
ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ɿɸʇʆʈɯɿʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 

ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ çɿɸʇʆʈɯɿʔʂɸ ʇʆʃɯʊɽʍʅɯʂɸè 

 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʨʦʙʦʪʘ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

 

ɼɽɻʊʗʈɽʅʂʆ ʇɸɺʃʆ ɻʃɯɹʆɺʀʏ 

 

 

ʋɼʂ 539.3 

 

 

 

 

ʅɸʇʈʋɾɽʅʆ-ɼɽʌʆʈʄʆɺɸʅʀʁ ʉʊɸʅ ʊɸ ʏʀʉɽʃʔʅɽ 

ʄʆɼɽʃʖɺɸʅʅʗ ʉʀʃʆɺʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ɸɽʈʆʂʆʉʄɯʏʅʆɻʆ 

ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 

 

 

01.02.04 ï ʤʝʭʘʥʽʢʘ ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

05 ï ʪʝʭʥʽʯʥʽ ʥʘʫʢʠ 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ 

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ. 

__________________ ʇ.ɻ. ɼʝʛʪʷʨʝʥʢʦ 

 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ 

ɻʨʠɦʘʢ ɺʽʢʪʦʨ ɿʘʭʘʨʦʚʠʯ 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, 

ɿʘʩʣʫʞʝʥʠʡ ʜʽʷʯ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠ 
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ɸʅʆʊɸʎɯʗ 

 

 

ɼʝʛʪʷʨʝʥʢʦ ʇ. ɻ. ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʪʘ ʯʠʩʝʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʣʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 01.02.04 ï ʤʝʭʘʥʽʢʘ ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ (05 ï ʪʝʭʥʽʯʥʽ 

ʥʘʫʢʠ). ï ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ, ɿʘʧʦʨʽʞʞʷ, 2021. 

ʉʧʝʮʽʘʣʽʟʦʚʘʥʘ ʚʯʝʥʘ ʨʘʜʘ ɼ 17.052.01 ʧʨʠ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʘʥʘʣʽʪʠʢʦ-ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʩʪʽʡʢʦʩʪʽ ʧʽʜʢʨʽʧʣʝʥʠʭ 

ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʪʘ ʭʘʨʘʢʪʝʨʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ.  

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʥʘʜʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʨʦʙʣʝʤʠ ʽ ʧʫʙʣʽʢʘʮʽʡ, ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʷʢʠʭ ʟʦʩʝʨʝʜʞʝʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʟʘʜʘʯ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʟʦʢʨʝʤʘ ʤʝʪʦʜʘʤ ʪʘ 

ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʩʪʽʡʢʦʩʪʽ 

ʩʠʣʦʚʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, 

ʟʦʢʨʝʤʘ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʘʥʘʣʽʟʫ ʟʦʩʝʨʝʜʞʝʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʟʘʜʘʯ, ʷʢʽ 

ʚʠʨʽʰʫʶʪʴʩʷ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʟʦʢʨʝʤʘ ʤʝʪʦʜʘʤ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʩʪʽʡʢʦʩʪʽ ʩʠʣʦʚʠʭ ʦʙʦʣʦʥʢʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʩʫʯʘʩʥʠʤ ʧʽʜʭʦʜʘʤ ʽ ʤʝʪʦʜʘʤ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʣʦʢʘʣʴʥʠʭ ʽ ʟʘʛʘʣʴʥʠʭ ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʩʠʩʪʝʤ ʧʨʠ ʧʨʦʩʪʦʤʫ ʽ ʢʦʤʙʽʥʦʚʘʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ. ɿ ʘʥʘʣʽʟʫ ʧʫʙʣʽʢʘʮʽʡ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʨʦʙʢʘ 

ʯʠʩʝʣʴʥʠʭ ʽ ʘʥʘʣʽʪʠʢʦ-ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʩʪʽʡʢʦʩʪʽ ʧʽʜʢʨʽʧʣʝʥʠʭ 

ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ 

ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʻ ʩʘʤʦʩʪʽʡʥʦʶ ʧʨʦʙʣʝʤʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʨʦʟʚʠʪʢʫ ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʨʫʡʥʽʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʚ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʨʧʫʩʫ ʜʚʠʛʫʥʘ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʨʦʛʨʘʤʥʫ 

ʨʝʘʣʽʟʘʮʽʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʨʫʡʥʽʚʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʦʙʦʣʦʥʢʦʚʠʭ 

ʩʠʩʪʝʤ ʈʂʊ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʛʝʦʤʝʪʨʽʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʚʽʜʧʦʚʽʜʥʘ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʅɼʉ ʦʙʦʣʦʥʢʠ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʾʾ ʨʦʟʚô̫ ʟʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʨʫʡʥʫʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ʊʨʝʪʽʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽ ʘʥʘʣʽʪʠʢʦ-

ʯʠʩʝʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ 

ʨʫʡʥʽʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʘʣʠʚʥʠʭ ʙʘʢʽʚ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʪʨʽʱʠʥʠ ʫ ʥʘʡʙʽʣʴʰ ʥʘʧʨʫʞʝʥʽʡ ʜʽʣʷʥʮʽ ʢʦʥʩʪʨʫʢʮʽʾ. ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʽ 

ʧʦʢʣʘʜʝʥʦ ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʪʝʦʨʽʻʶ ʤʝʭʘʥʽʢʠ 

ʨʫʡʥʫʚʘʥʥʷ. ɼʣʷ ʦʮʽʥʢʠ ʅɼʉ ʚ ʦʙʣʘʩʪʽ ʪʨʽʱʠʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʦʟʚô̫ ʟʢʫ ʩʠʩʪʝʤʠ ʩʠʥʛʫʣʷʨʥʠʭ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ.  

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʦʪʨʠʤʘʚ ʨʦʟʚʠʪʦʢ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜ 

ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ ʩʪʦʩʦʚʥʦ ʩʪʽʡʢʦʩʪʽ ʜʠʩʢʨʝʪʥʦ 

ʧʽʜʢʨʽʧʣʝʥʠʭ ʧʨʦʤʽʞʥʠʤʠ ʰʧʘʥʛʦʫʪʘʤʠ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ 

çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. ʆʩʦʙʣʠʚʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ ʟ ʧʣʦʱʠʥʠ 

ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʠʟʥʠ ʥʘ ʣʦʢʘʣʴʥʽ ʽ ʟʘʛʘʣʴʥʽ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ ʩʢʣʘʜʝʥʦʾ 

ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʤʝʪʦʶ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. 
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ʇô̫ ʪʠʡ ʨʦʟʜʽʣ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʦ ʬʦʨʤʫʣʶʚʘʥʥʶ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʧʦʩʪʘʥʦʚʢʠ, ʦʜʝʨʞʘʥʥʶ ʦʩʥʦʚʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽ ʯʠʩʝʣʴʥʦʛʦ 

ʨʦʟʚô̫ ʟʢʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʟʘʜʘʯʽ ʩʪʽʡʢʦʩʪʽ 

ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʧʨʠʡʥʷʪʪʷ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ ʽ ʦʩʴʦʚʠʭ ʟʫʩʠʣʴ, 

ʟʜʘʪʥʠʭ ʚʠʢʣʠʢʘʪʠ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʧʝʨʚʽʩʥʦʾ ʬʦʨʤʠ, ʦʙʦʣʦʥʢʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʚʽʜʥʦʩʥʦʛʦ ʧʽʜʡʦʤʫ 

ʤʝʨʠʜʽʘʥʫ ʚʽʜʩʽʢʽʚ ʥʘ ʩʪʽʡʢʽʩʪʴ ʩʢʣʘʜʝʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 

ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʘ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ 

ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʝʦʤʝʪʨʽʾ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʾ ʩʪʽʡʢʦʩʪʽ ʜʦ ʣʦʢʘʣʴʥʠʭ ʽ ʟʘʛʘʣʴʥʠʭ 

ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʨʝʢʪʥʽʩʪʶ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʩʪʘʥʦʚʦʢ ʨʦʟʛʣʷʥʫʪʠʭ ʟʘʜʘʯ, ʟʽʩʪʘʚʣʝʥʥʷʤ ʽʟ ʚʽʜʦʤʠʤʠ 

ʨʦʟʚô̫ ʟʢʘʤʠ, ʜʦʩʪʘʪʥʽʤ ʫʟʛʦʜʞʝʥʥʷʤ ʟʜʦʙʫʪʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʽʟ ʬʽʟʠʯʥʠʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʚʠʱ. 

ʆʩʥʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʥʘʣʽʪʠʢʦ - ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʩʠʣʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ: 

ï ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽ ʤʝʪʦʜʠʢʘ ʯʠʩʝʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʤʽʮʥʦʩʪʽ ʩʠʣʦʚʦʾ 

ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʟʦʢʨʝʤʘ ʜʚʠʛʫʥʘ ʨʘʢʝʪʠ-ʥʦʩʽʷ, ʚ ʧʨʦʮʝʩʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʦʩʪʘʶʯʠʤ ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ 

ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ; 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʽ ʥʘʧʨʫʞʝʥʴ 

ʫ ʧʽʜʢʨʽʧʣʝʥʦʤʫ ʧʘʣʠʚʥʦʤʫ ʙʘʢʫ ʨʘʢʝʪʦʥʦʩʽʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥʠ ʫ ʤʽʩʮʽ 

ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ;  

ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ 

ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯ ʩʪʡ̔ʢʦʩʪʽ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘʜʥʦʾ 
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ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʩʢʨʝʪʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʽʚ; 

ï ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ  

ʢʨʠʪʠʯʥʠʭ ʟʫʩʠʣʴ ʰʧʘʥʛʦʫʪʥʠʭ ʦʙʦʣʦʥʦʢ ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʽ çʙʦʯʢʘ-

ʦʞʠʚʘʣʦè ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʽʚ ʟ ʧʣʦʱʠʥʠ 

ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʠʟʥʠ; 

ï ʚʧʝʨʰʝ ʜʦʚʝʜʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʧʨʠʡʥʷʪʪʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʩʪʽʡʢʦʩʪʽ ʧʝʨʚʽʩʥʦʾ ʬʦʨʤʠ; 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 

ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʥʘʢʦʚʫ ʩʪʽʡʢʽʩʪʴ ʚʽʜʩʽʢʽʚ 

ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʣʦʢʘʣʴʥʠʭ ʽ ʟʘʛʘʣʴʥʠʭ ʬʦʨʤ 

ʚʠʧʠʥʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʧʨʘʢʪʠʮʽ ɼʝʨʞʘʚʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤ. ʄ. ʂ. ʗʥʛʝʣʷè. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ, 

ʦʙʦʣʦʥʢʘ ʦʙʝʨʪʘʥʥʷ, ʨʫʡʥʽʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʘʛʽʩʪʨʘʣʴʥʘ ʪʨʽʱʠʥʘ, 

ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ, ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʤʝʪʦʜ ʧʦʯʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ, ʛʽʙʨʠʜʥʽ ʘʩʠʤʧʪʦʪʠʯʥʽ ʤʝʪʦʜʠ, ʣʦʢʘʣʴʥʽ ʡ 

ʟʘʛʘʣʴʥʽ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ, ʨʘʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʦʨʩʪʢʦʩʪʽ.  
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ABSTRACT 

 

 

Degtiarenko P.G. Stress-strain state and numerical modelling forced 

structures of airspace machine building. ï Manuscript. 

Thesis for the degree of a candidate of technical sciences in specialty 

01.02.04 ï ʤechanics of a deformable solid (05 ï technical sciences). ï National 

University ñZaporizhzhye Polytichniqueò, Zaporizhzhya, 2021. 

The dissertation is devoted to the development of analytical and numerical 

methods for the analysis of stress-strain state and stability of reinforced shell 

structures of rocket and space technology of complex configuration under static 

combined load taking into account the geometric shape and nature of material 

deformation. 

The analytical review of the modern state of the investigated problem and 

publications, basic attention of that is concentrated directly to the tasks that decide 

in this work, is given in the fir st chapter, in particular to the methods and results 

of research of the stress-strain state and buckling of constructions for aerospace 

engineer, modern approach and method calculation on crityical values for local 

and overalbuckling formsunder combined loading. Out of analysis of publications 

a conclusion is made, that development of numeral and analytic-numerical 

methods and algorithms of virtual research of the tensely-deformed state of the 

reinforced structions of the complicated configuration at the static combined 

loading is an actual problem from the point of view of development of mechanics 

of the deformable solid and application of effective methods and algorithms of 

calculation, and also determination of the destructive loading in the modern 

constructions of aerospace engineer. 

In the second chapter of work the method of research of the tensely-

deformed state of corps of engine of rocket-transmitter taking into account plastic 

deformation of material and programmatic realization offer for realization of 

virtual destructive tests of the shell systems of ʈʂʊ, that represents geometry of 
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the investigated type of constructions, a corresponding boundary task is set for 

determination of stress-strain of shell, the solution method and programmatic 

facilities of calculations of the destroying loading offer with ground authenticity 

got result. 

The third chapter  is sanctified to development of mathematical model and 

analytic-numerical going near the calculation of the tensely-deformed state and 

destructive loading of fuel tanks of rocket-transmitter at presence of crack in the 

most tense area of construction. In basis of model combination of method of finite 

elements is fixed with the theory of mechanics of destruction. For the estimation 

of stress-strain state in area of crack there are coefficients intensities of tensions, 

that is determined from the decision of the system of singular integral equations. 

In a fourth chapter  the method of initial parameters got development and 

application of initial parameters method in a matrix form in relation to discretely 

supported by intermediate rings of complex constructions as a ñcylinder-coneò at 

the combined static loading. The special attention is paid to research of influence 

of inflexibility of rings from the plane of initial curvature on the local and general 

buckling forms of construction with the aim of it rational design. 

The fifth chapter  of work is devoted to formulation of the mathematical 

model, receipt of basic differential equations and numeral solution with 

application of finite difference method forthe buckling problem, of perspective 

from the point of view stabilityunder external pressure and axial loads, as ñbarrel-

revivedò shell structure. Influence of the relative getting up is investigational to 

the meridian of compartments on firmness of the made thecal system at the 

combined external loading, and also the algorithm of determination of rational 

parameters of geometry and inflexibility of the investigated system offers from the 

point of view of providing of even firmness to the local and general forms of 

thrusting out. 

Authenticity of the got results is provided by correctness of the 

mathematical raising of the considered tasks, by comparison with well-known 
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results, by the sufficient concordance of the obtained dependences with the 

physical views of the investigated phenomena. 

Basic research results of there are development of new mathematical models 

and improvement of analytic-numerical methods of research of bearing strength of 

power constructions of aerospace engineering: 

- a mathematical model and methodology of numeral research of the 

tensely-deformed state and durability of power thecal construction offer first, in 

particular engine of rocket-transmitter, in the process of loading growing intrinsic 

pressure taking into account the processes of resiliently-plastic deformation; 

- offer methodology for research of tensions in the supported fuel tank of 

launch vehicle at presence of crack in the place of being of maximal tension;  

- with the use of method of initial parameters in a matrix form with 

application of asymptotic methods first offered approach to the decision of tasks of 

firmness of thecal constructions of difficult geometrical to configuration taking 

into account the discrete location of intermediate rings;  

- the process of deformation is investigational and conducted numerical 

analysis of critical efforts of shells of rings as a ñcylinder-coneò and ñbarrel-

revivedò taking into account inflexibility of intermediate rings from the plane of 

initial curvature; 

- the first well-proven efficiency of construction of ñbarrel-revivedò is in 

relation to perception of the combined external loading from the point of view of 

stability with respect to initial form;  

- offered approach to determination of rational inflexibility of 

intermediate rings that provide identical firmness of compartments of thecal 

construction in relation to the local and general forms of thrusting out. Research 

results drawn on in practice of the State enterprise the ñDesigner bureau is ñSouthò 

the name of ʄ. ʂ. Yangelò. 

Key words: mathematical model, elastic-plastic deformation, shell of 

revolution, breaking load, main crack, stress intensity factor, numerical methods, 

method of initial parameters in matrix form, hybrid asymptotic methods, local and 

general buckling forms, rational characteristics of stiffness. 
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ɺʉʊʋʇ  

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʉʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʦʩʚʦʻʥʥʷ ʥʦʚʠʭ ʚʠʨʦʙʽʚ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ, ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ 

ʤʝʪʘʣʦʻʤʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʚʽʪʯʠʟʥʷʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʥʘʜʘʶʪʴ ʧʦʪʫʞʥʠʡ ʩʪʠʤʫʣʶʶʯʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʨʦʙʢʫ 

ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʥʦʚʦʾ ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ, 

ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʻʢʪʥʠʭ ʤʝʪʦʜʠʢ. ʈʦʟʨʦʙʢʘ ʰʣʷʭʽʚ ʽ ʩʧʦʩʦʙʽʚ 

ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ ʩʠʣʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʢʣʶʯʘʻ ʟʥʘʯʥʝ ʢʦʣʦ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʦ 

ʥʠʭ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʽʜʥʦʩʷʪʴʩʷ ʨʦʟʨʦʙʢʘ ʘʜʝʢʚʘʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ 

ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʣʦʢʘʣʴʥʦʾ ʽ ʟʘʛʘʣʴʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ɺ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʩʧʨʠʷʻ ʚʧʨʦʚʘʜʞʝʥʥʶ ʚ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʧʨʦʛʨʝʩʠʚʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʯʠʩʝʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʟ ʤʝʪʦʶ 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʦʜʝʨʞʫʚʘʥʠʭ ʚʠʨʦʙʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʦʥʢʦʩʪʽʥʥʽ ʦʙʦʣʦʥʢʠ ʦʙʝʨʪʘʥʥʷ ʩʢʣʘʜʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʩʠʣʦʚʽ ʝʣʝʤʝʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʙʫʜʽʚʥʠʮʪʚʽ, ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘʝʨʦʢʦʩʤʽʯʥʦʤʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʚ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ ʽ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ʉʫʪʪʻʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʪʥʦʟʜʘʪʥʠʭ ʚʠʨʦʙʽʚ ʘʝʨʦʢʦʩʤʽʯʥʦʾ 

ʪʝʭʥʽʢʠ (ɸʂʊ) ʫ ʟʚôʷʟʢʫ ʟ ʥʦʚʠʤʠ ʚʠʢʣʠʢʘʤʠ ʨʦʟʚʠʪʢʫ ʜʘʥʦʾ ʛʘʣʫʟʽ ʽ 

ʚʠʨʽʰʫʚʘʥʠʭ ʧʨʦʙʣʝʤ ʻ ʧʦʰʫʢ ʤʦʞʣʠʚʦʩʪʝʡ ʟʥʠʞʝʥʥʷ ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ 

ʩʠʣʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʦʛʦ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ 

ʫ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ, ʟʦʢʨʝʤʘ, ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ). ʅʘʜʽʡʥʽ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʦʙʦʣʦʥʢʦʚʠʭ ʩʠʩʪʝʤ ʧʽʜ ʜʽʻʶ ʢʦʤʙʽʥʘʮʽʾ ʟʦʚʥʽʰʥʽʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʢʦʞʥʝ ʟ ʷʢʠʭ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʧʝʨʚʽʩʥʦʾ ʬʦʨʤʠ, 
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ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤʠ ʥʘ ʩʪʘʜʽʾ ʧʝʨʝʜʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʤʝʪʦʶ 

ʟʥʠʞʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʪʨʘʪ ʽ ʪʝʨʤʽʥʫ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʩʪʝʤ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ.  

ʊʝʦʨʝʪʠʯʥʽ, ʟʦʢʨʝʤʘ ʘʥʘʣʽʪʠʯʥʽ, ʽ ʘʥʘʣʽʪʠʢʦ-ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʟʤʽʥʥʦʾ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʛʝʦʤʝʪʨʽʾ ʽ ʞʦʨʩʪʢʦʩʪʽ, ʧʦʚôʷʟʘʥʽ 

ʽʟ ʟʥʘʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ ʘʥʘʣʽʟʫ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʩʠʥʛʫʣʷʨʥʦʛʦ ʪʠʧʫ ʽʟ ʟʤʽʥʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʷʤʠʭ ʯʠʩʝʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʘʥʠʭ ʩʠʩʪʝʤ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʩʪʽʡʢʦʩʪʽ 

ʯʠʩʝʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʧʦʚôʷʟʘʥʝ ʽʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʫʤʦʚ 

ʟʙʽʞʥʦʩʪʽ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʫʤʦʚ ʜʣʷ ʄʉɽ ʻ ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ, ʘ 

ʽʥʦʜʽ ʽ ʾʭ ʧʝʨʰʠʭ ʧʦʭʽʜʥʠʭ ʥʘ ʤʝʞʽ ʩʫʤʽʞʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʉʫʪʪʻʚʦʶ ʧʨʦʙʣʝʤʦʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷʤʠ ʨʦʟʚʠʪʢʫ ʤʝʭʘʥʽʢʠ 

ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʽ ʧʨʘʢʪʠʯʥʠʤʠ ʚʠʢʣʠʢʘʤʠ ʛʘʣʫʟʽ, ʻ ʨʦʟʨʦʙʢʘ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 

ʨʫʡʥʽʚʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʨʫʡʥʽʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʨʝʙʨʠʩʪʠʭ ʧʘʣʠʚʥʠʭ ʙʘʢʽʚ ʨʘʢʝʪʦʥʦʩʽʾʚ (ʈʅ), ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʪʨʽʱʠʥʠ, ʪʘ ʽʥʰʠʭ ʩʠʣʦʚʠʭ ʚʽʜʩʽʢʽʚ ʥʘ ʙʘʟʽ ʄʉɽ-ʧʽʜʭʦʜʽʚ. ʊʘʢʦʞ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ 

ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʟʦʢʨʝʤʘ ʩʢʣʘʜʥʠʭ ʧʽʜʢʨʽʧʣʝʥʠʭ ʰʧʘʥʛʦʫʪʘʤʠ 

ʦʙʦʣʦʥʢʦʚʠʭ ʩʠʩʪʝʤ ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʽ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʟ ʘʥʘʣʽʟʦʤ 

ʤʝʭʘʥʽʯʥʠʭ ʝʬʝʢʪʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʣʦʢʘʣʴʥʠʭ ʽ ʟʘʛʘʣʴʥʠʭ 

ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʽ 

ʯʠʩʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʝʤʫ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʢʪʫʘʣʴʥʦʶ. 

ɿʚô̫ ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʇʨʦʚʝʜʝʥʽ 

ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʚ ʤʝʞʘʭ çʉʪʨʘʪʝʛʽʾ ʢʦʩʤʽʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2022 ʨʦʢʫè, ʟʘʪʚʝʨʜʞʝʥʦʾ ʅʘʢʘʟʦʤ ɼʝʨʞʘʚʥʦʛʦ 

ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʋʢʨʘʾʥʠ ˉ 100 ʚʽʜ 21.05.2015 ʽ ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 
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ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ɿʘʧʦʨʽʟʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ʨʘʤʢʘʭ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʨʦʙʦʪʠ ʄʽʥʽʩʪʝʨʩʪʚʘ 

ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ˉ 0118U000210 çʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠè. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʯʠʩʝʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʩʪʽʡʢʦʩʪʽ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ.  

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʄʉɽ-ʧʽʜʭʦʜʫ ʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʘʥʘʣʽʪʠʢʦ-ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʾ 

ʪʝʭʥʽʢʠ. ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʨʽʰʝʥʥʽ 

ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ: 

ï ʜʦʩʣʽʜʠʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ ʈʂʊ ʥʘ ʙʘʟʽ ʄʉɽ-ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʩʪʽʡʢʦʩʪʽ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʦʢ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ; 

ï ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʾʾ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʨʫʡʥʽʚʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʢʦʨʧʫʩʘ ʜʚʠʛʫʥʘ ʨʘʢʝʪʦʥʦʩʽʷ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟʨʦʩʪʘʶʯʠʤ ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʽ ʧʨʦʚʝʩʪʠ ʯʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʫ 

ʥ̔ʪʝʥʩʠʚʥʦʩʪʽ ʨʫʡʥʽʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʨʝʙʨʠʩʪʦʾ ʦʙʦʣʦʥʢʠ ʧʘʣʠʚʥʦʛʦ ʙʘʢʫ ʈʅ ʚ 

ʫʤʦʚʘʭ ʚʠʥʠʢʥʝʥʥʷ ʪʨʽʱʠʥʠ; 

ï ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʘʥʘʣʽʪʠʢʦ-ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʽ 

ʟʘʛʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʦʢ ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʽ çʙʦʯʢʘ-

ʦʞʠʚʘʣʦè ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʩʢʨʝʪʥʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʽʚ; 

ï ʥʘʜʘʪʠ ʘʥʘʣʽʟ ʯʠʩʝʣʴʥʠʭ ʜʘʥʠʭ ʩʪʦʩʦʚʥʦ ʛʨʘʥʠʯʥʠʭ ʢʨʠʚʠʭ, ʷʢʽ 

ʚʠʦʢʨʝʤʣʶʶʪʴ ʦʙʣʘʩʪʴ ʩʪʽʡʢʦʩʪʽ ʚʽʜ ʦʙʣʘʩʪʽ ʥʝʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʢʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ; 

ï ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʢʨʽʧʣʶʶʯʠʭ ʰʧʘʥʛʦʫʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʥʘʢʦʚʫ ʩʪʽʡʢʽʩʪʴ ʜʦ 
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ʣʦʢʘʣʴʥʠʭ ʽ ʟʘʛʘʣʴʥʠʭ ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ ʧʨʦʣʴʦʪʽʚ ʪʘ ʚʽʜʩʽʢʽʚ ʦʙʦʣʦʥʢʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʈʂʊ. 

ʆʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ ʧʨʦʮʝʩʠ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʨʫʡʥʫʚʘʥʥʷ ʪʘ 

ʩʪʽʡʢʽʩʪʴ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʈʂʊ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʬʦʨʤʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʪʘ ʥʝʩʫʯʘ 

ʟʜʘʪʥʽʩʪʴ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʧʨʠ 

ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʝʪʦʜ ʧʦʯʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ, ʘʩʠʤʧʪʦʪʠʯʥʠʡ ʤʝʪʦʜ ʬʘʟʥʠʭ ʽʥʪʝʛʨʘʣʽʚ,  

ɺʂɹ-ɻʘʣʴʦʨʢʽʥ ʤʝʪʦʜ ʪʘ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʪʘʢʦʤʫ: 

- ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽ ʤʝʪʦʜʠʢʘ ʯʠʩʝʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʤʽʮʥʦʩʪʽ ʩʠʣʦʚʦʾ ʦʙʦʣʦʥʢʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟʦʢʨʝʤʘ ʜʚʠʛʫʥʘ ʈʅ, ʚ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʦʩʪʘʶʯʠʤ 

ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʦʚʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʫ 

ʧʽʜʢʨʽʧʣʝʥʦʤʫ ʧʘʣʠʚʥʦʤʫ ʙʘʢʫ ʨʘʢʝʪʦʥʦʩʽʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥʠ ʫ ʤʽʩʮʽ 

ʚʠʥʠʢʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ;  

- ʚʧʝʨʰʝ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʤʘʪʨʠʯʥʽʡ 

ʬʦʨʤʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ 

ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ ʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦ ʾ

ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʩʢʨʝʪʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʽʚ; 

- ʚʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʠʡ 

ʘʥʘʣʽʟ ʢʨʠʪʠʯʥʠʭ ʟʫʩʠʣʴ ʰʧʘʥʛʦʫʪʥʠʭ ʦʙʦʣʦʥʦʢ ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʽ 

çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʽʚ ʟ ʧʣʦʱʠʥʠ 

ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʠʟʥʠ; 
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- ʚʧʝʨʰʝ ʜʦʚʝʜʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʧʨʠʡʥʷʪʪʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʩʪʽʡʢʦʩʪʽ ʧʝʨʚʽʩʥʦʾ ʬʦʨʤʠ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 

ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʥʘʢʦʚʫ ʩʪʽʡʢʽʩʪʴ ʚʽʜʩʽʢʽʚ 

ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʣʦʢʘʣʴʥʠʭ ʽ ʟʘʛʘʣʴʥʠʭ ʬʦʨʤ 

ʚʠʧʠʥʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʤʝʪʦʜʘʭ ʪʘ ʘʣʛʦʨʠʪʤʘʭ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʘ ʪʘʢʦʞ 

ʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʪʠʢʦ-ʯʠʩʝʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʢʨʽʧʣʶʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʽ ʭʘʨʘʢʪʝʨʫ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʧʨʘʢʪʠʮʽ 

ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤ. 

ʄ.ʂ. ʗʥʛʝʣʷè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʫʙʣʽʢʦʚʘʥʽ 

ʥʘʫʢʦʚʽ ʧʨʘʮʽ [2, 29, 30, 31, 32, 72, 92, 96]. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʡ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʷʢʽ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʝʤ 

ʩʘʤʦʩʪʽʡʥʦ. ʋ ʩʧʽʣʴʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʘʚʪʦʨʘ ʚʢʣʶʯʘʻ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʟ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

[31, 72], ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ [2], ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ 

ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ ʽ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʢʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʽ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʠʩʢʨʝʪʥʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʽʚ [29, 32]. ʇʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ [30], ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ [92, 96], 

ʘ ʪʘʢʦʞ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʟʦʤ ʟ ʥʘʫʢʦʚʠʤ 

ʢʝʨʽʚʥʠʢʦʤ ʽ ʩʧʽʚʘʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʡ. 
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ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ VIɯ ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çSpace 

Technologies: Present and Futureè, (ʤ. ɼʥʽʧʨʦ, 22-24 ʪʨʘʚʥʷ 2019 ʨ.),  

Vɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ 

ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡè (ʤ. ɿʘʧʦʨʽʞʞʷ, 24-26 ʪʨʘʚʥʷ 

2019 ʨ.), ɼʨʫʛʽʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ 

ʧʨʦʙʣʝʤʠ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡè ʧʘʤôʷʪʽ 

ʘʢʘʜʝʤʽʢʘ ɺ. ɯ. ʄʦʩʩʘʢʦʚʩʴʢʦʛʦ (ʤ. ɼʥʽʧʨʦ, 10-12 ʞʦʚʪʥʷ 2019 ʨ.), ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠè (ʤ. ɼʥʽʧʨʦ, 10-12 ʛʨʫʜʥʷ 

2019 ʨ.). ɼʠʩʝʨʪʘʮʽʷ ʚ ʮʽʣʦʤʫ ʨʦʟʛʣʷʜʘʣʘʩʷ ʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʨʘʜʽ 

ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çʂɹ çʇʽʚʜʝʥʥʝè ʽʤ. ʄ.ʂ. ʗʥʛʝʣʷè (ʤ. ɼʥʽʧʨʦ,  

15 ʙʝʨʝʟʥʷ 2020 ʨʦʢʫ) ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʛʝʥʝʨʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʘʢʘʜʝʤʽʢʘ 

ʅɸʅ ʋʢʨʘʾʥʠ ʆ. ɺ. ɼʝʛʪʷʨʴʦʚʘ, ʥʘ ʨʦʟʰʠʨʝʥʦʤʫ ʟʘʩʽʜʘʥʥʽ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ ʽ ʤʝʭʘʥʽʢʠ ʟʘ ʫʯʘʩʪʶ ʫʯʘʩʥʠʢʽʚ ʥʘʫʢʦʚʦʛʦ ʩʝʤʽʥʘʨʫ çɸʢʪʫʘʣʴʥʽ 

ʧʨʦʙʣʝʤʠ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʽ ʤʝʭʘʥʽʢʠè ɿʘʧʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨʘ ɻʨʠʱʘʢʘ ɺ.ɿ., ʘ ʪʘʢʦʞ ʥʘ 

ʤʽʞʢʘʬʝʜʨʘʣʴʥʦʤʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʩʝʤʽʥʘʨʽ çʄʝʭʘʥʽʢʘ ʜʝʬʦʨʤʽʚʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘè ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʦʨʘ ɺ. ɯ. ʇʦʞʫʻʚʘ ʧʨʠ 

ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 8 ʨʦʙʽʪ, 

ʚ ʷʢʠʭ ʚʽʜʦʙʨʘʞʝʥʦ ʦʩʥʦʚʥʠʡ ʟʤʽʩʪ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʝʪʘʧʠ ʾʾ ʧʽʜʛʦʪʦʚʢʠ. 

ɿ ʥʠʭ: 6 ʨʦʙʽʪ [2, 30, 31, 32, 72, 92] ï ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʠʜʘʥʥʷʭ ʟʛʽʜʥʦ ʟ 

ʇʦʩʪʘʥʦʚʘʤʠ ʄʆʅ ʋʢʨʘʾʥʠ, ʚʢʣʶʯʘʶʯʠ 2 ʨʦʙʦʪʠ [30, 92] ï ʫ ʤʽʞʥʘʨʦʜʥʠʭ 

ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʷʢ ̔ʚʭʦʜʪ̫ɹ  ʜʦ ʥʘʫʢʦʚʦ-ʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ Web of 

Science i Scopus, 2 ʪʝʟʠ ʤʘʪʝʨʽʘʣʽʚ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ [29, 96]. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯʊʀʏʅʀʁ ʆɻʃʗɼ ʉʋʏɸʉʅʆɻʆ ʉʊɸʅʋ ʇʈʆɹʃɽʄʀ ʅɽʉʋʏʆɰ 

ɿɼɸʊʅʆʉʊɯ ʉʀʃʆɺʀʍ ɽʃɽʄɽʅʊɯɺ ʂʆʅʉʊʈʋʂʎɯʁ 

ɸɽʈʆʂʆʉʄɯʏʅʆɻʆ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 

 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʫʙʣʽʢʘʮʽʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ 

ʥʘʜʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʪʝʤʦʶ 

ʜʠʩʝʨʪʘʮʽʾ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʪʘ ʨʦʟʚô̫ ʟʘʥʥʷ, 

ʜʦʚʝʜʝʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʟʫʩʠʣʣʷʤʠ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ 

ʢʽʣʴʢʦʭ ʧʦʢʦʣʽʥʴ ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. ʆʩʦʙʣʠʚʠʡ ʨʦʟʚʠʪʦʢ 

ʦʪʨʠʤʘʣʠ ʘʥʘʣʽʪʠʯʥʽ ʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʪʘ ʩʪʽʡʢʦʩʪʽ ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʫ ʷʢʠʭ ʚʣʘʩʪʠʚʽʩʪʴ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ 

(ʙʘʛʘʪʦʰʘʨʦʚʽ, ʛʦʬʨʦʚʘʥʽ, ʚʘʬʝʣʴʥʽ, ʚʠʢʦʥʘʥʽ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʢʦʤʙʽʥʦʚʘʥʽ ʚʽʜʩʽʢʠ) ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʩʧʨʷʤʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʧʫʙʣʽʢʘʮʽʡ ʟ ʧʨʦʙʣʝʤ ʥʘʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʪʘ ʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʢʣʶʯʘʻ ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, 

ʱʦ ʫ ʨʦʟʤʽʨʘʭ ʨʦʟʜʽʣʫ ʥʝ ʤʦʞʣʠʚʦ ʦʭʦʧʠʪʠ ʫʚʝʩʴ ʮʠʢʣ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ. ʊʦʤʫ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʘʥʘʣʽʟʫ ʟʦʩʝʨʝʜʞʝʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʟʘʜʘʯ, ʷʢʽ 

ʚʠʨʽʰʫʶʪʴʩʷ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʟʦʢʨʝʤʘ ʤʝʪʦʜʘʤ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʩʪʽʡʢʦʩʪʽ ʩʠʣʦʚʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 
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1.1 ʄʝʪʦʜʠ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʠʣʦʚʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʾ 

ʪʝʭʥʽʢʠ  

 

ʉʫʪʪʻʚʠʤʠ ʣʘʥʢʘʤʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʻ ʨʦʟʨʘʭʫʥʦʢ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʣʦʢʘʣʴʥʦʾ ʽ ʟʘʛʘʣʴʥʦʾ ʩʪʡ̔ʢʦʩʪʽ ʩʠʣʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʨʫʡʥʽʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʚʠʙʦʨʦʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ 

ʟʘ ʫʤʦʚʠ ʨʘʮʽʦʥʘʣʴʥʦʾ ʾʭ ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʢʘʟʘʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ 

ʩʠʣʦʚʦʛʦ ʥʘʙʦʨʫ, ʚʘʬʽʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘʙʦ ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʥʝʦʙʭʽʜʥʝ ʝʬʝʢʪʠʚʥʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʢʦʤʧôʁ ʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɿʘʫʚʘʞʝʤʦ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʥʘ ʰʣʷʭʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʟʚô̫ ʟʢʫ ʟ ʤʦʞʣʠʚʽʩʪʶ, ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʨʘʭʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʜʽʘʛʨʘʤ ʥʝʣʽʥʽʡʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʩʢʣʘʜʦʚʦʶ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʦʢʨʝʤʘ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ 

ʚʠʩʦʢʦʤʽʮʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʷʢʘ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ 

ʢʦʤʧôʁ ʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʙʘʟʽ ʩʪʚʦʨʝʥʥʷ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʭ ʤʦʜʝʣʝʡ. 

ɸʥʘʣʽʟ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʥʝʣʽʥʽʡʥʠʭ ʧʨʦʙʣʝʤʘʭ ʤʝʭʘʥʽʢʠ ʥʘʜʘʥʦ ʫ ʧʫʙʣʽʢʘʮʽʷʭ [33, 34, 50, 

58, 71].  

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʰʠʨʦʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ (ʉɸɽ-ʩʠʩʪʝʤ) ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ ANSYS, MSC.Patran, Nastran, Abacus ʪʘ ʽʥʰʽ, ʦʩʦʙʣʠʚʽʩʪʶ 

ʾʭ ʻ ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ ʚʪʨʫʯʘʥʥʷ ʫ ʩʘʤʠʡ ʧʨʦʮʝʩ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʙʫʚʘʻ 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʧʦʯʘʪʢʦʚʠʭ 
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ʩʪʘʜʽʷʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ 

ʨʫʡʥʽʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʟʦʥ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ.  

ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ,  ʱʦ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʽʞʩʪʫʧʝʥʝʚʦʛʦ 

ʚʽʜʩʽʢʫ ʨʘʢʝʪʠ-ʥʦʩʽʷ çʎʠʢʣʦʥ-4è ʟʘʩʪʦʩʦʚʫʶʩʷ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʥʘ ʙʘʟʽ 

ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʥʽʚ ʄɿʉ.Nastran [33]. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʩʥʦʚʥʽ ʽʜʝʾ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʫ ʧʨʘʮʷʭ, ʚʢʣʶʯʘʶʯʠ 

ʦʛʣʷʜʦʚʽ ʩʪʘʪʪʽ ʽ ʤʦʥʦʛʨʘʬʽʾ, ʙʘʛʘʪʴʦʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʢʨʘʾʥ, ʜʦ 

ʷʢʠʭ, ʟʦʢʨʝʤʘ, ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʥʘʫʢʦʚʽ ʧʨʘʮʽ ɸʚʜʦʥʽʥʘ ʆ. ʉ., ɸʚʨʘʤʦʚʘ ʂ. ɺ., 

ɸʣʬʫʪʦʚʘ ʄ. ɸ., ɸʤʙʘʨʮʫʤʷʥʘ ʉ. ʆ., ɸʤʽʨʦ ɯ. ʅ., ɸʥʜʨʻʻʚʘ ʃ. ɺ., 

ɸʥʜʨʽʘʥʦʚʘ ɯ. ɺ., ɸʨʪʶʭʽʥʘ ʖ. ʇ., ɹʽʥʢʝʚʠʯʘ ɭ. ɺ., ɹʨʝʩʣʘʚʩʴʢʦʛʦ ɼ. ɺ., 

ɺʘʩʠʣʝʥʢʦ ɸ. ʊ., ɺʘʩʠʣʴʻʚʘ ɺ. ɺ., ɺʦʣʴʤʽʨʘ ɸ. ʉ., ɺʦʨʦʚʠʯʘ ɯ. ɯ., 

ɻʫʜʨʘʤʦʚʠʯʘ ɺ. ʉ., ɻʘʨʪ ɽ. ʃ, ɻʘʚʨʠʣʝʥʢʘ ɻ. ɼ., ɻʘʣʽʤʦʚʘ ʅ. ʂ., ɻʘʥʽʝʚʘ ʅ. ʉ., 

ɻʦʨʰʢʦʚʘ ɸ. ɻ., ɻʦʤʝʥʶʢʘ ʉ. ɯ., ɻʨʝʙʝʥʶʢʘ ʉ. ʄ., ɻʨʠʛʦʣʶʢʘ ɽ. ɯ., ɻʫʟʷ ʆ. ʄ., 

ɻʨʠʛʦʨʝʥʢʘ ʗ. ʄ., ɻʨʠʛʦʨʝʥʢʘ ɸ. ʗ., ɻʫʜʨʘʤʦʚʠʯʘ ɺ. ʉ., ɻʫʣʷʻʚʘ ɺ. ɯ., 

ɻʨʠʱʘʢʘ ɺ. ɿ., ɼʝʛʪʷʨʴʦʚʘ ʆ. ɺ., ɼʟʶʙʠ ɸ. ʇ., ɿʘʨʫʮʴʢʦʛʦ ɺ. ʆ., ɾʫʢʘ ʗ. ʆ., 

ʂʘʙʘʥʦʚʘ ɺ. ɺ., ʂʘʨʤʽʰʠʥʘ ʆ. ɺ., ʂʘʨʧʦʚʘ ɺ. ɺ., ʂʣʠʤʝʥʢʘ ɼ. ɺ., 

ʂʦʥʶʭʦʚʘ ʉ. ʄ.,  ʂʦʧʥʦʚʘ ɺ. ʆ., ʂʨʘʩʦʚʩʴʢʦʛʦ ɺ. ʃ., ʂʫʙʝʥʢʘ ɺ. ɼ., 

ʂʫʨʧʠ ʃ. ɺ., ʃʘʨʽʦʥʦʚʘ ɯ. ʌ., ʃʘʨʠʥʘ ɸ. ɸ, ʃʠʟʠʥʘ ɺ. ʊ., ʄʘʥʝʚʠʯʘ ʃ. ɯ., 

ʄʘʥʝʚʠʯʘ ɸ. ɯ., ʄʘʢʻʻʚʘ ɭ. ʄ., ʄʷʯʝʥʢʦʚʘ ɺ. ɯ., ʄʦʩʩʘʢʦʚʩʴʢʦʛʦ ɺ. ɯ., 

ʄʦʨʘʯʢʦʚʩʴʢʦʛʦ ʆ. ʄ., ʅʝʤʽʰʘ ʖ. ʅ., ʅʽʢʽʪʽʥʘ ʇ. ɯ., ʆʙʦʜʘʥ ʅ. ɯ., 

ʆʣʴʰʘʥʩʴʢʦʛʦ ɺ. ʇ., ʇʠʢʫʣʷ ɺ. ɺ., ʇʦʞʫʻʚʘ ɺ. ɯ., ʇʦʩʪʥʦʚʘ ɺ. ʆ., 

ʇʦʛʦʨʻʣʦʚʘ ɸ. ɺ., ʇʦʰʠʚʘʣʦʚʘ ɺ. ʇ., ʇʨʝʦʙʨʘʞʝʥʩʴʢʦʛʦ ɯ. ʄ., ʇʨʫʩʘʢʦʚʘ ɸ. ʇ., 

ʇʷʪʢʠʥʘ ɺ. ɸ., ʈʘʩʩʢʘʟʦʚʘ ɸ. ʆ., ʈʚʘʯʦʚʘ ɺ. ʃ., ʉʘʯʝʥʢʦʚʘ ɸ. ɺ., 

ʉʽʥʶʢʦʚʘ ʉ. ʄ., ʉʽʨʝʥʢʘ ɺ. ʄ., ʊʝʨʝʛʫʣʦʚʘ ɸ. ɻ., ʊʠʤʦʰʝʥʢʦ ʉ. ʇ., 

ʊʦʚʩʪʽʢʘ ʇ. ɭ., ʊʦʥʢʦʥʦʞʝʥʢʘ ɸ. ʄ., ʌʝʦʜʦʩʴʻʚʘ ɺ. ɯ., ʍʦʤʠ ɯ. ʖ., 

ʏʝʨʥʠʭ ʂ. ʌ., ʏʦʧʦʨʦʚʘ ʉ. ɺ., ʐʫʣʴʛʠ ʅ. ɸ., ʋʩʧʝʥʩʴʢʦʛʦ ɺ. ɹ., ʂoiter W. T., 

Morgan E. J., Seide P. A., Steele Ch. R., Geer J. F., Andersen C. M., 

Weingarten V. I., Tennyson R. S., Teng J. G., Barbagallo M., Zhao Y., Teng J. G. ʪʘ 
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ʙʘʛʘʪʦ ʽʥʰʠʭ, ʷʢʽ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʨʦʟʚô̫ ʟʘʥʥʷ 

ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʢʦʚʠʭ 

ʩʠʩʪʝʤ ʟ ʘʥʘʣʽʟʦʤ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʾʭ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʙʦʣʦʥʢʦʚʦʛʦ ʚʽʜʩʽʢʫ ʩʠʩʪʝʤ 

ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʚʢʣʶʯʘʻ ʨʦʟʨʦʙʢʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʷʢʘ ʘʜʝʢʚʘʪʥʦ 

ʚʽʜʦʙʨʘʞʘʻ ʛʝʦʤʝʪʨʽʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʡ, ʪʘ ʤʝʪʦʜʠʢʫ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ) ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʨʫʡʥʽʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦ 

ʦʙʨʘʪʠ, ʘʙʦ ʧʦʙʫʜʫʚʘʪʠ ʚʠʟʥʘʯʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʦʟʥʘʯʠʪʠ ʢʨʠʪʝʨʽʾ ʤʽʮʥʦʩʪʽ, 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʅɼʉ ʯʠ ʩʪʽʡʢʦʩʪʽ 

ʧʦʯʘʪʢʦʚʦʾ ʬʦʨʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʾʭ ʨʦʟʚô̫ ʟʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ʋ ʨʦʙʦʪʘʭ [19, 36, 48, 74ï78] ʥʘʜʘʥʦ ʦʧʠʩ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚô̫ ʟʘʥʥʷ 

ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʜʣʷ ʦʙʦʣʦʥʢʦʚʠʭ ʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʣʘʩʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʅɼʉ 

ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʪʝʦʨʽʡ ʧʣʘʩʪʠʯʥʦʩʪʽ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʫ [15, 79ï81]. ʋ ʜʝʷʢʠʭ 

ʨʦʙʦʪʘʭ [19] ʦʮʽʥʶʻʪʴʩʷ ʤʽʮʥʽʩʪʴ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. ɿʘʫʚʘʞʠʤʦ, 

ʱʦ ʦʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʢʦʥʢʨʝʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʪʨʝʙʫʻ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʩʘʤʝ ʬʘʢʪʦʨʠ, ʷʢʽ ʯʠʥʷʪʴ ʥʘʡʽʩʪʦʪʥʽʰʠʡ ʚʧʣʠʚ ʥʘ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʡ 

ʟʘ ʜʘʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ: ʚʠʥʠʢʥʝʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʦʚʪʦʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʨʝʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥʰʽ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʠ [19, 74ï78] ʪʘ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ [74, 75, 79, 80] ʜʣʷ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʟʘʜʘʯ ʧʣʘʩʪʠʯʥʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʦʤʠʭ ʢʣʘʩʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʤʽʮʥʦʩʪʽ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ [13], ʨʫʡʥʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʨʦʟʚʠʪʢʫ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʜʠʩʣʦʢʘʮʽʷʤʠ, ʤʽʢʨʦʪʨʽʱʠʥʘʤʠ, 

ʧʦʨʘʤʠ ʪʘ ʽʥʰʠʤʠ ʥʝʜʦʩʢʦʥʘʣʦʩʪʷʤʠ ʩʪʨʫʢʪʫʨʠ. ʎʽ ʜʝʬʝʢʪʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʷʚʣʝʥʽ ʽʥʞʝʥʝʨʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʮʽ ʜʝʬʝʢʪʠ 
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ʨʦʟʚʠʚʘʶʪʴʩʷ ʚ ʪʨʽʱʠʥʫ. ʉʪʘʪʪʷ [83] ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʨʫʡʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʚ ʘʪʦʤʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʥʘ ʟʜʘʪʥʽʩʪʴ 

ʯʠʥʠʪʠ ʦʧʽʨ ʥʘʩʢʨʽʟʥʠʤ ʪʨʽʱʠʥʘʤ. ʋ ʨʦʙʦʪʽ [98] ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʝʦʨʝʪʠʯʥʽ 

ʦʩʥʦʚʠ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʘʥʘʣʽʟʽ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ɺ 

[99] ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʽʱʽʥʦʩʪʽʡʢʦʩʪʽ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʨʫʡʥʫʚʘʥʥʷ 

ʜʝʬʦʨʤʦʚʘʥʠʭ ʪʽʣ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʧʫʙʣʽʢʘʮʽʷʭ [53, 70]. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ 

ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʦʙʦʣʦʥʦʢ ʟ ʤʘʛʽʩʪʨʘʣʴʥʠʤʠ ʪʨʽʱʠʥʘʤʠ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʫ 

ʤʦʥʦʛʨʘʬʽʾ [51, 52]. 

 

 

1.2 ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʣʦʢʘʣʴʥʠʭ ʽ 

ʟʘʛʘʣʴʥʠʭ ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʩʠʩʪʝʤ ʧʨʠ 

ʧʨʦʩʪʦʤʫ ʽ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 

 

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʽʟʦʪʨʦʧʥʠʭ ʪʦʥʢʦʩʪʽʥʥʠʭ ʦʙʦʣʦʥʦʢ 

ʧʦʢʣʘʣʠ ʩʚʽʡ ʧʦʯʘʪʦʢ ʟ ʨʦʙʽʪ ʍ. ʄ. ʄʫʰʪʘʨʽ (1935 ʨ.) [47] ʽ ʦʜʝʨʞʘʣʠ 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʫ ʨʦʙʦʪʘʭ P. Seide [103, 104], ɸ. ɺ. ʉʘʯʝʥʢʦʚʘ [62], 

ɸ. ʉ. ɺʦʣʴʤʠʨʘ [16], ʅ. ɸ. ɸʣʫʤʷʝ [8], ʅ. ɸ. ɸʣʬʫʪʦʚʘ [9], ɺ. ɿ. ɻʨʠʱʘʢʘ, 

ɯ. ʅ. ʇʨʝʦʙʨʘʞʝʥʩʴʢʦʛʦ [83], ɭ. ɯ. ɻʨʠʛʦʣʶʢʘ [21] ʪʘ ʽʥ. ʽ ʧʨʦʜʦʚʞʫʶʪʴ ʩʚʽʡ 

ʨʦʟʚʠʪʦʢ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ [25, 45, 46, 54, 59, 106, 107, 108]. ʆʛʣʷʜ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ ʛʘʣʫʟʽ ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪʘʭ [56, 60, 102], ʜʝ ʧʨʦʚʝʜʝʥʠʡ 

ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʨʦʟʚô̫ ʟʘʥʥʷ ʧʨʦʙʣʝʤ ʩʪʽʡʢʦʩʪʽ ʥʝʦʜʥʦʨʽʜʥʠʭ, ʟʦʢʨʝʤʘ 

ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʦʢ ʦʙʝʨʪʘʥʥʷ. ɺʠʚʯʘʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʩʢʣʘʜʝʥʠʭ 

ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʽʜʢʨʽʧʣʝʥʠʭ ʜʠʩʢʨʝʪʥʦ ʨʦʟʤʽʱʝʥʠʤʠ 

ʰʧʘʥʛʦʫʪʘʤʠ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʩʪʽʡʥʦʾ ʪʦʚʱʠʥʠ ʪʠʧʫ çʮʠʣʽʥʜʨ-

ʢʦʥʫʩè, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʩʧʽʣʴʥʦʶ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ, ʦʩʴʦʚʦʛʦ 

ʩʪʠʩʢʘʥʥʷ ʽ ʢʨʫʪʠʣʴʥʦʛʦ ʤʦʤʝʥʪʫ. ʇʽʜ ʜʽʻʶ ʣʠʰʝ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʦʙʦʣʦʥʢʠ ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩ-ʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʟ 



25 

ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʚʽʜʩʽʢʘʤ ʧʦʩʪʽʡʥʦʾ ʪʦʚʱʠʥʠ, ʘ ʢʦʥʽʯʥʠʤʠ ï ʣʽʥʽʡʥʦ-ʟʤʽʥʥʦʾ 

ʪʦʚʠɦʥʠ. 

ʉʪʽʡʢʽʩʪʴ ʩʢʣʘʜʝʥʦʾ ʧʽʜʢʨʽʧʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʦʢʨʝʤʠʭ ʾʾ ʯʘʩʪʠʥ ʟʥʘʡʜʝʥʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʘʙʦ ʨʽʚʥʷʥʴ ʩʧʨʷʞʝʥʥʷ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʦʰʫʢʫ ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʦʩʪʽʡʢʦʩʪʽ ʧʽʜʢʨʽʧʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ, ʚʠʙʦʨʫ ʞʦʨʩʪʢʦʩʪʝʡ ʰʧʘʥʛʦʫʪʽʚ ʥʘ ʦʢʨʝʤʠʭ ʾʾ ʯʘʩʪʠʥʘʭ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʫ ʨʦʙʦʪʘʭ [9, 16] ʥʘʚʝʜʝʥʦ ʧʦʚʥʽ ʩʠʩʪʝʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʽʚʥʦʚʘʛʫ 

ʝʣʝʤʝʥʪʫ ʮʠʣʽʥʜʨʠʯʥʦʾ ʽ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʦʢ ʽ ʨʽʚʥʷʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ 

ʜʦ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʩʠʩʪʝʤ ʚʠʚʦʜʷʪʴʩʷ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʽ ʟʚʠʯʘʡʥʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʩʪʽʡʢʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʦʣʦʥʦʢ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʧʦʩʪʽʡʥʦʾ ʪʦʚʱʠʥʠ ʧʽʜ 

ʜʽʻʶ ʦʜʥʦʛʦ ʘʙʦ ʢʦʤʙʽʥʘʮʽʾ ʜʝʢʽʣʴʢʦʭ ʟʫʩʠʣʴ: ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ, ʦʩʴʦʚʦʛʦ 

ʩʪʠʩʢʘʥʥʷ ʪʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. ʈʦʟʚô̫ ʟʫʚʘʣʴʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʮʠʭ 

ʟʘʜʘʯ ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ ʪʦʯʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚô̫ ʟʦʢ.  

ʈʦʟʚô̫ ʟʫʚʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟʘʜʘʯ ʩʪʽʡʢʦʩʪʽ ʢʦʥʽʯʥʠʭ ʦʙʦʣʦʥʦʢ ʻ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʟʽ ʟʤʽʥʥʠʤ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʦʙʦʣʦʥʢʘ ʤʘʻ ʣʽʥʽʡʥʦ-ʟʤʽʥʥʫ ʪʦʚʱʠʥʫ, ʮʝ ʨʽʚʥʷʥʥʷ ʻ ʪʘʢʠʤ, ʱʦ ʧʽʩʣʷ ʟʘʤʽʥʠ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʽʚʥʷʥʥʷ ʽʟ ʩʪʘʣʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʊʘʢʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʪʦʯʥʠʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚô̫ ʟʦʢ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʥʽʯʥʘ ʦʙʦʣʦʥʢʘ ʤʘʻ ʧʦʩʪʽʡʥʫ 

ʪʦʚʱʠʥʫ, ʨʦʟʚô̫ ʟʫʚʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʥʝ ʜʦʟʚʦʣʷʻ ʟʚʝʩʪʠ ʡʦʛʦ ʜʦ ʨʽʚʥʷʥʥʷ ʟ 

ʧʦʩʪʽʡʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʪʦʤʫ ʜʦ ʡʦʛʦ ʨʦʟʚô̫ ʟʘʥʥʷ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʘʩʠʤʧʪʦʪʠʯʥʽ ʤʝʪʦʜʠ.  

ʋ ʨʦʙʦʪʽ [67] ʚʠʢʣʘʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʡ ʧʨʠʢʣʘʜʥʽ ʦʩʥʦʚʠ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ 

ɺʂɹ ʤʝʪʦʜʫ (ɺʝʥʪʮʝʣʴ-ʂʨʘʤʝʨʩ-ɹʨʠʣʣʶʵʥ), ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʢʣʘʜʘʥʥʽ 

ʨʦʟʚô̫ ʟʢʫ ʚ ʨʷʜ ʧʦ ʟʚʦʨʦʪʥʠʭ ʩʪʝʧʝʥʷʭ ʚʝʣʠʢʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʋ ʤʦʥʦʛʨʘʬʽʾ [60] 

ʮʝʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʨʦʟʚô̫ ʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʩʪʽʡʢʦʩʪʽ 

ʢʦʥʽʯʥʠʭ ʦʙʦʣʦʥʦʢ ʽ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʽʥʰʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʎʝ ʦʜʠʥ ʽʟ ʤʝʪʦʜʽʚ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ.  
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ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜʥʦʛʦ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʜʦ 

ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʩʪʘʣʠ J. F. Geer, C. M. Andersen [90]. 

ʇʦʪʽʤ ʮʝʡ ʤʝʪʦʜ ʫʜʦʩʢʦʥʘʣʶʚʘʚʩʷ ʜʣʷ ʚʠʧʘʜʢʫ ʩʠʥʛʫʣʷʨʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʫ ʨʦʙʦʪʘʭ ɺ.ɿ. ɻʨʠʱʘʢʘ ʽ ʡʦʛʦ ʫʯʥʽʚ [92ï95], ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʦʥʽʯʥʠʭ ʦʙʦʣʦʥʦʢ [25, 91]. ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʻ ʛʽʙʨʠʜʥʠʡ ɺʂɹ-ɻʘʣʴʦʨʢʽʥ ʤʝʪʦʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʣʘʩʠʯʥʦʛʦ ʤʝʪʦʜʫ ʟʙʫʨʶʚʘʥʴ ɺʂɹ ʫ ʢʦʤʙʽʥʘʮʽʾ ʽʟ ʧʨʠʥʮʠʧʦʤ 

ʚʠʟʥʘʯʝʥʥʷ ʰʪʫʯʥʠʭ ʥʝʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʨʦʟʢʣʘʜʘʥʥʷʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʤʦʚʠ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ɻʘʣʝʨʢʽʥʘ. ʋ ʨʦʙʦʪʘʭ [25, 94, 95] 

ʧʨʦʚʝʜʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ, ʟ 

ʘʩʠʤʧʪʦʪʠʯʥʠʤʠ ʨʦʟʚô̫ ʟʢʘʤʠ ɺʂɹ ʤʝʪʦʜʦʤ ʽ ʛʽʙʨʠʜʥʠʤ ɺʂɹ-ɻʘʣʴʦʨʢʽʥ 

ʤʝʪʦʜʦʤ. ɿʦʢʨʝʤʘ, ʦʪʨʠʤʘʥʝ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʚô̫ ʟʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʮʠʤ ʤʝʪʦʜʦʤ, ʽʟ ʯʠʩʝʣʴʥʠʤʠ ʨʦʟʚô̫ ʟʢʘʤʠ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʧʨʦʙʣʝʤʘʤ ʩʪʽʡʢʦʩʪʽ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʦʙʦʣʦʥʦʢ ʦʙʝʨʪʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʶʶʯʠʤʠ ʩʠʣʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʟʙʽʣʴʰʠʪʠ ʟʘʛʘʣʴʥʫ ʞʦʨʩʪʢʽʩʪʴ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʟʙʽʣʴʰʠʪʠ ʢʨʠʪʠʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. ʆʢʨʽʤ ʛʣʘʜʢʠʭ ʽ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʦʢ, ʚ 

ʪʝʭʥʽʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʢʣʘʜʝʥʽ ʦʙʦʣʦʥʢʠ, ʟʦʢʨʝʤʘ, ʦʙʦʣʦʥʢʠ ʪʠʧʫ çʮʠʣʽʥʜʨ-

ʢʦʥʫʩè. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʘʙʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʦʥʢʦʩʪʽʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʟʘʟʥʘʯʝʥʠʭ ʪʠʧʽʚ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʉʪʽʡʢʽʩʪʴ ʧʽʜʢʨʽʧʣʝʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʜʦʩʣʽʜʞʝʥʘ, ʟʦʢʨʝʤʘ, ʚ 

ʨʦʙʦʪʘʭ [16, 26, 59], ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. ʋ ʩʪʘʪʪʽ 

ʇʦʩʪʥʦʚʘ ɺ. ɸ., ʊʫʤʘʰʠʢʘ ɯ. ɺ., ʄʦʩʢʚʠʥʦʾ ɯ. ɺ. [59] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ 

ʢʨʫʛʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʧʽʜʢʨʽʧʣʝʥʦʾ ʜʠʩʢʨʝʪʥʦ ʨʦʟʤʽʱʝʥʠʤʠ 

ʚʥʫʪʨʽʰʥʽʤʠ ʪʘ ʟʦʚʥʽʰʥʽʤʠ ʨʝʙʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ. ɿʘʜʘʯʫ ʨʦʟʚô̫ ʟʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʧʘʢʝʪʫ ANSYS ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʤʦʚ 

ʩʧʨʷʞʝʥʥʷ ʨʝʙʝʨ ʟ ʦʙʦʣʦʥʢʦʶ. 
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ʉʪʽʡʢʽʩʪʴ ʧʽʜʢʨʽʧʣʝʥʠʭ ʢʦʥʽʯʥʠʭ ʦʙʦʣʦʥʦʢ ʚʠʚʯʘʣʘʩʷ, ʟʦʢʨʝʤʘ, ʚ ʨʦʙʦʪʘʭ 

[43, 60]. ʃʠʟʠʥ ɺ. ʊ., ʇʷʪʢʠʥ ɺ. ɸ. [43] ʜʠʩʢʨʝʪʥʦ ʨʦʟʤʽʱʫʶʪʴ ʰʧʘʥʛʦʫʪʠ ʪʘʢ, 

ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʫʤʦʚʠ ʨʽʚʥʦʤʽʮʥʦʩʪʽ ʧʨʦʣʴʦʪʽʚ ʦʙʦʣʦʥʢʠ. 

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʜʣʷ ʘʥʘʣʽʟʫ ʧʽʜʢʨʽʧʣʝʥʠʭ ʰʧʘʥʛʦʫʪʘʤʠ ʦʙʦʣʦʥʦʢ ʧʨʠ 

ʧʨʦʩʪʦʤʫ ʽ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟʘʡʤʘʻ ʤʝʪʦʜ ʧʦʯʘʪʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ 

ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʰʧʘʥʛʦʫʪ [26, 60]. ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ 

ʤʘʪʨʠʮʶ ʨʦʟʚô̫ ʟʢʽʚ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʦʛʦ ʟʚʠʯʘʡʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʽ ʤʘʪʨʠʮʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʰʧʘʥʛʦʫʪ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʞʦʨʩʪʢʽʩʪʴ ʰʧʘʥʛʦʫʪʘ ʚ 

ʧʣʦʱʠʥʽ ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʠʟʥʠ, ʪʘʢ ʽ ʞʦʨʩʪʢʽʩʪʴ ʟ ʧʣʦʱʠʥʠ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʤʘʪʨʠʮʷ ʥʦʨʤʘʣʴʥʦʶ ʘʙʦ ʥʝ ʻ 

ʪʘʢʦʶ, ʟʤʽʥʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʽʜʩʽʢʫ 

ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʤʽʩʪʠʪʴ ʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʰʧʘʥʛʦʫʪʽʚ ʤʦʞʥʘ ʘʙʦ 

ʥʝ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʷʢ ʧʦʯʝʨʛʦʚʠʡ ʜʦʙʫʪʦʢ ʤʘʪʨʠʮʴ ʚʽʜʩʽʢʽʚ ʦʙʦʣʦʥʢʠ ʪʘ 

ʰʧʘʥʛʦʫʪʥʠʭ ʤʘʪʨʠʮʴ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʽʜʧʦʚʽʜʥʘ ʤʘʪʨʠʮʷ ʥʝ ʻ ʥʦʨʤʘʣʴʥʦʶ, 

ʜʣʷ ʩʧʦʣʫʯʝʥʥʷ ʾʾ ʚʽʜʩʽʢʽʚ ʘʙʦ ʩʧʦʣʫʯʝʥʥʷ ʟ ʽʥʰʦʶ ʯʘʩʪʠʥʦʶ ʢʦʥʩʪʨʫʢʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ ʨʽʚʥʷʥʥʷ ʩʧʨʷʞʝʥʥʷ, ʷʢʝ ʟʘʜʘʻ ʨʽʚʥʽʩʪʴ ʥʦʨʤʘʣʴʥʠʭ 

ʧʝʨʝʤʽʱʝʥʴ ʽ ʾʭ ʧʦʭʽʜʥʠʭ ʚ ʩʫʤʽʞʥʠʭ ʪʦʯʢʘʭ ʚʽʜʩʽʢʽʚ. ʈʽʚʥʷʥʥʷ ʩʧʨʷʞʝʥʥʷ 

ʩʢʣʘʜʘʣʠʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʩʪʽʡʢʽʩʪʴ ʩʢʣʘʜʝʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ 

ʨʦʙʦʪʘʭ [46, 59]. 

ʈʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʝʥʠʭ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ 

çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʧʨʦʚʦʜʠʪʴʩʷ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ [7, 46, 106, 107].  

ɺ ʨʦʙʦʪʽ Teng J. G., Barbagallo M. [106] ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʧʠʥʘʥʥʷ ʧʽʜʢʨʽʧʣʝʥʦʾ ʦʙʦʣʦʥʢʠ ʪʠʧʫ ʮʠʣʽʥʜʨ-ʢʦʥʫʩ, ʧʽʜʢʨʽʧʣʝʥʦʾ 

ʩʪʨʠʥʛʝʨʘʤʠ ʽ ʰʧʘʥʛʦʫʪʘʤʠ. ʅʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʢʨʽʧʣʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ɿʘʟʥʘʯʝʥʘ ʨʦʙʦʪʘ 

ʤʦʞʝ ʩʣʫʞʠʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʨʽʚʥʦʩʪʽʡʢʦʩʪʽ ʩʢʣʘʜʝʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʥʘ ʙʘʟʽ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʂʥʠʛʘ Teng J. G., Rotter J. M. [107] ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʥʪʝʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʜʦʩʚʽʜʫ ʪʘ ʟʥʘʥʴ ʚ ʛʘʣʫʟʽ ʪʦʥʢʦʩʪʽʥʥʠʭ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ ʮʠʣʽʥʜʨ-ʢʦʥʫʩ. 

ɺ ʨʦʙʦʪʽ Zhao Y, Teng J. G. [108] ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʥʝʧʽʜʢʨʽʧʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʮʠʣʽʥʜʨ-ʢʦʥʫʩ 

ʧʽʜ ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ, ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʽ ʯʠʩʝʣʴʥʦ ʤʝʪʦʜʦʤ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺ ʨʦʙʦʪʽ ʇʝʯʥʠʢʦʚʘ ɺ. ʇ., ɿʘʭʘʨʦʚʘ ʈ. ɺ., ʊʘʨʘʩʦʚʦʾ ɸ. ɺ. [54] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʽ ʧʨʦʛʨʘʤʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʢʘ ʨʘʢʝʪʠ ʚʘʬʝʣʴʥʦʛʦ ʪʠʧʫ 

ʧʨʠ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʢʠ ʚ ʫʤʦʚʘʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʇʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʜʙʘʯʝʥʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʘʣʠʚʥʦʛʦ ʙʘʢʘ ʨʘʢʝʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʘʛʘʣʴʥʦʾ ʪʘ ʤʽʩʮʝʚʦʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʷʢ ʚʩʽʻʾ ʦʙʦʣʦʥʢʠ, ʪʘʢ ʽ ʦʢʨʝʤʦʾ ʢʣʽʪʠʥʠ. 

ʈʽʚʥʦʩʪʽʡʢʽʩʪʴ ʢʣʽʪʠʥ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʚʘʬʝʣʴʥʦʛʦ ʪʠʧʫ ʪʘʢʦʞ ʫʨʘʭʦʚʘʥʦ 

ʚ ʤʦʥʦʛʨʘʬʽʾ [16]. ɺ ʤʦʥʦʛʨʘʬʽʾ [60] ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʦʛʦ ɺʂɹ-ʨʦʟʚô̫ ʟʢʫ 

ʚʠʚʯʝʥʦ ʩʪʽʡʢʽʩʪʴ ʧʽʜʢʨʽʧʣʝʥʫ ʢʦʥʽʯʥʫ ʦʙʦʦʥʢʫ, ʱʦ ʤʘʻ ʨʽʚʥʦʩʪʽʡʢʽ ʚʽʜʩʽʢʠ. 

ʋ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʽʜʢʨʽʧʣʝʥʽ ʦʙʦʣʦʥʢʦʚʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʜʠʩʢʨʝʪʥʦ ʨʦʟʤʽʱʝʥʠʤʠ ʰʧʘʥʛʦʫʪʘʤʠ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ 

ʤʝʪʦʜʠʮʽ ʚʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʰʧʘʥʛʦʫʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʩʪʽʡʢʦʩʪʽ 

ʢʦʥʽʯʥʦʾ ʡ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʝʢʮʽʡ ʢʦʤʙʽʥʦʚʘʥʦʾ ʦʙʦʣʦʥʢʠ. 

ʈʝʘʣʴʥʽ ʦʙʦʣʦʥʢʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʶʪʴ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʬʦʨʤʠ, ʱʦ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠ ʮʴʦʤʫ ʟʘʣʠʰʠʣʠʩʷ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʠʨʽʰʝʥʠʤʠ ʧʠʪʘʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʩʢʣʘʜʝʥʠʭ ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʜʦʩʢʦʥʘʣʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʦʩʦʙʣʠʚʦ ʧʽʜʢʨʽʧʣʝʥʠʭ ʨʝʙʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ. 

ɿ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʨʦʙʦʪʫ X. Bai, Tang, R., 

Y. Zan, J. Li [88], ʚ ʷʢʽʡ ʘʥʘʣʽʟ ʦʙʤʝʞʝʥʠʡ ʚʧʣʠʚʦʤ ʦʩʝʩʠʤʝʪʨʠʯʥʠʭ ʧʦʯʘʪʢʦʚʠʭ 

ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ ʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʦʢ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʧʨʠ ʦʩʴʦʚʦʤʫ 

ʩʪʠʩʥʝʥʥʽ. ɺʧʣʠʚ ʧʽʜʢʨʽʧʣʶʶʯʠʭ ʢʽʣʴʮʝʚʠʭ ʨʝʙʝʨ ʞʦʨʩʪʢʦʩʪʽ ʥʘ ʥʝʩʫʯʫ 

ʟʜʘʪʥʽʩʪʴ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʚ [87] (X. Bai, W. Xu, H. Ren, 

J. Li ). ʇʨʠ ʮʴʦʤʫ ʫʚʘʛʘ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʢʨʝʤʠʤ ʚʠʜʘʤ ʟʦʚʥʽʰʥʴʦʛʦ 

https://www.sciencedirect.com/science/article/pii/S0029801817301014#!
https://www.sciencedirect.com/science/article/pii/S0029801817301014#!
https://www.sciencedirect.com/science/article/pii/S0029801817301014#!
https://www.sciencedirect.com/science/article/pii/S0029801817301014#!
https://www.sciencedirect.com/science/article/pii/S0029801817301014#!
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ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʏʠʩʝʣʴʥʦʤʫ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ 

ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʜʦʩʢʦʥʘʣʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʧʨʠ 

ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟʦʚʥʽʰʥʽʤʠ ʟʫʩʠʣʣʷʤʠ ʥʘ ʦʩʥʦʚʽ ʥʝʣʽʥʽʡʥʦʛʦ 

ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʘ A. Tafresh., C. G. Bailey [105]. 

ɸʣʝ ʟʘʣʠʰʠʣʦʩʷ ʥʝ ʚʠʨʽʰʝʥʠʤʠ ʧʠʪʘʥʥʷ, ʧʦʚô̫ ʟʘʥʽ ʟ ʚʧʣʠʚʦʤ ʧʽʜʢʨʽʧʣʶʶʪʴ 

ʝʣʝʤʝʥʪʽʚ ʥʘ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʟʘʟʥʘʯʝʥʠʭ ʪʠʧʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʦʛʣʷʜʦʚʫ ʧʫʙʣʽʢʘʮʽʶ H. Schmidt [102], ʧʨʠʩʚʷʯʝʥʫ 

ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʩʪʽʡʢʦʩʪʽ ʛʣʘʜʢʠʭ ʽ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʦʢ 

ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʽ ʩʢʣʘʜʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʢʣʶʯʘʶʯʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʯʠʩʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽ ʨʦʣʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʮʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʋ ʤʝʥʰʽʡ ʤʽʨʽ ʪʫʪ 

ʧʨʠʜʽʣʝʥʦ ʫʚʘʛʫ ʚʟʘʻʤʦʜʽʾ ʣʦʢʘʣʴʥʠʭ ʽ ʟʘʛʘʣʴʥʠʭ ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ ʧʨʠ ʘʥʘʣʽʟʽ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ. 

ɺ ʨʦʙʦʪʽ Y. Zhao, J. G. Teng [108] ʚʠʢʣʘʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʧʨʠ ʜʽʾ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ ʟ ʘʥʘʣʽʟʦʤ ʦʩʝʩʠʤʝʪʨʠʯʥʠʭ ʽ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʙʨʠʩʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ.  

ɼʦʩʣʽʜʞʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʽ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʽʚ ʦʙʦʣʦʥʦʢ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʡ ʽ ʦʞʽʚʘʣʴʥʦʡ ʬʦʨʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʤʘʪʝʨʽʘʣʫ ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʘ M. A. Iqbal, G. Tiwari, P. K.Gupta [101]. ʅʘʚʝʜʝʥʽ ʚ 

ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʦʚʝʜʽʥʢʫ ʦʢʨʝʤʠʭ 

ʪʠʧ̔ʚ ʦʙʦʣʦʥʦʢ ʘʢʪʫʘʣʴʥʽ ʽ ʜʣʷ ʩʢʣʘʜʝʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʽ 

ʜʝʬʦʨʤʘʮʽʡ ʟʩʫʚʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ M. Amabili [86], ʧʨʠ ʮʴʦʤʫ ʘʢʪʫʘʣʴʥʦʶ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʚʧʣʠʚʫ ʧʽʜʢʨʽʧʣʶʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʶ ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʡ ʘʥʘʣʽʟ ʤʽʮʥʦʩʪʽ 

ʪʨʠʰʘʨʦʚʦʾ ʦʙʦʣʦʥʢʠ ʤʦʜʫʣʷ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʥʘʚʝʜʝʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ 
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D. V. Akimov, V. Z. Gryshchak, S. I. Gomenyuk, I. F.Larionov, D. V. Klimenko, 

V. N. Sirenko [84] ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʜʠʩʢʨʝʪʥʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʽʚ. 

ʅʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ 

ʚʘʬʝʣʴʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʩʝʢʮʽʡ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʨʦʙʦʪʽ 

M. A. Degtyarev, A. V. Shapoval, V. V. Gusev, K. V. Avramov, V. N. Sirenko [89] 

ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʜʥʘʢ ʚ ʧʨʦʙʣʝʤʽ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʘʥʘʣʽʟʫʶʪʴʩʷ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ 

ʢʨʠʚʠʟʥʠ ʤʝʨʠʜʽʘʥʘ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʞʝʥʦ ʟʘʜʘʯʫ ʩʪʽʡʢʦʩʪʽ ʟʘʟʥʘʯʝʥʦʾ 

ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʩʧʽʣʴʥʽʡ ʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ ʽ ʦʩʴʦʚʠʭ 

ʩʪʠʩʢʘʶʯʠʭ ʟʫʩʠʣʴ ʟ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʟʥʠʞʝʥʥʷ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʦʩʪʽ ʩʢʣʘʜʝʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʩʠʩʪʝʤ. 

ɿʘʟʥʘʯʝʥʠʡ ʪʠʧ ʩʠʣʦʚʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʩʠʩʪʝʤ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʘʝʨʦʢʦʩʤʽʯʥʦʾ 

ʪʝʭʥʽʢʠ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʘʥʘʣʽʟʫ ʩʢʣʘʜʝʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʩʧʽʣʴʥʽʡ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʟʜʘʪʥʠʭ ʚʠʢʣʠʢʘʪʠ ʚʪʨʘʪʫ 

ʩʪʽʡʢʦʩʪʽ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠʩʚʷʯʝʥʝ ʩʪʽʡʢʦʩʪʽ ʽ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʚ ʫʤʦʚʘʭ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʻ ʜʦʮʽʣʴʥʠʤ. ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ ʤʦʞʝ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ 

ʟʘʛʘʣʴʥʫ ʤʘʩʫ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʝʬʝʢʪʠʚʥʠʡ ʚʠʙʽʨ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʴ ʾʾ ʩʪʽʡʢʽʩʪʴ ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

 

 

1.3 ɺʠʩʥʦʚʢʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘʚʝʜʝʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ 
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ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʫ ʥʝʩʫʯʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʘʢʪʫʘʣʴʥʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʽ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʨʫʡʥʽʚʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʽʚ ʽ ʤʝʪʦʜʽʚ ʱʦʜʦ ʘʥʘʣʽʪʠʯʥʦʾ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ 

ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʪʦʥʢʦʩʪʽʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; ʩʪʚʦʨʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʣʦʢʘʣʴʥʠʭ ʽ ʟʘʛʘʣʴʥʠʭ ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ ʨʝʙʨʠʩʪʠʭ ʦʙʦʣʦʥʦʢ 

ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʘʣʛʦʨʠʪʤʫ ʦʜʥʘʢʦʚʦʾ 

ʩʪʽʡʢʦʩʪʽ ʚʽʜʩʽʢʽʚ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʞʦʨʩʪʢʦʩʪʽ ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʽʚ; ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʉɸʇʈ, ʱʦ 

ʘʚʪʦʤʘʪʠʟʫʶʪʴ ʨʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʩʪʽʡʢʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʟ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʨʦʟʨʦʙʢʘ 

ʯʠʩʝʣʴʥʠʭ ʽ ʘʥʘʣʽʪʠʢʦ-ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʩʪʽʡʢʦʩʪʽ ʧʽʜʢʨʽʧʣʝʥʠʭ 

ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ 

ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʻ ʩʘʤʦʩʪʽʡʥʦʶ ʧʨʦʙʣʝʤʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʦʟʚʠʪʢʫ 

ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʽ 

ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʨʫʡʥʽʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʩʫʯʘʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 2 

ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʊɸ ʇʈʆɻʈɸʄʅɸ ʈɽɸʃɯɿɸʎɯʗ 

ʏʀʉɽʃʔʅʆɻʆ ɸʅɸʃɯɿʋ ʅɸʇʈʋɾɽʅʆ-ɼɽʌʆʈʄʆɺɸʅʆɻʆ ʉʊɸʅʋ 

ʂʆʈʇʋʉʋ ɼɺʀɻʋʅɸ ʈɸʂɽʊʀ-ʅʆʉɯʗ ʇʈʀ ʅɸɺɸʅʊɸɾɽʅʅɯ 

ɿʈʆʉʊɸʖʏʀʄ ɺʅʋʊʈɯʐʅɯʄ ʊʀʉʂʆʄ ɼʆ ʈʋʁʅʋɺɸʅʅʗ 

 

 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʾʾ 

ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʨʫʡʥʽʚʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʦʙʦʣʦʥʢʦʚʠʭ ʩʠʩʪʝʤ ʈʂʊ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʛʝʦʤʝʪʨʽʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʠʧʫ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʪʘ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ) ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʨʫʡʥʽʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ɼʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʚʠʙʨʘʥʦ ʚʠʟʥʘʯʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʽ ʢʨʠʪʝʨʽʾ 

ʤʽʮʥʦʩʪʽ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʫ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʅɼʉ 

ʦʙʦʣʦʥʢʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʾʾ ʨʦʟʚô̫ ʟʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʽ 

ʟʘʩʦʙʠ ʨʦʟʨʘʭʫʥʢʽʚ ʨʫʡʥʫʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʪʦʥʢʦʩʪʽʥʥʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ ʟʤʦʜʝʣʴʦʚʘʥʽ ʩʢʣʘʜʝʥʦʶ 

ʦʙʦʣʦʥʢʦʶ ʦʙʝʨʪʘʥʥʷ ʜʦʚʽʣʴʥʦʛʦ ʤʝʨʠʜʽʘʥʘ ʟʽ ʟʤʽʥʥʦʶ ʚ ʤʝʨʠʜʽʦʥʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʪʦʚʱʠʥʦʶ. ʇʨʠ ʮʴʦʤʫ ʧʝʚʥʽ ʜʽʣʷʥʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʨʽʟʥʠʭ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘ 

ʤʝʞʘʤʠ ʧʨʫʞʥʦʩʪʽ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʦʙʦʣʦʥʢʘ ʟʘʟʥʘʻ ʜʽʾ 

ʟʨʦʩʪʘʶʯʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʾ ʨʫʡʥʫʚʘʥʥʷ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʫʡʥʽʚʥʦʛʦ ʪʠʩʢʫ ʧʦʝʪʘʧʥʦ ʨʦʟʚô̫ ʟʫʻʪʴʩʷ ʚʽʩʝʩʠʤʝʪʨʠʯʥʘ ʟʘʜʘʯʘ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʜʣʷ ʪʦʥʢʦʾ ʽʟʦʪʨʦʧʥʦʾ ʦʙʦʣʦʥʢʠ, ʟʙʽʣʴʰʫʶʯʠ ʨʽʚʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʢʦʞʥʦʤʫ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʤʘʩʠʚʥʠʭ ʯʘʩʪʠʥ ʢʦʥʩʪʨʫʢʮʽʾ 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʽ ʟʘʜʘʯʘ ʨʦʟʚô̫ ʟʫʻʪʴʩʷ ʫ ʧʨʦʩʪʦʨʦʚʽʡ 

ʧʦʩʪʘʥʦʚʮʽ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʨʧʫʩʘ ʜʚʠʛʫʥʘ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʦʩʪʘʶʯʠʤ 
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ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. ɿʘʜʘʯʘ ʨʦʟʚô̫ ʟʫʻʪʴʩʷ ʫ ʢʚʘʟʽʩʪʘʪʠʯʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʛʝʦʤʝʪʨʠʯʥʦ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ 

ʦʙʦʣʦʥʦʢ ʪʘ ʛʽʧʦʪʝʟ ʂʽʨʭʛʦʬʘ-ʃʷʚʘ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ. ɿʘ 

ʝʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠʡʤʘʶʪʴʩʷ ʢʨʠʪʝʨʽʾ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, 

ʉʜʦʙʠʨʻʚʘ ʽ ʄʽʟʝʩʘ. ɼʣʷ ʦʧʠʩʫ ʧʦʚʝʜʽʥʢʠ ʤʘʪʝʨʽʘʣʫ ʦʙʦʣʦʥʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʦʨʽʾ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘ 

ʪʨʘʻʢʪʦʨʽʷʤʠ ʤʘʣʦʾ ʢʨʠʚʠʟʥʠ, ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʤʝʪʦʜʦʤ ʜʦʜʘʪʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ.  

 

 

2.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ 

ʦʙʦʣʦʥʢʠ ʟ ʤʝʨʠʜʽʘʥʦʤ ʟʤʽʥʥʦʾ ʛʝʦʤʝʪʨʽʾ 

 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʽʟʦʪʨʦʧʥʘ ʦʙʦʣʦʥʢʘ ʦʙʝʨʪʘʥʥʷ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʥʝʥʘʧʨʫʞʝʥʦʤʫ ʪʘ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 0 20T =T C=  ʽ 

ʟʘʟʥʘʻ ʜʽʾ ʟʨʦʩʪʘʶʯʦʛʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ ʧʨʠ ʪʽʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʽ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʤʝʨʠʜʽʘʥ ʦʙʦʣʦʥʢʠ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟʽ 

ʩʢʽʥʯʝʥʥʦʛʦ ʯʠʩʣʘ ʣʘʥʦʢ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʽʾ. ʆʙʦʣʦʥʢʘ ʚʽʜʥʝʩʝʥʘ ʜʦ ʢʨʠʚʦʣʽʥʽʡʥʦʾ 

ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ,s  ,q ,z  ʧʦʚô̫ ʟʘʥʦʾ ʟ ʥʝʜʝʬʦʨʤʦʚʘʥʦʶ 

ʥʝʧʝʨʝʨʚʥʦʶ ʢʦʦʨʜʠʥʘʪʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʏʝʨʝʟ s  ( )a bs s¢  ʧʦʟʥʘʯʝʥʘ 

ʤʝʨʠʜʽʦʥʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ; ,as  bs  ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʨʮʷʤ ʦʙʦʣʦʥʢʠ; q 

( )0 2q p¢ ¢  ï ʢʦʣʦʚʘ ʢʦʦʨʜʠʥʘʪʘ; z ( )0 kz z z¢ ¢  ï ʢʦʦʨʜʠʥʘʪʘ, ʷʢʘ 

ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʢʦʦʨʜʠʥʘʪʥʦʾ ʧʦʚʝʨʭʥʽ; 0z  ʽ kz  ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʥʫʪʨʽʰʥʽʡ ʽ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʷʤ ʦʙʦʣʦʥʢʠ, ʪʦʚʱʠʥʘ ʦʙʦʣʦʥʢʠ 0i kh z z= - . ɿʘ 

ʢʦʦʨʜʠʥʘʪʥʫ ʧʦʚʝʨʭʥʶ ʚʠʙʠʨʘʻʤʦ ʩʝʨʝʜʠʥʥʫ ʧʦʚʝʨʭʥʶ ʦʙʦʣʦʥʢʠ, ʘʙʦ ʦʜʥʫ ʟ ʾʾ 

ʧʦʚʝʨʭʦʥʴ. ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʦʙʦʣʦʥʮʽ ʚʠʥʠʢʘʶʪʴ 

ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʘ ʜʝʬʦʨʤʘʮʽʷʤʠ ʧʦʚʟʫʯʦʩʪʽ ʥʝʭʪʫʻʤʦ ʷʢ ʜʫʞʝ ʤʘʣʠʤʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʫʞʥʠʤʠ ʪʘ ʧʣʘʩʪʠʯʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ. 

ɿʘʜʘʯʘ ʨʦʟʚô̫ ʟʫʻʪʴʩʷ ʚ ʢʚʘʟʽʩʪʘʪʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʛʝʦʤʝʪʨʠʯʥʦ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʦʙʦʣʦʥʦʢ ʪʘ ʛʽʧʦʪʝʟ ʂʽʨʭʛʦʬʘ-ʃʷʚʘ 
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[16, 49]. ʇʨʦʮʝʩ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʙʠʚʘʻʤʦ ʥʘ ʨʷʜ ʤʘʣʠʭ ʝʪʘʧʽʚ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʷʢʥʘʡʢʨʘʱʝ ʚʽʜʦʙʨʘʟʠʪʠ ʽʩʪʦʨʽʶ ʡʦʛʦ ʧʨʦʪʽʢʘʥʥʷ (ʧʝʨʝʭʽʜ ʚʽʜ ʘʢʪʠʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʡ ʥʘʚʧʘʢʠ). ɼʣʷ ʦʧʠʩʫ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʦʙʦʣʦʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʦʨʽʾ ʧʨʦʮʝʩʽʚ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘ ʪʨʘʻʢʪʦʨʽʷʤʠ ʤʘʣʦʾ ʢʨʠʚʠʟʥʠ [76ï78], ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʤʝʪʦʜʦʤ 

ʜʦʜʘʪʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ. ɿʘʜʘʯʘ ʨʦʟʚô̫ ʟʫʻʪʴʩʷ ʧʦʝʪʘʧʥʦ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ 

ʥʘʙʣʠʞʝʥʴ. ʊʦʡ ʨʽʚʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʤʽʮʥʦʩʪʽ 

 

 e ns s= , (2.1) 

ʜʝ es  ï ʝʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ, ʘ ns  ï ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʨʫʡʥʫʚʘʥʥʶ. 

 

ɿʘ ʝʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠʡʤʘʻʤʦ ʪʨʠ ʚʽʜʦʤʽ ʢʣʘʩʠʯʥʽ ʚʠʨʘʟʠ, ʘ 

ʩʘʤʝ: 

1) ʢʨʠʪʝʨʽʡ ʛʦʣʦʚʥʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ [57] 

 

 maxes s= ; (2.2) 

 

2) ʢʨʠʪʝʨʽʡ ʉʜʦʙʠʨʻʚʘ [63] 

 

 ( )max 2e is s s= + ; (2.3) 

 

3) ʢʨʠʪʝʨʽʡ ʄʽʟʝʩʘ [57] 

 e is s= , (2.4) 

ʜʝ is ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ; 

1

23
3

2
i ij ijS Ss s
å õ
= =æ ö
ç ÷

; 
0ij ij ijs s s d= -  ï 

ʢʦʤʧʦʥʝʥʪʠ ʜʝʚʽʘʪʦʨʘ ʥʘʧʨʫʞʝʥʴ; 
ijs  ï ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ; 
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0

1

3 ijijds s=  ï ʧʝʨʰʠʡ ʽʥʚʘʨʽʘʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ; 
ijd  ï ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ;  

S ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

 

ɻʦʣʦʚʥʽ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ 

ʥʘʧʨʫʞʝʥʴ [76]. ɼʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʝʣʝʤʝʥʪʘ ʦʙʦʣʦʥʢʠ [49, 

23], ʛʝʦʤʝʪʨʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [49, 23] ʪʘ ʬʽʟʠʯʥʽ ʨʽʚʥʷʥʥʷ [76]. ɿʚô̫ ʟʦʢ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʽʚ ʥʘʧʨʫʞʝʥʴ sss , qqs , 
zzs  ʽ ʜʝʬʦʨʤʘʮʽʡ sse , qqe , 

zze  ʚ 

ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ʦʙʦʣʦʥʢʠ ʥʘ ʄ-ʤʫ ʝʪʘʧʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʧʠʰʝʤʦ ʫ ʬʦʨʤʽ 

ʟʘʢʦʥʫ ɻʫʢʘ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ: 

 

 11 12 1ss ss DA A Aqqs e e= + - ,   12 22 2ss DA A Aqq qqs e e= + - ; (2.5) 

 ( ) ( )( ) ( )1 2

1 1

p p

ss sszz qq qq

n n
e e e e e

n n

-
=- + - +
- -

; (2.6) 

 11 22 21

E
A A

n
=

-
,   12 11A An= ; (2.7) 

 ( )( ) ( )

1 11

p p

D ssA A qqe ne= + ,   ( )( ) ( )

2 11

p p

D ssA A qqe ne= + , (2.8) 

ʜʝ E , n ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʽ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʫ; (0)

sse , (0)

qqe , 

( )(0) ( ) ( )p p

sszz qqe e e=- +  ï ʧʣʘʩʪʠʯʥʽ ʩʢʣʘʜʦʚʽ ʢʦʤʧʦʥʝʥʪ ʜʝʬʦʨʤʘʮʽʡ, ʦʙʯʠʩʣʝʥʽ ʷʢ 

ʩʫʤʘ ʧʨʠʨʦʩʪʽʚ ʮʠʭ ʢʦʤʧʦʥʝʥʪ: 

 

 ( ) ( ) ( )

1

,
M

p p p

ss m m ss ss m m p

m

cqqe e e *

=

= D D =à ð D Gä , (2.9) 

 ( )
22

,ss
ssc s

S

qqs s
q

-
= , (2.10) 

 ( )
1

2 2 23ss ssS qq qqs s s sè ø= - +
ê ú. (2.11) 
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ʂʫʪʦʚʽ ʜʫʞʢʠ ʚ (2.10) ʦʟʥʘʯʘʶʪʴ ʩʝʨʝʜʥʽ ʥʘ ʝʪʘʧʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʚʝʣʠʯʠʥ, ɻ** ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ: 

 

 
1

1

M

p m p m p

m

-
** * *

=

G = D G +D Gä . (2.12) 

 

ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʤʽʞ S ʽ p
*G  ʽʩʥʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʠʜʫ: 

 

 ( )pS *=F G, (2.13) 

 

ʷʢʘ ʢʦʥʢʨʝʪʠʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʤʠʪʪʻʚʠʭ ʜʽʘʛʨʘʤ 

s eª  ʨʦʟʪʷʛʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʬʦʨʤʫʣ ʧʝʨʝʭʦʜʫ [76] ʚʽʜ 

ʦʜʥʦʚʽʩʥʦʛʦ ʅɼʉ ʜʦ ʩʢʣʘʜʥʦʛʦ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ (2.6), ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʟʚô̫ ʟʢʫ ʤʽʞ ʟʫʩʠʣʣʷʤʠ, 

ʤʦʤʝʥʪʘʤʠ ʽ ʜʝʬʦʨʤʘʮʽʷʤʠ ʢʦʦʨʜʠʥʘʪʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ [77, 23]: 

 

 
(0) (0) (1) (1) (0)

11 12 11 12 1s s s DN C C C K C K Nq qe e= + + + -, (2.14) 

 
(1) (1) (1) (1) (0)

12 22 12 22 2s s DN C C C K C K Nq q qe e= + + + -, (2.15) 

 
(1) (1) (2) (2) (1)

11 12 11 12 1s s s DM C C C K C K Nq qe e= + + + -, (2.16) 

 
(1) (1) (2) (2) (1)

12 22 12 22 2s s DM C C C K C K Nq q qe e= + + + -, (2.17) 

ʜʝ sN , Nq ï ʤʝʨʠʜʽʦʥʘʣʴʥʝ ʡ ʢʦʣʦʚʝ ʟʫʩʠʣʣʷ; sM , Mq ï ʚʽʜʧʦʚʽʜʥʽ ʟʛʠʥʘʶʯʽ 

ʤʦʤʝʥʪʠ; se , qe , sK , Kq ï ʢʦʤʧʦʥʝʥʪʠ ʜʝʬʦʨʤʘʮʽʾ ʽ ʟʤʽʥʠ ʢʨʠʚʠʟʥʠ 

ʢʦʦʨʜʠʥʘʪʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ ʚ ʥʘʧʨʷʤʢʘʭ s ʽ q. 

 

ʉʫʢʫʧʥʽʩʪʴ ʩʪʘʪʠʯʥʠʭ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʽ ʬʽʟʠʯʥʠʭ ʨʽʚʥʷʥʴ 

(2.14)ï(2.17) ʜʦʟʚʦʣʷʻ ʟʚʝʩʪʠ ʟʘʜʘʯʫ ʜʦ ʩʠʩʪʝʤʠ ʰʝʩʪʠ ʟʚʠʯʘʡʥʠʭ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ: 
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0

( ) ,
i

j j

mn mnC A d

z

z

z z=ñ    

0

( )
i

j j

mD mnN A d

z

z

z z=ñ    ( , 1,2; 0,1,2)m n j= = ; (2.18) 

 () ()
dY

P s Y f s
ds
= +  (2.19) 

 

ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ: 

 

 ()1 1aB Y s b= ,   ()2 2bB Y s b= , (2.20) 

ʜʝ { }, , , , ,s s s sY N Q M u wJ=  ï ʚʝʢʪʦʨ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ; ()P s  ï ʤʘʪʨʠʮʷ 

ʩʠʩʪʝʤʠ; ()f s  ï ʚʝʢʪʦʨ ʜʦʜʘʪʢʦʚʠʭ ʟʫʩʠʣʴ; 1B , 2B , 1b , 2b  ï ʟʘʜʘʥʽ ʤʘʪʨʠʮʽ ʽ 

ʚʝʢʪʦʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ.  

 

ɿʘ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʽ ʬʫʥʢʮʽʾ ʚʠʙʨʘʥʦ ʥʝʚʽʜʦʤʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʬʦʨʤʫʣʶʚʘʪʠ ʨʽʟʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ [23], ʘ ʩʘʤʝ: sQ  ï 

ʧʝʨʝʨʽʟʫʚʘʣʴʥʝ ʟʫʩʠʣʣʷ; u  ï ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʢʦʦʨʜʠʥʘʪʥʦʾ ʧʦʚʝʨʭʥʽ ʚ 

ʤʝʨʠʜʽʦʥʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ; w ï ʧʨʦʛʠʥ; su  ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʥʦʨʤʘʣʽ ʜʦ 

ʢʦʦʨʜʠʥʘʪʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʤʝʨʠʜʽʦʥʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ɺʠʨʘʟʠ ʜʣʷ ʝʣʝʤʝʥʪʽʚ 

ʤʘʪʨʠʮʽ ()P s  ʪʘ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ()f s  ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʦʨʤʫʣʘʤʠ [76], ʟ ʷʢʠʭ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʻ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʦʙʦʣʦʥʢʠ ʪʘ 

ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʘ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʫ ()f s  ʟʘʣʝʞʘʪʴ ʱʝ ʡ 

ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ ʫʪʦʯʥʶʶʪʴʩʷ ʫ 

ʧʨʦʮʝʩʽ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ. 

 

 

2.2 ɸʣʛʦʨʠʪʤ ʪʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʛʝʦʤʝʪʨʽʶ ʦʙʦʣʦʥʢʠ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʾʾ ʤʘʪʝʨʽʘʣʽʚ, ʫʤʦʚʠ ʟʘʢʨʽʧʣʝʥʥʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɻʝʦʤʝʪʨʽʷ 
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ʦʙʦʣʦʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʘʥʠʤʠ ʧʨʦ ʤʝʨʠʜʽʘʥ ʾʾ ʢʦʦʨʜʠʥʘʪʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ 

ʪʦʚɦʠʥʫ. ʄʝʨʠʜʽʘʥ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟʽ ʩʢʽʥʯʝʥʥʦʛʦ ʯʠʩʣʘ ʣʘʥʦʢ, ʢʦʞʥʘ ʟ ʷʢʠʭ 

ʚʽʜʧʦʚʽʜʘʻ ʮʠʣʽʥʜʨʠʯʥʽʡ, ʢʦʥʽʯʥʽʡ, ʩʬʝʨʠʯʥʽʡ, ʪʦʨʦʾʜʘʣʴʥʽʡ ʬʦʨʤʽ ʯʠ ʢʨʫʛʣʽʡ 

ʧʣʘʩʪʠʥʽ. ɺʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʤʘʪʝʨʽʘʣʽʚ ʦʙʦʣʦʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʟʘʜʘʥʠʤʠ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ ʜʽʘʛʨʘʤʘʤʠ ʦʜʥʦʚʽʩʥʦʛʦ ʨʦʟʪʷʛʫ, ʟʥʘʯʝʥʥʷʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʡ ʤʝʞ ʤʽʮʥʦʩʪʽ. ʇʦʚʥʠʡ ʦʧʠʩ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʦʩʥʦʚʥʽ 

ʤʦʜʫʣʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [74, 75]. 

ɸʣʛʦʨʠʪʤ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʩʪʠʯʥʦʩʪʽ ʙʫʜʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. ʋ 

ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ 

ʦʙʦʣʦʥʢʠ ʧʨʠʡʤʘʻʤʦ 1 2 0D DA A= =. ʅʘ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ ʫ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ 1 ,DA  2DA  (2.6) ʦʙʯʠʩʣʶʻʤʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʯʝʥʴ ʧʣʘʩʪʠʯʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʦʜʝʨʞʘʥʠʭ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ. ʇʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ ()P s  ʽ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʫ ()f s  ʨʦʟʚô̫ ʟʫʻʤʦ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ 

(2.19), (2.20) ʰʣʷʭʦʤ ʟʚʝʜʝʥʥʷ ʜʦ ʟʘʜʘʯ ʂʦʰʽ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ ʟ ʜʠʩʢʨʝʪʥʦʶ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʻʶ [23]. 

ʆʪʨʠʤʘʚʰʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʽ ʬʫʥʢʮʽʾ, ʚ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ ʦʙʦʣʦʥʢʠ 

ʟʥʘʭʦʜʠʤʦ ʢʦʤʧʦʥʝʥʪʠ ʜʝʬʦʨʤʘʮʽʡ, ʘ ʧʦ ʥʠʭ ï ʢʦʤʧʦʥʝʥʪʠ ʥʘʧʨʫʞʝʥʴ (2.6). 

ɼʘʣʽ ʦʙʯʠʩʣʶʻʤʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ (2.11). ʇʦʪʽʤ ʟʥʘʭʦʜʠʤʦ 

ʧʨʠʨʽʩʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

 ( )3

2

p

M p Me
*D G = D , (2.21) 

 
1

( ) ( ) ( )

1

L
p p p

M Mi ML

i

e e e
-

=

D = D +Dä , (2.22) 

 
( )

( ) 3 d
p

ML

S

E

s
e

-
D = , (2.23) 

ʜʝ L  ï ʥʦʤʝʨ ʧʦʪʦʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʥʘ M -ʤʫ ʝʪʘʧʽ, ʘ ( ) ( ) 3d dSs =  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʟʘʣʝʞʥʦʩʪʽ (2.13) ʟʘ ʦʙʯʠʩʣʝʥʠʤ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʟʥʘʯʝʥʥʷʤ 
p

*G  (2.12). 
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ɼʘʣʽ ʟʥʘʭʦʜʠʤʦ ʧʨʠʨʦʩʪʠ ʧʣʘʩʪʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʟʥʘʯʝʥʥʷ 

ʮʠʭ ʩʢʣʘʜʦʚʠʭ (2.10), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 1DA , 2DA  (2.7) ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ. ʇʨʦʮʝʩ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʥʘ ʝʪʘʧʽ ʟʘʚʝʨʰʫʻʪʴʩʷ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ: 

 ( )p

MLe dD ¢ , (2.24) 

ʜʝ d ï ʥʘʧʝʨʝʜ ʟʘʜʘʥʝ ʤʘʣʝ ʯʠʩʣʦ. 

 

ʅʘʧʨʘʚʣʝʥʽʩʪʴ ʧʨʦʮʝʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʧʽʩʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ 

ʟʘʜʘʯʽ ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ: ʷʢʱʦ 0M p

*D G <, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʜʘʥʦʤʫ 

ʝʣʝʤʝʥʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʽ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʧʦʢʣʘʩʪʠ 

0.M p

*D G = 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʚʠʢʦʥʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʤʽʮʥʦʩʪʽ (2.2)ï(2.4). ɺ 

ʦʩʝʩʠʤʝʪʨʠʯʥʦ ʥʘʚʘʥʪʘʞʝʥʽʡ ʪʦʥʢʽʡ ʦʙʦʣʦʥʮʽ ʛʦʣʦʚʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʻ 

ʤʝʨʠʜʽʦʥʘʣʴʥʝ sss  ʽ ʢʦʣʦʚʝ qqs  ʥʘʧʨʫʞʝʥʥʷ, ʪʦʙʪʦ ʫ ʚʠʨʘʟʘʭ (2.2)ï(2.4) 

( )max max ,ss qqs s s= , ʘ S ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (2.11). ʈʦʟʨʘʭʫʥʢʠ ʅɼʉ 

ʦʙʦʣʦʥʢʠ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʧʝʨʝʚʽʨʢʦʶ ʚʩʽʭ ʢʨʠʪʝʨʽʾʚ ʤʽʮʥʦʩʪʽ (2.2)ï(2.4). 

ʅʘʚʝʜʝʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʩʫʯʘʩʥʠʭ ʇʂ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ 

ʧʨʫʞʥʦʧʣʘʩʪʠʯʥʦʛʦ ʅɼʉ ʪʘ ʨʫʡʥʫʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʦʧʠʩʘʥʦʛʦ ʢʣʘʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝèè ʜʣʷ ʦʮʽʥʢʠ ʾʭ 

ʤʽʮʥʦʩʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʫʡʥʫʚʘʥʥʷ. 

 

 

2.3 ʊʝʩʪʦʚʠʡ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʨʫʡʥʽʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʨʫʡʥʽʚʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʦʚʝʜʝʥʦ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʟ ʬʘʢʪʠʯʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ ʥʘ ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʢʦʨʧʫʩʘ ʜʚʠʛʫʥʘ ʽʟ ʩʪʘʣʽ 25ʍɻʉɸ ʫ ɼʇ çʂɹ 
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çʇʽʚʜʝʥʥʝèè. ɻʝʦʤʝʪʨʽʷ ʪʘ ʫʤʦʚʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʨʧʫʩʘ ʜʚʠʛʫʥʘ, ʷʢʠʡ 

ʤʦʜʝʣʶʻʤʦ ʪʦʥʢʦʶ ʦʙʦʣʦʥʢʦʶ ʦʙʝʨʪʘʥʥʷ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.1. ɿʘ ʢʦʦʨʜʠʥʘʪʥʫ 

ʦʙʨʘʥʦ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʦʙʦʣʦʥʢʠ, ʤʝʨʠʜʽʘʥ ʦʙʦʣʦʥʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 8-ʠ 

ʣʘʥʦʢ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢʽ ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ (ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʜʘʥʦ ʚ ʩʤ, ʢʫʪʠ ï ʚ 

ʨʘʜʽʘʥʘʭ; kt  ï ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ, ʷʢʠʤʠ ʣʘʥʢʫ ʤʝʨʠʜʽʘʥʘ ʨʦʟʙʠʪʦ ʜʣʷ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ (2.19): 

1) ʩʬʝʨʠʯʥʘ, ʨʘʜʽʫʩ ʩʬʝʨʠ 8,5r = , 0 0s = , 1 1,352452s = ; 1 0,600077j= , 

81kt= ; 

2) ʪʦʨʦʾʜʘʣʴʥʘ, ʨʘʜʽʫʩ ʪʦʨʘ 2,5r = ; 2 3,3814695s = ; 2 0,759189j= ; 

81kt= ; 

3) ʮʠʣʽʥʜʨʠʯʥʘ, ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʘ 6,63R= ; 3 4,4814695s = ; 3 2nj= ; 

21kt= ; 

4) ʮʠʣʽʥʜʨʠʯʥʘ, ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʘ 6,63R= ; 4 47,6814695s = ; 4 2nj= ; 

401kt= ; 

5) ʮʠʣʽʥʜʨʠʯʥʘ, ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʘ 6,63R= ; 5 48,2814695s = ; 5 2nj= ; 

21kt= ; 

6) ʮʠʣʽʥʜʨʠʯʥʘ, ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʘ 6,63R= ; 6 48,6814695s = ; 6 2nj= ; 

21kt= ; 

7) ʪʦʨʦʾʜʘʣʴʥʘ, ʨʘʜʽʫʩ ʪʦʨʘ 2,5r = ; 7 50,710487s = ; 7 2nj= ; 81kt= ; 

8) ʩʬʝʨʠʯʥʘ, ʨʘʜʽʫʩ ʩʬʝʨʠ 8,5r = ; 8 57,163593s = ; 8 2,3824033j= ; 

81kt= . 

ʊʦʚʱʠʥʘ ʦʙʦʣʦʥʢʠ ʥʘ ʣʘʥʢʘʭ 1ï5 ʧʦʩʪʽʡʥʘ ʽ ʜʦʨʽʚʥʶʻ 0,15 ʩʤ; ʥʘ ʣʘʥʮʽ  

6 ï ʣʽʥʽʡʥʦ ʟʤʽʥʥʘ ʚʽʜ 0,15 ʜʦ 0,3 ʩʤ; ʥʘ ʣʘʥʢʘʭ 7 ʽ 8 ï ʧʦʩʪʽʡʥʘ ʽ ʜʦʨʽʚʥʶʻ 

0,3 ʩʤ. ʂʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʧʦ ʪʦʚʱʠʥʽ ʫ ʚʠʨʘʟʘʭ (2.18) 

ʜʦʨʽʚʥʶʻ 11. 

ʇʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʦʙʦʣʦʥʢʠ ʙʫʣʠ ʟʘʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ 

s e ʜʣʷ ʩʪʘʣʽ 25ʍɻʉɸ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʟ 

ɼʇ çʂɹ çʇʽʚʜʝʥʥʝèè, ʪʘ ʜʘʥʽ ʟ ʣʽʪʝʨʘʪʫʨʠ [76]. ʇʦʙʫʜʦʚʘʥʫ ʜʽʘʛʨʘʤʫ 
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ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.2. ʄʝʞʘ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 1080ns = ʄʇʘ, ʢʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʩʦʥʘ 0.3n= . 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʦʨʧʫʩʘ ʪʘ ʤʝʨʠʜʽʘʥ ʦʙʦʣʦʥʢʠ 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ɼʽʘʛʨʘʤʘ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʪʘʣʽ 25ʍɻʉɸ 

 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (2.19), (2.20) ʟʘʜʘʥʽ ʧʨʠ 

0as s=  ʫ ʚʠʛʣʷʜʽ: 0u= , 0w= , 0sJ= ; ʧʨʠ 8bs s= : 0u= , 0sJ= , 0sQ = . 

ʇʨʦʮʝʩ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʙʠʪʦ ʥʘ ʨʷʜ ʝʪʘʧʽʚ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ (ʄʇʘ) 10; 12; 12,5; 13; 13,5; ...;  28,2qz= . ɺʝʣʠʯʠʥʠ ʝʪʘʧʽʚ 

ʪʠʩʢʫ ʟʤʝʥʰʫʚʘʣʠʩʷ ʧʦ ʤʽʨʽ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʟʥʘʯʝʥʴ es, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʣʠ 

ʫʤʦʚʘʤ (2.2)ï(2.4). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ 

ʚʠʥʠʢʣʠ ʧʨʠ 16qz=  ʄʇʘ ʥʘ ʜʨʫʛʽʡ ʣʘʥʮʽ ʦʙʦʣʦʥʢʠ, ʘ ʧʦʪʽʤ ʫ ʧʨʦʮʝʩʽ 
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ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʰʠʨʠʣʠʩʷ ʧʦ ʚʩʽʡ ʦʙʦʣʦʥʮʽ. ʇʨʦʮʝʩ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʙʫʚ ʘʢʪʠʚʥʠʤ, ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʥʝ ʚʠʥʠʢʣʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʞʣʠʚʝ ʨʫʡʥʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ 

ʧʦʯʠʥʘʻʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ, 

2 25,1 10 ʤ 8,4 10 ʤs- -Ö ¢ ¢ Ö, ʪʦʙʪʦ ʥʘ ʪʨʝʪʽʡ ʣʘʥʮʽ. ɿʥʘʯʝʥʥʷ ʨʫʡʥʽʚʥʦʛʦ ʪʠʩʢʫ qz, 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ es, ʚʠʟʥʘʯʝʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʢʨʠʪʝʨʽʾʚ  

(2.2)ï(2.4) ʽ ʢʦʦʨʜʠʥʘʪʠ s  ʪʘʢʽ: 

1) 23,44qz=  ʄʇʘ, max 1079,8e qqs s s= = =  ʄʇʘ, 
25,13 10s -= Ö ʤ; 

2) 25,95qz=  ʄʇʘ, ( )2 1079,9e i qqs s s= + =  ʄʇʘ, 
25,78 10s -= Ö ʤ; 

3) 28,15qz=  ʄʇʘ, 3 1079,6e Ss= =  ʄʇʘ, 
28,37 10s -= Ö ʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʝʣʠʯʠʥʘ ʨʫʡʥʽʚʥʦʛʦ ʪʠʩʢʫ  

23,44 28,15qz
*¢ ¢ ʄʇʘ. 

ʗʢ ʧʦʢʘʟʘʣʠ ʨʦʟʨʘʭʫʥʢʠ, ʧʨʠ ʚʢʘʟʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʠʩʢʫ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʻ ʢʦʣʦʚʝ ʥʘʧʨʫʞʝʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ 

ʚʟʜʦʚʞ ʪʚʽʨʥʦʾ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʩʚʽʜʯʘʪʴ, ʱʦ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʣʘʥʢʠ ʦʙʦʣʦʥʢʠ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ 

ʟʦʚʥʽʰʥʽʡ ʽ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʷʭ ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʶʪʴʩʷ; ʚʽʜʤʽʥʥʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʽʣʴʢʠ ʚ ʜʥʠʱʘʭ ʽ ʧʨʠʣʝʛʣʠʭ ʜʦ ʥʠʭ ʜʽʣʷʥʢʘʭ. ʅʘ ʮʠʣʽʥʜʨʠʯʥʽʡ 

ʜʽʣʷʥʮʽ, ʜʝ ʤʦʞʣʠʚʝ ʨʫʡʥʫʚʘʥʥʷ, ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʚʠʱʝ, ʥʽʞ ʥʘ ʚʥʫʪʨʽʰʥʽʡ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʥʘ ʨʠʩ. 2.3ï2.5 

ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʪʽʣʴʢʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ ʚ ʪʽʡ ʯʘʩʪʠʥʽ, ʜʝ ʤʦʞʣʠʚʝ 

ʨʫʡʥʫʚʘʥʥʷ. ɺʝʨʪʠʢʘʣʴʥʽ ʣʽʥʽʾ ʩʽʪʢʠ ʥʘ ʮʠʭ ʨʠʩʫʥʢʘʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʨʘʥʠʮʷʤ 

ʣʘʥʦʢ. ʂʨʠʚʽ 1, 2, 3 ʥʘ ʨʠʩʫʥʢʘʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʨʫʡʥʽʚʥʦʛʦ ʪʠʩʢʫ ʟʘ 

ʪʨʴʦʤʘ ʢʨʠʪʝʨʽʷʤʠ ʚ ʦʧʠʩʘʥʦʤʫ ʚʠʱʝ ʧʦʨʷʜʢʫ. ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥʦ ʟʤʽʥʠ 

ʫʟʜʦʚʞ ʤʝʨʠʜʽʘʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ (ʘ) ʽ ʜʝʬʦʨʤʘʮʽʡ ʟʩʫʚʫ 

(ʙ); ʥʘ ʨʠʩ. 2.4 ï ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ (ʘ) ʽ ʢʦʣʦʚʦʛʦ (ʙ) ʥʘʧʨʫʞʝʥʴ; ʥʘ ʨʠʩ. 2.5 ï 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʈʠʩʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʦʣʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʽ 

ʜʝʬʦʨʤʘʮʽʾ ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʶʪʴ ʤʝʨʠʜʽʦʥʘʣʴʥʽ. 
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ʈʠʩʫʥʦʢ 2.3 ï ɿʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ (ʘ) 

ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʟʩʫʚʫ (ʙ) ʚʟʜʦʚʞ ʤʝʨʠʜʽʘʥʘ 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ɿʤʽʥʘ ʤʝʨʠʜʽʦʥʘʣʴʥʠʭ (ʘ) ʪʘ ʢʦʣʦʚʠʭ (ʙ) ʥʘʧʨʫʞʝʥʴ 

ʚʟʜʦʚʞ ʤʝʨʠʜʽʘʥʘ 
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ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʷ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʢʦʨʧʫʩʫ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʣʘʩʪʠʯʥʦʩʪʽ [76], ʷʢʽ ʦʧʠʩʫʶʪʴ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʦʙʦʣʦʥʢʠ ʚʟʜʦʚʞ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʪʨʘʻʢʪʦʨʽʡ. ʇʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦ ʪʨʘʻʢʪʦʨʽʷʭ ʤʘʣʦʾ ʢʨʠʚʠʟʥʠ ʥʝ 

ʙʽʣʴʰʝ ʥʽʞ ʥʘ 2%. 

 

 

ʈʠʩʫʥʦʢ 2.5 ï ɿʤʽʥʘ ʤʝʨʠʜʽʦʥʘʣʴʥʠʭ (ʘ) ʪʘ ʢʦʣʦʚʠʭ (ʙ) ʜʝʬʦʨʤʘʮʽʡ 

ʚʟʜʦʚʞ ʤʝʨʠʜʽʘʥʘ 

 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ ʤʝʪʦʜʠʢʦʶ, ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʅɼʉ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʢʦʨʧʫʩʫ ʷʢ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢ ʽ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʨʦʟʚô̫ ʟʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʟʘʜʘʯʽ ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʝʪʦʜʦʤ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ [74, 79]. ɼʝʷʢʝ ʨʦʟʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ 

ʜʚʦʤʘ ʤʝʪʦʜʠʢʘʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʥʘʚʢʦʣʦ ʤʽʩʮʷ ʨʽʟʢʦʾ ʟʤʽʥʠ 

ʪʦʚʱʠʥʠ ʪʘ ʚ ʦʢʦʣʽ ʛʨʘʥʠʯʥʦʛʦ ʢʦʥʪʫʨʫ as s= . ʇʨʦʪʝ ʮʽ ʚʽʜʤʽʥʥʦʩʪʽ ʥʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʮʽʥʢʫ ʤʽʮʥʦʩʪʽ ʢʦʨʧʫʩʫ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʧʨʦʩʪʦʨʦʚʦʶ ʪʝʦʨʽʻʶ 

ʧʽʜʪʚʝʨʜʠʣʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʦʙʨʘʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʤʦʜʝʣʽ ʜʦ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ 

ʪʝʩʪʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

 

2.4 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ  

 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʦ 

ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʨʫʡʥʽʚʥʦʛʦ ʪʠʩʢʫ ʟ ʬʘʢʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ, 

ʱʦ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝèè. ʇʨʠ ʚʠʨʦʙʥʠʯʠʭ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟʥʘʯʝʥʥʷ ʨʫʡʥʽʚʥʦʛʦ ʪʠʩʢʫ ʩʢʣʘʣʦ 25,95qz
*=  ʄʇʘ, ʷʢʠʡ 

ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʻ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʨʽʚʥʝʤ ʪʠʩʢʫ 25,95qz=  ʄʇʘ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʶ ʉʜʦʙʠʨʻʚʘ. 

ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʦʤʽʨʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʨʦʟʨʘʭʫʥʢʫ ʨʫʡʥʽʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʢʦʨʧʫʩʘ ʜʚʠʛʫʥʘ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦʾ ʤʝʪʦʜʠʢʠ. 

 

 

2.5 ɺʠʩʥʦʚʢʠ 

 

1. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʥʫʪʨʽʰʥʽʤ 

ʪʠʩʢʦʤ. ɺʠʢʦʨʠʩʪʘʥʦ ʚʠʟʥʘʯʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʪʝʦʨʽʾ ʧʨʦʮʝʩʽʚ ʧʨʫʞʥʦʧʣʘʩʪʠʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʪʨʘʻʢʪʦʨʽʷʤʠ ʤʘʣʦʾ ʢʨʠʚʠʟʥʠ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʦʨʽʾ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ ʦʙʝʨʪʘʥʥʷ ʽ ʢʣʘʩʠʯʥʽ ʢʨʠʪʝʨʽʾ ʤʽʮʥʦʩʪʽ 

ï ʤʘʢʩʠʤʘʣʴʥʠʭ ʛʦʣʦʚʥʠʭ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʉʜʦʙʠʨʻʚʘ ʪʘ ʄʽʟʝʩʘ.  

2. ɿʘʜʘʯʫ ʨʦʟʚô̫ ʟʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ 

ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

3. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʚʽʨʪʫʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʨʧʫʩʘ ʜʚʠʛʫʥʘ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʟʨʦʩʪʘʶʯʠʤ ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ ʘʞ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʞʣʠʚʝ ʨʫʡʥʫʚʘʥʥʷ ʢʦʨʧʫʩʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ 

ʯʘʩʪʠʥʽ ʧʦ ʪʚʽʨʥʽʡ.  

4. ʅʘʡʙʣʠʞʯʠʤ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʷʚʠʣʦʩʷ ʟʥʘʯʝʥʥʷ ʨʫʡʥʽʚʥʦʛʦ 

ʪʠʩʢʫ, ʦʪʨʠʤʘʥʝ ʟʘ ʢʨʠʪʝʨʽʻʤ ʉʜʦʙʠʨʻʚʘ, ʷʢʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʤʝʥʰ ʥʽʞ ʥʘ 2%. 

5. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʨʦʟʚô̫ ʟʘʥʥʽ 

ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ, ʽ ʪʽʻʾ ʞ ʟʘʜʘʯʽ ʚ ʧʨʦʩʪʦʨʦʚʽʡ ʧʦʩʪʘʥʦʚʮʽ 

ʧʽʜʪʚʝʨʜʠʣʠ ʧʨʘʚʦʤʽʨʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʦʣʦʥʢʦʚʦʾ ʤʦʜʝʣʽ. 

6. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩ 

ʧʨʫʞʥʦʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʪʦʥʢʦʩʪʽʥʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʛʣʷʥʫʪʦʛʦ ʢʣʘʩʫ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʛʦ ʪʠʩʢʫ ʽ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʫʡʥʽʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ 

ʨʘʢʝʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 



47 

ʈʆɿɼɯʃ 3 

ʉʂɯʅʏɽʅʅʆ-ɽʃɽʄɽʅʊʅʀʁ ʇɯɼʍɯɼ ɼʆ ʈʆɿʈɸʍʋʅʂʋ ʅɼʉ  

ʊɸ ʈʋʁʅɯɺʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ ʇɸʃʀɺʅʀʍ ɹɸʂɯɺ  

ʈɸʂɽʊʀ-ʅʆʉɯʗ ʇʈʀ ʅɸʗɺʅʆʉʊɯ ʊʈɯʑʀʅʀ  

ʋ ʅɸʁɹɯʃʔʐ ʅɸʇʈʋɾɽʅɯʁ ɼɯʃʗʅʎɯ ʂʆʅʉʊʈʋʂʎɯɰ 

 

 

ʊʨʝʪʽʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʨʦʙʮʽ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʪʘ 

ʨʫʡʥʽʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʘʣʠʚʥʠʭ ʙʘʢʽʚ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥʠ ʫ 

ʥʘʡʙʽʣʴʰ ʥʘʧʨʫʞʝʥʽʡ ʜʽʣʷʥʮʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺ ʦʩʥʦʚʫ ʧʽʜʭʦʜʫ ʧʦʢʣʘʜʝʥʦ ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ 

ʪʝʦʨʽʻʶ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʙʘʢʽʚ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʨʷʜʽʚ ʌʫʨô̒  ʧʦ ʦʢʨʫʞʥʽʡ ʢʦʦʨʜʠʥʘʪʽ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʫ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʚʽʜʦʤʠʭ 

ʬʫʥʢʮʽʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʠʩʢʨʝʪʥʘ ʤʦʜʝʣʴ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ɼʣʷ ʦʮʽʥʢʠ ʅɼʉ ʚ ʦʙʣʘʩʪʽ ʪʨʽʱʠʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʦʟʚô̫ ʟʢʫ ʩʠʩʪʝʤʠ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ. ʏʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʨʫʡʥʫʚʘʥʥʷ ʙʘʢʘ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʧʽʜ ʜʽʻʶ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʠʩʢʫ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʟʘʜʘʯʽ, ʷʢʽ ʧʦʩʣʽʜʦʚʥʦ ʚʠʨʽʰʫʶʪʴʩʷ: ʨʦʟʨʘʭʫʥʦʢ ʅɼʉ 

ʙʘʢʘ ʙʝʟ ʪʨʽʱʠʥʠ ʧʽʜ ʜʽʻʶ ʟʘʜʘʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ ʪʘ ʘʥʘʣʽʟ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʧʨʫʞʝʥʴ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʪʨʽʱʠʥʦʶ, ʥʘ ʙʝʨʝʛʘʭ ʷʢʦʾ ʧʨʠʢʣʘʜʝʥʽ ʧʠʪʦʤʽ ʩʠʣʦʚʽ 

ʬʘʢʪʦʨʠ, ʦʪʨʠʤʘʥʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʦʟʨʘʭʫʥʢʫ. 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʩʪʚʦʨʝʥʘ ʧʨʦʛʨʘʤʘ ʚ ʩʝʨʝʜʦʚʠʱʽ 

MAPLE, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʨʦʟʨʘʭʫʚʘʪʠ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʾ ʙʘʢʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʚ ʦʢʦʣʽ ʪʨʽʱʠʥʠ. 
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3.1 ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʨʫʡʥʽʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʨʝʙʨʠʩʪʠʭ ʙʘʢʽʚ 

ʨʘʢʝʪʠ-ʥʦʩʽʷ ʽʟ ʪʨʽʱʠʥʦʶ ʫ ʥʘʡʙʽʣʴʰ ʥʘʧʨʫʞʝʥʽʡ ʟʦʥʽ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥ ʚʥʫʪʨʽʰʥʽʭ ʨʫʡʥʽʚʥʠʭ 

ʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ, ʱʦ ʜʽʶʪʴ ʥʘ ʙʘʢʠ ʨʘʢʝʪ-ʥʦʩʽʾʚ. ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʙʘʢʘ 

ʨʘʢʝʪʠ-ʥʦʩʽʷ ʻ ʮʠʣʽʥʜʨʠʯʥʘ ʦʙʦʣʦʥʢʘ ʧʦʩʠʣʝʥʘ ʟʩʝʨʝʜʠʥʠ ʩʪʨʽʥʛʝʨʘʤʠ ʽ 

ʰʧʘʥʛʦʫʪʘʤʠ. ɿʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʙʘʢʘ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ï ʚ 

ʥʘʡʙʽʣʴʰ ʥʘʧʨʫʞʝʥʦʤʫ ʤʽʩʮʽ ʙʘʢʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʨʽʱʠʥʘ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ. ɼʣʷ ʡʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʯʠʩʝʣʴʥʦ 

ʚʠʨʽʰʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʯʦʪʠʨʴʦʭ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʘʢʘ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɽʩʢʽʟ ʥʝʩʫʯʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʙʘʢʘ ʨʘʢʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ 

ʨʠʩ. 3.1. ʋʩʝʨʝʜʠʥʽ ʪʦʥʢʘ ʮʠʣʽʥʜʨʠʯʥʘ ʦʙʦʣʦʥʢʘ ʧʽʜʢʨʽʧʣʝʥʘ ʩʪʨʽʥʛʝʨʘʤʠ ʽ 

ʰʧʘʥʛʦʫʪʘʤʠ. ɼʦ ʪʦʨʮʝʚʠʭ ʧʝʨʝʪʠʥʘʭ ʦʙʦʣʦʥʢʠ ʢʨʽʧʣʷʪʴʩʷ ʜʥʠʱʘ ʙʘʢʽʚ, ʷʢʽ ʻ 

ʩʬʝʨʠʯʥʠʤʠ ʦʙʦʣʦʥʢʘʤʠ. ʆʙʦʣʦʥʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʧʦʩʪʽʡʥʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʘʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʙʦʣʦʥʢʘ 

ʻ ʪʦʥʢʦʶ, ʪʦʤʫ ʟʩʫʚʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʦʙʦʣʦʥʢʘ ʧʨʘʮʶʻ ʚ 

ʦʙʣʘʩʪʽ ʧʨʫʞʥʦʩʪʽ, ʪʦʙʪʦ ʥʘʧʨʫʞʝʥʥʷ ʽ ʜʝʬʦʨʤʘʮʽʾ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʟʘʢʦʥʫ ɻʫʢʘ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ ʤʘʣʽ. ʊʦʤʫ ʜʝʬʦʨʤʘʮʽʾ ʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʣʽʥʽʡʥʠʤ ʬʦʨʤʫʣʘʤ ʂʦʰʽ. 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ɽʩʢʽʟ ʥʝʩʫʯʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʙʘʢʘ ʨʘʢʝʪʠ  

(u , v , w  ï ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʽʩʝʡ x , y , z)  
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ʅʝʩʫʯʠʡ ʝʣʝʤʝʥʪ ʙʘʢʘ ï ʚʘʬʝʣʴʥʘ ʮʠʣʽʥʜʨʠʯʥʘ ʦʙʦʣʦʥʢʘ ï ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʩʝʨʝʜʢʽʚ [43]. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʫʡʥʽʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʦʙʦʣʦʥʢʠ, ʪʨʽʱʠʥʘ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʧʦʩʝʨʝʜʠʥʽ ʢʦʤʽʨʢʠ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʤʫ ʱʦ ʫ 

ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʥʘʧʨʫʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʽ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʨʦʟʤʽʨʠ 

ʦʩʝʨʝʜʢʫ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʨʦʟʤʽʨʽʚ ʪʨʽʱʠʥʠ. ʊʦʤʫ ʟʙʫʨʝʥʥʷ ʚ ʅɼʉ ʦʙʦʣʦʥʢʠ 

ʚʥʘʩʣʽʜʦʢ ʪʨʽʱʠʥʠ ʟʛʘʩʘʶʪʴ, ʥʝ ʜʽʡʰʦʚʰʠ ʜʦ ʜʽʣʷʥʦʢ ʩʪʨʠʥʛʝʨʘ ʘʙʦ ʰʧʘʥʛʦʫʪʘ, 

ʱʦ ʥʘʣʝʞʘʪʴ ʜʘʥʽʡ ʢʦʤʽʨʮʽ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʪʨʽʱʠʥʦʶ ʩʪʨʠʥʛʝʨʠ ʽ ʰʧʘʥʛʦʫʪʠ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. ɰʭ ʚʧʣʠʚ ʚʨʘʭʦʚʘʥʦ ʚ 

ʜʦʜʘʥʠʭ ʜʦ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ 

ʦʨʝʙʨʝʥʠʭ ʙʘʢʽʚ ʨʘʢʝʪ-ʥʦʩʽʾʚ. 

 

 

3.2 ʏʠʩʝʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʨʫʡʥʫʚʘʥʥʷ 

 

ʇʦʭʽʜ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʦʨʝʙʨʝʥʠʭ ʙʘʢʽʚ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʩʪʘʪʪʽ 

[2]. ʊʫʪ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʥʦʚʥʽ ʽʜʝʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. ʆʩʥʦʚʥʠʤʠ 

ʥʝʚʽʜʦʤʠʤʠ ʟʘʚʜʘʥʥʷ ʻ ʧʝʨʝʤʽʱʝʥʥʷ ( , , )u v w  ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ 

(ʜʠʚ. ʨʠʩ. 3.1). 

ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʨʷʜʫ ʌʫʨô̒  ʧʦ ʦʢʨʫʞʥʽʡ ʢʦʦʨʜʠʥʘʪʽ ʦʙʦʣʦʥʢʠ j: 
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cos sin
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c s
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c s
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n c s
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u x u xu xu

v v x v x n v x n

w w x w x w x

j j
=

è ø è øè øè ø
é ù é ùé ùé ù= + +é ù é ùé ùé ù
é ù é ùé ùê úê ú ê ú ê ú

ä , (3.1) 

ʜʝ x  ï ʧʦʟʜʦʚʞʥʷ ʢʦʦʨʜʠʥʘʪʘ ʦʙʦʣʦʥʢʠ; () () ()
1

( )

0 0, ,.., ,...cu x v x u x  ï ʬʫʥʢʮʽʾ, ʱʦ 

ʧʽʜʣʷʛʘʶʪʴ ʨʦʟʨʘʭʫʥʢʫ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʠʚʝʩʪʠ 

ʢʦʥʪʠʥʫʘʣʴʥʫ ʟʘʜʘʯʫ ʜʦ ʜʠʩʢʨʝʪʥʦʾ. 

 

ɼʣʷ ʮʴʦʛʦ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ ʨʦʟʽʙô̒ ʤʦ ʢʦʥʩʪʨʫʢʮʽʶ ʥʘ N  

ʜʽʣʷʥʦʢ. ʂʽʥʮʽ ʮʠʭ ʜʽʣʷʥʦʢ ʻ ʪʦʯʢʘʤʠ, ʚ ʷʢʠʭ ʟʘʜʘʶʪʴʩʷ ʥʝʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ 
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ʬʫʥʢʮʽʡ () () ()
1

( )

0 0, ,.., ,...cu x v x u x . ʎʽ ʪʦʯʢʠ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʢʦʦʨʜʠʥʘʪʠ ;ix  

0,i N= . ʊʘʢʠʤ ʯʠʥʦʤ, ʤʥʦʞʠʥʘ ʥʝʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ ʟʘʤʽʥʶʻʪʴʩʷ ʤʥʦʞʠʥʦʾ 

ʪʦʯʢʦʚʠʤʠ ʬʫʥʢʮʡ̔. ɿʥʘʯʝʥʥʷ ʚ ʜʠʩʢʨʝʪʥʠʭ ʥʘʙʦʨʘʭ ʪʦʯʦʢ ʦʙô̒ ʜʥʫʶʪʴʩʷ ʚ 

ʚʝʢʪʦʨʘ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

 
(1) (0) (0) (0) ( , ) ( , ) ( , ) ( , ) ( , ) ( , )

2 2 2 2 2 2 2 2 2 2

T
c v s v c v s v c v s v

j i j i j i j i j i j i j i j i j i j iU u v w u u v v w w- + - + - + - + - + - + - + - + - + - +
è ø=ê ú (3.2) 

1, ; 1,2.j N i= =  

 

ʅʘ ʢʦʞʥʽʡ ʟ ʜʽʣʷʥʦʢ 1;j jx x-
è øê ú ʚʚʦʜʠʪʴʩʷ ʣʦʢʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ [ ]1,1xÍ - . 

ɼʦʪʨʠʤʫʶʯʠʩʴ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʝʚʽʜʦʤʽ ʬʫʥʢʮʽʾ ʟ (3.1) 

ʧʨʝʜʩʪʘʚʠʤʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʣʽʥʦʤʠ ɽʨʤʽʪʘ [61]: 
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ʜʝ 
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è øQ =
ê ú

 ï ʚʝʢʪʦʨ ʟ ʧʦʭʽʜʥʠʭ 

ʧʦ x  ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʚʝʢʪʦʨʫ (1)

2 1jU - +
; 

( ) ( ) ( ) ( ) ( )

0 0 0 0

T
c s c s c s

v v v v v vU u v w u u v v w wè ø=ê ú. 

ʃʽʪʝʨʘʤʠ ,j ,y  q ʧʦʟʥʘʯʘʶʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʽ ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʚ ʚʫʟʣʘʭ 

ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

 

ʌʫʥʢʮʽʾ ()iN x ; ()iN x
*

 ʻ ʧʦʣʽʥʦʤʘʤʠ ɽʨʤʽʪʘ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ. ɺʩʽ 

ʥʝʚʽʜʦʤʽ ʟʘʜʘʯʽ ʦʙô̒ ʜʥʫʶʪʴʩʷ ʚ ʦʜʠʥ ʚʝʢʪʦʨ ʛʣʦʙʘʣʴʥʠʭ ʥʝʚʽʜʦʤʠʭ ʟʘʜʘʯ: 

 

( ) (0) (0) ( ) (0) (0)

1 2,1 2 3,1 3,, ,..., ; ,..., ;
G G

c

glob N Nz y y y y yè=ê
(1) (1) (1) (1) (1)

1 2,1 2 3,1 3,, ,..., ; ,..., ;
G GN Ny y y y y  

 
( ) ( ) ( ) ( ) ( )

1 2,1 2 3,1 3,, ,..., ; ,...,
G G

N N N N N

N Ny y y y y ø
ú, (3.4) 

ʜʝ ( ) (0) (0) (0) (0) (0) (0)

1 j j j j j j

jy u v wj y qè ø=
ê ú

; ( ) ( , ) ( , ) ( , ) ( , ) ( , ) ( , )

2, j j j j j j

j c v c v c v c v c v c v

vy u v wj y qè ø=
ê ú

; 

    ( ) ( , ) ( , ) ( , ) ( , ) ( , ) ( . )

3, j j j j j j

j s v s v s v s v s v s v

vy u v wj y qè ø=
ê ú

. 
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ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʈʝʣʝʷ ʽ ʨʦʟʢʣʘʜʘʥʥʷ (3.2) 

ʚʚʦʜʠʪʴʩʷ ʫ ʬʫʥʢʮʽʦʥʘʣ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʢʫ ʧʦʭʽʜʥʠʭ, ʦʪʨʠʤʫʻʪʴʩʷ ʨʦʟʜʽʣʴʥʘ ʩʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

 

 []( )()globK z F= , (3.5) 

ʜʝ ()F  ï ʛʣʦʙʘʣʴʥʠʡ ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʚô̫ ʟʘʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (3.5) 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʅɼʉ ʙʘʢʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʘ ʟʦʥʘ ʦʙʦʣʦʥʢʠ. ʇʦʩʝʨʝʜʠʥʽ ʮʽʻʾ ʟʦʥʠ ʚ ʦʙʦʣʦʥʢʫ 

ʚʢʣʶʯʘʻʪʴʩʷ ʤʘʛʽʩʪʨʘʣʴʥʘ ʪʨʽʱʠʥʘ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ. 

ɼʝʬʦʨʤʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ ʟ ʪʨʽʱʠʥʦʶ ʦʧʠʩʫʻʪʴʩʷ ʪʝʦʨʽʻʶ ʧʦʣʦʛʠʭ 

ʦʙʦʣʦʥʦʢ. ʊʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ 

ʚʽʜʥʦʩʥʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ w  ʽ ʬʫʥʢʮʽʾ ʥʘʧʨʫʞʝʥʴ j: 

 

 
2 2

2
0;

Eh
w

R y
j

µ
DD + =

µ
   

2 2

2
0,

I
w

RD y
j

µ
DD - =

µ
 (3.6) 

ʜʝ E  ï ʤʦʜʫʣʴ ʖʥʛʘ; h  ï ʪʦʚʱʠʥʘ ʦʙʦʣʦʥʢʠ; ( )1 2min ,R R R=  ï ʛʦʣʦʚʥʽ 

ʢʨʠʚʠʟʥʠ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ; D  ï ʮʠʣʽʥʜʨʠʯʥʘ ʞʦʨʩʪʢʽʩʪʴ 

ʦʙʦʣʦʥʢʠ; 
2 2

2 2
;

x y

µ µ
D= +
µ µ

y Rj= . 

 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʚ ʟʦʥʽ ʦʙʦʣʦʥʢʠ, ʜʝ ʨʦʟʤʽʱʫʻʪʴʩʷ ʪʨʽʱʠʥʘ, 

ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʅɼʉ ʽ ʧʠʪʦʤʽ ʩʠʣʦʚʽ ʬʘʢʪʦʨʠ. ɿʥʘʡʜʝʥʽ ʩʠʣʦʚʽ 

ʬʘʢʪʦʨʠ ʧʦʟʥʘʯʘʶʪʴʩʷ ʫ ʬʦʨʤʽ: 

 

 ( ),yT x y , ( ),xT x y , ( ),S x y , ( ),yG x y , ( ),xG x y , ( ),yQ x y , ( ),xQ x y , (3.7) 
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ʜʝ ( ),x y  ï ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘʣʴʥʦʾ ʪʦʯʢʠ ʨʦʟʨʽʟʫ (ʪʨʽʱʠʥʠ); ,xT  yT  ï ʧʠʪʦʤʽ 

ʧʦʟʜʦʚʞʥʽ ʟʫʩʠʣʣʷ ʫʟʜʦʚʞ ʦʩʝʡ x  ʽ y ; S ï ʧʠʪʦʤʽ ʟʩʫʚʥʽ ʟʫʩʠʣʣʷ; yG , xG  ï 

ʧʠʪʦʤʽ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ; yQ , xQ  ï ʧʠʪʦʤʽ ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ.  

 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʩʪʦʨʦʥʘʭ ʪʨʽʱʠʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ 

ʚʠʜʽ: 

 

 ( ) ( ) 1,0 ,0y yT x T x f+ -= =; (3.7) 

 ( ) ( ) 2,0 ,0y yS x S x f+ -= = ; (3.8) 

 ( ) ( ) 3,0 ,0y yG x G x f+ -= = ; (3.9) 

 ( ) ( ) 4,0 ,0y yQ x Q x f+ -= =  (3.10) 

0; 1y x= ¢, 

ʜʝ ʟʥʘʢʠ ʧʣʶʩ ʽ ʤʽʥʫʩ ʧʦʟʥʘʯʘʶʪʴ, ʱʦ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʥʘʣʝʞʠʪʴ ʚʝʨʭʥʽʡ ʽ 

ʥʠʞʥʽʡ ʩʪʦʨʦʥʘʤ ʪʨʽʱʠʥʠ (ʨʠʩ. 3.2), ʚʽʜʧʦʚʽʜʥʦ; 1 4,...f f  ï ʜʝʷʢʽ ʯʠʩʣʘ. 

 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʟʘʧʠʩʘʥʽ ʜʣʷ ʪʨʽʱʠʥʠ ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ. 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ɽʩʢʽʟ ʪʨʽʱʠʥʠ ʚ ʦʙʦʣʦʥʮʽ 

 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʢʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ ʟ ʪʨʽʱʠʥʦʶ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ. ɿʥʘʶʯʠ 

ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ, ʣʝʛʢʦ ʟʥʘʭʦʜʠʪʴʩʷ ʇɼɺ ʚ ʦʢʦʣʠʮʽ ʪʨʽʱʠʥʠ 

ʽ ʧʘʨʘʤʝʪʨʠ ʧʦʯʘʪʢʫ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (3.6) ʟ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ (3.5) ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʯʦʪʠʨʴʦʭ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ [70]: 
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 () ( ) ()
14

4

1 1

k jk j j

k

q t K t x dt F x Cy p d
=-

¡ ¡- = +äñ ;   1,...4j= , (3.11) 

ʜʝ 1 2 2
, ;

I
ʩ ʩ

l d
=  3 2

;
D

c
l
=  4 3

;
D

c
l
=  

( )2
2

12 1
;

Eh

n
d

-
=  () 4

4

4

;
f

F x x
c

¡ =  () ;
j

j

j

f
F x

c
¡ = 1,3;j =  

4 jd  ï ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ; C  ï ʢʦʥʩʪʘʥʪʘ ʽʥʪʝʛʨʫʚʘʥʥʷ; ()k ty¡  ï ʰʫʢʘʥʽ ʬʫʥʢʮʽʾ; 

( )jkK t x-  ï ʷʜʨʘ ʩʠʩʪʝʤʠ ʩʠʥʛʫʣʷʨʥʠʭ ʨʽʚʥʷʥʴ.  

 

ʇʦʜʘʥʥʷ ʮʠʭ ʷʜʝʨ ʯʝʨʝʟ ʥʝʚʣʘʩʥʽ ʽʥʪʝʛʨʘʣʠ ʽ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʷʭ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʤʦʥʦʛʨʘʬʽʾ [52]. ʗʜʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

 

 () ( ),
j

jk jk jk

a
K x k x

x
d l l= + , (3.12) 

ʜʝ 1 2

1

2
a a=- =-; 

( )( )
3 4

1 3

2
a a

n n- +
= = . 

 

ɯʟ ʮʴʦʛʦ ʫʷʚʣʝʥʥʷ ʚʠʜʥʦ, ʱʦ ʷʜʨʘ ʟ ʥʦʤʝʨʘʤʠ j k=  ʻ ʩʠʥʛʫʣʷʨʥʠʤʠ. 

ʈʝʰʪʘ ʷʜʝʨ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ ʤʘʶʪʴ. ɼʦ ʩʠʩʪʝʤʠ ʩʠʥʛʫʣʷʨʥʠʭ ʨʽʚʥʷʥʴ (3.11) 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʘʤʽʥʘ ʟʤʽʥʥʠʭ: 

 

 ()
()

21

j

k

x
x

x

j
y¡ =

-
. (3.13) 

 

ɿʘʤʽʥʫ ʟʤʽʥʥʠʭ (3.13) ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.12) ʚʚʦʜʷʪʴʩʷ ʫ ʩʠʩʪʝʤʫ 

ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (3.11). ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʪʴʩʷ ʪʘʢʘ 

ʩʠʩʪʝʤʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 

()

( )

()
( )

1 14

2 2
11 11 1

j k

j jk

k

t dt t
a k t x dt

t t x t

j j
l l
=- -

+ - =è øê ú
- - -

äñ ñ  

 () 4 ; 1,...,4.j jF x C jp d¡= + =  (3.14) 
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ʗʢ ʚʠʧʣʠʚʘʻ ʟ (3.12), ʜʝʷʢʽ ʟ ʷʜʝʨ ( )jkk t xl -è øê ú ʻ ʥʫʣʴʦʚʠʤʠ. ʊʦʤʫ 

ʩʠʩʪʝʤʘ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (3.14) ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʚʽ 

ʥʝʟʘʣʝʞʥʽ ʩʠʩʪʝʤʠ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʋ ʧʝʨʰʽʡ ʩʠʩʪʝʤʽ, ʷʢ 

ʥʝʚʽʜʦʤʽ ʚʠʩʪʫʧʘʶʪʴ ʬʫʥʢʮʽʾ ()1 tj , ()2 tj , ʘ ʫ ʜʨʫʛʽʡ ï ʥʝʚʽʜʦʤʽ ()3 tj , ()4 tj , 

C. ʇʝʨʰʘ ʩʠʩʪʝʤʘ ʦʧʠʩʫʻ ʩʠʤʝʪʨʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ʦʙʦʣʦʥʢʠ ʙʽʣʷ ʪʨʽʱʠʥʠ, ʘ 

ʜʨʫʛʘ ʩʠʩʪʝʤʘ ï ʘʥʪʠʩʠʤʝʪʨʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ. 

ɿ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʜʦʙʫʪʠʭ ʨʦʟʚô̫ ʟʢʽʚ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

 
()1

2
1

0; 1,4.
1

j t
dt j

t

j

-

= =
-

ñ  (3.15) 

 

ʋ ʤʦʥʦʛʨʘʬʽʾ [52] ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʱʝ ʦʜʥʝ ʜʦʜʘʪʢʦʚʝ 

ʨʽʚʥʷʥʥʷ: 

 

 
()1

4

2
1
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1

t t
dt
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j

-

=
-

ñ  (3.16) 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʜʫʻʪʴʩʷ ʜʠʩʢʨʝʪʥʠʡ ʘʥʘʣʦʛ ʩʠʩʪʝʤʠ ʩʠʥʛʫʣʷʨʥʠʭ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʠʡ ʻ ʩʠʩʪʝʤʦʶ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʢʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ [52]: 
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 cos ; 1,..., 1r

r
x r M

M

på õ
= = -æ ö

ç ÷
, (3.19) 
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ç ÷
. (3.20) 
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ʂʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ (3.17)ï(3.20) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ 

ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (3.14) ʟ ʦʙʤʝʞʝʥʥʷʤʠ (3.15), (3.16). ʊʦʜʽ 

ʩʠʤʝʪʨʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʦʙʦʣʦʥʢʠ ʦʧʠʩʫʻʪʴʩʷ ʪʘʢʦʶ ʩʠʩʪʝʤʦʶ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ: 
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 (3.21) 

 

ɸʥʪʠʩʠʤʝʪʨʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʦʙʦʣʦʥʢʠ ʧʦʙʣʠʟʫ ʪʨʽʱʠʥʠ ʦʧʠʩʫʻʪʴʩʷ 

ʪʘʢʦʶ ʩʠʩʪʝʤʦʶ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ: 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚô̫ ʟʘʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

ʦʪʨʠʤʫʻʤʦ ʥʝʚʽʜʦʤʽ ʩʠʩʪʝʤʠ (3.14) ʫ ʚʠʛʣʷʜʽ ʪʦʯʢʦʚʠʭ ʬʫʥʢʮʽʡ: 
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ʅʘ ʧʽʜʩʪʘʚʽ ʨʽʰʝʥʴ (3.23) ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʧʨʫʞʝʥʴ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

 ()1 ; 1,4,j j j j jK a b c I t jj=- =  (3.24) 

 1 2 3 41; 1b b b b= = = =. (3.25) 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʫʡʥʽʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʣʦʚʠʡ 

ʢʨʠʪʝʨʽʡ ɼʞ. ʈ. ɯʨʚʽʥʘ [53].  

 

 

3.3 ʏʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ 

 

ɼʣʷ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʙʘʢʽʚ ʨʘʢʝʪʠ-ʥʦʩʽʷ 

ʨʦʟʨʦʙʣʝʥʠʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤ ʚ ʩʝʨʝʜʦʚʠʱʽ ɺʦʛland De1phi 6. ʈʦʟʛʣʷʥʫʪʦ 

ʮʠʣʽʥʜʨʠʯʥʫ ʦʙʦʣʦʥʢʘ ʨʘʜʽʫʩʦʤ 1R=  ʤ ʽ ʪʦʚʱʠʥʦʶ 0,01h=  ʤ. ʂʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʩʦʥʘ ʽ ʤʦʜʫʣʴ ʖʥʛʘ ʜʣʷ ʮʽʻʾ ʦʙʦʣʦʥʢʠ: 0,3n= ; 
112,1 10E= Ö  ʇʘ. ʅʘ ʢʨʘʷʭ 

ʪʨʽʱʠʥʠ ʜʽʶʪʴ ʧʠʪʦʤʽ ʩʠʣʦʚʽ ʬʘʢʪʦʨʠ: 62 10yT =- Ö ʇʘĬʤ; 0y yG Q= =. ɼʦʚʞʠʥʘ 

ʪʨʽʱʠʥʠ ʧʨʠʡʤʘʣʘʩʷ ʨʽʚʥʦʶ 0,01l =  ʤ. 

ɺ ʨʦʙʦʪʽ [70] ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʩʠʤʧʪʦʪʠʯʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʜʘʥʦʾ ʦʙʦʣʦʥʢʠ: 



57 

{
4

2 25
1 250 2361

64 40960
i yK T I

p l
l p

ë
=- + + + +ì

í
 

( )( )
( )( )

0
2 1 5 17 133

20 189 ln
3 1 3 8

n n lg

n n

è ø+ +
+ + +é ù

- +ê ú
 

 
( )( )
( )( )

( )
( )( )

( )
2

2 60
20 7 59 5 37 160 1 5

ln ln ....,
9 1 3 1 3 8

O
n n n lg

l l
n n n n

ûû+ + + îî
+ + +üü

- + - + îîýý

 (3.26) 

ʜʝ 0ln 0,5772g=-  ï ʧʦʩʪʽʡʥʘ ɽʡʣʝʨʘ. 

 

 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʜʣʷ 

ʩʠʤʝʪʨʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.1. 

 

ʊʘʙʣʠʮʷ 3.1 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ  

l  M  
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ʨʦʟʨʘʭK  
( )
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asympK  d 

0,01 20 2,65Ĭ10
5
 2,02Ĭ10

5
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0,01 25 3,45Ĭ10
5
   

0,002 20 1,10Ĭ10
5
 8,95Ĭ10

4
 0,23 

 

ɺ ʦʩʪʘʥʥʴʦʤʫ ʩʪʦʚʧʮʽ ʪʘʙʣʠʮʽ 3.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʽʜʥʦʩʥʘ ʨʽʟʥʠʮʷ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʘʢʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 
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ʆʪʞʝ, ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ 

ʢʦʨʝʣʶʶʪʴʩʷ. 
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3.4 ɺʠʩʥʦʚʦʢ 

 

ʋ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʨʫʡʥʫʚʘʥʥʷ 

ʙʘʢʽʚ ʨʘʢʝʪ-ʥʦʩʽʾʚ. ɺ ʦʩʥʦʚʫ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʧʦʢʣʘʜʝʥʦ ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʝʣʝʤʝʥʪʘʤʠ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʦʢʦʣʽ ʪʨʽʱʠʥʠ ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʦʟʚô̫ ʟʢʫ ʩʠʩʪʝʤʠ ʩʠʥʛʫʣʷʨʥʠʭ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 
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ʈʆɿɼɯʃ 4 

ʈʆɿɺʀʊʆʂ ɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼʋ ʇʆʏɸʊʂʆɺʀʍ ʇɸʈɸʄɽʊʈɯɺ 

ʋ ʄɸʊʈʀʏʅɯʁ ʌʆʈʄɯ ʉʊʆʉʆɺʅʆ ʉʊɯʁʂʆʉʊɯ ɼʀʉʂʈɽʊʅʆ 

ʇɯɼʂʈɯʇʃɽʅʀʍ ʇʈʆʄɯɾʅʀʄʀ ʐʇɸʅɻʆʋʊɸʄʀ ʆɹʆʃʆʅʂʆɺʀʍ 

ʂʆʅʉʊʈʋʂʎɯʁ ʊʀʇʋ çʎʀʃɯʅɼʈ-ʂʆʅʋʉè ʇʈʀ ʂʆʄɹɯʅʆɺɸʅʆʄʋ 

ʉʊɸʊʀʏʅʆʄʋ ʅɸɺɸʅʊɸɾɽʅʅɯ 

 

 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʦʪʨʠʤʘʚ ʨʦʟʚʠʪʦʢ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜ ʧʦʯʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ ʩʪʦʩʦʚʥʦ ʩʪʽʡʢʦʩʪʽ ʜʠʩʢʨʝʪʥʦ ʧʽʜʢʨʽʧʣʝʥʠʭ 

ʧʨʦʤʽʞʥʠʤʠ ʰʧʘʥʛʦʫʪʘʤʠ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʧʨʠ 

ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ 

ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ ʟ ʧʣʦʱʠʥʠ ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʠʟʥʠ ʪʘ 

ʣʦʢʘʣʴʥʠʤ ʽ ʟʘʛʘʣʴʥʠʤ ʬʦʨʤʘʤ ʚʠʧʠʥʘʥʥʷ ʩʢʣʘʜʝʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʤʝʪʦʶ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

 

 

4.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʩʪʽʡʢʦʩʪʽ ʩʢʣʘʜʝʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽʟ 

ʩʪʽʥʢʘʤʠ ʧʦʩʪʽʡʥʦʾ ʪʦʚʱʠʥʠ ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè 

 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʫʞʥʘ ʦʙʦʣʦʥʢʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʨʫʛʦʚʦʛʦ ʧʝʨʝʨʽʟʫ 

ʧʦʩʪʽʡʥʦʾ ʪʦʚʱʠʥʠ h, ʧʽʜʢʨʽʧʣʝʥʘ ʰʧʘʥʛʦʫʪʘʤʠ (ʨʠʩ. 4.1). ʈʦʟʚô̫ ʟʫʻʪʴʩʷ ʟʘʜʘʯʘ 

ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʫʤʦʚʘʭ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʦʚʥʽʰʥʽʤ ʪʠʩʢʦʤ q, ʦʩʴʦʚʠʤ ʩʪʠʩʢʘʥʥʷʤ ʩʠʣʦʶ T  ʪʘ ʢʨʫʪʠʣʴʥʠʤ ʤʦʤʝʥʪʦʤ 

M. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʦʤʽʞʥʽ ʰʧʘʥʛʦʫʪʠ ʤʘʶʪʴ ʞʦʨʩʪʢʽʩʪʴ ʥʘ 

ʟʛʠʥ, ʷʢ ʚ ʧʣʦʱʠʥʽ ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʠʟʥʠ, ʪʘʢ ʽ ʞʦʨʩʪʢʽʩʪʴ ʟ ʧʣʦʱʠʥʠ ʧʦʯʘʪʢʦʚʦʾ 

ʢʨʠʚʠʟʥʠ.  

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʝʨʝʚʘʞʥʦʶ ʻ ʜʝʬʦʨʤʘʮʽʷ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʫ, ʘ 

ʭʚʠʣʝʫʪʚʦʨʝʥʥʷ ʧʦ ʜʦʚʞʠʥʽ ʦʙʦʣʦʥʢʠ ʚʠʨʘʞʝʥʝ ʥʘʙʘʛʘʪʦ ʩʣʘʙʢʽʰʝ, ʥʽʞ ʚ 

ʦʢʨʫʞʥʦʤʫ.  
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ʈʠʩʫʥʦʢ 4.1 ï ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʢʨʽʧʣʝʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

(q , T , M  ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʟʦʚʥʽʰʥʽʤ ʪʠʩʢʦʤ, ʦʩʴʦʚʠʤʠ ʟʫʩʠʣʣʷʤʠ 

ʪʘ ʢʨʫʪʠʣʴʥʠʤ ʤʦʤʝʥʪʦʤ) 

 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʚʽʜʩʽʢʫ ʢʦʥʩʪʨʫʢʮʽʾ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè, 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʾʾ ʩʪʽʡʢʦʩʪʽ ʟʘ çʧʽʚʤʦʤʝʥʪʥʦʶè ʪʝʦʨʽʻʶ ʦʙʦʣʦʥʦʢ 

ʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠ ʚʽʜʥʦʩʥʦ ʬʫʥʢʮʽʾ ʨʘʜʽʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ( ),cylw s y  ʪʦʯʦʢ 

ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʫʤʦʚʠ 
h L R

R R h
< <  ʤʘʻ ʚʠʛʣʷʜ: 

 
4 2

8 4

2 4 2

cyl cyl

cyl x

w wD E
w p

h R s s

å õµ µ
Ð + + Ð +æ öæ öµ µç ÷

 

 

2 2

4 4

2
2 0

cyl cyl

y xy

w w
p p

y s y

å õ å õµ µ
+ Ð + Ð =æ ö æ öæ ö æ öµ µ µç ÷ ç ÷

, (4.1) 

ʜʝ x
T

p
Rh
= , y

R
p q

h
= , 

22
xy

M
p

hRp
=- , 

s
x

L
= , 

y

R
j= , 

2cyl

T

Eh
h = , 

2

2
,cyl

qR

Eh
c =

22
cyl

M

ERh
l

p
= . 

 

ʌʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʙʝʨʝʪʴʩʷ ʫ ʬʦʨʤʽ: 

 

 ( ) () ( )( ), cos 1cyl cyl cylw x W x x nj g j= Ö - +, (4.2) 

ʜʝ 1cyl

nL

R
g g= , 1g ï ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʛʨʝʙʥʷ ʭʚʠʣʽ ʜʦ ʪʚʽʨʥʦʾ. ʇʝʨʝʪʚʦʨʝʥʝ 

ʨʽʚʥʷʥʥʷ (4.1) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (4.2) ʽʥʪʝʛʨʫʻʪʴʩʷ ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ j ʤʝʪʦʜʦʤ 
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ɹʫʙʥʦʚʘ-ɻʘʣʴʦʨʢʽʥʘ ʚʽʜ 0 ʜʦ 2p. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʜʣʷ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ ʩʝʨʝʜʥʴʦʾ 

ʜʦʚʞʠʥʠ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 2 1K > , 2 1n >>, 1 1e<< ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚʽʜʥʦʩʥʦ ʬʫʥʢʮʽʾ ʧʨʦʛʠʥʫ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʦʙʦʣʦʥʢʠ ʦʪʨʠʤʘʻ ʚʠʜ: 

 

 () () ()(4) 0cyl cyl cylaW x bW x cW x¡¡+ + =, (4.3) 

ʜʝ ( ) ( )4 2 2 1 4 2 1 2

1 1 1 1 110 15 2 2 35 30 3cyl cyl cyl cyla K n ngl g h c ew g g e- - - -è ø= - - + - + + + +
ê ú

, 

( ) ( ) ( )2 2 3 2 4 2

1 1 1 1 14 5 3 12 15 1 2 3 1cyl cyl cylb n K g g l g g h g c-è= + + + + + + -
ê

 

( )2 1 6 4 2 2 1 2

1 1 1 1 1 14 7 15 9 1 6n ne w g g g g e- - -ø- + + + -
ú

, 

( ) ( )
2 2

4 2 2 6 1 2 2 4 1

1 1 1 1 1 1 11 2 1cyl cyl cylc n n ng g l g h c ew g g e- -øè=- + + + - + +ê ùú
, 

 
L

K
R
= , 

1

h

R
e= , ( )212 1w n= - . 

 

ɿʘʟʥʘʯʝʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ ʢʦʤʧôʁ ʪʝʨʥʦʾ 

ʘʣʛʝʙʨʠ Maple (ɼʦʜʘʪʦʢ ɸ). 

ʈʽʚʥʷʥʥʷ (4.3) ʻ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʠʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʩʪʽʡʢʽʩʪʴ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʚʽʜʩʽʢʫ ʦʙʦʣʦʥʢʠ. ɿʘʛʘʣʴʥʠʤ ʨʦʟʚô̫ ʟʢʦʤ ʻ ʬʫʥʢʮʽʷ: 

 

() () () () (),1 ,2cyl cyl i cyl cyl i cylW x W x x W x xy y¡= + + 

 () () () (),3 ,4 ,cyl i cyl cyl i cylW x x W x xy y¡¡ ¡¡¡+ +  (4.4) 

ʜʝ [ ] { }1, , 0,1,...,k k cylx x x k m+Í Í ; ()
( ) ( )2 2

2 1 1 2

,1 2 2

2 1

ch cosk k

cyl

x x x x
x
b b b b

y
b b

- + -
=

+
; 

()
( ) ( )

( )

3 3

2 1 1 2

,2 2 2

2 1 1 2

sh sink k

cyl

x x x x
x
b b b b

y
b b b b

- + -
=

+
; ()

( ) ( )1 2

,3 2 2

2 1

ch cosk k

cyl

x x x x
x

b b
y

b b

- - -
=

+
; 

()
( ) ( )

( )
2 1 1 2

,4 2 2

2 1 1 2

sh sink k

cyl

x x x x
x
b b b b

y
b b b b

- - -
=

+
; 

2

1,2

4

2

b b ac

a
b

+ -
= . 
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ʄʘʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʚʽʜʩʽʢʫ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʚ ʪʦʯʢʘʭ 

[ ] { }1, , 0,1,...,k k cylx x x k m+Í Í  ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

 

 

()

()

()

()

( )

()

()

()

()

,

cyl icyl

cyl cyl i

cyl k

cyl cyl i

cyl cyl i

W xW x

W x W x
A x x

W x W x

W x W x

å õå õ
æ öæ ö

¡ ¡æ öæ ö= Ö
æ öæ ö¡¡ ¡¡
æ öæ ö

æ ö æ ö¡¡¡ ¡¡¡ç ÷ ç ÷

, (4.5) 

ʜʝ ( )

,1 ,2 ,3 ,4

,1 ,2 ,3 ,4

,1 ,2 ,3 ,4

,1 ,2 ,3 ,4

,

cyl cyl cyl cyl

cyl cyl cyl cyl

cyl k

cyl cyl cyl cyl

cyl cyl cyl cyl

A x x

y y y y

y y y y

y y y y

y y y y

å õ
æ ö¡ ¡ ¡ ¡
æ ö=
¡¡ ¡¡ ¡¡ ¡¡æ ö

æ ö¡¡¡ ¡¡¡ ¡¡ ¡¡¡ç ÷

. 

 

ʄʘʪʨʠʮʷ ( ),cyl kA x x  ʻ ʥʦʨʤʘʣʴʥʦʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʟ ʚʣʘʩʪʠʚʽʩʪʶ 

( ),cyl k kA x x =X, ʜʝ X ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʤʘʪʨʠʮʽ ( )1,cyl k kA x x+  

ʨʽʚʥʽ ʜʣʷ ʚʽʜʩʽʢʽʚ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ. ɼʣʷ ʪʘʢʦʾ ʤʘʪʨʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʦʟʥʘʯʝʥʥʷ ( ) ( )1,cyl k cyl k kA L A x x+= , ʜʝ 
1k k kL x x+= - . 

 

 

4.2 ʄʘʪʨʠʮʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʧʽʜʢʨʽʧʣʝʥʦʛʦ ʰʧʘʥʛʦʫʪʘʤʠ ʢʦʥʽʯʥʦʛʦ ʚʽʜʩʽʢʫ ʽʟ ʩʪʽʥʢʘʤʠ ʧʦʩʪʽʡʥʦʾ 

ʪʦʚʱʠʥʠ 

 

ɼʣʷ ʢʦʥʽʯʥʦʛʦ ʚʽʜʩʽʢʫ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʚʦʜʷʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ:  

a ï ʢʫʪ ʧʨʠ ʦʩʥʦʚʽ ʢʦʥʫʩʘ, s  ï ʚʽʜʩʪʘʥʴ ʚʟʜʦʚʞ ʪʚʽʨʥʦʾ ʢʦʥʫʩʘ ʚʽʜ ʚʝʨʰʠʥʠ ʜʦ 

ʪʦʯʢʠ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ, 0l  ʽ 1l  ï ʚʽʜʩʪʘʥʽ ʜʦ ʤʝʥʰʦʾ ʪʘ ʙʽʣʴʰʦʾ ʦʩʥʦʚ 

ʟʨʽʟʘʥʦʛʦ ʢʦʥʫʩʘ, 
1

s
x

l
= , j ï ʢʫʪ ʤʽʞ ʘʢʩʽʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ ʽ ʧʣʦʱʠʥʦʶ 
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ʚʽʜʣʽʢʫ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ i -ʡ ʚʽʜʩʽʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʦʶ 

[ ]1; ( 0,1,,..., )i i conex x x i m+Í = . 

ɸʥʘʣʦʛʽʯʥʦ ʬʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʽ ʬʫʥʢʮʽʷ ʟʫʩʠʣʴ ʧʦʜʘʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ: 

 

 ( ) () ( )( ), tg cos 1 ;cone cone conew x W x x nj a g j= Ö - + (4.6) 

 ( ) () ( )( )2 2

1,  tg cos 1cone cone conef x x l Eh x nj e a g j=F Ö - +, (4.7) 

ʜʝ 

( )21

ctg

12 1

h

l

a
e

n
=

-
, 1

cos
cone

n
g g

a
= . 

 

ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʙʝʟʨʦʟʤʽʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 
2

2
,

cos

n
pd ed

a
= =  ʪʘ ʙʝʟʨʦʟʤʽʨʥʠʭ 

ʟʫʩʠʣʴ  

 

 

*

1

3 3 2 3

1

cos
,

tg 2 sin
cone cone

q l T

Eh Eh l

a
c h

e a p e a
= = ,  

2 5/2 2

12 sin

M

l E h
l

p e a
= , (4.8) 

ʜʝ 
* sinq q a= Ö . 

 

ʇʽʩʣʷ ʨʷʜʫ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʥʦ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʝ ʟʚʠʯʘʡʥʝ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʚʽʜʥʦʩʥʦ ʬʫʥʢʮʽʾ ʧʨʦʛʠʥʫ 

()coneW x , ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʫ ʬʦʨʤʽ [25]: 

 

 ()
2 2

IV 2

02 3

6 6 6
2 0cone cone

cone cone cone cone cone cone

p
W W W W Q x W

x x x x

h g
g

å õ
¡¡¡ ¡¡ ¡+ + - + - - =æ ö
ç ÷

, (4.9) 

ʜʝ ()
2 2 3 5/2 4 2

4

0 3 3 5 6 2
6 .cone cone cone cone cone cone

cone

p p p p
Q x

x x x x x

h g c l g g
g= + + - + - 

 

ɼʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (4.9) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʬʘʟʥʠʭ ʽʥʪʝʛʨʘʣʽʚ 

(ʤʝʪʦʜ ɺʂɹ) ʪʘ ʛʽʙʨʠʜʥʠʡ ɺʂɹ-ɻʘʣʴʦʨʢʽʥ ʧʽʜʭʽʜ. 
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ʆʩʢʽʣʴʢʠ 2 1n >>, ʪʦ d ʻ ʚʝʣʠʢʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʨʦʟʚô̫ ʟʦʢ ʨʽʚʥʷʥʥʷ (4.9) 

ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ [25]: 

 

 () ()
4

,
1

WKB WKB
cone j cone j

j

W x C xy
=

=ä , (4.10) 

ʜʝ () (),1 1sh ,WKB

cone x S xy =  () (),2 1ch ,WKB

cone x S xy =  () (),3 2sin ,WKB

cone x S xy =  

() (),4 4cos ;WKB

cone x S xy =  () () , 1,2

i

x

j j

x

S x F t dt jd= =ñ . 

 

ʈʦʟʚô̫ ʟʦʢ ʨʽʚʥʷʥʥʷ (4.9) ʟʘ ʛʽʙʨʠʜʥʠʤ ɺʂɹ-ɻʘʣʴʦʨʢʽʥ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʷʢ ʜʣʷ çʤʘʣʠʭè, ʪʘʢ ʽ çʚʝʣʠʢʠʭè ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʚʠʥʝʥʥʷ, ʤʘʻ 

ʚʠʛʣʷʜ: 

 

 () ()
4

,

1

Hybr Hybr

cone j cone j

j

W x C xy
=

=ä , (4.11) 

ʜʝ () 1 1( )

,1 ,S xHybr

cone x ey L=  () 2 1( )

,2 ,S xHybr

cone x ey L=  () ()1( )

,3 1sin ,S xHybr

cone x e S xxy z=  

() ()1( )

,4 1cosS xHybr

cone x e S xxy z . 

 

ʈʦʟʚô̫ ʟʦʢ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʠʡ ʟʘʟʥʘʯʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʝʨʽʚʥʽʩʪʴ  

 

2 2 4 3

3 3 32
6cone cone cone cone cone

cone

p x x

x p p px p

h g l g g g
c > - - - +  (4.12) 

ʜʣʷ ʚʩʽʭ [ ]1;i ix x x+Í . 

 

ʋ ʢʦʞʥʦʤʫ ʟ ʨʦʟʚô̫ ʟʢʽʚ (4.10) ʘʙʦ (4.11) ʤʘʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʚʽʜʩʽʢʫ 

ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʘʥʘʣʦʛʽʯʥʦ ( ),cyl kA x x  ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (4.5) 

ʥʘ ʙʘʟʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʽ ʾʭ ʧʦʭʽʜʥʠʭ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʦʪʨʠʤʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʤʘʪʨʠʮʷ ( ),cone iA x x , ʥʝ ʻ ʥʦʨʤʘʣʴʥʦʶ. 
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ʄʘʪʨʠʮʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʧʨʦʤʽʞʥʠʡ k -ʡ ʰʧʘʥʛʦʫʪ, 

ʙʝʨʝʪʴʩʷ ʫ ʚʠʛʣʷʜʽ [60] (ɼʦʜʘʪʦʢ ɹ): 

 

 ,
,2
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1 0 0 0

0 1 0 0

0 1 0

0 0 1

kcyl k
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k
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B
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G

å õ
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, (4.13) 

ʜʝ 
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n n EJ
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C n R

-
=

+
 ï ʙʝʟʨʦʟʤʽʨʥʽ ʞʦʨʩʪʢʦʩʪʽ  

k -ʛʦ ʰʧʘʥʛʦʫʪʘ ʥʘ ʮʠʣʽʥʜʨʠʯʥʽʡ ʦʙʦʣʦʥʮʽ, ʘ xkJ , zkJ  ï ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʟʛʠʥʽ ʰʧʘʥʛʦʫʪʘ ʚ ʧʣʦʱʠʥʽ ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʠʟʥʠ ʽ ʟ ʧʣʦʱʠʥʠ. 

 

ʄʘʪʨʠʮʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʯʝʨʝʟ i -ʡ ʰʧʘʥʛʦʫʪ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʢʦʥʽʯʥʽʡ ʦʙʦʣʦʥʮʽ ʤʘʻ ʚʠʛʣʷʜ, 

ʘʥʘʣʦʛʽʯʥʠʡ (4.13), ʚ ʷʢʦʤʫ 
( )( )
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4 2
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i xi
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, 
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ʙʝʟʨʦʟʤʽʨʥʽ ʞʦʨʩʪʢʦʩʪʽ i -ʛʦ ʰʧʘʥʛʦʫʪʘ ʨʘʜʽʫʩʫ ir , ʱʦ ʧʽʜʢʨʽʧʣʶʻ ʢʦʥʽʯʥʫ 

ʦʙʦʣʦʥʢʫ, 0r  ï ʨʘʜʽʫʩ ʤʝʥʰʦʾ ʦʩʥʦʚʠ ʟʨʽʟʘʥʦʛʦ ʢʦʥʫʩʘ. 

ɼʣʷ j -ʛʦ ʚʽʜʩʽʢʫ ʮʠʣʽʥʜʨʠʯʥʦʾ ʘʙʦ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ 

{ }1, ( 0,1,..., )j jx x j m+
è øÍê ú  ʟ ʤʘʪʨʠʮʝʶ jA  ʽ ( 1)j+ -ʡ ʰʧʘʥʛʦʫʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʢʦʦʨʜʠʥʘʪʽ 1jx +, ʟ ʤʘʪʨʠʮʝʶ 1jB + ʤʘʻ ʤʽʩʮʝ ʟʚô̫ ʟʦʢ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʧʝʨʝʤʽʱʝʥʴ 

ʽ ʾʭ ʧʦʭʽʜʥʠʤʠ ʩʧʨʘʚʘ ʽ ʟʣʽʚʘ ʚʽʜ ( 1)j+ -ʛʦ ʰʧʘʥʛʦʫʪʘ.  

ʅʦʨʤʘʣʴʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʤʘʪʨʠʮʷ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʟʩʫʚʫ. ʊʦʤʫ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ (4.13), ʤʘʪʨʠʮʷ-ʜʦʙʫʪʦʢ ([26], ʘ ʪʘʢʦʞ ʜʠʚ. ɼʦʜʘʪʦʢ ɸ) 

 

 1 1 2 1 1 0...m m m mH A B A B B A B A- -= Ö Ö Ö Ö Ö Ö Ö Ö (4.14) 
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ʟʘʜʘʻ ʟʤʽʥʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚʽʜʩʽʢʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʤʽʩʪʠʪʴ m 

ʰʧʘʥʛʦʫʪʽʚ. ʋ ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʴ, ʧʦʜʘʥʠʭ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (4.14), 

()( 0,..., )i cyl i cylA A L i m= =  ʻ ʤʘʪʨʠʮʝʶ, ʟʦʢʨʝʤʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʚʽʜʩʽʢʫ ʦʙʦʣʦʥʢʠ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʰʧʘʥʛʦʫʪ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʦʨʮʽ, ʚʽʜʧʦʚʽʜʥʘ ʤʘʪʨʠʮʷ, 

ʧʝʨʝʜʫʶʯʘ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʩʪʫʧʥʘ ʟʘ ʰʧʘʥʛʦʫʪʦʤ, ʚʠʙʠʨʘʻʪʴʩʷ ʜʣʷ 

ʦʙʦʣʦʥʢʠ ʥʫʣʴʦʚʦʾ ʜʦʚʞʠʥʠ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʢʨʘʡʦʚʦʶ ʫʤʦʚʦʶ ʚʽʣʴʥʦʛʦ ʪʦʨʮʷ. 

ʆʩʢʽʣʴʢʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʤʘʪʨʠʮʷ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ ʧʦʩʪʽʡʥʦʾ ʪʦʚʱʠʥʠ 

ʥʝ ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʥʦʨʤʘʣʴʥʦʩʪʽ, ʪʦ ʜʣʷ ʩʧʦʣʫʯʝʥʥʷ ʾʾ ʚʽʜʩʽʢʽʚ ʘʙʦ ʩʧʦʣʫʯʝʥʥʷ 

ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʮʠʣʽʥʜʨʠʯʥʦʶ ʩʢʣʘʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʟʘʜʘʻ 

ʨʽʚʥʽʩʪʴ ʥʦʨʤʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʽ ʾʭ ʧʦʭʽʜʥʠʭ ʚ ʩʫʤʽʞʥʠʭ ʪʦʯʢʘʭ ʧʨʦʛʦʥʽʚ. ʋ 

ʚʠʧʘʜʢʫ ʢʦʥʽʯʥʦʛʦ ʚʽʜʩʽʢʫ ʣʽʥʽʡʥʦ ʟʤʽʥʥʦʾ ʪʦʚʱʠʥʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ 

ʤʥʦʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʨʠʮʴ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ. 

 

 

4.3 ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ̔ ʩʪʽʥʢʘʤʠ ʧʦʩʪʽʡʥʦʾ ʪʦʚʱʠʥʠ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʻ ʚʠʛʣʷʜ ʚʠʟʥʘʯʥʠʢʘ ʙʣʦʢʦʚʦʾ ʤʘʪʨʠʮʽ. ʅʘʧʨʠʢʣʘʜ, ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʥʩʪʨʫʢʮʽʷ ʤʽʩʪʠʪʴ ʥʝ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʰʧʘʥʛʦʫʪʘ, ʟʘʢʨʽʧʣʝʥʦʛʦ 

ʥʘ ʙʽʣʴʰʽʡ ʦʩʥʦʚʽ ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʤʘʻ 

ʚʠʛʣʷʜ: 
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ʊʫʪ Q ï ʥʫʣʴʦʚʘ ʤʘʪʨʠʮʷ, ( )0,coneH x x  ʠ ()cylH x  ï ʤʘʪʨʠʮʽ ʢʦʥʽʯʥʦʾ ʽ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʚʽʜʧʦʚʽʜʥʦ. ɺʝʨʭʥʽʡ ʽʥʜʝʢʩ ç(4)è ʦʟʥʘʯʘʻ, ʱʦ ʤʘʪʨʠʮʶ ʫ 

ʚʽʜʧʦʚʽʜʥʽʡ ʪʦʯʮʽ ʩʣʽʜ ʙʨʘʪʠ ʧʦʚʥʦʶ, ʨʦʟʤʽʨʥʦʩʪʽ 4 4³ , ʘ ʽʥʜʝʢʩ ç(2)è ʧʨʠʧʫʩʢʘʻ 

ʚʠʜʽʣʝʥʥʷ ʟ ʧʦʚʥʦʾ ʤʘʪʨʠʮʽ ʜʚʦʭ ʾʾ ʨʷʜʢʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ 

ʥʘ ʪʦʨʮʽ. ʊʘʢ, ʩʣʽʜ ʚʠʙʨʘʪʠ ʧʝʨʰʠʡ ʽ ʪʨʝʪʽʡ ʨʷʜʢʠ ʦʪʨʠʤʘʥʦʾ ʤʘʪʨʠʮʽ ʫ ʨʘʟʽ 

ʰʘʨʥʽʨʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʦʨʮʷ, ʧʝʨʰʠʡ ʽ ʜʨʫʛʽʡ ï ʞʦʨʩʪʢʦʛʦ 

ʟʘʪʠʩʢʘʥʥʷ, ʪʨʝʪʽʡ ʽ ʯʝʪʚʝʨʪʠʡ ï ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ.  

ʋ ʨʽʚʥʷʥʥʷ (4.15) ʥʝʦʙʭʽʜʥʦ ʧʽʜʩʪʘʚʠʪʠ: 

 

 ( ) ( )0 0 0 0, ,cone coneH x x A x x= ,   () ()0 0cyl cylH A= =X. (4.16) 

 

ʗʢʱʦ ʰʧʘʥʛʦʫʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʙʽʣʴʰʽʡ ʦʩʥʦʚʽ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʪʦ 

( ) ( )0 0,1 ,1cone cone coneH x B A x= .  

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘ ʢʦʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʽʩʪʷʪʴʩʷ ʰʧʘʥʛʦʫʪʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤʽʩʮʷʭ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʙʽʣʴʰʦʾ ʦʩʥʦʚʠ, ʪʦ ʫ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 
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. (4.17) 

 

ʋ ʨʽʚʥʷʥʥʽ (4.17) ʚʚʘʞʘʻʪʴʩʷ 1 0x x=  ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ɺʂɹ-ʤʝʪʦʜʫ ʘʙʦ 

1 0x x x= +, ʜʝ 1x<, ʜʣʷ ʛʽʙʨʠʜʥʦʛʦ ɺʂɹ-ɻʘʣʴʦʨʢʽʥ ʤʝʪʦʜʫ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʧʽʜʢʨʽʧʣʝʥʦʾ ʘʙʦ ʥʝʧʽʜʢʨʽʧʣʝʥʦʾ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚô̫ ʟʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ: 
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. (4.18) 

 

ʆʩʢʽʣʴʢʠ () ()0 0cyl cylH A= =X, ʪʦ ʚʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ ʨʽʚʥʷʥʥʷ (4.18) 

ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʤʽʥʦʨ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʥʝʧʽʜʢʨʽʧʣʝʥʦʾ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ ʤʘʻ ʚʠʛʣʷʜ: 
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ʘ ʧʽʜʢʨʽʧʣʝʥʦʾ ï ʧʦʜʘʻʪʴʩʷ ʚʠʟʥʘʯʥʠʢʦʤ ʙʣʦʢʦʚʦʾ ʤʘʪʨʠʮʽ. ʅʘʧʨʠʢʣʘʜ, ʫ 

ʚʠʧʘʜʢʫ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʥʘ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʽ ʜʚʘ ʰʧʘʥʛʦʫʪʠ ʥʘ ʦʩʥʦʚʘʭ ʽ 

ʦʜʠʥ ʰʧʘʥʛʦʫʪ ï ʧʨʦʤʽʞʥʠʡ, ʮʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 
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 (4.20) 

 

ʟ ʧʦʟʥʘʯʝʥʥʷʤʠ, ʘʥʘʣʦʛʽʯʥʠʤʠ ʟ (4.16) ʽ (4.18).  

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʮʠʣʽʥʜʨʠʯʥʽ ʚʽʜʩʽʢʠ ʚʠʙʠʨʘʶʪʴʩʷ ʧʦʩʪʽʡʥʦʾ ʪʦʚʱʠʥʠ, ʘ 

ʢʦʥʽʯʥʽ ï ʣʽʥʽʡʥʦ-ʟʤʽʥʥʦʾ, ʚʽʜʧʦʚʽʜʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʦʟʚô̫ ʟʢʠ ʦʪʨʠʤʫʶʪʴʩʷ ʫ 

ʟʘʤʢʥʝʥʦʤʫ ʚʠʜʽ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʤʘʪʨʠʮʽ ʷʢ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ, ʪʘʢ ʽ ʜʣʷ 

ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʦʢ, ʙʫʜʫʶʪʴʩʷ ʪʘʢ, ʱʦʙ ʚʦʥʠ ʙʫʣʠ ʥʦʨʤʘʣʴʥʠʤʠ, ʪʦʤʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʟʫʩʠʣʴ ʩʢʣʘʜʝʥʦʾ 

ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʦʪʨʠʤʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʽʥʦʨʫ ʤʘʪʨʠʮʽ 

ʧʽʩʣʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʜʦʙʫʪʢʫ ʟʘʟʥʘʯʝʥʠʭ ʤʘʪʨʠʮʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʜʘʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ʇʨʠ ʮʴʦʤʫ, ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 
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ʩʪʘʥʫ ʧʽʜʢʨʽʧʣʝʥʠʭ ʩʢʣʘʜʝʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʚʠʚʯʘʶʪʴʩʷ ʫ 

ʨʦʙʦʪʽ, ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʩʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʴ ʩʧʨʷʞʝʥʥʷ. 

 

 

4.4 ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʽʡʢʦʩʪʽ 

ʩʢʣʘʜʝʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè 

 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʜʥʘʢʦʚʦʾ ʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʢʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè, ʧʽʜʢʨʽʧʣʝʥʦʾ ʧʨʦʤʽʞʥʠʤʠ ʽ ʢʨʘʡʦʚʠʤʠ 

ʧhʘʥʛʦʫʪʘʤʠ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʣʦʢʘʣʴʥʠʭ ʽ ʟʘʛʘʣʴʥʠʭ ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʘʢʦʚʦʾ ʩʪʽʡʢʦʩʪʽ 

ʢʦʥʽʯʥʦʾ ʡ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʝʢʮʽʡ ʢʦʤʙʽʥʦʚʘʥʦʾ ʦʙʦʣʦʥʢʠ ʽ ʚʽʜʩʽʢʽʚ ʤʽʞ 

ʧʨʦʤʽʞʥʠʤʠ ʰʧʘʥʛʦʫʪʘʤʠ ʟʘʩʪʦʩʦʚʘʥʘ ʥʘ ʧʨʠʢʣʘʜʽ ʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʢʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

0 0,2 ,h ʩʤ=  5

2
7 10

ʢʛ
E

ʩʤ
= Ö , 0,32n= . ʂʦʥʽʯʥʘ ʯʘʩʪʠʥʘ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʙʠʨʘʣʘʩʴ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ: 1 0 1182 , 0,65 , 75l ʩʤ l la= = = ,̄ ʘ ʮʠʣʽʥʜʨʠʯʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʧʨʠ 1cos 47,1cylR l ʩʤa= º , 2,5 cylL R=  ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʤʘʣʠ ʦʜʥʘʢʦʚʠʡ 

ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ 0 2
0,3187

ʢʛ
q

ʩʤ
= . ɾʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ 

ʢʦʥʽʯʥʽʡ ʦʙʦʣʦʥʮʽ, ʧʨʠʡʤʘʣʠʩʴ ʫ ʚʠʛʣʷʜʽ: 
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,1 1,4 3cos

i
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i

l l
G G

l a
= Ö ,   

3
*1 0
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i
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i

l l
G G
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= Ö , (4.21) 
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ɼʦʩʣʽʜʞʝʥʦ ʢʦʥʩʪʨʫʢʮʽʾ, ʚ ʷʢʠʭ ʢʦʥʽʯʥʘ ʽ ʮʠʣʽʥʜʨʠʯʥʘ ʦʙʦʣʦʥʢʠ 

ʧʽʜʢʨʽʧʣʝʥʽ ʰʧʘʥʛʦʫʪʘʤʠ ʟ ʨʽʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʘ ʞʦʨʩʪʢʦʩʪʽ 
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,1 ,1
k
cyl cylG G= , ,2 ,2

k
cyl cylG G= , * *

1, ,1i coneG G=  ʽ * *
2, ,2i coneG G=  ʜʣʷ ʚʩʽʭ k  ʪʘ i  

ʚʽʜʧʦʚʽʜʥʦ. ʂʦʥʩʪʨʫʢʮʽʷ ʟ ʚʢʘʟʘʥʠʤʠ ʚʠʱʝ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʚʯʘʻʪʴʩʷ ʚ ʪʨʴʦʭ 

ʚʠʧʘʜʢʘʭ: ʰʘʨʥʽʨʥʦ ʦʧʝʨʪʘ ʥʘ ʪʦʨʮʷʭ ʟ ʦʜʥʠʤ ʰʧʘʥʛʦʫʪʦʤ ʥʘ ʙʽʣʴʰʽʡ ʦʩʥʦʚʽ 

ʢʦʥʫʩʘ ʽ ʦʜʥʠʤ ï ʥʘ ʣʽʚʦʤʫ ʪʦʨʮʽ ʮʠʣʽʥʜʨʘ, ʟ ʜʚʦʤʘ ʪʦʨʮʝʚʠʤʠ ʰʧʘʥʛʦʫʪʘʤʠ ʥʘ 

ʢʦʞʥʽʡ ʯʘʩʪʠʥʽ ʽ ʟ ʪʨʴʦʤʘ ʰʧʘʥʛʦʫʪʘʤʠ ʥʘ ʢʦʞʥʽʡ ʯʘʩʪʠʥʽ, ʜʚʘ ʟ ʷʢʠʭ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʪʦʨʮʷʭ, ʘ ʦʜʠʥ ï ʧʦʩʝʨʝʜʠʥʽ. ʋ ʢʦʞʥʦʤʫ ʟ ʚʢʘʟʘʥʠʭ ʚʠʧʘʜʢʽʚ, 

ʦʢʨʝʤʦ ʜʣʷ ʢʦʥʽʯʥʦʾ ʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥ, ʧʦʙʫʜʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ 
0

q
Q

q
=  ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪʽ *

,1coneG  ʽ 

,1cylG  ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ *
,2coneG  ʪʘ ,2cylG .  

ɿʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 4.2, 4.3 (ʜʣʷ ʢʦʥʫʩʘ ï ʰʪʨʠʭʦʚʽ ʣʽʥʽʾ, 

ʜʣʷ ʮʠʣʽʥʜʨʘ ï ʩʫʮʽʣʴʥʽ), ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ 

ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ, ʷʢ ʜʣʷ ʢʦʥʽʯʥʦʾ, ʪʘʢ ʽ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʦʙʦʣʦʥʦʢ. 

 

  

ʈʠʩʫʥʦʢ 4.2 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʧʘʨʘʤʝʪʨʫ ʞʦʨʩʪʢʦʩʪʽ 

ʰʧʘʥʛʦʫʪʽʚ (ʚʠʧʘʜʦʢ ʪʦʨʮʝʚʠʭ 

ʰʧʘʥʛʦʫʪʽʚ) 

ʈʠʩʫʥʦʢ 4.3 ï ɿʘʣʝʞʥʽʩʪʴ 

ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʧʘʨʘʤʝʪʨʫ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ 

(ʚʠʧʘʜʦʢ ʥʘʷʚʥʦʩʪʽ ʧʨʦʤʽʞʥʠʭ 

ʰʧʘʥʛʦʫʪʽʚ) 
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ɺʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʟʘʛʘʣʴʥʘ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʥʝʧʽʜʢʨʽʧʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʟ ʚʠʙʨʘʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʠʩʢʫ, ʷʢʠʡ 

ʤʘʡʞʝ ʥʘ 46% ʥʠʞʯʝ ʪʠʩʢʫ ʣʦʢʘʣʴʥʦʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. ɿʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʣʦʢʘʣʴʥʠʭ ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ ʪʘ ʚʧʣʠʚ ʦʩʴʦʚʠʭ ʩʪʠʩʢʘʶʯʠʭ ʟʫʩʠʣʴ ʽ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 4.4, 4.5. 

 

  

ʈʠʩʫʥʦʢ 4.4 ï ʃʦʢʘʣʴʥʘ ʚʪʨʘʪʘ 

ʩʪʽʡʢʦʩʪʽ ʢʦʥʽʯʥʦʛʦ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʚʽʜʩʽʢʽʚ, ʧʽʜʢʨʽʧʣʝʥʠʭ ʰʧʘʥʛʦʫʪʘʤʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤ (2,5 cylL R= ) 

ʈʠʩʫʥʦʢ 4.5 ï ɺʧʣʠʚ ʦʩʴʦʚʦʛʦ 

ʩʪʠʩʢʘʥʥʷ ʪʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ 

ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ ʩʢʣʘʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ  

( 2,5 cylL R= ) 

 

 

4.5 ɿʘʜʘʯʘ ʩʪʽʡʢʦʩʪʽ ʩʢʣʘʜʝʥʦʾ ʧʜ̔ʢʨ̔ʧʣʝʥʦ ʾʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʟ ʢʦʥʽʯʥʠʤʠ ʚʽʜʩʽʢʘʤʠ ʣʽʥʽʡʥʦ-ʟʤʽʥʥʦʾ ʪʦʚʱʠʥʠ 

 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʫʞʥʘ ʦʙʦʣʦʥʢʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʨʫʛʦʚʦʛʦ ʧʝʨʝʪʠʥʫ, 

ʧʽʜʢʨʽʧʣʝʥʘ ʰʧʘʥʛʦʫʪʘʤʠ (ʨʠʩ. 4.6). ʋ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʮʠʣʽʥʜʨʠʯʥʽ ʚʽʜʩʽʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʪʦʚʱʠʥʫ , ʘ ʢʦʥʽʯʥʽ ï 

ʣʽʥʽʡʥʦ ʟʤʽʥʥʫ . ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʽʜʩʽʢʽʚ. ɺʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʩʪʽʡʢʦʩʪʽ 

ʩʢʣʘʜʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜ ʜʽʻʶ ʟʘʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ . 
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ʈʠʩʫʥʦʢ 4.6 ï ʉʭʝʤʠ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ( L , 1l  ï ʚʽʜʧʦʚʽʜʥʦ ʜʦʚʞʠʥʘ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʪʘ ʢʦʥʽʯʥʦʛʦ ʚʽʜʩʽʢʽʚ; a ï ʢʫʪ ʢʦʥʫʩʥʦʩʪʽ, 0l  ï ʜʦʚʞʠʥʘ ʧʨʦʣʴʦʪʫ, 

s , s  ï ʚʽʜʧʦʚʽʜʥʦ ʦʩʴʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʽ ʢʦʥʽʯʥʦʤʫ ʚʽʜʩʽʢʘʭ,  

0l¡ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʦʣʶʩʫ ʜʦ ʤʝʥʴʰʦʾ ʦʩʥʦʚʠ ʢʦʥʽʯʥʦʛʦ ʚʽʜʩʽʢʫ) 

 

ɼʣʷ ʢʦʥʽʯʥʦʛʦ ʚʽʜʩʽʢʫ ʦʙʦʣʦʥʢʠ ʧʽʩʣʷ ʨʷʜʫ ʧʝʨʝʪʚʦʨʝʥʴ (ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʚʠʢʣʶʯʝʥʥʷ ʜʦʩʠʪʴ ʤʘʣʠʭ ʜʦʜʘʥʢʽʚ) ʚ [16] ʦʪʨʠʤʘʥʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ 

ʨʽʚʥʷʥʥʷ ʟʽ ʟʤʽʥʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʱʦʜʦ ʬʫʥʢʮʽʾ ʧʨʦʛʠʥʫ ()coneW x : 

 

 
2 2 4

3 3

2 2 3
0cone

cone cone

d d W p
x p W

dx dx x
c

å õ å õ
+ - =æ ö æ ö

ç ÷ ç ÷
. (4.22) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʪʦʚʱʠʥʠ ʢʦʥʽʯʥʦʛʦ ʧʨʦʣʴʦʪʫ 

ʦʙʦʣʦʥʢʠ, ʨʽʚʥʷʥʥʷ (4.22) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

 

 
2 2

3

2 2
0cone

cone

d d W g
x W

dx dx x

å õ
- =æ ö

ç ÷
, (4.23) 
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ʜʝ 
( )

6 0 8
* 0

0 3 3 2 2 6 2

0
cos sin 12 1 cos sin

cone

cone

l n h n
g q

Eh l
= -

-a a n a a
. 

 

ʈʽʚʥʷʥʥʷ (4.23) ʧʽʩʣʷ ʟʘʤʽʥʠ tx e=  ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʽʚʥʷʥʥʷ: 

 
4 2

4 2
0cone cone

cone

d W d W
g W

dt dt
- - = (4.24) 

 

ʟ ʧʦʩʪʽʡʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʚô̫ ʟʦʢ ʨʽʚʥʷʥʥʷ (4.24) ʦʪʨʠʤʘʻ 

ʚʠʛʣʷʜ: 

 

() () () () (),1 ,2cone cone i cone cone i coneW t W t t W t ty y¡= + + 

 () () () (),3 ,4cone i cone cone i coneW t t W t ty y¡¡ ¡¡¡+ + ,  (4.25) 

ʜʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʬʫʥʢʮʽʾ (), , 1,4cone j x jy =  ʧʦʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ, 

ʘʥʘʣʦʛʽʯʥʦʤʫ ʜʦ [60]: 

 

 ()
( ) ( )2 2

2 1 1 2

,1 2 2

2 1

ch cosi i

cone

t t t t
t
b b b b

y
b b

- + -
=

+
, (4.26) 

 ()
( ) ( )

( )

3 3

2 1 1 2

,2 2 2

2 1 1 2

sh sini i

cone

t t t t
t
b b b b

y
b b b b

- + -
=

+
, (4.27) 

 ()
( ) ( )1 2

,3 2 2

2 1

ch cosi i

cone

t t t t
t

b b
y

b b

- - -
=

+
, (4.28) 

 ()
( ) ( )

( )
2 1 1 2

,4 2 2

2 1 1 2

sh sini i

cone

t t t t
t
b b b b

y
b b b b

- - -
=

+
 (4.29) 

ʜʝ 
1 0,5 0,25 gb= + +, 

2 0,5 0,25 gb= - + +, 

 

ʧʨʠ ʮʴʦʤʫ ʤʘʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʚʽʜʩʽʢʫ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ ʤʘʻ ʤʘʪʨʠʮʶ 
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 ( )

,1 ,2 ,3 ,4

,1 ,2 ,3 ,4

,1 ,2 ,3 ,4

,1 ,2 ,3 ,4

,

cone cone cone cone

cone cone cone cone

cone i

cone cone cone cone

cone cone cone cone

A t t

y y y y

y y y y

y y y y

y y y y

å õ
æ ö¡ ¡ ¡ ¡
æ ö=
æ ö¡¡ ¡¡ ¡¡ ¡¡
æ ö
¡¡¡ ¡¡¡ ¡¡ ¡¡¡ç ÷

. (4.30) 

 

ʗʢʱʦ ʢʦʥʽʯʥʘ ʦʙʦʣʦʥʢʘ ʤʘʻ ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʢʦʥʫʩʥʦʩʪʽ a, ʪʦ 

ʤʘʪʨʠʮʽ 1( , )cone i iA t t+  ʨʽʚʥʽ ʜʣʷ ʾʾ ʚʽʜʩʽʢʽʚ ʟ ʦʜʥʘʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ 

1 1lni i i it t x x+ +- = . ɼʣʷ ʪʘʢʦʾ ʤʘʪʨʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ 

() 1( , )cone i cone i iA A t tx += , ʜʝ 1lni i ix xx += . ʌʫʥʜʘʤʝʥʪʘʣʴʥʘ ʤʘʪʨʠʮʷ, ʟʘʜʘʥʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (4.26)ï(4.29) ʽ (4.30), ʥʘ ʙʽʣʴʰʽʡ ʦʩʥʦʚʽ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ: 

(0) ( , )cone cone i iA A t t= =X. 

ʗʢʱʦ x  ï ʙʝʟʨʘʟʤʽʨʥʘ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ, ʱʦ ʣʝʞʠʪʴ ʟʘ m-ʠʤ 

ʰʧʘʥʛʦʫʪʦʤ, ʘ () () () () ()( ), , ,
t

W x W x W x W x W x¡ ¡¡ ¡¡¡=è øê ú , ʪʦ  

 

 () ()0W x H W= Öè ø è øê ú ê ú, (4.31) 

ʜʝ {}ijH h=  ï ʤʘʪʨʠʮʷ, ʟʘʜʘʥʘ ʜʦʙʫʪʢʦʤ ʚʠʜʫ (4.14) (ʜʠʚ. ɼʦʜʘʪʦʢ ɸ), ʷʢʱʦ 

ʢʦʥʩʪʨʫʢʮʽʷ çʮʠʣʽʥʜʨ-ʢʦʥʫʩ-ʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʚʽʜʧʦʚʽʜʘʻ ʩʭʝʤʽ ʨʠʩ. 4.6 ʙ. 

 

ʋ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʜʽʣʷʥʦʢ ʪʘʢʦʾ ʦʨʽʻʥʪʘʮʽʾ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʩʭʝʤʽ ʨʠʩ. 4.7 ʽ 4.6 ʚ, ʪʦ ʤʘʪʨʠʮʷ ʢʦʥʩʪʨʫʢʮʽʾ (ʜʠʚ. ʨʠʩ. 4.7) ʤʘʻ 

ʚʠʛʣʷʜ: 

 ( )
1

cyl cone cyl cone cyl cone cone cylH H H
-

- - - - -= Ö . (4.32) 

 

 

ʈʠʩʫʥʦʢ 4.7 ï ɼʦʧʦʤʽʞʥʘ ʢʦʥʩʪʨʫʢʮʽ̫ 
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ʊʨʘʥʩʮʝʥʜʝʥʪʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʚʠʭʦʜʷʯʠ ʟ (4.31). ʈʦʟʛʣʷʥʝʤʦ, 

ʥʘʧʨʠʢʣʘʜ, ʚʠʧʘʜʦʢ ʦʙʦʭ ʚʽʣʴʥʠʭ ʪʦʨʮʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʦʜʽ ʨʽʚʥʷʥʥʷ (4.31) 

ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ [60]: 

 

 

()

()

()

()

0

0

0 0

0 0

W x W

W x W
H

å õ å õ
æ ö æ ö
¡ ¡æ ö æ ö= Ö

æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

, (4.33) 

 

ʟʚʽʜʢʠ ʚʠʭʦʜʠʪʴ ʦʜʥʦʨʽʜʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʤʘʻ ʥʫʣʴʦʚʠʡ ʨʦʟʚô̫ ʟʦʢ ʟʘ ʫʤʦʚʠ, ʱʦ 

ʾʾ ʚʠʟʥʘʯʥʠʢ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

 

 
3,1 3,2

4,1 4,2

0
h h

h h
= . (4.34) 

 

ʈʽʚʥʷʥʥʷ (4.34) ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʜʣʷ ʧʦʰʫʢʫ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ, 

ʷʢʠʡ ʚʠʙʠʨʘʻʪʴʩʷ ʥʘʡʤʝʥʰʠʤ ʧʦ ʯʠʩʣʫ ʭʚʠʣʴ ʚ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʪʘʢʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʰʧʘʥʛʦʫʪʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʩʪʽʡʢʦʛʦ ʢʦʥʽʯʥʦʾ ʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥ ʩʢʣʘʜʝʥʦʾ 

ʦʙʦʣʦʥʢʠ. 

1. ɼʣʷ ʦʧʠʩʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʦ ʩʪʽʡʢʦʩʪʽ ʧʽʜʢʨʽʧʣʝʥʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʽ ʢʦʥʽʯʥʠʭ ʚʽʜʩʽʢʽʚ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʽ ʢʦʥʽʯʥʦʾ ʥʝʧʽʜʢʨʽʧʣʝʥʠʭ ʰʘʨʥʽʨʥʦ ʦʧʝʨʪʠʭ ʦʙʦʣʦʥʦʢ, ʷʢʽ ʤʘʶʪʴ 

ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ. ʊʘʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʦʣʦʜʽʶʪʴ ʦʙʦʣʦʥʢʠ 

ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 
5

2

ʢʛ
7 10

ʩʤ
E= Ö , 0,32n= ; ʢʦʥʽʯʥʘ ï ʣʽʥʽʡʥʦ ʟʤʽʥʥʦʾ 

ʪʦʚʱʠʥʠ 
1

1

cone
cone

h
h s

l
= , ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

1

1

3

1820

coneh

l
= , 0

1

0,55 , 75
l

l
a= = ¯; 
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ʧʘʨʘʤʝʪʨʘʤʠ 1 cosR l a= , 
1

1cos

cyl cone
h h

R l a
= . ʆʙʨʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʥʝʧʽʜʢʨʽʧʣʝʥʘ 

ʮʠʣʽʥʜʨʠʯʥʘ ʦʙʦʣʦʥʢʘ ʧʨʠ 2,39L R=  ʤʘʻ ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ 1 2

ʢʛ
0,87703

ʩʤ
q = , ʘ 

ʢʦʥʽʯʥʘ ï 2 2

ʢʛ
0,85127

ʩʤ
q = . 

2. ʉʪʽʡʢʽʩʪʴ ʧʽʜʢʨʽʧʣʝʥʠʭ ʢʦʥʽʯʥʦʾ ʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʦʢ. ʅʘ ʮʴʦʤʫ 

ʝʪʘʧʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʥʽʯʥʘ ʦʙʦʣʦʥʢʘ ʟʽ ʰʧʘʥʛʦʫʪʘʤʠ ʥʘ ʪʦʨʮʷʭ, ʘ ʮʠʣʽʥʜʨʠʯʥʘ 

ï ʟ ʪʦʨʮʝʚʠʤʠ ʽ ʟ ʧʨʦʤʽʞʥʠʤ (ʘʙʦ ʙʝʟ ʥʴʦʛʦ) ʰʧʘʥʛʦʫʪʘʤʠ. ʏʝʨʝʟ ʥʘʷʚʥʽʩʪʴ 

ʰʧʘʥʛʦʫʪʽʚ ʥʘ ʪʦʨʮʷʭ, ʚʠʙʠʨʘʶʪʴʩʷ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʚʽʣʴʥʠʭ ʪʦʨʮʽʚ.  

ʅʘ ʨʠʩ. 4.8 ʘ ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ 
2

ʢʛ

ʩʤ
crq
è ø
é ù
ê ú

 

ʣʦʢʘʣʴʥʦʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʦʢ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪ ̔ *

,1coneG  ʪʘ ,1cylG  

ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ *

,2coneG  ʠ ,2cylG . ʐʪʨʠʭʦʚʠʤ ʣʽʥʽʷʤ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʢʦʥʽʯʥʦʛʦ ʚʽʜʩʽʢʫ, ʩʫʮʽʣʴʥʠʤ ï ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʟ ʜʚʦʤʘ 

ʰʧʘʥʛʦʫʪʘʤʠ, ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʦ ʾï ʟ ʪʨʴʦʤʘ. 

 

  

ʘ ï 1-ʡ ʚʘʨʽʘʥʪ ʧʽʜʢʨʽʧʣʝʥʥʷ  ʙ ï 2-ʡ ʚʘʨʽʘʥʪ ʧʽʜʢʨʽʧʣʝʥʥʷ 

ʈʠʩʫʥʦʢ 4.8 ï ʇʦʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʢʨʠʪʠʯʥʠʭ ʪʠʩʢʽʚ ʣʦʢʘʣʴʥʦʾ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʢʦʥʽʯʥʠʭ ʽ ʮʠʣʽʥʜʨʠʯʥʠʭ (ʧʨʠ 2,39 cylL R= ) ʚʽʜʩʽʢʽʚ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ 

ʰʧʘʥʛʦʫʪʽʚ 

 

 

 

     

  

 

 

 

  

  

  

  3 ʰʧʘʥʛʦʫʪʠ: 

  

   

  2 ʰʧʘʥʛʦʫʪʠ: 

  

   

  

  

 

 ʮʠʣ., 4 ʰʧ. 

 ʮʠʣ., 3 ʰʧ. 
 ʧʨʘʚʘ ʯʘʩʪʠʥʘ  

        ʢʦʥʫʩʘ 

 ʣ̔ʚʘ ʯʘʩʪʠʥʘ  

        ʢʦʥʫʩʘ 
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ʋ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ, ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ 

ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʥʘ ʙʣʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ, ʷʢ ʜʣʷ ʢʦʥʽʯʥʦʾ, ʪʘʢ ʽ ʜʣʷ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʦʢ ʣʠʰʝ ʚ ʨʘʟʽ ʧʽʜʢʨʽʧʣʝʥʥʷ ʧʘʨʦʶ ʰʧʘʥʛʦʫʪʽʚ. 

ɿʘ ʛʨʘʬʽʢʘʤʠ ʤʦʞʥʘ ʫʟʛʦʜʠʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪ̔, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʠʩʢʽʚ. ʋ ʪʘʙʣʠʮʽ 4.1 ʚʢʘʟʘʥʽ ʢʽʣʴʢʘ 

ʫʟʛʦʜʞʝʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪ ̔ ʧʽʜʢʨʽʧʣʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʣʦʢʘʣʴʥʫ ʨʽʚʥʫ ʩʪʽʡʢʽʩʪʴ ʢʦʥʽʯʥʦʾ ʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

ʊʘʙʣʠʮʷ 4.1 ï ʃʦʢʘʣʴʥʘ ʽ ʟʘʛʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʜʚʦʤʘ ʰʧʘʥʛʦʫʪʘʤʠ ʥʘ ʢʦʥʽʯʥʦʤʫ ʚʽʜʩʽʢʫ, ʟ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʚʽʜʩʽʢʘʤʠ ʽʟ 

ʟʥʘʯʝʥʥʷʤ 2,39K=  

 ɿʘʙʝʟʧʝʯʝʥʥʷ ʣʦʢʘʣʴʥʦʾ 

ʨʽʚʥʦʩʪʽʡʢʦʩʪʽ  

ɿʘʛʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʢʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ 

 

 
 

2,39K=  
  

2,39K=  

 

2,39K=  

2G  *
,1coneG  crq  ,1cylG  crq  crq  crq  crq  

0 100 
0,910568 

( 6n= ) 
877 

0,910567 

( 6n= ) 

0,898581 

( 7n= ) 

0,887407  

( 7n= ) 

0,860265 

( 6n= ) 

10 100 
1,156261 

( 7n= ) 
656 

1,156287 

( 7n= ) 

1,147953 

( 7n= ) 

1,120358 

( 7n= ) 

1,165825 

( 7n= ) 

 

 
 

2,39K=  
 

 
 

0 100 
0,910568 

( 6n= ) 
38,88 

0,910535 

( 6n= ) 

0,743748 

( 6n= ) 

0,727804 

( 6n= ) 

0,715681 

( 6n= ) 

10 100 
1,156261 

( 7n= ) 
102,1 

1,15625 

( 7n= ) 

1,1408898 

( 7n= ) 

1,119374961853 

( 7n= ) 

1,10652973175 

( 7n= ) 

 

ʎʠʣʽʥʜʨʠʯʥʘ ʦʙʦʣʦʥʢʘ ʟ ʪʨʴʦʤʘ ʜʦʩʠʪʴ ʞʦʨʩʪʢʠʤʠ ʰʧʘʥʛʦʫʪʘʤʠ 

ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ ʧʨʠ ʪʠʩʢʘʭ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʢʨʠʪʠʯʥʽ ʪʠʩʢʫ ʧʽʜʢʨʽʧʣʝʥʦʾ 

ʜʚʦʤʘ ʰʧʘʥʛʦʫʪʘʤʠ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ. ʊʦʤʫ ʫ ʨʘʟʽ ʧʽʜʢʨʽʧʣʝʥʥʷ ʢʦʥʫʩʘ 
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ʜʚʦʤʘ ʰʧʘʥʛʦʫʪʘʤʠ, ʜʦʮʽʣʴʥʦ ʚʠʙʠʨʘʪʠ ʧʽʜʢʨʽʧʣʝʥʥʷ ʮʠʣʽʥʜʨʘ ʪʦʨʮʝʚʠʤʠ 

ʰʧʘʥʛʦʫʪʘʤʠ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʘ ʞʦʨʩʪʢʦʩʪʽ ʪʦʛʦ ʞ ʧʦʨʷʜʢʫ, ʘʙʦ 

ʪʨʴʦʤʘ ʰʧʘʥʛʦʫʪʘʤʠ ʤʝʥʰʦʾ ʞʦʨʩʪʢʦʩʪʽ. 

ʋ ʚʠʧʘʜʢʫ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʢʦʥʽʯʥʦʤʫ ʚʽʜʩʽʢʫ ʪʨʴʦʭ ʰʧʘʥʛʦʫʪʽʚ, ʜʚʘ ʟ 

ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʪʦʨʮʷʭ, ʩʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʥʘʡʙʽʣʴʰ 

ʨʘʮʽʦʥʘʣʴʥʝ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʣʦʢʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽʡʢʦʩʪ)̔ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʨʦʤʽʞʥʦʛʦ ʰʧʘʥʛʦʫʪʘ ʥʘ ʢʦʥʫʩʽ. ʇʨʠ ʜʘʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʢʦʥʫʩʘ ʽ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪ ̔ʰʧʘʥʛʦʫʪʽʚ, ʨʘʮʽʦʥʘʣʴʥʠʤ ʻ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʰʧʘʥʛʦʫʪʘ, ʷʢʝ ʜʽʣʠʪʴ ʪʚʽʨʥʫ ʫ ʚʽʜʥʦʰʝʥʥʽ 1,174:1, ʚʽʜʨʘʭʦʚʫʶʯʠ ʚʽʜ ʙʽʣʴʰʦʾ 

ʦʩʥʦʚʠ ʢʦʥʫʩʘ. ʅʘ ʨʠʩ. 4.8-ʘ ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʪʠʩʢʽʚ çʣʽʚʦʾè ʽ 

çʧʨʘʚʦʾè ʯʘʩʪʠʥ ʢʦʥʽʯʥʦʛʦ ʚʽʜʩʽʢʫ ʚʽʜ ʧʘʨʘʤʝʪʨʫ ʞʦʨʩʪʢʦʩʪʽ ʚ ʧʣʦʱʠʥʽ *

,1coneG  

ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ *

,2 10coneG = . ʇʦʙʫʜʦʚʘʥʽ ʥʘ ʨʠʩ. 4.8 ʙ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʢʦʥʫʩʘ ʚʢʘʟʫʶʪʴ ʥʘ ʟʘʜʦʚʽʣʴʥʝ ʫʟʛʦʜʞʝʥʥʷ ʟʘ 

ʾʭ ʢʨʠʪʠʯʥʠʤ ʪʠʩʢʘʤ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʜʣʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʨʦʤʽʞʥʦʛʦ ʰʧʘʥʛʦʫʪʘ. 

ʅʘ ʨʠʩʫʥʢʫ 4.8-ʙ ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʪʠʩʢʽʚ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʚʽʜʩʽʢʫ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ ,1cylG  ʧʨʠ ,2 10cylG =  ʜʣʷ ʚʠʧʘʜʢʫ 

ʧʽʜʢʨʽʧʣʝʥʥʷ ʪʨʴʦʤʘ ʽ ʯʦʪʠʨʤʘ ʰʧʘʥʛʦʫʪʘʤʠ. ʅʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.8-ʙ 

ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʽʙʨʘʪʠ ʫʟʛʦʜʞʝʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪ,̔ 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʣʦʢʘʣʴʥʫ ʨʽʚʥʫ ʩʪʽʡʢʽʩʪʴ ʢʦʥʽʯʥʦʛʦ ʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʚʽʜʩʽʢʽʚ. ʎʽ ʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.2. ʊʫʪ ʽ ʜʘʣʽ: *

,2 ,2 2cone cylG G G= = , 

L K R= Ö. 

3. ʅʘʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʢʨʠʪʠʯʥʠʭ ʪʠʩʢʽʚ ʩʢʣʘʜʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ 

çʮʠʣʽʥʜʨ-ʢʦʥʫʩè, çʮʠʣʽʥʜʨ-ʢʦʥʫʩ-ʮʠʣʽʥʜʨ-ʢʦʥʫʩè. ɼʣʷ ʢʦʥʽʯʥʠʭ ʽ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟʘʟʥʘʯʝʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʟ ʢʽʣʴʢʽʩʪʶ 

ʰʧʘʥʛʦʫʪʽʚ, ʷʢʝ ʟʘʟʥʘʯʝʥʦ ʚ ʽʥʜʝʢʩʽ ʤʘʪʨʠʮʽ-ʜʦʙʫʪʢʫ ʚʠʜʫ (4.14), ʤʘʻʤʦ: 

 

 ,2 ,1 ,2

11
ln

20
cone cone cone coneH B A B

å õ
=XÖ Ö Ö ÖXæ ö

ç ÷
, (4.35) 
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 ,3 ,1 ,2 ,3

550 757
ln ln

757 1000
cone cone cone cone cone coneH B A B A B

å õ å õ
=XÖ Ö Ö Ö Ö ÖXæ ö æ ö

ç ÷ ç ÷
, (4.36) 

 ( ) ( ) (), 1 1...
cyl cyl cylcyl m cyl cyl m cyl cyl m cyl cylH B A L B A L A L B-=XÖ Ö Ö Ö Ö Ö ÖX. (4.37) 

 

ʇʨʠʡʥʷʪʽ ʟʥʘʯʝʥʥʷ 
1

1
k

cyl

L
m
=

-
 ʜʣʷ ʚʩʽʭ 1,.., cylk m=  ( 2)cylm ² . 

 

ʊʘʙʣʠʮ ̫4.2 ï ʃʦʢʘʣʴʥʘ  ̔ʟʘʛʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʢʦʚʽʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʪʨʴʦʤʘ ʰʧʘʥʛʦʫʪʘʤʠ ʥʘ ʢʦʥʽʯʥʦʤʫ ʚʽʜʩʽʢʫ, ʟ ʮʽʣʽʥʜʨʽʯʥʽʤʠ ʚʽʜʩʽʢʘʤʠ ʽʟ 

ʟʥʘʯʝʥʥʷʤ 2,39K=  

 
ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʩʪʽʡʢʦʩʪʽ ʯʘʩʪʠʥ 

ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʩʪʽʡʢʦʩʪʽ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʽ ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥ 

 

ʃʽʚʘ ʯʘʩʪʠʥʘ ʢʦʥʫʩʘ 

(54% ʚʽʜ  ʜʦʚʞʠʥʠ 

ʪʚʽʨʥʦʾ) 

G1, G2 ʜʣʷ ʙʽʣ. ʰʧ 

İ G1, İ G2 ʜʣʷ ʤ. ʰʧ. 

ʇʨʘʚʘ ʯʘʩʪʠʥʘ 

ʢʦʥʫʩʘ 

(46% ʚʽʜ  ʜʦʚʞʠʥʠ 

ʪʚʽʨʥʦʾ) 

İ G1, İ G2ʜʣʷ ʙʽʣ. ʰʧ 

G1, G2  ʜʣʷ ʤʝʥ. ʰʧ. 

 
 

2,39K=  

2G  *
,1coneG  crq  *

,1coneG  
crq  crq  ,1cylG  crq  

10 22,36 
1,346862 

( 8n= ) 
10 

1,346832 

( 8n= ) 

1,345212 

( 8n= ) 
186,51 

1,345215 

( 8n= ) 

10 686,1 
1,978115 

( 10n= ) 
1000 

1,978119 

( 10n= ) 

1,974037 

( 10n= ) 
1211,37 

1,974037 

( 9n= ) 

 
 ʃʦʢʘʣʴʥʦ ʨʽʚʥʦʩʪʽʡʢʽ 

ʚʽʜʩʽʢʠ 
ɿʘʛʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

 
1 2/ 54 / 46L L =  

 

 
2,39K=   

  

2G  *
,1coneG  ,1cylG  crq  crq  crq  

10 22,36 ʽ 10 186,51 1,269103 ( 7n= ) 1,265668 ( 7n= ) 1,268538 ( 7n= ) 

10 686,1 ʽ 1000 1211,37 1,929986 ( 9n= ) 1,751094 ( 9n= ) 1,766448 ( 9n= ) 

 
1 2/ 54 / 46L L =  

 

 
2,39K=   

  

2G  *
,1coneG  ,1cylG  crq  crq  crq  

10 22,36 ʽ 10 126,68 1,322804 ( 7n= ) 1,299376 ( 7n= ) 1,304612 ( 7n= ) 

10 686,1 ʽ 1000 644,66 1,955186 ( 9n= ) 1,702499 ( 9n= ) 1,948229 ( 9n= ) 

 

4. ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʦʥʩʪʨʫʢʮʽʡ, ʦʜʠʥ ʟ ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʽʜʩʽʢʽʚ ʷʢʦʾ 

ʤʘʻ ʟʥʘʯʝʥʥʥʷ 5K = , 10K = . 
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ɺʩʽ ʝʪʘʧʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚʪʦʨʶʶʪʴ ʦʧʠʩʘʥʫ ʚʠʱʝ 

ʤʝʪʦʜʠʢʫ. ʅʘ ʨʠʩʫʥʢʫ 4.9 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʪʠʩʢʽʚ ʢʦʥʽʯʥʠʭ ʽ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʽʜʩʽʢʽʚ ʽʟ ʟʘʟʥʘʯʝʥʠʤ ʥʘ ʨʠʩʫʥʢʫ ʢʽʣʴʢʽʩʪʶ ʰʧʘʥʛʦʫʪʽʚ. ʋ 

ʪʘʙʣʠʮʽ 4.3 ʥʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʧʦ ʢʨʠʪʠʯʥʠʤ ʪʠʩʢʘʤ ʦʙʦʣʦʥʢʦʚʠʭ 

ʩʪʨʫʢʪʫʨ, ʟʦʙʨʘʞʝʥʠʭ ʚ ʪʘʙʣʠʮʽ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ ʪʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʚʽʜʩʽʢʫ, ʫ ʷʢʦʛʦ 10K = , ʮʝʥʪʨʘʣʴʥʠʡ ʰʧʘʥʛʦʫʪ ʚʠʙʠʨʘʚʩʷ ʟ ʧʦʜʚʦʻʥʦʶ 

ʞʦʨʩʪʢʽʩʪʶ. 

 

ʊʘʙʣʠʮʷ 4.3 ï ʃʦʢʘʣʴʥʘ ʽ ʟʘʛʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʜʚʦʤʘ ʽ ʪʨʴʦʤʘ ʰʧʘʥʛʦʫʪʘʤʠ ʥʘ ʢʦʥʽʯʥʦʤʫ ʚʽʜʩʽʢʫ, ʟ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʚʽʜʩʽʢʘʤʠ 

ʟʽ ʟʥʘʯʝʥʥʷʤʠ 2,39K= , 5K = , 10K =  ( 2 10G = ) 

 

 

 

 
2,39K=  

  

   
5K =  

  
5K =                      2,39K=   

*
,1coneG  ,1cylG  ,1cylG   

100 656 1809,7 crq =1,145968  ( 7n= ) 

crq =1,1563  ( 7n= )  

 

  
      2,39K=   

 

   
          5K =   

 

 
5K =            2,39K=  

crq =1,147953  

( 7n= ) 

crq =1,153429  

( 7n= ) 

crq =1,140929  

( 7n= ) 
 

1 2/ 54 / 46L L =  

  

 

  
2,39K=  

  

  
5K =  

  
   5K =                      2,39K=    

*
,1coneG  ,1cylG  ,1cylG   

22,36 ʽ 10 126,68 2274,3 crq =1,304172 ( 8n= ) 

crq =1,3452 ( 8n= )  

 

 
2,39K=  

 

 
5K =  

 

 
5K =            2,39K=   

crq =1,322804 ( 7n= ) crq =1,331846 ( 8n= ) crq =1,322544  ( 8n= ) 

  
                        10K =                        2,39K=  

 

 
               10K =                 2,39K=   

crq =1,327226 ( 8n= ) crq =1.336687 ( 8n= ) 
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ɼʣʷ ʦʙʦʣʦʥʦʢ ʟ ʚʠʙʨʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʨʠʪʠʯʥʽ ʪʠʩʢʠ ʨʽʚʥʦʩʪʽʡʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ çʮʠʣʽʥʜʨ-

ʢʦʥʫʩè, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʛʘʣʴʥʽʡ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ, ʤʝʥʰʽ ʟʘ ʣʦʢʘʣʴʥʽ ʜʦ 

19%. ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʚʢʣʶʯʝʥʥʷ ʚ ʥʝʾ ʜʦʜʘʪʢʦʚʠʭ ʚʽʜʩʽʢʽʚ (ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ 

çʮʠʣʽʥʜʨ-ʢʦʥʫʩ-ʮʠʣ̔ʥʜʨ-ʢʦʥʫʩè) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ 

ʜʦ 6%. 

 

 

ʈʠʩʫʥʦʢ 4.9 ï ʇʦʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʢʨʠʪʠʯʥʠʭ ʪʠʩʢʽʚ ʣʦʢʘʣʴʥʦʾ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʢʦʥʽʯʥʠʭ ʽ ʮʠʣʽʥʜʨʠʯʥʠʭ (ʧʨʠ 5 cylL R= ) ʚʽʜʩʽʢʽʚ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ 

ʰʧʘʥʛʦʫʪʽʚ 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʙʣʝʤʘ ʩʪʽʡʢʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ 

ʧʦʩʪʽʡʥʦʾ ʪʦʚʱʠʥʠ ʘʙʦ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ ʣʽʥʽʡʥʦ ʟʤʽʥʥʦʾ ʪʦʚʱʠʥʠ ʟ ʨʽʟʥʠʤʠ 

ʪʠʧʘʤʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʧʽʜ ʚʧʣʠʚʦʤ ʥʦʨʤʘʣʴʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ 

ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʚ ʨʦʙʦʪʘʭ [16, 54, 83], ʜʝ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʟʥʘʡʜʝʥʽ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʽ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʟʘʟʥʘʯʝʥʠʭ ʤʝʥʰ, ʥʽʞ  

ʥʘ 3%. 

 

 

 

 

 

 

  

   

  

  

 

 

 

 ʧʨʘʚʘ ʯʘʩʪʠʥʘ  

        ʢʦʥʫʩʘ 
 ʣ̔ʚʘ ʯʘʩʪʠʥʘ  

        ʢʦʥʫʩʘ 
 ʢʦʥʫʩ, 2 ʰʧ. 

 ʮʠʣ., 5 ʰʧ. 
 ʮʠʣ., 4 ʰʧ. 
 ʮʠʣ., 3 ʰʧ. 
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4.6 ɺʠʩʥʦʚʢʠ 

 

ɼʦʩʣʽʜʞʝʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʢʝʪʦ-ʥʦʩʽʷ ʪʠʧʫ 

çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟʦʚʥʽʰʥʽʤ ʪʠʩʢʦʤ, 

ʦʩʴʦʚʠʤ ʩʪʠʩʥʝʥʥʷʤ ʽ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ. ʆʩʥʦʚʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ 

ʟʘʜʘʯʽ ʨʦʟʚô̫ ʟʫʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ. ʋ 

ʚʠʧʘʜʢʫ ʢʦʥʽʯʥʦʛʦ ʚʽʜʩʽʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʠ: 

ʬʘʟʥʠʭ ʽʥʪʝʛʨʘʣʽʚ (ʤʝʪʦʜ ɺʂɹ) ʽ ʛʽʙʨʠʜʥʠʡ ɺʂɹ-ɻʘʣʴʦʨʢʽʥ. ɼʣʷ ʘʥʘʣʽʟʫ 

ʩʪʽʡʢʦʩʪʽ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʪʨʠʯʥʠʡ ʤʝʪʦʜ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʦʙʦʣʦʥʢʠ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʰʧʘʥʛʦʫʪ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʦʪʨʠʤʘʥʦ ʥʘ ʦʩʥʦʚʽ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʽ ʨʽʚʥʷʥʴ 

ʩʧʨʷʞʝʥʴ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʚʠʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʞʦʨʩʪʢʦʩʪʽ 

ʰʧʘʥʛʦʫʪʘ ʜʣʷ ʢʦʥʽʯʥʦʾ ʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʥʽ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ. ɺʠʚʯʝʥʦ ʩʪʽʡʢʽʩʪʴ ʧʽʜʢʨʽʧʣʝʥʦʾ ʢʦʥʽʯʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. ʆʙʛʦʚʦʨʶʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʽʜʢʨʽʧʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʚ ʛʨʘʥʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ʯʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʭʦʨʦʰʽʡ 

ʢʦʨʝʣʷʮʽʾ ʟ ʚʽʜʦʤʠʤʠ ʧʫʙʣʽʢʘʮʽʷʤʠ. 
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ʈʆɿɼɯʃ 5 

ʆʉʅʆɺʅɯ ɼʀʌɽʈɽʅʎɯɸʃʔʅɯ ʈɯɺʅʗʅʅʗ ɯ ʏʀʉɽʃʔʅʀʁ ʈʆɿɺôʗɿʆʂ 

ɿɸɼɸʏɯ ʉʊɯʁʂʆʉʊɯ ʇɯɼʂʈɯʇʃɽʅʀʍ ʆɹʆʃʆʅʂʆɺʀʍ ʂʆʅʉʊʈʋʂʎɯʁ 

ʊʀʇʋ çɹʆʏʂɸ-ʆɾʀɺɸʃʆè 

 

 

ʇô̫ ʪʠʡ ʨʦʟʜʽʣ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʦ ʦʜʝʨʞʘʥʥʶ ʦʩʥʦʚʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚô̫ ʟʢʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʟʘʜʘʯʽ ʩʪʽʡʢʦʩʪʽ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʧʨʠʡʥʷʪʪʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ ʽ ʦʩʴʦʚʠʭ ʟʫʩʠʣʴ, ʟʜʘʪʥʠʭ ʚʠʢʣʠʢʘʪʠ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ 

ʧʝʨʚʽʩʥʦʾ ʬʦʨʤʠ, ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè:  

- ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʚʽʜʥʦʩʥʦʛʦ ʧʽʜʡʦʤʫ ʤʝʨʠʜʽʘʥʫ ʚʽʜʩʽʢʽʚ ʥʘ ʩʪʽʡʢʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʦʣʦʥʦʢ; 

- ʚʠʚʯʝʥʦ ʩʪʽʡʢʽʩʪʴ ʷʢ çʙʦʯʢʦʧʦʜʽʙʥʠʭè ʽ çʦʞʠʚʘʣʴʥʠʭè, ʪʘʢ ʽ ʩʢʣʘʜʝʥʠʭ 

ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʜʠʩʢʨʝʪʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʨʦʤʽʞʥʠʤʠ ʰʧʘʥʛʦʫʪʘʤʠ;  

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʣʷ ʦʮʽʥʢʠ ʨʽʚʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʨʦʣʴʦʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʝʬʝʢʪ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʦʙʦʣʦʥʢʠ 

ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʞʦʨʩʪʢʦʩʪʽ ʧʨʦʤʽʞʥʠʭ ʽ ʪʦʨʮʝʚʠʭ ʰʧʘʥʛʦʫʪʽʚ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʨʘʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʥʘʜʘʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʦʩʴʦʚʦʾ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ ʥʘ ʩʪʽʡʢʽʩʪʴ  

ʥʝʧʽʜʢʨʽʧʣʝʥʦʾ ʽ ʧʽʜʢʨʽʧʣʝʥʦʾ ʦʧʫʢʣʦʾ ʦʙʦʣʦʥʢʠ. 

 

 

5.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʩʪʽʡʢʦʩʪʽ ʩʢʣʘʜʝʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɿʘʩʪʦʩʦʚʘʥʽ ʛʽʧʦʪʝʟʠ 

 

ɺʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʩʪʽʡʢʦʩʪʽ ʩʢʣʘʜʝʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ 

çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ ʬʦʨʤʠ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʪʠʧʫ. ʊʘʢʝ ʧʦʻʜʥʘʥʥʷ ʚʽʜʩʽʢʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʚʝʩʪʠ, ʫ ʧʝʚʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʜʦ ʚʠʨʽʰʝʥʥʷ 
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ʧʨʦʙʣʝʤʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʾ 

ʩʪʽʡʢʦʩʪʽ ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʬʦʨʤʠ ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ʇʠʪʘʥʥʷ ʨʽʚʥʦʩʪʽʡʢʦʩʪ̔ ʚʽʜʩʽʢʽʚ ʚʞʝ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʨʦʟʜʽʣʽ, ʘ ʪʘʢʦʞ ʚ ʨʦʙʦʪʽ [32] ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè, 

ʧʽʜʢʨʽʧʣʝʥʦʾ ʜʠʩʢʨʝʪʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʨʦʤʽʞʥʠʤʠ ʰʧʘʥʛʦʫʪʘʤʠ.  

ʋ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʦʙʦʣʦʥʢʦʶ ʪʠʧʫ 

çʙʦʯʢʘ-ʦʞʠʚʘʣʦè. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʰʧʘʥʛʦʫʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ, ʥʘʚʝʜʝʥʽ ʚ 

ʨʦʙʦʪʘʭ [26, 60]. 

ʆʩʥʦʚʥʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʙʫʜʦʚʘ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʦʢ ʟʘʟʥʘʯʝʥʦʛʦ 

ʪʠʧʫ. ɿʘ ʘʥʘʣʦʛʽʻʶ ʪʝʦʨʽʾ ʧʦʣʦʛʠʭ ʦʙʦʣʦʥʦʢ [39], ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʽʜʥʦʩʥʘ ʚʠʩʦʪʘ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʮʠʣʽʥʜʨʘ ʽ ʢʦʥʫʩʘ ʤʝʥʰʝ 

ʦʜʥʽʻʾ ʧô̫ ʪʦʾ ʥʘʡʤʝʥʰʦʛʦ ʣʽʥʽʡʥʦʛʦ ʾʾ ʨʦʟʤʽʨʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ, ʱʦ ʢʦʦʨʜʠʥʘʪʥʠʤʠ ʣʽʥʽʷʤʠ ʙʫʜʫʪʴ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʣʽʥʽʾ ʜʣʷ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʽ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʦʢ ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʮʴʦʤʫ ʦʙʯʠʩʣʶʶʪʴʩʷ 

ʛʦʣʦʚʥʽ ʨʘʜʽʫʩʠ ʢʨʠʚʠʟʥʠ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʢʦʞʥʦʛʦ ʟ ʚʽʜʩʽʢʽʚ, 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʰʠʭ ʢʚʘʜʨʘʪʠʯʥʠʭ ʬʦʨʤ, ʦʧʝʨʘʪʦʨʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, 

ʬʽʢʪʠʚʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʽʥʰʽ ʚʝʣʠʯʠʥʠ, ʥʘ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʨʘʜʽʫʩʠ ʢʨʠʚʠʟʥʠ. 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʨʽʚʥʷʥʴ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʣʦʢʘʣʴʥʠʭ ʽ ʟʘʛʘʣʴʥʠʭ ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʧʽʜʢʨʽʧʣʝʥʠʭ ʩʢʣʘʜʝʥʠʭ ʦʙʦʣʦʥʦʢ.  

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʫʞʥʘ ʦʙʦʣʦʥʢʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʨʫʛʦʚʦʛʦ ʧʝʨʝʪʠʥʫ 

ʧʦʩʪʽʡʥʦʾ ʪʦʚʱʠʥʠ h, ʧʽʜʢʨʽʧʣʝʥʘ ʩʪʠʢʫʚʘʣʴʥʠʤ ʰʧʘʥʛʦʫʪʦʤ (ʨʠʩ. 5.1).  

ʂʦʥʩʪʨʫʢʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʚʽʜʩʽʢʽʚ ï çʙʦʯʢʦʧʦʜʽʙʥʦʛʦè ʽ 

çʦʞʠʚʘʣʴʥʦʛʦè. ɺʽʜʩʽʢʠ ʩʧʦʣʫʯʘʶʪʴʩʷ ʽ ʤʦʞʫʪʴ ʧʽʜʢʨʽʧʣʶʚʘʪʠʩʷ 

ʩʪʠʢʫʚʘʣʴʥʠʤ ʽ ʧʨʦʤʽʞʥʠʤʠ ʰʧʘʥʛʦʫʪʘʤʠ. ɺʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʣʦʢʘʣʴʥʦʾ ʪʘ 

ʟʘʛʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦʙʪʦ ʩʪʽʡʢʦʩʪʽ ʚʽʜʩʽʢʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚ 
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ʮʽʣʦʤʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ q. ʉʝʢʮʽʾ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠ ʟ ʧʝʚʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ, ʦʧʠʩʘʥʠʤʠ ʥʠʞʯʝ. 

 

 

ʈʠʩʫʥʦʢ 5.1 ï ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʢʨʽʧʣʝʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ 

çʙʦʯʢʘ-ʦʞʠʚʘʣʦè (T , q  ï ʚʽʜʧʦʚʽʜʥʦ ʦʩʴʦʚʝ ʟʫʩʠʣʣʷ ʪʘ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ) 

 

ɼʣʷ ʦʙʦʭ ʩʝʢʮʽʡ (ʨʠʩ. 5.2) ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʧʦʟʥʘʯʝʥʘ ʯʝʨʝʟ Oz. 

ʂʦʦʨʜʠʥʘʪʠ ʚʠʙʠʨʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʣʽʥʽʡʥʘ ʤʝʨʠʜʽʘʥʥʘ ʢʦʦʨʜʠʥʘʪʘ 

(ʫʟʜʦʚʞ ʪʚʽʨʥʠʭ ʮʠʣʽʥʜʨʘ ʘʙʦ ʢʦʥʫʩʘ) ʜʣʷ ʙʦʯʢʦʧʦʜʽʙʥʦʛʦ ʚʽʜʩʽʢʫ 

ʧʦʟʥʘʯʘʻʪʴʩʷ s, ʜʣʷ ʦʞʠʚʘʣʴʥʦʾ ï s; ʜʫʛʦʚʘ ʢʦʦʨʜʠʥʘʪʘ çʙʦʯʢʠè ï y, ʢʫʪʦʚʘ 

ʢʦʦʨʜʠʥʘʪʘ ʚ ʧʣʦʱʠʥʽ ʧʘʨʘʣʝʣʽ ʦʞʠʚʘʣʦ ï j. ʂʦʦʨʜʠʥʘʪʠ s , s , y  ʤʘʶʪʴ 

ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʚʞʠʥʠ, j ï ʙʝʟʨʦʟʤʽʨʥʘ. 

 

 

ʈʠʩʫʥʦʢ 5.2 ï ʉʭʝʤʘ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ( 0l , 1l  ï ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʧʦʣʶʩʫ ʜʦ ʤʝʥʴʰʦʾ ʽ ʙʽʣʴʰʦʾ ʦʩʥʦʚʠ ʚʽʜʩʽʢʫ, s , s  ï ʦʩʴʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʚʽʜʩʽʢʽʚ, 

T , q  ï ʚʽʜʧʦʚʽʜʥʦ ʦʩʴʦʚʝ ʟʫʩʠʣʣʷ ʪʘ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ) 
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ɼʣʷ ʩʢʣʘʜʘʥʥʷ ʦʩʥʦʚʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʨʘʜʽʫʩʠ ʾʭ ʢʨʠʚʠʟʥ ʽ ʬʽʢʪʠʚʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʣʷ ʙʦʯʢʦʧʦʜʽʙʥʦʾ ʽ ʦʞʠʚʘʣʴʥʦʾ ʦʙʦʣʦʥʦʢ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʾʭ ʧʽʜʡʦʤ ʤʘʻ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʪʠʧ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ çʙʦʯʢʦʧʦʜʽʙʥʘè ʦʙʦʣʦʥʢʘ, ʷʢ ʧʦʚʝʨʭʥʷ ʦʙʝʨʪʘʥʥʷ, ʤʘʻ 

ʪʘʢʫ ʬʫʥʢʮʽʶ ʨʘʜʽʫʩʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ʢʦʣʘ ʚ ʧʝʨʝʨʽʟʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ: 

 

 1 sincyl

z
r R C

L

på õ
= +æ ö
ç ÷

, (5.1) 

ʜʝ L  ʽ R ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʥʦʚʘʤʠ ʽ ʨʘʜʽʫʩ ʦʩʥʦʚʠ çʙʦʯʢʠè ʚʽʜʧʦʚʽʜʥʦ,  

cylC  ï ʚ̔ ʜʥʦʩʥʘ ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ çʙʦʯʢʠè. 

 

ʅʘ ʧʽʜʩʪʘʚʽ (5.1), ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʜʘʥʽʡ ʧʦʩʪʘʥʦʚʮʽ, ʚʠʧʠʩʫʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ: 

 

 1 sin cos ; 1 sin sin ;cyl cyl

s y s y
x R C y R C z s

L R L R

p på õ å õ
= + = + =æ ö æ ö
ç ÷ ç ÷

. (5.2) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʚʝʜʝʥʠʭ ʧʨʠʧʫʱʝʥ,ɹ ʥʘʢʣʘʜʘʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷ: 1 5cylC ¢ . 

ɼʣʷ ʦʙʦʣʦʥʢʠ ʜʦʚʞʠʥʠ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʥʝʨʽʚʥʦʩʪʽ 1 2L R² , ʤʘʻ ʤʽʩʮʝ ʦʮʽʥʢʘ

1 3cylRC Ll p= < . ʊʦʜʽ ʜʣʷ ʚʩʽʭ [ ]0;s LÍ  ʚ ʥʫʣʴʦʚʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ: 

 

()
2

2
1 1 coscyl

s
r RC

L L

p på õ
¡+ = + =æ ö

ç ÷
 

 

2 3
1 1

1 cos cos ... 1
2 8

s s

L L

p p
l l
å õ å õ

= + - + ºæ ö æ ö
ç ÷ ç ÷

. (5.3) 
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ʆʙʯʠʩʣʶʶʪʴʩʷ ʨʘʜʽʫʩʠ ʢʨʠʚʠʟʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (5.3) ʽ [16, 39]: 

 

 
()( )

3/2
2

1 2

2

1 1

sincyl

r
R

sr
RC

L L

p p

¡+
=- º

¡¡
, ()

2

2 1 1 sincyl

s
R r r R C

L

på õ
¡= + º +æ ö

ç ÷
. (5.4) 

 

ɿ (5.2) ʚʠʧʣʠʚʘʻ, ʱʦ 

1) cos cos ; cos sin ; 1;cyl cyl

x s y y s y z
RC RC

s L L R s L L R s

p p p pµ µ µ
= = =

µ µ µ
 

2) 1 sin sin ; 1 sin cos ; 0,cyl cyl

x s y y s y z
C C

y L R y L R y

p pµ µ µå õ å õ
=- + = + =æ ö æ ö

µ µ µç ÷ ç ÷
 

ʟʚʽʜʢʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʰʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ: 

1) 

2 2 2 2

2

11 1 1 cos 1,cyl

x y z s
a A RC

s s s L L

p pµ µ µå õ å õ å õ å õ
= = + + = + ºæ ö æ ö æ ö æ ö

µ µ µç ÷ ç ÷ ç ÷ ç ÷
 

2) 12 0,
x x y y z z

a
s y s y s y

µ µ µ µ µ µ
= + + =
µ µ µ µ µ µ

 

3) 

2 2 2 2

2

22 2 1 sincyl

x y z s
a A C

y y y L

på õ å õ å õµ µ µ å õ
= = + + = +æ öæ ö æ ö æ ö

µ µ µ ç ÷ç ÷ ç ÷ ç ÷
 

ʟ ʧʦʟʥʘʯʝʥʥʷʤʠ  

 

 1 11 2 221, 1 sin .cyl

s
A a A a C

L

p
= º = = +  (5.5) 

 

ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ ʦʧʠʩʫʻʪʴʩʷ ʙʝʟʤʦʤʝʥʪʥʠʤ 

ʨʽʰʝʥʥʷʤ [39] 
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( )

2

10
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2

0
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1
1 sin cos

1 sin

s

s

cyl cyl

cyl
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N q r r ds
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s s
q R C C ds

s L L L
R C

L

p p p

p

¡+
¡º - º

å õ
º- + =æ ö
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2 sin

sin sin ;

2 1 sin

cyl

cyl cyl

cyl

s
C

s sLq R C qRC
sL L

C
L

p
p p

p

+
=- Ö º-

å õ
+æ ö

ç ÷

 (5.6) 

()
( ) ()

2

20 10 102
1

1

r r
N N q r r r r N r q

r

¡¡
¡ ¡¡º- + - + º- - =

¡+
 

 

2

1 sin sin 1 1 sincyl cyl cyl

s s s
qR C RC qR C

L L L L

p p p pè øå õ å õ å õ
=- + + º- +é ùæ ö æ ö æ ö

ç ÷ ç ÷ ç ÷é ùê ú

. (5.7) 

 

ɼʣʷ ʦʞʠʚʘʣʴʥʦ ʾʦʙʦʣʦʥʢʠ ʚʚʦʜʷʪʴʩʷ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ (ʜʠʚ. ʨʠʩ. 5.2):  

0l  ï ʚʽʜʩʪʘʥʴ ʫʟʜʦʚʞ ʦʩʽ Os ʜʦ ʤʝʥʰʦʾ ʽ 1l  ʙʽʣʴʰʦʾ ʦʩʥʦʚʠ çʦʞʠʚʘʣʦè 

ʚʽʜʧʦʚʽʜʥʦ, a ï ʢʫʪ ʤʽʞ ʦʩʷʤʠ Os ʽ Oz, 1x s l= . ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʦʞʠʚʘʣʴʥʘ ʦʙʦʣʦʥʢʘ ʷʢ ʧʦʚʝʨʭʥʷ ʦʙʝʨʪʘʥʥʷ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ ʬʫʥʢʮʽʾ ʨʘʜʽʫʩʘ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʢʦʣʘ ʚ ʧʝʨʝʨʽʟʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʦʩʽ ʦʙʝʨʪʘʥʥʷ: 

 

 () 1, 0

1 0

ctg sin
sin

cone cone

z
r z z C R l

l l

p
a

a

è øå õ
= + -æ öé ù

- ç ÷ê ú
, (5.8) 

ʜʝ coneC  ï ʚʽʜʥʦʩʥʘ ʚʠʩʦʪʘ ʧʦʜô̒ ʤʽʩʪʦʩʪʽ ʦʞʠʚʘʣʦ. ʆʩʢʽʣʴʢʠ sinz s a= , 

1, 1cosconeR l a= , ʬʫʥʢʮʽʷ (5.8) ʤʘʻ ʚʠʜ: 

 

 ()
( )0

1

1 0

cos sincone

s l
r s s l C

l l

p
a
å õ-

= +æ ö
-ç ÷

. (5.9) 

 

ʇʘʨʘʤʝʪʨʠʟʘʮʽʷ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ: 

 

 
( )0

1

1 0

cos sin cos ;cone

s l
x s l C

l l

p
a j
å õ-

= +æ ö
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 (5.10) 

 
( )0

1

1 0

cos sin sin ;cone

s l
y s l C

l l

p
a j
å õ-

= +æ ö
-ç ÷

 (5.11) 
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 sin .z s a=  (5.12) 

 

ɺʚʦʜʠʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ: 

 

 
( )0

0

1 0 1 0sin

s lz
l

l l l l

pp

a

-å õ
W= - =æ ö

- -ç ÷
. (5.13) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ, ʧʦʜô̒ ʤʽʩʪʦʩʪʴ çʦʞʠʚʘʣʦè ʟʘʜʦʚʦʣʴʥʷʻ 

ʥʝʨʽʚʥʦʩʪʽ 01 5coneR C R< Ö, ʜʝ 0 0 cosR l a=  ï ʨʘʜʽʫʩ ʤʝʥʰʦʾ ʦʩʥʦʚʠ çʦʞʠʚʘʣʦè. 

ʊʦʜʽ 0 15coneC l l¢ . ʗʢʱʦ ʜʦʜʘʪʢʦʚʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 0

1 0

1
cos

l

l l
a
p
¢

-
, ʪʦ ʮʷ ʫʤʦʚʘ 

ʧʨʠʚʝʜʝ ʜʦ ʦʮʽʥʢʠ: 

 

 
( )

1 0

1 0 1 0

1
cos cos

5 5
cone

l l
t C

l l l l

p p
a a= ¢ ¢

- -
. (5.14) 

 

ʅʘ ʙʘʟʽ ʧʦʜʘʥʥʷ (5.8) ʜʣʷ [ ]0 1sin ; sinz l la aÍ  ʫ ʥʫʣʴʦʚʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʟʜʦʙʫʚʘʻʤʦ: 
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1 0 1 0
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C l l

dz l l l l

p p
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å õè øå õ å õ
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( )2 21
1 2 cos cos

sin
t t

a
= + W+ W = 

 ( ) ( )
2

2 2 2 21 1 1 1
1 2 cos cos 2 cos cos ...

sin 2 8 sin
t t t t

a a

å õ
= + W+ W - W+ W + ºæ ö

ç ÷
.   (5.15) 

 

ʊʦʤʫ ʨʘʜʽʫʩʠ ʢʨʠʚʠʟʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ [16, 39] ʟʘʧʠʰʫʪʴʩʷ ʫ ʚʠʜʽ: 
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r C lp a a

¡+ -
=- º

¡¡ W
, (5.16) 
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 ( )1= ctg sin .cones C la + W (5.17) 

 

ɿ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ (5.10)ï(5.12) ʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (5.9) ʚʠʧʣʠʚʘʻ, ʱʦ 
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; 

2) 
( )0

1

1 0

cos sin sincone

s lx
s l C

l l

p
a j

j

å õ-µ
=- +æ ö

µ -ç ÷
; 

3) 
( )01

1 0 1 0

cos 1 cos sincone
s ly l C

s l l l l

pp
a j
å õ-µ

= +æ ö
µ - -ç ÷

; 

4) 
( )0

1

1 0

cos sin coscone

s ly
s l C

l l

p
a j

j

å õ-µ
= +æ ö

µ -ç ÷
; 

5) sin
z

s
a

µ
=

µ
; 

6) 0
z

j

µ
=

µ
. 

ɿʚʽʜʢʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʰʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʬʦʨʤʽ: 

 

 

22 2 2

2 2 2

11 1 1

1 0

sin cos 1 cos 1cone

x y z
a A l C

s s s l l

p
a a

å õµ µ µå õ å õ å õ
= = + + = + + W ºæ öæ ö æ ö æ ö

µ µ µ -ç ÷ ç ÷ ç ÷ ç ÷
, (5.18) 

 12 0a = , (5.19) 

 ( )
2 2 2

22

22 2 1 cone

x y z
a A s l C

j j j

å õ å õ å õµ µ µ
= = + + = + Wæ ö æ ö æ ö

µ µ µç ÷ ç ÷ ç ÷
. (5.20) 

 

ʆʪʞʝ, ʦʪʨʠʤʫʻʤʦ 
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 1 2 11, sin .coneA A s l Cº = + W (5.21) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʙʣʠʞʝʥʥʷ (5.11), ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʫ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ 

ʦʧʠʩʫʻʪʴʩʷ ʙʝʟʤʦʤʝʥʪʥʠʤ ʨʦʟʚô̫ ʟʢʦʤ: 

 

()
( )

( )
( )0

2 2 2 2

0

10 2sin
1

sin cos1

2sin sin sin

z

l
cone

q z lr
N q r r dz

r z C la

a a

a a

¡ -+
¡º - =- -

+ Wñ  

( )
( )

1

1

1

2 sin sin
sin

2 sin sin

cone

cone

cone

z C l
qC l ctg

z C l

a
a

a

+ W
- W º

+ W
 

 
( )
( )

2 2 2

0

12

1

sin cos
sin ;

2sin sin sin
cone

cone

q z l
qC l ctg

z C l

a a
a

a a

-
º- - W

+ W
 (5.22) 

()
( ) 2 2

20 10 102
1 ( ) sin

sin1

r r r q
N N q r r r r N

r
a

a

¡¡
¡ ¡¡º- + - + º- - =

¡+
 

( )2 2 2 2 2

0

12 2

1 0

sincos
sin 1

sin 2( )
cone

ctg z lz
q C l ctg

l l

p a aa
a

a

å õå õ-
æ öæ ö= + W + +

æ öæ ö-
ç ÷ç ÷

 

 ( )
2

1 1

1 0

sin cos sin sin .cone cone

ctg
q l C z C l

l l

p a
a a

å õ
+ W + Wæ ö

-ç ÷
 (5.23) 

 

ɿ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ sinz s a= , ʚʥʫʪʨʽʰʥʽ ʟʫʩʠʣʣʷ ʧʨʠʡʤʘʶʪʴ ʚʠʜ: 

 

 
( )
( )

2 2

0

10 1

1

sin ;
2 sin

cone

cone

q s l ctg
N qC l ctg

s C l

a
a

-
º- - W

+ W
 (5.24) 

 
( )
( )

2 2 2 2 2

0

20 1 22

1 0

sincos
sin 1

sin 2
cone

ctg z lz
N q C l ctg

l l

p a aa
a

a

å õå õ-
æ öæ öº + W +

æ öæ ö-ç ÷ç ÷

. (5.25) 
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5.2 ʆʩʥʦʚʥʽ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʢʣʘʜʝʥʦʾ ʦʙʦʣʦʥʢʠ: 

ʚʠʧʘʜʦʢ ʚʩʝʙʽʯʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ 

 

ɼʣʷ ʚʠʚʝʜʝʥʥʷ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʦʪʨʝʙʫʶʪʴʩʷ [16] ʥʘʩʪʫʧʥʽ 

ʦʧʝʨʘʪʦʨʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ: 

 

 2 2 1

1 2 1 2

1 A A

A A s A s y A y

å õå õ å õµ µ µ µ
Ð = +æ öæ ö æ ö

µ µ µ µç ÷ ç ÷ç ÷
, (5.26) 

 2 2 1

1 2 2 1 1 2

1 1 1
k

A A

A A s R A s y R A y

å õå õ å õµ µ µ µ
Ð = +æ öæ ö æ ö

µ µ µ µç ÷ ç ÷ç ÷
; (5.27) 

 

ʬʦʨʤʫʣʠ ʟʤʽʥʠ ʢʨʠʚʠʟʥ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ: 

 

 ( )
( )

1
1 2

1 1 2 1

1 1 1
, ;

w A w
s y

A s A s y yA A
k

å õµ µ µ µ
=- Ö Ö - Ö Öæ ö

µ µ µ µç ÷
 (5.28) 

 ( )
( )

2
2 2

2 2 1 2

1 1 1
, ;

w A w
s y

A y A y s sA A
k

å õµ µ µ µ
=- Ö Ö - Ö Öæ ö

µ µ µ µç ÷
 (5.29) 

 

ʬʽʢʪʠʚʥʝ ʧʦʧʝʨʝʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

 

 ( )10 1 20 2g N Nk k=- + ; (5.30) 

 

ʩʠʩʪʝʤʘ ʦʩʥʦʚʥʠʭ ʨʽʚʥʷʥʴ ʫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʚ̔ʥʦʚʘʛʫ 

ʦʙʦʣʦʥʢʠ: 

 

 

4 2

4 2

,

1
0,

k

k

D w f g

f w
Eh

ëÐ -Ð =
î
ì
Ð +Ð =î

í

 (5.31) 
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ʜʝ 
( )

3

212 1

E h
D=

-n
 ï ʞʦʨʩʪʢʽʩʪʴ ʦʙʰʠʚʢʠ ʥʘ ʟʛʠʥ, E  ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʽ  

n ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʫ ʦʙʦʣʦʥʢʠ, w  ï ʥʦʨʤʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 

ʪʦʯʢʠ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʚʠʧʠʥʘʥʥʽ, f  ï ʬʫʥʢʮʽʷ ʟʫʩʠʣʴ. 

 

ʅʘ ʦʩʥʦʚʽ ʚʠʧʠʩʘʥʠʭ ʚʠʱʝ ʚʝʣʠʯʠʥ ʚʠʚʦʜʷʪʴʩʷ ʦʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ 

çʙʦʯʢʦʧʦʜʽʙʥʦʾè ʽ çʦʞʠʚʘʣʴʥʦʾè ʦʙʦʣʦʥʦʢ. 

ɼʣʷ çʙʦʯʢʦʧʦʜʽʙʥʦʾè ʦʙʦʣʦʥʢʠ ʚʚʦʜʷʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ: 

 

 1

h

R
e= ,   

L
K

R
= ,   ( )212 1w n= - , (5.32) 

 

ʙʝʟʨʦʟʤʽʨʥʽ ʢʦʦʨʜʠʥʘʪʠ x s L= , y Rj= , ʙʝʟʨʦʟʤʽʨʥʝ ʟʫʩʠʣʣʷ: 

 

 
2

2cyl

qR

Eh
c = , (5.33) 

 

ʬʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʽ ʬʫʥʢʮʽʷ ʟʫʩʠʣʴ: 

 

 ( ) () ( ), coscyl cylw x W x nj j= Ö ,   ( ) () ( )2, coscyl cylf x E h x nj j= F Ö . (5.34) 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ (5.4)ï(5.7), (5.26)ï(5.30) ʧʽʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʩʠʩʪʝʤʫ (5.31). ʇʽʩʣʷ 

ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʫʻʤʦ (ɼʦʜʘʪʦʢ ɺ, ʧʽʜʨʦʟʜʽʣ ɺ.1): 

 

( ) ( ) ()
2 2

2 3

2

1
sin sin 1 ( ) sin 1

cyl

cyl cyl cyl cyl

n C
x C x x C x x

K K

p
p p p ¡¡+ F - + F + 

( ) ( ) ()
3

1 2 2 2

1 2

2
sin 1 1 sin sin 2cyl cyl cyl cyl cyl cylC x C C x x C n W x

K
p c w e p p p-å õå õ

+ - + + + - - +æ öæ ö
ç ÷ç ÷
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( ) ( )
( )

()
2 22

3
1

12 2 4

12
cos sin 1 sin 1

cylcyl

cyl cyl cyl cyl

Cn
C x C x C x W x

K K K

pc
p p p p w e-

å õå õ-
æ ö¡æ ö+ + + + + +

æ öæ ö
ç ÷ç ÷

 

( ) ( )
2 2

2

1
sin 1 sin sin 1cyl cyl cylC x C x C x

K
p p p cè+ + + -

éê
 

( )( ) ()
2

1 2 2

1 2
2 sin 1 2sincyl cyl cyln C C x x W x

K

p
w e p p-

øå õ
¡¡- + + + +ùæ ö

ç ÷ú
 

( ) ()
3

1

14

2
cos sin 1cyl cyl cylC x C x W x

K
pw e p p- ¡¡¡+ + + 

 ( ) ()
4

1

14

1
sin 1 0;IV

cyl cylC x W x
K
pw e p-+ + = (5.35) 

( )( ) ()2 2

2 2

2
1 sin 2 sincyl cyl cylC C x x x

K n
p p p

å õ
+ - - F +æ ö

ç ÷
 

( ) ( ) ()
2

2

2 2 4 4

2
cos sin 1 1cyl cyl cyl cylC x C x C x

K n K n

p
p p p

å õ
¡+ + + - F -æ ö

ç ÷
 

( ) ( )( ) ()
2

2
2

2 2 4 4

2
sin 1 sin 1 2sincyl cyl cyl cylC x C C x x x

K n K n

p
p p p

å õ
¡¡- + + + + F +æ ö

ç ÷
 

( ) () ( ) ()
2 4

IV

4 4 4 4

2 1
cos sin 1 sin 1

cyl

cyl cyl cyl cyl

C
x C x x C x x

K n K n

p
p p p¡¡¡+ + F + + F - 

( ) ()
2

2

2 2

1

sin sin 1
cyl

cyl cyl

C
x C x W x

K n

p
p p

e
- + + 

 ( ) ()
3

2 4

1

1
sin 1 0.cyl cylC x W x

K n
p

e
¡¡+ + = (5.36) 

 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ ʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠ 
2 1K > , 

2 1n >>, ʪʦ 

ʧʽʩʣʷ ʚʠʢʣʶʯʝʥʥʷ ʟ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʜʦʜʘʥʢʽʚ ʧʦʨʷʜʢʫ, ʚʠʱʝ 
2 2

1

K n
, 

ʧʝʨʝʪʚʦʨʝʥʝ ʨʽʚʥʷʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʨʘʟʠʪʠ ʬʫʥʢʮʽʶ ()cyl xF : 

 

() ( )
2

2 2

1

1
sin 1cyl cylx C x

K n
p

e
F = + ³ 
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 () ( ) ()2

2

1
sin sin 1cyl cyl cyl cylC xW x C x W x

n
p p p
è ø

¡¡³ - +é ù
ê ú

. (5.37) 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʾʾ ʚ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʱʦʜʦ ʬʫʥʢʮʽʾ ʧʨʦʛʠʥʫ 

çʙʦʯʢʦʧʦʜʽʙʥʦʾè ʦʙʦʣʦʥʢʠ: 

 

 () () () () ()IV

4 3 2 1 0 0cyl cyl cyl cyl cyla W x a W x a W x aW x a W x¡¡¡ ¡¡ ¡+ + + + =, (5.38) 

ʜʝ ( )
3

2 1 4 2

0 1 1sin 1cyl cyla n C x np e p c w p e-=- + + + 

      ( )1 3 2

2

2
sin sin 2cyl cyl cylC C x x C

K
w p p p-+ - - + 

     ( ) ( )
5

3
2

4
sin 1 sin sin 1cyl cyl cyl cylC C x C x C x

K

p
p p pè+ + + +

ê
 

     ( )2 3 2 2

2

1
9 sin 8 sin 6 sin sin 4 ;cyl cyl cyl cylC x C x C x x C

n
p p p p

ø
+ + - + -ù

ú
 

( ) ( ){ 3
2 2 2 1 2

1 1 12

1
cos sin 1 sin 1 2cyl cyl cyl cyl cyla x C x C C x n C

K
p p e p p c e w p-= + + + + 

     ( ) ( )( )
4

3
2 2

12 2

2
1 3 sin 1 sin 1 ;cyl cyl cyl cylC C C x C x

K n

p
e p p

ûè ø
+ - - + +üé ù

ê úý
 

( ) ( ){2 2
2 1

2 1 12

1
sin 1 sin sin 1 2cyl cyl cyl cyla C x C x C x n

K
p e p p p c e w p-= + + - + 

     ( ) ( )
3

3
2 1 2

12 2

2
sin 2sin sin sin 1cyl cyl cyl cylC C x x C x C x

K n

p
e w p p p p-è

+ - + + - + -é
ê

 

     ( )( )
2

2

4

3
sin 3 sin sin 2 sin 1 ;cyl cyl cylx C x x C C x

n
p p p p

ûø
- + - +üù

úý
 

( )
3

2

3 4 4

2
cos sin 1cyl cyla C x C x

n K
p p p= + ³ 

     ( )2 2 2 1 4

13 sin 6 sin 3cyl cylC x C x np p e w-³ + + +; 

( )( )
4

2 2 2 1 4

4 14 4

1
sin 1 sin 2 sin 1cyl cyl cyla C x C x C x n

n K
p p p p e w-= + + + +. 

 

ʇʨʠ 0cylC =  ʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ: 
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 () () ()
2 2

IV 4 41 1 1

4 2 2

1

1 1 2
0cyl cyl cyl cyl

n n
W x n W x n W x

K n K

e e e
c

w e w w

å õ å õ
¡¡+ - + - =æ ö æ ö

ç ÷ç ÷
 (5.39) 

 ̒ʥʘʙʣʠʞʝʥʠʤ ʜʦ ʨʽʚʥʷʥʥʷ (4.3). 

ɼʣʷ çʦʞʠʚʘʣʴʥʦʾè ʦʙʦʣʦʥʢʠ (ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣʷ çʙʦʯʢʦʧʦʜʽʙʥʦʾè) 

ʚʚʦʜʷʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ: 

 

 
2

2
,

cos

n
pd ed

a
= = ,   

( )21

ctg

12 1

h

l

a
e

n
=

-
,   0

1

c

l
K

l
= ,   

( )0
1 0

s l

l l

p -
W=

-
, (5.40) 

 

ʙʝʟʨʦʟʤʽʨʥʘ ʢʦʦʨʜʠʥʘʪʘ 1x s l= , ʙʝʟʨʦʟʤʽʨʥʝ ʟʫʩʠʣʣʷ 

 

 

*

1

3 3tg
cone

q l

Eh
c

e a
= , (5.41) 

 

ʬʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʽ ʬʫʥʢʮʽʷ ʟʫʩʠʣʴ: 

 

 ( ) () ( ), tg coscone conew x W x nj a j= Ö , (5.42) 

 ( ) () ( )2 2

1,  tg coscone conef x x l Eh nj e a j=F Ö , (5.43) 

 

ʷʢʽ ʨʘʟʦʤ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (5.16), (5.17), (5.21), (5.24)ï(5.30) ʧʽʜʩʪʘʚʣʷʶʪʴʩʷ 

ʚ ʩʠʩʪʝʤʫ (5.31). ʆʩʢʽʣʴʢʠ ʜʣʷ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ ʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠ 1e<<, 

2 1n >>, ʪʦ ʤʦʞʥʘ ʫʪʨʠʤʫʚʘʪʠ ʚ ʨʽʚʥʷʥʥʷʭ ʩʢʣʘʜʦʚʽ ʧʦʨʷʜʢʫ, ʥʝ ʚʠʱʝ e. ʇʽʩʣʷ 

ʜʝʷʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʫʻʪʴʩʷ ʩʠʩʪʝʤʘ (ʜʠʚ. ɼʦʜʘʪʦʢ ɺ, ʧʽʜʨʦʟʜʽʣ ɺ.2): 

 

( )

( )(

( )) ( ) ()

( ) ()

22

2 2 2 2 2 2 2

2 2

22 2

sin sin

sin 2 cos 4 2 cos

2 1 2 1

2 cos sin sin sin

cone

cone c c c

c cone c cone

cone cone cone

p C x

C K K K x

x K p K W x

p C C x x

e a p

p a p a

c

p a a

è W+ ³
ê

³ - W - + + - - +

ø+ - - - +
ú

- W W+ F -
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 ( )( ) ()
2 3

2 sin 1 sin 0;c cone coneK C x xe a ¡¡- - W+ F = (5.44) 

( ) () ( ) ()
2 22 2 21 cos sin sinc cone cone cone conep K x p C C x W xe p a- F - W W+ - 

 ( )( ) ()
3 2

sin 1 0cone c coneC x K W xe ¡¡- W+ - =. (5.45) 

 

ɺʠʢʣʶʯʘʶʯʠ ʟ ʥʝʾ ʬʫʥʢʮʽʶ ()cone xF , ʧʨʠʭʦʜʠʤʦ ʜʦ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʩʪʽʡʢʦʩʪʽ çʦʞʠʚʘʣʴʥʦʾè ʦʙʦʣʦʥʢʠ: 

 

 () () () () ()IV

4 3 2 1 0 0cone cone cone cone coneb W x bW x b W x bW x b W x¡¡¡ ¡¡ ¡+ + + + =, (5.46) 

ʜʝ ( )( )
2 23

0 sin 1cone cb p C x K=- W+ - ³ 

     ( ) ( )
22 2 2 21

cos sin sin 1
2

cone c cone cC K x C Kp a
å
³ - W - + W - +æ
ç

 

      ( )) ( ) ( )
2 4 34 2 21 1 cos sinc cone c cone conex K p K C C xe c dp a+ - + - + W+ ³ 

     ( )( ) 2 2 3 3 24 2 sin 1 cos 9 sin 8 sincone c cone coneC x K C x Cp p pè³ - W+ - W+ W+ W-ê  

      ( ) ( )( )22 2 2 2sin 6 2 1 4cone c coneC x K x Cp p ø- W - + - - +
ú

 

     ( )
42 4 4 2 2cos sin sin ;cone coneC C xd p a+ W W+  

( )( )
42 2

1 2 cos sin 1cone cone cb C C x Kdp a= W+ - ³ 

     [ ]2 sin 1,5 sin2 2sin cos ;c coneK C xp p³ - W+ W+ W+ W 

( )( ) ( ){ ( )
4 2 2 2 2

2 sin 1 6 1 2 cos sin sincone c c cone coneb C x K K C C xdp a= W+ - - - W W+ + 

     ( ) ( )( )}23 2 3 sin sin 4cos 1 ;cone cone cone cC C C x Kp p+ - W- W + W - 

( )( )( )
5 3

3 6 sin 1 sin 1cone c cone ca C x K C Kp= W+ - W+ -; 

( )( )
4 4

4 sin 1cone ca C x K= W+ - . 

 

ʇʨʠ ʟʥʘʯʝʥʥʷʭ 0coneC =  ʦ ʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʷʢʝ 

ʧʨʠʚʝʜʝʥʝ ʫ ʨʦʙʦʪʘʭ [16, 60]: 

 



98 

 

3 4
IV

2 3 6

6 6
0cone cone cone cone

p p
W W W W

x x x x

cå õ
¡¡¡ ¡¡+ + - - =æ ö

ç ÷
. (5.47) 

5.3 ʆʩʥʦʚʥʽ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʢʣʘʜʝʥʦʾ ʦʙʦʣʦʥʢʠ: 

ʚʠʧʘʜʦʢ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʩʝʙʽʯʥʠʤ ʥʦʨʤʘʣʴʥʠʤ ʟʦʚʥʽʰʥʽʤ 

ʪʠʩʢʦʤ ʽ ʦʩʴʦʚʠʤ ʩʪʠʩʢʘʶʯʠʤ ʟʫʩʠʣʣʷʤ 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʴʦʚʦʾ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ T, ʥʘʙʣʠʞʝʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʛ ʚ 

ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ ʦʧʠʩʫʻʪʴʩʷ çʙʝʟʤʦʤʝʥʪʥʠʤè ʨʦʟʚô̫ ʟʢʦʤ ʜʣʷ çʙʦʯʢʦʧʦʜʽʙʥʦʛʦè 

ʚʽʜʩʽʢʫ: 

 

 
10 sin

2 in
bar

bar

s T
N qRC

sL
R C

L

º- -
å õ
+æ ö

ç ÷

p

p
p

, (5.48) 

 20 2
1 sin sin

2

bar
bar

s RC s
N qR C T

L LL

å õ
º- + +æ ö

ç ÷

p p p
 (5.49) 

 

 ̔çʦʞʠʚʘʣʴʥʦʛʦè: 

 

( )
( )

2 2
0

10 1

1

ctg
ctg sin

2 sin
og

og

q s l
N qC l

s C l

a
a

-
º- - W-

+ W
 

 
( )1

;
2 sin cos sinog

T

s C lp a a
-

+ W
 (5.50) 

( )
( )

2 2 2 2
0

20 1 2

1 0

cos
ctg ctg sin 1

2
og

s l
N q s C l

l l

p a
a a

å õå õ-
æ öæ öº- + W + +
æ öæ ö-

ç ÷ç ÷

 

 
( )

1

2

1 0

sin ,
2

ogl C
T

l l

p
+ W

-
 (5.51) 

 

ʂʽʣʴʮʝʚʽ ʪʘ ʤʝʨʠʜʽʘʥʥʽ ʟʫʩʠʣʣʷ ʤʽʩʪʷʪʴ ʜʦʜʘʥʢʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʩʴʦʚʦʾ 

ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ, ʟ ʧʨʦʪʠʣʝʞʥʠʤʠ ʟʥʘʢʘʤʠ. ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʫ ʦʧʫʢʣʦʾ 



99 

ʦʙʦʣʦʥʢʠ ʦʩʴʦʚʝ ʩʪʠʩʢʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʪʷʛʫʚʘʣʴʥʠʭ 

ʢʽʣʴʮʝʚʠʭ ʥʘʧʨʫʛ. 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ, ʘʥʘʣʦʛʽʯʥʠʭ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʨʦʟʜʽʣʫ, ʘ ʪʘʢʦʞ 

ʜʦʜʘʪʢʦʚʦʛʦ ʚʚʝʜʝʥʥʷ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʦʩʴʦʚʦʛʦ ʟʫʩʠʣʣʷ 
22

cyl

T

Eh
=h
p

, ʦʪʨʠʤʘʻʤʦ 

ʨʦʟʚô̫ ʟʫʚʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (5.50) ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ (ʜʠʚ. ɼʦʜʘʪʦʢ ɺ, ʧʽʜʨʦʟʜʽʣ ɺ.1): 

 

( )

( )

( )

( ) ( )

2
3 2 2

0 1

3
2 4 2 1

1 1

3 2 2 1 2 2

1

3
5 4 2

sin sin 1

sin 1

2 sin sin 2

sin 1 sin sin 1

cyl cyl cyl

cyl cyl

cyl bar cyl

cyl cyl cyl cyl

a n C K x C x

n C x n

n C K C x x C

K C C x C x C x

p e p p h

p e p c p e w

p e w p p

p p p p

-

-

- -

-

= + -

- + + +

+ - - +

è+ + + +
ê

 

 ( )2 2 3 2 29 sin 8 sin 6 sin sin 4 ;cyl cyl cyl cyln C x C x C x x Cp p p p- ø+ + - + -
ú

 (5.52) 

( ) ( ){
( )

3
2 2

1 1

2
2 2 4 2 2 1 2

1 1

cos sin 1 sin 1

sin sin 1 2

cyl cyl cyl cyl

cyl cyl cyl cyl

a K x C x C C x

K C x C x n C

p p e p p c

e p p p h e w p

-

- -

= + + -

- + + +

 

 ( ) ( )( )
3

4 2 2 1 2

1 2

2
1 3 sin 1 sin 1 ;cyl cyl cyl cylK C C C x C x

n
p e w p p- - ûè ø
+ - - + +üé ù

ê úý
 (5.53) 

( ) ( ){
( )

( ) ( )

2 2
2

2 1

2 2 1 3 2

1 1

3
2 1 2 2

1

sin 1 sin sin 1

sin 1 2

sin 2sin 2 sin sin 1

cyl cyl cyl bar

cyl cyl cyl

cyl cyl cyl

a K C x C x C x

C x n K C

C x x C n x C x

p e p p p c

ep p h e w p p

e w p p p p

-

- -

- -

= + + +

+ + - + ³

è³ - + + - + -
éê

 

 ( )( )}2
4 23 sin 3 sin sin 2 sin 1 ;cyl cyl cyln x C x x C C xp p p p- ø- + - +

ùú
 (5.54) 

 ( )
2 4 2

3
2 2 1

3 4 4

2
cos sin 1 3 sin 6 sin 3

cyl

cyl cyl cyl

C n
a x C x C x C x

n K

å õ
= + + + +æ ö

ç ÷

p e
p p p p

w
;   (5.55) 

 ( )( )
4

4 4 2 2 2 1 4

4 1sin 1 sin 2 sin 1cyl cyl cyla n K C x C x C x n- - -= + + + +p p p p e w . (5.56) 
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ʇʨʠ 0cylC =  ʤʘʻʤʦ ʮʠʣʽʥʜʨʠʯʥʫ ʦʙʦʣʦʥʢʫ, ʘ ʨʽʚʥʷʥʥʷ (5.46) ʥʘʙʫʚʘʻ 

ʚʠʛʣʷʜʫ 

 

 

() ()

()

2 2 2

1 1

4 2 2

1

2
4 1

1 1 2

0,

IV

cyl cyl cyl

cyl cyl

n n n
W x W x

K n K

n
n W x

e e
h

w e w

e
c

w

å õ å õ
¡¡+ + - +æ ö æ ö

ç ÷ç ÷

å õ
+ - =æ ö
ç ÷

 (5.57) 

 

ʷʢʝ ʻ ʥʘʙʣʠʞʝʥʠʤ ʜʦ ʨʽʚʥʷʥʥʷ (4.3). 

ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ çʦʞʠʚʘʣʴʥʦʾè ʦʙʦʣʦʥʢʠ ʜʦʜʘʪʢʦʚʦ ʚʚʦʜʠʪʴʩʷ ʙʝʟʨʦʟʤʽʨʥʝ 

ʦʩʴʦʚʝ ʟʫʩʠʣʣʷ 
2 3

1

cos

2 sin
cone

T

Eh l

a
h

p e a
=  ʽ ʚʠʚʦʜʠʪʴʩʷ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

(5.37) (ʜʠʚ. ɼʦʜʘʪʦʢ ɺ, ʧʽʜʨʦʟʜʽʣ ɺ.2): 

 

( )( )( )( )
( )( )

( )

( )( )

22 2 2 2

0

2 22 2 3

32 2

2 2 2 3

3 2 2

0,5 cos sin sin 1

sin cos sin 1

cos sin

4 4 2 sin 1 cos 9 sin

8 sin sin 6

cone c cone c cone

cone cone cone c

cone cone

cone cone c cone

cone

b C K x C x K

C p C x K

C C x

x C C x K C

x C C

p a c

p ah

d p a

p p p

p p

è= W - - W+ - +
ê

ø+ W W+ - +ú

+ W+ ³

è³ - - W+ - W+ W+ê

+ W- W( ) ( )( )22 2 2 1cone cx K ø- + - +
ú

 

 ( ) ( )
4 42 4 4 2 2 4cos sin sin 1 ;cone cone cC C x p Kd p a+ W W+ + -  (5.58) 

( )( ) ( )
32 2

1 cos sin 1 sin 1 coscone cone c c cone coneb C C x K p K Cdp a e p hè= W+ - W - - W +ê  

 ( )( )2 sin 2 sin 1,5 sin2 2sin cos ;cone c coneC x K C xp p ø+ W+ - W+ W+ W+ Wú (5.59) 

( )( )( ) ( )( ){
( ) ( ) ( )( )

3 2 2 2

2

2

sin 1 1 6 sin

3 sin 2 3 sin sin 4cos 1

cone c c cone cone

cone cone cone cone c

b C x K K p C x

C C x C C x K

h

p p

= W+ - - + W+ +

+ W+ - W- W + W - -

 

 ( )}22 22 cos sin sin ;cone coneC C xdp a- W W+  (5.60) 

 ( )( )( )
5 3

3 6 sin 1 cos 1cone c cone cb C x K C K= W+ - W- +p ; (5.61) 
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 ( )( )
6 4

4 sin 1cone cb C x K= W+ - . (5.62) 

 

ʇʨʠ ʟʥʘʯʝʥʥʷʭ 0coneC =  ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʷʢʝ 

ʧʨʠʚʝʜʝʥʝ ʫ ʨʦʙʦʪʘʭ [25, 60]: 

 

 () () () ()
2 3 4

IV

2 3 3 6

6 6
0cone cone

cone cone cone cone

p p p
W x W x W x W x

x x x x x

h cå õ å õ
¡¡¡ ¡¡+ + + - - =æ ö æ ö

ç ÷ ç ÷
.   (5.63) 

 

ʆʢʨʽʤ ʪʦʛʦ ʮʝ ʨʽʚʥʷʥʥʷ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷʤ (4.9). 

 

 

5.4 ʄʝʪʦʜ ʨʦʟʚô̫ ʟʘʥʥ ̫ʦʩʥʦʚʥʠʭ ʨʽʚʥʷʥʴ ʩʪʽʡʢʦʩʪʽ ʦʙʦʣʦʥʢʠ ʪʠʧʫ 

çʙʦʯʢʘ-ʦʞʠʚʘʣʦè 

 

ɿ ʤʝʪʦʶ ʫʟʛʦʜʞʝʥʥʷ ʰʫʢʘʥʠʭ ʢʨʠʪʠʯʥʠʭ ʪʠʩʢʽʚ ʥʘ çʙʦʯʢʦʧʦʜʽʙʥʠʭè ʽ 

çʦʞʠʚʘʣʴʥʠʭè ʚʽʜʩʽʢʘʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʚʦʨʦʪʥʠʡ ʧʝʨʝʭʽʜ ʜʦ ʨʦʟʤʽʨʥʦʛʦ 

ʟʦʚʥʽʰʥʴʦʤʫ ʪʠʩʢʫ q  ʯʝʨʝʟ ʬʦʨʤʫʣʠ (5.33) ʽ (5.41). 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ, ʚ ʷʢʦʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ 

ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ ʱʦʜʦ ʟʥʘʯʝʥʴ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ ʧʨʦʛʠʥʫ { }
0

N

i i
W

=
 ʚ ʪʦʯʢʘʭ 

ʨʦʟʙʠʪʪʷ ʚʽʜʨʽʟʢʘ [ ];a b  ʥʘ N  ʨʽʚʥʠʭ ʯʘʩʪʠʥ. ʏʝʨʝʟ 
b a

H
N

-
=  ʧʦʟʥʘʯʘʻʪʴʩʷ ʢʨʦʢ 

ʨʦʟʙʠʪʪʷ. ɼʣʷ çʙʦʯʢʦʧʦʜʽʙʥʦʾè ʯʘʩʪʠʥʠ [ ][ ]0; ;1a b x= , çʦʞʠʚʘʣʴʥʦʾè ï 

[ ][ ]; 0;1a b = . ʋ ʢʦʞʥʽʡ ʟ ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʦʢ ,kx a kH= +  1, 1k N= - ʚʽʜʨʽʟʢʘ [ ];a b  

ʧʦʭʽʜʥʽ ʚʽʜ ʬʫʥʢʮʽʾ W  ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʮʝʥʪʨʘʣʴʥʠʤʠ ʢʽʥʮʝʚʠʤʠ ʨʽʟʥʠʮʷʤʠ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ [35]: 

 

 ( ) ( )
4

2 1 1 2 5

1
8 8 ,

12 18
k k k k k

H
W x W W W W R

H
+ + - -

¡ = - + - + +  (5.64) 
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 ( ) ( )
4

2 1 1 2 62

1
16 30 16 ,

12 54
k k k k k k

H
W x W W W W W R

H
+ + - -

¡¡ = - + - + - + (5.65) 

 ( ) ( )
2

2 1 1 2 53

1 17
2 2 ,

2 60
k k k k k

H
W x W W W W R

H
+ + - -

¡¡¡= - + - +  (5.66) 

 ( ) ( )
2

(4)

2 1 1 2 64

1 17
4 6 4 ,

90
k k k k k k

H
W x W W W W W R

H
+ + - -= - + - + +  (5.67) 

ʜʝ 
[ ]

()
0 1

( )

;1
max , 5; 6i

i
x l l

R W x i
Í
< = . 

 

 

5.5 ʌʦʨʤʫʣʶʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ 

 

ʋ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʧʦʭʽʜʥʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʩʢʽʥʯʝʥʥʠʤʠ ʨʽʟʥʠʮʷʤʠ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʋ ʚʠʧʘʜʢʘʭ ʞʦʨʩʪʢʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ, ʰʘʨʥʽʨʥʦʛʦ ʦʧʠʨʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʝ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

 0 1 1 1 10, ; 0,N N NW W W W W W- + -= = = = , (5.68) 

 0 1 1 1 10, ; 0,N N NW W W W W W- + -= =- = =-. (5.69) 

 

ɿʘʣʝʞʥʦʩʪʽ (5.68), (5.69) ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʣʶʯʠʪʠ ʟʤʽʥʥʽ 1W- , 1NW + , 0, NW W  ʚ 

ʦʪʨʠʤʘʥʽʡ ʩʠʩʪʝʤʽ.  

ʇʨʠʨʽʚʥʶʚʘʥʥʷ ʚʠʟʥʘʯʥʠʢʘ ʮʽʻʾ ʩʠʩʪʝʤʠ ʜʦ ʥʫʣʷ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʱʦʜʦ ʧʘʨʘʤʝʪʨʽʚ ʭʚʠʣʝʫʪʚʦʨʝʥʥʷ ,c n  ʘʙʦ ,q n. 

ɼʣʷ ʩʧʦʣʫʯʝʥʥʷ çʙʦʯʢʦʧʦʜʽʙʥʦʾè ʽ çʦʞʠʚʘʣʴʥʦʾè ʦʙʦʣʦʥʦʢ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ 

1, 1cosconeR R l a= = . ʉʧʦʣʫʯʝʥʥʷ ʦʙʦʣʦʥʦʢ ʨʦʟʛʣʷʥʫʪʠʭ ʪʠʧʽʚ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʧʦʰʫʢʫ ʫʟʛʦʜʞʝʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦʪʠʯʥʠʭ ʦʙʦʭ ʚʽʜʩʽʢʽʚ ʟ 

ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʡʦʤʫ 
cylC  ʽ coneC . ɺʽʜʧʦʚʽʜʥʝ ʫʤʦʚʘ 

ʫʟʛʦʜʞʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

 

 
( )1 0

ctg
sin

cyl coneC R C R
L l l

p p
a

a
= -

-
. (5.70) 
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ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʦʟʤʽʨʠ ʩʝʢʮʽʡ ʛʘʨʘʥʪʫʶʪʴ ʜʦʜʘʪʥʫ ʚʠʟʥʘʯʝʥʽʩʪʴ 

ʦʙʦʭ ʯʘʩʪʠʥ (5.70). 

ʉʧʦʣʫʯʝʥʥʷ ʦʙʦʣʦʥʦʢ ʧʨʠ ʚʽʜʩʫʪʥʴʦʤʫ ʩʪʠʢʫʚʘʣʴʥʦʤʫ ʰʧʘʥʛʦʫʪʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠʨʽʚʥʶʚʘʥʥʷʤ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ʧʨʦʛʠʥʫ ʽ ʾʾ ʧʦʭʽʜʥʠʭ ʚ ʪʦʯʮʽ 

ʩʧʦʣʫʯʝʥʥʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ: 

 

() ()1 0cone cylW W= , () ()1 0cone cylW W¡ ¡= , () ()1 0cone cylW W¡¡ ¡¡= , () ()1 0cone cylW W¡¡¡ ¡¡¡= .  (5.71) 

 

ʋ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʩʪʠʢʫʚʘʣʴʥʦʛʦ ʰʧʘʥʛʦʫʪʘ, ʫʤʦʚʘ ʫʟʛʦʜʞʝʥʥʷ (5.70) ʟʘʙʝʟʧʝʯʫʻ 

ʣʦʢʘʣʴʥʦ ʢʦʥʫʩʥʫ ʬʦʨʤʫ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʦʢʦʣʽ ʪʦʯʢʠ ʩʧʦʣʫʯʝʥʥʷ ʟ 

ʢʫʪʦʤ ʧʨʠ çʦʩʥʦʚʽè ʪʘʢʦʛʦ ʢʦʥʫʩʘ: 

 

 * arcctg
cylRC

L

p
b= ,   ʘʙʦ   

( )
*

1 0

arcctg ctg
sin

coneC R
l l

p
b a

a

å õ
= -æ öæ ö-ç ÷

. (5.72) 

 

 

5.6 ʋʤʦʚʠ ʩʧʨʷʞʝʥʥʷ ʚʽʜʩʽʢʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʯʝʨʝʟ ʰʧʘʥʛʦʫʪ 

 

ʋʤʦʚʠ ʩʧʦʣʫʯʝʥʥʷ ʩʝʢʮʽʡ ʦʙʦʣʦʥʢʠ ʯʝʨʝʟ ʧʨʦʤʽʞʥʠʡ ʰʧʘʥʛʦʫʪ, ʷʢʠʡ ʤʘʻ 

ʞʦʨʩʪʢʽʩʪʴ ʥʘ ʚʠʛʠʥ, ʷʢ ʚ ʧʣʦʱʠʥʽ ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʠʟʥʠ, ʪʘʢ ʽ ʟ ʥʝʾ. ɿʤʽʥʘ 

ʥʘʧʨʫʞʝʥʠʡ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʯʝʨʝʟ ʰʧʘʥʛʦʫʪ ʥʘ ʮʠʣʽʥʜʨʽ 

ʽ ʥʘ ʢʦʥʫʩʽ ʚʠʚʯʝʥʦ ʚ ʨʦʙʦʪʘʭ [10, 60], ʜʝ, ʟʦʢʨʝʤʘ, ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ: 

 

 () ()1 2left rightW t W t= ,   () ()1 2left rightW t W t¡ ¡= , (5.73) 

 () () ()1 2 1 2left left rightW t G W t W t¡¡ ¡ ¡¡+ = ,   () () ()1 1 1 2left left rightW t GW t W t¡¡¡ ¡¡¡- = , (5.74) 

ʜʝ 1G  ʽ 2G  ï ʧʘʨʘʤʝʪʨʠ ʙʝʟʨʦʟʤʽʨʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ ʰʧʘʥʛʦʫʪʽʚ, ʱʦ 

ʧʽʜʢʨʽʧʣʶʶʪʴ ʚʽʜʧʦʚʽʜʥʫ ʦʙʦʣʦʥʢʫ: 
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3

*

,1 1 3cyl

ring

R
G G
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= ,   

3
*

,2 2 3cyl

ring
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= , (5.75) 
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cone
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3
*
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r
= , (5.76) 

 
( )( )

2
4 2

*

1 3

1
ring

x
n n EJ

G
Eh R

-
= ,   

( )( )

( )

2
2 2

*

2 3 2

1

1

ring

z
n n EJ

G
EhR n

-
=

+
, (5.77) 

 

ring

xJ , 
ring

zJ  ï ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʚʠʛʠʥʽ ʰʧʘʥʛʦʫʪʘ ʚ ʧʣʦʱʠʥʽ 

ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʠʟʥʠ ʽ ʟ ʧʣʦʩʢʦʩʪʽ, 
ringr  ï ʨʘʜʽʫʩ ʰʧʘʥʛʦʫʪʘ, coneL  ï ʜʦʚʞʠʥʘ 

ʢʦʥʫʩʘ, ʥʘ ʷʢʦʤʫ ʟʘʢʨʽʧʣʝʥʠʡ ʰʧʘʥʛʦʫʪ, ʟ ʢʫʪʦʤ ʧʨʠ ʦʩʥʦʚʽ b; ʟʥʘʯʝʥʥʷ 
1,2t  

ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʦʨʜʠʥʘʪʘʤ ʩʧʦʣʫʯʝʥʥʷ ʩʝʢʮʽʡ.  

ʋ ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʘʭ ʩʧʦʣʫʯʝʥʥʷ ʤʘʻʤʦ:  

1) ʜʣʷ ʧʨʦʤʽʞʥʦʛʦ ʰʧʘʥʛʦʫʪʘ ʥʘ çʙʦʯʢʦʧʦʜʽʙʥʽʡè ʦʙʦʣʦʥʮʽ: 1 2t t=  

ʚʽʜʧʦʚʽʜʘʻ ʢʦʦʨʜʠʥʘʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʧʘʥʛʦʫʪʘ ( )11 sinring cylr R C tp= + ; 

2) ʜʣʷ ʧʨʦʤʽʞʥʦʛʦ ʰʧʘʥʛʦʫʪʘ ʥʘ çʦʞʠʚʘʣʴʥʽʡè ʦʙʦʣʦʥʮʽ: 1 2t t= , 

( )
1

1 sinring cone x t
r R t C

=
= + W , 

cos

ring

cone

r
L

b
= , 1

1

1 0

cos
arcctg ctg 1

x t

cone

l
C

l l

p
b a

=
å õè W ø
æ ö= +é ù
æ ö-é ùê úç ÷

; 

3) ʜʣʷ ʩʪʠʢʫʚʘʣʴʥʦʛʦ ʰʧʘʥʛʦʫʪʘ: 1 1t = , 2 0t = , 
ringr R= , 

cos
cone

R
L

b
= , 

*.b b=  

 

5.7 ʄʦʜʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤʠ ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ ʧʨʠ ʩʧʦʣʫʯʝʥʥʽ 

çʦʞʠʚʘʣʴʥʦʾè ̔ çʙʦʯʢʦʧʦʜʽʙʥʦʾè ʩʝʢʮʽʡ 

 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʭʽʜʥʠʭ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʽ (5.46) (ʜʣʷ 

çʦʞʠʚʘʣʦè) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʽʥʮʝʚʽ ʨʽʟʥʠʮʽ (5.64)ï(5.67), ʟ ʪʘʢʦʶ ʞ 

ʥʫʤʝʨʘʮʽʻʶ, ʢʨʦʢʦʤ 0
1

1 x
H

N

-
= . ʗʢ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʚʠʙʠʨʘʻʪʴʩʷ ʦʜʥʘ ʟ ʧʝʨʰʠʭ 

ʧʘʨ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ (5.71). 
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ʉʪʦʩʦʚʥʦ ʨʽʚʥʷʥʥʷ (5.38) (ʜʣʷ çʙʦʯʢʠè), ʪʦ ʜʣʷ ʥʴʦʛʦ ʩʢʽʥʯʝʥʥʽ ʨʽʟʥʠʮʽ ʫ 

ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʢʘʭ ʚʽʜʨʽʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟ ʥʫʤʝʨʘʮʽʻʶ ʚʽʜ 4N+  ʜʦ 

2 2N+  ʽ ʤʘʶʪʴ ʢʨʦʢ 2

1
H

N
= . ʋ ʢʨʘʡʦʚʽʡ ( )2 3N+ -ʽʡ ʪʦʯʮʽ ʟʘʧʠʩʫʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʘʥʘʣʦʛʽʯʥʽ ʜʨʫʛʽʡ ʧʘʨʽ ʟ ʨʽʚʥʦʩʪʽ (5.71). ʅʘʧʨʠʢʣʘʜ, ʰʘʨʥʽʨʥʝ 

ʩʧʠʨʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʨʽʚʥʽʩʪʶ 2 3 2 4 2 20,N N NW W W+ + += =- . 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʢʽʥʮʝʚʽ ʨʽʟʥʠʮʽ ʜʣʷ ʫʤʦʚ ʩʧʦʣʫʯʝʥʥʷ, 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ ʊʝʡʣʦʨʘ ʚ ʪʦʯʢʘʭ NW  ʽ 3NW +  ʟ ʧʨʠʨʦʩʪʘʤʠ ʜʦ ʪʦʯʦʢ 

2 1 1, ,N N NW W W- - + ʽ 2 4 5, ,N N NW W W+ + + ʚʽʜʧʦʚʽʜʥʦ. ʋʤʦʚʠ (5.73), (5.74) 

ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

 

( )3 2 1 1

1

1
, 6 3 2

6
N N N N N NW W W W W W

H
+ - - += - + + = 

 ( )2 3 4 5

2

1
2 3 6 ,

6
N N N NW W W W

H
+ + + += - - + -  (5.78) 

( ) ( )2
1 1 2 1 12

1 1

1
2 6 3 2

6
N N N N N N N

G
W W W W W W W

H H
- + - - +- + + - + + = 

 ( )2 3 42

2

1
2 ,N N NW W W

H
+ + += - +  (5.79) 

( )2 1 1 13

1

1
3 3N N N N NW W W W GW

H
- - +- + - + - = 

 ( )2 3 4 52

2

1
3 3 .N N N NW W W W

H
+ + + += - + - +  (5.80) 

 

ɸʥʘʣʦʛʽʯʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʩʧʦʣʫʯʝʥʥʷ ʧʨʦʣʴʦʪʽʚ ʦʙʦʣʦʥʦʢ ʟ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʜʠʩʢʨʝʪʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʰʧʘʥʛʦʫʪʽʚ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʽ ʭʚʠʣʝʫʪʚʦʨʝʥʥʷ ,q  n  ʦʪʨʠʤʫʻʪʴʩʷ, ʷʢ ʦʧʠʩʘʥʦ ʨʘʥʽʰʝ. ɿ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʭʚʠʣʴ n  ʚ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʤʝʥʰʦʤʫ ʟʥʘʯʝʥʥʶ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ q . 
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5.8 ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. ɸʥʘʣʽʟ ʽ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʯʠʩʝʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʦʙʦʣʦʥʢʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 0 0,3 cʤh = , 

5 27 10 ʢʛ ʩʤE= Ö , 0,32n= . çʦʞʠʚʘʣʴʥʘè ʩʝʢʮʽʷ ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʧʘʨʘʤʝʪʨʘʤʠ: 

1 182 cʤ,l =  0 10,45 ,l l=  75a= ,̄ çʙʦʯʢʦʧʦʜʽʙʥʘè ï 2,5L R= . ʈʦʟʨʘʭʫʥʢʠ 

ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʰʘʨʥʽʨʥʦ ʦʧʝʨʪʠʭ ʦʙʦʣʦʥʦʢ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʚʽʜʥʦʩʥʦʾ ʚʠʩʦʪʠ 

ʧʽʜʡʦʤʠʩʪʦʩʪ ̔ʥʝʧʽʜʢʨʽʧʣʝʥʠʭ çʙʦʯʢʠè cylC , çʦʞʠʚʘʣʦè coneC  ʥʘ ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ 

q. ɺʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 5.3. ɺʠʷʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʚʠʩʦʪʠ ʤʝʨʠʜʽʘʥʫ ʦʙʦʣʦʥʢʠ. 

ʈʽʚʥʦʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʢʦʚʠʭ ʩʝʢʮʽʡ ʟ ʫʤʦʚʦʶ ʫʟʛʦʜʞʝʥʥʷ (5.70) 

ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʥʝʩʢʽʥʯʝʥʥʦʾ ʙʝʟʣʽʯʽ ʢʦʝʬʽʮʽʻʥʪʽʚ cylC  ʽ coneC . ʅʝʦʙʭʽʜʥʦ 

ʚʠʙʨʘʪʠ ʪʘʢʫ ʧʘʨʫ, ʜʣʷ ʷʢʦʾ ʚʠʢʦʥʘʥʘ ʫʤʦʚʘ ʨʽʚʥʦʩʪʽʡʢʦʩʪʠ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʽ 

ʢʦʥʽʯʥʦʛʦ ʧʨʦʣʴʦʪʽʚ ʦʙʦʣʦʥʢʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʰʘʨʥʽʨʥʦ ʦʧʝʨʪʘ. ʅʘʙʣʠʞʝʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʛʨʘʬʽʢʘʤʠ ʨʠʩʫʥʢʫ 5.3, 

ʘ ʧʦʪʽʤ ʫʪʦʯʥʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ (5.70). ʊʘʢ, ʜʣʷ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽʟ 

ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠ ʟʥʘʯʝʥʥʷʭ: 

 

 0,06258642604coneC = ,   0,137cylC = , (5.81) 

 

çʦʞʠʚʘʣʴʥʠʡè ʚʽʜʩʽʢ ʤʘʻ ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ 22,98ʢʛ ʩʤogiveq = , çʙʦʯʢʦʧʦʜʽʙʥʠʡè ï 

22,97ʢʛ ʩʤbarq = . ʇʨʠ ʮʠʭ ʞʝ ʟʥʘʯʝʥʥʷʭ ʚʽʜʥʦʩʥʦʾ ʚʠʩʦʪʠ ʤʝʨʠʜʽʘʥʘ ʩʢʣʘʜʝʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʻ ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ 
22,3ʢʛ ʩʤconstrq = . 

ɼʣʷ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʤʽʞʥʦʛʦ ʰʧʘʥʛʦʫʪʘ ʥʘ çʦʞʠʚʘʣʴʥʫè ʦʙʦʣʦʥʢʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʝ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʣʦʢʘʣʴʥʦʾ ʨʽʚʥʦʩʪʽʡʢʦʩʪ)̔ 

ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ ʥʘ ʢʦʥʽʯʥʽʡ (ʙʝʟ ʧʽʜʡʦʤʫ) ʦʙʦʣʦʥʮʽ. ʗʢʱʦ ʜʦʚʞʠʥʘ ʜʽʣʠʪʴʩʷ ʫ 

ʚʽʜʥʦʰʝʥʥʽ: 
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 : 1,809:1left rightL L = , (5.82) 

ʚʽʜʣʽʯʫʶʯʠ ʚʽʜ ʤʝʥʰʦʾ ʦʩʥʦʚʠ ʢʦʥʫʩʘ, ʪʦ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʡʦʛʦ çʣʽʚʦʾè 

ʽ çʧʨʘʚʦʾè ʯʘʩʪʠʥ ʜʦʨʽʚʥʶʶʪʴ ʚʽʜʧʦʚʽʜʥʦ 23,13ʢʛ ʩʤleftq =  ʽ 23,11ʢʛ ʩʤrightq = . 

ʇʨʠ ʮʴʦʤʫ ʢʦʥʫʩ ʙʝʟ ʰʧʘʥʛʦʫʪʘ ʤʘʻ ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ 
21,68ʢʛ ʩʤconeq = . 

ɺʚʦʜʷʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʙʝʟʨʦʟʤʽʨʥʠʭ ʟʫʩʠʣʴ: 
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ɺ ʬʦʨʤʫʣʘʭ (5.83) ʢʣʘʩʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʟʫʩʠʣʴ ʜʣʷ ʮʠʣʽʥʜʨʘ ʽ ʢʦʥʫʩʘ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ [16]: 
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ʈʦʟʛʣʷʥʝʤʦ ʛʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦ ʚʧʣʠʚ ʞʦʨʩʪʢʦʩʪʝʡ 

ʰʧʘʥʛʦʫʪʽʚ ʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʦʢ. ʋ ʨʽʟʥʠʭ ʚʠʧʘʜʢʘʭ ʧʽʜʢʨʽʧʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ 

ʥʘʜʘʥʦ ʛʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ: ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ 

/cyl coneq  ʘʙʦ *q  ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ ʚ ʧʣʦʱʠʥʽ 
*

1G  ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ 

ʟʥʘʯʝʥʥʷʭ 
*

2 0G = , ʘʙʦ ʞʦʨʩʪʢʦʩʪʽ 
*

2 10G =  ʟ ʧʣʦʱʠʥʠ: 

1) ʥʘ ʨʠʩʫʥʢʫ 5.4 ï ʜʣʷ çʦʞʠʚʘʣʴʥʦʾè ʦʙʦʣʦʥʢʠ, ʧʽʜʢʨʽʧʣʝʥʦʾ ʦʜʥʠʤ 

ʧʨʦʤʽʞʥʠʤ ʰʧʘʥʛʦʫʪʦʤ, ʨʦʟʪʘʰʦʚʘʥʦʤʫ ʪʘʢ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ (5.49) ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʧʽʜô̒ ʤʽʩʪʦʩʪʽ 0coneC =  (ʩʠʥʽ ʩʫʮʽʣʴʥʽ 

ʣʽʥʽʾ), 0,06coneC =  (ʯʝʨʚʦʥʽ ʰʪʨʠʭʦʚʽ), 0,09coneC =  (ʟʝʣʝʥʽ ʰʨʪʠʭ-ʧʫʥʢʪʠʨʥʽ);  
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2) ʥʘ ʨʠʩʫʥʢʫ 5.5 ï ʜʣʷ çʙʦʯʢʦʧʦʜʽʙʥʦʾè ʦʙʦʣʦʥʢʠ, ʧʽʜʢʨʽʧʣʝʥʦʾ ʦʜʥʠʤ ʽ 

ʜʚʦʤʘ ʧʨʦʤʽʞʥʠʤʠ ʰʧʘʥʛʦʫʪʘʤ, ʷʢʽ ʜʽʣʷʪʴ ʜʦʚʞʠʥʫ ʦʩʽ ʩʠʤʝʪʨʽʾ çʙʦʯʢʠè ʥʘ 

ʨʽʚʥʽ ʚʝʣʠʯʠʥʠ, ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʧʽʜô̒ ʤʽʩʪʦʩʪʽ 0cylC =  (ʩʠʥʽ ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ), 

0,05cylC =  (ʯʝʨʚʦʥʽ ʰʪʨʠʭʦʚʽ), 0,1cylC =  (ʟʝʣʝʥʽ ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʽ), 0,15cylC =  

(ʧʦʤʘʨʘʥʯʝʚʽ ʧʫʥʢʪʠʨʥʽ);  

3) ʥʘ ʨʠʩʫʥʢʫ 5.6 ï ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ (5.72)ï(5.74), ʷʢʘ ʧʽʜʢʨʽʧʣʝʥʘ ʰʧʘʥʛʦʫʪʘʤʠ. 

ʅʘ ʨʠʩ. 5.4ï5.5 ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ *

2 10G = , 

ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʱʝ, ʥʽʞ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ 
*

2 0G = . 

ʉʫʮʽʣʴʥʠʤ ʣʽʥʽʷʤ ʥʘ ʨʠʩ. 5.4ï5.5 ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʩʽʢʠ ʙʝʟ ʧʽʜʡʦʤʫ ʤʝʨʠʜʽʘʥʫ, 

ʪʦʙʪʦ ʮʠʣʽʥʜʨʠʯʥʠʤ ʽ ʢʦʥʽʯʥʠʤ ʦʙʦʣʦʥʢʘʤ. 

 

  

ʈʠʩʫʥʦʢ 5.3 ï ɺʧʣʠʚ ʚʽʜʥʦʩʥʦʾ ʚʠʩʦʪʠ 

ʤʝʨʠʜʽʘʥʫ ʥʝʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʦʢ 

çʙʦʯʢʠè ʽ çʦʞʠʚʘʣʦè ʥʘ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ  

ʈʠʩʫʥʦʢ 5.4 ï ɺʧʣʠʚ ʞʦʨʩʪʢʦʩʪʽ 

ʧʨʦʤʽʞʥʦʛʦ ʰʧʘʥʛʦʫʪʘ ʥʘ ʢʨʠʪʠʯʥʠʡ 

ʪʠʩʢ çʦʞʠʚʘʣʴʥʦʛʦè ʚʽʜʩʽʢʫ  

 

 

 
ʘ 

 
ʙ 
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ʈʠʩʫʥʦʢ 5.5 ï ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪʽ ʦʜʥʦʛʦ (ʘ) ʘʙʦ ʜʚʦʭ (ʙ) 

ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʽʚ ʥʘ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ çʙʦʯʢʦʧʦʜʽʙʥʦʛʦè 

ʚʽʜʩʽʢʫ 

 

 

ʈʠʩʫʥʦʢ 5.6 ï ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ ʥʘ 

ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʢʦʥʩʪʨʫʢʮʽʾ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè 

 

ɺʧʣʠʚ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ ʚ ʾʭ ʧʣʦʱʠʥʘʭ ʥʘ ʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʅʘʷʚʥʽʩʪʴ ʰʧʘʥʛʦʫʪʽʚ ʥʘ ʦʙʦʣʦʥʢʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ, ʧʨʦʪʝ 

ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʫ ʞʦʨʩʪʢʦʩʪʽ 
*

1G  ʰʧʘʥʛʦʫʪʽʚ ʚ ʾʭ ʧʣʦʱʠʥʽ ʢʨʠʪʠʯʥʠʡ 

ʪʠʩʢ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʨʦʱʫʚʘʪʠ ʞʦʨʩʪʢʽʩʪʴ 

ʰʧʘʥʛʦʫʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʜʘʣʴʰʦʾ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʎʝʡ ʚʠʩʥʦʚʦʢ 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʫ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɸʥʘʣʽʟ ʩʪʘʙʽʣʽʟʫʶʯʦʛʦ ʝʬʝʢʪʫ ʧʦʣʷʛʘʻ ʫ ʪʘʢʦʤʫ: ʧʨʠ ʦʜʥʦʤʫ ʰʧʘʥʛʦʫʪʽ ʥʘ 

çʦʞʠʚʘʣʴʥʽʡè ʩʝʢʮʽʾ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪʽ 
* *

1 1 1000G G= =  ʽ 
*

1 2000G =  

ʢʨʠʪʠʯʥʽ ʪʠʩʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʝʥʰʝ, ʥʽʞ ʥʘ 1%. ɼʣʷ çʙʦʯʢʦʧʦʜʽʙʥʦʾè ʩʝʢʮʽʾ ʟ 

ʦʜʥʠʤ ʰʧʘʥʛʦʫʪʦʤ ʘʥʘʣʦʛʽʯʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ʤʘʻ ʦʙʦʣʦʥʢʘ ʟ ʧʘʨʘʤʝʪʨʦʤ 

ʞʦʨʩʪʢʦʩʪʽ 
*

1 2000G = . ʇʨʦʪʝ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ ʥʝ ʣʠʰʝ 

ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʽ ʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ 
*

1G , 

ʧʦʯʠʥʘʶʯʠ ʟ ʷʢʦʛʦ ʚʦʥʦ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ 

ʪʠʩʢʫ ʚʧʣʠʚʘʻ ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʤʝʨʠʜʽʘʥʫ. ʇʨʠ ʜʚʦʭ ʰʧʘʥʛʦʫʪʘʭ ʥʘ 

 

         

9; 10 

7;  8 
 

5;  6 
 

3;  4 
 

1;  2 
 

1,3,5,7,9 ï ,  

2,4,6,8,10 ï  
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ʮʠʣʽʥʜʨʠʯʥʽʡ ʦʙʦʣʦʥʮʽ ʧʘʨʘʤʝʪʨ *

1 7000G = , ʘ ʥʘ çʙʦʯʢʦʧʦʜʽʙʥʽʡè ʦʙʦʣʦʥʮʽ ʟ 

ʚʽʜʥʦʩʥʠʤ ʧʽʜʡʦʤʦʤ 0,05cylC =  ʘʙʦ 0,1cylC =  ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʚʠʙʨʘʪʠ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ 
*

1 19000G = , ʯʠ 
*

1 22000G = , ʚʽʜʧʦʚʽʜʥʦ. 

ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʤʘʻ ʤʽʩʮʝ ʽ ʜʣʷ ʩʢʣʘʜʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʝʨʝʭʽʜʥʝ 

ʟʥʘʯʝʥʥʷ ʜʦ ʪʠʩʢʫ, ʱʦ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ, ʤʘʻ ʧʘʨʘʤʝʪʨ ʞʦʨʩʪʢʦʩʪʽ *

1 7000G = , 

ʷʢʱʦ ʥʘ ʦʙʦʣʦʥʮʽ ʪʠʧʫ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʟʘʢʨʽʧʣʝʥʠʡ ʦʜʠʥ ʩʪʠʢʫʚʘʣʴʥʠʡ 

ʰʧʘʥʛʦʫʪ; ʧʘʨʘʤʝʪʨ ʞʦʨʩʪʢʽʩʪʽ 
*

1 10000G = , ʷʢʱʦ ʥʘ çʙʦʯʮʽè ʻ ʧʨʠʩʫʪʥʽʤ ʱʝ 

ʦʜʠʥ ʰʧʘʥʛʦʫʪ. ʂʦʞʝʥ ʜʦʜʘʪʢʦʚʠʡ ʰʧʘʥʛʦʫʪ ʟʙʽʣʴʰʫʻ ʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʢʠ, 

ʧʨʦʪʝ ʭʘʨʘʢʪʝʨ ʪʘʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʰʧʘʥʛʦʫʪʘ. ʗʢʱʦ ʪʨʝʪʽʡ ʰʧʘʥʛʦʫʪ ʧʦʤʽʩʪʠʪʠ ʥʘ ʦʙʦʣʦʥʢʫ ʪʠʧʫ 

çʦʞʠʚʘʣʦè, ʪʦ ʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʝ ʥʠʞʯʘ, ʥʽʞ ʫ ʨʘʟʽ ʡʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʥʘ 

ʦʙʦʣʦʥʮʽ ʪʠʧʫ çʙʦʯʢʘè, ʢʨʽʤ ʪʦʛʦ, ʥʠʞʯʝ ʙʫʜʝ ʽ ʟʥʘʯʝʥʥʷ ʩʪʘʙʽʣʽʟʫʶʯʦʾ 

ʞʦʨʩʪʢʦʩʪʽ. ɾʦʨʩʪʢʽʩʪʴ ʰʧʘʥʛʦʫʪʘ ʽʟ ʧʦʯʘʪʢʦʚʦʾ ʧʣʦʱʠʥʠ ʢʨʠʚʠʟʥʠ ʚʧʣʠʚʘʻ ʥʘ 

ʩʪʽʡʢʽʩʪʴ ʪʽʣʴʢʠ ʫ ʨʘʟʽ ʨʽʚʥʦʩʪʽʡʢʦʩʪ ̔ ʩʝʢʮʽʡ. ɯʥʘʢʰʝ, ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ 

ʢʨʠʪʠʯʥʠʤʠ ʪʠʩʢʘʤʠ ʤʦʞʝ ʙʫʪʠ ʽʩʪʦʪʥʠʤ.  

ʉʘʤʝ ʪʘʢʠʡ ʝʬʝʢʪ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʜʣʷ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ ʟ 

ʧʨʦʤʽʞʥʠʤ ʰʧʘʥʛʦʫʪʦʤ. ʍʦʯʘ ʧʝʨʚʠʥʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʧʘʥʛʦʫʪʘ ʚʠʙʨʘʥʝ 

ʨ̔ʚʥʦʩʪʽʡʢʠʤ, ʘʣʝ ʦʙʦʣʦʥʢʘ ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʦʶ ʣʠʰʝ ʜʣʷ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʫ 

ʞʦʨʩʪʢʦʩʪʽ 1 100G < . ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʣʽʜ ʚʥʦʩʠʪʠ ʢʦʨʠʛʫʚʘʥʥʷ ʚ ʧʦʣʦʞʝʥʥʷ 

ʰʧʘʥʛʦʫʪʘ ʧʨʠ ʙʽʣʴʰʽʡ ʡʦʛʦ ʞʦʨʩʪʢʦʩʪʽ. ʉʭʦʞʫ ʢʘʨʪʠʥʫ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ 

ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʟ ʜʚʦʤʘ ʰʧʘʥʛʦʫʪʘʤʠ ʽ ʢʦʥʩʪʨʫʢʮʽʾ çʙʦʯʢʘ-

ʦʞʠʚʘʣʦè ʟ ʯʦʪʠʨʤʘ ʰʧʘʥʛʦʫʪʘʤʠ, ʦʜʠʥ ʟ ʷʢʠʭ ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʦʙʦʣʦʥʮʽ ʪʠʧʫ 

çʦʞʠʚʘʣʦè. 

ɺʧʣʠʚ ʚʠʩʦʪʠ ʧʽʜô̒ ʤʽʩʪʦʩʪʽ ʤʝʨʠʜʽʘʥʫ ʥʘ ʩʪʽʡʢʽʩʪʴ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʦʢ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʨʦʩʪʘʥʥʷ ʚʠʩʦʪʠ ʧʽʜʡʦʤʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʧʨʠ ʢʦʥʢʨʝʪʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ 

ʞʦʨʩʪʢʦʩʪʝʡ ʧʽʜʢʨʽʧʣʶʶʯʠʭ ʰʧʘʥʛʦʫʪʽʚ. ʇʦʤʽʯʘʻʪʴʩʷ, ʱʦ ʟʘʢʨʽʧʣʝʥʥʷ 

ʰʧʘʥʛʦʫʪʘ ʥʘ çʣʽʚʦʤʫè ʘʙʦ çʧʨʘʚʦʤʫè ʚʽʜʩʽʢʫ ʚʽʜʽʙô̒ ʪʴʩʷ ʥʘ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ 

ʩʧʦʣʫʯʝʥʥʷ (5.78)ï(5.80), ʜʝ ʜʦʜʘʥʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʢʦʝʬʽʮʽʻʥʪʠ ʞʦʨʩʪʢʦʩʪʽ 

ʦʧʠʥʷʪʴʩʷ ʚ ʧʨʘʚʽʡ ʘʙʦ ʣʽʚʽʡ ʯʘʩʪʠʥʽ (5.78)ï(5.80) ʚʽʜʧʦʚʽʜʥʦ. ʋ ʨʘʟʽ ʟʘʢʨʽʧʣʝʥʥʷ 

ʡʦʛʦ ʥʘ ʦʙʦʭ ʯʘʩʪʠʥʘʭ, ʪʘʢʽ ʜʦʜʘʥʢʠ ʙʫʜʫʪʴ ʚ ʦʙʦʭ ʯʘʩʪʠʥʘʭ (5.78)ï(5.80). 
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ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʚʠʙʦʨʽ ʞʦʨʩʪʢʦʩʪʝʡ ʥʘ çʧʨʘʚʦʤʫè 

ʘʙʦ çʣʽʚʦʤʫè ʚʽʜʩʽʢʫ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʻ ʨʽʚʥʠʤʠ. ʇʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʚʠʧʘʜʢʫ ʟʘʢʨʽʧʣʝʥʥʷ ʰʧʘʥʛʦʫʪʘ ʥʘ ʦʙʦʭ ʯʘʩʪʠʥʘʭ, ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ 

ʚʠʧʘʜʢʦʤ, ʢʦʣʠ ʰʧʘʥʛʦʫʪ ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʦʜʥʽʡ ʟ ʯʘʩʪʠʥ ʟ ʩʫʤʦʶ ʞʦʨʩʪʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠ ʮʴʦʤʫ ʚʠʷʚʣʝʥʦ ʜʦʩʪʘʪʥʽʡ ʟʙʽʛ ʯʠʩʝʣʴʥʠʭ ʜʘʥʠʭ.  

ʈʦʟʛʣʷʥʝʤʦ ʛʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦ ʚʧʣʠʚ ʦʩʴʦʚʦʾ 

ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ ʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʦʢ. ʋ ʨʽʟʥʠʭ ʚʠʧʘʜʢʘʭ ʧʽʜʢʨʽʧʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʜʘʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ 

/cyl coneq  ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʾ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ /cyl coneT  ʘʙʦ *T : 

1) ʥʘ ʨʠʩʫʥʢʫ 5.7 ï ʜʣʷ ʥʝʧʽʜʢʨʽʧʣʝʥʽ çʙʦʯʢʦʧʦʜʽʙʥʦʾè ʽ çʦʞʠʚʘʣʴʥʦʾè 

ʦʙʦʣʦʥʦʢ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʽʜʡʦʤʫ cylC  ʽ 
coneC  ʚʽʜʧʦʚʽʜʥʦ (ʥʘ ʨʠʩ. 5.6 ʾʭ 

ʟʥʘʯʝʥʥʷ ʧʽʜʧʠʩʘʥʽ ʷʢ çCè); 

2) ʥʘ ʨʠʩʫʥʢʫ 5.8 ï ʜʣʷ ʧʽʜʢʨʽʧʣʝʥʠʭ çʙʦʯʢʦʧʦʜʽʙʥʦʾè ʽ çʦʞʠʚʘʣʴʥʦʾè 

ʦʙʦʣʦʥʦʢ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʽʜʡʦʤʫ cylC  ʽ 
coneC  ʚʽʜʧʦʚʽʜʥʦ ʽ ʨʽʟʥʠʭ 

ʞʦʨʩʪʢʦʩʪʝʡ ʰʧʘʥʛʦʫʪʽʚ ʚ ʧʣʦʱʠʥʽ ʽ ʟ ʧʣʦʱʠʥʠ (ʥʘ ʨʠʩ. 5.8 ʾʭ ʧʦʟʥʘʯʝʥʦ ʷʢ 

çG1è ʽ çG2è); 

3) ʥʘ ʨʠʩʫʥʢʫ 5.9 ï ʜʣʷ ʧʽʜʢʨʽʧʣʝʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ 

çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ (5.72)ï(5.74), ʷʢʘ 

ʧʽʜʢʨʽʧʣʝʥʘ ʰʧʘʥʛʦʫʪʘʤʠ ʪʘʢ. 

 

 

ʘ - ʜʣʷ çʙʦʯʢʦʧʦʜʽʙʥʦʛʦè ʚʽʜʩʽʢʫ  ʙ - ʜʣʷ çʦʞʠʚʘʣʴʥʦʛʦè ʚʽʜʩʽʢʫ 
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ʈʠʩʫʥʦʢ 5.7 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ /cyl coneq  ʚʽʜ ʦʩʴʦʚʦʾ ʩʪʠʩʢʘʶʯʦʾ  

ʩʠʣʠ /cyl coneT  

 

 
       ʘ -  ʜʣʷ çʙʦʯʢʠè, 0,05barC =  ;ʙ - ʜʣʷ çʙʦʯʢʠè, 0,1barC = ;   ʚ - ʜʣʷ çʦʞʠʚʘʣʦè, 0,05ogC =  

ʈʠʩʫʥʦʢ 5.8 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ /cyl coneq  ʚʽʜ ʦʩʴʦʚʦʛʦ  

ʩʪʠʩʢʘʶʯʦʛʦ ʟʫʩʠʣʣʷ /cyl coneT  

 

 

ʈʠʩʫʥʦʢ 5.9. ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ *q  ʢʦʥʩʪʨʫʢʮʽʾ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè 

ʚʽʜ ʦʩʴʦʚʦʾ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ *T  ʜʣʷ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʢʨʽʧʣʝʥʥʷ 

 

ʈʦʟʛʣʷʥʝʤʦ ʚʧʣʠʚ ʦʩʴʦʚʦʛʦ ʩʪʠʩʥʝʥʥʷ ʥʘ ʩʪʽʡʢʽʩʪʴ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʦʢ 

(ʚʩʽ ʣʽʥʽʾ ʥʘ ʨʠʩ. 5.7 ʽ ʩʠʥʽ ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ ʥʘ ʨʠʩ. 5.8ï5.9). ʗʢ ʚʽʜʦʤʦ [16, 25, 54, 
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60], ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟʦʚʥʽʰʥʽʤ ʪʠʩʢʦʤ ʽ ʦʩʴʦʚʠʤ ʩʪʠʩʥʝʥʥʷʤ 

ʛʣʘʜʢʦʶ ʮʠʣʽʥʜʨʠʯʥʦʾ ʘʙʦ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʢʠ ʟʙʽʣʴʰʝʥʥʷ ʦʩʴʦʚʦʾ ʩʪʠʩʢʘʶʯʦʾ 

ʩʠʣʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʽ ʟʤʝʥʰʝʥʥʷ ʭʚʠʣʴʦʚʠʭ ʯʠʩʝʣ 

(ʯʠʩʣʘ ʭʚʠʣʴ ʚ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ). ʋ ʚʠʧʘʜʢʫ ʦʧʫʢʣʠʭ ʦʙʦʣʦʥʦʢ ʪʠʧʫ 

çʙʦʯʢʘè, çʦʞʠʚʘʣʦè  ̔çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʚʠʷʚʣʝʥʦ ʽʩʪʦʪʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʭʘʨʘʢʪʝʨʽ 

ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʦʧʫʢʣʠʭ ʦʙʦʣʦʥʦʢ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʣʘʜʢʠʤʠ. ɼʣʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʱʦ ʚʽʜʥʦʩʥʝ ʚʽʜʭʠʣʝʥʥʷ ʪʚʽʨʥʦʾ ʚʽʜ 

ʛʣʘʜʢʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʝʨʝʚʠʱʫʻ 4%, ʪʦ ʟʨʦʩʪʘʥʥʷ ʦʩʴʦʚʦʛʦ ʩʪʠʩʥʝʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʬʦʨʤʠ ʭʚʠʣʝʫʪʚʦʨʝʥʥʷ, ʱʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʟʙʽʣʴʰʝʥʥʽ 

ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʽ ʟʨʦʩʪʘʥʥʽ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ, ʘ ʧʦʪʽʤ ʜʦ ʟʥʠʞʝʥʥʷ 

ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʽ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ. ʆʪʨʠʤʘʥʠʡ ʝʬʝʢʪ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʜʣʷ ʦʙʦʣʦʥʦʢ ʽʟ ʚʢʘʟʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʽʜʡʦʤʫ, ʥʝʟʥʘʯʥʝ ʦʩʴʦʚʝ ʟʫʩʠʣʣʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʪʷʛʫʚʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʢʽʣʴʮʝʚʦʤʫ ʥʘʧʨʷʤʢʫ, ʷʢʽ 

ʟʙʽʣʴʰʫʶʪʴ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ. ʇʨʠ ʟʥʘʯʥʠʭ ʦʩʴʦʚʠʭ 

ʟʫʩʠʣʣʷʭ, ʚ ʢʽʣʴʮʝʚʦʤʫ ʥʘʧʨʷʤʢʫ ʧʝʨʝʚʘʞʘʶʪʴ ʩʪʠʩʢʘʶʯʽ ʥʘʧʨʫʛʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ.  

ʈʦʟʛʣʷʥʝʤʦ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʦʩʴʦʚʦʛʦ ʩʪʠʩʥʝʥʥʷ ʥʘ ʩʪʽʡʢʽʩʪʴ 

ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʦʢ (ʜʠʚ. ʨʠʩ. 5.8ï5.9). ɺʠʷʚʣʝʥʠʡ ʝʬʝʢʪ ʜʣʷ ʥʝʧʽʜʢʨʽʧʣʝʥʠʭ 

ʦʙʦʣʦʥʦʢ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʦʢ ʧʨʠ ʜʝʷʢʠʭ ʧʦʻʜʥʘʥʥʷʭ 

ʟʥʘʯʝʥʴ ʧʽʜʡʦʤʫ ʦʙʦʣʦʥʢʠ ʽ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ. ʆʜʥʘʢ, ʥʘʷʚʥʽʩʪʴ ʜʦʩʠʪʴ 

ʞʦʨʩʪʢʠʭ ʰʧʘʥʛʦʫʪʽʚ ʥʘ ʦʧʫʢʣʽʡ ʦʙʦʣʦʥʮʽ ʟ ʥʝʟʥʘʯʥʦʶ ʚʽʜʥʦʩʥʦʶ ʧʽʜʡʦʤʫ 

ʤʦʞʝ ʥʽʚʝʣʶʚʘʪʠ ʚʠʷʚʣʝʥʠʡ ʝʬʝʢʪ, ʱʦ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʜʣʷ ʢʦʥʽʯʥʦʾ 

ʦʙʦʣʦʥʢʠ (ʨʠʩ. 5.6, ʘ) ʟ ʧʽʜʡʦʤʦʤ 0,05coneC =  ʽ ʞʦʨʩʪʢʦʩʪʝʡ *
1 1000,G =  *

2 10G =  

(ʙʣʘʢʠʪʥʘ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ʽ ʯʝʨʚʦʥʘ ʣʽʥʽʷ) ʽ * *
1 25000, 10G G= =  (ʯʝʨʚʦʥʘ ʣʽʥʽʷ).  

ʋ ʚʠʧʘʜʢʫ ʩʢʣʘʜʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʟʥʠʞʝʥʥʷ ʜʘʥʦʛʦ ʝʬʝʢʪʫ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʜʣʷ ʯʦʪʠʨʴʦʭ ʜʦʩʠʪʴ ʞʦʨʩʪʢʠʭ ʰʧʘʥʛʦʫʪʽʚ (ʰʪʨʠʭ-

ʧʫʥʢʪʠʨʥʽ ʣʽʥʽʾ 7, 8 ʥʘ ʨʠʩ. 5.8). ɼʘʥʝ ʷʚʠʱʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʣʷ ʦʙʦʣʦʥʦʢ 

ʤʘʣʦʾ ʢʨʠʚʠʟʥʠ ʤʝʨʠʜʽʘʥʘ ʝʬʝʢʪ ʚʧʣʠʚʫ ʰʧʘʥʛʦʫʪʽʚ ʙʽʣʴʰ ʽʩʪʦʪʥʠʡ, ʥʽʞ ʝʬʝʢʪ 

ʚʽʜ ʨʦʟʪʷʛʫʚʘʣʴʥʠʭ ʟʫʩʠʣʴ ʚ ʢʽʣʴʮʝʚʦʤʫ ʥʘʧʨʷʤʢʫ, ʚʠʢʣʠʢʘʥʠʭ ʦʩʴʦʚʠʤ 

ʩʪʠʩʥʝʥʥʷʤ. 
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ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʟʜʦʙʫʪʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʫ ʪʨʠ ʝʪʘʧʠ. ʉʧʦʯʘʪʢʫ 

ï ʧʦʨʽʚʥʷʥʥʷʤ ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʠʭ ʪʠʩʢʽʚ ʫ ʛʨʘʥʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʩʠʩʪʝʤʠ. ʇʨʠ ʥʫʣʴʦʚʦʤʫ ʟʥʘʯʝʥʥʽ ʧʽʜô̒ ʤʽʩʪʦʩʪʽ ʤʝʨʠʜʽʘʥʫ ʦʪʨʠʤʘʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʘ ʢʦʥʽʯʥʦʾ ʦʙʦʣʦʥʦʢ, ʘ ʪʘʢʦʞ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʫʟʛʦʜʞʫʶʪʴʩʷ (ʜʦ 10%) ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʽʪ [25, 

62], ʷʢʽ ʟʜʦʙʫʪʽ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ, ʚ ʤʝʞʘʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʜʘʥʦʾ ʨʦʙʦʪʠ, ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʧʨʦʚʝʩʪʠ ʧʨʦʮʝʜʫʨʫ ʩʪʠʢʫʚʘʥʥʷ ʧʨʦʣʴʦʪʽʚ 

ʦʙʦʣʦʥʢʠ. ʇʨʠ ʥʫʣʴʦʚʠʭ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʮʽʣʴʥʦʾ ʽ ʩʧʦʣʫʯʝʥʦʾ ʦʙʦʣʦʥʦʢ. ɼʣʷ ʦʜʥʽʻʾ ʜʽʣʷʥʢʠ ʩʧʦʣʫʯʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ 

ʩʪʘʥʦʚʠʣʦ ʜʦ 4%, ʜʣʷ ʜʚʦʭ ï ʜʦ 7%. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʝʪʦʜʫ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʽʟ ʟʙʽʣʴʰʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʦʯʦʢ ʨʦʟʙʠʪʪʷ 

ʚʟʜʦʚʞ ʦʩʴʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʢʦʞʥʦʛʦ ʧʨʦʣʴʦʪʫ ʦʙʦʣʦʥʢʠ. ʇʦʭʠʙʢʘ ʩʢʣʘʣʘ ʜʦ 4%. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʜʽʣʝʥʥʷ ʥʝ ʧʨʦʚʦʜʠʣʦʩʷ, 

ʦɦʙ ʫʥʠʢʥʫʪʠ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʤʠʣʢʠ. 

 

 

5.9 ɺʠʩʥʦʚʢʠ 

 

ɺ ʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʝʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ çʙʦʯʢʘ-

ʦʞʠʚʘʣʦè, ʱʦ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ. ʇʽʜʡʦʤ ʩʝʨʝʜʠʥʥʦʾ 

ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʦʢ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʪʠʧʫ.  

ɺʠʚʝʜʝʥʽ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ 

ʩʪʽʡʢʽʩʪʴ çʙʦʯʢʦʧʦʜʽʙʥʦʾè ʽ çʦʞʠʚʘʣʴʥʦʾè ʦʙʦʣʦʥʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʫʩʫ ʾʭ 

ʢʨʠʚʠʟʥʠ.  

ʉʪʽʡʢʽʩʪʴ ʩʢʣʘʜʝʥʦʾ ʧʽʜʢʨʽʧʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʽ ʦʢʨʝʤʠʭ 

ʾʾ ʚʽʜʩʽʢʽʚ ʟʥʘʡʜʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ.  

ɺʠʷʚʣʝʥʦ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʚʽʜʥʦʩʥʦʾ ʚʠʩʦʪʠ ʤʝʨʠʜʽʘʥʫ ʥʘ ʩʪʽʡʢʽʩʪʴ ʽ 

ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ.  
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ɺʢʘʟʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʰʫʢʫ ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʦʩʪʽʡʢʦʩʪ ̔ ʜʦ ʣʦʢʘʣʴʥʠʭ ʽ 

ʟʘʛʘʣʴʥʠʭ ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʞʦʨʩʪʢʦʩʪʽ ʜʠʩʢʨʝʪʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʽʜʢʨʽʧʣʶʶʯʠʭ ʰʧʘʥʛʦʫʪʽʚ. 

ʅʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʢʨʠʚʠʟʥʠ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʩʽʢʽʚ ʽ ʩʢʣʘʜʝʥʦʾ 

ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè ʥʘ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʥʠʭ ʟʫʩʠʣʴ ʽ 

ʭʘʨʘʢʪʝʨ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʩʧʽʣʴʥʽʡ ʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʠʩʢʫ ʽ ʦʩʴʦʚʠʭ ʩʪʠʩʢʘʶʯʠʭ ʟʫʩʠʣʴ. ɼʣʷ ʦʙʦʣʦʥʢʦʚʠʭ ʩʝʢʮʽʡ ʟ ʚʽʜʥʦʩʥʠʤ 

ʚʽʜʭʠʣʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʢʨʠʚʠʟʥʠ ʤʝʨʠʜʽʘʥʘ, ʱʦ ʧʝʨʝʚʠʱʫʻ 4%, ʟ ʨʦʩʪʦʤ ʦʩʴʦʚʦʾ 

ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ ʚʠʷʚʣʝʥʠʡ ʝʬʝʢʪ ʟʨʦʩʪʘʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ 1,5é2 ʨʘʟʠ ʚ 

ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʦʩʴʦʚʦʾ ʩʠʣʠ.  
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ɺʀʉʅʆɺʂʀ 

 

 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ, 

ʧʦʚô̫ ʟʘʥʦʾ ʟ ʩʪʚʦʨʝʥʥʷʤ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, 

ʨʫʡʥʽʚʥʠʭ ʽ ʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʽʜʢʨʽʧʣʝʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʧʽʜ ʜʽʻʶ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ, ʜʠʩʢʨʝʪʥʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʰʧʘʥʛʦʫʪʽʚ ʽ ʨʦʟʨʦʙʮʽ 

ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚʽʜʩʽʢʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʥʘʫʢʦʚʽ ʽ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʦʣʷʛʘʶʪʴ ʫ ʪʘʢʦʤʫ: 

- ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʧʨʦʙʣʝʤʠ ʟʘ ʚʽʪʯʠʟʥʷʥʠʤʠ ʪʘ ʟʘʢʦʨʜʦʥʥʠʤʠ ʧʫʙʣʽʢʘʮʽʷʤʠ ʥʘʜʘʥʦ ʘʥʘʣʽʟ 

ʧʽʜʭʦʜʽʚ ʽ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʩʪʽʡʢʦʩʪʽ 

ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʦʢʨʝʤʘ ʄʉɽ ʽ ʛʽʙʨʠʜʥʠʤʠ ʘʩʠʤʧʪʦʪʠʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ; 

- ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽ ʤʝʪʦʜʠʢʘ ʯʠʩʝʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʤʽʮʥʦʩʪʽ ʩʠʣʦʚʦʾ ʦʙʦʣʦʥʢʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟʦʢʨʝʤʘ ʜʚʠʛʫʥʘ ʈʅ, ʚ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʦʩʪʘʶʯʠʤ 

ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ;  

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʽ ʥʘʧʨʫʞʝʥʴ ʫ 

ʧʽʜʢʨʽʧʣʝʥʦʤʫ ʧʘʣʠʚʥʦʤʫ ʙʘʢʫ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥʠ ʫ ʤʽʩʮʽ 

ʟʥʘʭʦʜʞʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ;  

- ʚʧʝʨʰʝ ʥʘ ʙʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʬʘʟʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʪʘ ɺʂɹ-

ɻʘʣʴʦʨʢʽʥ ʤʝʪʦʜʫ ʩʪʚʦʨʝʥʦ ʘʩʠʤʧʪʦʪʠʢʦ-ʯʠʩʝʣʴʥʠʡ ʧʽʜʭʽʜ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʧʽʜʢʨʽʧʣʝʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ çʮʠʣʽʥʜʨ-ʢʦʥʫʩè ʽ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè 

ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ 

ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʩʠʤʧʪʦʪʠʯʥʠʭ 
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ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʩʠʥʛʫʣʷʨʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽʟ ʟʤʽʥʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʧʽʜʢʨʽʧʣʝʥʠʭ ʚʽʜʩʽʢʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʈʂʊ; 

- ʥʘʜʘʥʦ ʘʥʘʣʽʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪʽ 

ʩʢʣʘʜʝʥʦʾ ʦʙʦʣʦʥʢʦʚʦʾ ʩʠʩʪʝʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʣʦʢʘʣʴʥʠʭ ʽ ʟʘʛʘʣʴʥʠʭ ʬʦʨʤ 

ʚʠʧʠʥʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; 

- ʦʪʨʠʤʘʣʘ ʨʦʟʚʠʪʦʢ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʽʜʢʨʽʧʣʝʥʦʾ 

ʢʣ̔ʴʮʝʚʠʤʠ ʨʝʙʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ ʦʙʦʣʦʥʢʠ ʩʢʣʘʜʝʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʠʩʢʨʝʪʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʞʦʨʩʪʢʦʩʪʽ ʰʧʘʥʛʦʫʪʽʚ ʟ ʧʣʦʱʠʥʠ 

ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʠʟʥʠ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʦʙʦʣʦʥʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ çʙʦʯʢʘ-ʦʞʠʚʘʣʦè 

ʽ ʚʠʷʚʣʝʥʦ ʚʧʣʠʚ ʢʨʠʚʠʟʥʠ ʤʝʨʠʜʽʘʥʘ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘʟʥʘʯʝʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʾʾ ʩʪʽʡʢʽʩʪʴ;  

- ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚô̫ ʟʢʠ ʟʘʜʘʯ ʧʨʦ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʪʘ ʩʪʽʡʢʽʩʪʴʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʩʢʣʘʜʝʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʦʩʥʦʚʦʶ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʩʢʽʥʯʝʥʥʠʭ ʽ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ.  
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######                          ( )( , ) ( ) cos (1 )cyl cyl cylw x W x x nj = Ö g - + j 

 

>  

 

 

######                     ʇʽʜʩʪʘʥʦʚʢʘ ( , )cylw x j  ʚ ʣʽʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ (2.1) 

 

>  

>       # ʉʧʨʦʱʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʚʠʨʘʟʫ 

>  

 

##### ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ɹʫʙʥʦʚʘ-ɻʘʣʴʦʨʢʽʥʘ ʧʝʨʝʜʙʘʯʘʻ ʧʦʤʥʦʞʝʥʥʷ ʦʜʝʨʞʘʥʦʛʦ ʚʠʨʘʟʫ 

ʥʘ ʬʫʥʢʮʽʶ ( )cos (1 )cyl x ng - + j ʪʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʽʜ 0 ʜʦ2p.  
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>  

 

>  

 

#####   ʇʨʦʚʦʜʷʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ,  ʚʠʭʦʜʷʯʠ ʟ ʧʦʟʥʘʯʝʥʴ 

# 
2cyl

T

Eh
h = ,   

2

2 2
,

2
cyl cyl

qR M

Eh ERh
c l

p
= = , 

1cyl

nL

R
g g= , 

L
K

R
= , 1

h

R
e= , 

( )212 1w n= - , 
w

3hE
D= , 
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>  

>  

>  

>  

>  

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ 
2 1K > , 

2 1n >>, 
1 1e<< ʜʦʜʘʥʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʰʦʩʪʫ ʽ ʚʦʩʴʤʫ 

ʧʦʭʽʜʥʽ, ʥʝ ʚʢʣʶʯʘʶʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (4.4) ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

(4.5). 
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ɼʆɼɸʊʆʂ ɹ 

ʄɸʊʈʀʏʅʀʁ ʄɽʊʆɼ ɼʃʗ ʇɽʈɽʊɺʆʈɽʅʅʗ ʅɸʇʈʋɾɽʅʆ-

ɼɽʌʆʈʄʆɺɸʅʆɻʆ ʉʊɸʅʋ ʇʈʀ ʇɽʈɽʍʆɼɯ ʏɽʈɽɿ ʐʇɸʅɻʆʋʊ 

 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʥʘ ʧʽʜʢʨʽʧʣʝʥʫ ʮʠʣʽʥʜʨʠʯʥʫ ʦʙʦʣʦʥʢʫ 

ʚʧʣʠʚʘʻ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ ʽ ʦʩʴʦʚʝ ʟʫʩʠʣʣʷ. ʌʫʥʢʮʽʷ ʥʦʨʤʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ 

ʦʙʦʣʦʥʢʠ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ( ) (), cosw x W x nj j= Ö . 

ʆʩʥʦʚʥʽ ʧʨʠʧʫʱʝʥʥʷ: 

1. ʎʝʥʪʨʠ ʚʘʛʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʦʞʥʦʛʦ ʰʧʘʥʛʦʫʪʘ ʣʝʞʘʪʴ ʚ 

ʩʝʨʝʜʠʥʥʽʡ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ. 

2. ʐʠʨʠʥʘ ʰʧʘʥʛʦʫʪʘ ʥʘ ʙʘʛʘʪʦ ʤʝʥʰʘ ʟʘ ʜʦʚʞʠʥʫ ʧʨʦʣʴʦʪʫ ʦʙʦʣʦʥʢʠ. 

ɺʚʦʜʷʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ: C Eh= - ʞʦʨʩʪʢʽʩʪʴ ʦʙʦʣʦʥʢʠ ʥʘ ʨʦʟʪʷʛʥʝʥʥʷ, 

0iN - ʜʦʢʨʠʪʠʯʥʝ ʢʽʣʴʮʝʚʝ ʟʫʩʠʣʣʷ ʚ ʰʧʘʥʛʦʫʪʽ (ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʡʦʛʦ 

ʤʦʞʥʘ ʧʦʢʣʘʩʪʠ ʨʽʚʥʠʤ ʥʫʣʶ); xiq , yiq - ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʟʫʩʠʣʣʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʚʠʧʠʥʘʥʥʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʰʧʘʥʛʦʫʪʘ ʟ ʦʙʦʣʦʥʢʦʶ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʦʙʦʣʦʥʢʠ ʧʦʚôʷʟʘʥʽ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

 

 v w dj=ñ ,   
v

u d
x
j

µ
=-
µ
ñ . (ɹ.1) 

 

ʊʘʥʛʝʥʮʽʘʣʴʥʽ ʟʫʩʠʣʣʷ ʚ ʦʙʦʣʦʥʮʽ ʚʠʨʘʞʘʶʪʴʩʷ ʬʦʨʤʫʣʘʤʠ: 

 

 
Eh u

T
R x

µ
=

µ
,   

T
S d

x
j

µ
=-
µ
ñ . (ɹ.2) 

 

ʋʤʦʚʠ ʩʧʨʷʞʝʥʥʷ ʧʨʦʣʴʦʪʽʚ ʦʙʦʣʦʥʢʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʰʧʘʥʛʦʫʪ: 

1) ʨʽʚʥʽʩʪʴ ʢʦʣʦʚʠʭ ʽ ʦʩʴʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʧʨʘʚʦʾ ʪʘ ʣʽʚʦʾ ʜʽʣʷʥʦʢ 

ʦʙʦʣʦʥʢʠ 

 

 i i iv v v+ -= =,   i i iu u u+ -= = ; (ɹ.3) 
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2) ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʰʧʘʥʛʦʫʪ, ʜʦʨʽʚʥʶʻ 

ʨʽʟʥʠʮʽ ʚʽʜʧʦʚʽʜʥʠʭ ʟʫʩʠʣʴ ʥʘ ʧʨʘʚʽʡ ʽ ʣʽʚʽʡ ʜʽʣʷʥʢʘʭ ʦʙʦʣʦʥʢʠ  

 

 xi i iq T T+ -= - ,   yi i iq S S+ -= - . (ɹ.4) 

 

ʈʽʚʥʷʥʥʷ ʚʠʛʠʥʫ i -ʦʛʦ ʰʧʘʥʛʦʫʪʘ ʚ ʡʦʛʦ ʧʣʦʱʠʥʽ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ 0iN ) 

ʤʘʻ ʚʠʛʣʷʜ : 

 

 

2 42 2 2 2 2
0

2 2 2 2
1 1

( ) ( )

yii i i

xi xi

R qv N R v

EJ EJj j j j

å õ å õµ µ µ µ
+ + + =æ ö æ ö

µ µ µ µç ÷ ç ÷
. (ɹ.5) 

 

ʈʽʚʥʷʥʥʷ ʚʠʛʠʥʫ i -ʦʛʦ ʰʧʘʥʛʦʫʪʘ ʽʟ ʡʦʛʦ ʧʣʦʱʠʥʽ ʤʘʻ ʚʠʛʣʷʜ [26]: 

 

 

2
2 2 2 2 2 4 2

0
2 2 2 2 2

1
( ) ( )

i i i xi
i i xi

zi zi

u N R u R q
q

EJ EJ
k k

j j j j j

å õ å õ å õµ µ µ µ µ
+ + - = -æ ö æ ö æ ö

µ µ µ µ µç ÷ ç ÷ ç ÷
, (ɹ.6) 

ʜʝ 
,

( )

( )

zi
i

tors i

EJ

GJ
k= . 

 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʬʫʥʢʮʽʾ ʧʝʨʝʤʽʱʝʥʴ ʧʦʜʘʶʪʴʩʷ ʫ ʬʦʨʤʽ 

[26]: 

 

 jj nxWxw cos)(),( Ö= ,  jj nxUxu cos)(),( Ö= ,  jj nxVxv cos)(),( Ö=## , (ɹ.7) 

 jj nxQxq xixi cos)(),( Ö= ,   jj nxQxq yiyi cos)(),( Ö=## . (ɹ.8) 

 

ɯʟ (ɹ.1) ʽ (ɹ.7) ʚʠʧʣʠʚʘʻ 

 

v w dj=ñ Ý v w= , 

 jj nxWnxV cos)(cos)( Ö=Ö# Ý )()( xWxV =# ; (ɹ.9) 

v
u d

x
j

µ
=-
µ
ñ Ý

v
u

x

µ
=-
µ
Ý

v
u

x

µ
=-
µ

, 
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2 ( ) cos ( ) cosn U x n V x nj j¡- Ö =- ÖnÝ 2 ( ) ( )n U x W x¡= Ý 

 
2

1
( ) ( )U x W x

n
¡= . (ɹ.10) 

 

ʆʩʢʽʣʴʢʠ  

 

* *cos , cos ,T T n S S nj j= =  

 

ʪʦ ʽʟ (ɹ.2), (ɹ.7), (ɹ.9) ʽ (ɹ.10) ʤʘʻʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 

 
Eh u

T
R x

µ
=

µ
Ý * cos ( ) cos

Eh
T n U x n

R
j j¡= Ý *

2

1
( )

R
T W x

Eh n
¡¡= ; (ɹ.11) 

 
T

S d
x
j

µ
=-
µ
ñ Ý

*
* T

S
x

µ
=-
µ
Ý *

2

1
( )

R
S W x

Eh n
¡¡¡- = . (ɹ.12) 

 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʧʽʜʩʪʘʥʦʚʢʠ ),( jxvi#  ʜʦ ʨʽʚʥʷʥʥʷ (ɹ.5) ʡʦʛʦ ʚʠʨʘʟ 

ʧʝʨʝʧʠʩʫʻʪʴʩʷ ʫ ʬʦʨʤʽ  

 

2 42 2 2
0

2 2
1 1

( ) ( )

yii i i

xi xi

R qv N R v

EJ EJj jj j

å õ å õµ µ µ µ
+ + + =æ ö æ ö

µ µµ µç ÷ ç ÷
, 

 

ʘ ʪʘʥʛʝʥʮʽʘʣʴʥʝ ʟʫʩʠʣʣʷ ï ʫ ʬʦʨʤʽ jj n
n

xQxq yiyi cos
1

)(),( Ö=# , ʧʽʩʣʷ ʯʦʛʦ 

ʦʪʨʠʤʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ  

 

( ) ( )
422

2 20 1
1 1 cos cos

( ) ( )

yii
i i

xi xi

R QN R
n n V n n V n n

EJ EJ n
j j

ë û
- - + - =ì ü
í ý

, 

 

ʟʚʽʜʢʠ  

 

 ( ) ( )2 2 2
02 2

1 ( )
1 1xi

yi i i

EJ
Q n n n N V

R R

ë û
= - - - +ì ü

í ý
. (ɹ.13) 
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ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ),( jxui  ʜʦ ʨʽʚʥʷʥʥʷ (ɹ.6) ʦʜʝʨʞʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ: 

 

( ) ( ) ( )
2 42

2 2 2 2 201
( ) ( )

i
i i i i xi

zi zi

N R R
n n U n n U n Q

EJ EJ
k k

ë û
- - + + + +ì ü
í ý

cos 0nj= ; 

 
( )
( )

2
2 2

0 22 2

( ) 1zi i
xi i

i

EJ n n U
Q N

RR n k

å õ-
æ ö= -
æ ö+æ ö
ç ÷

. (ɹ.14) 

 

ɯʟ (ɹ.4), (ɹ.12) ʽ (ɹ.13) ʦʪʨʠʤʫʶʪʴʩʷ ʚʠʨʘʟʠ: 

 

i i yiS S q+ -= + , 

( ) ( )* * 2 2 2
02

1 ( )
1 1xi

i i i i

R R EJ
S S n n n N V

Eh Eh EhR R
+ -

ë û
- =- - - - -ì ü

í ý
, 

 ( ) ( )2 2 2
02 2 2

1 1 1 ( )
( ) ( ) 1 1xi

i i i i

EJ
W x W x n n n N W

EhRn n R
+ -

ë û
¡¡¡ ¡¡¡= - - - -ì ü

í ý
; (ɹ.15) 

 

ʘʥʘʣʦʛʽʯʥʦ ʽʟ (ɹ.4), (ɹ.11) ʽ (ɹ.14) ï  

 

i i xiT T q+ -= + , 

( )
( )

2
22

* *
02 2

( ) 1
( )

zi

i i i i

i

EJ nR R n
T T N U x

Eh Eh EhR R n k
+ -

å õ-
æ ö= + -
æ ö+æ ö
ç ÷

, 

 
( )
( )

2
22

02 2 22 2

( ) 11 1 1
( ) ( ) ( )

zi

i i i i

i

EJ nn
W x W x N W x

EhRn n nR n k
+ -

å õ-
æ ö¡¡ ¡¡ ¡= + -
æ ö+æ ö
ç ÷

. (ɹ.16) 

 

ɺʚʦʜʷʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ ʱʦʜʦ ʞʦʨʩʪʢʦʩʪʝʡ ʰʧʘʥʛʦʫʪʘ ʚ ʩʚʦʾʡ ʧʣʦʱʠʥʽ ʪʘ ʽʟ 

ʧʣʦʱʠʥʠ: 

 

 ( ) ( )
( )

2
4 2

4 2 2
0 12 3

1 ( )1 ( )
1 1

xi ixi
i

n n EJEJ
n n n N G

EhR R CR

-ë û
- - - º =ì ü
í ý

, (ɹ.17) 
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( )
( )

( )
( )

2 2
2 2 22

0 22 2 3 2

( ) 1 1 ( )

1

zi zi i
i

i

EJ n n n EJn
N G

EhR R n CR nk

å õ- -
æ ö- º =
æ ö+ +æ ö
ç ÷

, (ɹ.18) 

 

ʪʦʜʽ ʨʽʚʥʷʥʥʷ (ɹ.15) ʽ (ɹ.16) ʧʝʨʝʧʠʰʫʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

 

 1( ) ( ) i
i i iW x W x G W+ -
¡¡¡ ¡¡¡= - ; (ɹ.19) 

 2( ) ( ) ( )i
i i iW x W x G W x+ -
¡¡ ¡¡ ¡= + . (ɹ.20) 

 

ʈʽʚʥʷʥʥʷ ʧʨʦʣʴʦʪʫ 1[ , ]i ix x+  ʦʙʦʣʦʥʢʠ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʤ ʫ ʤʘʪʨʠʯʥʦʤʫ 

ʚʠʛʣʷʜʽ: 

 

( ) ( , ) ( )i ir x A x x r x= Ö , 

ʜʝ ( )r x  ï ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʪʘ ʟʫʩʠʣʴ, ( , )iA x x  ï 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʤʘʪʨʠʮʷ ʪʘʢʦʛʦ ʪʠʧʫ, ʷʢ ʧʦʜʘʥʦ ʫ ʬʦʨʤʫʣʽ (ɹ.2.5): 

 

2

2*

*

( )

( )
( )

( )1
( )

( )( )

( )

( )

V x

n W x
U x

W x
r x R

W xnT x
Eh

W x
R

S x
Eh

å õ
æ ö

å õæ ö
æ öæ ö ¡
æ öæ ö= =
æ ö¡¡æ ö
æ öæ ö
¡¡¡ç ÷æ ö

æ ö
ç ÷

. 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʝʨʝʧʠʩʘʪʠ ʟʘʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨ, ʟʘʩʪʦʩʦʚʘʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (ɹ.9), 

(ɹ.1), (ɹ.19), (ɹ.20), (ɹ.11) ʪʘ (ɹ.22). 

ɿʘʧʨʦʚʘʜʞʫʻʪʴʩʷ ʤʘʪʨʠʮʷ 
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ʦʙʯʠʩʣʶʻʪʴʩʷ ʜʦʙʫʪʦʢ 
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ʆʩʪʘʥʥʷ ʨʽʚʥʽʩʪʴ ʻ ʥʘʩʣʽʜʢʦʤ ʨʽʚʥʦʩʪʝʡ (ɹ.3), (ɹ.4). ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʙʫʪʦʢ  
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ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʧʨʦʤʽʞʥʠʡ, )1( +i -ʡ, ʰʧʘʥʛʦʫʪ. ʉʘʤʝ ʮʠʤ ʨʽʚʥʷʥʥʷʤ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʟʥʘʯʝʥʠʡ ʤʘʪʨʠʯʥʠʡ ʤʝʪʦʜ. 
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ɼʆɼɸʊʆʂ ɺ 

ʌʈɸɻʄɽʅʊ ʇʈʆɻʈɸʄʀ MAPLE ɼʃʗ ʆʊʈʀʄɸʅʅʗ 

ʈʆɿɺôʗɿʋɺɸʃʔʅʆɻʆ ʈɯɺʅʗʅʅʗ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ ʅɸ 

ʉʊɯʁʂɯʉʊʔ çɹʆʏʂʆʇʆɼɯɹʅʆɰè ɯ çʆɾʀɺɸʃʔʅʆɰè ʆɹʆʃʆʅʆʂ 

 

 

ɺ.1 ɺʠʧʘʜʦʢ çʙʦʯʢʦʧʦʜʽʙʥʦʾè ʦʙʦʣʦʥʢʠ 

 

>  

>                              # 
2Ð F     

>                                                    # 
2

cylwÐ     

>                                                 # 
4

cylwÐ    

>  

 

## ɺʽʜʧʦʚʽʜʥʦ ʜʦ (5.5) 1 11 2 221, 1 sin .cyl

s
A a A a C

L

p
= º = = +   

 

>  
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>                               # 
2
kÐ F     

>                                    # 
2
k cylwÐ      

>        # ɺʽʜʧʦʚʽʜʥʦ ʜʦ (5.19)     

>    # ɺʽʜʧʦʚʽʜʥʦ ʜʦ (5.19) 

>    # ɺʽʜʧʦʚʽʜʥʦ ʜʦ (5.20) 

>    # ʇʝʨʰʝ ʨʽʚʥʷʥʥʷ (5.21) 

>                              #    
4Ð F   

>              # ɼʨʫʛʝ ʨʽʚʥʷʥʥʷ (5.21)) 

>    # ɺʽʜʧʦʚʽʜʥʦ ʜʦ (5.24) 
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>     # ʇʝʨʝʪʚʦʨʝʥʥʷ  (5.21) 

>  

>  
>  

>                                     # ὅὃ ὅ Ὑ 
>  

 

##### ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ɹʫʙʥʦʚʘ-ɻʘʣʴʦʨʢʽʥʘ ʧʝʨʝʜʙʘʯʘʻ ʧʦʤʥʦʞʝʥʥʷ 

ʦʜʝʨʞʘʥʦʛʦ ʚʠʨʘʟʫ ʥʘ ʬʫʥʢʮʽʶ ( )cos nj ʪʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʽʜ 0 ʜʦ2p.  

>  

>  

>  

>  

>  

>  

>             # ɺʽʜʧʦʚʽʜʥʦ ʜʦ (5.36) 

>                # ɺʽʜʧʦʚʽʜʥʦ ʜʦ (5.37) 

 








































