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çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉ̔ ʢʦʨʩʴʢʦʛʦè 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉ̔ ʢʦʨʩʴʢʦʛʦè 

 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

ɻɽʈɸʉʀʄɽʅʂʆ ʖʃɯʗ ʖʈɯɰɺʅɸ 

 

ʋɼʂ 621.798.15:[621.791/.792+678.073](043.3) 

 

ɼʀʉɽʈʊɸʎɯʗ 

 

ʆɹʃɸɼʅɸʅʅʗ ʊɸ ʇʈʆʎɽʉ ɿôɭɼʅɸʅʅʗ ɽʃɽʄɽʅʊɯɺ ɻʅʋʏʂʆɰ 

ʋʇɸʂʆɺʂʀ ʊɽʈʄʆʇʃɸʉʊʀʏʅʀʄ ʂʃɽʁʆɺʀʄ ʄɸʊɽʈɯɸʃʆʄ 

 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 131 çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè 

ɻʘʣʫʟʴ ʟʥʘʥʴ 13 çʄʝʭʘʥʽʯʥʘ ʽʥʞʝʥʝʨʽʷè 
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ɸʅʆʊɸʎɯʗ 

 

 

ɻʝʨʘʩʠʤʝʥʢʦ ʖ.ʖ. ʆʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʮʝʩ ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʛʥʫʯʢʦʾ 

ʫʧʘʢʦʚʢʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʢʣʝʡʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ 

ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 131 çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, 2023. 

ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʮʝʩʽʚ 

ʧʽʜʛʦʪʫʚʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫʧʘʢʦʚʢʠ ʪʘ ʡʦʛʦ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʜʘ ̒ʟʤʦʛʫ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ, ʧʦʪʨʽʙʥ ̔ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʢʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʷ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʢʣʝʡʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʭʽʤʽʯʥʽʡ, ʭʘʨʯʦʚʽʡ  ̔ ʪʝʢʩʪʠʣʴʥʽʡ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪ ̔ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʟôʻʜʥʘʥʴ ʚ ʢʘʨʪʦʥʥʦ-ʧʘʧʝʨʦʚʦʤʫ, ʧʦʣʽʤʝʨʥʦʤʫ ʡ ʢʦʤʙʽʥʦʚʘʥʦʤʫ 

ʧʘʢʦʚʘʥʥ.̔ ɼʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʽʡ 

ʨʽʚʝʥʴ ʤʽʮʥʦʩʪʽ ʧʘʢʦʚʘʥʥʷ ʪʘ ʟʨʫʯʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʦʤʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʤʽʮʥʦʾ ʷʢʽʩʥʦʾ ʫʧʘʢʦʚʢʠ ʚʘʞʣʠʚʦ ʧʨʠʜʽʣʷʪʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʘʚʠʣʴʥʦʤʫ ʧʽʜʙʦʨʫ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʽʜʛʦʪʦʚʮ ̔ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ 

ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʨʦʮʝʩʫ ʟôʻʜʥʘʥʥʷ ʧʦʚʝʨʭʦʥʴ. ʆʪʞʝ, ʨʦʟʫʤʽʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʪʝʨʤʦʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥ,ɹ ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʪʠʧʫ ʢʣʝʶ, ʯʘʩʫ ʟʘʪʚʝʨʜʽʥʥʷ, ʪʠʧʫ 

ʟôʻʜʥʘʥʥʷ, ʪʦʚʱʠʥʠ ʣʽʥʽʾ ʩʢʣʝʶʚʘʥʥʷ ʪʦʱʦ, ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ ʤʽʮʥʝ ʡ ʥʘʜʽʡʥʝ 

ʟôʻʜʥʘʥʥʷ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ 

ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʪʝʨʤʦʢʣʝʶ) ʪʘ ʧʨʦʮʝʩʫ 

ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʪʘ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ. 



 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʠʟʢʘ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʟʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʜʠʩʠʧʘʮʽʷ, ʢʦʥʬʽʛʫʨʘʮʽʷ ʧʨʫʪʢʘ ʪʘ ʽʥ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʷʚʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʝʯʽʾ ʧʦʣʽʤʝʨʫ ʫ ʢʘʥʘʣʘʭ ʨʽʟʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʥʝʜʦʩʪʘʪʥʴʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʟʤʽʥʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 ̔ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʈʦʟʛʣʷʥʫʪʽ ʩʫʯʘʩʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʨʦʟʧʣʘʚʫ ʪʘ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʤʘʶʪʴ 

ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʟʦʢʨʝʤʘ ʧʦʚʽʣʴʥʠʡ ʧʨʦʮʝʩ ʧʣʘʚʣʝʥʥʷ ʪʘ ʡʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ, 

ʘ ʪʘʢʦʞ ʥʝʜʦʩʪʘʪʥ ʁʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʙʫʪʪʷ ʧʦʣʽʤʝʨʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ. ʊʦʤʫ ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʟ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɸ ʨʦʟʨʦʙʢʘ ʥʘʜʽʡʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʪʝʨʤʦʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ ʧʽʜ ʯʘʩ ʨʦʟʢʨʠʪʪʷ ʧʘʢʦʚʘʥʥʷ ʜʘʩʪʴ ʟʤʦʛʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʣʝʡʦʚʽ ʤʘʪʝʨʽʘʣʠ ʚ ʧʘʢʫʚʘʣʴʥʽʡ ʽʥʜʫʩʪʨʽʾ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʫʭʫ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʚ ʢʘʥʘʣʽ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ, ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʽʚʥʷʥ ɹ ʟʙʝʨʝʞʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʪʘ ʝʥʝʨʛʽʾ. ʋ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚʨʘʭʦʚʘʥʦ ʟʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʢʦʚʟʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʈʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʪʚʝʨʜʦʛʦ ʜʦ ʚôʷʟʢʦʪʝʢʫʯʦʛʦ ʩʪʘʥʫ ʡ ʥʘʚʧʘʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʢʦʥʫ ʚôʷʟʢʦʩʪʽ ʂʨʦʩʩʘ 

(Cross Law) ̔  ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʟʘʢʦʥʫ ɸʨʨʝʥʽʫʩʘ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ 

ʚ ʨʦʟʧʣʘʚʣʶʚʘʯʘʭ ʯʦʪʠʨʴʦʭ ʢʦʥʬʽʛʫʨʘʮʽʡ: ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ, ʽʩʥʫʶʯʦ ʾ

ʢʦʥʬʽʛʫʨʘʮʽ ʾ ï ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ʩʦʧʣʦʤ, ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʟ ʜʦʨʥʦʤ ʪʘ 

ʯʝʨʚôʷʯʥʦʛʦ ʪʠʧʫ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʰʚʠʜʢʦʩʪʷʤʠ 

ʧʦʜʘʯʽ ʡ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʝʨʤʦʢʣʝʶ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʩʠʧʘʪʠʚʥʠʭ 

ʝʬʝʢʪʽʚ, ʟʘʣʝʞʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʚʝʣʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʦ ʾ

ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʦʟʧʣʘʚʣʶʚʘʯʘ ʪʝʨʤʦʢʣʝʶ (ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʟ ʜʦʨʥʦʤ), ʦʩʢʽʣʴʢʠ 

ʛʨʘʥʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʪʝʨʤʦʢʣʝʶ ʚ ʥʴʦʤʫ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʜʣʷ 



 

ʤʘʪʝʨʽʘʣʫ ʡ ʧʨʠʩʪʨʦʶ ʪʨʘʜʠʮʽʡʥʦʾ ʬʦʨʤʠ (ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʘʥʘʣʫ). ɺʠʟʥʘʯʝʥʦ 

ʨʘʮʽʦʥʘʣʴʥʫ ʛʝʦʤʝʪʨʽʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʡʙʽʣʴʰʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʛʨʽʚʫ ʪʝʨʤʦʢʣʝʶ: 

ʨʦʟʧʣʘʚʣʶʚʘʯ ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʟ ʢʫʪʦʤ ʟʘʛʦʩʪʨʝʥʥʷ ʜʦʨʥʘ 15Á, ʢʫʪʦʤ ʟʘʛʦʩʪʨʝʥʥʷ 

ʩʦʧʣʘ 15Á ̔ ʜʽʘʤʝʪʨʦʤ ʜʦʨʥʘ 2,5 ʤʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʣʘʚʣʝʥʥʷ ʫ ʨʦʟʧʣʘʚʣʶʚʘʯʽ ʜʣʷ 

ʪʝʨʤʦʢʣʝʶ ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʧʦʢʘʟʘʣʦ, ʱʦ ʪʘʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʘʻ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫ 2,4 ʨʘʟʠ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ 

ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʨʦʟʧʣʘʚʣʶʚʘʯʘ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʯʝʨʚôʷʯʥʦʛʦ ʪʠʧʫ ʟ ʧʦʧʝʨʝʜʥʴʦ 

ʚʠʛʦʪʦʚʣʝʥʠʤ ʧʨʫʪʢʦʤ ʫ ʚʠʛʣʷʜʽ ʩʪʨʽʯʢʠ. ʇʝʨʝʚʘʛʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʥʘʜ ʽʩʥʫʶʯʠʤʠ  ̒ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʣʘʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʟʤʝʥʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ ʽ ʤʘʩʠ ʧʨʠʩʪʨʦʶ, ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʟʨʫʯʥʽʩʪʴ 

ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʚ ʯʝʨʚôʷʯʥʦʤʫ ʢʘʥʘʣʽ 

ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧôʶʪʝʨʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʴ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʽ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ ʚʟʜʦʚʞ ʦʩʽ ʯʝʨʚôʷʢʘ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʦʮʽʣʴʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ ʟʥʘʯʝʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ ʻ 2,5 ʨʘʜ/ʩ. ʆʪʨʠʤʘʥʦ 

ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʨʝʛʫʣʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʦʢʣʝʶ ʥʘ ʚʠʭʦʜʽ ʟ 

ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ ʨʦʟʧʣʘʚʣʶʚʘʯʘ ʪʘ ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ 

ʯʝʨʚôʷʢʘ. 

ɿʤʦʜʝʣʴʦʚʘʥʦ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʰʚʘ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʜʽʻʶ 

ʟʫʩʠʣʣʷ ʧʨʠʪʠʩʢʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. ʉʧʨʦʛʥʦʟʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʬʦʨʤʠ ʰʚʘ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ ʧʨʠʪʠʩʢʫ ʪʘ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʚʠʟʥʘʯʠʪʠ ʜʦʮʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʪʘ ʜʦʩʪʘʪʥʴʦʾ ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ ʚʘʣʢʽʚ ʜʘʻ 

ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʰʠʨʠʥʫ ʰʚʘ ʟʘ ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 



 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʘʜ̌ʝʟʽʡʥʦʾ ʟʦʥʠ ʥʘ ʙʘʟʽ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʤʽʮʥʦʩʪʽ ʪʘ ʝʥʝʨʛʽʾ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥʠ ʚ ʟôʻʜʥʘʥʥʽ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʢʣʶʯʘʻ ʨʽʚʥʷʥʥʷ ʧʦʚʥʦʾ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʨʽʚʥʷʥʥʷ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ ʪʘ ʢʨʠʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʨʫʡʥʫʚʘʥʥʷ 

ʚ ʨʘʤʢʘʭ ʛʽʧʦʪʝʟʠ ɽʡʣʝʨʘïɹʝʨʥʫʣʣʽ (EulerïBernoulli). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʦʢ ʤʽʞ ʚʠʪʨʘʪʦʶ ʪʝʨʤʦʢʣʝʶ ʡ ʤʽʮʥʽʩʪʶ 

ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʥʦ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʝ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʤʽʮʥʦʩʪʽ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ. ʘ ʩʘʤʝ ʚʠʪʨʘʪʘ ʪʝʨʤʦʢʣʝʶ ʚ ʜʽʘʧʘʟʦʥʽ 0,07ï0,1 ʛ/ʩ ʪʘ 

ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʚ ʜʽʘʧʘʟʦʥʽ 0,035ï0,005 ʛ/ʤʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ 

ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʠʨʠʥʠ ʰʚʘ. 

ʈʦʟʛʣʷʥʫʪʘ ʤʦʜʝʣʴ ʪʘ ʤʝʪʦʜʠʢʘ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʮʥʦʩʪʽ 

ʪʝʨʤʦʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʝʦʙʭʽʜʥʝ ʡ ʜʦʩʪʘʪʥʻ 

ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪ̔ ʟôʻʜʥʘʥʴ ʜʣʷ ʟʨʫʯʥʦʛʦ ʨʦʟôʻʜʥʘʥʥʷ ʩʧʦʞʠʚʘʯʝʤ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ 

ʜʣʷ ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ ʩʘʤʦʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ. 

ʉʪʚʦʨʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʾʭ ʧʨʦʚʝʜʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ 

ʢʘʬʝʜʨʽ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʽ ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ. ʋʜʦʩʢʦʥʘʣʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʩʪʨʦʶ ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʪʘ ʥʘʥʝʩʝʥʥʷ 

ʪʝʨʤʦʢʣʝʶ ʟʘʭʠʱʝʥʦ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ. 

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʦʟʨʠʚ ʩʪʨʽʯʢʦʚʠʭ ʟʨʘʟʢʽʚ 

ʛʥʫʯʢʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟôʻʜʥʘʥʠʭ ʨʦʟʧʣʘʚʦʤ ʪʝʨʤʦʢʣʝʶ ʟʘ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʥʘʥʝʩʝʥʥʷ: ʟʘ ʨʽʟʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʧʨʫʪʢʘ ʪʝʨʤʦʢʣʝʶ, 

ʧʨʦʪʷʞʢʠ ʪʘ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʜʘʣʠ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ ʚʽʜ ʚʠʪʨʘʪʠ 

ʪʝʨʤʦʢʣʝ,ʁ ʷʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʽʮʥʦʩʪʽ 

ʟôʻʜʥʘʥʥʷ ʚʠʪʨʘʪʘ ʤʘʪʝʨʽʘʣʫ ʩʪʘʥʦʚʠʪʴ 0,005 ʛ/ʤʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ 

ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʠʨʠʥʠ ʰʚʘ. ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ ʧʘʧʝʨʦʚʠʭ ʟʨʘʟʢʽʚ ʩʠʣʽʢʘʪʥʠʤ ʢʣʝʻʤ, ʢʣʝʻʤ ʥʘ ʦʩʥʦʚʽ 
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ʩʪʚʦʨʝʥʥʷ ʟôʻʜʥʘʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʡ ʨʫʡʥʫʚʘʥʥʷ 
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ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʢʣʝʡʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ 

ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ  ̔ ʩʠʣʽʢʘʪʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʘ ʪʘʢʦʞ ʫ ʊʆɺ çɸʛʨʦʩʚʽʪè 

(ʤ. ʂʠʾʚ), ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ. 
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ABSTRACT 

 

 

Herasymenko Yuliia. Equipment and process of connecting flexible packaging 

elements with thermoplastic adhesive material. ï Qualifying scientific work on the rights 

of the manuscript. 

A thesis for obtaining a scientific degree of a Ph.D on specialty 131 ï ñApplied 

Mechanicsò. ï National Technical University of Ukraine ñIgor Sikorsky Kyiv 

Polytechnic Instituteò, Kyiv, 2023. 

The dissertation is devoted to the study of equipment and processes for the 

preparation of thermoplastic adhesive material (hot-melt adhesive), the formation of 

a hot-melt adhesive connection of packaging elements, and its mechanical characteristics, 

which makes it possible to substantiate rational technological regimes necessary for the 

design and operation of packaging equipment. 

The technology of joining with thermoplastic adhesive material is widely used 

in the chemical, food, and textile industries for the formation of joints in cardboard, paper 

and polymer packaging. To meet the needs of consumers, it is necessary to ensure 

a sufficient level of packaging strength and ease of use. Therefore, when creating durable 

high-quality packaging, it is important to pay special attention to the correct selection of 

materials and equipment, as well as the preparation of the thermoplastic adhesive melt 

and the process of connecting surfaces. Therefore, understanding the behavior of hot-melt 

joints, depending on the choice of adhesive type, curing time, type of joint, adhesive line 

thickness, etc., allows creating a strong and reliable connection. 

An analytical review of the current state of the study of the melting process of 

thermoplastic adhesive material (hot-melt adhesive) and the process of destruction of 

a thermo-adhesive joint during its opening has been carried out. Existing methods for 

modeling equipment and the process of melting hot-melt and forming a hot-melt joint are 

considered. 

According to the results of the review, was found that when modeling the melting 

process, some parameters are taken into account, such as changes in the properties of the 



 

polymer material with temperature, dissipation, rod configuration, etc. It has been 

established that the existing mathematical models of polymer flow in channels of different 

cross-sections do not sufficiently take into account the influence of changes in physical 

and mechanical parameters and thermal boundary conditions. 

The considered modern designs for melting and applying hot-melt adhesive have 

several disadvantages, for example, a slow melting process and its unevenness, as well as 

the insufficient intensity of acquiring the melting temperature by the polymer material. 

Therefore, the task arises to improve equipment to increase the speed and efficiency of 

melting thermoplastic adhesive material. And the development of reliable methods for 

designing and predicting the behavior of hot-melt adhesives when opening the package 

will allow more efficient use of adhesive materials in the packaging industry. 

To simulate the melting process of hot-melt adhesive, a mathematical model of the 

non-isothermal motion of a polymer melt in a channel was used, which consists of 

a continuity equation, non-stationary equations of conservation of momentum and 

energy. The mathematical model takes into account the change in the coefficient of slip 

on the channel surface as a function of temperature. The problem of melting is solved 

taking into account the Cross Law of viscosity concerning the shear rate. 

Investigations were carried out on the melting efficiency of a hot-melt adhesive rod 

in melters of four configurations: a cylindrical shape, the existing configuration 

a cylindrical shape with a nozzle, a tubular shape with a mandrel, and a screw type. This 

made it possible to establish the interdependence between the feed rates and the 

temperature of the hot-melt adhesive at the outlet of the nozzle, taking into account 

dissipative effects, the dependence of material properties, and thermal boundary 

conditions. 

The results obtained showed the feasibility of using an improved configuration of 

the hot-melt stick (a tubular shape with a mandrel), because the maximum feed rate of 

such a stick is twice the speed of the material and device of a conventional shape. Rational 

geometry is determined from the point of view of the highest heating intensity of the bar: 

a tubular bar with a mandrel sharpening angle of 15Á, a nozzle sharpening angle of 15Á, 

and a mandrel diameter of 2,5 mm. A study of a melter with a tubular rod configuration 



 

has shown that it can increase productivity by 2,4 times while maintaining energy 

consumption compared to a traditional configuration. 

A more rational design of a screw-type thermoplastic adhesive melter with 

a prefabricated rod in the form of a tape is proposed. The advantages of the proposed 

design over the existing ones are: increasing the melting rate of the polymer material, 

reducing the size and weight of the device, reducing energy consumption and ease of use. 

To study the melting process of hot melt in the screw channel, a computer 

calculation model based on the finite element method was developed and numerical 

calculations were made. As a result of the calculations, the temperature distribution along 

the length of the channel along the axis of the screw was obtained for different values of 

the angular velocity of the screw. It is determined that the optimal value of the angular 

velocity of the screw is 2.5 rad/s. Dependences have been obtained that make it possible 

to control the temperature of the hot-melt adhesive at the outlet of the heating channel 

and the consumption of material when changing the values of the screw speed. 

The process of formation of a hot-melt adhesive seam under the action of pressing 

force and cooling is simulated. The dependence of the shape of the seam on the value of 

the pressing force and the consumption of hot-melt adhesive material is predicted, which 

makes it possible to determine the appropriate value of these parameters to ensure optimal 

and sufficient strength of the joint. Increasing the downforce of the rolls makes it possible 

to increase the seam width proportionately. The simulation results are confirmed 

experimentally. 

To simulate the process of destruction of an adhesive joint, a mathematical model 

of the adhesion zone based on continuum mechanics was used with the use of strength 

and energy parameters to predict the propagation of a crack in the joint. The mathematical 

model includes the equation of the total potential energy, the equation of the crack length, 

and the critical fracture energy (according to the Euler-Bernoulli beam theory). 

The connection between the consumption of hot-melt adhesive and the strength of 

the hot-melt adhesive was experimentally established, and the most appropriate 

consumption value from the point of view of strength was obtained. It has been 



 

established that the strength of the adhesive joint does not depend on the width of the 

seam. 

The considered model and the method of numerical modeling of the strength of 

adhesive joints make it possible to predict the necessary and sufficient value of the 

strength of the joints for convenient separation by the consumer, and on the other hand, 

to prevent self-depressurization. 

A methodology for conducting relevant research and experimental facilities for 

their implementation, which are used in the educational process at the Department of 

Chemical, Polymer and Silicate Engineering of the National Technical University of 

Ukraine "Igor Sikorsky Kyiv Polytechnic Institute". Improved designs of the device for 

melting and applying hot-melt adhesive are protected by utility model patents of Ukraine. 

Experimental studies on the rupture of tape paper samples connected by a hot-melt 

adhesive melt were carried out under various technological application modes: 

at different feed rates of the hot-melt adhesive rod, broaching, and clamping force. 

Studies on the strength of the hot-melt adhesive connection made it possible to establish 

the dependence of the braking force on the consumption of hot-melt adhesive, which 

showed that the rational material consumption to achieve the maximum strength of the 

connection is 0,005 g/mm. It has been established that the strength of the adhesive joint 

does not depend on the width of the seam. Also, studies of the bonding strength of paper 

samples with silicate glue, polyvinyl acetate-based glue, and hot-melt adhesive showed 

the advantage of using hot-melt adhesive to create joints. 

The scientific novelty of the results obtained lies in the creation of methods for the 

development and improvement of equipment and the process for creating a hot-melt 

adhesive, which ensures the determination of the design parameters of the equipment and 

rational technological modes for the implementation of the process of joining with 

a thermoplastic adhesive material. 

The scientific and technical results of the dissertation work were introduced into 

the educational process of the Department of Chemical, Polymer and Silicate Engineering 

of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic 



 

Institute", as well as to the LLC ñAgrosvitò (Kyiv), which is confirmed by 

implementation acts. 

Keywords: packing machine, polymer, thermoplastic hot-melt adhesive, melting, 

adhesive joint, strength of a joint, mathematical model, numerical simulation, temperature 

field, mechanical properties, strength. 
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ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ 

S
A  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, 2ʤʤ; 

a  ï ʜʦʚʞʠʥʘ ʪʨʽʱʠʥʠ, ʤʤ; 

B,b ï ʰʠʨʠʥʘ ʟʨʘʟʢʘ, ʤʤ; 

ʉ ï ʮʽʥʘ ʧʦʜʽʣʢʠ ʰʢʘʣʠ ʧʨʠʣʘʜʫ; ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/ʂ; 

p
c  ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛĀʂ);  

D" ï ʪʝʥʟʦʨ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ, ʩ-1; 

D  ï ʝʥʝʨʛʽʷ ʜʠʩʠʧʘʮʽʾ, ɼʞ; 

ʩʨ
D  ï ʩʝʨʝʜʥʽʡ ʛʨʘʜʽʻʥʪ ʰʚʠʜʢʦʩʪʽ, ʩ-1; 

Dʚʠʤ ï ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʣʘʜʫ; 

aE  ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʪʝʯʽʾ, ɼʞ/ʤʦʣʴ; 

ʩʨ
E  ï ʩʝʨʝʜʥʷ ʜʠʩʠʧʘʮʽʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ɺʪ/ʤ3; 

E ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʇʘ; 

F  ï ʩʠʣʘ, ʅ; 

slipF  ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʚʟʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ, ʢʛ/(ʤ2Öʩ); 

G ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ, ʢʛ/ʩ; ʰʚʠʜʢʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʝʥʝʨʛʽʾ, ʅ/ʤ; 

c
G  ï ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ, ʅ/ʤ; 

J ï ʤʝʭʘʥʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʪʝʧʣʘ, ɼʞ; J-ʽʥʪʝʛʨʘʣ, ʅ/ʤ; 

h  ï ʷʚʥʘ ʤʘʩʦʚʘ ʝʥʪʘʣʴʧʽʷ, ɼʞ/ʢʛ; ʧʦʣʦʚʠʥʘ ʪʦʚʱʠʥʠ ʟʨʘʟʢʘ, ʤʤ; ʜʦʚʞʠʥʘ 

ʧʣʝʯʘ, ʤʤ; 

I  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, 4ʤʤ; 

ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ɺʪ/(ʤ2Öʂ); ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʩʠʩʪʝʥʮʽʾ, ʇʘĀʩ; 

l  ï ʜʦʚʞʠʥʘ ʢʘʥʘʣʫ, ʤ;  

m ï  ʢʦʥʩʪʘʥʪʘ; 

N ï ʨʦʟʨʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʅ; 
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n  ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʪʽʣʘ; 

n ï ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ, ʩʪʝʧʝʥʝʚʠʡ ʽʥʜʝʢʩ; 

P ï ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ, ʅ/ʤʤ; 

Pʜ ï ʜʦʚʽʨʯʘ ʽʤʦʚʽʨʥʽʩʪʴ; 

p  ï ʟʦʚʥʽʰʥʽʡ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ, ʇʘ; 

ȹp  ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ, ʇʘ; 

Qï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ, 3ʤ c; 

q ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ʤ2. 

ʜʠʩ
q  ï ʜʠʩʠʧʘʮʽʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, 

3ɺʪ ʤ; 

0
,  

K
R R  ï ʨʘʜʽʫʩ ʢʘʥʘʣʫ, ʤ; 

R ï ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ/(ʤʦʣʴĀʂ); 

r  ï ʨʘʜʽʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʤʤ; 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʘ, ʂ; 

c
T  ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʢʠ ʢʘʥʘʣʫ, ʂ; 

ʊɼ ï ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʩʠʧʘʮʽʾ, ʂ 

aT  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʘʢʪʠʚʘʮʽʾ, ʂ; 

0T  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʣʽʢʫ, ʂ; ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʽʤʝʨʫ ʥʘ ʚʭʦʜʽ 

ʚ ʢʘʥʘʣ, ʂ; ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʂ; 

in
T  ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʥʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣ, ʂ; 

w
T  ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʢʠ, ʂ; 

fluidT ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʢʫʯʦʩʪʽ (ʧʣʘʚʣʝʥʥʷ) ʧʦʣʽʤʝʨʫ, ʂ; 

¤ʊ  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʂ; 

t  ï ʦʜʠʥʠʯʥʽ ʪʘʥʛʝʥʮʽʘʣʴʥʠʡ ʚʝʢʪʦʨ ʜʦ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ; 

t ï ʯʘʩ, ʩ; ʩʫʤʘ ʪʦʚʱʠʥʠ ʧʦʣʦʚʠʥʠ ʰʘʨʥʽʨʘ ʪʘ ʧʦʣʦʚʠʥʠ ʪʦʚʱʠʥʠ ʧʣʝʯʘ ʙʘʣʢʠ, 

ʤʤ. 

ʢ
t  ï ʢʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ; 

ʧ
t  ïʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ; 
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ʩʝʨ
t  ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʪʦʾ ʩʪʽʥʢʠ ʢʘʥʘʣʫ, Áʉ; 

v ï ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ, ʤ/ʩ; 

v ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ; 

i
v  ï ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʫ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ;  

ɜ ï ʚʝʢʪʦʨ ʧʝʨʝʤʽʱʝʥʥʷ, ʤ; 

W  ï ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ, ɼʞ/ʤ3; 

W  ï ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ, ɼʞ; 

z ï ʧʦʪʦʯʥʘ ʢʦʦʨʜʠʥʘʪʘ ʧʦ ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ, ʤ 

ʇ ï ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ, ɼʞ; 

a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ɺʪ/(ʤ2Āʂ); 

ŭ ï ʧʝʨʝʤʽʱʝʥʥʷ, ʤʤ; 

ɔ ï ʧʠʪʦʤʘ ʚʘʛʘ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ, ʅ/ʤ3; 

ɔ ï ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ, ʩ-1; 

0
ɔ ï ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʧʨʠʣʘʜʫ; 

ɛ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʽʜ ʯʘʩ ʟʩʫʚʫ, ʇʘ; 

ɖ ï ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ, ʇʘĀʩ; 

ɖ
ʝʬ

 ï ʝʬʝʢʪʠʚʥʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ, ʇʘĀʩ; 

0
ɖ ï ʚôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʟʘ ʤʽʥʽʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ, ʇʘĀʩ; 

ɖ
¤  ï ʚôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ, ʇʘĀʩ; 

l ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤĀʂ), ʧʝʨʽʦʜ ʨʝʣʘʢʩʘʮʽʾ, ʩ; 

ʤ
l  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ɺʪ/(ʤĀʂ); 

()ɗx  ï ʚʠʧʘʜʢʦʚʘ ʧʦʭʠʙʢʘ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ; 

ɗ ï ʙʝʟʨʦʟʤʽʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; 

 ́ï ʯʠʩʣʦ ʇʽ; 

ɟï ʛʫʩʪʠʥʘ, ʢʛ/ʤ3; 

ů ï ʪʝʥʟʦʨ ʥʘʧʨʫʞʝʥʴ, ʇʘ; 

ůʧʚʧ ï ʧʦʭʠʙʢʠ ʧʝʨʚʠʥʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ; 



19 

ůʧʨ ï ʧʦʭʠʙʢʘ ʧʨʠʣʘʜʫ; 

ůʦʢʨ ï ʧʦʭʠʙʢʘ ʦʢʨʫʛʣʝʥʥʷ; 

ʜʽʧ
ů  ï ʜʦʩʣʽʜʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʦʭʠʙʢʘ; 

Ů ï ʪʝʥʟʦʨ ʜʝʬʦʨʤʘʮʽʡ; ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ, %; 

Ű
ʩʨ
 ï ʩʝʨʝʜʥʻ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ, ʇʘ; 

Ű ï ʪʝʥʟʦʨ ʚôʷʟʢʠʭ ʥʘʧʨʫʞʝʥʴ ʜʨʫʛʦʛʦ ʨʘʥʛʫ, ʇʘ; 

pÐ  ï ʛʨʘʜʽʻʥʪ ʪʠʩʢʫ, ʅ/ʤ3;  

ɝ ï ʢʦʝʬʽʮʽʻʥʪ ʉʪʴʶʜʝʥʪʘ; 

ɢh ï ʯʣʝʥ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘ ʝʬʝʢʪ ʦʙʝʨʪʘʥʥʷ ʚʝʨʰʠʥʠ ʪʨʽʱʠʥʠ, ʤʤ; 

p xµ µ - ʧʦʟʜʦʚʞʥʷ ʩʢʣʘʜʦʚʘ ʛʨʘʜʽʻʥʪʘ ʪʠʩʢʫ. 

ɋ ï ʝʥʝʨʛʽʷ ʨʦʟʩʽʶʚʘʥʥʷ, ʅ/ʤ. 

 

ɯʥʰʽ ʩʠʤʚʦʣʠ 

Ð ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ, 1ʤ- ; 

ȹʜʧʧ ï ʜʦʚʽʜʥʠʢʦʚʘ ʧʦʭʠʙʢʘ ʧʨʠʣʘʜʫ; 

Ö ï ʦʧʝʨʘʪʦʨ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ ʪʝʥʟʦʨʥʠʭ ʚʝʣʠʯʠʥ; 

: ï ʦʧʝʨʘʪʦʨ ʧʦʜʚʽʡʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ; 

Ù ï ʣʦʛʽʯʥʝ çʘʙʦè. 

 

ʆʩʥʦʚʥʽ ʩʢʦʨʦʯʝʥʥʷ 

ʇɺɸ ï ʧʦʣʽʚʽʥʽʣʘʮʝʪʘʪ; 

ʇɺʍ ï ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ; 

ʇɽɺɻ ï ʧʦʣʽʝʪʠʣʝʥ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ; 

ʇɽʅɻ ï ʧʦʣʽʝʪʠʣʝʥ ʥʠʟʴʢʦʾ ʛʫʩʪʠʥʠ; 

ʇɽʊ ï ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ;  

ʇʇ ï ʧʦʣʽʧʨʦʧʽʣʝʥ; 

ʉɽɺɸ ï ʩʧʽʚʧʦʣʽʤʝʨ ʝʪʠʣʝʥʫ ʟ ʚʽʥʽʣʘʮʝʪʘʪʦʤ; 

ʊʆɺ ï ʪʦʚʘʨʠʩʪʚʦ ʟ ʦʙʤʝʞʝʥʦʶ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʶ.  
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ɺʉʊʋʇ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ.  

ɿ ʤʦʤʝʥʪʫ ʟʘʨʦʜʞʝʥʥʷ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠʢʨʽʧʣʝʥʥʷ 

 ̔ʩʢʣʝʶʚʘʥʥʷ ʧʘʧʝʨʫ ʽ ʢʘʨʪʦʥʫ ʙʫʣʦ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʚʠʨʦʙʥʠʢʽʚ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫʧʘʢʦʚʢʠ: ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʽʯʢʠ, 

ʤʝʭʘʥʽʯʥʠʭ ʢʨʽʧʣʝʥ,ɹ ʢʣʝʾʚ ʥʘ ʦʩʥʦʚʽ ʨʦʟʯʠʥʥʠʢʽʚ, ʢʣʝʾʚ ʥʘ ʚʦʜʥʽʡ ʦʩʥʦʚʽ ʪʘ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʪʝʨʤʦʢʣʝʶ) [1]. 

ʊʝʭʥʦʣʦʛʽʷ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʢʣʝʻʤ [2] ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʧʣʘ ʚʽʜ 

ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʤʽʞ 

ʩʧʦʣʫʯʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. ʈʦʟʧʣʘʚ ʧʦʣʽʤʝʨʫ ʧʝʨʝʜʘʻ ʟôʻʜʥʫʚʘʥʠʤ ʧʦʚʝʨʭʥʷʤ 

ʯʘʩʪʠʥʫ ʩʚʦʛʦ ʪʝʧʣʘ ʡ ʟʘʩʪʠʛʘʻ, ʫʪʚʦʨʶʶʯʠ ʥʝʨʦʟʥʽʤʥʝ ʛʝʨʤʝʪʠʯʥʝ ʟ'ʻʜʥʘʥʥʷ. ɸ 

ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʪʝʨʤʦʢʣʝʶ ʥʘ ʧʘʧʽʨ ʯʠ ʢʘʨʪʦʥ ʚʠʥʠʢʘʻ ʘʜˇʝʟʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ 

ʟôʻʜʥʫʚʘʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʪʘ ʪʝʨʤʦʢʣʝʻʤ. ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʟôʻʜʥʘʥʥʷ, ʤʘʙʫʪʴ, 

ʥʘʡʥʦʚʽʰʘ, ʘʣʝ ʟʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʚʦʥʘ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʥʘʡʫʩʧʽʰʥʽʰʠʭ ʽ 

ʰʚʠʜʢʦʟʨʦʩʪʘʶʯʠʭ [1]. ʇʨʠʯʠʥʠ ʮʴʦʛʦ ʫʩʧʽʭʫ ʧʦʣʷʛʘʶʪʴ ʥʘʩʘʤʧʝʨʝʜ ʫ ʟʨʦʩʪʘʥʥʽ 

ʢʽʣʴʢʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʜʦʩʷʛʥʝʥʴ ʫ ʧʘʢʫʚʘʣʴʥʽʡ ʛʘʣʫʟʽ. 

ʆʩʥʦʚʦʶ ʪʝʨʤʦʢʣʝʶ ʻ ʪʝʨʤʦʧʣʘʩʪʠʯʥ ̔ ʧʦʣʽʤʝʨʠ. ʇʝʨʰʽ ʧʦʣʽʤʝʨʠ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʟ ʥʘʪʫʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ, ʘ ʚ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ XX ʩʪʦʣʽʪʪʷ ʾʭ ʥʘʚʯʠʣʠʩʷ 

ʚʠʨʦʙʣʷʪʠ ʟ ʚʫʛʽʣʣʷ, ʥʘʬʪʠ ʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ʅʘʪʝʧʝʨ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʙʫʚ ʧʦʣʽʝʪʠʣʝʥ, ʷʢʠʡ ʙʫʚ ʚʠʥʘʡʜʝʥʠʡ ʚ 1933 ʨ. ʽ ʚ ʽʥʜʫʩʪʨʽʾ ʫʧʘʢʦʚʢʠ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟ ʢʽʥʮʷ 1940-ʭ ʨʨ. ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʷʰʦʢ, ʷʱʠʢʽʚ (ʟʘʤʽʩʪʴ 

ʜʝʨʝʚ'ʷʥʠʭ) ʘ ʪʘʢʦʞ ʫ ʚʠʛʣʷʜʽ ʧʣʽʚʦʢ ʪʘ ʝʢʩʪʨʫʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʢʘʨʪʦʥʫ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʝʪʽʚ (ʢʦʨʦʙʦʢ). ʅʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʛʥʫʯʢʽ ʧʘʢʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ 

ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʽ ʩʝʨʝʜ ʽʥʰʠʭ ʚʠʜʽʚ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʧʘʢʦʚʘʥʥʷ ʭʘʨʯʦʚʠʭ ʥʘʧʦʾʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʩʝʨʝʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʩʘʤʝ ʛʥʫʯʢʠʤ ʧʦʣʽʤʝʨʥʠʤ ʤʘʪʝʨʽʘʣʘʤ (37 % ʟʘʡʤʘʶʪʴ 

ʫ ʩʚʽʪʦʚʽʡ ʩʪʨʫʢʪʫʨ ̔ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʢʦʚʘʥʥʷ) [3]. ʉʘʤʝ ʮʽ ʤʘʪʝʨʽʘʣʠ ʨʘʟʦʤ ʽʟ 

ʞʦʨʩʪʢʠʤ ʧʦʣʽʤʝʨʥʠʤ ʧʘʢʦʚʘʥʥʷʤ ʟʘʡʤʘʶʪʴ 63 % ʨʠʥʢʫ. ɿʨʦʩʪʘʻ ʦʙʩʷʛ 
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ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʢʦʚʘʥʴ ʟ ʛʥʫʯʢʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʨʽʚʥʷʥʦ 

ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ (ʤʝʪʘʣʫ, ʧʘʧʝʨʫ, ʩʢʣʘ) [4].  

 ɺ ɭʚʨʦʧʽ ʙʣʠʟʴʢʦ 40 % ʚʩʽʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʽʥʜʫʩʪʨʽʾ ʫʧʘʢʦʚʢʠ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʘʡʙʽʣʴʰ ʚʝʣʠʢʠʡ ʩʝʢʪʦʨ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ [4]. 

ʇʦʣʽʤʝʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʷʢ ʤʽʮʥʽʩʪʴ 

ʪʘ ʞʦʨʩʪʢʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʇɽʊ-ʧʣʽʚʢʘ ʤʘʻ ʚʝʣʠʢʫ ʤʽʮʥʽʩʪʴ ʧʽʜ ʯʘʩ ʨʦʟʪʷʛʫʚʘʥʥʷ, 

ʚʠʩʦʢʫ ʚʦʣʦʛʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʙʽʣʴʰʦʩʪʽ ʭʽʤʽʢʘʪʽʚ, ʚʦʥʘ ʤʦʞʝ ʚʠʪʨʠʤʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʽʜ ʤʽʥʫʩ 70 ʜʦ 150 °C [5]. 

ʇʝʚʥʽ ʚʠʜʠ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʚ ʜʫʞʝ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ï ʚʽʜ ʛʣʠʙʦʢʦʾ ʟʘʤʦʨʦʟʢʠ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ (ï40 Áʉ), ʭʦʣʦʜʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ (ï20 Áʉ) ʜʦ ʪʝʤʧʝʨʘʪʫʨ 

ʩʪʝʨʠʣʽʟʘʮʽʾ ʚ ʘʚʪʦʢʣʘʚʽ (121 Áʉ), ʨʦʟʽʛʨʽʚʫ ʨʦʟʬʘʩʦʚʘʥʠʭ ʪʘ ʫʧʘʢʦʚʘʥʠʭ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʧʝʯʽ (100 Áʉ) ʽ ʥʘʛʨʽʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ (200 Áʉ). 

ɹʽʣʴʰʽʩʪʴ ʧʘʢʫʚʘʣʴʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤʠ, ʪʦʙʪʦ ʚʦʥʠ 

ʤʦʞʫʪʴ ʥʝʦʜʥʦʨʘʟʦʚʦ ʨʦʟʤ'ʷʢʰʫʚʘʪʠʩʷ ʽ ʧʣʘʚʠʪʠʩʷ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ. ʎʷ 

ʚʣʘʩʪʠʚʽʩʪʴ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʽʤʝʨʽʚ, ʟʦʢʨʝʤʘ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʢʦʥʪʝʡʥʝʨʽʚ, ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʣʽʚʦʢ ʽ ʥʘ ʟʜʘʪʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ ʜʦ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ. 

ʇʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʘʢʫʚʘʣʴʥʽʡ ʽʥʜʫʩʪʨʽʾ 

ʯʝʨʝʟ ʾʭ ʨʽʟʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʽ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʻ ʧʦʭʽʜʥʠʤʠ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʣʘʩʪʠʚʠʭ ʢʦʥʢʨʝʪʥʦʤʫ 

ʧʦʣʽʤʝʨʥʦʤʫ ʤʘʪʝʨʽʘʣʫ, ʪʝʭʥʦʣʦʛʽʾ ʡʦʛʦ ʧʝʨʝʨʦʙʢʠ ʡ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʦʣʽʤʝʨʠ ʻ ʩʪʽʡʢʠʤʠ ʜʦ ʙʘʛʘʪʴʦʭ ʪʠʧʽʚ ʨʝʯʦʚʠʥ ï ʚʦʥʠ ʥʝ ʜʫʞʝ ʩʭʠʣʴʥʽ ʜʦ 

ʚʧʣʠʚʫ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ (ʚʢʣʶʯʘʶʯʠ ʢʠʩʣʦʪʠ ʡ ʣʫʛʠ) ʪʘ ʦʨʛʘʥʽʯʥʠʭ 

ʨʦʟʯʠʥʥʠʢʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʨʠʜʘʪʥʠʤʠ (ʪʦʙʪʦ ʽʥʝʨʪʥʠʤʠ) ʜʣʷ ʫʧʘʢʦʚʢʠ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʧʦʣʽʤʝʨʠ ʥʝ ʩʧʨʠʷʶʪʴ ʨʦʟʤʥʦʞʝʥʥʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ [6]. 

ɼʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʡʤʘʣʠʩʷ ʷʢ 

ʚʽʪʯʠʟʥʷʥʽ ʚʯʝʥʽ ï  ʃʫʢʘʯ ʖ. ʖ., ʈʘʜʯʝʥʢʦ ʃ. ɹ., ʄʽʢʫʣʴʦʥʦʢ ɯ. ʆ. [7ï13], ʪʘʢ ʽ ʚʯʝʥʽ 
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ʟ ʢʨʘʾʥ ʙʣʠʟʴʢʦʛʦ ʡ ʜʘʣʝʢʦʛʦ ʟʘʨʫʙʽʞʞʷ, ʩʝʨʝʜ ʷʢʠʭ ï  ʈʘʫʚʝʥʜʘʘʣʴ ʂ., ʄʜ̔ʣʤʘʥ ʉ., 

ʊʘʜʤʦʨ ɿ., ʊʦʨʥʝʨ ʈ. ɺ., ɹʝʨʭʘʨʜ ɽ., [14ï20].   

ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʛʘʣʫʟʽ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʢʘʥʘʣʘʭ ʨʽʟʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʩʠʧʘʮʽʾ, ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ ʧʦʢʘʟʘʚ ʤʘʣʫ 

ʩʪʫʧʽʥʴ ʚʠʚʯʝʥʦʩʪʽ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʟʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, 

ʜʠʩʠʧʘʮʽʷ, ʩʢʣʘʜʥʘ ʬʦʨʤʘ ʪʚʝʨʜʦʛʦ ʧʨʫʪʢʘ ʪʘ ʽʥ. [21ï28]. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʢʘʨʪʦʥʥʦ-ʧʘʧʝʨʦʚʦʾ ʪʘ 

ʧʦʣʽʤʝʨʥʦʾ ʫʧʘʢʦʚʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʫʧʘʢʦʚʢʠ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʫʚʘʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʙʝʟʧʝʯʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʾʾ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʘʢʫʧʦʨʶʚʘʥʥʷ, ʚʦʜʥʦʯʘʩ 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʾʾ ʤʽʮʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʨʘʜʠʮʽʡʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʢʣʝʡʦʚʽ ʟôʻʜʥʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʥʘʙʫʪʪʷ ʧʣʘʥʦʚʘʥʦʾ 

ʤʽʮʥʦʩʪʽ, ʩʪʚʦʨʶʶʪʴ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʢʽʚ ʫ ʨʦʙʦʯʽʡ ʟʦʥʽ ʪʘ ʥʝʙʝʟʧʝʢʫ 

ʚʟʘʻʤʦʜʽʾ ʟ ʫʧʘʢʦʚʘʥʠʤ ʧʨʦʜʫʢʪʦʤ. ʇʝʨʝʣʽʯʝʥʽ ʚʘʜʠ ʚʽʜʩʫʪʥʽ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ.  

ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʟʘʢʫʧʦʨʶʚʘʥʥʷ ʧʣʽʚʢʦʚʦʾ, ʢʘʨʪʦʥʥʦ-ʧʘʧʝʨʦʚʦʾ ʪʘ ʢʦʤʙʽʥʦʚʘʥʦʾ ʛʥʫʯʢʦʾ ʪʘʨʠ 

ʪʝʨʤʦʢʣʝʻʤ ʥʝʦʙʭʽʜʥʝ ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʛʥʫʯʢʦʾ ʫʧʘʢʦʚʢʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʢʣʝʡʦʚʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʧʽʜʛʦʪʦʚʢʫ ʧʦʣʽʤʝʨʥʦʛʦ ʨʦʟʧʣʘʚʫ ʪʘ ʟôʻʜʥʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ʈʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʥʘ ʢʘʬʝʜʨʽ ʭ̔ ʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ  ̔ ʩʠʣʽʢʘʪʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʥ̔ʞʝʥʝʨʥʦ-ʭʽʤʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʢʘʟʫ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ˉ 474  ʚʽʜ 15.05.2018 

çʇʨʦ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʢʫʨʩʥʦʛʦ ʚʽʜʙʦʨʫ ʧʨʦʝʢʪʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢè, 

ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʪʝʤʠ: çʈʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʧʦ ʩʪʚʦʨʝʥʥʶ ʧʨʦʮʝʩʽʚ ʧʨʠʛʦʪʫʚʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 
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ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʚʠʨʦʙʽʚ ʟ ʥʠʭè (ˉ 2215-ʧ, 2019-2021 ʨʨ., 

ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0119U100811; ʘʚʪʦʨ ï ʚʠʢʦʥʘʚʝʮʴ ʪʝʤʠ). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʮʝʩʽʚ ʧʣʘʚʣʝʥʥʷ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫʧʘʢʦʚʢʠ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʮʴʦʛʦ ʨʘʮʽʦʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʪʘʢ̔ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ʅʘ ʦʩʥʦʚʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʙʘʟʦʚʽ 

ʧʘʨʘʤʝʪʨʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 

2. ʉʬʦʨʤʫʣʶʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ 

ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

3. ɼʦʩʣʽʜʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʪʦʚʱʠʥʽ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʟʘ ʨʽʟʥʠʭ ʡʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʡ) ʥʘ ʚʠʭʦʜʽ 

ʟ ʢʘʥʘʣʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ. 

4. ʈʦʟʨʦʙʠʪʠ ʯʠʩʣʦʚʫ ʤʦʜʝʣʴ ʪʘ ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ, ʟʦʢʨʝʤʘ ʟʘʣʝʞʥʦʩʪʽ ʰʠʨʠʥʠ ʰʚʘ ʚʽʜ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ, ʧʦʯʘʪʢʦʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ. 

5. ʆʙˇʨʫʥʪʫʚʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ ̔ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʜʣʷ 

ʚʠʧʘʜʢʫ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ. 

6. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʤʽʮʥʽʩʪʴ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ. 

7. ʅʘ ʙʘʟʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʦʙʠʪʠ ʯʠʩʣʦʚʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ 

ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʪʘ ʚʠʢʦʥʘʪʠ ʾʾ ʚʝʨʠʬʽʢʘʮʽʶ ʟʘ ʜʘʥʠʤʠ 

ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

8. ɼʦʩʣʽʜʠʪʠ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʠʪʨʘʪʦʶ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʤʽʮʥʽʩʪʶ ʟôʻʜʥʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ. 
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ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʥʝʨʦʟʥʽʤʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʛʥʫʯʢʠʭ ʧʘʢʦʚʘʥʴ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʢʣʝʡʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʧʣʠʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ 

ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʥʝʨʦʟʥʽʤʥʠʭ ʟôʻʜʥʘʥʴ ʝʣʝʤʝʥʪʽʚ ʛʥʫʯʢʠʭ ʧʘʢʦʚʘʥʴ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʢʣʝʡʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʥʘ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʪʚʦʨʝʥʠʭ 

ʟôʻʜʥʘʥ.ɹ 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʜʝʢʚʘʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʊʘʢʦʞ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʜʦʩʣʽʜʞʝʥʥ ̫ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʨʤʦʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʡ ʨʫʡʥʫʚʘʥʥʷ 

ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʣʘʜʥʘʥʥʷ ʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ 

ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʢʣʝʡʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʋʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ʐʣʷʭʦʤ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʰʚʠʜʢʦʩʪʷʤʠ ʧʦʜʘʯʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʟʘ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʣʘʚʣʶʚʘʯʽʚ ̔ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʝʬʝʢʪʽʚ ʚôʷʟʢʦʛʦ ʡ ʧʨʠʩʪʽʥʥʦʛʦ ʪʝʨʪʷ, ʟʘʣʝʞʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʦʢ ʤʽʞ ʚʠʪʨʘʪʦʶ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ 

ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʤʽʮʥʽʩʪʶ ʟôʻʜʥʘʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʝ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʤʽʮʥʦʩʪʽ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ. 

3. ʐʣʷʭʦʤ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʪʘ 

ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʨʦʟʧʣʘʚʣʶʚʘʯʽ 

ʪʨʫʙʯʘʩʪʦʛʦ ʪʠʧʫ. ɼʣʷ ʨʦʟʧʣʘʚʣʶʚʘʯʘ ʯʝʨʚôʷʯʥʦʛʦ ʪʠʧʫ ʰʣʷʭʦʤ ʯʠʩʣʦʚʠʭ 
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ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ ʚʽʜ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʯʠʩʣʦʚʫ ʤʦʜʝʣʴ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʰʠʨʠʥʠ 

ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʰʚʘ ʚʽʜ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ, ʧʦʯʘʪʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʠʪʨʘʪʠ 

ʪʝʨʤʦʢʣʝʶ. 

5. ʈʦʟʨʦʙʣʝʥʦ ʯʠʩʣʦʚʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʫʩʠʣʣʷ ʥʘ ʢʨʘʷʭ ʟʨʘʟʢʘ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʽʩʪʘʣʦ:  

1. ɺʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʫʭʫ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʚʟʘʥʥʷ 

ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

2. ʆʙˇʨʫʥʪʫʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ 

ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ʨʝʘʢʮʽʡ ʥʘ ʪʦʨʮʷʭ ʟʨʘʟʢʘ ʚʽʜ 

ʧʝʨʝʤʽʱʝʥʥʷ. 

 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ:  

1. ʉʪʚʦʨʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ 

ʢʣʝʡʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʪʘ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʨʠʚ ʟôʻʜʥʘʥʠʭ ʟʨʘʟʢʽʚ, 

ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

2. ʈʦʟʨʦʙʣʝʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʢʣʝʡʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

3. ɺʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʧʨʦʮʝʩʫ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʤʽʮʥʦʩʪʽ ʡ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʽʮʥʦʩʪʽ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʨʝʞʠʤʽʚ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʥʘ ʷʢʽʩʪʴ 

ʫʪʚʦʨʝʥʦʛʦ ʟôʻʜʥʘʥʥʷ. 

5. ʆʙʛʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟôʻʜʥʘʥʥʷ ʜʣʷ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʟʫʩʠʣʣʷ ʨʦʟʢʨʠʪʪʷ ʧʘʢʦʚʘʥʥʷ. 
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6. ʈʦʟʨʦʙʣʝʥʦ ʫʜʦʩʢʦʥʘʣʝʥ ̔ ʢʦʥʩʪʨʫʢʮʽ ʾ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʪʘ 

ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʪʘ ʦʪʨʠʤʘʥʦ ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ  ̄117252, 

 ̄149754. 

7. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ ʥʘ ʢʘʬʝʜʨ ̔ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ  ̔ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʂʇɯ 

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. 

8. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ ʊʆɺ çɸʛʨʦʩʚʽʪè 

(ʤ. ʂʠʾʚ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʡ ʧʦʩʪʘʥʦʚʢʫ ʟʘʚʜʘʥʴ 

ʜʦʩʣʽʜʞʝʥʴ, ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʽ ʩʧʦʩʦʙʠ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ. ʇʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʥʫʯʢʦʾ ʫʧʘʢʦʚʢʠ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʜ̔ ʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ 

ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʛʥʫʯʢʦʾ ʫʧʘʢʦʚʢʠ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥ ̔ ʤʦʜʝʣ ̔

ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʫʭʫ ʪʝʨʤʦʢʣʝʶ ʪʘ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ. ʇʨʦʚʝʜʝʥʦ ʥʘʪʫʨʥʽ ʪʘ ʯʠʩʣʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʚʠʢʦʥʘʥʘ ʦʙʨʦʙʢʘ, ʘʥʘʣʽʟ 

ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ʄʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʡ ʨʦʟʨʦʙʢʫ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʘʥʦ ʨʘʟʦʤ 

ʟ ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʘʨʚʘʮʴʢʠʤ ɸ. ʗ. ʪʘ ʜ.ʪ.ʥ., ʜʦʮ. ʉʦʢʦʣʴʩʢɹʠʤ ʆ. ʃ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥ ̫ ʢʦʥʩʪʨʫʢʮʽʾ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʢʣʝʻʤ ʧʨʦʚʝʜʝʥʦ ʨʘʟʦʤ ʟ ʜ.ʪ.ʥ., 

ʜʦʮ. ʉʦʢʦʣʴʩʢɹʠʤ ʆ. ʃ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʧʨʦʚʝʜʝʥʦ ʜʦʧʦʚʽʜʽ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

- ɯɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʬʝʢʪʠʚʥʽ ʧʨʦʮʝʩʠ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʪʘ ʧʘʢʫʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠè (ʋʢʨʘʾʥʘ, ʂʠʾʚ, 2016 ʨ.); 

- ɯV ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʬʝʢʪʠʚʥʽ ʧʨʦʮʝʩʠ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʪʘ ʧʘʢʫʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠè (ʋʢʨʘʾʥʘ, ʂʠʾʚ, 2016 ʨ.); 

- XVI ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʘʢʫʚʘʥʥʷè 

(ʋʢʨʘʾʥʘ, ʂʠʾʚ, 2017 ʨ.); 
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- V ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʬʝʢʪʠʚʥʽ ʧʨʦʮʝʩʠ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʪʘ ʧʘʢʫʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠè (ʋʢʨʘʾʥʘ, ʂʠʾʚ, 2017 ʨ.); 

- ɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʨʠʢʣʘʜʥʽ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷè (ʋʢʨʘʾʥʘ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 2018 ʨ.); 

- XVIII ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʘʢʫʚʘʥʥʷè 

(ʋʢʨʘʾʥʘ, ʂʠʾʚ, 2019 ʨ.); 

- ʍɯ ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʬʝʢʪʠʚʥʽ ʧʨʦʮʝʩʠ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʪʘ ʧʘʢʫʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠè (ʋʢʨʘʾʥʘ, ʂʠʾʚ, 2020 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ 15 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʟ ʷʢʠʭ 

4 ʩʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 131 ʇʨʠʢʣʘʜʥʘ 

ʤʝʭʘʥʽʢʘ ʪʘ 1 ʫ ʧʝʨʽʦʜʠʯʥʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ ʽʥʰʠʭ ʜʝʨʞʘʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʆɽʉʈ 

ʪʘ/ʘʙʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, 1 ʚ ʽʥʰʠʭ ʚʠʜʘʥʥʷʭ ʪʘ 7 ʧʫʙʣʽʢʘʮʽʡ ʫ ʤʘʪʝʨʽʘʣʘʭ 

ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʘ ʪʘʢʦʞ 2 ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ ʥʘ 

ʢʦʨʠʩʥʽ ʤʦʜʝʣʽ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ.  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 5 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʣʽʪʝʨʘʪʫʨʠ ʽ ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 157 

ʩʪʦʨʽʥʦʢ. ʆʙʩʷʛ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ ʩʪʘʥʦʚʠʪʴ 121 ʩʪʦʨʽʥʢʫ. ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ 5 ʪʘʙʣʠʮ ɹ

ʽ 63 ʨʠʩʫʥʢʠ (ʟ ʥʠʭ 0 ʪʘʙʣʠʮʴ ʽ 3 ʨʠʩʫʥʢʘ ʧʦʚʥʽʩʪʶ ʟʘʡʤʘʶʪʴ ʧʣʦʱʫ 3 ʩʪʦʨʽʥʦʢ), 

ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʣʽʪʝʨʘʪʫʨʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 102 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 10 

ʩʪʦʨʽʥʢʘʭ.  
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1 ɼʆʉʃɯɼɾɽʅʅʗ ʉʋʏɸʉʅʆɻʆ ʉʊɸʅʋ ʄɸʊɽʄɸʊʀʏʅʆɻʆ 

ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ʂʆʅʉʊʈʋʖɺɸʅʅʗ ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ 

ɿôɭɼʅɸʅʅʗ ʊɽʈʄʆʇʃɸʉʊʀʏʅʀʄ ʂʃɽʁʆɺʀʄ ʄɸʊɽʈɯɸʃʆʄ 

 

1.1 ʉʫʪʥʽʩʪʴ ʟʚʘʨʶʚʘʥʥʷ ʧʨʠʩʘʜʢʦʚʠʤ ʧʦʣʽʤʝʨʥʠʤ ʤʘʪʝʨʽʘʣʦʤ 

 

ʉʫʪʥʽʩʪʴ ʟʚʘʨʶʚʘʥʥʷ ʧʨʠʩʘʜʢʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ (ʨʠʩ 1.1) ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʨʦʟʧʣʘʚ ʧʦʣʽʤʝʨʫ ʙʝʟʧʝʨʝʨʚʥʦ ʧʦʜʘʻʪʴʩʷ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ 

ʟôʻʜʥʘʥʥʶ, ʥʘʛʨʽʚʘʻ ʾʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʚʘʨʶʚʘʥʥʷ ʽ ʟôʻʜʥʫʶʯʠʩʴ ʟ ʥʠʤʠ, ʫʪʚʦʨʶʻ 

ʟʚʘʨʥʠʡ ʰʦʚ [29]. 

 

 

ʘ                                                    ʙ 

1 ï ʝʢʩʪʨʫʜʝʨ, 2 ï ʜʝʪʘʣʽ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʟôʻʜʥʘʥʥʶ, 3 ï ʤʫʥʜʰʪʫʢ ʝʢʩʪʨʫʜʝʨʘ, 

4 ï ʧʨʠʪʠʩʢʥʠʡ ʨʦʣʠʢ 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʠ ʟʚʘʨʶʚʘʥʥʷ ʧʨʠʩʘʜʢʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ: ʘ ï ʙʝʟʢʦʥʪʘʢʪʥʝ 

ʟʚʘʨʶʚʘʥʥʷ; ʙ ï ʢʦʥʪʘʢʪʥʝ ʟʚʘʨʶʚʘʥʥʷ  

 

ʎʝʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʚ ʜʦʩʠʪʴ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʟʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ, ʚʠʩʦʢʽʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʰʠʨʦʢʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʤʦʞʣʠʚʦʩʪʷʤ ʪʘ ʚʠʩʦʢʽʡ ʷʢʦʩʪʽ ʟʚʘʨʥʠʭ 

ʰʚʽʚ. 

ʇʨʦʮʝʩ ʟʚʘʨʶʚʘʥʥʷ ʧʨʠʩʘʜʢʦʚʠʤ ʧʦʣʽʤʝʨʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʙʣʠʟʴʢʠʡ ʜʦ 

ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ ʤʝʪʘʣʽʚ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʫʪʚʦʨʝʥʥʷ ʟʚʘʨʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʧʣʘʚʫ ʧʨʠʩʘʜʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʢʨʘʡʢʘʤʠ ʟʚʘʨʶʚʘʣʴʥʠʭ 

ʜʝʪʘʣʝʡ [29, 30]. ʈʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʣʘʩʪʤʘʩʠ ʥʝ ʧʝʨʝʭʦʜʷʪʴ ʧʨʠ ʧʣʘʚʣʝʥʥʽ 

ʚ ʨʽʜʢʫ ʬʘʟʫ, ʘ ʟʘʣʠʰʘʶʪʴʩʷ ʫ ʚ'ʷʟʢʦʪʝʢʫʯʦʤʫ ʩʪʘʥʽ. ʊʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʱʽʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʧʨʠʩʘʜʢʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚ'ʷʟʢʦʪʝʢʫʯʦʤʫ 

ʩʪʘʥʽ, ʽ ʢʨʘʡʢʘʤʠ ʜʝʪʘʣʝʡ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʠʩʢ. 

ɿʚʘʨʶʚʘʥʥʷ ʧʨʠʩʘʜʢʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʚʦʤʘ ʩʭʝʤʘʤʠ: 

ʙʝʟʢʦʥʪʘʢʪʥʦʶ ʪʘ ʢʦʥʪʘʢʪʥʦʶ. 

ɹʝʟʢʦʥʪʘʢʪʥʘ ʩʭʝʤʘ ʟʚʘʨʶʚʘʥʥʷ ʧʨʠʩʘʜʢʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʎʝʡ ʩʧʦʩʽʙ 

ʟʚʘʨʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠʩʘʜʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʙʝʟʧʝʨʝʨʚʥʦ ʥʘʜʭʦʜʠʪʴ 

ʚ ʟʦʥʫ ʟ'ʻʜʥʘʥʥʷ ʟ ʤʫʥʜʰʪʫʢʘ ʝʢʩʪʨʫʜʝʨʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ (ʨʠʩ. 1.1). 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʽʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʧʨʠʩʘʜʢʠ ʟ ʧʦʚʝʨʭʥʝʶ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʧʨʠʪʠʩʢʥʽ ʧʨʠʩʪʨʦʾ. 

ʂʦʥʪʘʢʪʥʘ ʩʭʝʤʘ ʟʚʘʨʶʚʘʥʥʷ ʧʨʠʩʘʜʢʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.1 

[30]. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʦʙʽ ʨʦʟʽʛʨʽʪʠʡ ʤʫʥʜʰʪʫʢ ʝʢʩʪʨʫʜʝʨʘ ʚʚʦʜʷʪʴ ʜʦ ʢʦʥʪʘʢʪʫ ʟ 

ʢʨʘʡʢʘʤʠ ʽ ʧʝʨʝʤʽʱʫʶʪʴ ʫʟʜʦʚʞ ʩʪʠʢʫ ʧʽʜ ʢʫʪʦʤ 10...15Á ʜʦ ʚʝʨʪʠʢʘʣʽ ʽ ʟʘʧʦʚʥʶʶʪʴ 

ʟʘʟʦʨ ʨʦʟʧʣʘʚʣʝʥʠʤ ʧʨʠʩʘʜʢʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʝ ʪʽʣʴʢʠ ʟʥʠʞʫʶʪʴ 

ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘʣʝ ʽ ʜʦʜʘʪʢʦʚʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʛʨʽʚ 

ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟ'ʻʜʥʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ʤʫʥʜʰʪʫʢʘ. ʎʝʡ ʩʧʦʩʽʙ 

ʟʚʘʨʶʚʘʥʥʷ ʟʥʘʡʰʦʚ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ 

ʣʠʩʪʦʚʠʭ, ʪʘʢ ʽ ʧʣʽʚʢʦʚʠʭ ʧʣʘʩʪʤʘʩ. 

ɿʚʘʨʶʚʘʥʥʷ ʨʦʟʧʣʘʚʦʤ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ, ʚʠʩʦʢʽʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʤʦʞʣʠʚʦʩʪʷʤ, ʚʠʩʦʢʽʡ ʷʢʦʩʪʽ 

ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ. ɿʚʘʨʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʙʝʟʧʝʨʝʨʚʥʠʤ ʽ ʧʝʨʽʦʜʠʯʥʠʤ. 

ʎʝʡ ʪʠʧ ʟʚʘʨʶʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ 

ʧʦʜʘʯʽ ʨʦʟʧʣʘʚʫ ʚ ʰʦʚ ʽ ʤʘʢʩʠʤʘʣʴʥʽʡ ʡʦʛʦ ʤʘʩʽ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʠʩʘʜʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʚʪʨʘʯʘʻ ʤʝʥʰʝ ʪʝʧʣʦʪʠ ʽ ʥʘʛʨʽʚʘʪʠ ʡʦʛʦ ʤʦʞʥʘ ʜʦ ʙʽʣʴʰ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɿʚʘʨʶʚʘʥʥʷ ʨʦʟʧʣʘʚʦʤ ʤʦʞʝ ʙʫʪʠ ʟ ʧʦʧʝʨʝʜʥʽʤ ʧʽʜʽʛʨʽʚʦʤ 

ʧʦʚʝʨʭʦʥʴ ʥʘʛʨʽʪʠʤ ʛʘʟʦʤ ʘʙʦ ʥʘʛʨʽʪʠʤ ʥʘʢʦʥʝʯʥʠʢʦʤ ʟʚʘʨʥʦʛʦ ʧʨʠʩʪʨʦʶ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ ʧʨʠʩʘʜʢʦʚʠʡ ʤʘʪʝʨʽaʣ ʧʦʚʠʥʝʥ ʤʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 40 80 °ʉ ʚʠʱʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʢʫʯʦʩʪʽ ʧʦʣʽʤʝʨʫ. ʊʘʢʦʤʫ 

ʟʚʘʨʶʚʘʥʥʶ ʧʽʜʜʘʶʪʴʩʷ ʇɽɺɻ ʽ ʇɽʅɻ, ʧʦʣʽʧʨʦʧʽʣʝʥ ʪʦʱʦ. ʗʢʽʩʪʴ ʟʚʘʨʶʚʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʟʚʘʨʶʶʪʴ ʟôʻʜʥʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ 



30 

ʧʣʽʚʢʦʚʠʭ ʽ ʣʠʩʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʚʘʨʶʚʘʥʥʷ ʧʨʠʩʘʜʢʦʶ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ (ʨʠʩ. 1.2), 

ʱʦ ʧʨʠʩʘʜʢʦʚʠʡ ʤʘʪʝʨʽʘʣ 2 ʙʝʟʧʝʨʝʨʚʥʦ ʥʘʜʭʦʜʠʪʴ ʟ ʝʢʩʪʨʫʜʝʨʘ 1 ʫ ʟʦʥʫ ʟôʻʜʥʘʥʥʷ, 

ʜʝ ʚʽʜʜʘʻ ʩʚʦʻ ʪʝʧʣʦ ʟôʻʜʥʫʚʘʥʠʤ ʧʦʚʝʨʭʥʷʤ ʽ ʨʘʟʦʤ ʽʟ ʥʠʤʠ ʧʨʦʭʦʜʠʪʴ ʤʽʞ 

ʦʙʪʠʩʢʥʠʤʠ ʨʦʣʠʢʘʤʠ 4. 

 

 

1 ï ʝʢʩʪʨʫʜʝʨ; 2 ï ʨʦʟʧʣʘʚ ʧʨʠʩʘʜʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ; 3 ï ʟôʻʜʥʫʚʘʥʽ ʧʦʚʝʨʭʥʽ; 

4 ï ʧʨʠʪʠʩʢʥʽ ʨʦʣʠʢʠ; 5 ï ʟʚʘʨʝʥʠʡ ʤʘʪʝʨʽʘʣ  

ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʘ ʟʚʘʨʶʚʘʥʥʷ ʨʦʟʧʣʘʚʦʤ [30] 

 

ɿôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫʧʘʢʦʚʢʠ ʨʦʟʧʣʘʚʦʤ ʧʦʣʽʤʝʨʫ (ʢʣʝʻʤ-ʨʦʟʧʣʘʚʦʤ) ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʧʨʠ ʩʢʣʝʶʚʘʥʥʷ ʢʘʨʪʦʥʥʦʾ ʽ ʧʘʧʝʨʦʚʦʾ ʫʧʘʢʦʚʢʠ. 

ʉʫʪʥʽʩʪʴ ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫʧʘʢʦʚʢʠ ʢʣʝʻʤ-ʨʦʟʧʣʘʚʦʤ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ 

ʢʣʝʡ-ʨʦʟʧʣʘʚ ʥʘʥʦʩʠʪʴʩʷ ʚ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʚʠʛʣʷʜʽ ʥʘ ʦʜʥʫ ʟ ʧʦʚʝʨʭʦʥʴ, ʧʽʩʣʷ ʯʦʛʦ 

ʜʚʽ ʧʦʚʝʨʭʥʽ ʟ'ʻʜʥʫʶʪʴʩʷ ʽ ʩʢʣʝʶʚʘʥʥʷ ʥʘʩʪʘʻ ʧʦ ʤʽʨʽ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʦʣʽʤʝʨʥʦʛʦ 

ʧʨʠʩʘʜʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ [1, 31ï33]. ʉʢʣʝʶʚʘʥʥʷ ʢʣʝʻʤ-ʨʦʟʧʣʘʚʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʨʪʦʥʫ. ʊʘʢʦʞ ʢʣʝʡ-ʨʦʟʧʣʘʚ ʤʘʻ ʤʝʥʰʝ ʧʨʦʥʠʢʥʝʥʥʷ, 

ʥʽʞ ʨʽʜʢʽ ʇɺɸ ʢʣʝʾ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʢʣʝʶʚʘʥʥʷ ʢʘʨʪʦʥʥʦʾ 

ʫʧʘʢʦʚʢʠ.  
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ʉʘʤʝ ʯʝʨʝʟ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʥʘʙʫʪʪʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʢʣʝʾ-

ʨʦʟʧʣʘʚʠ ʦʪʨʠʤʘʣʠ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʽ ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʢʨʘʱʠʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʇɺɸ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʢʣʝʾ-ʨʦʟʧʣʘʚʠ ʤʘʶʪʴ ʽ ʩʝʨʽʶ ʥʝʜʦʣʽʢʽʚ. ʂʦʰʪʫʶʪʴ ʚʦʥʠ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʚʜʚʽʯʽ ʙʽʣʴʰʝ. ʋʩʪʘʪʢʦʚʘʥʥʷ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʢʣʝʾʚ-ʨʦʟʧʣʘʚʽʚ ʪʘʢʦʞ ʚ 

ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʥʦʤʽʥʘʣʴʥʫ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʦʜʥʠʭ ʢʣʝʾʚ. 

ʂʣʝʾ-ʨʦʟʧʣʘʚʠ ʚʽʜʥʦʩʥʦ ʚ'ʷʟʢʽ, ʘ ʾʭ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʥʘʩʪʘʻ ʜʫʞʝ ʰʚʠʜʢʦ. 

ʎʝ ʦʙʤʝʞʫʻ ʾʭ ʧʨʦʥʠʢʘʥʥʷ ʜʦ ʩʫʙʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ ʫʩʢʣʘʜʥʶʻ ʾʭ ʥʘʥʝʩʝʥʥʷ ʥʘ 

ʰʠʨʦʢʫ ʧʦʚʝʨʭʥʶ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʩʠʣʠ ʩʢʣʝʶʚʘʥʥʷ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʽʩʥʫʶʪʴ ʢʣʝʾ-ʨʦʟʧʣʘʚʠ, ʷʢʽ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʚʣʘʩʪʠʚʦʩʪʷʤ 

ʜʦʧʦʤʘʛʘʶʪʴ ʥʽʚʝʣʶʚʘʪʠ ʟʘʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʽ ʩʢʣʝʶʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʧʦʚʝʨʭʥʽ. 

ʋ ʧʨʦʮʝʩʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʩʢʣʝʶʚʘʥʥʷ ʢʘʨʪʦʥʥʠʭ ʢʦʨʦʙʦʢ ʥʝʦʙʭʽʜʥʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʝʩʴ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ ʥʘʥʝʩʝʥʥʷ ʢʣʝʶ-ʨʦʟʧʣʘʚʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʥʘʡʚʠʱʦʾ ʷʢʦʩʪʽ ʩʢʣʝʶʚʘʥʥʷ ʙʝʟ ʧʝʨʝʨʠʚʘʥʴ ʧʨʦʮʝʩʫ ʫʧʘʢʦʚʢʠ. ɺʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ: ʥʘʥʝʩʝʥʥʷ ʢʣʝʶ-ʨʦʟʧʣʘʚʫ ʥʘ ʧʦʚʝʨʭʥʶ, ʪʠʩʢ, ʱʦ 

ʧʨʠʢʣʘʜʝʥʠʡ ʥʘ ʤʽʩʮʝ ʥʘʥʝʩʝʥʥʷ ʨʦʟʧʣʘʚʫ ʽ ʯʘʩ ʟʘʪʚʝʨʜʽʥʥʷ ʢʣʝʶ-ʨʦʟʧʣʘʚʫ. 

ɼʦ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʢʦʥʪʨʦʣʶ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ 

ʚʽʜʥʦʩʷʪʴ: 

- ʚʽʜʢʨʠʪʠʡ ʯʘʩ ï ʯʘʩ ʟ ʤʦʤʝʥʪʫ ʥʘʥʝʩʝʥʥʷ ʢʣʝʶ ʥʘ ʦʜʥʫ ʟ ʧʦʚʝʨʭʦʥʴ, ʱʦ 

ʩʢʣʝʶʶʪʴʩʷ ʜʦ ʤʦʤʝʥʪʫ ʟ'ʻʜʥʘʥʥʷ ʜʚʦʭ ʧʦʚʝʨʭʦʥʴ; 

- ʪʨʠʚʘʣʽʩʪʴ ʪʠʩʢʫ ï ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʤʽʩʮʝ ʥʘʥʝʩʝʥʥʷ ʢʣʝʶ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ 

ʪʠʩʢʦʤ; 

- ʪʠʩʢ ʥʘ ʤʽʩʮʝ ʥʘʥʝʩʝʥʥʷ ʢʣʝʶ ï ʩʠʣʘ ʪʠʩʢʫ, ʧʨʠʢʣʘʜʝʥʘ ʥʘ ʤʽʩʮʝ ʥʘʥʝʩʝʥʥʷ; 

- ʢʽʣʴʢʽʩʪʴ ʥʘʥʝʩʝʥʦʛʦ ʢʣʝʶ - ʢʽʣʴʢʽʩʪʴ ʢʣʝʶ, ʥʘʥʝʩʝʥʦʛʦ ʥʘ ʦʜʥʫ ʟ ʧʦʚʝʨʭʦʥʴ, 

ʱʦ ʩʢʣʝʶʶʪʴʩʷ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʢʣʝʶ, ʱʦ ʥʘʥʦʩʠʪʴʩʷ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʣʝʶ ʥʘ ʚʠʭʦʜʽ ʬʦʨʩʫʥʢʠ 

ʘʙʦ ʨʦʣʠʢʘ; 

- ʯʘʩ ʩʭʦʧʣʶʚʘʥʥʷ ï ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʚʽʜ ʥʘʥʝʩʝʥʥʷ ʤʽʞ ʥʘʥʝʩʝʥʥʷʤ ʪʘ 

ʪʚʝʨʜʽʥʥʷʤ ʢʣʝʶ. 

ɼʣʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʽ ʩʢʣʝʶʚʘʥʥʷ ʢʦʨʦʙʦʢ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ  ̒ʯʘʩ ʚʽʜʢʨʠʪʦʾ ʚʠʪʨʠʤʢʠ ʢʣʝʶ ʽ ʯʘʩ ʩʭʦʧʣʶʚʘʥʥʷ ʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ. 
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ɿʚʘʨʶʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ [34] ʷʚʣʷʻ ʩʦʙʦʶ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ 

ʥʝʨʦʟʥʽʤʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚʠʨʦʙʽʚ ʰʣʷʭʦʤ ʜʠʬʫʟʽʡʥʦ-ʨʝʦʣʦʛʽʯʥʦʾ ʘʙʦ 

ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦʣʽʤʝʨʽʚ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʤʽʞ ʟ'ʻʜʥʘʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ ʟʥʠʢʘʻ ʛʨʘʥʠʮʷ ʨʦʟʜʽʣʫ ʽ ʩʪʚʦʨʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʛʦ 

ʧʦʣʽʤʝʨʫ ʜʦ ʽʥʰʦʛʦ. ʄʽʮʥʽʩʪʴ ʟʚ'ʷʟʢʫ ʤʽʞ ʟʚʘʨʶʚʘʥʠʤʠ ʰʘʨʘʤʠ ʟʫʤʦʚʣʶʻʪʴʩʷ 

ʩʠʣʘʤʠ ʤʽʞʘʪʦʤʥʦʾ ʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʟʦʥʽ ʰʚʘ. 

ɿʚʘʨʶʚʘʥʥʶ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʧʝʨʝʜ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʟ'ʻʜʥʘʥʥʷ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ ʜʝʪʘʣʽ, ʱʦ ʟ'ʻʜʥʫʶʪʴʩʷ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʦʜʥʘʢʦʚʠʭ ʘʙʦ ʩʫʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʪʨʝʙʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʤʝʭʘʥʽʟʘʮʽʶ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʫ. 

ʉʴʦʛʦʜʥʽ ʟʚʘʨʶʚʘʥʥʷ ʻ ʦʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ ʥʝʨʦʟʥʽʤʥʠʭ ʟ'ʻʜʥʘʥʴ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʤ'ʷʢʦʾ ʧʣʽʚʢʦʚʦʾ ʫʧʘʢʦʚʢʠ ʪʘ ʧʨʠ ʧʘʢʫʚʘʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ɿʘʟʚʠʯʘʡ ʟʚʘʨʶʶʪʴ ʪʝʨʤʦʧʣʘʩʪʠ ʥʘʛʨʽʚʘʥʥʷʤ ʤʘʪʝʨʽʘʣʫ ʚ ʟʦʥʽ ʩʧʦʣʫʯʥʠʭ ʧʦʚʝʨ-

ʭʦʥʴ ʜʦ ʚ'ʷʟʢʦʪʝʢʫʯʦʛʦ ʩʪʘʥʫ. ʇʝʨʰʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ ʧʽʜ ʯʘʩ ʟʚʘʨʶʚʘʥʥʷ ï 

ʦʯʠʱʝʥʥʷ ʟʚʘʨʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ/ʘʙʦ ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʩʪʘʨʽ-

ʣʠʭ ʘʙʦ ʜʝʬʝʢʪʥʠʭ ʰʘʨʽʚ ʤʘʪʝʨʽʘʣʫ ʽ ʥʘʜʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ ʟʚʘʨʶʚʘʥʠʤ 

ʢʨʘʡʢʘʤ. ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʩʪʘʜʽʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʚʘʨʶʚʘʥʥʷ: 

- ʜʦʜʘʥʥʷ ʧʦʣʽʤʝʨʥʦʤʫ ʤʘʪʝʨʽʘʣʫ ʧʦʪʨʽʙʥʠʭ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʜ 

ʜʽʻʶ ʥʘʛʨʽʚʘʥʥʷ ʘʙʦ ʨʦʟʯʠʥʥʠʢʘ (ʘʢʪʠʚʘʮʽʷ ʟʚʘʨʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ); 

- ʬʦʨʤʫʚʘʥʥʷ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʩʧʦʣʫʯʘʶʪʴʩʷ, ʫʥʘʩʣʽʜʦʢ 

ʚʠʪʽʩʥʝʥʥʷ ʧʦʚʽʪʨʷ ʡ ʽʥʰʠʭ ʯʫʞʦʨʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʽ ʜʠʬʫʟʽʾ ʧʦʣʽʤʝʨʫ; 

- ʚʟʘʻʤʦʜʽʷ ʩʧʦʣʫʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʝʥʥʷ ʬʽʟʠʯʥʠʭ ʪʘ/ʘʙʦ 

ʭʽʤʽʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʘʙʦ ʩʫʤʽʩʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʦʣʽʤʝʨʽʚ; 

- ʬʽʢʩʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʧʦʣʽʤʝʨʫ ʚ ʟʦʥʽ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʩʧʦʣʫʯʘʶʪʴʩʷ, ʫʥʘʩʣʽʜʦʢ 

ʦʭʦʣʦʜʞʫʚʘʥʥʷ, ʚʠʜʘʣʝʥʥʷ ʨʦʟʯʠʥʥʠʢʘ ʘʙʦ ʟʘʪʚʝʨʜʽʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʟʚʘʨʶʚʘʥʥʷ: ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʘʥʥʷ, ʪʨʠʚʘʣʽʩʪʴ ʽ ʪʠʩʢ 

ʢʦʥʪʘʢʪʫ. ɼʣʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʭʘʨʘʢʪʝʨʥʽ ʥʠʟʴʢʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʽ ʚʠʩʦʢʘ 

ʪʝʧʣʦʻʤʥʽʩʪʴ. ʆʪʦʞ, ʟʚʘʨʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ, ʟʘ 

ʷʢʠʭ ʧʦʣʽʤʝʨ ʧʝʨʝʙʫʚʘʻ ʫ ʚ'ʷʟʢʦʪʝʢʫʯʦʤʫ ʩʪʘʥʽ. ʊʠʧʦʚʽ ʜʽʘʧʘʟʦʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʚʘʨʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1.1. 
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ʊʘʙʣʠʮʷ 1.1 - ʊʠʧʦʚʽ ʜʽʘʧʘʟʦʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʚʘʨʶʚʘʥʥʷ 

ʄʘʪʝʨʽʘʣ ʊʝʤʧʝʨʘʪʫʨʘ ʟʚʘʨʶʚʘʥʥʷ, ᴈ 

ʇɽʅɻ 120ï180 

ʇɽɺɻ 140ï155 

ʇɺʍ 120ï180 

ʇʇ 160ï200 

ʇʦʣʽʢʘʨʙʦʥʘʪ 200ï220 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʝʥʝʨʛʽʾ ʽ ʩʧʦʩʦʙʫ ʾʾ ʧʝʨʝʜʘʯʽ ʜʦ ʧʦʚʝʨʭʦʥʴ, 

ʱʦ ʩʧʦʣʫʯʘʶʪʴʩʷ, ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʘʢʫʚʘʣʴʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʚʘ ʚʠʜʠ ʟʚʘʨʶʚʘʥʥʷ: ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʟ ʛʝʥʝʨʫʚʘʥʥʷʤ ʪʝʧʣʘ ʚʩʝʨʝʜʠʥʽ ʟʚʘʨʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾ. ʉʧʦʩʦʙʠ ʟʚʘʨʶʚʘʥʥʷ ʧʣʘʩʪʤʘʩ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʟʚʘʨʶʚʘʥʥʷ 

ʥʘʛʨʽʪʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʽ ʟʚʘʨʶʚʘʥʥʷ ʨʦʟʧʣʘʚʦʤ. 

ɻʝʥʝʨʫʚʘʥʥʷ ʪʝʧʣʘ ʚʩʝʨʝʜʠʥʽ ʟʚʘʨʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝ-

ʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

 ̔ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʘʨʶʚʘʥʴ. 3 ʙʘʛʘʪʴʦʭ ʤʝʪʦʜʽʚ ʟʚʘʨʶʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʘʢʫʚʘʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʽ: ʪʝʨʤʦ-

ʢʦʥʪʘʢʪʥʠʡ, ʪʝʨʤʦʽʤʧʫʣʴʩʥʠʡ, ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ, ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ, ʥʘʛʨʽʪʠʤ ʛʘʟʦʤ 

[34ï37]. 

 

1.2 ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʽʟʦʪʝʨʤʽʯʥʦʾ ʪʝʯʽʾ ʨʦʟʧʣʘʚʽʚ ʧʣʘʩʪʤʘʩ 

ʚ ʢʘʥʘʣʘʭ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ  

 

ʇʨʦʮʝʩ ʪʝʯʽʾ ʧʦʣʽʤʝʨʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʫ ʥʝʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ. 

ʇʦ-ʧʝʨʰʝ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʢʘʥʘʣʽ. ʇʦ-ʜʨʫʛʝ, ʧʨʠ ʪʝʯʽʾ ʧʦʣʽʤʝʨʫ ʫ ʢʘʥʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ 

ʨʦʟʽʛʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʭʦʜʫ ʯʘʩʪʠʥʠ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʪʝʧʣʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʽʾ. ʇʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʚ'ʷʟʢʦʩʪʽ. 
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ʋ ʮʽʣʦʤʫ, ʧʠʪʘʥʥʷʤʠ ʪʝʯʽʾ ʨʽʜʠʥ ʟ ʥʝʣʽʥʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚ ʢʘʥʘʣʘʭ 

ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ, ʷʢ ʚʽʪʯʠʟʥʷʥʠʭ, ʪʘʢ ʽ 

ʟʘʢʦʨʜʦʥʥʠʭ ʘʚʪʦʨʽʚ [16ï20]. 

ʋ ʧʨʘʮʽ [16] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝʽʟʦʪʝʨʤʽʯʥʘ ʪʝʯʽʷ ʨʦʟʧʣʘʚʽʚ ʧʦʣʽʤʝʨʽʚ ʚ ʢʘʥʘʣʘʭ 

ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʜʠʩʠʧʘʮʽʾ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ. ʆʪʨʠʤʘʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʣʽʤʝʨʫ 

ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʧʦ ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ ʟʘ ʫʤʦʚʠ ʩʪʘʣʦʩʪʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʢʫʯʦʛʦ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ 

 

, 

 

ʜʝ ʊ0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʽʤʝʨʫ ʥʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣ, ʂ; z ï ʧʦʪʦʯʥʘ ʢʦʦʨʜʠʥʘʪʘ ʧʦ 

ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ, ʤ; ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ɺʪ/(ʤ2Öʂ); ɔ ï ʧʠʪʦʤʘ ʚʘʛʘ 

ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ, ʅ/ʤ3; ʩʨ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ, ɼʞ/(ʢʛĿʂ);  ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ, ʤ/ʩ; 

 

 

 

 ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʢʠ ʢʘʥʘʣʫ, ʂ; ʊɼ  ï ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʩʠʧʘʮʽʾ, ʂ: 
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 ï ʝʬʝʢʪʠʚʥʘ ʚôʷʟʢʽʩʪʴ, ; J ï ʤʝʭʘʥʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʪʝʧʣʘ, ɼʞ; K
R  ï ʨʘʜʽʫʩ 

ʢʘʥʘʣʫ, ʤ. 

ʅʝʽʟʦʪʝʨʤʽʯʥʘ ʪʝʯʽʷ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʽʚ ʚ ʢʘʥʘʣʘʭ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʰʠʨʦʢʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʚ ʧʨʦʮʝʩʘʭ ʾʭ ʧʝʨʝʨʦʙʢʠ. 
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ɺʦʥʘ ʟʜʽʡʩʥʶʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʧʦʨʩʢʫʚʘʥʥʽ, ʢʦʣʠ ʨʦʟʧʣʘʚ ʧʦʣʽʤʝʨʫ 

ʧʨʦʜʘʚʣʶʶʪʴʩʷ ʢʨʽʟʴ ʛʦʣʦʚʢʫ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʧʨʠ ʣʠʪʪʽ ʧʽʜ ʪʠʩʢʦʤ 

ʚ ʣʠʪʪʻʚʠʭ ʤʘʰʠʥʘʭ ʽ ʚ ʽʥʰʠʭ ʧʨʦʮʝʩʘʭ [17]. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʝʯʽʾ ʨʦʟʧʣʘʚʽʚ ʧʦʣʽʤʝʨʽʚ ʻ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʘ 

ʚʝʣʠʯʠʥʘ ʝʬʝʢʪʠʚʥʦʾ ʚôʷʟʢʦʩʪʽ, ʷʢʘ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ ʧʨʠ 

ʟʤʽʥʽ ʩʝʨʝʜʥʴʦʛʦ ʛʨʘʜʽʻʥʪʫ ʰʚʠʜʢʦʩʪʽ ʚʽʜ 20 ʜʦ 200  ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʚʝʣʠʯʠʥʠ 

 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 180 ʉ̄. ʆʯʝʚʠʜʥʦ, ʱʦ ʚʝʣʠʢʘ 

ʚôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʧʨʠ ʪʝʯʽʾ ʚ ʢʘʥʘʣʘʭ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʚʠʥʥʘ 

ʧʨʠʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʾ ʜʠʩʠʧʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʝʨʝʪʚʦʨʶʶʯʠʩʴ ʥʘ ʪʝʧʣʦʚʫ 

ʝʥʝʨʛʽʶ, ʙʫʜʝ ʨʦʟʽʛʨʽʚʘʪʠ ʪʝʢʫʯʽ ʧʣʘʩʪʠʯʥʽ ʤʘʩʠ. 

ʆʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʝʯʽʷ ʟ ʩʝʨʝʜʥʴʦʶ ʰʚʠʜʢʽʩʪʶ, ʪʦ 

ʘʚʪʦʨʠ [16] ʚʚʦʜʷʪʴ ʧʦʥʷʪʪʷ ʩʝʨʝʜʥʴʦʾ ʚʝʣʠʯʠʥʠ ʜʠʩʠʧʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʉʝʨʝʜʥ ̫ ʜʠʩʠʧʘʮʽ ̫ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʪʝʯʽʾ ʚôʷʟʢʦʾ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʽ 

ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ 
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ʜʝ ȹp  ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ, ʇʘ; l  ï ʜʦʚʞʠʥʘ ʢʘʥʘʣʫ, ʤ; ɖ ï ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ, ʇʘĀʩ. 

ɿʘʢʦʥ ʇʫʘʟʝʡʣʷ ʜʣʷ ʪʝʯʽʾ ʚôʷʟʢʦʾ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʽ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ 
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ʜʝ Q  ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ, 
3ʤ c. 

ɺʠʟʥʘʯʠʚʰʠ ɖ ʟ ʚʠʨʘʟʫ (1.2) ʽ ʧʽʜʩʪʘʚʠʚʰʠ ʡʦʛʦ ʚ (1.1) ʘʚʪʦʨʠ [16] ʦʪʨʠʤʘʣʠ 
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ɺʨʘʭʦʚʫʶʯʠ ʣʽʥʽʡʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʨʽʜʠʥʽ, ʷʢʘ ʪʝʯʝ ʚ 

ʢʘʥʘʣʽ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ, ʩʝʨʝʜʥʻ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʜʦʨʽʚʥʶ ̒
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 ʚ ʟʘʢʦʥʽ ʇʫʘʟʝʡʣʷ (1.2) ʷʚʣʷ ̒ʩʦʙʦʶ ʩʝʨʝʜʥʽʡ ʛʨʘʜʽʻʥʪ ʰʚʠʜʢʦʩʪʽ 
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ˊ
ʩʨ

K

Q
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=  (1.5) 

 

ɿʘʢʦʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʅʴʶʪʦʥʘ-ʇʝʪʨʦʚʘ  

 

Ű ɖ .
ʩʨ ʩʨ

D=  (1.6) 
 

ʊʦʜʽ ʩʝʨʝʜʥ ̫ʜʠʩʠʧʘʮʽ ̫ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʪʝʯʽʾ ʚôʷʟʢʦʾ ʨʽʜʠʥʠ 

 

Ű .
ʩʨ ʩʨ ʩʨ

E D=  (1.7) 
 

ʎʷ ʚʝʣʠʯʠʥʘ  ʙʫʜʝ, ʦʯʝʚʠʜʥʦ, ʩʧʨʘʚʝʜʣʠʚʘ ʽ ʜʣʷ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ 

ʚ ʢʘʥʘʣʘʭ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʚʝʣʠʯʠʥʠ ʜʠʩʠʧʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʪʝʯʽʾ 

ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʟʘʩʪʦʩʦʚʘʥʦ ʟʘʢʦʥ ʾʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ. 

ʗʢ ʚʽʜʦʤʦ, ʨʦʟʧʣʘʚʠ ʧʦʣʽʤʝʨʽʚ ʻ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʤʠ ʨʽʜʠʥʘʤʠ, ʪʦʤʫ ʟʘʢʦʥʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

 

. (1.8) 

 

ɽʬʝʢʪʠʚʥʘ ʚôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʛʨʘʜʽʻʥʪʘ 

ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʽ ʟʘʢʦʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʧʨʠʡʤʘʪʠʤʝ ʚʠʛʣʷʜ 
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ʉʝʨʝʜʥʻ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʜʦʨʽʚʥʶ ̒
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ɜ ɜ
Ű ɖ .
ʩʨ ʝʬ

ʩʨ ʩʨ

d d
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ç ÷ç ÷

 (1.10) 

 

ʉʝʨʝʜʥʷ ʜʠʩʠʧʘʮʽʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ  
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ʜʝ ɖ
ʝʬ

 ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʙʣʠʟʫ ʩʪʽʥʢʠ. 

ʆʢʨʽʤ ʪʦʛʦ ʜʣʷ ʨʦʟʧʣʘʚʣʝʥʠʭ ʧʦʣʽʤʝʨʽʚ ʩʧʨʘʚʝʜʣʠʚʠʡ ʩʪʝʧʝʥʝʚʠʡ ʟʘʢʦʥ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ  
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 (1.12) 

 

ʜʝ ʂ ʽ n ï ʢʦʥʩʪʘʥʪʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʯʽʶ ʨʽʜʠʥʠ.  

ʆʙôʻʤʥʽ ʚʠʪʨʘʪʠ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ (ʤ3/ʩ), ʷʢʘ ʪʝʯʝ ʚ ʢʘʥʘʣʽ ʢʨʫʛʣʦʛʦ 

ʧʝʨʝʨʽʟʫ, ʟʽ ʩʪʝʧʝʥʝʚʠʤ ʟʘʢʦʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʤʘʶʪʴ ʚʠʛʣʷʜ [18] 
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ʽ ʩʝʨʝʜʥʻ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ:  
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ʊʦʜʽ ʩʝʨʝʜʥʷ ʝʥʝʨʛʽʷ ʜʠʩʠʧʘʮʽʾ  

 

1

1

2 1

1 3 1 1 3 ɜ
.

1 2 2 1

nn n

n

ʩʨ ʩʨn

K

n K n
E D K

n n R

+

+

+

å õ+ +å õ å õ
= = æ öæ ö æ ö

+ +ç ÷ ç ÷ç ÷
 (1.15) 

 

ɺʠʨʘʟʠ (1.11) ʽ (1.15) ʜʘʶʪʴ ʟʤʦʛʫ ʨʦʟʨʘʭʫʚʘʪʠ ʩʝʨʝʜʥʶ ʚʝʣʠʯʠʥʫ ʜʠʩʠʧʘʮʽʾ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʪʝʯʽʾ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ. 



38 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʫ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʫ, ʦʪʨʠʤʘʥʦ  

 

( )2 2ˊ ɔɜ ˊ 2 ˊ .
ʩʨ

K p K c K

E
R C dT R dz K T T R dz

J
- + = -  

 

 

ʇʨʦʽʥʪʝʛʨʫʚʘʚʰʠ ʧʦʧʝʨʝʜʥʻ ʨʽʚʥʷʥʥʷ  ̔ʚʠʟʥʘʯʠʚʰʠ ʧʦʩʪʽʡʥʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟ 

ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ: ʧʨʠ , ʟʥʘʡʜʝʥʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʫʜʴ-ʷʢʦʤʫ 

ʧʝʨʝʨʽʟʽ ʧʦʪʦʢʫ ʚ ʢʘʥʘʣʽ 

 

. (1.16) 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʠʩʠʧʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ  

 

, 
 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʣʶʙʦʤʫ ʧʝʨʝʨʽʟʽ ʧʦʪʦʢʫ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ, ʷʢʘ ʪʝʯʝ ʚ 

ʢʘʥʘʣʽ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ  

 

, (1.17) 

 

ʜʝ  

ɹʘʟʫʶʯʠʩʴ ʥʘ ʬʦʨʤʫʣʽ (1.17), ʘʚʪʦʨʠ [16] ʥʘʚʦʜʷʪʴ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʢʫʯʦʾ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʚʟʜʦʚʞ ʢʘʥʘʣʫ: 

1. ʗʢʱʦ , ʪʦ ʚʠʭʦʜʷʯʠ ʟ ʬʦʨʤʫʣʠ (1.17),  

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʧʦ ʚʩʽʡ 

ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ, ʦʪʞʝ ʮʝ ʚʠʧʘʜʦʢ ʽʟʦʪʝʨʤʽʯʥʦʾ ʪʝʯʽʾ. ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ 

ʽʟʦʪʝʨʤʽʯʥʦʾ ʪʝʯʽʾ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ, ʷʢ ʮʝ ʚʠʜʥʦ ʽʟ ʚʠʨʘʟʫ (1.15) ʽ (1.16), 

ʜʦʨʽʚʥʶʻ  
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 (1.18) 

ʜʝ ʂ0 ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʩʠʩʪʝʥʮʽʾ, ʇʘĀʩ; 

2. ʗʢʱʦ , ʪʦ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʚʭʦʜʫ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʚʟʜʦʚʞ ʢʘʥʘʣʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ, ʦʯʝʚʠʜʥʦ, ʥʝʥʴʶʪʦʥʽʚʩʴʢʘ 

ʨʽʜʠʥʘ ʨʦʟʽʛʨʽʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʜʠʩʠʧʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ. ʇʨʠ ʜʫʞʝ ʚʝʣʠʢʽʡ 

ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ, ʢʦʣʠ Ð, . ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ, 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 1.3. ʎʝʡ ʚʠʧʘʜʦʢ ʙʫʜʝ ʩʧʨʘʚʝʜʣʠʚʠʡ ʜʣʷ ʪʝʯʽʾ ʨʦʟʧʣʘʚʣʝʥʠʭ 

ʧʦʣʽʤʝʨʽʚ, ʪʘʢ ʷʢ ʚ ʥʠʭ ʝʬʝʢʪʠʚʥʘ ʚôʷʟʢʽʩʪʴ ʙʫʜʝ ʚʝʣʠʢʘ ʽ  ʙʫʜʝ ʤʘʪʠ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ [16] 

 

3. ʗʢʱʦ , ʪʦ ʥʝʥʴʶʪʦʥʽʚʩʴʢʘ ʨʽʜʠʥʘ ʧʨʠ ʪʝʯʽʾ ʚ ʢʘʥʘʣʽ ʙʫʜʝ 

ʦʭʦʣʦʜʞʫʚʘʪʠʩʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣ  ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ , ʷʢʘ 

ʜʦʩʷʛʘʻʪʴʩʷ ʘʩʠʤʧʪʦʪʠʯʥʦ ʧʨʠ ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ Ð. ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʈʠʩʫʥʦʢ 1.3, ʘ. 

ɼ̔ ʣʷʥʢʫ ʢʘʥʘʣʫ, ʥʘ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʽʟʦʪʝʨʤʽʯʥʘ ʪʝʯʽʷ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ 

ʨʽʜʠʥʠ ï ʧʦʯʘʪʢʦʚʘ ʪʝʧʣʦʚʘ ʜʽʣʷʥʢʘ. ʅʘ ʧʦʯʘʪʢʦʚʽʡ ʪʝʧʣʦʚʽʡ ʜʽʣʷʥʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʦʟʽʛʨʽʚ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʙʫʜʝ ʙʽʣʴʰʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʽʥʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʩʠʧʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ. 
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ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʽʟʦʪʝʨʤʽʯʥʘ ʪʝʯʽʷ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʙʫʜʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʪʝʧʣʦʚʽʡ ʜʽʣʷʥʮʽ. ʇʨʠ ʜʦʚʛʠʭ ʢʘʥʘʣʘʭ (ʙʽʣʴʰ ʜʦʚʛʠʭ, ʯʠʤ 

ʧʦʯʘʪʢʦʚʘ ʪʝʧʣʦʚʘ ʜʽʣʷʥʢʘ) ʪʝʯʽʶ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʽʟʦʪʝʨʤʽʯʥʦʶ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ (1.17) ʘʚʪʦʨʠ [16] ʧʨʦʚʝʣʠ ʨʦʟʨʘʭʫʥʦʢ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʧʝʨʝʨʽʟʽ ʢʘʥʘʣʫ ʧʨʠ ʪʝʯʽʾ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ. 

ʈʦʟʤʽʨʠ ʢʘʥʘʣʫ:  ʤ,  ʤʤ,  ʤʤ. 

ɽʬʝʢʪʠʚʥʽ ʚôʷʟʢʦʩʪʽ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ ʜʣʷ 140 ʉ̄ (413 ʂ) ʚʟʷʪʽ ʟʘ 

ʜʘʥʠʤʠ ɹʝʨʥʭʘʨʜʪʘ [19]. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʦʣʽʤʝʨʫ 

ʧʦ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 1.4. 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʣʽʤʝʨʫ ʚ ʪʝʢʫʯʦʤʫ ʩʪʘʥʽ ʧʦ 

ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ (ʜʣʷ ʧʦʣʽʝʪʠʣʝʥʫ) [16] 

 

ʗʢ ʚʠʜʥʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʦʣʽʤʝʨʫ ʧʨʠ ʪʝʯʽʾ ʚ ʢʘʥʘʣʽ ʢʨʫʛʣʦʛʦ 

ʧʝʨʝʨʽʟʫ ʚ ʧʨʠʧʫʱʝʥʽ ʩʪʽʡʢʦʩʪʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʣʽʥʽʡʥʦ. 

ʇʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʜʦʚʞʠʥʽ 

ʢʘʥʘʣʫ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʚʨʘʭʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  

ʨʦʟʧʣʘʚʽʚ ʧʦʣʽʤʝʨʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ ʙʽʣʴʰ ʪʦʯʥʦ ʚʩʪʘʥʦʚʠʪʠ 

ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʢʫʯʦʛʦ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʚʟʜʦʚʞ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʟʜʦʚʞ ʢʘʥʘʣʫ ʘʚʪʦʨʠ [16]  ʧʨʦʚʝʣʠ ʥʘ ʦʩʥʦʚʽ 

ʨʽʚʥʷʥʥʷ, ʚ ʷʢʦʤʫ ʩʝʨʝʜʥʷ ʜʠʩʠʧʘʮʽʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʣʘʩʴ ʽʟ 

ʚʠʨʘʟʫ (1.11), ʽ ʦʪʨʠʤʘʣʠ  
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(1.19) 

 

ɽʬʝʢʪʠʚʥʫ ʚôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʦʣʽʤʝʨʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ 

 

ɖ ,nTme-=
 (1.20) 

 

ʜʝ m ̔  n ï ʢʦʥʩʪʘʥʪʠ, ʘ ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ.  

ʈʦʟʢʣʘʜʘʶʯʠ ʚʠʨʘʟ (1.20) ʚ ʨʷʜ ʽ ʦʙʤʝʞʫʶʯʠʩʴ ʜʚʦʤʘ ʯʣʝʥʘʤʠ ʨʦʟʢʣʘʜʘʥʥʷ 

ʨʷʜʫ, ʨʽʚʥʷʥʥʷ (1.19) ʧʨʠʡʤʝ ʚʠʛʣʷʜ 

 

, 
(1.21) 

 

ʈʽʚʥʷʥʥʷ (1.21) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 

 (1.22) 

 

ʜʝ . 

ʇʨʦʽʥʪʝʛʨʫʚʘʚʰʠ (1.22) ʽ ʨʦʟʚôʷʟʘʚʰʠ ʡʦʛʦ ʚʽʜʥʦʩʥʦ ʊ, ʘʚʪʦʨʠ [16] ʦʪʨʠʤʘʣʠ 

 

 (1.23) 

 

ʜʝ,  

 

ʋ ʨʦʙʦʪʽ [38] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʽʟʦʪʝʨʤʽʯʥʦʾ ʪʝʯʽʾ ʧʦʣʽʤʝʨʥʠʭ 

ʨʽʜʠʥ ʚ ʢʘʥʘʣʽ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʝʬʝʢʪʫ. 
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( ) ( )
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m nT v
c dT K T T
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ê ú

2
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dT
z Mv .
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= +

- +
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p
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z A T AB A AC B

Mv

å õ+
- - - +è øæ öê úæ ö

ç ÷=
å õ+

- - +è øæ öê úæ ö
ç ÷
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  2   2

c

mv n mv mv
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ʈʽʚʥʷʥʥʷ ʩʪʘʣʦʛʦ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ ʨʽʜʠʥʠ ʟʘʧʠʩʫʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ 

 

() ( )ʜʠʩ 02

ɟ d 2
,

ˊ d
K K

CQ T K
q T T T

R z R
= - -  (1.24) 

 

ʜʝ r ï ʛʫʩʪʠʥʘ, ʢʛ/ʤ3; C  ï ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/ʂ; Q  ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ 
3ʤ c; K

R  ï 

ʨʘʜʽʫʩ ʢʘʥʘʣʫ, ʤ; ()ʜʠʩ
q T  - ʜʠʩʠʧʘʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʧʠʪʦʤʦʾ ʪʝʧʣʦʪʠ, 

3ɺʪ ʤ; 0
 ʽ T T  ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʂ; ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, 

ɺʪ/(ʤ2Öʂ); z  ï ʧʦʟʜʦʚʞʥʷ ʢʦʦʨʜʠʥʘʪʘ, ʤ. 

ʂʦʣʠ ʜʠʩʠʧʘʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ()ʜʠʩ
0q T º , ʪʦ ʨʽʚʥʷʥʥʷ (1.24) ʩʣʫʞʠʪʴ 

ʥʘʙʣʠʞʝʥʥʷʤ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʥʘʛʨʽʚʘʥʥʷ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ, ʱʦ 

ʨʫʭʘʻʪʴʩʷ ʧʦ ʢʘʥʘʣʫ. ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʜʠʩʠʧʘʪʠʚʥʫ ʩʢʣʘʜʦʚʫ ()ʜʠʩ
q T , ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ, ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʥʫʪʠ ʙʘʣʘʥʩ ʽʤʧʫʣʴʩʫ ʽ ʩʢʣʘʩʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʨʽʜʠʥʠ, ʱʦ 

ʜʦʧʦʚʥʶʶʪʴ ʨʽʚʥʷʥʥʷ (1.24). 

ʑʦʙ ʟʥʘʡʪʠ ʚʠʨʘʟ ʜʣʷ ʬʫʥʢʮʽʾ ()ʜʠʩ
q T  ʘʚʪʦʨʠ [38] ʨʦʟʛʣʷʜʘʶʪʴ ʧʦʪʽʢ ʫʟʜʦʚʞ 

ʢʘʥʘʣʫ ʷʢ ʢʚʘʟʽʧʫʘʟʝʡʣʝʚʠʡ, ʟ ʪʠʤ ʞʝ ʨʦʟʧʦʜʽʣʦʤ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʽ ʰʚʠʜʢʦʩʪʽ ʧʦ 

ʢʘʥʘʣʫ, ʱʦ ʽ ʚ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʦʪʦʮʽ, ʽ ʟ ʧʦʚʽʣʴʥʠʤʠ ʟʤʽʥʘʤʠ ʚʩʽʭ ʧʨʦʬʽʣʽʚ ʫʟʜʦʚʞ 

ʢʘʥʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʦʣʦʛʽʯʥʠʡ ʟʘʢʦʥ ʚôʷʟʢʦʩʪʽ ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ: 

 

()rz
ů ɖ dɜT dr=  

() ( )0 0
ɖ ɖ exp ,T m T Tº - -è øê ú 0

ɖ , constm=  
(1.25) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ Q  ʪʘ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ()q T  

 

()
R R

ʜʠʩ 2
0 0

2 d dɜ
2ˊ ɜ d ,  d .

2 d d
K

r p
Q r r q T r r

R z r

å õ
= = æ ö

ç ÷
ñ ñ  (1.26) 

 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ (1.25) ʪʘ (1.26) ʘʚʪʦʨʠ [38] ʦʪʨʠʤʘʣʠ ʛʨʘʜʽʻʥʪ ʪʠʩʢʫ 

ʫʟʜʦʚʞ ʢʘʥʘʣʫ ʽ ʜʠʩʠʧʘʪʠʚʥʫ ʩʢʣʘʜʦʚʫ: 
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( )0

04

8ɖd
exp ,

d ˊ
K

Qp
m T T

z R
- º - -è øê ú (1.27) 

() ( )
2

0

ʜʠʩ 02 6

8ɖ
exp .

ˊ
K

Q
q T m T T

R
º - -è øê ú

 (1.28) 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʦʪʦʢʫ ʇʫʘʟʝʡʣʷ, ʚ ʥʝʽʟʦʪʝʨʤʽʯʥʦʤʫ ʚʠʧʘʜʢʫ 

ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʫʟʜʦʚʞ ʢʘʥʘʣʫ ʥʝʣʽʥʽʡʥʠʡ ʯʝʨʝʟ ʧʦʟʜʦʚʞʥʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʽʜʩʪʘʚʠʚʰʠ ʨʽʚʥʷʥʥʷ (1.28) ʚ ʨʽʚʥʷʥʥʷ (1.24) ʘʚʪʦʨʠ [38] ʦʪʨʠʤʘʣʠ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ 

 

( ) ( )
2

0

0 02 2 6

8ɖɟ d 2
exp .

ˊ d ˊ
K K K

QCQ T K
m T T T T

R z R R
= - - - -è øê ú

 (1.29) 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʥʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʜʦʨʽʚʥʶʶʪʴ: 
0z=0

T T=  

ʋ ʨʦʙʦʪʽ [39] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝʽʟʦʪʝʨʤʽʯʥʘ ʪʝʯʽʷ ʚ'ʷʟʢʠʭ ʨʽʜʠʥ, ʱʦ 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʜʠʩʠʧʘʮʽʻʶ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ʤʦʞʣʠʚʠʤʠ ʭʽʤʽʯʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʪʝʧʣʘ, ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʛʨʘʥʠʮʷʭ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. ʌ̔ ʟʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʮʴʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ.  

ɼʣʷ ʦʧʠʩʫ ʪʝʯʽʾ ʚôʷʟʢʠʭ ʨʽʜʠʥ ʫ ʢʘʥʘʣʘʭ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʘʚʪʦʨʠ [39, 40] 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʽ ʪʝʧʣʦʧʝʨʝʥʦʩʫ, ʷʢʽ ʫ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 

1 ɜ
ɖ ,

p
r

r r r x

µ µ µå õ
=æ ö

µ µ µç ÷
 

2

ɚ ɜ
ɖ 0,

T
r

r r r r

µ µ µå õ å õ
+ =æ ö æ ö

µ µ µç ÷ ç ÷
 

 

ʜʝ ɜ ï ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ, ʤ/ʩ; T  ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; r  ï ʨʘʜʽʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ; p xµ µ ï ʧʦʟʜʦʚʞʥʷ ʩʢʣʘʜʦʚʘ ʛʨʘʜʽʻʥʪʘ ʪʠʩʢʫ, ɚ -ï 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤĀʂ). 

ʋ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʨʝʦʣʦʛʽʯʥʠʡ ʟʘʢʦʥ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʝʬʝʢʪʠʚʥʘ 

ʚ'ʷʟʢʽʩʪʴ ɖ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 
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( ) ( )0
1ɓ

ɖ ,ɔ e ɔ ,
nT T

T K
-- -

=  
 

ʜʝ ɔ ï ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ, ʩ-1; ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʩʠʩʪʝʥʮʽ ʾʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 0
T ; 

ɓ - ʢʦʥʩʪʘʥʪʘ; n  ï ʩʪʝʧʝʥʝʚʠʡ ʽʥʜʝʢʩ. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʦʧʠʩʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

dɜ d
0:  0,  0;

d d

T
r

r r
= = = 

1:  ɜ 0, T=T.r R= =  
 

ʋ ʨʦʙʦʪʽ [41] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʣʘʤʽʥʘʨʥʦʛʦ ʧʦʪʦʢʫ ʚ 

ʢʨʫʛʣʦʤʫ ʢʘʥʘʣʽ ʟ ʪʝʧʣʦʦʙʤʽʥʦʤ. ɸʚʪʦʨʠ ʧʨʠʡʤʘʶʪʴ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥʠ, 

ʚʢʣʶʯʘʶʯʠ ʚ'ʷʟʢʽʩʪʴ, ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʅʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʽʜʠʥʠ  in
T  ʻ ʧʦʩʪʽʡʥʦʶ ʽ ʨʽʚʥʦʤʽʨʥʦʶ. ʉʪʽʥʢʘ ʪʨʫʙʠ ʧʽʜʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʽʡ 

 ̔ʨʽʚʥʦʤʽʨʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ w
T , ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʙʫʜ-ɹʷʢʦʤʫ ʨʘʜʽʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ r  

ʚʩʝʨʝʜʠʥʽ ʪʨʫʙʠ ʜʦʨʽʚʥʶʻ T . 

ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʘʻ ʚʠʛʣʷʜ 

 

()
2

2

ɗ ɚ ɗ 1 ɗ
ɜ ,

ɟ
p

r
z c r r r

å õµ µ µ
= +æ ö

µ µ µç ÷
 (1.30) 

 

ʜʝ ɜ ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʤ/ʩ; ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤĀʂ); ɟ ï 

ʛʫʩʪʠʥʘ, ʢʛ/ʤ3; p
c  ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛĀʂ);  ʘ ʟʥʘʯʝʥʥʷ z ʙʝʨʝʪʴʩʷ ʥʘ ʚʭʦʜʽ 

ʚ ʢʘʥʘʣ [42]. 

ɹʝʟʨʦʟʤʽʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ɗ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

 

ɗ .w

in w

T T

T T

-
=

-
 (1.31) 

 

ɼʣʷ ʨʽʚʥʷʥʥʷ (1.30) ʟʘʜʘʥʦ ʪʘʢ̔ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ: ,   ɗ 0Kr R= = ʧʨʠ z 0 (1.32) 

ʚ ʮʝʥʪʨʽ ʢʘʥʘʣʫ: 
ɗ

0,  0r
r

µ
= =

µ
 ʧʨʠ 0z²  (1.33) 
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ʥʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣ: 0,  ɗ 1z= = ʧʨʠ .
K

r R¢  (1.34) 
 

ɼʣʷ ʦʧʠʩʫ ʧʦʪʦʢʫ ʽ ʪʝʧʣʦʦʙʤʽʥʫ ʘʚʪʦʨʠ [41] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ 

ʥʝʨʦʟʨʠʚʥʦʩʪʽ, ʟʙʝʨʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʪʘ ʝʥʝʨʛʽʾ: 

 

0,ÐÖ =ɜ  (1.35) 

[ ]
ɜ

ɟ ɖɔ ɟ ,p g
t

µ
=-Ð + ÐÖ +

µ
 (1.36) 

( ) ( )
1

ɟ ɚ ɖ ɔ:ɔ .
2

pc T
t

µ
= ÐÖ Ð +

µ

ɜ
 (1.37) 

 

ʜʝ Ð ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ, ʤ-1; ɜ - ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ; t  - ʯʘʩ, 

g  - ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ. 

ʋ ʨʽʚʥʷʥʥʽ (1.36) ʚʠʨʘʟ ʫ ʣʽʚ̔ʡ ʯʘʩʪʠʥʽ ʧʨʝʜʩʪʘʚʣʷʻ ʤʘʩʫ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ 

ʧʦʤʥʦʞʝʥʫ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʩʠʣʠ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ ʧʦʩʣʽʜʦʚʥʦ 

ʚ̫ʣʷʶʪʴ ʩʦʙʦʶ ʪʠʩʢ, ʚ'ʷʟʢʽʩʪʴ ̔  ʩʠʣʫ ʪʷʞʽʥʥʷ ʘʙʦ ʟʦʚʥʽʰʥʶ ʩʠʣʫ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ. 

ʋ ʨʽʚʥʷʥʥʽ (1.37) ʚʠʨʘʟ ʫ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʧʨʝʜʩʪʘʚʣʷʻ ʰʚʠʜʢʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ, ʘ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ - h ʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ 

ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ ʽ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʪʝʧʣʦʚʫ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ. ʆʩʪʘʥʥʽʡ ʯʣʝʥ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ 

ʜʠʩʠʧʘʮʽʶ ʚ'ʷʟʢʦʾ ʝʥʝʨʛʽʾ, ʥʝʟʥʘʯʥʠʡ ʧʨʠ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʪʦʢʫ, ʪʦʤʫ ʚ ʮʽʡ 

ʨʦʙʦʪʽ [41] ʚʽʥ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ.  

ʋ ʨʦʙʦʪʽ [43] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝʽʟʦʪʝʨʤʽʯʥʘ ʪʝʯʽʷ ʚôʷʟʢʠʭ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ 

ʨʽʜʠʥ. ɸʚʪʦʨʠ ʦʧʠʩʫʶʪʴ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʢʨʫʛʣʦʤʫ ʢʘʥʘʣʽ. ʂʦʣʠ ʩʪʽʥʢʠ 

ʪʨʫʙʠ ʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʽʜʤʽʥʥʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʠʥʠ, ʪʝʧʣʦ ʧʝʨʝʜʘʻʪʴʩʷ 

ʨʘʜʽʘʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʢʨʽʟʴ ʩʪʽʥʢʠ. ʗʢʱʦ ʨʘʜʽʘʣʴʥʠʡ ʧʦʪʽʢ 

ʨʽʜʠʥʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʜʫʞʝ ʥʝʟʥʘʯʥʠʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʩʴʦʚʦʛʦ ʧʦʪʦʢʫ, ʪʦ 

ʪʝʧʣʦ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʥʘʜʣʠʰʢʫ ʨʽʜʠʥʠ. ʋ 

ʚôʷʟʢʠʭ ʨʽʜʠʥ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʜʫʞʝ ʚʝʣʠʢʽ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ ʪʦʯʢʘʭ ʚʠʩʦʢʦʾ ʟʩʫʚʥʦʾ ʜʽʾ. ʊʘʢʦʞ ʙʫʣʠ 

ʚʨʘʭʦʚʘʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ. ɺʩʽ ʮʽ 

ʬʽʟʠʯʥʽ ʷʚʠʱʘ ʙʫʣʠ ʦʧʠʩʘʥʽ ʤʘʪʝʤʘʪʠʯʥʦ [44ï47]  ̔ʧʨʠʚʝʜʝʥʽ ʚ ʨʽʚʥʷʥʥʽ: 
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0
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 (1.40) 

 

ʅʘ ʨʠʩ. 1.5 ʧʦʢʘʟʘʥʽ ʧʨʠʢʣʘʜʠ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʰʚʠʜʢʦʩʪʝʡ 

 ̔ʛʨʘʜʽʻʥʪʽʚ ʪʠʩʢʫ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʜʣʷ ʧʦʪʦʢʫ ʘʢʨʠʣʦʚʦʾ ʩʤʦʣʠ Lucite [43]. 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʉʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ [43] 

 

ʊʨʫʙʘ ʤʘʻ ʜʽʘʤʝʪʨ 3 ʤʤ ʽ ʜʦʚʞʠʥʫ 100 ʤʤ, ʧʨʠʢʣʘʜʝʥʠʡ ʪʠʩʢ ʩʪʘʥʦʚʠʪʴ 

20 ʄʇʘ, ʘ ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʩʪʠʢʫ ʩʪʘʥʦʚʠʪʴ 252 ʉ̄. ɿʘ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʤʦʣʘ ʤʘʻ ʥʴʶʪʦʥʽʚʩʴʢʫʶ ʚ'ʷʟʢʽʩʪʴ ʙʣʠʟʴʢʦ 1000 ʇʘ ʩÖ, ʷʢʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 2 ʨʘʟʠ 

ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʙʣʠʟʥʦ ʥʘ 9 ÁC. ɼʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʽʥʢʠ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʧʦʯʘʪʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʨʽʜʠʥʠ (ʨʠʩ. 1.5) ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ ʯʝʨʝʟ ʪʝʨʪ,̫ 

ʟʣʝʛʢʘ ʟʤʽʱʫʻʪʴʩʷ ʜʦ ʮʝʥʪʨʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥ ̔ʚʽʜʩʪʘʥʽ ʚʟʜʦʚʞ ʪʨʫʙʠ. ʊʘʢʦʞ ʚʠʜʥʦ, 

ʱʦ ʨʘʜʽʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʪʦʢʫ, ʪʦʙʪʦ 
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ʪʝʤʧʝʨʘʪʫʨʽ, ʱʦ ʫʩʝʨʝʜʥʝʥʘ ʧʦ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʣʝʞʠʪʴ ʤʽʞ ʚʽʜʥʦʩʥʠʤʠ 

ʨʘʜʽʫʩʘʤʠ 0,62 ʽ 0,66. ʎʝ ʟʥʘʯʝʥʥʷ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʠʤʽʨʷʥʠʤ Beyer ʽ Dahl [48] 

ʟʥʘʯʝʥʥʷʤ 0,6. 

ʅʘ ʨʠʩ. 1.6 ʥʘʚʝʜʝʥʦ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʘʥʘʣʽ ʢʨʫʛʣʦʛʦ 

ʧʝʨʝʨʽʟʫ. 

 

ʈʠʩʫʥʦʢ 1.6 ï ʉʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ [43] 

 

ɸʚʪʦʨʠ [43] ʨʦʟʛʣʷʜʘʶʪʴ ʧʨʦʛʥʦʟ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʢʠ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʟʥʠʞʝʥʘ ʧʨʠʙʣʠʟʥʦ ʥʘ 60 Áʉ, ʧʝʨʰ ʥʽʞ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʮʝʥʪʨʫ ʟʥʠʟʠʪʴʩʷ 

ʥʠʞʯʝ ʾʾ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. ʎʷ ʚʝʣʠʢʘ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦʪʨʽʙʥʘ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʚʦʥʘ ʚʧʣʠʚʘʣʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʮʝʥʪʨʽ ʯʝʨʝʟ ʢʦʤʙʽʥʘʮʽʶ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʧʨʠ 

ʪʝʨʪʽ ʽ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʙʣʠʟʫ ʮʝʥʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʥʘ ʩʪʽʥʮʽ. 

ʅʘʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʪʁʴ ʟʤʦʛʫ ʨʦʟʨʘʭʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʽ 

ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʽ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʧʨʠʩʪʽʥʥʦʛʦ ʪʝʨʪʷ ʧʦʣʽʤʝʨʫ ʧʦ ʩʪʽʥʢʘʭ ʢʘʥʘʣʫ ʽ ʡʦʛʦ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʥʘ ʜʠʩʠʧʘʪʠʚʥʠʡ ʝʬʝʢʪ, ʦʩʦʙʣʠʚʦ ʚ ʨʘʟʽ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʜʦ ʚôʷʟʢʦʪʝʢʫʯʦʛʦ ʩʪʘʥʫ ʽ ʥʘʚʧʘʢʠ. ɺʦʜʥʦʯʘʩ, 

ʛʨʘʚʽʪʘʮʽʡʥʦʶ ʩʢʣʘʜʦʚʦʶ ʚ ʨʘʟʽ ʧʝʨʝʨʦʙʣʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ. ɿʘʢʦʥ ʩʪʘʥʫ ʧʦʣʽʤʝʨʫ ʚ ʙʽʣʴʰʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʘʮʴ ʧʨʠʡʤʘʻʪʴʩʷ ʷʢ 

ʣʽʥʽʡʥʠʡ ʘʙʦ ʩʪʝʧʝʥʝʚʠʡ, ʱʦ ʥʝ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʢʦʨʝʢʪʥʦ. 
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1.3 ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ 

 

ʅʘʜʽʡʥʽʩʪʴ ʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʤʝʭʘʥʽʟʤʽʚ ʫʰʢʦʜʞʝʥʥʷ, 

ʘ ʡ ʚʽʜ ʾʭ ʟʜʘʪʥʦʩʪʽ ʧʨʦʪʠʩʪʦʷʪʠ ʨʦʟʰʘʨʦʚʫʚʘʥʥ.ʁ ʅʘʪʝʧʝʨ ʙʘʛʘʪʦ ʧʨʘʮʴ ʧʨʠʩʚʷʯʝʥʦ 

ʨʦʟʛʣʷʜʫ ʮʴʦʛʦ ʧʠʪʘʥʥʷ [49-58] 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʫʡʥʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʤʠ  ̒ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʘʜˇʝʟʽʡʥʠʭ ʟʦʥ. ɿʘʜʘʯʽ ʪʘʢʦʛʦ ʪʠʧʫ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦʾ ʪʘ ʥʝʣʽʥʽʡʥʦ ʾʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ. 

ɻʝʦʤʝʪʨʽʷ ʧʦʜʚʽʡʥʦʾ ʢʦʥʩʦʣʴʥʦʾ ʙʘʣʢʠ ï ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ 

ʟʨʘʟʦʢ ʜʣʷ ʘʥʘʣʽʟʫ ʤʽʮʥʦʩʪʽ ʢʣʝʾʚ ʪʘ ʨʦʟʰʘʨʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ. ʉʭʝʤʘ ʧʦʜʚʽʡʥʦʾ 

ʢʦʥʩʦʣʴʥʦʾ ʙʘʣʢʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.7. 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʉʭʝʤʘ ʧʦʜʚʽʡʥʦʾ ʢʦʥʩʦʣʴʥʦʾ ʙʘʣʢʠ 

 

ɿʨʘʟʦʢ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʦ ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʘ ʟ ʽʥʰʦʛʦ ï ʩʠʤʝʪʨʠʯʥʦ 

ʧʨʠʢʣʘʜʝʥʦ ʩʠʣʠ. ʊʘʢʦʞ ʙʘʣʢʘ ʤʘʻ ʧʦʯʘʪʢʦʚʫ ʪʨʽʱʠʥʫ, ʪʘʢ ʱʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʪʨʽʱʠʥʠ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʫ ʨʝʞʠʤʽ ʨʦʟʢʨʠʪʪʷ.  

ʋ ʨʦʙʦʪʽ [59] ʥʝʦʙʭʽʜʥʘ ʩʠʣʘ ʜʣʷ ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 
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ʜʝ 
c

G  ï ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ, H ʤ; b ï ʰʠʨʠʥʘ 

ʟʨʘʟʢʘ, ʤʤ; h ï ʧʦʣʦʚʠʥʘ ʪʦʚʱʠʥʠ ʟʨʘʟʢʘ, ʤʤ; 
11

E  ï  ʧʦʟʜʦʚʞʥʽʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, 
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ʇʘ; ɢh ï ʯʣʝʥ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘ ʝʬʝʢʪ ʦʙʝʨʪʘʥʥʷ ʚʝʨʰʠʥʠ ʪʨʽʱʠʥʠ, ʤʤ; a  ï ʜʦʚʞʠʥʘ 

ʪʨʽʱʠʥʠ, ʤʤ.  

ʇʝʨʝʤʽʱʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 
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8 ɢ
ŭ .

a h
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ʂʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʨʘʭʦʚʘʥʘ ʧʽʜ ʯʘʩ 

ʟʘʨʦʜʞʝʥʥʷ ʽ ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʨʦʟʨʘʭʫʥʢʫ, ʘ ʩʘʤʝ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʝʦʨʽʾ ʧʫʯʢʘ, ʢʘʣʽʙʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

 ̔ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ ʨʽʚʥʷʥʴ 

ʚʽʜʧʦʚʽʜʥʦ: 
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ʜʝ, ŭC F= , ʤ ʅ; 
1

ȹ, , n A  ï ʧʦʧʨʘʚʦʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʥʫʯʢʠʭ ʟôʻʜʥʘʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 1.7) ʫ ʨʦʙʦʪʽ [60] ʥʘʚʝʜʝʥʘ 

ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʢʠʭ 

ʧʝʨʝʤʽʱʝʥʴ 

( )
3 ŭ

ɣ.
2 ȹ

c

F
G

b a
=

+
 

 

ʜʝ D ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʘʨʫʚʘʥʥʷ; ɣ ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʥʘ ʚʝʣʠʢʝ ʧʝʨʝʤʽʱʝʥʥʷ. 

ʇʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘ ʚʝʣʠʢʝ ʧʝʨʝʤʽʱʝʥʥʷ 
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2
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3 ŭ 3 ŭ
ɣ 1 ,
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a a

å õ å õ
= - -æ ö æ ö

ç ÷ ç ÷
 

 

ʜʝ t  ï ʩʫʤʘ ʪʦʚʱʠʥʠ ʧʦʣʦʚʠʥʠ ʰʘʨʥʽʨʘ ʪʘ ʧʦʣʦʚʠʥʠ ʪʦʚʱʠʥʠ ʧʣʝʯʘ ʙʘʣʢʠ, ʤʤ. 

ʋ ʨʦʙʦʪʽ [61] ʥʘʚʝʜʝʥʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʢʣʝʡʦʚʠʭ 

ʟôʻʜʥʘʥʴ. J-ʽʥʪʝʛʨʘʣʴʥʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ 

ʨʫʡʥʫʚʘʥʥʷ (ʦʧʦʨʫ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥʠ), ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʣʽʥʽʡʥʦ ʾ ʘʙʦ ʥʝʣʽʥʽʡʥʦ ʾ

ʧʦʚʝʜʽʥʢʠ ʢʣʝʶ. 

J-ʽʥʪʝʛʨʘʣ ʟʘʧʠʩʘʥʦ ʫ ʚʠʛʣʷʜ ̔J, ʅ/ʤ  
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ʜʝ W  ï ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ, ɼʞ/ʤ3; ů ï ʪʝʥʟʦʨ ʥʘʧʨʫʞʝʥʴ, ʇʘ; Ů ï ʪʝʥʟʦʨ 

ʜʝʬʦʨʤʘʮʽʡ; ɻ ï ʟʘʤʢʥʫʪʠʡ ʢʦʥʪʫʨ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ ʥʘʚʢʦʣʦ ʚʝʨʰʠʥʠ 

ʪʨʽʱʠʥʠ, ʧʦʯʠʥʘʻʪʴʩʷ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʥʘ ʛʨʘʥʷʭ ʪʨʽʱʠʥʠ; ʊ ï ʚʝʢʪʦʨ ʟʫʩʠʣʴ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʥʘʧʨʷʤʢʫ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʢʦʥʪʫʨʫ, ʅ; ʠ ï ʧʝʨʝʤʽʱʝʥʥʷ ʚ 

ʥʘʧʨʷʤʢʫ ʭ, ʤ; ds ï ʝʣʝʤʝʥʪ ʢʦʥʪʫʨʫ ɻ. 

ɼʣʷ ʟʨʘʟʢʘ ʟ ʪʦʯʢʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʥʘ ʢʨʘʶ ʪʨʽʱʠʥʠ (ʨʠʩ. 1.8), J-

ʽʥʪʝʛʨʘʣ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ  
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1 23
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J F w w

Eh
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ʜʝ F  ï ʧʨʠʢʣʘʜʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʠʥʠʮʶ ʰʠʨʠʥʠ, ʅ/ʤ; ʘ ï ʜʦʚʞʠʥʘ ʪʨʽʱʠʥʠ, 

ʤ; h ï ʪʦʚʱʠʥʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʽʜʣʷʛʘʻ ʟôʻʜʥʘʥʥ,ʁ ʤ; ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʇʘ; 1
w  

ʽ 2
w  ï ʚʽʜʧʦʚʽʜʥʦ ʧʦʚʦʨʦʪʠ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʫʩʪʷ ʪʨʽʱʠʥʠ. 
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ʈʠʩʫʥʦʢ 1.8 ï ʉʭʝʤʘ ʧʦʜʚʽʡʥʦʾ ʢʦʥʩʦʣʴʥʦʾ ʙʘʣʢʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ [61] 

 

ɼʣʷ ʦʮʽʥʢʘ J-ʽʥʪʝʛʨʘʣʘ ʧʦ ʪʨʘʻʢʪʦʨʽʾ ʟʘ ʤʝʞʘʤʠ ʟʦʥʠ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʘʚʪʦʨʠ [61] ʥʘʚʦʜʷʪʴ ʟʘʣʝʞʥʽʩʪʴ 

 

( )
ŭ

0

ů ŭ dŭ ,
nc

n n
J=ñ  

 

ʜʝ ŭn  ʽ ŭnc  ï ʥʦʨʤʘʣʴʥʝ ʨʦʟʢʨʠʪʪʷ ʧʦʯʘʪʢʦʚʦʾ ʪʨʽʱʠʥʠ ʽ ʧʦʚʥʝ ʾʾ ʨʦʟʢʨʠʪʪʷ 

ʚʽʜʧʦʚʽʜʥʦ, ʤ; ( )ů ŭ
n  ï ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʟôʻʜʥʘʥʥʷ, ʇʘ. 

ʅʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʟôʻʜʥʘʥʥʷ 

 

( )ů ŭ .
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n

n

Jµ
=
µ

 

ɿʘʟʥʘʯʝʥʝ ʧʠʪʘʥʥʷ ʚ ʙʽʣʴʰ ʰʠʨʦʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʨʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʫ ʧʨʘʮʷʭ 

[62ï64]. 

ʈʦʟʛʣʷʥʫʪʽ ʨʦʙʦʪʠ ʜʦʙʨʝ ʦʧʠʩʫʶʪʴ ʝʥʝʨʛʦʩʠʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʨʫʡʥʫʚʘʥʥʷ 

ʟôʻʜʥʘʥʥʷ ʞʦʨʩʪʢʠʭ ʧʣʘʩʪʠʥ ʟ ʚʝʣʠʢʦʶ ʧʣʦʱʝʶ ʢʦʥʪʘʢʪʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʨʦʪʝ ʥʝ 

ʜʘʶʪʴ ʟʤʦʛʠ ʢʦʨʝʢʪʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʨʫʡʥʫʚʘʥʥʷ ʟôʻʜʥʘʥʥʷ ʛʥʫʯʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʚʫʟʴʢʦʶ ʦʙʣʘʩʪʶ ʢʦʥʪʘʢʪʫ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʫ ʨʘʟʽ ʛʥʫʯʢʠʭ ʧʘʢʦʚʘʥʴ.  
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1.4 ʆʛʣʷʜ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʢʣʝʡʦʚʠʤ 

ʤʘʪʝʨʽʘʣʦʤ 

 

ʆʩʢʽʣʴʢʠ ʪʝʨʤʦʢʣʝʾ ʙʫʚʘʶʪʴ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʤʠ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ, ʽʩʥʫʻ 

ʪʘʢʦʞ ʙʝʟʣʽʯ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʡʦʛʦ ʥʘʥʝʩʝʥʥʷ. 

ɺʠʙʽʨ ʩʧʦʩʦʙʫ ʥʘʥʝʩʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʜʘʭ ʪʝʨʤʦʢʣʝʶ, ʭʘʨʘʢʪʝʨʽ ʧʘʢʦʚʘʥʦʛʦ 

ʧʨʦʜʫʢʪʫ, ʚʠʤʦʛʘʭ ʜʦ ʧʦʚʝʨʭʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʭʝʤʽ, ʚʠʪʨʘʪʘʭ ʥʘ 

ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʪʨʫʜʦʚʠʪʨʘʪʘʭ. 

ʊʝʨʤʦʧʣʘʩʪʠʯʥʠʡ ʢʣʝʡʦʚʠʡ ʤʘʪʝʨʽʘʣ ʥʘʥʦʩʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʧʨʘʮʶʻ ʚ ʜʽʘʧʘʟʦʥʽ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʥʘʥʝʩʝʥʥʷ ʨʦʟʧʣʘʚʫ. ʎʝ ʜʦʟʘʪʦʨʠ ʛʘʨʷʯʦʛʦ ʨʦʟʧʣʘʚʫ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʝʟʝʨʚʫʘʨʘ 

ʟ ʨʦʟʧʣʘʚʦʤ ʪʘ ʩʠʩʪʝʤʠ ʜʦʟʫʚʘʥʥʷ ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʨʤʦʢʣʝʡʦʚʽ ʧʽʩʪʦʣʝʪʠ, 

ʱʦ ʟʘʧʦʚʥʝʥʽ ʪʚʝʨʜʠʤʠ ʢʣʝʡʦʚʠʤʠ ʩʪʨʠʞʥʷʤʠ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʢʨʽʟʴ ʩʦʧʣʦ ʥʘʛʨʽʪʦʛʦ 

ʢʣʝʡʦʚʦʛʦ ʧʽʩʪʦʣʝʪʘ. 

ʇʝʨʰʠʡ ʪʠʧ ʦʙʣʘʜʥʘʥʥʷ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʦʣʠ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ ʘʙʦ ʟ ʥʝʚʝʣʠʢʠʤʠ ʧʘʫʟʘʤʠ, ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʘʙʦ 

ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ʊʝʨʤʦʢʣʝʡʦʚʽ ʧʽʩʪʦʣʝʪʠ ʟ ʢʣʝʡʦʚʠʤʠ ʩʪʨʠʞʥʷʤʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʢʦʣʠ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʥʝʦʙʭʽʜʥʝ ʯʘʩ ʚʽʜ ʯʘʩʫ ʟ ʥʝʨʝʛʫʣʷʨʥʠʤʠ 

ʧʨʦʤʽʞʢʘʤʠ. 

ʋ [65] ʫʜʦʩʢʦʥʘʣʶʻʪʴʩʷ ʪʠʧʦʚʠʡ ʧʨʠʩʪʨʽʡ ʪʠʧʫ ʧʽʩʪʦʣʝʪ ʜʣʷ ʟôʻʜʥʘʥʥʷ 

ʪʝʨʤʦʢʣʝʻʤ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʦʙʽʛʪʠ ʧʣʘʚʣʝʥʥʶ 

ʧʦʣʽʤʝʨʥʦʛʦ ʧʨʫʪʢʘ ʧʦʟʘ ʥʘʛʨʽʚʘʣʴʥʦʶ ʢʘʤʝʨʦʶ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ 

ʥʝʙʘʞʘʥʝ ʟʘʪʚʝʨʜʽʥʥʷ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʢʣʝʶ ʚ ʢʘʥʘʣʽ ʧʦʜʘʯʽ ʧʨʫʪʢʘ, ʘ ʦʪʞʝ 

 ̔ʟʘʢʫʧʦʨʢʠ ʢʘʥʘʣʫ ʧʦʜʘʯʽ ʧʨʫʪʢʘ ʪʝʨʤʦʢʣʝʶ. 

ʅʘ ʨʠʩ. 1.9 ʟʦʙʨʘʞʝʥʠʡ ʪʝʨʤʦʢʣʝʡʦʚʠʡ ʧʽʩʪʦʣʝʪ. 
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ʈʠʩʫʥʦʢ 1.9 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʧʽʩʪʦʣʝʪʘ ʟʘ ʧʘʪʝʥʪʦʤ [65] 

 

ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʧʣʘʚʣʝʥʥʶ ʧʦʣʽʤʝʨʥʦʛʦ ʧʨʫʪʢʘ ʧʦʟʘ ʥʘʛʨʽʚʘʣʴʥʦʶ ʢʘʤʝʨʦʶ  

ʚʩʪʘʥʦʚʣʝʥʦ ʽʟʦʣʷʮʽʡʥʠʡ ʝʣʝʤʝʥʪ 40 (ʨʠʩ. 1.9). ɯʟʦʣʷʮʽʡʥʠʡ ʝʣʝʤʝʥʪ 40 ʚʠʢʦʥʘʥʠʡ 

ʟ ʪʝʨʤʦʩʪʽʡʢʦʛʦ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʘʧʦʙʽʛʪʠ ʧʝʨʝʜʘʯʽ 

ʪʝʧʣʘ ʚʽʜ ʥʘʛʨʽʚʘʣʴʥʦʾ ʢʘʤʝʨʠ 22 ʜʦ ʚʪʫʣʢʠ 44. 

ʋ [66] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʠʩʪʨʽʡ ʜʣʷ ʜʦʟʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʶ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʧʘʢʦʚʘʥʥʷ ʟ ʤʦʞʣʠʚʽʩʪʶ ʣʦʢʘʣʴʥʦ ʧʣʘʩʪʠʢʫʚʘʪʠ ʨʦʟʧʣʘʚ ʪʝʨʤʦʢʣʝʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʶ ʜʣʷ ʟôʻʜʥʘʥʥʷ. ʎʷ ʩʠʩʪʝʤʘ ʜʦʟʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʘ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʧʣʘʩʪʠʢʘʮʽʾ ʪʘ ʚʠʜʘʯʽ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʢʣʝʶ. 

ʉʠʩʪʝʤʠ ʜʦʟʫʚʘʥʥʷ ʪʘ ʘʧʣʽʢʘʪʦʨʠ ʪʘʢʦʛʦ ʪʠʧʫ ʜʘʶʪʴ ʟʤʦʛʫ ʦʪʨʠʤʫʚʘʪʠ ʧʦʪʽʢ 

ʨʽʜʢʦʛʦ ʛʘʨʷʯʦʛʦ ʨʦʟʧʣʘʚʫ ʟ ʧʦʜʘʣʴʰʦʶ ʧʣʘʩʪʠʢʘʮʽʻʶ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ 

ʥʘʥʝʩʝʥʥʷʤ. 

ʅʘ ʨʠʩ. 1.10 ʟʦʙʨʘʞʝʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʜʦʟʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʢʣʝʶ. 
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ʈʠʩʫʥʦʢ 1.10 ï ʇʨʠʩʪʨʽʡ ʜʣʷ ʜʦʟʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟʘ ʧʘʪʝʥʪʦʤ [66] 

 

ʈʦʟʧʣʘʚ ʪʝʨʤʦʢʣʝʶ ʧʝʨʝʥʦʩʠʪʴʩʷ ʟ ʨʝʟʝʨʚʫʘʨʫ ʚ ʪʝʢʫʯʦʤʫ ʩʪʘʥʽ, ʱʦ ʻ 

ʩʧʨʠʷʪʣʠʚʠʤ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʘ ʧʦʪʽʤ ʨʦʟʧʣʘʚ ʧʣʘʩʪʠʢʫʻʪʴʩʷ ʚ ʟʤʽʰʫʚʘʯʽ-

ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʘʧʣʽʢʘʪʦʨʽ. ʎʝ ʻ ʧʝʨʝʚʘʛʦʶ, 

ʦʩʢʽʣʴʢʠ ʨʦʟʧʣʘʚ ʪʝʨʤʦʢʣʝʶ ʫ ʧʣʘʩʪʠʢʦʚʘʥʦʤʫ ʩʪʘʥʽ ʤʘʻ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ ʩʪʨʦʢ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʥʝ ʤʦʞʝ ʜʦʚʛʦ ʟʙʝʨʽʛʘʪʠʩʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʥʘʥʝʩʝʥʠʡ ʥʝʚʜʦʚʟʽ ʧʽʩʣʷ ʧʣʘʩʪʠʢʘʮʽʾ.  

ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʽ ʩʠʩʪʝʤʠ ʪʘ ʧʨʠʩʪʨʦʾ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ [67], ʱʦ 

ʤʘʁʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʥʘʛʨʽʚ ʫ ʚʩʽʭ ʪʦʯʢʘʭ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʜʦʟʘʪʦʨʠ, ʷʢ ̔ʟʜʘʪʥ ̔ʟ 

ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʨʽʚʥʦʤʽʨʥʦ ʥʘʥʦʩʠʪʠ ʨʦʟʧʣʘʚ ʪʝʨʤʦʢʣʝʶ ʥʘ ʧʦʚʝʨʭʥʶ. ʊʘʢʽ 

ʧʨʠʩʪʨʦʾ ʟʜʘʪʥʽ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘʥʦʩʠʪʠ ʥʘ ʢʦʨʦʪʢʽ ʜʽʣʷʥʢʠ ʣʽʥʽʾ ʘʙʦ ʪʦʯʢʠ 

ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʦʜʥʦʨʽʜʥʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ. 

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʨʽʟʥʠʭ 

ʪʦʯʢʘʭ ʧʦ ʚʩʽʡ ʩʠʩʪʝʤʽ ʪʘ ʧʦʜʘʯʽ ʪʝʧʣʘ ʜʘʻ ʟʤʦʛʫ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʢʣʝʶ. 

ʅʘ ʨʠʩ. 1.11 ʟʦʙʨʘʞʝʥʠʡ ʜʦʟʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʪʘ ʩʠʩʪʝʤʘ ʜʣʷ ʥʘʥʝʩʝʥʥʷ 

ʪʝʨʤʦʢʣʝʶ. 
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ʈʠʩʫʥʦʢ 1.11 ï ʇʨʠʩʪʨʽʡ ʪʘ ʩʠʩʪʝʤʘ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʟʘ ʧʘʪʝʥʪʦʤ [67] 

 

ʑʝ ʦʜʥʽʻʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʘʢʦʛʦ ʧʨʠʩʪʨʦʶ ʻ ʩʠʩʪʝʤʘ ʟ ʧʽʜʽʛʨʽʚʦʤ ʜʣʷ 

ʜʦʟʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʶ ʚ ʷʢʽʡ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʫʶʪʴʩʷ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʦʣʝʛʰʠʪʠ ʦʙʨʦʙʢʫ ʤʘʪʝʨʽʘʣʫ ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʡʦʛʦ ʷʢʦʩʪʽ. 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʩʠʩʪʝʤʠ ʜʣʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʥʘʥʝʩʝʥʥʷ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʢʣʝʶ 

[68]. 

ʊʘʢʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʨʷʜ ʤʦʞʣʠʚʦʩʪʝʡ: ʜʦʟʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʶ ʟ ʰʠʨʦʢʠʤ 

ʜʽʘʧʘʟʦʥʦʤ ʰʚʠʜʢʦʩʪʝʡ ʡʦʛʦ ʧʦʜʘʯʽ; ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʶ ʚ 

ʟʦʥʽ ʥʘʛʨʽʚʘʥʥʷ; ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʦʢʣʝʶ. 

ʅʘ ʨʠʩ. 1.12 ʟʦʙʨʘʞʝʥʠʡ ʩʠʩʪʝʤʘ ʜʣʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʜʦʟʫʚʘʥʥʷ ʪʘ ʥʘʥʝʩʝʥʥʷ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 

ʈʠʩʫʥʦʢ 1.12 ï ʉʠʩʪʝʤʘ ʜʣʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʜʦʟʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʶ ʟʘ ʧʘʪʝʥʪʦʤ[68] 
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ʉʠʩʪʝʤʘ ʜʣʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʜʦʟʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʶ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʫʥʢʝʨʘ, ʱʦ 

ʤʽʩʪʠʪʴ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʪʝʨʤʦʢʣʝʡ, ʝʢʩʪʨʫʜʝʨʘ ʜʣʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ 

 ̔ʧʦʜʘʯʽ ʡʦʛʦ ʚ ʢʦʣʝʢʪʦʨ, ʘ ʧʦʪʽʤ ʚ ʘʧʣʽʢʘʪʦʨ ʜʣʷ ʜʦʟʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʢʣʝʶ. 

ʂʦʣʝʢʪʦʨ ʟôʻʜʥʘʥʠʡ ʟ ʘʧʣʽʢʘʪʦʨʦʤ ʛʥʫʯʢʠʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʚ ʷʢʠʡ ʚʙʫʜʦʚʘʥʦ 

ʥʘʛʨʽʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʪʝʧʣʦʚʽ ʜʘʪʯʠʢʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʣʘʚʫ 

ʪʝʨʤʦʢʣʝʶ ʚʽʜʧʦʚʽʜʘʣʘ ʧʦʪʨʽʙʥ̔ ʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʥʝʩʝʥʥʷ.  

ʆʜʥʘʢ ʪʘʢʝ ʦʙʣʘʜʥʘʥʥʷ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʪʘʢʝ ʦʙʣʘʜʥʘʥʥʷ 

ʥʝʝʬʝʢʪʠʚʥʝ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʪʝʨʤʦʢʣʝʶ ʽ ʡʦʛʦ ʨʦʙʦʪʫ ʚʘʞʢʦ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʦʥʦ ʧʦʪʨʝʙʫʻ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʟʘʧʫʩʢʫ, 

ʱʦʙ ʨʦʟʧʣʘʚʠʪʠ ʪʝʨʤʦʢʣʝʡ. ʊʝʨʤʦʢʣʝʡʦʚʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʠʭ ʧʝʨʽʦʜʽʚ ʯʘʩʫ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʷʢʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢʦʞ ʻ ʫʪʨʫʜʥʝʥʥʷ ʧʨʠ ʦʯʠʱʝʥʥʽ ʦʙʣʘʜʥʘʥʥʷ ʢʦʣʠ ʧʦʪʨʽʙʥʦ 

ʟʤʽʥʠʪʠ ʩʢʣʘʜ ʪʝʨʤʦʢʣʝʶ. 

ʅʘʚʝʜʝʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʩʠʩʪʝʤʠ ʜʦʟʫʚʘʥʥʷ ʪʘ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʤʘʶʪʴ ʨʷʜ 

ʥʝʛʘʪʠʚʥʠʭ ʤʦʤʝʥʪʽʚ. ʊʝʨʤʦʢʣʝʡʦʚʽ ʧʽʩʪʦʣʝʪʠ ʤʘʶʪʴ ʥʝʜʦʩʪʘʪʥʶ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʧʣʘʚʣʝʥʥʷ ʧʨʫʪʢʘ ʪʘ ʧʦʚʽʣʴʥʠʡ ʧʨʦʮʝʩ ʨʦʟʧʣʘʚʣʝʥʥʷ. ʉʠʩʪʝʤʠ ʜʦʟʫʚʘʥʥʷ 

ʪʝʨʤʦʢʣʝʶ, ʷʢʽ ʤʽʩʪʷʪʴ ʚ ʩʦʙʽ ʨʝʟʝʨʚʫʘʨʠ ʟ ʨʦʟʧʣʘʚʦʤ ʪʝʨʤʦʢʣʝʶ, ʚʠʤʘʛʘʶʪʴ 

ʧʦʩʪʽʡʥʠʭ ʚʠʪʨʘʪ ʪʝʧʣʘ ʥʘ ʧʽʜʽʛʨʽʚ ʪʘ ʧʽʜʪʨʠʤʢʫ ʡʦʛʦ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ. ʊʦʤʫ ʾʭ ʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʥʘ ʤʘʣʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʜʝ ʥʝ ʧʦʪʨʽʙʥʽ ʧʦʩʪʽʡʥʽ 

ʚʠʪʨʘʪʠ ʨʦʟʧʣʘʚʫ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʠʧʢʫ ʧʨʦʜʫʢʮʽʶ ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ 

ʬʘʩʫʶʪʴ ʚ ʢʘʨʪʦʥʥʽ ʧʘʯʢʠ. ɺ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʘʚʪʦʤʘʪʠʯʥʦʾ ʜʽʾ ʬʦʨʤʫʚʘʥʥʷ 

ʢʘʨʪʦʥʥʦʾ ʧʘʯʢʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʷʢ ʽʟ ʧʣʦʩʢʦʩʢʣʘʜʝʥʠʭ ʟʘʛʦʪʦʚʦʢ, ʪʘʢ ʽʟ 

ʚʠʩʽʯʦʢ, ʘ ʟôʻʜʥʘʥʥʷ ʪʦʨʮʽʚ ʧʘʯʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʢʣʝʶ [69]. 

ɿʥʘʯʥʝ ʤʽʩʮʝ ʥʘ ʨʽʟʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʦʜʝʨʞʘʣʠ ʧʘʢʫʚʘʣʴʥʽ ʤʘʰʠʥʠ (ʨʠʩ.ʢ 1.13), 

ʚ ʷʢʠʭ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʪʦʥʥʠʭ ʧʘʯʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʟ ʧʣʦʩʢʦʩʢʣʘʜʝʥʠʭ ʟʘʛʦʪʦʚʦʢ 

[70, 71].  
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1 ï ʤʘʛʘʟʠʥ ʟʘʛʦʪʦʚʦʢ; 2 ï ʚʠʜʽʣʝʥʥʷ ʦʜʠʥʠʯʥʦʾ ʫʧʘʢʦʚʢʠ ʽ ʥʘʜʘʥʥʷ ʦʙ'ʻʤʥʦʾ 

ʬʦʨʤʠ; 3 ï ʬʦʨʤʫʚʘʥʥʷ ʽ ʩʢʨʽʧʣʝʥʥʷ ʜʥʘ ʧʘʯʢʠ; 4 ï ʬʘʩʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ; 

5 ï ʫʱʽʣʴʥʝʥʥʷ ʧʨʦʜʫʢʮʽʾ; 6 ï ʢʦʥʪʨʦʣʴ ʨʽʚʥʷ ʟʘʧʦʚʥʝʥʥʷ ʧʘʯʢʠ ʧʨʦʜʫʢʮʽʻʶ; 

7 ï ʟʘʢʨʠʪʪʷ ʛʦʨʣʦʚʠʥʠ ʧʘʯʢʠ; 8 ï ʢʦʥʪʨʦʣʴ ʤʘʩʠ ʜʦʟʠ ʧʨʦʜʫʢʮʽʾ; 

9 ï ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʛʨʫʧʦʚʦʾ ʫʧʘʢʦʚʢʠ; 10 ï ʚʠʚʝʜʝʥʥʷ 

ʧʘʢʦʚʘʥʠʭ ʦʜʠʥʠʮʴ ʽʟ ʤʘʰʠʥʠ 

ʈʠʩʫʥʦʢ 1.13 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʪʦʥʥʦʾ ʧʘʯʢʠ ʽʟ 

ʧʣʦʩʢʦʩʢʣʘʜʝʥʦʾ ʟʘʛʦʪʦʚʢʠ [71]. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʽʙʥʦʾ ʩʭʝʤʠ ʦʙʫʤʦʚʣʝʥʦ ʜʠʬʝʨʝʥʮʽʘʮʽʻʶ ʦʧʝʨʘʮʽʡ ʚ ʪʘʢʠʭ 

ʤʘʰʠʥʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚ ʨʦʙʦʪʽ. 

 

1.5 ɺʠʩʥʦʚʢʠ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

 

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝ ʥʘʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʪʘ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʢʣʝʡʦʚʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ. 

1. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʣʝʾʚ-ʨʦʟʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʫʞʝ 

ʨʽʟʥʦʤʘʥʽʪʥʝ. ɰʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ: ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʫʧʘʢʦʚʦʢ 

(ʢʦʨʦʙʢʠ, ʛʦʬʨʦʪʘʨʘ, ʢʦʥʚʝʨʪʠ, ʧʘʢʝʪʠ), ʜʣʷ ʧʨʠʢʣʝʶʚʘʥʥ ̫ ʝʪʠʢʝʪʢʠ, ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʤʝʜʠʯʥʠʭ ʟʘʩʦʙʽʚ, ʚ ʤʝʙʣʝʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʽ ʪ.ʜ. ʇʽʜʚʠʱʝʥʥʷ ʧʦʧʠʪʫ 
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ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʢʣʝʶ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʪʨʝʙʫʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʨʦʟʧʣʘʚʫ ʪʘ 

ʥʘʥʝʩʝʥʥʷ ʡʦʛʦ ʥʘ ʧʦʚʝʨʭʥʶ. 

2. ʊʝʨʤʦʢʣʝʡ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʷʚʣʷʻ ʩʦʙʦʶ ʪʚʝʨʜʫ ʨʝʯʦʚʠʥʫ, ʷʢʘ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʛʨʽʚʘʥʥʷ ʟʤʽʥʶʻ ʩʚʽʡ ʩʪʘʥ ʥʘ ʚô̫ ʟʢʦʪʝʢʫʯʠʡ, ʘ ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ 

ʟʥʦʚʫ ʩʪʘʻ ʪʚʝʨʜʠʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʟôʻʜʥʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

ʊʝʨʤʦʢʣʝʡʦʚʝ ʟôʻʜʥʘʥʥʷ ʤʘʻ ʧʝʨʝʚʘʛʠ ʧʦʨʽʚʥʷʥʦ ʟ̔ ʟʚʠʯʘʡʥʠʤ ʢʣʝʻʤ. 

ʆʩʢʽʣʴʢʠ ʪʨʘʜʠʮʽʡʥʦ ʚʞʠʚʘʥʽ ʢʣʝʡʦʚʽ ʟôʻʜʥʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʥʘʙʫʪʪʷ 

ʧʣʘʥʦʚʘʥʦʾ ʤʽʮʥʦʩʪʽ, ʩʪʚʦʨʶʶʪʴ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʢʽʚ ʫ ʨʦʙʦʯʽʡ ʟʦʥʽ ʪʘ 

ʥʝʙʝʟʧʝʢʫ ʚʟʘʻʤʦʜʽʾ ʟ ʧʘʢʦʚʘʥʠʤ ʧʨʦʜʫʢʪʦʤ. ʇʝʨʝʣʽʯʝʥʽ ʚʘʜʠ ʚʽʜʩʫʪʥʽ ʫ ʨʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ. 

3. ʅʘʷʚʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʫʭʫ ʧʦʣʽʤʝʨʫ 

ʚ ʢʘʥʘʣʘʭ ʨʽʟʥʦʛʦ ʧʝʨʝʨʽʟʫ ʥʝʜʦʩʪʘʪʥʴʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʥʘ ʚʢʘʟʘʥʽ ʧʨʦʮʝʩʠ ʟʤʽʥʠ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

4. ʈʦʟʛʣʷʥʫʪʽ ʩʠʩʪʝʤʠ ʨʦʟʧʣʘʚʣʝʥʥʷ ʪʘ ʜʦʟʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʶ ʤʘʶʪʴ ʪʘʢʽ 

ʥʝʜʦʣʽʢʠ: ʧʦʚʽʣʴʥʠʡ ʧʨʦʮʝʩ ʨʦʟʧʣʘʚʣʝʥʥʷ, ʝʥʝʨʛʦʥʝʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ 

(ʚ ʧʨʦʤʽʞʢʘʭ ʤʽʞ ʟôʻʜʥʘʥʥʷʤ ʧʦʪʨʽʙʝʥ ʧʦʩʪʽʡʥʠʡ ʧʽʜʽʛʨʽʚ ʢʘʤʝʨʠ ʨʦʟʧʣʘʚʫ, ʱʦʙ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʨʤʦʢʣʝʡ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ), ʮʠʣʽʥʜʨʠʯʥʠʡ ʧʨʫʪʦʢ ʪʝʨʤʦʢʣʝʶ 

ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʥʘʙʫʚʘʻ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʥʝʜʦʩʪʘʪʥʴʦ ʽʥʪʝʥʩʠʚʥʦ. 

ʆʪʞʝ, ʥʘʷʚʥʽ ʩʠʩʪʝʤʠ ʧʽʜʛʦʪʦʚʢʠ ʡ ʥʘʥʝʩʝʥʥʷ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʢʣʝʶ 

ʨʦʟʨʘʭʦʚʘʥʽ ʘʙʦ ʥʘ ʙʝʟʧʝʨʝʨʚʥʫ ʧʦʜʘʯʫ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʪʝʨʤʦʢʣʝʶ, ʘʙʦ ʥʘ ʚʠʜʘʯʫ 

ʨʦʟʧʣʘʚʫ ʯʘʩ ʚʽʜ ʯʘʩʫ ʟ ʥʝʚʝʣʠʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ. ʊʘʢʽ ʚʘʨʽʘʥʪʠ ʥʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʥʝʚʝʣʠʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʤʦʞʣʠʚʽʩʪʶ ʛʥʫʯʢʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘ ʨʽʟʥʽ ʚʠʜʠ ʧʨʦʜʫʢʮʽʾ.  

ʊʦʤʫ ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʠʭ ʧʨʠʩʪʨʦʾʚ 

ʟ ʤʦʞʣʠʚʽʩʪʶ ʰʚʠʜʢʦʛʦ ʨʦʟʽʛʨʽʚʫ ʪʝʨʤʦʢʣʝʶ ʪʘ ʷʢʽ ʙ ʥʝ ʧʦʪʨʝʙʫʚʘʣʠ ʧʦʩʪʽʡʥʦʛʦ 

ʧʽʜʪʨʠʤʘʥʥʷ ʡʦʛʦ ʚ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʩʪʘʥʽ. 
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ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥ:ɹ 

1) ʜʦʩʣʽʜʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʡʦʛʦ ʬʦʨʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʣʘʜʥʘʥʥʷ; 

2) ʜʦʩʣʽʜʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ; 

3) ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʟʘʭʦʜʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʣʘʚʣʝʥʥʷ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

4) ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʡ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʧʦʪʨʽʙʥ ̔

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʛʦʪʦʚʢʠ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʢʣʝʶ 

ʡ ʫʪʚʦʨʝʥʥʷ ʟôʻʜʥʘʥʥʷ; 

5) ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʦʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ; 

6) ʜʦʩʣʽʜʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʥʘ ʪʦʚʱʠʥʫ ʡ ʰʠʨʠʥʫ ʢʣʝʡʦʚʦʛʦ ʰʚʘ; 

7) ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʽʮʥʦʩʪʽ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʥʘ ʷʢʽʩʪʴ ʫʪʚʦʨʝʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ. 

8) ʚʩʪʘʥʦʚʠʪʠ ʜʦʮʽʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ ʧʘʢʦʚʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʽ 

ʡʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ.   
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2 ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʇʈʆʎɽʉɯɺ ʋʊɺʆʈɽʅʅʗ ʊɸ ʈʋʁʅʋɺɸʅʅʗ 

ʊɽʈʄʆʂʃɽʁʆɺʆɻʆ ɿôɭɼʅɸʅʅʗ 

 

 

2.1 ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʫʭʫ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

 

ʇʨʫʪʦʢ ʪʝʨʤʦʢʣʝʶ, ʷʢʠʡ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʧʩʝʚʜʦ-ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʧʦʜʘʻʪʴʩʷ ʤʝʭʘʥʽʟʤʦʤ ʧʦʜʘʯʽ ʜʦ ʢʘʥʘʣʫ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʜʝ ʧʽʜ ʜʽʻʶ 

ʪʝʧʣʦʪʠ ʚʽʜ ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʧʦʯʠʥʘʻ ʧʣʘʚʠʪʠʩʴ. ʈʦʟʧʣʘʚ ʧʦʣʽʤʝʨʫ ʧʨʦʷʚʣʷʻ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʩʪʠʩʣʠʚʦʾ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ. ʈʝʞʠʤ ʨʫʭʫ ʨʦʟʧʣʘʚʫ ʻ 

ʣʘʤʽʥʘʨʥʠʤ. ʇʨʦʭʦʜʷʯʠ ʤʽʞ ʥʘʛʨʽʪʠʤʠ ʩʪʽʥʢʘʤʠ ʢʘʥʘʣʫ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʣʘʚʣʝʥʥʷ 

ʧʨʫʪʢʘ ʟʨʦʩʪʘʻ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʪʝʨʪʷ ʧʦ ʩʪʽʥʢʘʭ ʢʘʥʘʣʫ. 

ʎʠʣʽʥʜʨʠʯʥʠʡ ʢʘʥʘʣ ʟʘʢʽʥʯʫʻʪʴʩʷ ʩʦʧʣʦʤ, ʱʦ ʟʚʫʞʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʚʟʘʥʥʷ ʻ ʬʫʥʢʮʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʢʫʯʦʩʪʽ 

ʧʦʣʽʤʝʨʫ ʧʦʯʠʥʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠʩʷ ʫʤʦʚʘ ʧʨʠʣʠʧʘʥʥʷ ʨʦʟʧʣʘʚʫ ʜʦ ʩʪʽʥʢʠ. ɺôʷʟʢʽʩʪʴ 

ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʫ ʻ ʬʫʥʢʮʽʷʤʠ ʨʝʞʠʤʫ ʨʫʭʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʐʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʪʝʨʤʦʢʣʝʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʝʤ ʤʽʥʽʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʫ 

ʤʘʻ ʜʦʩʷʛʪʠ ʨʦʟʧʣʘʚ ʧʦʣʽʤʝʨʫ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ ʢʘʥʘʣʫ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʘʜʝ̌ʟʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʡ ʧʦʪʨʽʙʥʫ ʪʝʢʫʯʽʩʪʴ. ɻʨʘʚʽʪʘʮʽʡʥʽ ʩʠʣʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʾʭ 

ʧʦʨʷʜʦʢ ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʡ ʟʩʫʚʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʫ ʧʨʦʮʝʩʽ ʻ ʧʦʜʘʯʘ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʢʣʝʶ ʤʽʞ ʨʫʣʦʥʘʤʠ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʩʘʤʝ ʚ ʟʘʟʦʨ ʤʽʞ ʜʚʦʤʘ ʨʦʣʠʢʘʤʠ. ʇʽʜ ʜʽʻʶ ʟʫʩʠʣʣʷ 

ʧʨʠʪʠʩʢʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʟôʻʜʥʘʥʥʷ ʰʣʷʭʦʤ ʧʨʠʪʠʩʢʘʥʥʷ ʦʜʥʦʛʦ 

ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʜʦ ʽʥʰʦʛʦ. ʇʽʜ ʯʘʩ ʧʨʠʪʠʩʢʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʠʡ ʰʘʨ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ, ʟʘʪʚʝʨʜʽʚʘʻ ʪʘ ʥʘʙʫʚʘʻ ʘʜˇʝʟʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʟ ʦʙʦʤʘ ʧʦʚʝʨʭʥʷʤʠ 

ʩʪʨʽʯʦʢ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 
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2.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʫʭʫ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ  

 

ɿʛʽʜʥʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʫʭʫ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʚ ʢʘʥʘʣʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʩʠʩʪʝʤʦʶ 

ʨʽʚʥʷʥʴ, ʷʢʘ ʚʢʣʶʯʘʻ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ, ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʪʘ ʝʥʝʨʛʽʾ [71] 

 

 (2.1) 

 

ʜʝ  ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ, ;  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ;  ï ʯʘʩ, ʩ;  ï 

ʛʫʩʪʠʥʘ, ʢʛ/ʤ3;  ï ʟʦʚʥʽʰʥʽʡ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ, ʇʘ;  ï ʪʝʥʟʦʨ ʚôʷʟʢʠʭ 

ʥʘʧʨʫʞʝʥʴ ʜʨʫʛʦʛʦ ʨʘʥʛʫ, ʇʘ;  ï ʪʝʥʟʦʨ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ, ʩ-1; 

 ï ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ʷʢ ʬʫʥʢʮʽʷ ʜʨʫʛʦʛʦ ʽʥʚʘʨʽʘʥʪʘ  ʚʽʜ , ʇʘĀʩ;  

ï ʜʨʫʛʠʡ ʽʥʚʘʨʽʘʥʪ ʚʽʜ , ʩ-1;  ï ʷʚʥʘ ʤʘʩʦʚʘ ʝʥʪʘʣʴʧʽʷ, ɼʞ/ʢʛ;  ï 

ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛĀʂ);  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, 

ɺʪ/(ʤĀʂ); ï ʯʣʝʥ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʠʩʠʧʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ;  ï 

ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; (:) ï ʦʧʝʨʘʪʦʨ ʧʦʜʚʽʡʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ. 

ɿʘʢʦʥ ʚôʷʟʢʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ 

ʢʣʘʩʽʚ ʨʽʜʠʥ ʤʘʻ ʚʠʛʣʷʜ  
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 ï ʜʨʫʛʠʡ ʽʥʚʘʨʽʘʥʪ , ʩ-1; ;  ï ʝʥʝʨʛʽʷ 

ʘʢʪʠʚʘʮʽʾ ʪʝʯʽʾ, ɼʞ/ʤʦʣʴ;  ï ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ/(ʤʦʣʴĀʂ);  ï ʘʙʩʦʣʶʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʘʢʪʠʚʘʮʽʾ, ʂ;  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʣʽʢʫ, ʂ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʫ ʪʝʯʽʾ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢ̔ ʟʘʢʦʥʠ ʚôʷʟʢʦʩʪʽ ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ [72ï75]: 

- ʩʪʝʧʝʥʝʚʠʡ ʟʘʢʦʥ (Power Law) 
 

( )
1

ɖ ɚɔ ,
n

K
-

=  

 
ʜʝ ɖ ï ʚôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ, ʇʘĀʩ; K  ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʩʠʩʪʝʥʮʽʾ, ʇʘĀʩ; ɚ ï 

ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ, ʩ; ɔ ï ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ, 
1ʩ- ; n  ï ʩʪʝʧʝʥʝʚʠʡ ʽʥʜʝʢʩ; 

- ʟʘʢʦʥ ɹʴʦʨʜïʂʘʨʨʦ (BirdïCarreau Law) 

( )( )
1

2 2 2
0

ɖ ɖ ɖ ɖ 1 ɚɔ ,
n-

¤ ¤
= + - +  

 

ʜʝ ɖ¤  ï ʚôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ, ʇʘĀʩ; 0
ɖï 

ʚôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʟʘ ʤʽʥʽʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ, ʇʘĀʩ; 

- ʟʘʢʦʥ ʂʨʦʩʩʘ (Cross Law) 

( )
0
ɖ

ɖ ,
1 ɚɔ

m
=
+

 

ʜʝ 1m n= -. 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʧʦʪʨʽʙʥʫ ʜʣʷ ʯʠʩʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʬʫʥʢʮʽʶ ʚ'ʷʟʢʦʩʪʽ, ʷʢʘ 

ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʘʪʝʨʽʘʣʫ ʉɽɺɸ (ʩʧʽʚʧʦʣʽʤʝʨ ʝʪʠʣʝʥʫ 

ʟ ʚʽʥʽʣʘʮʝʪʘʪʦʤ) Dorus ʤʘʨʢʠ Q 611, ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʟʘʢʦʥʽʚ 

ʚôʷʟʢʦʩʪʽ [72ï75] ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ (ʨʠʩ. 2.1). 
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ʈʠʩʫʥʦʢ 2.1 ï ɿʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ ʨʦʟʧʣʘʚʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʫ ʨʽʟʥʠʭ 

ʨʝʦʣʦʛʽʯʥʠʭ ʨʽʚʥʷʥʥʷʭ 

 

ʅʘʚʝʜʝʥʽ ʢʨʠʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʽ 

ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʤʘʣʠʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʝʡ ʟʩʫʚʫ. ɸ ʨʦʟʧʦʜʽʣ 

ʟʥʘʯʝʥʴ ʚôʷʟʢʦʩʪʽ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʟʘʢʦʥʽʚ ʤʘʡʞʝ ʦʜʥʘʢʦʚʠʡ ʥʘ ʧʨʦʤʽʞʢʫ, ʜʝ 

ʟʥʘʯʝʥʥ ̫ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʙʽʣʴʰʽ ʟʘ 100 ʩ-1. ɿ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʛʨʘʬʽʢʫ, ʟʦʙʨʘʞʝʥʦʤʫ 

ʥʘ ʨʠʩ. 2.1, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʢʨʠʚʦʶ ʥʘʡʙʽʣʴʰʝ 

ʩʧʽʚʧʘʜʘʻ ʟʘʢʦʥ ʂʨʦʩʩʘ. ʋ ʧʨʦʮʝʩʽ ʝʢʩʪʨʫʟʽʾ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʟʩʫʚʫ ʩʷʛʘʶʪʴ 

ʥʘʡʯʘʩʪʽʰʝ 100ï500 ʩ-1, ʪʦʤʫ ʚʽʜʤʽʥʥʦʩʪʽ ʟʘʢʦʥʽʚ ʚôʷʟʢʦʩʪʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʥʝʩʫʪʪʻʚʠʤʠ. 

ɼʣʷ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʦʧʠʩʘʪʠ ʪʝʯʽʶ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʚʨʘʭʦʚʫʚʘʚʰʠ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ ʟʩʫʚʫ (ʧʨʠ ʜʫʞʝ ʥʠʟʴʢʠʭ ʽ ʜʫʞʝ ʚʠʩʦʢʠʭ 

ʟʥʘʯʝʥʥʷʭ), ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʢʦʥ ɹʴʦʨʜïʂʘʨʨʦ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʟʥʘʯʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ 0
ɖʽ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ɖ .¤  
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ɿʘ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.1) ʧʨʠʡʤʘʶʪʴʩʷ ʨʦʟʧʦʜʽʣ ʧʦʣʽʚ 

ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ , ʪʠʩʢʫ  ʡ ʪʝʤʧʝʨʘʪʫʨʠ  ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0t=  

 

 (2.3) 

 

ʜʝ  ï ʜʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ, ʤ;  ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ.  

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ (2.1) ʚʢʣʶʯʘʶʪʴ: 

ï ʫ ʚʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʢʘʥʘʣʫ ʟʘʜʘʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʡ ʥʦʨʤʘʣʴʥʘ ʢʦʤʧʦʥʝʥʪʘ 

ʰʚʠʜʢʦʩʪʽ ʘʙʦ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʤʘʪʝʨʽʘʣʫ 

 

   (2.4) 

 

ʜʝ  ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʚʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ; 

 ï ʰʚʠʜʢʽʩʪʴ (ʤ/ʩ), ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ (ʢʛ/ʩ) ʪʘ ʘʙʩʦʣʶʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ (ʂ) ʫ ʚʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʢʘʥʘʣʫ, ʚʽʜʧʦʚʽʜʥʦ;  ï ʣʦʛʽʯʥʝ çʘʙʦè; 

ï ʫ ʚʠʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʢʘʥʘʣʫ ï ʥʫʣʴʦʚʠʡ ʛʨʘʜʽʻʥʪ ʪʠʩʢʫ ʡ ʪʝʤʧʝʨʘʪʫʨʠ 

 

 (2.5) 

 

ï ʥʘ ʧʦʚʝʨʭʥʷʭ ʢʦʥʪʘʢʪʫ ʨʽʜʠʥʠ ʟʽ ʩʪʽʥʢʘʤʠ ʢʘʥʘʣʫ ʟʘʜʘʶʪʴʩʷ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʘʙʦ ʧʨʠʩʪʽʥʥʽ ʟʩʫʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʬʦʨʤʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʟʘʢʦʥʫ ʅʘʚôʻ 

(ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʅʘʚôʻ [76], ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʩʠʣ, ʷʢʽ ʜʽʶʪʴ 

ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʤʽʞ ʜʚʦʤʘ ʩʝʨʝʜʦʚʠʱʘʤʠ), ʘʙʦ ʫʤʦʚʠ ʧʨʠʣʠʧʘʥʥʷ: 
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ʘʙʦ 

 ʧʨʠ , (2.7) 

 

ʜʝ  ï ʢʦʤʧʦʥʝʥʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʫ ʧʨʠʩʪʽʥʥʦʤʫ ʰʘʨʽ, 

ʇʘ; ,  ï ʦʜʠʥʠʯʥʽ ʥʦʨʤʘʣʴʥʠʡ ʽ ʪʘʥʛʝʥʮʽʘʣʴʥʠʡ ʚʝʢʪʦʨʠ ʜʦ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ, 

ʚʽʜʧʦʚʽʜʥʦ;  ï ʚʝʢʪʦʨʠ ʨʝʟʫʣʴʪʫʶʯʦʾ ʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ 

ʢʘʥʘʣʫ (ʫ ʧʨʠʩʪʽʥʥʦʤʫ ʰʘʨʽ), ʤ/ʩ;  ï ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʽʚ 

ʨʝʟʫʣʴʪʫʶʯʦʾ ʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ (ʫ ʧʨʠʩʪʽʥʥʦʤʫ 

ʰʘʨʽ), ʤ/ʩ;  ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʚʟʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ, ʢʛ/(ʤ2Öʩ); ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʢʫʯʦʩʪʽ (ʧʣʘʚʣʝʥʥʷ) ʧʦʣʽʤʝʨʫ, ʂ; 

ï ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʧʦʚʽʪʨʷʤ ï ʫʤʦʚʠ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ (ʟʘʢʦʥ ʅʴʶʪʦʥʘ-ʈʽʭʤʘʥʘ) 

 

, (2.8) 

 

ʜʝ  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʟ 

ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ [77], ɺʪ/(ʤ2Āʂ);  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʂ;  ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ʤ2. 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʧʦʣʽʤʝʨʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟʽ ʩʪʽʥʢʘʤʠ ʢʘʥʘʣʫ ʥʘʚʝʜʝʥʘ ʚ [78]. 

ɼʣʷ ʯʠʩʣʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʠʡ 

ʧʨʦʜʫʢʪ ANSYS PolyFlow [79], ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ.  

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.1) ï (2.8) ʻ ʧʦʚʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʟʘʜʘʯʽ 

ʧʨʦʮʝʩʫ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʫʭʫ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚ ʢʦʥʪʠʥʫʘʣʴʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ. 
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2.3 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ 

 

ʋ ʙʽʣʴʰʦʩʪʽ ʤʦʜʝʣʝʡ ʘʜ̌ʝʟʽʡʥʠʭ ʟʦʥ ʚʽʜʥʦʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʫ ʽ ʨʦʟʨʠʚʫ 

ʥʘ ʛʨʘʥʠʮ ̔ʨʦʟʜʽʣʫ ʪʘʢʽ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʽʞʬʘʟʦʚʦʾ ʚʽʜʩʪʘʥʽ ʩʠʣʘ ʟʯʝʧʣʝʥʥʷ ʥʘ 

ʛʨʘʥʠʮʽ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ (ʧʦʯʘʪʦʢ ʪʨʽʱʠʥʠ), ʧʦʪʽʤ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʜʘʣʽ ʪʨʽʱʠʥʘ 

ʧʦʰʠʨʶʻʪʴʩʷ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ ʨʦʟôʻʜʥʘʥʥʷ. ʄʦʜʝʣʴ ʘʜ̌ʝʟʽʡʥʦʾ ʟʦʥʠ ʤʦʜʝʣʶʻ 

ʧʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ, ʨʦʟʰʠʨʶʶʯʠ ʢʦʥʮʝʧʮʽʶ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ, 

ʚʢʣʶʯʘʶʯʠ ʟʦʥʫ ʨʦʟʨʠʚʫ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʨʘʤʝʪʨʠ ʤʽʮʥʦʩʪʽ ʽ ʝʥʝʨʛʽʾ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʨʦʟôʻʜʥʘʥʥʷ (ʨʠʩ. 2.2). 

 

 
ʘ 

 
ʙ 

ʘ ï ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʜʝʬʦʨʤʘʮʽʡ; ʙ ï ʩʠʣʠ ʨʝʘʢʮʽʾ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ ʢʨʘʾʚ 

ʈʠʩʫʥʦʢ 2.2 ï ɿʘʣʝʞʥʦʩʪʽ ʫ ʢʣʝʡʦʚʦʤʫ ʟôʻʜʥʘʥʥʽ ʧʽʜ ʯʘʩ ʨʦʟʪʷʛʫ [52] 
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ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʤʦʜʝʣʷʭ ʘʜ̌ʝʟʽʡʥʠʭ ʟʦʥ ʧʦʣʷʛʘʻ ʚ ʬʦʨʤʽ ʢʨʠʚʠʭ 

ʥʘʧʨʫʞʝʥʥʷ-ʨʦʟʪʷʛ ʽ ʧʘʨʘʤʝʪʨʘʭ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʮʶ ʬʦʨʤʫ. ʇʘʨʘʤʝʪʨʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʟʘʢʦʥ ʟ'ʻʜʥʘʥʥʷ: ʧʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ ʥʘʧʨʫʞʝʥʥʷ-ʨʦʟʪʷʛ (ʤʽʮʥʽʩʪʴ) ʽ ʭʘʨʘʢʪʝʨʥʘ 

ʤʽʮʥʽʩʪʴ (ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ) ʘʙʦ ʭʘʨʘʢʪʝʨʥʝ ʟʤʽʱʝʥʥʷ, ʷʢʝ ʧʨʝʜʩʪʘʚʣʷʻ 

ʜʝʬʦʨʤʘʮʽʶ ʨʫʡʥʫʚʘʥʥʷ ʚ ʟʦʥʽ ʟ'ʻʜʥʘʥʥʷ. ɿʘʛʘʣʴʥʽ ʟʘʢʦʥʠ ʥʘʧʨʫʞʝʥʥʷ-ʨʦʟʪʷʛ ʜʣʷ 

ʢʦʤʧʦʟʠʮ̔ ʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʣʘʩʪʠʯʥʦ ʨʫʡʥʫʶʪʴʩʷ ʽ ʢʣʝʾʚ ʨʦʟʛʣʷʥʫʪʽ ʚ 

[52,80,81]. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ 

ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ ʘʜ̌ʝʟʽʡʥʦʾ ʟʦʥʠ [82] ʚ ʷʢʽʡ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʷʢ ʧʦʩʪʫʧʦʚʝ ʷʚʠʱʝ, ʘ ʨʦʟʜʽʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʨʽʱʠʥʠ ʚʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡ ʚ ʦʙʣʘʩʪʽ ʫʩʪ ̫ʪʨʽʱʠʥʠ ʷʢʘ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚʟʜʦʚʞ ʘʜˇʝʟʽʡʥʦʛʦ 

ʰʘʨʫ. 

ʋ ʨʦʙʦʪʽ [82] ʚ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʢʣʘʜʝʥʦ ʢʨʠʪʝʨʽʡ ʧʦʰʠʨʝʥʥʷ 

ʪʨʽʱʠʥʠ ɻʨʽʬʬʽʪʩʘ, ʱʦ ʚʠʚʝʜʝʥʠʡ ʟ ʧʝʨʰʦʛʦ ʧʨʠʥʮʠʧʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ. ʗʢʱʦ 

ʧʦʚʝʜʽʥʢʘ ʤʘʪʝʨʽʘʣʫ ʚʩʶʜʠ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʘ (ʢʨʽʤ ʚʝʨʰʠʥʠ ʪʨʽʱʠʥʠ), ʧʦʚʥʘ 

ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʷʢ ʬʫʥʢʮʽʷ ʚʝʢʪʦʨʫ ʧʝʨʝʤʽʱʝʥʴ ɜ 

 ̔ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ a, ʷʢʽ ʻ ʬʫʥʢʮʽʷʤʠ ʚʽʜ ʯʘʩʫ t. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ 

ʧʦʚʥʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

() () ()( )Ĕʇ ʇ ,ɜ ,t a t t=  (2.9) 

 

ʜʝ ʇ ï ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ, ɼʞ; ɜ ï ʚʝʢʪʦʨ ʧʝʨʝʤʽʱʝʥʥʷ, ʤʤ; a  ï ʜʦʚʞʠʥʘ 

ʪʨʽʱʠʥʠ, ʤʤ; 

ʐʚʠʜʢʽʩʪʴ ʟʤʽʥʠ Ĕʇ ʜʦʨʽʚʥʶʻ ʤʝʭʘʥʽʯʥʽʡ ʝʥʝʨʛʽʾ W , ʱʦ ʧʝʨʝʜʘʥʘ ʪʚʝʨʜʦʤʫ 

ʪʽʣʫ, ʟ ʚʠʨʘʭʫʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʜʠʩʠʧʘʮʽʾ D  

 

Ĕʇ W ,D= -  
(2.10) 
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ʜʝ ʢʨʘʧʢʦʶ ʧʦʟʥʘʯʘʻʪʴʩʷ ʧʦʭʽʜʥʘ ʧʦ t; W  ï ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ, ɼʞ; D  ï ʝʥʝʨʛʽʷ 

ʜʠʩʠʧʘʮʽʾ, ɼʞ. 

ʇʦʟʥʘʯʘʶʯʠ ʩʠʣʫ ʨʝʘʢʮʽʾ F ʧʨʠ ʟʘʜʘʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ ɜ, ʚʠʟʥʘʯʠʤʦ 

ʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ W  ʷʢ 

W= ɜ.F  (2.11) 

 

ʇʽʩʣʷ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ (2.9) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.10)  ̔ (2.11) ʦʪʨʠʤʘʻʤʦ 

ʟʛʽʜʥʦ [82] 

 

ʇ ʇĔʇ ɜ ɜ .
ɜ

a F D
a

µ µ
= + = -
µ µ

 (2.12) 

 

ɿ (2.12) ʩʣʽʜʫʻ, ʱʦ 

 

ʇ
,

ɜ
F

µ
=

µ
 (2.13) 

ʇ
.a D

a

µ
=-

µ
 (2.14) 

 

ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʦʤ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ (ʚʽʜʦʤʠʡ ʷʢ ʤʝʪʦʜ ʧʽʜʜʘʪʣʠʚʦʩʪʽ) [82] 

ʰʚʠʜʢʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʝʥʝʨʛʽʾ C
G  ʜʦʨʽʚʥʶʻ 

 

,  ʧʨʠ 0,
C

D
G a

ba
= >  (2.15) 

ʜʝ b ï ʰʠʨʠʥʘ ʟʨʘʟʢʘ, ʤʤ. 

ɺʠʢʦʥʫʶʯʠ ʟʘʤʽʥʫ ʚ (2.14) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.15) ʦʪʨʠʤʘʥʦ ʚʽʜʦʤʠʡ ʢʨʠʪʝʨʽʡ 

ʟʨʫʰʝʥʥʷ (ʧʦʰʠʨʝʥʥʷ) ʪʨʽʱʠʥʠ ɻʨʽʬʬʽʪʩʘ ʟʛʽʜʥʦ ʤʝʪʦʜʫ ʧʽʜʜʘʪʣʠʚʦʩʪʽ ʜʣʷ ʟʨʘʟʢʘ 

ʟ ʰʠʨʠʥʦʶ b ʟ ʮʝʥʪʨʘʣʴʥʦʶ ʪʨʽʱʠʥʦʶ 

 

1 ʇ
, ʧʨʠ 0.

C
G a

b a

µ
=- >

µ
 (2.16) 
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ɺʠʨʘʟʠʚʰʠ ʧʦʚʥʫ ʝʥʝʨʛʽʶ ʜʠʩʠʧʘʮʽ ʾ ( )D t  ʷʢ ʬʫʥʢʮʽʶ ʧʨʠʨʦʩʪʫ Ĕ( ( ))D a t  ʚʽʜ 

ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ a, ʪʘʢ ʱʦ Ĕ( ) ( ( ))D t D a t= , ʦʪʨʠʤʘʻʤʦ [82] 

 

Ĕ1 d
 ʧʨʠ 0,

d
C

D D
G a

ba b a
= = > (2.17) 

 

ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ C
G  ʷʢ ʝʥʝʨʛʽʾ, ʱʦ ʨʦʟʩʽʶʻʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ 

ʥʦʚʦʾ ʪʨʽʱʠʥʠ. 

ʂʣʘʩʠʯʥʘ ʤʝʭʘʥʽʢʘ ʨʫʡʥʫʚʘʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʽʾ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʟʤʽʥʥʠʤʠ, ʽʥʪʝʨʧʨʝʪʫʶʯʠ ʜʦʚʞʠʥʫ ʪʨʽʱʠʥʠ a, 

ʷʢ ʚʥʫʪʨʽʰʥʶ ʟʤʽʥʥʫ, ʪʘʢ ʱʦ () ()( ),  ɜʇ a t t ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʣʴʥʫ ʝʥʝʨʛʽʶ ʩʠʩʪʝʤʠ 

ʚ ʤʦʤʝʥʪ ʯʘʩʫ t. ʈʽʚʥʷʥʥʷ (2.10) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʥʝʨʽʚʥʦʩʪʽ Clausiusa-

Duhema 

 

ʇ ʇĔʇ ɜ 0  ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ɜ ̔ .
ɜ

D W F a a
a

µ µå õ
= - = - - ²æ ö

µ µç ÷
 (2.18) 

 

ʂʨʽʤ ʪʦʛʦ ʇ a-µ µ ï ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʟʤʽʥʥʘ. ʆʩʢʽʣʴʢʠ ʇ 0a-µ µ ¢ ʪʘ 0a²  

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʝʥʝʨʛʽʷ ʜʠʩʠʧʘʮʽʾ D  ʙʫʣʘ ʥʝʚʽʜôʻʤʥʘ. ʇʨʠ ʮʴʦʤʫ ʚhʠʜʢʽʩʪʴ 

ʚʠʜʽʣʝʥʥʷ ʝʥʝʨʛʽʾ G  ʜʦʨʽʚʥʶʻ 

 

( )
1 ʇ

  0 .G a
b a

µ
=- >

µ
 (2.19) 

 

ʗʢ ʚʽʜʦʤʦ, ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥʠ a, ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘʤʠ KuhnaïTuckera  

 

( )

( )

0,

0,

0,

C

C

G G

a

G G a

- ¢

²

- =

 (2.20) 
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ʜʝ G ï ʰʚʠʜʢʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʝʥʝʨʛʽʾ, ʅ/ʤ. 

ʋ ʨʦʙʦʪʽ [82] ʨʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ, ʚ ʷʢʦʤʫ ʧʦʚʝʜʽʥʢʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ 

ʤʦʜʝʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʾ ʤʦʜʝʣʽ ʘʜ̌ʝʟʽʡʥʦʾ ʟʦʥʠ (ʨʠʩ. 2.3,ʘ), 

ʜʝ ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʦʟʥʘʯʝʥʠʡ ʯʝʨʝʟ k. ʂʣʘʩʠʯʥʘ ʥʝʚʠʟʘʯʝʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ 

ʫ ʚʝʨʰʠʥʽ ʪʨʽʱʠʥʠ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʨʘʟʽ, ʢʦʣʠ k­Ð. ʆʜʥʘʢ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʨʽʚʥʷʥʥʷ 

ʩʧʨʘʚʝʜʣʠʚʽ ʽ ʜʣʷ ʩʢʽʥʯʝʥʥʠʭ ʧʦʟʠʪʠʚʥʠʭ ʟʥʘʯʝʥʴ k . 

 

 
ʘ ï ʣʽʥʽʡʥʠʡ ʟʘʢʦʥ ʧʨʫʞʥʦʩʪʽ (ʷʚʥʦ ʥʝ ʚʢʣʶʯʝʥʦ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ); 

ʙ ï ʨʝʘʢʮʽʷ ʩʪʨʫʢʪʫʨʠ; ʚ ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʟʘʢʦʥ ʘʜ̌ʝʟʽʡʥʦʾ ʟʦʥʠ ʜʣʷ ʥʝʧʦʰʢʦʜʞʝʥʦʾ 

ʪʦʯʢʠ ʪʘ ʛ ï ʟʨʫʡʥʦʚʘʥʦʾ ʪʦʯʢʠ 

ʈʠʩʫʥʦʢ 2.3 ï ʃʽʥʽʡʥʦ-ʧʨʫʞʥʘ ʧʦʚʝʜʽʥʢʘ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ [82] 

 

ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʙʘʣʘʥʩʫ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʫ ʬʦʨʤʫʣʽ (2.10), ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.3, ʙ ʫ ʚʠʛʣʷʜʽ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʽ ʾʭ ʧʨʠʨʦʩʪʫ, 

ʢʦʣʠ ʪʨʽʱʠʥʘ ʧʦʰʠʨʶʻʪʴʩʷ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ 0
a  ʜʦ ʥʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ 

0
ȹa a+ . ʊʦʯʢʘ A ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʤʽʱʝʥʥʶ ɜA  ̔  ʩʠʣʽ A

F , ʧʨʠ ʷʢʠʭ ʪʨʽʱʠʥʘ ʧʦʯʠʥʘʻ 

ʧʦʰʠʨʶʚʘʪʠʩʷ. ʇʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʇA, ʱʦ ʟʙʝʨʝʞʝʥʘ ʚ ʪʽʣʽ ʟ ʧʦʯʘʪʢʦʚʦ ʁ
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ʪʨʽʱʠʥʦʶ 0
a , ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʦʱʝʶ OAA O.¡  ɺ ʪʦʯʮʽ A ʪʨʽʱʠʥʘ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ aD , ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜ ɜA  ʜʦ ɜB  

 ̔ʟʤʝʥʰʝʥʥʷʤ ʩʠʣʠ ʚʽʜ A
F  ʜʦ B

F . ʇʦʚʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʇB  ʚ ʪʦʯʮʽ B 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʦʱʝʶ OBB O.¡  ʈʦʙʦʪʘ WD  ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʦʚʥʽʰʥʴʦʶ ʩʠʣʦʶ, 

ʜʦʨʽʚʥʶʻ ʧʣʦʱʽA ABB A .¡ ¡ ¡ ʆʩʢʽʣʴʢʠ ʇ ȹ
A

W+  ï ʦʙʣʘʩʪʴ OABB O¡, ʦʙʣʘʩʪʴ OABO

(ʟʘʰʪʨʠʭʦʚʘʥʘ ʩʽʨʠʤ ʥʘ ʨʠʩ. 2.3, ʙ), ʜʦʨʽʚʥʶʻ ʇ ʇ ȹ ,
A B

W- +  ̫ ʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʧʨʠʨʽʩʪ ʝʥʝʨʛʽʾ ʜʠʩʠʧʘʮʽʾ ȹD  ʫ ʧʨʦʮʝʩʽ ʨʫʡʥʫʚʘʥʥʷ. ʈʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʧʦʪʫʞʥʦʩʪʽ 

ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.10) ʦʪʨʠʤʫʻ ʚʠʛʣʷʜ 

 

ʇ ʇ ȹ ȹ .
B A

W D- = -  (2.21) 

 

ʇʨʠ ʦʩʪʘʪʦʯʥʦʤʫ ʧʦʰʠʨʝʥʥʽ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ ʚʽʜ a  ʜʦ a a+D ʝʥʝʨʛʽʷ 

ʨʦʟʩʽʶʚʘʥʥʷ ʜʦʨʽʚʥʶʻ ɋ ʧʦʤʥʦʞʝʥʽʡ ʥʘ ʧʦʚʝʨʭʥʶ ʥʦʚʦʫʪʚʦʨʝʥʦʾ ʪʨʽʱʠʥʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʧʦʚʝʨʭʥʽ ʪʨʽʱʠʥʠ, ʧʣʦʱʘ ʷʢʦʾ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ȹb a 

ʦʪʨʠʤʘʥʦ [82] 

 

ȹ ɋ ȹ ,D b a=  (2.22) 

 

ʜʝ ɋ ï ʝʥʝʨʛʽʷ ʨʦʟʩʽʶʚʘʥʥʷ, ʅ/ʤ. 

ʇʽʩʣʷ ʧʦʨʽʚʥʷʥʥʷ (2.22) ʟ ʬʦʨʤʫʣʦʶ (2.17) ʪʘ ʚʠʟʥʘʯʠʚʰʠ ʣʽʤʽʪ ʧʨʠ 0aD ­

, ʦʪʨʠʤʫʻʤʦ ʚʽʜʦʤʠʡ ʢʨʠʪʝʨʽʡ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʨʽʱʠʥʠ [82] ʟʛʽʜʥʦ ʤʝʪʦʜʫ 

ʧʽʜʜʘʪʣʠʚʦʩʪʽ 

 

Ĕ1 d
ɋ.

d
C

D
G

b a
= =  (2.23) 

 

ʆʪʞʝ, ʢʦʣʠ (ʜʦ ʨʫʡʥʫʚʘʥʥʷ) ʧʦʚʝʜʽʥʢʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʻ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦ ,ʁ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʪʝʨʽʶ ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥʠ ɻʨʽʬʬʽʪʩʘ, ʱʦ ʚʠʨʘʞʝʥʠʡ ʚ ʨʽʚʥʷʥʥʷʭ 

(2.19)  ̔ (2.20), ʝʢʚʽʚʘʣʝʥʪʥʦ ʤʦʜʝʣʶʚʘʥʥʶ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʾ 

ʘʜ̌ʝʟʽʡʥʦʾ ʟʦʥʠ ʟ ʢʨʠʭʢʠʤ ʨʫʡʥʫʚʘʥʥʷʤ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.3 (ʚ ʽ ʛ). 
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ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʘ 

ʟ ʮʝʥʪʨʘʣʴʥʦʶ ʪʨʽʱʠʥʦʶ ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥʠ ʥʘ ʙʘʟʽ ʥʝʣʽʥʽʡʥʦʾ 

ʤʦʜʝʣʽ ʘʜˇʝʟʽʡʥʦʾ ʟʦʥʠ (ʨʠʩ. 2.4, ʘ) [82]. 

 
ʘ ï ʟʘʢʦʥ ʚʽʜʨʠʚʫ ʚʽʜ ʪʷʛʠ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʪʝʥʮʽʘʣʽ (ʷʚʥʦ ʥʝ ʚʢʣʶʯʝʥʦ 

ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ); ʙ ï ʩʪʨʫʢʪʫʨʥʘ ʨʝʘʢʮʽʷ; ʚ ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʟʘʢʦʥ ʘʜ̌ʝʟʽʡʥʦʾ 

ʟʦʥʠ ʜʣʷ ʥʝʧʦʰʢʦʜʞʝʥʦʾ ʪʦʯʢʠ ʪʘ ʛ ï ʟʨʫʡʥʦʚʘʥʦʾ ʪʦʯʢʠ 

ʈʠʩʫʥʦʢ 2.4 ï ʅʝʣʽʥʽʡʥʘ ʧʦʚʝʜʽʥʢʘ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ [82] 

 

ʎʷ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ max
ů  

ʚ ʫʩʪ̫ ʪʨʽʱʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʚʠʥʠʢʘʶʪʴ ʟʦʥʠ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʚ ʣʦʢʘʣʴʥʽʡ ʟʦʥʽ ʤʘʪʝʨʽʘʣʫ ʟʨʘʟʢʘ. 

ɿʘ ʜʘʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥ ̫ ʟʨʘʟʢʘ ʩʪʘʥ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʜʘʥʠʤʠ 

ʟʤʽʱʝʥʥʷʤʠ ʽ ʜʦʚʞʠʥʦʶ ʪʨʽʱʠʥʠ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʧʦʚʥʫ ʧʦʪʝʥʮʽʘʣʴʥʫ ʝʥʝʨʛʽʶ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʷʢ ʬʫʥʢʮʽʶ ʚʽʜ ɜ  ̔ a. ʈʽʚʥʷʥʥʷ (2.9)ï(2.23) ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʫ ʨʘʟʽ ʥʝʣʽʥʽʡʥʦʛʦ ʚʠʧʘʜʢʫ. ʈʽʚʥʷʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

 

Ĕʇ .
NL NL NL

W D= -  (2.24) 
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ʂʨʠʪʝʨʽʡ ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥʠ ɻʨʽʬʬʽʪʩʘ ʜʣʷ ʥʝʣʽʥʽʡʥʦʛʦ ʚʠʧʘʜʢʫ ʪʘʢʦʞ 

ʟʘʧʠʰʝʤʦ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʬʦʨʤʫʣʦʶ (2.16) 

,

Ĕʇ d1 1
 ʧʨʠ 0.

d

NL NL

c NL

D
G a

b a b a

µ
- = = >

µ
 (2.25) 

 

ʂʨʽʤ ʪʦʛʦ, ʨʽʚʥʷʥʥʷ (2.13) ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʤʝ ʚʠʛʣʷʜ 

 

ʇ
.

ɜ

NL F
µ

=
µ

 (2.26) 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʪʘʢ ʷʢ ʽ ʨʘʥʽʰʝ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʠʩʠʧʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʪʽʣʴʢʠ ʚ ʦʙʣʘʩʪʽ ʫʩʪʷ ʪʨʽʱʠʥʠ. ʗʢʱʦ ʪʨʽʱʠʥʘ ʧʦʰʠʨʶʻʪʴʩʷ ʢʦʣʠ ʚʽʜʥʦʩʥʝ ʟʤʽʱʝʥʥʷ 

ʚ ʚʝʨʰʠʥʽ ʪʨʽʱʠʥʠ ʜʦʩʷʛʘʻ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ŭc  ʥʘ ʨʠʩ. 2.4,a, ʪʦ ,
ɋ

c NL
G = , ʜʝ 

max
ɋ ů ŭ 2.

c
=  ʗʢʱʦ , ɋ

c NL
G =  ʚ ʨʽʚʥʷʥʥʽ (2.25), ʪʦ ʪʨʽʱʠʥʘ ʧʦʰʠʨʶʻʪʴʩʷ ʧʨʠ ŭ ŭ

c
=  

ʥʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʪʝʨʽʶ ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥʠ (2.25) ʝʢʚʽʚʘʣʝʥʪʥʦ 

ʤʦʜʝʣʶʚʘʥʥʶ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʘʜ̌ʝʟʽʡʥʦʾ ʟʦʥʠ (ʨʠʩ. 2.4 (ʚ,ʛ)). ʂʨʠʪʝʨʽʡ ʧʦʰʠʨʝʥʥʷ 

ʪʨʽʱʠʥʠ ʚ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʧʨʠʡʤʘʻ ʢʣʘʩʠʯʥʠʡ ʚʠʛʣʷʜ ʟʛʽʜʥʦ ʤʝʪʦʜʫ 

ʧʽʜʜʘʪʣʠʚʦʩʪʽ 

 

ʇ1
ɋ  , ʧʨʠ 0.NL a

b a

µ
= - >

µ
 (2.27) 

 

ʊʦʤʫ ʜʘʣʽ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɋ ʟʘʤʽʩʪʴ ,c NL
G  [82]. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʜʚʽʡʥʫ ʢʦʥʩʦʣʴʥʫ ʙʘʣʢʫ ʥʘ ʷʢʽʡ ʟʘʜʘʥʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʾʾ 

ʢʽʥʮʷʭ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.5. 
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ʈʠʩʫʥʦʢ 2.5 ï ʇʦʜʚʽʡʥʘ ʢʦʥʩʦʣʴʥʘ ʙʘʣʢʘ ʟ ʟʘʜʘʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ [82] 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

( )ɜ

ɜ
ʇ ɜ, ,

2

F
a =  (2.28) 

 

ʜʝ (ɜ, )F F a=  ï ʩʠʣʘ ʨʝʘʢʮʽʾ. 

ʈʽʚʥʷʥʥʷ (2.28) ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʧʦʚʥʫ ʧʦʪʝʥʮʽʘʣʴʥʫ ʝʥʝʨʛʽʶ ʜʣʷ ʙʫʜʴ-

ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ a, ʯʘʩʪʠʥʥʘ ʧʦʭʽʜʥʘ ʷʢʦʛʦ ʧʦ a  ʜʘʣʘ ʙ C
G . ɿʥʘʯʝʥʥʷ C

G  ʙʫʜʝ 

ʨʽʚʥʝ ɋ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʜʨʫʛʠʡ ʯʣʝʥ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ 
dʇ1

ɋ
d

D

C
G

b a
= -  

ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ, ʱʦ ʤʘʻ ʤʽʩʮʝ, ʷʢʱʦ ʧʦʰʠʨʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʠʪʦʤʦʾ ʜʠʩʠʧʘʮʽʾ 

ʧʝʨʝʜ ʚʝʨʰʠʥʦʶ ʪʨʽʱʠʥʠ ʻ ʩʪʘʮʽʦʥʘʨʥʠʤ. 

ɽʢʚʽʚʘʣʝʥʪʘ ʜʦʚʞʠʥʘ ʪʨʽʱʠʥʠ 
eqE

a  ʟʘ ʪʝʦʨʽʻʶ ʙʘʣʢʠ EulerïBernoulli, 

ʷʢ ʚʽʜʦʤʦ [82], ʜʦʨʽʚʥʶʻ 

 

3

3
3ɜ

ɜ 2     ,
3 2

eqE

eqE

Fa EI
a

EI F
= Ý =  (2.29) 

 

ʜʝ E ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʇʘ; 
3 12I bh=  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʢʦʞʥʦʾ ʽʟ ʟôʻʜʥʘʥʠʭ ʯʘʩʪʠʥ ʧʦʜʚʽʡʥʦʾ ʢʦʥʩʦʣʴʥʦʾ ʙʘʣʢʠ, 4ʤʤ. 

ɼʣʷ ʪʝʦʨʽʾ ʙʘʣʢʠ ʊʠʤʦʰʝʥʢʦ ʝʢʚʽʚʘʣʝʥʪʘ ʜʦʚʞʠʥʘ ʪʨʽʱʠʥʠ 
eqT

a  ʜʦʨʽʚʥʶʻ 
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3 23 3

1

3

12
ɜ 2     ,

3 ɛ 18

eqT eqT

eqT

S

Fa Fa B C
a

EI A B

å õ -
= + Ý =æ ö
ç ÷

 (2.30) 

 

ʜʝ ɛ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʽʜ ʯʘʩ ʟʩʫʚʫ, ʇʘ; S
A  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʦʞʥʦʾ 

ʽʟ ʟôʻʜʥʘʥʠʭ ʯʘʩʪʠʥ ʧʦʜʚʽʡʥʦʾ ʢʦʥʩʦʣʴʥʦʾ ʙʘʣʢʠ, 2ʤʤ. 

 

3 2

1 2 2

1

3

2

12 81 9 ,

3
,

ɛ

3 ɜ
.

2

S

eqE

B C C C

EI
C

A

EI
C a

F

= + +

=

= =

 
(2.31) 

 

ʇʦʚʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʻ 

 

( ) ()( )

( ) ()( )

ɜ ɜ

ɜ ɜ

ʇ ɜ, ʇ ɜ, ,

ʘʙʦ

ʇ ɜ, ʇ ɜ, .

E

eqE

T

eqT

a a a

a a a

=

=

 (2.32) 

 

ʇʨʠ ʧʦʰʠʨʝʥʥʽ ʪʨʽʱʠʥʽ ʢʨʠʪʠʯʥʘ ʝʥʝʨʛʽʷ ʨʫʡʥʫʚʘʥʥʷ ʜʣʷ ʙʘʣʢʠ ɽʡʣʝʨʘ ʪʘ 

ʜʣʷ ʙʘʣʢʠ ʊʠʤʦʰʝʥʢʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʨʽʚʥʷʥʥʷ 

 

ɜ ɜ ɜ
d dʇ ʇ ʇ1 1 1

.
d d

E T

eqE eqT

C

eqE eqT

a a
G

b a b a a b a a

µ µ µ
=- =- =-

µ µ µ
 (2.33) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣʠ ʨʝʘʢʮʽʾ F  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʴ (2.28) 

ʪʘ (2.29) ʜʣʷ ʙʘʣʢʠ ɽʡʣʝʨʘ ʦʪʨʠʤʘʻʤʦ [82] 

 

2

ɜ 3

2

4

3 ɜ
ʇ ,

4

d d9 ɜ
.

4 d d

E

eqE

eqE eqEE

C C

eqE

EI

a

a aEI
G G

ba a a

=

= =

 (2.34) 
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ɸ ʜʣʷ ʙʘʣʢʠ ʊʠʤʦʰʝʥʢʦ ʦʪʨʠʤʘʻʤʦ [82]  

 

( )

( )

2

ɜ 3

22

2
3

3 ɛɜ
ʇ ,

4 ɛ 3

9 ɛ ɛ d dɜ
.

4 d dɛ 3

T S

S eqT eqT

S S eqT eqT eqTT

C C

S eqT eqT

EI A

A a EIa

EI A EI A a a a
G G

b a aA a EIa

=
+

+
= =

+

 (2.35) 

 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ  (2.34) ʽ (2.35) ʦʪʨʠʤʘʥʦ 

 

2 2 22 1
 ʽ .

ɛ

eqE eqTE T

C C

S

F a aF
G G

bEI b EI A

å õ
= = +æ ö

ç ÷
 (2.36) 

 

ʊʨʘʜʠʮʽʡʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʨʫʡʥʫʚʘʥʥʷ ʘʜ̌ʝʟʽʡʥʦʾ ʟʦʥʠ ʚʠʤʘʛʘʶʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʝʨʝʤʽʱʝʥʥʷ ʢʨʘʾʚ ʟʨʘʟʢʘ. ʋ ʨʘʟʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʛʥʫʯʢʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʝ ʚʠʤʽʨʶʚʘʥʥʷ ʫʪʨʫʜʥʝʥʝ 

ʯʝʨʝʟ ʤʘʣʫ ʰʠʨʠʥʫ ʟʦʥʠ ʟôʻʜʥʘʥʥʷ ʪʘ ʚʝʣʠʢʽ ʧʝʨʝʤʽʱʝʥʥʷ ʢʨʘʾʚ.  

ʅʘʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʨʫʡʥʫʚʘʥʥʷ ʟôʻʜʥʘʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʫʩʠʣʣʷ 

ʨʫʡʥʫʚʘʥʥʷ ʙʝʟ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ. 

 

 

2.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʉʢʣʘʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʫʭʫ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʦʯʘʪʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʜʘʥʠʡ ʧʨʦʮʝʩ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʩ̔ʪɹ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʽ ʩʪʽʥʢʘʤʠ ʢʘʥʘʣʫ. 

ʉʪʚʦʨʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ ʜʦʩʣʽʜʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʣʘʚʣʝʥʥʷ 

ʧʨʫʪʢʘ ʪʝʨʤʦʢʣʝʶ ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ 
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ʨʘʮʽʦʥʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʧʦʜʘʯʽ. ʊʘʢʦʞ ʮ ̫ʤʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʰʚʘ ʽ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʧʽʜ ʜʽʻʶ 

ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. ɺʩʝ ʮʝ ʜʘʻ ʟʤʦʛʫ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʘʜʘʧʪʦʚʘʥʦ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʘʜ̌ʝʟʽʡʥʦʾ ʟʦʥʠ, ʷʢʘ ʜʘʻ ʟʤʦʛʫ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʤʽʮʥʽʩʪʴ ʟôʻʜʥʘʥʥʷ. ʅʘʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ 

ʫʥʠʢʥʫʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ ʢʨʘʾʚ ʟʨʘʟʢʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʨʫʡʥʫʚʘʥʥʷ. 

ɿʘʩʪʦʩʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʨʫʡʥʫʚʘʥʥʷ ʟôʻʜʥʘʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʫʩʠʣʣʷ 

ʨʫʡʥʫʚʘʥʥʷ ʙʝʟ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ. 
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3 ɼʆʉʃɯɼʅʆ-ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸ ʏɸʉʊʀʅɸ 

 

 

3.1 ʇʨʠʩʪʨʽʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʢʣʝʡʦʚʠʤ 

ʤʘʪʝʨʽʘʣʦʤ 

 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʭʝʤʫ ʪʘ ʩʪʚʦʨʝʥʦ ʫʩʪʘʥʦʚʢʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʦʪʨʠʤʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʢʣʝʻʤ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ, ʰʚʠʜʢʦʩʪʝʡ ʧʦʜʘʯʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ [83].  

ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʢʣʝʻʤ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.1. 

 

 

1 ï ʧʨʠʚʽʜ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʪʝʨʤʦʢʣʝʶ; 2 ï ʛʚʠʥʪʦʚʘ ʧʘʨʘ; 3 ï ʧʨʫʪʦʢ ʪʝʨʤʦʢʣʝʶ; 

4 ï ʥʘʛʨʽʚʥʠʡ ʢʘʥʘʣ; 5 ï ʩʦʧʣʦ; 6 ï ʨʦʟʧʣʘʚ ʪʝʨʤʦʢʣʝʶ; 

7 ï ʩʠʩʪʝʤʘ ʧʨʦʪʷʞʢʠ ʟôʻʜʥʘʥʦʛʦ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 8 ï ʚʝʜʫʯʠʡ ʨʦʣʠʢ; 

9 ï ʛʫʤʦʚʘʥʠʡ ʚʝʜʝʥʠʡ ʨʦʣʠʢ; 10 ï ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ; 

11 ï ʥʘʧʨʷʤʥʽ ʨʦʣʠʢʠ; 12 ï ʨʫʣʦʥʠ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

13 ï ʧʨʠʚʽʜ ʩʠʩʪʝʤʠ ʧʨʦʪʷʞʢʠ; 14 ï ʟôʻʜʥʘʥʠʡ ʧʘʢʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʢʣʝʻʤ 
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ʇʨʠʩʪʨʽʡ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʢʣʝʻʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʠʚʦʜʫ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ 

ʪʝʨʤʦʢʣʝʶ 1, ʛʚʠʥʪʦʚʦʾ ʧʘʨʠ 2, ʷʢʘ ʧʨʦʰʪʦʚʭʫʻ ʧʨʫʪʦʢ ʪʝʨʤʦʢʣʝʶ 3 ʚ ʥʘʛʨʽʚʥʦʤʫ 

ʢʘʥʘʣʽ 4, ʩʦʧʣʘ 5 ʪʘ ʩʠʩʪʝʤʠ ʧʨʦʪʷʞʢʠ 7 ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʧʦʜʘʯʽ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʜʽʘʧʘʟʦʥʽ 5é10 ʤʤ/ʩ. ʉʠʩʪʝʤʫ ʧʦʜʘʯʽ ʪʝʨʤʦʢʣʝʶ 1 

ʚʠʢʦʥʘʥʦ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʧʨʫʪʢʘ ʚ ʜʽʘʧʘʟʦʥʽ 

0,5é5 ʤʤ/ʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʪʨʘʪʽ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ 

0,04é0,4 ʛ/ʩ. ʉʠʩʪʝʤʘ ʧʨʦʪʷʞʢʠ 7 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʜʫʯʦʛʦ ʨʦʣʠʢʘ 8, ʛʫʤʦʚʘʥʦʛʦ 

ʚʝʜʝʥʦʛʦ ʨʦʣʠʢʘ 9, ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ 10, ʥʘʧʨʷʤʥʠʭ 

ʨʦʣʠʢʽʚ 11, ʨʫʣʦʥʽʚ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 12 ʪʘ ʧʨʠʚʦʜʫ 13. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ 10 ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʧʨʠʪʠʩʢʥʝ ʟʫʩʠʣʣʷ 

ʛʫʤʦʚʘʥʦʛʦ ʚʝʜʝʥʦʛʦ ʨʦʣʠʢʘ 9 ʚ ʜʽʘʧʘʟʦʥʽ 5é20 ʅ. 

ʇʨʠʩʪʨʽʡ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʢʣʝʻʤ ʧʨʘʮʶʻ ʪʘʢʠʤ ʯʠʥʦʤ. ʇʨʠʚʽʜ ʩʠʩʪʝʤʠ 

ʧʦʜʘʯʽ 1 ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʚʠʥʪʦʚʦʾ ʧʘʨʠ 2 ʧʨʦʰʪʦʚʭʫʻ ʧʨʫʪʦʢ ʪʝʨʤʦʢʣʝʶ 3 ʜʦ 

ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ 4. ɺ ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ 4 ʧʽʜ ʜʽʻʶ ʪʝʧʣʦʪʠ ʚʽʜ ʥʘʛʨʽʚʘʣʴʥʦʛʦ 

ʙʣʦʢʫ ʧʨʫʪʦʢ ʪʝʨʤʦʢʣʝʶ 3 ʧʦʯʠʥʘʻ ʧʣʘʚʠʪʠʩʴ. ʅʘʛʨʽʚʥʠʡ ʢʘʥʘʣ 4 ʟʘʢʽʥʯʫʻʪʴʩʷ 

ʩʦʧʣʦʤ 5, ʱʦ ʟʚʫʞʫʻʪʴʩʷ, ʢʨʽʟʴ ʷʢʝ ʨʦʟʧʣʘʚ ʪʝʨʤʦʢʣʝʶ 6 ʧʦʜʘʻʪʴʩʷ ʤʽʞ ʨʫʣʦʥʘʤʠ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 12, ʜʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʫʩʠʣʣʷ ʧʨʠʪʠʩʢʘʥʥʷ ʨʦʣʠʢʽʚ 8 ʽ 9 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟôʻʜʥʘʥʥʷ. ɺʝʜʫʯʠʡ ʨʦʣʠʢ 8 ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʨʫʭʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʚʦʜʫ 13. 

ʎ  ̫ʫʩʪʘʥʦʚʢʘ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ ʪʝʨʤʦʢʣʝʡʦʚʝ ʟôʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʛʥʫʯʢʠʭ 

ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ, ʪʘʢʠʭ ʷʢ ʧʨʠʪʠʩʢʥʝ 

ʟʫʩʠʣʣʷ, ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

 

3.2 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʧʽʜ ʯʘʩ 

ʨʦʟʪʷʛʫ ʩʪʨʽʯʢʦʚʠʭ ʟʨʘʟʢʽʚ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʧʽʜ ʯʘʩ ʨʦʟʪʷʛʫ 

ʩʪʨʽʯʢʦʚʠʭ ʟʨʘʟʢʽʚ ʟôʻʜʥʘʥʠʭ ʨʦʟʧʣʘʚʦʤ ʪʝʨʤʦʢʣʝʶ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.2 [83]. 
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1 ï ʟʨʘʟʦʢ; 2 ï ʩʪʘʥʠʥʘ; 3 ï ʪʷʛʥʫʯʠʡ ʧʨʠʩʪʨʽʡ; 4 ï ʥʠʞʥʽ ʟʘʪʠʩʢʥʽ ʛʫʙʢʠ; 

5 ï ʚʝʨʭʥʽ ʟʘʪʠʩʢʥʽ ʛʫʙʢʠ; 6 ï ʝʣʝʢʪʨʦʥʥʠʡ ʜʠʥʘʤʦʤʝʪʨ; 7 ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ 

ʈʠʩʫʥʦʢ 3.2 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ 

ʧʽʜ ʯʘʩ ʨʦʟʪʷʛʫ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʧʨʘʮʶʻ ʪʘʢ. ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ 1 

ʟʘʢʨʽʧʣʝʥʠʡ ʤʽʞ ʥʠʞʥʴʦʶ 4 ʪʘ ʚʝʨʭʥʴʦʶ 5 ʟʘʪʠʩʢʥʠʤʠ ʛʫʙʢʘʤʠ. ʅʘ ʙʣʦʮʽ 

ʢʝʨʫʚʘʥʥʷ 7 ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘʜʘʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʪʷʛʥʝʥʥʷ. ʇʽʩʣʷ ʚʤʠʢʘʥʥʷ 

ʧʨʠʩʪʨʦʶ ʥʠʞʥʷ ʛʫʙʢʘ 4 ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʨʫʭʘʻʪʴʩʷ ʚʥʠʟ, ʘ ʝʣʝʢʪʨʦʥʥʠʡ 

ʜʠʥʘʤʦʤʝʪʨ 6 ʬʽʢʩʫʻ ʟʥʘʯʝʥʥʷ ʜʽʶʯʦʛʦ ʟʫʩʠʣʣʷ. ɺʝʣʠʯʠʥʘ ʭʦʜʫ ʛʫʙʢʠ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʽʥʜʠʢʘʪʦʨʽ ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ 7. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʚʠʢʦʥʘʥ ̔ʥʘ ʢʘʬʝʜʨʽ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ 

 ̔ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ. 
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3.3 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ  

 

1. ʇʨʫʪʦʢ ʪʝʨʤʦʢʣʝʶ ʟʘʚʘʥʪʘʞʠʪʠ ʜʦ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ. 

2. ʋʚʽʤʢʥʫʪʠ ʧʨʠʩʪʨʽʡ ʫ ʤʝʨʝʞʫ ʽ ʧʨʦʛʨʽʪʠ ʡʦʛʦ ʧʨʦʪʷʛʦʤ 5 ʭʚ (ʜʦ ʧʦʷʚʠ 

ʢʨʘʧʣʽ ʨʦʟʧʣʘʚʫ ʟ ʩʦʧʣʘ). 

3. ʅʘ ʙʣʦʮʽ ʢʝʨʫʚʘʥʥʷ ʚʠʩʪʘʚʠʪʠ ʧʦʪʨʽʙʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ 

ʪʝʨʤʦʢʣʝʶ ʚ ʜʽʘʧʘʟʦʥʽ 0,5é5 ʤʤ/ʩ. 

4. ʅʘ ʙʣʦʮʽ ʢʝʨʫʚʘʥʥʷ ʚʠʩʪʘʚʠʪʠ ʧʦʪʨʽʙʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʦʪʷʞʢʠ 

ʟôʻʜʥʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

5. ʅʘ ʙʣʦʮʽ ʢʝʨʫʚʘʥʥʷ ʚʠʩʪʘʚʠʪʠ ʧʦʪʨʽʙʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ 

ʛʫʤʦʚʘʥʦʛʦ ʚʝʜʝʥʦʛʦ ʨʦʣʠʢʘ. 

6. ʋʚʽʤʢʥʫʪʠ ʧʨʠʚʽʜ ʫʩʪʘʥʦʚʢʠ. 

7. ʇʨʦʚʝʩʪʠ ʧʨʦʮʝʩ ʟôʻʜʥʘʥʥʷ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʝʨʤʦʢʣʝʻʤ 

ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʨʝʞʠʤʽ. 

8. ʇʦʚʪʦʨʠʪʠ ʜʦʩʣʽʜʠ ʧʨʠ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʘʭ (ʰʚʠʜʢʦʩʪʷʭ 

ʧʦʜʘʯʽ, ʧʨʦʪʷʞʢʠ ʪʘ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ). 

9. ɿôʻʜʥʘʥʫ ʩʪʨʽʯʢʫ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʨʦʟʨʽʟʘʪʠ ʥʘ ʟʨʘʟʢʠ ʰʠʨʠʥʦʶ 

20 ʤʤ. 

10. ɿʘʪʠʩʥʫʪʠ ʟʨʘʟʦʢ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ (ʨʠʩ. 3.2). 

11. ʇʦʩʪʫʧʦʚʦ ʥʘʚʘʥʪʘʞʫʚʘʪʠ ʧʨʠʩʪʨʽʡ ʜʦ ʨʦʟʨʠʚʫ ʟʨʘʟʢʘ. 

12. ɺʠʟʥʘʯʠʪʠ ʨʦʟʨʠʚʥʝ ʥʘʧʨʫʞʝʥʥʷ. 

13. ɺʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʟôʻʜʥʘʥʥʷ ʟʘʜʘʥʦʛʦ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ ʥʘʡʙʽʣʴʰʠʤ ʟʥʘʯʝʥʥʷʤ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ. 

ɺʠʧʨʦʙʫʚʘʥʥʷʤ ʧʽʜʜʘʶʪʴʩʷ ʟʨʘʟʢʠ ʧʘʧʝʨʫ ʨʦʟʤʽʨʦʤ 20 100 ʤʤ,³  ʱʦ 

ʟ'ʻʜʥʫʶʪʴʩʷ ʚʥʘʭʣʴʦʩʪ ʽʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʧʦʩʝʨʝʜʠʥʽ 

ʟʨʘʟʢʽʚ (ʨʠʩ. 3.3). 
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                               ʘ                                                  ʙ 

ʘ ï ʉʭʝʤʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ: 1 ï ʪʝʨʤʦʢʣʝʡʦʚʝ ʟôʻʜʥʘʥʥʷ; 2 ï ʣʽʥʽʾ ʨʦʟʨʽʟʫ; 

3 ï ʥʝʚʞʠʚʘʥʽ ʜʽʣʷʥʢʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠ ʨʦʟʰʘʨʦʚʫʚʘʥʥʽ ʽ ʚʠʜ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ 

ʙ ï ʉʭʝʤʘ ʨʦʟʨʠʚʫ ʟôʻʜʥʘʥʦʛʦ ʟʨʘʟʢʘ 

ʈʠʩʫʥʦʢ 3.3 ï ʉʭʝʤʠ ʨʦʟʢʨʦʶ ʟôʻʜʥʘʥʠʭ ʚʽʜʨʽʟʢʽʚ ʥʘ ʟʨʘʟʢʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ 

 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʰʘʨʦʚʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʽʜʽʙʨʘʥʠʭ ʟʨʘʟʢʘʭ 

ʟôʻʜʥʘʥʠʭ ʪʝʨʤʦʢʣʝʻʤ ʟʘ ʧʠʪʦʤʦ ʾ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ 0,0068 ʛ/ʤʤ. ʇʦʪʨʽʙʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʨʦʟʨʠʚʫ ʟʨʘʟʢʘ ʩʪʚʦʨʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʷʛʥʫʯʦʛʦ ʧʨʠʩʪʨʦʶ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʦʟʨʠʚʫ ʩʪʨʽʯʢʦʚʠʭ ʟʨʘʟʢʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʰʘʨʦʚʫʚʘʥʥʽ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʧʨʦʚʦʜʷʪʴ ʥʘ ʩʤʫʞʢʘʭ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ, ʚʠʨʽʟʘʥʠʭ ʽʟ ʟôʻʜʥʘʥʠʭ ʟʨʘʟʢʽʚ. ɼʣʷ 

ʢʦʞʥʦʛʦ ʚʠʜʫ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʠʨʽʟʘʶʪʴ ʥʝ ʤʝʥʰʝ ʪʨʴʦʭ ʟʨʘʟʢʽʚ ʰʠʨʠʥʦʶ 20 ʤʤ. 

ɼʦʩʣʽʜ ʧʨʦʚʦʜʠʚʩʷ ʥʝ ʤʝʥʰ 3-ʭ ʨʘʟʽʚ. ɹʫʣʠ ʚʟʷʪʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

ʚʠʟʥʘʯʝʥʠʭ ʚʝʣʠʯʠʥ. 

ʄʽʮʥʽʩʪʴ ʟʨʘʟʢʘ, ʱʦ ʟôʻʜʥʘʥʠʡ ʪʝʨʤʦʢʣʝʻʤ, ʚ ʤʦʤʝʥʪ ʡʦʛʦ ʨʦʟʨʠʚʫ 
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ʜʝ N ï ʨʦʟʨʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʅ;  ï ʰʠʨʠʥʘ ʟʨʘʟʢʘ, ʤʤ. 

ʑʦʙ ʧʽʜʪʚʝʨʜʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʢʣʝʶ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʨʽʟʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ ʧʘʧʝʨʦʚʠʭ ʟʨʘʟʢʽʚ 

ʩʠʣʽʢʘʪʥʠʤ ʢʣʝʻʤ ʪʘ ʢʣʝʻʤ ʇɺɸ [84]. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.4. 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʇʦʨʽʚʥʷʣʴʥʘ ʜʽʘʛʨʘʤʘ ʤʽʮʥʦʩʪʽ ʧʘʧʝʨʦʚʠʭ ʟʨʘʟʢʽʚ, ʟôʻʜʥʘʥʠʭ 

ʨʽʟʥʠʤʠ ʢʣʝʡʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

 

ʇʦʨʽʚʥʷʣʴʥʘ ʜʽʘʛʨʘʤʘ ʧʦʢʘʟʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʶ ʜʣʷ 

ʟôʻʜʥʘʥʥʷ, ʙʦ ʩʘʤʝ ʫ ʥʴʦʛʦ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ. ʄʽʮʥʽʩʪʴ ʟʨʘʟʢʘ 

ʟôʻʜʥʘʥʦʛʦ ʪʝʨʤʦʢʣʝʻʤ ʫ 3,5 ʨʘʟʠ ʙʽʣʴʰʘ ʥʽʞ ʫ ʟʨʘʟʢʘ ʟôʻʜʥʘʥʦʛʦ ʢʣʝʻʤ ʇɺɸ ʪʘ ʥʘ 

15 % ʚʠʱʘ ʟʘ ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʘ ʟôʻʜʥʘʥʦʛʦ ʩʠʣʽʢʘʪʥʠʤ ʢʣʝʻʤ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠ ʚʠʜʠ ʧʘʢʫʚʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ï ʦʬʩʝʪʥʠʡ ʧʘʧʽʨ, ʢʘʨʪʦʥ ʪʘ ʧʦʣʽʝʪʠʣʝʥ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʠ ʟôʻʜʥʘʥʽ 

ʪʝʨʤʦʢʣʝʻʤ.  

ʑʦʙ ʜʦʩʣʽʜʠʪʠ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʠʪʨʘʪʦʶ ʪʝʨʤʦʢʣʝʶ ʪʘ ʤʽʮʥʽʩʪʶ 

ʟôʻʜʥʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʧʽʜ ʯʘʩ ʨʦʟʪʷʛʫ. ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ 

ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʥʘ ʫʪʚʦʨʝʥʥʷ ʟôʻʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ. 

B
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ʅʘ ʨʠʩ. 3.5 ʥʘʚʝʜʝʥʠʡ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ ʚʽʜ ʚʠʪʨʘʪʠ 

ʪʝʨʤʦʢʣʝʶ ʜʣʷ ʨʽʟʥʠʭ ʟʨʘʟʢʽʚ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 

 
 ͊
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 ͍

ʘ ï ʧʘʧʝʨʦʚʠʡ ʟʨʘʟʦʢ; ʙ ï ʢʘʨʪʦʥʥʠʡ ʟʨʘʟʦʢ; ʚ ï ʧʦʣʽʝʪʠʣʝʥʦʚʠʡ ʟʨʘʟʦʢ 

ʈʠʩʫʥʦʢ 3.5 ï ɿʘʣʝʞʥʦʩʪ̔ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ ʚʽʜ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ 
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ʅʘ ʨʠʩ. 3.5 ʩʪʨʽʣʢʘʤʠ ʧʦʢʘʟʘʥʽ ʟʨʘʟʢʠ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʨʝʘʢʮʽʡ ʥʘ ʪʦʨʮʷʭ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪ̔ (ʨʠʩ. 3.5) ʜʝʤʦʥʩʪʨʫʶʪʴ, ɦ ʦ ʜʣʷ ʧʘʧʝʨʦʚʦʛʦ ʟʨʘʟʢʘ ʧʨʠ 

ʚʠʪʨʘʪʽ ʪʝʨʤʦʢʣʝʶ 0,005 ʛ ʤʤ ʦʪʨʠʤʘʥʝ ʟôʻʜʥʘʥʥʷ ʥʘʙʫʚʘʻ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ 

ʤʽʮʥʦʩʪʽ. ɼʘʣʽ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ, ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ 

ʟʤʝʥʰʫʶʪʴʩʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʤʽʮʥʽʩʪʴ ʪʝʨʤʦʢʣʝʶ ʤʝʥʰʘ ʚʽʜ ʤʽʮʥʦʩʪʽ 

ʘʜ̌ʝʟʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʟ ʧʘʧʝʨʦʤ. 

ɼʣʷ ʢʘʨʪʦʥʥʦʛʦ ʟʨʘʟʢʘ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʘʬʽʢʩʦʚʘʥʦ ʧʨʠ ʚʠʪʨʘʪʽ 

ʪʝʨʤʦʢʣʝʶ ʚ ʤʝʞʘʭ 0,0039ï0,0046 ʛ/ʤʤ, ʘ ʜʣʷ ʟʨʘʟʢʘ ʟ ʧʦʣʽʝʪʠʣʝʥʫ ï ʧʨʠ ʚʠʪʨʘʪʽ 

ʪʝʨʤʦʢʣʝʶ ʚ ʤʝʞʘʭ 0,003ï0,0042 ʛ/ʤʤ.  

ɿʘʣʝʞʥʦʩʪ̔ ʤʽʞ ʤʽʮʥʽʩʪʶ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʟʨʘʟʢʽʚ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʠʪʨʘʪʦʶ ʪʝʨʤʦʢʣʝʶ Dorus ʤʘʨʢʠ Q 611 ʤʦʞʥʘ 

ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʪʘʢʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʛʣʷʜ ʧʦʣʽʥʦʤʽʚ 3ï4-ʛʦ ʧʦʨʷʜʢʫ: 

- ʧʘʧʽʨ:  

6 3 210 10118 17,014 0,1224y x x x=- + - +  

- ʢʘʨʪʦʥ: 

8 4 6 3 23 10 5 10 18248 10,857 0,169y x x x x= Ö - Ö + + + 

- ʧʦʣʽʝʪʠʣʝʥ: 

6 3 210 19063 101,29 0,6786y x x x= - + +  

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʦʟʨʠʚ (ʨʠʩ. 3.2) ʧʨʦʚʝʜʝʥʘ 

ʩʝʨʽʷ ʚʠʧʨʦʙʫʚʘʥʴ ʜʣʷ ʟôʻʜʥʘʥʠʭ ʪʝʨʤʦʢʣʝʻʤ ʟʨʘʟʢʽʚ ʟ ʧʘʧʝʨʫ, ʢʘʨʪʦʥʫ 

ʪʘ ʧʦʣʽʝʪʠʣʝʥʫ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡ ʥʘ ʪʦʨʮʷʭ ʟʨʘʟʢʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʦʧʽʨ ʨʦʟʢʨʠʪʪʶ ʟôʻʜʥʘʥʠʭ ʧʘʢʦʚʘʥʴ. ʅʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʝʘʢʮʽʡ ʥʘ 

ʪʦʨʮʷʭ ʟʨʘʟʢʽʚ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʶʪʴ ʚʠʛʣʷʜ (ʨʠʩ. 3.6): 
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ʘ 

  
ʙ 

 
ʚ) 

ʘ ï ʧʘʧʽʨ; ʙ ï ʢʘʨʪʦʥ; ʚ ï ʧʦʣʽʝʪʠʣʝʥ 

ʈʠʩʫʥʦʢ 3.6 ï ɻʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʝʘʢʮʽʡ ʥʘ ʪʦʨʮʷʭ ʟʨʘʟʢʽʚ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʟʫʩʠʣʣʷ ʚʠʥʠʢʘʻ ʥʘ ʧʦʯʘʪʢʫ ʨʦʟôʻʜʥʘʥʥʷ ʰʚʘ, 

ʘ ʜʘʣʽ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ, ʜʣʷ ʨʦʟʨʠʚʫ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʜ̒ʥʘʥʥʷ ʢʘʨʪʦʥʥʦʛʦ ʟʨʘʟʢʘ ʧʦʪʨʽʙʥʦ ʧʨʠʢʣʘʩʪʠ ʚʜʚʽʯʽ ʙʽʣʴʰʝ ʟʫʩʠʣʣʷ ʥʽʞ ʜʣʷ 

ʨʦʟʨʠʚʫ ʧʘʧʝʨʦʚʦʛʦ. ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ ʩʝʨʝʜ ʟôʻʜʥʘʥʠʭ ʟʨʘʟʢʽʚ 
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ʫ ʧʦʣʽʝʪʠʣʝʥʫ ï 15 ʅ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʧʽʜ ʯʘʩ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʢʣʝʻʤ 

ʜʝʷʢʠʭ ʧʣʽʚʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʩʢʣʝʶʚʘʥʥʷ (ʚ ʩʝʨʝʜʠʥʽ ʟôʻʜʥʘʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ 

ʢʣʝʡʦʚʠʡ ʧʨʦʰʘʨʦʢ), ʘ ʟʚʘʨʶʚʘʥʥʷ, ʪʦʙʪʦ ʚʠʥʠʢʘʻ ʭʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʧʦʣʽʤʝʨʽʚ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʽʞ ʟôʻʜʥʫʚʘʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʟʥʠʢʘʻ ʛʨʘʥʠʮʷ ʨʦʟʜʽʣʫ. 

ɺʠʥʠʢʘʻ ʥʝʨʦʟʥʽʤʥʝ ʟôʻʜʥʘʥʥʷ, ʘ ʜʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʠʚ ʚʞʝ ʩʫʮʽʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 

ʅʘ ʨʠʩ. 3.7 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪ̔ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ ʚʽʜ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ 

ʪʝʨʤʦʢʣʝʶ. 

 
 ͊

  
 ͋

  
 ͍

ʈʠʩʫʥʦʢ 3.7 ï ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ ʚʽʜ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ 
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ʅʘʚʝʜʝʥ ̔ʟʘʣʝʞʥʦʩʪʽ ʽʣʶʩʪʨʫʶʪ,ɹ ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʢʣʝʡʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʤʽʮʥʽʩʪʴ ʟôʻʜʥʘʥʥʷ ʟʨʦʩʪʘʻ ʜʦ ʧʝʚʥʠʭ ʤʝʞ, ʘ ʾʾ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʥʝ 

ʜʦʮʽʣʴʥʝ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʪʦʚʩʪʦʤʫ ʢʣʝʡʦʚʦʤʫ ʰʘʨʽ ʤʽʮʥʽʩʪʴ ʧʦʯʠʥʘʻ ʟʤʝʥʰʫʚʘʪʠʩʴ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʢʘʨʪʦʥʫ ʪʘ ʧʦʣʽʝʪʠʣʝʥʫ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʠʪʦʤʽʡ ʚʠʪʨʘʪʽ ʪʝʨʤʦʢʣʝʶ ʚ ʤʝʞʘʭ 0,0025ï0,004 ʛ/ʤʤ, ʪʦʜʽ ʷʢ 

ʜʣʷ ʧʘʧʝʨʦʚʦʛʦ ʟʨʘʟʢʘ ï 0,0035ï0,0045 ʛ/ʤʤ. 

ʄʽʮʥʽʩʪʴ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʠʨʠʥʠ ʰʚʘ. ʊʦʤʫ ʜʣʷ 

ʤʽʮʥʽʰʦʛʦ ʟôʻʜʥʘʥʥʷ ʢʨʘʱʝ ʚʠʢʦʥʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʧʘʨʘʣʝʣʴʥʠʭ ʚʫʟʴʢʠʭ ʰʚʽʚ, ʥʽʞ 

ʦʜʠʥ ʰʠʨʦʢʠʡ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʢʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʴ. ʄʽʥʽʤʘʣʴʥʝ ʜʦʮʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟ ʫʤʦʚʠ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʽ ʮʽʣʴʥʦʩʪʽ ʧʘʢʦʚʘʥʥʷ ʧʽʜ ʯʘʩ 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʘ ʥʘʡʙʽʣʴʰʝ ʜʦʮʽʣʴʥʝ ï ʟ ʫʤʦʚʠ ʟʨʫʯʥʦʩʪʽ ʨʦʟʢʨʠʪʪʷ 

ʧʘʢʦʚʘʥʥʷ ʩʧʦʞʠʚʘʯʝʤ. 

ɼʣʷ ʢʘʨʪʦʥʥʦ-ʧʘʧʝʨʦʚʦʛʦ ʧʘʢʦʚʘʥʥʷ ʜʦʮʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ ʨʫʡʥʫʚʘʥʥʷ 

ʟôʻʜʥʘʥʥʷ ʩʪʘʥʦʚʠʣʦ ʚ ʤʝʞʘʭ 0,05ï0,15 ʅ/ʤʤ, ʘ ʧʨʠ ʟôʻʜʥʘʥʥʽ ʪʝʨʤʦʢʣʝʻʤ 

ʜʦʩʣʽʜʞʝʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʢʣʘʜʘʻ ʚ ʤʝʞʘʭ 0,18-0,26 ʅ/ʤʤ, ʱʦ ʧʝʨʝʚʠʱʫ̒ 

ʚʜʚʽʯʽ ʤʽʮʥʽʩʪʴ ʧʘʢʦʚʘʥʴ ʟôʻʜʥʘʥʠʭ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʣʷ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ 

ʧʘʢʦʚʘʥʴ ʜʦʮʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ ʨʫʡʥʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʚ ʤʝʞʘʭ 0,35ï0,9 ʅ/ʤʤ, 

ʚ ʪʦʡ ʯʘʩ ʷʢ ʤʽʮʥʽʩʪʴ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʢʣʝʻʤ ʩʪʘʥʦʚʠʣʘ ʚ ʤʝʞʘʭ 0,75ï0,9 ʅ/ʤʤ. 

ʆʪʨʠʤʘʥʠʡ ʜʽʘʧʘʟʦʥ ʤʽʮʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʚʘʚʩʷ ʚʠʪʨʘʪʦʶ ʚ ʜʽʘʧʘʟʦʥʽ 0,07ï

0,1 ʛ/ʩ ʪʘ ʧʠʪʦʤʦʶ ʚʠʪʨʘʪʦʶ ʪʝʨʤʦʢʝʶ ʚ ʤʝʞʘʭ 0,035ï0,005 ʛ/ʤʤ. 

 

3.4 ʆʮʽʥʢʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

 

3.4.1 ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ 

 

ʈʦʟʨʘʭʫʥʦʢ ʧʦʭʠʙʢʠ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ (ʷʢ ʧʨʷʤʠʭ, ʪʘʢ ʽ 

ʥʝʧʨʷʤʠʭ) ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟʜʽʡʩʥʝʥʦ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʱʦ ʥʘʚʝʜʝʥʘ ʚ [85]. 
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ɼʦʩʣʽʜʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʧʦʭʠʙʢʫ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ 

ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ x  ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ  

 

() 2 2 2

ʜʽʧ ʧʚʧ ʧʨ ʦʢʨ
ů ů ů ů ,x = + +  (3.1) 

 

ʜʝ ůʧʚʧ, ůʧʨ, ůʦʢʨ ï ʧʦʭʠʙʢʠ ʧʝʨʚʠʥʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʧʨʠʣʘʜʫ ʪʘ 

ʦʢʨʫʛʣʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ:  
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 (3.3) 

ʦʢʨ
ů ,

12

C
=  (3.4) 

 

ʜʝ ȹʜʧʧ ï ʜʦʚʽʜʥʠʢʦʚʘ ʧʦʭʠʙʢʘ ʧʨʠʣʘʜʫ; 0
ɔ ï ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʧʨʠʣʘʜʫ; Dʚʠʤ ï ʜʽʘʧʘʟʦʥ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʣʘʜʫ; ʉ ï ʮʽʥʘ ʧʦʜʽʣʢʠ ʰʢʘʣʠ (ʩʪʫʧʽʥʴ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʮʠʬʨʦʚʦʛʦ 

ʚʽʜʣʽʢʫ) ʧʨʠʣʘʜʫ. 

ɺʠʧʘʜʢʦʚʘ ʧʦʭʠʙʢʘ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ  
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-
ä  (3.5) 

 

ʜʝ xi ï -̔ʡ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ; ɝ ï ʢʦʝʬʽʮʽʻʥʪ ʉʪʴʶʜʝʥʪʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʦʚʽʨʯʦʾ ʽʤʦʚʽʨʥʦʩʪʽ Pʜ ʽ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ n. 

ʇʦʚʥʘ ʧʦʭʠʙʢʘ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ 

 

() () ()xxx 22
ʜʽʧ q+s=s . (3.6) 

 

ɿʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʜʣʷ ʜʦʚʽʨʯʦʾ ʽʤʦʚʽʨʥʦʩʪʽ 0,68 ʩʪʘʥʦʚʠʪʠʤʝ 
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()ůx x x .= °  (3.7) 

 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʩʢʣʘʜʘʻ 

 

()ů
Ů 100 %.

x

x
= Ö  (3.8) 

 

ʇʦʭʠʙʢʫ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ 

ʚʠʢʦʥʫʻʤʦ ʚ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɼʦʩʣʽʜʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʧʦʭʠʙʢʫ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ 

ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ x  ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

 

() () ( ) ( )
22 2

2 2 2

ʜʽʧ ʜʽʧ 1 ʜʽʧ 2 ʜʽʧ

1 2

ů ů ů ů ,
k

k

F F F
x x x x

x x x

å õå õ å õµ µ µ
= + + +æ öæ ö æ ö

µ µ µç ÷ ç ÷ ç ÷
 (3.9) 

 

ʜʝ ( )F
1 2 k

x x ,x ,éx=  ï ʟʘʣʝʞʥʽʩʪʴ ʰʫʢʘʥʦʾ ʚʝʣʠʯʠʥʠ x  ʚʽʜ ʚʝʣʠʯʠʥ i
x  ( )1i , n= , ʱʦ 

ʚʠʤʽʨʶʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ. 

ɺʠʧʘʜʢʦʚʘ ʧʦʤʠʣʢʘ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚ ʮʴʦʤʫ ʨʘʟʽ ʩʪʘʥʦʚʠʪʴ 

 

() () ( ) ( )
22 2

2 2 2

1 2

1 21

ɗ ɗ ɗ ɗ .
k

k

F F F
x x x x

x x x

å õå õ å õµ µ µ
= + + +æ öæ ö æ ö

µ µ µç ÷ ç ÷ ç ÷
 (3.10) 

 

ʆʩʪʘʪʦʯʥʦ ʧʦʚʥʫ ʧʦʭʠʙʢʫ ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣ (3.6) ʽ (3.7) ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (3.4), ʘ ʟʥʘʯʝʥʥʷ 

ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʜʣʷ ʜʦʚʽʨʯʦʾ ʽʤʦʚʽʨʥʦʩʪʽ 0,68 ʟʘ ʬʦʨʤʫʣʦʶ (3.5).  
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3.4.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ 

 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʬʽʢʩʫʚʘʣʠʩʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ 

ʄʽʢʈɸ 600 (ʨʠʩ. 3.8). ʁʦʛʦ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.1. 

ɼʣʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʘ ʪʝʨʤʦʧʘʨʘ. 

 

 

ʈʠʩʫʥʦʢ 3.8 ï ʇɯɼ-ʨʝʛʫʣʷʪʦʨ ʪʝʤʧʝʨʘʪʫʨ ʄʽʢʈɸ 600 

 

ʊʘʙʣʠʮʷ 3.1 - ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨ ʄʽʢʈɸ 600 

ɼʠʩʢʨʝʪʥʽʩʪʴ ʟʘʚʜʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, C̄  1,0 

ɿʘʢʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʢʘʥʘʣʫ ʥʘʛʨʽʚʫ ʇɯɼ 

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʢʝʨʫʚʘʥʥʷ ʐɯʄ 

ʊʦʯʥʽʩʪʴ ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʨʝʞʠʤʽ 
0,5°

 

ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ 110 250 ɺ-  

ʈʦʟʤʽʨʠ, ʤʤ 48 48 120³ ³  

ʄʘʩʘ, ʛ 170 

 

ɺ ʷʢʦʩʪʽ ʜʠʥʘʤʦʤʝʪʨʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ 

ʟôʻʜʥʘʥʦʛʦ ʟʨʘʟʢʘ ʚʠʢʦʨʠʩʪʘʥʦ ʝʣʝʢʪʨʦʥʥʽ ʚʘʛʠ (ʨʠʩ. 3.9). ɰʭ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.2. 
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ʈʠʩʫʥʦʢ 3.9 ï ɽʣʝʢʪʨʦʥʥ ̔ʚʘʛʠ 

 

ʊʘʙʣʠʮʷ 3.2 ï ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʚʘʛʽʚ 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ, ʢʛ 0,01 50 

ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ, ʛ 10 

ʈʦʟʤʽʨʠ, ʤʤ 115 75 22³ ³  

ʄʘʩʘ, ʛ 120 

 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʠ ʪʝʨʤʦʢʣʝʶ ʥʘ ʟôʻʜʥʘʥʠʭ ʟʨʘʟʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʣʘʙʦʨʘʪʦʨʥʽ ʚʘʛʠ çʊʝʭʥʦʚʘʛʠè ʊɺɽ-0,3-0,005 (ʨʠʩ. 3.10). ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʚʘʛʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.3. 

 

 

ʈʠʩʫʥʦʢ 3.10 ï çʊʝʭʥʦʚʘʛʠè ʊɺɽ-0,3-0,005 
 

ʊʘʙʣʠʮʷ 3.3 ï ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ çʊʝʭʥʦʚʘʛʠè ʊɺɽ-0,3-0,005 

ɻʨʘʥʠʮʽ ʟʚʘʞʫʚʘʥʥʷ, ʛ 0,1 300 
ʎʽʥʘ ʧʦʜʽʣʢʠ 0,005 

ʈʦʟʤʽʨʠ ʚʘʥʪʘʞʦ-ʧʨʠʡʤʘʣʴʥʦʾ 

ʧʣʘʪʬʦʨʤʠ, ʤʤ 
130 130³  ʘʙʦ  120Å  

ʄʘʩʘ, ʢʛ ʥʝ ʙʽʣʴʰʝ 4,5 
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ʏʘʩ, ʟʘ ʷʢʠʡ ʪʝʨʤʦʢʣʝʡʦʚʠʡ ʤʘʪʝʨʽʘʣ ʚʠʜʘʚʣʶʚʘʚʩʷ ʢʨʽʟʴ ʩʦʧʣʦ ʚʠʤʽʨʷʚʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʝʢʫʥʜʦʤʽʨʘ çɯʥʪʝʛʨʘʣ ʉ-01è (ʨʠʩ. 3.11). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʘʜʫ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.4 

 

ʈʠʩʫʥʦʢ 3.11 ʉʝʢʫʥʜʦʤʽʨ ʝʣʝʢʪʨʦʥʥʠʡ çɯʥʪʝʛʨʘʣ ʉ-01è 

 

ʊʘʙʣʠʮʷ 3.4 - ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʢʫʥʜʦʤʽʨʘ çɯʥʪʝʛʨʘʣ ʉ-01è 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ɼʠʩʢʨʝʪʥʽʩʪʴ ʚʽʜʣʽʢʫ ʯʘʩʫ, ʩ 0,01 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʦʙʩʷʛ ʨʘʭʫʥʢʫ 9 ʛʦʜ 59 ʭʚ 59,99 ʩ 

ɿʘʧʘʤ'ʷʪʦʚʫʻʪʴʩʷ ʧʨʦʤʽʞʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 10 

ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʤʤ 77 58 18³ ³  
 

3.4.3 ʈʦʟʨʘʭʫʥʦʢ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ 

 

ʇʦʭʠʙʢʘ ʧʝʨʚʠʥʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʛʽʜʥʦ ʟ 

ʬʦʨʤʫʣʦʶ (3.2) 

 

ʜʧʧ

ʧʚʧ

ȹ 0,05
ů 0,0167 ʅ,

3 3
= =° =°  

 

 

ʜʝ ʜʧʧȹ 0,05 ʅ=  ï ʜʦʚʽʜʥʠʢʦʚʘ ʧʦʭʠʙʢʘ. 

ʇʦʭʠʙʢʘ ʧʨʠʣʘʜʫ ʟʛʽʜʥʦ ʟ (3.3) 

 

( )ʧʨ ʚʠʤ

ɔ1 1 0,5
ů 200 ( 0,1) 0,334 ʅ.

3 100 3 100
D

å õ å õ
= = Ö - - =æ öæ ö

ç ÷ç ÷
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ʇʦʭʠʙʢʘ ʦʢʨʫʛʣʝʥʥʷ ʟʛʽʜʥʦ ʟ (3.4) 

 

ʦʢʨ

0,1
ů 0,029 ʅ.

12 12

C
= = =  

 

 

ɿʥʘʯʝʥʥʷ ʜʦʩʣʽʜʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʤʠʣʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟ (3.1) 

 

() 2 2 2 2 2 2

ʜʽʧ ʧʚʧ ʧʨ ʦʢʨ
ů ů ů ů 0,0167 0,334 0,029 0,335 ʅ.P = + + = + + =   

 

ʊʝʧʝʨ ʚʠʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʢʠ ʧʨʦʚʦʜʠʣʠ 

ʯʦʪʠʨʠ ʚʠʤʽʨʠ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ, ʷʢʽ ʩʪʘʥʦʚʠʣʠ 2,7, 2,6, 2,7, 2,8 ʅ. 

ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ ʈ 

 

( )
1

1 1
2,7 2,6 2,7 2,8 2,7 ʅ.

4

n

i
i

P P
n =

= = + + + =ä  
 

 

ɺʠʧʘʜʢʦʚʘ ʧʦʤʠʣʢʘ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʩʪʘʥʦʚʠʪʴ 

 

()
( )

( )

( )
( ) ( ) ( ) ( )

2

1

2 2 2 2

1
                                       ɗ ɝ

1

1
=1 2,7 2,7 2,7 2,6 2,7 2,7 2,7 2,8 0,04 ʅ.

4 4 1

n

i
i

P P P
n n =

= - =
-

è ø- + - + - + - =
ê ú-

ä
 

 

 

ʜʝ ɝ=1 ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʉʪʴʶʜʝʥʪʘ ʜʣʷ Pʜ = 0,68 ʽ n = 4 [85]. 

ʇʦʚʥʘ ʧʦʭʠʙʢʘ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (3.6) 

 

() () ()2 2 2 2

ʜʽʧ
ů ů ɗ 0,335 0,04 0,11 ʅ.P P P= + = + =   

 

ɿʥʘʯʝʥʥʷ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (3.7) ʩʪʘʥʦʚʠʪʴ 
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()ů 0,11 ʅ.P P P P= ° = °   

 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (3.8) ʩʢʣʘʜʘʻ 

 

0,11
Ů 100 % 4 %.

2,7
P
= Ö =  

 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʾʭ 

ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʥʘʯʥʦ ʤʝʥʰʝ ʚʽʜ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ 

ʧʦʤʠʣʢʠ, ʪʦʤʫ ʥʘʜʘʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʧʦʭʠʙʢʠ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʙʨʘʪʠʤʝʤʦ ʜʦ ʫʚʘʛʠ ʪʽʣʴʢʠ ʜʦʩʣʽʜʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʧʦʤʠʣʢʫ, 

ʪʦʙʪʦ ʧʨʠʡʤʘʻʤʦ, ʱʦ () ()xx ʜʽʧs=s . 

 

3.4.4 ʈʦʟʨʘʭʫʥʦʢ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʠ 

 

ʇʦʭʠʙʢʘ ʧʝʨʚʠʥʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʛʽʜʥʦ ʟ 

ʬʦʨʤʫʣʦʶ (3.2)  

 

ʜʧʧ

ʧʚʧ

0,005
0,00166 ʛ,

3 3

D
s = =° =°  

 

 

ʜʝ ʜʧʧ 0,005 ʛD =  ï ʜʦʚʽʜʥʠʢʦʚʘ ʧʦʭʠʙʢʘ. 

ʇʦʭʠʙʢʘ ʧʨʠʣʘʜʫ ʟʛʽʜʥʦ ʟ (3.3) 

 

( )ʧʨ ʚʠʤ

ɔ1 1 0,016
ů 300 ( 0,1) 0,016 ʛ.

3 100 3 100
D

å õ å õ
= = Ö - - =æ öæ ö

ç ÷ç ÷
 

 

 

ʇʦʭʠʙʢʘ ʦʢʨʫʛʣʝʥʥʷ ʟʛʽʜʥʦ ʟ (3.4) 

 

ʦʢʨ

0,005
ů 0,0014 ʛ.

12 12

C
= = =   
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ɿʥʘʯʝʥʥʷ ʜʦʩʣʽʜʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʤʠʣʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟ (3.1) 

 

() 2 2 2 2 2 2

ʜʽʧ ʧʚʧ ʧʨ ʦʢʨ
0,00166 0,016 0,0014 0,0161 ʛ.m = + + = + + =s s s s   

 

ʊʝʧʝʨ ʚʠʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʢʠ ʧʨʦʚʦʜʠʣʠ ʯʦʪʠʨʠ ʚʠʤʽʨʠ 

ʤʘʩʠ, ʷʢʽ ʩʪʘʥʦʚʠʣʠ 0,626; 0,628; 0,627; 0,629 ʛ. 

ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʩʠ m 

 

( )
1

1 1
0,626 0,628 0,627 0,629 0,627 ʛ.

4

n

i
i

m m
n =

= = + + + =ä  
 

 

ɺʠʧʘʜʢʦʚʘ ʧʦʤʠʣʢʘ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʩʪʘʥʦʚʠʪʴ 

 

()
( )

( )

( )
( ) ( ) ( ) ( )

2

1

2 2 2 2

1
                                       ɗ ɝ

1

1
=1 0,627 0,626 0,627 0,628 0,627 0,627 0,627 0,629

4 4 1

                                                    0,0007 ʛ.

n

i

i

m m m
n n =

= - =
-

è ø- + - + - + - =
ê ú-

=

ä

 

 

 

ʜʝ ɝ=1 ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʉʪʴʶʜʝʥʪʘ ʜʣʷ Pʜ = 0,68 ʽ n = 4  

ʇʦʚʥʘ ʧʦʭʠʙʢʘ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.6) 

 

() () ()2 2 2 2

ʜʽʧ
ů ů ɗ 0,0161 0,0007 0,017 ʛ.m m m= + = + =   

 

ɿʥʘʯʝʥʥʷ ʤʘʩʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (3.7) ʩʪʘʥʦʚʠʪʴ 

 

()ů 0,017 ʛ.m m m m= ° = °   

 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (3.8) ʩʢʣʘʜʘʻ 
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0,017
Ů 100 % 2,7 %.

0,627
m
= Ö =  

 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʾʭ 

ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʥʘʯʥʦ ʤʝʥʰʝ ʚʽʜ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ 

ʧʦʤʠʣʢʠ, ʪʦʤʫ ʥʘʜʘʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʧʦʭʠʙʢʠ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʙʨʘʪʠʤʝʤʦ ʜʦ ʫʚʘʛʠ ʪʽʣʴʢʠ ʜʦʩʣʽʜʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʧʦʤʠʣʢʫ, 

ʪʦʙʪʦ ʧʨʠʡʤʘʻʤʦ, ʱʦ () ()xx ʜʽʧs=s . 

 

3.4.5 ʈʦʟʨʘʭʫʥʦʢ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ʇʦʭʠʙʢʘ ʧʝʨʚʠʥʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (3.2) 

 

ʜʧʧ

ʧʚʧ

ȹ 2,5
ů 0,833 ʉ,

3 3
= =° =° ¯ 

 

ʜʝ ʜʧʧ
ȹ 2,5=  ï ʜʦʚʽʜʥʠʢʦʚʘ ʧʦʭʠʙʢʘ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʦʾ ʪʝʨʤʦʧʘʨʠ: 

ʇʦʭʠʙʢʘ ʧʨʠʣʘʜʫ ʟʛʽʜʥʦ ʟ (3.3) ʜʦʨʽʚʥʶʻ 

 

( )ʧʨ ʚʠʤ

ɔ1 1 0,5
ů 1300 ( 50) 2,25 ʉ

3 100 3 100
D

å õ å õ
= = Ö - - = ¯æ öæ ö

ç ÷ç ÷
 

 

ʇʦʭʠʙʢʘ ʦʢʨʫʛʣʝʥʥʷ ʟʛʽʜʥʦ ʟ (3.4) ʩʪʘʥʦʚʠʪʴ 

 

ʦʢʨ

1
ů 0,289 ʉ.

12 12

C
= = =  ̄

 

ɿʥʘʯʝʥʥʷ ʜʦʩʣʽʜʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʤʠʣʢʠ ʚʠʟʥʘʯʘʻʤʦ ʟʛʽʜʥʦ ʟ (3.1): 
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() 2 2 2 2 2 2

ʜʽʧ ʧʚʧ ʧʨ ʦʢʨ
ů ů ů ů 0,833 2,25 0,289 2,417 C.T = + + = + + = ¯ 

 

ʊʝʧʝʨ ʚʠʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʢʠ ʧʨʦʚʦʜʠʣʠ ʯʦʪʠʨʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʽ ʩʪʘʥʦʚʠʣʠ 138; 141; 140; 139 C̄ . 

ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʠʪʴ 

 

( )
1

1 1
138 141 140 139 139,5 C.

4

n

i
i

T T
n =

= = + + + = ¯ä  

 

ʊʦʜʽ ʚʠʧʘʜʢʦʚʘ ʧʦʤʠʣʢʘ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʩʪʘʥʦʚʠʪʴ 

 

()
( )

( )
2

1

1
ɗ ɝ

1

n

i

i

T T T
n n =

= - =
-
ä

( )
( ) ( ) ( ) ( )

2 2 2 21
=1 139,5 138 139,5 141 139,5 140 139,5 139 0,645 ʉ.

4 4 1
è ø- + - + - + - = ¯
ê ú-

 

 

ʜʝ ɝ=1 ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʉʪʴʶʜʝʥʪʘ ʜʣʷ Pʜ = 0,68 ʽ n = 4 [85]. 

ʇʦʚʥʘ ʧʦʭʠʙʢʘ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (3.6) 

 

() () ()2 2 2 2

ʜʽʧ
ů ů ɗ 2,417 0,645 2,5 ʉ.ʊ ʊ ʊ= + = + = ¯ 

 

ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (3.7) ʩʪʘʥʦʚʠʪʴ 

 

()ů 2,5 ʉ.ʊ ʊ ʊ ʊ= ° = ° ¯ 

 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (3.8) ʩʢʣʘʜʘʻ 
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2,5
Ů 100 % 1,8 %.

139,5
T
= Ö =  

 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʾʭ 

ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʥʘʯʥʦ ʤʝʥʰʝ ʚʽʜ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ 

ʧʦʤʠʣʢʠ, ʪʦʤʫ ʥʘʜʘʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʧʦʭʠʙʢʠ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʙʨʘʪʠʤʝʤʦ ʜʦ ʫʚʘʛʠ ʪʽʣʴʢʠ ʜʦʩʣʽʜʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʧʦʤʠʣʢʫ, 

ʪʦʙʪʦ ʧʨʠʡʤʘʻʤʦ, ʱʦ . 

 

3.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʧʘʧʝʨʦʚʠʭ ʧʦʚʝʨʭʦʥ ɹʩʪʚʦʨʝʥʦ 

ʧʨʠʩʪʨʽʡ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʢʣʝʻʤ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ 

ʧʨʫʪʢʘ ʪʘ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʶ ʩʪʚʦʨʝʥʦ ʪʝʨʤʦʢʣʝʡʦʚʝ 

ʟôʻʜʥʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ. 

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʟʘ ʨʽʟʥʠʭ ʚʠʪʨʘʪ ʪʝʨʤʦʢʣʝʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʘ ʨʦʟʨʠʚ ʟʨʘʟʢʽʚ ʛʥʫʯʢʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʨʝʞʠʤʽʚ ʥʘʥʝʩʝʥʥʷ 

ʪʝʨʤʦʢʣʝʁ  ʥʘ ʷʢʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ ʟôʻʜʥʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʨʠʚʥʦʛʦ 

ʟʫʩʠʣʣʷ ʚʽʜ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ, ʷʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ ʚʠʪʨʘʪʘ ʤʘʪʝʨʽʘʣʫ ʩʪʘʥʦʚʠʪʴ 0,005 ʛ/ʤʤ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʠʨʠʥʠ ʰʚʘ. 

ʇʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʦʟʨʠʚ ʟôʻʜʥʘʥʠʭ ʪʝʨʤʦʢʣʝʻʤ ʟʨʘʟʢʽʚ 

ʟ ʧʘʧʝʨʫ, ʢʘʨʪʦʥʫ ʪʘ ʧʦʣʽʝʪʠʣʝʥʫ. ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ 

ʚʽʜ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ, ʷʢʘ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ 

ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʽʮʥʽʩʪʴ ʟôʻʜʥʘʥʥʷ ʟʨʦʩʪʘʻ ʜʦ ʧʝʚʥʠʭ ʤʝʞ, ʘ ʾʾ ʧʦʜʘʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ ʥʝʜʦʮʽʣʴʥʝ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʪʦʚʩʪʦʤʫ ʢʣʝʡʦʚʦʤʫ ʰʘʨʽ ʤʽʮʥʽʩʪʴ ʧʦʯʠʥʘʻ 

ʟʤʝʥʰʫʚʘʪʠʩʴ. ʆʪʞʝ, ʤʽʮʥʽʩʪʴ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʠʨʠʥʠ 

ʰʚʘ. 

() ()xx ʜʽʧs=s
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ɿʘ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ ʥʘ 

ʤʽʮʥʽʩʪʴ ʟôʻʜʥʘʥʥʷ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ, ʘ ʩʘʤʝ ï ʚʠʪʨʘʪʘ ʪʝʨʤʦʢʣʝʶ ʚ ʤʝʞʘʭ 0,07ï0,1 ʛ/ʩ ʪʘ 

ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʦ ʜʦʚʞʠʥʽ ʟôʻʜʥʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʤʝʞʘʭ 0,0035ï0,005 ʛ/ʤʤ. ʎʽ 

ʧʘʨʘʤʝʪʨʠ ʜʘʶʪʴ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʟôʻʜʥʘʥʥʷ, ʷʢʝ ʙʫʣʦ ʙ ʥʝʦʙʭʽʜʥʠʤ ʽ ʜʦʩʪʘʪʥʽʤ ʜʣʷ 

ʟʨʫʯʥʦʛʦ ʨʦʟʢʨʠʪʪʷ ʩʧʦʞʠʚʘʯʝʤ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ï ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʛʝʨʤʝʪʠʯʥʽʩʪʴ 

ʧʘʢʦʚʘʥʥʷ ʪʘ ʟʨʫʯʥʽʩʪʴ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ. 

ɼʣʷ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ 

ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟʘ ʤʝʪʦʜʠʢʦʶ ʥʘʚʝʜʝʥʦʶ ʫ [85]. ʆʪʨʠʤʘʥʽ 

ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʽ ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʤʝʞʘʭ 1,8é4 %. 

ʉʪʚʦʨʝʥʽ ʫʩʪʘʥʦʚʢʠ ʪʘ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ  ̔ ʩʠʣʽʢʘʪʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ ʩʪʘʪʪʽ [83] ʪʘ ʧʨʦʚʝʜʝʥʦ ʜʦʧʦʚʽʜʽ 

ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ [84]. 
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4 ʏʀʉʃʆɺɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ʇɯɼɻʆʊʆɺʂʀ, ʋʊɺʆʈɽʅʅʗ 

ʊɸ ʈʋʁʅʋɺɸʅʅʗ ʊɽʈʄʆʂʃɽʁʆɺʆɻʆ ɿôɭɼʅɸʅʅʗ 

 

 

4.1 ʂʨʠʪʝʨʽʘʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʧʨʫʪʢʘ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʪʝʨʤʦʢʣʝʶ ʢʨʽʟʴ 

ʮʠʣʽʥʜʨʠʯʥʠʡ  ʥʘʛʨʽʚʥʠʡ ʢʘʥʘʣ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʟʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚ [86]. 

ʇʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ʟʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚ ʦʧʠʩʫʻʪʴʩʷ ʷʢ 

ʬʫʥʢʮʽʷ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʛʨʘʬʽʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

 

( )Fo,Bif=q ,  

 

ʜʝ ɗ ï ʙʝʟʨʦʟʤʽʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ: 

 

ʩʝʨʧ

ʩʝʨʢ

tt

tt

-

-
=q , 

 

 

ʢ
t , ʧ

t  ï ʢʽʥʮʝʚʘ ʪʘ ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʢʣʝʶ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ, Áʉ; 

ʩʝʨ
t  ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʪʦʾ ʩʪʽʥʢʠ ʢʘʥʘʣʫ, Áʉ. 

ʂʨʠʪʝʨʽʡ ɹʽʦ 

 

ʤ

l
Bi
l

a
= , 

 

 

ʜʝ a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ɺʪ/(ʤ2Öʂ); l  ï ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʘ, ʤ; ʤ
l  ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚʠʨʦʙʫ. ʆʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 

ʧʝʨʰʦʛʦ ʨʦʜʫ, ʧʨʠʡʤʘʻʤʦ ɺ ̔ʥʘʡʙʽʣʴʰʠʤ ʟ ʥʘʷʚʥʠʭ ʥʘ ʛʨʘʬʽʯʥʽʡ ʟʘʣʝʞʥʦʩʪʽ [86, ʩ. 

202]. 
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ʂʨʠʪʝʨʽʡ ʌʫʨôʻ 

 

`
2l

a
Fo ʤt= , 

 

 

ʜʝ ʤa  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚʠʨʦʙʫ, ʤ2/ʩ; t ï ʯʘʩ 

ʥʘʛʨʽʚʘʥʥʷ, ʩ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʪʘʢʽ ʚʠʭʽʜʥʽ ʜʘʥʽ: 

ʤa  = 1,17Ö10-7 ʤ2/ʩ, l = 5 ʤʤ, ʧ
t  = 20 Áʉ, 

ʩʝʨ
t  = 250 Áʉ, t = 20 c (ʚʽʜʧʦʚʽʜʘʻ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʨʫʪʢʘ 5 ʤʤ/ʩ). ɼʽʘʤʝʪʨ ʧʨʫʪʢʘ ʩʢʣʘʜʘʚ 10 ʤʤ, ʤʘʪʝʨʽʘʣ ï ʉɽɺɸ. 

ʊʝʧʣʦʚʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʩʪʽʥʮʽ ʧʨʠʡʤʘʣʠʩʴ 3 ʨʦʜʫ: ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʢʠ ʜʦʨʽʚʥʶʻ 

250 Üʉ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟ ʧʦʚʝʨʭʥʝʶ ʜʣʷ ʜʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʢʣʘʜʘʻ 

ʟʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [87] 70 ɺʪ/(ʤ2Öʂ). 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʩʽ ʧʨʫʪʢʘ ʩʢʣʘʣʦ 

419 ʂ. ʇʨʦʪʝ ʮʝʡ ʨʦʟʨʘʭʫʥʦʢ ʥʝ ʚʨʘʭʦʚʫʻ ʫʤʦʚ ʪʝʨʪʷ ʧʨʫʪʢʘ ʧʦ ʩʪʽʥʮʽ ʢʘʥʘʣʫ 

ʪʘ ʜʠʩʠʧʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ. 

ɼʣʷ ʫʪʦʯʥʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ 

ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʽʷ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʚ ʩʝʨʝʜʦʚʠʱʽ Ansys Polyflow ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʧʨʫʪʢʘ ʚ ʜʽʘʧʘʟʦʥʽ 

3ï10 ʤʤ/ʩ. 

 

4.2 ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ 

 

ɼʣʷ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ANSYS PolyFlow, ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʉʪʚʦʨʝʥʦ ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ 4-ʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʨʦʟʧʣʘʚʣʶʚʘʯʘ: 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ, ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ʩʦʧʣʦʤ ï ʽʩʥʫʶʯʘ ʢʦʥʬʽʛʫʨʘʮʽʷ, 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ʜʦʨʥʦʤ ʪʘ ʯʝʨʚôʷʯʥʦʛʦ ʪʠʧʫ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ 

ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʦʚʱʠʥʠ ʥʠʪʢʠ ʨʦʟʧʣʘʚʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ. 
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ʇʨʠ ʮʴʦʤʫ ʚ PolyFlow ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ (2.6) ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʬʦʨʤʽ  

 

() slip

w sh str slip t tt
Ű

e

w
F T v v=- - ,  

 

ʜʝ slipe  ï ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʽ.  

ʏʠʩʣʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʜʣʷ ʨʽʟʥʦʾ ʚʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʪʝʨʤʦʢʣʝʶ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʣʽʤʝʨʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ, ʷʢʘ ʜʦʨʽʚʥʶʻ 

ʪʝʤʧʝʨʘʪʫʨʽ ʡʦʛʦ ʪʝʢʫʯʦʩʪʽ. ʎʷ ʰʚʠʜʢʽʩʪʴ ʽ ʧʨʠʡʤʘʣʘʩʴ ʟʘ ʛʨʘʥʠʯʥʦ ʚʝʣʠʢʫ. 

ɼʦʮʽʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ ʻ ʪʘʢʘ, ʟʘ ʷʢʦʾ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʽʤʝʨʫ ʥʘ ʚʠʭʦʜʽ 

ʜʦʨʽʚʥʶʻ ʨʝʢʦʤʝʥʜʦʚʘʥʽʡ ʚʠʨʦʙʥʠʢʦʤ ʪʝʨʤʦʢʣʝʶ. 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʟʘʜʘʥʠʭ ʛʨʘʥʠʯʥʠʭ ʡ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ 

ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʜʣʷ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ  ʙʝʟ ʩʦʧʣʘ, ʦʩʢʽʣʴʢʠ ʪʘʢʘ 

ʟʘʜʘʯʘ ʤʘʻ ʨʦʟʚôʷʟʦʢ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʨʠʢʣʘʜ ʧʦʣʽʚ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʚʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʝʨʤʦʢʣʝʶ ʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ 

ʢʘʥʘʣʽ ʙʝʟ ʩʦʧʣʘ ʚ ʜʽʘʧʘʟʦʥʽ 2ï7 ʤʤ/ʩ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.1. 

 

 
ʘ  

ʙ 

ʈʠʩʫʥʦʢ 4.1 ï ʇʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʨʽʟʥʠʭ ʚʭʽʜʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʪʝʨʤʦʢʣʝʶ 

ʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʢʘʥʘʣʽ ʙʝʟ ʩʦʧʣʘ, ʘʨʢʫʰ 1 
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ʚ 
 

ʛ 

 

ʘ ï 2 3ʤʤ ʩv ,= , ʙ ï 4ʤʤ ʩv= , ʚ ï 5ʤʤ ʩv= , ʛ ï 6ʤʤ ʩv=  

ʈʠʩʫʥʦʢ 4.1 ï ʇʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʨʽʟʥʠʭ ʚʭʽʜʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʪʝʨʤʦʢʣʝʶ 

ʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʢʘʥʘʣʽ ʙʝʟ ʩʦʧʣʘ, ʘʨʢʫʰ 2 

 

ʇʦʨʽʚʥʷʥʥʷ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʜʣʷ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʟʜʦʚʞ ʦʩʽ ʧʨʫʪʢʘ ʟʘ ʢʨʠʪʝʨʽʘʣʴʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ, ʧʦʢʘʟʘʣʠ, ʱʦ 

ʪʨʘʜʠʮʽʡʥʠʡ ʤʝʪʦʜ ʥʝ ʚʨʘʭʦʚʫʻ ʜʠʩʠʧʘʪʠʚʥʠʡ ʝʬʝʢʪ, ʪʦʤʫ ʜʽʡʩʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʷʚʣʷʶʪʴʩʷ ʜʝʱʦ ʙʽʣʴʰʠʤʠ (419 ʂ ʟʘ ʢʨʠʪʝʨʽʘʣʴʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʧʨʦʪʠ 440 ʂ 

ʟʘ ʯʠʩʣʦʚʠʤ ʨʦʟʨʘʭʫʥʢʦʤ). 

ʇʨʠʢʣʘʜ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʤʘʪʝʨʽʘʣʫ ʟʘ ʚʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʪʝʨʤʦʢʣʝʶ ʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʢʘʥʘʣʽ ʙʝʟ ʩʦʧʣʘ ʚ ʜʽʘʧʘʟʦʥʽ 2ï7 ʤʤ/ʩ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 4.2. 
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ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

ʘ ï 2 3ʤʤ ʩv ,= , ʙ ï 4ʤʤ ʩv= , ʚ ï 5ʤʤ ʩv= , ʛ ï 6ʤʤ ʩv=  

ʈʠʩʫʥʦʢ 4.2 ï ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʤʘʪʝʨʽʘʣʫ ʟʘ ʚʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʪʝʨʤʦʢʣʝʶ ʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʢʘʥʘʣʽ ʙʝʟ ʩʦʧʣʘ 

 

ʇʨʠʢʣʘʜ ʧʦʣʽʚ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʚʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʝʨʤʦʢʣʝʶ ʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ 

ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ ʟ ʩʦʧʣʦʤ ʚ ʜʽʘʧʘʟʦʥʽ 2ï7 ʤʤ/ʩ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.3. 
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ʛ 

 
ʜ 

 

ʘ ï 2 3ʤʤ ʩv ,= , ʙ ï 4ʤʤ ʩv= , ʚ ï 5ʤʤ ʩv= , ʛ ï 7ʤʤ ʩv=  

ʈʠʩʫʥʦʢ 4.3 ï ʇʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʚʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʝʨʤʦʢʣʝʶ ʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ 

ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ ʟ ʩʦʧʣʦʤ 

 

ʇʨʠʢʣʘʜ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʤʘʪʝʨʽʘʣʫ ʟʘ ʚʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʪʝʨʤʦʢʣʝʶ ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ ʟ ʩʦʧʣʦʤ ʚ ʜʽʘʧʘʟʦʥʽ 2ï7 ʤʤ/ʩ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.4 
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ʘ ï 2 3 ʤʤ ʩv ,= , ʙ ï 4 ʤʤ ʩv= , ʚ ï 5 ʤʤ ʩv= , ʛ ï 7 ʤʤ ʩv=  

ʈʠʩʫʥʦʢ 4.4 ï ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʤʘʪʝʨʽʘʣʫ ʟʘ ʚʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʪʝʨʤʦʢʣʝʶ ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ ʟ ʩʦʧʣʦʤ 

 

ɿ ʨʠʩ. 4.3, ʙ ʚʠʜʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʢʫʯʦʩʪʽ (390 ʂ) ʧʨʫʪʦʢ ʪʝʨʤʦʢʣʝʶ 

ʥʘʙʫʚʘʻ ʥʘ ʩʚʦʾʡ ʧʦʚʝʨʭʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 30 ʤʤ ʚʽʜ ʧʦʯʘʪʢʫ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ, ʪʦʜʽ ʷʢ 

ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʽ ʤʘʡʞʝ ʧʦʚʥʝ ʧʨʠʣʠʧʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 80 ʤʤ ʚʽʜ 

ʧʦʯʘʪʢʫ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ (ʨʠʩ. 4.4, ʙ). 

ʅʘ ʨʠʩ. 4.5 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ 

ʪʝʨʤʦʢʣʝʶ ʜʣʷ ʥʘʛʨʽʚʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʘʥʘʣʫ ʙʝʟ ʩʦʧʣʘ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʟ ʩʦʧʣʦʤ. 
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1 ï ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ ʙʝʟ ʩʦʧʣʘ; 

2 ï ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ ʟ ʩʦʧʣʦʤ 

ʈʠʩʫʥʦʢ 4.5 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʪʝʨʤʦʢʣʝʶ 

 

ɿ ʨʠʩ. 4.5 ʚʠʜʥʦ, ʱʦ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ ʙʝʟ ʩʦʧʣʘ 

ʛʨʘʥʠʯʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ ʻ 6 ʤʤ/ʩ, ʘ ʜʣʷ ʢʘʥʘʣʫ ʟ ʩʦʧʣʦʤ ï 7 ʤʤ/ʩ. ʊʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʱʦ ʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ ʟ ʩʦʧʣʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʠʭʦʜʽ ʟʘ ʚʩʽʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦʜʘʯʽ ʪʝʨʤʦʢʣʝʶ ʥʘ 10 °C ʚʠʱʘ, ʥʽʞ ʜʣʷ ʢʘʥʘʣʫ ʙʝʟ 

ʩʦʧʣʘ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ ʟ ʩʦʧʣʦʤ ʧʦʙʫʜʦʚʘʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʛʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚʟʜʦʚʞ ʦʩʽ ʧʨʫʪʢʘ ʟʘ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʧʦʜʘʯʽ ʪʝʨʤʦʢʣʝʶ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ ʙʝʟ ʩʦʧʣʘ ʪʘ ʟ ʩʦʧʣʦʤ 

(ʨʠʩ.4.6). 
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ʈʠʩʫʥʦʢ 4.6 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʚʟʜʦʚʞ ʦʩʽ ʧʨʫʪʢʘ ʟʘ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦʜʘʯʽ 

ʪʝʨʤʦʢʣʝʶ ʜʣʷ ʥʘʛʨʽʚʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʘʥʘʣʫ ʙʝʟ ʩʦʧʣʘ ʪʘ ʟ ʩʦʧʣʦʤ 

 

ʅʘʚʝʜʝʥʠʡ ʛʨʘʬʽʢ (ʨʠʩ. 4.6) ʽʣʶʩʪʨʫʻ ʧʝʨʝʚʘʛʫ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʥʘʛʨʽʚʥʦʛʦ 

ʢʘʥʘʣʫ ʟ ʩʦʧʣʦʤ ʥʘʜ ʢʘʥʘʣʦʤ ʙʝʟ ʩʦʧʣʘ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʠʱʘ ʥʘ 5 °C ʧʦʯʠʥʘʶʯʠ ʟ ʚʽʜʩʪʘʥʽ 60 ʤʤ ʚʽʜ ʧʦʯʘʪʢʫ 

ʧʨʫʪʢʘ. ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʱʦ ʪʝʨʤʦʢʣʝʡ ʜʦʩʷʛʘʻ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʢʫʯʦʩʪʽ ʚ 

ʩʝʨʝʜʠʥʽ ʧʨʫʪʢʘ ʥʘ ʚʽʜʩʪʘʥʽ 50 ʤʤ ʚʽʜ ʧʦʯʘʪʢʫ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 

2,3 ʤʤ/ʩ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʢʫʯʦʩʪʽ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ʧʨʫʪʢʘ ʥʘ ʚʽʜʩʪʘʥʽ 100 ʤʤ ʚʽʜ ʧʦʯʘʪʢʫ ʥʘʛʨʽʚʥʦʛʦ 

ʢʘʥʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ, ʙʽʣʴʰʘ ʟʘ 4 ʤʤ/ʩ, ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʜʦʮʽʣʴʥʦʶ, 

ʦʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʢʣʝʶ ʪʦʜʽ ʩʪʘʥʝ ʤʝʥʰʦʶ ʟʘ ʜʦʧʫʩʪʠʤʫ ʜʣʷ ʫʪʚʦʨʝʥʥʷ 

ʟôʻʜʥʘʥʥʷ. 

ʇʨʠʢʣʘʜ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ̔  h ʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʪʝʨʤʦʢʣʝʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʪʨʫʙʯʘʩʪʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʝʨʤʦʢʣʝʶ ʪʘ ʩʦʧʣʘ ʟ ʜʦʨʥʦʤ ʟʘ ʚʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʫʪʢʘ 

ʚ ʜʽʘʧʘʟʦʥʽ 3ï20 ʤʤ/ʩ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.7 ʪʘ ʨʠʩ. 4.8, ʚʽʜʧʦʚʽʜʥʦ. 
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ʘ ï 3ʤʤ ʩv= , ʙ ï 4ʤʤ ʩv= , ʚ ï 5ʤʤ ʩv= , ʛ ï 6ʤʤ ʩv= , ʜ ï 15ʤʤ ʩv= , 

ʝ ï 20ʤʤ ʩv=  

ʈʠʩʫʥʦʢ 4.7 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʚʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʝʨʤʦʢʣʝʶ ʪʨʫʙʯʘʩʪʦʾ 

ʬʦʨʤʠ ʪʘ ʢʘʥʘʣʫ ʟ ʜʦʨʥʦʤ 
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ʘ ï 3ʤʤ ʩv= , ʙ ï 4ʤʤ ʩv= , ʚ ï 5ʤʤ ʩv= , ʛ ï 6ʤʤ ʩv= , ʜ ï 15ʤʤ ʩv= , 

ʝ ï 20ʤʤ ʩv=  

ʈʠʩʫʥʦʢ 4.8 ï ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʤʘʪʝʨʽʘʣʫ ʟʘ ʚʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʪʝʨʤʦʢʣʝ ʁʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʪʘ ʢʘʥʘʣʫ ʟ ʜʦʨʥʦʤ 
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ɿ ʨʠʩ. 4.7, ʘ ʚʠʜʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʢʫʯʦʩʪʽ (390 ʂ) ʧʦʣʽʤʝʨʥʠʡ ʤʘʪʝʨʽʘʣ 

ʥʘʙʫʚʘʻ ʥʘ ʩʚʦʾʡ ʧʦʚʝʨʭʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 40 ʤʤ ʚʽʜ ʧʦʯʘʪʢʫ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ, ʪʦʜʽ ʷʢ 

ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʅʘ ʨʠʩ. 4.8, ʛ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʡʞʝ ʧʦʚʥʝ ʧʨʠʣʠʧʘʥʥʷ ʧʦʣʽʤʝʨʫ ʥʘ 

ʚʽʜʩʪʘʥʽ 100 ʤʤ ʚʽʜ ʧʦʯʘʪʢʫ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ. 

ɸʥʘʣʽʟʫʶʯʠ ʚʠʱʝ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʜʦʮʽʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ ʧʦʣʽʤʝʨʥʦʛʦ ʧʨʫʪʢʘ ʪʝʨʤʦʢʣʝʶ ʩʣʽʜ ʚʚʘʞʘʪʠ 15 ʤʤ/ʩ, 

ʦʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʽʤʝʨʫ ʥʘ ʚʠʭʦʜʽ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʝʢʫʯʦʩʪʽ ʪʝʨʤʦʢʣʝʶ. 

ʅʘ ʨʠʩ. 4.9 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʟ ʢʘʥʘʣʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʧʦʜʘʯʽ ʪʝʨʤʦʢʣʝʶ ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʪʘ ʢʘʥʘʣʫ ʟ ʜʦʨʥʦʤ. 

 

 

ʈʠʩʫʥʦʢ 4.9 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʪʝʨʤʦʢʣʝʶ 

ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʪʘ ʢʘʥʘʣʫ ʟ ʜʦʨʥʦʤ 

 

ɻʨʘʥʠʯʥʦʶ ʰʚʠʜʢʽʩʪʶ ʜʣʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʧʨʫʪʢʘ ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʫ ʢʘʥʘʣʽ 

ʟ ʜʦʨʥʦʤ ʻ 15 ʤʤ/ʩ (ʨʠʩ. 4.9), ʘ ʜʦʮʽʣʴʥʦʶ ʜʣʷ ʥʘʙʫʪʪʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʚʠʨʦʙʥʠʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʢʣʝʶ ï 6 ʤʤ/ʩ, ʱʦ ʙʽʣʴʰ ʥʽʞ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʜʣʷ 

ʤʘʪʝʨʽʘʣʫ ʡ ʧʨʠʩʪʨʦʶ ʟʚʠʯʘʡʥʦʾ ʬʦʨʤʠ. ɺʦʯʝʚʠʜʴ, ʪʘʢʝ ʟʥʠʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 
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ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʝ ʣʠʰʝ ʚʽʜʤʽʥʥʽʩʪʶ ʬʦʨʤʠ, ʘʣʝ ʡ 

ʟʙʽʣʴʰʝʥʥʷʤ ʝʬʝʢʪʫ ʜʠʩʠʧʘʮʽʾ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ, 

ʷʢ ʧʦʢʘʟʫʻ ʨʦʟʨʘʭʫʥʦʢ, ʟʫʩʠʣʣʷ ʧʨʦʰʪʦʚʭʫʚʘʥʥʷ ʧʨʫʪʢʘ ʪʝʨʤʦʢʣʝʶ ʟʚʠʯʘʡʥʦʾ 

ʬʦʨʤʠ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ 6 ʤʤ/ʩ ʪʘ ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʫ ʢʘʥʘʣʽ ʟ ʜʦʨʥʦʤ ʜʣʷ 

ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ 15 ʤʤ/ʩ ʻ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʤʠ ʽ ʩʢʣʘʜʘʶʪʴ ʙʣʠʟʴʢʦ 80 ʅ, ʱʦ 

ʧʦʢʘʟʫʻ ʝʥʝʨʛʝʪʠʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʅʘ ʨʠʩ. 4.10 ʟʦʙʨʘʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ ʚʽʜ 

ʜʽʘʤʝʪʨʫ ʜʦʨʥʘ ʪʘ ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʨʠ ʚʝʨʰʠʥʽ ʜʦʨʥʘ, ʘ ʪʘʢʦʞ ʥʘ ʨʠʩ. 4.11 

ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʚ ʥʘʛʨʽʚʥʠʡ ʢʘʥʘʣ ʚʽʜ ʜʽʘʤʝʪʨʘ ʜʦʨʥʘ. 

 

 
ʘ 

 
ʙ 

ʘ ï ʚʽʜ ʜʽʘʤʝʪʨʘ ʜʦʨʥʘ; ʙ ï ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʨʠ ʚʝʨʰʠʥʽ ʜʦʨʥʘ 

ʈʠʩʫʥʦʢ 4.10 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ ʚʽʜ ʜʽʘʤʝʪʨʘ ʜʦʨʥʘ 

ʪʘ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʨʠ ʚʝʨʰʠʥʽ ʜʦʨʥʘ 
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ʈʠʩʫʥʦʢ 4.11 ï ɿʘʣʝʞʥʽʩʪʴ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʚ ʥʘʛʨʽʚʥʠʡ ʢʘʥʘʣ ʚʽʜ ʜʽʘʤʝʪʨʘ ʜʦʨʥʘ 

 

ʅʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ (ʨʠʩ. 4.10) ʽʣʶʩʪʨʫʶʪʴ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʜʦʨʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʻ, ʘ ʦʪ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʫʪʘ ʧʨʠ 

ʚʝʨʰʠʥʽ ʜʦʨʥʘ ï ʩʧʘʜʘʻ, ʤʘʡʞʝ ʣʽʥʽʡʥʦ. ʅʘ ʨʠʩ. 4.11 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʡʞʝ ʣʽʥʽʡʥʝ 

ʟʨʦʩʪʘʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ ʧʨʫʪʢʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʽʟ 

ʩʦʧʣʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʜʦʨʥʘ. ʇʨʠʯʦʤʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʜʽʘʤʝʪʨʘ ʚʽʜ 1,5 ʤʤ ʜʦ 3,5 ʤʤ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʻ ʥʝʟʥʘʯʥʠʤ (7,5 %), ʘ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ ʩʪʘʥʦʚʠʪʴ ʤʘʡʞʝ 25 Áʉ, ʱʦ ʧʦʢʘʟʫʻ ʚʠʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʣʘʚʣʝʥʥʷ ʟʘ ʮʽʻʾ ʛʝʦʤʝʪʨʽʾ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʦʪʚʦʨʫ 

ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʮʽʣʴʥʠʤ ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʧʦʣʽʤʝʨʥʦʛʦ ʩʪʨʠʞʥʷ ʧʨʠ 

ʡʦʛʦ ʧʨʦʩʫʚʘʥʥʽ ʚ ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʧʨʫʪʢʘ ʪʨʫʙʯʘʩʪʦʾ 

ʬʦʨʤʠ ʫ ʢʘʥʘʣʽ ʟ ʜʦʨʥʦʤ, ʦʪʨʠʤʘʥʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʜʦʚʞʠʥʽ ʩʦʧʣʘ ʜʣʷ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʽʚ ʧʨʠ ʚʝʨʰʠʥʽ ʜʦʨʥʘ ʚ ʜʽʘʧʘʟʦʥʽ 12 25-  ̄ (ʨʠʩ. 4.12). ʇʨʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʫʪ ʟʘʛʦʩʪʨʝʥʥʷ ʜʦʨʥʘ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʩʪʘʥʦʚʠʚ 15̄ . 
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ʈʠʩʫʥʦʢ 4.12 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʜʦʚʞʠʥʽ ʩʦʧʣʘ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʽʚ 

ʧʨʠ ʚʝʨʰʠʥʽ ʜʦʨʥʘ (ʧʨʫʪʦʢ ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʪʘ ʢʘʥʘʣ ʟ ʜʦʨʥʦʤ) 

 

ʅʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ  ʪʘʢʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ: 
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3 2

Ŭ 12 , 0,0369 12,194 1341,8 49653, 0,966
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Ŭ 20 , 0,0414 14,067 1593 59620
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Ŭ 25 , 0,0034 1,9123 425,71 47372 3 10 6 10 , 0,9495

R

y x x x x x R¯

=

= =- + - + - Ö + Ö =

 

 

ɻʨʘʬʽʢ ʥʘ ʨʠʩ. 4.12 ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚ ʤʽʩʮʽ ʜʝ ʥʘʡʤʝʥʰʘ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ 

ʢʘʥʘʣʫ, ʘ ʩʘʤʝ ʤʽʞ ʜʦʨʥʦʤ ʽ ʩʦʧʣʦʤ, ʚʠʥʠʢʘʶʪʴ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

(ʚʥʘʩʣʽʜʦʢ ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʝʬʝʢʪʫ). ʅʘʡʜʦʮʽʣʴʥʽʰʦʶ ʛʝʦʤʝʪʨʽʻʶ ʟ ʤʽʨʢʫʚʘʥʴ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʻ ʪʘʢʘ, ʜʝ ʢʫʪ ʜʦʨʥʘ ʡ ʩʦʧʣʘ ʩʪʘʥʦʚʠʪʴ 15̄ . 

ʑʦʙ ʧʦʢʘʟʘʪʠ ʧʝʨʝʚʘʛʠ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʦʟʧʣʘʚʣʶʚʘʯʘ ʥʘʜ 

ʧʨʠʩʪʨʦʻʤ ʪʨʘʜʠʮʽʡʥʦʾ ʬʦʨʤʠ, ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʚʠʪʨʘʪʠ ʧʦʣʽʤʝʨʥʦʛʦ 
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ʤʘʪʝʨʽʘʣʫ. ʊʘʢ, ʨʦʟʨʘʭʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʧʨʫʪʢʘ ʪʨʫʙʯʘʩʪʦʾ 

ʬʦʨʤʠ ʟ ʜʦʨʥʦʤ ʪʘ ʜʣʷ ʧʨʫʪʢʘ ʟʚʠʯʘʡʥʦʾ ʬʦʨʤʠ: 

 

( ) ( )

3

2 2

ʪʨʘʜ ʪʨʘʜ

2 2 2 2 3

ʪʨʫʙ ʪʨʫʙ

ʤʤ
ˊ 6 3,14 5 471 ;

c

ˊ 3,14 10,2 2,5ʤʤ
15 1152 .

4 4 c

Q VS V R

D d
Q VS V

= = = Ö Ö =
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= = = Ö =

 

 

ʈʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʘʚ, ʱʦ ʟʘ ʪʨʫʙʯʘʩʪʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʫʪʢʘ ʫ ʨʦʟʧʣʘʚʣʶʚʘʯʽ 

ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ ʚ 2,4 ʨʘʟʠ ʙʽʣʴʰʽ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ. 

ʆʪʞʝ, ʫʜʦʩʢʦʥʘʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʨʦʟʧʣʘʚʣʶʚʘʯʘ ʜʘʻ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʦʶ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ. 

ʊʦʤʫ, ʨʘʮʽʦʥʘʣʴʥʦ  ʁ ʛʝʦʤʝʪʨʽʻ  ʁ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʡʙʽʣʴʰʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʛʨʽʚʫ ʧʨʫʪʢʘ  ̒ʧʨʫʪʦʢ ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʫ ʢʘʥʘʣʽ ʟ ʢʫʪʦʤ ʟʘʛʦʩʪʨʝʥʥʷ ʜʦʨʥʘ 15Á, 

ʢʫʪʦʤ ʟʘʛʦʩʪʨʝʥʥʷ ʩʦʧʣʘ 15Á ʪʘ ʜʽʘʤʝʪʨʦʤ ʜʦʨʥʘ 2,5 ʤʤ. 

ʅʘ ʨʠʩ. 4.13 ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʟʘʣʝʞʥʦʩʪ̔ ʩʠʣʠ ʧʨʦʰʪʦʚʭʫʚʘʥʥʷ ʧʨʫʪʢʘ 

ʪʝʨʤʦʢʣʝʶ ʪʘ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʨʦʰʪʦʚʭʫʚʘʥʥʷ ʧʨʫʪʢʘ ʚʽʜ ʟʥʘʯʝʥʴ 

ʜʽʘʤʝʪʨʘ ʜʦʨʥʘ. 

 

 
ʘ 

 
ʙ 

ʘ ï ʩʠʣʘ ʧʨʦʰʪʦʚʭʫʚʘʥʥʷ; ʙ ï ʚʠʪʨʘʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʈʠʩʫʥʦʢ 4.13 ï ɿʘʣʝʞʥʦʩʪ̔ ʩʠʣʠ ʧʨʦʰʪʦʚʭʫʚʘʥʥʷ ʧʨʫʪʢʘ ʪʘ ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ 

ʚʽʜ ʟʥʘʯʝʥʴ ʜʽʘʤʝʪʨʘ ʜʦʨʥʘ 
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ʈʠʩ. 4.13 ʽʣʶʩʪʨʫʻ ʤʘʡʞʝ ʣʽʥʽʡʥʝ ʩʧʘʜʘʥʥʷ ʧʦʪʨʽʙʥʦʾ ʩʠʣʠ ʧʨʦʰʪʦʚʭʫʚʘʥʥʷ 

ʧʨʫʪʢʘ ʪʝʨʤʦʢʣʝʶ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʴ ʜʽʘʤʝʪʨʘ ʜʦʨʥʘ, ʪʦʜʽ ʷʢ ʚʠʪʨʘʪʠ 

ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ ʧʨʫʪʢʘ ʤʘʡʞʝ ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʶʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʟʥʘʯʝʥʴ ʜʽʘʤʝʪʨʘ ʜʦʨʥʫ. 

ʅʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦʶ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʧʣʘʚʫ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ ʻ 453 ʂ [88]. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʪʘʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʪʨʘʜʠʮʽʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ 

3,6 ʤʤ/ʩ, ʘ ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʜʽʘʤʝʪʨʦʤ ʜʦʨʥʘ 2,5 ʤʤ ï 6 ʤʤ/ʩ. ɼʣʷ 

ʧʝʨʰʦʛʦ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʥʘ ʚʠʪʨʘʪʘ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʦʜʘʯʫ ʤʘʪʝʨʽʘʣʫ ʩʪʘʥʦʚʠʪʴ 

0,266 ɺʪ, ʘ ʜʣʷ ʜʨʫʛʦʛʦ ï 0,213 ɺʪ, ʪʦʙʪʦ ʥʘ 16 % ʤʝʥʰʝ. ʇʨʠ ʮʴʦʤʫ ʧʦʪʫʞʥʽʩʪʴ 

ʥʘʛʨʽʚʥʠʢʽʚ ʚʚʘʞʘʣʘʩʴ ʦʜʥʘʢʦʚʦʶ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʚʦʜʷʪʴ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʩʪʨʦʶ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʨʦʟʧʣʘʚʦʤ. 

ʇʨʠʢʣʘʜ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʧʦʣʽʤʝʨʫ ʚ ʯʝʨʚôʷʯʥʦʤʫ ʢʘʥʘʣʽ ʟ ʢʫʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ 1,5 ʨʘʜ/ʩ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.14. 

 

 

ʈʠʩʫʥʦʢ 4.14 ï ʇʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʧʦʣʽʤʝʨʫ ʚ ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ ʯʝʨʚôʷʯʥʦʛʦ ʪʠʧʫ 
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ɿ ʨʠʩ. 4.14 ʚʠʜʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥ ̫ʧʦʣʽʤʝʨʫ ʥʘʛʨʽʚʥʠʤ ʢʘʥʘʣʦʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ ʨʦʟʽʛʨʽʚ ʪʘ ʧʣʘʚʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʘ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʚʽʜ 

ʥʘʛʨʽʚʥʠʢ̔ʚ ʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʠʩʠʧʘʮʽʾ ʪʝʧʣʘ ʚʽʜ ʪʝʨʪʷ. ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʚʠʭʦʜʫ ʟ ʢʘʥʘʣʫ. ʊʝʤʧʝʨʘʪʫʨʠ ʪʝʢʫʯʦʩʪʽ 

ʪʝʨʤʦʢʣʝʡ ʥʘʙʫʚʘʻ ʚʞʝ ʥʘ ʚʽʜʩʪʘʥʽ 20 ʤʤ ʚʽʜ ʧʦʯʘʪʢʫ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ, 

ʘ ʛʘʣʴʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ. ɿʘʟʥʘʯʝʥʠʡ ʚʠʜ ʨʦʟʨʘʭʫʥʢʫ ʜʘʻ ʟʤʦʛʫ ʟʥʘʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ, ʱʦʙ 

ʥʝ ʜʦʧʫʩʪʠʪʠ ʥʝʧʨʦʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʘʙʦ ʡʦʛʦ ʧʝʨʝʛʨʽʚʫ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ. 

ʅʘ ʨʠʩ. 4.15 ʟʦʙʨʘʞʝʥʦ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʚ ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ ʯʝʨʚôʷʯʥʦʛʦ ʪʠʧʫ. 

 

 

ʈʠʩʫʥʦʢ 4.15 ï ʈʦʟʧʦʜʽʣ ʪʠʩʢʫ ʚ ʥʘʛʨʽʚʥʦʤʫ ʢʘʥʘʣʽ ʯʝʨʚôʷʯʥʦʛʦ ʪʠʧʫ 

 

ʅʘ ʨʠʩ. 4.16 ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʫ 

ʫ ʯʝʨʚôʷʯʥʦʤʫ ʢʘʥʘʣʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ, 

ʷʢ ʚʧʣʠʚʘʻ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʠʭʦʜʽ. 
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ʈʠʩʫʥʦʢ 4.16 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʫ T, [K] ʚ ʥʘʛʨʽʚʥʦʤʫ 

ʢʘʥʘʣʽ ʯʝʨʚôʷʯʥʦʛʦ ʪʠʧʫ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ, [
2ɺʪ (ʤ ʂ)Ö ] 

 

ɿ ʨʠʩ. 4.16 ʚʠʜʥʦ, ʱʦ ʚ ʩʝʨʝʜʠʥʽ ʢʘʥʘʣʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʘʻ ʧʝʚʥʠʡ 

ʚʧʣʠʚ, ʘ ʥʘ ʚʠʭʦʜʽ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. ʊʦʤʫ ʜʣʷ ʯʠʩʣʦʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʨʘʥʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ï 120 ɺʪ/(ʤ2Ŀʂ). 

ʅʘ ʨʠʩ. 4.17 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ 

ʚʟʜʦʚʞ ʦʩʽ ʯʝʨʚôʷʢʘ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ ʚ ʤʝʞʘʭ 1,5-

3,5 ʨʘʜ/ʩ. 

 

 

ʈʠʩʫʥʦʢ 4.17 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ 
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ʅʘʚʝʜʝʥʽ ʢʨʠʚʽ ʚ ʩʝʨʝʜʠʥʽ ʢʘʥʘʣʫ ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, 

ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʨʦʟʙʽʞʥʦʩʪʝʡ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʧʦʯʘʪʢʫ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ. 

ʆʧʪʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʫʪʦʚʦʾ h ʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ ʻ 2,5 ʨʘʜ c, ʙʦ ʨʝʢʦʤʝʥʜʦʚʘʥʽ 

ʚʠʨʦʙʥʠʢʦʤ ʪʝʨʤʦʢʣʝʶ ʨʦʙʦʯʽ ʪʝʤʧʝʨʘʪʫʨʠ [88] ʩʢʣʘʜʘʶʪʴ 433 ï 463 ʂ. 

ʅʘ ʨʠʩ. 4.18 ʟʦʙʨʘʞʝʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ 

ʪʘ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ ʚʽʜ ʟʥʘʯʝʥʴ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ. 

 

 
ʘ 

 
ʙ 

ʘ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ; ʙ ï ʚʠʪʨʘʪʘ ʪʝʨʤʦʢʣʝʶ 

ʈʠʩʫʥʦʢ 4.18 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ ʪʘ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ 

ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ 
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ɻʨʘʬʽʢ ʥʘ ʨʠʩ. 4.18, ʘ ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ 

ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʣʘʚʫ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʩʧʘʜʘʻ. ɼʨʫʛʘ 

ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩ. 4.18, ʙ) ʜʝʤʦʥʩʪʨʫʻ ʣʽʥʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʴ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ. 

 

4.3 ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟôʻʜʥʘʥʥʷ ʪʝʨʤʦʢʣʝʻʤ 

 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʰʚʘ ʧʽʜ ʜʽʻʶ ʧʨʠʪʠʩʢʥʦʛʦ 

ʟʫʩʠʣʣʷ ʚʘʣʢʽʚ ʨʦʟʚôʷʟʫʚʘʣʘʩʴ ʟʚôʷʟʘʥʘ ʪʝʨʤʦʤʝʭʘʥʽʯʥʘ ʟʘʜʘʯʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʢʦʥʫ ʚôʷʟʢʦʩʪʽ ʂʨʦʩʩʘ (Cross Law) ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʟʘʣʝʞʥʦʩʪʽ 

ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɿʘ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʧʨʠʡʤʘʣʘʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʬʦʨʤʘ ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ï ʪʝʧʣʦʚʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ɯɯ-ʛʦ ʨʦʜʫ ʪʘ ʟʫʩʠʣʣʷ ʧʨʠʪʠʩʢʫ ʚʘʣʢʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʝʨʤʦʢʣʝʡ ʥʘ ʦʩʥʦʚʽ ʉɽɺɸ. ɿʘʜʘʯʘ ʻ ʩʠʤʝʪʨʠʯʥʦʶ, ʪʦʤʫ ʜʣʷ 2D 

ʘʥʘʣʽʟʫ ʩʪʚʦʨʝʥʦ ʛʝʦʤʝʪʨʽʶ ʧʦʣʦʚʠʥʢʠ ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʨʦʟʤʽʨʘʤʠ: 

ʰʠʨʠʥʘ ï 3 ʤʤ, ʪʦʚʱʠʥʘ ï 0,5 ʤʤ (ʨʠʩ. 4.19). ɼʣʷ ʟʘʜʘʥʦʾ ʛʝʦʤʝʪʨʽʾ ʧʨʦʚʝʜʝʥʦ 

ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ 

ʚʽʜ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ ʚʘʣʢʽʚ. 

 

 

ʈʠʩʫʥʦʢ 4.19 ï ʇʦʯʘʪʢʦʚʘ ʛʝʦʤʝʪʨʽʷ ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ 

 

ʏʠʩʣʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠʪʠʩʢʥʦʛʦ 

ʟʫʩʠʣʣʷ ʚʘʣʢʽʚ ʚ ʤʝʞʘʭ 8 22 ʅ ʟʘ ʯʘʩʦʤ ʜʦ 1 ʩ. ʆʪʨʠʤʘʥʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ 

ʪʘ ʬʦʨʤʫ ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ ʧʨʠ ʧʨʠʪʠʩʢʥʦʤʫ ʟʫʩʠʣʣʽ ʚʘʣʢʽʚ 8,66 ʅ (ʨʠʩ. 4.20).  
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ʘ 

 
ʙ 

ʘ ï ʟʘ ʯʘʩ 0,7 ʩ; ʙ ï ʟʘ ʯʘʩ 1ʩ 

ʈʠʩʫʥʦʢ 4.20 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʬʦʨʤʘ ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ ʧʨʠ ʧʨʠʪʠʩʢʥʦʤʫ 

ʟʫʩʠʣʣʽ ʚʘʣʢʽʚ 8,66 ʅ 

 

ɿ ʨʠʩ. 4.20 ʚʠʜʥʦ, ʱʦ ʪʝʨʤʦʢʣʝʡ ʧʨʠ ʧʨʠʪʠʩʢʥʦʤʫ ʟʫʩʠʣʣʽ ʚʘʣʢʽʚ ʚ 8,66 ʅ 

ʧʦʩʪʫʧʦʚʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʽ ʯʝʨʝʟ 1 ʩ ʤʘʡʞʝ ʥʘ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʜʦʩʷʛʘʻ ʪʝʤʧʝʨʘʪʫʨ 

ʥʠʞʯʠʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʢʫʯʦʩʪʽ ʪʘ ʧʦʯʠʥʘʻ ʪʚʝʨʜʥʫʪʠ. ʇʦʯʘʪʢʦʚʘ ʪʦʚʱʠʥʘ ʰʘʨʫ 

ʪʝʨʤʦʢʣʝʶ ʟʘ ʯʘʩ 0,7 ʩ ʟ 1 ʤʤ ʟʤʝʥʰʠʣʘʩʴ ʜʦ 0,66 ʤʤ, ʘ ʟʘ 1 ʩ ʩʪʘʥʦʚʠʣʘ ï 0,58 ʤʤ. 

ʐʠʨʠʥʘ ʰʚʘ ʧʽʩʣʷ 1 ʩ ʟʙʽʣʴʰʠʣʘʩʷ ʟ 3 ʤʤ ʜʦ 4,66 ʤʤ, ʪʦʙʪʦ ʫ 1,55 ʨʘʟʠ. 

ʇʨʠʢʣʘʜ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʬʦʨʤʠ ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ ʧʨʠ ʧʨʠʪʠʩʢʥʦʤʫ 

ʟʫʩʠʣʣʽ ʚʘʣʢʽʚ ʚ 13 ʅ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.21. 
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ʘ 

 
ʙ 

ʘ ï ʟʘ ʯʘʩ 0,6 ʩ; ʙ ï ʟʘ ʯʘʩ 1ʩ 

ʈʠʩʫʥʦʢ 4.21 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʬʦʨʤʘ ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ ʧʨʠ ʧʨʠʪʠʩʢʥʦʤʫ 

ʟʫʩʠʣʣʽ ʚʘʣʢʽʚ 13 ʅ 

 

ɿ ʨʠʩ. 4.21 ʚʠʜʥʦ, ʱʦ ʪʝʨʤʦʢʣʝʡ ʧʨʠ ʧʨʠʪʠʩʢʥʦʤʫ ʟʫʩʠʣʣʽ ʚʘʣʢʽʚ ʚ 13 ʅ 

ʧʦʩʪʫʧʦʚʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʽ ʯʝʨʝʟ 1 ʩ ʥʘ ʩʚʦʾʡ ʧʦʚʝʨʭʥʽ ʜʦʩʷʛʘʻ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʠʭ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʢʫʯʦʩʪʽ ʪʘ ʟʘʪʚʝʨʜʽʚ. ʇʦʯʘʪʢʦʚʘ ʪʦʚʱʠʥʘ ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ ʟʘ ʯʘʩ 

0,6 ʩ ʟ 1 ʤʤ ʟʤʝʥʰʠʣʘʩʴ ʫ 2 ʨʘʟʠ ʜʦ 0,44 ʤʤ, ʘ ʟʘ 1 ʩ ʩʪʘʥʦʚʠʣʘ ï 0,22 ʤʤ (ʚ 4,5 ʨʘʟʠ 

ʤʝʥʰʝ ʟʘ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ). ʐʠʨʠʥʘ ʰʚʘ ʧʽʩʣʷ 0,6 c ʟʙʽʣʴʰʠʣʘʩʴ 
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ʫ 2 ʨʘʟʠ, ʘ ʧʽʩʣʷ 1 ʩ ʩʪʘʥʦʚʠʣʘ ï 11,63 ʤʤ, ʱʦ ʫ 3,9 ʨʘʟʠ ʙʽʣʴʰʝ ʟʘ ʧʦʯʘʪʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ. 

ʇʨʠʢʣʘʜ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʬʦʨʤʠ ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ ʧʨʠ ʧʨʠʪʠʩʢʥʦʤʫ 

ʟʫʩʠʣʣʽ ʚʘʣʢʽʚ ʚ 21,66 ʅ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.22. 

 
ʘ 

 
ʙ 

ʘ ï ʟʘ ʯʘʩ 0,1 ʩ; ʙ ï ʟʘ ʯʘʩ 0,25 ʩ 

ʈʠʩʫʥʦʢ 4.22 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʬʦʨʤʘ ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ ʧʨʠ ʧʨʠʪʠʩʢʥʦʤʫ 

ʟʫʩʠʣʣʽ ʚʘʣʢʽʚ 21,66 ʅ 

 

ɿ ʨʠʩ. 4.22 ʚʠʜʥʦ, ʱʦ ʪʝʨʤʦʢʣʝʡ ʧʨʠ ʧʨʠʪʠʩʢʥʦʤʫ ʟʫʩʠʣʣʽ ʚʘʣʢʽʚ ʚ 21,66 ʅ 

ʧʦʩʪʫʧʦʚʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ̔  ʧʽʩʣʷ 0,25 ʩ ʜʦʩʷʛʘʻ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʠʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʪʝʢʫʯʦʩʪʽ ʪʘ ʪʚʝʨʜʥʝ. ʇʦʯʘʪʢʦʚʘ ʪʦʚʱʠʥʘ ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ ʟʘ ʯʘʩ 0,1 ʩ ʟ 1 ʤʤ 
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ʟʤʝʥʰʠʣʘʩʴ ʜʦ 0,68 ʤʤ, ʘ ʟʘ 0,25 ʩ ʩʪʘʥʦʚʠʣʘ ï 0,14 ʤʤ (ʚ 7 ʨʘʟ̔ʚ ʤʝʥʰʝ ʟʘ 

ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ). ʐʠʨʠʥʘ ʰʚʘ ʧʽʩʣʷ 0,25 c ʩʪʘʥʦʚʠʣʘ 18,09 ʤʤ, 

ʱʦ ʫ 6 ʨʘʟ̔ʚ ʙʽʣʴʰʝ ʟʘ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ. 

ʅʘʩʪʫʧʥʦʶ ʟʘʜʘʯʝʶ ʙʫʣʦ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ ʪʘ ʧʨʠʪʠʩʢʥʦʛʦ 

ʟʫʩʠʣʣʷ ʚʘʣʢʽʚ ʥʘ ʰʠʨʠʥʫ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʰʚʘ ʪʘ ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʯʠʩʣʦʚʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 

ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʰʠʨʠʥʠ ʰʚʘ ʚʽʜ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ (ʨʠʩ. 4.23). 

ʇʨʠʪʠʩʢʥʝ ʟʫʩʠʣʣʷ ʚʘʣʢʽʚ ʩʢʣʘʜʘʣʦ 13 ʅ. 

 

 

ʈʠʩʫʥʦʢ 4.23 ï ɿʘʣʝʞʥʽʩʪʴ ʰʠʨʠʥʠ ʰʚʘ ʚʽʜ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ 

 

ʅʘ ʛʨʘʬʽʢʫ ʨʠʩ. 4.23 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ 

ʰʠʨʠʥʘ ʰʚʘ ʟʨʦʩʪʘʻ ʟʘ ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. ʈʦʟʙʽʞʥʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʯʠʩʣʦʚʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʩʢʣʘʜʘʻ ʚʽʜ 1 ʜʦ 2 ʤʤ, 

ʱʦ ʩʢʣʘʜʘʻ 10 13 %-  ʽ ʻ ʜʦʧʫʩʪʠʤʠʤ. 

ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʰʠʨʠʥʠ ʰʚʘ ʚʽʜ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ ʚʘʣʢʽʚ (ʨʠʩ. 4.24). 

ɺʠʪʨʘʪʘ ʪʝʨʤʦʢʣʝʶ ʩʢʣʘʜʘʣʘ 0.0011 ʛ ʤʤ. 
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ʈʠʩʫʥʦʢ 4.24 ï ɿʘʣʝʞʥʽʩʪʴ ʰʠʨʠʥʠ ʰʚʘ ʚʽʜ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ ʚʘʣʢʽʚ 

 

ʅʘ ʛʨʘʬʽʢʫ ʨʠʩ. 4.24 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ 

ʚʘʣʢʽʚ ʰʠʨʠʥʘ ʰʚʘ ʟʨʦʩʪʘʻ ʟʘ ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. ʈʦʟʙʽʞʥʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʯʠʩʣʦʚʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 2 ʤʤ, 

ʱʦ ʩʢʣʘʜʘʻ ʜʦ 12 % ʽ ʻ ʜʦʧʫʩʪʠʤʠʤ. 

ʆʪʞʝ, ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʘʶʪʴ ʟʤʦʛʫ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʧʨʠʪʠʩʢʥʦʛʦ 

ʟʫʩʠʣʣʷ ʪʘ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ ʥʘ ʰʠʨʠʥʫ ʰʚʘ. 

ʅʘʚʝʜʝʥʝ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ ʪʘ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ ʚʘʣʢʽʚ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʦʪʨʽʙʥʫ ʰʠʨʠʥʫ 

ʰʚʘ, ʷʢʘ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʷʢ ʦʧʪʠʤʘʣʴʥʫ ʜʣʷ ʩʧʦʞʠʚʘʯʘ ʤʽʮʥʽʩʪʴ ʟôʻʜʥʘʥʥʷ, ʪʘʢ 

 ̔ʜʦʩʪʘʪʥʶ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʧʘʢʦʚʘʥʥʷ.  

 

4.4 ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʟʨʘʟʢʽʚ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʦʚʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʤʝʪʦʜʽ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʤʝʪʦʶ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʯʘʪʢʫ ʪʘ ʧʦʰʠʨʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʟʨʘʟʢʘ ʧʦʜʚʽʡʥʦʾ ʢʦʥʩʦʣʴʥʦʾ ʙʘʣʢʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ ʘʜˇʝʟʽʡʥʦʾ 
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ʟʦʥʠ ʪʘ ʪʝʦʨʽʾ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ ʚʨʘʭʦʚʫʻ ʥʝʦʙʦʨʦʪʥʽ ʨʫʡʥʫʚʘʥʥʷ ʥʘ ʛʨʘʥʠʮʽ 

ʨʦʟʜʽʣʫ, ʱʦ ʻ ʧʝʨʝʚʘʛʦʶ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ. 

ʅʘ ʨʠʩ. 4.25 ʟʦʙʨʘʞʝʥʠʡ ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʩʢʽʥʯʝʥʥʦʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ. ʄʦʜʝʣʴ 

ʟʨʘʟʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʪʨʽʯʦʢ/ʧʣʘʩʪʠʥ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟôʻʜʥʘʥʽ 

ʰʘʨʦʤ ʪʝʨʤʦʢʣʝʶ (ʯʝʨʚʦʥʘ ʣʽʥʽʷ), ʱʦ ʧʽʜʜʘʪʁʴʩʷ ʜʽʾ ʜʚʦʭ ʧʦʧʝʨʝʯʥʠʭ ʩʠʤʝʪʨʠʯʥʠʭ 

ʩʠʣ F . ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ ʙʘʣʢʘ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʘ. 

 

ʈʠʩʫʥʦʢ 4.25 ï ʉʢʽʥʯʝʥʥʦʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ ʟʨʘʟʢʘ ʟôʻʜʥʘʥʦʛʦ ʪʝʨʤʦʢʣʝʻʤ 

 

ʈʫʡʥʫʚʘʥʥʷ ʘʜˇʝʟʠʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʝʞʠʤʽ I (ʨʝʞʠʤ ʨʦʟʢʨʠʪʪʷ). ɺʽʥ ʚʢʣʶʯʘʻ 

ʚ ʩʝʙʝ ʨʦʟʪʷʛʫʶʯʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥʠ (ʥʦʨʤʘʣʴʥʝ 

ʨʦʟʢʨʠʪʪʷ ʚʠʥʠʢʘʻ ʫ ʧʦʣʽ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʘ ʧʝʨʝʤʽʱʝʥʥʷ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʧʣʦʱʠʥʽ ʪʨʽʱʠʥʠ).  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʟʨʘʟʢʽʚ ʟ ʧʘʧʝʨʫ, ʢʘʨʪʦʥʫ ʪʘ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʢʦʥʘʥʦ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ, ʱʦ 

ʥʘʚʝʜʝʥʘ ʚ [89]. ɼʣʷ ʧʘʧʝʨʦʚʠʭ ʟʨʘʟʢʽʚ ʟʘʜʘʥʦ ʪʘʢ̔ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ: 

ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ï 2000 ʄʇʘ, ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ï 0,276. ʊʝʨʤʦʢʣʝʡ [88] 

ʽʟ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ EVA (ʉɽɺɸ): ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ï 90 ʄʇʘ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ ï 

8 ʄʇʘ, ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ï 0,3.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʧʨʠ ʨʦʟʰʘʨʦʚʫʚʘʥʥʽ 

ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧôʶʪʝʨʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʴ ʽ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʧʝʨʝʤʽʱʝʥʴ ʽ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʢʣʝʡʦʚʦʤʫ ʟôʻʜʥʘʥʥʽ ʧʽʜ ʯʘʩ 

ʨʦʟʪʷʛʫʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʉʝʨʽ̫ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʨʦʟʨʠʚ ʧʨʦʚʦʜʠʣʘʩʷ ʜʦ ʩʧʽʚʧʘʜʽʥʥʷ ʟʥʘʯʝʥʴ 

ʨʝʘʢʮʽʡ ʥʘ ʪʦʨʮʷʭ ʟʨʘʟʢʘ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʦʪʨʠʤʘʥʠʤʠ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ.  
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ʅʘ ʨʠʩ. 4.26 ʟʦʙʨʘʞʝʥʠʡ ʨʦʟʧʦʜʽʣ ʧʝʨʝʤʽʱʝʥʴ ʪʘ ʥʘʧʨʫʞʝʥʴ ʚ ʤʦʜʝʣʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟôʻʜʥʘʥʦʛʦ ʧʘʧʝʨʦʚʦʛʦ ʟʨʘʟʢʘ ʥʘ ʨʦʟʪʷʛ. 

 

  
ʘ ʙ 

ʘ ï ʨʦʟʧʦʜʽʣ ʧʝʨʝʤʽʱʝʥʴ; ʙ ï ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ 

ʈʠʩʫʥʦʢ 4.26 ï ʄʦʜʝʣʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟôʻʜʥʘʥʦʛʦ ʧʘʧʝʨʦʚʦʛʦ ʟʨʘʟʢʘ ʥʘ ʨʦʟʪʷʛ 

 

ɿ ʨʠʩ. 4.26 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʥʘ 10 ʤʤ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʥʘ 

ʪʦʨʮʷʭ ʩʢʣʘʜʘʻ 14,2 ʄʇʘ. 

ʅʘ ʨʠʩ. 4.27 ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʟʫʩʠʣʣʷ ʥʘ ʢʨʘʷʭ ʟʨʘʟʢʘ 

ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʘ ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʯʠʩʣʦʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. 

 

 

ʈʠʩʫʥʦʢ 4.27 ï ɿʘʣʝʞʥʦʩʪʽ ʟʫʩʠʣʣʷ ʥʘ ʢʨʘʷʭ ʧʘʧʝʨʦʚʦʛʦ ʟʨʘʟʢʘ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ 
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ʇʦʨʽʚʥʷʥʥʷ ʯʠʩʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

(ʨʠʩ. 4.27) ʧʦʢʘʟʫʻ ʤʘʡʞʝ ʧʦʚʥʝ ʩʧʽʚʧʘʜʽʥʥʷ. ʅʘʡʙʽʣʴʰʝ ʟʫʩʠʣʣʷ ʚ 2 H ʚʠʥʠʢʘʻ 

ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʥʘ 2 3 ʤʤ-  ʚʽʜ ʧʦʯʘʪʢʫ ʨʦʟôʻʜʥʘʥʥʷ ʰʚʘ, ʘ ʜʘʣʽ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʢʘʨʪʦʥʥʦʛʦ ʟʨʘʟʢʘ ʟʘʜʘʥʦ ʪʘʢ̔ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ: ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ï 1500 ʄʇʘ, ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ï 0,16. 

ʊʝʨʤʦʢʣʝʡ ʽʟ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ EVA: ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ï 90 ʄʇʘ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ 

ï 8 ʄʇʘ, ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ï 0,3.  

ʅʘ ʨʠʩ. 4.28 ʟʦʙʨʘʞʝʥʠʡ ʨʦʟʧʦʜʽʣ ʧʝʨʝʤʽʱʝʥʴ ʪʘ ʥʘʧʨʫʞʝʥʴ ʚ ʤʦʜʝʣʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟôʻʜʥʘʥʦʛʦ ʢʘʨʪʦʥʥʦʛʦ ʟʨʘʟʢʘ ʥʘ ʨʦʟʪʷʛ. 

 

  
ʘ ʙ 

ʘ ï ʨʦʟʧʦʜʽʣ ʧʝʨʝʤʽʱʝʥʴ; ʙ ï ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ 

ʈʠʩʫʥʦʢ 4.28 ï ʄʦʜʝʣʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟôʻʜʥʘʥʦʛʦ ʢʘʨʪʦʥʥʦʛʦ ʟʨʘʟʢʘ ʥʘ ʨʦʟʪʷʛ 

 

ɿ ʨʠʩ. 4.28 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʥʘ 10 ʤʤ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʥʘ 

ʪʦʨʮʷʭ ʩʢʣʘʜʘʻ 10,08 ʄʇʘ. 

ʅʘ ʨʠʩ. 4.29 ʜʣʷ ʢʘʨʪʦʥʥʠʭ ʟʨʘʟʢʽʚ ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʟʫʩʠʣʣʷ ʥʘ 

ʢʨʘʷʭ ʟʨʘʟʢʘ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʘ ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʯʠʩʣʦʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. 
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ʈʠʩʫʥʦʢ 4.29 ï ɿʘʣʝʞʥʦʩʪʽ ʟʫʩʠʣʣʷ ʥʘ ʢʨʘʷʭ ʢʘʨʪʦʥʥʦʛʦ ʟʨʘʟʢʘ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ 

 

ʅʘʡʙʽʣʴʰʝ ʟʫʩʠʣʣʷ ʚ 4,3 ʅ ʚʠʥʠʢʘʻ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʥʘ 5ï6 ʤʤ ʚʽʜ ʧʦʯʘʪʢʫ 

ʨʦʟôʻʜʥʘʥʥʷ ʰʚʘ, ʘ ʜʘʣʽ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʟʫʩʠʣʣʷ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʯʠʩʣʦʚʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ 

ʩʢʣʘʜʘʻ 7 %, ʱʦ ʻ ʜʦʧʫʩʪʠʤʠʤ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʧʦʣʽʝʪʠʣʝʥʦʚʦʛʦ ʟʨʘʟʢʘ ʟʘʜʘʥʦ ʪʘʢ̔ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ: ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ï 150 ʄʇʘ, ʢʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʩʦʥʘ ï 0,44. ʊʝʨʤʦʢʣʝʡ ʽʟ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ EVA: ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ï 

90 ʄʇʘ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ ï 8 ʄʇʘ, ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ï 0,3. 

ʅʘ ʨʠʩ. 4.30 ʟʦʙʨʘʞʝʥʠʡ ʨʦʟʧʦʜʽʣ ʧʝʨʝʤʽʱʝʥʴ ʪʘ ʥʘʧʨʫʞʝʥʴ ʚ ʤʦʜʝʣʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟôʻʜʥʘʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʦʚʦʛʦ ʟʨʘʟʢʘ ʥʘ ʨʦʟʪʷʛ. 

  
ʘ ʙ 

ʘ ï ʨʦʟʧʦʜʽʣ ʧʝʨʝʤʽʱʝʥʴ; ʙ ï ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ 

ʈʠʩʫʥʦʢ 4.30 ï ʄʦʜʝʣʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟôʻʜʥʘʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʦʚʦʛʦ ʟʨʘʟʢʘ ʥʘ ʨʦʟʪʷʛ 
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ɿ ʨʠʩ. 4.30 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʥʘ 10 ʤʤ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʥʘ 

ʪʦʨʮʷʭ ʩʢʣʘʜʘʻ 4,13 ʄʇʘ. 

ʅʘ ʨʠʩ. 4.31 ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʧʦʣʽʝʪʠʣʝʥʫ ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʟʫʩʠʣʣʷ 

ʥʘ ʢʨʘʷʭ ʟʨʘʟʢʘ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʘ ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʯʠʩʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʘʭ. 

 

 

ʈʠʩʫʥʦʢ 4.31 ï ɿʘʣʝʞʥʦʩʪʽ ʟʫʩʠʣʣʷ ʥʘ ʢʨʘʷʭ ʧʦʣʽʝʪʠʣʝʥʦʚʦʛʦ ʟʨʘʟʢʘ 

ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ 

 

ʅʘʡʙʽʣʴʰʝ ʟʫʩʠʣʣʷ ʤʘʡʞʝ ʚ 15 H ʚʠʥʠʢʘʻ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʥʘ 12ï13 ʤʤ ʚʽʜ 

ʧʦʯʘʪʢʫ ʨʦʟôʻʜʥʘʥʥʷ ʰʚʘ, ʘ ʜʘʣʽ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʯʠʩʣʦʚʠʤʠ 

ʨʦʟʨʘʭʫʥʢʘʤʠ ʩʢʣʘʜʘʻ 2 %, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞʘʭ. 

ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʪʝʨʤʦʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥ ɹʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʝʦʙʭʽʜʥʝ ʡ ʜʦʩʪʘʪʥʻ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ ʜʣʷ 

ʟʨʫʯʥʦʛʦ ʨʦʟôʻʜʥʘʥʥʷ ʩʧʦʞʠʚʘʯʝʤ ʽ ʚʦʜʥʦʯʘʩ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ 

ʧʘʢʦʚʘʥʥʷ. 
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4.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ɺʠʢʦʥʘʥʦ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʘ 

ʤʦʞʣʠʚʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʥʠʪʢʠ ʨʦʟʧʣʘʚʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʰʚʠʜʢʦʩʪʷʤʠ ʧʦʜʘʯʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʪʝʨʤʦʢʣʝʶ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʟʘ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ ʽ ʩʦʧʣʘ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʩʠʧʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ, ʟʘʣʝʞʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʫʪʢʘ ʪʝʨʤʦʢʣʝʶ 

ʧʦʢʘʟʘʣʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʫʪʢʘ ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʪʘ ʢʘʥʘʣʫ ʟ ʜʦʨʥʦʤ, 

ʦʩʢʽʣʴʢʠ ʛʨʘʥʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʪʘʢʦʛʦ ʧʨʫʪʢʘ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʜʣʷ 

ʤʘʪʝʨʽʘʣʫ ʡ ʧʨʠʩʪʨʦʶ ʟʚʠʯʘʡʥʦʾ ʬʦʨʤʠ. ɺʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʫ ʛʝʦʤʝʪʨʽʶ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʥʘʡʙʽʣʴʰʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʛʨʽʚʫ: ʧʨʫʪʦʢ ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʪʘ ʢʘʥʘʣ ʟ ʢʫʪʦʤ 

ʟʘʛʦʩʪʨʝʥʥʷ ʜʦʨʥʘ 15Á, ʢʫʪʦʤ ʟʘʛʦʩʪʨʝʥʥʷ ʩʦʧʣʘ 15Á ʪʘ ʜʽʘʤʝʪʨʦʤ ʜʦʨʥʘ 2,5 ʤʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʣʘʚʣʶʚʘʯʘ ʟ ʪʨʫʙʯʘʩʪʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʧʨʫʪʢʘ ʧʦʢʘʟʘʣʦ, 

ʱʦ ʚʽʥ ʜʘʻ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫ 2,4 ʨʘʟʠ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʫ ʚʜʦʩʢʦʥʘʣʝʥʽʡ 

ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʧʣʘʚʣʶʚʘʯʘ ʯʝʨʚôʷʯʥʦʛʦ ʪʠʧʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ ʻ 2,5 ʨʘʜ/ʩ. ʊʘʢʦʞ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ 

ʜʘʶʪʴ ʟʤʦʛʫ ʨʝʛʫʣʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʦʢʣʝʶ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ ʪʘ 

ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʟʤʽʥʽ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ. 

ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʰʚʘ ʧʽʜ 

ʜʽʻʶ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ ʪʘ ʫʤʦʚ ʦʭʦʣʦʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʬʦʨʤʠ ʰʚʘ 

ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ ʪʘ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ. 

ɺʠʢʦʥʘʥʦ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʪʝʨʤʦʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ. ʆʪʨʠʤʘʥʦ 

ʟʘʣʝʞʥʽʩʪʴ ʟʫʩʠʣʣʷ ʨʦʟôʻʜʥʘʥʥʷ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ ʢʨʘʾʚ ʝʣʝʤʝʥʪʽʚ ʛʥʫʯʢʦʛʦ 

ʧʘʢʦʚʘʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ ʩʪʘʪʪʽ [83, 89ï94] ʪʘ ʧʨʦʚʝʜʝʥʦ 

ʜʦʧʦʚʽʜʽ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ [84, 95ï100].   
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5 ɺʇʈʆɺɸɼɾɽʅʅʗ ʊɸ ʈɽʂʆʄɽʅɼɸʎɯɰ  

 

 

ɺ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʪʚʦʨʝʥʦ ʫʜʦʩʢʦʥʘʣʝʥ ̔ʢʦʥʩʪʨʫʢʮʽ ʾʧʨʠʩʪʨʦʾʚ 

ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʪʘ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ 

ʊʆɺ çɸʛʨʦʩʚʽʪè, ʤ. ʂʠʾʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʣʦʚʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʽ ʝʬʝʢʪʠʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʡ ʜʦʩʪʘʪʥʶ ʤʽʮʥʽʩʪʴ ʪʘ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟôʻʜʥʘʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʽ ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ɯʥʞʝʥʝʨʥʦ-

ʭʽʤʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʣʝʢʮʽʡʥʠʭ 

ʟʘʥʷʪʴ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʜʠʩʮʠʧʣʽʥ çʇʘʢʫʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷè ʪʘ çʊʝʭʥʦʣʦʛʽʷ 

ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʽʚè (ʘʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʜʦʜʘʪʢʫ ɸ). 

 

5.1 ʇʨʠʩʪʨʽʡ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ 

 

ʋʜʦʩʢʦʥʘʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ [101] ʧʨʠʩʪʨʦ  ʁ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ 

(ʨʠʩ. 5.1) ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʪʘ ʨʝʛʫʣʶʚʘʪʠ 

ʪʦʚʱʠʥʫ ʥʠʪʢʠ ʨʦʟʧʣʘʚʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ. 

 

ʈʠʩʫʥʦʢ 5.1 ï ʇʨʠʩʪʨʽʡ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ 
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ʅʘʚʝʜʝʥʽ ʧʦʢʨʘʱʝʥʥʷ ʜʦʩʷʛʘʪʁʴʩʷ ʪʠʤ, ʱʦ ʚ ʧʨʠʩʪʨʦ ʾ ʜʣʷ ʥʘʥʝʩʝʥʥʷ 

ʪʝʨʤʦʢʣʝʶ ʚ ʢʘʥʘʣʽ ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ʜʦʨʥ. ɼʦʨʥ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʦ 

ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʩʴʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʥʦʩʥʦ ʢʘʥʘʣʫ ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʪʘ 

ʟʤʽʥʠ ʧʝʨʝʨʽʟʫ ʦʪʚʦʨʫ ʩʦʧʣʘ. ʇʨʫʪʦʢ ʪʝʨʤʦʢʣʝʶ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʪʨʫʙʯʘʩʪʦʛʦ 

ʧʝʨʝʨʽʟʫ. 

ʇʨʠʩʪʨʽʡ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ (ʨʠʩ. 5.1) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʭʘʥʽʟʤʫ ʧʦʜʘʯʽ 

1 ʧʨʫʪʢʘ ʪʝʨʤʦʢʣʝʶ 2, ʢʘʥʘʣʫ 3 ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ 2, ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʙʣʦʢʫ 4 

ʽ ʩʦʧʣʘ 5. ɺ ʢʘʥʘʣʽ 3 ʚʩʪʘʥʦʚʣʝʥʦ ʜʦʨʥ 6. 

ʇʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʪʘʢ. ʇʨʫʪʦʢ ʪʝʨʤʦʢʣʝʶ 2 ʧʦʜʘʻʪʴʩʷ ʤʝʭʘʥʽʟʤʦʤ ʧʦʜʘʯʽ 1 ʜʦ 

ʢʘʥʘʣʫ ʧʣʘʚʣʝʥʥʷ 3, ʜʝ ʧʽʜ ʜʽʻʶ ʪʝʧʣʘ ʚʽʜ ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʙʣʦʢʘ 4 ʧʦʯʠʥʘʻ ʧʣʘʚʠʪʠʩʴ. 

ʇʨʦʭʦʜʷʯʠ ʤʽʞ ʥʘʛʨʽʪʠʤʠ ʩʪʽʥʢʘʤʠ ʢʘʥʘʣʫ 3 ʪʘ ʜʦʨʥʘ 6, ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʣʘʚʣʝʥʥʷ 

ʧʨʫʪʢʘ ʪʝʨʤʦʢʣʝʶ 2 ʟʨʦʩʪʘʻ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʧʦʜʘʯʽ. 

ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʦʩʴʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʜʦʨʥʘ 6 ʚʽʜʥʦʩʥʦ ʢʘʥʘʣʫ 3 ʚʽʥ ʤʦʞʝ 

ʨʝʛʫʣʶʚʘʪʠ ʧʝʨʝʨʽʟ ʦʪʚʦʨʫ ʩʦʧʣʘ 5 ʘʙʦ ʧʝʨʝʢʨʠʚʘʪʠ ʡʦʛʦ ʧʦʚʥʽʩʪʶ, ʪʠʤ ʩʘʤʠʤ 

ʨʝʛʫʣʶʶʯʠ ʪʦʚʱʠʥʫ ʥʠʪʢʠ ʨʦʟʧʣʘʚʫ ʪʘ ʚʠʢʦʥʫʶʯʠ ʬʫʥʢʮʽʶ ʟʘʧʽʨʥʦʛʦ ʢʣʘʧʘʥʘ. 

 

5.2 ʇʨʠʩʪʨʽʡ ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʽ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

 

ʈʦʟʨʦʙʣʝʥʘ [102] ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʠʩʪʨʦʶ ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʪʘ ʥʘʥʝʩʝʥʥʷ 

ʪʝʨʤʦʢʣʝʶ (ʨʠʩ. 5.2) ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʣʘʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ ʽ ʤʘʩʠ ʧʨʠʩʪʨʦʶ, ʱʦ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʽ ʧʦʢʨʘʱʝʥʥ ʁ ʟʨʫʯʥʦʩʪʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʽ ʧʦʢʨʘʱʝʥʥʷ 

ʜʦʩʷʛʘʶʪʴʩʷ ʪʠʤ, ʱʦ ʪʝʨʤʦʢʣʝʡ ʚʠʢʦʥʘʥʦ ʫ ʚʠʛʣʷʜʽ ʜʦʚʛʦʤʽʨʥʦʛʦ ʧʨʦʬʽʣʶ, 

ʘ ʯʝʨʚôʷʢ ʚʠʢʦʥʘʥʦ ʟ ʚʠʪʢʘʤʠ, ʬʦʨʤʘ ʧʝʨʝʨʽʟʫ ʷʢʠʭ ʟ ʙʦʢʫ ʧʨʠʚʦʜʫ ʚʽʜʧʦʚʽʜʘʻ 

ʬʦʨʤʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʽʯʢʠ ʪʝʨʤʦʢʣʝʶ. ʏʝʨʚôʷʢ ʚʠʢʦʥʘʥʦ ʟ ʛʣʠʙʠʥʦʶ 

ʚʠʪʢʽʚ, ʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʽ ʚʫʟʣʘ ʜʦʟʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ, ʪʘ ʰʠʨʠʥʦʶ ʚʠʪʢʽʚ, 

ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʪʦʤʫ ʞ ʥʘʧʨʷʤʽ, ʟʘ ʫʤʦʚʠ ʟʙʝʨʝʞʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ 

ʚʠʪʢʽʚ (ʨʠʩ. 5.3). 
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ʈʠʩʫʥʦʢ 5.2 ï ʇʨʠʩʪʨʽʡ ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʪʘ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ 

 

ʈʠʩʫʥʦʢ 5.3 ï ʇʨʠʢʣʘʜ ʚʠʢʦʥʘʥʥʷ ʚʠʪʢʽʚ ʯʝʨʚôʷʢʘ 

 

ʇʨʠʩʪʨʽʡ ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʽ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ (ʨʠʩ. 5.2) ʤʽʩʪʠʪʴ ʚʫʟʦʣ 

ʧʦʜʘʯʽ 1 ʪʝʨʤʦʢʣʝʶ ʫ ʚʠʛʣʷʜʽ ʜʦʚʛʦʤʽʨʥʦʛʦ ʧʨʦʬʽʣʶ 2, ʢʦʨʧʫʩ 3, ʚ ʷʢʦʤʫ 

ʚʩʪʘʥʦʚʣʝʥʦ ʯʝʨʚôʷʢ 4 ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʙʝʨʪʘʥʥʷ, ʧʨʠʚʦʜ ʦʙʝʨʪʘʥʥʷ ʯʝʨʚôʷʢʘ 5, 

ʥʘʛʨʽʚʥʠʢ̔ 6 ʪʘ ʚʫʟʦʣ ʜʦʟʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ 7. ɻʣʠʙʠʥʘ ʚʠʪʢʽʚ 8 ʯʝʨʚôʷʢʘ 4 (ʨʠʩ. 5.3) 

ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʽ ʚʫʟʣʘ ʜʦʟʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ 7 (ʪʦʙʪʦ h1 ʙʽʣʴʰʝ h2), 

ʪʘ ʰʠʨʠʥʦʶ ʚʠʪʢʽʚ 8, ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʪʦʤʫ ʞ ʥʘʧʨʷʤʽ (ʪʦʙʪʦ b2 ʙʽʣʴʰʝ b1), 

ʟʘ ʫʤʦʚʠ ʟʙʝʨʝʞʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʚʠʪʢʽʚ 8.  

ʇʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʪʘʢ. ʉʪʨʽʯʢʘ 2 ʪʝʨʤʦʢʣʝʶ ʧʦʜʘʻʪʴʩʷ ʜʦ ʚʫʟʣʘ ʧʦʜʘʯʽ 1, 

ʫʪʚʦʨʝʥʦʛʦ ʯʝʨʚôʷʢʦʤ 4 ʽ ʢʦʨʧʫʩʦʤ 3. ʇʽʜ ʜʽʻʶ ʪʝʧʣʘ ʚʽʜ ʥʘʛʨʽʚʥʠʢʽʚ 6 ʪʘ ʪʝʨʪʷ 

ʦ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʢʦʨʧʫʩʘ 3 ʧʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʯʝʨʚôʷʢʘ 4 ʧʨʠʚʦʜʦʤ 5 ʤʘʪʝʨʽʘʣ 

ʧʣʘʚʠʪʴʩʷ ʫ ʚʠʪʢʘʭ 8 ʽ ʧʨʦʩʫʚʘʻʪʴʩʷ ʚ ʙʽʢ ʚʫʟʣʘ ʜʦʟʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ 7, ʯʝʨʝʟ ʷʢʠʡ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʦʟʫʚʘʥʥʷ ʽ ʥʘʥʝʩʝʥʥʷ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʢʣʝʶ ʥʘ ʧʦʚʝʨʭʥʶ. 
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ɽʬʝʢʪʠʚʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʪʦʤʫ ʨʘʟʽ, ʢʦʣʠ 

ʛʣʠʙʠʥʘ ʚʠʪʢʽʚ 8 ʯʝʨʚôʷʢʘ 4 ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʽ ʚʫʟʣʘ ʜʦʟʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ 7, 

ʱʦ ʩʧʨʠʷʻ ʧʦʩʪʽʡʥʦʤʫ ʧʨʠʪʠʩʢʘʥʥʶ ʥʝʨʦʟʧʣʘʚʣʝʥʦʾ ʯʘʩʪʠʥʠ ʧʨʦʬʽʣʶ 2 ʜʦ ʥʘʛʨʽʪʦʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʘ 3. ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʝʥʠʡ ʨʦʟʧʣʘʚ ʧʝʨʝʪʽʢʘʻ ʚ ʙʽʢ 

ʚʠʪʢʘ 8, ʰʠʨʠʥʘ ʷʢʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʧʦʩʪʽʡʥʦʾ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ. 

 

5.3 ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʨʦʟʨʦʙʦʢ 

 

ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʊʆɺ çɸʛʨʦʩʚʽʪè 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʫʪʦʯʥʝʥʦʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʬʦʨʤʣʝʥʥ ̫

ʧʨʦʮʝʩʫ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʧʘʧʝʨʦʚʦʾ ʫʧʘʢʦʚʢʠ.  

ʉʪʚʦʨʝʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ ʢʦʥʩʪʨʫʢʮʽʡ ʜʘʶʪʴ ʟʤʦʛʫ ʦʙˇʨʫʥʪʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ. 

ʇʨʦʛʥʦʟʦʚʘʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʨʦʧʦʟʠʮʽʡ 

ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʧʨʦʮʝʩʫ 

ʟʘʢʫʧʦʨʶʚʘʥʥʷ ʥʘ ʊʆɺ çɸʛʨʦʩʚʽʪè ʩʢʣʘʜʘʻ 85 ʪʠʩʷʯ ʛʨʠʚʝʥʴ. 

 

5.4 ɺʠʩʥʦʚʢʠ 

 

ʈʦʟʨʦʙʣʝʥʦ ʫʜʦʩʢʦʥʘʣʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʪʘ ʥʘʥʝʩʝʥʥʷ 

ʪʝʨʤʦʢʣʝʶ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ: 

- ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʪʘ ʟʤʝʥʰʠʪʠ 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʧʨʦʮʝʩ; 

- ʟʤʝʥʰʠʪʠ ʛʘʙʘʨʠʪʠ ʽ ʤʘʩʫ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ. 

ʅʘ ʨʦʟʨʦʙʣʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʦʪʨʠʤʘʥʦ ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ 

[101, 102]. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʥʘ ʢʘʬʝʜʨ ̔ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ  ̔ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʽ ʥʘ ʊʆɺ çɸʛʨʦʩʚʽʪè (ʤ. ʂʠʾʚ). 
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ɺʀʉʅʆɺʂʀ 

 

 

ɻʦʣʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʠʩʝʨʪʘʮʽʾ ʻ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʮʝʩʽʚ ʧʽʜʛʦʪʫʚʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʽ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫʧʘʢʦʚʢʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ. 

1. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ, ʚʠʟʥʘʯʝʥʦ 

ʦʙʤʝʞʝʥʥʷ ʪʘ ʥʝʜʦʣʽʢʠ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʰʣʷʭʠ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

2. ʉʢʣʘʜʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʽʚ ʧʣʘʚʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʰʚʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʯʘʪʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʜʘʥ ̔ʧʨʦʮʝʩʠ. 

3. ʅʘ ʙʘʟʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʘʥʦ ʯʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʚʩʪʘʥʦʚʠʪʠ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʰʚʠʜʢʦʩʪʷʤʠ ʧʦʜʘʯʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʣʝʡʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʟʘ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ 

ʧʨʫʪʢʘ ʽ ʩʦʧʣʘ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʩʠʧʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ, ʟʘʣʝʞʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʫʪʢʘ 

ʪʝʨʤʦʢʣʝʶ ʧʦʢʘʟʘʣʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʫʪʢʘ ʪʨʫʙʯʘʩʪʦʾ ʬʦʨʤʠ ʪʘ ʢʘʥʘʣʫ 

ʟ ʜʦʨʥʦʤ, ʦʩʢʽʣʴʢʠ ʛʨʘʥʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʪʘʢʦʛʦ ʧʨʫʪʢʘ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ 

ʰʚʠʜʢʽʩʪʴ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʡ ʧʨʠʩʪʨʦʶ ʟʚʠʯʘʡʥʦʾ ʬʦʨʤʠ. ɺʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʫ 

ʛʝʦʤʝʪʨʽʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʡʙʽʣʴʰʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʛʨʽʚʫ ʧʨʫʪʢʘ: ʧʨʫʪʦʢ ʪʨʫʙʯʘʩʪʦʾ 

ʬʦʨʤʠ ʪʘ ʢʘʥʘʣ ʟ ʢʫʪʦʤ ʟʘʛʦʩʪʨʝʥʥʷ ʜʦʨʥʘ 15Á, ʢʫʪʦʤ ʟʘʛʦʩʪʨʝʥʥʷ ʩʦʧʣʘ 15Á ʪʘ 

ʜʽʘʤʝʪʨʦʤ ʜʦʨʥʘ 2,5 ʤʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʣʘʚʣʶʚʘʯʘ ʟ ʪʨʫʙʯʘʩʪʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ 

ʧʨʫʪʢʘ ʧʦʢʘʟʘʣʦ, ʱʦ ʚʽʥ ʜʘʻ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚ 2,4 ʨʘʟʠ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ. 
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4. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ ̔ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ 

ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ʨʝʘʢʮʽʡ ʥʘ ʪʦʨʮʷʭ ʟʨʘʟʢʘ ʚʽʜ 

ʧʝʨʝʤʽʱʝʥʥʷ. 

5. ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʥʘʥʝʩʝʥʥʷ ʪʝʨʤʦʢʣʝʶ ʥʘ ʷʢʽʩʪʴ ʟôʻʜʥʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʽʮʥʦʩʪʽ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʪʘ ʩʪʚʦʨʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʾʭ ʧʨʦʚʝʜʝʥʥʷ. 

6. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟôʻʜʥʘʥʥʷ ʧʘʧʝʨʦʚʠʭ 

ʧʦʚʝʨʭʦʥʴ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʢʣʝʡʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ. ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʨʠʚʥʦʛʦ ʟʫʩʠʣʣʷ 

ʚʽʜ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ ʧʦʢʘʟʘʣʘ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ ʚʠʪʨʘʪʘ ʤʘʪʝʨʽʘʣʫ ʩʪʘʥʦʚʠʪʴ 0,005 ʛ/ʤʤ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʤʽʮʥʽʩʪʴ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʠʨʠʥʠ ʰʚʘ. 

7. ɺʠʢʦʥʘʥʦ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʰʚʘ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʜʽʻʶ ʟʫʩʠʣʣʷ ʧʨʠʪʠʩʢʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʬʦʨʤʠ 

ʰʚʘ ʚʽʜ ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ ʧʨʠʪʠʩʢʫ ʪʘ ʚʠʪʨʘʪʠ ʪʝʨʤʦʢʣʝʶ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ 

ʜʦʮʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʪʘ ʜʦʩʪʘʪʥʴʦʾ 

ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ. 

8. ʇʨʦʚʝʜʝʥ ̔ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʽ ʟôʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʝʨʤʦʢʣʝʻʤ. ʅʘ ʙʘʟʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʘʥʝ 

ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʦ 

ʯʠʩʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʝʤʽʱʝʥʴ ʽ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʢʣʝʡʦʚʦʤʫ 

ʟôʻʜʥʘʥʥʽ ʧʽʜ ʯʘʩ ʨʦʟʪʷʛʫʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʢʦʥʘʥʘ ʚʝʨʠʬʽʢʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʘʥʠʤʠ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʄʝʪʦʜʠʢʘ ʯʠʩʣʦʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʝʦʙʭʽʜʥʝ ʡ ʜʦʩʪʘʪʥʻ ʟʥʘʯʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʪʝʨʤʦʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ ʜʣʷ ʟʨʫʯʥʦʛʦ ʨʦʟôʻʜʥʘʥʥʷ ʩʧʦʞʠʚʘʯʝʤ, ʘ ʟ ʽʥʰʦʛʦ 

ʙʦʢʫ ʜʣʷ ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ ʩʘʤʦʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ. 

9. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʜʦʩʢʦʥʘʣʝʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʠʩʪʨʦʶ ʜʣʷ ʨʦʟʧʣʘʚʫ 

ʪʝʨʤʦʢʣʝʶ ʪʘ ʡʦʛʦ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ, ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʧʣʘʚʣʶʚʘʯʘ ʯʝʨʚôʷʯʥʦʛʦ ʪʠʧʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʚ ʯʝʨʚôʷʯʥʦʤʫ ʢʘʥʘʣʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ ʻ 2,5 ʨʘʜ/ʩ. ʊʘʢʦʞ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ, 
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ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʨʝʛʫʣʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʦʢʣʝʶ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʛʨʽʚʥʦʛʦ ʢʘʥʘʣʫ 

ʪʘ ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʟʤʽʥʽ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʯʝʨʚôʷʢʘ. 

10. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʊʆɺ çɸʛʨʦʩʚʽʪè (ʤ. ʂʠʾʚ) 

ʪʝʭʥʽʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʫʪʦʯʥʝʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ 

ʦʬʦʨʤʣʝʥʥʽ ʧʨʦʮʝʩʫ ʪʝʨʤʦʢʣʝʡʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʋ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʢʘʬʝʜʨʠ 

ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʪʘ ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʚʦʨʝʥʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʤʝʪʦʜʠʢʠ. 
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