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ɸʅʆʊɸʎɯʗ 

 

ʐʣʶʥʴ ʅ.ɺ. ʉʪʽʡʢʽʩʪʴ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ. 

ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.23.17 çɹʫʜʽʚʝʣʴʥʘ ʤʝʭʘʥʽʢʘè (192 ï ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ 

ʽʥʞʝʥʝʨʽʷ). ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ 

ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2017. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʨʦ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ 

(ɹʂ) ʚ ʧʦʨʦʞʥʠʥʘʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʥʘʬʪʦʚʠʭ ʽ ʛʘʟʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʜʣʷ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ. ɺʦʥʠ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʦʨʽʾ ʛʥʫʯʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ 

ʪʝʦʨʽʾ ʩʧʽʣʴʥʦ ʟ ʤʝʪʦʜʘʤʠ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʝʦʨʽʾ ʢʘʥʘʣʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʩʧʝʮʽʘʣʴʥʦ ʾʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ (ʨʫʭʦʤʦʛʦ ʪʨ̔ʝʜʨʫ) ʜʦʟʚʦʣʠʣʦ ʨʦʟʜʽʣʠʪʠ hʫʢʘʥʽ 

ʟʤʽʥʥʽ ʪʘ ʟʥʘʭʦʜʠʪʠ ʾʭ ʦʢʨʝʤʦ ʫ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɿʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʤʝʪʦʜʽʚ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʘʥʘʣʽʟʫ ʩʪʽʡʢʦʩʪʽ 

ʧʨʫʞʥʠʭ ʩʠʩʪʝʤ ʧʦʙʫʜʦʚʘʥʦ ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʦʜʥʦʨʽʜʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʫ ʢʘʥʘʣʘʭ 

ʩʚʝʨʜʣʦʚʠʥ ʟ ʧʨʷʤʦʣʽʥʽʡʥʠʤʠ, ʢʦʣʦʚʠʤʠ ʪʘ ʟʘʛʘʣʴʥʠʤʠ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ 

ʦʩʴʦʚʠʤʠ ʣʽʥʽʷʤʠ. 

ɺʠʢʦʥʘʥʠʡ ʯʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʟ ̔ʟʤʽʥʥʠʤʠ ʢʫʪʘʤʠ ʥʘʭʠʣʫ ʪʨʘʻʢʪʦʨʽʡ ʪʘ ʟʥʘʯʝʥʴ ʢʨʠʚʠʟʥʠ ʜʣʷ 

ʨʽʟʥʠʭ ʛʣʠʙʠʥ ʩʚʝʨʜʣʦʚʠʥ ʽ ʾʭ ʚʽʜʜʘʣʝʥʴ ʚʽʜ ʙʫʨʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʦʞ ʧʨʠ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ. ɿʥʘʡʜʝʥʦ ʢʨʠʪʠʯʥʽ ʚʝʣʠʯʠʥʠ ʟʦʚʥʽʰʥʽʭ 

ʚʧʣʠʚʽʚ, ʧʦʙʫʜʦʚʘʥʽ ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʬʦʨʤʠ 

ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ ʘʙʦ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʭ ʚʝʡʚʣʝʪʽʚ, ʷʢʽ ʣʦʢʘʣʽʟʦʚʘʥʽ ʫ 

ʚʥʫʪʨʽʰʥʽʭ ʟʦʥʘʭ ʩʚʝʨʜʣʦʚʠʥ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʧʦʩʪʫʧʦʚʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʥʘʬʪʠ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, 

ʚʠʜʦʙʫʪʠʭ ʟ ʥʘʜʛʣʠʙʦʢʠʭ ʧʽʜʟʝʤʥʠʭ ʨʝʟʝʨʚʫʘʨʽʚ, ʧʦʚËʷʟʘʥʝ ʟ ʚʠʩʥʘʞʝʥʥʷʤ 

ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ. ɼʦʤʽʥʫʶʯʫ ʨʦʣʴ ʫ ʪʝʭʥʦʣʦʛʽʷʭ ʾʭ 

ʚʠʜʦʙʫʪʢʫ ʧʦʯʠʥʘʻ ʚʽʜʽʛʨʘʚʘʪʠ ʤʝʪʦʜʦʣʦʛʽʷ ʧʨʦʭʦʜʢʠ ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚ 

ʩʣʘʥʮʝʚʠʭ ʧʦʨʦʜʘʭ. 
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ʋ ʟʚËʷʟʢʫ ʟ ʮʠʤ, ʥʘʬʪʦʚʦʶ ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥ ̔ ʪʘ 

ʨʦʟʚʠʥʝʥ ̔ʤʝʪʦʜʠ ʧʦʭʠʣʦʛʦ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʽʥʥʷ ʚ ʩʣʘʥʮʝʚʠʭ ʧʦʨʦʜʘʭ 

ʪʘ ʧʨʦʮʝʜʫʨʘ ʾʭ ʛʽʜʨʦʨʦʟʨʠʚʫ. ʇʨʠ ʮʴʦʤʫ ʪʝʭʥʦʣʦʛʽʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʽʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʧʘʣʠʚʘ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʠʙʠʥʽ ʚʠʨʦʙʥʠʯʠʭ ʫʪʚʦʨʝʥʴ, ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʚʠʜʦʙʫʪʢʫ. ɸʣʝ ʫʩʢʣʘʜʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʙʫʨʽʥʥʷ ʚʠʷʚʠʣʦʩʴ ʧʦʚ'ʷʟʘʥʝ 

ʪʘʢʦʞ ʟ̔ ʟʙʽʣʴʰʝʥʥʷʤ ʨʠʟʠʢʽʚ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʆʜʥʘ ʟ ʥʠʭ 

ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ 

ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʧʦʨʦʞʥʠʥʽ ʩʚʝʨʜʣʦʚʠʥʠ. ʎʝʡ ʝʬʝʢʪ ʻ ʘʥʘʣʦʛʦʤ ʝʡʣʝʨʦʚʦʾ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʫʞʥʦʛʦ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʩʪʠʩʥʫʪʦʛʦ ʩʪʨʠʞʥʷ, ʘʣʝ ʚʽʥ 

ʧʨʦʪʽʢʘʻ ʫ ʙʽʣʴʰ ʩʢʣʘʜʥʽʡ ʬʦʨʤʽ, ʦʩʢʽʣʴʢʠ ʪʨʫʙʘ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʤʘʻ 

ʢʨʠʚʦʣʽʥʽʡʥʫ ʬʦʨʤʫ ʽ ʾʾ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙʤʝʞʫʻʪʴʩʷ ʧʦʚʝʨʭʥʝʶ ʩʪʽʥʢʠ 

ʩʚʝʨʜʣʦʚʠʥʠ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʘ ʧʽʜʜʘʻʪʴʩʷ ʜʽʾ ʛʨʘʚʽʪʘʮʽʡʥʠʭ, ʢʦʥʪʘʢʪʥʠʭ ʪʘ 

ʬʨʠʢʮʽʡʥʠʭ ʩʠʣ, ʘ ʪʘʢʦʞ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʩʪʠʩʢʘʁ ʯʽ ʪʘ 

ʨʦʟʪʷʛʫʶʯʽ ʚʥʫʪʨʽʰʥʽ ʦʩʴʦʚʽ ʩʠʣʠ ʚ ʙʫʨʠʣʴʥʽʡ ʢʦʣʦʥʽ. ɸʣʝ ʥʘʡʙʽʣʴʰ 

ʩʧʝʮʠʬʽʯʥʘ ʦʩʦʙʣʠʚʽʩʪ ɹ ʷʚʠʱʘ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʧʦʚ'ʷʟʘʥʘ ʟ ʚʝʣʠʢʦʶ 

ʜʦʚʞʠʥʦʶ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʪʘ ʾʾ ʚʽʜʥʦʩʥʦ ʤʘʣʦʶ ʟʛʠʥʘʣʴʥʦʶ ʞʦʨʩʪʢʽʩʪʶ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʥʘʧʨʷʤʽʚ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʮʽʣʷʤʠ, 

ʪʚʝʨʜʞʝʥʥʷʤʠ, ʤʝʪʦʜʘʤʠ ʨʦʟʚËʷʟʘʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʇʝʨʰʠʡ ʧʽʜʭʽʜ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʠʚʯʝʥʥʷʤ ʟʘʢʨʠʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ 

ʩʚʝʨʜʣʦʚʠʥʽ. ɺʥ̔ ̌ʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʟʘʢʨʠʪʠʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ 

ʜʽʣʷʥʢʠ ɹʂ ʷʚʣʷʻ ʩʦʙʦʶ ʜʝʷʢʫ ʨʝʛʫʣʷʨʥʫ ʘʙʦ ʥʝʨʝʛʫʣʷʨʥʫ ʩʧʽʨʘʣʴ ʟ ʟʘʜʘʥʠʤ 

ʨʘʜʽʫʩʦʤ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʟʘʟʦʨʫ ʤʽʞ ɹʂ ʪʘ ʧʦʚʝʨʭʥʝʶ ʩʚʝʨʜʣʦʚʠʥʠ. ʆʩʥʦʚʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʦʾ ʟʘʢʨʠʪʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ɹʂ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʚ ʧʨʘʮʷʭ Fang et 

al., Kwon, Lubinski, Mitchell, Mitchell and Miska, Sun and Lukasiewicz, Van der 

Heijden et al., Wang and Yuan, Zhao et al. ʗʢ ʧʨʘʚʠʣʦ, ʭʾ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʙʘʟʫʚʘʣʘʩʴ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʧʽʩʣʷ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚʽʩʴ ɹʂ ʥʘʙʫʚʘʻ 

ʨʝʛʫʣʷʨʥʫ ʩʧʽʨʘʣʴʥʫ ʬʦʨʤʫ ʟ ʧʦʩʪʽʡʥʠʤ ʢʨʦʢʦʤ ʪʘ ʘʤʧʣʽʪʫʜʦʶ, ʽ ʪʦʤʫ ʜʣʷ 

ʧʨʫʞʥʦʛʦ ʩʪʨʠʞʥʷ ʟ ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʪʘ ʜʝʬʦʨʤʘʮʽʷʤʠ 

ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʘ ʦʙʝʨʥʝʥʘ ʧʨʦʙʣʝʤʘ, ʧʨʘʛʥʫʯʠ ʦʪʨʠʤʘʪʠ ʧʨʦʩʪʠʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚËʷʟʦʢ.  ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʧʨʘʮʷʭ 

Krauberger et al., Singh and Kumar, and Thompson et al.. ʂʦʤʧʣʝʢʩʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʦʛʣʷʜʦʚʠʭ ʩʪʘʪʪʷʭ Cunha, Gao and 

Huang, and Mitchell. 
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ɼʨʫʛʘ ʦʩʦʙʣʠʚʽʩʪʴ ʷʚʠʱʘ ʚʠʧʠʥʘʥʥʷ ʧʦʚ'ʷʟʘʥʘ ʟ ʘʥʘʣʽʟʦʤ ʝʡʣʝʨʽʚʩʴʢʦʾ 

ʩʪʽʡʢʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʠʭ ɹʂ. ɺʦʥʘ ʧʦʣʷʛʘʻ ʚ ʧʦʩʪʘʥʦʚʮʽ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯ ̔

ʐʪʫʨʤʘ-ʃʽʫʚʽʣʣʷ ʜʣʷ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʢʚʘʟʽʩʪʘʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ɹʂ, ʱʦ 

ʦʙʝʨʪʘʻʪʴʩʷ, ʚ ʦʙʣʘʩʪʽ ʚʩʽʻʾ ʾʾ ʜʦʚʞʠʥʠ. ʎʷ ʟʘʜʘʯʘ ʙʫʣʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ɹʂ ʪʘ ʩʪʽʥʢʘʤʠ ʩʚʝʨʜʣʦʚʠʥ, ʪʦʤʫ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʘʜʝʢʚʘʪʥʠʤʠ ʣʠʰʝ ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʝʪʘʧʫ 

ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. ʊʠʤ ʥʝ ʤʝʥʰ, ʨʝʟʫʣʴʪʘʪʠ ʾʾ ʨʦʟʚËʷʟʘʥʥʷ ʜʦʟʚʦʣʠʣʠ 

ʚʩʪʘʥʦʚʠʪʠ ʜʝʷʢʽ ʟʘʛʘʣʴʥʽ ʚʠʩʥʦʚʢʠ, ʚʘʞʣʠʚʽ ʜʣʷ ʧʨʘʢʪʠʢʠ. ʇʝʨʰ ʟʘ ʚʩʝ, 

ʧʨʦʮʝʩ ʚʠʧʠʥʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʚ ʥʠʞʥʽʡ ʟʦʥʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʩʪʠʩʥʫʪʘ ʯʘʩʪʠʥʘ ɹʂ. 

ʂʨʽʤ ʪʦʛʦ, ʚʣʘʩʥ ̔ʬʦʨʤʠ ʻ ʢʦʨʦʪʢʠʤʠ ʩʧʽʨʘʣʷʤʠ, ʘ ʚʣʘʩʥ ̔ʟʥʘʯʝʥʥʷ ʚʠʚʝʜʝʥʠʭ 

ʨʽʚʥʷʥʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽʤʠ ʦʩʴʦʚʠʤʠ ʩʠʣʘʤʠ ʩʪʠʩʥʝʥʥʷ, ʢʨʫʪʥʠʤ 

ʤʦʤʝʥʪʦʤ, ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ɹʂ ʪʘ ʰʚʠʜʢʽʩʪʶ ʧʦʪʦʢʫ 

ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ. ʎʽ ʚʠʩʥʦʚʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʯʘʩʪʢʦʚʦ ʫʟʘʛʘʣʴʥʝʥʽ ʥʘ ʧʨʦʮʝʩʠ 

ʢʦʣʠʚʘʥʴ ʛʥʫʯʢʠʭ ɹʂ. 

ʗʚʠʱʝ ʚʠʧʠʥʘʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ɹʂ ʦʪʨʠʤʫʻ ʧʦʜʘʣʴʰʝ ʫʩʢʣʘʜʥʝʥʥʷ, 

ʷʢʱʦ ʚʦʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʘʥʘʣʽ ʛʣʠʙʦʢʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʟʤʽʥʥʦʾ ʢʨʠʚʠʟʥʠ. 

ʄʘʙʫʪʴ, ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʦʥʦ ʤʦʞʝ ʤʦʜʝʣʶʚʘʪʠʩʷ ʪʝʦʨʝʪʠʯʥʦ ʪʽʣʴʢʠ ʧʨʠ ʜʝʷʢʠʭ 

ʧʨʠʧʫʱʝʥʥʷʭ, ʱʦ ʽʩʪʦʪʥʦ ʩʧʨʦʱʫʶʪʴ ʜʘʥʫ ʧʨʦʙʣʝʤʫ, ʪʘ ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ 

ʛʝʦʤʝʪʨʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʝʬʝʢʪʫ. ʆʩʢʽʣʴʢʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʨʠʪʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ ɹʂ ʚ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʢʘʥʘʣʽ 

ʧʦʚ'ʷʟʘʥʝ ʟ ʚʝʣʠʢʠʤʠ ʪʨʫʜʥʦʱʘʤʠ, ʟʥʘʯʥʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʟʘʜʘʯʘ ʧʨʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ɹʂ ʽ ʧʨʦʛʥʦʟʫ ʾʾ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘ 

ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʚʠʧʠʥʘʥʥʷ. ʇʦʩʪʘʥʦʚʢʘ ʮʽʻʾ ʟʘʜʘʯʽ ʪʘʢʦʞ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʽʜʭʦʜʫ ɽʡʣʝʨʘ ʜʦ ʧʨʦʙʣʝʤʠ ʩʪʽʡʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʬʦʨʤʠ 

ʨʽʚʥʦʚʘʛʠ, ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʛʠʥʘʥʥʷ ɹʂ ʥʘ ʾʾ ʚʩʽʡ ʜʦʚʞʠʥʽ ʩʪʘʻ 

ʟʘʩʢʣʘʜʥʠʤ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, ʱʦ ʢʨʠʚʠʟʥʘ ʪʘ ʢʫʪ ʥʘʭʠʣʫ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ɹʂ 

ʟʤʽʥʶʶʪʴʩʷ ʫʟʜʦʚʞ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʘ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙʤʝʞʝʥʽ 

ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. ʊʦʤʫ ʦʩʴʦʚʘ ʚʥʫʪʨʽʰʥʷ ʩʠʣʘ ʚ ɹʂ, ʘ ʪʘʢʦʞ ʢʦʥʪʘʢʪʥʘ 

ʩʠʣʘ, ʩʠʣʘ ʪʝʨʪʷ ʪʘ ʦʨʽʻʥʪʘʮʽʷ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʱʦ ʧʨʠʪʠʩʢʘʻ ɹʂ ʜʦ ʩʪʽʥʢʠ 

ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʧʝʨʝʰʢʦʜʞʘʻ ʾʾ ʚʠʧʠʥʘʥʥʶ, ʩʪʘʶʪʴ ʽʩʪʦʪʥʦ ʟʤʽʥʥʠʤʠ. 

ʆʜʥʘʢ ʷʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʝ ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʚʝʣʠʢʦʶ ʜʦʚʞʠʥʦʶ ɹʂ ʪʘ ʾʾ ʚʽʜʥʦʩʥʦ ʤʘʣʦʶ ʞʦʨʩʪʢʽʩʪʶ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʨʘʥʽʰʝ ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 
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ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʮʽ ʩʪʨʫʢʪʫʨʠ, ʥʘʣʝʞʘʪʴ ʜʦ ʪʘʢ ʟʚʘʥʦʛʦ ʩʠʥʛʫʣʷʨʥʦ 

ʟʙʫʨʝʥʦʛʦ ʪʠʧʫ. ʉʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʤʠ ʟʘʜʘʯʘʤʠ ʚ ʪʝʦʨʽʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʷʥʥʷ ʟ ʤʘʣʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜ ʩʪʘʨʰʦ  ʁʧʦʭʽʜʥʦ .ʁ 

ʗʢ ʧʨʘʚʠʣʦ, ʚʦʥʠ ʤʘʶʪʴ ʥʝʨʝʛʫʣʷʨʥʽ ʨʦʟʚËʷʟʢʠ, ʦʩʢʽʣʴʢʠ ʦʧʠʩʫʪʁʴʩʷ 

ʬʫʥʢʮʽʷʤʠ ʟ ʤʘʡʞʝ ʨʦʟʨʠʚʥʠʤʠ ʧʦʭʽʜʥʠʤʠ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ L. Prandle 

ʧʝʨʰʠʤ ʧʨʠʚʝʨʥʫʚ ʫʚʘʛʫ ʜʦ ʮʴʦʛʦ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʫ ʟʚ'ʷʟʢʫ ʟ 

ʧʨʠʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ ʛʨʘʥʠʯʥʠʭ ʰʘʨʽʚ ʚ ʛʽʜʨʦʜʠʥʘʤʽʮʽ ʪʘ ʪʝʭʥʽʮʽ. ɰʭ 

ʚʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʣʷ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ 

ʧʝʨʽʦʜʠʯʥʽ ʨʦʟʚËʷʟʢʠ ʫ ʚʠʛʣʷʜʽ ʣʘʤʘʥʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʬʘʟʦʚʠʭ ʧʦʨʪʨʝʪʽʚ. 

ɺʽʙʨʘʮʽʾ ʮʴʦʛʦ ʪʠʧʫ ʥʘʟʠʚʘʶʪʴʩʷ ʨʝʣʘʢʩʘʮʽʡʥʠʤʠ (Mishchenko and Rozov 

1975). ʇʨʠ ʮʴʦʤʫ ʧʨʦʙʣʝʤʠ ʘʥʘʣʽʟʫ ʚʠʛʠʥʫ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʛʣʠʙʦʢʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ Chang and Howes ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʨʽʚʥʷʥʴ ʟ 

ʧʦʟʠʮʽʡ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. ɸʥʘʣʽʟʫʶʯʠ ʜʚʦʪʦʯʢʦʚʫ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʜʣʷ 

ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʚʦʥʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʽ 

ʟʘʜʘʯʽ ʻ ʧʦʛʘʥʦ ʦʙʫʤʦʚʣʝʥʠʤʠ, ʾʭ ʨʦʟʚËʷʟʢʠ ʤʘʶʪʴ ʚʠʛʣʷʜ ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ ʽ 

ʧʦʛʘʥʦ ʟʙʽʛʘʶʪʴʩʷ. ʊʫʪ ʜʦʨʝʯʥʦ ʟʛʘʜʘʪʠ ʤʦʥʦʛʨʘʬʽʶ Elishakoff et al., 

ʧʨʠʩʚʷʯʝʥʫ ʘʥʘʣʽʟʫ ʫʩʢʣʘʜʥʝʥʠʭ (ʥʝʢʣʘʩʠʯʥʠʭ) ʟʘʜʘʯ ʧʨʦ ʚʠʧʠʥʘʥʥʷ 

ʧʨʫʞʥʠʭ ʩʪʨʠʞʥʽʚ. 

ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʚËʷʟʢʽʚ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʭ ʟʘʜʘʯ ʙʫʣʠ 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʥʘʤʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʪʽʡʢʦʩʪʽ ɹʂ ʚ ʛʣʠʙʦʢʠʭ ʩʢʝʨʦʚʘʥʠʭ 

ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʽ ʢʦʣʦʚʦʛʦ ʦʙʨʠʩʫ ʩʚʝʨʜʣʦʚʠʥʘʭ. ʋ ʥʘʰʠʭ ʨʦʙʦʪʘʭ ʜʣʷ 

ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʧʦʭʠʣʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ 

ʢʫʪʘ ʥʘʭʠʣʫ ʽ ʩʠʣ ʪʝʨʪʷ, ʝʬʝʢʪ ʚʠʧʠʥʘʥʥʷ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʭ ʚʝʡʚʣʝʪʽʚ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʫ ʚʥʫʪʨʽʰʥʽʡ ʯʘʩʪʠʥʽ ʜʦʚʞʠʥʠ 

ɹʂ ʘʙʦ ʚ ʾʾ ʧʨʠʢʨʘʡʦʚʽʡ ʟʦʥʽ. ʇʦʜʽʙʥʽ ʝʬʝʢʪʠ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʜʣʷ ɹʂ, ʱʦ 

ʣʝʞʘʪ ɹ ʚ ʩʝʛʤʝʥʪʘʭ ʢʦʣʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ. ʆʜʥʘʢ ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʜʣʷ ʩʢʝʨʦʚʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʟ ʧʨʦʩʪʦ  ʁ ʛʝʦʤʝʪʨʽʻ,ʁ ʪʦʜʽ ʷʢ ʥʘ 

ʧʨʘʢʪʠʮʽ ʩʚʝʨʜʣʦʚʠʥʠ ʤʘʶʪʴ ʟʤʽʥʥʫ ʢʨʠʚʠʟʥʫ ʪʘ ʢʫʪʠ ʥʘʭʠʣʫ. ʋ ʮʠʭ 

ʚʠʧʘʜʢʘʭ ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ ʤʽʩʮʷ ʣʦʢʘʣʽʟʘʮʽʾ ʬʦʨʤ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ; 

ʦʪʞʝ, ʘʥʘʣʽʟ ʝʬʝʢʪʫ ʚʠʧʠʥʘʥʥʷ ʧʦʚʠʥʝʥ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʦʙʣʘʩʪʽ ʧʦʚʥʦʾ ʜʦʚʞʠʥʠ ʢʦʣʦʥʠ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣ ̫ʚʠʚʯʝʥʥʷ ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ 

ʢʘʥʘʣʽ ʧʦʭʠʣʦʾ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʜʠʩʝʨʪʘʥʪʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʝʪʦʜʠ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʩʪʽʡʢʦʩʪʽ ʧʨʫʞʥʠʭ ʩʠʩʪʝʤ, ʥʝʣʽʥʽʡʥʘ ʪʝʦʨʽʷ 
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ʧʨʫʞʥʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ, ʤʝʪʦʜʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʪʝʦʨʽʾ 

ʢʘʥʘʣʦʚʠʭ ʧʦʚʝʨʭʦʥʴ. ʂʨʠʪʠʯʥʽ ʩʪʘʥʠ ɹʂ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ. 

ʇʨʠʡʥʷʪʽ ʜʚʽ ʩʭʝʤʠ ʨʦʟʚËʷʟʘʥʥʷ. ʇʝʨʰʘ ʩʭʝʤʘ ʨʦʟʛʣʷʥʫʪʘ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʩʠʣʠ ʪʝʨʪʷ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʠʣʠ ʪʝʨʪʷ ʚʽʜʩʫʪʥʽ, ɹʂ ʻ 

ʥʝʨʫʭʦʤʦ ,ʁ ʽ ʚʦʥʘ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʘ ʩʠʣʘʤʠ ʪʷʞʽʥʥʷ ʪʘ ʩʪʠʩʢʘʶʯʠʤʠ 

ʦʩʴʦʚʠʤʠ ʩʠʣʘʤʠ, ʱʦ ʧʨʠʢʣʘʜʝʥ ̔ʜʦ ʾʾ ʥʠʞʥʴʦʛʦ ʢʽʥʮʷ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ 

ɹʂ ʨʫʭʘʻʪʴʩʷ ʽ ʧʽʜʜʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʽʡ ʜʽʾ ʧʦʟʜʦʚʞʥʽʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʣ ʪʝʨʪʷ, 

ʷʢʽ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʢʦʥʪʘʢʪʥʽ ʩʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʢʦʥʫ ʂʫʣʦʥʘ. 

ʇʨʠ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ, ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʦʟʚËʷʟʘʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʦʚʥʽʰʥʽ ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʩʠʣʠ ʢʦʥʪʘʢʪʥʦʾ ʪʘ 

ʬʨʠʢʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʧʦʪʽʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ɹʂ ʽ 

ʚʥʫʪʨʽʰʥʷ ʦʩʴʦʚʘ ʩʠʣʘ. ɿ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʬʦʨʤʫʣʶʻʪʴʩʷ 

ʪʘ ʨʦʟʚËʷʟʫʻʪʴʩʷ ʟʘʜʘʯʘ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʦʜʥʦʨʽʜʥʠʭ 

ʨʽʚʥʷʥ,ɹ ʧʦʪʽʤ ʟʥʘʭʦʜʷʪʴʩʷ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʩʠʣ ʪʘ ʙʫʜʫʶʪʴʩʷ ʬʦʨʤʠ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʬʦʨʤʘ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ 

ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʧʣʠʚʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʠʣʘʤʠ 

ʪʷʞʽʥʥʷ ʪʘ ʩʠʣʘʤʠ ʪʝʨʪʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʩʚʝʨʜʣʦʚʠʥʘ ʤʘʻ ʧʽʜʡʦʤʠʩʪʫ 

ʪʨʘʻʢʪʦʨʽʶ, ɹʂ ʧʝʨʝʥʘʜʧʨʫʞʝʥʘ ʩʠʣʘʤʠ ʪʷʞʽʥʥʷ ʪʘ ʦʩʴʦʚʦʶ ʩʠʣʦʶ ʨʦʟʪʷʛʫ, ʽ 

ʮʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʦʩʴʦʚʠʭ ʩʠʣ ʪʝʨʪʷ, ʱʦ ʩʪʠʩʢʘʶʪ ɹɹʂ ʧʨʠ ʾʾ 

ʦʧʫʩʢʘʥʥʽ, ʽ ʧʨʠʟʚʦʜʷʪ ɹʜʦ ʾʾ ʚʠʧʠʥʘʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʽ 

ʬʦʨʤʦʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ ɹʂ, ʘʥʘʣʦʛʽʯʥʦ ʪʦʤʫ, ʷʢ ʮʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʧʦʭʠʣʠʭ ʢʘʥʘʣʘʭ. ʊʦʜʽ ʜʣʷ ʘʥʘʣʽʟʫ ʮʴʦʛʦ 

ʝʬʝʢʪʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʧʦʭʠʣʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɸʣʝ ʢʦʣʠ ʩʚʝʨʜʣʦʚʠʥʘ ʻ ʧʦʣʦʛʦʶ, ʩʠʣʘ ʪʷʞʽʥʥʷ ʧʝʨʝʚʘʞʥʦ ʧʨʠʪʠʩʢʘʻ ɹʂ ʜʦ 

ʩʪʽʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ, ʛʝʥʝʨʫʶʯʠ ʩʠʣʠ ʪʝʨʪʷ, ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʚʧʣʠʚ ʥʘ ɹʂ 

ʦʩʴʦʚʦ ʾʩʠʣʠ ʨʦʟʪʷʛʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ 

ʦʩʴʦʚʦʾ ʩʠʣʠ ʩʪʠʩʥʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʜʦʚʞʠʥʠ ɹʂ, ʟʘʜʘʯʘ ʩʪʘʻ 

ʚʥʫʪʨʽʰʥʴʦ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʦ ,ʁ ʽ ʪʝʧʝʨ ʟʦʥʠ ʚʠʧʠʥʘʥʥʷ ɹʂ ʥʝʚʽʜʦʤʽ. 

ɸʥʘʣʽʟ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʤʠ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʢʨʠʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʧʦʙʫʜʫʚʘʪʠ ʚʝʡʚʣʝʪʠ ʾʭ ʙʽʬʫʨʢʘʮʽʾ, ʦʙʯʠʩʣʶʚʘʪʠ ʾʭ ʢʨʦʢʠ ʽ ʰʠʨʠʥʫ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʷ ʾʭ ʣʦʢʘʣʽʟʘʮʽʾ. 
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʟʘʧʦʙʽʛʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʧʽʜ ʯʘʩ ʙʫʨʽʥʥʷ ʛʣʠʙʦʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʥʘʬʪʦʚʠʭ ʽ ʛʘʟʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ, ʢʨʠʚʦʣʽʥʽʡʥʘ ʩʚʝʨʜʣʦʚʠʥʘ, ʢʘʥʘʣʦʚʘ 

ʧʦʚʝʨʭʥʷ, ʩʪʽʡʢʽʩʪʴ ʨʽʚʥʦʚʘʛʠ, ʙʽʬʫʨʢʘʮʽʡʥʝ ʚʠʧʠʥʘʥʥʷ. 
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In the dissertation the problem on a drill string stability loss in the cavity of a 

curvilinear oil and gas bore-holes is stʘted. The new mathematic models and 

analysis methods are elaborated for computer investigation of the processes of drill 

string deforming. They are based on the choice of the theory of curvilinear flexible 

beams. The use of this theory jointly with the methods of vector analysis, theory of 
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channel surfaces and special reference systems (moving trihedron) permitted to 

divide the unknown variables and to determine them separately in the certain 

sequence.  

Through the application of methods of structural mechanics for analysis of 

elastic system stability, the linearized homogeneous equations are constructed for 

computer simulation of the drill string buckling in the bore-hole channels with 

rectilinear, circumferential, and general curvilinear axis lines. 

The numerical analysis of the drill string buckling in the bore-holes with 

variable conditions of the trajectories inclinations and curvatures values are 

performed for different values of the bore-hole depths and their extensions from 

the rigs, as well as values of the friction coefficient. The critical values of the 

external influences are found, the modes of stability loss are constructed. It is 

shown that they have the shapes of boundary effects or shortpitched wavelets 

localized in the internal zones of the bore-holes. 

At the present time, progressively increasing volumes of oil and natural gas 

are extracted from hyper deep unconventional underground resources in 

connection with the depletion of the easily accessible hydrocarbon fuels. In these 

technologies, methods of processing shale formation begin to play a dominant role. 

In being so, the horizontal drilling of deep shale rocks and massive hydraulic 

fracturing have been developed and advanced by the petroleum industry. The 

horizontal drilling techniques are used to provide greater access to the fuel trapped 

deep in the producing formations and to enhance efficiency of the extraction 

process. But complication of the drilling technologies became associated with 

increase of emergency situation rise risks. One of them appears as the result of the 

drill string (DS) buckling in the bore-hole channel. This effect is analogues to the 

Eulerian stability loss of an elastic rectilinear compressed rod but it proceeds in a 

much more complicated form, inasmuch as a DS tube has curvilinear shape and its 

displacements are restricted by the bore-hole wall surface. Besides, it is subjected 

to the action of gravity, friction, and contact forces and torque which generate 

compressive and tensile internal axial forces in the DS. But the most specific 
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feature of the considered phenomenon is connected with the large length of the DS 

and its small bending stiffness. 

There are several dissimilar lines of this problem attack, which differ by aims, 

statements, methods of solutions and results. The first approach is connected with 

examination of a post-critical equilibrium of the DS in the bore-hole. It is founded 

on the supposition that the post-critical configuration of the DS segment represents 

some regular or irregular spiral with the preset radius, which is equal to the 

clearance between the DS and bore-hole surfaces. The basic properties of the DS 

post-critical performance were analyzed by Fang et al., Kwon, Lubinski, Mitchell, 

Mitchell and Miska, Sun and Lukasiewicz, Van der Heijden et al., Wang and 

Yuan, Zhao et al.. Usually, their formulation of the problem was founded on 

assumption that after stability loss, the DS axis gains a regular spiral shape with a 

constant pitch and therefore an inverse problem could be stated for the elastic rod 

with the preset geometry and strains in an effort to acquire simple analytic 

solution. Analogous approaches were employed by Krauberger et al., Singh and 

Kumar, and Thompson et al.. Comprehensive survey of this approach is presented 

by Cunha, Gao and Huang, and Mitchell. 

The second group of the buckling phenomena is connected with analysis of 

Eulerian stability of the vertical DSs. It consists in the statement of the Sturm-

Liouville boundary value problem for the linear equations of the rotary DS quasi-

static equilibrium in the domain of the whole length of the DS. It was formulated 

without taking into consideration contact interaction between the DS and bore-hole 

walls, which was why the gained results were adequate only for the stage of the 

buckling process incipience. Nevertheless they permitted one to establish some 

general conclusions which were important for practice. First of all, the buckling 

process is accompanied by boundary effects prevailing in the bottom zone of the 

bore-hole where the DS segment is compressed. Besides, the eigen modes are short 

pitch spirals and the eigen values of the deduced equations are determined by the 

internal axial tensile and compressive forces, torque, angular velocity of the DS 
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rotation, and velocity of the mud flow. These inferences can be partially 

generalized to the processes of the DS bending vibrations.  

The phenomena of the DS buckling assume further complications if they 

proceed inside the channels of the deep inclined curvilinear bore-holes. In our 

opinion, at the present time, they can be theoretically simulated only under some 

simplifying assumptions relative to their geometry and conditions of their 

realization. It is very difficult to study nonlinear post-critical bending of the DS 

inside curvilinear channel cavity, therefore the problem of prediction its incipient 

critical buckling acquires special importance. Statement of this problem is also 

based on the Eulerian stability loss analysis but this time, the linear differential 

equations formulated in the domain of the full length of the bore-hole gain 

essential complication. It is caused by varying of the internal longitudinal force 

along the DS axis, as well as change of contact and friction forces, and orientation 

of gravity force which compresses the DS to the bore-hole wall and impedes its 

buckling. Besides, the bore-hole curvature and angle of its inclination become 

variable and the DS displacements are constrained by the well wall. 

However, the most serious complexity of the considered problem is associated 

with large length of the curvilinear DS and its small bending stiffness. As shown in 

scientific literature, the differential equations formulated for analysis of these 

structures belong to the so called singularly perturbed type. The title singularly 

perturbed problems was given to the problems of the theory of differential 

equations with a small parameter, appearing before the senior derivatives.  as a 

rule, they have irregular solutions with nearly discontinuous derivatives. It is 

belived that L. Prandle was the first one to attract attention to this scientific 

direction in connection with the applied problem of boundary layers in 

hydrodynamics and technology. Their distinguishing feature for the oscillatory 

systems is that they have periodic solutions in the shape of broken straight lines 

with rectangular phase portraits. The vibrations of this type are called relaxation 
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(Mishchenko and Rozov 1975). Among these are the problems on analysis of drill 

string bending in deep bore-holes.   Chang and Howes investigated this type of 

equations issuing from the positions of applied mathematics. They showed, 

studying two-point boundary value problem for the ordinary differential equations, 

that the singularly perturbed problems are poorly conditioned and have solutions in 

the forms of boundary effects, possessing poor convergence of calculations. Here, 

it is pertinent to remember the monograph by Elishakoff et. al. associated with 

analysis of complicated (non-classical) buckling of elastic rods.  

These peculiarities of the singularly perturbed problems were also corroborated 

in analysis of DSs stability in deep directed bore-holes. In our papers, it was 

established for the rectilinear inclined wells that, depending on the values of the 

inclination angle value and friction forces, the buckling effect can be realized in 

the shape of short wave harmonic wavelets localized inside the DS length or in the 

vicinity of its boundary. Similar effects were found for the DSs lying in segments 

of circular bore-holes. Yet, these features were detected for the directed bore-holes 

with simple geometry, whereas in actual practice, the bore-holes have variable 

curvatures and inclination angles. In these cases, it is not possible to predict the 

places of the stability loss mode localization; therefore, the buckling analysis 

should be performed with the use of integral perspective in the domain of the 

whole tubular string length. 

To realize the integral approach to the study of the DS buckling in the channel 

of an inclined curvilinear bore-hole, the nonlinear theory of elastic curvilinear rods, 

methods of differential geometry and theory of channel surfaces are used. The 

critical states of the DS are studied with the help of the linearized fourth order 

ordinary differential equations. 

Two calculation schemes are considered. The first one is frictionless. It is 

assumed that the friction forces are absent, the DS is immovable and it is preloaded 

by gravity forces and compressive axial force applied at its lower end. In the 
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second case, the DS trips in and it is subjected to additional action of longitudinal 

distributed friction forces, which are expressed through contact forces with the use 

of the Coulomb law. 

In computer simulations, firstly, the external distributed gravity, contact, and 

friction forces are calculated, then, the stress-strain state of the DS and internal 

axial force are determined. With their use,  the eigen value problem for linearized 

homogeneous equations is stated and solved. In the results, the critical values of 

forces are calculated and modes of the DS buckling are constructed. 

The results of computations attest that the form of the buckling phenomenon 

depends on the relation between the influence of gravity and friction forces. Thus, 

if the bore-hole is steep, the gravity force prestresses the DS with tensile axial 

force and it is not implicated in forming axial friction forces, compressing the DS 

in its lowering and conducing to its buckling. In this case, the DS buckles in its 

lower end, similarly to that occurring in rectilinear inclined holes. Then, the model 

of a rectilinear inclined bore-hole can be used for this effect analysis. But when the 

bore-hole is shallow, the gravity forces mainly compress the DS to the hole wall 

generating friction forces without involving into preloading the DS with tensile 

axial force. In this case, maximal values of the compressive internal axial force 

take place inside the DS length, the DS becomes internally singularly perturbed, 

and now, the zone of its buckling is unknown. Analysis of this process should be 

done on the basis of the proposed global approach. It allows to determine the 

critical loads, to construct wavelets of their bifurcation modes, and to calculate 

their pitches and width, as well as their localization places. 

The gained results can be used for prediction and exclusion of emergency 

situations during drilling deep curvilinear oil and gas bore-holes. 

Key words: drill string, curvilinear bore-hole, channel surface, equilibrium 

stability, bifurcational buckling. 
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ɺʉʊʋʇ  

ɿɸɻɸʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈʆɹʆʊʀ 

 

ʇʨʦʙʣʝʤʠ ʝʥʝʨʛʝʪʠʢʠ, ʱʦ ʩʪʘʶʪʴ ʥʘʡʙʽʣʴʰ ʛʦʩʪʨʠʤʠ ʚ XXI ʩʪʦʣʽʪʪʽ, 

ʚʠʢʣʠʢʘʥʽ ʥʘʙʣʠʞʝʥʥʷʤ ʚʠʯʝʨʧʥʦʩʪʽ ʥʘʬʪʦʚʠʭ ʽ ʛʘʟʦʚʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʫʩʢʣʘʜʥʝʥʥʷʤ ʫʤʦʚ ʾʭ ʚʠʜʦʙʫʪʢʫ. 

ɺʞʝ ʥʝ ʨʽʜʢʽ ʚʠʧʘʜʢʠ ʧʨʦʭʦʜʢʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʛʣʠʙʠʥʦʶ 

ʧʦʥʘʜ 10 ʢʤ, ʘ ʨʝʢʦʨʜʥʝ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʙʫʨʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʧʝʨʝʙʽʣʴʰʠʣʦ 13,5 ʢʤ. ɹʫʨʽʥʥʷ ʪʘʢʠʭ ʩʚʝʨʜʣʦʚʠʥ ʧʨʦʭʦʜʠʪʴ ʥʘ 

ʤʝʞʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʰʚʠʜʢʦʩʪʝʡ, ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʽʚ ʤʽʮʥʦʩʪʽ 

ʪʘ ʟʥʦʩʫ ʤʘʪʝʨʽʘʣʽʚ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʧʽʜ ʩʫʪʪʻʚʠʤ ʚʧʣʠʚʦʤ ʝʬʝʢʪʽʚ 

ʽʥʪʝʥʩʠʚʥʠʭ ʢʦʣʠʚʘʥʴ ʽ ʥʝʩʪʽʡʢʦʩʪʽ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. ʎʽʣʢʦʤ ʧʨʠʨʦʜʥʦ, ʱʦ ʮʽ 

ʧʨʦʮʝʩʠ ʥʘʡʯʘʩʪʽʰʝ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʧʦʟʘʰʪʘʪʥʠʤʠ ʪʘ ʘʚʘʨʽʡʥʠʤʠ 

ʩʠʪʫʘʮʽʷʤʠ, ʜʦ ʯʠʩʣʘ ʷʢʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʙʽʬʫʨʢʘʮʽʡʥʝ ʚʠʧʠʥʘʥʥʷ ʢʦʣʦʥ ʫ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʟ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ ʪʨʘʻʢʪʦʨʽʷʤʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʧʦʛʽʨʰʝʥʥʷʤ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠʚʦʜʥʦʛʦ ʤʦʤʝʥʪʫ ʨʽʟʘʥʥʷ ʡ ʦʩʴʦʚʦʾ ʩʠʣʠ ʥʘ 

ʜʦʣʦʪʦ, ʧʽʜʚʠʱʝʥʥʷʤ ʟʥʦʩʫ ʪʨʫʙʠ ʢʦʣʦʥʠ, ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʩʠʩʪʝʤʦʶ, ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʣʽʚ ʥʘʧʨʫʛ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʚ ʢʦʣʦʥʘʭ ʽ 

ʧʽʜʚʠʱʝʥʥʷʤ ʽʤʦʚʽʨʥʦʩʪʽ ʾʭ ʨʫʡʥʫʚʘʥʥʷ. 

ɿʥʘʭʦʜʞʝʥʥʷ ʤʝʪʦʜʘʤʠ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʛʣʠʙʦʢʦʛʦ ʙʫʨʽʥʥʷ, ʟʘ ʷʢʠʭ ʨʝʘʣʽʟʫʶʪʴʩʷ ʢʨʠʪʠʯʥʽ ʩʪʘʥʠ, ʪʘʢʦʞ ʫʩʢʣʘʜʥʝʥʝ 

ʩʪʨʫʢʪʫʨʦʶ ʨʦʟʚôʷʟʫʚʘʣʴʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʾʭ ʦʧʠʩʫʶʪʴ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʭ ʪʘ ʤʘʶʪʴ ʟʤʽʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʦʩʚʦʻʥʥʷ ʧʽʜʟʝʤʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʾʭ ʚʠʜʦʙʫʪʢʫ ʟ ʚʝʣʠʢʠʭ ʛʣʠʙʠʥ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ 

ʾʭ ʜʦʙʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʦʪʝʭʥʦʣʦʛʽʡ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʙʫʨʽʥʥʷ 

ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ ʙʫʜʫʪʴ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʪʠ ʪʘ ʟʘʡʤʫʪʴ ʜʦʤʽʥʘʥʪʥʝ 

ʧʦʣʦʞʝʥʥʷ ʩʝʨʝʜ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʙʣʝʤʘ 
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ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʢʘʥʘʣʘʭ 

ʛʣʠʙʦʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʻ ʘʢʪʫʘʣʴʥʦʶ. 
 

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

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʧʣʘʥʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ 

ʢʘʬʝʜʨʠ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʘ 

ʪʘʢʦʞ ʚ ʨʘʤʢʘʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʪʝʤ ˉ11 çʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʙʝʟʘʚʘʨʽʡʥʦʛʦ ʙʫʨʽʥʥʷ ʚ ʩʣʘʥʮʝʚʠʭ ʧʦʨʦʜʘʭ ʽ ʰʝʣʴʬʦʚʠʭ ʟʦʥʘʭ 

ʤʦʨʩʴʢʠʭ ʘʢʚʘʪʦʨʽʡè (2012 ï 2014 ʨʨ., ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0112U000137) ʽ ˉ 38 çʂʦʤʧôʶʪʝʨʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʘʚʘʨʽʡʥʠʤ 

ʨʝʞʠʤʘʤ ʙʫʨʽʥʥʷ ʧʦʭʠʣʦ-ʩʢʝʨʦʚʘʥʠʭ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ 

ʝʪʘʧʘʭ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʧʨʦʭʦʜʢʠè (2015 ï 2017 ʨʨ., ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ 0115U002270). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʧʦʩʪʘʥʦʚʮʽ ʪʘ 

ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʧʨʦ ʙʽʬʫʨʢʘʮʽʡʥʝ ʧʨʫʞʥʝ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ 

ʢʘʥʘʣʘʭ ʥʘʜʛʣʠʙʦʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʦʨʽʚ ʾʭ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʝʨʝʜʥʘʧʨʫʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʢʨʘʡʦʚʠʤʠ ʩʠʣʘʤʠ, ʘ ʪʘʢʦʞ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʩʠʣʘʤʠ ʪʷʞʽʥʥʷ, ʢʦʥʪʘʢʪʥʦʾ ʪʘ ʬʨʠʢʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʽ 

ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʝ: 

ï ʧʦʩʪʘʚʠʪʠ ʟʘʜʘʯʫ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʧʨʦ ʪʝʦʨʝʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʧʦʨʦʞʥʠʥʘʭ ʢʘʥʘʣʽʚ 

ʥʘʜʛʣʠʙʦʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ; 

ï ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʧʦʨʦʞʥʠʥʽ ʢʘʥʘʣʫ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ, ʥʘ ʾʭ 

ʦʩʥʦʚʽ ʧʦʙʫʜʫʚʘʪʠ ʦʜʥʦʨʽʜʥʽ ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʨʽʚʥʷʥʥʷ ʾʭ ʚʠʧʠʥʘʥʥʷ; 

ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʽʬʫʨʢʘʮʽʡʥʠʭ ʨʽʚʥʷʥʴ 

ʩʪʚʦʨʠʪʠ ʤʝʪʦʜʠʢʫ ʦʙʯʠʩʣʝʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʚ ʙʫʨʠʣʴʥʽʡ ʢʦʣʦʥʽ ʧʨʠ ʾʾ 

ʦʩʴʦʚʦʤʫ ʨʫʩʽ ʚ ʧʦʨʦʞʥʠʥʽ ʢʘʥʘʣʫ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ; 
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ï ʨʦʟʚʠʥʫʪʠ ʤʝʪʦʜʠʢʫ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʥʘ 

ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ; 

ï ʚʠʢʦʥʘʪʠ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʽʚ ʧʨʫʞʥʦʛʦ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ 

ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʧʦʨʦʞʥʠʥʘʭ ʢʘʥʘʣʽʚ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʽʾ. 
 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʷʚʠʱʝ ʧʨʫʞʥʦʛʦ 

ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʢʘʥʘʣʘʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʙʫʨʽʥʥʷ. 
 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʜʜ̔ʞʝʥʥʷ  ̒ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʦʩʴʦʚʠʭ ʢʨʘʡʦʚʠʭ ʩʠʣ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʨʦʟʧʦʜʽʣʝʥʠʭ ʬʨʠʢʮʽʡʥʠʭ 

ʩʠʣ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʢʦʣʦʥʠ.  

 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘʜʘʯʘ ʧʨʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ 

ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʩʪʽʡʢʦʩʪʽ 

ʧʨʫʞʥʠʭ ʩʠʩʪʝʤ, ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʦʪʦʪʦʞʥʶʚʘʣʘʩʴ ʟ ʥʘʜʜʦʚʛʠʤ ʪʨʫʙʯʘʩʪʠʤ 

ʧʨʫʞʥʠʤ ʩʪʨʠʞʥʝʤ, ʤʦʜʝʣʶʚʘʥʥʷ ʷʢʦʛʦ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ 

ʛʥʫʯʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʨʽʚʥʷʥʴ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʟʽ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʤʝʪʦʜʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʪʝʦʨʽʾ ʢʘʥʘʣʦʚʠʭ ʧʦʚʝʨʭʦʥʴ. ʇʦʙʫʜʦʚʘʥʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟʽ ʟʤʽʥʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ 

ʟʥʘʯʝʥʥʷ ʨʦʟʚôʷʟʫʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʟ ʚʝʣʴʤʠ ʤʘʣʝʥʴʢʠʤʠ 

ʢʨʦʢʘʤʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʚʘʣʘʩʷ 

ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʚʠʙʦʨʦʤ ʧʨʠʡʥʷʪʠʭ ʤʝʭʘʥʽʯʥʠʭ ʤʦʜʝʣʝʡ (ʪʝʦʨʽʷ ʛʥʫʯʢʠʭ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ ʽ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ 

ʪʝʦʨʽʾ ʧʦʚʝʨʭʦʥʴ), ʧʨʘʢʪʠʯʥʦʶ ʧʝʨʝʚʽʨʢʦʶ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ, 

ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʘʛʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ 

ʩʪʨʠʞʥʝʚʠʭ ʩʠʩʪʝʤ, ʟʽʩʪʘʚʣʝʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʟʚôʷʟʢʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ, ʷʢʽ ʟʥʘʡʜʝʥʽ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʚʠʟʥʘʯʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʷʢʽʩʥʦʶ ʫʟʛʦʜʞʝʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ 
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ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʩʥʦʚʢʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʧʽʜʩʪʘʚʽ ʤʽʨʢʫʚʘʥʴ ʬʽʟʠʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

1. ʇʦʩʪʘʚʣʝʥʘ ʥʦʚʘ ʟʘʜʘʯʘ ʧʨʦ ʧʨʫʞʥʫ ʩʪʡ̔ʢ̔ʩʪʴ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ 

ʛʣʠʙʦʢʠʭ ʢʨʠʚʦʣʥ̔̔ʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʾ ʢʨʘ̒ʚʠʭ ʩʠʣʦʚʠʭ 

ʟʙʫʨʝʥʴ  ̔ʨʦʟʧʦʜʣ̔ʝʥʠʭ ʩʠʣ ʪʷʞʽʥʥʷ, ʘ ʪʘʢʦʞ ʩʠʣ ʢʦʥʪʘʢʪʥʦʾ ʪʘ ʬʨʠʢʮʽʡʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʢʦʣʦʥʠ ʟʽ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ 

ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʩʪʽʡʢʦʩʪʽ ʧʨʫʞʥʠʭ ʩʠʩʪʝʤ, ʤʝʪʦʜʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʪʘ ʪʝʦʨʽʾ ʧʦʚʝʨʭʦʥʴ ʧʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʙʽʬʫʨʢʘʮʽʡʥʠʭ ʦʜʥʦʨʽʜʥʠʭ 

ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ 

ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʭ; ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʮʠʭ ʨʽʚʥʷʥʴ, 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʚʽʜʧʦʚʽʜʥʠʭ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ʪʘ ʚʣʘʩʥʠʭ ʬʦʨʤ. 

2. ɺʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʧʨʦ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʪʘ ʚʠʧʠʥʘʥʥʷ 

ʥʘʜʜʦʚʛʠʭ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʢʘʥʘʣʘʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ʈʦʟʛʣʷʥʫʪʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʧʨʷʤʦʣʽʥʽʡʥʠʤʠ, ʢʦʣʦʚʠʤʠ ʪʘ ʙʽʣʴʰ ʩʢʣʘʜʥʽʰʠʤʠ ʦʙʨʠʩʘʤʠ ʾʭ 

ʦʩʴʦʚʠʭ ʣʽʥʽʡ. 

3. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʚʪʨʘʪʘ 

ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʾʾ ʙʽʬʫʨʢʘʮʽʡʥʠʤ 

ʚʠʧʠʥʘʥʥʷʤ ʫ ʬʦʨʤʽ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʭ ʚʝʡʚʣʝʪʽʚ ʚ ʢʨʘʡʦʚʠʭ ʟʦʥʘʭ ʘʙʦ 

ʣʦʢʘʣʽʟʫʚʘʪʠʩʷ ʥʘ ʜʝʷʢʠʭ ʟʘʟʜʘʣʝʛʽʜʴ ʥʝ ʚʽʜʦʤʠʭ ʜʽʣʷʥʢʘʭ ʪʨʘʻʢʪʦʨʽʾ 

ʩʚʝʨʜʣʦʚʠʥ. 

 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʚʠʛʣʷʜʽ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʙʫʨʽʥʥʷ 

ʛʣʠʙʦʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ 

ʤʦʞʥʘ ʧʽʜʽʙʨʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʞʠʤʠ ʙʫʨʽʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

ʆʪʨʠʤʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʊʆɺ òɻɽʅʇʈʆʌɹʋɼò ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʘʭ 
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ʚʽʜʧʦʚʽʜʘʣʥɹʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʽ ʩʪʝʨʞʥʝʚʠʤʠ ʪʨʫʙʯʘʩʪʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ 

ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʽʥʪʝʥʩʠʚʥʠʭ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ, ʩʠʣ ʪʝʨʪʷ ʽ ʢʨʫʪʥʠʭ 

ʤʦʤʝʥʪʽʚ. ɺʦʥʠ ʙʫʜʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʊʆɺ òɻɽʅʇʈʆʌɹʋɼò ʪʘʢʦʞ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʽʚ ʛʣʠʙʦʢʦʛʦ ʙʫʨʽʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘ 

ʽʥʰʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʥʘʬʪʦʚʦʾ, ʛʘʟʦʚʦʾ ʪʘ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʝʡ ʋʢʨʘʾʥʠ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʢʣʘʜʘʥʥʷ ʜʦʩʠʪʴ ʛʣʠʙʦʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʢʨʠʚʦʣʽʥʽʡʥʽ ʩʪʨʠʞʥʽ ʟʥʘʭʦʜʷʪʴ ʪʘʢʦʞ ʚʩʝ ʙʽʣʴʰ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ, ʨʦʟʨʦʙʣʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ ʤʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʫʞʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʝʨʞʥʽʚ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʥʘ ʢʘʬʝʜʨʽ ʦʧʦʨʫ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʘʰʠʥʦʟʥʘʚʩʪʚʘ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʢʫʨʩʫ ʟ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʩʪʝʨʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 
 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. 

ɼʠʩʝʨʪʘʥʪʫ ʥʘʣʝʞʘʪʴ ʘʥʘʣʽʪʠʯʥʽ ʚʠʢʣʘʜʢʠ, ʯʠʩʣʦʚʘ ʨʝʘʣʽʟʘʮʽʷ ʥʘ ʇʂ ʟʘʜʘʯ 

ʤʝʭʘʥʽʢʠ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʘʭ [13, 15, 18, 24, 25, 56, 

60, 70, 72, 73, 111, 112] ɺ.ɯ. ɻʫʣʷʻʚ ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯ ʪʘ 

ʦʙʛʦʚʦʨʝʥʥʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʘʭ [1, 13, 15 24, 25, 56, 60, 70, 43, 

111] ʩʧʽʚʘʚʪʦʨʦʤ ʆ.ʄ. ɸʥʜʨʫʩʝʥʢʦ ʥʘʜʘʥʘ ʜʦʧʦʤʦʛʘ ʫ ʨʦʟʨʦʙʮʽ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʨʦʙʦʪʘʭ [7, 15, 56, 60, 111] ʩʧʽʚʘʚʪʦʨ 

ɺ.ɺ. ɻʘʡʜʘʡʯʫʢ ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʦʙʛʦʚʦʨʝʥʥʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ 

ʚʢʣʶʯʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʶ, ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʥʘʩʪʫʧʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʽ ʩʠʤʧʦʟʽʫʤʘʭ: 

ï SPE Arctic and Extreme Environments Technical Conference and Exhibition 

ï (Russia, Moscow, October, 10 ï 12, 2013). 

ï Celle Driling, (Germany 14-15 September at Congress Union Celle, 2015). 
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ï  ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ (ʋʢʨʘʾʥʘ, ʈʽʚʥʝ, 19-22 ʣʶʪʦʛʦ 2015 ʨ); 

ï ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠʥʞʝʥʝʨʥʦʡ ʤʝʭʘʥʠʢʠ, ɯɯɯ ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʆʜʝʩʩʘ: çɺʥʝʰʨʝʢʣʘʤʩʝʨʚʠʩè, 

ʪʨʘʚʝʥʴ 2016). 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘʢʦʞ ʥʘ: 

ï LXXI II  ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʘʩʧʽʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ 

ʫʥʽʚʝʨʩʠʪʝʪʫ (ʋʢʨʘʾʥʘ, ʂʠʾʚ, 15 ï 17 ʪʨʘʚʥʷ 2017 ʨ.). 

ï LXXI ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʘʩʧʽʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ 

ʫʥʽʚʝʨʩʠʪʝʪʫ (ʋʢʨʘʾʥʘ, ʂʠʾʚ, 12 ï 15 ʪʨʘʚʥʷ 2015 ʨ.). 

ï LXIX ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʘʩʧʽʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ 

ʫʥʽʚʝʨʩʠʪʝʪʫ (ʋʢʨʘʾʥʘ, ʂʠʾʚ, 15 ï 17 ʪʨʘʚʥʷ 2013 ʨ.) 

ï LXXɯɯ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʘʩʧʽʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ 

ʫʥ̔ʚʝʨʩʠʪʝʪʫ (ʋʢʨʘʾʥʘ, ʂʠʾʚ, 14 ï 16 ʪʨʘʚʥʷ 2016 ʨ.). 

ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʤʘʪʝʨʽʘʣʘʭ ʟʘʟʥʘʯʝʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ ʫ 26 ʧʫʙʣʽʢʘʮʽʷʭ [1, 7, 13, 15, 

18, 24, 25, 42, 44  46, 56, 60, 70, 71, 72, 73, 111, 112]: ʟ ʥʠʭ 1 ʤʦʥʦʛʨʘʬʽʷ, 7 

ʩʪʘʪʝʡ ʚ ʟʘʢʦʨʜʦʥʥʠʭ ʞʫʨʥʘʣʘʭ, 8 ʨʦʙʽʪ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, 4 

ˈ ʚ ʪʝʟʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, 4 ˈ ʚ ʟʙʽʨʥʠʢʘʭ ʪʝʟ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʘ 2 ʧʘʪʝʥʪʠ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

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

ʷʢʠʡ ʤʽʩʪʠʪʴ 138 ʥʘʡʤʝʥʫʚʘʥ.ɹ ɺʦʥʘ ʤʽʩʪʠʪʴ 146 ʩʪʦʨʽʥʦʢ ʜʨʫʢʦʚʘʥʦʛʦ 

ʪʝʢʩʪʫ, 13 ʪʘʙʣʠʮ,ɹ 38 ʨʠʩʫʥʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 203 

ʩʪʦʨʽʥʢʠ. 
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ʈʆɿɼɯʃ 1 

ʂʈʀʊʀʏʅɯ ʉʊɸʅʀ ɺʀʇʀʅɸʅʅʗ 

ɹʋʈʀʃʔʅʀʍ ʂʆʃʆʅ ɺ ʂɸʅɸʃɸʍ ɻʃʀɹʆʂʀʍ 

Kʈʀɺʆʃɯʅɯʁʅʀʍ ʉɺɽʈɼʃʆɺʀʅ 

 

1 ʉʪʘʥ ʧʨʦʙʣʝʤʠ ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʨʠʚʦʣʽʥʽʡʥʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ. 

1.1 ʊʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʛʣʠʙʦʢʠʭ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ. 

 

ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ çʨʝʚʦʣʶʮʽʷ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫè ʩʪʘʣʘ ʥʘʡʙʽʣʴʰ 

ʩʧʦʥʫʢʘʣʴʥʠʤ ʩʪʠʤʫʣʷʪʦʨʦʤ ʚ ʟʤʽʥʽ ʛʨʘʚʮʽʚ ʥʘ ʛʣʦʙʘʣʴʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ 

ʨʠʥʢʫ. ʉʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʟʘʟʥʘʚ ʇʽʚʥʽʯʥʦʘʤʝʨʠʢʘʥʩʴʢʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʙʘʣʘʥʩ, ʘ ʪʘʢʦʞ ʧʦʟʠʮʽʾ ʥʘʬʪʠ ʪʘ ʛʘʟʫ ʚ ɭʚʨʦʧʽ ʪʘ ʥʘ ʊʠʭʦʦʢʝʘʥʩʴʢʦʤʫ 

ʫʟʙʝʨʝʞʞʽ. ʅʘʚʽʪʴ ʷʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ çʩʣʘʥʮʝʚʘ ʨʝʚʦʣʶʮʽʷè ʻ ʚʠʢʣʶʯʥʦ 

ʨʝʛʽʦʥʘʣʴʥʠʤ ʷʚʠʱʝʤ, ʧʨʦʪʝ, ʚʦʥʘ ʧʨʠʚʝʣʘ ʜʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʛʣʦʙʘʣʴʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. 

ʈʝʘʣʽʟʘʮʽʷ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʽ ʥʘʬʪʠ, ʚʠʷʚʠʣʘʩʷ 

ʝʬʝʢʪʠʚʥʦʶ, ʟʘʚʜʷʢʠ ʩʪʚʦʨʝʥʥʶ ʽ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʧʦʭʠʣʦʛʦ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ) ʙʫʨʽʥʥʷ ʪʘ ʧʨʦʮʝʜʫʨʠ ʛʽʜʨʦʨʦʟʨʠʚʫ. ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʫʻ 

ʧʨʘʢʪʠʢʘ, ʥʘʜʟʚʠʯʘʡʥʦ ʰʚʠʜʢʠʡ ʽ ʫʩʧʽʰʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʚʽʜʢʠ ʽ 

ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʽ ʩʣʘʥʮʝʚʦʾ ʥʘʬʪʠ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʚʠʧʝʨʝʜʞʘʶʪʴ 

ʥʘʫʢʦʚʝ ʨʦʟʫʤʽʥʥʷ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʟʜʽʡʩʥʝʥʥʷ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 

ʚʠʥʠʢʘʻ ʛʦʩʪʨʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʷʢ ʚ ʦʙʣʘʩʪʽ 

ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʽʭ ʢʨʠʪʠʯʥʠʭ 

ʘʩʧʝʢʪʽʚ, ʩʫʧʫʪʥʽʭ ʦʧʝʨʘʮʽʾ ʙʫʨʽʥʥʷ ʧʨʦʪʷʞʥʠʭ ʥʘʬʪʦʚʠʭ ʽ ʛʘʟʦʚʠʭ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ʆʜʥʽʻʶ ʟ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʱʦ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ, ʧʨʠ 

ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʙʫʨʽʥʥʽ, ʻ ʢʨʠʪʠʯʥʝ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ (ɹʂ). ɺʦʥʘ 

ʦʙʫʤʦʚʣʝʥʘ ʚʪʨʘʪʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʟʜʘʪʥʦʩʪʽ ʥʝʩʪʠ ʦʩʴʦʚʫ 
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ʩʪʠʩʢʘʶʯʫ ʩʠʣʫ ʽ ʚʠʷʚʣʷʻʪʴʩʷ ʧʦʚ'ʷʟʘʥʦʶ ʟ ʨʷʜʦʤ ʝʬʝʢʪʽʚ, ʱʦ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʩʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ. 

ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: 

ɿʙʽʣʴʰʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʣ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʙʫʨʠʣʴʥʦʶ 

ʢʦʣʦʥʦʶ ʽ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɿʙʽʣʴʰʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʣ ʪʝʨʪʷ ʤʽʞ ʢʦʣʦʥʦʶ ʽ ʩʪʽʥʢʦʶ 

ʩʚʝʨʜʣʦʚʠʥʠ. 

ɿʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʛʠʥʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʪʨʫʙʘʭ ʙʫʨʠʣʴʥʦʾ 

ʢʦʣʦʥʠ. 

ɿʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʩʫ ʪʨʫʙ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ. 

ʇʦʛʽʨʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʦʩʴʦʚʦʾ ʩʠʣʠ ʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚʽʜ 

ʧʨʠʚʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʦ ʜʦʣʦʪʘ. 

ɿʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʆʩʢʽʣʴʢʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ 

ʚʠʧʠʥʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʘ, ʪʦ ʥʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʝʬʝʢʪ ʚʠʧʠʥʘʥʥʷ 

(ʦʩʦʙʣʠʚʦ ʚ ʡʦʛʦ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ) ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʧʦʤʽʯʝʥʠʤ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʪʨʠʚʘʻ ʧʨʠ ʧʦʟʘʰʪʘʪʥʠʭ ʫʤʦʚʘʭ, ʢʦʣʠ ɹʂ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʧʠʥʘʥʥʷ ʯʘʩʪʢʦʚʦ ʚʪʨʘʪʠʣʘ ʩʚʦʶ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ. ʋ ʮʠʭ ʫʤʦʚʘʭ 

ʧʝʨʝʨʘʭʦʚʘʥʽ ʥʝʛʘʪʠʚʥʽ ʝʬʝʢʪʠ ʧʦʩʠʣʶʶʪʴʩʷ ʽ ʤʦʞʝ ʥʘʩʪʫʧʠʪʠ ʘʚʘʨʽʡʥʘ 

ʩʠʪʫʘʮʽʷ (ʧʨʠʭʚʘʪ), ʧʦʚ'ʷʟʘʥʘ ʟ ʧʦʚʥʦʶ ʚʪʨʘʪʦʶ ʨʫʭʣʠʚʦʩʪʽ ʢʦʣʦʥʠ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʽʡʢʦʩʪʽ ʧʨʫʞʥʦʾ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ 

ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʟʥʘʭʦʜʞʝʥʥʶ ʟʥʘʯʝʥʴ 

ʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʬʦʨʤ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. ɼʣʷ ʢʦʣʦʥʠ ʚ ʢʨʠʚʦʣʽʥʽʡʥʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ ʪʘʢʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʙʫʪʠ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʘʤʠ ʯʠʩʝʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ. ɿʘ ʾʭ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʥʝ ʪʽʣʴʢʠ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʘʩʪʘʥʥʷ 

ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ, ʘʣʝ ʪʘʢʦʞ ʚʠʟʥʘʯʘʪʠ ʢʨʦʢ ʙʽʬʫʨʢʘʮʽʡʥʦʾ ʛʘʨʤʦʥʽʢʠ, 

ʰʠʨʠʥʫ ʭʚʠʣʴʦʚʦʛʦ ʧʘʢʝʪʘ ʽ ʤʽʩʮʝ ʡʦʛʦ ʣʦʢʘʣʽʟʘʮʽʾ.  

ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʧʦʟʘʰʪʘʪʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘʤʽʯʘʶʪʴʩʷ 

ʟʘʭʦʜʠ ʱʦʜʦ ʾʾ ʫʩʫʥʝʥʥʷ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʠʤʠ ʟʽ ʟʤʽʥʦʶ 
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ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʦʥʠ ʽ ʙʫʨʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʤʽʥʦʶ ʨʝʞʠʤʫ ʙʫʨʽʥʥʷ, ʘ ʪʘʢʦʞ 

ʧʝʨʝʙʫʨʶʚʘʥʥʷ ʚʩʽʻʾ ʩʚʝʨʜʣʦʚʠʥʠ ʘʙʦ ʦʢʨʝʤʠʭ ʾʾ ʜʽʣʷʥʦʢ. 

 

1.2 ʄʝʭʘʥʽʯʥʽ ʜʽʾ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʫ 

ʛʣʠʙʦʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ. 

 

ʇʨʦʮʝʩʠ ʙʫʨʽʥʥʷ ʽ ʚʠʢʦʥʘʥʥʷ ʩʧʫʩʢʦ-ʧʽʜʡʦʤʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʛʣʠʙʦʢʠʭ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ 

ʷʚʠʱʘʤʠ, ʟʫʤʦʚʣʝʥʠʤʠ ʩʢʣʘʜʥʽʩʪʶ ʩʠʩʪʝʤʠ ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ï ʩʚʝʨʜʣʦʚʠʥʘ, 

ʩʢʣʘʜʥʽʩʪʶ ʬʦʨʤ ʨʫʭʫ ʦʢʨʝʤʠʭ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʩʢʣʘʜʥʠʤ ʭʘʨʘʢʪʝʨʦʤ 

ʤʝʭʘʥʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʮʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʅʘʚʽʪʴ ʷʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ 

ʧʨʠ ʙʽʬʫʨʢʘʮʽʡʥʠʭ ʚʠʧʠʥʘʥʥʷʭ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ 

ʤʦʞʣʠʚʦ ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʟʛʣʷʜʫ ʚʧʣʠʚ ʧʨʠʚʽʜʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʽ ʚʠʜʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʨʠʣʴʥʦʛʦ ʜʦʣʦʪʘ, ʪʦ ʟʘʣʠʰʘʶʪʴʩʷ ʢʦʤʧʦʥʝʥʪʠ ʚʩʽʻʾ ʩʪʨʫʢʪʫʨʠ, 

ʱʦ ʚʢʣʶʯʘʶʪʴ ʙʫʨʠʣʴʥʫ ʢʦʣʦʥʫ, ʢʘʥʘʣ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʧʨʦʤʠʚʥʫ ʨʽʜʠʥʫ, ʱʦ 

ʩʢʣʘʜʘʶʪʴ ʩʢʣʘʜʥʫ ʤʝʭʘʥʽʯʥʫ ʩʠʩʪʝʤʫ. ʇʦ-ʧʝʨʰʝ, ʥʘʡʩʢʣʘʜʥʽʰʠʤ ʝʣʝʤʝʥʪʦʤ 

ʻ ʩʘʤʘ ʢʦʣʦʥʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʪʨʫʙʯʘʩʪʠʭ ʜʽʣʷʥʦʢ ʟ 

ʨʽʟʥʠʤʠ ʜʽʘʤʝʪʨʘʤʠ, ʘ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʤʘʻ ʜʦʜʘʪʢʦʚʽ ʦʧʦʨʠ ï ʮʝʥʪʨʘʪʦʨʠ. 

ʂʨʽʤ ʪʦʛʦ, ʚʦʥʘ ʟ ʟʘʟʦʨʦʤ ʚʩʪʘʚʣʝʥʘ ʚ ʢʘʥʘʣ ʩʚʝʨʜʣʦʚʠʥʠ, ʦʩʴʦʚʘ ʣʽʥʽʷ ʷʢʦʾ 

ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʦʙʨʠʩʠ. ɯ ʥʘʨʝʰʪʽ, ʚʩʝʨʝʜʠʥʽ ɹʂ ʽ ʚ ʤʽʞʪʨʫʙʥʦʤʫ 

ʟʘʟʦʨʽ ʨʫʭʘʻʪʴʩʷ ʧʨʦʤʠʚʥʘ ʨʽʜʠʥʘ. 

ʋ ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʟʜʽʡʩʥʶʻ ʧʨʠʤʫʩʦʚʝ 

ʦʙʝʨʪʘʥʥʷ ʽ ʨʫʭʘʻʪʴʩʷ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ. ʅʘ ʥʝʾ ʜʽʶʪʴ ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʣʠ 

ʪʷʞʽʥʥʷ, ʩʠʣʠ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʽ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ, ʢʦʣʦʚʽ ʪʘ 

ʧʦʟʜʦʚʞʥʽ ʩʠʣʠ ʪʝʨʪʷ ʽ ʩʠʣʠ ʽʥʝʨʮʽʾ ʚʽʜ ʧʦʪʦʢʽʚ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ, ʘ ʥʘ 

ʚʝʨʭʥʴʦʤʫ ʽ ʥʠʞʥʴʦʤʫ ʢʽʥʮʷʭ ʚʦʥʘ ʩʭʠʣʴʥʘ ʜʦ ʚʧʣʠʚʫ ʦʩʴʦʚʠʭ ʩʠʣ ʽ ʢʨʫʪʥʠʭ 

ʤʦʤʝʥʪʽʚ ʚʽʜ ʧʨʠʚʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ ʜʦʣʦʪʘ. ʇʽʜ ʚʧʣʠʚʦʤ ʮʠʭ ʟʙʫʨʝʥʴ 

ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʧʨʠʭʦʜʠʪʴ ʚ ʩʪʘʥ ʩʢʣʘʜʥʦʾ ʥʘʧʨʫʛʠ ʽ ʚ ʨʝʞʠʤʠ ʢʦʣʠʚʘʥʥʷ. 

ʇʨʠ ʢʨʠʪʠʯʥʠʭ ʢʦʤʙʽʥʘʮʽʷʭ ʜʽʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʮʽ ʤʝʭʘʥʽʯʥʽ ʩʪʘʥʠ ʤʦʞʫʪʴ 
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ʚʪʨʘʯʘʪʠ ʩʪʽʡʢʽʩʪʴ ʽ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʚʠʧʠʥʘʥʥʷʤ ʢʦʣʦʥʠ. ʗʢ ʟʘʟʥʘʯʝʥʦ 

ʚʠʱʝ, ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʢʘʟʫʻʪʴʩʷ, ʱʦ ʚʠʧʠʥʘʥʥʷ ʢʦʣʦʥ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʧʦ ʜʚʦʚʠʤʽʨʥʠʤ ʛʘʨʤʦʥʽʡʥʠʤ (ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ) ʘʙʦ ʪʨʠʚʠʤʽʨʥʠʤ 

ʩʧʽʨʘʣʴʥʠʤ ʬʦʨʤʘʤ. ʇʽʜ ʯʘʩ ʦʙʛʦʚʦʨʝʥʥʷ ʮʽʻʾ ʦʩʦʙʣʠʚʦʩʪʽ Cunha ʚ ʩʪʘʪʪʽ [58] 

ʢʦʤʝʥʪʫʻ: çɹʘʛʘʪʦ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚʠʢʦʥʘʥʠʭ Salies [118, 119], ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, 

ʱʦ ʢʦʣʦʥʘ ʧʽʜ ʜʽʻʶ ʦʩʴʦʚʦʾ ʩʠʣʠ ʩʧʦʯʘʪʢʫ ʚʠʧʠʥʘʻʪʴʩʷ ʧʦ ʩʠʥʫʩʦʾʜʘʣʴʥʽʡ 

ʬʦʨʤʽ ʪʘ ʧʦʪʽʤ, ʷʢʱʦ ʦʩʴʦʚʘ ʩʠʣʘ ʧʨʦʜʦʚʞʫʻ ʟʨʦʩʪʘʪʠ, ʘʤʧʣʽʪʫʜʘ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ʜʝʷʢʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ, ʚ ʷʢʦʤʫ ʮ ̫

ʬʦʨʤʘ ʧʝʨʝʢʣʘʮʫʚʘʥʥʷʤ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʧʽʨʘʣʴʥʫè. 

ɺʨʘʭʦʚʫʶʯʠ ʜʘʥʫ ʦʙʩʪʘʚʠʥʫ, ʤʦʞʥʘ ʟʚ'ʷʟʘʪʠ ʧʦʯʘʪʦʢ ʥʝʩʪʽʡʢʦʛʦ 

ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʟ ʾʾ ʧʨʦʢʣʘʮʫʚʘʥʥʷʤ ʧʦ ʩʠʥʫʩʦʾʜʘʣʴʥʽʡ ʬʦʨʤʽ ʽ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʜʦʩʣʽʜʞʫʚʘʪʠ ʮʽ ʢʨʠʪʠʯʥʽ ʩʪʘʥʠ. ʋ ʥʘʰʽʡ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʮʷ 

ʙʽʬʫʨʢʘʮʽʡʥʘ ʬʦʨʤʘ ʥʝ ʧʨʦʩʪʦ ʻ ʩʠʥʫʩʦʾʜʘʣʴʥʦʶ, ʘ ʤʘʻ ʚʠʛʣʷʜ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʚʝʡʚʣʝʪʫ, ʪʦʤʫ ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʛʘʨʤʦʥʽʡʥʦʛʦ ʚʝʡʚʣʝʪʫ, 

ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʦʢʦʤ ʛʘʨʤʦʥʽʢʠ, ʰʠʨʠʥʦʶ ʚʝʡʚʣʝʪʫ ʽ ʤʽʩʮʝʤ ʡʦʛʦ 

ʣʦʢʘʣʽʟʘʮʽʾ. 

ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʘʟʥʘʯʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʢʣʘʜʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʟʤʽʥʥʠʭ ʩʠʣʦʚʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʚʝʣʠʯʠʥ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʩʚʝʨʜʣʦʚʠʥʠ. ʊʘʢ, ʢʨʠʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʾ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ ʚ ʢʦʣʦʥʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʣʘʥʩʫ ʩʠʣ ʪʷʞʽʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ, ʩʠʣ ʪʝʨʪʷ ʽ ʟʦʚʥʽʰʥʽʭ 

ʩʠʣ, ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʥʠʞʥʴʦʛʦ ʽ ʚʝʨʭʥʴʦʛʦ ʢʽʥʮʽʚ ʢʦʣʦʥʠ. ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʽ 

ʚʝʨʪʠʢʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʮʠʭ ʩʠʣ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʢʫʪ ʥʘʭʠʣʫ ʪʨʘʻʢʪʦʨʽʾ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʠʡ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʥʫʣʷ ʜʦ 90. ɺʽʜ ʮʴʦʛʦ ʢʫʪʘ 

ʪʘʢʦʞ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʢʦʥʪʘʢʪʥʘ ʩʠʣʘ ʤʽʞ ʢʦʣʦʥʦʶ ʪʘ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ, 

ʷʢʘ ʧʨʠʪʠʩʢʘʻ ʢʦʣʦʥʫ ʜʦ ʜʥʘ ʾʾ ʧʦʚʝʨʭʥʽ ʽ ʧʝʨʝʰʢʦʜʞʘʻ ʧʨʦʮʝʩʫ ʚʠʧʠʥʘʥʥʷ. ɯ, 

ʥʘʨʝʰʪʽ, ʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʟʥʠ ʦʩʴʦʚʦʾ 

ʣʽʥʽʾ ʩʚʝʨʜʣʦʚʠʥʠ. ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ ʤʘʶʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ 
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ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʝʬʝʢʪʽʚ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʢʦʣʦʥʠ ʚ 

ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ. 

 

1.3 ʄʘʪʝʤʘʪʠʯʥʽ ʘʩʧʝʢʪʠ ʟʘʜʘʯ ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ. 

1.3.1 ʄʦʜʠʬʽʢʦʚʘʥʘ ʪʝʦʨʽʷ ʧʨʫʞʥʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ ʽ ʾʾ 

ʦʩʦʙʣʠʚʦʩʪʽ. 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʨʘʭʫʚʘʥʥ ̔ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʙʫʨʠʣʴʥʦʾ 

ʢʦʣʦʥʠ ʟʽ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʩʪʽʡʢʦʩʪʽ ʤʘʻ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʶʪʴ ʷʢ ʧʦʩʪʘʥʦʚʢʫ, ʪʘʢ ʽ ʤʝʪʦʜʠʢʫ 

ʨʦʟʚËʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ. ɿʤʽʩʪ ʧʝʨʦh ʾʦʩʦʙʣʠʚʦʩʪ̔ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʽʩʣʷ 

ʚʠʧʠʥʘʥʥʷ ʽ ʚʩʪʫʧʫ ʚ ʢʦʥʪʘʢʪ ʟʽ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʧʽʜ 

ʜʽʻʶ ʚʩʝ ʙʽʣʴʰʦʾ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ ʥʘ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ, ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʢʦʥʪʘʢʪʥʦʾ ʩʠʣʠ, ʩʠʣ ʪʷʞʽʥʥʷ ʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʧʨʦʜʦʚʞʫʻ ʟʤʽʥʶʚʘʪʠ ʩʚʦʶ 

ʬʦʨʤʫ. ʋ ʟʚËʷʟʢʫ ʟ ʮʠʤ, ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʪʽʣʴʢʠ 

ʥʘ ʦʩʥʦʚʽ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʛʥʫʯʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ. ɺʨʘʭʦʚʫʶʯʠ 

ʜʘʥʠʡ ʬʘʢʪ, ʧʨʦʮʝʩʫ ʢʨʠʪʠʯʥʦʛʦ ʽ ʟʘʢʨʠʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ɹʂ ʚ 

ʧʦʨʦʞʥʠʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʤʦʞʥʘ ʩʧʽʚʩʪʘʚʠʪʠ ʨʫʭ ʾʾ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʧʦ 

ʚʽʜʧʦʚʽʜʥʽʡ ʢʘʥʘʣʦʚʽʡ ʧʦʚʝʨʭʥʽ. 

ɼʨʫʛʘ ʦʩʦʙʣʠʚʽʩʪʴ ʷʚʠʘɦ ʧʨʫʞʥʦʛʦ ʟʛʠʥʘʥʥʷ ɹʂ ʚ ʢʘʥʘʣʘʭ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʧʨʠʪʘʤʘʥʥʘ ʥʝʚʽʣʴʥʠʤ ʤʝʭʘʥʽʯʥʠʤ ʩʠʩʪʝʤʘʤ, 

ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʠʭ ʦʙʤʝʞʝʥʽ ʚ'ʷʟʷʤʠ. ʉʪʨʫʢʪʫʨʘ ʽ ʩʢʣʘʜʥʽʩʪʴ ʨʽʚʥʷʥʴ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʨʫʭ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʙʨʘʥʦʛʦ ʜʣʷ ʡʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʽʜʭʦʜʫ ʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ʗʢ ʧʨʘʚʠʣʦ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʩʪʦʩʦʚʫʶʶʪʴ 

ʤʝʪʦʜʠ ʃʘʛʨʘʥʞʘ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʨʦʜʫ. ʗʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʠhʡ 

ʧʽʜʭʜ̔, ʪʦ ʨʫʭ ʩʠʩʪʝʤ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʜʝʢʘʨʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘʭ  ̔ ʜʦ 

ʨʦʟʚËʷʟʫʚʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʨʠʻʜʥʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷ ʚ'ʷʟʽʚ, ʘ ʚ ʨʽʚʥʷʥʥʷ 

ʩʪʘʪʠʯʥʦʾ ʯʠ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʚʥʦʩʷʪʴʩʷ ʩʢʣʘʜʦʚʽ ʟ ʜʦʜʘʪʢʦʚʠʤʠ 

ʥʝʚʽʜʦʤʠʤʠ (ʥʝʚʠʟʥʘʯʝʥʠʤʠ ʤʥʦʞʥʠʢʘʤʠ ʃʘʛʨʘʥʞʘ), ʱʦ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ 
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ʨʝʘʢʮʽʡ ʚ'ʷʟʝʡ. ʇʨʠ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ, ʯʠʩʣʦ ʰʫʢʘʥʠʭ ʟʤʽʥʥʠʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 

ʯʠʩʣʦ ʥʘʢʣʘʜʝʥʠʭ ʚ'ʷʟʝʡ, ʪʦʜʽ ʜʘʥʠʡ ʧʨʠʡʦʤ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʽʣʴʢʠ 

ʜʣʷ ʩʠʩʪʝʤ ʟ ʥʝʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

ʇʝʨʝʚʘʛʘ ʤʝʪʦʜʫ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʨʦʜʫ (ʤʝʪʦʜʫ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʢʦʦʨʜʠʥʘʪ) ʩʪʘʻ ʦʯʝʚʠʜʥʦʶ, ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʢʦʞʥʘ ʥʘʢʣʘʜʝʥʘ ʚ'ʷʟʴ 

ʟʤʝʥʰʫʻ ʥʘ ʦʜʠʥʠʮʶ ʯʠʩʣʦ ʾʾ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʧʨʠʡʦʤʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʽʩʪʦʪʥʦ ʩʧʨʦʩʪʠʪʠ ʟʘʜʘʯʫ, ʟʘ ʨʘʭʫʥʦʢ ʤʦʞʣʠʚʦʩʪʽ  

ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʛʣʷʜʫ ʜʝʷʢʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʫ ʩʠʩʪʝʤ ʽ 

ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʭʦʜʫ ʜʦ ʘʥʘʣʽʟʫ ʜʝʪʘʣʝʡ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʨʫʭʫ, ʪʘ ʦʙʯʠʩʣʝʥʥ ̫

ʨʝʘʢʮʽʡ ʚ'ʷʟʽʚ. ʆʪʞʝ, ʪʨʫʜʥʦʱʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʟʚËʷʟʢʫ ʟ ʥʘʷʚʥʩ̔ʪʁ ʚ'ʷʟʽʚ ʫ 

ʤʝʪʦʜʽ ʥʝʚʠʟʥʘʯʝʥʠʭ ʤʥʦʞʥʠʢʽʚ, ʚʠʷʚʣʷʶʪʴʩʷ ʧʝʨʝʚʘʛʘʤʠ ʚ ʤʝʪʦʜʽ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ.  

ʋ ʥʘʰʽʡ ʨʦʙʦʪʽ ʮʽ ʧʠʪʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʝʪʦʜʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʚʽʜʣʽʢʫ (ʨʫʭʦʤʠʭ ʪʨʽʝʜʨʽʚ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʜʽʣʠʪʠ ʰʫʢʘʥʽ ʟʤʽʥʥʽ ʽ ʦʢʨʝʤʦ 

ʟʥʘʭʦʜʠʪʠ ʾʭ ʚ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʣʶʯʝʥʥʷ ʟ ʨʦʟʛʣʷʜʫ 

ʨʝʘʢʮʽ ʾ ʚ'ʷʟʽʚ (ʩʠʣ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ) ʚʜʘʣʦʩʷ ʧʦʙʫʜʫʚʘʪʠ ʥʦʚʫ 

(ʤʦʜʠʬʽʢʦʚʘʥʫ) ʪʝʦʨʽʶ ʛʥʫʯʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ, ʚ ʷʢʽʡ ʬʽʛʫʨʫʻ 

ʪʽʣʴʢʠ ʦʜʥʘ ʰʫʢʘʥʘ ʟʤʽʥʥʘ. ʅʘʛʘʜʘʻʤʦ, ʚ ʚʽʜʦʤʽʡ ʪʝʦʨʽʾ [16,30,32] ʾʭ ʪʨʠ (ʮʝ 

ʢʦʦʨʜʠʥʘʪʠ, ( )x s , ( )y s , ( )z s  ʪʦʯʦʢ ʩʪʝʨʞʥʷ). ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʟʤʝʥʰʝʥʠʡ 

ʧʦʨʷʜʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽ ʽʩʪʦʪʥʦ ʩʧʨʦʱʝʥʘ ʟʘʛʘʣʴʥʘ ʟʘʜʘʯʘ. 

 

1.3.2 ʉʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʽ ʨʽʚʥʷʥʥʷ ʚ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯʘʭ ʚʠʧʠʥʘʥʥʷ 

ʢʦʣʦʥ ʚ ʢʘʥʘʣʘʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ 

 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʛʦ ʟʛʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʫ 

ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʻ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʤʠ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʬʽʟʠʮʽ ʮ ʁʚʣʘʩʪʠʚʽʩʪʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʦʚ'ʷʟʫʶʪʴ ʟ 

ʥʘʷʚʥʽʩʪʶ ʤʘʣʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜ ʩʪʘʨʰʦ ʁʧʦʭʽʜʥʦ ʁ[5,39,51]. ʊʦʜʽ ʨʦʣʴ 

ʮʴʦʛʦ ʜʦʜʘʥʢʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʭʽʜʥʠʤʠ ʥʠʞʯʦʛʦ ʧʦʨʷʜʢʫ ʧʘʜʘʻ, ʧʨʦʪʝ 
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ʥʝʭʪʫʚʘʪʠ ʥʠʤ ʥʝ ʤʦʞʥʘ, ʪʘʢ ʷʢ ʚ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ ʚʽʜʢʠʜʘʥʥʷ ʟʤʽʥʠʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʪʠʧ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʘ ʡ ʩʪʨʫʢʪʫʨʘ ʡʦʛʦ ʨʦʟʚËʷʟʢʫ. ʗʢ 

ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ, ʥʘʷʚʥʽʩʪʴ ʤʘʣʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʠ ʩʪʘʨʰʽʡ ʧʦʭʽʜʥʽʡ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʭ ʧʦʨʫʰʝʥʴ ʨʝʛʫʣʷʨʥʦʩʪʽ ʪʘ ʚ ʩʪʨʫʢʪʫʨʽ ʨʦʟʚËʷʟʢʽʚ, 

ʦʩʢʽʣʴʢʠ ʚ ʥʠʭ ʟ'ʷʚʣʷʶʪʴʩʷ ʩʠʥʛʫʣʷʨʥʦʩʪʽ ʚ ʬʦʨʤʽ ʨʦʟʨʠʚʽʚ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ 

ʩʧʣʝʩʢʽʚ ʘʙʦ ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ. 

ʇʝʨʝʣʽʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʘʶʪʴ ʤʽʩʮʝ ʽ ʚ ʟʘʜʘʯʘʭ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ 

ʢʦʣʦʥ, ʧʨʦʪʝ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚʦʥʠ ʚ ʜʝʱʦ ʽʥʰʽʡ ʬʦʨʤʽ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ, 

ʥʘʧʨʠʢʣʘʜ, ʚ ʪʝʦʨʽʾ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʙʘʣʦʢ ʧʝʨʝʜ ʩʪʘʨʰʦʶ (ʯʝʪʚʝʨʪʦʶ ʽ 

ʻʜʠʥʦʶ) ʧʦʭʽʜʥʦʶ ʟʘʟʚʠʯʘʡ ʩʪʦʾʪʴ ʢʦʝʬʽʮʽʻʥʪ EI, ʜʝ E  ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʙʘʣʢʠ, I  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʾʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʪʘ, ʷʢ ʧʨʘʚʠʣʦ, 

ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʥʝ ʻ ʤʘʣʠʤ. ʇʨʠ ʮʴʦʤʫ, ʷʢʱʦ ʙʘʣʢʘ ʢʦʨʦʪʢʘ, ʪʦ ʥʽʷʢʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʚ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʪʘ ʚ ʾʾ ʨʦʟʚËʷʟʘʥʥʽ ʥʝ ʚʠʥʠʢʘʻ. ʆʜʥʘʢ, ʷʢʱʦ 

ʮʶ ʙʘʣʢʫ ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʧʨʫʞʥʫ ʦʩʥʦʚʫ, ʪʦ ʚ ʨʽʚʥʷʥʥʽ ʾʾ ʟʛʠʥʘʥʥʷ ʟ'ʷʚʣʷʻʪʴʩʷ 

ʜʦʜʘʪʢʦʚʠʡ ʜʦʜʘʥʦʢ ʫ ʚʠʛʣʷʜʽ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ, ʧʦʤʥʦʞʝʥʦʾ ʥʘ ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʩʪʝʣʽ (ʥʫʣʴʦʚʘ ʧʦʭʽʜʥʘ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʣʴ ʯʝʪʚʝʨʪʦʾ ʧʦʭʽʜʥʦʾ ʚ 

ʨʽʚʥʷʥʥʽ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʦʧʝʨʝʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʜʽʻ ʥʘ ʙʘʣʢʫ, ʧʦʯʠʥʘʻ 

ʩʧʨʠʡʤʘʪʠʩʷ ʧʨʫʞʥʦʶ ʦʩʥʦʚʦʶ, ʚʧʣʠʚ ʷʢʦʾ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʾʾ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʪʝʣʽ. ɯ ʥʘʨʝʰʪʽ, ʨʦʟʛʣʷʥʫʪʠʡ ʝʬʝʢʪ ʱʝ ʙʽʣʴʰ ʧʦʩʠʣʶʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʙʘʣʢʠ, ʪʘʢ ʷʢ ʧʨʠ ʮʴʦʤʫ ʚʦʥʘ ʩʪʘʻ ʛʥʫʯʢʦʶ, ʭʦʯʘ ʾʾ 

ʢʦʝʬʽʮʽʻʥʪ ʟʛʠʥʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ EI  ʽ ʥʝ ʟʤʽʥʠʚʩʷ. 

ɿʘʟʥʘʯʝʥʽ ʝʬʝʢʪʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʱʝ ʙʽʣʴʰ ʯʽʪʢʦ ʚ ʟʘʜʘʯʘʭ ʚʠʧʠʥʘʥʥʷ 

ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʫ ʢʘʥʘʣʘʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʽ 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʪʝʣʽ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʞʦʨʩʪʢʽʩʪʶ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ), ʽ ʜʦʚʞʠʥʘ 

ʙʘʣʢʠ (ʢʦʣʦʥʠ) ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʟʨʽʚʥʷʥʥʦ ʚʝʣʠʢʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʧʘʜʢʘʤʠ, 

ʪʠʧʦʚʠʤʠ ʜʣʷ ʟʚʠʯʘʡʥʦʾ ʪʝʭʥʽʢʠ. ʊʦʤʫ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʦʩʪʘʚʣʝʥʽ 

ʟʘʜʘʯʽ ʧʨʦ ʚʠʧʠʥʘʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʻ ʽʩʪʦʪʥʦ ʩʠʥʛʫʣʷʨʥʦ 

ʟʙʫʨʝʥʠʤʠ. ʆʪʨʠʤʘʥʽ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʽʚ ʾʭ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʜʦʟʚʦʣʠʣʠ ʚʧʝʨʰʝ ʧʦʙʫʜʫʚʘʪʠ ʚʣʘʩʪʠʚʽ ʾʤ ʤʦʜʠ ʚʠʧʠʥʘʥʥʷ, ʱʦ 

ʤʘʶʪʴ ʬʦʨʤʠ ʛʘʨʤʦʥʽʡʥʠʭ ʚʝʡʚʣʝʪʽʚ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʫ ʚʥʫʪʨʽʰʥʽʡ ʘʙʦ 
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ʧʨʠʢʨʘʡʦʚʽʡ ʟʦʥʽ ʢʦʣʦʥʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʷʚʠʣʦʩʷ ʤʦʞʣʠʚʠʤ ʚʩʪʘʥʦʚʠʪʠ ʪʘʢʦʞ 

ʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʡʚʣʝʪʽʚ, ʪʘʢʽ ʷʢ ʡʦʛʦ ʢʨʦʢ (ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ 

ʩʫʩʽʜʥʽʤʠ ʥʫʣʷʤʠ) ʽ ʰʠʨʠʥʫ (ʫʤʦʚʥʘ ʚʝʣʠʯʠʥʘ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʡʦʛʦ ʧʦʯʘʪʢʦʤ ʽ ʢʽʥʮʝʤ). 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʥʷʪʪʷ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʭ ʩʠʩʪʝʤ ʚʧʝʨʰʝ ʚʜʘʣʦʩʷ 

ʪʘʢʦʞ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʧʠʪʘʥʥʷ, ʱʦ ʮʽʢʘʚʠʪʴ ʬʘʭʽʚʮʽʚ ʟ ʧʨʦʙʣʝʤʠ ʚʠʧʠʥʘʥʥʷ, ʘ 

ʩʘʤʝ, ʷʢ ʚʧʣʠʚʘʶʪʴ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʢʨʠʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʤʦʜʠ. 

ɺʠʷʚʠʣʦʩʷ, ʱʦ ʷʢʱʦ ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʚʝʡʚʣʝʪ ʬʦʨʤʫʻʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʽʡ ʟʦʥʽ 

ʢʦʣʦʥʠ, ʪʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʽʷʢ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʝʡ ʧʨʦʮʝʩ, ʷʢʱʦ ʞ 

ʚʠʧʠʥʘʥʥʷ ʤʘʻ ʤʽʩʮʝ ʚ ʧʨʠʢʨʘʡʦʚʽʡ ʟʦʥʽ, ʪʦ ʚʧʣʠʚ ʛʨʘʥʠʯʥʦʛʦ ʦʧʠʨʘʥʥʷ ʻ 

ʜʦʩʠʪʴ ʩʣʘʙʢʠʤ, ʪʘʢ ʷʢ ʚʥ̔ ʧʦʰʠʨʶʻʪʴʩʷ ʣʠʰʝ ʥʘ ʦʜʠʥ ʢʨʘʡʥʽʡ ʩʧʣʝʩʢ 

ʚʝʡʚʣʝʪʫ. 

 

1.3.3 ʇʨʠʭʚʘʪʠ ʪʘ ʽʥʚʘʨʽʘʥʪʥʽ (ʤʝʨʪʚʽ) ʩʪʘʥʠ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ 
 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʩʪʘʥʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʘʢʪʠʮʽ 

ʙʫʨʽʥʥʷ, ʻ ʧʨʠʭʚʘʪ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ. ɿʘʟʚʠʯʘʡ ʮʝʡ ʝʬʝʢʪ ʧʦʚ'ʷʟʫʶʪʴ ʟ 

ʚʠʧʘʜʢʦʤ ʤʽʩʮʝʚʦʛʦ ʦʙʚʘʣʝʥʥʷ ʩʪʽʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ, ʟʘʧʦʚʥʝʥʥʷʤ ʰʤʘʪʢʘʤʠ 

ʧʦʨʦʜʠ ʤʽʞʪʨʫʙʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʧʝʨʝʢʦʩʦʤ ʢʦʣʦʥʠ ʽ ʚʪʨʘʪʦʶ ʾʾ ʨʫʭʣʠʚʦʩʪʽ 

(ʨʠʩ. 1.1). ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʻ ʘʚʘʨʽʡʥʦʶ, ʦʩʢʽʣʴʢʠ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ 

ʧʦʚʥʦʶ ʚʪʨʘʪʦʶ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʽ ʩʚʝʨʜʣʦʚʠʥʠ. 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 1.1 ī ʉʭʝʤʘ ʧʨʠʭʚʘʪʫ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ  
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ʆʜʥʘʢ ʧʦʨʷʜ ʟ ʪʘʢʠʤʠ ʚʠʧʘʜʢʘʤʠ ʧʨʠ ʙʫʨʽʥʥʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʩʭʦʞʽ 

ʩʠʪʫʘʮʽʾ, ʘʣʝ ʚʦʥʠ ʤʘʶʪʴ ʟʦʚʩʽʤ ʽʥʰʫ ʧʨʠʨʦʜʫ. ʋ ʪʝʦʨʽʾ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʾʭ 

ʥʘʟʠʚʘʶʪʴ ʤʝʨʪʚʠʤʠ ʩʪʘʥʘʤʠ (dead lock states). ɼʘʥʽ ʩʪʘʥʠ ʚʠʥʠʢʘʶʪʴ, ʢʦʣʠ 

ʰʚʠʜʢʽʩʪʴ ʭʘʨʘʢʪʝʨʥʦʾ ʪʦʯʢʠ ʧʨʦʚʽʜʥʦʾ ʣʘʥʢʠ ʚʠʷʚʣʷʻʪʴʩʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʰʚʠʜʢʦʩʪʽ ʭʘʨʘʢʪʝʨʥʦʾ ʪʦʯʢʠ ʚʝʜʝʥʦʾ ʣʘʥʢʠ ʽ ʩʠʩʪʝʤʘ 

ʩʘʤʘ ʩʝʙʝ ʟʘʤʠʢʘʻ. ʅʘʧʨʠʢʣʘʜ, ʚ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʤʫ ʤʝʭʘʥʽʟʤʽ, 

ʧʨʠʟʥʘʯʝʥʦʤʫ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʚʦʨʦʪʥʦ - ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʧʦʨʰʥʷ ɺ ʚ 

ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʢʨʠʚʦʰʠʧʘ OA (ʨʠʩ.1.2 ʘ), ʻ ʧʦʣʦʞʝʥʥʷ, ʢʦʣʠ ʪʦʯʢʠ ʆ, ɸ ʽ ɺ 

ʣʝʞʘʪʴ ʥʘ ʦʜʥʽʡ ʧʨʷʤʽʡ ʽ ʪʦʜʽ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʚʝʜʝʥʘ ʟ ʮʴʦʛʦ ʩʪʘʥʫ 

ʨʫʭʦʤ ʧʦʨʰʥʷ ɺ ʫʟʜʦʚʞ ʧʨʷʤʦʾ ʆɸɺ. ʊʘʢʦʞ ʧʦʣʦʞʝʥʥʷ ʻ ʤʝʨʪʚʠʤ, ʷʢʱʦ 

ʣʘʥʢʘ ɺ ʻ ʧʨʦʚʽʜʥʦʶ, ʘʣʝ ʩʠʩʪʝʤʘ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʯʫʪʣʠʚʦʶ ʜʦ ʩʧʨʦʙʠ ʾʾ 

ʧʝʨʝʤʽʱʝʥʥʷ. ʋ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʚʠʧʘʜʢʘʭ ʚ ʤʝʭʘʥʽʮ̔  ʪʘ ʚ ʤʘʪʝʤʘʪʠʮʽ, ʢʦʣʠ 

ʩʠʩʪʝʤʘ ʻ ʥʝʯʫʪʣʠʚʦʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʘʥʦʛʦ ʚʠʜʫ ʟʙʫʨʝʥʥʷ, ʢʘʞʫʪʴ, ʱʦ 

ʩʠʩʪʝʤʘ ʽʥʚʘʨʽʘʥʪʥʘ ʚʽʜʥʦʩʥʦ ʪʘʢʦʛʦ ʚʠʜʫ ʟʙʫʨʝʥʥʷ. 

 

 

 

 

 

 

 

 

ʋ ʤʝʭʘʥʽʮʽ ʽʥʚʘʨʽʘʥʪʥʽ ʨʽʟʥʦʤʘʥʽʪʪʷ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʜʝʷʢʽ ʬʫʥʢʮʽʾ, ʷʢʽ 

ʧʽʜ ʯʘʩ ʨʫʭʫ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʚ ʩʠʣʫ ʜʝʷʢʠʭ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ ī ʟʘʢʦʥʫ 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ 

ʤʦʤʝʥʪʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ ʽ ʪ. ʜ. ʋ ʜʠʥʘʤʽʯʥʠʭ 

ʩʠʩʪʝʤʘʭ ʚʝʣʠʯʠʥʠ, ʱʦ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʮʠʤ ʟʘʢʦʥʘʤ, ʧʦʚ'ʷʟʫʶʪʴ ʟ 

ʽʥʪʝʛʨʘʣʘʤʠ ʨʫʭʫ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ ʟʘ ʚʝʩʴ ʯʘʩ ʨʫʭʫ. 

ʈʠʩʫʥʦʢ 1.2 ī ɻʝʦʤʝʪʨʠʯʥʦ ʟʤʽʥʥʝ (ʘ) ʪʘ ʤʝʨʪʚʝ (ʙ) ʧʦʣʦʞʝʥʥʷ 

ʜʚʦʭʣʘʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ  
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ʇʦʥʷʪʪʷ ʽʥʚʘʨʽʘʥʪʥʠʭ ʩʪʘʥʽʚ ʰʠʨʦʢʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʪʘʢʦʞ ʚ ʩʠʩʪʝʤʘʭ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ (ʥʝʟʘʣʝʞʥʦʩʪʽ, ʥʝʯʫʪʣʠʚʦʩʪʽ) ʜʦ ʙʫʜʴ-ʷʢʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ. 

ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʚ ʪʝʦʨʽʾ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʚʽʜʦʤʽ ʽ ʪʘʢ ʟʚʘʥʽ 

ʛʨʘʥʠʯʥʽ (ʤʝʨʪʚʽ) ʧʦʣʦʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, 

ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ ʥʝʟʤʽʥʥʦʶ ʩʪʘʪʠʯʥʫ ʛʝʦʤʝʪʨʽʶ ʩʚʦʛʦ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ 

ʟʽ ʟʤʽʥʦʶ ʜʝʷʢʠʭ ʢʦʤʙʽʥʘʮʽʡ ʜʽʶʯʠʭ ʥʘ ʥʴʦʛʦ ʩʠʣ, ʱʦ ʚʘʨʽʶʶʪʴʩʷ, 

ʧʨʦʧʦʨʮʽʡʥʦ ʜʝʷʢʦʤʫ ʧʘʨʘʤʝʪʨʫ. 

ɿʘʟʚʠʯʘʡ ʽʥʚʘʨʽʘʥʪʥʽ ʩʪʘʥʠ ʟʤʽʥʥʠʭ ʩʠʩʪʝʤ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʫʤʦʚ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ, ʱʦ ʚʠʤʘʛʘʶʪʴ 

ʦʙʝʨʪʘʥʥʷ ʥʘ ʥʫʣʴ ʧʨʘʚʦʾ  ʯʘʩʪʠʥʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʜʘʥʠʡ ʧʨʦʮʝʩ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʦʯʝʚʠʜʥʠʭ ʧʨʠʢʣʘʜʽʚ ʽʥʚʘʨʽʘʥʪʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʤʝʭʘʥʽʮʽ, ʤʦʞʝ ʙʫʪʠ ʧʨʫʞʥʘ ʙʘʣʢʘ, ʥʘ ʷʢʫ ʜʽʻ 

ʚʝʨʪʠʢʘʣʴʥʘ ʩʠʣʘ ʧʨʠʢʣʘʜʝʥʘ ʚ ʦʜʥʽʡ ʟ ʪʦʯʦʢ ʾʾ ʩʧʠʨʘʥʥʷ (ʨʠʩ. 1.3). 

 

 

 

 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʙʘʣʢʠ ʚʠʷʚʣʷʻʪʴʩʷ 

ʥʝʯʫʪʣʠʚʠʤ (ʽʥʚʘʨʽʘʥʪʥʠʤ) ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʠʣʠ P  ʽ ʟ ʾʾ ʟʤʽʥʦʶ 

ʟʤʽʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʦʧʦʨʥʘ ʨʝʘʢʮʽʷ ʥʘ ʦʧʦʨʽ B . 

ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʨʠʢʣʘʜʽ ʩʠʣʘ P  ʥʝ ʚʭʦʜʠʪʴ ʚ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʩʘʤʦʾ ʙʘʣʢʠ. ʆʜʥʘʢ ʙʫʚʘʶʪʴ ʚʠʧʘʜʢʠ ʽʥʚʘʨʽʘʥʪʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʦʧʠʩʫʶʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ. ʅʘ ʨʠʩ. 1.4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʟʘʤʢʥʫʪʦʾ 

ʘʙʩʦʣʶʪʥʦ ʛʥʫʯʢʦʾ ʥʝʨʦʟʪʷʞʥʦʾ ʥʠʪʢʠ ʥʘʧʨʫʞʝʥʦʾ ʨʦʟʧʦʜʽʣʝʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ f  ʨʽʚʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 
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ɺʘʞʣʠʚʝ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʨʠʢʣʘʜ ʨʽʚʥʦʚʘʛʠ ʛʥʫʯʢʦʛʦ 

ʥʝʨʦʟʪʷʞʥʦʛʦ ʰʣʘʥʛʫ ʟ ʚʥʫʪʨʽʰʥʽʤ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ. ʁʦʛʦ ʬʦʨʤʘ ʽʥʚʘʨʽʘʥʪʥʘ 

ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ. 

 

 

 

 

 

 

 

 

 

 

ɯʥʚʘʨʽʘʥʪʥʦ  ʁʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʩʴʦʚʦʾ ʩʠʣʠ P  ʻ ʪʘʢʦʞ ʢʦʣʦʚʘ ʬʦʨʤʘ 

ʛʥʫʯʢʦʛʦ ʩʪʨʠʞʥʷ, ʚʤʽʱʝʥʦʛʦ ʚ ʞʦʨʩʪʢʫ ʛʣʘʜʢʫ ʦʙʦʡʤʫ (ʨʠʩ. 1.5). ɿʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʩʠʣʠ P  ʢʦʣʦʚʘ ʬʦʨʤʘ ʩʪʨʠʞʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ ʟʨʦʩʪʘʻ ʪʽʣʴʢʠ 

ʨʦʟʧʦʜʽʣʝʥʘ ʩʠʣʘ ʢʦʥʪf  ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʡʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʟ 

ʢʦʥʪʫʨʦʤ ʦʙʦʡʤʠ. 

 

 

 

 

 

 

 

ɺʽʜ ʮʴʦʛʦ ʧʨʠʢʣʘʜʫ ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʩʢʣʘʜʥʽʰʦʛʦ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʦʙʦʡʤʘ ʷʚʣʷʻ ʩʦʙʦʶ ʞʦʨʩʪʢʫ ʛʣʘʜʢʫ ʮʠʣʽʥʜʨʠʯʥʫ ʧʦʨʦʞʥʠʥʫ, ʚ ʷʢʽʡ ʜʦʚʛʠʡ 

ʧʨʫʞʥʠʡ ʩʪʨʠʞʝʥʴ ʚʩʪʘʚʣʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʻ ʨʝʛʫʣʷʨʥʦʶ ʮʠʣʽʥʜʨʠʯʥʦʶ 

ʩʧʽʨʘʣʣʶ, ʷʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʦʩʴʦʚʦʶ ʩʠʣʦʶ F, ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ 
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ʧʦʨʦʞʥʠʥʽ 
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ʥʠʪʢʦʚʦʛʦ ʢʽʣʴʮʷ, ʥʘʧʨʫʞʝʥʦʛʦ 

ʨʦʟʧʦʜʽʣʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 
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M  ʽ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʩʠʣʘʤʠ ʢʦʥʪf  ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʪʨʠʞʥʷ ʟ ʧʦʚʝʨʭʥʝʶ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʨʦʞʥʠʥʠ (ʨʠʩ. 1.6, ʘ). ɺʠʷʚʣʷʻʪʴʩʷ, ʩʪʚʦʨʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ 

ʮʠʣʽʥʜʨʠʯʥʘ ʩʧʽʨʘʣʴ ʻ ʽʥʚʘʨʽʘʥʪʥʦ ʁʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʠʣʠ F  ʽ ʤʦʤʝʥʪʫ M  

ʽ ʟ ʾʭ ʟʤʽʥʦʶ ʟʤʽʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʢʦʥʪʘʢʪʥʘ ʨʦʟʧʦʜʽʣʝʥʘ ʩʠʣʘ ʢʦʥʪf  (ʨʠʩ. 1.6, ʙ). 

ʑʝ ʙʽʣʴʰʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʠʢʣʘʜʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʚʽʜ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʦʙʤʝʞʫʶʯʦʾ ʧʦʚʝʨʭʥʽ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ 

(ʱʦ ʜʠʬʝʨʝʥʮʽʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ), ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʷʢʦʾ 

ʧʨʠʪʠʩʥʫʪʠʡ ʧʨʫʞʥʠʡ ʩʪʨʠʞʝʥʴ, ʚʠʛʥʫʪʠʡ ʧʦ ʛʝʦʜʝʟʠʯʥʽʡ ʢʨʠʚʽʡ. ʆʩʢʽʣʴʢʠ 

ʜʦʚʞʠʥʘ ʛʝʦʜʝʟʠʯʥʦʾ ʢʨʠʚʦʾ ʤʽʞ ʾʾ ʢʨʘʡʥʽʤʠ ʪʦʯʢʘʤʠ ʻ ʤʽʥʽʤʘʣʴʥʦʶ ʥʘ ʜʘʥʽʡ 

ʧʦʚʝʨʭʥʽ, ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʩʪʨʠʞʥʷ ʦʩʴʦʚʠʤʠ ʩʠʣʘʤʠ ʽ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ 

ʚʽʥ ʥʘʙʫʚʘʻ ʪʝʥʜʝʥʮʽʾ ʟʙʝʨʝʞʝʥʥʷ ʩʚʦʻʾ ʛʝʦʤʝʪʨʽʾ ʥʝʟʤʽʥʥʦʶ (ʽʥʚʘʨʽʘʥʪʥʦ)ʁ. 

ʊʘʢʽ ʩʪʘʥʠ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʘʥʘʣʦʛʽʯʥʽ 

ʤʝʨʪʚʠʤ ʩʪʘʥʘʤ ʤʝʭʘʥʽʟʤʽʚ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʝʣʽʥʽʡʥʦʛʦ ʟʛʠʥʘʥʥʷ ʧʨʫʞʥʦʛʦ ʩʪʨʠʞʥʷ, ʱʦ 

ʢʦʥʪʘʢʪʫʻ ʧʦ ʚʩʽʡ ʩʚʦʾʡ ʜʦʚʞʠʥʽ ʟ ʛʣʘʜʢʦʶ ʞʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʝʶ D , 

ʩʧʦʯʘʪʢʫ ʚʠʜʽʣʠʤʦ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʘʥʫ ʡʦʛʦ ʨʽʚʥʦʚʘʛʠ. ʅʘʡʧʨʦʩʪʽʰʠʡ 

ʚʠʧʘʜʦʢ ʤʘʻ ʤʽʩʮʝ, ʢʦʣʠ ɻʘʫʩʩʦʚʘ ʢʨʠʚʠʟʥʘ ʧʦʚʝʨʭʥʽ ʜʦʜʘʪʥʘ ʽ ʘʙʩʦʣʶʪʥʦ 

ʛʥʫʯʢʘ ʥʝʨʦʟʪʷʞʥʘ ʥʠʪʢʘ AB ʧʨʠʪʠʩʥʫʪʘ ʜʦ ʥʝʾ ʟ ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʢʫ ʜʚʦʤʘ 

ʨʦʟʪʷʛʫʶʯʠʤʠ ʨʽʚʥʠʤʠ ʧʦ ʤʦʜʫʣʶ ʦʩʴʦʚʠʤʠ ʩʠʣʘʤʠ ¡F  ʽ ¡¡F  ʱʦ ʧʨʠʢʣʘʜʝʥ ̔

ʜʦ ʾʾ ʢʽʥʮʽʚ (ʨʠʩ. 1.7). 
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ʚʠʧʫʢʣʡ̔ ʧʦʚʝʨʭʥ ̔D. 
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ʇʽʜ ʜʽʻʶ ʮʠʭ ʩʠʣ ʥʠʪʢʘ ʥʘʪʷʛʫʻʪʴʩʷ ʪʘ ʟʘʡʤʘʻ ʧʦʣʦʞʝʥʥʷ, ʚ ʷʢʦʤʫ ʾʾ 

ʜʦʚʞʠʥʘ  ̒ʤʝʥʦh  ʁʜʦʚʞʠʥʠ ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ ʢʨʠʚʦʾ ʥʘ D, ʱʦ ʟ'ʻʜʥʫʻ ʪʦʯʢʠ 

A ʽ B. ʊʘʢʘ ʢʨʠʚʘ AB ʥʘʟʠʚʘʻʪʴʩʷ ʛʝʦʜʝʟʠʯʥʦʶ. ɺʦʥʘ ʻ ʥʘʡʢʦʨʦʪʰʦʶ ʥʘ D  

ʤʽʞ ʪʦʯʢʘʤʠ A ʽ B, ʘ ʢʨʠʚʠʟʥʘ ʾʾ ʧʨʦʝʢʮʽʾ ʥʘ ʧʣʦʱʠʥʫ, ʜʦʪʠʯʥʫ ʜʦ D , 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʚ ʢʦʞʥʽʡ ʾʾ ʪʦʯʮʽ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʠʪʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʧʽʜ ʜʽʻʶ ʩʠʣ ¡F , ¡¡F , ʽ 

ʥʦʨʤʘʣʴʥʦʾ ʜʦ D  ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʣʠ ʢʦʥʪf  ʾʾ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ 

ʧʦʚʝʨʭʥʝʶ, ʧʨʠʯʦʤʫ ʮʝʡ ʩʪʘʥ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʩʠʣ ¡F  ʽ ¡¡F . ʂʘʞʫʪʴ, 

ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ (ʥʠʪʢʘ) ʽʥʚʘʨʽʘʥʪʥʘ (ʥʝʯʫʪʣʠʚʘ) ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʩʠʣ ¡F  ʽ ¡¡F  ʽ ʩʪʽʡʢʘ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʾʭʥʽʭ ʟʤʽʥʘʭ. 

ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ, ʘʣʝ ʟ ʜʝʷʢʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ, ʤʘʻ ʤʽʩʮʝ, ʷʢʱʦ 

ʪʦʥʢʠʡ ʧʨʫʞʥʠʡ ʩʪʨʠʞʝʥʴ ʧʨʠʪʠʩʥʝʥʠʡ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʧʦʚʝʨʭʥʽ D  

ʚʟʜʦʚʞ ʛʝʦʜʝʟʠʯʥʦʾ ʢʨʠʚʦʾ AB ʩʪʠʩʢʘʶʯʠʤʠ ʦʩʴʦʚʠʤʠ ʩʠʣʘʤʠ ¡F  ʽ ¡¡F . ʊʫʪ 

ʩʪʨʠʞʝʥʴ ʪʘʢʦʞ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ¡F , ¡¡F , ʽ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʩʠʣʠ ʢʦʥʪf , ʧʨʦʪʝ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʡʦʛʦ ʦʩʽ ʚʠʥʠʢʘʻ 

ʪʘʢʦʞ ʚʥʫʪʨʽʰʥʽʡ ʟʛʠʥʥʠʡ ʤʦʤʝʥʪ ʽ ʧʝʨʝʨʽʟʫʶʯʘ ʩʠʣʘ, ʱʦ ʣʝʞʘʪʴ ʚ ʩʧʨʷʤʥʽʡ 

ʧʣʦʱʠʥʽ. ʎʽ ʤʦʤʝʥʪʠ ʽ ʩʠʣʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʨʠʚʠʟʥʦʶ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʪʠʥʫ 

ʧʦʚʝʨʭʥʽ D  ʩʧʨʷʤʥʦʾ ʧʣʦʱʠʥʠ ʽ ʪʦʤʫ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʠʣ ¡F  ʽ ¡¡F . 

ɿʛʠʥʥʽ ʤʦʤʝʥʪʠ, ʱʦ ʧʝʨʝʨʽʟʫʶʪʴ ʩʠʣʠ ʚ ʧʣʦʱʠʥʘʭ, ʜʦʪʠʯʥʠʭ ʧʦʚʝʨʭʥʽ 

AB, ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʦʩʢʽʣʴʢʠ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʛʝʦʜʝʟʠʯʥʘ ʢʨʠʚʠʟʥʘ ʢʨʠʚʦʾ 

AB. ʊʘʢʠʤ ʯʠʥʦʤ ʟʛʠʥʥʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʧʨʫʞʥʦʛʦ ʩʪʨʠʞʥʷ, 

ʧʨʠʪʠʩʥʝʥʦʛʦ ʩʠʣʘʤʠ ¡F , ¡¡F , ʜʦ ʛʝʦʜʝʟʠʯʥʦʾ AB ʥʘ ʧʦʚʝʨʭʥʽ D, ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʟʥʘʯʝʥʴ ʩʠʣ ¡F , ¡¡F , ʽ ʚʠʟʥʘʯʘʪ̒ʴʩʷ ʪʽʣʴʢʠ ʛʝʦʤʝʪʨʽʻʶ ʧʦʚʝʨʭʥʽ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ¡F  ʽ ¡¡F  ʚ ʩʪʨʠʞʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʽʣʴʢʠ ʚʥʫʪʨʽʰʥʷ 

ʦʩʴʦʚʘ ʩʠʣʘ F, ʷʢʘ ʧʦ ʤʦʜʫʣʶ ʜʦʨʽʚʥʶʻ ʤʦʜʫʣʶ ʮʠʭ ʩʠʣ, ʘ ʪʘʢʦʞ 

ʨʦʟʧʦʜʽʣʝʥʘ ʩʠʣʘ ʢʦʥʪf  ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʪʨʠʞʥʷ ʟ ʧʦʚʝʨʭʥʝʶ, ʪʦʙʪʦ 

ʩʪʨʠʞʝʥʴ ʪʽʣʴʢʠ ʩʠʣʴʥʽʰʝ ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʜʦ ʩʪʽʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ. ʎʷ ʩʠʣʘ 

ʥʦʨʤʘʣʴʥʘ ʜʦ D  ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚ ʨʽʚʥʦʚʘʛʠ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʧʨʠʢʣʘʜʝʥʠʭ 

ʜʦ ʩʪʨʠʞʥʷ. 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ, ʷʢ ʽ ʚ ʧʨʠʢʣʘʜʽ ʟ ʥʠʪʢʦʶ, ʷʢʘ 

ʨʦʟʪʷʛʫʻʪʴʩʷ ʥʘ ʦʧʫʢʣʽʡ ʧʦʚʝʨʭʥʽ, ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʪʦʥʢʦʛʦ ʧʨʫʞʥʦʛʦ 

ʩʪʨʠʞʥʷ, ʧʨʠʪʠʩʥʫʪʦʛʦ ʜʚʦʤʘ ʦʩʴʦʚʠʤʠ ʩʠʣʘʤʠ ʜʦ ʛʝʦʜʝʟʠʯʥʦʾ ʢʨʠʚʦʾ ʥʘ 

ʫʚʽʛʥʫʪʽʡ ʧʦʚʝʨʭʥʽ, ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʯʫʪʣʠʚʠʤ (ʽʥʚʘʨʽʘʥʪʥʠʤ) ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʚʝʣʠʯʠʥʠ ʮʠʭ ʩʠʣ, ʽ ʟ ʾʭ ʟʤʽʥʦʶ, ʩʪʨʠʞʝʥʴ ʥʝ ʟʤʽʥʶʻ ʩʚʦʶ ʬʦʨʤʫ. 

ʆʜʥʘʢ ʩʠʪʫʘʮʽʷ ʧʨʠʡʤʘʻ ʽʥʰʫ ʬʦʨʤʫ, ʷʢʱʦ ʢʨʠʚʘ AB ʥʝ ʻ 

ʛʝʦʜʝʟʠʯʥʦʶ. ɺʦʥʦ ʤʦʞʣʠʚʦ, ʷʢʱʦ ʜʦ ʩʪʨʠʞʥʷ ʜʦʜʘʥʽ ʥʝ ʪʽʣʴʢʠ ʦʩʴʦʚʽ ʩʠʣʠ 

¡F , ¡¡F , ʘ ʡ ʽʥʰʽ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ (ʥʘʧʨʠʢʣʘʜ, ʩʠʣʠ ʪʷʞʽʥʥʷ, ʪʝʨʪʷ ʪʘ ʽʥ.). ʊʦʜʽ 

ʟʽ ʟʤʽʥʦʶ ʟʦʚʥʽʰʥʽʭ ʦʩʴʦʚʠʭ ʩʠʣ ¡F  ʽ ¡¡F  ʧʦʣʷ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ, ʤʦʤʝʥʪʽʚ ʽ 

ʜʝʬʦʨʤʘʮʽʡ ʤʦʞʫʪʴ ʝʚʦʣʶʮʽʦʥʫʚʘʪʠ ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ, ʘ ʦʩʴʦʚʘ ʣʽʥʽʷ 

ʩʪʨʠʞʥʷ ʟʤʽʥʶʻ ʩʚʦʶ ʛʝʦʤʝʪʨʽʶ. ɼʣʷ ʥʴʦʛʦ ʽʥʚʘʨʽʘʥʪʥʠʡ ʩʪʘʥ ʤʦʞʝ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʠʤ ʪʽʣʴʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʝʷʢʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʙʫʜʦʚ. 

ʆʙʠʜʚʘ ʚʠʜʠ ʨʦʟʛʣʷʥʫʪʠʭ ʩʪʘʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʽ ʚ ʙʫʨʠʣʴʥʠʭ 

ʢʦʣʦʥʘʭ. ʊʘʢ, ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʧʦʚʝʨʭʥʷ D  ʻ ʮʠʣʽʥʜʨʠʯʥʦʶ ʽ 

ʜʣʷ ʥʝʾ ʛʝʦʜʝʟʠʯʥʽ ʣʽʥʽʾ ī ʮʝ ʨʝʛʫʣʷʨʥʽ ʩʧʽʨʘʣʽ, ʯʠʩʣʦ ʷʢʠʭ ʥʝʩʢʽʥʯʝʥʥʝ. ʊʦʤʫ 

ʜʣʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʘ ʥʝʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʚʘʨʽʘʥʪʥʠʭ ʩʪʘʥʽʚ, ʷʢʽ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʝʨʪʚʠʭ ʩʪʘʥʽʚ (dead lock states). ɺʦʥʠ ʤʘʡʞʝ ʥʝ 

ʨʝʘʛʫʶʪʴ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʦʩʴʦʚʠʭ ʩʠʣ ʽ ʪʽʣʴʢʠ ʩʠʣʴʥʽʰʝ ʧʨʠʪʠʩʢʘʶʪʴʩʷ ʜʦ 

ʩʪʽʥʦʢ ʩʚʝʨʜʣʦʚʠʥʠ. ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʻ ʽ ʚʥʫʪʨʽʰʥʷ ʦʩʴʦʚʘ 

ʩʠʣʘ F, ʪʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ¡F  ʽ ¡¡F  ʚʨʝʰʪʽ-ʨʝʰʪ ʥʘʩʪʘʻ ʪʘʢʠʡ ʩʪʘʥ 

ʽʥʚʘʨʽʘʥʪʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʦʥʘ ʩʪʘʻ ʥʝʩʪʽʡʢʦʶ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ 

ʚʠʧʠʥʘʥʥʷ ʧʝʨʝʩʢʘʢʫʻ ʚ ʽʥʰʠʡ ʽʥʚʘʨʽʘʥʪʥʠʡ ʩʪʘʥ ʘʙʦ ʧʨʦʩʪʦ ʜʝʬʦʨʤʫʻʪʴʩʷ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʢʨʦʢʫ ʩʧʽʨʘʣʽ. ʊʦʤʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʠ ʘʥʘʣʽʟʽ ʩʪʽʡʢʦʩʪʽ 

ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʧʨʠʜʽʣʝʥʘ ʘʥʘʣʽʟʫ ʩʪʽʡʢʦʩʪʽ ʾʭ ʽʥʚʘʨʽʘʥʪʥʠʭ ʩʪʘʥʽʚ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʥʘʚʽʪʴ ʜʣʷ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʮʝ ʥʝ ʧʨʦʩʪʝ ʟʘʚʜʘʥʥʷ, ʪʘʢ ʷʢ ʟ ʚʠʢʨʠʚʣʝʥʥʷʤ ʾʭ 

ʦʩʴʦʚʠʭ ʣʽʥʽʡ ʜʣʷ ʾʭ ʘʥʘʣʽʟʫ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʢʦʤʧʣʝʢʩʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʦʨʽʾ ʛʝʦʜʝʟʠʯʥʠʭ ʢʨʠʚʠʭ ʥʘ 

ʢʘʥʘʣʦʚʠʭ ʧʦʚʝʨʭʥʷʭ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ. 

 



  

 

43 

 

1.3.4 ʈʦʣʴ ʬʨʠʢʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʚ ʟʘʛʘʣʴʥʦʤʫ ʙʘʣʘʥʩʽ ʩʠʣʦʚʠʭ ʚʧʣʠʚʽʚ 

ʥʘ ʢʦʣʦʥʠ ʚ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʤʫʩʦʚʦʛʦ ʚʠʢʨʠʚʣʝʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʟʘ ʬʦʨʤʦʶ 

ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʥʽʡ ʚʠʥʠʢʘʶʪʴ ʟʛʠʥʥʽ ʤʦʤʝʥʪʠ. ʇʽʜ ʜʽʻʶ ʮʠʭ 

ʤʦʤʝʥʪʽʚ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʶʪʴ ʩʠʣʠ ʢʦʥʪʘʢʪʥʦʾ ʪʘ ʬʨʠʢʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʡ ʢʦʣʦʥʠ 

ʟʽ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. ʈʦʟʨʘʭʫʥʦʢ ʟʘʟʥʘʯʝʥʠʭ ʩʠʣ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʥʘʤʠ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʝʦʨʽʾ ʛʥʫʯʢʠʭ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʙʯʠʩʣʝʥʥʷ ʩʠʣ ʪʝʨʪʷ ʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʪʝʨʪʷ 

ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʘʪʠ ʮʽ ʚʝʣʠʯʠʥʠ ʚ ʩʚʝʨʜʣʦʚʠʥʘʭ 

ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʽ ʣʦʢʘʣʴʥʠʭ ʚʽʜʭʠʣʝʥʴ ʦʩʴʦʚʦʾ ʣʽʥʽʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʚʽʜ ʟʘʜʘʥʦʾ. ɿ ʾʾ ʜʦʧʦʤʦʛʦʶ ʥʘ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʧʨʠʢʣʘʜʘʭ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠ ʬʦʨʤʫʚʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʚ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʽ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʤʘʶʪʴ ʧʨʠʥʮʠʧʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ. ʊʘʢ, ʚ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ ʧʨʠ ʨʫʩʽ ʢʦʣʦʥʠ, ʩʠʣʘ ʪʝʨʪʷ, ʱʦ ʥʘ ʥʝʾ ʜʽʾ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʥʘ ʩʠʣʫ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ. ʆʜʥʘʢ ʚ ʧʨʷʤʦʣʽʥʽʡʥʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ ʩʠʣʘ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʥʦʨʤʘʣʴʥʦʾ ʜʦ ʦʩʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʢʦʤʧʦʥʝʥʪʠ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ ʪʷʞʽʥʥʷ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʥʫʪʨʽʰʥʴʦʾ ʦʩʴʦʚʦʾ ʩʠʣʠ ʚ ʢʦʣʦʥʽ. ʊʦʤʫ ʚʚʘʞʘʶʪʴ, ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʩʠʣʘ ʪʝʨʪʷ ʻ ʘʜʠʪʠʚʥʦʶ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʢʦʣʦʥʠ ʚ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʢʘʥʘʣʽ 

ʩʠʪʫʘʮʽʷ ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʠʣʘ ʢʦʥʪʘʢʪʥʦʛʦ 

ʪʠʩʢʫ ʥʘ ʚʠʢʨʠʚʣʝʥʽʡ ʜʽʣʷʥʮʽ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʘʣʝ ʪʘʢʦʞ 

ʽ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʾ ʦʩʴʦʚʦʾ ʩʠʣʠ ʚ ʢʦʣʦʥʽ ʪʘ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʨʠʚʠʟʥʠ 

ʢʘʥʘʣʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠ ʨʫʩʽ ʢʦʣʦʥʠ ʚ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʢʘʥʘʣʽ ʛʝʥʝʨʫʶʪʴʩʷ 

ʜʦʜʘʪʢʦʚʽ ʩʠʣʠ ʪʝʨʪʷ. ʎʽ ʩʠʣʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʩʴʦʚʠʭ ʩʠʣ ʚ 

ʢʦʣʦʥʽ, ʯʝʨʝʟ ʱʦ ʟʨʦʩʪʘʶʪʴ ʢʦʥʪʘʢʪʥʽ ʩʠʣʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʩʘʤʠʭ ʩʠʣ ʪʝʨʪʷ. ʎʽ ʩʠʣʠ ʱʝ ʙʽʣʴʰʝ ʟʙʽʣʴʰʫʶʪʴ ʦʩʴʦʚʽ ʩʠʣʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʱʝ ʙʽʣʴʰʝ ʟʙʽʣʴʰʫʶʪʴʩʷ ʢʦʥʪʘʢʪʥʽ ʩʠʣʠ ʽ ʪ. ʜ. ʋ ʟʚ'ʷʟʢʫ ʟ ʟʘʟʥʘʯʝʥʠʤ ʚ 
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ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʬʨʠʢʮʽʡʥʽ ʝʬʝʢʪʠ ʻ ʥʝʣʽʥʽʡʥʠʤʠ, ʘ ʦʧʠʩʘʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ʾʭ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʶ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʥʘʰʦʾ ʤʝʪʦʜʠʢʠ, ʜʦʟʚʦʣʠʚ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ʆʩʢʽʣʴʢʠ ʥʘʧʨʷʤʦʢ ʩʠʣ ʪʝʨʪʷ ʤʘʻ ʨʽʟʥʫ ʦʨʽʻʥʪʘʮʽʶ ʧʨʠ ʩʧʫʩʢʫ ʽ 

ʧʽʜʡʦʤʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ, ʚʦʥʠ ʧʦ-ʨʽʟʥʦʤʫ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʩʠʣʘʤʠ ʪʷʞʽʥʥʷ. 

ʊʘʢ ʥʘ ʜʽʣʷʥʮʽ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ɹʂ ʩʠʣʠ ʪʝʨʪʷ ʜʦʜʘʶʪʴʩʷ ʟ ʩʠʣʘʤʠ 

ʪʷʞʽʥʥʷ ʧʨʠ ʧʽʜʡʦʤʽ ʢʦʣʦʥʠ ʽ ʚʽʜʥʽʤʘʶʪʴʩʷ ʧʨʠ ʩʧʫʩʢʫ. ʊʦʤʫ ʧʽʜʡʦʤ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʨʠʢʣʘʜʘʥʥʷʤ ʙʽʣʴʰʦʾ ʩʠʣʠ ʥʘ ʾʾ ʚʝʨʭʥʴʦʤʫ 

ʢʽʥʮʽ, ʥʽʞ ʩʧʫʩʢ. 

2. ʉʠʣʠ ʪʝʨʪʷ ʥʘ ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʜʽʣʷʥʮʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʛʠʥʘʣʴʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʪʨʫʙʠ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ. ɿ ʾʾ ʟʙʽʣʴʰʝʥʥʷʤ ʮʽ ʩʠʣʠ ʟʨʦʩʪʘʶʪʴ. 

ɺʦʥʠ ʟʙʽʣʴʰʫʶʪʴʩʷ ʪʘʢʦʞ ʚ ʤʽʩʮʷʭ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʞʦʨʩʪʢʦʩʪʽ ʢʦʣʦʥʠ. ʎʽ 

ʝʬʝʢʪʠ ʚʠʥʠʢʘʶʪʴ ʚ ʤʽʩʮʷʭ ʨʽʟʴʙʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʪʨʫʙ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʽ ʚ 

ʤʽʩʮʷʭ ʟ'ʻʜʥʘʥʴ ʪʨʫʙ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ. 

3. ʉʠʣʠ ʪʝʨʪʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʠʟʥʠ 0ə ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʽ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 0ə ʚʦʥʠ ʟʨʦʩʪʘʶʪʴ. 

4. ʉʠʣʠ ʪʝʨʪʷ ʨʽʟʢʦ ʟʨʦʩʪʘʶʪʴ ʚ ʤʽʩʮʷʭ ʰʚʠʜʢʦ ʾ ʟʤʥ̔ʠ ʧʦʯʘʪʢʦʚʦʾ 

ʢʨʠʚʠʟʥʠ (2 2

0 /d ə ds). 

5. ʉʠʣʠ ʪʝʨʪʷ ʟʨʦʩʪʘʶʪʴ ʚ ʤʽʩʮʷʭ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʫʩʘ ʢʨʠʚʠʟʥʠ 

ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʚ ʤʽʩʮʷʭ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʾʾ ʢʨʠʚʠʟʥʠ (ʚ ʪʦʯʢʘʭ ʨʽʟʢʦʛʦ ʚʠʛʠʥʫ ʽ 

ʟ'ʻʜʥʘʥʥʷ ʜʽʣʷʥʦʢ ʨʽʟʥʦʾ ʢʨʠʚʠʟʥʠ). 

6. ʉʠʣʠ ʪʝʨʪʷ ʟʨʦʩʪʘʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ ʚʠʥʠʢʥʝʥʥʷ 

ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʽ ʧʘʨʠ ʧʝʨʝʨʽʟʫʶʯʠʭ ʩʠʣ ʥʘ ʢʽʥʮʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ. 

ɿʥʘʯʝʥʥʷ ʮʠʭ ʩʠʣ (ʽ ʩʠʣ ʪʝʨʪʷ) ʰʚʠʜʢʦ ʟʨʦʩʪʘʶʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʛʠʥʘʣʴʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ EI  ʪʨʫʙʠ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʾʾ ʜʽʘʤʝʪʨʘ ʜʦ 

ʜʽʘʤʝʪʨʘ ʩʚʝʨʜʣʦʚʠʥʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʩʚʝʨʜʣʦʚʠʥʠ ʚʽʜʥʦʩʥʦ 

ʜʽʘʤʝʪʨʘ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʽ ʟʽ ʟʤʝʥʰʝʥʥʷʤ EI  ʮʽ ʩʠʣʠ ʧʘʜʘʶʪʴ. 
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7. ʊʘʢ ʷʢ ʥʘ ʜʽʣʷʥʢʘʭ ʪʨʘʻʢʪʦʨʽʾ ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʽ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ, ʩʠʣʠ ʥʦʨʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʪʨʫʙʠ ʥʘ ʩʪʽʥʢʫ ʩʚʝʨʜʣʦʚʠʥʠ 

ʟʨʦʩʪʘʶʪʴ, ʪʦ ʩʠʣʠ ʪʝʨʪʷ ʥʘ ʮʠʭ ʜʽʣʷʥʢʘʭ ʪʘʢʦʞ ʟʙʽʣʴʰʫʶʪʴʩʷ. 

ʅʘ ʟʘʚʝʨʰʝʥʥʷ ʧʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʙʽʣʴʰ ʪʦʯʥʠʡ ʧʽʜʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʽʭ ʽ 

ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʢʨʠʚʦʣʽʥʽʡʥʫ ʙʫʨʠʣʴʥʫ ʢʦʣʦʥʫ, ʜʦʟʚʦʣʷʻ, ʟʛʽʜʥʦ ʟ 

ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʦʩʴʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʽ 

ʧʦʟʜʦʚʞʥʴʦʾ ʩʠʣʠ, ʘ ʪʘʢʦʞ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ ʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʪʦʯʥʽʰʝ 

ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʷ ʧʨʠʭʚʘʪʫ ɹʂ ʽ ʚʞʠʚʘʪʠ ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʾ ʟʚʽʣʴʥʝʥʥʷ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʨʦʟʨʘʭʫʥʦʢ ʩʠʣ ʪʝʨʪʷ, ʷʢʽ ʛʝʥʝʨʫʶʪʴʩʷ, ʥʝʦʙʭʽʜʥʠʡ 

ʪʘʢʦʞ ʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ. 

 

1.3.5 ʊʝʦʨʽʷ ʙʽʬʫʨʢʘʮʽʡ ʽ ʟʘʜʘʯʘ ʚʠʧʠʥʘʥʥʷ ʢʦʣʦʥʠ 

 

ɽʬʝʢʪ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʨʽʚʥʦʚʘʛʠ ʽ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʻ 

ʧʨʦʷʚʦʤ ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʽʚ ʬʽʣʦʩʦʬʽʾ ī ʟʘʢʦʥʫ ʧʝʨʝʭʦʜʫ 

ʢʽʣʴʢʽʩʥʠʭ ʟʤʽʥ ʚ ʷʢʽʩʥʽ. 

ʋ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʡʩʥʦʩʪʽ ʢʽʣʴʢʽʩʥʽ ʟʤʽʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʝʮʠʬʽʯʥʠʭ 

ʫʤʦʚ ʧʝʨʝʭʦʜʷʪʴ ʚ ʷʢʽʩʥʽ ʧʦ-ʨʽʟʥʦʤʫ. ʂʦʥʢʨʝʪʥʽ ʬʦʨʤʠ ʧʝʨʝʭʦʜʫ, ʩʪʨʠʙʢʘ ʟ 

ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ, ʻ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʛʘʪʴʦʭ ʥʘʫʢ. ʋ ʤʝʭʘʥʽʮʽ ʾʭ 

ʚʠʚʯʘʶʪʴ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʨʽʚʥʦʚʘʛʠ ʽ ʙʽʬʫʨʢʘʮʽʡ. 

ʉʧʽʣʴʥʠʤʠ ʽ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʠʤʠ ʬʦʨʤʘʤʠ ʩʪʨʠʙʢʽʚ ʚʚʘʞʘʶʪʴ: 1) ʬʦʨʤʫ 

ʧʦʨʽʚʥʷʥʦ ʰʚʠʜʢʦʛʦ ʽ ʨʽʟʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʜʥʽʻʾ ʷʢʦʩʪʽ ʚ ʽʥʰʫ, ʢʦʣʠ ʦʙ'ʻʢʪ 

ʷʢ ʮʽʣʽʩʥʘ ʩʠʩʪʝʤʘ ʚʽʜʨʘʟʫ ʟʤʽʥʶʻ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ; 2) ʬʦʨʤʫ ʧʦʩʪʫʧʦʚʦʛʦ 

ʷʢʽʩʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʢʦʣʠ ʦʙ'ʻʢʪ ʟʤʽʥʶʻʪʴʩʷ ʥʝ ʚʽʜʨʘʟʫ, ʘ ʰʣʷʭʦʤ ʧʦʩʪʽʡʥʦʛʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʷʢʽʩʥʠʭ ʟʤʽʥ. ʆʙʠʜʚʽ ʮʽ ʬʦʨʤʠ ʤʘʶʪʴ ʤʽʩʮʝ ʽ ʚ ʟʘʜʘʯʘʭ ʩʪʽʡʢʦʩʪʽ 

ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʷʢʽʩʥʠʭ ʟʤʽʥ ʧʨʠ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ 

ʨʦʟʨʽʟʥʷʶʪʴ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ɯ ʪʘ ɯɯ-ʛʦ ʨʦʜʫ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʩʪʽʡʢʦʩʪʽ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ 

ʥʘʤʘʛʘʶʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ ʤʝʞʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ ʷʢʠʭ ʜʘʥʘ 
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ʩʠʩʪʝʤʘ ʤʘʻ ʻʜʠʥʫ ʬʦʨʤʫ ʨʽʚʥʦʚʘʛʠ. ɽʡʣʝʨ, ʜʦʩʣʽʜʞʫʶʯʠ ʧʦʟʜʦʚʞʥʽʡ ʚʠʛʠʥ 

ʩʪʨʠʞʥʷ, ʚʢʘʟʘʚ ʰʣʷʭ ʚʽʜʰʫʢʘʥʥʷ ʮʠʭ ʤʝʞ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʭʦʜʫ ʜʦ ʟʘʜʘʯʽ ʥʘ 

ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (ʟʘʜʘʯʽ ʐʪʫʨʤʘ - ʃʽʫʚʽʣʣʷ). ʎʝʡ ʤʝʪʦʜ ʟʛʦʜʦʤ ʩʪʘʣʠ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʙʫʚ ʩʪʨʦʛʦ ʦʙˇʨʫʥʪʦʚʘʥʠʡ. ɺ ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ ʤʝʪʦʜ 

ʚʠʧʨʘʚʜʘʚ ʩʝʙʝ ʩʪʦʩʦʚʥʦ ʜʦ ʩʪʨʠʞʥʽʚ, ʩʪʨʠʞʥʝʚʠʭ ʩʠʩʪʝʤ ʽ ʧʣʘʩʪʠʥ, ʯʦʤʫ 

ʩʧʨʠʷʣʘ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʣʽʥʝʘʨʠʟʘʮʽʷ ʚ ʮʠʭ ʚʠʧʘʜʢʘʭ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʦʢʦʣʽ 

ʚʠʭʽʜʥʦʛʦ ʙʝʟʤʦʤʝʥʪʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʷʢʠʡ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʠʤʠ ʟʘʩʦʙʘʤʠ. 

ʆʜʥʘʢ ʩʧʨʦʙʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʽʥʝʘʨʠʟʘʮʽʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʽʩʪʦʪʥʦ 

ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯ ʩʪʽʡʢʦʩʪʽ ʯʘʩʪʦ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʚʜʘʣʠʤʠ, ʦʩʢʽʣʴʢʠ ʟʚʠʯʘʡʥʠʡ 

ʧʨʠʥʮʠʧ ʣʽʥʝʘʨʠʟʘʮʽʾ ʜʘʻ ʩʧʦʪʚʦʨʝʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʬʦʨʤʠ. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʡʦʛʦ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʽʥʝʘʨʠʟʫʶʯʠ ʟʘʜʘʯʫ ʚ ʦʢʦʣʽ 

ʟʘʟʜʘʣʝʛʽʜʴ ʥʝʚʽʜʦʤʦʛʦ ʨʦʟʚËʷʟʢʫ, ʘʙʦ ʞ ʚʟʘʛʘʣʽ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʣʽʥʝʘʨʠʟʘʮʽʾ ʽ 

ʧʝʨʝʡʪʠ ʜʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʜʝʬʦʨʤʘʮʽʶ ʩʠʩʪʝʤʠ. ɸ ʪʘʢ ʷʢ ʮʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ, ʱʦ ʤʽʩʪʠʪʴ ʩʠʩʪʝʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ɚ, ʪʦ ʧʨʦʙʣʝʤʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʘ ʜʝʷʢʦʾ 

ʥʝʣʽʥʽʡʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ [13,14]. 

ʗʢ ʧʨʘʚʠʣʦ, ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʚʜʘʻʪʴʩʷ ʧʨʦʚʝʩʪʠ ʩʪʨʦʛʦ. ɯʩʪʦʪʥʽ 

ʪʨʫʜʥʦʱʽ ʚʠʥʠʢʘʶʪʴ ʪʘʢʦʞ ʧʨʠ ʩʧʨʦʙʽ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʥʘʙʣʠʞʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽ ʜʣʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʫ ʢʘʥʘʣʘʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʦʩʢʽʣʴʢʠ ʦʩʴʦʚʘ ʣʽʥʽʷ ʢʦʣʦʥʠ ʧʨʠ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʧʨʠʡʤʘʻ ʬʦʨʤʫ, 

ʷʢʘ ʤʘʻ ʜʽʣʷʥʢʠ ʧʣʘʚʥʦʾ ʽ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʪʨʘʻʢʪʦʨʽʾ, ʱʦ ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʻ 

ʟʘʜʘʯʫ, ʪʘʢ ʷʢ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʫʞʝ ʚʘʞʢʦ ʬʦʨʤʫ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʥʘʙʣʠʞʘʪʠ 

ʧʨʦʩʪʠʤʠ ʘʧʨʦʢʩʠʤʫʶʯʠʤʠ ʬʫʥʢʮʽʷʤʠ. ʇʦʩʣʽʜʦʚʥʘ ʟʤʽʥʘ ʬʦʨʤʠ 

ʜʝʬʦʨʤʦʚʘʥʦʾ ʦʩʽ ʧʨʠ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʣʦʥʠ ʷʢ ʩʠʩʪʝʤʠ ʟ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʩʪʫʧʝʥʽʚ 

ʩʚʦʙʦʜʠ. 
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ɿʘʟʥʘʯʝʥʽ ʪʨʫʜʥʦʱʽ ʤʦʞʥʘ ʧʦʜʦʣʘʪʠ ʰʣʷʭʦʤ ʧʝʨʝʭʦʜʫ ʜʦ ʟʘʜʘʯʽ ʂʦʰʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʚËʷʟʦʢ ʩʠʩʪʝʤʠ 

ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

 

( )F x ɚb= ,     (1.1) 

 

ʱʦ ʦʧʠʩʫʶʪʴ ʟʛʠʥʘʥʥʷ ʢʦʣʦʥʠ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʤʽʥʽ ʥʝʣʽʥʽʡʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

F  ʚ ʦʢʦʣʽ ʩʪʘʥʫ ʫʟʘʛʘʣʴʥʝʥʠʤ ʚʠʨʘʟʦʤ ʊʝʡʣʦʨʘ. ʊʫʪ F  ī ʥʝʣʽʥʽʡʥʠʡ 

ʦʧʝʨʘʪʦʨ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ; x  ī ʚʝʢʪʦʨ, ʱʦ ʚʠʟʥʘʯʘʻ ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʢʦʣʦʥʠ; ɚ ī ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʙʫʨʝʥʥʷ ʩʠʩʪʝʤʠ. 

ʆʙʤʝʞʝʥʥʷ ʯʠʩʣʘ ʯʣʝʥʽʚ ʚ ʨʦʟʢʣʘʜʽ ʊʝʡʣʦʨʘ ʜʦʟʚʦʣʷʻ ʚ ʦʢʦʣʽ ʩʪʘʥʫ 
( )nx   

ʚʚʝʩʪʠ ʘʥʘʣʦʛ ʘʣʛʦʨʠʪʤʽʚ ʅʴʶʪʦʥʘ - ʂʘʥʪʦʨʦʚʠʯʘ, ʜʦʪʠʯʥʠʭ ʛʽʧʝʨʙʦʣ ʽ ʾʤ 

ʧʦʜʽʙʥʠʭ: 

 

1

( 1) ( ) ( ) ( 1) ( ) ( )( )n n n n n nx x F ɚ b F x
-

+ +
è ø= + -ê ú    (1.2) 

 

ʜʝ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʝʣʝʤʝʥʪ 
( )

a

nx  ʚʠʙʠʨʘʶʪʴ ʥʘ ʙʘʟʽ ʝʣʝʤʝʥʪʽʚ 
( ) ( )mx m n¢ . 

ʌʦʨʤʫʣʘ (1.2) ʦʧʠʩʫʻ ʦʧʝʨʘʮʽʶ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 
( )ix , ʱʦ 

ʥʘʙʣʠʞʝʥʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʨʽʚʥʷʥʥʷ (1.1) ʧʨʠ 
( )iɚ ɚ= . ɺʦʥʘ ʜʦʙʨʝ ʧʦʻʜʥʫʻ 

ʧʨʦʩʪʦʪʫ ʤʝʪʦʜʫ ʅʴʶʪʦʥʘ ʽ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ ʪʠʧʫ 

ʏʝʙʠʰʝʚʘ ʽ ɽʡʪʢʝʥʘ. 

ʅʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʦʧʝʨʘʪʦʨʥʝ ʨʽʚʥʷʥʥʷ (1.1) ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʩʠʩʪʝʤʠ ʥʝʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʘ ʧʦʭʽʜʥʘ ʌʨʝʰʝ F¡ ī ʜʦ ʤʘʪʨʠʮʽ 

ʗʢʦʙʽ. 

ɸʥʘʣʽʟ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʥʠʢʘ J  ʤʘʪʨʠʮʽ ʗʢʦʙʽ ʜʦʟʚʦʣʷʻ ʩʫʜʠʪʠ ʧʨʦ 

ʧʦʷʚʫ ʨʦʟʛʘʣʫʞʝʥʠʭ ʨʦʟʚËʷʟʢʽʚ ʽ ʧʨʦ ʩʪʽʡʢʽʩʪʴ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. 

ʋ ʪʦʯʢʘʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʷʢʦʙʽʘʥʘ J  ʚ ʥʫʣʴ ʟʘʜʘʯʘ ʧʨʦʜʦʚʞʝʥʥʷ 

ʨʦʟʚËʷʟʢʫ ʤʝʪʦʜʦʤ (1.2) ʚʠʷʚʣʷʻʪʴʩʷ ʧʦʩʪʘʚʣʝʥʦʶ ʥʝʢʦʨʝʢʪʥʦ, ʪʘʢ ʷʢ 

ʥʝʟʥʘʯʥʠʤ ʟʤʽʥʘʤ ʧʘʨʘʤʝʪʨʽʚ ʟʙʫʨʝʥʥʷ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʚʝʣʠʢʽ ʟʤʽʥʠ ʚ 
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ʨʦʟʚËʷʟʢʫ ʟʘʜʘʯʽ. ʇʦʥʷʪʪʷ ʢʦʨʝʢʪʥʦʩʪʽ ʽ ʧʨʠʢʣʘʜ ʥʝʢʦʨʝʢʪʥʦʾ ʟʘʜʘʯʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʜʘʥʦ ʥʘ ʧʦʯʘʪʢʫ ʥʘʰʦʛʦ ʩʪʦʣʽʪʪʷ ɸʜʘʤʘʨʦʤ. ɺʝʣʠʢʠʡ 

ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʽ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ, ʷʢʽ 

ʥʝ ʻ ʢʦʨʝʢʪʥʠʤʠ ʚ ʢʣʘʩʠʯʥʦʤʫ ʩʝʥʩʽ, ʚʥʝʩʣʠ ɺ.ʂ. ɯʚʘʥʦʚ, ʄ.ʄ. ʃʘʚʨʝʥʪʴʻʚ, 

ɸ.ʅ. ʊʠʭʦʥʦʚ ʪʘ ʽʥʰʽ. 

ɻʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ɚ, ʧʨʠ ʷʢʦʤʫ ʷʢʦʙʽʘʥ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘ 

ʥʫʣʴ, ʻ ʢʨʠʪʠʯʥʠʤ. ʋ ʮʠʭ ʪʦʯʢʘʭ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʛʘʣʫʞʝʥʥʷ ʨʦʟʚËʷʟʢʫ, ʪʦʙʪʦ ʡʦʛʦ ʙʽʬʫʨʢʘʮʽʶ. ʅʘʛʘʜʘʻʤʦ, ʱʦ ʪʦʯʢʦʶ 

ʨʦʟʛʘʣʫʞʝʥʥʷ ʨʦʟʚËʷʟʢʫ ʥʘʟʠʚʘʻʪʴʩʷ ʪʦʯʢʘ, ʚ ʤʘʣʦʤʫ ʦʢʦʣʽ ʷʢʦʾ ʦʜʥʦʤʫ 

ʟʥʘʯʝʥʥʶ ʧʘʨʘʤʝʪʨʘ ɚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʚʘ ʘʙʦ ʙʽʣʴʰʝ ʨʦʟʚËʷʟʢʽʚ. ɿʘʟʚʠʯʘʡ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚ ʦʢʦʣʽ ʦʩʦʙʣʠʚʦʾ 

ʪʦʯʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʨʦʟʛʘʣʫʞʝʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʤʽʥʽ ʚ 

ʦʢʦʣʽ ʪʦʯʢʠ ʨʦʟʛʘʣʫʞʝʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʝʚʥʠʤ ʯʠʩʣʦʤ ʯʣʝʥʽʚ 

ʨʦʟʢʣʘʜʘʥʥʷ ʡʦʛʦ ʚ ʨʷʜ ʊʝʡʣʦʨʘ. ʈʦʟʚËʷʟʢʠ ʨʽʚʥʷʥʥʷ ʨʦʟʛʘʣʫʞʝʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴ ʥʘʧʨʷʤʢʠ ʨʦʟʚËʷʟʢʽʚ, ʱʦ ʚʽʜʛʘʣʫʞʫʻʪʴʩʷ ʚ ʤʘʣʦʤʫ ʦʢʦʣʽ ʪʦʯʢʠ 

ʚʠʨʦʜʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʢʨʘʪʥʽ ʨʦʟʚËʷʟʢʠ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʦʢʨʝʤʦ. 

ʇʨʦʜʦʚʞʝʥʥʷ ʢʨʠʚʦʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ (1.2) ʧʦ ʢʦʞʥʦʤʫ ʟ 

ʟʥʘʡʜʝʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʚʩʽ ʛʽʣʢʠ ʙʽʬʫʨʢʘʮʽʡʥʠʭ 

ʨʦʟʚËʷʟʢʽʚ. 

ʇʦʻʜʥʘʥʥʷ ʤʝʪʦʜʫ ʧʨʦʜʦʚʞʝʥʥʷ ʧʦ ʧʘʨʘʤʝʪʨʫ ʟ ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ 

ʨʦʟʛʘʣʫʞʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʭʦʜʠʪʠ ʨʦʟʚËʷʟʢʠ ʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ bɚ 

ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʛʘʣʫʞʝʥʥʷ, ʚʠʟʥʘʯʘʪʠ ʯʠʩʣʦ ʨʦʟʚËʷʟʢʽʚ, ʱʦ 

ʚʽʜʛʘʣʫʞʫʶʪʴʩʷ ʚʽʜ bx , ʚʠʚʯʘʪʠ ʧʦʚʝʜʽʥʢʫ ʮʠʭ ʨʦʟʚËʷʟʢʽʚ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ɚ. 

ʆʩʦʙʣʠʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʪʨʫʜʥʦʱʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʩʪʽʡʢʦʩʪʽ 

ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤʠ ʚËʷʟʷʤʠ ʪʦʙʪʦ ʚËʷʟʷʤʠ, ʟʜʘʪʥʠʤʠ 

ʩʧʨʠʡʤʘʪʠ ʟʫʩʠʣʣʷ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʟʥʘʢʫ. ʊʘʢʽ ʟʘʜʘʯʽ ʚʠʥʠʢʘʶʪʴ ʽ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʧʦʨʦʞʥʠʥʽ ʢʨʠʚʦʣʽʥʽʡʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʪʽʥʢʘ ʩʚʝʨʜʣʦʚʠʥʠ ʦʙʤʝʞʫʻ 
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ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʣʦʥʠ ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʎʝʡ ʢʣʘʩ ʟʘʜʘʯ ʥʘʡʤʝʥʰ 

ʚʠʚʯʝʥʠʡ, ʚʽʥ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚËʷʟʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʧʨʠ  

ʜʦʜʘʪʢʦʚʠʭ ʫʤʦʚʘʭ, ʟʘʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʥʝʨʽʚʥʦʩʪʝʡ. ɼʣʷ ʾʾ ʨʦʟʚËʷʟʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʟʘʣʫʯʘʪʠ ʤʝʪʦʜʠ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʚËʷʟʦʢ ʨʽʚʥʷʥʥʷ (1.1) ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʠʡ 

ʤʝʪʦʜʦʤ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʟʚËʷʟʢʫ ʧʦ ʧʘʨʘʤʝʪʨʫ. 

ʅʝʭʘʡ ʜʘʥʦ ʥʝʣʽʥʽʡʥʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

 

( ) 0F x = .     (1.3) 

 

ɼʠʬʝʨʝʥʮʽʡʦʚʥʠʡ ʧʦ ʌʨʝʰʝ k -ʨʘʟʽʚ ʥʝʣʽʥʽʡʥʠʡ ʦʧʝʨʘʪʦʨ F  

ʧʝʨʝʚʦʜʠʪʴ ʝʣʝʤʝʥʪʠ ʧʨʦʩʪʦʨʫ X  ʚ ʧʨʦʩʪʽʨ Y. ʇʨʠʧʫʩʪʠʤʦ, 

( ;  ) ū( )G x ɚ x ɚb= -  ( ;  0 1x X ɚÍ ¢ ¢) ī ʪʘʢʠʡ ʦʧʝʨʘʪʦʨ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʚ Y ,  

 

( ;  1) ū( ) ( )G x x ɚb F x= - ¹     (1.4) 

 

ʽ ʨʽʚʥʷʥʥʷ  

 

( ;  0) 0G x =       (1.5) 

 

ʤʘʻ ʦʯʝʚʠʜʥʠʡ ʨʦʟʚËʷʟʦʢ 0x . 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  

 

( ;  ) 0G x ɚ=       (1.6) 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʨʽʚʥʷʥʥʷ (1.6) ʤʘʻ ʥʝʧʝʨʝʨʚʥʠʡ ʨʦʟʚËʷʟʦʢ ( )x x ɚ= , 

ʚʠʟʥʘʯʝʥʠʡ ʧʨʠ  0 1ɚ¢ ¢ ʽ ʪʘʢʠʡ, ʱʦ ʟʦʜʦʚʽʣʴʥʷʻ ʫʤʦʚʽ 

 

0(0)x x=       (1.7) 
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ʗʢʱʦ ʨʦʟʚËʷʟʦʢ ( )x ɚ ʚʽʜʦʤʠʡ, ʪʦ ʬʦʨʤʫʣʘ 

 

(1)x x*=       (1.8) 

 

ʜʘʻ ʨʦʟʚËʷʟʦʢ ʨʽʚʥʷʥʥʷ (1.3). 

ʈʦʟʽʙôʻʤʦ ʧʨʦʤʽʞʦʢ [0; 1] ʪʦʯʢʘʤʠ  

 

(0) (1) ( )0 ... 1.mɚ ɚ ɚ= < < < =    (1.9) 

 

ɿʘ ʬʦʨʤʫʣʦʶ ʊʝʡʣʦʨʘ ʚ ʦʢʦʣʽ ʪʦʯʢʠ 
( )nx  ʜʣʷ ʦʧʝʨʘʪʦʨʘ ū ʤʘʻʤʦ 

 

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

( )

( ) ( 1) ( ) ( 1) ( ) ( 1)

1
ū ū ( ) ū ( , ) ...

2!

1
ū ( ,..., )

!

n n n n n n n n n

r

n n n n n n

x x x x x x

x x x x ɚ b
r

+ + +

+ + +

¡ ¡¡+ - + - - + +

+ - - º

  (1.10) 

 

ɺ̔ ʜʥʽʤʘʶʯʠ ʚ ʨʦʟʢʣʘʜʽ (1.10) ʜʝʷʢʝ ʯʠʩʣʦ ʯʣʝʥʽʚ ʽ ʤʘʶʯʠ ʝʣʝʤʝʥʪ 
( )nx , 

ʤʦʞʥʘ ʥʘʙʣʠʞʝʥʦ ʟʥʘʡʪʠ 
( 1)nx +

. 

ʇʨʠ 1r =  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ 
( 1)nx +
, ʤʘʻ ʚʠʛʣʷʜ 

 

1

( 1) ( ) ( ) ( 1) ( ) ( )ū ( ū )n n n n n nx x ɚ b x
-

+ +
è ø= + -ê ú    (1.11) 

 

ʎ  ̫ʬʦʨʤʫʣʘ ʽ ʨʽʚʥʷʥʥʷ 0(0)x x=  ʦʧʠʩʫʶʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ (ʨʠʩ. 

1.8), ʷʢʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʝʣʝʤʝʥʪʘ 
( )mx , ʱʦ ʥʘʙʣʠʞʝʥʦ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷ 

(1.3) 

ʊʘʢ ʷʢ ʢʦʞʝʥ ʝʪʘʧ ʧʨʦʮʝʩʫ (1.11) ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʠʥ ʢʨʦʢ ʽʪʝʨʘʮʽʡʥʦʛʦ 

ʤʝʪʦʜʫ ʅʴʶʪʦʥʘ - ʂʘʥʪʦʨʦʚʠʯʘ, ʜʣʷ ʡʦʛʦ ʟʙʽʞʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʫʤʦʚʘʤ, ʱʦ ʚʠʧʣʠʚʘʶʪʴ ʟ ʫʤʦʚ ʟʙʽʞʥʦʩʪʽ ʦʩʪʘʥʥʴʦʛʦ ʘʣʛʦʨʠʪʤʫ [14].  
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ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ (1.3) ʤʝʪʦʜʦʤ (1.11) ʜʦʚʦʜʠʪʴʩʷ 

ʤʘʪʠ ʩʧʨʘʚʫ ʟ ʦʩʦʙʣʠʚʠʤʠ ʪʦʯʢʘʤʠ 
( )

s

nx , ʚ ʷʢʠʭ ʦʧʝʨʘʪʦʨ 
( )ū( )s

nx¡  

ʚʠʨʦʜʞʫʻʪʴʩʷ ʽ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʟʚËʷʟʘʥʥʷ ʩʪʘʻ ʥʝʤʦʞʣʠʚʠʤ. ʗʢʱʦ ʜʝʬʝʢʪ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ ʽ ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʥʝ ʩʫʤʽʩʥʘ 

ʟ ʣʽʚʦʶ, ʪʦ ʧʝʨʝʭʽʜ ʯʝʨʝʟ ʦʩʦʙʣʠʚʫ ʪʦʯʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʤʽʥʦʶ ʛʦʣʦʚʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʚËʷʟʦʢ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʚ ʦʩʦʙʣʠʚʽʡ ʪʦʯʮʽ 

ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʨʦʟʛʘʣʫʞʝʥʠʤ. ɼʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʟʚËʷʟʢʫ ʥʝʦʙʭʽʜʥʦ 

ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ ʨʦʟʛʘʣʫʞʝʥʥʷ ʟʥʘʡʪʠ ʚʩʽ ʛʽʣʢʠ ʽ ʧʨʦʜʦʚʞʠʪʠ ʨʦʟʚËʷʟʦʢ ʧʦ 

ʢʦʞʥʽʡ ʟ ʛʽʣʦʢ (ʨʠʩ. 1.9). 

 

 

 

 

 

 

 

 

 

 

( 1)n nx x+ -  

( )nɗ  

ɚb 

( 1)nx +
 

( )nx  (2)x  
(1)x  

( 1)nɚ b+
 

( )nɚ b 

(2)ɚ b 

(1)ɚ b 

x  

ū
(x

(n
))

 

ū(x) 

ɚ
(n

+
1

)b
-ū

(x
(n

))
 

ʈʠʩʫʥʦʢ 1.8 ī ɻʝʦʤʝʪʨʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʘʣʛʦʨʠʪʤʘ 

ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʟʚËʷʟʢʫ ʧʦ ʜʦʪʠʯʥʠʤ 

R  

ʈʠʩʫʥʦʢ 1.9 ī ʊʠʧʠ ʨʦʟʚËʷʟʢʽʚ ʥʝʣ̔ʥ̔ʡʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ 

ʨʦʟʛʘʣʫʞʫʶʪʴʩʷ  

F  

B  
C  

E  

S  

G  

D  

A  

x  

H  

ɚ 
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ɺ ʙʫʜʽʚʝʣʴʥʽʡ ʤʝʭʘʥʽʮʽ ʥʘʡʧʨʦʩʪʽʰʠʤ ʝʬʝʢʪʦʤ, ʧʦʚ'ʷʟʘʥʠʤ ʟ 

ʨʦʟʛʘʣʫʞʝʥʥʷʤ (ʙʽʬʫʨʢʘʮʽʻʶ) ʨʦʟʚËʷʟʢʫ ʥʝʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ, ʻ 

ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʬʦʨʤʠ ʰʘʨʥʽʨʥʦ ʦʧʝʨʪʦʛʦ ʧʨʫʞʥʦʛʦ ʩʪʨʠʞʥʷ 

ʧʽʜ ʜʽʻʶ ʦʩʴʦʚʦʾ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ ɚ (ʨʠʩ. 1.10). ʎʷ ʟʘʜʘʯʘ ʙʫʣʘ ʚʠʨʽʰʝʥʘ ʃ. 

ɽʡʣʝʨʦʤ ʚ 1744 ʨ. ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʣʽʥʝʘʨʠʟʦʚʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʛʠʥʫ 

 

4 2

4 2
0,

d u d u
EI ɚ

dx dx
- =     (1.12) 

 

ʜʝ EI  ī ʞʦʨʩʪʢʽʩʪʴ ʩʪʨʠʞʥʷ ʧʨʠ ʚʠʛʠʥʽ; ( )u x  ī ʬʫʥʢʮʽʷ ʡʦʛʦ ʤʘʣʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ; x  - ʢʦʦʨʜʠʥʘʪʘ, ʱʦ ʤʘʻ ʥʘʧʨʷʤ ʚʟʜʦʚʞ ʡʦʛʦ ʦʩʽ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʽʚʥʷʥʥʷ (1.12) ʩʧʨʘʚʝʜʣʠʚʝ ʧʨʠ kpɚ ɚ= . ʋ ʚʠʧʘʜʢʫ kpɚ ɚ=  ʚʠʛʠʥʠ 

( ) 0u x =  ʽ ʟʽ ʟʤʽʥʦʶ ɚ ʢʨʠʚʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.8, 

ʟʦʙʨʘʞʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʨʷʤʦʾ (ʨʠʩ. 1.11). 

 

 

ʈʠʩʫʥʦʢ 1.10 ī ɹ̔ʬʫʨʢʘʮʽʡʥʝ ʚʠʧʠʥʘʥʥʷ ʧʨʷʤʦʣʥ̔̔ʡʥʦʛʦ 

ʧʨʫʞʥʦʛʦ ʩʪʨʠʞʥʷ 

L  

ɚ 

ɚ 

x  

a ʙ 

ʢʨɚ  

( )u x  

ʢʨɚ  



  

 

53 

 

 

 

 

 

 

 

 

 

 

ʇʨʠ 
kpɚ ɚ=  ʨʽʚʥʷʥʥʷ (1.12) ʚʠʨʦʜʞʫʻʪʴʩʷ ʽ ʢʨʽʤ ʥʝʩʪʽʡʢʦʛʦ ʨʦʟʚËʷʟʢʫ 

( ,  ) 0u x ɚ=  (
kpɚ ɚ= ), (ʧʦʢʘʟʘʥʦʛʦ ʧʫʥʢʪʠʨʦʤ ʥʘ ʚʝʨʪʠʢʘʣʽ) ʚʦʥʦ ʤʘʻ ʚʽʜʦʤʠʡ 

ʥʝʥʫʣʴʦʚʠʡ ʨʦʟʚËʷʟʦʢ ʫ ʚʠʛʣʷʜʽ ʩʠʥʫʩʦʾʜʠ, ʷʢʠʡ ʚʽʜʛʘʣʫʞʫʻʪʴʩʷ ʚʽʜ ʚʝʨʪʠʢʘʣʽ 

ʚʣʽʚʦ (0u< ) ʽ ʚʧʨʘʚʦ (0u> ). ʇʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʠʞʥʷ ʚ ʟʘʢʨʠʪʠʯʥʠʭ 

ʩʪʘʥʘʭ ʤʘʻ ʧʨʦʚʦʜʠʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ. ʗʢ 

ʧʦʢʘʟʘʚ ʡʦʛʦ ʨʦʟʚËʷʟʦʢ, ʚ ʤʽʨʫ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʚʝʨʪʠʢʘʣʽ, ʨʦʟʚËʷʟʢʠ ʱʦ 

ʚʽʜʛʘʣʫʞʫʶʪʴʩʷ ʧʽʜʥʽʤʘʶʪʴʩʷ ʚʛʦʨʫ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʟʘʢʨʠʪʠʯʥʠʭ 

ʩʪʘʥʘʭ ʩʪʨʠʞʝʥʴ ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ, ʭʦʯʘ ʽ ʩʪʘʻ ʜʫʞʝ 

ʜʝʬʦʨʤʘʪʠʚʥʠʤ.  

ɺ ʘʥʘʣʦʛʽʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʬʦʨʤʫʣʶʻʪʴʩʷ ʥʘʤʠ ʽ ʟʘʜʘʯʘ ʧʨʦ 

ʙʽʬʫʨʢʘʮʽʡʥʝ ʚʠʧʠʥʘʥʥʷ ʜʦʚʛʦʾ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʜʥʽ ʢʘʥʘʣʫ 

ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ ʜʦʢʨʠʪʠʯʥʠʭ ʩʪʘʥʘʭ ʢʦʣʦʥʘ ʥʘʧʨʫʞʝʥʘ ʦʩʴʦʚʦʶ 

ʩʠʣʦʶ, ʘʣʝ ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʽ ʾʾ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʚʥʽ, ʘ 

ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʦʙʯʠʩʣʶʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʮʽʻʾ ʧʝʨʝʜʫʤʦʚʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʦʩʴʦʚʦʾ ʩʠʣʠ ʚ ʧʝʨʝʜʢʨʠʪʠʯʥʽʡ ʩʪʘʜʽʾ ʧʨʦʧʦʨʮʽʡʥʦ ʧʘʨʘʤʝʪʨʫ ɚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʣʦʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʩʭʝʤʦʶ, ʧʦʢʘʟʘʥʦ ʁʥʘ ʨʠʩ. 1.11, ʪʦʙʪʦ 

ʧʘʨʘʤʝʪʨ ɚ ʟʨʦʩʪʘʻ, ʘʣʝ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʣʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʨʽʚʥʠʤʠ ʥʫʣʶ. ʇʦʪʽʤ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʘʨʘʤʝʪʨʦʤ ɚ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʢʨɚ  ʣʽʥʝʘʨʠʟʦʚʘʥʝ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʢʦʣʦʥʠ ʚʠʨʦʜʞʫʻʪʴʩʷ ʽ ʨʦʟʚËʷʟʦʢ 

ʢʨɚ  

ʈʠʩʫʥʦʢ 1.11 ī ʂʨʠʚʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʷʤʦʣʥ̔̔ʡʥʦʛʦ ʩʪʨʠʞʥʷ ʦʩʦɹʚʦʁ ʩʠʣʦ ʁɚ 

O  ( / 2)u L  
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ʨʦʟʛʘʣʫʞʫʻʪʴʩʷ, ʷʢ ʮʝ ʤʘʻ ʤʽʩʮʝ ʥʘ ʨʠʩ. 1.11 ʽ ʟʘʤʽʩʪʴ ʦʜʥʦʛʦ ʨʦʟʚËʷʟʢʫ 

ʚʠʥʠʢʘʶʪʴ ʪʨʠ, ʦʜʠʥ ʟ ʷʢʠʭ (ʧʦʢʘʟʘʥʦ ʧʫʥʢʪʠʨʦʤ) ʥʝʩʪʽʡʢʠʡ, ʘ ʩʪʽʡʢʽʩʪʴ ʜʚʦʭ 

ʽʥʰʠʭ (ʱʦ ʚʽʜʛʘʣʫʞʫʻʪʴʩʷ) ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʘ ʜʦʜʘʪʢʦʚʦ ʚ 

ʟʘʢʨʠʪʠʯʥʠʭ ʩʪʘʥʘʭ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ 

ʧʨʦʚʦʜʠʪʴʩʷ ʽ ʧʦʜʽʙʥʦ ʜʦ ʪʦʛʦ, ʷʢ ʮʝ ʟʨʦʙʣʝʥʦ ɽʡʣʝʨʦʤ, ʟʥʘʭʦʜʷʪʴʩʷ ʪʽʣʴʢʠ 

ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 
ʢʨɚ  ʽ ʬʦʨʤʠ ʨʦʟʚËʷʟʢʫ, ʱʦ ʚʽʜʛʘʣʫʞʫʻʪʴʩʷ 

(ʙ̔ʬʫʨʢʘʮʽʡʥʦʛʦ), ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʤʦʜʫ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. 

 

1.4 ʆʛʣʷʜ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʷʚʠʱ 

ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʫ ʢʘʥʘʣʘʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ. 

 

ʅʘʚʝʜʝʥʽ ʚ ʧ. 1.3 ʦʩʦʙʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʧʨʦʮʝʩ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ, ʽʩʪʦʪʥʦ 

ʫʩʢʣʘʜʥʶʶʪʴ ʥʝ ʪʽʣʴʢʠ ʩʪʨʫʢʪʫʨʫ ʮʠʭ ʤʦʜʝʣʝʡ, ʘʣʝ ʪʘʢʦʞ ʽ ʘʣʛʦʨʠʪʤʠ 

ʧʨʦʚʝʜʝʥʥʷ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʧʨʠʢʣʘʜʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʅʘ ʨʘʥʥʽʡ 

ʩʪʘʜʽʾ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʧʠʥʘʥʥʷ ʮʽ ʪʨʫʜʥʦʱʽ ʥʝ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚ 

ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ, ʘʣʝ, ʪʠʤ ʥʝ ʤʝʥʰ, ʚʦʥʠ ʧʝʨʝʰʢʦʜʞʘʣʠ ʧʦʚʥʦʤʫ ʽ 

ʜʦʩʪʦʚʽʨʥʦʤʫ ʘʥʘʣʽʟʫ ʮʴʦʛʦ ʷʚʠʱʘ. ʊʦʤʫ ʥʘ ʧʝʨʰʠʭ ʝʪʘʧʘʭ ʧʨʦʚʦʜʠʣʦʩʷ 

ʚʠʚʯʝʥʥʷ ʣʠʰʝ ʜʝʷʢʠʭ ʡʦʛʦ ʯʘʩʪʠʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʣʴʤʠ 

ʩʧʨʦʱʝʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʣʠʰʝ ʥʘʡʧʨʦʩʪʽʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ. ʇʦʪʽʤ ʟ ʫʩʚʽʜʦʤʣʝʥʥʷʤ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ ʫʩʢʣʘʜʥʶʚʘʣʠʩʷ ʽ ʩʪʘʚʘʣʠ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʠʤʠ. 

ɺʧʝʨʰʝ ʧʠʪʘʥʥʷ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʜʣʷ ʚʽʣʴʥʠʭ ʢʦʨʦʪʢʠʭ 

ʩʪʨʠʞʥʽʚ ʩʬʦʨʤʫʣʶʚʘʚ ɽʡʣʝʨ, ʦʜʥʘʢ ʡʦʛʦ ʨʦʟʚËʷʟʢʠ ʚʠʷʚʣʷʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ 

ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʧʨʦʪʷʞʥʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ɹʂ. ʉʧʨʦʙʠ ʧʦʩʪʘʥʦʚʢʠ ʽ 

ʨʦʟʚËʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʚ ʦʙʣʘʩʪʽ ʧʨʦʭʦʜʢʠ ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥ ʨʦʙʠʣʠʩʷ 

ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ, ʦʜʥʘʢ, ʯʝʨʝʟ ʾʾ ʚʠʩʦʢʫ ʩʢʣʘʜʥʽʩʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʚʦʥʘ 

ʬʦʨʤʫʣʶʚʘʣʘʩʷ ʚ ʜʫʞʝ ʩʧʨʦʱʝʥʠʭ ʧʦʩʪʘʥʦʚʢʘʭ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʧʦʪʝʟ 
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ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʽ ʩʪʘʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʷʢʽ ʟʥʠʞʫʶʪʴ ʮʽʥʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ʆʜʥʠʤ ʽʟ ʧʨʠʢʣʘʜʽʚ ʻ ʨʦʙʦʪʘ ɻ. ɺʫʜʩ ʽ ɸ. ʃʫʙʽʥʩʴʢʠʡ (1960) [6] ʜʝ 

ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʧʦʟʜʦʚʞʥʽʡ ʚʠʛʠʥ ʢʦʣʦʥʠ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ, ʚʽʥ ʙʫʚ ʦʧʠʩʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ III ʧʦʨʷʜʢʫ, ʟʘʛʘʣʴʥʠʡ ʨʦʟʚËʷʟʦʢ ʷʢʦʛʦ ʧʦʜʘʚʘʚʩʷ ʫ ʚʠʛʣʷʜʽ 

ʩʪʝʧʝʥʝʚʠʭ ʨʷʜʽʚ. ɺʚʘʞʘʶʯʠ, ʱʦ ʦʙʠʜʚʘ ʢʽʥʮʽ ʢʦʣʦʥʠ ʰʘʨʥʽʨʥʦ ʦʧʝʨʪʽ, ʮʽ 

ʘʚʪʦʨʠ ʦʪʨʠʤʘʣʠ ʬʦʨʤʫʣʫ ʧʝʨʰʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ 

ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ. ɺʦʥʠ ʧʦʚʪʦʨʠʣʠ ʜʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ, ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ɸ.ʅ. 

ɼʠʥʥʠʢ [19] ʽ ʌ. ɺʠʣʣʝʨʩ. ʈʘʟʦʤ ʟ ʪʠʤ, ɸ. ʃʫʙʽʥʩʴʢʠʡ (A. Lubinski) [90] 

ʜʦʩʣʽʜʞʫʚʘʚ ʧʦʟʜʦʚʞʥʽʡ ʚʠʛʠʥ ʥʠʞʥʴʦʾ ʜʽʣʷʥʢʠ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʧʨʠ 

ʦʩʴʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʩʠʣʠ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ. 

ʊʘʢʦʞ A. Lubinski [90] ʦʜʥʠʤ ʟ̔ ʧʝʨʰʠʭ ʚʠʟʥʘʯʠʚ ʚʧʣʠʚ ʙʫʨʦʚʦʛʦ 

ʨʦʟʯʠʥʫ ʥʘ ʧʦʟʜʦʚʞʥʽʡ ʚʠʛʠʥ ʢʦʣʦʥʠ. ɺʽʥ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʨʦʟʨʘʭʫʥʢʘʭ 

ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʘʛʠ ʦʜʠʥʠʮʽ ʜʦʚʞʠʥʠ ʪʨʫʙ ʚʧʣʠʚ ʨʦʟʯʠʥʫ ʤʦʞʥʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʙʣʠʞʝʥʦ. 

ʉʪʨʦʛʠʡ ʨʦʟʚËʷʟʦʢ ʟʘʜʘʯʽ ʧʨʦ ʩʪʽʡʢʽʩʪʴ ʚʘʞʢʦʛʦ ʧʨʫʞʥʦʛʦ ʩʪʨʠʞʥʷ 

ʟʥʘʯʥʦʾ ʜʦʚʞʠʥʠ ʚʧʝʨʰʝ ʦʪʨʠʤʘʚ ʄ. ʈʦʪʤʘʥ. ɺ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʽ ʜʝʬʦʨʤʘʮʽʷ 

ʦʩʽ ʩʪʨʠʞʥʷ ʧʨʠ ʚʠʛʠʥʽ ʦʧʠʩʫʚʘʣʘʩʷ ʪʠʤ ʞʝ ʨʽʚʥʷʥʥʷʤ, ʱʦ ʽ ʫ ɸ. 

ʃʫʙʠʥʩʴʢʦʛʦ, ʘ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚËʷʟʦʢ ʧʦʜʘʚʘʚʩʷ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ 

ʽʥʪʝʛʨʘʣʽʚ ʚʽʜ ʬʫʥʢʮʽʡ ɽʡʨʽ. ʄ. ʈʦʪʤʘʥ ʪʘʢʦʞ ʟʥʘʡʰʦʚ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ 

ʜʦʚʞʠʥʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ ʚʘʞʢʦʛʦ ʧʨʫʞʥʦʛʦ ʰʘʨʥʽʨʥʦ ʦʧʝʨʪʦʛʦ 

ʩʪʨʠʞʥʷ. 

ɼ. ɼʝʨʽʥʛ ʽ ɹ. ʃʽʚʩʽ (1968) ʽ D.W. Daring ʽ E.L. Radzimovsky (1965) 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʦʟʜʦʚʞʥʽʡ ʚʠʛʠʥ ʽ ʧʦʧʝʨʝʯʥʽ ʢʦʣʠʚʘʥʥʷ ʢʦʣʦʥʠ ʙʫʨʠʣʴʥʠʭ 

ʪʨʫʙ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚËʷʟʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʚʽʜʥʦʩʥʦ ʧʨʦʛʠʥʫ. ʎʝ ʨʽʚʥʷʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʚʠʯʘʡʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʟʘʛʘʣʴʥʠʡ ʨʦʟʚËʷʟʦʢ ʷʢʦʛʦ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʩʪʝʧʝʥʝʚʦʛʦ ʨʷʜʫ. ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʨʦʟʚËʷʟʢʫ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʩʪʽʡʢʽʩʪʴ 
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ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʜʦʩʣʽʜʞʝʥʘ ʟʘ ʫʤʦʚ, ʷʢʽ ʥʝ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʨʦʪʦʨʥʦʛʦ 

ʙʫʨʽʥʥʷ (ʧʨʠʡʥʷʪʦ, ʱʦ ʥʠʞʥʽʡ ʢʽʥʝʮʴ ʢʦʣʦʥʠ ʟʘʪʠʩʥʝʥʠʡ, ʘ ʚʝʨʭʥʽʡ 

ʟʘʢʨʽʧʣʝʥʠʡ ʰʘʨʥʽʨʥʦ, ʢʨʽʤ ʪʦʛʦ ʥʝ ʚʨʘʭʦʚʘʥʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʙʦʪʘ ʢʦʣʦʥʠ). 

ʆʜʥʠʤ ʽʟ ʷʚʠʱ, ʷʢʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʦʪʨʠʤʘʣʠ ʚʠʯʝʨʧʥʦʛʦ ʘʥʘʣʽʟʫ, ,̒ 

ʥʘʧʨʠʢʣʘʜ, ʙʽʬʫʨʢʘʮʽʡʥʝ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. 

ʆʩʢʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʨʦʟʚËʷʟʦʢ ʮʽʻʾ ʟʘʜʘʯʽ ʩʪʽʡʢʦʩʪʽ ʫʩʢʣʘʜʥʝʥʠʡ, ʩʪʘʚ 

ʧʦʰʠʨʝʥʠʤ ʧʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʦʩʪʘʥʦʚʮʽ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ, ʷʢʘ ʧʦʚ'ʷʟʘʥʘ 

ʟ ʘʥʘʣʽʟʦʤ ʟʘʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ʢʦʣʦʥʠ. ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʡʤʘʣʦʩʷ, 

ʱʦ ʬʦʨʤʘ ʧʨʫʞʥʦʛʦ ʩʪʨʠʞʥʷ ʚ ʟʘʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ ʷʚʣʷʻ ʩʦʙʦʶ ʩʧʽʨʘʣ,ɹ ʢʨʦʢ 

ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʽ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ, ʷʢʫ ʟʜʘʪʥʘ ʚʠʪʨʠʤʘʪʠ ʮʷ ʩʧʽʨʘʣʴ. 

ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʙʫʚ Arthur Lubinski ʚ 50-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ 

ʩʪʦʣʽʪʪʷ, ʧʽʟʥʽʰʝ ʮʷ ʤʝʪʦʜʠʢʘ ʙʫʣʘ ʚʠʩʚʽʪʣʝʥʘ ʚ ʡʦʛʦ ʤʦʥʦʛʨʘʬʽʾ [90]. ʇʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʽʡʢʦʩʪʽ Lubinski ʥʝʭʪʫʻ ʦʙʝʨʪʘʥʥʷʤ, ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ, 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʪʘ ʚʚʘʞʘʻ, ʱʦ ʧʦ ʜʦʚʞʠʥʽ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʩʪʨʠʞʥʷ 

ʧʦʟʜʦʚʞʥʷ ʩʪʠʩʢʘʶʯʘ ʩʠʣʘ ʻ ʧʦʩʪʽʡʥʦʶ. ɿʘ ʨʘʭʫʥʦʢ ʪʘʢʦʛʦ ʩʫʪʪʻʚʦʛʦ 

ʩʧʨʦʱʝʥʥ ̫ʟʘʜʘʯʽ, ʡʦʤʫ ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ ʾʾ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚËʷʟʦʢ. ɿ ʯʘʩʦʤ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʫʩʢʣʘʜʥʶʚʘʣʘʩʷ. R. Mitchell ʚ 1986 ʨ [107] ʚʨʘʭʫʚʘʚ ʩʠʣʠ 

ʪʝʨʪʷ ʤʽʞ ʙʫʨʠʣʴʥʦʶ ʢʦʣʦʥʦʶ ʪʘ ʩʪʽʥʢʘʤʠ ʩʚʝʨʜʣʦʚʠʥʠ. ɼʘʣʽ ʚʽʥ ʦʪʨʠʤʘʚ 

ʥʘʙʣʠʞʝʥʠʡ ʨʦʟʚËʷʟʦʢ ʟʘʜʘʯʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣ ʪʷʞʽʥʥʷ [101, 103, 109], 

ʚʠʢʨʠʚʣʝʥʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʥʘʷʚʥʦʩʪʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ (1988). Kwon ʽ W. 

Young [85], ʘ ʪʘʢʦʞ X.C. Tan et al. (1993) [123] ʧʦʙʫʜʫʚʘʣʠ ʨʦʟʚËʷʟʦʢ ʫ 

ʚʠʛʣʷʜʽ ʩʧʽʨʘʣʽ ʟʽ ʟʤʽʥʥʠʤ ʢʨʦʢʦʤ ʜʣʷ ʚʘʛʦʤʦʾ ʪʨʫʙʠ. De-Li Gao ʽ ʩʧʽʚʘʚʪʦʨʠ 

[61,64,66,69] ʚʠʚʯʘʣʠ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʧʽʨʘʣʝʡ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʥʘʷʚʥʦʩʪʽ ʩʠʣ ʪʝʨʪʷ, ʘʣʝ ʙʝʟ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʽ ʦʙʝʨʪʘʥʥʷ. S. 

Edwards, B. Matsutsuyu ʽ S. Willson (2004) ʚʠʚʯʘʣʠ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʦʢ 

ʩʚʝʨʜʣʦʚʠʥʠ ʧʨʠ ʢʦʥʪʘʢʪʥʽʡ ʚʟʘʻʤʦʜʽʾ ʟ ɹʂ, Chao Sun ʽ S. Lukasiewicz (2006) 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʪʽʡʢʽʩʪʴ ʧʦʜʦʚʞʝʥʦʛʦ ʩʪʨʠʞʥʷ ʚ ʥʘʩʦʩʥʽʡ ʩʠʩʪʝʤʽ 

ʩʚʝʨʜʣʦʚʠʥʠ. 
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ʆʛʣʷʜ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ɹʂ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʨʦʙʦʪʽ 

J.C. Cunha [58]. ʋ ʥʽʡ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʥʘʡʜʝʥʽ ʨʦʟʚËʷʟʢʠ ʩʪʦʩʫʶʪʴʩʷ 

ʟʘʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ ʛʥʫʯʢʠʭ ʩʪʨʠʞʥʽʚ. ɺʦʥʠ ʧʦʙʫʜʦʚʘʥʽ, ʷʢ ʧʨʘʚʠʣʦ, ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʜʦʚʞʠʥʠ, ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʽ ʥʘʷʚʥʦʩʪʽ ʮʝʥʪʨʫʶʯʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʟ ʥʝʭʪʫʚʘʥʥʷʤ ʦʙʝʨʪʘʥʥʷʤ ʽ ʚʥʫʪʨʽʰʥʽʤʠ ʧʦʪʦʢʘʤʠ ʨʽʜʠʥʠ ʽ ʟ 

ʨʽʟʥʠʤʠ ʩʧʨʦʱʫʶʯʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ ʧʨʦ ʨʦʟʧʦʜʽʣ ʚʥʫʪʨʽʰʥʴʦʾ ʦʩʴʦʚʦʾ 

ʩʠʣʠ ʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. ɼʝʷʢʽ ʟʘʛʘʣʴʥʽ ʧʠʪʘʥʥʷ ʘʥʘʣʽʟʫ ʜʦʜʘʪʢʦʚʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʝʬʝʢʪʽʚ ʚ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥʘʭ, ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ ʽ ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʡ ʨʦʟʛʣʷʥʫʪʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [58, 

59]. 

ʋ ʨʦʙʦʪʘʭ [12, 57] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʩʪʘʥʽʚ ʽ ʬʦʨʤ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʠʩʥʫʪʦ-ʨʦʟʪʷʛʥʫʪʠʭ 

ʟʘʢʨʫʯʝʥʠʭ ɹʂ ʚʝʣʠʢʦʾ ʜʦʚʞʠʥʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ 

ʬʘʢʪʦʨʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʨʠ ʧʦʙʫʜʦʚʽ ʨʦʟʚËʷʟʫʚʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʦʩʴʤʦʛʦ 

ʧʦʨʷʜʢʫ. ɼʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʮʠʭ ʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʧʦʯʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʧʽʣʴʥʦ ʟ ʧʨʦʮʝʜʫʨʦʶ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʾ. ʄʘʪʨʠʮʷ ʂʦʰʽ ʙʫʜʫʻʪʴʩʷ 

ʚʠʩʦʢʦʪʦʯʥʠʤ ʤʝʪʦʜʦʤ ɽʚʝʨʭʘʨʪ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʟʥʘʡʜʝʥʦ 

ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʬʦʨʤʘ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ɹʂ ʤʘʻ ʩʧʽʨʘʣʴʥʠʡ ʦʙʨʠʩ ʧʝʨʝʚʘʞʥʦ ʚ ʾʾ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ, ʱʦ 

ʚʽʜʯʫʚʘʻ ʟʫʩʠʣʣʷ ʩʪʠʩʥʝʥʥʷ, ʧʨʠʯʦʤʫ ʮʷ ʩʧʽʨʘʣʴ ʻ ʥʝʨʝʛʫʣʷʨʥʦʶ ʽ ʥʘ ʥʝʾ 

ʥʘʢʣʘʜʘʶʪʴʩʷ ʙʽʣʴʰ ʜʨʽʙʥʽ ʩʧʽʨʘʣʴʥʽ ʭʚʠʣʽ (ʤʘʻ ʤʽʩʮʝ ʩʫʧʝʨʧʦʟʠʮʽʷ 

ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʽ ʜʨʽʙʥʦʤʘʩʰʪʘʙʥʠʭ ʩʧʽʨʘʣʴʥʠʭ ʚʝʡʚʣʝʪʽʚ (2007)). 

ʄʝʪʦʜʠʢʘ ʧʨʦʪʝʩʪʦʚʘʥʘ ʥʘ ʧʨʠʢʣʘʜʘʭ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʜʦʚʞʠʥʦʶ ʜʦ 10 ʢʤ. 

ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ɹʂ ʩʧʽʣʴʥʦ ʟ ʜʝʢʽʣʴʢʦʤʘ ʜʽʣʷʥʢʘʤʠ 

ʂʅɹʂ. 

ɿʘʜʘʯʘ ʧʨʦ ʣʽʥʽʡʥʝ ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʚʧʝʨʰʝ ʙʫʣʘ 

ʨʦʟʛʣʷʥʫʪʘ Paslay ʽ Bogy (1964) [116]. Dawson ʽ Paslay (1984) [59] 

ʘʩʠʤʧʪʦʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʧʦʙʫʜʫʚʘʣʠ ʨʦʟʚËʷʟʦʢ ʟʘʜʘʯʽ ʧʨʦ ʚʠʧʠʥʘʥʥʷ ʜʦʚʛʦʛʦ 

ʩʪʨʠʞʥʷ. Chen et. al (1990) [53] ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʧʦ ʩʧʽʨʘʣʴʥʽʡ 

ʬʦʨʤʽ ʜʦʚʛʠʭ ʩʪʨʠʞʥʽʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ. Huang ʽ Pattillo 
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(2000) [79] ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʈʝʣʝʷ-ʈʽʪʮʘ ʦʪʨʠʤʘʣʠ ʨʦʟʚËʷʟʦʢ ʟʘʜʘʯʽ ʧʨʦ 

ʩʧʽʨʘʣʴʥʝ ʚʠʧʠʥʘʥʥʷ ʪʨʫʙʠ ʚ ʧʦʭʠʣʽʡ ʩʚʝʨʜʣʦʚʠʥʽ. ɺʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ɹʂ ʚ 

ʧʦʭʠʣʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʟ ʚʝʣʠʢʠʤ ʚʽʜʜʘʣʝʥʥʷʤ ʚʽʜ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʙʫʣʘ 

ʜʦʩʣʽʜʞʝʥʘ Mitchell (1988, 1997, 2002) [106, 101, 105]. ʅʠʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʨʠʪʝʨʽʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʦ ʩʠʥʫʩʦʾʜʘʣʴʥʽʡ ʽ ʩʧʽʨʘʣʴʥʽʡ ʬʦʨʤʘʤ. ʆʜʥʘʢ ʚʩʽ 

ʚʠʱʝʟʛʘʜʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʬʨʠʢʮʽʡʥʠʭ 

ʝʬʝʢʪʽʚ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʦʤʦ, ʱʦ ʝʬʝʢʪʠ ʧʨʠʭʚʘʪʽʚ ɹʂ, ʧʨʠ ʷʢʠʭ ʚʦʥʠ ʚʪʨʘʯʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʯʝʨʝʟ ʬʨʠʢʮʽʡʥʫ ʚʟʘʻʤʦʜʽʶ ʟʽ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ, 

ʦʙʤʝʞʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʭʦʜʢʠ ʧʦʜʦʚʞʝʥʠʭ ʧʦʭʠʣʠʭ ʩʚʝʨʜʣʦʚʠʥ. ʆʩʢʽʣʴʢʠ 

ʚ ʮʠʭ ʚʠʧʘʜʢʘʭ ʪʝʨʪʷ ʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʚʠʥʠʢʥʝʥʥʽ ʝʬʝʢʪʽʚ ʧʨʠʭʚʘʪʘ 

(ʧʝʨʝʚʘʞʥʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ), ʜʫʞʝ ʚʘʞʣʠʚʠʤʠ ʻ ʧʠʪʘʥʥʷ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʫʤʦʚ ʧʨʠʭʚʘʪʘ, ʦʩʦʙʣʠʚʦ ʚ ʩʚʝʨʜʣʦʚʠʥʘʭ ʟ ʤʘʣʠʤʠ ʢʫʪʘʤʠ 

ʥʘʭʠʣʫ, ʚ ʷʢʠʭ ʩʠʣʘ ʪʝʨʪʷ ʜʦʩʷʛʘʻ ʥʘʡʙʽʣʴʰʠʭ ʟʥʘʯʝʥʴ. ɺʽʜʦʤʦ, ʱʦ ʥʘ 

ʧʦʚʝʜʽʥʢʫ ɹʂ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʤʘʻ ʜʚʘ ʬʘʢʪʦʨʠ, ʦʙʫʤʦʚʣʝʥʽ 

ʪʝʨʪʷʤ: ʧʦ-ʧʝʨʰʝ, ʩʠʣʠ ʪʝʨʪʷ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʚʝʣʠʯʠʥʫ ʽ 

ʨʦʟʧʦʜʽʣ ʚʥʫʪʨʽʰʥʴʦʾ ʦʩʴʦʚʦʾ ʩʠʣʠ ʫʟʜʦʚʞ ʜʦʚʞʠʥʠ ʩʪʝʨʞʥʷ, ʽ, ʧʦ-ʜʨʫʛʝ, ʚʽʜ 

ʬʨʠʢʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʨʫʭʣʠʚʽʩʪʴ ʢʦʣʦʥʠ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ 

ʝʪʘʧʽ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ.  

ʆʜʥʠʤ ʟ ʧʝʨʰʠʭ ʚʧʣʠʚ ʩʠʣ ʪʝʨʪʷ ʥʘ ʩʪʽʡʢʽʩʪʴ ɹʂ ʚʨʘʭʫʚʘʚ Mitchell 

(1986). ʇʦʪʽʤ ʟ ʤʝʪʦʶ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʨʠʭʚʘʪʽʚ ʩʪʝʨʞʥʷ, ʱʦ ʩʧʽʨʘʣʴʥʦ 

ʚʠʧʠʥʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʘʥʘʣʫ Wu ʽ Juvkan-Wold (1993) [133-

135] ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʠʪʘʥʥʷ ʧʨʦ ʡʦʛʦ ʦʩʴʦʚʠʡ ʨʫʭ. ʇʽʟʥʽʰʝ ʙʽʣʴʰ ʪʦʯʥʠʡ 

ʘʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʦʩʴʦʚʠʭ ʩʠʣ ʚ ʩʧʽʨʘʣʴʥʦ ʟʽʛʥʫʪʽʡ ʢʦʣʦʥʽ ʚ ʧʦʭʠʣʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ Miska et. al. (1995) [95]. ɺʽʜʟʥʘʯʠʤʦ, ʦʜʥʘʢ, ʱʦ 

ʮʝʡ ʘʥʘʣʽʟ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʬʨʠʢʮʽʡʥʠʭ ʷʚʠʱ ʥʘ ʧʨʦʮʝʩ 

ʚʠʧʠʥʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ McCann ʽ Suryanatayana (1994) [94], Martinez et.al. 

(2000) [93], ʘ ʪʘʢʦʞ Gao et.al. (1995) [62]. ʇʨʠ ʪʝʦʨʝʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʦʥʠ ʦʙʤʝʞʠʣʠʩʷ ʣʠʰʝ ʣʽʥʽʡʥʦʶ ʧʦʩʪʘʥʦʚʢʦʶ. 
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ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʧʨʦʚʦʜʠʚʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ 

ʤʝʪʦʜʽʚ ʽ ʧʽʜʭʦʜʽʚ. ɺʽʥ ʚʽʜʦʙʨʘʞʝʥʠʡ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ ʦʩʪʘʥʥʽʭ 

ʨʦʢʽʚ. ʋ 2008 ʨ Wicks et.al [132] ʜʘʣʠ ʜʝʪʘʣʴʥʠʡ ʦʛʣʷʜ ʩʪʘʥʫ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʘ 

ʪʦʡ ʧʝʨʽʦʜ. ɿ ʥʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʝʨʝʭʽʜ ʚʽʜ ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʦ 

ʧʣʦʩʢʽʡ ʛʘʨʤʦʥʽʮʽ ʜʦ ʩʧʽʨʘʣʴʥʦʾ ʚʩʝ ʱʝ ʩʣʘʙʦ ʚʠʚʯʝʥʠʡ, ʽ ʥʘʢʦʧʠʯʝʥʦ 

ʥʝʜʦʩʪʘʪʥʴʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʝʬʝʢʪʫ ʟʛʠʥʘʥʥʷ ɹʂ ʚ 

ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʨʦʞʥʠʥʽ. ʊʠʤ ʙʽʣʴʰ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʩʧʨʦʙʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʩʠʣ ʪʝʨʪʷ ʥʘ ʙʽʬʫʨʢʘʮʽʡʥʽ ʧʨʦʮʝʩʠ. ʇʦʨʷʜ ʟ ʮʠʤ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘʚʽʪʴ ʢʦʨʦʪʢʠʭ ʩʪʨʠʞʥʽʚ ʚʩʝʨʝʜʠʥʽ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʨʦʞʥʠʥʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ. ɯ ʜʦ 

ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʤʝʭʘʥʽʢʘ ʮʠʭ ʷʚʠʱ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʥʝʧʦʚʥʽʩʪʶ. 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʟʥʘʯʥʘ ʩʢʣʘʜʥʽʩʪʴ ʟʘʜʘʯ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʧʠʥʘʥʥʷ ʢʦʨʦʪʢʠʭ ʩʪʨʠʞʥʽʚ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʧʦʨʦʞʥʠʥʘʭ ʦʙʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʩʠʣ ʪʷʞʽʥʥʷ, ʩʠʣ ʪʝʨʪʷ ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

ʊʦʤʫ ʜʣʷ ʾʭ ʨʦʟʚËʷʟʘʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʦʞ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ 

ʤʝʪʦʜ ɻʘʣʴʦʨʢʽʥʘ (Mitchell, [96-99]), ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (Liu ʽ Wang, 

2004) [88], ʽ ʤʝʪʦʜ ʨʽʟʥʠʮʝʚʠʭ ʢʚʘʜʨʘʪʫʨ (Hakimi ʽ Moradi, 2010) [ 75]. ʅʠʤʠ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʬʫʨʢʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʾ 

ʬʨʠʢʮʽʡʥʠʭ ʽ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʦ ʣʠʰʝ 

ʥʘʙʣʠʞʝʥʦ, ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʦʢʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʣʦʙʘʣʴʥʠʡ ʧʽʜʭʽʜ, 

ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʢʚʘʜʨʘʪʫʨ, ʪʦ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʯʠʩʝʣʴʥʘ 

ʥʝʩʪʽʡʢʽʩʪʴ, ʟʫʤʦʚʣʝʥʘ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʚʫʟʣʽʚ ʯʠʩʝʣʴʥʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʋ 

ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʪʨʫʜʥʦʱʽʚ Gan et.al. (2009) [61] 

ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʢʚʘʜʨʘʪʫʨʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʜʘʯ Wei (1999, 2001,2002) [129-131] ʟʘʧʨʦʧʦʥʫʚʘʚ 

ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʦ-ʩʠʥʛʫʣʷʨʥʦʾ ʟʛʦʨʪʢʠ, ʱʦ ʚʦʣʦʜʽʻ ʚʣʘʩʪʠʚʽʩʪʶ ʧʽʜʚʠʱʝʥʦʾ 

ʪʦʯʥʦʩʪʽ, ʷʢʘ ʚʣʘʩʪʠʚʘ ʛʣʦʙʘʣʴʥʠʤ ʤʝʪʦʜʘʤ, ʽ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ, ʚʣʘʩʪʠʚʦʶ 

ʣʦʢʘʣʴʥʠʤ ʤʝʪʦʜʘʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʙʫʚ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʠʡ 
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ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʽʡʢʦʩʪʽ ɹʂ (Civalek, 2007 [54]; Wei, et.al., 2002 [131]; Xiang 

et.al., 2002 [136]). ɸʥʘʣʽʟ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʘʥʦ ʫ ʩʪʘʪʪʽ Wang ʽ Yuan (2012 

[128]). 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʮʠʭ ʨʦʙʦʪʘʭ, ʥʘʡʙʽʣʴʰ ʥʝʛʘʪʠʚʥʠʤ ʝʬʝʢʪʦʤ, ʧʦʚ'ʷʟʘʥʠʤ 

ʟ ʚʠʧʠʥʘʥʥʷ ɹʂ ʚʩʝʨʝʜʠʥʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʻ ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ ʢʦʥʪʘʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ɹʂ ʽ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʩʠʣ ʪʝʨʪʷ. 

ʅʘʡʙʽʣʴʰ ʧʦʚʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʦʛʣʷʜʦʚʠʭ ʩʪʘʪʪʷʭ (Cunha, 2004 [58]; Mitchell, 2008 [110]; 

Gao and Huang, 2015 [67]). ɿ ʥʠʭ ʚʠʧʣʠʚʘʻ, ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʧʽʜʭʦʜʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʘʜʘʯʘʭ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʣʘʩʥʠʭ ʬʦʨʤ ʨʝʛʫʣʷʨʥʠʤʠ ʩʠʥʫʩʦʾʜʘʤʠ ʽ ʩʧʽʨʘʣʷʤʠ, ʘ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʛʘʜʫʶʪʴʩʷ. ʋ 

ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʷʢ ʟʘʟʥʘʯʘʻ Cunha (2004), ʤʘʙʫʪʴ, ʮʷ ʦʙʩʪʘʚʠʥʘ ʻ ʧʨʠʯʠʥʦʶ 

ʪʦʛʦ, ʱʦ ʨʦʟʚËʷʟʦʢ ʟʘʜʘʯ ʧʨʦ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ɹʂ ʚ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ, ʦʪʨʠʤʘʥʽ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ, ʩʫʧʝʨʝʯʘʪʴ ʦʜʠʥ ʦʜʥʦʤʫ ʽ 

ʨʝʘʣʴʥʠʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ. 

Mitchell ʚ ʦʛʣʷʜʽ (2008) ʪʘʢʦʞ ʘʢʮʝʥʪʫʻ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚ ʦʙʣʘʩʪʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ɹʂ çɺʩʝ ʱʝ ʻ ʙʘʛʘʪʦ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ 

ʨʦʟʚËʷʟʢʫ ʽ ʙʘʛʘʪʦ ʚʘʞʢʠʭ ʧʠʪʘʥʴ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʚʽʜʧʦʚʽʜʽè. ʉʝʨʝʜ ʥʠʭ 

ʥʝʚʠʨʽʰʝʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʚ'ʷʟʘʥʠʤʠ ʟ 

ʧʠʪʘʥʥʷʤʠ: 

ʗʢ ʟʥʘʡʪʠ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ ʪʨʠʚʠʤʽʨʥʽʡ ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ? 

ʗʢʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʩʠʣʠ ʪʝʨʪʷ ʚ ʝʬʝʢʪʽ ʽʥʽʮʽʶʚʘʥʥʷ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ? 

ʗʢʫ ʨʦʣʴ ʚ ʙʽʬʫʨʢʘʮʽʡʥʠʭ ʷʚʠʱʘʭ ʚʽʜʽʛʨʘʶʪʴ ʢʨʘʡʦʚʽ ʝʬʝʢʪʠ? 

ʆʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʘʥʘʣʽʟʫ ʙʽʬʫʨʢʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʚ ʥʝʜʘʚʥʽʡ ʩʪʘʪʪʽ Gao ʽ Huang (2015). ɺʦʥʠ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʥʝʚʠʨʽʰʝʥʽ ʧʠʪʘʥʥʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʨʦʣʽ, ʷʢʫ ʚʽʜʽʛʨʘʶʪʴ ʩʠʣʠ ʪʝʨʪʷ ʚ ʷʚʠʱʽ ʚʪʨʘʪʠ 
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ʩʪʽʡʢʦʩʪʽ, ʽ ʷʢʠʤ ʯʠʥʦʤ ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʚ ʘʥʘʣʽʪʠʯʥʽ ʽ ʯʠʩʝʣʴʥʽ 

ʤʦʜʝʣʽ. Mitchell (2008) ʨʝʟʶʤʫʻ: çʄʦʞʣʠʚʦ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʩʠʣʦʶ ʽ 

ʩʠʣʦʶ ʥʘʡʤʝʥʰ ʚʠʚʯʝʥʦʶ ʚ ʧʨʦʙʣʝʤʘʭ ʘʥʘʣʽʟʫ ʚʠʧʠʥʘʥʥʷ ɹʂ ʚʠʷʚʣʷʻʪʴʩʷ 

ʩʠʣʘ, ʟʫʤʦʚʣʝʥʘ ʬʨʠʢʮʽʡʥʠʤʠ ʝʬʝʢʪʘʤʠ. ɿʘʟʚʠʯʘʡ ʥʝʚʘʞʢʦ ʧʽʜʨʘʭʫʚʘʪʠ 

ʚʝʣʠʯʠʥʫ ʩʠʣʠ ʪʝʨʪʷ, ʘʣʝ ʚ ʪʦʡ ʞʝ ʯʘʩ ʦʩʥʦʚʥʘ ʩʢʣʘʜʥʽʩʪʴ ʚʠʷʚʣʷʻʪʴʩʷ 

ʧʦʚ'ʷʟʘʥʦʶ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʥʘʧʨʷʤʫ ʬʨʠʢʮʽʡʥʦʛʦ ʚʝʢʪʦʨʘè. ʄʦʞʥʘ 

ʧʦʛʦʜʠʪʠʩʷ, ʱʦ ʮʝʡ ʚʝʢʪʦʨ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʽʚ ʚ ʥʝʨʫʭʦʤʠʭ ʧʨʫʞʥʠʭ ʩʠʩʪʝʤʘʭ, ʦʩʢʽʣʴʢʠ ʮʷ ʟʘʜʘʯʘ ʻ 

ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʦʶ (Mitchell ʽ Samuel 2009 [109]). ʆʜʥʘʢ, ʷʢ 

ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʚ ʥʘʰʠʭ ʨʦʙʦʪʘʭ (Gulyayev, Shlyun 2016 [72]), ʷʢʱʦ ʦʜʥʝ ʟ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʪʽʣ ʢʦʚʟʘʻ ʧʦ ʧʦʚʝʨʭʥʽ ʽʥʰʦʛʦ, ʪʦ ʚʝʢʪʦʨʠ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ 

ʽ ʬʨʠʢʮʽʡʥʦʾ ʩʠʣʠ ʢʦʣʽʥʝʘʨʥʽ, ʽ ʪʦʜʽ ʾʭ ʚʝʣʠʯʠʥʠ ʽ ʥʘʧʨʷʤʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʽ. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʝʛʰʫʻ ʟʘʚʜʘʥʥʷ ʘʥʘʣʽʟʫ ʬʨʠʢʮʽʡʥʠʭ ʝʬʝʢʪʽʚ 

ʧʨʠ ʙʽʬʫʨʢʘʮʽʡʥʠʭ ʚʠʧʠʥʘʥʥʷʭ ɹʂ. 

ʇʽʜʢʨʝʩʣʠʤʦ ʪʘʢʦʞ, ʱʦ ʫ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʩʪʽʡʢʽʩʪʴ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʥʝʚʝʣʠʢʦʾ ʜʦʚʞʠʥʠ. ʅʘʤʠ ʧʦʢʘʟʘʥʦ [71-73], ʱʦ 

ʦʩʢʽʣʴʢʠ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʫ ʛʣʠʙʦʢʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʻ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʤʠ, ʟʘʟʜʘʣʝʛʽʜʴ ʧʝʨʝʜʙʘʯʠʪʠ ʟʦʥʫ 

ʣʦʢʘʣʽʟʘʮʽʾ ʙʽʬʫʨʢʘʮʽʡʥʦʾ ʬʦʨʤʠ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʬʦʨʤʫʣʶʚʘʪʠ 

ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʚʩʽʻʾ ʜʦʚʞʠʥʠ ʢʦʣʦʥʠ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ, ʻ ʛʣʦʙʘʣʴʥʠʤ. 

 

1.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ʋ ʨʦʟʜʽʣʽ 1 ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʘʩʧʝʢʪʽʚ 

ʧʨʦʙʣʝʤʠ ʚʠʧʠʥʘʥʥʷ ʢʦʣʦʥ ʛʣʠʙʦʢʦʛʦ ʙʫʨʽʥʥʷ ʚ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ. ʇʦʜʘʥʠʡ ʦʛʣʷʜ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʦʩʪʘʥʦʚʢʦʶ ʟʘʜʘʯʽ ʧʨʦ ʪʝʦʨʝʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʢʦʣʦʥ ʛʣʠʙʦʢʦʛʦ ʙʫʨʽʥʥʷ, ʪʘ ʘʥʘʣʽʟʦʤ 

ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʝʬʝʢʪʽʚ, ʩʫʧʫʪʥʽʭ ʧʨʦʮʝʩʘʤ ʾʭ ʚʠʧʠʥʘʥʥʷ. 
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1. ʇʦʢʘʟʘʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʢʘʥʘʣʽ ʢʨʠʚʦʣʽʥʽʡʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʧʽʜʜʘʻʪʴʩʷ ʩʠʣʦʚʦʤʫ ʚʧʣʠʚʫ ʥʘʚʘʥʪʘʞʝʥʴ 

ʩʢʣʘʜʥʦʾ ʢʦʤʙʽʥʘʮʽʾ, ʚʠʢʣʠʢʘʥʠʭ ʨʝʘʢʮʽʻʶ ʪʠʩʢʫ ʢʽʥʮʷ ʢʦʣʦʥʠ ʥʘ ʜʥʦ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ, ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʧʦ ʜʦʚʞʠʥʽ ʩʠʣʘʤʠ 

ʪʷʞʽʥʥʷ, ʘ ʪʘʢʦʞ ʩʠʣʘʤʠ ʢʦʥʪʘʢʪʥʦʾ ʪʘ ʬʨʠʢʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʡ ʢʦʣʦʥʠ ʟʽ 

ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʮʠʭ ʟʙʫʨʝʥʴ ʥʘ ʙʫʨʠʣʴʥʫ ʢʦʣʦʥʫ ʫ ʥʽʡ 

ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚʥʫʪʨʽʰʥʽ ʨʦʟʪʷʛʫʶʯʽ ʪʘ ʩʪʠʩʢʘʶʯʽ ʩʠʣʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʾʾ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʟʛʠʥʥʦʛʦ ʚʠʧʠʥʘʥʥʷ.  

2. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʥʘʫʢʦʚʽʡ 

ʣʽʪʝʨʘʪʫʨʽ ʨʦʟʚËʷʟʢʽʚ ʟʘʜʘʯ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ ɹʂ ʻ ʾʭ ʩʫʪʪʻʚʘ 

ʩʢʣʘʜʥʽʩʪʴ, ʷʢʘ ʟʫʤʦʚʣʝʥʘ ʚʝʣʠʢʦʶ ʜʦʚʞʠʥʦʶ ʢʦʣʦʥʠ. ɺ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ 

ʧʦʩʪʘʚʣʝʥʽ ʢʨʘʡʦʚʽ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʩʪʘʶʪʴ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʤʠ, ʘ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʾʭ ʦʧʠʩʫʶʪʴ, ʥʘʙʫʚʘʶʪʴ ʪʘʢ ʟʚʘʥʫ 

"ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʞʦʨʩʪʢʽʩʪʴ", ʷʢʘ ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʻ ʤʝʪʦʜʠʢʫ ʾʭ ʨʦʟʚËʷʟʘʥʥʷ. 

3. ɺʽʜʤʽʯʝʥʘ ʦʩʦʙʣʠʚʘ ʨʦʣʴ ʬʨʠʢʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʚ ʟʘʛʘʣʴʥʦʤʫ ʙʘʣʘʥʩʽ 

ʢʨʠʪʠʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʢʦʣʦʥʫ, ʱʦ ʩʧʨʠʷʶʪʴ ʚʠʥʠʢʥʝʥʥʶ ʧʨʠʭʚʘʪʽʚ ʽ 

ʽʥʚʘʨʽʘʥʪʥʠʭ ʩʪʘʥʽʚ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ. ɺʢʘʟʘʥʦ 

ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʝʦʨʽʾ ʛʥʫʯʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʩʪʨʠʞʥʽʚ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʙʫʨʽʥʥʷ. 

4. ʇʽʜʢʨʝʩʣʝʥʦ, ʱʦ ʚ ʟʚ'ʷʟʢʫ ʟ ʟʘʟʥʘʯʝʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ ʚ ʥʘʫʢʦʚʽʡ 

ʣʽʪʝʨʘʪʫʨʽ ʜʦʩʣʽʜʞʝʥʽ ʣʠʰʝ ʜʦʩʠʪʴ ʩʧʨʦʱʝʥʽ ʦʢʨʝʤʽ ʚʠʧʘʜʢʠ, ʚ ʷʢʠʭ 

ʨʦʟʛʣʷʥʫʪʘ ʙʽʬʫʨʢʘʮʽʷ ʪʽʣʴʢʠ ʥʠʞʥʴʦʾ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ ʙʫʨʠʣʴʥʦʾ 

ʢʦʣʦʥʠ.  

5. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʥʝʛʘʪʠʚʥʽ ʝʬʝʢʪʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʚʠʥʠʢʥʝʥʥʶ 

ʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ ʚ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥʘʭ, ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʜʦʩʣʽʜʞʝʥʽ, ʽ ʪʦʤʫ ʪʝʤʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʫ ʧʨʦʮʝʩʽ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʻ 

ʘʢʪʫʘʣʴʥʦʶ. 

6. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʚʠʢʣʘʜʝʥʦ ʫ ʥʘʩʪʫʧʥʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ [18, 70, 74]. 
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ʈʆɿɼɯʃ 2 

ɺʀʇʀʅɸʅʅʗ ɹʋʈʀʃʔʅʆɰ ʂʆʃʆʅʀ ɺ ʇʆʍʀʃʆʄʋ ʂɸʅɸʃɯ 

ʇʈʗʄʆʃɯʅɯʁʅʆɰ ʉɺɽʈɼʃʆɺʀʅʀ 

 

2.1 ʍʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʜʘʯʽ ʧʨʦ ʙʽʬʫʨʢʘʮʽʡʥʝ ʚʠʧʠʥʘʥʥʷ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʧʦʭʠʣʦʤʫ ʢʘʥʘʣʽ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 

 

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʷʚʠʱʝ ʥʘʩʪʘʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ʽ ʚʠʧʠʥʘʥʥʷ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʧʦʨʦʞʥʠʥʽ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʧʦʚʥʽʩʪʶ 

ʘʥʘʣʦʛʽʯʥʝ ʝʬʝʢʪʫ ʝʡʣʝʨʦʚʦʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʩʪʨʠʞʥʷ, 

ʩʪʠʩʥʝʥʦʛʦ ʦʩʴʦʚʦʶ ʩʠʣʦʶ, ʜʣʷ ʡʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʠʡ ʧʽʜʭʽʜ, 

ʚʠʢʦʨʠʩʪʘʥʠʡ ɽʡʣʝʨʦʤ. ʆʜʥʘʢ ʷʢʱʦ ʜʣʷ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʩʪʝʨʞʥʷ ʘʞ ʜʦ 

ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 
ʢʨl  ʥʘ ʨʠʩ. 1.11 ʩʧʨʘʚʝʜʣʠʚʝ ʨʽʚʥʷʥʥʷ (1.12) ʟ 

ʧʦʩʪʽʡʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʽ ʟ ʪʨʠʚʽʘʣʴʥʠʤ ʨʦʟʚËʷʟʢʦʤ ( ) 0u x = , ʪʦ ʜʣʷ 

ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʢʦʣʦʥʠ ʥʝʦʙʭʽʜʥʦ ʙʫʜʫʚʘʪʠ ʦʜʥʦʨʽʜʥʝ ʣʽʥʝʘʨʠʟʦʚʘʥʝ ʨʽʚʥʷʥʥʷ 

ʥʝʡʪʨʘʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ ʟʽ ʟʤʽʥʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʣʷ ʙʘʣʢʠ, ʱʦ ʣʝʞʠʪʴ ʥʘ 

ʛʝʦʜʝʟʠʯʥʽʡ ʢʨʠʚʽʡ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʚʘʨʽʘʥʪʥʦʤʫ ʩʪʘʥʽ, ʘ ʧʨʠ ʧʦʰʫʢʫ 

ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 
ʢʨl  ʢʦʞʝʥ ʨʘʟ ʧʝʨʝʚʠʟʥʘʯʘʪʠ ʢʦʥʪʘʢʪʥʽ ʽ ʬʨʠʢʮʽʡʥʽ 

ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʣʠ, ʧʦʪʽʤ ʧʝʨʝʦʙʯʠʩʣʶʚʘʪʠ ʚʥʫʪʨʽʰʥʶ ʦʩʴʦʚʫ ʩʠʣʫ ʽ 

ʧʝʨʝʧʨʠʟʥʘʯʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʚ ʣʽʥʝʘʨʠʟʦʚʘʥʦʤʫ ʙʽʬʫʨʢʘʮʽʡʥʦʤʫ ʨʽʚʥʷʥʥʽ, ʽ 

ʣʠʰʝ ʧʽʩʣʷ ʮʴʦʛʦ ʧʝʨʝʚʽʨʷʪʠ, ʯʠ ʻ ʧʘʨʘʤʝʪʨ l ʢʨʠʪʠʯʥʠʤ. ʊʦʤʫ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʘʣʛʦʨʠʪʤʫ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʜʦʚʦʜʠʪʴʩʷ 

ʨʦʟʚËʷʟʫʚʘʪʠ ʜʦʜʘʪʢʦʚʫ ʩʘʤʦʩʪʽʡʥʫ ʟʘʜʘʯʫ ī ʚʠʟʥʘʯʘʪʠ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʢʦʣʦʥʠ ʧʨʠ ʦʙʨʘʥʦʤʫ l. ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʘ 

ʧʨʦʙʣʝʤʘ ʚʠʨʽʰʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʂʦʰʽ, ʜʨʫʛʘ ī ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʘʥʦʚʢʠ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ. 

ɯʥʰʘ ʦʩʦʙʣʠʚʽʩʪʴ ʟʘʜʘʯʽ ʧʨʦ ʩʪʽʡʢʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʚʠʧʠʥʘʥʥʽ 

ʢʦʣʦʥʘ ʧʨʦʜʦʚʞʫʻ ʟʘʣʠʰʘʪʠʩʷ ʥʘ ʢʘʥʘʣʦʚʽʡ ʧʦʚʝʨʭʥʽ ʩʚʝʨʜʣʦʚʠʥʠ. ʊʦʤʫ ʪʫʪ 
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ʜʦʚʦʜʠʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʠʡ ʨʫʭʦʤʠʡ ʪʨʽʝʜʨ, ʦʜʥʘ ʟ ʦʩʝʡ 

ʷʢʦʛʦ ʟʘʚʞʜʠ ʟʘʣʠʰʘʻʪʴʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦʶ ʢʘʥʘʣʦʚʽʡ ʧʦʚʝʨʭʥʽ. 

ɯ ʥʘʨʝʰʪʽ, ʚ ʟʚ'ʷʟʢʫ ʟʽ ʩʢʣʘʜʥʽʩʪʶ ʛʝʦʤʝʪʨʽʾ ʩʠʩʪʝʤʠ ʽʥʦʜʽ ʚʠʷʚʣʷʻʪʴʩʷ 

ʟʨʫʯʥʠʤ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʚʽ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʦʩʴʦʚʦʾ ʣʽʥʽʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʢʦʣʦʥʠ ī ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʽ ʥʘʪʫʨʘʣʴʥʦʛʦ 

ʧʘʨʘʤʝʪʨʽʚ. 

 

2.2 ɿʘʛʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʛʦ ʟʛʠʥʘʥʥʷ ʚʽʣʴʥʦʛʦ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ 

ʩʪʨʠʞʥʷ 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ, ʢʦʣʠ ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ (ɹʂ) 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ ʩʚʝʨʜʣʦʚʠʥʦʶ, ʚʦʥʘ ʧʨʷʤʦʣʽʥʽʡʥʘ ʽ ʥʝ ʩʭʠʣʴʥʘ ʜʦ 

ʜʝʬʦʨʤʘʮʽʾ, ʘ ʧʨʠ ʨʫʩʽ ʚ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʢʘʥʘʣʽ ʙʫʨʠʣʴʥʦ ʾʩʚʝʨʜʣʦʚʠʥʠ ʚʦʥʘ 

ʜʝʬʦʨʤʫʻʪʴʩʷ ʽ ʧʨʠʡʤʘʻ ʬʦʨʤʫ ʪʨʘʻʢʪʦʨʽʾ ʩʚʝʨʜʣʦʚʠʥʠ (ʨʠʩ. 2.1).  

 

 

 

 

 

 

 

 

 

 

 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ɹʂ ʧʨʠ ʮʴʦʤʫ ʟʘʟʥʘʻ ʟʥʘʯʥʠʭ 

ʚʠʢʨʠʚʣʝʥʴ, ʪʦ ʦʧʠʩʫʶʯʠ ʾʾ ʧʨʫʞʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʥʝʤʦʞʣʠʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʪʝʦʨʽʶ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʙʘʣʦʢ. ʊʦʤʫ ʜʣʷ ʦʧʠʩʫ ʾʾ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʽ ʾʛʥʫʯʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ. ʎʝ ʤʦʞʣʠʚʦ 

ʟʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʧʽʜʭʦʜʽʚ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʦʩʴʦʚʘ ʣʽʥʽʷ ɹʂ 

ʈʠʩʫʥʦʢ 2.1 ī ʇʨʫʞʥʝ ʟʛʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʧʦʨʦʞʥʠʥʽ 

ʧʦʭʠʣʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 
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ʧʨʠʨʽʚʥʶʻʪʴʩʷ ʜʦ ʢʨʠʚʦ,ʾ ʥʘ ʷʢʽʡ ʧʦʣʦʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʟʘʜʘʻʪʴʩʷ 

ʜʦʚʞʠʥʦʶ ʚʽʜ ʜʝʷʢʦʾ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ ʜʦ ʧʦʪʦʯʥʦʾ (ʧʨʠʨʦʜʥʘ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ). ʊʦʜʽ ʛʦʚʦʨʷʪʴ, ʱʦ ʤʝʪʨʠʢʘ ʪʘʢʦʾ ʢʨʠʚʦʾ ʟʘʜʘʥʘ ʜʦʚʞʠʥʦʶ ʾʾ 

ʝʣʝʤʝʥʪʘ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʚʠʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʨʦʟʚËʷʟʫʚʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʪʝʦʨʽʾ 

ʛʥʫʯʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ ʚ ʮʽʡ ʤʝʪʨʠʮʽ. ʊʘʢʽ ʨʽʚʥʷʥʥʷ ʟʨʫʯʥʽ ʪʠʤ, ʱʦ 

ʤʘʶʪʴ ʧʨʦʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʘʣʝ ʥʘʞʘʣʴ, ʾʭ ʜʦʨʝʯʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʜʣʷ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ ʟ ʥʘʡʧʨʦʩʪʽʰʠʤ ʦʙʨʠʩʦʤ ʦʩʴʦʚʦʾ ʣʽʥʽʾ. 

ʅʠʞʯʝ ʜʦʩʣʽʜʞʝʥʽ ʚʠʧʘʜʢʠ ʟʛʠʥʘʥʥʷ ɹʂ ʫ ʢʘʥʘʣʘʭ ʟʽ ʩʢʣʘʜʥʦ ʁ

ʛʝʦʤʝʪʨʽʻ,ʁ ʚ ʷʢʠʭ ʥʝʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʪʫʨʘʣʴʥʫ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ. ɺ 

ʟʚËʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʛʠʥʘʥʥʷ ɹʂ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʧʽʜʭʽʜ, ʱʦ 

ʦʩʥʦʚʘʥʠʡ ʥʘ ʚʚʝʜʝʥʥʽ ʜʦʚʽʣʴʥʦ ʾ ʤʝʪʨʠʢʠ ʾʭ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʅʘ ʙʘʟʽ ʮʠʭ ʨʽʚʥʷʥʴ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʪʽʡʢʦʩʪʽ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ɹʂ ʥʝʪʨʠʚʽʘʣʴʥʦʾ ʬʦʨʤʠ. ʋ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʚʠʧʘʜʢʘʭ 

ʦʙʠʜʚʽ ʩʠʩʪʝʤʠ ʮʠʭ ʨʽʚʥʷʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʽʣʴʥʦ. 

ɺ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʛʥʫʯʢʠʤʠ ʩʪʨʠʞʥʷʤʠ ʚʚʘʞʘʶʪʴʩʷ ʧʨʷʤʽ ʘʙʦ ʢʨʠʚʽ 

ʩʪʨʠʞʥʽ, ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʷʢʠʭ ʘʙʦ ʨʘʜʽʫʩʠ ʢʨʠʚʠʥʠ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʨʦʟʤʽʨʠ ʾʭ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʘʥʦʾ ʪʝʦʨʽʾ 

ʻ ʪʝ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʚʠʛʠʥʫ ʛʝʦʤʝʪʨʽʷ ɹʂ ʟʘʟʥʘʻ ʩʫʪʪʻʚʠʭ ʬʦʨʤʦʟʤʽʥ. ɺʘʨʪʦ 

ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʚ ʮʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʢʦʣʦʥʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚʩʽ 

ʟʘʢʦʥʠ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʽ ʚʠʛʠʥ ɹʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ. ʇʨʠ ʮʴʦʤʫ 

ʜʝʬʦʨʤʘʮʽʾ ʩʪʨʠʞʥʷ ʙʫʜʫʪʴ ʜʦʩʠʪʴ ʤʘʣʠʤʠ, ʘ ʟʤʽʱʝʥʥʷ ʜʚʦʭ ʙʣʠʟʴʢʠʭ 

ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʛʥʫʯʢʦʛʦ ʩʪʨʠʞʥʷ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ ʥʝʟʥʘʯʥʠʤʠ ʽ 

ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʩʥʦʚʥʠʭ ʨʽʚʥʷʥʴ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, 

ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʣʽʥʽʡʥʦʤʫ ʟʘʢʦʥʽ ɻʫʢʘ. 

ʇʨʫʞʥʽ ʩʠʣʠ ʪʘ ʤʦʤʝʥʪʠ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ ʧʝʨʝʨʽʟʘʭ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ 

ʩʪʝʨʞʥʷ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʫ ʚʩʽʭ ʪʦʯʢʘʭ ʡʦʛʦ 

ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʻ ʥʝʣʽʥʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʚʽʜ ʟʦʚʥʽʰʥʽʭ 

ʟʙʫʨʝʥʴ. ʊʦʤʫ ʪʝʦʨʝʤʠ ʧʨʦ ʚʟʘʻʤʥʽʩʪʴ ʽ ʧʨʠʥʮʠʧʠ ʩʫʧʝʨʧʦʟʠʮʽʾ ʥʘʧʨʫʛ ʽ 

ʧʝʨʝʤʽʱʝʥʴ ʚ ʪʝʦʨʽʾ ʛʥʫʯʢʠʭ ʩʪʨʠʞʥʽʚ ʻ ʥʝ ʟʘʚʞʜʠ ʜʦʨʝʯʥʠʤʠ. 
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ɺ ʥʽʡ ʚʚʘʞʘʻʪʴʩʷ ʪʘʢʦʞ, ʱʦ ʧʣʘʩʢʽ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ ʩʪʨʠʞʥʷ, ʱʦ ʻ 

ʥʦʨʤʘʣʴʥʠʤʠ ʜʦ ʪʨʘʻʢʪʦʨʽʾ, ʟʘʣʠʰʘʶʪʴʩʷ ʧʣʘʩʢʠʤʠ ʽ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ, 

ʦʩʢʽʣʴʢʠ ʟʩʫʚʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ. ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʩʪʨʠʞʥʷ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʤʽʥʥʦʶ, ʪʦʙʪʦ ʨʦʟʪʷʛʫʚʘʥʥʷʤ ʘʙʦ ʩʪʠʩʢʘʥʥʷʤ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʩʪʨʠʞʥʷ ʚ 

ʧʨʦʮʝʩʽ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʾ ʥʝʭʪʫʶʪʴ. ʇʨʠ ʮʴʦʤʫ ʚʥʫʪʨʽʰʥʽ ʩʠʣʦʚʽ ʬʘʢʪʦʨʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʫʤʦʚ ʨʽʚʥʦʚʘʛʠ. 

ʆʩʢʽʣʴʢʠ ʬʦʨʤʘ ʩʪʨʠʞʥʷ ʟʘʟʥʘʻ ʟʥʘʯʥʠʭ ʟʤʽʥ, ʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʦʢʨʝʤʦʛʦ ʨʦʟʛʣʷʜʫ ʡʦʛʦ ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ ʟʦʚʥʽʰʥʴʦʾ ʛʝʦʤʝʪʨʽʾ, ʟ̔ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʣʷ ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʧʽʜʭʦʜʽʚ ʃʘʛʨʘʥʞʘ ʪʘ ɽʡʣʝʨʘ. ɺʥʫʪʨʽʰʥʷ 

ʛʝʦʤʝʪʨʽʷ ʩʪʨʠʞʥʷ ʟʘʜʘʻʪʴʩʷ ʥʘʪʫʨʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ s (ʨʠʩ. 2.2), ʾʾ ʟʨʫʯʥʦ 

ʚʠʤʽʨʶʚʘʪʠ ʜʦʚʞʠʥʦʶ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʚʽʜ ʜʝʷʢʦʾ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ ʜʦ ʧʦʪʦʯʥʦʾ, 

ʢʨʽʤ ʪʦʛʦ ʟʘʜʘʻʪʴʩʷ ʨʫʭʦʤʘ ʧʨʘʚʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ( , , )u v w , ʱʦ ʞʦʨʩʪʢʦ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʜʘʥʠʤ ʥʦʨʤʘʣʴʥʠʤ ʧʝʨʝʨʽʟʦʤ. ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʦʯʘʪʦʢ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʮʝʥʪʨʽ ʪʷʞʽʥʥʷ ʧʣʦʱʽ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʧʨʠʯʦʤʫ 

ʦʩʽ u  ʽ v  ʩʧʨʷʤʦʚʘʥʽ ʚʟʜʦʚʞ ʛʦʣʦʚʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʦʩʝʡ ʽʥʝʨʮʽʾ ʧʣʦʱʽ 

ʧʝʨʝʨʽʟʫ, ʘ ʚʽʩʴ w  ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʚ ʩʪʦʨʦʥʫ ʟʨʦʩʪʘʥʥʷ s. 

ʇʘʨʘʤʝʪʨ s ʪʘ ʯʘʩ, ʨʘʟʦʤ ʩʢʣʘʜʘʶʪʴ ʟʤʽʥʥʽ ʃʘʛʨʘʥʞʘ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʨʫʯʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ ʽ 

ʧʨʦʩʪʦʪʘ ʨʦʟʚËʷʟʫʚʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʝʪʨʠʢʦʶ ʙʝʟʨʦʟʤʽʨʥʦʾ 

ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ J ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʚʦʥʘ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʘ ʧʦʨʽʚʥʷʥʦ ʟ ʧʘʨʘʤʝʪʨʦʤ s. ɼʘʥʘ ʤʝʪʨʠʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʚʘʜʨʘʪʦʤ ʜʫʛʠ ʾʾ ʝʣʝʤʝʥʪʘ (ʨʠʩ. 2.1) 

 

2 2 2ds D dJ= , 

 

ʜʝ D   ʤʥʦʞʥʠʢ, ʷʢʠʡ ʟʘʜʘʻ ʤʝʪʨʠʢʫ. 

ʋ ʚʠʧʘʜʢʫ ʢʦʣʠ D=1, ʤʝʪʨʠʯʥʘ ʩʫʪʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪʠ J ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʜʦʚʞʠʥʦʶ s ʽ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʮʶ ʢʨʠʚʫ, 

ʧʨʠʡʤʘʶʪʴ ʥʘʡʧʨʦʩʪʽʰʫ ʬʦʨʤʫ. ɼʣʷ ʩʚʝʨʜʣʦʚʠʥ ʟʽ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʾʭ 

ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʥʝ ʟʘʚʞʜʠ ʙʫʚʘʻ ʤʦʞʣʠʚʠʤ ʟʘʩʪʦʩʫʚʘʪʠ ʪʘʢʫ ʧʘʨʘʤʝʪʨʠʟʘʮʽ,ʁ 
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ʪʦʜʽ ʜʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟʫʚʘʪʠ ʾʾ ʛʝʦʤʝʪʨʽ ʁ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʘ J ʟʽ 

ʟʤʽʥʥʠʤ ʤʝʪʨʠʯʥʠʤ ʤʥʦʞʥʠʢʦʤ ( )D DJ= . ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʧʨʦʙʣʝʤʠ ʽʥʦʜʽ 

ʙʫʚʘʻ ʟʨʫʯʥʦ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ s ʽ J.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɺʚʝʜʝʤʦ ʪʘʢʦʞ ʧʨʠʨʦʜʥʠʡ ʪʨʠʛʨʘʥʥʠʢ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʩʪʝʨʞʥʷ ʟ 

ʦʜʠʥʠʯʥʠʤʠ ʚʝʢʪʦʨʘʤʠ ʧʨʠ ʮʴʦʤʫ ʚʽʩʴ w ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʝʢʪʦʨʦʤ Ű, ʘ ʦʨʪ n  ʽ 

ʚʽʩʴ u (ʘʙʦ b  ʽ v) ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʫʪʴ ʥʝ ʟʙʽʛʘʪʠʩʷ ʽ ʫʪʚʦʨʶʶʪʴ ʤʽʞ 

ʩʦʙʦʶ ʜʝʷʢʠʡ ʟʤʽʥʥʠʡ ʢʫʪ c, ʷʢʠʡ ʚʠʤʽʨʶʻʪʴʩʷ ʚʽʜ ʦʨʪʘ n  ʜʦ ʦʩʽ u. ɺ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ c ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʫʟʜʦʚʞ ʧʨʫʞʥʦʾ ʣʽʥʽʾ. ʇʨʠ ʟʤʽʥʽ ʟʦʚʥʽʰʥʽʭ ʩʠʣ 

ʩʪʨʠʞʝʥʴ ʜʝʬʦʨʤʫʻʪʴʩʷ ʽ ʥʘʙʫʚʘʻ ʥʦʚʦʾ ʬʦʨʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʜʦ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʦʩʝʡ ʪʨʠʛʨʘʥʥʠʢʘ ʪʘ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ. 

ʇʦʣʦʞʝʥʥʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʩʪʨʠʞʥʷ ʪʘ ʚʩʽʻʾ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʚ ʥʝʨʫʭʦʤʽʡ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Oxyz ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʟʦʚʥʽʰʥʴʦʶ ʛʝʦʤʝʪʨʽʻ .ʁ 

ɻʝʦʤʝʪʨʠʯʥʽ ʟʤʽʥʥʽ ʧʨʦʩʪʦʨʫ Oxyz ʻ ʢʦʦʨʜʠʥʘʪʘʤʠ ɽʡʣʝʨʘ. 

ʗʢ ʧʨʘʚʠʣʦ ʙʫʚʘʻ ʟʨʫʯʥʦ ʦʜʥʦʯʘʩʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʤʽʥʥʽ ʃʘʛʨʘʥʞʘ 

(ʜʣʷ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʾ ʪʦʯʦʢ ʩʪʝʨʞʥʷ) ʪʘ ɽʡʣʝʨʘ (ʜʣʷ ʦʧʠʩʫ ʡʦʛʦ ʛʝʦʤʝʪʨʽʾ). ɺ 
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ʈʠʩʫʥʦʢ 2.2 ī ʆʨʽʻʥʪʘʮʽ ̫ʦʩʝʡ , ,u v w ʪʘ ʦʩʝʡ ʨʫʭʦʤʦʛʦ 

ʪʨʽʝʜʨʘ 
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ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʪʝʦʨʽʾ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ ʩʪʘʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʦʨʜʠʥʘʪʘʤʠ ʃʘʛʨʘʥʞʘ ʪʘ ɽʡʣʝʨʘ 

 

( )J=r r ,     ʘʙʦ,     ( )s=r r ,                           (2.1) 

 

ʜʝ x y z= + +r i j k . 

ɼʣʷ ʚʠʚʝʜʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʪʝʦʨʽʾ ʛʥʫʯʢʠʭ ʩʪʨʠʞʥʽʚ 

ʩʬʦʨʤʫʣʶʻʤʦ ʩʧʦʯʘʪʢʫ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ. 

ʇʦʢʣʘʜʝʤʦ, ʱʦ ʪʦʯʢʘ Q  ʟ ʨʘʜʽʫʩʦʤ ï ʚʝʢʪʦʨʦʤ r  ʦʧʠʩʫʻ ʜʝʷʢʫ ʢʨʠʚʫ ʚ 

ʧʨʦʩʪʦʨʽ Oxyz. ʎ̫  ʢʨʠʚʘ ʥʘʟʠʚʘʻʪʴʩʷ ʛʦʜʦʛʨʘʬʦʤ ʨʘʜʽʫʩʘ - ʚʝʢʪʦʨʘ r, ʘ 

ʧʦʭʽʜʥʘ ʚʝʢʪʦʨʘ 
d

ds

r
 ï ʜʦʪʠʯʥʠʤ ʦʨʪʦʤ Ű, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʥʘʧʨʷʤʠ ʛʦʣʦʚʥʦʾ 

ʥʦʨʤʘʣʽ, ʙʽʥʦʨʤʘʣʽ ʽ ʜʦʪʠʯʥʦʾ ʜʦ ʢʨʠʚʦʾ ʩʧʨʷʤʦʚʘʥʠʤ ʚ ʙʽʢ ʟʨʦʩʪʘʥʥʷ s. ʊʦʜʽ 

[16,30,32], 

 

d

ds
=

r
Ű  ,     1=Ű .                                                 (2.2) 

 

ʜʝ /x dx dst= , /y dy dst= , /z dz dst= . 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʚʽʜʥʦʰʝʥʴ ʦʙʯʠʩʣʠʤʦ 
2

2

d d

ds ds
=

r Ű
. ʊʘʢ ʷʢ Ű ʻ 

ʜʦʪʠʯʥʠʤ ʦʨʪʦʤ, ʪʦ ʡʦʛʦ ʧʦʭʽʜʥʘ 
d

ds

Ű
 ʩʪʘʥʦʚʠʪʴ ʚʝʢʪʦʨ, ʥʦʨʤʘʣʴʥʠʡ ʜʦ Ű ʽ 

ʨʽʚʥʠʡ ʟʘ ʤʦʜʫʣʝʤ 
0

lim
s s

j

D ­

D

D
. ʊʫʪ Dj ï ʢʫʪ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʦʜʠʥʠʯʥʠʤʠ 

ʜʦʪʠʯʥʠʤʠ ʚʝʢʪʦʨʘʤʠ Ű ʽ +DŰ Ű, ʷʢʠʡ ʥʘʟʠʚʘʶʪʴ ʩʫʤʽʞʥʠʤ ʢʫʪʦʤ. ɻʨʘʥʠʮʷ 

ʚʽʜʥʦʰʝʥʥʷ /d dsj  ʻ ʢʨʠʚʠʥʦʶ ʢʨʠʚʦʾ ʚ ʜʘʥʽʡ ʪʦʯʮʽ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʪʘʢ: 

0

1
lim
s

k
s R

j

D ­

D
= =

D
. 

ɼʣʷ ʧʣʦʩʢʦʾ ʢʨʠʚʦʾ ʢʨʠʚʠʥʘ k  ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ɺʝʢʪʦʨʥʠʡ ʧʨʠʨʽʩʪ DŰ, ʣʝʞʠʪʴ ʚ ʧʣʦʱʠʥʽ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʘʥʫ 

ʜʦʪʠʯʥʫ  ̔ ʩʫʩʽʜʥ ʁ ʜʦʪʠʯʥʫ, ʪʦ ʚʝʢʪʦʨ 
0

lim
s

d

s dsD ­

D
=

D

Ű Ű
 ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ 

ʜʦʪʠʯʥʽʡ ʧʣʦʱʠʥʽ. ʈʘʟʦʤ ʟ ʪʠʤ ʚʝʢʪʦʨ 
d

ds

Ű
 ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦʪʠʯʥʽʡ Ű ʚ 

ʜʘʥʽʡ ʪʦʯʮʽ. ʊʦʜʽ ʚʝʢʪʦʨ 
2

2

d d

ds ds
=

r Ű
 ʤʘʻ ʚʝʣʠʯʠʥʫ 

1

R
 ʽ ʩʧʨʷʤʦʚʘʥʠʡ ʧʦ 

ʛʦʣʦʚʥʽʡ ʥʦʨʤʘʣʽ ʚ ʩʪʦʨʦʥʫ ʚʛʥʫʪʦʩʪʽ ʢʨʠʚʦʾ, ʪʦʙʪʦ ʣʝʞʠʪʴ ʥʘ ʧʝʨʝʪʠʥʽ ʦʨʪʘ 

Ű ʽ ʥʦʨʤʘʣʴʥʦʾ ʧʣʦʱʠʥ. 

ɺ ʟʚËʷʟʢʫ ʟ ʮʠʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʨʪʘ Ű ʤʦʞʥʘ ʚʚʝʩʪʠ ʦʜʠʥʠʯʥʠʡ ʦʨʪ n , 

ʩʧʨʷʤʦʚʘʥʠʡ ʧʦ ʛʦʣʦʚʥʽʡ ʥʦʨʤʘʣʽ ʚ ʪʦʡ ʞʝ ʙʽʢ, ʱʦ ʽ 
d

ds

Ű
. ɿʚʽʜʩʠ 

 

2

2

d d

ds ds R
= =

r Ű n
,                                    (2.3) 

 

ʜʝ 1=n . 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʻʤʦ 2 2

xn Rd x ds= , 2 2

yn Rd y ds= , 2 2

zn Rd z ds= , 

ʪʫʪ ʨʘʜ̔ʫʩ ʢʨʠʚʠʥʠ R ʟʥʘʭʦʜʠʪʴʩʷ ʟ̔ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
2 2

2 2 2

1 d d

R ds ds
=

r r
, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʣʠ 

 

2 2 21
( ) ( ) ( )k x y z

R
¡¡ ¡¡ ¡¡ ¡¡ ¡¡= = Ö = + +r r .                          (2.4) 

 

ʜʝ ʰʪʨʠʭʦʤ ʧʦʟʥʘʯʝʥʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʦ s. 
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ɿʥʘʡʜʝʤʦ ʪʨʝʪʽʡ ʦʨʪ b , ʷʢʠʡ ʜʦʧʦʚʥʶʻ ʦʨʪʠ Ű, n  ʜʦ ʧʦʚʥʦ ʾʧʨʘʚʦʾ 

ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʪʨʽʡʢʠ ʚʝʢʪʦʨʽʚ. ɿ ʮʠʭ ʫʤʦʚ ʩʣʽʜʫʻ  

 

( )dd d d d

ds ds ds ds ds

³
= = ³ + ³ = ³
Ű nb Ű n n

n Ű Ű . 

 

ʆʪʞʝ, ʷʢʱʦ ʚʝʢʪʦʨ d dsb  ʦʨʪʦʛʦʥʘʣʴʥʠʡ ʜʦ b ,  ̔ ʜʦ Ű, ʪʦ ʚʽʥ 

ʢʦʣʽʥʝʘʨʥʠʡ ʟ n , ̔  ʡʦʛʦ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ  

 

T
¡=-

n
b ,                                                     (2.5) 

 

ʪʫʪ T ï ʨʘʜ̔ʫʩ ʢʨʫʯʝʥʥ̫  ʢʨʠʚʦ ʾʚ ʪʦʯʮ ̔Q . 

ʆʩʢʽʣʴʢʠ ʦʨʪ b  ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ, ʪʦ 
0

1
lim
sT s

y

D ­

D
¡= =

D
b , ʜʝ yD  ï ʢʫʪ 

ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʙʽʥʦʨʤʘʣʷʤʠ. ɺʨʘʭʦʚʫʶʯʠ ʬʦʨʤʫʣʠ = ³n b Ű, = ³b Ű n, 

= ³Ű n b ʪʘ ʨʦʟʛʣʷʜʘʶʯʠ ʟʤʽʥʫ ʚʝʢʪʦʨʘ n  ʧʨʠ ʨʫʩʽ ʚʟʜʦʚʞ s, ʦʪʨʠʤʫʻʤʦ  

 

( ) / /T R¡ ¡ ¡ ¡= ³ = ³ + ³ = -n b Ű b Ű b Ű b Ű.               (2.6) 

 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʽ ʟʘʣʝʞʥʦʩʪʽ, ʦʜʝʨʞʫʤ̒ʦ 1/ ( ) / ( )T ¡ ¡¡ ¡¡¡ ¡¡ ¡¡= ³ Ör r r r r  ʘʙʦ ʚ 

ʩʢʘʣʷʨʥʽʡ ʬʦʨʤʽ 

 

21
detR A

T
= ,                                            (2.7) 

 

ʜʝ detA ʚʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ 

x y z

A x y z

x y z

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

. ʊʫʪ ʰʪʨʠʭʦʤ, ʷʢ ʽ ʚʠʱʝ, 

ʧʦʟʥʘʯʝʥʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʦ s. 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ (2.2), (2.3), (2.5), (2.6) ʟʨʫʯʥʦ ʚʠʟʥʘʯʘʪʠ 

ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʚʦʾ. ʊʨʠ ʦʩʪʘʥʥʽ ʨʽʚʥʷʥʥʷ ʌʨʝʥʝ ʚʚʽʚ ʚ 

ʩʠʩʪʝʤʫ 

 

/ R¡=Ű n ,      / /R T¡=- +n Ű b ,        / T¡=-b n ,     

 

ʷʢʘ ʜʽʩʪʘʣʘ ʥʘʟʚʫ ʪʨʠʛʨʘʥʥʠʢʘ ʌʨʝʥʝ. 

ɼʘʥʽ ʚʝʢʪʦʨʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʽ ʜʝʚËʷʪʠ ʩʢʘʣʷʨʥʠʤ 

ʨʽʚʥʦʩʪʷʤ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʯʝʨʝʟ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʽʚ Ű, n , b   

 

/x xn Rt¡= ,                    /y yn Rt¡= ,                    /z zn Rt¡= , 

/ /x x xn R b Tt¡=- + ,  / /y y yn R b Tt¡=- + ,  / /z z zn R b Tt¡=- + , (2.8) 

/x xb n T¡=- ,                 /y yb n T¡=- ,                  /z zb n T¡=- . 

 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.8) ʻ ʚʠʟʥʘʯʝʥʦʶ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʽʩʪʠʪʴ ʜʝʚËʷʪʴ 

ʨʽʚʥʷʥʴ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʨʴʦʭ ʥʝʟʘʣʝʞʥʠʭ ʩʢʘʣʷʨʥʠʭ ʚʝʣʠʯʠʥ. ʎʷ 

ʦʩʦʙʣʠʚʽʩʪʴ ʫʩʫʚʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʟ ʫʤʦʚ ʦʨʪʦʥʦʨʤʦʚʘʥʥʦʩʪʽ ʙʘʟʠʩʫ ʌʨʝʥʝ 

ʚʠʧʣʠʚʘʶʪʴ ʯʦʪʠʨʠ ʚʝʢʪʦʨʥʽ ʨʽʚʥʷʥʥʷ  

 

1=Ű ,    1=n ,    0Ö =Ű n ,     ³ =Ű n b, 

 

ʢ̫ʽ ʝʢʚʽʚʘʣʝʥʪʥʽ ʰʝʩʪʠ ʩʢʘʣʷʨʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ. ʇʨʝʜʩʪʘʚʠʤʦ ʜʘʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʠ ʦʨʪʽʚ Ű, n , b  

 

2 2 2 2 2 21,           1,              0,

,          ,              .

x y z x y z x x y y z z

y z z y x z x x z y x y y x z

n n n n n n

n n b n n b n n b

t t t t t t

t t t t t t

+ + = + + = + + =

- = - = - =
.     (2.9) 

 

ɹʝʟʧʦʩʝʨʝʜʥʴʦʶ ʧʽʜʩʪʘʥʦʚʢʦʶ ʤʦʞʣʠʚʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʰʽʩʪʴ 

ʨʽʚʥʷʥʴ (2.9) ʻ ʧʝʨʰʠʤʠ ʽʥʪʝʛʨʘʣʘʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.8), ʪʘ 
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ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʥʠʞʝʥʥʷ ʧʦʨʷʜʢʫ ʩʠʩʪʝʤʠ (2.8) ʟ ʜʝʚËʷʪʦʛʦ 

ʜʦ ʪʨʝʪʴʦʛʦ. ɿʘʟʚʠʯʘʡ ʪʘʢʘ ʧʨʦʮʝʜʫʨʘ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʨʘʥʽʰʝ ʧʨʠ 

ʪʝʦʨʝʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʝʦʨʽʾ ʧʨʫʞʥʠʭ 

ʩʪʨʠʞʥʽʚ. ʆʜʥʘʢ ʟ ʨʦʟʚʠʪʢʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʧʦʪʨʝʙʘ ʚ ʪʘʢʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʚʽʜʧʘʣʘ, ʦʩʢʽʣʴʢʠ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʩʫʪʪʻʚʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʢʽʥʮʝʚʦʾ ʩʠʩʪʝʤʠ ʪʨʴʦʭ ʨʽʚʥʷʥʴ. ɺ ʪʦʡ ʞʝ ʯʘʩ 

ʥʘʷʚʥʽʩʪʴ ʩʫʯʘʩʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʛʦ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʶ ʚʠʟʥʘʯʝʥʫ ʩʠʩʪʝʤʫ 

(2.8). ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʩʠʣʴʥʦ ʩʧʨʦʱʫʻʪʴʩʷ, ʘ ʰʽʩʪʴ 

ʧʝʨʰʠʭ ʽʥʪʝʛʨʘʣʽʚ (2.9) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʩʣʷ ʨʦʟʚËʷʟʢʫ ʟʘʜʘʯʽ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʪʦʯʥʦʩʪʽ ʧʨʦʚʝʜʝʥʠʭ ʦʙʯʠʩʣʝʥʴ. ɺʦʥʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʽʜʩʪʘʥʦʚʢʠ ʟʥʘʡʜʝʥʠʭ ʬʫʥʢʮʽʡ ( , , )x y zt , 
xn , 

yn , 
zn , 

xb , 
yb , 

zb  ʚ ʨʽʚʥʷʥʥʷ 

(2.9) ʪʘ ʧʝʨʝʚʽʨʢʦʶ ʾʭ ʪʦʯʥʦʩʪʽ. 

ɼʦʩʣʽʜʠʤʦ ʧʠʪʘʥʥʷ ʚʟʘʻʤʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʛʦʣʦʚʥʦʛʦ (u, v, w) ʽ ʧʨʠʨʦʜʥʦʛʦ 

( , , )n b Ű ʪʨʠʛʨʘʥʥʠʢʽʚ ʧʨʠ ʾʭʥʴʦʤʫ ʨʫʩʽ ʚʟʜʦʚʞ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʩʪʝʨʞʥʷ ʽ ʧʨʠ ʾʾ 

ʜʝʬʦʨʤʘʮʽʾ. ʆʩʽ u, v ʤʘʶʪʴ ʦʨʽʻʥʪʘʮʽʶ ʧʦ ʛʦʣʦʚʥʠʭ ʦʩʷʭ ʚʠʛʠʥʫ ʩʪʝʨʞʥʷ, ʱʦ ʻ 

ʣʽʥʽʷʤʠ ʧʝʨʝʪʠʥʫ ʧʣʦʱʠʥʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʛʦʣʦʚʥʠʤʠ ʧʣʦʱʠʥʘʤʠ 

ʟʛʠʥʫ. ɺʦʥʠ ʣʝʞʘʪʴ ʚ ʥʦʨʤʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʽ ʧʦʚʝʨʥʝʥʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʧʘʨʠ ʚʝʢʪʦʨʽʚ ,  n b  ʥʘ ʢʫʪ c, ʷʢʠʡ ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜ ʦʨʪʘ n  ʜʦ ʦʩʽ u. ɺʩ̔ʴ w ʽ 

ʦʨʪ Ű ʢʦʣʽʥʝʘʨʥʽ. 

ʇʨʠ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʧʨʦ ʧʨʫʞʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʪʨʠʞʥʷ ʥʝʦʙʭʽʜʥʦ 

ʪʘʢʦʞ ʚʩʪʘʥʦʚʠʪʠ ʚʟʘʻʤʥʫ ʦʨʽʻʥʪʘʮʽʶ ʛʦʣʦʚʥʦʛʦ ʪʨʠʛʨʘʥʥʠʢʘ ( , , )u v w  ʪʘ 

ʧʨʠʨʦʜʥʦʛʦ ʪʨʠʛʨʘʥʥʠʢʘ ( , , )n bt  ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʽʻʾ ʪʦʯʢʠ ʧʨʫʞʥʦʾ ʣʽʥʽʾ 

ʜʦ ʽʥʰʦʾ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ.  ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʘ ʫʤʦʚʘʤʠ ʟʘʜʘʯ ̔

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʽʻʾ ʣʽʥʽʾ ʚʽʩʴ w ʪʘ ʦʨʪ Ű ʢʦʣʽʥʝʘʨʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʥʘʧʨʷʤʣʝʥʽ ʚʟʜʦʚʞ ʾʾ ʜʦʪʠʯʥʦʾ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʦʩʽ u  ʽ v  ʦʨʽʻʥʪʦʚʘʥʽ ʚʜʦʚʞ 

ʛʦʣʦʚʥʠʭ ʦʩʝʡ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ, ʧʨʠ ʮʴʦʤʫ ʦʜʥʘʢ, ʦʨʪʠ 

n  ʪʘ b  ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʣʦʞʝʥʥʷʤ ʧʣʦʱʠʥʠ ʡʦʛʦ ʛʦʣʦʚʥʦʾ ʢʨʠʚʠʥʠ. ɺ ʟʚËʷʟʢʫ 

ʟ ʮʠʤ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʦʩʽ u , v  ʪʘ ʦʨʪʠ n , b  ʣʝʞʘʪʴ  ʚʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʧʣʦʱʠʥʽ 
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ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʘ ʧʦʚʝʨʥʫʪʽ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ ʥʘ ʢʫʪ c ʷʢʠʡ 

ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜ ʦʨʪʘ n  ʜʦ ʦʩʽ. 

ɼʝʬʦʨʤʫʚʘʥʥʷ ʩʪʨʠʞʥʷ ʪʘ ʨʫʭ ʛʦʣʦʚʥʦʛʦ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʪʨʠʛʨʘʥʥʠʢʽʚ 

ʚʜʦʚʞ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ ʾʭ ʦʩʝʡ ʪʘ ʟʤʽʥʦʶ ʢʫʪʘ 

c. ɺʚʝʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʚʝʢʪʦʨ ɼʘʨʙʫ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʢʪʦʨ ʧʦʚʥʦʾ 

ʢʨʠʚʠʟʥʠ R T= +ɋ b Ű,  ʚ ʷʢʦʩʪʽ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪ ʧʨʠʡʤʘʶʪʴʩʷ ʚʝʢʪʦʨ 

ʢʨʠʚʠʥʠ / Rb  ʪʘ ʚʝʢʪʦʨ / TŰ . ʁʦʛʦ ʚʝʣʠʯʠʥʫ ʤʦʞʣʠʚʦ ʫʤʦʚʥʦ ʩʧʽʚʩʪʘʚʠʪʠ ʟ 

ʚʝʢʪʦʨʦʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʪʨʠʛʨʘʥʥʠʢʘ ʚʽʜʥʦʩʥʦ 

ʪʦʯʠ O  ʧʨʠ ʾʾ ʨʫʩʽ  ʟ ʦʜʠʥʠʯʥʦʶ ʣʽʥʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʚʜʦʚʞ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʚ 

ʥʘʧʨʷʤʢʫ ʟʨʦʩʪʘʥʥʷ ʢʦʦʨʜʠʥʘʪʠ s. 

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʝʢʪʦʨ d ds= +ɤ ɋ Űc c  ʩʢʣʘʜʝ ʚʝʢʪʦʨ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʛʦʣʦʚʥʦʛʦ ʪʨʠʛʨʘʥʥʠʢʘ (u, v, w) 

ʂʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ cɤ  ʚʜʦʚʞ ʦʩʝʡ u, v, w ʚʠʟʥʘʯʘʶʪʴ ʢʨʠʚʠʟʥʠ 

ʧʨʦʝʢʮʽʡ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʝʣʝʤʝʥʪʘ ds ʥʘ ʧʣʦʱʠʥʠ (v, w) ʽ (u, w) ʪʘ ʢʨʫʯʝʥʥʷ 

ʢʨʠʚʦʾ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ɺʝʣʠʯʠʥʠ ,  ,  p q r  ʮʠʭ ʚʝʢʪʦʨʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ  

 

1
sinp

R
c= ,      

1
cosq

R
c= ,      

1 d
r

T ds

c
= + .                    (2.10) 

 

ɼʣ ̫ʚʠʭʽʜʥʦʛʦ ʥʝʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʪʨʠʞʥʷ ʚʝʣʠʯʠʥʠ p, q, r, R, T, c 

ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ ʽʥʜʝʢʩʦʤ 0. ʗʢʱʦ ʚ ʮʴʦʤʫ ʩʪʘʥʽ  ʩʪʨʠʞʝʥʴ ʧʨʷʤʦʣʽʥʽʡʥʠʡ ʽ 

ʥʝ ʟʘʢʨʫʯʝʥʠʡ, ʪʦ 0 0 0 0p q r= = =, 0 0P T= =¤ 0 constc=  ʪʘ 0 0 0p q= =, 

0 0P T= =¤ ʜʣʷ ʚʠʧʘʜʢʫ ʢʦʣʠ ʩʪʨʠʞʝʥʴ ʧʨʷʤʦʣʽʥʽʡʥʠʡ ʽ ʧʨʠʨʦʜʥʦ 

ʟʘʢʨʫʯʝʥʠʡ, ʘʣʝ 0 0r = , 0 constc¸ . 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʫʞʥʠʡ ʩʪʨʠʞʝʥʴ ʜʝʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʟʦʚʥʽʰʥʽʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʣ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ( )sf  ʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʦʤʝʥʪʽʚ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ( )sm . ɼʣʷ ʚʠʧʘʜʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʩʪʨʠʞʥʷ ʚ ʮʴʦʤʫ 

ʩʪʘʥʽ, ʚʠʜʽʣʠʤʦ ʜʚʦʤʘ ʧʦʧʝʨʝʯʥʠʤʠ ʧʝʨʝʨʽʟʘʤʠ ʡʦʛʦ ʝʣʝʤʝʥʪ ʜʦʚʞʠʥʦʶ ds, 
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ʧʨʠʡʤʝʤʦ, ʱʦ ʧʽʜ ʜʽʻʶ ʮʠʭ ʟʙʫʨʝʥʴ ʚ ʩʪʨʠʞʥʽ ʚʠʥʠʢʘʶʪʴ: ʚʥʫʪʨʽʰʥʽ ʩʠʣʠ, 

ʛʦʣʦʚʥʠʡ ʚʝʢʪʦʨ ʷʢʠʭ ʩʢʣʘʜʘʻ F  ʽ ʚʥʫʪʨʽʰʥʽ ʤʦʤʝʥʪʠ ʟ ʚʝʢʪʦʨʦʤ ʛʦʣʦʚʥʦʛʦ 

ʤʦʤʝʥʪʫ M  (ʨʠʩ. 2.3) 

 

 

 

 

 

 

 

 

 

 

ʈʘʟʦʤ ʟ ʪʠʤ ʚʝʣʠʯʠʥʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʫ ʝʣʝʤʝʥʪʘ ʽ 

ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ s, ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʜʦʜʘʪʥʠʤʠ, ʘ ʜʣʷ 

ʤʘʣʦʛʦ ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ï ʚʽʜËʻʤʥʠʤʠ. ʊʦʜʽ ʥʘ ʧʨʘʚʦʤʫ ʢʽʥʮʽ ʝʣʝʤʝʥʪʘ 

ds ʜʽʶʪʴ ʩʠʣʦʚʽ ʚʝʣʠʯʠʥʠ ' d= +F F F , ' d= +M M M  ʦʙʫʤʦʚʣʝʥʽ ʟʤʽʥʘʤʠ 

ʚʝʢʪʦʨʽʚ F  ʽ M  ʚʜʦʚʞ ʦʩʴʦʚʦʾ ʣʽʥʽʾ s. ʊʫʪ d  ʚʠʟʥʘʯʘʻ ʧʦʚʥʠʡ ʧʨʠʨʽʩʪ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʢʪʦʨʽʚ. ɺʚʘʞʘʶʯʠ, ʱʦ ʚʝʣʠʯʠʥʘ sD  ʤʘʣʘ, ʚʚʝʜʝʤʦ 

ʝʣʝʤʝʥʪʘʨʥʠʡ ʚʝʢʪʦʨ 1 'D D ds=Ű . ʊʦʜʽ ʤʦʤʝʥʪ ʩʠʣʠ F  ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ D' 

ʩʢʣʘʜʝ [ ][ ]ds ds³ = ³Ű F Ű F. ɺʽʜʧʦʚʽʜʥʠʡ ʤʦʤʝʥʪ ʚʽʜʥʦʩʥʦ ʮʽʻʾ ʪʦʯʢʠ, ʱʦ 

ʚʠʢʣʠʢʘʥʠʡ ʥʘʚʘʥʪʘʞʝʥʥʷʤ dsf  ʻ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʶ ʚʝʣʠʯʠʥʦʶ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʽ ʥʝʶ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ɺʨʘʭʦʚʫʶʯʠ ʮʽ ʬʘʢʪʦʨʠ ʩʬʦʨʤʫʣʶʻʤʦ ʚ 

ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʾ ʨʽʚʥʦʚʘʛʠ ʝʣʝʤʝʥʪʘ, ʱʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

 

d

ds
=-

F
f ,              

d

ds
=- ³ -

M
Ű F m.                                (2.11) 

 

ʈʠʩʫʥʦʢ 2.3 ī ɿʦʚʥʽʰʥʽ ʪʘ ʚʥʫʪʨʽʰʥʽ ʩʠʣʠ ʪʘ ʤʦʤʝʥʪʠ, ɦ ʦ 

ʜʽʶʪʴ ʥʘ ʝʣʝʤʝʥʪ ʩʪʨʠʞʥʷ 
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ʇʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʚʦʥʦ ʽʥʚʘʨʽʘʥʪʥʝ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ. ʆʜʥʘʢ ʚʠʙʦʨʦʤ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʨʽʟʥʽ 

ʬʦʨʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʩʢʘʣʷʨʥʠʭ ʨʽʚʥʷʥʴ. ʗʢ ʧʨʘʚʠʣʦ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚ 

ʷʢʦʩʪʽ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʚʠʙʠʨʘʶʪʴ ʦʩʽ ʛʦʣʦʚʥʦʛʦ ʪʨʠʛʨʘʥʥʠʢʘ ʪʘ ʧʦʚʥʽ ʧʦʭʽʜʥʽ ʚ 

ʨʽʚʥʷʥʥʷʭ (2.11) ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʧʦʭʽʜʥʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ (u, v, w). 

ɺʽʜʟʥʘʯʠʤʦ, ʦʜʥʘʢ, ʱʦ ʷʢ ʧʦʢʘʟʘʥʦ ʜʘʣʽ ʪʘʢʠʡ ʧʽʜʭʽʜ ʚʠʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ 

ʣʠʰʝ ʜʣʷ ʚʠʧʘʜʢʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʽʣʴʥʠʭ ʩʪʨʠʞʥʽʚ, ʥʘ ʷʢʽ ʥʝ ʥʘʢʣʘʜʝʥʽ 

ʜʦʜʘʪʢʦʚʽ ʚËʷʟʽ, ʱʦ ʾʭ ʦʙʤʝʞʫʶʪʴ. ʆʩʢʽʣʴʢʠ ʚ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʾ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ ʢʘʥʘʣʘʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʨʫʭʦʤʠʭ ʩʠʩʪʝʤ 

ʢʦʦʨʜʠʥʘʪ. ʊʠʤ ʥʝ ʤʝʥʰ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʫ ʚ 

ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʦʩʪʘʥʦʚʢʫ ʜʘʥʦʾ ʟʘʜʘʯʽ. 

ʇʨʠ ʚʝʢʪʦʨʥʠʭ ʨʽʚʥʷʥʥʷʭ (2.11) ʚʨʘʭʫʻʤʦ, ʱʦ ʘʙʩʦʣʶʪʥʘ ʧʦʭʽʜʥʘ 

ʜʝʷʢʦʛʦ ʚʝʢʪʦʨʘ a ʚ ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʜʥʦʩʥʦʾ ʧʦʭʽʜʥʦʾ 

ʮʴʦʛʦ ʚʝʢʪʦʨʘ, ʮʽʻʾ ʩʠʩʪʝʤʠ d dta  ʽ ʚʝʢʪʦʨʥʦʛʦ ʜʦʙʫʪʢʫ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʥʘ ʩʘʤ ʚʝʢʪʦʨ, ʪʦʙʪʦ d dt d dt= + ³a a ɤ a. ɺ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʣʽʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʴ (2.11) ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʬʦʨʤʽ 

 

d d

ds ds
c= + ³

F F
ɤ F,             

d d

ds ds
c= + ³

M M
ɤ M. 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ ʧʽʜʩʪʘʥʦʚʦʢ ʨʽʚʥʷʥʥʷ (2.11) ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ 

 

d

ds
c=- ³ -

F
ɤ F f,         

d

ds
c=- ³ - ³ -

M
ɤ M Ű F m.      (2.12) 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʚʽʜʧʦʚʽʜʥʠʭ ʩʢʘʣʷʨʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʩʧʨʦʝʢʪʫʻʤʦ 

ʨʽʚʥʷʥʥʷ (2.12) ʥʘ ʦʩʽ u, v, w. ʊʦʜʽ ʧʝʨʰʝ ʚʝʢʪʦʨʥʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (2.12) 

ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʪʨʴʦʤʘ ʩʢʘʣʷʨʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʨʽʚʥʦʚʘʛʠ ʩʠʣ 
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u w v udF ds qF rF f=- + -, 

 
v u w vdF ds rF pF f=- + -,                                   (2.13) 

                            
w v u wdF ds pF qF f=- + -  

 

ʇʨʦʝʢʪʫʚʘʥʥʷ  ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ (2.12) ʥʘ ʮʽ ʦʩʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʨʴʦʭ 

ʩʢʘʣʷʨʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʤʦʤʝʥʪʽʚ 

 

u w v v udM ds qM rM F m=- + + -,       

v u w u vdM ds rM pM F m=- + - -,      (2.14) 

w v u wdM ds pM qM m=- + -.      

 

ɺ ʮʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ( )uF s   ̔ ( )vF s  ï ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʧʝʨʝʨʽʟʫʶʯʦʾ ʩʠʣʠ; ( )wF s  ï ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ; ( )uM s   ̔ ( )vM s  ï ʟʛʠʥʥʽ ʤʦʤʝʥʪʠ 

ʚʽʜʥʦʩʥʦ ʚʽʜʧʦʚʽʜʥʠʭ ʦʩʝʡ; ( )wM s  ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ. 

ʇʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.13) ʽ (2.14) ʤʘʻ 

ʥʘʟʚʫ ʂʽʨʭʛʦʬʘ. ɺʦʥʘ ʤʽʩʪʠʪʴ ʜʝʚËʷʪʴ ʥʝʚʽʜʦʤʠʭ ʚʝʣʠʯʠʥ: 

( ), ( ) , ( ),  ( ),  ( ), ( ), ( ), ( ), ( ),u v w u v wF s F s F s M s M sʄ s p s q s r s ʪʦʤʫ ʤʘʻ ʙʫʪʠ 

ʜʦʧʦʚʥʝʥʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʩʪʘʥʫ. ɺʦʥʠ ʚʠʧʠʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

[16,30] 

 

0( )uM A p p= - ,       0( )vM B q q= - ,      
0( )wM C r r= - ,          (2.15) 

 

ɺʝʣʠʯʠʥʠ ɸ, ɺ, ʉ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ E ʤʘʪʝʨʽʘʣʫ ɹʂ 

ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ G ï ʧʨʠ ʟʩʫʚʽ ʽ ʚʽʜʧʦʚʽʜʥʽ ʦʩʴʦʚʽ 

ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ,u vI I  ï ʪʘ ʧʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ wI . 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ  

 

uA E I= ,                   vB E I= ,                    wC G I= , 
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ʗʢ ʚʽʜʤʽʯʝʥʦ ʚʠʱʝ, ʚ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʾ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟʘʜʘʯʽ ʧʨʦ 

ʚʠʧʠʥʘʥʥʷ ʥʝʚʽʣʴʥʦʛʦ ʩʪʨʠʞʥʷ, ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʦʛʦ ʦʙʤʝʞʝʥʽ 

ʩʪʽʥʢʘʤʠ ʢʘʥʘʣʫ ʩʚʝʨʜʣʦʚʠʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʧʦʯʥʝʤʦ ʟ 

ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʚʝʨʜʣʦʚʠʥʘ ʧʨʷʤʦʣʽʥʽʡʥʘ, ʘʣʝ ʥʘʭʠʣʝʥʘ ʧʽʜ 

ʜʝʷʢʠʤ ʢʫʪʦʤ ʜʦ ʛʦʨʠʟʦʥʪʘʣʽ. ʅʘ ʧʨʘʢʪʠʮʽ ʪʘʢʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʥʠʞʥʴʦʾ ʜʽʣʷʥʢʠ ʧʨʦʪʷʞʥʦʾ ʢʨʠʚʦʣʽʥʽʡʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ. 

 

2.3 ɻʝʦʤʝʪʨʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʘʥʘʣʽʟʫ ʟʛʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ 

ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʨʦʞʥʠʥʽ. 

 

ʅʝʭʘʡ ʧʨʷʤʦʣʽʥʽʡʥʘ ɹʂ ʣʝʞʠʪʴ ʥʘ ʥʠʞʥʽʡ ʪʚʽʨʥʽʡ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʦʭʠʣʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ɰʾ ʚʽʩʴ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʧʣʦʱʠʥʽ XOZ  

ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ OXYZ ʽ ʥʘʭʠʣʝʥʘ ʧʽʜ ʢʫʪʦʤ b ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʚʝʨʪʠʢʘʣʽ OZ  (ʨʠʩ. 2.4). ɺʥʫʪʨʽʰʥʷ ʛʝʦʤʝʪʨʽʷ ɹʂ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʦʨʜʠʥʘʪʦʶ s, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ ʜʦʚʞʠʥʦʶ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʚʽʜ ʜʝʷʢʦʾ 

ʧʦʯʘʪʢʦʚʦʾ ʜʦ ʧʦʪʦʯʥʦʾ ʪʦʯʢʠ (ʧʨʠʨʦʜʥʘ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ). ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, 

ʱʦ ʷʢʱʦ ɹʂ ʥʝʨʫʭʦʤʘ, ʪʦ ʥʘ ʥʝʾ ʜʽʶʪʴ ʟʦʚʥʽʰʥʽ ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʣʠ ʪʷʞʽʥʥʷ 

( ʪʷʞ
f ) ʽ ʢʦʥʪʘʢʪʥʽ ʩʠʣʠ (ʢʦʥʪ

f ), ʘ ʪʘʢʦʞ ʜʦʜʘʥʽ ʜʦ ʾʾ ʢʽʥʮʽʚ ʦʩʴʦʚʽ ʩʠʣʠ (0)zF  ʽ 

( )z SF . ʊʫʪ S ï ʧʦʚʥʘ ʜʦʚʞʠʥʘ ʢʦʣʦʥʠ.  

 

 

 

 

 

 

 

 ʈʠʩʫʥʦʢ 2.4 ī ʉʭʝʤʘ ʙʫʨʠʣʴʥʦ ʾʢʦʣʦʥʠ ʚ ʧʦʭʠʣʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 

(0)zF  
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ʋ ʩʪʘʥʽ ʦʩʴʦʚʦʛʦ ʨʫʭʫ ɹʂ ʜʦ ʮʠʭ ʩʠʣ ʜʦʜʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣʝʥʘ ʩʠʣʘ ʪʝʨʪʷ 

ʪʝʨf , ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʢʦʥʪʘʢʪʥʫ ʩʠʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʢʦʥʫ ʂʫʣʦʥʘ  

 

( ) ( )ʪʝʨ ʢʦʥʪf s f sm=°     (2.16) 

 

ʜʝ m ī ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, ʘ ʟʥʘʢʠ ç+è ʽ çïè ʚʠʙʠʨʘʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʘʧʨʷʤʢʫ ʨʫʭʫ ɹʂ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʮʠʭ ʬʘʢʪʦʨʽʚ ʚ ʜʝʷʢʠʭ ʟʦʥʘʭ ɹʂ ʬʦʨʤʫʶʪʴʩʷ ʩʪʠʩʢʘʶʯʽ 

ʦʩʴʦʚʽ ʩʠʣʠ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʥʠʤʠ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ 

ʚʠʧʠʥʘʻʪʴʩʷ ʽ ʾʾ ʦʩʴʦʚʘ ʣʽʥʽʷ L  ʧʨʠʡʤʘʻ ʥʦʚʫ ʬʦʨʤʫ ʨʽʚʥʦʚʘʛʠ ʚʩʝʨʝʜʠʥʽ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʨʦʞʥʠʥʠ ʨʘʜʽʫʩʘ ʘ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥʽ ʤʽʞʪʨʫʙʥʦʛʦ 

ʟʘʟʦʨʫ. ʇʦʪʨʽʙʥʦ ʤʝʪʦʜʘʤʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʥʘʡʪʠ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ɹʂ ʽ ʧʦʙʫʜʫʚʘʪʠ ʬʦʨʤʫ ʾʾ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝ ʚʠʢʦʥʘʥʦ ʤʝʪʦʜʘʤʠ ʥʝʣʽʥʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʮʝʜʫʨʠ ʣʽʥʝʘʨʠʟʘʮʽʾ, ʩʢʦʥʩʪʨʫʶʻʤʦ ʩʧʦʯʘʪʢʫ ʥʝʣʽʥʽʡʥʽ 

ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʪʘ ʣʽʥʝʘʨʠʟʫʻʤʦ ʾʭ ʚ ʦʢʦʣʽ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʦʚʥʽʰʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʨʦʜʞʝʥʥʶ ʣʽʥʝʘʨʠʟʦʚʘʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʻ ʙʽʬʫʨʢʘʮʽʡʥʠʤʠ, 

ʘ ʚʣʘʩʥʘ ʬʦʨʤʘ ʮʴʦʛʦ ʦʧʝʨʘʪʦʨʘ ʻ ʬʦʨʤʦʶ ʚʠʧʠʥʘʥʥʷ ɹʂ. 

ʍʘʨʘʢʪʝʨʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʮʽʻʾ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʷʢʱʦ ʢʫʪ b 

ʥʘʭʠʣʫ ʩʚʝʨʜʣʦʚʠʥʠ ʥʝ ʤʘʣʠʡ, ʪʦ ɹʂ ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʜʦ ʩʪʽʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ 

ʩʠʣʘʤʠ ʪʷʞʽʥʥʷ ( )ʪʷʞsf , ʷʢʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʾʾ ʚʽʜ'ʻʜʥʘʥʥ ʁ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʢʘʥʘʣʫ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʩʪʘʙʽʣʽʟʫʶʪʴ ʾʾ ʨʽʚʥʦʚʘʛʫ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʨʠ ʚʪʨʘʪʽ 

ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʢʦʚʟʘʻ ʧʦ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʢʦʥʪʘʢʪʽ 

ʟ ʥʝʶ ʧʦ ʚʩʽʡ ʩʚʦʾʡ ʜʦʚʞʠʥʽ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʚʠʧʠʥʘʥʥʷ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʾʾ 

ʛʝʦʤʝʪʨʽʷ ʥʝ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʜʦʚʽʣʴʥʦ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʦʤʝʪʨʽʻʶ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʽʡ ʚʦʥʘ ʣʝʞʠʪʴ. ʇʨʠ ʘʥʘʣʽʟʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ɹʂ, ʱʦ ʚʠʧʠʥʘʻʪʴʩʷ, ʮʷ ʦʙʩʪʘʚʠʥʘ ʟʤʫʰʫʻ ʟʘʣʫʯʘʪʠ ʤʝʪʦʜʠ 
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ʪʝʦʨʽʾ ʧʦʚʝʨʭʦʥʴ ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ [17,29] ʩʧʽʣʴʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʦʨʽʾ ʛʥʫʯʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ [16, 30,32]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʑʦʙ ʧʨʦʩʪʝʞʠʪʠ ʟʘ ʛʝʦʤʝʪʨʠʯʥʦʶ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ 

ʚʩʝʨʝʜʠʥʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʘʥʘʣʫ ʧʦʭʠʣʦʾ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ, 

ʚʚʝʜʝʤʦ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʠʛʨʘʥʥʠʢʘ (, ,u v w) ʧʨʠʡʥʷʪʦʛʦ ʚ ʪʝʦʨʽʾ ʚʽʣʴʥʠʭ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ) ʨʫʭʦʤʫ ʧʨʘʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ oxyz ʟ ʚʽʩʩʶ ox, 

ʦʨʽʻʥʪʦʚʘʥʦʶ ʚʟʜʦʚʞ ʚʥʫʪʨʽʰʥʴʦʾ ʥʦʨʤʘʣʽ ʜʦ ʢʘʥʘʣʦʚʦʾ ʧʦʚʝʨʭʥʽ S, ʽ ʚʽʩʩʶ 

oz, ʩʧʨʷʤʦʚʘʥʦʾ ʫʟʜʦʚʞ ʜʦʪʠʯʥʦʾ ʜʦ ʢʨʠʚʦʾ L  ʫ ʙʽʢ ʟʨʦʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʘ s. 

ʆʜʠʥʠʯʥʽ ʚʝʢʪʦʨʠ i , j , k, ʻ ʦʨʪʘʤʠ ʮʽʻʾ ʩʠʩʪʝʤʠ (ʨʠʩ. 2.5). ʇʦʨʷʜ ʟ ʮʽʻʶ 

ʩʠʩʪʝʤʦʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʪʨʠʛʨʘʥʥʠʢ ʌʨʝʥʝ. ʁʦʛʦ ʦʜʠʥʠʯʥʠʡ 

ʚʝʢʪʦʨ ʜʦʪʠʯʥʦʾ t, ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʛʦʣʦʚʥʦʾ ʥʦʨʤʘʣʽ n  ʽ ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ 

ʙʽʥʦʨʤʘʣʽ b  ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 
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n ,  = ³b t n .   (2.17) 

 

ʈʠʩʫʥʦʢ 2.5 ī ʆʩʴʦʚʘ ʣʽʥʽʷ L ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʧʨʠ ʾʾ ʚʠʧʠʥʘʥʥʽ ʚ 

ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ 

ʂʘʥʘʣʦʚʘ ʧʦʚʝʨʭʥʷ 
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ʊʫʪ ( )sɟ  ï ʨʘʜ̔ʫʩ ʚʝʢʪʦʨ ʢʨʠʚʦ ʾ L  ʚ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤ ̔ʢʦʦʨʜʠʥʘʪ 

OXYZ, R - ʨʘʜ̔ʫʩ ʢʨʠʚʠʟʥʠ ʦʩɹʦʚʦʾ ʣ̔ʥ̔ ʾ ɹʂ.  

ɺʝʢʪʦʨʠ (2.17) ʚʠʟʥʘʯʘʶʪʴ ʦʨʽʻʥʪʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʩʪʝʨʞʥʷ ʽ ʬʦʨʤʫ 

ʢʨʠʚʦʾ L. ɿ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʞʝ ʙʫʪʠ ʚʚʝʜʝʥʠʡ ʚʝʢʪʦʨ ɼʘʨʙʫ 

 

R Tk k= +ɋ b t,      (2.18) 

 

ʜʝ 1/Rk R-  - ʢʨʠʚʠʟʥʘ ʢʨʠʚʦ,ʾ 
Tk  - ʾʾ ʩʢʨʫʪ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ [17,29]. 

 

2

2R

d
k

ds
=

ɟ
n ,   .T

d
k t

ds

å õ
= ³æ ö
ç ÷

n
n    (2.19) 

 

ʆʜʥʘʢ ʙʽʣʴʰ ʟʨʫʯʥʠʤ ʚʠʷʚʣʷʻʪʴʩʷ ʧʨʝʜʩʪʘʚʠʪʠ ʧʘʨʘʤʝʪʨʠ 
Rk  ʽ 

Tk  ʚ 

ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ oxyz ʽ ʚʠʚʯʘʪʠ ʚ ʥʽʡ ʟʛʠʥʘʥʥʷ ɹʂ, ʦʩʢʽʣʴʢʠ, ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʠʪʠ ʪʨʫʜʥʦʱʽ ʟʘʜʘʯʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʽʩʥʫʚʘʥʥʷʤ 

ʦʙʤʝʞʫʶʯʦʾ ʢʘʥʘʣʦʚʦʾ ʧʦʚʝʨʭʥʽ S, ʚ ʧʝʨʝʚʘʛʫ, ʦʙʫʤʦʚʣʝʥʫ ʪʠʤ, ʱʦ ʛʝʦʤʝʪʨʽʷ 

ʦʴʦʚʣʾ ʣʽʥʽʾ L  ʢʦʣʦʥʠ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ S. ɿ 

ʦʛʣʷʜʫ ʥʘ ʮʝ, ʟʘʤʽʩʪʴ ʚʝʢʪʦʨʘ ɼʘʨʙʫ ɋ (ʜʠʚ. (2.18)) ʚʚʝʜʝʤʦ ʚʝʢʪʦʨ  

 

x y zk k k= + +ɤ i j k ,    (2.20) 

 

ʱʦ ʫʤʦʚʥʦ ʧʨʝʜʩʪʘʚʣʷʻ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʩʠʩʪʝʤʠ oxyz ʧʨʠ ʾʾ ʨʫʩʽ ʟ 

ʦʜʠʥʠʯʥʦʶ ʰʚʠʜʢʽʩʪʶ ʚʟʜʦʚʞ ʢʨʠʚʦʾ L  ʚ yoz ʽ xoz ʚʽʜʧʦʚʽʜʥʦ; zk  ï 

ʧʘʨʘʤʝʪʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʨʫʯʝʥʥʷ. ɺʦʥʠ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʚʽʜʦʤʽ 

ʢʨʠʚʠʟʥʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ S, ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʘʨʘʤʝʪʨʘ u, ʩʧʨʷʤʦʚʘʥʦʛʦ ʫʟʜʦʚʞ ʪʚʽʨʥʦʾ, ʽ ʧʘʨʘʤʝʪʨʘ v, ʱʦ ʚʠʟʥʘʯʘʻ 

ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʥʘ ʥʘʧʨʘʚʣʷʶʯʦʤʫ ʢʦʣʽ ʨʘʜʽʫʩʘ a  (ʨʠʩ. 2.5). ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʤʝʪʨʠʢʘ ʧʦʚʝʨʭʥʽ S ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 



 

 

81 

 

 

2 2 2 2( ) ( ) ( )ds du a dv= + .    (2.21) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʨʠʚʠʟʥʘ 
xk  

ʧʨʝʜʩʪʘʚʣʷʻ ʛʝʦʜʝʟʠʯʥʫ ʢʨʠʚʠʟʥʫ ʛʝʦʜk  ʢʨʠʚʦʾ L  ʥʘ ʧʦʚʝʨʭʥʽ S ʽ ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʘʞʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ [17,29] 

 

2

2 2 3/2
( ),

( 2 )

ʛʝʦʜ

x

EG F
k k u v v u Au Bu

Eu u v Gv

° -
¡¡ ¡ ¡¡ ¡ ¡ ¡= = - + -

¡ ¡ ¡ ¡+ +
  (2.22) 

 

ʜʝ ʩʠʤʚʦʣ ʰʪʨʠʭ ʧʦʟʥʘʯʘʻ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʦ s; , , , ,A B E F G ï ʛʝʦʤʝʪʨʠʯʥʽ 

ʚʝʣʠʯʠʥʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʯʝʨʝʟ ʩʠʤʚʦʣʠ 

ʂʨʽʩʪʦʬʝʣʷ. ʗʢʱʦ ʢʨʠʚʘ L  ʽ ʧʦʚʝʨʭʥʷ D  ʟʘʜʘʶʪʴʩʷ ʚ ʟʘʛʘʣʴʥʽʡ ʬʦʨʤʽ, ʪʦ 

ʚʠʨʘʟʠ ʜʣʷ ʟʤʽʥʥʠʭ 
xk , 

yk , 
zk  ʤʘʶʪʴ ʜʦʩʠʪʴ ʛʨʦʤʽʟʜʢʠʡ ʚʠʛʣʷʜ. ʆʜʥʘʢ ʜʣʷ 

ʢʘʥʘʣʦʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʦʥʠ ʧʨʠʡʤʘʶʪʴ ʙʽʣʴʰ ʧʨʦʩʪʫ 

ʬʦʨʤʫ, ʟʘʚʜʷʢʠ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪʥʠʭ ʢʨʠʚʠʭ u , v. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʛʝʦʜʝʟʠʯʥʘ ʢʨʠʚʠʟʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [29] 

 

( )2 2 3/2

11 22 11 22[ ( ) ( ) ]ʛʝʦʜ

xk k ʘ ʘ a u a v uv vu v u-¡ ¡ ¡¡ ¡ ¡¡ ¡ ¡ ¡= = + - +A -B    

 

ʜʝ 11a , 22a  ï ʧʘʨʘʤʝʪʨʠ ʧʝʨʰʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʢʘʥʘʣʦʚʦʾ ʧʦʚʝʨʭʥʽ; 

ʤʥʦʞʥʠʢʠ A, B ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʩʠʤʚʦʣʠ ʂʨʽʩʪʦʬʝʣʷ ʜʨʫʛʦʛʦ ʨʦʜʫ 

 

() ()
2 21 1 1

11 12 222u u v v¡ ¡ ¡ ¡A=G + G +G,  () ()
2 22 2 2

11 12 222u u v v¡ ¡ ¡ ¡B=G + G +G       

 

ʗʢ ʽ ʨʘʥʽʰʝ, ʚ ʮʠʭ ʬʦʨʤʫʣʘʭ ʰʪʨʠʭʦʤ ʧʦʟʥʘʯʝʥʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʦ 

s. 

ɼʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʮʽ ʚʝʣʠʯʠʥʠ ʽʩʪʦʪʥʦ ʩʧʨʦʱʫʶʪʴʩʷ ʽ 

ʬʦʨʤʫʣʘ (2.22) ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʘ ʜʦ ʚʠʛʣʷʜʫ  
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( )ʛʝʦʜ

xk k a u v v u¡¡ ¡ ¡¡ ¡= =- - ,     (2.23) 

 

ʇʣʦʱʠʥʘ xoz ʦʨʪʦʛʦʥʘʣʴʥʘ ʧʦʚʝʨʭʥʽ S, ʪʦʤʫ ʢʨʠʚʠʟʥʘ yk  ʢʨʠʚʦʾ L  

ʜʦʨʽʚʥʶʻ ʥʦʨʤʘʣʴʥʽʡ ʢʨʠʚʠʟʥʽ ʥʦʨʤk  ʮʽʻʾ ʧʦʚʝʨʭʥʽ ʚ ʥʘʧʨʷʤʢʫ ʦʨʪʘ t. ʊʦʤʫ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ ɽʡʣʝʨʘ [17,29], ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʛʦʣʦʚʥʽ 

ʢʨʠʚʠʟʥʠ 
1k , 

2k  ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ 

 

2 2

1 2cos sinʥʦʨʤ

yk k k kq q= = + ,    (2.24) 

 

ʜʝ 
1 0k = , 2 1/k a= , q - ʢʫʪ ʤʽʞ ʦʨʪʦʤ t  ʽ ʢʦʦʨʜʠʥʘʪʥʦʶ ʣʽʥʽʻʶ u . 

ʊʦʜ ̔ʦʩʢʽʣʴʢʠ sin /adv dsq= , ʚʠʧʣʠʚʘʻ 

 

2( )yk a v¡= .      (2.25) 

 

ʉʢʨʫʪ 
zk  ʢʨʠʚʦʾ L  ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

 

0

/limz
s

k sy
D ­

= D        

 

ʊʫʪ y ī ʢʫʪ ʧʦʚʦʨʦʪʫ ʦʩ̔ ox ʚʽʜʥʦʩʥʦ ʦʩ̔ oz ʧʨʠ ʧʝʨʝʭʦʜ ̔ʩʠʩʪʝʤʠ 

oxyz  ̔ ʟ ʪʦʯʢʠ s ʚ ʪʦʯʢʫ s s+D.  

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʷ ʬʦʨʤʫʣʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ 

 

zk u v¡ ¡=      (2.26) 

 

ʆʪʨʠʤʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʫʜʫʚʘʪʠ 

ʨʦʟʚËʷʟʫʚʘʣʴʥʽ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʟʛʠʥʘʥʥʷ ɹʂ ʚ ʧʨʷʤʦʣʽʥʽʡʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ. 
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2.4 ʈʽʚʥʷʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʟʛʠʥʘʥʥʷ ʽ ʚʠʧʠʥʘʥʥʷ ʧʨʷʤʦʣʽʥʽʡʥʦʾ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ (ʙʝʟʬʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ) 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚʘʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʩʬʦʨʤʫʣʶʻʤʦ 

ʟʘʜʘʯʫ ʧʨʦ ʧʨʫʞʥʝ ʥʝʣʽʥʽʡʥʝ ʟʛʠʥʘʥʥʷ ɹʂ ʚʩʝʨʝʜʠʥʽ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʧʦʨʦʞʥʠʥʠ ʧʦʭʠʣʦʾ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ʇʨʠʡʤʝʤʦ, ʱʦ ɹʂ 

ʥʘʚʘʥʪʘʞʝʥʘ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʩʠʣʘʤʠ ʪʷʞʽʥʥʷ ( )ʪʷʞsf  ʫʟʜʦʚʞ ʦʩʽ OZ  (ʨʠʩ. 2.4) 

ʧʦ ʚʩʽʡ ʩʚʦʾʡ ʜʦʚʞʠʥʽ ʽ ʥʘ ʾʾ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ s S=  ʜʽʻ ʦʩʴʦʚʘ ʩʪʠʩʢʘʶʯʘ ʩʠʣʘ 

( )zF S . ɼʽʷ ʮʠʭ ʩʠʣ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʝʥʝʨʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʧʨʫʞʥʦʾ ʩʠʣʠ 

( )sF  ʽ ʤʦʤʝʥʪʫ ( )sM , ʘ ʪʘʢʦʞ ʟʦʚʥʽʰʥʴʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʩʠʣʠ 

( )ʢʦʥʪsf  ʽ ʩʠʣʠ ʪʝʨʪʷ ( )ʪʝʨsf .  

ɺʠʱʝ ʚʞʝ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʠʪʘʥʥʶ ʩʪʚʦʨʝʥʥʷ ʩʠʣ ʪʝʨʪʷ ʤʘʻ ʙʫʪʠ 

ʧʨʠʜʽʣʝʥʘ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ ʧʝʨʝʜʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ 

ɹʂ ʥʝʨʫʭʦʤʘ ʽ ʢʦʣʠ ʚʦʥʘ ʚʠʧʠʥʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʩʧʫʩʢʫ ʘʙʦ ʧʽʜʡʦʤʫ (ʚ 

ʦʩʥʦʚʥʦʤʫ, ʩʧʫʩʢʫ) ʽ ʢʦʣʠ ʥʝʩʪʽʡʢʠʡ ʩʪʘʥ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʙʫʨʽʥʥʷ 

ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʢʦʣʦʥʘ ʤʦʞʝ ʙʫʪʠ ʩʭʠʣʴʥʘ ʜʦ ʜʽʾ 

ʨʽʟʥʠʭ ʚʽʙʨʘʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʚʠʢʣʠʢʘʥʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʽ 

ʚʥʫʪʨʽʰʥʽʤʠ ʧʦʪʦʢʘʤʠ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ), ʷʢʽ ʟʥʽʤʘʶʪʴ ʬʨʠʢʮʽʡʥʽ ʝʬʝʢʪʠ, ʽ 

ʪʦʜʽ ʤʦʞʥʘ ʧʦʢʣʘʩʪʠ 0ʪʝʨ=f . ʋ ʪʦʡ ʞʝ ʯʘʩ ʧʨʠ ʧʦʟʜʦʚʞʥʴʦʤʫ ʨʫʩʽ ʢʦʣʦʥʠ ʽ ʾʾ 

ʦʙʝʨʪʘʥʥʽ ʮʽ ʩʠʣʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʽʩʪʶ (2.16). ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʽʩʪʦʪʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʧʠʪʘʥʥʷ ʧʨʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʽ ʩʠʣ ʪʝʨʪʷ ʥʘ ʧʨʦʮʝʩ 

ʚʠʧʠʥʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʮʠʭ ʩʠʣ ɹʂ ʤʦʞʝ ʙʫʪʠ ʨʦʟʪʷʛʥʫʪʘ ʚ ʾʾ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʪʘ ʩʪʠʩʥʫʪʘ ʚ ʤʝʞʘʭ ʾʾ ʥʠʞʥʴʦʛʦ ʩʝʛʤʝʥʪʘ. ʊʦʤʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʢʨʠʪʠʯʥʝ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʧʦʭʠʣʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 

ʧʝʨʝʚʘʞʘʻ ʚ ʾʾ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ, ʜʝ ʩʚʝʨʜʣʦʚʠʥʘ ʤʘʡʞʝ ʧʨʷʤʦʣʽʥʽʡʥʘ. 

ʋ ʧʨʦʮʝʩʽ ʢʨʠʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ɹʂ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʩʢʣʘʜʥʽ 

ʬʦʨʤʠ, ʪʦʤʫ ʜʣʷ ʾʭ ʘʥʘʣʽʟʫ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ 

ʨʽʚʥʦʚʘʛʠ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʩʪʝʨʞʥʷ. 
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ɿʘʟʚʠʯʘʡ ʨʽʚʥʷʥʥʷ (2.11) ʬʦʨʤʫʣʶʶʪʴʩʷ ʚ ʨʫʭʦʤʠʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ, ʦʩʽ 

ʷʢʦʾ ʟʙʽʛʘʶʪʴʩʷ ʟ ʛʦʣʦʚʥʠʤʠ ʮʝʥʪʨʘʣʴʥʠʤʠ ʦʩʷʤʠ ʽʥʝʨʮʽʾ ʧʦʧʝʨʝʯʥʠʭ 

ʧʝʨʝʨʽʟʽʚ ʛʥʫʯʢʦʛʦ ʩʪʨʠʞʥʷ. ʊʦʜʽ ʮʽ ʨʽʚʥʷʥʥʷ ʟʚʦʜʷʪʴʩʷ ʜʦ ʚʠʜʫ (2.12). ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʾ ʧʦʩʪʘʥʦʚʢʠ ʚ ʨʦʙʦʪʘʭ [15,70] ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʫʩʢʦ-ʧʽʜʡʦʤʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ. ʋ 

ʚʠʧʘʜʢʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʟʥʘʯʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʧʘʜʘʻ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʪʠʥ 

ɹʂ ʢʦʣʦʚʠʡ ʽ ʚʩʽ ʡʦʛʦ ʮʝʥʪʨʘʣʴʥʽ ʦʩʽ ʻ ʛʦʣʦʚʥʠʤʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʜʘʥʘ ʟʘʜʘʯʘ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʽʥʰʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ, ʦʙʫʤʦʚʣʝʥʠʤ ʥʘʷʚʥʽʩʪʶ ʟʚ'ʷʟʢʫ ʫ ʚʠʛʣʷʜʽ 

ʞʦʨʩʪʢʦʾ ʧʦʚʝʨʭʥʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ ʦʙʤʝʞʫʻ ʧʝʨʝʤʽʱʝʥʥʷ ɹʂ, ʽ ʧʦʷʚʦʶ 

ʜʦʜʘʪʢʦʚʠʭ ʥʝʚʽʜʦʤʠʭ ʢʦʥʪʘʢʪʥʠʭ ʩʠʣ ( )ʢʦʥʪsf , ʷʢʽ ʟʙʽʣʴʰʫʶʪʴ ʯʠʩʣʦ 

ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ. ʆʜʥʘʢ, ʷʢʱʦ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʨʦʟʛʣʷʜʘʪʠ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ɹʂ ʚ ʩʫʧʫʪʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ oxyz, ʪʦ ʪʠʤ ʩʘʤʠʤ ʤʦʞʥʘ ʥʝ 

ʪʽʣʴʢʠ ʨʦʟʜʽʣʠʪʠ ʟʤʽʥʥʽ ʽ ʪʠʤʯʘʩʦʚʦ ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʟʛʣʷʜʫ ʥʝʚʽʜʦʤʫ ʨʝʘʢʮʽʶ 

ʚËʷʟʽ ( ) ( )ʢʦʥʪ ʢʦʥʪs f s=f i , ʘ ʡ ʟʤʝʥʰʠʪʠ ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʘʥʘʣʦʛʽʯʥʠʡ ʚʠʢʦʨʠʩʪʘʥʥʶ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʤʝʪʦʜʽ 

ʨʽʚʥʷʥʴ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʨʦʜʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ 

ʃʘʛʨʘʥʞʘ ʧʝʨʰʦʛʦ ʨʦʜʫ. 

ʅʘ ʦʩʥʦʚʽ ʟʘʟʥʘʯʝʥʦʛʦ, ʥʘʜʘʤʦ ʘʙʩʦʣʶʪʥʠʤ ʧʦʭʽʜʥʠʤ d dsF , d dsM  ʚ 

(2.11) ʬʦʨʤʫ  

 

/ /d ds d ds= + ³F F ɤ F,  / /d ds d ds= + ³M M ɤ M (2.27) 

 

ʪʫʪ d ds ï ʣʦʢʘʣʴʥʘ ʧʦʭʽʜʥʘ. ɺ ʩʠʩʪʝʤ ̔ ʚʽʜʣʽʢʫ oxyz ʨʽʚʥʷʥʥʷ (2.11) 

ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ 

 

/d ds=- ³ -F ɤ F f,   /d ds=- ³ - ³M ɤ M k F              (2.28) 

 

ʇʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʩʠʩʪʝʤʘ (2.28) ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʠʩʪʝʤʠ 

(2.12), ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʨʫʭʦʤʦʤʫ ʪʨʽʝʜʨʽ oxyz. 
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ɺʨʘʭʦʚʫʶʯʠ ʨʽʚʥʦʩʪʽ (2.20) ʟʚʝʜʝʤʦ ʨʽʚʥʷʥʥʷ (2.28) ʜʦ ʩʢʘʣʷʨʥʦʛʦ 

ʚʠʛʣʷʜʫ ʦʢʨʝʤʦ ʜʣʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʩʠʣʦʚʦʾ ʽ ʤʦʤʝʥʪʥʦʾ ʛʨʫʧ. 

 

                  

/

/

/

ʪʷʞ ʢʦʥʪ

x y z z y x

ʪʷʞ

y z x x z y

ʪʷʞ

z x y y x z

dF ds k F k F f f

dF ds k F k F f

dF ds k F k F f

=- + - -

=- + -

=- + -

                        (2.29) 

                        

/

/

/

x y z z y y

y z x x z x

z x y y x

dM ds k M k M F

dM ds k M k M F

dM ds k M k M

=- + +

=- + -

=- +

                                    (2.30) 

 

ɺ ʨʽʚʥʷʥʥʷʭ (2.30) ʤʦʤʝʥʪʠ xM , 
yM  ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ [16] 

 

x xM EIk= ,  
y yM EIk=     (2.31) 

 

ʜʝ, ʷʢ ʽ ʚʠʱʝ, E  ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʨʫʙʠ ɹʂ; I  ï ʮʝʥʪʨʘʣʴʥʠʡ 

ʦʩʴʦʚʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʨʫʙʠ. 

ɿ ʮʠʭ ʨʽʚʥʦʩʪʝʡ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ 

(2.30) ʜʦʨʽʚʥʶʻ ʥʫʣʶ,  

 

zM const=      (2.32) 

 

ʽ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.20) ï (2.32) ʨʘʟʦʤ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ ʚʠʟʥʘʯʘʶʪʴ ʥʝʣʽʥʽʡʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ɹʂ ʚ ʢʘʥʘʣʦʚʽʡ ʧʦʨʦʞʥʠʥʽ 

ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʧʨʦʩʪʫ ʟʘʜʘʯʫ ʧʨʦ ʧʨʫʞʥʝ 

ʟʛʠʥʘʥʥʷ ɹʂ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʨʦʞʥʠʥʽ. ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʧʦʭʠʣʦ-

ʩʢʝʨʦʚʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʟʘʢʽʥʯʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʨʷʤʦʣʽʥʽʡʥʠʤʠ ʜʽʣʷʥʢʘʤʠ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʪʘʢʘ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʻ 

ʥʘʡʙʽʣʴʰʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ. 
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ɼʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ S ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʴ (2.23), (2.25), (2.36) 

ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ɤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ  

 

( )xk a u v v u¡¡ ¡ ¡¡ ¡=- - ,     2( )yk a v¡= ,     
zk u v¡ ¡=                   (2.33) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʦʩʪʽ (2.31), (2.33), ʧʝʨʰʽ ʜʚʽ ʨʽʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

(2.30) ʽ ʧʝʨʰʫ ʨʽʚʥʽʩʪʴ ʩʠʩʪʝʤʠ (2.29), ʦʪʨʠʤʘʻʤʦ  

 

                

2

/

/ .

x x z z x

y x z y y z

c ʪʷʞ

y z z y x x

F EIv v EIk k M k

F EIdk ds M k EIk k

f k F k F dF ds f

¡ ¡¡=- - +

= + -

=- + - -

                           (2.34) 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʦʩʪʝʡ (2.29), (2.30) ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʩʠʩʪʝʤʫ 

ʰʝʩʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʚʽʜʥʦʩʥʦ ʰʝʩʪʠ ʰʫʢʘʥʠʭ 

ʬʫʥʢʮʽʡ u , v , v¡, xk , 
yF , 

zF   

 

2 2

2 2

2 2

/ (2 ) ,

/ [ ( ) ( ) ] ( ) ( 2 ) ,

/ 1 / ( ) ( ) 1 /

/ ( ),    

( ) / 1 / 1 ( ) ,     

/

ʪʷʞ

y z x z z x z x

ʪʷʞ

z x x z y z x z z x z

x z z y

x

dF ds k EIv v EIk k M k F k f av

dF ds k EI k M k EIa v k a v EIv v EIk k M k f

dk ds EIa v M a v k EIF

dv ds v

d v ds ak a v

du ds

¡ ¡¡ ¡= + - + -

¡ ¡ ¡ ¡ ¡¡=- + - + - - + -

¡ ¡= + +

¡=

¡ ¡= -

= 2 21 ( )a v¡-

(2.35) 

 

ʊʫʪ ( )ʪʷʞ

ʩʪ ʨʽʜf g er r= - , ʜʝ 29.81 ʤ/ʩg= , ʩʪr  ī ɦʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʢʦʣʦʥʠ, 
ʨʽʜr  ī ɦʽʣʴʥʽʩʪʴ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ, eī ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʪʨʫʙʠ ʢʦʣʦʥʠ. 
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ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʦʤʫ ʧʽʜʭʦʜʫ ʽ ʚʠʙʦʨʫ 

ʦʨʽʻʥʪʘʮʽʾ ʦʩʝʡ oxyz, ʟ ʩʠʩʪʝʤʠ (2.35) ʚʠʢʣʶʯʝʥʽ ʰʫʢʘʥʽ ʟʤʽʥʥʽ ( )xF s  ʽ 

( )ʢʦʥʪf s , ʱʦ ʩʧʨʦʩʪʠʣʦ ʾʾ ʩʪʨʫʢʪʫʨʫ. 

ɺʭʽʜʥʽ ʚ ʮʶ ʩʠʩʪʝʤʫ ʢʦʤʧʦʥʝʥʪʠ ʩʠʣ ʪʷʞʽʥʥʷ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ  

sin cos

(cos sin sin )

(cos sin sin )

ʪʷʞ ʪʷʞ

x

ʪʷʞ ʪʷʞ

y

ʪʷʞ ʪʷʞ

z

f f v

f f av v u

f f u v av

b

b b

b b

=-

¡ ¡= Ö + Ö

¡ ¡= Ö - Ö

.    (2.36) 

 

ʇʽʜʢʨʝʩʣʠʤʦ ʪʘʢʦʞ, ʱʦ ʢʨʽʤ ʥʘʚʝʜʝʥʠʭ ʚ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ (2.35) 

ʰʝʩʪʠ ʰʫʢʘʥʠʭ ʟʤʽʥʥʠʭ ʚ ʮʶ ʩʠʩʪʝʤʫ ʚʭʦʜʷʪʴ ʪʘʢʦʞ ʥʝʚʽʜʦʤʽ ʟʤʽʥʥʽ v¡¡, ( )xk ¡ 

 ̔
zk . ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʰʠʭ ʜʚʦʭ ʟ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʘʚʽ ʯʘʩʪʠʥʠ 

ʧ'ʷʪʦʛʦ ʽ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷʥʴ ʩʠʩʪʝʤʠ, ʘ ʬʫʥʢʮʽʷ ʩʢʨʫʪʫ 
zk  ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʨʝʪʴʦʾ ʬʦʨʤʫʣʠ ʩʠʩʪʝʤʠ (2.33). 

ʇʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʰʦʩʪʦʛʦ ʧʦʨʷʜʢʫ (2.35) ʨʘʟʦʤ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʚʠʟʥʘʯʘʻ ʥʝʣʽʥʽʡʥʠʡ ʚʠʛʠʥ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ 

ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʨʦʞʥʠʥʽ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʧʦʭʠʣʦ-ʩʢʝʨʦʚʘʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ɿ ʾʾ 

ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚʩʽ ʰʽʩʪʴ ʰʫʢʘʥʠʭ ʟʤʽʥʥʠʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʝʾ, 

ʧʽʩʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʦʩʪʽ (2.34) ʧʽʜʨʘʭʫʚʘʪʠ ʧʝʨʝʨʽʟʫʁ ʯʫ ʩʠʣʫ 

( )xF s  ʽ ʩʠʣʫ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ( )ʢʦʥʪf s . 

ʈʽʚʥʷʥʥʷ (2.35) ʽʩʪʦʪʥʦ ʥʝʣʽʥʽʡʥʽ. ɼʣʷ ʾʭ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʟʚËʷʟʢʫ ʧʦ ʧʘʨʘʤʝʪʨʫ ʩʧʽʣʴʥʦ ʟ ʤʝʪʦʜʦʤ 

ʅʴʶʪʦʥʘ-ʂʘʥʪʦʨʦʚʠʯʘ [14] ʟʘ ʩʭʝʤʦʶ (1.11). ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʨʝʘʣʽʟʘʮʽʾ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʩʠʩʪʝʤʘ (2.35) ʽ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʣʽʥʝʘʨʠʟʫʶʪʩɹʷ ʚ 

ʦʢʦʣʽ ʩʪʘʥʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʉʪʘʥʠ, ʚ ʷʢʠʭ ʣʽʥʝʘʨʠʟʦʚʘʥʠʡ ʦʧʝʨʘʪʦʨ ʟʘʜʘʯʽ 

ʚʠʨʦʜʞʫʻʪʴʩʷ, ʻ ʙʽʬʫʨʢʘʮʽʡʥʠʤʠ. ʋ ʥʠʭ ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ, ʱʦ ʚʠʛʠʥʘʻʪʴʩʷ 

ʚʪʨʘʯʘʻ ʘʙʦ ʚʽʜʥʦʚʣʶʻ ʩʪʽʡʢʽʩʪʴ ʨʽʚʥʦʚʘʛʠ. 

ʅʝʭʘʡ ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʜʦʚʞʠʥʦʶ L  ʣʝʞʠʪʴ ʥʘ ʜʥʽ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʧʦʨʦʞʥʠʥʠ, ʚʽʩʴ ʷʢʦʾ ʩʢʣʘʜʘʻ ʢʫʪ b ʟ ʚʝʨʪʠʢʘʣʣʶ. ʅʘ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ ʚʦʥʘ 
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ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʘ ʽ ʥʘ ʥʝʾ ʜʽʻ ʧʦʟʜʦʚʞʥʷ ʩʪʠʩʢʘʶʯʘ ʩʠʣʘ R ʽ ʢʨʫʪʥʠʡ 

ʤʦʤʝʥʪ 
zM , ʥʘ ʚʝʨʭʥʴʦʤʫ ʢʽʥʮʽ ʚʦʥʘ ʞʦʨʩʪʢʦ ʟʘʪʠʩʥʝʥʘ. ʎʠʤ ʟʘʢʨʽʧʣʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 

 

                                  0u= ,     0v= ,     0v¡=    ʧʨʠ 0s=    

                                                                                                     (2.37) 

                                  0v= ,     0xk = ,     
zF R=-  ʧʨʠ s L=  

 

ɺ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʢʦʣʦʥʘ ʧʨʷʤʦʣʽʥʽʡʥʘ, ʪʦʤʫ ( ) 0u s¡ =  ( ) 0v s = , 

( ) 0xk s = , ( ) 0yk s = , ( ) 0zk s = , 
ʩʪ ʨʽʜ( ) ( ) ( )coszF s g e L s Rr r b= - - -. ɿʥʘʡʜʝʤʦ 

ʟʥʘʯʝʥʥʷ R, ʧʨʠ ʷʢʦʤʫ ʢʦʣʦʥʘ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ, ʽ ʬʦʨʤʫ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. 

ɼʣʷ ʮʴʦʛʦ ʣʽʥʝʘʨʠʟʫʻʤʦ ʨʽʚʥʷʥʥʷ (2.35) ʚ ʦʢʦʣʽ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ      
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y z x
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       (2.38) 

          
d

v v
ds
d d¡= ,          

1
x

d
v k

ds a
d d¡= ,          0

d
u

ds
d =  

 

ʪʫʪ ʩʠʤʚʦʣʦʤ d ʧʦʟʥʘʯʝʥʽ ʤʘʣʽ ʚʘʨʽʘʮʽʾ ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ. 

ɺʘʞʣʠʚʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʥʝʾ ʥʝ 

ʚʭʦʜʠʪʴ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ 
zM . ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʷʢʱʦ ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʷʞʽʥʥʷ 

ʢʦʣʦʥʘ ʪʘʢ ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʜʦ ʜʥʘ 0v=  ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʢʨʠʪʠʯʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʧʽʜ ʜʽʻʶ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ R ʣʽʥʽʷ L  

ʧʨʦʜʦʚʞʫʻ ʣʝʞʘʪʠ ʥʘ ʧʦʚʝʨʭʥʽ S, ʪʦ ʥʘʩʪʘʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ zM . ɯ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ (2.35), ʚʧʣʠʚ 

zM  ʧʦʯʠʥʘʻ ʧʨʦʷʚʣʷʪʠʩʷ ʪʽʣʴʢʠ, ʢʦʣʠ ʣʽʥʽʷ L  ʩʪʘʻ ʢʨʠʚʦʶ ʽ ʚʝʣʠʯʠʥʠ xk , yk , 

zk  ʚʽʜʤʽʥʥʽ ʚʽʜ ʥʫʣʷ. 

ʉʠʩʪʝʤʽ (2.38) ʤʦʞʥʘ ʥʘʜʘʪʠ ʟʚʠʯʥʫ ʬʦʨʤʫ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʪʝʦʨʽʾ ʚʠʧʠʥʘʥʥʷ ʙʘʣʦʢ. ɼʣʷ ʮʴʦʛʦ ʧʦʟʥʘʯʠʤʦ y a vd d= . 
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ʆʩʢʽʣʴʢʠ ʚ ʮʽʡ ʩʠʩʪʝʤʽ ʜʨʫʛʝ ʪʘ ʰʦʩʪʝ ʨʽʚʥʷʥʥʷ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝ 

ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʽʥʰʠʤʠ, ʾʭ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʦʢʨʝʤʦ ʽ ʩʠʩʪʝʤʽ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʫ, ʱʦ ʟʘʣʠʰʠʣʘʩʷ ʤʦʞʥʘ ʥʘʜʘʪʠ ʬʦʨʤʫ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʝʦʨʽʾ 

ʩʪʽʡʢʦʩʪʽ ʩʪʨʠʞʥʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 
xk a vd d¡¡= , 

yF EIa vd d¡¡¡=  ʪʦʜʽ, ʟ 

ʧʝʨʰʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (2.38) ʦʪʨʠʤʫʻʤʦ  

 

[ cos ( ) ] cos ( sin / ) 0IV ʪʷʞ ʪʷʞ ʪʷʞEI y f L s R y f y f a yd b d bd b d¡¡ ¡- - - + + =(2.39) 

 

ɼʣʷ ʢʦʣʦʥʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ o90b= , ʽ ʮʝ ʨʽʚʥʷʥʥʷ (2.39) 

ʧʨʠʡʤʘʻ ʥʘʡʧʨʦʩʪʽʰʫ ʬʦʨʤʫ 

 

( / ) 0IV ʪʷʞEI y R y f a yd d d¡¡+ + =.                                 (2.40) 

 

ɺʦʥʦ ʚʠʷʚʣʷʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʠʤ ʨʽʚʥʷʥʥʶ ʚʠʧʠʥʘʥʥʷ ʙʘʣʢʠ ʥʘ ʧʨʫʞʥʽʡ 

ʦʩʥʦʚʽ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʩʪʝʣʽ /ʪʷʞf a  ʽ ʜʣʷ ʚʠʧʘʜʢʫ L=¤ ʚʠʟʥʘʯʘʻ 

ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ  

 

2 2 2 2/ / ( )ʢʨ ʪʷʞR EI f al p l l p= + ,                                   (2.41) 

ʚʽʜʧʦʚʽʜʥʝ ʬʦʨʤʽ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

 

sin( / )y C sld d p l=                                         (2.42) 

 

ʟ ʜʦʚʞʠʥʦʶ l ʧʽʚʭʚʠʣʽ. 

ʄʥ̔̔ʤ̔ʟʫʶʯʠ ʢʨRl  ʧʦ l, ʦʪʨʠʤʘʻʤʦ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨRl  ʽ 

ʚʽʜʧʦʚʽʜʥʝ ʡʦʤʫ ʢʨl  

 

2 /ʢʨ ʪʷʞR EIf a= ,            4 /ʢʨ ʪʷʞEIa fl p=                        (2.43) 
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ʗʢʱʦ ʚʽʩʴ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘʭʠʣʝʥʘ ʧʽʜ ʢʫʪʦʤ b, o(0 90 )b< <  ʨʽʚʥʷʥʥʷ 

(2.39), ʱʦ ʚʠʟʥʘʯʘʻ ʢʨʠʪʠʯʥʽ ʩʪʘʥʠ, ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʽ ʜʣʷ ʥʴʦʛʦ, ʚ ʩʠʣʫ 

ʥʘʷʚʥʦʩʪʽ ʟʤʽʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜ yd¡¡, ʧʦʙʫʜʦʚʘ ʨʦʟʚËʷʟʢʫ ʚ ʟʘʤʢʥʫʪʽʡ 

ʬʦʨʤʽ ʩʪʘʻ ʥʝʤʦʞʣʠʚʦ .ʁ ɼʣʷ ʮʠʭ ʚʠʧʘʜʢʽʚ ʨʦʟʚËʷʟʦʢ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʥʘ 

ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʽʚʥʷʥʥʷ (3.39) ʟʜʽʡʩʥʶʚʩ ̫ ʤʝʪʦʜʦʤ ʧʦʯʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ [4,12]. ʇʨʠ ʮʴʦʤʫ ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʚËʷʟʢʠ ʟʘʜʘʯʽ ʂʦʰʽ ʜʣʷ ʨʽʚʥʷʥʥʷ 

(2.39) ʙʫʜʫʚʘʣʠʩʷ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ. ʆʩʢʽʣʴʢʠ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, 

ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʻ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʦʶ, ʩʝʨʝʜ ʾʾ ʚʣʘʩʥʠʭ ʨʦʟʚËʷʟʢʽʚ ʻ 

ʰʚʠʜʢʦ ʟʨʦʩʪʘʶʯʽ ʽ ʰʚʠʜʢʦ ʩʧʘʜʥʽ ʬʫʥʢʮʽʾ. ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʪʨʫʜʥʦʱʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʮʠʤ ʬʘʢʪʦʨʦʤ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʫ ʈʫʥʛʝ-ʂʫʪʪʘ 

ʜʦʚʦʜʠʣʦʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʦʞ ʧʨʦʮʝʜʫʨʫ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʾ ʚʣʘʩʥʠʭ 

ʨʦʟʚËʷʟʢʽʚ [4,12].  

 

2.5 ʈʽʚʥʷʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʟʛʠʥʘʥʥʷ ʽ ʚʠʧʠʥʘʥʥʷ ʧʨʷʤʦʣʽʥʽʡʥʦʾ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ (ʬʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ) 

 

ʇʦʙʫʜʫʻʤʦ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʛʦ ʟʛʠʥʘʥʥʷ ʽ ʚʠʧʠʥʘʥʥʷ ɹʂ ʜʣʷ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʚʦʥʘ ʨʫʭʘʻʪʴʩʷ ʚ ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ. ʊʦʜʽ ʥʘ ʚʩʽ ʾʾ ʝʣʝʤʝʥʪʠ ʜʽʶʪʴ 

ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʣʠ ʪʷʞʽʥʥʷ ( )ʪʷʞf s , ʘ ʜʦ ʚʝʨʭʥʴʦʛʦ ʽ ʥʠʞʥʴʦʛʦ ʢʽʥʮʽʚ 

ʧʨʠʢʣʘʜʝʥʽ ʦʩʴʦʚʽ ʩʠʣʠ (0)zF  ʽ ( )zF S . ʗʢ ʧʨʘʚʠʣʦ ʩʠʣʘ (0)zF  ï ʨʦʟʪʷʛʫʶʯʘ, 

ʩʠʣʘ ( )zF S  ï ʩʪʠʩʢʘʶʯʘ. ɼʽʷ ʮʠʭ ʩʠʣ ʧʦʚ'ʷʟʘʥʘ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ 

( )z sF  ʽ ʤʦʤʝʥʪʽʚ ( )z sM , ʘ ʪʘʢʦʞ ʟʦʚʥʽʰʥʽʭ ʢʦʥʪʘʢʪʥʠʭ (( )ʢʦʥʪsf ) ʽ 

ʬʨʠʢʮʽʡʥʠʭ (( )ʪʝʨsf ) ʩʠʣ. 

ʋ ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ oxyz ʢʦʤʧʦʥʝʥʪʠ ʩʠʣ ʪʷʞʽʥʥʷ ʟʘʜʘʶʪʴʩʷ ʨʽʚʥʦʩʪʷʤʠ 

(2.36), ʚ ʪʦʡ ʯʘʩ ʷʢ ʚ ʮʽʡ ʩʠʩʪʝʤʽ ʢʦʥʪʘʢʪʥʽ ʡ ʬʨʠʢʮʽʡʥʽ ʩʠʣʠ ʤʘʶʪʴ ʧʦ ʦʜʥʽʡ 

ʢʦʤʧʦʥʝʥʪʽ 

 

( ) ( )ʢʦʥʪ ʢʦʥʪ

xs f s=f i ,  ( ) ( )ʪʝʨ ʪʝʨ

z s f s=f k     (2.44) 
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ʊʦʤʫ ʩʢʘʣʷʨʥʽ ʘʥʘʣʦʛʠ ʨʽʚʥʷʥʴ (7.40) ʥʘʙʫʚʘʶʪʴ ʬʦʨʤʠ 

 

/ ,

/ ,

/ ,

ʪʷʞ ʢʦʥʪ

x y z z y x x

ʪʷʞ

y z x x z y

ʪʷʞ ʪʝʨ

z x y y x z z

dF ds k F k F f f

dF ds k F k F f

dF ds k F k F f f

=- + - -

=- + -

=- + - -

   (2.45) 

/ ,

/ ,

/ .

x y z z y y

y z x x z x

z x y y x

dM ds k M k M F

dM ds k M k M F

dM ds k M k M

=- + +

=- + -

=- +

    (2.46) 

 

ʗʢ ʙʘʯʠʤʦ, ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.29), (2.30) ʪʽʣʴʢʠ 

ʥʘʷʚʥʽʩʪʶ ʜʦʜʘʥʢʘ ʪʝʨ

zf  ʚ ʪʨʝʪʴʦʤʫ ʨʽʚʥʷʥʥʽ ʩʠʩʪʝʤʠ (2.40). ʎʷ ʧʝʨʝʚʘʛʘ 

ʩʪʘʣʘ ʤʦʞʣʠʚʦʶ, ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʨʫʭʦʤʠʭ ʦʩʝʡ oxyz . 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʦʩʪʽ (2.34) ʟʙʝʨʽʛʘʶʪʴ ʩʚʽʡ ʚʠʛʣʷʜ, ʘ ʨʽʚʥʷʥʥʷ 

(2.45) (2.46) ʟʘʤʽʥʶʶʪʴʩʷ ʩʠʩʪʝʤʦʶ  

 

2

2 3 2

2 3

2 2

2 ( ) ( )

2 ( ) ( )( )

1 1
( ) ( )

1 ( )

y ʪʷʞ

z x x z y

ʪʷʞ ʪʝʨz
x y z x z z

x
z y

dF
EIau v v M EIu v u v k k F f

ds

dF
k F EIa v v a M EIu v v k f f

ds

dk
a v M au v F

ds EI EI

dv
v

ds

du
a v

ds

¡ ¡ ¡¡ ¡ ¡ ¡ ¡= - - + -

¡ ¡¡ ¡ ¡ ¡=- - + - - -

¡ ¡ ¡=- + +

¡=

¡= -

 (2.47) 

 

ʑʦʙ ʧʦʙʫʜʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ɹʂ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʜʥʽ 

ʢʘʥʘʣʫ ʩʚʝʨʜʣʦʚʠʥʠ, ʥʝʦʙʭʽʜʥʦ ʩʠʩʪʝʤʫ (2.47) ʣʽʥʝʘʨʠʟʫʚʘʪʠ ʚ ʦʢʦʣʽ ʩʪʘʥʫ 

( )u s s= , ( ) 0v s = , ( ) ( ) ( ) 0x y zk s k s k s= = =, ( ) ( ) 0x yM s M s= =. ʊʫʪ  
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( )ʢʦʥʪ ʪʷʞ

x xf s f=- ,     (2.48) 

 

ʘ ʩʠʣʘ ʪʝʨʪʷ ʜʦʨʽʚʥʶʻ 

  

( ) ( ) ( )ʪʝʨ ʢʦʥʪ ʪʷʞ

z x xf s f s f sm m=° = .   (2.49) 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʽʥʪʝʛʨʫʶʯʠ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (2.47), ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʦʩʦɹʚʫ ʩʠʣʫ ( )zF s , ʱʦ ʚʠʥʠʢʘʻ ʚ ɹʂ ʧʨʠ ʾʾ ʨʫʩʽ 

 

0

( ) (0) ( ) ( )

s

ʪʷʞ ʪʝʨ ʪʷʞ ʪʝʨ

z z z z z zF s F f f ds f f s R- =- + =- + -ñ . (2.50) 

 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʝʞʠʤ ʩʧʫʩʢʫ ɹʂ, ʪʦ ʟ ʮʽʻʾ ʨʽʚʥʦʩʪʽ ʚʠʧʣʠʚʘʻ 

 

( ) (cos sin )( )ʪʷʞ

zF s f S s Rb m b= - - -,   (2.51) 

 

ʜʝ (0)zR F=  - ʦʩʴʦʚʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʜʦʣʦʪʦ ʽ ʚʚʘʞʘʻʪʴʩʷ ʚʽʜʦʤʦʶ. 

ɺʚʘʞʘʻʤʦ, ʱʦ ʧʨʠ ʚʠʧʠʥʘʥʥʽ ɹʂ ʽʟ ʩʪʘʥʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʾʾ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʢʨʠʚʠʟʥʠ, ʩʠʣʠ ʽ ʤʦʤʝʥʪʠ ʥʘʙʫʚʘʶʪʴ ʤʘʣʠʭ ʟʤʽʥ. ʊʦʜʽ ʾʭ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʟ ʩʠʩʪʝʤʠ (2.47), ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʚ ʦʢʦʣʽ ʮʴʦʛʦ ʩʪʘʥʫ. ɰʾ ʤʦʞʥʘ ʟʚʝʩʪʠ 

ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ 

 

/ cos ,

/ 0,

/ (1 / ) ,

/ ,

/ (1 / ) ,

/ 0.

ʪʷʞ

y z x

ʪʷʞ

z z

x y

x

d F ds F k af v

d F ds f

d k ds EI F

d v ds v

d v ds a k

d u ds

d d bd

d d

d d

d d

d d

d

¡= -

=- =

=

¡=

¡ =

=

    (2.52) 
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ɺʨʘʭʫʻʤʦ, ʱʦ 
xk a vd d¡¡= , 

yF EIa vd d¡¡¡= , ( ) 0ʪʷʞ

xf sd = , 

( ) sinʢʦʥʪ ʪʷʞf s f b= , ( )ʪʷʞ

ʩʪ ʨʽʜf g Fr r= - , ʜʝ 9.81g=  ʤ/ʩ
2
; 

ʩʪr , 
ʨʽʜr  ï 

ʱʽʣʴʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʨʫʙʠ ɹʂ ʽ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ, ʚʽʜʧʦʚʽʜʥʦ; F  ï ʧʣʦʱʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʨʫʙʠ ɹʂ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʨʫʛʝ ʪʘ ʰʦʩʪʝ ʨʽʚʥʷʥʥʷ 

ʩʠʩʪʝʤʠ (2.52) ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʪʦʪʦʞʥʦ ʽ ʜʘʣʽ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʘ ʽʥʰʽ 

ʯʦʪʠʨʠ ʨʽʚʥʷʥʥʷ ʟʚʦʜʷʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ  

 

IV (cos sin )
( )

(cos sin ) sin
0,

ʪʷʞ

ʪʷʞ ʪʷʞ

f R
y S s y

EI EI

f f
y y

EI aEI

è ø-
¡¡+ - - + +é ù

ê ú

-
¡+ + =

b m b
d d

b m b b
d d

  (2.53) 

 

ʜʝ ( ) ( )y s a v s=d d . 

ʇʝʨʰ ʟʘ ʚʩʝ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʮʝ ʨʽʚʥʷʥʥʷ ʘʥʘʣʦʛʽʯʥʝ ʨʽʚʥʷʥʥʷʤ ʩʪʽʡʢʦʩʪʽ 

ʙʘʣʢʠ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʧʨʫʞʥʽʡ ʦʩʥʦʚʽ, ʽ ʪʦʤʫ ʾʭ ʨʦʟʚËʷʟʢʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʇʦ-ʧʝʨʰʝ, ʷʢ ʨʽʚʥʷʥʥʷ (2.53), ʪʘʢ ʽ ʨʽʚʥʷʥʥʷ ʩʪʽʡʢʦʩʪʽ ʙʘʣʢʠ ʥʘ 

ʧʨʫʞʥʽʡ ʦʩʥʦʚʽ ʻ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʤʠ, ʪʦʤʫ ʬʦʨʤʠ ʚʪʨʘʪʠ ʾʭ ʩʪʽʡʢʦʩʪʽ 

ʤʘʶʪʴ ʚʠʛʣʷʜ ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ ʘʙʦ ʛʘʨʤʦʥʽʡʥʠʭ ʚʝʡʚʣʝʪʽʚ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ 

(ʟʙʫʨʝʥʠʭ) ʚʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʽ, ʷʢʫ ʟʘʡʤʘʻ ʢʦʣʦʥʘ. ʇʦ-ʜʨʫʛʝ, ʷʢ ʧʨʘʚʠʣʦ, 

ʛʘʨʤʦʥʽʢʠ ʚʝʡʚʣʝʪʽʚ ʰʚʠʜʢʦ ʟʤʝʥʰʫʶʪʴʩʷ. ɺʘʞʣʠʚʘ ʚʣʘʩʪʠʚʽʩʪʴ ʨʽʚʥʷʥʥʷ 

(2.53) ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʦ ʥʝ ʤʽʩʪʠʪʴ ʬʫʥʢʮʽʾ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ( )zM s , 

ʷʢʠʡ ʚʪʨʘʯʝʥʠʡ ʚʥʘʩʣʽʜʦʢ ʣʽʥʝʘʨʠʟʘʮʽʾ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚ ʦʢʦʣʽ ʩʪʘʥʫ, ʷʢʠʡ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʎʝʡ ʬʘʢʪ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʜʘʥʦʤʫ ʩʪʘʥʽ ʙʽʬʫʨʢʘʮʽʡʥʠʡ 

ʝʬʝʢʪ ʩʠʩʪʝʤʠ ʻ ʥʝʯʫʪʣʠʚʠʤ ʜʦ ʚʧʣʠʚʫ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. 
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2.6 ɸʥʘʣʽʟ ʚʠʧʠʥʘʥʥʷ ʢʦʣʦʥ ʚ ʢʘʥʘʣʘʭ ʧʦʭʠʣʠʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ 

 

ʅʝʦʙʭʽʜʥʦ ʱʝ ʨʘʟ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʨʽʚʥʷʥʥʷ (2.39) ʽ (2.53) ʤʘʶʪʴ ʟʤʽʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ, ʪʦʤʫ ʾʭ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʽ ʚʣʘʩʥʽ ʬʦʨʤʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ 

ʤʝʪʦʜʘʤʠ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ. ʂʨʽʤ ʪʦʛʦ, ʜʘʥʘ ʟʘʜʘʯʘ ʻ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʶ. ɼʽʡʩʥʦ, ʧʨʦʮʝʩ ʚʠʧʠʥʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ɹʂ, 

ʨʦʟʤʽʨʽʚ ʩʚʝʨʜʣʦʚʠʥʠ, ʚʝʣʠʯʠʥʠ ʤʽʞʪʨʫʙʥʦʛʦ ʟʘʟʦʨʫ, ʚʽʜʩʫʪʥʦʩʪʽ ʘʙʦ 

ʥʘʷʚʥʦʩʪʽ ʬʨʠʢʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ, ʟʥʘʯʝʥʥʷ 

ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ ʥʘ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ, ʚʽʜ ʚʠʜʫ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʽ ʪ.ʜ. ʆʩʢʽʣʴʢʠ 

ʚʩʝʙʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʚʠʧʠʥʘʥʥʷ ʥʝʤʦʞʣʠʚʝ, ʥʠʞʯʝ ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʜʝʷʢʠʭ ʦʙʨʘʥʠʭ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʩʪʝʤʠ. ɺʦʥʠ ʩʢʣʘʣʠ: 112,1 10  E= Ö ʇʘ, 42,7 10I -= Ö ʤ
4
, 37,8 10ʩʪ= Ör ʢʛ/ʤ

3
, 

31,3 10ʨʽʜ= Ör ʢʛ/ʤ
3
, 

1 0,2d = ʤ, 
2 0,18d = ʤ, 2 2 3

1 2( ) / 4 5,97 10F d dp -= - = Öʤ
2
, 

0,2=m . ɺʚʘʞʘʣʦʩʴ, ʱʦ ʥʘ ʚʝʨʭʥʴʦʤʫ ʽ ʥʘ ʥʠʞʥʴʦʤʫ ʢʽʥʮʷʭ ɹʂ ʤʘʻ ʰʘʨʥʽʨʥʝ 

ʦʙʧʠʨʘʥʥʷ, ʪʦʤʫ 

 

(0) ( ) 0y y Sd d= =,   (0) ( ) 0y y Sd d¡¡ ¡¡= =  (2.54) 

 

ʉʧʦʯʘʪʢʫ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʩʪʽʡʢʽʩʪʴ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʜʦʚʞʠʥʘʤʠ 500S=  ʽ 

1000 ʤ ʧʨʠ ʚʝʣʠʯʠʥʽ ʤʽʞʪʨʫʙʥʦʛʦ ʟʘʟʦʨʫ 0,166a= ʤ. ʋ ʪʘʙʣʠʮʽ 2.1 ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ɹʂ ʜʦʚʞʠʥʦʶ 500S= . ɼʚʽ ʣʽʚʽ 

ʢʦʣʦʥʢʠ ʮʽʻʾ ʪʘʙʣʠʮʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʙʝʟʬʨʠʢʮʽʦʡʥʦʾ ʤʦʜʝʣʽ, ʜʚʽ ʧʨʘʚʽ ʤʽʩʪʷʪʴ 

ʽʥʬʦʨʤʘʮʽʶ, ʧʦʚ'ʷʟʘʥʫ ʟ ʘʥʘʣʽʟʦʤ ʚʧʣʠʚʫ ʩʠʣ ʪʝʨʪʷ ʥʘ ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʧʨʦʮʝʩ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʧʘʜʢʫ ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʟʥʘʯʝʥʥʽ ʢʫʪʘ ʥʘʭʠʣʫ 

ʥʘʚʝʜʝʥʽ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʾ ʩʠʣʠ ʢʨR  ʽ ʜʽʘʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʧʦ ʜʦʚʞʠʥʽ 

0 s S¢ ¢ ʚʥʫʪʨʽʰʥʴʦʾ ʦʩʴʦʚʦʾ ʩʠʣʠ ( )zF s  ʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ( )y sµ . 
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ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʷʢʱʦ ʢʫʪ b ʥʝ ʜʫʞʝ ʚʝʣʠʢʠʡ (45b=  ʽ 60b= ) ʪʦ 

ʨʦʟʪʷʛʫʶʯʘ ʧʦʟʜʦʚʞʥʷ ʢʦʤʧʦʥʝʥʪʘ ʩʠʣʠ ʪʷʞʽʥʥʷ ( )ʪʷʞ

zf s  ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʦʩʴʦʚʦʾ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ ( )zF s  ʥʘ ʚʝʨʭʥʴʦʤʫ ʢʽʥʮʽ ʽ 

ʬʦʨʤʘ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ, ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʚ 

ʦʢʦʣʽ ʥʠʞʥʴʦʛʦ ʢʽʥʮʷ (ʨʠʩ. 2.6). ʇʨʠ ʮʴʦʤʫ ʩʠʣʠ ʪʝʨʪʷ ʣʠʰʝ ʥʝʟʥʘʯʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 
ʢʨR  ʽ ʬʫʥʢʮʽʾ ( )y sµ  (ʜʠʚ. ʧʦʟʠʮʽʾ 1, 2, ʚ ʪʘʙʣ. 

2.1). ʆʜʥʘʢ ʟ ʥʘʙʣʠʞʝʥʥʷʤ ʢʫʪʘ b ʜʦ ʟʥʘʯʝʥʥʷ arcctgb m=  (ʢʫʪʘ ʪʝʨʪʷ), ʩʠʣʠ 

ʪʷʞʽʥʥʷ cosʪʷʞf b ʽ ʩʠʣʠ ʪʝʨʪʷ sinʪʝʨ ʪʝʨf f m b=-  ʚ ʨʽʚʥʷʥʥʽ (2.53) 

ʚʨʽʚʥʦʚʘʞʫʶʪʴ ʦʜʥʘ ʦʜʥʫ ʽ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ ( )zF s R=  ʩʪʘʻ ʧʦʩʪʽʡʥʦʶ. ʊʦʜʽ ʮʝ 

ʨʽʚʥʷʥʥʷ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

 

IV sin
0

ʪʷʞR f
y y y

EI aEI

b
d d d¡¡+ + =    (2.55) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.6 ī ʂʨʘʡʦʚʠʡ ʝʬʝʢʪ ʚ ʙʬ̔ʫʨʢʘʮʽʡʥ̔ʡ ʬʦʨʤ ̔

ʙʫʨʠʣʴʥʦ ʾʢʦʣʦʥʠ ʚ ʧʦʭʠʣʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 
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ʊʘʙʣʠʮʷ 2.1 ī ʂʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʾ ʩʠʣʠ 
ʢʨR  ʽ ʤʦʜʠ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ( )y sd  ʜʣʷ ʚʠʧʘʜʢʫ S=500 ʤ ʽ a=0,166 ʤ  

 ɹʝʟʬʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ ʌʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ 

1 ʂʫʪ ʥʘʭʠʣʫ 45b=  

  203,772ʢʨR = ʢʅ 

 

 

 202,129ʢʨR = ʢʅ 

2 60b=  

  221,771ʢʨR = ʢʅ  219,441ʢʨR = ʢʅ 

3 78,495b=  

  230,962ʢʨR = ʢʅ 

 

 224,922ʢʨR = ʢʅ 

 

 

 

4 78,69b=  

  

 

 

230,942ʢʨR = ʢʅ 

 

 225,856ʢʨR = ʢʅ 

 

5 79,06824b=  

  

 

 

 

 

230,997ʢʨR = ʢʅ 

 

 

 

 

227,518ʢʨR = ʢʅ 

6 85b=  
  230,962ʢʨR = ʢʅ  229,450ʢʨR = ʢʅ 

yd
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ɺʣʘʩʥʝ ʟʥʘʯʝʥʥʷ 
ʢʨR  ʽ ʚʣʘʩʥʘ ʬʦʨʤʘ 

ʢʨyµ  ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʠ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚʘʭ (2.54) ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʘʥʘʣʽʪʠʯʥʦ. ɼʽʡʩʥʦ, ʧʨʠʡʤʝʤʦ 

 

( ) sin
ns

y s C
S

p
d d=      (2.56) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ (2.56) ʚ (2.55), ʦʪʨʠʤʘʻʤʦ 

 

4 2
sin

0
ʪʷʞn R n f

S EI S aEI

p p bå õ å õ
- + =æ ö æ ö

ç ÷ ç ÷
.    (2.57) 

 

ʎʝ ʨʽʚʥʷʥʥʷ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ 
nR  ʜʣʷ ʚʠʙʨʘʥʦʛʦ ʯʠʩʣʘ n  

 

2 2
sinʪʷʞ

n

n f S
R EI

S a n

p b

p

å õ å õ
= +æ ö æ ö
ç ÷ ç ÷

.    (2.58) 

 

ʅʘʩʧʨʘʚʜʽ ɹʂ ʙʫʜʝ ʚʪʨʘʯʘʪʠ ʩʪʽʡʢʽʩʪʴ ʧʨʠ ʟʥʘʯʝʥʥʽ n, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʽʥʽʤʘʣʴʥʽ ʧʦ ʤʦʜʫʣʶ ʟʥʘʯʝʥʥʷ 
ʢʨR . ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʫʤʦʚʫ  

 

/ 0ndR dn=  .     (2.59) 

 

ʊʦʜʽ 

 

2 2

3

2 sin
2 0

ʪʷʞ

ndR f S
EI n

dn S an

p b

p

å õ å õ
= - =æ ö æ ö

ç ÷ ç ÷
   (2.60) 

 

 ̔

 

4
sinʪʷʞ

ʢʨ

S f
n

aEI
=

b

p
    (2.61) 
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ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʮʷ ʩʠʣʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ S. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

90 arctg 78,69= - =b m  ʽ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

22,45ʢʨn = , 225856ʢʨR = ʅ. ʈʦʟʛʣʷʥʫʪʠʡ ʚʠʧʘʜʦʢ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʟʠʮʽʻʶ 4 ʚ 

ʪʘʙʣ. 2.1. 

 

 

 

 

 

 

 

 

 

 

 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʜʚʦʭ ʣʽʚʠʭ ʢʦʣʦʥʢʘʭ ʪʘʙʣʠʮʽ 

2.1, ʜʣʷ ʚʠʧʘʜʢʫ ʢʦʣʠ ʚʽʜʩʫʪʥʽ ʩʠʣʠ ʪʝʨʪʷ ʢʨʠʪʠʯʥʘ ʩʠʣʘ 
ʢʨR  ʟʤʽʥʶʻʪʴʩʷ 

ʥʝʩʫʪʪʻʚʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ b  (ʚʽʜ 203ʢʨR = ʢʅ ʜʦ 231ʢʨR =  ʢʅ), ʤʘʣʦ 

ʟʤʽʥʶʶʪʴʩʷ ʽ ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʩʠʣʠ ( )zF s  ʤʘʻ ʤʽʩʮʝ ʥʘ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ. ʆʜʥʘʢ ʷʢʱʦ ʧʨʦʮʝʩ ʩʧʫʩʢʫ 

ʢʦʣʦʥʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʽ ʚʠʥʠʢʥʝʥʥʷʤ ʩʠʣ ʪʝʨʪʷ, ʪʦ 

ʢʦʣʠ ʩʚʝʨʜʣʦʚʠʥʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʛʦʨʠʟʦʥʪʘʣʽ, ʥʘʷʚʥʽʩʪʴ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ 

ʪʝʨʪʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ ( )zF s  ʟʨʦʩʪʘʻ ʧʨʠ ʚʽʜʜʘʣʝʥʽ ʚʽʜ 

ʥʠʞʥʴʦʛʦ ʢʽʥʮʷ. ʊʦʤʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ b ʟʦʥʘ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ 

ʨʦʟʰʠʨʶʻʪʴʩʷ (ʨʠʩ. 2.7) ʽ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʚʩʶ ʜʦʚʞʠʥʫ ʢʦʣʦʥʠ (ʜʠʚ. ʧʦʟʠʮʽʾ 

3-6 ʚ ʧʨʘʚʽʡ ʢʦʣʦʥʮʽ ʪʘʙʣ. 2.1). ʇʨʠ ʥʘʭʠʣʽ ʩʚʝʨʜʣʦʚʠʥʠ ʧʽʜ ʢʫʪʦʤ ʪʝʨʪʷ 

ʬʦʨʤʘ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʩʪʘʻ ʯʠʩʪʦ ʛʘʨʤʦʥʽʡʥʦʶ (ʜʠʚ. ʧʦʟʠʮʽʶ 4 ʚ ʪʘʙʣ. 2.1 ʽ 

ʨʠʩ. 2.8). 

ʈʠʩʫʥʦʢ 2.7 ī ʈʦʟʰʠʨʝʥʥʷ ʟʦʥʠ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ ʚ ʙ̔ʬʫʨʢʘʮʽʡʥ̔ ʡ 

ʬʦʨʤ̔ 
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ʄʘʶʯʠ ʚ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʚʝʣʠʯʠʥʫ 
ʢʨn , ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʚʥʦʩʪʽ (2.56) ʟʥʘʡʪʠ ʜʦʚʞʠʥʫ 
ʢʨl  ʧʽʚʭʚʠʣʽ ʙʽʬʫʨʢʘʮʽʡʥʦʾ ʛʘʨʤʦʥʽʢʠ  

 

4/ / ( sin )ʪʷʞ

ʢʨ ʢʨS n aEI fl p b= =     (2.62) 

 

ʗʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʮʷ ʬʦʨʤʫʣʘ, ʜʦʚʞʠʥʘ 

ʧʽʚʭʚʠʣʽ ʢʨʦʢʫ ʛʘʨʤʦʥʽʢʠ ʜʣʷ ʚʩʽʭ ʧʨʠʢʣʘʜʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʪʘʙʣ. 2.1, 

ʜʦʨʽʚʥʶʻ 22,72ʢʨºl ʤ. 

ɺʠʱʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʻ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʦʶ, ʘ ʦʪʞʝ, ʾʾ 

ʨʦʟʚËʷʟʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʬʦʨʤʠ ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʚ 

ʤʘʣʦʤʫ ʦʢʦʣʽ ʥʠʞʥʴʦʛʦ ʢʽʥʮʷ ɹʂ. ʇʨʦʙʣʝʤʠ ʮʴʦʛʦ ʪʠʧʫ ʚʽʜʦʤʽ ʪʘʢʦʞ ʷʢ 

ʥʝʢʣʘʩʠʯʥʽ [60]. ʊʦʤʫ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʚʦʥʠ ʥʝʯʫʪʣʠʚʽ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʜʦʚʞʠʥʠ ɹʂ.  

 

ʈʠʩʫʥʦʢ 2.8 ī ʉʠʥʫʩʦʾʜʘʣʴʥʘ ʬʦʨʤʘ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ, ʥʘʭʠʣʝʥʽʡ ʧʽʜ ʢʫʪʦʤ ʪʝʨʪʷ 
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ʊʘʙʣʠʮʷ 2.2 ī ʂʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʾ ʩʠʣʠ 
ʢʨR  ʽ ʤʦʜʠ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ( )y sd  ʜʣʷ ʚʠʧʘʜʢʫ S=1000 ʤ  ̔a=0,166 ʤ 

 ɹʝʟʬʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ ʌʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ 

1 ʂʫʪ ʥʘʭʠʣʫ 45b=  

  203,772ʢʨR = ʢʅ  202,129ʢʨR = ʢʅ 

2 a60=b  

   221,771ʢʨR = ʢʅ  219,441ʢʨR = ʢʅ 

3 78,495b=  

  

 

230,942ʢʨR = ʢʅ  227,993ʢʨR = ʢʅ 

 

4 78,69b=  

  

 

230,962ʢʨR = ʢʅ  

 

225,856ʢʨR = ʢʅ 

5 79,06824b=  

  

 

230,995ʢʨR = ʢʅ  

 

227,684ʢʨR = ʢʅ 

6 a85=b  

  230,622ʢʨR = ʢʅ 

 

 228,841ʢʨR = ʢʅ 
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ʊʘʙʣʠʮʷ 2.3 ī ʂʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʾ ʩʠʣʠ 
ʢʨR  ʽ ʤʦʜʠ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ( )y sd  ʜʣʷ ʚʠʧʘʜʢʫ S=500 ʤ  ̔a=0,08 ʤ 

 ɹʝʟʬʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ ʌʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ 
1 ʂʫʪ ʥʘʭʠʣʫ 45b=  

  288,267ʢʨR = ʢʅ  286,618ʢʨR = ʢʅ 

2 a60=b  

  315,273ʢʨR = ʢʅ  312,936ʢʨR = ʢʅ 

3 78,495b=  

  330,396ʢʨR = ʢʅ  325,342ʢʨR = ʢʅ 

4 78,69b=  

  330,450ʢʨR = ʢʅ  

 
325,342ʢʨR = ʢʅ 

5 79,06824b=  

  330,548ʢʨR = ʢʅ  327,035ʢʨR = ʢʅ 

6 a85=b  

  330,898ʢʨR = ʢʅ  325,406ʢʨR = ʢʅ 
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ʊʘʙʣʠʮʷ 2.4 ī ʂʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʾ ʩʠʣʠ 
ʢʨR  ʽ ʤʦʜʠ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ( )y sd  ʜʣʷ ʚʠʧʘʜʢʫ S=1000 ʤ  ̔a=0,08 ʤ 

 ɹʝʟʬʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ ʌʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ 

1 ʂʫʪ ʥʘʭʠʣʫ 45b=  

  288,267ʢʨR = ʢʅ  286,618ʢʨR = ʢʅ 

2 a60=b  

  315,273ʢʨR = ʢʅ  312,936ʢʨR = ʢʅ 

3 78,495b=  

  330,390ʢʨR = ʢʅ  327,364ʢʨR = ʢʅ 

4 78,69b=  

  330,450ʢʨR = ʢʅ  325,342ʢʨR = ʢʅ 

  

5 79,06824b=  

  330,548ʢʨR = ʢʅ  327,171ʢʨR = ʢʅ 

6 a85=b  

  330,898ʢʨR = ʢʅ  329,199ʢʨR = ʢʅ 
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ɼʽʡʩʥʦ, ʮʝ ʧʨʠʧʫʱʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ɹʂ 

ʜʦʚʞʠʥʦʶ 1000 ʤ. ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʪʘʙʣ. 2.2 ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʾ ʩʠʣʠ 

ʢʨR  ʟʙʝʨʝʛʣʠ ʩʚʦʾ ʟʥʘʯʝʥʥʷ ʷʢ ʜʣʷ ʙʝʟʬʨʠʢʮʽʡʥʦʾ ʤʦʜʝʣʽ (ʜʚʘ ʣʽʚʠʭ 

ʩʪʦʚʧʯʠʢʘ), ʪʘʢ ʽ ʜʣʷ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʩʠʣ ʪʝʨʪʷ (ʜʚʘ ʧʨʘʚʠʭ ʩʪʦʚʧʮʷ), ʭʦʯʘ 

ʚʦʥʠ ʥʝ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʣʠʩʷ ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʘ b. ʇʨʠ ʮʴʦʤʫ 

ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʪʘʢʦʞ ʥʝ ʟʤʽʥʠʣʠ ʥʽ ʩʚʽʡ ʚʠʛʣʷʜ, ʥʽ ʩʚʦʾ ʜʦʚʞʠʥʠ 

ʭʚʠʣʴ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʪʝ, ʷʢ ʟʘʣʝʞʠʪʴ ʧʨʦʮʝʩ 

ʚʠʧʠʥʘʥʥʷ ɹʂ ʚʽʜ ʤʽʞʪʨʫʙʥʦʛʦ ʟʘʟʦʨʫ a. ʋ ʪʘʙʣʠʮʷʭ 2.3 ʽ 2.4 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʚʝʣʠʯʠʥʽ ʟʘʟʦʨʫ 0,08a=  ʤ. ʗʢ 

ʚʠʧʣʠʚʘʻ ʟ ʮʠʭ ʜʘʥʠʭ, ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʝʣʠʯʠʥʠ a, ʤʦʜʫʣʴ 
ʢʨR  ʟʨʦʩʪʘʻ ʽ ʧʨʠ 

ʮʴʦʤʫ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʣʦʥ ʟ ʜʦʚʞʠʥʘʤʠ 500S=  ʤ ʽ 1000S=  ʤ ʤʘʡʞʝ 

ʟʙʽʛʘʶʪʴʩʷ. ʊʘʢʦʞ, ʽʩʪʦʪʥʫ ʮʽʢʘʚʽʩʪʴ ʷʚʣʷʻ ʩʦʙʦʶ ʝʬʝʢʪ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ 

ʙʽʬʫʨʢʘʮʽʡʥʦʾ ʬʦʨʤʠ ʜʣʷ ʢʦʣʦʥʠ ʜʦʚʞʠʥʦʶ 500S=  ʤ. ʊʘʢ, ʷʢʱʦ ɹʂ 

ʥʝʨʫʭʦʤʘ ʽ ʩʠʣʠ ʪʝʨʪʷ ʚʽʜʩʫʪʥʽ, ʪʦ ʩʠʣʠ 
ʢʨR  ʨʦʩʪʫʪʴ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʢʫʪʘ b, 

ʭʦʯʘ ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʶʪʴʩʷ ʤʘʣʦ. ʆʜʥʘʢ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʩʠʣ ʪʝʨʪʷ ʝʬʝʢʪ ʧʦʩʪʫʧʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʙʽʬʫʨʢʘʮʽʡʥʦʾ 

ʬʦʨʤʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ b ʚʽʜ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ ʜʦ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʛʘʨʤʦʥʽʢ 

ʩʪʘʻ ʙʽʣʴʰ ʦʯʝʚʠʜʥʠʤ. 

ʎʽʢʘʚʦ ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʦʞ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ b ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ 

ʩʫʩʽʜʥʽʤʠ ʥʫʣʷʤʠ ʚ ʬʦʨʤʽ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 40,5lº ʤ ʜʣʷ 

45b=  ʜʦ 31l=  ʤ ʜʣʷ 85b= . 

ɿʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʧʠʥʘʥʥʷ ɹʂ ʟʫʤʦʚʣʝʥʽ ʜʝʢʽʣʴʢʦʤʘ ʬʘʢʪʦʨʘʤʠ. 

ʊʘʢ, ʷʢʱʦ ʢʫʪ b ʥʝ ʚʝʣʠʢʠʡ, ʪʦ ɹʂ ʧʝʨʝʜʥʘʧʨʫʞʝʥʘ ʨʦʟʪʷʛʫʶʯʦʶ ʦʩʴʦʚʦʶ 

ʩʠʣʦʶ ( )zF s  ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʪʘ ʩʪʠʩʢʘʶʯʦ ʁʩʠʣʦʶ ʚ ʾʾ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥʫ ɹʂ ʽʩʪʦʪʥʦ ʥʝʦʜʥʦʨʽʜʥʠʡ. ʋ 

ʪʦʡ ʞʝ ʯʘʩ ʥʦʨʤʘʣʴʥʘ ʢʦʤʧʦʥʝʥʪʘ ʩʠʣ ʪʷʞʽʥʥʷ ( )ʪʷʞf s , ʱʦ ʧʨʠʪʠʩʢʘʻ ɹʂ ʜʦ 

ʩʪʽʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʧʝʨʝʰʢʦʜʞʘʻ ʾʾ ʚʠʧʠʥʘʥʥʶ, ʤʘʣʘ. ʊʦʤʫ ɹʂ ʤʘʡʞʝ 

ʚʽʣʴʥʦ ʚʠʧʠʥʘʻ ʚ ʟʦʥʽ ʥʠʞʥʴʦʛʦ ʢʽʥʮʷ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʘ b ʨʦʟʪʷʛʫʶʯʽ 

ʩʠʣʠ ʟʤʝʥʰʫʶʪʴʩʷ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ɹʂ ʩʪʘʻ ʙʽʣʴʰ 
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ʦʜʥʦʨʽʜʥʠʤ ʽ ʩʪʘʙʽʣʽʟʫʶʯʠʡ ʝʬʝʢʪ ʨʦʟʪʷʛʫʶʯʠʭ ʩʠʣ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ 

ʢʦʥʪʘʢʪʥʽ ʡ ʬʨʠʢʮʽʡʥʽ ʩʠʣʠ, ʘ ʪʘʢʦʞ ʥʦʨʤʘʣʴʥʘ ʢʦʤʧʦʥʝʥʪʘ ʩʠʣ ʪʷʞʽʥʥʷ 

ʟʙʽʣʴʰʫʶʪʴʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʘʶʪʴ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤʠ ʟʘ 

ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʦʣʦʥʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚʟʘʻʤʦʜʽʷ ʮʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʩʫʧʝʨʝʯʘʪʴ ʦʜʥʘ ʦʜʥʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʷʢʦʛʦ ʥʝʟʥʘʯʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʩʠʣʠ 
ʢʨR  ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʘ b.  

 

2.7 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

  ɺ ʨʦʟʜʽʣʽ 2 ʧʦʩʪʘʚʣʝʥʘ ʪʘ ʨʦʟʚËʷʟʘʥʘ ʟʘʜʘʯʘ ʧʨʦ ʧʨʫʞʥʫ ʩʪʽʡʢʽʩʪʴ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʘʥʘʣʽ ʧʦʭʠʣʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʧʨʷʤʦʣʽʥʽʡʥʦʶ ʚʽʩʩʶ. 

1. ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʛʥʫʯʢʠʭ ʩʪʨʠʞʥʽʚ ʨʦʟʨʦʙʣʝʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʢʘʥʘʣʘʭ 

ʧʦʭʠʣʠʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ ʨʫʭʦʤʦʾ 

ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ (ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʪʨʠʛʨʘʥʥʠʢʘ ɼʘʨʙʫ) ʜʦʟʚʦʣʠʣʘ ʨʦʟʜʽʣʠʪʠ 

ʰʫʢʘʥʽ ʟʤʽʥʥʽ ʪʘ ʟʤʝʥʰʠʪʠ ʧʦʨʷʜʦʢ ʨʦʟʚËʷʟʫʚʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʜʚʘʥʘʜʮʷʪʦʛʦ 

ʜʦ ʯʝʪʚʝʨʪʦʛʦ. 

2. ɼʣʷ ʚʠʚʝʜʝʥʠʭ ʨʽʚʥʷʥʴ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʥʘ ʚʣʘʩʥʽ 

ʟʥʘʯʝʥʥʷ (ʟʘʜʘʯʘ ʐʪʫʨʤʘ-ʃʽʫʚʽʣʣʷ). ʇʦʢʘʟʘʥʦ, ʱʦ ʚʦʥʘ ʻ ʩʠʥʛʫʣʷʨʥʦ-

ʟʙʫʨʝʥʦʶ, ʚ ʥʘʩʣʽʜʦʢ ʯʦʛʦ ʾʾ ʨʦʟʚôʷʟʢʠ (ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ) ʤʘʶʪʴ ʚʠʛʣʷʜ 

ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ ʘʙʦ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʭ ʚʝʡʚʣʝʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 

ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. 

3. ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ 

ʚ ʢʘʥʘʣʘʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʧʦʭʠʣʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɿʥʘʡʜʝʥʽ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʜʽʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʦʙʫʜʦʚʘʥʽ ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʷʢʱʦ ʢʫʪ ʥʘʭʠʣʫ ʪʨʘʻʢʪʦʨʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʾʾ ʥʠʞʥʽʡ ʟʦʥʽ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ 

ʢʫʪʘ ʪʝʨʪʷ ʢʦʣʦʥʠ ʦʙ ʾʾ ʩʪʽʥʢʫ, ʪʦ ʬʦʨʤʘ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ ʢʦʨʦʪʢʦ 

ʭʚʠʣʴʦʚʦʛʦ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ. ɼʣʷ ʩʚʝʨʜʣʦʚʠʥ ʟ ʢʫʪʦʤ ʥʘʭʠʣʫ ʥʠʞʥʥʴʦʾ 

ʜʽʣʷʥʢʠ ʤʝʥʰʠʤ ʢʫʪʘ ʪʝʨʪʷ, ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʤʘʶʪʴ ʚʠʛʣʷʜ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʚʝʡʚʣʝʪʽʚ, ʟʤʽʱʝʥʠʭ ʚ ʚʝʨʭʥʶ ʟʦʥʫ ʪʨʘʻʢʪʦʨʽʾ ʩʚʝʨʜʣʦʚʠʥʠ.  

 4. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʚʠʢʣʘʜʝʥʦ ʫ ʧʫʙʣʽʢʘʮʽʷʭ [1, 

15, 24, 25, 42, 56, 60, 70, 73]. 
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ʈʆɿɼɯʃ 3 

ɺʀʇʀʅɸʅʅʗ ɹʋʈʀʃʔʅʆɰ ʂʆʃʆʅʀ  

ɺ ʂɸʅɸʃɯ ʉɺɽʈɼʃʆɺʀʅʀ ʂʆʃʆɺʆɻʆ ʆɹʈʀʉʋ 

 

3.1 ʆʩʥʦʚʥʽ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʙʣʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʽʬʫʨʢʘʮʽʡ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 

 

ɿʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ 

ʢʘʥʘʣʽ ʧʦʭʠʣʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʷʢʱʦ ʚʽʩʴ ʩʚʝʨʜʣʦʚʠʥʠ 

ʤʘʻ ʢʨʠʚʦʣʽʥʽʡʥʠʡ ʦʙʨʠʩ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʪʽʥʢʘ ʩʚʝʨʜʣʦʚʠʥʠ ʻ ʢʘʥʘʣʦʚʦʶ 

ʧʦʚʝʨʭʥʝʶ ʜʚʽʡʥʦʾ ʢʨʠʚʠʟʥʠ ʽ ʜʣʷ ʾʾ ʦʧʠʩʫ ʜʦʚʦʜʠʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ 

ʧʦʥʷʪʪʷ ʷʢ ʧʝʨʰʘ ʪʘ ʜʨʫʛʘ ʢʚʘʜʨʘʪʠʯʥʽ ʬʦʨʤʠ. ʂʨʽʤ ʪʦʛʦ, ʙʽʣʴʰ ʧʦʤʽʪʥʠʤ 

ʚʠʷʚʣʷʻʪʴʩʷ ʪʘʢʦʞ ʚʧʣʠʚ ʩʠʥʛʫʣʷʨʥʦʾ ʟʙʫʨʝʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ ʷʚʠʱ, ʷʢʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʙʽʬʫʨʢʘʮʽʡʥʽ ʬʦʨʤʠ ʢʦʣʦʥʠ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ 

ʛʘʨʤʦʥʽʡʥʠʭ ʚʝʡʚʣʝʪʽʚ, ʟʦʥʠ ʣʦʢʘʣʽʟʘʮʽʾ ʷʢʠʭ ʟʘʟʜʘʣʝʛʽʜʴ ʥʝʚʽʜʦʤʽ. ʊʦʤʫ 

ʥʘʚʽʪʴ, ʜʣʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʟ ʥʘʡʧʨʦʩʪʽʰʠʤʠ ʪʨʘʻʢʪʦʨʽʷʤʠ ʫ 

ʚʠʛʣʷʜʽ ʜʫʛ ʢʦʣʘ, ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʻ ʣʠʰʝ ʟʘʛʘʣʴʥʽ ʤʽʨʢʫʚʘʥʥʷ ʧʨʦ 

ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʽʚ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ. ɯ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʙʽʣʴʰ ʥʽʞ ʧʽʚʚʽʢʦʚʫ ʽʩʪʦʨʽʶ ʮʽ ʟʘʜʘʯʽ ʚʩʝ ʱʝ ʟʘʣʠʰʘʶʪʴʩʷ ʜʘʣʝʢʠʤʠ ʜʦ 

ʟʘʚʝʨʰʝʥʥʷ. ɿ ʮʴʦʛʦ ʧʨʠʚʦʜʫ Cunha ʚ ʨʦʙʦʪʽ [58] ʟʘʟʥʘʯʘʻ: çʍʘʨʘʢʪʝʨʥʠʤ 

ʚʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ, ʟʘʬʽʢʩʦʚʘʥʠʤ, ʫ ʜʘʥʦʤʫ ʣʽʪʝʨʘʪʫʨʥʦʤʫ ʦʛʣʷʜʽ ʻ ʪʝ, ʱʦ 

ʙʘʛʘʪʦ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ, ʷʢ ʤʦʞʝ ʙʫʪʠ 

ʟʘʟʥʘʯʝʥʦ, ʻ ʜʦʩʠʪʴ ʩʫʧʝʨʝʯʣʠʚʠʤʠ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʢʨʠʪʠʯʥʠʭ ʩʠʣ ʪʘ ʬʦʨʤʘʤʠ 

ʚʠʧʠʥʘʥʥʷè. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʚʜʘʥʥʷ ʧʨʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ 

ʩʚʝʨʜʣʦʚʠʥʽ ʢʦʣʦʚʦʛʦ ʦʙʨʠʩʫ ʨʦʟʚËʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʥʦʚʦʛʦ, ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʙʫʨʠʣʴʥʫ ʢʦʣʦʥʫ ʚ ʤʝʞʘʭ ʾʾ ʧʦʚʥʦʾ 

ʜʦʚʞʠʥʠ, ʟʥʘʭʦʜʠʪʠ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʽʶʯʠʭ ʩʠʣ, ʽ ʟʥʘʭʦʜʠʪʠ ʟʦʥʠ ʽ ʬʦʨʤʠ 

ʚʠʧʠʥʘʥʥʷ ʢʦʣʦʥʠ. ʅʘʚʝʜʝʤʦ ʦʩʥʦʚʥʽ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ. ʇʝʨʰ ʟʘ ʚʩʝ, ʱʝ ʨʘʟ ʘʢʮʝʥʪʫʻʤʦ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ 



 

 

106 

 

ʻ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʦʶ, ʪʦʤʫ ʾʾ ʨʦʟʚËʷʟʦʢ ʤʘʻ ʚʠʛʣʷʜ ʛʘʨʤʦʥʽʡʥʠʭ ʚʝʡʚʣʝʪʽʚ, 

ʤʽʩʮʷ ʣʦʢʘʣʽʟʘʮʽʾ ʷʢʠʭ ʟʘʟʜʘʣʝʛʽʜʴ ʥʝ ʚʽʜʦʤʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʟʘʜʘʯʫ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʚËʷʟʫʚʘʪʠ ʚ ʛʣʦʙʘʣʴʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʥʘ ʧʦʚʥʽʡ ʜʦʚʞʠʥʽ ʢʦʣʦʥʠ. ʗʢ ʧʨʘʚʠʣʦ, 

ʨʦʟʚËʷʟʦʢ ʮʠʭ ʟʘʜʘʯ ʤʘʻ ʧʦʛʘʥʫ ʟʙʽʞʥʽʩʪʴ. 

ɼʨʫʛʘ ʭʘʨʘʢʪʝʨʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʮʴʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʠʧʫʱʝʥʥʷʤ ʧʨʦ 

ʙʝʟʚʽʜʨʠʚʥʠʡ ʨʫʭ ʢʦʣʦʥʠ ʧʦ ʩʪʽʥʮʽ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʧʨʦʮʝʩʽ ʾʾ ʚʠʧʠʥʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʧʦʚʝʨʭʥʷ ʩʪʽʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʢʦʣʦʚʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʻ 

ʢʦʥʘʣʦʚʦʶ, ʚʦʥʘ ʦʧʠʩʫʻʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʚʠʨʘʟʘʤʠ, ʪʦʤʫ ʚ'ʷʟʴ, 

ʷʢʘ ʦʙʤʝʞʫʻ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʣʦʥʠ ʻ ʽʩʪʦʪʥʦ ʥʝʣʽʥʽʡʥʦʶ. ɿʘʟʚʠʯʘʡ ʧʨʠ ʘʥʘʣʽʟʽ 

ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʥʘʢʣʘʜʝʥʠʤʠ ʚ'ʷʟʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 1-ʡ ʘʙʦ 2-ʡ 

ʤʝʪʦʜʠ ʃʘʛʨʘʥʞʘ. ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʧ. 1.3.1. ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʫ ʃʘʛʨʘʥʞʘ 

1-ʛʦ ʨʦʜʫ ʨʽʚʥʷʥʥʷ ʚ'ʷʟʽʚ ʜʦʜʘʶʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʨʦʟʚËʷʟʫʚʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʘ 

ʤʥʦʞʥʠʢʠ ʃʘʛʨʘʥʞʘ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʜʦʜʘʪʢʦʚʠʭ ʰʫʢʘʥʠʭ ʟʤʽʥʥʠʭ. ʋ ʪʦʡ ʞʝ 

ʯʘʩ ʤʝʪʦʜ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʨʦʜʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʢʦʦʨʜʠʥʘʪ. ʎʝʡ ʤʝʪʦʜ ʻ ʙʽʣʴʰ ʛʨʦʤʽʟʜʢʠʤ ʧʨʠ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ, ʟʘʪʝ ʚ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʠ 

ʨʦʟʚËʷʟʫʚʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʤʝʥʰʠʪʠ ʜʦ ʯʦʪʠʨʴʦʭ. ʅʠʞʯʝ ʜʣʷ ʨʦʟʚËʷʟʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʨʦʜʫ. 

ɼʦ ʪʨʝʪʴʦʛʦ ʘʩʧʝʢʪʫ ʥʘʰʦʾ ʟʘʜʘʯʽ ʚʽʜʥʦʩʠʪʴʩʷ ʧʠʪʘʥʥʷ ʧʨʦ ʚʧʣʠʚ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʩʪʽʡʢʽʩʪʴ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʪʘ ʥʘ ʬʦʨʤʠ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ. ʗʢʱʦ ɹʂ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʽ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ 

ʝʪʘʧʽ ʚʠʧʠʥʘʥʥʷ ʥʝ ʦʙʤʝʞʝʥʘ ʾʾ ʩʪʽʥʢʘʤʠ, ʪʦ ʷʢ ʚʩʪʘʥʦʚʠʚ Greenhill 1983 ʨ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʾʾ ʩʧʽʨʘʣʴʥʦʛʦ ʚʠʧʠʥʘʥʥʷ. ʗʢʱʦ ʥʘ 

ʢʦʣʦʥʫ ʥʘʢʣʘʩʪʠ ʦʙʤʝʞʫʶʯʫ ʚ'ʷʟʴ, ʪʦ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʟʜʽʣʽ 2 ʢʨʫʪʥʠʡ 

ʤʦʤʝʥʪ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʚʠʧʠʥʘʥʥʷ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʙʽʬʫʨʢʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩ. ɹʽʣʴʰ ʪʦʛʦ ʥʠʞʯʝ ʘʥʘʣʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ ʜʣʷ ʮʴʦʛʦ ʷʚʠʱʘ ʟʨʦʙʣʝʥʦ 

ʜʣʷ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ʊʘʢ ʷʢʱʦ ɹʂ ʣʝʞʠʪʴ ʥʘ ʜʥʽ ʧʣʦʩʢʦʾ 

ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʪʽʣʴʢʠ ʾʾ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʻ ʚʽʣʴʥʠʤʠ, ʪʦ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʪʘʢʦʞ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʙʽʬʫʨʢʘʮʽʡʥʠʭ ʧʨʦʮʝʩ. ʆʜʥʘʢ, ʷʢʱʦ ɹʂ 
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ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʪʨʠʚʠʤʽʨʥʦʶ ʛʝʦʤʝʪʨʽʻʶ, ʪʦ ʜʽʷ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʤʘʻ ʙʫʪʠ ʧʨʠʡʥʷʪʘ ʜʦ ʫʚʘʛʠ. 

ʏʝʪʚʝʨʪʝ ʧʠʪʘʥʥʷ, ʱʦ ʦʯʽʢʫʻ ʩʚʦʛʦ ʨʦʟʚËʷʟʘʥʥ,̫ ʧʦʚ'ʷʟʘʥʝ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʩʠʣ ʪʝʨʪʷ ʥʘ ʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ɹʂ. ʗʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, 

ʷʢʱʦ ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʘʥʘʣʽ ʧʦʭʠʣʦʾ ʧʨʷʤʦʣʽʥʽʡʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʪʦ ʬʫʥʢʮʽʷ ʩʠʣʠ ʪʝʨʪʷ ʻ ʘʜʠʪʠʚʥʦʶ ʽ ʚʦʥʘ ʣʝʛʢʦ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʯʝʨʝʟ ʥʦʨʤʘʣʴʥʫ ʢʦʤʧʦʥʝʥʪʫ ʩʠʣʠ ʪʷʞʽʥʥʷ. ʆʜʥʘʢ ʷʢʱʦ ʩʚʝʨʜʣʦʚʠʥʘ ʻ 

ʢʨʠʚʦʣʽʥʽʡʥʦʶ, ʪʦ ʩʠʣʠ ʪʝʨʪʷ ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʥʘʧʨʷʤʫ ʩʠʣ ʪʷʞʽʥʥʷ, 

ʘʣʝ ʪʘʢʦʞ ʚʽʜ ʨʘʜʽʫʩʘ ʢʨʠʚʠʟʥʠ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʢʘʥʘʣʫ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʦʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʮʴʦʛʦ ʨʘʜʽʫʩʫ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʴʦʚʦʛʦ ʽ 

ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʽʚ ɹʂ. ʈʘʥʽʰʝ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʝʬʝʢʪ ʬʦʨʤʫʚʘʥʥʷ ʩʠʣʠ 

ʪʝʨʪʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʡ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʩʪʽʡʢʽʩʪʴ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ ʢʦʣʦʚʦʛʦ ʦʙʨʠʩʫ ʨʦʟʚËʷʟʫʻʪʴʩʷ ʚ ʜʚʦʭ 

ʧʦʩʪʘʥʦʚʢʘʭ. ʋ ʧʝʨʰʽʡ ʧʦʩʪʘʥʦʚʮʽ ʧʨʠʡʥʷʪʦ, ʱʦ ɹʂ ʻ ʥʝʨʫʭʦʤʦʶ ʽ ʩʠʣʠ ʪʝʨʪʷ 

ʤʽʞ ʥʝʶ ʪʘ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ ʚʽʜʩʫʪʥʽ. ʋ ʜʨʫʛʽʡ ʧʦʩʪʘʥʦʚʮʽ ʧʨʠʡʥʷʪʦ, ʱʦ 

ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʝʞʠʤʽ ʦʩʴʦʚʦʛʦ ʨʫʭʫ ʽ ʤʽʞ ʾʾ ʧʦʚʝʨʭʥʝʶ ʪʘ 

ʩʪʽʥʢʦ  ʁ ʩʚʝʨʜʣʦʚʠʥʠ ʬʦʨʤʫʶʪʴʩʷ ʩʧʨʷʤʦʚʘʥʽ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ 

ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʣʠ ʪʝʨʪʷ. 

ʇ'ʷʪʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʦʙʣʝʤʠ, ʷʢʘ ʦʙʛʦʚʦʨʶʻʪʴʩʷ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʧʨʫʞʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ɹʂ ʦʧʠʩʫʻʪʴʩʷ ʽʩʪʦʪʥʦ ʥʝʣʽʥʽʡʥʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ ʟʽ ʟʤʽʥʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʊʦʤʫ ʾʾ ʩʪʽʡʢʽʩʪʴ ʤʘʻ ʙʫʪʠ ʜʦʩʣʽʜʞʝʥʘ 

ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʣʽʥʝʘʨʠʟʘʮʽʾ ʪʘ ʨʦʟʚËʷʟʘʥʥʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʥʘ 

ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʮʠʭ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʚʩʽʤ 

ʚʠʜʽʣʝʥʠʤ ʧʠʪʘʥʥʷʤ ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ, ʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʧʠʥʘʥʥʷ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʟ ʥʘʢʣʘʜʝʥʠʤʠ ʚ'ʷʟʷʤʠ ʦʙʤʝʞʫʶʯʦʾ ʢʘʥʘʣʦʚʦʾ ʧʦʚʝʨʭʥʽ 

ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʦ ʟʚʠʯʘʡʥʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʫ ʟʽ ʩʪʨʫʢʪʫʨʦʶ, ʘʥʘʣʦʛʽʯʥʦʶ ʨʽʚʥʷʥʥʶ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʡʣʝʨʦʚʫ 

ʩʪʽʡʢʽʩʪʴ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʙʘʣʢʠ. 
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3.2  ɻʝʦʤʝʪʨʽʷ ʢʘʥʘʣʦʚʦʾ ʧʦʚʝʨʭʥʽ ʟ ʢʦʣʦʚʦʶ ʦʩʴʦʚʦʾ ʣʽʥʽʻʶ 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʫʞʥʦʾ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʨʘʜʽʫʩʫ 
2r  ʚ 

ʧʦʨʦʞʥʠʥʽ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʧʨʦʮʝʩʽ ʾʾ ʩʧʫʩʢʫ ʘʙʦ ʟʜʽʡʩʥʝʥʥʷ 

ʙʫʨʽʥʥʷ. ɹʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʤʦʞʝ ʚʠʧʠʥʘʪʠ ʧʽʜ ʜʽʻʶ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ 

ʩʠʣ, ʘʣʝ, ʪʠʤ ʥʝ ʤʝʥʰ, ʚ ʧʨʦʮʝʩʽ ʟʛʠʥʘʥʥʷ ʚʦʥʘ ʧʦ ʚʩʽʡ ʩʚʦʾʡ ʜʦʚʞʠʥʽ 

ʧʨʦʜʦʚʞʫʻ ʟʘʣʠʰʘʪʠʩʷ ʚ ʢʦʥʪʘʢʪʽ ʟʽ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. ʑʦʙ 

ʧʘʨʘʤʝʪʨʠʟʫʚʘʪʠ ʛʝʦʤʝʪʨʽʶ ʮʽʻʾ ʧʦʚʝʨʭʥʽ ʧʨʠʡʤʝʤʦ, ʱʦ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ 

ʫʪʚʦʨʝʥʘ ʙʝʟʧʝʨʝʨʚʥʠʤ ʨʫʭʦʤ ʪʚʽʨʥʦʛʦ ʢʦʣʘ ʫʟʜʦʚʞ ʦʩʽ ʩʚʝʨʜʣʦʚʠʥʠ. ʋ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʛʝʦʤʝʪʨʽʾ ʪʘʢʽ ʧʦʚʝʨʭʥʽ ʥʘʟʠʚʘʶʪʴʩʷ ʢʘʥʘʣʦʚʠʤʠ.  

ʆʩʢʽʣʴʢʠ ʚ ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ ʦʩʴʦʚʘ ʣʽʥʽʷ L  ɹʂ ʧʨʦʜʦʚʞʫʻ ʣʝʞʘʪʠ 

ʥʘ ʢʘʥʘʣʦʚʽʡ ʧʦʚʝʨʭʥʽ S ʨʘʜʽʫʩʘ a, ʱʦ ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥʽ ʤʽʞʪʨʫʙʥʦʛʦ 

ʟʘʟʦʨʫ, ʛʝʦʤʝʪʨʽʷ ʣʽʥʽʾ L  ʚʠʷʚʣʷʻʪʴʩʷ ʟʘʣʝʞʥʦʶ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʥʽ S, 

ʪʦʤʫ ʩʧʦʯʘʪʢʫ ʧʘʨʘʤʝʪʨʠʟʫʻʤʦ ʮʶ ʧʦʚʝʨʭʥʶ. ɺʚʝʜʝʤʦ ʥʝʨʫʭʦʤʫ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ OXYZ ʽ ʚʠʟʥʘʯʠʤʦ ʧʦʚʝʨʭʥʶ S ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʘ u, ʷʢʠʡ 

ʟʘʜʘʻ ʣʽʥʽʶ T  ʮʝʥʪʨʽʚ ʪʚʽʨʥʠʭ ʢʽʣ ʨʘʜʽʫʩʫ a : 

 

( )T TX X u= ,   ( )T TY Y u= ,   ( )T TZ Z u= ,   (3.1) 

 

ʽ ʧʘʨʘʤʝʪʨʘ v, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʥʘ ʪʚʽʨʥʦʤʫ ʢʦʣʽ (ʨʠʩ. 3.1). ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʣʽʥʽʷ T  ʤʦʞʝ ʙʫʪʠ ʷʢ ʧʨʦʩʪʦʨʦʚʦʶ, ʪʘʢ ʽ ʧʣʦʩʢʦʶ. ɼʣʷ 

ʧʨʦʩʪʦʪʠ ʫʷʚʣʝʥʥʷ ʧʨʠʡʤʝʤʦ, ʱʦ ʚʦʥʘ ʣʝʞʠʪʴ ʚ ʧʣʦʱʠʥʽ 0)( =uXT  ʪʦʜʽ 

ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ S ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ (ʨʠʩ. 3.1): 

 

 

( , ) sin ,

( , ) ( ) cos sin[ ( )],

( , ) ( ) cos cos[ ( )].

T

T

X u v a v

Y u v Y u a v u

Z u v Z u a v u

=

= -

= +

j

j

   (3.2) 

                   

ʊʫʪ ( ) 0TX u = , ( ) cosTY u R u=- , ( ) sinTZ u R u=   ʢʦʦʨʜʠʥʘʪʠ ʦʩʴʦʚʦʾ ʣʽʥʽʾ 

ʢʘʥʘʣʦʚʦʾ (ʪʦʨʦʾʜʘʣʴʥʦʾ) ʧʦʚʝʨʭʥʽ S; R  ʨʘʜʽʫʩ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʢʘʥʘʣʫ; a   
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ʨʘʜʽʫʩ ʪʚʽʨʥʦʛʦ ʢʦʣʘ ʪʦʨʫ; arctg( / )T TY Zj= µ µ  ʢʫʪ ʥʘʭʠʣʫ ʪʚʽʨʥʦʛʦ ʢʦʣʘ.  

(ʨʠʩ.3.1). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʣʽʥʽʾ constu=  ʽ constv=  ʫʪʚʦʨʶʶʪʴ ʩʠʩʪʝʤʫ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʢʘʥʘʣʦʚʽʡ ʧʦʚʝʨʭʥʽ S. ʇʨʠ ʮʴʦʤʫ ʣʽʥʽʾ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʢʦʣʘ ʨʘʜʽʫʩʘ a, ʘ ʣʽʥʽʷ 0=v  ʣʝʞʠʪʴ ʥʘ ʜʥʽ ʢʘʥʘʣʫ.  

ʋ ʧʦʯʘʪʢʦʚʦʤʫ (ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ) ʩʪʘʥʽ ʧʦʣʦʞʝʥʥʷ ʢʨʠʚʦʾ L  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ 

 

0)( =sv ,     (3.3) 

 

ʜʝ s ï ʥʘʪʫʨʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʜʦʨʽʚʥʶʻ ʜʦʚʞʠʥʽ ʚʽʜʨʽʟʢʘ ʣʽʥʽʾ L  ʚʽʜ 

ʜʝʷʢʦʾ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ ʜʦ ʜʘʥʦʾ. 

ʈʠʩʫʥʦʢ 3.1 ī ʉʭʝʤʘ ʢʘʥʘʣʦʚʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʦʙʤʝʞʫʻ ʧʝʨʝʤʽʱʝʥʥʷ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ɹʂ ʚ 

ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 

X  

Y  

Z  

O  

X  

Y  

Z  

O  

T  

v  j 

u  

w 

a  

j 

T  

S 

ʇʦʚʝʨʭʥʷ  

ʩʚʝʨʜʣʦʚʠʥʠ 
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ɺ ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ ʧʦʣʦʞʝʥʥʷ ʢʨʠʚʦʾ L  ʥʘ ʧʦʚʝʨʭʥʽ S ʟʘʜʘʻʪʴʩʷ 

ʨʽʚʥʦʩʪʷʤʠ (ʨʠʩ. 3.2):  

 

)(suu= ,   ).(svv=      

 

ɼʘʣʽ ʮʽ ʟʤʽʥʥʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ɹʂ. 

ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʾʭ ʯʠʩʣʦ, ʜʦʨʽʚʥʶʻ ʜʚʦʤ, ʭʦʯʘ ʜʘʥʘ ʧʨʦʙʣʝʤʘ ʻ ʪʨʠʚʠʤʽʨʥʦʶ. 

ʇʦʥʷʪʪʷ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʜʘʯʽ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʥʝʷʚʥʦʤʫ ʦʙʣʽʢʫ 

ʦʙʤʝʞʝʥʴ (3.2) ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʤʽʥʥʠʭ )(su  ʽ )(sv  ʚ ʷʢʦʩʪʽ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʢʦʦʨʜʠʥʘʪ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʧʨʫʞʥʦʛʦ ʟʛʠʥʘʥʥʷ ʚʽʣʴʥʦʛʦ ʩʪʨʠʞʥʷ, ʷʢʠʡ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʜʽʾ 

ʦʙʤʝʞʫʶʯʠʭ ʚ'ʷʟʝʡ, ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʫʭʦʤʘ ʩʠʩʪʝʤʘ ʚʽʜʣʽʢʫ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʦʩʴʦʚʦ ʁʣʽʥʽʻʶ. ʗʢ ʧʨʘʚʠʣʦ, ʮʝ ʨʫʭʦʤʠʡ ʪʨʠʛʨʘʥʥʠʢ ʌʨʝʥʝ ʟ 

ʈʠʩʫʥʦʢ 3.2 ī ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 

oxyz ʦʩɹʦʚʦʾ ʣ̔ʥ̔ ʾ L, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ 

ʙʫʨʠʣʴʥʦ ʾʢʦʣʦʥʠ 

s  

o  

z 

y  

i  

q 

v  
L  

j  

u  

k  

x  

S 

ʆʩʴʦʚʘ 

ʣʽʥʽʷ ɹʂ 

ʇʦʚʝʨʭʥ ̫

ʩʚʝʨʜʣʦʚʠʥʠ 
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ʦʨʪʘʤʠ ʥʦʨʤʘʣʽ n, ʙʽʥʦʨʤʘʣʽ b  ʪʘ ʜʦʪʠʯʥʦʾ t. ʇʨʠ ʾʾ ʨʫʩʽ ʚʟʜʦʚʞ ʦʩʴʦʚʦʾ ʣʽʥʽʾ 

ʟ ʦʜʠʥʠʯʥʦʶ ʰʚʠʜʢʽʩʪʶ ʮʝʡ ʪʨʠʛʨʘʥʥʠʢ ʧʦʚʝʨʪʘʻʪʴʩʷ ʟ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ  

 

n tk kS= +ɤ n t     (3.4) 

 

ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʢʪʦʨ ɼʘʨʙʫ. ʊʫʪ ʷʢ ʟʘʚʞʜʠ 
nk  ï ʥʦʨʤʘʣʴʥʘ ʢʨʠʚʠʟʥʘ 

ʢʨʠʚʦʾ, 
tk  ï ʾʾ ʢʨʫʯʝʥʥʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ɹʂ ʥʝ ʻ ʚʽʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ ʦʩʴʦʚʘ 

ʣʽʥʽʷ L  ʣʝʞʠʪʴ ʽ ʢʦʚʟʘʻ ʧʦ ʧʦʚʝʨʭʥʽ S. ʊʦʤʫ ʛʝʦʤʝʪʨʽʷ ʢʨʠʚʦʾ L  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʥʫʪʨʽʰʥʴʦʶ ʽ ʟʦʚʥʽʰʥʴʦʶ ʛʝʦʤʝʪʨʽʻʶ S, ʷʢʽ ʚʽʜʦʤʽ ʪʘ ʥʝ 

ʟʤʽʥʶʶʪʴʩʷ ʟ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʢʨʠʚʦʾ L. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʙʽʣʴʰ ʟʨʫʯʥʠʤ 

ʚʠʷʚʣʷʻʪʴʩʷ ʚʚʝʩʪʠ ʜʦʜʘʪʢʦʚʠʡ ʪʨʠʛʨʘʥʥʠʢ , ,i j k , ʱʦ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ 

ʢʨʠʚʦʾ L  ʧʦ ʧʦʚʝʨʭʥʽ S (ʨʠʩ. 3.2). ɰʾ ʦʨʪ i  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ ʦʙʤʝʞʫʶʯʦʾ 

ʧʦʚʝʨʭʥʽ S, ʘ ʚʝʢʪʦʨ k  ʜʦʪʠʯʥʠʡ ʜʦ ʢʨʠʚʦʾ L. ɿʚ'ʷʞʝʤʦ ʦʩʽ ox, oy, oz ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʨʪʘʤʠ ʮʴʦʛʦ ʪʨʠʛʨʘʥʥʠʢʘ. ʎʝʡ ʧʨʠʡʦʤ ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ 

ʟʤʽʥʥʽ ʽ ʩʧʨʦʩʪʠʪʠ ʧʨʦʙʣʝʤʫ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʪʦʜʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʚʝʢʪʦʨ ɼʘʨʙʫ ɤ ʚ ʬʦʨʤʽ  

 

.x y zk k k= + +ɤ i j k    (3.5) 

 

ʊʫʪ xk  ï ʢʨʠʚʠʟʥʘ ʢʨʠʚʦʾ L  ʥʘ ʧʣʦʱʠʥʽ oyz, 
yk  ʾʾ ʢʨʠʚʠʟʥʘ ʥʘ ʧʣʦʱʠʥʽ xoz, ʽ 

zk  ï ʢʨʫʯʝʥʥʷ ʢʨʠʚʦʾ, ʱʦ ʦʙʫʤʦʚʣʝʥʝ ʨʫʭʦʤ ʪʨʠʛʨʘʥʥʠʢʘ ʫʟʜʦʚʞ ʢʨʠʚʦʾ. 

ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʢʨʠʚʘ L  ʣʝʞʠʪʴ ʥʘ ʧʦʚʝʨʭʥʽ S, ʚʩʽ ʮʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʚʝʣʠʯʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʚ ʪʝʨʤʽʥʘʭ ʧʘʨʘʤʝʪʨʽʚ ʮʽʻʾ ʧʦʚʝʨʭʥʽ. ʊʘʢ 

ʢʨʠʚʠʟʥʘ xk  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʛʝʦʜʝʟʠʯʥʘ ʢʨʠʚʠʟʥʘ ʛʝʦʜk  ʢʨʠʚʦʾ L, ʚ ʪʦ ʯʘʩ ʷʢ 

ʢʨʠʚʠʟʥʘ yk  ʻ ʥʦʨʤʘʣʴʥʦʶ ʢʨʠʚʠʟʥʦʶ ʥʦʨʤk  ʧʦʚʝʨʭʥʽ S, ʱʦ ʦʙʯʠʩʣʝʥʘ 

ʚʟʜʦʚʞ ʜʦʪʠʯʥʦʾ ʢʨʠʚʦʾ L  [29]. ʎʽ ʟʤʽʥʥʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ 
ija  ʽ 

ijb  ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʢʚʘʜʨʘʪʠʯʥʠʭ ʬʦʨʤ 
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2 2

1 11 12 22

2 2

2 11 12 22

( , ) ( , ) 2 ( , ) ( , ) ,

( , ) ( , ) 2 ( , ) ( , )

u v a u v du a u v dudv a u v dv

u v b u v du b u v dudv b u v dv

F = + +

F = + +
  (3.6) 

 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʚʝʨʭʥʷ S ʟʘʜʘʥʘ ʚ ʜʦʚʽʣʴʥʽʡ ʬʦʨʤʽ, 

ʬʫʥʢʮʽʾ 
xk , 

yk , 
zk  ʦʧʠʩʫʶʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʧʨʦʪʝ, ʷʢʱʦ ʧʦʚʝʨʭʥʷ ʻ 

ʢʘʥʘʣʦʚʦʶ ʪʦ ʢʦʦʨʜʠʥʘʪʥʽ ʣʽʥʽʾ constu=  ʽ constv=  ʦʨʪʦʛʦʥʘʣʴʥʽ ʪʘ ʤʘʶʪʴ 

ʤʽʩʮʝ ʨʽʚʥʦʩʪʽ 0),(12 =vua , 0),(12 =vub . ʊʦʜʽ ʚʠʨʘʟ ʜʣʷ ʛʝʦʜʝʟʠʯʥʦʾ ʢʨʠʚʠʟʥʠ 

ʩʧʨʦʱʫʻʪʴʩʷ ʽ ʧʨʠʡʤʘ ̒ʬʦʨʤʫ [29] 

 

3
2 2 2

11 22 11 22 1( ) ( ) ( ).ʛʝʦʜ

xk k a a a u a v u v v u Av Bu
-

¡ ¡¡ ¡ ¡¡ ¡ ¡ ¡è ø= = + - + -ê ú  (3.7) 

 

ʪʫʪ ʤʥʦʞʥʠʢʠ A ʽ B  ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʩʠʤʚʦʣʠ ʂʨʽʩʪʦʬʝʣʷ i

jjG  ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ: 

 

2121 )()(
2211

vuA ¡G+¡G= ,  .)()( 2222

2211
vuB ¡G+¡G=   

 

ʅʦʨʤʘʣʴʥʘ ʢʨʠʚʠʟʥʘ 
yk  ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʛʦʣʦʚʥʽ ʢʨʠʚʠʟʥʠ 1k  ʽ 2k  ʧʦʚʝʨʭʥʽ 

S ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʝʤʠ ɽʡʣʝʨʘ [29], 

 

2 2

1 2cos sinʥʦʨʤ

yk k k kq q= = + ,    (3.8) 

 

ʜʝ q ï ʢʫʪ ʤʽʞ ʥʘʧʨʷʤʢʘʤʠ ʢʨʠʚʦʾ L  ʽ ʢʦʦʨʜʠʥʘʪʥʦʶ ʣʽʥʽʻʶ u  (ʨʠʩ. 3.2) 

ɺʝʣʠʯʠʥʘ zk  ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷʤ ʩʠʩʪʝʤʠ oxyz ʥʘʚʢʦʣʦ ʚʝʢʪʦʨʘ 

k  ʧʨʠ ʨʫʩʽ ʚʟʜʦʚʞ ʣʽʥʽʾ L , ʚʦʥʘ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ: 

 

0
lim / .z
s

k sy
D ­
= D D 
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3.3  ʅʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʟʛʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʘʥʘʣʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʢʦʣʦʚʦʶ ʦʩʴʦʚʦʶ ʣʽʥʽʻʶ (ʙʝʟʬʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ) 

 

ʗʢ ʽ ʧʨʠ ʘʥʘʣʽʟʽ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʧʨʷʤʦʣʽʥʽʡʥʽʡ ʧʦʭʠʣʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ (ʜʠʚ. ʨ. 2) ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʟ ʢʦʣʦʚʦʶ 

ʦʩʴʦʚʦʶ ʣʽʥʽʻʶ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʜʦʚʞʠʥʘ ɹʂ ʽ ʨʘʜʽʫʩ 

ʢʨʠʚʠʟʥʠ ʾʾ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʥʘ ʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʶʪʴ ʨʦʟʤʽʨʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ. ʊʦʜʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʜʦʚʞʠʥʘ ɹʂ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʾʾ ʟʛʠʥʘʥʥʽ, ʘ ʜʝʬʦʨʤʘʮʽʾ ʻ ʧʨʫʞʥʠʤʠ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʜʣʷ ʾʭ 

ʦʧʠʩʫ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʪʝʦʨʽʶ ʛʥʫʯʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ. 

ʅʝʭʘʡ ʷʢ ʽ ʚ ʨʦʟʜʽʣʽ 2 ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʧʽʜʚʽʰʝʥʘ ʟʘ ʚʝʨʭʥʽʡ ʢʽʥʝʮʴ ʽ ʜʦ 

ʾʾ ʥʠʞʥʴʦʛʦ ʢʽʥʮʷ ʧʨʠʢʣʘʜʝʥʘ ʦʩʴʦʚʘ ʩʠʣʘ ( )zF S  ʽ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ( )zM S . 

ʂʨʽʤ ʪʦʛʦ ʥʘ ʢʦʞʥʠʡ ʾʾ ʝʣʝʤʝʥʪ ʜʽʶʪʴ ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʣʠ ʪʷʞʽʥʥʷ (( )ʪʷʞf s ), 

ʩʠʣʘ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ( ( )ʢʦʥʪf s ) ʽ ʩʠʣʘ ʪʝʨʪʷ ( ( )ʪʝʨf s ). ɻʝʦʤʝʪʨʽʷ ʦʩʴʦʚʦʾ 

ʣʽʥʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʚʝʣʠʯʠʥʘ ʤʽʞʪʨʫʙʥʦʛʦ ʟʘʟʦʨʫ a  ʟʘʜʘʥʽ, ɹʂ ʥʝ 

ʦʙʝʨʪʘʻʪʴʩʷ, ʚʧʣʠʚ ʧʦʪʦʢʽʚ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. ʅʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ ( )zF S  ʽ ( )zM S , ʘ ʪʘʢʦʞ 

ʧʦʙʫʜʫʚʘʪʠ ʬʦʨʤʫ ʚʠʧʠʥʘʥʥʷ ɹʂ. ɸʥʘʣʽʟ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʢʦʥʫʻʪʴʩʷ ʚ 

ʯʦʪʠʨʠ ʝʪʘʧʠ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʚʦʜʷʪʴʩʷ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʙʫʜʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ɹʂ ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʚ 

ʦʢʦʣʽ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʙʫʜʫʻʪʴʩʷ ʬʫʥʢʮʽʷ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ( )zF s , 

ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽ ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʣʠ ʪʷʞʽʥʥʷ ( )ʪʷʞf s  ʽ ʩʪʠʩʢʘʶʯʫ ʩʠʣʫ 

ʥʘ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ ( )zF S . 
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ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʨʦʟʚËʷʟʫʻʪʴʩʷ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʧʦʙʫʜʦʚʘʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʦʙʯʠʩʣʶʶʪʴʩʷ ʢʨʠʪʠʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽ ʙʫʜʫʻʪʴʩʷ ʬʦʨʤʘ ʚʠʧʠʥʘʥʥʷ. 

ʑʦʙ ʚʠʚʝʩʪʠ ʨʦʟʚËʷʟʫʚʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ɹʂ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʟ 

ʢʦʣʦʚʦʶ ʪʨʘʻʢʪʦʨʽʻʶ, ʷʢ ʽ ʚ ʨʦʟʜʽʣʽ 2, ʨʦʟʛʣʷʥʝʤʦ ʨʽʚʥʦʚʘʛʫ ʝʣʝʤʝʥʪʘ ɹʂ ʧʽʜ 

ʜʽʻʶ ʛʦʣʦʚʥʠʭ ʚʝʢʪʦʨʽʚ )(sF , )(sM  ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ, ʚʥʫʪʨʽʰʥʽʭ ʤʦʤʝʥʪʽʚ ʽ 

ʛʦʣʦʚʥʦʛʦ ʚʝʢʪʦʨʘ )(sf  ʟʦʚʥʽʰʥʽʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʣ ʪʷʞʽʥʥʷ ʽ ʢʦʥʪʘʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ. ʊʘʢ ʷʢ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ (2.28) ʚʠʚʝʜʝʥʽ ʜʣʷ ʩʪʝʨʞʥʷ ʟ ʜʦʚʽʣʴʥʦʶ 

ʛʝʦʤʝʪʨʽʻʶ, ʚʦʥʠ ʩʧʨʘʚʝʜʣʠʚʽ ʽ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ. ʇʨʠ ʮʴʦʤʫ ʟʥʦʚʫ ʩʪʘʶʪʴ 

ʦʯʝʚʠʜʥʠʤʠ ʧʝʨʝʚʘʛʠ ʧʨʠʡʥʷʪʦʛʦ ʧʽʜʭʦʜʫ, ʢʦʣʠ ʮʽ ʨʽʚʥʷʥʥʷ ʟʘʧʠʩʫʶʪʴʩʷ ʚ 

ʩʠʩʪʝʤʽ ʦʩʝʡ oxyz ʦʙʨʘʥʦʛʦ ʨʫʭʦʤʦʛʦ ʪʨʽʝʜʨʘ. ʊʫʪ ʟʥʦʚʫ ʰʫʢʘʥʽ ʟʤʽʥʥʽ 

ʨʦʟʜʽʣʷʶʪʴʩʷ, ʘ ʩʠʣʘ ʢʦʥʪʘʢʪʥʦ ʾʚʟʘʻʤʦʜʽʾ ʤʦʞʝ ʙʫʪʠ ʪʠʤʯʘʩʦʚʦ ʚʠʢʣʶʯʝʥʘ ʟ 

ʨʦʟʛʣʷʜʫ. 

ʊʦʜʽ ʢʦʤʧʦʥʝʥʪʘ ( )xF s  ʚʥʫʪʨʽʰʥʴʦʾ ʩʠʣʠ ( )xF  ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʫ ʬʦʨʤʽ 
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ɯ ʩʠʩʪʝʤʠ (2.29), (2.30 ) ʟʚʝʜʝʥ ̔ʜʦ ʚʠʛʣʷʜʫ  
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x z
y y z y

dF
EIk k M k k EIk k F k f

ds

dF
EIk k EIk k f

ds

dk M
k k k F

ds EI EI

¡= - + + -

¡ ¡= - -

=- + +

  (3.10) 

  

ʎʷ ʩʠʩʪʝʤʘ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʢʘʥʘʣʦʚʦʾ ʧʦʚʝʨʭʥʽ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ, ʦʜʥʘʢ 

ʧʨʠ ʨʦʟʛʣʷʜʽ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʩʚʝʨʜʣʦʚʠʥʠ ʚʝʣʠʯʠʥʘʤ xk , yk , zk  ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʥʘʜʘʥʘ ʢʦʥʢʨʝʪʥʘ ʬʦʨʤʘ, ʦʩʢʽʣʴʢʠ ʚʠʚʝʜʝʥʥʷ ʬʦʨʤʫʣ ʜʣʷ ʮʠʭ ʚʝʣʠʯʠʥ ʚ 



 

 

115 

 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚ'ʷʟʘʥʝ ʟʽ ʟʥʘʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. ɺ ʧʦʨʽʚʥʷʥʦ 

ʜʦʩʪʫʧʥʽʡ ʬʦʨʤʽ ʮʽ ʚʝʣʠʯʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʩʚʝʨʜʣʦʚʠʥʠ ʟ 

ʢʦʣʦʚʠʤ ʦʙʨʠʩʦʤ ʦʩʴʦʚʦʾ ʣʽʥʽʾ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʭʦʯʘ ʚ ʧʨʘʢʪʠʮʽ ʙʫʨʽʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ, ʦʙʨʠʩʠ ʷʢʠʭ ʧʦʚʥʽʩʪʶ ʻ ʢʦʣʦʚʠʤʠ, ʥʘʚʨʷʜ ʯʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ, 

ʧʨʦʪʝ, ʨʦʟʛʣʷʥʫʪʘ ʧʨʦʙʣʝʤʘ ʤʘʻ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ, ʪʘʢ ʜʦʩʠʪʴ ʯʘʩʪʦ ʢʦʣʦʚʫ 

ʬʦʨʤʫ ʤʘʶʪʴ ʜʽʣʷʥʢʠ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ʂʨʽʤ ʪʦʛʦ ʥʘ ʧʨʠʢʣʘʜʽ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʜʣʷ ʢʦʣʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʝʷʢʽ ʟʘʛʘʣʴʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʠʧʠʥʘʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ. 

ʆʪʞʝ, ʥʝʭʘʡ ʦʩʴʦʚʘ ʣʽʥʽʷ T  ʩʚʝʨʜʣʦʚʠʥʠ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʣʦ ʨʘʜʽʫʩʘ R. 

ʊʦʜʽ ʧʦʚʝʨʭʥʷ S ʻ ʪʦʨʦʚʦʶ ʽ ʾʾ ʨʽʚʥʷʥʥʷ (3.2) ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ 

 

vaX sin= , )cos1( uRY -= , .cossinsin vuauRZ +=  (3.11) 

 

ʅʘ ʾʭ ʦʩʥʦʚʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʦʩʪʝʡ 

 

2 2 2

11

12

2 2 2

22

,

,

X Y Z
a

u u u

X X Y Y Z Z
a

u v u v u v

X Y Z
a

v v v

µ µ µå õ å õ å õ
= + +æ ö æ ö æ ö
µ µ µç ÷ ç ÷ ç ÷

µ µ µ µ µ µ
= Ö + Ö + Ö
µ µ µ µ µ µ

µ µ µå õ å õ å õ
= + +æ ö æ ö æ ö
µ µ µç ÷ ç ÷ ç ÷

    (3.12) 

 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ija  ʧʝʨʰʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ 1( , )u vF  (3.6), ʚʦʥʠ 

ʜʦʨʽʚʥʶʶʪʴ  

 

2

11 )cos( vaRa += ,   012=a ,  .2

22 aa =   (3.13) 
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ɻʦʣʦʚʥʽ ʢʨʠʚʠʟʥʠ 1k , 2k  ʧʦʚʝʨʭʥʽ S ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʚʝʣʠʯʠʥʠ (3.12) 

ʽ ʧʘʨʘʤʝʪʨʠ 
ijb  ʜʨʫʛʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ 

2( , )u vF  (3.6). ʊʫʪ 
12 0b = , ʘ 

ʚʝʣʠʯʠʥʠ 
11b , 

22b  ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

 

2 2 2

2 2 2

11

11 22

  

1
      ,

      

X Y Z

u u u

X Y Z
b

u u ua a

X Y Z

v v v

µ µ µ

µ µ µ

µ µ µ
=

µ µ µ

µ µ µ

µ µ µ

  

2 2 2

2 2 2

22

11 22

  

1
      

      

X Y Z

v v v

X Y Z
b

u u ua a

X Y Z

v v v

µ µ µ

µ µ µ

µ µ µ
=

µ µ µ

µ µ µ

µ µ µ

 (3.14) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ (3.11), (3.12), ʦʪʨʠʤʘʻʤʦ 

 

11 cos ( cos )b v R a v= + ,   
12 0b = ,  

22b a=  

 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʧʦʚʝʨʭʥʽ S ʛʦʣʦʚʥʽ ʢʨʠʚʠʟʥʠ ʜʦʨʽʚʥʶʶʪʴ 

 

vaR

v
k

cos

cos
1

+
= ,   

a
k

1
2 = .    (3.15) 

 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʝʦʜʝʟʠʯʥʘ ʢʨʠʚʠʟʥʘ (3.7) ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

3/2
2 2 2 2

2 3

( cos )

( cos ) ( ) ( )

2 ( ) ( cos )( )
sin .

cos

ʛʝʦʜ

x

a R a v
k k

r a v u a v

au v R a v u
u v v u v

R a v a

+
= =- ³

¡ ¡è ø+ +ê ú

ë û¡ ¡ ¡è ø+
¡¡ ¡ ¡¡ ¡³ - - +ì üé ù

+ê úí ý

  (3.16) 

 

ʘ ʥʦʨʤʘʣʴʥʘ ʢʨʠʚʠʟʥʘ ʥʦʨʤ

yk k= , ʦʙʫʤʦʚʣʝʥʘ ʨʽʚʥʽʩʪʶ (3.82), ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

 

3 2 3 2cos ( cos ) ( ) ( ) .ʥʦʨʤ

yk k v R a v u a v¡ ¡= = + +    (3.17) 
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ʇʨʠʩʫʪʥʽ ʚ ʨʽʚʥʦʩʪʷʭ (3.16), (3.17) ʰʫʢʘʥʽ ʟʤʽʥʥʽ u¡, v¡ ʥʝ ʻ ʥʝʟʘʣʝʞʥʠʤʠ 

ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʦʜʠʥ ʯʝʨʝʟ ʦʜʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 

.)()()( 22

22

2

11 dsdvadua =+  

 

ʊʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.13) ʦʪʨʠʤʘʻʤʦ 

 

.
cos

)(1
/

22

vaR

va
udsdu

+

¡-
°=¡=    (3.18) 

 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʪʷʞ

xf , ʪʷʞ

yf , ʪʷʞ

zf  ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʣʠ ʪʷʞʽʥʥʷ 

ʪʷʞ
f , ʩʧʨʦʝʢʪʫʻʤʦ ʮʝʡ ʚʝʢʪʦʨ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʦʩʽ: 

 

sin cos ,

(sin sin cos cos sin ),

( sin sin sin cos cos ).

ʪʷʞ ʪʷʞ

x

ʪʷʞ ʪʷʞ

y

ʪʷʞ ʪʷʞ

z

f f u v

f f u v u

f f u v u

q q

q q

=-

= +

= - +

  (3.19) 

 

ʊʫʪ ʪʷʞf  - ʧʦʛʦʥʥʘ ʩʠʣʘ ʪʷʞʽʥʥʷ, ʟʥʘʡʜʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣʠ, ʱʦ 

ʚʠʰʪʦʚʭʫʻ ʧʨʦʤʠʚʥʫ ʨʽʜʠʥʫ; va ¡=qsin , uvaR ¡+= )cos(cosq  

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.10), (3.16) ï (3.19), 

ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʫ ʨʦʟʚËʷʟʫʚʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ( )yF s , ( )zF s , 

( )xk s , ( )v s , ʽ ( )u s . ʇʨʝʜʩʪʘʚʠʤʦ ʾʾ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ 
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2 (sin sin cos cos sin ),

( sin sin sin cos sin ),

1
,

,                                                       

ʪʷʞz
x z z x z y z x z

ʪʷʞz
x x y y

x z
y y z y

dF
EIk k M k k EIk k k F f u v u

ds

dF
EIk k EIk k f u v u

ds

dk M
k k k F

ds EI EI

dv
v

ds

¡= - + + - +

¡ ¡= - - - +

=- + +

¡=

q q

q q

3/2
2 2 2 2

2 2

                                                             (3.20)

( cos ) ( ) ( )( )

( cos )

2 ( ) ( cos )( )
sin ,                               

cos

x

R a v u a vd v
k

ds a R a v u

a v R a v u u v
v

R a v a u

¡ ¡è ø+ +¡ ê ú= -
¡+

¡ ¡ ¡¡ ¡è ø+
- + +é ù ¡+ê ú

2 2

       

1 ( )
.    

( cos )

a vdu

ds R a v

ë
î
î
î
î
î
î
î
î
î
î
ì
î
î
î
î
î
î
î
î

¡î -
=î

+í

 

ʅʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʟʜʘʻʪʴʩʷ, ʱʦ ʟʘʛʘʣʴʥʠʡ ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ 

ʰʝʩʪʠ, ʽ ʚʽʥ ʧʝʨʝʚʠʱʫʻ ʧʦʨʷʜʦʢ ʨʽʚʥʷʥʥʷ ʧʣʦʩʢʦʛʦ ʟʛʠʥʘʥʥʷ ʙʘʣʢʠ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʯʦʪʠʨʴʦʤ. ʆʜʥʘʢ ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʾ ʩʠʣʠ ( )zF s , ʷʢʘ ʚ 

ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʩʪʝʨʞʥʷʭ ʚʚʘʞʘʻʪʴʩʷ ʟʘʜʘʥʦʶ, ʘ ʟʤʽʥʥʘ ( )u s¡  ʚ ʧ'ʷʪʠ ʧʝʨʰʠʭ 

ʨʽʚʥʷʥʥʷʭ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʰʦʩʪʦʛʦ ʨʽʚʥʷʥʥʷ. ʗʢʱʦ 

ʚʠʢʣʶʯʠʪʠ ʮʽ ʜʚʽ ʟʤʽʥʥʽ, ʪʦ ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʠ (3.20) ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʠʡ ʜʦ 

ʯʦʪʠʨʴʦʭ, ʷʢ ʽ ʚ ʪʝʦʨʽʾ ʧʣʦʩʢʦʛʦ ʚʠʧʠʥʘʥʥʷ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ. 

ʇʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʻ ʦʜʥʦʨʽʜʥʦʶ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʥʝʣʽʥʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʛʠʥʘʥʥʷ ɹʂ ʚ ʢʦʣʦʚʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʧʽʜ ʜʽʻʶ ʦʩʴʦʚʠʭ ʩʠʣ ʽ 

ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʠʣ ʪʝʨʪʷ. ʉʪʘʥʠ, ʚ ʷʢʠʭ ʣʽʥʝʘʨʠʟʦʚʘʥʠʡ 

ʦʧʝʨʘʪʦʨ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʠʨʦʜʞʫʻʪʴʩʷ, ʻ ʙʽʬʫʨʢʘʮʽʡʥʠʤʠ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ 

ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʽ ʚʣʘʩʥʽ ʬʦʨʤʠ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʶʪʴ ʢʨʠʪʠʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ. ʊʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʷʚʠʱʘ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ʨʽʚʥʦʚʘʛʠ ʽ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʜʥʽ ʢʘʥʘʣʫ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʥʝʦʙʭʽʜʥʦ ʨʽʚʥʷʥʥʷ (3.20) ʣʽʥʝʘʨʠʟʫʚʘʪʠ ʚ ʦʢʦʣʽ ʮʴʦʛʦ ʩʪʘʥʫ. 
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ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʧʨʦ ʚʠʧʠʥʘʥʥʷ ɹʂ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʜʥʽ ʫʚʽʛʥʫʪʦʾ 

ʜʽʣʷʥʢʠ ʢʦʣʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ (ʪʦʙʪʦ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʝʢʚʘʪʦʨʽ 0v=  

ʪʦʨʦʾʜʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ S (3.2)). ɺ ʮʴʦʤʫ ʩʪʘʥʽ s
aR

uu
+

+=
1

0 , 
aR

u
+

=¡
1

, 

0=¡¡u , 0=v , 0=¡v , 0=¡¡v , 0=xk , 
aR

ky
+

=
1

, 0=zk  ʽ ʧʽʩʣʷ ʣʽʥʝʘʨʠʟʘʮʽʾ 

ʨʽʚʥʷʥʥʷ (3.20) ʧʨʠʡʤʘʶʪʴ ʬʦʨʤʫ 

 

0 0

0

sin cos ,
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1 1
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ʪʷʞ
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î å õ
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+ç ÷î
î
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î
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î
î

=î
í

 (3.21) 

 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʰʦʩʪʦʛʦ ʨʽʚʥʷʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ, constsu =)(d . ʊʦʜʽ, 

ʚʠʭʦʜʷʯʠ ʟ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ 0)0( =ud , ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 0)( =sud . ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ 0/ =dsFd zd  ʽ ʪʘʢʦʞ 

ʤʘʻʤʦ 0)( =sFzd . ɺ ʦʩʪʘʥʥʽʭ ʯʦʪʠʨʴʦʭ ʨʽʚʥʷʥʥʷʭ ʬʫʥʢʮʽʷ )(sFz  ʻ ʥʝʚʽʜʦʤʦʶ. 

ɺʦʥʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (3.20), ʷʢʝ ʚ 

ʦʢʦʣʽ ʩʪʘʥʫ ( ) 0u s =  ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

 

0cos .ʪʷʞ ʪʷʞz
z

dF s
f f u

ds R a

å õ
=- =- +æ ö

+ç ÷
   (3.22) 

 

ɺʦʥʦ ʤʘʻ ʨʦʟʚËʷʟʦʢ 
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å õ
=- + + +æ ö

+ç ÷
   (3.23) 

 

ʚ ʷʢʦʤʫ ʢʦʥʩʪʘʥʪʘ C  ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ɰʾ ʟʨʫʯʥʦ ʚʠʨʦʜʞʫʚʘʪʠ 

ʯʝʨʝʟ ʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ ( )zF S  ʥʘ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ ʢʦʣʦʥʠ. 

ɯʥʰʽ ʯʦʪʠʨʠ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʚ ʩʠʩʪʝʤʽ (3.21) ʟʚʦʜʷʪʴʩʷ ʜʦ 

ʦʜʥʦʛʦ ʟʚʠʯʘʡʥʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʫ  
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ʎʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʥʝʪʨʠʚʽʘʣʴʥʠʡ ʨʦʟʚËʷʟʦʢ ʧʨʠ ʟʥʘʯʝʥʥʽ )(sFz  ʚ ʡʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘʭ, ʱʦ ʦʙʝʨʪʘʻ ʡʦʛʦ ʚ ʚʠʨʦʜʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʩʪʘʥ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʜʘʥʦʤʫ ʚʠʛʣʷʜʫ )(sFz , ̒  ʢʨʠʪʠʯʥʠʤ. ʊʦʜʽ )(sFz  ʻ ʚʣʘʩʥʦʶ ʬʫʥʢʮʽʻʶ ʨʽʚʥʷʥʥʷ 

(3.24), ʘ ʡʦʛʦ ʥʝʪʨʠʚʽʘʣʴʥʠʡ ʨʦʟʚËʷʟʦʢ ( )v sµ  ï ʚʣʘʩʥʦʶ ʬʦʨʤʦʶ, ʱʦ ʷʚʣʷʻ 

ʩʦʙʦʶ ʬʦʨʤʫ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ. ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʟʘʚʜʷʢʠ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʚʚʝʜʝʥʥʷʤ ʥʦʚʦʛʦ 

ʨʫʭʦʤʦʛʦ ʪʨʽʝʜʨʘ oxyz, ʚʜʘʣʦʩʷ ʧʨʦʙʣʝʤʫ ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʢʦʣʦʥʠ ʚ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʢʘʥʘʣʽ ʟʚʝʩʪʠ ʜʦ ʧʨʦʙʣʝʤʠ, ʘʥʘʣʦʛʽʯʥʽʡ ʧʨʦʙʣʝʤʽ 

ʝʡʣʝʨʦʚʦʛʦ ʧʣʦʩʢʦʛʦ ʚʠʧʠʥʘʥʥʷ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʩʪʝʨʞʥʷ. 

ɺʘʞʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʨʽʚʥʷʥʥʷ (3.24) ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʡʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘʭ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ( )zM s . ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ 

ʚʠʧʠʥʘʥʥʷ ɹʂ ʤʦʤʝʥʪ ( )zM s  ʥʝ ʚʧʣʠʚʘʻ ʥʝ ʧʨʦʮʝʩ ʚʠʧʠʥʘʥʥʷ (ʷʢ ʽ ʜʣʷ 

ʚʠʧʘʜʢʫ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ɹʂ ʚ ʧʦʭʠʣʽʡ ʧʨʷʤʦʣʽʥʽʡʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ, ʱʦ 

ʨʦʟʛʣʷʥʫʪʘ ʚ ʨʦʟʜʽʣʽ 2). ʍʦʯʘ ʜʘʣʽ, ʚ ʟʘʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ, ʡʦʛʦ ʚʧʣʠʚ ʩʪʘʻ 

ʧʦʤʽʪʥʠʤ. ʗʢ ʩʚʽʜʯʠʪʴ ʩʪʨʫʢʪʫʨʘ ʨʽʚʥʷʥʴ (3.20), ʚʧʣʠʚ ʤʦʤʝʥʪʫ ( )zM s  ʥʘ 
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ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʽʩʪʦʪʥʠʡ ʪʘʢʦʞ, ʷʢʱʦ ʦʩʴʦʚʘ ʣʽʥʽʷ ʩʚʝʨʜʣʦʚʠʥʠ 

ʪʨʠʚʠʤʽʨʥʘ. 

 

3.4 ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʦʣʦʚʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ (ʙʝʟʬʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ) 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʚËʷʟʢʽʚ ʨʽʚʥʷʥʴ (3.24) ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʡʦʛʦ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʦʥʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ. 

ʌʫʥʢʮʽʷ ( )ʢʨ

zF s  ʚʥʫʪʨʽʰʥʴʦʾ ʦʩʴʦʚʦʾ ʩʠʣʠ ʬʦʨʤʫʚʘʣʘʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʧʽʣʴʥʦʾ 

ʜʽʾ ʦʩʴʦʚʦʾ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ ( )ʢʨ

zF S  ʥʘ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ s S=  ʙʫʨʠʣʴʥʦʾ 

ʢʦʣʦʥʠ ʽ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʣʠ ʪʷʞʽʥʥʷ ( )ʪʷʞsf . ɿʘʜʘʯʘ ʨʦʟʚËʷʟʫʚʘʣʘʩʷ ʧʝʨʝʙʦʨʦʤ 

ʚʝʣʠʯʠʥ ( )zF S  ʤʝʪʦʜʦʤ ʧʦʣʦʚʠʥʥʦʛʦ ʜʽʣʝʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʢʠ, ʢʦʣʠ ɹʂ 

ʣʝʞʠʪʴ ʥʘ ʦʧʫʢʣʦʤʫ ʽ ʫʚʽʛʥʫʪʦʤʫ ʩʝʛʤʝʥʪʘʭ ʢʘʥʘʣʫ ʩʚʝʨʜʣʦʚʠʥʠ (ʥʘ 

ʟʦʚʥʽʰʥʴʦʤʫ ʽ ʚʥʫʪʨʽʰʥʴʦʤʫ ʝʢʚʘʪʦʨʘʭ ʪʦʨʽʚ ʧʦʚʝʨʭʥʽ S). ɹʂ ʰʘʨʥʽʨʥʦ 

ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʦʙʦʭ ʢʽʥʮʷʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʚʞʠʥʠ S ʙʫʨʠʣʴʥʦʾ 

ʢʦʣʦʥʠ, ʨʘʜʽʫʩʘ R, ʚʝʣʠʯʠʥʠ ʤʽʞʪʨʫʙʥʦʛʦ ʟʘʟʦʨʫ a  ʽ ʧʦʣʦʞʝʥʥʷ ɹʂ ʚ ʢʘʥʘʣʽ 

ʥʘ ʢʨʠʪʠʯʥʽ ʩʪʘʥʠ ʽ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʥʘʩʪʫʧʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʭʘʨʘʢʪʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 112,1 10E= Ö  ʇʘ, 37,8 10ʩʪr = Ö  ʢʛ/ʤ
3
, 

31,3 10ʨʽʜr = Ö  ʢʛ/ʤ
3
, 1 0,1683d =  ʤ, 2 0,1483d =  ʤ. 
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ʉʧʦʯʘʪʢʫ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ.3.3, ʢʦʣʠ ɹʂ 

ʣʝʞʘʣʘ ʥʘ ʫʚʽʛʥʫʪʽʡ ʜʽʣʷʥʮʽ ʢʦʣʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ, ʘ ʥʘ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ 

ʜʦʪʠʯʥʘ ʜʦ ʾʾ ʦʩʽ ʙʫʣʘ ʧʘʨʘʣʝʣʴʥʘ ʛʦʨʠʟʦʥʪʘʣʽ. 

ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ 
0u  ʥʘ ʚʝʨʭʥʴʦʤʫ ʢʽʥʮʽ ɹʂ ʩʢʣʘʣʦ 00 =u , ʘ 

ʢʫʪ ʦʭʦʧʣʝʥʥʷ ʜʫʛʠ ʢʦʣʘ ʩʚʝʨʜʣʦʚʠʥʠ ʜʦʨʽʚʥʶʻ o( ) / 2 (90 )u S p= . 

ʆʙʯʠʩʣʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʤʽʞʪʨʫʙʥʦʛʦ ʟʘʟʦʨʫ a=1, 0,5, 

0,25, 0,1, 0,05, ̔ 0,03 ʤ, ʪʦʜʽ ʷʢ ʨʘʜʽʫʩ R ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʙʫʚ 

ʬʽʢʩʦʚʘʥʠʡ ʽ ʩʢʣʘʚ 573R=  ʤ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʭʦʯʘ ʧʝʨʰʽ ʜʚʘ ʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ a  ʜʘʣʝʢʽ ʚʽʜ ʨʝʘʣʴʥʠʭ, ʚʦʥʠ ʪʘʢʦʞ ʚʢʣʶʯʝʥʽ ʚ ʘʥʘʣʽʟ, ʱʦʙ 

ʧʨʦʩʪʝʞʠʪʠ ʟʘ ʪʝʥʜʝʥʮʽʻʶ ʝʚʦʣʶʮʽʾ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʽ 

ʟʤʽʥʦʶ ʚʝʣʠʯʠʥʠ ʤʽʞʪʨʫʙʥʦʛʦ ʟʘʟʦʨʫ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʽʜʨʽʟʦʢ Ss¢¢0  ʙʫʚ 

ʨʦʟʙʠʪʠʡ ʥʘ 500 ʢʽʥʮʝʚʦ-ʨʽʟʥʠʮʝʚʠʭ ʜʽʣʷʥʦʢ. 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʷʢʱʦ ʜʦʚʞʠʥʘ ɹʂ 

ʧʦʨʽʚʥʷʥʦ ʤʘʣʘ (m 20<S ), ʘ ʤʽʞʪʨʫʙʥʠʡ ʟʘʟʦʨ ʘ ʚʽʜʥʦʩʥʦ ʚʝʣʠʯʠʥ 

( 0,25 ma> ), ʪʦ ɹʂ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ ʷʢ ʧʨʷʤʦʣʽʥʽʡʥʠʡ ʩʪʝʨʞʝʥʴ ʟ 

ʥʘʧʽʚʩʠʥʫʩʦʾʜʘʣʴʥʦʶ ʬʦʨʤʦʶ ʚʠʧʠʥʘʥʥʷ ʽ ʝʡʣʝʨʦʚʦʶ ʢʨʠʪʠʯʥʦʶ ʩʠʣʦʶ 

2 2( ) /ʢʨ ʢʨ

z ɽʡʣF S P EI Spº = . ʊʘʢ, 327,4ʢʨ

zF =-  ʢʅ ʜʣʷ ʚʠʧʘʜʢʫ 10=S ʤ ʽ 1=a  ʤ 

ʚ ʪʦʡ ʞʝ ʯʘʩ ʷʢ 324,1ʢʨ

ɽʡʣP =-  ʢʅ. ʎʝʡ ʬʘʢʪ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʤʦʞʝ ʙʫʪʠ 

ʩʚʽʜʯʝʥʥʷʤ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʽ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɿʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʢʦʣʦʥʠ ʽ ʟʤʝʥʰʝʥʥʷ ʤʽʞʪʨʫʙʥʦʛʦ ʟʘʟʦʨʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʝʨʝʚʠʱʝʥʥʷ ʚʝʣʠʯʠʥʠ ʝʡʣʝʨʦʚʦʾ ʩʠʣʠ ʢʨ

ɽʡʣP  ʚʝʣʠʯʠʥʦʶ ( )ʢʨ

zF S  ʽ ʩʫʪʪʻʚʦʛʦ 

ʫʩʢʣʘʜʥʝʥʥʷ ʙʽʬʫʨʢʘʮʽʡʥʦʾ ʬʦʨʤʠ, ʷʢʘ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ 

(ʨʠʩ. 3.4). ʋ ʪʘʙʣʠʮʽ 3.1 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʩʚʝʨʜʣʦʚʠʥʠ 

ʜʦʚʞʠʥʦʶ ʚ ʯʚʝʨʪʴ ʜʦʚʞʠʥʠ ʢʦʣʘ (00 =u , / 2Su p= ). ʎʽ ʜʘʥʽ ʚʢʣʶʯʘʶʪʴ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʦʩʴʦʚʦʾ ʩʠʣʠ ( )ʢʨ

zF s  ʥʘ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ, ʦʙʨʠʩ ʬʫʥʢʮʽʾ 

( )zF S  ʽ ʬʦʨʤʫ ʚʠʧʠʥʘʥʥʷ ( )v sµ . 

 

 



 

 

123 

 

ʊʘʙʣʠʮʷ 3.1 ī ʂʨʠʪʠʯʥʽ ʩʠʣʠ ( )ʢʨ

zF S  ʽ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ )(sv  ʜʣʷ 

ʚʠʧʘʜʢʫS=900 ʤ. o

0 0=u , 
o90=Su  

o

0 90=+ Suu , 
30,040 10ʢʨP = Öʅ. 

 ̄

 

a ,  

ʤ 

ʂʨʠʪʠʯʥʘ 

ʩʠʣʘ ( )ʢʨ

zF S  

ʥʘ ʢʽʥʮʽ 

Ss= , ʢʅ 

ʌʫʥʢʮʽʷ ʦʩʴʦʚʦʾ  

ʩʠʣʠ )(sFz , ʢʅ 

ʌʦʨʤʘ )(sv  ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ 

1 1 ī72,14 

 

 

2 0,5 ī104,5 

 

 

3 0,25 ī153,7 

 

 

4 0,1 ī262,7 

 

 

5 0,05 ī404,3 

 

 

6 0,03 ī564,5 
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ɺʦʥʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ( )ʢʨ

zF S  ʧʦʨʽʚʥʷʥʦ ʤʘʣʽ, 

ʢʦʣʠ 0,25a² ʤ ʽ ʚʝʨʭʥʽʡ ʢʽʥʝʮʴ ʢʦʣʦʥʠ ʨʦʟʪʷʛʥʫʪʠʡ. ʊʦʤʫ ʚʠʧʠʥʘʥʥʷ ɹʂ 

ʧʝʨʝʚʘʞʘʻ ʚ ʥʠʞʥʽʡ, ʩʪʠʩʣʽʡ ʟʦʥʽ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʬʦʨʤʦʶ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ, 

ʪʠʧʦʚʦʛʦ ʜʣʷ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʭ ʩʠʩʪʝʤ. ʆʜʥʘʢ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ a  

ʢʨʠʪʠʯʥʘ ʩʠʣʘ ( )ʢʨ

zF S  ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʟʦʥʘ ʩʪʠʩʥʝʥʥʷ ɹʂ ʧʦʯʠʥʘʻ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʾʾ ʨʦʟʪʷʛʫʚʘʥʥʷ ʩʠʣʘʤʠ ʪʷʞʽʥʥʷ (ʜʠʚ. ʛʨʘʬʽʢʠ ( )zF s  ʚ ʪʘʙʣʠʮʽ).  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠ ʮʴʦʤʫ ʟʦʥʘ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ ʨʦʟʰʠʨʶʻʪʴʩʷ, ʘ ʢʨʦʢ ʡʦʛʦ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʛʘʨʤʦʥʽʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʠ 0,03a= ʤ ʟʦʥʘ ʢʨʘʡʦʚʦʛʦ 

ʝʬʝʢʪʫ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʚʩʶ ʜʦʚʞʠʥʫ ʢʦʣʦʥʠ. 

ʎʽʢʘʚʠʤ ʻ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʘʨʢʘ ʢʦʣʦʚʦʛʦ ʢʘʥʘʣʫ ʩʚʝʨʜʣʦʚʠʥʠ 

ʨʦʟʪʘʰʦʚʘʥʘ ʩʠʤʝʪʨʠʯʥʦ ʚʽʜʥʦʩʥʦ ʚʝʨʪʠʢʘʣʽ (ʨʠʩ. 3.5). ʆʙʯʠʩʣʝʥʥʷ ʚʠʢʦʥʘʥʽ 

ʜʣʷ 1145=R ʤ ʽ / 2 (90 )Su p=  o o o
120 150 ʽ  (1802 /3 ( ),  5 /6 ( ),  )pp p . ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ / 2 (90 )Su p=  ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 3.2 ʚʦʥʘ ʤʽʩʪʠʪʴ 

ʜʦʜʘʪʢʦʚʫ ʢʦʣʦʥʢʫ ʟʥʘʯʝʥʴ ʦʩʴʦʚʦʾ ʩʠʣʠ ( / 2)ʢʨ

zF S  ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʝʨʝʨʽʟʽ 

2/Ss= , ʱʦ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʩʠʣʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚʘʭ ʮʷ ʩʠʣʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʦʭʦʧʣʝʥʥʷ ʘʨʢʠ ʦʩʴʦʚʦʾ 

ɹʫʨʠʣʴʥʘ ʢʦʣʦʥʘ 

ʚ ʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ 

ʉʪ̔ʥʢʘ ʩʚʝʨʜʣʦʚʠʥʠ 

ʈʠʩʫʥʦʢ 3.4 ï ʌʦʨʤʘ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ 

ʥʠʞʥʽʡ ʟʦʥʽ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 
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ʣʽʥʽʾ Su , ʦʩʢʽʣʴʢʠ ʚʠʧʠʥʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʛʘʨʤʦʥʽʡʥʦʛʦ ʚʝʡʚʣʝʪʫ, 

ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʟʦʥʽ ʘʨʢʠ. ʎʽʢʘʚʦ ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʦʞ, ʱʦ 

ʥʘʧʽʚʢʨʦʢ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʚʝʡʚʣʝʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 27,2 ʤ ʜʦ 10 ʤ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʤʽʞʪʨʫʙʥʦʛʦ ʟʘʟʦʨʫ ʚʽʜ 1=a ʤ ʜʦ 0,03a=  ʤ. ʊʨʠʚʠʤʽʨʥʘ ʬʦʨʤʘ 

ʮʴʦʛʦ ʚʝʡʚʣʝʪʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.6. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʥʛʫʣʷʨʥʝ ʟʙʫʨʝʥʥʷ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʟʦʥʽ ʢʦʣʦʥʠ. ʇʨʠ ʮʴʦʤʫ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʩʠʣʠ 

( / 2)ʢʨ

zF S  ʽ ʬʦʨʤʘ ʚʠʧʠʥʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʢʽʥʮʷʭ ɹʂ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʪ̔ʥʢʘ ʩʚʝʨʜʣʦʚʠʥʠ 
 

ɹʫʨʠʣʴʥʘ ʢʦʣʦʥʘ 

ʚ ʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ 
 

ʈʠʩʫʥʦʢ 3.6 ï ʌʦʨʤʘ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ 

ʮʝʥʪʨʘʣʴʥʽʡ ʟʦʥʽ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 

ʈʠʩʫʥʦʢ 3.5 ï ʉʭʝʤʘ ʩʠʤʝʪʨʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʝʢʚʘʪʦʨʽ 

ʪʦʨʦʜʾʘʣʴʥʦ ʾʩʚʝʨʜʣʦʚʠʥʠ 

0
u  

Suu +0  

Su  

( )ʢʨ

zF S  

ɹʫʨʠʣʴʥʘ ʢʦʣʦʥʘ 
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ʊʘʙʣʠʮʷ 3.2 ī ʂʨʠʪʠʯʥʽ ʩʠʣʠ ( )ʢʨ

zF S  ʽ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥ ̫ )(sv  ʜʣʷ ʚʠʧʘʜʢʫ 

S=1800 ʤ, o

0 45=u , o

Su 90= , o

0 135=+ Suu , 30,010 10ʢʨP = Öʅ 

 

ʗʢʱʦ ɹʂ ʣʝʞʠʪʴ ʥʘ ʦʧʫʢʣʽʡ ʯʘʩʪʠʥʽ ʪʨʘʻʢʪʦʨʽʾ ʩʚʝʨʜʣʦʚʠʥʠ (ʨʠʩ.3.7), 

ʚʦʥʘ ʩʪʠʢʘʻʪʴʩʷ ʟ ʚʥʫʪʨʽʰʥʽʤ ʝʢʚʘʪʦʨʦʤ ʢʘʥʘʣʴʥʦʛʦ ʪʦʨʘ. ʊʦʜʽ ʚ 

ʨʦʟʚ'ʷʟʫʚʘʣʴʥʠʭ ʨʽʚʥʷʥʥʷʭ (3.20) ʧʦʪʨʽʙʥʦ ʧʦʢʣʘʩʪʠ p=v . ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʦʮʝʩ ʚʠʧʠʥʘʥʥʷ ʥʘʙʫʚʘʻ ʽʥʰʠʡ ʭʘʨʘʢʪʝʨ. ʈʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʥʘ 

ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ ʜʦʪʠʯʥʘ ʜʦ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʚʝʨʪʠʢʘʣʴʥʘ (0 2Su u p+ = ), ʘ ʢʫʪ 

 ̄

 
a, ʤ 

ʂʨʠʪʠʯʥʘ 

ʩʠʣʘ 

( )ʢʨ

zF S  

ʥʘ ʢʽʥʮʽ 

Ss= , 

ʢʅ 

ɽʢʩʪʨʝʤʫʤ 

ʦʩʴʦʚʦʾ 

ʩʠʣʠ 

( / 2)ʝʢʩ

zF S

ʢʅ 

ʌʫʥʢʮʽʷ ʦʩʴʦʚʦʾ ʩʠʣʠ 

)(sFz , ʢʅ 

ʌʦʨʤʘ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ )(sv  

1 1 37,7 ī68,73 

 

 

 

 

2 0,5 8,120 
ī98,31 

  

3 0,25 ī35,4 
ī141,8 

  

4 0,1 ī127,5 ī233,9 

  

5 0,05 ī240,7 ī347,1 

  

6 0,03 ī362 ī469,1 
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ʦʭʦʧʣʝʥʥʷ ʜʫʛʠ ʢʦʣʦʚʦʾ ʘʨʢʠ ʩʪʘʥʦʚʠʪʴ o o o o o o o1 , 2 ,  10 , 20 , 40 , 60 , ³ 90. ʈʘʜʽʫʩ 

ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʜʦʨʽʚʥʶʻ 285=R  ʤ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ʆʩʦʙʣʠʚʘ ʚʣʘʩʪʠʚʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʾ ʧʦʚʝʜʽʥʢʠ ʮʠʭ ɹʂ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʷʢʱʦ ʾʾ ʜʦʚʞʠʥʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 10 ʤ, ʪʦ ʧʨʠ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʝʡʣʝʨʦʚʘ ʬʦʨʤʘ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʝʡʣʝʨʦʚʝ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 2 2( ) /ʢʨ

zF S EI Sp= . ɸʣʝ ʷʢʱʦ 

/ 2 (90 )Su p=  ʪʦ ʧʨʦʙʣʝʤʘ ʩʪʘʻ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʦʶ ʽ ʚʠʧʠʥʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʢʦʣʽ ʥʠʞʥʴʦʛʦ ʢʽʥʮʷ. ɹʽʣʴʰ ʪʦʛʦ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ( )ʢʨ

zF S  ʽ ʬʦʨʤʘ ʚʠʧʠʥʘʥʥʷ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʦʚʞʠʥʠ S ʽ ʣʠʰʝ 

ʪʨʦʭʠ ʟʤʽʥʶʪʁʴʩʷ ʟ ʚʘʨʽʶʚʘʥʥʷʤ a. ʎʝʡ ʬʘʢʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʥʘ 

ʤʘʡʞʝ ʚʝʨʪʠʢʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʩʠʣʘ ʧʨʠʪʠʩʥʝʥʥʷ (ʢʦʥʪʘʢʪʥʘ ʩʠʣʘ) ʢʦʣʦʥʠ ʜʦ 

ʩʪʽʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ ʥʝʟʥʘʯʥʘ. ʋ ʪʘʙʣʠʮʽ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʚʠʧʘʜʢʫ / 2 (90 )Su p= . ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʬʫʥʢʮʽʾ ( )ʢʨ

zF s  

ʤʘʡʞʝ ʦʜʥʘʢʦʚʘ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʽ ɹʂ ʚʠʷʚʣʷʶʪʴʩʷ ʩʪʠʩʥʫʪʠʤʠ ʚ ʚʫʟʴʢʽʡ 

ʚʝʨʪʠʢʘʣʴʥʡ̔ ʟʦʥʽ ʙʽʣʷ ʥʠʞʥʴʦʛʦ ʢʽʥʮʷ s S= . ʋ ʮʽʡ ʟʦʥʽ ʤʘʣʽ ʢʦʥʪʘʢʪʥʽ ʩʠʣʠ 

ʈʠʩʫʥʦʢ 3.7 ï ʉʭʝʤʘ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʝʢʚʘʪʦʨʽ 

ʪʦʨʦʜʾʘʣʴʥʦ ʾʩʚʝʨʜʣʦʚʠʥʠ 

( )ʢʨ

zF S  

Suu +0  

0u  
Su  

ʊʨʫʙʘ  

ʙʫʨʠʣʴʥʦ ʾʢʦʣʦʥʠ 
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( )ʢʦʥʪ

xf s  ʽ ʚʦʥʠ ʥʝ ʧʨʠʪʠʩʢʘʶʪʴ ɹʂ ʜʦ ʩʪʽʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʚʦʥʘ ʚʠʧʠʥʘʻ 

ʚʽʣʴʥʦ (ʨʠʩ. 3.8). 

 

ʊʘʙʣʠʮʷ 3.3 ī ʂʨʠʪʠʯʥʽ ʩʠʣʠ ( )ʢʨ

zF S  ʽ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ )(sv  ʜʣʷ ʚʠʧʘʜʢʫ 

S=450 ʤ, 
o

0 270=u , 
o90=Su  

o

0 360=+ Suu , 
310160.0 Ö=crP ʅ. 

 ̄

 
a, ʤ 

ʂʨʠʪʠʯʥʘ 

ʩʠʣʘ 

( )ʢʨ

zF S  

ʥʘ ʢʽʥʮʽ 

Ss= , 

 ʢʅ 

ʌʫʥʢʮʽʷ ʦʩʴʦʚʦʾ ʩʠʣʠ 

)(sFz , ʢʅ 

ʌʦʨʤʘ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ )(sv  

1 1 ī22,88 

  

2 0.5 ī23,99 

  

3 0,25 ī24,72 

  

4 0,1 ī25,23 

  

5 0,05 ī25,42 

  

6 0,03 ī25,49 
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3.5 ʌʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ 

ʢʦʣʦʚʽʡ ʩʚʝʨʜʣʦʚʠʥʽ. 

 

ʇʨʦʙʣʝʤʘ ʤʝʭʘʥʽʯʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ 

ʢʦʣʦʥ ʥʘʙʫʣʘ ʦʩʦʙʣʠʚʦʾ ʛʦʩʪʨʦʪʠ ʚ ʪʝʭʥʦʣʦʛʽʾ ʙʫʨʽʥʥʷ ʧʨʦʪʷʞʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʽʩʪʦʪʥʠʤʠ ʪʝʦʨʝʪʠʯʥʠʤʠ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. ʉʫʯʘʩʥʠʡ ʜʦʩʚʽʜ ʧʦʢʘʟʫʻ, ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, 

ʞʦʜʥʘ ʟ ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʝ ʧʨʦʙʫʨʶʻʪʴʩʷ ʙʝʟ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ. 

ɺʦʥʠ ʦʙʫʤʦʚʣʝʥʽ ʩʢʣʘʜʥʽʩʪʶ ʤʝʭʘʥʽʯʥʠʭ ʷʚʠʱ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʧʨʦʮʝʩ 

ʙʫʨʽʥʥʷ ʽ ʚʽʜʩʫʪʥʽʩʪʶ ʥʘʜʽʡʥʠʭ ʤʝʪʦʜʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʘʚʘʨʽʡʥʽ ʩʠʪʫʘʮʽʾ ʪʘ ʟʘʟʜʘʣʝʛʽʜʴ ʾʭ 

ʫʩʫʚʘʪʠ. ɺʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʱʦ ʧʨʦʙʣʝʤʘ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ ʢʘʥʘʣʽ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘʙʫʚʘʻ ʜʦʜʘʪʢʦʚʠʭ 

ʪʨʫʜʥʦʱʽʚ, ʱʦ ʚʠʧʣʠʚʘʶʪʴ ʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʥʪʝʛʨʫʚʘʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ ʟʽ ʟʤʽʥʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʩʽʻʾ ʜʦʚʞʠʥʠ ɹʂ. ʇʦʨʷʜ ʟ 

ʉʪ̔ʥʢʘ 
ʩʚʝʨʜʣʦʚʠʥʠ 

ɹʫʨʠʣʴʥʘ ʢʦʣʦʥʘ 
ʚ ʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ 

ʈʠʩʫʥʦʢ 3.8 ï ʌʦʨʤʘ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ 

ʦʧʫʢʣʦʤʫ ʩʝʛʤʝʥʪʽ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 
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ʮʠʤ ʧʨʦʙʣʝʤʘ ʦʪʨʠʤʫʻ ʫʩʢʣʘʜʥʝʥʥʷ, ʚʠʢʣʠʢʘʥʽ ʦʙʤʝʞʫʶʯʠʤʠ ʚ'ʷʟʷʤʠ, ʱʦ 

ʥʘʢʣʘʜʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʶ ʩʪʽʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ, ʽ ʚʧʣʠʚʦʤ ʢʦʥʪʘʢʪʥʠʭ ʩʠʣ, ʩʠʣ 

ʪʝʨʪʷ ʽ ʩʠʣ ʪʷʞʽʥʥʷ, ʱʦ ʟʤʽʥʶʶʪʴ ʩʚʦʶ ʦʨʽʻʥʪʘʮʽʶ ʚ ʤʽʨʫ ʟʤʽʥʠ ʢʫʪʘ ʥʘʭʠʣʫ 

ʝʣʝʤʝʥʪʘ ʢʦʣʦʥʠ. ʎʠʤʠ ʪʨʫʜʥʦʱʘʤʠ, ʷʢ ʟʘʟʥʘʯʘʻ Cunha [58], ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʽʜʩʫʪʥʽʩʪʴ ʫʟʛʦʜʞʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ ʤʽʞ ʩʦʙʦʶ ʽ 

ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʝʚʠʨʽʰʝʥʠʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʤʦʤʝʥʪʘʤʠ ʚ ʮʽʡ 

ʧʨʦʙʣʝʤʽ ʟʘʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʷʢʫ ʨʦʣʴ ʚ ʷʚʠʱʽ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚʽʜʽʛʨʘʻ 

ʬʘʢʪʦʨ ʩʠʣ ʪʝʨʪʷ ʽ ʷʢ ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʘʙʦ ʯʠʩʝʣʴʥʽʡ 

ʤʦʜʝʣʽ.  

ʇʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ, ʱʦ ʢʦʞʥʦʤʫ ʚʨʽʚʥʦʚʘʞʝʥʦʤʫ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ɹʂ ʧʝʨʝʜʫʻ ʾʾ ʩʪʘʮʽʦʥʘʨʥʝ ʦʩʴʦʚʝ ʢʦʚʟʘʥʥʷ, ʧʦʚ'ʷʟʘʥʝ ʟ 

ʚʠʢʦʥʘʥʥʷʤ ʩʧʫʩʢʦ-ʧʽʜʡʦʤʥʠʭ ʦʧʝʨʘʮʽʡ ʘʙʦ ʙʫʨʽʥʥʷ, ʱʦ  ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʚʠʥʠʢʥʝʥʥʷʤ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʪʝʨʪʷ (ʨʠʩ. 3.9). ʗʢ ʧʨʘʚʠʣʦ, ʢʦʝʬʽʮʽʻʥʪʠ 

ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʪʝʨʪʷ ʧʝʨʝʚʠʱʫʶʪʴ ʾʭ ʚʝʣʠʯʠʥʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʠ ʩʪʘʪʠʯʥʽʡ 

ʨʽʚʥʦʚʘʟʽ. ʂʨʽʤ ʪʦʛʦ ʟʘʟʚʠʯʘʡ ʟʘʟʥʘʯʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ 

ʧʝʚʥʠʤʠ ʢʽʥʮʝʚʠʤʠ ʧʦʟʜʦʚʞʥʽʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚʠʧʠʥʘʥʥʷ ɹʂ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟ ʜʫʞʝ ʤʘʣʠʤʠ ʧʦʧʝʨʝʯʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʰʚʠʜʢʦʩʪʽ ʧʦʧʝʨʝʯʥʦʛʦ ʚʠʧʠʥʘʥʥʷ (ʽ ʚʽʜʧʦʚʽʜʥʽ ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ ʪʝʨʪʷ) ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʣʘʤʠ ʦʩʴʦʚʦʛʦ ʨʫʭʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʡʥʷʪʽ ʨʽʚʥʠʤʠ ʥʫʣʶ. ʊʦʜʽ 

ʚʩʽ ʩʠʣʠ ʪʝʨʪʷ ʻ ʦʩʴʦʚʠʤʠ ʽ ʦʨʽʻʥʪʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʧʨʦʪʠ ʭʦʜʫ ʨʫʭʫ). 

ʇʨʠ ʮʴʦʤʫ ɹʂ ʚʽʜʯʫʚʘʻ ʜʽʶ ʽʥʪʝʥʩʠʚʥʠʭ ʩʠʣ ʪʝʨʪʷ, ʦɦ ʟʜʘʪʥʽ ʯʠʥʠʪʠ 

ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʩʪʽʡʢʽʩʪʴ ʢʚʘʟʽʩʪʘʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ. ʊʦʤʫ ʚ ʮʴʦʤʫ 

ʩʪʘʥʽ ʙʽʬʫʨʢʘʮʽʡʥʝ ʚʠʧʠʥʘʥʥʷ ɹʂ ʧʦʚʠʥʥʦ ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ. 

ʇʦ-ʜʨʫʛʝ, ʟʘʚʜʷʢʠ ʟʘʟʥʘʯʝʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ ʬʦʨʤʫʚʘʥʥʷ ʩʠʣ ʪʝʨʪʷ, 

ʚʦʥʠ ʽ ʚʩʽ ʬʫʥʢʮʽʾ ʟʘʛʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ɹʂ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ.  

ʇʦ-ʪʨʝʪʻ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ ʬʫʥʢʮʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ 

ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʦʜʥʦʨʽʜʥʽ ʨʽʚʥʷʥʥʷ ʢʨʠʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ. ɰʭ 

ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʽ ʚʣʘʩʥʽ ʬʦʨʤʠ ʚʠʟʥʘʯʘʶʪʴ ʢʨʠʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ɹʂ ʚ 

ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʬʦʨʤʠ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ. 
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ʑʦʙ ʟʜʽʡʩʥʠʪʠ ʮʝʡ ʧʽʜʭʽʜ, ʥʝʦʙʭʽʜʥʦ ʚ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʛʦ 

ʟʛʠʥʘʥʥʷ (3.10) ʽ, ʚʽʜʧʦʚʽʜʥʦ, (3.22) ʜʦʜʘʪʠ ʩʠʣʠ ʪʝʨʪʷ 

 

ʪʝʨ ʢʦʥʪf fm¢ .     (3.22) 

 

ʉʣʽʜʫʶʯʠ ʮʠʤ ʨʽʚʥʷʥʥʷʤ, ʨʦʟʨʽʟʥʷʶʪʴ ʩʪʘʪʠʯʥʽ (ʤʽʞ ʥʝʨʫʭʦʤʠʤʠ 

ʪʽʣʘʤʠ) ʽ ʢʽʥʝʪʠʯʥʽ (ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʪʽʣ, ʱʦ ʢʦʚʟʘʶʪʴ ʦʜʠʥ ʧʦ ʦʜʥʦʤʫ) (ʨʠʩ.3. 

10). 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.9 ï ʉʭʝʤʘ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ 
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ʈʠʩʫʥʦʢ 3.10 ï ɼʽʘʛʨʘʤʘ ʪʝʨʪʷ ʂʫʣʦʥʘ 
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ʉʪʘʪʠʯʥʠʡ ʨʝʞʠʤ ʤʘʻ ʤʽʩʮʝ, ʢʦʣʠ ʨʫʰʽʡʥʘ ʩʠʣʘ ʥʝ ʤʦʞʝ ʧʦʜʦʣʘʪʠ ʦʧʽʨ 

ʩʠʣ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʥʝʨʫʭʦʤʠʤʠ ʪʽʣʘʤʠ, ʱʦ ʤʘʶʪʴ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʛʨ ʢʦʥʪf fm= . ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʛʨf  ʪʽʣʘ, ʱʦ 

ʢʦʥʪʘʢʪʫʶʪʴ ʧʦʯʠʥʘʶʪʴ ʢʦʚʟʘʪʠ ʦʜʠʥ ʧʦ ʦʜʥʦʤʫ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʢʽʥʝʪʠʯʥʦʛʦ 

ʪʝʨʪʷ, ʷʢʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʨʽʚʥʦʶ 

ʛʨf . ʂʨʽʤ ʪʦʛʦ ʚʝʢʪʦʨ ʪʝʨ
f  ʮʽʻʾ ʩʠʣʠ ʩʪʘʻ ʢʦʣʽʥʝʘʨʥʠʤ ʮʽʡ ʰʚʠʜʢʦʩʪʽ w  ʽ 

ʥʘʙʫʚʘʻ ʯʠʥʥʦʩʪʽ ʨʽʚʥʽʩʪʴ 

 

ʪʝʨ ʢʦʥʪm=-
w

f f
w

     (3.26) 

 

ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚʠʧʠʥʘʥʥʷ 

ɹʂ ʧʨʠ ʦʩʴʦʚʦʤʫ ʨʫʩʽ. ɼʽʡʩʥʦ, ʷʢʱʦ ʚʟʷʪʠ, ʱʦ ɹʂ ʨʫʭʘʻʪʴʩʷ ʫʟʜʦʚʞ ʩʚʦʻʾ ʦʩʽ 

ʟʽ ʰʚʠʜʢʽʩʪʶ 
zw  ʙʝʟ ʚʠʧʠʥʘʥʥʷ, ʪʦ ʩʠʣʠ ʪʝʨʪʷ ( )ʪʝʨ

zf s  ʩʧʨʷʤʦʚʘʥʽ ʫʟʜʦʚʞ ʮʽʻʾ 

ʰʚʠʜʢʦʩʪʽ ʚ ʧʨʦʪʠʣʝʞʥʫ ʩʪʦʨʦʥʫ ʽ ʧʦʧʝʨʝʯʥʘ ʢʦʤʧʦʥʝʥʪʘ ʮʠʭ ʩʠʣ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ. ʇʦʪʽʤ, ʢʦʣʠ ʜʦʩʷʛʘʻʪʴʩʷ ʽ ʪʨʦʭʠ ʧʝʨʝʚʠʱʝʥʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʦʩʴʦʚʦʾ ʩʠʣʠ ( )ʢʨ

zF s , ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʧʦʯʠʥʘʻ ʚʠʧʠʥʘʪʠ ʟ ʤʘʣʦʶ 

ʧʦʧʝʨʝʯʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʛʝʥʝʨʫʶʯʠ ʤʘʣʫ ʧʦʧʝʨʝʯʥʫ ʩʠʣʫ ʪʝʨʪʷ 

 

( ) ( ) ( ) /ʪʝʨ ʪʝʨ

y z y zf s f s w s wp= Ö     (3.27) 

 

ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʚʠʧʠʥʘʥʥʶ ɹʂ ʟʽ ʰʚʠʜʢʽʩʪʶ 
yw . 

ʇʨʠʡʤʝʤʦ, ʱʦ ʩʠʣʘ ʪʝʨʪʷ, ʷʢʘ ʚʠʥʠʢʣʘ (3.27) ʧʨʠʟʫʧʠʥʠʣʘ ʧʨʦʮʝʩ 

ʚʠʧʠʥʘʥʥʷ, ʘʣʝ ʪʦʜʽ ( ) 0yw s =  ʽ ʧʦʧʝʨʝʯʥʘ ʢʦʤʧʦʥʝʥʪʘ ʪʘʢʦʞ ( ) 0ʪʝʨ

yf s = . ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʾ ʩʠʣʠ ʚʠʷʚʣʷʻʪʴʩʷ ʧʝʨʝʚʠʱʝʥʠʤ 

(ʭʦʯʘ ʽ ʥʝʟʥʘʯʥʦ), ɹʂ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʩʪʽʡʢʦʶ ʽ ʟʥʦʚʫ ʧʦʯʠʥʘʻ ʚʠʧʠʥʘʪʠ, ʘʣʝ 

ʥʘ ʮʝʡ ʨʘʟ ʚʠʙʠʨʘʶʯʠ ʟʦʚʩʽʤ ʤʘʣʫ ʰʚʠʜʢʽʩʪʴ ( )yw s  ʚ ʨʽʚʥʷʥʥʽ (3.27), ʷʢʘ ʥʝ 

ʤʦʞʝ ʟʫʧʠʥʠʪʠ ʧʨʦʮʝʩ ʚʠʧʠʥʘʥʥʷ. ʊʦʤʫ, ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ ʷʢʱʦ ɹʂ 
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ʢʦʚʟʘʻ ʫʟʜʦʚʞ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʚ ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʪʦ ʚʥʫʪʨʽʰʥʷ ʦʩʴʦʚʘ ʩʠʣʘ 

( )zF s  ʪʨʦʭʠ ʧʝʨʝʚʠʱʫʻ ʟʥʘʡʜʝʥʫ ʢʨʠʪʠʯʥʫ ʦʩʴʦʚʫ ʩʠʣʫ ( )ʢʨ

zF s  ʽ ʚʧʣʠʚʦʤ 

ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʪʝʨʪʷ ( )ʪʝʨ

yf s , ʱʦ ʚʠʥʠʢʘʻ ʥʘ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʨʽʚʥʦʚʘʛʠ 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʩʠʣʘ ʪʝʨʪʷ ( )ʪʝʨ

zf s  ʚ 

ʢʦʞʥʽʡ ʪʦʯʮʽ ʦʩʽ ɹʂ ʢʦʣʽʥʝʘʨʥʘ ʦʨʪʫ k  ʽ ʾʾ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 

ʪʝʨ ʢʦʥʪ

z xf fm=° , ʜʝ ʟʥʘʢʠ "+", "ï" ʚʠʙʠʨʘʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʷʤʢʫ 

ʨʫʭʫ ɹʂ. ʊʦʜʽ ʚ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (2.29), (2.30) ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʠ ʨʽʚʥʷʥʥ ̫

ʨʽʚʥʦʚʘʛʠ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ 

 

           

/ ,

/ ,

/ ,

ʪʷʞ ʢʦʥʪ

x y z z y x x

ʪʷʞ

y z x x z y

gr ʪʝʨ

z x y y x z z

dF ds k F k F f f

dF ds k F k F f

dF ds k F k F f f

=- + - -

=- + -

=- + - -

   (3.28) 

 

ʽ ʨʽʚʥʷʥʥ ̫ʨʽʚʥʦʚʘʛʠ ʚʥʫʪʨʽʰʥʽʭ ʤʦʤʝʥʪʽʚ 

 

/ ,

/ ,

/ .

x y z z y y

y z x x z x

z x y y x

dM ds k M k M F

dM ds k M k M F

dM ds k M k M

=- + +

=- + -

=- +

    (3.29) 

 

ʇʨʠ ʮʴʦʤʫ ʽʥʰʽ ʨʽʚʥʷʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʜʽʣʫ ʟʙʝʨʽʛʘʶʪʴ ʩʠʣʫ. ʊʝʧʝʨ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʚʝʜʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʫʭʦʤʦʛʦ ʪʨʽʝʜʨʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ 

ʘʥʘʣʦʛ ʚʝʢʪʦʨʘ ɼʘʨʙʫ, ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʧʝʨʝʧʠʩʘʪʠ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ 

(2.29) ʚ ʬʦʨʤʽ 

 

x y x z z xF EIk EIk k M k¡=- - + .   (3.30) 

 

ʽ ʧʨʝʜʩʪʘʚʠʪʠ ʚʠʨʘʟ ʢʦʥʪʘʢʪʥʦʾ ʩʠʣʠ 
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( )ʢʦʥʪ ʪʷʞ

x y x z x z z x y z z y xf EI k k k k k M k k F k F f¡¡ ¡ ¡ ¡= + + + - + - (3.31) 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʠʩʪʝʤʘ (3.28), (3.29) ʨʝʜʫʢʫʻʪʴʩʷ ʜʦ ʪʨʴʦʭ ʨʽʚʥʷʥʴ 

ʨʽʚʥʦʚʘʛʠ 

 

2 ,

,

1
.

y ʪʷʞ

x z z x z y z z x y

ʪʷʞ ʪʝʨz
x x y y z z

x z
y y z y

dF
EIk k M k k EIk k F k f

ds

dF
EIk k EIk k f f

ds

dk M
k k k F

ds EI EI

¡= - + + -

¡ ¡=- - - -

=- + +

  (3.32) 

 

ɺʦʥʘ ʜʦʧʦʚʥʶʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʧʦʚʝʨʭʥʽ ʪʘ ʩʫʧʫʪʥʽʤʠ ʾʤ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ. ʅʘʚʝʜʝʤʦ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʪʦʨʘ 

 

sin ,X a v=    (1 cos ),Y R u= -     sin sin cosZ R u a u v= +   (3.33) 

 

ɿ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʯʠʩʣʶʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ 

ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʽ ʛʦʣʦʚʥʽ ʢʨʠʚʠʟʥʠ 

 

2 2

11 12 22

11 12 22

1 2

( cos ) ,                 0,        ,

( cos )cos ,         0,        ,

cos/ ( cos ),           1 /

a R v a a a

b R a v v b b a

k R a v k a

= + = =

= + = =

= + =

  (3.34) 

 

ɻʝʦʜʝʟʠʯʥʘ ʢʨʠʚʠʟʥʘ ʛʝʦʜ

xk k=  ʦʙʯʠʩʣʶʻʪʴʩʷ ʪʘʢ 

 

2 21 ( )
( cos ) sin

( cos )

ʛʝʦʜ

x

a v
k k a R a v u v v u vu

a R a v

¡è ø+
¡¡ ¡ ¡¡ ¡ ¡= =- + - -é ù

+ê ú
 (3.35) 

 

ʘ ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ ʢʨʠʚʠʟʥʠ ʥʦʨʤ

yk k=  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ 
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2 2
21 ( )

cos ( )
cos

ʥʦʨʤ y a v
k k v a v

R a v

¡-
¡= = +

+
.   (3.36) 

 

ʂʫʪ q ʤʽʞ ʥʘʧʨʷʤʘʤʠ ʜʦʪʠʯʥʠʭ ʜʦ ʣʽʥʽʡ L  ʽ u  ʟʘʜʘʻʪʴʩʷ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

 

sin avq ¡= ,   cos ( cos )R a v uq ¡= +  

 

ʊʫʪ u¡ ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

  

2(1 ( )
/

cos

a v
u du ds

R a v

¡-
¡= =°

+
.    (3.37) 

 

ʊʝʧʝʨ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʩʬʦʨʤʫʚʘʪʠ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʛʦ 

ʟʛʠʥʘʥʥʷ ɹʂ ʚ ʧʦʨʦʞʥʠʥʽ ʪʦʨʦʾʜʘʣʴʥʦʛʦ ʢʘʥʘʣʫ 

 

2

2 2

(sin sin cos cos sin ),

( sin sin sin cos sin ),

1
,

,

( ) 1 1 ( )
sin

( cos ) ( cos )

y ʪʷʞ

x z z x z y z x z

ʪʷʞz
x x y y

x z
y y z y

x

dF
EIk k M k k EIk k k F f u v u

ds

dF
EIk k EIk k f u v u

ds

dk M
k k k F

ds EI EI

dv
v

ds

d v a v u v
k v

ds a R a v u a R a v

q q

q q

¡= - + + - +

¡ ¡=- - - - +

=- + +

¡=

¡ ¡ ¡¡ ¡+
= - +

¡+ +

2 2

   

,

1 ( )
.

( cos )

u

a vdu

ds R a v

ë
î
î
î
î
î
î
îî
ì
î
î
î
î

¡
î
î ¡-
î =

+îí

(3.38) 

 

ʎʷ ʩʠʩʪʝʤʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʷʢʽ ʟʘʜʘʶʪʴ ʟʦʚʥʽʰʥʶ 

ʦʩʴʦʚʫ ʩʠʣʫ ʽ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 
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ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʫʞʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ɹʂ ʚ ʢʦʣʦʚʦʤʫ ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʇʨʠʡʤʝʤʦ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ɹʂ ʤʦʞʝ ʟʛʠʥʘʪʠʩʷ ʽ ʧʨʠʡʤʘʪʠ ʥʦʚʽ 

ʜʝʬʦʨʤʦʚʘʥʽ ʬʦʨʤʠ ʟʘʣʠʰʘʶʯʠʩʴ ʚ ʢʦʥʪʘʢʪʽ ʟ ʧʦʚʝʨʭʥʝʶ ʩʚʝʨʜʣʦʚʠʥʠ ʧʦ 

ʚʩʽʡ ʾʾ ʜʦʚʞʠʥʽ. ʗʢʱʦ ʧʨʦʪʷʛʦʤ ʮʽʻʾ ʬʦʨʤʦʟʤʽʥʠ ʤʘʣʠʤ ʧʨʠʨʦʩʪʘʤ ʟʦʚʥʽʰʥʽʭ 

ʩʠʣʦʚʠʭ ʟʙʫʨʝʥʴ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʣʽ ʧʨʫʞʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ɹʂ, ʪʦ ʩʪʘʥ 

ʨʽʚʥʦʚʘʛʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʻ ʩʪʽʡʢʠʤ. ɺ ʦʢʦʣʽ ʮʴʦʛʦ ʩʪʘʥʫ ʣʽʥʽʡʥʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʦʪʨʠʤʘʥʽ ʟ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ (3.38) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʮʝʜʫʨʠ ʣʽʥʝʘʨʠʟʘʮʽʾ, ʥʝ ʚʠʨʦʜʞʝʥʽ ʽ ʤʘʶʪʴ ʪʽʣʴʢʠ ʦʜʠʥ ʨʦʟʚôʷʟʦʢ. ʆʜʥʘʢ 

ʷʢʱʦ ʟʦʚʥʽʰʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʜʦʚʞʫʶʪʴ ʟʙʽʣʴʰʫʚʘʪʠʩʷ, ʢʦʝʬʽʮʽʻʥʪʠ 

ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʧʨʦʜʦʚʞʫʶʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʽ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ 

ʪʘʢʦʞ ʩʪʘʥ, ʢʦʣʠ ʮʽ ʨʽʚʥʷʥʥʷ ʩʪʘʶʪʴ ʚʠʨʦʜʞʝʥʠʤʠ ʽ ʥʘʙʫʚʘʶʪʴ ʜʦʜʘʪʢʦʚʽ 

(ʙʽʬʫʨʢʘʮʽʡʥʽ) ʨʦʟʚôʷʟʢʠ ʧʦʨʷʜ ʟ ʚʠʭʽʜʥʠʤʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʦʩʷʛʥʫʪʠʡ ʩʪʘʥ 

ʻ ʢʨʠʪʠʯʥʠʤ (ʥʝʩʪʽʡʢʠʤ), ʘ ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʨʦʟʚôʷʟʦʢ ʧʨʝʜʩʪʘʚʣʷʻ ʬʦʨʤʫ 

ʚʠʧʠʥʘʥʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʥʝʣʽʥʽʡʥʦʾ ʧʨʦʙʣʝʤʠ, ʧʦʩʪʘʚʣʝʥʦʾ ʜʣʷ ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ 

ʢʨʫʛʦʚʦʤʫ ʢʘʥʘʣʽ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʜʦʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ ʪʨʫʙʘ ʥʝ ʟʤʽʥʶʻ 

ʩʚʦʶ ʬʦʨʤʫ ʽ ʪʦʤʫ ʢʦʝʬʽʮʽʻʥʪʠ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ 

ʟʤʽʥʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʧʦʩʪʫʧʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʦʩʴʦʚʦʾ ʩʠʣʠ ( )zF s  ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʩʠʣ ʪʝʨʪʷ. ʇʨʠ ʮʴʦʤʫ ʧʦʩʪʘʚʣʝʥʘ 

ʟʘʜʘʯʘ ʘʥʘʣʦʛʽʯʥʘ ʟʘʜʘʯʽ ʝʡʣʝʨʦʚʦʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʩʪʨʠʞʥʷ ʽ 

ʚʠʷʚʣʷʻʪʴʩʷ ʧʦʚ'ʷʟʘʥʦʶ ʟ ʧʦʰʫʢʦʤ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ʽ ʧʦʙʫʜʦʚʦʶ ʚʣʘʩʥʠʭ 

ʬʦʨʤ. 

ʑʦʙ ʟʥʘʡʪʠ ʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʧʦ ʜʥʫ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʩʠʩʪʝʤʘ (3.38) ʤʘʻ ʙʫʪʠ ʣʽʥʝʘʨʠʟʦʚʘʥʘ ʚ ʦʢʦʣʽ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʩʪʘʥʫ ʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʾʾ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ. ʇʨʠ ʟʘʜʘʥʦʤʫ 

ʦʩʴʦʚʦʤʫ ʨʫʩʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʾʾ ʫʤʦʚʠ ʢʚʘʟʽʩʪʘʪʠʢʠ 

ʽ ʢʽʥʝʤʘʪʠʢʠ: ( )z zF S F= , )/(
0

aRSuu ++= , 1/ ( )u R a¡= + , 0u¡¡= , 0v= , 0v¡= , 

0v¡¡= , 0xk = , 1/ ( )yk R a= + , 0zk = . ʇʨʠ ʙʽʬʫʨʢʘʮʽʡʥʽʡ ʜʝʬʦʨʤʘʮʽʾ 
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ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʥʘʙʫʚʘʶʪʴ ʤʘʣʽ ʚʘʨʽʘʮʽʾ vd , 
xkd , 

yFd . ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʙʯʠʩʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 
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ì
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î +
î
î =
îí

 (3.39) 

 

ʱʦ ʚʠʧʣʠʚʘʻ ʟ ʩʠʩʪʝʤʠ (3.38) ʧʽʩʣʷ ʚʨʘʭʫʚʘʥʥʷ ʨʽʚʥʦʩʪʽ 0ud= , 0ykd = , 

0zFd = .  

ʂʦʝʬʽʮʽʻʥʪ ( )zF s  ʚ ʧʝʨʰʦʤʫ ʨʽʚʥʷʥʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (3.38). ɺʦʥʠ ʟʚʦʜʷʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ  

 

.ʪʷʞ ʪʝʨ ʪʷʞ ʢʦʥʪz
z z

dF
f f f f

ds
m=- - =- °    (3.40) 

  

ʊʫʪ ʟʥʘʢʠ ° ʚʠʙʠʨʘʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʩʧʫʩʢʦ-ʧʽʜʡʦʤʥʦʾ 

ʦʧʝʨʘʮʽʾ ɹʂ, ʘ ʢʦʥʪʘʢʪʥʘ ʩʠʣʘ ʢʦʥʪf  ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʝʨʰʦʛʦ 

ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (3.38) ʚ ʬʦʨʤʽ 

 

1 1
sinʢʦʥʪ ʪʷʞ ʪʷʞ

z x zf F f F f u
R a R a

=- - =- +
+ +

   (3.41) 

  

ʇʽʜʩʪʘʚʣʷʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.41) ʚ (3.40), ʦʪʨʠʤʘʻʤʦ ʣʽʥʽʡʥʝ 

ʟʚʠʯʘʡʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 
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( ) cos ( ) sinʪʷʞ ʪʷʞz
z

dF
F R a f u R a f u

du
m m° =- + ° +   (3.42) 

  

ʅʝʭʘʡ u U= , s S= , ʪʦʜʽ 

  

2

2

( )
( ) 2 (cos cos ) (1 )(sin sin ) ( )

1

ʪʷʞ

z z

R a f
F u u U u U F Um m

m

+
è ø= ° - - - - +ê ú+

, (3.43) 

 

ʜʝ ( )zF U  ʷʚʣʷʻ ʩʦʙʦʶ ʩʪʠʩʢʘʶʯʫ ʩʠʣʫ, ʧʨʠʢʣʘʜʝʥʫ ʜʦ ʥʠʞʥʴʦʛʦ ʢʽʥʮʷ U u= . 

ʊʫʪ U  - ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪʠ u  ʥʘ ʢʽʥʮʽ s S= . 

ʏʦʪʠʨʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʥ ̫ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ (3.39) ʝʢʚʽʚʘʣʝʥʪʥʽ 

ʦʜʥʦʤʫ ʦʜʥʦʨʽʜʥʦʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʶ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ 
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  (3.44) 

 

ɺʦʥʦ ʦʪʨʠʤʘʥʝ ʥʘ ʦʩʥʦʚʽ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʠ ʚʠʧʠʥʘʥʥʽ ʬʨʠʢʮʽʡʥʘ 

ʩʠʣʘ ʪʝʨf  ʥʘʧʨʘʚʣʝʥʘ ʫʟʜʦʚʞ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ɹʂ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʥʫ 

ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ɹʂ ʥʝʦʙʭʽʜʥʦ ʬʦʨʤʫʣʶʚʘʪʠ ʟʘʜʘʯʫ ʐʪʫʨʤʘ-

ʃʦʫʚʽʣʣʷ (ʟʘʜʘʯʫ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ) ʜʣʷ ʨʽʚʥʷʥʥʷ (3.44). ʇʦʩʪʘʥʦʚʢʘ ʮʽʻʾ 

ʟʘʜʘʯʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʪʘ ʧʦʙʫʜʦʚʽ 

ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ. ɽʣʝʤʝʥʪʠ ʮʽʻʾ ʤʘʪʨʠʮʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʥʦʞʥʠʢʘ ( )zF s  ʧʝʨʝʜ ʰʫʢʘʥʦʶ ʚʝʣʠʯʠʥʦʶ vd  ʚ ʨʽʚʥʷʥʥʽ 

(3.44), ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʩʠʣʠ ( )zF U  ʥʘ ʢʨʘʶ u U=  ʽ 

ʨʦʟʧʦʜʽʣʝʥʦ  ʁʩʠʣʦ  ʁʪʝʨʪʷ ʚ ʨʽʚʥʷʥʥʽ (3.43). ʊʦʜʽ ʢʨʠʪʠʯʥʝ (ʙʽʬʫʨʢʘʮʽʡʥʝ ʘʙʦ 

ʚʣʘʩʥʝ) ʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ ( )zF U , ʱʦ ʧʨʠʢʣʘʜʝʥʘ ʥʘ ʢʨʘʶ  u U=  

(ʪʦʙʪʦ s S= ) ʟʥʘʭʦʜʠʪʴʩʷ ʾʾ ʧʝʨʝʙʦʨʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʧʨʦʙ ʽ 

ʧʦʤʠʣʦʢ. 
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ʇʨʠʤʽʪʥʦ, ʱʦ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ( )zM s  ʥʝ ʧʨʠʩʫʪʥʽʡ ʚ ʨʽʚʥʷʥʥʽ (3.44). ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʢʨʠʪʠʯʥʽ ʩʪʘʥʠ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʢʦʣʦʚʦʛʦ 

ʦʙʨʠʩʫ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ( )zM s  (ʪʦʯʥʦ ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʚ ʨʘʟʽ 

ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʜʠʚ. ʨʦʟʜʽʣ .2). 

 

3.6 ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚ 

ʢʘʥʘʣʽ ʢʦʣʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 

 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʧʦʣʷʛʘʻ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʩʠʣ ʪʝʨʪʷ 

ʥʘ ʩʪʽʡʢʽʩʪʴ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʦʙʨʘʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʩʚʝʨʜʣʦʚʠʥʘ ʢʦʣʦʚʦʛʦ 

ʦʙʨʠʩʫ ʻ ʧʨʦʩʪʦʶ ʢʨʠʚʦʣʽʥʽʡʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʶ. ʎʝʡ ʧʨʠʢʣʘʜ ʜʦʟʚʦʣʷʻ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʩʥʦʚʥʫ ʦʩʦʙʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʧʠʥʘʥʥʷ ʚ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʘʥʘʣʘʭ. ɺʦʥʘ ʧʦʣʷʛʘʻ ʚ ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʪʠ ʣʦʢʘʣʽʟʦʚʘʥʽ 

ʙʽʬʫʨʢʘʮʽʡʥʽ ʚʝʡʚʣʝʪʠ ʚ ʥʘʡʙʽʣʴʰ ʥʝʩʧʦʜʽʚʘʥʠʭ ʤʽʩʮʷʭ ʢʘʥʘʣʫ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɼʦʜʘʪʢʦʚʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʥʦʩʠʪʴʩʷ ʚ ʨʦʟʛʣʷʥʫʪʫ ʩʠʪʫʘʮʽʶ ʚʧʣʠʚʦʤ ʩʠʣ 

ʪʝʨʪʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʩʧʫʩʢʦ-ʧʽʜʡʦʤʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʇʨʠʡʥʷʪʦ, ʱʦ ʨʫʭ ʻ ʧʦʚʽʣʴʥʠʤ ʽ ʩʠʣʘʤʠ ʽʥʝʨʮʽʾ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʊʦʜʽ ɹʂ 

ʤʦʞʝ ʙʫʪʠ ʯʘʩʪʢʦʚʦ ʩʪʠʩʥʫʪʘ ʯʘʩʪʢʦʚʦ ʨʦʟʪʷʛʥʫʪʘ ʟʤʽʥʥʠʤʠ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʩʠʣʘʤʠ ( )ʪʷʞf s , ʟʤʽʥʥʠʤʠ ʩʠʣʘʤʠ ʪʝʨʪʷ ( )ʪʝʨf s  ʽ ʦʩʴʦʚʦʶ ʩʠʣʦʶ ( )zF U  

ʧʨʠʢʣʘʜʝʥʦʾ ʥʘ ʢʨʘʶ s S=  ʟ ʢʫʪʦʚʦʶ ʢʦʦʨʜʠʥʘʪʦʶ u U= . ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʨʽʚʥʷʥʥʷ (3.44) ʥʝ ʤʦʞʝ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʠʤ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʑʦʙ ʟʥʘʡʪʠ ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʩʪʘʥ ɹʂ ʨʽʚʥʷʥʥʷ (3.44) ʙʫʣʦ 

ʘʣʛʝʙʨʘʾʟʦʚʘʥʦ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʨʘʡʦʚʦʾ 

ʩʠʣʠ ( )zF U  ʽ ʩʪʘʥʠ, ʚ ʷʢʠʭ ʤʘʪʨʠʮʷ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʩʪʘʚʘʣʘ 

ʚʠʨʦʜʞʝʥʦʶ, ʚʚʘʞʘʣʠʩʷ ʢʨʠʪʠʯʥʠʤʠ. ʋ ʮʠʭ ʩʪʘʥʘʭ ʙʫʜʫʚʘʣʠʩʷ ʚʣʘʩʥʽ 

ʬʫʥʢʮʽʾ ( )ʢʨ

zF s  ʽ ʚʣʘʩʥʽ ʤʦʜʠ ( )v sd  ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ ɹʂ. 
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ʋ ʧʝʨʝʨʘʭʦʚʘʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʜʽʘʧʘʟʦʥ 0 s S¢ ¢ ʨʦʟʙʠʚʘʚʩʷ ʥʘ 500 

ʢʽʥʮʝʚʦ-ʨʽʟʥʠʮʝʚʠʭ ʜʽʣʷʥʦʢ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʠʥʘʥʥʷ ʪʝʩʪʫʚʘʣʠʩʷ ʟ ʧʦʜʚʦʻʥʠʤ 

ʯʠʩʣʦʤ ʟʚʠʯʘʡʥʦ-ʨʽʟʥʠʮʝʚʠʭ ʧʦʜʽʣʽʚ. ʇʝʨʝʚʽʨʢʘ ʧʽʜʪʚʝʨʜʠʣʘ ʜʦʩʪʘʪʥʶ 

ʪʦʯʥʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

 

 

 

 

 

 

 

 

 

 

 

 

 ʑʦʙ ʧʨʦʩʪʝʞʠʪʠ ʟʘ ʚʧʣʠʚʦʤ ʩʠʣ ʪʝʨʪʷ ʥʘ ʧʨʦʮʝʩ ʚʠʧʠʥʘʥʥʷ, 

ʦʙʯʠʩʣʝʥʥʷ ʚ ʢʦʞʥʦʤʫ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʨʠʢʣʘʜʽ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʝʟʬʨʠʢʮʽʡʥʦʾ ʽ ʬʨʠʢʮʽʡʥʦʾ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ. ʅʘ ʨʠʩ. 3.11 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʛʝʦʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ɹʂ, ʱʦ ʣʝʞʠʪʴ ʚʩʝʨʝʜʠʥʽ ʥʠʞʥʴʦʾ ʯʚʝʨʪʽ ʢʦʣʦʚʦʛʦ ʢʘʥʘʣʫ. 

ʅʘ ʡʦʛʦ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ ʚʽʩʴ ɹʂ ʜʦʪʠʯʥʘ ʜʦ ʛʦʨʠʟʦʥʪʘʣʽ, ʧʨʠ ʮʴʦʤʫ ʢʫʪ 

ʦʭʦʧʣʝʥʥʷ ʜʫʛʠ ʩʚʝʨʜʣʦʚʠʥʠ ʩʪʘʥʦʚʠʪʴ 0U uj= -, ʘ ʧʦʣʦʞʝʥʥʷ ʚʝʨʭʥʴʦʛʦ 

ʢ̔ ʥʮʷ 0s=  ʚʘʨʽʶʚʘʣʦʩʴ. ɹʂ ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʦʙʦʭ ʢʽʥʮʷʭ, 

ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʚʝʣʠʯʠʥʠ ʜʦʚʞʠʥʠ S ɹʂ, ʨʘʜʽʫʩʘ R ʤʽʞʪʨʫʙʥʦʛʦ 

ʟʘʟʦʨʫ a  ʽ ʬʨʠʢʮʽʡʥʦʾ ʩʠʣʠ ʪʝʨf  ʥʘ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ( )ʢʨ

zF U  ʧʨʠ ʥʘʩʪʫʧʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ: 112,1 10E= Ö  ʇʘ, 37,8 10ʩʪg = Öʢʛ/ʤ
3
, 

31,3 10ʨʽʜg = Ö  ʢʛ/ʤ
3
, 1 0,1683d =  ʤ, 2 0,1483d =  ʤ, 0,2m= . ʂʦʞʝʥ ʧʨʠʢʣʘʜ ʙʫʚ 

ʜʦʩʣʽʜʞʝʥʠʡ ʜʣʷ ʚʠʧʘʜʢʽʚ 0ʪʝʨf =  ʽ 0ʪʝʨf ¸  ʽ ʟʥʘʯʝʥʥʷʭ ʤʽʞʪʨʫʙʥʦʛʦ ʟʘʟʦʨʫ 

a=0,5, 0,1, 0,05, 0,03 ʤ.  ʍʦʯʘ ʚʠʢʦʨʠʩʪʘʥʝ ʪʫʪ ʧʝʨʰʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ a  ʚ 

ʈʦʟʧʦʜʽʣʝʥʽ 

ʩʠʣʠ ʪʝʨʪʷ s = S 

(0)zF   

( )zF S   

ʅʘʧʨʷʤʦʢ  

ʨʫʭʫ ɹʂ 

ű 

s = 0 

ʈʠʩʫʥʦʢ 3.11 ï ʉʭʝʤʘ ʢʦʣʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ɹʂ 
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ʧʨʘʢʪʠʮʽ ʙʫʨʽʥʥʷ ʥʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ, ʚʦʥʦ ʙʫʣʘ ʚʢʣʶʯʝʥʝ ʜʦ  ʘʥʘʣʽʟʫ, ʱʦʙ 

ʧʨʦʩʪʝʞʠʪʠ ʟʘ ʪʝʥʜʝʥʮʽʻʶ ʝʚʦʣʶʮʽʾ ʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ ʟ ʚʘʨʽʶʚʘʥʥʷʤ ʟʘʟʦʨʫ 

a . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʦʚʝʨʭʥʷ 
ʩʚʝʨʜʣʦʚʠʥʠ 

a 

ʙ 

ʈʠʩʫʥʦʢ 3.12 ï ɼʝʬʦʨʤʫʚʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʫ ʢʨʫʛʦʚʦʤʫ 

ʢʘʥʘʣʽ ʧʦʭʠʣʦ ʾʩʚʝʨʜʣʦʚʠʥʠ: ʘ ï ʙʝʟʬʨʠʢʮʽʡʥʘ ʤʦʜʝʣʴ ʥʝʨʫʭʦʤʦ ʾ

ɹʂ;  

ʙ - ʤʦʜʝʣʴ ʨʫʭʦʤʦ ʾɹʂ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣʠ ʪʝʨʪʷ 

ʊʨʫʙʘ ɹʂ 
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ʊʘʙʣʠʮʷ 3.3 ī ʌʫʥʢʮʽʾ ʢʨʠʪʠʯʥʦʾ ʩʠʣʠ ( )ʢʨ

zF s  ʽ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ ( )v sd  

ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʜʣʷ ʚʠʧʘʜʢʫ S=1200 ʤ, R=1146  ʤ, ű=60Ü 

 ̄

 

a , 

ʤ 

ʉʠʣʘ 

ʪʝʨʪʷ 

ʌʫʥʢʮʽʷ ʢʨʠʪʠʯʥʦʾ ʦʩʴʦʚʦʾ 

ʩʠʣʠ 

( )ʢʨ

zF s , ʢʅ 

ʌʦʨʤʘ ( )v sd  ʚʪʨʘʪʠ  

ʩʪʽʡʢʦʩʪʽ 

1 0,5 

0ʪʝʨf =
 

  

0ʪʝʨf ¸  

2 0,1 

0ʪʝʨf =  

  

0ʪʝʨf ¸  

3 0,05 

0ʪʝʨf =  

  

0ʪʝʨf ¸  

4 0,03 

0ʪʝʨf =  

  

0ʪʝʨf ¸  

 

0 400 800 1200 

0 400 800 1200 

0 400 800 1200 

0 400 800 1200 

0 400 800  

0 400 800 1200 

0 400 800 1200 

0 400 800 1200 

s,ʤ 

v  

0 400 800 1200 

-400 

0 

400 
ī445,2 ( )ʢʨ

zF s = ī417,26 

0 400 800 1200 

-400 

0 

400 
( )ʢʨ

zF s = ī469,2 

ī331,6 

0 400 800 1200 

-400 

0 

400 
( )ʢʨ

zF s = ī303,6 

0 400 800 1200 

-400 

0 

400 
)(sF cr

z
= ī347,1 

0 400 800 1200 

-400 

0 

400 

ī224,9 ( )ʢʨ

zF s = ī196,9 

0 400 800 1200 

-400 

0 

400 
( )ʢʨ

zF s = ī234,0 

( )ʢʨ

zF s = ī66,02 

0 400 800 1200 

-400 

0 

400 
ī93,97 

0 400 800 1200 

-400 

0 

400 
ʢʨ

zF  

s,ʤ 

( )ʢʨ

zF s = ī98,33 
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ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʩʚʽʜʯʘʪʴ, ʱʦ ʷʢʱʦ ɹʂ ʤʘʻ ʤʘʣʫ ʜʦʚʞʠʥʫ, ʘ ʟʘʟʦʨ 

a  ʥʝ ʤʘʣʠʡ ʽ ʨʘʜʽʫʩ R ʚʝʣʠʢʠʡ, ʪʦ ɹʂ ʚʠʧʠʥʘʻ ʟʘ ʩʮʝʥʘʨʽʻʤ ʝʡʣʝʨʦʚʦʾ ʙʘʣʢʠ 

ʧʽʜ ʜʽʻʶ ʦʩʴʦʚʦʾ ʢʨʠʪʠʯʥʦʾ ʩʠʣʠ 2 2/ʢʨP EI Sp=  ʽ ʩʠʣʘ ʪʝʨʪʷ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʧʨʦʮʝʩ. ʆʜʥʘʢ ʩʠʪʫʘʮʽʷ ʟʘʟʥʘʻ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʜʦʚʞʠʥʠ S ʽ ʢʫʪʘ j ʚ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ɹʂ ʩʪʘʻ ʜʦʚʰʦʶ, ʚ ʩʠʩʪʝʤʽ ʧʦʯʠʥʘʶʪʴ 

ʧʨʦʷʚʣʷʪʠʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʭ ʩʪʨʫʢʪʫʨ. ʇʨʠ ʮʴʦʤʫ ʟʦʥʘ 

ʚʠʧʠʥʘʥʥʷ ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʤ ʯʠʥʦʤ ʫ ʚʠʛʣʷʜʽ ʢʦʨʦʪʢʠʭ ʭʚʠʣʴ 

ʚ ʢʨʘʡʦʚʽʡ ʟʦʥʽ ɹʂ (ʜʠʚ. ʨʠʩ. 3.12ʘ ʜʣʷ ʙʝʟʬʨʠʢʮʡ̔ʥʦʾ ʤʦʜʝʣʽ) ʘʙʦ ʫ 

ʚʥʫʪʨʽʰʥʽʡ ʟʦʥʽ ɹʂ ʚ ʷʢʠʭ ʩʪʠʩʢʘʶʯʘ ʦʩʴʦʚʘ ʩʠʣʘ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

(ʜʠʚ. ʨʠʩ. 3.121ʙ ʜʣʷ ʚʠʧʘʜʢʫ ʚʨʘʭʫʚʘʥʥʷ ʩʠʣ ʪʝʨʪʷ). ʋ ʪʝʦʨʽʾ ʭʚʠʣʴ ʪʘʢʽ 

ʬʦʨʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʭʚʠʣʴʦʚʠʤʠ ʧʘʢʝʪʘʤʠ, ʘ ʚ ʧʨʠʢʣʘʜʥʽʡ ʤʘʪʝʤʘʪʠʮʽ ʚʦʥʠ 

ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʛʘʨʤʦʥʽʡʥʠʭ ʚʝʡʚʣʝʪʽʚ. 

ʋ ʪʘʙʣʠʮʽ 3.4 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ɹʂ ʜʦʚʞʠʥʦʶ 1200 ʤ 

ʚʩʪʘʚʣʝʥʦʾ ʚ ʢʦʣʦʚʫ ʩʚʝʨʜʣʦʚʠʥʫ ʨʘʜʽʫʩʦʤ R=1146 ʤ. ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʢʫʪ 

ʦʭʦʧʣʝʥʥʷ ʜʫʛʠ ʩʚʝʨʜʣʦʚʠʥʠ ʩʪʘʥʦʚʠʪʴ 60j= . ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʭʘʨʘʢʪʝʨ 

ʚʠʧʠʥʘʥʥʷ ɹʂ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʩʠʣʠ ʽ ʧʦʣʦʞʝʥʥʷ ʾʾ 

ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʘʢ, ʷʢʱʦ 0,5a= ʤ ʽ 0ʪʝʨf = , ʪʦ ɹʂ ʨʦʟʪʛ̫ʥʝʥʘ ʚ 

ʚʝʨʭʥʽʡ ʟʦʥʽ ʚ ʦʢʦʣʽ 0S= ʤ ʽ ʩʪʠʩʥʫʪʘ ʚ ʾʾ ʥʠʞʥʽʡ ʟʦʥʽ ʚ ʦʢʦʣʽ s S= . ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ( ) 98.33ʢʨ

zF S =- ʢʅ, ʩʬʦʨʤʦʚʘʥʝ ʥʘ ʢʨʘʶ s S= , ʻ 

ʥʘʡʙʽʣʴʰʦʶ ʩʪʠʩʢʘʶʯʦʶ ʩʠʣʦʶ ʜʣʷ ʚʩʴʦʛʦ ʽʥʪʝʨʚʘʣʫ 0 s S¢ ¢ ʪʦʤʫ 

ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʚʝʡʚʣʝʪ ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʚ ʢʨʘʡʦʚʽʡ ʟʦʥʽ, ʧʽʜʪʚʝʨʜʞʫʶʯʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʭ ʩʠʩʪʝʤ [51,60,72]. 

ʆʜʥʘʢ ʩʠʪʫʘʮʽʷ ʟʤʽʥʶʻʪʴʩʷ ʷʢʱʦ 0ʪʝʨf ¸  (ʜʠʚ. ʧʦʟʠʮʽʶ 1 ʚ ʪʘʙʣʠʮʽ 3.4) 

ʪʦʜʽ ʤʘʢʩʠʤʘʣʴʥʝ ʩʪʠʩʢʘʶʯʝ ʟʥʘʯʝʥʥʷ 93.97ʪʝʨ

zF =- ʢʅ ʦʩʴʦʚʦʾ ʩʠʣʠ 

ʟʤʽʱʫʻʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʶ ʟʦʥʫ ɹʂ ʽ ʩʠʩʪʝʤʘ ʩʪʘʻ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʦʶ 

ʚʩʝʨʝʜʠʥʽ ʾʾ ʜʦʚʞʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʚʝʡʚʣʝʪ ʪʘʢʦʞ ʟʤʽʱʫʻʪʴʩʷ 

ʚʩʝʨʝʜʠʥʫ ʜʦʚʞʠʥʠ ɹʂ. 

ʗʢʱʦ 0,1a¢  ʤ (ʧʦʟʠʮʽʾ 2 - 7 ʚ ʪʘʙʣʠʮʽ 3.4) ʪʦ ɹʂ ʚʠʧʠʥʘʻ ʧʨʠ ʚʝʣʠʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʦʩʴʦʚʠʭ ʩʠʣ, ʧʨʠ ʮʴʦʤʫ ʯʠʤ ʤʝʥʰʝ a  ʪʠʤ ʩʢʣʘʜʥʽʰʠʤʠ ʩʪʘʶʪʴ 
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ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʠʣ ʪʝʨʪʷ ʩʪʘʻ ʪʘʢʦʞ ʚʘʞʯʝ 

ʧʝʨʝʜʙʘʯʠʪʠ ʟʦʥʫ ʣʦʢʘʣʽʟʘʮʽʾ ʙʽʬʫʨʢʘʮʽʡʥʠʭ ʚʝʡʚʣʝʪʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʙʽʣʴʰʫ ʟʦʥʫ ʜʦʚʞʠʥʠ ɹʂ, ʘ ʧʨʠ 0,03a= ʤ ʢʨʘʡʦʚʠʡ ʝʬʝʢʪ 

ʟʤʽʱʫʻʪʴʩʷ ʚʽʜ ʧʨʘʚʦʛʦ ʢʨʘʶ ʜʽʘʛʨʘʤʠ ʜʦ ʾʾ ʣʽʚʦʛʦ ʢʨʘʶ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʢʨʦʢ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ l ʩʪʘʻ ʤʝʥʰʝ ʽ ʤʝʥʰʝ. ʊʘʢ, ʜʦʚʞʠʥʘ ʢʨʦʢʫ ʚʝʡʚʣʝʪʘ 

26lº ʤ ʧʨʠ 0,03a=  ʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʚʠʧʘʜʦʢ ʢʦʣʠ ʜʫʛʘ ʢʘʥʘʣʫ ʩʚʝʨʜʣʦʚʠʥʠ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʩʠʤʝʪʨʠʯʥʦ ʚʽʜʥʦʩʥʦ ʚʝʨʪʠʢʘʣʽ (ʨʠʩ. 3.13). ɼʣʷ ʮʴʦʛʦ 

ʚʠʧʘʜʢʫ ʦʙʯʠʩʣʝʥʥʷ ʚʠʢʦʥʘʥʽ ʧʨʠ ʟʥʘʯʝʥʥʷʭ S=2400 ʤ, R= 1146 ʤ, 120j= . 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʷʢʱʦ ʬʨʠʢʮʽʡʥʽ ʝʬʝʢʪʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ 

ʬʫʥʢʮʽʾ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʠʧʠʥʘʥʥʷ ɹʂ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʧʨʦʩʪʠʤ 

ʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ ʱʦʜʦ ʚʝʨʪʠʢʘʣʽ ʚʽʜʧʦʚʽʜʥʠʭ ʬʫʥʢʮʽʡ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 3.4 ʜʣʷ ʘʩʠʤʝʪʨʠʯʥʦ ʾʜʫʛʠ (ʧʦʨʽʚʥʷʡʪʝ ʨʠʩ. 3.12ʘ ʽ 

ʨʠʩ. 3.13ʘ). ʇʨʠ ʮʴʦʤʫ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʠʭ ʩʠʣ ( )ʢʨ

zF S , ʘʩʠʤʝʪʨʠʯʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʩʪʘʶʪʴ ʨʽʚʥʠʤʠ ʢʨʠʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ( / 2)ʢʨ

zF S  ʜʣʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʣʦʥ ʚ ʪʘʙʣʠʮʽ 3.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.13 ï ɼʝʬʦʨʤʫʚʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʩʠʤʝʪʨʠʯʥʦʤʫ 

ʢʨʫʛʦʚʦʤʫ ʢʘʥʘʣʽ ʩʢʝʨʦʚʘʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ: ʘ - ʙʝʟʬʨʠʢʮʽʡʥʘ 

ʤʦʜʝʣʴ ʥʝʨʫʭʦʤʦ ʾɹʂ; ʙ - ʤʦʜʝʣʴ ʨʫʭʦʤʦʾ ɹʂ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣ 

ʪʝʨʪʷ 

 

ʙ 

ʘ 
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ʗʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ ʥʘʷʚʥʽʩʪʴ ʬʨʠʢʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʤʽʱʝʥʥʷ ʧʦʟʠʮʽʡ ʙʽʬʫʨʢʘʮʽʡʥʠʭ ʚʝʡʚʣʝʪʽʚ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ (ʜʠʚ. ʨʠʩ. 3.12 ʽ 

ʨʠʩ. 3.13), ʚ ʪʦʡ ʯʘʩ ʷʢ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʨʠʪʠʯʥʠʭ ʬʫʥʢʮʽʡ 

( )ʢʨ

zF s  (ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʚ ʟʦʥʘʭ ʚʝʡʚʣʝʪʽʚ) ʽ ʢʨʦʢʠ ʚʝʡʚʣʝʪʽʚ ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʤʠ ʭʦʯʘ ʬʦʨʤʠ ʾʭ ʙʽʬʫʨʢʘʮʽʡʥʠʭ ʤʦʜ ʥʘʙʫʚʘʶʪʴ ʜʝʷʢʠʭ 

ʚʽʜʤʽʥʥʦʩʪʝʡ. 

ʎʽʢʘʚʦ ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʦʞ, ʱʦ ʷʢʱʦ ʜʦʚʞʠʥʘ ɹʂ ʧʝʨʝʚʠʱʫʻ ʰʠʨʠʥʫ 

ʚʝʡʚʣʝʪʘ, ʪʦ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ( )ʢʨ

zF s  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ɹʂ ʽ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʘ ʦʭʦʧʣʝʥʥʷ j ʟʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʘʶʪʴ ʙʽʣʴʰ 

ʦʯʝʚʠʜʥʠʤʠ. ʎʽ ʚʠʩʥʦʚʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʜʘʥʠʤʠ ʪʘʙʣʠʮʽ 3.6 ʩʢʣʘʜʝʥʦʾ ʜʣʷ 

180j= , R=1146 ʤ, S=3600ʤ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʽʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʘʥʘʣʽʟʫ ʧʨʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 3.6 ʜʣʷ 180j=  

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʣ ʪʝʨʪʷ ʙʽʬʫʨʢʘʮʽʡʥʽ 

ʚʝʡʚʣʝʪʠ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʟʦʥʽ ʜʦʚʞʠʥʠ ɹʂ, ʚʦʥʠ ʦʜʥʘʢʦʚʽ ʜʣʷ 

ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʟʦʨʫ ʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʦʩʴʦʚʦʾ 

ʩʠʣʠ ʢʨ
zF , ʱʦ ʜʦʩʷʛʘʶʪʴʩʷ ʚ ʩʝʨʝʜʥʽʡ ʪʦʯʮʽ / 2s S= . ʉʪʘʻ ʦʯʝʚʠʜʥʠʤ ʪʘʢʦʞ, 

ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʝʬʝʢʪ ʚʠʧʠʥʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ 

ʢʽʥʮʷʭ 0s=  ʽ s S= . ʇʨʠ ʮʴʦʤʫ ʢʨʦʢ l ʚʣʘʩʥʦʾ ʬʦʨʤʠ ʥʝ ʟʘʟʥʘʻ ʽʩʪʦʪʥʠʭ 

ʟʤʽʥ. ɰʭ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʧʘʜʢʽʚ S=2400 ʤ ʽ 3600 ʤ (120j=  ʽ 180j= ) 

ʥʘʚʝʜʝʥ ̔ʚ ʪʘʙʣʠʮʽ 3.7. ʗʢ ʚʠʜʥʦ, ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ, ʷʢʱʦ ʟʦʥʘ 

ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʤʘʣʘ, ʽ ʚʦʥʠ ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʟʘʟʦʨʫ 

a. ʋ ʚʠʧʘʜʢʘʭ ʙʝʟʬʨʠʢʮʡ̔ʥʦʛʦ ʢʦʥʪʘʢʪʫ ɹʂ ʟʽ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ ʟʥʘʯʝʥʥʷ 

ʢʨʦʢʽʚ l ʻ ʽʜʝʥʪʠʯʥʠʤʠ ʜʣʷ ʦʙʦʭ ʜʦʚʞʠʥ S ʧʨʠ ʟʘʟʦʨʘʭ a= 0,5 ʤ ʽ a  = 0,1 ʤ. 

ʇʨʦʪʝ ʚʦʥʠ ʤʘʶʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʧʨʠ a= 0,05 ʤ ʽ a  = 0,03ʤ. ɺʧʣʠʚ ʩʠʣ ʪʝʨʪʷ ʥʘ 

ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʻ ʙʽʣʴʰ ʧʦʤʽʪʥʠʤ, ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʥʝ ʪʽʣʴʢʠ 

ʜʦ ʟʤʽʱʝʥʥʷ ʧʦʟʠʮʽʡ ʙʽʬʫʨʢʘʮʽʡʥʠʭ ʟʦʥ ʘʣʝ ʪʘʢʦʞ ʽ ʜʦ ʾʭ ʨʦʟʰʠʨʝʥʥʷ (ʜʠʚ. 

ʪʘʙʣʠʮʶ 3.6) ʢʨʽʤ ʪʦʛʦ, ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʟʦʥʠ ʚʠʧʠʥʘʥʥʷ ʢʨʦʢʠ ʫʤʦʚʥʠʭ 

ʛʘʨʤʦʥʽʢ, ʪʘʢʦʞ ʩʪʘʶʪʴ ʟʤʽʥʥʠʤʠ (ʜʠʚ. ʪʘʙʣʠʮʶ 3.7 ʜʣʷ 0ʪʷʞf ¸ ) .  
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ʊʘʙʣʠʮʷ 3.5 ī ʌʫʥʢʮʽʾ ʢʨʠʪʠʯʥʦʾ ʩʠʣʠ ( )ʢʨ

zF s  ʽ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ ( )v sd  

ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʜʣʷ ʚʠʧʘʜʢʫ S=2400 ʤ, R=1146  ʤ, ű=120Ü 

 ̄

 

a , 

ʤ 

ʉʠʣʘ 

ʪʝʨʪʷ 

ʌʫʥʢʮʽʷ ʢʨʠʪʠʯʥʦʾ ʦʩʴʦʚʦʾ 

ʩʠʣʠ 

( )ʢʨ

zF s , ʢʅ 

ʌʦʨʤʘ ( )v sd  ʚʪʨʘʪʠ  

ʩʪʽʡʢʦʩʪʽ 

1 0,5 

0ʪʝʨf =

 

  

0ʪʝʨf ¸  

2 0,1 

0ʪʝʨf =  

 

 

0ʪʝʨf ¸  

3 0,05 

0ʪʝʨf =  

  

0ʪʝʨf ¸  

4 0,03 

0ʪʝʨf =  

  

0ʪʝʨf ¸  

 

0 800 1600 2400 

0 800 1600 2400 

0 800 1600 2400 

0 800 1600 2400 

0 800 1600 2400 

0 800 1600 2400 

0 800 1600 2400 

0 800 1600 2400 

v  

s,ʤ 

( )ʢʨ

zF S = ī129,8 

0 80

0 

1600 2400 

-400 

0 

40

0 ī446,5 

0 800 1600 2400 

-400 

0 

400 

ī468,9 ( )ʢʨ

zF S = ī287,3 

( )ʢʨ

zF S = ī16,09 

0 800 1600 2400 

-400 

0 

400 

ī332,8 

0 800 1600 2400 

-400 

0 

400 

ī347,0 ( )ʢʨ

zF S = ī165,3 

( )ʢʨ

zF S = 94,46 

0 80

0 

160

0 

240

0 

-400 

0 

40

0 ī222,3 

( )ʢʨ

zF S = ī52,21 

0 800 1600 2400 

-400 

0 

400 
ī233,9 

( )ʢʨ

zF S = 222,65 

0 800 1600 2400 

-400 

0 

400 ī94,11 

ʢʨ

zF  

-400 

0 

400 

0 800 1600 2400 

ī98,29 

s,ʤ 

( )ʢʨ

zF S = 83,40 
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ʊʘʙʣʠʮʷ 3.6 ī ʌʫʥʢʮʽʾ ʢʨʠʪʠʯʥʦʾ ʩʠʣʠ ( )ʢʨ

zF s  ʽ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ ( )v sd  

ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʜʣʷ ʚʠʧʘʜʢʫ S=3600 ʤ, R=1146  ʤ, ű=180Ü 

 ̄

 

a , 

ʤ 

ʉʠʣʘ 

ʪʝʨʪʷ 

ʌʫʥʢʮʽʷ ʢʨʠʪʠʯʥʦʾ ʦʩʴʦʚʦʾ 

ʩʠʣʠ 

( )ʢʨ

zF s , ʢʅ 

ʌʦʨʤʘ ( )v sd  ʚʪʨʘʪʠ  

ʩʪʽʡʢʦʩʪʽ 

1 0,5 

0ʪʝʨf =  

  

0ʪʝʨf ¸  

2 0,1 

0ʪʝʨf =  

  

0ʪʝʨf ¸  

3 0,05 

0ʪʝʨf =  

  

0ʪʝʨf ¸  

4 0,03 

0ʪʝʨf =  

 

 

0ʪʝʨf ¸  

 

0 900 1800 2700 3600 

0 900 1800 2700 3600 

0 900 1800 2700 3600 

0 900 1800 2700 3600 

0 900 1800 2700 3600 

0 900 1800 2700 3600 

0 900 1800 2700 3600 

s,ʤ 

0 900 1800 2700 3600 

v  

( )ʢʨ

zF S = 47,05 

0 900 1800 2700 3600 

-400 

0 

400 

456,1 

( )ʢʨ

zF S = ī110,7 

0 900 1800 2700 3600 

-400 

0 

400 
ī473,5 

( )ʢʨ

zF S = 167,2 

0 900 1800 2700 3600 

-400 

0 

400 
ī335,9 

( )ʢʨ

zF S = 16,85 

0 900 1800 2700 3600 

-400 

0 

400 
ī346,5 

( )ʢʨ

zF S = 277,2 

0 900 1800 2700 3600 

-400 

0 

400 ī225,9 

0 900 1800 2700 3600 

-400 

0 

400 
ī233,7 ( )ʢʨ

zF S = 129,7 

( )ʢʨ

zF S = 409,2 

0 900 1800 2700 3600 

-400 

 

400 
ī96,95 

cr

z
F  

0 900 1800 2700 3600 

-400 

0 

400 ī98,18 

s,ʤ 

( )ʢʨ

zF S = 265,2 
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ʎʽʢʘʚʠʤ ʻ ʪʘʢʦʞ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʜʘʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʠʭ ʚ ʛʨʘʥʠʯʥʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ R 

ʧʨʷʤʫʻ ʜʦ ¤ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʬʨʠʢʮʽʡʥʠʭ ʝʬʝʢʪʽʚ. ʊʦʜʽ ʤʦʞʥʘ 

ʧʨʠʡʥʷʪʠ, ʱʦ ʢʨʠʚʦʣʽʥʽʡʥʘ ʩʚʝʨʜʣʦʚʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʽ ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʘ 

ʢʦʣʦʥʘ ʥʘʧʨʫʞʝʥʘ ʦʩʴʦʚʦʶ ʩʠʣʦʶ ( )zF s , ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʧʦ ʚʩʽʡ 

ʾʾ ʜʦʚʞʠʥʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ( )ʢʨ

zF s  ʽ ʢʨʦʢ l 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʦʩʪʷʤʠ [58]: 

 

2 /ʢʨ ʪʷʞ

zF EIf a= ,   4 /ʢʨ ʪʷʞEIa fl p= . 

 

ʾʭ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʥʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.7. ɿ ʥʝʾ ʚʠʧʣʠʚʘʻ, ʱʦ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʣʠʟʴʢʦ ʟʙʽʛʘʶʪʴʩʷ ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʟʘʟʦʨʫ, 

ʦʜʥʘʢ ʨʽʟʥʠʮʷ ʤʽʞ ʥʠʤʠ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ a . 

 

ʊʘʙʣʠʮʷ 3.7 ī ɽʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʩʠʣʠ ( )ʢʨ

zF s  ʽ ʚʝʡʚʣʝʪʥ ̔

ʢʨʦʢʠ l ʚ ʢʨʠʪʠʯʥʠʭ ʩʪʘʥʘʭ ɹʂ 

 ̄ a, ʤ ʉʠʣʘ ʪʝʨʪʷ 
120j= , S=2400 ʤ 180j= , S =3600 ʤ 
ʝʢʩ

zF , ʢʅ l, ʤ ʝʢʩ

zF , ʢʅ l, ʤ 

1 0,5 
0ʪʝʨf =  

ī98,29 

(ī91,26) 

26 

(26,65) 

ī98,18 

(ī91,26) 

26 

(26,65) 

0ʪʝʨf ¸  ī94,11 26 ī96,95 23,5 

2 0,1 
0ʪʝʨf =  

ī233,9 

(ī204,1) 

15,5 

(17,8) 

ī233,7 

(ī204,1) 

15,5 

(17,8) 

0ʪʝʨf ¸  ī222,3 15ī15,5 ī225,9 13,6ī14 

3 0,05 
0ʪʝʨf =  

ī347,0 

(ī288,6) 

13 

(14,9) 

ī346,5 

(ī288,6) 

12 

(14,9) 

0ʪʝʨf ¸  ī332,8 11ī12,5 ī335,9 9,5ī10,5 

4 0,03 
0ʪʝʨf =  

ī468,9 

(ī372,6) 

10,5 

(13,1) 

ī469,2 

(ī372,6) 

9,3 

(13,1) 

0ʪʝʨf ¸  ī446,5 10ī10,5 ī456,1 8,6ī9 
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ʋʟʘʛʘʣʴʥʶʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ ʽ ʝʚʦʣʶʮʽʾ ʬʦʨʤ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʛʝʦʤʝʪʨʽʻʶ ʢʦʣʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʽ 

ʧʦʩʪʽʡʥʽʩʪʶ ʾʾ ʨʘʜʽʫʩʫ R. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ̫ʚʠʱʘ, ʷʢʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʙʫʜʫʪʴ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʠʤʠ ʜʣʷ ʩʚʝʨʜʣʦʚʠʥ ʟʽ ʟʤʽʥʥʦʶ 

ʢʨʠʚʠʟʥʦʶ ʷʢ ʫ ʚʠʧʘʜʢʘʭ ʙʝʟʬʨʠʢʮʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ, ʪʘʢ ʽ ʧʨʠ ʬʨʠʢʮʽʡʥʽʡ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʨʫʭʦʤʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ. ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʦʞ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘʷʚʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ 

ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʧʨʦʮʝʩ ʚʠʧʠʥʘʥʥʷ. ɻʝʦʤʝʪʨʠʯʥʽ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʣ ʪʝʨʪʷ ʽ ʦʩʴʦʚʦʾ ʩʠʣʠ ( )zF S . ɿ 

ʽʥʰʦʛʦ ʙʦʢʫ ʛʝʦʤʝʪʨʠʯʥʽ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʧʦʚ'ʷʟʘʥʽ ʟʽ ʟʤʽʥʦʶ ʨʘʜʽʫʩʘ 

ʢʨʠʚʠʟʥʠ R. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʙʠʜʚʘ ʮʽ ʯʠʥʥʠʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʨʦʮʝʩ ʚʠʧʠʥʘʥʥʷ ʪʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʝʮʽʘʣʴʥʦ ʚʠʚʯʝʥʽ.  

 

 3.7 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

 ɺ ʨʦʟʜʽʣʽ 3 ʧʦʩʪʘʚʣʝʥʘ ʪʘ ʨʦʟʚËʷʟʘʥʘ ʟʘʜʘʯʘ ʧʨʦ ʙʽʬʫʨʢʘʮʽʡʥʝ 

ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʢʦʣʦʚʠʤ ʦʙʨʠʩʦʤ. 

1. ʆʙʛʦʚʦʨʝʥʽ ʦʩʥʦʚʥʽ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʙʣʝʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʽʬʫʨʢʘʮʽʡ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ. 

ʄʝʪʦʜʘʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʚʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʦʚʦʾ ʧʦʚʝʨʭʥʽ ʟ ʢʦʣʦʚʦʶ ʦʩʴʦʚʦʶ ʣʽʥʽʻʶ (ʪʦʨʦʾʜʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ). 

2. ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʧʨʫʞʥʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ ʩʬʦʨʤʫʣʴʦʚʘʥʽ 

ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʘʥʘʣʽ 

ʪʦʨʦʾʜʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʯʠʩʝʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʾʭ 

ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ʪʘ ʧʦʙʫʜʦʚʠ ʚʽʜʧʦʚʽʜʥʠʭ ʚʣʘʩʥʠʭ ʬʦʨʤ. 

3. ʄʝʪʦʜʘʤʠ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʩʪʽʡʢʦʩʪʽ ʧʨʫʞʥʠʭ ʩʠʩʪʝʤ 

ʧʦʙʫʜʦʚʘʥʽ ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʦʜʥʦʨʽʜʥʽ ʨʽʚʥʷʥʥʷ (ʙʝʟʬʨʠʢʮʽʡʥʘ ʪʘ ʬʨʠʢʮʽʡʥʘ 
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ʤʦʜʝʣʽ) ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʘʥʘʣʽ ʪʦʨʦʾʜʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ. 

4. ɺʠʢʦʥʘʥʽ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ 

ʪʦʨʦʾʜʘʣʴʥʠʭ ʢʘʥʘʣʘʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʚʠʙʨʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ɹʂ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʾʾ 

ʚʠʧʠʥʘʥʥʷʤ ʚ ʬʦʨʤʽ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ, ʘʙʦ ʣʦʢʘʣʽʟʫʚʘʪʠʩʷ ʫ ʚʥʽʪʨʽʰʥʽʡ ʟʦʥʽ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʚʝʡʚʣʝʪʫ. ʇʦʤʽʯʝʥʠʡ, ʪʘʢʦʞ, ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ 

ʥʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʙʽʬʫʨʢʘʮʽʡʥʦʾ ʤʦʜʠ ʬʘʢʪʦʨʫ ʪʝʨʪʷ, ʱʦ ʩʧʨʠʷʻ 

ʥʝʧʝʨʝʜʙʘʯʝʥʦʤʫ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʟʦʥ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. 

5. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʚʠʢʣʘʜʝʥʦ ʫ ʥʘʩʪʫʧʥʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ [41, 43, 44, 45, 70, 73, 111]. 
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ʈʆɿɼɯʃ 4 

ɻʃʆɹɸʃʔʅʀʁ ɸʅɸʃɯɿ ɺʀʇʀʅɸʅʅʗ ɹʋʈʀʃʔʅʆɰ ʂʆʃʆʅʀ  

ɺ ʂɸʅɸʃɯ ʂʈʀɺʆʃɯʅɯʁʅʆɰ ʉɺɽʈɼʃʆɺʀʅʀ 

 

ʗʚʠʱʝ ʚʠʧʠʥʘʥʥʷ ɹʂ ʦʪʨʠʤʫʻ ʧʦʜʘʣʴʰʝ ʫʩʢʣʘʜʥʝʥʥʷ, ʷʢʱʦ ʚʦʥʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʘʥʘʣʽ ʛʣʠʙʦʢʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʟʤʽʥʥʦʾ ʢʨʠʚʠʟʥʠ. ʄʘʙʫʪʴ, ʚ 

ʜʘʥʠʡ ʯʘʩ ʚʦʥʦ ʤʦʞʝ ʤʦʜʝʣʶʚʘʪʠʩʷ ʪʝʦʨʝʪʠʯʥʦ ʪʽʣʴʢʠ ʧʨʠ ʜʝʷʢʠʭ 

ʧʨʠʧʫʱʝʥʥʷʭ, ʱʦ ʽʩʪʦʪʥʦ ʩʧʨʦʱʫʶʪʴ ʜʘʥʫ ʧʨʦʙʣʝʤʫ, ʪʘ ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ 

ʛʝʦʤʝʪʨʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʝʬʝʢʪʫ. ʆʩʢʽʣʴʢʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʨʠʪʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ ɹʂ ʚ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʢʘʥʘʣʽ 

ʧʦʚ'ʷʟʘʥʝ ʟʽ ʟʥʘʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ, ʟʥʘʯʥʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʟʘʜʘʯʘ ʧʨʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ɹʂ ʽ ʧʨʦʛʥʦʟʫ ʾʾ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘ 

ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʚʠʧʠʥʘʥʥʷ. ʇʦʩʪʘʥʦʚʢʘ ʮʽʻʾ ʟʘʜʘʯʽ ʪʘʢʦʞ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʽʜʭʦʜʫ ɽʡʣʝʨʘ ʜʦ ʧʨʦʙʣʝʤʠ ʩʪʽʡʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʬʦʨʤʠ 

ʨʽʚʥʦʚʘʛʠ, ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʛʠʥʘʥʥʷ ɹʂ ʥʘ ʾʾ ʚʩʽʡ ʜʦʚʞʠʥʽ ʩʪʘʻ 

ʟʘʩʢʣʘʜʥʠʤ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, ʱʦ ʢʨʠʚʠʟʥʘ ʽ ʢʫʪ ʥʘʭʠʣʫ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ɹʂ 

ʟʤʽʥʶʶʪʴʩʷ ʫʟʜʦʚʞ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʘ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙʤʝʞʝʥʽ 

ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. ʊʦʤʫ ʦʩʴʦʚʘ ʚʥʫʪʨʽʰʥʷ ʩʠʣʘ ʚ ɹʂ, ʘ ʪʘʢʦʞ ʢʦʥʪʘʢʪʥʘ 

ʩʠʣʘ, ʩʠʣʘ ʪʝʨʪʷ ʽ ʦʨʽʻʥʪʘʮʽʷ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʱʦ ʧʨʠʪʠʩʢʘʻ ɹʂ ʜʦ ʩʪʽʥʢʠ 

ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʧʝʨʝʰʢʦʜʞʘʻ ʾʾ ʚʠʧʠʥʘʥʥʶ, ʩʪʘʶʪʴ ʽʩʪʦʪʥʦ ʟʤʽʥʥʠʤʠ. 

ʆʜʥʘʢ ʷʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʝ ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʚʝʣʠʢʦʶ ʜʦʚʞʠʥʦʶ ɹʂ ʽ ʾʾ ʚʽʜʥʦʩʥʦ ʤʘʣʦʶ ʞʦʨʩʪʢʽʩʪʶ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʨʘʥʽʰʝ ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʮʽ ʩʪʨʫʢʪʫʨʠ, ʥʘʣʝʞʘʪʴ ʜʦ ʪʘʢ ʟʚʘʥʦʛʦ ʩʠʥʛʫʣʷʨʥʦ 

ʟʙʫʨʝʥʦʛʦ ʪʠʧʫ. Chang ʽ Howes [51] ʜʦʩʣʽʜʞʫʚʘʣʠ ʮʝʡ ʪʠʧ ʨʽʚʥʷʥʴ ʟ ʧʦʟʠʮʽʡ 

ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. ɸʥʘʣʽʟʫʶʯʠ ʜʚʦʪʦʯʢʦʚʫ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʜʣʷ 

ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʚʦʥʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʽ 

ʟʘʜʘʯʽ ʻ ʧʦʛʘʥʦ ʦʙʫʤʦʚʣʝʥʠʤʠ, ʾʭ ʨʦʟʚËʷʟʢʠ ʤʘʶʪʴ ʚʠʛʣʷʜ ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ ʽ 

ʧʦʛʘʥʦ ʟʙʽʛʘʶʪʴʩʷ. ʊʫʪ ʜʦʨʝʯʥʦ ʟʛʘʜʘʪʠ ʤʦʥʦʛʨʘʬʽʶ Elishakoff et al. [60], 

ʧʨʠʩʚʷʯʝʥʫ ʨʦʟʚËʷʟʢʫ ʥʝʢʣʘʩʠʯʥʠʭ ʟʘʜʘʯ ʚʠʧʠʥʘʥʥʷ ʧʨʫʞʥʠʭ ʩʪʨʠʞʥʽʚ. 
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ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʚËʷʟʢʽʚ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʭ ʟʘʜʘʯ ʙʫʣʠ 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʥʘʤʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʪʽʡʢʦʩʪʽ ɹʂ ʚ ʛʣʠʙʦʢʠʭ ʩʢʝʨʦʚʘʥʠʭ 

ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʽ ʢʦʣʦʚʦʛʦ ʦʙʨʠʩʫ ʩʚʝʨʜʣʦʚʠʥʘʭ. ʋ ʨʦʟʜʽʣʘʭ 2 ʽ 3 ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ ʢʫʪʘ ʥʘʭʠʣʫ ʽ ʩʠʣ ʪʝʨʪʷ, ʝʬʝʢʪ 

ʚʠʧʠʥʘʥʥʷ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʭ ʚʝʡʚʣʝʪʽʚ, 

ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʫ ʚʥʫʪʨʽʰʥʽʡ ʯʘʩʪʠʥʽ ʜʦʚʞʠʥʠ ɹʂ ʘʙʦ ʚ ʾʾ ʧʨʠʢʨʘʻʚʽʡ ʟʦʥʽ. 

ʇʨʦʪʝ, ʮʽ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʜʣʷ ʩʢʝʨʦʚʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʟ ʧʨʦʩʪʦʶ 

ʛʝʦʤʝʪʨʽʻʶ, ʪʦʜʽ ʷʢ ʥʘ ʧʨʘʢʪʠʮʽ ʦʩʴʦʚʽ ʣʽʥʽʾ ʩʚʝʨʜʣʦʚʠʥ ʤʘʶʪʴ ʟʤʽʥʥʫ 

ʢʨʠʚʠʟʥʫ ʽ ʢʫʪ ʥʘʭʠʣʫ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʜʙʘʯʠʪʠ ʤʽʩʮʷ 

ʣʦʢʘʣʽʟʘʮʽʾ ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ, ʚ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ ʘʥʘʣʽʟ ʝʬʝʢʪʫ ʚʠʧʠʥʘʥʥʷ ʧʦʚʠʥʝʥ 

ʧʨʦʚʦʜʠʪʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʜʽʣʷʥʮʽ ʧʦʚʥʦʾ 

ʜʦʚʞʠʥʠ ʢʦʣʦʥʠ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ɹʂ ʚ ʢʘʥʘʣʽ ʟʽ ʟʤʽʥʥʦʶ 

ʛʝʦʤʝʪʨʽʻʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʣʽʥʽʡʥʘ ʪʝʦʨʽʷ ʛʥʫʯʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʩʪʨʠʞʥʽʚ, ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʢʘʥʘʣʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʤʝʪʦʜʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʟ ʪʽʻʶ ʚʽʜʤʽʥʥʽʩʪʶ, ʱʦ ʜʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʦʩʴʦʚʦʾ 

ʣʽʥʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʙʝʟʨʦʟʤʽʨʥʠʡ ʽ ʥʘʪʫʨʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨʠ. ʂʨʠʪʠʯʥʽ ʩʪʘʥʠ ɹʂ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʨʦʟʚËʷʟʢʫ ʜʚʦʭʪʦʯʢʦʚʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʐʪʫʨʤʘ-ʃʽʫʚʽʣʣʷ ʜʣʷ 

ʨʽʚʥʷʥʥʷ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʦʜʝʣʽ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ 

ï ʙʝʟʬʨʠʢʮʽʡʥʘ ʽ ʬʨʠʢʮʽʡʥʘ. ɿʘʜʘʯʘ ʨʦʟʚËʷʟʫʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʽʶʯʽ ʥʘ ʢʦʣʦʥʫ ʟʦʚʥʽʰʥʽ ʽ ʚʥʫʪʨʽʰʥʽ ʩʠʣʠ (ʩʠʣʠ ʪʷʞʽʥʥʷ, 

ʢʦʥʪʘʢʪʥʽ ʩʠʣʠ, ʩʠʣʠ ʪʝʨʪʷ ʽ ʚʥʫʪʨʽʰʥʷ ʦʩʴʦʚʘ ʩʠʣʘ) ʽ ʙʫʜʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷ 

ʙʽʬʫʨʢʘʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʨʦʟʚËʷʟʫʻʪʴʩʷ ʟʘʜʘʯʘ ʥʘ ʚʣʘʩʥʽ 

ʟʥʘʯʝʥʥʷ, ʟʥʘʭʦʜʷʪʴʩʷ ʢʨʠʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʙʫʜʫʶʪʴʩʷ ʬʦʨʤʠ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ. 
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4.1 ʊʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʘʥʘʣʽʟʫ 

ɼʣʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʨʦʟʛʣʷʥʝʤʦ ɹʂ ʚ ʛʣʠʙʦʢʽʡ ʩʢʝʨʦʚʘʥʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ ʟʤʽʥʥʦʾ ʢʨʠʚʠʟʥʠ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʪʨʘʻʢʪʦʨʽʷ 

ʩʚʝʨʜʣʦʚʠʥʠ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʽʧʝʨʙʦʣʽʯʥʦʶ ʢʨʠʚʦʶ (ʨʠʩ. 4.1), ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʾʾ ʛʝʦʤʝʪʨʽʾ. ɼʽʡʩʥʦ, ʚʦʥʘ ʤʘʻ 

ʚʝʨʪʠʢʘʣʴʥʫ ʜʦʪʠʯʥʫ ʫ ʚʝʨʭʥʽʡ ʪʦʯʮʽ, ʽ ʾʾ ʥʠʞʥʽʡ ʢʽʥʝʮʴ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

ʧʨʷʤʦʾ ʣʽʥʽʾ, ʘʧʨʦʢʩʠʤʫʶʯʠ ʘʩʠʤʧʪʦʪʫ ʛʽʧʝʨʙʦʣʠ. 

 

 

 

 

 

 

 

 

 

 

ʋ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ OXYZ ʦʩɹʦʚʫ ʣʥ̔ʁ̔  T  ʩʚʝʨʜʣʦʚʠʥʠ 

ʟʨʫʯʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʟʘʛʘʣʴʥʽʡ ʘʥʘʣʽʪʠʯʥʽʡ ʬʦʨʤ̔ 

 

* chX Ů t=- ,  * 0Y = ,  * shZ ɚ t= ,  (4.1) 

 

ʜʝ t  ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʧʘʨʘʤʝʪʨ, e ï ʧʽʚʚʽʩʴ ʛ̔ ʧʝʨʙʦʣʠ, l ï ʚʝʣʠʯʠʥʘ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʣʠʙʠʥʫ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɺʚʝʜʝʤʦ ʢʘʥʘʣʦʚʫ ʧʦʚʝʨʭʥʶ S ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʦʩɹʦʚʦʁ ʣ̔ʥ̔ ʻʶ T   ̔

ʪʚʽʨʥʠʤʠ ʢʦʣʘʤʠ ʨʘʜ̔ʫʩʫ a , ʱʦ ʜʦʨ̔ ʚʥʶʶʪʴ ʤ̔ ʞʪʨʫʙʥʦʤʫ ʟʘʟʦʨʫ 

1 2( ) / 2a d d= - , ʜʝ 1d   ̔ 2d   ʜʽʘʤʝʪʨʠ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ, 

ʚʽʜʧʦʚʽʜʥʦ. ʇʘʨʘʤʝʪʨʠʟʫʻʤʦ ʾʾ ʧʘʨʘʤʝʪʨʦʤ u , ʧʦʚËʷʟʘʥʠʤ ʟ ʣ̔ʥ̔̒  ʁ T  

ʩʚʝʨʜʣʦʚʠʥʠ,  ̔ʧʘʨʘʤʝʪʨʦʤ v , ʱʦ ʟʘʜʘ ̒ʧʦʣʦʞʝʥʥ ̫ʪʦʯʢʠ ʥʘ ʪʚʽʨʥʦʤʫ ʢʦʣʽ 

ʈʠʩʫʥʦʢ 4.1 ï ɻʝʦʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʩʢʝʨʦʚʘʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 

ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʠ 
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(ʨʠʩ. 4.2), ʧʨʠʯʦʤʫ ʟʥʘʯʝʥʥʷ 0v=  ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʠʞʥʽʤ ʧʦʣʦʞʝʥʥ̫ ʤ ʪʦʯʦʢ 

ʥʘ ʮʠʭ ʢʦʣʘʭ.  

ʇʨʠʡʤʝʤʦ, ʱʦ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʙʫʨʠʣʴʥʘ ʢʦʣʦʥʘ ʣʝʞʠʪʴ ʥʘ ʜʥʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʜʣʷ ʾʾ ʦʩʴʦʚʦʾ ʣʽʥʽʾ L  ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 0v= . ʇʨʠ ʚʠʧʠʥʘʥʥʽ 

ɹʂ ʙʝʟ ʚʽʜʨʠʚʫ ʢʦʚʟʘʻ ʧʦ ʧʦʚʝʨʭʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʡ ʪʦʜʽ ʦʩʴʦʚʘ ʣʽʥʽʷ ʢʦʣʦʥʠ 

ʨʫʭʘʻʪʴʩʷ ʧʦ ʢʘʥʘʣʦʚʽʡ ʧʦʚʝʨʭʥʽ S. 

 

 

 

 

 

 

 

 

 

 

ʑʦʙ ʦʧʠʩʘʪʠ ʛʝʦʤʝʪʨʽʶ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ɹʂ, ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʚʝʣʠʯʠʥʠ h , 

l ,  ̔e, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʤʽʨʠ (ʛʘʙʘʨʠʪʠ) ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʚʠʨʘʟʠʪʠ ʢʦʝʬʽʮʽʻʥʪ 

l ʚ ʩʠʩʪʝʤʽ (7.119) ʪʘ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 0t  ʧʘʨʘʤʝʪʨʘ t  ʯʝʨʝʟ ʚʠʭʽʜʥʽ ʜʘʥʽ. 

ɿʛʽʜʥʦ ʨʠʩ. 4.2 ʽ ʨʽʚʥʷʥʴ (4.1) ʤʘʻʤʦ 

 

*

0 0

*

0 0

( ) ch( ) ( ),

( ) sh( ) .

X t t l

Z t t h

e e

l

=- =- +

= =-
 

 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ 

 

( )0 arcch / 0,t le e= + <è øê ú   0/ sh 0h tl=- >.  (4.2) 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʚʝʣʠʯʠʥ ʟʥʘʡʜʝʤʦ ʢʫʪ b ʥʘʭʠʣʫ ʢʨʠʚʦʾ T  (ʨʠʩ. 

7.33). ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʨʽʚʥʽʩʪʴ 

ʈʠʩʫʥʦʢ 4.2 ï ɻʝʦʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʦʨʽʻʥʪʘʮʽʾ ʦʩʽ L  ʥʘ 

ʢʘʥʘʣʦʚʽʡ ʧʦʚʝʨʭʥʽ Ɇ. 
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* *tg /dZ dXb= . 

 

ʆʩʢʽʣʴʢʠ 

 

* *dX X dt= ,   
* *dZ Z dt= , 

 

ʄʘʻʤʦ 

 

* *arctg( / ) arctg( ch / sh ),Z X t t= = -b l e    (4.3)  

 

ʜʝ ʢʨʘʧʢʦʶ ʥʘʜ ʩʠʤʚʦʣʦʤ ʧʦʟʥʘʯʝʥʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʦ t . 

ɿʘʜʘʯʫ ʧʨʦ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ɹʂ ʨʦʟʚËʷʟʫʻʤʦ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʦʨʽʾ ʛʥʫʯʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʝʾ ʧʨʝʜʩʪʘʚʠʤʦ 

ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʛʥʫʯʢʠʭ ʩʪʨʠʞʥʽʚ ʚ ʟʘʛʘʣʴʥʽʡ ʬʦʨʤʽ (2.28) ʽ ʩʪʘʥʠ, ʚ ʷʢʠʭ 

ʣʽʥʝʘʨʠʟʦʚʘʥʠʡ ʦʧʝʨʘʪʦʨ ʮʠʭ ʨʽʚʥʷʥʴ ʚʠʨʦʜʞʫʻʪʴʩʷ, ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ 

ʢʨʠʪʠʯʥʠʤʠ (ʙʽʬʫʨʢʘʮʽʡʥʠʤʠ). ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʚ ʨʦʟʜʽʣʘʭ 2 ʽ 

3 ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʩʪʽʡʢʽʩʪʴ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʧʦʭʠʣʠʭ ʽ ʚ 

ʢʦʣʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ. ʆʜʥʘʢ, ʮʷ ʤʝʪʦʜʠʢʘ ʚʠʷʚʠʣʘʩʷ ʧʨʠʡʥʷʪʥʦʶ ʪʽʣʴʢʠ ʜʣʷ 

ʩʚʝʨʜʣʦʚʠʥ ʟ ʥʘʡʧʨʦʩʪʽʰʦʶ ʛʝʦʤʝʪʨʽʻʶ, ʢʦʣʠ ʢʨʠʚʠʟʥʘ ʾʭ ʦʩʴʦʚʠʭ ʣʽʥʽʡ 

ʥʝʟʤʽʥʥʘ ʧʦ ʜʦʚʞʠʥʽ. ʋ ʚʠʧʘʜʢʘʭ ʩʚʝʨʜʣʦʚʠʥ ʟʽ ʟʤʽʥʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʾʭ ʣʽʥʽʡ, 

ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʟʛʠʥʘʥʥʷ ɹʂ ʩʪʘʶʪʴ ʥʘʩʪʽʣʴʢʠ ʩʢʣʘʜʥʠʤʠ ʽ ʛʨʦʤʽʟʜʢʠʤʠ, 

ʱʦ ʾʭ ʚʘʞʢʦ ʫʷʚʠʪʠ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ. ʊʦʤʫ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʩʪʘʻ ʚʽʜʨʘʟʫ 

ʬʦʨʤʫʣʶʚʘʪʠ ʣʽʥʝʘʨʠʟʦʚʘʥʝ ʨʽʚʥʷʥʥʷ, ʥʝ ʟʚʝʨʪʘʶʯʠʩʴ ʜʦ ʥʝʣʽʥʽʡʥʦʛʦ. 

ɼʦʜʘʪʢʦʚʘ ʩʢʣʘʜʥʽʩʪʴ ʟʘʜʘʯʽ ʚʠʢʣʠʢʘʥʘ ʪʠʤ, ʱʦ ʜʦʚʦʜʠʪʴʩʷ ʦʜʥʦʯʘʩʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʚʘ ʧʘʨʘʤʝʪʨʠ. ʆʜʠʥ ʟ ʥʠʭ (t) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʩʚʝʨʜʣʦʚʠʥʠ T, ʜʨʫʛʠʡ (s) ï ʜʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ 

ʦʩʴʦʚʦʾ ʣʽʥʽʾ ɹʂ. ɼʽʡʩʥʦ, ʧʘʨʘʤʝʪʨ t  ʚʞʝ ʟʘʩʪʦʩʦʚʘʥʠʡ ʚ ʨʽʚʥʷʥʥʷʭ (4.1) ï 

(4.3), ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʘʨʘʤʝʪʨ s ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʝʦʨʽʾ ʛʥʫʯʢʠʭ ʩʪʨʠʞʥʽʚ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʝʣʝʤʝʥʪʘ ʩʪʝʨʞʥʷ 
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d

ds
=-

F
f ,  

d

ds
= ³

M
-Ű F,   (4.4) 

 

ʜʝ, ʷʢ ʽ ʨʘʥʽʰʝ, ( )sF  ï ʛʦʣʦʚʥʠʡ ʚʝʢʪʦʨ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ, ( )sM  ï ʛʦʣʦʚʥʠʡ 

ʚʝʢʪʦʨ ʚʥʫʪʨʽʰʥʽʭ ʤʦʤʝʥʪʽʚ, ( )sf  ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʽʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʣ, Ű ï 

ʦʨʪ, ʜʦʪʠʯʥʠʡ ʜʦ ʣʽʥʽʾ L , s ï ʥʘʪʫʨʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ. 

ɿʚ'ʷʟʦʢ ʤʽʞ ʚʝʢʪʦʨʘʤʠ t   ̔ s ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 

* 2 * 2 * 2 * 2 2 2( ) ( ) ( ) ( ) ( sh ) ( ch )ds dX dZ X Z dt Ů t ɚ t dt= + = + = + . (4.5) 

 

ʊʦʜʽ ʤʘʻʤʦ 

 

0

2 2( ) ( sh ) ( ch )

t

t

s t Ů ɝ ɚ ɝ dɝ= +ñ .    (4.6) 

 

ʇʨʠ ʦʙʯʠʩʣʝʥʥʷʭ ʦʙʠʜʚʘ ʮʠʭ ʧʘʨʘʤʝʪʨʠ ʟʘʜʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ. 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʛʝʦʤʝʪʨʽʶ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ɹʂ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʨʪ 

ʥʦʨʤʘʣʽ n, ʙʽʥʦʨʤʘʣʽ b  ʽ ʜʦʪʠʯʥʦʾ Ű (ʜʠʚ. ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.2) ï (2.6)). ʇʨʠ 

ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚʚʝʜʝʥʝ ʚʠʱʝ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʠ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʽ 

ʣʽʥʽʾ L  ʚʦʥʘ ʥʝ ʚʠʭʦʜʠʪʴ ʟ ʢʦʥʪʘʢʪʫ ʟ ʧʦʚʝʨʭʥʝʶ S, ʱʦ ʦʙʤʝʞʫʻ ʾʾ 

ʧʝʨʝʤʽʱʝʥʥʷ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʦʞ ʩʠʩʪʝʤʫ ʚʽʜʣʽʢʫ oxyz ʟ 

ʦʨʪʘʤʠ i , j , k  (ʨʠʩ. 4.2). ʇʨʠ ʮʴʦʤʫ ʦʨʪ i  ʩʧʨʷʤʦʚʘʥʠʡ ʧʦ ʚʥʫʪʨʽʰʥʽʡ 

ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ S, ʚʝʢʪʦʨ k  ʜʦʪʠʯʥʠʡ ʜʦ ʢʨʠʚʦʾ L, ʘ ʚʝʢʪʦʨ j  ʜʦʧʦʚʥʶʻ 

ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʾ ʪʨʽʡʢʠ. 

ɼʘʣʽ ʚʚʝʜʝʤʦ ʘʥʘʣʦʛ ʚʝʢʪʦʨʘ ɼʘʨʙʫ 

 

x y zk k k= + +ɤ i j k      (4.7) 
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ʜʝ 
xk   ̔

yk  ï ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʢʨʠʚʠʟʥʠ / R=ʢ b , 
zk  ï ʚʠʟʥʘʯʘʻ 

ʦʙʝʨʪʘʥʥʷ ʪʨʠʛʨʘʥʥʠʢʘ oxyz ʥʘʚʢʦʣʦ ʚʝʢʪʦʨʘ k  ʧʨʠ ʡʦʛʦ ʨʫʩʽ ʚʟʜʦʚʞ ʣʽʥʽʾ L . 

ɺʚʝʜʝʥʽ ʚʝʣʠʯʠʥʠ ʚʠʟʥʘʯʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʽ S. 

ɰʾ ʨʽʚʥʷʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ 

 

*

*

sin cos ch sin cos ,

sin ,

cos cos sh cos cos .

X X a ɓ v Ů t a ɓ v

Y a v

Z Z a ɓ v ɚ t a ɓ v

= + =- +

=

= - = -

  (4.8) 

 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʘʜʽʫʩ a  ʢʘʥʘʣʦʚʦʾ ʧʦʚʝʨʭʥʽ ʤʘʣʠʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʾʾ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦʤʫ ʟʤʽʥʥʽ t  ʽ u  ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʤʽʱʝʥʽ, ʧʨʦʪʝ 

ʨʦʟʚËʷʟʫʚʘʣʴʥʽ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʟʛʠʥʘʥʥʷ ɹʂ ʟʘʣʠʰʘʶʪʴʩʷ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʠʤʠ. ʊʦʤʫ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʚʠʚʯʘʶʪʴʩʷ ʢʨʠʪʠʯʥʽ ʩʪʘʥʠ ʽ ʤʘʣʽ 

ʙ̔ ʬʫʨʢʘʮʽʡʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ɹʂ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʜʥʽ 0v=  ʧʦʚʝʨʭʥʽ S. ʊʦʜʽ ʥʝʤʘʻ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʧʦʯʘʪʢʫ ʢʦʥʩʪʨʫʶʚʘʪʠ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʟʛʠʥʘʥʥʷ ɹʂ ʚ 

ʟʘʛʘʣʴʥʽʡ ʬʦʨʤʽ, ʘ ʧʦʪʽʤ ʾʭ ʣʽʥʝʘʨʠʟʫʚʘʪʠ, ʷʢ ʮʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚ ʨʦʟʜʽʣʘʭ 2 ʽ 

3, ʘ ʤʦʞʣʠʚʦ ʚʽʜʨʘʟʫ ʙʫʜʫʚʘʪʠ ʣʽʥʝʨʠʟʦʚʘʥʽ ʨʽʚʥʷʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚ ʦʢʦʣʽ ʩʪʘʥʫ 

ʨʽʚʥʦʚʘʛʠ 0v= . ɺʦʥʠ ʥʘʙʫʚʘʶʪʴ ʥʘʡʧʨʦʩʪʽʰʦʾ ʬʦʨʤʠ, ʷʢʱʦ ʾʭ ʬʦʨʤʫʣʶʚʘʪʠ 

ʚ ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ oxyz ʟ ʦʨʪʘʤʠ  i , j , k . 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʩʠʣ 

 

/ ,

/ ,

/

x y z z y x

y z x x z y

z x y y x z

dF ds k F k F f

dF ds k F k F f

dF ds k F k F f

=- + -

=- + -

=- + -

    (4.9) 

 

ʽ ʨʽʚʥʦʚʘʛʠ ʤʦʤʝʥʪʽʚ 

 

/ ,

/ ,

/ .

x y z z y y

y z x x z x

z x y y x

dM ds k M k M F

dM ds k M k M F

dM ds k M k M

=- + +

=- + -

=- +

   (4.10) 
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ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʚ ʩʪʘʥʜʘʨʪʥʽʡ, ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʬʦʨʤʽ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʦʩʣʽʜʞʝʥʽ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʩʪʘʜʽʾ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʢʨʦʢʦʚʦʛʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʅʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʘʥʘʣʽʟʫʻʪʴʩʷ ʧʝʨʝʜʢʨʠʪʠʯʥʠʡ 

ʩʪʘʥ ɹʂ ʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʚʥʫʪʨʽʰʥʷ ʦʩʴʦʚʘ ʩʠʣʘ ( )zF s . ʅʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ 

ʨʽʚʥʷʥʥʷ (4.9), (4.10) ʣʽʥʝʘʨʠʟʫʶʪʩʷ ʚ ʦʢʦʣʽ ʮʴʦʛʦ ʩʪʘʥʫ ʽ ʨʦʟʚËʷʟʫʻʪʴʩʷ 

ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʙʫʜʫʻʪʴʩʷ ʬʦʨʤʘ ʚʠʧʠʥʘʥʥʷ. 

ʇʨʠʡʤʝʤʦ, ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʧʝʨʘʮʽʷ ʩʧʫʩʢʫ ɹʂ, 

ʚʦʥʘ ʥʝ ʦʙʝʨʪʘʻʪʴʩʷ ʽ ʪʦʤʫ ʬʨʠʢʮʽʡʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʅʝʭʘʡ ʨʫʭ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʤʘʣʦʶ ʰʚʠʜʢʽʩʪʶ ʽ ʩʠʣʘʤʠ 

ʽʥʝʨʮʽʾ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʽ ʥʘ ɹʂ ʜʽʶʪʴ ʪʽʣʴʢʠ ʩʠʣʠ ʪʷʞʽʥʥʷ (ʪʷʞ
f ), ʢʦʥʪʘʢʪʥʽ 

ʩʠʣʠ (ʢʦʥʪ
f ) ʽ ʩʠʣʠ ʪʝʨʪʷ (ʪʝʨ

f ). ʇʨʠ ʮʴʦʤʫ, ʟʘʚʜʷʢʠ ʦʙʨʘʥʽʡ ʦʨʽʻʥʪʘʮʽʾ 

ʩʠʩʪʝʤʠ oxyz, ʩʠʣʠ ( )ʪʷʞsf  ʩʧʨʷʤʦʚʘʥʽ ʫʟʜʦʚʞ ʦʩʽ OZ, ʩʠʣʘ ( )ʢʦʥʪsf  ʜʽʻ 

ʫʟʜʦʚʞ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ S ʽ ʬʨʠʢʮʽʡʥʘ ʩʠʣʘ ( )ʪʝʨsf  ʥʘʧʨʷʤʣʝʥʘ ʚ 

ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʧʨʦʪʠ ʰʚʠʜʢʦʩʪʽ ʝʣʝʤʝʥʪʘ ɹʂ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʘʥʽ ʩʠʣʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʩʠʩʪʝʤʽ oxyz ʚ ʚʠʛʣʷʜʽ 

 

ʪʷʞ ʪʷʞ ʪʷʞ ʪʷʞ

x y zf f f= + +f i j k ,    ʢʦʥʪ ʢʦʥʪ

xf=f i , ʪʝʨ ʪʝʨ

zf=-f k . (4.11) 

 

ʆʩʢʽʣʴʢʠ ɹʂ ʢʦʚʟʘʻ ʫʟʜʦʚʞ ʢʘʥʘʣʦʚʦʾ ʧʦʨʦʞʥʠʥʠ, ʬʨʠʢʮʽʡʥʘ ʩʠʣʘ 

( )ʪʝʨ

zf s  ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ʂʫʣʦʥʘ 

 

ʪʝʨ ʢʦʥʪ

z xf ɛf= ,     (4.12) 

 

ʘ ʢʦʤʧʦʥʝʥʪʠ ʧʦʚʥʠʭ ʟʦʚʥʽʰʥʽʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʣ ʟʥʘʭʦʜʷʪʴʩʷ ʪʘʢ 

 

ʪʷʞ ʢʦʥʪ

x x xf f f= + ,  ʪʷʞ

y yf f= ,  ʪʷʞ ʢʦʥʪ

z z xf f ɛf= - . (4.13) 
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ʋ ʧʝʨʝʜʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ ɹʂ ʣʝʞʠʪʴ ʥʘ ʜʥʽ ʢʘʥʘʣʫ ʽ ʾʾ ʦʩʴʦʚʘ ʣʽʥʽʷ L  

ʟʙʽʛʘʻʪʴʩʷ ʟ ʣʽʥʽʻʶ 0v=  ʥʘ ʧʦʚʝʨʭʥʽ S. 

ʊʦʜʽ ʷʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʚ ʮʴʦʤʫ ʩʪʘʥʽ 0xk = , 0zk = , 0xM = , 0zM = , 

0yF = , ʪʦ ʟ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (4.10) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

 

/ 0zdM ds=   ʘʙʦ    ( )zM s const= . 

 

ʊʫʪ ( )zM s  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ʇʨʠʡʤʝʤʦ ( ) 0zM s = . ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟ ʩʠʩʪʝʤ (4.9), (4.10) ʚʠʧʣʠʚʘʻ 

 

/ ,

/ ,

/ .

ʪʷʞ ʢʦʥʪ

x y z x x

ʪʷʞ ʢʦʥʪ

z y x z x

x y

dF ds k F f f

dF ds k F f ɛ f

F EIdk ds

=- - -

= - +

=-

    (4.14) 

 

ʎʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʴʦʚʦʾ ʩʠʣʠ ( )zF s  

 

2 2/ / /ʪʷʞ ʪʷʞ

z y y z y y z xdF ds EIk dk ds f ɛ EId k ds k F f=- - + - -. (4.15) 

 

ʋ ʥʴʦʤʫ ʧʨʠʩʫʪʥʷ ʪʽʣʴʢʠ ʦʜʥʘ ʥʝʚʽʜʦʤʘ ʚʝʣʠʯʠʥʘ ( )zF s , ʪʦʤʫ ʚʦʥʦ 

ʣʝʛʢʦ ʤʦʞʝ ʙʫʪʠ ʧʨʦʽʥʪʝʛʨʦʚʘʥʦ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ. 

ʑʦʙ ʨʝʘʣʽʟʫʚʘʪʠ ʜʨʫʛʠʡ ʢʨʦʢ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʧʠʥʘʥʥʷ, 

ʥʝʦʙʭʽʜʥʦ ʨʽʚʥʷʥʥʷ (4.9), (4.10) ʣʽʥʝʘʨʠʟʫʚʘʪʠ ʚ ʦʢʦʣʽ 0v=  

 

/ ,

/ ,

/ ,

x y z y z z y z y x

y z x z x x z x z y

z x y x y y x y x z

dŭF ds ŭk F k ŭF ŭk F k ŭF ŭf

dŭF ds ŭk F k ŭF ŭk F k ŭF ŭf

dŭF ds ŭk F k ŭF ŭk F k ŭF ŭf

=- - + + -

=- - + + -

=- - + + -

     (4.16) 
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/ ,

/ ,

/ 0.

x y z y z z y z y y

y z x z x x z x z x

z

dŭM ds ŭk M k ŭM ŭk M k ŭM ŭF

dŭM ds ŭk M k ŭM ŭk M k ŭM ŭF

dŭM ds

=- - + + +

=- - + + -

=    

    (4.17) 

 

ʊʫʪ ʩʠʤʚʦʣʦʤ ...d  ʧʦʟʥʘʯʝʥʦ ʤʘʣʠʡ ʧʨʠʨʽʩʪ ʚʽʜʧʦʚʽʜʥʦʾ ʚʝʣʠʯʠʥʠ. 

ʊʦʜʽ ʟʤʽʥʥʽ 
xŭF  ̔

yŭF ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ 

(4.17) 

 

/ 0,

/ .

x y

y x y z

ŭF EIdŭk ds

ŭF EIdŭk ds EIk ŭk

=- =

= -
    (4.18) 

 

ʋ ʝʡʣʝʨʦʚʽʡ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ ʧʨʠʡʤʘʻʪʴʩʷ 

ʛʽʧʦʪʝʟʘ, ʱʦ ʦʩʴʦʚʘ ʩʠʣʘ ʚ ʩʪʨʠʞʥʽ ʧʨʠ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ɿ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʝʪʻ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (4.16) ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʠʥʫʪʦ, ʘ ʜʚʘ 

ʽʥʰʠʭ ʟʚʝʜʝʥʽ ʜʦ ʚʠʛʣʷʜʫ 

 

2 2

2 2

/ ,

/ / / / .

y z y x

y x y z z y z z x y

EId ŭk ds Fŭk ŭf

EIdk dsŭk EIk dŭk ds EId ŭk ds EIdk dsŭk Fŭk ŭf

= +

+ - =- - +
 (4.19) 

 

ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʥʝʚʽʜʦʤʽ ʬʫʥʢʮʽʾ xkd , 
yk , 

yŭk,  ̔ zŭk. ʑʦʙ ʚʠʚʝʩʪʠ ʾʭ, 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʢʨʠʚʠʟʥʠ ʢʨʠʚʦʾ L , ʱʦ ʣʝʞʠʪʴ ʥʘ ʢʘʥʘʣʦʚʽʡ ʧʦʚʝʨʭʥʽ 

S. ʊʦʤʫ ʚʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʾʾ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʥʫʪʨʽʰʥʷ ʛʝʦʤʝʪʨʽʷ ʮʽʻʾ ʧʦʚʝʨʭʥʽ ʟʘʜʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ( , )ija u v  ʾʾ ʧʝʨʰʦʾ 

ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ  

 

2 2

1 11 12 22ū( , ) ( , ) 2 ( , ) ( , )u v a u v du a u v dudv a u v dv= + + .  (4.20) 

 

ɿʦʚʥʽʰʥʷ ʛʝʦʤʝʪʨʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ijb  ʜʨʫʛʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ 

ʬʦʨʤʠ 
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2 2

2 11 12 22ū ( , ) ( , ) 2 ( , ) ( , )u v b u v du b u v dudv b u v dv= + +   (4.21) 

 

ʋ ʮʠʭ ʨʽʚʥʦʩʪʷʭ 
ija  ( , 1,2)i j =  ʢʦʤʧʦʥʝʥʪʠ ʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ, 

ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʧʦʚʝʨʭʥʝʶ S. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʨʠʚʦʣʽʥʽʡʥʽ ʢʦʦʨʜʠʥʘʪʠ 

u , v  ʽ ʛʝʦʤʝʪʨʠʯʥʽ ʦʙ'ʻʢʪʠ, ʷʢʽ ʚ ʥʽʡ ʣʝʞʘʪʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʢʨʠʚʠʟʥʫ 
xk  

ʢʨʠʚʦ ʾ L , ʱʦ ̔ʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʛʝʦʜʝʟʠʯʥʦʶ ʢʨʠʚʠʟʥʦʶ ʛʝʦʜk . ɺ ʦʢʦʣʽ ʣ̔ʥ̔ ʾ 

0v=  ʢʘʥʘʣʦʚʦʾ ʧʦʚʝʨʭʥʽ ʣ̔ʥ̔ ʾ u   ̔ v  ʦʨʪʦʛʦʥʘʣʴʥ,̔ ʪʦʤʫ 
12( ,0) 0a u =   ̔

ʢʨʠʚʠʟʥʘ 
zk  ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (2.22) [29] 

 

( )
3/2

2 2

11 22 11 22( ) ( )ʛʝʦʜ

xk k a a a u a v u v v u Av Bu
-

¡ ¡ ¡¡ ¡ ¡¡ ¡ ¡ ¡è ø= = + - + -ê ú , (4.22) 

 

ʜʝ A  ̔B  ʟʥʘʭʦʜʷʪʩɹʷ ʯʝʨʝʟ ʩʠʤʚʦʣʠ ʂʨ̔ʩʪʦʬʝʣʷ ʚ ʨʦʟʜʽʣʽ 2.3. 

ʇʘʨʘʤʝʪʨʠ ʧʝʨʰʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ 
11( , )a u v   ̔

22( , )a u v  

ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ (3.12), ʘ ʚʝʣʠʯʠʥʘ 12a  ʚ ʦʢʦʣʽ ʢʨʠʚʦʾ 

0v=  ʜʦʨ̔ ʚʥʶʻ ʥʫʣʶ. 

ʗʢʱʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ a e, a l  ̔ u t=  ʮʽ ʟʤʽʥʥʽ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʬʦʨʤʽ 

 

2 2 2 2

11 sh cha Ů t ɚ t= + ,   2

22a a= .    (4.23) 

 

ɿ ʾʭ ʜʦʧʦʤʦʛʦʶ ʟʥʘʭʦʜʷʪʴʩʷ ʩʠʤʚʦʣʠ ʂʨʽʩʪʦʬʝʣʷ 

 

( )

2 2
1 1

11 222 2 2 2

2 2

11 22

( )sh ch
ũ ,                           ũ 0,

sh ch

1
ũ sin ch sin sh cos cos ,        ũ 0.

Ů ɚ t t

Ů t ɚ t

vɓ ɚ t ɓ Ů t ɓ a vɓ
a

+
= =

+

è ø= - + =ê ú

     (4.24) 

 

ʋ ʬʦʨʤʫʣʽ (4.22) ʟʤʽʥʥʽ ʬʫʥʢʮʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ t, ʘʣʝ ʦʧʝʨʘʮʽʷ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ s. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʝʦʙʭʽʜʥʦ 
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ʚʨʘʭʫʚʘʪʠ, ʱʦ ʚʠʧʠʥʘʥʥʷ ɹʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʘʣʦʤʫ ʦʢʦʣʽ ʩʪʘʥʫ 0v=   ̔ʪʦʤʫ 

11 11... / ... / ... /d ds d a du d a dt= = . ʊʦʜ ̔

 

11

1du
u

ds a
¡= = ,  

2

11

2 2

11

1

2

d u da
u

ds a dt
¡¡= =- , 

dv
v

ds
¡= ,  

2

2

d v
v

ds
¡¡= . (4.25) 

 

ʊʝʧʝʨ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʦʙʯʠʩʣʠʪʠ ʢʨʠʚʠʟʥʫ 

 

11

sin
( ch sin sh cos )ʛʝʦʜ

x

ɓ v
k k av ɚ t ɓ Ů t ɓ

a
¡¡= = + - .   (4.26) 

 

ʌʦʨʤʘ ʮʽʻʾ ʨʽʚʥʦʩʪʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʢʨʠʚʠʟʥʘ xk  ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʚ 

ʧʝʨʝʜʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ, ʘʣʝ ʧʨʠ ʚʠʧʠʥʘʥʥʽ ʾʾ ʚʘʨʽʘʮʽʷ ʩʪʘʥʦʚʠʪʴ 

 

( )
11

ch sin sh cosʛʝʦʜ

x

ɓ
ŭk ŭk aŭv ɚ t ɓ Ů t ɓ ŭv

a
¡¡= = + - .  (4.27) 

 

ʇʘʨʘʤʝʪʨʠ ʜʨʫʛʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ 
11b , 

12b ,  ̔ 22b  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʬʦʨʤʫ ʧʦʚʝʨʭʥʽ S ʽ ʾʾ ʢʨʠʚʠʟʥʠ. ʋ ʥʘʰʽʡ ʨʦʙʦʪʽ ʧʨʠʡʥʷʪʦ, ʱʦ ɹʂ ʚʠʧʠʥʘʻ ʚ 

ʦʢʦʣʽ ʩʪʘʥʫ 0v= , ʚ ʷʢʦʤʫ 12 0b = . ɯʥʰʽ ʧʘʨʘʤʝʪʨʠ ( 11b  ʽ 22b ) ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʛʦʣʦʚʥʠʭ ʢʨʠʚʠʟʥ 1k  ʽ 2k  ʧʦʚʝʨʭʥʽ Ɇ ʫʟʜʦʚʞ 

ʣʽʥʽʡ v const=  ʽ u const= , ʚʽʜʧʦʚʽʜʥʦ. ɺʦʥʠ ʚʠʨʘʞʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʚʥʦʩʪʝʡ 

 

1 11 11/k b a= ,   2 22 22/k b a= .   (4.28) 

 

ʇʝʨʝʧʠʰʝʤʦ ʾʭ ʚ ʦʩʪʘʪʦʯʥʦʤʫ ʚʠʛʣʷʜʽ 

 

2 2

1 2 2 2 3/2

(ch sh )

( sh ch )

Ůɚ t t
k

Ů t ɚ t

-
=

+
,  

2

1
k

a
= .   (4.29) 
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ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ ɽʡʣʝʨʘ [6, 9] ʢʨʠʚʠʟʥʘ 
yk  

ʢʨʠʚʦ ʾ L  ʤʦʞʝ ʙʫʪʠ ʧʨʠʨʽʚʥʷʥʘ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʥʦʨʤʘʣʴʥʦʾ ʢʨʠʚʠʟʥʠ ʥʦʨʤk  

ʧʦʚʝʨʭʥʽ Ɇ ʚ ʥʘʧʨʷʤʢʫ ʢʨʠʚʦ ʾ L . ʋ ʪʦʡ ʞʝ ʯʘʩ ʢʨʠʚʠʟʥʘ ʥʦʨʤk  ʚʠʨʘʞʘʻʪʴʩʷ 

ʯʝʨʝʟ ʥʦʨʤʘʣʴʥʽ ʢʨʠʚʠʟʥʠ 
1k   ̔

2k  ʧʦʚʝʨʭʥʽ Ɇ: 

 

2 2

1 2cos sinʥʦʨʤ

yk k k ɠ k ɠ= = + ,    (4.30) 

 

ʜʝ ɠ ï ʢʫʪ ʤʽʞ ʥʘʧʨʷʤʘʤʠ ʦʩʴʦʚʦʾ ʣʽʥʽʾ L  ʽ ʢʦʦʨʜʠʥʘʪʥʦʶ ʣʽʥʽʻʶ u , 

/ɠ adv ds= . ʋ ʧʝʨʝʜʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ ʢʫʪ ɠ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʤʫ 

 

2 2

2 2 2 3/2

(ch sh )

( sh ch )
y

Ůɚ t t
k

Ů t ɚ t

-
=

+
,     (4.31) 

 

ʈʘʟʦʤ ʟ ʪʠʤ ʧʨʠ ʚʠʧʠʥʘʥʥʽ ʮʝʡ ʢʫʪ ʥʘʙʫʚʘʻ ʤʘʣʦʛʦ ʧʨʠʨʦʩʪʫ ŭɠ, ʧʨʦʪʝ 

ʚʘʨʽʘʮʽʷ 

 

1 22( )sin cos 0yŭk k k ɠ ɠŭɠ= - + =      (4.32) 

 

ʻ ʟʥʝʚʘʞʣʠʚʦ ʤʘʣʦʶ. ɺʝʣʠʯʠʥʘ zk , ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʚʥʷʥʥʷʭ (4.16), 

(4.17) ʤʘʻ ʦʩʦʙʣʠʚʠʡ ʩʝʥʩ, ʚʦʥʘ ʚʠʟʥʘʯʘʻ ʦʙʝʨʪʘʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ oxyz 

ʥʘʚʢʦʣʦ ʚʝʢʪʦʨʘ k , ʢʦʣʠ ʮʷ ʩʠʩʪʝʤʘ ʨʫʭʘʻʪʴʩʷ ʫʟʜʦʚʞ ʦʩʴʦʚʦʾ ʣʽʥʽʾ L  ʚʽʜ 

ʪʦʯʢʠ s ʜʦ ʪʦʯʢʠ ȹs s+  ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 

 

ȹ 0
limȹ /ȹz
s

k ɣ s
­

= .     (4.33) 

 

ʊʫʪ ȹɣ ʝʣʝʤʝʥʪʘʨʥʠʡ ʢʫʪ ʧʦʚʦʨʦʪʫ ʚʝʢʪʦʨʘ i  ʥʘʚʢʦʣʦ ʚʝʢʪʦʨʘ k . 

ɺʨʘʭʫʻʤʦ, ʱʦ 1e , 1l , ʘ ʢʨʠʚʠʟʥʘ yk  ʤʘʣʘ. ʊʦʜʽ ʚ ʦʢʦʣʽ 

ʧʝʨʝʜʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ 
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sin cos / 0zk ɠ ɠ a= =.     (4.34) 

 

ɼʣʷ ʤʘʣʠʭ ʚʘʨʽʘʮʽʡ vd  ʤʘʻʤʦ 

 

/zŭk dŭv ds= .     (4.35) 

 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʪʷʞ
f , ʧʨʝʜʩʪʘʚʠʤʦ ʡʦʛʦ ʚ ʩʠʩʪʝʤʽ 

ʚʽʜʣʽʢʫ oxyz (ʨʠʩ. 4.2) 

 

cos cos ( sin sin cos sin cos )

( sin cos cos sin sin ) ,

ʪʷʞ ʪʷʞ ʪʷʞ

ʪʷʞ

f ɓ v f ɓ ɠ ɓ v ɠ

f ɓ ɠ ɓ v ɠ

=- + - + +

+ - -

f i j

k
      (4.36) 

 

ʜʝ 2 2

1 2( )( )ʪʷʞ

ʩʪ ʨʽʜˊ r r ɔ ɔ g= - -f ; 
1r , 

2r  ï ʟʦʚʥʽʰʥʽʡ ʽ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩʠ ʪʨʫʙʠ 

ɹʂ ʚʽʜʧʦʚʽʜʥʦ; 
ʩʪɔ , 

ʨʽʜɔ  ï ʛʫʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ ʽ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ; 9,81g=  ʤ/ʩ
2 
 

ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 0v= , 0ɠ= , ʪʦʤʫ 

 

cosʪʷʞ ʪʷʞ

xf f ɓ=- ,  0ʪʷʞ

yf = ,  sinʪʷʞ ʪʷʞ

zf f ɓ=- . (4.37) 

 

ʋ ʟʙʫʨʝʥʦʤʫ ʩʪʘʥʽ ʚʝʣʠʯʠʥʠ v  ʽ ɠ ʥʘʙʫʚʘʶʪʴ ʤʘʣʠʭ ʟʙʫʨʝʥʴ ŭv  ̔

/ŭɠ adŭv ds= , ʪʦʤʫ 

 

0ʪʷʞ

xŭf = , ( sin / cos )ʪʷʞ ʪʷʞ

yŭf f a ɓdŭv ds ɓŭv= - + , 0ʪʷʞ

zŭf =  (4.38) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʦʩʪʝʡ (4.18), (4.19), (4.22), (4.26), (4.27), (4.31), (4.32), 

(4.34), (4.35) ʽ (4.38) ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (4.16) ʽ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ 

(4.17) ʤʦʞʫʪʴ ʙʫʪʠ ʟʚʝʜʝʥʽ ʜʦ ʚʠʛʣʷʜʫ 
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( )

( )

11

/ / ch sin sh cos

sin / cos

1
/ / ,

y z

ʪʷʞ

x y y

ɓ
dŭF ds dŭv ds F aŭv ɚ t ɓ Ů t ɓ ŭv

a

f a ɓdŭv ds ɓŭv

dŭk ds ŭF k dŭv ds
EI

ë ûè øî î
¡¡=- + + - -ì üé ù

î îê úí ý

- - +

= -

   (4.39) 

 

ʚ ʪʦʡ ʯʘʩ ʷʢ ʣʽʚʽ ʯʘʩʪʠʥʠ ʽʥʰʠʭ ʨʽʚʥʷʥʴ ʩʠʩʪʝʤ (4.16) ʽ (4.17) ʪʦʪʦʞʥʦ ʨʽʚʥʽ 

ʥʫʣʶ ʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʢʠʥʫʪʽ. 

ʈʽʚʥʷʥʥʷ (4.39) ʜʦʧʦʚʥʶʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ (4.27) ʚ ʬʦʨʤʽ 

 

11

1
/ ( ch sin sh cos )x

ɓ
dŭv ds ŭk ɚ t ɓ Ů t ɓ ŭv

a aa
¡ = - -               (4.40) 

 

ʽ ʪʦʪʦʞʥʽʩʪʶ 

 

/ ( )dŭv ds ŭ v¡= .      (4.41) 

 

ʇʽʩʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʩʪʘʥʦʚʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (4.39) ï (4.41) ʟʚʦʜʷʪʴʩʷ ʜʦ 

ʦʜʥʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ 

 

( )

( )

4 2

4 2

11

2 2 2 2
2 2

2 3/2 2 3/2

11 11

11

ch sin sh cos

sh ch ( )sh ch
( )

( ) ( )

ch sin sh cos

cos
sin /

z
z

z

ʪʷʞ

d ŭv EI d ɓ
EI ɚ t ɓ Ů t ɓ aɓ ŭv

ds a ds a

d t t dŭv d ŭv F Ů ɚ t t dŭv
EI Ů ɚ F

ds a ds ds a ds

ɓ
F ɚ t ɓ Ů t ɓ aɓ ŭv

aa

ɓ
f ɓdŭv ds ŭv

a

ë û
è ø+ - + -ì üê ú

í ý

ë û +
+ - + -ì ü

í ý

è ø- - + -ê ú

å
- - +æ

ç
0                                0 .s S

õ
= ¢ ¢ö
÷

       (4.42) 

 

ʍʘʨʘʢʪʝʨʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʽ ʩʢʣʘʜʥʽʩʪʴ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʚʦʥʦ ʚʢʣʶʯʘʻ ʟʚʠʯʘʡʥʽ ʧʦʭʽʜʥʽ ʧʦ ʟʤʽʥʥʽʡ t  (ʧʦʟʥʘʯʝʥʽ ʢʨʘʧʢʦʶ) ʽ s 
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ʦʜʥʦʯʘʩʥʦ. ʋ ʧʨʦʮʝʩʽ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʚËʷʟʘʥʥʷ ʮʷ ʩʢʣʘʜʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ 

ʧʦʜʦʣʘʥʘ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʤʽʥʥʦʾ s ʜʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʨʽʚʥʷʥʥʷ 

(4.42), ʚ ʪʦʡ ʯʘʩ ʷʢ ʢʦʝʬʽʮʽʻʥʪʠ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʤʘʶʪʴ ʚʠʨʘʞʘʪʠʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʢʘʭ ʟʤʽʥʥʦʾ s ʯʝʨʝʟ ʟʤʽʥʥʫ t. ʇʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʜʦ ʽʥʰʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʦʩʪʽ (4.6). 

ɼʨʫʛʘ ʩʢʣʘʜʥʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʬʦʨʤʫʣʶʚʘʪʠ ʨʽʚʥʷʥʥʷ 

(4.42) ʚ ʦʢʦʣʽ ʟʘʜʘʥʦʾ ʬʫʥʢʮʽʾ ʦʩʴʦʚʦʾ ʩʠʣʠ ( )zF s , ʷʢʘ ʟʘʟʜʘʣʝʛʽʜʴ ʥʝʚʽʜʦʤʘ. 

ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʨʦʟʚËʷʟʫʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʙʫʜʫʻʪʴʩʷ 

ʬʫʥʢʮʽʷ ( )zF s  ʜʣʷ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ (0)zF  ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (4.15). 

ʇʦʪʽʤ, ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ, ʮʷ ʬʫʥʢʮʽʷ ʚʩʪʘʚʣʷʻʪʴʩʷ ʚ ʨʽʚʥʷʥʥʷ (4.42) ʽ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʡʦʛʦ ʚʠʨʦʜʞʝʥʽʩʪʴ. ʗʢʱʦ ʮʝ ʦʜʥʦʨʽʜʥʝ ʨʽʚʥʷʥʥʷ ʻ ʚʠʨʦʜʞʝʥʠʤ, 

ʚʦʥʦ ʤʘʻ ʥʝʥʫʣʴʦʚʽ ʨʦʟʚËʷʟʢʠ (ʚʣʘʩʥʽ ʬʦʨʤʠ), ʘ ʚʽʜʧʦʚʽʜʥʠʡ ʩʪʘʥ ʻ ʢʨʠʪʠʯʥʠʤ 

(ʙʽʬʫʨʢʘʮʽʡʥʠʤ). ʊʦʜʽ ʚʽʜʧʦʚʽʜʥʘ ʚʣʘʩʥʘ ʬʦʨʤʘ ʻ ʬʦʨʤʦʶ ʚʠʧʠʥʘʥʥʷ ɹʂ. 

ʇʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʤʘʻ ʙʫʪʠ ʧʨʠʜʽʣʝʥʘ ʯʠʩʝʣʴʥʽʡ ʨʝʘʣʽʟʘʮʽʾ 

ʦʧʠʩʘʥʦʛʦ ʧʽʜʭʦʜʫ. ɺʦʥʘ ʧʝʨʝʚʘʞʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʧʨʦʙʣʝʤʘ ʻ 

ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʦʶ [19], ʽ ʪʦʤʫ ʾʾ ʨʦʟʚËʷʟʢʠ ʤʘʶʪʴ ʚʠʛʣʷʜ ʣʦʢʘʣʽʟʦʚʘʥʠʭ 

ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ ʘʙʦ ʚʥʫʪʨʽʰʥʽʭ ʟʦʩʝʨʝʜʞʝʥʠʭ ʟʙʫʨʝʥʴ. ʇʦʣʦʞʝʥʥʷ ʮʠʭ 

ʟʙʫʨʝʥʴ ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʦ, ʪʦʤʫ ʟʘʜʘʯʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʘ ʜʦ ʣʦʢʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘ ʤʘʻ ʨʦʟʚËʷʟʫʚʘʪʠʩʷ ʥʘ ʙʘʟʽ ʛʣʦʙʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʧʦʰʫʢʦʤ 

ʨʦʟʚËʷʟʢʽʚ ʫ ʚʩʽʡ ʦʙʣʘʩʪ ̔0 s S¢ ¢ ʜʦʚʞʠʥʠ ɹʂ. 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʥʘʡʙʽʣʴʰʽ ʪʨʫʜʥʦʱʽ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʜʣʷ 

ʨʽʚʥʷʥʥʷ (4.42) ʧʦʚ'ʷʟʘʥʽ ʟ ʚʝʣʠʢʦʶ ʜʦʚʞʠʥʦʶ S ɹʂ ʽ ʾʾ ʤʘʣʦʶ ʟʛʠʥʘʣʴʥʦʶ 

ʞʦʨʩʪʢʽʩʪʶ. ʑʦʙ ʧʨʦʢʦʤʝʥʪʫʚʘʪʠ ʮʝ ʪʚʝʨʜʞʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʽʜʭʽʜ, 

ʧʨʠʡʥʷʪʠʡ ʚ [19,32] ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʭ ʩʠʩʪʝʤ, ʽ 

ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʨʽʚʥʷʥʥʷ (4.42) ʧʨʠ ʦʙʨʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ 112,1 10E= Ö  

ʇʘ, 5 41,564 10  ʤI -= Ö . ɼʣʷ ʧʨʦʩʪʦʪʠ ʤʽʨʢʫʚʘʥʴ ʧʦʢʣʘʜʝʤʦ 10000S= ʤ, ʪʦʜʽ 

ʨʽʚʥʷʥʥʷ (4.42) ʤʘʻ ʙʫʪʠ ʧʨʦʽʥʪʝʛʨʦʚʘʥʦ ʧʦ s ʚ ʦʙʣʘʩʪʽ 0 10000s¢ ¢ . ʆʜʥʘʢ 

ʥʝʟʚʠʯʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʚ ʪʘʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʪʦʤʫ 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʤʘʩʰʪʘʙʫ ʧʘʨʘʤʝʪʨʘ s ʧʝʨʝʡʜʝʤʦ ʜʦ ʥʦʚʦʾ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ 
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q. ɹʫʜʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʚʠʤʽʨʶʚʘʪʠ ʜʦʚʞʠʥʫ ɹʂ ʚ ʢʽʣʦʤʝʪʨʘʭ (ʭʦʯʘ ʚʩʽ ʽʥʰʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹʂ, ʚʢʣʶʯʘʶʯʠ ʾʾ ʟʛʠʥʘʣʴʥʫ ʞʦʨʩʪʢʽʩʪʴ EI , ʟʘʣʠʰʠʤʦ 

ʥʝʟʤʽʥʥʠʤʠ). ʊʦʜʽ ʤʦʞʝʤʦ ʥʘʧʠʩʘʪʠ 1000s q= , ʜʝ 0 q¢ ¢Q  ̔ 10Q= . ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ (4.42) ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 
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a
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 (4.43) 

 

ʊʝʧʝʨ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʚ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜ ʯʝʪʚʝʨʪʦʶ 

ʧʦʭʽʜʥʦʶ ʜʫʞʝ ʤʘʣʠʡ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʚʘ ʡʦʛʦ ʥʘʩʪʫʧʥʠʭ ʯʣʝʥʠ ʟʘʣʠʰʠʣʠʩʷ 

ʥʝʟʤʽʥʥʠʤʠ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʜʚʘ ʮʠʭ ʯʣʝʥʠ ʚʽʜʽʛʨʘʶʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʽʩʪʦʪʥʫ 

ʨʦʣʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʰʦʶ ʩʢʣʘʜʦʚʦʶ. ʆʜʥʘʢ ʮʝʡ ʧʝʨʰʠʡ ʯʣʝʥ ʚʽʜʢʠʥʫʪʠ ʥʝ 

ʤʦʞʥʘ, ʦʩʢʽʣʴʢʠ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʟʤʽʥʠʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʨʽʚʥʷʥʥʷ (4.43) ʽ ʚʦʥʦ 

ʩʪʘʥʝ ʦʧʠʩʫʚʘʪʠ ʟʦʚʩʽʤ ʽʥʰʝ ʷʚʠʱʝ. 

ɸʣʝ ʨʽʚʥʷʥʥʷ (4.43) ʚ ʦʙʣʘʩʪʽ (0 10q¢ ¢ ) ʽ ʨʽʚʥʷʥʥʷ (4.42) ʚ ʦʙʣʘʩʪʽ 

(0 10000s¢ ¢ ) ʧʦʚʥʽʩʪʶ ʝʢʚʽʚʘʣʝʥʪʥʽ. ʊʦʤʫ ʟʥʦʚʫ ʚʘʞʣʠʚʽʩʪʴ ʧʝʨʰʦʛʦ ʯʣʝʥʘ 

ʚ ʨʽʚʥʷʥʥʽ (4.42) ʟʥʝʚʘʞʣʠʚʦ ʤʘʣʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʯʣʝʥʘʤʠ. ʆʜʥʘʢ ʽ ʥʘ 

ʮʝʡ ʨʘʟ ʮʠʤ ʯʣʝʥʦʤ ʥʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʦʩʢʽʣʴʢʠ, ʷʢʱʦ ʡʦʛʦ ʚʽʜʢʠʥʫʪʠ, ʪʦ 

ʯʘʩʪʠʥʘ, ʱʦ ʟʘʣʠʰʠʣʘʩʷ ʚ ʨʽʚʥʷʥʥʽ (4.42) ʩʪʘʥʝ ʦʧʠʩʫʚʘʪʠ ʨʽʚʥʦʚʘʛʫ ʪʨʦʩʘ, 

ʷʢʠʡ ʥʝ ʤʦʞʝ ʚʠʧʠʥʘʪʠ. ʅʘ ʧʨʘʢʪʠʮʽ, ʷʢ ʧʨʘʚʠʣʦ, ɹʂ ʧʦʚʦʜʷʪʴʩʷ ʧʦʜʽʙʥʦ ʜʦ 

ʪʨʦʩʽʚ, ʪʦʤʫ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ ʾʭ ʥʘʟʠʚʘʶʪʴ çdrill stringsè (ʙʫʨʠʣʴʥʽ 

ʩʪʨʫʥʠ), ʘ ʥʝ ʙʫʨʠʣʴʥʽ ʩʪʨʠʞʥʽ. ʋ ʪʦʡ ʞʝ ʩʘʤʠʡ ʯʘʩ, ʷʢʱʦ ʢʦʣʦʥʘ ʧʦʯʠʥʘʻ 

ʚʪʨʘʯʘʪʠ ʩʪʽʡʢʽʩʪʴ, ʚ ʟʦʥʽ ʚʠʧʠʥʘʥʥʷ ʚʦʥʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʧʨʫʞʥʦʤʫ ʩʪʨʠʞʥʶ. 
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ʋ ʧʨʠʢʣʘʜʥʽʡ ʤʘʪʝʤʘʪʠʮʽ ʨʽʚʥʷʥʥʷ ʟ ʤʘʣʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜ 

ʩʪʘʨʰʦʶ ʧʦʭʽʜʥʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʤ [19]. ʗʢ ʧʨʘʚʠʣʦ, ʟʘʜʘʯʽ 

ʪʘʢʦʛʦ ʚʠʜʫ, ʻ ʧʦʛʘʥʦ ʦʙʫʤʦʚʣʝʥʽ, ʚʦʥʠ ʤʘʶʪʴ ʥʝʨʝʛʫʣʷʨʥʽ ʨʦʟʚôʷʟʢʠ, ʱʦ 

ʨʦʟʛʘʣʫʞʫʶʪʴʩʷ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʾʾ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʠʭ ʨʽʟʥʠʮʴ. ʇʨʠ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʜʦʚʞʠʥʘ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ n  ʩʢʽʥʯʝʥʥʦ-ʨʽʟʥʠʭ ʯʘʩʪʠʥ /s S nD =  ʽ ʚ ʢʦʞʥʽʡ ʚʫʟʣʦʚʽʡ 

ʪʦʯʮʽ 
is  ʧʦʭʽʜʥʽ ʚʽʜ vd  ʧʦ s ʟʘʤʽʥʶʶʪʴʩʷ ʾʭ ʩʢʽʥʯʝʥʥʦ-ʨʽʟʥʠʮʝʚʠʤʠ 

ʘʥʘʣʦʛʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʨʽʚʥʷʥʥʷ (4.42), ʜʠʩʢʨʝʪʠʟʦʚʘʥʝ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ 
is  

(1 i n¢ ¢), ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ. 

ɺʠʧʠʥʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻ ʥʘʙʣʠʞʝʥʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ( )v sd  ʚ ʪʦʯʢʘʭ 

is . ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʝ 

ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺʦʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʦʛʨʘʤʥʠʭ ʙʣʦʢʽʚ, ʷʢʽ 

ʛʦʪʫʶʪʴ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʚʠʢʦʥʫʶʪʴ ʛʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʪʘʣʝʡ 

ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ s ʽ t, ʟʘʜʘʶʪʴ 

ʚʠʭʽʜʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʦʙʯʠʩʣʶʶʪʴ ʚʥʫʪʨʽʰʥʶ ʦʩʴʦʚʫ ʩʠʣʫ ( )z iF s  ʚ ʫʩʽʭ 

ʚʫʟʣʘʭ ʩʢʽʥʯʝʥʥʦ-ʨʽʟʥʠʮʝʚʦʾ ʦʙʣʘʩʪʽ, ʢʦʥʩʪʨʫʶʶʪʴ ʩʢʽʥʯʝʥʥʦ-ʨʽʟʥʠʮʝʚʽ 

ʨʽʚʥʷʥʥʷ ʜʣʷ ʟʘʜʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʩʠʣʠ ( )z iF s , ʨʦʟʚËʷʟʫʶʪʴ ʩʠʩʪʝʤʫ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʽ ʦʙʯʠʩʣʶʶʪʴ ʜʝʪʝʨʤʽʥʘʥʪ ʤʘʪʨʠʮʽ, ʧʽʩʣʷ ʯʦʛʦ 

ʟʥʘʭʦʜʷʪʴ ʩʪʘʥ ʚ ʷʢʦʤʫ ʜʝʪʝʨʤʽʥʘʥʪ ʟʤʽʥʶʻ ʩʚʽʡ ʟʥʘʢ, ʧʝʨʝʭʦʜʷʯʠ ʯʝʨʝʟ 

ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ. ʎʝʡ ʩʪʘʥ ʻ ʢʨʠʪʠʯʥʠʤ, ʘ ʚʽʜʧʦʚʽʜʥʘ ʚʣʘʩʥʘ ʬʦʨʤʘ ʤʘʪʨʠʮʽ 

ʷʚʣʷʻ ʩʦʙʦʶ ʬʦʨʤʫ ʚʠʧʠʥʘʥʥʷ. ɼʘʣʽ ʧʨʦʛʨʘʤʘ ʦʙʨʦʙʣʷʻ ʨʝʟʫʣʴʪʘʪʠ 

ʦʙʯʠʩʣʝʥʴ ʽ ʙʫʜʫʻ ʛʨʘʬʽʢʠ ʟʥʘʡʜʝʥʠʭ ʬʫʥʢʮʽʡ.  

ʇʨʠ ʦʙʯʠʩʣʝʥʥʷʭ ʜʽʘʧʘʟʦʥ 0 s S¢ ¢ ʨʦʟʙʠʚʘʚʩʷ ʥʘ 1000 ʢʽʥʮʝʚʦ-

ʨʽʟʥʠʮʝʚʠʭ ʢʨʦʢʽʚ sD . ʏʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʷʣʠʩʷ ʟ ʧʦʜʚʦʻʥʠʤ ʯʠʩʣʦʤ 

ʟʚʠʯʘʡʥʦ-ʨʽʟʥʠʮʝʚʠʭ ʧʦʜʽʣʽʚ. ʊʝʩʪʫʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʽʚ. 
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4.2 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʙʫʣʠ ʦʙʨʘʥʽ ʾʭ ʪʨʘʻʢʪʦʨʽʾ ʟ ʨʽʟʥʠʤʠ ʦʙʨʠʩʘʤʠ ʽ 

ʨʦʟʤʽʨʘʤʠ. ʈʦʟʛʣʷʥʫʪʽ ʧʨʠʢʣʘʜʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʠʪʠ ʟʘʛʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʷʚʠʱ ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ. ʆʜʥʘ ʟ ʥʠʭ ʧʦʣʷʛʘʻ ʚ 

ʤʦʞʣʠʚʦʩʪʽ ʚʪʨʘʯʘʪʠ ʩʪʽʡʢʽʩʪʴ ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʘʨʤʦʥʽʡʥʠʭ ʚʝʡʚʣʝʪʽʚ ʚ 

ʥʘʡʥʝʩʧʦʜʽʚʘʥʽʰʠʭ ʤʽʩʮʷʭ ʜʦʚʞʠʥʠ ɹʂ. ɺʦʥʘ ʦʙʫʤʦʚʣʝʥʘ ʧʦʯʘʪʢʦʚʦʶ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʦʩʴʦʚʦʾ ʩʠʣʠ ʪʝʨʪʷ ( )ʪʝʨ

zf s , ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʧʨʠ ʦʧʝʨʘʮʽʷʭ 

ʩʧʫʩʢʫ ʘʙʦ ʧʽʜʡʦʤʫ ʢʦʣʦʥʠ. ʇʨʠ ʾʾ ʜʽʾ ʩʧʽʣʴʥʦ ʟ ʨʦʟʧʦʜʽʣʝʥʦʶ ʩʠʣʦʶ ʪʷʞʽʥʥʷ 

( )ʪʷʞ

zf s  ʽ ʢʨʘʡʦʚʦʶ ʦʩʴʦʚʦʶ ʩʠʣʦʶ (0)zF  ʧʨʠ 0s=  ʢʦʣʦʥʘ ʤʦʞʝ ʙʫʪʠ 

ʯʘʩʪʢʦʚʦ ʩʪʠʩʥʫʪʘ, ʯʘʩʪʢʦʚʦ ʨʦʟʪʷʛʥʫʪʘ, ʱʦ ʪʘʢ ʩʘʤʦ ʫʩʢʣʘʜʥʶʻ ʾʾ ʘʥʘʣʽʟ. 

ʑʦʙ ʚʠʚʯʠʪʠ ʮʽ ʥʶʘʥʩʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʦʙʨʘʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʨʽʟʥʠʤʠ 

ʥʘʭʠʣʘʤʠ ʪʨʘʻʢʪʦʨʽʡ. 

ɺʽʜʧʦʚʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤʠ (4.1) ʽ ʚʠʙʨʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ e, l  

ʪʘ h  ʚʽʩʴ ʩʚʝʨʜʣʦʚʠʥʠ ʷʚʣʷʻ ʩʦʙʦʶ ʢʚʘʜʨʘʪʥʫ ʛʽʧʝʨʙʦʣʫ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ 

ʜʦʪʠʯʥʦʶ ʫ ʚʝʨʭʥʽʡ ʪʦʯʮʽ s S=  ʽ ʜʦʪʠʯʥʦʶ, ʷʢʘ ʧʨʷʤʫʻ ʜʦ ʧʨʷʤʦʣʽʥʽʡʥʦʾ 

ʘʩʠʤʧʪʦʪʠ, ʥʘ ʾʾ ʥʠʞʥʴʦʤʫ ʢʽʥʮʽ 0s=  (ʨʠʩ. 4.1). ɹʂ ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʘ ʥʘ 

ʦʙʦʭ ʢʽʥʮʷʭ. 

ɹʫʣʦ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ l , h  ʽ ʢʫʪʘ (0)ɓ  ʥʘʭʠʣʫ ʩʚʝʨʜʣʦʚʠʥʠ ʚ 

ʾʾ ʥʠʞʥʽʡ ʪʦʯʮʽ ʥʘ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ (0)ʢʨ

zF  ʦʩʴʦʚʦʾ ʩʪʠʩʢʘʶʯʦʾ ʩʠʣʠ (0)zF  

ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ: 112,1 10E= Ö ʇa, 

37,8 10ʩʪɔ = Öʢʛ/ʤ
3
, 31,3 10ʨʽʜɔ = Öʢʛ/ʤ

3
, 1 0,1683d = ʤ, 2 0,1483d = ʤ, 0,08a=  ʤ, 

0ɛ= , ʽ 0,3. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ, ʷʢʱʦ 0ɛ= , ʪʦ ʚʠʧʠʥʘʥʥʷ 

ɹʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʢʦʣʽ ʢʽʥʮʷ 0s=  ʧʦʜʽʙʥʦ ʜʦ ʢʨʠʪʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʢʦʣʦʥʠ ʚ 

ʧʨʷʤʦʣʽʥʽʡʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʟ ʢʫʪʦʤ ʥʘʭʠʣʫ b, ʨʽʚʥʠʤ ʢʫʪʫ (0)ɓ  ʚʠʭʽʜʥʦʾ 

ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʨʠʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʬʦʨʤʠ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʦʙʦʭ ʩʠʩʪʝʤ ʤʘʡʞʝ ʟʙʽʛʘʶʪʴʩʷ, ʽ ʧʨʠ ʙʽʬʫʨʢʘʮʽʡʥʦʤʫ ʘʥʘʣʽʟʽ 
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ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟʘʤʽʥʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʧʠʥʘʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ɹʂ 

ʚʽʜʧʦʚʽʜʥʠʤ ʘʥʘʣʽʟʦʤ ʧʦʭʠʣʦʾ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʆʜʥʘʢ ʮʝ ʷʚʠʱʝ ʟʘʟʥʘʻ ʟʤʽʥ, ʷʢʱʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʩʠʣ ʪʝʨʪʷ. ʗʢ 

ʚʠʷʚʠʣʦʩʷ, ʬʨʠʢʮʽʡʥʽ ʝʬʝʢʪʠ ʩʧʨʠʷʶʪʴ ʽʩʪʦʪʥʦʤʫ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʚʥʫʪʨʽʰʥʴʦʾ 

ʦʩʴʦʚʦʾ ʩʠʣʠ ( )zF s , ʘ ʪʘʢʦʞ ʝʚʦʣʶʮʽʾ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ ʽ ʬʦʨʤ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ, ʽ ʟʤʽʱʝʥʥʶ ʤʽʩʮʴ ʾʭ ʚʠʥʠʢʥʝʥʥʷ. ʇʨʦʪʝ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ, 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʝʷʢʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʢʫʪʦʤ 
0(0)ɓ ɓ=  ʽ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ 0,3ɛ= , ʽ ʢʫʪʦʤ ʪʝʨʪʷ 

arctg 0,29145679 16,699ʪʝʨɓ ɛ= = º . 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʷʚʠʱʝ ʚʠʧʠʥʘʥʥʷ ʧʨʠʡʤʘʻ ʨʽʟʢʦ 

ʚʠʨʘʞʝʥʫ ʬʦʨʤʫ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ, ʷʢʱʦ 
0

ʪʝʨɓ ɓ> . ʋ ʪʘʙʣʠʮʽ 4.1 ʥʘʚʝʜʝʥʽ 

ʜʘʥʽ ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʧʦʜʡʦʤʠʩʪʦʶ 

ʪʨʘʻʢʪʦʨʽʻʶ. ʏʦʪʠʨʠ ʨʦʟʛʣʷʥʫʪʠʭ ʪʠʧʠ ʛʝʦʤʝʪʨʽʾ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʚʝʨʜʣʦʚʠʥ 

ʦʜʥʘʢʦʚʦʾ ʛʣʠʙʠʥʠ 4000h= ʤ ʽ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʜʘʣʝʥʥʷ l, ʷʢʝ ʩʪʘʥʦʚʠʪʴ 1 ʢʽʣʦʤʝʪʨ (ʟʘʜʘʯʘ 1), 2 

ʢʽʣʦʤʝʪʨʠ (ʟʘʜʘʯʘ 2), 3 ʢʽʣʦʤʝʪʨʠ (ʟʘʜʘʯʘ 3) ʽ 4 ʢʽʣʦʤʝʪʨʠ (ʟʘʜʘʯʘ 4). ʋ ʣʽʚʽʡ 

ʢʦʣʦʥʮʽ ʪʘʙʣʠʮʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʭʝʤʠ ʦʙʨʠʩʫ ʩʚʝʨʜʣʦʚʠʥʠ. ɻʨʘʬʽʢʠ ʢʨʠʪʠʯʥʠʭ 

ʦʩʴʦʚʠʭ ʬʫʥʢʮʽʡ ( )ʢʨ

zF s  ʧʦʢʘʟʘʥʽ ʚ ʩʝʨʝʜʥʽʡ ʢʦʣʦʥʮʽ. ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʜʽʘʛʨʘʤ, 

ʮʽ ʩʠʣʠ ʜʦʜʘʪʥʽ (ʨʦʟʪʷʛʫʶʯʽ) ʚ ʚʝʨʭʥʽʭ ʯʘʩʪʠʥʘʭ ɹʂ ʽ ʚʽʜËʻʤʥʽ (ʩʪʠʩʢʘʶʯʽ) ʚ ʾʾ 

ʥʠʞʥʽʭ ʟʦʥʘʭ. ɺʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ (ʝʢʩʪʨʝʤʘʣʴʥʦʾ) ʩʪʠʩʢʘʶʯʦʾ 

ʩʠʣʠ (0)ʢʨ

zF  ʥʘ ʥʠʞʥʴʦʤʫ ʢ̔ ʥʮʽ 0s=  ʢʦʣʦʥʠ ʧʦʢʘʟʘʥʦ ʫ ʚʝʨʭʥʴʦʤʫ ʧʨʘʚʦʤʫ 

ʢʫʪʽ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʢʦʣʦʥʮʽ. ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʯʠʤ ʤʝʥʰʝ ʢʫʪ ʥʘʭʠʣʫ (0)ɓ , 

ʪʠʤ ʙʽʣʴʰʘ ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʥʦʾ ʩʠʣʠ (0)ʢʨ

zF . ʎʝʡ ʝʬʝʢʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ 

ʬʘʢʪʦʤ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʮʴʦʛʦ ʢʫʪʘ ʢʦʥʪʘʢʪʥʘ ʩʠʣʘ, ʱʦ ʧʨʠʪʠʩʢʘʻ ɹʂ ʜʦ 

ʩʪʽʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʟʘʧʦʙʽʛʘʻ ʚʠʧʠʥʘʥʥʶ ʢʦʣʦʥʠ. 
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ʊʘʙʣʠʮʷ 4.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ɹʂ ʚ ʧʽʜʡʦʤʠʩʪʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ 

ɿʘʜʘʯʘ 

 ̄
ʆʩʴʦʚʘ ʣʽʥʽʷ ʩʚʝʨʜʣʦʚʠʥʠ 

ʌʫʥʢʮʽʾ ( )ʢʨF s  ʢʨʠʪʠʯʥʦʾ 

ʩʠʣʠ 

ʌʦʨʤʘ ( )ŭv s 

ʚʠʧʠʥʘʥʥʷ 

1 

 (0)ʢʨ

zF = ï152,337 ʢʅ 

( (0)z

ʧʨʷʤF = ï151,185 ʢʅ) 

ʢʨʠʚp =10,87 ʤ 

( ʧʨʷʤp =12,2 ʤ) 

2 

 (0)ʢʨ

zF = ï185,471 ʢʅ 

( (0)z

ʧʨʷʤF = ï184,877 ʢʅ) 

ʢʨʠʚp =16,30 ʤ 

( ʧʨʷʤp =16 ʤ) 

 

3 

 (0)ʢʨ

zF = ï201,075 ʢʅ 

( (0)z

ʧʨʷʤF = ï200,970 ʢʅ) 

ʢʨʠʚp =17,39 ʤ 

( ʧʨʷʤp =17,5 ʤ) 

4 

 (0)ʢʨ

zF = ï209,565 ʢʅ 

( (0)z

ʧʨʷʤF = ï209,774 ʢʅ) 

ʢʨʠʚp =17,39 ʤ 

( ʧʨʷʤp =16,4 ʤ) 
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ʢʨ

zF , ʢʅ ŭv 

0 2 4 6 

s, ʢʤ 

0
ɓ=0,9273 
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ʇʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ  ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ ʽʥʰʠʤʠ ʪʝʦʨʝʪʠʯʥʠʤʠ ʜʘʥʠʤʠ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʜʦ ʮʠʭ 

ʧʽʨ ʧʨʦʙʣʝʤʘ ʛʣʦʙʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ɹʂ ʚ ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʥʝ 

ʟʘʚʝʨʰʝʥʘ, ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰ ʟʨʫʯʥʠʤ ʨʦʟʛʣʷʜ ʜʝʷʢʠʭ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ, 

ʟʦʢʨʝʤʘ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʢʦʣʠ ʦʙʨʠʩ ʛʽʧʝʨʙʦʣʽʯʥʦʾ ʣʽʥʽʾ L  ʢʦʣʦʥʠ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʨʷʤʦʾ ʥʘ ʥʠʞʥʽʡ ʜʽʣʷʥʮʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʜʝ ʬʫʥʢʮʽʷ (0)zF  

ʝʢʩʪʨʝʤʘʣʴʥʘ. ʊʦʜʽ, ʮʽʣʢʦʤ ʧʨʠʨʦʜʥʦ, ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʧʠʥʘʥʥʷ ɹʂ 

ʧʦʚʠʥʥʦ ʚʽʜʙʫʚʘʪʠʩʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʘʥʘʣʦʛʽʯʥʦ ʾʾ ʚʪʨʘʪ ̔ ʩʪʽʡʢʦʩʪʽ ʚ 

ʧʦʭʠʣʦʤʫ ʧʨʷʤʦʣʽʥʽʡʥʦʤʫ ʢʘʥʘʣʽ. ʑʦʙ ʧʨʦʪʝʩʪʫʚʘʪʠ ʮʝ ʧʨʠʧʫʱʝʥʥʷ, 

ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ ʧʦʭʠʣʠʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʢʘʥʘʣʘʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʚʝʜʝʥʦʛʦ ʚ ʨʦʟʜʽʣʽ 2 ʨʽʚʥʷʥʥʷ 

 

IV (cos sin )
( )

(cos sin ) sin
0

ʪʷʞ

ʪʷʞ ʪʷʞ

f ɓ ɛ ɓ R
ŭy S s ŭy

EI EI

f ɓ ɛ ɓ f ɓ
ŭy ŭy

EI aEI

è ø-
¡¡+ - - + +é ù

ê ú

-
¡+ =

.   (4.44) 

 

ʊʫʪ ( ) ( )ŭy s aŭv s= . 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.3 ï ʂʨʘʡʦʚʠʡ ʝʬʝʢʪ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ɹʂ ʚ ʟʙʽʣʴʰʝʥʦʤʫ ʤʘʩʰʪʘʙʽ 

(ʟʘʜʘʯʘ 1 ʚ ʪʘʙʣʠʮʽ 4.1) 
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ʂʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʠʭ ʦʩʴʦʚʠʭ ʩʠʣ (0)ʧʨʷʤ

zF  ʜʣʷ ʧʨʷʤʦʣʽʥʽʡʥʠʭ 

ɹʂ, ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʧʘʜʢʽʚ ʥʘʚʝʜʝʥʽ (ʚ ʩʝʨʝʜʥʽʡ ʢʦʣʦʥʮʽ ʪʘʙʣʠʮʽ 4.1). ʗʢ 

ʚʠʧʣʠʚʘʻ ʟ ʧʦʨʽʚʥʷʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʬʦʨʤ ʚʠʧʠʥʘʥʥʷ ɹʂ, ʚʦʥʠ ʧʨʦʷʚʣʷʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ 

ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʚʽʜʯʫʚʘʶʪʴ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽ ʙʽʬʫʨʢʘʮʽʾ ʚ 

ʛʨʘʥʠʯʥʠʭ ʟʦʥʘʭ (ʜʠʚ. ʧʨʘʚʫ ʢʦʣʦʥʢʫ ʪʘʙʣʠʮʽ 4.1). ʑʦʙ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʮʽ 

ʬʦʨʤʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʥʘ ʨʠʩ. 4.3 ʧʦʢʘʟʘʥʠʡ ʚ ʙʽʣʴʰʦʤʫ ʤʘʩʰʪʘʙʽ ʬʨʘʛʤʝʥʪ 

ʬʫʥʢʮʽʾ ( )v sd  ʜʣʷ ʧʨʦʙʣʝʤʠ 1. ʅʘ ʧʨʦʤʽʞʢʫ 0 0.25s¢ ¢  ʢʤ ʚʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʩʧʘʜʥʫ ʛʘʨʤʦʥʽʢʫ ʟ ʢʨʦʢʦʤ p . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʑʦʙ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʝʬʝʢʪʫ 

ʚʠʧʠʥʘʥʥʷ, ʚ ʧʨʘʚʽʡ ʢʦʣʦʥʮʽ ʪʘʙʣʠʮʽ 4.1 ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʢʨʦʢʽʚ ʢʨʠʚp  ʽ 

ʧʨʷʤp  (ʚ ʜʫʞʢʘʭ) ʜʣʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʽ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʢʘʥʘʣʽʚ ʚʽʜʧʦʚʽʜʥʦ. ɰʭ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʱʝ ʨʘʟ ʧʽʜʪʚʝʨʜʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʢʨʠʪʠʯʥʝ 

ʈʠʩʫʥʦʢ 4.4 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʧʠʥʘʥʥʷ 

ɹʂ ʚ ʧʦʜʡʦʤʠʩʪʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 
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ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ ʧʽʜʡʦʤʠʩʪʦʤʫ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʢʘʥʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʽʙʥʦ 

ʜʦ ʪʦʛʦ, ʷʢ ʚʦʥʦ ʤʘʻ ʤʽʩʮʝ ʚ ʧʨʷʤʦʣʽʥʽʡʥʦʤʫ ʢʘʥʘʣʽ ʟ ʪʠʤ ʞʝ ʩʘʤʠʤ ʢʫʪʦʤ 

ʥʘʭʠʣʫ 
0b. ʈʠʩ. 4.4 ʷʚʣʷʻ ʩʦʙʦʶ ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʦʨʤʠ ʚʠʧʠʥʘʥʥʷ 

ɹʂ ʚ ʧʽʜʡʦʤʠʩʪʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ. ʎʷ ʽʣʶʩʪʨʘʮʽʷ ʧʦʣʝʛʰʫʻ ʨʦʟʫʤʽʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʽʬʫʨʢʘʮʽʡʥʦʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. 

 

ʊʘʙʣʠʮʷ 4.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ɹʂ ʚ ʥʝʛʣʠʙʦʢʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ 

ɿʘʜʘʯʘ 

 ̄
ʆʩʴʦʚʘ ʣʽʥʽʷ ʩʚʝʨʜʣʦʚʠʥʠ 

ʌʫʥʢʮʽʾ ( )ʢʨF s  ʢʨʠʪʠʯʥʦʾ 

ʩʠʣʠ 

ʌʦʨʤʘ ( )ŭv s 

ʚʠʧʠʥʘʥʥʷ 

5 

 (0)ʢʨ

zF = ï 227,340 ʢʅ 

( (0)z

ʧʨʷʤF = ï 225,229 ʢʅ) 

ʢʨʠʚp =16,6 ʤ 

(
ʧʨʷʤp =16,3 ʤ) 

6 

 (0)ʢʨ

zF = ï 183,999 ʢʅ 
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ʆʜʥʘʢ ʟʘʟʥʘʯʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠʥʮʠʧʦʚʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʢʫʪʘ (0)ɓ , ʢʦʣʠ ʚʽʥ ʩʪʘʻ ʤʝʥʰʝ ʥʽʞ ʢʫʪ ʪʝʨʪʷ 

arctg 0,29145679 16,699ʪʝʨɓ ɛ= = º . ʋ ʪʘʙʣʠʮʽ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ ʧʦʣʦʛʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ. ɿʘʜʘʯʽ 5-8 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʠʧʘʜʢʽʚ ʚ ʷʢʠʭ ʛʣʠʙʠʥʘ ʩʚʝʨʜʣʦʚʠʥʠ ʤʘʣʘ ʦʜʥʫ ʽ ʪʫ ʞ 

ʚʝʣʠʯʠʥʫ ( 0,5h=  ʢʤ) ʚ ʪʦʡ ʯʘʩ ʷʢ ʾʭ ʛʦʨʠʟʦʥʪʘʣʴʥ ̔ʚʽʜʜʘʣʝʥʥʷ ʟʤʽʥʶʚʘʣʠʩʷ 

ʚʽʜ 1l =  ʢʤ (ʟʘʜʘʯʘ 5) ʜʦ 4l =  ʢʤ (ʟʘʜʘʯʘ 8), ʜʣʷ ʟʘʜʘʯ ̔ 5 ʢʫʪ 0b ʚʩʝ ʱʝ 

ʧʝʨʝʚʠʱʫʻ ʪʝʨɓ  ʽ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ( )zF s  ʤʘʻ ʤʽʩʮʝ ʧʨʠ 0s= . 

ʊʦʤʫ ʷʚʠʱʝ ʩʠʥʛʫʣʷʨʥʦʛʦ ʟʙʫʨʝʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʬʦʨʤʽ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ. 

ʗʢʱʦ 0

ʪʝʨɓ ɓ<  (ʟʘʜʘʯ ̔6-8), ʨʦʣʴ ʩʠʣʠ ʪʝʨʪʷ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʩʠʣ ʪʷʞʽʥʥʷ 

ʽ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʪʠʩʢʘʶʯʦʾ ʦʩʴʦʚʦʾ ʩʠʣʠ ʜʦʩʷʛʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 

ʜʦʚʞʠʥʠ ɹʂ (ʜʠʚ. ʩʝʨʝʜʥʶ ʢʦʣʦʥʢʫ ʪʘʙʣʠʮʽ 4.2). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ, 

ʩʠʩʪʝʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽʤʠ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʤʠ, ʘ ʬʦʨʤʠ 

ʚʠʧʠʥʘʥʥʷ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ ʛʘʨʤʦʥʽʡʥʦʛʦ ʚʝʡʚʣʝʪʘ ʟ ʢʨʦʢʦʤ p  ʽ ʰʠʨʠʥʦʶ 

p  

900 1100 1300 1500 1700 1900 

P  

ŭv 

s, ʤ 

ʈʠʩʫʥʦʢ 4.5 ï ɻʘʨʤʦʥʽʯʥʠʡ ʚʝʡʚʣʝʪ ʨʝʞʠʤʫ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ɹʂ (ʟʘʜʘʯʘ 6 ʚ ʪʘʙʣʠʮʽ 4.2) 
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P  (ʜʠʚ. ʨʠʩ. 4.5 ʜʣʷ ʟʘʜʘʯʽ 6 ʚ ʪʘʙʣʠʮʽ 4.2), ʷʢʠʡ ʟʤʽʱʫʻʪʴʩʷ ʜʦ ʚʝʨʭʥʽʭ ʢʨʘʾʚ 

ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ (ʜʠʚ. ʧʨʘʚʫ ʢʦʣʦʥʢʫ ʪʘʙʣʠʮʽ 4.2). ʈʠʩ. 4.6 ʩʭʝʤʘʪʠʯʥʦ 

ʽʣʶʩʪʨʫʻ ʚʘʨʽʘʮʽʾ ʬʦʨʤ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʨʠʢʮʽʡʥʦʛʦ ʝʬʝʢʪʫ. 

ʊʘʢ, ʷʢʱʦ ʩʠʣʠ ʪʝʨʪʷ ʤʘʣʽ, ʪʘʢʽ, ʱʦ ʥʠʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ (ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ 

ɹʂ ʥʝʨʫʭʦʤʘ, ʘ ʨʫʭʦʤʽ ʧʦʪʦʢʠ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ ʫʩʫʚʘʶʪʴ ʬʨʠʢʮʽʡʥʽ 

ʝʬʝʢʪʠ), ʬʦʨʤʘ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʷʚʣʷʻ ʩʦʙʦʶ ʢʨʘʡʦʚʠʡ ʝʬʝʢʪ (ʨʠʩ. 4.6 ʘ). 

ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ ʩʧʫʩʢʫ ɹʂ ʬʦʨʤʫʶʪʴʩʷ ʩʠʣʠ ʪʝʨʪʷ ʽ 

ʙʽʬʫʨʢʘʮʽʡʥʽ ʚʝʡʚʣʝʪʠ ʟʤʽʱʫʶʪʴʩʷ ʚʩʝʨʝʜʠʥʫ ʦʙʣʘʩʪʽ ʩʚʝʨʜʣʦʚʠʥʠ (ʨʠʩ. 4.6 

ʙ). ʗʢʱʦ ʬʨʠʢʮʽʡʥʘ ʚʟʘʻʤʦʜʽʷ ʩʪʘʻ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʶ, ʚʝʡʚʣʝʪ ʟʤʽʱʫʻʪʴʩʷ 

ʚʠʱʝ (ʨʠʩ.4.6 ʚ). ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ( )ʪʝʨ

zF s  

ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʩʝʨʝʜʥʽʭ ʪʦʯʢʘʭ ʙʽʬʫʨʢʘʮʽʡʥʠʭ ʚʝʡʚʣʝʪʽʚ ʽ ʾʭ ʟʥʘʯʝʥʥʷ ʩʫʪʪʻʚʦ 

ʥʝ ʟʤʽʥʶʶʪʴʩʷ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.6 ï ɿʩʫʚ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʝʡʚʣʝʪʘ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʬʨʠʢʮʽʡʥʦʛʦ ʝʬʝʢʪʫ ʚ ʥʝʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ: ɛ =0 

(ʘ); ɛ = 0.3 (ʙ); ɛ= 0.4 (ʚ). 
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ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʷʢʱʦ 

ʩʚʝʨʜʣʦʚʠʥʘ ʤʘʻ ʧʽʜʡʦʤʠʩʪʫ ʪʨʘʻʢʪʦʨʽʶ ʽ ʢʫʪ ʾʾ ʥʘʭʠʣʫ ʚ ʥʠʞʥʽʡ ʟʦʥʽ 

ʧʝʨʝʚʠʱʫʻ ʢʫʪ ʪʝʨʪʷ, ʚʠʧʠʥʘʥʥʷ ɹʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʬʦʨʤʽ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ, 

ʧʦʜʽʙʥʦ ʜʦ ʪʦʛʦ, ʷʢ ʮʝ ʤʘʻ ʤʽʩʮʝ ʚ ʧʨʷʤʦʣʽʥʽʡʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʟ ʪʠʤ ʞʝ ʢʫʪʦʤ 

ʥʘʭʠʣʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʽʬʫʨʢʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ɹʂ ʚ ʧʨʷʤʦʣʽʥʽʡʥʽʡ ʧʦʭʠʣʽʡ ʩʚʝʨʜʣʦʚʠʥʽ. ʆʜʥʘʢ ʝʬʝʢʪ 

ʚʠʧʠʥʘʥʥʷ ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ɹʂ, ʢʦʣʠ ʢʫʪ ʥʘʭʠʣʫ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʾʾ 

ʥʠʞʥʽʡ ʜʽʣʷʥʮʽ ʤʝʥʰʝ ʢʫʪʘ ʪʝʨʪʷ. ʑʦʙ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʽ 

ʚʠʧʠʥʘʥʥʷ ɹʂ ʚ ʮʽʡ ʩʠʪʫʘʮʽʾ, ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʥʘʤʠ ʧʽʜʭʽʜ ʜʦ ʧʨʦʙʣʝʤʠ ʟʛʠʥʘʥʥʷ ɹʂ ʚ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʘʥʘʣʘʭ. 

 

  4.3 ɺʠʩʥʦʚʢʠ ʜʦ  ʨʦʟʜʽʣʫ 4 

 

 ɺ ʨʦʟʜʽʣʽ 4 ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʧʠʥʘʥʥʷ 

ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʘʥʘʣʽ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʟʽ ʟʤʽʥʥʠʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʘ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʬʘʢʪʦʨʫ 

ʪʝʨʪʷ. 

1. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ 

ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʟ ʦʩʴʦʚʦʶ ʣʽʥʽʻʶ ʟʘʛʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ. ɺʨʘʭʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʟʤʽʥʠ ʾʾ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʢʫʪʘ ʥʘʭʠʣʫ ʪʘ ʢʨʠʚʠʥʠ) ʚʟʜʦʚʞ 

ʪʨʘʻʢʪʦʨʽʾ. 

2. ʆʙʛʦʚʦʨʶʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʥʘʣʦʚʠʭ 

ʧʦʚʝʨʭʦʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʜʣʷ ʮʠʭ ʚʠʧʘʜʢʽʚ, ʧʘʨʘʤʝʪʨʠ ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʛʝʦʤʝʪʨʽʾ ʢʘʥʘʣʦʚʠʭ 

ʧʦʚʝʨʭʦʥʴ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʪʦʤʫ ʜʣʷ ʥʠʭ ʚʠʚʝʜʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚ ʟʘʛʘʣʴʥʽʡ ʬʦʨʤʽ ʧʦʚôʷʟʘʥʝ ʟ 

ʚʝʣʠʢʠʤʠ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʧʽʜʭʽʜ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʧʦʙʫʜʦʚʽ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ 

ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ. 
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3. ʇʦʙʫʜʦʚʘʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʢʦʣʦʥʠ ʚ 

ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʛʽʧʝʨʙʦʣʽʯʥʦʶ ʦʩʴʦʚʦʶ ʣʽʥʽʻʶ, ʱʦ ʤʘʻ ʟʤʽʥʥʽ 

ʧʘʨʘʤʝʪʨʠ ʛʝʦʤʝʪʨʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʙʯʠʩʣʝʥʥʷ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ 

ʮʠʭ ʨʽʚʥʷʥʴ ʪʘ ʧʦʙʫʜʦʚʠ ʾʭ ʚʣʘʩʥʠʭ ʬʦʨʤ. 

4. ɺʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ʚ ʢʘʥʘʣʽ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʛʽʧʝʨʙʦʣʽʯʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ 

ʧʨʘʢʪʠʮʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ ʾʾ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʚʠʧʠʥʘʥʥʷ ʢʦʣʦʥʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʾʾ 

ʢʨʘʡʦʚʽʡ ʟʦʥʽ, ʘʙʦ ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʜʽʣʷʥʢʘʭ ʟ ʫʪʚʦʨʝʥʥʷʤ ʣʦʢʘʣʽʟʦʚʘʥʠʭ  

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʚʝʡʚʣʝʪʽʚ. ɺʽʜʤʽʯʝʥʦ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʟʘʛʘʣʴʥʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ ʪʝʦʨʽʾ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʭ ʩʠʩʪʝʤ. 

5. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʚʠʢʣʘʜʝʥʦ ʫ ʥʘʩʪʫʧʥʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ [72]. 
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ɺʀʉʅʆɺʂʀ  

 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʽ ʪʘ ʨʦʟʚôʷʟʘʥʽ ʥʦʚʽ ʘʢʪʫʘʣʴʥʽ ʥʘʫʢʦʚʽ 

ʟʘʜʘʯʽ ʧʨʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʘʥʘʣʘʭ ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʾʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʨʘʭʫʚʘʥʥʽ ʬʘʢʪʦʨʫ ʪʝʨʪʷ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʣʷʛʘʶʪʴ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

1. ʅʘ ʙʘʟʽ ʦʛʣʷʜʫ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʚʽʜʩʫʪʥʽ ʪʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʷʚʠʱ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʢʘʥʘʣʘʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ. ɭ ʣʠʰʝ ʽʥʞʝʥʝʨʥʽ ʧʽʜʭʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʩʧʨʦʱʝʥʠʭ ʧʨʠʧʫʱʝʥʴ ʧʨʦ ʛʝʦʤʝʪʨʽʶ ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ ʭʘʨʘʢʪʝʨ ʚʠʧʠʥʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʧʨʦ ʢʦʥʪʘʢʪʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʢʦʣʦʥʦʶ ʪʘ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. ʗʢ 

ʧʨʘʚʠʣʦ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʽʣʴʢʠ ʧʨʷʤʦʣʽʥʽʡʥʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʘ ʬʦʨʤʘ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ ʟʘʜʘʻʪʴʩʷ (ʚʛʘʜʫʻʪʴʩʷ). 

2. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʥʘʫʢʦʚʽʡ 

ʣʽʪʝʨʘʪʫʨʽ ʧʦʩʪʘʥʦʚʦʢ  ̔ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ ɹʂ ʻ ʾʭ 

ʩʫʪʪʻʚʘ ʩʢʣʘʜʥʽʩʪʴ, ʷʢʘ ʟʫʤʦʚʣʝʥʘ ʚʝʣʠʢʦʶ ʜʦʚʞʠʥʦʶ ʢʦʣʦʥʠ, ʪʘ ʝʬʝʢʪʘʤʠ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʣʦʥʦʶ ʪʘ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ 

ʧʦʩʪʘʚʣʝʥʽ ʢʨʘʡʦʚʽ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʩʪʘʶʪʴ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʠʤʠ, ʘ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʾʭ ʦʧʠʩʫʶʪʴ, ʥʘʙʫʚʘʶʪʴ ʪʘʢ ʟʚʘʥʫ 

"ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʞʦʨʩʪʢʽʩʪʴ", ʱʦ ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʻ ʤʝʪʦʜʠʢʫ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ. 

ɺʽʜʤʽʯʝʥʘ ʦʩʦʙʣʠʚʘ ʨʦʣʴ ʬʨʠʢʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʚ ʟʘʛʘʣʴʥʦʤʫ ʙʘʣʘʥʩʽ 

ʢʨʠʪʠʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʢʦʣʦʥʫ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʚʠʥʠʢʥʝʥʥʶ ʧʨʠʭʚʘʪʽʚ ʽ 

ʽʥʚʘʨʽʘʥʪʥʠʭ ʩʪʘʥʽʚ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ 

3. ʋ ʜʠʩʝʨʪʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʨʦʟʨʦʙʣʝʥʽ 

ʥʦʚʽ ʤʝʪʦʜʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ 

ʚ ʢʘʥʘʣʘʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɺʦʥʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʙʦʨʽ ʜʣʷ ʾʭ ʦʧʠʩʫ 

ʪʝʦʨʽʾ ʛʥʫʯʢʠʭ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʪʝʦʨʽʾ ʩʧʽʣʴʥʦ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʪʝʦʨʽʾ ʢʘʥʘʣʦʚʠʭ 
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ʧʦʚʝʨʭʦʥʴ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʣʽʢʫ (ʨʫʭʦʤʠʭ ʪʨʽʝʜʨʽʚ) ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʜʽʣʠʪʠ ʰʫʢʘʥʽ ʟʤʽʥʥʽ ʪʘ ʦʢʨʝʤʦ ʟʥʘʭʦʜʠʪʠ ʾʭ ʚ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʤʽʞʥʦʛʦ ʚʠʢʣʶʯʝʥʥʷ ʟ ʨʽʚʥʷʥʴ ʥʝʚʽʜʦʤʠʭ ʨʝʘʢʮʽʡ ʚôʷʟʝʡ (ʩʠʣ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʣʦʥʦʶ ʪʘ ʩʪʽʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ) ʚʜʘʣʦʩʷ 

ʧʦʙʫʜʫʚʘʪʠ ʥʦʚʫ (ʤʦʜʠʬʽʢʦʚʘʥʫ) ʤʦʜʝʣʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʛʥʫʯʢʠʭ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʪʨʠʞʥʽʚ ʚ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʘʥʘʣʘʭ, ʚ ʷʢʽʡ ʬʽʛʫʨʫʻ ʣʠʰʝ ʦʜʥʘ 

ʰʫʢʘʥʘ ʟʤʽʥʥʘ, ʧʨʠ ʮʴʦʤʫ ʧʦʨʷʜʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʥʠʞʝʥʦ ʟ 

ʜʚʘʥʘʜʮʷʪʦʛʦ ʜʦ ʯʝʪʚʝʨʪʦʛʦ. 

4. ʄʝʪʦʜʘʤʠ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʘʥʘʣʽʟʫ ʩʪʽʡʢʦʩʪʽ ʧʨʫʞʥʠʭ ʩʠʩʪʝʤ 

ʧʦʙʫʜʦʚʘʥʽ ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʦʜʥʦʨʽʜʥʽ ʨʽʚʥʷʥʥʷ (ʙʝʟʬʨʠʢʮʽʡʥʘ ʪʘ ʬʨʠʢʮʽʡʥʘ 

ʤʦʜʝʣʽ) ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʚʠʧʠʥʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʚ ʢʘʥʘʣʘʭ ʩʚʝʨʜʣʦʚʠʥ ʟ 

ʧʨʷʤʦʣʽʥʽʡʥʦʶ, ʢʦʣʦʚʦʶ ʪʘ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ʦʩʴʦʚʠʤʠ 

ʣʽʥʽʷʤʠ. 

5. ɺʠʢʦʥʘʥʽ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʙʫʨʠʣʴʥʠʭ ʢʦʣʦʥ ʚ 

ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʪʘ ʢʨʫʛʦʚʠʭ ʢʘʥʘʣʘʭ, ʘ ʪʘʢʦʞ ʚ ʢʘʥʘʣʘʭ ʟʽ ʟʤʽʥʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʫʤʦʚ ʥʘʭʠʣʫ ʪʘ ʢʨʠʚʠʥ ʾʭ ʦʩʴʦʚʠʭ ʣʽʥʽʡ ʜʣʷ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥ 

ʛʣʠʙʠʥʠ ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ ʾʾ ʚʽʜʜʘʣʝʥʴ ʚʽʜ ʙʫʨʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʭ 

ʚʝʣʠʯʠʥ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ. ɿʥʘʡʜʝʥʽ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʪʘ 

ʧʦʙʫʜʦʚʘʥʽ ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ . 

6. ɼʦʚʝʜʝʥʦ, ʱʦ ʷʢʱʦ ʢʫʪ ʥʘʭʠʣʫ ɓ ʪʨʘʻʢʪʦʨʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʾʾ ʥʠʞʥʽʡ 

ʟʦʥʽ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʪʝʨʪʷ arcctgɛ  ʢʦʣʦʥʠ ʦʙ ʾʾ ʩʪʽʥʢʫ, ʪʦ ʬʦʨʤʘ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ ʢʦʨʦʪʢʦ ʭʚʠʣʴʦʚʦʛʦ ʢʨʘʡʦʚʦʛʦ ʝʬʝʢʪʫ. ɼʣʷ 

ʩʚʝʨʜʣʦʚʠʥ ʟ ʢʫʪʦʤ ʥʘʭʠʣʫ ʥʠʞʥʴʦʾ ʜʽʣʷʥʢʠ, ʤʝʥʰʠʤ ʢʫʪʘ ʪʝʨʪʷ, ʬʦʨʤʠ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʤʘʶʪʴ ʚʠʛʣʷʜ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʚʝʡʚʣʝʪʽʚ, ʟʤʽʱʝʥʠʭ ʚ 

ʚʝʨʭʥʶ ʟʦʥʫ ʪʨʘʻʢʪʦʨʽʾ ʩʚʝʨʜʣʦʚʠʥʠ. ʇʦʤʽʯʝʥʠʡ ʪʘʢʦʞ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʙʽʬʫʨʢʘʮʽʡʥʦʾ ʤʦʜʠ ʬʘʢʪʦʨʫ ʪʝʨʪʷ, ʱʦ ʩʧʨʠʷʻ 

ʥʝʧʝʨʝʜʙʘʯʝʥʦʤʫ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʟʦʥ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. 

7. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʥʦʚʠʤʠ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ 

ʧʨʘʢʪʠʮʽ ʙʫʨʽʥʥʷ ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʝʪʘʧʘʭ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʧʨʦʭʦʜʢʠ.  
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ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ 
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