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ɼʀʉɽʈʊɸʎɯʗ 

ʅɸʋʂʆɺɯ ʆʉʅʆɺʀ ʂɽʈʋɺɸʅʅʗ ʇʋʉʂʆʄ ʇʆʊʋɾʅʀʍ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼɯɺ, ʆʇʊʀʄɯɿʆɺɸʅʀʄ ɿɸ ɽʅɽʈɻɽʊʀʏʅʆʖ 

ɽʌɽʂʊʀɺʅɯʉʊʖ 

 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 05.09.03 ï ɽʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʢʦʤʧʣʝʢʩʠ ʪʘ ʩʠʩʪʝʤʠ 

ɻʘʣʫʟʴ ʟʥʘʥʴ 05 - ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

_   ɺ. ʂ. ʊʠʪʶʢ 

 

ʅʘʫʢʦʚʠʡ ʢʦʥʩʫʣʴʪʘʥʪ    ʃʫʮʝʥʢʦ ɯʛʦʨ ɸʥʘʪʦʣʽʡʦʚʠʯ 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
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ɸʅʆʊɸʎɯʗ 

ʊʠʪʶʢ ɺ. ʂ. ʅʘʫʢʦʚʽ ʦʩʥʦʚʠ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, 

ʦʧʪʠʤʽʟʦʚʘʥʠʤ ʟʘ ʝʥʝʨʛʝʪʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ 

ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.09.03 çɽʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʢʦʤʧʣʝʢʩʠ ʪʘ ʩʠʩʪʝʤʠè 

(141 ï ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ). ï ʂʨʠʚʦʨʽʟʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʂʨʠʚʠʡ ʈʽʛ, 2019. 

ɿʘʭʠʩʪ ʜʠʩʝʨʪʘʮʽʾ ʚʽʜʙʫʜʝʪʴʩʷ ʥʘ ʟʘʩʽʜʘʥʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʚʯʝʥʦʾ ʨʘʜʠ 

ɼ 45.052.01 ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʄʠʭʘʡʣʘ 

ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ. 

ʇʫʩʢʦʚʽ ʧʨʦʮʝʩʠ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʩʪʚʦʨʶʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʠʡ ʪʠʤ ʚʽʜʯʫʪʥʽʰʠʡ, ʯʠʤ ʙʽʣʴʰʘ 

ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʥʘʯʥʠʤ ʟʨʦʩʪʘʥʥʷʤ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʫ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʘʭ. ʉʢʣʘʜʥʠʡ, ʙʘʛʘʪʦʚʝʢʪʦʨʥʠʡ ʭʘʨʘʢʪʝʨ 

ʚʧʣʠʚʫ, ʱʦ ʯʠʥʠʪʴʩʷ ʧʫʩʢʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʟʫʤʦʚʠʚ 

ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ, ʧʨʠʩʚʷʯʝʥʠʭ ʢʝʨʫʚʘʥʥʶ ʧʫʩʢʦʚʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʽ ʘʧʘʨʘʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʦʧʪʠʤʽʟʫʶʪʴ ʧʫʩʢʦʚʽ 

ʧʨʦʮʝʩʠ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 

ʋʥʽʚʝʨʩʘʣʴʥʠʤ ʪʝʭʥʽʯʥʠʤ ʨʽʰʝʥʥʷʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʩʫʨʩʥʽ 

ʚʠʪʨʘʪʠ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʧʘʨʘʤʝʪʨʠ ʽ ʨʝʞʠʤ ʨʦʙʦʪʠ ʷʢʠʭ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ 

ʦʙʣʘʜʥʘʥʥʷ ʚʩʽʭ ʚʠʜʽʚ, ʥʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʧʣʘʥʦʚʠʭ ʨʝʤʦʥʪʽʚ, ʚʠʢʣʶʯʘʻ 

ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʚôʷʟʘʥʥʶ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʦʛʦ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʝʨʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʤʧʣʝʢʩʫ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʽ ʩʫʢʫʧʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ 
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ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʫʩʢʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʩʠʩʪʝʤ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦ ʬʽʟʠʯʥʽ ʟʘʩʘʜʠ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʫ 

ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʘʭ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʟʥʘʯʥʽʰʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʨʝʩʫʨʩʥʠʭ 

ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʻ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʧʦʨʫʰʝʥʥʷʤʠ ʨʦʙʦʪʠ ʯʝʨʝʟ ʣʦʢʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ. 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʢʽʙʝʨʥʝʪʠʯʥʘ ʢʘʪʝʛʦʨʽʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʽ 

ʦʪʨʠʤʘʥʦʛʦ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʘ ʪʘʢʦʞ ʪʨʠʚʘʣʽʩʪʶ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʽʩʥʫʶʯʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʜʦ ʨʽʚʥʷ ʨʝʩʫʨʩʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʤʘʻ ʚʠʟʥʘʯʘʪʠ ʨʝʩʫʨʩʥʽ 

ʚʠʪʨʘʪʠ ʪʘ ʩʪʚʦʨʝʥʠʡ ʢʦʨʠʩʥʠʡ ʩʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʫʩʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ 

ʡʦʛʦ ʪʨʠʚʘʣʽʩʪʴ. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʚʠʨʽʰʝʥʦ ʟʘʜʘʯʫ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʪʝʭʥʽʯʥʠʭ 

ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʚ ʧʨʦʮʝʩʽ ʟʘʧʫʩʢʫ. 

ʈʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʨʦʟʤʽʨʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʻ ʧʦʚʥʝ 

ʘʛʨʝʛʫʚʘʥʥʷ ʚʩʽʭ ʪʠʧʽʚ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʚ ʦʜʠʥ ʢʣʘʩ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʝʢʩʧʝʨʪʥʠʭ ʩʧʽʚʩʪʘʚʥʠʭ ʦʜʠʥʠʮʴ. ʄʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ 

ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʫʩʢʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʟʘʣʝʞʥʽʩʪʴ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʤʘʻ ʝʢʩʪʨʝʤʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ. 

ʋʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʢʚʘʜʨʘʪʘ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ 

ʚʠʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʥʦʰʫʚʘʥʥʷ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʥʘ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ 
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ʧʫʩʢʫ, ʜʦ ʜʦʙʫʪʢʫ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʢʚʘʜʨʘʪ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʄʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʽʜ ʚʧʣʠʚʫ 

ʢʝʨʫʚʘʥʥʷ. ʤʘʻ ʻʜʠʥʠʡ ʤʘʢʩʠʤʫʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʥʘʡʢʨʘʱʠʡ ʯʘʩ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʟʘʜʘʯʫ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʷʢ ʦʜʥʦʢʨʠʪʝʨʽʘʣʴʥʫ ʦʜʥʦʚʠʤʽʨʥʫ ʟʘʜʘʯʫ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤʠ 

ʪʠʧʦʤ ʟʥʘʯʝʥʴ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʪʘ ʦʙʤʝʞʝʥʥʷʤ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʫʢʪʫʨʫ ʧʦʰʫʢʦʚʦʾ ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʘ ʢʨʠʪʝʨʽʻʤ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʙʦʨʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤ 

ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʫʩʢʫ ʟʘ ʧʝʚʥʠʭ ʦʙʤʝʞʝʥʴ ʟʙʽʛʘʻʪʴʩʷ c ʫʧʨʘʚʣʽʥʥʷʤ ʧʦ ʰʚʠʜʢʦʜʽʾ ʽ ʧʦ ʤʽʥʽʤʫʤʫ 

ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʽ ʤʘʻ ʙʽʣʴʰ ʰʠʨʦʢʫ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɺʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʡʤʦʚʽʨʥʽʩʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʫʩʢʫ, ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʽ ʜʠʩʧʝʨʩʽʾ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʫʩʢʫ, ʱʽʣʴʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʫ ʽ ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʫʩʢʫ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʧʦʰʫʢʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʧʫʩʢʫ ʟʘ ʢʨʠʪʝʨʽʻʤ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʚʠʥʫʪʦ 

ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ. ʋʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʚʠʨʘʟ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʬʘʟʠ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʥʘʧʨʫʛʠ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʩʪʨʫʤʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ 

ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʩʪʘʪʦʨʘ ʤʘʻ ʟʘʜʦʚʽʣʴʥʫ ʪʦʯʥʽʩʪʴ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʟʘ 

ʫʤʦʚ ʷʢ ʧʨʷʤʦʛʦ, ʪʘʢ ʯʘʩʪʦʪʥʦʛʦ ʧʫʩʢʫ. 
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ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, 

ʧʝʨʝʚʽʨʝʥʽ ʥʘ ʩʪʚʦʨʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʝʨʦʚʘʥʠʡ ʧʫʩʢ, ʦʧʝʨʘʮʽʡʥʠʡ ʧʨʠʥʮʠʧ, ʧʨʠʩʢʦʨʝʥʝ 

ʟʥʦʰʫʚʘʥʥʷ, ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʨʝʩʫʨʩʥʘ ʤʦʜʝʣʴ, ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ. 

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʾ: 

ʉʪʘʪʪʽ ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʞʫʨʥʘʣʘʭ, ʟʘʥʝʩʝʥʠʭ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ: 

1. A.Berdai, V.Vlasenko , V.Titjuk, A.El Moudden. Analysis of reliability 

of the mathematical model of the SRM. Journal of Theoretical and Applied Information 

Technology. - 2012. Vol. 41 No.1, p.60-67. (Scopus) 

2. A. Berdai, A. Belfqih, J. Boukherouaa, F. el Mariami, A. Hmidat, V. 

Vlasenko, V. Titjuk Similarity and Comparison of the Electrodynamics Characteristics 

of Switched Reluctance Motors SRM with Those of Series DC Motors. Engineering, 

2015, 7, p. 36-45, Published Online January 2015 in SciRes. (Google Scholar) 

3. A. Berdai, A. Hmidat, A. Belfqih, J. Boukherouaa, F. El Mariami, 

V. Vlasenko, V. Titjuk New structural approach to reducing doubly salient variable 

reluctance motorôs torque undulations. International Journal of Scientific and 

Engineering Research (IJSER) . - 2015. Vol. 41 No.1, p.1165-1170. (Thomson Reuters, 

Index Copernicus, CiteFactor, Scientific Commons) 

4. A. Berdai, V. Titjuk, V. Vlasenko, A. Belfqih, J. Boukherouaa, F. El 

Mariami, A. Hmidat Development of methods of calculation and optimization of 

electromechanical characteristics of SRM. IOSR Journal of Electrical and Electronics 

Engineering (IOSR-JEEE) . - 2015. Issue 4 Ver. II (July ï Aug. 2015), p. 31-39. 

(CrossRef, Index Copernicus, UlrichsWEB, EBSCO Host) 

ʉʪʘʪʪʽ ʫ ʞʫʨʥʘʣʘʭ ʋʢʨʘʾʥʠ, ʟʘʥʝʩʝʥʠʭ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ 

ʙʘʟ ʜʘʥʠʭ: 
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5. ʃʫʮʝʥʢʦ ʀ.ɸ., ʊʳʪʶʢ ɺ.ʂ., ʄʠʭʘʡʣʝʥʢʦ ɸ.ʖ., ɻʥʘʪʶʢ ʖ.ʀ. ɹʘʟʦʚʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩ ʧʦʨʮʠʦʥʥʦʡ 

ʧʦʜʘʯʝʡ ʩʳʨʴʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʙʝʟ ʫʯʝʪʘ ʠʟʥʦʩʘ. ɺʦʩʪʦʯʥʦ-ʝʚʨʦʧʝʡʩʢʠʡ ʞʫʨʥʘʣ 

ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ï 2009. ï ˉ6/3(42). ï ʉ.4-9. (Academic Search Complete, 

CrossRef, Index Copernicus, Directory of Open Access Journals) 

6. Lutsenko I., Tytiuk V., Mikhailenko O. Development of a system-

grounded criterion of optimal control. ɺʽʩʥʠʢ ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. ï 2010. ï ˉ5 (64) ï c.15-23. (Index Copernicus, Ulrichôs periodicals 

directory, Polish Scholarly Bibliography, Infobase Index, Open Academic Journals 

Index) 

7. ʊʠʪʶʢ ɺ.ʂ., ʄʠʭʘʡʣʝʥʢʦ ʆ.ʖ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ 

ʚʘʨʪʽʩʥʦʾ ʦʮʽʥʢʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʟʥʦʩʫ ʦʙʣʘʜʥʘʥʥʷ. ɺʽʩʥʠʢ ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ 

ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ï 2010. ï ˉ4 (63) ï ʉ.139-141. (Index Copernicus, 

Ulrichôs periodicals directory, Polish Scholarly Bibliography, Infobase Index, Open 

Academic Journals Index) 

8. ʊʳʪʶʢ ɺ.ʂ., ʊʦʣʤʘʯʝʚ ʉ.ʊ., ɺʣʘʩʝʥʢʦ ɺ.ɸ., ɹʝʨʜʘʡ ɸ., ʊʳʪʶʢ ʇ.ɺ. 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʘʥʘʣʦʛʠʷ ʚʝʥʪʠʣʴʥʦ - ʠʥʜʫʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ 

ʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʽ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʩʠʩʪʝʤʠ, 

2011 ï̄  1(13), ʉ. 93-97. (Ulrichôs periodicals directory, Index Copernicus, 

ʉitefactor, Polish scholarly bibliography, Directory of research journals indexing, 

Universal impact factor) 

9. ʏʦʨʥʠʡ ʆ.ʇ., ʊʠʪʶʢ ɺ.ʂ. ʆʩʦʙʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʫ SIMPOWER SYSTEMS ʟ ʢʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʽ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʩʠʩʪʝʤʠ. ï ʂʨʝʤʝʥʯʫʢ: ʂɼʋ, 2013. ï ɺʠʧ. 

3/2013(23). ï ʉ. 33ï48. (Ulrichôs periodicals directory, Index Copernicus, ʉitefactor, 

Polish scholarly bibliography, Directory of research journals indexing, Universal 

impact factor) 

10. ʊʳʪʶʢ ɺ. ʂ. ɺʣʠʷʥʠʝ ʠʟʥʦʩʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʧʫʩʢʘ. ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. - 2015. - ˉ 6/2(78). ï ʉ. 23-30. (Scopus) 

http://www.nbuv.gov.ua/Portal/natural/Ees/2009_4/EES_4_2009_PDF/21.pdf
http://www.nbuv.gov.ua/Portal/natural/Ees/2009_4/EES_4_2009_PDF/21.pdf
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9624320
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9624320
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11. Tytiuk V. Analytical determination of the electromechanical system 
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http://sindexs.org/JournalList.aspx?ID=160


 8 

17. ʃʫʮʝʥʢʦ ʀ.ɸ., ʊʳʪʶʢ ɺ.ʂ., ʊʳʪʶʢ ʇ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢ ʫʧʨʘʚʣʝʥʠʶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 
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ABSTRACT  

Tytiuk V. Scientific bases of controlled startup of powerful electric drives, 

optimized for energy efficiency ï Qualification scientific work as a manuscript. 

Thesis for a Doctorôs degree in Engineering Science for the specialty 05.09.03 ï 

Electrotechnical complexes and systems (141 ï Power engineering, electrical 

engineering and electromechanics). ï Kryvyj Rih National University Ministry of 

Education and Science of Ukraine, Kryvyj Rih, 2019. 

Thesis defense will take place at a meeting of the specialized academic council 

D 45.052.01 in Kremenchuk Mykhailo Ostrohradskyi National University. ï 

Kremenchuk, 2019. 

The start-up processes of powerful electric drives have a significant impact on 

the technical and economic performance of the enterprise, which is associated with a 

significant increase in resource costs in startup modes. The complex, multi-vector 

nature of the influence exerted by the starting processes, led to the lack of theoretical 

development, dedicated to the control of the starting processes and hardware 

implementation of starting devices that optimize the starting processes of powerful 

electric drives. 

The dissertation is devoted to the solution of the actual scientific and practical 

problem of creation of scientific basis for optimization of energy efficiency of 

processes of start-up of powerful electric drives with the use of operational analysis of 

a complex of resource costs and the cumulative result of the process of start-up, which 

will provide an opportunity for structural and parametric optimization of start-up 

complexes and systems based on start-up efficiency. 

It has been established that the most significant components of the resource costs 

of the start-up process are electricity consumption, technical resource of 
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electromechanical equipment and additional economic risks associated with 

disruptions due to the local decrease in the quality of the supply voltage. 

The efficiency of the start-up process is determined by the ratio of resource costs 

and the cumulative result obtained, as well as the duration of the start-up process. The 

necessity of development of existing mathematical models of electromechanical 

systems to the level of the resource model, which should determine the resource costs 

and created a useful cumulative result of the starting process, as well as its duration, is 

substantiated. 

The dissertation has solved the problem of creating mathematical models for 

determining the quantitative characteristics of energy consumption, equipment wear 

and additional economic risks by the values of technical state variables in the start-up 

process. 

To aggregate all types of resource costs into one class, a system of comparable 

units is used. Mathematical modeling has shown that for the considered types of 

electric drives, the increase in start-up time is accompanied by an increase in energy 

consumption and a decrease in the wear of electromechanical equipment, and the 

dependence of the integral estimation of the resource costs of the start-up process is 

extreme. 

For the first time, the criterion for the efficiency of the start-up process is 

developed, which is determined by the ratio of the square of the expert estimate of 

kinetic energy, minus the expert estimates of consumed electricity, equipment wear 

and additional economic risks at the moment of completion of the start-up process, to 

the product of expert estimates of kinetic energy and the wear of the equipment by the 

start-up process. 

It is established that the dependence of the start-up process efficiency for electric 

drives of different types on the influence of control. has a single maximum that 

determines the best start time for the drive. 

The optimization problem of controlling the start-up of powerful electric drives 

is formulated as a one-dimensional one-criterion problem with a continuous type of 

values of control effects and limitation of control influence. The structure of the search 
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engine of the extreme control system of process of start-up of powerful electric drives 

by the criterion of its efficiency is offered. 

The technique of selection of electromechanical equipment of the managed start-

up systems based on the comparative analysis of the efficiency index is developed. 

In the dissertation it is established that the offered indicator of efficiency of 

startup under certain restrictions coincides with management on speed and at the 

minimum of resource consumption and has a wider scope. 

The influence of probabilistic processes on determination of the start-up 

efficiency index was performed, analytical expressions were obtained to determine the 

mathematical expectation and variance of the start-up efficiency index, the distribution 

density and the integral function of the start-up efficiency index distribution. 

In order to increase the speed of the search engine to control the process of start-

up by the criterion of its efficiency in the dissertation, a method of dynamic 

identification of the active resistance of AC motors was developed. For the first time, 

an expression was obtained to calculate the active resistance of an AC motor phase as 

the ratio of the average value of the integral voltage function to the average value of 

the integral current function. 

The main theoretical results obtained in the dissertation are tested on 

mathematical models and experimentally. 

Key words: controlled start-up, operational approach, accelerated wear, optimal 

use of resources, resource model, efficiency index, identification of active resistance. 
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ʉʇʀʉʆʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

ɸɯʉ ï ʘʚʪʦʥʦʤʥʠʡ ʽʥʚʝʨʪʦʨ ʩʪʨʫʤʫ; 

ɸɯʅ ï ʘʚʪʦʥʦʤʥʠʡ ʽʥʚʝʨʪʦʨ ʥʘʧʨʫʛʠ; 

ɸɼ ï ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ; 

ɸɽʇ ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ; 

ɺɯɼ ï ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʠʡ ʜʚʠʛʫʥ; 

ɻ-ɼ ï ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʟʘ ʩʠʩʪʝʤʦʶ çʛʝʥʝʨʘʪʦʨ-ʜʚʠʛʫʥè 

ɼʇʉ ï ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 

ʝ. ʦ. ï ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ (ʷʢ ʦʜʠʥʠʮʷ ʚʠʤʽʨʶʚʘʥʥʷ); 

ɽʇɼ ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʧʘʩʠʚʥʠʡ ʜʚʦʧʦʣʶʩʥʠʢ; 

ɽʄʇ ï ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

ɽʄʉ ï ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ; 

ɽʇ ï ʝʣʝʢʪʨʦʧʨʠʚʦʜ; 

ʂʅʇ ï ʢʝʨʦʚʘʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ; 

ʄʅʂ ï ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ; 

ʇʇʇ ï ʧʨʠʩʪʨʽʡ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ; 

ʇʇʈ ï ʧʣʘʥʦʚʦ-ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʡ ʨʝʤʦʥʪ; 

ʈʎʂʇ ï ʨʦʪʦʪʘʙʝʣʴʥʠʡ ʮʝʥʪʨʘʣʴʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʣʘʥ. 

ʉɸʂ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ; 

ʉɼ ï ʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ; 

ʉɼ-ɻ ï ʛʨʫʧʦʚʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʟ ʩʠʥʭʨʦʥʥʠʤʠ ʜʚʠʛʫʥʘʤʠ; 

ʉɼʈ ï ʩʠʩʪʝʤʘ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ; 

ʉʈʇʇ ï ʩʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

ʊʂʇʈ ï ʪʝʦʨʽʷ ʢʝʨʦʚʘʥʠʭ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʽʚ; 

ʊʇCɺ ï ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʜʫʢʪ ʩʧʨʷʤʦʚʘʥʦʛʦ ʚʧʣʠʚʫ; 

ʊɺʇ ï ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʚʠʭʽʜʥʠʡ ʧʨʦʜʫʢʪ; 

ʊʇ-ɼ ï ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʟʘ ʩʠʩʪʝʤʦ  ʁçʪʠʨʠʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯïʜʚʠʛʫʥ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫè; 

ʊʈʅ ï ʪʠʨʠʩʪʦʨʥʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ 
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ʏʂɽ ï ʯʘʩʪʢʦʚʠʡ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ; 

ʐɯʄ ï ʰʠʨʦʪʥʦï̔ ʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ; 

ʐɯʇ ï ʰʠʨʦʪʥʦï̔ ʤʧʫʣʴʩʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

SRM ï switched reluctance motor. 
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ɺʉʊʋʇ 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʚô̫ ʟʘʥʥʶ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ 

ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ 

ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥ.̫ ʇʫʩʢ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʻ ʥʝʚʽʜô̒ ʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʚʩʽʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʟʫʤʦʚʣʶʶʯʠ ʢʝʨʦʚʘʥʽʩʪʴ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʽʣʦʤʫ. ɺʦʜʥʦʯʘʩ, ʧʫʩʢʦʚʽ ʧʨʦʮʝʩʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʦʩʦʙʣʠʚʠʭ 

ʥʘʩʣʽʜʢʽʚ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʙʽʣʴʰʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʜʽʚ ʚʠʪʨʘʪ, ʷʢʽ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ɺʧʣʠʚ ʧʫʩʢʫ ʪʠʤ ʚʽʜʯʫʪʥʽʰʠʡ, ʯʠʤ ʙʽʣʴʰʘ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 

ʆʩʢʽʣʴʢʠ ʥʘ ʝʥʝʨʛʦʻʤʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʟ ̔ʟʥʘʯʥʦʶ (ʜʦ 

10 ʄɺʪ) ʫʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ, ʘ ʪʘʢʦʞ ʛʨʫʧʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʷʢʠʭ ʦʙô̒ ʜʥʘʥʽ ʩʠʣʦʚʠʤʠ ʢʦʣʘʤʠ ʞʠʚʣʝʥʥʷ, ʟʘ ʪʘʢʠʭ ʫʤʦʚ 

ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ. ʇʫʩʢ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʥʘʯʥʦ ʚʧʣʠʚʘ ̒ʷʢ ʥʘ ʜʚʠʛʫʥ, ʪʘʢ ʽ ʥʘ ʡʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʪʦʯʝʥʥʷ ʽ ʻ ʚʽʜʦʤʦʶ ʪʝʭʥʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ. ɺʧʣʠʚ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ 

ʛʨʫʧʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʻ ʱʝ ʙʽʣʴʰ ʛʣʠʙʦʢʠʤ  ̔ʨʽʟʥʦʙʽʯʥʠʤ. 

ʇʨʷʤʠʡ ʧʫʩʢ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʦʩʥʦʚʥʦʾ ʤʝʪʠ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ ï ʧʝʨʝʚʝʩʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʝʭʘʥʽʟʤ ʚ ʩʪʘʥ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʫʭʫ. 

ʆʜʥʘʢ ʪʘʢʝ ʨʽʰʝʥʥʷ ʧʦʚô̫ʟʘʥʝ ʟʽ ʟʥʘʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ, 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʉɼ ʫ ʨʝʞʠʤʽ ʧʫʩʢʫ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʮʝʡ ʧʦʢʘʟʥʠʢ ʜʣʷ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʚ 15ï25 ʨʘʟʽʚ, ʥʠʞʥʷ ʦʮʽʥʢʘ ʚʘʨʪʦʩʪʽ ʧʨʷʤʦʛʦ ʧʫʩʢʫ 

ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 3,5 ʄɺʪ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʯʘʪʢʦʚʦʾ ʚʘʨʪʦʩʪʽ 

ʜʚʠʛʫʥʘ, ʤʦʞʝ ʩʷʛʘʪʠ 50 000ï60 000 ʛʨʥ. ʊʘʢʦʞ ʧʨʦʮʝʩʠ ʧʫʩʢʫ ʩʪʚʦʨʶʶʪʴ 
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ʜʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʦʚô̫ʟʘʥʽ ʟ ʧʦʨʫʰʝʥʥʷʤʠ ʨʦʙʦʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʪʦʯʝʥʥʷ ʯʝʨʝʟ ʣʦʢʘʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʷʢʦʩʪʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ. 

ʅʘ ʨʠʩ. 1.1 ʟʦʙʨʘʞʝʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʫ ʩʭʝʤʫ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

 

ɹʘʛʘʪʦʯʠʥʥʠʢʦʚ̔ʩʪʴ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʥʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʪʦʯʝʥʥʷ ʧʦʚʥʦ  ʁʤʽʨʦ  ʁʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʥʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʘʢ ʽ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʂʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʟʘʚʜʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʩʽʭ ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʽ ʩʪʚʦʨʶʚʘʥʠʭ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ. 
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ɼʣʷ ʨʦʟʚôʟʘʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜʦʚʽ ʨʝʩʫʨʩʥʠʭ 

ʚʠʪʨʘʪ ʽ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ 

ʾʭ ʚʠʟʥʘʯʝʥʥʷ. ʇʨʦʙʣʝʤʘ ʟ̔ ʩʪʘʚʣʶʚʘʥʦʩʪʽ ʨʽʟʥʦʨʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʚôʟʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʯʠʩʣʦʚʽ ʦʮʽʥʢʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʤʽʩʪʫ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʥʝʦʙʭʽʜʥʦ ʩʠʥʪʝʟʫʚʘʪʠ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʧʨʠʜʘʪʥʠʡ 

ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ, ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʧʨʠʩʪʨʦʾ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ 

ʝʥʝʨʛʦʻʤʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ. 

ʂʦʤʧʣʝʢʩʠ ʽ ʩʠʩʪʝʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʟʚôʟʘʥʥʷ ʜʚʦʻʜʠʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘ ʫʤʦʚʠ ʾʭ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʜʥʘʢ ʩʘʤʝ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʪʦʩʦʚʥʦ ʜʦ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʚʠʤʘʛʘ ̒

ʩʚʦʛʦ ʨʦʟʚôʟʘʥʥʷ. ɺʧʣʠʚ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʝʜʦʦʮʽʥʝʥʠʡ ʪʘ ʤʘʣʦ ʚʠʚʯʝʥʠʡ. 

ʊʦʤʫ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʷʢʘ ʡ ʚʠʟʥʘʯʠʣʘ ʥʘʧʨʷʤ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿʚô̫ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʽʜʧʦʚʽʜʘʻ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʠ 

ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠè, ʟʦʢʨʝʤʘ, ʧ. 6 ʩʪʘʪʪʽ 7 çʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʤʫ 

ʢʦʤʧʣʝʢʩʽè ʽ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʪʝʤʘʪʠʢʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʢʘʬʝʜʨʠ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘ ʪʝʤʘʤʠ çʆʮʽʥʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʢʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽè 

(  ̄ɼʈ 0106U008406, 2009 ʨ.), ʜʝ ʘʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʩʫʨʩʽʚ, çʊʝʦʨʽʷ ʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ 
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ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʦʩʪʽʡʥʦʛʦ ʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫè 

(  ̄ɼʈ 0114U005116, 2015 ʨ.), ʚ ʷʢʽʡ ʘʚʪʦʨ ʜʦʩʣʽʜʠʚ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʦʩʪʽʡʥʦʛʦ ʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʽʚ, 

çʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʠʤ 

ʜʚʠʛʫʥʦʤè, (ˉ ɼʈ 0116U000349, 2016 ʨ.), ʜʝ ʘʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, çʈʦʟʨʦʙʢʘ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʢʦʥʚʝʻʨʥʠʭ ʫʩʪʘʥʦʚʦʢè, ( ̄ɼʈ 0116U000350, 2018 ʨ.), ʚ ʷʢʽʡ ʘʚʪʦʨ ʜʦʩʣʽʜʠʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʩʪʘʪʦʨʘ 

ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʠʭ 

ʟʘʩʘʜ ʦʧʪʠʤʽʟʘʮʽʾ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʩʫʯʘʩʥʠʭ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʘ ʢʨʠʪʝʨʽʻʤ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʧʨʦʮʝʩʽ ʧʫʩʢʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʽ ʪʘ ʨʦʟʚôʷʟʘʥʽ ʪʘʢʽ ʟʘʜʘʯʽ: 

- ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽ ʫʟʘʛʘʣʴʥʝʥʦ ʽʩʥʫʶʯʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʚʧʣʠʚ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʚʠʟʥʘʯʠʪʠ ʩʪʨʫʢʪʫʨʫ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ, ʥʘʧʨʷʤʢʠ 

ʚʟʘʻʤʦʜʽʾ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʪʦʯʝʥʥʷʤ ʪʘ ʥʘʧʨʷʤʢʠ ʧʽʜʚʠʱʝʥʥʷ 

ʡʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ; 

- ʚʠʟʥʘʯʝʥʦ ʧʦʢʘʟʥʠʢʠ, ʧʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʮʽʥʢʠ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʩʫʯʘʩʥʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ; 

- ʩʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʪʘ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʽʜ ʯʘʩ ʧʫʩʢʫ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʟ ʻʜʠʥʠʭ ʧʦʟʠʮʽʡ 

ʦʮʽʥʠʪʠ ʽʥʪʝʛʨʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ; 

- ʨʦʟʨʦʙʣʝʥʦ ʢʨʠʪʝʨʽʡ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʫʩʢʫ, ʽʥʚʘʨʽʘʥʪʥʠʡ 

ʚʽʜʥʦʩʥʦ ʪʠʧʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʪʘ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ, ʤʝʪʦʜʠ ʪʘ ʧʨʠʩʪʨʦʾ ʜʣʷ 

ʡʦʛʦ ʘʧʘʨʘʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʦʩʪʘʥʦʚʢʫ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ 
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ʩʪʦʩʦʚʥʦ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ; 

- ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʪʠʧʽʚ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʢʣʘʜʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘ ʽʥʪʝʛʨʘʣʴʥʽ 

ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ, ʪʘ ʥʘ ʧʦʢʘʟʥʠʢ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʫʩʢʫ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ; 

- ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʙʦʪʠ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʦʧʪʠʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ 

ʜʠʥʘʤʽʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʧʦʩʪʘʚʣʝʥʠʭ ʚ ʨʦʙʦʪʽ ʟʘʜʘʯ 

ʚʠʢʦʨʠʩʪʘʥʦ: ʘʥʘʣʽʟ ʚʽʪʯʠʟʥʷʥʦʛʦ ʪʘ ʟʘʨʫʙʽʞʥʦʛʦ ʜʦʩʚʽʜʫ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ 

ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʽ ʢʨʠʪʝʨʽʾʚ ʫʧʨʘʚʣʽʥʥʷ ʧʫʩʢʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ, ʤʝʪʠ ʽ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ; 

ʪʝʦʨʽʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʽ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ 

ʚʝʣʠʯʠʥʘʤʠ ʪʘ ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʢʨʠʪʝʨʽʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʘ; ʪʝʦʨʽʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʘʩʠʥʭʨʦʥʥʠʭ ʪʘ ʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ; ʤʝʪʦʜ 

ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʢʦʤʙʽʥʦʚʘʥʠʡ ʢʦʣʦ-

ʧʦʣʴʦʚʠʡ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ SRM; ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ; 

ʤʝʪʦʜ ʧʨʦʩʪʦʨʫ ʩʪʘʥʽʚ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʨʫʰʘʥʥʷ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ; ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʥʘʙʣʠʞʝʥʥʷ 

ʬʫʥʢʮʽʡ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʠʩʢʨʝʪʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʮʠʬʨʦʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ; ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʨʠʟʠʢʽʚ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ; ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ 

ɼʦʨʤʘʥʜʘ-ʇʨʽʥʩʘ; ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʞʦʨʩʪʢʠʭ ʩʠʩʪʝʤ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ 

ʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʈʦʟʝʥʙʨʦʢʘ; ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʜʣʷ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʙʫʨʝʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ʥʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʯʘʩʪʠʥʽ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ, ʷʢʘ ʟ ʻʜʠʥʠʭ ʧʦʟʠʮʽʡ ʚʨʘʭʦʚʫʻ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʜʚʠʛʫʥʽʚ ʽ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʥʠʭ 

ʚʠʪʨʘʪ ʽ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʚʧʣʠʚ ʥʘ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

- ʦʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʫ ʥʘʧʨʷʤʽ ʩʪʚʦʨʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ 

ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ 

ʚʝʢʪʦʨʘ ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʥʦʤʽʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ, ʫ ʬʦʨʤʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʬʫʥʢʮʽʡ ʧʨʠʩʢʦʨʝʥʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ; 

- ʫʧʝʨʰʝ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ 

ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʠʪʝʨʽʡ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʽʜʥʦʰʝʥʥʷʤ ʢʚʘʜʨʘʪʘ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʚʠʨʘʭʫʚʘʥʥʷʤ 

ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʥʦʰʫʚʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ 

ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʥʘ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʜʦ 

ʜʦʙʫʪʢʫ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʽ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʥʘ ʢʚʘʜʨʘʪ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; ʟʘ ʟʥʘʯʝʥʥʷʤ ʮʴʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʢʦʥʫʻʪʴʩʷ ʦʮʽʥʶʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʫʩʢʫ ʪʘ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʧʫʩʢʦʚʦʾ ʪʨʘʻʢʪʦʨʽʾ; 
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- ʫʧʝʨʰʝ ʜʦʚʝʜʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʘ ʰʚʠʜʢʦʜʽʻʶ ʟʘ ʩʪʘʣʠʭ ʚʠʪʨʘʪ ʽ ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʟʘ 

ʤʽʥʽʤʫʤʦʤ ʚʠʪʨʘʪ ʟʘ ʩʪʘʣʦʾ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʻ ʯʘʩʪʢʦʚʠʤʠ ʚʠʧʘʜʢʘʤʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʢʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ; 

- ʫʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʚʠʨʘʟ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʬʘʟʠ 

ʩʪʘʪʦʨʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʥʘʧʨʫʛʠ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʩʪʨʫʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʪʦʯʥʶʚʘʪʠ ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʦʢʨʝʤʠʭ ʬʘʟ ʩʪʘʪʦʨʘ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʽʜ ʯʘʩ ʢʦʞʥʦʛʦ ʧʫʩʢʫ. 

ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʩʥʦʚʢʽʚ ʽ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ: ʢʦʨʝʢʪʥʽʩʪʶ ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ; ʢʦʨʝʢʪʥʽʩʪʶ ʧʨʠʡʥʷʪʠʭ ʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʧʨʠʧʫʱʝʥʴ ʽ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʙʽʛʦʤ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʘʢʪʠʯʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʢʨʝʤʠʭ 

ʧʨʠʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

- ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʪʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ, ʾʾ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʧʨʠʩʪʨʽʡ ʜʣʷ ʩʝʣʝʢʮʽʾ 

ʥʘʡʢʨʘʱʦʛʦ ʚʘʨʽʘʥʪʘ ʨʝʘʣʽʟʘʮʽʾ ʦʙôʻʢʪʘ; 

- ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʧʦʣʝʛʰʝʥʦʛʦ ʧʫʩʢʫ ʉɼ ʫ ʩʢʣʘʜʽ ʛʨʫʧʦʚʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ; 

- ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʬʘʟʠ ʩʪʘʪʦʨʘ 

ʘʩʠʥʭʨʦʥʥʠʭ ʽ ʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʧʫʩʢʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʨʠʣʘʜ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʠʤʽʨʶʚʘʣʴʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʟ ʜʘʪʯʠʢʽʚ ʬʘʟʥʦʛʦ ʩʪʨʫʤʫ ʽ ʬʘʟʥʦʾ ʥʘʧʨʫʛʠ; 

- ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʨʠʥʮʠʧʽʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ ʧʫʩʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ; 
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- ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʫ ʚʠʛʣʷʜʽ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʚʠʙʦʨʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʫʩʢʦʚʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʨʦʤʠʩʣʦʚʠʭ 

ʤʝʭʘʥʽʟʤʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʩʪʘʪʦʨʘ ʫ ʩʢʣʘʜʽ 

ʩʠʩʪʝʤ ʧʦʪʦʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ, ʪʘ ʽʥʰʠʭ 

ʫʧʨʦʚʘʜʞʝʥʦ ʥʘ ʪʘʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ: ʇʨɸʊ çʇʦʣʪʘʚʩʴʢʠʡ ɻɿʂè (ʤ. ɻʦʨʽʰʥʽ 

ʇʣʘʚʥʽ); ʰʘʭʪʘ ʽʤ. ɸʨʪʝʤʘ ˉ 1 ʇɸʊ çɸʨʩʝʣʦʨ ʄʽʪʪʘʣ ʂʨʠʚʠʡ ʈʽʛè (ʤ. ʂʨʠʚʠʡ 

ʈʽʛ); ʊʆɺ çɼɽʂ ɸʃʔʊɽʈɸè (ʤ. ʂʨʠʚʠʡ ʈʽʛ); ʊʆɺ çʇʨʦʤʊʝʭɼʽʘʛʥʦʩʪʠʢʘè (ʤ. 

ʂʨʠʚʠʡ ʈʽʛ); ʅɺʌ çʄʦʜʝʢʩ-ʧʨʠʚʦʜè, ʤ. ʇʦʢʨʦʚ. 

- ʩʪʚʦʨʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʟʘ ʢʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʥʘ ʢʘʬʝʜʨʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ 

ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʧʽʜ ʯʘʩ ʚʠʢʣʘʜʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ  

ʜʠʩʮʠʧʣʽʥʠ çɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤè ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʥʘʧʨʷʤʫ ʧʽʜʛʦʪʦʚʢʠ 141 ï çɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. 

ɿʜʦʙʫʚʘʯ ʻ ʻʜʠʥʠʤ ʘʚʪʦʨʦʤ ʫʩʽʭ ʥʘʫʢʦʚʠʭ ʽʜʝʡ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʪʝʦʨʝʪʠʯʥʠʤ ʨʦʟʨʦʙʢʘʤ ʪʘ ʥʘʫʢʦʚʠʤ ʧʦʣʦʞʝʥʥʷʤ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʩʪʚʦʨʝʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʧʫʩʢʦʚʠʭ 

ʩʠʩʪʝʤ, ʨʦʟʨʦʙʢʘ ʪʝʭʥʽʯʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʾʭ ʨʝʘʣʽʟʘʮʽʾ, ʚʠʨʦʙʥʠʯʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʨʘʟʦʤ ʟ ʡʦʛʦ ʢʦʣʝʛʘʤʠ ʽ 

ʘʩʧʽʨʘʥʪʘʤʠ. ɺʦʥʠ ʪʘʢʦʞ ʙʫʣʠ ʦʩʥʦʚʥʠʤʠ ʩʧʽʚʚʠʢʦʥʘʚʮʷʤʠ ʅɼʈ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚô̫ʟʘʥʠʤʠ ʟ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ, ʜʝ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʚʠʢʦʥʘʚʮʝʤ ʙʫʚ ʟʜʦʙʫʚʘʯ, ʽ 

ʩʧʽʚʘʚʪʦʨʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʫʙʣʽʢʘʮʽʡ. ɿʽ ʩʧʠʩʢʫ ʧʫʙʣʽʢʘʮʽʡ, ʥʘʚʝʜʝʥʠʭ ʫ ʜʦʜʘʪʢʫ, 

ʦʩʥʦʚʥʽ 4 ʧʽʜʛʦʪʦʚʣʝʥʦ ʙʝʟ ʩʧʽʚʘʚʪʦʨʽʚ. ʋ ʧʫʙʣʽʢʘʮʽʷʭ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ ʟʜʦʙʫʚʘʯʫ 

ʥʘʣʝʞʘʪʴ ʚʠʙʽʨ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʫ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʣʘʥʽʚ ʽ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, 

ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ, ʚʠʩʥʦʚʢʠ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ. 
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ʋ ʧʫʙʣʽʢʘʮʽʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʦʚʽ ʥʘʣʝʞʠʪʴ: [1, 2, 3, 

4, 8, 26] ï ʨʦʟʨʦʙʢʘ ʢʦʣʦ-ʧʦʣʴʦʚʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ SRM; [5, 6, 17, 18, 26, 30] 

ï ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ; [7, 22] 

ï ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

[9] ï ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ MATLAB  ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ; [12] ï ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ; 

[13, 14, 29] ï ʦʙˇʨʫʥʪʦʚʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ɸɼ ʟʘ ʡʦʛʦ 

ʧʫʩʢʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; [15, 31] ï ʩʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʛʨʫʧʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ; [16] ï ʚʠʢʦʥʘʥʦ ʩʧʨʦʱʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦ ʾ ʤʦʜʝʣʽ ɸɼ ʜʣʷ 

ʨʝʞʠʤʫ ʨʫʰʘʥʥʷ; [21, 25] ï ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ, ʘʥʘʣʽʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ; [23] ï ʨʦʟʨʦʙʢʘ 

ʘʣʛʦʨʠʪʤʽʚ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; [24] ï ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʛʫʣʴʦʚʘʥʠʭ ʘʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʫ Matlab/SimPower. 

ʅʫʤʝʨʘʮʽʶ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʧʦʜʘʥʦ ʟʘ ʜʦʜʘʪʢʦʤ E. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʪʨʠʤʘʣʠ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʘ ɯɯɯ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɺʽʜʦʤʦʩʪʽ ʥʘʫʢʦʚʦʾ ʜʫʤʢʠè, Przemysl, 2007ʨ.; VII 

International conference ñConception & production integrees CPI 2011ò, Oujida, 

Morocco, 2011; The International Symposium On Ubiquitous Networking UNet 2015, 

Casablanca, Morocco; XV ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʦʙʣʝʤʳ ʵʥʝʨʛʦʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʅʘʫʢʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʘʢʪʠʢʘè ICPEES 2014, ʤ. ʂʨʝʤʝʥʯʫʢ; XVI ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʳ ʵʥʝʨʛʦʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʅʘʫʢʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʘʢʪʠʢʘè ICPEES 

2015, ʤ. ʂʨʝʤʝʥʯʫʢ; XX ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʦʙʣʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘè, 

ʍʘʨʴʢʦʚ, 2014 ʨ.; XXɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘè, ʍʘʨʴʢʦʚ, 2015 ʨ.; 
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ʍɯV ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʩʫʯʘʩʥʦʾ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ - ʇʉɽè, ʂʠʾʚ, 2016 ʨ.; International Conference on çModern 

electrical and energy systemsè MEES-2017, ʂʨʝʤʝʥʯʫʢ, 2017 ʨ. 

ʈʦʙʦʪʘ ʙʫʣʘ ʨʦʟʛʣʷʥʫʪʘ ʪʘ ʦʪʨʠʤʘʣʘ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʘ ʥʘʫʢʦʚʦʤʫ 

ʩʝʤʽʥʘʨʽ ʚʽʜʜʽʣʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ ɯʥʩʪʠʪʫʪʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʧʨʦʪʦʢʦʣ ˉ 3 ʚʽʜ 26.04.2018 ʨʦʢʫ. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʟʜʦʙʫʚʘʯʝʤ ʦʧʫʙʣʽʢʦʚʘʥʦ 31 

ʥʘʫʢʦʚʫ ʨʦʙʦʪʫ, ʟ ʥʠʭ 4 ʨʦʙʦʪʠ ʚʠʜʘʥʦ ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʞʫʨʥʘʣʘʭ, ʟʘʥʝʩʝʥʠʭ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ, 12 ʨʦʙʽʪ ʚʠʜʘʥʦ ʫ ʞʫʨʥʘʣʘʭ ʋʢʨʘʾʥʠ, 

ʟʘʥʝʩʝʥʠʭ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ, 8 ʨʦʙʽʪ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ  

ʧʨʦʚʽʜʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 5 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ, 2 

ʧʘʪʝʥʪʠ. ʏʦʪʠʨʠ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʙʝʟ ʩʧʽʚʘʚʪʦʨʽʚ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʘʥʦʪʘʮʽʾ, ʚʩʪʫʧʫ, ʰʝʩʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʽʟ 

271 ʥʘʡʤʝʥʫʚʘʥʥʷ ʪʘ 6 ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 367 ʩʪʦʨʽʥʦʢ, 

ʫ ʪʦʤʫ ʯʠʩʣʽ 260 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 140 ʨʠʩʫʥʢʽʚ, 8 ʪʘʙʣʠʮʴ, ʟ ʷʢʠʭ 1 

ʪʘʙʣʠʮʷ ʥʘ ʦʢʨʝʤʠʭ 2 ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1  

ʉʋʏɸʉʅʀʁ ʉʊɸʅ ʊɽʆʈɯɰ ʂɽʈʆɺɸʅʆɻʆ ʇʋʉʂʋ ʇʆʊʋɾʅʀʍ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼɯɺ ɽʅɽʈɻʆɭʄʅʀʍ ɺʀʈʆɹʅʀʎʊɺ 

1.1 ʊʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʢʣʘʩʠʯʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʽ ʟʘʢʦʥʘʭ ʢʣʘʩʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ï ʟʘʢʦʥʽ ʅʴʶʪʦʥʘ ʪʘ ʟʘʢʦʥ ̔

ʟʙʝʨʝʞʝʥʥʷ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ [1]. 

ʋ ʢʣʘʩʠʯʥʽʡ ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ [2, 3] ʘʥʘʣʽʟ ʨʫʭʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʨʽʚʥʷʥʴ ʅʴʶʪʦʥʘ ʜʣʷ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ, ʷʢʽ ʻ ʣʠʰʝ 

ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʜʝʷʢʽ 

ʚʘʞʣʠʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʫ ʚʠʛʣʷʜʽ ʟʘʢʦʥʫ 

ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʜʣʷ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ, ʷʢʝ ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

Ͻ
Ὕ Ὕ ,     (1.1) 

ʜʝ JɆ ï ʩʫʤʘʨʥʠʡ ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʚʘʣʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, TE, TL ï ʨʫʰʽʡʥʠʡ ʤʦʤʝʥʪ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʽ ʩʪʘʪʠʯʥʠʡ ʤʦʤʝʥʪ 

ʦʧʦʨʫ ʨʦʙʦʯʦʾ ʤʘʰʠʥʠ ʚʽʜʧʦʚʽʜʥʦ. 

ɺʠʢʦʥʫʶʯʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ, ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ: 

ὐϽ Ὕ Ὕ ‫Ͻ  .   (1.2) 

ʗʢʱʦ ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʫʩʪʘʣʝʥʠʡ, ʪʦ 

ʮʝ ʨʽʚʥʷʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʚʽʜʦʤʝ ʨʽʚʥʷʥʥʷ ʨʫʭʫ, ʦʪʨʠʤʘʥʝ ʥʘ ʧʽʜʩʪʘʚʽ 

ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ. 

ʅʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʜʠʥʘʤʽʯʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʤʦʤʝʥʪʫ ʦʧʦʨʫ, ʱʦ ʤʦʞʝ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʮʝʩ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʽ ʦʙʫʤʦʚʣʶʻ ʩʢʣʘʜʥʽʰʫ ʩʪʨʫʢʪʫʨʫ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʜʣʷ ʤʝʭʘʥʽʟʤʽʚ 

ʟ ʥʝʩʪʘʣʠʤ ʧʨʠʚʝʜʝʥʠʤ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ. 

ʆʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʧʨʘʮʶʻ ʫ ʩʢʣʘʜʽ ʚʠʨʦʙʥʠʯʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʪʦʯʝʥʥʷ [4] ʽʩʥʫʻ ʩʫʪʪʻʚʠʡ ʚʟʘʻʤʦʚʧʣʠʚ ʤʽʞ ʧʫʩʢʦʚʠʤ ʧʨʦʮʝʩʦʤ 
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ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ̔  ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʪʦʯʝʥʥʷʤ, ʷʢʠʡ ʦʙʫʤʦʚʣʶʻ ʥʝʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʧʦʤʽʱʝʥʦʛʦ ʚ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʪʦʯʝʥʥʷ. 

ʄʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʦʙʝʨʪʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ Tɽ ʟʘʛʘʣʦʤ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ʩʪʨʫʤʽʚ ʚ ʦʢʨʝʤʠʭ ʦʙʤʦʪʢʘʭ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʽ ʢʫʪʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ. ʊʦʤʫ ʥʘ ʩʪʚʦʨʶʚʘʥʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘʶʪʴ ʜʚʘ ʯʠʥʥʠʢʠ ï ʥʝʽʜʝʘʣʴʥʽʩʪʴ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʽ ʥʝʽʜʝʘʣʴʥʽʩʪʴ ʚʣʘʩʥʝ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ. ʎ ̔ʯʠʥʥʠʢʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʩʪʨʫʤʦʚʦʛʦ ʪʘ 

ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʢʨʝʤʠʭ ʬʘʟ ʩʪʘʪʦʨʘ, ʜʦ ʧʦʷʚʠ ʧʫʣʴʩʫʶʯʠʭ ʩʢʣʘʜʦʚʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ. 

ʄʦʤʝʥʪ ʦʧʦʨʫ ʨʦʙʦʯʦʾ ʤʘʰʠʥʠ TL ʪʘʢʦʞ ʜʦʩʠʪʴ ʯʘʩʪʦ ʻ ʽʩʪʦʪʥʦ ʥʝʣʽʥʽʡʥʦʶ 

ʬʫʥʢʮʽʻʶ ʷʢ ʢʦʦʨʜʠʥʘʪ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ (ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʧʦʣʦʞʝʥʥʷ), ʪʘʢ ʽ 

ʯʘʩʫ. ʋ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʘʭ ʤʦʤʝʥʪ ʦʧʦʨʫ ʨʦʙʦʯʦʾ ʤʘʰʠʥʠ ʤʦʞʝ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʪʠ 

ʯʝʨʝʟ ʚʧʣʠʚ ʧʨʫʞʥʠʭ ʟʚô̫ʟʢʽʚ ʫ ʤʝʭʘʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʆʩʦʙʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʻ ʧʫʩʢ ʙʘʛʘʪʦʜʚʠʛʫʥʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ [5]. 

ɺʧʣʠʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʦʾ ʩʭʝʤʠ, ʨʠʩ. 1.2 : 

 

 

ʈʠʩʫʥʦʢ 1.2 - ʉʭʝʤʘ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʨʝʞʠʤ ʧʫʩʢʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ 
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ʅʘʡʚʘʞʣʠʚʽʰʽ ʭʘʨʘʢʪʝʨʥʽ ʥʘʧʨʷʤʢʠ ʚʟʘʻʤʦʚʧʣʠʚʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʽ ʡʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʪʦʯʝʥʥʷ, ʷʢʽ ʧʦʚô̫ʟʘʥʽ ʟ ʧʫʩʢʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʨʦʟʛʣʷʥʫʪʦ 

ʜʦʢʣʘʜʥʽʰʝ ʫ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʦʥʘʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ 

ʯʘʩʪʠʥʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʜʣʷ 

ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʚʠʟʥʘʯʝʥʦ ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 

1.2 ɺʧʣʠʚ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘ ʥʘʜʽʡʥʽʩʪʴ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʇʝʨʽʦʜʠʯʥʽ ʧʫʩʢʦʚʽ ʧʨʦʮʝʩʠ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʩʪʚʦʨʶʶʪʴ 

ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʩʧʝʢʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʦʮʝʩʠ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʫʤʦʚʣʶʶʪʴ 

ʟʙʽʣʴʰʝʥʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʟʤʝʥʰʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ  ̔ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ 

ʦʙʣʘʜʥʘʥʥʷ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʙʽʣʴʰʫʶʪʴ ʚʠʪʨʘʪʠ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ʅʘʚʝʜʝʤʦ ʛʨʫʙʫ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʥʘʜʽʡʥʽʩʪʴ 

ʦʙʣʘʜʥʘʥʥʷ. ɿʛʽʜʥʦ ʟ [6], ʢʽʣʴʢʽʩʪʴ ʧʨʷʤʠʭ ʘʩʠʥʭʨʦʥʥʠʭ ʧʫʩʢʽʚ ʉɼ ʜʦ ʡʦʛʦ 

ʧʦʚʥʦʛʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʩʢʣʘʜʘʻ N = 450 ï 550. ɺʠʭʦʜʷʯʠ ʟ ʧʦʯʘʪʢʦʚʦʾ ʚʘʨʪʦʩʪʽ ʉɼ 

(ʧʨʠʡʥʷʪʦ ʜʘʥʽ ʜʣʷ ʥʦʚʦʛʦ ʉɼ ʧʦʪʫʞʥʽʩʪʶ 3,5 ʄɺʪ), ʦʪʨʠʤʘʻʤʦ ʪʘʢʠʡ ʨʝʟʫʣʴʪʘʪ: 

 

ɺʘʨʪʽʩʪʴ ʧʫʩʢʫ º (25 000 000 ʛʨʥ) / (500 ʧʫʩʢʽʚ) º 50 000 ʛʨʥ 

 

ɸʥʘʣʽʟ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʛʽʨʥʠʯʦʨʫʜʥʦʛʦ ʪʘ ʭʽʤʽʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚ, ʚʠʢʦʥʘʥʠʡ ʫ ʨʦʙʦʪʘʭ [7, 8, 9, 6, 10, 11], ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʘʪʫʚʘʪʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʧʨʷʤʠʭ ʧʫʩʢʽʚ ʥʝʨʝʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʚʠʢʦʥʘʥʽ ʫ [9], ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʚʘʥʪʘʞʝʥʴ 

ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʽ ʧʝʨʝʛʨʽʚʘʥʥʷ ʧʫʩʢʦʚʠʭ ʦʙʤʦʪʦʢ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʩʠʥʭʨʦʥʥʠʭ 
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ʜʚʠʛʫʥʽʚ (ʉɼ) ʥʘ ʆʨʜʞʦʥʽʢʽʜʟʝʚʩʴʢʦʤʫ ɻɿʂ ʫ 1986ï1990 ʨʨ. ʚʠʡʰʣʠ ʟ ʣʘʜʫ ʉɼ 

ʝʢʩʢʘʚʘʪʦʨʽʚ ʪʠʧʫ ɽʐï10/70 ï 19 ʦʜʠʥʠʮʴ ʧʨʠ ʧʘʨʢʫ 20, ɽʐï20/90 ï 9 ʦʜʠʥʠʮʴ 

ʧʨʠ ʧʘʨʢʫ 6. 

ʅʘ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʢʦʤʙʽʥʘʪʘʭ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʟʘʣʽʟʦʨʫʜʥʦʛʦ 

ʙʘʩʝʡʥʫ 70 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʭʦʜʽʚ ʟ ʣʘʜʫ ʉɼ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʨʫʡʥʫʚʘʥʥʷ ʧʫʩʢʦʚʦʾ ʦʙʤʦʪʢʠ ʚ ʧʨʦʮʝʩʽ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʫʩʢʫ ʽ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ 

ʫ ʩʪʘʪʦʨʽ [12]. 

ɸʥʘʣʽʟ ʘʚʘʨʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʡ ʩʠʩʪʝʤʠ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʇʦʣʪʘʚʩʴʢʦʛʦ ɻɿʂ 

ʧʦʢʘʟʫʻ [11], ʱʦ ʤʘʡʞʝ ʧʦʣʦʚʠʥʘ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʯʘʩʪʽ 

ʧʫʩʢʠ ʽ ʟʫʧʠʥʢʠ ʥʘʩʦʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʘʚʘʨʽʡʥʦʩʪʽ ʥʘʩʦʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʂʨʠʚʦʨʽʟʴʢʠʭ ɻɿʂ 

[12], ʫʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʫʩʢʽʚ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ 

ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʽʜʤʦʚ ɸɼ ʽ ʉɼ ʻ ʧʦʰʢʦʜʞʝʥʥʷ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ 

ʫʥʘʩʣʽʜʦʢ ʧʨʦʙʦʶ ʽʟʦʣʷʮʽʾ ʦʙʤʦʪʢʠ [13, 14]. ʇʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ ʽʟʦʣʷʮʽʾ ʩʫʪʪʻʚʦ 

ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʚʘʥʪʘʞʝʥʴ ʧʽʜ ʯʘʩ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ: 

ʧʽʜʚʠʱʝʥʥ ̔ʤʝʭʘʥʽʯʥʠʭ ʟʫʩʠʣ,ɹ ʟʥʘʯʥʦʛʦ ʪʝʨʤʯ̔ʥʦʛʦ ʚʧʣʠʚʫ ʧʫʩʢʦʚʠʭ ʩʪʨʫʤʽʚ, 

ʧʽʜʚʠʱʝʥʥ ̔ʨʽʚʥ ̫ʚʽʙʨʘʮʽʾ ʪʘ ʽʥ.  

ɼʨʫʛʦʶ ʟʘ ʚʘʞʣʠʚʽʩʪʶ ʧʨʠʯʠʥʦʶ ʘʚʘʨʽʡʥʦʩʪʽ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʻ 

ʤʝʭʘʥʽʯʥʽ ʫʰʢʦʜʞʝʥʥʷ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ [14, 15]. ɺʠʭʽʜ ʟ ʣʘʜʫ 

ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚô̫ʟʘʥʠʡ ʟ ʜʽʻʶ ʟʥʘʢʦʟʤʽʥʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʨʫʰʽʡʥʦʛʦ ʤʦʤʝʥʪʫ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ɯʥʪʝʥʩʠʚʥʝ ʟʥʦʫhʚʘʥʥʷ ʚʫʟʣʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʘʤʝ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʇʨʦʮʝʩʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʽ ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʽʥʥʷ 

ʥʘʡʙʽʣʴʰʝ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʘʞʢʦʛʦ ʧʫʩʢʫ. 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʽʥʥʷ ʟʫʤʦʚʣʝʥʘ ʟʥʘʯʥʦʶ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ, 

ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʦʛʽʨʰʝʥʥʷʤ ʫʤʦʚ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʥʘʚʽʪʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʨʠʤʫʩʦʚʦʾ ʚʝʥʪʠʣʷʮʽʾ [16]. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʜʘʪʢʦʚʦʛʦ 

ʥʘʛʨʽʚʘʥʥʷ ʦʙʤʦʪʦʢ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʤô̫ ʢʰʝʥʥʷ, ʧʣʘʚʣʝʥʥʷ, ʟʤʽʥʘ 
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ʤʽʮʥʦʩʪʽ ʜʦ ʨʦʟʪʷʛʥʝʥʥʷ, ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʽʟʦʣʷʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʾʾ 

ʬʽʟʠʯʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʽʥʪʝʥʩʠʚʥʽʰʦʛʦ ʩʪʘʨʽʥʥʷ [17]. 

ʇʽʜ ʯʘʩ ʧʫʩʢʫ ʜʚʠʛʫʥʘ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ ʚʠʥʠʢʘʶʪʴ 

ʚʽʙʨʘʮʽʡʥʽ ʩʢʣʘʜʦʚʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ [18, 19] ʫʥʘʩʣʽʜʦʢ: 

ï ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʯʘʩʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʤʝʥʪʫ 

ʦʧʦʨʫ ʤʘʻ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʬʨʦʥʪ ʟ ʤʘʣʦʶ ʧʦʩʪʽʡʥʦʶ ʯʘʩʫ; 

ï ʫʜʘʨʥʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ ʩʠʥʫʩʦʾʜʘʣʴʥʫ ʬʦʨʤʫ ʟ 

ʯʘʩʪʦʪʦʶ, ʷʢʘ ʥʘ ʩʘʤʦʤʫ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʘ ʨʽʚʥʦʶ 

ʯʘʩʪʦʪʽ ʤʝʨʝʞʽ; 

ï ʽʤʧʫʣʴʩʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ. 

ʋ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ ʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʢʦʣʠʚʘʥʴ 

ʫ ʤʝʭʘʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʽʜ ʯʘʩ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʨʘʮʶʶʪʴ ʥʘ ʥʝʩʪʽʡʢʽʡ ʯʘʩʪʠʥʽ ʤʝʭʘʥʽʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʥʦʩʷʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʚʽʜô̒ ʤʥʝ ʜʝʤʧʬʫʚʘʥʥʷ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ 

ʫ ʙʘʛʘʪʦʤʘʩʦʚʠʭ ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʠʥʘʭ [20]. ʄʘʢʩʠʤʫʤ ʢʦʣʠʚʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ 

ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʜʦʩʷʛʪʠ ʟʥʘʯʝʥʥʷ (2õ2,5) ʄʥʦʤ. 

ʋ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʘʭ ʜʦ ʨʦʪʦʨʘ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʨʽʟʥʽ ʩʢʣʘʜʦʚʽ ʧʝʨʽʦʜʠʯʥʠʭ 

ʟʫʩʠʣʴ, ʪʘʢʽ ʷʢ: 

ï ʩʢʣʘʜʦʚʽ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʘʟʦʨʫ ʽ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʫ 

ʚʘʛʠ ʨʦʪʦʨʘ: 

Ὂ ὸ Ὂ̅ Ͻ̂ίὭὲ‫ὸ Ὂ̆ϽίὭὲ‫ὸ • ,   (1.6) 

ʜʝ F1 ï ʘʤʧʣʽʪʫʜʘ ʨʦʟʛʣʷʥʫʪʦʾ ʩʢʣʘʜʦʚʦʾ; Fʜʙ ï ʘʤʧʣʽʪʫʜʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷʤ ʜʠʩʙʘʣʘʥʩʫ; Fʝ ï ʘʤʧʣʽʪʫʜʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ; ű1 ï ʢʫʪ ʟʩʫʚʫ ʧʦ ʬʘʟʽ; 

ï ʩʢʣʘʜʦʚʘ ʟ ʯʘʩʪʦʪʦʶ, ʘʤʧʣʽʪʫʜʘ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʥʝʩʠʤʝʪʨʽʾ 

ʧʨʦʮʝʩʽʚ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ; 

ï ʩʢʣʘʜʦʚʘ ʟ ʯʘʩʪʦʪʦʶ ʤʝʨʝʞʽ, ʘʤʧʣʽʪʫʜʘ ʷʢʦʾ ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʽ 

ʦʜʥʦʦʩʥʦʾ ʩʠʣʠ ʤʘʛʥʽʪʥʦʛʦ ʪʷʞʽʥʥʷ; 

ï ʟʫʙʮʝʚʽ ʩʢʣʘʜʦʚʽ, ʩʧʨʠʯʠʥʝʥʽ ʧʨʷʤʠʤ ʽ ʟʚʦʨʦʪʥʠʤ ʦʙʝʨʪʦʚʠʤʠ ʧʦʣʷʤʠ 

[16]. 
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ʅʝʽʜʝʘʣʴʥʽʩʪʴ ʤʝʨʝʞ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʩʘʤʝ ï ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʚʽʜ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʥʘʷʚʥʽʩʪʴ ʥʝʩʠʤʝʪʨʽʾ 

ʬʘʟʥʠʭ ʥʘʧʨʫʛ, ʩʢʣʘʜʥʠʡ ʛʘʨʤʦʥʽʡʥʠʡ ʩʢʣʘʜ ʥʘʧʨʫʛʠ ï ʫʩʝ ʮʝ ʨʽʟʥʦ  ʁʤʽʨʦ  ʁ

ʟʥʠʞʫʻ ʩʪʚʦʨʶʚʘʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʨʫʰʽʡʥʠʡ ʤʦʤʝʥʪ, ʟʙʽʣʴʰʫʻ ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʧʦʛʽʨʰʫ ̒ʫʤʦʚʠ ʨʦʙʦʪʠ ʽʟʦʣʷʮʽʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, 

ʘ, ʦʪʞʝ, ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʥʘʜʽʡʥʽʩʪʴ ʽ ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ. 

ʗʢ ʚʽʜʦʤʦ, ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʢʚʘʜʨʘʪʠʯʥʠʤ 

(ʜʣʷ ɸɼ) ʘʙʦ ʣʽʥʽʡʥʠʤ (ʜʣʷ ʉɼ ʽ ɼʇʊ) ʟʤʝʥʰʝʥʥʷʤ ʨʫʰʽʡʥʦʛʦ ʤʦʤʝʥʪʫ, ʱʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ [10]. 

ʈʝʞʠʤ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚ ʫʤʦʚʘʭ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ ʞʠʚʣʝʥʥʷ ʷʢʽʩʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʝʞʠʤʫ ʩʠʤʝʪʨʠʯʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʤʦʤʝʥʪ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʩʪʨʫʤʘʤʠ ʟʚʦʨʦʪʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʻ ʛʘʣʴʤʽʚʥʠʤ. 

ʆʪʞʝ, ʥʝʩʠʤʝʪʨʽʷ ʥʘʧʨʫʛ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʧʨʠʟʚʦʜʠʪʠʤʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ [21]. 

ʅʝʩʠʤʝʪʨʽʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʧʦʛʽʨʰʫʻ ʧʫʩʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʘ ʡ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʥʘʜʽʡʥʽʩʪʴ  ̔ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ. ʊʘʢ, 

ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʧʦʚʥʽʩʪʶ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ, ʱʦ ʧʨʘʮʶʻ ʟ 

ʥʝʩʠʤʝʪʨʽʻʶ ʥʘʧʨʫʛʠ 4%, ʩʢʦʨʦʯʫʻʪʴʩʷ ʚ 2 ʨʘʟʠ [22]. 

ʅʝʩʠʥʫʩʦʾʜʘʣʴʥʽʩʪʴ ʥʘʧʨʫʛ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʪʘʢʦʞ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘ ̒ʥʘ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ [23]. ʉʪʨʫʤʠ ʜʝʷʢʠʭ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʩʪʚʦʨʶʶʪʴ 

ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʟʚʦʨʦʪʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʫʶʪʴ ʩʫʤʘʨʥʠʡ ʨʫʰʽʡʥʠʡ ʤʦʤʝʥʪ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ [14, 24]. ɿʘ ʥʘʷʚʥʦʩʪʽ ʚ ʢʨʠʚʽʡ ʥʘʧʨʫʛʠ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʧʨʦʮʝʩ 

ʩʪʘʨʽʥʥʷ ʽʟʦʣʷʮʽʾ ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʰʝ, ʥʽʞ ʫ ʨʘʟʽ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʽʟ ʩʠʥʫʩʦʾʜʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ [14, 24]. 

ʅʝʽʜʝʘʣʴʥʽʩʪʴ ʜʚʠʛʫʥʘ ʧʨʦ̫ʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʥʝʩʠʤʝʪʨʽʾ 

ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʪʘ ʨʦʪʦʨʘ, ʫ ʥʝʩʠʤʝʪʨʽʾ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ, ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʷʚʠ ʩʪʨʫʤʽʚ ʟʚʦʨʦʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʧʦʛʽʨʰʫʻ ʧʫʩʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. ʇʨʠʯʠʥʦʶ ʥʝʩʠʤʝʪʨʽʾ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʻ ʤʽʞʚʠʪʢʦʚʽ 

ʟʘʤʠʢʘʥʥʷ, ʨʦʟʧʫʰʫʚʘʥʥʷ, ʣʦʢʘʣʴʥʝ ʟʘʢʦʨʦʯʫʚʘʥʥʷ ʣʠʩʪʽʚ ʩʪʘʣʽ ʪʘ ʽʥʰʝ. ʋ ʮʠʭ 

ʤʽʩʮʷʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʠʣʝʥʥʷ ʚʠʭʨʦʚʠʭ ʩʪʨʫʤʽʚ, ʚʪʨʘʪ ʥʘ ʛʽʩʪʝʨʝʟʠʩ, ʱʦ 
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ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʚ ʧʦʚʽʪʨʷʥʦʤʫ 

ʟʘʟʦʨ ̔ [25]. ʇʠʪʘʥʥʷʤ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʟʘʣʠʰʢʦʚʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʝʩʫʨʩʫ ʧʨʠʩʚʷʯʝʥʽ ʥʘʫʢʦʚʽ ʨʦʙʦʪʠ ʟ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ [26, 27, 28, 29]. 

ʅʘ ʧʨʦʮʝʩ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘ ̒ʨʦʙʦʯʘ ʤʘʰʠʥʘ, ʷʢʘ 

ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨʠ ʽ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ TL ʽ 

ʩʫʤʘʨʥʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ JɆ. ʋ ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʢʽʣʴʢʘ ʪʠʧʦʚʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʯʠʭ ʤʘʰʠʥ, ʷʢ ̔

ʟʘʛʘʣʴʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʥʽ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ ɹʣʘʥʢʘ [30]: 

Ὕ Ὕ Ὕ Ὕ Ͻ ,   (1.7) 

ʜʝ TL ʽ TLn - ʩʪʘʪʠʯʥʽ ʤʦʤʝʥʪʠ ʦʧʦʨʫ ʤʝʭʘʥʽʟʤʫ ʚʽʜʧʦʚʽʜʥʦ ʟ ʢʫʪʦʚʠʤʠ 

ʰʚʠʜʢʦʩʪʷʤʠ ɤ ʽ ɤn; TL0 ï ʤʦʤʝʥʪ ʥʝʨʦʙʦʯʦʛʦ ʭʦʜʫ (ʪʝʨʪʷ) ʤʝʭʘʥʽʟʤʫ, ʱʦ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ. 

ʄʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʣʠʰʝ ʥʘʙʣʠʞʝʥʦ 

ʦʧʠʩʫʶʪʴʩʷ ʬʦʨʤʫʣʦʶ ɹʣʘʥʢʘ ʧʝʨʝʚʘʞʥʦ ʯʝʨʝʟ ʪʝ, ʱʦ ʚ ʤʦʤʝʥʪ ʨʫʰʘʥʥʷ ʩʠʣʠ ʽ 

ʤʦʤʝʥʪʠ ʦʧʦʨʫ ʩʧʦʢʦʶ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʾʭ ʟʥʘʯʝʥʥʷ ʟʘ ʫʩʪʘʣʝʥʦʛʦ 

ʨʫʭʫ [31]. 

ʆʩʢʽʣʴʢʠ ʤʦʤʝʥʪ ʦʧʦʨʫ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʠʭ ʤʘʰʠʥ, ʩʪʚʦʨʝʥʠʡ 

ʩʠʣʘʤʠ ʪʝʨʪʷ, ʤʘʻ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʪʠʧʫ ʢʫʣʦʥʽʚʩʴʢʦʛʦ ʪʝʨʪʷ, ʪʦ ʧʫʩʢ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʦʤʽʪʥʦ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʠ: ʝʪʘʧ ʨʫʰʘʥʥʷ, 

ʢʦʣʠ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʫʣʴʦʚʦʶ, ʪʘ ʝʪʘʧ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʛʦʥʫ ʜʦ ʫʩʪʘʣʝʥʦʾ ʰʚʠʜʢʦʩʪʽ [32]. 

ɯʩʥʫʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʨʫʰʘʥʥʷ ʢʦʥʩʪʘʪʫʻʪʴʩʷ ʚ ʨʦʙʦʪʘʭ [33, 3], ʘ ʾʾ 

ʧʦʛʣʠʙʣʝʥʦʤʫ ʚʠʚʯʝʥʥʶ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʚ ʛʘʣʫʟʽ ʪʫʨʙʦʤʝʭʘʥʽʟʤʽʚ ï [34, 35], 

ʩʪʦʩʦʚʥʦ ʢʫʣʴʦʚʠʭ ʤʣʠʥʽʚ ï [36, 37], ʚ ʛʘʣʫʟʽ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ï [38, 39, 

40]. ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʫ [41] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʤʝʭʘʥʽʟʤʽʚ ʟ ʚʘʞʢʠʤʠ ʫʤʦʚʘʤʠ ʧʫʩʢʫ. ʋ [41] ʧʦʢʘʟʘʥʦ, ʱʦ ʤʦʤʝʥʪ 

ʦʧʦʨʫ ʨʦʙʦʯʦʾ ʤʘʰʠʥʠ ʥʘ ʧʦʯʘʪʢʫ ʨʫʭʫ ʤʦʞʝ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʾʾ ʤʦʤʝʥʪ 

ʦʧʦʨʫ ʚ ʨʝʞʠʤʽ ʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 
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ʆʩʦʙʣʠʚʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʨʠʪʘʤʘʥʥʠʡ ʪʘʢʦʞ 

ʰʠʨʦʢʦʤʫ ʢʣʘʩʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ̔ ʧʨʫʞʥʠʤʠ ʟʚô̫ʟʢʘʤʠ ʚ ʤʝʭʘʥʽʯʥʽʡ 

ʯʘʩʪʠʥʽ - ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ; ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʙʘʣʦʢ ʤʦʩʪʦʚʠʭ ʢʨʘʥʽʚ 

[42]; ʢʨʘʥʦʚʽ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʽʚ [43]; ʪʫʨʙʦʤʝʭʘʥʽʟʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ [44, 45]; 

ʙʫʨʦʚʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʚʝʣʠʢʦʶ ʛʣʠʙʠʥʦʶ ʙʫʨʽʥʥʷ [46]; ʧʽʜʡʦʤʥʽ ʫʩʪʘʥʦʚʢʠ ʰʘʭʪ ʟʽ 

ʟʥʘʯʥʦʶ ʛʣʠʙʠʥʦʶ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ [47]. 

ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ̔  ʟʤʽʥʥʠʤ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ 

(ʥʘʤʦʪʫʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ [48], ʤʝʭʘʥʽʟʤʠ ʚʽʙʨʦʪʨʘʥʩʧʦʨʪʘ [49, 50], ʝʢʩʢʘʚʘʪʦʨ 

ʫ ʨʝʞʠʤʽ ʢʦʧʘʥʥʷ [51]) ʻ ʧʦʷʚʘ ʜʦʜʘʪʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʤʝʥʪʫ ʦʧʦʨʫ, 

ʷʢʠʡ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʪʘʢʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 

ʉʧʝʮʠʬʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʟʫʤʦʚʣʝʥʽ ʥʝʽʜʝʥʪʠʯʥʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ 

ʜʚʠʛʫʥʽʚ, ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʙʘʛʘʪʦʜʚʠʛʫʥʥʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ [3, 52, 5]. 

ɸʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʦʮʝʩʠ ʧʫʩʢʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘʢʦʞ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʥʘʜʽʡʥʦʩʪʽ. 

ʊʘʢ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʦʙʦʪʦʶ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʝʤʣʝʩʦʩʽʚ ʅʇï800 ʥʘ 

ʇʦʣʪʘʚʩʴʢʦʤʫ ɻɿʂ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʜ ʯʘʩ ʚʘʞʢʠʭ ʧʫʩʢʽʚ ʽʥʪʝʥʩʠʚʥʦʤʫ 

ʟʥʦʰʫʚʘʥʥʶ ʧʽʜʜʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʘʣʝ ʽ ʩʘʤ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʤʝʭʘʥʽʟʤ [35]. ʇʽʜ ʯʘʩ ʧʫʩʢʽʚ ʥʘ ʧʦʚʥʠʡ ʟʫʤʧʬ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʦʨʫʰʝʥʥʷ ʮʝʥʪʨʫʚʘʥʥʷ, ʚʠʭʽʜ ʟ ʣʘʜʫ ʧʽʜʰʠʧʥʠʢʽʚ, 

ʧʨʦʪʽʢʘʥʥʷ ʤʘʩʣʘ ʪʘ ʽʥʰʽ ʥʝʩʧʨʘʚʥʦʩʪʽ. 

ʈʦʙʦʪʘ ʚʠʜʦʙʫʚʥʠʭ ʤʘʰʠʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʫʩʢʽʚ ʽ 

ʟʫʧʠʥʦʢ [53]. ɼʣʷ ʩʫʯʘʩʥʠʭ ʚʫʟʴʢʦʟʘʭʚʘʪʥʠʭ ʢʦʤʙʘʡʥʽʚ ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʧʫʩʢʽʚ ʚ 

ʛʦʜʠʥʫ ʜʦʩʷʛʘʻ ʰʽʩʪʜʝʩʷʪʠ [54]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʚ [55], 

ʪʝʧʣʦʚʝ ʩʪʘʨʽʥʥʷ ʽʟʦʣʷʮʽʾ ʫʥʘʩʣʽʜʦʢ ʯʘʩʪʠʭ ʧʫʩʢʽʚ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ, ʷʢʘ ʥʝ 

ʜʦʟʚʦʣʷʻ ʧʨʦʜʦʚʞʠʪʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʢʦʤʙʘʡʥʦʚʦʛʦ ʜʚʠʛʫʥʘ. 

ɿʥʘʢʦʟʤʽʥʥʘ ʜʠʥʘʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʚʠʢʣʠʢʘʻ ʫʜʘʨʠ ʚ 

ʥʘʚʘʥʪʘʞʝʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯʘʭ, ʨʦʟʭʠʪʫʻ ʰʧʦʥʢʦʚʽ ʪʘ ʰʣʽʮʴʦʚʽ ʟô̒ ʜʥʘʥʥʷ, 

ʟʙʽʣʴʰʫʻ ʧʨʦʛʠʥ ʚʘʣʘ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʫʥʩʣʽʜʦʢ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʪʷʞʽʥʥʷ, ʟʙʽʣʴʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʜʰʠʧʥʠʢʠ ʨʝʜʫʢʪʦʨʽʚ ʟʘʙʽʡʥʦʾ 
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ʤʘʰʠʥʠ ʪʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ [56]. ɿʥʘʯʥʽ ʧʫʩʢʦʚʽ ʩʪʨʫʤʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʷʚʠ 

ʟʥʘʯʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʟʫʩʠʣ ɹ ʚ ʦʙʤʦʪʮʽ ʩʪʘʪʦʨʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʱʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʟʫʩʠʣʣʷ ʚ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʚ 30ï40 ʨʘʟʽʚ [57] ʽ ʚʠʢʣʠʢʘʶʪʴ 

ʧʦʩʪʫʧʦʚʝ ʤʝʭʘʥʽʯʥʝ ʨʫʡʥʫʚʘʥʥʷ ʽʟʦʣʷʮʽʾ ʫʥʘʩʣʽʜʦʢ ʚʠʛʠʥʫ ʪʘ ʚʽʙʨʘʮʽʾ ʣʦʙʦʚʠʭ ʽ 

ʧʘʟʦʚʠʭ ʜʽʣʷʥʦʢ ʩʝʢʮʽʡ. 

ʈʝʞʠʤ ʨʦʙʦʪʠ ʩʢʨʝʙʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʻ ʧʦʚʪʦʨʥʦïʢʦʨʦʪʢʦʯʘʩʥʠʤ ʟ 

ʧʝʨʽʦʜʠʯʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʟʥʘʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʘʤʧʣʽʪʫʜʽ 

[58, 59]. ʍʘʨʘʢʪʝʨʥʘ ʪʘʢʦʞ ʽ ʚʝʣʠʢʘ ʯʘʩʪʦʪʘ ʧʫʩʢʽʚ ʧʨʦʪʷʛʦʤ ʦʙʤʝʞʝʥʦʛʦ ʯʘʩʫ: 9 

ʧʫʩʢʽʚ ʟʘ 16 ʩʝʢʫʥʜ, 8 ʧʫʩʢʽʚ ʟʘ 26 ʩʝʢʫʥʜ, 12 ʧʫʩʢʽʚ ʟʘ 30 ʩʝʢʫʥʜ [60]. ʉʝʨʝʜʥ ̫

ʢʽʣʴʢʽʩʪʴ ʧʫʩʢʽʚ ʟʘ ʛʦʜʠʥʫ ʤʦʞʝ ʩʷʛʘʪʠ 20ï45, ʘ ʟʘ ʜʦʙʫ ʯʠʩʣʦ ʚʢʣʶʯʝʥʴ ʜʦʩʷʛʘʻ 

400 [60]. 

ɸʥʘʣʽʟ ʘʚʘʨʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʩʢʨʝʙʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ 

ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʦʾ ʙʨʠʢʝʪʥʦʾ ʬʘʙʨʠʢʠ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʩʦʢʘ ʘʚʘʨʽʡʥʽʩʪʴ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʯʘʩʪʠʤʠ 

ʩʪʦʧʦʨʥʠʤʠ ʨʝʞʠʤʘʤʠ ʽ ʧʫʩʢʘʤʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʉʝʨʝʜ ʥʝʩʧʨʘʚʥʦʩʪʝʡ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ï ʩʭʽʜ ʣʘʥʮʶʛʘ ʟ ʥʘʧʨʷʤʥʠʭ, ʨʦʟʨʠʚ ʤʫʬʪ, ʧʦʨʫʰʝʥʥʷ 

ʟô̒ ʜʥʘʥʥʷ ʩʢʨʝʙʢʽʚ ʟ ʣʘʥʮʶʛʦʤ [61]. 

ʋ [62, 63] ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʩʘʤʝ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʫʩʢʫ ʽ 

ʛʘʣʴʤʫʚʘʥʥʷ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʢʦʥʚʝʻʨʥʦʾ ʩʪʨʽʯʢʠ. 

ʋ ʨʦʙʦʪʘʭ [64, 65] ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ ʧʽʜ ʯʘʩ ʧʫʩʢʽʚ 

ʽ ʟʫʧʠʥʦʢ ʞʠʚʠʣʴʥʠʭ ʥʘʩʦʩʽʚ ʧʦʪʫʞʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ 

ʚʠʙʨʘʥʠʡ ʧʨʦʤʽʞʦʢ ʫ ʧʫʩʢʦʚʦʤʫ ʚʦʜʷʥʦʤʫ ʧʽʜʰʠʧʥʠʢʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʯʽʧʘʥʥʷ ʨʦʪʦʨʘ ʦʙ ʚʢʣʘʜʠʰ ʧʽʜʰʠʧʥʠʢʘ. 

ɺʧʣʠʚ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ ʨʦʟʛʣʷʥʫʪʦ 

ʚ [66, 45]. ɿʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʦʩʥʦʚʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʽ ʘʚʘʨʽʾ ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʷʢʽ 

ʟʘʚʜʘʶʪʴ ʽʩʪʦʪʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʙʠʪʢʫ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʧʫʩʢʽʚʭ ʽ ʟʫʧʠʥʦʢ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʨʘʬʽʢʘ ʨʦʙʦʪʠ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ 

ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʦ ʢʽʣʴʢʘ ʨʘʟʽʚ ʥʘ ʜʦʙʫ. 
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ʆʪʞʝ, ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʘʪʫʚʘʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʦʮʝʩʠ ʧʫʩʢʫ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʜʽʡʥʽʩʪʴ  ̔ʟʘʣʠʰʢʦʚʠʡ 

ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʠʯʦʤʫ 

ʥʝʟʥʘʯʥʽ ʟʘ ʩʚʦʻʶ ʪʨʠʚʘʣʽʩʪʶ ʧʫʩʢʦʚ ̔ʧʨʦʮʝʩʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʥʝʧʨʦʧʦʨʮʽʡʥʦ 

ʟʥʘʯʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʥʘʜʽʡʥʽʩʪʴ  ̔ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ ʦʙʣʘʜʥʘʥʥʷ. 

ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ 

ʧʨʠʚʝʨʪʘʶʪʴ ʟʘʚʜʘʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʟʘʚʜʘʥʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʝʩʫʨʩʫ 

ʦʙʣʘʜʥʘʥʥʷ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʨʦʟʚô̫ ʟʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ 

ʫʚʘʞʘʪʁʴ ʫʧʨʦʚʘʜʞʝʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʫ ʧʨʘʢʪʠʢʫ ʤʦʥʽʪʦʨʠʥʛʫ ʦʙʣʘʜʥʘʥʥʷ ï 

ʩʠʩʪʝʤ ʨʝʛʫʣʷʨʥʠʭ, ʪʨʠʚʘʣʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʱʦ ʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ 

ʦʙô̒ ʢʪʘ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫ ʟʤʽʥʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʡʦʛʦ 

ʧʘʨʘʤʝʪʨʽʚ [67, 26, 28]. 

ʆʜʥʘʢ ʨʦʟʚô̫ ʟʘʥʥʷ ʮʠʭ ʚʘʞʣʠʚʠʭ ʥʘʫʢʦʚʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥ ɹ ʥʝ 

ʜʦʟʚʦʣʷʻ ʨʦʟʚô̫ ʟʘʪʠ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʫʩʢʦʚʦʛʦ ʧʨʦʮʝʩʫ. 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʮʝʩʠ ʧʫʩʢʫ 

ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʩʪʚʦʨʶʶʪʴ ʩʫʪʪʻʚʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʪʝʭʽʯʥʠʡ 

ʩʪʘʥ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʡʦʛʦ ʟʘʣʠʰʢʦʚʠʡ 

ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ, ʧʦʚô̫ʟʘʥʠʡ ʷʢ ʟ ʦʩʦʙʣʠʚʠʤʠ ʪʝʧʣʦʚʠʤʠ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ 

ʽʟʦʣʷʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʪʘʢ ʽ ʟ ʤʝʭʘʥʽʯʥʠʤ ʚʧʣʠʚʦʤ ʟʤʽʥʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʝʣʝʤʝʥʪʠ ʤʝʭʘʥʽʯʥʦʾ ʪʨʘʥʩʤʽʩʽʾ. ʇʨʦʙʣʝʤʘ 

ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʧʝʨʽʦʜ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʨʦʟʚô̫ ʟʘʥʘ. 

1.3 ʌʽʟʠʯʥʽ ʟʘʩʘʜʠ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʫ ʧʫʩʢʦʚʠʭ 

ʨʝʞʠʤʘʭ 

ʈʽʟʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ 

ʟʘʡʤʘʣʠʩʷ ʽ ʧʨʦʜʦʚʞʫʶʪʴ ʟʘʡʤʘʪʠʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ï ɾʝʨʚʝ ɻ.ʂ., 
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[68, 69], ʂʦʪʝʣʝʥʝʮʴ ʅ.ʌ., [70, 71], ɻʦʣʴʜʙʝʨʛ ʆ.ɼ., [14, 72], ɺʘʥʻʻʚ ɹ.ʅ., [15], 

ʈʦʜʴʢʽʥ ɼ.ʁ., [73, 9], ʏʦʨʥʠʡ ʆ.ʇ., [26, 41] ʪʘ ʽʥʰʽ. 

ɿʛ̔ ʜʥʦ ʟ [15], ʨʝʩʫʨʩʦʤ ʥʘʟʠʚʘʪʁʴ ʪʨʠʚʘʣʽʩʪʴ ʘʙʦ ʦʙʩʷʛ ʨʦʙʦʪʠ ʚʠʨʦʙʫ. ɿʘ 

ʮʠʤ ʚʠʟʥʘʯʝʥʥʷʤ, ʨʝʩʫʨʩ ʤʦʞʝ ʚʠʤʽʨʶʚʘʪʠʩʷ ʚ ʦʜʠʥʠʮʷʭ ʯʘʩʫ ʽ ʦʜʠʥʠʮʷʭ 

ʜʦʚʞʠʥʠ, ʧʣʦʱʽ, ʦʙʩʷʛʫ, ʤʘʩʠ ʪʘ ʽʥ. ɺʠʨʦʙʥʠʢʠ ʦʙʣʘʜʥʘʥʥʷ ʜʝʢʣʘʨʫʶʪʴ ʨʝʩʫʨʩ 

ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʥʦʤʽʥʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʜʥʘʢ, ʧʫʩʢʦʚʠʡ ʨʝʞʠʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʟʘ ʨʽʟʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʧʨʠʩʢʦʨʝʥʠʡ ʨʝʞʠʤ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚ [15], çʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʧʫʩʢʽʚ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʜʽʡʥʽʩʪʴ. ʉʝʨʝʜʥʽʡ ʨʝʩʫʨʩ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ... ʧʨʠ ʨʦʙʦʪʽ ʚ ʧʦʚʪʦʨʥʦ-ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʨʝʞʠʤʽ ʟ ʚʝʣʠʢʠʤ 

ʯʠʩʣʦʤ ʧʫʩʢʽʚ ... ʚ 2ï4 ʨʘʟʠ ʥʠʞʯʝ, ʥʽʞ ʧʨʠ ʨʦʙʦʪʽ ʚ ʪʨʠʚʘʣʦʤʫ ʨʝʞʠʤʽè. 

ʌʽʟʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʽʥʥʷ ʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʦʧʠʩʫʶʪʴʩʷ ʟʘʢʦʥʦʤ ɺʘʥʪ-ɻʦʬʬʘïɸʨʨʝʥʽʫʩʘ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʣʦʛʘʨʠʬʤ ʩʝʨʝʜʥʴʦʛʦ 

ʨʝʩʫʨʩʫ ʽʟʦʣʷʮʽʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʾʾ ʟʚʦʨʦʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ɗ [74, 13] 

q+
+=

273
lg

B
AT K .      (1.8) 

ʊʨʠʚʘʣʽʩʪʴ ʩʣʫʞʙʠ ʽʟʦʣʷʮʽʾ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʨʽʚʥʷʥʥʷʤ [6] 

† ὝὩ ,     (1.9) 

ʜʝ Ű ʽ T0 ï ʚʝʣʠʯʠʥʠ, ʱʦ ʤʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ ʯʘʩʫ: Űïʪʝʨʤʽʥ ʩʣʫʞʙʠ ʽʟʦʣʷʮʽʾ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ɗ, ʨʦʢʽʚ; T0 ï ʫʤʦʚʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʽʟʦʣʷʮʽʾ ʧʨʠ ɗ = ɗ0 

(T0=6,225Ā104 ʨʦʢʽʚ ʧʨʠ ɗ = 105C̄); b = 0,088, ɦ ʦ ʚʽʜʧʦʚʽʜʘʻ ʩʢʦʨʦʯʝʥʥʶ ʪʝʨʤʽʥʫ 

ʩʣʫʞʙʠ ʽʟʦʣʷʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ɺʘʥʪ-ɻʦʬʬʘïɸʨʨʝʥʽʫʩʘ ʜʣʷ ʽʟʦʣʷʮʽʾ 

ʢʣʘʩʫ ɺ. 

ɿʥʦhʫʚʘʥʥʷ ʽʟʦʣʷʮʽʾ ʟʘ ʧʦʩʪʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

J=
t
=x b

0

e
T

11
,     (1.10) 

ʘ ʟʘ ʟʤʽʥʥʦ ʾʧʨʦʪʷʛʦʤ ʯʘʩʫ t ʪʝʤʧʝʨʘʪʫʨʠ 
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.     (1.11) 

ʋ [41] ʚʠʟʥʘʯʝʥʦ ʟʤʝʥʝhʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʽʟʦʣʷʮʽʾ ʉɼ ʝʢʩʢʘʚʘʪʦʨʘ 

ɽʐ 15/90ɸ ʚʽʜ ʜʽʾ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʽʚ ʟʘ ʫʤʦʚʠ, ʱʦ ʧʫʩʢ ʟʜʽʡʩʥʶʻʪʴʩʷ 1 ʨʘʟ ʥʘ 

ʟʤʽʥʫ ʽ ʡʦʛʦ ʪʨʠʚʘʣʽʩʪʴ ʩʢʣʘʜʘʻ 5 ʩ; ʢʨʘʪʥʽʩʪʴ ʧʫʩʢʦʚʦʛʦ ʩʪʨʫʤʫ k = 5,6; ʩʪʘʣʘ 

ʯʘʩʫ ʥʘʛʨʽʚʘʥʥʷ ʦʙʤʦʪʢʠ Tc = 150 ʩ, ʩʪʘʣʘ ʯʘʩʫ ʦʭʦʣʦʜʞʝʥʥʷ ʦʙʤʦʪʢʠ T0 = 450 ʩ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʽʟʦʣʷʮʽʾ ʩʢʣʘʣʦ 27,1 %. 

ɹʣʠʟʴʢʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ ʫ [71]. ʗʢ ʧʦʢʘʟʫʶʪʴ ʚʠʢʦʥʘʥʽ 

ʨʦʟʨʘʭʫʥʢʠ, ʧʽʜʚʠʱʝʥʝ ʥʘʛʨʽʚʘʥʥʷ ʽʟʦʣʷʮʽʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʘ 25 % ʚʽʜ 

ʧʘʩʧʦʨʪʥʦʛʦ. 

ʅʘ ʦʙʩʷʛ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʚʧʣʠʚʘʻ ʥʝ ʪʽʣʴʢʠ 

ʨʝʞʠʤ ʾʾ ʨʦʙʦʪʠ, ʘ  ̔ʷʢʽʩʪʴ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ. ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [75], 

ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʥʘ 10 % ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʝhʥʥʷ ʨʝʩʫʨʩʫ ʽʟʦʣʷʮʽʾ ʩʪʘʪʦʨʥʠʭ ʦʙʤʦʪʦʢ ʘʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʫ 

1,5ï2,5 ʨʘʟʠ. 

ʋ [26] ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʛʘʨʤʦʥʽʡʥʦʛʦ ʩʢʣʘʜʫ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʥʘ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʽ ʥʘʛʨʽʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. 

ʆʜʥʘʢ ʧʨʠʢʣʘʜʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʧʝʨʝʢʦʥʣʠʚʦ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʪʝʧʣʦʪʘïʥʝ ʻʜʠʥʠʡ ʯʠʥʥʠʢ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʘʜʽʡʥʽʩʪʴ ʽʟʦʣʷʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ. ʋ [15] ʧʦʜʘʥʦ ʜʘʥʽ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦ ʽʩʪʦʪʥʝ ʟʤʝʥʰʝʥʥʷ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʽʟʦʣʷʮʽʾ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. ʋ [76] ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʚʽʙʨʘʮʽʾ ʥʘ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʤʽʞʚʠʪʢʦʚʦʾ ʽʟʦʣʷʮʽʾ ʽ ʧʦʢʘʟʘʥʦ, ʱʦ çʦʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʽʟʦʣʷʮʽʾ ʻ ʚʽʙʨʘʮʽʷ: ʧ̔ ʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ 

ʩʪʨʫʤʫ ʧʦ ʚʠʪʢʘʭ ʦʙʤʦʪʢʠ ʤʽʞ ʥʠʤʠ ʚʠʥʠʢʘʶʪʴ ʩʠʣʠ ʪʷʞʽʥʥʷïʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, 

ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʾʭ ʚʟʘʻʤʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʪʝʨʪʷè. 
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ʋ [77] ʥʘʜʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʬʽʥʘʥʩʦʚʦʛʦ ʘʩʧʝʢʪʫ ʧʨʦʙʣʝʤʠ ʨʦʙʦʪʠ 

ʘʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʚ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʚʽʜ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟ 

ʥʝʷʢʽʩʥʦʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ. 

ʇʦʩʠʣʝʥʘ ʚʽʙʨʘʮʽʷ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ̒  ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ, ʱʦ 

ʧʦʛʽʨʰʫʻ ʨʝʞʠʤ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʽʜʚʠʱʝʥʘ ʚʽʙʨʘʮʽʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʩʣʘʙʣʝʥʥʷ ʧʨʝʩʫʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʩʪʘʣ,̔ ʨʫʡʥʫʚʘʥʥʷ ʟʚʘʨʥʠʭ ʰʚʽʚ, 

ʧʦʨʫʰʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʟô̒ ʜʥʘʥʴ, ʧʨʠʩʢʦʨʝʥʦʛʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʽʟʦʣʷʮʽʾ, 

ʧʦʨʫʰʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʚ ʩʠʩʪʝʤʘʭ ʧʨʠʤʫʩʦʚʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ, ʧʝʨʝʛʨʽʚʘʥʥʷ 

ʧʽʜʰʠʧʥʠʢʽʚ, ʧʽʜʩʠʣʶʻ ʟʥʦʰʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʢʽʣʝʮʴ ʽ ʱʽʪʢʦʚʦ-ʢʦʣʝʢʪʦʨʥʦʛʦ 

ʘʧʘʨʘʪʫ [78, 79]. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʙʦʪʠ ʧʽʜʰʠʧʥʠʢʦʚʦʛʦ ʱʠʪʘ, ʨʝʩʫʨʩ ʷʢʦʛʦ, ʟʛʽʜʥʦ ʟ [80], 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

ὒ ὅὗϳ .     (1.12) 

ʋ (1.12) ʧʦʟʥʘʯʝʥʦ : L ï ʨʝʩʫʨʩ ʦʙʣʘʜʥʘʥʥʷ ʚ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʫ ʨʝʩʫʨʩʫ; 

ʉ ï ʜʠʥʘʤʽʯʥʘ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʧʽʜʰʠʧʥʠʢʘ ʧʦ [80], Q ï ʝʢʚʽʚʘʣʝʥʪʥʝ 

ʜʠʥʘʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʰʠʧʥʠʢʘ; ů ï ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʽ, ʷʢʠʡ ʜʣʷ 

ʰʘʨʠʢʦʧʽʜʰʠʧʥʠʢʽʚ ʜʦʨʽʚʥʶʻ 3. ɺʝʣʠʯʠʥʘ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʰʠʧʥʠʢʘ Q ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʫʣʴʩʫʶʯʠʭ ʩʢʣʘʜʦʚʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ, ʱʦ ʧʨʠʟʚʦʜʷʪ ɹʜʦ ʚʠʛʠʥʘʥʥʷ 

ʚʘʣʘ. ʎʽ ʩʢʣʘʜʦʚʽ ʤʦʤʝʥʪʫ ʜʦʩʷʛʘʶʪʴ ʟʥʘʯʥʦʾ ʚʝʣʠʯʠʥʠ ʩʘʤʝ ʚ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʘʭ 

ʘʩʠʥʭʨʦʥʥʠʭ ʽ ʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. 

ʅʦʤʽʥʘʣʴʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʟʘ ʷʢʠʡ ʧʦʚʥʽʩʪʶ ʚʠʪʨʘʯʘʻʪʴʩʷ 

ʨʝʩʫʨʩ Lʥ, ʧʦʟʥʘʯʠʤʦ ʩʠʤʚʦʣʦʤ Tʥ, [ʩ]. 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʨʝʩʫʨʩʫ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʨʦʙʦʪʠ ʟʘ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ: 

0 .H Hl L T=       (1.13) 

ʄʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʠʪʪʻʚʦʛʦ ʩʪʘʥʫ 

ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ. ʅʘ ʧʽʜʩʪʘʚʽ (1.12), ʧʝʨʝʭʦʜʷʯʠ ʜʦ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ, 

ʦʪʨʠʤʘʻʤʦ: 
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ʜʝ () ()QtQtq ʥ=  ï ʚʽʜʥʦʩʥʝ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʧʽʜʰʠʧʥʠʢʘ, 

ʘʙʦ ʟʘʛʘʣʦʤ ï ʚʽʜʥʦʩʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ. 

ʗʢʱʦ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʚʠʤʽʨʶʻʪʴʩʷ ʯʘʩʦʤ ʡʦʛʦ ʨʦʙʦʪʠ, 

ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ Lʥ ̔ Tʥ ʟʙʽʛʘʶʪʩɹ,̫ ʘ l0 ʜʦʨʽʚʥʶʚʘʪʠʤʝ 1. ɼʣʷ ʮʴʦʛʦ 

ʚʠʧʘʜʢʫ ʦʜʠʥʠʮʶ ʚʠʤʽʨʶʚʘʥʥʷ ʨʝʩʫʨʩʫ ʦʙʣʘʜʥʘʥʥʷ ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ 

ʩʠʤʚʦʣʘʤʠ [ʩ ʨ] (ʩʝʢʫʥʜ ʨʝʩʫʨʩʫ), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʦʛʦ 

ʯʘʩʫ ï [c]. 

ʇʦʯʘʪʢʦʚʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʤʦʤʝʥʪ ʫʚʝʜʝʥʥʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʚʘʨʪʽʩʥʘ ʦʮʽʥʢʘ ʦʙʣʘʜʥʘʥʥʷ ʉ ʽ ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʟʘʷʚʣʝʥʠʡ 

ʟʘʚʦʜʦʤ-ʚʠʨʦʙʥʠʢʦʤ ʊʥ. 

ɿʛʽʜʥʦ ʟ (1.14), ʩʪʫʧʽʥʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʘ ʟʘ 

ʧʝʨʽʦʜ ʯʘʩʫ ʪʨʠʚʘʣʽʩʪʶ t ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ ʟʘ ʚʠʨʘʟʦʤ 

() ()ñÖ=
t

o

dttqltL *
3

0 .
     (1.15) 

ʇʨʠ ʨʦʙʦʪʽ ʟ ʥʦʤʽʥʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʠʥʘʤʽʯʥʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ 

ʧʽʜʰʠʧʥʠʢʘ q(t)* = 1 ʽ ʟʛʽʜʥʦ ʟ (1.15) ʦʪʨʠʤʘʻʤʦ ʩʪʫʧʽʥʴ ʟʥʦʰʫʚʘʥʥʷ  

L(1) = 1 [ʩ ʨ], ʟʛʽʜʥʦ ʟ ʦʯʽʢʫʚʘʥʥʷʤ. ɿʘ ʥʦʤʽʥʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 1 

ʩʝʢʫʥʜʘ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʟʙʽʣʴʰʫʻ ʟʥʦʰʫʚʘʥʥʷ ʥʘ 1 ʩʝʢʫʥʜʫ ʨʝʩʫʨʩʫ. 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ̔ ʟʥʘʯʝʥʥʷʤ ʜʠʥʘʤʽʯʥʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʧʽʜʰʠʧʥʠʢʘ ʫ 

ʧʫʩʢʦʚʦʤʫ ʨʝʞʠʤʽ q(t)* = 3 ʽ ʟʛʽʜʥʦ ʟ (1.15) ʦʪʨʠʤʘʻʤʦ ʩʪʫʧʽʥ ɹʟʥʦʰʫʚʘʥʥʷ  

L(1) = 27 [ʩ ʨ]. ɿʘ ʪʘʢʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 1 ʩʝʢʫʥʜʘ ʨʦʙʦʪʠ 

ʦʙʣʘʜʥʘʥʥʷ ʟʙʽʣʴʰʫʻ ʟʥʦʰʫʚʘʥʥʷ ʥʘ 27 ʩʝʢʫʥʜ ʨʝʩʫʨʩʫ. 

ɿʘʛʘʣʦʤ ʢʫʙʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʧʨʠʪʘʤʘʥʥʫ ʨʦʙʦʪʽ ʩʘʤʝ ʧʽʜʰʠʧʥʠʢʘ ʢʦʯʝʥʥʷ, 

ʩʣʽʜ ʟʘʤʽʥʠʪʠ ʥʘ ʽʥʰʫ, ʧʨʠʪʘʤʘʥʥʫ ʢʦʥʢʨʝʪʥʦʤʫ ʨʽʟʥʦʚʠʜʫ ʦʙʣʘʜʥʘʥʥʷ: 

() ()( )ñÖ=
t

o

dttqfltL *0 ,     (1.16) 
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ʜʝ f(q(t)*) ï ʘʧʘʨʘʪʥʦ-ʟʘʣʝʞʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʠʩʢʦʨʝʥʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʟʤʽʥʥʦʾ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʩʪʘʥ. 

ʇ̔ ʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ ʤʘʶʪʴ ʩʧʝʮʠʬʽʯʥ ̔ʤʝʭʘʥʽʟʤʠ ʟʥʦhʫʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ 

ʟ ʧʽʜʰʠʧʥʠʢʘʤʠ ʢʦʯʝʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʽʜʰʠʧʥʠʢ ʢʦʚʟʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʚʩʴʦʛʦ ʟ ʪʨʴʦʭ 

ʝʣʝʤʝʥʪʽʚ ï ʟ ʘʥʪʠʬʨʠʢʮʽʡʥʦʛʦ ʚʢʣʘʜʠʰʘ, ʯʘʩʪʠʥʠ ʧʦʚʝʨʭʥʽ ʚʘʣʘ ï 

ʧʽʜʰʠʧʥʠʢʦʚʦʾ ʰʠʡʢʠ, ʽ ʰʘʨʫ ʤʘʩʪʠʣʘ ʤʽʞ ʥʠʤʠ. ʊʝʨʪʷ ʚ ʧʽʜʰʠʧʥʠʢʫ ʢʦʚʟʘʥʥʷ 

ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ ʟʤʘʱʫʚʘʥʥʷ ï ʫʤʦʚ ʨʦʙʦʪʠ ʟʤʘʱʫʚʘʥʠʭ ʜʝʪʘʣʝʡ 

ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʢʦʥʪʘʢʪʥʫ ʚʟʘʻʤʦʜʽʶ ʧʽʜ ʯʘʩ ʪʝʨʪ.̫ 

ʈʝʞʠʤʠ ʟʤʘʱʫʚʘʥʥʷ ʟʨʫʯʥʦ ʨʦʟʛʣʷʜʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤʠ ɻʝʨʩʽï

ʐʪʨʠʙʝʢʘ [81], (ʨʠʩ. 1.3). 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ɼ̔ʘʛʨʘʤʘ ɻʝʨʩï̔ʐʪʨʠʙʝʢʘ ï ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʚʽʜ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʽʜʰʠʧʥʠʢʘ: 

I ï ʛʨʘʥʠʯʥʝ ʟʤʘʱʫʚʘʥʥʷ; II  ï ʟʤʽʰʘʥʝ ʟʤʘʱʫʚʘʥʥʷ; III  ï ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ 

ʨʝʞʠʤ ʟʤʘʱʫʚʘʥʥʷ 

 

ɿʘʣʝʞʥʩ̔ʪɹ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʧʽʜʰʠʧʥʠʢʘ ʢʦʚʟʘʥʥʷ ʚʽʜ ʡʦʛʦ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʢʨʠʚʦʶ ʐʪʨʠʙʝʢʘ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.4. 

h < Ra

N

v

h = Ra

N

v

h > Ra

N

v

ɯ ɯɯ ɯɯɯ

ɛ 

ɿʙ̔ʣʴʰʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷɿʤʝʥhʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ

ʚô̫ ʟʢʽʩʪʴ Ā hʚʠʜʢʽʩʪʴ

---------------------------

ʥʘʚʘʥʪʘʞʝʥʥʷ

https://ru.wikipedia.org/wiki/%D0%A0%D0%B8%D1%85%D0%B0%D1%80%D0%B4_%D0%A8%D1%82%D1%80%D0%B8%D0%B1%D0%B5%D0%BA
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ʈʠʩʫʥʦʢ 1.4 ï ʂʨʠʚʘ ʐʪʨʠʙʝʢʘ ï ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʚʽʜ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ: 

I ï ʛʨʘʥʠʯʥʝ ʟʤʘʱʫʚʘʥʥʷ; II  ï ʟʤʽʰʘʥʝ ʟʤʘʱʫʚʘʥʥʷ; III  ï ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ 

ʨʝʞʠʤ ʟʤʘʱʫʚʘʥʥʷ 

 

ʆʪʞʝ, ʩʘʤʝ ʟʘʧʫʩʢ ʘʛʨʝʛʘʪʫ ʻ ʪʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʣʴʥʦ ʚʧʣʠʚʘ ̒ʥʘ 

ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ ʧʽʜʰʠʧʥʠʢʘ ʢʦʚʟʘʥʥʷ. 

ʊʘʢʦʞ ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʽʜʰʠʧʥʠʢʘ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʟʘ ʛʨʘʥʠʯʥʦʛʦ ʨʝʞʠʤʫ 

ʟʤʘʱʫʚʘʥʥʷ, ʚʠʷʚʣʷʻʪʴʩʷ ʽʩʪʦʪʥʦ, ʜʦ 7 ï 10 ʨʘʟʽʚ ʚʠʱʠʤ ʟʘ ʤʦʤʝʥʪ ʦʧʦʨʫ 

ʧʽʜʰʠʧʥʠʢʘ ʚ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʟʤʘʱʫʚʘʥʥʷ [82], ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʟʥʘʯʥʠʭ ʤʦʤʝʥʪʽʚ ʦʧʦʨʫ ʚ ʨʝʞʠʤʽ ʨʫʰʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʜʦʟʚʦʣʷʻ ʫʟʘʛʘʣʴʥʠʪʠ ʦʪʨʠʤʘʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʚʧʣʠʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʨʝʩʫʨʩ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʫ ʚʠʛʣʷʜʽ 

ʛʽʧʦʪʝʟʠ ʧʨʦ ʪʝ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʧʨʦʧʦʨʮʽʡʥʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʨʝʩʫʨʩʫ ʜʣʷ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʎʝ ʧʨʠʧʫʱʝʥʥʷ ʩʪʦʩʫʻʪʴʩʷ ʪʘʢʦʞ ʽ ʽʥʰʠʭ ʚʠʜʽʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʥʘʧʨʠʢʣʘʜ ʟʘʭʠʩʥʦʛʦ ʪʘ 

ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [83]. 

ʋ [84] ʚʢʘʟʫʻʪʴʩʷ, ʱʦ çʙʫʜʴ-ʷʢʠʤ ʨʦʟʨʷʜʥʠʢʦʤ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʝ ʦʧʝʨʘʮʽʡ ʢʦʤʫʪʘʮʽʾ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʩʪʨʫʤʫ, ʥʽʞ ʢʨʠʪʠʯʥʦʛʦ, ʷʢʠʡ 

ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʨʦʙʦʯʠʡ ʩʪʨʫʤ ʨʦʟʨʷʜʥʠʢʘè. 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʥʷʪʪʷ ʦʜʥʦʨʘʟʦʚʦʾ ʛʨʘʥʠʯʥʦʾ 

ʢʦʤʫʪʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ï ʟʜʘʪʥʦʩʪʽ ʧʨʠʩʪʨʦʶ ʚʽʜʢʣʶʯʠʪʠ ʛʨʘʥʠʯʥʠʡ ʩʪʨʫʤ 

ɛ 

n, ʦʙ/ʭʚ

ɯ

ɯɯ ɯɯɯ
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ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʭʦʯʘ ʙ ʦʜʠʥ ʨʘʟ [85]. ʇʽʩʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʨʫʤʫ 

ʘʧʘʨʘʪ ʤʦʞʝ ʙʫʪʠ ʥʝʧʨʠʜʘʪʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ. 

ʋ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʨʦʟʛʣʷʥʫʪʦ ʪʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ ʧʨʠʩʢʦʨʝʥʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʅʘʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʧʨʦ ʬʽʟʠʯʥʽ ʧʨʠʥʮʠʧʠ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʽʟʦʣʷʮʽʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʫʥʘʩʣʽʜʦʢ ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʽʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʠʩʢʦʨʝʥʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʰʠʧʥʠʢʘ. ɺʠʩʫʥʫʪʦ ʛʽʧʦʪʝʟʫ ʧʨʦ ʪʝ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʧʨʦʧʦʨʮʽʡʥʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʨʝʩʫʨʩʫ ʜʣʷ ʫʩʽʭ ʨʽʟʥʦʚʠʜʽʚ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

1.4 ʉʧʝʮʽʘʣʴʥʽ ʯʠʥʥʠʢʠ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ 

ʥʘ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʽ ʟʥʘʯʫʱ̔ ʩʪʴ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʦʙʫʤʦʚʣʝʥ ̔ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ ʪʠʤ, ʱʦ ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ ʧʦʯʘʪʦʢ 

ʤʘʡʞʝ ʚʩ̔ʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʧʦʚô̫ʟʘʥʠʡ ʟ ʧʫʩʢʦʤ ʩʘʤʝ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʨʠʚʦʜʫ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ï ʪʠʤ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʧʣʠʚʽʚ, ʷʢʽ ʩʪʚʦʨʶʻ ʧʨʦʮʝʩ 

ʧʫʩʢʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʪʦʯʝʥʥʷ. ʋ ʨʦʟʜʽʣʘʭ 1.2, 1.3. ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ 

ʚʧʣʠʚ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʥʘ ʥʘʜʽʡʥʽʩʪʴ  ̔ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ ʦʙʣʘʜʥʘʥʥʷ. ɸʣʝ ʮʝ ʥʝ 

ʻʜʠʥʘ ʧʨʦʙʣʝʤʘ, ʷʢʘ ʧʦʚô̫ʟʘʥʘ ʟ ʧʨʦʮʝʩʘʤʠ ʧʫʩʢʫ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʡʜʝʪʴʩʷ ʧʨʦ 

ʧʫʩʢʦʚʽ ʧʨʦʮʝʩʠ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. 

ʅʘ ʝʥʝʨʛʦʻʤʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʜʦʩʠʪʴ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʤʝʭʘʥʽʟʤʠ, ʦʙʣʘʜʥʘʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟʽ ʟʥʘʯʥʦʶ, ʜʦ 10 ʄɺʪ, 

ʫʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. ʋ ʩʢʣʘʜʽ ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʠʭ ʽ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʥʘ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʘ ʚʠʨʦʙʥʠʯʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʩʪʚʦʨʶʻʪʴʩʷ ʛʨʫʧʘ ʦʜʥʦʪʠʧʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʧʘʨʘʣʝʣʴʥʦ, ʦʙô̒ ʜʥʘʥʠʭ ʥʝ ʪʽʣʴʢʠ ʤʝʞʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʡ ʩʠʣʦʚʠʤʠ 

ʢʦʣʘʤʠ ʞʠʚʣʝʥʥʷ. ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚʫʟʣʠ ʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʷʢʠʭ ʟ̔ ʩʪʘʚʥʘ ʟ ʧʦʪʫʞʥʽʩʪʶ ʤʝʨʝʞʽ 



 53 

ʞʠʚʣʝʥʥʷ. ɺʧʣʠʚ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʛʨʫʧʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʻ ʱʝ ʛʣʠʙʰʠʤ ʽ 

ʨʽʟʥʦʤʘʥʽʪʥʽʰʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʧʫʩʢʦʤ ʦʜʠʥʠʯʥʠʭ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 

ʋ ʪʘʙʣʠʮʽ 1.1 ʧʦʜʘʥʦ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʭʘʨʘʢʪʝʨʥʠʭ ʛʨʫʧʦʚʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

 

ʊʘʙʣʠʮʷ 1.1 ï ʇʨʠʢʣʘʜʠ ʛʨʫʧʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ˉ 

ʧʧ 
ʅʘʟʚʘ 

ʂʽʣʴʢʽʩʪʴ 

ʜʚʠʛʫʥʽʚ 

ɼʽʘʧʘʟʦʥ 

ʧʦʪʫʞʥʦʩʪʽ, 

ʄɺʪ 

ʊʠʧ 

ʜʚʠʛʫʥʽʚ 

1 ʂʦʤʧʨʝʩʦʨʥʽ ʩʪʘʥʮʽʾ ʰʘʭʪ  ̔

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʢʦʤʙʽʥʘʪʽʚ 

4 õ 8 1,5 ï 10 ʉɼ 

2 ʉʝʢʮʽʾ ʧʦʜʨʽʙʥʝʥʥʷ ʨʫʜʦ-

ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʬʘʙʨʠʢ 

4 õ 8 2 ï 4,5 ʉɼ 

3 ʐʘʭʪʥʽ ʚʦʜʦʚʽʜʣʠʚʥʽ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʦʜʠʥ ʛʦʨʠʟʦʥʪ 

4 õ 8 0,6 ï 0,8 ɸɼ 

 

ʈʦʟʛʣʷʥʝʤʦ ʜʦʜʘʪʢʦʚʽ ʥʘʧʨʷʤʠ ʚʧʣʠʚʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʽ ʛʨʫʧʦʚʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘ ʙʣʠʞʥʻ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʪʦʯʝʥʥʷ. 

1.4.1 ʇʽʜʚʠʱʝʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʘʭ 

ʇʨʦʮʝʩ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʝʪʠʯʥʦ 

ʥʘʧʨʫʞʝʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʱʦ ʧʦʚô̫ʟʘʥʦ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʩʪʚʦʨʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʈʦʙʦʪʘ ʚ ʧʫʩʢʦʚʦʤʫ ʨʝʞʠʤʽ, 

ʥʘʙʣʠʞʝʥʦʤʫ ʜʦ ʨʝʞʠʤʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 5ï7 ʢʨʘʪʥʠʤʠ 

ʧʫʩʢʦʚʠʤʠ ʩʪʨʫʤʘʤʠ, ʟʥʘʯʥʠʤʠ ʚʪʨʘʪʘʤʠ ʚ ʦʙʤʦʪʢʘʭ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ, ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʟʥʘʯʥʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʧʦʞʠʚʘʥʥʷ ʧʦʚʥʦʾ, ʘʢʪʠʚʥʦʾ 

ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʧʨʷʤʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʫʩʢʫ ʉɼ ʧʦʪʫʞʥʽʩʪʶ 3,5 

ʄɺʪ (ʨʠʩ.1.5). 
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ʈʠʩʫʥʦʢ 1.5 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʫʥʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʫʩʢʫ ʪʘ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʽʟ ʩʠʥʭʨʦʥʥʦʶ 

ʰʚʠʜʢʽʩʪʶ 

 

ɸʥʘʣʽʟ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʩʧʦʞʠʚʘʥʥʷ ʨʽʟʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʝʥʝʨʛʽʾ ʟʘ ʧʝʨʽʦʜ ʧʫʩʢʫ ʉɼ, (ʨʠʩ.1.5), ʤʦʞʝ ʫ 15ï25 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʚʽʜʧʦʚʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʪʦʛʦ ʞ ʩʘʤʦʛʦ ʉɼ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ. 

ʏʝʨʝʟ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʫ ʪʨʠʚʘʣʽʩʪʴ ʧʫʩʢʦʚʦʛʦ ʨʝʞʠʤʫ ʱʦʜʦ ʯʘʩʫ ʨʦʙʦʪʠ ʟ 

ʫʩʪʘʣʝʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʮʝʡ ʬʘʢʪ ʯʘʩʪʦ ʽʛʥʦʨʫʶʪʴ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʦʙʩʷʛʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʻ ʤʽʩʮʝ ʚʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʟʤʝʥʝhʥʥʷ ʚʠʪʨʘʪ ʚʠʨʦʙʥʠʮʪʚʘ. ʋ 

[41] ʧʨʷʤʦ ʚʢʘʟʫʻʪʴʩʷ, ʱʦ çʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥ ʠ ʫʩʪʘʥʦʚʦʢ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʝʩʫʨʩʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʯʠʥʥʠʢʦʚ, ʪʘʢ 

ʠʣʠ ʠʥʘʯʝ ʩʚʷʟʘʥʥʳʭ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʧʫʩʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡéè. 

ʆʩʦʙʣʠʚʦ ʯʽʪʢʦ ʮʷ ʪʝʥʜʝʥʮʽʷ ʧʦʤʽʪʥʘ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʷʢʽ 

ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʢʦʥʩʝʨʚʘʮʽʾ. 

ʇʦʨʽʚʥʷʻʤʦ ʚʘʨʪʽʩʪʴ ʩʧʦʞʠʪʦʾ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʟ ʦʨʽʻʥʪʦʚʥʦʶ 

ʚʘʨʪʽʩʪʶ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʛʨʫʙʝ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʾ ʚʠʢʦʥʘʥʦ ʫ ʨʦʟʜʽʣʽ 1.2. 

ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʫ ʚʠʛʣʷʜʽ ʢʨʫʛʦʚʦʾ ʜʽʘʛʨʘʤʠ, ʷʢʘ ʜʝʤʦʥʩʪʨʫʻ 
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ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʩʧʦʞʠʪʦʾ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʯʘʩʪʠʥʫ 

ʚʘʨʪʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ (ʉɼ), ʷʢʘ ʙʫʣʘ ʙʝʟʧʦʚʦʨʦʪʥʦ ʚʠʪʨʘʯʝʥʘ ʫ ʧʨʦʮʝʩʽ ʧʫʩʢʫ, 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.6. 

 

 

ʈʠʩʫʥʦʢ 1.6 ï ʂʨʫʛʦʚʘ ʜʽʘʛʨʘʤʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʘʨʪʦʩʪʝʡ ʩʧʦʞʠʪʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʟʥʦʰʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʧʫʩʢʫ 

 

ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʥʘʦʯʥʦ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʦʩʦʚʥʦ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʝʜʦʮʽʣʴʥʦ ʧʦʨʫʰʫʚʘʪʠ ʧʨʦʙʣʝʤʫ ʤʽʥʽʤʽʟʘʮʽʾ ʩʧʦʞʠʚʘʥʥʷ ʣʠʝh 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɼʣʷ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʝʦʙʭʽʜʥʦ 

ʩʪʘʚʠʪʠ ʙʽʣʴʰ ʰʠʨʦʢʝ, ʢʦʤʙʽʥʦʚʘʥʝ ʟʘʚʜʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ 

ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ, ʧʦʩʪʘʥʦʚʢʘ ʷʢʦʛʦ ʚʨʘʭʦʚʫʚʘʣʘ ʙ ʥʝ ʪʽʣʴʢʠ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʘʣʝ ʡ ʽʥʰʽ ʚʠʜʠ ʚʠʪʨʘʪ, ʥʘʩʘʤʧʝʨʝʜ ï ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʧʫʩʢʫ, ʘ 

ʪʘʢʦʞ ʩʪʚʦʨʝʥʠʡ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʢʦʨʠʩʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʋ ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [86, 9], ʧʠʪʘʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʟʚô̫ʟʢʽʚ ʤʽʞ 

ʝʥʝʨʛʝʪʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʥʘʜʽʡʥʽʩʪʶ ʽ ʧʦʪʦʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʩɹ ̫ʽʟʦʣʴʦʚʘʥʦ. 

1.4.2 ɼʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ, ʦʙʫʤʦʚʣʝʥʽ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʇ̔ ʜ ʯʘʩ ʘʥʘʣʽʟʫ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʛʨʫʧʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʦʩʪʘʻ 

ʟʘʚʜʘʥʥʷ ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʦʚô̫ʟʘʥʠʭ 

ʟ ʣʦʢʘʣʴʥʠʤ ʧʦʛʽʨʰʝʥʥʷʤ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 



 56 

ɿʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʟʫʤʦʚʣʝʥʝ ʧʫʩʢʦʚʠʤʠ ʩʪʨʫʤʘʤʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʙʦ ʥʘʚʽʪʴ ʘʚʘʨʽʡʥʦʾ ʟʫʧʠʥʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ, ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʷʢʠʭ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʪʦʛʦ ʩʘʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʞʠʚʣʝʥʥʷ, ʱʦ ʡ ʧʦʪʫʞʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʷʢʠʡ ʟʘʧʫʩʢʘʻʪʴʩʷ. ʋ ʧʨʘʢʪʠʮʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʦ, ʢʦʣʠ ʧʦʪʫʞʥʽ ʉɼ ʥʝ ʚʠʤʠʢʘʶʪʴ ʫ ʨʘʟʽ ʟʫʧʠʥʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʰʘʭʪʽ ʽʤ. ʆʨʜʞʦʥʽʢʽʜʟʝ, ʎɻɿʂ, ʤ. ʂʨʠʚʠʡ 

ʈʽʛ, ʧʨʠʚʦʜʥʠʡ ʉɼ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ɻïɼ ʧʽʜʡʦʤʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʘʮʶʻ ʚʭʦʣʦʩʪʫ 

ʜʦ 10 ʛʦʜʠʥ ʥʘ ʜʦʙʫ ï ʡʦʛʦ ʥʝ ʚʽʜʢʣʶʯʘʶʪʴ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʦʜʘʣʴʰʠʭ ʧʨʦʙʣʝʤ ʟ 

ʧʫʩʢʦʤ. ʎʽ ʟʥʘʯʥʽ ʚʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʚʘʞʘʶʪʴʩʷ ʟ̔ ʩʪʘʚʥʠʤʠ ʟ ʪʠʤʠ ʚʪʨʘʪʘʤʠ, 

ʱʦ ʩʪʚʦʨʠʪʴ ʧʦʪʫʞʥʠʡ ʉɼ ʧʽʜ ʯʘʩ ʡʦʛʦ ʧʫʩʢʫ. 

ɿʥʘʯʥʽ ʧʫʩʢʦʚʽ ʩʪʨʫʤʠ ʧʽʜ ʯʘʩ ʧʨʷʤʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʤʦʞʫʪʴ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʫʩʢʦʚʠʭ ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ ʫ ʚʫʟʣ ̔ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ [9]. ʊʘʢʘ 

ʩʠʪʫʘʮʽʷ ʻ ʪʠʧʦʚʦʶ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ 

ʟʘ ʟ̔ ʩʪʘʚʥʦ ʾʧʦʪʫʞʥʦʩʪʽ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʘʙʦ ʥʘʷʚʥʦʩʪʽ ʣʽʥʽʾ ʞʠʚʣʝʥʥʷ 

ʚʝʣʠʢʦʾ ʜʦʚʞʠʥʠ. ʇʫʩʢʦʚʽ ʧʨʦʚʘʣʠ ʥʘʧʨʫʛʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʷʚʠ ʥʠʟʢʠ 

ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ. 

ʎʽ ʨʠʟʠʢʠ ʧʦʚô̫ʟʘʥʽ ʟ ʥʘʩʪʫʧʥʠʤʠ ʦʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ: 

ï ʫʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʧʝʨʽʦʜ ʧʫʩʢʫ ʟʥʠʞʫʻʪʴʩʷ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʷʢʠʭ ʧʽʜʢʣʶʯʝʥʽ ʜʦ 

ʟʘʛʘʣʴʥʦʛʦ ʚʫʟʣʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʽ 

ʚʽʜʢʣʶʯʝʥʥʷ ʮʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ ʧʦʚʥʦʶ ʟʫʧʠʥʢʦʶ ʧʨʠʣʝʛʣʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʟʘʧʫʩʢʫ. ʆʪʞʝ, ʬʦʨʤʫʶʪʴʩʷ 

ʨʠʟʠʢʠ, ʧʦʚô̫ʟʘʥʽ ʟ ʥʝʜʦʚʠʧʫʩʢʦʤ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʙʦ ʧʨʦʩʪʦʶ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʫʥʘʩʣʽʜʦʢ ʥʝʚʜʘʣʦʛʦ ʧʫʩʢʫ ʚʠʥʠʢʘʻ ʨʠʟʠʢ ʥʝʜʦʚʠʧʫʩʢʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʧʦʚô̫ʟʘʥʠʡ ʟ ʚʠʤʫʰʝʥʠʤ ʧʨʦʩʪʦʻʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʝʨʽʦʜ ʯʘʩʫ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʽ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʪʦʨʥʦʛʦ ʧʫʩʢʫ. ɼʣʷ ʧʦʪʫʞʥʠʭ ʉɼ 

ʮʝʡ ʧʝʨʽʦʜ ʯʘʩʫ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʧʨʘʚʠʣʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʜʣʷ 

ʚʝʣʠʢʠʭ ʤʘʰʠʥ ʜʦ ʜʚʦʭ ʛʦʜʠʥ; 
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ï ʜʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ, ʧʦʚô̫ʟʘʥʽ ʟ ʚʠʪʨʘʪʘʤʠ ʥʘ ʤʦʞʣʠʚʠʡ 

ʧʦʚʪʦʨʥʠʡ ʧʫʩʢ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʣʘ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʟʦʩʨʝʜʠʪʠ ʥʘ ̔ʤʦʚʽʨʥʽʩʥʦʤʫ ʭʘʨʘʢʪʝʨʽ ʮʠʭ ʜʦʜʘʪʢʦʚʠʭ 

ʨʠʟʠʢʽʚ. ɯʤʦʚʽʨʥʽʩʪʴ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʽ ʨʦʟʤʽʨ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʠʟʠʢʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ ʟʦʥʦʶ ʚʧʣʠʚʫ ʽ 

ʢʦʥʪʨʦʣʶ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʷʢʠʡ ʧʫʩʢʘʻʪʴʩʷ [4]. ʆʜʥʘʢ ʘʙʩʦʣʶʪʥʠʡ ʨʦʟʤʽʨ 

ʧʦʪʝʥʮʽʡʥʠʭ ʟʙʠʪʢʽʚ ʚʽʜ ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʣʘ ʤʦʞʝ ʙʫʪʠ 

ʢʦʣʦʩʘʣʴʥʠʤ, ʟʥʘʯʥʦ ʧʝʨʝʢʨʠʚʘʶʯʠ ʚʠʪʨʘʪʠ ʥʘ ʧʽʜʪʨʠʤʢʫ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ. 

ɼʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫʥʘʩʣʽʜʦʢ 

ʣʦʢʘʣʴʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʷʢʦʩʪʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ, ʟʫʤʦʚʣʝʥʽ ʟʤʝʥʰʝʥʥʷʤ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʝʨʝʨʠʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʻ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ 

ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ʅʘ ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʨʠʟʠʢʽʚ ʚʽʜ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʢʽʣʴʢʠ ʪʘʢʠʡ ʘʥʘʣʽʟ ʧʦʪʨʝʙʫʻ 

ʩʢʣʘʜʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʦʙʦʪʫ ʮʽʣʽʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʪʦʯʝʥʥʷ. 

1.5 ʄʝʪʦʜʠ ʽ ʧʨʠʩʪʨʦʾ ʬʦʨʤʫʚʘʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ 

ʅʘʫʢʦʚʮʽ ʚʠʷʚʣʷʣʠ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ 

ʟ ʤʦʤʝʥʪʫ ʧʦʷʚʠ ʽ ʧʦʯʘʪʢʫ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ. 

ʇʝʨʰʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʙʫʚ 

ʧʦʚô̫ʟʘʥʠʡ ʟ ʨʽʚʥʷʥʥʷʤʠ ʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʟʥʘʯʥʠʭ ʧʦʭʠʙʦʢ 

ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʠʭ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʆʩʥʦʚʥʽ ʜʦʩʷʛʥʝʥʥʷ ʫ ʚʠʚʯʝʥʥʽ ʧʫʩʢʦʚʠʭ 

ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʙʫʣʠ ʜʦʩʷʛʥʫʪʽ ʨʘʟʦʤ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ [87]. 

ʈʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ 

ʥʝʨʦʟʨʠʚʥʦ ʧʦʚô̫ʟʘʥʠʡ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʰʠʥ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʾʭ ʧʦʜʘʣʴʰʠʤ ʫʪʦʯʥʝʥʥʷʤ, ʨʦʟʚʠʪʢʦʤ ʤʦʜʝʣʝʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʨʦʟʚʠʪʢʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʪʘ ʤʝʪʦʜʽʚ ʨʦʟʚô̫ ʟʘʥʥʷ ʨʽʚʥʷʥʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘ ɽʆʄ. 
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ɯʩʪʦʨʠʯʥʦ ʧʝʨʰʠʤʠ ʨʝʟʫʣʴʪʘʪʠʚʥʠʤʠ ʩʧʨʦʙʘʤʠ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʙʫʣʠ ʥʘʫʢʦʚʽ ʨʦʙʦʪʠ ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʥʠʢʽʚ 

ʈ. ʇʘʨʢʘ [88], ɻ. ʂʨʦʥʘ [89], ɸ. ɻʦʨʚ̒ʘ, [90], ʏ. ʂʦʥʢʦʨʜʽʘ [91], ʧʨʠʩʚʷʯʝʥʽ 

ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʩʠʥʭʨʦʥʥʦʾ ʤʘʰʠʥʠ, ɽ. ʂʣʘʨʢʘ [92], ʨʦʙʦʪʘ ʷʢʦʛʦ 

ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ. ʋ ʧʦʜʘʣʴʰʠʭ ʧʨʘʮʷʭ ɻ. ʂʨʦʥʘ [93], 

ɺ. ɺʻʥʽʢʦʚʘ [94], ʙʫʣʦ ʨʦʟʚʠʥʫʪʦ ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, 

ʷʢʠʡ, ʫ ʧʦʜʘʣʴʰʠʭ ʨʦʙʦʪʘʭ ʨʘʜʷʥʩʴʢʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʂʘʟʦʚʩʴʢʦʛʦ ɭ.ɸ. [95], 

ɺʘʞʥʦʚʘ ɸ.ɯ. [96], ʂʦʧʠʣʦʚʘ ɯ.ʇ. [87, 97], ʃʶʪʝʨʘ ʈ.ɸ. [98], ʉʽʧʘʡʣʦʚʘ ɻ.ɸ. [99], 

ʇʦʩʪʥʽʢʦʚʘ ɯ.ʄ. [100], ʪʨʘʥʩʬʦʨʤʫʚʘʚʩʷ ʫ ʪʝʦʨʽʶ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʜʦʩʷʛʥʝʥʴ, ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʮʽʣʠʡ ʨʷʜ ʚʘʞʣʠʚʠʭ ʨʦʙʽʪ ʫ 

ʛʘʣʫʟʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʽʚ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ʉʣʽʜ ʫʢʘʟʘʪʠ 

ʥʘ ʨʦʙʦʪʠ ʉʠʨʦʤʷʪʥʽʢʦʚʘ I.ɸ. [10], ʇʝʪʨʦʚʘ ʃ.ʇ. [101, 19], ʊʨʝʱʦʚʘ ɯ.ɯ. [102], 

ʉʦʢʦʣʦʚʘ ʄ.ʄ. [103], ʉʠʚʦʢʦʙʠʣʝʥʢʘ ɺ.ʌ. [104, 105], ʇʣʘʭʪʠʥʠ ʆ.ɻ. [106]. 

ɼʦ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʚʠʩʫʚʘʶʪʴ ʩʫʧʝʨʝʯʣʠʚʽ ʚʠʤʦʛʠ: ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ, ʘ ʟ ʽʥʰʦʛʦ ï 

ʟʤʝʥʰʝʥʥʷ ʧʫʩʢʦʚʦʛʦ ʩʪʨʫʤʫ ʜʦ ʜʦʧʫʩʪʠʤʦʾ ʚʝʣʠʯʠʥʠ. ɼʣʷ ʦʙʤʝʞʝʥʥʷ 

ʧʫʩʢʦʚʦʛʦ ʩʪʨʫʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʭʝʤʠ ʟ ʜʦʜʘʪʢʦʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʫ ʩʪʘʪʦʨʥʦʤʫ ʢʦʣʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 

ɿʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʤʦʤʝʥʪ ʧʫʩʢʫ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʘʢʪʦʨʥʦʛʦ (ʨʠʩ.1.7, ʘ) ʘʙʦ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ (ʨʠʩ.1.7, ʙ) ʧʫʩʢʫ. 

ʅʘʜʘʥʽ ʩʭʝʤʠ ʦʙʤʝʞʝʥʥʷ ʩʪʨʫʤʽʚ ʫ ʧʨʦʮʝʩʽ ʧʫʩʢʫ ʜʦʩʠʪʴ ʛʨʦʤʽʟʜʢʽ ʪʘ 

ʜʦʨʦʛʽ, ʽ ʥʘ ʩʴʦʛʦʜʥʽ ʤʘʡʞʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

ʄʘʡʞʝ ʙʝʟʩʪʫʧʽʥʯʘʩʪʝ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʥʫ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʚʥʦʨʝʛʫʣʴʦʚʘʥʠʭ ʽʥʜʫʢʪʠʚʥʠʭ ʦʧʦʨʽʚ ï 

ʧʽʜʤʘʛʥʽʯʫʚʘʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʽ ʤʘʛʥʽʪʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ [31]. ʊʘʢʝ ʨʽʰʝʥʥʷ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʥʘʯʥʝ ʦʙʤʝʞʝʥʥʷ ʫʜʘʨʥʠʭ ʽ ʟʥʘʢʦʟʤʽʥʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʤʦʤʝʥʪʫ, ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥ. ʆʜʥʘʢ ʯʝʨʝʟ 
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ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʜʨʦʩʝʣʽʚ ʫ ʥʘʩʠʯʝʥʦʤʫ ʩʪʘʥʽ ʧʫʩʢʦʚʠʡ ʤʦʤʝʥʪ 

ʜʚʠʛʫʥʘ ʤʝʥʰʠʡ, ʥʽʞ ʥʘ ʧʨʠʨʦʜʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ. 

 

ʈʠʩʫʥʦʢ 1.7 ï ʉʭʝʤʠ ʧʫʩʢʫ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʧʦʥʠʞʝʥʥʷʤ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ: 

ʘ ï ʨʝʘʢʪʦʨʥʠʡ; ʙ ï ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʡ 

 

ʋ ʨʦʙʦʪʘʭ ʇʦʧʦʚʠʯʘ ɸ.ʄ. ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʥʘ ʧʫʩʢʦʚʽ ʧʨʦʮʝʩʠ ɸɼ 

ʧʦʧʝʨʝʜʥʴʦ ʚʢʣʶʯʝʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʫ ʢʦʣʽ ʩʪʘʪʦʨʘ [107, 108]. ʊʘʢʫ ʩʭʝʤʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʠʚʦʜʽʚ ʟ ʚʘʞʢʠʤ ʧʫʩʢʦʤ. ɺʢʣʶʯʝʥʥʷ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ 

ʩʪʨʫʤʫ ʧʽʜ ʯʘʩ ʧʫʩʢʫ, ʧʽʜʚʠʱʝʥʥʷ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ, ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʧʫʩʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʫʥʘ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʫʩʢʫ 

ʉɼ ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷʤ ʘʢʪʠʚʥʠʭ ʦʧʦʨʽʚ ʽ ʨʝʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʢʦʥʪʫʨ 

ʟʙʫʜʞʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʫ [109]. ʇ̔ ʜʢʣʶʯʝʥʥʷ ʜʦ ʢʦʣʘ ʟʙʫʜʞʝʥʥʷ ʻʤʥʦʩʪʽ 

ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʩʪʚʦʨʶʚʘʥʦʛʦ ʦʙʤʦʪʢʦʶ 

ʟʙʫʜʞʝʥʥʷ ʜʚʠʛʫʥʘ, ʚ ʦʙʣʘʩʪʽ ʧʽʜʩʠʥʭʨʦʥʥʦʾ ʰʚʠʜʢʦʩʪʽ. ʆʩʥʦʚʥʝ ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʥʘʢʣʘʜʘʻ ʚʝʣʠʯʠʥʘ ʻʤʥʦʩʪʽ (ʜʦ 1 ʌ), ʘ ʪʘʢʦʞ 

ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʫ ʥʘ ʨʘʟʽ ʰʫʥʪʫʚʘʥʥʷ ʻʤʥʦʩʪʽ ʟʙʫʜʥʠʢʦʤ. ʋ ʨʦʙʦʪʘʭ 

ʅʽʟʽʤʦʚʘ ɺ.ɹ. [110, 111, 112, 113], ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʫʩʢʦʚʠʭ 

ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ ʻʤʥʽʩʥʠʤʠ ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʝʥʝʨʛʽʾ, ʧʠʪʘʥʥʷ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʝʨʦʚʘʥʠʭ ʻʤʥʽʩʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ ʚ ʢʦʥʪʫʨʽ ʟʙʫʜʞʝʥʥʷ 

ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ. 

ʋ ʨʦʙʦʪʘʭ ʏʦʨʥʦʛʦ ɸ.ʇ. ʦʙˇʨʫʥʪʦʚʫʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʛʽʥʥʦʛʦ ʧʫʩʢʫ ʜʣʷ ʧʨʠʚʦʜʥʦʛʦ ʉɼ ʛʨʫʧʠ ɻïɼ [9, 41]. ɿʘ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʧʫʩʢʫ 

ʨʦʟʛʽʥʥʠʡ ʜʚʠʛʫʥ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʚʘʣʫ ʟ ʛʦʣʦʚʥʠʤ ʜʚʠʛʫʥʦʤ. ʗʢ 

ʨʦʟʛʽʥʥʠʡ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ ʟ ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ. 

ʇʨʠ ʮʴʦʤʫ ʛʦʣʦʚʥʠʡ ʜʚʠʛʫʥ ʨʦʟʛʘʥʷʻʪʴʩʷ ʜʦ ʧʽʜʩʠʥʭʨʦʥʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ, ʟ 

ʧʦʜʘʣʴʰʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ ʤʝʨʝʞʽ ʤʝʪʦʜʦʤ ʩʘʤʦʩʠʥʭʨʦʥʠʟʘʮʽʾ, ʘʙʦ ʜʦ 

ʥʘʜʩʠʥʭʨʦʥʥʦʾ ï ʟ ʚʢʣʶʯʝʥʥʷʤ ʫ ʤʝʨʝʞʫ ʥʘ ʚʠʙʽʛʫ ʤʝʪʦʜʦʤ ʪʦʯʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. 

ʇʽʜ ʯʘʩ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ɻïɼ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʨʦʟʛʽʥʥʦʛʦ ʜʚʠʛʫʥʘ 

ʛʝʥʝʨʘʪʦʨʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʫ ʜʚʠʛʫʥʥʦʤʫ ʨʝʞʠʤʽ. 

ʈʦʟʚô̫ ʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʦʙʤʝʞʝʥʥʷ ʧʫʩʢʦʚʠʭ ʩʪʨʫʤʽʚ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʧʽʜʪʨʠʤʘʥʥʷʤ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʘ ʥʝʦʙʭʽʜʥʦʤʫ ʨʽʚʥʽ ʤʦʞʣʠʚʝ 

ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʧʫʩʢʫ. 

ʆʜʥʠʤ ʟ ʧʦʰʠʨʝʥʠʭ ʩʧʦʩʦʙʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʻ 

ʯʘʩʪʦʪʥʠʡ ʧʫʩʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʰʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ. 

ɽʣʝʢʪʨʦʤʘʰʠʥʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ, ʟʘʟʚʠʯʘʡ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʠʚʦʜʥʦʛʦ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ, ʢʝʨʦʚʘʥʦʛʦ ʨʽʜʠʥʥʠʤ ʨʝʦʩʪʘʪʦʤ, ʽ 

ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ. 1.8).  

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʫʩʢʫ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʰʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ: 
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1, 2 ï ʪʨʘʥʩʬʦʨʤʘʪʦʨ; 3 ï ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ; 4 ï ʩʠʥʭʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ; 

5 ï ʚʘʣʦʧʦʚʦʨʦʪʥʠʡ ʧʨʠʩʪʨʽʡ; 6 ï ʢʦʤʧʨʝʩʦʨ; 7 ï ʛʦʣʦʚʥʠʡ ʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ; 

8 ï ʧʫʩʢʦʚʠʡ ʨʝʦʩʪʘʪ; 9 ï ʟʙʫʜʥʠʢ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ; 10 ï ʩʠʥʭʨʦʥʽʟʫʚʘʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ 

 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʦʩʪʘʪʘ ʚ ʢʦʣʽ 

ʨʦʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ [114]. 

ʇʨʠʚʘʙʣʶʻ ʩʚʦʻʶ ʦʨʠʛʽʥʘʣʴʥʽʩʪʶ ʧʫʩʢʦʚʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʩʠʥʭʨʦʥʥʠʭ 

ʜʚʠʛʫʥʽʚ (ʉɼ) ʟʘ ʤʝʪʦʜʦʤ ʋʥʛʝʨʘïʂʣʘʨʢʘ, ʱʦ ʤʽʩʪʠʪʴ ʜʚʽ ʘʩʠʥʭʨʦʥʥʽ ʤʘʰʠʥʠ ʟ 

ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ, ʦʜʥʘ ʟ ʷʢʠʭ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ɸɻ), 

ʽʥʰʘ ï ʚ ʨʝʞʠʤʽ ʜʚʠʛʫʥʘ, ʨʠʩ. 1.9. 

 

 

ʈʠʩʫʥʦʢ 1.9 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʫʩʢʫ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟʘ ʤʝʪʦʜʦʤ 

ʋʥʛʝʨʘïʂʣʘʨʢʘ: 

1, 2 ï ʪʨʘʥʩʬʦʨʤʘʪʦʨ; 3 ï ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ; 4 ï ʘʩʠʥʭʨʦʥʥʠʡ 

ʛʝʥʝʨʘʪʦʨ; 5 ï ʨʝʜʫʢʪʦʨ; 6 ï ʧʫʩʢʦʚʠʡ ʨʝʦʩʪʘʪ; 7 ï ʛʦʣʦʚʥʠʡ ʩʠʥʭʨʦʥʥʠʡ 

ʜʚʠʛʫʥ; 8 ï ʢʦʤʧʨʝʩʦʨ; 9 ï ʚʘʣʦʧʦʚʦʨʦʪʥʠʡ ʧʨʠʩʪʨʽʡ; 10 ï ʩʠʥʭʨʦʥʽʟʫʚʘʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ; 11 ï ʧʨʠʩʪʨʽʡ ʟʙʫʜʞʝʥʥʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ 
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ʇʽʩʣʷ ʨʦʟʛʦʥʫ ʉɼ ʙʝʟʫʜʘʨʥʦ ʚʢʣʶʯʘʻʪʴʩʷ ʥʘ ʰʠʥʠ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. ʅʘ 

ʩʴʦʛʦʜʥʳ ʤʝʪʦʜ ʋʥʛʝʨʘ-ʂʣʘʨʢʘ ʜʦʩʠʪʴ ʜʦʢʣʘʜʥʦ ʚʠʚʯʝʥʠʡ ʽ ʜʦʩʣʽʜʞʝʥʠʡ 

ʟʘʨʫʙʽʞʥʠʤʠ ʘʚʪʦʨʘʤʠ [115]. 

ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʡ ʧʨʦʛʨʝʩ ʫ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʬʦʨʤʫʚʘʥʥʷ ʧʫʩʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʠʡ ʟ ʨʦʟʨʦʙʢʦʶ ʩʠʣʦʚʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʾʭ ʙʘʟʽ, ʱʦ 

ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʠʣʦ ʩʬʝʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 

ʋ ʨʦʟʚʠʪʦʢ ʩʭʝʤʦʪʝʭʥʽʢʠ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʥʘʯʥʠʡ ʚʢʣʘʜ 

ʚʥʝʩʣʠ ʚʠʜʘʪʥʽ ʚʽʪʯʠʟʥʷʥʽ ʚʯʝʥʽ ʐʠʜʣʦʚʩʴʢʠʡ ɸ.ʂ. [116, 117], ʉʦʢʦʣ ɭ.ɯ. [118, 

119], ʈʫʜʝʥʢʦ ʖ.ʂ., ɾʫʡʢʦʚ ɺ.ʗ. [120, 121, 122], ʊʦʥʢʘʣʴ ɺ.ɭ., ɻʨʝʯʢʦ ɽ.ʄ. [123, 

124], ɽʧʰʪʝʡʥ ɯ. ɯ. [125], ʪʘ ʽʥʰʽ. 

ʋ ʧʨʘʮʷʭ ʂʣʝʧʽʢʦʚʘ ɺ.ɹ., ʇʦʧʦʚʠʯʘ ɸ.ʄ., ʈʦʜʴʢʽʥʘ ɼ.ʁ, ʏʦʨʥʦʛʦ ʆ.ʇ. 

ʨʦʟʛʣʷʥʫʪʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʫʩʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʽ ʩʢʣʘʜʥʠʤʠ ʫʤʦʚʘʤʠ ʧʫʩʢʫ [41, 9, 36, 34], ʨʦʟʛʣʷʥʫʪʦ 

ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʽ ʚʘʨʽʘʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʫʩʢʦʚʠʭ ʩʠʩʪʝʤ [19, 108], ʧʠʪʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ [126, 39, 

127, 128], ̔  ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ [41]. 

ɼʣʷ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʨʦʟʨʦʙʣʝʥʽ ʢʦʤʧʣʝʢʩʥʽ ʪʘ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. 

ɿʘʚʜʘʥʥʷ ʧʫʩʢʦʚʦʾ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʨʦʟʚô̫ ʟʫʚʘʪʠʩʷ ʽ ʚʣʘʩʥʝ ʩʠʩʪʝʤʦʶ 

ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʢʦʣʠ ʤʦʞʣʠʚʽʩʪʴ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʧʦʪʫʞʥʦʛʦ ɸɼ 

ʘʙʦ ʉɼ ʟʘʢʣʘʜʝʥʘ ʚ ʡʦʛʦ ʩʭʝʤʥʦʤʫ ʨʽʰʝʥʥʽ. ɼʣʷ ʽʥʰʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʧʫʩʢʦʚʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ ʧʨʘʮʶʻ 

ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʧʫʩʢʫ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʩʭʝʤʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ 

ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʨʠʩʪʦʨʥʠʭ 

ʨʝʛʫʣʷʪʦʨʽʚ ʥʘʧʨʫʛʠ ʜʣʷ ʧʣʘʚʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʜʽʶʯʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʘ ʚ ʧʨʦʮʝʩʽ ʧʫʩʢʫ. ʆʩʥʦʚʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʙʦʪʠ ʧʫʩʢʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʥʘ ʙʘʟʽ ʪʠʨʠʩʪʦʨʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʥʘʧʨʫʛʠ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ 
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ɻʝʨʘʩʠʤʷʢʘ ʈ.ʇ., ʇʝʪʨʦʚʘ ʃ.ʇ., ʐʫʙʝʥʢʦ ɺ.ɸ., ɹʨʘʩʣʘʚʩʴʢʦʛʦ ɯ.ʗ., ʇʝʪʨʦʚʘ ʃ. ʇ., 

ʄʝʡʩʪʝʣ ̫ ɸ.ʄ. [129, 101, 130, 131, 132]. ɺʽʪʯʠʟʥʷʥʽ ʩʠʩʪʝʤʠ ʪʠʨʠʩʪʦʨʥʦʛʦ 

ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ, ʨʦʟʨʦʙʣʝʥʽ ʧʨʦʬ. ɹʘʨʩʴʢʠʤ ɺ.ɸ., ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʫʩʢʦʚʦʛʦ 

ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʥʘʧʨʫʛʫ ʥʘ ʧʦʯʘʪʢʫ ʨʫʭʫ ʟ 

ʧʦʜʘʣʴʰʠʤ ʧʝʨʝʭʦʜʦʤ ʥʘ ʟʚʠʯʘʡʥʠʡ ʧʣʘʚʥʠʡ ʧʫʩʢ ʟ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ [133]. 

ʉʫʯʘʩʥʽ ʧʫʩʢʦʚʽ ʧʨʠʩʪʨʦʾ ʚʽʜʦʤʠʭ ʬʽʨʤ Schneider Electric, ɸɺɺ, Siemens ʪʘ 

ʽʥ. [134], ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʧʫʩʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʣʘʚʥʠʡ ʧʫʩʢ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟʘ ʫʤʦʚʠ ʄʊʈ Ò 0.8 ʄʅ. ʗʢʱʦ ʤʦʤʝʥʪ ʨʫʰʘʥʥʷ ʧʝʨʝʚʠʱʫʻ 

ʚʢʘʟʘʥʝ ʟʥʘʯʝʥʥʷ, ʧʫʩʢʦʚʠʡ ʧʨʠʩʪʨʽʡ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ 

çʧʦʚʥʦʚʦʣʴʪʘʞʥʦʛʦ ʙʘʡʧʘʩʥʦʛʦ ʩʪʘʨʪʫè. 

ʈʦʟʚʠʪʢʦʤ ʯʘʩʪʦʪʥʦʛʦ ʩʧʦʩʦʙʫ ʧʫʩʢʫ ʜʣʷ ʉɼ ʻ ʩʧʦʩʽʙ ʽʤʧʫʣʴʩʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʟʘ ʷʢʦʛʦ ʚ ʩʪʘʪʦʨ ʟʙʫʜʞʝʥʦʾ ʤʘʰʠʥʠ ʧʦʜʘʶʪʴʩʷ ʧʦʦʜʠʥʦʢʽ ʽʤʧʫʣʴʩʠ 

ʩʪʨʫʤʫ, ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ ʟ ʧʦʣʦʞʝʥʥʷʤ ʨʦʪʦʨʘ [135, 136]. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʠʨʠʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʟ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʟʚô̫ʟʢʦʤ. 

ʆʩʢʽʣʴʢʠ ʧʫʩʢ ʉɼ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʤʽʥʦʶ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʩʪʘʪʦʨʘ, 

ʦʪʨʠʤʘʥʥʷ ʟʘʜʦʚʽʣʴʥʠʭ ʧʫʩʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʫʩʢʫ ʉɼ ʟ 

ʥʦʤʽʥʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʥʝʤʦʞʣʠʚʦ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʩʭʝʤʦʪʝʭʥʽʢʠ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʱʦʜʦ 

ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʽʥʚʝʨʪʦʨʽʚ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ [137, 138, 139], ʜʦʟʚʦʣʷʻ 

ʬʦʨʤʫʚʘʪʠ ʥʘʡʩʢʣʘʜʥʽʰʽ ʟʘʢʦʥʠ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʽ ʯʘʩʪʦʪʠ ʥʘ ʚʠʭʦʜʽ ʧʫʩʢʦʚʦʛʦ 

ʧʨʠʩʪʨʦʶ. 

ʏʠʩʣʝʥʥʽ ʨʦʙʦʪʠ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʩʚʷʯʝʥʦ ʚʠʚʯʝʥʥʶ 

ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [140, 141, 142, 143, 144, 145], ʟʤʝʥʰʝʥʥʶ ʧʫʣʴʩʘʮʽʡ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʫ ʧʨʦʮʝʩʽ ʧʫʩʢʫ [146, 147], ʨʦʟʚʠʪʢʫ ʩʭʝʤʦʪʝʭʥʽʢʠ 

ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ [148, 149, 150, 151, 152, 153, 154], ʪʦʱʦ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʷʢʠʭ ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʣʘʚʥʦʛʦ 

ʧʫʩʢʫ, ʱʦ ʚʠʨʦʙʣʷʶʪʴʩʷ ʩʝʨʽʡʥʦ. 
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ʇʫʩʢʦʚʠʡ ʧʨʠʩʪʨʽʡ ʩʝʨʽʾ ʈʋʇʇ, (ʋʢʨʘʾʥʘ) [155, 156] ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʚʽʜ ʤʝʨʝʞʽ 6 (10) ʢɺ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ (ʧʦʯʝʨʛʦʚʦ) 

ʩʠʥʭʨʦʥʥʠʭ ʘʙʦ ʘʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʧʨʠʚʦʜʽʚ ʪʫʨʙʦʤʝʭʘʥʟ̔ʤʽʚ 

ʧʦʪʫʞʥʽʩʪʶ ʜʦ 8000 ʢɺʪ (ʟ ʩʪʨʫʤʦʤ 1,5-2,5 Iʥ) ʽ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʧʫʩʢʘʶʪʴʩʷ 

ʚʭʦʣʦʩʪʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ çʧʽʜʭʦʧʣʝʥʥʷè ʜʚʠʛʫʥʽʚ ʟ ʥʝʥʫʣʴʦʚʦʶ ʯʘʩʪʦʪʦʶ 

ʦʙʝʨʪʘʥʥʷ. 

ɺ ʦʩʥʦʚʫ ʨʦʙʦʪʠ ʈʋʇʇ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʦʙʤʝʞʝʥʥʷ 

ʧʫʩʢʦʚʦʛʦ ʩʪʨʫʤʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʽ ʡʦʛʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʥʘ ʙʽʣʴʰʽʡ 

ʯʘʩʪʠʥʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. ʉʠʥʫʩʦʾʜʘʣʴʥʘ ʬʦʨʤʘ ʥʘʧʨʫʛʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʜʦ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʫʩʢʫ. 

ɺʠʛʦʪʦʚʣʷʻʪʴʩʷ ʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʦ 12,5 ʄɺʪ ʟ ʥʘʧʨʫʛʦʶ ʞʠʚʣʝʥʥʷ 6ï10 ʢɺ. 

ʇʝʨʝʚʘʛʠ ʧʫʩʢʫ ʯʝʨʝʟ ʈʋʇʇ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʷʤʠʤ ʧʫʩʢʦʤ: 

- ʟʤʝʥʰʝʥʥʷ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʟʫʩʠʣʴ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʡ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; 

- ʟʤʝʥʰʝʥʥʷ ʧʨʦʩʘʜʦʢ ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʧʦʣʽʧʰʝʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʽʥʰʠʭ ʩʧʦʞʠʚʘʯʽʚ; 

- ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʯʘʩʪʠʥ 

ʦʙʣʘʜʥʘʥʥʷ; 

- ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʟʘʭʠʩʥʦ-

ʢʦʤʫʪʘʮʽʡʥʦʛʦ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ; 

- ʤʦʞʣʠʚʽʩʪʴ ʧʫʩʢʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʚ ʩʠʩʪʝʤʘʭ ʟʽ ʩʣʘʙʢʠʤʠ ʤʝʨʝʞʘʤʠ 

ʘʙʦ ʪʘʢʠʤʠ, ʱʦ ʦʜʝʨʞʫʶʪʴ ʞʠʚʣʝʥʥʷ ʚʽʜ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʶ ʈʋʇʇ ʜʣʷ ʧʦʯʝʨʛʦʚʦʛʦ ʧʫʩʢʫ 

ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.10. 

ʇʨʠʩʪʨʦʾ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʇɸɼ-ɺ-ɻ, ʇʉɼ-ɺ-ɻ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʪʘ ʛʨʫʧʦʚʦʛʦ ʧʦʯʝʨʛʦʚʦʛʦ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ 

ʘʩʠʥʭʨʦʥʥʠʭ ʽ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ 3, 6, 10 ʢɺ [157]. 

ɻʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʥʘʩʦʩʠ, ʚʝʥʪʠʣʷʪʦʨʠ, ʢʦʤʧʨʝʩʦʨʠ, ʧʦʚʽʪʨʦʜʫʚʢʠ ʪʘ 

ʽʥʰʽ ʤʝʭʘʥʽʟʤʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʧʨʠʥʮʠʧʫ ʜʽʾ. 
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ʈʠʩʫʥʦʢ 1.10 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʩʝʨʽʾ 

ʈʋʇʇ (ʋʢʨʘʾʥʘ) 

 

ʉʧʦʩʽʙ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʬʘʟʦʚʦʤʫ ʢʝʨʫʚʘʥʥʽ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʆʙʤʝʞʝʥʥʷ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʜʠʥʘʤʽʯʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʜʚʠʛʫʥʘ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʤʝʭʘʥʽʟʤʫ ʟʤʝʥʰʫʻ ʧʫʩʢʦʚʠʡ ʩʪʨʫʤ ʜʚʠʛʫʥʘ ʥʘ ʨʽʚʥʽ (1ï

4) Iʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ: 

- ʜʠʥʘʤʽʯʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʢʦʣʘʭ ʤʝʭʘʥʽʟʤʫ; 

- ʛʽʜʨʘʚʣʽʯʥʽ (ʧʥʝʚʤʘʪʠʯʥʽ) ʫʜʘʨʠ ʚ ʥʘʩʦʩʽ, ʢʦʤʧʨʝʩʦʨʽ, ʤʘʛʽʩʪʨʘʣʽ; 

- ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʟʫʩʠʣʣʷ ʫ ʩʪʘʪʦʨʥʠʭ ʦʙʤʦʪʢʘʭ ʜʚʠʛʫʥʘ; 

- ʧʨʦʩʘʜʢʠ ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ. 

ʇʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʇɸɼ-ɺ ʽ ʇʉɼ-ɺ ʜʣʷ 

ʧʦʯʝʨʛʦʚʦʛʦ ʧʫʩʢʫ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.11. 

ʇʨʠʩʪʨʽʡ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ çSoft-Starter WEG 7000è - ʮʝ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʘʧʫʩʢʘʪʠ ʪʘ ʟʫʧʠʥʷʪʠ, ʟʜʽʡʩʥʶʚʘʪʠ 

ʢʝʨʫʚʘʥʥʷ ʽ ʟʘʭʠʩʪ ʪʨʠʬʘʟʥʠʭ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʩʝʨʝʜʥʴʦʾ ʥʘʧʨʫʛʠ [158], 

ʟʘʧʦʙʽʛʘʻ ʤʝʭʘʥʽʯʥʠʤ ʫʜʘʨʘʤ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʥʠʞʫʻ ʧʽʢʦʚʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʚ 

ʣʽʥʽʾ ʞʠʚʣʝʥʥʷ ʽ ʧʦʰʢʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ. 

ʂʦʥʪʨʦʣʴ ʥʘʧʨʫʛʠ ʜʚʠʛʫʥʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʢʫʪʘ ʢʝʨʫʚʘʥʥʷ 

ʪʠʨʠʩʪʦʨʽʚ ʟ ʘʥʪʠʧʘʨʘʣʝʣʴʥʠʤ ʟôʻʜʥʘʥʥʷʤ. 
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ʈʠʩʫʥʦʢ 1.11 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʩʝʨʽʾ 

ʇɸɼ-ɺ-ɻ, ʇʉɼ-ɺ-ɻ, (ʈʦʩʽʷ) 

 

ʆʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

- ʢʦʤʧʣʝʢʩʥʠʡ ʙʘʡʧʘʩ; 

- ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ ʥʝ ʧʦʪʨʽʙʥʽ, ʪʦʤʫ ʱʦ ʻ ʣʽʥʽʡʥʠʡ ʢʦʥʪʘʢʪʦʨ; 

- ʟʘʭʠʩʪ ʜʚʠʛʫʥʘ, ʫʙʫʜʦʚʘʥʠʡ ʫ ʩʪʘʥʜʘʨʪʥʠʡ ʢʦʨʧʫʩ; 

- ʟʨʫʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ; 

- ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʝ ʟô̒ ʜʥʘʥʥʷ; 

- ʧʦʚʥʘ ʽʟʦʣʷʮʽʷ ʤʽʞ ʚʽʜʩʽʢʘʤʠ ʚʠʩʦʢʦʾ ʪʘ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ SSW7000 ʥʘʜʘʻ ʪʘʢ̔ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ 

ʧʨʤ̫ʠʤ ʧʫʩʢʦʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ: 

- ʤʝʭʘʥʽʯʥʽ ʧʝʨʝʚʘʛʠ ï ʟʤʝʥʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʟʫʩʠʣʴ ʫ ʧʨʠʚʦʜʽ, 

ʤʽʥʽʤʽʟʫʻ ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ; ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʜʚʠʛʫʥʘ; ʟʘʙʝʟʧʝʯʫʻ 

ʧʣʘʚʥʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ; 

- ʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʚʘʛʠ ï ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; ʟʤʝʥʰʝʥʥʷ 

ʚʧʣʠʚʫ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ, ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʪʘ ʜʚʠʛʫʥ; ʟʤʝʥʰʝʥʥʷ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ; ʟʙʽʣʴʰʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʜʚʠʛʫʥʘ; ʧʦʚʥʘ ʽʟʦʣʷʮʽʷ ʤʽʞ ʚʽʜʩʽʢʘʤʠ 

ʩʝʨʝʜʥʴʦʾ ʪʘ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ; 

- ʧʝʨʝʚʘʛʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʯʘʩ 

ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʦ ʟʙʽʣʴʰʝʥʽ; ʟʤʝʥʝhʥʥʷ ʚʠʪʨʘʪ, 
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ʧʦʚô̫ʟʘʥʠʭ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ, ʧʨʦʩʪʦʷʤʠ ʪʘ ʟʘʤʽʥʦʶ ʜʝʪʘʣʝʡ; ʟʙʽʣʴʰʝʥʠʡ 

ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʦʙʣʘʜʥʘʥʥʷ; ʟʘʧʦʙʽʛʘʻ ʩʪʨʠʙʢʘʤ ʪʠʩʢʫ ʚʽʜ ʥʘʩʦʩʽʚ ʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ; 

ʟʘʧʦʙʽʛʘʻ ʨʠʚʢʘʤ ʽ ʧʨʦʩʣʠʟʘʥʥʷʤ ʢʦʥʚʝʻʨʥʠʭ ʩʪʨʽʯʦʢ. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ SSW7000 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.12. 

 

ʈʠʩʫʥʦʢ 1.12 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ 

SSW7000, WEG 

 

ʊʠʨʠʩʪʦʨʥʽ ʧʨʠʩʪʨʦʾ ʯʘʩʪʦʪʥʦʛʦ ʙʝʟʫʜʘʨʥʦʛʦ ʧʫʩʢʫ ʩʝʨʽʾ ʋɹʇɺɼ-ʉ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʣʘʚʥʠʡ ʯʘʩʪʦʪʥʠʡ ʧʫʩʢ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʩʠʥʭʨʦʥʥʠʭ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 10 ʄɺʪ ʪʘ ʥʘʧʨʫʛʦʶ ʞʠʚʣʝʥʥʷ 6 ʢɺ, ʱʦ 

ʧʨʠʚʦʜʷʪʴ ʚ ʨʫʭ ʤʝʭʘʥʽʟʤʠ ʟʽ ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʘʣʫ ʘʙʦ ʟ ʚʘʞʢʠʤʠ 

ʫʤʦʚʘʤʠ ʧʫʩʢʫ, [159], ʪʘʢʠʤʠ ʷʢ ʢʫʣʴʦʚʽ ʤʣʠʥʠ, ʢʦʥʚʝʻʨʠ, ʚʝʥʪʠʣʷʪʦʨʠ ʟ 

ʚʝʣʠʢʠʤʠ ʽʥʝʨʮʽʡʥʠʤʠ ʤʘʩʘʤʠ ʪʘ ʽʥhʝ. 

ʇʨʠʩʪʨʦʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʫʩʢ ʦʜʠʥʦʯʥʦʛʦ ʜʚʠʛʫʥʘ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʠʡ ʧʫʩʢ 

ʦʜʥʠʤ ʧʨʠʩʪʨʦʻʤ ʢʽʣʴʢʦʭ ʜʚʠʛʫʥʽʚ ʟ ʧʦʯʝʨʛʦʚʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʡʦʛʦ ʜʦ ʜʚʠʛʫʥʽʚ, 

ʱʦ ʧʫʩʢʘʶʪʴʩʷ. 

ɺʦʥʠ ʚʠʢʦʥʘʥʽ ʟʘ ʩʭʝʤʦʶ ʟ ʟʘʣʝʞʥʠʤ ʪʠʨʠʩʪʦʨʥʠʤ ʽʥʚʝʨʪʦʨʦʤ ʩʪʨʫʤʫ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ: 

- ʧʫʩʢʦʚʠʡ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ ʜʦ 1,3 ʄʥʦʤ (ʄʥʦʤ ï ʥʦʤʽʥʘʣʴʥʠʡ ʤʦʤʝʥʪ 

ʜʚʠʛʫʥʘ); 



 68 

- ʯʘʩʪʦʪʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʧʣʘʚʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ, 

ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʽʜʪʨʠʤʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ ʜʚʠʛʫʥʘ ʽ ʩʪʨʫʤʦʤ 

ʩʧʦʞʠʚʘʥʥʷ ʥʝ ʙʽʣʴʰʝ 1,5 Iʥʦʤ. 

ʋ ʧʨʠʩʪʨʦʷʭ ʩʝʨʽʾ ʋɹʇɺɼ-ʉ ʨʝʘʣʽʟʦʚʘʥʽ ʬʫʥʢʮʽʾ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʽ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʚʜʘʥʥ ̫ ʥʘʣʘʰʪʫʚʘʥʴ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʩʪʨʦʶ. 

ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʛʨʘʤʥʫ ʢʦʨʝʢʮʽʶ ʨʝʛʫʣʷʪʦʨʽʚ, ʚʠʙʠʨʘʪʠ ʢʨʠʚʫ 

ʧʫʩʢʫ, ʦʙʤʝʞʝʥʥʷ ʩʪʨʫʤʫ, ʯʘʩ ʨʦʟʛʦʥʫ, ʬʦʨʤʫʚʘʪʠ ʪʨʘʻʢʪʦʨʽʶ ʛʘʣʴʤʫʚʘʥʥʷ. 

ɸʣʛʦʨʠʪʤʽʯʥʽ ʨʽʰʝʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʥʘʩʦʩʥʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʚ ʬʫʥʢʮʽʾ ʪʠʩʢʫ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʽ ʚʽʜʤʽʥʥʽ ʨʠʩʠ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʋɹʇɺɼ-ʉ ʻ ʦʧʪʠʤʘʣʴʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 

ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ. 

ʉʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘ ʙʘʟʽ ʧʨʠʩʪʨʦʶ ʋɹʇɺɼ-ʉ ʟ ʟʘʣʝʞʥʠʤ 

ʽʥʚʝʨʪʦʨʦʤ ʩʪʨʫʤʫ, ʫ ̫ ʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʠʨʠʩʪʦʨʠ ʟ ʬʘʟʦʚʠʤ ʢʝʨʫʚʘʥʥʷʤ, 

ʫ 3ï5 ʨʘʟʽʚ ʜʝʰʝʚʰʘ ʟʘ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ ʥʘ ʙʘʟʽ IGBT ʘʙʦ IGCT ʧʨʠʣʘʜʽʚ, 

ʤʝʥʰ ʩʢʣʘʜʥʘ, ʘ ʦʪʞʝ, ʥʘʜʽʡʥʽʰʘ ʽ ʧʨʦʩʪʽʰʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʋɹʇɺɼ-ʉ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.1. 13. 

ʉʪʘʪʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ ʜʣʷ ʤôʷʢʦʛʦ ʧʫʩʢʫ ʩʠʥʭʨʦʥʥʠʭ 

ʤʘʰʠʥ MEGADRIVE-LCI.  ʂʦʤʧʘʥʽʷ ABB ʙʫʣʘ ʧʽʦʥʝʨʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʪʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʣʷ ʧʫʩʢʫ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ, ʫʚʽʚʰʠ ʧʝʨʰʫ 

ʩʪʘʪʠʯʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʧʫʩʢʫ ʥʘ ʨʠʥʦʢ 1974 ʨʦʢʫ. ʊʝʭʥʦʣʦʛʽʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʚ ʧʨʠʚʦʜʽ MEGADRIVE-LCI, ʟʘʙʝʟʧʝʯʫʻ ʢʝʨʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʘʤʠ ʚʝʣʠʢʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʣʘʚʥʠʡ ʧʫʩʢ ʚʝʣʠʢʠʭ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ, ʟʤʝʥʰʫʶʯʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʤʝʨʝʞʫ ʽ ʦʙʣʘʜʥʘʥʥʷ [160]. 

ʉʠʣʦʚʘ ʯʘʩʪʠʥʘ ʚʠʢʦʥʘʥʘ ʟ ʜʽʦʜʥʠʤ ʚʠʧʨʷʤʣʷʯʝʤ ʪʘ ʽʥʚʝʨʪʦʨʦʤ ʟ ʰʠʨʦʪʥʦ-

ʽʤʧʫʣʴʩʥʠʤ ʤʦʜʫʣʶʚʘʥʥʷʤ ʥʘ ʧʦʚʥʽʩʪʶ ʢʝʨʦʚʘʥʠʭ ʪʠʨʠʩʪʦʨʘʭ (GTO). 

ɺʠʛʦʪʦʚʣʷʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 72 ʄɺʪ ʽ ʚʠʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ ʜʦ 10 ʢɺ. 
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ʈʠʩʫʥʦʢ 1.13 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ 

ʋɹʇɺɼ-ʉ, ʆɸʆ çɺʅʀʀʈè 

ɺʘʨʽʘʥʪʠ ʚʠʢʦʥʘʥʥʷ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʩʪʘʨʪʝʨʘ MEGADRIVE-LCI 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.14. 

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ 

ʪʝʦʨʝʪʠʯʥʽ ʥʘʧʨʷʤʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ, ʨʦʟʛʣʷʥʫʪʦ 

ʦʩʥʦʚʥʽ ʩʭʝʤʦʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʧʫʩʢʦʚʠʭ ʩʠʩʪʝʤ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 

ɺʠʚʯʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʩʫʯʘʩʥʠʭ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ 

ʧʝʨʝʢʨʠʚʘʶʪʴ ʜʽʘʧʘʟʦʥ ʧʦʪʫʞʥʦʩʪʝʡ ʜʦ 72 ʄɺʪ ʟ ʥʘʧʨʫʛʦʶ ʞʠʚʣʝʥʥʷ 6ï10 ʢɺ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʩʭʝʤʦʪʝʭʥʽʯʥʠʤ ʨʽʰʝʥʥʷʤ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʘʟʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʦʶ ʞʠʚʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʠʨʠʩʪʦʨʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʥʘʧʨʫʛʠ, ʘ ʜʣʷ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʤʝʭʘʥʽʟʤʽʚ ʟ 

ʚʘʞʢʠʤʠ ʫʤʦʚʘʤʠ ʧʫʩʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʫʩʢʦʚʽ ʧʨʠʩʪʨʦʾ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ 

ʯʘʩʪʦʪʠ ʟ ʚʝʢʪʦʨʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʢʝʨʫʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 1.14 ï ɺʘʨʽʘʥʪʠ ʚʠʢʦʥʘʥʥʷ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ 

MEGADRIVE-LCI, ABB 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʯʘʩʥʽ ʧʨʠʩʪʨʦʾ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʥʘʜʘʶʪʴ ʰʠʨʦʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʫʩʢʦʚʦʾ ʜʽʘʛʨʘʤʠ, ʘʣʝ ʫ ʾ ʭ ʩʢʣʘʜʽ ʚʽʜʩʫʪʥʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʦʜʫʣʽ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ ʫʩʫʚʘʶʪʴ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʧʠʪʘʥʥʷʭ 

ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. ʎʝ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʧʨʠʩʪʨʦʾʚ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ, ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʪʝʥʮʽʘʣ ʧʫʩʢʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʧʦʚʥʦʶ ʤʽʨʦʶ. 

1.6 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʩʢʦʚʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʧʦʪʫʞʥʠʭ ʥʝʨʝʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʥʝʨʝʛʫʣʴʦʚʘʥʠʭ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ï ʩʢʣʘʜʥʝ, ʥʝʪʨʠʚʽʘʣʴʥʝ ʟʘʚʜʘʥʥʷ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ, ʥʘʩʘʤʧʝʨʝʜ, ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʫ ʨʦʟʜʽʣʽ 1.2 ʙʘʛʘʪʦʯʠʥʥʠʢʥʠʤ ʚʧʣʠʚʦʤ 

ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʚʽʜʩʫʪʥʽʩʪʶ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʠʭ ʤʝʪʦʜʠʢ ʦʮʽʥʶʚʘʥʥʷ 

ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʪʘ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʂʦʨʝʢʪʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ 

ʧʦʚʠʥʥʦ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʛʨʘʬʽʢʘʭ ʽ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 
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ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʮʽʣʴʥʫ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʤʦʞʣʠʚʫ 

ʢʽʣʴʢʽʩʪʴ ʽ ʪʨʠʚʘʣʽʩʪʴ ʧʘʫʟ ʫ ʨʦʙʦʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ʇʦʷʩʥʠʤʦ ʚʠʱʝʩʢʘʟʘʥʝ ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ 

ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ [161]. 

ʄʘʰʠʥʦʙʫʜʽʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʟʘʟʚʠʯʘʡ, ʧʨʘʮʶʻ ʫ ʜʚʽ ʟʤʽʥʠ ʟ ʜʚʦʤʘ 

ʚʠʭʽʜʥʠʤʠ ʜʥʷʤʠ ʧʨʦʪʷʛʦʤ ʪʠʞʥʷ. ʉʧʦʞʠʚʘʥʥʷ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʧʨʦʪʷʛʦʤ 

ʟʤʽʥʠ ʻ ʤʘʡʞʝ ʧʦʩʪʽʡʥʠʤ. ʋ ʥʝʨʦʙʦʯʠʡ ʯʘʩ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʥʝ ʩʧʦʞʠʚʘʻʪʴʩʷ, 

ʢʦʤʧʨʝʩʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʫʧʠʥʝʥʽ. ɻʨʘʬʽʢʠ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʧʦʜʘʥʽ ʥʘ ʨʠʩ. 1.15 [161]. 

ʆʩʥʦʚʥʘ ʝʢʦʥʦʤʽʷ ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʚ ʥʝʨʦʙʦʯʠʡ 

ʯʘʩ (ʥʽʯʥʽ ʛʦʜʠʥʠ, ʘ ʪʘʢʦʞ ʚʠʭʽʜʥʽ ʪʘ ʩʚʷʪʢʦʚʽ ʜʥʽ), ʢʦʣʠ ʢʦʤʧʨʝʩʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʫʧʠʥʝʥʽ ʙʝʟ ʟʤʝʥʝhʥʥʷ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʣʷ ʢʦʤʧʨʝʩʦʨʥʠʭ ʩʪʘʥʮʽʡ 

ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʮʠʢʣʦʤ ʨʦʙʦʪʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘʣʽʟʦʚʠʜʦʙʫʚʥʠʭ ʰʘʭʪ 

(ʨʠʩ. 1.15, ʙ), ʪʘʢʦʞ ʽʩʥʫʶʪʴ ʜʦʩʠʪʴ ʪʨʠʚʘʣʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ, ʢʦʣʠ ʦʜʠʥ ʘʙʦ ʜʚʘ 

ʢʦʤʧʨʝʩʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʫʧʠʥʝʥʽ. 

 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 1.15 ï ɻʨʘʬʽʢʠ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ: 

ʘ -ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ; ʙ - ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʮʠʢʣʦʤ 

ʨʦʙʦʪʠ, (ʚʠʢʦʨʠʩʪʘʥʦ ʟ̔ [161]) 

 

ʆʜʥʘʢ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʢʦʤʧʨʝʩʦʨʠ ʥʘ ʯʘʩ ʤʦʞʣʠʚʠʭ 

ʧʘʫʟ ʥʝ ʚʠʤʠʢʘʶʪʴʩʷ, ʘ ʧʝʨʝʚʦʜʷʪʴʩʷ ʚ ʨʝʞʠʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ. 
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ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʥʘʡʚʘʞʯʠʤ ʱʦʜʦ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʝʣʝʤʝʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʤʧʨʝʩʦʨʘ ʻ ʨʝʞʠʤ ʧʫʩʢʫ, ʷʢʠʡ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʩʫʨʩ ʘʛʨʝʛʘʪʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʝʟʥʘʯʥʫ ʪʨʠʚʘʣʽʩʪʴ (ʙʣʠʟʴʢʦ 30 ʩ), ʧʨʦʮʝʩ ʧʫʩʢʫ ʩʪʚʦʨʶʻ 

ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ ʘʛʨʝʛʘʪʫ. ʎʝ ʧʦʚôʷʟʘʥʦ, ʥʘʩʘʤʧʝʨʝʜ, ʟ 

ʚʠʩʦʢʠʤʠ ʧʫʩʢʦʚʠʤʠ ʤʦʤʝʥʪʘʤʠ, ʷʢʽ ʚ ʜʚʘ ʨʘʟʠ ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʤʽʥʘʣʴʥʽ, ʟ 

ʧʨʦʭʦʜʞʝʥʥʷʤ ʢʦʤʧʨʝʩʦʨʘ ʯʝʨʝʟ ʟʦʥʫ ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʽ 

ʜʦʜʘʪʢʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʯʘʩ ʧʨʦʛʨʽʚʘʥʥʷ ʘʛʨʝʛʘʪʫ. ɺʪʨʘʪʠ 

ʤʦʪʦʨʝʩʫʨʩʫ ʥʘ ʢʦʞʝʥ ʮʠʢʣ ʟʘʧʫʩʢʫ ʩʪʘʥʦʚʣʷʪʴ 50 ʛʦʜʠʥ [161], ʪʦʤʫ ʚʠʨʦʙʥʠʢ 

ʢʦʤʧʨʝʩʦʨʘ ʜʦʧʫʩʢʘʻ ʤʘʢʩʠʤʫʤ ʱʦʪʠʞʥʝʚʽ ʧʫʩʢʠ/ʟʫʧʠʥʢʠ ʢʦʤʧʨʝʩʦʨʘ, ʘ 

ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʚʠʨʦʙʥʠʢʦʤ ʪʨʠʚʘʣʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʽʚ 

ʩʢʣʘʜʘʻ ʥʝ ʤʝʥʰʝ 25 ʜʽʙ [41]. 

ɸʥʘʣʽʟ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʽʚ ʢʦʤʧʨʝʩʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʚʠʢʦʥʘʥʠʡ ʫ [161], ʥʝ 

ʚʨʘʭʦʚʫʻ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ʽ ʩʧʦʞʠʪʫ ʥʠʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʱʦ ʥʝ 

ʧʨʠʤʝʥʰʫʻ ʡʦʛʦ ʮʽʥʥʦʩʪʽ. 

ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʰʘʭʪʽ çɻʚʘʨʜʽʡʩʴʢʘè, ʤ. ʂʨʠʚʠʡ 

ʈʽʛ. ʅʘ ʨʠʩ.1.16 ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʽ ʫ ʚʝʨʝʩʥʽ 2018 ʨʦʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

ʧʨʦ ʜʦʙʦʚʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʧʽʜʡʦʤʫ ʰʘʭʪʠ çɻʚʘʨʜʽʡʩʴʢʘè, 

ʤ. ʂʨʠʚʠʡ ʈʽʛ, ʦʙʣʘʜʥʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʧʦ ʩʠʩʪʝʤʽ ɻ-ɼ. 

 

ʈʠʩʫʥʦʢ 1.16 ï ɻʨʘʬʽʢʠ ʜʦʙʦʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʰʘʭʪʠ çɻʚʘʨʜʽʡʩʴʢʘè, 

ʤ. ʂʨʠʚʠʡ ʈʽʛ (ʚʠʢʦʨʠʩʪʘʥʦ ʟ ʜʦʟʚʦʣʫ ʜʦʮ. ʌʽʣʽʧʧʘ ʖ.ɹ.) 

ʇʨʠʚʦʜʥʠʡ ʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ ʛʨʫʧʠ ɻïɼ ʧʽʜʡʦʤʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʥʦʤʽʥʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 3,5 ʄɺʪ ʧʨʘʮʶʻ ʚʭʦʣʦʩʪʫ ʜʦ 10 ʛʦʜʠʥ ʥʘ ʜʦʙʫ, 
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ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʟʫʧʠʥʢʘ ʪʘ ʧʦʜʘʣʴʰʠʡ ʧʫʩʢ ʧʦʚô̫ʟʘʥʽ ʷʢ ʟ ʪʝʭʥʽʯʥʠʤʠ 

ʩʢʣʘʜʥʦʱʘʤʠ, ʪʘʢ ʽ ʟʽ ʟʥʘʯʥʠʤ ʚʧʣʠʚʦʤ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʨʝʩʫʨʩ ʧʨʠʚʦʜʥʦʛʦ 

ʜʚʠʛʫʥʘ ʽ ʤʝʭʘʥʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʧʽʜʡʦʤʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ɿ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘʛʘʣʴʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʘʥʘʣʽʟ 

ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʚʠʥʝʥ eʨʘʭʦʚʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ 

ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʽ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʚ ʧʨʦʮʝʩʽ ʟʘʧʫʩʢʫ ʽ ʚ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚô̫ ʟʘʪʠ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʨʽʟʥʠʭ ʩʢʣʘʜʦʚʠʭ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʧʫʩʢʫ, ʘ ʪʘʢʦʞ ʨʦʟʚô̫ ʟʘʪʠ ʧʨʦʙʣʝʤʠ ʧʦʨʽʚʥʷʥʥʦʩʪʽ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ. 

ʉʢʣʘʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʟʘʧʫʩʢʫ 

ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʩʝʙʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ, 

ʥʘʜʽʡʥʽʩʥʠʭ ʘʩʧʝʢʪʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʪʘ ʨʦʙʦʯʦʾ ʤʘʰʠʥʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʢʦʥʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 2.1 ʜʦʩʣʽʜʞʝʥʴ, ʨʝʩʫʨʩʥʠʤʠ ʚʠʪʨʘʪʘʤʠ 

ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʧʫʩʢʫ ʟʘʛʘʣʦʤ ʻ ʥʘʩʪʫʧʥʽ ʚʠʪʨʘʪʠ: ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʟʘ ʯʘʩ 

ʧʫʩʢʫ, ʚʘʨʪʽʩʪʴ ʧʣʘʥʦʚʦ-ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʘ 

ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʩʧʦʞʠʪʘ ʚ ʧʨʦʮʝʩʽ ʟʘʧʫʩʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽ ̫ʪʦʱʦ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʚʠ, ʷʢʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, (ʨʠʩ. 1.17). 

ʋ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ, (ʨʠʩ.1.17, ʘ), ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʽ ʨʦʙʦʯʘ ʤʘʰʠʥʘ ʥʝ 

ʟʫʧʠʥʷʶʪʴʩʷ ʽ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʽ, ʥʘʙʣʠʞʝʥʦʤʫ ʜʦ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ. ɿʘ ʯʘʩ 

ʧʝʨʝʨʚʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ: 

ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ 

ʽʥʰʝ. 
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ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʜʨʫʛʠʡ 

ʚʘʨʽʘʥʪ ï ʧʦʚʥʘ ʟʫʧʠʥʢʘ ʦʙʣʘʜʥʘʥʥʷ 

ʥʘ ʧʝʨʽʦʜ ʧʝʨʝʨʚʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ (ʨʠʩ. 1. 17, ʙ). ɿ ʚʠʙʦʨʦʤ 

ʪʘʢʦʛʦ ʚʘʨʽʘʥʪʫ ʨʦʙʦʪʠ ʚʠʥʠʢʘʶʪʴ 

ʜʦʜʘʪʢʦʚʽ ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʧʦʚʪʦʨʥʠʡ ʟʘʧʫʩʢ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʪʘ ʨʦʙʦʯʦʾ ʤʘʰʠʥʠ (ʨʠʩ. 1.17, ʙ). 

ʈʦʟʛʣʷʥʝʤʦ ʜʦʢʣʘʜʥʽʰʝ ʟʤʽʥʠ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʟʘ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʫ ʨʘʟʽ 

ʟʫʧʠʥʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

(ʨʠʩ.1.18). 

 

 

ʈʠʩʫʥʦʢ 1.18 ï ɼʦ ʧʦʨʽʚʥʷʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʪʘ 

ʧʫʩʢʦʚʦʛʦ ʨʝʞʠʤʽʚ 

 

ɿʫʧʠʥʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʥʘ ʯʘʩ ʧʘʫʟʠ, ʘ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʧʫʩʢʫ, ʱʦ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʨʝʩʫʨʩʥʽ 

ʚʠʪʨʘʪʠ, ʷʢʠʭ ʙʠ ʥʝ ʙʫʣʦ ʟʘ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 1.17 ï ɺʘʨʽʘʥʪʠ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʨʘʟʽ 

ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʨʚʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ 

 

tʩʪʦʧ t, ʛʦʜtʩʪʘʨʪ

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ

ɺʘʨʽʘʥʪʠ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ

ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ

ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ʧʫʩʢʦʚʦʛʦ ʨʝʞʠʤʫ

tʩʪʦʧ t, ʛʦʜtʩʪʘʨʪ

ʙ) ʟ ʧʝʨʝʨʚʦʶ

tʩʪʦʧ t, ʛʦʜ
a) ʙʝʟ ʧʝʨʝʨʚʠ
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ʇʦʟʥʘʯʠʤʦ ʪʨʠʚʘʣʽʩʪʴ ʟʫʧʠʥʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʠʤʚʦʣʦʤ t0, 

ʪʨʠʚʘʣʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʧʫʩʢʫ ʦʙʣʘʜʥʘʥʥʷ ï ʩʠʤʚʦʣʦʤ tʇ, ʧʨʠ ʮʴʦʤʫ, ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʷʤʦʛʦ ʧʫʩʢʫ ʧʦʟʥʘʯʠʤʦ ʩʠʤʚʦʣʦʤ tʇ0. ʇʠʪʦʤʫ ʚʝʣʠʯʠʥʫ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʚ 

ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʧʦʟʥʘʯʠʤʦ ʩʠʤʚʦʣʦʤ Rʅʆʄ. 

ʗʢʙʠ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʙʫʣʦ ʚʽʜʢʣʶʯʝʥʦ, ʪʦ ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ʚʠʟʥʘʯʘʣʠʩʷ ʙ 

ʧʠʪʦʤʦʶ ʚʝʣʠʯʠʥʦʶ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʫ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ Rʅʆʄ ʽ 

ʪʨʠʚʘʣʽʩʪʶ ʧʝʨʝʨʚʠ ʚ ʨʦʙʦʪʽ t0: 

Ὑ˒ ὶ̊˛ Ͻ̇ὸ.      (1.17) 

ʋ ʨʘʟʽ ʟʫʧʠʥʢʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʮʽʻʾ ʩʢʣʘʜʦʚʦʾ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʥʝʤʘʻ, ʘʣʝ 

ʟô̫ ʚʣʷʻʪʴʩʷ ʧʫʩʢʦʚʘ ʩʢʣʘʜʦʚʘ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ Rʇ. 

ʗʢʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʷʤʠʡ ʟʘʧʫʩʢ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʪʦ ʯʘʩ ʟʘʧʫʩʢʫ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʠʤ ʽ ʜʦʨʽʚʥʶʚʘʪʠʤʝ tʇ0, ʘ ʧʫʩʢʦʚʽ 

ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ï ʤʘʢʩʠʤʘʣʴʥʠʤʠ, ʽ ʜʦʨʽʚʥʶʚʘʪʠʤʫʪʴ Rʇ0. ɿ ʨʝʘʣʽʟʘʮʻʶ 

ʧʣʘʚʥʦʛʦ ʟʘʧʫʩʢʫ ʤʠ ʟʙʽʣʴʰʫʻʤʦ ʯʘʩ ʟʘʧʫʩʢʫ ʽ ʤʦʞʝʤʦ ʽʩʪʦʪʥʦ ʟʤʝʥʠhʪʠ ʧʫʩʢʦʚʽ 

ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ. ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ, ʪʨʠʚʘʣʽʩʪʴ ʧʣʘʚʥʦʛʦ ʟʘʧʫʩʢʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʟʥʝʚʘʞʣʠʚʦ ʤʘʣʦʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʠʚʘʣʽʩʪʶ ʧʘʫʟʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ 

ʧʫʩʢʦʚʽ ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ʷʢ ʽʤʧʫʣʴʩʥʫ ʬʫʥʢʮʽʶ ɼʽʨʘʢʘ. 

ɿʫʧʠʥʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ ʜʦʮʽʣʴʥʦʶ, ʷʢʱʦ ʝʢʦʥʦʤʽʷ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʟʘ ʯʘʩ ʧʘʫʟʠ ʧʝʨʝʚʠʱʫʻ ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʦʚʪʦʨʥʠʡ ʟʘʧʫʩʢ 

ʦʙʣʘʜʥʘʥʥʷ: 

Ὑ˒ Ὑ̃ ,      (1.18) 

ʜʝ Rɽ ï ʨʝʩʫʨʩʥ ̔ʚʠʪʨʘʪʠ ʟʘ ʯʘʩ ʟʫʧʠʥʢʠ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʟʘ (1.17). 

ʈʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʦʚʪʦʨʥʠʡ ʧʫʩʢ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ, ʩʧʝʮʠʬʽʯʥʠʭ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʦʙʦʯʠʭ 

ʤʘʰʠʥ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʞʠʤʫ ʛʣʠʙʦʢʦʛʦ 

ʜʨʦʩʝʣʶʚʘʥʥʷ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʽʚ [161]. ɹʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʧʨʠʜʘʪʥʠʤ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʨʦʙʦʯʠʭ ʤʘʰʠʥ, ʤʝʪʦʜʦʤ ʟʤʝʥʰʝʥʥʷ ʧʫʩʢʦʚʠʭ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʷʢʠʤ ʦʙʣʘʜʥʘʥʦ ʠʘʡʞʝ ʫʩʽ 

ʧʦʪʫʞʥʽ ʤʝʭʘʥʽʟʤʠ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ. 
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ʆʪʞʝ, ʧʨʦʙʣʝʤʘʪʠʢʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʩʢʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʚʟʘʻʤʦʧʦʚô̫ʟʘʥʠʭ ʟʘʚʜʘʥʥ:̫ ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʾ 

ʩʭʝʤʠ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʥʝʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʷʢʠʡ 

ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʧʫʩʢʦʚʽ ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ʜʦ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ,  ̔ʚʠʙ̔ʨ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʧʫʩʢʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʫʩʢʫ ʱʦʜʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʫʩʢʦʚʠʭ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʟ ʦʪʨʠʤʘʥʠʤ ʩʫʢʫʧʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ (ʉʈʇʇ). 

ʈʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ʪʘ ʉʈʇʇ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ 

ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʫ ʨʘʟʽ ʧʝʨʝʨʚʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʟʦʙʨʘʞʝʥʦ 

ʩʭʝʤʦʶ ʥʘ ʨʠʩ. 1.19. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʦʟʛʣʷʥʫʪʝ ʚʠʱʝ, ʫ ʨʦʟʜʽʣʘʭ 1.2ï1.4, ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ʪʘ 

ʉʈʇʇ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʪʘʢʦʶ ʩʭʝʤʦʶ 

(ʨʠʩ. 1.20). 

 

ʈʠʩʫʥʦʢ 1.19 ï ʉʭʝʤʘ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ: 

ɽʄ0ʊ, ɽʄ1ʊ ï ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʧʦ 

ʟʘʚʝʨʰʝʥʥʽ ʧʫʩʢʫ; (ɽʄ0ʊ - ɽʄ1ʊ) ï ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʟʘ ʧʝʨʽʦʜ ʧʫʩʢʫ; TO0ʊ, TO1ʊ ï ʚʘʨʪʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʪʘ 

ʧʦ ʟʘʚʝʨʰʝʥʥʽ ʧʫʩʢʫ; (TO0ʊ - TO1ʊ) ï ʟʥʦʰʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘ 

ʧʝʨʽʦʜ ʧʫʩʢʫ; ʉʈʇʇ ï ʩʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʩʪʚʦʨʝʥʠʡ ʧʨʦʪʷʛʦʤ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʚʠ; t0 ï ʪʨʠʚʘʣʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʚʠ 

 

n(t)

ɽʣʝʢʪʨʦʝʥʝʨʛʽʷɺʠʪʨʘʪʠ ʥʘ 

ʇʇʈ

t0

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ

ʊʝʭʥʦʣʦʛʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ

ɽʄ0ʊ ɽʄ1ʊ

TO0ʊ TO1ʊ

Tɺʇ
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ʇʦʨʽʚʥʷʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʪʷʛʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʚʠ ʟ 

ʨʝʩʫʨʩʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʧʫʩʢʦʚʦʛʦ ʨʝʞʠʤʫ ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʥʘ ʧʨʠʜʙʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʦʚʘʥʦʛʦ ʟʘʧʫʩʢʫ. 

ʂʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ, ʚʘʨʪʽʩʪʴ ʚʠʙʨʘʥʦʾ ʧʫʩʢʦʚʦʾ ʩʠʩʪʝʤʠ ʩʣʽʜ ʫʨʘʭʦʚʫʚʘʪʠ ʷʢ 

ʩʢʣʘʜʦʚʫ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɽʄ0ʇ, ɽʄ1ʇ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ 

ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ. ʗʢ ʧʦʢʘʟʫʻ ʚʠʢʦʥʘʥʠʡ ʚʠʱʝ, ʫ ʨʦʟʜʽʣʘʭ 

1.2ï1.5 ʘʥʘʣʽʟ, ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ 

ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʤʝʥʰʫʻ 

ʜʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ ʚʽʜ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ, ʚʣʘʩʥʝ, ʽ ʩʢʣʘʜʘʻ 

ʦʩʥʦʚʥʠʡ ʩʝʥʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʩʢʦʚʠʭ ʩʠʩʪʝʤ. 

 

 

ʈʠʩʫʥʦʢ 1.20 ï ʉʭʝʤʘ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ: 

ɽʄ0ʇ, ɽʄ1ʇ ï ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʧʦ 

ʟʘʚʝʨʰʝʥʥʽ ʧʫʩʢʫ; (ɽʄ0ʇ - ɽʄ1ʇ) ï ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʟʘ ʧʝʨʽʦʜ ʧʫʩʢʫ; TO0ʇ, TO1ʇ ï ʚʘʨʪʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʪʘ 

ʧʦ ʟʘʚʝʨʰʝʥʥʽ ʧʫʩʢʫ; (TO0ʇ - TO1ʇ) ï ʟʥʦʰʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘ 

ʧʝʨʽʦʜ ʧʫʩʢʫ; ʉʈʇʇ ï ʩʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʩʪʚʦʨʝʥʠʡ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ; tS ï 

ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

n(t)

ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ

ɺʠʪʨʘʪʠ ʥʘ 

ʇʇʈ

ts

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ

ʊʝʭʥʦʣʦʛʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ

ɽʄ0ʇ ɽʄ1ʇ

TO0ʇ TO1ʇ

Tɺʇ

ɼʦʜʘʪʢʦʚʽ 

ʝʢʦʥʦʤʽʯʥʽ 

ʨʠʟʠʢʠ

ʂʘʧʽʪʘʣʴʥʽ 

ʚʠʪʨʘʪʠ



 78 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʧʫʩʢʦʚʦʾ ʩʠʩʪʝʤʠ ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʧʫʩʢʫ. ʆʩʢʽʣʴʢʠ ʧʦʯʘʪʢʦʚʘ ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʮʽʣʢʦʤ ʚʠʟʥʘʯʝʥʘ, ʪʦ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪ̔ ʚʨʘʭʫʚʘʥʥʷ 

ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ, ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʦʧʝʨʫʚʘʪʠ ʟʥʘʯʝʥʥʷʤʠ ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʧʝʨʽʦʜ ʧʫʩʢʫ. ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʚô̫ ʟʘʥʥʶ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ. 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ ʫʪʦʯʥʝʥʥʷ ʧʠʪʘʥʥʷ, ʱʦ ʩʘʤʝ ʩʢʣʘʜʘʻ 

ʩʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʚʠ ʘʙʦ ʧʨʦʮʝʩʫ 

ʟʘʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʢ̫ʫ ʢʦʨʠʩʥʫ ʬʫʥʢʮʽʶ ʚʠʢʦʥʫʻ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʧʽʜ ʯʘʩ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʚʠ, ʢʦʣʠ ʚʽʥ ʧʨʘʮʶʻ ʚʭʦʣʦʩʪʫ? ɺʦʯʝʚʠʜʴ, ʻʜʠʥʦʶ ʢʦʨʠʩʥʦʶ 

ʬʫʥʢʮʽʻʶ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʚʠ ʻ ʧʽʜʪʨʠʤʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʩʪʘʥʽ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʬʫʥʢʮʽʷ ʧʽʜʪʨʠʤʘʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʢʽʥʝʪʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʦʙʝʨʪʦʚʠʭ ʯʘʩʪʠʥ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘ ʜʦʩʪʘʪʥʴʦʤʫ ʜʣʷ ʧʦʥʦʚʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʽʚʥʽ. ɸʥʘʣʦʛʽʯʥʦ ʩʫʢʫʧʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʩʣʽʜ ʫʚʘʞʘʪʠ ʫʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʦʥʦʚʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʟʘʧʘʩʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ 

ʟʫʧʠʥʢʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʫ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʚʠ. 

ɿ ʥʝʨʽʚʥʦʩʪʽ (1.18) ʚʠʟʥʘʯʠʤʦ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ ʪʨʠʚʘʣʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʚʠ, ʟʘ ̫ ʢʦ ʾʜʦʮʽʣʴʥʦ ʟʫʧʠʥʷʪʠ ʥʝʨʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ 

ʟ ʧʦʜʘʣʴʰʠʤ ʧʨʷʤʠʤ ʧʫʩʢʦʤ: 

ὸ ˜

˚˛˙
.      (1.19) 

ʄʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ 

ʤʦʞʥʘ ʨʦʟʨʦʙʠʪʠ ʥʘ ʧʽʜʩʪʘʚʽ ʫʷʚʣʝʥʴ ʧʨʦ ʧʨʠʩʢʦʨʝʥʝ ʟʥʦhʫʚʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʥʝʥʦʤʽʥʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʨʦʟʜʽʣʽ 2.4. 

ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʟʘʧʫʩʢʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʩʪʨʫʤʦʚʠʭ, 

ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʩʢʦʨʝʥʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʫ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ tʇ, 
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ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʠʚʘʣʽʩʪʶ ʧʨʷʤʦʛʦ ʧʫʩʢʫ tʇ0. ɺʠʩʣʦʚʣʝʥʘ ʛʽʧʦʪʝʟʘ ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʘ ʚʠʨʘʟʦʤ: 

Ὑ̃ Ὑ̃ Ὢὸ̃ ὸ̃ϳϳ ,    (1.20) 

ʜʝ ʬʫʥʢʮʽʷ f ʤʘʻ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʪʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʨʛʫʤʝʥʪʫ. ʊʦʯʥʠʡ ʭʘʨʘʢʪʝʨ 

ʮʽʻʾ ʬʫʥʢʮʽʾ, ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʽʡ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʫhʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ, ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʟʜʽʣʽ 2.4, ʥʝ ʙʫʣʠ ʧʨʝʜʤʝʪʦʤ ʚʠʚʯʝʥʥʷ ʮʽʻʾ ʨʦʙʦʪʠ ʽ 

ʤʘʁ ʪʴ ʙʫʪʠ ʫʪʦʯʥʝʥ ̔ʧʽʜ ʯʘʩ ʧʨʘʢʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʠʩʫʥʫʪʠʤ ʚʠʤʦʛʘʤ ʮʽʣʢʦʤ ʚʽʜʧʦʚʽʜʘʻ ʩʪʝʧʝʥʝʚʘ ʬʫʥʢʮʽʷ ʟ ʧʦʢʘʟʥʠʢʦʤ 

ʩʪʝʧʝʥʽ, ʙʽʣʴʰʠʤ ʟʘ 1. ʇʨʠʡʥʷʚʰʠ ʮʝ ʧʨʠʧʫʱʝʥʥʷ, ʦʪʨʠʤʘʻʤʦ ʥʘʙʣʠʞʝʥʠʡ ʚʠʨʘʟ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʢʝʨʦʚʘʥʦʛʦ ʟʘʧʫʩʢʫ: 

Ὑ̃ Ὑ̃ ὸ̃ ὸ̃ϳϳ .    (1.21) 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ (1.17) ʽ (1.21) ʫ ʥʝʨʽʚʥʽʩʪʴ (1.18) ʽ 

ʚʠʨʽʰʫʶʯʠ ʮʶ ʥʝʨʽʚʥʽʩʪʴ ʱʦʜʦ ʪʨʠʚʘʣʦʩʪʽ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ tʇ, ʦʪʨʠʤʘʻʤʦ ʪʘʢʠʡ 

ʚʠʨʘʟ ʜʣʷ ʛʨʘʥʠʯʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʟʘʧʫʩʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʟʙʠʪʢʦʚʽʩʪʴ ʫ ʨʘʟʽ 

ʧʝʨʝʨʚʠ ʚ ʨʦʙʦʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʨʠʚʘʣʽʩʪʶ t0 (ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚʧʣʠʚʫ ʪʘʢʦʾ 

ʟʫʧʠʥʢʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʮʽʣʦʤʫ): 

ὸ̃ ὸ̃ Ͻ ˜

˚˛ Ͻ̇

Ⱦ
.    (1.22) 

ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʘʥʽ, ʥʘʚʝʜʝʥʽ ʚ [161], ʱʦʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʷʤʦʛʦ ʧʫʩʢʫ 

ʢʦʤʧʨʝʩʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦʙ ʦʮʽʥʠʪʠ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʪʫʧʝʥʷ Ŭ. 

ʋʨʘʭʦʚʫʶʯʠ, ʱʦ ʚʪʨʘʪʠ ʤʦʪʦʨʝʩʫʨʩʫ ʥʘ ʢʦʞʝʥ ʮʠʢʣ ʟʘʧʫʩʢʫ ʪʨʠʚʘʣʽʩʪʶ 30 

ʩʝʢʫʥʜ (30/3600 ʛʦʜʠʥʠ) ʩʢʣʘʜʘʶʪʴ 50 ʛʦʜʠʥ, ʦʪʨʠʤʘʻʤʦ, ʱʦ ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʚ ʧʦʜʽʙʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʟʘ 1 ʛʦʜʠʥʫ ʩʢʣʘʜʝ 6000 ʤʦʪʦʛʦʜʠʥ. 

ʆʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʟʥʘʯʝʥʥʷ ʧʫʩʢʦʚʦʛʦ ʩʪʨʫʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʨʽʚʥʦʛʦ (5õ7) Iʅʆʄ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʨʦʟʜʽʣʽ 2.4.1 ʤʦʜʝʣʽ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

φπππ υ·χ ȟ 

ʟʚʽʜʢʠ ʟʥʘʡʜʝʤʦ ʦʨʽʻʥʪʦʚʥʠʡ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʜʣʷ ʧʘʨʘʤʝʪʨʘ Ŭ: 

τȟυ ‌ υȟτȢ 
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ɿʘ ʬʦʨʤʫʣʦʶ (1.22) ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʧʫʩʢʫ ʢʦʤʧʨʝʩʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʩʷʛʫ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ 

ʥʘ ʧʨʷʤʠʡ ʧʫʩʢ Rʇ0 ʽ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʨʚʠ ʚ ʨʦʙʦʪʽ ʦʙʣʘʜʥʘʥʥʷ t0. ʆʪʨʠʤʘʥʘ 

ʧʦʚʝʨʭʥʷ, ʨʦʟʨʘʭʦʚʘʥʘ ʜʣʷ ʪʘʢʠʭ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ: Rʅʆʄ = 1 ʝ. ʦ./ʛʦʜ; 

2 < t0 < 10 (ʛʦʜʠʥ); tʇ0 = 30 ʩʝʢ (1/120 ʛʦʜʠʥʠ); Rʇ0  = 6000 ʝ.ʦ.; Ŭ = 5, ʟʦʙʨʘʞʝʥʘ 

ʥʘ ʨʠʩ. 1.21. 

ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʟʫʧʠʥʢʠ 

ʧʦʪʨʝʙʫʻ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ, ʟʤʝʥʰʝʥʥʷ ʧʫʩʢʦʚʠʭ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʡ ʢʝʨʦʚʘʥʠʡ ʧʫʩʢ ʟ 

ʤʝʥʰʠʤ ʯʘʩʦʤ ʨʦʟʛʦʨʪʘʥʥʷ. ʋʪʦʯʥʝʥʥʷ ʤʦʜʝʣʽ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ, ʘʣʝ ʜʦʟʚʦʣʷʻ 

ʫʪʦʯʥʠʪʠ ʦʪʨʠʤʘʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʟʘ ʫʤʦʚʠ ʙʝʟʟʙʠʪʢʦʚʦʩʪʽ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

 

ʈʠʩʫʥʦʢ 1.21 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʥʽʤʘʣʴʥʦʾ ʟʘ ʫʤʦʚʠ ʙʝʟʟʙʠʪʢʦʚʦʩʪʽ ʪʨʠʚʘʣʦʩʪʽ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʽʜ ʚʝʣʠʯʠʥʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʨʷʤʠʡ ʧʫʩʢ Rʇ0 ʽ ʪʨʠʚʘʣʦʩʪʽ 

ʧʝʨʝʨʚʠ ʚ ʨʦʙʦʪʽ ʦʙʣʘʜʥʘʥʥʷ t0 
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1.7 ʉʫʯʘʩʥʽ ʧʨʠʥʮʠʧʠ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʪʘ 

ʥʘʧʨʷʤʢʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ 

ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʧʨʠʥʮʠʧʦʤ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʻ ʧʣʘʚʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʱʦʙ ʧʣʘʚʥʦ ʟʨʫʰʠʪʠ ʽ ʨʦʟʽʛʥʘʪʠ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʜʦ ʡʦʛʦ ʥʦʤʽʥʘʣʴʥʠʭ ʦʙʝʨʪʽʚ. ʉʢʣʘʜʥʽʰʽ ʧʨʠʩʪʨʦʾ ʮʴʦʛʦ ʪʠʧʫ 

ʜʦʟʚʦʣʷʶʪʴ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʩʬʦʨʤʫʚʘʪʠ ʧʽʜ ʯʘʩ ʚʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʶ 

ʢʦʨʦʪʢʦʯʘʩʥʠʡ (ʜʦ 0,1 ʩ) çʧʦʰʪʦʚʭè ï ʽʤʧʫʣʴʩ ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʪʨʠʚʘʣʽʩʪʶ 

tʊ ʩʝʢʫʥʜ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʛʘʨʘʥʪʦʚʘʥʝ ʨʫʰʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ (ʨʠʩ.1. 22). 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʫʩʢʦʚʦʾ ʜʽʘʛʨʘʤʠ ï ʧʦʯʘʪʢʦʚʘ ʥʘʧʨʫʛʘ U0 ʽ ʯʘʩ ʧʫʩʢʫ 

tS. ʇʨʠʩʪʨʦʾ ʟ ʪʘʢʦʶ ʩʠʣʦʚʦʶ ʩʭʝʤʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ ʥʝʚʝʣʠʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʨʫʰʽʡʥʠʡ ʤʦʤʝʥʪ 

ʜʚʠʛʫʥʘ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʢʚʘʜʨʘʪʫ ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʩʪʘʪʦʨʘ ʥʘʧʨʫʛʠ. 

 

ʈʠʩʫʥʦʢ 1.22 ï ɼʽʘʛʨʘʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʪʠʨʠʩʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ 

ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

 

Us

t, ʩ

tʪ ts

Uʥʦʤ

U0
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ɼʣʷ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʤʝʭʘʥʽʟʤʽʚ ʟ ʚʘʞʢʠʤʠ ʫʤʦʚʘʤʠ ʧʫʩʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʫʩʢʦʚʽ 

ʧʨʠʩʪʨʦʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʠʣʦʚʽ ʩʭʝʤʠ ʟ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʯʘʩʪʦʪʠ ʪʘ 

ʩʠʩʪʝʤʠ ʩʢʘʣʷʨʥʦʛʦ ʘʙʦ 

ʚʝʢʪʦʨʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʨʫʰʽʡʥʠʤ ʤʦʤʝʥʪʦʤ. ʊʘʢʽ 

ʧʨʠʩʪʨʦʾ ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽʰʽ 

ʜʽʘʛʨʘʤʠ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ. 

ʅʘ ʨʠʩ. 1.23 ʥʘʚʝʜʝʥʦ 

ʚʘʨʽʘʥʪʠ ʧʫʩʢʦʚʠʭ ʜʽʘʛʨʘʤ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʫ 

ʧʫʩʢʦʚʦʤʫ ʧʨʠʩʪʨʦʾ 

SSW7000, WEG [158]. 

ʉʢʣʘʜʥʽʰʠʡ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʰʠʡ ʧʫʩʢʦʚʠʡ 

ʧʨʠʩʪʨʽʡ SSW7000 ʚʠʤʘʛʘʻ 

ʟʘʜʘʥʥʷ ʟʥʘʯʥʦ ʙʽʣʴʰʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʧʫʩʢʦʚʦʾ ʜʽʘʛʨʘʤʠ. 

ɸʥʘʣʽʟ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʧʨʠʩʪʨʦʾʚ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʨʽʟʥʠʭ 

ʚʠʨʦʙʥʠʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʞʦʜʝʥ ʟ ʚʠʨʦʙʥʠʢʽʚ ʥʝ ʥʘʜʘʻ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʫʩʢʦʚʦʾ ʜʽʘʛʨʘʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ 

ʤʝʭʘʥʽʟʤʫ. ɿʘ ʚʠʙʽʨ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʝʢʦʥʦʤʽʯʥʽ ʥʘʩʣʽʜʢʠ ʪʘʢʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʘʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʝʨʩʦʥʘʣ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʪʘ ʯʠʩʣʦʚʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ: ʦʙʩʷʛʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ 

ʞʠʚʣʝʥʥʷ, ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʫ 

 

ʘ) ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʫʩʢʦʚʦʾ ʜʽʘʛʨʘʤʠ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ʜʣʷ ʤʝʭʘʥʽʟʤʽʚ ʟ ʢʚʘʜʨʘʪʠʯʥʠʤ 

ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ 

 

ʙ) ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʫʩʢʦʚʦʾ ʜʽʘʛʨʘʤʠ ʥʘʧʨʫʛʠ 

ʩʪʘʪʦʨʘ ʜʣʷ ʧʫʩʢʫ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʘʩʦʩʘ 

ʈʠʩʫʥʦʢ 1.23 ï ɺʘʨʽʘʥʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʜʽʘʛʨʘʤ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʩʪʨʦʶ SSW7000, WEG 
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ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʤʘʛʘʪʠʤʝ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʧʫʩʢʦʚʠʭ ʜʽʘʛʨʘʤ. 

ʗʢ ʧʦʢʘʟʘʣʠ ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘ ʩʴʦʛʦʜʥʽ ʨʝʘʣʽʟʦʚʘʥʦ ʨʦʟʽʤʢʥʝʥʝ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ, ʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʟʥʘʯʝʥʴ ʪʘʢʠʭ ʩʫʪʦ ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢ ʧʫʩʢʦʚʠʡ ʩʪʨʫʤ ʘʙʦ 

ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʥʘ ʜʦʧʫʩʪʠʤʦʤʫ ʨʽʚʥʽ. ɸʣʝ ʩʫʯʘʩʥʘ ʪʝʦʨʽʷ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʧʠʪʘʥʥʷ ʧʨʦ ʚʧʣʠʚ ʪʘʢʠʭ ʨʽʰʝʥʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʦʮʝʩ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʩʪʚʦʨʶʻ 

ʩʢʣʘʜʥʠʡ ʚʝʢʪʦʨ ʚʧʣʠʚʫ ʥʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʫ ʩʠʩʪʝʤʫ ʪʘ ʾʾ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʦʪʦʯʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʨʦʙʣʝʤʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʷʢ ʢʦʤʧʣʝʢʩʥʝ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʫʩʽʭ ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ. ɼʦ ʪʦʛʦ ʞ, ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʢʝʨʦʚʘʥʦʛʦ 

ʧʫʩʢʫ, ʷʢ ʚʠʟʥʘʯʝʥʦ ʚʠʱʝ, ʥʝ ʨʦʟʚôʷʟʘʥʘ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʽ ʜʦʜʘʪʢʦʚʠʭ ʨʠʟʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʾʭ 

ʮʽʥʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʪʞʝ, ʩʣʽʜ ʢʦʥʩʪʘʪʫʚʘʪʠ ʧʨʦʙʣʝʤʫ ʚʽʜʩʫʪʥʦʩʪʽ 

ʥʝʦʙʭʽʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʷʢʽ ʙ ʜʦʟʚʦʣʷʣʠ ʚʠʟʥʘʯʘʪʠ 

ʢʽʣʴʢʽʩʥʽ ʪʘ ʮʽʥʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʽʭ ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʙ ʧʝʨʝʡʪʠ ʜʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʇʦʪʝʥʮʽʘʣ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 

ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʚôʷʟʘʥʠʡ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʾʭʥʴʦʾ ʩʠʣʦʚʦʾ 

ʯʘʩʪʠʥʠ ʥʘ ʧʦʪʦʯʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʤʘʡʞʝ ʚʠʯʝʨʧʘʥʦ. 

ʇʦʜʘʣʴʰʝ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ 

ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʤʦʞʣʠʚʝ ʫʥʘʩʣʽʜʦʢ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʢʽʣʴʢʽʩʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʨʦʟʨʦʙʢʠ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʨʦʟʚôʷʟʫʶʪʴ ʪʘʢʫ 

ʟʘʜʘʯʫ ʪʘ ʾʭ ʽʥʪʝʛʨʫʚʘʥʥʷ ʫ ʩʢʣʘʜ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ 

ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. 
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1.8 ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ : 

1. ɺʠʢʦʥʘʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʟʦʚʥʽʰʥʽ ʪʘ ʚʥʫʪʨʽʰʥʽ ʯʠʥʥʠʢʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʪʘ ʡʦʛʦ ʪʨʠʚʘʣʽʩʪʴ. 

2. ɺʠʟʥʘʯʝʥʦ ʥʘʡʚʘʞʣʠʚʽʰʽ ʯʠʥʥʠʢʠ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʽ ʟʘʣʠʰʢʦʚʠʡ ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʬʽʟʠʯʥʽ ʟʘʩʘʜʠ 

ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʽʟʦʣʷʮʽʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ ʧʽʜ 

ʜʽʻʶ ʥʝʥʦʤʽʥʘʣʴʥʠʭ ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ. ɺʠʩʫʥʫʪʦ ʛʽʧʦʪʝʟʫ ʧʨʦ ʪʝ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʧʨʦʧʦʨʮʽʡʥʦ ʟʥʘʯʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʨʝʩʫʨʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

3. ʈʦʟʛʣʷʥʫʪʦ ʨʝʪʨʦʩʧʝʢʪʠʚʫ ʨʦʟʚʠʪʢʫ ʪʘ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ, ʤʝʪʦʜʽʚ ʽ ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ʈʦʟʛʣʷʥʫʪʦ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ʉʫʯʘʩʥʽ ʧʫʩʢʦʚʽ ʧʨʠʩʪʨʦʾ 

ʧʝʨʝʢʨʠʚʘʶʪʴ ʜʽʘʧʘʟʦʥ ʧʦʪʫʞʥʦʩʪʝʡ ʜʦ 72 ʄɺʪ ʟ ʥʘʧʨʫʛʦʶ ʞʠʚʣʝʥʥʷ ʜʦ 10 ʢɺ. 

4. ɺʠʷʚʣʝʥʦ, ʱʦ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʷʢʽ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʪʨʦʾʚ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ, ʻ ʟʤʝʥʰʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʫʩʽʭ ʚʠʜʽʚ 

ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ 

ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʟʘʪʠʩʢʘʯʘʭ 

ʟʘʛʘʣʴʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

5. ɿôʷʩʦʚʘʥʦ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʨʝʘʣʽʟʦʚʘʥʦ ʨʦʟʽʤʢʥʝʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʧʫʩʢʫ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʫʩʢʦʚʠʭ ʜʽʘʛʨʘʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʤʧʽʨʠʯʥʦ, ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʩʢʣʘʜʽ 

ʨʦʟʛʣʷʥʫʪʠʭ ʩʭʝʤʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʥʝʤʘʻ ʪʘʢʠʭ ʤʦʜʫʣʽʚ 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ ʫʩʫʚʘʶʪʴ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʧʠʪʘʥʥʷʭ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʫʩʢʦʚʠʭ ʜʽʘʛʨʘʤ. 
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6. ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʫʩʢʦʚʠʡ ʧʨʦʮʝʩ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʩʪʚʦʨʶʻ 

ʩʢʣʘʜʥʠʡ ʚʝʢʪʦʨ ʚʧʣʠʚʫ ʥʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʫ ʩʠʩʪʝʤʫ ʪʘ ʾʾ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʦʪʦʯʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʨʦʙʣʝʤʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʷʢ ʢʦʤʧʣʝʢʩʥʝ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʫ ʧʨʦʮʝʩʽ ʧʫʩʢʫ. ɼʦ ʪʦʛʦ ʞ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ 

ʪʝʦʨʽʾ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʨʠʟʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʝ ʨʦʟʚôʷʟʘʥʝ. 

7. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ 

ʪʨʠʚʘʣʦʤʫ ʨʝʞʠʤʽ, ʫ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʚʠ. ʈʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʥʽʤʘʣʴʥʦʾ ʟʘ ʫʤʦʚʠ ʙʝʟʟʙʠʪʢʦʚʦʩʪʽ ʪʨʠʚʘʣʦʩʪʽ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʚʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʫʻʪʴʩʷ ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʫ ʧʨʦʙʣʝʤʫ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʥʘʫʢʦʚʦʛʦ ʧʽʜʛʨʫʥʪʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʝʨʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʤʧʣʝʢʩʫ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʽ ʩʫʢʫʧʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʫʩʢʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʩʠʩʪʝʤ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʥʘʫʢʦʚʦʛʦ ʧʽʜˇʨʫʥʪʷ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʩʫʯʘʩʥʠʭ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʘ ʢʨʠʪʝʨʽʻʤ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʧʨʦʮʝʩʽ ʧʫʩʢʫ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʢʦʤʧʣʝʢʩʽʚ  ̔ʩʠʩʪʝʤ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚô̫ ʟʘʪʠ ʪʘʢʽ ʥʘʫʢʦʚʽ ʪʘ ʪʝʭʥʽʯʥʽ ʟʘʚʜʘʥʥʷ. 

ï ɸʥʘʣʽʟ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʘʷʚʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʧʨʦ 

ʟʥʘʯʝʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʨʦʙʦʪʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ, ʥʘʧʨʷʤʢʠ ʚʟʘʻʤʦʜʽʾ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʟ 

ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʪʦʯʝʥʥʷʤ. 

ï ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʯʠʩʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 
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ï ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʪʝʨʽʶ ʦʮʽʥʶʚʘʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʚʠʚʯʝʥʥʷ 

ʚʟʘʻʤʦʚʧʣʠʚʫ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ̔ ʽʩʥʫʶʯʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʦʪʦʯʝʥʥʷʤ, ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʬʦʨʤʫʚʘʥʥʷ ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʶʚʘʥʥʷ 

ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʫʧʫʚʘʥʥʷ ʚʩʽʭ ʚʠʜʽʚ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʽ ʩʢʣʘʜʦʚʠʭ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚ ʦʜʠʥ ʢʣʘʩ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟ̔ ʩʪʘʚʥʠʭ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ. 

ï ʈʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ʙʘʛʘʪʦʤʽʨʥʦʛʦ ʚʝʢʪʦʨʘ ʚʧʣʠʚʽʚ ʜʣʷ ʚʠʧʘʜʢʫ ʥʝʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ. 

ï ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ. 

ï ʈʦʟʨʦʙʢʘ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, 

ʨʦʟʨʦʙʢʘ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ. 

ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 
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ʈʆɿɼɯʃ 2  

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʆʃʆɻɯɰ ʆʇɽʈɸʎɯʁʅʆɻʆ ɸʅɸʃɯɿʋ ʇʈʆʎɽʉʋ 

ʇʋʉʂʋ ʇʆʊʋɾʅʀʍ ɽʃɽʂʊʈʆʇʈʀɺʆɼɯɺ 

2.1 ʅʘʫʢʦʚʘ ʧʨʦʙʣʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ 

ʗʢ ʧʦʢʘʟʘʚ ʚʠʢʦʥʘʥʠʡ ʫ ʨʦʟʜʽʣʽ 1 ʘʥʘʣʽʟ ʩʢʣʘʜʫ ʪʘ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʧʫʩʢʦʤ ʨʝʘʣʽʟʦʚʘʥʦ ʨʦʟʽʤʢʥʫʪʠʡ ʧʨʠʥʮʠʧ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʇʨʠʥʮʠʧʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʩʪʨʦʾʚ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ̒ 

ʝʤʧʽʨʠʯʥʠʤʠ. ɺʠʟʥʘʯʝʥʥʷ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʫʩʢʦʚʦʾ 

ʜʽʘʛʨʘʤʠ ʥʝ ʚʨʘʭʦʚʫʻ ʪʝʭʥʽʯʥʽ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʨʦʟʧʦʚʩʶʜʞʝʥʦʾ ʚʠʤʦʛʠ ʦʙʤʝʞʝʥʥʷ 

ʧʫʩʢʦʚʦʛʦ ʩʪʨʫʤʫ ʥʘ ʧʨʠʡʥʷʪʥʦʤʫ ʨʽʚʥʽ. 

ɺʠʨʦʙʥʠʢ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ [158], ʜʝʢʣʘʨʫʻ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʚʽʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʩʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʙʣʠʟʴʢʦ 15 ʨʽʟʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʫ 

ʨʦʟʜʽʣʽ 1.5. 

ɺ ʮʽʣʦʤʫ ʥʘʚʝʜʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦʟʠʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʙʽʛʘʶʪʴʩʷ ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʫ ʨʦʟʜʽʣʽ ʽ ʯʠʥʥʠʢʘʤʠ ʚʧʣʠʚʫ 

ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʫ ʩʠʩʪʝʤʫ ʪʘ ʾʾ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʪʦʯʝʥʥʷ. 

ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ, ʷʢʘ ʫʩʢʣʘʜʥʶʻ ʨʦʟʨʦʙʢʫ ʦʙʣʘʜʥʘʥʥʷ 

ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ, ʻ ʨʽʟʥʦʨʽʜʥʽʩʪʴ ʪʘ ʙʘʛʘʪʦʯʠʥʥʠʢʥʽʩʪʴ ʚʧʣʠʚʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʫ ʨʦʟʜʽʣʽ 1, ʚʠʟʥʘʯʠʤʦ 

ʪʘʢʽ ʯʠʥʥʠʢʠ ʚʧʣʠʚʫ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ 

ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ: 

- ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʧʫʩʢʫ 

(ʟʥʦʰʫʚʘʥʥʷ ʽʟʦʣʷʮʽʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, 

ʟʥʦʰʫʚʘʥʥʷ ʩʠʣʦʚʦʛʦ ʧʫʩʢʦʨʝʛʫʣʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʣʘʩʥʝ 

ʧʨʠʩʪʨʦʶ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʫ ʨʘʟʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʙʣʘʜʥʘʥʥʷ ʤʝʨʝʞʽ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ); 
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- ʟʥʦʰʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʫʤʦʚʣʝʥʝ ʷʢ ʚʧʣʠʚʦʤ 

ʚʽʙʨʘʮʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʚʥʘʩʣʽʜʦʢ ʤʝʭʘʥʽʯʥʦʛʦ ʟʚô̫ʟʢʫ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟ ʨʦʙʦʯʦʶ ʤʘʰʠʥʦʶ, ʪʘʢ ʽ ʧʨʦʮʝʩʘʤʠ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ, ʥʘʧʨʠʢʣʘʜ, ʧʨʫʞʥʠʤʠ ʟʫʩʠʣʣʷʤʠ ʫ ʢʦʥʚʝʻʨʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ [162], 

ʭʚʠʣʴʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʫ ʛʽʜʨʦʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞʘʭ [44], ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʽʚ ʟʽ ʩʢʣʘʜʥʠʤʠ ʫʤʦʚʘʤʠ ʧʫʩʢʫ; 

- ʧʽʜʚʠʱʝʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʫ ʧʨʦʮʝʩʽ ʧʫʩʢʫ; 

- ʜʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ, ʟʫʤʦʚʣʝʥʽ ʣʦʢʘʣʴʥʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʷʢʦʩʪʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʧʨʦʙʣʝʤʘʪʠʮʽ 

ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ, ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʚô̫ ʟʘʥʥʶ ʯʘʩʪʢʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ, 

ʥʘʧʨʠʢʣʘʜ, ʟʤʝʥʰʝʥʥʶ ʧʫʣʴʩʘʮʽʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʧʽʜ ʯʘʩ ʧʫʩʢʫ 

[163]. ʋʩʧʽʰʥʝ ʨʦʟʚô̫ ʟʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ, ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ, ʟʫʤʦʚʣʶʻ 

ʟʤʝʥʰʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʫʩʢʫ. 

ʋ ʩʫʯʘʩʥʽʡ ʪʝʦʨʽʾ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʥʝ ʽʩʥʫʻ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ 

ʦʮʽʥʦʢ ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʯʠʥʥʠʢʽʚ, ʦʢʨʽʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʜʝʷʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɿʘʟʥʘʯʝʥʽ ʚʠʱʝ ʥʝʨʦʟʚô̫ ʟʘʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚô̫ʟʘʥʽ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ 

ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ, ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʪʘ ʽʥʰʠʭ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʫʩʢʦʚʠʭ ʜʽʘʛʨʘʤ, 

ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 1.14, 1.15, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. 

ʊʘʢʦʞ ʥʝ ʨʦʟʚô̫ ʟʘʥʦ ʧʨʦʙʣʝʤʫ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʮʽʣʽʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. ʋ 

ʨʦʙʦʪʽ [41] ʢʦʥʩʪʘʪʫʻʪʴʩʷ ʬʘʢʪ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʟʚô̫ʟʢʽʚ ʤʽʞ 

ʝʥʝʨʛʝʪʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʥʘʜʽʡʥʽʩʪʶ ʽ ʧʦʪʦʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʚʠʚʯʘʶʪʴʩʷ ʘʙʩʦʣʶʪʥʦ ʽʟʦʣʴʦʚʘʥʦ. 

ɹʘʛʘʪʦʯʠʥʥʠʢʥʽʩʪʴ  ̔ʨʽʟʥʦʨʽʜʥʽʩʪʴ ʚʧʣʠʚʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʝʨʝʪʚʦʨʶʶʪʴ 

ʟʘʚʜʘʥʥ ̫ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʥʘ ʟʘʚʜʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ 
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ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʽ ʩʪʚʦʨʶʚʘʥʠʭ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ, ʨʦʟʚô̫ ʟʘʥʥʷ 

ʷʢʦʾ ʽ ʧʦʪʨʽʙʥʦ ʚʣʘʩʥʠʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ [164]. 

ʅʘʫʢʦʚʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʟʘʩʘʜ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ 

ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʽ ʧʨʠʩʪʨʦʾʚ 

ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ 

2.2 ʈʝʩʫʨʩʥʝ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʎʽʣʝʩʧʨʷʤʦʚʘʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʩʽ ʡʦʛʦ ʨʝʩʫʨʩʦʤʽʩʪʢʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʫʩʢ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, 

ʦʧʪʠʤʽʟʦʚʘʥʽ. ʇʨʠ ʮʴʦʤʫ ʢʨʠʪʝʨʽʡ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʘʢʩʠʤʽʟʘʮʽʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʩʽʭ 

ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ ̔  ʙʫʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤ, ʱʦ ʚʠʩʫʚʘʻ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ ʜʦ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʭʘʨʘʢʪʝʨʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʄʝʪʦʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, 

ʷʢʝ ʡʦʛʦ ʨʝʘʣʽʟʫʻ, ʻ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʮʽʥʥʦʩʪʽ ʟʘʚʜʷʢʠ ʩʧʨʷʤʦʚʘʥʦʤʫ ʚʧʣʠʚʫ 

ʥʘ ʚʭʽʜʥʽ ʧʨʦʜʫʢʪʠ ʩʧʨʷʤʦʚʘʥʦʛʦ ʚʧʣʠʚʫ (ʇʉɺ) ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ [165, 

166]. 

ʋ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ (ʉʈʇʇ) ʙʫʜʴ-ʷʢʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, 

ʤʘʶʪʴ ʙʽʣʴʰʫ ʧʦʪʝʥʮʽʡʥʫ ʮʽʥʥʽʩʪʴ, ʥʽʞ ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ʥʘ ʾʾ ʨʝʘʣʽʟʘʮʽʶ. 

ɺʘʞʣʠʚʦ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʮʽʥʥʦʩʪʽ ʻ ʦʜʥʠʤ ʟ 

ʘʩʧʝʢʪʽʚ ʻʜʠʥʦʛʦ ʧʫʩʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʟʤʽʥʶʶʪʴʩʷ ʷʢ ʬʽʟʠʢʦ-

ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢ ʽ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ɸʣʝ ʨʦʟʚʠʥʫʪʽ ʥʘ ʩʴʦʛʦʜʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʦʙʤʝʞʫʶʪʴʩʷ ʚʠʚʯʝʥʥʷʤ ʜʠʥʘʤʽʢʠ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʬʽʟʠʢʦ-

ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʧʫʩʢʫ (ʨʠʩ. 2.1) ʥʝ ʤʽʩʪʷʪʴ ʝʣʝʤʝʥʪʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 
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ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʪʘʢʦʞ ʥʝ ʽʩʥʫʻ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʧ̔ ʜʛʨʫʥʪʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʦʾ ʜʦʜʘʪʢʦʚʦʾ ʮʽʥʥʦʩʪʽ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ, ʘ ʪʦʤʫ ʥʘʷʚʥ ̔

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʝ ʤʽʩʪʷʪʴ ʝʣʝʤʝʥʪʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʾʾ ʚʠʟʥʘʯʝʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

 

ʊʦʤʫ ʥʘ ʨʘʟʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʷʢʽ ʤʘʣʦ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ɹʝʟʫʤʦʚʥʦ, ʟʥʘʯʝʥʥʷ ʩʪʚʦʨʝʥʦʾ ʧʦʪʝʥʮʽʡʥʦʾ ʮʽʥʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʥʝʨʦʟʨʠʚʥʦ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʡʦʛʦ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʚʝʣʠʯʠʥʦʶ 

ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʽʚ, ʧʦʢʘʟʥʠʢʘʤʠ ʦʙʝʨʪʘʣʴʥʠʭ  ̔ ʛʘʣʴʤʽʚʥʠʭ ʤʦʤʝʥʪʽʚ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥʰʠʭ ʘʥʘʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʅʘʷʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʥʘʯʝʥʥʷ 

ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʽʩʪʠʪʴ ʣʠʰʝ ʥʝʧʨʷʤʫ, ʦʧʦʩʝʨʝʜʢʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʟʤʽʩʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʩʷʛʦʤ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʡʦʛʦ ʟʜʽʡʩʥʝʥʥʷ, ʪʨʠʚʘʣʩ̔ʪʁ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʪʘ ʮʽʥʥʩ̔ʪʁ ʩʪʚʦʨʝʥʦʛʦ ʥʠʤ 

ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ [167]. ʋ ʨʘʤʢʘʭ ʦʪʨʠʤʘʚʰʦʾ ʟʥʘʯʥʠʡ 

ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʩʫʨʩʽʚ [167, 168, 169, 170, 171, 172], 

ʨʦʟʢʨʠʪʦ ʤʝʭʘʥʽʟʤʠ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ, ʩʪʚʦʨʝʥʦ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʦʻʤʥʦʩʪʽ, 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʝʬʝʢʪʫ ʪʘ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ 

ʜʦʚʽʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʮʽʥʥʦʩʪʽ ʦʧʝʨʘʮʽʾ 
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ʫ ʪʝʦʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʩʫʨʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʟʤʽʥʥʽ 

ʩʪʘʥʫ ï ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ̔  ʩʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʶʪʴ 

ʮʽʥʥʽʩʪʴ, ʩʪʚʦʨʝʥʫ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ. 

ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ ʘʥʘʣʽʟʫ 

ʧʨʦʮʝʩʽʚ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ, ʽ, ʥʘʩʘʤʧʝʨʝʜ, ʩʪʚʦʨʝʥʥʷ ʨʝʩʫʨʩʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʧʦʪʫʞʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ɿʛʽʜʥʦ ʟ [167], ʚʭʽʜʥʽ ʧʨʦʜʫʢʪʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ï ʮʝ ʤʘʪʝʨʽʘʣʴʥʽ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʦʙô̒ ʢʪʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʝʪʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. ɿʘʛʘʣʴʥʽ ʤʽʨʢʫʚʘʥʥʷ ʧʨʦ ʩʢʣʘʜ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ, ʧʦʚô̫ʟʘʥʽ ʟ ʦʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ, ʨʦʟʛʣʷʥʫʪʦ ʫ 

ʨʦʟʜʽʣʽ 1 ʽ ʫʟʘʛʘʣʴʥʝʥʦ ʫ ʨʦʙʦʪʽ [173]. 

ʆʩʢʽʣʴʢʠ ʟʘʛʘʣʦʤ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʦʩʥʦʚʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʪʦ ʦʜʥʠʤ ʟ ʝʣʝʤʝʥʪʽʚ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ̒  ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʜʫʢʪ ʩʧʨʷʤʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʊʇʉɺ. ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʩʫʚʘʥʥʷ, ʢʦʣʠ ʧʫʩʢ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʽ ʧʝʨʝʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʜʫʢʪ, ʘ 

ʩʘʤʝ ï ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ, ʩʧʦʞʠʚʘʥʘ ʟ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. 

ʊʘʢʦʞ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʠʪʨʘʯʘʻʪʴʩʷ ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ï ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʉʪʘʥ ʫʩʽʭ ʚʠʜʽʚ ʦʙʣʘʜʥʘʥʥʷ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʫʩʢʫ 

ʧʦʛʽʨʰʫʻʪʴʩʷ, ʘ ʯʘʩʪʠʥʘ ʡʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʝʩʫʨʩʫ ʙʝʟʧʦʚʦʨʦʪʥʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʧ̔ʜ 

ʯʘʩ ʧʫʩʢʫ. ʇʨʠʥʮʠʧʠ ʫʨʘʭʫʚʘʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ ʯʘʩ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʨʦʟʛʣʷʥʫʪʦ ʫ [173]. 

ʆʢʨʽʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʘʧʨʘʚʣʝʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʊʇʉɺ, ʧʨʦʮʝʩ 

ʧʫʩʢʫ ʩʪʚʦʨʶʻ ʚʣʘʩʥʠʡ, ʫʥʽʢʘʣʴʥʠʡ ʩʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʷʢʠʡ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 
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ʌʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ ʨʝʩʫʨʩʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ ï ʪʘʢ ʟʚʘʥʫ ʨʝʩʫʨʩʥʫ ʤʦʜʝʣʴ, ʱʦ ʦʧʝʨʫʻ ʪʘʢʠʤʠ ʟʤʽʥʥʠʤʠ ʩʪʘʥʫ, 

ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚô̫ʟʘʥ̔ ʟ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʟʤʽʩʪʦʤ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.2. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʨʝʩʫʨʩʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

 

ʂʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʧʨʠʟʚʦʜʠʪʴ ʥʘʩʘʤʧʝʨʝʜ ʜʦ ʟʤʽʥʠ ʬʽʟʠʢʦ-

ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʫʩʢʫ, ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ ʟʤʽʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʩʫʨʩʥʠʭ 

ʚʠʪʨʘʪ ï ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ 

ʩʪʚʦʨʝʥʦʾ ʧʦʪʝʥʮʽʡʥʦʾ ʮʽʥʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʨʝʩʫʨʩʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʦʜʝʣʽ ʧʫʩʢʫ ̒ ʟʙʽʣʴʰʝʥʥʷ 

ʩʢʣʘʜʫ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʤʦʜʝʣʽ ʧʫʩʢʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʚʽʜʦʙʨʘʞʘʻ 

ʟʤʽʥʫ ʫ ʯʘʩʽ ʧʨʦʮʝʩʫ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʧʫʩʢʫ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ 

ʢʦʨʠʩʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʫ ʚʠʛʣʷʜʽ ʉʈʇʇ, ̔  ʜʦʟʚʦʣʷʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʠʟʥʘʯʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ  ̔ʛʨʫʧʦʚʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ  ̒ʚʧʣʠʚ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ, ʨʦʟʛʣʷʥʫʪʠʭ ʫ ʨʦʟʜʽʣʽ 1.3.3. ɼʦʜʘʪʢʦʚʽ 

ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ ʥʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʘʣʝ ʤʦʞʫʪʴ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʫ ʮʽʥʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. ʋʨʘʭʫʚʘʥʥʷ ʯʠʥʥʠʢʽʚ 

ʚʧʣʠʚʫ ʪʘʢʦʛʦ ʨʦʜʫ ʫ ʪʝʦʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʩʫʨʩʽʚ ʥʝ ʨʦʟʛʣʷʥʫʪʦ. 

ɯʥʦhʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʨʦʣʶ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ 
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ʡʦʛʦ ʟʤʽʥʥʠʭ ʩʪʘʥʫ, ʦʩʢʽʣʴʢʠ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʟô̫ ʚʣʷʻʪʴʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʡʦʛʦ ʫʩʧʽʰʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ. 

ʈʝʘʣʽʟʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʜʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʤʝʪʦʜ ʤʦʞʣʠʚʦ 

ʣʠʰʝ ʟʘ ʫʤʦʚʠ, ʱʦ ʧʨʦʮʝʩ ʧʫʩʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʢʨʝʤʘ ʚʠʨʦʙʥʠʯʘ ʦʧʝʨʘʮʽʷ. ʋ 

ʪʝʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʥʘʚʦʜʠʪʴʩʷ ʪʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʦʧʝʨʘʮʽʾ çʆʧʝʨʘʮʽʷ ï 

ʩʠʩʪʝʤʘ ʜʽʡ, ʦʙô̒ ʜʥʘʥʘ ʻʜʠʥʠʤ ʟʘʜʫʤʦʤ ʽ ʩʧʨʷʤʦʚʘʥʘ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʾ ʤʝʪʠ. 

ʆʧʝʨʘʮʽʷ ʟʘʚʞʜʠ ʻ ʢʝʨʦʚʘʥʠʤ ʟʘʭʦʜʦʤ, ʪʦʙʪʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʩʪʘʥʦʚʢʠ ʾʾ 

ʧʘʨʘʤʝʪʨʽʚè [174]. 

ɻʦʣʦʚʥʠʤ ʤʝʪʦʜʦʣʦʛʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʻ ʩʠʩʪʝʤʥʠʡ 

ʧʽʜʭʽʜ. ɺʽʥ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʨʽʰʫʚʘʥʝ ʟʘʚʜʘʥʥʷ ʤʘ ̒ʨʦʟʛʣʷʜʘʪʠʩʷ ʟ ʦʛʣʷʜʫ 

ʚʧʣʠʚʫ ʥʘ ʢʨʠʪʝʨʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ̒  ʧʨʘʛʥʝʥʥʷ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʚô̫ ʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ 

ʟʘʚʜʘʥʥ ̫(ʧʨʠʥʮʠʧ çʦʧʪʠʤʘʣʴʥʦʩʪʽè). 

ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʫ ʚʠʱʝʦʟʥʘʯʝʥʦʤʫ ʩʝʥʩʽ ʩʪʦʩʦʚʥʦ ʜʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʚʠʩʫʚʘʻ ʩʧʝʮʽʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʧʦʢʘʟʥʠʢʽʚ ̫ʢʦʩʪʽ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʦʩʢʽʣʴʢʠ ʚʠʱʽ ʨʽʚʥʽ ʢʝʨʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ 

ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʉʣʽʜ ʫʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʜʦʩʷʛʥʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʤʝʪʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʥʝʤʦʞʣʠʚʝ ʥʘ ʧʽʜʩʪʘʚʽ 

ʘʥʘʣʽʟʫ ʪʽʣʴʢʠ ʚʽʜʦʤʠʭ, ʪʝʭʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʩʪʘʥʫ, ʪʘʢʠʭ ʷʢ ʩʪʨʫʤ, ʰʚʠʜʢʽʩʪʴ, 

ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʽʥ. ʅʘ ʧʽʜʩʪʘʚʽ ʪʝʭʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʩʪʘʥʫ ʥʝʦʙʭʽʜʥʦ ʩʠʥʪʝʟʫʚʘʪʠ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʟʤʽʥʥʽ ʩʪʘʥʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʟʤʽʩʪ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ. ɺʠʱʝ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʜʣʷ ʪʘʢʠʭ ʟʤʽʥʥʠʭ ʪʝʨʤʽʥʠ çʨʝʩʫʨʩʥʽ 

ʚʠʪʨʘʪʠè ʪʘ çʩʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫè ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ  ̔ʯʘʩʦʚʠʭ ʤʝʞ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ̔ ʉʈʇʇ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ɿʘʚʜʷʢʠ ʩʧʨʦʱʝʥʥʶ ʨʝʩʫʨʩʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩ ʧʫʩʢʫ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʠʡ ʫ 

ʩʧʝʮʽʘʣʴʥʽʡ ʬʦʨʤʽ ʩʬʦʢʫʩʦʚʘʥʦʾ ʦʧʝʨʘʮʽʾ ʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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ʉʬʦʢʫʩʦʚʘʥʦʶ ʦʧʝʨʘʮʽʻʶ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʘ ʽʜʝʘʣʽʟʦʚʘʥʘ ʦʧʝʨʘʮʽʷ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʽʣʴʢʠ ʦʜʠʥ ʢʣʘʩ ʟ̔ ʩʪʘʚʥʠʭ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ̔ ʉʈʇʇ, ʘ ʧʨʦʮʝʩʠ 

ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʤʠʪʪʻʚʦ, ʪʦʙʪʦ ʾʭ 

ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʻʶ ɼʽʨʘʢʘ (ʨʠʩ. 2.3, ʘ): 

ὶὩὸ ὶὩϽ‏ὸ ὸȠ

ὴὩὸ ὴὩϽ‏ὸ ὸȟ
     (2.1) 

ʜʝ ŭ(t) ï ʩʠʤʚʦʣ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ; t0 ï ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; tf - 

ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʅʘ ʨʠʩ. 2.3, ʙ ʚʽʜʦʙʨʘʞʝʥʦ ʧʨʠʥʮʠʧ ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʦʢʽʚ 

ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ vre(t)  ̔ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ vpe(t) ʩʬʦʢʫʩʦʚʘʥʦʾ ʦʧʝʨʘʮʽʾ. 

 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, 

ʧʦʜʘʥʦʛʦ ʫ ʬʦʨʤʽ ʩʬʦʢʫʩʦʚʘʥʦʾ ʦʧʝʨʘʮʽʾ 

 

ʇʦʪʦʢʠ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ ʩʬʦʢʫʩʦʚʘʥʦʾ ʦʧʝʨʘʮʽʾ 

ʧʫʩʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʟʘ ʚʠʨʘʟʦʤ: 
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ὭὶὩὸ ὶὩϽ—ὸ ὸȠ

ὭὴὩὸ ὴὩϽ—ὸ ὸȟ
     (2.2) 

ʜʝ —ὸ ᷿  .ὸὨὸ ï ʬʫʥʢʮʽʷ ʍʝʚʽʩʘʡʜʘ‏

ʈʝʩʫʨʩʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ 

ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ, ʷʢʘ ʨʦʟʨʦʙʣʶʚʘʣʘʩʴ ʫ ʨʦʙʦʪʘʭ [172, 175, 168, 

176], ʽ ʩʠʩʪʝʤʘʪʠʯʥʦ ʚʠʢʣʘʜʝʥʘ ʫ [167]. ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʦʙʦʪʽ 

ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

ir  ï i -ʠʡ ʨʽʟʥʦʚʠʜ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

jp  ï j -ʠʡ ʨʽʟʥʦʚʠʜ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

( )irq t  ï ʩʠʛʥʘʣ ʨʝʻʩʪʨʘʮʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʽʩʥʠʡ ʧʘʨʘʤʝʪʨ i-ʛʦ ʨʽʟʥʦʚʠʜʫ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

( )jpq t  ï ʩʠʛʥʘʣ ʨʝʻʩʪʨʘʮʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʽʩʥʠʡ ʧʘʨʘʤʝʪʨ j-ʛʦ ʨʽʟʥʦʚʠʜʫ 

ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

irs  ï ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʦʜʠʥʠʮʽ i-ʛʦ ʨʽʟʥʦʚʠʜʫ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

jps  ï ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʦʜʠʥʠʮʽ j-ʛʦ ʨʽʟʥʦʚʠʜʫ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ; 

( )ire t  ï ʩʠʛʥʘʣ ʨʝʻʩʪʨʘʮʽʾ i-ʛʦ ʨʽʟʥʦʚʠʜʫ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, 

ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʟʽʩʪʘʚʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʚʝʣʠʯʠʥ ()
0

( )

t

i i ire t rs rq t dt= ñ ; 

( )jpe t  ï ʩʠʛʥʘʣ ʨʝʻʩʪʨʘʮʽʾ j-ʛʦ ʨʽʟʥʦʚʠʜʫ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, 

ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʟʽʩʪʘʚʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʚʝʣʠʯʠʥ ()
0

( )

t

j j jpe t ps pq t dt= ñ ; 

( )re t  ï ʩʫʤʘʨʥʠʡ ʩʠʛʥʘʣ ʨʝʻʩʪʨʘʮʽʾ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʧʨʠʚʝʜʝʥʠʭ 

ʜʦ ʟʽʩʪʘʚʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʚʝʣʠʯʠʥ ()
1 0

( )

tI

i i
i

re t rs rq t dt

=

=ä ñ ; 
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( )pe t  ï ʩʫʤʘʨʥʠʡ ʩʠʛʥʘʣ ʨʝʻʩʪʨʘʮʽʾ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, 

ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʟʽʩʪʘʚʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʚʝʣʠʯʠʥ ()
1 0

( )

tJ

j j
j

pe t ps pq t dt

=

=ä ñ ; 

t0 ï ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

tf ï ʤʦʤʝʥʪ ʬʽʟʠʯʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

tS ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, tS= tf - t0; 

tZ ï ʤʦʤʝʥʪ ʣʦʛʽʯʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

()

0

f
t

t

RE re t dt=ñ  ï ʽʥʪʝʛʨʘʣʴʥʘ ʟʽʩʪʘʚʥʘ ʦʮʽʥʢʘ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

()

0

f
t

t

PE pe t dt=ñ  ï ʽʥʪʝʛʨʘʣʴʥʘ ʟʽʩʪʘʚʥʘ ʦʮʽʥʢʘ ʉʈʇʇ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

()
0

( )

t

ire t re t dt=ñ  ï ʧʦʪʽʢ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

()
0

( )

t

ipe t pe t dt=ñ  ï ʧʦʪʽʢ ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

()
0

( )

t

vre t ire t dt=ñ  ï ʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

()
0

( )

t

vpe t ipe t dt=ñ  ï ʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ɼʣʷ ʨʝʩʫʨʩʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʚʦʜʠʪʴʩʷ ʜʦʜʘʪʢʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʤʦʤʝʥʪ ʣʦʛʽʯʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʧʫʩʢʫ tZ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʤʦʤʝʥʪ 

ʯʘʩʫ ʢʦʤʧʝʥʩʘʮʽʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʶ 

ʬʫʥʢʮʽʻʶ ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ. ʄʦʤʝʥʪ ʣʦʛʽʯʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʧʫʩʢʫ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟ ʨʽʚʥʦʩʪʽ: 

ὺὶὩὸ ὺὴὩὸ . 

ʈʝʩʫʨʩʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ [167]: 

Ὑ ᷿ ὺὶὩὸ ὺὴὩὸὨὸ.    (2.3) 
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ʇʦʪʝʥʮʽʡʥʠʡ ʝʬʝʢʪ ʦʧʝʨʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʽʥʪʝʛʨʘʣʴʥʘ ʚʝʣʠʯʠʥʘ 

ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ ʥʘ ʦʜʠʥʠʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ [167]: 

ὃ ᷿ ὺὴὩὸ ὺὶὩὸὨὸ.   (2.4) 

ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʩʫʨʩʽʚ ʟʘʛʘʣʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʚʠʨʘʟʦʤ [167]: 

ὯὉ ὃὙϳ.      (2.5) 

ɼʣʷ ʩʬʦʢʫʩʦʚʘʥʦʾ ʦʧʝʨʘʮʽʾ ʧʫʩʢʫ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʨʝʩʫʨʩʽʚ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʠʡ ʟʘ ʚʠʨʘʟʦʤ: 

ὯὉ
Ͻ Ͻ

.     (2.6) 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʨʝʩʫʨʩʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʟʥʘʯʝʥʴ ʦʢʨʝʤʠʭ 

ʨʽʟʥʦʚʠʜʽʚ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʟʽʩʪʘʚʥʦʩʪʽ 

ʦʢʨʝʤʠʭ ʨʽʟʥʦʚʠʜʽʚ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ, ʜʦʩʣʽʜʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʫʩʧʽʭʠ ʚ ʪʝʦʨʽʾ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʝ 

ʧʦʚô̫ʟʘʥʽ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʽ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ. ʆʜʥʘʢ ʥʘʷʚʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʮʽʥʶʚʘʪʠ 

ʮʽʥʥʽʩʥʽ ʘʩʧʝʢʪʠ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ, ʘ ʪʦʤʫ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʈʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʩʠʥʪʝʟʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʠʭ ʟʤʽʥʥʠʭ ʩʪʘʥʫ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚô̫ʟʘʥʽ ʟ ʮʽʥʥʽʩʥʠʤʠ 

ʘʩʧʝʢʪʘʤʠ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ. ʆʧʝʨʘʮʽʡʥʦ-ʮʽʥʥʽʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʽ ʯʘʩʦʚʠʭ ʤʝʞ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʽ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʽ ʚʠʤʘʛʘʻ 

ʨʦʟʨʦʙʢʠ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʠʭ, ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʷʚʥʠʤʠ, ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʉʪʚʦʨʝʥʦ ʧʦʥʷʪʽʡʥʫ ʙʘʟʫ ʦʧʝʨʘʮʽʡʥʦ-ʮʽʥʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʧʫʩʢʫ. 
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2.3 ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʇʨʦʙʣʝʤʘ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʧʫʩʢʫ 

ʧʦʚô̫ʟʘʥʘ ʥʘʩʘʤʧʝʨʝʜ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʯʽʪʢʠʭ, ʫʟʛʦʜʞʝʥʠʭ ʚʠʟʥʘʯʝʥʴ ʜʣʷ ʘʢʪʠʚʥʦʾ, 

ʨʝʘʢʪʠʚʥʦʾ ʪʘ ʧʦʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ. 

ʇʨʦʮʝʩ ʧʨʷʤʦʛʦ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʠʭ, ʥʝʧʝʨʽʦʜʠʯʥʠʭ  ̔ʥʝʩʠʤʝʪʨʠʯʥʠʭ 

ʩʪʨʫʤʽʚ ʩʪʘʪʦʨʘ. ʆʜʥʘʢ ʫ ʩʫʯʘʩʥʽʡ ʪʝʦʨʝʪʠʯʥʽʡ ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ ʥʝ ʽʩʥʫʻ 

ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ 

ʫʤʦʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʥʝʟʙʘʣʘʥʩʦʚʘʥʠʭ ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʠʩʪʝʤ 

ʫʚʘʞʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʩʧʽʨʥʠʭ ʪʝʤ ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ. ʉʧʦʯʘʪʢʫ ʪʝʨʤʽʥ 

çʧʦʚʥʘ ʧʦʪʫʞʥʽʩʪʴè ʚʠʥʠʢ ʧʨʦʩʪʦ ʷʢ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ. ʌʦʨʤʫʚʘʥʥʷ 

ʢʦʥʮʝʧʮʽʾ ʧʨʠʧʠʩʫʶʪʴʩʷ ɺ. ʉʪʝʥʣʽ ʪʘ ʏ. ʐʪʝʡʥʤʝʪʮʫ [177]. 

ʇʨʦʪʝ ʟ ʨʦʟʚʠʪʢʦʤ ʪʨʠʬʘʟʥʠʭ ʩʠʩʪʝʤ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʩʪʘʣʦ ʦʯʝʚʠʜʥʦ, ʱʦ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʝ ʜʦ ʥʝʟʙʘʣʘʥʩʦʚʘʥʠʭ ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʠʩʪʝʤ. 1920 ʨʦʢʫ ʙʫʣʦ ʫʪʚʦʨʝʥʦ 

ʉʧʝʮʽʘʣʴʥʠʡ ʆʙô̒ ʜʥʘʥʠʡ ʢʦʤʽʪʝʪ AIEE ʽ ʅʘʮʽʦʥʘʣʴʥʦʾ ɸʩʦʮʽʘʮʽʾ ɽʣʝʢʪʨʠʯʥʦʛʦ 

ʆʩʚʽʪʣʝʥʥʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮ̔ ʻʾ ʧʨʦʙʣʝʤʠ. ʎʝʡ ʢʦʤʽʪʝʪ ʥʝ ʟʥʘʡʰʦʚ ʢʦʥʩʝʥʩʫʩʫ, 

ʘ ʪʝʤʘ ʧʨʦʜʦʚʞʫʚʘʣʘ ʜʦʤʽʥʫʚʘʪʠ ʫ ʜʠʩʢʫʩʽʷʭ. ʋ 1930 ʨʦʮʽ ʙʫʣʦ ʫʪʚʦʨʝʥʦ ʱʝ ʦʜʠʥ 

ʢʦʤʽʪʝʪ, ʷʢʠʡ ʪʘʢʦʞ ʨʘʟ ʥʝ ʟʤʽʛ ʚʠʨʽʰʠʪʠ ʮʝ ʧʠʪʘʥʥʷ [178]. 

ʅʝʟʘʜʦʚʽʣʴʥʠʡ ʩʪʘʥ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʘʨʠʥʽ ʚʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘ 

ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʜʚʽ ʢʦʥʢʫʨʫʶʯʽ ʪʝʦʨʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ: ʪʝʦʨʽʷ 

ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟ ʥʝʣʽʥʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʚʧʝʨʰʝ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ S. Fryze ʚ1931 ʨʦʮʽ [179], ʪʘ ʧʽʟʥʽʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ p-q-r ʪʝʦʨʽʷ 

ʧʦʪʫʞʥʦʩʪʽ, ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ H. Akagi ʚ1931 ʨʦʮʽ [180]. 

ʋ ʩʫʯʘʩʥʽʡ ʪʝʦʨʝʪʠʯʥʽʡ ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʝʥʦ ʪʽʣʴʢʠ 

ʧʦʥʷʪʪʷ ʜʣʷ ʤʠʪʪʻʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ, ̫ ʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ 

ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʥʘʧʨʫʛʠ [181]: 
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ίὸ όὸϽὭὸ,      (2.7) 

ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʧʝʨʽʦʜ ʚʠʤʽʨʶʚʘʥʴ [181]: 
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ʜʝ ʊ ï ʧʝʨʽʦʜ ʚʠʤʽʨʶʚʘʥʴ. 

ʊʝʦʨʝʪʠʯʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʢʣʘʜʦʚʽ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʴʦʛʦʜʥʽ ʚʩʝ ʱʝ 

ʧʨʦʜʦʚʞʫʶʪʴ ʟʘʣʠʰʘʪʠʩʷ ʧʨʝʜʤʝʪʦʤ ʯʠʩʣʝʥʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʜʠʩʢʫʩʽʡ [182, 

183], ʘ ʫʷʚʣʝʥʥʷ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʥʝʘʢʪʠʚʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʪʝʧʝʨ ʻ ʧʨʝʜʤʝʪʦʤ ʥʘʫʢʦʚʦʛʦ ʦʙʛʦʚʦʨʝʥʥʷ [184, 

183]. 

ɺ̔ ʜʩʫʪʥʽʩʪʴ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ ʧʨʦ ʬʽʟʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʧʨʦʙ ʨʦʟʨʦʙʠʪʠ 

ʫʥʽʚʝʨʩʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʱʦʜʦ ʮʽʻʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘʭ [184, 182]. ʋʥʘʩʣʽʜʦʢ ʮʠʭ ʩʧʨʦʙ ʟô̫ ʚʠʣʠʩʷ ʨʽʟʥʽ ʚʠʨʘʟʠ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʙʽʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʦʥʘʣʽʚ ʚʽʜ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ 

[185]. 

ʇʦʥʷʪʪʷ çʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴè ʚʠʟʥʘʯʝʥʦ ʣʠʰʝ ʜʣʷ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ 

ʨʝʞʠʤʫ ʚ ʣʽʥʽʡʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʽ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʙʝʟ ʩʝʨʡʦʟʥʠʭ 

ʧʨʠʧʫʱʝʥʴ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ ̔ʩʧʦʞʠʚʘʯʘʤʠ, ʷʢʽ 

ʩʧʦʪʚʦʨʶʶʪʴ ʬʦʨʤʫ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ, ʽ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʜʦʪʝʧʝʨ ʻ ʧʨʝʜʤʝʪʦʤ 

ʩʫʧʝʨʝʯʦʢ [186]. 

ʅʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ʻ ʪʝʦʨʝʤʘ ʋʤʦʚʘ ï ʇʦʡʥʪʽʥʛʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʽʩʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʦʙʤʽʥ ʟʘ ʩʪʨʫʤʽʚ ʽ ʥʘʧʨʫʛ, ʷʢʽ ʜʦʚʽʣʴʥʦ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ [183]. 

ɺʽʜʩʫʪʥʽʩʪʴ ʩʫʚʦʨʦʛʦ ʤʝʪʦʜʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʟʚʝʣʦ ʜʦ ʨʦʟʨʦʙʢʠ ʯʠʩʣʝʥʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʮʽʻʾ ʚʝʣʠʯʠʥʠ. ʋ [187] ʟʘʟʥʘʯʘʻʪʴʩʷ ʧʦʤʠʣʢʦʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʷʢ ʩʫʤʠ ʨʽʟʥʠʭ ʛʘʨʤʦʥʽʢ ʽ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. ʋ [184] ʧʨʦʧʦʥʫʻʪʴʩʷ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʪʝʛʨʘʣʴʥʽ ʚʠʨʘʟʠ ʚʽʜ ʜʦʙʫʪʢʫ ʩʪʨʫʤʫ ʥʘ ʬʫʥʢʮʽʶ, 

ʦʨʪʦʛʦʥʘʣʴʥʫ ʥʘʧʨʫʟʽ, ʘʙʦ ʥʘʚʧʘʢʠ. ʋ [183] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʚô̫ʟʘʪʠ ʨʝʘʢʪʠʚʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʟ ʝʥʝʨʛʦʦʙʤʽʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ɺ [185] ʜʠʥʘʤʽʯʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʫ ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʽ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʝʞʠʤʘʭ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʤʠʪʪʻʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʩʪʨʫʤʽʚ ʽ ʥʘʧʨʫʛ. ʋ [188] ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʽʾ ʩʧʦʪʚʦʨʝʥʥʷ ʟʘ ʤʠʪʪʻʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ ʛʘʨʤʦʥʽʢ ʷʢ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʽʾ, ʷʢʽ ʜʝʬʦʨʤʫʶʪʴ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʦʩʥʦʚʥʦʾ ʛʘʨʤʦʥʽʢʠ. ʋ 

[189] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʜʽʶʯʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʘʨʤʦʥʽʢ. 

ɼʣʷ ʥʝʣʽʥʽʡʥʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢ̔ʣ ʧʦʥʷʪʪʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʝ 

ʚʠʟʥʘʯʝʥʝ. ʊʦʤʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʜʝʷʢʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʙʫʣʠ ʟʨʦʙʣʝʥʽ 

ʩʧʨʦʙʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʪʝʛʨʘʣʴʥʽ ʚʠʨʘʟʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ 

ʧʨʦʮʝʩʽʚ [184, 185]. ʈʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʟʘ ʮʠʤʠ ʚʠʨʘʟʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʽʥʪʝʛʨʘʣ ʚʽʜ ʜʦʙʫʪʢʫ ʩʪʨʫʤʫ ʥʘ ʬʫʥʢʮʽʶ, ʦʨʪʦʛʦʥʘʣʴʥʫ ʥʘʧʨʫʟʽ, ʘʙʦ ʥʘʚʧʘʢʠ. 

ʊʘʢʠʡ, ʧʦ ʩʫʪʽ ʬʦʨʤʘʣʴʥʠʡ, ʩʧʦʩʽʙ ʩʧʠʯʠʥʠʚ ʧʦʷʚʫ ʜʚʦʭ ʘʙʩʦʣʶʪʥʦ 

ʨʽʚʥʦʧʨʘʚʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʚʠʨʘʟʽʚ: 
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ɯʥʪʝʛʨʘʣʴʥʽ ʬʦʨʤʫʣʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʨʝʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʙʝʟ 

ʨʦʟʢʣʘʜʘʥʥʷ ʥʝʩʠʥʫʩʦʾʜʥʦʾ ʬʫʥʢʮʽʾ ʚ ʨʷʜ ʌʫʨô̒ . 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ ʬʘʢʪʫ, ʱʦ dʩʽ ʥʝʘʢʪʠʚʥʽ ʩʢʣʘʜʦʚʽ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʧʦʪʫʞʥʽʩʪʴ ʩʧʦʪʚʦʨʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʘ ʜʽʻʶ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ, ʪʘʢʦʞ 

ʩʪʚʦʨʶʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ [190], ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʚʚʘʞʘʪʠ ʟʘ 

ʝʥʝʨʛʝʪʠʯʥʠʤʫ ʩʢʣʘʜʦʚʫ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʚʥʫ ʧʦʪʫʞʥʽʩʪʴ, 

ʩʧʦʞʠʚʘʥʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʟ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʥʘʩʪʫʧʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ 

ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɸʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʢʦʣʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ (2.8). ʇʦʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʢʦʣʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ ʜʦʙʫʪʦʢ ʜʽʶʯʠʭ 

ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ ʟʘ ʪʦʡ ʩʘʤʠʡ ʧʝʨʽʦʜ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʬʦʨʤʫʣʦʶ: 
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S U I= Ö.     (2.10) 

ʅʝʘʢʪʠʚʥʽ ʩʢʣʘʜʦʚʽ ʝʥʝʨʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʯʠʩʣʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ: 

PST 22-= .     (2.11) 

ɼʣʷ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʢʽʣ ʥʝʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʧʦʪʫʞʥʦʩʪʽ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʨʝʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. 

ʗʢ ʽʥʪʝʨʚʘʣ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʽʦʜ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ T = 1/f, ʩ. 

ʆʩʢʽʣʴʢʠ ʩʪʘʥʜʘʨʪʥʽ ʙʣʦʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ 

ʧʨʦʧʦʥʫʶʪʴʩʷ ʫ Matlab/Simulink, ʚʠʟʥʘʯʘʶʪʴ ʧʦʪʫʞʥʽʩʪʴ ʟʘ ʧʝʨʰʦʶ ʛʘʨʤʦʥʽʢʦʶ 

ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ, ʪʦ ʫ ʢʦʣʘʭ ʟ̔ ʢʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʦʥʠ ʤʦʞʫʪʴ ʜʘʚʘʪʠ 

ʥʝʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʊʦʤʫ ʫ ʨʦʙʦʪʽ [191] ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʙʣʦʢ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʠʡ ʫʨʘʭʦʚʫʻ ʧʦʚʥʠʡ ʛʘʨʤʦʥʽʡʥʠʡ 

ʩʧʝʢʪʨ ʩʪʫʤʫ ʪʘ ʥʘʧʨʫʛʠ. 

ɸʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.7, 

2.10, 2.11) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.4. 

 

 

ʈʠʩʫʥʦʢ 2.4  ï ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 



 102 

ɸʣʛʦʨʠʪʤ ʨʠʩ. 2.4. ʽ ʨʽʚʥʷʥʥʷ (2.7, 2.9, 2.11) ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʙʣʦʢʫ 

ʧʨʦʛʨʘʤʠ Simulink ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʭʘʥʽʟʤʫ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ S-ʬʫʥʢʮʽʡ. ɼʣʷ 

ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʙʣʦʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʧʦʪʫʞʥʦʩʪʽ ʽ 

ʩʧʦʞʠʪʦʾ ʝʥʝʨʛʽʾ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʧʨʠ ʨʦʙʦʪʽ ʚʽʜ ʪʠʨʠʩʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ 

(ʨʠʩ. 2.5). 

 

ʈʠʩʫʥʦʢ 2.5 ï ɹʣʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʽʾ ʚ ʩʢʣʘʜʽ ʚʽʨʪʫʘʣʴʥʦʾ 

ʤʦʜʝʣʽ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʪʠʨʠʩʪʦʨʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʧʨʫʛʠ 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʧʫʩʢʦʚʠʡ ʨʝʞʠʤ 

ʜʚʠʛʫʥʘ ʟ ʯʘʩʦʤ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʢʝʨʫʚʘʥʥʷ tS = 0.5 c. ʆʪʨʠʤʘʥʽ ʯʘʩʦʚʽ 

ʜʽʘʛʨʘʤʠ ʩʪʨʫʤʫ ʩʪʘʪʦʨʘ ʧʨʦʮʝʩʽ ʧʫʩʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.6. 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʩʪʘʪʦʨʥʠʭ ʩʪʨʫʤʽʚ ʧʽʜ ʯʘʩ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ɸɼ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʠʨʠʩʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ 

 

ʅʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʢʦʨʝʢʪʥʽʩʪʴ ʨʦʙʦʪʠ ʤʦʜʝʣʽ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʅʘ ʨʠʩ. 2.7 ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ̔ ʟʘʣʝʞʥʦʩʪʽ ʘʢʪʠʚʥʦʾ 

ʪʘ ʥʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧ̔ʜ ʯʘʩ ʧʫʩʢʫ. 
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ʈʠʩʫʥʦʢ 2.7 ï ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʪʘ ʟʘʣʝʞʥʦʩʪʽ ʘʢʪʠʚʥʦʾ ʪʘ 

ʥʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʽʜ ʯʘʩ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ɸɼ 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʙʽʛʘʶʪʴʩ ̫ ʟ̔ 

ʟʘʛʘʣʴʥʦʪʝʦʨʝʪʠʯʥʠʤʠ ʫʷʚʣʝʥʥʷʤʠ ʧʨʦ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ɸɼ, 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʠʭ ʙʣʦʢʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ 

ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʢʦʣʘʭ. 

ʈʠʩ. 2.8. ʜʝʤʦʥʩʪʨʫʻ ʚʘʨʽʘʥʪ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʫ ʨʝʘʣʽʟʘʮʽʾ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʥʘ ʙʘʟʽ ʤʽʢʨʦʩʭʝʤʠ ADE7755. 

 ʇʨʠʩʪʨʽʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʽʢʨʦʩʭʝʤʽ ADE7755, ʨʝʟʠʩʪʠʚʥʦʛʦ ʧʦʜʽʣʴʥʠʢʘ, 

ʚʠʭʽʜ ʷʢʦʛʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʨʦʟôʻʤʫ X3, ʩʪʨʫʤʦʚʦʛʦ ʰʫʥʪʘ, ʚʠʭʽʜ ʷʢʦʛʦ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʨʦʟôʻʤʫ X2, ʢʦʣʘ ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ (ʟʦʚʥʽʰʥʻ ʞʠʚʣʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨʘ L7805), ʜʦʜʘʪʢʦʚʠʭ ʢʽʣ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʨʦʙʦʪʠ ɯʉ. 

ɼʚʘ ʥʘʷʚʥʠʭ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʩʭʝʤʠ ADE7755 ɸʎʇ ʧʝʨʝʪʚʦʨʶʶʪʴ ʚ 

ʮʠʬʨʦʚʠʡ ʚʠʛʣʷʜ ʩʠʛʥʘʣʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʜʘʪʯʠʢʽʚ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ. 
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ɺʠʢʦʨʠʩʪʘʥʦ 16-ʨʦʟʨʷʜʥʽ ʜʝʣʴʪʘ-ʩʠʛʤʘ ɸʎʇ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟ ʯʘʩʪʦʪʦʶ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ 900 ʢɻʮ.  
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ʈʠʩʫʥʦʢ 2.8 - ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

 

ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ ʘʥʘʣʦʛʦʚʠʭ ʚʭʦʜʽʚ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʽʥʪʝʨʬʝʡʩ ʟ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʰʠʨʦʢʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʘ, ʜʦʩʪʘʪʥʴʦʛʦ 

ʜʣʷ ʧʨʷʤʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʄʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ ʫ ʩʪʨʫʤʦʚʦʤʫ ʢʘʥʘʣʽ ʱʝ ʙʽʣʴʰ ʩʧʨʦʱʫʻ ʽʥʪʝʨʬʝʡʩ ʟ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ. ʌʽʣʴʪʨ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʫ ʩʪʨʫʤʦʚʦʤʫ ʢʘʥʘʣʽ ʫʩʫʚʘʻ ʧʦʩʪʽʡʥʫ 

ʩʢʣʘʜʦʚʫ ʩʪʨʫʤʫ ʟ ̔ ʩʪʨʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ. ʎʝ ʫʩʫʚʘʻ ʙʫʜʴ-ʷʢʫ ʧʦʭʠʙʢʫ ʧʨʠ 

ʧʽʜʨʘʭʫʥʢʫ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʧʦʚô̫ʟʘʥʦʾ ʟ ʥʘʷʚʥʽʩʪʶ ʧʦʩʪʽʡʥʦʛʦ ʟʤʽʱʝʥʥʷ ʚ 

ʩʠʛʥʘʣʘʭ ʥʘʧʨʫʛʠ ʯʠ ʩʪʨʫʤʫ. ʇʦʤʠʣʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,1 % ʟ 

ʜʠʥʘʤʽʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ 500 : 1. 

ɸʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʩʠʛʥʘʣʦʤ ʤʠʪʪʻʚʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʉʠʛʥʘʣ ʤʠʪʪʻʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʨʷʤʠʤ ʧʝʨʝʤʥʦʞʝʥʥʷʤ ʩʠʛʥʘʣʽʚ 

ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʩʠʛʥʘʣ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʪʦʙʪʦ 

ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ ʩʠʛʥʘʣʫ ʤʠʪʪʻʚʦʾ ʧʦʪʫʞʥʦʩʪʽ) ʩʠʛʥʘʣ ʤʠʪʪʻʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʯʝʨʝʟ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʬʽʣʴʪʨ. ʎʷ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ 

ʦʙʯʠʩʣʶʚʘʪʠ ʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʟ ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʦʶ ʬʦʨʤʦʶ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ. 
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ʉʪʨʫʤʦʚʠʡ ʢʘʥʘʣ V1 ʤʘʻ ʧʦʚʥʽʩʪʶ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʚʭʽʜ ʥʘʧʨʫʛʠ. V1P ï ʮʝ 

ʧʦʟʠʪʠʚʥʠʡ ʚʭʽʜ ʱʦʜʦ V1N. ʄʘʢʩʠʤʘʣʴʥʠʡ ʧʽʢʦʚʠʡ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʩʠʛʥʘʣ ʥʘ 

ʚʭʦʜʽ ʢʘʥʘʣʫ V1 ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ Ñ 470 ʤɺ (ʚʽʜʧʦʚʽʜʘʻ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʤʫ ʟʥʘʯʝʥʥʶ 330 ʤɺ ʜʣʷ ʯʠʩʪʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ). 

ʊʘʢʦʞ ʢʘʥʘʣ V1 ʤʘʻ ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ (PGA) ʟ ʚʠʙʦʨʦʤ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ ʟ ʨʷʜʫ 1, 2, 8 ʘʙʦ 16. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʽʥʪʝʨʬʝʡʩ ʤʽʞ ɯʉ ADE7755 ʽ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʩʪʨʫʤʫ ʧʨʦʩʪʽʰʠʤ. 

ʂʘʥʘʣ V2 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʜʘʯʽ ʩʠʛʥʘʣʫ ʚʽʜ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ 

ʤʝʨʝʞʽ ʽ ʤʘʻ ʧʦʚʥʽʩʪʶ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʚʭʽʜ ʥʘʧʨʫʛʠ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʧʽʢʦʚʠʡ 

ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ ʢʘʥʘʣʫ V2 ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ Ñ660 ʤɺ 

[192]. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʦʤʽ ʚʠʨʘʟʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʜʽʶʯʠʭ ʟʥʘʯʝʥʴ ʥʘʧʨʫʛʠ ʪʘ 

ʩʪʨʫʤʫ, ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʟʘ ʧʝʨʽʦʜ ʧʫʩʢʫ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ ʟʘ ʚʠʨʘʟʦʤ: 

ήὉ  ᷿ ὛὨὸ ᷿ ᷿ ὭὸὨὸϽ᷿ όὸὨὸὨὸ,  (2.12) 

ʜʝ ts ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʫ ʪʝʭʥʽʢʫ ʨʝʻʩʪʨʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʙʫʣʦ 

ʘʧʨʦʙʦʚʘʥʦ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 3,5 ʄɺʪ. 

ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʰʚʠʜʢʦʩʪʽ ʩʪʨʫʤʽʚ  ̔ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʽʜ ʯʘʩ ʧʫʩʢʫ 

ʉɼ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.3. ʇʽʜʩʫʤʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʉɼ 

ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.9. 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ɸʥʘʣʽʟ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʉɼ 
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ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ 

ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʢʦʣʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʗʢ ʝʥʝʨʛʝʪʠʯʥf ʩʢʣʘʜʦʚʘ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʚʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʩʧʦʞʠʚʘʥʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʚʽʜ 

ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ, ʘʢʪʠʚʥʦʾ ʪʘ 

ʥʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʦʣʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʥʘ ʧʨʠʢʣʘʜʽ ʉɼ 

ʧʦʪʫʞʥʽʩʪʶ 3,5 ʄɺʪ ʧʦʢʘʟʫʻ, ʱʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʉɼ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʜʣʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʨʠʙʣʠʟʥʦ ʚ 15 ï 25 ʨʘʟʽʚ ʟʘ ʟʽʩʪʘʚʥʠʡ 

ʧʝʨʽʦʜ ʯʘʩʫ. 

2.4 ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʆʧʠʩʫ ʚʧʣʠʚʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠʩʚʷʯʝʥʘ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ [26, 193, 72, 13, 77]. 

ɺʘʞʣʠʚʦʶ ʽ ʚʽʜʥʦʩʥʦ ʤʘʣʦʜʦʩʣʽʜʞʝʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʪʽʻʾ ʯʘʩʪʠʥʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʘ ʙʝʟʧʦʚʦʨʦʪʥʦ ʟʥʦʰʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʈʦʟʚôʷʟʘʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʫʩʢʣʘʜʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʚʝʢʪʦʨʫ ʦʜʥʦʯʘʩʥʠʭ 

ʯʠʥʥʠʢʽʚ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʝʞʠʤʽʚ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢe, ʟʤʽʥʶʶʪʴʩʷ ʧʽʜ 

ʯʘʩ ʧʫʩʢʫ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʥʦʤʽʥʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ [194]. 

ʆʢʨ̔ ʤ ʩʪʘʥʫ ʧʨʠʨʦʜʠ, ʥʘ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʽ ʟʥʦʰʫʚʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʟʥʘʯʥʦ ʚʧʣʠʚʘ ̒ʨʝʞʠʤ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʠʡ ʟʘʜʘʻʪʴʩʷ ʧʨʦʮʝʩʘʤʠ ʢʝʨʫʚʘʥʥʷ. 

ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʝʪʝʨʤʽʥʦʚʘʥʦ. ʆʜʥʘʢ ʫ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʝʤʘʻ ʫʟʘʛʘʣʴʥʶʚʘʣʴʥʠʭ ʨʦʙ̔ʪ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ ʥʘ ʨʝʩʫʨʩ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʜʣʷ 

ʚʠʧʘʜʢʫ ʟʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ, ʱʦ ʻ ʥʝʚʽʜô̒ ʤʥʦʶ 

ʚʣʘʩʪʠʚʽʩʪʶ ʧʨʦʮʝʩʽʚ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 
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ɿʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʥʝ 

ʦʜʥʦʛʦ, ʘ ʜʝʢʽʣʴʢʦʭ ʦʜʥʦʯʘʩʥʠʭ ʯʠʥʥʠʢʽʚ, ʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʦʧʠʩʫʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ qi. 

ʋʩʪʘʥʦʚʣʝʥʥʷ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʫʪʦʯʥʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ 

ʚʽʜ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ, ʥʘ ʞʘʣʴ, 

ʥʝ ʤʦʞʝ ʤʘʪʠ ʻʜʠʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ. ʋʪʦʯʥʝʥʥʷ ʪʘʢʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʻ ʩʢʣʘʜʥʠʤ ʽʥʞʝʥʝʨʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [195]. 

ɼʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʦʙʤʦʪʦʢ ʤʘʰʠʥ, ʤʝʭʘʥʽʯʥʠʭ ʜʝʪʘʣʝʡ ʽ 

ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʧʨʦʮʝʩʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʝʬʦʨʤʫʚʘʥʥʷ, 

ʟʥʦʰʫʚʘʥʥʷ, ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʽ ʨʫʡʥʫʚʘʥʥʷ ʟʘ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥ,ɹ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʘ ʽʥʰʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ. ʆʮʽʥʠʪʠ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ 

ʩʠʩʪʝʤ ʤʦʞʥʘ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʪʝʦʨʝʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʬʽʟʠʯʥʠʭ 

ʤʦʜʝʣʷʭ ʽ ʩʪʘʪʠʯʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʧʣʠʚʽʚ 

[196]. 

ʂʦʥʢʨʝʪʥʠʡ ʚʠʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜ ʟʤʽʥʥʠʭ 

ʚʧʣʠʚʫ f(q) ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ 

ʟʘ ʟʘʛʘʣʴʥʦʪʝʦʨʝʪʠʯʥʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ ʘʙʦ ʫʥʘʩʣʽʜʦʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʆʩʢʽʣʴʢʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʽ ʮʝ ʧʦʣʦʞʝʥʥʷ ʜʦʩʠʪʴ ʫʥʽʚʝʨʩʘʣʴʥʝ, ʪʦ 

ʟʘʣʝʞʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʦʞʝ ʤʘʪʠ ʧʦʣʽʥʦʤʽʘʣʴʥʫ 

ʘʙʦ ʥʘʚʽʪʴ ʩʪʝʧʝʥʝʚʫ ʟʘʣʝʞʥʽʩʪʴ. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʛʣʜ̫ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ f(q), 

ʦʙʦʚô̫ʟʢʦʚʝ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ f(1) = 1, ʪʦʙʪʦ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʘ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʚʧʣʠʚʫ ʻ ʪʘʢʦʞ ʥʦʤʽʥʘʣʴʥʠʤ. 

ʋʨʘʭʦʚʫʶʯʠ ʜʝʷʢʽ ʟʘʛʘʣʴʥʽ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ, ʤʦʞʥʘ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʧʨʦʱʝʥʫ ʫʥʽʚʝʨʩʘʣʴʥʫ ʤʦʜʝʣʴ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʚʝʢʪʦʨʘ ʥʝʥʦʤʽʥʘʣʴʥʠʭ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ. 
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ʆʩʥʦʚʥʝ ʧʨʠʧʫʱʝʥʥʷ, ʧʨʠʡʥʷʪʝ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ ʜʽʻʶ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʚʝʢʪʦʨʘ ʚʧʣʠʚʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʧʣʠʚ 

ʦʢʨʝʤʠʭ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʩʢʣʘʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʥʘʯʝʥʴ ʽʥʰʠʭ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ. 

ʊʘʢʝ ʧʨʠʧʫʱʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʩʢʣʘʜʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʚʝʢʪʦʨʘ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ 

ʢʦʤʙʽʥʘʮʽʾ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʡ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ. 

ʄʘʪʝʤʘʪʠʯʥʦ ʮʝ ʧʦʣʦʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʦ ʫ ʚʠʛʣʷʜʽ: 

() ()( )0
*

0

;

t

i
L t f dtl i tg g= Ö Öä ñ     (2.13) 

ʜʝ i = 1 é N ï ʽʥʜʝʢʩ ʟʤʽʥʥʦʾ ʩʪʘʥʫ, N ï ʨʦʟʤʽʨʥʽʩʪʴ ʚʝʢʪʦʨʘ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ; ɔi ï 

ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ i-  ʾʟʤʽʥʥʦʾ ʚʧʣʠʚʫ ʥʘ ʟʘʛʘʣʴʥʝ ʟʥʦʰʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ 

qi; f(qi) ï ʬʫʥʢʮʽʷ ʧʨʠʩʢʦʨʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʜʣʷ i-ʾ ʟʤʽʥʥʦʾ ʚʧʣʠʚʫ qi. 

ɼʣʷ ʚʝʢʪʦʨʘ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ɔ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʨʽʚʥʷʥʥʷ: 

1.
ig=ä       (2.14) 

ɿʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʫ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ 

ʜʦ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

2.4.1 ʆʙʯʠʩʣʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʝʪʦʜʠʢʫ ʩʪʦʩʦʚʥʦ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 

ɼʣʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʭʘʨʘʢʪʝʨʥʽ ʜʚʽ ʛʦʣʦʚʥʽ ʧʨʠʯʠʥʠ ʚʽʜʤʦʚ ï ʟʥʦʰʫʚʘʥʥʷ 

ʽʟʦʣʷʮʽʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʟʥʦʰʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʦʚʦʛʦ ʚʫʟʣʘ, [72]. ʇʝʨʝʚʘʞʥʦ ʥʘ 

ʩʪʘʨʽʥʥʷ ʽʟʦʣʷʮʽʾ ʦʙʤʦʪʦʢ ʚʧʣʠʚʘ ̒ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʝ ʥʘʛʨʽʚʘʥʥʷ ʨʦʙʦʯʠʤʠ 

ʩʪʨʫʤʘʤʠ, ʘ ʥʘ ʩʪʘʥ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ ï ʜʠʥʘʤʽʯʥʘ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ 

ʧʽʜʰʠʧʥʠʢʘ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʚʽʙʨʘʮʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʫʩʢʦʚʦʛʦ 

ʤʦʤʝʥʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ [80]. 
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ʆʟʥʘʯʝʥʽ ʟʤʽʥʥʽ ʚʧʣʠʚʫ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʚʠʤʽʨʶʚʘʪʠ ʚ ʧʨʘʢʪʠʯʥʠʭ ʫʤʦʚʘʭ, 

ʪʦʤʫ ʷʢ ʟʤʽʥʥʽ ʚʧʣʠʚʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʷʢʦʨʷ ʷʢ 

ʦʩʥʦʚʥʦʛʦ ʜʞʝʨʝʣʘ ʥʘʛʨʽʚʘʥʥʷ ʦʙʤʦʪʦʢ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʘʙʦ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʦʚʦʾ ʯʘʩʪʠʥʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʎʽ ʟʤʽʥʥʽ ʩʪʘʥʫ ʧʦʙʽʯʥʦ ʧʦʚô̫ʟʘʥʽ ʟ 

ʬʽʟʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʦʰʫʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ. 

ʇʨʠʡʥʷʚʰʠ ʟʥʘʯʝʥʥʷ ʚʘʛʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʧʣʠʚʫ ʩʪʨʫʤʫ ʷʢʦʨʷ ʥʘ 

ʟʘʛʘʣʴʥʝ ʟʥʦʰʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ɔ, ʦʪʨʠʤʘʻʤʦ, ʟʛʽʜʥʦ ʟ (2.13), ʟʥʘʯʝʥʥʷ ʚʘʛʦʚʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʜʣʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ (1 ï ɔ). 

ʊʦʜʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ (2.12) ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʜʣʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʟʘ ʧʝʨʽʦʜ ʯʘʩʫ t1Ò t Òt2 

ὡὩ ὰϽ᷿ ‎ϽὪὭzὸ ρ ‎ϽὪ ‫z ὸ Ὠὸ.  (2.15) 

ʅʘ ʨʠʩ. 2.10, ʘ ʟʦʙʨʘʞʝʥʦ ʚʘʨʽʘʥʪ ʘʧʘʨʘʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ, ʫ 

ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ.2. 10 ʚʠʧʘʜʢʫ ï ʧʽʜ ʚʧʣʠʚʦʤ ʩʪʨʫʤʫ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʪʘ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʠʨʘʟ (2.14) ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʜʦʧʦʚʥʝʥʥʷ ʜʦ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʇʽʜʩʠʩʪʝʤʫ ʦʙʯʠʩʣʝʥʥʷ 

ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʨʝʘʣʽʟʦʚʘʥʫ ʫ Matlab/Simulink, ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 

2.10, ʙ. 

     

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 2.10 ï ɸʧʘʨʘʪʥʘ ʨʝʘʣʽʟʘʮʽ ̫ʤʦʜʫʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ʩʪʨʫʤʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʽʜ ʯʘʩ ʧʫʩʢʫ: ʘ - ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ; ʙ ï 

ʧʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʫ Matlab/Simulink 
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ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ʰʘʭʪʥʦʾ ʧʽʜʡʦʤʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʧʦʪʫʞʥʽʩʪʶ 1300 ʢɺʪ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 38 ʦʙ/ʭʚ ʥʘ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʢʨʠʚʽ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ɼʇʉ 

qWe ʪʘ ʽʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʟʥʦʰʫʚʘʥʥʷ iqWe ʟʘ ʧʝʨʽʦʜ ʧʫʩʢʫ (ʨʠʩ. 2.11). 

 

 

ʘ) ʧʨʷʤʠʡ ʧʫʩʢ ɼʇʉ 

 

ʙ) ʧʣʘʚʥʠʡ ʧʫʩʢ ɼʇʉ ʟ ʯʘʩʦʤ ʨʦʟʛʦʨʪʘʥʥʷ tu = 10 c 

ʈʠʩʫʥʦʢ 2.11 ï ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʟʥʦʰʫʚʘʥʥʷ ʜʚʠʛʫʥʘ ʰʘʭʪʥʦʾ ʧʽʜʡʦʤʥʦʾ 

ʫʩʪʘʥʦʚʢʠ: ʘ - ʟʘ ʧʨʷʤʦʛʦ ʧʫʩʢʫ; ʙ - ʟʘ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ; 

qWe ï ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ; iqWe ï ʽʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜ 

ʧʦʯʘʪʢʫ ʧʫʩʢʫ 

 

ɿʘ ʘʥʘʣʽʟʦʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʘ ʧʨʠʡʥʷʪʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʡʞʝ ʫ 200 ʨʘʟʽʚ 

ʰʚʠʜʰʝ, ʥʽʞ ʫ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. ʇʣʘʚʥʠʡ ʧʫʩʢ ʽʟ ʯʘʩʦʤ ʨʦʟʛʦʨʪʘʥʥʷ 

10 ʩ ʤʘʡʞʝ ʫ 7 ʨʘʟʽʚ ʟʤʝʥʰʫʻ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʷʤʠʤ 

ʧʫʩʢʦʤ. 

2.4.2 ʆʙʯʠʩʣʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʝʪʦʜʠʢʫ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 



 111 

ɹʘʛʘʪʦ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʣʦʚʠʭ ʜʽʦʜʽʚ ʽ ʪʠʨʠʩʪʦʨʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨ-n ʧʝʨʝʭʦʜʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ (ʜʘʣʽ ʧʨʦʩʪʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʨʫʢʪʫʨʠ) ʊj [197]. ʊʦʤʫ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʧʨʠʣʘʜʽʚ ʦʜʥʠʤ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʠ 

ʊj max. ɼʣʷ ʜʽʦʜʽʚ ʪʠʧʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʊj max ʫʚʘʞʘʪʁʴ 150ï190 Áʉ, ʜʣʷ 

ʪʠʨʠʩʪʦʨʽʚ ï 125-140Áʉ. ʅʠʞʯʝ ʟʥʘʯʝʥʥʷ ʊj max ʜʣʷ ʪʠʨʠʩʪʦʨʽʚ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʜʽʦʜʘʤʠ, ʟʘʟʚʠʯʘʡ ʧʦʚô̫ʟʘʥʝ ʽʟ ʩʠʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʥʘʧʨʫʛʠ 

ʧʝʨʝʤʠʢʘʥʥʷ ʪʠʨʠʩʪʦʨʽʚ [197]. 

ɼʣʷ ʪʝʧʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ 

ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ Rth. ʈʦʟʨʽʟʥʷʶʪʴ ʪʝʧʣʦʚʽ ʦʧʦʨʫ ʧʝʨʝʭʽʜ ï ʢʦʨʧʫʩ Rthj-C ʽ ʧʝʨʝʭʽʜ 

ï ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ Rthj-a. 

ʇʦʪʫʞʥʽʩʪʴ ʚʪʨʘʪ ʫ ʜʽʦʜʽ ʘʙʦ ʪʠʨʠʩʪʦʨʽ ʟʘʛʘʣʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ 

ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ: 

ὖ ὟὍϽὍ,      (2.16) 

ʜʝ U(I) ï ʧʨʷʤʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ ʧʨʠʣʘʜʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʡʦʛʦ ʚʦʣʴʪ-

ʘʤʧʝʨʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. 

ɼʣʷ Rth ʜʣʷ ʪʠʨʠʩʪʦʨʽʚ ʪʘ ʜʽʦʜʽʚ ʤʘʻʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

Ὑ Ὕ Ὕ ὖϳ ,    (2.17) 

ʜʝ ʊj ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʠ; ʊc ï ʪʝʤʧʝʨʘʪʫʨʘ ʬʽʢʩʦʚʘʥʦʾ ʪʦʯʢʠ ʥʘ ʢʦʨʧʫʩʽ 

ʩʠʣʦʚʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʫ [198], ʪʨʠʚʘʣʠʡ ʚʧʣʠʚ ʩʪʨʫʤʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʦʪʫʞʥʽ 

ʢʝʨʦʚʘʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ (ʂʅʇ) ʩʠʣʦʚʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʘʧʘʨʘʪʽʚ ʽʩʥʫʻ ʜʣʷ ʯʘʩʦʚʠʭ ʧʨʦʤʽʞʢʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ ʜʝʩʷʪʠʭ 

ʯʘʩʪʦʢ ʩʝʢʫʥʜʠ ʽ ʙʽʣʴʰʝ. ʈʦʟʨʘʭʫʥʢʤ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʨʫʢʪʫʨʠ ʧʨʦʚʦʜʷʪʴʩʷ ʛʨʘʬʦ-

ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʪʫʞʥʦʩʪʽ ʚʪʨʘʪ ʽ ʪʝʧʣʦʚʦʛʦ 

ʦʧʦʨʫ, ʷʢʝ ʚ ʪʘʢʦʤʫ ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʽʜʦʙʨʘʞʘʻ ʪʝʧʣʦʚʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʂʅʇ [199]. 

ɼʦʧʫʩʪʠʤʘ ʧʦʪʫʞʥʽʩʪʴ ʚʪʨʘʪ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʪʨʠʚʘʣʦʤʫ 

ʨʝʞʠʤʽ: 
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ὖ
 

,     (2.18) 

ʜʝ ʊj ʤʘʢʩ ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ; 

ʊʘ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; Rth ï ʫʩʪʘʣʝʥʠʡ ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʂʅʇ 

ʟ ʪʠʧʦʚʠʤ ʦʭʦʣʦʜʞʫʚʘʯʝʤ ʜʣʷ ʧʨʠʡʥʷʪʦʾ ʚ ʢʦʤʫʪʘʮʽʡʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʤʫ 

ʘʧʘʨʘʪʽ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʥʘʛʨʽʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʂʅʇ ʻ 

ʚʪʨʘʪʠ ʫ ʩʪʘʥʽ ʧʨʷʤʦʾ ʧʨʦʚʽʜʥʦʩʪʽ [199]. 

ʋ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʤʫ ʢʣʶʯʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ: 

ὖ Ὅ˟̒Ͻ̑Ὗ ὑl ϽὍ˟̒̑ϽὙˑ ,   (2.19) 

ʜʝ Kʌ =I T/ITcp ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʢʣʶʯʘ; IT ï ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʂʅʇ; ITcp ï ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʂʅʇ. 

ɼʣʷ ʩʢʣʘʜʘʥʥʷ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʷʢ ʟʤʽʥʥ ̔ ʚʧʣʠʚʫ ʜʣʷ 

ʩʪʘʪʠʯʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʙʝʨʝʤʦ ʩʪʨʫʤ ʫ ʣʘʥʮʽ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ Id. ʆʩʢʽʣʴʢʠ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʚʧʣʠʚʘʻ ʪʽʣʴʢʠ ʦʜʥʘ 

ʟʤʽʥʥʘ ʚʧʣʠʚʫ, ʪʦ ʟʥʘʯʝʥʥʷ ʚʘʛʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʧʣʠʚʫ ʩʪʨʫʤʫ ʥʘ ʟʘʛʘʣʴʥʝ 

ʟʥʦhʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 1. 

ʊʦʜʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ (2.13), ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʘ ʧʝʨʽʦʜ ʯʘʩʫ t1Ò t Òt2 

ὡὩ ὰϽ᷿ ὪὭzὸ Ὠὸ.     (2.20) 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʠʨʘʟ (2.16) ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʜʦʧʦʚʥʝʥʥʷ ʜʦ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ. ʇʽʜʩʠʩʪʝʤʫ ʦʙʯʠʩʣʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, 

ʨʝʘʣʽʟʦʚʘʥʫ ʫ Matlab/Simulink, ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.12. 
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ʈʠʩʫʥʦʢ 2.12 ï ʇʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʫ Matlab/Simulink 

 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʰʘʭʪʥʦʾ ʧʽʜʡʦʤʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʦʪʫʞʥʽʩʪʶ 1500 ʢɺʪ ʥʘ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʢʨʠʚʽ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ qWe ʪʘ ʽʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʟʥʦʰʫʚʘʥʥʷ iqWe ʟʘ ʧʝʨʽʦʜ ʧʨʷʤʦʛʦ 

ʧʫʩʢʫ (ʨʠʩ. 2.13). 

ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʘ ʧʨʠʡʥʷʪʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

ʟʥʦʰʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʘ ʯʘʩ ʧʫʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʡʞʝ ʫ 30 

ʨʘʟʽʚ ʰʚʠʜʰʝ, ʥʽʞ ʫ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. 

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ fi(ia*) ʽ fɤ (ɤ*) ʫ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʤʦʜʝʣʷʭ 

(2.15), (2.20) ʪʝʦʨʝʪʠʯʥʦ ʥʝ ʦʙˇʨʫʥʪʦʚʘʥʦ. 

 

 

ʈʠʩʫʥʦʢ 2.13 ï ɿʥʦʰʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʨʠ ʧʨʷʤʦʤʫ ʧʫʩʢʫ 

ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ʰʘʭʪʥʦʾ ʧʽʜʡʦʤʥʦʾ ʫʩʪʘʥʦʚʢʠ 

qWe ï ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ; iqWe ï ʽʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜ 

ʧʦʯʘʪʢʫ ʧʫʩʢʫ 

2.4.3 ʆʙʯʠʩʣʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʧʫʩʢʦʚʠʤ ʧʨʠʩʪʨʦʻʤ 

ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʫʩʽʭ ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʻ ʥʘʷʚʥʽʩʪʴ 

ʙʘʡʧʘʩʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ [134]. ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʷʢ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʷʤʦʛʦ ʧʫʩʢʫ, 
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ʪʘʢ ʽ ʜʣʷ ʚʠʤʠʢʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ʧʝʨʝʭʦʜʫ ʥʘ ʞʠʚʣʝʥʥʷ ʚʽʜ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. 

ɼʦ ʪʦʛʦ ʞ ʩʣʽʜ ʫʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʨʝʞʠʤ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʤʦʞʝ 

ʟʘʢʽʥʯʠʪʠʩʷ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʆʪʞʝ, ʟʘ ʩʧʽʣʴʥʦ ʾʨʦʙʦʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟ ʧʨʠʩʪʨʦʻʤ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ 

ʟʥʦʰʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʫ ʧʝʨʽʦʜ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʪʦʙʪʦ ʟʘ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ tu < ts, ʜʝ tu ï ʯʘʩ 

ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ; ts ï ʟʘʛʘʣʴʥʘ 

ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʤʠʪʪʻʚʝ ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʩʠʤʚʦʣʦʤ ewe (t), ʟʥʦʰʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʩʠʤʚʦʣʦʤ cwe(t), ʪʦ 

ʧʦʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʩʣʽʜ 

ʚʠʟʥʘʯʘʪʠ ʟʘ ʚʠʨʘʟʦʤ: 

ύὩὸ ὩύὩὸ ὸόὸίϽὧύὩὸ.   (2.21) 

ʆʢʨʝʤʽ ʜʦʜʘʥʢʠ ʫ ʬʦʨʤʫʣʽ (2.21) ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʟʘ ʬʦʨʤʫʣʘʤʠ 

(2.15) ʪʘ (2.20). 

ɺʘʨʽʘʥʪ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʧʫʩʢʦʚʠʤ ʧʨʠʩʪʨʦʻʤ ʫ ʧʨʦʛʨʘʤʽ Matlab/Simulink ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 2.14. 

 

 

ʈʠʩʫʥʦʢ 2.14 ï ʈʝʘʣʽʟʘʮʽʷ ʧʽʜʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʧʫʩʢʦʚʠʤ ʧʨʠʩʪʨʦʻʤ ʫ ʧʨʦʛʨʘʤʽ Matlab/Simulink 
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ʋ ʥʘʚʝʜʝʥʽʡ ʩʭʝʤʽ, ʦʢʨʽʤ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʫ 

ʢʽʣʴʢʽʩʥʦʤʫ ʚʠʛʣʷʜʽ (ʚʠʭʽʜ we), ʚʠʢʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʟʥʦʰʫʚʘʥʥʷ ʫʩʽʭ ʚʠʜʽʚ ʦʙʣʘʜʥʘʥʥʷ ʧʫʩʢʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʭ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʧʝʨʽʦʜ 

ʚʽʜ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ.ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ 

ʟʥʦʰʫʚʘʥʥʷ ʟʘ ʫʤʦʚʠ ʦʜʥʦʯʘʩʥʦʾ ʜʽʾ ʚʝʢʪʦʨʫ ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ 

ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. ɿʘ ʫʤʦʚʠ ʥʝʟʘʣʝʞʥʦʾ ʜʽʾ 

ʦʢʨʝʤʠʭ ʯʠʥʥʠʢʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʫ 

ʬʦʨʤʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʬʫʥʢʮʽʡ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʘʶʯʠʭ ʯʠʥʥʠʢʽʚ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʩʪʘʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʮʽʣʽʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ. 

2.5 ɺʠʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʫʤʦʚʣʝʥʠʭ 

ʧʨʦʮʝʩʘʤʠ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʜʚʠʛʫʥʽʚ 

ɺʠʥʠʢʥʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʦʚô̫ʟʘʥʠʭ ʟ 

ʧʨʦʮʝʩʘʤʠ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ  ̔ʛʨʫʧʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʦʚô̫ʟʘʥʝ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʨʽʚʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʫ ʚʫʟʣʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʽʜ ʜʽʻʶ ʧʫʩʢʦʚʠʭ ʩʪʨʫʤʽʚ. 

ʃʦʢʘʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʚʣʘʩʥʝ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʪʘʢ ʽ ʥʘ ʨʦʙʦʪʫ ʫʩʴʦʛʦ ʪʝʭʥʦʮʝʥʦʟʫ [4], ʷʢʠʡ ʦʪʦʯʫʻ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʱʦ ʧʫʩʢʘʻʪʴʩʷ. 

ʅʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘ ʷʢʽʩʪʴ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʨʦʟʛʣʷʜʫʚʘʚʩʷ ʫ ʨʦʙʦʪʘʭ [10, 22, 7, 193, 9]. ʋ ʟʛʘʜʘʥʠʭ ʨʦʙʦʪʘʭ 

ʜʘʻʪʴʩʷ ʣʠʰʝ ʷʢʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʪʘʢʦʛʦ ʚʧʣʠʚʫ. ʋ ʚʽʜʦʤʠʭ ʨʦʙʦʪʘʭ ʚʽʜʩʫʪʥʽ 

ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ ʪʘʢʦʛʦ ʚʧʣʠʚʫ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʪʦʯʝʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʱʦ ʧʫʩʢʘʻʪʴʩʷ. 

ʉʢʣʘʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʜʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ 

ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʩʪʚʦʨʶʶʪʴʩʷ ʧʦʟʘ ʤʝʞʘʤʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʷʢʘ ʧʫʩʢʘʻʪʴʩʷ. ɺʝʣʠʯʠʥʘ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʥʘʩʘʤʧʝʨʝʜ 
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ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʪʦʯʝʥʥʷ, ʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʫ ʡʦʛʦ ʨʦʙʦʪʠ, 

ʨʽʚʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʰʦʛʦ. ʋʩʽ ʮʽ ʯʠʥʥʠʢʠ ʻ 

ʟʦʚʥʽʰʥʽʤʠ ʩʪʦʩʦʚʥʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʱʦ ʧʫʩʢʘʻʪʴʩʷ. ʊʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʠʟʠʢʫ ʧʦʚô̫ʟʘʥʝ ʟ ʦʮʽʥʶʚʘʥʥʷʤ ʤʠʪʪʻʚʦʛʦ ʩʪʘʥʫ ʪʘ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʫʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʮʝʥʦʟʫ, ʱʦ ʤʦʞʣʠʚʦ 

ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʨʦʟʚʠʥʝʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʘ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʥʘ 

ʨʽʚʥʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʅʝʦʙʭʽʜʥʦ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʝʢʦʥʦʤʽʯʥʠʭ 

ʨʠʟʠʢʽʚ fe(t) ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠʩ,̫  ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʜʦʙʠ, ʘ ʾʾ ʯʠʩʣʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʫʪʴ ʥʝ ʚʽʜʪʚʦʨʶʚʘʪʠʩʷ ʥʘʚʽʪʴ ʟʘ ʫʤʦʚʠ ʘʙʩʦʣʶʪʥʦ 

ʽʜʝʥʪʠʯʥʦʛʦ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʽʾ ʝʢʦʥʦʤʽʯʥʠʭ 

ʨʠʟʠʢʽʚ fe(t) ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʱʦ 

ʧʫʩʢʘʻʪʴʩ,̫ ̔  ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʫ ʩʢʣʘʜʽ 

ʽʥʰʦʛʦ ʪʝʭʥʦʮʝʥʦʟʫ. 

ʌʫʥʢʮʽʷ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ fe(t) ʟʘʛʘʣʦʤ ʤʘʻ ʚʠʨʘʞʝʥʠʡ ʽʤʦʚʽʨʥʽʩʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʾʾ ʟʥʘʯʝʥʥʷ ʧʝʨʝʚʘʞʥʦ ʦʙʫʤʦʚʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʪʦʯʝʥʥʷʤ. 

ɸʧʨʽʦʨʽ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ fe 

ʤʘʻ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʥʘʧʨʷʤʢʫ, ʧʨʦʪʠʣʝʞʥʦʤʫ ʟʤʽʥʽ ʟʘʣʠʰʢʦʚʦʾ ʥʘʧʨʫʛʠ ʥʘ 

ʟʘʛʘʣʴʥʠʭ ʰʠʥʘʭ ʞʠʚʣʝʥʥʷ: ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ 

ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ fe ʟʤʝʥʰʫʻʪʴʩʷ, ʽ ʥʘʚʧʘʢʠ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʚʝʣʠʯʠʥʫ ʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʬʫʥʢʮʽʾ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ fe, ʜʣʷ ʥʘʙʣʠʞʝʥʦʾ ʦʮʽʥʢʠ 

ʬʫʥʢʮʽʾ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʾ ʜʦʜʘʪʢʦʚʦʛʦ ʨʠʟʠʢʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ 

ʟʘʛʘʣʴʥʠʭ ʰʠʥʘʭ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ: 

ὪὩὸ  ‘ϽὫЎόὸᶻ,     (2.21) 

ʜʝ ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ; ȹu(t)* = 1 - u(t)* - ʚʽʜʥʦʩʥʝ ʟʥʘʯʝʥʥʷ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ ʥʘ ʟʘʛʘʣʴʥʠʭ ʰʠʥʘʭ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ g(x) ʚʠʢʣʠʢʘʥʘ ʥʝʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʚʽʜ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ. ɺʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ ʧʘʜʽʥʥʷ 
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ʥʘʧʨʫʛʠ (ʜʦ 10 ï 15 %) ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʘ ʟʥʘʯʥʽʰ ̔ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʚʥʦʾ ʟʫʧʠʥʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʦʩʦʙʣʠʚʦ ʦʙʣʘʜʥʘʥʠʭ ʘʩʠʥʭʨʦʥʥʠʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. 

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʪʘʢʦʾ ʬʫʥʢʮʽʾ: 

Ὣὼ ‌ὩϽ ρ.    (2.22) 

ʇʦʻʜʥʫʶʯʠ ʚʠʨʘʟʠ (2.18), (2.19), ʦʪʨʠʤʘʻʤʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʬʫʥʢʮʽʾ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ fe ʚʽʜ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʟʘʛʘʣʴʥʠʭ ʰʠʥʘʭ ʤʝʨʝʞʽ 

ʞʠʚʣʝʥʥʷ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

ὪὩὸ  ‘Ͻ‌ὩϽЎ
ᶻ
ρ,   (2.23) 

ʜʝ Ŭ, Ű ï ʢʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʟʘ ʧʝʨʽʦʜ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʦ ʟʘ ʚʠʨʘʟʦʤ: 

ήὪὩ ‘Ͻ‌Ͻ᷿ ὩϽЎ
ᶻ
ρὨὸ.   (2.24) 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʟʘ ʧʝʨʽʦʜ ʧʫʩʢʫ ʉɼ 

ʧʦʪʫʞʥʽʩʪʶ 3500 ʢɺʪ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʢʨʠʚʽ ʤʠʪʪʻʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʟʘʛʘʣʴʥʠʭ ʰʠʥʘʭ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ fe(t) ʪʘ ʽʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʟʘ 

ʧʝʨʽʦʜ ʧʫʩʢʫ qfe ʟʘ ʧʝʨʽʦʜ ʧʨʷʤʦʛʦ ʧʫʩʢʫ, ʨʠʩ.2.15. 

 

 

ʈʠʩʫʥʦʢ 2.15 ï ɺʠʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʟʘ ʧʝʨʽʦʜ ʧʫʩʢʫ 

ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ: fe(t) ï ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʨʠʟʠʢʽʚ;  

qfe ï ʽʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʜʦʜʘʪʢʦʚʠʭ ʨʠʟʠʢʽʚ 

 

ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʦʢʨʝʤʽ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ 

ʬʘʢʪʠʯʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʬʫʥʢʮʽʾ fe ʽ ʯʠʩʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʴʦʛʦ 
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ʨʦʟʧʦʜʽʣʫ, ʘ ʪʘʢʦʞ ʫʟʘʛʘʣʴʥʝʥʝ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʫ ʽ ʯʠʩʣʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʎʝ ʟʘʚʜʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʝ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʡ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ. ɿʘʛʘʣʴʥʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥ ̫ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʬʫʥʢʮʽʾ ʚʠʧʘʜʢʦʚʦʛʦ ʘʨʛʫʤʝʥʪʘ ʟʘ ʚʽʜʦʤʠʤ ʟʘʢʦʥʦʤ 

ʨʦʟʧʦʜʽʣʫ ʘʨʛʫʤʝʥʪʫ. 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ 

ʯʠʩʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʚʽʜ ʧʫʩʢʫ ʧʦʪʫʞʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚʠʨʽʰʘʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʪʦʯʝʥʥʷ 

ʽ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʨʦʟʚôʷʟʘʥʝ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʫ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʫ ʚʠʛʣʷʜʽ ʥʝʣʽʥʽʡʥʦ ʾ

ʬʫʥʢʮʽʾ, ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʽ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʟʘʛʘʣʴʥʠʭ ʰʠʥʘʭ 

ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. 

2.6 ʉʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ 

ɯʩʪʦʪʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʧʨʦʮʝʩʫ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʚʽʜ ʽʥʰʠʭ ʦʧʝʨʘʮʽʡ ʻ ʪʝ, 

ʱʦ ʚʦʥʘ ʩʪʚʦʨʶʻ ʫʥʽʢʘʣʴʥʠʡ, ʚʣʘʩʪʠʚʠʡ ʪʽʣʴʢʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʩʫʢʫʧʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʷʢʠʡ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ [3, 52], ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʨʫʭʦʤʠʭ 

ʯʘʩʪʠʥ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʫʭʫ, ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʫ ʮʽʥʥʽʩʪʴ, ʥʽʞ ʪʘʢʠʡ ʩʘʤʠʡ ʤʝʭʘʥʽʟʤ ʫ ʩʪʘʥʽ 

ʩʧʦʢʦʶ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʬʦʨʤʫʚʘʥʥʷ ʉʈʇʇ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʥʝ ʩʪʚʦʨʶʻʪʴʩʷ 

ʙʝʟʧʝʨʝʨʚʥʦ ʧʽʜ ʯʘʩ ʧʫʩʢʫ. ʉʈʇʇ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʥʘʙʫʚʘʻ ʩʚʦʛʦ ʧʦʚʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚ ʤʦʤʝʥʪ ʜʦʩʷʛʥʝʥʥʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ (ʨʠʩ. 2.16). ʗʢʱʦ 

ʮʝ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʝ ʜʦʩʷʛʥʫʪʦ, ʪʦ ʧʫʩʢ ʻ ʥʝʚʜʘʣʠʤ ʽ 

ʩʪʚʦʨʶʻ ʥʫʣʴʦʚʠʡ ʉʈʇʇ. 

ʄʘʪʝʤʘʪʠʯʥʦ ʮʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ήὴ ‫ ‫ Ͻ ,     (2.25) 
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ʜʝ ɤʉ ï ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʧʽʜ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʢ̫ʦʛʦ ʧʫʩʢ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚʚʘʞʘʻʪʴʩʷ ʟʘʚʝʨʰʝʥʠʤ; Jʅ ï ʩʫʤʘʨʥʠʡ, ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʚʘʣʘ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ. 

 

 

ʈʠʩʫʥʦʢ 2.16 ï ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʉʈʇʇ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

 

ʅʘ ʨʠʩ. 2.17 ʟʦʙʨʘʞʝʥʦ ʚʘʨʽʘʥʪ ʘʧʘʨʘʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʉʈʇʇ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

 

ʈʠʩʫʥʦʢ 2.17 ï ɺʘʨʽʘʥʪ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʷ ʦʙʯʠʩʣʝʥʥʷ ʉʈʇʇ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

 

ʆʪʞʝ, ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʉʈʇʇ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʤʘʻ ʚʠʛʣʷʜ ʜʝʣʴʪʘ-

ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ ʽ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʚʠʨʘʟʫ: 

ήὴὸ
πȟὸ ὸȠ
ὅȟὸ ὸȟ

     (2.26) 

t

˿˽

t

,̟ IA, TE
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ʜʝ ʉ0 ï ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ tS. 

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʫʢʫʧʥʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ, ʫ ʚʠʛʣʷʜʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. Cʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʜʘʥʦ 

ʜʝʣʴʪʘ-ʬʫʥʢʮʽʻʶ ɼʽʨʘʢʘ. 

2.7 ʄʝʪʦʜʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʠʭ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʪʘ ʩʫʢʫʧʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ɺʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʨʦʮʝʩʠ 

ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʚʠʢʦʥʫʶʪʴʩʷ ʟʘʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ 

ʮʽʥʥʦʩʪʽ ʧʝʨʝʨʦʙʣʶʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʩʧʨʷʤʦʚʘʥʦʛʦ ʚʧʣʠʚʫ. 

ʇʠʪʘʥʥʷʤ ʚʧʣʠʚʫ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʠʩʚʷʯʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ [77, 

108, 200]. ɿʘʛʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʚʽʜʦʤʠʭ ʨʦʙʽʪ ʻ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʥʘ ʚʠʚʯʝʥʥʷ 

ʚʧʣʠʚʫ ʥʘ ʚʠʙʨʘʥʽ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜ ʦʢʨʝʤʠʭ ʯʠʥʥʠʢʽʚ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʩʪ ̔ʫ ʨʦʟʚô̫ ʟʘʥʥʽ ʮʽʻʾ ʩʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ. 

ʈʝʘʣʽʟʦʚʘʥʠʡ ʧʝʨʝʭʽʜ ʜʦ ʨʝʩʫʨʩʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʩʪʚʦʨʶʻ 

ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʮʽʥʥʦʩʪʽ ʫʩʽʭ ʩʢʣʘʜʦʚʠʭ ʩʪʚʦʨʝʥʦʛʦ ʩʫʢʫʧʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʪʘ ʩʧʦʞʠʪʠʭ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʚʩʽʭ ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʮʽʣʦʤʫ. 

ʆʯʝʚʠʜʥʠʤ ʥʝʜʦʣʽʢʦʤ ʨʝʩʫʨʩʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʻ ʪʝ, ʱʦ 

ʨʝʩʫʨʩʥʽ ʚʠʪʨʘʪʠ ʽ ʩʢʣʘʜʦʚʽ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʜʘʥʽ ʚ ʾʭ 

ʢʽʣʴʢʽʩʥʦʤʫ ʚʠʨʘʞʝʥʥʽ, ʪʦʤʫ ʾʭ ʟʥʘʯʝʥʥʷ ʥʝ ʤʦʞʥʘ ʦʙô̒ ʜʥʫʚʘʪʠ ʤʽʞ ʩʦʙʦʶ ʯʝʨʝʟ 

ʧʨʦʙʣʝʤʠ ʨʦʟʤʽʨʥʦʩʪʽ. 

ʈʦʟʚô̫ ʟʘʥʥʷʤ ʧʨʦʙʣʝʤʠ ʨʦʟʤʽʨʥʦʩʪʽ ʻ ʧʦʚʥʝ ʘʛʨʝʛʫʚʘʥʥʷ ʚʩʽʭ ʪʠʧʽʚ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʽ ʩʢʣʘʜʦʚʠʭ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚ ʦʜʠʥ ʢʣʘʩ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʧʨʠʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʧʨʦʜʫʢʪʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʦ ʟʽʩʪʘʚʥʠʭ ʦʜʠʥʠʮʴ 

ʚʠʤʽʨʶʚʘʥʥʷ. 
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ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʟʽʩʪʘʚʥʠʭ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʧʨʦʜʫʢʪʽʚ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

[201]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʜʝʱʦ ʦʙʤʝʞʫʪ̒ʴʩʷ 

ʚʠʤʦʛʦʶ ʩʠʩʪʝʤʥʦʩʪʽ ʧʨʠʡʥʷʪʦʛʦ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ 

ʧʫʩʢʫ. ʉʠʩʪʝʤʥʽʩʪʴ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʟʜ. 2.1, ʚʠʩʫʚʘʻ 

ʩʧʝʮʽʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʩʫʨʩʽʚ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʟʽʩʪʘʚʥʠʭ ʦʜʠʥʠʮʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʦ ,ʁ ʥʘʜʘʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʶʚʘʪʠ ʚʧʣʠʚ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʥʘ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʮʽʣʦʤʫ. 

ɼʣʷ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʩʠʩʪʝʤ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ, ̫ ʢ ʟʽʩʪʘʚʥ ̔

ʝʢʩʧʝʨʪʥʽ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʘʨʪʽʩʥʽ ʦʮ̔ʥʢʠ ʷʢ 

ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʨʽʟʥʦʚʠʜ ʤʝʪʦʜʫ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ. 

ʇʨʠʥʮʠʧ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʪʥʦʛʦ ʤʝʪʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ 

ʚʝʣʠʯʠʥʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʽ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 2.18. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚʝʢʪʦʨʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʽ 

ʩʢʣʘʜʦʚʠʭ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʦʢʨʝʤʽ ʩʠʛʥʘʣʠ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʤʘʪʦʨʽʚ ʉ1 ̔ ʉ2 ʮʽ ʩʠʛʥʘʣʠ ʘʛʨʝʛʫʶʪʩɹʷ ʚ ʦʜʥʦʤʽʨʥʽ ʩʠʛʥʘʣʠ 

ʩʫʤʘʨʥʦʛʦ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ̔  ʩʫʢʫʧʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ. ɹʣʦʢ ʪʘʡʤʝʨʘ ʊʄ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ. ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʩʫʤʘʨʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʟʘ ʯʘʩ ʧʫʩʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʘʪʦʨʽʚ ɯ1 ̔ ɯ2 ʤʠ ʦʪʨʠʤʫʻʤʦ ʥʘ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʧʫʩʢʫ 

ʩʢʘʣʷʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ï ̔ ʥʪʝʛʨʘʣʴʥʽ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ̔ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ï RE ̔  PE, ̔ ʪʨʠʚʘʣʽʩʪʴ ʧʫʩʢʫ ts. 
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ʈʠʩʫʥʦʢ 2.18 ï ɺʠʟʥʘʯʝʥʥʷ ̔ʥʪʝʛʨʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ 

ʚʠʪʨʘʪ ʽ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʅʘ ʨʠʩ. 2.19 ʟʦʙʨʘʞʝʥʦ ʚʘʨʽʘʥʪ ʘʧʘʨʘʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʝʢʩʧʝʨʪʥʦʾ  ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

 

 

ʈʠʩʫʥʦʢ 2.19 ï ɺʘʨʽʘʥʪ ʘʧʘʨʘʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʚʝʣʠʯʠʥʠ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 
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ʆʩʢʽʣʴʢʠ ʨʦʟʧʦʜʽʣʝʥʽʩʪʴ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʽ ʨʝʩʫʨʩʦʚʽʜʜʘʯʽ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʩʠʩʪʝʤ ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚ [202], ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ, 

ʧʨʦʮʝʩ ʧʫʩʢʫ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʦʜʝʣʣʶ ʩʬʦʢʫʩʦʚʘʥʦʾ ʦʧʝʨʘʮʽʾ [167], ʟ 

ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʆs(RE, ts, PE). ʆʪʞʝ, ʟʛʽʜʥʦ ʜʦ ʨʠʩ.2.20, ʤʠ ʤʦʞʝʤʦ 

ʧʦʩʣʽʜʦʚʥʦ ʧʝʨʝʡʪʠ ʚʽʜ ʘʥʘʣʽʟʫ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʪʝʭʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʩʢʣʘʜʥʦʾ 

ʬʦʨʤʠ, ʟʘʚʜʷʢʠ ʢʽʣʴʢʽʩʥʠʤ ʪʘ ʝʢʩʧʝʨʪʥʠʤ ʦʮʽʥʢʘʤ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʩʫʢʫʧʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʦ ʧʦʜʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚ ʚʠʛʣʷʜ ̔ʩʬʦʢʫʩʦʚʘʥʦʾ 

ʦʧʝʨʘʮʽʾ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ ʪʨʴʦʤʘ ʩʢʘʣʷʨʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: RE ï ʽʥʪʝʛʨʘʣʴʥʘ 

ʚʝʣʠʯʠʥʘ ʝʢʩʧʝʨʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; PE ï ʽʥʪʝʛʨʘʣʴʥʘ 

ʚʝʣʠʯʠʥʘ ʝʢʩʧʝʨʥʦʾ ʦʮʽʥʢʠ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; ts ï ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

 

ʈʠʩʫʥʦʢ 2.20 ï ʇʦʜʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʫ ʚʠʛʣʷʜʽ: ʘ - ʤʠʪʪʻʚʽ 

ʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʩʪʘʥʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; ʙ - ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʽ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʧʨʦʜʫʢʪʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; ʚ - ʩʬʦʢʫʩʦʚʘʥʘ 

ʦʧʝʨʘʮʽʷ ʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
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ʆʪʞʝ, ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʜʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, 

ʜʦʧʦʚʥʝʥʠʡ ʝʢʩʧʝʨʪʥʠʤʠ ʦʮʽʥʢʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʟʽʩʪʘʚʥʠʭ ʝʢʩʧʝʨʪʥʠʭ 

ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʚʠʪʨʘʪ, ʜʦʟʚʦʣʷʻ ʘʙʩʪʨʘʛʫʚʘʪʠʩʷ ʚʽʜ ʘʥʘʣʽʟʫ 

ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. ɼʦ ʪʦʛʦ ʞ ʤʠ ʥʝ ʚʪʨʘʯʘʻʤʦ ʽʥʬʦʨʤʘʮʽʶ, 

ʱʦ ʤʘʶʪʴ ʮʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʨʘʥʩʬʦʨʤʫʶʯʠ ʾʭ ʫ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ, ʤʠ 

ʦʪʨʠʤʫʻʤʦ ʤʦʞʣʠʚʽʩʪʴ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʥʘ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʮʽʣʦʤʫ. ʆʧʝʨʘʮʽʡʥʦ-

ʝʢʩʧʝʨʪʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʠʚ ʧʦʜʘʪʠ ʧʨʦʮʝʩ ʧʫʩʢʫ ʫ ʚʠʛʣʷʜʽ ʩʬʦʢʫʩʦʚʘʥʦʾ ʦʧʝʨʘʮʽʾ, 

ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʩʴʦʛʦ ʪʨʴʦʤʘ ʩʢʘʣʷʨʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ï ̔ ʥʪʝʛʨʘʣʴʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ʝʢʩʧʝʨʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʽʥʪʝʛʨʘʣʴʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ʝʢʩʧʝʨʥʦʾ ʦʮʽʥʢʠ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʪʘ ʡʦʛʦ 

ʪʨʠʚʘʣʽʩʪʶ. ɿʘʚʜʷʢʠ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʚʣʘʩʪʠʚʠʭ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʘʙʦ ʢʦʥʩʪʨʫʢʮʽʾ ʧʫʩʢʦʚʦʾ 

ʩʠʩʪʝʤʠ, ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʡʚʠʱʦʛʦ ʨʽʚʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ. 

2.8 ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʷʭ 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʠʱʝ ʨʽʚʥʷʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ 

ʩʢʣʘʜʦʚʠʭ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚ Matlab ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʨʝʩʫʨʩʥʽ 

ʤʦʜʝʣʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʪʘ ʩʠʩʪʝʤ 

ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ, ʘ ʩʘʤʝ ï ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘ ʩʠʩʪʝʤʦʶ ʊʇ-ɼ, 

ɸɼ ̔ ʉɼ ʟ ʬʘʟʦʚʠʤ ʢʝʨʫʚʘʥʥʷʤ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ, ʛʨʫʧʦʚʠʡ ʧʨʠʚʽʜ ʟ ʉɼ (ʉɼ-ɻ) 

ʽ ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʠʡ ʜʚʠʛʫʥ (SRM), ɸɼ ʟ ʯʘʩʪʦʪʥʠʤ ʢʝʨʫʘʥʥʷʤ. ʗʢ ʚʧʣʠʚ 

ʢʝʨʫʚʘʥʥʷ tu ʨʦʟʛʣʷʜʘʚʩʷ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʚʽʜ ʥʫʣʷ ʜʦ 

ʥʦʤʽʥʘʣʴʥʦʾ, ʘ ʫ ʨʘʭʽ ʛʨʫʧʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʧʨʠʚʦʜʫ ʉɼ-ɻ ï ʨʽʚʝʥʴ ʟʙʫʜʞʝʥʥʷ 

ʧʨʘʮʶʶʯʦʛʦ ʉɼ. ʈʦʟʛʣʷʥʫʪʦ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʚʘʨʽʘʥʪ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ, ʢʦʣʠ 

ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʟʨʦʩʪʘʻ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ. 
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ʈʝʘʣʽʟʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʘ ʪʘʢʦʞ ʦʢʨʝʤʠʭ 

ʧʽʜʩʠʩʪʝʤ ʦʙʯʠʩʣʝʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʫ Matlab/Simulink ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʘ 

ʫ ʨʦʟʜʽʣʽ 6. 

2.8.1 ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʥʝʟʘʣʝʞʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʪʠʧʫ ʇɹʂ-380/65 ʟ ʪʘʢʠʤʠ ʪʝʭʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ï 1300 ʢɺʪ; ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ï 38 

ʦʙ / ʭʚ; ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ï 600 ɺ (ʪʘʙʣʠʮʷ ɺ03, ʜʦʜʘʪʦʢ ɺ). 

ʇʽʜ ʯʘʩ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʚʯʘʚʩʷ ʚʧʣʠʚ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu ʥʘ ʬʦʨʤʫ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʩʧʦʞʠʚʘʥʦʾ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

S, ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ we, ʘ ʪʘʢʦʞ ʧʦʚʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ 

ʚʠʪʨʘʪ re(t). ʆʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 2.21.  

 

ʘ) tu = 0 c (ʧʨʷʤʠʡ ʧʫʩʢ) 

 

ʙ) tu = 5 c 
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ʚ) tu = 10 c 

ʈʠʩʫʥʦʢ 2.21 ï ɿʘʣʝʞʥʽʩʪʴ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ S, 

ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ we, ʧʦʚʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ re(t) 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ ɼʇʉ ʚʽʜ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu 

 

ʈʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ɼʇʉ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʨʝʛʫʣʶʚʘʥʥʶ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʂʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ɼʇʉ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʽʥʦʶ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʷʢʦʨʷ ʚʽʜ ʥʫʣʷ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ tu. 

ɿʘʣʝʞʥʦʩʪʽ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʜʦʩʠʪʴ ʚʘʞʢʦ ʧʽʜʜʘʶʪʴʩʷ ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʫ. 

ʊʦʤʫ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʯʘʩ ʧʫʩʢʫ ts. ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʧʘʜʢʫ ʯʘʩ ʧʫʩʢʫ ts 

ʤʦʥʦʪʦʥʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ tu. ʆʪʨʠʤʘʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.22. 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 2.22 ï ɿʘʣʝʞʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʨʝcʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ɼʇʉ ʚʽʜ 

ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu: ʘ - ʧʦʚʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

ʙ - ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 
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ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ɼʇʉ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷʤ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ tu ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʅʘ ʨʠʩ. 2.23 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ɼʇʉ ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ - ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu. 

 

 

ʈʠʩʫʥʦʢ 2.23 ï ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ 

ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ɼʇʉ ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ tu 

 

ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʻʜʠʥʠʡ ʤʽʥʽʤʫʤ ʚ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ. 

2.8.2 ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʬʘʟʦʚʠʤ ʢʝʨʫʚʘʥʥʷʤ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ 

ʅʘʡʧʦʰʠʨʝʥʽʠhʤ ʤʝʪʦʜʦʤ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʻ ʬʘʟʦʚʝ ʢʝʨʫʚʘʥʥʷ ʥʘʧʨʫʛʦʶ ʩʪʘʪʦʨʘ ʪʘ ʾʾ ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ tu. 

ʄʦʜʝʣʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʬʘʟʦʚʠʤ ʢʝʨʫʚʘʥʥʷʤ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʘ ʫ ʨʦʟʜʽʣʽ 6.2.2. ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ 

ʜʚʠʛʫʥʘ ʰʘʭʪʥʦʾ ʚʦʜʦʚʽʜʣʠʚʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʠʧʫ ɺɸʆ4 560LA4 ʟ ʪʘʢʠʤʠ 

ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ï 800 ʢɺʪ, ʥʦʤʽʥʘʣʴʥʘ 

ʥʘʧʨʫʛʘ ʩʪʘʪʦʨʘ ï 6 ʢɺ, ʥʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ï 1490 ʦʙ/ʭʚ, ʥʦʤʽʥʘʣʴʥʠʡ 

ʩʪʨʫʤ ï 82 ɸ (ʪʘʙʣʠʮʷ ɺ01, ʜʦʜʘʪʦʢ ɺ). ʈʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ɸɼ 
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ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʠʨʠʩʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ. ʂʝʨʫʚʘʥʥʷ 

ʧʫʩʢʦʤ ɸɼ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʦʶ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʩʪʘʪʦʨʘ ʚʽʜ ʥʫʣʷ ʜʦ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ tu. ʆʪʨʠʤʘʥʽ ʫ ʭʦʜʽ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʥʘʜʘʥʦ ʥʘ 

ʨʠʩ. 2.24. 

 

 

ʘ) tu = 0 c (ʧʨʷʤʠʡ ʧʫʩʢ) 

 

ʙ) tu = 8 c 

 

ʚ) tu = 15 c 

ʈʠʩʫʥʦʢ 2.24 ï ɿʘʣʝʞʥʽʩʪʴ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ S, ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ we, ʧʦʚʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ re(t) ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ɸɼ ʚʽʜ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu 
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ʅʘ ʨʠʩ. 2.24 ʧʦʟʥʘʯʝʥʦ ï S(t) - ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʩʧʦʞʠʚʘʥʦʾ ɸɼ [ɺɸ*ʩ], we(t) ï ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ [ʩ ʟ], 

re(t) ï ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ [ʝʢʩʧ. ʦʜ]. 

ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʯʘʩ ʧʫʩʢʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ts. ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ 

ʚʠʧʘʜʢʫ ʯʘʩ ʧʫʩʢʫ ts ʤʦʥʦʪʦʥʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ 

tu. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.25. 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ɸɼ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ 

tu ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 2.25 ï ɿʘʣʝʞʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʨʝcʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ɸɼ ʚʽʜ 

ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu: ʘ - ʧʦʚʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

ʙ - ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

 

ʅʘ ʨʠʩ. 2.26 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ɸɼ ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ ï ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu. 

 

ʈʠʩʫʥʦʢ 2.26 - ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ 

ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ɸɼ ʚʽʜ ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ tu 
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ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʻʜʠʥʠʡ ʤʽʥʽʤʫʤ ʫ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ. 

2.8.3 ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʩʠʥʭʨʦʥʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʬʘʟʦʚʠʤ ʢʝʨʫʚʘʥʥʷʤ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ 

ʄʦʜʝʣʴ ʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʬʘʟʦʚʠʤ ʢʝʨʫʚʘʥʥʷʤ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʦʩz ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʘ ʫ ʨʦʟʜʽʣʽ 6.2.3. ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ 

ʜʚʠʛʫʥʘ ʢʦʤʧʨʝʩʦʨʘ ʪʠʧʫ ʉʊʄ-3500-2 ʟ ʪʘʢʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ï 3500 ʢɺʪ, ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʩʪʘʪʦʨʘ ï 6 ʢɺ, 

ʥʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ï 3000 ʦʙ/ʭʚ, ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ ï 360 ɸ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʉɼ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʠʨʠʩʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ. ʂʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʉɼ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʦʶ 

ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ tu ʥʘʧʨʫʛʠ ʩʪʘʪʦʨʘ ʚʽʜ ʥʫʣʷ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʫ ʭʦʜʽ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.27. 

 

 

ʘ) tu = 0 c (ʧʨʷʤʠʡ ʧʫʩʢ) 

 

ʙ) tu = 8 c 
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ʚ) tu = 15 c 

ʈʠʩʫʥʦʢ 2.27 ï ɿʘʣʝʞʥʽʩʪʴ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ S, ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ we, ʧʦʚʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʥ̔ʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ re(t) ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʉɼ ʚʽʜ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu 

 

ʅʘ ʨʠʩ. 2.28 ʧʦʢʘʟʘʥʦ ʦʪʨʠʤʘʥʽ ʫ ʩʝʨʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʟʘʣʝʞʥʦʩʪʽ ʩʧʦʞʠʪʦʾ ʧʽʜ ʯʘʩ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ E, ʟʥʦʰʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ We ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ tu. ʏʘʩ ʨʦʟʛʦʨʪʘʥʥʷ tu 

ʟʤʽʥʶʚʘʚʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 (ʧʨʷʤʠʡ ʧʫʩʢ) ʜʦ 35 ʩʝʢʫʥʜ. ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʧʘʜʢʫ 

ʯʘʩ ʧʫʩʢʫ ts ʤʘʡʞʝ ʤʦʥʦʪʦʥʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ tu. 

 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 2.28 ï ɿʘʣʝʞʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʨʝcʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʉɼ ʚʽʜ 

ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu: ʘ - ʧʦʚʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

ʙ - ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʉɼ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ 

tu ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. 
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ʅʘ ʨʠʩ. 2.29 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʉɼ ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ ï ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu. 

 

ʈʠʩʫʥʦʢ 2.29 ï ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ 

ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʉɼ ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ tu 

 

ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʻʜʠʥʠʡ ʤʽʥʽʤʫʤ ʫ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ. 

2.8.4 ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ 

ʫ ʩʢʣʘʜʽ ʛʨʫʧʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʉʫʯʘʩʥʽ ʝʥʝʨʛʦʻʤʥʽ ʚʠʨʦʙʥʠʮʪʚʘ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʜʦʩʠʪʴ ʯʘʩʪʦ ʦʙʣʘʜʥʫʶʪʴʩʷ ʛʨʫʧʦʶ ʦʜʥʘʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʛʨʝʛʘʪʽʚ ʟ 

ʧʦʪʫʞʥʠʤ ʩʠʥʭʨʦʥʥʠʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. ʅʘ ʟʙʘʛʘʯʫʚʘʣʴʥʽʡ ʬʘʙʨʠʮʽ 

ʇʦʣʪʘʚʩʴʢʦʛʦ ɻɿʂ ʢʦʞʥʘ ʩʝʢʮʽʷ ʤʣʠʥʽʚ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʘʛʨʝʛʘʪʠ ʟ ʧʨʠʚʦʜʥʠʤʠ 

ʩʠʥʭʨʦʥʥʠʤʠ ʜʚʠʛʫʥʘʤʠ (ʉɼ) ʧʦʪʫʞʥʽʩʪʶ 2500 ʢɺʪ, ʘʥʘʣʦʛʽʯʥʘ ʩʝʢʮʽʷ 

ɯʥʛʫʣʝʮʴʢʦʛʦ ɻɿʂ ʤʽʩʪʠʪʴ ʚʽʩʽʤ ʢʫʣʴʦʚʠʭ ʤʣʠʥʽʚ. ɺʝʣʠʢʽ ʢʦʤʧʨʝʩʦʨʥʽ ʩʪʘʥʮʽʾ 

ʪʘʢʦʞ ʟʘʟʚʠʯʘʡ ʦʙʣʘʜʥʘʥʽ ʜʝʢʽʣʴʢʦʤʘ ʢʦʤʧʨʝʩʦʨʘʤʠ ʟ ʧʨʠʚʦʜʥʠʤʠ ʉɼ ʜʦ 10000 

ʢɺʪ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʘʨʘʣʝʣʴʥʦ. 

ʈʦʙʦʪʘ ʧʦʪʫʞʥʠʭ ʉɼ ʫ ʩʢʣʘʜʽ ʛʨʫʧʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʝ ʪʽʣʴʢʠ ʩʪʚʦʨʶʻ 

ʜʦʜʘʪʢʦʚʽ ʩʢʣʘʜʥʦʱʽ ʜʣʷ ʧʫʩʢʫ ʦʢʨʝʤʠʭ ʉɼ, ʘʣʝ ʡ ʥʘʜʘʻ ʜʦʜʘʪʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʉɼ. ʄʦʞʣʠʚʽʩʪʴ ʧʦʣʝʛʰʝʥʥʷ ʧʫʩʢʫ 

ʉɼ ʫ ʩʢʣʘʜʽ ʛʨʫʧʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʦʣʷʛʘʻ ʫ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ, ʥʘ ʧʝʨʽʦʜ 

ʧʫʩʢʫ ʉɼ, ʟʙʽʣʴʰʝʥʥʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʜʚʠʛʫʥʘ ʫ ʨʘʟʽ 

ʧʝʨʝʟʙʫʜʞʝʥʥʷ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʨʘʥʽʰʝ ʟʘʧʫʱʝʥʠʭ ʜʚʠʛʫʥʽʚ [203]. 
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ɿʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ, 

ʩʪʚʦʨʶʚʘʥʦʛʦ ʉɼ, ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʡʦʛʦ ʫʩʧʽʰʥʦʛʦ ʧʫʩʢʫ. ʊʘʢʘ ʩʠʩʪʝʤʘ 

ʧʫʩʢʫ ʉɼ ʙʫʣʘ ʟʘʭʠʱʝʥʘ ʧʘʪʝʥʪʦʤ ʋʢʨʘʾʥʠ [204]. 

ʄʦʜʝʣʴ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʫ ʩʢʣʘʜʽ ʛʨʫʧʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ 

ʢʝʨʫʚʘʥʥʷʤ ʟʙʫʜʞʝʥʥʷʤ ʨʘʥʽʰ ʟʘʧʫʱʝʥʦʛʦ ʜʚʠʛʫʥʘ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʘ ʫ ʨʦʟʜʽʣʽ 6.2.3. 

ʋ ʮʽʡ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʚʘ ʦʜʥʘʢʦʚʠʭ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʠ ʪʠʧʫ 

ʉʊʄ-3500-2, ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ï 3500 ʢɺʪ, ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ï 6000 ɺ, 

ʥʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ï 3000 ʦʙ/ʭʚ. 

ʇʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʉɼ SM0 ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʷ ʨʽʚʥʦʶ 300 ʩ-1, ʫ ʤʦʤʝʥʪ 

ʯʘʩʫ t = 2c ʥʘ ʦʙʤʦʪʢʫ ʟʙʫʜʞʝʥʥʷ ʉɼ SM0 ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ ʟʙʫʜʞʝʥʥʷ. ʇʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʉɼ SM0 ʟ ʤʝʨʝʞʝʶ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t = 6c ʧʦʜʘʻʪʴʩʷ 

ʢʦʤʘʥʜʘ ʥʘ ʚʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʘ SM1. ɿʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ ʟʙʫʜʞʝʥʥʷ 

ʜʚʠʛʫʥʘ SM0, ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʽʥʠ ʪʨʠʚʘʣʦʩʪʽ, ʧʫʩʢʦʚʠʭ ʩʪʨʫʤʽʚ ʪʘ ̔ ʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʧʨʦʮʝʩʽ ʧʫʩʢʫ ʜʚʠʛʫʥʘ 

SM1. 

ʂʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʉɼ ʫ ʩʢʣʘʜʽ ʛʨʫʧʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʥʘʧʨʫʛʠ ʟʙʫʜʞʝʥʥʷ uf* ʉɼ, ʱʦ ʧʨʘʮʶ.̒ ʆʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.30. 

 

 

ʘ) uf*  = 0.8 
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ʙ) uf*  = 1.0 

 

ʚ) uf* = 1.2 

ʈʠʩʫʥʦʢ 2.30 ï ɿʘʣʝʞʥʽʩʪʴ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ S, ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ we, ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ re(t) ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʉɼ ʫ 

ʩʢʣʘʜʽ ʛʨʫʧʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚʽʜ ʥʘʧʨʫʛʠ ʟʙʫʜʞʝʥʥʷ uf* ʉɼ, ʱʦ ʧʨʘʮʶʻ 

 

ʅʘ ʨʠʩ.2.31 ʧʦʢʘʟʘʥʦ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʟʘʣʝʞʥʦʩʪʽ ʩʧʦʞʠʪʦʾ ʟʘ ʯʘʩ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ E, ʟʥʦʰʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ We ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ uf*. ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ 

ʚʠʧʘʜʢʫ ʯʘʩ ʧʫʩʢʫ ts ʤʦʥʦʪʦʥʥʦ ʟʤʝʥhʫʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ 

uf* . 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 2.31 ï ɿʘʣʝʞʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʨʝcʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʛʨʫʧʦʚʦʛʦ ʉɼ ʚʽʜ ʥʘʧʨʫʛʠ ʟʙʫʜʞʝʥʥʷ uf* ʉɼ, ʱʦ ʧʨʘʮʶʻ: ʘ - ʧʦʚʥʝ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; ʙ - ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 
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ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʉɼ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʘʧʨʫʛʠ ʟʙʫʜʞʝʥʥʷ uf* ʉɼ, ʱʦ 

ʧʨʘʮʶʻ, ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʅʘ ʨʠʩ. 2.32 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʉɼ ʫ ʩʢʣʘʜʽ ʛʨʫʧʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚʽʜ 

ʥʘʧʨʫʛʠ ʟʙʫʜʞʝʥʥʷ uf* ʉɼ, ʱʦ ʧʨʘʮʶʻ. 

 

ʈʠʩʫʥʦʢ 2.32 ï ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ 

ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʉɼ ʫ ʩʢʣʘʜʽ ʛʨʫʧʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚ̔ ʜ ʥʘʧʨʫʛʠ 

ʟʙʫʜʞʝʥʥʷ uf* ʉɼ, ʱʦ ʧʨʘʮʶʻ 

 

ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʻʜʠʥʠʡ ʤʽʥʽʤʫʤ ʫ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ. 

2.8.5 ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ 

ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʠʤ ʜʚʠʛʫʥʦʤ 

ɺʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ (SRM) ʟ ʦʛʣʷʜʫ ʥʘ ʧʨʦʩʪʦʪʫ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ, ʚʠʩʦʢʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʚʠʩʦʢʽ 

ʨʝʛʫʣʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʪʠʧʽʚ ʩʫʯʘʩʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ [205]. 

ʊʝʤʧʠ ʨʦʟʚʠʪʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ 

ʥʘ ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʈʦʩʽʾ ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪʽ [206]. ʊʘʢ, ʟ 2012 

ʨʦʢʫ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʊʆɺ ɺɯɽʄ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʚʝʜʝʥʦ ʜʦ ʩʢʣʘʜʫ ʉʠʙʽʨʩʴʢʦʾ 

ʚʫʛʽʣʴʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʦʤʧʘʥʽʾ (ɺɸʊ ʉʋɽʂ) ʪʨʠ ʚʝʣʠʢʠʭ ʧʨʦʝʢʪʠ ʩʫʤʘʨʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ 22,5 ʄɺʪ: ɺɯʇ-1250-900 (12 ʰʪ.); ʧʦʪʫʞʥʽʩʪʶ 1250 ʢɺʪ (900 ʦʙ/ʭʚ) 

ʜʣʷ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʂʃʄ - 4500 ʥʘ ɹʝʨⱪʟʽʚʩʴʢʦʤʫ ʨʦʟʨʽʟʽ ʚ 

ʂʨʘʩʥʦʷʨʩʴʢʦʤʫ ʢʨʘʾ; ɺɯʇ-1250-630 ʧʦʪʫʞʥʽʩʪʶ 1250 ʢɺʪ (630 ʦʙ/ʭʚ) ʜʣʷ ʟʘʤʽʥʠ 
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ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʛʦʣʦʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʷʛʠ, ʧʽʜʽʡʤʘʥʥʷ ʽ ʦʙʝʨʪʘʥʥʷ 

ʢʘʨô̒ ʨʥʦʛʦ ʝʢʩʢʘʚʘʪʦʨʘ (ʜʨʘʛʣʘʡʥʘ) ɽʐ 20-90 No44 ʥʘ ʊʫʛʥʫʡʩʴʢʦʤʫ ʨʦʟʨʽʟʽ; 

ɺɯʇ-500-850 ʧʦʪʫʞʥʽʩʪʶ 500 ʢɺʪ (850 ʦʙ/ʭʚ) ʜʣʷ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʢʘʨô̒ ʨʥʦʛʦ ʩʘʤʦʩʢʠʜʘ ɹʝʣɸɿ - 75131 ʚʘʥʪʘʞʦʧʽʜôʡʦʤʥʽʩʪʶ 136 ʪ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ SRM ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʰʠʨʦʪʥʦ-

ʽʤʧʫʣʴʩʥʽʡ ʤʦʜʫʣʷʮʽʾ. ʂʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ SRM ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʦʶ ʯʘʩʫ 

ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʚʽʜ ʥʫʣʷ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ tu.  

ʄʦʜʝʣʴ ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʘ ʫ ʨʦʟʜʽʣʽ 6.2.5. 

ʆʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.33. 

 

ʘ) tu = 0 c (ʧʨʷʤʠʡ ʧʫʩʢ) 

 

ʙ) tu = 0,5 c 

 

ʚ) tu = 1,0 c 

ʈʠʩʫʥʦʢ 2.33 ï ɿʘʣʝʞʥʽʩʪʴ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ S, ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ we, ʧʦʚʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ re(t) ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

SRM ʚʽʜ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu 
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ʅʘ ʨʠʩ. 2.34 ʧʦʢʘʟʘʥʦ ʦʪʨʠʤʘʥʽ ʚʥʘʩʣʽʜʦʢ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʟʘʣʝʞʥʦʩʪʽ ʩʧʦʞʠʪʦʾ ʟʘ ʯʘʩ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ E, ʟʥʦʰʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ We ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ tu. ʏʘʩ ʨʦʟʛʦʨʪʘʥʥʷ tu 

ʟʤʽʥʶʚʘʚʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 (ʧʨʷʤʠʡ ʧʫʩʢ) ʜʦ 1 ʩʝʢʫʥʜʠ. 

 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 2.34 ï ɿʘʣʝʞʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʨʝcʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ SRM ʚʽʜ 

ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu: ʘ - ʧʦʚʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

ʙ - ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ SRM ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ tu ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʧʘʜʢʫ ʯʘʩ ʧʫʩʢʫ ts ʤʦʥʦʪʦʥʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ tu. 

ʅʘ ʨʠʩ. 2.35 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ SRM ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ ï ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu. 

 

ʈʠʩʫʥʦʢ 2.35 ï ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ 

ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ SRM ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ tu 
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ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʻʜʠʥʠʡ ʤʽʥʽʤʫʤ ʫ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ. 

2.8.6 ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʯʘʩʪʦʪʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ 

ɿʘ ʯʘʩʪʦʪʥʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʦʜʥʦʯʘʩʥʝ ʢʝʨʫʚʘʥʥʷ ʯʘʩʪʦʪʦʶ ʪʘ ʥʘʧʨʫʛʦʶ ʩʪʘʪʦʨʘ ʪʘ ʾʭ ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ 

ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ tu. ɿʘʢʦʥ 

ʯʘʩʪʦʪʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʫ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʨʦʙʦʯʦʾ 

ʤʘʰʠʥʠ. 

ʄʦʜʝʣʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʯʘʩʪʦʪʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʘ ʫ ʨʦʟʜʽʣʽ 6.2.6. ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣ  ʁ

ʜʚʠʛʫʥʘ ʰʘʭʪʥʦʾ ʚʦʜʦʚʽʜʣʠʚʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʠʧʫ ɺɸʆ4 560LA4 ʟ ʪʘʢʠʤʠ 

ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ï 800 ʢɺʪ, ʥʦʤʽʥʘʣʴʥʘ 

ʥʘʧʨʫʛʘ ʩʪʘʪʦʨʘ ï 6 ʢɺ, ʥʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ï 1490 ʦʙ/ʭʚ, ʥʦʤʽʥʘʣʴʥʠʡ 

ʩʪʨʫʤ ï 82 ɸ, (ʪʘʙʣʠʮʷ ɺ01, ʜʦʜʘʪʦʢ ɺ). ʈʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ɸɼ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʧʳʚʧʨʦʚʳʜʥʠʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ. 

ʂʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ɸɼ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʦʶ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ tu ʯʘʩʪʦʪʠ ʪʘ 

ʥʘʧʨʫʛʠ ʩʪʘʪʦʨʘ ʚʽʜ ʥʫʣʷ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.36. 

ʅʘ ʨʠʩ. 2.36 ʧʦʟʥʘʯʝʥʦ : S(t) ï ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʩʧʦʞʠʚʘʥʦʾ ɸɼ, [ɺɸ*ʩ], we(t) ï ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, [ʩ ʟ], 

re(t) ï ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ, [ʝʢʩʧ. ʦʜ]. 

ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʯʘʩ ʧʫʩʢʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ts. ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ 

ʚʠʧʘʜʢʫ ʯʘʩ ʧʫʩʢʫ ts ʤʦʥʦʪʦʥʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ tu. 

 



 139 

 

ʘ) tu = 0 c (ʧʨʷʤʠʡ ʧʫʩʢ) 

 

ʙ) tu = 8 c 

 

ʚ) tu = 15 c 

 

ʈʠʩʫʥʦʢ 2.36 ï ɿʘʣʝʞʥʽʩʪʴ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ S, ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ we, ʧʦʚʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ re(t) ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʇʏ-ɸɼ ʚʽʜ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu 

 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.2.37. ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ɸɼ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. 
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ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 2.37 ï ɿʘʣʝʞʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʨʝcʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʇʏ-ɸɼ 

ʚʽʜ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu: ʘ - ʧʦʚʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

ʙ - ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʅʘ ʨʠʩ. 2.38 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ɸɼ ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ ï ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ tu. 

ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʻʜʠʥʠʡ ʤʽʥʽʤʫʤ ʫ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 2.38 ï ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ 

ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ɸɼ ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ tu 

 

ʗʢ ʧʦʢʘʟʘʣʠ ʚʠʢʦʥʘʥʽ ʚʠʱʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʫ ʧʨʦʮʝʩʽ 

ʧʫʩʢʫ ʦʩʥʦʚʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʷʢ ʜʣʷ ʦʢʨʝʤʠʭ 

ʚʠʜʽʚ ʚʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʪʘʢ ʽ ʜʣʷ ʩʫʤʘʨʥʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʚʠʛʣʷʜ ʜʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ 
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ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʫʩʢʫ (ʟʙʽʣʴʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ 

ʧʫʩʢʫ) ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

 

ɯʥʪʝʛʨʘʣʴʥʘ ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʚʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ ʤʘʻ ʻʜʠʥʠʡ ʤʽʥʽʤʫʤ ʫ 

ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ. 

2.9 ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 2 

1. ɺʽʜʩʫʪʥʽʩʪʴ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʚô̫ʟʘʥʦ ʥʘʩʘʤʧʝʨʝʜ ʟ ʚʠʙʦʨʦʤ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ. ʉʫʯʘʩʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ 

ʧʫʩʢʫ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʫʩʢʫ, ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʮʽʥʶʚʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʥʦʚʦʛʦ ʚʠʜʫ ïʨʝʩʫʨʩʥʫ ʤʦʜʝʣʴ, ʱʦ ʩʠʥʪʝʟʫʻ ʪʘ ʦʧʝʨʫʻ ʪʘʢʠʤʠ ʟʤʽʥʥʠʤʠ ʩʪʘʥʫ, 

ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚô̫ʟʘʥʽ ʟ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʟʤʽʩʪʦʤ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

2. ɼʣʷ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʽ ʯʘʩʦʚʠʭ ʤʝʞ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ̔ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. ʈʝʘʣʽʟʫʚʘʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʜʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʤʝʪʦʜ ʤʦʞʣʠʚʦ ʣʠʰʝ ʟʘ ʫʤʦʚʠ, ʱʦ 

ʧʨʦʮʝʩ ʧʫʩʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʢʨʝʤʘ ʚʠʨʦʙʥʠʯʘ ʦʧʝʨʘʮʽʷ. 

3. ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦ ʩʢʣʘʜʫ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ, ʱʦ ʚʠʪʨʘʯʘʶʪʴʩʷ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʥʘʣʝʞʠʪʴ ʩʧʦʞʠʚʘʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʥʘʡʚʘʞʣʠʚʽʰʦʶ 

ʩʢʣʘʜʦʚʦʶ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʻ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

4. ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʝʥʝʨʛʝʪʠʯʥʦ ʾʩʢʣʘʜʦʚʦʾ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ 

ʩʧʦʞʠʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʚʽʜ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ 

ʟʙʠʪʢʠ ʚʽʜ ʥʝʘʢʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 
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5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʤʽʪʘʮʽʡʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ʜʝʢʽʣʴʢʦʭ ʦʜʥʦʯʘʩʥʦ ʜʽʶʯʠʭ ʯʠʥʥʠʢʽʚ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʨʝʞʠʤʽʚ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʫ ʽ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʥʦʤʽʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ. 

ʆʩʥʦʚʥʝ ʧʨʠʧʫʱʝʥʥʷ, ʧʨʠʡʥʷʪʝ ʧʽʞ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʟʥʦʰʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ ʜʽʻʶ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʚʝʢʪʦʨʘ ʚʧʣʠʚʽʚ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʧʣʠʚ 

ʦʢʨʝʤʠʭ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʩʢʣʘʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʥʘʯʝʥʴ ʽʥʰʠʭ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ 

ʩʢʣʘʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʚʝʢʪʦʨʘ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ ʫ ʚʠʛʣʷʜʽ 

ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʡ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ. 

6. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʤʽʪʘʮʽʡʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʦʜʘʪʢʦʚʦʛʦ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʠʟʠʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʷʢʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ 

ʟʘʛʘʣʴʥʠʭ ʟʘʪʠʩʢʘʯʘʭ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʥʝʣʽʥʽʡʥʦ ʟʨʦʩʪʘʻ, ʟʫʤʦʚʣʝʥʘ ʥʝʣʽʥʽʡʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʚʽʜ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ. 

7. ʉʪʚʦʨʝʥʦ ʽʤʽʪʘʮʽʡʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʩʫʢʫʧʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʧʫʩʢʦʚʦʛʦ ʧʨʦʮʝʩʫ. ʆʩʦʙʣʠʚʽʩʪʶ ʬʦʨʤʫʚʘʥʥʷ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʥʘʙʫʚʘʻ ʩʚʦʛʦ ʧʦʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʤʦʤʝʥʪ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ. ʗʢʱʦ ʮʝ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʝ 

ʜʦʩʷʛʥʫʪʦ, ʪʦ ʧʫʩʢ ʻ ʥʝʚʜʘʣʠʤ ʽ ʩʪʚʦʨʶʻ ʥʫʣʴʦʚʠʡ ʩʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

8. ɺʘʞʣʠʚʠʤ ʥʝʜʦʣʽʢʦʤ ʨʝʩʫʨʩʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʻ ʪʝ, ʱʦ ʨʝʩʫʨʩʥʽ 

ʚʠʪʨʘʪʠ ̔  ʩʫʢʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʜʘʥʽ ʚ ʾʭ ʢʽʣʴʢʽʩʥʦʤʫ ʚʠʨʘʞʝʥʥʽ, 

ʱʦ ʩʪʚʦʨʶʻ ʧʨʦʙʣʝʤʫ ʨʦʟʤʽʨʥʦʩʪʽ. ʈʦʟʚô̫ ʟʘʥʥʷʤ ʧʨʦʙʣʝʤʠ ʨʦʟʤʽʨʥʦʩʪʽ ʻ ʧʦʚʥʝ 

ʘʛʨʝʛʫʚʘʥʥʷ ʚʩʽʭ ʪʠʧʽʚ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʽ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚ 

ʦʜʠʥ ʢʣʘʩ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʨʠʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʧʨʦʜʫʢʪʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʜʦ ʟʽʩʪʘʚʥʠʭ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ. ʗʢ ʪʘʢʫ ʩʠʩʪʝʤʫ ʟʽʩʪʘʚʥʠʭ ʝʢʩʧʝʨʪʥʠʭ 

ʦʜʠʥʠʮʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʘʨʪʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ, ʷʢ ʝʢʦʥʦʤʽʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʨʽʟʥʦʚʠʜ ʤʝʪʦʜʫ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʶʚʘʥʴ. 
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9. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʪʥʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʧʦʩʣʽʜʦʚʥʦ ʧʝʨʝʡʪʠ ʚʽʜ 

ʘʥʘʣʽʟʫ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʪʝʭʥʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʯʝʨʝʟ ʢʽʣʴʢʽʩʥʽ ʪʘ 

ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ  ̔ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʦ 

ʫʷʚʣʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʫ ʚʠʛʣʷʜʽ, ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ ʪʨʴʦʤʘ ʩʢʘʣʷʨʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ: RE ï ʽʥʪʝʛʨʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ; PE ï ʽʥʪʝʛʨʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʩʫʢʫʧʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; ts ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʷʢʽ, ʟ ʦʛʣʷʜʫ ʥʘ ʭʾ 

ʫʥʽʚʝʨʩʘʣʴʥʩ̔ʪɹ ʪʘ ʥʝʟʘʣʝʞʥʽʩʪɹ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʪʘ ʧʫʩʢʦʚʦʾ 

ʩʠʩʪʝʤʠ, ʚʽʜʥʝʩʝʥʦ ʜʦ ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

10. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʩʧʦʞʠʚʘʥʥʷ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ 

ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʽʜ ʚʧʣʠʚʫ 

ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʝʥʝʨʛʦʻʤʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʣʝʞʥʦʩʪʽ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ 

ʜʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʤʘʶʪʴ ʩʧʽʣʴʥʠʡ, ʙʣʠʟʴʢʠʡ ʭʘʨʘʢʪʝʨ. 

ɿʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʫʩʢʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ɿʘʣʝʞʥʽʩʪʴ ʩʫʤʘʨʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʦʧʝʨʘʮʽʾ ʧʫʩʢʫ ʚʽʜ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ ʤʘʻ ʝʢʩʪʨʝʤʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ ʟ ʻʜʠʥʠʤ ʤʽʥʽʤʫʤʦʤ ʚ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 3 

ʉʀʅʊɽɿ ʂʈʀʊɽʈɯʖ ɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʆʎɽʉʋ ʇʋʉʂʋ ʇʆʊʋɾʅʀʍ 

ɽʃʂʊʈʆʇʈʀɺʆɼɯɺ 

3.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ (ʊɸʋ) 

ʚʠʟʥʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʧʦʩʪʘʥʦʚʢʠ ʤʝʪʠ ʢʝʨʫʚʘʥʥʷ [207]. ʎʷ ʧʨʦʙʣʝʤʘ ʚʠʭʦʜʠʪʴ ʟʘ 

ʨʘʤʢʠ ʚʣʘʩʥʝ ʊɸʋ, ʙʫʜʫʯʠ ʚ ʪʦʡ ʞʝ ʯʘʩ ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʤ ʦʙô̒ ʢʪʦʤ. ʇʦʥʷʪʪʷ ʤʝʪʠ ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ 

ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ. ʈʝʞʠʤ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʤʘʻ 

ʮʽʣʫ ʥʠʟʢʫ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʢʨʝʪʠʟʫʚʘʪʠ 

ʟʘʛʘʣʴʥʦʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʜʣʷ ʧʨʦʙʣʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ. 

ʋ ʟʘʛʘʣʴʥʦʪʝʦʨʝʪʠʯʥʦʤʫ ʚʠʧʘʜʢʫ ʢʨʠʪʝʨʽʡ ʢʝʨʫʚʘʥʥʷ [207], 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʘ ʚʠʛʣʜ̫ʫ: 

() ( )(), ,J c Q x c p x dx
W

=ñ      (3.1) 

ʜʝ J ï ʢʨʠʪʝʨʽʡ ʢʝʨʫʚʘʥʥʷ; ɋ ï ʯʘʩʦʚʦ-ʧʨʦʩʪʦʨʦʚʘ ʦʙʣʘʩʪʴ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʣʷ 

ʧʨʦʮʝʩʽʚ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; ( )1, Nc c c= ï ʚʝʢʪʦʨ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ; 

( )1, Nx x x= ï ʚʝʢʪʦʨ ʩʪʘʥʫ ʚʠʧʘʜʢʦʚʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ()p x , ʘ ( ),Q x c  ï ʜʝʷʢʘ ʟʘʟʜʘʣʝʛʽʜʴ 

ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʮʝʡ ʬʫʥʢʮʽʦʥʘʣ ʥʝʧʝʨʝʨʚʥʠʡ ʧʦ c, ʪʦ 

ʥʝʦʙʭʽʜʥʫ ʫʤʦʚʫ ʝʢʩʪʨʝʤʫʤʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ: 

() ()
() ()
1

, 0.
N

J c J c
J c grad c

c c

å õµ µ
æ öÐ = = =
µ µæ ö

ç ÷

    (3.2) 

ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʯʘʩʽ ʪʘ ̒  

ʧʨʦʮʝʩʦʤ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʫ ʨʦʙʦʪʽ [208], ʷʢ ʢʨʠʪʝʨʽʡ ʢʝʨʫʚʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʛʣʷʥʫʪʠ ʪʘʢʠʡ ʚʠʨʘʟ: 
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()[ ] ()()[ ]ñ+=
t

t

k dtKttutxLtxVI
2

1

,,,,,3 br ,    (3.3) 

ʜʝ Vʟ ï ʟʘʜʘʥʘ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʤʘʪʨʠʮʽ ʧʘʨʘʤʝʪʨʽʚ ɟ ʩʢʘʣʷʨʥʘ ʬʫʥʢʮʽʷ ʢʽʥʮʝʚʦʛʦ 

ʩʪʘʥʫ ʧʨʦʮʝʩʫ x(tk); L ï ʩʢʘʣʷʨʥʘ ʬʫʥʢʮʽʷ, ʘʙʦ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʦʧʝʨʘʪʦʨ ʟʽ 

ʩʢʘʣʷʨʥʠʤ ʚʠʭʦʜʦʤ; x(t) ï ʚʝʢʪʦʨ ʩʪʘʥʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʦʮʝʩʫ; u(t) ï ʚʝʢʪʦʨ 

ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ; ʤʘʪʨʠʮʷ ʧʘʨʘʤʝʪʨʽʚ ɓ ʚʧʣʠʚʘʻ ʥʘ ʟʘʣʝʞʥʽʩʪʴ L ʚʽʜ ʭ; ʤʘʪʨʠʮʷ 

ʧʘʨʘʤʝʪʨʽʚ ʂ ʚʧʣʠʚʘʻ ʥʘ ʟʘʣʝʞʥʽʩʪʴ L ʚʽʜ u. 

ɼʣʷ ʧʨʦʮʝʩʽʚ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ ʘʥʘʣʦʛʦʤ ʮʴʦʛʦ ʬʫʥʢʮʽʦʥʘʣʘ ʻ ʚʠʨʘʟ: 

[][ ] [][][ ]ä+=
k

k

KkkukxLkxVI
2

1

,,,,,3 br .    (3.4) 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʠʛʣʷʜʫ ʬʫʥʢʮʽʦʥʘʣʘ L ʚʽʜ ʤʥʦʞʠʥʠ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʜʣʷ 

ʧʨʦʮʝʩʫ ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʩʢʣʘʜʘʻ ʧʨʝʜʤʝʪ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʢʨʠʪʝʨʽʶ ʢʝʨʫʚʘʥʥʷ ʪʘ ʡʦʛʦ ʽʪʝʨʘʮʽʡʥʦʾ ʢʦʨʝʢʮʽʾ. 

ʇʠʪʘʥʥʷ, ʧʦʚô̫ʟʘʥʽ ʟ ʨʦʟʨʦʙʢʦʶ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ, ʪʘʢ ʽ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʮʽʢʘʚʠʣʠ ʽ 

ʧʨʦʜʦʚʞʫʶʪʴ ʮʽʢʘʚʠʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ. ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ 

ʮʴʦʛʦ ʥʘʫʢʦʚʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʚʥʝʩʣʠ ɺ.ʄ. ɻʣʫʰʢʦʚ [209, 210], ɸ.ɻ. ɯʚʘʭʥʝʥʢʦ 

[211, 212], ɸ.ɸ. ʂʨʘʩʦʚʩʴʢʠʡ [213, 208], ʃ.ɸ. ʈʘʩʪʨʽʛʽʥ [214, 215], ʃ.ɸ. ɹʘʨʩʴʢʠʡ 

[216], ʆ.ʄ. ʉʽʥʯʫʢ [217, 218, 67], ɸ.ʅ. ʄʘʨʶʪʘ [219, 220, 221], ʖ.ɻ. ʂʘʯʘʥ [220], 

ɯ.ɸ. ʃʫʮʝʥʢʦ [167, 169] ʪʘ ʽʥ. 

ʋ ʩʫʯʘʩʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʟ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʩʣʫʛʫʶʪʴ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʢʨʠʪʝʨʽʾʚ 

ʢʝʨʫʚʘʥʥʷ. ʎʽ ʧʦʢʘʟʥʠʢʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʜʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʚʽʜ ʫʧʦʜʦʙʘʥʴ (ʽʥʦʜʽ ʩʫʙô̒ ʢʪʠʚʥʠʭ) 

ʜʦʩʣʽʜʥʠʢʽʚ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʦʚʠʭ ʚʝʢʪʦʨʘ ʩʪʘʥʫ x(t) ʧʨʦʮʝʩʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʽʜ ʯʘʩ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʘ I, ʤʠ ʦʪʨʠʤʫʻʤʦ ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟ 

ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ. 
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ʍʘʨʘʢʪʝʨ ʽ ʩʤʠʩʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʚʝʢʪʦʨʘ ʩʪʘʥʫ ʻ ʧʨʠʨʦʜʥʠʤ 

ʧʽʜʛʨʫʥʪʷʤ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʥʘ ʧʨʘʢʪʠʮʽ ʢʨʠʪʝʨʽʾʚ 

ʦʧʪʠʤʽʟʘʮʽʾ. 

ʄʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʢʨʠʪʝʨʽʾ ʢʝʨʫʚʘʥʥʷ ʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʫʥʽʚʝʨʩʘʣʴʥʽ ʛʨʫʧʠ, 

ʥʘʷʚʥʽ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʦʙʣʘʩʪʝʡ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʊʘʢ, ʫ [216] 

ʥʘʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʨʦʟʜʽʣʦʚʠʤʠ 

ʧʨʦʮʝʩʘʤʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʟʙʘʛʘʯʝʥʥʽ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ɺʠʦʢʨʝʤʣʶʶʪʴ ʪʘʢʽ 

ʛʨʫʧʠ ʢʨʠʪʝʨʽʾʚ: ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʨʠʪʝʨʽʾ, ʱʦ ʚ̫ʣʷʶʪʴ ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʟʙʘʛʘʯʝʥʥʷ; ʢʽʥʝʪʠʯʥʽ ʢʨʠʪʝʨʽʾ; ʩʪʘʪʠʩʪʠʯʥʽ ʢʨʠʪʝʨʽʾ; 

ʝʢʦʥʦʤʽʯʥʽ ʢʨʠʪʝʨʽʾ. 

ʑʦʙ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ ʨʽʟʥʦʤʘʥʽʪʪʽ ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ ʥʘʚʝʜʝʤʦ 

ʢʣʘʩʠʬʽʢʘʮʽʶ, ʱʦ ʨʦʟʚʠʚʘ ̒ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʽʪ [216, 215]. ʄʠ ʥʝ ʧʨʘʛʥʝʤʦ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʦʾ ʪʘ ʥʝʩʫʧʝʨʝʯʣʠʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ. ʆʩʥʦʚʥʝ 

ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʦʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʥʘʡʧʦʰʠʨʝʥʽʠhʭ 

ʢʨʠʪʝʨʽʾʚ ʽ ʧʦʨʽʚʥʷʪʠ ʤʽʞ ʩʦʙʦʶ ʛʨʫʧʠ ʢʨʠʪʝʨʽʾʚ, ʧʦʛʦʜʠʚʰʠʩʴ ʟ ʚʠʤʦʛʘʤʠ ʜʦ 

ʢʨʠʪʝʨʽʶ ʢʝʨʫʚʘʥʥʷ, ʦʧʠʩʘʥʠʤʠ ʚʠʱʝ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʢʨʠʪʝʨʽʾʚ 

ʢʝʨʫʚʘʥʥʷ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.1. 

 

ʂʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ

ɽʢʦʥʦʤʽʯʥʽ ʊʝʭʥʽʯʥʽ ʊʝʭʥʦʣʦʛʽʯʥʽ ɯʥʰʽ

ɽʨʛʦʥʦʤʽʯʥʽ

ɽʩʪʝʪʠʯʥʽ

ʇʩʠʭʦʣʦʛʽʯʥʽ

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʨʦʜʫʢʪʽʚ :

ʢʨʫʧʥʽʩʪʴ, ʪʠʩʢ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʚʤʽʩʪ 

ʟʘʣʽʟʘ, ʯʠʩʪʦʪʘ 

ʦʙʨʦʙʢʠ

ʇʨʠʙʫʪʦʢ, 

ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ, 

ʩʦʙʽʚʘʨʪʽʩʪʴ, ʩʪʨʦʢ 

ʦʢʫʧʥʦʩʪʽ, 

ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ, 

ʚʠʪʨʘʪʠ

ʊʨʠʚʘʣʽʩʪʴ 

ʧʨʦʮʝʩʫ, 

ʥʘʜʽʡʥʽʩʪʴ, 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ 

ʜʽʾ

 

ʈʠʩʫʥʦʢ 3.1. ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 
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ɽʢʦʥʦʤʽʯʥʽ ʢʨʠʪʝʨʽʾ ʧʦʩʽʜʘʶʪʴ ʥʘʡʚʘʞʣʠʚʽʰʝ ʤʽʩʮʝ ʚ ʧʨʘʢʪʠʮʽ ʢʝʨʫʚʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʫ ʧʨʦʮʝʩʘʭ ʢʝʨʫʚʘʥʥʷ ʚʝʨʭʥʴʦʛʦ ʽʻʨʘʨʭʽʯʥʦʛʦ ʨʽʚʥʷ. ɺʘʞʣʠʚʽʩʪʴ 

ʫʨʘʭʫʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʫ ʧʨʦʮʝʩʘʭ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʚʠʟʥʘʚʘʣʘʩʷ ʚʽʪʯʠʟʥʷʥʠʤʠ ʪʘ ʟʘʨʫʙʽʞʥʠʤʠ ʚʯʝʥʠʤʠ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ 

ʩʪʘʥʦʚʣʝʥʥʷ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

ɺʘʞʣʠʚʽʩʪʴ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ ʚʠʟʥʘʚʘʣʘʩʷ ʪʘ 

ʧʽʜʢʨʝʩʣʶʚʘʣʘʩʷ ʟ ʧʝʨʰʠʭ ʢʨʦʢʽʚ ʩʪʘʥʦʚʣʝʥʥʷ ʥʘʫʢʠ ʧʨʦ ʢʝʨʫʚʘʥʥʷ. ʋ [207] 

ʟʘʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ çʬʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʢʝʨʫʚʘʥʥʷ ï ʮʝ ʧʦ 

ʩʫʪʽ ʝʢʦʥʦʤʽʯʥʝ ʽ ʪʝʭʥʦʣʦʛʽʯʥʝ ʟʘʚʜʘʥʥè̫. ʋ ʬʦʨʤʫʣʶʚʘʥʥʽ ʧʨʦʬ. 

ʉʦʣʦʜʦʚʥʠʢʦʚʘ ɺ. ɺ. ʝʢʦʥʦʤʽʯʥʠʡ ʘʩʧʝʢʪ ʢʝʨʫʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ ʩʧʨʘʚʝʜʣʠʚʦ 

ʧʦʤʽʱʝʥʠʡ ʧʝʨʝʜ ʪʝʭʥʦʣʦʛʽʯʥʠʤ. ʇʝʨʝʚʘʛʘ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʚʦʥʠ ʦʨʛʘʥʽʯʥʦ ʟʙʽʛʘʶʪʴʩʷ ʟ ʩʠʩʪʝʤʥʦʶ ʤʝʪʦʶ ʢʝʨʫʚʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʷʢʦʶ ʻ ʬʽʥʘʥʩʦʚʠʡ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʊʝʭʥʽʯʥʽ ʢʨʠʪʝʨʽʾ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ, ʪʦʤʫ ʱʦ ʚʦʥʠ 

ʦʧʝʨʫʶʪʴ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʧʨʠʪʘʤʘʥʥʠʤʠ ʧʦʰʠʨʝʥʦʤʫ 

ʩʧʝʢʪʨʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢʽ ʧʦʢʘʟʥʠʢʠ ʷʢ ʰʚʠʜʢʦʜʽʷ, ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʮʝʩʫ, ʧʦʢʘʟʥʠʢʠ ʢʦʨʠʩʥʦʾ ʜʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʝʜʦʣʽʢʦʤ ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ 

ʪʝ, ʱʦ ʚʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʝʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘ ʚʝʨʭʥʽʭ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʷʭ ʢʝʨʫʚʘʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʢʨʠʪʝʨʽʾ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʢʨʠʪʝʨʽʾ, ʩʧʝʮʠʬʽʯʥʽ ʜʣʷ ʷʢʦʛʦ-

ʥʝʙʫʜʴ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʝʮʠʬʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʥʘʧʨʠʢʣʘʜ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʪʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʤʘʶʪʴ ʩʣʘʙʢʠʡ ʨʽʚʝʥ ɹ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ 

(ʧʦʚʥʦʪʠ) ʢʨʠʪʝʨʽʶ, ʪʦʤʫ ʱʦ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʞʦʜʥʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʽʥʰʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ʊʘʢʦʞ ʢʨʠʪʝʨʽʾ ʮʽʻʾ ʛʨʫʧʠ ʘʙʩʦʣʶʪʥʦ ʥʝʟʘʩʪʦʩʦʚʥʽ ʥʘ 

ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʷʭ ʢʝʨʫʚʘʥʥʷ. ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ 

ʢʨʠʪʝʨʽʾʚ ï ʩʪʘʙʽʣʽʟʘʮʽʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʥʠʞʥʴʦʛʦ ʽʻʨʘʨʭʽʯʥʦʛʦ ʨʽʚʥʷ. 

ʂʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʚʽʜʥʝʩʝʥʽ ʜʦ ʽʥʰʠʭ, ʥʝ ʤʘʶʪʴ ʟʘʟʚʠʯʘʡ ʚʠʨʘʞʝʥʦʾ 

ʯʠʩʣʦʚʦʾ ʦʮʽʥʢʠ. ɼʣʷ ʢʨʠʪʝʨʽʾʚ ʮʽʻʾ ʛʨʫʧʠ ʭʘʨʘʢʪʝʨʥʽ ʨʘʥʛʦʚʽ ʦʮʽʥʢʠ ʟ ʦʙʤʝʞʝʥʦʶ 
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ʦʙʣʘʩʪʶ ʚʠʟʥʘʯʝʥʥʷ. ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʮʷ ʦʙʣʘʩʪʴ ʤʽʩʪʠʪʴ ʜʚʘ ʟʥʘʯʝʥʥʷ 

(çʜʦʙʨʝè ï çʧʦʛʘʥʦè). ʈʘʥʛʦʚʽ ʦʮʽʥʢʠ ʤʘʪʁʴ ʫʤʦʚʥʠʡ, ʩʫʙô̒ ʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʽʰ ʟʘ ʚʩʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽ ʟʘʜʘʯʽ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʢʦʣʠ ʦʙô̒ ʢʪ ʢʝʨʫʚʘʥʥʷ ʤʘʻ ʢʽʣʴʢʘ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʘʟʚʠʯʘʡ 

ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʦʜʠʥ, ʥʘʡʚʘʞʣʠʚʽʠhʡ ʟ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʤʝʥʰ ʟʥʘʯʫʱʽ 

ʧʘʨʘʤʝʪʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʦʙʤʝʞʝʥʥʷ. ʅʘʡʚʘʞʣʠʚʽʰʠʡ ʧʘʨʘʤʝʪʨ 

ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʤʝʪʦʜʘʤʠ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɺ ʫʤʦʚʘʭ, ʢʦʣʠ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙô̒ ʢʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʚʘʞʢʦ ʚʽʜʦʢʨʝʤʠʪʠ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫ ʠɦʡ, 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʥʷ (ʟʛʦʨʪʢʘ) ʚ ʻʜʠʥʫ ʢʽʣʴʢʽʩʥʫ ʦʟʥʘʢʫ. ʉʢʣʘʜʥʦʱʽ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʮʴʦʤʫ, ʪʘ ʤʝʪʦʜʠ ʾʭ ʧʦʜʦʣʘʥʥʷ ʚʠʢʣʘʜʝʥʽ, ʥʘʧʨʠʢʣʘʜ, ʫ [222]. 

ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʟô̫ ʚʣʷʶʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʽ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʧʦʢʘʟʥʠʢʠ 

ʟ ʨʽʟʥʠʭ ʛʨʫʧ. ʎʝʡ ʙʽʣʴʰ ʥʠʟʴʢʠʡ ʪʘ ʨʦʟʛʘʣʫʞʝʥʠʡ ʨʽʚʝʥʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʨʠʩ. 3.1 

ʥʝ ʚʽʜʦʙʨʘʞʝʥʠʡ. 

ʉʧʨʦʙʠ ʟʘʩʪʦʩʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʽ ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦ ʧʨʘʢʪʠʢʠ 

ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟʫʤʦʚʣʶʶʪʴ ʧʦʷʚʫ ʟʤʽʰʘʥʠʭ, ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʋ [216] ʥʘʚʝʜʝʥʘ ʥʠʟʢʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʟʙʘʛʘʯʝʥʥʷ, ʪʘʢʠʭ ʷʢ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʜʦʙʫʪʢʫ 1 ʪ 

ʨʫʜʠ, ʮʽʥʘ 1 ʪ ʢʦʥʮʝʥʪʨʘʪʫ, ʚʤʽʩʪ ʤʝʪʘʣʫ ʚ ʰʠʭʪʽ, ʚʘʨʪʽʩʪʴ ʽ ʚʠʪʨʘʪʘ j-ʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʯʘʩ ʧʨʦʮʝʩʫ, ʘʤʦʨʪʠʟʘʮʽʡʥʽ ʚʽʜʨʘʭʫʚʘʥʥʷ ʡ ̔ ʥʰʽ. ɸʚʪʦʨ ʨʦʙʦʪʠ [216] ʟ 

ʞʘʣʝʤ ʟʘʟʥʘʯʘʻ, ʱʦ çʥʘʚʝʜʝʥʽ ... ʢʨʠʪʝʨʽʾ ʩʢʣʘʜʥʽ, ʧʦʪʨʝʙʫʶʪʴ ʟʘʣʫʯʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʧʨʠʜʘʪʥʽè. 

ʊʝʭʥʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʽ ʢʨʠʪʝʨʽʾ, ʟʘʟʚʠʯʘʡ, ʻ ʧʦʚʥʽʠhʤʠ ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʢʨʠʪʝʨʽʾ. ʆʜʥʘʢ ʮʽ ʢʨʠʪʝʨʽʾ ʥʝʟʘʩʪʦʩʦʚʥʽ ʧʦʟʘ ʨʘʤʢʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʜʣʷ ʷʢʦʛʦ ʚʦʥʠ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ. 

ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʢʨʠʪʝʨʽʾ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʩʭʦʞʽ ʟ ʪʝʭʥʦʣʦʛʦ-

ʝʢʦʥʦʤʽʯʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. ʆʜʥʘʢ ʮʽ ʢʨʠʪʝʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʡʟʘʛʘʣʴʥʽʰ ̔

ʪʝʭʥʽʯʥʽ ʡ ʝʢʦʥʦʤʽʯʥʽ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʫ ʚʩʽʭ ʨʽʟʥʦʚʠʜʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. ɼʦ ʪʘʢʠʭ ʥʘʣʝʞʠʪʴ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ, ʚʠʪʨʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ. ɯʩʪʦʨʠʯʥʦ ʥʘʡʧʝʨʰʠʤ 
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ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʻ, ʙʝʟʫʤʦʚʥʦ, ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ, ʤʽʥʽʤʽʟʘʮʽʷ 

ʷʢʦʾ ʩʧʦʥʫʢʘʻ ʥʘʩ ʜʦ ʟʘʚʜʘʥʴ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘ ʰʚʠʜʢʦʜʽʻʶ. 

ʇʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʫ ʚʠʛʣʷʜʽ ʟʛʦʨʪʢʠ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʥʠʢʘʻ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʷʢ ʩʘʤʦʾ ʤʦʜʝʣʽ 

ʟʛʦʨʪʢʠ, ʪʘʢ ʽ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʧʨʠʢʣʘʜʥʦʾ ʟʘʜʘʯʽ. ʅʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʽʥʽʡʥʘ ʟʛʦʨʪʢʘ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʟ ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʫ ʚʠʛʣʷʜʽ, (ʩʝʨʝʜʥʻ ʟʘ ʂʦʣʤʦʛʦʨʦʚʠʤ ʧʨʠ g(x)=xp, p=1) [201] 

1

I

j i ij

i

R ra
=

=ä ,     (3.5) 

ʜʝ ï r ij  - ʦʮʽʥʢʘ j-ʛʦ ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ ʟʘ i-ʠʤ ʢʨʠʪʝʨʽʻʤ (i-ʡ ʯʘʩʪʢʦʚʠʡ ʧʦʢʘʟʥʠʢ); 

Ŭi ï ʧʠʪʦʤʘ ʚʘʛʘ ʢʨʠʪʝʨʽʶ. 

ʇʨʠ ʮʴʦʤʫ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʟʘʟʚʠʯʘʡ, ʽʥʪʫʾʪʠʚʥʦ [223, 

224], ʱʦ ʟʥʠʞʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʠʩʫʥʫʪʘ ʫ [211] ʪʝʦʨʽʷ ʤʥʦʞʠʥʥʦʩʪʽ ʤʦʜʝʣʝʡ ʩʪʘʚʠʪʴ ʧʽʜ ʩʫʤʥʽʚ ʮʽʥʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʪʘ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʫ ʟʦʚʥʽʰʥʴʦʛʦ 

ʜʦʧʦʚʥʝʥʥʷ ʜʣʷ ʾʾ ʧʝʨʝʚʽʨʢʠ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʟʫʤʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʶ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟʛʦʨʪʢʠ ʧʘʨʘʤʝʪʨʽʚ.  

ʋ ʨʦʙʦʪʘʭ [216, 222] ʚʠʩʫʚʘʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʧʨʘʚʠʣʘ ʚʠʙʦʨʫ ʢʨʠʪʝʨʽʶ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʠʤʦʛʠ ʜʦ ʥʴʦʛʦ, ʱʦ ʚʠʧʣʠʚʘʶʪʴ ʟʽ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʩʪʽ 

ʧʨʦʮʝʩʽʚ: 

- ʢʨʠʪʝʨʽʡ ʧʦʚʠʥʝʥ ʥʘʡʧʦʚʥʽʰʝ ʚʽʜʧʦʚʽʜʘʪʠ ʫʷʚʣʝʥʥʷʤ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ. ʆʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʻ ʙʫʪʠ ʥʘʡʩʧʨʠʷʪʣʠʚʽʰʠʤ ʜʣ̫ 

ʥʘʩʪʫʧʥʦʾ ʟʘ ʽʻʨʘʨʭʽʻʶ ʩʠʩʪʝʤʦʶ; 

- ʢʨʠʪʝʨʽʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʠʡ, ʟʨʦʟʫʤʽʣʠʡ ʽ, ʧʦ ʟʤʦʟʽ, ʤʘʪʠ 

ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ; 

- ʢʦʤʙʽʥʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ʤʫʩʠʪʴ ʤʘʪʠ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʠ; 

- ʧ̔ ʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ 

ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ. ʂʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʚʠʥʝʥ ʷʢʦʤʦʛʘ 
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ʤʝʥʰʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʚʠʧʘʜʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʧʨʦʮʝʩʫ (ʩʪʘʪʠʩʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ) ʽ 

ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ ï ʚʽʜ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ (ʯʫʪʣʠʚʽʩʪʴ ʢʨʠʪʝʨʽʶ). 

ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʚʠʩʣʦʚʣʝʥʫ ʚ [216] ʚʘʞʣʠʚʫ ʚʠʤʦʛʫ ʧʨʦ ʟʥʘʯʫʱʽʩʪʴ 

ʽʻʨʘʨʭʽʯʥʦʾ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ, ʧʨʦ ʫʟʛʦʜʞʝʥʽʩʪʴ ʢʨʠʪʝʨʽʾʚ 

ʢʝʨʫʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʷʭ ʢʝʨʫʚʘʥʥʷ. 

ʆʟʥʘʯʠʤʦ ʢʦʣʦ ʚʠʤʦʛ ʜʦ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ: 

- ʢʨʠʪʝʨʽʡ ʧʦʚʠʥʝʥ ʧʦʻʜʥʫʚʘʪʠ ʨʽʟʥʦʨʽʜʥʽ ʬʽʟʠʯʥʽ ʡ ʝʢʦʥʦʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

- ʢʨʠʪʝʨʽʡ ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʧʦʪʫʞʥʠʤ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʧʫʩʢʦʤ ʷʢʥʘʡʰʠʨʰʦʛʦ ʢʣʘʩʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ; 

- ʢʨʠʪʝʨʽʡ ʤʫʩʠʪʴ ʤʘʪʠ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʚʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʚʠʨʘʟʫ; 

- ʢʨʠʪʝʨʽʡ ʧʦʚʠʥʝʥ ʫʟʛʦʜʞʫʚʘʪʠʩʷ ʟ ʢʨʠʪʝʨʽʻʤ ʢʝʨʫʚʘʥʥʷ ʦʩʥʦʚʥʠʤ 

ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ. ɺʘʞʣʠʚʽʩʪʴ ʫʟʛʦʜʞʝʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ 

ʨʽʚʥʽʚ ʧʨʦʮʝʩʽʚ ʢʝʨʫʚʘʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʝʤʝʨʞʝʥʪʥʽʩʪʶ - ʚʣʘʩʪʠʚʽʩʪʶ ʢʝʨʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʚʦʣʦʜʽʪʠ ʨʠʩʘʤʠ, ʷʢʽ ʥʝ ʧʨʠʪʘʤʘʥʥʽ ʞʦʜʥʦʤʫ ʟ ʾʾ ʝʣʝʤʝʥʪʽʚ [216]. ʎʷ 

ʚʠʤʦʛʘ ʜʫʞʝ ʚʘʞʣʠʚʘ ʩʘʤʝ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʪʦʤʫ ʱʦ ʧʨʦʮʝʩ ʧʫʩʢʫ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚô̫ʟʘʥʠʡ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʭʦʜʽ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ʇ̔ ʜ ʯʘʩ ʜʝʪʘʣʴʥʽʰʦʛʦ ʚʠʚʯʝʥʥ ̫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʥʘʚʝʜʝʥʽʡ ʥʘ ʨʠʩ. 3.1, ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʚʘʞʣʠʚʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʫ 

ʩʢʣʘʜʽ ʮʽʻʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʛʨʫʧʠ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʤʠ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʫ ʧʦʜʘʣʴʰʦʤʫ 

ʢʽʙʝʨʥʝʪʠʯʥʠʤʠ. ʂʽʙʝʨʥʝʪʠʯʥʽ ʢʨʠʪʝʨʽʾ, ʢʦʤʙʽʥʦʚʘʥʽ ʟʘ ʩʚʦʾʤ ʭʘʨʘʢʪʝʨʦʤ, ʤʘʶʪʴ 

ʩʧʠʨʘʪʠʩʷ ʥʘ ʪʘʢʽ ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʦʙô̒ ʢʪʽʚ ʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ 

ʙʽʣʴʰʦʩʪʽ ʪʝʭʥʽʯʥʠʭ  ̔ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʮʝʩʠ ʧʫʩʢʫ 

ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ʉʘʤʝ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʮʠʭ ʙʘʟʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ 

ʨʦʙʠʪʴ ʢʨʠʪʝʨʽʡ ʢʽʙʝʨʥʝʪʠʯʥʠʤ, ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ 

ʜʦʚʽʣʴʥʠʤ ʧʨʦʮʝʩʦʤ ʘʙʦ ʦʙô̒ ʢʪʦʤ. ʗʢ ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 
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ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʷʢ ʩʬʦʢʫʩʦʚʘʥʦʾ 

ʦʧʝʨʘʮʽʾ, ʦʪʨʠʤʘʥʽ ʫ ʨʦʟʜʽʣʽ 2.6., ʘ ʩʘʤʝ - ̔ ʥʪʝʛʨʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʧʨʦʮʝʩʫ ʧʫʩʢʫ RE, ʽʥʪʝʛʨʘʣʴʥʫ ʚʝʣʠʯʠʥʘ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ PE ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʧʫʩʢʫ ts. ʎʽ ʧʦʢʘʟʥʠʢʠ ʻ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ. 

3.2 ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ 

ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʟʘʚʜʘʥʥʷʤ 

ʢʝʨʦʚʘʥʦʛʦ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ ʟ ʙʦʢʫ ʚʽʪʯʠʟʥʷʥʠʭ 

ʽ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ [41, 225, 226]. 

ɸʣʝ ʫ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʘʮʷʭ ʫʚʘʛʘ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʜʽʣʷʣʘʩʴ ʨʦʟʚôʷʟʘʥʥʶ 

ʩʭʝʤʦʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ ʧʫʩʢʦʚʠʭ ʩʠʩʪʝʤ ʫ ʧʨʠʢʣʘʜʥʠʭ ʚʠʧʘʜʢʘʭ, ʧʨʦʙʣʝʤʘʤ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʨʠ ʨʫʰʘʥʥʽ ʪʘ ʡʦʛʦ ʧʦʜʦʣʘʥʥʷ, 

ʪʦʱʦ. 

ʅʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʫ ʷʢʠʭ ʥʘʚʽʪʴ ʧʦʙʽʯʥʦ ʟʛʘʜʫʻʪʴʩʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʢʝʨʦʚʘʥʦʛʦ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʧʦʟʠʮʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʚʣʘʩʥʝ ʧʫʩʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʘʥʘʣʽʟʫ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʝ 

ʚʠʷʚʣʝʥʦ. ʋ [41] ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʩʢʦʚʠʭ ʩʠʩʪʝʤ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ, ʘʣʝ ʫ ʮʽʡ ʨʦʙʦʪʽ ʥʝ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʣʘʩʥʝ ʧʫʩʢʦʚʠʡ ʧʨʦʮʝʩ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ̫ʢ ʦʙô̒ ʢʪ ʢʝʨʫʚʘʥʥʷ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʥʘʡʮʽʢʘʚʽʰ ̔ʪʘ ʥʘʡʭʘʨʘʢʪʝʨʥʽʰ ̔ʨʦʙʦʪʠ, ʚ ʷʢʠʭ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʢʨʠʪʝʨʽʾ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʪʽʻʶ ʯʠ ʽʥʰʦʶ ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʤʦʛʘʤ ʜʦ ʢʨʠʪʝʨʽʶ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʚʠʩʫʥʫʪʠʤ ʫ ʨʦʟʜʽʣʽ 

3.1. 

ʋ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽʡ ʨʦʙʦʪ̔ ʃ. ɸ. ɹʘʨʩʢɹʦʛʦ ʠ ɺ. ɿ. ʂʦʟʥ̔ʘ [216] ʟʨʦʙʣʝʥʠʡ 

ʧʝʩʠʤʽʩʪʠʯʥʠʡ ʚʠʩʥʦʚʦʢ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ 

ʩʪʦʩʦʚʥʦ ʜʦ ʧʨʦʮʝʩʽʚ ʟʙʘʛʘʯʝʥʥʷ: çɺ 1967 ʛ. ʦʜʥʦʤʫ ʠʟ ʘʚʪʦʨʦʚ ʫʜʘʣʦʩʴ ʩʦʙʨʘʪʴ 

ʩʚʳʰʝ ʩʪʘ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ é ʇʦʩʣʝ ʠʭ 
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ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʥʝʪ, ʘ ʚʳʙʦʨ ʢʨʠʪʝʨʠʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ï ʟʘʜʘʯʘ ʥʝʧʨʦʩʪʘʷè. 

ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʩʢʣʘʣʘʩʷ ʽ ʚ ʛʘʣʫʟʽ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʪʽʣʴʢʠ ʥʘʙʘʛʘʪʦ ʤʝʥʰʦʛʦ ʦʙʩʷʛʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ, 

ʱʦ ʣʠʰʝ ʧʦʛʽʨʰʫʻ ʩʠʪʫʘʮʽʶ. 

ɸʚʪʦʨʠ [227] ʦʮʽʥʶʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʽʙʨʦʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ k: 

xk v A w= Ö,      (3.6) 

ʜʝ v - ʰʚʠʜʢʽʩʪʴ ʚʽʙʨʦʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ; Ax ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʧʦ ʦʩ ̔x; w ï 

ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ. 

ʊʘʢʽ ʢʨʠʪʝʨʽʾ ʥʘʣʝʞʘʪʴ ʟʘ ʥʘʚʝʜʝʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʤʘʶʪʴ 

ʦʙʤʝʞʝʥʫ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɺ ʨʦʙʦʪʽ [228], ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʥʪʽʚ 

ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʠʡ ʧʦʢʘʟʥʠʢ: 

minɺi ɺi
i ʅ i ʅ i

ɻ ɻ

A ʂ
ʇ ɽ a ɽ k

ʈ ʈ
= + = + ­, i CÍ ,   (3.7) 

ʜʝ ʇi ï ʧʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʘ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ; ABi ï 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʜʣʷ i-ʛʦ ʚʘʨʽʘʥʪʘ ʩʠʩʪʝʤʠ; Pʛ ï ʨʽʯʥʘ ʚʠʨʦʙʥʠʯʘ 

ʧʦʪʫʞʥʽʩʪʴ ʰʘʭʪʠ ʘʙʦ ʢʦʧʘʣʴʥʽ, ʪ; ɽʥ = 0,14é0,2 ï ʥʦʨʤʘʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʜʣʷ ʟʘʣʽʟʦʨʫʜʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠ ʩʪʨʦʢʘʭ 

ʦʢʫʧʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧô̫ ʪʴ ʽ ʩʽʤ ʨʦʢʽʚ; ʂBi ï ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʩʪʚʦʨʝʥʥʷ i-

ʛʦ ʚʘʨʽʘʥʪʘ ʩʠʩʪʝʤ, ʨʫʙ.; ai ʠ ki ï ʚʽʜʧʦʚʽʜʥʦ ʥʘʚʝʜʝʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʢʘʧʽʪʘʣʴʥʽ 

ʚʠʪʨʘʪʠ ʜʣʷ i -ʛʦ ʚʘʨʽʘʥʪʘ ʩʠʩʪʝʤʠ, ʛʨʥ/ʪ; C  ï ʤʥʦʞʠʥʘ ʚʘʨʽʘʥʪʽʚ ʚʝʥʪʠʣʷʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʰʘʭʪʠ ʘʙʦ ʢʦʧʘʣʴʥʽ ʚ ʮʽʣʦʤʫ. 

ʇʦ ʩʫʪʽ, ʮʝʡ ʢʨʠʪʝʨʽʡ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʥʘ ʩʪʚʦʨʝʥʥʷ ʡ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ʇʦʢʘʟʥʠʢ ʤʽʥʽʤʫʤʫ ʚʠʪʨʘʪ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʠhʭ ʢʨʠʪʝʨʽʾʚ 

ʦʮʽʥʶʚʘʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʾ [216, 229, 230]. ʂʝʨʫʚʘʥʥʷ ʟʘ ʤʽʥʽʤʫʤʦʤ ʚʠʪʨʘʪ 

ʩʪʦʩʦʚʥʦ ʧʫʩʢʫ ʽ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʟʘʚʜʘʥʥʷ ʤʽʥʽʤʽʟʘʮʽʾ 
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ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʭ ʧʽʜʭʦʜʽʚ. ɼʦʮʽʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʠ ʪʘʢʠʡ ʚʘʨʽʘʥʪ ʽ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 

ʆʜʥʘʢ ʩʘʤʝ ʧʨʝʜʩʪʘʚʥʠʢʠ ʝʢʦʥʦʤʽʯʥʦʾ ʰʢʦʣʠ, ʱʦ ʩʧʠʨʘʶʪʴʩʷ ʚ ʧʠʪʘʥʥʷʭ 

ʢʝʨʫʚʘʥʥʷ ʥʘ ʝʢʩʧʝʨʪʥʽ ʢʨʠʪʝʨʽʾ, ʟʘʟʥʘʯʘʶʪʴ [231], ʱʦ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʻ çéʨʘʟʨʘʙʦʪʢʘ ʦʙʦʙʱʘʶʱʝʛʦ 

(ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ) ʠʣʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷé ʊʘʢʦʡ ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʧʦʢʘ ʥʝ ʥʘʡʜʝʥ, ʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ 

ʪʨʫʜʥʦʩʪʴ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠè. 

ʇʨʦʬ ʉʽʥʯʫʢ ʆ. ʄ. ʚ ʩʚʦʾʡ ʨʦʙʦʪʽ [217] ʧʨʦʧʦʥʫʻ ʪʘʢʠʡ ʢʨʠʪʝʨʽʡ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʨʦʤʽʩ 

ʤʽʞ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʨʦʮʝʩ ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʯʘʩʦʤ ʨʫʭʫ: 

[ ]
()tV

TE Ö+gmin ,      (3.8) 

ʜʝ ɔ ï ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʦʙʤʝʞʝʥʴ. 

ɺʠʙʽʨ ʢʦʝʬʽʮʽʻʥʪʘ ɔ, ʷʢʠʡ ʚʭʦʜʠʪʴ ʚ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ; ʜʣʷ ʮʴʦʛʦ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʪʘ 

ʧʦʙʫʜʦʚʘʥʽ ʢʨʠʚʽ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʢʦʤʧʨʦʤʽʩʫ. 

ʋ [217] ʉʽʥʯʫʢ ʆ. ʄ. ʚʢʘʟʫʻ, ʱʦ çʙʝʟ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʧʽʜ ʯʘʩ ʨʫʭʫ ʝʣʝʢʪʨʦʚʦʟʫ ... ʜʦʩʷʛʪʠ ʙʘʞʘʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʥʝʤʦʞʣʠʚʦ. .... ʇʽʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʩʫʙʦʧʪʠʤʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʜʣʷ ʧʨʦʪʠʨʽʯʘʱʠʭ ʮʽʣʝʡ ʟʘʪʨʘʪ 

ʝʥʝʨʛʽʾ ɽ ʪʘ ʯʘʩʫ ʨʫʭʫ ʧʦʪʷʛʫ ʊè [217]. ʂʨʠʪʝʨʽʡ ʉʽʥʯʫʢʘ ʆ. ʄ. ʨʝʘʣʽʟʫʻ ʣʽʥʽʡʥʫ 

ʟʛʦʨʪʢʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʯʘʩʫ ʧʝʨʝʩʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʋ ʨʦʙʦʪʽ [232] ʷʢ ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʩʠʥʪʝʟʫ ʽ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʯʘʩ 

ʤʽʞʟʘʨʷʜʥʦʛʦ ʧʨʦʙʽʛʫ, ʟʛʽʜʥʦ p ʚʠʨʘʟʦʤ: 

Ὕ ᷿ Ὠὸȟὸɴ πȟὝxˣ ,    (3.9) 
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ʜʝ P(t) ï ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʘʣʫ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; W(t) ï ʝʥʝʨʛʽʷ, ʱʦ 

ʚʽʜʜʘʻʪʴʩʷ ʘʢʫʤʫʣʷʪʦʨʥʦʶ ʙʘʪʘʨʝʻʶ. 

ʆʜʥʠʤ ʽʟ ʢʣʘʩʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʫʭʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʻ ʢʨʠʪʝʨʽʡ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʜʽʾ. ʋ ʙʘʛʘʪʴʦʭ (ʘʣʝ ʥʝ ʫ ʚʩʽʭ) ʚʠʧʘʜʢʘʭ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʜʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʜʽʡʩʥʦ ʧʦʢʨʘʱʫʻ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʄʘʡʞʝ ʟʘʚʞʜʠ 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʠʪʨʘʪ ʥʘ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ 

ʟʥʦhʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɼʦ ʪʦʛʦ ʞ, ʢʨʠʪʝʨʽʡ ʰʚʠʜʢʦʜʽʾ ʥʽʯʦʛʦ 

ʥʝ çʟʥʘʻè ʧʨʦ ʝʢʦʥʦʤʽʯʥʽ ʥʘʩʣʽʜʢʠ, ʱʦ ʩʧʠʯʠʥʷʶʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʜʽʾ. 

ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʢʨʠʪʝʨʽʶ ʤʦʞʣʠʚʝ ʣʠʰʝ ʧʽʩʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ʊʘʢ, ʫ ʨʦʙʦʪʽ [233] ʢʦʥʩʪʘʪʫʻʪʴʩʷ ʩʫʧʝʨʝʯʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʴ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʟʘ ʤʽʥʽʤʫʤʦʤ ʚʠʪʨʘʪ ʥʘ ʢʝʨʫʚʘʥʥʷ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʰʚʠʜʢʦʜʽʻʶ ʪʘ ʩʪʘʚʠʪʴʩʷ ʟʘʚʜʘʥʥʷ ʚʽʜʰʫʢʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʢʝʨʫʚʘʥʥʷ, 

ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʮʠʤ ʜʚʦʤ ʚʟʘʻʤʥʦ ʩʫʧʝʨʝʯʣʠʚʠʤ ʢʨʠʪʝʨʽʷʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʨʦʤʽʩʥʦʛʦ ʢʨʠʪʝʨʽʶ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ 

* *
1 1 2 2

* *
1 2

min,
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J
J J

a b
- -

= Ö + Ö ­    (3.10) 

ʜʝ Ŭ ʽ ɓ ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʙʨʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʢʝʨʫʚʘʥʥʷ; J1
*, J2

* 

ï ʝʢʩʪʨʝʤʫʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ ʤʽʥʽʤʫʤʫ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʜʽʾ; J1, J2 ï ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʚʠʱʝʚʢʘʟʘʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʟ ʧʦʪʦʯʥʠʤ ʨʽʚʥʝʤ ʢʝʨʫʚʘʥʥʷ u. 

ʄʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥ ɹʻ ʚʘʨʽʘʮʽʡʥʽ ʤʝʪʦʜʠ: 

ʢʣʘʩʠʯʥʝ ʚʘʨʽʘʮʽʡʥʝ ʯʠʩʣʝʥʥʷ, ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʫ ʃ. ʉ. ʇʦʥʪʨʷʛʽʥʘ ʽ ʜʠʥʘʤʽʯʥʝ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʈ. ɹʝʣʣʤʘʥʘ [234, 235]. 

ɼʣʷ ʨʦʟʚô̫ʟʘʥʥʷ ʦʢʨʝʤʠʭ ʟʘʚʜʘʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʨʠʪʝʨʽʾ ʤʽʥʽʤʫʤʫ 

ʩʪʨʫʤʫ, ʩʧʦʞʠʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʤʽʥʽʤʫʤʫ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʚ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽ, ʘ ʪʘʢʦʞ ʚʽʜʦʤʽ ʚ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʽ 
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ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ: ʤʽʥʽʤʫʤ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, 

ʧʦʢʨʘʱʝʥʠʡ ʢʚʘʜʨʘʪʠʯʥʠʡ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ, ʫʟʘʛʘʣʴʥʝʥʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ 

ʷʢʦʩʪʽ. 

ʋ [236] ʢʦʥʩʪʘʪʫʻʪʴʩʷ, ʱʦ ʜʣʷ ʨʝʘʣʴʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʢʣʘʩʠʯʥʽ 

ʢʨʠʪʝʨʽʾ ʥʝʨʽʜʢʦ ʥʝ ʧʽʜʭʦʜʷʪʴ, ʧʨʦʪʝ ʚʦʥʠ ʯʘʩʪʦ ʧʨʠʡʤʘʶʪʴʩʷ ʟʘ ʰʫʢʘʥʽ ʙʝʟ ʙʫʜʴ-

ʷʢʠʭ ʩʝʨʡʦʟʥʠʭ ʦʙˇʨʫʥʪʫʚʘʥʴ ʽ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʠʪʴ ʯʘʩʪʦ ʥʘʚʽʪʴ ʧʨʘʚʠʣʴʥʦ 

ʩʬʦʨʤʫʣʴʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʢʦʥʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʥʝ ʧʨʠʡʥʷʪʥʠʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ. ʊʦʤʫ ʷʢ ʢʨʠʪʝʨʽʡ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʜʚʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ çʛʝʥʝʨʘʪʦʨ-ʜʚʠʛʫʥè ʫ [236] 

ʧʨʠʡʥʷʪʦ ʤʽʥʽʤʫʤ ʢʚʘʜʨʘʪʘ ʚʽʜʭʠʣʝʥʥʷ ʧʨʫʞʥʦʛʦ ʤʦʤʝʥʪʫ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʋ ʨʦʙʦʪʽ [237] ʷʢ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʯʘʩʪʦʪʥʦ-ʢʝʨʦʚʘʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʢʘʟʥʠʢ ʤʽʥʽʤʫʤʫ ʩʪʨʫʤʽʚ. 

ʋ [238] ʧʨʦʬ. ʎʠʨʣʽʥ ʟʘʧʨʦʧʦʥʫʚʘʚ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʢʨʠʪʝʨʽʡ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ ʮʠʢʣʫ ʧʝʨʽʦʜʠʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ: 
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I ,   (3.11) 

ʜʝ ()( )TF x T  ï ʚʘʨʪʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ; ()( )0 0F x ï ʚʠʪʨʘʪʠ ʥʘ ʩʠʨʦʚʠʥʫ; 

()ñ
T

dtuf
0

0  ï ʚʠʪʨʘʪʠ ʥʘ ʧʽʜʪʨʠʤʢʫ ʦʙʨʘʥʦʛʦ ʨʝʞʠʤʫ; QB ï ʜʦʧʦʤʽʞʥʽ ʚʠʪʨʘʪʠ, 

ʧʦʚô̫ʟʘʥʽ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷʤ ʧʨʦʜʫʢʪʫ, ʨʝʛʝʥʝʨʘʮʽʻʶ 

ʢʘʪʘʣʽʟʘʪʦʨʘ ʪʘ ʽʥʰʝ; TB ï ʯʘʩ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ; ʊ ï ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ. 

ʎʝʡ ʢʨʠʪʝʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʢʘʟʥʠʢʠ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʷʢ 

ʩʬʦʢʫʩʦʚʘʥʦʾ ʦʧʝʨʘʮʽʾ. ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ ʢʨʠʪʝʨʽʶ (3.11), ʡʦʛʦ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ 

ʧʦʣʷʛʘʻ ʫ ʤʘʢʩʠʤʽʟʘʮʽʾ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ, ʷʢʘ ʩʪʚʦʨʶʻʪʴʩʷ 

ʧʝʨʽʦʜʠʯʥʠʤ ʧʨʦʮʝʩʦʤ ʧʽʜ ʯʘʩ ʢʦʞʥʦʛʦ ʚʠʢʦʥʘʥʥʷ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʦʜʝʨʞʘʣʘ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʃʫʮʝʥʢʦʤ ɯ. ɸ., ʄʦʨʢʫʥʦʤ ɺ. ʉ. ʪʘ ʽʥ. ʋ [167] 
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ʥʘʚʦʜʠʪʴʩʷ ʪʘʢʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʩʬʦʢʫʩʦʚʘʥʽ 

ʦʧʝʨʘʮʽʾ: 
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kE ,     (3.12) 

ʜʝ pe ï ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʚʠʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʧʝʨʘʮʽʾ; re ï ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ 

ʚʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʧʝʨʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʧʽʜʪʨʠʤʘʥʥʷ ʦʙʨʘʥʦʛʦ 

ʨʝʞʠʤʫ; te ï ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʚʢʣʶʯʘʶʯʠ ʯʘʩ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʎʝʡ ʢʨʠʪʝʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʽ ʩʘʤʽ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʱʦ ʽ ʢʨʠʪʝʨʽʡ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ [238]. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʤʦʛʠ ʜʦ ʢʨʠʪʝʨʽʶ ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʚʠʤ ʧʨʦʮʝʩʦʤ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʚʠʩʫʥʫʪʽ ʫ ʨʦʟʜʽʣʽ 3.1, ʪʘ ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʨʠʪʝʨʽʾ 

ʢʝʨʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʫ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʠʪʘʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʪʝʨʽʶ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʧʫʩʢʦʚʦʛʦ ʨʝʞʠʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʨʦʟʛʣʷʥʫʪʦ ʥʝʜʦʩʪʘʪʥʴʦ. ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʠʷʚʣʝʥʦ ʢʨʠʪʝʨʽʾ 

ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ ʜʦ ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʟ ʦʛʣʷʜʫ ʥʘ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʩʠʛʥʘʣʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʢʨʠʪʝʨʽʡ ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʽ ʰʠʨʦʪʫ 

ʧʦʪʝʥʮʽʡʥʦʾ ʩʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʩʘʤʝ ʢʨʠʪʝʨʽʾ (3.10, 3.11). ɿʽ ʩʪʨʫʢʪʫʨʠ 

ʢʨʠʪʝʨʽʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʚʠʧʣʠʚʘʻ ʡʦʛʦ ʧʝʨʝʚʘʛʘ ʯʠ ʥʝʜʦʣʽʢʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʱʦ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʫ ʟʦʚʥʽʰʥʴʦʛʦ 

ʜʦʧʦʚʥʝʥʥʷ [211], ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʢʨʘʱʠʭ ʩʬʝʨ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʟʥʘʯʝʥʠʭ 

ʢʨʠʪʝʨʽʾʚ. 

3.3 ɺʝʨʠʬʽʢʘʮʽʷ ʢʨʠʪʝʨʽʾʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ 

ʋ ʧʦʧʝʨʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʚʘ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʧʦʚʥʽʩʪʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ:  

1. ʂʨʠʪʝʨʽʡ ʎʠʨʣʽʥʘ [238], ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʫʤ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ 

ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ ʟʘ ʯʘʩ ʧʨʦʮʝʩʫ, (3.11). 
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2. ʂʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʃʫʮʝʥʢʦ [167], ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ ʧʨʠ ʤʽʥʽʤʫʤʽ 

ʚʘʨʪʦʩʪʽ ʚʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ, (3.12). 

ʋ ʧʦʜʘʣʴʰʦʤʫ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʧʦʨʽʚʥʷʥʥʶ ʩʘʤʝ ʮʠʭ ʢʨʠʪʝʨʽʾʚ.  

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʩʝʨʝʜ 

ʤʥʦʞʠʥʠ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʦʩʣʽʜʥʠʢʘʤʠ ʷʢ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʙʦ ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʽʙʨʘʪʠ ʩʘʤʝ ʪʦʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʫʟʛʦʜʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʟ ʤʝʪʦʶ ʚʣʘʩʥʠʢʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʩʣʽʜ ʩʢʦʨʠʩʪʘʪʠʩʷ ʤʝʪʦʜʦʤ ʚʝʨʠʬʽʢʘʮʽʾ, 

ʦʩʥʦʚʘʥʠʤ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʦʨʤʘʣʴʥʠʭ ʦʟʥʘʢ [239], ʽ ʩʪʚʦʨʝʥʥʽ ʢʣʘʩʽʚ 

ʝʪʘʣʦʥʥʠʭ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʦʧʝʨʘʮʽʡ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʧʦʧʝʨʝʜʥʴʦ 

ʚʠʟʥʘʯʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʏʂɽ) [240]. 

ʏʘʩʪʢʦʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ (3.10) 

ʪʘ (3.11), ʢʦʞʝʥ ʟ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʡʪʠʥʛʦʚʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʝʡ ʝʪʘʣʦʥʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʨʘʤʢʘʭ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʦʛʦ ʢʣʘʩʫ 

ʪʘʢʠʭ ʦʧʝʨʘʮʽʡ. ʇʦʢʘʟʥʠʢ, ʷʢʠʡ ʫʩʧʽʰʥʦ ʧʨʦʡʰʦʚ ʫʩʶ ʤʥʦʞʠʥʫ ʪʝʩʪʦʚʠʭ 

ʟʘʚʜʘʥʴ ʥʘ ʥʝʩʫʧʝʨʝʯʣʠʚʽʩʪʴ, ʟ ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʩ̔ʪʁ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʷʢ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ. ʅʘ ʩʴʦʛʦʜʥʽ 

ʨʦʟʨʦʙʣʝʥʽ ʯʘʩʪʢʦʚʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʢʣʘʩʠ ʝʪʘʣʦʥʥʠʭ ʤʦʜʝʣʝʡ ʪʝʩʪʦʚʠʭ ʦʧʝʨʘʮʽʡ 

ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʦʮʽʥʦʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʩʪʠʭ ʤʦʜʝʣʝʡ ʦʧʝʨʘʮʽʡ [240]. 

ʆʩʢʽʣʴʢʠ ʨʝʘʣʴʥʽ ʧʨʦʮʝʩʠ ʤʘʶʪʴ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʯʘʩʽ ʧʦʪʦʢʠ 

ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʽ ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʏʂɽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʢʣʘʩʽʚ ʝʪʘʣʦʥʥʠʭ ʤʦʜʝʣʝʡ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʫʨʘʭʦʚʫʚʘʪʠ 

ʚʧʣʠʚ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʦʜʝʣʝʡ ʦʧʝʨʘʮʽʾ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʦʧʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ [241]. 

ɼʣʷ ʚʠʙʦʨʫ ʻʜʠʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʨʦʟʛʣʷʥʝʤʦ ʧʦʚʝʜʽʥʢʫ 

ʢʨʠʪʝʨʽʾʚ ʟʘ ʟʤʽʥʠ ʦʜʥʦʛʦ ʟ ʪʨʴʦʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʨʠʩ. 3.2. 

ʇʝʨʰʠʭ ʪʨʠ ʛʨʘʬʽʢʠ ʦʪʨʠʤʘʥʽ ʟʘ ʟʤʽʥʠ ʚʽʜʧʦʚʽʜʥʦ ʚʘʨʪʦʩʪʽ ʚʭʽʜʥʠʭ ʽ 

ʚʠʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʽ ʪʨʠʚʘʣʦʩʪʽ ʧʫʩʢʫ ʥʝ ʚʥʦʩʷʪʴ ʷʩʥʦʩʪʽ - ʦʙʠʜʚʘ ʨʦʟʛʣʷʥʫʪʠʭ 
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ʢʨʠʪʝʨʽʶ ʟʤʽʥʶʶʪʴʩʷ ʩʠʥʭʨʦʥʥʦ. ʅʘ ʛʨʘʬʽʢʫ 4 ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʟʘ 

ʧʦʩʪʽʡʥʦʾ ʚʝʣʠʯʠʥʠ ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʽ ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ 

ʚʘʨʪʦʩʪʽ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

 

ʈʠʩʫʥʦʢ 3.2 ï ɼʦ ʚʝʨʠʬʽʢʘʮʽʲ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

 

ʂʨʠʪʝʨʽʡ ʎʠʨʣʽʥʘ ʚʪʨʘʯʘʻ ʯʫʪʣʠʚʽʩʪʴ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ. ɸ ʦʩʴ 

ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʦʯʠʥʘʻ ʟʤʝʥʚhʘʪʠʩʷ, ʜʘʶʯʠ 

ʧʨʽʦʨʠʪʝʪ ʪʘʢʠʤ ʨʝʞʠʤʘʤ ʧʫʩʢʫ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʤʝʥʰʠʤʠ ʨʝʩʫʨʩʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ kE 

ʤʘʻ ʰʠʨʫh ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʢʨʠʪʝʨʽʻʤ ʎʠʨʣʽʥʘ ʽ ʪʦʯʥʽʰʝ ʚʢʘʟʫʻ 

ʥʘ ʢʨʘʱʠʡ ʧʨʦʮʝʩ ʧʫʩʢʫ. 

3.4 ʉʠʥʪʝʟ ʢʨʠʪʝʨʽ ʁʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʇʨʠʡʥʷʪʠʡ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʝʦʙʭʽʜʥʦ 

ʜʦʦʧʨʘʮʶʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʽʥ ʫʨʘʭʦʚʫʚʘʚ ʫʩʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʫʩʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ. 

ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜ ʧʦʨʫʰʝʥʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʩʧʨʠʯʠʥʝʥʠʭ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ. ɼʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ 
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ʨʠʟʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʥʦʚʦʶ ʩʫʪʥʽʩʪʶ, ʷʢʘ ʥʝ ʨʦʟʛʣʷʜʘʣʘʩʷ ʫ ʚʽʜʦʤʠʭ ʨʦʙʦʪʘʭ ʟ 

ʪʝʦʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ [169, 167, 242]. 

ɼʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ ʥʝ ʻ ʨʝʩʫʨʩʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʧʨʦʮʝʩʘ ʧʫʩʢʫ, 

ʘʣʝ ʤʦʞʫʪʴ ʟʤʝʥʰʫʚʘʪʠ ʜʦʜʘʥʫ ʚʘʨʪʽʩʪʴ, ʩʪʚʦʨʶʚʘʥʫ ʾʤ. ʆʪʞʝ, ʜʦʜʘʪʢʦʚʽ 

ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ ʚʧʣʠʚʘʪʠʤʫʪʴ ʥʘ ʧʦʪʝʥʮʽʡʥʠʡ ʝʬʝʢʪ, ʩʪʚʦʨʶʚʘʥʠʡ ʧʨʦʮʝʩʦʤ 

ʧʫʩʢʫ, ʘʣʝ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ ʨʝʩʫʨʩʦʻʤʥʽʩʪʴ [167]. 

ʋʧʝʨʰʝ ʮʝʡ ʬʘʢʪ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʧʫʩʢʫ ʫ ʨʦʙʦʪʽ [173]. 

ʅʠʞʯʝ ʧʦʜʘʥʦʥʦ ʚʠʨʘʟ ʜʣʷ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʷʢʠʡ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʦʛʦ ʪʠʤ, ʱʦ ʚ ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ 

ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜ ʧʦʨʫʰʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʩʧʨʠʯʠʥʝʥʠʭ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ. 

ʎ̔ ʝʢʦʥʦʤʽʯʥʽ ʨʠʟʠʢʠ ʚʨʘʭʦʚʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʰʪʨʘʬʥʦʾ ʬʫʥʢʮʽʾ fe(t) ʪʘ ʾʾ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ ʧʝʨʽʦʜ ʧʫʩʢʫ FE. 

ɿʛ̔ʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʫ ʦʩʥʦʚʦʧʦʣʦʞʥʠʭ ʨʦʙʦʪʘʭ ʟ ʪʝʦʨʽʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ [169, 167, 242], ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʟʘ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʫ ʯʘʩʽ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ, ʨʠʩ. 3.3, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʝʬʝʢʪʫ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ A ʜʦ ʡʦʛʦ ʨʝʩʫʨʩʦʤ̒ʥʦʩʪʽ R. 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʟʘ 

ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʫ ʯʘʩʽ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʩʪʝʤʫ ʧʦʟʥʘʯʝʥʴ, ʥʘʚʝʜʝʥʫ ʫ ʨʦʟʜʽʣʽ 2.6, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʚʠʨʘʟʠ ʜʣʷ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʝʬʝʢʪʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ: 

() ()( )
1

( )
z

z

t

A vpe t vre t vfe t dt

t

+

= - -ñ ,    (3.13) 

ʪʘ ʜʣʷ ʨʝʩʫʨʩʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

() ()( )
0

zt

R vpe t vre t dt= -ñ ,    (3.14) 

ʜʝ vre(t) ï ʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

() () ()
0 0 0

t t t

vpe t ipe t dt pe t dt dt
å õ

= =æ öæ ö
ç ÷

ñ ñ ñ ,   (3.15) 

vpe(t) ï ʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʨʝʩʫʨʩʦʚʽʜʜʘʯʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

() () ()
0 0 0

t t t

vre t ire t dt re t dt dt
å õ

= =æ öæ ö
ç ÷

ñ ñ ñ ,   (3.16) 

vfe(t) ï ʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʜʦʜʘʪʢʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

tZ ï ʤʦʤʝʥʪ ʣʦʛʽʯʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

0 0 0 0

( ) ( )
Z Z Z Z

t t t t

t t t t

re t dt dt pe t dt dt

å õ å õ
æ ö æ ö=
æ ö æ ö
ç ÷ ç ÷

ñ ñ ñ ñ
,    (3.17) 

ʜʝ re(t), pe(t), fe(t) ï ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʩʠʛʥʘʣʽʚ ʩʫʤʘʨʥʦʾ ʝʢʩʧʝʨʪʥʦʾ 

ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ, ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʪʘ ʰʪʨʘʬʥʦ ʾ ʬʫʥʢʮʽʾ 

ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ; 

ʆʩʪʘʪʦʯʥʦ, ʜʣʷ ʚʠʧʘʜʢʫ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʫ ʯʘʩʽ ʭʘʨʘʢʪʝʨʫ 

ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʦʪʨʠʤʘʻʤʦ ʪʘʢʠʡ ʚʠʨʘʟ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ: 

1

0 0 0 0 0 0

0 0 0 0 0

( ) ( ) ( )

,

( ) ( )

Z

Z

Z

t t t t t t t

t t t t t t t

t t t t t

t t t t t

re t dt dt pe t dt dt fe t dt dt dt

kE

re t dt dt pe t dt dt dt

+å õå õ å õ å õ
æ öæ ö æ ö æ ö- -
æ öæ ö æ ö æ ö
ç ÷ ç ÷ ç ÷ç ÷=

è øå õ å õ
é ùæ ö æ ö-
é ùæ ö æ ö
ç ÷ ç ÷ê ú

ñ ñ ñ ñ ñ ñ ñ

ñ ñ ñ ñ ñ
 (3.18) 

ʜʝ t0 ï ʯʘʩ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 
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ʗʢʱʦ ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ ʩʫʤʘʨʥʦʛʦ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʽ ʩʫʢʫʧʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ re(t), pe(t) ʜʦʧʫʩʢʘʶʪʴ ʙʘʛʘʪʦʢʨʘʪʥʝ 

ʘʥʘʣʽʪʠʯʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ ʟʦʩʝʨʝʜʞʝʥʦʛʦ ʫ ʯʘʩʽ ʭʘʨʘʢʪʝʨʽ 

ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ, ʨʠʩ. 3.4, ʬʦʨʤʫʣʘ (3.18) ʤʦʞʝ 

ʙʫʪʠ ʩʫʪʪʻʚʦ ʩʧʨʦʱʝʥʘ. 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʟʘ 

ʟʦʩʝʨʝʜʞʝʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ 

 

ɿʘʜʘʤʦ ʩʠʛʥʘʣʠ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʽ ʩʫʢʫʧʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ re(t), pe(t) ʪʘ ʜʦʜʘʪʢʦʚʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʨʠʟʠʢ fe(t) ʫ ʬʦʨʤʽ ʽʤʧʫʣʴʩʥʠʭ 

ʬʫʥʢʮʽʡ: 

ὶὩὸ
πȟὸ ὸ
ὙὉȟὸ ὸ

ȠὴὩὸ
πȟὸ ὸ

ὖὉȟὸ ὸ
ȠὪὩὸ

πȟὸ ὸ

ὊὉȟὸ ὸ
,  (3.19) 

ʜʝ t0, tf ï ʯʘʩ ʧʦʯʘʪʢʫ ʪʘ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʬʫʥʢʮʽʡ (3.19) ʦʪʨʠʤʘʻʤʦ ʪʘʢʠʡ 

ʚʠʨʘʟ ʜʣʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʟʘ ʟʦʩʝʨʝʜʞʝʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ: 

ὯὉ ίὭὫὲὖὉ ὙὉ ὊὉϽ
Ͻ Ͻ

,   (3.20) 

ʜʝ ts = (t f ï t0) ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

ʗʢʱʦ ʧʨʦʮʝʩ ʧʫʩʢʫ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t0 = 0, ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʨʽʚʥʽʩʪʴ ts = t f. 
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ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʚʠʨʘʟʦʤ (3.20) ʚʠʢʦʥʘʪʠ ʥʘʙʘʛʘʪʦ 

ʧʨʦʩʪʽʰʝ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.18). ɸʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣʠ (3.20) ʚʠʤʘʛʘʻ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ, ʷʢʱʦ ʦʜʠʥ ʽʟ ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʘʙʦ 

ʨʝʩʫʨʩʦʫʪʚʦʨʝʥʥʷ ʤʘʻ ʨʦʟʧʦʜʽʣʝʥʠʡ ʫ ʯʘʩʽ ʭʘʨʘʢʪʝʨ. 

3.5 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʘ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʽʜ ʢʝʨʫʶʯʠʭ ʪʘ ʟʙʫʨʶʶʯʠʭ ʚʧʣʠʚʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʫʢʫʧʥʦʩʪʽ ʟ ʨʝʛʨʝʩʽʡʥʠʤ ʘʥʘʣʽʟʦʤ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ɿ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥ ɹ

ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʤʝʪʦʜʠʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʩʭʝʤʦʶ 

ʨʦʪʦʪʘʙʝʣʴʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ (ʈʎʂʇ), ʚ ʦʩʥʦʚʫ ̫ ʢʦʾ 

ʧʦʢʣʘʜʝʥʦ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ, ʱʦ ʤʽʩʪʠʪʴ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʽ 

ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ. ʈʦʪʦʪʘʙʝʣʴʥʽ ʧʣʘʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʥʘʢʦʚʫ ʪʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʜʦʛʝʥʥʦʾ ʚʝʣʠʯʠʥʠ ʚ ʫʩʽʭ ʥʘʧʨʷʤʘʭ ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʮʝʥʪʨʘ ʧʣʘʥʫʚʘʥʥʷ. ʎʝʡ ʧʣʘʥ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ, ʷʢʘ ʜʘ̒ ʤʦʞʣʠʚʽʩʪʴ ʟ 

ʦʜʥʘʢʦʚʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ ʚ ʪʦʯʢʘʭ, ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʭ ʚʽʜ 

ʮʝʥʪʨf ʧʣʘʥʫ, ʽ ʟ ʥʘʡʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ ï ʫ ʪʦʯʢʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʡʦʛʦ ʤʝʞ̔ 

[222]. ʊʘʢʘ ʚʣʘʩʪʠʚʽʩʪʴ ʤʦʜʝʣʽ ʻ ʟʥʘʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʣʷ ʪʠʭ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙô̒ ʢʪʘ ʧʦʙʣʠʟʫ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ, ʘ ʪʘʢʦʞ, 

ʢʦʣʠ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟʘ ʫʤʦʚʠ, ʱʦ ʰʫʢʘʥʠʡ ʦʧʪʠʤʫʤ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝʜʘʣʝʢʦ ʚʽʜ ʮʝʥʪʨʘ ʧʣʘʥʫ. 

ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʧʣʘʥʫ ʜʦʩʣʽʜʞʝʥʴ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʙʨʦʙʢʠ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʇ̔ ʜ ʯʘʩ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʧʘʨʘʤʝʪʨ, ʟʘ ʷʢʠʤ 

ʦʮʽʥʶʻʪʴʩʷ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙô̒ ʢʪ ʽ ʷʢʠʡ ʧʦʚô̫ʟʫʻ ʯʠʥʥʠʢʠ ʚ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ. ʇʽʜ ʯʘʩ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʘ ʥʝʦʙʭʽʜʥʦ ʧʨʘʛʥʫʪʠ ʜʦ ʪʦʛʦ, ʱʦʙ ʚʽʥ ʙʫʚ ʦʜʠʥ, 
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ʤʘʚ ʯʽʪʢʠʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʽ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ. ɺ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʚʠʙʨʘʥʦʛʦ ʥʘʧʨʷʤʫ 

ʜʦʩʣʽʜʞʝʥʴ ʷʢ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʘʨʘʤʝʪʨ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.20) ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʫ 

ʨʦʟʜʽʣʘʭ 3 ʪʘ 2 ʤʝʪʦʜʠʢʘʤʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʚʝʜʝʥʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʥʘʡʧʦʰʠʨʝʥʽʠhʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʪʠʧʽʚ, ʚʠʟʥʘʯʝʥʽ ʫ ʨʦʟʜʽʣʽ 2.8. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʧʫʩʢʫ ʙʫʣʦ ʚʠʟʥʘʥʦ ʟʘ ʥʝʦʙʭʽʜʥʝ 

ʧʨʦʚʝʩʪʠ ʦʢʨʝʤʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʽ ʩʪʘʣʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

(ʘʢʪʠʚʥʠʡ ʘʙʦ ʨʝʘʢʪʠʚʥʠʡ ʪʠʧ ʤʦʤʝʥʪʫ ʦʧʦʨʫ) ʪʘ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ 

ʥʝʣʽʥʽʡʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ (ʚʝʥʪʠʣʷʪʦʨʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ).  

ʋ ʨʘʟʽ ʩʪʘʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙô̒ ʢʪʘ ʘʙʦ ʧʨʦʮʝʩʫ 

ʧʦʜʘ̒ʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʘ, ʪʦʙʪʦ ʚʽʜʨʽʟʢʘ ʨʷʜʫ ʊʝʡʣʦʨʘ, ʧʦ ʷʢʦʤʫ 

ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʝʚʽʜʦʤʘ ʬʫʥʢʮʽʷ: 

ώὼȟỄȟὼ ὦ В ὦὼ В ὦὼὼȟ В ὦὼ Ễ, 

ʜʝ b0 ï ʚʽʣʴʥʠʡ ʯʣʝʥ; bi ï ʣʽʥʽʡʥʽ ʝʬʝʢʪʠ; bij ï ʝʬʝʢʪʠ ʧʘʨʥʦʛʦ ʚʟʘʻʤʦʜʽʾ; bii ï 

ʢʚʘʜʨʘʪʠʯʥʽ ʝʬʝʢʪʠ. 

ʇʝʨʝʜ ʨʦʟʨʦʙʢʦʶ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʧʽʜʩʪʘʚʽ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʯʠʥʥʠʢʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ. ɼʦ ʯʠʩʣʘ ʪʘʢʠʭ ʯʠʥʥʠʢʽʚ ʥʘʣʝʞʘʪʴ : tu ï ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ 

ʧʫʩʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ); Tl ï 

ʚʽʜʥʦʩʥʝ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ (ʚʧʣʠʚ ʟʙʫʨʝʥʥʷ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ). 

ʗʢ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ 

ʜʚʦʯʠʥʥʠʢʦʚʝ ʨʦʪʦʪʘʙʝʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʟ ʯʠʥʥʠʢʽʚ (tu, Tl) ʧʨʠʡʤʝʤʦ ʜʽʘʧʘʟʦʥʠ ʟʤʽʥ 

ʪʘʢʠʤʠ, ʱʦʙ ʦʭʦʧʠʪʠ ʚʩʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ. ʏʠʥʥʠʢʠ ʚ ʢʦʜʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʡ 

ʽʥʪʝʨʚʘʣʠ ʾʭ ʚʘʨʽʶʚʘʥʥʷ [222], ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.1. 
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ʇ̔ ʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʙʘʛʘʪʦʯʠʥʥʠʢʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ 

ʨʦʪʦʪʘʙʝʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʜʦ ʤʘʪʨʠʮs ʧʣʘʥʫʚʘʥʥʷ ʚʚʝʜʝʥʦ ʜʚʽ ʟʤʽʥʥ ̔ʥʘ ʜʚʦʭ 

ʨʽʚʥʷʭ (16 ʪʦʯʦʢ), ʚʽʩʽʤ çʟʽʨʢʦʚʠʭ ʪʦʯʦʢè ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ Ñ 2; 0; 0; 0 ʽ ʦʜʥʘ ʪʦʯʢʘ 

ʚ ʮʝʥʪʨʽ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʪʘʙʣ. 3.2). 

 

ʊʘʙʣʠʮʷ 3.1 ï ɯʥʪʝʨʚʘʣʠ ʚʘʨʽʶʚʘʥʥʷ ʯʠʥʥʠʢʽʚ. 

ʇʘʨʘʤʝʪʨ 

ʏʠʥʥʠʢʠ 

ʏ
ʘ
ʩ
 

ʨ
ʦ
ʟ
ʛ
ʦ
ʨ
ʪ
ʘ
ʥ
ʥ
ʷ

 

ʥ
ʘ
ʧ
ʨ
ʫ
ʛ
ʠ

 

ʢ
ʝ
ʨ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

,
 
ʩ

 

ʄ
ʦ
ʤ
ʝ
ʥ
ʪ
 

ʦ
ʧ
ʦ
ʨ
ʫ
,
 
ʚ
.
ʦ
.

 

ʆʩʥʦʚʥʠʡ ʨʽʚʝʥʴ, xi=0 10 0,55 

ɺʝʨʭʥʷ ʟʽʨʢʦʚʘ ʪʦʯʢʘ, xi = 0,707 17,071 0,868 

ɺʝʨʭʥʷ ʪʦʯʢʘ, xi = 1 20 1 

ʅʠʞʥʷ ʟʽʨʢʦʚʘ ʪʦʯʢʘ, xi = -0,707 2,929 0,232 

ʅʠʞʥʷ ʪʦʯʢʘ, xi = -1 0 0,1 

 

ʋ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʩʥʦʚʥʠʡ ʨʽʚʝʥʴ ʧʦʟʥʘʯʝʥʠʡ ʷʢ ç0è, 

ʥʠʞʥʽʡ ʨʽʚʝʥʴ ï ʟʥʘʢʦʤ ç-1è ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ ï ʟʥʘʢʦʤ ç+1è. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʣʽʜʽʚ: 

N = 2k + 2k + k0 = 9,     (3.21)  

ʜʝ k = 2 - ʢʽʣʴʢʽʩʪʴ ʯʠʥʥʠʢʽʚ; 2k = 4 - ʧʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ (ʷʜʨʦ ʧʣʘʥʫ) 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʨʷʜʢʘʭ 1... 16 ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ; 2k = 4 ï ʟʽʨʢʦʚʽ ʪʦʯʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʷʜʢʘʭ 17... 24 ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ (ʚʝʣʠʯʠʥʘ ʟʦʨʷʥʦʛʦ ʧʣʝʯʘ 

Ŭ = 2); k0 = 1 ï ʜʦʩʣʽʜʠ ʚ ʮʝʥʪʨʽ ʧʣʘʥʫ. 

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʷʢ ʦʢʨʝʤʽ ʚʽʜʛʫʢʠ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʟʤʽʥʥʽ: ʪʨʠʚʘʣʽʩʪʴ ʟʘʧʫʩʢʫ tS, ʩ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʯʘʩ 

ʟʘʧʫʩʢʫ iS, ʢɺʪĀʛʦʜ, ʩʫʤʘʨʥʝ ʟʥʦʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʟʘ ʯʘʩ ʟʘʧʫʩʢʫ We, ʝ.ʦ., ʽʥʪʝʛʨʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ RE, ʝ.ʦ. ʪʘ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ kE. 

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣ.3.2. 
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ʊʘʙʣʠʮʷ 3.2 ï ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʜʚʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ˉ 

ʟ/ʧ 

ʏʘʩ 

ʨʦʟʛʦʨʪʘʥʥʷ 

ʥʘʧʨʫʛʠ 

ʢʝʨʫʚʘʥʥʷ 

tu, ʩ  

ɺʽʜʥʦʩʥʝ 

ʟʥʘʯʝʥʥʷ 

ʤʦʤʝʥʪʫ ʦʧʦʨʫ 

Tl, ʚ.ʦ. 

ɺʽʜʛʫʢ 1 é ɺʽʜʛʫʢ N 

1 2 3 4 5 6 

1 2,929 0,868    

2 10,000 0,100    

3 0,000 0,550    

4 10,000 0,550    

5 10,000 0,550    

6 17,071 0,232    

7 17,071 0,868    

8 2,929 0,232    

9 10,000 1,000    

10 20,000 0,550    

 

ʅʝʦʙʭʽʜʥʽ ʟʛʽʜʥʦ ʟ ʪʘʙʣ. 3.2 ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʜʣʷ ʢʦʞʥʦʾ ʟ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʦʚʘʥʦʛʦ ʟʘʧʫʩʢʫ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ʅʠʞʯʝ, ʫ 

ʪʘʙʣ. 3.3, ʦʧʠʩʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʦʣʝ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʊʘʙʣʠʮʷ 3.3 ï ʇʦʚʥʠʡ ʧʝʨʝʣʽʢ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʧʫʩʢʫ ʫ ʪʘʙʣʠʮʷʭ ʜʦʜʘʪʢʘ ɺ 

ɽʣʝʢʪʨʦʧʨʠʚʦʜ 

ɸʢʪʠʚʥʠʡ 

ʤʦʤʝʥʪ 

ʦʧʦʨʫ, 1600 

ʢɺʪ 

ɺʝʥʪʠʣʷʪʦʨʥʠʡ 

ʤʦʤʝʥʪ ʦʧʦʨʫ, 

1600 ʢɺʪ 

ɸʢʪʠʚʥʠʡ 

ʤʦʤʝʥʪ 

ʦʧʦʨʫ,  

800 ʢɺʪ 

ɺʝʥʪʠʣʷʪʦʨʥʠʡ 

ʤʦʤʝʥʪ ʦʧʦʨʫ, 

800 ʢɺʪ 

ʊʇ-ɼ B1  B8  

ʇʏ-ɸɼ B2 B4 B9 B10 

ʊʈʅ-ɸɼ  B5  B11 

ʊʈʅ-ʉɼ  B6  B12 

SRM B3 B7   

 

ʄʘʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʠʪʴ ʫʩʪʘʥʦʚʠʪʠ ʩʧʽʣʴʥʠʡ 

ʚʧʣʠʚ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘ 

ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʦʙˇʨʫʥʪʫʚʘʪʠ ʽʩʥʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʬʦʨʤʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 
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ʧʫʩʢʫ, ʧʨʠʜʘʪʥʦʾ ʜʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʚʠʛʣʷʜ ʮʽʻʾ ʤʦʜʝʣʽ. 

3.5.1 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ 

ʧʦʩʪʽʡʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

ʅʠʞʯʝ ʙʫʜʝ ʜʝʪʘʣʴʥʽʰʝ ʨʦʟʛʣʷʥʫʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʨʠ ʨʦʙʦʪʽ ʟ ʧʦʩʪʽʡʥʠʤ 

ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ ʥʘ ʚʘʣʫ. 

3.5.1.1 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʧʦʩʪʽʡʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʽʜ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʟʙʫʨʝʥʥʷ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʦʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʽʜ ʜʽʻʶ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʙʫʨʝʥʥʷ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 6.9. 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʘʥʦ ʚ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ ɺ03, ʜʦʜʘʪʦʢ ɺ. 

ʆʩʥʦʚʥʦʶ ʩʬʝʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʻ ʩʢʽʧʦʚʽ ʪʘ ʢʣʽʪʴʦʚʽ ʫʩʪʘʥʦʚʢʠ ʰʘʭʪ, ʦʙʪʠʩʢʥʽ ʩʪʘʥʠ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʊʘʢʽ ʨʦʙʦʯʽ ʤʘʰʠʥʠ ʩʪʚʦʨʶʶʪʴ ʨʝʘʢʪʠʚʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʚʝʥʪʠʣʷʪʦʨʥʠʤ 

ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ ʥʝ ʚʠʢʦʥʫʚʘʣʠʩʴ. 

ʏʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʛʫʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. B1 ʪʘ ɺ8 ʜʦʜʘʪʢʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʜʚʠʛʫʥʽʚ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 1600 ʪʘ 800 ʢɺʪ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ kE(tu, Tl) ʜʣʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ 

kE(tu, Tl) = 0,00280392 + 0,00326514 Ā tu -  

-0,00844361 Ā Tl - 0,0000898791 Ā tu2 -     (3.22) 

-0,00145862 Ā tu Ā Tl - 0,00188439 Ā Tl2. 
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ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʢʣʘʚ R = 89,85 %. 

ɿʥʘʯʫʱʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ (3.22) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʠ ʇʘʨʝʪʦ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.5. 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ʂʘʨʪʘ ʇʘʨʝʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ 

ʤʦʜʝʣʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʇ-ɼ 

ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ 

 

ʇʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ ʪʘ ʢʦʥʪʫʨʥʫ ʤʘʧʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʇ-ɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.6. 

 

 

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.6 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ (ʘ) ʪʘ ʢʦʥʪʫʨʥʘ ʤʘʧʘ (ʙ) ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʇɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ 

 

ɼʣʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ 
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kE(tu, Tl) = -0,00594086 + 0,00544514 Ā tu +  

+0,0210609 Ā Tl - 0,000217287 Ā tu2 -     (3.23) 

- 0,00102278 Ā tu Ā Tl - 0,0274457 Ā Tl2 . 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʢʣʘʚ R = 89,79 %. 

ɿʥʘʯʫʱʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ (3.23) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʠ ʇʘʨʝʪʦ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.7. 

 

ʈʠʩʫʥʦʢ 3.7 ï ʂʘʨʪʘ ʇʘʨʝʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ 

ʤʦʜʝʣʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʇ-ɼ 

ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ 

ʇʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ ʪʘ ʢʦʥʪʫʨʥʫ ʤʘʧʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʇ-ɼ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.8. 

 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.8 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ (ʘ) ʪʘ ʢʦʥʪʫʨʥʘ ʤʘʧʘ (ʙ) ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʇ-ɼ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ 
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ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʤʦʤʝʥʪʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʚʝʣʠʯʠʥʠ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʪʘ ʥʝʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʢʝʨʫʚʘʥʥʷ. 

3.5.1.2 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʯʘʩʪʦʪʥʦ-

ʢʝʨʦʚʘʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʧʦʩʪʽʡʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʽʜ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʟʙʫʨʝʥʥʷ ʜʣʷ ʯʘʩʪʦʪʥʦ-ʢʝʨʦʚʘʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʟʘʢʦʥʦʤ 

ʢʝʨʫʚʘʥʥʷ U/f = const. ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʇʏ-ɸɼ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʽʻʶ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʟʙʫʨʝʥʥʷ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 6.18. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʫʥʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ ɺ01, 

ʜʦʜʘʪʦʢ ɺ. 

ʏʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʛʫʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʯʘʩʪʦʪʥʦ-ʢʝʨʦʚʘʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. B2 ʪʘ ɺ9 

ʜʦʜʘʪʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʜʚʠʛʫʥʽʚ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 1600 ʪʘ 800 ʢɺʪ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʝ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ kE(tu, Tl) ʜʣʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ 

 

kE(tu, Tl) = 0,00493252 + 0,0109941*tu +  

+0,0470161*Tl - 0,000351785*tu2 ï      (3.24) 

-0,00777826*tu*Tl - 0,0146141*Tl2 . 

 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʢʣʘʚ R = 87,31 %. 

ɿʥʘʯʫʱʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ (3.24) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʠ ʇʘʨʝʪʦ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.9. 
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ʈʠʩʫʥʦʢ 3.9. ï ʂʘʨʪʘ ʇʘʨʝʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʇʏ-ɸɼ 1600 ʢɺʪ 

 

ʇʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ ʪʘ ʢʦʥʪʫʨʥʫ ʤʘʧʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʇʏ-ɸɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.10. 

 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.10 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ (ʘ) ʪʘ ʢʦʥʪʫʨʥʘ ʤʘʧʘ (ʙ) ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʇʏ-ɸɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ 

 

ɼʣʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ: 

kE(tu, Tl) = -0,0684636 + 0,0241011 Ā tu +  

+0,142501 Ā Tl - 0,000735167 Ā tu2 ï     (3.25) 

-0,010128 Ā tu Ā Tl - 0,0810381 Ā Tl2 . 

 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʢʣʘʚ R = 88,83 %. 
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ɿʥʘʯʫʱʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ (3.25) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʠ ʇʘʨʝʪʦ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.11. 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ʂʘʨʪʘ ʇʘʨʝʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʇʏ-ɸɼ 800 ʢɺʪ 

 

ʇʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ ʪʘ ʢʦʥʪʫʨʥʫ ʤʘʧʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʇʏ-ɸɼ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.12. 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.12 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ (ʘ) ʪʘ ʢʦʥʪʫʨʥʘ ʤʘʧʘ (ʙ) ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʇʏ-ɸɼ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʤʦʤʝʥʪʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʚʝʣʠʯʠʥʠ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʪʘ ʙʽʣʴʰ ʟʥʘʯʥʦʛʦ ʧʦʨʽʚʥʷʥʦ ʟ 
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ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʊʇ-ɼ ʟʤʝʥʰʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ 

ʢʝʨʫʚʘʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷʤ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

3.5.1.3 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʝʥʪʠʣʴʥʦ-

ʽʥʜʫʢʪʦʨʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʧʦʩʪʽʡʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʽʜ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʟʙʫʨʝʥʥʷ ʜʣʷ ʢʝʨʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʠʤ ʜʚʠʛʫʥʦʤ. 

ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ SRM, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʽʜ ʜʽʻʶ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʙʫʨʝʥʥʷ, ʟʦʙʨʘʞʝʥʘ 

ʥʘ ʨʠʩ. 6.17. 

ʏʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʛʫʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ SRM ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. B3 ʜʦʜʘʪʢʽʚ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʝ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ kE(tu, Tl) ʜʣʷ SRM ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ 

kE(tu, Tl) =  0,00394712 + 0,00790134 Ā tu +  

+0,0173403 Ā Tl - 0,000217947 Ā tu2 ï            (3.26) 

-0,00473417 Ā tu Ā Tl - 0,00774933 Ā Tl2  . 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʢʣʘʚ R = 88,63 %. 

ɿʥʘʯʫʱʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ (3.26) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʠ ʇʘʨʝʪʦ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.13. 

 

ʈʠʩʫʥʦʢ 3.13 ï ʂʘʨʪʘ ʇʘʨʝʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ 

SRM ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ 
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ʇʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ ʪʘ ʢʦʥʪʫʨʥʫ ʤʘʧʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ SRM ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.14. 

 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.14 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ (ʘ) ʪʘ ʢʦʥʪʫʨʥʘ ʤʘʧʘ (ʙ) ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ SRM ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʤʦʤʝʥʪʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʚʝʣʠʯʠʥʠ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʟ SRM ʟʘ ʟʦʚʥʽʰʥʽʤʠ ʦʟʥʘʢʘʤʠ ʪʘ ʭʘʨʘʢʪʝʨʦʤ ʟʘʣʝʞʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʥʘʙʣʠʞʝʥʠʡ 

ʜʦ ʯʘʩʪʦʪʥʦ-ʢʝʨʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

3.5.2 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ 

ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

ʅʠʞʯʝ ʙʫʜʝ ʜʝʪʘʣʴʥʽʰʝ ʨʦʟʛʣʷʥʫʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʩʢʦʚʠʭ ʧʨʦʮʝʩʽʚ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʝʥʪʠʣʷʪʦʨʥʠʤ 

ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ ʥʘ ʚʘʣʫ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʨʦʙʦʯʠʭ ʤʘʰʠʥ ʟ 

ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʻ ʥʝʟʥʘʯʥʠʡ ʧʫʩʢʦʚʠʡ ʤʦʤʝʥʪ 

ʨʦʙʦʯʦʾ ʤʘʰʠʥʠ ʚ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʧʫʩʢʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʟʘʧʫʩʢʦʤ ʪʘʢʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʨʦʩʪʽʰ ̔ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ 

ʟ ʪʠʨʠʩʪʦʨʥʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʥʘʧʨʫʛʠ. 
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3.5.2.1 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʯʘʩʪʦʪʥʦ-

ʢʝʨʦʚʘʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʤʦʤʝʥʪʦʤ 

ʦʧʦʨʫ 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʽʜ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʟʙʫʨʝʥʥʷ ʜʣʷ ʯʘʩʪʦʪʥʦ-ʢʝʨʦʚʘʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʟʘʢʦʥʦʤ 

ʢʝʨʫʚʘʥʥʷ U/f 2 = const. ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʇʏ-ɸɼ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʽʜ ʜʽʻʶ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ 

ʪʘ ʟʙʫʨʝʥʥʷ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 6.18. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʫʥʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ ɺ01, 

ʜʦʜʘʪʦʢ ɺ. 

ʏʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʛʫʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. B4 ʪʘ ɺ10 ʜʦʜʘʪʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ 

ʜʣʷ ʜʚʠʛʫʥʽʚ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 1600 ʪʘ 800 ʢɺʪ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʝ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ kE(tu, Tl) ʜʣʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ 

kE(tu, Tl) = -0,0617194 + 0,0203299 Ā tu +  

+0,111477 Ā Tl - 0,000623346 Ā tu2 ï            (3.27) 

-0,00108464 Ā tu Ā Tl - 0,0974399 Ā Tl2  . 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʢʣʘʚ R = 91,73 %. 

ɿʥʘʯʫʱʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ (3.27) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʠ ʇʘʨʝʪʦ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.15. 

 

ʈʠʩʫʥʦʢ 3.15 ï ʂʘʨʪʘ ʇʘʨʝʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʇʏ-ɸɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ ʟ ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 
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ʇʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ ʪʘ ʢʦʥʪʫʨʥʫ ʤʘʧʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʇʏ-ɸɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.16. 

 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.16 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ (ʘ) ʪʘ ʢʦʥʪʫʨʥʘ ʤʘʧʘ (ʙ) ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʇʏ-ɸɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ ʟ 

ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

 

ɼʣʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ: 

kE(tu, Tl) = -0,163561 + 0,0541535 Ā tu +  

+ 0,386113 Ā Tl - 0,00230952 Ā tu2 ï         (3.28) 

- 0,00260594 Ā tu Ā Tl - 0,33803 Ā Tl2 . 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʢʣʘʚ R = 86,97 %. 

ɿʥʘʯʫʱʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ (3.28) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʠ ʇʘʨʝʪʦ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.17. 

 

ʈʠʩʫʥʦʢ 3.17 ï ʂʘʨʪʘ ʇʘʨʝʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʇʏ-ɸɼ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ ʟ ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 
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ʇʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ ʪʘ ʢʦʥʪʫʨʥʫ ʤʘʧʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʇʏ-ɸɼ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.18. 

  

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.18 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ (ʘ) ʪʘ ʢʦʥʪʫʨʥʘ ʤʘʧʘ (ʙ) ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʇʏ-ɸɼ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ  

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ 

ʥʘʧʨʫʛʠ ʢʝʨʫʚʘʥʥʷ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʦʧʦʨʫ. ɿʙʽʣʴʰʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ 

ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

3.5.2.2 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʪʠʨʠʩʪʦʨʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʧʨʫʛʠ ʪʘ ʚʝʥʪʠʣʷʪʦʨʥʠʤ 

ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʽʜ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʟʙʫʨʝʥʥʷ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʪʠʨʠʩʪʦʨʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ʥʘʧʨʫʛʠ. ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʈʅ-ɸɼ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʽʜ ʜʽʻʶ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʙʫʨʝʥʥʷ, 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 6. 10. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ ɺ01, ʜʦʜʘʪʦʢ ɺ. 
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ʏʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʛʫʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. B5 ʪʘ ɺ11 ʜʦʜʘʪʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ 

ʜʣʷ ʜʚʠʛʫʥʽʚ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 1600 ʪʘ 800 ʢɺʪ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʝ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ kE(tu, Tl) ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ 

 

kE(tu, Tl) = -0,0273949 + 0,00894695 Ā tu +  

+ 0,050526 Ā Tl - 0,00023746 Ā tu2 ï          (3.29) 

- 0,00106578 Ā tu Ā Tl - 0,0389128 Ā Tl2 . 

 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʢʣʘʚ R = 89,80 %.  

ɿʥʘʯʫʱʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ (3.29) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʠ ʇʘʨʝʪʦ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.19. 

 

 

ʈʠʩʫʥʦʢ 3.19 ï ʂʘʨʪʘ ʇʘʨʝʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʊʈʅ -ɸɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ ʟ ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

 

ʇʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ ʪʘ ʢʦʥʪʫʨʥʫ ʤʘʧʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʈʅ -ɸɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.20. 
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ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.20 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ (ʘ) ʪʘ ʢʦʥʪʫʨʥʘ ʤʘʧʘ (ʙ) ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʈʅ -ɸɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ ʟ 

ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

 

ɼʣʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ: 

kE(tu, Tl) = -0,0401341 + 0,0130079 Ā tu +  

+0,0745625 Ā Tl - 0,000428918 Ā tu2 ï         (3.30) 

-0,00203361 Ā tu Ā Tl - 0,0574705 Ā Tl2 . 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʢʣʘʚ R = 86,20 %. 

ɿʥʘʯʫʱʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ (3.30) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʠ ʇʘʨʝʪʦ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.21. 

ʇʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ ʪʘ ʢʦʥʪʫʨʥʫ ʤʘʧʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʈʅ -ɸɼ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.22. 

 

ʈʠʩʫʥʦʢ 3.21 ï ʂʘʨʪʘ ʇʘʨʝʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʊʈʅ ïɸɼ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ ʟ ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 
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ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.22 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ (ʘ) ʪʘ ʢʦʥʪʫʨʥʘ ʤʘʧʘ (ʙ) ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʈʅ -ɸɼ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ  

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ 

ʥʘʧʨʫʛʠ ʢʝʨʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʦʤʝʥʪʫ ʦʧʦʨʫ. ɿʙʽʣʴʰʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ 

ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʧʨʫʛʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ. 

3.5.2.3 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʩʠʥʭʨʦʥʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʪʠʨʠʩʪʦʨʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʧʨʫʛʠ ʪʘ ʚʝʥʪʠʣʷʪʦʨʥʠʤ 

ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʚʽʜ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʟʙʫʨʝʥʥʷ ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʪʠʨʠʩʪʦʨʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʧʨʫʛʠ. 

ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʈʅ-ʉɼ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʧʽʜ ʜʽʻʶ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʙʫʨʝʥʥʷ, ʟʦʙʨʘʞʝʥʘ 

ʥʘ ʨʠʩ. 6.11. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʘʥʦ ʚ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ ɺ02, ʜʦʜʘʪʦʢ ɺ. 

ʏʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʛʫʢʽʚ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. B6 ʪʘ ɺ12 ʜʦʜʘʪʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ 

ʜʚʠʛʫʥʽʚ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 1600 ʪʘ 800 ʢɺʪ. 
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ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʝ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ kE(tu, Tl) ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ 

kE(tu, Tl) = -0,01945 + 0,00687938 Ā tu +  

+0,0343508 Ā Tl - 0,000196912 Ā tu2 ï            (3.31) 

-0,000498244 Ā tu Ā Tl - 0,0343326 Ā Tl2 . 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʢʣʘʚ R = 87,48 %. 

ɿʥʘʯʫʱʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ (3.31) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʠ ʇʘʨʝʪʦ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.23. 

ʇʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ ʪʘ ʢʦʥʪʫʨʥʫ ʤʘʧʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʈʅ - ʉɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.24. 

ɼʣʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ: 

kE(tu, Tl) = -0,0294459 + 0,00893581 Ā tu +  

+0,0555703 Ā Tl - 0,000270321 Ā tu2 -         (3.32) 

- 0,00137952 Ā tu Ā Tl - 0,0396328 Ā Tl2 . 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʢʣʘʚ R = 88,93 %. 

 

 

ʈʠʩʫʥʦʢ 3.23 ï ʂʘʨʪʘ ʇʘʨʝʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʊʈʅ - ʉɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ ʟ ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 
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ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.24 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ (ʘ) ʪʘ ʢʦʥʪʫʨʥʘ ʤʘʧʘ (ʙ) ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʈʅ -ʉɼ ʧʦʪʫʞʥʽʩʪʶ 1600 ʢɺʪ ʟ 

ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

 

ɿʥʘʯʫʱʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ (3.32) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʠ ʇʘʨʝʪʦ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3.25. 

 

ʈʠʩʫʥʦʢ 3.25 ï ʂʘʨʪʘ ʇʘʨʝʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʊʈʅ -ʉɼ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ ʟ ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

 

ʇʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ ʪʘ ʢʦʥʪʫʨʥʫ ʤʘʧʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʫʩʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʊʈʅ -ʉɼ ʧʦʪʫʞʥʽʩʪʶ 800 ʢɺʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.26. 

 














































































































































































































































































































































































