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ɸʅʆʊɸʎɯʗ 

ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʂʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.03.01 ï ʧʨʦʮʝʩʠ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʚʝʨʩʪʘʪʠ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʠ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʄʆʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2018. 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʘ, ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʘ ʽ ʚʠʨʽʰʝʥʘ 

ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʧʨʦʙʣʝʤʘ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʧʣʘʚʥʦʩʪʽ ʨʦʙʦʪʠ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʘ ʪʘʢʦʞ, 

ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ 

ʫʥʽʬʽʢʦʚʘʥʽ ʢʝʨʫʶʯʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ ʬʦʨʤʫ ʧʨʦʬʽʣʶ ʟʫʙʘ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, 

ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ, ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʦʙʨʦʙʣʶʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʫʥʽʬʽʢʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ 

ʚʠʭʽʜʥʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ. 

ʆʪʨʠʤʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ ʩʪʦʩʦʚʥʦ ʯʘʩʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ, ʟʦʢʨʝʤʘ ʢʦʯʝʥʥʷ ʟ 

ʢʦʚʟʘʥʥʷʤ ʛʽʧʝʨʙʦʣʦʾʜʘ ʧʦ ʮʠʣʽʥʜʨʫ ʽ ʢʦʯʝʥʥʷ ʟ ʢʦʚʟʘʥʥʷʤ ʛʽʧʝʨʙʦʣʦʾʜʘ ʧʦ 

ʪʚʽʨʥʽʡ ʧʨʷʤʠʡ, ʜʣʷ ʷʢʠʭ ʦʜʝʨʞʘʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʩʪʘʣʦ ʦʩʥʦʚʦʶ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʠʧʫ 

çʦʜʥʦʧʦʨʦʞʥʠʥʥʠʡ ʛʽʧʝʨʙʦʣʦʾʜè. 

ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʦʣʦʞʝʥʴ 

ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 
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ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʚʠʨʦʙʥʠʮʪʚʦ, ʟʦʢʨʝʤʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʩʧʨʦʬʽʣʴʦʚʘʥʽ ʪʘ ʚʠʛʦʪʦʚʣʝʥʽ ʛʽʧʝʨʙʦʣʦʾʜʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ ʫʥʽʬʽʢʦʚʘʥʠʤ ʧʨʦʬʽʣʝʤ ʟʫʙʮʽʚ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʽ ʧʣʘʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ, ʧʨʦʬʽʣʴ ʟʫʙʽʚ ʷʢʠʭ ʦʢʨʝʩʣʝʥʦ ʜʦʚʽʣʴʥʦʾ, ʥʝ ʪʽʣʴʢʠ 

ʝʚʦʣʴʚʝʥʪʥʦʾ ʢʨʠʚʦʾ, ʘ ʪʘʢʦʞ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɹʘʟʦʚʠʤ ʧʦʥʷʪʪʷʤ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʻ ʽʜʝʘʣʴʥʠʡ 

ʧʨʦʮʝʩ ï ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʜʝʪʘʣʴ, ʽʥʩʪʨʫʤʝʥʪ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʜʝʬʦʨʤʫʶʪʴʩʷ ʽ ʥʝ ʟʥʦʰʫʶʪʴʩʷ, ʪʝʦʨʝʪʠʯʥʦ ʪʦʯʥʦ ʚʠʛʦʪʦʚʣʝʥʽ 

ʽ ʧʨʘʮʶʶʪʴ ʝʣʝʤʝʥʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʪʦʯʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʥʘʣʘʛʦʜʞʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʠʭ ʷʚʠʱ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʘʥʘʣʽʟʫ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʧʦʭʠʙʦʢ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʽ ʧʠʪʘʥʴ ʦʪʨʠʤʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦ ʪʦʯʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʟʫʙʦʨʽʟʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ 

ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʝʪʘʣʦʥʽʚ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʤʦʜʝʣʝʡ ʮʠʭ ʚʠʨʦʙʽʚ ï ʦʩʥʦʚʠ ʩʫʯʘʩʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʘʥʘʣʽʟʫ, ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʢʦʥʪʨʦʣʶ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʥʝ ʚʠʨʽʰʠʚʰʠ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚ 

ʪʝʦʨʝʪʠʯʥʦʤʫ ʧʣʘʥʽ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʨʦʙʫ ʽ ʧʨʦʮʝʩʫ ʡʦʛʦ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʧʨʦʮʝʩʽ 

ʦʙʨʦʙʢʠ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʨʠ ʛʨʫʧʠ ʚʠʤʦʛ ʜʦ ʢʦʤʧôʶʪʝʨʥʦ-

ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ: ʜʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ, ʻʜʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʤʽʥʽʤʘʣʴʥʘ 
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ʜʦʩʪʘʪʥʽʩʪʴ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ); ʜʦ ʩʪʨʫʢʪʫʨʠ (ʤʦʜʫʣʴʥʽʩʪʴ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʪʝʨʬʝʡʩʫ ʟ CAD/CAM/CAE); ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ (ʽʥʪʝʨʘʢʪʠʚʥʘ ʢʝʨʦʚʘʥʽʩʪʴ, 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ). ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʞʦʜʥʘ ʟ 

ʢʦʤʝʨʮʽʡʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʥʦʶ 

ʤʽʨʦʶ ʚʠʤʦʛʘʤ ʜʦ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ɿʘʟʥʘʯʝʥʦ, ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʝʣʠʢʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʚʠʭʽʜʥʠʭ ʢʦʥʪʫʨʽʚ ʪʚʽʨʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʣʷ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʝʚʦʣʴʚʝʥʪʥʽ ʟʫʙʯʘʩʪʽ 

ʢʦʣʝʩʘ ʟʘʡʤʘʶʪʴ ʟʥʘʯʥʝ ʤʽʩʮʝ ʚ ʩʫʯʘʩʥʠʭ ʤʝʭʘʥʽʟʤʘʭ, ʜʣʷ ʙʘʛʘʪʴʦʭ ʪʝʭʥʽʯʥʠʭ 

ʟʘʚʜʘʥʴ ʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʟ ʧʨʦʬʽʣʝʤ ʟʫʙʮʽʚ, 

ʚʽʜʤʽʥʥʠʤ ʚʽʜ ʝʚʦʣʴʚʝʥʪʥʠʭ. ʎʝ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʩ ʟʘʯʝʧʣʝʥʥʷʤ ʅʦʚʽʢʦʚʘ, 

ʩʠʥʫʩʦʾʜʘʣʴʥʽ, ʮʠʢʣʦʾʜʘʣʴʥʽ ʪʘ ʽʥʰʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ. ʂʦʞʝʥ ʟ ʮʠʭ ʪʠʧʽʚ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʧʦʪʨʽʙʫʻ ʚʽʜʦʢʨʝʤʣʝʥʝ ʤʘʪʝʤʘʪʠʯʥʝ, ʤʝʪʦʜʠʯʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʘʜʘʯ ʾʭ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʦʤʫ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʪʨʽʙʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ 

ʫʥʽʬʽʢʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʣʶʙʦʛʦ ʪʠʧʫ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʩʢʣʘʜʦʚʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʦʯʥʽʩʪʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʎʝ ʢʽʥʝʤʘʪʠʯʥʘ ʪʦʯʥʽʩʪʴ, ʧʣʘʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘ ʧʣʦʱʠʥʘ ʢʦʥʪʘʢʪʫ ʟʫʙʮʽʚ. ʅʘ ʮʽ 

ʩʢʣʘʜʦʚʽ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʽ ʬʘʢʪʦʨʠ, ʧʦʚôʷʟʘʥʽ ʟ ʫʩʽʤʘ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ɿʘʟʥʘʯʝʥʦ, ʱʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚʟʘʻʤʦʜʽʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ 

ʢʥ̔ʝʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʬʦʨʤʦʫʪʚʦʨʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʢʣʶʯʘʪʠ ʮʽ ʧʦʢʘʟʥʠʢʠ ʚ 

ʩʠʩʪʝʤʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʽ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʨʠʚʠʤʠ ʽ ʧʦʚʝʨʭʥʷʤʠ, ʷʢʽ ʚʨʘʭʦʚʫʚʘʣʠ ʙ 
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ʤʦʞʣʠʚʽʩʪʴ ʥʘʩʢʨʽʟʥʦʾ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʩʧʨʠʷʣʠ ʙ ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘʥʘʣʽʟʫ ʽ 

ʢʦʥʪʨʦʣʶ. 

ɯʥʪʝʨʘʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: 

ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʫ, ʚ ʷʢʠʡ ʧʦʤʽʱʘʻʪʴʩʷ ʚʠʭʽʜʥʘ ʢʨʠʚʘ, ʱʦ 

ʦʧʠʩʫʻ ʧʨʦʬʽʣʴ, ʘʙʦ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʽ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʽʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʛʝʦʤʝʪʨʽʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ. 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʧʨʦʬʽʣʽʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʧʨʠʚʝʜʝʥʠʡ ʜʦ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʚʠʜʫ ʥʘ ʙʘʟʽ ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʘʧʨʦʢʩʠʤʘʮʽʶ ʪʦʯʢʦʚʦʛʦ ʧʦʜʘʥʥʷ ʮʠʭ ʧʨʦʬʽʣʽʚ ʩʧʣʘʡʥʘʤʠ ʽ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʠʭ ʤʝʪʦʜʠʯʥʦʛʦ, ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʴ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʚ ʩʫʢʫʧʥʦʩʪʽ 

ʟʘʙʝʟʧʝʯʫʻ ʷʢ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʧʠʩʫ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʟʫʙʦʦʙʨʦʙʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʪʘʢ ʽ ʩʢʦʨʦʯʫʻ 

ʪʝʨʤʽʥ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʽ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʦʧʠʩʫ 

ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʫʥʽʬʽʢʦʚʘʥʦ ʾʾ ʤʘʪʝʤʘʪʠʯʥʝ ʧʦʜʘʥʥʷ ʪʘ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʢʣʘʩʠʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʦʬʝʩʦʨʦʤ ʇ.ʈ. ʈʦʜʽʥʠʤ. ʅʘ ʾʾ ʦʩʥʦʚʽ 

ʤʦʞʣʠʚʘ ʨʦʟʨʦʙʢʘ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʬʫʥʢʮʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʝʨʝʭʦʜʠʪʠ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʚʽʜ ʦʜʥʦʛʦ ʪʠʧʫ ʽ ʢʣʘʩʫ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʩʭʝʤ ʜʦ ʽʥʰʦʛʦ. 

ʈʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ 

ʚʟʘʻʤʦʜʽʾ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʨʦʟʛʣʷʜʘʪʠ ʥʦʚʽ ʪʠʧʠ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, 

ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 
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ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʦʧʠʩʫ ʬʫʥʢʮʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʾʾ ʤʘʪʨʠʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ 

ʽ ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʘʭ ʢʨʠʚʦʾ, ʷʢʘ ʦʧʠʩʫʻ ʧʨʦʬʽʣʴ ʟʫʙʘ, 

ʜʦʟʚʦʣʠʚ ʫʥʽʬʽʢʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʽ ʨʝʘʣʽʟʫʚʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʝ 

ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʶ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʽ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʧʠʩʫ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʩʧʨʷʞʝʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʟʘʻʤʦʜʽʾ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʜʦʟʚʦʣʠʣʘ ʱʝ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʥʘʣʽʟʫʚʘʪʠ ʷʢ ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʘʢ ʽ ʫʤʦʚʠ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʩʧʨʷʞʝʥʠʭ ʟʫʙʮʽʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʽʥʪʝʛʨʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ 

ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʪʠʭ 

ʢʦʣʽʩ ʟ CAD/CAM/CAEïʩʠʩʪʝʤʘʤʠ. 

ɯʥʪʝʨʘʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʟʤʽʥʶʶʪʴ ʬʦʨʤʫ ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʫ ʩʭʝʤʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ ʦʜʥʦʯʘʩʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚʩʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ 

ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ɯʥʪʝʨʘʢʪʠʚʥʠʡ ʘʥʘʣʽʟ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʩʣʫʞʠʪʴ ʟʚʦʨʦʪʥʠʤ 

ʟʚ'ʷʟʢʦʤ ʽ ʜʦʧʦʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʚʽʜ ʽ ʟʥʘʥʥʷ 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘ ʜʣʷ ʰʚʠʜʢʦʾ ʦʮʽʥʢʠ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʠʭ ʫʥʽʬʽʢʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ 

ʩʠʩʪʝʤʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʧʦʧʝʨʝʜʥʶ ʦʮʽʥʢʫ ʛʝʦʤʝʪʨʽʾ ʽ 
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ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ, ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʘ, 

ʘʥʘʣʽʟʫ ʽ ʢʦʥʪʨʦʣʶ. 

ʋ ʰʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʙʦʪʠ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ ʨʦʙʦʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ, ʤʝʪʦʜʠʯʥʦʛʦ, 

ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʣʠ ʩʧʨʦʝʢʪʦʚʘʥʽ ʽ ʚʠʛʦʪʦʚʣʝʥʽ 

ʰʝʚʨʦʥʥʽ, ʛʚʠʥʪʦʚʽ ʪʘ ʛʽʧʝʨʙʦʣʦʾʜʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ, ʘ ʪʘʢʦʞ, ʩʧʨʦʬʽʣʴʦʚʘʥʽ 

ʪʘ ʚʠʛʦʪʦʚʣʝʥʽ ʛʽʧʝʨʙʦʣʦʾʜʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚ ʯʘʩʪʠʥʽ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʬʦʨʤʦʶ ʧʦʚʝʨʭʥʽ, ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ, ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢ 

ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʪʘʢ ʽ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ ʟʫʙʮʽʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, 

ʨʝʘʣʽʟʦʚʘʥʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʚ ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ ʫʥʽʬʽʢʦʚʘʥʽ ʢʝʨʫʶʯʽ ʧʘʨʘʤʝʪʨʠ 

ʩʠʩʪʝʤʠ ʬʦʨʤʦʪʚʦʨʝʥʥʷ, ʾʾ ʝʣʝʤʝʥʪʽʚ, ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʪʘ ʾʭ ʽʥʪʝʛʨʘʮʽʶ ʚ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʘ, ʘʥʘʣʽʟʫ ʪʘ ʢʦʥʪʨʦʣʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʟʚʝʣʦ ʜʦ 

ʩʢʦʨʦʯʝʥʥʷ ʩʪʨʦʢʽʚ ʨʦʟʨʦʙʢʠ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʟʫʙʦʦʙʨʦʙʣʶʚʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʪʠʧʫ çʦʜʥʦʧʦʨʦʞʥʠʥʥʠʡ ʛʽʧʝʨʙʦʣʦʾʜè ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ, ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ, ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, 

ʟʫʙʦʦʙʨʦʙʣʶʚʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʢʦʤʧ'ʶʪʝʨʥʘ ʽʥʪʝʛʨʘʮʽʷ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ 

ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʽʥʪʝʨʘʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ. 

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ 

1. ʇʝʪʨʦʚ ɸ.ʉ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ / ɸ.ʉ. ʇʝʪʨʦʚ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʀ.ɸ. 
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ɹʦʯʘʨʦʚʘ // ʇʨʦʛʨʝʩʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ: ʤʝʞʜʫʥ. 

ʩʙ. ʥʘʫʯ. ʪʨʫʜʦʚ. ï ɼʦʥʝʮʢ: ɼʦʥɻʊʋ, 1999. ï ɺʳʧ.8. ï ʉ.170 ï 173. 

(ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʽ ʦʪʨʠʤʘʥʽ ʪʚʝʨʜʦʪʽʣʴʥʽ ʤʦʜʝʣʽ ʢʦʣʝʩʘ ʽ ʰʝʩʪʝʨʥʽ 

ʪʷʛʦʚʦʾ ʧʝʨʝʜʘʯʽ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ ʛʝʦʤʝʪʨʽʶ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮʽʚ). 

2. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ʪʷʞʝʣʦʥʘʛʨʫʞʝʥʥʳʭ ʢʦʣʝʩ ʩ ʙʦʯʢʦʦʙʨʘʟʥʳʤʠ ʟʫʙʴʷʤʠ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʀ.ɸ. 

ɹʦʯʘʨʦʚʘ, ɼ.ɸ. ʏʘʧʣʠʥʩʢʠʡ // ɺʽʩʥʠʢ ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɼʘʣʷ.ï ʃʫʛʘʥʩʴʢ: ʉʅʋ ʽʤ. ɺ.ɼʘʣʷ, 2003. ï  

ˉ9 (67). -ʉ.231 ï 235. (ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʢʣʘʜʥʫ ʙʽʙʣʽʦʪʝʢʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʤʦʜʝʣʝʡ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ 

ʙʦʯʢʦʧʦʜʽʙʥʠʤʠ ʟʫʙʮʷʤʠ ʧʦ ʧʝʨʝʪʠʥʘʭ). 

3. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʂʦʥʮʝʧʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʠʥʪʝʛʨʘʮʠʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʃ.ʀ. ɾʫʢʦʚʘ, ɼ.ɸ. ʏʘʧʣʠʥʩʢʠʡ // ɺʽʩʥʠʢ 

ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ɺ.ɼʘʣʷ. ï ʃʫʛʘʥʩʴʢ: ʉʅʋ 

ʽʤ. ɺ.ɼʘʣʷ, 2003. ï ˉ11(69). - ʉ.194 ï 198. (ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʽʥʪʝʛʨʘʮʽʾ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ). 

4. ɹʦʯʘʨʦʚʘ ʀ.ɸ. ʋʧʨʘʚʣʷʝʤʳʡ ʩʠʥʪʝʟ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʩʦ 

ʩʢʨʝʱʠʚʘʶʱʠʤʠʩʷ ʦʩʷʤʠ / ʀ.ɸ. ɹʦʯʘʨʦʚʘ, ɺ.ɸ. ɺʠʪʨʝʥʢʦ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ, 

ʀ.ɸ.ʂʠʨʠʯʝʥʢʦ // ɺʽʩʥʠʢ ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɼʘʣʷ. ï ʃʫʛʘʥʩʴʢ: ʉʅʋ ʽʤ. ɺ.ɼʘʣʷ, 2005. ï ˉ7 (89) ï ʉ. 34 

ï 36. (ʨʦʟʨʦʙʣʝʥʦ ʤʝʭʘʥʽʟʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʛʝʦʤʝʪʨʽʻʶ ʧʝʨʝʜʘʯ ʚ 

ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ). 

5. ɼʦʨʦʰʝʥʢʦ ʖ.ʆ. ʇʦʣʽʪʢʘʥʠʥʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʢʦʥʩʪʨʫʶʚʘʥʥʽ 

ʧʨʦʬʽʣʶ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʟʫʙʦʨʽʟʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ / ʖ.ʆ. ɼʦʨʦʰʝʥʢʦ, ɯ.ɸ. 

ɹʦʯʘʨʦʚʘ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ // ɻʝʦʤʝʪʨʠʯʥʝ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ï 

ʍʘʨʢʽʚ: ʍɼʋʍʊ, 2005. ï ɺʠʧ.11. - ʉ. 68 ï 74. (ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʛʝʦʤʝʪʨʽʻʶ ʧʨʦʬʽʣʶ ʟʫʙʦʨʽʟʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʧʦʣʽʪʢʘʥʝʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ). 

6. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ 



9 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CAD ï ʩʠʩʪʝʤ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ɺ.ɸ. ɺʠʪʨʝʥʢʦ, ʀ.ɸ. 

ɹʦʯʘʨʦʚʘ, ʀ.ɸ. ʂʠʨʠʯʝʥʢʦ // ʅʘʜʽʡʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï ʂʨʘʤʘʪʦʨʩʴʢ: ɼɼʄɸ, 2005. ï ɺʠʧ. 

17. ï ʉ. 318 ï 323. (ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ). 

7. ɹʦʯʘʨʦʚʘ ɯ.ɸ. ʄʦʜʠʬʽʢʘʮʽʷ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʨʠʚʦʾ ɹʝʟʴʻ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ / ɯ.ɸ. ɹʦʯʘʨʦʚʘ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ // ʇʨʠʢʣʘʜʥʘ 

ʛʝʦʤʝʪʨʽʷ ʪʘ ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘ: ʧʨʘʮʽ ʊʘʚʨʽʡʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʘʛʨʦʪʝʭʥʽʯʥʦʾ 

ʘʢʘʜʝʤʽʾ. ï ʄʝʣʽʪʦʧʦʣʴ: ʊɼɸʊɸ, 2005. ï ɺʠʧ. 4, ʪ.30.ï ʉ. 116 ï 120. 

(ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʟʜʽʡʩʥʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʪʚʽʨʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʚʠʭ ɹʝʟʴʻ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ).  

8. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ɼʦʧʦʤʽʞʥʽ ʜʽʣʷʥʢʠ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ɯ.ɸ. ɹʦʯʘʨʦʚʘ // ɻʝʦʤʝʪʨʠʯʥʝ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. ï ʍʘʨʢʽʚ: ʍɼʋʍʊ, 2005. ï ɺʠʧ.13. ï ʉ. 179 ï 185. (ʦʪʨʠʤʘʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʘʚʪʦʤʘʪʠʯʥʫ ʧʦʙʫʜʦʚʫ 

ʜʦʧʦʤʽʞʥʠʭ ʜʽʣʷʥʦʢ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ). 

9. ɹʦʯʘʨʦʚʘ ʀ.ɸ. ɿʫʙʦʪʦʯʝʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ 

ʵʚʦʣʴʚʝʥʪʥʳʤ ʧʨʦʬʠʣʝʤ / ʀ.ɸ. ɹʦʯʘʨʦʚʘ, ɺ.ɸ. ɺʠʪʨʝʥʢʦ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ, 

ʀ.ɸ. ʂʠʨʠʯʝʥʢʦ, ɺ.ʅ. ʇʠʣʠʧʝʥʢʦ // ʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʩʠʩʪʝʤʠ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ: ʤʽʞʥ. ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï ɼʦʥʝʮʴʢ: ɼʦʥʅʊʋ, 2005. ï ɺʠʧ. 

30. ï ʉ.32 ï 36. (ʦʪʨʠʤʘʥʦ ʢʦʤʧ'ʶʪʝʨʥʽ ʤʦʜʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʟʘʜʥʽ ʧʦʚʝʨʭʥʽ 

ʷʢʠʭ ʥʝ ʤʘʶʪʴ ʟʘʪʠʣʫʚʘʥʥʷ).  

10. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʠʥʪʝʟʦʤ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ // ɺʝʩʪʥʠʢ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ çʍʇʀè: ʩʙ. ʥʘʫʯ. ʪʨʫʜʦʚ. ʊʝʤʘʪʠʯʝʩʢʠʡ ʚʳʧʫʩʢ çʇʨʦʙʣʝʤʳ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘè. ï ʍʘʨʴʢʦʚ: ʅʊʋ çʍʇʀè, 2005. ï ˉ40. ï ʉ. 182 ï 

187.  

11. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʛʝʦʤʝʪʨʠʝʡ ʟʫʙʴʝʚ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʟʫʙʦʨʝʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʀ.ɸ. ɹʦʯʘʨʦʚʘ // 
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ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʭʥʦʣʦʛʽʡ 

ʪʘ ʜʠʟʘʡʥʫ: ʤʽʞʚʽʜ. ʥʘʫʢ.ï ʪʝʭʥ. ʟʙʽʨʥʠʢ. ï ʂ.: ɼʆʇ ʂʅʋʊɼ, 2005. ï ʉ.184 ï 

189. (ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʪʚʽʨʥʫ ʧʦʚʝʨʭʥʶ ʽ 

ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʾʡ ʛʝʦʤʝʪʨʦ-ʢʽʥʝʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ).  

12. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʇʨʦʠʟʚʦʜʷʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʝʯʥʦʛʦ ʪʠʧʘ ʩ 

ʠʟʤʝʥʷʝʤʦʡ ʧʨʦʜʦʣʴʥʦʡ ʬʦʨʤʦʡ ʟʫʙʘ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʊ.ʅ. ʏʘʧʣʠʥʩʢʘʷ // 

ʉʠʩʪʝʤʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʈʝʛʽʦʥʘʣʴʥʠʡ ʤʽʞʚʫʟ. ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, 2006. ï ɺʠʧ. 2 (43). ï ʉ.53 ï 56. (ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧ'ʶʪʝʨʥʫ 

ʧʨʦʛʨʘʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʧʨʘʚʣʷʪʠ ʧʦʟʜʦʚʞʥʴʦʾ ʣʽʥʽʻʶ ʟʫʙʮʽʚ ʧʨʠ ʩʠʥʪʝʟʽ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʝʨʝʜʘʯ ʟ ʘʨʢʦʚʠʤʠ ʽ ʜʚʦʦʧʫʢʣʦ-ʫʚʽʛʥʫʪʠʤʠ ʟʫʙʮʷʤʠ). 

13. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ɻʠʧʝʨʙʦʣʦʠʜʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʣʝʩ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʨʦʬʠʣʝʤ ʟʫʙʘ / ɹ.ʉ.ɺʦʨʦʥʮʦʚ // 

ʅʘʜʽʡʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. 

ï ʂʨʘʤʘʪʦʨʩʴʢ: ɼɼʄɸ, 2006. ï ɺʠʧ. 19. ï ʉ.76 ï 81. 

14. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ɺʟʘʻʤʦʦʙʚʽʜʥʽ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʝʨʝʜʘʯ ʟ 

ʢʨʫʛʦʚʦʶ ʣʽʥʽʻʶ ʟʫʙʮʽʚ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʊ.ʄ. ʏʘʧʣʠʥʩʴʢʘ // ʇʨʠʢʣʘʜʥʘ 

ʛʝʦʤʝʪʨʽʷ ʪʘ ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘ: ʧʨʘʮʽ ʊʘʚʨʽʡʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʘʛʨʦʪʝʭʥʽʯʥʦʾ 

ʘʢʘʜʝʤʽʾ. ï ʄʝʣʽʪʦʧʦʣʴ: ʊɼɸʊɸ, 2006. ï ɺʠʧ. 4, ʪ. 33. ï ʉ. 130 ï  135. 

(ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʽ ʢʦʤʧôʶʪʝʨʥʫ ʧʨʦʛʨʘʤʫ ʜʣʷ ʟʤʽʥʠ 

ʧʦʟʜʦʚʞʥʴʦʾ ʬʦʨʤʠ ʟʫʙʮʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ). 

15. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ɻʠʧʝʨʙʦʣʦʠʜʥʳʝ ʧʝʨʝʜʘʯʠ ʩ ʫʧʨʘʚʣʷʝʤʳʤ 

ʠʩʭʦʜʥʳʤ ʢʦʥʪʫʨʦʤ ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʢʦʣʝʩʘ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ // ɺʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʊʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ʊʝʤʘʪʠʯʥʠʡ 

ʚʠʧʫʩʢ çʇʨʦʙʣʝʤʠ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʠʚʦʜʫè. ï ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè, 2006 ï ˉ22. 

ï ʉ. 56 ï 60.  

16. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ɺʠʟʫʘʣʴʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʩʦʧʨʷʞʝʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ // ɻʝʦʤʝʪʨʠʯʥʝ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

ï ʍʘʨʢʽʚ: ʍɼʋʍʊ, 2006. ï ɺʠʧ.15.ï ʉ. 107ï 113. 

17. ɺʠʪʨʝʥʢʦ ɺ.ɸ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʛʠʧʝʨʙʦʣʦʠʜʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ / 
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ɺ.ɸ. ɺʠʪʨʝʥʢʦ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʀ.ɸ. ʂʠʨʠʯʝʥʢʦ, ɸ.ɺ. ʃʝʡʙʘ, ɺ.ʅ. ʇʠʣʠʧʝʥʢʦ 

// ʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʩʠʩʪʝʤʠ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ: ʤʽʞʥ. ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. 

ï ɼʦʥʝʮʴʢ: ɼʦʥʅʊʋ, 2006. ï ɺʠʧ. 32. ï ʉ.64 ï 68. (ʦʪʨʠʤʘʥʦ ʧʨʦʬʽʣʴ 

ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʙʘʛʘʪʦʟʘʭʽʜʥʦʛʦ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ʚ ʧʨʦʩʪʦʨʦʚʦʤʫ ʚʝʨʩʪʘʪʥʦʤʫ 

ʟʘʯʝʧʣʝʥʥʽ). 

18. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʇʨʦʬʠʣʠʨʦʚʘʥʠʝ ʟʫʙʴʝʚ ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʢʦʣʝʩʘ ʥʘ 

ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ / ɹ.ʉ.ɺʦʨʦʥʮʦʚ // ɺʽʩʥʠʢ 

ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ɺ.ɼʘʣʷ.ï ʃʫʛʘʥʩʴʢ: ʉʅʋ 

ʽʤ. ɺ.ɼʘʣʷ, 2006. ï ˉ3 (97). ï ʉ. 31 ï 36.  

19. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ 

ʤʦʜʝʣʝʡ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ // ʅʘʜʽʡʥʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï 

ʂʨʘʤʘʪʦʨʩʴʢ: ɼɼʄɸ, 2007. ï ɺʠʧ. 21. ï ʉ.298 ï 302. 

20. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʆʩʦʙʝʥʥʦʩʪʠ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʧʝʨʝʜʘʯ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ // ɺʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʊʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ʊʝʤʘʪʠʯʥʠʡ 

ʚʠʧʫʩʢ çʇʨʦʙʣʝʤʠ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʠʚʦʜʫè. ï ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè, 2007. ï 

ˉ21. ï ʉ. 249 ï 254. 

21. ɺʠʪʨʝʥʢʦ ɺ.ɸ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʢʦʣʝʩ / ɺ.ɸ. ɺʠʪʨʝʥʢʦ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ // 

ʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʩʠʩʪʝʤʠ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ: ʤʽʞʥʘʨ. ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. 

ï ɼʦʥʝʮʴʢ: ɼʦʥʅʊʋ, 2007. ï ɺʠʧ. 34. ï ʉ.47 ï 53. (ʦʪʨʠʤʘʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʢʦʣʽʩ ʽ ʩʧʨʦʝʢʪʦʚʘʥʠʭ ʥʘ ʾʭ ʙʘʟʽ ʽʥʩʪʨʫʤʝʥʪʽʚ). 

22. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʠʥʪʝʟʘ ʧʝʨʝʜʘʯ 

ʟʘʮʝʧʣʝʥʠʝʤ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ɼ.ɸ. ʏʘʧʣʠʥʩʢʠʡ, ɸ.ɺ. ɺʠʪʨʝʥʢʦ // ʅʘʜʽʡʥʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï 

ʂʨʘʤʘʪʦʨʩʴʢ: ɼɼʄɸ, 2008. ï ɺʠʧ. 23. ï ʉ.133 ï 138. (ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʶ ʪʘʙʣʠʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʢʨʠʚʠʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʠʭʽʜʥʽ ʢʦʥʪʫʨʠ). 
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23. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʋʥʠʬʠʢʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʟʫʙʴʝʚ ʧʨʠ ʩʠʥʪʝʟʝ ʧʝʨʝʜʘʯ ʟʘʮʝʧʣʝʥʠʝʤ / ɹ.ʉ.ɺʦʨʦʥʮʦʚ, ʀ.ɸ.ɹʦʯʘʨʦʚʘ, 

ɼ.ɸ.ʏʘʧʣʠʥʩʢʠʡ // ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʊʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè: ʟʙ. 

ʥʘʫʢ. ʧʨʘʮʴ. ʊʝʤʘʪʠʯʥʠʡ ʚʠʧʫʩʢ çʇʨʦʙʣʝʤʠ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʠʚʦʜʫè. ï ʍʘʨʢʽʚ: 

ʅʊʋ çʍʇɯè, 2008. ï ˉ29. ï ʉ. 24 ï 28. (ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʢʦʤʧ'ʶʪʝʨʥʦ-

ʛʨʘʬʽʯʥʦʛʦ ʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʧʦʩʦʙʽʚ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘʙʣʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʧʨʦʬʽʣʽʚ ʢʨʠʚʠʤʠ ɹʝʟʴʻ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ). 

24. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ɽʜʠʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ / ɹ.ʉ. 

ɺʦʨʦʥʮʦʚ, ʃ.ʀ. ɾʫʢʦʚʘ, ɼ.ɸ. ʏʘʧʣʠʥʩʢʠʡ // ʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ ʤʘʪʝʨʽʘʣʽʚ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ: ʟʙ. ʥʘʫʢ. 

ʧʨʘʮʴ. ï ʃʫʛʘʥʩʴʢ: ʉʅʋ ʽʤ. ɺ.ɼʘʣʷ, 2008. ï ʉ.139 ï 142. (ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ). 

25. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʀ.ɸ. 

ɹʦʯʘʨʦʚʘ, ɺ.ɸ. ɺʠʪʨʝʥʢʦ, ʉ.ɹ. ɺʦʨʦʥʮʦʚ // ʅʘʜʽʡʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï ʂʨʘʤʘʪʦʨʩʴʢ: ɼɼʄɸ, 

2009. ï ɺʠʧ. 24. ï ʉ. 227 ï 231. (ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ ʟʽ ʩʢʣʘʜʥʦʶ 

ʛʝʦʤʝʪʨʽʻʶ). 

26. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʉʠʥʪʝʟ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʀ.ɸ. ɹʦʯʘʨʦʚʘ, ɼ.ɸ. ʏʘʧʣʠʥʩʢʠʡ // ɺʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʊʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ʊʝʤʘʪʠʯʥʠʡ 

ʚʠʧʫʩʢ çʇʨʦʙʣʝʤʠ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʠʚʦʜʫè. ï ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè, 2009. ï 

ˉ20. ï ʉ. 54 ï 59. (ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʩʠʥʪʝʟʫ 

ʩʢʣʘʜʥʦʧʨʦʬʽʣʴʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ). 

27. ɹʦʯʘʨʦʚʘ ʀ.ɸ. ʅʘʢʘʪʢʘ ʟʫʙʴʝʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʣʝʩ ʤʝʪʦʜʦʤ 

ʇɼʋ / ʀ.ɸ. ɹʦʯʘʨʦʚʘ, ʆ.ʉ. ɺʠʪʨʝʥʢʦ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʀ.ɸ. ʂʠʨʠʯʝʥʢʦ // 



13 

ɺʝʩʪʥʠʢ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ: ʥʘʫʯʥʦï ʪʝʭʥʠʯ. ʞʫʨʥʘʣ. ï ɿʘʧʦʨʦʞʴʝ: ʆɸʆ 

çʄʦʪʦʨ ʉʠʯè, 2009. ï ˉ2. ï ʉ. 102 ï 105. (ʦʪʨʠʤʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʥʘʢʘʪʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʚʠʟʥʘʯʝʥʘ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ). 

28. ɹʦʯʘʨʦʚʘ ʀ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

ʜʣʷ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʧʝʨʝʜʘʯ / ʀ.ɸ. ɹʦʯʘʨʦʚʘ, ɸ.ɺ. ɺʠʪʨʝʥʢʦ, ɹ.ʉ. 

ɺʦʨʦʥʮʦʚ// ʅʘʜʽʡʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ : ʟʙ. 

ʥʘʫʢ. ʧʨʘʮʴ. ï ʂʨʘʤʘʪʦʨʩʴʢ: ɼɼʄɸ, 2010. ï ɺʠʧ. 26. ï ʉ. 50 ï 53. (ʨʦʟʨʦʙʣʝʥʦ 

ʘʣʛʦʨʠʪʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʝʨʝʜʘʯ ʟ ʦʩʷʤʠ, ʱʦ ʩʭʨʝʱʫʶʪʴʩʷ). 

29. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʩʠʥʪʝʟʘ ʧʝʨʝʜʘʯ ʟʘʮʝʧʣʝʥʠʝʤ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ // ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʊʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ʊʝʤʘʪʠʯʥʠʡ ʚʠʧʫʩʢ 

çʇʨʦʙʣʝʤʠ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʠʚʦʜʫè. ï ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè, 2010. ï ˉ27. ï ʉ. 

49 ï 54. 

30. ɺʦʨʦʥʮʦʚ ɹ. ʉ. ɸʥʘʣʠʟ ʫʩʣʦʚʠʡ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ 

ʛʠʧʝʨʙʦʣʦʠʜʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʢʦʣʝʩʘ ʚ ʩʠʩʪʝʤʝ 

PowerSHEPE / ɹ.ʉ. ɺʦʨʦʥʮʦʚ // ʅʘʜʽʡʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï ʂʨʘʤʘʪʦʨʩʴʢ: ɼɼʄɸ, 2011. ï ɺʠʧ. 

28. ï ʉ. 291 ï 298.  

31. ɺʠʪʨʝʥʢʦ ɺ.ɸ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʩʠʩʠʪʝʤʝ PowerSHAPE / ɺ.ɸ. ɺʠʪʨʝʥʢʦ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʉ.ɻ. 

ʂʠʨʠʯʝʥʢʦ // ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʊʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ "ʍʇɯ": ʟʙ. ʥʘʫʢ. 

ʧʨʘʮʴ. ʊʝʤʘʪʠʯʥʠʡ ʚʠʧʫʩʢ çʇʨʦʙʣʝʤʠ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʠʚʦʜʫè. ï ʍʘʨʢʽʚ: ʅʊʋ 

çʍʇɯè, 2011. ï ˉ29. ï ʉ. 30 ï 35. (ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʽ ʤʝʪʦʜʠʢʫ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʫʙʮʽʚ ʛʽʧʝʨʙʦʣʦʾʜʥʘ ʽʥʩʪʨʫʤʝʥʪʫ). 

32. ɺʠʪʨʝʥʢʦ ɺ.ɸ. ʌʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʟʫʙʴʝʚ ʤʥʦʛʦʟʘʭʦʜʥʳʭ 

ʟʫʙʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ / ɺ.ɸ. ɺʠʪʨʝʥʢʦ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʄ.ʅ. 

ʂʫʟʥʝʮʦʚʘ, ɺ.ɺ. ʏʝʨʥʦʚʦʣʦʚ // ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʽ ʪʝʭʥʽʯʥʠʡ 

ʢʦʥʪʨʦʣʴ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ. ï ʃʴʚʽʚ: ʃʴʚʽʚʩʴʢʘ 
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ʧʦʣʽʪʝʭʥʽʢʘ, 2011. ï ɺʠʧ. 713. ï ʉ.3 ï 6. (ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʫ ʩʭʝʤʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʟʫʙʦʨʽʟʥʠʭ ʬʨʝʟ ʽ ʜʦʣʙʷʢʽʚ). 

33. ɺʠʪʨʝʥʢʦ ʆ.ʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʧʨʠ ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʟʫʙʯʘʪʦʛʦ 

ʢʦʣʝʩʘ / ʆ.ʉ. ɺʠʪʨʝʥʢʦ, ʀ.ɸ. ʂʠʨʠʯʝʥʢʦ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ // ʅʘʜʽʡʥʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï 

ʂʨʘʤʘʪʦʨʩʴʢ: ɼɼʄɸ, 2012. ï ɺʠʧ. 30. ï ʉ. 188 ï 194. (ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʥʦʚʠʭ 

ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ ʨʽʟʥʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ 

ʟʫʙʮʽʚ ʽ ʟʙʽʣʴʰʝʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʢʨʠʪʪʷ). 

34. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ // ɺʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ʆʧʪʠʤʽʟʘʮʽʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʽ ʪʝʭʥʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ. ï ʃʴʚʽʚ: ʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, 2012. ï ɺʠʧ. 746. ï ʉ.180 ï 

185. 

35. ɺʠʪʨʝʥʢʦ ʆ.ʉ. ʅʘʢʘʪʢʘ ʟʫʙʴʝʚ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʧʨʠ ʧʦʤʦʱʠ 

ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʥʘʢʘʪʥʠʢʦʚ / ʆ.ʉ. ɺʠʪʨʝʥʢʦ, ɺ.ɸ. ɺʠʪʨʝʥʢʦ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ, 

ʀ.ɸ. ʂʠʨʠʯʝʥʢʦ // ʅʘʜʽʡʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʩʠʩʪʝʤ: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï ʂʨʘʤʘʪʦʨʩʴʢ: ɼɼʄɸ, 2013. ï ɺʠʧ. 32. ï ʉ. 203 ï 

208. (ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʬʽʣʶ ʟʫʙʮʽʚ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʥʘʢʘʪʥʠʢʽʚ). 

36. ɺʽʪʨʝʥʢʦ ɺ.ʆ. ʇʨʦʬʽʣʶʚʘʥʥʷ ʟʫʙʦʦʙʨʦʙʣʶʚʘʣʴʥʦʛʦ ʦʙʢʘʪʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ / ɺ.ʆ. ɺʽʪʨʝʥʢʦ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ɯ.ɸ.ɹʦʯʘʨʦʚʘ // ɺʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ʆʧʪʠʤʽʟʘʮʽʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʽ ʪʝʭʥʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ. ï ʃʴʚʽʚ: ʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, 2014. ï ɺʠʧ. 772. ï ʉ.56 ï 

59. (ʦʪʨʠʤʘʥʽ ʫ ʪʝʦʨʝʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽ ʛʽʧʝʨʙʦʣʦʾʜʥʽ ʦʙʢʘʪʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʦʜʝʨʞʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʧʦʚʥʽʩʪʶ ʩʧʽʚʧʘʜʘʻ ʟ ʧʦʚʝʨʭʥʝʶ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʛʦ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ). 

37. ɺʦʨʦʥʮʦʚ ɹ. ʉ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ 
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ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ɺ.ɸ. 

ʇʘʩʝʯʥʠʢ // ʅʘʜʽʡʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ: ʟʙ. 

ʥʘʫʢ. ʧʨʘʮʴ. ï ʂʨʘʤʘʪʦʨʩʴʢ: ɼɼʄɸ, 2017. ï ɺʠʧ. 40. ï ʉ. 17 ï 23. (ʨʦʟʨʦʙʣʝʥʦ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʧʨʠʥʮʠʧʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ) 

38. Vitrenko V.A. Rolling of teeth of cylindrical teethï wheels / V.A. 

Vitrenko, B.S. Vorontsov, I.A Kirichenko // Les technologies modernes de 

lôindustrie mecanique et les problemes de la formation des cadres dôingenieurs. ï 

Mahdia (Tunisie) UNTD, 2008. ï P. 77 ï 80. (ʦʪʨʠʤʘʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʥʘʢʘʪʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ) (ʽʥʦʟʝʤʥʝ ʚʠʜʘʥʥʷ). 

39. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʝʜʘʯ ʩʦ 

ʩʢʨʝʱʠʚʘʶʱʠʤʠʩʷ ʦʩʷʤʠ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʀ.ɸ. ɹʦʯʘʨʦʚʘ, ɸ.ɹ. ɺʦʨʦʥʮʦʚ // 

ɺʝʩʪʥʠʢ ʉʝʚʅʊʋ: ʩʙ. ʥʘʫʯ. ʪʨʫʜʦʚ. ʉʝʨʠʷ: ʄʘʰʠʥʦʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ ʠ 

ʪʨʘʥʩʧʦʨʪ. ï ʉʝʚʘʩʪʦʧʦʣʴ: ʉʝʚʅʊʋ, 2010. ï ɺʳʧ.107. ï ʉ. 41 ï 44. 

(ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ 

ʧʝʨʝʜʘʯ ʟ ʦʩʷʤʠ, ʱʦ ʩʭʨʝʱʫʶʪʴʩʷ) (ʽʥʜʝʢʩʫʻʪʴʩʷ ʚ ʤʽʞʥʘʨʦʜʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ: 

ʈɯʅʎ (eLIBRARY.RU), Urlichôs Periodicals, ɺɯʅɯʊɯ ʈɸʅ). 

40. ɺʠʪʨʝʥʢʦ ɺ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʫʙʦʨʝʟʥʳʭ ʜʦʣʙʷʢʦʚ / 

ɺ.ɸ. ɺʠʪʨʝʥʢʦ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ʄ.ʅ. ʂʫʟʥʝʮʦʚʘ // ɺʽʩʥʠʢ ʉʝʚʅʊʋ: ʟʙ. ʥʘʫʢ. 

ʧʨʘʮʴ. ʉʝʨʽʷ: ʄʘʰʠʥʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪ. ï ʉʝʚʘʩʪʦʧʦʣʴ: 

ʉʝʚʅʊʋ, 2011. - ɺʳʧ.117. ï ʉ. 27 ï 31. (ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʛʝʦʤʝʪʨʽʷ 

ʟʫʙʦʨʽʟʥʠʭ ʜʦʣʙʷʢʽʚ, ʦʩʥʦʚʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʪʽʣʽ ʪʠʧʫ çʦʜʥʦʧʦʣʦʩʪʥʠʡ ʛʽʧʝʨʙʦʣʦʾʜè) (ʽʥʜʝʢʩʫʻʪʴʩʷ ʚ ʤʽʞʥʘʨʦʜʥʠʭ ʙʘʟʘʭ 

ʜʘʥʠʭ: ʈɯʅʎ (eLIBRARY.RU), Urlichôs Periodicals, ɺɯʅɯʊɯ ʈɸʅ).  

41. ɺʦʨʦʥʮʦʚ ɹ.ʉ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʟʫʙʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ / ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ɺ.ɸ. 

ɺʠʪʨʝʥʢʦ, ʄ.ʅ. ʂʫʟʥʝʮʦʚʘ // ɺʽʩʥʠʢ ʉʝʚʅʊʋ: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ʉʝʨʽʷ: 
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45. ɺʠʪʨʝʥʢʦ ɺ.ɸ. ɺʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʟʫʙʴʝʚ ʥʘ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʟʘʛʦʪʦʚʢʘʭ / ɺ.ɸ. ɺʠʪʨʝʥʢʦ, 
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17 

çʇʨʦʙʣʝʤʠ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʠʚʦʜʫè. ï ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè, 2013. ï ˉ41. ï ʉ. 

27 ï 31. (ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʛʚʠʥʪʦʚʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʟ 

ʏʇʋ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʥʮʝʚʠʭ ʬʨʝʟ) (ʽʥʜʝʢʩʫʻʪʴʩʷ ʚ ʤʽʞʥʘʨʦʜʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ: 

Urlichôs Periodicals, Google Scholar). 

46. ɸʥʪʦʥʶʢ ɺ.ɽ. ʄʦʜʠʬʠʢʘʮʠʷ ʟʫʙʯʘʪʳʭ ʟʘʮʝʧʣʝʥʠʡ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ / ɺ.ɽ. ɸʥʪʦʥʶʢ, ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ɺ.ɽ. ʉʪʘʨʞʠʥʩʢʠʡ, ɺ.ɸ. ɹʝʣʳʡ, ɺ.ɺ. 

ʉʫʧʠʥ // ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ. ï ʀʞʝʚʩʢ (ʈʦʩʩʠʷ): ʀʞɻʊʋ, 

2014. ï ʉ. 285ï 301. (ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʡʥʠʡ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʩʠʥʪʝʟ ʧʝʨʝʜʘʯ 

ʟʘʯʝʧʣʝʥʥʷʤ) (ʽʥʦʟʝʤʥʝ ʚʠʜʘʥʥʷ). 

47. ʂʨʠʚʦʰʝʷ ɸ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ, ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʥʮʠʧʦʚ 

ʩʦʟʜʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʦʚʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʠʥʪʝʟʘ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ / ɸ.ɺ. ʂʨʠʚʦʰʝʷ, ʄ.ɻ. ʉʪʦʨʯʘʢ, ʖ.ʄ. ɼʘʥʠʣʴʯʝʥʢʦ, ʅ.ʕ. ʊʝʨʥʶʢ, 

ɹ.ʉ. ɺʦʨʦʥʮʦʚ, ɸ.ɺ. ʋʩʪʠʥʝʥʢʦ // ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʊʝʭʥʽʯʥʦʛʦ 
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WorldCat, Google Scholar, Urlichôs Periodicals). 



18 

49. ʇʘʪ. ˉ25543ɸ. ʋʢʨʘʾʥʘ, ʄʂʀ F16H1/08. ɿʫʙʯʘʪʘ ʧʝʨʝʜʘʯʘ / 

ɺʦʨʦʥʮʦʚ ɹ.ʉ.; ʟʘʷʚʥʠʢ ʽ ʧʘʪʝʥʪʦʚʣʘʩʥʠʢ ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ. ï ˉ97041926; ʟʘʷʚʣ. 22.04.97; ʦʧʫʙʣ. 25.12.98; ɹʶʣ. ˉ6. 

50. ʇʘʪ. ˉ25541ɸ. ʋʢʨʘʠʥʘ, ʄʂʀ B23F1/00. ʉʧʦʩʽʙ ʦʙʨʘʙʢʠ 

ʙʦʯʢʦʧʦʜʽʙʥʠʭ ʟʫʙʮʽʚ / ɺʦʨʦʥʮʦʚ ɹ.ʉ.; ʟʘʷʚʥʠʢ ʽ ʧʘʪʝʥʪʦʚʣʘʩʥʠʢ 

ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. ï ˉ97052065; ʟʘʷʚʣ. 05.05.97; 

ʦʧʫʙʣ. 25.12.98; ɹʶʣ. ˉ6. 

51. ʇʘʪ. ˉ29761ɸ. ʋʢʨʘʠʥʘ, ʄʂʀ B23F1/00, B23F21/00. ʉʧʦʩʽʙ 

ʥʘʨʽʟʫʚʘʥʥʷ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ ʟ ʜʚʦʚʛʥʫʪʠʤʠ ʟʫʙôʷʤʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʡʦʛʦ 
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ANNOTATION  

Vorontsov B.S. Computer-integrated system for providing the formation of 

gear wheels. - Qualifying scientific work on the rights of manuscripts. 

Thesis for the degree of Doctor of Technical Sciences in specialty 05.03.01 - 

machining processes, machines and tools. - National Technical University of 

Ukraine çIgor Sikorsky Kyiv Polytechnic Instituteè, Ministry of Education and 

Science of Ukraine, Kyiv, 2018. 

In the dissertation work the scientific and technical problem is scientifically 

substantiated and solved, namely, the quality assurance, first of all, of the 

kinematic accuracy and smoothness of gear wheels, as well as the reduction of the 

terms of technological preparation of their production by creating a computer-

integrated system, based on which is assigned the unified control parameters that 

ensure the formation of gear wheels having a different shape of the tooth profile, 

with the possibility of automated design, interactive control and ualizatsiyi results. 

The mathematical model of the system of forming the gears was developed, which 

is based on the generalized representation of the functions of forming, which 

allowed, in combination with the mathematical model of the machining surface of 

the gear wheels, to unify the mathematical description and to interactively obtain 

the output instrumental surface. 

The further development of the use of kinematic schemes of form formation 

of the 3rd class in relation to partial cases, in particular rolling with a slip of 

hyperboloid on a cylinder and rolling with a slip of hyperboloid in the creeper line, 

for which the mathematical dependences of the form formation function were 

obtained, became the basis for the improvement of the tools of the çone-cavity 

hyperboloidè type. 

On the basis of the proposed theoretical and methodological provisions, a 

computer-integrated system for ensuring the formation of gear wheels was 

developed. The results of the work were introduced into production, in particular, 

using the developed computer-integrated system, the profiled and manufactured 
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hyperboloid tools for the manufacture of gear wheels with a standardized teeth 

profile. 

In the first section, an analysis of the current state of the problem of quality 

assurance, in the first place, the kinematic accuracy and smoothness of gear gears, 

the profile of teeth which outlined an arbitrary, not only an involute curve, as well 

as reduction of the terms of technological preparation of their production. 

The basic concept in solving problems of forming is the ideal process - the 

model of the real process. In developing the ideal formation process, the main 

factors that affect the shape of the surface to be treated are taken into account. It is 

believed that the part, the tool and the equipment do not deform and do not wear 

out, the theoretically precisely fabricated and working elements of the 

technological system, precisely the adjustment of equipment is carried out, the 

influence on the formation process of thermal phenomena is not taken into account. 

Particular attention is paid to the analysis of the causes of the errors of 

theoretical shaping and the issues of obtaining geometrically accurate functional 

surfaces of gear wheels and gear tools, which is practically important for the 

creation of electronic standards of computer models of these products - the basis of 

modern computer systems design, analysis, production and control. 

It is shown that without solving the problem of accuracy in the theoretical 

plan at the design stage of the product and the process of its formation, it is 

impossible to obtain positive results in the process of processing. 

Three groups of requirements for a computer-integrated system for 

providing the formation of gear wheels are formulated and substantiated: to 

mathematical support (invariance, unity of parameters, minimum sufficiency of 

control parameters); to structure (modularity, providing interface with CAD / 

CAM / CAE); to the results (interactive management, visualization of the results). 

The analysis showed that none of the commercial automation design systems does 

not fully meet the requirements for computer-integrated systems for ensuring the 

formation of gear wheels. 

It is noted that a large variety of mathematical description of outgoing 
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contours of creature surfaces for the formation of gear wheels is currently being 

used. In spite of the fact that engraving gears occupy a significant place in modern 

mechanisms, for many technical tasks it is more appropriate to use gears with a 

profile of teeth different from the emulsion. These are gear wheels with Hook 

Novikov, sinusoidal, cycloid and other gears. Each of these types of gear wheels 

requires a separate mathematical, methodical and software for the tasks of their 

shaping and design of the output instrumental surfaces. Therefore, in order to 

create a computer-integrated form-forming system, mathematical support is 

required with unified parameters for any type of toothed wheels. 

The components that characterize the accuracy of gear wheels are analyzed. 

This is the kinematic accuracy, smoothness and contact area of the teeth. These 

components are influenced by various factors associated with all elements of the 

formation system. 

It is noted that the present state of analysis of geometric and kinematic 

parameters of interacting surfaces allows to represent geometric and kinematic 

parameters as functions of control parameters of shaped surfaces. This makes it 

possible to include these indicators in the form-forming system and in an 

interactive mode to evaluate the effectiveness of the formation process. 

In the second section, methods of forming a mathematical model of 

interactive curve and surface management are developed, which would take into 

account the possibility of cross-sectional parameterization of the elements of the 

formation systems, geometric and kinematic indicators, and would facilitate 

integration with automated systems of design, fabrication, analysis and control. 

Interactive control of the formation of functional surface depending on the 

tasks can be done in two ways: by transforming the space in which the initial curve 

describing the profile, or the functional surface, and by changing the internal 

parameters that determine the geometry of the functional surface of the gear 

wheels. 

The mathematical description of the gears' profiles, brought to the universal 

type on the basis of unified control parameters, provides an approximation of the 
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point representation of these profiles by splines and provides the basis for the use 

of unified methodological, algorithmic and software tools for automation of the 

process of forming, which in aggregate provides both an increase in the accuracy 

of the description and production of functional surfaces of toothed wheels and a 

gear tool, and shortens the term of design and technological preparation you 

development. 

In the third section new approaches to the general description of the 

function of formulation are developed, its mathematical representation is unified 

and the possibilities of its application are analyzed. 

Of particular interest is the classical classification of kinematic schemes of 

formulation, proposed by Professor P.R. Rodin on its basis, it is possible to 

develop a generalized mathematical description of the function of forming with the 

use of control parameters, allowing to go online mode from one type and a class of 

kinematic schemes to another. 

The development of the theory of shaping allows us to expand the 

possibilities of the interaction of conjugate surfaces and consider new types of 

formation schemes, on the basis of which you can create tools with improved 

properties. 

A new approach to the generalized description of the function of forming the 

gears, based on its matrix representation and unified control parameters of the 

curve that describes the profile of the tooth, proposes a unified mathematical 

description and implements the interactive control of the structure of the forming 

system and automates the design of the original instrumental surface. 

In the fourth section, mathematical software for describing the geometric 

and kinematic parameters of contacting the conjugated surfaces as a function of the 

unified control parameters of the formation system is developed, which allows to 

realize an interactive analysis of the process of forming the gears. 

The mathematical model for complex analysis of the geometric and 

kinematic parameters of the interaction of the conjugated surfaces has been made 

possible at the design stage to be analyzed as the conditions for the interaction of 
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the machined and instrumental surfaces that ensure their production, as well as the 

conditions of contact of the conjugate teeth of the toothed wheels. 

The fifth section proposes the concept of integration of the developed 

computer-integrated system of providing forformation of gear wheels with CAD / 

CAM / CAE-systems. 

The interactive control of the automated shaping system should be done 

using unified control parameters that change the shape of the original surface and 

the kinematic shaping scheme. At the same time, all elements of the system, 

including the geometric and kinematic parameters of the forming process, are 

changing at the same time. An interactive analysis of these indicators in the 

synthesis process serves as feedback and helps to further utilize the experience and 

knowledge of the designer to quickly evaluate the applicability of the result. 

The use of unified parameters allows for the integration of a system of 

shaping, which includes a preliminary assessment of the geometry and kinematics 

of the process, in automated systems of design, production, analysis and control. 

The sixth section presents the results of the implementation of the work. 

With the help of mathematical, methodical, algorithmic and software developed in 

the work, chevron, screw and hyperboloid gears were designed and manufactured, 

as well as profiled and manufactured hyperboloid tools for machining cylindrical 

gear wheels. 

In the dissertation, as a result of complex researches of the process of 

formation of gear wheels in the part of interactive control of the shape of the 

surface, parametrization of the function of shaping for various kinematic schemes, 

analysis of geometric and kinematic indicators as a process of forming, and 

processes of interaction of the teeth of gear wheels, a computer-integrated system 

providing forforming gear wheels, which is based on unified control parameters of 

the system of forming, its elements, qualitative aznykiv, which enables the 

development of automated systems to ensure formation of gears and their 

integration into computer-aided design, manufacturing, analysis and control. 

The use of the computer-integrated system has led to a shortening of the 
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development and improvement of the çsingle-cavity hyperboloidè gyroscope tool 

for the treatment of gear wheels. 

 

Key words: machining, gear wheels, shaping, gear machining tools, 

computer integration, automated design process, interactive control. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʩ̔ʪʴ ʪʝʤʠ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ 

ʪʝʭʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ. ʉʪʫʧʽʥʴ ʪʦʯʥʦʩʪʽ ʧʝʨʝʜʘʯ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʦʨʤʘʤʠ ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʦʯʥʦʩʪʽ, ʧʣʘʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʘ ʢʦʥʪʘʢʪʫ ʟʫʙʮ̔ ʚ, ʷʢʽ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʧʨʦʬʽʣʶ, ʱʦ ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʧʦʚʝʨʭʥʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ, ʘ ʦʩʦʙʣʠʚʦ ʪʠʭ, ʫ ʷʢʠʭ ʧʨʦʬʽʣʴ ʟʫʙʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʝʚʦʣʴʚʝʥʪʥʦʛʦ, 

ʚʞʝ ʥʘ ʨʽʚʥʽ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʥʦʩʠʪʴ ʽʩʪʦʪʥʫ ʧʦʭʠʙʢʫ ʚ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʦʬʽʣʶ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, ʱʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟ 

ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʪʝʦʨʝʪʠʯʥʦ ʪʦʯʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ 

ʧʦʚʝʨʭʥʷ ʟʘʤʽʥʶʻʪʴʩʷ ʥʘʙʣʠʞʝʥʦʶ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝ-

ʯʠʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩʠ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʢʦʥʪʨʦ-

ʣʶ. ɼʣʷ ʮʴʦʛʦ ʩʣʽʜ ʨʦʟʨʦʙʠʪʠ ʪʘʢʫ ʩʠʩʪʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʷʢʘ ʤʘʣʘ ʙ ʻʜʠʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʪʠʤʝ 

ʟʤʽʥʶʚʘʪʠ ʧʨʦʬʽʣʴ ʟʫʙʮ̔ ʚ ʽ ʬʦʨʤʫ ʩʧʨʞ̫ʝʥʠʭ ʟ ʥʠʤʠ ʧʦʚʝʨʭʦʥʴ ʚ 

ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ, ʚʘʨʽʶʚʘʪʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʣʷ 

ʚʠʙʦʨʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ ʧʨʦʬʽʣʶ ʟʫʙʮ̔ ʚ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʜʦʟʚʦʣʷʪʠʤʝ ʘʥʘʣʽʟʫʚʘʪʠ ʫʤʦʚʠ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʩʧʨʷʞʝʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʤʘʪʠʤʝ ʻʜʠʥʠʡ ʽʥʪʝʨʬʝʡʩ ʟ ʩʠʩʪʝʤʘʤʠ CAD/CAM/CAE, ʱʦ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʜʦʟʚʦʣʠʪ ɹ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʏʇʂ ʪʘ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ 

ʢʦʥʪʨʦʣʶ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʝʪʘʣʦʥʽʚ ʢʦʣʽʩ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʊʦʤʫ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

ʜʣʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʧʨʦʬʽʣʶ ʟʫʙʮʽʚ ʪʘ 
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ʚʠʢʣʶʯʝʥʥʷ ʥʘ ʨʽʚʥʽ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʦʜʥʦʛʦ ʟ ʛʦʣʦʚʥʠʭ 

ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘ ̒ʥʘ ʧʦʭʠʙʢʫ ʧʨʦʬʽʣʶ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ 

ʧʨʦʙʣʝʤʦʶ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʟ ɼʝʨʞʘʚʥʠʤʠ ʥʘʫʢʦʚʦïʪʝʭʥʽʯʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʧʦ 

ʨʦʟʜʽʣʫ 04. ñɽʢʦʣʦʛʽʯʥʦ ʯʠʩʪʘ ʝʥʝʨʛʝʪʠʢʘ ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾñ, ʘ 

ʪʘʢʦʞ ʟʛʽʜʥʦ ʟ ʥʘʫʢʦʚʠʤʠ ʧʣʘʥʘʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʚ 

ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤ. ɺ. ɼʘʣʷ ʧʦ 

ʜʝʨʞʙʶʜʞʝʪʥʠʤ ʪʝʤʘʤ çʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʣʘʟʤʦʚʦʾ, 

ʚʽʙʨʦʘʙʨʘʟʠʚʥʦʾ ʽ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ, ʢʦʤʧ'ʶʪʝʨʥʠʡ ʩʠʥʪʝʟ 

ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱè (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0104U000100), çʉʪʚʦʨʝʥʥʷ ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʜʨʫʛʦʛʦ ʨʦʜʫ ʟ 

ʣʽʥʽʡʥʠʤ ʢʦʥʪʘʢʪʦʤ ʟʫʙʮʽʚè (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0105U000893), 

çʉʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʣʦʢʦʤʦʪʠʚʽʚ ʟ ʣʽʥʽʡʥʠʤ 

ʢʦʥʪʘʢʪʦʤ ʟʫʙʮʽʚè (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0111U000034), çʈʦʟʨʦʙʢʘ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʚʘʥʪʘʞʥʦʛʦ 

ʚʘʛʦʥʘ, ʷʢ ʦʩʥʦʚʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ 

ʋʢʨʘʾʥʠè (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0116U004160), çʉʪʚʦʨʝʥʥʷ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʥʘʫʢʦʤʽʩʪʢʠʭ ʤʝʪʦʜʽʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʞʝʥʝʨʽʻʶ ʧʦʚʝʨʭʦʥʴ ʢʦʥʪʘʢʪʫ çʢʦʣʝʩʦ-ʨʝʡʢʘè ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʦ-

ʝʬʝʢʪʠʚʥʦʾ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽè (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U000561) ʪʘ ʚ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʧʦ ʜʝʨʞʙʶʜʞʝʪʥʽʡ ʪʝʤʽ çɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʚʝʨʩʪʘʪʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʝ ʦʩʥʘʱʝʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚè (ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U000492). 

ʄʝʪʘ ʽ ʟʘʜʘʯ ̔ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʧʣʘʚʥʦʩʪʽ ʨʦʙʦʪʠ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʘ 

ʪʘʢʦʞ, ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ 

ʙʘʟʽ ʥʦʚʦʾ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ 
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ʟʘʜʘʯʽ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚ ʯʘʩʪʠʥʽ ʨʦʟʚʠʪʢʫ ʧʽʜʭʦʜʽʚ ʜʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʪʘ ̔ʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʪʘ ̔ʥʪʝʛʨʘʮʽʾ ʟ ʩʫʯʘʩʥʠʤʠ 

ʢʦʤʧôʶʪʝʨʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ. 

2. ʈʦʟʨʦʙʠʪʠ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʥʘ ʦʩʥʦʚʽ ʫʥʽʬʽʢʘʮʽʾ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʾ 

ʝʣʝʤʝʥʪʽʚ. 

3. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʠʩʫ ʬʦʨʤʠ ʟʫʙʮ̔ ʚ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʚʠʭʽʜʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʘ ʙʘʟʽ ʫʥʽʬʽʢʦʚʘʥʠʭ 

ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

4. ʈʝʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʬʦʨʤʦʪʚʽʨʥʠʤʠ ʢʨʠʚʠʤʠ ʣʽʥʽʷʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʦʚʝʨʭʥʽ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʟʘʙʝʟʧʝʯʠʪʠ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ 

ʙʘʟʽ ʻʜʠʥʠʭ ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʽʥʪʝʛʨʘʮʽʶ ʟ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ 

ʢʦʥʪʨʦʣʶ. 

5. ʈʦʟʨʦʙʠʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʦʧʠʩʫ ʧʘʨʘʤʝʪʨʽʚ 

ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʫʥʽʬʽʢʫʚʘʪʠ ʾ ʾ ʤʘʪʝʤʘʪʠʯʥʝ ʧʦʜʘʥʥʷ ʪʘ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʯʘʩʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3ïʛʦ ʢʣʘʩʫ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ. 

6. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʧʠʩʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʟʘʻʤʦʜʽʾ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢ ʬʫʥʢʮʽʶ ʚʽʜ 

ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

7. ʈʦʟʨʦʙʠʪʠ ʥʦʚʽ ʤʝʪʦʜʠʯʥʝ, ʘʣʛʦʨʠʪʤʽʯʥʝ ʽ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʽ ʚ ʧʦʻʜʥʘʥʽ ʨʝʘʣʽʟʫʶʪʴ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ 



35 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʚʧʨʦʚʘʜʠʪʠ ʾʭ ʫ ʚʠʨʦʙʥʠʮʪʚʦ 

ʪʘ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʽ ʟʚôʷʟʢʠ 

ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʦʫʪʚʦʨʶ ʯʁʠʭ ʩʠʩʪʝʤ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʝʪʘʧʽʚ ʾʭ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʥʘ 

ʦʩʥʦʚʽ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʤʝʪʦʜʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʪʘ ʪʝʦʨʽʾ ʧʦʚʝʨʭʦʥʴ, ʪʝʦʨʽʾ ʩʧʣʘʡʥʽʚ, ʤʝʪʦʜʽʚ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ 

ʤʝʪʦʜʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʚʽʜʥʠʭ ʢʦʤʧʘʥʽʡ-

ʨʦʟʨʦʙʥʠʢʽʚ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʽ ʢʦʥʪʨʦʣʝʤ ʜʝʪʘʣʝʡ ʟʽ ʩʢʣʘʜʥʠʤʠ 

ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʟʘ ʝʪʘʣʦʥʥʠʤʠ ʢʦʤʧôʶʪʝʨʥʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʚʧʝʨʰʝ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʽʜʝʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʧʣʘʚʥʦʩʪʽ ʨʦʙʦʪʠ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʘ 

ʪʘʢʦʞ, ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʦʚʽʡ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽʡ ʩʠʩʪʝʤʽ, ʚ ʦʩʥʦʚʫ ʷʢʦʾ 

ʧʦʢʣʘʜʝʥʦ ʫʥʽʬʽʢʦʚʘʥʽ ʢʝʨʫʶʯʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ ʬʦʨʤʫ ʧʨʦʬʽʣʶ ʟʫʙʘ, ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʮʴʦʛʦ ʚʧʝʨʰʝ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʫ ʦʙʨʦʙʣʶʚʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʚ ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʽʥʪʝʨʘʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʬʦʨʤʦʶ ʟʫʙʮʽʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʫ ʨʘʟʦʤ ʟ ʟʘʣʝʞʥʦʶ ʚʽʜ ʥʴʦʛʦ ʧʦʚʝʨʭʥʝʶ 



36 

ʟʫʙʮʽʚ ʪʘ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʬʽʣʴ ʟʫʙʘ 

ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ. ʎʝ ʩʪʚʦʨʠʣʦ ʫʤʦʚʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʤʧôʶʪʝʨʥʦ-

ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʧʦʙʫʜʦʚʘʥʦʾ ʥʘ 

ʻʜʠʥʠʭ ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʘʭ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʚʠʟʥʘʯʝʥʦ ʧʦʨʷʜʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʫʥʽʬʽʢʘʮʽʾ ʦʧʠʩʫ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʪʚʽʨʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʡʦʛʦ ʪʦʯʢʦʚʦʛʦ ʧʦʜʘʥʥʷ ʫ ʚʠʜʽ 

ʩʧʣʘʡʥʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʢʨʠʚʠʤʠ ɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ, ʟ ʫʥʽʬʽʢʦʚʘʥʠʤʠ 

ʢʝʨʫʶʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʥʘ ʻʜʠʥʽʡ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʙʘʟʽ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʧʨʦʬʽʣʶ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʚ ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʦʧʠʩʫ ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʘʪʨʠʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ, 

ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʝʨʝʭʽʜ ʚʽʜ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʦʙʨʦʙʣʶʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ ʜʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʦʙʫʪʢʫ ʻʜʠʥʦʛʦ ʥʘʙʦʨʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʘʪʨʠʮʴ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʫ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻ ʣʠʰʝ ʦʜʠʥ ʝʣʝʤʝʥʪʘʨʥʠʡ ʧʦʩʪʫʧʘʣʴʥʠʡ 

ʘʙʦ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʣʘʥʢʘʤʠ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʬʦʨʤʦʪʚʽʨʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʮʴʦʛʦ ʨʫʭʫ, ʘ 

ʧʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʛʦ ʢʣʘʩʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʦ ʽʥʰʦʛʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʥʫʣʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʪʨʠʮʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚ 

ʩʫʢʫʧʥʦʩʪʽ ʟ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʦʙʨʦʙʣʶʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ ʫʥʽʬʽʢʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ ʚʠʭʽʜʥʫ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ. 

4. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ ʩʪʦʩʦʚʥʦ 

ʯʘʩʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ, ʟʦʢʨʝʤʘ ʢʦʯʝʥʥʷ ʟ ʢʦʚʟʘʥʥʷʤ ʛʽʧʝʨʙʦʣʦʾʜʘ ʧʦ ʮʠʣʽʥʜʨʫ ʽ 

ʢʦʯʝʥʥʷ ʟ ʢʦʚʟʘʥʥʷʤ ʛʽʧʝʨʙʦʣʦʾʜʘ ʧʦ ʪʚʽʨʥʽʡ ʧʨʷʤʠʡ, ʜʣʷ ʷʢʠʭ ʦʜʝʨʞʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʩʪʘʣʦ ʦʩʥʦʚʦʶ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʠʧʫ çʦʜʥʦʧʦʨʦʞʥʠʥʥʠʡ ʛʽʧʝʨʙʦʣʦʾʜè. 
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5. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʟʘʻʤʦʜʽʾ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ, ʚ ʦʩʥʦʚʫ ʷʢʠʭ ʧʦʢʣʘʜʝʥʽ 

ʫʥʽʬʽʢʦʚʘʥʽ ʢʝʨʫʶʯʠ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʱʝ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʘʥʘʣʽʟʫʚʘʪʠ ʷʢ ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ ʦʙʨʦʙʣʶʚʘʥʠʭ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʘʢ ʽ ʫʤʦʚʠ ʢʦʥʪʘʢʪʫʚʘʥʥʷ 

ʩʧʨ̫ʞʝʥʠʭ ʟʫʙʮʽʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ 

ʪʘ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʦʣʦʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʷʢʘ ʚʢʣʶʯʘʻ ʪʘʢʽ ʤʦʜʫʣʽ, 

ʟʘʭʠʱʝʥʽ ʩʚʽʜʦʮʪʚʘʤʠ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʥʘ ʪʚʽʨ (ˉ 70762, ˉ 70763, ˉ 70764, 

ˉ 70765, ˉ 70766): çAPACEèÉ, ʱʦ ʨʝʘʣʽʟʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʜʘʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʜʦ ʻʜʠʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʠʜʫ; çCOPTeRèÉ  ̔çCOSETèÉ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʽʥʪʝʨʘʢʪʠʚʥʦ ʾ ʟʤʽʥʠ ʛʝʦʤʝʪʨʽʾ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʴ 

ʧʨʦʩʪʦʨʫ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʫʥʽʬʽʢʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʨʠʚʠʭ, ʚʽʜʧʦʚʽʜʥʦ; çSCOTèÉ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʠʥʪʝʟʫʚʘʪʠ ʢʦʥʪʘʢʪʥʽ ʪʦʯʢʠ 

ʨʦʙʦʯʦʛʦ ʽ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥ ɹ ʪʘ ʝʢʩʧʦʨʪʫʚʘʪʠ ʾʭ ʚ CAD-ʩʠʩʪʝʤʠ; 

çSAlATèÉ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʫ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ 

ʩʠʥʪʝʟʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥ ̔ʧʦʚʝʨʭʥ ̔ʽ ʧʦʚʝʨʭʥ ̔ʟʫʙʮ̔ ʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦ ʾʩʠʩʪʝʤʠ ʩʧʨʦʬʽʣʴʦʚʘʥʽ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʽ ʛʽʧʝʨʙʦʣʦʾʜʥ ̔ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ 

ʫʥʽʬʽʢʦʚʘʥʠʤ ʧʨʦʬʽʣʝʤ ʟʫʙʮ̔ ʚ. ʅʘ ʧʨʠʢʣʘʜʽ ʰʝʚʨʦʥʥʠʭ ʽ ʛʚʠʥʪʦʚʠʭ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʧʽʜʪʚʝʨʜʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʢʠ ʝʪʘʣʦʥʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʤʦʜʝʣʝʡ ʟ ʧʦʣʽʧʰʝʥʠʤ ʧʨʦʬʽʣʝʤ ʟʫʙʮ̔ ʚ, ʚʽʜʤʽʥʥʠʤ ʚʽʜ ʝʚʦʣʴʚʝʥʪʥʦʛʦ ʪʘ 

ʘʥʘʣʽʟʫ ʚ ʩʠʩʪʝʤʽ AutodeskÉ PowerMillÉ ʧʨʦʮʝʩʫ ʩʠʤʫʣʷʮʽʾ ʢʝʨʫʶʯʠʭ 

ʧʨʦʛʨʘʤ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʮʠʭ ʢʦʣʽʩ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ. 

ʉʧʨʦʝʢʪʦʚʘʥʽ ʪʘ ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʰʝʚʨʦʥʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʟ ʧʨʦʬʽʣʝʤ ʟʫʙʮ̔ ʚ, ʦʪʨʠʤʘʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʽʥʞʝʥʝʨʥʠʤ ʘʥʘʣʽʟʦʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥ ̔ʽ ʟʘʧʘʪʝʥʪʦʚʘʥʽ (ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ ˉ25543ɸ, ˉ25541ɸ, 

ˉ29761ɸ, ˉ68546) ʟʫʙʯʘʩʪʽ ʧʝʨʝʜʘʯʽ ʪʘ ʥʦʚʽ ʩʧʦʩʦʙʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʟʫʙʦʦʙʨʦʙʣʶʚʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʽ ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʢʦʣʽʩ ʟ 

ʫʥʽʬʽʢʦʚʘʥʠʤ ʧʨʦʬʽʣʝʤ ʽ ʧʦʣʽʧʰʝʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʚʠʨʦʙʥʠʮʪʚʦ, ʟʦʢʨʝʤʘ ʥʘ ɼʇ 

çʃʆʈʊɸè ʢʦʥʮʝʨʥʫ çʋʢʨʦʙʦʨʦʥʧʨʦʤè, ʊʆɺ çʅɼɯ çʈʝʜʫʢʪʦʨè ʪʘ ʫ 

ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʉʅʋ ʽʤ. ɺʦʣʦʜʠʤʠʨʘ ɼʘʣʷ ʪʘ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʩʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ 

ʟʜʦʙʫʚʘʯʝʤ ʩʘʤʦʩʪʽʡʥʦ. ɿʜʦʙʫʚʘʯ ʟʜʽʡʩʥʠʚ ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʟʨʦʙʦʢ ʚ 

ʦʙʣʘʩʪʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʨʽʰʝʥʥʷ ʚʘʞʣʠʚʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʧʨʦʙʣʝʤʠ - ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʧʣʘʚʥʦʩʪʽ ʨʦʙʦʪʠ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ, ʘ ʪʘʢʦʞ, 

ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʙʘʟʽ 

ʥʦʚʦʾ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʽ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʽ ʨʘʟʦʤ ʟ 

ʥʘʫʢʦʚʠʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʽ, ʯʘʩʪʢʦʚʦ, ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʡ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʽ ʦʪʨʠʤʘʣʠ ʧʦʟʠʪʠʚʥʫ 

ʦʮʽʥʢʫ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ, ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

ʽ ʩʝʤʽʥʘʨʘʭ: VIII, Iʍ ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

çʇʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ ʨʝʡʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫè, 1998, 1999, ɸʣʫʰʪʘ-ʃʫʛʘʥʩʴʢ; ɯɯ 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚ ʦʩʚʽʪʽ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽè, 2003, ʄʠʢʦʣʘʾʚ; V, VI, XI, XV ʄʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʽ ʪʝʭʥʦʩʬʝʨʘ XXI 

ʩʪʦʣʽʪʪʷè, 1998, 1999, 2004; 2008, ʉʝʚʘʩʪʦʧʦʣʴ; ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-
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ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʩʝʨʝʜʥʽʡ ʽ 

ʚʠʱʽʡ ʰʢʦʣʽè, 2004, ɯʟʤʘʾʣ; VI International Conference çThe Improvement of the 

Quality, Reliability and Long Usage of Technical Systems and Technological 

Processes (IQRLUTSTP)è, 2007, Hurghada (Egypt); VI, VII, VIII, IX, XI, XV 

ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çɺʘʞʢʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ʇʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫè, 2008, 2009, 2010, 2011, 2013, 2017, 

ʂʨʘʤʘʪʦʨʩʴʢ; ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ï ʦʯʠʤʘ ʤʦʣʦʜʠʭè, 2013, ʂʨʝʤʝʥʯʫʢ; III, VI ʄʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè, 2014, 2017, ʃʴʚʽʚ; IX Miňdzynarodowa Konferencja 

Naukowo-Techniczna çTecnika I Technologia MontaŨu Maszyny (TTVV-2017)è, 

2017, Rzesz·wïCzarna (Polska). 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ 

ʧʦ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯʘʭ 13-14 ʛʨʫʜʥʷ 2012 ʨʦʢʫ ʚ ʤ. ɻʦʤʝʣʴ (ɹʽʣʦʨʫʩʴ). 

ɼʠʩʝʨʪʘʮʽʷ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʜʦʧʦʚʽʜʘʣʘʩʴ ʥʘ VI ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè 6-10 

ʣʶʪʦʛʦ 2017 ʨ, ʤ. ʃʴʚʽʚ ʪʘ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ɿʇ-

2017 çʇʨʦʙʣʝʤʠ ʷʢʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʽ ʤʝʭʘʥʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫè 25-30 ʩʝʨʧʥ ̫2017 ʨ, ʤ. ʆʜʝʩʘ. 

ʇʫʙʣ̔ʢʘʮ̔ʾ . ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 76 ʥʘʫʢʦʚʠʭ 

ʨʦʙʽʪ, ʚ ʪʦʤʫ ʯʠʩʣʽ 48 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (ʟ ʥʠʭ 3 ʩʪʘʪʪʽ ʫ 

ʚʠʜʘʥʥʷʭ ʽʥʦʟʝʤʥʠʭ ʜʝʨʞʘʚ, 8 ʫ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ), 4 ʧʘʪʝʥʪʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ, 5 ʩʚʽʜʦʮʪʚ 

ʧʨʦ ʘʚʪʦʨʩʴʢʽ ʧʨʘʚʘʭ ʥʘ ʪʚʽʨ (ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ), 19 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʫ 

ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʆʙʩʷʛ ʽ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 397 

ʩʪʦʨʽʥʢʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʫ, ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 6 ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ 

ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ 6 ʜʦʜʘʪʢʽʚ. ʆʙʩʷʛ ʦʩʥʦʚʥʦʛʦ 

ʪʝʢʩʪʫ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 268 ʩʪʦʨʽʥʦʢ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ. ʈʦʙʦʪʘ 

ʽʣʶʩʪʨʦʚʘʥʘ 5 ʪʘʙʣʠʮʷʤʠ ʪʘ 149 ʨʠʩʫʥʢʘʤʠ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

ʤʽʩʪʠʪʴ 291 ʥʘʡʤʝʥʫʚʘʥʥʷ, ʟ ʥʠʭ 269 ʢʠʨʠʣʠʮʝʶ ʪʘ 22 ʣʘʪʠʥʠʮʝʶ. 
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ʈʆɿɼɯʃ 1 

ʇʈʆɹʃɽʄʀ ɯ ʇɽʈʉʇɽʂʊɯɺɯ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ 

ʌʆʈʄʆʋʊɺʆʈɽʅʅʗ ɿʋɹʏɸʊʀʍ ʂʆʃɽʉ 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ï ʨʝʟʫʣʴʪʘʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʣʠʚʫ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʷʢʝ ʚʢʣʶʯʘ ̒ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʘʤʦʛʦ ʚʠʨʦʙʫ, 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʡʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ (ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʚʠʭʽʜʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʦʚʝʨʭʥ,̫ ʨʽʟʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ) ʽ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʟʘʚʜʘʥʴ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, 

ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ 

ʢʽʥʝʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʟʘʜʘʯʘʭ ʩʠʥʪʝʟʫ ʽ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

 

1.1. ʇʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ɺ ʨʦʙʦʪʽ [223] ʚʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ çʧʨʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʦʩʦʙʘʭ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʘʜʘʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʣʷʛʘʻ ʫ 

ʚʟʘʻʤʦʜʽʾ ʟʘʛʦʪʦʚʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʧʝʚʥʽ ʨʫʭʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʠʡʥʷʪʦʾ ʩʭʝʤʠ ʦʙʨʦʙʣʝʥʥʷ. ʊʦʤʫ ʬʦʨʤʘ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ 

ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʬʦʨʤʦʶ ʪʘ ʨʦʟʤʽʨʦʤ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ 

ʡʦʛʦ ʨʫʭʘʤʠ ʚʽʜʥʦʩʥʦ ʟʘʛʦʪʦʚʢʠ. ʇʨʦʮʝʩ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʫʩʢʣʘʜʥʷʪʁʴʩʷ 

ʩʫʧʨʦʚʽʜʥʠʤʠ ʷʚʠʱʘʤʠ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ: ʜʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʽ, ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ; ʧʦʭʠʙʢʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʧʨʠʩʪʨʦʾʚ, ʦʙʣʘʜʥʘʥʥʷ; ʟʥʦʰʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ; ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ, ʥʘʩʪʨʦʶʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ; ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʘʛʦʪʦʚʢʠ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ; 

ʚʽʙʨʘʮʽʾ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʪʦʱʦ. ʊʦʙʪʦ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ 
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ʜʝʪʘʣʽ ʦʩʥʦʚʥʠʡ ʧʨʦʮʝʩ ʥʝ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ, ʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʩʽʣʷʢʦʛʦ ʨʦʜʫ ʩʫʤʽʞʥʠʤʠ ʷʚʠʱʘʤʠ, ʽ ʪʽʣʴʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʾʭ 

ʚʟʘʻʤʦʜʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʘʣʴʥʘ ʬʦʨʤʘ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. 

ɺʠʚʯʠʪʠ ʮʝʡ ʧʨʦʮʝʩ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʜʽʶʪʴ ʦʜʥʦʯʘʩʥʦ, ʪʘ ʾʭ 

ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʚʘʞʢʦè.  

ɹʘʟʦʚʠʤ ʧʦʥʷʪʪʷʤ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʻ çʽʜʝʘʣʴʥʠʡ 

ʧʨʦʮʝʩ ï ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ, ʘ ʩʘʤʝ: ʨʫʭʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʦʙʨʦʙʢʠ ʽʥʩʪʨʫʤʝʥʪʦʤ ʪʘ ʟʘʛʦʪʦʚʢʦʶ, ʬʦʨʤʘ ʽ ʨʦʟʤʽʨʠ ʧʦʚʝʨʭʦʥʴ 

ʽʥʩʪʨʫʤʝʥʪʘ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʪʦʨʢʘʶʪʴʩʷ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ ʽ ʬʦʨʤʫʶʪʴ 

ʦʙʨʦʙʣʝʥʫ ʧʦʚʝʨʭʥʶ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʜʝʪʘʣʴ, ʽʥʩʪʨʫʤʝʥʪ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʥʝ 

ʜʝʬʦʨʤʫʶʪʴʩʷ ʽ ʥʝ ʟʥʦʰʫʶʪʴʩʷ, ʪʝʦʨʝʪʠʯʥʦ ʪʦʯʥʦ ʚʠʛʦʪʦʚʣʝʥʽ ʽ ʧʨʘʮʶʶʪʴ 

ʝʣʝʤʝʥʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʪʦʯʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʣʘʛʦʜʞʫʚʘʥʥʷ ʦʙʣʘʜ-

ʥʘʥʥʷ, ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʠʭ ʷʚʠʱ. 

ɯʜʝʘʣʴʥʠʡ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ, 

ʘʣʝ ʡʦʛʦ ʘʥʘʣʽʟ ʥʘʜʘʻ ʧʨʘʢʪʠʮʽ ʟʥʘʯʥʫ ʜʦʧʦʤʦʛʫ. ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʽʜʝʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʩʪʚʦʨʶʶʪʴʩʷ 

ʥʦʚʽ ʧʨʦʛʨʝʩʠʚʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʣʝʥʥʷ, ʥʦʚʽ ʪʠʧʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ. 

ɺ ʧʨʘʢʪʠʮʽ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʩʪʚʦʨʶʻʪʴʩʷ 

ʨʝʘʣʴʥʠʡ ʧʨʦʮʝʩ. ʈʝʘʣʴʥʠʡ ʧʨʦʮʝʩ ʚʠʚʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ 

ʚʟʘʻʤʦʜʽʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʥʘʡʯʘʩʪʽʰʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʽ ʚ ʥʴʦʛʦ, ʷʢʱʦ ʮʝ 

ʥʝʦʙʭʽʜʥʦ, ʚʥʦʩʷʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʢʦʨʝʢʪʠʚʠè [223]. 

ʉʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦ-

ʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʜʦʟʚʦʣʠʪʴ ʚʞʝ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʢʣʶʯʠʪʠ 

ʧʦʭʠʙʢʠ, ʚʠʢʣʠʢʘʥ ̔ ʧʦʤʠʣʢʘʤʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥ ̫ ʧʨʦʬʽʣʶ 

ʟʫʙʮ̔ʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʚʠʨʽʰʠʚʰʠ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚ ʪʝʦʨʝ-

ʪʠʯʥʦʤʫ ʧʣʘʥʽ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʨʦʙʫ ʽ ʧʨʦʮʝʩʫ ʡʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, 

ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ. 
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ʂʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ ʟʚôʷʟʫʻ ʚʩʽ ʝʪʘʧʠ ʻ ʚʠʙʽʨ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʭʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʜʣʷ ʷʢʦʾ ʩʣʽʜ ʰʫʢʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʾʾ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʚôʷʟʢʠ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʬʦʨ-

ʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʜʣʷ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʫ ʚʠʛʣʷʜʽ (ʨʠʩ. 1.1). 

 

ʈʠʩ. 1.1. ɿʚôʷʟʢʠ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʜʣʷ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 

 

1.1.1. ɺʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚ ʯʘʩʪʠʥʽ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ 

ʗʢʱʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʷʢ ʧʨʦ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʝʢʪʥʠʭ ʧʨʦʮʝʜʫʨ, ʪʦ ʩʧʠʨʘʶʯʠʩʴ ʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ [145], [176], [185], [190], ʩʬʦʨʤʫʣʶʻʤʦ ʽ ʦʙˇʨʫʥʪʫʻʤʦ 

ʚʠʤʦʛʠ ʜʦ ʪʘʢʦʾ ʩʠʩʪʝʤʠ. 

 

ɺʠʤʦʛʠ ʩʣʽʜ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ: 

1. ɼʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥ;̫ 

2. ɼʦ ʩʪʨʫʢʪʫʨʠ; 

3. ɼʦ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ɻʨʫʧʘ ʚʠʤʦʛ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʠʥʥʘ ʚʢʣʶʯʘʪʠ: 

 

ɺʠʤʦʛʘ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ. 

ʉʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʧʨʦʬʽʣʶ ʟʫʙʮ̔ ʚ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʪʘ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦʶ ʜʦ ʙʫʜʴ-

ʷʢʦʛʦ ʟʘʯʝʧʣʝʥʥʷ, ʱʦ ʚʟʘʻʤʥʦ ʦʛʠʥʘʻʪʴʩʷ (ʪʦʯʥʦʛʦ). 

ɼʘʥʘ ʚʠʤʦʛʘ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʛʝʦʤʝʪʨʽʾ ʧʨʦʬʽʣʶ ʟʫʙʮ̔ ʚ 

ʙʝʟ ʟʤʽʥʠ ʤʦʜʝʣʽ ʾʭ ʦʧʠʩʫ ʽ ʤʝʪʦʜʽʚ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

 

ɺʠʤʦʛʘ ʻʜʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʝ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʻʜʠʥʦʛʦ ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ. 

ɼʘʥʘ ʚʠʤʦʛʘ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʣʶʯʠʪʠ ʜʦʜʘʚʘʥʥʷ/ʚʠʢʣʶʯʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ/ʥʘʜʣʠʰʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʝʨʪʠʢʘʣʴʥʫ ʽʥʪʝʛʨʘʮʽʶ ʩʠʩʪʝʤʠ. 

 

ɺʠʤʦʛʘ ʤʽʥʽʤʘʣʴʥʦ ʾʜʦʩʪʘʪʥʦʩʪʽ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʂʽʣʴʢʽʩʪʴ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʻ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʦʶ, ʘʣʝ 

ʜʦʩʪʘʪʥʴʦʶ. 

ɼʘʥʘ ʚʠʤʦʛʘ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. 

 

ɻʨʫʧʘ ʚʠʤʦʛ ʜʦ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʘ ʚʢʣʶʯʘʪʠ: 

ɺʠʤʦʛʘ ʤʦʜʫʣʴʥʦʩʪ.̔ 

ʉʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʤʦʜʫʣʽʚ, ʷʢʽ 

ʚʠʨʽʰʫʶʪʴ ʥʦʚʽ ʟʘʚʜʘʥʥʷ. 

ɼʘʥʘ ʚʠʤʦʛʘ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʩʠʩʪʝʤʠ ʚʛʣʠʙ (ʫʜʦʩʢʦ-

ʥʘʣʝʥʥʷ ʤʦʜʫʣʽʚ), ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ (ʨʦʟʰʠʨʝʥʥʷ ʥʘʙʦʨʫ ʤʦʜʫʣʽʚ) ʽ ʧʦ ʚʝʨʪʠʢʘʣʽ 

(ʤʦʜʫʣʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʽʥʰʠʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʫ). 
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ɺʠʤʦʛʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʟ CAD/CAM/CAE . 

ʉʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʚʦʩʪʦʨʦʥʥʶ ʽʥʬʦʨʤʘʮʽʡʥʫ ʚʟʘʻʤʦʜʽʶ 

ʟ ʩʠʩʪʝʤʘʤʠ CAD/CAM/CAE. 

ɼʘʥʘ ʚʠʤʦʛʘ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ 

CAD/CAM/CAE ʜʣʷ ʚʚʝʜʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʜʣʷ ʧʨʦʤʽʞʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡ, ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

ɻʨʫʧʘ ʚʠʤʦʛ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʚʠʥʥʘ ʚʢʣʶʯʘʪʠ: 

ɺʠʤʦʛʘ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʝʨʦʚʘʥʦʩʪʽ. 

ʉʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʫ ʤʦʞʣʠʚʽʩʪʴ 

ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʢʝʨʫʶʯʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ. 

ɼʘʥʘ ʚʠʤʦʛʘ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʘʥʘʣʽʟʫʚʘʪʠ 

ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʨʝʟʫʣʴʪʘʪʠ. 

 

ɺʠʤʦʛʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʉʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʜʘʪʠ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʫ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʾ 

ʚʽʟʫʘʣʴʥʦʾ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʘʥʘ ʚʠʤʦʛʘ ʜʦʟʚʦʣʠʪʴ ʜʦʜʘʪʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʚʽʜ ʽ ʟʥʘʥʥʷ 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘ ʜʣʷ ʰʚʠʜʢʦʾ ʦʮʽʥʢʠ ʧʨʠʡʥʷʪʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

ʈʽʟʥʦʤʘʥʽʪʪʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ, ʪʠʧʽʚ ʽ ʚʠʜʽʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʨʦʟʰʠʨʝʥʥʷ 

ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ 

(ʰʫʤ ʽ ʚʽʙʨʘʮʽʾ) ʽ ʤʘʩʦʛʘʙʘʨʠʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʜʦʩʢʦʥʘʣʽʰʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʾʭ ʩʠʥʪʝʟʫ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʪʨʠʤʢʠ ʝʪʘʧʽʚ ʾʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʊʦʤʫ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ 

ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʩʠʥʪʝʟʫ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʨʽʟʥʠʭ ʢʣʘʩʽʚ, ʪʠʧʽʚ ʽ ʚʠʜʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʫʢʦʻʤʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʾʭ 

ʧʽʜʪʨʠʤʢʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʚʽʪʯʠʟʥʷʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 
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ɯʩʥʫʶʯʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʠʥʪʝʟʫ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ˇʨʫʥʪʫʶʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʥʘ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʠʢʘʭ ʪʝʦʨʝʪʠʯʥʦʛʦ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʜʝʷʢʠʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʦʢʨʝʤʠʭ ʢʣʘʩʽʚ, ʪʠʧʽʚ ʽ 

ʚʠʜʽʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʘʙʦ ʟʚ'ʷʟʫʶʪʴ ʜʝʷʢʽ ʝʪʘʧʠ ʾʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ɯʩʥʫʶʯʽ 

ʧʘʢʝʪʠ ʩʠʥʪʝʟʫ ʜʝʷʢʠʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟʥʘʯʥʦ 

ʦʙʤʝʞʝʥʽ ɻʆʉʊʘʤʠ, ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʨʦʟʨʘʭʫʥʢʫ, ʚʽʜʦʤʠʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʷʤʠ, ʚʽʜʦʤʠʤʠ ʩʧʦʩʦʙʘʤʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʠʥʪʝʟʫ, 

ʩʧʦʩʦʙʘʤʠ ʦʙʨʦʙʣʝʥʥʷ, ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʢʦʥʪʨʦʣʶ, ʪʦʯʥʽʩʪʶ ʩʢʣʘʜʘʥʥʷ, 

ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʧʦʩʦʙʘʤʠ ʨʝʤʦʥʪʫ ʽ ʪ. ʽ. 

ɭ ʦʢʨʝʤʽ ʩʠʩʪʝʤʠ, ʩʪʚʦʨʝʥʽ ʢʦʤʧʘʥʽʷʤʠ, ʷʢʽ ʨʦʙʣʷʪʴ ʟʫʙʦʦʙʨʦʙʥʽ 

ʚʝʨʩʪʘʪʠ: çLTCAè ʢʦʤʧʘʥʽʾ Gleason, çKIMOSè ʢʦʤʧʘʥʽʾ Klingelnberg, 

ʩʘʨʘʪʦʚʩʴʢʘ çɺʆʃɻɸ-5è (ʪʫʪ ʤʦʚʘ ʣʠʰʝ ʧʨʦ ʩʠʩʪʝʤʠ, ʷʢʽ ʻ ʧʨʦʛʨʘʤʥʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ). ɺʽʜʩʫʪʥʽʩʪʴ CALS-ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʠʥʪʝʟʫ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʧʦʷʩʥʶʻʪʴʩʷ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʥʝ ʪʽʣʴʢʠ ʚʽʜʩʫʪʥʽʩʪʶ ʬʽʥʘʥʩʫʚʘʥʥʷ ʘʙʦ 

ʤʘʪʝʤʘʪʠʯʥʦ ʁ ʽ ʣʦʛʽʯʥʦ ʁ ʩʢʣʘʜʥʽʩʪʶ, ʘ ʡ ʪʠʤ, ʱʦ ʚ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʠʥʪʝʟʫ ʚʢʨʘʡ ʦʙʤʝʞʝʥʽ, ʘ ʤʝʪʦʜʠ ʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʪʝʦʨʽʾ ʟʘʯʝʧʣʝʥʴ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ 

ʥʠʭ ʟʘʤʦʚʥʠʢʘʤʠ ʽ ʨʦʟʨʦʙʥʠʢʘʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɯʩʥʫʶʯʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (CATIA , CREO, Unigraphics, 

PowerSOLUTION, SolidWorks, ʪʘ ʽʥ.) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʝʪʘʧʘʭ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʨʽʟʥʠʭ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʠ: 

Å CAE (Computer Aided Engineering) ï ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʝʪʘʣʝʡ ʪʘ ʤʘʰʠʥ (MSC Nastran, ɸnsys, LS-DYNA3D, 

APM WinMachine ʪʘ ʽʥ.); 

Å PDM (Product Data Management) ï ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ ʧʨʦ ʚʠʨʽʙ (IMAN, Optegra, Enovia ʪʘ ʽʥ.); 

Å Project Management ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʩʠʩʪʝʤʠ ʧʣʘʥʫʚʘʥʥʷ (WorkFlow, DocFlow ʽ Project Planing); 

Å MRP (Material Requirements Planning) ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ (SAP R/3, BAAN, ɻʘʣʘʢʪʠʢʘ ʪʘ ʽʥ.). 
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CAD/CAM ʩʠʩʪʝʤʠ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʚʥʦʶ ʤʽʨʦʶ ʟʘʚʜʘʥʥʶ ʪʝʦʨʝ-

ʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚ ʥʘʰʽʡ ʧʦʩʪʘʥʦʚʮʽ. 

ʎʽ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʝʷʢʠʭ ʝʪʘʧʽʚ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʦʜʥʘʢ ʚʦʥʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʰʠʨʦʢʠʡ ʢʣʘʩ 

ʜʝʪʘʣʝʡ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʙʘʛʘʪʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʽ ʩʠʥʪʝʟʫ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ɸʥʘʣʽʟ ʪʦʛʦ, ʚ ʷʢʽʡ ʩʪʝʧʝʥʽ ʩʫʯʘʩʥʽ ʧʨʦʚʽʜʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʚ ʯʘʩʪʠʥʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʥʘʚʝʜʝʥʦ ʫ 

ʪʘʙʣ. 1.1  

ʊʘʙʣʠʮʷ 1.1 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʩʪʝʤ CAD/CAM/CAE 
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ʄʘʪʝʤʘ-

ʪʠʯʥʝ 

ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ 

1. ɯʥʚʘʨʘ̔ʥʪʥʽʩʪʴ - - - - - - - - - - 

2. ɭʜʥʽʩʪʴ ʧʘʨʘʤʝʪʨʚ̔ - - - - - - - - - - 

3. ʄʽʥʽʤʘʣʴʥʘ  ʜʦʩʪʘʪʥʽʩʪʴ 

ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ 
- - - - - - - - - - 

ʉʪʨʫʢʪʫʨʘ 

4. ʄʦʜʫʣʴʥʩ̔ʪʴ + + + + + + + + + - 

5. ɯʥʪʝʨʬʝʡʩ ʟ 

CAD/CAM/CAE 
+ + + + + + + + + + 

ʈʝʟʫʣʴʪʘʪʠ 
6. ɯʥʪʝʨʘʢʪʠʚʥʘ  ʢʝʨʦʚʘʥʽʩʪʴ + + + + + + + + + + 

7. ɺʟ̔ʫʘʣʟ̔ʘʮ̫̔  ʨʝʟʫʣʴʪʘʪʚ̔* - - - - - - - - - -/+ 

*ɺ ʯʘʩʪʠʥʽ ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʩʠʩʪʝʤʠ. 

 

ʊʘʙʣ. 1.1 ʧʦʢʘʟʫʻ, ʱʦ ʞʦʜʥʘ ʟ ʢʦʤʝʨʮʽʡʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʠʤʦʛʘʤ ʜʦ ʢʦʤʧôʶʪʝʨʥʦ-

ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʘ ʦʪʞʝ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʽ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʝ ʻ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʠʤ, 

ʪʦʙʪʦ, ʚʦʥʠ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ, ʥʘʧʨʠʢʣʘʜ, 
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ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʝʪʘʣʦʥʫ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ, ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʴ 

ʝʣʝʤʝʥʪʽʚ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ, ʘʥʘʣʽʟ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʘʣʝ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʟʘʜʘʯ ʚʦʥʠ ʥʝ ʦʭʦʧʣʶʶʪʴ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʦï̔ ʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʷʢʘ ʙ ʧʦʚʥʦʶ ʤʽʨʦʶ 

ʚʽʜʧʦʚʽʜʘʣʘ ʚʠʤʦʛʘʤ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʜʦʩʷʛʥʝʥʥʷ ʚʽʪʯʠʟʥʷʥʠʭ 

ʽ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ ʚ ʦʙʣʘʩʪʽ ʟʘʚʜʘʥʥʷ, ʨʝʜʘʛʫʚʘʥʥʷ ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʾ 

ʧʦʚʝʨʭʦʥʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʪʝʦʨʽʾ ʟʘʯʝʧʣʝʥʴ, ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʽ ʢʽʥʝʤʘʪʠʯʥʦʛʦ 

ʩʠʥʪʝʟʫ, ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʨʽʟʘʥʥʷʤ, ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ, 

ʩʢʣʘʜʘʥʥʷ, ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʦʟʨʘʭʫʥʢʽʚ ʟʛʠʥʘʣʴʥʦʾ ʪʘ ʢʦʥʪʘʢʪʥʦʾ ʤʽʮʥʦʩʪʽ 

ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʜʠʥʘʤʽʢʠ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ çʛʘʨʷʯʝè ʽ 

çʭʦʣʦʜʥʝè ʟʘʾʜʘʥʥʷ, ʜʦʩʷʛʥʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ 

ʦʙʣʘʩʪʽ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʫʯʘʩʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ (ʪʝʦʨʽʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʘʬʽʥʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʪʝʦʨʽʷ ʤʥʦʞʠʥ, ʙʫʣʴʦʚʘ ʘʣʛʝʙʨʘ), ʩʫʯʘʩʥʽ 

ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ, ʚʝʨʩʪʘʪʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʩʪʫʧʠʪʠ ʜʦ ʨʦʟʨʦʙʢʠ ʥʦʚʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʝʪʘʧʽʚ ʾʾ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ɺʝʩʴ ʮʝʡ ʢʦʤʧʣʝʢʩ ʥʘʢʦʧʠʯʝʥʠʭ ʟʥʘʥʴ, ʜʦʩʷʛʥʝʥʴ ʥʘʫʢʠ, 

ʥʘʫʢʦʻʤʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʴ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʟʫʙʯʘʪʠʭ 

ʢʦʣʽʩ ʽ ʨʝʘʣʽʟʫʚʘʪʠ ʡʦʛʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ. 

 

1.1.2. ʆʧʠʩ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʫʙʘ ʝʚʦʣʴʚʝʥʪʥʠʭ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʡ ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ (ʨʠʩ. 1.2). 

çʉʪʘʥʜʘʨʪʥʠʡ ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ ʧʨʦʬʽʣʶ ʟʫʙʘ ï ʧʨʦʬʽʣʴ ʟʫʙʘ ʟʫʙʯʘʩʪʦʾ 

ʨʝʡʢʠ, ʱʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʦʩʥʦʚʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ 

ʨʦʟʤʽʨʽʚ ʟʫʙʘ ʩʠʩʪʝʤʠ ʝʚʦʣʴʚʝʥʪʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩè [207]. 
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ʈʠʩ. 1.2. ɺʠʭʽʜʥʠʡ ʢʦʥʪʫʨ ʧʦ ɻʆʉʊ 13755-81 [191] 

 

ʄʘʶʯʠ ʨʷʜ ʧʝʨʝʚʘʛ, ʝʚʦʣʴʚʝʥʪʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʯʘʩʪʦ ʥʝ ʻ 

ʧʝʨʝʚʘʞʥʠʤʠ ʟʘ ʜʝʷʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ, 

ʪʘʢʠʤ, ʷʢ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽ ʪ..̔ ʊʦʤʫ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʽʥʰʽ ʚʠʭʽʜʥʽ ʢʦʥʪʫʨʠ, ʪʘʢʽ, ʷʢ ʚʠʭʽʜʥʽ ʢʦʥʪʫʨʠ ʜʣʷ ʢʦʣʽʩ ʟ 

ʟʘʯʝʧʣʝʥʥʷʤ ʅʦʚʽʢʦʚʘ (ʨʠʩ.1.3.) [115], [164], [166], [189], [193] ʩʠʥʫʩʦʾʜʘʣʴʥʽ 

(ʨʠʩ.1.4) [5], [119] ʪʘ ʽʥʰʽ ʚʠʭʽʜʥʽ ʢʦʥʪʫʨʠ. ʈʦʙʦʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ 

ʥʦʚʠʭ ʚʠʭʽʜʥʠʭ ʢʦʥʪʫʨʽʚ ʜʣʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʮ̔ ʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʪʨʠʚʘʶʪʴ ʽ ʚ ʜʘʥʠʡ ʯʘʩ. 

 

 

ʈʠʩ.1.3. ɺʠʭʽʜʥʠʡ ʢʦʥʪʫʨ ʧʦ ɻʆʉʊ 15023-76 [208] 

 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʽʩʥʫʶʯʠʭ ʚʠʭʽʜʥʠʭ ʢʦʥʪʫʨʽʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1 ʨʦʙʦʪʠ 

[25]. ʗʢ ʚʠʜʥʦ ʟ ʮʴʦʛʦ ʤʘʣʶʥʢʘ, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʦʚʝʨʭʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʦʙʨʘʥʦʤʫ ʚʠʜʫ ʟʘʯʝʧʣʝʥʥʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʚʠʭʽʜʥʦʛʦ 

ʢʦʥʪʫʨʫ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ. ɺ ʨʦʙʦʪʽ [107] ʥʘʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʢʨʠʚʠʭ ʪʘ ʾʭ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ. ʇʨʠ ʚʝʣʠʢʽʡ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʪʘʢʦʛʦ ʦʧʠʩʫ ʩʪʘʻ ʩʢʣʘʜʥʠʤ 

ʩʪʚʦʨʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 
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ʘ      ʙ  

ʈʠʩ. 1.4. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ: 

ʘ ï ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ;  

ʙ ï ʪʚʽʨʥʘ ʧʦʚʝʨʭʥʷ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʢʦʣʽʩ [251] 

 

ɼʣʷ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʜʦ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ, ʻʜʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ, 

ʤʽʥʽʤʘʣʴʥʦʾ ʜʦʩʪʘʪʥʦʩʪʽ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʪʘʢʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʷʢʠʡ ʙʠ ʜʦʟʚʦʣʠʚ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ ʦʜʥʦʛʦ ʚʠʭʽʜʥʦʛʦ 

ʢʦʥʪʫʨʫ ʜʦ ʽʥʰʦʛʦ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ ʫʥʽʬʽʢʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɿʘ ʢʝʨʦʚʘʥʦ ʁʚʘʨʽʘʮʽʻ  ʁʬʦʨʤʠ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ 

ʚʽʜʧʦʚʽʜʘʶʪʴ: 

1) ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʫ, ʚ ʷʢʝ ʧʦʤʽʱʝʥʠʡ ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ ʽ ʟʤʽʥʘ 

ʮʴʦʛʦ ʧʨʦʩʪʦʨʫ ʨʘʟʦʤ ʟ ʢʦʥʪʫʨʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʱʦʜʦ 

ʥʝʟʤʽʥʥʦʛʦ ʧʨʦʩʪʦʨʫ [127], [210]; 

2) ʟʤʽʥʘ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʚʠʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ ʚ 

ʥʝʟʤʽʥʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʪʠʤ ʩʘʤʠʤ ʦʪʨʠʤʫʶʯʠ ʥʝʦʙʭʽʜʥʫ ʬʦʨʤʫ ʚʠʭʽʜʥʦʛʦ 

ʢʦʥʪʫʨʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʧʣʘʡʥʠ [3], 

[243], [272], [276], [287]. 
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1.1.3. ʊʦʯʥʽʩʪʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ɺʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʢʦʣʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʥʝʜʦʩʪʘʪʥʽʡ ʪʦʯʥʦʩʪʽ ʽ 

ʚʠʩʦʢʦʾ ʦʢʨʫʞʥʽʡ ʰʚʠʜʢʦʩʪʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʧʨʘʮʶʶʪʴ ʟʽ ʟʥʘʯʥʠʤ ʰʫʤʦʤ, ʘ 

ʟʫʙʮ ̔ ʚʽʜʯʫʚʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʦʤʫ ʚʩʽ ʧʘʨʘʤʝʪʨʠ 

ʝʚʦʣʴʚʝʥʪʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʯʽʪʢʦ ʧʦʟʥʘʯʝʥʽ ʚ ɻʆʉʊ 1643-81 ʜʣʷ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʽ ɻʆʉʊ 1758-81 ʜʣʷ ʢʦʥʽʯʥʠʭ ʢʦʣʽʩ. ɺʩʪʘʥʦʚʣʝʥʦ 12 ʩʪʫʧʝʥʽʚ 

ʪʦʯʥʦʩʪ:̔ ʚʽʜ 1-ʾ ʜʦ 12-ʾ ʚ ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ ʪʦʯʥʦʩʪʽ. ʅʝʦʙʭʽʜʥʘ ʩʪʫʧʽʥʴ 

ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʟʥʘʯʝʥʥʷʤ ʤʘʰʠʥʠ ʽ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ (ʪʘʙʣ. 1.2). 

ʊʘʙʣʠʮ ̫1.2 

ɺʟʘʻʤʦʟʚôʷʟʦʢ ʩʪʫʧʝʥ ̫ʪʦʯʥʦʩʪʽ ʪʘ ʢʦʣʦʚʦʾ ʰʚʠʜʢʦʩʪʽ [253] 

ʉʪʫʧʝʥʴ 

ʪʦʯʥʦʩʪʽ 

ʐʚʠʜʢʽʩʪʴ ʜʣʷ 

ʧʨʷʤʦʟʫʙʠʭ ʢʦʣʽʩ, ʤ/ʩ 

ʐʚʠʜʢʽʩʪʴ ʜʣʷ 

ʢʦʩʦʟʫʙʠʭ ʢʦʣʽʩ, ʤ/ʩ 

4, 5 >15 >30 

6 ʜʦ 15 ʜʦ 30 

7 ʜʦ 10 ʜʦ 15 

8 ʜʦ 6 ʜʦ 10 

9 ʜʦ 2 ʜʦ 4 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʩʪʫʧʝʥʷ ʪʦʯʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʦʨʤʠ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʪʦʯʥʦʩʪʽ, ʧʣʘʚʥʦʩʪʽ ʨʦʙʦʪʠ ʽ ʢʦʥʪʘʢʪʫ ʟʫʙʮ̔ ʚ. 

ʂʽʥʝʤʘʪʠʯʥʘ ʪʦʯʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ ʧʦʭʠʙʢʦʶ 

ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʢʦʣʝʩʘ, ʪʦʙʪʦ, ʨʽʟʥʠʮʝʶ ʤʽʞ 

ʬʘʢʪʠʯʥʠʤ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʢʫʪʘʤʠ ʧʦʚʦʨʦʪʫ ʚʝʜʝʥʦʛʦ ʢʦʣʝʩʘ ʟʘ ʦʜʠʥ 

ʦʙʦʨʦʪ. 

ʇʣʘʚʥʽʩʪʴ ʨʦʙʦʪʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʣʠʚʘʥʥʷʤʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʢʦʣʝʩʘ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʦʙʝʨʪʫ. ʆʙʫʤʦʚʣʶʻʪʴʩʷ ʧʦʤʠʣʢʘʤʠ ʚ ʢʨʦʮʽ ʽ ʧʨʦʬʽʣʽ 

ʪʘ ʚʧʣʠʚʘʻ ʥʘ ʩʠʣʫ ʫʜʘʨʽʚ ʽ ʰʫʤ ʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʝʩʘʭ. 

ʅʦʨʤʠ ʢʦʥʪʘʢʪʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʣʷʤʦʶ ʢʦʥʪʘʢʪʫ ʟʫʙʮ̔ ʚ, ʪʦʙʪʦ, 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʫʙʮʭ̫. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʦʯʥʽʩʪʶ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʬʽʣʶ ʟʫʙʮ̔ ʚ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʣʦʚʠʭ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ. ɿʘʟʥʘʯʝʥʽ ʥʦʨʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʫʧʝʥʷ ʪʦʯʥʦʩʪʽ ʥʘʚʝʜʝʥʽ ʚ ʩʪʘʥʜʘʨʪʘʭ. 
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ʆʜʥʘʢ, ʜʣʷ ʩʪʫʧʝʥʽʚ ʪʦʯʥʦʩʪʽ 1 ʽ 2 (ʝʚʦʣʴʚʝʥʪʥʘ ʮʠʣʽʥʜʨʠʯʥʘ ʧʝʨʝʜʘʯʘ) 

ʽ 1, 2 ʽ 3 (ʝʚʦʣʴʚʝʥʪʥʘ ʢʦʥʽʯʥʘ ʧʝʨʝʜʘʯʘ) ʜʦʧʫʩʢʠ ʚʞʝ ʙʘʛʘʪʦ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ ʥʝ 

ʚʩʪʘʥʦʚʣʝʥʽ. 

ʎʽ ʩʪʫʧʝʥ ̔ʪʦʯʥʦʩʪʽ ʚʚʘʞʘʣʠʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʱʝ ʚ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʚ ʥʘʜʽʾ ʥʘ ʪʝ, ʱʦ ʟ ʨʦʟʚʠʪʢʦʤ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʤʦʞʥʘ ʙʫʜʝ ʜʦʩʷʛʪʠ ʥʘʡʚʠʱʦʛʦ ʩʪʫʧʝʥʷ ʪʦʯʥʦʩʪʽ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ɼʣʷ ʽʥʰʠʭ ʚʠʜʽʚ ʟʘʯʝʧʣʝʥʴ ʪʦʯʥʽʩʪʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʥʦʨʤʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʅɼɯ. ʊʘʢ ʜʣʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʅʦʚʽʢʦʚʘ ʟ ʜʚʦʤʘ ʣʽʥʽʷʤʠ 

ʟʘʯʝʧʣʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʭʽʜʥʦʤʫ ʢʦʥʪʫʨʫ ʟʘ ɻʆʉʊ 15023-76 (ʘʙʦ 

ʙʣʠʟʴʢʦʤʫ ʢʦʥʪʫʨʫ ʜʦ ʥʴʦʛʦ), ʎʅɼɯʊʄɸʐ ʨʝʢʦʤʝʥʜʫʻ ʯʦʪʠʨʠ ʢʣʘʩʠ ʥʦʨʤ 

ʪʦʯʥʦʩʪʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʱʦ ʧʦʟʥʘʯʘʶʪʴʩʷ ʚ ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ ʪʦʯʥʦʩʪʽ: 

ʅɼ-1, ʅɼ-2, ʅɼ-3 ʽ ʅɼ-4, ʷʢʽ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ, ʟʥʘʭʦʜʷʪʴʩʷ 

ʥʘ ʨʽʚʥʽ ʚʽʜʧʦʚʽʜʥʦ 6-9-ʛʦ ʩʪʫʧʝʥʷ ʪʦʯʥʦʩʪʽ ʧʦ ɻʆʉʊ 1643-81. 

ɼʣʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ ʥʠʟʴʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʪʦʯʥʦʩʪʽ ʟʘʯʝʧʣʝʥʥʷ ʚ 

ʧʦʣʝ ʜʦʧʫʩʢʫ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘʚʽʪʴ ʟʤʽʰʘʥʽ ʟʘʯʝʧʣʝʥʥʷ. ʊʘʢ, ʧʨʠ 

ʧʝʨʝʧʨʦʬʽʣʶʚʘʥʥʽ, ʝʚʦʣʴʚʝʥʪʘ ʤʦʞʝ ʟʘʤʽʥʶʚʘʪʠʩʷ ʧʨʷʤʦʶ ʣʽʥʽʻʶ ʘʙʦ 

ʩʠʥʫʩʦʾʜʦʶ. 

ɽʚʦʣʴʚʝʥʪʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ 4-ʛʦ ʩʪʫʧʝʥʷ ʪʦʯʥʦʩʪʽ ʚʚʘʞʘʶʪʴʩʷ 

ʧʨʝʮʠʟʽʡʥʠʤʠ ʽ ʜʣʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʞʝ ʧʦʪʨʽʙʥʽ ʦʩʦʙʣʠʚʽ ʫʤʦʚʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ɼʣʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ 

ʝʚʦʣʴʚʝʥʪʥʠʭ, ʮʝ ʟʘʚʜʘʥʥʷ ʫʩʢʣʘʜʥʶ̒ʪʴʩʷ ʥʘ ʧʦʨʷʜʦʢ. ʎʠʤ ʧʦʷʩʥʶʻʪʴʩʷ 

ʩʪʨʠʤʫʚʘʥʥʷ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ 

ʟʫʙʦʦʙʨʦʙʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʝʣʠʢʽ ʰʚʠʜʢʦʩʪʽ ʚʠʤʘʛʘʶʪʴ 

ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. ʇʨʠ ʚʠʩʦʢʽʡ 

ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 120-150ʤ/ʩʝʢ [182]. 
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1.1.4. ʇʦʭʠʙʢʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʅʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʨʝʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʥʘʨʽʟʫʚʘʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟʥʘʡʰʣʠ ʤʝʪʦʜʠ ʟʫʙʦʬʨʝʟʝʨʫʚʘʥʥ̫  

ʯʝʨʚôʷʯʥʠʤʠ ʬʨʝʟʘʤʠ, ʷʢ ̔ ʥʘʡʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʽ ʟʘʚʜʷʢʠ ʦʩʦʙʣʠʚʦʩʪʷʤ 

ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʨʦʙʦʪʠ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʦʙʝʨʪʘʣʴʥʠʡ 

ʨʫʭ ʯʝʨʚ'ʷʯʥʦʾ ʬʨʝʟʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʩʪʫʧʘʣʴʥʦ-ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʨʫʭʫ ʨʝʡʢʠ, 

ʷʢʘ ʟʘʤʽʥʶʻ ʩʦʙʦʶ ʬʨʝʟʫ (ʟʘʤʽʥʘ 3-ʛʦ ʢʣʘʩʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʥʘ 2-ʡ). 

 

  
 

ʘ     ʙ     ʚ 

ʈʠʩ. 1.5. ʏʝʨʚ'ʷʯʥʘ ʬʨʝʟʘ ʜʣʷ ʥʘʨʽʟʫʚʘʥʥʷ ʝʚʦʣʴʚʝʥʪʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ: 

ʘ ï ʢʨʝʩʣʝʥʠʢ ʬʨʝʟʠ, ʙ ï ʧʨʦʬ̔ʣʴ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ, ʚ ï ʬʨʝʟʘ 

 

 
 

 

ʘ     ʙ    ʚ 

ʈʠʩ. 1.6. ʏʝʨʚ'ʷʯʥʘ ʬʨʝʟʘ ʜʣʷ ʥʘʨʽʟʫʚʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ  

ʟ̔ ʟʘʯʝʧʣʝʥʥʷʤ ʅʦʚʽʢʦʚʘ: 

ʘ ï ʢʨʝʩʣʝʥʠʢ ʬʨʝʟʠ, ʙ ï ʧʨʦʬ̔ʣʴ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ, ʚ ï ʬʨʝʟʘ 
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ʅʘ ʨʠʩ. 1.5. ʧʦʢʘʟʘʥʘ ʯʝʨʚôʷʯʥʘ ʬʨʝʟʘ ʜʣʷ ʥʘʨʽʟʫʚʘʥʥʷ ʝʚʦʣʴʚʝʥʪʥʠʭ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʪʘ ʾʾ ʢʨʝʩʣʝʥʠʢ, ʘ ʥʘ ʨʠʩ 1.6 ï ʜʣʷ ʥʘʨʽʟʫʚʘʥʥʷ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ ʟ̔ ʟʘʯʝʧʣʝʥʥʷʤ ʅʦʚʽʢʦʚʘ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʽʚ, ʧʨʦʬʽʣʽ ʬʨʝʟʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʭʽʜʥʦʤʫ ʢʦʥʪʫʨʫ ʧʨʦʬʽʣ ̫ʟʫʙʘ ʟʫʙʯʘʩʪʦʾ ʨʝʡʢʠ. ɺʽʥ ʦʧʠʩʘʥʠʡ 

ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʷʤʠʤʠ ʣʽʥʽʷʤʠ, ʘ ʚ ʜʨʫʛʦʤʫ ï ʜʫʛʘʤʠ ʢʦʣʘ, ʱʦ ʩʧʨʦʱʫʻ 

ʪʝʭʥʦʣʦʛʽʶ ʧʨʦʬʽʣʶʚʘʥʥʷ ʬʨʝʟ ʽ ʢʦʥʪʨʦʣʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʬʽʣ,̫ 

ʟʘʜʘʥʠʭ ʥʘ ʢʨʝʩʣʝʥʠʢʫ. ʎʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʽʨʢʫʚʘʥʥʷ ʚʞʝ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʢʣʘʜʘʶʪʴ ʪʝʦʨʝʪʠʯʥʫ ʧʦʭʠʙʢʫ ʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʧʨʦʬʽʣʶ ʟʫʙʘ ʥʘʨʽʟʫʚʘʥʦʛʦ ʢʦʣʝʩʘ. 

 

 

ʈʠʩ. 1.7. ʇʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 
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ʋ ʩʚʦʶ ʯʝʨʛʫ, ʟ ʝʢʦʥʦʤʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʜʘʥʽ ʬʨʝʟʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʥʘʨʽʟʫʚʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ ʦʜʥʘʢʦʚʠʤ ʤʦʜʫʣʝʤ, ʘʣʝ ʨʽʟʥʦ  ʁʢʽʣʴʢʽʩʪʶ 

ʟʫʙʮ̔ ʚ. ʎʝ ʜʦʜʘʪʢʦʚʦ ʚʥʦʩʠʪʴ ʩʚʦʶ ʧʦʭʠʙʢʫ. ʂʽʣʴʢʽʩʪʴ ʟʫʙʮ̔ ʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʧʫʩʢʫ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʪʫʧʝʥʷ ʪʦʯʥʦʩʪʽ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʧʦʭʠʙʦʢ 

ʧʨʦʬʽʣʶ ʟʫʙʮ̔ ʚ ʚʞʝ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʬʽʣʶ ʟʫʙʮ̔ ʚ ʢʦʣʽʩ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ. 

ʅʘ ʨʠʩ. 1.7 ʧʦʢʘʟʘʥʽ ʧʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

 

1.2. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ɹʫʜʴ-ʷʢʠʡ ʧʨʦʮʝʩ çʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʧʨʦʮʝʩʽʚ: ʧʨʦʮʝʩʫ ʟʨʽʟʘʥʥʷ ʧʨʠʧʫʩʢʫ ʽ ʧʨʦʮʝʩʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷè [209]. 

ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ çʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ï ʮʝ ʫʪʚʦʨʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʬʦʨʤʠ ʜʝʪʘʣʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʽ 

ʚʟʘʻʤʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʦʙʤʝʞʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʘ ʪʘʢʦʞ ʨʦʟʤʽʨʘʤʠ, 

ʜʦʧʫʩʢʘʤʠ ʽ ʰʦʨʩʪʢʽʩʪʶè [209]. 

ʇʨʠ ʮʴʦʤʫ çʬʦʨʤʦʫʪʚʦʨʶʶʯʦʶ ʩʠʩʪʝʤʦʶ (ʌʉ) ʚʝʨʩʪʘʪʘ ʙʫʜʝʤʦ 

ʥʘʟʠʚʘʪʠ ʩʫʢʫʧʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ɺʇɯɼ, ʚʟʘʻʤʥʝ 

ʧʦʣʦʞʝʥʥʷ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʘʥʫ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʨʽʟʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʱʦʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽè [229]. çɸʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʱʦ 

ʟʚ'ʷʟʫʻ ʧʝʨʝʤʽʱʝʥʥʷ ʣʘʥʦʢ ʌʉ ʟ ʪʨʘʻʢʪʦʨʽʻʶ ʨʫʭʫ ʪʦʯʦʢ ʽʥʩʪʨʫʤʝʥʪʫ ʱʦʜʦ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ S0 ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ, ʙʫʜʝʤʦ 

ʥʘʟʠʚʘʪʠ ʬʫʥʢʮʽʻʶ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷè [229]. 

ʇʨʠ ʮʴʦʤʫ ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʥʘ ʟʘʜʘʯʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʠʣ, ʪʝʧʣʦʚʠʭ 

ʷʚʠʱ, ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦ çʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ï ʮʝ 

ʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʠʭ ʢʨʝʩʣʝʥʥʷʤ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʽè [209]. 

ɺ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟ ʪʦʯʢʠ ʟʦʨʫ 
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ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʣʝʞʠʪʴ ʚʠʨʽʰʝʥʥʷ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ [224]: 

ç- ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʽʟʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʟʘʜʘʥʦʾ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʧʨʠ ʦʙʨʘʥʽʡ ʢʽʥʝʤʘʪʠʯʥʽʡ ʩʭʝʤʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʫʭ ʟʘʛʦʪʦʚʢʠ ʱʦʜʦ ʽʥʩʪʨʫʤʝʥʪʫ; 

- ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʦʙʨʦʙʣʝʥʦʾ ʟʘʜʘʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʧʨʠ ʦʙʨʘʥʽʡ ʢʽʥʝʤʘʪʠʯʥʽʡ ʩʭʝʤʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ; 

- ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʨʽʟʘʥʥʷ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʙʩʦʣʶʪʥʽ 

ʩʭʝʤʠ ʨʫʭʫ ʟʘʛʦʪʦʚʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ, ʧʨʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚʽʜʦʤʠʤ ʨʽʟʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤè. 

ɺ ʜʘʥʠʡ ʯʘʩ ʻ ʯʠʩʝʣʴʥʘ ʣʽʪʝʨʘʪʫʨʘ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʪʝʦʨʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʽʜʭʦʜʠʪʠ ʜʦ 

ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ï ʨʦʟʨʦʙʣʷʪʠ ʝʬʝʢʪʠʚʥʽ ʩʧʦʩʦʙʠ 

ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʧʨʦʬʽʣʶʚʘʪʠ ʽ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʩʢʣʘʜʥʽ 

ʬʘʩʦʥʥʽ ʨʽʟʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʢʦʥʩʪʨʫʶʚʘʪʠ ʤʝʪʘʣʦʨʽʟʘʣʴʥʽ ʚʝʨʩʪʘʪʠ ʪʘ ʽʥ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʨʦʙʦʪʠ ʚʽʪʯʠʟʥʷʥʠʭ ʚʯʝʥʠʭ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʤʝʭʘʥʽʯʥʦʤʫ ʦʙʨʦʙʣʝʥʥʽ ʜʝʪʘʣʝʡ, ʚʠʢʦʥʘʥʽ 

ɸ.ɯ. ɻʨʘʙʯʝʥʢʦʤ [112], ɯ.ɭ. ɻʨʠʮʘʤ̒ [118], [119], [120], ʉ.ɯ. ʃʘʰʥʝʚʠʤ [174], 

ɺ.ʉ. ʃʶʢʰʠʥʠʤ [183], ʆ.ɺ. ʄʘʤʣʶʢʦʤ [184], ʆ.ɸ. ʆʭʨʠʤʝʥʢʦʤ [192], 

ɹ.ɸ. ʇʝʨʝʧʝʣʠʮʝ ʁ[209], [210], ʉ.ʇ. ʈʘʜʟʝʚʠʯʝʤ [225], [226], ʅ.ʉ. ʈʘʚʩʢɹʦʁ 

[223], [224], ʇ.ʈ. ʈʦʜ̔ʥʠʤ [230], [231], [232], ɯ.ɯ. ʉʝʤʝʥʯʝʥʢʦʤ [240], 

ɺ.ʆ. ʐʠʰʢʦʚʠʤ [259], ʄ.ɯ. ʖʣʢ̔ʦʚʠʤ [268], ʪʘ ʽʥ. ʋ ʟʘʨʫʙʽʞʥʽʡ ʣʽʪʝʨʘʪʫʨʽ 

ʩʣʽʜ ʚʢʘʟʘʪʠ ʥʘ ʤʦʥʦʛʨʘʬʽʾ F.M.L. Amirouch [271], B.K. Choi [275], 

K. Marciniak, [283], Chang Chao-Hwa and M.M. Melkanoff [274]. 

ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʩʫʪʽ ʧʦʥʷʪʪʷ ʬʦʨʤʦʫʪʚʦʨʶ ʯʁʠʭ ʝʣʝʤʝʥʪʽʚ ʩʣʽʜ 

ʟʚʝʨʥʫʪʠʩʷ ʜʦ [174], [210], [230], ʜʝ ʟʘʟʥʘʯʝʥʦ, ʱʦ çʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʜʽʡʩʥʶʶʪʴ ʬʦʨʤʦʫʪʚʦʨʶʶʯʽ ʝʣʝʤʝʥʪʠ (ʪʦʯʢʠ, ʣʽʥʽʾ ʘʙʦ ʧʦʚʝʨʭʥʽ), ʱʦ 

ʥʘʣʝʞʘʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ. ʇʨʠ 

ʦʙʨʦʙʣʝʥʥʽ ʨʽʟʘʥʥʷʤ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʤʠ ʻ ʪʦʯʢʠ ʘʙʦ ʣʽʥʽʾ ʥʘ ʨʽʟʘʣʴʥʠʭ 

ʢʨʦʤʢʘʭ, ʘ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʪʠʩʢʦʤ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʤʠ ʻ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ 

ʽʥʩʪʨʫʤʝʥʪʽʚ. ʌʦʨʤʦʫʪʚʦʨʶʶʯʘ ʧʦʚʝʨʭʥ ̫ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ ʧʨʠ ʨʽʟʘʥʥʽ, ʘʣʝ 



56 

ʣʠʰʝ ʫʤʦʚʥʦ, ʷʢ ʧʨʦʤʽʞʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʦʚʝʨʭʥè̫. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʢʣʶʯʘʻ [209]: 

1. ɼʝʪʘʣʴ ʟ ʦʙʤʝʞʫʶʯʠʤʠ ʾʾ ʧʦʚʝʨʭʥʷʤʠ; 

2. ɯʥʩʪʨʫʤʝʥʪ ʟ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ; 

3. ʌʦʨʤʦʫʪʚʦʨʶʶʯʽ ʨʫʭʠ. 

ʄʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ çʩʫʢʫʧʥʽʩʪʴ 

ʨʽʚʥʷʥʴ ʽ ʬʦʨʤʫʣ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʫʶʪʴ ʮʽ ʪʨʠ ʩʢʣʘʜʦʚʽè, ʘ çʤʦʜʝʣʽ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʤʦʞʫʪʴ ʨʽʟʥʠʪʠʩʷ ʭʘʨʘʢʪʝʨʦʤ ʬʦʨʤʦʪʚʦʨʥʦʛʦ ʽ ʢʦʥʪʘʢʪʥʦʛʦ 

ʝʣʝʤʝʥʪʽʚ (ʧʦʚʝʨʭʥʷ, ʣʽʥʽʷ, ʪʦʯʢʘ); ʪʨʠʚʘʣʽʩʪʶ ʢʦʥʪʘʢʪʫ (ʤʠʪʪʻʚʠʡ ʘʙʦ 

ʥʝʧʝʨʝʨʚʥʠʡ); ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʤ ʨʫʭʦʤ ʪʘ ʽʥʰʠʤʠ ʦʟʥʘʢʘʤʠè [210]. 

ɿʘʚʜʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʧʦ-ʨʽʟʥʦʤʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʦʛʦ, ʱʦ ʟʘʜʘʥʦ ʽ ʱʦ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ, ʦʪʞʝ, ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʤʦʜʝʣ ̔ʤʦʞʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʉʧʦʯʘʪʢʫ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʙʫʜʫʚʘʣʠʩʷ ʟʘ ʚʠʱʝʥʘʚʝʜʝʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ. ɼʣʷ ʡʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʘʥʘʣʽʟʫ, 

ʚʚʝʜʝʤʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: 

ʌʩɽ ï ʬʦʨʤʦʩʪʚʦʨʶʚʘʥʽ ʝʣʝʤʝʥʪʠ; 

ʌʫɽ ï ʬʦʨʤʦʫʪʚʦʨʶʶʯʽ ʝʣʝʤʝʥʪʠ; 

ʂʉʌ ï ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ; 

ɺɯ ï ʚʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ; 

ɸɹ ï ʘʥʘʣʽʪʠʯʥʠʡ ʙʣʦʢ. 

ʊʦʜʽ ʧʨʷʤʘ ʟʘʜʘʯʘ (ʨʠʩ. 1.8) ï ʧʨʠ ʟʘʜʘʥʽʡ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʬʦʨʤʦʩʪʚʦʨʶʚʘʥʽ ʝʣʝʤʝʥʪʠ (ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʽ) ʪʘ ʧʨʦ ʢʽʥʝʤʘʪʠʯʥʫ ʩʭʝʤʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ (ʩʭʝʤʘ ʚʝʨʩʪʘʪʘ) ʚʠʟʥʘʯʠʪʠ ʬʦʨʤʦʫʪʚʦʨʶʶʯʽ ʝʣʝʤʝʥʪʠ 

(ʧʦʚʝʨʭʥʷ ʽʥʩʪʨʫʤʝʥʪʫ).  

 

 

ʈʠʩ. 1.8. ʇʨʷʤʘ ʟʘʜʘʯʘ 
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ɿʚʦʨʦʪʥʘ ʟʘʜʘʯʘ (ʨʠʩ. 1.9) ï ʧʨʠ ʚʽʜʦʤʽʡ ʽʥʬʦʨʤʘʮʽ ʾ ʧʨʦ 

ʬʦʨʤʦʫʪʚʦʨʶʶʯʽ ʝʣʝʤʝʥʪʠ ʪʘ ʧʨʦ ʢʽʥʝʤʘʪʠʯʥʫ ʩʭʝʤʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʚʠʟʥʘʯʠʪʠ ʬʦʨʤʦʩʪʚʦʨʶʚʘʥʽ ʝʣʝʤʝʥʪʠ. 

 

 

ʈʠʩ. 1.9. ɿʚʦʨʦʪʥʘ ʟʘʜʘʯʘ 

 

ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʽ ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʨʽʟʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʩʪʘʣʠ ʚʠʥʠʢʘʪʠ ʟʘʚʜʘʥʥʷ, ʜʣʷ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʠʩʪʝʤʘ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.10. ʎʝ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʢʽʥʝʤʘʪʠʯʥʦ ʾ

ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʽ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʘ ʚʽʜʦʤʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʬʦʨʤʦʫʪʚʦʨʶʶʯʽ ʪʘ ʬʦʨʤʦʩʪʚʦʨʶʚʘʥʽ ʝʣʝʤʝʥʪʘʭ, ʪʦʙʪʦ 

ʢʦʣʠ ʟʘʜʘʥ ̔ ʽʥʩʪʨʫʤʝʥʪ ʽ ʛʝʦʤʝʪʨʽʷ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʩʧʦʩʦʙʠ ʾʭ ʦʪʨʠʤʘʥʥʷ. ʋ ʩʠʩʪʝʤʘʭ ʟ ʤʝʭʘʥʽʯʥʠʤ ʟʚôʷʟʢʦʤ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʩʧʝʮʽʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʨʫʭʽʚ. ʎʽ ʟʘʚʜʘʥʥʷ ʜʦʙʨʝ ʦʧʠʩʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʚ ʨʦʙʦʪʘʭ [116], [117], 

[118], [119], [120], [198], ʧʨʠʩʚʷʯʝʥʠʭ ʢʦʥʪʫʨʥʦʤʫ ʦʙʨʦʙʣʝʥʥʶ ʟʫʙʮ̔ ʚ 

ʜʠʩʢʦʚʠʤʠ ʬʨʝʟʘʤʠ. 

 

 

ʈʠʩ. 1.10. ʉʠʩʪʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʂʉʌ 
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ɺʽʜʦʤʦ, ʱʦ çʚ ʩʠʩʪʝʤʘʭ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʟʚôʷʟʢʦʤ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʩʪʨʘʪʝʛʽʶ ʭʘʨʘʢʪʝʨʫ ʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʘʛʘʪʦʢʦʦʨʜʠʥʘʪʥʠʭ ʨʫʭʽʚ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʏʇʂè [225]. 

ʄʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʨʽʟʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʚʠʟʥʘʯʠʣʦ ʜʦʜʘʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʙʣʦʢʫ ʚ ʩʠʩʪʝʤʽ  

ʬʦʨʤʦʪʚʦʨʝʥʥʷ ï ɸɹ (ʨʠʩ. 1.10). ʎʝʡ ʙʣʦʢ ʘʥʘʣʽʟʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʪʽʻʾ ʯʠ 

ʽʥʰʦʾ ʂʉʌ ʟʘ ʧʝʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. 

ɯ ʥʘʨʝʰʪʽ, ʦʩʪʘʥʥʷ ʩʠʩʪʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ 

ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.11. ɿ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʚ 

ʥʘʚʝʜʝʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʦʤʘ ʪʽʣʴʢʠ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʬʦʨʤʦʩʪʚʦʨʶʚʘʥʠʡ ʝʣʝʤʝʥʪ 

(ʦʙʨʦʙʣʶʚʘʥʫ ʧʦʚʝʨʭʥ)ʁ. ʌʦʨʤʦʫʪʚʦʨʶʶʯʽ ʝʣʝʤʝʥʪʠ ʽ ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

 

ʈʠʩ. 1.11. ʉʠʩʪʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʢʦʣʠ ʚʽʜʦʤʘ ʽʥʬʦʨʤʘʮʽʷ ʪʽʣʴʢʠ ʧʨʦ ʌʩɽ 

 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ çʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʥʘʡʪʠ ʤʦʞʣʠʚʽ ʚʠʭʽʜʥʽ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʨʽʟʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʛʣʷʥʫʪʠ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʨʫʭʽʚ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʱʦʜʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

çʉʫʢʫʧʥʽʩʪʴ ʨʫʭʽʚ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʱʦʜʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚʚʘʞʘʻʤʦ ʢʽʥʝʤʘʪʠʯʥʦʶ 

ʩʭʝʤʦʶ ʬʦʨʤʦʫʪʚʦʨʝʥʥè̫ (ɼʦʜʘʪʦʢ ɸ) [231]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʘʞʣʠʚʦ, ʱʦ çʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʦʶ 

ʩʭʝʤʦʶ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʙʫʜʝ ʩʭʝʤʘ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʦʻʜʥʘʥʥʽ ʜʚʦʭ ʦʙʝʨʪʘʥʴ 

ʥʘʚʢʦʣʦ ʧʝʨʝʭʨʝʩʥʠʭ ʦʩʝʡ, ʚʽʜʥʦʩʥʠʡ ʨʫʭ ɼʝʪʘʣʽ/ɯʥʩʪʨʫʤʝʥʪʫ, ʧʨʠ ʷʢʽʡ ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʢʦʯʝʥʥʷ ʟ ʢʦʚʟʘʥʥʷʤ ʛʧ̔ʝʨʙʦʣʦʜʾʘ ʧʦ ʛ̔ ʧʝʨʙʦʣʦʾʜʫ. 

ɺʩʽ ʥʘʚʝʜʝʥʽ ʚ ʜʦʜʘʪʢʫ ɸ ʩʭʝʤʠ ʻ ʦʢʨʝʤʠʤʠ ʚʠʧʘʜʢʘʤʠ ʮʽʻʾ ʩʭʝʤʠ, 
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ʦʪʨʠʤʘʥʠʤʠ ʧʨʠ ʧʝʚʥʠʭ ʯʘʩʪʢʦʚʠʭ ʧʦʣʦʞʝʥʥʷʭ ʦʩʝʡ ʦʙʝʨʪʘʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʚʝʣʠʯʠʥʘʭ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡè [231].  

ɼʣʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʤʝʪʦʜʦʤ ʦʙʢʦʯʫʚʘʥʥʷ 

ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʪʨʝʪʽʡ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ (ʥʘʨʽʟʫʚʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʯʝʨʚôʷʯʥʠʤʠ 

ʬʨʝʟʘʤʠ), ʜʨʫʛʠʡ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ 

(ʥʘʨʽʟʫʚʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʜʦʚʙʘʯʝʤ) ʽ ʧʝʨʰʠʡ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ (ʥʘʨʽʟʫʚʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟʫʙʦʨʽʟʥʠʤʠ 

ʛʨʝʙʽʥʢʘʤʠ). ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʭʽʜʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʷʚʣʷʻ 

ʩʦʙʦʶ ʪʚʽʨʥʫ ʨʝʡʢʫ, ʚ ʧʝʨʝʨʽʟʽ ʷʢʦʾ ʣʝʞʠʪʴ ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ ʜʣʷ ʙʫʜʴï̫ ʢʦʛʦ 

ʚʠʜʫ ʟʘʯʝʧʣʝʥʥʷ. ʊʘʢʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʻ ʩʧʽʣʴʥʦʶ ʜʣʷ ʦʙʦʭ ʢʦʣʽʩ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʟʫʙʯʘʩʪʦʾ ʧʝʨʝʜʘʯʽ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʨʘʢʪʠʚʥʦ ʾ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʟʘʙʝʟʧʝʯʠʚʰʠ, ʪʠʤ ʩʘʤʠʤ, 

ʧʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʛʦ ʢʣʘʩʫ ʽ ʪʠʧʫ ʜʦ ʽʥʰʦʛʦ. 

ʊʘʢ, ʧʨʠ ʟʤʽʥʽ ʢʫʪʘ ʩʭʨʝʱʫʚʘʥʥʷ ʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʩʷʤʠ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ (ʪʨʝʪʽʡ ʪʠʧ) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʟʥʽ ʚʠʭʽʜʥʽ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʧʦʚʝʨʭʥʽ, ʘ ʧʨʠ ʨʽʚʥʦʩʪʽ ʥʫʣʶ ʢʫʪʘ ʩʭʨʝʱʫʚʘʥʥʷ ï ʦʪʨʠʤʘʪʠ 

ʜʨʫʛʠʡ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ. ʇʨʠ ʟʚʝʜʝʥʥʽ 

ʦʜʥʦʛʦ ʟ ʜʽʘʤʝʪʨʽʚ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʧʝʨʰʦʛʦ ʪʠʧʫ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʘʥʽ ʨʘʥʽʰʝ ʛʣʠʙʦʢʽ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʘʢʣʘʣʠ ʬʫʥʜʘʤʝʥʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʩʠʥʪʝʟʫ ʪʘ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʩʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ, ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʦʛʦ ʧʦʛʣʠʙʣʝʥʥʷ ʨʦʟʫʤʽʥʥʷ ʩʫʪʽ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʧʠʩʫ ʷʢ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʪʘʢ ʽ 

ʩʘʤʦʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ, ʩʧʦʩʦʙʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʝʪʘʣʦʥʽʚ, ʟʛʽʜʥʦ ʷʢʠʭ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟʫʙʯʘʩʪ ̔ ʢʦʣʝʩʘ ʽ 

ʟʫʙʦʦʙʨʦʙʣʶʚʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ. 
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1.3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ 

ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʅʘ ʧʦʯʘʪʢʫ 60-ʭ ʨʦʢʽʚ ʙʫʣʦ ʜʦʚʝʜʝʥʦ [122], [123], [159], [179], [188], 

[259], [281], [282], ʱʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʫʧʠ ʟʘʯʝʧʣʝʥɹ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʦʨʽʶ ʦʛʠʥʘʶʯʠʭ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʽʤʝʡʩʪʚʘ ʧʦʚʝʨʭʦʥʴ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʚʘ ʧʘʨʘʤʝʪʨʠ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʥʝ ʻ, ʥʘʩʧʨʘʚʜʽ, 

ʥʝʟʘʣʝʞʥʠʤʠ (ʚʦʥʠ ʧʦʚôʷʟʘʥʽ ʯʝʨʝʟ ʢʽʥʝʤʘʪʠʯʥʽ ʣʘʥʮʶʛʠ ʚʝʨʩʪʘʪʽʚ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʨʽʟʫʚʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ), ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʪʝʦʨʽʾ 

ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʯʝʧʣʝʥʴ, ʘ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʻ ʻʜʠʥʠʤ 

ʩʧʦʩʦʙʦʤ, ʱʦ ʜʘʻ ʨʽʰʝʥʥʷ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʧʠʪʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷʤ 

ʟʫʙʯʘʩʪʠʭ ʟʘʯʝʧʣʝʥʴ, ʚʠʨʽʰʝʥʘ ʟʘʚʜʷʢʠ ʨʦʙʦʪʘʤ ʄ.ʄ. ʂʨʠʣʦʚʘ [169], [171]  ̔

ʄ.ʃ. ɭʨʠʭʦʚʘ [140], [141], [142]. ɺ ʥʘʫʮʽ ʽ ʪʝʭʥʽʮʽ ʧʠʪʘʥʥʷ ʩʠʥʪʝʟʫ ʟʫʙʯʘʩʪʠʭ 

ʟʘʯʝʧʣʝʥʴ ʨʦʟʛʣʷʜʘʣʠʩʷ ʨʽʟʥʦʙʽʯʥʦ ʽ ʙʘʛʘʪʦʨʘʟʦʚʦ. ʎʝ ʨʦʙʦʪʠ ɯ.ɯ. ɼʫʩʚ̒ʘ 

[131], ɸ.ʄ. ʇ̔ʜʢʦʨʠʪʦʚʘ [219], ɻ.ɯ. ʐʝʚʝʣʝʚʦ ʾ [257], ɺ.ʄ. ʉʝʚʨʶʢʘ [238], 

ɸ.ɯ. ʇʘʚʣʦʚʘ [194], ɼ.ʊ. ɹʘʙʠʯʝʚʘ [12], F.L. Litvin  [281], [282] ʪʘ ʽʥ., 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʟʘ ʢʦʨʜʦʥʦʤ. 

ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ ʩʢʣʘʜʦʚʽ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʧʝʨʝʜʥʶ ʦʮʽʥʢʫ ʧʨʦʮʝʩʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣ̔ʩ. ʎʽ ʩʢʣʘʜʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘʢʠʭ, ʷʢ çʥʘʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ, ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʚ ʟʘʯʝʧʣʝʥʥʽ, ʩʫʤʘʨʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ 

ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ ʢʦʥʪʘʢʪʥʦʶ ʣʽʥʽʻʶ, ʧʠʪʦʤʽ ʢʦʚʟʘʥʥʷè [162], [172]. 

ʂʨʽʤ ʷʢʽʩʥʠʭ ʢʨʠʪʝʨʽʾʚ ʽʩʥʫʻ ʨʷʜ ʦʙʤʝʞʝʥʴ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. ʎʝ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ ʤʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʦʨʮʝʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ, ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʚ ʨʦʙʦʯʦʤʫ 

ʟʘʯʝʧʣʝʥʥʽ, ʤʝʞʽ ʜʦʧʫʩʪʠʤʦʛʦ ʧʽʜʨʽʟʘʥʥʷ, ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ ʤʽʥʽʤʘʣʴʥʝ 
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ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʟʫʙʘ ʥʘ ʧʦʚʝʨʭʥʽ ʚʝʨʰʠʥ ʟʫʙʮ̔ ʚ. 

ʆʙʤʝʞʝʥʥ,̫ ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, 

ʘʢʪʫʘʣʴʥʽ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʝʚʦʣʴʚʝʥʪʥʠʭ ʢʦʨʠʛʦʚʘʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʘʣʝ ʡ 

ʢʦʣʽʩ, ʱʦ ʤʘʶʪʴ ʽʥʰʝ ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ. 

ɻʝʦʤʝʪʨʠʯʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽ ʛʝʦʤʝʪʨʠʯʥʽ ʦʙʤʝʞʝʥʥʷ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ 

ʩʠʥʪʝʟʫ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ɿʘʛʘʣʴʥʽ ʧʠʪʘʥʥʷ ʩʠʥʪʝʟʫ ʟʘ ʮʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ ʧʨʦʬ. ɻʘʚʨʠʣʝʥʢʘ ɺ.ʆ. [100], ʧʨʦʬ. 

ɼʫʩ̒ʚʘ ɯ.ɯ. [132], [137], ʧʨʦʬ. ɹʘʙʠʯʝʚʘ ɼ.ʊ. [9], [10], [11]. ʉʣʽʜ ʪʘʢʦʞ 

ʚʽʜʟʥʘʯʠʪʠ ʨʦʙʦʪʠ [175], [222]. 

ʇʨʠ ʩʠʥʪʝʟʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʠʥʠʢʘʶʪʴ ʧʠʪʘʥʥʷ ʚ 

ʧʨʘʚʠʣʴʥʦʤʫ ʚʠʙʦʨʽ ʢʽʣʴʢʦʩʪʽ ʽ ʚʠʜʫ ʢʨʠʪʝʨʽʾʚ (ʽʥʪʝʛʨʘʣʴʥʽ, ʫʩʝʨʝʜʥʝʥʽ), ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʩʽʤ ʪʦʯʢʘʤ ʘʢʪʠʚʥʦ ʾʜʽʣʷʥʢʠ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ, ʘ ʪʘʢʦʞ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʯʫʱʦʩʪʽ ʢʨʠʪʝʨʽʾʚ. ʎʝ ʥʦʩʠʪʴ 

ʩʫʙôʻʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ, ʧʨʦʪʝ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. 

ʊʘʢ ʚ ʨʦʙʦʪ̔ [60] ʚʢʘʟʫʪ̒ʴʩʷ, ʦɦ çʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʟʫʙʮʽʚ, ʷʢʽ 

ʥʘʢʘʪʫʶʪʴʩʷ, ʪʘ ʜʽʘʤʝʪʨʘ ʥʘʢʘʪʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʥʘʢʘʪʘʥʠʡ ʟʫʙ ʟ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ 

ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. ʉʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʟʘʻʤʦʜʽʶʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʇʨʠ ʾʾ ʘʥʘʣʽʟʽ ʪʨʝʙʘ 

ʚʠʣʫʯʘʪʠ ʥʘ ʚʠʨʦʙʣʷʶʯʽʡ ʧʦʚʝʨʭʥʽ ʪʽ ʪʦʯʢʠ ʪʦʨʢʘʥʥʷ, ʚ ʷʢʠʭ ʥʘʷʚʥʽ 

ʥʝʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʥʘʢʘʪʢʠ, ʪʦʙʪʦ ʪʽ ʪʦʯʢʠ, ʚ ʷʢʠʭ ʩʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶè. 

ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ̒ ʪʝ, ʦɦ çʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʨʦʟʧʦʜʽʣʠʪʠ ʧʠʪʦʤʽ ʢʦʚʟʘʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʦʥʠ ʙʫʣʠ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʥʘ ʟʫʙʽ ʥʘʢʘʪʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ. ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ ʚʽʜ 

ʛʝʦʤʝʪʨʽʾ ʪʘ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ ʥʘʢʘʪʢʠ ʧʦʢʘʟʫʻ, ʱʦ ʧʠʪʦʤʽ ʢʦʚʟʘʥʥʷ ʥʘ ʟʫʙʽ 

ʥʘʢʘʪʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʫ ʚʝʣʠʯʠʥʫ ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ 

ʟʫʙʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʥʦʩʫè, ʘ ʪʘʢʦʞ ʪʝ, ʦɦ çʥʘ ʷʢʽʩʪʴ 

ʧʨʦʮʝʩʫ ʥʘʢʘʪʢʠ ʟʫʙʮʽʚ ʚʧʣʠʚʘʻ ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 
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ʢʦʚʟʘʥʥʷ ʪʘ ʥʘʧʨʷʤʢʦʤ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ. ʏʠʤ ʙʽʣʴʰʝ ʮʝʡ ʢʫʪ, ʪʠʤ ʢʨʘʱʽ 

ʫʤʦʚʠ ʥʘʢʘʪʢʠè [60]. 

ɸʚʪʦʨ ʟʘʟʥʘʯʘʻ: çɺʝʣʠʯʠʥʘ ʟʫʩʠʣʣʷ ʥʘʢʘʪʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʚʝʜʝʥʦʾ 

ʢʨʠʚʠʟʥʠ ʢʦʥʪʘʢʪʫʶʯʠʭ ʟʫʙʮʽʚ. ʇʦʪʨʽʙʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʥʘʚʝʜʝʥʦʾ ʢʨʠʚʠʟʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʚ ʟʘʛʦʪʦʚʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʟʫʩʠʣʴ ʥʘʢʘʪʢʠ. ʇʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʥʘʢʘʪʢʠ ʟʫʙʮʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ ʟʤʽʥʶʶʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʇʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘ 

ʘʥʘʣʽʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʟʚʦʣʷʻ ʚʠʣʫʯʠʪʠ 

ʥʝʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʥʘʢʘʪʢʠ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʽʨʥʦ 

ʦʙʨʘʪʠ ʛʝʦʤʝʪʨʽʶ ʥʘʢʘʪʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʽ ʨʽʟʢʦ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʜʦʨʦʛʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴè [60]. 

ɺ ʨʦʙʦʪ̔ [46] ʜʣʷ ʟʫʙʦʬʨʝʟʝʨʫʚʘʥʥ̫ ʛʧ̔ʝʨʙʦʣʦʜʾʥʠʤʠ ʬʨʝʟʘʤʠ: 

çʘʥʘʣʽʪʠʯʥʦ ʦʜʝʨʞʘʥʽ ʫʤʦʚʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʙʤʝʞʠʪʠ ʚʠʨʦʙʣʷʶʯʫ 

ʧʦʚʝʨʭʥʶ ʰʣʷʭʦʤ ʚʠʣʫʯʝʥʥʷ ʥʘ ʟʫʙʮʷʭ (ʚʠʪʢʘʭ) ʽʥʩʪʨʫʤʝʥʪʘ ʪʦʯʦʢ ʟ 

ʥʝʩʢʽʥʯʝʥʥʠʤ ʧʠʪʦʤʠʤ ʩʢʦʚʟʘʥʥʷʤ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʥʦʩʫ 

ʽʥʩʪʨʫʤʝʥʪʘ. 

ʆʜʝʨʞʘʥʽ ʫʤʦʚʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʪʦʯʢʠ, ʥʘ ʷʢʠʭ ʩʫʤʘʨʥʘ 

ʰʚʠʜʢʽʩʪʴ ʧʨʝʩʫʚʘʥʥʷ ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ, ʪʦʙʪʦ ʪʠʭ ʪʦʯʦʢ, ʚ ʷʢʠʭ ʩʘʤʽ 

ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʨʽʟʘʥʥʷ. 

ɺʠʟʥʘʯʝʥʽ ʢʫʪʠ ʩʭʨʝʱʫʚʘʥʥʷ ʦʩʝʡ ʽʥʩʪʨʫʤʝʥʪ ï ʟʘʛʦʪʦʚʢʘ, ʧʨʠ ʷʢʠʭ 

ʧʨʦʬʽʣʴʥʝ ʩʢʦʚʟʘʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʚ ʦʜʠʥ ʙʽʢ, ʪʦʙʪʦ ʥʝ ʟʤʽʥʶʻ ʟʥʘʢʫ. ʎʝ 

ʧʦʢʘʟʫʻ, ʱʦ ʧʨʦʬʽʣʴʥʘ ʧʦʜʘʯʘ ʩʧʨʷʤʦʚʘʥʘ ʚ ʦʜʠʥ ʙʽʢ ʧʦ ʚʩʴʦʤʫ ʧʨʦʬʽʣʶ, ʽ 

ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥ̔  ʢʦʣʽʩ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʫʙ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ 

ʤʦʞʥʘ ʚʠʨʚ̔ʥʶʚʘʪʠè. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ 

ʦʙʦʚôʷʟʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, 

ʜʦʟʚʦʣʷʻ ʱʝ ʥʘ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʽ ʢʽʥʝʤʘʪʠʯʥʽ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʽ 

ʦʪʨʠʤʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʧʦʚʝʨʭʥʽ. 



63 

1.4. ɿʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʝʪʘʣʦʥʽʚ ʧʨʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ 

ʉʪʚʦʨʶʚʘʥʘ ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʧʦʚʠʥʥʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʛʝʥʝʨʘʮʽʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮʽʚ ʪʘ ʚʠʭʽʜʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʟʫʙʦʦʙʨʦʙʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʧʽʜʚʠʱʠʪʴ ʪʦʯʥʽʩʪʴ ʪʘ ʧʨʠʩʢʦʨʠʪʴ ʧʨʦʮʝʩ 

ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʝʪʘʣʦʥʽʚ ʮʠʭ ʚʠʨʦʙʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʝʪʘʣʦʥʽʚ ʧʨʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ ʤʘʻ ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ. ʊʘʢ ʝʣʝʢʪʨʦʥʥʽ ʝʪʘʣʦʥʠ ʻ ʩʚʦʻʨʽʜʥʠʤʠ 

ʢʦʧʽʨʘʤʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ, ʟʘ ʜʦʧʦʤʦʛʦʶ CAM-ʩʠʩʪʝʤ, ʩʪʚʦʨʶʶʪʴʩʷ ʢʝʨʫʶʯʽ 

ʧʨʦʛʨʘʤʠ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʤʧ'ʶʪʝʨʥʘ ʽʤʽʪʘʮʽʷ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʢʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʮʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʤʦʜʝʣʽ ʻ 

ʝʣʝʢʪʨʦʥʥʠʤ ʧʨʦʪʦʪʠʧʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ. ɺ 

CAE-ʩʠʩʪʝʤʘʭ ʚʦʥʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʯʘʩʥʠʭ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʤʘʰʠʥ ʮʽ ʝʪʘʣʦʥʠ ʻ ʩʚʦʻʨʽʜʥʠʤ ʰʘʙʣʦʥʦʤ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟ 

ʛʦʪʦʚʠʤʠ ʚʠʨʦʙʘʤʠ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʚʠʩʥʘʚʢʫ ʱʦʜʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʠʤʦʛʘʤ ʪʦʯʥʦʩʪʽ. 

 

1.4.1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʝʪʘʣʦʥʽʚ ʧʨʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʥʘ ʚʝʨʩʪʘʪʘʭ ʩ ʏʇʂ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʝʪʘʣʦʥʽʚ ʜʣʷ ʥʘʨʽʟʫʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʢʦʣʽʩ ʟ ʘʨʦʯʥʠʤʠ ʟʫʙʮʷʤʠ ʩ ʤʦʜʫʣʝʤ 4, ʯʠʩʣʘʤʠ ʟʫʙʮʽʚ 18 ʪʘ 32 ʽ ʨʘʜʽʫʩʦʤ 

ʨʦʟʛʦʨʪʢʠ ʣʽʥʽʾ ʚʽʜʭʠʣʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʥʘ ʜʽʣʠʣʴʥʦʤʫ ʮʠʣʽʥʜʨʽ 45 ʤʤ 

ʥʘ ʦʙʨʦʙʣʶʚʘʣʴʥʦʤʫ ʮʝʥʪʨʽ 1ʇ730 ʧʘʣʴʮʝʚʦʶ ʬʨʝʟʦʶ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʽ 

[197] (ʨʠʩ. 1.12). 
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ʈʠʩ. 1.12. ʌʦʪʦ ʥʘʨʽʟʫʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʣʽʩ ʟ ʘʨʦʯʥʠʤʠ ʟʫʙʮʷʤʠ ʟ m=4 ʽ 

z=18 ʧʘʣʴʮʝʚʦʶ ʬʨʝʟʦʶ [197] 

 

ɺ ʨʦʙʦʪʽ [214] ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʘʯʝʧʣʝʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʣʽʩ ʟ ʘʨʦʯʥʠʤʠ ʟʫʙʮʷʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʊFlex (http://www.tflex.ru). ʋ ʨʦʙʦʪʽ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʧʨʦʧʦʥʦʚʘʥʽ 

ʤʝʪʦʜʠʢʠ ʘʥʘʣʽʟʫ, ʩʠʥʪʝʟʫ ʟʘʯʝʧʣʝʥʥʷ ʽ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʢʦʣʽʩ ʟ ʘʨʦʯʥʠʤʠ ʟʫʙʮʷʤʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʘʨʦʯʥʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ. 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ ʘʨʦʯʥʠʤʠ ʟʫʙʮʷʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʧʘʣʴʮʝʚʠʭ ʬʨʝʟ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [215]. ʇʘʨʘʤʝʪʨʠ ʧʘʣʮɹʦʚʦʾ ʬʨʝʟʠ ʽ 

ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ (ʨʠʩ. 1.13) ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ 

ʘʨʦʯʥʠʤʠ ʟʫʙʮʷʤʠ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [216]. 
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ʈʠʩ. 1.13. ɺʝʨʩʪʘʪʥʝ ʟʘʯʝʧʣʝʥʥʷ ʧʘʣʮɹʦʚʦʾ ʬʨʝʟʠ ʟ ʘʨʦʯʥʠʤ ʟʫʙʦʤ: 

1 - ʬʨʝʟʘ; 2 - ʫʤʦʚʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʨʝʡʢʘ; 3 - ʧʣʦʱʠʥʘ ʚʝʨʩʪʘʪʥʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ; 4 - ʧʨʦʩʪʦʨʦʚʘ ʣʽʥʽʷ ʢʦʥʪʘʢʪʫ [216] 

 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʝʪʘʣʦʥʽʚ ʚ ʟʫʙʦʦʙʨʦʙʮʽ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʝ ʬʨʝʟʝʨʫʚʘʥʥʷ - High Speed Cutting (HSC). 

çʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʨʽʚʥʦʜʽʡʥʘ ʩʠʣ ʨʽʟʘʥʥʷ 

ʟʤʝʥʰʫʻʪʴʩʷ. ɿʘʚʜʷʢʠ ʪʘʢʽʡ ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʤʦʞʥʘ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʠʪʠ ʦʙôʻʤ ʨʽʟʘʥʥʷ, ʪʦʙʪʦ ʜʦʩʷʛʪʠ ʚʝʣʠʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ɿʘʚʜʷʢʠ ʙʽʣʴʰ ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ ʤʦʞʣʠʚʝ ʦʪʨʠʤʘʥʥʷ ʤʝʥʰʦʛʦ ʢʨʦʢʫ 

ʨʷʜ̔ʚ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʱʦ ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ (ʪʦʙʪʦ 

ʟʤʝʥʰʝʥʥʶ ʟʘʣʠʰʢʦʚʦʾ ʰʦʨʩʪʢʦʩʪʽ ʽ ʧʦʣʽʧʰʝʥʥʶ ʪʦʯʥʦʩʪʽ ʬʦʨʤʠ). ʊʘʢʘ 

ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʜʫʞʝ ʯʘʩʪʦ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʜʦʜʘʪʢʦʚʽʡ 

ʨʫʯʥʽʡ ʦʙʨʦʙʮʽ è [98]. 

çCAM-ʩʠʩʪʝʤʘ ʩʪʚʦʨʶʻ ʧʨʦʭʦʜʠ ʟ ʜʨʽʙʥʠʤ ʢʨʦʢʦʤ ʥʘ ʚʝʣʠʢʠʭ ʨʦʙʦʯʠʭ 

ʧʦʜʘʯʘʭ, ʚʠʢʣʶʯʘʶʯʠ ʨʽʟʢʽ ʧʦʚʦʨʦʪʠ, ʪʘʢ ʷʢ ʬʫʥʢʮʽʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʝʨʝʛʣʷʜʫ 

ʩʠʩʪʝʤʠ ʏʇʂ ʘʚʪʦʤʘʪʠʯʥʦ ʟʤʝʥʰʫʻ ʨʦʙʦʯʫ ʧʦʜʘʯʫ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʪʦʯʢʠ 

ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. ʈʝʟʫʣʴʪʘʪʦʤ ʻ ʛʝʦʤʝʪʨʠʯʥʦ ʪʦʯʥʝ ʬʨʝʟʝʨʫʚʘʥʥʷ 

ʚʠʨʦʙʽʚ ʟ ʜʦʩʷʛʥʝʥʥʷʤ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʠʢʣʶʯʘʻ ʬʽʥʽʰʥʝ 

ʧʦʣʽʨʫʚʘʥʥʷè [258]. 

ɼʦʢʣʘʜʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʾ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ 
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ʟʨʦʙʣʝʥʠʡ ʚ ʨʦʙʦʪʽ [241]. ʊʘʢ ʚ ʨʦʙʦʪʽ ʧʨʠʚʝʜʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʦʙʨʦʙʢʠ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʝʥʦ ʘʥʘʣʽʟʫ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʟʘʛʘʨʪʦʚʘʥʠʭ ʩʪʘʣʝʡ. 

ɺ ʨʦʙʦʪʽ [242] ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ 

ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ: çɿ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ ʚʠʧʣʠʚʘʻ, ʱʦ ʩʪʨʘʪʝʛʽʷ ʦʙʨʦʙʢʠ ʽ ʢʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʧʨʘʚʠʣʴʥʦ, ʪʘʢ ʷʢ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʤʽʨʽʚ ʦʙʨʦʙʣʝʥʦʾ ʜʝʪʘʣʽ ʚʽʜ 

ʨʦʟʤʽʨʽʚ ʢʨʝʩʣʝʥʠʢʘ ʥʝ ʚʠʷʚʣʝʥʦ, ʘ ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ (8 - 9 

ʢʣʘʩ) ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʢʨʝʩʣʝʥʠʢʘè. 

 

1.4.2. ɸʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʤʝʪʦʜʘʤʠ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʻ ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ. çɸʜʠʪʠʚʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʘʙʦ Additive Manufacturing (ɸʄ-ʪʝʭʥʦʣʦʛʽʾ) ï ʟʘʛʘʣʴʥʠʡ ʪʝʨʤʽʥ ʜʣʷ 

ʥʘʟʚʠ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʧʦ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ï ʝʣʝʢʪʨʦʥʥʦʤʫ 

ʝʪʘʣʦʥʫ (ʘʙʦ CAD ʤʦʜʝʣʽ) ʤʝʪʦʜʦʤ ʧʦʰʘʨʦʚʦʛʦ ʜʦʜʘʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫè [270], 

[277]. çɺ ʩʪʘʥʜʘʨʪʽ ASTM F2792.1549323-1 ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʟʥʘʯʝʥʽ ʷʢ 

çprocess of joining materials to make objects from 3D model data, usually layer 

upon layer, as opposed to subtractive manufacturing technologiesè (çʧʨʦʮʝʩ 

ʦʙôʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʘ ʟ ʜʘʥʠʭ 3D-ʤʦʜʝʣʽ, ʷʢ 

ʧʨʘʚʠʣʦ, ʰʘʨ ʟʘ ʰʘʨʦʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʨʦʙʥʠʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚ ʷʢʠʭ 

ʤʘʪʝʨʽʘʣ çʚʽʜʥʽʤʘʻʪʴʩʷè) [151]. 

ʂʦʣʝʢʪʠʚ ʘʚʪʦʨʽʚ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬ. ɻʨʘʙʯʝʥʢʘ ɸ.ɯ ʚ ʩʚʦʻʤʫ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʦʩʽʙʥʠʢʫ [111] ʚʠʟʥʘʯʘʻ ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʷʢ ʚʠʩʦʢʽ 

ʪʝʭʥʦʣʦʛʽʾ: çɺʠʩʦʢʠʤʠ ʩʣʽʜ ʚʚʘʞʘʪʠ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ, ʚʦʣʦʜʽʶʯʠ 

ʩʫʢʫʧʥʽʩʪʶ ʦʩʥʦʚʥʠʭ ʦʟʥʘʢ - ʥʘʫʢʦʻʤʥʽʩʪʴ, ʩʠʩʪʝʤʥʽʩʪʴ, ʬʽʟʠʯʥʝ ʽ 

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʨʦʟʤʽʨʥʦʾ ʦʙʨʦʙʢʠ, ʢʦʤʧ'ʶʪʝʨʥʝ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʩʽʭ ʝʪʘʧʽʚ ʨʦʟʨʦʙʢʠ ʽ ʨʝʘʣʽʟʘʮʽʾ, 

ʩʪʽʡʢʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʘ ʯʠʩʪʦʪʘ, - ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʪʝʭʥʽʯʥʠʯʥʦʤʫ 
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ʽ ʢʘʜʨʦʚʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ (ʧʨʝʮʠʟʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʥʘʱʝʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪ, 

ʧʝʚʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʙʦʯʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʠʩʪʝʤʘ ʜʽʘʛʥʦʩʪʠʢʠ, 

ʢʦʤʧ'ʶʪʝʨʥʘ ʤʝʨʝʞʘ ʢʝʨʫʚʘʥʥʷ ʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʧʽʜʛʦʪʦʚʢʘ ʧʝʨʩʦʥʘʣʫ), 

ʛʘʨʘʥʪʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʥʦʚʠʤ ʨʽʚʥʝʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ, 

ʝʩʪʝʪʠʯʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʂʦʥʮʝʧʮʽʷ ʪʨʴʦʭ ʨʽʚʥʽʚ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʥʦ ʨʦʟʛʣʷʜʘʪʠ ʽ ʨʝʘʣʽʟʦʚʫʚʘʪʠ 

ʚʝʩʴ ʧʦʪʝʥʮʽʘʣ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʜʠʪʠʚʥʦʤʫ 

ʧʨʠʥʮʠʧʦʤ çʟʥʠʟʫ-ʚʛʦʨʫè. 

ʅʘ ʤʘʢʨʦʨʽʚʥʽ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʰʘʨʦʚʝ ʚʠʨʦʱʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ, ʧʝʨʝʭʽʜ 

ʚʽʜ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʽ ʚʽʨʪʫʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʦ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʩʢʣʘʜʥʦʩʪʽ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ, ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ. ʎʝ 

ʪʝʭʥʦʣʦʛʽʾ Rapid Prototyping, ʥʘʧʣʘʚʣʝʥʥʷ, ʝʣʝʢʪʨʦʜʫʛʦʚʝ, ʝʣʝʢʪʨʦʰʣʘʢʦʚʝ, 

ʧʣʘʟʤʦʚʝ, ʛʘʟʦʪʝʨʤʽʯʥʝ ʧʦʢʨʠʪʪʷ ʽ ʪ. ʜ. 

ʅʘ ʤʽʢʨʦʨʽʚʥʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʨʦʱʫʚʘʥʥʷ ʤʽʢʨʦʰʘʨʽʚ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚ ʙʫʜʴ-ʷʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʦʚʱʠʥʦʶ ʚʽʜ ʥʘʥʦʤʝʪʨʽʚ ʜʦ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʤʝʪʨʽʚ. 

ʎʝ ʪʝʭʥʦʣʦʛʽʾ ʚʘʢʫʫʤʥʦ-ʧʣʘʟʤʦʚʽ, ʭʽʤʽʯʥʽ, ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʽ ʽ ʪ. ʽ. 

ʅʘ ʥʘʥʦʨʽʚʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʘ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʽ 

ʧʦʰʘʨʦʚʝ ʥʘʨʦʱʫʚʘʥʥʷ ʦʙôʻʤʫ, ʢʦʣʠ ʪʦʚʱʠʥʘ ʰʘʨʽʚ ʩʢʣʘʜʘʻ ʚʽʜ ʯʘʩʪʢʠ 

ʥʘʥʦʤʝʪʨʘ ʜʦ ʜʝʢʽʣʴʢʦʭ ʥʘʥʦʤʝʪʨʽʚ, ʘ ʛʨʘʥʠʯʥʠʡ ʰʘʨ ʟʘ ʨʘʭʫʥʦʢ 

ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʽ ʽʥ. ʧʨʠʡʦʤʽʚ ʬʦʨʤʫʻ ʬʽʟʠʯʥʫ ʧʦʚʝʨʭʥʶ, ʾʾ ʪʦʧʦʛʨʘʬʽʶ ʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʥʽʟʦʪʨʦʧʽʾ. ʊʘʢʽ ʧʨʦʮʝʩʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʘʣʫʟʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡè [111]. 

çɺʠʛʦʪʦʚʣʝʥʽ ʛʝʥʝʨʘʪʠʚʥʠʭ ʩʧʦʩʦʙʦʤ ʧʨʦʪʦʪʠʧʠ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘ ʙʘʟʽ 

3D CAD ʜʘʥʠʭ, ʽ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʙʝʟ ʽʥʩʪʨʫʤʝʥʪʫ 

ʽ ʦʩʥʘʩʪʢʠ, ʘ ʣʠʰʝ ʥʘ ʧʽʜʩʪʘʚʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʝʪʘʣʦʥʘ ʚʠʨʦʙʘ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʟ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʤʝʪʘʣʠ, ʪʘʢ ʽ 

ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ. 

1 ʉʪʨʫʤʝʥʝʚʠʡ ʪʨʠʚʠʤʽʨʥʠʡ ʜʨʫʢ (3DP) 

2 ɼʨʫʢ ʤʝʪʦʜʦʤ ʣʘʤʽʥʫʚʘʥʥʷ (LOM) 
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3 ʇʦʰʘʨʦʚʝ ʥʘʧʣʘʚʣʝʥʥʷ (FDM / FFF) 

4 ɺʠʙʽʨʢʦʚʝ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ (SLS) ʽ ʧʨʷʤʝ ʩʧʽʢʘʥʥʷ ʤʝʪʘʣʽʚ (DMLS) 

5 ɺʠʙʽʨʢʦʚʘ ʣʘʟʝʨʥʘ (SLM) ʽ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʘ ʧʣʘʚʢʘ (EBM) 

6 ʇʨʷʤʘ ʣʘʟʝʨʥʘ ʘʜʠʪʠʚʥʘ ʧʦʙʫʜʦʚʘ (CLAD) 

7 ɼʦʚʽʣʴʥʘ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʘ ʧʣʘʚʢʘ (EBFἬ)è [111]. 

ɺ ʨʦʙʦʪʽ [167] ʨʦʟʛʣʷʥʫʪʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʜʦʩʣʽʜʥʠʭ 

ʟʨʘʟʢʽʚ ʘʣʤʘʟʥʠʭ ʟʫʙʯʘʩʪʠʭ ʭʦʥʽʚ ʥʘ ʫʩʪʘʥʦʚʮʽ Vanguard Si2 SLS ʽ ʥʘʥʝʩʝʥʥʷ 

ʥʘ ʟʫʙʯʘʩʪʠʡ ʚʽʥʝʮʴ ʩʫʤʽʰʽ, ʷʢʘ ʤʽʩʪʠʪʴ ʘʣʤʘʟʠ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʬʦʪʦʨʝʘʢʪʠʚʥʦʾ ʩʤʦʣʠ, ʘʣʤʘʟʥʦʛʦ ʧʦʨʦʰʢʫ ʽ ʥʘʧʦʚʥʶʚʘʯʘ ʽ ʧʦʜʘʣʴʰʦʛʦ ʾʭ 

ʩʧʽʢʘʥʥʷ ʚ ʢʘʤʝʨʽ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʟʘʪʚʝʨʜʽʥʥʷ RCA-500 (ʨʠʩ. 1.14). 

 

 

ʈʠʩ. 1.14. ʌʦʪʦ ʘʣʤʘʟʥʦʛʦ ʟʫʙʯʘʩʪʦʛʦ ʭʦʥʘ [167] 

 

1.4.3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʝʪʘʣʦʥʽʚ ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʦʯʥʦʩʪʽ 

ʛʦʪʦʚʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ɺ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʢʦʦʨʜʠʥʘʪʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ (ʂɺʄ) ʨʽʟʥʠʭ ʪʠʧʽʚ. ʗʢ ʟʘʟʥʘʯʘʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [288]: 

çʇʨʠʥʮʠʧʦʚʘ ʦʩʥʦʚʘ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʙʫʜʴ-ʷʢʫ ʧʦʚʝʨʭʥʶ ʘʙʦ ʧʨʦʬʽʣʴ ʤʦʞʥʘ ʫʷʚʠʪʠ, ʱʦ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʯʠʩʣʘ ʦʢʨʝʤʠʭ ʪʦʯʦʢ ʽ ʷʢʱʦ ʚʽʜʦʤʦ ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ 

ʷʢʦʛʦʩʴ ʦʙʤʝʞʝʥʦʛʦ ʯʠʩʣʘ ʮʠʭ ʪʦʯʦʢ (ʤʘʩʠʚ ʪʦʯʦʢ) , ʪʦʙʪʦ ʚʠʟʥʘʯʝʥʦ ʾʭ 
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ʢʦʦʨʜʠʥʘʪʠ, ʪʦ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʬʦʨʤʫʣʘʤʠ (ʘʣʛʦʨʠʪʤʘʤʠ) ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʨʦʟʤʽʨʠ ʮʠʭ ʧʦʚʝʨʭʦʥʴ (ʧʨʦʬʽʣʽʚ) ʽ ʚʽʜʭʠʣʝʥʥʷ ʬʦʨʤʠ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʠʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ (ʧʨʦʬʽʣʽʚ) ʚ ʧʨʦʩʪʦʨʽ ʽ ʤʽʞ ʩʦʙʦʶ 

(ʢʦʦʨʜʠʥʘʪʥʽ ʨʦʟʤʽʨʠ ʽ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ)è. 

çʄʝʪʦʜʠʢʘ ʢʦʦʨʜʠʥʘʪʥʠʭ ʚʠʤʽʨʶʚʘʥʴ (ʄʂɺ) ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʪʨʘʪʝʛʽʶ 

ʚʠʤʽʨʶʚʘʥʥʷ (ʯʠʩʣʦ ʪʦʯʦʢ, ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ ʽ 

ʧʦʨʷʜʦʢ ʧʝʨʝʩʫʚʘʥʥʷ ʤʽʞ ʥʠʤʠ) ʽ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʴ, ʷʢʘ ʤʘʪʝʤʘʪʠʯʥʦ 

ʦʧʠʩʫʻ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʢʦʦʨʜʠʥʘʪ ʚʠʤʽʨʷʥʠʭ ʪʦʯʦʢ ʟ ʦʙʫʤʦʚʣʝʥʠʤʠ ʣʽʥʽʡʥʦ-

ʢʫʪʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʄʂɺ - ʮʝ ʦʩʥʦʚʘ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʜʣʷ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ è [244]. 

ʇʝʨʰ ʟʘ ʚʩʝ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ ʧʦ ʦʙʣʘʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʽ. ʊʘʢ, ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʛʝʦʤʝʪʨʽʾ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʨʦʟʨʦʙʣʝʥʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʂɺʄ, ʚʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʷʢʠʭ ʻ ʦʙʦʚ'ʷʟʢʦʚʘ ʥʘʷʚʥʽʩʪʴ 

ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʫ. 

ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʟʫʙʦʚʠʤʽʨʶʚʘʣʴʥʽ ʂɺʄ ʬʽʨʤ Gleason 

(ʉʐɸ) (http://www.gleason.com/products/343/analytical-gear-inspection), Osaka 

Seimitsu Kikai Co., Ltd. (ʗʧʦʥʽʷ) (http://www.osk-corp.co.jp/Catalog/Measuring_ 

Instruments_JE-1602.pdf), Klingelnberg (ʅʽʤʝʯʯʠʥʘ) (http://www.klingelnberg. 

com/produkte/praezisionsmesszentren. html), Penta Gear Metrology (ʉʐɸ) 

(http://pentagear.com), Mahr GmbH (ɻʝʨʤʘʥʠʷ) (http://pentagear.com), Wenzel 

America, Ltd. (ʉʐɸ) (http://wenzelamerica.com/ cmm/ applications/gear-

inspection), ʪʘ ʽʥ. 

çɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʠʢʠ ʢʦʦʨʜʠʥʘʪʥʠʭ ʚʠʤʽʨʶʚʘʥʴ (ʄʂɺ) ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʂɺʄ, ʨʦʟʨʦʙʥʠʢʠ ʇɿ ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʙʘʟʦʚʠʭ ʧʨʦʛʨʘʤ ʟʘ ʨʘʭʫʥʦʢ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʽ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʬʽʨʤʘ Wilcox ʜʦʧʦʚʥʶʻ ʙʘʟʦʚʫ ʢʦʥʬʽʛʫʨʘʮʽʶ PC-DMIS 

ʩʧʝʮʽʘʣʴʥʠʤ ʜʦʜʘʪʢʦʤ ʜʣʷ ʢʦʦʨʜʠʥʘʪʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ PC-

DMIS Gear. è [245]. ʌʽʨʤʘ Wenzel America, Ltd. (ʉʐɸ) ʚʠʧʫʩʢʘʻ ʇʆ Wenzel 

TGear inspection machine software (http://wenzelamerica.com/products/ software / 

http://www.osk-corp.co.jp/Catalog/Measuring_
http://wenzelamerica.com/
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gear)]. ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ ʬʽʨʤʠ, ʱʦ ʚʠʧʫʩʢʘʶʪʴ ʩʫʯʘʩʥʝ ʇɿ ʜʣʷ ʘʥʘʣʽʟʫ ʽ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʟʘʯʝʧʣʝʥʴ: Frenco GmbH (ʅʽʤʝʯʯʠʥʘ) 

(www.frenco.de), Involute Simulation Softwares Inc. (ʂʘʥʘʜʘ) 

(www.hygears.com), KISSsoft LLC (ʉʐɸ) (www.kisssoft.com), Stresstech Oy 

(ʌʽʥʣʷʥʜʽʷ) (www.stresstechgroup.com). 

çʉʫʯʘʩʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. ʊʘʢ ʧʦ ʚʟʘʻʤʦʜʽʾ ʟ ʚʠʤʽʨʶʚʘʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʂɯʄ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʢʦʥʪʘʢʪʥʽ, ʙʝʟʢʦʥʪʘʢʪʥʽ ʽ ʢʦʤʙʽʥʦʚʘʥʽ 

(ʤʫʣʴʪʠʩʝʥʩʦʨʥʽ) ʩʠʩʪʝʤʠ, ʧʦ ʢʝʨʫʚʘʥʥʶ ʧʨʦʮʝʩʦʤ ʚʠʤʽʨʶʚʘʥʴ ʥʘ: 

- ʤʘʰʠʥʠ ʟ ʨʫʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ; 

- ʤʘʰʠʥʠ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʧʦ ʦʩʷʭ ʽ ʜʞʦʡʩʪʠʢʘʤʠ 

ʨʫʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, 

- ʤʘʰʠʥʠ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʧʦ ʦʩʷʭ ʽ ʯʠʩʣʦʚʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ (CNC). ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʢʦʤʙʽʥʦʚʘʥʽ ʩʭʝʤʠ, 

ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʤʘʰʠʥ, ʷʢʽ ʦʙ'ʻʜʥʫʶʪʴ ʚʩʽ ʚʠʱʝʚʢʘʟʘʥʽ ʧʨʠʥʮʠʧʠ. 

ʂʦʥʪʘʢʪʥʽ ʂɺʄ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ ʩʪʘʮʽʦʥʘʨʥʽ ʽ ʧʦʨʪʘʪʠʚʥʽ 

(ʤʦʙʽʣʴʥʽ). ɺ ʩʦʶ ʯʝʨʛʫ ʩʪʘʮʽʦʥʘʨʥʽ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ ʟʘ 

ʩʭʝʤʦʶ ʢʦʤʧʦʥʫʚʘʥʥʷ ʽ ʦʨʽʻʥʪʘʮʽʾ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʧʦʜʽʣʷʶʪʴʩʷ 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ, ʚʝʨʪʠʢʘʣʴʥʽ, ʤʦʩʪʦʚʽ ʽ ʧʦʨʪʘʣʴʥʽ. 

ʉʣʽʜ, ʪʘʢʦʞ, ʚʽʜʟʥʘʯʠʪʠ ʰʝʩʪʠʚʩ̔ʥʽ ʂɺʄ ʥʘ ʦʩʥʦʚʽ ʧʣʘʪʬʦʨʤʠ 

ʉʪʶʘʨʪʘ. ʇʨʝʜʩʪʘʚʥʠʢʘʤʠ ʪʘʢʠʭ ʤʘʰʠʥ ʻ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʤʘʰʠʥʠ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʊʆɺ çʃʘʧʠʢè (ʈʦʩʽʷ). ʇʝʨʝʤʽʱʝʥʥʷ ʧʣʘʪʬʦʨʤʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʽʩʪʴʤʘ ʣʽʥʽʡʥʠʤʠ ʧʨʠʚʦʜʘʤʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʣʘʟʝʨʥʽ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʠè [161]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʩʫʯʘʩʥʽ ʩʪʘʮʽʦʥʘʨʥʽ ʂɺʄ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʨʽʚʥʫ ʜʝʩʷʪʠʤ ʯʘʩʪʠʥʘʤ ʤʽʢʨʦʥʘ. çɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʥʘ ʂɺʄ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ: 

- ʧʨʝʮʠʟʽʡʥʠʤʠ ʥʘʧʨʷʤʥʠʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʟ ʪʚʝʨʜʦʢʘʤ'ʷʥʠʭ ʧʦʨʽʜ, 

ʥʘʧʨʠʢʣʘʜ, ʟ ʛʨʘʥʽʪʫ (ʩʪʽʡʢʘ, ʙʘʣʢʘ ʧʦʨʪʘʣʫ, ʧʦʚʟʫʥ); 

- ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʦʨʪʘʣʫ, ʚʠʢʦʥʘʥʦʛʦ ʫ ʚʠʛʣʷʜʽ ʞʦʨʩʪʢʦʾ ʟʘʤʢʥʫʪʦʾ 
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ʨʘʤʠ; 

- ʧʨʝʜʤʝʪʥʠʤ ʩʪʦʣʦʤ, ʱʦ ʚʠʢʣʶʯʘʻ ʜʝʬʦʨʤʘʮʽʾ ʦʧʦʨʠ ʽ ʥʘʧʨʷʤʥʠʭ 

ʧʦʨʪʘʣʫ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʜʽʻʶ ʤʘʩʠ ʚʠʤʽʨʶʚʘʥʠʭ ʚʘʞʢʠʭ ʜʝʪʘʣʝʡ; 

- ʞʦʨʩʪʢʠʤʠ, ʚʽʙʨʦʩʪʽʡʢʠʤʠ, ʧʨʝʮʠʟʽʡʥʠʤʠ ʘʝʨʦʩʪʘʪʠʯʥʠʤʠ ʦʧʦʨʘʤʠ ʟ 

ʤʘʣʠʤ ʧʦʚʽʪʨʷʥʠʤ ʟʘʟʦʨʦʤ ʽ ʤʽʥʽʤʘʣʴʥʦʶ ʚʠʪʨʘʪʦʶ ʧʦʚʽʪʨʷ; 

- ʚʽʙʨʦʽʟʦʣʶʶʯʠʤʠ ʦʧʦʨʘʤʠ, ʷʢʽ ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜʪʨʠʤʫʶʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʦʧʦʨʠ ʂɺʄ; 

- ʧʨʝʮʠʟʽʡʥʠʤʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʝʨʝʤʽʱʝʥʴ ʚʫʟʣʽʚ ʂɺʄ ʧʦ ʚʩʽʭ ʢʦʦʨʜʠʥʘʪʘʭ è [206]. 

ʅʘ ʟʘʢʣʶʯʥʽʡ ʢʦʥʪʨʦʣʴʥʽʡ ʦʧʝʨʘʮʽʾ ʚʠʙʽʨ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʜʦʧʫʩʢʫ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ. ʂɺʄ ʧʦʚʠʥʥʘ ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʫ ʪʦʯʥʽʩʪʴ. 

 

ɺʠʩʥʦʚʢʠ, ʤʝʪʘ ʽ ʟʘʜʘʯʽ 

1. ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʟ ʧʦʷʚʦʶ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʝʦʨʽʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʽʩʪʦʪʥʦ ʟʤʽʥʠʣʘʩʷ, 

ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʧʦʚʝʨʭʦʥʴ ʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠʪʠ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

2. ɿ'ʷʚʠʣʠʩʷ ʥʦʚʽ ʤʝʪʦʜʠʢʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʦʟʤʽʥʶʚʘʪʠ ʬʦʨʤʫ ʧʦʚʝʨʭʥʽ ʚ ʧʨʦʮʝʩʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, 

ʧʨʠʯʦʤʫ ʥʘʤʽʪʠʣʦʩʷ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʶ: 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʫ ʨʘʟʦʤ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚ ʥʴʦʤʫ ʦʙôʻʢʪʘʤʠ ʽ 

ʚʠʜʦʟʤʽʥʠ ʬʦʨʤʦʩʪʚʦʨʶʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʥʫʪʨʽʰʥʽʭ ʢʝʨʫʶʯʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

3. ʈʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʩʧʣʘʡʥʽʚ ʪʘ ʾʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʜʦʟʚʦʣʷʻ 

ʫʥʽʬʽʢʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʦʙôʻʢʪʽʚ ʽ ʨʦʟʨʦʙʣʷʪʠ ʫʥʽʚʝʨʩʘʣʴʥʽ ʩʠʩʪʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

3. ɯʩʥʫʶʯʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʠʤʘʛʘʻ 
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ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʉʪʚʦʨʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʬʫʥʢʮʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʚʠʙ̔ʨ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʩʭʝʤʠ 

ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

5. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʚʟʘʻʤʦʜʽʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢ ʬʫʥʢʮʽʶ ʚʽʜ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʦʫʪʚʦʨʶʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʢʣʶʯʘʪʠ ʮʽ ʧʦʢʘʟʥʠʢʠ ʚ ʩʠʩʪʝʤʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʽ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥ̔ʩʪɹ ʧʨʦʮʝʩʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʚʠʱʝʩʢʘʟʘʥʦʤʫ, ʤʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʦʩʪʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʧʣʘʚʥʦʩʪʽ ʨʦʙʦʪʠ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ, ʘ ʪʘʢʦʞ, ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʾʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʙʘʟʽ ʥʦʚʦʾ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ 

ʟʘʜʘʯʽ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚ ʯʘʩʪʠʥʽ ʨʦʟʚʠʪʢʫ ʧʽʜʭʦʜʽʚ ʜʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʪʘ ̔ʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʽʥʪʝʛʨʘʮʽʾ ʟ ʩʫʯʘʩʥʠʤʠ 

ʢʦʤʧôʶʪʝʨʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ. 

2. ʈʦʟʨʦʙʠʪʠ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʥʘ ʦʩʥʦʚʽ ʫʥʽʬʽʢʘʮʽʾ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʾ 

ʝʣʝʤʝʥʪʽʚ. 

3. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʠʩʫ ʬʦʨʤʠ ʟʫʙʮ̔ ʚ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʚʠʭʽʜʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʘ ʙʘʟʽ ʫʥʽʬʽʢʦʚʘʥʠʭ 

ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

4. ʈʝʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʨʠʚʠʤʠ ʽ 

ʧʦʚʝʨʭʥʷʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, 
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ʟʘʙʝʟʧʝʯʠʪʠ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʙʘʟʽ ʻʜʠʥʠʭ ʫʥʽʬʽʢʦʚʘʥʠʭ 

ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʽʥʪʝʛʨʘʮʽʶ ʟ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʢʦʥʪʨʦʣʶ. 

5. ʈʦʟʨʦʙʠʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʦʧʠʩʫ ʧʘʨʘʤʝʪʨʽʚ 

ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʫʥʽʬʽʢʫʚʘʪʠ ʾ ʾ ʤʘʪʝʤʘʪʠʯʥʝ ʧʦʜʘʥʥʷ ʪʘ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʯʘʩʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3ïʛʦ ʢʣʘʩʫ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ.. 

6. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʧʠʩʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʟʘʻʤʦʜʽʾ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢ ʬʫʥʢʮʽ ʾ ʚʽʜ 

ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

7. ʈʦʟʨʦʙʠʪʠ ʥʦʚʽ ʤʝʪʦʜʠʯʥʝ, ʘʣʛʦʨʠʪʤʽʯʥʝ ʽ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʽ ʚ ʩʫʢʫʧʥʦʩʪʽ ʨʝʘʣʽʟʫʶʪʴ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʚʧʨʦʚʘʜʠʪʠ ʾʭ ʫ ʚʠʨʦʙʥʠʮʪʚʦ 

ʪʘ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ. 
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ʈʆɿɼɯʃ 2 

ʄɸʊɽʄɸʊʀʏʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʂɽʈʋɺɸʅʅʗ ʌʆʈʄʆʖ 

ʌʋʅʂʎɯʆʅɸʃʔʅʀʍ ʇʆɺɽʈʍʆʅʔ ɿʋɹʏɸʉʊʀʍ ʂʆʃɯʉ ʅɸ ʆʉʅʆɺɯ 

ʋʅɯʌɯʂʆɺɸʅʀʍ ʂɽʈʋʖʏʀʍ ʇɸʈɸʄɽʊʈɯɺ 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ 

ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʨʠʚʠʤʠ ʽ 

ʧʦʚʝʨʭʥʷʤʠ, ʷʢʽ ʙ ʚʨʘʭʦʚʫʚʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʥʘʩʢʨʽʟʥʦʾ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ 

ʩʧʨʠʷʣʠ ʙ ʽʥʪʝʛʨʘʮʽʾ ʟ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘʥʘʣʽʟʫ ʽ ʢʦʥʪʨʦʣʶ. 

ʑʦʙ ʫʥʽʬʽʢʫʚʘʪʠ ʢʝʨʫʶʯʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʝʦʤʝʪʨʽʶ ʙʫʜʴ-

ʷʢʠʭ ʧʦʚʝʨʭʦʥʴ, ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʽ ʤʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʮʝʩʫ ʫʥʽʬʽʢʘʮʽʾ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʪʚʦʨʠʪʠ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʙʫʜʴ-ʷʢʦʾ ʢʨʠʚʦʾ ʘʙʦ ʧʦʚʝʨʭʥʽ ʜʦ ʻʜʠʥʦʛʦ ʚʠʛʣʷʜʫ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʽʾ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʨʦʟʨʦʙʢʠ ʝʣʝʤʝʥʪʽʚ ʚʽʟʫʘʣʴʥʦʛʦ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ 

ʛʝʦʤʝʪʨʽʾ ʪʘ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʽ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʚʥʫʪʨʽʰʥʶ ʛʝʦʤʝʪʨʽʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢ ʬʫʥʢʮʽʾ ʫʥʽʬʽʢʦʚʘʥʠʭ 

ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

 

2.1. ʄʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʶ ʢʨʠʚʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ 

ɻʝʦʤʝʪʨʠʯʥʦʶ ʬʦʨʤʦʶ ʨʽʟʥʠʭ ʣʽʥʽʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʢʦʦʨʜʠʥʘʪʥʽ ʣʽʥʽʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʘʨʘʢʪʝʨʥʠʭ 

ʪʦʯʦʢ, ʷʢʽ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʶʪʴ ʬʦʨʤʫ ʣʽʥʽʾ. 

ʂʝʨʫʶʯʠʤʠ ʪʦʯʢʘʤʠ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʪʘʢʽ ʛʝʦʤʝʪʨʠʯʥʽ ʦʙ'ʻʢʪʠ, 
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ʧʦʣʦʞʝʥʥʷʤ ʷʢʠʭ ʚ ʜʝʷʢʦʤʫ ʧʨʦʩʪʦʨʽ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʫʨʩʦʨʫ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ, ʪʘʢ ʽ ʟʘʜʘʶʯʠ ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʢʦʦʨʜʠʥʘʪʠ ʮʠʭ ʪʦʯʦʢ ʚ ʧʝʚʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ɺʽʜ ʧʦʣʦʞʝʥʥʷ 

ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ ʟʘʣʝʞʠʪʴ ʩʪʘʥ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʰʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ʂʦʦʨʜʠʥʘʪʠ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʷʢ 

ʢʝʨʫʶʯʽ ʧʘʨʘʤʝʪʨʠ ʟʘʚʜʘʥʴ ʩʠʥʪʝʟʫ ʪʘ ʘʥʘʣʽʟʫ. 

ʂʝʨʫʶʯʠʤʠ ʣʽʥʽʷʤʠ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʦʙ'ʻʢʪʠ, ʷʢʽ 

ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʶʪʴ ʬʦʨʤʫ ʢʝʨʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ. 

ɺ ʷʢʦʩʪʽ ʢʝʨʫʶʯʠʭ ʣʽʥʽʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʟ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʣʽʥʽʡ. ʈʦʟʛʣʷʥʝʤʦ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʶ ʣʽʥʽʾ ʥʘ ʧʨʠʢʣʘʜʽ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʜʣʷ ʦʧʠʩʫ ʧʨʦʬʽʣʶ ʽ ʧʦʟʜʦʚʞʥʴʦʾ ʥʘʧʨʷʤʥʦʾ ʣʽʥʽʾ 

ʟʫʙʘ ʜʫʛ ʢʽʣ [128]. 

ʇʨʦʬʽʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʜʽʣʷʥʦʢ ʢʨʠʚʠʭ, ʜʦʧʦʣʶʩʥʦʾ ʪʘ 

ʟʘʧʦʣʶʩʥʦʾ, ʷʢʽ ʤʘʶʪʴ ʟʘʛʘʣʴʥʫ ʜʦʪʠʯʥʫ ʚ ʧʦʣʶʩʽ ʟʘʯʝʧʣʝʥʥʷ (ʨʠʩ. 2.1). 

 

 

ʈʠʩ. 2.1. ʇʨʦʬʽʣʴ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ 

 

ʇʨʠʡʤʝʤʦ ʚʩʝ ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʧʨʦʬʽʣʶ ʢʨʘʪʥʠʤʠ ʤʦʜʫʣʶ ʟʘʯʝʧʣʝʥʥʷ 

m. ʊʦʜʽ, ʢʦʦʨʜʠʥʘʪʘ x ʜʦʧʦʣʶʩʥʦ ʾʜʽʣʷʥʢʠ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ -1 ʜʦ 0, ʘ 
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ʟʘʧʦʣʶʩʥʦ ʾʚʽʜ 0 ʜʦ 1. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʧʦʣʶʩʥʫ ʜʽʣʷʥʢʫ. ɿʘ ʢʨʠʚʫ ʚʠʙʝʨʝʤʦ ʜʫʛʫ ʢʦʣʘ ʨʘʜʽʫʩʦʤ 

r. ʂʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʢʦʣʘ ʽ ʨʘʜʽʫʩ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ ʟ 

ʦʙʤʝʞʝʥʥʷʤʠ ʧʝʚʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʤʽʨʢʫʚʘʥʥʷʤʠ. 

2
2

4
ö
÷

õ
æ
ç

å
-+= rr yxr
p

     (2.1) 

 

ɺʠʟʥʘʯʠʤʦ ʢʦʦʨʜʠʥʘʪʠ ʦʧʦʨʥʠʭ ʪʦʯʦʢ. ʊʦʯʢʘ 1 ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʣʶʩʦʤ 

ʟʘʯʝʧʣʝʥʥʷ ʈ ʽ ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ  ʭ1=0; ʫ1=p. 

ʂʫʪ ö
÷

õ
æ
ç

å
-=

r

xrarcsin1l . 

ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ 2:  

 

,cos;1 222 ryryx +== l      (2.2) 
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arcsin2l    

ʂʦʦʨʜʠʥʘʪʠ ʜʫʛʠ ʢʦʣʘ ʚ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ XOY 

ʜʦʨʽʚʥʶʚʘʪʠʤʫʪʴ: 

 

()

() r

r

yry

xrʭ

+=

+=

ll

ll

cos

sin
.     (2.3) 

 

ɼʣʷ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʘ ʢʫʪ a ʩʧʽʚʧʘʜʘʻ ʟ ʢʫʪʦʤ l. 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ çCOPTeRè [234]. ʅʘ ʨʠʩ. 2.2 ʽ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥʦ, ʷʢ ʟʤʽʥʶʶʯʠ 

ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʢʦʣʘ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʪʦʯʮʽ 1, ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʬʦʨʤʫ ʜʫʛʠ 

ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ. 
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ʈʠʩ. 2.2. ʇʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʢʦʣʘ 

 

 

ʈʠʩ. 2.3. ɿʤʽʥʘ ʬʦʨʤʠ ʜʫʛʠ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʢʦʣʘ 

 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʪʚʽʨʥʘ ʧʦʚʝʨʭʥʷ ʨʝʡʢʦʚʦʛʦ ʪʠʧʫ ʤʘʻ 

ʢʨʫʛʦʚʫ ʣʽʥʽʶ ʟʫʙʘ (ʨʠʩ. 2.4). ɼʣʷ ʟʤʽʥʠ ʧʦʟʜʦʚʞʥʴʦʾ ʣʽʥʽʾ ʟʫʙʘ ʪʚʽʨʥʦʾ 

ʧʦʚʝʨʭʥʽ ʚʚʝʜʝʤʦ ʪʨʠ ʢʝʨʫʶʯʠʭ ʝʣʝʤʝʥʪʠ N0, N1, N2 [86]. 

N0 ï ʙʘʟʠʩʥʘ ʪʦʯʢʘ, ʧʦʚ'ʷʟʘʥʘ ʟ ʧʦʯʘʪʢʦʤ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ Sn. ʏʝʨʝʟ 

ʮʶ ʪʦʯʢʫ ʧʨʦʭʦʜʠʪʴ ʢʨʠʚʘ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʦʜʦʚʞʥʶ ʣʽʥʽʶ ʟʫʙʘ. ʊʦʯʢʘ N0 
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(ʧʦʯʘʪʦʢ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ Sn) ʣʝʞʠʪʴ ʚ ʩʝʨʝʜʥʽʡ ʪʦʨʮʝʚʽʡ ʧʣʦʱʠʥʽ ʪʚʽʨʥʦʾ 

ʧʦʚʝʨʭʥʽ. 

ʊʦʯʢʘ N1 ʣʝʞʠʪʴ ʥʘ ʜʦʪʠʯʥʽʡ ʜʦ ʢʨʠʚʦʾ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʚ ʪʦʯʮʽ N0 ʪʘ 

ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʢʫʪʦʤ ʥʘʭʠʣʫ 0b  ʮʽʻʾ ʜʦʪʠʯʥʦʾ. ʊʦʯʢʘ N2 ʣʝʞʠʪʴ ʥʘ 

ʢʨʠʚʽʡ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʘ ʢʝʨʫʻ ʨʘʜʽʫʩʦʤ ʾʾ ʢʨʠʚʠʟʥʠ Ru. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʢʝʨʫʚʘʥʥʷ ʧʨʠʡʤʝʤʦ ʢʦʦʨʜʠʥʘʪʠ 
2

1
b

z -= , ʘ 
2

2
b

z = , ʜʝ 

b ï ʰʠʨʠʥʘ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥ.̔ 

 

ʈʠʩ. 2.4. ʇʦʟʜʦʚʞʥʷ ʣ̔ʥ̫̔  ʟʫʙʘ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥ ̔

 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ, ʱʦ ʚʠʟʥʘʯʘʻ ʣʽʥʽʶ ʟʫʙʘ ʪʚʽʨʥʦʾ 

ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Sn,  ʤʘʻ ʚʠʜ: 

 

() ( ) ( )kRjRr uun 00 sinsincoscos bbbbm -+-= .  (2.4) 

 

ɸʙʦ ʚ ʢʦʦʨʜʠʥʘʪʥʡ̔ ʬʦʨʤ:̔ 

 

0)( =mnx ; 

( )bbm coscos)( 0-= un Ry ; 

( )0sinsin)( bbm -= un Rz , 

 

(2.5) 
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ʊʫʪ 21 yyyr += , ʜʝ ʫ1 ʪʘ ʫ2 ʢʦʦʨʜʠʥʘʪʠ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ N1 ʪʘ N2, ʢʫʪ 

1

1
0

z

y
arctg=b . 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

çCOSETè [235], ʱʦ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʧʦʟʜʦʚʞʥʴʦʾ ʣʽʥʽʻʶ ʟʫʙʘ ʧʨʠ ʩʠʥʪʝʟʽ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʝʨʝʜʘʯ ʟ ʘʨʢʦʚʠʤʠ ʽ ʜʚʦʦʧʫʢʣʦ-ʫʚʽʛʥʫʪʠʤʠ ʟʫʙʮʤ̫ʠ. 

ɿʤʽʥʶʶʯʠ ʧʦʣʦʞʝʥʥʷ ʦʧʦʨʥʠʭ ʽ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ, ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʬʦʨʤʦʶ 

ʮʽʻʾ ʢʨʠʚʦʾ. ʅʘ ʨʠʩ. 2.5 ʧʦʢʘʟʘʥʦ ʢʦʤʧ'ʶʪʝʨʥʝ ʚʽʢʥʦ ʟ ʝʣʝʤʝʥʪʘʤʠ ʢʝʨʫʚʘʥʥʷ 

ʧʦʟʜʦʚʞʥʴʦ ʁʣʽʥʽʻʶ ʟʫʙʮ̔ ʚ. 

 

 

N2 

N1   

ʈʠʩ. 2.5. ʂʝʨʫʚʘʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʣʽʥʽʻʶ ʟʫʙʘ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ 

 

 



80 

2.2. ɺʠʜʦʟʤʽʥʘ ʛʝʦʤʝʪʨʽʾ ʢʨʠʚʠʭ ʽ ʧʦʚʝʨʭʦʥʴ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʨʦʩʪʦʨʫ 

ʊʝʨʤʽʥ çʧʦʣʽʪʢʘʥʠʥʘè ʚʚʝʜʝʥʠʡ ʫ ʚʞʠʪʦʢ ʚʽʜʦʤʠʤ ʥʽʤʝʮʴʢʠʤ 

ʛʝʦʤʝʪʨʦʤ, ʢʝʨʽʚʥʠʢʦʤ ɻʘʤʙʫʨʟʴʢʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʰʢʦʣʠ ʽ ʧʦʩʣʽʜʦʚʥʠʢʦʤ 

ʌ. ʂʣʝʡʥʘ ɺ. ɹʣʷʰʢʝ [17] ʥʘʧʨʠʢʽʥʮʽ 20-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʣʽʪʪʷ. 

ʊʝʦʨʽʷ ʧʦʣʽʪʢʘʥʠʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ ʧʦʣʽʪʢʘʥʠʥʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʬʦʨʤʦʶ ʙʫʜʴ-ʷʢʦ ʾʢʨʠʚʦ ʾ

ʘʙʦ ʧʦʚʝʨʭʥ,̔ ʦʙʨʘʥʠʭ ʚ ʷʢʦʩʪʽ ʧʨʦʦʙʨʘʟʫ. ʇʨʠ ʮʴʦʤʫ ʚʠʛʣʷʜ ʢʨʠʚʦʾ ʘʙʦ 

ʧʦʚʝʨʭʥʽ ʟʤʽʥʶʶʪʴʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʮʝ ʥʘ ʧʨʠʢʣʘʜʽ ʢʨʠʚʦʾ, ʚʧʠʩʘʥʦʶ ʚ ʧʦʣʽʪʢʘʥʠʥʥʫ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʮʴʦʤʫ ʜʚʽ ʦʩʽ ʩʠʩʪʝʤʠ ʻ ʜʦʪʠʯʥʠʤʠ ʚ ʧʦʯʘʪʢʦʚʽʡ ʽ ʢʽʥʮʝʚʽʡ 

ʪʦʯʢʘʭ ʢʨʠʚʦʾ. 

ɺ ʢ̫ʦʩʪʽ ʢʨʠʚʦʾ ʚʠʙʝʨʝʤʦ ʜʫʛʫ ʢʦʣʘ (ʨʠʩ. 2.6), ʥʘʚʝʜʝʥʫ ʚ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʘʨʘʛʨʘʬʽ [126], [128]. 

 

ʈʠʩ. 2.6. ɼʫʛʘ ʢʦʣʘ ʚ ʧʦʣʽʪʢʘʥʠʥʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 
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ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ 1 ʽ 2 ʦʪʨʠʤʘʥʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ. 

ʆʜʝʨʞʠʤʦ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ 3 ʽ ʢʫʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʮʽʻʶ ʪʦʯʢʦʶ [87]. 

ɺʽʜʨʽʟʦʢ Or3  ̒ʙʽʩʝʢʪʨʠʩʦ ʁʢʫʪʘ 2Or1, ʪʦʤʫ ʢʫʪ: 
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1212
13

lll
l

-
== .     (2.6) 

ɿ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ Or13 ʟʥʘʭʦʜʠʤʦ ʢʘʪʝʪ: 
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tgr .     (2.7) 

ɿ ʦʛʣʷʜʫ ʥʘ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ 3 

ʜʦʨʽʚʥʶʚʘʪʠʤʫʪʴ: 
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ʂʫʪ  
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=-+=+= .    (2.9) 

ʇʨʷʤʦʣʽʥʽʡʥʽ ʧʦʣʽʪʢʘʥʠʥʠ ʚʠʟʥʘʯʠʤʦ ʟ ʚʠʨʘʟʽʚ (3.6) ʽ (3.10) ʨʦʙʦʪʠ 

[127]: 
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ʜʝ 
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ɸʥʘʣʦʛʯ̔ʥʦ ʚʠʟʥʘʯʠʤʦ 2b  ʪʘ 3b  
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʠ (5.2) ʽ (3.20) ʨʦʙʦʪʠ [127], ʦʪʨʠʤʘʻʤʦ 

ʢʦʦʨʜʠʥʘʪʠ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ: 
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ʜʝ 

() () ()[ ] () ()[ ];233232133131 AAKAAKD xxx Ö-Ö+Ö-Ö= lblblblbl  

() () ()[ ] () ()[ ];233232133131 AAKAAKG yyx Ö-Ö+Ö-Ö= lblblblbl  

 

() () ()[ ] () ()[ ];233232133131 BBKBBKD xxy Ö-Ö+Ö-Ö= lblblblbl  

() () ()[ ] () ()[ ];233232133131 BBKBBKG yyy Ö-Ö+Ö-Ö= lblblblbl  

 

() () ()[ ] () ()[ ];233232133131 ʉʉKʉʉKD xx Ö-Ö+Ö-Ö= lblblblbl  

() () ()[ ] () ()[ ];233232133131 ʉʉKʉʉKG yy Ö-Ö+Ö-Ö= lblblblbl  
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ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʨʘʟʽʚ, ʬʦʨʤʘ ʢʨʠʚʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ɸi, ɺi ,ʉi. ʎʽ ʢʦʝʬʽʮʽʻʥʪʠ ʦʜʥʦʟʥʘʯʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʦʨʜʠʥʘʪ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ 

(3.10) ʨʦʙʦʪʠ [127]: 
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    (2.14) 

 

ɼʣʷ ʧʦʣʽʪʢʘʥʠʥʥʭ ʧʝʨʝʪʚʦʨʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ çCOPTeRè [234]. ʅʘ ʨʠʩ. 2.7 ʧʦʢʘʟʘʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʦʣʽʪʢʘʥʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʨʠʚʦʾ. 
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ʈʠʩ. 2.7. ɯʥʪʝʨʘʢʪʠʚʥʝ ʧʦʣʽʪʢʘʥʠʥʥʝ ʢʝʨʫʚʘʥʥʷ ʢʨʠʚʦ ʁ

 

2.3. ɺʠʜʦʟʤʽʥʘ ʛʝʦʤʝʪʨʽʾ ʢʨʠʚʠʭ ʽ ʧʦʚʝʨʭʦʥʴ ʰʣʷʭʦʤ ʟʤʽʥʠ 

ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʪʢʘʥʠʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ 

ʚ ʢʝʨʫʚʘʥʥʽ ʛʝʦʤʝʪʨʽʻʶ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʇʨʠ ʮʴʦʤʫ ʟʘ ʚʠʭʽʜʥʫ ʧʦʚʝʨʭʥʶ 

ʘʙʦ ʢʨʠʚʫ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʢʣʘʩ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʥʠʭ ʢʨʠʚʠʭ ʘʙʦ 

ʧʦʚʝʨʭʦʥʴ. ʅʝʜʦʣʽʢʦʤ ʩʠʥʪʝʟʫ ʥʘ ʙʘʟʽ ʧʦʣʽʪʢʘʥʠʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʻ ʪʝ, ʱʦ ʚʽʥ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʥʠʭ ʢʨʠʚʠʭ ʽ ʜʣʷ ʢʦʞʥʦʛʦ ʥʦʚʦʛʦ ʢʣʘʩʫ 

ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʛʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʧʨʦʦʙʨʘʟʫ. ʎʝ ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʫʥʽʬʽʢʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʫ. 

ɿʚʝʩʪʠ ʥʘʷʚʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʦʧʠʩʠ ʢʨʠʚʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ 

ʽʩʥʫʶʯʠʭ ʦʧʠʩʘʭ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ ʧʦʚʝʨʭʦʥʴ, ʜʦ ʻʜʠʥʦʛʦ ʚʠʛʣʷʜʫ ʤʦʞʥʘ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʣʘʡʥʽʚ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʮʝ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʧʘʨʘʛʨʘʬʽ. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʚ ʟʘʜʘʯʘʭ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʶ ʣʽʥʽʡ 
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ʟʘʡʤʘʶʪʴ ʢʨʠʚ ̔ ɹʝʟ̒ɹ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʟʥʘʡʰʣʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʽʣʴʰʦʩʪʽ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʅʘ ʨʠʩ. 2.8 ʧʦʢʘʟʘʥʠʡ ʧʨʦʬʽʣʴ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ. ʗʢ ʢʨʠʚʦʾ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʤʦʜʠʬʽʢʫʚʘʪʠ ʧʨʦʬʽʣʴ ʚ ʧʨʦʮʝʩʽ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʫ, ʧʨʠʚʝʜʝʥʘ 

ʢʨʠʚʘ ɹʝʟʴ̒  3-ʛʦ ʧʦʨʷʜʢʫ [27].  

 

 
 

ʈʠʩ. 2.8. ʇʨʦʬʽʣʴ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ: 

ʘ ï ʩʪʘʥʜʘʨʪʥʠʡ, ʙ ï ʤʦʜʠʬʽʢʦʚʘʥʠʡ 

 

ʅʘ ʨʠʩ. 2.9 ʥʘʚʝʜʝʥʘ ʢʨʠʚʘ ɹʝʟʴʻ 3ïʛʦ ʧʦʨʷʜʢʫ ʟ ʦʧʦʨʥʠʤʠ ʪʘ 

ʢʝʨʫʶʯʠʤʠ ʪʦʯʢʘʤʠ ʪʘ ʣ̔ʥ̫̔ ʤʠ [107]. 

 

 

ʈʠʩ. 2.9. ʂʨʠʚʘ ɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ ʟ ʦʧʦʨʥʠʤʠ ʽ ʢʝʨʫʶʯʠʤʠ ʪʦʯʢʘʤʠ ʽ ʣʽʥʽʷʤʠ 

 

ʈ̔ ʚʥ̫ʥʥʷ ʢʨʠʚʦ ʾɹʝʟʴʻ 3ïʛʦ ʧʦʨʷʜʢʫ [107]: 
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13131 pppprʢ llllll +-+-+-= ,  (2.15) 

 

ʘʙʦ ʫ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʚʠʜ̔: 
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1 13131),( xxxxPfx xʢ lllllll +-+-+-== , 

( ) ( ) ( ) 3
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2 13131),( yyyyPfy yʢ lllllll +-+-+-== . 

(2.16) 

 

ʜʝ Px=(x0, x1, x2, x3), Py=(y0, y1, y2, y3) ï ʨʘʜ̔ʫʩ-ʚʝʢʪʦʨʠ ʢʦʦʨʜʠʥʘʪ ʦʧʦʨʥʠʭ ʈ0, 

ʈ3 ʪʘ ʢʝʨʫʶʯʠʭ ʈ1, ʈ2 ʪʦʯʦʢ; 1...0=l  ï ʧʦʪʦʯʥʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʪʦʯʢʫ ʥʘ ʢʨʠʚʡ̔. 

ʅʘ ʨʠʩ. 2.10 ʥʘʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ ʟʤʽʥʠ ʬʦʨʤʠ ʢʨʠʚʦ ʾʧʨʠ ʧʝʨʝʤʽɦ ʝʥʥ ̔

ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ. 

 

 

 

ʈʠʩ. 2.10. ʂʝʨʫʚʘʥʥʷ ʢʨʠʚʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ 

 

ʇʨʦʬʽʣʴʥʠʡ ʢʫʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: 
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ʊʫʪ 

 

( ) ( ) ( )01210
2

32101 326333),( xxxxxxxxxPf x -++-++-+-=
¡ lll , 

( ) ( ) ( )01210
2

32102 326333),( yyyyyyyyyPf y -++-++-+-=¡ lll  
(2.18) 

 

ï ʧʝʨh̔ ʧʦʭʽʜʥʽ ʬʫʥʢʮ̔ʡ ),(1 xPf l  ʠ ),(2 yPf l  ʧʦ l. 

ʇʨʠ ʘʥʘʣʽʟʽ ʛʝʦʤʝʪʨʽʾ ʽ ʚʠʚʝʜʝʥʥ ̔ ʬʦʨʤʫʣ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ 

ʷʢʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʜʨʫʛʽ ʧʦʭʽʜʥʽ, ʷʢʽ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 

( ) ( )21032101 26336),( xxxxxxxPf x +-++-+-=
¡¡ ll , 

( ) ( )21032102 26336),( yyyyyyyPf y +-++-+-=¡¡ ll . 
(2.19) 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʽʥʰʽ ʜʽʣʷʥʢʠ ʧʨʦʬʽʣʶ ʥʝʦʙʭʽʜʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʫʛʠ, ʜʦʪʠʯʥʦʾ ʜʦ ʢʨʠʚʦʾ ʨʦʙʦʯʦʾ ʜʽʣʷʥʢʠ ʽ ʧʨʷʤʠʭ ʚʽʜʨʽʟʢʽʚ 

ʟʘʚʝʨʰʠʪʠ ʧʦʙʫʜʦʚʫ ʢʦʥʪʫʨʫ [68]. 

ʊʘʢ ʷʢ ʢʨʠʚʘ 1-2 ʜʦʪʠʯʥʘ ʜʦ ʚʽʜʨʽʟʢʘ 2-3 ʚ ʪʦʯʮʽ 2, ʪʦ ʽ ʜʫʛʘ, ʱʦ 

ʧʨʦʜʦʚʞʫʻ ʮʶ ʢʨʠʚʫ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʪʠʯʥʦ  ʁʜʦ ʮʴʦʛʦ ʚʽʜʨʽʟʢʘ ʘʙʦ ʡʦʛʦ 

ʧʨʦʜʦʚʞʝʥʥʷ (ʨʠʩ. 2.11). 

 

 

ʈʠʩ. 2.11. ɿʤʽʥʶʚʘʥʘ ʜʽʣʷʥʢʘ ʧʨʦʬʽʣʶ 
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ʈʦʟʤʽʨʠ ʧʨʦʬʽʣʶ ʧʨʠʡʤʘʻʤʦ ʢʨʘʪʥʠʤʠ ʤʦʜʫʣʶ ʟʘʯʝʧʣʝʥʥʷ m. ʅʘ 

ʨʠʩ. 2.12 ʧʦʢʘʟʘʥʽ ʜʽʣʷʥʢʠ, ʱʦ ʜʦʧʦʚʥʶʶʪʴ ʧʨʦʬʽʣʴ. 

 

 

ʈʠʩ. 2.12. ɼʦʧʦʚʥʶʶʯ ̔ʜʽʣʷʥʢʠ ʧʨʦʬʽʣ  ʁ

 

ʆʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʮʠʭ ʢʨʠʚʠʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʢʝʨʫʶʯʦʾ 

ʣʽʥʽʾ 2-3. 

ʂʫʪ ʥʘʭʠʣʫ g ʢʝʨʫʶʯʦʾ ʣʽʥʽʾ 2-3 (ʨʠʩ. 2.12) ʚʠʟʥʘʯʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ:  

 

23

23

y

x
arctg

D

D
=g ; 

ʜʝ   
.

;1

3223

33223

yyy

xxxx

-=D

-=-=D
 

 

ɼʦʚʞʠʥʘ ʢʝʨʫʶʯʦʾ ʣ̔ʥ̔ ʾ 2ï3: 

 

gctgxyxl ÖD=D+D=
23

2
23

2
2323  

 

ɼʦʚʞʠʥʫ ʜʽʣʷʥʢʠ 52l , ʱʦ ʧʨʦʜʦʚʞʫʻ ʣʽʥʽʶ 2ï3 ʜʦ ʧʝʨʝʪʠʥʫ ʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʁ ʧʨʷʤʦ ʁ ʟ ʢʦʦʨʜʠʥʘʪʦ ʁ 25,15=x  ʚʠʟʥʘʯʠʤʦ, 
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ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʜ̔ʙʥʽʩʪʴ ʪʨʠʢʫʪʥʠʢ̔ʚ: 573D  ʪʘ 263D : 

 

öö
÷

õ
ææ
ç

å
-

D

D
= 1

23

53
2352

x

x
ll , 

ʜʝ .25,1 33553 xxxx -=-=D  

ʂʫʪʠ g=Ï=Ï 24632 ʨ , ʪʦʙʪʦ ʣʝʞʘʪʴ ʤʽʞ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ 

ʧʨʷʤʠʤʠ. 

ɺʽʜʨʽʟʦʢ ʨ-5 ̒  ʙʽʩʝʢʪʨʠʩʦ ʁʢʫʪʘ 24ʨÏ . 

ʇʨʷʤʦʢʫʪʥʽ ʪʨʠʢʫʪʥʠʢʠ 54ʨD  ʪʘ 25ʨD  ʨ̔ʚʥ̔, ʪʦʙʪʦ ʤʘʶʪɹ ʜʚ̔ ʨ̔ʚʥ̔ 

ʩʪʦʨʦʥʠ ʧʨʠ ʚʝʨʰʠʥ ̔ʨ. ʆʪʞʝ, ʜʦʚʞʠʥʘ ʚʽʜʨʽʟʢʘ 4-5: 

 

,5245 ll =  ʘ ʢʫʪ 
2

54
g
=Ï ʨ . 

ɿʚʽʜʩʠ ʟʥʘʭʦʜʠʤʦ ʨʘʜʽʫʩ ʜʫʛʠ ʢʦʣʘ: 

2

2

52
45 g

g
ctgl

tg

l
rp Ö== . 

 

ʂʦʦʨʜʠʥʘʪʫ 5y  ʟʥʘʡʜʝʤʦ ʟ ʧʦʜʽʙʥʦʩʪʽ ʪʨʠʢʫʪʥʠʢ̔ʚ 573D  ʪʘ 263D : 

 

.85
23

53
2335 l

x

x
yyy =

D

D
ÖD-=  

 

ʆʪʞʝ, ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʜʫʛʠ ʢʦʣʘ ʜʦʨʽʚʥʶʚʘʪʠʤʫʪʴ: 

 

.

25,1

525455

5

lylyy

rrxx

p

ppp

-=-=

-=-=
 

 

ʇʨʠ ʢʝʨʦʚʘʥʽʡ ʟʤʽʥʽ ʢʨʠʚʦʾ ʨʦʙʦʯʦʾ ʜʽʣʷʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʽ 
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ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʤʦʞʣʠʚʽ ʪʨʠ ʚʘʨʽʘʥʪʠ ʧʦʙʫʜʦʚʠ ʜʦʧʦʤʽʞʥʠʭ ʜʽʣʷʥʦʢ: 

1. 0²py ; 

2. 0,0 5>< yyp ; 

3. 05¢y . 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʜʦʜʘʻʪʴʩʷ ʜʚʽ ʜʽʣʷʥʢʠ ï ʧʨʷʤʘ 8-4 ʽ ʜʫʛʘ 4-2. 

ʂʦʦʨʜʠʥʘʪʠ ʧʨʷʤʦ ʾ pyyconstʭ ...0,25,1 === . 

ʂʦʦʨʜʠʥʘʪʠ ʜʫʛʠ ʢʦʣʘ ʥʘ ʜʽʣʷʥʮʽ 4-2 ʜʦʨʽʚʥʶʚʘʪʠʤʫʪʴ: 

 

()

() gg

gg

sin

cos

Ö+=

Ö+=

pp

pp

ryy

rxx
; 

 

ʜʝ 632
00 Ï¢¢g . 

ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʜʦʚʞʠʪʠ ʢʝʨʫʶʯʫ ʢʦʦʨʜʠʥʘʪʥʫ ʣʽʥʽʶ 

2-3 ʜʦ ʪʦʯʢʠ 9 (ʨʠʩ. 2.13) ʪʘʢ, ʱʦʙ ʮʝʥʪʨ ʜʫʛʠ ʢʦʣʘ ʈ* ʣʝʞʘʚ ʥʘ ʢʦʦʨʜʠʥʘʪʥʡ̔ 

ʣ̔ʥ̔ ʾ ʆʍ. 

 

ʈʠʩ. 2.13. ʇʨʦʜʦʚʞʝʥʥʷ ʢʝʨʫʶʯʦʾ ʢʦʦʨʜʠʥʘʪʥʦʾ ʣʽʥʽʾ 

 

ɼʦʚʞʠʥʘ ʚʽʜʨʽʟʢʘ 58559 yll == . 

ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ 9: 
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g

gg

cos

sin25,1sin

5959

55959

Ö+=

-=Ö-=

lyy

ylxx
 

ʈʘʜʽʫʩ ʜʫʛʠ ʢʦʣʘ 

 

2
5*

g
ctgyrp Ö=  

 

ʂʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʜʫʛʠ ʢʦʣʘ 

 

0

25,1

*

**5*

=

-=-=

p

ppp

y

rrxx
 

 

ʂʦʦʨʜʠʥʘʪʠ ʜʫʛʠ ʢʦʣʘ ʥʘ ʜʽʣʷʥʮʽ 8-9 ʙʫʜʫʪʴ ʜʦʨʽʚʥʶʚʘʪʠ 

 

()

() gg

gg

sin

cos

*

**

Ö=

Ö+=

p

pp

ry

rxx
, 

 

ʜʝ 632
00 Ï¢¢g . 

ʂʦʦʨʜʠʥʘʪʠ ʧʨʷʤʦʣʥ̔̔ʡʥʦʾ ʜʽʣʷʥʢʠ 9-2 ʙʫʜʫʪ ɹ ʚʠʟʥʘʯʘʪʠʩʴ ʟʘ 

ʬʦʨʤʫʣʘʤʠ 

 

( )

29

99

...yyy

tgyyxx

=

Ö--= g
. 

 

ʋ ʪʨʝʪʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʛʨʘʤʘ ʚʠʜʘʻ ʚʽʜʧʦʚʽʜʴ, ʱʦ ʩʠʩʪʝʤʘ ʥʝ ʤʘʻ 

ʨʽʰʝʥʴ ʽ ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʠʪʠ ʧʦʣʦʞʝʥʥʷ ʢʝʨʫʶʯʠʭ ʽ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʢʨʠʚʦʾ 

ɹʝʟʴ.̒ 

ɼʨʫʛʫ ʯʘʩʪʠʥʫ ʧʨʦʬʽʣʶ ʚʠʟʥʘʯʠʤʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʥʘ ʢʨʠʚʠʭ (ʨʠʩ. 2.14). 
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ʈʠʩ. 2.14. ɺʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʥʘ ʢʨʠʚʠʭ 

 

nn

nn

yy

xx

-=

-=

2
*

*

p . 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʘʚʪʦʤʘʪʠʯʥʫ ʧʦʙʫʜʦʚʫ 

ʜʦʧʦʤʽʞʥʠʭ ʜʽʣʷʥʦʢ ʧʨʦʬʽʣʶ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʧʨʠ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʢʝʨʫʚʘʥʥʽ 

ʨʦʙʦʯʦ  ʁʜʽʣʷʥʢʦʶ, ʦʧʠʩʘʥʦ  ʁʢʨʠʚʦ ʁɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʧʦʙʫʜʦʚʠ ʜʦʧʦʤʽʞʥʠʭ ʢʨʠʚʠʭ. 

ʗʢʱʦ ʜʦʧʦʤʽʞʥʽ ʜʽʣʷʥʢʠ ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʢʨʠʚʦ ʁɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ, ʪʦ 

ʙʘʞʘʥʦ, ʱʦʙ ʚ ʪʦʯʮʽ ʩʪʠʢʦʚʢʠ ʦʩʥʦʚʥʦ ʾʽ ʜʦʧʦʤʽʞʥʦ ʾʜʽʣʷʥʦʢ ʙʫʣʘ ʙ ʟʘʛʘʣʴʥʘ 

ʜʦʪʠʯʥʘ ʽ ʟʙʽʛʘʣʠʩʷ ʢʨʠʚʠʟʥʠ ʦʙʦʭ ʢʨʠʚʠʭ [91]. 

ʇʦʟʥʘʯʠʤʦ ʧʦʯʘʪʢʦʚʫ ʢʨʠʚʫ ʯʝʨʝʟ nr , ʘ ʢʽʥʮʝʚʫ ï kr . ʉʪʠʢʫʚʘʥʥʷ ʙʫʜʝ 

ʚʽʜʙʫʚʘʪʠʩʴ ʚ ʦʧʦʨʥʽʡ ʪʦʯʮ ̔ʈ3n ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʦ ʾʧʨʠ 1=nl  ʪʘ ʚ ʦʧʦʨʥʡ̔ 

ʪʦʯʮ ̔ʈ0k ʢʽʥʮʝʚʦʾ ʢʨʠʚʦ ʾʧʨʠ 0=kl . ɺʽʜʧʦʚʽʜʥʦ, ʢʦʦʨʜʠʥʘʪʠ ʮʽʻʾ ʦʧʦʨʥʦʾ 

ʪʦʯʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʽʚʥʽ: 

 

x3n = x0k;  y3n = y0k .     (2.20) 
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ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʨʠʚʽ ʩʪʠʢʫʚʘʣʠʩʷ ʧʦ ʜʦʪʠʯʥʽʡ, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʧʝʨʰʽ 

ʧʦʭʽʜʥʽ ʢʨʠʚʠʭ ʚ ʮʽʡ ʪʦʯʮʽ ʙʫʣʠ ʨʽʚʥʽ. 

ʇʝʨʰʽ ʧʦʭʽʜʥʽ ʬʫʥʢʮʽʡ ),( xPxl  ʪʘ ),( yPy l  (2.16) ʧʦ l: 

 

( ) ( ) ( )01210
2

3210 326333),( xxxxxxxxxPx x -++-++-+-=¡ lll , 

( ) ( ) ( )01210
2

3210 326333),( yyyyyyyyyPy y -++-++-+-=¡ lll . 

 

ʇʝʨʰʽ ʧʦʭʽʜʥʽ ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʦʾ ʧʨʠ 1=nl  ʜʦʨʽʚʥʶʶʪʴ: 

 

nnxnn xxPx 32 33),1( +-=
¡

, 

nnynn yyPy 32 33),1( +-=¡ . 

 

ʇʝʨʰʽ ʧʦʭʽʜʥʽ ʢʽʥʮʝʚʦʾ ʢʨʠʚʦʾ ʧʨʠ 0=kl  ʜʦʨʽʚʥʶʶʪʴ: 

 

kkxkk xxPx 10 33),0( +-=
¡

, 

kkykk yyPy 10 33),0( +-=¡ . 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʩʪʠʢʫʚʘʥʥʷ ʧʦ ʜʦʪʠʯʥʽʡ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʠ 

ʨʽʚʥʦʩʪʽ ʧʝʨʰʠʭ ʧʦʭʽʜʥʠʭ ʚ ʪʦʯʮʽ ʩʪʠʢʫʚʘʥʥʷ: 

 

kknn xxxx 1032 +-=+- ;    (2.21) 

kknn yyyy 1032 +-=+- .    (2.22) 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʛʣʘʜʠʪʠ ʧʝʨʝʭʽʜ ʚʽʜ ʦʜʥʽʻʾ ʢʨʠʚʦʾ ʜʦ ʽʥʰʦʾ, ʥʝʦʙʭʽʜʥʦ 

ʟʨʽʚʥʷʪʠ ʟʥʘʯʝʥʥʷ ʢʨʠʚʠʟʥʠ ʢʨʠʚʠʭ ʚ ʪʦʯʮʽ ʾʭ ʦʙ'ʻʜʥʘʥʥʷ. 

ɼʣ̫ ʧʣʦʩʢʦʾ ʢʨʠʚʦʾ ʢʨʠʚʠʟʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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( ) ( )
2/3

22
),(),(

),(),(),(),(
),,(

ù
ú

ø
é
ê

è ¡+¡

¡Ö¡¡-¡Ö¡¡

=

yx

yxxy
yx

PyPx

PyPxPxPy
PPK

ll

llll
l  . 

 

ɼʨʫʛʽ ʧʦʭʽʜʥʽ ʢʨʠʚʦʾ ɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ ʜʦʨʽʚʥʶʶʪʴ: 

 

( ) ( )2103210 26336),( xxxxxxxPx x +-++-+-=¡¡ ll , 

( ) ( )2103210 26336),( yyyyyyyPy y +-++-+-=¡¡ ll . 

 

ɼʨʫʛʽ ʧʦʭʽʜʥʽ ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʦʾ ʧʨʠ 1=nl  ʜʦʨʽʚʥʶʶʪʴ: 

 

nnnxnn xxxPx 321 6126),1( +-=
¡¡

, 

nnnynn yyyPy 321 6126),1( +-=¡¡ . 

 

ɼʨʫʛʽ ʧʦʭʽʜʥʽ ʢʽʥʮʝʚʦʾ ʢʨʠʚʦʾ ʧʨʠ 0=kl  ʜʦʨʽʚʥʶʶʪʴ: 

 

kkkxkk xxxPx 210 6126),0( +-=
¡¡

, 

kkkykk yyyPy 210 6126),0( +-=¡¡ . 

 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʽ ʧʝʨʝʪʚʦʨʝʥʴ ʢʨʠʚʠʟʥʘ ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʦʾ ʚ ʪʦʯʮʽ 

ʩʪʠʢʦʚʢʠ ʜʦʨʽʚʥʶʻ: 

 

( ) ( ) ( )[ ]
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-Ö+-Ö+-ÖÖ
=  . 

 

ʂʨʠʚʠʟʥʘ ʢʽʥʮʝʚʦʾ ʢʨʠʚʦʾ: 
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( ) ( ) ( )[ ]
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01

2
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102021210
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kkkk
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yyxx

yyxyyxyyx
PPK
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=  . 

 

ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ (2.20), 

(2.21), (2.22) ʽ ʢʨʠʚʠʟʥʠ ʚ ʪʦʯʮʽ ʩʪʠʢʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦ ʾʽ ʢʽʥʮʝʚʦ ʾʢʨʠʚʠʭ 

ʜʦʨʽʚʥʶʚʘʪʠʤʫʪʴ 

 

),,0(),,1( ykxkkynxnn PPKPPK = , 

 

ʚʜʘʩʪʴʩʷ ʟʛʣʘʜʠʪʠ ʧʝʨʝʭʽʜ ʚʽʜ ʢʨʠʚʦʾ, ʷʢʘ ʦʧʠʩʫʻ ʨʦʙʦʯʫ ʜʽʣʷʥʢʫ ʚʠʭʽʜʥʦʛʦ 

ʧʨʦʬʽʣʶ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʢʨʠʚʦʾ, ʷʢʘ ʦʧʠʩʫʻ ʜʽʣʷʥʢʫ ʡʦʛʦ ʚʝʨʰʠʥʠ. 

 

2.4. ɸʧʨʦʢʩʠʤʘʮʽʷ ʢʨʠʚʠʤʠ ɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʠʨʦʙʽʚ, ʱʦ ʤʘʶʪʴ ʩʢʣʘʜʥʽ ʧʦʚʝʨʭʥʽ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʷʜʨʘ, ʷʢʝ ʟʘʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʮʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʙʦʨʽ ʪʘʢʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʦʧʠʩʫ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ 

ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ [94]. 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʩʠʥʪʝʟʫ ʧʝʨʝʜʘʯ ʟʘʯʝʧʣʝʥʥʷʤ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʠʥʪʝʟʫ ʻ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ 

ʛʝʦʤʝʪʨʽʾ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, 

ʟʫʙʦʨʽʟʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ɿʘʣʝʞʥʦ ʚʽʜ ʦʙʨʘʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʢʝʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʜʝʨʞʫʚʘʥʽ ʦʧʠʩʫ ʛʝʦʤʝʪʨʽʾ ʫ 

ʨʽʟʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʥʝ ʤʘʶʪʴ ʦʜʥʘʢʦʚʦʩʪʽ. ʎʝ ʥʝ ʜʦʟʚʦʣʷʻ ʫʥʽʬʽʢʫʚʘʪʠ 

ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʚʦʨʶʚʘʥʠʭ ʚʠʨʦʙʽʚ. 

ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʽʚ ʽ ʤʝʪʦʜʠʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʛʝʦʤʝʪʨʽʾ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʠʨʦʙʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʦ 

ʻʜʠʥʦʾ ʬʦʨʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ, ʟʨʫʯʥʦʛʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 
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ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ʚʠʨʦʙʽʚ ʪʘ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ʇʨʠ ʩʠʥʪʝʟʽ ʚʠʨʦʙʽʚ, ʱʦ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʬʦʨʤʫ ʧʦʚʝʨʭʦʥʴ, ʛʝʦʤʝʪʨʽʷ 

ʧʦʚʝʨʭʦʥʴ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ʗʢʱʦ 

ʨʦʟʛʣʷʥʫʪʠ ʧʝʨʝʨʽʟ ʟʫʙʘ ʢʦʣʝʩʘ ʘʙʦ ʧʨʦʬʽʣʴ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʦ ʦʧʠʩ ʢʨʠʚʠʭ 

ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʦ ʜʦ ʧʝʚʥʦʛʦ ʢʣʘʩʫ ï ʧʨʷʤʽ, ʜʫʛʠ ʢʽʣ, ʝʚʦʣʴʚʝʥʪʠ ʪʘ ̔ʥʰ,̔ ʘ 

ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʪʦʯʦʢ. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʴ-ʷʢʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʦʧʠʩʫ ʧʨʦʬʽʣʶ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʪʦʯʦʢ ʽ ʦʧʠʩʘʪʠ ʾʭ ʫ ʚʠʜʽ ʪʘʙʣʠʮʽ ʟʥʘʯʝʥʴ. 

ʆʜʥʘʢ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʫ ʪʝʦʨʽʶ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʩʠʥʪʝʟʫ ʚʠʨʦʙʽʚ ʽ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʙʘʞʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʥʽ 

ʛʣʘʜʢʽ ʢʨʠʚʽ, ʷʢʽ ʜʚʽʯʽ ʜʠʬʝʨʝʥʮʽʶʶʪʴʩʷ  ̔ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʢʝʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɹʫʜʴ-ʷʢʫ ʢʨʠʚʫ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʷʢ ʘʥʘʣʽʪʠʯʥʦ, ʪʘʢ ʽ ʫ ʚʠʜʽ ʪʘʙʣʠʮʽ 

ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʟ ʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʨʽʟʥʦʛʦ ʚʠʜʫ 

ʩʧʣʘʡʥʘʤʠ. ɺ ʷʢʦʩʪʽ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʦʧʠʩʫ ʧʨʦʧʦʥʫʶʪʴʩʷ ʢʨʠʚʽ ʽ ʧʦʚʝʨʭʥʽ 

ɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʤʘʶʪʴ ʮʽʣʫ ʥʠʟʢʫ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʨʫʯʥʠʭ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʝʨʦʚʘʥʦʛʦ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʩʠʥʪʝʟʫ 

ʚʠʨʦʙʽʚ ʽ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʩʧʦʩʦʙʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʨʠʚʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘʙʦʨʦʤ 

ʪʦʯʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʚʠʭ ɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʦʨʷʜʦʢ ʜʽʡ ʧʨʠ ʢʦʤʧ'ʶʪʝʨʥʦ-ʛʨʘʬʽʯʥʦʤʫ ʤʝʪʦʜʽ. 

ʎʝʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʙʫʜʴ-ʷʢʽʡ ʩʫʯʘʩʥʽʡ CAD-ʩʠʩʪʝʤʽ. 

1. ʅʝʭʘʡ ʟʘʜʘʥʘ ʢʨʠʚʘ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ ʤʥʦʞʠʥʦʶ ʪʦʯʝʢ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ X ̔  ̔Y̔ (ʨʠʩ. 2.15). 
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aN(xN,yN) 

ai(xi,yi) 

a1(x1,y1)  

ʈʠʩ. 2.15. ʂʨʠʚʘ ʟʘʜʘʥʘ ʪʘʙʣʠʯʥʠʤʠ ʜʘʥʠʤʠ Xi ʽ Yi 

 

2. ɺʠʙʠʨʘʻʤʦ ʢʦʤʘʥʜʫ çʂʨʠʚʘʷ ɹʝʟʴʝè  ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ, ʜʣʷ 

ʮʴʦʛʦ ʚʢʘʟʫʻʤʦ ʧʝʨʰʫ ʽ ʦʩʪʘʥʥʶ ʪʦʯʢʠ ʟʘʜʘʥʦʾ ʢʨʠʚʦʾ (ʦʧʦʨʥʽ ʪʦʯʢʠ ʜʣʷ 

ʢʨʠʚʦʾ ɹʝʟʴʻ, ʨʠʩ. 2.16). 

 

ʈʠʩ. 2.16. ʇʦʙʫʜʦʚʘ ʢʨʠʚʦʾ ɹʝʟʴʻ 

ʅʘʪʠʩʢʘʻʤʦ ʢʥʦʧʢʫ çʉʦʟʜʘʪʴ ʦʙʲʝʢʪè ʥʘ ʧʘʥʝʣʽ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ. 

 

 

 

 

3. ɼʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʨʠʚʦʾ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʢʨʠʚʫ, ʜʣʷ ʮʴʦʛʦ 
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ʧʦʪʨʽʙʥʦ ʢʣʘʮʥʫʪʠ ʧʦ ʢʨʠʚʽʡ ɹʝʟʴʻ ʜʚʽʯʽ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ. ʂʨʠʚʘ 

ʧ̔ʜʩʚ̔ʪʠʪɹʩ̫  ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ, ʽ ʟ'ʷʚʣʷʪʴʩʷ ʢʝʨʫʶʯʽ ʪʦʯʢʠ, ʟʤʽʥʶʶʯʠ 

ʧʦʣʦʞʝʥʥʷ ʷʢʠʭ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʢʨʠʚʫ (ʨʠʩ. 2.17). 

 

 

ʈʠʩ. 2.17 ʂʝʨʫʚʘʥʥʷ ʢʨʠʚʦʶ ɹʝʟʴʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ 

 

ɿʤʽʥʶʶʯʠ ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ, ʘʧʨʦʢʩʠʤʫʻʤʦ ʧʨʝʜʩʪʘʚʣʝʥʫ ʢʨʠʚʫ 

(ʨʠʩ. 2.18). 

 

 

ʈʠʩ. 2.18 ʈʝʟʫʣʴʪʘʪ ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʨʠʚʦʾ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʜʽʡ ʦʪʨʠʤʫʻʤʦ ʢʦʦʨʜʠʥʘʪʠ ʦʧʦʨʥʠʭ ʽ 

ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ ʢʨʠʚʦʾ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʥʦʩʷʪʴʩʷ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʽʢʥʘ 
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ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ çSAlATè [236]. 

ʇʨʠ ʘʥʘʣʽʪʠʯʥʦʤʫ ʩʧʦʩʦʙʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʜʠʥ ʟ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ. ʂʨʠʚʫ ɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

( ) ( ) ( ) 3
3

2
2

1
2

0
3

13131 xxxxx iiiiiii llllll +-+-+-= , 

( ) ( ) ( ) 3
3

2
2

1
2

0
3

13131 yyyyy iiiiiii llllll +-+-+-= . 

(2.23) 

 

ʊʫʪ, ii yx ,  ï ʧʦʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʢʨʠʚʦ,ʾ ilï- ʧʦʪʦʯʥʠʡ ʧʘʨʘʤʝʪʨ, 

ʱʦ ʟʤ̔ʥʶ̒ ʪʴʩʷ ʚ ʤʝʞʘʭ 10 ¢¢ il , ̔  ʚʽʜʧʦʚʽʜʥʠʡ -̔ʡ ʪʦʯʮ ̔ʢʨʠʚʦ,ʾ 

3300 ,,, yxyx  ï ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʦʚʦʾ ʈ0 ʪʘ ʢʽʥʮʝʚʦʾ ʈ3 ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʢʨʠʚʦ,ʾ 

2211 ,,, yxyx  ï ʢʦʦʨʜʠʥʘʪʠ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ ʈ1, ʈ2. 

ʇʨʠ ʟʘʜʘʥʥʽ ʢʨʠʚʦʾ ʪʘʙʣʠʯʥʠʤ ʩʧʦʩʦʙʦʤ ʚʽʜʦʤʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ 

ii yx , . ʋ ʨʘʟʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʨʠʚʦʾ ɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ ʥʝʚʽʜʦʤʠʤʠ ʻ 

ʢʦʦʨʜʠʥʘʪʠ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ ʈ1, ʈ2 ʪʘ ʟʥʘʯʝʥʥ̫  il , ʚʽʜʧʦʚʽʜʥʽ -̔ʠʤ ʪʦʯʢʘʤ 

ʢʨʠʚʦ.ʾ 

ʋ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾ ʚʽʜʭʠʣʝʥʥʷ ʪʦʯʦʢ ʢʨʠʚʦʾ ɹʝʟʴʻ ʚʽʜ ʟʘʜʘʥʠʭ ʪʦʯʦʢ 

ʢʝʨʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʢʦʦʨʜʠʥʘʪʠ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ. ʇʝʨʝʙʠʨʘʶʯʠ 

ʟʥʘʯʝʥʥʷ 21 xʠx  ʟ ʧʝʨʦhʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ, ʚʠʟʥʘʯʘʻʤʦ ʟʥʘʯʝʥʥ̫  

( )21,, xxxf ii =l . 

ʎʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʚʠʟʥʘʯʠʤʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ: 

min
1

2 =ä=
=

n

i
i

S d , 

 

ʜʝ ( ) ( ) ( )[ ]33
2

2
1

2
0

3
13131 yyyyyyy iiiiiiiiBii lllllld +-+-+--=-=  - 

ʚʽʜʭʠʣʝʥʥʷ ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ iBy  ʢʨʠʚʦʾ ɹʝʟʴʻ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (2.23) ʚʽʜ ʟʘʜʘʥʠʭ ʪʘʙʣʠʯʥʠʭ ʟʥʘʯʝʥʴ iy . 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʛʦʣʦʚʥʠʭ ʦʩʝʡ, ʨʦʟʨʦʙʣʝʥʠʡ ʈ.ʇ. ɹʨʝʥʪʦʤ [273], 

ʷʢʠʡ ʥʝ ʚʠʤʘʛʘʻ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʛʨʘʜʽʻʥʪ ʬʫʥʢʮʽʾ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

çAPACEè [233]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʢʦʤʧ'ʶʪʝʨʥʦ-ʛʨʘʬʽʯʥʠʡ ʽ ʘʥʘʣʽʪʠʯʥʠʡ ʩʧʦʩʦʙʠ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʚʠʜʽ ʪʘʙʣʠʮʽ ʧʨʦʬʽʣʽʚ ʢʨʠʚʠʤʠ ɹʝʟʴ̒  3-ʛʦ 

ʧʦʨʷʜʢʫ ʜʦʟʚʦʣʷʶʪʴ ʫʥʽʬʽʢʫʚʘʪʠ ʦʧʠʩ ʛʝʦʤʝʪʨʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʟʫʙʦʦʙʨʦʙʣʶʚʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʪʘ ʧʨʝʜʩʪʘʚʣʷʪʠ ʾʭ ʫ 

ʚʠʛʣʷʜʽ, ʟʨʫʯʥʦʤʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ 

ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʽ ʟʫʙʦʦʙʨʦʙʣʶʚʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟʫ 

ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ [4]. 

 

2.5. ʌʦʨʤʦʫʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʦʩʥʦʚʽ 

ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʷʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʟ 

ʢʝʨʫʶʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʚʝʜʝʤʦ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ S1 (ʨʠʩ. 2.19) [61]. 

ʇʣʦɦʠʥʘ Y1O1Z1  ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʯʘʪʢʦʚʦʶ ʧʣʦʱʠʥʦʶ ʥʘʧʨʷʤʥʦʾ. ʅʝʭʘʡ ʚ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ X1Y1Z1  ʟʘʜʘʥʘ ʧʨʦʩʪʦʨʦʚʘ ʢʨʠʚʘ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʦʟʜʦʚʞʥʶ 

ʬʦʨʤʫ ʩʪʚʦʨʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʈʽʚʥʷʥʥʷ ʮʽʻʾ ʢʨʠʚʦ ʾʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ [218]: 

 

( ) ( ) ( ) ( )kNzjNyiNxNr ,,,, 0000 mmmm ++= ,  (2.24) 

 

ʜʝ ( )Nx ,0 m , ( )Ny ,0 m , ( )Nz ,0 m ï ʜʦʚʽʣʴʥʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʥʝʦʙʭʽʜʥʝ ʯʠʩʣʦ 

ʨʘʟ̔ʚ ʜʠʬʝʨʝʥʮʽʶʶʪʴʩʷ ʧʦ ʘʨʛʫʤʝʥʪʫ Õ. 

ʗʢʱʦ ʥʘʧʨʷʤʥʘ ʦʧʠʩʘʥʘ ʢʨʠʚʦʶ ɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ, ʪʦ 

 

( ) ( ) ( ) ( ) 3
3

2
2

1
2

0
3

0 13131)(, nnnnfNr N mmmmmmmm +Ö-+Ö-+-== , (2.25) 
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ʜʝ n0=(y0, z0),  n3=(y3, z3)ï ʨʘʜ̔ʫʩ-ʚʝʢʪʦʨʠ ʦʧʦʨʥʠʭ ʪʦʯʦʢ n1=(y1, z1),  n2=(y2, z2) ï 

ʨʘʜ̔ʫʩ-ʚʝʢʪʦʨʠ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ; 1...0=m  ï ʧʦʪʦʯʥʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʪʦʯʢʫ ʥʘ ʢʨʠʚʡ̔. 

ʈʽʚʥʷʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦ ʢʝʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ S1: 

 

( )NPfr ,),( 11 =ml , 

 

ʜʝ P=P(p0, p1, p2, p3), N=N(n0, n1, n2, n3) ï ʚʝʢʪʦʨʠ ʢʝʨʫʶʯʠʭ ʽ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʟ 

ʨʽʚʥʷʥʴ (2.16) ʪʘ (2.25). 

ʈʦʟʪʘʰʫʻʤʦ ʧʦʯʘʪʦʢ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ Sʢ(XʢOʢYʢ) ʥʘ ʢʨʠʚʡ̔ (2.24) 

(ʨʠʩ. 2.19). ʇʨʠ ʮʴʦʤʫ ʚʩ̔ʴ OʢXʢ ʩʧʨʷʤʫʻʤʦ ʧʦ ʙʥ̔ʦʨʤʘʣ,̔ OʢYʢ ï ʧʦ ʛʦʣʦʚʥʽʡ 

ʥʦʨʤʘʣ,̔ OʢZʢ ï ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ ʮʽʻʾ ʢʨʠʚʦʾ. ʇʣʦʱʠʥʫ, ʧʘʨʘʣʝʣʴʥʫ ʧʣʦʱʠʥʽ 

X1O1Y1, ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʪʦʨʮʝʚʦʶ ʧʣʦʱʠʥʦʁ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥ,̔ ʘ 

ʧʝʨʝʨʽʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘʢʦʾ ʧʣʦʱʠʥʦʶ ï ʪʦʨʮʝʚʠʤ ʧʝʨʝʨʽʟʦʤ. 

ʇʝʨʝʨʽʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʧʣʦʱʠʥʦʶ XʢOʢYʢ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ 

ʥʦʨʤʘʣʴʥʠʤ ʧʝʨʝʨʽʟʦʤ. 

 

ʈʠʩ. 2.19. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʧʦʚʝʨʭʥʷ 

 



103 

ʈʽʚʥʷʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Sn [218]: 

( ) ( ) ( ) ( ) ( )ʫnxnn PfNnPfNbNrNPr ,,,,,),,,( 210 lmlmmml ++= , (2.26) 

ʘʙʦ ʚ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ 

   ( ) ( ) ( ) ( ) ( )ʫxnʭxnnn PfNnPfNbNxNPx ,,,,,),,,( 21 lmlmmml ++= ; 

( ) ( ) ( ) ( ) ( )ʫynʭynnn PfNnPfNbNyNPy ,,,,,),,,( 21 lmlmmml ++= ; (2.27) 

   ( ) ( ) ( ) ( ) ( )ʫznʭznnn PfNnPfNbNzNPz ,,,,,),,,( 21 lmlmmml ++= , 

ʜʝ ( )Nbxn ,m , ( )Nbyn ,m , ( )Nbzn ,m  ï ʥʘʧʨʷʤʥʽ ʢʦʩʠʥʫʩʠ ʙʥ̔ʦʨʤʘʣ ̔ (ʨʠʩ. 

2.20), ʨʚ̔ʥ̔ 

b
xn

k

zyzy
Nb 0000),(

###### -
=m ; 

b
yn

k

zxzx
Nb 0000),(

###### -
=m ;    

b
yn

k

yxyx
Nb 0000),(

###### -
=m ; 

(2.28) 

 

ʜʝ ( ) ( ) ( )20000
2

0000
2

0000 yxyxzxzxzyzykb ################## -+-+-= ;  

0x#, 0y#, 0z#, 0x##, 0y##, 0z##  ï ʧʝʨʰʽ ʽ ʜʨʫʛʽ ʧʦʭʽʜʥʽ ʚʽʜ ʢʦʦʨʜʠʥʘʪ ʨʘʜʽʫʩʘ - ʚʝʢʪʦʨʘ 

ʪʦʯʢʠ ʢʨʠʚʦʾ (2.24) ʧʦ ʧʘʨʘʤʝʪʨʫ m. 

 

ʈʠʩ. 2.20. ʅʦʨʤʘʣʴ, ʙʽʥʦʨʤʘʣʴ ʽ ʜʦʪʠʯʥʘ ʚ ʪʦʯʮʽ ʧʦʚʝʨʭʥʽ 
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( )Nnxn ,m , ( )Nnyn ,m , ( )Nnzn ,m  ï ʥʘʧʨʷʤʥʽ ʢʦʩʠʥʫʩʠ ʛʦʣʦʚʥʦ ʾ ʥʦʨʤʘʣʽ, 

ʨʽʚʥʽ 

 

   ( )
( ) ( )

n
xn

k

zxzxzyxyxy
Nn 0000000000,

############## ---
=m ; 

( )
( ) ( )

n
yn

k

zyzyzyxyxx
Nn 0000000000,

############## ---
=m ;   (2.29) 

   ( )
( ) ( )

n
zn

k

zyzyyzxzxx
Nn 0000000000,

############## -+-
-=m ; 

 

ʜʝ 

( ) ( )[ ]+---= 2
0000000000 zxzxzyxyxykn ##############  

( ) ( )[ ] ( ) ( )[ ]20000000000
2

0000000000 zyzyyzxzxxzyzyzyxyxx ############################ -+-+---+

 

ʅʘʧʨ̫ʤʥʽ ʢʦʩʠʥʫʩʠ ʜʦʪʠʯʥʦ:ʾ 

 

t

t
k

x
xn

0#= ; 
t

t
k

y
yn

0#= ; 
t

t
k

z
zn

0#= ,    (2.30) 

 

ʜʝ 2
0

2
0

2
0 zyxk ### ++=t . 

ʆʪʞʝ, ʟ ʦʛʣʷʜʫ ʥʘ ʥʘʚʝʜʝʥʝ ʚʠʱʝ: 

ï ʥʘʧʨʷʤʥ̔ ʢʦʩʠʥʫʩʠ ʙʥ̔ʦʨʤʘʣ ̔ʨʽʚʥʽ:  

( )1, =Nbxn m , ( ) 0, =Nbyn m , ( ) 0, =Nbznm ; 

 

ï ʥʘʧʨʷʤʥ̔ ʢʦʩʠʥʫʩʠ ʛʦʣʦʚʥʦʾ ʥʦʨʤʘʣ ̔ʨʽʚʥʽ: 

( ) 0, =Nnxn m , ( )
22

,

nn

n
yn

zy

z
Nn

##

#

+

=m , ( )
22

,

nn

n
zn

zy

y
Nn

##

#

+

-=m ; 
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ï ʥʘʧʨʷʤʥ̔ ʢʦʩʠʥʫʩʠ ʜʦʪʠʯʥʦʾ ʨʽʚʥʽ: 

 

( ) 0, =Nxn mt ; ( )
22

,

nn

n
yn

zy

y
N

##

#

+

=mt ; ( )
22

,

nn

n
zn

zy

z
N

##

#

+

=mt ; 

ʜʝ nn zy ##,  ï ʧʦʭʽʜʥʽ ʚʽʜ ʢʦʦʨʜʠʥʘʪ ʨʘʜʽʫʩʘ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ ʢʨʠʚʦʾ ʧʦ ʧʘʨʘʤʝʪʨʫ 

m. 

ɻʦʩʪʨʠʡ ʢʫʪ b ʤ̔ʞ ʚʽʩʩʶ O1Z1  ̔ʜʦʪʠʯʥʦʶ nt  ʢʨʠʚʦʶ (2.24) ʙʫʜʝʤʦ 

ʥʘʟʠʚʘʪʠ ʢʫʪʦʤ ʥʘʭʠʣʫ ʟʫʙʮʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʘʣʝʞʥʦʩʪʽ (2.30) ʮʝʡ ʢʫʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

 

22
cos

nn

n

zy

z

##

#

+

=b ; 
22

sin

nn

n

zy

y

##

#

+

=b .   (2.31) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʥʠʭ ʢʦʩʠʥʫʩʽʚ (2.30) ʽ (2.31) ʫ (2.27), 

ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Sn. 

ɿʘʜʘʪʠ ʧʦʟʜʦʚʞʥ ʁʬʦʨʤʫ ʟʫʙʘ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʦʩʪʦʨʦʚʦ ʁ

ʢʨʠʚʦ ʁ ʥʘ ʧʨʘʢʪʠʮʽ ʟʜʽʡʩʥʠʪʠ ʩʢʣʘʜʥʦ. ɹʽʣʴʰ ʨʝʘʣʴʥʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ 

ʧʦʟʜʦʚʞʥʷ ʬʦʨʤʘ ʟʫʙʘ ʟʘʜʘʥʘ ʧʣʦʩʢʦ ʁʢʨʠʚʦ,ʁ ʜʦʚʽʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʦ ʁʚ 

ʧʨʦʩʪʦʨʽ. ʈʦʟʛʣʷʥʝʤʦ ʮʝʡ ʚʠʧʘʜʦʢ, ʟʘʜʘʚʰʠ ʢʦʦʨʜʠʥʘʪʫ 0=nx  (ʢʨʠʚʘ ʣʝʞʠʪʴ 

ʚ ʧʣʦʱʠʥʽ YnOnZn). ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Sn ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 

   ),(),,,( 1 ʭn PfNPx lml = ; 

blmml cos),(),(),,,( 20 ʫn PfNyNPy += ;   (2.32) 

   blmml sin),(),(),,,( 20 ʫn PfNzNPz -= . 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʧʦʚʝʨʭʥ ̫ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ ʟʫʙʮ̔ ʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (2.32), ʜʝ ʟʘʤʽʩʪʴ ),(1 ʭPf l   ̔ ),(2 ʫPf l  ʥʝʦʙʭʽʜʥʦ 
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ʧʽʜʩʪʘʚʠʪʠ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʝʭʽʜʥʫ ʢʨʠʚʫ ʧʨʦʬʽʣ.̫ 

ʇʨʠ constzn=  ʦʪʨʠʤʘʻʤʦ ʪʦʨʮʝʚʠʡ ʧʝʨʝʨʽʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ 

ʧʨʠ const=b  ï ʥʦʨʤʘʣʴʥʠʡ ʧʝʨʝʨʽʟ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʦ ʁʧʦʚʝʨʭʥʝ  ʁʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʧʦʚʝʨʭʥ ̫ʟʫʙʘ ʪʚʽʨʥʦʛʦ 

ʢʦʣʝʩʘ. ɼʣʷ ʧʨʦʬʽʣ ̫ʫ ʚʠʜʽ ʩʧʣʘʡʥʘ ʨʽʚʥʷʥʥʷ ʪʚʽʨʥʦʛʦ ʧʨʷʤʦʟʫʙʦʛʦ ʢʦʣʝʩʘ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (2.16) ʚ ʨʫʭʦʤʡ̔ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ )( 1111 zyxS , ʙʫʜʝ 

ʤʘʪʠ ʚʠʛʣʷʜ: 

mll ==-= 121111 );,(;),( zPfyrPfx yx     (2.33) 

 

ʋ ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ ʨʽʚʥʷʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʧʨʷʤʦʟʫʙʦʛʦ ʢʦʣʝʩʘ ʟ ʙʫʜʴ-

ʷʢʠʤ ʧʨʦʬʽʣʝʤ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

kjPfirPfNPr yx mllml ++-= ),(]),([),,,( 2111
   (2.34) 

 

ʈʽʚʥʷʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʩʦʟʫʙʦʛʦ ʢʦʣʝʩʘ ʚ ʨʫʭʦʤʠʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ 111 zyx  ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

m

mlml

mlml

Pz

PfrPfy

PfrPfx

yx

yx

=

+-=

--=

1

2111

2111

cos),(sin]),([

sin),(cos]),([

 

ʜʝ p2/TP= . 

ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʢʝʨʫʚʘʥʥʷ ʪʚʽʨʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʧʨʦʬʽʣʴ ʷʢʦʾ 

ʦʧʠʩʘʥʠʡ ʢʨʠʚʦʾ ɹʝʟʴʻ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ (2.16), ʘ ʧʦʟʜʦʚʞʥʷ ʣʽʥʽʷ ʟʫʙʘ ʜʫʛʦʶ 

ʢʦʣʘ (2.4) [64], [86]. 

ʈʽʚʥʷʥʥʷ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʻ ʚʠʛʣʷʜ: 

),(),( 1 xn PfNPx l= ; 

( ) blbb cos),(coscos),( 20 yun PfRNPy +-= ; 

( ) blbb sin),(sinsin),( 20 yun PfRNPz --= . 
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ʅʘ ʨʠʩʫʥʢʫ 2.21 ʧʦʢʘʟʘʥʘ ʪʚʽʨʥʘ ʧʦʚʝʨʭʥ ̫ʟ ʢʨʫʛʦʚʦʶ ʣʽʥʽʻʶ ʟʫʙʘ. 

 

 

ʈʠʩ. 2.21. ʊʚʽʨʥʘ ʧʦʚʝʨʭʥ ̫ʟ ʢʨʫʛʦʚʦʶ ʣʽʥʽʻʶ ʟʫʙʘ 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʦʨʽʾ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ çCOSETè [235]. 

 

2.6. ɺʥʫʪʨʽʰʥʷ ʛʝʦʤʝʪʨʽʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʛʝʦʤʝʪʨʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʟʘʜʘʯʘʭ ʛʽʜʨʦ- ʽ 

ʛʘʟʦʜʠʥʘʤʽʢʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝʦʙʭʽʜʥʽ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢ ʥʦʨʤʘʣʴ ʪʘ 

ʾʾ ʧʨʦʝʢʮʽʾ ʥʘ ʦʩʽ ʢʦʦʨʜʠʥʘʪ, ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʢʚʘʜʨʘʪʠʯʥʠʭ 

ʬʦʨʤ, ʥʦʨʤʘʣʴʥʽ ʢʨʠʚʠʟʥʠ ʚ ʟʘʜʘʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

ɺʝʢʪʦʨ ʥʦʨʤʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ [218] 

 

ml
nnn rrN ³= ,      (2.35) 

ʜʝ lnr  ʡ mnr  ï ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ (2.32) 
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ʧʦ l  ̔ʧʦ m ʚʽʜʧʦʚʽʜʥʦ: 

 

( )[ ]( )kjPKfrr ʫnn bblm cossin,1' 2 +Ö-Ö= ; 

( ) ( ) ( ) kPfjPfiPfr ʫʫʭn blblll sin,cos,, '
2

'
2

'
1 -+= , 

(2.36) 

 

ʜʝ ( )( ) ( )( ) ( )23
2

1201
2'

1 31613),( xxxxxxPf ʭ -+--+--= lllll , 

( )( ) ( )( ) ( )23
2

1201
2'

2 31613),( yyyyyyPf ʫ -+--+--= lllll  ï 

ï ʧʦʭʽʜʥʽ ʬʫʥʢʮʽʾ ),(1 ʭPf l  ʠ ),(2 ʫPf l  ʧʦ l; 

22' nnn zyr ##+=  ï ʤʦʜʫʣʴ ʧʦʭʽʜʥʦ ʾʨʘʜʽʫʩʘ-ʚʝʢʪʦʨʘ ʢʨʠʚʦʾ (2.24);  

( )2/32
0

2
0

0000

zy

zyyz
K

##

######

+

-
-=  ï ʢʨʠʚʠʟʥʘ ʢʨʠʚʦ ʾ(2.24). 

ʇʽʜʩʪʘʚʣʷʶʯʠ (2.36) ʚ (2.32), ʦʪʨʠʤʘʻʤʦ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʽ ʜʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ: 

 

( )( ) ( )PʫfPKfrN ʫnxn ,,1 '
22

' ll Ö-Ö-= ; 

( )( ) ( ) bll cos,,1 '
12

'
ʭʫnyn PfPKfrN Ö-Ö= ; 

( )( ) ( ) bll sin,,1 '
12

'
ʭʫnzn PfPKfrN Ö-Ö-= . 

(2.37) 

 

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʽ ʜʦʨʽʚʥʶʻ: 

 

( )( ) ( )( ) ( )( )2'
2

2'
12

' ,,,1 ʫʭʫnn PfPfPKfrN lll +³-Ö= ,  (2.38) 

 

ʪʦ ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʚ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ: 
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( )

( )( ) ( )( )2'
2

2'
1

2

,,

,'

ʫx

ʫ
xn

PfPf

Pf
e

ll

l

+

-= ; 

( )

( )( ) ( )( )2'
2

2'
1

'
1

,,

cos,

yʭ

ʭ
yn

PfPf

Pf
e

ll

bl

+

= ; 

( )

( )( ) ( )( )2'
2

2'
1

'
1

,,

sin,

yʭ

ʭ
zn

PfPf

Pf
e

ll

bl

+

-= , 

(2.39) 

ʘʙʦ, 

asin-=xne ; bacoscos=yne ; basincos-=zne .   (2.40) 

 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʝʨʰʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʽ 

[132]: 

 

   ( ) ( ) ( ) ( )2222 llll
nnnnn rzyxE =++= ; 

mlmlmlml
nnnnnnnnn rrzzyyxxF =++= ;    (2.41) 

   ( )2mnn rG = . 

 

ɼʣʷ ʧʦʚʝʨʭʥʽ (2.27) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.36) ʦʪʨʠʤʘʻʤʦ 

 

( )[ ] ( )[ ]2'
2

2'
1 ,, ʫʭn PfPfE ll += ; 

0=nF ; 

( )( ) ( ) ( )( )22
222

2

2
'
0 ,1,1 ʫnnʫn PKfzyPKfrG ll -Ö+=-Ö= ##  

(2.42) 

 

ʂʦʝʬʽʮʽʻʥʪʠ ʜʨʫʛʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ [218] 
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2

2

2

2

2

2

2

2

llll µ

µ
=

µ

µ
+

µ

µ
+

µ

µ
= n

n
n

zn
n

yn
n

xnn
r

e
z

e
y

e
x

eL ; 

mlmlmlml µµ

µ
=

µµ

µ
+

µµ

µ
+

µµ

µ
= n

n
n

zn
n

yn
n

xnn
r

e
z

e
y

e
x

eM
2222

;  (2.43) 

   
2

2

2

2

2

2

2

2

mmmm µ

µ
=

µ

µ
+

µ

µ
+

µ

µ
= n

n
n

zn
n

yn
n

xnn
r

e
z

e
y

e
x

eN . 

 

ɿʥʘʡʜʝʤʦ ʜʨʫʛʽ ʧʦʭʽʜʥʽ ʨʘʜʽʫʩʘ-ʚʝʢʪʦʨʘ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦ l  ̔ʧʦ m: 

 

( ) ( ) ( ) kPfjPfiPf
r

yyʭ
n blbll
l

sin,cos,, ''
2

''
2

''
12

2

-+=
µ

µ
; (2.44) 

( )( )kzjyPKf
r

nnʫ
n ## +Ö-=
µµ

µ
,'

2

2

l
ml

; (2.45) 

( )( ) ( )[ ]

( )( ) ( )[ ]kPfzKPKfz

jPfyKPKfy
r

ʫnʫn

ʫnʫn
n

Ö--+

+Ö--=
µ

µ

,,1

,,1

2
'

2

2
'

22

2

ll

ll
m

###

###
; (2.46) 

 

ʜʝ ( )ʭPf ,''
1 l  ʠ ( )ʫPf ,''

2 l  ï ʜʨʫʛʽ ʧʦʭʽʜʥʽ ʬʫʥʢʮʽʡ ( )ʭPf ,1l   ̔ ( )ʫPf ,2l  ʧʦ l 

(2.19). 

ʇʽʜʩʪʘʚʠʚʰʠ (2.44), (2.45) ʽ (2.46) ʚ (2.43), ʦʪʨʠʤʫʻʤʦ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʨʫʛʦ ʾʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ: 

 

( ) ( ) alal cos,sin, ''
2

''
1 ʫʭn PfPfL +-= ; 

0=nM ; 

( ) ( )[ ]ʫnnn PKfzyKN ,1cos 2
22 la -Ö+Ö= ## . 

(2.47) 

 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.42) ʽ (2.47) ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 
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ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ ʽ ʧʦʜʦʚʞʥʶ ʬʦʨʤʫ ʟʫʙʮ̔ ʚ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ. ɺʦʥʠ ʥʦʩʷʪʴ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʩʧʨʘʚʝʜʣʠʚʽ ʜʣʷ ʟʫʙʯʘʩʪʠʭ ʨʝʡʦʢ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ. 

ʅʦʨʤʘʣʴʥʘ ʢʨʠʚʠʟʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘʣʝʞʥʽʩʪʶ [218] 

 

22

22

2

2

mmll

mmll

dGddFdE

dNddMdL
K

nnn

nnn

++

++
= ,    (2.48) 

 

ʜʝ ld   ̔ md  ï ʜʠʬʝʨʝʥʮʽʘʣʠ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ l ʪʘ m. 

ʅʘʧʨʷʤʦʢ, ʚ ʷʢʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʠʚʠʟʥʘ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ld  ʽ md . 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʢʨʠʚʠʟʥʘ ʚʟʜʦʚʞ ʣʽʥʽʡ ( )0, == ll dconst  (ʨʠʩ. 2.20) 

ʜʦʨʽʚʥʶʻ: 

( )yn

n

PKf

K

G

N
K

,1

cos

2l

a
m

-
== ,    (2.49) 

 

ʘ ʢʨʠʚʠʟʥʘ ʚʟʜʦʚʞ ʣʽʥʽʡ const=m , ʪʘʢʠʤ ʯʠʥʦʤ ʢʨʠʚʠʟʥʘ ʧʨʦʬʣ̔ʁ  (ʨʠʩ. 

2.20), ʜʦʨʽʚʥʶʻ 

 

( ) ( ) ( ) ( )

( )( ) ( )( )
.

,,

,,,,

2

3
2'

2

2'
1

'
2

''
1

''
2

'
1
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ʊʘʢ ʷʢ ʜʣʷ ʜʘʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʚʘʜʨʘʪʠʯʥʠʭ 

ʬʦʨʤ 0=nF   ̔ 0=nM , ʢʦʦʨʜʠʥʘʪʥ ̔ ʣ̔ʥ̔ ʾ const=l   ̔ const=m   ̒ ʣ̔ʥ̫̔ ʤʠ 

ʢʨʠʚʠʟʥʠ, ʘ ʥʦʨʤʘʣʴʥ ̔ʢʨʠʚʠʟʥʠ mK   ̔ lK  ï ʛʦʣʦʚʥʠʤʠ ʢʨʠʚʠʟʥʘʤʠ ʧʦʚʝʨʭʥ ̔

(2.27). 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

1. ɿʘʩʥʦʚʘʥʽ ʥʘ ʻʜʠʥʽʡ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʙʘʟʽ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʘʪʴ 

ʫʥʽʬʽʢʦʚʘʥʽ ʢʝʨʫʶʯʽ ʧʘʨʘʤʝʪʨʠ, ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʪʝʨʘʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʚʩʽʤʘ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʽʟʫʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

2. ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʧʦʚʝʨʭʥʽ, ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʚʠʜʫ ʥʘ 

ʙʘʟʽ ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʙʝʟʧʝʯʫʻ ʘʧʨʦʢʩʠʤʘʮʽʶ ʪʦʯʢʦʚʦʛʦ 

ʧʦʜʘʥʥʷ ʮʠʭ ʧʦʚʝʨʭʦʥʴ ʩʧʣʘʡʥʦʚʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʽ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʠʭ ʤʝʪʦʜʠʢ, ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʷʢ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʧʠʩʫ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ, ʪʘʢ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

3. ɯʥʪʝʨʘʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʰʣʷʭʦʤ 

ʨʘʟʤʽʱʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʥʽ ʽ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʩʪʦʨʫ ʪʘ, ʚ ʧʦʜʘʣʴʰʦʤʫ, ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʨʦʩʪʦʨʫ ʨʘʟʦʤ ʟ ʧʦʚʝʨʭʥʝʶ ʱʦʜʦ ʥʝʨʫʭʦʤʦʛʦ ʧʨʦʩʪʦʨʫ; ʰʣʷʭʦʤ ʟʤʽʥʠ 

ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʧʦʚʝʨʭʥʶ. 

4. ʇʦʣʽʪʢʘʥʠʥʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʷʢ ʦʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʜʝʬʦʨʤʘʮʽʾ ʧʨʦʩʪʦʨʫ 

ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʛʝʦʤʝʪʨʽʻʶ ʘʥʘʣʽʪʠʯʥʦ ʟʘʜʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʙʫʜʴ-ʷʢʠʤ ʾʾ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʽ ʩʪʚʦʨʶʚʘʪʠ ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ 

ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʻʜʠʥʦʤʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʦʧʠʩʽ ʽʟ 

ʟʘʛʘʣʴʥʠʤʠ ʢʝʨʫʶʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʉʢʣʘʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʣʽʪʢʘʥʠʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʚʠʥʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʚôʷʟʢʽʚ ʟ ʥʦʚʦʶ ʩʠʩʪʝʤʦʶ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʦʧʠʩʫ ʧʦʚʝʨʭʦʥʴ. 

5. ɺ ʷʢʦʩʪʽ ʜʨʫʛʦʛʦ ʩʧʦʩʦʙʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 
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ʧʦʚʝʨʭʦʥʴ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʠʩ ʧʦʚʝʨʭʦʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʣʘʡʥʽʚ, 

ʟ ʷʢʠʭ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ ʻ 

ʢʨʠʚʽ ɹʝʟʴʻ ʽ NURBS. 

6. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʪʨʠʤʘʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢ ʥʦʨʤʘʣʴ ʪʘ ʾʾ ʧʨʦʝʢʮʽʾ 

ʥʘ ʦʩʽ ʢʦʦʨʜʠʥʘʪ, ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʢʚʘʜʨʘʪʠʯʥʠʭ ʬʦʨʤ, 

ʥʦʨʤʘʣʴʥʽ ʢʨʠʚʠʟʥʠ ʚ ʟʘʜʘʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

ʄʘʪʝʨʽʘʣʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʙʦʪʘʭ: [4], [27], [64], 

[68], [61], [73], [79], [86], [87], [91], [94], [126], [225], [233], [234], [235], [236]. 
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ʈʆɿɼɯʃ 3 

ʋɿɸɻɸʃʔʅɽʅʀʁ ʆʇʀʉ ʌʋʅʂʎɯɰ ʌʆʈʄʆʋʊɺʆʈɽʅʅʗ 

ɿʋɹʏɸʉʊʀʍ ʂʆʃɯʉ 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʦʧʠʩʫ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʫʥʽʬʽʢʫʚʘʪʠ ʾ ʾ

ʤʘʪʝʤʘʪʠʯʥʝ ʧʦʜʘʥʥʷ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʇʨʠ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʦʧʠʩʽ ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʨʠʯʥʝ ʧʦʜʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ ʦʜʥʦʛʦ 

ʢʣʘʩʫ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʦ ʽʥʰʦʛʦ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʢʣʘʩʠʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʦʬʝʩʦʨʦʤ ʇ.ʈ. ʈʦʜʽʥʠʤ [231]. ʅʘ ʾʾ 

ʦʩʥʦʚʽ ʤʦʞʣʠʚʘ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʜʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʝʨʫʶʯʠʭ ʫʥʽʬʽʢʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʅʝʦʙʭʽʜʥʦ, ʪʘʢʦʞ, ʨʦʟʛʣʷʥʫʪʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ ʚ ʯʘʩʪʠʥʽ ʨʦʟʰʠʨʝʥʥʷ 

ʩʧʦʩʦʙʽʚ ʚʟʘʻʤʦʜʽʾ ʢʦʥʪʘʢʪʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

3.1. ʂʽʥʝʤʘʪʠʯʥʽ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ 

3.1.1. ʊʨʝʪʽʡ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ 

ɿʘʚʜʘʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʪʘ ʷʢʽʩʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʙʝʟʫʩʣʦʚʥʦ, ʻ ʘʢʪʫʘʣʴʥʠʤʠ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʝʦʨʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʷʢʘ ʧʨʦʜʦʚʞʫʻ ʨʦʟʚʠʚʘʪʠʩʷ ʽ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠʩʷ. 

ɺ ʨʦʙʦʪʽ [231] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʢʽʥʝʤʘʪʠʯʥʽ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʧʦʻʜʥʘʥʥʽ ʧʨʷʤʦʣʽʥʽʡʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʽ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʽʚ. 

ɿʘʩʣʫʛʦʚʫʻ ʥʘ ʫʚʘʛʫ ʪʨʝʪʽʡ ʢʣʘʩ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʨʫʭ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʱʦʜʦ ʽʥʩʪʨʫʤʝʥʪʫ ʙʫʜʝ 
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ʤʠʪʪʻʚʠʤ ʛʚʠʥʪʦʚʠʤ ʨʫʭʦʤ, ʷʢʠʡ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʜʚʦʭ ʦʙʝʨʪʘʥʴ ʥʘʚʢʦʣʦ 

ʧʝʨʝʭʨʝʩʥʠʭ ʦʩʝʡ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʨʝʪʴʦʛʦ ʪʠʧʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ 

ʢʣʘʩʫ, ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʦʬʝʩʦʨʦʤ ʈʦʜʽʥʠʤ ʇ.ʈ. ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 3.1. 

ʊʘʙʣʠʮ ̫3.1 

ʊʨʝʪʽʡ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ 
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ʠ
 

ɺʽʜʥʦʩʥʠʡ ʨʫʭ ʚʠʨʦʙʫ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ 

ʧʨʦʬʽʣʶʚʘʥʥʽ ʇʦʜʘʥʥʷ 

ʚʜ̔ʥʦʩʥʦʛʦ ʨʫʭʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʢʩʦʾʜ̔ʚ 

ɽʩʢʽʟ ʚʟʘʻʤʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʢʩʦʜʾ̔ʚ 

ɸʢʩʦʾʜ 

ʉʢʣʘʜʦʚʽ 
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ʥ
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ɯʥʩʪʨʫʤʝʥʪʘ ɺʠʨʦʙʫ 

3 3 

ɼʚʘ ʦʙʝʨʪʘʥʥʷ 

ʥʘʚʢʦʣʦ 

ʧʝʨʝʭʨʝʩʥʠʭ ʦʩʝʡ 

ɻ
ʚʠ
ʥ
ʪ
ʦ
ʚ
ʝ

 

ʂʦʯʝʥʥʷ ʟ 

ʢʦʚʟʘʥʥʷʤ 

ʛ̔ʧʝʨʙʦʣʦʾʜʘ ʧʦ 

ʛ̔ ʧʝʨʙʦʣʦʾʜʫ 

 

ɻ̔ʧʝʨʙʦʣʦʜʾ ɻ̔ʧʝʨʙʦʣʦʜʾ 

 

çɸʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʟʚ'ʷʟʫʻ ʧʝʨʝʤʽʱʝʥʥʷ ʣʘʥʦʢ ʬʦʨʤʦʪʚʦʨʥʦʶ 

ʩʠʩʪʝʤʠ ʟ ʪʨʘʻʢʪʦʨʽʻʶ ʨʫʭʫ ʪʦʯʦʢ ʽʥʩʪʨʫʤʝʥʪʫ ʱʦʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʚ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ, ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʬʫʥʢʮʽʻʶ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷè [229]. 

çɼʣʷ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʡ ʤʘʪʝʤʘ-

ʪʠʯʥʠʡ ʘʧʘʨʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʪʨʠʮʽ ʽ ʚʝʢʪʦʨʠ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʽ ʘʥʘʣʽʟʫ ʨʽʚʥʷʥʴ 

ʧʦʚʝʨʭʦʥʴ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʰʠʨʦʢʦ ʚʽʜʦʤʦ ʟ ʪʝʦʨʽʾ ʟʫʙʯʘʩʪʠʭ 

ʟʘʯʝʧʣʝʥʴ ʽ ʘʥʘʣʽʟʫ ʤʝʭʘʥʽʢʠ ʨʦʙʦʪʽʚè [175]. 

ʄʘʪʨʠʯʥʝ ʧʦʜʘʥʥʷ ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

 

( ) ( ) () () ( ) ),,,(603416),,,( 11010222 NPrMMMaMMNPr mlmwplp mljgjml ÖÖÖÖÖ= , 

 

ʜʝ ʄ ʧʦʟʥʘʯʘʻ ʤʘʪʨʠʮʶ, ʘ ʮʠʬʨʠ ʧʽʩʣʷ ʥʝʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʣʝʤʝʥʪʘʨʥʽ ʨʫʭʠ: 

1, 2, 3 ï ʝʣʝʤʝʥʪʘʨʥʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʫʟʜʦʚʞ ʦʩʝʡ ʍ, Y, Z, ʘ 4, 5, 6 ï 

ʝʣʝʤʝʥʪʘʨʥʽ ʦʙʝʨʪʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʥʘʚʢʦʣʦ ʦʩʝʡ ʍ, Y, Z. ɯʥʜʝʢʩʠ ʧʦʢʘʟʫʶʪʴ, 
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ʷʢʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʧʦʚ'ʷʟʫʻ ʚʽʜʧʦʚʽʜʥʘ ʤʘʪʨʠʮʷ ʄ. ʋ ʜʫʞʢʘʭ ʚʢʘʟʘʥʽ 

ʢʝʨʫʶʯʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʟʘʻʤʦʜʽʾ ʩʧʨʷʞʝʥʠʭ 

ʧʦʚʝʨʭʦʥʴ. 

ʅʘ ʨʠʩ. 3.1 ʟʦʙʨʘʞʝʥʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ. 

 

ʈʠʩ. 3.1. ʉʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ 

ʢʣʘʩʫ 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ, ʢʨʽʤ ʬʫʥʢʮʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʚôʷʟʢʠ, ʷʢʽ ʧʦʚôʷʟʫʶʪʴ ʚʽʜʥʦʩʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ. 

çɺʩ̔ L ʟʚôʷʟʢʽʚ, ʷʢʽ ʥʘʷʚʥʽ ʫ ʚʝʨʩʪʘʪʽ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʧʝʚʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʟʚôʷʟʢʽʚ ʦʛʠʥʘʥʥ̫  Lʦʛ, ʧʨʠʭʦʚʘʥʠʭ ʟʚôʷʟʢʽʚ Lʩʢ ʪʘ ʬʫʥʢʮʦ̔-

ʥʘʣʴʥʠʭ ʟʚôʷʟʢʽʚ Lʬ: 

L= Lʦʛ+ Lʩʢ+ Lʬ, 

ʧʨʠʯʦʤʫ ʚ ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʘʭ ʙʫʜʴ-ʷʢʽ ʟ ʮʠʭ ʚʠʜʽʚ ʟʚôʷʟʢʽʚ ʷʢ ʚ ʦʢʨʝʤʠʭ 
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ʚʠʧʘʜʢʘʭ, ʪʘʢ ʽ ʩʫʢʫʧʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʙʝʨʥʝʥʥʶ ʚ 

ʥʫʣʴ ʧʝʚʥʠʭ ʜʦʜʘʥʢʽʚè [229]. 

çʇʨʠ ʦʙʨʦʙʮʽ ʥʘ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʚʝʣʴʤʠ ʧʦʰʠʨʝʥʽ ʚʠʧʘʜʢʠ, 

ʢʦʣʠ ʦʙʨʦʙʣʶʚʘʥʘ ʧʦʚʝʨʭʥʷ ʚʠʭʦʜʠʪʴ ʪʘʢʦʶ, ʷʢʘ ʦʛʠʥʘʻ ʩʽʤʝʡʩʪʚʘ ʤʠʪʪʻʚʠʭ 

ʧʦʣʦʞʝʥʴ ʨʽʟʘʣʴʥʠʭ ʢʨʘʡʦʢ ʽʥʩʪʨʫʤʝʥʪʫ. ɺʠʥʠʢʘʶʯʽ ʧʨʠ ʮʴʦʤʫ ʟʚ'ʷʟʢʠ ʤʽʞ 

ʟʤʽʥʥʠʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʟʚ'ʷʟʢʘʤʠ ʦʛʠʥʘʥʥ̫ ; ʚʦʥʠ ʦʨʛʘʥʽʯʥʦ ʚʣʘʩʪʠʚʽ ʩʭʝʤ ̔

ʦʙʨʦʙʢʠ ʽ ʥʝ ʚʠʤʘʛʘʶʪʴ ʜʣʷ ʩʚʦʻʾ ʨʝʘʣʽʟʘʮʽʾ ʙʫʜʴ-ʷʢʠʭ ʥʘʩʪʨʦʶʚʘʣʴʥʠʭ 

ʚʫʟʣʽʚè [229]. 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʟʚ'ʷʟʦʢ ʦʛʠʥʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʢʽʥʝʤʘʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ: 

0
)12(

11 =Vn , 

ʜʝ 1n  ï ʚʝʢʪʦʨ ʥʦʨʤʘʣ ̔ʜʦ ʧʦʚʝʨʭʥ;̔ )12(
1V ï ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ. 

çɻʨʫʧʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʚôʷʟʢʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚôʷʟʢʽʚ ʦʛʠʥʘʥʥ̫  ʽ 

ʧʨʠʭʦʚʘʥʠʭ, ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʰʚʠʜʢʦʩʪʽ ʘʙʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʰʚʠʜʢʦʩʪʷʤʠ ʚʫʟʣʽʚ ʬʦʨʤʦʪʚʦʨʥʦ ʾʩʠʩʪʝʤʠ, ʪʘʢ ʷʢ ʚʦʥʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʘʙʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʧʘʨʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʛʽʪʘʨʠ, ʢʫʣʘʯʢʠ ʽ ʪ..̔), ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʚ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʟʚôʷʟʢʠ ʟʘʚʞʜʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʣʘʥʦʢ, ʪʘʢ ʽ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʦʨʜʠʥʘʪʘʤʠ ʮʠʭ ʨʫʭʽʚ, ʱʦ 

ʚʠʭʦʜʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʰʚʠʜʢʽʩʥʦ ʾʟʘʣʝʞʥʦʩʪʽè [229]. 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚ'ʷʟʦʢ ʷʚʣʷʻ ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ 

12 /ww=u , 

 

ʜʝ 1w  ʠ 2w  ï ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʣʘʥʦʢ. 

 

3.1.2. ʏʝʪʚʝʨʪʠʡ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ 

ʢʣʘʩʫ 

ʈʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ 

ʚʟʘʻʤʦʜʽʾ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʨʦʟʛʣʷʜʘʪʠ ʥʦʚʽ ʪʠʧʠ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, 

ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 
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ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɺ ʢʣʘʩʠʬʽʢʘʮʽʶ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʚʢʣʶʯʠʪʠ ʯʝʪʚʝʨʪʠʡ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 3.2. 

ʊʘʙʣʠʮ ̫3.2 

ʏʝʪʚʝʨʪʠʡ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ 
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ɺʽʜʥʦʩʥʠʡ ʨʫʭ ʚʠʨʦʙʫ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ 

ʧʨʦʬʽʣʶʚʘʥʥʽ ʇʦʜʘʥʥʷ 

ʚʜ̔ʥʦʩʥʦʛʦ ʨʫʭʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʢʩʦʾʜ̔ʚ 

ɽʩʢʽʟ ʚʟʘʻʤʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʢʩʦʜʾ̔ʚ 

ɸʢʩʦʾʜ 

ʉʢʣʘʜʦʚʽ 
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ɯʥʩʪʨʫʤʝʥʪʘ ɺʠʨʦʙʫ 

3 4 

ɼʚʘ ʦʙʝʨʪʘʥʥʷ 

ʥʘʚʢʦʣʦ 

ʧʝʨʝʭʨʝʩʥʠʭ ʦʩʝʡ, 

ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ 

ʫʟʜʦʚʞ ʦʩʽ 

ʮʠʣʽʥʜʨʘ 

ɻ
ʚʠ
ʥ
ʪ
ʦ
ʚ
ʝ

 

ʂʦʯʝʥʥʷ ʟ 

ʢʦʚʟʘʥʥʷʤ 

ʛ̔ʧʝʨʙʦʣʦʾʜʘ ʧʦ 

ʮʠʣʽʥʜʨʫ 

 

ɻ̔ʧʝʨʙʦʣʦʜʾ 

 

ʎʠʣʽʥʜʨ 

ʎʠʣʽʥʜʨ 

 

ɻ̔ʧʝʨʙʦʣʦʜʾ 

 

ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʨʝʪʴʦʛʦ ʢʣʘʩʫ, 

ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʚʟʘʻʤʦʜʽʷ ʘʢʩʦʾʜ̔ʚ ʮʠʣʽʥʜʨʘ ʽ ʪʽʣʘ, ʪʠʧʫ 

çʦʜʥʦʧʦʨʦʞʥʠʥʥʠʡ ʛʽʧʝʨʙʦʣʦʾʜè, ʷʢʘ ʻ ʥʦʚʦʶ, ʥʝ ʚʠʚʯʝʥʦʶ ʾʾ ʨʽʟʥʦʚʠʜʥʽʩʪʶ 

[90]. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʰʣʽʬʫʚʘʥʥʷ ʥʘ ʧʝʨʝʭʨʝʩʥʠʭ ʦʩʷʭ ʜʝʪʘʣʽ 

ʮʠʣʽʥʜʨʠʯʥʠʤ ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ (ʨʠʩ. 3.2). 

 

ʈʠʩ. 3.2. ʇʘʨʘ: ʮʠʣʽʥʜʨ ï ʪʽʣʦ, ʪʠʧʫ çʦʜʥʦʧʦʨʦʞʥʠʥʥʠʡ ʛ̔ ʧʝʨʙʦʣʦʾʜè 
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ʄʘʪʨʠʯʥʝ ʧʦʜʘʥʥʷ ʯʝʪʚʝʨʪʦʛʦ ʪʠʧʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦ-

ʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ ʤʘʻ ʚʠʛʣʷʜ 

 

( ) ( ) () () ( ) ),,,(63416),,,( 110110222 NPrMzMMaMMNPr mlmwplp mljgjml ÖÖÖÖÖ= . 

 

ʊʫʪ ʟʚôʷʟʢʠ ʦʛʠʥʘʥʥ̫  ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʚôʷʟʢʠ ʘʥʘʣʦʛʽʯʥʽ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʚʠʧʘʜʢʫ. ɿʚôʷʟʦʢ ʦʛʠʥʘʥʥ̫ 

 

0
)12(

11 =Vn  

 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʟʚôʷʟʦʢ 

 

12 /ww=u  

 

ɸʣʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʜʘʻʪʴʩʷ ʧʨʠʭʦʚʘʥʠʡ ʟʚôʷʟʦʢ. çʇʨʠ ʜʫʙʣʶʚʘʥʥʽ 

ʦʜʥʘʢʦʚʠʭ ʨʫʭʽʚ ʨʽʟʥʠʤʠ ʚʫʟʣʘʤʠ ʚʝʨʩʪʘʪʘ ʘʙʦ ʧʨʠ ʟʙʽʛʫ ʦʛʠʥʘʶʯʦʾ ʩʽʤʝʡʩʪʚʘ 

ʤʠʪʪʻʚʠʭ ʧʦʣʦʞʝʥʴ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʩʘʤʦʶ ʧʦʚʝʨʭʥʝʶ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʨʠʭʦʚʘʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʬʦʨʤʦʪʚʦʨʥʦʶ ʩʠʩʪʝʤʠ. 

ʌʽʟʠʯʥʦ ʪʘʢʠʡ ʟʚ'ʷʟʦʢ ʚʽʜʧʦʚʽʜʘʻ ʥʘʷʚʥʦʩʪʽ çʟʘʡʚʦʛʦè ʨʫʭʫ, ʙʝʟ ʷʢʦʛʦ ʧʨʦʮʝʩ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʩʝ ʦʜʥʦ ʙʫʚ ʙʠ ʤʦʞʣʠʚʠʡè [229]. 

ʇʨʠʭʦʚʘʥʠʡ ʟʚôʷʟʦʢ ʚʠʥʠʢʘʻ ʫ ʚʠʛʣʷʜʽ ʧʦʩʪʫʧʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʫʟʜʦʚʞ ʩʚʦʻʾ ʦʩʽ: 

 

tzV /11=   (ʤʤ/ʩʝʢ), 

 

ʜʝ z1 ï ʚʽʜʩʪʘʥʴ, ʥʘ ʷʢʫ ʧʝʨʝʤʽʩʪʠʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪ (ʤʤ); t ï ʯʘʩ, ʟʘ ʷʢʠʡ 

ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʨʫʭ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʯʝʧʣʝʥʥʷ ʟ ʧʝʨʝʭʨʝʩʥʠʤʠ ʦʩʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʪʨʠ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 3.3): ʨʫʭʦʤʽ ʩʠʩʪʝʤʠ 222111 zyx̔zyx , ʧʦʚ'ʷʟʘʥʽ, 
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ʚʽʜʧʦʚʽʜʥʦ, ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ ʟʫʙʯʘʩʪʠʤ ʢʦʣʝʩʦʤ 1 ʽ ʰʫʢʘʥʠʤ ʛʽʧʝʨʙʦʣʦʾʜʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ 2, ʽ ʥʝʨʫʭʦʤʫ ʩʠʩʪʝʤʫ xyz, ʱʦʜʦ ʷʢʦʾ ʙʫʜʝʤʦ ʟʘʜʘʚʘʪʠ 

ʧʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ. ʆʩʷʤʠ ʦʙʝʨʪʘʥʥʷ ʣʘʥʦʢ ʻ ʚʽʜʧʦʚʽʜʥʦ 

1z   ̔ 2z , g ï ʢʫʪ ʩʭʨʝʱʫʚʘʥʥʷ ʦʩʝʡ; wa  ï ʥʘʡʢʦʨʦʪʰʘ ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ. 

ʇʝʨʝʭʽʜ ʚʽʜ ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ xyz ʜʦ ʨʫʭʦʤʦʾ 222 zyx  

ʟʨʦʙʠʤʦ ʚ ʜʚʘ ʧʨʠʡʦʤʠ: 1) ʧʝʨʝʥʝʩʝʤʦ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʆ1 ʫ ʆ2 ʽ 

ʧʦʚʝʨʥʝʤʦ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʥʘʚʢʦʣʦ ʦʩʽ x ʪʘʢ, ʱʦʙ ʢʫʪ ʤʽʞ ʦʩʷʤʠ z ʽ pz  

ʩʪʘʚ ʨ̔ʚʥʠʤ g; ʪʦʜ ̔ ʩʠʩʪʝʤʘ xyz ʧʨʠʡʤʝ ʧʦʣʦʞʝʥʥ ̫ ppp zyx ; 2) ʜʘʣʽ 

ʧʦʚʝʨʥʝʤʦ ʩʠʩʪʝʤʫ ppp zyx  ʥʘʚʢʦʣʦ pz  ʥʘ ʢʫʪ 2j, ʚ ʨʝʟʫʣʴʪʘʪ ̔ʯʦʛʦ ʩʠʩʪʝʤʘ 

ppp zyx  ʧʝʨʝʡʜʝ ʫ 222 zyx . ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ppp zyx   ̒ ʜʦʧʦʤʽʞʥʦ ʁʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʧʨʠ ʚʠʚʝʜʝʥʥʽ ʬʦʨʤʫʣ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

 

ʈʠʩ. 3.3. ʉʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 
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ʅʘ ʨʠʩ. 3.3 ʥʘʚʝʜʝʥʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʜʣʷ ʩʧʦʩʪʝʨʽʛʘʯʘ, ʷʢʠʡ ʜʠʚʠʪʴʩʷ ʟ 

ʙʦʢʫ ʜʦʜʘʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʦʩʝʡ z1 ʽ z2, ʩʧʨʷʞʝʥ ̔ʢʦʣʝʩʘ 1  ̔2 ʦʙʝʨʪʘʶʪʴʩʷ ʧʨʦʪʠ 

ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨ̔ʣʢʠ.  

ɺʠʚʦʜ ʬʦʨʤʫʣ ʧʝʨʝʪʚʦʨʝʥʴ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʧʝʨʝʭʽʜ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ S1 ʜʦ S2, ̌ ʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʘʢʦʤʫ ʟʘʧʠʩʽ 

 

,1211122 rMrMMMr opop =Ö=
GG

      (3.1)  

 

ʜʝ 
21 , rr
CC

 ï  ʤʘʪʨʠʮʽ-ʩʪʦʚʧʮʽ ʨʘʜʽʫʩʽʚ-ʚʝʢʪʦʨʽʚ 21 , rr  ʦʜʥ̔̒ ʾ  ̔ ʪ̔ ʻʾ ʞ ʪʦʯʢʠ ʚ 

ʩʠʩʪʝʤʘʭ 
21 , SS ; 

01M  ï ʤʘʪʨʠʮ ̫ʧʝʨʝʭʦʜʫ ʚʽʜ 01 SʜʦS ; 

pM2  ï ʤʘʪʨʠʮ ̫ʧʝʨʝʭʦʜʫ ʚʽʜ 2SʜʦSp ; 

21M  ï ʨʝʟʫʣʴʪʫʶʯʘ ʤʘʪʨʠʮʷ ʜʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ .21 SʜʦS  

ɿʘʧʠʰʝʤʦ ʬʦʨʤʫʣʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʷʤʦʢʫʪʥʠʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʧʦʚʦʨʦʪʽ 

ʦʩʝʡ. ʊʦʜʽ ʧʝʨʝʭʽʜ ʚʽʜ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ )( 1111 zyxS  ʜʦ ʥʝʨʫʭʦʤʦʾ 

ʩʠʩʪʝʤʠ )(xyzS  ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ [43]: 
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       (3.2) 

  

ɼʘʣʽ ʟʘʧʠʰʝʤʦ ʬʦʨʤʫʣʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʷʤʦʢʫʪʥʠʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ 

ʧʘʨʘʣʝʣʴʥʦʤʫ ʧʝʨʝʥʝʩʝʥʥʽ ʽ ʧʦʚʦʨʦʪʽ ʦʩʝʡ. ʊʦʜʽ ʧʝʨʝʭʽʜ ʚʽʜ ʥʝʨʫʭʦʤʦʾ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ )(0 xyzS  ʜʦ ʜʦʧʦʤʽʞʥʦʾ ʩʠʩʪʝʤʠ )( pppp zyxS  ʟʘʧʠʰʝʤʦ ʚ 

ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 
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ʇʜ̔ʩʪʘʚʣʷʶʯʠ ʚ ʚʠʨʘʟʠ (3.3) ʟʥʘʯʝʥʥʷ (3.2), ʦʪʨʠʤʫʻʤʦ 
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     (3.4) 
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ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ ʚʠʨʘʟʠ (3.5) ʚʠʨʘʟʠ (3.4), ʦʪʨʠʤʫʻʤʦ  
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  (3.6) 

 

ʌʦʨʤʫʣʠ ʧʝʨʝʭʦʜʫ ʚʽʜ 12 SʜʦS  ʤʘʁ ʪɹ ʪʘʢʠʡ ʚʠʜ: 
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  (3.7) 

 

ʌʦʨʤʫʣʠ ʟʚ'ʷʟʢʫ ʤʽʞ ʥʝʨʫʭʦʤʦʶ ʩʠʩʪʝʤʦʶ )(xyzS  ʽ ʨʫʭʦʤʦ  ʁ

)( 2222 zyxS  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤʠ ʚʠʨʘʟʘʤʠ:  
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   (3.8)  

 

ʌʦʨʤʫʣʠ ʧʝʨʝʭʦʜʫ ʚʽʜ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ )( 2222 zyxS  ʜʦ 

ʥʝʨʫʭʦʤʦʾ )(0 xyzS ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢ: 
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    (3.9)  

  

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʠʤʦ ʬʦʨʤʫʣʠ ʧʝʨʝʭʦʜʫ ʚʽʜ 
1SʜʦS   ̔ʥʘʟʘʜ 

[43]: 
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      (3.11)  

  

ʈʽʚʥʷʥʥʷʤʠ (3.6) ʟʘʜʘʻʪʴʩʷ ʟʚôʷʟʦʢ ʤʽʞ ʢʦʦʨʜʠʥʘʪʘʤʠ ʩʠʩʪʝʤʠ, ʱʦ 

ʦʙʝʨʪʘʻʪʴʩ,̫ ʞʦʨʩʪʢʦ ʧʦʚôʷʟʘʥʦʾ ʟ ʚʠʨʦʙʦʤ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʮʠʣʽʥʜʨʠʯʥʝ ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ (ʩʠʩʪʝʤʘ S )( 1111 zyx ),  ̔ʢʦʦʨʜʠʥʘʪʘʤʠ ʩʠʩʪʝʤʠ, 

ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʞʦʨʩʪʢʦ ʧʦʚôʷʟʘʥʦʾ ʟ ʛ̔ʧʝʨʙʦʣʦʜʾʥʠʤ ʢʦʣʝʩʦʤ (ʩʠʩʪʝʤʘ 

)( 2222 zyxS ). 

ʈʦʟʛʣʷʥʝʤʦ ʨʽʚʥʷʥʥʷ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʨʷʤʦʟʫʙʠʭ ʽ 

ʢʦʩʦʟʫʙʠʭ ʢʦʣʽʩ, ʱʦ ʤʘʶʪʴ ʫʟʘʛʘʣʴʥʝʥʠʡ ʚʠʭʽʜʥʠʡ ʧʨʦʬʽʣʴ. ʇʽʜ 

ʫʟʘʛʘʣʴʥʝʥʠʤ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʧʨʦʬʽʣʴ, ʦʙʤʝʞʝʥʠʡ ʜʦʚʽʣʴʥʦ ʁʢʨʠʚʦ ʁʚʠʜʫ: 

 

),,(;),( 21111 yx PfyrPfx ll =-=     (3.12) 

 

ʜʝ -),(),,( 21 yx PfPf ll  ʜʦʚʽʣʴʥʽ ʬʫʥʢʮʽʾ, ʱʦ ʜʠʬʝʨʝʥʮʽʶʶʪʴʩʷ ʥʝʦʙʭʽʜʥʫ 

ʢʽʣʴʢʽʩʪʴ ʨʘʟ̔ʚ; 

l ï ʟʤʽʥʥʘ ʚʝʣʠʯʠʥʘ; 

-1r  ʨʘʜʽʫʩ ʢʦʣʘ, ʥʘ ʷʢʽʡ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʟʫʙʮ ̔ʢʦʣʝʩʘ. 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʧʨʷʤʦʟʫʙʦʛʦ ʢʦʣʝʩʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʨʘʟʽʚ (3.12) ʚ ʨʫʭʦʤʡ̔ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ )( 1111 zyxS , ʙʫʜʝ ʤʘʪʠ ʚʠʜ: 

 

mll ==-= 121111 );,(;),( zPfyrPfx yx    (3.13) 
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ʋ ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ ʨʽʚʥʷʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʧʨʷʤʦʟʫʙʦʛʦ ʢʦʣʝʩʘ ʟ ʙʫʜʴ-

ʷʢʠʤ ʧʨʦʬʽʣʝʤ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

 

kjPfirPfNPr yx mllml ++-= ),(]),([),,,( 2111
 (3.14) 

 

ʈʽʚʥʷʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʩʦʟʫʙʦʛʦ ʢʦʣʝʩʘ ʚ ʨʫʭʦʤʠʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ 111 zyx  ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ 

 

m

mlml

mlml

Pz

PfrPfy

PfrPfx

yx

yx

=

+-=

--=

1

2111

2111

cos),(sin]),([

sin),(cos]),([

 , 

 

ʜʝ p2/TP= . 

ɸʥʘʣʦʛʽʯʥʘ ʩʭʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʦʙʨʦʙʮʽ 

ʛʽʧʝʨʙʦʣʦʾʜʥʦʾ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʠʯʥʠʤ ʦʙʢʘʪʥʠʤ ʨʽʟʮʝʤ ʧʨʠ ʧʦʜʘʯʽ ʡʦʛʦ 

ʫʟʜʦʚʞ ʦʩʽ ʨʽʟʮʷ (ʨʠʩ. 3.4). 

 

ʈʠʩ. 3.4. ʏʝʪʚʝʨʪʠʡ ʪʠʧ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ 
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ʎʝʡ ʩʧʦʩʽʙ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʽʧʝʨʙʦʣʦʾ ʜʥʠʭ ʟʫʙʦʨʽʟʥʠʭ 

ʬʨʝʟ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ 

ʦʙʨʦʙʢʠ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ [56]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʪʠʧʫ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ 

ʥʝʜʦʨʦʛʠʡ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʧʦʣʽʧʰʫʻ ʷʢʽʩʪʴ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ. 

 

3.1.3. ʇ'ʷʪʠʡ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ 

ɼʦ ʨʽʟʥʦʚʠʜʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʨʝʪʴʦʛʦ ʢʣʘʩʫ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʩʭʝʤʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʧʨʦʬʽʣʶʚʘʥʥ ̔ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʙʝʨʪʘʥʥʷ ʧʨʷʤʦʾ, ʷʢʘ ʫʪʚʦʨʶʻ ʛʧ̔ʝʨʙʦʣʦʜʾ [58], [59]. 

ʇ'ʷʪʠʡ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 3.3. 

ʊʘʙʣʠʮ ̫3.3 

ʇ'ʷʪʠʡ ʪʠʧ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ 

ʂ
ʣ
ʘ
ʩ
 
ʩ
ʭ
ʝ
ʤ

ʠ
 

ʊ
ʠ
ʧ
 
ʩ
ʭ
ʝ
ʤ

ʠ
 

ɺʽʜʥʦʩʥʠʡ ʨʫʭ ʚʠʨʦʙʫ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ 

ʧʨʦʬʽʣʶʚʘʥʥʽ ʇʦʜʘʥʥʷ 

ʚʜ̔ʥʦʩʥʦʛʦ ʨʫʭʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʢʩʦʾʜ̔ʚ 

ɽʩʢʽʟ ʚʟʘʻʤʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʢʩʦʾʜ̔ʚ 

ɸʢʩʦʾʜ 

ʉʢʣʘʜʦʚʽ 

ʉ
ʫ
ʤ
ʘ
ʨ
ʥ
ʝ
 

ʤ
ʠ
ʪ
ʪ
ʻ
ʚ
ʝ

 

ɯʥʩʪʨʫʤʝʥʪʘ ɺʠʨʦʙʫ 

3 5 

ʆʙʝʨʪʘʥʥʷ 

ʛ̔ʧʝʨʙʦʣʦʜʾʘ 

ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ, 

ʧʦʩʪʫʧʘʣʴʥʠʡ 

ʫʟʜʦʚʞ ʧʨʷʤʦʾ 

ɻ
ʚʠ
ʥ
ʪ
ʦ
ʚ
ʝ

 

ʂʦʯʝʥʥʷ ʟ 

ʢʦʚʟʘʥʥʷʤ 

ʛ̔ʧʝʨʙʦʣʦʾʜʘ ʧʦ 

ʧʨʷʤʽʡ 

 

ɻ̔ʧʝʨʙʦʣʦʜʾ 

 

ʇʨʷʤʘ 

ʇʨʷʤʘ  

 

ɻ̔ʧʝʨʙʦʣʦʜʾ 

 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʘʢʩʦʜʾ ʪʽʣʘ, ʪʠʧʫ çʦʜʥʦʧʦʨʦʞʥʠʥʥʠʡ ʛʽʧʝʨʙʦʣʦʾʜè 

ʧʝʨʝʢʦʯʫʻʪʴʩʷ ʧʦ ʧʨʷʤʽʡ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʦ ʡʦʛʦ ʪʚʽʨʥʽʡ, ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʫʟʜʦʚʞ ʮʽʻʾ ʧʨʷʤʦʾ. ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʪʦʯʽʥʥʷ 

ʜʝʪʘʣʽ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʧʦʨʦʞʥʠʥʥʦʛʦ ʛʽʧʝʨʙʦʣʦʾʜʘ, ʢʦʣʠ ʨʽʟʘʣʴʥʘ ʢʨʦʤʢʘ ʨʽʟʮʷ 

ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʧʦ ʪʚʽʨʥʽʡ ʛ̔ʧʝʨʙʦʣʦʜʾʘ.  

ɿʘʩʣʫʛʦʚʫʻ ʥʘ ʫʚʘʛʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʩʭʝʤʠ ʧʨʠ ʥʘʨʽʟʘʥʥʽ ʚʠʪʢʽʚ 

ʛʽʧʝʨʙʦʣʦʾʜʥʘ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʜʘʪʥʦʛʦ ʦʙʨʦʙʣʷʪʠ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʨʽʟʥʦʛʦ 
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ʤʦʜʫʣ ̫(ʨʠʩ. 3.5). 

 

  

 
 

ʈʠʩ. 3.5. ʉʭʝʤʘ ʥʘʨʽʟʫʚʘʥʥʷ ʚʠʪʢʽʚ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

 

ʄʘʪʨʠʯʥʝ ʧʦʜʘʥʥʷ ʬʫʥʢʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ: 

 

( ) ( ) () () () ),,,(063416),,,( 10110222 NPrMzMMaMMNPr mlmwplp mlgjml ÖÖÖÖÖ=

 

ɿʚôʷʟʦʢ ʦʛʠʥʘʥʥ̫ 

0
)12(

11 =Vn . 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚôʷʟʦʢ 

 

tzV /11= , ʜʝ gj cos21 ÖÖ= waz . 

 

ʊʫʪ ʧʝʨʝʤʽʱʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫʟʜʦʚʞ ʧʨʷʤʦʣʽʥʽʡʥʦʾ 

ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʦʜʥʦʧʦʨʦʞʥʠʥʥʦʛʦ ʛ̔ʧʝʨʙʦʣʦʜʾʘ. 
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3.1.4. ʉʧʦʩʽʙ ʥʘʨʽʟʫʚʘʥʥʷ ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ 

ʽʥʩʪʨʫʤʝʥʪʽʚ 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʜʝʶ ʧ'ʷʪʦʛʦ ʪʠʧʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ, ʦʬʦʨʤʣʝʥʠʡ ʽ ʦʪʨʠʤʘʥʠʡ ʧʘʪʝʥʪ  ̄68546 [205] 

(ʨʠʩ. 3.6). 

ɺ ʦʩʥʦʚʽ ʚʠʥʘʭʦʜʫ ʣʝʞʠʪʴ ʟʘʜʘʯʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʫ ʥʘʨʽʟʫʚʘʥʥʷ 

ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʪʘʢʫ ʛʝʦʤʝʪʨʽʶ 

ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ʛʽʧʝʨʙʦʣʦʾʜʥʦʾ ʧʝʨʝʜʘʯʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʛʽʧʝʨʙʦʣʦʾʜʥʦʤʫ 

ʢʦʣʝʩʫ ʚʭʦʜʠʪʠ ʚ ʟʘʯʝʧʣʝʥʥʷ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ ʢʦʣʝʩʦʤ ʙʫʜʴ-ʷʢʦʛʦ ʜʽʘʤʝʪʨʫ ʟ 

ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʟʫʙʮʽʚ. ʋ ʩʧʦʩʦʙʽ ʥʘʨʽʟʘʥʥʷ ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʜʣʷ ʛʽʧʝʨʙʦʣʦʾʜʥʦʾ ʧʝʨʝʜʘʯʽ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʪʘʢ, ʱʦ ʢʦʣʠ ʦʩʽ ʟʘʛʦʪʦʚʢʠ 

ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ ʩʭʨʝʱʝʥʽ, ʘ ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʽ ʢʽʣʴʢʦʩʪʽ 

ʾʭ ʟʫʙʮ̔ ʚ, ʥʘʨʽʟʫʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴ ʧʨʷʤʦʟʫʙʠʤ ʜʦʚʙʘʯʝʤ ʥʘ ʟʘʛʦʪʦʚʮʽ, 

ʚʠʢʦʥʘʥʦʾ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʧʦʨʦʞʥʠʥʥʦʛʦ ʛʽʧʝʨʙʦʣʦʾʜʘ, ʧʦʜʘʯʝʶ ʜʦʚʙʘʯʘ 

ʫʟʜʦʚʞ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʦʜʥʦʧʦʨʦʞʥʠʥʥʦʛʦ ʛ̔ʧʝʨʙʦʣʦʜʾʘ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʨʫʭ, ʘʥʘʣʦʛʽʯʥʠʡ ʨʫʭʫ ʟʫʙʯʘʩʪʦʾ ʨʝʡʢʠ, ʪʦʙʪʦ 

ʦʪʨʠʤʫʚʘʪʠ ʦʙʢʦʯʫʚʘʥʥʷ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʢʦʣʝʩʘ ʜʦʚʙʘʯʝʤ ʥʝʩʢʽʥʯʝʥʥʦ 

ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʛʽʧʝʨʙʦʣʦʾʜʥ ̔ ʢʦʣʝʩʘ ʟ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʶ ʛʝʦʤʝʪʨʽʻʶ ʟʫʙʘ. ʉʫʪʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.6, ʜʝ ʟʦʙʨʘʞʝʥʦ 

ʧʨʠʩʪʨʽʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʧʨʷʤʦʟʫʙʠʡ 

ʜʦʚʙʘʯ 1, ʛʽʧʝʨʙʦʣʦʾʜʥʝ ʢʦʣʝʩʦ 2. ʉʧʦʩʽʙ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. ʅʘ ʩʪʦʣʽ 

ʟʫʙʦʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʥʘ ʦʧʨʘʚʮʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʨʷʤʦʟʫʙʠʡ ʜʦʚʙʘʯ 1. ʅʘ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʩʫʧʦʨʪʽ ʚʝʨʩʪʘʪʘ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʘʛʦʪʦʚʢʫ ʜʣʷ ʥʘʨʽʟʘʥʥ̫  

ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʢʦʣʝʩʘ 2. ɺʽʩʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʩʫʧʦʨʪʘ ʧʦʚʝʨʥʫʪʘ ʥʘ ʢʫʪ ɔ 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʩʽ ʩʪʦʣʫ ʚʝʨʩʪʘʪʘ. ʉʪʽʣ ʚʝʨʩʪʘʪʘ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ 

ʩʫʧʦʨʪ ʦʙʝʨʪʘʶʪʴʩʷ ʟ ʢʫʪʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʦʙʝʨʥʝʥʥʷ, ʧʨʦʧʦʨʮʽʡʥʠʤʠ 

ʢʽʣʴʢʦʩʪʽ ʟʫʙʮʽʚ ʜʦʚʙʘʯʘ 1 ʽ ʥʘʨʽʟʫʚʘʥʦʛʦ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ 

2. ɼʦʚʙʘʯ ʧʝʨʝʤʽʱʫʶʪʴ ʟ ʧʦʜʘʯʝʶ S ʚʟʜʦʚʞ ʧʨʷʤʦʣʽʥʽʡʥʠʭ 

ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʭ ʦʜʥʦʧʦʨʦʞʥʠʥʥʦʛʦ ʛʽʧʝʨʙʦʣʦʾʜʘ. ʇʝʨʝʚʘʛʠ ʪʝʭʥʽʯʥʦʛʦ 

ʨʽʰʝʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ: ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʛʽʧʝʨʙʦʣʦʾʜʥ ̔ ʟʫʙʯʘʩʪ ̔
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ʢʦʣʝʩʘ ʟ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʶ ʛʝʦʤʝʪʨʽʻʶ ʟʫʙʘ; ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ; ʧʽʜʚʠʱʫʻʪʴʩʷ ʷʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʢʦʣʽʩ; ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʦʜʥʦʛʦ 

ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʢʦʣʝʩʘ ʟ ʨʽʟʥʠʤʠ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʟʫʙʯʘʩʪʠʤʠ ʢʦʣʝʩʘʤʠ. 

 

ʈʠʩ. 3.6. ʉʧʦʩʽʙ ʥʘʨʽʟʫʚʘʥʥʷ ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʽʥʩʪʨʫʤʝʥʪʽʚ 

 

3.2. ɿʚ'ʷʟʢʠ ʦʛʠʥʘʥʥ̫ 

ʂʽʥʝʤʘʪʠʯʥʫ ʩʭʝʤʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 4-ʛʦ ʪʠʧʫ 3-ʛʦ ʢʣʘʩʫ ʤʦʞʥʘ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʧʘʨʠ çʛʽʧʝʨʙʦʣʦʾʜ-ʮʠʣʽʥʜʨè. ʇʦʚʝʨʭʥʷ 

ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʢʦʣʝʩʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʯʝʧʣʝʥʥʽ ʟ ʦʛʠʥʘʶʯʦʶ ʾʾ ʧʦʚʝʨʭʥʝʶ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ, ʞʦʨʩʪʢʦ ʧʦʚôʷʟʘʥʦʾ ʟ ʩʠʩʪʝʤʦʶ ʢʦʦʨʜʠʥʘʪ, ʱʦ 

ʦʙʝʨʪʘʻʪʴʩʷ .111 zyx  

ɿʘʟʥʘʯʝʥʽ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʢʦʥʪʘʢʪ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʎʝ ʜʦʚʦʜʠʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʤʽʨʢʫʚʘʥʥʷʤʠ. ʅʝʭʘʡ ʟʘʜʘʥʦ ʩʽʤʝʡʩʪʚʦ ʧʦʚʝʨʭʦʥʴ, ʟʘʣʝʞʥʝ ʚʽʜ 
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ʢʫʪʘ ʧʦʚʦʨʦʪʫ j, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: F(x,y,z,j) = 0. 

ɿʤʽʥʶʶʯʠ j, ʦʪʨʠʤʫʻʤʦ ʨʽʟʥʽ ʧʦʚʝʨʭʥʽ ʩʽʤʝʡʩʪʚʘ. ɺʽʟʴʤʝʤʦ ʜʚʽ ʩʫʩʽʜʥʽ 

ʧʦʚʝʨʭʥʽ ʩʽʤʝʡʩʪʚʘ F(x,y,z,j) = 0 ʽ F(x,y,z,j+ Dj)= 0. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʮʽ ʜʚʽ 

ʩʫʩʽʜʥʽ ʧʦʚʝʨʭʥʽ ʙʫʜʫʪʴ ʧʝʨʝʪʠʥʘʪʠʩʷ. ʊʦʜʽ ʣʽʥʽʷ ʧʝʨʝʪʠʥʫ ʮʠʭ ʧʦʚʝʨʭʦʥʴ 

ʟʘʧʠʰʝʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ [43]: 

 

0),,,(;0),,,( =D+= jjj zyxFzyxF  

 

ɻʨʘʥʠʯʥʝ ʧʦʣʦʞʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ ʧʨʠ D ­j 0 ʥʘʟʠʚʘʻʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʦʚʝʨʭʥʽ (ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʻʶ). ʈʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʫʜʫʪʴ ʥʘʩʪʫʧʥʠʤʠ: 

 

0/),,,(;0),,,( == µjjµj zyxFzyxF      (3.15) 

 

ɿʤʽʥʶʶʯʠ ʢʫʪ ʧʦʚʦʨʦʪʫ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʦʪʨʠʤʘʻʤʦ ʜʝʷʢʝ ʤʽʩʮʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʝ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʩʢʨʠʤʽʥʘʥʪʥʦʶ ʧʦʚʝʨʭʥʝʶ. 

ɺʠʢʣʶʯʠʚʰʠ ʢʫʪ ʧʦʚʦʨʦʪʫ ʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.15), ʦʪʨʠʤʘʻʤʦ 

ʨʽʚʥʷʥʥʷ ʜʠʩʢʨʠʤʽʥʘʥʪʥʦʾ ʧʦʚʝʨʭʥʽ. ʗʢʱʦ ʜʠʩʢʨʠʤʽʥʘʥʪʥʘ ʧʦʚʝʨʭʥ ̫

ʪʦʨʢʘʻʪʴʩʷ ʧʦʚʝʨʭʥʽ ʩʽʤʝʡʩʪʚʘ, ʪʦ ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʦʛʠʥʘʶʯʦʶ. ʆʛʠʥʘʶʯʘ 

ʧʦʚʝʨʭʥ ̫ʜʦʪʠʢʘ̒ʪʴʩʷ ʢʦʞʥʦʾ ʧʦʚʝʨʭʥʽ ʩʽʤʝʡʩʪʚʘ ʫʟʜʦʚʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʫʪʴ ʤʝʪʦʜʫ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʯʝʥʠʭ ʧʦʚʝʨʭʦʥʴ (ʟʫʙʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʢʦʣʝʩʘ ʟʫʙʦʤ ʛʽʧʝʨʙʦʣʦʾʜʥʘ ʢʦʣʝʩʘ) ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ɺʽʟʴʤʝʤʦ ʙʽʯʥʫ 

ʧʦʚʝʨʭʥʶ ʟʫʙʘ ʇ1, ʞʦʨʩʪʢʦ ʧʦʚ'ʷʟʘʥʫ ʟ ʢʦʣʝʩʦʤ ʂ1, ʽ ʟʥʘʡʜʝʤʦ ʾʾ ʦʛʠʥʘʶʯʫ ɻ2 

(ʛ̔ʧʝʨʙʦʣʦʜʾ) ʫ ʚʽʜʥʦʩʥʦʤʫ ʨʫʩʽ ʢʦʣʝʩʘ ʂ1 ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʦʣʝʩʘ ʂ2, 

ʞʦʨʩʪʢʦ ʟʚôʷʟʘʥʦʤʫ ʟ ɻ2. ʎ  ̫ ʦʛʠʥʘʯʁʘ ʧʦʚʝʨʭʥ ̫ ɻ2 ʡ ʙʫʜʝ ʰʫʢʘʥʦʶ 

ʧʦʚʝʨʭʥʝʶ, ʩʧʨʷʞʝʥʦ ʁʟ ʦʛʠʥʘ̒ʤʦ ʁʧʦʚʝʨʭʥʝʁ  ʇ1, ʪʘʢ ʢ̫ ʚʟʘʻʤʥʦ ʦʛʠʥʘʯʁ ̔

ʧʦʚʝʨʭʥ ̔ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ.  

ɿ ʧʨʠʯʠʥʠ ʪʦʛʦ, ʱʦ ʦʛʠʥʘʶʯʘ ɻ2 ʧʦʚʝʨʭʥ ̔ʇ1, ʞʦʨʩʪʢʦ ʧʦʚôʷʟʘʥʦʾ ʟ 

ʢʦʣʝʩʦʤ ʂ1, ʻ ʛʝʦʤʝʪʨʠʯʥʠʤ ʤʽʩʮʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʣʝʞʘʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʇ1 
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ʚ ʾʾ ʚʽʜʥʦʩʥʦʤʫ ʨʫʩʽ ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ ɻ2, ʚʦʥʘ ʙʫʜʝ ʣʝʞʘʪʠ ʦʜʥʦʯʘʩʥʦ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ɻ2  ̔ ʇ1; ʚʽʜʧʦʚʽʜʥʦ, ʧʦʚʝʨʭʥ ̔ ɻ2  ̔ ʇ1 ʙʫʜʫʪ ɹ ʜʦʪʠʢʘʪʠʩʴ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʪʦʙʪʦ ʙʫʜʫʪ ɹʤʘʪʠ ʣ̔ʥ̔ʡʥʠʡ ʢʦʥʪʘʢʪ [43]. 

ɺʠʟʥʘʯʠʤʦ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʽ ʦʛʠʥʘʯʁʫ ʧʦʚʝʨʭʥʶ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʟʚʘʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʪʝʦʨʽʾ ʟʫʙʯʘʩʪʠʭ ʟʘʯʝʧʣʝʥʴ ʽʩʥʫʻ ʢʽʣʴʢʘ 

ʤʝʪʦʜʽʚ [43]: 

1) ʄʝʪʦʜ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʨʦʟʨʦʙʣʝʥʠʡ ʚʠʜʘʪʥʠʤʠ 

ʤʘʪʝʤʘʪʠʢʘʤʠ ʽ ʤʝʭʘʥʽʢʘʤʠ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʝʪʦʜ ʩʢʣʘʜʥʠʡ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ ʟ ʛʝʦʤʝʪʨʽʾ ʽ ʢʽʥʝʤʘʪʠʢʠ ʟʘʯʝʧʣʝʥʴ.  

2) ʄʝʪʦʜ ʍ.ɯ. ɻʦʭʤʘʥʘ [110] ʻ ʦʩʥʦʚʦʶ ʘʥʘʣʽʪʠʯʥʦʾ ʪʝʦʨʽʾ ʧʨʦʩʪʦʨʦʚʠʭ 

ʟʘʯʝʧʣʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʍ.ɯ. ɻʦʭʤʘʥʦʤ ʤʝʪʦʜ ʩʧʨʦʩʪʠʚ ʚʠʟʥʘʯʝʥʥʷ 

ʦʛʠʥʘʶʯʦʾ ʧʦʚʝʨʭʥʽ ʽ ʣʽʥʽʡ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʚʟʘ̒ʤʥʦ ʦʛʠʥʘʶʪʴʩʷ.. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʍ.ɯ. ɻʦʭʤʘʥʘ, ʷʢ ʧʽʜʢʨʝʩʣʝʥʦ ʚʠʱʝ, ʩʧʨʦʩʪʠʣʦ 

ʨʦʟʨʘʭʫʥʦʢ ʟʘʯʝʧʣʝʥʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤ ʤʝʪʦʜʦʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ 

ʛʝʦʤʝʪʨʽʾ. ʇʨʦʪʝ, ʩʘʤ ʰʣʷʭ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʠʰʘʚʩʷ ʩʢʣʘʜʥʠʤ, ʱʦ ʩʧʦʥʫʢʘʣʦ 

ʨʷʜ ʜʦʩʣʽʜʥʠʢʽʚ ʟʘʡʥʷʪʠʩʷ ʧʦʰʫʢʘʤʠ ʩʧʨʦʱʝʥʴ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʴ 

ʟʘʯʝʧʣʝʥʴ. 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʪʝʦʨʽʾ ʟʘʯʝʧʣʝʥʴ ʜʦʩʣʽʜʥʠʢʠ ʚʠʭʦʜʠʣʠ 

ʟ ʥʘʩʪʫʧʥʦʾ ʪʝʦʨʽʾ ʧʨʦʩʪʦʨʦʚʠʭ ʟʘʯʝʧʣʝʥʴ: ʚ ʪʦʯʮʽ ʄ ʪʦʨʢʘʥʥʷ ʙʽʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟʫʙʮʽʚ ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʧʦʚʠʥʝʥ ʣʝʞʘʪʠ ʚ 

ʧʣʦʱʠʥʽ, ʜʦʪʠʯʥʽʡ ʜʦ ʜʦʪʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʘʢʘ ʫʤʦʚʘ ʧʦʚôʷʟʘʥʦʩʪʽ ʚʠʧʣʠʚʘʻ 

ʟ ʪʦʛʦ, ʱʦ ʫ ʚʽʜʥʦʩʥʦʤʫ ʨʫʩʽ ʢʦʣʽʩ ʧʦʚʝʨʭʥʽ ʟʫʙʮ̔ ʚ, ʷʢ ʚʟʘʻʤʥʦ ʦʛʠʥʘʶʯʠ 

ʧʦʚʝʨʭʥ,̔ ʤʦʞʫʪʴ ʣʠʰʝ ʧʝʨʝʢʦʯʫʚʘʪʠʩʷ ʽ ʢʦʚʟʘʪʠ ʦʜʠʥ ʧʦ ʦʜʥʦʤʫ, ʽ ʚʝʢʪʦʨ 

ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʣʝʞʠʪʴ ʚ ʜʦʪʠʯʥʽʡ ʧʣʦʱʠʥʽ ʜʦ ʧʦʚʝʨʭʦʥʴ. 

ʈʽʚʥʷʥʥʷ ʧʦ ɻʦʭʤʘʥʫ 
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uzyxz

uzyxyuzyxxF
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µjµ     (3.16) 
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ʚʠʟʥʘʯʘʶʪʴ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ, ʱʦ ʚʠʨʘʞʘʶʪʴ ʫʤʦʚʠ ʧʦʚ'ʷʟʘʥʦʩʪʽ ʰʫʢʘʥʠʭ 

ʟʫʙʮʽʚ. ɼʽʡʩʥʦ, ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ /1xµ / 1jµ , 1yµ / 1jµ  ʪʘ 1zµ / 1jµ  ʟʥʘʭʦʜʠʤʦ 

ʜʠʬʝʨʝʥʮ̔ ʚʁʘʥʥʤ̫ ʧʦ 1j ʟʘʣʝʞʥʦʩʪʝʡ (3.7), ̫ ʢʽ ʚʠʨʘʞʘʶʪʴ x1y1z1 ʢ̫ ʬʫʥʢʮʽʾ 

ʚʽʜ x2, y2, z2, ʚʨʘʭʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ, ʦɦ 1jµ / 2jµ =u12. ʆʯʝʚʠʜʥʦ, ʱʦ ʚʝʢʪʦʨ 

1Sd  ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʧʝʨʝʤ̔ɦ ʝʥʥ̫  ʫ ʚʽʜʥʦʩʥʦʤʫ ʨʫʩʽ ʚʠʟʥʘʯʠʪʴʩʷ ʪʘʢʠʤ 

ʚʠʨʘʟʦʤ [43]: 

 

,/// 11111111111 kdzjdyidxSd jjjjjj µµ+µµ+µµ=     (3.17) 

 

ʜʝ -1,, kji  ʦʨʪʠ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ.  

ɺʠʨʘʟʠ 111111 /,/,/ zFyFxF µµµµµµ  ʧʨʦʧʦʨʮʽʡʥʽ ʥʘʧʨʷʤʥʠʤ ʢʦʩʠʥʫʩʘʤ 

ʥʦʨʤʘʣ ̔ʜʦ ʧʦʚʝʨʭʥ.̔ ʂʦʥʪʘʢʪʥʫ ʣʥ̔ʁ̔  ʧʦ ɻʦʭʤʘʥʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʪʘʢʦʤʫ 

ʚʠʜ̔: 
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ü
û

=µµÖµµ+µµÖµµ+µµÖµµ
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0//////
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111111111111

1111

jjj zzFyyFxxF

zyxF
 (3.18) 

 

ʊʦʜʽ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ʚ (3.18) ʻ ʥʝ ʱʦ ʽʥʰʝ, ʷʢ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ 

011 =ÖSdn  ʚ ʧʨʦʝʢʮʽʷʭ ʥʘ ʧʨʷʤʦʢʫʪʥʽ ʦʩʽ ʢʦʦʨʜʠʥʘʪ. ʈ̔ ʚʥʷʥʥʷ 011 =ÖSdn  

ʚʠʩʣʦʚʣʶʻ ʫʤʦʚʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʽ ʚʝʢʪʦʨʽʚ ʥʦʨʤʘʣʽ ʽ ʝʣʝʤʝʥʪʘʨʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ 1Sd , ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʤʦʛʠ, ʱʦ ʚ ʪʦʯʮʽ ʄ ʪʦʨʢʘʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʟʫʙʮʽʚ ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʠʥʝʥ ʣʝʞʘʪʠ ʚ ʧʣʦʱʠʥʽ, 

ʜʦʪʠʯʥʽʡ ʜʦ ʧʦʚʝʨʭʦʥʴ ʚ ʪʦʯʮʽ ʄ.  

ʇʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʩʥʦʚʥʦʾ ʪʝʦʨʝʤʠ ʧʨʦʩʪʦʨʦʚʠʭ 

ʟʘʯʝʧʣʝʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʟʫʙʮʽʚ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʢʦʣʝʩʘ 1 ʩʣʽʜ ʚʟʷʪʠ ʨʽʚʥʷʥʥʷ [43]: 

 



133 

0Vn),,(rr
)12(

111 =Öml=       (3.19) 

 

ʇʝʨʰʝ ʟ ʮʠʭ ʨʽʚʥʷʥʴ ʚʠʨʘʞʘʻ ʧʦʚʝʨʭʥʶ ʟʫʙʮʽʚ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ 

ʜʚʦʭ ʩʢʘʣʷʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ, ʚ ʷʢʦʤʫ 1n  ï ʚʝʢʪʦʨ ʥʦʨʤʘʣ,̔ 

)12(
V ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ, ʚʠʩʣʦʚʣʶʻ ʩʬʦʨʤʫʣʴʦʚʘʥʫ ʚʠʱʝ 

ʫʤʦʚʫ ʧʦʚôʷʟʘʥʦʩʪʽ ʙʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ. ʋ ʢʦʦʨʜʠʥʘʪʥʦʤʫ ʟʘʧʠʩ ̔

ʨʽʚʥʷʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʙʫʜʫʪʴ ʚʠʛʣʷʜʘʪʠ ʪʘʢ: 
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zzyyxx VnVnVn

NPzzNPyyNPxx mlmlml
  (3.20) 

   

ɺʠʨʘʟʠ 111 ,, zyx nnn  ʧʨʦʝʢʮʽʡ ʥʦʨʤʘʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʴ [43]: 

 

î
ý
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û

µµÖµµ-µµÖµµ=

µµÖµµ-µµÖµµ=

µµÖµµ-µµÖµµ=

mmml
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lmml
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,////

,////

yxyxn

xzxzn

zyzyn
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,  

 

ʽ ʟʘʣʝʞʘʪʴ ʣʠʰʝ ʚʽʜ ʚʠʜʫ ʟʘʜʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟʫʙʮʽʚ. ɺʝʢʪʦʨ ʚʽʜʥʦʩʥʦʾ 

ʰʚʠʜʢʦʩʪʽ 
)12(

V  ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʦʩʝʡ ʦʙʝʨʪʘʥʥʷ ʢʦʣʝʩʘ ʪʘ 

ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʯʠʩʣʦʤ ʽ ʚʽʜ ʚʠʜʫ ʙʽʯʥʦ ʾʧʦʚʝʨʭʥʽ ʥʝ ʟʘʣʝʞʠʪʴ.  

ʇʦ ʤʝʪʦʜʫ ɻʦʭʤʘʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʨʘʟʽʚ 1111 /,/ jj µµµµ yx  ʪʘ 

11 / jµµz , ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʨʦʝʢʮʽʷʤ ʚʝʢʪʦʨʫ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʧʨʦʮʝʜʫʨʦʶ: 1) ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʬʦʨʤʫʣʠ ʟʚ'ʷʟʢʫ ʤʽʞ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʩʧʦʯʘʪʢʫ ʟʥʘʭʦʜʠʤʦ ʬʫʥʢʮʽʾ [43]: 

),,,,( 12122211 uzyxxx j= ; 

);,,,,( 12122211 uzyxyy j=  

).,,,( 12,22211 1
uzyxzz j=  



134 

ʇʦʪʽʤ ʟʥʘʭʦʜʠʤʦ ʚʠʨʘʞʝʥʥʷ ʯʘʩʪʠʥʠʭ ʧʦʭʽʜʥʠʭ ʮʠʭ ʬʫʥʢʮʽʡ 

111111 /,/,/ jjj µµµµµµ zyx , ʢʦʪʨ ̔ʤʽʩʪʷʪʴ ʢʦʦʨʜʠʥʘʪʠ .,, 222 zyx  ɼʣʷ ʟʘʤʥ̔ʠ 

222 ,, zyx  ʥʘ 111 ,, zyx  ʩʣʽʜ ʩʢʦʨʠʩʪʘʪʠʩʴ ʬʫʥʢʮʽ̫ ʤʠ: 

 

),,,,,( 12111122 uzyxxx j=   

),,,,,( 12111122 uzyxyy j=   

).,,,,( 12111122 uzyxzz j=  

 

ɺʩʽ ʮʽ ʜʽʾ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʝʢʮʽʡ ʚʝʢʪʦʨʫ ʝʣʝʤʝʥʪʘʨʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʪʘʢʝ ʧʠʪʘʥʥʷ: ʯʠ ʥʝ ʤʦʞʥʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʢʦʨʠʩʪʘʪʠʩʷ ʤʝʪʦʜʘʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʚ ʢʽʥʝʤʘʪʠʮʽ? ʇʦʟʠʪʠʚʥʘ ʚʽʜʧʦʚʽʜʴ ʥʘ ʮʝ ʧʠʪʘʥʥʷ ʙʫʣʘ 

ʜʘʥʘ ʐʠʰʢʦʚʠʤ ɺ.ɸ. [259], ɼʘʚʠʜʦʚʠʤ ʗ.ʉ. [122] ʪʘ ʃʠʪʚʠʥʠʤ ʌ.ʃ. [179].  

ɿʘʧʠʰʝʤʦ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʢʥ̔ʝʤʘʪʠʯʥʦʤʫ ʤʝʪʦʜ ̔ ,0
)12(

1 =ÖVn
C

 ʚ ʙ̔ʣʴʰ 

ʜʦʢʣʘʜʥʦʤʫ ʚʠʜ̔ ʨʽʚʥʷʥʥʷ (3.18) ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʥʘ ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʟʫʙʮʽʚ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ 1, ʷʢʱʦ ʟʫʙʯʘʩʪʠʤ ʟʘʯʝʧʣʝʥʥʷʤ ʧʝʨʝʜʘʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷ 

ʤʽʞ ʧʝʨʝʭʨʝʩʥʠʤʠ ʚʘʣʘʤʠ. ʇʨʦʝʢʮʽʾ ʚʝʢʪʦʨʫ 
)12(

1V  ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ 

ʨʫʭʫ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 111 zyx  ʧʨʠ 11=w  ʨʘʜ/c ʚʠʨʘʞʝʥ ̔ʨʽʚʥʷʥʥʷʤʠ [43]: 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʚʠʨʘʟʠ, ʨʽʚʥʷʥʥʷ (3.20) ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʟʘʧʠʰʝʤʦ ʪʘʢ: 
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  (3.21) 

 

ɺʤʽʱʝʥʽ ʚ ʮʠʭ ʨʽʚʥʷʥʥʷʭ ʧʘʨʘʤʝʪʨʠ 111 ,, zyx nnn  ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢ 

[43]: 
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ʘ ʨʽʚʥʷʥʥʷ (3.21) ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ ʜʦ ʟʘʣʝʞʥʦʩʪʽ: 

 

0),,,,( 11 =jml NPF  

 

ʈʽʚʥʷʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʚ ʨʫʭʦʤʠʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ )( 1111 zyxS  

ʟʘʧʠʰʝʤʦ ʪʝʧʝʨ ʪʘʢ: 

 

),,,,(11 NPxx ml=  ),,,,(11 NPyy ml=  

),,,,(11 NPzz ml= 0),,,,( 11 =jml NPF  
(3.22) 

 

ɺʠʟʥʘʯʠʤʦ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘʯʝʧʣʝʥʥʷ. ɼʣʷ ʮʽʻʾ ʤʝʪʠ ʟʘʧʠʰʝʤʦ 

ʨʽʚʥʷʥʥʷ (3.22) ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʚ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ),(xyzS  

ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʬʦʨʤʫʣʘʤʠ ʧʝʨʝʭʦʜʫ (3.10). ʋ ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ ʟʘʧʠʩʫ ʮʝ 

ʚʠʛʣʷʜʘʪʠʤʝ ʪʘʢ: 

 

0),,,,( 11 =jml NPF , 10111 ),,,,( rMrNPrr == ml     (3.23) 
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ʋ ʧʨʷʤʦʢʫʪʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘʯʝʧʣʝʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʚʠʨʘʟʘʤʠ: 
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(3.24) 

 

ʈʽʚʥʷʥʥʷ (3.24) ʚʠʨʘʞʘʶʪʴ ʧʦʚʝʨʭʥʶ ʟʘʯʝʧʣʝʥʥʷ, ʷʢ ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ 

ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ ʚ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʪʠʥʫ 

ʧʦʚʝʨʭʥʽ ʟʘʯʝʧʣʝʥʥʷ ʷʢʦ -ʁʥʝʙʫʜʴ ʧʣʦʱʠʥʦʶ, ʥʘʧʨʠʢʣʘʜ y = const, ʟʥʘʡʜʝʤʦ, 

ʚʠʭʦʜʷʯʠ ʟ ʚʠʨʘʟʽʚ ʜʣʷ 11 , xy , ʨʽʚʥʷʥʥʷ 

 

0),,,,( 12 =jml NPF .       (3.25) 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʩʧʽʣʴʥʦ ʨʽʚʥʷʥʥʷ 0),,,,( 11 =jml NPF  

ʪʘ ,0),,,,( 12 =jml NPF  ʤʦʞʥʘ ʚʠʢʣʶʯʠʪʠ ʦʜʠʥ ʧʘʨʘʤʝʪʨ, ʥʘʧʨʠʢʣʘʜ 1j,  ̔

ʟʥʘʡʪʠ ʟʚôʷʟʦʢ ʤ̔ ʞ ʧʘʨʘʤʝʪʨʘʤʠ l ʪʘ m. ɼʘʣʽ, ʟʘʜʘʶʯʠʩʴ ʦʜʥʠʤ ʟ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʚʝʨʭʥʽ, ʥʘʧʨʠʢʣʘʜ m, ʚʠʟʥʘʯʠʤʦ ʜʨʫʛʠʡ ʧʘʨʘʤʝʪʨ l, ʘ ʧʦʪʽʤ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʩʪʝʤʫ (3.24), ʨʦʟʨʘʭʫʻʤʦ ʢʦʦʨʜʠʥʘʪʠ x  ̔ z. ɸʥʘʣʦʛʯ̔ʥʦ 

ʟʥʘʭʦʜʷʪʩɹʷ ʧʝʨʝʪʠʥʠ ʧʦʚʝʨʭʥ ̔ʟʘʯʝʧʣʝʥʥ̫  ʧʣʦʱʠʥʘʤʠ z=const, x=const. 

ɺʠʟʥʘʯʠʤʦ ʪʝʧʝʨ ʨʽʚʥʷʥʥʷ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʟʫʙʮʽʚ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ 

ʢʦʣʝʩʘ 2. ʋ ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ ʮʽ ʨʽʚʥʷʥʥʷ ʚʠʛʣʷʜʘʶʪʴ ʪʘʢ:  

 

0),,,,(),,,,( 111221211 === jmlml NPFrMrNPrr     (3.26) 

  

ʋ ʧʨʷʤʦʢʫʪʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʟʫʙʮ̔ ʚ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ 

ʢʦʣʝʩʘ 2 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (3.6)  ̔ ,),(),(),( kzjyixr mlmlml ++=  

ʧʨʠʡʤʫʪɹ ʚʠʜ [31]: 
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î
î
î
î

ý

îî
î
î

ü

û

++=

-++

++--=

-++

++-=

====

gmlgjmljml

jgmlgjmlgjml

jjmljml

jgmlgjmlgjml

jjmljml

mlmlmljml

cos),,,(sin]cos),,,(sin),,,([

,cos]sin),,,(]coscos),,,(cossin),,,([

sin]sin),,,(cos),,,([

sin]sin),,,()coscos),,,(cossin),,,([

cos]sin),,,(cos),,,([

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

111112

211111

211112

211111

211112

11111111

NPzNPyNPxz

NPzNPyNPx

aNPyNPxy

NPzNPyNPx

aNPyNPxx

NPzzNPyyNPxxNPF

w

w

 (3.27) 

 

ʎʽ ʨʽʚʥʷʥʥʷ ʚʠʨʘʞʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ ʚ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʛʽʧʝʨʙʦʣʦʾʜʥʠʤ ʢʦʣʝʩʦʤ 2. ɼʣʷ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ 

ʟʫʙʮ̔ ʚ ʷʢʠʡ-ʥʝʙʫʜʴ ʧʣʦʱʠʥʦʶ, ʥʘʧʨʠʢʣʘʜ y2=const, ʥʝʦʙʭʜ̔ʥʦ ʟʥʘʡʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟʠ y2, ʟʚôʷʟʦʢ ʤ̔ʞ ʧʘʨʘʤʝʪʨʘʤʠ jml ,,  1 ʫ ʚʠʜ̔:  

 

.0),,,,( 12 =jml NPF  

 

ʉʠʩʪʝʤʫ ʨʽʚʥʷʥʴ 

 

0),,,,(,0),,,,( 1211 == jmljml NPFNPF      (3.28) 

 

ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʦʜʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ l ʪʘ m. ɼʘʣʽ, 

ʟʘʜʘʶʯʠʩʴ ʦʜʥʠʤ ʟ ʧʘʨʘʤʝʪʨʽʚ, ʥʘʧʨʠʢʣʘʜ l, ʟʥʘʭʦʜʠʤʦ ʜʨʫʛʠʡ ʧʘʨʘʤʝʪʨ m, 

ʘ ʜʘʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʩʪʝʤʫ (3.27), ʦʙʯʠʩʣʶʻʤʦ ʢʦʦʨʜʠʥʘʪʠ ʧʝʨʝʪʠʥʫ 

ʧʦʚʝʨʭʥʽ ʟʫʙʮ̔ ʚ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʢʦʣʝʩʘ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʨʦʟʨʘʭʫʥʦʢ ʟʘʯʝʧʣʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʟʫʙʯʘʩʪʦʛʦ 

ʢʦʣʝʩʘ 1 ʟ ʛʽʧʝʨʙʦʣʦʾʜʥʠʤ ʢʦʣʝʩʦʤ 2 ʜʦʮʽʣʴʥʦ ʧʦʯʠʥʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʚ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ )( zyxS , ʘ ʥʝ ʚ ʩʠʩʪʝʤ ̔

ʢʦʦʨʜʠʥʘʪ ),( 1111 zyxS  ʷʢ ʮʝ ʚʠʢʣʘʜʝʥʦ ʚʠʱʝ. ʂʦʥʪʘʢʪʥʘ ʣʽʥʽʷ ʚʠʟʥʘʯʠʪʴʩʷ 

ʧʨʠ ʮʴʦʤʫ ʚʠʨʘʟʦʤ [43]:  

 

0;101 =Ö= VnrMr
CGGG

       (3.29) 
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ʜʝ -n  ʚʝʢʪʦʨ ʥʦʨʤʘʣ;̔ 

)12(
V  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʚ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

).zyx(S  

ʋ ʧʨʷʤʦʢʫʪʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʢʦʥʪʘʢʪʥʘ ʣʽʥʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ: 

 

î
î

ý

îî

ü

û

=++

=+=-=
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0

,,cossin,sincos

),,,,(),,,,(),,,,(

)12()12()12(

111111111

111111

zzyyxx VnVnVn

zzyxyyxx

NPzzNPyyNPxx

jjjj

mlmlml

   (3.30) 

 

ʇʨʦʝʢʮʽʾ ʰʚʠʜʢʦʩʪʽ 
)12(

V  ʧʨʝʜʩʪʘʚʣʝʥ ̔ʨʽʚʥʷʥʥʷʤʠ [43]: 
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gjj

ggjj

ggjj

sin)sincos

,cos)cos1()sincos(

,sin)cos1()cossin(

211111
)12(

21211111
)12(

21211111
)12(

uayxV

uauyxV

uzuyxV

wz

wy

x

 (3.31) 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʽʩʪʠʥʥʽ ʟʥʘʯʝʥʥʷ ʧʨʦʝʢʮʽʡ ʰʚʠʜʢʦʩʪʽ 

ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ, ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʴ (3.31) ʥʝʦʙʭʽʜʥʦ ʧʦʤʥʦʞʠʪʠ ʥʘ 

ʚʝʣʠʯʠʥʫ )1(w  ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʟʫʙʯʘʩʪʦʛʦ 

ʢʦʣʝʩʘ 1.  

ɼʘʣʽ ʥʘʤ ʟʥʘʜʦʙʣʷʪʴʩʷ ʚʠʨʘʞʝʥʥʷ ʧʨʦʝʢʮʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ 

)12(
1V
C

 ʚ ʨʫʭʦʤʽʡ ʩʠʩʪʝʤ ̔ )( 1111 zyxS , ʞʦʨʩʪʢʦ ʧʦʚ'ʷʟʘʥʦʾ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ 

ʟʫʙʯʘʩʪʠʤ ʢʦʣʝʩʦʤ 1. ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʜʣʷ ʮʴʦʛʦ ʤʘʪʨʠʯʥʦ  ʁʨʽʚʥʽʩʪʶ [178]: 

 

)12(
10

)12(
1 VLV = ,     (3.32) 

 

ʜʝ ʤʘʪʨʠʮ ̫ 
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100

0cossin

0sincos

11

11

10 jj

jj -

=L                                       (3.33) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟʠ (3.32), (3.33), (3.31), ʦʪʨʠʤʘʻʤʦ [178]:  
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gjj
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gjj

              (3.34) 

 

ɿʚôʷʟʦʢ ʤʽʞ ʧʨʦʝʢʮʽʷʤʠ ʚʝʢʪʦʨʽʚ ʥʦʨʤʘʣʽ ʚ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ 

)()( 1111 zyxSuzyxS  ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 101nLn= , ʪʦʜʽ 
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yxy

yxx

nn

nnn
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jj
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       (3.35) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʚʠʨʘʟʽʚ ʨʽʚʥʷʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ 

ʟʘʧʠʰʝʤʦ ʪʘʢ: 
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=++
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.0sin)[(

]cos)cos1([]sin)cos1([

),,,,(),,,,,(),,,,,(
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21212121
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uaxn

uauxnzuuyn

NPzzNPyyNPxx

wz

wyx   (3.36) 

 

ʉʠʩʪʝʤʫ (3.36) ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ 

1, jml u  ʪʘʢʠʤ ʚʠʨʘʟʦʤ 0),,,,( 11 =jml NPF . 

ʇʽʩʣʷ ʮʴʦʛʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘʯʝʧʣʝʥʥʷ ʧʦʪʨʽʙʥʦ 
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ʩʢʦʨʠʩʪʘʪʠʩʷ ʪʘʢʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

 

),,,(),,,,,(

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

1

111

NPzzNPyy

NPxxNPF

mljml

jmljml

==

==
    (3.37) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʫʙʮ̔ ʚ 2 ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʨʽʚʥʷʥʥʷʤʠ:  

 

121211 ,0),,,,( rMrNPF
GG

==jml .      (3.38) 

 

ʄʘʪʨʠʮ ̫ 21M  ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʥʽʰʝ ʨʽʚʥʷʥʥʷʤʠ (3.6). ɼʣʷ ʚʠʟʥʘ-

ʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʟʫʙʮʽʚ 1 ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʨʽʚʥʷʥʥʷʤʠ: 

 

).,,,(,0),,,,( 1111 NPrrNPF mljml
CC
==       (3.39)   

 

3.3. ʇʦʙʫʜʦʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

ʈʽʚʥʷʥʥʷ ʩʽʤʝʡʩʪʚʘ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʦʛʠʥʘʶʪʴ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʛʽʧʝʨʙʦʣʦʾʜʥʝ ʢʦʣʝʩʦ) ʧʦʚʝʨʭʥʶ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ 

ʰʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʢʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ, 

ʚʠʨʘʞʝʥʦʛʦ ʨʽʚʥʷʥʥʷʤʠ (3.13) ʚ ʨʽʚʥʷʥʥʷ (3.6). ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʦʪʨʠʤʫʻʤʦ 

[213]: 
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(3.40) 

 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʫʢʘʥʦʾ ʛʽʧʝʨʙʦʣʦʾʜʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʩʠʩʪʝʤʠ (3.40) 

ʥʝʦʙʭʽʜʥʦ ʧʨʠʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷ ʟʚôʷʟʢʫ ,0)12( =ÖVn
C

 ʜʝ nï ʚʝʢʪʦʨ ʥʦʨʤʘʣ ̔ʜʦ 

ʧʦʚʝʨʭʥʽ ʟʫʙʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ, ʚʠʨʘʞʝʥʦʛʦ ʨʽʚʥʷʥʥʷʤ (3.40). 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʨʽʚʥʦʩʪʽ, ʦʪʨʠʤʘʻʤʦ ʚʝʢʪʦʨʠ ʜʦʪʠʯʥʠʭ ʜʦ ʣʽʥʽʡ 

constconst == ml ,   

 

krjPfiPfr yx =+= ml ll 1
'

2
'

11 ,),(),(      (3.41)  

ʇʽʜʩʪʘʚʣʷʶʯʠ ʦʪʨʠʤʘʥʽ ʯʘʩʪʢʦʚʽ ʧʦʭʽʜʥʽ ʫ ʚʠʨʘʟʠ ml µµ³µµ= // rrn  ʪʘ 
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ʦʪʨʠʤʘʻʤʦ ʧʨʦʝʢʮʽʾ ʦʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʫ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ (3.14) ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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(3.42) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʢʨʠʚʟʥ, ʛʦʣʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʽ ʽʥʰʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ (3.14) ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʚʠʨʘʟʠ ʜʣʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʰʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʧʦʚʝʨʭʥʽ ʨʽʚʥʽ [97], [220], [227]: 

 

2
11111

2
11 )(;;)(

mmll
rGrrFrE ===      (3.43) 

ʂʦʝʬʽʮʽʻʥʪʠ ʜʨʫʛʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ [99]: 
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2
1

2
111

2
11

2
1

2
11 /;/;/ mmll µµ=µµµ=µµ= rnNrnMrnL    (3.44) 

  

ʜʝ 1n  ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʜʦ ʥʦʨʤʘʣʽ ʧʦʚʝʨʭʥʽ. 

ɺʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪʠ (3.43) ʽ (3.44) ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ (3.14). 

ɼʣʷ ʧʦʚʝʨʭʥʽ (3.14) ʧʝʨʰʽ ʧʦʭʽʜʥʽ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ),,,(
1

NPr ml  ʤʘʶʪʴ ʚʠʜ 

(3.41). 

ɼʨʫʛʽ ʧʦʭʽʜʥʽ ʜʣʷ ʧʦʚʝʨʭʥʽ (3.14) ʤʘʶʪʴ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

 

0)(/;0/;),(),(/ ''222''
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11111

==µµ=µµµ+=µµ mmmllll rrrjPfiPfr yx   (3.45) 

 

ʇʨʦʝʢʮʽʾ ʦʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʽ ʜʦ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ (3.14) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʘʤʠ (3.42). 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ (3.43) ʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʠʭ (3.41) ʦʪʨʠʤʫʻʤʦ 

 

0;0;)),(()),(( 11
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11 ==+= GFPfPfE yx ll .    (3.46) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ (3.44) ʟʥʘʯʝʥʥʷ ʜʨʫʛʠʭ ʧʦʭʽʜʥʠʭ (3.45) ʽ ʧʨʦʝʢʮʽʡ 

ʥʦʨʤʘʣʽ (3.42) ʦʪʨʠʤʫʻʤʦ: 
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(3.47) 

 

  

ʄʘʶʯʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʢʚʘʜʨʘʪʠʯʥʠʭ ʬʦʨʤ, ʚʠʟʥʘʯʠʤʦ 

ʥʦʨʤʘʣʴʥʽ ʢʨʠʚʠʟʥʠ ʣʽʥʽʡ, ʱʦ ʣʝʞʘʪʴ ʥʘ ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʮʴʦʛʦ 

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ, ʟʘʩʪʦʩʦʚʫʚʘʥʠʡ ʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ [97]: 

)/( 22
1

2
1 mll GddEdLK +=      (3.48) 
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ʅʘʧʨʷʤʢʠ, ʚ ʷʢʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʨʠʚʠʟʥʠ ʟʫʙʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ, 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ mldd / . ʊʘʢ, ʥʦʨʤʘʣʴʥʽ ʢʨʠʚʠʟʥʠ ʫʟʜʦʚʞ ʣʽʥʽʡ 

ɛ=ʩonst ʪʘ ɚ=const, ̫ ʢʽ ʻ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʛʦʣʦʚʥʠʤʠ, ʜʦʨʽʚʥʶʚʘʪʠʤʫʪʴ: 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ (3.13) ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ 
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  (3.50) 

 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ 1,, jml  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ 

(3.42) ʽ (3.50) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ:  
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ʗʢʱʦ ʦʪʨʠʤʘʥʠʡ ʚʠʨʘʟ (3.51) ʧʨʠʧʠʩʘʪʠ ʜʦ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.40), ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʽʤʝʡʩʪʚʦ ʧʦʚʝʨʭʦʥʴ, ʪʦ ʦʪʨʠʤʘʻʤʦ ʰʫʢʘʥʝ ʦʩʥʦʚʥʝ 

ʛʽʧʝʨʙʦʣʦʾʜʥʝ ʢʦʣʝʩʦ. 



144 

ʈʽʚʥʷʥʥʷ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʢʦʩʦʟʫʙʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ ʟ 

ʛʽʧʝʨʙʦʣʦʾʜʥʠʤ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʥʦ ʧʨʦʩʪʦʨʦʚʝ ʟʘʯʝʧʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʟʫʙʮ̔ ʚ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʢʦʣʝʩʘ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ ʢʦʣʝʩʦʤ. 

ʈʽʚʥʷʥʥʷ (3.51) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʜʠʥ ʽʟ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢ, 

ʚʠʨʽʰʫʶʯʠ ʡʦʛʦ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʘ, ʤʘʻʤʦ [142]:  
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ʈʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘʯʝʧʣʝʥʥʷ ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ, ʟʘʧʠʩʘʚʰʠ ʢʦʦʨʜʠʥʘʪʠ 

ʧʦʚʝʨʭʥʽ ʟʫʙʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ (3.13) ʚ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ɛ ʟ ʨʽʚʥʷʥʥʷ (3.53). ɿʘʩʪʦʩʦʚʫʶʯʠ 

ʬʦʨʤʫʣʠ (3.2) ʧʝʨʝʭʦʜʫ ʚʽʜ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ )( 1111 zyxS  ʜʦ 

ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ )( zyxS , ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ 

ʟʘʯʝʧʣʝʥʥʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ:  

ʘ) ʜʣʷ ʧʨʷʤʦʟʫʙʦʛʦ ʢʦʣʝʩʘ 
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ʙ) ʜʣʷ ʢʦʩʦʟʫʙʦʛʦ ʢʦʣʝʩʘ 
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 (3.55) 

 

ʇʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʨʽʚʥʷʥʥʷ (3.54) ʽ (3.55) ʚʠʟʥʘʯʘʻʤʦ ʣʽʥʽʾ 

ʢʦʥʪʘʢʪʫ ʟʘʯʝʧʣʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ ʟ ʢʚʘʟʽʛʽʧʝʨʙʦʣʦʜʾʥʠʤ ʢʦʣʝʩʦʤ ʚ 

ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʧʨʦʩʪʦʨʦʚʠʭ ʟʘʯʝʧʣʝʥ ɹ ʘʣʛʦʨʠʪʤ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʪʝʦʨʽʾ ʩʧʣʘʡʥʽʚ ʪʘ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ ʨʘʮʽʦʥʘʣʴʥʫ 

ʢʨʠʚʫ, ʷʢʘ ʦʧʠʩʫʻ ʢʦʥʪʫʨ ʧʦʚʝʨʭʥʽ ʪʚʽʨʥʦʛʦ ʢʦʣʝʩʘ ʽ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʜʘʪʠ ʾʾ 

ʚ ʦʜʥʫ ʟ CAD ʩʠʩʪʝʤ [50]. 

ʅʘ ʨʠʩ. 3.7 ʧʨʠʚʝʜʝʥʘ ʢʨʠʚʘ, ʨʦʟʙʠʪʘ ʥʘ ʩʪʦ ʜʽʣʷʥʦʢ, ʢʦʞʥʘ ʟ ʷʢʠʭ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʧʣʘʡʥ. ʈʦʟʨʦʙʣʝʥʘ ʪʝʦʨʽʷ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʢʦʞʥʫ ʜʽʣʷʥʢʫ 

ʦʢʨʝʤʦ, ʘʣʝ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʛʝʦʤʝʪʨʽʾ ʢʦʣʽʩ ʜʦʟʚʦʣʷʶʪʴ ʩʧʨʦʩʪʠʪʠ ʟʘʜʘʯʫ 

ʩʠʥʪʝʟʫ, ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʚʩʶ ʜʽʣʷʥʢʫ ʢʨʠʚʦʾ ʦʜʥʠʤ ʩʧʣʘʡʥʦʤ (ʨʠʩ. 3.8). 

  

ʈʠʩ. 3.7. ʊʦʯʢʠ ʢʦʥʪʫʨʫ ʈʠʩ. 3.8. ɸʧʨʦʢʩʠʤʘʮʽʷ ʩʧʣʘʡʥʦʤ 

 

ʇʨʠʯʦʤʫ, ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʜʦʧʦʤʽʞʥʠʭ ʢʨʠʚʠʭ, ʷʢʽ ʦʢʨʫʛʣʶʁ ʪɹ 
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ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ ʙʽʣʷ ʥʦʞʢʠ ʽ ʥʘ ʛʦʣʽʚʮʽ ʟʫʙʘ (ʨʠʩ. 3.9,ʙ) ʤʘʻ ʪʘʢʠʡ ʩʘʤʠʡ 

ʦʧʠʩ ʫ ʚʠʛʣʷʜʽ ʢʨʠʚʦʾ ɹʝʟʴ̒  3-ʛʦ ʧʦʨʷʜʢʫ. ʅʘ ʨʠʩ. 3.9ʘ,ʙ ʧʦʢʘʟʘʥʽ ʨʦʟʤʽʨʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʝʡ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʦ ʢʝʨʫʶʯʠʭ ʽ ʦʧʦʨʥʠʭ 

ʪʦʯʦʢ ʩʧʣʘʡʥʽʚ ʢʨʠʚʠʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ ʧʦʚʝʨʭʥʽ ʪʚʽʨʥʦʛʦ 

ʢʦʣʝʩʘ. 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʨʦʟʤʽʨʠ ʟʙʽʣʴʰʝʥʽ ʚ 10 ʨʘʟʽʚ. ʂʦʦʨʜʠʥʘʪʠ ʮʠʭ ʪʦʯʦʢ ʻ 

ʚʠʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ. 

 

 

ʘ) ʙ) 

ʈʠʩ. 3.9. ʂʦʦʨʜʠʥʘʪʠ ʦʧʦʨʥʠʭ ʽ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ ʩʧʣʘʡʥʘ: 

ʘ ï ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ; ʙ ï ʚʠʭʽʜʥʠʡ ʢʦʥʪʫʨ ʟ ʜʦʧʦʤʽʞʥʠʤʠ ʜʽʣʷʥʢʘʤʠ 

 

ʇʨʠ ʚʠʙʦʨʽ ʨʘʮʽʦʥʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʟʫʙʮ̔ ʚ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʯʝʧʣʝʥʥʷ 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʢʫʪ ʩʭʨʝʱʫʚʘʥʥʷ ʤʽʞ 

ʦʩʷʤʠ ʽ ʯʠʩʣʦ ʟʘʭʦʜʽʚ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʢʦʣʝʩʘ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʝ 

ʚʽʜʥʦʰʝʥʥʷ. ɺʩʽ ʮʽ ʧʘʨʘʤʝʪʨʠ ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʽ ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ. ʅʘ ʨʠʩ.3.10 

ʧʦʢʘʟʘʥʦ, ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ çSCOTè 

[237] ʚʠʟʥʘʯʝʥʽ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʯʝʧʣʝʥʥʷ.  

 

ʈʠʩ. 3.10. ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʢʦʦʨʜʠʥʘʪ ʢʦʥʪʘʢʪʥʠʭ ʪʦʯʦʢ 
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ʂʦʦʨʜʠʥʘʪʠ ʢʦʥʪʘʢʪʥʠʭ ʪʦʯʦʢ ʘʚʪʦʤʘʪʠʯʥʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʪʝʢʩʪʦʚʦʤʫ 

ʬʘʡʣʽ (ʨʠʩ. 3.11). 

 

ʈʠʩ. 3.11. ʂʦʦʨʜʠʥʘʪʠ ʢʦʥʪʘʢʪʥʠʭ ʪʦʯʦʢ 

 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʯʝʧʣʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʠʩʪʝʤʘ ʛʙ̔ʨʠʜʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ PowerSHAPE, 

ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧʘʥʽʻʶ Delcam plc (ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ). ɸʣʛʦʨʠʪʤ ʩʪʚʦʨʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʥʘʩʪʫʧʥʠʡ. ʋ ʟʘʜʘʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʚʠʙʠʨʘʻʪʴʩʷ ʢʦʤʘʥʜʘ 

çʉʦʟʜʘʪʴ ʪʦʯʢʫè . ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʜʚʽʡʥʦʛʦ ʢʣʽʢʘ ʚʠʢʣʠʢʘʻʪʴʩʷ 

ʢʦʤʘʥʜʥʝ ʚʽʢʥʦ. ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʚ ʦʪʨʠʤʘʥʦʤʫ ʪʝʢʩʪʦʚʦʤʫ 

ʬʘʡʣʽ (ʨʠʩ.3.11) ʢʦʧʽʶʶʪʴʩʷ ʽ ʚʩʪʘʚʣʷʶʪʴʩʷ ʧʽʩʣʷ çEnter point>è ʚ ʢʦʤʘʥʜʥʝ 

ʚʽʢʥʦ (ʨʠʩ. 3.12). 

 

 

ʈʠʩ. 3.12. ʂʦʤʘʥʜʥʝ ʚʽʢʥʦ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ ʜʽʡ ʥʘ ʝʢʨʘʥʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʛʨʫʧʘ ʢʦʥʪʘʢʪʥʠʭ 

ʪʦʯʦʢ, ʱʦ ʦʧʠʩʫʶʪʴ ʢʦʥʪʘʢʪʥʫ ʣʽʥʽʶ ʚ ʟʘʜʘʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 3.13). 
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ʈʠʩ. 3.13. ɺʽʜʦʙʨʘʞʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʪʦʯʦʢ 

 

ʇʦʻʜʥʫʶʯʠ ʢʦʥʪʘʢʪʥʽ ʪʦʯʢʠ ʩʧʣʘʡʥʘʤʠ, ʦʪʨʠʤʫʻʤʦ ʢʦʥʪʘʢʪʥʽ ʣʽʥʽʾ ʥʘ 

ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʟʫʙʘ (ʨʠʩ. 3.14 ʘ). 

 

  

ʘ ʙ 

ʈʠʩ. 3.14. ʂʦʥʪʘʢʪʥʽ ʣʽʥʽʾ: 

ʘ - ʥʘ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʟʫʙʘ ʙ ïʥʘ ʜʦʧʦʤʽʞʥʠʭ ʜʽʣʷʥʢʘʭ 

 

ʅʘ ʨʠʩ. 3.14 ʙ ʧʦʢʘʟʘʥʽ ʪʘʢʦʞ ʢʦʥʪʘʢʪʥʽ ʣʽʥʽʾ ʥʘ ʜʦʧʦʤʽʞʥʠʭ ʜʽʣʷʥʢʘʭ 

ʟʫʙʘ. 



149 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 3.15. ʇʦʙʫʜʦʚʘ ʧʦʚʝʨʭʥʽ ʟʫʙʘ: 

ʘ ïʧʦʚʝʨʭʥ ̫ʨʦʙʦʯʦʾ ʜʽʣʷʥʢʠ ʟʫʙʘ; ʙ ï ʧʦʚʝʨʭʥ ̫ʟ ʜʦʧʦʤʽʞʥʠʤʠ ʜʽʣʷʥʢʘʤʠ 

 

ɼʘʣʽ ʧʦ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʷʭ ʙʫʜʫʻʪʴʩʷ ʧʦʚʝʨʭʥ.̫ ʅʘ ʨʠʩ. 3.15ʘ ʧʦʢʘʟʘʥʦ 

ʧʦʙʫʜʦʚʫ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʾ ʜʽʣʷʥʢʠ ʟʫʙʘ, ʘ ʥʘ ʨʠʩ. 3.15ʙ ï ʧʦʚʝʨʭʥʽ ʟʫʙʘ, 

ʚʢʣʶʯʘʶʯʠ ʜʦʧʦʤʽʞʥʽ ʜʽʣʷʥʢʠ. 

 

3.4. ɸʥʘʣʽʟ ʣʽʥʽʡ ʢʦʥʪʘʢʪʫ ʽ ʫʤʦʚ ʦʙʢʘʪʢʠ 

3.4.1. ʃʽʥʽʾ ʢʦʥʪʘʢʪʫ 

ɼʦʚʞʠʥʘ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʦʟʤʽʨʘʤʠ ʟʫʙʘ (ʚʠʪʢʘ), ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʘʻ ʚ ʜʝʷʢʽʡ ʤʽʨʽ ʢʦʥʪʘʢʪʥʫ ʪʘ ʟʣʘʤʥʫ ʤʽʮʥʽʩʪʴ ʟʫʙʮʽʚ. 

ɿ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʚʽʜʦʤʦ, ʱʦ ʜʦʚʞʠʥʫ ʢʨʠʚʦʾ 1MM  ʤʦʞʥʘ 

ʦʙʯʠʩʣʠʪʠ ʟ ʥʘʩʪʫʧʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ [97]: 

2
11

2
1

2 2 mmll dGddFdEdS ++=       (3.56)  
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ʜʝ dSï ʜʦʚʞʠʥʘ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ. 

ɺʠʟʥʘʯʘʶʯʠ ʢʚʘʜʨʘʪʥʠʡ ʢʦʨʽʥʴ ʟ ʚʠʨʘʟʫ (3.56) ʽ ʽʥʪʝʛʨʫʶʯʠ ʚ ʤʝʞʘʭ 

ʟʤʽʥʠ l, ʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ 

 

ñ ++=
2

1

2
111 )(2
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l

l
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l

m
d

dt

d
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d

d
FEL       (3.57)  

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ ʮʝʡ ʚʠʨʘʟ ʟʥʘʯʝʥʥʷ ʧʝʨʰʠʭ ʢʚʘʜʨʘʪʠʯʥʠʭ ʬʦʨʤ, 

ʦʩʪʘʪʦʯʥʦ ʜʦʚʞʠʥʫ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʦʪʨʠʤʘʻʤʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

l
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d
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ʜʝ 21,ll  ï ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʢʘʤ ʧʝʨʝʪʠʥʫ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ ʟ ʧʦʚʝʨʭʥʷʤʠ 

ʚʠʩʪʫʧʽʚ ʦʩʥʦʚʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ ʽ ʦʩʥʦʚʥʦʛʦ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ 

ʢʦʣʝʩʘ. ɿʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʝʨʰʠʥʽ ʟʫʙʮ̔ ʚ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ 

ʚʽʜʦʤʦ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ɚ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʝʨʰʠʥʽ ʦʩʥʦʚʥʦʛʦ ʛʽʧʝʨʙʦʣʦʾʜʥʘ 

ʢʦʣʝʩʘ, ʪʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʧʝʨʝʜʘʯ, ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ 

ʟʥʘʯʝʥʥʷ ʤʘʪʠʤʫʪʴ ʩʚʽʡ ʚʠʛʣʷʜ. 

ʎʽ ʨʽʚʥʷʥʥʷ ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ, ʟʥʘʶʯʠ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʚʝʨʰʠʥʘʤ ʟʫʙʮ̔ ʚ ʢʦʣʝʩʘ (ʛʽʧʝʨʙʦʣʦʾʜ, ʧʣʦʱʠʥʫ, ʢʦʥʫʩ, ʮʠʣʽʥʜʨ). ʇʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʚʥʷʥʥʷ (3.6) ʧʨʠ const=1j . lm dd /  ï ʣʝʛʢʦ 

ʚʠʟʥʘʯʠʪʠ, ʜʠʬʝʨʝʥʮʽʶʶʯʠ ʨʽʚʥʷʥʥʷ (3.54) ʪʘ (3.55) ʧʨʠ const=1j  [108]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʤʝʞʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ (3.57) 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʦʯʢʘʤʠ ʧʝʨʝʪʠʥʫ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʟ ʪʦʨʮʷʤʠ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʢʦʣʝʩʘ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʩʪʘʥʥʶ ʨʽʚʥʽʩʪʴ (3.6) ʧʨʠ 

ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ z1, ɦ ʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʨʮʷʤ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ. 
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ʘ) ʙ) 

  

ʚ) ʛ) 

 

ʜ) 

 

)̒ 

ʈʠʩ. 3.16. ɼʦʩʣʽʜʞʝʥʥʷ ʣʽʥʽʡ ʢʦʥʪʘʢʪʫ ʽ ʫʤʦʚ ʦʙʢʘʪʢʠ: 

ʙ ï ʧʦʚʝʨʭʥʷ ʟʫʙʘ ʧʨʷʤʦʟʫʙʦʛʦ ʢʦʣʝʩʘ; ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮʽʚ 

ʧʨʷʤʦʟʫʙʦʛʦ ʢʦʣʝʩʘ ʪʘ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦ ʩʝʨʝʜʥʽʡ (ʚ), 

ʧʦʯʘʪʢʦʚʽʡ (ʛ), ʢʽʥʮʝʚʽʡ (ʜ) ʣʽʥʽʷʤ ʢʦʥʪʘʢʪʫ; ʘ, ʻ ï ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʧʘʥʝʣʽ 

ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ, ʧʦʚôʷʟʘʥʠʤʠ ʟ ʧʦʚʝʨʭʥʷʤʠ ʟʫʙʮʽʚ 

 

ʅʘ ʨʠʩ. 3.16 ʧʦʢʘʟʘʥʠʡ ʘʥʘʣʽʟ ʣʽʥʽʡ ʢʦʥʪʘʢʪʫ ʽ ʫʤʦʚ ʦʙʢʦʯʫʚʘʥʥʷ [63]. 
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ʇʦ ʜʦʚʞʠʥʽ, ʬʦʨʤʽ ʽ ʨʦʟʪʘʰʫʚʘʥʥʶ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ ʥʘ ʧʦʚʝʨʭʥʽ ʟʫʙʮ̔ ʚ 

ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʢʦʣʝʩʘ ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʨʦ ʙʘʛʘʪʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɸʣʛʦʨʠʪʤ ʘʥʘʣʽʟʫ ʥʘʩʪʫʧʥʠʡ. ʉʧʦʯʘʪʢʫ ʚ ʩʠʩʪʝʤʽ PowerSHAPE ʚ 

ʛʣʦʙʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʩʪʚʦʨʶʻʤʦ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʧʦʚôʷʟʘʥʫ ʟ 

ʢʦʣʝʩʦʤ ʪʘ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 3.16ʘ). ʋ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ 

ʚʽʜʟʥʘʯʘʻʤʦ, ʱʦ ʟ ʜʘʥʦʶ ʩʠʩʪʝʤʦʶ ʙʫʜʝ ʧʦʚôʷʟʘʥʘ ʛʨʫʧʘ ʦʙ'ʻʢʪʽʚ, ʩʪʚʦʨʝʥʠʭ ʚ 

ʮʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʧʦʚʦʨʦʪʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 

ʙʫʜʝ ʧʦʚʝʨʪʘʪʠʩʷ ʽ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʝʶ ʧʦʚʝʨʭʥʷ ʟʫʙʘ. ʅʘ ʨʠʩ. 3.16,ʙ ʧʦʢʘʟʘʥʘ 

ʧʦʚʝʨʭʥʷ ʟʫʙʘ, ʩʪʚʦʨʝʥʘ ʟʘ ʢʦʥʪʘʢʪʥʠʤʠ ʥʦʤʝʨʘʤʠ ʣʽʥʽʡ ʚ ʩʚʦʾʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ. ʅʘ ʨʠʩ. 3.16,ʚ ʧʦʢʘʟʘʥʦ ʚʟʘʻʤʦʜʽʾ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮʽʚ ʢʦʣʝʩʘ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʢʫʪʽ ʧʦʚʦʨʦʪʫ ʽʥʩʪʨʫʤʝʥʪʘ 00. ʇʨʠ ʟʤʽʥʽ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 

ʽʥʩʪʨʫʤʝʥʪʫ ʚʽʜ -400ʜʦ +400 (ʨʠʩ. 3.16,ʜ) ʧʦʚʝʨʭʥʽ ʢʦʣʝʩʘ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ 

ʧʝʨʝʢʦʯʫʶʪʴʩʷ ʚʽʜ ʦʜʥʦʛʦ ʪʦʨʮʷ (ʨʠʩ. 3.16,ʚ) ʜʦ ʽʥʰʦʛʦ (ʨʠʩ. 3.16,ʛ). 

ɹʽʣʴʰʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʥʘʣʽʟʫʶʪʴʩʷ ʚ 

ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ. ʎʝ ʧʝʨʰ ʟʘ ʚʩʝ ʥʘʚʝʜʝʥʘ 

ʢʨʠʚʠʟʥʘ ʽ ʩʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ. 

 
 

3.4.2. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʜʘʯ ʟ ʧʝʨʝʭʨʝʩʥʠʤʠ ʦʩʷʤʠ 

ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʢʨʠʪʪʷ ʻ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʛʽʧʝʨʙʦʣʦʾʜʥʦʾ ʧʝʨʝʜʘʯʽ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʟʫʙʮ̔ ʚ, ʷʢʽ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʦʜʥʦʯʘʩʥʦ ʚ ʨʦʙʦʪʽ. ʏʠʤ ʙʽʣʴʰʝ ʟʫʙʮ̔ ʚ ʢʦʥʪʘʢʪʫʻ, ʪʠʤ ʧʣʘʚʥʽʰʝ ʡʜʝ 

ʨʦʙʦʪʘ. ʇʨʠ ʨʦʟʛʣʷʜʽ ʧʠʪʘʥʥʷ ʧʨʦ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʢʨʠʪʪʷ, ʙʫʜʝʤʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʴʦʚʝ ʽ ʧʨʦʬʽʣʴʥʝ ʧʝʨʝʢʨʠʪʪʷ [6], [23], [37], [43]. 

ʅʝʭʘʡ 1l  ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ, ʨʦʟʪʘʰʦʚʘʥʽʡ ʥʘ ʚʝʨʰʠʥʽ ʟʫʙʮ̔ ʚ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ, 2l  ï ʪʦʯʮʽ, ʨʦʟʪʘʰʦʚʘʥʽʡ ʥʘ ʚʝʨʰʠʥʽ ʟʫʙʮ̔ ʚ 

ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʢʦʣʝʩʘ ʚ ʧʝʨʝʨʽʟʽ zz= . ʊʦʜʽ ʟ ʨʽʚʥʷʥʥʷ (3.53) ʚʠʟʥʘʯʠʤʦ 
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 (3.59) 

 

ʆʙʯʠʩʣʠʚʰʠ ʢʫʪʠ 
21

,jj , ʦʪʨʠʤʘʻʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʦʨʮʴʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ se: 

 

p

jj
e

2

)( 112 z
S

-
=        (3.60)   

 

ʜʝ 1z ï ʢʽʣʴʢʽʩʪʴ ʟʫʙʮ̔ ʚ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ. 

ʈʽʚʥʷʥʥʷ (3.59) ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʘʙʦ 

ʙʫʜʴ-ʷʢʠʤ ʽʥʰʠʤ ʤʝʪʦʜʦʤ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʂʦʝʬʽʮʽʻʥʪ ʦʩʴʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʟʥʘʯʝʥʥʷ 0ll=  ʽ ʟʥʘʯʝʥʥʷ, ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʨʮʷʭ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ 
21

, zzzz == , ʜʝ 
21 ,zz  ï ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʝʨʰʦʛʦ ʽ 

ʜʨʫʛʦʛʦ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ. 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʨʽʚʥʷʥʥʷ (3.59) ʟʘʤʽʩʪʴ z  ʟʥʘʯʝʥʥ̫  1z   ̔ ʟʘʤʽʩʪʴ l 

ʟʥʘʯʝʥʥ ̫ 0l , ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
10
j . ʇʨʠ 

2
zz =  

ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
20j . ʊʦʜʽ ʢʦʝʬʽʮʽʻʥʪ ʦʩʴʦʚʦʛʦ 

ʧʝʨʝʢʨʠʪʪʷ ʧʨʠ 0ll=  ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ  
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-
=         (3.61) 

 

ʜʝ ae  ï ʢʦʝʬʽʮʽʻʥʪ ʦʩʴʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ. 
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ʆʯʝʚʠʜʥʦ, ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʢʨʠʪʪʷ se (3.60) ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʦʛʦ 

ʧʝʨʝʨʽʟʫ z ʜʦ ʽʥʰʦʛʦ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ. ɿʤʽʥʶʻʪʴʩʷ ʽ ʦʩʴʦʚʦʾ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʢʨʠʪʪʷ ae  ʧʨʠ ʟʤʥ̔̔ 0l . 

 

0()( )12(
1

)12(
111 =--¡ VrFVrFEFE

GGGG llmm     (3.62) 

 

ʜʝ lmj FFF ,,1  ï ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ, ʟʥʘʭʦʜʠʤʦ ʟ ʨʽʚʥʷʥʥʷ ʚʝʨʩʪʘʪʥʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ (3.51), ʘ )(),( )12(
1

)12(
1

VrVr
GGGG ml  ʚʠʟʥʘʯʠʤʦ ʟ ʚʠʨʘʟʽʚ (3.14) ̔ (3.50). 

ɿʘʣʝʞʥʽʩʪʴ (3.62) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʛʨʘʥʠʯʥʽ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʫʙʮ̔ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʣʽʩ. ʇʨʠ ʮʴʦʤʫ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʨʷʤʦʟʫʙʦʛʦ ʢʦʣʝʩʘ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʟʘʯʝʧʣʝʥʥʷ (3.51) ʽ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ 

ʟʫʙʮʽʚ ʢʦʣʝʩʘ (3.13). ɿʥʘʭʦʜʞʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʪʦʯʦʢ ʤʦʞʥʘ ʨʦʙʠʪʠ ʚ ʪʘʢʠʡ 

ʩʧʦʩʽʙ. ɿ ʨʽʚʥʷʥʥʷ ʟʘʯʝʧʣʝʥʥʷ (3.51) ʚʠʟʥʘʯʘʻʤʦ ),( 1jlmm=  ʟʘ ʬʦʨʤʫʣʦ  ʁ

(3.53). ʇʨʠ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥ ̔m ʟ (3.62) ʚʠʟʥʘʯʘʻʤʦ )( 1jll= . ʇʽʩʣʷ ʯʦʛʦ ʜʣʷ 

ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ 1j ʚ ʤʝʞʘʭ ʧʦʣʷ ʥʘʨʽʟʫʚʘʥʥʷ ʚʠʟʥʘʯʠʤʦ ʢʦʦʨʜʠʥʘʪʠ 

ʛʨʘʥʠʯʥʠʭ ʪʦʯʦʢ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʧʝʨʝʜʘʯ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʪʦʯʦʢ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʘ. ʇʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʛʨʘʥʠʯʥʽ ʪʦʯʢʠ ʚʠʟʥʘʯʘʪʠ ʜʣʷ ʦʙʦʭ ʩʪʦʨʽʥ ʟʫʙʮ̔ ʚ, ʦʩʢʽʣʴʢʠ ʫʤʦʚʠ 

ʧʽʜʨʽʟʘʥʥʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʢʦʞʥʦʾ ʩʪʦʨʦʥʠ ʟʫʙʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʢʦʣʝʩʘ ʥʝ ʦʜʥʘʢʦʚʽ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʝʨʩʪʘʪʥʝ ʟʘʯʝʧʣʝʥʥʷ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, 

ʙʫʜʝ ʧʨʘʮʝʟʜʘʪʥʠʤ, ʷʢʱʦ ʦʜʠʥ ʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ae  ʘʙʦ Se  ʤʘʪʠʤʝ ʟʥʘʯʝʥʥʷ 

ʙʽʣʴʰʝ ʦʜʠʥʠʮʽ. 

 

3.4.3. ʋʤʦʚʠ ʧʽʜʨʽʟʘʥʥʷ ʟʫʙʮ̔ ʚ 

ʇʽʜʨʽʟʘʥʥʷ ʟʫʙʮʽʚ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ, ʚʠʢʣʠʢʘʻ ʟʤʝʥʰʝʥʥʷ ʨʦʙʦʯʠʭ 

ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʦʥʴ, ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʟʫʙʮ̔ ʚ, ʦʩʢʽʣʴʢʠ ʧʽʜʨʽʟʘʥʥʷ 

ʧʦʩʣʘʙʣʶʻ ʦʩʥʦʚʫ ʟʫʙʮ̔ ʚ ʽ, ʪʠʤ ʩʘʤʠʤ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʟʣʘʤʥʦ ʾ

ʩʪʽʡʢʦʩʪʽ ʟʫʙʮ̔ ʚ. ʊʦʤʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʥʝʦʙʭʽʜʥʦ 
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ʦʙʤʝʞʫʚʘʪʠ ʪʚʽʨʥʫ ʧʦʚʝʨʭʥʶ, ʚʠʢʣʶʯʘʶʯʠ ʟ ʥʝʾ ʦʩʦʙʣʠʚʽ ʪʦʯʢʠ [43], [134], 

[136], [177], [178], [256], [269]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʜʨʽʟʘʥʥʷ ʟʫʙʮʽʚ ʢʦʣʝʩʘ, ʱʦ 

ʥʘʨʽʟʫ̒ ʪʴʩʷ, ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʤʝʪʦʜʦʤ, ʚʠʢʣʘʜʝʥʠʤ ʚ ʨʦʙʦʪʘʭ [42], [43], [134], 

[178]. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʟ ʮʠʭ ʨʦʙʽʪ ʜʣʷ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʦʛʠʥʘʥʥ̫  ʽ ʟʘʤʽʥʠʚʰʠ ʥʝʟʘʣʝʞʥʽ ʧʘʨʘʤʝʪʨʠ J̔U  ʚʽʜʧʦʚʽʜʥʦ ʧʘʨʘʤʝʪʨʘʤʠ 

ml̔  , ʦʪʨʠʤʘʻʤʦ 
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ʋ ʮʽʡ ʨʽʚʥʦʩʪʽ ʟʤʽʥʝʥʽ ʧʦʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʥʘʩʪʫʧʥʽ 
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ʈʽʚʥʽʩʪʴ (3.63) ʻ ʜʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ 

ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʥʘʨʽʟʫ̒ ʪʴʩʷ. 

ɻʨʘʥʠʯʥʽ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʟʫʙʮ̔ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʣʽʩ ʦʪʨʠʤʘʻʤʦ, 

ʨʦʟʢʨʠʚʘʶʯʠ ʚʠʟʥʘʯʥʠʢ (3.63). ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3.46), 

ʦʪʨʠʤʘʻʤʦ 

 

0)()( )12(
1

)12(
11

'
1 =-- VrFVrFEFE

GGGG llmm
     (3.65)  

 

ʜʝ mlj FFFF ,,'1=  ï ʟʥʘʭʦʜʠʤʦ ʟ ʨʽʚʥʷʥʥʷ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ (3.51), 
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ʘ )();( )12(
1

)12(
1

VrVr
GGGG ml  ï ʚʠʟʥʘʯʠʤʦ ʟ ʚʠʨʘʟʽʚ (3.14) ʪʘ (3.50). 

ɿʘʣʝʞʥʽʩʪʴ (3.65) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʛʨʘʥʠʯʥʽ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʫʙʮ̔ ʚ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʨʽʚʥʷʥʥʷ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ (3.51) ʽ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʟʫʙʮ̔ ʚ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ (3.13). ɺʽʜʰʫʢʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʪʦʯʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ 

ʪʘʢʠʡ ʩʧʦʩʽʙ [43]. ɿ ʨʽʚʥʷʥʥʷ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ (3.51) ʚʠʟʥʘʯʘʻʤʦ 

),( 1jlmm=  ʟʘ ʬʦʨʤʫʣʦʶ (3.53). ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʽ m ʟ (3.65) ʚʠʟʥʘʯʠʤʦ 

)( 1jll= . ʇʽʩʣʷ ʯʦʛʦ, ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ 1j ʚ ʤʝʞʘʭ ʧʦʣʷ ʟʘʯʝʧʣʝʥʥʷ, 

ʚʠʟʥʘʯʠʤʦ ʢʦʦʨʜʠʥʘʪʠ ʛʨʘʥʠʯʥʠʭ ʪʦʯʦʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ (3.13). 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʟʥʘʭʦʜʞʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʪʦʯʦʢ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʘ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʛʨʘʥʠʯʥʽ ʪʦʯʢʠ ʚʠʟʥʘʯʘʪʠ ʜʣʷ ʦʙʦʭ ʩʪʦʨʽʥ ʟʫʙʮ̔ ʚ, ʦʩʢʽʣʴʢʠ ʫʤʦʚʠ ʧʽʜʨʽʟʘʥʥʷ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʢʦʞʥʦʾ ʩʪʦʨʦʥʠ ʟʫʙʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ 

ʥʝʦʜʥʘʢʦʚʽ. 

 

3.5. ʂʽʥʝʤʘʪʠʯʥʽ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ 

3.5.1. ʇʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

2-ʛʦ ʢʣʘʩʫ 

ʉʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ 

ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʪʠʧʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.17. 

ʇʦʯʘʪʢʦʚʠʡ ʮʠʣʽʥʜʨ ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʢʦʯʫʻʪʴʩʷ ʧʦ ʧʦʯʘʪʢʦʚʽʡ ʧʣʦʱʠʥʽ 

ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ. ʇʣʦʱʠʥʘ YnOnZn ʻ ʧʦʯʘʪʢʦʚʦʶ ʧʣʦʱʠʥʦʶ ʨʝʡʢʠ, ʧʣʦʱʠʥʘ 

YOZ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʣʦʱʠʥʦʶ YnOnZn, ʧʨʠ ʮʴʦʤʫ ʚʽʩʴ OZ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʣʶʩʥʦ ʁ

ʧʨʷʤʦ .ʁ ɺʩ̔ ɹ OY ʩʧʽʚʧʘʜʘʻ ʟ ʚʽʩʩʶ OnYn. ʇʣʦʱʠʥʘ YOʍ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʩʝʨʝʜʥʽʡ ʪʦʨʮʝʚʠʡ ʧʝʨʝʪʠʥ ʧʝʨʝʜʘʯʽ. ɺʩ̔ʽ O1Z1 ʪʘ O2Z2 ʻ ʦʩʷʤʠ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʩ, ʱʦ ʥʘʨʽʟʫʶʪʴʩʷ, ʽ ʧʘʨʘʣʝʣʴʥʽ ʦʩʽ OZ. R1  ̔ R2 ï ʨʘʜ̔ʫʩʠ ʧʦʯʘʪʢʦʚʠʭ 

ʮʠʣ̔ʥʜʨ̔ʚ, ʘ j1 ʡ j2 ï ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʰʝʩʪʝʨʥʽ ʽ ʢʦʣʝʩʘ. ʅʘʜʘʣʽ ʽʥʜʝʢʩʦʤ ç1è 

ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʰʝʩʪʝʨʥʽ, ʽʥʜʝʢʩʦʤ ç2è ï 

ʝʣʝʤʝʥʪʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʦʣʝʩʘ. ʇʨʠ ʧʦʚʦʨʦʪʽ ʟʘʛʦʪʦʚʢʠ ʥʘ ʢʫʪ ji ʪʚʽʨʥʘ 
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ʧʦʚʝʨʭʥ ̫ʧʝʨʝʤʽʩʪʠʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ Riji. 

 

 

ʈʠʩ. 3.17. ʉʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ: 

S1 ï ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʧʦʚôʷʟʘʥʘ ʟ ʚʝʜʫʯʠʤ ʟʫʙʯʘʩʪʠʤ ʢʦʣʝʩʦʤ (ʰʝʩʪʝʨʥʝ )ʁ; 

S2 ï ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʧʦʚôʷʟʘʥʘ ʟ ʚʝʜʝʥʠʤ ʟʫʙʯʘʩʪʠʤ ʢʦʣʝʩʦʤ; S ï 

ʥʝʨʫʭʦʤʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. 

 

ʇʝʨʝʭʽʜ ʚʽʜ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʦ ʽʥʰʦʾ ʟʜʽʡʩʥʶʚʘʪʠʤʝʤʦ 

ʤʘʪʨʠʯʥʠʭ ʩʧʦʩʦʙʦʤ. 

ʄʘʪʨʠʯʥʝ ʧʦʜʘʥʥʷ ʜʨʫʛʦʛʦ ʪʠʧʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

2ï ʛʦ ʢʣʘʩʫ 

 

( ) ( ) () () ( ) ),,,(6030416),,,( 11121222 NPrMMMRRMMNPr kmklmplp mljjml ÖÖÖÖ+Ö=

 

ɺʦʥʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʪʨʠʯʥʦʤʫ ʧʦʜʘʥʥ ʁ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ 
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ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʢʫʪ ʩʭʨʝʱʫʚʘʥʥʷ ʤʽʞ ʦʩʷʤʠ 

ʜʦʨʽʚʥʶʻ 00, ʪʦʙʪʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʘʢʩʦʜʾ̔ʚ ʧʘʨʘʣʝʣʴʥʽ. 

ɿʚôʷʟʦʢ ʦʛʠʥʘʥʥ̫ 

 

0
)12(

11 =Vn  

 

ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚôʷʟʦʢ 

 

12 /ww=u  

 

ʟʘʣʠʰʘʶʪʴʩʷ ʙʝʟ ʟʤʽʥ. 

ʅʘʜʘʣʽ ʥʘʤ ʟʥʘʜʦʙʣʷʪʴʩʷ ʥʘʩʪʫʧʥʽ ʤʘʪʨʠʮʽ ʧʝʨʝʭʦʜʫ [217]: 

ï ʤʘʪʨʠʮʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ Sn ʜʦ S ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʜ̫: 
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= ;                                          (3.66) 

 

ï ʤʘʪʨʠʮʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ S ʜʦ Si: 
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;                             (3.67) 

 

ï ʤʘʪʨʠʮʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ Sn ʜʦ Si: 
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ï ʟʚʦʨʦʪʥʘ ʤʘʪʨʠʮʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ Si ʜʦ Sn: 
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ʅʘʤ ʪʘʢʦʞ ʟʥʘʜʦʙʠʪʴʩʷ ʧʦʭʽʜʥʘ ʤʘʪʨʠʮʽ (3.68) ʧʦ ʧʘʨʘʤʝʪʨʫ ij 
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ʊʫʪ i=1  ʜʣʷ ʰʝʩʪʽʨʥʽ, i=2  ʜʣʷ ʢʦʣʝʩʘ; ʚʝʨʭʥʽʡ ʟʥʘʢ ʚʽʜʧʦʚʽʜʘʻ 

ʰʝʩʪʽʨʥʽ, ʥʠʞʥʽʡ ï ʢʦʣʝʩʫ. 

ʄʘʪʨʠʮʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ S1 ʫ S2 ʤʘʻ ʚʠʛʣʷʜ 
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ʄʘʪʨʠʯʥʝ ʧʦʜʘʥʥʷ ʧʝʨʰʦʛʦ ʪʠʧʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

2-ʛʦ ʢʣʘʩʫ 
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() () ( ) ),,,(216),,,( 00 NPryMRMMNPr nnnisiisi mljml ÖÖÖ=  

 

ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚôʷʟʦʢ 

 

iin Ry jÖ= . 

 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʤʘʪʨʠʮʶ (3.66) ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʧʦʚʝʨʭʥʽ 

(2.32), ʦʪʨʠʤʫʻʤʦ ʚ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ S ʨʽʚʥʷʥʥʷ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ 

ʫ ʚʠʛʣʷʜʽ 

 

 

),(1 ʭPfx l= ; 

( ) iiʫn RPfNyy jblm -+= cos),(, 2 ; 

blm sin),(),( 2 ʫn PfNzz -= . 

 

(3.72) 

 

3.5.2. ɿʚ'ʷʟʢʠ ʦʛʠʥʘʥʥʷ ʜʣʷ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ 

ɿʚ'ʷʟʢʠ ʦʛʠʥʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟʫʙʮʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʚʠʨʘʟʦʤ: [179] 

 

0=Ö= n
ni

i eVF ,      (3.73) 

 

ʜʝ ne  ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ (2.40); 

niV  ï ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʫ ʚʝʨʩʪʘʪʥʦʤʫ ʟʘʯʝʧʣʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟ ʥʘʨʽʟʘʥʠʤ ʢʦʣʝʩʦʤ [137]: 
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ɺʨʘʭʦʚʫʶʯʠ (3.69), (3.70) ̔ (2.32) ʤʘʻʤʦ 

 

( ) ( )[ ] ( )jPfiRPfNyV ʭiiʫn
ni Ö°Ö°= ,cos,, 12 ljblm @@ .  (3.75) 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʫ 

ʯʘʩʪʠʥʫ ʚʠʨʘʟʫ (3.75) ʧʦʤʥʦʞʠʪʠ ʥʘ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ iw . 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ (3.73) ʟʥʘʯʝʥʥʷ (2.40) ʽ (3.75), ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ 

ʟʚ'ʷʟʢʫ ʦʛʠʥʘʥʥ̫ ʫ ʚʠʛʣʷʜʽ: 

 

()[ ] 0sincos),,,(),,,( 2 =ÖÖW°°= ajbmlmml iini RNPyNPF @ , (3.76) 

ʜʝ  ( )ʫPf ,212 l+W=W ; 
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=W .  

ʈʽʚʥʷʥʥʷ (3.72) ʩʧʽʣʴʥʦ ʟ (3.76) ʚʠʟʥʘʯʘʻ ʧʦʚʝʨʭʥʶ ʚʝʨʩʪʘʪʥʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ, ʪʦʙʪʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʽʩʮʷ ʪʦʯʦʢ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʪʘʢʪ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʥʘʨʽʟʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ɺʠʢʣʶʯʠʚʰʠ ʟ ʮʠʭ ʨʽʚʥʷʥʴ 

ʦʜʠʥ ʟ ʧʘʨʘʤʝʪʨʽʚ, ʥʘʧʨʠʢʣʘʜ ij, ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʚʝʨʩʪʘʪʥʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ ʚ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

),(1 ʭPfx l= ; 

bcos1W-=y ; 

blm sin),(),( 2 ʫn PfNzz -= . 

(

(3.77) 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʥʘʨʽʟʫʚʘʥʥʷ ʟʫʙʮ̔ ʚ ʰʝʩʪʝʨʥʽ ʽ ʢʦʣʝʩʘ ʦʜʥʽʻʾ ʽ ʪʽʻʾ 

ʞ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʪʠʤʝʤʦ ʚʠʧʘʜʦʢ ʣʽʥʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʚ ʨʦʙʦʯʦʤʫ 

ʟʘʯʝʧʣʝʥʥʽ. ɼʣʷ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ, ʥʘʨʽʟʘʥʠʭ ʙʝʟ ʟʤʽʱʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ, 

ʧʦʚʝʨʭʥʷ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʚʝʨʭʥʝʶ ʨʦʙʦʯʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ ʢʦʣʽʩ. 

ʇʨʠ constz=  ʨʽʚʥʷʥʥʷ (3.77) ʚʠʟʥʘʯʘʻ ʣʽʥʽʶ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʚ 
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ʪʦʨʮʝʚʽʡ ʧʣʦʱʠʥʽ. ɼʣʷ ʧʝʨʝʜʘʯ ʟ ʣʽʥʽʡʥʠʤ ʢʦʥʪʘʢʪʦʤ ʮʷ ʣʽʥʽʷ ʚʝʨʩʪʘʪʥʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ ʙʫʜʝ ʣʽʥʽʻʶ ʨʦʙʦʯʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʚ ʪʦʨʮʝʚʽʡ ʧʣʦʱʠʥʽ. ɼʣʷ 

ʧʝʨʝʜʘʯ ʟ ʪʦʯʢʦʚʠʤ ʢʦʥʪʘʢʪʦʤ ʣʽʥʽʷ ʟʘʯʝʧʣʝʥʥʷ ʚ ʪʦʨʮʝʚʽʡ ʧʣʦʱʠʥʽ 

ʚʠʨʦʜʞʫʻʪʴʩʷ ʚ ʪʦʯʢʫ. 

ʇʨʠ consti =j  ʨʽʚʥʷʥʥʷ (3.72) ʽ (3.76) ʚʠʟʥʘʯʘʶʪʴ ʣʽʥʽʶ ʤʠʪʪʻʚʦʛʦ 

ʢʦʥʪʘʢʪʫ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ) ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʥʘʨʽʟʫʚʘʥʠʭ 

ʢʦʣʽʩ, ʷʢʘ ʜʣʷ ʧʝʨʝʜʘʯ, ʥʘʨʽʟʘʥʠʭ ʙʝʟ ʟʤʽʱʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʣʽʥʽʻʶ ʤʠʪʪʻʚʦʛʦ ʢʦʥʪʘʢʪʫ ʟʫʙʮ̔ ʚ ʢʦʣʽʩ, ʷʢʽ ʟʘʯʽʧʣʷʶʪʴʩʷ. 

ɺʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʚ ʚʝʨʩʪʘʪʥʦʤʫ ʟʘʯʝʧʣʝʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.75) ʽ 

(3.76) ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ 1=iw  ʧʦ ʬʦʨʤʫʣ:̔ 

 

( )jPfiV ʭ
ni ,cos 11 lb°W°= .    (3.78) 

 

3.5.3. ʇʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʥʘʨʽʟʫʚʘʥʠʭ ʢʦʣʽʩ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷʥʴ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮʽʚ ʥʘʨʽʟʫʚʘʥʠʭ ʢʦʣʽʩ ʥʝʦʙʭʽʜʥʦ 

ʧʨʝʜʩʪʘʚʠʪʠ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ 

S1 ʘʙʦ S2. ɼʣʷ ʮʴʦʛʦ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʤʘʪʨʠʮʝʶ ʧʝʨʝʭʦʜʫ (3.67). ʈʽʚʥʷʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʢʦʥʪʘʢʪʫʶʯʠʭ ʟʫʙʮʽʚ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ S̔ ʤʘʶʪʴ ʚʠʛʣʜ̫: 

 

[ ] iiiʭi RPfx jbjl sincoscos),( 11 W°°= ; 

( )[ ] iiʭii PfRy jbjl coscossin, 11 W-°= ; 

blm sin),(),( 2 ʫn PfNzz -= . 

(

(3.79) 

 

ʈʽʚʥʷʥʥʷ (3.79) ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʪʦʚʱʠʥʫ ʟʫʙʮ̔ ʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘ ʟʛʠʥ, ʘ ʪʘʢʦʞ ʢʦʥʪʨʦʣʴʥʽ ʨʦʟʤʽʨʠ ʥʘʨʽʟʫʚʘʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʇʨʠ consti =j  ʨʽʚʥʷʥʥʷ (3.79) ʻ ʨʽʚʥʷʥʥʷʤʠ ʤʠʪʪʻʚʠʭ ʣʽʥʽʡ ʢʦʥʪʘʢʪʫ 

ʢʦʣʽʩ, ʟʘʯʝʧʣʝʥʥʷ. ʇʨʠ constz=  ʮʽ ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʶʪʴ ʧʨʦʬʽʣʽ ʟʫʙʮ̔ ʚ 

ʰʝʩʪʝʨʥʽ ʪʘ ʢʦʣʝʩʘ ʚ ʪʦʨʮʝʚʦʤʫ ʧʝʨʝʪʠʥʽ, ʘ ʧʨʠ const=b  ï ʧʨʦʬʽʣʽ ʟʫʙʮ̔ ʚ ʚ 

ʥʦʨʤʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ. 
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ʇʨʠ const=l  ʨʽʚʥʷʥʥʷ (3.79) ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʽʚʥʷʥʥʷ ʛʚʠʥʪʦʚʠʭ ʣʽʥʽʡ. 

ʈʘʜʽʫʩʠ ʮʠʣʽʥʜʨʽʚ, ʥʘ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʽ ʮʽ ʣʽʥʽʾ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ 22
iibi yxR +=  ʘʙʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.79), 

 

( )[ ] ( ),cos, 2
1

2

1
bl W+°= ixbi

RPfR    (3.80) 

 

ʜʝ ʚʝʨʭʥʽʡ ʟʥʘʢ ʜʣʷ ʰʝʩʪʝʨʥʽ, ʥʠʞʥʽʡ ï ʜʣʷ ʢʦʣʝʩʘ. 

ʆʩʢʽʣʴʢʠ b ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʣʠʯʠʥʘ ʟʤʽʥʥʘ, ʪʦ ʧʨʠ const=l  

1bR   ̔ 2bR  ʟʤʽʥʶʶʪʴʩʷ ʫʟʜʦʚʞ ʟʫʙʯʘʩʪʦʛʦ ʚʽʥʮʷ. 

ʈʽʚʥʷʥʥʷ (3.80) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ l, 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʨʘʥʠʯʥʠʤ ʪʦʯʢʘʤ ʧʦʣʷ ʟʘʯʝʧʣʝʥʥʷ ʧʝʨʝʜʘʯʽ. ɼʣʷ ʮʴʦʛʦ ʚ ʧʨʘʚʽ 

ʯʘʩʪʠʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.80) ʥʝʦʙʭʽʜʥʦ ʧʽʜʩʪʘʚʠʪʠ ʟʥʘʯʝʥʥʷ 1ʘR  ʪʘ 2aR  ï 

ʨʘʜʽʫʩʽʚ ʢʽʣ ʚʝʨʰʠʥ ʟʫʙʮ̔ ʚ, ʚʽʜʧʦʚʽʜʥʦ, ʰʝʩʪʝʨʥʽ ʽ ʢʦʣʝʩʘ, ʪʘ ʚʠʨʽʰʠʪʠ ʾʭ 

ʱʦʜʦ l. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥ̫  l ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʜʝʷʢʽ ʧʦʢʘʟʥʠʢʠ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʥʘʨʽʟʫʚʘʥʠʭ ʧʝʨʝʜʘʯ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʟʫʙʮ̔ ʚ ʫ ʪʦʨʮʴʦʚʦʤʫ ʧʝʨʝʨʽʟʽ ʥʝʦʙʭʽʜʥʦ 

ʟʘʜʘʪʠ ʟʥʘʯʝʥʥʷ zi ʽ ʟ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ (3.80) ʚʠʟʥʘʯʠʪʠ ()lm . ɼʘʣ,̔ ʧʨʠ 

ʟʘʜʘʥʠʭ 1bR   ̔ 2bR  ʟ ʨ̔ʚʥ̫ʥʥ̫  (3.80) ʚʠʟʥʘʯʠʪʠ 1l  ̔ 2l, ʘ ʟ ʨʽʚʥʷʥʥʷ 

ʟʘʯʝʧʣʝʥʥ̫  (3.76) ʢʫʪ ij. 

ʇ̔ʜʩʪʘʚʣʷʯʁʠ ʦʪʨʠʤʘʥʽ m, l, j ʚ ʧʝʨʰʽ ʜʚʘ ʨʽʚʥʷʥʥʷ (3.79), 

ʟʥʘʭʦʜʠʤʦ ʢʦʦʨʜʠʥʘʪʠ ʧʨʦʬʽʣʶ ʟʫʙʘ ʚ ʪʦʨʮʴʦʚʦʤʫ ʧʝʨʝʨʽʟʽ ʜʣʷ ʟʘʜʘʥʠʭ 1bR   ̔

2bR . 

ɼʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʪʦʚʱʠʥʘ ʟʫʙʘ ʥʘʨʽʟʘʥʦʛʦ ʢʦʣʝʩʘ ʚ 

ʪʦʨʮʝʚʦʤʫ ʧʝʨʝʪʠʥʽ ʜʦʨʽʚʥʶʻ 

 

( )[ ] iiʭii PfRyS jbjl coscossin,22 11 W-°Ö=Ö= .  (3.81) 
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ɺʽʜʩʪʘʥʴ ʚʽʜ ʚʝʨʰʠʥʠ ʟʫʙʘ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʭʦʨʜʠ (ʚʠʤʽʨʶʚʘʣʴʥʘ 

ʚʠʩʦʪʘ) ʜʦʨʽʚʥʶʻ iai xRh -=* , ʜʝ ix  ï ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʧʝʨʰʦʛʦ ʨʽʚʥʷʥʥʷ 

(3.79). 

ɼʣʷ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʟʠʪʠʚʥʽ 

ʪʘ ʥʝʛʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ iy  ,̔ ʜʣʷ ʦʪʨʠʤʘʥʥʷ S, ʟʥʘʯʝʥʥʷ iy  ʧʽʜʩʫʤʦʚʫʚʘʪʠ ʟʘ 

ʘʙʩʦʣʶʪʥʦ  ʁʚʝʣʠʯʠʥʦ .ʁ 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʦʚʱʠʥʠ ʟʫʙʮʽʚ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ (3.80) ʟʘʤʽʩʪʴ biR  

ʥʝʦʙʭʜ̔ʥʦ ʧʨʠʡʥʷʪʠ aiR . 

 

3.5.4. ɯʥʪʝʨʘʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʣʷ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ çSAlATè, ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʽ ʧʨʦʮʝʩʽʚ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ [236]. ɺʦʥʦ ʜʦʟʚʦʣʷʻ (ʨʠʩ. 3.18) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʫʨʩʦʨʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʘ, ʢʝʨʫʚʘʪʠ: 

- ʛʝʦʤʝʪʨʽʻʶ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ; 

- ʬʦʨʤʦʶ ʨʦʙʦʯʠʭ ʜʽʣʷʥʦʢ ʢʨʠʚʠʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʟʫʙʮ ̔ʰʝʩʪʽʨʥʽ ʽ ʢʦʣʝʩʘ 

ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ; 

- ʬʦʨʤʦʶ ʣʽʥʽʾ ʟʘʯʝʧʣʝʥʥʷ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ 

ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʰʝʩʪʝʨʥʽ, ʢʦʣʝʩʘ ʽ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʨʝʡʢʦʚʦʛʦ ʪʠʧʫ ʚ 

ʟʘʜʘʥʦʤʫ ʧʝʨʝʨʽʟʽ. 
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ʈʠʩ. 3.18. ʂʝʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

 

ʅʘ ʨʠʩ. 3.19 ʧʦʢʘʟʘʥʘ ʢʦʧʽʷ ʝʢʨʘʥʫ ʤʦʥʽʪʦʨʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʧʦʷʩʥʝʥʥʷʤʠ. ʅʘ ʮʴʦʤʫ ʤʘʣʶʥʢʫ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʤʽʥʽ ʢʨʠʚʦʾ ʚʠʭʽʜʥʦʛʦ 

ʢʦʥʪʫʨʫ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ 1 ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ 4 ʢʨʠʚʦʾ ɹʝʟʴ̒ , 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʢʨʠʚʠʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʦʙʦʯʫ ʜʽʣʷʥʢʫ ʟʫʙʮ̔ ʚ ʰʝʩʪʝʨʥʽ ʽ 

ʢʦʣʝʩʘ. 

ɸʥʘʣʦʛʽʯʥʦ, ʥʘ ʨʠʩ. 3.20, ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ, ʷʢ ʧʨʠ ʟʤʽʥʽ ʢʨʠʚʦʾ 

ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ ʢʨʠʚʦʾ 

ɹʝʟ̒ɹ 3-ʛʦ ʧʦʨʷʜʢʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʣʽʥʽʾ ʟʘʯʝʧʣʝʥʥʷ. 
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ʈʠʩ. 3.19. ʂʝʨʫʚʘʥʥʷ ʨʦʙʦʯʠʤʠ ʜʽʣʷʥʢʘʤʠ ʟʫʙʮʽʚ: 

1 - ʢʨʠʚʘ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ; 2 - ʢʨʠʚʘ, ʱʦ ʦʧʠʩʫʻ ʨʦʙʦʯʫ 

ʜʽʣʷʥʢʫ ʟʫʙʘ ʰʝʩʪʝʨʥʽ; 3 - ʢʨʠʚʘ, ʱʦ ʦʧʠʩʫʻ ʨʦʙʦʯʫ ʜʽʣʷʥʢʫ ʟʫʙʘ ʢʦʣʝʩʘ; 

4 - ʢʝʨʫʶʯʽ ʪʦʯʢʠ ʢʨʠʚʦʾ ɹʝʟʴ̒  3-ʛʦ ʧʦʨʷʜʢʫ 

 

 

ʃ̔ʥ̫̔  ʟʘʯʝʧʣʝʥʥ̫ 

 

ʈʠʩ. 3.20. ʂʝʨʫʚʘʥʥʷ ʣʽʥʽʻʶ ʟʘʯʝʧʣʝʥʥʷ 

 

ʅʘ ʨʠʩ. 3.21 ʧʦʢʘʟʘʥʦ ʪʨʠ ʧʦʣʦʞʝʥʥʷ ʢʨʠʚʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʧʨʦʮʝʩʽ 

ʦʙʢʘʪʢʠ ʰʝʩʪʝʨʥʽ, ʢʦʣʝʩʘ ʽ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ. 
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ʈʠʩ. 3.21. ɸʥʘʣʽʟ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʚ ʧʨʦʮʝʩʽ ʦʙʢʘʪʢʠ 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʣ̔ʫ 3 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʦʧʠʩʫ ʬʫʥʢʮʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʾʾ ʤʘʪʨʠʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʽ ʫʥʽʬʽʢʦʚʘʥʠʭ 

ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʘʭ ʢʨʠʚʦʾ, ʷʢʘ ʦʧʠʩʫʻ ʧʨʦʬʽʣʴ ʟʫʙʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʫʥʽʬʽʢʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʽ ʨʝʘʣʽʟʫʚʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʦʶ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ʉʫʪʴ ʥʦʚʦʚʚʝʜʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʝʨʝʭʽʜ ʚʽʜ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʙʫʪʢʫ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʥʘʙʦʨʫ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʤʘʪʨʠʮʴ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʽʣʴʢʠ ʦʜʠʥ 

ʝʣʝʤʝʥʪʘʨʥʠʡ ʧʦʩʪʫʧʘʣʴʥʠʡ ʘʙʦ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʣʘʥʢʘʤʠ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘ ̒ ʟʥʘʯʝʥʥʷʤ ʮʴʦʛʦ ʨʫʭʫ, ʘ 

ʧʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʛʦ ʢʣʘʩʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʦ ʽʥʰʦʛʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʥʫʣʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʘ ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʪʨʠʮʽ. ɺʘʨʽʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʨʠʮʴ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʚʠʙʽʨ ʢʨʘʱʦʾ ʩʭʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʩʪʨʫʢʪʫʨʠ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦ ʾ ʩʠʩʪʝʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. 

2. ʈʦʟʛʣʷʥʫʪʽ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʨʦʬʝʩʦʨʦʤ ʇ.ʈ. ʈʦʜʽʥʠʤ ʚ ʯʘʩʪʠʥʽ 

ʦʢʨʝʤʠʭ ʪʠʧʽʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ. ɼʦʜʘʥʦ ʥʦʚʽ 
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ʪʠʧʠ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ 

ʨʦʟʰʠʨʶʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʟʦʢʨʝʤʘ 

ʢʦʯʝʥʥʷ ʟ ʢʦʚʟʘʥʥʷʤ ʛʧ̔ʝʨʙʦʣʦʜʾʘ ʧʦ ʮʠʣʽʥʜʨʫ ʽ ʢʦʯʝʥʥʷ ʟ ʢʦʚʟʘʥʥʷʤ 

ʛ̔ʧʝʨʙʦʣʦʜʾʘ ʧʦ ʪʚʽʨʥʽʡ ʧʨʷʤʡ̔. ʎʝ ʩʪʚʦʨʠʣʦ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʛʨʝʩʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʘ ʩʘʤʝ ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʬʨʝʟ, ʭʦʥʽʚ, ʰʣʽʬʫʚʘʣʴʥʠʭ 

ʢʨʫʛʽʚ, ʧʨʠʪʠʨ̔ʚ, ʥʘʢʘʪʥʠʢʚ̔. 

3. ʆʪʨʠʤʘʥʦ ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʚôʷʟʘʥʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ʆʪʨʠʤʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʣʽʥʽʡ ʢʦʥʪʘʢʪʫ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

4. ɼʣʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ ʦʪʨʠʤʘʥʦ 

ʫʥʽʬʽʢʦʚʘʥʠʡ ʦʧʠʩ ʬʫʥʢʮʽ ʾʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ, ʦʪʨʠʤʘʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʦʧʠʩʫ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʅʘʚʝʜʝʥʦ 

ʢʦʤʧôʶʪʝʨʥʫ ʨʝʘʣʽʟʘʮʽ ʁʧʨʦʮʝʩʫ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʶ ʧʨʦʬʽʣʽʚ 

ʟʫʙʮ̔ ʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʄʘʪʝʨʽʘʣʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʙʦʪʘʭ: [28], [50], [56], 

[57], [58], [64], [90], [205], [236], [237]. 
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ʈɸɿɼɽʃ 4 

ɻɽʆʄɽʊʈʀʏʅɯ ʊɸ ʂɯʅɽʄɸʊʀʏʅɯ ʇʆʂɸɿʅʀʂʀ ʇʈʆʎɽʉʋ 

ʌʆʈʄʆʋʊɺʆʈɽʅʅʗ ʌʋʅʂʎɯʆʅɸʃʔʅʀʍ ʇʆɺɽʈʍʆʅʔ 

ɼʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʫʤʦʚ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʽ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʪʘ 

ʚʟʘʻʤʦʜʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ [28], [92], 

[101], [162], [289]: 

1. ɺʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ 

ʧʨʦʮʝʩʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ʍʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ, ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚ ʧʨʦʮʝʩʽ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

2. ʂʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ ʥʘʧʨʷʤʢʦʤ 

ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ. ʍʘʨʘʢʪʝʨʠʟʫʻ ʷʢʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ ʟʤʘʱʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ. 

3. ʇʨʠʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ 

ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ʍʘʨʘʢʪʝʨʠʟʫʻ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚ ʧʨʦʮʝʩʽ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ.  

4. ʉʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʦʥʴ, ʱʦ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ʍʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ ʟʤʘʱʫʚʘʥʥʷ. 

5. ʂʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ. ʍʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ, ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚ ʧʨʦʮʝʩʽ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʨʦʚʝʜʝʤʦ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʫʪʽ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ.  
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4.1. ɸʥʘʣʽʟ ʚʽʜʥʦʩʥʦ ʾ ʰʚʠʜʢʦʩʪ̔ ʢʦʚʟʘʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʈʦʟʛʣʷʥʝʤʦ ʛʽʧʝʨʙʦʣʦʾʜʥʫ ʧʘʨʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʧʨʷʤʦʟʫʙʦʛʦ (ʢʦʩʦʟʫʙʦʛʦ) ʢʦʣʝʩʘ ʪʘ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʎʽʣʢʦʤ 

ʟʨʦʟʫʤʽʣʦ, ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʢʦʣʝʩʫ ʟ ʢʽʣʴʢʽʩʪʶ ʟʫʙʮ̔ ʚ z1, ʟ 

ʤʦʜʫʣʝʤ m ʪʘ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʩʭʨʝʱʫʚʘʥʥʷ g ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʙʘʛʘʪʦ 

ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʠ ʟʘʜʘʥʽʡ ʨʽʟʥʽʡ ʢʽʣʴʢʦʩʪʽ ʟʫʙʮ̔ ʚ z2. ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʙʫʜʝʤʦ ʤʘʪʠ ʛʽʧʝʨʙʦʣʦʾʜʥʫ ʧʘʨʫ, ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ ʪʘ ʽʥʩʪʨʫʤʝʥʪ ʷʢʦʾ 

ʤʘʪʠʤʫʪʴ ʩʧʨʷʞʝʥʽ ʧʦʚʝʨʭʥʽ ʟʫʙʮ̔ʚ ʟ ʣʽʥʽʡʥʠʤ ʢʦʥʪʘʢʪʦʤ, ʪʘʢ ʷʢ ʪʚʽʨʥʘ 

ʮʠʣʽʥʜʨʠʯʥʘ ʧʦʚʝʨʭʥ ̫ʜʣʷ ʦʜʥʦʛʦ ʟ ʥʠʭ ʟʙʽʛʘʻʪʴʩʷ ʟ ʛʦʣʦʚʥʦʶ ʧʦʚʝʨʭʥʝʶ 

ʧʘʨʥʦʛʦ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʫʭ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ ʱʦʜʦ 

ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʙʫʜʝ ʤʠʪʪʻʚʠʤ ʛʚʠʥʪʦʚʠʤ ʨʫʭʦʤ, ʷʢʠʡ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʜʚʦʭ ʦʙʝʨʪʘʥʴ ʥʘʚʢʦʣʦ ʧʝʨʝʭʨʝʩʥʠʭ ʦʩʝʡ [232]. ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʚʽʜʥʦʩʥʠʡ ʨʫʭ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ ʱʦʜʦ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʤʦʞʥʘ ʫʷʚʠʪʠ ʷʢ ʢʦʯʝʥʥʷ ʟ ʢʦʚʟʘʥʥʷʤ ʮʠʣʽʥʜʨʘ ʧʦ ʛ̔ ʧʝʨʙʦʣʦʾʜʫ 

(ʨʠʩ. 4.1). ʆʩʽ ʧʨʷʤʦʟʫʙʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ 1 ʪʘ ʛ̔ ʧʝʨʙʦʣʦʾʜʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ 2 ʩʭʨʝʱʫʶʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ ʧʽʜ ʢʫʪʦʤ .g 

ʂʦʚʟʘʥʥʷ, ʦɦ ʚʠʥʠʢʘʻ ʚ ʧʨʦʮʝʩʽ ʟʘʯʝʧʣʝʥʥʷ ʧʨʦʬʽʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʨʠʩ. 4.1 ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ [14], [32], [38], [41], [45], [109], [156]: 

 

,][][][][ 2)12(2)12(2)12(2)12(
zyx VVVV ++=     (4.1) 

 

ʜʝ -)12()12()12( ,, zyx VVV  ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʴ (3.31), ʚ ʷʢʠʭ x, y, z ʤʘʶʪʴ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ (3.10). 
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ʈʠʩ. 4.1. ɺʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʮʽ ʟʥʘʯʝʥʥʷ x, y, z ʜʦ ʨʽʚʥʷʥʥʷ (3.31), ʦʪʨʠʤʘʻʤʦ 

ʧʨʦʝʢʮʽʾ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 
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 (4.2) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ (4.1), ʚʠʟʥʘʯʘʻʤʦ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʚ 

ʪʦʯʢʘʭ ʧʨʦʬʽʣʽʚ ʢʦʣʽʩ. ʊʘʢ ʷʢ ʧʨʠ const=1j  ʨʽʚʥʷʥʥʷ (4.1) ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʩʥʫ 

ʰʚʠʜʢʽʩʪʴ ʚ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ, ʧʨʠ constz ==m ï ʚʽʜʥʦʩʥʫ ʰʚʠʜʢʽʩʪʴ 

ʚ ʪʦʯʢʘʭ ʧʨʦʬʽʣʶ ʟʫʙʮ̔ ʚ ʢʦʣʝʩʘ, ʘ ʧʨʠ const=l ï ʤʘʪʠʤʝʤʦ ʟʤʽʥʫ ʚʽʜʥʦʩʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʧʦ ʜʦʚʞʠʥʽ ʟʫʙʘ. 

ʇʨʠʨʽʚʥʶʶʯʠ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ (4.1) ʜʦ ʥʫʣ̫, ʦʪʨʠʤʫʻʤʦ 
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ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ, ʚ ʷʢʠʭ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʶʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʣʽʩ 

ʽ ʛʽʧʝʨʙʦʣʦʾʜʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘʢ, ʱʦʙ ʨʦʟʛʣʷʥʫʪʘ ʰʚʠʜʢʽʩʪʴ ʙʫʣʘ ʙ 

ʤʽʥʽʤʘʣʴʥʦʶ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʽʩʪʠʥʥʠʭ ʟʥʘʯʝʥʴ ʧʨʦʝʢʮʽʡ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʴ (4.2) ʧʦʤʥʦʞʠʪʠ ʥʘ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ 1w
C

 [49], [54], [57]. 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʧʨʠ ʥʘʢʘʪʮʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ 

ʝʚʦʣʴʚʝʥʪʥʠʤ ʧʨʦʬʽʣʝʤ ʚʠʪʢʽʚ [60] ʪʘ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʧʨʦʬʽʣʝʤ, ʦʧʠʩʘʥʠʤ 

ʢʨʠʚʦ ʁɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ, ʦʪʨʠʤʘʥʦ ʁʚ ʨʝʟʫʣʴʪʘʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʝʚʦʣʴʚʝʥʪʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʣʠʩʷ (ʨʠʩ. 4.2). 

 

 

ʈʠʩ. 4.2. ɺʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ çSCOTè ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ 

ʩʠʥʪʝʟʫ ʢʦʥʪʘʢʪʥʠʭ ʪʦʯʦʢ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ [237] ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʢʦʥʪʘʢʪʫʶʯʽ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ 

[63]. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 4.3. 
 

 
ʘ 

  
ʙ ʚ 

ʈʠʩ. 4.3. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ: 

ʧʦʙʫʜʦʚʘ ʚʝʢʪʦʨʽʚ ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʥʘ ʽʥʩʪʨʫʤʝʥʪʽ (ʘ) ʽ 

ʟʫʙʯʘʩʪʦʤʫ ʢʦʣʝʩʽ (ʙ); ʚ ï ʧʦʙʫʜʦʚʘ ʚʝʢʪʦʨʫ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʙʫʜʫʻʤʦ ʚ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ 

ʢʦʣʝʩʘ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦʧʦʤʽʞʥʽ ʧʣʦʱʠʥʠ ʯʝʨʝʟ ʪʦʯʢʫ ʢʦʥʪʘʢʪʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʦʩʝʡ ʦʙʝʨʪʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʣʝʩʘ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʙʫʜʫʻʤʦ ʚ ʥʠʭ ʢʦʣʘ ʪʘ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʚʽʜʢʣʘʜʘʻʤʦ ʚʽʜʨʽʟʢʠ ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ 

ʜʦʧʦʤʽʞʥʠʭ ʢʦʣʘʭ ʜʦʚʞʠʥʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ 
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ʢʦʥʪʘʢʪʫ (ʨʠʩ. 4.3,ʘ, ʨʠʩ. 4.3,ʙ). ʇʦʻʜʥʫʶʯʠ ʢʽʥʮʽ ʮʠʭ ʚʽʜʨʽʟʢʽʚ, ʦʪʨʠʤʫʻʤʦ 

ʚʝʢʪʦʨ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ (ʨʠʩ. 4.3,ʚ), ʷʢʠʡ ʙʫʜʝ ʣʝʞʘʪʠ ʚ ʧʣʦʱʠʥʽ, 

ʧʘʨʘʣʝʣʴʥʽʡ ʜʦʪʠʯʥʽʡ ʧʣʦʱʠʥʽ ʜʦ ʧʦʚʝʨʭʥʽ ʟʫʙʮ̔ ʚ. 

 

4.2. ɸʥʘʣʽʟ ʢʫʪʘ ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ 

ʥʘʧʨʷʤʢʦʤ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ 

ʌʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʤʽʞ 

ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ ʣʽʥʽʷʤʠ ʢʦʥʪʘʢʪʫ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ 

ʢʫʪʽ ʧʦʚʦʨʦʪʫ 1j ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ. ʏʠʤ ʙʽʣʴʰʝ ʢʫʪ b, ʪʠʤ 

ʤʝʥʰʝ ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʦʤ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ. 

ʂʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 
)12(

V  ʪʘ ʚʝʢʪʦʨʦʤ 1t ï 

ʜʦʪʠʯʥʠʤ ʜʦ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʚʠʟʥʘʯʠʤʦ ʟ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ [16], [45], [97], 

[155]: 

 

),/(][ )12(
1

)12(
1 VVtg

CCCC
ttut ³=      (4.3) 

 

ʜʝ 1t
C

 ï ʚʝʢʪʦʨ ʜʦʪʠʯʥʦ ʾʜʦ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ. 

ʄʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʚʝʢʪʦʨ 1t ʣʝʞʠʪʴ ʫ ʜʦʪʠʯʥʽʡ ʜʦ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ 

ʧʣʦʱʠʥʽ, ʧʨʝʜʩʪʘʚʠʤʦ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʚʝʢʪʦʨʽʚ l
1r  ʪʘ 

m
1r , ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʪʽʡ ʩʘʤʽʡ ʜʦʪʠʯʥʽʡ ʧʣʦʱʠʥʽ, ʪʦʜʽ 1t ʟʘʧʠʰʝʤʦ ʚ ʪʘʢʦʤʫ 

ʚʠʜ̔:  

 

lmmlt FrFr 111
CCC
-=       (4.4) 

 

ʈʦʟʢʨʠʚʘʶʯʠ ʚʝʢʪʦʨʥʠʡ ʚʠʨʘʟ (4.3) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (4.4), 

ʦʪʨʠʤʘʻʤʦ 
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)]()(/[])()([ )12(
1

)12(
1

)12(
1

)12(
1 VrbVraVrbVratg

CCCCCCCC mlml
tu +³+³=   (4.5)  

 

ʇʝʨʝʪʚʦʨʶʶʯʠ ʚʠʨʘʟʠ (4.5) ʪʘ ʨʦʟʢʣʘʚʰʠ ʚʝʢʪʦʨ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 

)12(
V  ʟʘ ʥʘʧʨʷʤʢʘʤʠ l

1r  ʪʘ m1r , ʦʪʨʠʤʘʻʤʦ: 

 

ml
11

)12( rbraV
CCC

+=       (4.6) 

 

ʜʝ 

 

;

(

(1

11
)12(

11
)12(

2
111 GrV

FrV

FGE
a

m

l

-
=            

m

l

1
)12(

1

1
)12(

1
2

111 (

(1

rVF

rVE

FGE
b

-
=  

 

ɿ ʚʠʨʘʟʽʚ (4.5) ʪʘ (4.6) ʩʣʜ̔ʫ̒: 

 

)]()(/[)(
)12(

1
)12(

1 VrbVraNbaabtg ml
tu +-= **

    (4.7) 

 

ʊʦʜ ̔ʢʫʪ ʤ̔ ʞ ʚʝʢʪʦʨʘʤʠ 
)12(

1 Vʪʘt  ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [254]: 

 

NFVrFVrFrV

GrVFFrVErVFtg

)])()/[(])(

)[(])()[(

)12(
1

)12(
111

)12(

11
)12(

11
)12(

11
)12(

mllmm

lllmm
tu

--

----=
  (4.8) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ (3.41), ʧʝʨʝʧʠʰʝʤʦ ʚʠʨʘʟ (4.8) ʚ ʪʘʢʦʤʫ ʚʠʜʽ 

[49]: 
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2'
2

2'
1

)12(
1

)12(
1

)12(
1

)12(
1

2'
2

2'
1

)),(()),((])(

)/[()](

))()),(()),((([

yx

yx

PfPfFVr

FVrVrF

VrPfPfFtg

ll

llu

ml

lmll

mm
t

+-

--

-+-=

  (4.9) 

 

ʂʫʪ tu  ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 
)12(

V  ʪʘ ʣʽʥʽʻʶ ʢʦʥʪʘʢʪʫ 1t 

ʜʦʨʽʚʥʶʻ p5,0  ʚ ʪʦʯʢʘʭ ʜʣʷ ʷʢʠʭ ʜʽʣʴʥʠʢ ʚʠʨʘʟʫ (4.9) ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʙʪʦ,  

 

0)()(
)12(

1
)12(

1 =- mllm FVrFVr      (4.10) 

 

ʎʶ ʫʤʦʚʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʨʽʚʥʠʭ ʢʫʪʽʚ ʤʽʞ 

ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʣʽʥʽʻʶ ʢʦʥʪʘʢʪʫ, ʢʦʣʠ ʨʽʟʘʥʥʷ ʙʫʜʝ 

ʥʘʡʩʧʨʠʷʪʣʠʚʽʰʠʤ. ɯ ʥʘʚʧʘʢʠ, ʚʠʨʘʟ (4.10) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ 

ʩʠʥʪʝʟʽ ʛʽʧʝʨʙʦʣʦʾʜʥʦʾ ʧʝʨʝʜʘʯʽ ʧʦ ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʦʤʫ ʟʥʘʯʝʥʥʶ ʢʫʪʘ ʤʽʞ 

ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʣʽʥʽʻʶ ʢʦʥʪʘʢʪʫ. 

ʇʨʠ 

 

,0)]())()),(()),((([
)12(

1
)12(

1
2'

2
2'

1 =-+- VrFVrPfPfF yx
llmm ll  (4.11) 

 

ʢʫʪ .00=u  ʎʝʡ ʚʠʨʘʟ ʧʦʢʘʟʫʻ ʥʘʡʩʧʨʠʷʪʣʠʚʽʰʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʟʫʙʮ̔ ʚ 

ʛʽʧʝʨʙʦʣʦʾʜʥʦʾ ʧʝʨʝʜʘʯʽ. 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʢʫʪʘ 

ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ ʥʘʧʨʷʤʢʦʤ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ 

ʧʨʠ ʥʘʢʘʪʫʚʘʥʥʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʝʚʦʣʴʚʝʥʪʥʠʤ ʧʨʦʬʽʣʝʤ [60] 

ʪʘ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʧʨʦʬʽʣʝʤ, ʦʧʠʩʘʥʠʤ ʢʨʠʚʦ ʁɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ, ʦʪʨʠʤʘʥʦʾ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʝʚʦʣʴʚʝʥʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʘʢʪʠʯʥʦ 

ʟʙʽʛʣʠʩʷ (ʨʠʩ. 4.4). 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ çSCOTè, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ 

ʩʠʥʪʝʟʫ ʢʦʥʪʘʢʪʥʠʭ ʪʦʯʦʢ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ [237], ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʢʦʥʪʘʢʪʫʶʯʽ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʢʫʪʘ ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ ʥʘʧʨʷʤʢʦʤ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ [63]. ɺʽʟʫʘʣʽʟʘʮʽʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʢʫʪʘ ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ 

ʥʘʧʨʷʤʢʦʤ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.5. 

 

 

ʈʠʩ. 4.4. ʂʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ  

ʽ ʥʘʧʨʷʤʢʦʤ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ 
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ɼʣʷ ʘʥʘʣʽʟʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʩʽʯʥʫ ʧʣʦʱʠʥʫ ʯʝʨʝʟ ʚʽʜʨʽʟʦʢ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʩʥʫ ʰʚʠʜʢʽʩʪʴ ʽ ʯʝʨʝʟ ʪʦʯʢʫ ʢʦʥʪʘʢʪʫ (ʨʠʩ. 4.5,ʘ). ʄʽʞ 

ʣʽʥʽʻʶ ʧʝʨʝʪʠʥʫ ʮʽʻʾ ʧʣʦʱʠʥʠ ʟ ʧʦʚʝʨʭʥʝʶ ʟʫʙʘ ʪʘ ʣʽʥʽʻʶ ʢʦʥʪʘʢʪʫ ʤʦʞʥʘ 

ʽʥʪʝʨʘʢʪʠʚʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ 

ʥʘʧʨʷʤʢʦʤ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ (ʨʠʩ. 4.5,ʙ). 

 

 

 

ʘ ʙ 

ʈʠʩ. 4.5. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʢʫʪʘ ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ ʥʘʧʨʷʤʢʦʤ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ: 

ʘ ï ʧʦʙʫʜʦʚʘ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʫ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʶ ʟʫʙʘ; 

ʙ ï ʚʽʟʫʘʣʽʟʘʮʽʷ ʢʫʪʘ ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ ʥʘʧʨʷʤʢʦʤ 

ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ 

 

4.3. ɸʥʘʣʽʟ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ 

ʧʦʚʝʨʭʦʥʴ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. ɺʚʝʜʝʤʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

-
)1(

V  ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ ʧʨʠ ʨʫʩʽ ʧʦ ʦʩʥʦʚʥʽʡ ʧʦʚʝʨʭʥʽ ʟʫʙʘ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ; 
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-
)2(

V  ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ ʦʩʥʦʚʥʦʾ ʧʦʚʝʨʭʥʽ ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ; 

-
)12(

V  ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʢʦʚʟʘʥʥʷ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ 

ʟʥʦhʫʚʘʥʥʷ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

ʄʽʞ ʥʘʚʝʜʝʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʢʦʥʪʘʢʪʥʠʭ ʪʦʯʦʢ ʽʩʥʫʻ ʪʘʢʠʡ ʟʚ'ʷʟʦʢ 

[18], [43], [101], [103], [155]: 

 

)12()1()2()12()1()2(
VVVVVV +=Ý=-    (4.12) 

 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʧʦ ʧʦʚʝʨʭʥʽ ʟʫʙʮ̔ ʚ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʢʦʣʝʩʘ ʚ ʨʫʭʦʤʠʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ x1y1z1 (ʨʠʩ. 3.3) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, 

ʜʠʬʝʨʝʥʮʽʶʶʯʠ ʨʽʚʥʷʥʥʷ (3.14) ʧʦ ʯʘʩʫ t : 

 

dtdrdtdrV //
11

)1( ml
ml GGG

+=        (4.13) 

 

ʜʝ 
ml

11
, rr
GG

 ï ʯʘʩʪʢʦʚʽ ʧʦʭʽʜʥʽ ʚʝʢʪʦʨʫ ),,,(1 NPr ml  ʧʦ mlʪʘ  ʚʽʜʧʦʚʽʜʥʦ.  

ʅʝʭʘʡ ʚ ʩʠʩʪʝʤ ̔ ʢʦʦʨʜʠʥʘʪ x1y1z1 ʟʘʜʘʥʠʡ ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ q
G

. 

ɺʠʟʥʘʯʠʤʦ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʮʴʦʤʫ ʚʝʢʪʦʨʫ. ʉʢʘʣʷʨʥʦ ʧʦʤʥʦʞʠʚʰʠ ʨʽʚʥʽʩʪʴ (4.13) ʥʘ 

ʚʝʢʪʦʨ q
G

 ʦʪʨʠʤʘʻʤʦ: 

 

0/)(/)( 11 =+ dtdqrdtdqr ml ml     (4.14)  

 

ɼʦʜʘʤʦ ʜʦ ʮʽʻʾ ʨʽʚʥʦʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʽ ʨʽʚʥʷʥʥʷ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ (3.51).  

 

0/// 1
1 =++ dtdFdtdFdtdF jml jml     (4.15)  
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ʋ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ (4.14) ʪʘ (4.15) ʪʨʠ ʥʝʚʽʜʦʤʠʭ dtddtd /,/ ml , 

dtd /1j . ʆʜʥʠʤ ʟ ʥʝʚʽʜʦʤʠʭ ʟʘʜʘʻʤʦʩʷ, ʧʦʢʣʘʚʰʠ, ʥʘʧʨʠʢʣʘʜ, 1/1 =dtdj . 

ʈʝʰʪʫ ʥʝʚʽʜʦʤʠʭ ʚʠʟʥʘʯʠʤʦ, ʚʠʨʽʰʠʚʰʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (4.14) ʽ (4.15). 

ʈʽʰʝʥʥʷ ʮʠʭ ʨʽʚʥʷʥʴ ʤʘʻ ʚʠʛʣʷʜ:  

 

])()/[()(/

;)()/[()(/

11
1

1

11
1

1

lmmljl

lmmljm

m

l

FqrFqrFqrdtd

FqrFqrFqrdtd

GGGGGG

GGCGGG

--=

-=
     (4.16) 

 

ɿ ʚʠʨʘʟʽʚ (4.13) ʪʘ (4.16) ʩʣʽʜʫʻ 

 

)]()((][)()/[(
1111111

1)1( qrrqrrrFqrFqrFV
GCGCCGGGCGCC lmmlllmmlj --= . (4.17) 

ɺʠʨʘʟʠ ʜʨʫʛʦʛʦ ʤʥʦʞʥʠʢʘ ʨʽʚʥʦʩʪʽ (4.17) ʧʝʨʝʪʚʦʨʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ 

ʚʠʛʣʷʜʫ 

 

][)]()([ 11111
lqNqrrqrr
CCCCCCCCC
³=- lmml  

ʜʝ N
G

 ï ʤʦʜʫʣʴ ʚʝʢʪʦʨʫ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʟʫʙʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʣʝʩʘ; 

1l  ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʮʽʻʾ ʧʦʚʝʨʭʥʽ (ʧʨʦʝʢʮʽʾ ʮʴʦʛʦ ʚʝʢʪʦʨʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʽʩʪʶ (3.42)). 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʻʾ ʨʽʚʥʦʩʪʽ ʦʪʨʠʤʫʻʤʦ 

 

)12(
111

)2(

111
1)1(

])()/[(][

])()/[(][

1 VFqrFqrNlqFV

FqrFqrNlqFV

GGGGGGGGG

GGGGGGGG

+-³=

-³=

lmmlj

lmmlj

 (4.18) 

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ ʧʝʨʝʜʘʯ ʚʠʥʠʢʘ ̒ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ ʟʘʜʘʥʦʛʦ ʚʝʢʪʦʨʘ. 

ɺʠʟʥʘʯʠʤʦ ʮʶ ʰʚʠʜʢʽʩʪʴ. ʅʝʭʘʡ ʟʘʜʘʥʠʡ ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ a
G

, 
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ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ q
G

. ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 0
)12(
¸V  ʚ ʥʘʧʨʷʤʢʫ ʟʘʜʘʥʦʛʦ 

ʚʝʢʪʦʨʘ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʢʪʦʨ q
G

, ʱʦ ʚʭʦʜʠʪʴ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.18), 

ʜʦʨʽʚʥʶʻ 

 

Nrralaq
CGGGCGG

/1)]([][
111
ml³³=³=     (4.19) 

ʈʦʟʢʨʠʚʘʶʯʠ ʧʦʜʚʽʡʥʠʡ ʚʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢ, ʤʘʻʤʦ: 

 

Nrarrarq
CGCCCCC

/)]()([
1111
lmml -=  

  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʻʾ ʨʽʚʥʦʩʪʽ ʦʪʨʠʤʫʻʤʦ 

 

NFGraFEraFqrFqr

NErarGrarlqN

CCCCCCCC

CCCCCCCCCC

/])()[()()(

/)()([][

111111

1111111

llmmlmml

mmll

+=-

+-=³
 

 

ʜʝ 11,GE  ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʰʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʧʦʚʝʨʭʦʥʴ ʢʦʥʪʘʢʪʫʶʯʠʭ 

ʟʫʙʮ̔ ʚ. 

ʇʽʩʣʷ ʯʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.18) ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ ʜʦ ʚʠʜʫ 

 

,])()/[(])()[( 1111
1

111111
)1( Ö++-= llmmjmmll FGraFEraFrErarGraV

CCCCCCCCCCC
 

)12(
1111

1
111111

)2( ])()/[(])()[( VFGraFEraFrErarGraV
CCCCCCCCCCCC
++Ö+-= llmmjmmll

 

(4.20) 

 

ɺʠʟʥʘʯʠʤʦ ʩʫʤʘʨʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʚʝʢʪʦʨʫ q
G

. ɼʣʷ ʮʴʦʛʦ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

(4.18). ɿʛʽʜʥʦ ʟ ʮʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʚʝʢʪʦʨ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʦʜʠʥʠʯʥʦʛʦ 

ʚʝʢʪʦʨʘ q
G

, ʜʦʨʽʚʥʶʻ [43]: 
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)12(
111

1)2()1( )()/[(][2 VFqrFqrNlqFVVu
CCCCCCCCGC
+-³=+= lmmlj   (4.21) 

 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʘʡʜʝʤʦ ʧʨʦʝʢʮʽʶ 

ʚʝʢʪʦʨʘ u  ʥʘ ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʚʝʢʪʦʨʫ q
G

. 

 

][ 1lqq
CC
³=          (4.22) 

 

ʇʦʤʥʦʞʠʚʰʠ ʩʢʘʣʷʨʥʦ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʦʩʪʽ (4.21) ʥʘ ʚʝʢʪʦʨ (4.22), 

ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʻʤʦ: 

 

])()/[()()]([2
11111

)12(1 lmmllmmlj FqrFqrFqrFqrlqVFu
q

CCCCCCCCCCCC
--³+=   (4.23) 

 

ɿʘʣʝʞʥʽʩʪʴ (4.23) ʚʠʟʥʘʯʘʻ ʩʫʤʘʨʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʦʯʦʢ ʢʦʥʪʘʢʪʘ ʚ 

ʜʦʚʽʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʠʥʠʯʥʠʤ ʚʝʢʪʦʨʦʤ q
G

 . ʇʦʧʫʪʥʦ 

ʚʠʟʥʘʯʠʤʦ ʩʫʤʘʨʥʫ ʰʚʠʜʢʽʩʪʴ ʪʦʯʦʢ ʢʦʥʪʘʢʪʘ ʚ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ a  ʧ̔ʜ 

ʢʫʪʦʤ y ʜʦ ʚʝʢʪʦʨʘ 
1
t  ï ʜʦʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʥʽʡ ʣʽʥʽʾ ʦʩʥʦʚʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ. ʋʷʚʽʤʦ ʚʝʢʪʦʨ a  ʫ ʚʠʜ̔ 

 

1
2

111
)(/)( G

d

d
Er

d

d
ra ++=

m

l

m

l ml CCC
.     (4.24) 

 

ʂʫʪ ʤʽʞ ʚʝʢʪʦʨʘʤʠ a
G

  ̔ 1t
G

 ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ̔ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [97], 

[179] 

),(

][

1 a

a
tg GG

GG

t

t
y

³
=        (4.25) 

 

ʇʝʨʝʪʚʦʨʶʶʯʠ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʮʽʻʾ ʨʽʚʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
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ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.24) ʽ ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ lmmlt FrFr
111
GGC
-= , ʦʪʨʠʤʘʻʤʦ 

 

)/()( 111
lmml

m

l

m

l
y FG

d

d
FEF

d

d
FNtg -+=

G
. 

 

ɺʠʨʽʰʫʶʯʠ ʦʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ ʱʦʜʦ mldd / , ʦʪʨʠʤʘʻʤʦ 

 

)/()(/ 11 yyml mlml tgFEFNFNtgFGdd -+-=
GG

   (4.26) 

 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.26) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʜʦʚʽʣʴʥʦʤʫ 

ʟʥʘʯʝʥʥʽ ʢʫʪʘ y. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ y=0 ʦʪʨʠʤʘʻʤʦ lmml FFdd // -= , ʦɦ 

ʚʽʜʧʦʚʽʜʘʻ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ 1t
G
. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʝʢʪʦʨ a

G
 ʥʘʧʨʘʚʣʝʥʠʡ 

ʚʟʜʦʚʞ ʚʝʢʪʦʨʘ 1t
G

. ʇʽʜʩʪʘʚʠʚʰʠ (4.26) ʚ ʨʽʚʥʽʩʪʴ (4.24), ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ, 

ʤʘʻʤʦ 

 

ml
11
rbraa
GGG

+= ,      (4.27) 

 

ʜʝ ʢʦʝʬ̔ʮ̔ ʥ̒ʪʠ a ʪʘ b ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ 

 

w

w

atgFEFNb

aFNtgFGa

)(

,)(

1

1

y

y

ml

ml

-=

+-=

G

G

       (4.28) 

 

2/12
111

2
11 ])'()'[( yy mlml tgFGENFGFNtgFGEaw -++=

GG
 (4.29) 

 

ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (4.22) ʧʨʠ ʟʘʤʽʥʽ ʚʝʢʪʦʨʫ q
G

 ʚʝʢʪʦʨʦʤ a
G

 ʧʽʩʣʷ 

ʧʝʨʝʪʚʦʨʝʥʴ ʟʘʣʝʞʥʦʩʪʽ (4.23), ʦʪʨʠʤʫʻʤʦ 
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NFqrFqr

GEFqrFqrVraEVrbGF
ua GGGGG

GGGGGG
G

/])()[(

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

11

1111
)12(

11
)12(

11
1

lmml

llmlmlj

-

-Ö-+
=  (4.30)  

 

ɺʚʘʞʘʶʯʠ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ (4.28) ʽ (4.30) 0=y , ʤʘʻʤʦ ʥʘʩʪʫʧʥʫ 

ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ 

ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʚʝʢʪʦʨʫ 1t
G

. 

 

NFqrFqr

GEA

FqrFqr
VrFEVrFGF

u
/])()[(

)()[
]()([2

11

111

11)12(
11

)12(
11

1

lmml

lmml
mmllj

t GGGG

GGGG
GGGG

G

-

-
Ö++

=     (4.31) 

 

ʜʝ 2
1

2
11 )()( lm FGFEA +=  ï ʤʦʜʫʣʴ ʚʝʢʪʦʨʫ; 

11,GE  ï ʢʦʝʬʽʮʽʻʥʪʠ ʢʚʘʜʨʘʪʠʯʥʠʭ ʬʦʨʤ ʦʩʥʦʚʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʜʦʨʽʚʥʶʶʪʴ [97] 

0;0;)),(()),(( 11
2'

2
2'

11 ==+= GFPfPfE yx ll  

 

lmj FFF ,,1  ï ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ, ʟʥʘʭʦʜʠʤʦ ʟ ʨʽʚʥʷʥʥʷ ʚʝʨʩʪʘʪʥʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ (3.51): 

)sin),(cos),((sin

);cos),(sin),((cossin),(

cos),((sin])),(()),()(,(
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)cos),(sin),((sin
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'

11
'
221

1
''

11
''

2211
''

1

1
''

221
2'

111
''

1

''
22

2'
221

1
'

11
'
221

1
'

11
'
221

1

jljlg

jljlgjl

jlgmlll

lllg

jljlg

jljlgm

m

l

j

xy

xywx

yxxx

yyy

xyw

xy

PfPfuF
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   (4.32) 

 



185 

wa

FrFr
q

lmml

t 110
GG

GG -
==  ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʜʦʪʠʯʥʦʾ ʜʦ ʢʦʥʪʘʢʪʥʦʾ 

ʣʽʥʽʾ. 

ʇ̔ ʜʩʪʘʚʣʷʶʯʠ ʚʝʢʪʦʨ q
G

 ʫ (4.31) ʪʘ ʚʨʘʭʦʚʫʶʯʠ (4.32), ʦʪʨʠʤʫʻʤʦ: 
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(4.33) 

ʜʝ )(),( )12(
1

)12(
1

VrVr
GGGG ml  ï ʚʠʟʥʘʯʠʤʦ ʟ ʚʠʨʘʟʽʚ (2.16) ʪʘ (3.14). 

ʆʪʨʠʤʫʻʤʦ: 
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  (4.34) 
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ʥʘʡʛʽʨh̔ ʫʤʦʚʠ ʜʣʷ ʨʦʙʦʪʠ ʮʠʣʽʥʜʨʠʯʥʦ-ʛʽʧʝʨʙʦʣʦʾʜʥʦʾ ʧʝʨʝʜʘʯʽ ʜʣʷ ʪʦʯʦʢ 

ʢʦʥʪʘʢʪʘ, ʜʣʷ ʷʢʠʭ t
Gu =0. 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʧʨʠ ʥʘʢʘʪʫʚʘʥʥʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʝʚʦʣʴʚʝʥʪʥʠʤ ʧʨʦʬʽʣʝʤ ʚʠʪʢʽʚ [60] ʪʘ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ 
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ʧʨʦʬʽʣʝʤ, ʦʧʠʩʘʥʠʤ ʢʨʠʚʦ ʁ ɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ, ʦʪʨʠʤʘʥʦ ʁ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʝʚʦʣʴʚʝʥʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʣʠʩʷ 

(ʨʠʩ. 4.6). 

 

 

ʈʠʩ. 4.6. ʉʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ çSCOTè, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ 

ʩʠʥʪʝʟʫ ʢʦʥʪʘʢʪʥʠʭ ʪʦʯʦʢ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ [237], ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʦʚʝʨʭʥʽ, 

ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʪʘ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ [63]. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 4.7. 

ʅʘ ʨʠʩ. 4.7,ʘ ʧʦʢʘʟʘʥʦ ʧʦʙʫʜʦʚʫ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ 

ʥʦʨʤʘʣʴʥʦʾ ʧʣʦʱʠʥʦʶ, ʧʝʨʝʥʝʩʝʥʥʷ ʾʭ ʫ ʚʽʣʴʥʝ ʤʽʩʮʝ (ʨʠʩ. 4.7,ʙ), ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʚʞʠʥʠ ʰʣʷʭʫ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʚʽʜ ʦʜʥʽʻʾ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʜʦ ʽʥʰʦʾ ʜʣʷ 

ʢʦʣʝʩʘ (ʨʠʩ. 4.7,ʚ) ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ (ʨʠʩ. 4.7,ʛ) ʟʘ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʯʘʩ.  
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ʈʠʩ. 4.7. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ 

ʢʦʥʪʘʢʪʫ: ʘ ïʧʦʙʫʜʦʚʘ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʥʦʨʤʘʣʴʥʦʾ 

ʧʣʦʱʠʥʦʶ; ʙ ï ʧʝʨʝʥʝʩʝʥʥʷ ʣʽʥʽʡ ʧʝʨʝʪʠʥʫ ʫ ʚʽʣʴʥʝ ʤʽʩʮʝ; ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʚʞʠʥʠ ʰʣʷʭʫ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʚʽʜ ʦʜʥʽʻʾ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ ʜʦ ʽʥʰʦʾ ʜʣʷ 

ʢʦʣʝʩʘ (ʚ) ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ (ʛ) ʟʘ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʯʘʩ 
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ʇʦʜʘʣʴʰʝ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ 

ʥʝ ʻ ʩʢʣʘʜʥʠʤ. 

 

4.4. ʂʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ 

ɿʘ ʚʝʣʠʯʠʥʦʶ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪ ̔ ʢʦʚʟʘʥʥʷ ʧʘʨʠ ʩʧʨʷʞʝʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʩʢʣʘʜʥʦ ʩʫʜʠʪʠ ʧʨʦ ʚʝʣʠʯʠʥʫ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ. ɿ ʪʝʦʨʽʾ ʟʘʯʝʧʣʝʥʥʷ ʚʽʜʦʤʦ, ʱʦ ʦʮʽʥʢʘ ʟʥʦʰʫʚʘʥʥʷ ʟʫʙʮ̔ ʚ (ʚʠʪʢʽʚ) 

ʪʽʣʴʢʠ ʟʘ ʰʚʠʜʢʽʩʪʶ ʢʦʚʟʘʥʥʷ ʥʝ ʻ ʦʙôʻʢʪʠʚʥʦʶ. ʊʦʤʫ ʜʣʷ ʦʮʽʥʢʠ ʟʥʦʰʫʚʘʥʥʷ 

ʟʫʙʮ̔ ʚ ʨʦʟʛʣʷʥʫʪʦʾ ʧʘʨʠ ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦï̔ ʥʩʪʨʫʤʝʥʪ, ʽ, ʦʪʞʝ, ʾʭ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ [43], [101]. ʎʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʨʘʟʠʤʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʟʫʙʮʷʭ ʢʦʣʽʩ ʧʝʨʝʜʘʯʠ 

[99], [103] 

 

)2()12(
2

)1()12(
1 /;/ VVVV == hh    (4.36) 

 

ʜʝ -)12(V  ʤʦʜʫʣʴ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʢʦʥʪʘʢʪʫʶʯʠʭ ʟʫʙʮ̔ ʚ ʢʦʣʝʩʘ ʪʘ 

ʛʽʧʝʨʙʦʣʦʾʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ; 

-)2()1( , VV  ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʧʦ ʙʦʢʦʚʽʡ 

ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫʶʯʠʭ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ ʚʽʜʥʦʩʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ 
)12(

V . ʐʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ 
)2()1(

, VV  ʧʦ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʽ ʦʛʠʥʘʶʯʽʡ ʧʦʚʝʨʭʥʷʭ ʚ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ 
)12(

V  ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʘʤʠ (4.17)  ̔ (4.18), ʷʢʱʦ ʫ ʥʠʭ ʟʘʤʽʩʪʴ ʚʝʢʪʦʨʘ q  

ʧ̔ʜʩʪʘʚʠʪʠ ʚʝʢʪʦʨ .
)12(

V  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʨʘʟʽʚ (4.13), (4.18) ʢʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʪʘʢʦʤʫ ʚʠʜʽ: 

 

)/(][);/(][
)12()2(2)12(

2
)12()1(2)12(

1 VVVVVV == hh   (4.37) 



189 

  

ʇʽʜʩʪʘʚʣʷʶʯʠ ʫ ʬʦʨʤʫʣʠ (4.37) ʟʥʘʯʝʥʥʷ 
)1(

V  ʽ 
)2(

V ʟ ʬʦʨʤʫʣ (4.17), 

(4.18), ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʻʤʦ:  
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 (4.38) 

ɿ ʦʪʨʠʤʘʥʠʭ ʚʠʨʘʟʽʚ (4.38) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ (4.19) ʦʪʨʠʤʫʻʤʦ: 

 

))),(()),(((

])())),(()),()(([(

2'
2

2'
1

1

1
)12(2'

2
2'

11
)12(

1

yx

yx

PfPfF

FrVFPfPfrV

ll

ll
h

j

llmm

+

++-
=   (4.39) 

 

])())),(()),()((())),(()),((([

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

1
)12(2'

2
2'

11
)12(2'

2
2'

1
1

2'
2

2'
1

1

2
llmmj

j

llll

ll
h

FrVFPfPfrVPfPfF

PfPfF

yxyx

yx

-+-+

+-
=  (4.40) 

 

ʗʢʱʦ ʯʠʩʝʣʴʥʠʢ ʫ ʚʠʨʘʟ̔  (4.39) ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʟ 

ʥʝʩʢʽʥʯʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʠʪʦʤʦʛʦ ʢʦʚʟʘʥʥʷ 1h ʚʠʟʥʘʯʘʶʪʴ ʟ ʫʤʦʚʠ: 01=jF . 

ʇʨʠ 01¸jF  ʢʦʝʬʽʮʽʻʥʪ ʧʠʪʦʤʦʛʦ ʢʦʚʟʘʥʥʷ 2h  ʤʘʻ ʟʥʘʯʝʥʥʷ, ʨʽʚʥʽ 

ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʟʘ ʫʤʦʚʠ 
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ʋʤʦʚʠ (4.40), (4.41) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʦʢ 

ʢʦʥʪʘʢʪʫ ʟ ʥʝʩʢʽʥʯʝʥʥʠʤʠ ʧʠʪʦʤʠʤʠ ʢʦʚʟʘʥʥʷʤʠ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʩʫʜʠʪʠ ʧʨʦ 

ʩʧʨʘʮʶʚʘʥʥʷ ʟʫʙʮ̔ ʚ ʢʦʣʽʩ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʠʪʦʤʠʭ 
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ʢʦʚʟʘʥʴ ʧʨʠ ʥʘʢʘʪʫʚʘʥʥʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʝʚʦʣʴʚʝʥʪʥʠʤ 

ʧʨʦʬʽʣʝʤ ʚʠʪʢʽʚ [60] ʪʘ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʧʨʦʬʽʣʝʤ, ʦʧʠʩʘʥʠʤ ʢʨʠʚʦ ʁɹʝʟʴʻ 3-

ʛʦ ʧʦʨʷʜʢʫ, ʦʪʨʠʤʘʥʦ ʁʚ ʨʝʟʫʣʴʪʘʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʝʚʦʣʴʚʝʥʪʠ ʧʦʢʘʟʘʚ, ʱʦ 

ʨʝʟʫʣʴʪʘʪʠ ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʪʁʴʩʷ (ʨʠʩ. 4.8). 

 

 

ʈʠʩ. 4.8. ʂʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ 

 

4.5. ʇʨʠʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ 

ʥʘʧʨʷʤʢʫ 

ʉʠʣʠ ʨʽʟʘʥʥʷ, ʧʣʘʩʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽ,ʁ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮʽʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚ ʧʨʦʮʝʩʽ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʟʥʘʯʥʦ  ʁʤʽʨʦʶ ʚʠʟʥʘʯʘʻ ʧʨʠʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʚ 

ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ [37], [43], [104], [108], [133], 

[139], [143], [160], [163], [169], [196], [255]. 

ʇʽʜ ʧʨʠʚʝʜʝʥʦ ʁ ʥʦʨʤʘʣʴʥʦ ʁ ʢʨʠʚʠʟʥʦʶ ʧʨc  ʟʘʟʚʠʯʘʡ ʨʦʟʫʤʽʶʪʴ 

ʨʽʟʥʠʮʶ ʢʨʠʚʠʟʥ ʧʦʚʝʨʭʦʥʴ ʚ ʟʘʛʘʣʴʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ [18], [133], 

[143], [144], [163], [177]. 

 

)2()1( ccc -=ʧʨ       (4.42)  
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ʜʝ )2()1( ,cc  ï ʥʦʨʤʘʣʴʥʽ ʢʨʠʚʠʟʥʠ ʦʛʠʥʘʶʯʝʾ ʽ ʦʛʠʥʘʻʤʦʾ ʧʦʚʝʨʭʦʥʴ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʾ ʢʨʠʚʠʟʥʠ ʧʦʚʝʨʭʦʥʴ ʩʧʦʣʫʯʝʥʠʭ ʟʫʙʮ̔ ʚ 

ʟʘʩʪʦʩʫʻʤʦ ʚʠʨʘʟ ʟ ʪʝʦʨʽʾ ʟʘʯʝʧʣʝʥʴ [179], [255] 

 

c ,/)(2)( 1111
2

1
2

1 FGEFGFFFFEʧʨ -D+-= lmlm    (4.43) 

 

ʜʝ -111 ,, FGE  ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʰʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʚʠʨʘʟʘʤʠ (3.46); 

-lm FF , ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ (4.32). 
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ʈʦʟʢʨʠʚʘʶʯʠ ʚʠʟʥʘʯʥʠʢ ʽ ʟ ʦʛʣʷʜʫ ʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.32), (4.34) ʜʣʷ 

ʜʘʥʦʛʦ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ, ʦʪʨʠʤʫʻʤʦ [154], [158]: 
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(4.44) 

 

ɿ ʚʠʨʘʟʫ (4.44) ʚʠʧʣʠʚʘʻ, ʱʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʢʦʥʪʘʢʪʫ ʚ ʨʦʙʦʯʦʤʫ ʽ 

ʚʝʨʩʪʘʪʥʦʤʫ ʟʘʯʝʧʣʝʥʥʽ ʥʝ ʤʦʞʝ ʙʫʪʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʯʠʩʝʣʴʥʠʢ 

ʚʠʨʘʟʫ (4.44) ʥʽʢʦʣʠ ʥʝ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʥʫʣʴ. ʗʢʱʦ ʞ ʟʥʘʤʝʥʥʠʢ ʚʠʨʘʟʫ 

(4.44) ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʥʘʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ ʙʫʜʝ ʜʦʨʽʚʥʶʻ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ʋ 
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ʨʦʟʛʣʷʥʫʪʠʭ ʪʦʯʢʘʭ ʟ ʪʘʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʥʘʚʝʜʝʥʦʾ ʢʨʠʚʠʟʥʠ ʙʫʜʫʪʴ 

ʥʝʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʦʩʢʽʣʴʢʠ ʧʠʪʦʤʽ 

ʢʦʚʟʘʥʥʷ ʤʘʶʪʴ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʚʝʜʝʥʦʾ ʢʨʠʚʠʟʥʠ ʚ 

ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʧʨʠ ʥʘʢʘʪʮʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʝʚʦʣʴʚʝʥʪʥʠʤ ʧʨʦʬʽʣʝʤ ʚʠʪʢʽʚ [60] ʪʘ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ 

ʧʨʦʬʽʣʝʤ, ʦʧʠʩʘʥʠʤ ʢʨʠʚʦʁ  ɹʝʟʴʻ 3-ʛʦ ʧʦʨʷʜʢʫ, ʦʪʨʠʤʘʥʦ ʁ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʝʚʦʣʴʚʝʥʪʠ, ʜʘʚ ʧʨʘʢʪʠʯʥʦ ʟʙʞ̔ʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 4.9). 

 

 

ʈʠʩ. 4.9. ʇʨʠʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ çSCOTè ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ 

ʩʠʥʪʝʟʫ ʢʦʥʪʘʢʪʥʠʭ ʪʦʯʦʢ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ [237] ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʢʦʥʪʘʢʪʫʶʯʽ ʧʦʚʝʨʭʥʽ ʽ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʨʠʚʝʜʝʥʦʾ ʢʨʠʚʠʟʥʠ ʚ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ [63]. 

ɹʽʣʴʰʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʥʘʣʽʟʫʶʪʴʩʷ ʚ 
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ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ. ʎʝ ʧʝʨʰ ʟʘ ʚʩʝ ʧʨʠʚʝʜʝʥʘ 

ʢʨʠʚʠʟʥʘ ʽ ʩʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ. 

ʋ PowerSHAPE ʢʦʤʘʥʜʘ çʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʥʘ ʧʦʚʝʨʭʥʽè ʜʦʟʚʦʣʷʻ 

ʧʨʠʚôʷʟʘʪʠ ʨʝʧʝʨ ʌʨʝʥʝ ʜʦ ʢʦʥʪʘʢʪʥʦʾ ʪʦʯʢʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʦʜʥʘ ʚʽʩʴ ʙʫʜʝ 

ʩʧʨʷʤʦʚʘʥʘ ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ ʢʦʥʪʘʢʪʥʦʾ ʣʽʥʽʾ, ʜʨʫʛʘ ï ʧʦ ʛʦʣʦʚʥʽʡ ʥʦʨʤʘʣʽ ʚ 

ʜʦʪʠʯʥʽʡ ʧʣʦʱʠʥʽ, ʘ ʪʨʝʪʷ ï ʧʦ ʙʥ̔ʦʨʤʘʣ ̔ (ʨʠʩ. 4.10,ʘ) . ʋ ʮʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʥʦʨʤʘʣʴʥʫ ʧʣʦʱʠʥʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʜʦ ʣʽʥʽʾ 

ʢʦʥʪʘʢʪʫ (ʨʠʩ. 4.10,ʙ). 

 

 

 
ʘ ʙ 

ʈʠʩ. 4.10. ʈʝʧʝʨ ʌʨʝʥʝ ʥʘ ʢʦʥʪʘʢʪʥʽʡ ʣʽʥʽʾ ʚ ʩʝʨʝʜʦʚʠʱʽ PowerSHAPE: 

ʘ ï ʧʨʠʚôʷʟʢʘ ʨʝʧʝʨ ʌʨʝʥʝ ʜʦ ʢʦʥʪʘʢʪʥʦʾ ʪʦʯʢʠ; ʙ ï ʧʦʙʫʜʦʚʘ ʥʦʨʤʘʣʴʥʦ ʾ

ʧʣʦʱʠʥʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʾʣʽʥʽʾ ʢʦʥʪʘʢʪʫ 
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ʈʠʩ. 4.11. ɸʥʘʣʽʟ ʧʨʠʚʝʜʝʥʦʾ ʢʨʠʚʠʟʥʠ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ 

ʢʦʥʪʘʢʪʫ ʚ ʩʝʨʝʜʦʚʠʱʽ PowerSHAPE: 

ʘ ï ʧʦʙʫʜʦʚʘ ʣʽʥʽʡ ʧʝʨʝʪʠʥʫ; ʙ ï ʧʝʨʝʤʽʱʝʥʥʷ ʥʦʨʤʘʣʴʥʦ ʾʧʣʦʱʠʥʠ ʨʘʟʦʤ ʟ 

ʢʦʥʪʘʢʪʥʠʤʠ ʣʽʥʽʷʤʠ; ʚ ï ʚʽʟʫʘʣʽʟʘʮʽʷ ʧʨʠʚʝʜʝʥʦʾ ʢʨʠʚʠʟʥʠ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ 
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ɸʥʘʣʽʟ ʧʨʠʚʝʜʝʥʦʾ ʢʨʠʚʠʟʥʠ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ 

ʢʦʥʪʘʢʪʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 4.11. ʂʦʤʘʥʜʘ çʃʽʥʽʷ ʧʝʨʝʪʠʥʫ ʧʣʦʱʠʥè 

ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ ʥʦʨʤʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʪʘ ʧʦʚʝʨʭʥʽ ʟʫʙʮʽʚ. ʅʘ 

ʨʠʩ 4.11,ʘ ʧʦʢʘʟʘʥʦ ʧʦʙʫʜʦʚʘ ʣʽʥʽʡ ʧʝʨʝʪʠʥʫ. ʉʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (ʨʝʧʝʨ 

ʌʨʝʥʝ) ʤʦʞʥʘ ʧʝʨʝʤʽʩʪʠʪʠ ʨʘʟʦʤ ʟʽ ʩʪʚʦʨʝʥʦʶ ʫ ʥʽʡ ʥʦʨʤʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ ʽ 

ʢʦʥʪʘʢʪʥʠʤʠ ʣʽʥʽʷʤʠ ʚ ʙʽʢ ʚʽʜ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 4.11,ʙ). ʅʘ ʨʠʩ. 4.11,ʚ ʧʦʢʘʟʘʥʽ 

ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʚ ʧʣʦʱʠʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʘʥʘʣʽʟʫʚʘʪʠ ʧʨʠʚʝʜʝʥʫ ʢʨʠʚʠʟʥʫ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ. 

 

4.6. ɻʝʦʤʝʪʨʠʯʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʟʘʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ 

ɻʝʦʤʝʪʨʠʯʥʽ ʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʚʦʧʦʪʦʢʦʚʦʾ ʟʘʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ, 

ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʢʽʥʝʤʘʪʠʯʥʽʡ ʩʭʝʤʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ, ʘʥʘʣʽʟʫʶʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ çSAlATè, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤ ʽ ʧʨʦʮʝʩʽʚ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʪʘ ʽʥʩʪʨʫʤʝʥʪ-

ʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʾʭ ʫʪʚʦʨʶʶʪʴ [236]. ʅʘ ʨʠʩ. 4.12 ʧʦʢʘʟʘʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʪʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʣʷ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ. 

 

 

ʈʠʩ. 4.12. ɯʥʪʝʨʬʝʡʩ ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ 

ʩʝʨʝʜʦʚʠʱʽ çSAlATè [236] 

ɿʤʽʥʶʶʯʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʛʝʦʤʝʪʨʽʶ ʧʦʚʝʨʭʦʥʴ, 
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ʤʦʞʥʘ ʦʜʥʦʯʘʩʥʦ ʽʥʪʝʨʘʢʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʟʤʥ̔ʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʦʥʴ ʪʘ ʧʦʨʽʚʥʶʚʘʪʠ ʾʭ 

ʟʥʘʯʝʥʥʷ ʟ ʧʦʯʘʪʢʦʚʠʤʠ [76], [79]. 

 

4.6.1. ɺʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ɺʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʻ ʦʜʥʠʤ ʟ ʧʦʢʘʟʥʠʢʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ 

ʭʘʨʘʢʪʝʨʫ ʟʥʦʩʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ. 

ʋ ʨʦʙʦʯʦʤʫ ʟʘʯʝʧʣʝʥʥʽ ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʜʦʨʽʚʥʶʻ [179] 

2112
rr VVV -= ,     (4.45) 

 

ʜʝ -)2()1( , rr VV  ʚʝʢʪʦʨʠ ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʧʨʠ ʨʫʩʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦ 

ʧʦʚʝʨʭʥʽ ʰʝʩʪʝʨʥʽ ʪʘ ʢʦʣʝʩʘ, ʷʢʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʨʽʚʥʷʥʥʷ  

 

)()()( nini
r VVV += .     (4.46) 

 

ʊʫʪ )(nV  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʧʨʠ ʨʫʩʽ ʧʦ ʪʚʽʨʥʽʡ 

ʧʦʚʝʨʭʥʽ; )(niV  ï ʚʝʢʪʦʨ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʟʘʯʝʧʣʝʥʥʽ ʪʚʽʨʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟ ʥʘʨʽʟʘʥʠʤ ʢʦʣʝʩʦʤ. 

ʇʽʜʩʪʘʚʣʷʶʯʠ (4.46) ʚ (4.45), ʦʪʨʠʤʫʻʤʦ:  

 

)2()1()12( nn VVV -= ,     (4.47) 

 

ʘʙʦ, ʚʨʘʭʦʚʫʶʯʠ (3.78), 

 

[ ]jPfiV x),(cos)( 121
)12( lbww +W+= ,   (4.48) 

 

ʜʝ 21,ww  ï ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʰʝʩʪʝʨʥʽ ʽ ʢʦʣʝʩʘ. 
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ʋ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ XYZ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʫ ʚʽʜʥʦʩʥʦʾ 

ʰʚʠʜʢʦʩʪʽ 

 

bww cos)( 121
)12( W+=xV ; 

),()( 121
)12(

xy PfV lww+= ;     (4.49) 

0
)12(
=ZV . 

ʆʪʞʝ, ʤʦʜʫʣʴ ʚʝʢʪʦʨʫ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ 

 

),(cos)( 2
1

22
121

)12()12(
xPfVV lbww +W+==  .  (4.50) 

 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʻʤʦ 

 

1cos),()( 22
121

)12( ++= balww ctgPfV x    (4.51) 

 

ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (4.51) ʚʠʧʣʠʚʘʻ, ʱʦ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʪʚʽʨʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʚʝʢʪʦʨ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʣʝʞʠʪʴ ʚ ʪʦʨʮʝʚʽʡ ʧʣʦʱʠʥʽ 

ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ. ɺʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʪʽʣʴʢʠ ʚ 

ʧʦʣʶʩʽ ʟʘʯʝʧʣʝʥʥʷ. ʇʨʠ ʟʤʽʥʥʦʤʫ b ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʫʟʜʦʚʞ 

ʟʫʙʯʘʩʪʦʛʦ ʚʽʥʮʷ ʜʣʷ ʧʝʨʝʜʘʯ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʦʩʷʤʠ ï ʚʝʣʠʯʠʥʘ ʟʤʽʥʥʘ. 

ʅʘ ʨʠʩ. 4.13 ʧʦʢʘʟʘʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʜʣʷ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ ʚ ʧʨʦʮʝʩʽ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʛʝʦʤʝʪʨʽʻʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ [76], [79]. 
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ʈʠʩ. 4.13. ɻʨʘʬʽʢʠ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ 

 

4.6.2. ʉʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʥʘʧʨʷʤʢʫ 

ʉʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ 

ʜʦ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʥʘʧʨʷʤʢʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʫʪʚʦʨʝʥʥʷ ʤʘʩʣʷʥʦʛʦ ʢʣʠʥʘ 

ʤʽʞ ʢʦʥʪʘʢʪʫʶʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. ʏʠʤ ʙʽʣʴʰʝ ʮʷ ʰʚʠʜʢʽʩʪʴ, ʪʠʤ ʢʨʘʱʝ ʫʤʦʚʠ 

ʟʤʘʱʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʶʯʠʭ ʧʦʚʝʨʭʦʥʴ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʯʠʩʣʠʤʦ ʩʧʦʯʘʪʢʫ ʚʝʢʪʦʨ 

ʰʚʠʜʢʦʩʪʽ )(nV  ʧʨʠ ʨʫʩʽ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʚʟʜʦʚʞ ʪʚʽʨʥʦ ʾʧʦʚʝʨʭʥ ʾ(2.32). ɿ 

ʮʽʻʶ ʤʝʪʦʶ ʜʠʬʝʨʝʥʮʽʶʻʤʦ ʚʠʨʘʟ (2.32) ʟʘ ʯʘʩʦʤ t [36] 

 

dt

d
r

dt

d
rV nn

n ml ml +=)(
     (4.52) 

 

ʆʙʠʜʚʽ ʯʘʩʪʠʥʠ ʚʠʨʘʟʫ (4.52) ʧʦʤʥʦʞʠʤʦ ʩʢʘʣʷʨʥʦ ʥʘ ʦʜʠʥʠʯʥʠʡ 

ʚʝʢʪʦʨ g  , ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʚʝʢʪʦʨʫ nV  [261]. ʊʘʢ ʢ̫ qV n^  (ʘ ʪʘʢʦʞ ʧʨʠ 

ʫʤʦʚ̔, ɦ ʦ 1=q ), ʪʦ 0=ÖqV n , ʘʙʦ 
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( ) ( ) 0=ÖÖ+ÖÖ=Ö
dt

d
qr

dt

d
qrqV nn

n ml ml
. (4.53) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʠʭ 
dt

dl
 ʪʘ 

dt

dm
 ʜʦ ʨʽʚʥ̫ʥʥ ̫ (4.53) ʜʦʜʘʻʤʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʦʪʨʠʤʘʥʝ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷʤ ʧʦ t ʨ̔ʚʥ̫ʥʥ̫  ʟʘʯʝʧʣʝʥʥ̫  

(3.76) 

 

0=++
dt

d
F

dt

d
F

dt

d
F iii

jml jml
. (4.54) 

 

ʈʽʚʥʷʥʥʷ (4.53) ʽ (4.54) ʤʽʩʪʷʪʴ ʪʨʠ ʥʝʚʽʜʦʤʠʭ (
dt

dl
, 

dt

dm
 ʠ 

dt

dj
), ʦʜʥʝ ʟ 

ʷʢʠʭ, ʥʘʧʨʠʢʣʘʜ 
dt

dj
, ʧʨʠʡʤʝʤʦ ʨ̔ʚʥʠʤ 1=

dt

dj
 (1/ʩ). ʅʝʚʽʜʦʤʽ, ʷʢʽ 

ʟʘʣʠʰʠʣʠʩʷ, ʚʠʟʥʘʯʠʤʦ ʚʠʨʽʰʠʚʰʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (4.53) ʽ (4.54), 

ʥʘʧʨʠʢʣʘʜ, ʟʘ ʧʨʘʚʠʣʦʤ ʂʨʘʤʝʨʘ: 

 

( ) ( ) lmml
ml

ml

inin

ii

nn FqrFqr
FF

qrqr
ÖÖ-ÖÖ=

ÖÖ
=D , 

( ) jm
mj

m

l in

ii

n Fqr
FF

qr
ÖÖ=

-

Ö
=D

0
, 

( ) jl
jl

l

m in

ii

n Fqr
FF

qr
ÖÖ-=

-

Ö
=D

0
. 

 

ɺʠʨʽʰʠʚʰʠ ʩʧʽʣʴʥʦ ʨʽʚʥʷʥʥʷ (4.53) ʽ (4.54), ʦʪʨʠʤʘʻʤʦ: 
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( )
( ) ( )
( )
( ) ( )

.

;

qrFqrF

Fqr

dt

d

qrFqrF

Fqr

dt

d

nini

in

nini

in

ÖÖ-ÖÖ

ÖÖ
-=

D

D
=

ÖÖ-ÖÖ

ÖÖ
=

D

D
=

mllm

jl
m

mllm

jm
l

m

l

 (4.55) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ (4.55) ʚ (4.52), ʦʪʨʠʤʫʻʤʦ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʧʦ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ nS : 

 

( ) ( )
( ) ( )[ ]qrrqrr

qrFqrF

F
V nnnn

nini

in ÖÖ-ÖÖÖ
ÖÖ-ÖÖ

= lmml

mllm

j

. (4.56) 

 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʜʦʨʽʚʥʶʻ ml
nnn rrN ³= , ʪʘ 

ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣ ̔
n

n
n

N

N
e = , 

 

( ) ( ) ( ) ( )qrrqrrrrqNq
N

N
qNeqN nnnnnnn

n

n
nnn ÖÖ-ÖÖ=³³=³=

ö
ö

÷

õ

æ
æ

ç

å
³Ö=³Ö lmmlml  

 

ʦʪʨʠʤʫʻʤʦ ʟʘʣʝʞʥʽʩʪʴ: 

 

( ) ( )[ ] [ ]nnnnnn eqNqrrqrr ³Ö=ÖÖ-ÖÖ lmml
. 

 

ʊʦʤʫ, ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (4.46) ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

[ ]

( ) ( )qrFqrF

eqNF
V

nini

nnin

ÖÖ-ÖÖ

³ÖÖ
=

mllm

j

. (4.57) 
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ʇʽʜʩʪʘʚʣʷʶʯʠ (4.57) ʚ (4.46), ʦʪʨʠʤʘʻʤʦ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ 

ʢʦʥʪʘʢʪʫ ʧʦ ʧʦʚʝʨʭʥʽ ʥʘʨʽʟʫʚʘʥʦʛʦ ʢʦʣʝʩʘ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

[ ]

( ) ( )
ni

nini

nnii
n V

qrFqrF

eqNF
V +

ÖÖ-ÖÖ

³ÖÖ
=

mllm

j

. (4.58) 

 

ʉʧʷʤʫʻʤʦ ʚʝʢʪʦʨ q  ʚʟʜʦʚʞ ʦʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʫ ʜʦʪʠʯʥʦʛʦ ʜʦ ʣʽʥʽʾ 

ʢʦʥʪʘʢʪʫ t. ɺʽʥ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ [152] 

 

( ) ( )22
2 llmm

mllm

t

iniinin

nini

FGFFFFE

rFrF
q

Ö+ÖÖ-Ö

Ö-Ö
== . (4.59) 

 

ʏʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʨʽʚʥʷʥʥʷ ʟʘʯʝʧʣʝʥʥʷ (3.76) ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 

abl sincos'
2 ÖÖW°=iF ; 

ab
m

sinsin Ö°=iF ; (4.60) 

aj
sinii RF @= , 

 

ʜʝ '2W  ï ʧʦʭʽʜʥʘ ʬʫʥʢʮʽʾ 2W  ʧʦ l: 

 

( ) ( )( )
( )( )

( ) ( ) ( )

( )( )
( ) ( ) ( )

( )( )
( ) .0,

,

,,,

,

,,,

,

,,'

'
22'

2

1
'

1
''

2

2'
2

1
''

1
'
2

2'
2

2'
1

'
2

2

=+
ÖÖ

-

-
ÖÖ

+
Ö

=W

y

y

xxy

y

xxy

y

xy

Pf

Pf

PfPfPf

Pf

PfPfPf

Pf

PfPf

l

l

lll

l

lll

l

ll

 (4.61) 

 

ɺʨʘʭʦʚʫʶʯʠ (2.36), (2.42), (4.59), (4.60) ʧʝʨʝʪʚʦʨʠʤʦ ʚʠʨʘʟ (4.59)  
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( )

( ) ( ) ( )

( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

( ) ( ) ( ) bbll

bblbblbl

bbll

bbb

bbll

blbbllb

ababll

bbab

ababll

blbllab
t

22'
2

22'
2

2'
1

2'
2

2'
2

'
2

'
2

'
1

22'
2

22'
2

2'
1

2'
2

'
2

22'
2

22'
2

2'
1

2'
2

'
2

'
1

222'
2

222'
2

2'
1

'
2

222'
2

222'
2

2'
1

'
2

'
2

'
1

cossin),(),(

cossin),(sincos),(sin),(

cossin),(),(

cossincos

cossin),(),(

sin),(sincos),(),(sin

sincos0sinsin),(),(

cossinsincos

sincos0sinsin),(),(

sin),(cos),(),(sinsin

ÖW+Öù
ú

ø
é
ê

è
+

W+ÖÖ-ÖW-Ö+ÖÖ
=

=

ÖW+Öù
ú

ø
é
ê

è
+

WÖ-ÖWÖ-
+

+

ÖW+Öù
ú

ø
é
ê

è
+

ÖÖ-ÖÖÖ+ÖÖ
=

=

ÖÖW+-ÖÖù
ú

ø
é
ê

è
+

Ö+ÖÖW
-

-

ÖÖW+-ÖÖù
ú

ø
é
ê

è
+

ÖÖ-ÖÖ+ÖÖÖ
==

yx

yyx

yx

yx

yyx

yx

yx

yyx

PfPf

PfkPfjPfi

PfPf

kj

PfPf

PfkPfjPfi

PfPf

kj

PfPf

PfkPfjPfi
q

 (4.62) 

ʐʫʢʘʥʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ 

ʜʦ ʣ̔ ʥʽʾ ʢʦʥʪʘʢʪʫ ʥʘʧʨʷʤʢʫ ʚʠʟʥʘʯʠʤʦ, ʷʢ ʧʨʦʝʢʮʽʶ ʚʝʢʪʦʨʫ (2.40) ʥʘ ʚʝʢʪʦʨ 

nep ³=t : 

 

( ) ( )
[ ]n

ni

nini

nii
ni eV

rFrF

NF
pVu ³Ö+
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Ö
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t . (4.63) 

 

ɿ ʦʛʣʷʜʫ ʥʘ ʟʘʣʝʞʥʦʩʪʽ (2.36), (2.38), (2.39), (3.75), (4.59), (4.60), (4.62) 

ʚʠʨʘʟ (4.63) ʧʝʨʝʪʚʦʨʠʤʦ: 
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(4.64) 
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( )( ) ( )( )

( ) ( )( ) ( )( )
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ʑʦʙ ʦʪʨʠʤʘʪʠ ʽʩʪʠʥʥʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʘʟ (4.64) ʧʦ-

ʤʥʦʞʠʪʠ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʰʝʩʪʝʨʥʽ 1w   ̔ʢʦʣʝʩʘ 2w . 

ʉʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʧʨʠ :/11 ʩʨʘʜ=w  
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  (4.65) 

 

ʊʫʪ 
2

1

w

w
=u  ï ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ ʟʫʙʯʘʩʪʦʾ ʧʘʨʠ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.65) ʩʧʨʘʚʝʜʣʠʚʝ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʝʨʝʜʘʯ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ʟ ʣʽʥʽʡʥʠʤ ʢʦʥʪʘʢʪʦʤ, ʢʦʣʠ ʣʽʥʽʷ ʢʦʥʪʘʢʪʫ ʫ ʚʝʨʩʪʘʪʥʦʤʫ 

ʟʘʯʝʧʣʝʥʥʽ ʟʙʽʛʘʻʪʴʩʷ ʟ ʣʽʥʽʻʶ ʢʦʥʪʘʢʪʫ ʨʦʙʦʯʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʇʨʠ 
( )

( )
( )[ ] 0

1
1sin,cos

,

,
2 2'

2
2'

2'
2

1
1 =ö

÷

õ
æ
ç

å
-ÖÖ+W+

u
Pf

Pf

Pf
R y

y

x blb
l

l
 ʩʫʤʘʨʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ 0=tu . ʊʦʯʢʠ ʢʦʥʪʘʢʪʫ, ʜʣʷ ʷʢʠʭ 0=tu , ʩʣʽʜ 

ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʙʦʪʠ, ʪʦʤʫ ʱʦ ʚ ʮʠʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʦʥʴ ʩʪʚʦʨʶʶʪʴʩʷ 

ʥʝʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʟʤʘʱʫʚʘʥʥʷ. 

ʇʨʠ ( )( ) ( )( ) 0,,
2'

2

2'
1 =+ yx PfPf ll  ʩʪʘʻ ʥʫʣɹʦʚʠʤ ʤʦʜʫʣʴ ʚʝʢʪʦʨʫ ʥʦʨʤʘʣʽ 
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ʜʦ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ. 

 

4.6.3. ʂʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ 

ʆʮʽʥʠʪʠ ʟʥʦʰʫʚʘʥʥʷ ʪʽʣʴʢʠ ʧʦ ʚʽʜʥʦʩʥʽʡ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ 

ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʻ ʥʝʜʦʩʪʘʪʥʽʤ. ɼʣʷ ʙʽʣʴʰ ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ 

ʟʥʦhʫʚʘʥʥʷ ʟʫʙʮ̔ ʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ ʟʫʙʮ̔ ʚ ʰʝʩʪʝʨʥʽ ʽ ʢʦʣʝʩʘ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʟʘ ʬʦʨʤʫʣʘʤʠ [138]: 

 

[ ]
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212

1
VV

V

n

=h ; 
[ ]
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212

2
VV

V

n

=h , (4.66) 

ʜʝ 1nV , 2
nV  ï ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʥʘʨʽʟʫʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ 

ʥʘʧʨʷʤʢʫ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ.  

ʎʽ ʰʚʠʜʢʦʩʪʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʷʢʱʦ ʚ ʨʽʚʥʷʥʥʷ (4.58) ʟʘʤʽʩʪʴ ʚʝʢʪʦʨʫ 

q  ʧ̔ʜʩʪʘʚʠʪʠ ʦʨʪ k  ʦʩ̔ ʘʧʣʢ̔ʘʪ, ʷʢʠʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʚʝʢʪʦʨʫ ʚʽʜʥʦʩʥʦʾ 

ʰʚʠʜʢʦʩʪʽ 12
nV . ɺʨʘʭʦʚʫʶʯʠ ʚʠʨʘʟʠ (2.36), 2.38), (2.40), (4.60) ʦʪʨʠʤʘʻʤʦ 
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ʇʽʜʩʪʘʚʣʷʶʯʠ ʫ ʚʠʨʘʟ (4.66) ʟʥʘʯʝʥʥʷ (3.78), (4.48) ʽ (4.67), ʚʠʟʥʘʯʠʤʦ 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ: 
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ɿ ʚʽʜʥʦʰʝʥʥʷ (4.68) ʚʠʧʣʠʚʘʻ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʟʫʙʯʘʩʪʦʾ ʧʝʨʝʜʘʯʽ, ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ 

ʯʠʩʣʘ, ʣʽʥʽʾ ʟʫʙʮ̔ ʚ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʨʫ.  

ʋ ʧʦʣʶʩʽ ʟʘʯʝʧʣʝʥʥʷ, ʜʝ ( ) 0,1 =ʭPf l , ʢʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ɺʦʥʠ ʪʘʢʦʞ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ ʢʦʣʠ 

( ) 0sin,cos 2'
2

2'
2 =Ö+ÖW blb yPf . ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʝʢʪʦʨ ʚʽʜʥʦʩʥʦʾ 

ʰʚʠʜʢʦʩʪʽ )12(V  ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʫ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʜʦʨʽʚʥʶʻ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ 
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ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʨʽʟʫʚʘʥʠʭ ʟʫʙʮ̔ ʚ ʟ'ʷʚʣʷʶʪʴʩʷ ʦʩʦʙʣʠʚʽ ʪʦʯʢʠ, ʚ ʷʢʠʭ 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ ʜʦʨʽʚʥʶʶʪʴ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ʎʽ ʪʦʯʢʠ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʟʫʙʮ̔ ʚ ʰʝʩʪʝʨʥʽ ʪʘ ʢʦʣʝʩʘ ʥʝʦʙʭʽʜʥʦ ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʙʦʪʠ. 

 

4.6.4. ʂʫʪ ʤʽʞ ʚʽʜʥʦʩʥʦʶ ʰʚʠʜʢʽʩʪʶ ʽ ʥʘʧʨʷʤʢʦʤ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ 

ɺʝʣʠʯʠʥʘ ʢʫʪʘ ʤʽʞ ʚʽʜʥʦʩʥʦʶ ʰʚʠʜʢʽʩʪʶ ʢʦʚʟʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʟʫʙʮ̔ ʚ ʽ ʥʘʧʨʷʤʢʦʤ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ, ʷʢ ʽ ʩʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʫʪʚʦʨʝʥʥʷ ʤʘʩʣʷʥʦʛʦ ʢʣʠʥʫ ʤʽʞ ʢʦʥʪʘʢʪʫʶʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. ʏʠʤ ʙʣʠʞʯʝ 

ʮʝʡ ʢʫʪ ʟʘ ʩʚʦ̒ʁ ʚʝʣʠʯʠʥʦ  ʁʜʦ ʧʨʷʤʦʛʦ, ʪʠʤ ʢʨʘʱʝ ʫʤʦʚʠ ʜʣʷ ʟʤʘʱʝʥʥʷ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ. 

ʊʘʥʛʝʥʩ ʢʫʪʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ [34]: 
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ʘʙʦ, ʚʨʘʭʦʚʫʶʯʠ (2.36), (4.48), (4.59), (4.60) ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʠʤʝʤʦ: 
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n  (4.70) 

 

ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.70) ʚʠʧʣʠʚʘʻ, ʱʦ ʢʫʪ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʚʽʜʥʦʩʥʦʛʦ 

ʨʫʭʫ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʽ ʥʘʧʨʷʤʢʦʤ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ n ʜʦʨʽʚʥʶʻ 90Á: 

- ʧʨʠ ɓ=0, ʪʦʙʪʦ ʚ ʧʝʨʝʪʠʥʘʭ ʟʫʙʯʘʩʪʦʛʦ ʚʽʥʮʷ, ʜʝ ʢʫʪ ʥʘʭʠʣʫ ʪʚʽʨʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʫʙʮ̔ ʚ ʜʦʨʽʚʥʶʻ ʥʫʣʶ;  

- ʧʨʠ ɓ=ˊ/2, ɦ ʦ ʻ ʥʝ ʨʝʘʣʴʥʠʤ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ;  

- ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʽʚʥʦʩʪʽ 
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ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʽʚʥʦʩʪʽ ( ) 0sin,cos 2'
2

2'
2 =Ö+ÖW blb yPf , ʘʙʦ 

( )( ) ( )( ) 0,,
2'

2

2'
1 =+ yx PfPf ll  ʢʫʪ ɜ=0, ʱʦ ʻ ʥʝʩʧʨʠʷʪʣʠʚʠʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʤʘʩʣʷʥʦʛʦ ʢʣʠʥʘ. 

 

4.6.5. ʇʨʠʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ 

ʜʦ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʥʘʧʨʷʤʢʫ 

ʇʨʠʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʥʪʘʢʪʥʫ ʤʽʮʥʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ. ʏʠʤ ʤʝʥʰʝ ʧʨʠʚʝʜʝʥʘ 

ʢʨʠʚʠʟʥʘ, ʪʠʤ ʙʽʣʴʰʝ ʧʣʦʱʘ ʜʦʪʠʢʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ, ʘ, ʦʪʞʝ, ʤʝʥʰʝ 

ʢʦʥʪʘʢʪʥʝ ʨʫʡʥʫʚʘʥʥʷ ʟʫʙʮ̔ ʚ. ʅʘʡʙʽʣʴʰʘ ʧʨʠʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ ʢʦʥʪʘʢʪʫʶʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʝʨʝʨʽʟʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʣʽʥʽʾ 

ʢʦʥʪʘʢʪʫ, ʪʦʤʫ ʧʦ ʾʾ ʟʥʘʯʝʥʥʶ ʚʝʜʝʪʴʩʷ ʦʮʽʥʢʘ ʢʦʥʪʘʢʪʥʦʾ ʤʽʮʥʦʩʪʽ ʟʫʙʮ̔ ʚ 
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ʧʝʨʝʜʘʯʽ. 

ʇʨʠʚʝʜʝʥʘ ʥʦʨʤʘʣʴʥʘ ʢʨʠʚʠʟʥʘ ʜʦʨʽʚʥʶʻ [263]: 

 

,)2()1( ccc -=ʧʨ       (4.71) 

 

ʜʝ -)2()1( ,cc  ʥʦʨʤʘʣʴʥʽ ʢʨʠʚʠʟʥʠ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʰʝʩʪʝʨʥʽ ʪʘ ʢʦʣʝʩʘ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ. ɰʭ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʢʨʠʚʠʟʥʫ 

ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ 

 

)()()( i
ʧʨ

ni ccc -=       (4.72) 

ʊʫʪ -)(nc  ʢʨʠʚʠʟʥʘ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ 

ʧʝʨʝʨʽʟʽ; -)(i
ʧʨc  ʧʨʠʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʦʚʝʨʭʥʽ 

ʥʘʨʽʟʫʚʘʥʦʛʦ ʢʦʣʝʩʘ ʚ ʪʦʤʫ ʞ ʧʝʨʝʨʽʟʽ. 

ʊʦʜʽ (4.71) ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ: 

 

)2()1(
ʧʨʧʨʧʨ ccc +-=       (4.73) 

 

ʇʨʠʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʦʚʝʨʭʥʽ ʥʘʨʽʟʫʚʘʥʦʛʦ ʢʦʣʝʩʘ ʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʥʘʧʨʷʤʢʫ ʟʛʽʜʥʦ ʨʦʙʦʪʠ [135] 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 

,
)(2)( 22

)(

i

iniinini
ʧʨ

FGFFFFE

D

+-
=

lmlm

c     (4.74) 

 

ʜʝ ʚʠʟʥʘʯʥʠʢ 
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jml

m

l

iii

n
ni

nn

n
ni

nn

i

FFF

rVGF

rVEE

)(

)(
)(

)(

=D ,     (4.75) 

 

ʘʙʦ, ʚʨʘʭʦʚʫʶʯʠ (2.36), (2.42), (3.78), (4.60) ʦʪʨʠʤʘʻʤʦ: 

 

( ) ( )( ) ( )( )³+ÖÖ=D
2'

2

2'
1

'
2

2
' ,,, yxyni PfPfPfr lll@  

( )

( )
( )( )

ù
ù

ú

ø

é
é

ê

è
ÖW+Ö°³ bbl

l

l 2'
2

2'
2'

2

1 cossin,
,

,
y

y

x
i Pf

Pf

Pf
R .  (4.76) 

 

ʇʨʠʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ ʧʨc  ʧ̔ʩʣ̫ ʧʝʨʝʪʚʦʨʝʥʴ: 

( )

( )( ) ( )( )

( )( ) ( )( ) ( )

( )

( )
( )( )

ù
ù

ú

ø

é
é

ê

è
ÖW+Ö°

ù
ú

ø
é
ê

è
ÖW+Öö

÷

õ
æ
ç

å
+

³

³

ù
ú

ø
é
ê

è
+

=

bbl
l

l

bbll

ll

l
c

2'
2

2'
2'

2

1

22'
2

22'
2

2'
1

2

3
2'

2
2

1

'
2

cossin,
,

,

cossin,,

,,'

,

y

y

x
i

yx

yx

yi
ʧʨ

Pf
Pf

Pf
R

PfPf

PfPf

Pf
@

.    (4.77) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ (4.77) ʚ (4.73) ʦʪʨʠʤʘʻʤʦ ʰʫʢʘʥʫ ʧʨʠʚʝʜʝʥʫ ʥʦʨʤʘʣʴʥʫ 

ʢʨʠʚʠʟʥʫ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʣʽʥʽʾ 

ʢʦʥʪʘʢʪʫ ʥʘʧʨʷʤʢʫ: 
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( ) ( )

( )( ) ( )( )
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sin,cos
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          (4.78) 

 

( ) ( )( ) ( )( )

( )

( )
( )( )

ù
ù

ú

ø

é
é

ê

è
Ö+W-

ù
ú

ø
é
ê

è
Öö
÷

õ
æ
ç

å
++W

³

blb
l

l

bllb

2'
2

2'
2'

2

1
2

22'
2

2
1

22'
2

sin,cos
,

,

sin,,'cos

y

y

x

yx

Pf
Pf

Pf
R

PfPf

. 

 

ʃʦʢʘʣʴʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʢʦʥʪʘʢʪ ʟʫʙʮ̔ ʚ ʰʝʩʪʝʨʥʽ ʪʘ ʢʦʣʝʩʘ ʙʫʜʝ, ʷʢʱʦ 

ʢʨʠʚʠʟʥʠ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ 

ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʚʟʘ̒ʤʥʦ ʦʛʠʥʘʶʪʴʩʷ, ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ, ʪʦʙʪʦ ʧʨʠ ʧʨc =0. 

ʎʝ ʤʦʞʣʠʚʦ, ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

 

( )[ ( )( ) ( )( )( ) ]0sin,','cos' 22
2

2
1

22
2 =Ö++W bllb yx PfPf  

 

ʆʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ b2sin   ̔ b2cos  ʜʦʜʘʪʥʽ, ʽ ʚʠʧʘʜʦʢ ɓ=ˊ/2  ̒ʥʝ 

ʨʝʘʣʴʥʠʤ, ʪʦ0=ʧʨc  ʪ̔ʣʴʢʠ ʧʨʠ ɓ=0, ʪʦʙʪʦ ʢʦʣʠ ʢʫʪ ʥʘʭʠʣʫ ʟʫʙʮ̔ ʚ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ. 

ʅʘ ʨʠʩ. 4.14 ʧʦʢʘʟʘʥʽ ʛʨʘʬʽʢʠ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʨʠʚʝʜʝʥʦʾ ʢʨʠʚʠʟʥʠ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʚ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʚ ʧʨʦʮʝʩʽ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʛʝʦʤʝʪʨʽʻʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ [76], 

[79]. 
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ʘ)       ʙ) 

ʈʠʩ. 4.14. ɸʥʘʣʽʟ ʧʨʠʚʝʜʝʥʦʾ ʢʨʠʚʠʟʥʘ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮ̔ ʚ ʚ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ: ʘ ï ʛʨʘʬʽʢʠ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ 

ʧʨʠʚʝʜʝʥʦʾ ʢʨʠʚʠʟʥʠ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʮʽʚ; ʙ ï ʟʤʝʥʰʝʥʥʷ 

ʧʨʠʚʝʜʝʥʦʾ ʢʨʠʚʠʟʥʠ ʚ ʧʣʶʩʽ ʟʘʯʝʧʣʝʥʥʷ ʚ 2,5 ʨʘʟʠ 

 

4.6.6. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ 

ɺ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʙʤʝʞʝʥʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʷʜ 

ʬʘʢʪʦʨʽʚ, ʟʤʽʥʘ ʷʢʠʭ ʥʠʞʯʝ ʧʝʚʥʦʾ ʤʝʞʽ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʝʨʝʜʘʯʽ. ʊʘʢʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʢʨʠʪʪʷ, ʫʤʦʚʠ ʧʽʜʨʽʟʘʥʥʷ ʽ ʟʘʛʦʩʪʨʝʥʥʷ ʟʫʙʮ̔ ʚ ʪʘ ʽʥ. 

ʂʦʝʬ̔ʮʽʻʥʪ ʧʝʨʝʢʨʠʪʪʷ ʻ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. ɺʽʥ 

ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʯʘʩʥʦ ʢʦʥʪʘʢʪʫʶʯʠʭ ʟʫʙʮ̔ ʚ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʣʘʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʟʫʙʯʘʩʪʦʾ ʧʘʨʠ. 

ʊʘʢ ʷʢ ʮʠʣʽʥʜʨʠʯʥʽ ʧʝʨʝʜʘʯʽ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ʤʘʶʪʴ ʟʫʙʮ ̔ʟ ʢʫʪʦʤ 

ʥʘʭʠʣʫ ʚʽʜʤʽʥʥʠʤ ʚʽʜ ʥʫʣʷ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʦʨʮʝʚʠʡ ʽ ʦʩʴʦʚʦʾ 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʢʨʠʪʪʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʦʨʮʝʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʜʦʨʽʚʥʶʻ 

 

p

jj
ea

2

12-= iz , (4.79) 
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ʜʝ -21,jj  ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʰʝʩʪʝʨʥʽ (ʢʦʣʝʩʘ), ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷʤ 1l ʪʘ 2l ; 

iz  ï ʢʽʣʴʢʽʩʪʴ ʟʫʙʮ̔ ʚ ʰʝʩʪʝʨʥʽ (ʢʦʣʝʩʘ). 

ʂʫʪʠ ʧʦʚʦʨʦʪʫ ʰʝʩʪʝʨʥʽ (ʢʦʣʝʩʘ), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ 1l ʪʘ 2l  

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʨʽʚʥʷʥʥʷ ʟʘʯʝʧʣʝʥʥʷ (3.76) 

 

()

( )
.

cossin

;
cossin

222
2

121
1

i

i

R

R

blbm
j

blbm
j

W+Ö
=

W+Ö
=

 (4.80) 

 

ʜʝ -21,ll  ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʨʘʥʠʯʥʠʤ ʪʦʯʢʘʤ ʣʽʥʽʾ ʟʘʯʝʧʣʝʥʥʷ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ 

ʚʠʨʘʟʫ (3.80). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 1m  ̔ 2m  ʥʝʦʙʭʽʜʥʦ ʧ̔ʜʩʪʘʚʠʪʠ z=const ʚ 

ʦʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ (3.77) ʽ ʚʠʨʽʰʠʪʠ ʡʦʛʦ ʱʦʜʦ ɛ(ɚ). 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (4.80) ʢʦʝʬʽʮʽʻʥʪ ʪʦʨʮʝʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ (4.79) ʥʘʙʫʜʝ 

ʚʠʛʣʷʜʫ 

 

( ) ( ) () ()[ ]

i
i

R

ff
z

p

bllll
ea

2

cos12122222 -W-+W
= . (4.81) 

 

ɿ ʚʠʨʘʟʫ (4.81) ʚʠʧʣʠʚʘʻ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʦʨʮʝʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʦʛʦ ʪʦʨʮʝʚʦʛʦ ʧʝʨʝʨʽʟʫ ʟʫʙʯʘʩʪʦʛʦ ʚʽʥʮʷ ʜʦ 

ʽʥʰʦʛʦ. ʇʨʠ ɓ=const ʢʦʝʬ̔ ʮʽʻʥʪ ae  ʫʟʜʦʚʞ ʟʫʙʯʘʩʪʦʛʦ ʚʽʥʮʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʩʴʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʢʨʠʪʪʷ ʟʘʬʽʢʩʫʻʤʦ 

const== 0ll , ʧʘʨʘʤʝʪʨʠ *
1m   ̔ *

2m  ʚʠʟʥʘʯʠʤʦ ʟ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ (3.77) 

ʧʨʠ z=0  ̔z=b, ʜʝ b ï ʰʠʨʠʥʘ ʟʫʙʯʘʪʦʛʦ ʚʥ̔ʮ̫. 

ʂʦʝʬʽʮʽʻʥʪ ʦʩʴʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʜʦʨʽʚʥʶʻ: 
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i
i

R

b
z
p

b
eb

2

sin
= , (4.82) 

ʇʨʠ ʟʤ̔ʥʝʥʥ ̔ɚ, ʪʦʙʪʦ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʽʻʾ ʪʦʯʢʠ ʧʨʦʬʽʣʶ ʜʦ ʽʥʰ,ʾ 

ʢʦʝʬʽʮʽʻʥʪ ʦʩʴʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʟʤʽʥʶʻʪʴʩʷ. ɼʣʷ ʟʥʘʯʝʥʥʷ )()( 21
**= mbmb  ʠ 

ɓ=const ʚʠʨʘʟ (4.82) ʧʝʨʝʪʚʦʨʠʪʴʩʷ: 

 

ii
ʘ

ZR /2

)()( 12

p

mm
e

** U-U
=      (4.83) 

 

ʇʽʜʨʽʟʘʥʥʷ ʟʫʙʮ̔ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʣʽʩ ʧʦʩʣʘʙʣʶʻ ʦʩʥʦʚʫ ʟʫʙʮ̔ ʚ, ʽ, ʪʠʤ 

ʩʘʤʠʤ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʟʣʘʤʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʨʽʟʫʚʘʥʠʭ ʢʦʣʽʩ. ʊʦʤʫ 

ʧʨʠ ʩʠʥʪʝʟʽ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʥʝʦʙʭʽʜʥʦ ʦʙʤʝʞʫʚʘʪʠ ʪʚʽʨʥʫ ʧʦʚʝʨʭʥʶ, 

ʚʠʢʣʶʯʘʶʯʠ ʟ ʥʝʾ ʪʦʯʢʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʧʽʜʨʽʟʘʥʥʷ. 

ʇʽʜʨʽʟʘʥʥʷ ʟʫʙʮ̔ ʚ ʫ ʚʝʨʩʪʘʪʥʦʤʫ ʟʘʯʝʧʣʝʥʥʽ ʧʦʚ'ʷʟʘʥʦ ʟ ʧʦʷʚʦʶ ʥʘ 

ʦʛʠʥʘʶʯʽʡ ʧʦʚʝʨʭʥʽ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ, ʚ ʷʢʠʭ ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ 0=nN  [136]. ʎʷ 

ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ 
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. (4.84) 

 

ʈʦʟʢʨʠʚʘʶʯʠ ʚʠʟʥʘʯʥʠʢ (4.84) ʽ ʚʨʘʭʦʚʫʶʯʠ (2.36), (2.42), (3.78), (4.60), 

ʦʪʨʠʤʫʻʤʦ: 
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  (4.85) 

 

ʜʝ ʟʥʘʢ çʧʣʶʩè ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʰʝʩʪʝʨʥʽ, ʘ çʤʽʥʫʩè ʜʦ ʢʦʣʝʩʘ. 
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ɺʠʧʘʜʢʠ, ʢʦʣʠ 0' =nr   ̔ ( )( ) ( )( ) 0,,
2'

2

2'
1 =+ yx PfPf ll , ʚʠʢʣʶʯʠʤʦ ʟ 

ʨʦʟʛʣʷʜʫ, ʷʢ ʥʝʨʝʘʣʴʥʽ. ɿʘʣʠʰʘʻʪʴʩʷ ʫʤʦʚʘ: 

 

( ) ( ) ( )[ ( )] .0,sin,,cos, '
2

2'
21

2'
21 =°+W yiyxx PfRPfPfPf lbllbl     (4.86) 

 

ʆʪʞʝ, ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʽʜʨʽʟʘʥʥ ʁʟʫʙʮ̔ ʚ ʥʘʨʽʟʫʚʘʥʠʭ ʢʦʣʽʩ ʥʝʦʙʭʽʜʥʦ 

ʥʘ ʪʚʽʨʥʽʡ ʧʦʚʝʨʭʥʽ ʚʠʢʣʶʯʠʪʠ ʪʦʯʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʚʷ'ʟʢʦʤ ʨʽʚʥʷʥʴ 

(4.86). 

ɿ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʧʝʨʝʜʘʯ ʪʦʚʱʠʥʘ ʟʫʙʮ̔ ʚ ʥʘ ʚʝʨʰʠʥʘʭ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʤʝʥʰʝ ʜʦʧʫʩʪʠʤʦʾ ʚʝʣʠʯʠʥʠ. ɿʘʛʦʩʪʨʝʥʥʷ ʟʫʙʮ̔ ʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʪʠʥʦʤ 

ʾʭ ʙʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʆʪʞʝ, ʪʦʚʱʠʥʘ ʟʫʙʘ ʚ ʪʦʯʢʘʭ ʟʘʛʦʩʪʨʝʥʥʷ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ. ɿʘʟʚʠʯʘʡ ʪʦʚʱʠʥʘ ʟʫʙʘ ʥʘ ʚʝʨʰʠʥʘʭ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 

(0,25é0,3)m, ʜʝ m ï ʤʦʜʫʣʴ ʟʘʯʝʧʣʝʥʥ̫ . 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʟʫʙʮ̔ ʚ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʨʽʚʥʷʥʥʷʤ (3.79) 
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;coscossin,2
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11111
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ʭʰ

PfRS

PfRS
 (4.87) 

 

ʇʘʨʘʤʝʪʨʠ il ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʽʚʥʷʥʥʷ (3.80), ʧʽʜʩʪʘʚʣʷʶʯʠ ʟʘʤʽʩʪʴ biR  

ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʽʚ ʢʽʣ ʚʠʩʪʫʧʽʚ ʰʝʩʪʝʨʥʽ ʪʘ ʢʦʣʝʩʘ aiR . ɿʥʘʯʝʥʥʷ ɛ(ɚ) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ (3.79) ʧʨʠ ʟʘʜʘʥʦʤʫ iz . ɿʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ij ʟʥʘʭʦʜʷʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ ʟʘʯʝʧʣʝʥʥʷ (3.77). 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜ̔ ʣʫ 4 

1. ɼʣʷ ʦʮʽʥʢʠ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʣʝʞʥʽ ʚʽʜ ʻʜʠʥʠʭ 

ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʴʥʦ ʦʮʽʥʶʚʘʪʠ ʷʢʽʩʪʴ 
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ʧʨʦʮʝʩʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

2. ɼʣʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 3-ʛʦ ʢʣʘʩʫ ʚʠʚʝʜʝʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʪʘʢʠʭ, ʷʢ 

ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʽ 

ʥʘʧʨʷʤʢʦʤ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ, ʧʨʠʚʝʜʝʥʘ ʢʨʠʚʠʟʥʘ ʚ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʦʥʴ, ʩʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʢʦʝʬʽʮʽʻʥʪʠ ʧʠʪʦʤʠʭ ʢʦʚʟʘʥʴ. ɺʩʽ ʚʦʥʠ ʻ ʬʫʥʢʮʽʷʤʠ ʚʽʜ 

ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʩʠʥʪʝʟ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

3. ɼʣʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 2-ʛʦ ʢʣʘʩʫ ʦʪʨʠʤʘʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʯʥʦʛʦ, 

ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

4. ʆʪʨʠʤʘʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ 

ʛʝʦʤʝʪʨʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʄʘʪʝʨʽʘʣʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʙʦʪʘʭ: [31], [50], [56], 

[57], [58], [63], [90], [205], [236], [237]. 
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ʈʆɿɼɯʃ 5 

ʂʆʄʇ'ʖʊɽʈʅɸ ɯʅʊɽɻʈɸʎɯʗ ʉʀʉʊɽʄ ɯ ʇʈʆʎɽʉɯɺ 

ʌʆʈʄʆʋʊɺʆʈɽʅʅʗ ʌʋʅʂʎɯʆʅɸʃʔʅʀʍ ʇʆɺɽʈʍʆʅʔ ɿʋɹʏɸʊʀʍ 

ʂʆʃɽʉ 

ɺ ʜʘʥʠʡ ʯʘʩ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʥʦʚʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘʩʢʨʽʟʥʦʾ ʧʽʜʪʨʠʤʢʠ ʩʢʣʘʜʥʦʾ ʥʘʫʢʦʤʽʩʪʢʦʾ 

ʧʨʦʜʫʢʮʽʾ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʾʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ: ʥʘ ʝʪʘʧʘʭ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʜʫʤʫ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʦʜʘʞʫ, ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʝʤʦʥʪʫ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚ ʨʘʤʢʘʭ ʻʜʠʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʊʘʢʘ ʩʪʨʘʪʝʛʽʷ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʦʙôʻʜʥʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʜʫʢʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ CALS-ʪʝʭʥʦʣʦʛʽʷʤʠ 

(Continuous Acquisition and Life-cycle Support ï ʙʝʟʧʝʨʝʨʚʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʧʽʜʪʨʠʤʢʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʜʫʢʪʫ) [168]. 

ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʦʜʘʞʫ, ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ 

ʩʢʣʘʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʥʘ ʙʘʛʘʪʴʦʭ ʝʪʘʧʘʭ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʷʢ ʤʽʥʽʤʫʤ, ʥʘ 30% [186]. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʮʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘʩʢʨʽʟʥʦʾ ʧʽʜʪʨʠʤʢʠ ʝʪʘʧʽʚ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʜʫʢʮʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʘʙʦ 

ʨʘʜʠʢʘʣʴʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʦʤʠʭ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʫʢʦʻʤʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʨʦʟʰʠʨʝʥʥʷ ʦʙʣʘʩʪʽ ʽʩʥʫʚʘʥʥʷ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʽʚ, 

ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ [248]. 
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5.1. ʂʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʷʢ ʟʘʩʽʙ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ 

ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʟʥʠʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦ ʾʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʥʘ 

ʜʘʥʠʡ ʯʘʩ ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʘ, ʘʥʘʣʽʟʫ ʽ ʢʦʥʪʨʦʣʶ. ɺʝʣʠʢʘ ʨʦʟʤʘʾʪʽʩʪʴ 

ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤ CAD/CAM/CAE ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ ʚʽʜʦʢʨʝʤʣʝʥʽ 

ʝʪʘʧʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʧʨʦʪʝ ʧʦʚʥʦʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʷʢʘ ʙ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʣʘ 

ʚʠʤʦʛʘʤ, ʩʬʦʨʤʫʣʴʦʚʘʥʠʤ ʚ ʧ.1.1, ʜʦʩʽ ʥʝ ʨʦʟʨʦʙʣʝʥʘ. 

ɼʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ CAD/CAM/CAE ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʚʽʜʙʫʚʘʚʩʷ ʟʛʽʜʥʦ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 5.1. ʅʘ ʨʠʩ. 5.2 ʧʦʢʘʟʘʥʘ ʩʫʯʘʩʥʘ 

ʩʠʪʫʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʣʷ ʪʦʛʦ, ʱʦʙ 

ʧʨʠʩʢʦʨʠʪʠ ʝʪʘʧʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦ ʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʥʝʦʙʭʽʜʥʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʽʥʪʝʛʨʫʚʘʪʠ ʡʦʛʦ ʚ ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ (ʨʠʩ. 5.3). 

ʅʘ ʨʠʩ. 5.4 ʧʦʢʘʟʘʥʘ ʧʨʦʧʦʥʦʚʘʥʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʫ ʷʢʽʡ ʥʘ ʚʭʦʜʽ ʟʘʜʘʥʘ ʧʦʯʘʪʢʦʚʘ 

ʦʙʨʦʙʣʶʚʘʥʘ ʧʦʚʝʨʭʥʷ ʽ ʤʦʞʣʠʚʽ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ʅʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ, ʘ ʪʘʢʦʞ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʛʝʦʤʝʪʨʽʾ 

ʜʝʪʘʣʝʡ ʧʦ ʤʦʜʝʣʽ-ʝʪʘʣʦʥʫ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʚ ʧʨʦʤʠʩʣʦʚʽ 

CADïʩʠʩʪʝʤʠ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ï ʫ ʚʠʛʣʷʜʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙʨʘʟʽʚ ʘʙʦ 

ʤʘʩʠʚʽʚ ʜʘʥʠʭ. ɸʣʝ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʙʫʣʦ ʙ ʧʽʜʢʣʶʯʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ 

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʙʽʙʣʽʦʪʝʢ ʜʝʪʘʣʝʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ. 
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ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʟ ʢʦʤʧôʶʪʝʨʥʠʤʠ ʤʦʜʝʣʷʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʙʽʙʣʽʦʪʝʢ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʦʞʣʠʚʦ ʦʪʨʠʤʫʚʘʪʠ ʥʘ ʚʠʭʦʜʽ ʛʦʪʦʚʽ ʤʦʜʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ.  

 

 

ʈʠʩ. 5.4. ʂʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

 

ʉʠʥʪʝʟʦʚʘʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʩʭʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʙʨʘʪʠ 

ʥʝʦʙʭʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. 

ɯʥʪʝʨʘʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʟʤʽʥʶʶʪʴ ʬʦʨʤʫ ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʫ ʩʭʝʤʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ ʦʜʥʦʯʘʩʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚʩʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ 

ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ɯʥʪʝʨʘʢʪʠʚʥʠʡ ʘʥʘʣʽʟ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʩʣʫʞʠʪʴ ʟʚʦʨʦʪʥʠʤ 

ʟʚ'ʷʟʢʦʤ ʽ ʜʦʧʦʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʚʽʜ ʽ ʟʥʘʥʥʷ 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘ ʜʣʷ ʰʚʠʜʢʦʾ ʦʮʽʥʢʠ ʽ ʨʝʟʫʣʴʪʘʪʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʠʭ ʽʪʝʨʘʮʽʡʥʠʭ ʜʽʡ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʘ ʛʝʦʤʝʪʨʽʶ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ. 

ʅʘ ʨʠʩ. 5.5 ʧʦʢʘʟʘʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʟʚôʷʟʢʠ ʝʣʝʤʝʥʪʽʚ 

ʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦ-

ʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮ̔ . 
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ʈʠʩ. 5.5. ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʟʚôʷʟʦʢ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʧʦʚʝʨʭʦʥʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ 

ʨʽʚʥʷʥʴ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ S1 (ʨʠʩ. 

2.19): 

( )NPfr ,),( 11 =ml , 

ʜʝ P=P(p0, p1, p2, p3), N=N(n0, n1, n2, n3) ï ʚʝʢʪʦʨʠ ʢʝʨʫʶʯʠʭ ʽ ʦʧʦʨʥʠʭ ʪʦʯʦʢ 

(ʨʠʩ. 2.19). 

ʇʦʚʝʨʭʥʷ ʩʧʨʷʞʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʙʫʜʝ ʦʜʥʦʟʥʘʯʥʦ ʟʘʣʝʞʘʪʠ ʚʽʜ ʟʤʽʥʠ 

ʛʝʦʤʝʪʨʽʾ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʟʚôʷʟʢʽʚ ʦʛʠʥʘʥʠʷ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ: 

),,,()(),,,,( 1212 NPrGMGNPr mlml Ö= , 

ʜʝ M21(G) ï ʤʘʪʨʠʮʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ 

S1 ʜʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ S2; G=G(aw,ɔ) ï ʬʫʥʢʮʽʷ 

ʚʽʜ ʢʝʨʫʶʯʠʭ ʬʫʥʢʮʽʻʶ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ: aw ï ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥ,ɹ 

ɔ ï ʢʫʪ ʩʭʨʝʱʫʚʘʥʥʷ ʦʩʝʡ. 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʜʣʷ 

ʦʮʽʥʢʠ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʘʢʦʞ ʦʜʥʦʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʝʨʫʶʯʠʭ 
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ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ: 

( )kffffF 3323133 ,...,,),( =ml , 

ʜʝ f31(ɚ,Õ)=f31(P,N,G), f32(ɚ,Õ)=f32(P,N,G),é, f3k(ɚ,Õ)=f3k(P,N,G) ʬʫʥʢʮʽʾ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʷʢʽ ʦʜʥʦʟʥʘʯʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ P,N,G. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ P(xp, yp)=fP(F3), N(yn, zn)=fN(F3), G(aw,ɔ)=fG(F3) 

ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʽ ʘʥʘʣʽʟʫ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʈʝʘʣʽʟʘʮʽʷ ʤʦʜʫʣʴʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ ʜʦʟʚʦʣʷʻ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʨʦʟʨʦʙʢʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʰʠʨʠʪʠ ʾʾ ʚ ʯʘʩʪʠʥʽ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.6, ʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʘʛʘʪʦʧʦʪʦʢʦʚʘ 

ʩʠʩʪʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʚ ʷʢʽʡ ʩʠʥʪʝʟ ʽ ʘʥʘʣʽʟ ʟʜʽʡʩʥʶʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʜʣʷ 

ʜʚʦʭ ʢʦʥʪʘʢʪʫʶʯʠʭ ʜʝʪʘʣʝʡ. ɺʘʞʣʠʚʠʤ ʻ ʪʝ, ʱʦ ʫʥʽʚʝʨʩʘʣʴʥʽ ʢʝʨʫʶʯ̔ 

ʧʘʨʘʤʝʪʨʠ ʟʘʣʠʰʘʶʪʴʩʷ ʻʜʠʥʠʤʠ ʜʣʷ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ, ʻʜʥʦʩʪʽ ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ ʜʦʩʪʘʪʥʦʩʪʽ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
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ʈʠʩ. 5.6. ɹʘʛʘʪʦʧʦʪʦʢʦʚʘ ʩʠʩʪʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 
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5.2. ʄʝʪʦʜʠʯʥʝ, ʘʣʛʦʨʠʪʤʽʯʥʝ ʽ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʋ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʧʝʨʝʜʫʤʦʚʠ ʽ ʤʦʞʣʠʚʦʩʪʽ 

ʨʦʟʨʦʙʢʠ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʪʨʠʤʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʢʝʨʫʚʘʪʠ ʛʝʦʤʝʪʨʽʻʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʽ 

ʦʜʥʦʯʘʩʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʾʭ ʚʟʘʻʤʦʜʽʾ. 

ʈʦʟʨʦʙʣʝʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʥʽʬʽʢʫʻ ʦʧʠʩ ʷʢ ʩʘʤʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʪʘʢ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʾʭ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ 

ʪʠʧʠ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ɼʣʷ ʘʥʘʣʽʟʫ, ʚ ʪ. ʯ. ʚʽʟʫʘʣʴʥʦʛʦ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʟʘʻʤʦʜʽʾ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʫ, ʦʪʨʠʤʘʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʘʪʴ ʫʥʽʬʽʢʦʚʘʥʽ ʢʝʨʫʶʯʽ 

ʧʘʨʘʤʝʪʨʠ. 

ʇʦʢʘʟʘʥʦ, ʷʢ ʤʦʞʥʘ ʧʨʦʧʦʥʦʚʘʥʫ ʩʠʩʪʝʤʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦ-

ʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʧʨʦʤʠʩʣʦʚʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘʥʘʣʽʟʫ, ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʢʦʥʪʨʦʣʶ. 

ʊʦʤʫ ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʽ 

ʚʧʨʦʚʘʜʠʪʠ ʥʦʚʽ ʤʝʪʦʜʠʯʥʝ, ʘʣʛʦʨʠʪʤʽʯʥʝ ʽ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʽ 

ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

5.2.1. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ çCOPTeRè ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʩʪʦʨʦʤ ʰʣʷʭʦʤ ʧʦʣʽʪʢʘʥʠʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ çCOPTeRè ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʩʪʦʨʦʤ ʰʣʷʭʦʤ ʧʦʣʽʪʢʘʥʠʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ [234]. 

ʊʝʨʤʽʥ çʧʦʣʽʪʢʘʥʠʥʘè ʚʚʝʜʝʥʦ ʫ ʚʞʠʪʦʢ ʚʽʜʦʤʠʤ ʥʽʤʝʮʴʢʠʤ ʛʝʦʤʝʪʨʦʤ, 

ʢʝʨʽʚʥʠʢʦʤ ɻʘʤʙʫʨʟʴʢʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʰʢʦʣʠ ʽ ʧʦʩʣʽʜʦʚʥʠʢʦʤ ʌ. ʂʣʝʡʥʘ 



224 

ɺ. ɹʣʷʰʢʝ ʚ ʢʽʥʮʽ 20-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʣʽʪʪʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ ʧʦʣʽʪʢʘʥʠʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʟʤʽʥʶʚʘʪʠ ʬʦʨʤʫ ʙʫʜʴ-ʷʢʦʾ ʢʨʠʚʦʾ ʘʙʦ ʧʦʚʝʨʭʥʽ, ʦʙʨʘʥʠʭ ʚ ʷʢʦʩʪʽ ʧʨʦʦʙʨʘʟʫ. 

ʇʨʠ ʮʴʦʤʫ ʬʦʨʤʘ ʢʨʠʚʦʾ ʘʙʦ ʧʦʚʝʨʭʥʽ ʟʤʽʥʶʶʪʴʩʷ ʚ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ. ʂʨʠʚʘ ʚʧʠʩʫʻʪʴʩʷ ʚ ʧʦʣʽʪʢʘʥʠʥʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʯʦʤʫ 

ʜʚʽ ʦʩʽ ʩʠʩʪʝʤʠ ʻ ʜʦʪʠʯʥʠʤʠ ʚ ʧʦʯʘʪʢʦʚʽʡ ʽ ʢʽʥʮʝʚʽʡ ʪʦʯʢʘʭ ʢʨʠʚʦʾ. 

ʅʘ ʨʠʩ. 5.7 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ çCOPTeRè. 

 

 

ʈʠʩ. 5.7. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ çCOPTeRè [234] 

 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʘʥʦʾ ʧʨʦʛʨʘʤʠ ʻ ʧʨʦʦʙʨʘʟ ʢʨʠʚʦʾ, ʾʾ ʧʦʯʘʪʢʦʚʘ ʽ 

ʢʽʥʮʝʚʘ ʪʦʯʢʠ ʪʘ ʭʘʨʘʢʪʝʨʥʽ ʪʦʯʢʠ ʧʦʣʽʪʢʘʥʠʥʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʗʢ ʧʨʦʦʙʨʘʟ ʦʙʨʘʥʘ ʜʫʛʘ ʢʦʣʘ, ʨʘʜʽʫʩʦʤ ʽ ʥʘʭʠʣʦʤ ʷʢʦʾ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ, 

ʟʘʭʦʧʣʶʶʯʠ ʽ ʧʝʨʝʤʽʱʘʶʯʠ ʢʫʨʩʦʨʦʤ ʧʦ ʝʢʨʘʥʫ ʪʦʯʢʫ ʮʝʥʪʨʫ ʜʫʛʠ 0r ʘʙʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʙʽʣʴʰʝʥʴ dxr, dyr (ʨʠʩ. 5.8): 

 

,   . 
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0r1 

   

0r2 

 

ʈʠʩ. 5.8. ʂʝʨʫʚʘʥʥʷ ʬʦʨʤʦʶ ʜʫʛʠ ʢʦʣʘ (ʧʨʦʦʙʨʘʟʫ) ʰʣʷʭʦʤ ʟʤʽʥʠ 

ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʫ ʜʫʛʠ 0r 

 

ʊʦʯʢʠ 1 ʽ 2 ʢʨʠʚʦʾ ʧʨʦʦʙʨʘʟʫ ʟʙʽʛʘʶʪʴʩʷ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʪʦʯʢʘʤʠ 

ʧʦʣʽʪʢʘʥʠʥʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ʎʽ ʪʦʯʢʠ ʱʝ ʭʘʨʘʢʪʝʨʥʽ ʪʠʤ, ʱʦ ʚ ʥʠʭ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʧʦʣʽʪʢʘʥʠʥʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ʊʦʯʢʘ 1 

ʞʦʨʩʪʢʦ ʟʘʬʽʢʩʦʚʘʥʘ ʥʘ ʦʩʽ ʍ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ʂʦʦʨʜʠʥʘʪʘ x2 ʪʦʯʢʠ 2 

ʜʦʨʽʚʥʶʻ 1 ʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʴ. ʂʦʦʨʜʠʥʘʪʦʶ y2 ʪʦʯʢʠ 2 

ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʨʩʦʨʫ, ʟʘʭʦʧʣʶʶʯʠ ʽ ʧʝʨʝʤʽʱʘʶʯʠ ʾʾ ʧʦ 

ʝʢʨʘʥʫ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʙʽʣʴʰʝʥʥʷ dx2: 

 

ʊʦʯʢʘ 3 ʧʦʣʽʪʢʘʥʠʥʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ ʧʝʨʝʪʠʥʽ 

ʦʩʝʡ ʧʦʣʽʪʢʘʥʠʥʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʷʢʽ ʧʨʦʚʝʜʝʥʽ ʟ ʪʦʯʦʢ 1 ʽ 2 ʧʦ 

ʜʦʪʠʯʥʽʡ ʜʦ ʢʨʠʚʦʾ (ʧʨʦʦʙʨʘʟʫ). ʎʽʻʶ ʪʦʯʢʦʶ ʪʘʢʦʞ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ, 

ʟʘʭʦʧʣʶʶʯʠ ʾʾ ʢʫʨʩʦʨʦʤ ʽ ʧʝʨʝʤʽʱʘʶʯʠ ʧʦ ʝʢʨʘʥʫ, ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʙʽʣʴʰʝʥʴ dx3, dy3 (ʨʠʩ. 5.9): 

,    
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3 

 

ʈʠʩ. 5.9. ʇʝʨʝʪʚʦʨʝʥʥʷ (ʜʝʬʦʨʤʘʮʽʷ) ʜʫʛʠ ʢʦʣʘ ʚ ʰʫʢʘʥʫ ʢʨʠʚʫ ʰʣʷʭʦʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʫ (ʪʦʯʢʘ 3) 

 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʧʨʦʛʨʘʤʽ 

ʧʝʨʝʜʙʘʯʝʥʦ ʧʝʨʝʤʽʱʝʥʥʷ ʢʨʠʚʦʾ ʧʦ ʝʢʨʘʥʫ ʪʘ ʾʾ ʤʘʩʰʪʘʙʫʚʘʥʥʷ: 

 

ʎʽ ʜʽʾ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʜʠʮʽʡʥʠʭ ʦʧʝʨʘʮʽʡ ʨʦʙʦʪʠ 

ʟ ʩʠʩʪʝʤʦʶ. 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʨʦʙʦʪʠ ʚ ʧʨʦʛʨʘʤʽ ʧʝʨʝʜʙʘʯʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʧʨʦʦʙʨʘʟʫ ʢʨʠʚʦʾ, ʦʩʝʡ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʽ ʤʘʩʰʪʘʙʥʦʾ ʩʽʪʢʠ: 

 

ʊʝʦʨʽʷ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʪʢʘʥʠʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ 

ʢʝʨʦʚʘʥʦʤʫ ʩʠʥʪʝʟʽ ʟʫʙʯʘʩʪʠʭ ʟʘʯʝʧʣʝʥʴ ʦʧʠʩʘʥʽ ʨʦʟʜʽʣʽ 2 ʽ ʨʦʙʦʪʘʭ [126], 

[128]. ʗʢ ʨʝʟʫʣʴʪʘʪ ʧʨʦʛʨʘʤʘ ʚʠʜʘʻ ʢʦʦʨʜʠʥʘʪʠ ʢʝʨʫʶʯʠʭ ʪʦʯʦʢ 

ʧʦʣʽʪʢʘʥʪʥʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʽ ʮʝʥʪʨʫ ʜʫʛʠ ʢʦʣʘ ʧʨʦʦʙʨʘʟʫ: 

 

 


