨʘʣʴʥʦʾ ʧʨʦʝʢʮʽʾ 

(ʦʙôʻʢʪʠʚʘ) ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʇɿʉ ʤʘʪʨʠʮʽ, ʟʫʤʦʚʣʶʻ ʢʘʨʪʠʥʫ 

ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʧʦ ʝʣʝʤʝʥʪʘʭ ʤʘʪʨʠʮʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʾʭ ʦʩʚʽʪʣʝʥʥʷ. ʇʽʩʣ̫ ʬʦʨʤʫʚʘʥʥʷ ʮʽʻʾ ʢʘʨʪʠʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʨʦʮʝʜʫʨʘ ʟʯʠʪʫʚʘʥʥʷ ʟʘʨʷʜʫ ʽʟ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʘʪʨʠʮʽ ʰʣʷʭʦʤ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʤʽʱʝʥʥʷ ʮʠʭ ʟʘʨʷʜʽʚ ʧʦ ʝʣʝʤʝʥʪʘʭ ʨʷʜʢʘ ʤʘʪʨʠʮʽ (ʟʘ ʨʘʭʫʥʦʢ 

ʝʬʝʢʪʫ ʟʚôʷʟʢʫ ʟʘʨʷʜʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ 

ʥʘʧʨʫʛʠ ʥʘ ʝʣʝʤʝʥʪ). ɯʟ ʢʨʘʡʥʴʦʛʦ ʧʨʘʚʦʛʦ ʝʣʝʤʝʥʪʘ ʟʥʽʤʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʚʝʣʠʯʠʥ ʥʘ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ ʨʷʜʢʘ. 

ɯʤʧʫʣʴʩʠ ʩʣʽʜʫʶʪʴ ʽʟ ʯʘʩʪʦʪʦʶ, ʽʟ ʷʢʦʶ ʧʨʦʚʦʜʠʪʴʩʷ ʟʤʽʥʘ ʥʘʧʨʫʛʠ ʥʘ 

ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ ʨʷʜʢʘ, ʪʦʙʪʦ ʽʤʧʫʣʴʩʠ ʟʯʠʪʫʶʪʩɹʷ ʨʦʟʜʽʣʴʥʦ ʽʟ ʯʘʩʪʦʪʦʶ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʽ ʟʤʽʥʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʝʣʝʤʝʥʪʘʭ ʨʷʜʢʘ. ʋ 

ʧʦʜʘʣʴʰʦʤʫ ʽʤʧʫʣʴʩʠ ʧʽʜʜʘʶʪʴʩʷ ʧʽʜʩʠʣʝʥʥʶ ʪʘ ʢʚʘʥʪʫʚʘʥʥʶ ʥʘ ʜʠʩʢʨʝʪʥʽ 

ʨʽʚʥʽ. ʆʪʞʝ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʦʾ ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʚ 

ʜʠʩʢʨʝʪʥʫ. ʋ ʨʝʟʫʣʪɹʘʪʽ ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʮʠʬʨʦʚʠʡ ʦʙʨʘʟ, 

ʜʘʥʽ ʧʨʦ ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʬʽʢʩʫʶʪʴʩʷ ʥʘ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʥʦʩʽʻʚʽ ʽʥʬʦʨʤʘʮʽʾ. ɿʘʧʠʩʠ ʜʘʥʠʭ ʧʨʦʚʦʜʷʪʴʩʷ 
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ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʠʭ ʫʥʽʬʽʢʦʚʘʥʠʭ ʬʦʨʤʘʪʽʚ ʮʠʬʨʦʚʠʭ ʛʨʘʬʽʯʥʠʭ 

ʬʘʡʣʽʚ. ɺʽʜʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʦʙʨʘʟʫ ʽʟ ʟʘʬʽʢʩʦʚʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʫʩʪʘʥʦʚʣʝʥʥʷ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ʤʘʪʨʠʮʽ 

ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʟʛʽʜʥʦ ʟ ʚʝʣʠʯʠʥʦʶ ʟʘʨʷʜʫ. ʆʪʞʝ, ʚʽʜʪʚʦʨʝʥʠʡ ʦʙʨʘʟ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʷʢʠʭ 

ʚʽʜʧʦʚʽʜʘʻ ʚʩʪʘʥʦʚʣʝʥʠʤ ʨʽʚʥʷʤ ʢʚʘʥʪʫʚʘʥʥʷ. ɼʣʷ ʥʽʚʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʪʨʠʮʽ ʽʟ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ 

(ʙʽʣʴʰʝ 106 ʧʽʢʩʝʣʽʚ). ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʙʨʦʙʣʝʥʥʷ ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʦʙʨʘʟʽʚ 

ʬʽʣʴʪʨʘʤʠ, ʱʦ ʧʦʢʨʘʱʫʶʪʴ ʾʭ ʚ̔ ʟʫʘʣʴʥʝ ʩʧʨʠʡʥʷʪʪʷ ʪʦʱʦ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʬʦʨʤʫʻʪʴʩʷ ʪʨʠ ʟʦʙʨʘʞʝʥʥʷ ʚ 

ʜʦʜʘʪʢʦʚʠʭ ʢʦʣʴʦʨʘʭ, ʱʦ ʟʙʽʣʴʰʫʻ ʦʙôʻʤ ʜʘʥʠʭ ʧʨʦ ʟʦʙʨʘʞʝʥʥʷ ʚ 3 ʨʘʟʠ. ɸʣʝ 

ʬʽʟʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʥʦʩʽʾʚ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʦʙôʻʤʫ ʧʘʤôʷʪʽ ʦʙʤʝʞʝʥʽ, 

ʪʦʤʫ ʦʪʨʠʤʘʥʽ ʮʠʬʨʦʚʽ ʦʙʨʘʟʠ ʜʦ ʾʭ ʬʽʢʩʘʮʽʾ ʥʘ ʪʝʭʥʽʯʥʠʡ ʥʦʩʽʡ ʧʽʜʜʘʶʪʴʩʷ 

ʦʙʨʦʙʣʝʥʥʶ, ʘ ʩʘʤʝ: ʚʠʟʥʘʯʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʢʮʽʾ ʧʦ ʜʚʦʭ ʢʦʣʴʦʨʦʚʠʭ 

ʰʘʨʘʭ, ʣʦʛʽʯʥʦʤʫ ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʥʦʩʪʽ ʤʘʪʨʠʮʽ, ʩʪʠʩʢʘʥʥʶ ʜʘʥʠʭ ʪʦʱʦ. 

ʎʽ ʦʧʝʨʘʮʽʾ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʯʘʩʪʢʦʚʦʾ ʚʪʨʘʪʠ ʷʢʦʩʪʽ ʦʙʨʘʟʫ, ʘʣʝ ʥʘ ʧʦʨʷʜʢʠ 

ʟʤʝʥʰʫʶʪʴ ʦʙôʻʤ ʡʦʛʦ ʜʘʥʠʭ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʬʽʢʩʘʮʽʾ [139-145].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʽʜʪʚʦʨʝʥʦʛʦ 

ʦʙʨʘʟʫ (ʬʦʪʦʟʦʙʨʘʞʝʥʥʷ) ʡʦʛʦ ʦʨʠʛʽʥʘʣʫ, ʷʢ ʽ ʟʘʬʽʢʩʦʚʘʥʦʾ ʚ ʦʙʨʘʟʽ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʴʦʛʦ, ʟʘʣʝʞʠʪʴ ʷʢ ʚ̔ ʜ ʧʨʠʨʦʜʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʬʦʨʤʫʚʘʥʥʷ ʮʴʦʛʦ ʦʙʨʘʟʫ, ʪʘʢ ʽ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʩʪʨʦʶ 

ʬʦʨʤʫʚʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʡ ʟʘʧʠʩʫ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʠʭ ʬʘʡʣʽʚ. ɿʥʘʥʥʷ 

ʧʨʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʧʨʦʮʝʩʠ, ʟʘ ʷʢʠʤʠ ʩʪʚʦʨʶʶʪʴʩʷ ʛʨʘʬʽʯʥʽ ʬʘʡʣʠ, 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʘʢʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʛʘʣʫʟʝʡ ʟʥʘʥʴ, ʷʢ ʛʝʦʤʝʪʨʠʯʥʘ 

ʦʧʪʠʢʘ, ʧʨʦʝʢʪʠʚʥʘ ʛʝʦʤʝʪʨʽʷ, ʬʽʟʠʯʥʘ ʝʣʝʢʪʨʦʥʽʢʘ, ʤʘʪʝʤʘʪʠʢʘ, ʢʦʤʧôʶʪʝʨʥʝ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʬʘʡʣʽʚ, ʬʦʪʦʪʝʭʥʽʢʘ.  

ɿʥʘʥʥʷ ʟ ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʧʪʠʢʠ ʪʘ ʧʨʦʝʢʪʠʚʥʦʾ ʛʝʦʤʝʪʨʽʾ ʧʨʦ 

ʩʚʽʪʣʦʪʽʥʴʦʚʫ ʧʨʦʝʢʮʽʶ ʦʙôʻʢʪʘ, ʧʝʨʝʜʘʯʫ ʡʦʛʦ ʧʝʨʩʧʝʢʪʠʚʠ (ʛʝʦʤʝʪʨʠʯʥʦʾ, 

ʪʦʥʘʣʴʥʦʾ, ʢʦʣʴʦʨʦʚʦʾ), ʬʦʨʤʫʚʘʥʥʷ ʛʣʠʙʠʥʠ ʨʽʟʢʦʩʪʽ, ʢʦʥʪʨʘʩʪʥʦʩʪʽ, 

ʥʘʩʠʯʝʥʦʩʪʽ ʪʘ ʨʦʟʜʽʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʪʦʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʟʘ 
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ʦʙʨʘʟʦʤ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʡʦʛʦ ʤʦʨʬʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʨʦʟʤʽʨʠ, ʢʦʣʽʨ, ʨʦʟʪʘʰʫʚʘʥʥʷ, ʫʩʪʘʥʦʚʣʝʥʥʷ ʡʦʛʦ ʪʠʧʫ ʪʦʱʦ. ʌʦʪʦʪʝʭʥʽʯʥʽ 

ʟʘʩʦʙʠ, ʱʦ ʟʘʜʽʷʥʽ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʷʢ ʥʘ 

ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʦʙʨʘʟʫ (ʬʦʨʤʫʚʘʥʥʷ ʛʽʧʝʨʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʯʠ ʧʣʘʩʢʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʦʙʨʘʟʫ, ʜʝʩʪʘʙʽʣ̔ʟʘʮʽʷ ʦʙôʻʢʪʠʚʘ), ʪʘʢ ʽ ʥʘ ʦʢʨʝʤʽ ʡʦʛʦ ʯʘʩʪʠʥʠ 

(ʣʦʢʘʣʴʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʦʙʨʘʟʫ ʫ ʚʠʛʣʷʜʽ ʘʙʝʨʘʮʽʡ, ʜʠʩʪʦʨʩʽʡ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ (ʚʪʨʘʪʠ ʚ ʪʽʥʷʭ ʽ ʚʠʩʚʽʪʣʝʥʥʷʭ), ʣʦʢʘʣʴʥʽ ʰʫʤʠ ʪʦʱʦ). 

ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʾʭ ʧʨʦʷʚʣʝʥʥʷ ʪʘ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʩʢʣʘʜʘʶʪʴ ʩʧʝʮʠʬʽʯʥʫ 

ʬʫʥʢʮʽʶ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ ʫ ʛʘʣʫʟʽ ʩʫʜʦʚʦʾ ʬʦʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ.  

ʅʘ ʝʪʘʧʽ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʡʦʤʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʽʜʛʫʢʫ ʦʧʪʠʯʥʦʛʦ ʦʙʨʘʟʫ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʢʨʝʤʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʥʽ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʩʠʛʥʘʣʽʚ 

ʨʽʚʥʷʤ ʦʩʚʽʪʣʝʥʥʷ, ʧʽʜʡʦʤʦʤ ʨʽʚʥʷ ʰʫʤʫ ʪʦʱʦ. ʎʝ ʟʫʤʦʚʣʝʥʦ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʬʦʪʦʥ-ʝʣʝʢʪʨʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʩʪʨʫʢʪʫʨʽ ʤʘʪʝʨʽʘʣʫ 

ʤʘʪʨʠʮʽ (ʥʘʧʨʠʢʣʘʜ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʨ-n ʧʝʨʝʭʦʜʫ), ʨʦʟʩʽʶʚʘʥʥʷʤ ʩʚʽʪʣʘ 

ʧʦʚʝʨʭʥʝʶ ʤʘʪʨʠʮʽ, ʧʽʜʚʠʱʝʥʥʷʤ ʯʫʪʣʠʚʦʩʪʽ ʪʦʱʦ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʬʽʟʠʢʦʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ɯʟ ʤʝʪʦ  ʁ ʟʤʝʥʰʝʥʥʷ ʜʽʾ ʮʠʭ ʬʘʢʪʦʨʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʧʨʦʮʝʜʫʨʠ ʥʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ: ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʩʠʛʥʘʣʫ ʜʦ ʥʦʨʤʠ, ʚʠʟʥʘʯʝʥʥʷ ʰʫʤʫ ʪʘ ʡʦʛʦ ʚʽʜʥʽʤʘʥʥʷ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʘʧʘʨʘʪʥʦ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ. ɹʝʟʫʤʦʚʥʦ, ʮʽ ʧʨʦʮʝʜʫʨʠ 

ʧʽʜʚʠʱʫʶʪʴ ʷʢ̔ʩʪʴ ʟʦʙʨʘʞʝʥʥʷ, ʩʪʚʦʨʶʶʯʠ ʤʘʢʩʠʤʘʣʴʥʫ ʘʧʨʦʢʩʠʤʘʮʽʶ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʫ ʜʦ ʡʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʠʜʫ. ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʧʨʦʮʝʜʫʨ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʫ 

ʬʽʟʝʣʝʢʪʨʦʥʽʮʽ. ɿʥʘʥʥʷ ʧʨʦ ʮʝ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʮʠʭ ʧʨʦʮʝʜʫʨ ʜʘʻ ʤʦʞʣʠʚʽʩʪ ɹ

ʝʢʩʧʝʨʪʫ ʟʨʦʙʠʪʠ ʧʨʘʚʠʣʴʥʫ ʦʮʽʥʢʫ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʧʽʢʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʴ, ʱʦ ʪʘʢʦʞ ʥʘʣʝʞʠʪʴ ʜʦ ʩʧʝʮʠʬʽʢʠ ʬʦʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʛʘʣʫʟʽ 

ʟʥʘʥʴ. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʫʥʦʨʤʦʚʘʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʽʜʛʫʢʫ ʟ 

ʝʣʝʤʝʥʪʘ ʤʘʪʨʠʮʽ ʚ ʮʠʬʨʦʚʫ ʬʦʨʤʫ ʟʜʽʡʩʥʶʻʪʴʩ ̫ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʤ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ (ɸʎʇ), ʥʘ ʚʠʭʦʜʽ ʷʢʦʛʦ ʻ ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ ʫ ʚʠʛʣʷʜʽ 

ʜʚʦʾʯʥʦʛʦ ʢʦʜʫ, ʷʢʠʡ ʟʘ ʚʠʟʥʘʯʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʦʧʝʨʘʪʠʚʥʫ 
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ʧʘʤôʷʪʴ ʬʦʪʦʘʧʘʨʘʪʘ ʙʝʟ ʦʙʨʦʙʣʝʥʥʷ. ʗʢʱʦ ʬʦʪʦʘʧʘʨʘʪʦʤ ʯʠ ʽʥʰʠʤ ʟʘʩʦʙʦʤ 

ʚʽʜʝʦ- ʯʠ ʬʦʪʦʟʡʦʤʢʠ ʥʝ ʟʘʜʘʥʽ ʷʢʽ-ʥʝʙʫʜʴ ʧʨʦʮʝʜʫʨʠ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ, ʪʦ ʮʽ 

ʜʘʥʽ ʨʘʟʦʤ ʽʟ ʤʝʪʘʜʘʥʠʤʠ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʟʘʩʦʙʦʤ ʟʡʦʤʢʠ, ʟʘʧʠʩʫʶʪʴʩʷ ʥʘ 

ʪʝʭʥʽʯʥʠʡ ʥʦʩʽʡ ʽʥʬʦʨʤʘʮʽʾ ʫ ʬʦʨʤʘʪʽ RAW. ʎʝʡ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ 

ʬʦʪʦʛʨʘʬʽʡ ʬʦʨʤʘʪ ʜʘʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙôʻʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʬʦʪʦʟʦʙʨʘʞʝʥʥʷ 

ʪʘ ʜʘʻ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ ʜʣʷ ʨʝʜʘʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ï ʢʦʨʝʢʮʽʾ ʝʢʩʧʦʟʠʮʽʾ, 

ʢʦʣʴʦʨʫ, ʰʫʤʫ. ʇʨʠ ʝʢʩʧʝʨʪʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʬʦʪʦʟʦʙʨʘʞʝʥʴ ʫ ʬʦʨʤʘʪʽ 

RAW ʤʦʞʥʘ ʜʦʩʣʽʜʠʪʠ ʧʽʢʩʝʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʩʪʘʥ ʤʘʪʨʠʮʽ ʬʦʪʦʘʧʘʨʘʪʘ, 

ʫʩʪʘʥʦʚʠʪʠ ʡʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʦʟʥʘʢʠ ʪʦʱʦ. ɸʣʝ ʦʙôʻʤ ʜʘʥʠʭ, ʱʦ ʤʘʶʪʴ 

ʬʘʡʣʠ ʚ ʮʴʦʤʫ ʬʦʨʤʘʪʽ, ʜʦʩʠʪʴ ʟʥʘʯʥʠʡ, ʘ ʪʝʭʥʽʯʥʽ ʥʦʩʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʾʭ ʟʘʧʠʩʫ, ʤʘʶʪʴ ʦʙʤʝʞʝʥʠʡ ʨʝʩʫʨʩ ʧʘʤôʷʪʽ, ʫ ʟʚôʷʟʢʫ 

ʟ ʯʠʤ ʧʨʦʚʦʜʷʪʴ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʽʟ ʤʝʪʦʶ ʾʭ ʩʪʠʩʥʝʥʥʷ. ɿʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʝʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʟʥʽʤʢʘ ʬʦʪʦʛʨʘʬ ʥʘ ʬʦʪʦʘʧʘʨʘʪʽ ʤʦʞʝ ʦʙʨʘʪʠ 

ʚʽʜʧʦʚʽʜʥʠʡ ʨʝʞʠʤ, ʷʢʠʡ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ ʫ ʨʦʟʤʽʨʽ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʩʪʠʩʥʫʪʠ ʜʘʥʽ ʟʘ ʚʠʙʨʘʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʟ ʧʦʜʘʣʴʰʠʤ 

ʬʦʨʤʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʦʨʤʘʪʫ ʬʘʡʣʫ. ʋ ʩʫʯʘʩʥʠʭ ʬʦʪʦʘʧʘʨʘʪʘʭ 

ʥʘʡʙʽʣʴhʝ ʧʦʰʠʨʝʥʠʤ ʻ ʬʦʨʤʘʪ jpg, ʷʢʠʡ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʟʦʙʨʘʞʝʥʥʷ ʢʘʥʘʣʘʤʠ ʟʚôʷʟʢʫ ʪʘ ʧʫʙʣʽʢʘʮʽʡ ʚ ɯʥʪʝʨʥʝʪʽ. ʌʦʨʤʘʪ ʧʝʨʝʜʙʘʯʘʻ 

ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ, ʱʦʙ ʟʙʝʨʽʛʘʣʘʩʷ ʦʩʥʦʚʥʘ ʯʘʩʪʢʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʷʩʢʨʘʚʽʩʪʴ ʧʽʢʩʝʣʽʚ. ʂʦʣʽʨ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʫʨ̔ʟʘʥʠʭ ʜʘʥʠʭ. ʊʦʤʫ ʚ 

ʮʴʦʤʫ ʬʦʨʤʘʪʽ ʟʦʙʨʘʞʝʥʥʷ ʟʘʧʠʩʫʶʪʴʩʷ ʟ ʽʩʪʦʪʥʠʤʠ ʚʪʨʘʪʘʤʠ ʢʦʣʴʦʨʫ ʪʘ 

ʤʝʥʰʠʤʠ ʚʪʨʘʪʘʤʠ ʷʩʢʨʘʚʦʩʪʽ ʡ ʢʦʥʪʨʘʩʪʫ. ʆʪʞʝ, ʮʝʡ ʬʦʨʤʘʪ ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʪʘʪʥʶ ʷʢʽʩʪʴ ʜʣʷ ʘʤʘʪʦʨʩʴʢʠʭ ʬʦʪʦʛʨʘʬʽʡ ʽ ʧʝʨʝʛʣʷʜʫ ʟʥʽʤʢʽʚ ʥʘ ʤʦʥʽʪʦʨʽ, 

ʧʫʙʣʽʢʘʮʽʡ ʚ ɯʥʪʝʨʥʝʪ̔ ʪʘ ʜʨʫʢʫ ʜʦ ʬʦʨʤʘʪʫ ɸ4 ʚʢʣʶʯʥʦ. ʅʘ ʚʽʜʙʠʪʢʘʭ 

ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ ʚʞʝ ʩʪʘʻ ʚʠʜʥʦ ʚʩʽ ʧʦʛʨʽʰʥʦʩʪʽ ʪʘ ʚʪʨʘʪʠ ʚ ʷʢʦʩʪʽ, 

ʦʙʫʤʦʚʣʝʥʽ ʩʪʠʩʢʘʥʥʷʤ ʜʘʥʠʭ. ʋ ʧʨʘʢʪʠʮʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʡ ʽʥʰʽ ʬʦʨʤʘʪʠ, ʷʢʽ 

ʩʪʚʦʨʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʦʛʦ ʨʦʜʫ ʧʨʠʩʪʨʦʷʭ: ʪʝʣʝʬʦʥʘʭ, 

ʚʜ̔ʝʦʢʘʤʝʨʘʭ, ʧʨʠʥʪʝʨʘʭ ʪʘ ʽʥʰʠʭ ʟʘʩʦʙʘʭ ʦʨʛʪʝʭʥʽʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʘʟʦʚʠʤʠ ʟʥʘʥʥʷʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʪʝʭʥʽʢʫ ʪʘ ʪʝʭʥʦʣʦʛʽʶ ʦʪʨʠʤʘʥʥʷ ʬʦʪʦʟʥʽʤʢʽʚ ʜʣʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʫ ʛʘʣʫʟʽ 
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ʩʫʜʦʚʦʾ ʬʦʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʻ ʟʥʘʥʥʷ ʚ ʛʘʣʫʟʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ. ʉʧʝʮʠʬʽʢʘ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʮʽʻʾ ʛʘʣʫʟʽ ʩʫʜʦʚʦ-

ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʽʢʫ ʪʘ 

ʪʝʭʥʦʣʦʛʽʶ ʦʪʨʠʤʘʥʥʷ ʬʦʪʦʟʥʽʤʢʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʥʘʜʘʥʠʤʠ ʥʘ ʝʢʩʧʝʨʪʠʟʫ 

ʬʦʪʦʟʥʽʤʢʘʤʠ, ʟʥʘʥʥʷ ʧʨʦ ʷʢʦʩʪʽ ʪʘ ʟʘʢʦʥʦʤʨ̔ʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʷʢʠʭ ʥʝ 

ʥʘʣʝʞʘʪʴ ʜʦ ʧʨʝʜʤʝʪʘ ʙʘʟʦʚʠʭ ʟʥʘʥʴ ʽ ʻ ʩʧʝʮʠʬʽʯʥʠʤʠ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʫ ʛʘʣʫʟʽ ʬʦʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ. ʇʨʘʢʪʠʯʥʽ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʽʚ ʫ ʮʽʡ ʛʘʣʫʟʽ ʜʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʚʘʪʠ ʦʩʥʦʚʥʽ 

ʦʟʥʘʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʬʦʪʦʟʥʽʤʢʘʭ, ʧʦʥʷʪʽʡʥʠʡ ʘʧʘʨʘʪ ʽ 

ʚʽʜʧʦʚʽʜʥʝ ʤʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʎʝ ʩʪʚʦʨʠʣʦ ʙʘʟʠʩ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ, 

ʷʢʠʡ, ʫʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʠʡ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʝʥʩʦʨʽʚ ʟʡʦʤʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥ̫ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʧʨʘʢʪʠʢʠ.  

ʌʦʪʦʪʝʭʥʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ ʜʦʩʣʽʜʞʫʻ ʬʦʪʦʛʨʘʬʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʙʫʜʴ-ʷʢʠʤʠ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʟʤʽʩʪʦʤ. ɸʥʘʣʽʟʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʽʜʜʘʥʽ ʙʫʜʴ-ʷʢʽ ʬʦʪʦʛʨʘʬʽʯʥʽ ʦʙôʻʢʪʠ ï ʮʠʬʨʦʚʽ ʟʥʽʤʢʠ, ʥʝʛʘʪʠʚʠ, ʚʠʢʦʥʘʥʽ 

ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʬʦʪʦʧʣʽʚʮʽ, ʧʘʧʝʨʦʚʽ ʚʽʜʙʠʪʢʠ (ʟʥʽʤʢʠ) ʪʘ ʽʥ. ʗʢʱʦ ʚ ʧʨʦʮʝʩʽ 

ʨʦʟʛʣʷʜʫ ʧʦʟʦʚʫ ʘʙʦ ʩʫʜʦʚʦʾ ʩʧʨʘʚʠ ʩʪʘʻ ʥʝʦʙʭʽʜʥʠʤ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʦʪʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʠʭ, ʷʢ ʮʠʬʨʦʚʽ ʡ ʧʘʧʝʨʦʚʽ ʬʦʪʦʛʨʘʬʽʾ, ʪʦ ʤʦʞʝ 

ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʘ ʩʫʜʦʚʘ ʬʦʪʦʪʝʭʥʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ. ɸʥʘʣʽʟ ʫ ʮʽʡ ʩʬʝʨʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʦʙôʻʢʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ ʬʦʨʤʫʚʘʥʥʷ ʬʦʪʦʛʨʘʬʽʡ. ʅʘʡʯʘʩʪʽʰʝ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ: 

- ʙʫʜʴ-ʷʢʽ ʬʦʪʦʛʨʘʬʽʾ ï ʧʘʧʝʨʦʚʽ ʡ ʮʠʬʨʦʚʽ; 

- ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʪʦʛʨʘʬʽʡ; 

- ʜʘʥʽ ʡ ʬʘʢʪʠ ʱʦʜʦ ʫʤʦʚ ʨʦʟʜʨʫʢʫʚʘʥʥʷ ʬʦʪʦ; 

- ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʙôʻʢʪʠ, ʟʦʙʨʘʞʝʥʽ ʥʘ ʬʦʪʦʟʥʽʤʢʘʭ. 

ʌʦʪʦʪʝʭʥʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʦʙôʻʢʪʽʚ ʟʘ ʾʭ ʬʦʪʦʛʨʘʬʽʷʤʠ, ʚʠʷʚʣʝʥʥʷ ʪʝʭʥʽʢʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʥʽʤʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʷ ʤʘʨʦʢ ʽ ʪʠʧʽʚ 
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ʧʣʽʚʦʢ ʽ ʬʦʪʦʧʘʧʝʨʫ. ʊʘʢʦʞ ʩʫʜʦʚʘ ʬʦʪʦʪʝʭʥʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ ʜʦʧʦʤʘʛʘʻ 

ʚʩʪʘʥʦʚʠʪʠ ʚʠʧʘʜʢʠ ʤʝʭʘʥʽʯʥʦʛʦ ʘʙʦ ʮʠʬʨʦʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʬʦʪʦʛʨʘʬʽʶ, 

ʥʘʧʨʠʢʣʘʜ ʨʝʪʫʰʽ, ʤʦʥʪʘʞʫ. ʂʨʽʤ ʮʴʦʛʦ, ʪʘʢʠʡ ʘʥʘʣʽʟ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʽʟ 

ʟô̫ʩʫʚʘʥʥʷʤ ʧʦʜʨʦʙʠʮʴ, ʟʘ ʷʢʠʭ ʩʪʚʦʨʶʚʘʣʦʩʷ ʬʦʪʦ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʠʭ ʟʘʚʜʘʥʴ, ʝʢʩʧʝʨʪʠʟʘ ʬʦʪʦʛʨʘʬʽʡ ʤʦʞʝ ʘʙʦ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʦʥʢʨʝʪʥʠʡ ʦʙôʻʢʪ ʥʘ ʬʦʪʦʛʨʘʬʽʾ, ʘʙʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʦʙôʻʢʪʠ 

ʟʘ ʧʝʚʥʠʤʠ ʛʨʫʧʘʤʠ. ɽʢʩʧʝʨʪ ʤʦʞʝ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʪʽ ʘʙʦ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʬʦʪʦʛʨʘʬʽʡ, ʚʠʟʥʘʯʠʪʠ ʷʢʠʤ ʯʠʥʦʤ ʽ ʷʢ ʜʘʚʥʦ ʚʦʥʠ ʙʫʣʠ ʟʨʦʙʣʝʥʽ, ʘ ʪʘʢʦʞ 

ʚʽʜʥʦʚʠʪʠ ʧʝʨʚʠʥʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʥʽʤʢʘ. 

ʌʦʪʦʪʝʭʥʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ: 

- ʷʢʽ ʨʦʟʤʽʨʠ ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʟʥʽʤʢʫ ʦʙôʻʢʪʽʚ; 

- ʥʘ ʷʢʽʡ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʟʥʘʭʦʜʠʣʠʩʷ ʜʚʘ ʟʦʙʨʘʞʝʥʠʭ ʥʘ 

ʟʥʽʤʢʫ ʦʙôʻʢʪʘ; 

- ʧʨʠ ʷʢʦʤʫ ʦʩʚʽʪʣʝʥʥʽ, ʧʨʠʨʦʜʥʦʤʫ ʘʙʦ ʰʪʫʯʥʦʤʫ, ʧʨʦʚʦʜʠʣʘʩʷ 

ʟʡʦʤʢʘ; 

- ʧʽʜʜʘʚʘʚʩʷ ʬʦʪʦʟʥʽʤʦʢ ʜʦʜʘʪʢʦʚʦʤʫ ʦʙʨʦʙʣʝʥʥʶ; 

- ʯʠ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʨʝʪʫʰ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʥʽʤʢʘ; 

- ʩʬʦʪʦʛʨʘʬʦʚʘʥʽ ʯʠ ʟʦʙʨʘʞʝʥʽ ʥʘ ʟʥʽʤʢʫ ʦʙôʻʢʪʠ ʟ ʥʘʪʫʨʠ ʘʙʦ ʚʦʥʠ 

ʷʚʣʷʶʪɹ ʩʦʙʦʶ ʨʝʧʨʦʜʫʢʮʽʶ ʜʨʫʢʦʚʘʥʦʛʦ ʚʠʜʘʥʥʷ; 

- ʯʠ ʻ ʥʘ ʟʥʽʤʢʫ ʦʟʥʘʢʠ ʤʦʥʪʘʞʫ; 

- ʯʠ ʥʝ ʚʠʛʦʪʦʚʣʝʥʽ ʬʦʪʦʟʥʽʤʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʦʛʦ 

ʬʦʪʦʘʧʘʨʘʪʘ; 

- ʯʠ ʚʽʜʜʨʫʢʦʚʘʥʽ ʥʘʜʘʥʽ ʬʦʪʦʟʥʽʤʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʥʦʛʦ 

ʧʨʠʥʪʝʨʘ; 

- ʯʠ ʟʦʙʨʘʞʝʥʽ ʥʘ ʬʦʪʦʟʥʽʤʢʫ ʧʨʝʜʤʝʪʠ, ʚʠʣʫʯʝʥʽ ʚ 

ʦʙʚʠʥʫʚʘʯʝʥʦʛʦ, ʜʽʣʷʥʢʘ ʤʽʩʮʝʚʦʩʪʽ. 
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5.2 ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʽʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ, 

ʬʽʣʴʪʨʘʮʽʾ, ʩʪʠʩʢʫ, ʨʦʟʧʽʟʥʘʥʥʷ ʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ  ʚ̔ ʜʧʦʚʽʜʘʶʪʴ 

ʟʘʚʜʘʥʥʷʤ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʙʫʜʦʚʘʪʠ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʨʷʜʦʢ ʜʽʡ ʝʢʩʧʝʨʪʘ ʧʨʠ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʜʽʾ ʧʨʠ ʚʽʟʫʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʪʘ ʘʥʘʣʽʟʽ ʤʝʪʘʜʘʥʠʭ ʫ 

ʤʝʞʘʭ ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʜʥʘʢ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʽʟʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʮʽʣʢʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʚʘʣʽʬʽʢʘʮʽʾ ʪʘ ʩʪʘʥʫ ʟʦʨʫ ʝʢʩʧʝʨʪʘ ʡ 

ʤʽʩʪʠʪʴ ʟʥʘʯʥʠʡ ʩʫʙôʻʢʪʠʚʥʠʡ ʬʘʢʪʦʨ. ɸʥʘʣʽʟ ʤʝʪʘʜʘʥʠʭ ʻ ʝʬʝʢʪʠʚʥʠʤ ʣʠʰʝ 

ʚ ʨʘʟʽ ʧʨʠʤʽʪʠʚʥʠʭ ʧʽʜʨʦʙʦʢ, ʙʦ EXIF-ʜʘʥʽ ʬʦʪʦʛʨʘʬʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʣʝʛʢʦ 

ʚʜ̔ʨʝʜʘʛʦʚʘʥʽ ʽʩʥʫʶʯʠʤʠ EXIF-ʨʝʜʘʢʪʦʨʘʤʠ.  

ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʤʘʻ ʙʫʪʠ ʧʨʠʜʽʣʝʥʘ ʤʝʪʦʜʘʤ 

ʨʦʟʰʠʨʝʥʦʛʦ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [159 - 161]. 

ʇʨʦʪʝ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ (ELA, PCA, wavelet 

ʪʘ ʽʥ.) [136-137] ʫ ʤʝʞʘʭ ʨʦʟʰʠʨʝʥʦʛʦ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʦʟʥʘʯʝʥʦ ʣʠʰʝ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʙʝʟ ʢʦʥʢʨʝʪʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʦʙʤʝʞʝʥʴ ʭʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʪʦʤ ʭʠʙʥʦʛʦ ʚʠʩʥʦʚʢʫ ï 

ʚʠʟʥʘʯʝʥʥʷ ʦʟʥʘʢ ʬʦʪʦʤʦʥʪʘʞʫ ʘʙʦ ʨʝʪʫʰʫʚʘʥʥʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʘʢʠʭ 

(ʧʦʤʠʣʢʘ ʧʝʨʰʦʛʦ ʨʦʜʫ), ʘʙʦ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʨʝʜʘʛʦʚʘʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ (ʧʦʤʠʣʢʘ ʜʨʫʛʦʛʦ ʨʦʜʫ). ʎʝ ʟʤʫʰʫʻ ʝʢʩʧʝʨʪ̔ ʚ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʦʟʥʘʯʝʥʽ ʪʘ ʽʥʰʽ ʤʝʪʦʜʠ ʥʘ ʩʚʽʡ ʨʦʟʩʫʜ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʚʦʛʦ ʜʦʩʚʽʜʫ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʪʠʣʝʞʥʠʭ ʚʠʩʥʦʚʢʽʚ ʨʽʟʥʠʭ ʝʢʩʧʝʨʪʽʚ ʟʘ ʦʜʥʠʤ ʽ ʪʠʤ ʩʘʤʠʤ 

ʧʨʦʚʘʜʞʝʥʥʷʤ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ  ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ, ʚʠʟʥʘʯʠʪʠ ʘʢʪʠ ʟʤʽʥʠ ʟʦʙʨʘʞʝʥʥʷ ʽ ʽʩʪʦʪʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ, 

ʥʝʦʙʭʽʜʥʠʡ ʥʘ ʧʝʨʝʜʘʯʫ ʮʠʭ ʟʦʙʨʘʞʝʥʴ. [145 - 151]. 
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ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʻ  

ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ, ʷʢʝ  ʻ ʩʠʛʥʘʣʴʥʦ-ʥʝʟʘʣʝʞʥʠʤ [147-154]. 

ʆʢʪʘʚʦ ʩʤʫʞʥʝ ʨʦʟʙʠʪʪʷ ʩʧʝʢʪʨʘ, ʚʠʨʦʙʣʝʥʝ ʾʤ, ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʙʽʣʴʰʦʩʪʽ, ʘʣʝ 

ʥʝ ʜʣʷ ʚʩʽʭ ʨʝʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ. ɹʘʞʘʥʦ ʙʫʣʦ ʙ ʤʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʘʜʘʧʪʦʚʘʥʝ 

ʜʦ ʩʠʛʥʘʣʫ, ʧʦʜʽʙʥʦ ʇʂʃ, ʘʣʝ ʤʘʻ ʰʚʠʜʢʠʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ. ʎʝ 

ʝʢʚʽʚʘʣʝʥʪʥʦ ʪʦʤʫ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʫʣʦ ʙ ʟʜʘʪʥʝ ʜʦʚʽʣʴʥʦ ʟʤʽʥʶʚʘʪʠ 

ʩʪʨʫʢʪʫʨʫ ʨʦʟʙʠʪʪʷ ʯʘʩʪʦʪʥʘ-ʯʘʩʦʚʦʾ ʧʣʦʱʠʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʠʛʥʘʣʫ. 

ʂʘʩʢʘʜʥʦ ʟ'ʻʜʥʘʥʽ ʙʣʦʢʠ ʚʝʡʚʣʝʪ ʬʽʣʴʪʨʽʚ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ ʮʴʦʛʦ. 

ɺʝʡʚʣʝʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ, ʧʦʣʫʦʨʪʦʛʦʥʘʣʴʥʠʤʽ, 

ʙʽʦʨʪʦʛʦʥʘʣʴʥʠʭ. ʎʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʩʠʤʝʪʨʠʯʥʠʤʠ, ʘʩʠʤʝʪʨʠʯʥʠʤʠ ʽ 

ʥʝʩʠʤʝʪʨʠʯʥʠʤʠ. ʈʦʟʨʽʟʥʷʶʪʴ ʚʝʡʚʣʝʪʠ ʟ ʢʦʤʧʘʢʪʥʦʶ ʦʙʣʘʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʽ 

ʥʝ ʤʘʶʪʴ ʪʘʢʦʾ. ɼʝʷʢʽ ʬʫʥʢʮʽʾ ʤʘʶʪʴ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ, ʽʥʰʽ - ʰʚʠʜʢʠʡ 

ʘʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʥʠʤʠ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺʝʡʚʣʝʪʠ 

ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʪʘʢʦʞ ʩʪʫʧʝʥʝʤ ʛʣʘʜʢʦʩʪʽ. ɺʩʝ ʮʝ ʨʦʟʤʘʾʪʪʷ ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʠʡ 

ʥʘʧʨʷʤʦʢ ʜʦʩʣ̔ʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ-ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʨʽʟʥʠʭ 

ʚʘʨʽʘʮʽʡ ʚʝʣʴʚʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʚ ʽʥʪʝʨʝʩʘʭ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʨʦʟʜʣ̔ʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʜʘʧʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʦʾ ʬʫʥʢʮʽʾ ʚʘʨʪʦʩʪʽ ʨʝʘʣʽʟʫʶʪʴ 

ʜʦʚʽʣʴʥʝ ʨʦʟʙʠʪʪʷ ʯʘʩʪʦʪʥʘ-ʯʘʩʦʚʽʡ ʧʣʦʱʠʥʽ ʩʠʛʥʘʣʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʧʨʠʚʘʪʥʽ 

ʟʘʜʘʯʽ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʪʘʢ ʟʚʘʥʠʭ ʧʘʢʝʪʠ ʚʝʡʚʣʝʪʦʚ, ʘʙʦ ʘʜʘʧʪʘʮʽʾ ʚ 

ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ; 

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ  ʘʣʛʦʨʠʪʤ ʧʦʜʚ̔ʡʥʦʛʦ ʜʝʨʝʚʘ, ʘʙʦ ʘʜʘʧʪʘʮʽʶ ʙʘʟʠʩʫ 

ʨʦʟʢʣʘʜʘʥʥʷ ʷʢ ʚ ʯʘʩʪʦʪʥʽʡ, ʪʘʢ ʽ ʚ ʧʨʦʩʪʦʨʦʚʦʾ ʦʙʣʘʩʪʷʭ; 

- ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʙʽʙʣʽʦʪʝʢʠ ʙʘʟʠʩʽʚ ʜʣʷ ʚʩʽʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʽ ʾʭ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. 

ʆʪʞʝ, ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʡʦʛʦ 

ʧʨʦʧʫʩʢʘʥʥʷ ʯʝʨʝʟ ʢʘʩʢʘʜʥʦ ʟ'ʻʜʥʘʥʽ ʜʚʦʢʘʥʘʣʴʥʽ ʩʭʝʤʠ ɸ-ʉ. ʇʨʠ ʮʴʦʤʫ 
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ʢʘʩʢʘʜʦʚʘʥʥʝ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ. ʇʨʠʯʠʥʘ ʮʴʦʛʦ ʚ 

ʥʝʷʚʥʦʤʫ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʮʷ ʦʙʣʘʩʪʴ ʤʽʩʪʠʪʴ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʭʦʜʠʪʴ çʦʜʥʦʙʦʢʝè ʜʝʨʝʚʦ (ʨʠʩ. 4.1 (ʘ)). 

ɼʘʥʝ ʧʨʠʧʫʱʝʥʥʷ ʚʠʧʨʘʚʜʘʥʦ ʜʣʷ ʙʘʛʘʪʴʦʭ ʨʝʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ. ʉʧʨʘʚʜʽ, ʚʦʥʦ 

ʦʟʥʘʯʘʻ, ʱʦ ʥʘʰ ʩʠʛʥʘʣ ʻ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʥʘ ʚʝʣʠʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ, ʘ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʩʢʣʘʜʦʚʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʘ ʢʦʨʦʪʢʦʤʫ ʽʥʪʝʨʚʘʣʽ. ʆʜʥʘʢ ʜʣʷ 

ʜʝ̫ʢʠʭ ʩʠʛʥʘʣʽʚ ʮʝ ʧʨʠʧʫʱʝʥʥʷ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. ʄʝʪʦʜ ʧʘʢʝʪʽʚ ʚʝʡʚʣʝʪʽʚ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʪʦʛʦ, ʟ ʷʢʦʾ ʦʙʣʘʩʪʽ ʥʘ ʜʘʥʦʤʫ ʨʽʚʥʽ ʚʠʛʽʜʥʽʰʝ 

ʚʠʨʦʙʣʷʪʠ ʢʘʩʢʘʜʦʚʘʥʥʝ. ɼʣʷ ʮʴʦʛʦ ʩʧʦʯʘʪʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʩʢʘʜʦʚʘʥʥʝ ʧʦ 

ʦʙʠʜʚʘ ʩʫʙʩʤʫʛʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʭʦʜʠʪʴ ʪʘʢ ʟʚʘʥʝ çʧʦʚʥʝè, çʟʙʘʣʘʥʩʦʚʘʥʝè 

ʜʝʨʝʚʦ (ʨʠʩ. 5.1 (ʙ)), ʱʦ ʥʘʛʘʜʫʻ ʜʝʨʝʚʦ, ʚʣʘʩʪʠʚʝ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ. ɼʘʣʽ, ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʦʾ ʬʫʥʢʮʽʾ ʚʘʨʪʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʡʢʨʘʱʠʡ ʰʣʷʭ ʧʦ ʮʴʦʤʫ ʜʝʨʝʚʫ (ʨʠʩ. 5.1 (ʚ)). ʗʢʱʦ ʚʠʭʽʜʥʠʡ ʙʣʦʢ ʚʝʡʚʣʝʪ-

ʬʽʣʴʪʨʽʚ ʙʫʚ ʦʨʪʦʛʦʥʘʣʴʥʠʤ, ʪʦ ʽ ʩʭʝʤʘ, ʚʽʜʧʦʚʽʜʥʘ ʙʫʜʴ-ʷʢʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʜʝʨʝʚʘ, ʙʫʜʝ ʦʨʪʦʛʦʥʘʣʴʥʦʾ, ʪʘʢ ʷʢ ʚʦʥʘ ʻ ʥʝ ʱʦ ʽʥʰʝ, ʷʢ ʢʘʩʢʘʜʥʝ ʟ'ʻʜʥʘʥʥʷ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʦʜʠʪʴ ʙʘʟʠʩ, ʘʜʘʧʪʦʚʘʥʠʡ ʜʦ 

ʩʠʛʥʘʣʫ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʮʷ ʘʜʘʧʪʘʮʽʷ ʥʝ ʚʠʤʘʛʘʻ ʥʘʚʯʘʥʥʷ ʘʙʦ ʟʥʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʛʥʘʣʫ. 

 

 

ʈʠʩʫʥʦʢ 5.1.  ʈʦʟʙʠʪʪʷ ʯʘʩʪʦʪʥʘ-ʯʘʩʦʚʽʡ ʧʣʦʱʠʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʽʚ 

ʚʝʡʚʣʝʪʽʚ: (ʘ) ʚʝʡʚʣʝʪ-ʜʝʢʦʤʧʦʟʠʮʽʷ; (ʙ) ʧʦʚʥʘ, ʘʥʘʣʦʛʽʯʥʘ STFT 

ʜʝʢʦʤʧʦʟʠʮʽʷ; (ʚ) ʧʨʠʢʣʘʜ ʜʝʢʦʤʧʦʟʠʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʽʚ ʚʝʡʚʣʝʪʽʚ 
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ɺʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ (DWT), ʷʢ ʽ STFT, ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʮʴʦʛʦ 

ʙʘʟʠʩʫ. ɸʜʘʧʪʠʚʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʚʘʨʪʦʩʪʽ. ʅʘ ʱʘʩʪʷ, ʨʦʟʨʦʙʣʝʥʠʡ ʰʚʠʜʢʠʡ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʦʛʦ 

ʙʘʟʠʩʫ. ʇʘʢʝʪʠ ʚʝʡʚʣʝʪʽʚ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʽ ʜʦʩʣʽʜʞʝʥʽ ʈ.ʂʦʡʬʤʘʥʦʤ ʽ 

ʄ.ɺ̔ʢʝʨʭʘʫʟʝʨʦʤ. ɺ ʷʢʦʩʪʽ ʦʧʮʽʾ ʚʘʨʪʦʩʪʽ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʥʪʨʦʧʽʶ, 

ʱʦ ʨʦʟʫʤʽʻʪʴʩʷ ʥʠʤʠ, ʷʢ çʢʦʥʮʝʥʪʨʘʮʽʶè ʯʠʩʣʘ ʢʦʝʬʽʮʽʻʥʪʽʚ E, ʧʦʪʨʽʙʥʠʭ ʜʣʷ 

ʦʧʠʩʫ ʩʠʛʥʘʣʫ. ʎʷ ʬʫʥʢʮʽʷ ʙʫʜʝ ʚʝʣʠʢʠʡ, ʷʢʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠʙʣʠʟʥʦ ʦʜʥʽʻʾ 

ʚʝʣʠʯʠʥʠ, ʽ ʤʘʣʦʾ, ʷʢʱʦ ʚʩʝ, ʢʨʽʤ ʢʽʣʢɹʦʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʙʣʠʟʴʢʽ ʜʦ ʥʫʣʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʜʴ-ʷʢʠʡ ʫʩʝʨʝʜʥʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʥʪʨʦʧʽʾ. 

ʌʫʥʢʮʽʷ ʚʘʨʪʦʩʪʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʘʜʠʪʠʚʥʦʶ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

 

  ʪʘ                                   (5.1) 

 

ʇʽʜ ʝʥʪʨʦʧʽʻʶ ʚ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʨʦʟʫʤʽʻʪʴʩʷ ʚʝʣʠʯʠʥʘ: 

 

,                                    (4.2) 

 

ʜʝ  ï ʡʤʦʚʽʨʥʽʩʪʴ ʩʪʘʥʫ ; 

k ï ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʽʚ. 

 

 .                                         (4.3) 

 

ʎʷ ʝʥʪʨʦʧʽʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʜʣ̫ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʧʦʚʥʦʛʦ ʜʝʨʝʚʘ ʧʘʢʝʪʘ 

ʚʝʡʚʣʝʪʽʚ. ɼʘʣʽ ʧʦʨʽʚʥʶʻʪʴʩʷ ʩʫʤʘ ʝʥʪʨʦʧʽʾ ʜʚʦʭ ʥʘʱʘʜʢʽʚ ʽ ʝʥʪʨʦʧʽʷ ʾʭ 

ʧʨʝʜʢʫ ʥʘ ʜʝʨʝʚʽ. ʗʢʱʦ ʝʥʪʨʦʧʽʷ ʧʨʝʜʢʫ ʚʠʷʚʠʣʘʩʷ ʤʝʥʰʝ, ʚʽʜʤʦʚʣʷʻʤʦʩʷ ʚʽʜ 

ʡʦʛʦ ʜʝʢʦʤʧʦʟʠʮʽʾ, ʪʦʙʪʦ çʦʙʨʽʟʘʻʤʦè ʜʝʨʝʚʦ. ɸʣʛʦʨʠʪʤ ʨʝʢʫʨʩʠʚʥʝ ʪʨʠʚʘʻ 

ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʚʝʨʰʠʥʠ ʜʝʨʝʚʘ. ɼʦʚʝʜʝʥʦ, ʱʦ ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʘʡʢʨʘʱʦʛʦ ʙʘʟʠʩʫ ʱʦʜʦ M.  
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ɸʣʛʦʨʠʪʤ ʦʜʠʥʦʯʥʦʛʦ ʜʝʨʝʚʘ 

 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʩʪʠʩʥʝʥʥʷ ʩʠʛʥʘʣʫ ʚʠʙʽʨ ʝʥʪʨʦʧʽʾ ʷʢ ʬʫʥʢʮʽʾ 

ʚʘʨʪʦʩʪʽ, ʤʦʞʣʠʚʦ, ʥʝ ʻ ʥʘʡʢʨʘʱʠʤ. ʋ ʨʦʙʦʪʘʭ, ʧʨʠʩʚʷʯʝʥʠʭ ʩʪʠʩʢʫ 

ʟʦʙʨʘʞʝʥʴ, ʚ ʷʢʦʩʪʽ ʦʧʮʽʾ ʚʘʨʪʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣ ʃʘʛʨʘʥʞʘ  

 ʊʫʪ D - ʩʧʦʪʚʦʨʝʥʥʷ (ʩʝʨʝʜʥʽʡ ʢʚʘʜʨʘʪ ʧʦʤʠʣʢʠ), ʱʦ ʚʥʦʩʠʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʥʝʧʝʨʝʜʘʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʚʫʟʣʘ, R - ʢʽʣʴʢʽʩʪʴ ʙʽʪ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʦʧʠʩʫ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘ ʮʴʦʤʫ ʚʫʟʣʫ ʽ ɚ - ʤʥʦʞʥʠʢ ʃʘʛʨʘʥʞʘ. ʎʷ ʬʫʥʢʮʽʷ 

ʚʘʨʪʦʩʪʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʚʘ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʠ: ʪʽʣʴʢʠ ʩʧʦʪʚʦʨʝʥʥʷ (ɚ=0) ʽ 

ʪʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ . ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʨʘʟʽ 

ʚʠʙʦʨʫ ʚ ʷʢʦʩʪʽ ʦʧʮʽʾ ʚʘʨʪʦʩʪʽ ʝʥʪʨʦʧʽʾ. ʋʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ ʜʣʷ ʦʜʥʦʛʦ ʟ 

ʚʫʟʣʽʚ ʜʝʨʝʚʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.2. 

ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʘʣʛʦʨʠʪʤʫ ʦʜʠʥʦʯʥʦʛʦ ʜʝʨʝʚʘ. ɺʽʥ ʙʫʚ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ 

ʟʦʙʨʘʞʝʥʥʷ ʜʽʣʠʣʦʩʷ ʥʘ ʯʦʪʠʨʠ ʩʫʙʩʤʫʛʽ (ʩʪʨʫʢʪʫʨʘ, ʟʚʘʥʘ ʢʚʘʜʨʦʜʝʨʝʚʘ 

ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪ̔ʚ). ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʮʽʣʝʡ ʩʪʠʩʢʫ ʥʝ 

ʤʦʞʥʘ ʟʘʙʫʚʘʪʠ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʜʘʚʘʪʠ ʜʝʢʦʜʝʨʘ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʩʪʨʫʢʪʫʨʫ ʜʝʨʝʚʘ. ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʧʦʩʠʣʢʘ ʜʝʢʦʜʝʨʘ ʦʜʥʦʛʦ ʙʽʪʘ, 

ʱʦ ʚʢʘʟʫʻ, ʧʨʦʚʦʜʠʣʘʩʷ ʯʠ ʥʽ ʜʝʢʦʤʧʦʟʠʮʽʷ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʗʢʱʦ - 

ʪʘʢ, ʪʦ ʧʦʩʠʣʘʻʤʦ ʱʝ ʯʦʪʠʨʠ ʙʽʪʘ, ʱʦ ʚʢʘʟʫʶʪʴ ʨʽʰʝʥʥʷ ʧʦ ʨʦʟʧʦʜʽʣʝʥʥʶ 

ʢʦʞʥʦʾ ʟ ʩʫʙʩʤʫʛ. ʃʝʛʢʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʜʣʷ ʜʝʨʝʚʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʛʣʠʙʠʥʠ d 

ʯʠʩʣʦ ʜʦʜʘʪʢʦʚʠʭ ʙʽʪ ʥʝ ʧʝʨʝʚʠʱʫʻ . ʉʢʘʞʽʤʦ, 

ʧʨʠ 4 ʫʨʦʚʥʝʚʦʤ ʨʦʟʙʠʪʪʽ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʨʦʤ 512ʭ512 ʧʦʪʨʽʙʥʦ 85 ʙʽʪ ʘʙʦ 

ʧʨʠʙʣʠʟʥʦ 0.000324 ʙʽʪ / ʧʽʢʩʝʣʴ, ʱʦ ʟʦʚʩʽʤ ʥʝʙʘʛʘʪʦ. 
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ʈʠʩʫʥʦʢ 5.2. ʋʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ ʚ ʘʣʛʦʨʠʪʤʽ ʦʜʠʥʦʯʥʦʛʦ ʜʝʨʝʚʘ 

 

ɸʣʛʦʨʠʪʤ ʧʦʜʚʽʡʥʦʛʦ ʜʝʨʝʚʘ 

 

ʍʦʯʘ ʚʝʡʚʣʝʪ-ʧʘʢʝʪʠ ʻ ʙʽʣʴʰ ʛʥʫʯʢʠʤ ʟʘʩʦʙʦʤ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʠʛʥʘʣʽʚ, 

ʥʽʞ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʦʥʠ ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʘ ʟʥʘʯʠʪʴ, ʽ ʥʝ ʘʜʘʧʪʫʶʪʴʩʷ ʚ 

ʯʘʩʽ (ʧʨʦʩʪʦʨʽ). ʈʷʜ ʚʘʞʣʠʚʠʭ ʢʣʘʩʽʚ ʩʠʛʥʘʣʽʚ (ʤʦʚʘ, ʟʦʙʨʘʞʝʥʥʷ) ʻ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʚ ʯʘʩʽ ʽ ʚʠʤʘʛʘʶʪʴ ʙʽʣʴʰ ʛʥʫʯʢʦʛʦ ʨʦʟʢʣʘʜʫ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʟʦʙʨʘʞʝʥʥʷ ʘʜʘʧʪʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʩʝʛʤʝʥʪʘʮʽʾ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʦʜʠʥʦʯʥʦʛʦ ʜʝʨʝʚʘ ʜʦ ʢʦʞʥʦʛʦ 

ʩʝʛʤʝʥʪʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʩʪʦʨʦʚʦ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʚʘʥʠʭ ʚʝʡʚʣʝʪ-

ʧʘʢʝʪʽʚ. ʐʚʠʜʢʠʡ ʘʣʛʦʨʠʪʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʧʦʜʽʙʥʦʛʦ ʨʦʟʙʠʪʪʷ, 

ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʘʣʛʦʨʠʪʤʫ ʧʦʜʚʽʡʥʦʛʦ ʜʝʨʝʚʘ. ɸʣʛʦʨʠʪʤ ʧʦʜʚʽʡʥʦʛʦ ʜʝʨʝʚʘ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʧʽʣʴʥʦʤʫ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʦʛʦ (ʙʽʥʘʨʥʦʾ) ʧʨʦʩʪʦʨʦʚʦʾ 

ʩʝʛʤʝʥʪʘʮʽʾ ʽ ʯʘʩʪʦʪʥʦʛʦ ʨʦʟʙʠʪʪʷ ʜʣʷ ʢʦʞʥʦʛʦ ʩʝʛʤʝʥʪʘ ʩʠʛʥʘʣʫ. ɼʘʥʠʡ 

ʘʣʛʦʨʠʪʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʦʨʽʾ ʧʨʦʩʪʦʨʦʚʦ ʟʤʽʥʶʶʪʴʩʷ ʙʣʦʢʽʚ ʬʽʣʴʪʨʽʚ. ɼʘʤʦ 

ʢʦʨʦʪʢʝ ʧʦʷʩʥʝʥʥʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʥʘ ʧʨʠʢʣʘʜʽ ʦʜʥʦʚʠʤʽʨʥʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ 

(ʨʠʩ.5.3), ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʝʨʝʭʽʜ ʜʦ ʜʚʦʚʠʤʽʨʥʦʤʫ ʥʘʛʦʜʠ ʝʣʝʤʝʥʪʘʨʥʠʡ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʩʠʛʥʘʣ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʩʫʙʩʤʫʟʽ - A, B, C, D. ʄʠ 

ʤʦʞʝʤʦ ʧʦʙʫʜʫʚʘʪʠ ʦʜʠʥʦʯʥʝ ʜʝʨʝʚʦ ʜʣʷ ʚʩʴʦʛʦ ʩʠʛʥʘʣʫ (ABCD), ʜʣʷ ʜʚʦʭ 

ʡʦʛʦ ʧʦʣʦʚʠʥʦʢ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ (AB ʘʙʦ CD) ʘʙʦ ʜʣʷ ʢʦʞʥʦʾ ʟ 

ʯʚʝʨʪʝʡ (A, B, C, D). ɿʨʝʰʪʦʶ, ʤʠ ʦʪʨʠʤʘʻʤʦ ʥʘʜʤʽʨʥʝ ʫʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ - 
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ʩʪʨʫʢʪʫʨʫ ʧʦʜʚʽʡʥʦʛʦ ʜʝʨʝʚʘ - ʜʝʨʝʚʦʧʦʜʽʙʥʫ ʩʝʛʤʝʥʪʘʮʽʶ ʚ ʯʘʩʽ ʽ ʯʘʩʪʦʪʽ. 

ɼʣʷ ʩʧʽʣʴʥʦʛʦ ʧʦʰʫʢʫ ʥʘʡʢʨʘʦɦʾ ʩʝʛʤʝʥʪʘʮʽʾ ʚ ʯʘʩʽ ʽ ʢʨʘʱʦʛʦ ʙʘʟʠʩʫ 

ʚʝʡʚʣʝʪ-ʧʘʢʝʪʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʩʝʛʤʝʥʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʝ. ɼʣʷ ʢʦʞʥʦʛʦ 

ʤʦʞʣʠʚʦʛʦ ʪʠʤʯʘʩʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʜʦʚʞʠʥʦʶ, ʢʨʘʪʥʦʶ ʩʪʫʧʝʥʷ ʜʚʽʡʢʠ, 

ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʢʣʘʜʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪ-ʧʘʢʝʪʽʚ. ɿʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ 

ʚʘʨʪʦʩʪʝʡ ʃʘʛʨʘʥʞʘ ʩʝʛʤʝʥʪʽʚ ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʙʽʥʘʨʥʦʛʦ ʜʝʨʝʚʘ. ɼʘʣʽ 

ʜʦ ʦʜʝʨʞʘʣʠ ʜʝʨʝʚʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤ ʦʜʠʥʦʯʥʦʛʦ ʜʝʨʝʚʘ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʩʝʛʤʝʥʪʘʮʽʾ. 

 

ʈʠʩʫʥʦʢ 5.3.  ʇʦʚʥʝ ʧʦʜʚʽʡʥʝ ʜʝʨʝʚʦ ʛʣʠʙʠʥʦʶ 2 ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʉʫʮʽʣʴʥʽ ʣʽʥʽʾ ʧʦʢʘʟʫʶʪʴ ʯʘʩʪʦʪʥʝ ʜʝʨʝʚʦ, ʰʪʨʠʭʦʚʽ - ʧʨʦʩʪʦʨʦʚʝ 

 

ʄʦʞʝ ʙʫʪʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʯʠʩʣʦ ʜʦʜʘʪʢʦʚʠʭ ʙʽʪ, ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʥʘʜʽʩʣʘʪʠ 

ʜʝʢʦʜʝʨʘ ʜʣʷ ʜʝʨʝʚʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʛʣʠʙʠʥʠ d, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

. ɼʣʷ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʨʦʤ 512ʭ512 ʽ ʜʝʨʝʚʘ ʛʣʠʙʠʥʦʶ 5 ʯʠʩʣʦ 

ʙʽʪ ʦʜʥʦ 341 ʘʙʦ 0.0013 ʙʽʪ / ʧʽʢʩʝʣʴ. 

 

ʏʘʩʪʦʪʥʦ-ʪʠʤʯʘʩʦʚʝ ʜʝʨʝʚʦ 

  

ɸʣʛʦʨʠʪʤ ʧʦʜʚʽʡʥʦʛʦ ʜʝʨʝʚʘ (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 4.2) ʚʦʣʦʜʽʻ ʜʝʷʢʦʶ 

ʘʩʠʤʝʪʨʽʻʶ. ʉʧʨʘʚʜʽ, ʜʝʨʝʚʘ ʚ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ʙʫʜʫʶʪʴʩʷ ʥʘʜ ʪʠʤʯʘʩʦʚʠʤʠ 
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ʩʝʛʤʝʥʪʘʤʠ, ʘʣʝ ʥʝ ʥʘʚʧʘʢʠ. ʏʘʩʪʦʪʥʦ-ʪʠʤʯʘʩʦʚʝ ʜʝʨʝʚʦ ʤʘʻ ʩʪʨʫʢʪʫʨʫ 

ʢʚʘʜʨʦʜʝʨʝʚʘ. ʄʠ ʙʘʯʠʤʦ, ʱʦ ʢʦʞʝʥ ʙʘʪʴʢʽʚʩʴʢʠʡ ʚʫʟʦʣ ʤʘʻ ʜʚʽ ʧʘʨʠ 

ʥʘʱʘʜʢʽʚ: ʪʠʤʯʘʩʦʚʽ ʽ ʯʘʩʪʦʪʥʽ ʩʝʛʤʝʥʪʠ. ʆʙʨʽʟʘʥʥʷ ʮʴʦʛʦ ʜʝʨʝʚʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ʚʘʨʪʦʩʪʽ ʃʘʛʨʘʥʞʘ. 

ʇʦʨʽʚʥʷʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʧʨʦʩʪʦʨʦʚʦʾ ̔ ʯʘʩʪʦʪʥʦʾ ʧʘʨʠ ʥʘ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʚ 

ʥʘʧʨʷʤʢʫ ʚʽʜ ʣʠʩʪʷ ʜʝʨʝʚʘ ʜʦ ʡʦʛʦ ʚʝʨʰʠʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ 

ʘʣʛʦʨʠʪʤʫ ʚʠʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʝ ʜʚʽʡʢʦʚʝ ʜʝʨʝʚʦ ʨʦʟʙʠʪʪʷ ʧʦ ʯʘʩʪʦʪʽ ʽ ʧʦ 

ʯʘʩʫ ʧʦʚʥʦʾ ʛʣʠʙʠʥʠ. ʋ ʮʴʦʤʫ ʡʦʛʦ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʘʣʛʦʨʠʪʤʫ ʦʜʠʥʦʯʥʦʛʦ 

ʜʝʨʝʚʘ, ʜʝ ʦʙʨʽʟʘʥʝ ʜʝʨʝʚʦ ʤʘʻ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʧʦʚʥʫ ʛʣʠʙʠʥʫ. ʈʽʟʥʠʮʷ ʤʽʞ 

ʘʣʛʦʨʠʪʤʘʤʠ ʦʜʠʥʦʯʥʦʛʦ, ʧʦʜʚʽʡʥʦʛʦ ʽ ʯʘʩʪʦʪʥʦ ʪʠʤʯʘʩʦʚʦʛʦ ʜʝʨʝʚʘ ʤʦʞʝ 

ʙʫʪʠ ʣʝʛʢʦ ʟ'ʷʩʦʚʘʥʘ, ʷʢʱʦ ʧʦʛʣʷʥʫʪʠ ʥʘ ʨʦʟʙʠʪʪʷ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʽʡ ʧʣʦʱʠʥʽ, 

ʚʠʨʦʙʣʝʥʝ ʥʠʤʠ (ʨʠʩ. 5.4). ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʥʘ ʨʠʩ. 5.4 (ʘ) ʢʦʞʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦ 

ʯʘʩʪʦʪʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʩʴʦʛʦ ʩʠʛʥʘʣʫ, ʪʘʢ ʷʢ ʩʪʨʫʢʪʫʨʘ ʜʝʨʝʚʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ 

ʚ ʯʘʩʽ. ʈʦʟʙʠʪʪʷ, ʧʦʢʘʟʘʥʝ ʥʘ ʨʠʩ.5. 4(ʙ), ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʫ ʦʜʠʥʦʯʥʦʛʦ ʜʝʨʝʚʘ. ɺʝʨʪʠʢʘʣʴʥʘ ʣʽʥʽʷ ʧʦʩʝʨʝʜʠʥʽ ʚʽʜʧʦʚʽʜʘʻ 

ʩʝʛʤʝʥʪʘʮʽʾ ʚ ʪʠʤʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʜʚʦʤ ʧʦʣʦʚʠʥʢʘʤ ʩʠʛʥʘʣʫ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʽ ʧʦʦʜʠʥʦʢʽ ʜʝʨʝʚʘ. ʈʦʟʙʠʪʪʷ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ. 4.4 

(ʚ), ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʪʽʣʴʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʦʛʦ 

ʜʝʨʝʚʘ. ɼʣʷ ʢʦʜʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʘʣʛʦʨʠʪʤ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʦʛʦ ʜʝʨʝʚʘ 

ʥʝʩʢʣʘʜʥʦ ʧʝʨʝʥʝʩʪʠ ʥʘ ʜʚʦʚʠʤʽʨʥʠʡ ʚʠʧʘʜʦʢ. ʊʦʜʽ ʚʠʭʦʜʠʪʴ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʪʦʪʥʝ ʜʝʨʝʚʦ. ʅʝʜʦʣʽʢʦʤ ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʧʨʠʥʮʠʧʦʚʝ 

ʦʙʤʝʞʝʥʥʷ ʜʚʽʡʢʦʚʽʡ ʩʝʛʤʝʥʪʘʮʽʻʶ ʚ ʯʘʩʽ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʪʘʢʦʞ ʯʫʪʣʠʚʽʩʪʴ 

ʪʠʤʯʘʩʦʚʦʾ ʩʝʛʤʝʥʪʘʮʽʾ ʜʦ ʟʨʫʰʝʥʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɼʣʷ ʣʽʢʚʽʜʘʮʽʾ ʮʽʻʾ 

ʯʫʪʣʠʚʦʩʪʽ ʚʽʜʦʤʠʡ ʘʣʛʦʨʠʪʤ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʜʠʥʘʤʽʯʥʦʤʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʽ 

ʥʘʟʚʘʥʠʡ ʜʝʨʝʚʦʤ ʛʥʫʯʢʦʶ ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʛʤʝʥʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʙʠʪʪʷ ʚ 

ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʙʽʥʘʨʥʠʤ, ʪʘʢ ʷʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʚʦʢʘʥʘʣɹʥʠʡ ʙʣʦʢ ʬʽʣʴʪʨʽʚ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʷʢ ʦʢʨʝʤʽ 

ʚʠʧʘʜʢʠ ʚʩʝ ʚʠʱʝ ʨʦʟʛʣʷʥʫʪʽ ʘʣʛʦʨʠʪʤʠ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʡʦʛʦ ʻ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʨʦʩʪʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʥʘ ʜʚʦʚʠʤʽʨʥʠʡ ʚʠʧʘʜʦʢ ʜʣʷ 

ʢʦʜʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 
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ʇʦʨʽʚʥʷʥʥʷ ʦʙʛʦʚʦʨʶʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

  

ʇʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʟʨʦʙʠʤʦ ʟʘ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 1) ʨʦʟʤʽʨʥʽʩʪʴ 

ʙʽʙʣʽʦʪʝʢʠ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ, ʩʝʨʝʜ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʰʫʢ ʥʘʡʢʨʘʱʦʾ; 2) 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ; 3) ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʜʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

 

 

ʈʠʩʫʥʦʢ 5.4. ʇʨʠʢʣʘʜʠ ʨʦʟʙʠʚʢʠ, ʱʦ ʜʦʩʷʛʘʁʪʴʩʷ ʨʽʟʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ: (ʘ) ʘʣʛʦʨʠʪʤ ʦʜʠʥʦʯʥʦʛʦ ʜʝʨʝʚʘ; (ʙ) ʘʣʛʦʨʠʪʤ ʧʦʜʚʽʡʥʦʛʦ 

ʜʝʨʝʚʘ; (ʚ) ʘʣʛʦʨʠʪʤ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʦʛʦ ʜʝʨʝʚʘ 

 

 ʈʦʟʤʽʨʥʽʩʪʴ ʙʽʙʣʽʦʪʝʢʠ ʙʘʟʠʩʽʚ 

  

ʄʦʞʝ ʙʫʪʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦʚʞʠʥʦʶ N ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʚʦʢʘʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʬʽʣʴʪʨʽʚ ʯʠʩʣʦ ʙʘʟʠʩʽʚ S(N), ʷʢʽ 

ʧʝʨʝʙʠʨʘʶʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ ʦʜʠʥʦʯʥʦʛʦ ʜʝʨʝʚʘ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʨʝʢʫʨʩʠʚʥʦ: 

 

,                                                 (5.4) 

 

ʜʝ    S(2)=2. 

 

ʎʝ ʚʠʧʣʠʚʘʻ ʟ ʪʘʢʠʭ ʤʽʨʢʫʚʘʥʴ. ɹʫʜʴ-ʷʢʝ ʙʽʥʘʨʥʝ ʜʝʨʝʚʦ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʜʚʦʭ ʩʫʙʜʝʨʝʚ ʚʠʩʦʪʦʶ ʥʘ 1 ʤʝʥʰʝ. ʗʢʱʦ 
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ʢʽʣʴʢʽʩʪʴ ʙʘʟʠʩʽʚ ʚ ʮʠʭ ʩʫʙʜʝʨʝʚʘʭ S(N/2) =, ʪʦ ʢʽʣʴʢʽʩʪʴ ʙʘʟʠʩʽʚ ʫ ʚʩʴʦʤʫ 

ʜʝʨʝʚʽ . ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʘʥʘʣʽʟʫ ʘʣʛʦʨʠʪʤʫ ʧʦʜʚʽʡʥʦʛʦ 

ʜʝʨʝʚʘ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʽʣʴʪʨʠ ʍʘʘʨʘ, ʪʘʢ ʷʢ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝ ʧʦʪʨʽʙʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʬʽʣʴʪʨʽʚ. 

ɸʥʘʣʦʛʽʯʥʦ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʷʢʽ ʧʝʨʝʙʠʨʘʶʪʴʩʷ ʙʘʟʠʩʽʚ 

 

                         (5.5)  

 

ʜʝ D(2)=2 , ʘ - ʢʽʣʴʢʽʩʪʴ çʥʦʚʠʭè ʙʘʟʠʩʽʚ ʦʜʠʥʦʯʥʦʛʦ 

ʜʝʨʝʚʘ, ʢʦʣʠ ʥʝʤʘʻ ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʛʤʝʥʪʘʮʽʾ.  

ʂʽʣʴʢʽʩʪʴ ʙʘʟʠʩʽʚ ʜʣʷ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʦʛʦ ʜʝʨʝʚʘ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʦ 

ʘʥʘʣʦʛʽʯʥʦ (ʜʣʷ ʬʽʣʴʪʨʽʚ ʍʘʘʨʘ):  

 

,                            (5.6) 

 

 ʜʝ B(2)=2.  

ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʬʽʣʴʪʨʽʚ ʢʽʣʴʢʽʩʪʴ ʙʘʟʠʩʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʬʽʣʴʪʨʽʚ ʘʙʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʩʠʛʥʘʣʫ ʽ ʩʪʘʻ ʨʽʚʥʠʤ .  

ɼʣʷ ʘʣʛʦʨʠʪʤʫ ʛʥʫʯʢʦʶ ʪʠʤʯʘʩʦʚʦʾ ʩʝʛʤʝʥʪʘʮʽʾ ʢʽʣʴʢʽʩʪʴ ʙʘʟʠʩʽʚ  

 

                        (5.7)  

 

 ʟ F(2)=2  ʪʘ  S(1)=0. 

ʋ ʪʘʙʣ. 5.1 ʧʽʜʩʫʤʦʚʘʥʦ ʢʽʣʴʢʽʩʪʴ ʙʘʟʠʩʽʚ, ʷʢʽ ʧʝʨʝʙʠʨʘʶʪʴʩʷ ʨʽʟʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ N=8 S(8)=26, D(8)=70, B(8)=82, F(8)=94; ʧʨʠ 

N=64 S(64)=2,10*1011 , D(64)=9,78*1014 
, B(64)=6,41*1016, F(64)=1,06*1017. 

ɿʚʠʯʘʡʥʦ, ʜʣ̫ ʜʚʦʚʠʤʽʨʥʦʛʦ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʙʘʟʠʩʽʚ ʟʥʘʯʥʦ ʙʽʣʴʰʝ.  
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ʊʘʙʣʠʮʷ 5.1  

ʇʦʨʽʚʥʷʥʥʷ ʢʽʣʴʢʦʩʪʽ ʙʘʟʠʩʽʚ, ʷʢʽ ʧʝʨʝʙʠʨʘʶʪʴʩʷ ʨʽʟʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

 

ʦʜʠʥʦʯʥʝ ʜʝʨʝʚʦ , S(2)=2 

ʧʦʜʚʽʡʥʝ ʜʝʨʝʚʦ  

ʯʘʩʪʦʪʥʦ-ʪʠʤʯʘʩʦʚʝ ʜʝʨʝʚʦ 
 

ʜʝʨʝʚʦ ʛʥʫʯʢʦʶ ʪʠʤʯʘʩʦʚʦʾ 

ʩʝʛʤʝʥʪʘʮʽʾ 
 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʜʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ 

ɼʣʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦʚʞʠʥʦʶ N ʽ ʜʝʨʝʚʘ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʚʠʩʦʪʦʶ d ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʦʜʠʥʦʯʥʦʛʦ, ʧʦʜʚʽʡʥʦʛʦ ʽ 

ʯʘʩʪʦʪʥʦ -ʯʘʩʦʚʦʛʦ ʜʝʨʝʚʘ ʙʫʜʝ 0(Nd), 0(Nd2), 0(Nd4) ʚʽʜʧʦʚʽʜʥʦ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʛʥʫʯʢʦʶ ʩʝʛʤʝʥʪʘʮʽʾ ï 0(NM2d), ʜʝ M - 

ʤʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ ʩʝʛʤʝʥʪʽʚ (N=ML).  

ʇʨʠ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʜʚʦʭ 

ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʜʦʟʚʦʣʷʻ ʜʦ 10% ʧʦʢʨʘʱʠʪʠ ʟʥʘʯʝʥʥʷ ʧʽʢʦʚʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦ ʰʫʤʫ 

ʧʨʠ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʢʦʜʫʚʘʥʥʷ.  

 

5.3 ʄʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʨʝʜʘʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 

 

5.3.1 ɸʥʘʣʽʟ ʪʠʧʽʚ ʨʝʜʘʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 

 

ʅʠʥʽ ʚʥʘʩʣʽʜʦʢ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʬʦʪʦʛʨʘʬʽʯʥʠʭ ʟʘʩʦʙʽʚ ʽ ʧʨʦʛʨʘʤʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʽʩʥʫʶʪʴ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ 

ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʟʤʽʩʪʦʤ ʮʠʬʨʦʚʠʭ ʬʦʪʦʛʨʘʬʽʡ. ɯʩʥʫʶʯʽ ʨʝʜʘʢʪʦʨʠ ʮʠʬʨʦʚʠʭ 

ʬʦʪʦʛʨʘʬʽʡ (GIMP, Paint.NET, PhotoPosPro, PhotoScape, Fotor ʪʘ ʽʥ.) ʜʘʶʪʴ 
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ʙʝʟʣʽʯ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʟʤʽʥʠ ʟʤʩ̔ʪʫ ʬʦʪʦʛʨʘʬʽʡ ʽ ʾʭ ʤʝʪʘʜʘʥʠʭ. ʆʜʥʘʢ, ʩʝʨʝʜ 

ʚʽʜʦʤʠʭ ʪʠʧʽʚ ʫʪʨʫʯʘʥʥʷ ʚ ʢʦʥʪʝʢʩʪ ʬʦʪʦʛʨʘʬʽʾ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʣʠʰʝ 3 

ʦʩʥʦʚʥʠʭ ʪʠʧʠ:  

- ʨʝʪʫʰʫʚʘʥʥʷ; 

- ʚʩʪʘʚʢʘ (ʬʦʪʦʤʦʥʪʘʞ); 

- ʩʪʠʩʢʘʥʥʷ ʽʟ ʚʪʨʘʪʘʤʠ.  

ʈʝʪʫʰʫʚʘʥʥʷ ʬʦʪʦʛʨʘʬʽʾ ï ʮʝ ʚʥʝʩʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʟʤʽʥ ʫ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ (ʷʩʢʨʘʚʦʩʪʽ, ʢʦʣʴʦʨʫ, ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ), ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʠʜʘʣʝʥʥʷ 

ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ [8]. ʋ ʨʘʟʽ ʨʝʪʫʰʫʚʘʥʥʷ ʥʦʚʽ ʝʣʝʤʝʥʪʠ ʚ ʟʦʙʨʘʞʝʥʥʽ ʥʝ 

ʟôʷʚʣʷʶʪʴʩʷ, ʘʣʝ ʻ ʟʤʽʥʠ ʧʝʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʨʠʛʽʥʘʣʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʾʭ 

ʧʦʚʥʝ ʟʥʠʢʥʝʥʥʷ. ʇʨʠʢʣʘʜʦʤ ʨʝʪʫʰʫʚʘʥʥʷ ʻ, ʟʦʢʨʝʤʘ, ʚʠʜʘʣʝʥʥʷ ʟʤʦʨʰʦʢ ʪʘ 

ʽʥʰʠʭ ʢʦʩʤʝʪʠʯʥʠʭ ʜʝʬʝʢʪʽʚ (ʘʙʦ ʦʩʦʙʣʠʚʠʭ ʧʨʠʢʤʝʪ) ʥʘ ʩʬʦʪʦʛʨʘʬʦʚʘʥʦʤʫ 

ʦʙʣʠʯʯʽ (ʜʠʚ. ʨʠʩʫʥʦʢ 5.5). 

 

 

ʈʠʩʫʥʦʢ 5.5 ï ʇʨʠʢʣʘʜ ʨʝʪʫʰʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ (ʦʨʠʛʽʥʘʣ ʣʽʚʦʨʫʯ) 

 

ɺʩʪʘʚʢʘ ï ʮʝ ʚʥʝʩʝʥʥʷ ʚ ʟʦʙʨʘʞʝʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʟ ʽʥʰʦʛʦ ʘʙʦ ʪʦʛʦ 

ʩʘʤʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʜʠʚ. ʨʠʩʫʥʦʢ 5.6). ʆʪʞʝ, ʨʽʟʥʦʚʠʜʦʤ ʚʩʪʘʚʢʠ ʻ ʰʠʨʦʢʦ 

ʚʽʜʦʤʠʡ ʧʨʠʡʦʤ ï ʢʣʦʥʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʽʚ (ʫʥʝʩʝʥʥʷ ʢʽʣʴʢʦʭ ʦʜʥʘʢʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ) ʟʦʙʨʘʞʝʥʥʷ (ʜʠʚ. ʨʠʩʫʥʦʢ 5.7). ʉʣʽʜ ʫʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʘ ʥʘʷʚʥʽʩʪʴ ʦʙʦʭ ʦʟʥʘʯʝʥʠʭ ʪʠʧʽʚ ʫʪʨʫʯʘʥʥʷ ʚ ʢʦʥʪʝʢʩʪ 

ʬʦʪʦʛʨʘʬʽʾ. 
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ʉʪʠʩʢʘʥʥʷ ʽʟ ʚʪʨʘʪʘʤʠ ʻ ʦʩʦʙʣʠʚʽʩʪʶ ʬʦʨʤʘʪʫ ʟʦʙʨʘʞʝʥʴ jpeg, ʷʢʠʡ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʫʯʘʩʥʽʡ ʬʦʪʦʛʨʘʬʽʯʥʽʡ ʧʨʘʢʪʠʮʽ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʫʩʪʘʥʦʚʣʝʥʦʛʦ ʨʽʚʥʷ ʧʘʨʘʤʝʪʨʘ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʚʦʥʦ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʧʦʪʨʝʙʫ̒ ʨʽʟʥʦʛʦ ʦʙʩʷʛʫ ʧʘʤôʷʪʽ. ɿʙʝʨʝʞʝʥʥʷ ʽʟ ʚʪʨʘʪʘʤʠ ʚʥʦʩʠʪʴ ʟʤʽʥʠ ʚ 

ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʧʨʠ ʟʥʘʯʥʠʭ (ʷʢʽʩʪʴ ʤʝʥʰʝ 75 %) ʨʽʚʥʷʭ ʩʪʠʩʢʘʥʥʷ ʘʙʦ ʧʨʠ 

ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʩʪʠʩʢʘʥʥʽ ʟ ʨʽʟʥʦʶ ʷʢʽʩʪʶ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ, ʘʙʦ ʥʘʚʽʪʴ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʦʨʠʛʽʥʘʣʴʥʦʩʪʽ (ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ 

ʨʝʪʫʰʫʚʘʥʥʷ ʪʘ ʤʦʥʪʘʞʫ) ʮʠʬʨʦʚʦʾ ʬʦʪʦʛʨʘʬʽʾ. 

 

 

ʈʠʩʫʥʦʢ 5.6 ï ʇʨʠʢʣʘʜ ʬʦʪʦʤʦʥʪʘʞʫ ʟʦʙʨʘʞʝʥʥʷ 
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ʈʠʩʫʥʦʢ 5.7 ï ʇʨʠʢʣʘʜ ʢʣʦʥʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. 

\ 

 

5.3.2 ɸʥʘʣʽʟ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ 

 

ʇʨʦʛʨʘʤʘ Fast Copy Detection (Matlab 7.14) [148] ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʢʣʦʥʦʚʘʥʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʻ DCT-

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘ ʤʝʪʦʜʦʤ k-means ʽʟ ʧʦʜʘʣʴʰʠʤ ʦʙʯʠʩʣʝʥʥʷʤ 

ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʙʣʦʢʘʤʠ ʟʦʙʨʘʞʝʥʥʷ. 

ʇʨʦʛʨʘʤʘ ImageMI (Matlab 7.12) [148] ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ 

ʢʣʦʥʦʚʘʥʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʻ ʩʧʽʣʴʥʫ (mutual) ʽʥʬʦʨʤʘʮʽʶ 

ʧʦʨʽʚʥʶʚʘʥʠʭ ʙʣʦʢʽʚ ʟʦʙʨʘʞʝʥʥʷ. 

ɿʙʽʨʥʠʢ ʧʨʦʛʨʘʤ [149] (Matlab) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʦʙʨʘʞʝʥʥʷ: 

- ʢʣʦʥʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʩʠʥʛʫʣʷʨʥʠʭ ʯʠʩʝʣ (Singular Value 

Decomposition, SVD); 

- ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʝʪʦʜʦʤ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ (Principal Component 

Analysis, PCA); 

- ʚʠʜʘʣʝʥʥʷ (ʨʝʪʫʰʫʚʘʥʥʷ) ʬʨʘʛʤʝʥʪʽʚ ʤʝʪʦʜʦʤ SVD; 

- ʚʩʪʘʚʦʢ ʫ ʟʦʙʨʘʞʝʥʥʷ ʤʝʪʦʜʦʤ ʧʦʰʫʢʫ ʢʨʘʾʚ (Edge Detection) 

ʧʦʜʚʽʡʥʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ; 

- ʧʦʰʫʢʫ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʭ ʚʢʣʘʜʝʥʴ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʙʽʪʦʚʠʭ ʰʘʨʽʚ 
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ʟʦʙʨʘʞʝʥʥʷ. 

ʇʨʦʝʢʪ [150] (Matlab) ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʚ 

ʦʩʚʽʪʣʝʥʥʽ ʜʝʪʘʣʝʡ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. 

ʇʨʦʝʢʪ [151] (Matlab) ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʝʦ ʤʝʪʦʜʦʤ 

ʧʦʰʫʢʫ ʢʘʜʨʽʚ ʽʟ ʧʦʜʚʽʡʥʠʤ ʢʚʘʥʪʫʚʘʥʥʤ̫. 

ʇʨʦʝʢʪ [152] (Matlab) ʤʽʩʪʠʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

(15 ʧʨʦʛʨʘʤ) ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʟʥʘʢ ʬʦʪʦʤʦʥʪʘʞʫ ʘʙʦ ʨʝʪʫʰʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʤʝʪʦʜʘʤʠ DCT, ELA, CFA. 

ʇʦʨʷʜ ʽʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ 

ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʽʥʪʝʨʝʩ ʷʚʣʷʶʪʴ ʪʘʢʦʞ ʧʨʦʛʨʘʤʥʽ 

ʧʨʦʜʫʢʪʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʨʽʟʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʪʘʢʠʭ ʷʢ ʣʦʢʘʣʴʥʘ ʷʢʽʩʪʴ 

ʬʦʢʫʩʫʚʘʥʥʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʫʤʽʚ ʪʦʱʦ. ɯʟ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʽʥʪʝʨʝʩ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʚʣʷʻ ʧʨʦʛʨʘʤʘ [153] (Matlab), ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʟʘʛʘʣʴʥʫ 

ʷʢʽʩʪʴ ʬʦʢʫʩʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʝʢʽʣʴʢʦʤʘ ʤʝʪʦʜʘʤʠ.  

ʊʘʢʦʞ ʽʥʪʝʨʝʩ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʫʤʽʚ ʟʦʙʨʘʞʝʥʥʷ ʷʚʣʷʻ 

ʧʨʦʛʨʘʤʘ [154] (Matlab), ʢʦʪʨʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ: Kolmogorov-Smirnov (KS-Lim); Stephens Method 

(KS-S); Marsaglia Method (KS-M); Lilliefors test (KS-L); Anderson-Darling 

(AD); Cramer-Von Mises (CvM); Shapiro-Wilk (SW); Shapiro-Francia (SF); 

Jarque-Bera (JB); DôAgostino and Pearson (DAP). 

ʇʝʨʩʧʝʢʪʠʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʦʟʥʘʢ ʬʦʪʦʤʦʥʪʘʞʫ ʘʙʦ 

ʨʝʪʫʰʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʤʝʪʦʜʠ ʡ ʧʨʦʛʨʘʤʠ ʦʮʽʥʶʚʘʥʥʷ ʝʥʪʨʦʧʽʾ ʪʘ ʾʾ 

ʤʦʜʠʬʽʢʘʮʽʾ (Shannon, Joint, Sample, Approximate, Conditional, Permutational, 

Fuzzy) [155] (Matlab). 

ʇʨʦʝʢʪ [156] (Matlab) ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʷ ʰʚʠʜʢʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟʘ ʤʝʪʦʜʘʤʠ SVD ʪʘ PCA.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʩʪʦʩʦʚʥʦ ʢʣʦʥʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʧʝʨʩʧʝʢʪʠʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʻ ʤʝʪʦʜ ʚʠʜʽʣʝʥʥʷ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʩʪʽʡʢʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ (Speeded Up Robust Features, SURF) [157] (Matlab). ʄʝʪʦʜ ʤʘʻ 
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ʧʝʚʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʝʷʢʠʭ ʩʧʦʪʚʦʨʝʥʴ ʟʦʙʨʘʞʝʥʥʷ (ʧʦʚʦʨʦʪʫ, ʤʘʩʰʪʘʙʫ ʪʘ 

ʰʫʤʫ). 

 

5.4. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ ʤʦʥʪʘʞʫ ʥʘ ʦʩʥʦʚʽ ʚʠʜʽʣʝʥʥʷ 

ʰʫʤʽʚ ʟʘ ʤʘʢʩʠʤʽʟʘʮʽʻʶ ʝʥʪʨʦʧʽʾ 

 

5.4.1 ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʚ̔ ʚʠʜʽʣʝʥʥʷ ʰʫʤʫ ʟʦʙʨʘʞʝʥʥʷ 

 

ʐʫʤʦʚʘ ʩʢʣʘʜʦʚʘ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʜʞʝʨʝʣʦ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʜʘʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʘʟʚʠʯʘʡ ʦʨʠʛʽʥʘʣʴʥʽ 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʦʜʥʦʨʽʜʥʠʡ ʰʫʤʦʚʠʡ ʬʦʥ, ʱʦ ʤʦʞʝ ʧʦʨʫʰʫʚʘʪʠʩʴ ʫ ʨʘʟʽ 

ʤʦʥʪʘʞʫ [166]. ʆʜʥʘʢ ʚʠʜʽʣʝʥʥ̫ ʰʫʤʫ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʟʦʙʨʘʞʝʥʥʷ ʻ 

ʥʝʢʦʨʝʢʪʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʜʽʣʠʪʠ ʩʫʤʘʨʥʠʡ ʩʠʛʥʘʣ ʥʘ 

ʜʚʽ ʩʢʣʘʜʦʚʽ, ʞʦʜʥʘ ʟ ʷʢʠʭ ʪʦʯʥʦ ʥʝʚʽʜʦʤʘ. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ 

ʟʘʚʜʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʫ ʘʧʨʽʦʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʮʽ ʩʢʣʘʜʦʚʽ. 

ʄʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʚʪʨʫʯʘʥʥʷ ʚ ʢʦʥʪʝʢʩʪ ʮʠʬʨʦʚʦʾ ʬʦʪʦʛʨʘʬʽʾ ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʘʢʪʠʚʥʽ (ʚʙʫʜʦʚʫʚʘʥʥʷ ʧʝʚʥʦʾ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʡʦʛʦ 

ʩʪʚʦʨʝʥʥʽ, ʟʦʢʨʝʤʘ çʚʦʜʷʥʠʭ ʟʥʘʢʽʚè) ʽ ʧʘʩʠʚʥʽ, ʽʟ ʚʠʜʽʣʝʥʥʷʤ ʪʘ ʘʥʘʣʽʟʦʤ 

ʧʨʠʨʦʜʥʠʭ ʰʫʤʦʚʠʭ ʩʢʣʘʜʦʚʠʭ. ʋ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʥʘʡʙʽʣʴʰ 

ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʽʩʥʫʶʯʽ 

ʧʽʜʭʦʜʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ: 

- ʧʽʢʩʝʣʴ-ʦʨʽʻʥʪʦʚʘʥʽ (ʢʣʦʥʫʚʘʥʥʷ, ʨʝʩʝʤʧʣʽʥʛ, ʩʧʣʘʡʩʠʥʛ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʽ); 

- ʬʦʨʤʘʪ-ʦʨʽʻʥʪʦʚʘʥʽ (JPEG ʢʚʘʥʪʫʚʘʥʥʷ ʪʘ JPEG ʙʣʦʢʫʚʘʥʥʷ); 

- ʢʘʤʝʨʘ-ʦʨ̔ʥ̒ʪʦʚʘʥʽ (ʚʠʜʽʣʝʥʥʷ ʘʨʪʝʬʘʢʪʽʚ ʩʝʥʩʦʨʽʚ, ʣʽʥʟ, 

ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʦʣʴʦʨʦʚʽ ʘʙʝʨʘʮʽʾ); 

- ʚʠʷʚʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ (ʧʦʨʫʰʝʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʠ ʪʘ ʛʝʦʤʝʪʨʽʾ ʦʙôʻʢʪʽʚ). 

ʇʽʜʭʦʜʠ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʰʫʤʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ 

ʢʘʪʝʛʦʨʽʾ: ʦʮʽʥʶʚʘʥʥʷ ʰʫʤʫ ʥʘ ʦʩʥʦʚʽ ʙʣʦʢʽʚ, ʦʮʽʥʶʚʘʥʥʷ ʰʫʤʫ ʥʘ ʦʩʥʦʚʽ 
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ʛʨʘʜʽʻʥʪʽʚ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʰʫʤʫ ʥʘ ʦʩʥʦʚʽ ʟʛʣʘʜʞʫʚʘʥʥʷ [166]. ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ 

ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʧʽʜʨʦʙʦʢ ʥʘ ʦʩʥʦʚʽ ʚʠʜʽʣʝʥʥʷ ʰʫʤʽʚ ʽ ʾʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 5.2. 

ɿʘʛʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʙʠʪʪʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʙʣʦʢʠ ʟ ʧʝʚʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʽʢʩʝʣʽʚ, 

ʟʘʣʝʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʜʽʣʝʥʥʷ ʰʫʤʫ ʚʽʜ ʨʦʟʤʽʨʽʚ ʙʣʦʢʽʚ ʽ ʥʝʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʫ ʨʘʟʽ, ʢʦʣʠ ʨʦʟʤʽʨ ʙʣʦʢʘ ʜʦʨʽʚʥʶʻ ʧʽʢʩʝʣʶ. ɿʘʟʥʘʯʝʥʠʡ ʥʝʜʦʣʽʢ ʥʝ 

ʧʨʠʪʘʤʘʥʥʠʡ ʤʝʪʦʜʫ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ 

ʚʠʜʽʣʝʥʥʷ ʤʦʣʦʜʰʠʭ ʙʽʪʽʚ ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ (LSB-ʜʝʪʝʢʪʦʨ) [174]. ʎʝʡ 

ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʧʦʧʽʢʩʝʣʴʥʦ ʨʦʟʙʠʪʠ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ 

(ʟʘʟʚʠʯʘʡ 8) ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʰʘʨʠ 5ï8 (ʜʠʚ. 

ʨʠʩʫʥʦʢ 4.8) ʤʽʩʪʷʪʴ ʨʽʟʥʽ ʰʫʤʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ. ɸʣʝ ʩʣʽʜ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʮʝ ʧʦʜʽʣʝʥʥʷ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ, ʙʦ ʦʢʨʝʤʽ ʰʘʨʠ ʟʦʙʨʘʞʝʥʥʷ 

ʤʽʩʪʷʪʴ ʢʦʤʧʦʥʝʥʪʠ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʨʷʜ ʽʟ ʰʫʤʦʤ. 

 

ʊʘʙʣʠʮʷ 5.2 ï ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʧʽʜʨʦʙʦʢ ʥʘ ʦʩʥʦʚʽ ʚʠʜʽʣʝʥʥʷ 

ʰʫʤʽʚ 

ɼʞʝʨʝʣʦ ʄʝʪʦʜʦʣʦʛʽʷ ʆʩʦʙʣʠʚʦʩʪʽ 

[28] 

ʄʝʪʦʜ ʜʣʷ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʮʠʬʨʦʚʠʭʟʦʙʨʘʞʝʥʴ ʟʘ 

ʪʨʴʦʤʘ ʥʘʙʦʨʘʤʠ ʰʫʤʽʚ 

ʅʝ ʜʘʻ ʪʦʯʥʦʛʦ ʦʙʩʷʛʫ ʽ ʤʽʩʮʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʤʽʥʝʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ 

[29] 

ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʰʫʤʽʚ ʥʘ ʦʩʥʦʚʽ ʦʮ̔ʥʶʚʘʥʥʷ 

ʚʘʨʽʘʮʽʾ ʰʫʤʫ ʚ ʙʣʦʢʘʭ ʽʟ 

ʧʝʨʝʢʨʠʪʪʷʤ 

ʅʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ ʻ 

ʧʝʨʝʜʙʘʯʝʥʥʷ, ʱʦ ʦʨʠʛʽʥʘʣʴʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʦʤʦ, ʪʘ ʥʘ 

ʧʨʘʢʪʠʮʽ ʮʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʜʽʡʩʥʦʩʪ ̔

[30] 

ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʧʽʜʨʦʙʦʢ ʥʘ 

ʦʩʥʦʚʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʙʣʦʢʽʚ ʽʟ 

ʨʽʟʥʠʤʠ ʚʘʨʽʘʮʽʷʤʠ ʰʫʤʽʚ 

ʅʝʜʦʣʽʢʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʦʤʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʨʠʛʽʥʘʣʫ 

[31] ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʅʝʧʨʘʮʝʟʜʘʪʥʠʡ ʜʣʷ ʬʦʨʤʘʪʽʚ ʟ 
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ʤʽʞ ʰʫʤʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ EXIF-ʜʘʥʠʤʠ 

ʚʽʜʩʫʪʥʽʤʠ EXIF-ʜʘʥʠʤʠ 

[32] 

ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʬʦʪʦʤʦʥʪʘʞʫ, 

ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʦ ʨʽʟʥʠʭ 

ʦʧʝʨʘʮʽʡ, ʪʘʢʠʭ ʷʢ ʩʧʣʘʡʩʠʥʛ, 

ʨʝʪʫʰʫʚʘʥʥʷ, ʨʝʢʦʤʧʨʝʩʽʷ,  

ʟʤʽʥʘ ʨʦʟʤʽʨʫ ʪʦʱʦ 

ʅʝ ʻ ʩʝʣʝʢʪʠʚʥʠʤ, ʙʦ ʥʝ 

ʥʘʮʽʣʝʥʠʡ ʥʘ ʞʦʜʥʫ ʢʦʥʢʨʝʪʥʫ 

ʦʧʝʨʘʮʽʶ 

[33] 

ʈʦʟʙʠʚʘʻ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʨʽʟʥʽ 

ʦʜʥʦʨʽʜʥʽ ʩʝʛʤʝʥʪʠ ʟʘ ʨʽʚʥʝʤ 

ʰʫʤʫ ʥʘ ʧʽʜʩʪʘʚʽ ʚʝʡʚʣʝʪ-

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʻ ʨʽʟʥʦʚʠʜʦʤ 

ʛʨʘʜʽʻʥʪʥʦʛʦ ʤʝʪʦʜʫ 

ʅʝ ʟʜʘʪʝʥ ʜʦ ʚʠʷʚʣʝʥʥʷ 

ʧʦʨʫʰʝʥʠʭ ʜʽʣʷʥʦʢ ʫ ʨʘʟʽ ʤʘʣʠʭ 

ʟʤʽʥ, ʧʦʪʨʝʙʫʻ ʚʽʟʫʘʣʴʥʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

[34] 
ʄʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʰʫʤʫ ʚ 

ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ HSV 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʤʠʪʪʷ 

 

 

ʘ)    ʙ) 
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ʚ) 

ʈʠʩʫʥʦʢ 5.8 ï ʈʝʟʫʣʴʪʘʪʠ ʧʦʜʽʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʰʘʨʠ ʚ ʧʣʦʱʠʥʽ 

ʩ̫ʢʨʘʚʦʩʪʽ:  

ʘ) ʜʦʩʣʽʜʞʫʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ-ʦʨʠʛʽʥʘʣ [175]; ʙ) ʨʝʪʫʰʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ;  

ʚ) ʰʫʤʦʚʽ ʰʘʨʠ (LAYER_3 ï LAYER_8) ʦʨʠʛʽʥʘʣʫ ʪʘ ʨʝʪʫʰʦʚʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʴ ʫ ʧʣʦʱʠʥʽ ʷʩʢʨʘʚʦʩʪʽ 

 

 

5.4.2 ʄʝʪʦʜ ʚʠʜʽʣʝʥʥʷ ʰʫʤʽʚ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʘʢʩʠʤʽʟʘʮʽʾ ʝʥʪʨʦʧʽʾ 

 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʝʥʪʨʦʧʽʷ  ʟʘ ʂ. ʐʝʥʥʦʥʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʦʤʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (5.2). 

ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʦʥʷʪʪʷ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʰʫʤʽʚ ʚʽʜ 

ʟʦʙʨʘʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʝʥʪʨʦʧʽʷ ʭʘʦʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʰʫʤʽʚ) ʙʽʣʴʰʘ 

ʥʽʞ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ (ʢʦʨʠʩʥʠʭ ʢʦʤʧʦʥʝʥʪ ʟʦʙʨʘʞʝʥʥʷ). ʆʪʞʝ, ʦʩʥʦʚʥʝ 

ʧʦʣʦʞʝʥʥʷ ʤʝʪʦʜʫ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʧʦʣʷʛʘʻ ʫ ʚʠʜʽʣʝʥʥʽ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ 

ʟʦʙʨʘʞʝʥʥʷ, ʷʢ ʡʦʛʦ ʯʘʩʪʠʥʠ, ʱʦ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʝʥʪʨʦʧʽʶ. ʎʝʡ ʧʨʠʥʮʠʧ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ ʟʦʙʨʘʞʝʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

- ʟʦʙʨʘʞʝʥʥʷ ʤʘʩh ʪʘʙʫʻʪʴʩʷ ʜʦ ʦʪʨʠʤʘʥʥʷ ʧʝʚʥʦʾ, ʥʘʧʨʠʢʣʘʜ, 20-ʪʠ 

ʯʠʩʝʣʴʥʦʾ ʨʦʟʨʷʜʥʦʾ ʩʽʪʢʠ; 

- ʮʠʢʣʽʯʥʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʯʘʩʪʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʽʜʢʠʥʫʪʠʤʠ 
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ʨʦʟʨʷʜʘʤʠ ʟʥʘʯʝʥʴ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ, ʧʦʯʠʥʘʶʯʠ ʟʽ ʩʪʘʨʰʠʭ ʜʦ ʤʦʣʦʜʰʠʭ; 

- ʜʣʷ ʢʦʞʥʦʛʦ ʯʘʩʪʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʡʦʛʦ ʝʥʪʨʦʧʽʷ; 

- ʰʫʤʦʚʦʶ ʢʦʤʧʦʥʝʥʪʦʶ ʟʦʙʨʘʞʝʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʪʘʢʝ ʯʘʩʪʢʦʚʝ 

ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʝʥʪʨʦʧʽʶ. 

ʇʨʦʮʝʜʫʨʘ ʚʠʜʽʣʝʥʥʷ ʰʫʤʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʢʦʞʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ 

ʰʘʨʫ ʟʦʙʨʘʞʝʥʥʷ ʦʢʨʝʤʦ. ʇʨʠʢʣʘʜ ʦʪʨʠʤʘʥʥʷ hʫʤʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘ 

ʤʘʢʩʠʤʫʤʦʤ ʝʥʪʨʦʧʽʾ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 4.9. ʆʜʥʘʢ ʰʫʤʦʚʽ ʟʦʙʨʘʞʝʥʥʷ 

ʦʪʨʠʤʘʥʽ ʣʠʰʝ ʩʫʪʦ ʟʘ ʤʘʢʩʠʤʦʤ ʝʥʪʨʦʧʽʾ ʦʭʦʧʣʶʶʪʴ ʣʠʰʝ ʦʩʪʘʥʥʽ ʰʘʨʠ 

ʜʽʘʧʘʟʦʥʫ (1ï2 ʤʦʣʦʜʰʽ ʨʦʟʨʷʜʠ) ʷʩʢʨʘʚʦʩʪʽ ʦʨʠʛʽʥʘʣʫ ʽ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 

2.9, ʻ ʤʘʣʦʽʥʬʦʨʤʘʪʠʚʥʠʤʠ. 

 

 

 

 

 

ʘ)    ʙ)    ʚ) 

ʈʠʩʫʥʦʢ 5.9 ï ʇʨʠʢʣʘʜ ʚʠʜʽʣʝʥʥʷ ʰʫʤʽʚ: ʘ) ʟʦʙʨʘʞʝʥʥʷ; ʙ) ʟʘʣʝʞʥʽʩʪʴ 

ʝʥʪʨʦʧʽʾ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʷʜʽʚ; ʚ) ʰʫʤʦʚʘ ʢʘʨʪʠʥʘ ʟʘ ʤʘʢʩʠʤʫʤʦʤ ʝʥʪʨʦʧʽʾ 

ʊʦʤʫ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʢʨʠʪʝʨʽʡ 

ʚʠʜʽʣʝʥʥʷ ʰʫʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʥʪʨʦʧʽʾ ʪʘ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ: 

 

,     (5.8) 

ʜʝ  ï ʝʥʪʨʦʧʽʷ ʯʘʩʪʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʦʙʯʠʩʣʝʥʘ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (5.2) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ n ʨʦʟʨʷʜʽʚ ʷʩʢʨʘʚʦʩʪʽ; 

 ï ʜʠʩʧʝʨʩʽʷ ʮʴʦʛʦ ʯʘʩʪʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʡʦʛʦ 

ʩʝʨʝʜʥʴʦʛʦ). ʇʨʠʢʣʘʜ ʚʠʜʽʣʝʥʥʷ ʰʫʤʫ ʟʘ ʤʘʢʩʠʤʫʤʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʽʷ 
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 ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 5.10. 

 

 

ʘ)    ʙ)    ʚ) 

ʈʠʩʫʥʦʢ 510 ï ʇʨʠʢʣʘʜ ʚʠʜʽʣʝʥʥʷ ʰʫʤʽʚ ʟʘ ʢʦʤʧʣʝʢʩʥʠʤ ʢʨʠʪʝʨʽʻʤ:  

ʘ) ʟʦʙʨʘʞʝʥʥʷ; ʙ) ʟʘʣʝʞʥʽʩʪʴ ʝʥʪʨʦʧʽʾ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʷʜʽʚ; ʚ) ʰʫʤʦʚʘ 

ʢʘʨʪʠʥʘ ʟʘ ʤʘʢʩʠʤʫʤʦʤ ʝʥʪʨʦʧʽʾ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʚʠʜʽʣʝʥʥʷ ʰʫʤʫ ʜʦʟʚʦʣʷʻ 

ʦʧʪʠʤʘʣʴʥʦ, ʥʘ ʦʩʥʦʚʽ ʤʘʢʩʠʤʫʤʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʽʷ (5.8), ʨʦʟʜʽʣʠʪʠ 

ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ ʽ ʰʫʤ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʝʟ ʧʦʜʽʣʝʥʥʷ ʡʦʛʦ ʥʘ ʙʣʦʢʠ ʪʘ 

ʟʛʣʘʜʞʫʚʘʥʥʷ. ʐʫʤʦʚʘ ʢʘʨʪʠʥʘ, ʦʪʨʠʤʘʥʘ ʟʘ ʢʨʠʪʝʨʽʻʤ (5.8) ʻ ʙʽʣʴʰ 

ʽʥʬʦʨʤʘʪʠʚʥʦʶ ʪʘ ʧʨʠʜʘʪʥʘ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʇʦʜʘʣʴʰʝ ʦʮʽʥʶʚʘʥʥʷ 

ʦʪʨʠʤʘʥʦʛʦ ʰʫʤʦʚʦʛʦ ʬʦʥʫ ʤʦʞʣʠʚʝ ʷʢ ʰʣʷʭʦʤ ʚʽʟʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʘʢ ʽ 

ʤʝʪʦʜʘʤʠ ʡʦʛʦ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʅʘʤʠ ʧʨʦʧʦʥʫʻʪʩɹʷ ʪʘʢʠʡ ʘʣʛʦʨʠʪʤ ʘʤʧʣʽʪʫʜʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʦʣʴʦʨʦʚʦʛʦ (RGB) ʰʫʤʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʥʘʚʝʜʝʥʠʡ ʫ ʪʘʙʣʠʮʽ 

5.3. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʙʣʠʮʽ 5.3 ʢʣʘʩʠʬʽʢʘʪʦʨ ʧʝʨʝʪʚʦʨʶʻ ʰʫʤʦʚʫ ʢʘʨʪʠʥʫ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʤʘʧʫ ʢʣʘʩʽʚ ʰʫʤʽʚ (ʜʠʚ. ʨʠʩʫʥʦʢ 4.11) ʜʝ ʧʽʢʩʝʣʷʤ ʢʦʞʥʦʤʫ 

ʢʣʘʩʫ ʚʽʜʧʦʚ̔ʜʘʻ ʩʚʽʡ ʢʦʣʽʨ ʫ ʧʘʣʽʪʨʽ jet (ʨʦʟʧʦʜʽʣ ʢʦʣʴʦʨʽʚ ʚʽʜ ʩʠʥʴʦʛʦ ʜʦ 

ʯʝʨʚʦʥʦʛʦ ʟʘ ʜʽʘʧʘʟʦʥʦʤ ʷʩʢʨʘʚʦʩʪʽ 0ï255). 

ʊʘʙʣʠʮʷ 5.3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʰʫʤʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʢʣʘʩʫ 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʧʽʢʩʝʣʷʤʠ ʢʦʣʴʦʨʦʚʠʭ 

ʰʘʨʽʚ 

ʈʽʚʝʥʴ ʷʩʢʨʘʚʦʩʪʽ ʢʣʘʩʫ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ ʤʘʧʠ ʢʣʘʩʽʚ 

ʰʫʤʽʚ 
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ɸ R>G&G>B 255/7 

B B>R&R>G 255/(7*2) 

C G>B&B>R 255/(7*3) 

D B>G&G>R 255/(7*4) 

E G>R&R>B 255/(7*5) 

F R>B&B>G 255/(7*6) 

G R=G&G=B 255 

 

 

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 5.11 ï ʆʨʠʛʽʥʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ (ʘ) ʪʘ ʤʘʧʘ ʢʣʘʩʽʚ ʡʦʛʦ ʰʫʤʚ̔ 

(ʙ). 

 

ɼʣʷ ʤʘʧʠ ʢʣʘʩʽʚ ʰʫʤʽʚ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʡ ʾʾ 

ʨʽʚʥʦʤʽʨʥʦ ʭʘʦʪʠʯʥʠʡ ʚʠʛʣʷʜ (ʜʠʚ. ʨʠʩ. 5.10). ɼʣʷ ʟʦʙʨʘʞʝʥʴ ʟ ʦʟʥʘʢʘʤʠ 

ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʤʦʥʪʘʞʫ ʭʘʨʘʢʪʝʨʥʽ ʤʘʧʠ ʢʣʘʩʽʚ ʰʫʤʽʚ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʤʘʧ ʰʫʤʽʚ ʦʨʠʛʽʥʘʣʽʚ, ʤʘʶʪʴ ʟʥʘʯʥʽ ʨʽʚʥʦʤʽʨʥʦ ʟʘʙʘʨʚʣʝʥʽ ʜʽʣʷʥʢʠ (ʜʠʚ. ʨʠʩ. 

5.11). 

ʆʮʽʥʶʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʰʫʤʦʚʦʛʦ ʬʦʥʫ ʥʘʨʷʜʫ ʟ ʚʽʟʫʘʣʴʥʦʶ 

ʦʮʽʥʢʦʶ ʤʘʧʠ ʢʣʘʩʽʚ ʰʫʤʽʚ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʦʮʽʥʦʢ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʰʫʤʫ. ʗʢ ʢʨʠʪʝʨʽʡ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʰʫʤʫ, ʱʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 
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,     (5.9) 

 

ʜʝ  ï ʟʥʘʯʝʥʥʷ ʰʫʤʦʚʦʛʦ ʢʣʘʩʫ (AïG) ʧʽʢʩʝʣʷ ʟʦʙʨʘʞʝʥʥʷ; 

, % ï ʢʦʝʬʽʮʽʻʥʪ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʰʫʤʫ ʟʦʙʨʘʞʝʥʥʷ. 

ɿʥʘʯʝʥʥʷ  ʜʦʟʚʦʣʷʻ ʜʘʚʘʪʠ ʯʠʩʝʣʴʥʽ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʧʦhʢʦʜʞʝʥʥʷ 

ʰʫʤʦʚʦʛʦ ʬʦʥʫ ʟʘʩʦʙʘʤʠ ʨʝʜʘʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. 

 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ5.12 ï ʇʨʠʢʣʘʜʠ ʤʘʧ ʢʣʘʩʽʚ ʰʫʤʽʚ (ʘ, ʙ) ʚʽʜʦʤʠʭ ʬʦʪʦʧʽʜʨʦʙʦʢ 

 

5.4.3 ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʨʽʚʥʷ ʰʫʤʫ ʚʽʜ ʷʩʢʨʘʚʦʩʪʽ ʬʦʥʫ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʰʫʤʫ ʚʽʜ ʷʩʢʨʘʚʦʩʪʽ ʬʦʥʫ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʧʨʠʢʣʘʜʽ ʢʘʤʝʨʠ Cannon-ɸ400 ʰʣʷʭʦʤ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʦʜʥʦʨʽʜʥʠʭ ʟʨʘʟʢʽʚ ʽʟ 

ʨ̔ ʟʥʠʤʠ ʛʨʘʜʘʮʽʷʤʠ ʩʽʨʦʛʦ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʯʦʨʥʦʛʦ ʜʦ ʙʽʣʦʛʦ. ʂʽʣʴʢʽʩʪʴ ʟʨʘʟʢʽʚ 

ʩʢʣʘʜʘʣʘ 13. ʈʽʚʝʥʴ ʰʫʤʫ ʦʙʯʠʩʣʶʚʘʚʩʷ ʷʢ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʷʩʢʨʘʚʦʩʪʽ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʟʨʘʟʢʘ (ʜʠʚ. 
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ʨʠʩʫʥʦʢ 5.13). 

 

 

ʈʠʩʫʥʦʢ 5.13 ï ɿʘʣʝʞʥʽʩʪʴ ʰʫʤʫ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜ ʷʩʢʨʘʚʦʩʪʽ ʬʦʥʫ ʜʣʷ ʢʘʤʝʨʠ 

Cannon-400 ʪʘ ʡʦʛʦ ʘʧʨʦʢʩʠʤʘʮʽʷ 

 

5.4.4 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʪʠʩʢʘʥʥʷ ʟ ʚʪʨʘʪʘʤʠ ʥʘ ʨʽʚʝʥʴ ʰʫʤʽʚ 

ʟʦʙʨʘʞʝʥʥʷ 

 

ʄʝʪʦʜʠ ʩʪʠʩʢʘʥʥʷ ʟ ʚʪʨʘʪʘʤʠ, ʟʦʢʨʝʤʘ jpeg, ʥʘʙʫʣʠ ʟʥʘʯʥʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʩʭ̔ ʪʠʧʘʭ ʮʠʬʨʦʚʠʭ ʬʦʪʦʢʘʤʝʨ ʜʣʷ 

ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʧʘʤôʷʪʽ. ɿʙʝʨʝʞʝʥʝ ʪʘʢʠʤ ʯʠʥʦʤ ʟʦʙʨʘʞʝʥʥʷ 

ʚʪʨʘʯʘʻ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʰʫʤʦʚʦʛʦ 

ʬʦʥʫ ʬʦʪʦʛʨʘʬʽʾ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥ̫ ʚʧʣʠʚʫ ʨʽʚʥʷ ʷʢʦʩʪʽ 

ʢʽʥʮʝʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜ ʟʘʜʘʥʦʛʦ ʧʨʠ ʩʪʠʩʢʘʥʥʽ ʨʽʚʥʷ ʷʢʦʩʪʽ jpeg. 

ʆʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʧʦʨʫʰʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʰʫʤʦʚʦʛʦ ʬʦʥʫ ʜʦʮʽʣʴʥʦ 

ʧʨʦʚʦʜʠʪʠ ʟʘ ʯʠʩʝʣʴʥʠʤ ʢʨʠʪʝʨʽʻʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʰʫʤʫ. ʂʦʝʬʽʮʽʻʥʪ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʰʫʤʫ ʚ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥ ̔ʦʙʯʠʩʣʶʚʘʚʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (5.9). 

ʇʨʠʢʣʘʜ ʚʧʣʠʚʫ jpeg ʩʪʠʩʢʘʥʥʷ ʥʘ ʨʦʟʧʦʜʽʣ ʰʫʤʦʚʦʛʦ ʬʦʥʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

5.14. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʰʫʤʫ ʚʽʜ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ jpeg-

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʜʘʥʦ ʥʘ ʨʠʩ. 5.14. 
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ʘ) ʷʢʽʩʪʴ jpeg 8,3 % 

 

ʙ) ʷʢʽʩʪʴ jpeg 100 % 

ʈʠʩʫʥʦʢ 5.14 ï ɺʧʣʠʚ jpeg-ʩʪʠʩʢʘʥʥʷ ʥʘ ʤʘʧʫ ʢʣʘʩʽʚ ʰʫʤʽʚ ʟʦʙʨʘʞʝʥʥʷ 

 

 

ʈʠʩʫʥʦʢ 5.15. ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʰʫʤʫ ʚʽʜ 

ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ jpeg-ʧʝʨʝʪʚʦʨʝʥʥʷ 

 

5.5 ʈʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʘʥʘʣʽʟʫ ʦʟʥʘʢ ʤʦʥʪʘʞʫ 

ʮʠʬʨʦʚʠʭ ʬʦʪʦʛʨʘʬʽʡ 

5.5.1 ʈʦʟʨʦʙʣʝʥʥʷ ʜʝʪʝʢʪʦʨʘ ʦʟʥʘʢ ʬʦʪʦʤʦʥʪʘʞʫ 

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʽʘʣʦʛʦʚʫ ʢʦʤʧôʶʪʝʨʥʫ ʧʨʦʛʨʘʤʫ ʜʣʷ 
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ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʮʠʬʨʦʚʠʭ ʢʦʣʴʦʨʦʚʠʭ ʬʦʪʦʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʤʝʪʦʜʫ, ʦʧʠʩʘʥʦʛʦ ʚ ʧʽʜʨʦʟʜʽʣʽ  5.4. 

ʇʨʦʛʨʘʤʘ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ Windows 7 ʪʘ 

ʷʚʣʷʻ ʩʦʙʦʶ ʬʘʡʣ IFD_1.0.exe (IFD) ʽ ʧʨʘʮʶʻ ʟʘ ʫʤʦʚʠ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ ʙʽʙʣʽʦʪʝʢ MCRInstaller.exe. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ 

ʘʥʛʣʦʤʦʚʥʠʡ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʦʙʣʝʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʰʨʠʬʪʽʚ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʛʨʘʤʠ ʥʘ ʨʽʟʥʠʭ ʢʦʤʧôʶʪʝʨʘʭ. 

ɿʘʛʘʣʴʥʝ ʚʽʢʥʦ ʽʥʪʝʨʬʝʡʩʫ IFD ʧʦʜʘʥʝ ʥʘ ʨʠʩ. 5.16. 

 

 

ʈʠʩʫʥʦʢ 5.16 ï ɿʘʛʘʣʴʥʝ ʚʽʢʥʦ ʽʥʪʝʨʬʝʡʩʫ IFD_1.0 

 

ɿʘʛʨʫʟʢʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʥʦʧʢʦʶ LOAD, ʘ 

ʦʙʨʘʥʠʡ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʬʨʘʛʤʝʥʪ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 5.17. 

 

ʈʠʩʫʥʦʢ 5.17 ï ʆʙʨʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʟʦʙʨʘʞʝʥʥʽ 
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ʌʨʘʛʤʝʥʪ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 5.17) ʧʦʟʥʘʯʘʻʪʴʩʷ ʨʦʟʪʷʛʫʚʘʥʥʷʤ 

ʚʽʢʥʘ ʚʠʙʦʨʫ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʪʘ ʫʪʨʠʤʘʥʥʽ ʣʽʚʦʾ ʢʥʦʧʢʠ 

ʤʘʥʽʧʫʣʷʪʦʨʘ (ʤʠʰʽ, ʩʝʥʩʦʨʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ). ɿʘʢʽʥʯʝʥʥʷ ʦʙʨʘʥʥʷ 

ʬʨʘʛʤʝʥʪʘ ʬʽʢʩʫʻʪʴʩʷ ʧʦʜʚʽʡʥʠʤ ʥʘʪʠʩʢʘʥʥʷʤ ʢʥʦʧʢʠ ʤʘʥʽʧʫʣʷʪʦʨʘ. ʆʙʨʘʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʣʽʚʦʨʫʯ ʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʪʦʥʠ ʩʽʨʦʛʦ (ʨʠʩʫʥʦʢ 

5.18). 

 

 

ʈʠʩʫʥʦʢ 5.18 ï ɺʠʜ ʚʽʢʥʘ ʽʥʪʝʨʬʝʡʩʫ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɼʦʩʣʜ̔ʞʝʥʥʷ ʚʢʣʶʯʘʻ: 

- ʨʦʟʨʘʭʫʥʦʢ ʝʥʪʨʦʧʽʾ ʟʘ ʢʨʠʪʝʨʽʷʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ ʧʽʜʨʦʟʜʽʣʽ 5.2; 

- ʨʦʟʨʘʭʫʥʦʢ ʰʫʤʦʚʦʾ ʢʘʨʪʠʥʠ; 

- ʢʣʘʩʠʬʽʢʘʮʽʶ ʰʫʤʦʚʦʛʦ ʬʦʥʫ; 

- ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʰʫʤʽʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʰʫʤʦʚʦʛʦ ʬʦʥʫ ʦʙʨʘʥʠʤ ʤʝʪʦʜʦʤ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ɯʥʰʽ ʚʘʨʽʘʥʪʠ ʥʘʣʘʰʪʫʚʘʥʴ ʻ ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ, ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʽ ʪʦʤʫ ʜʘʣʽ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

ʆʙʯʠʩʣʝʥʥʷ ʝʥʪʨʦʧʽʾ ʽʥʽʮʽʶʻʪʴʩʷ ʥʘʪʠʩʢʘʥʥʷʤ ʢʥʦʧʢʠ BIT NOISE. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5.19. ʉʝʨʝʜʥʻ ʚʽʢʥʦ ʚʽʜʦʙʨʘʞʘʻ 

ʛʨʘʬʽʢ ʝʥʪʨʦʧʽʾ ʟʦʙʨʘʞʝʥʥʷ ʧʦ ʢʘʥʘʣʘʭ RGB, ʚʽʢʥʦ ʧʨʘʚʦʨʫʯ ï ʛʨʘʬʽʢ 
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ʢʨʠʪʝʨʽʶ J (ʜʦʙʫʪʦʢ ʝʥʪʨʦʧʽʾ ʥʘ ʜʠʩʧʝʨʩʽʶ ʯʘʩʪʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ). ʅʘʜ 

ʚʽʢʥʘʤʠ ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʷʜʽʚ ʜʣʷ ʤʘʢʩʠʤʫʤʽʚ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʧʦ ʢʘʥʘʣʘʭ RGB. 

 

 

ʈʠʩʫʥʦʢ 5.19 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

 

ʇʦʜʘʣʴʰʽ ʨʦʟʨʘʭʫʥʢʠ ʽʥʽʮʽʶʶʪʴʩʷ ʢʥʦʧʢʦʶ NSEGMIN ʟʘʣʝʞʥʦ ʚʽʜ 

ʦʙʨʘʥʦʛʦ ʢʨʠʪʝʨʽʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʢʥʦʤ ʧʨʘʚʦʨʫʯ ʚʽʜ ʢʥʦʧʢʠ NSEGMIN: 

ED (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʢʨʠʪʝʨʽʶ J: ʫ ʨʦʟʨʘʭʫʥʢʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʟʨʷʜʠ ʚʽʜ ʤʦʣʦʜʰʦʛʦ ʜʦ ʪʦʛʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʫʤʫ 

ʢʨʠʪʝʨʽʶ); 

E (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʝʥʪʨʦʧʽʾ: ʫ ʨʦʟʨʘʭʫʥʢʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʟʨʷʜʠ ʚʽʜ ʤʦʣʦʜʰʦʛʦ ʜʦ ʪʦʛʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʾʾ 

ʤʘʢʩʠʤʫʤʫ); 

NOP (ʤʝʞʽ ʦʙʠʨʘʶʪʴʩʷ ʚʨʫʯʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʪʦʨʽʚ: D_LSB ï 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʨʦʟʨʷʜ ʫ ʯʘʩʪʢʦʚʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʪʘ D_LSB 

MIN ï ʤʽʥʽʤʘʣʴʥʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʨʦʟʨʷʜ, ʫ ʨʦʟʨʘʭʫʥʢʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʚʢʘʟʘʥʠʡ ʜʽʘʧʘʟʦʥ ʨʦʟʨʷʜʽʚ). 

ʈʝʞʠʤ NSEGMIN/ED ʻ ʦʩʥʦʚʥʠʤ ʩʪʘʥʜʘʨʪʥʠʤ ʨʝʞʠʤʦʤ ʜʦʩʣʽʜʞʝʥʥʷ, 
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ʨʝʞʠʤ NSEGMIN/NOP ï ʨʦʟʰʠʨʝʥʠʤ ʨʝʞʠʤʦʤ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʢʩʧʝʨʪʫ ʦʙʠʨʘʪʠ ʧʝʚʥʠʡ ʰʘʨ ʷʩʢʨʘʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʡʦʛʦ ʰʫʤʽʚ. 

ʈʝʞʠʤ NSEGMIN/ɽ ï ʻ ʜʦʚʽʜʢʦʚʠʤ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ). 

ʈʝʞʠʤ NSEGMIN/NOP ʨʝʢʦʤʝʥʜʫʻʪʩɹʷ ʚ ʨʘʟʽ, ʷʢʱʦ ʚ ʝʢʩʧʝʨʪʘ ʻ 

ʩʫʤʥʽʚʠ ʚ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʞʠʤʫ 

NSEGMIN/ED. 

ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ NSEGMIN ʫ ʚʘʨʽʘʥʪʽ ʨʦʟʨʘʭʫʥʢʫ ED 

ʦʪʨʠʤʫʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʜʠʚ. ʨʠʩ. 5.20): 

- ʰʫʤʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʢʨʠʪʝʨʽʻʤ J; 

- ʟʦʙʨʘʞʝʥʥʷ ʤʘʧʠ ʢʣʘʩʽʚ ʰʫʤʽʚ ʽʟ ʧʦʢʘʟʥʠʢʦʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʰʫʤʽʚ; 

- ʧʦʻʜʥʘʥʝ ʜʦʩʣʽʜʞʫʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʟʦʙʨʘʞʝʥʥʷ ʤʘʧʠ ʢʣʘʩʽʚ ʰʫʤʽʚ 

ʽʟ ʧʦʢʘʟʥʠʢʦʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʰʫʤʽʚ. 

ʆʩʪʘʥʥʻ ʟʦʙʨʘʞʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʥʘ ʜʠʩʢʫ ʧʦʨʷʜ ʽʟ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤ. ɯʥʰʽ ʟʦʙʨʘʞʝʥʥʷ (ʰʫʤʦʚʝ ʪʘ ʟʦʙʨʘʞʝʥʥʷ ʤʘʧʠ ʢʣʘʩʽʚ ʰʫʤʽʚ) 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʙʝʨʝʞʝʥʽ ʝʢʩʧʝʨʪʦʤ ʟʘ ʙʘʞʘʥʥʷʤ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ ʤʝʥʶ File ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʰʠʨʝʥʦʛʦ ʨʝʞʠʤʫ ʜʦʩʣʽʜʞʝʥʴ (NSEGMIN/NOP) 

ʝʢʩʧʝʨʪ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʩʪʘʥʦʚʠʪʠ ʤʝʞʽ ʨʦʟʨʷʜʽʚ D_LSB ʪʘ D_LSB MIN 

ʽʥʪʝʨʘʢʪʠʚʥʦ ʚʨʫʯʥʫ (ʜʠʚ. ʨʠʩ. 5.21). 
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ʈʠʩʫʥʦʢ 5.20 ï ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʘʨʽʘʥʪʽ ʜʦʩʣʽʜʞʝʥʥʷ 

 

 

ʈʠʩʫʥʦʢ 5.21 ï ʆʙʨʘʥʥʷ ʤʝʞ D_LSB ʽ D_LSB MIN ʫ ʨʦʟʰʠʨʝʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ 

 

5.5.2 ʇʨʠʢʣʘʜ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʪʫʰʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʝʥʪʨʦʧʽʾ ʫhʤʽʚ 

 

ʈʝʪʫʰʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘʙʫʣʦ ʟʥʘʯʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʧʨʘʢʪʠʮʽ 

ʦʙʨʦʙʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. ʈʝʪʫʰʫʚʘʥʥʷ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʧʦʪʚʦʨʶʻ 

ʰʫʤʦʚʠʡ ʬʦʥ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʪʦʤʫ ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʝ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʰʫʤʽʚ. 
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ʈʦʟʛʣʷʥʝʤʦ ʪʠʧʦʚʠʡ ʧʨʠʢʣʘʜ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʝʥʪʨʦʧʽʾ ʰʫʤʽʚ. 

ɺʠʭʽʜʥʝ ʜʦʩʣʽʜʞʫʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʜʘʥʝ ʥʘ ʨʠʩ. 5.22. ʎʝ ʟʦʙʨʘʞʝʥʥʷ ʻ 

ʧʨʦʜʫʢʪʦʤ ʩʪʚʦʨʝʥʠʤ ʜʣʷ ʨʝʢʣʘʤʠ ʟʘʩʦʙʽʚ ʨʝʪʫʰʫʚʘʥʥʷ ʽ ʤʽʩʪʠʪʴ ʫ ʦʜʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ ʦʨʠʛʽʥʘʣ (ʧʨʘʚʦʨʫʯ) ʪʘ ʧʦʢʨʘʱʝʥʝ (ʤʘʥʽʧʫʣʴʦʚʘʥʝ) ʨʝʪʫʰʦʚʘʥʝ 

ʟʦʙʨʘʞʝʥʥʷ (ʧʨʘʚʦʨʫʯ) ʫ ʥʘʧʨʷʤʽ ʟʤʝʥʰʝʥʥʷ ʚʽʢʫ ʦʩʦʙʠ. ʋ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʨʝʪʫʰʫʚʘʥʥʷ ʪʘʢʦʛʦ ʪʠʧʫ ʤʦʞʝ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʝ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʥʘʧʨʷʤʽ ï ʟʙʽʣʴʰʝʥʥʷ ʚʽʢʫ ʦʩʦʙʠ. ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʦʨʠʛʽʥʘʣʴʥʠʡ 

ʬʨʘʛʤʝʥʪ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʧʦʨʽʚʥʷʣʴʥʠʡ. 

ʆʙʨʘʥʥʷ ʨʝʪʫʰʦʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥ̫ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 5.23. ɿʘ ʤʦʞʣʠʚʽʩʪʶ, ʷʩʢʨʘʚʽ ʦʜʥʦʨʽʜʥʽ ʬʨʘʛʤʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʥʝ 

ʤʽʩʪʷʪʴ ʰʫʤʽʚ ʫʥʘʩʣʽʜʦʢ ʝʬʝʢʪʫ ʥʘʩʠʯʝʥʥʷ ʩʝʥʩʦʨʘ ʬʦʪʦʢʘʤʝʨʠ, ʜʦʮʽʣʴʥʦ 

ʚʠʣʫʯʠʪʠ ʟ ʨʦʟʛʣʷʜʫ. 

 

 

ʈʠʩʫʥʦʢ 5.22 ï ɺʠʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥ̫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʪʫʰʫʚʘʥʥʷ ʥʘ 

ʰʫʤʦʚʠʡ ʬʦʥ 

 

 

ʈʠʩʫʥʦʢ 5.23 ï ʆʙʨʘʥʥʷ ʨʝʪʫʰʦʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʝʥʪʨʦʧʽʾ ʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʽʶ J ʧʽʩʣʷ 

ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ BIT NOISE ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5.24. ʐʫʤʦʚʠʡ ʬʦʥ 

ʜʦʩʣʽʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʟʦʙʨʘʞʝʥʥʷ ʥʘʜʘʥʦ ʥʘ ʨʠʩ. 5.25. ʄʘʧʘ ʢʣʘʩʽʚ ʰʫʤʽʚ 

ʜʦʩʣʽʜʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʟʦʙʨʘʞʝʥʥʷ ʥʘʜʘʥʘ ʥʘ ʨʠʩ. 5.26. 

 

 

ʈʠʩʫʥʦʢ 5.24ï ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʝʥʪʨʦʧʽʾ ʰʫʤʽʚ ʽ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʨʠʪʝʨʽʶ J 

 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 5.25 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʜʽʣʝʥʥʷ ʰʫʤʦʚʦʛʦ ʬʦʥʫ ʟʦʙʨʘʞʝʥʥʷ: 

ʘ) ʰʫʤʦʚʠʡ ʬʦʥ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʟʦʙʨʘʞʝʥʥʷ; ʙ) ʤʘʧʘ ʢʣʘʩʽʚ ʰʫʤʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʟʦʙʨʘʞʝʥʥʷ 

 

ʂʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʨʘʛʤʝʥʪʘ ʟʦʙʨʘʞʝʥʥʷ 

ʥʘʜʘʥʠʡ ʥʘ ʨʠʩ. 5.26. ʗʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 5.25 ʤʘʧʘ ʢʣʘʩʽʚ ʰʫʤʽʚ ʜʦʩʣʽʜʥʦʛʦ 
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ʟʨʘʟʢʘ ʥʝ ʻ ʨʽʚʥʦʤʽʨʥʦ ʭʘʦʪʠʯʥʦʶ, ʧʦʢʘʟʥʠʢ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 29 %, ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʬʘʢʪ ʤʘʥʽʧʫʣʷʮʽʾ ʟʤʽʩʪʫ ʮʴʦʛʦ ʬʨʘʛʤʝʥʪʘ ʟʦʙʨʘʞʝʥʥʷ, ʪʦʙʪʦ ʧʨʦ ʬʘʢʪ 

ʡʦʛʦ ʬʦʪʦʤʦʥʪʘʞʫ ʘʙʦ ʨʝʪʫʰʫʚʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 5.26 ï ʂʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʪʫʰʦʚʘʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʟʦʙʨʘʞʝʥʥʷ 

 

ʈʦʟʛʣʷʥʝʤʦ ʽʥʰʫ ʯʘʩʪʠʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʘ ʤʽʩʪʠʪʴ 

ʦʨʠʛʽʥʘʣʴʥʠʡ ʬʨʘʛʤʝʥʪ, ʱʦ ʥʝ ʧʽʜʜʘʚʘʚʩʷ ʨʝʪʫʰʫʚʘʥʥʶ (ʜʠʚ. ʨʠʩ. 5.27). 

ʇʦʜʘʣʴʰʝ ʦʙʨʦʙʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʘʥʘʣʦʛʽʯʥʝ ʦʧʠʩʘʥʦʤʫ ʜʣʷ ʨʝʪʫʰʦʚʘʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʫʤʽʚ ʦʨʠʛʽʥʘʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5.28. ʐʫʤʦʚʘ ʢʘʨʪʠʥʘ ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 5.29, ʤʘʧʘ 

ʢʣʘʩʽʚ ʰʫʤʽʚ ï ʥʘ ʨʠʩ. 5.30, ʢʽʥʮʝʚʽ ʨʝʟʫʣʴʪʘʪʠ ï ʥʘ ʨʠʩ. 5.31. ʇʦʢʘʟʥʠʢ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʤʘʧʠ ʢʣʘʩʽʚ ʰʫʤʽʚ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʙʣʠʟʴʢʦ 9 %. 

 


