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ɸʅʆʊɸʎɯʗ 

 

ɻʥʘʪʶʢ ɸ.ʆ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʶ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʛʝʨʦʪʦʨʥʦʾ ʧʘʨʠ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʨʦʙʦʪʘ  

ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.03.01 çʇʨʦʮʝʩʠ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʚʝʨʩʪʘʪʠ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʠè. ï ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, 2019. 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʦʢʨʘʱʝʥʥʶ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʬʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʛʝʨʦʪʦʨʥʦʾ ʧʘʨʠ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ 

ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʚ ʷʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʥʦʛʦ ʧʨʦʬʽʣʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ 

ʢʨʫʛʘ, ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʦʙʨʦʙʢʠ ʚ ʫʤʦʚʘʭ ʧʣʘʥʝʪʘʨʥʦʛʦ ʦʙʢʘʪʫ. 

ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʦʤʝʪʨʽʾ ʢʦʣʽʩ ʟʘʯʝʧʣʝʥʥʷ 

ʛʝʨʦʪʦʨʥʦʾ ʧʘʨʠ (ɻʇ) ʪʘ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʾʭ ʦʙʨʦʙʢʠ. ɼʦ ʧʨʦʬʽʣʴʥʠʭ ʟʫʙʯʘʪʠʭ 

ʧʦʚʝʨʭʦʥ ɹʮʠʭ ʢʦʣʽʩ ʚʠʩʫʚʘʶʪʴʩʷ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʧʦ ʪʦʯʥʦʩʪʽ ʪʘ ʰʦʨʩʪʢʦʩʪʽ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʟʘʯʝʧʣʝʥʥʷ, ʪʘ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʩʘʪʝʣʽʪ, ʷʢʠʡ ʤʘʻ ʟʦʚʥʽʰʥʽʡ 

ʟʫʙʯʘʪʠʡ ʚʽʥʝʮʴ, ʻ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ. ʎʽʚʢʦʚʝ ʢʦʣʝʩʦ ʤʘʻ ʚʥʫʪʨʽʰʥʽ 

ʟʫʙʮ,̔ ʡʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʷ ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʫʭʽʚ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʽ ʨʦʟʤʽʨʠ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭ 

ʞʦʨʩʪʢʽʩʪʴ, ʘ ʚʽʜʧʦʚʽʜʥʦ  ̔ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ. ɸʥʘʣʽʟ ʽʥʞʝʥʝʨʥʦʾ, ʥʘʫʢʦʚʦʾ ʪʘ 

ʧʘʪʝʥʪʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʫʻ, ʱʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ 

ʢʦʣʝʩʘ ʤʘʶʪʴ ʥʠʟʢʫ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ ï ʥʠʟʴʢʘ ʛʥʫʯʢʽʩʪʴ, ʩʢʣʘʜʥʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʩʥʘʱʝʥʥʷ, ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ. ʃʝʟʦʚʘ ʦʙʨʦʙʢʘ ʥʝ 

ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʧʨʦʬʽʣʴʥʠʭ ʧʦʚʝʨʭʦʥ,ɹ ʷʢʽ ʤʘʶʪʴ ʪʚʝʨʜʽʩʪʴ 

ʧʦʨʷʜʢʘ 60 HRC. ʊʘʢʦʞ ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʜʢʨʠʪʠʤʠ ʧʠʪʘʥʥʷ ʩʪʦʩʦʚʥʦ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʯʝʧʣʝʥʥʷ, ʪʘ ʩʠʥʪʝʟʫ ʢʨʠʚʠʭ ʷʢʽ ʦʢʨʝʩʣʶʶʪʴ 

ʧʨʦʬʽʣʽ ʢʦʣʽʩ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʚ ʷʢʦʩʪʽ ʙʘʟʦʚʦʛʦ ʧʨʦʪʦʪʠʧʫ ʙʫʚ 

ʦʙʨʘʥʠʡ ʧʨʦʛʨʝʩʠʚʥʠʡ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʜʠʩʢʦʚʠʤ ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ ʚ 
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ʫʤʦʚʘʭ ʧʣʘʥʝʪʘʨʥʦʛʦ ʦʙʢʘʪʫ. ɼʣʷ ʧʨʦʬʽʣʶʚʘʥʥʷ ʢʨʫʛʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʧʫʢʣʘ 

ʜʽʣʷʥʢʘ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ (ʆɼɽɽ). ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ 

ʚʠʨʦʙʥʠʮʪʚʦ ʚʽʜʩʫʪʥʽ, ʷʢ ʽ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʟʘʙʝʟʧʝʯʫʚʘʥʠʭ ʮʠʤ ʤʝʪʦʜʦʤ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ˇʨʫʥʪʦʚʥʦ ʜʦʩʣʽʜʠʪʠ ʡʦʛʦ ʬʽʟʠʯʥʫ 

ʩʫʪʴ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘ ʧʨʝʜʤʝʪ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʪʘ ʥʘʜʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʩʪʦʩʦʚʥʦ ʘʥʘʣʽʟʫ ʽ 

ʩʠʥʪʝʟʫ ʧʨʦʬʽʣʽʚ-ʢʨʠʚʠʭ ʟʘʯʝʧʣʝʥʥʷ, ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʫ ʰʣʽʬʫʚʘʥʥʷ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʚʽʛʥʫʪʦʾ 

ʜʽʣʷʥʢʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ (ʋɼɽɽ) ʚ ʷʢʦʩʪʽ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʊʘʢ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʩʫʪʥʦʩʪʽ çʚʠʨʦʜʞʝʥʠʭ ʜʽʣʷʥʦʢè ʥʘ ʝʢʚʽʜʠʩʪʘʥʪʽ, 

ʚʽʜʩʪʘʥʴ ʾʾ ʚʽʜʜʘʣʝʥʥʷ ʤʘʻ ʙʫʪʠ ʤʝʥʰʦʶ ʟʘ ʤʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ 

ʝʧʽʮʠʢʣʦʾʜʠ minr . ʆʪʨʠʤʘʥʦ ʬʦʨʤʫʣʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ 

minr . ʊʘʢʦʞ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʦʙʚʽʜʥʦʾ ʩʽʤʝʡʩʪʚʘ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ 

ʝʧʽʮʠʢʣʦʾʜ ʚ ʻʜʠʥʦʤʫ ʥʝʧʝʨʝʨʚʥʦʤʫ ʚʠʛʣʷʜʽ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠʚʝʜʝʥʥʷʤ 

ʬʫʥʢʮʽʾ ʢʫʪʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʝʧʽʮʠʢʣʦʾʜʠ ʜʦ ʛʣʘʜʢʦʛʦ ʥʝʧʝʨʝʨʚʥʦʛʦ ʚʠʛʣʷʜʫ, 

ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ 

ʨʽʚʥʷʥʥʷ ʟʚôʷʟʢʫ ʧʘʨʘʤʝʪʨʽʚ ʧʦʙʫʜʦʚʠ ʽ ʩʽʤʝʡʩʪʚʘ ʢʨʠʚʠʭ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʚʽʛʥʫʪʦʾ 

ʜʽʣʷʥʢʠ ʚ ʷʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʥʦʛʦ ʧʨʦʬʽʣʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. ʊʝʦʨʝʪʠʯʥʦ 

ʜʦʚʝʜʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʋɼɽɽ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ 

ʦʙʨʦʙʢʠ ʽ ʚʽʜʧʦʚʽʜʥʦ, ʜʦʟʚʦʣʷʻ ʚʜʦʩʢʦʥʘʣʠʪʠ ʙʘʟʦʚʠʡ ʤʝʪʦʜ ʰʣʽʬʫʚʘʥʥʷ. ɺ 

ʫʤʦʚʘʭ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʋɼɽɽ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʰʦʨʩʪʢʦʩʪʽ ʚ 2,5-

2,8 ʨʘʟʠ ʤʝʥʰʦʾ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʆɼɽɽ, ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʜʠʩʢʨʝʪʥʦʩʪʽ 

ʧʦʙʫʜʦʚʠ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʧʨʦʬʽʣʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʥʘ 

ʦʩʥʦʚʽ ʋɼɽɽ, ʜʦʩʣʽʜʞʝʥʦ ʡʦʛʦ ʨʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʬʽʣʶ ʪʘ ʧʠʪʦʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʤʝʞʽ ʟʥʘʯʝʥʴ ʨʘʜʽʫʩʘ ʮʽʚʢʠ, ʜʣʷ ʷʢʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʬʦʨʤʠ ʧʨʦʬʽʣʶ ʻ 

ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ. 
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ɺ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʢʽʥʝʤʘʪʠʢʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʦʬʽʣʶ ʮʽʚʢʠ. 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʤʘʪʠʢʠ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʽ 

ʧʨʦʬʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʢʦʣʝʩʘ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʽʥʥʠʡ ʰʚʠʜʢʽʩʥʠʡ ʨʝʞʠʤ ʪʦʯʢʠ 

ʢʦʥʪʘʢʪʫ ʧʨʦʬʽʣʽʚ ʚ ʧʣʦʩʢʦʤʫ ʚʝʨʩʪʘʪʥʦʤʫ ʟʘʯʝʧʣʝʥʥʽ. ɼʦʚʞʠʥʘ ʜʫʛʠ ʮʽʚʢʠ, 

ʧʨʦʰʣʽʬʦʚʘʥʘ ʟʘ ʦʜʠʥ ʧʦʜʚʽʡʥʠʡ ʭʽʜ ʽʥʩʪʨʫʤʝʥʪʫ ʤʘʪʠʤʝ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʬʘʟʠ ʦʙʢʘʪʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʬʦʨʤʘʣʽʟʤ ʦʧʠʩʫ ʧʨʦʮʝʩʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʽ ʮʽʚʢʠ ʫ ʚʠʛʣʷʜʽ ʢʨʠʚʦʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʷʢʘ 

ʢʽʥʝʤʘʪʠʯʥʦ ʧʦʨʦʜʞʫʻʪʴʩʷ ʥʘ ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ ʚ ʧʨʦʮʝʩʽ ʦʙʢʘʪʫ. ʊʘʢʦʞ 

ʪʝʦʨʝʪʠʯʥʦ ʜʦʚʝʜʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʰʣʷʭʦʤ ʣʽʥʝʘʨʠʟʘʮʽʾ 

ʰʚʠʜʢʦʩʪʽ ʦʙʢʘʪʫ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʜʦʩʷʛʪʠ ʧʦʩʪʽʡʥʦʩʪʽ ʧʦʜʘʯʽ ʥʘ ʧʦʜʚʽʡʥʠʡ ʭʽʜ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʆʪʨʠʤʘʥʽ ʬʫʥʢʮʽʾ ʣʽʥʝʘʨʠʟʘʮʽʾ. ʇʽʜʚʠʱʝʥʦ ʪʦʯʥʽʩʪʴ ʧʨʦʬʽʣʶʚʘʥʥʷ 

ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ, ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʬʫʥʢʮʽʾ ʢʦʨʝʢʮʽʾ ʚ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʧʦʙʫʜʫʚʘʪʠ ʝʢʚʽʜʠʩʪʘʥʪʫ ʟ ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʪʦʯʦʢ. 

ʆʪʨʠʤʘʥʦ ʤʦʜʝʣʴ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ yP  ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʦʾ 

ʤʦʜʝʣʽ ʉ. ʄ. ʂʦʨʯʘʢʘ ʜʣʷ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʟʘʣʝʞʥʽʩʪʴ 

ʢʽʣʴʢʦʩʪʽ ʟʘʜʽʷʥʠʭ ʚ ʨʦʙʦʪʽ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ ʚʽʜ ʬʘʟʠ ʚʟʘʻʤʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʢʦʣʝʩʘ. ɺʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʫʞʥʠʭ ʚʽʜʪʠʩʢʽʚ ʽʥʩʪʨʫʤʝʥʪʫ 

ʚʽʜ ʧʦʚʝʨʭʥʽ ʮʽʚʢʠ ʧʽʜ ʜʽʻʶ yP . ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʜʝʬʦʨʤʘʮʽʡ, 

ʚʽʜʪʚʦʨʝʥʦ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʢʦʚʽ ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʜʣʷ ʫʚʽʛʥʫʪʦʾ ʬʦʨʤʠ ʧʝʨʝʚʠʱʫʶʪʴ 

ʚ 2,5-3 ʨʘʟʠ ʮʝʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ʆɼɽɽ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʣʦʱ ʢʦʥʪʘʢʪʫ ʦʧʫʢʣʦʾ ʽ ʫʚʽʛʥʫʪʦʾ ʧʦʚʝʨʭʥʽ. ʅʝʨʽʚʥʦʤʽʨʥʘ ʢʨʠʚʠʟʥʘ 

ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ ʦʙʫʤʦʚʣʶʻ ʚʽʜʭʠʣʝʥʥʷ ʟʘʜʘʥʦʾ ʬʦʨʤʠ, ʭʘʨʘʢʪʝʨ ʷʢʦʛʦ ʤʘʻ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ. 

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʛʨʘʤʫ ʽ ʤʝʪʦʜʠʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʨʝʘʣʽʟʘʮʽʶ ʙʘʟʦʚʦʛʦ 

ʤʝʪʦʜʫ ʰʣʽʬʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ ʚʘʨʽʘʥʪʫ ʫ ʚʠʨʦʙʥʠʯʠʭ 

ʫʤʦʚʘʭ, ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʤʝʪʨʦʣʦʛʽʯʥʽʡ 
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ʣʘʙʦʨʘʪʦʨʽʾ. ɼʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦ ʩʧʝʮʽʘʣʴʥʝ 

ʦʩʥʘʱʝʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʟʛʽʜʥʦ 

ʧʨʦʛʨʘʤʠ ʨʦʪʘʪʘʙʝʣʴʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦ-ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʣʘʥʫ. 

ʇʨʠ ʧʨʘʢʪʠʯʥʽʡ (ʥʘʪʫʨʥʽʡ) ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʰʣʽʬʫʚʘʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʣʝ ʨʦʟʩʽʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚʽʜʭʠʣʝʥʥʷ ʟʘʜʘʥʦʛʦ 

ʧʨʦʬʽʣʶ ʧʨʠ ʦʙʨʦʙʮʽ ʢʨʫʛʦʤ ʟ ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʆɼɽɽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

6,5-35,9 ʤʢʤ, ʘ ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʦʬʽʣʴ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ ï 5,7-38,3 ʤʢʤ. ɺ ʪʦʡ ʞʝ 

ʯʘʩ, ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʆɼɽɽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 1,27-

2,11 ʤʢʤ, ʜʣʷ ʋɼɽɽ ï 0,54-0,83 ʤʢʤ. ʇʨʠ ʩʧʽʚʨʦʟʤʽʨʥʠʭ ʧʦʣʷʭ ʨʦʟʩʽʶʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʋɼɽɽ ʟʘʙʝʟʧʝʯʫʻ ʚ 2,3-2,5 ʨʘʟʠ ʢʨʘʱʫ 

ʰʦʨʩʪʢʽʩʪʴ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʢʠ. ʉʧʽʚʨʦʟʤʽʨʥʘ ʪʦʯʥʽʩʪʴ 

ʧʦʷʩʥʶʻʪʴʩʷ ʥʠʟʴʢʦʶ ʩʪʽʡʢʽʩʪʶ ʧʨʦʬʽʣʶ ʥʘ ʦʩʥʦʚʽ ʆɼɽɽ, ʷʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʢʣʘʣʘ 4 ʙʝʟʧʝʨʝʨʚʥʦ ʦʙʨʦʙʣʝʥʠʭ ʮʽʚʢʠ, ʚ ʪʦʡ ʯʘʩ ʜʣʷ ʋɼɽɽ 

ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʢʣʘʜʘʻ 12 ʮʽʚʦʢ. ʇ̔ ʜʪʚʝʨʜʞʝʥʦ ʧʽʜʚʠʱʝʥʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʟʥʦʩʫ 

ʧʨʦʬʽʣʶ ʥʘ ʦʩʥʦʚʽ ʆɼɽɽ, ʦʩʦʙʣʠʚʦ ʚ ʤʽʩʮʷʭ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʨʠʚʠʟʥʦʶ. 

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʰʣʷʭʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʬʽʥʽʰʥʦʾ 

ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʽʚ ʢʦʣʽʩ ɻʇ ʫʤʦʚʘʭ ʦʜʠʥʠʯʥʦʛʦ ʪʘ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʦʢʨʝʤʘ, ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʙʝʟʧʨʠʚʽʜʥʦʾ ʰʣʽʬʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ ʟ 

ʚʠʥʦʩʥʠʤ ʰʧʠʥʜʝʣʝʤ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʦʙʨʦʙʥʠʭ ʮʝʥʪʨʽʚ, ʪʘ ʢʦʤʧʦʥʦʚʢʫ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʫʙʦʰʣʽʬʫʚʘʣʴʥʦʛʦ ʦʙʨʦʙʥʦʛʦ ʮʝʥʪʨʫ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʯʝʨʚôʷʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʶ ʩʘʪʝʣʽʪʫ, ʪʘ 

ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʾʭ ʚʠʭʽʜʥʠʭ ʬʦʨʤʦʪʚʦʨʥʠʭ ʢʦʥʪʫʨʽʚ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʥʦʚʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʮʽʚʢʦʚʠʭ ʢʦʣ̔ʩ ʟ ʚʝʣʠʢʠʤʠ 

ʢʽʣʴʢʦʩʪʷʤʠ ʟʫʙʮʽʚ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ɺʧʝʨʰʝ ʚʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʩʧʨʷʞʝʥʦʾ ʦʙʚʽʜʥʦʾ ʩʽʤʝʡʩʪʚʘ 

ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʝʧʽʮʠʢʣʦʾʜ ʫ ʚʠʛʣʷʜʽ ʻʜʠʥʦʾ ʥʝʧʝʨʝʨʚʥʦʾ ʢʨʠʚʦʾ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʚʚʝʜʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʢʫʪʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 

ʟʚôʷʟʢʫ ʧʘʨʘʤʝʪʨʫ ʧʦʙʫʜʦʚʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʽ ʧʘʨʘʤʝʪʨʫ ʱʦ 

ʚʠʟʥʘʯʘʻ ʢʨʠʚʫ ʽʟ ʤʥʦʞʠʥʠ ʩʽʤʝʡʩʪʚʘ, ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʦʙʚʽʜʥʫ ʚ 
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ʥʝʧʝʨʝʨʚʥʦʤʫ ʚʠʛʣʷʜʽ, ʙʝʟ ʧʦʨʫʰʝʥʴ ʛʣʘʜʢʦʩʪʽ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʦʧʠʩʘʥʥʽ ʦʙʚʽʜʥʠʭ ʩʽʤʝʡʩʪʚ ʘʣʛʝʙʨʘʾʯʥʠʭ ʢʨʠʚʠʭ, ʟʦʢʨʝʤʘ 

ʪʠʭ, ʱʦ ʦʢʨʝʩʣʶʶʪʴ ʧʨʦʬʽʣʽ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ ʘʙʦ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

2. ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ 

ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʚ ʷʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʥʦʛʦ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʬʽʥʽʰʥʦʾ ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʠʡ ʤʘʻ ʦʜʥʘʢʦʚʠʡ ʟʥʘʢ ʢʨʠʚʠʟʥʠ ʽʟ 

ʦʙʨʦʙʣʶʚʘʥʠʤ ʧʨʦʬʽʣʝʤ ʮʽʚʢʠ, ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʪʝʦʨʝʪʠʯʥʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

3. ɺʧʝʨʰʝ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʦʧʠʩ ʧʨʦʮʝʩʫ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʧʦʚʝʨʭʥʽ ʮʽʚʢʠ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʡ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʫʭ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʫ 

ʟ ʮʽʚʢʦʶ ʚ ʧʣʦʩʢʦʤʫ ʽ ʧʨʦʩʪʦʨʦʚʦʤʫ ʟʘʯʝʧʣʝʥʥʽ. ɼʘʥʽ ʬʫʥʢʮʽʾ ʚʨʘʭʦʚʫʶʪʴ 

ʟʤʽʥʥʽ ʫʤʦʚʠ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ (ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʦʙʢʘʪʫ, ʦʙʫʤʦʚʣʝʥʘ 

ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʢʨʠʚʠʟʥʦʶ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ), ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʤʦʜʝʣʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʨʠ ʟʘʜʘʥʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʢʠ.  

4. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʪʘ ʚʠʷʚʣʝʥʦ ʚʧʣʠʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ (ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʝʢʩʮʝʥʪʨʠʯʥʦʾ ʚʽʩʽ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʥʘʚʢʦʣʦ ʚʽʩʽ ʮʝʥʪʨʦʾʜʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʰʚʠʜʢʦʩʪʽ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʨʫʛʘ) ʥʘ ʧʘʨʘʤʝʪʨʠ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʜʘʥʦʛʦ ʧʨʦʬʽʣʶ ŭf, ʪʘ ʰʦʨʩʪʢʽʩʪʴ Ra ʦʙʨʦʙʣʝʥʦʛʦ ʧʨʦʬʽʣʶ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʢʨʘʱʽ ʟʥʘʯʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʚ 

ʧʨʠʜʘʪʥʦʤʫ ʜʣʷ ʩʠʥʪʝʟʫ ʧʨʦʬʽʣʶ ʩʘʪʝʣʽʪʫ ʘʙʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʛʣʷʜʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʷʢʱʦ ʚʽʜʩʪʘʥʴ ʚʽʜʜʘʣʝʥʥʷ ʝʢʚʽʜʠʩʪʘʥʪʠ ʧʝʨʝʚʠʱʫʻ ʤʽʥʽʤʘʣʴʥʠʡ 

ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʝʧʽʮʠʢʣʦʾʜʠ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ çʚʠʨʦʜʞʝʥʠʭ ʜʽʣʷʥʦʢè. 

2. ʈʦʟʨʦʙʣʝʥʦ ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʽ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʬʽʣʶ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʥʘ ʦʩʥʦʚʽ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ, 
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ʚʠʟʥʘʯʝʥʦ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʢʦʣʝʩʘ. 

3. ʊʝʦʨʝʪʠʯʥʦ ʜʦʚʝʜʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʣʽʥʝʘʨʠʟʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʦʙʢʘʪʫ ʪʦʯʢʠ 

ʢʦʥʪʘʢʪʫ ʧʨʦʬʽʣʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʢʦʣʝʩʘ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʜʦʩʷʛʪʠ ʧʦʩʪʽʡʥʦʩʪʽ 

ʧʦʜʘʯʽ ʥʘ ʧʦʜʚʽʡʥʠʡ ʭʽʜ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʚʽʜʧʦʚʽʜʥʦ ï ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʬʫʥʢʮʽʾ ʣʽʥʝʘʨʠʟʘʮʽʾ. 

4. ʇʽʜʚʠʱʝʥʦ ʪʦʯʥʽʩʪʴ ʧʦʙʫʜʦʚʠ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ 

ʝʧʽʮʠʢʣʦʾʜʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʬʽʣʶʚʘʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʙʦ ʧʨʘʚʢʠ. 

5. ʆʪʨʠʤʘʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʧʨʦʛʥʦʟ ʧʦʭʠʙʢʠ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ (ʚ 

ʤʝʞʘʭ ʦʜʥʽʻʾ ʮʽʚʢʠ), ʷʢ ʨʝʟʫʣʴʪʘʪʫ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʝʣʝʤʝʥʪʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʧʽʜ ʜʽʻʶ ʩʠʣ ʨʽʟʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʭʠʣʝʥʥʷ (ʢʦʥʩʪʨʫʢʮʽʷ ʰʣʽʬʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ ʟ 

ʚʠʥʦʩʥʠʤ ʰʧʠʥʜʝʣʝʤ, ʥʝʨʽʚʥʦʤʽʨʥʘ ʢʨʠʚʠʟʥʘ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʤʽʥʘ ʩʠʣ 

ʨʽʟʘʥʥʷ ʧʦ ʚʝʣʠʯʠʥʽ ʽ ʥʘʧʨʷʤʢʫ), ʪʘ ʥʘʜʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʫʩʫʥʝʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ. 

6. ɼʦʚʝʜʝʥʦ, ʱʦ ʽʥʩʪʨʫʤʝʥʪ ʟ ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ ʤʘʻ 

ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ï 12 ʮʽʚʦʢ), ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʧʫʢʣʠʤ 

ʧʨʦʬʽʣʝʤ (4 ʮʽʚʢʠ), ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʙʨʘʟʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʥʘ 

ʢʝʨʘʤʽʯʥʽʡ ʟʚôʷʟʮʽ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʠʟʴʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ. 

7. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʷʜ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʩʧʨʠʷʪʠʤʫʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʛʥʫʯʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʢʦʣʽʩ ɻʇ, ʘ ʩʘʤʝ: 

ʢʦʥʩʪʨʫʢʮʽʶ ʙʝʟʧʨʠʚʽʜʥʦʾ ʰʣʽʬʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ ʟ ʚʠʥʦʩʥʠʤ ʰʧʠʥʜʝʣʝʤ; 

ʢʦʤʧʦʥʦʚʢʫ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʫʙʦʰʣʽʬʫʚʘʣʴʥʦʛʦ ʦʙʨʦʙʥʦʛʦ ʮʝʥʪʨʫ; 

ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʯʝʨʚôʷʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʩʘʪʝʣʽʪʫ; ʥʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʾ 

ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʮʽʚʢʦʚʠʭ ʢʦʣʽʩ ʽʟ z > 10 ʽ ʤʝʪʦʜʠʢʠ ʡʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

8. ʆʢʨʝʤʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʚʠʨʦʙʥʠʮʪʚʦ 

ʥʘ ʊʆɺ çʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʟʘʚʦʜ çʃʝʟʦè, ʘ ʩʘʤʝ 
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ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʰʣʽʬʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ ʟ ʚʠʥʦʩʥʠʤ ʰʧʠʥʜʝʣʝʤ, ʷʢʘ 

ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʙʨʦʙʥʦʛʦ ʮʝʥʪʨʫ Millstar BMV850. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʨʦʪʦʨʥʘ ʧʘʨʘ, ʮʚ̔ʢʦʚʝ ʢʦʣʝʩʦ, ʰʣʽʬʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʦʙʢʘʪʫ, ʝʢʚʽʜʠʩʪʘʥʪʘ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ, ʧʨʦʬʽʣʴ ʽʥʩʪʨʫʤʝʥʪʫ, ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 
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Central Ukrainian National Technical University, Kropyvnytskyi, 2019. 

The work is concerned with the improvement of the quality parameters of the 

profile surface of the lantern wheel of the gerotor pair due to the application of the 

concave area of the equidistant to the epicycloid as a forming profile of the circular 

abrasive tool. 

The first chapter discloses the features of the geometry of the coupling wheels of 

the gerotor pair (GP) and the existent methods of their processing are considered. The 

profiled toothed surfaces of these wheels require high accuracy and roughness, due to 

the design features of the gearing and its functional purpose. In this case, the satellite 

which has an external toothing rim is technological of manufacturing. The lantern 

wheel has internal teeth; its configuration limits the diversity of the processing 

motions, dimensions of the tool, and access of the tool to the machined surfaces 

which affects the hardness of the tool and accordingly the precision of machining. 

The analysis of engineering, scientific and patent literature shows that the existing 

methods of processing the profile of a lantern wheel have a number of significant 

drawbacks: low flexibility, complexity of tools and equipment, high cost of 

equipment. The edge cutting machining does not provide the high quality of the 

surfaces of parts that have hardness about 60 HRC. On the basis of the analysis, a 

progressive scheme of processing with a disk grinding wheel was selected in the 
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conditions of generating process. As a tool profile, the convex part of the equidistant 

to the epicycloid (Convex PEE) is used. There is no information on the introduction 

into production, as well as information on the quality indicators provided by this 

grinding method. There is a need to thoroughly examine its physical nature, analyze it 

for improvement, conduct experimental studies, and provide relevant 

recommendations. 

The second chapter presents solutions to questions of the analysis and synthesis 

of gearing profiles, and presents the possibility of improving the basic method of 

grinding by applying a concave part of the equidistant to the epicycloid (Concave 

PEE).So, to ensure the absence of the çdegenerated areasè on the equidistant, the 

distance of its removal should not exceed the minimum radius of curvature of the 

epicycloid minr . A formula was obtained which accurately determines the value minr . 

An analytical description of the peripheral curve of the equidistant group to the 

epicycloid in a single continuous form has also been performed. Bringing the 

function of the angular coefficient of the epicycloid to a smooth continuous form 

allowed obtaining a rational analytic solution of the equation of coupling of 

construction parameters and the family of curves. 

Expediency of using the concave area as a forming profile of the grinding wheel 

has been justified. It has been theoretically proven that the use of the Concave PEE 

allows the roughness to be minimized and, accordingly to improve the basic grinding 

method. The simulation results show, that the use of Concave PEE allows for a 

mikro-roughness of 2.5-2.8 times less than Convex PEE, with the same design 

discrete step. The methodology of synthesis of a grinding wheel profile on the basis 

of Concave PEE was developed. Its working characteristics have been investigated 

according to the criteria of the coefficients of profile usage and specific load. The 

limits of the values of the radius of the tooth, for which the application of this profile 

geometry is the most expedient and effective, was established. 

The third chapter presents the research results of the kinematics of forming, and 

simulation of the tooth profile precision. The performed study of the kinematics of 

the contact interaction between the tool and the profile surface of the wheel shows the 
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variable velocity mode of the contact point of the profiles in the flat machine gearing. 

The length of the lantern arc, polished in one double-turn of the tool, will have 

different values depending on the phase of the generating process. The formalism of 

describing the process of formation of the lantern surface in the form of a formation 

curve which is kinematically generated on a cylindrical surface during the generating 

process was suggested. It has also been suggested to stabilize the process by 

linearizing the velocity of generating process which will allow achieving continuity 

of feed on the double-turn of the tool. 

The model of the radial component of the cutting force for the grinding process 

was obtained. The model is based on the well-known model of S.N. Korchak. The 

model takes into account the dependence of the amount of abrasive grains involved in 

the operation of the phase of the mutual position of the tool and the wheel. The 

simulation of the elastic bendings of the tool from the surface of the lantern under the 

action of grinding forces is performed. It is established that the max values of the 

deviation from a given profile for a concave shape exceed 2.5-3 times this figure for 

Convex PEE, which is explained by the significantly larger values of contact areas 

for a convex and concave surface. Also established that the uneven curvature of the 

instrument profile causes the deviation of a given shape, the nature of which has 

repetition, regardless of the modes of processing. 

The fourth chapter presents a description of the equipment, the program and 

methodology of experimental research, and the results of experimental research. 

Methodology of the experimental research involves us implementation the basic 

grinding method, and improved version as its, under manufacturing conditions, with 

the after measurement of quality indicators in the metrological laboratory.For its 

realization special equipment and tools have been developed and manufactured. 

Experimental studies were carried out in accordance with the programme of rotatable 

central composite plan. 

In the process of practical realization of the grinding method of the lantern 

wheel, it was established that the field of dispersion of the deviation parameter of a 

given profile when machining with a grinding wheel with the profile on the basis of 
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Convex PEE is within the range of 6.5-35.9 microns, and using the profile based on 

Concave PEE will be 5.7-38,3 microns. At the same time, the roughness of the 

treated surfaces for the Convex PEE is within the range of 1.27-2.11 microns, and for 

the Concave PEE it is 0.54-0.83 microns. With commensurate fields of dispersion of 

the precision parameter, the use of Concave PEE provides 2.3-2.5 times better micro-

roughness with the same processing conditions. Comparable precision dispersions is 

explained by the low stability of the profile on the basis of Convex PEE, which 

experimentally amounted to 4 continuously grinded teeth, while for Concave PEE, 

this figure is 12. The increased tendency to deteriorate the profile on the basis of 

Convex PEE has been confirmed, especially in places with minimal curvature. 

The fifth chapter presents the ways of implementation of the technology of 

finishing the profiles of GP wheels in the conditions of individual and serial 

production. In particular, the design of a non-driven grinding mandrel with a remote 

spindle for vertical machining centres, and the layout of a multifunctional grinding 

centre. Methods of calculation of the worm tools (hobs and wheels) for high-

performance satellite finish processing technology, and new tool for high-

performance finishing machining of lantern wheels with z > 10 and methods of its 

calculation. are also been presented. 

Scientific novelty of the obtained results: 

1. The conditions for the existence of a conjugate peripheral of the equidistant 

group to the shortened epicycloid in the form of a single continuous curve were 

defined for the first time. It is established that the introduction of the modified 

function of the angular coefficient in the solution of the equation of the construction 

of the equidistant parameter to the epicycloid and the parameter that determines the 

curve out of the group totality allows constructing a peripheral in a continuous form, 

without breaking of smoothness. Thus, an analytical method for finding the 

peripheral groups of algebraic curves, in particular those that outline the profiles of 

gear wheels or tools, has been improved. 

2. The appropriateness of applying the concave area of the equidistant to the 

epicycloid has been substantiated as a forming profile of the tool for finishing 
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abrasive processing of the profile of the lantern wheel. It has been established that the 

application of a tool profile which has equal curvature value with a profile of the 

lantern under treatment, positively affects surface roughness and tool stability which 

is confirmed experimentally. 

3. The description of the process of finishing the cylindrical surface of the 

lantern in the form of functions that describe the movement of the contact point of the 

tool with the lantern in the plane and spatial engagement was formalized for the first 

time. These functions take into account the variables of the contact interaction 

conditions which is conditioned by the uneven curvature of the tool profile. 

4. An analytical connection was established and the influence of technological 

processing regimes (rotation frequency of the lantern eccentric axis around the axis of 

the tool circle, velocity of the tool oscillation and rotation frequency of the grinding 

wheel) was revealed on the profile deviation ŭf and roughness Ra of the grinded 

profile of lantern wheel for the first time. This made it possible to obtain optimal 

ratios of the process parameters that provide the best values of quality indicators. 

The practical value of the obtained results: 

1. The conditions for the existence of equidistant to epicycloid in the form 

suitable for synthesis of a satellite profile or instrument are determined. It is 

established that if the distance of the equidistant remoteness exceeds the minimum 

radius of curvature of the epicycloid, this leads to the appearance of  

çdegenerate areasè. 

2. The engineering methodology of synthesis and calculation of the profile of a 

grinding wheel on the basis of the concave area of the equidistant to the epicycloid 

has been developed. The scope of application of this tool is determined, depending on 

the value of the radius of the lantern of the machined wheel. 

3. Theoretically proved the linearization possibility of the gear generation speed 

of the contact point of the profiles of the tool and the wheel, which makes it possible 

to achieve constancy of the feed to the double stroke of the tool and, accordingly, 

increase the precision of the generation. Linearization functions are defined. 
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4. The accuracy of profiling the concave area of the equidistant to the epicycloid 

has been increased which makes it possible to improve the accuracy of the 

reproduction of the profile of the abrasive tool during its manufacturing or modifying. 

5. A theoretical prediction of the mistake of the lantern wheel profile (within one 

tooth) which is the result of the elastic deformations of the equipment elements under 

the action of cutting forces was obtained. This made it possible to identify the factors 

affecting the deviation (the design of the grinding mandrel with the external spindle, 

the uneven curvature of the tool profile, the change in cutting forces in magnitude and 

direction) and provide appropriate recommendations for eliminating and minimizing 

the influence of these factors. 

6. It is proved that the tool with the profile on the basis of the concave area has 

increased stability (experimental - 12 teeth), in comparison with the convex profile (4 

teeth) which makes it possible to apply a cheap abrasive tool on a ceramic bond. 

7. A number of innovative technical solutions are presented. They will facilitate 

implementation of the flexible technology of finishing the wheels of the GP, namely: 

the construction of a non-driven grinding mandrel with a remote spindle; layout of a 

multifunctional grinding centre; methods of calculation of the worm tools (hobs and 

wheels) for high-performance satellite finish processing technology; a new tool for 

high-performance finishing machining of lantern wheels with z > 10 and methods of 

its calculation. 

8. Specific results of the dissertation work were introduced into production at 

Kirovohrad Tool Plant çLezoè Ltd. In particular, a modified version of a grinding 

mandrel with a remote spindle which was adapted to the vertical three-coordinate 

machining centre Millstar BMV850. This mandrel extends the technological 

capabilities of the supplied equipment and allows grinding the internal surfaces of 

parts with limited access. 

Keywords: gerotor pair, lantern wheel, grinding in gear generation conditions, 

equidistant of epycycloid, tool profile, form creation. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʇʦʢʨʘʱʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ, 

ʷʢ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʜʘʯ, ʙʫʣʦ ʟʘʚʞʜʠ ʘʢʪʫʘʣʴʥʦʶ ʪʘ 

ʚʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ ʟʘʜʘʯʝʶ. ʅʝ ʻ ʚʠʢʣʶʯʝʥʥʷʤ ʽ ʢʦʣʝʩʘ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʚʥʫʪʨʽʰʥʻ ʟʘʯʝʧʣʝʥʥʷ ʛʝʨʦʪʦʨʥʦʾ ʧʘʨʠ, ʷʢʘ ʟʥʘʡʰʣʘ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʛʽʜʨʘʚʣʽʯʥʠʭ ʤʘʰʠʥʘʭ, ʧʨʠʚʦʜʘʭ ʽ ʤʝʭʘʥʽʟʤʘʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʨʦʙʦʪʽʚ, ʙʫʨʦʚʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʪʦʱʦ. ɸʣʝ ʧʠʪʘʥʥʷ ʷʢʽʩʥʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʪʦʯʥʠʭ ʽ ʛʥʫʯʢʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʽʚ ʮʠʭ 

ʢʦʣʽʩ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʥʘʚʝʜʝʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʻ ʪʝ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ, ʡʦʛʦ ʂʂɼ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʬʽʣʴʥʠʭ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʢʦʣʽʩ, ʾʭ ʰʦʨʩʪʢʦʩʪʽ ʪʘ 

ʧʦʚʝʨʭʥʝʚʦʾ ʪʚʝʨʜʦʩʪʽ. ʊʦʤʫ ʦʩʦʙʣʠʚʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚʠʢʣʠʢʘʶʪʴ ʪʦʯʥʽ, 

ʬʽʥʽʰʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ. ɺʥʫʪʨʽʰʥʻ ʢʦʣʝʩʦ (ʩʘʪʝʣʽʪ) ʤʘʻ ʟʦʚʥʽʰʥʽ ʟʫʙʮ,̔ 

ʧʨʦʬʽʣʴ ʷʢʠʭ ʦʢʨʝʩʣʝʥʠʡ ʝʢʚʽʜʠʩʪʘʥʪʦʶ ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ. ɿʦʚʥʽʰʥʽʡ 

ʟʫʙʯʘʪʠʡ ʚʽʥʝʮʴ ʥʝ ʦʙʤʝʞʫʻ ʛʘʙʘʨʠʪʠ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʨʽʟʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ ʧʦʚʥʦʮʽʥʥʠʡ ʜʦʩʪʫʧ ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ. ʅʘʚʝʜʝʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʣʷʪʴ ʧʨʦʬʽʣʴ ʩʘʪʝʣʽʪʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ. ɿʦʚʥʽʰʥʻ ʢʦʣʝʩʦ ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʟʫʙʮʷʤʠ ï 

ʮʽʚʢʦʚʝ ʢʦʣʝʩʦ, ʧʨʦʬʽʣʴ ʟʫʙʮʽʚ ʷʢʦʛʦ ʦʢʨʝʩʣʝʥʦ ʜʫʛʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʨʘʜʽʫʩʫ. 

ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʥʦʩʠʪʴ ʧʝʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʢʦʥʬʽʛʫʨʘʮʽʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʫʭʽʚ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʊʘʢʦʞ ʤʘʻ ʤʽʩʮʝ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʝʩʘ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʞʦʨʩʪʢʽʩʪʴ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʥʘ ʪʦʯʥʽʩʪʴ 

ʧʨʠ ʦʙʨʦʙʮʽ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʪʘ ʧʘʪʝʥʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ 

ʜʣʷ ʦʙʨʦʙʢʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʽʩʥʫʻ ʥʠʟʢʘ ʩʧʝʮʠʬʽʯʥʠʭ 

ʤʝʪʦʜʽʚ, ʷʢʽ ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʝʷʢʠʭ ʟ ʥʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 
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ʜʫʞʝ ʜʦʨʦʛʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʚʝʨʩʪʘʪʠ, ʜʣʷ ʽʥʰʠʭ ï ʩʧʝʮʽʘʣʴʥʠʡ ʩʢʣʘʜʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʪʘ ʦʩʥʘʱʝʥʥʷ, ʷʢʽ ʧʨʦʝʢʪʫʶʪʴʩʷ ʧʽʜ ʢʦʥʢʨʝʪʥʫ ʜʝʪʘʣʴ. ʇʨʠ ʚʠʩʦʢʽʡ 

ʪʚʝʨʜʦʩʪʽ ʜʝʪʘʣʽ (ʧʦʨʷʜʢʘ 60 HRC), ʯʘʩʪʠʥʘ ʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ, ʟʜʝʙʽʣʴʰʦʛʦ 

ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ, ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʧʨʠʜʘʪʥʦʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ 

ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ˇʨʫʥʪʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʦʚʥʦ ʾʭ 

ʬʽʟʠʯʥʦʾ ʩʫʪʽ, ʪʘ ʱʦʜʦ ʟʘʙʝʟʧʝʯʫʚʘʥʠʭ ʥʠʤʠ ʧʦʢʘʟʥʠʢʘʭ ʷʢʦʩʪʽ. ʊʘʢʦʞ 

ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʜʨʠʪʠʤʠ ʧʠʪʘʥʥʷ, ʧʨʠʩʚʷʯʝʥʽ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʟʘʯʝʧʣʝʥʥʷ, ʪʘ ʩʠʥʪʝʟʫ ʢʨʠʚʠʭ, 

ʱʦ ʦʢʨʝʩʣʶʶʪʴ ʧʨʦʬʽʣʽ ʢʦʣʽʩ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ ʨʦʟʨʦʙʢʫ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ 

ʤʝʪʦʜʽʚ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʽʚ ʮʽʚʢʦʚʠʭ ʢʦʣʽʩ, ʷʢʽ ʜʘʚʘʣʠ ʙ ʟʤʦʛʫ ʜʦʩʷʛʘʪʠ 

ʟʘʜʘʥʠʭ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʭ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʪʘ ʧʦʪʨʝʙʫʚʘʣʠ 

ʥʝʩʢʣʘʜʥʦʛʦ ʽ ʤʘʣʦʟʘʪʨʘʪʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʽʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʟʛʽʜʥʦ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʧʨʦʛʨʘʤʠ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘ ʪʝʤʦʶ çʆʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʧʦʟʘʮʝʥʪʨʦʾʜʥʠʭ ʝʧʮ̔ʠʢʣʦʾʜʘʣʴʥʠʭ ʧʝʨʝʜʘʯè  

(ɼʈ ˉ0105U005360). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ 

ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʛʝʨʦʪʦʨʥʦʾ ʧʘʨʠ. 

ɼʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʟʘʜʘʯ: 

1. ɺʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʢʨʠʚʠʭ, ʱʦ ʦʢʨʝʩʣʶʶʪʴ ʧʨʦʬʽʣʽ ʢʦʣʽʩ 

ʛʝʨʦʪʦʨʥʦʾ ʧʘʨʠ (ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʝʧʽʮʠʢʣʦʾʜ ʽ ʦʙʚʽʜʥʠʭ ʾʭ ʩʽʤʝʡʩʪʚ) ʚ 

ʧʨʠʜʘʪʥʦʤʫ ʜʣʷ ʩʠʥʪʝʟʫ ʟʘʯʝʧʣʝʥʥʷ ʚʠʛʣʷʜʽ. 

2. ʇʨʝʜʩʪʘʚʠʪʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʰʣʷʭʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʬʽʥʽʰʥʦʾ 

ʦʙʨʦʙʢʠ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ. 

3. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʜʦʩʣʽʜʠʪʠ ʨʦʙʦʯʽ 

ʧʘʨʘʤʝʪʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʩʪʨʫʤʝʥʪʽʚ. 
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4. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʢʽʥʝʤʘʪʠʯʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʝʨʩʪʘʪʥʠʭ ʟʘʯʝʧʣʝʥʴ, ʚ 

ʦʩʥʦʚʫ ʷʢʠʭ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʟʘʤʽʥʠ ʩʧʨʷʞʝʥʦʛʦ ʢʦʣʝʩʘ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ 

ʽʜʝʥʪʠʯʥʠʤ ʟʘʤ̔ʥʶʚʘʥʦʤʫ ʢʦʣʝʩʫ ʧʨʦʬʽʣʝʤ. 

5. ɼʦʩʣʽʜʠʪʠ ʢʽʥʝʤʘʪʠʢʫ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʮʽʚʢʦʚʦʛʦ 

ʢʦʣʝʩʘ ʫ ʚʝʨʩʪʘʪʥʦʤʫ ʟʘʯʝʧʣʝʥʥʽ (ʚ ʧʣʦʩʢʦʤʫ ʟʘʯʝʧʣʝʥʥʽ ʪʘ ʚ ʧʨʦʩʪʦʨʦʚʦʤʫ), 

ʚʠʟʥʘʯʠʪʠ ʾʾ ʦʩʥʦʚʥʽ ʟʘʣʝʞʥʦʩʪʽ. 

6. ʇʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʪʘ ʚʠʢʦʥʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽʤʦʚʽʨʥʦʾ ʧʦʭʠʙʢʠ ʧʨʦʬʽʣʶ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ, ʷʢ ʨʝʟʫʣʴʪʘʪʫ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʝʣʝʤʝʥʪʽʚ ʦʩʥʘʱʝʥʥʷ. 

7. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʦʙʨʦʙʢʠ (ʪʦʯʥʽʩʪʴ 

ʨʦʟʤʽʨʽʚ, ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʪʘ ʰʦʨʩʪʢʽʩʪʴ), ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ 

ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ, ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʦʙʨʦʙʢʠ. 

8. ʇʨʝʜʩʪʘʚʠʪʠ ʰʣʷʭʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʤʝʪʦʜʫ ʬʽʥʽʰʥʦʾ 

ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʽʚ ʮʽʚʢʦʚʠʭ ʢʦʣʽʩ ʫ ʚʠʨʦʙʥʠʮʪʚʦ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʟʨʦʙʢʫ 

ʦʩʥʘʱʝʥʥʷ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʽʩʥʫʶʯʦʤʫ ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʪʘ 

ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʢʦʥʮʝʧʮʽʡ ʟʫʙʦʦʙʨʦʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʬʽʣʶ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʛʝʨʦʪʦʨʥʦʾ ʧʘʨʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ ʪʘ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ 

ʢʣʘʩʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʡ, ʪʝʦʨʽʾ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʪʝʦʨʽʾ ʦʙʚʽʜʥʠʭ ʩʽʤʝʡʩʪʚ ʧʣʦʩʢʠʭ ʢʨʠʚʠʭ, ʪʝʦʨʽʾ 

ʨʽʟʘʥʥʷ ʘʙʨʘʟʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʪʝʦʨʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʪʝʦʨʽʾ 

ʟʫʙʯʘʪʠʭ ʟʘʯʝʧʣʝʥʴ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʽʾ ʩʠʣ ʥʘ ʝʣʝʤʝʥʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʙʫʜʦʚʠ ʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʣʽʮʝʥʟʽʡʥʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ çSOLIDWORKSè, ʪʘ ʡʦʛʦ ʜʦʜʘʪʢʠ. ɼʣʷ ʧʦʩʪʘʥʦʚʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʪʝʦʨʽʷ ʨʦʪʘʪʘʙʝʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʫ 
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ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʜʽʶʯʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʊʆɺ ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʟʘʚʦʜ çʃɽɿʆè. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ɺʧʝʨʰʝ ʚʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʩʧʨʷʞʝʥʦʾ ʦʙʚʽʜʥʦʾ ʩʽʤʝʡʩʪʚʘ 

ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʝʧʽʮʠʢʣʦʾʜ ʫ ʚʠʛʣʷʜʽ ʻʜʠʥʦʾ ʥʝʧʝʨʝʨʚʥʦʾ ʢʨʠʚʦʾ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʚʚʝʜʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʢʫʪʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 

ʟʚôʷʟʢʫ ʧʘʨʘʤʝʪʨʫ ʧʦʙʫʜʦʚʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʽ ʧʘʨʘʤʝʪʨʫ ʱʦ 

ʚʠʟʥʘʯʘʻ ʢʨʠʚʫ ʽʟ ʤʥʦʞʠʥʠ ʩʽʤʝʡʩʪʚʘ, ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʦʙʚʽʜʥʫ ʚ 

ʥʝʧʝʨʝʨʚʥʦʤʫ ʚʠʛʣʷʜʽ, ʙʝʟ ʧʦʨʫʰʝʥ ɹʛʣʘʜʢʦʩʪʽ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʦʧʠʩʘʥʥʽ ʦʙʚʽʜʥʠʭ ʩʽʤʝʡʩʪʚ ʘʣʛʝʙʨʘʾʯʥʠʭ ʢʨʠʚʠʭ, ʟʦʢʨʝʤʘ 

ʪʠʭ, ʱʦ ʦʢʨʝʩʣʶʶʪʴ ʧʨʦʬʽʣʽ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ ʘʙʦ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

2. ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ 

ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʚ ʷʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʥʦʛʦ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʬʽʥʽʰʥʦʾ ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʠʡ ʤʘʻ ʦʜʥʘʢʦʚʠʡ ʟʥʘʢ ʢʨʠʚʠʟʥʠ ʽʟ 

ʦʙʨʦʙʣʶʚʘʥʠʤ ʧʨʦʬʽʣʝʤ ʮʽʚʢʠ, ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʦɦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʪʝʦʨʝʪʠʯʥʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

3. ɺʧʝʨʰʝ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʦʧʠʩ ʧʨʦʮʝʩʫ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʧʦʚʝʨʭʥʽ ʮʽʚʢʠ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʡ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʫʭ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʫ 

ʟ ʮʽʚʢʦʶ ʚ ʧʣʦʩʢʦʤʫ ʽ ʧʨʦʩʪʦʨʦʚʦʤʫ ʟʘʯʝʧʣʝʥʥʽ. ɼʘʥʽ ʬʫʥʢʮʽʾ ʚʨʘʭʦʚʫʶʪʴ 

ʟʤʽʥʥʽ ʫʤʦʚʠ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ (ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʦʙʢʘʪʫ, ʦʙʫʤʦʚʣʝʥʘ 

ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʢʨʠʚʠʟʥʦʶ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ), ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʤʦʜʝʣʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʨʠ ʟʘʜʘʥʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʢʠ.  

4. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʪʘ ʚʠʷʚʣʝʥʦ ʚʧʣʠʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ (ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʝʢʩʮʝʥʪʨʠʯʥʦʾ ʚʽʩʽ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʥʘʚʢʦʣʦ ʚʽʩʽ ʮʝʥʪʨʦʾʜʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʰʚʠʜʢʦʩʪʽ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʨʫʛʘ) ʥʘ ʧʘʨʘʤʝʪʨʠ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʜʘʥʦʛʦ ʧʨʦʬʽʣʶ ŭf, ʪʘ ʰʦʨʩʪʢʽʩʪʴ Ra ʦʙʨʦʙʣʝʥʦʛʦ ʧʨʦʬʽʣʶ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʢʨʘʱʽ ʟʥʘʯʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 
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ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʚ 

ʧʨʠʜʘʪʥʦʤʫ ʜʣʷ ʩʠʥʪʝʟʫ ʧʨʦʬʽʣʶ ʩʘʪʝʣʽʪʫ ʘʙʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʛʣʷʜʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʷʢʱʦ ʚʽʜʩʪʘʥʴ ʚʽʜʜʘʣʝʥʥʷ ʝʢʚʽʜʠʩʪʘʥʪʠ ʧʝʨʝʚʠʱʫʻ ʤʽʥʽʤʘʣʴʥʠʡ 

ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʝʧʽʮʠʢʣʦʾʜʠ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ çʚʠʨʦʜʞʝʥʠʭ ʜʽʣʷʥʦʢè. 

2. ʈʦʟʨʦʙʣʝʥʦ ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʽ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʬʽʣʶ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʥʘ ʦʩʥʦʚʽ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ, 

ʚʠʟʥʘʯʝʥʦ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʢʦʣʝʩʘ. 

3. ʊʝʦʨʝʪʠʯʥʦ ʜʦʚʝʜʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʣʽʥʝʘʨʠʟʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʦʙʢʘʪʫ ʪʦʯʢʠ 

ʢʦʥʪʘʢʪʫ ʧʨʦʬʽʣʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʢʦʣʝʩʘ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʜʦʩʷʛʪʠ ʧʦʩʪʽʡʥʦʩʪʽ 

ʧʦʜʘʯʽ ʥʘ ʧʦʜʚʽʡʥʠʡ ʭʽʜ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʚʽʜʧʦʚʽʜʥʦ ï ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʬʫʥʢʮʽʾ ʣʽʥʝʘʨʠʟʘʮʽʾ. 

4. ʇʽʜʚʠʱʝʥʦ ʪʦʯʥʽʩʪʴ ʧʦʙʫʜʦʚʠ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ 

ʝʧʽʮʠʢʣʦʾʜʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʬʽʣʶʚʘʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʙʦ ʧʨʘʚʢʠ. 

5. ʆʪʨʠʤʘʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʧʨʦʛʥʦʟ ʧʦʭʠʙʢʠ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ (ʚ 

ʤʝʞʘʭ ʦʜʥʽʻʾ ʮʽʚʢʠ), ʷʢ ʨʝʟʫʣʴʪʘʪʫ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʝʣʝʤʝʥʪʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʧʽʜ ʜʽʻʶ ʩʠʣ ʨʽʟʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʭʠʣʝʥʥʷ (ʢʦʥʩʪʨʫʢʮʽʷ ʰʣʽʬʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ ʟ 

ʚʠʥʦʩʥʠʤ ʰʧʠʥʜʝʣʝʤ, ʥʝʨʽʚʥʦʤʽʨʥʘ ʢʨʠʚʠʟʥʘ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʤʽʥʘ ʩʠʣ 

ʨʽʟʘʥʥʷ ʧʦ ʚʝʣʠʯʠʥʽ ʽ ʥʘʧʨʷʤʢʫ), ʪʘ ʥʘʜʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʫʩʫʥʝʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ. 

6. ɼʦʚʝʜʝʥʦ, ʱʦ ʽʥʩʪʨʫʤʝʥʪ ʟ ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ ʤʘʻ 

ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ï 12 ʮʽʚʦʢ), ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʧʫʢʣʠʤ 

ʧʨʦʬʽʣʝʤ (4 ʮʽʚʢʠ), ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʙʨʘʟʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʥʘ 

ʢʝʨʘʤʽʯʥʽʡ ʟʚô̫ ʟʮʽ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʠʟʴʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ. 

7. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʷʜ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʩʧʨʠʷʪʠʤʫʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʛʥʫʯʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʢʦʣʽʩ ʛʝʨʦʪʦʨʥʦʾ ʧʘʨʠ, ʘ 

ʩʘʤʝ: ʢʦʥʩʪʨʫʢʮʽʶ ʙʝʟʧʨʠʚʽʜʥʦʾ ʰʣʽʬʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ ʟ ʚʠʥʦʩʥʠʤ ʰʧʠʥʜʝʣʝʤ; 
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ʢʦʤʧʦʥʦʚʢʫ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʫʙʦʰʣʽʬʫʚʘʣʴʥʦʛʦ ʦʙʨʦʙʥʦʛʦ ʮʝʥʪʨʫ; 

ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʯʝʨʚôʷʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʩʘʪʝʣʽʪʫ; ʥʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʾ 

ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʮʽʚʢʦʚʠʭ ʢʦʣʽʩ ʽʟ z > 10 ʽ ʤʝʪʦʜʠʢʠ ʡʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

8. ʆʢʨʝʤʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʚʠʨʦʙʥʠʮʪʚʦ 

ʥʘ ʊʆɺ çʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʟʘʚʦʜ çʃʝʟʦè, ʘ ʩʘʤʝ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʰʣʽʬʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ ʟ ʚʠʥʦʩʥʠʤ ʰʧʠʥʜʝʣʝʤ, ʷʢʘ 

ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʙʨʦʙʥʦʛʦ ʮʝʥʪʨʫ Millstar BMV850. ɼʘʥʘ ʦʧʨʘʚʢʘ 

ʨʦʟʰʠʨʶʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʥʘʚʝʜʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʜʘʻ ʟʤʦʛʫ 

ʟʜʽʡʩʥʶʚʘʪʠ ʰʣʽʬʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ ʦʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ 

ʜʠʩʝʨʪʘʮʽʾ, ʦʜʝʨʞʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʋ ʥʘʫʢʦʚʠʭ ʩʪʘʪʪʷʭ, ʷʢʽ ʦʧʫʙʣʽʢʦʚʘʥʽ 

ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʜʠʩʝʨʪʘʥʪʫ ʥʘʣʝʞʠʪʴ ʥʘʩʪʫʧʥʝ: [99] ï ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʨʘʜʽʫʩʫ ʢʨʠʚʠʟʥʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʚʽʜ ʧʘʨʘʤʝʪʨʫ 

ʧʦʙʫʜʦʚʠ, ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʷʚʘ çʚʠʨʦʜʞʝʥʠʭ ʜʽʣʷʥʦʢè ʥʘ ʧʨʦʬʽʣʽ 

ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʦʙʫʤʦʚʣʝʥʘ ʚʠʙʦʨʦʤ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʮʽʚʢʠ, ʷʢʝ 

ʧʝʨʝʚʠʱʫʻ ʤʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʝʧʽʮʠʢʣʦʾʜʠ. [96] ï ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʚʘʨʽʘʥʪʠ ʬʫʥʢʮʽʡ ʢʫʪʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ, ʚ ʫʩʽʭ 

ʚʠʧʘʜʢʘʭ ʚʽʜʤʽʯʝʥʦ ʥʘʷʚʥʽʩʪʴ ʧʦʨʫʰʝʥʴ ʛʣʘʜʢʦʩʪʽ ʪʘ ʥʝʧʝʨʝʨʚʥʦʩʪʽ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʬʫʥʢʮʽʡ ʜʦ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʛʣʘʜʢʦʛʦ ʚʠʛʣʷʜʫ ʟʘ ʦʢʨʝʤʦʶ ʬʦʨʤʫʣʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʦʙʚʽʜʥʫ 

ʩʽʤʝʡʩʪʚʘ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʝʧʽʮʠʢʣʦʾʜ ʷʢ ʻʜʠʥʫ ʥʝʧʝʨʝʨʚʥʫ ʢʨʠʚʫ;  

[98] ï ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʤʘʪʠʢʠ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʦʬʽʣʶ ʮʽʚʢʠ ʟ 

ʝʢʚʽʜʠʩʪʘʥʪʦʶ ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ, ʚʠʟʥʘʯʝʥʦ ʬʫʥʢʮʽʾ ʦʜʥʦʯʘʩʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʪʦʯʢʠ ʫʟʜʦʚʞ ʝʢʚʽʜʠʩʪʘʥʪʥʦʛʦ ʧʨʦʬʽʣʶ ʽ ʫʟʜʦʚʞ ʜʫʛʠ ʮʽʚʢʠ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʣʽʥʝʘʨʠʟʘʮʽʾ ʟʘʟʥʘʯʝʥʠʭ ʰʚʠʜʢʦʩʪʝʡ;  

[19] ï ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʢʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʽʟʥʠʤʠ 

ʚʘʨʽʘʥʪʘʤʠ ʛʝʦʤʝʪʨʽʾ ʬʦʨʤʦʪʚʦʨʥʦʛʦ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ, ʚʠʟʥʘʯʝʥʦ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʫʟʜʦʚʞ ʰʣʽʬʦʚʘʥʦʾ ʜʫʛʠ ʮʽʚʢʠ;  

[97] ï ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʠʩʫ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ 
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ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʨʝʡʢʠ ʯʝʨʚôʷʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ (ʯʝʨʚôʷʯʥʦʾ ʬʨʝʟʠ ʘʙʦ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ) ʜʣʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʶ ʩʘʪʝʣʽʪʫ. 

ɸʧʨʦʙʘʮʽʷ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʙʫʣʦ ʦʙʛʦʚʦʨʝʥʦ ʥʘ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè (28ï30 ʙʝʨʝʟʥʷ 2017 ʨ.,  

ʤ. ɼʥʽʧʨʦ); VII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʂʦʤʧʣʝʢʩʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤè (24ï27 ʢʚʽʪʥʷ 2017 ʨ.,  

ʤ. ʏʝʨʥʽʛʽʚ); ʍVII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʦʯʠʤʘ ʤʦʣʦʜʠʭ: ʇʨʦʛʨʝʩʠʚʥʽ ʽʜʝʾ ï ʅʘʫʢʘ ï ɺʠʨʦʙʥʠʮʪʚʦè 

(1ï3 ʣʠʩʪʦʧʘʜʘ 2017 ʨ., ʤ. ʏʝʨʥʽʛʽʚ); VIɯI ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè (4ï8 ʣʁ ʪʦʛʦ 2019 ʨ., 

ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ ï ʤ. ʗʨʝʤʯʝ). 

ʇʫʙʣʽʢʘʮʽʾ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ 

ʦʧʫʙʣʽʢʦʚʘʥʦ 15 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʽʟ ʥʠʭ: 9 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ, ʤʘʪʝʨʽʘʣʠ 4-ʭ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʦʪʨʠʤʘʥʦ 2 

ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ. ɯʟ ʥʠʭ 5 ʩʪʘʪʝʡ ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ (ʫ ʪʦʤʫ ʯʠʩʣʽ SciVerseScopus). 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 132 

ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 15 ʩʪʦʨʽʥʢʘʭ ʪʘ 6 ʜʦʜʘʪʢʽʚ ʥʘ 35 ʩʪʦʨʽʥʢʘʭ. ʆʩʥʦʚʥʠʡ ʪʝʢʩʪ 

ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʣʘʜʝʥʠʡ ʥʘ 153 ʩʪʦʨʽʥʢʘʭ, ʧʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 224 

ʩʪʦʨʽʥʢʠ, ʚʢʣʶʯʘʶʯʠ 69 ʨʠʩʫʥʢʽʚ ʪʘ 10 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1 

ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ ɿɸ ʊɽʄʆʖ, ʇʆʉʊɸʅʆɺʂɸ ʄɽʊʀ 

ʊɸ ɺʀɹɯʈ ʅɸʇʈʗʄʂɯɺ ɼʆʉʃɯɼɾɽʅʔ 

 

1.1 ɺʣʘʩʪʠʚʦʩʪʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʛʝʨʦʪʦʨʥʦʾ ʧʘʨʠ, ʚʠʜʽʣʝʥʥʷ 

ʥʝʚʠʨʽʰʝʥʠʭ ʟʘʜʘʯ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

 

ʊʝʨʤʽʥ çʛʝʨʦʪʦʨè ʧʦʭʦʜʠʪʴ ʚʽʜ ʘʥʛʣʽʡʩʴʢʦʛʦ çgerotorè ï ʩʢʦʨʦʯʝʥʥʷ ʚʽʜ 

ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ çgenerated rotorè, ʪʦʙʪʦ çʫʪʚʦʨʝʥʠʡ ʨʦʪʦʨè [121, 128, 129]. 

ʎʝʡ ʪʝʨʤʽʥ ʚʧʝʨʰʝ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʤʝʨʠʢʘʥʩʴʢʠʤ ʚʯʝʥʠʤ, ʽʥʞʝʥʝʨʦʤ 

ʄʘʡʨʦʥʦʤ ʍʽʣʣʦʤ (Myron Francis Hill). ɻʝʨʦʪʦʨʥʘ ʧʘʨʘ (ɻʇ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʢʦʣʽʩ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʚʥʫʪʨʽʰʥʻ ʟʘʯʝʧʣʝʥʥʷ. ɺ ʦʩʥʦʚʫ ʟʘʯʝʧʣʝʥʥʷ ʧʦʢʣʘʜʝʥʦ 

ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʥʘ ʦʩʥʦʚʽ ʮʠʢʣʦʾʜʘʣʴʥʠʭ ʢʨʠʚʠʭ. 

ɺ ʩʫʯʘʩʥʽʡ ʪʝʭʥʽʮʽ ɻʇ ʟʥʘʡʰʣʘ ʥʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʛʽʜʨʘʚʣʽʮʽ, ʷʢ 

ʢʦʤʧʦʥʝʥʪ ʛʝʨʦʪʦʨʥʠʭ ʥʘʩʦʩʽʚ (ʞʠʚʠʣʴʥʠʭ, ʜʦʟʫʚʘʣʴʥʠʭ), ʛʝʨʦʪʦʨʥʠʭ 

ʛʽʜʨʦʤʦʪʦʨʽʚ, ʜʚʠʛʫʥʽʚ ʜʣʷ ʙʫʨʽʥʥʷ, ʨʦʙʦʪʘʭ, ʪʦʱʦ. ʊʘʢʦʞ ʾʾ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʚ 

ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʚʦʜʘʭ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛʪʠ ʚʠʩʦʢʠʭ 

ʧʝʨʝʜʘʪʥʠʭ ʚʽʜʥʦʰʝʥʴ. ɰʾ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʚ ʜʘʥʠʭ ʩʬʝʨʘʭ ʩʧʨʠʷʻ ʨʷʜ 

ʦʩʦʙʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʩʘʤʝ: 

- ʚʠʩʦʢʘ ʢʽʥʝʤʘʪʠʯʥʘ ʪʦʯʥʽʩʪʴ ʽ ʧʣʘʚʥʽʩʪʴ ʭʦʜʫ ; 

- ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙôʻʤʫ ʛʝʨʦʪʦʨʥʦʾ ʛʽʜʨʦʤʘʰʠʥʠ ʧʨʠ 

ʦʙʤʝʞʝʥʠʭ ʛʘʙʘʨʠʪʘʭ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʪʘʢʪʽʚ 

ʚʠʪʽʩʥʝʥʥʷ ʟʘ 1 ʦʙʝʨʪ [18]; 

- ʥʠʟʴʢʠʡ ʧʫʩʢʦʚʠʡ ʤʦʤʝʥʪ ʛʝʨʦʪʦʨʥʠʭ ʛʽʜʨʦʤʦʪʦʨʽʚ; 

- ʨʽʟʥʠʮʷ ʚ ʢʽʣʴʢʦʩʪʽ ʟʫʙʮʽʚ ï ʦʜʠʥʠʮʷ, ʘ ʟʚʽʜʩʠ ʽ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ 

ʚʝʣʠʢʠʭ ʧʝʨʝʜʘʪʥʠʭ ʚʽʜʥʦʰʝʥʴ; 

- ʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ; 

- ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷʭ; 

- ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ. 
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ɺ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ [10, 27, 109, 113], ɻʇ ʥʦʩʠʪʴ ʥʘʟʚʫ ʧʦʟʘʮʝʥʪʨʦʾʜʥʦʾ 

ʝʧʽʮʠʢʣʦʾʜʘʣʴʥʦʾ ʮʽʚʢʦʚʦʾ ʧʝʨʝʜʘʯʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʘʯʝʧʣʝʥʥʷ (ʇɽʎʇɺɿ). ɺ ʮʽʡ 

ʞʝ ʣʽʪʝʨʘʪʫʨʽ ʚʠʢʣʘʜʝʥʘ ʪʝʦʨʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʯʝʧʣʝʥʥʷ. ʅʘ ʨʠʩ. 1.1 ʧʨʠʚʝʜʝʥʘ 

ɻʇ ʟ ʧʦʟʥʘʯʝʥʥʷʤ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʘʯʝʧʣʝʥʥʷ 

ʫʪʚʦʨʶʶʪʴ ʜʚʘ ʢʦʣʝʩʘ ï ʚʥʫʪʨʽʰʥʻ ʽʟ ʟʦʚʥʽʰʥʽʤ ʟʫʙʯʘʪʠʤ ʚʽʥʮʝʤ (ʩʘʪʝʣʽʪ) 1 ʟ 

ʯʠʩʣʦʤ ʟʫʙʮʽʚ 1z, ʪʘ ʟʦʚʥʽʰʥʻ ʽʟ ʚʥʫʪʨʽʰʥʽʤ ʚʽʥʮʝʤ (ʮʽʚʢʦʚʝ ʢʦʣʝʩʦ) 2 ʟ ʯʠʩʣʦʤ 

ʟʫʙʮʽʚ 2z . ʋʤʦʚʥʦ ʮʽ ʢʦʣʝʩʘ ʪʘʢʦʞ ʽʤʝʥʫʶʪʴ ʨʦʪʦʨʦʤ ʽ ʩʪʘʪʦʨʦʤ. ʉʘʪʝʣʽʪ ʤʦʞʝ 

ʤʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʟʫʙʮʽʚ 2, ʫ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʢʽʣʴʢʽʩʪʴ ʮʽʚʦʢ ʟʘʚʞʜʠ 

ʥʘ ʦʜʠʥʠʮʶ ʙʽʣʴʰʘ.  

 

ʈʠʩ. 1.1 ɻʝʨʦʪʦʨʥʘ ʧʘʨʘ ʟ ʧʦʟʥʘʯʝʥʥʷʤ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

1 ï ʚʥʫʪʨʽʰʥʻ ʢʦʣʝʩʦ (ʩʘʪʝʣʽʪ); 2 ï ʟʦʚʥʽʰʥʻ ʮʽʚʢʦʚʝ ʢʦʣʝʩʦ; 3 ï ʚʢʦʨʦʯʝʥʘ ʝʧʽʮʠʢʣʦʾʜʘ;  

4 ï ʝʢʚʽʜʠʩʪʘʥʪʘ ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ; ..ʮʮR  ï ʨʘʜʽʫʩ ʮʝʥʪʨʽʚ ʮʽʚʦʢ; ʮr  ï ʨʘʜʽʫʩ ʮʽʚʢʠ; 

1R  ï ʨʘʜʽʫʩ ʮʝʥʪʨʦʾʜʠ ʩʘʪʝʣʽʪʘ; 2R  ï ʨʘʜʽʫʩ ʮʝʥʪʨʦʾʜʠ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ; ʝ ï ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ 

ʧʝʨʝʜʘʯʽ; j ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʨʫʭʦʤʦʾ ʮʝʥʪʨʦʾʜʠ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʾ 

ʮʝʥʪʨʦʾʜʠ ʩʘʪʝʣʽʪʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʝʧʽʮʠʢʣʦʾʜʠ 
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ʂʦʥʩʪʨʫʢʮʽʷ ʧʝʨʝʜʘʯʽ ʟʘʙʝʟʧʝʯʫʻ ʥʘʷʚʥʽʩʪʴ ʧʦʨʦʞʥʠʩʪʠʭ ʢʘʤʝʨ, ʢʦʞʥʘ ʟ 

ʷʢʠʭ ʚʽʜʦʢʨʝʤʣʝʥʘ ʚʽʜ ʩʫʩʽʜʥʽʭ ʜʚʦʤʘ ʪʦʯʢʘʤʠ ʢʦʥʪʘʢʪʫ ʩʧʨʷʞʝʥʠʭ ʧʨʦʬʽʣʽʚ 

ʢʦʣʽʩ. ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʦʙô̒ ʤʠ ʮʠʭ ʢʘʤʝʨ ʮʠʢʣʽʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽ ʥʘʚʧʘʢʠ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʽ ʜʦʟʚʦʣʠʣʘ 

ʨʦʟʧʦʚʩʶʜʠʪʠ ʜʘʥʠʡ ʪʠʧ ʧʝʨʝʜʘʯ ʚ ʛʽʜʨʘʚʣʽʯʥʠʭ ʤʘʰʠʥʘʭ. ɺʝʣʠʯʠʥʘ ʦʙôʻʤʫ 

ʢʘʤʝʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʯʝʧʣʝʥʥʷ. 

ɼʣʷ ʧʨʦʬʽʣʶʚʘʥʥʷ ʟʘʯʝʧʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʢʦʨʦʯʝʥʽ ʝʧʽʮʠʢʣʦʾʜʠ 

(ʽʥʰʘ ʥʘʟʚʘ ʮʽʻʾ ʢʨʠʚʦʾ ï ʝʧʽʪʨʦʭʦʾʜʘ), ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʪʘ 

ʧʦʜʦʚʞʝʥʠʭ ʚʽʜʩʫʪʥʽʩʪʶ ʛʦʩʪʨʠʭ ʧʝʨʝʛʠʥʽʚ ʪʘ ʩʘʤʦʧʝʨʝʪʠʥʽʚ. ɺʭʽʜʥʠʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʧʦʙʫʜʦʚʠ ʟʘʯʝʧʣʝʥʥʷ ɻʇ ʻ 

ʯʠʩʣʦ ʟʫʙʮʽʚ ʩʘʪʝʣʽʪʘ 1z , ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʧʝʨʝʜʘʯʽ ʝ, ʨʘʜʽʫʩ ʢʦʣʘ ʮʝʥʪʨʽʚ ʮʽʚʦʢ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ..ʮʮR , ʨʘʜʽʫʩ ʮʽʚʢʠ ʮr . ʎʽ ʧʘʨʘʤʝʪʨʠ ʟʘʜʘʶʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ 

ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʡʙʫʪʥʴʦʾ ɻʇ ï ʧʝʨʝʜʘʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ, ʨʦʙʦʯʦʛʦ 

ʦʙôʻʤʫ, ʛʘʙʘʨʠʪʽʚ. ʄʽʞ ʢʽʣʴʢʦʩʪʷʤʠ ʟʫʙʮʽʚ ʪʘ ʨʘʜʽʫʩʘʤʠ ʮʝʥʪʨʦʾʜ ʻ ʟʘʣʝʞʥʽʩʪʴ:  
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(1.1)  

ɼʣʷ ʫʪʚʦʨʝʥʥʷ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ 3, ʟʦʚʥʽʰʥʷ ʮʝʥʪʨʦʾʜʘ ʮʽʚʢʦʚʦʛʦ 

ʢʦʣʝʩʘ ʟ ʨʘʜʽʫʩʦʤ 2R , ʦʙʢʘʪʫʻʪʴʩʷ ʙʝʟ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʮʝʥʪʨʦʾʜʠ ʩʘʪʝʣʽʪʘ ʟ ʨʘʜʽʫʩʦʤ 1R  (ʜʠʚ. ʨʠʩ. 1.1). ʆʜʥʦʯʘʩʥʦ, 

ʮʝʥʪʨʦʾʜʘ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʘ ʟ ʢʦʣʦʤ ʮʝʥʪʨʽʚ ʮʽʚʦʢ ʨʘʜʽʫʩʦʤ 

..ʮʮR , ʦʜʠʥʠʯʥʘ ʪʦʯʢʘ ʷʢʦʛʦ ʽ ʦʧʠʩʫʻ ʝʧʽʮʠʢʣʦʾʜʫ 3. ʎʝʥʪʨ ʨʫʭʦʤʦʾ ʮʝʥʪʨʦʾʜʠ 

ʧʨʠ ʮʴʦʤʫ ʦʧʠʩʫʻ ʢʦʣʦ, ʨʘʜʽʫʩ ʷʢʦʛʦ ʻ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʧʝʨʝʜʘʯʽ ʝ. ʈʽʚʥʷʥʥʷ 

ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ ʚ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ ʤʘʶʪʴ ʚʠʛʣʷʜ [10, 27, 109, 113]:  

jjj cos)cos()( 2.. Ö+Ö= ezRx ʮʮ ,                               (1.2) 

jjj sin)sin()( 2.. Ö+Ö= ezRy ʮʮ .                                (1.3) 

ɯʥʰʠʡ ʩʧʦʩʽʙ ʫʪʚʦʨʝʥʥʷ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ ʦʩʥʦʚʘʥʠʡ ʥʘ ʢʦʯʝʥʥʽ 

ʪʚʽʨʥʦʛʦ ʢʦʣʘ ʧʦ ʟʦʚʥʽʰʥʽʡ ʩʪʦʨʦʥʽ ʥʘʧʨʷʤʥʦʛʦ ʢʦʣʘ [11, 15, 93]. ʇʨʦʬʽʣʴ 

ʩʘʪʝʣʽʪʘ 4 ʻ ʚʥʫʪʨʽʰʥʷ ʝʢʚʽʜʠʩʪʘʥʪʘ ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ 3. ʇʨʦʬʽʣʴ 
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ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʫʪʚʦʨʝʥʠʡ ʮʽʚʢʘʤʠ ʟ ʧʦʩʪʽʡʥʠʤ ʨʘʜʽʫʩʦʤ ʮr , 

ʷʢʠʡ ʟʘʜʘʻ ʚʽʜʩʪʘʥʴ ʚʽʜʜʘʣʝʥʥʷ ʝʢʚʽʜʠʩʪʘʥʪʠ. ɽʢʚʽʜʠʩʪʘʥʪʘ ʜʦ ʚʢʦʨʦʯʝʥʦʾ 

ʝʧʽʮʠʢʣʦʾʜʠ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ [109, 113]: 
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ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ ʫʪʚʦʨʶʶʪʴ 

ʟʘʯʝʧʣʝʥʥʷ ɻʇ. ʂʦʞʥʘ ʟ ʜʝʪʘʣʝʡ ʤʘʻ ʚʣʘʩʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʦʤʝʪʨʽʾ, ʦʙʫʤʦʚʣʝʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ. ʅʘ ʨʠʩ. 1.2 ʟʦʙʨʘʞʝʥʦ ʝʣʝʤʝʥʪʠ ʛʝʦʤʝʪʨʽʾ 

ʜʝʪʘʣʝʡ ɻʇ. ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʛʝʦʤʝʪʨʽʾ ʩʘʪʝʣʽʪʘ ʻ ʧʨʦʬʽʣʴʥʘ ʨʦʙʦʯʘ 

ʧʦʚʝʨʭʥʷ 1 (ʨʠʩ. 1.2, ʘ), ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʫʟʜʦʚʞ ʥʘʧʨʷʤʥʠʭ ʢʨʠʚʠʭ 2, 

ʘʜʝʢʚʘʪʥʠʭ ʝʢʚʽʜʠʩʪʘʥʪʽ ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ. ɼʣʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

ʥʘʧʨʷʤʥʠʤʠ ʢʨʠʚʠʤʠ ʻ ʜʫʛʠ 2 (ʨʠʩ. 1.2, ʙ) ʟ ʧʦʩʪʽʡʥʠʤ ʨʘʜʽʫʩʦʤ, ʫʟʜʦʚʞ ʷʢʠʭ 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ 1. 

 

             ʘ)                                                                 ʙ)                        

ʈʠʩ. 1.2 ɽʣʝʤʝʥʪʠ ʛʝʦʤʝʪʨʽʾ ʩʘʪʝʣʽʪʘ ɻʇ (ʘ) ʽ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ (ʙ): 

1 ï ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ; 2 ï ʥʘʧʨʷʤʥʽ ʢʨʠʚʽ; 3 ï ʪʦʨʮʝʚʽ ʧʦʚʝʨʭʥʽ; 4 ï ʙʘʟʦʚʽ ʧʦʚʝʨʭʥʽ 

 

ɸʥʘʣʽʟʫʶʯʠ ʛʝʦʤʝʪʨʽʶ ʟʘʯʝʧʣʝʥʥʷ, ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʜʽʣʷʥʢʘ ʟʘʧʘʜʠʥʠ 

ʤʽʞ ʮʽʚʢʘʤʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʝ ʩʧʨʠʡʤʘʻ ʢʦʥʪʘʢʪʫ ʟ ʚʝʨʭʽʚʢʦʶ ʟʫʙʘ ʩʘʪʝʣʽʪʫ, ʱʦ 

ʥʝ ʦʙʤʝʞʫʻ ʾʾ ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ. ʆʪʚʦʨʠ, ʚʽʩʽ ʷʢʠʭ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʮʝʥʪʨʘʤʠ 
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ʮʽʚʦʢ, ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʙʘʟʘʤʠ ʜʣʷ ʙʘʟʫʚʘʥʥʷ ʜʝʪʘʣʽ ʥʘ 

ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʽʷʭ ʦʙʨʦʙʢʠ, ʘʣʝ ʚ ʨʦʙʦʪʽ ɻʇ ʜʘʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ 

ʫʯʘʩʪʽ ʥʝ ʧʨʠʡʤʘʶʪʴ. ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʻ ʜʦʪʨʠʤʘʥʥʷ ʩʠʤʝʪʨʽʾ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʧʨʦʬʽʣʶ ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʠʭ ʧʦʚʝʨʭʦʥʴ 4. ɼʣʷ ʩʘʪʝʣʽʪʘ ʪʘʢʦʶ ʙʘʟʦʶ ʻ 

ʧʦʩʘʜʢʦʚʠʡ ʦʪʚʽʨ, ʜʣʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ï ʟʦʚʥʽʰʥʷ ʮʠʣʽʥʜʨʠʯʥʘ ʧʦʚʝʨʭʥʷ. 

ɼʦʪʨʠʤʘʥʥʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʽ ʨʦʙʦʯʠʭ ʧʨʦʬʽʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʦ ʪʦʨʮʝʚʠʭ 

ʧʦʚʝʨʭʦʥʴ 3, ʘ ʪʘʢʦʞ ʚʟʘʻʤʥʘ ʧʘʨʘʣʝʣʴʥʽʩʪʴ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʯʝʧʣʝʥʥʷ.  

ɯʩʥʫʶʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ɻʇ ʟʽ ʟʙʽʨʥʠʤ ʮʽʚʢʦʚʠʤ ʢʦʣʝʩʦʤ [104]. ʆʜʥʘ ʽʟ ʪʘʢʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.3. ɰʾ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʟʘʤʽʥʽ ʮʽʚʦʢ ʥʘ 

ʨʦʣʠʢʠ 3, ʷʢʽ ʚʟʘʻʤʦʜʽʶʯʠ ʽʟ 

ʩʘʪʝʣʽʪʦʤ 2 ʤʦʞʫʪʴ ʚʽʣʴʥʦ 

ʦʙʝʨʪʘʪʠʩʷ ʥʘʚʢʦʣʦ ʚʣʘʩʥʠʭ ʦʩʝʡ ʚ 

ʢʦʨʧʫʩʽ 1. ʊʝʨʪʷ ʢʦʚʟʘʥʥʷ ʚ ʧʘʨʽ 

ʢʦʣʽʩ ʟʘʤʽʥʶʶʪʴ ʪʝʨʪʷʤ ʢʦʯʝʥʥʷ. 

ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ 

ñʛʝʨʦʣʣʝʨʥʘò. ɰɰ ʦʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ 

ʧʦʣʷʛʘʻ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ ʢʦʨʧʫʩʫ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʚ 

ʥʴʦʤʫ ʨʦʣʠʢʽʚ, ʱʦ ʚʝʜʝ ʟʘ ʩʦʙʦʶ 

ʟʙʽʣʴʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ ʛʽʜʨʘʚʣʽʯʥʦʾ 

ʤʘʰʠʥʠ ʘʙʦ ʨʝʜʫʢʪʦʨʘ. 

ɹʽʣʴʰ ʩʢʣʘʜʥʠʡ ʨʽʟʥʦʚʠʜ ʟʘʯʝʧʣʝʥʥʷ ɻʇ ʧʝʨʝʜʙʘʯʘʻ ʫʪʚʦʨʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʫ ʚʠʛʣʷʜʽ ʩʧʨʷʞʝʥʦʾ ʦʙʚʽʜʥʦʾ ʩʽʤʝʡʩʪʚʘ 

ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ. ʆʩʦʙʣʠʚʦʩʪʽ ʛʝʦʤʝʪʨʽʾ ʪʘʢʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ ʧʨʠʚʝʜʝʥʽ ʚ ʧʘʪʝʥʪʘʭ ʬʽʨʤʠ Hill  Engineering Company [64, 73]. 

ɸʥʘʣʽʟ ʽʥʰʠʭ ʧʘʪʝʥʪʽʚ ʮʽʻʾ ʬʽʨʤʠ [61, 62, 63, 71] ʩʚʽʜʯʠʪʴ ʧʨʦ ʰʠʨʦʢʫ ʦʙʣʘʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ. ɿʘʯʝʧʣʝʥʥʷ ɻʇ, ʚ ʷʢʦʤʫ ʧʨʦʬʽʣʴ ʮʽʚʢʦʚʦʛʦ 

ʢʦʣʝʩʘ ʻ ʦʙʚʽʜʥʦʶ ʩʽʤʝʡʩʪʚʘ ʧʦʣʦʞʝʥʴ ʩʘʪʝʣʽʪʫ, ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 1.4. 

 
ʈʠʩ. 1.3 ɻʝʨʦʣʣʝʨʥʘ ʧʘʨʘ 

1 ï ʢʦʨʧʫʩ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ; 2 ï ʩʘʪʝʣʽʪ; 

3 ï ʨʦʣʠʢʠ; 
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ʈʠʩ. 1.4 ɿʘʯʝʧʣʝʥʥʷ ɻʇ ʚ ʷʢʦʤʫ ʧʨʦʬʽʣʴ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʦʢʨʝʩʣʝʥʠʡ ʦʙʚʽʜʥʦʶ 

ʩʽʤʝʡʩʪʚʘ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ 

1 ï ʚʢʦʨʦʯʝʥʘ ʝʧʽʮʠʢʣʦʾʜʘ; 2 ï ʩʽʤʝʡʩʪʚʦ ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ; 3 ï ʦʙʚʽʜʥʘ ʩʽʤʝʡʩʪʚʘ 

ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ; 3 ï ʩʽʤʝʡʩʪʚʦ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ (ʤʥʦʞʠʥʘ 

ʧʦʣʦʞʝʥʴ ʧʨʦʬʽʣʶ ʩʘʪʝʣʽʪʘ); 4 ï ʦʙʚʽʜʥʘ ʩʽʤʝʡʩʪʚʘ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʚʢʦʨʦʯʝʥʠʭ  

ʝʧʽʮʠʢʣʦʾʜ (ʧʨʦʬʽʣʴ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ) 

 

ɸʥʘʣʽʟ ʨʦʙʽʪ [10, 14, 27, 85, 92, 95, 96, 109, 113, 115, 127, 128, 129, 132], 

ʧʨʠʩʚʷʯʝʥʠʭ ʧʨʦʝʢʪʫʚʘʥʥʶ ʽ ʚʠʛʦʪʦʚʣʝʥʥʶ ʟʘʯʝʧʣʝʥʥʷ ɻʇ, ʜʦʟʚʦʣʠʚ ʚʠʷʚʠʪʠ ʽ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʟʘʜʘʯʽ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʩʠʥʪʝʟʫ ʢʨʠʚʠʭ, ʱʦ ʦʢʨʝʩʣʶʶʪʴ ʧʨʦʬʽʣʽ 

ʢʦʣʽʩ ɻʇ. ɿʦʢʨʝʤʘ, ʝʢʚʽʜʠʩʪʘʥʪʘ ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ 

ʽʩʥʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ, ʧʨʠʜʘʪʥʦʤʫ ʜʣʷ ʩʠʥʪʝʟʫ ʨʦʙʦʯʠʭ ʧʨʦʬʽʣʽʚ ɻʇ, ʘ ʪʘʢʦʞ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʚ ʦʩʥʦʚʫ ʷʢʠʭ ʚʦʥʘ ʧʦʢʣʘʜʝʥʘ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʽʩʥʫʻ ʧʝʚʥʘ 

ʛʨʘʥʠʯʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜʜʘʣʝʥʥʷ ʝʢʚʽʜʠʩʪʘʥʪʠ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʝʧʽʮʠʢʣʦʾʜʘʣʴʥʦʾ 

ʢʨʠʚʦʾ, ʷʢʘ ʟʘʜʘʻʪʴʩʷ ʨʘʜʽʫʩʦʤ ʮʽʚʢʠ ʮr . ʇʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʛʨʘʥʠʯʥʦʾ ʚʽʜʩʪʘʥʽ 

ʚʽʜʜʘʣʝʥʥʷ, ʧʦʨʫʰʫʶʪʴʩʷ ʫʤʦʚʠ ʛʣʘʜʢʦʩʪʽ ʢʨʠʚʦʾ ʽ ʟôʷʚʣʷʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ 

çʚʠʨʦʜʞʝʥʽ ʜʽʣʷʥʢʠè [100, 132]. çɺʠʨʦʜʞʝʥʽ ʜʽʣʷʥʢʠè ï ʮʝ ʤʽʩʮʷ, ʚ ʷʢʠʭ 

ʝʢʚ̔ʜʠʩʪʘʥʪʥʘ ʢʨʠʚʘ ʧʝʨʝʪʠʥʘʻ ʩʘʤʘ ʩʝʙʝ, ʫʪʚʦʨʶʶʯʠ ʚʫʟʣʦʚʽ ʪʦʯʢʠ. ɺʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʚ 

ʧʨʠʜʘʪʥʦʤʫ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʛʣʷʜʽ, ʙʝʟ ʟʘʟʥʘʯʝʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʨʫʰʝʥʴ. 
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ʅʘʩʪʫʧʥʦʶ ʧʨʦʙʣʝʤʦʶ ʷʢʘ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʯʝʧʣʝʥʥʷ ɻʇ ʻ 

ʨʘʮʽʦʥʘʣʴʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʩʧʨʷʞʝʥʦʾ ʦʙʚʽʜʥʦʾ ʩʽʤʝʡʩʪʚʘ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ 

ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ ʫ ʚʠʛʣʷʜʽ ʻʜʠʥʦʾ ʥʝʧʝʨʝʨʚʥʦʾ ʢʨʠʚʦʾ. ʉʢʣʘʜʥʽʩʪʴ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʦʾ ʦʙʚʽʜʥʦʾ ʷʢ ʥʝʧʝʨʝʨʚʥʦʾ ʢʨʠʚʦʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʥʝʦʙʭʽʜʥʦ ʦʧʠʩʘʪʠ ʜʽʣʷʥʢʠ ʜʫʛ ʧʦʩʪʽʡʥʦʾ ʢʨʠʚʠʟʥʠ ʽ ʜʽʣʷʥʢʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ 

ʝʧʽʮʠʢʣʦʾʜʠ ʻʜʠʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ. ʇʨʠʢʣʘʜʠ ʧʦʙʫʜʦʚʠ ʽ ʦʧʠʩʫ ʩʧʨʷʞʝʥʠʭ 

ʦʙʚʽʜʥʠʭ ʩʽʤʝʡʩʪʚ ʝʧʽʮʠʢʣʦʾʜʘʣʴʥʠʭ ʽ ʛʽʧʦʮʠʢʣʦʾʜʘʣʴʥʠʭ ʢʨʠʚʠʭ, ʨʦʟʛʣʷʥʫʪʽ ʚ 

ʨʦʙʦʪʘʭ [11, 27, 109, 113, 116, 117, 128, 132]. ɸʥʘʣʽʟ ʧʝʨʝʣʽʯʝʥʠʭ ʨʦʙʽʪ ʧʦʢʘʟʘʚ 

ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ ʩʧʨʦʙ ʦʧʠʩʘʪʠ ʟʘʟʥʘʯʝʥʽ ʢʨʠʚʽ, ʘ ʩʘʤʝ: 

- ʦʧʠʩ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʦʙʚʽʜʥʠʭ ʟʘʜʘʻʪʴʩʷ ʨʽʟʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʨʽʚʥʷʥʴ, 

ʷʢʽ ʧʨʠʜʘʪʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʟʘ ʧʝʚʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʦʜʥʦʟʥʘʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʘ ʚʠʨʘʞʘʻ ʟʚôʷʟʦʢ ʤʽʞ 

ʧʘʨʘʤʝʪʨʦʤ ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ ʽ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʢʨʠʚʫ  

ʽʟ ʤʥʦʞʠʥʠ ʩʽʤʝʡʩʪʚʘ; 

- ʩʢʣʘʜʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ. 

ʉʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʦʙʚʽʜʥʘ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʚ ʥʝʧʝʨʝʨʚʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʠ 

ʜʦʪʨʠʤʘʥʥʽ ʨʷʜʫ ʫʤʦʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʽ ʚʢʣʶʯʠʪʠ ʚ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʘʧʘʨʘʪ ʾʾ ʦʧʠʩʫ. ɯʟ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʽʜʦʤʽ ʜʝʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʦʙʚʽʜʥʠʭ ï ʛʨʘʬʽʯʥʠʡ, ʘʥʘʣʽʪʠʯʥʠʡ ʽ ʢʽʥʝʤʘʪʠʯʥʠʡ. ɯʟ ʥʠʭ 

ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʡ ʽ ʧʦʰʠʨʝʥʠʡ ï ʘʥʘʣʽʪʠʯʥʠʡ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙʚʽʜʥʦʾ ʩʽʤʝʡʩʪʚʘ ʢʨʠʚʠʭ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ [44, 90, 113]:  
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ʜʝ t  ï ʧʘʨʘʤʝʪʨ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʨʠʚʫ ʽʟ ʤʥʦʞʠʥʠ ʩʽʤʝʡʩʪʚʘ. 

ɿʚô̫ ʟʦʢ ʧʘʨʘʤʝʪʨʽʚ t   ̔j, ʚʠʨʘʞʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʨʽʚʥʽʩʪʶ:  
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ʌʦʨʤʫʣʘ (1.7) ʥʘʚʦʜʠʪʴʩʷ ʚ ʣʽʪʝʨʘʪʫʨʽ [10, 27, 44, 89, 90, 113], ʘ ʾʾ 

ʛʝʦʤʝʪʨʠʯʥʠʡ ʟʤʽʩʪ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʪʦʯʢʠ ʦʙʚʽʜʥʦʾ ʥʘʣʝʞʘʪʴ ʤʥʦʞʠʥʽ, ʚ 

ʷʢʽʡ ʜʠʩʢʨʠʤʽʥʘʥʪʘ ʩʽʤʝʡʩʪʚʘ ʢʨʠʚʠʭ ʜʦʨʽʚʥʶʻ ʥʫʣʝʚʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙʚʽʜʥʦʾ 
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ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (1.7) ʚʽʜʥʦʩʥʦ t, ʪʦʙʪʦ ʧʨʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ 

0),( =tf j  ʜʦ ʚʠʛʣʷʜʫ )(jft= . ʊʦʜʽ ʨʽʚʥʷʥʥʷ (1.6) ʦʙʚʽʜʥʦʾ ʩʽʤʝʡʩʪʚʘ ʧʣʦʩʢʠʭ 

ʢʨʠʚʠʭ ʩʣʽʜ ʟʘʧʠʩʘʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

í
ì
ë

=

=

)).(;()(

));(;()(

2

1

jjj

jjj

ffY

ffʍ
                                            (1.8) 

ʈʦʟʚô̫ ʟʦʢ )(jft=  ʤʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠ ʥʘʩʪʫʧʥʠʤ ʚʠʤʦʛʘʤ: 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʨʫʰʝʥʴ ʛʝʦʤʝʪʨʽʾ ʦʙʚʽʜʥʦʾ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʚ ʪʦʯʢʘʭ ʩʧʨʷʞʝʥʥʷ 

ʝʢʚʽʜʠʩʪʘʥʪʠ ʽ ʦʙʚʽʜʥʦʾ; 

- ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʽ ʦʜʥʦʟʥʘʯʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ, ʡʦʛʦ ʧʦʩʪʽʡʥʽʩʪʴ ʧʨʠ ʟʤʽʥʽ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɸʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʦʙʚʽʜʥʠʭ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ 

ʟʘʯʝʧʣʝʥʥʷʤʠ ʥʘ ʦʩʥʦʚʽ ʝʧʽʮʠʢʣʦʾʜʘʣʴʥʠʭ ʢʨʠʚʠʭ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ 

ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʩʠʥʪʝʟʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʯʝʧʣʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʢʨʠʚʠʭ. ɿʦʢʨʝʤʘ ʮʝ ʜʦʟʚʦʣʠʪʴ ʦʧʠʩʘʪʠ ʧʦʯʘʪʢʦʚʠʡ ʢʦʥʪʫʨ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʨʝʡʢʠ ʯʝʨʚ'ʷʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ (ʯʝʨʚ'ʷʯʥʠʭ ʬʨʝʟ ʪʘ 

ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ), ʪʘ ʧʨʦʬʽʣʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʙʨʦʙʢʠ 

ʧʨʦʬʽʣʶ ʩʘʪʝʣʽʪʫ ʽ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʚ ʫʤʦʚʘʭ ʥʝʧʝʨʝʨʚʥʦʛʦ ʦʙʢʘʪʫ. 

 

1.2 ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʨʦʙʦʯʦʛʦ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

 

ʇʠʪʘʥʥʷ ʩʪʦʩʦʚʥʦ ʨʦʟʨʦʙʢʠ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʧʨʦʬʽʣʽʚ ʢʦʣʽʩ ɻʇ ʚʠʩʚʽʪʣʶʶʪʴʩʷ ʚ ʨʦʙʦʪʘʭ ʄʘʡʨʦʥʘ ʌ. ʍʽʣʣʘ, ɺ. ʄ. 

ʐʘʥʥʽʢʦʚʘ, ɺ. ʂ. ʃʦʙʘʩʪʦʚʘ, ʌ. ʃ. ʃʠʪʚʠʥʘ, ɽ. ʅ. ʐʝʚʮʦʚʘ, ɸ. ɺ. ʄʘʮʢʝʚʠʯʘ, 

ʆ. ɯ. ʉʢʽʙʽʥʩʴʢʦʛʦ, ʄ. ʄ. ʇʽʜʛʘʻʮʴʢʦʛʦ. ʆʨʠʛʽʥʘʣʴʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʪʘʢʦʞ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʟʘʢʦʨʜʦʥʥʠʭ ʧʘʪʝʥʪʘʭ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ ʚʽʜʦʤʠʭ ʬʽʨʤ ʷʢ Parker 

Hannifin Corp., Ex-Cell-O Corp., Danfoss A/S, Hill  Engineering Company, ʪʘ ʽʥ. 

ɼʣʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʦʬʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʩʘʪʝʣʽʪʫ, ʦʢʨʝʩʣʝʥʦʾ 

ʝʢʚʽʜʠʩʪʘʥʪʦʶ ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ, ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʟʫʙʦʜʦʚʙʘʥʥʷ 

ʦʜʥʦʟʫʙʠʤʠ ʪʘ ʙʘʛʘʪʦʟʫʙʠʤʠ ʜʦʚʙʘʯʘʤʠ, ʬʨʝʟʝʨʫʚʘʥʥʷ ʜʠʩʢʦʚʠʤʠ, ʢʽʥʮʝʚʠʤʠ 
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ʪʘ ʯʝʨʚôʷʯʥʠʤʠ ʬʨʝʟʘʤʠ, ʰʣʽʬʫʚʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʪʘ ʩʧʝʮʽʘʣʴʥʦ 

ʧʨʦʬʽʣʴʦʚʘʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ [3, 4, 5, 6, 7, 8, 48, 68, 72, 82, 104, 111, 113]. ʋ 

ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʘʙʫʚ ʧʦʰʠʨʝʥʥʷ ʤʝʪʦʜ ʩʧʽʢʘʥʥʷ ʢʦʣʽʩ ɻʇ ʽʟ 

ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʘʪʝʣʽʪ ʤʘʻ ʟʦʚʥʽʰʥʽ ʟʫʙʮʽ, ʱʦ ʥʝ ʦʙʤʝʞʫʻ ʛʘʙʘʨʠʪʠ ʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ 

ʧʦʚʥʦʮʽʥʥʠʡ ʜʦʩʪʫʧ ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʅʘʚʝʜʝʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʨʦʙʠʪʴ 

ʧʨʦʬʽʣʴ ʩʘʪʝʣʽʪʫ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʜʝʪʘʣʴʥʦ 

ʟʫʧʠʥʷʪʠʩʷ ʥʘ ʨʦʟʛʣʷʜʽ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʘʪʝʣʽʪʘ ʤʠ ʥʝ ʙʫʜʝʤʦ. 

ʎʽʚʢʦʚʝ ʢʦʣʝʩʦ ʤʘʻ ʚʥʫʪʨʽʰʥʽʡ ʟʫʙʯʘʪʠʡ ʚʽʥʝʮʴ, ʱʦ ʚʥʦʩʠʪʴ ʧʝʚʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʧʽʜ ʯʘʩ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ 

ʢʦʥʬʽʛʫʨʘʮʽʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʫʭʽʚ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʊʘʢʦʞ ʤʘʻ 

ʤʽʩʮʝ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʝʩʘ, 

ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʞʦʨʩʪʢʽʩʪʴ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʥʘ ʪʦʯʥʽʩʪʴ ʧʨʠ ʦʙʨʦʙʮʽ. 

ʃʽʪʝʨʘʪʫʨʥʦ-ʧʘʪʝʥʪʥʠʡ ʘʥʘʣʽʟ ʧʝʨʰʦʜʞʝʨʝʣ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʦʙʨʦʙʢʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ, ʽʩʥʫʻ ʥʠʟʢʘ ʩʧʝʮʠʬʽʯʥʠʭ ʤʝʪʦʜʽʚ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʜʝʷʢʠʭ ʟ ʥʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʫʞʝ ʜʦʨʦʛʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʚʝʨʩʪʘʪʠ 

[103], ʜʣʷ ʽʥʰʠʭ ï ʩʧʝʮʽʘʣʴʥʠʡ ʩʢʣʘʜʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʪʘ ʦʩʥʘʱʝʥʥʷ [59, 60, 65, 

69]. ʇʨʠ ʚʠʩʦʢʽʡ ʪʚʝʨʜʦʩʪʽ ʜʝʪʘʣʽ (ʧʦʨʷʜʢʘ 60 HRC) ʯʘʩʪʠʥʘ ʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ 

ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ [104, 113], ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʧʨʠʜʘʪʥʦʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘʣʝ ʾʭ 

ʘʥʘʣʽʟ ʜʦʧʦʤʦʞʝ ʚʽʜʩʪʝʞʠʪʠ ʭʽʜ ʥʘʫʢʦʚʦʾ ʪʘ ʽʥʞʝʥʝʨʥʦʾ ʜʫʤʢʠ ʚ ʮʽʡ ʦʙʣʘʩʪʽ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ ʤʦʞʣʠʚʦ ʩʪʚʦʨʶʚʘʪʠ ʤʝʪʦʜʠ 

ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ. ʈʦʟʛʣʷʥʝʤʦ ʧʦʩʣʽʜʦʚʥʦ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʶ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ. 

ɺʽʜʦʤʠʡ ʤʝʪʦʜ ʥʘʨʽʟʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

ʧʨʦʬʽʣʴʥʠʤ ʜʦʚʙʘʯʝʤ ʌʝʣʣʦʫ [113] ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ. ʄʝʪʦʜ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ 

ʢʣʘʩʠʯʥʦʶ ʩʭʝʤʦʶ ʟʫʙʦʜʦʚʙʘʥʥʷ. ʁʦʛʦ ʩʫʪʥʽʩʪʴ ʧʦʷʩʥʶʻ ʩʭʝʤʘ, ʧʦʜʘʥʘ ʥʘ  

ʨʠʩ. 1.5. ʆʙʨʦʙʣʶʚʘʥʝ ʢʦʣʝʩʦ 1 ʽ ʜʦʚʙʘʯ 2 ʫʪʚʦʨʶʶʪʴ ʟʘʯʝʧʣʝʥʥʷ ʽ ʟʜʽʡʩʥʶʶʪʴ 

ʫʟʛʦʜʞʝʥʽ ʨʫʭʠ ʢʦʣʦʚʠʭ ʧʦʜʘʯ 
ʢ
ʜʝʪS .  ʽ 

ʢ
ʽʥʩʪS .. ʆʢʨʽʤ ʦʙʝʨʪʘʥʥʷ ʜʦʚʙʘʯ ʟʜʽʡʩʥʶʻ 

ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ɿʇ. 
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ʈʠʩ. 1.5 ɿʫʙʦʜʦʚʙʘʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʜʦʚʙʘʯʝʤ ʌʝʣʣʦʫ ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ 

1 ï ʦʙʨʦʙʣʶʚʘʥʝ ʢʦʣʝʩʦ; 2 ï ʨʽʟʘʣʴʥʘ ʯʘʩʪʠʥʘ ʜʦʚʙʘʯʘ; 3 ï ʢʦʨʧʫʩ ʜʦʚʙʘʯʘ; 

e¡ ï ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ; ɿʇ ï ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ  

ʜʦʚʙʘʯʘ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ; 
ʢ
ʜʝʪS .  ï ʨʫʭ ʢʦʣʦʚʦʾ ʧʦʜʘʯʽ ʜʝʪʘʣʽ; 

ʢ
ʽʥʩʪS .  ï ʨʫʭ ʢʦʣʦʚʦʾ 

ʧʦʜʘʯʽ ʽʥʩʪʨʫʤʝʥʪʫ; .ʨʘʜS  ï ʨʫʭ ʧʦʜʘʯʽ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ 

 

ɼʦʚʙʘʯ ʌʝʣʣʦʫ ï ʙʘʛʘʪʦʟʫʙʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʧʨʦʬʽʣʴ ʷʢʦʛʦ ʻ ʦʙʚʽʜʥʘ 

ʧʦʩʣʽʜʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ, ʧʨʠ ʦʙʢʘʪʽ ʡʦʛʦ ʮʝʥʪʨʦʾʜʠ 

ʥʘʚʢʦʣʦ ʮʝʥʪʨʦʾʜʠ ʜʦʚʙʘʯʘ. ʈʽʟʥʠʮʷ ʚ ʢʽʣʴʢʦʩʪʽ ʟʫʙʮʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʢʦʣʝʩʘ 

ʟʘʚʞʜʠ ʙʽʣʴʰʘ ʦʜʠʥʠʮʽ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʚʘʥʠʭ ʟʘʟʦʨʽʚ 

ʤʽʞ ʮʽʚʢʘʤʠ ʢʦʣʝʩʘ ʪʘ ʥʝʧʨʘʮʶʶʯʠʤʠ ʟʫʙʮʷʤʠ ʜʦʚʙʘʯʘ. ɯʥʩʪʨʫʤʝʥʪ ʤʘʻ ʢʫʪʠ 

ʟʘʪʦʯʢʠ ʧʦ ʧʝʨʝʜʥʽʡ ʪʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʷʭ ɔ ʽ Ŭ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ. ʇʨʠ ʦʙʨʦʙʮʽ ʝʚʦʣʴʚʝʥʪʥʠʭ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ, ʤʝʪʦʜʠ ʟʫʙʦʜʦʚʙʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʶʪʴ 6ʪʫ-8ʤʫ ʩʪʫʧʽʥʴ ʪʦʯʥʦʩʪʽ (ɻʆʉʊ 1643-81), ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʣʘʩʫ 

ʪʦʯʥʦʩʪʽ ʜʦʚʙʘʯʘ. ʄʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʛʘʨʪʦʚʘʥʠʭ ʜʝʪʘʣʝʡ (30é40 HRC) 

ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʜʦʚʙʘʯʘ ʽʟ ʩʫʯʘʩʥʠʭ 

ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʦʧʠʩʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʩʢʣʘʜʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʚʙʘʯʘ 

ʌʝʣʣʦʫ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʤʘʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ. ʇʽʜ ʯʘʩ ʧʝʨʝʪʦʯʫʚʘʥʥʷ ʧʦ ʧʝʨʝʜʥʽʡ 

ʧʦʚʝʨʭʥʽ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʥʝʤʠʥʫʯʝ ʟʤʽʱʝʥʥʷ ʧʨʦʬʽʣʶ ʜʦʚʙʘʯʘ ʚ ʨʘʜʽʘʣʴʥʦʤʫ 
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ʥʘʧʨʷʤʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʠʤʝ ʜʦ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ. 

ʇʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʤʘʪʠʤʫʪʴ ʤʽʩʮʝ ʟʥʘʯʥʽ ʟʥʘʢʦʟʤʽʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ 

ʚʠʥʠʢʘʪʠʤʫʪʴ ʧʨʠ ʧʝʨʝʭʦʜʽ ʬʦʨʤʠ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʟ ʦʧʫʢʣʦʾ ʚ ʫʚʽʛʥʫʪʫ. ʎʝ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʯʠʥʠʪʴ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʦʙʦʪʽ [83]. 

ɺʽʜʦʤʠʡ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʚ ʫʤʦʚʘʭ 

ʦʙʢʘʪʫ ʦʜʥʦʟʫʙʠʤ ʜʦʚʙʘʯʝʤ [102, 104]. ʉʭʝʤʘ ʟʘ ʷʢʦʶ ʨʝʘʣʽʟʫʻʪʴʩʷ ʜʘʥʠʡ ʤʝʪʦʜ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.6. ɺ ʦʩʥʦʚʫ ʮʽʻʾ ʩʭʝʤʠ ʧʦʢʣʘʜʝʥʠʡ ʧʨʠʥʮʠʧ ʦʙʢʘʪʫ 

ʮʝʥʪʨʦʾʜʠ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ, ʧʦʚôʷʟʘʥʦʾ ʟ ʟʘʛʦʪʦʚʢʦʶ, ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʾ 

ʮʝʥʪʨʦʾʜʠ ʩʘʪʝʣʽʪʘ, ʧʦʚôʷʟʘʥʦʾ ʟ ʽʥʩʪʨʫʤʝʥʪʦʤ. ʈʫʭ ʦʙʢʘʪʫ ʟʘʛʦʪʦʚʢʠ ʢʦʣʝʩʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʧʨʠʩʪʨʦʶ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʫʭʫ, ʷʢʠʤ 

ʦʩʥʘʱʫʻʪʴʩʷ ʟʫʙʦʜʦʚʙʘʣʴʥʠʡ ʚʝʨʩʪʘʪ. ʂʦʥʩʪʨʫʢʮʽʾ ʧʦʜʽʙʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘʟʚʠʯʘʡ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʧʽʜ ʢʦʥʢʨʝʪʥʫ ʜʝʪʘʣʴ.  

 

ʈʠʩ. 1.6 ɿʫʙʦʜʦʚʙʘʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ ʦʜʥʦʟʫʙʠʤ ʜʦʚʙʘʯʝʤ 

1 ï ʦʙʨʦʙʣʶʚʘʥʝ ʢʦʣʝʩʦ; 2 ï ʨʽʟʘʣʴʥʘ ʯʘʩʪʠʥʘ ʽʥʩʪʨʫʤʝʥʪʫ (ʧʣʘʩʪʠʥʘ); 3 ï ʢʦʨʧʫʩ 

ʽʥʩʪʨʫʤʝʥʪʫ; ɿʇ ï ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʜʦʚʙʘʯʘ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ;.ʦʙr  ï ʨʘʜʽʫʩ 

ʢʦʣʘ ʦʙʢʘʪʫ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʧʝʨʝʜʘʯʽ ʝ; 
1
ʧʊ , 

2
ʧʊ  ï ʪʦʯʢʠ ʧʝʨʝʛʠʥʫ 

(ʧʝʨʝʭʦʜʫ ʝʢʚʽʜʠʩʪʘʥʪʥʦʾ ʢʨʠʚʦʾ ʽʟ ʦʧʫʢʣʦʾ ʚ ʫʚʽʛʥʫʪʫ) 
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ʅʝʨʫʭʦʤʘ ʮʝʥʪʨʦʾʜʘ ʫʷʚʥʦʛʦ ʩʘʪʝʣʽʪʘ ʟʘʤʽʥʶʻʪʴʩʷ ʦʜʥʦʟʫʙʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ [76], ʘ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʚʝʨʩʪʘʪʥʝ ʟʘʯʝʧʣʝʥʥʷ 

çʩʘʪʝʣʽʪ ï ʮʽʚʢʦʚʝ ʢʦʣʝʩʦè. ɯʥʩʪʨʫʤʝʥʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ, ʚ ʛʥʽʟʜʦ ʷʢʦʛʦ 

ʤʝʭʘʥʽʯʥʦ ʢʨʽʧʠʪʴʩʷ ʨʽʟʘʣʴʥʘ ʧʣʘʩʪʠʥʘ. ɻʝʦʤʝʪʨʽʷ ʧʨʦʬʽʣʶ ʧʣʘʩʪʠʥʠ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʦʧʫʢʣʫ ʜʽʣʷʥʢʫ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ (ʆɼɽɽ), ʘ ʫʚʽʛʥʫʪʽ 

ʜʽʣʷʥʢʠ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʚʙʘʯʘ ʌʝʣʣʦʫ ʚʽʜʩʫʪʥʽ. ɿʘʤʽʩʪʴ ʥʠʭ 

ʧʣʘʩʪʠʥʘ ʤʘʻ ʧʨʷʤʽ ʜʽʣʷʥʢʠ, ʷʢʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʥʘʧʨʷʤʢʘʤʠ ʜʦʪʠʯʥʠʭ ʚ ʪʦʯʢʘʭ 

1
ʧʊ  ʽ 

2
ʧʊ. ɼʘʥʽ ʪʦʯʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʢʘʤ ʧʝʨʝʭʦʜʫ ʝʢʚʽʜʠʩʪʘʥʪʥʦʛʦ ʧʨʦʬʽʣʶ ʽʟ 

ʦʧʫʢʣʦʛʦ ʚ ʫʚʽʛʥʫʪʠʡ. ɿʘʛʦʪʦʚʢʘ ʟʜʽʡʩʥʶʻ ʧʣʘʥʝʪʘʨʥʠʡ ʨʫʭ, ʘʜʝʢʚʘʪʥʠʡ ʦʙʢʘʪʫ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʛʦ ʩʘʪʝʣʽʪʫ. ʈʘʜʽʫʩ ʢʦʣʘ ʦʙʢʘʪʫ ʨʽʚʥʠʡ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʧʝʨʝʜʘʯʽ ʝ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫʟʛʦʜʞʝʥʠʭ ʨʫʭʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʬʽʣʶ. 

ʇʨʦʬʽʣʴ ʽʥʩʪʨʫʤʝʥʪʫ ʤʘʻ ʢʨʠʚʠʟʥʫ ʧʦʩʪʽʡʥʦʛʦ ʟʥʘʢʫ, ʱʦ ʫʩʫʚʘʻ ʚ ʧʨʦʮʝʩʽ 

ʨʽʟʘʥʥʷ ʟʥʘʢʦʟʤʽʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʦʥʩʪʨʫʢʮʽʷ ʥʝ ʦʙʤʝʞʫʻ ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʝʪʦʯʫʚʘʥʴ, ʜʦʚʙʘʯ ʤʦʞʝ ʦʩʥʘʱʘʪʠʩʴ ʪʚʝʨʜʦʩʧʣʘʚʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʱʦ 

ʤʦʞʫʪʴ ʤʘʪʠ ʧʦ ʜʝʢʽʣʴʢʘ ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ. ʊʘʢʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʟʚʦʜʠʪʴ ʜʦ 

ʤʽʥʽʤʫʤʫ ʟʘʪʨʘʪʠ ʥʘ ʽʥʩʪʨʫʤʝʥʪ ʧʨʠ ʯʘʩʪʽʡ ʟʤʽʥʽ ʪʠʧʦʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ. ʄʝʪʦʜ 

ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʷʢ ʯʠʩʪʦʚʠʡ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟ ʪʚʝʨʜʽʩʪʶ 28é32 

HRC [104]. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʥʫʯʢʦʩʪʽ, ʤʝʪʦʜ ʜʦʮʽʣʴʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ 

ʚʝʨʩʪʘʪʘʭ, ʦʩʥʘʱʝʥʠʭ ʧʣʘʥʝʪʘʨʥʠʤ ʩʪʦʣʦʤ ʟʽ ʟʤʽʥʥʠʤ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ [77, 

86], ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʦʙʨʦʙʣʶʚʘʪʠ ʰʠʨʦʢʫ ʛʘʤʤʫ ʮʽʚʢʦʚʠʭ ʢʦʣʽʩ. ʂʦʥʩʪʨʫʢʮʽʷ 

ʩʪʦʣʫ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʩʘʪʝʣʽʪʽʚ, ʱʦ ʚʝʜʝ ʟʘ ʩʦʙʦʶ 

ʽʥʪʝʛʨʘʮʽʶ ʪʝʭʥʦʣʦʛʽʡ. ɺ ʥʘʩʣʽʜʦʢ ʥʝʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ ʪʘ 

ʰʦʨʩʪʢʦʩʪʽ, ʩʧʦʩʽʙ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʷʢ ʥʘʧʽʚʯʠʩʪʦʚʠʡ ʟ ʧʦʩʣʽʜʫʶʯʦʶ 

ʪʝʨʤʦʦʙʨʦʙʢʦʶ, ʪʘ ʦʩʪʘʪʦʯʥʦʶ ʬʽʥʽʰʥʦʶ ʦʙʨʦʙʢʦʶ. 

ʆʙʨʦʙʢʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʧʨʦʪʷʞʥʠʭ ʚʝʨʩʪʘʪʘʭ ʢʦʤʧʣʝʢʪʦʤ ʧʨʦʬʽʣʴʥʠʭ ʧʨʦʪʷʞʦʢ. 

ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʽʚʢʦʚʠʭ ʢʦʣʽʩ ɻʇ ʤʝʪʦʜʦʤ ʧʨʦʪʷʛʫʚʘʥʥʷ ʚʽʜʩʫʪʥʽ, 

ʘʣʝ ʥʝ ʚʠʢʣʶʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʨʦʬʽʣʴ 

ʧʨʦʪʷʞʢʠ ʧʦʚʠʥʝʥ ʤʘʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʪʦʤʫ ʧʨʦʮʝʩ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 
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ʧʝʨʝʪʦʯʫʚʘʥʥʷ ʻ ʪʨʫʜʦʤʽʩʪʢʠʤ ʪʘ ʚʠʩʦʢʦʚʘʨʪʽʩʥʠʤ. ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʜʦʚʙʘʯʝʤ 

ʌʝʣʣʦʫ, ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʤʘʪʠʤʝ ʚʧʣʠʚ ʧʝʨʝʪʦʯʫʚʘʥʴ. ʇʨʦʪʷʞʢʠ ʤʦʞʫʪʴ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʮʽʣʴʥʠʤʠ ʘʙʦ ʦʩʥʘʱʘʪʠʩʷ ʥʘʙʦʨʦʤ ʬʘʩʦʥʥʠʭ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ 

ʢʽʣʴʮʝʚʠʭ ʟʫʙʮʽʚ. ʆʙʨʦʙʣʷʪʠ ʜʝʪʘʣʽ ʧʦʜʽʙʥʠʤ ʤʝʪʦʜʦʤ ʜʦʮʽʣʴʥʦ ʣʠʰʝ ʚ ʫʤʦʚʘʭ 

ʢʨʫʧʥʦʩʝʨʽʡʥʦʛʦ ʪʘ ʤʘʩʦʚʦʛʦ  ʚʠʨʦʙʥʠʮʪʚʘ.  

ɯʩʥʫʻ ʤʝʪʦʜ ʰʣʽʬʫʚʘʥʥʷ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʮʠʣʽʥʜʨʠʯʥʠʤ ʢʨʫʛʦʤ 

ʥʘ ʢʦʥʪʫʨʥʦ-ʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ (ʨʠʩ. 1.7). ɼʘʥʠʡ ʤʝʪʦʜ ʥʘʙʫʚ 

ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʦʜʠʥʠʯʥʦʤʫ ʽ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʧʨʦʩʪʦʪʦʶ ʽ ʜʦʩʪʫʧʥʽʩʪʶ ʽʥʩʪʨʫʤʝʥʪʫ, ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ 

ʥʘʚʝʜʝʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʢʦʥʪʫʨʥʦ-ʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʷʢʽ ʻ ʧʦʰʠʨʝʥʠʤʠ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. ʈʫʭ ʽʥʩʪʨʫʤʝʥʪʫ (ʘʙʦ ʜʝʪʘʣʽ) ʪʫʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽʡ 

ʪʨʘʻʢʪʦʨʽʾ.  

 

ʈʠʩ. 1.7 ʐʣʽʬʫʚʘʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʧʦ ʧʨʦʛʨʘʤʽ 

1 ï ʦʙʨʦʙʣʶʚʘʥʝ ʢʦʣʝʩʦ; 2 ï ʽʥʩʪʨʫʤʝʥʪ (ʰʣʽʬʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ); ..ʢʰn  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ; ɿʇ ï ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʰʣʽʬʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ; S ï ʨʫʭ ʧʦʜʘʯʽ 

 

ɿ ʧʘʪʝʥʪʫ [60] ʬʽʨʤʠ Danfoss A/S (Sauer Danfoss), ʚʽʜʦʤʠʡ ʤʝʪʦʜ 

ʭʦʥʽʥʛʫʚʘʥʥʷ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʘʥʘʣʦʛʽʻʶ ʜʦ 

ʭʦʥʽʥʛʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʝʚʦʣʴʚʝʥʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ. ʄʝʪʦʜ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʫʙʦʭʦʥʽʥʛʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʙʨʦʙʢʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʡ ʭʦʥ, ʷʢʠʡ ʧʨʦʝʢʪʫʻʪʴʩʷ ʧʽʜ ʢʦʥʢʨʝʪʥʫ ʜʝʪʘʣʴ. 
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ʂʦʥʩʪʨʫʢʮʽʶ ʜʘʥʦʛʦ ʭʦʥʫ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 1.8 [60]. ʎʝʡ ʽʥʩʪʨʫʤʝʥʪ ʯʘʩʪʢʦʚʦ 

ʧʦʚʪʦʨʶʻ ʛʝʦʤʝʪʨʽʶ ʩʘʪʝʣʽʪʘ, ʧʨʦʬʽʣʴ ʡʦʛʦ ʙʨʫʩʢʽʚ ʦʢʨʝʩʣʝʥʦ ʫʚʽʛʥʫʪʠʤʠ 

ʜʽʣʷʥʢʘʤʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ (ʋɼɽɽ). ɹʨʫʩʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʘʣʤʘʟʥʝ 

ʘʙʦ ʂʅɹ ʧʦʢʨʠʪʪʷ. ɯʥʩʪʨʫʤʝʥʪ ʽ ʢʦʣʝʩʦ ʟʜʽʡʩʥʶʶʪʴ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʚʣʘʩʥʠʭ 

ʦʩʝʡ. ʆʜʥʦʯʘʩʥʦ ʭʦʥ ʟʜʽʡʩʥʶʻ ʦʩʮʠʣʶʶʯʠʡ ʨʫʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʙʨʘʟʠʚʥʽ ʟʝʨʥʘ 

ʙʨʫʩʢʽʚ ʚ ʧʨʦʮʝʩʽ ʦʙʢʦʯʫʚʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʤʽʢʨʦʨʽʟʘʥʥʷ. 

 

ʈʠʩ. 1.8 ʂʦʥʩʪʨʫʢʮʽʷ ʭʦʥʫ [60] 

1 ï ʢʦʨʧʫʩ ʭʦʥʫ; 2 ï ʰʧʠʥʜʝʣʴ; 3 ï ʘʙʨʘʟʠʚʥʠʡ ʙʨʫʩʦʢ; 4 ï ʢʣʠʥ;  

5 ï ʢʽʣʴʮʝ ʧʨʫʞʠʥʥʝ ʩʪʠʩʢʘʶʯʝ; 6 ï ʧʨʦʙʢʘ; 7 ï ʧʨʫʞʠʥʘ; 8 ï ʩʪʨʠʞʝʥʴ 

 

ʄʝʪʦʜ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʟʘʛʘʨʪʦʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʤʘʶʪʴ 

ʪʚʝʨʜʽʩʪʴ ʧʦʨʷʜʢʘ 60 HRC. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʜʦʩʷʛʘʶʪʴʩʷ 

ʭʦʥʽʥʛʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʽʜʩʫʪʥʽ. ʁʦʛʦ ʥʝʜʦʣʽʢʘʤʠ ʻ ʥʠʟʴʢʘ 

ʛʥʫʯʢʽʩʪʴ, ʩʢʣʘʜʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ï ʡʦʛʦ ʚʠʩʦʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ.  

ɺ ʨʦʙʦʪʽ [65] ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʠʩʪʨʦʶ ʜʣʷ ʩʫʧʝʨʬʽʥʽʰʫʚʘʥʥʷ 

ʧʨʦʬʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʩʪʘʪʦʨʘ ʜʚʠʛʫʥʘ ɺʘʥʢʝʣʷ, ʦʢʨʝʩʣʝʥʦʾ ʝʧʽʪʨʦʭʦʾʜʦʶ. 

ʇʨʠʩʪʨʽʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʭʦʥʽʥʛʫʚʘʣʴʥʫ ʛʦʣʦʚʢʫ ʷʢʘ ʤʘʻ ʩʠʩʪʝʤʫ ʨʝʛʫʣʶʚʘʥʥʷ 

ʥʘʪʷʛʫ, ʤʝʭʘʥʽʟʤ ʚʽʜʪʚʦʨʝʥʥʷ ʨʫʭʫ ʦʙʢʘʪʫ ʽ ʧʨʠʚʽʜ ʦʩʮʠʣʷʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʧʦʷʩʥʶʻʪʴʩʷ ʢʨʝʩʣʝʥʥʷʤ ʧʦʜʘʥʠʤ ʥʘ ʨʠʩ. 1.9.  
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ʈʠʩ. 1.9 ʇʨʠʩʪʨʽʡ ʜʣʷ 

ʩʫʧʝʨʬʽʥʽʰʫ 

ʧʨʦʬʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

ʩʪʘʪʦʨʘ ʜʚʠʛʫʥʘ 

ɺʘʥʢʝʣʷ [65] 

 
1 ï ʩʪʘʪʦʨ; 2 ï ʙʨʫʩʦʢ;  

3 ï ʪʨʠʢʫʪʥʠʢ ʈʝʣʦ;  

4 ï ʰʢʽʚ; 5 ï ʚʘʣ;  

6 ï ʧʽʜʰʠʧʥʠʢ; 7 ï ʢʦʨʧʫʩ 

ʭʦʥʫ; 8 ï ʨʫʭʦʤʝ ʟʫʙʯʘʪʝ 

ʢʦʣʝʩʦ; 9 ï ʥʝʨʫʭʦʤʝ 

ʟʫʙʯʘʪʝ ʢʦʣʝʩʦ;  

10 ï ʥʝʨʫʭʦʤʠʡ ʝʣʝʤʝʥʪ; 

11 ï ʰʪʦʢ;  

12 ï ʛʽʜʨʦʮʠʣʽʥʜʨ;  

13 ï ʚʘʞʽʣʴ;  

14 ï ʢʨʦʥʰʪʝʡʥ; 15 ï ʚʘʣ;  

16 ï ʪʷʛʘ; 17 ï ʢʣʠʥ 

ʨʫʭʦʤʠʡ; 18 ï ʢʣʠʥ 

ʥʝʨʫʭʦʤʠʡ; 19 ï ʛʘʡʢʘ 

ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʪʷʛʫ;  

20 ï ʢʦʞʫʭ; 21 ï ʧʫʘʥʩʦʥ; 

22 ï ʧʽʜʰʠʧʥʠʢ;  

23 ï ʛʘʡʢʘ; 24 ï ʢʦʞʫʭ;  

25 ï ʚʪʫʣʢʘ 

 

 

4
0 
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ɺ ʧʘʪʝʥʪʽ ʬʽʨʤʠ Ex-Cell-O Corp Ltd [59], ʷʢʘ ʟʘʡʤʘʻʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʤʝʪʘʣʦʦʙʨʦʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʭʦʥʽʥʛʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ɻʇ ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ. 

ʁʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.10. 

 

ʈʠʩ. 1.10 ʇʨʠʩʪʨʽʡ ʜʣʷ ʭʦʥʽʥʛʫʚʘʥʥʷ ʧʨʦʬ̔ʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ [59] 

1 ï ʢʦʨʧʫʩ ʨʝʜʫʢʪʦʨʘ; 2 ï ʚʠʭʽʜʥʠʡ ʚʘʣ; 3 ï ʢʦʨʧʫʩ ʭʦʥʽʥʛʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ; 4 ï ʩʘʪʝʣʽʪ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ɻʇ; 5 ï ʮʽʚʢʦʚʝ ʢʦʣʝʩʦ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ɻʇ; 6 ï ʧʨʠʚʽʜʥʠʡ ʚʘʣ; 7 ï ʛʥʫʯʢʘ 

ʤʘʛʽʩʪʨʘʣʴ; 8 ï ʧʦʨʰʝʥʴ; 9 ï ʢʫʣʴʢʘ; 10 ï ʚʘʞʽʣʴ; 11 ï ʙʨʫʩʦʢ; 12, 13 ï ʧʨʫʞʥʽ ʢʽʣʴʮʷ;  

14 ï ʦʙʨʦʙʣʶʚʘʥʝ ʢʦʣʝʩʦ; 15 ï ʥʝʩʫʯʠʡ ʝʣʝʤʝʥʪ; 16 ï ʢʽʣʴʮʝ ʧʨʠʪʠʩʢʥʝ; 17 ï ʦʧʦʨʘ;  

18 ï ʚʪʫʣʢʘ; 19 ï ʰʪʠʬʪ; 20 ï ʧʨʫʞʠʥʘ; 21 ï ʢʽʣʴʮʝ ʩʪʦʧʦʨʥʝ; 22 ï ʧʽʜʰʠʧʥʠʢ ʫʧʦʨʥʠʡ;  

23 ï ʢʽʣʴʮʷ ʫʱʽʣʴʥʝʥʥʷ 
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ʄʝʪʦʜ ʰʣʽʬʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʟʫʙʯʘʩʪʠʭ ʚʽʥʮʽʚ ʽ ʧʨʠʩʪʨʽʡ ʜʣʷ ʡʦʛʦ 

ʟʜʽʡʩʥʝʥʥʷ ʧʨʠʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [69]. ʆʙʨʦʙʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʦʙʢʘʪʫ. ʉʫʪʥʽʩʪʴ ʽʜʝʾ ʧʦʷʩʥʶʻʪʴʩʷ ʢʨʝʩʣʝʥʥʷʤ ʧʨʠʩʪʨʦʶ, ʷʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʘ ʨʠʩ. 1.11.  

 

ʈʠʩ. 1.11 ʄʝʪʦʜ ʰʣʽʬʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʟʫʙʯʘʩʪʠʭ ʚʽʥʮʽʚ ʽ  

ʧʨʠʩʪʨʽʡ ʜʣʷ ʡʦʛʦ ʟʜʽʡʩʥʝʥʥʷ [69] 

1 ï ʦʙʨʦʙʣʶʚʘʥʝ ʢʦʣʝʩʦ; 2 ï ʩʪʘʢʘʥ; 3 ï ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ; 4 ï ʦʧʨʘʚʢʘ; 5 ï ʟʫʙʯʘʪʠʡ ʧʘʩ;  

6 ï ʧʨʦʬʽʣʴ ʩʧʨʷʞʝʥʦʛʦ ʢʦʣʝʩʘ; 7 ï ʧʨʠʚʦʜ; 8 ï ʧʨʠʚʽʜʥʝ ʟʫʙʯʘʪʝ ʢʦʣʝʩʦ; 9 ï ʩʪʽʡʢʘ;  

10, 11ï ʧʘʨʘʟʠʪʥʽ ʰʝʩʪʝʨʥʽ; 12 ï ʬʣʘʥʝʮʴ; 13 ï ʝʢʩʮʝʥʪʨʠʢ; 14 ï ʚʽʩʴ ʢʨʫʛʘ;  

15 ï ʰʢʽʚ; 16ï ʛʘʡʢʘ 
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ʊʘʢʦʞ ʚʽʜʦʤʠʡ ʤʝʪʦʜ ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ï ʰʣʽʬʫʚʘʥʥʷ ʧʨʦʬʽʣʴʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʥʘ ʚʝʨʩʪʘʪʘʭ ʬʽʨʤʠ ʂɸʈʈ-NILES (ʅʽʤʝʯʯʠʥʘ) ʚ ʫʤʦʚʘʭ 

ʦʜʠʥʠʯʥʦʛʦ ʜʽʣʝʥʥʷ [103]. ʌʽʨʤʘ ʧʨʦʧʦʥʫʻ ʧʨʦʬʽʣʝʰʣʽʬʫʚʘʣʴʥʽ ʚʝʨʩʪʘʪʠ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʽʚ 

ʮʽʚʢʦʚʠʭ ʢʦʣʽʩ ʽ ʩʘʪʝʣʽʪʽʚ. ʇʨʦʮʝʩ ʰʣʽʬʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʩʭʝʤʦʶ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʥʘ ʨʠʩ 1.12.  

 

ʈʠʩ. 1.12 ʐʣʽʬʫʚʘʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʥʘ ʚʝʨʩʪʘʪʘʭ ʬʽʨʤʠ KAPP-NILES 

 ʚ ʫʤʦʚʘʭ ʦʜʠʥʠʯʥʦʛʦ ʜʽʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʣʽʬʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ 

1 ï ʦʙʨʦʙʣʶʚʘʥʝ ʮʽʚʢʦʚʝ ʢʦʣʝʩʦ; 2 ï ʽʥʩʪʨʫʤʝʥʪ (ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ); 3 ï ʢʦʨʧʫʩ ʧʨʠʚʽʜʥʦʾ 

ʰʣʽʬʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ ʟ ʚʠʥʦʩʥʠʤ ʰʧʠʥʜʝʣʝʤ; 4 ï ʟʫʙʯʘʪʠʡ ʰʢʽʚ; 5 ï ʟʫʙʯʘʪʠʡ ʧʘʩ;  

ɿʇ ï ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʦʧʨʘʚʢʠ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ; ..ʢʰn  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʜʠʩʢʘ; .ʨʘʜS  ï ʨʘʜʽʘʣʴʥʘ ʧʦʜʘʯʘ ʟʘʛʦʪʦʚʢʠ; .ʜʽʣʈ  ï ʨʫʭ ʜʽʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ; ɓ ï ʢʫʪ ʜʽʣʝʥʥʷ 

 

ɼʣʷ ʰʣʽʬʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦ ʧʨʦʬʽʣʴʦʚʘʥʠʡ ʉɺN-ʜʠʩʢ, 

ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʰʣʽʬʫʚʘʣʴʥʫ ʦʧʨʘʚʢʫ ʟ ʚʠʥʦʩʥʠʤ ʰʧʠʥʜʝʣʝʤ. 

ʆʙʝʨʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʦʢʨʝʤʦʛʦ ʧʨʠʚʦʜʘ ʯʝʨʝʟ ʟʫʙʯʘʪʠʡ ʧʘʩ 

ʥʘ ʰʢʽʚ, ʷʢʠʡ ʟô̒ ʜʥʘʥʠʡ ʟʽ ʰʣʽʬʫʚʘʣʴʥʠʤ ʜʠʩʢʦʤ. ʆʜʥʦʯʘʩʥʦ ʦʧʨʘʚʢʘ ʟ ʜʠʩʢʦʤ 

ʟʜʽʡʩʥʶʻ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ɿʇ ʫʟʜʦʚʞ ʚʽʩʽ ʢʦʣʝʩʘ, ʘ ʟʘʛʦʪʦʚʢʘ ï ʨʫʭ 
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ʨʘʜʽʘʣʴʥʦʾ ʧʦʜʘʯʽ .ʨʘʜS . ʎʽʚʢʦʚʝ ʢʦʣʝʩʦ ʟʜʽʡʩʥʶʻ ʜʠʩʢʨʝʪʥʽ ʨʫʭʠ ʜʽʣʝʥʥʷ, 

ʧʦʚʝʨʪʘʶʯʠʩʴ ʜʣʷ ʦʙʨʦʙʢʠ ʥʘʩʪʫʧʥʦʾ ʮʽʚʢʠ ʥʘ ʢʫʪ ɓ. ɼʣʷ ʮʴʦʛʦ ʧʝʨʝʜʙʘʯʝʥʽ 

ʧʨʝʮʠʟʽʡʥʽ ʜʽʣʠʣʴʥʽ ʧʨʠʩʪʨʦʾ. ʇʨʦʮʝʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ, 

ʥʘʧʨʠʢʣʘʜ, ʰʣʽʬʫʚʘʣʴʥʠʡ ʚʝʨʩʪʘʪ ʜʣʷ ʦʙʨʦʙʢʠ ʚʥʫʪʨʽʰʥʽʭ ʟʫʙʮʽʚ VIG 41 ʬʽʨʤʠ 

ʂɸʈʈ. ɺʝʨʩʪʘʪ VIG 41 ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʚʜʦʩʢʦʥʘʣʝʥʫ ʤʦʜʝʣʴ VIG 332, 

ʦʩʥʘʱʝʥʦʛʦ ʙʣʦʢʦʤ ʢʝʨʫʚʘʥʥʷ 840D ʚʽʜ ʬʽʨʤʠ Siemens. ʐʣʽʬʫʚʘʣʴʥʠʡ ʚʝʨʩʪʘʪ 

VIG 41 ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʧʦʚʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʟʫʙʯʘʪʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʬʽʣʶ 

ʘʙʦ ʽʥʰʠʭ ʧʨʦʬʽʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʣʽʬʫʚʘʣʴʥʠʭ ʜʠʩʢʽʚ CBN, ʱʦ ʥʝ 

ʧʦʪʨʝʙʫʶʪʴ ʧʨʘʚʢʠ. ʆʨʽʻʥʪʦʚʥʘ ʚʘʨʪʽʩʪʴ ʪʘʢʦʛʦ ʚʝʨʩʪʘʪʘ ʩʪʘʥʦʚʠʪʴ 1050000,0 ú 

[103]. ʅʘ ʚʢʘʟʘʥʦʤʫ ʚʝʨʩʪʘʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʧʨʦʬʽʣʝʰʣʽʬʫʚʘʣʴʥʽ 

ʜʠʩʢʠ CBN. ʐʣʽʬʫʚʘʣʴʥʠʡ ʜʠʩʢ ʷʚʣʷʻ ʩʦʙʦʶ  ʟʘʛʘʨʪʦʚʘʥʠʡ ʩʪʘʣʝʚʠʡ ʨʦʣʠʢ ʟ 

ʥʘʥʝʩʝʥʠʤ ʛʘʣʴʚʘʥʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʦʜʥʦʰʘʨʦʚʠʤ ʧʦʢʨʠʪʪʷʤ CBN (ʢʫʙʽʯʥʠʡ 

ʥʽʪʨʠʜ ʙʦʨʘ). ɿʘʚʜʷʢʠ ʮʽʡ ʩʧʝʮʽʘʣʴʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʤʘʻ ʧʦʪʨʝʙʠ ʫ ʧʨʠʩʪʨʦʷʭ 

ʜʣʷ ʧʨʘʚʢʠ, ʘ ʪʘʢʦʞ ʧʦʚôʷʟʘʥʦʛʦ ʟ ʮʠʤ ʦʙʣʘʜʥʘʥʥʷ. ɺʘʨʪʽʩʪʴ ʦʜʥʦʛʦ ʜʠʩʢʫ ʜʣʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 651,0 ú, ʘ ʜʠʩʢ ʜʣʷ ʜʦʚʝʜʝʥʥʷ ï 873,0 ú 

[103]. ɹʫʣʦ ʟʜʽʡʩʥʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʛʝʨʦʪʦʨʥʦʛʦ 

ʛʽʜʨʦʤʦʪʦʨʘ Sauer Danfoss, ʦʙʨʦʙʢʘ ʷʢʦʛʦ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʥʘ ʚʝʨʩʪʘʪʽ VIG 41. 

ɺʠʤʽʨʶʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʚ ʤʝʪʨʦʣʦʛʽʯʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʇʨɸʊ ɻʽʜʨʦʩʠʣʘ 

ɸʇʄ (ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ). ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚ ʤʝʞʘʭ 4-5 ʢʚʘʣʽʪʝʪʫ ʽ 

ʰʦʨʩʪʢʽʩʪʴ Ra ~0,2 ʤʢʤ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʝʚʦʣʴʚʝʥʪʥʠʭ ʢʦʣʽʩ 

ʤʝʪʦʜʦʤ ʢʦʧʽʶʚʘʥʥʷ, ʜʦʩʷʛʘʻʪʴʩʷ 6-8 ʩʪʫʧʽʥʴ ʪʦʯʥʦʩʪʽ ʽ ʰʦʨʩʪʢʽʩʪʴ Ra 

0,5é1,25 ʤʢʤ. ʆʙʨʦʙʢʘ ʟʘ ʮʽʻʶ ʩʭʝʤʦʶ ʤʘʻ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʦ 

ʚʠʧʣʘʚʣʷʻ ʧʦʭʠʙʢʠ ʧʦʧʝʨʝʜʥʽʭ ʦʧʝʨʘʮʽʡ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ ʜʝʪʘʣʽ 

ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟ ʪʚʝʨʜʽʩʪʶ ʧʦʨʷʜʢʘ 60 HRC. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʜʫʞʝ 

ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ.  

ɺ ʨʦʙʦʪʽ [103] ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʨʠʛʽʥʘʣʴʥʠʡ ʤʝʪʦʜ ʦʙʨʦʙʢʠ, ʷʢʠʡ 

ʧʦʻʜʥʘʚ ʚ ʩʦʙʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʱʝʦʧʠʩʘʥʦʛʦ ʤʝʪʦʜʫ ʰʣʽʬʫʚʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʘʭ 

KAPP-NILES ʽ ʤʝʪʦʜʫ [102] (ʨʠʩ. 1.6 ʽ 1.12). ʉʫʪʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʷʩʥʶʻ 

ʩʭʝʤʘ, ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 1.13. ʆʙʨʦʙʢʘ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʟʜʽʡʩʥʶʻʪʴʩʷ 
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ʜʠʩʢʦʚʠʤ ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ. ʐʣʽʬʫʚʘʣʴʥʘ ʦʧʨʘʚʢʘ ʽʟ 

ʟʘʢʨʽʧʣʝʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʚʦʜʠʪʴʩʷ ʩʢʨʽʟʴ ʧʦʨʦʞʥʠʥʫ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʛʣʠʙʠʥʠ 

ʚʨʽʟʘʥʥʷ, ʮʽʚʢʦʚʝ ʢʦʣʝʩʦ ʧʦʯʠʥʘʻ ʟʜʽʡʩʥʶʚʘʪʠ ʨʫʭ ʦʙʢʘʪʫ (ʘʥʘʣʦʛʽʯʥʦ ʩʭʝʤʽ ʨʠʩ. 

1.6). ʇʨʠʧʫʩʢ ʟʥʽʤʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ, ʫʟʜʦʚʞ ʜʫʛʠ ʧʨʦʬʽʣʶ ʮʽʚʢʠ. ɺ ʨʦʙʦʪʽ 

[103] ʘʚʪʦʨʠ ʧʨʠʚʦʜʷʪʴ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʜʽʡʩʥʝʥʥʷ ʤʝʪʦʜʫ 

ʰʣʽʬʫʚʘʥʥʷ ʥʘ ʢʦʦʨʜʠʥʘʪʥʦ-ʰʣʽʬʫʚʘʣʴʥʦʤʫ ʚʝʨʩʪʘʪʽ Hauser 5Sʄ. ɼʣʷ ʮʴʦʛʦ 

ʟʘʟʥʘʯʝʥʠʡ ʚʝʨʩʪʘʪ ʥʝʦʙʭʽʜʥʦ ʦʩʥʘʩʪʠʪʠ ʧʣʘʥʝʪʘʨʥʠʤ ʩʪʦʣʦʤ ʟ ʏʇʂ [77, 86]. 

ɺʝʨʩʪʘʪ ʫʢʦʤʧʣʝʢʪʦʚʘʥʦ ʥʘʙʦʨʦʤ ʦʧʨʘʚʦʢ ʟ ʚʠʥʦʩʥʠʤ ʰʧʠʥʜʝʣʝʤ (ʦʩʥʘʩʪʢʘ 

ʜʣʷ ʰʣʽʬʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʰʧʦʥʢʦʚʠʭ ʧʘʟʽʚ), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʠʪʠ ʜʘʥʫ 

ʦʙʨʦʙʢʫ. ʎʝʡ ʤʝʪʦʜ ʤʘʻ ʙʘʛʘʪʦ ʩʧʽʣʴʥʦʛʦ ʟ ʤʝʪʦʜʦʤ ʰʣʽʬʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʛʽʧʦʮʠʢʣʦʾʜʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ, ʦʧʠʩʘʥʠʤ ʚ ʧʘʪʝʥʪʽ [67], ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʢʦʤʧʘʥʽʾ 

Parker Hannifin Corporation (ʉʐɸ).  

 

ʈʠʩ. 1.13 ʐʣʽʬʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ  

ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ ʜʠʩʢʦʚʠʤ ʢʨʫʛʦʤ 

1 ï ʦʙʨʦʙʣʶʚʘʥʝ ʢʦʣʝʩʦ; 2 ï ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ; 3 ï ʢʦʨʧʫʩ ʧʨʠʚʽʜʥʦʾ ʰʣʽʬʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ; 

4 ï ʟʫʙʯʘʪʠʡ ʰʢʽʚ; 5 ï ʟʫʙʯʘʪʠʡ ʧʘʩ; ɿʇ ï ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʽʥʩʪʨʫʤʝʥʪʫ ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ; 
1
ʧʊ , 

2
ʧʊ  ï ʪʦʯʢʠ ʧʝʨʝʛʠʥʫ; ..ʢʰn  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʨʫʛʘ; 
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ɼʣʷ ʧʨʦʬʽʣʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʘ ʆɼɽɽ, ʷʢʘ ʤʘʻ ʢʨʠʚʠʟʥʫ 

ʧʦʩʪʽʡʥʦʛʦ ʟʥʘʢʫ. ɿʘ ʘʥʘʣʦʛʽʯʥʦ  ʁ ʤʝʪʦʜʠʢʦ  ʁ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʬʽʣʶʚʘʥʥʷ 

ʦʜʥʦʟʫʙʦʛʦ ʜʦʚʙʘʯʘ. ɺʽʜʦʤʦʩʪʽ ʱʦʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ 

ʤʝʪʦʜʫ ʰʣʽʬʫʚʘʥʥʷ ʽ ʡʦʛʦ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʩʫʪʥʽ, ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ 

ʧʦʜʘʣʴʰʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʆʢʨʽʤ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʠʭ ʤʝʪʦʜʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʢʦʣʝʩʘ ɻʇ 

ʦʪʨʠʤʫʶʪʴ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʶ ʦʙʨʦʙʢʦʶ ʪʘ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ. ʋ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʧʨʦʮʝʩ ʚʠʨʽʟʘʥʥʷ ʤʝʪʘʣʝʚʠʤ ʜʨʦʪʦʤ ʥʘ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʠʭ 

ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ. ʄʝʪʦʜ ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ ʧʝʨʝʜʙʘʯʘʻ ʩʧʽʢʘʥʥʷ ʢʦʣʽʩ ɻʇ ʽʟ 

ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʞʦʨʩʪʢʠʭ ʧʨʝʩ-ʬʦʨʤʘʭ. 

ʉʫʯʘʩʥʽ ʚʠʨʽʟʥʽ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʽ ʚʝʨʩʪʘʪʠ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʚ 

ʤʝʞʘʭ Ñ0,001 ʤʤ, ʪʘ ʰʦʨʩʪʢʽʩʪʴ 9-10 ʢʣʘʩʫ. ʅʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʽʩʢʨʦʚʠʡ 

ʚʠʨʽʟʥʠʡ ʚʝʨʩʪʘʪ ʩʝʨʽʾ SLC, ʤʦʜ. SLC400G ʬʽʨʤʠ Sodick (ʗʧʦʥʽʷ), ʟʘʚʜʷʢʠ ʦʧʮʽʾ 

ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʟʜʘʪʝʥ ʜʦʩʷʛʪʠ ʰʦʨʩʪʢʦʩʪʽ Ra 0,05 ʤʢʤ. ɺ ʦʧʮʽʷʭ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʘʥʦʛʦ ʚʝʨʩʪʘʪʫ ʻ ʛʦʪʦʚʝ ʨʽʰʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʢʦʣʽʩ ɻʇ, ʷʢʝ 

ʧʝʨʝʜʙʘʯʘʻ ʚʚʝʜʝʥʥʷ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʽʩ (ʯʠʩʣʦ ʟʫʙʮʽʚ, 

ʜ̔ ʘʤʝʪʨʠ). ʇʦʙʫʜʦʚʘ ʧʨʦʬʽʣʶ ʽ ʛʝʥʝʨʘʮʽʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʨʝʞʠʤʽ. ʆʨʽʻʥʪʦʚʥʘ ʚʘʨʪʽʩʪʴ ʪʘʢʦʛʦ ʚʝʨʩʪʘʪʫ ï 

189800,0 ú. ɽʣʝʢʪʨʦʝʨʦʟʽʡʥʘ ʦʙʨʦʙʢʘ ʜʘʻ ʟʤʦʛʫ ʦʙʨʦʙʣʷʪʠ ʜʝʪʘʣʽ ʧʽʩʣʷ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʙʫʜʴ-ʷʢʦʾ ʪʚʝʨʜʦʩʪʽ. ʇʨʦʮʝʩ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʨʦʛʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ 

ʦʩʥʘʱʝʥʥʷ, ʘ ʟʘ ʨʘʭʫʥʦʢ ʏʇʂ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʩʦʢʘ ʛʥʫʯʢʽʩʪʴ. ʉʫʪʪʻʚʦʶ 

ʧʝʨʝʰʢʦʜʦʶ ʥʘ ʰʣʷʭʫ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʘ ʮʽʥʘ ʥʘ 

ʷʢʽʩʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ʄʝʪʦʜ ʩʧʽʢʘʥʥʷ ʢʦʣʽʩ ɻʇ ʽʟ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʩʝʙʝ ʷʢ 

ʪʦʯʥʠʡ ʪʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʚ ʩʚʽʪʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʬʽʨʤ, ʷʢʽ 

ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʮʽʾ ʽʟ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʟʜʝʙʽʣʴʰʦʛʦ ʚ ʂʠʪʘʾ ʪʘ ʉʐɸ), ʟʦʢʨʝʤʘ ʢʦʣʽʩ ɻʇ. ʇʽʜʧʨʠʻʤʩʪʚʘʤ ʟ 

ʢʨʫʧʥʦʩʝʨʽʡʥʠʤ ʪʘ ʤʘʩʦʚʠʤ ʪʠʧʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʦ ʚʠʛʽʜʥʦ ʟʘʢʫʧʦʚʫʚʘʪʠ 

ʛʦʪʦʚʽ ʜʝʪʘʣʽ ʚʝʣʠʢʠʤʠ ʧʘʨʪʽʷʤʠ ʽ ʢʦʤʧʣʝʢʪʫʚʘʪʠ ʥʠʤʠ ʩʚʦʶ ʧʨʦʜʫʢʮʽʶ. ɼʣʷ 

ʢʦʣʽʩ ɻʇ ʬʽʨʤʠ-ʚʠʨʦʙʥʠʢʠ, ʪʘʢʽ ʷʢ Parker Hannifin Corp (ʉʐɸ), Auroral Sinter 
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Metals Corp Ltd (ʊʘʡʚʘʥʴ), ʤʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʫ ʪʝʭʥʦʣʦʛʽʶ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʠʬʫʟʽʡʥʦ-ʣʝʛʦʚʘʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ. ɿʤʽʩʪ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʫʛʣʝʮʶ ʦʙʠʨʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʨʦʙʦʪʠ ɻʇ, ʪʘ ʨʦʙʦʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʉʫʤʽʰ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ ʽ ʛʨʘʬʽʪʫ ʩʧʨʝʩʦʚʫʶʪʴ ʧʽʜ ʚʠʩʦʢʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʽʥʮʝʚʝ ʩʧʽʢʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʚ 

ʢʘʣʽʙʨʫʶʯʠʭ ʧʨʝʩ-ʬʦʨʤʘʭ. ʊʚʝʨʜʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʜʝʪʘʣʝʡ ï 

80é85 ʅRB, ʧʦʜʘʣʴʰʘ ʪʝʨʤʦʦʙʨʦʙʢʘ ʜʦ 45..50 HRC. ʊʦʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ï 

8-10 ʢʣʘʩ, ʰʦʨʩʪʢʽʩʪʴ ï Ra 3,2-1,6 ʤʢʤ. ɺʢʘʟʘʥʽ ʧʘʨʘʤʝʪʨʠ ʜʦʩʷʛʘʶʪʴʩʷ ʟʘ ʫʤʦʚʠ 

ʧʦʜʚʽʡʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ï ʧʦʧʝʨʝʜʥʴʦʛʦ ʽ ʦʩʪʘʪʦʯʥʦʛʦ ʚ ʢʘʣʽʙʨʫʶʯʠʭ  

ʧʨʝʩ-ʬʦʨʤʘʭ. ʊʦʨʮʽ ʜʝʪʘʣʝʡ ʷʢ ʧʨʘʚʠʣʦ ʰʣʽʬʫʶʪʴ ʜʦ Ra 0,8. ʎʝʡ ʤʝʪʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʥ ʻ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ, ʪʘ ʥʠʟʴʢʦʶ ʛʥʫʯʢʽʩʪʶ.  

 

1.3 ʅʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

ʪʘ ʚʠʙʽʨ ʙʘʟʦʚʦʛʦ ʧʨʦʪʦʪʠʧʫ 

 

ʅʘʚʝʜʝʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ɻʇ ʥʝʦʙʭʽʜʥʦ 

ʧʦʨʽʚʥʷʪʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʪʦʯʥʦʩʪʽ, ʰʦʨʩʪʢʦʩʪʽ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʫ (ʫʥʽʚʝʨʩʘʣʴʥʽ ʘʙʦ ʩʧʝʮʽʘʣʴʥʽ), ʪʚʝʨʜʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ. ɺ 

ʪʘʙʣʠʮʽ 1.1 ʟʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ɻʇ. ʉʪʫʧʽʥʴ ʪʦʯʥʦʩʪʽ ʪʫʪ ʧʦʜʘʥʘ ʜʣʷ ʝʚʦʣʴʚʝʥʪʥʠʭ ʟʫʙʯʘʪʠʭ 

ʢʦʣʽʩ, ʦʩʢʽʣʴʢʠ ʚʽʜʩʫʪʥʽʡ ʩʪʘʥʜʘʨʪ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻ ʪʦʯʥʽʩʪʴ ʢʦʣʽʩ ɻʇ. 

ʊʘʙʣʠʮʷ 1.1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ɻʇ 

ʄʝʪʦʜ ʦʙʨʦʙʢʠ 

ʧʨʦʬʽʣʶ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

ɻʇ 

ʉʧʝʮʽʘʣʽʟʘʮʽʷ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʦʙʨʦʙʢʠ 

ʉʧʝʮʽʘʣʽʟʘʮʽʷ 

ʽʥʩʪʨʫʤʝʥʪʫ 

ʉʪʫʧʽʥʴ 

ʪʦʯʥʦʩʪʽ 

ʦʙʨʦʙʢʠ 

(ɻʆʉʊ 

1643-81) 

ʂʣʘʩ 

ʰʦʨʩʪʢʦʩʪʽ 

ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ 

(ɻʆʉʊ 2789-59) 

ʊʚʝʨʜʽʩʪʴ 

ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ 

(ʅRC) 

1 2 3 4 5 6 

ɿʫʙʦʜʦʚʙʘʥʥʷ 

ʜʦʚʙʘʯʝʤ ʌʝʣʣʦʫ 

ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ 

ʋʥʽʚʝʨʩʘʣʴʥʽ 

ʟʫʙʦʜʦʚʙʘʣʴʥʽ 

ʚʝʨʩʪʘʪʠ 

 

ʉʧʝʮʽʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ 

 

6ï8 4ï6 30é40 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.1 

1 2 3 4 5 6 
ɿʫʙʦʜʦʚʙʘʥʥʷ 

ʦʜʥʦʟʫʙʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʚ 

ʫʤʦʚʘʭ ʦʙʢʘʪʫ 

ʋʥʽʚʝʨʩʘʣʴʥʽ 

ʟʫʙʦʜʦʚʙʘʣʴʥʽ 

ʚʝʨʩʪʘʪʠ 

ʉʧʝʮʽʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ 
7ï9 5ï6 28é32 

ʇʨʦʪʷʛʫʚʘʥʥʷ 
ʋʥʽʚʝʨʩʘʣʴʥʽ 

ʧʨʦʪʷʞʥʽ ʚʝʨʩʪʘʪʠ 

ʉʧʝʮʽʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ï ï 30é40 

ʐʣʽʬʫʚʘʥʥʷ ʧʦ 

ʧʨʦʛʨʘʤʽ 

ʋʥʽʚʝʨʩʘʣʴʥʽ 

ʢʦʥʪʫʨʥʦ-

ʰʣʽʬʫʚʘʣʴʥʽ 

ʚʝʨʩʪʘʪʠ 

ʋʥʽʚʝʨʩʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ 
ï 7ï8 58é62 

ʍʦʥʽʥʛʫʚʘʥʥʷ ʚ 

ʫʤʦʚʘʭ ʦʙʢʘʪʫ 

ʉʧʝʮʽʘʣʴʥʽ 

ʭʦʥʽʥʛʫʚʘʣʴʥʽ 

ʚʝʨʩʪʘʪʠ 

ʉʧʝʮʽʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ 
ï  ï 58é62 

ʐʣʽʬʫʚʘʥʥʷ ʥʘ 

ʚʝʨʩʪʘʪʘʭ ʬʽʨʤʠ 

KAPP-NILES ʚ 

ʫʤʦʚʘʭ 

ʦʜʠʥʠʯʥʦʛʦ 

ʜʽʣʝʥʥʷ 

ʉʧʝʮʽʘʣʴʥʽ 

ʧʨʦʬʽʣʴʥʦ-

ʰʣʽʬʫʚʘʣʴʥʽ 

ʚʝʨʩʪʘʪʠ (ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʛʥʫʯʢʦʾ 

ʧʝʨʝʥʘʣʘʜʢʠ) 

ʉʧʝʮʽʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ 
4ï5 8ï9 58é62 

ɽʣʝʢʪʨʦʝʨʦʟʽʡʥʘ 

ʦʙʨʦʙʢʘ 

ʋʥʽʚʝʨʩʘʣʴʥʽ 

ʝʨʦʟʽʡʥʦ-ʚʠʨʽʟʥʽ 
ʚʝʨʩʪʘʪʠ 

- 5ï6 9ï10 58é62 

ʇʦʨʦʰʢʦʚʘ 

ʤʝʪʘʣʫʨʛʽʷ 

ʉʧʝʮʽʘʣʴʥʝ 

ʦʙʣʘʜʥʘʥʥʷ (ʧʨʝʩ-

ʬʦʨʤʠ) 

- 8ï10 5ï6 45é50 

 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʥʠʟʢʠ ʤʝʪʦʜʽʚ ʦʜʨʦʙʢʠ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ 

ʢʦʣʝʩʘ ɻʇ, ʚʠʷʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʥʝʜʦʣʽʢʠ: 

- ʥʝʜʦʩʪʘʪʥʷ ʪʦʯʥʽʩʪʴ ʽ ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʢʠ ʤʝʪʦʜʽʚ [104, 113]; 

- ʦʙʤʝʞʝʥʥʷ ʧʦ ʪʚʝʨʜʦʩʪʽ ʟʘʛʦʪʦʚʢʠ ʜʦ 40 HRC [104, 113]; 

- ʨʦʟʤʽʨ ʽʥʩʪʨʫʤʝʥʪʘ ʦʙʤʝʞʫʻʪʴʩʷ ʟʘʧʘʜʠʥʦʶ ʤʽʞ ʮʽʚʢʘʤʠ (ʨʠʩ. 1.7); 

- ʥʝʜʦʩʪʘʪʥʷ ʞʦʨʩʪʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ (ʨʠʩ. 1.7); 

- ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʦʩʥʘʱʝʥʥʷ [59, 60, 65, 69]; 

- ʥʠʟʴʢʘ ʛʥʫʯʢʽʩʪʴ ʤʝʪʦʜʫ [59, 60, 65, 69]; 

- ʚʠʩʦʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʚʝʨʩʪʘʪʽʚ (ʨʠʩ 1.12); 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʧʦ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʧʨʦʬʽʣʽʚ ʮʽʚʢʦʚʠʭ ʢʦʣʽʩ, ʪʘ 

ʥʘʷʚʥʽʩʪʴ ʽʩʪʦʪʥʠʭ ʥʝʜʦʣʽʢʽʚ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ, ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʽʡ ʦʙʣʘʩʪʽ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʦʙʨʦʙʢʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʧʨʦʛʨʝʩʠʚʥʠʤ ʪʝʭʥʽʯʥʠʤ ʨʽʰʝʥʥʷʤ ʻ ʩʭʝʤʘ ʰʣʽʬʫʚʘʥʥʷ [103], ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ  

 



49 

ʨʠʩ. 1.13. ʆʙʨʦʙʢʘ ʟʘ ʮʽʻʶ ʩʭʝʤʦʶ ʤʘʻ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ: 

- ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʩʪʠʭ ʽ ʤʘʣʦʟʘʪʨʘʪʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ï 

ʜʠʩʢʦʚʠʭ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ, ʷʢʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷʤ 

ʨʽʟʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʝʨʩʪʘʪʽ, ʰʣʷʭʦʤ ʢʦʥʪʫʨʥʦʾ ʧʨʘʚʢʠ 

(ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʠʢʣʶʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ ʟ 

ʛʘʣʴʚʘʥʽʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʧʨʘʚʢʠ); 

- ʦʙʨʦʙʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ ʟ ʧʨʠʪʘʤʘʥʥʦʶ ʜʘʥʦʤʫ ʤʝʪʦʜʫ 

ʪʦʯʥʽʩʪʶ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ; 

- ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʭʠʙʦʢ ʛʝʦʤʝʪʨʽʾ ʧʨʦʬʽʣʶ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʽʭ ʦʧʝʨʘʮʽʡ; 

- ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ ʟ ʪʚʝʨʜʽʩʪʶ ʧʦʨʷʜʢʘ 60 HRC; 

- ʛʥʫʯʢʽʩʪʴ ʤʝʪʦʜʫ, ʷʢʦʾ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʨʘʭʫʥʦʢ ʏʇʂ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʽ ʧʝʨʝʚʘʛʠ, ʧʨʠʡʤʘʻʤʦ ʤʝʪʦʜ ʰʣʽʬʫʚʘʥʥʷ ʧʨʦʬʽʣʶ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ ʜʠʩʢʦʚʠʤ ʢʨʫʛʦʤ ʟʘ ʙʘʟʦʚʠʡ. ɺʽʜʦʤʦʩʪʽ ʧʨʦ 

ʡʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʚʽʜʩʫʪʥʽ, ʷʢ ʽ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ 

ʟʘʙʝʟʧʝʯʫʚʘʥʠʭ ʮʠʤ ʤʝʪʦʜʦʤ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ ʪʘ ʰʦʨʩʪʢʦʩʪʽ. ɺʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ˇʨʫʥʪʦʚʥʦ ʜʦʩʣʽʜʠʪʠ ʡʦʛʦ ʬʽʟʠʯʥʫ ʩʫʪʴ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘ 

ʧʨʝʜʤʝʪ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʥʘʜʘʪʠ 

ʚʽʜʧʦʚʽʜʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. ɺ ʨʦʙʦʪʽ [103] ʧʨʦʧʦʥʫʶʪʴ ʚ ʷʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʥʦʛʦ 

ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʩʪʦʩʫʚʘʪʠ ʆɼɽɽ, ʧʦ ʘʥʘʣʦʛʽʾ ʟ ʦʜʥʦʟʫʙʠʤ ʜʦʚʙʘʯʝʤ 

[102, 104]. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʰʠʭ ʜʽʣʷʥʦʢ ʝʢʚʽʜʠʩʪʘʥʪʠ, 

ʥʘʧʨʠʢʣʘʜ ʫʚʽʛʥʫʪʠʭ, ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʘʭ 

[83, 101, 104] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʦʮʝʩʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ 

ʢʦʣʝʩʘ ʣʝʟʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʟ ʦʧʫʢʣʦʶ ʪʘ ʫʚʽʛʥʫʪʦʶ ʬʦʨʤʦʶ ʨʽʟʘʣʴʥʦʾ 

ʢʨʦʤʢʠ ʤʘʶʪʴ ʧʨʠʥʮʠʧʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ: 

1. ʇʨʦʮʝʩ ʨʽʟʘʥʥʷ ʦʧʫʢʣʦʶ ʨʽʟʘʣʴʥʦʶ ʢʨʦʤʢʦʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʝʟʥʘʯʥʠʤʠ ʟʫʩʠʣʣʷʤʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʨʽʟʘʥʥʷ ʫʚʽʛʥʫʪʦʶ ʢʨʦʤʢʦʶ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ ʟʫʩʠʣʣʷʤ, ʦʙʫʤʦʚʣʝʥʠʤ ʙʽʣʴʰʦʶ ʜʦʚʞʠʥʦʶ 

ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʢʨʦʤʢʠ ʟ ʦʙʨʦʙʣʶʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ. 

2. ʊʦʯʥʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʣʷ ʦʧʫʢʣʦʾ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʚ 2 ʨʘʟʠ 

ʚʠʱʘ ʥʽʞ ʧʨʠ ʦʙʨʦʙʮʽ ʫʚʽʛʥʫʪʦʶ ʢʨʦʤʢʦʶ. 
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3. ʈʽʟʘʥʥʷ ʦʧʫʢʣʦʶ ʢʨʦʤʢʦʶ ʜʘʻ ʩʪʨʫʞʢʫ ʫ ʚʠʛʣʷʜʽ ʥʝʚʝʣʠʢʠʭ 

ʩʝʛʤʝʥʪʽʚ ʜʦʚʞʠʥʦʶ 2,7é4,2 ʤʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʩʪʨʫʞʢʘ ʦʪʨʠʤʘʥʘ ʨʽʟʘʥʥʷʤ 

ʫʚʽʛʥʫʪʦʶ ʢʨʦʤʢʦʶ ʤʘʻ ʜʦʚʞʠʥʫ 8,1é12,2 ʤʤ. 

4. ʐʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʣʷ ʦʧʫʢʣʦʾ ʢʨʦʤʢʠ ï Ra 2,2-4,2 

ʤʢʤ, ʜʣʷ ʫʚʽʛʥʫʪʦʾ ï Ra 2,4-4,0 ʤʢʤ. 

ʅʝʪʦʯʥʦʩʪʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʫʚʽʛʥʫʪʦʶ ʢʨʦʤʢʦʶ ʦʙʫʤʦʚʣʝʥʽ 

ʟʥʘʯʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʧʣʘʩʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ 

ʽ ʫʩʘʜʢʫ ʩʪʨʫʞʢʠ. ʋʩʘʜʢʘ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʟʫʩʪʨʽʯʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʧʦʪʦʢʽʚ 

ʜʝʬʦʨʤʦʚʘʥʦʾ ʩʪʨʫʞʢʠ. ʈʽʟʘʥʥʷ ʦʧʫʢʣʦʶ ʢʨʦʤʢʦʶ ʥʘʚʧʘʢʠ, ʩʧʨʷʤʦʚʫʻ ʧʦʪʦʢʠ ʚ 

ʨʽʟʥʦʙʽʯʥʽ ʥʘʧʨʷʤʢʠ. ʅʘʚʝʜʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʭʘʨʘʢʪʝʨʥʽ 

ʜʣʷ ʣʝʟʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʥʝʧʝʨʝʨʚʥʦʶ ʨʽʟʘʣʴʥʦʶ ʢʨʦʤʢʦʶ. ʆʙʨʦʙʢʘ 

ʘʙʨʘʟʠʚʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʦʢʨʝʤʽ ʘʙʨʘʟʠʚʥʽ ʪʽʣʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʨʽʙʥʦʶ ʝʣʝʤʝʥʪʥʦʶ ʩʪʨʫʞʢʦʶ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ 

ʧʨʦʬʽʣʶ. ʇʨʦʮʝʩʠ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ, ʪʘʢʽ ʷʢ ʰʣʽʬʫʚʘʥʥʷ, ʤʘʶʪʴ ʽʥʰʫ ʬʽʟʠʯʥʫ 

ʩʫʪʴ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʦʚʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʚʠʙʦʨʫ ʛʝʦʤʝʪʨʽʾ 

ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ. 

ʉʬʦʨʤʫʣʶʚʘʪʠ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ ʩʪʦʩʦʚʥʦ ʬʽʟʠʯʥʦʾ ʩʫʪʽ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʫ 

ʰʣʽʬʫʚʘʥʥʷ ʜʦʧʦʤʦʞʫʪʴ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ:  

1. ɺ ʷʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʥʦʛʦ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʘ ʆɼɽɽ, ʘʣʝ 

ʥʝ ʚʠʢʣʶʯʝʥʘ ʤʦʞʣʦʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʽʥʰʠʭ ʜʽʣʷʥʦʢ (ʥʘʧʨʠʢʣʘʜ ʋɼɽɽ). 

ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ, ʷʢʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʪʠʤʝ ʧʦʜʽʙʥʘ ʟʘʤʽʥʘ ʥʘ 

ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ. ʗʢʱʦ ʟʤʽʥʘ ʬʦʨʤʠ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʢʦʣʝʩʘ, ʮʝ ʤʦʞʝ ʩʪʘʪʠ 

ʧʨʝʜʤʝʪʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʫ ʰʣʽʬʫʚʘʥʥʷ. 

2. ɹʘʟʦʚʠʡ ʤʝʪʦʜ ʰʣʽʬʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʣʘʥʝʪʘʨʥʠʡ ʦʙʢʘʪ ʮʝʥʪʨʦʾʜʠ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʥʘʚʢʦʣʦ ʮʝʥʪʨʦʾʜʠ ʽʥʩʪʨʫʤʝʥʪʫ. ɸʣʝ ʪʘʢʘ ʩʭʝʤʘ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʫʪʦʯʥʝʥʴ. ɿʦʢʨʝʤʘ, ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʴ ʨʽʟʥʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ ʙ̔ʣʴʰ 

ʧʨʦʩʪʠʭ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʨʫʭʽʚ. ɿʚʽʜʩʠ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʟʘʜʘʯʫ ʧʦʰʫʢʫ ʽ 

ʘʥʘʣʽʟʫ ʪʘʢʠʭ ʢʦʤʙʽʥʘʮʽʡ.  
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3. ʇʨʦʮʝʩ ʦʙʢʘʪʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʧʦʣʦʞʝʥʥʷ ʟʦʥʠ ʨʽʟʘʥʥʷ, ʷʢʝ 

ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ ʬʘʟʦʶ ʦʙʢʘʪʫ. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʠʪʠ ʢʽʥʝʤʘʪʠʢʫ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʧʣʦʩʢʦʤʫ ʟʘʯʝʧʣʝʥʥʽ ʪʘ ʚ ʧʨʦʩʪʦʨʦʚʦʤʫ, ʘ ʪʘʢʦʞ 

ʚʩʪʘʥʦʚʠʪʠ ʦʩʥʦʚʥʽ ʰʚʠʜʢʽʩʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ ʦʙʢʘʪʫ. 

4. ʐʣʽʬʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʠʩʢʦʚʠʤ ʢʨʫʛʦʤ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ 

ʢʦʥʩʦʣʴʥʫ ʦʧʨʘʚʢʫ ʟ ʚʠʥʦʩʥʠʤ ʰʧʠʥʜʝʣʝʤ. ɼʽʷ ʩʠʣ ʨʽʟʘʥʥʷ ʥʘ ʢʨʫʛ, 

ʩʧʨʠʯʠʥʷʪʠʤʝ ʧʨʫʞʥʫ ʜʝʬʦʨʤʘʮʽʶ ʦʧʨʘʚʢʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʧʣʠʚʘʪʠʤʝ ʥʘ 

ʪʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʪʘ ʚʠʢʦʥʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʽʤʦʚʽʨʥʦʾ ʧʦʭʠʙʢʠ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ, ʷʢ ʨʝʟʫʣʴʪʘʪʫ ʧʨʫʞʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʢʦʥʩʦʣʴʥʦʾ ʦʧʨʘʚʢʠ. 

 

1.4 ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɺʨʘʭʦʚʫʶʯʠ ʩʧʝʮʠʬʽʢʫ ʨʦʙʦʪʠ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʯʝʧʣʝʥʥʷ 

ɻʇ, ʡʦʛʦ ʝʬʝʢʪʠʚʥʝ ʪʘ ʜʦʚʛʦʚʽʯʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʪʦʯʥʦʛʦ ʽ ʷʢʽʩʥʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʬʽʣʴʥʠʭ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʢʦʣʽʩ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, 

ʘʢʪʫʘʣʴʥʦ ʟʦʩʝʨʝʜʠʪʠʩʴ ʥʘ ʪʦʯʥʠʭ ʤʝʪʦʜʘʭ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ. ʆʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʝ ʧʠʪʘʥʥʷ ʷʢʽʩʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ, ʢʦʥʬʽʛʫʨʘʮʽʷ ʷʢʦʛʦ 

ʥʘʢʣʘʜʘʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʫʭʽʚ, ʨʦʟʤʽʨʠ, 

ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʧʦʢʘʟʫʻ, ʱʦ ʚʩʽ ʙʝʟ ʚʠʢʣʶʯʝʥʥʷ ʤʘʶʪʴ ʩʫʪʪʻʚʽ 

ʥʝʜʦʣʽʢʠ, ʷʢʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʾʭ ʰʠʨʦʢʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʠʚ ʦʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʠʡ ʤʝʪʦʜ. ɯʥʬʦʨʤʘʮʽʷ 

ʱʦʜʦ ʟʘʙʝʟʧʝʯʫʚʘʥʠʭ ʮʠʤ ʤʝʪʦʜʦʤ ʧʦʢʘʟʥʠʢʘʭ ʪʦʯʥʦʩʪʽ ʪʘ ʰʦʨʩʪʢʦʩʪʽ ʚʽʜʩʫʪʥʷ. 

ʊʘʢʦʞ ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʜʨʠʪʠʤʠ ʧʠʪʘʥʥʷ, ʧʨʠʩʚʷʯʝʥʽ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʟʘʯʝʧʣʝʥʥʷ, ʪʘ ʩʠʥʪʝʟʫ ʢʨʠʚʠʭ, 

ʱʦ ʦʢʨʝʩʣʶʶʪʴ ʧʨʦʬʽʣʽ ʢʦʣʽʩ. ʆʪʞʝ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ ʨʦʟʨʦʙʢʫ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ 

ʤʝʪʦʜʽʚ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʽʚ ʮʽʚʢʦʚʠʭ ʢʦʣʽʩ, ʷʢʽ ʜʘʚʘʣʠ ʙ ʟʤʦʛʫ ʜʦʩʷʛʘʪʠ 
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ʟʘʜʘʥʠʭ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʭ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʪʘ ʧʦʪʨʝʙʫʚʘʣʠ 

ʥʝʩʢʣʘʜʥʦʛʦ ʽ ʤʘʣʦʟʘʪʨʘʪʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʶ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʛʝʨʦʪʦʨʥʦʾ ʧʘʨʠ. 

ɼʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʟʘʜʘʯ: 

1. ɺʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʢʨʠʚʠʭ, ʱʦ ʦʢʨʝʩʣʶʶʪʴ ʧʨʦʬʽʣʽ ʢʦʣʽʩ 

ʛʝʨʦʪʦʨʥʦʾ ʧʘʨʠ (ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʝʧʽʮʠʢʣʦʾʜ ʽ ʦʙʚʽʜʥʠʭ ʾʭ ʩʽʤʝʡʩʪʚ) ʚ 

ʧʨʠʜʘʪʥʦʤʫ ʜʣʷ ʩʠʥʪʝʟʫ ʟʘʯʝʧʣʝʥʥʷ ʚʠʛʣʷʜʽ. 

2. ʇʨʝʜʩʪʘʚʠʪʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʰʣʷʭʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʬʽʥʽʰʥʦʾ 

ʦʙʨʦʙʢʠ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ. 

3. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʜʦʩʣʽʜʠʪʠ ʨʦʙʦʯʽ 

ʧʘʨʘʤʝʪʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

4. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʢʽʥʝʤʘʪʠʯʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʝʨʩʪʘʪʥʠʭ ʟʘʯʝʧʣʝʥʴ, ʚ 

ʦʩʥʦʚʫ ʷʢʠʭ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʟʘʤʽʥʠ ʩʧʨʷʞʝʥʦʛʦ ʢʦʣʝʩʘ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ 

ʽʜʝʥʪʠʯʥʠʤ ʟʘʤʽʥʶʚʘʥʦʤʫ ʢʦʣʝʩʫ ʧʨʦʬʽʣʝʤ. 

5. ɼʦʩʣʽʜʠʪʠ ʢʽʥʝʤʘʪʠʢʫ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʮʽʚʢʦʚʦʛʦ 

ʢʦʣʝʩʘ ʫ ʚʝʨʩʪʘʪʥʦʤʫ ʟʘʯʝʧʣʝʥʥʽ (ʚ ʧʣʦʩʢʦʤʫ ʟʘʯʝʧʣʝʥʥʽ ʪʘ ʚ ʧʨʦʩʪʦʨʦʚʦʤʫ), 

ʚʠʟʥʘʯʠʪʠ ʾʾ ʦʩʥʦʚʥʽ ʟʘʣʝʞʥʦʩʪʽ. 

6. ʇʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʪʘ ʚʠʢʦʥʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽʤʦʚʽʨʥʦʾ ʧʦʭʠʙʢʠ ʧʨʦʬʽʣʶ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ, ʷʢ ʨʝʟʫʣʴʪʘʪʫ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʝʣʝʤʝʥʪʽʚ ʦʩʥʘʱʝʥʥʷ. 

7. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʦʙʨʦʙʢʠ (ʪʦʯʥʽʩʪʴ 

ʨʦʟʤʽʨʽʚ, ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʪʘ ʰʦʨʩʪʢʽʩʪʴ), ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ 

ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ, ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʦʙʨʦʙʢʠ. 

8. ʇʨʝʜʩʪʘʚʠʪʠ ʰʣʷʭʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʤʝʪʦʜʫ ʬʽʥʽʰʥʦʾ 

ʦʙʨʦʙʢʠ ʧʨʦʬʽʣʽʚ ʮʽʚʢʦʚʠʭ ʢʦʣʽʩ ʫ ʚʠʨʦʙʥʠʮʪʚʦ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʟʨʦʙʢʫ 

ʦʩʥʘʱʝʥʥʷ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʽʩʥʫʶʯʦʤʫ ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʪʘ 

ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʦʥʮʝʧʮʽʡ ʟʫʙʦʦʙʨʦʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ. 
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ʈʆɿɼɯʃ 2 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʄʆɾʃʀɺʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ʋɺɯɻʅʋʊʆɰ 

ɼɯʃʗʅʂʀ ɽʂɺɯɼʀʉʊɸʅʊʀ ɼʆ ɽʇɯʎʀʂʃʆɰɼʀ ɺ ʗʂʆʉʊɯ 

ʌʆʈʄʆʊɺʆʈʅʆɻʆ ʇʈʆʌɯʃʖ ɯʅʉʊʈʋʄɽʅʊʋ 

 

2.1 ɺʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʢʨʠʚʠʭ, ʱʦ ʦʢʨʝʩʣʶʶʪʴ ʨʦʙʦʯʽ ʧʨʦʬʽʣʽ 

ʢʦʣʽʩ ʛʝʨʦʪʦʨʥʦʾ ʧʘʨʠ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ, ʚ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʘʢʪʫʘʣʴʥʠʭ ʧʠʪʘʥʴ: 

- ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʚ ʧʨʠʜʘʪʥʦʤʫ 

ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʛʣʷʜʽ, ʙʝʟ ʧʦʨʫʰʝʥʴ ʛʝʦʤʝʪʨʽʾ; 

- ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʦʙʚʽʜʥʦʾ ʩʽʤʝʡʩʪʚʘ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ 

ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ, ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʾʾ ʽʩʥʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʻʜʠʥʦʾ ʽ 

ʥʝʧʝʨʝʨʚʥʦʾ ʢʨʠʚʦʾ. 

ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʜʝʬʝʢʪʽʚ ʝʢʚʽʜʠʩʪʘʥʪʥʦʛʦ ʧʨʦʬʽʣʶ ʻ ʧʦʷʚʘ ʪʘʢ ʟʚʘʥʠʭ 

çʚʠʨʦʜʞʝʥʠʭ ʜʽʣʷʥʦʢè, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʥʝʢʦʨʝʢʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʭʽʜʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʅʘ ʨʠʩ. 2.1 ʧʦʢʘʟʘʥʽ ʧʨʠʢʣʘʜʠ ʥʦʨʤʘʣʴʥʦʾ 

ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ (ʘ) ʪʘ ʟ ʚʠʨʦʜʞʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ (ʙ). 

ʆʯʝʚʠʜʥʦ, ʱʦ ʚʢʦʨʦʯʝʥʘ ʝʧʽʮʠʢʣʦʾʜʘ ʤʘʻ ʧʝʚʥʠʡ ʤʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ. 

ʗʢʱʦ ʧʘʨʘʤʝʪʨ ʮr  ʧʝʨʝʚʠʱʫʻ ʡʦʛʦ ʟʥʘʯʝʥʥʷ, ʥʘ ʧʨʦʬʽʣʽ ʟôʷʚʣʷʪʴʩʷ çʚʠʨʦʜʞʝʥʽ 

ʜʽʣʷʥʢʠè, ʚ ʷʢʠʭ ʧʦʨʫʰʫʶʪʴʩʷ ʫʤʦʚʠ ʛʣʘʜʢʦʩʪʽ ʢʨʠʚʦʾ. ʋ ʚʢʘʟʘʥʠʭ ʪʦʯʢʘʭ 

ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʟʤʽʥʶʻ ʟʥʘʢ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ.  

 

                                   ʘ)                                                  ʙ) 

ʈʠʩʫʥʦʢ 2.1 ɽʢʚʽʜʠʩʪʘʥʪʘ ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ ʙʝʟ ʜʝʬʝʢʪʽʚ (ʘ), 

ʽ ʢʨʠʚʘ ʟ çʚʠʨʦʜʞʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠè (ʙ) 
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ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʚ ʪʦʯʢʘʭ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ ʚ ʤʝʞʘʭ 

12
ˊ20 zzÖ¢¢j . ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʦʤʫ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʜʽʫʩʘ ʢʨʠʚʠʟʥʠ 

ʧʣʦʩʢʦʾ ʢʨʠʚʦʾ [15, 16], ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ (ʜʦʧʫʩʢʘʻʤʦ ʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ): 
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    (2.1) 

ɺʠʢʦʥʘʚʰʠ ʥʝʦʙʭʽʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʜʽʩʪʘʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʨʘʜʽʫʩʘ ʢʨʠʚʠʟʥʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ: 

ʮʝʢʚ r-= )()(. jrjr .                                         (2.2) 

ʅʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ (2.1) ʽ (2.2) ʧʦʙʫʜʦʚʘʥʽ ʪʠʧʦʚʽ ʟʘʣʝʞʥʦʩʪʽ r ʚʽʜ ʢʫʪʦʚʦʛʦ 

ʧʘʨʘʤʝʪʨʫ j (ʜʣʷ ʧʨʦʤʽʞʢʫ 
12

ˊ20 zzÖ¢¢j ), ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.2.  

 

ʈʠʩʫʥʦʢ 2.2 ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʘ ʢʨʠʚʠʟʥʠ ʚʢʦʨʦʯʝʥʦʾ  

ʝʧʽʮʠʢʣʦʾʜʠ ʪʘ ʾʾ ʝʢʚʠʜʠʩʪʘʥʪ ʚʽʜ ʢʫʪʦʚʦʛʦ ʧʘʨʘʤʝʪʨʫ j 

1 ï ʛʨʘʬʽʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 0=ʮr ; 2 ï minʮr r<<0 ; 3 ï minʮr r= ; 4 ï minʮr r>
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ʇʨʠ 0=ʮr  (ʢʨʠʚʘ 1) ʨʦʟʛʣʷʜʘʻʤʦ ʢʨʠʚʠʟʥʫ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ. ʗʢ 

ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ, ʝʧʽʮʠʢʣʦʾʜʘ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʧʨʦʤʽʞʢʫ 
12

ˊ2 zzÖ  ʤʘʻ ʜʚʽ 

ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʪʦʯʢʠ ʧʝʨʝʛʠʥʫ (ʣʽʚʫ ʧʦʟʥʘʯʝʥʦ ʯʝʨʝʟ ʧj), ʜʝ ʨʘʜʽʫʩ 

ʢʨʠʚʠʟʥʠ ʧʨʷʤʫʻ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʟʤʽʥʶʶʯʠ ʟʥʘʢ ʟ çïè ʥʘ ç+è, ʪʘ ʜʚʽ ʪʦʯʢʠ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʟʥʠ minr  (ʣʽʚʫ ʧʦʟʥʘʯʝʥʦ ʯʝʨʝʟ ʤj). ʅʘ ʧʨʦʤʽʞʢʫ 

minʮr r<<0  (ʢʨʠʚʘ 2) ʨʦʟʛʣʷʜʘʻʤʦ ʢʨʠʚʠʟʥʫ ʨʦʙʦʯʦʛʦ ʧʨʦʬʽʣʶ ʩʘʪʝʣʽʪʘ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʢʫʪʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧj  ʽ ʤj, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʩʦʙʣʠʚʠʤ ʪʦʯʢʘʤ, 

ʟʘʣʠʰʘʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤʠ ʷʢ ʜʣʷ ʝʧʽʮʠʢʣʦʾʜʠ, ʪʘʢ ʽ ʜʣʷ ʾʾ ʝʢʚʽʜʠʩʪʘʥʪʠ. 

ɿʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʮr  ʚʝʜʝ ʟʘ ʩʦʙʦʶ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʫʩʫ ʢʨʠʚʠʟʥʠ ʧʨʦʬʽʣʶ 

ʩʘʪʝʣʽʪʫ. ʗʢʱʦ minʮr r=  (ʢʨʠʚʘ 3), ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʧʨʦʬʽʣʶ ʚ ʪʦʯʮʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʤj, ʜʦʨʽʚʥʶʻ 0. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʨʘʬʽʢ ʜʦʪʠʢʘʻʪʴʩʷ ʜʦ ʚʽʩʽ j ʚ 

ʪʦʯʮʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʤj. ʗʢʱʦ ʧʨʠʡʥʷʪʠ minʮr r>  (ʢʨʠʚʘ 4), ʛʨʘʬʽʢ ʧʝʨʝʪʥʝ ʚʽʩʴ 

j ʽ ʥʘ ʧʨʦʬʽʣʽ ʟôʷʚʣʷʪʴʩʷ çʚʠʨʦʜʞʝʥʽ ʜʽʣʷʥʢʠè.  

ɿʥʘʡʜʝʤʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʧj , ʤj  ʽ minr . ʇʨʠʨʽʚʥʷʚʰʠ ʟʥʘʤʝʥʥʠʢ ʬʫʥʢʮʽʾ 

(2.1) ʜʦ ʥʫʣʷ, ʜʽʩʪʘʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʢʠ ʧʝʨʝʛʠʥʫ: 
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ɼʦʩʣʽʜʠʚʰʠ ʬʫʥʢʮʽʶ (2.1) ʥʘ ʪʦʯʢʠ ʝʢʩʪʨʝʤʫʤʫ, ʦʪʨʠʤʫʻʤʦ: 
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ʋʤʦʚʘ ʚʽʜʩʫʪʥʦʩʪʽ çʚʠʨʦʜʞʝʥʠʭ ʜʽʣʷʥʦʢè ʥʘ ʝʢʚʽʜʠʩʪʘʥʪʽ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ (ʜʦʪʨʠʤʘʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʫʩʫʚʘʻ ʥʘʷʚʥʽʩʪʴ ʪʦʯʦʢ, ʚ ʷʢʠʭ 

ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʟʤʽʥʶʻ ʟʥʘʢ): 
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ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ɻʇ ʤʦʞʣʠʚʦ ʦʙʨʘʪʠ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʮr , ʷʢʝ ʣʝʞʠʪʴ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ minr . ɼʦʪʨʠʤʘʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʠʪʴ ʮʽʣʽʩʥʽʩʪʴ ʽ 

ʧʣʘʚʥʽʩʪʴ ʧʝʨʝʭʦʜʽʚ ʝʢʚʽʜʠʩʪʘʥʪʥʦʾ ʢʨʠʚʦʾ, ʧʣʘʚʥʠʡ ʦʙʢʘʪ ʪʘ ʧʦʩʪʽʡʥʽʩʪʴ 

ʢʦʥʪʘʢʪʫ ʚ ʪʦʯʢʘʭ ʩʧʨʷʞʝʥʥʷ ʧʨʦʬʽʣʽʚ ʚ ʟʘʯʝʧʣʝʥʥʽ. ʅʘʷʚʥʽʩʪʴ ʟʘʛʦʩʪʨʝʥʠʭ 

çʚʠʨʦʜʞʝʥʠʭ ʜʽʣʷʥʦʢè ʤʘʪʠʤʝ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʯʝʧʣʝʥʥʷ ɻʇ, ʘ ʩʘʤʝ ï ʩʧʨʠʯʠʥʠʪʠ ʽʥʪʝʥʩʠʚʥʠʡ ʟʥʦʩ ʚ ʟʦʥʽ 

ʟʘʛʦʩʪʨʝʥʥʷ ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ ʢʨʠʚʠʟʥʠ. ʇʦʨʫʰʝʥʥʷ ʛʣʘʜʢʦʩʪʽ ʢʨʠʚʦʾ ʪʘʢʦʞ 

ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʣʝʩʘ ʦʙʢʘʪʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ ʚ ʧ. 1.1, ʚʝʣʠʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʣʠ 

ʮʠʢʣʦʾʜʘʣʴʥʽ ʧʝʨʝʜʘʯʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʘʯʝʧʣʝʥʥʷ, ʚ ʷʢʠʭ ʧʨʦʬʽʣʴ ʮʽʚʢʦʚʦʛʦ 

ʢʦʣʝʩʘ ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʧʨʷʞʝʥʦʾ ʦʙʚʽʜʥʦʾ ʩʽʤʝʡʩʪʚʘ ʧʦʣʦʞʝʥʴ ʝʢʚʽʜʠʩʪʘʥʪʠ 

ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ. ʉʠʥʪʝʟ ʮʽʻʾ ʢʨʠʚʦʾ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʝʣʠʢʦʶ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ, ʥʘʚʽʪʴ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ CAD-ʩʠʩʪʝʤ. ɹʽʣʴʰ 

ʨʘʮʽʦʥʘʣʴʥʠʤ ʙʫʜʝ ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʢʨʠʚʦʾ ʩʠʩʪʝʤʦʶ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ. 

ʉʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʦʧʠʩʘʪʠ ʻʜʠʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ )(jX  ʽ 

)(jY  ʧʨʦʬʽʣʴ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʜʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʨʘʜʽʫʩʫ ʮr , ʩʧʨʷʞʝʥʽ ʟ 

ʜʽʣʷʥʢʘʤʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʤʽʞʮʽʚʢʦʚ ̔ʟʘʧʘʜʠʥʠ.  

ɼʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʫ ʧʦʙʫʜʦʚʠ ʮʽʣʽʩʥʦʛʦ ʧʨʦʬʽʣʶ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʩʢʣʘʜʝʤʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʽ ʚʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ (ʨʠʩ. 2.3) 

ʄʘʻʤʦ ʜʚʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ï ʽʥʝʨʮʽʘʣʴʥʫ (X;Y), ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʥʝʨʫʭʦʤʠʤ 

ʮʽʚʢʦʚʠʤ ʢʦʣʝʩʦʤ, ʪʘ ʨʫʭʦʤʫ (ɝ;ɖ), ʧʦʚôʷʟʘʥʫ ʽʟ ʩʘʪʝʣʽʪʦʤ. ʉʘʤʝ ʚ ʽʥʝʨʮʽʘʣʴʥʽʡ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ ʦʙʚʽʜʥʘ. ɺʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʻ ʯʠʩʣʦ ʟʫʙʮʽʚ ʢʦʣʽʩ 1z  ʽ 2z , ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ 

ʟʘʯʝʧʣʝʥʥʷ e, ʨʘʜʽʫʩ ʮʝʥʪʨʽʚ ʮʽʚʦʢ ..ʮʮR , ʨʘʜʽʫʩ ʮʽʚʢʠ ʮr . ʇʨʦʬʽʣʴ ʩʘʪʝʣʽʪʫ 

ʟʜʽʡʩʥʶʻ ʧʣʘʥʝʪʘʨʥʠʡ ʨʫʭ, ʫʪʚʦʨʶʶʯʠ ʤʥʦʞʠʥʫ ʚʣʘʩʥʠʭ ʧʦʣʦʞʝʥʴ. 

ɸʥʘʣʦʛʽʯʥʠʡ ʨʫʭ ʟʜʽʡʩʥʶʻ ʧʦʚôʷʟʘʥʘ ʟ ʥʠʤ ʝʧʽʮʠʢʣʦʾʜʘ ʽ ʨʫʭʦʤʘ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ. ɺ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʦʣʶʩ ʟʘʯʝʧʣʝʥʥʷ ʮʝʥʪʨʦʾʜ 1R  ʽ 2R  

ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ 1p . ɼʘʣʽ ʮʝʥʪʨʦʾʜʘ 1R  ʧʦʯʠʥʘʻ ʨʫʭ ʢʦʯʝʥʥʷ ʧʦ ʚʥʫʪʨʽʰʥʽʡ 

ʩʪʦʨʦʥʽ ʮʝʥʪʨʦʾʜʠ 2R , ʘ ʾʾ ʮʝʥʪʨ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʢʦʣʫ ʟ ʮʝʥʪʨʦʤ ʆ ʽ  
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ʨʘʜʽʫʩʦʤ e. ʂʦʣʠ ʮʝʥʪʨ 1ʆ ʦʧʠʥʠʪʴʩʷ ʚ ʧʦʣʦʞʝʥʥʽ 2ʆ , ʘ ʧʦʣʶʩ ʟʘʯʝʧʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʪʦʯʮʽ 2p , ʨʫʭʦʤʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʧʝʨʝʤʽʩʪʠʪʴʩʷ ʧʦ ʢʦʣʫ ʥʘ 

ʢʫʪ t ʽ ʧʦʚʝʨʥʝʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʥʘ ʢʫʪ 1/ zt . 

 

ʈʠʩ. 2.3 ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʷʢ 

ʥʝʧʝʨʝʨʚʥʦʾ ʦʙʚʽʜʥʦʾ ʩʽʤʝʡʩʪʚʘ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ 

1 ï ʚʢʦʨʦʯʝʥʘ ʝʧʽʮʠʢʣʦʾʜʘ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ; 2 ï ʦʙʚʽʜʥʘ ʩʽʤʝʡʩʪʚʘ ʚʢʦʨʦʯʝʥʠʭ 

ʝʧʽʮʠʢʣʦʾʜ; 3 ï ʝʢʚʽʜʠʩʪʘʥʪʘ ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ;  

4 ï ʦʙʚʽʜʥʘ ʩʽʤʝʡʩʪʚʘ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ; 5, 6 ï ʧʦʣʦʞʝʥʥʷ ʝʧʽʮʠʢʣʦʾʜʠ ʽ 

ʾʾ ʝʢʚʽʜʠʩʪʘʥʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʫʪʫ t; 7, 8ï ʩʽʤʝʡʩʪʚʘ ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ ʽ ʾʭ ʝʢʚʽʜʠʩʪʘʥʪ 

 

ʂʦʦʨʜʠʥʘʪʠ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ, ʱʦ ʟʤʽʩʪʠʣʘʩʴ ʥʘ ʢʫʪ t ʽ ʟʜʽʡʩʥʠʣʘ  

ʧʦʚʦʨʦʪ ʥʘ ʢʫʪ 1/ zt , ʚ ʽʥʝʨʮʽʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʙʫʜʫʪʴ ʤʘʪʠ ʚʠʛʣʷʜ:  
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ʆʩʢʽʣʴʢʠ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʟʥʘʯʝʥʥʶ t ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʝ ʧʦʣʦʞʝʥʥʷ 

ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʪʘ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʝʶ ʢʨʠʚʠʭ, ʮʝʡ ʢʫʪ ʤʦʞʥʘ 

ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʧʘʨʘʤʝʪʨ ʩʽʤʝʡʩʪʚʘ ʢʨʠʚʠʭ, ʚʽʜʥʦʩʥʦ ʷʢʠʭ ʙʫʜʫʚʘʪʠʤʝʪʴʩʷ 

ʦʙʚʽʜʥʘ. ʂʦʞʥʘ ʟ ʝʧʽʮʠʢʣʦʾʜ ʩʽʤʝʡʩʪʚʘ ʤʘʻ ʦʜʥʫ ʪʦʯʢʫ, ʷʢʘ ʦʜʥʦʯʘʩʥʦ ʥʘʣʝʞʠʪʴ 

ʦʙʚʽʜʥʽʡ. ɿ ʪʝʦʨʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʫʤʦʚʘ ʽʩʥʫʚʘʥʥʷ ʦʙʚʽʜʥʦʾ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʽʜʦʤʽʡ ʪʝʦʨʝʤʽ ʷʢʘ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʪʦʯʢʠ ʦʙʚʽʜʥʦʾ ʥʘʣʝʞʘʪʴ ʤʥʦʞʠʥʽ, ʚ ʷʢʽʡ 

ʜʠʩʢʨʠʤʽʥʘʥʪʘ ʩʽʤʝʡʩʪʚʘ ʢʨʠʚʠʭ ʜʦʨʽʚʥʶʻ ʥʫʣʝʚʽ [10, 27, 44, 89, 90, 113]: 

0=
µ

µ
Ö

µ

µ
-

µ

µ
Ö

µ

µ

t

YXY

t

X

jj
.                                          (2.8) 

ɿʥʘʭʦʜʠʤʦ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ j ʽ  t: 

te
z

t
y

zz

t
x

zt

X
sincos)(

1
sin)(

1

1111

Ö-ÖÖ+ÖÖ-=
µ

µ
ö
ö
÷

õ
æ
æ
ç

å
ö
ö
÷

õ
æ
æ
ç

å
jj ,              (2.9) 

ö
ö
÷

õ
æ
æ
ç

å
ö
ö
÷

õ
æ
æ
ç

å
Ö+Ö=

µ

µ

11

sincos
z

t

d

dy

z

t

d

dxX

jjj
,                           (2.10) 

te
z

t
x

zz

t
y

zt

Y
coscos)(

1
sin)(

1

1111

Ö+ÖÖ-ÖÖ-=
µ

µ
ö
ö
÷

õ
æ
æ
ç

å
ö
ö
÷

õ
æ
æ
ç

å
jj ,             (2.11) 

ö
ö
÷

õ
æ
æ
ç

å
ö
ö
÷

õ
æ
æ
ç

å
Ö-Ö=

µ

µ

11

sincos
z

t

d

dx

z

t

d

dyY

jjj
.                            (2.12) 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʟʥʘʡʜʝʥʽ ʧʦʭʽʜʥʽ ʫ ʨʽʚʥʷʥʥʷ (2.8) ʽ ʚʠʢʦʥʘʚʰʠ ʩʧʨʦʱʝʥʥʷ, 

ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʫ ʨʽʚʥʽʩʪʴ: 
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ʆʪʨʠʤʘʥʠʡ ʚʠʨʘʟ ʷʚʣʷʻ ʩʦʙʦʶ ʥʝʷʚʥʦ ʟʘʜʘʥʫ ʬʫʥʢʮʽʶ ʚʠʜʫ 0);( =tf j , ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʧʨʠʚʝʩʪʠ ʜʦ ʚʠʛʣʷʜʫ )(jft= . ʈʦʟʚôʷʞʝʤʦ ʨʽʚʥʷʥʥʷ (2.13) ʚʽʜʥʦʩʥʦ t.  

ʈʦʟʜʽʣʠʚʰʠ ʡʦʛʦ ʥʘ ( ) ( )22 jj ddyddx +  (ʪʘʢ ʷʢ ʚʢʦʨʦʯʝʥʘ ʝʧʽʮʠʢʣʦʾʜʘ ʥʝ 
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ʤʘʻ ʢʫʪʦʚʠʭ ʪʦʯʦʢ, ʪʦ ( ) ( ) 022
¸+ jj ddyddx ), ʦʪʨʠʤʫʻʤʦ: 
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ɺʚʝʜʝʤʦ ʜʦʜʘʪʢʦʚʫ ʬʫʥʢʮʽʶ )(jb , ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ: 
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ʇʽʜʩʪʘʚʣʷʶʯʠ )(jb  ʫ ʚʠʨʘʟ (2.14), ʤʘʻʤʦ ʨʽʚʥʽʩʪʴ: 
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ʘ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ:  
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ɿʚʽʜʩʠ ʟʥʘʭʦʜʠʤʦ t: 
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ɺʠʟʥʘʯʠʤʦ ʪʝʧʝʨ ʙʽʣʴʰ ʯʽʪʢʦ ʬʫʥʢʮʽʶ )(jb . ɺʽʜʤʽʪʠʤʦ, ʱʦ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʫʤʦʚʦʶ (2.15), ʚʝʣʠʯʠʥʘ b ʚʠʟʥʘʯʘʻ ʢʫʪ ʤʽʞ ʥʦʨʤʘʣʣʶ 

ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ ʽ ʜʦʜʘʪʥʠʤ ʥʘʧʨʷʤʦʤ ʚʽʩʽ ʘʙʩʮʠʩ. ɺ ʷʢʦʩʪʽ )(jb  ʥʝ 

ʤʦʞʥʘ ʙʨʘʪʠ ʦʜʠʥ ʟ ʬʦʨʤʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʦʜʥʦʛʦ ʟ ʨʽʚʥʷʥʴ (2.15). ʅʘ ʨʠʩ.2.4 
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ʧʦʢʘʟʘʥʽ ʛʨʘʬʽʢʠ ʦʢʨʝʤʠʭ ʬʫʥʢʮʽʡ (2.15). ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʚʽʜʤʽʯʘʻʤʦ 

ʧʦʨʫʰʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʽ ʛʣʘʜʢʦʩʪʽ ʦʢʨʝʤʦ ʚʟʷʪʠʭ ʬʫʥʢʮʽʡ. 

 

ʈʠʩ. 2.4. ʌʫʥʢʮʽʷ )(jb  ʧʨʠ ʨʽʟʥʠʭ ʚʠʭʽʜʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ 

 

ʌʫʥʢʮʽʷ )(jb  ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʤʝʪʦʜʦʤ ʧʽʜʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʽʚ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʧʠʩʫʻʤʦ ʚʩʽ ʨʦʟʚôʷʟʢʠ, ʥʘʧʨʠʢʣʘʜ, 3-ʛʦ ʨʽʚʥʷʥʥʷ (2.15): 
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               (2.20) 

ɼʘʥʠʡ ʧʽʜʭʽʜ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʪʝʥʜʝʥʮʽʶ ʟʤʽʥʠ ʟʥʘʢʽʚ ʧʦʭʽʜʥʠʭ jddx  ʽ jddy . ʂʦʝʬʽʮʽʻʥʪʠ ʚʽʜ 

0 ʜʦ 3 ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʘʤʝ ʟ ʤʽʨʢʫʚʘʥʴ ʥʝʧʝʨʝʨʚʥʦʩʪʽ. ɻʨʘʬʽʢ ʧʨʠ ʮʴʦʤʫ ʥʝ ʤʘʻ 

ʨʽʟʢʠʭ ʧʝʨʝʭʦʜʽʚ, ʟʙʝʨʽʛʘʶʪʴʩʷ ʫʤʦʚʠ ʛʣʘʜʢʦʩʪʽ (ʜʠʚ. ʨʠʩ. 2.5, ʘ). 

ʅʘʩʪʫʧʥʠʡ, ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʚʠʟʥʘʯʝʥʥʷ )(jb , ʦʩʥʦʚʘʥʠʡ ʥʘ 
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ʧʝʨʝʪʚʦʨʝʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʾ ʬʦʨʤʫʣʠ ʜʦʜʘʚʘʥʥʷ ʜʣʷ ʪʘʥʛʝʥʩʫ [12, 97]: 
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ʇʽʜʩʪʘʚʣʷʶʯʠ ʪʨʝʪʽʡ ʨʦʟʚôʷʟʦʢ (2.15) ʚ ʬʦʨʤʫʣʫ (2.21), ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ: 
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  (2.22) 

ʊʦʜʽ ʰʫʢʘʥʫ ʬʫʥʢʮʽʶ )(jb  ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 
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ɻʨʘʬʽʢ ʦʪʨʠʤʘʥʦʾ ʬʫʥʢʮʽʾ (2.23) ʘʥʘʣʦʛʽʯʥʠʡ ʛʨʘʬʽʢʫ ʬʫʥʢʮʽʾ (2.19) ʽ ʤʘʻ 

ʚʠʛʣʷʜ ʧʣʘʚʥʦ ʩʧʘʜʘʶʯʦʾ ʢʨʠʚʦʾ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ (ʜʠʚ. ʨʠʩ. 2.5, ʙ) ʙʝʟ 

ʧʦʨʫʰʝʥʴ ʛʝʦʤʝʪʨʽʾ. ʊʘʢ ʷʢ 2.. RR ʮʮ > , ʪʦ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ j ʟʥʘʤʝʥʥʠʢ ʧʨʘʚʦʾ 

ʯʘʩʪʠʥʠ (2.23) ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʫʣʷ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʘʨʛʫʤʝʥʪ ʪʘʥʛʝʥʩʘ ʥʝ 

ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʽʥʪʝʨʚʘʣʫ )2/́;2/́(-  ʽ ʬʫʥʢʮʽʷ )(jb , ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.23), ʻ ʥʝʧʝʨʝʨʚʥʦʶ. ɺʽʜʤʽʪʠʤʦ, ʱʦ ʟʥʘʡʜʝʥʘ ʬʫʥʢʮʽʷ )(jb  

ʤʽʩʪʠʪʴ ʣʽʥʽʡʥʫ ʩʢʣʘʜʦʚʫ 2/ zj- . ɿʥʘʯʝʥʥʷ ʩʘʤʦʾ ʬʫʥʢʮʽʾ ʢʦʣʠʚʘʶʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʮʽʻʾ ʩʢʣʘʜʦʚʦʾ ʽʟ ʩʠʤʝʪʨʠʯʥʦʶ ʘʤʧʣʽʪʫʜʦʶ. 
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                                ʘ)                                                                  ʙ) 

ʈʠʩ. 2.5 ʌʫʥʢʮʽʷ )(jb  ʙʝʟ ʧʦʨʫʰʝʥʴ ʛʝʦʤʝʪʨʽʾ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ (ʘ) ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʙ) 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʚʠʨʘʟʠ ʫ ʬʦʨʤʫʣʫ (2.18) ʽ ʚʠʢʦʥʘʚʰʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʤʘʻʤʦ ʟʚôʷʟʦʢ j  ̔ t: 
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ʇʽʜʩʪʘʚʣʷʶʯʠ ʟʥʘʯʝʥʥʷ )(jx  ʽ )(jy  ʚ ʨʽʚʥʷʥʥʷ (2.6) (2.7), 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ )(jt , ʦʙʚʽʜʥʘ ʩʽʤʝʡʩʪʚʘ ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ 

ʚʠʨʘʞʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 
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ʇʝʨʝʭʽʜ ʜʦ ʦʙʚʽʜʥʦʾ ʩʽʤʝʡʩʪʚʘ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʢʠ )(jx  ʽ )(jh  ʚ ʨʽʚʥʷʥʥʷ (2.6) (2.7), ʟʘʤʽʩʪʴ 
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)(jx , )(jy . ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʻʤʦ ʨʽʚʥʷʥʥʷ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʦʙʚʽʜʥʫ ʩʽʤʝʡʩʪʚʘ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ:  
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(2.28) 

ʆʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʫ j ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʦʚʥʦʛʦ ʧʨʦʬʽʣʶ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʙʫʜʝ ʚʠʨʘʞʘʪʠʩʴ ʽʥʪʝʨʚʘʣʦʤ: 
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ʇʨʠʢʣʘʜʠ ʧʦʙʫʜʦʚʠ ʩʽʤʝʡʩʪʚ ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ ʪʘ ʾʭ ʝʢʚʽʜʠʩʪʘʥʪ ʥʘ 

ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ, ʘ ʪʘʢʦʞ ʾʭ ʦʙʚʽʜʥʠʭ, ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.6. ɼʽʣʷʥʢʠ 

ʟʘʧʘʜʠʥʠ ʽ ʜʽʣʷʥʢʠ ʜʫʛ ʧʦʩʪʽʡʥʦʛʦ ʨʘʜʽʫʩʫ ʦʢʨʝʩʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʻʜʠʥʦʾ 

ʥʝʧʝʨʝʨʚʥʦʾ ʢʨʠʚʦʾ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ (2.27) ʽ (2.28). ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʧʦʙʫʜʦʚʘʥʠʭ ʩʧʨʷʞʝʥʠʭ ʧʨʦʬʽʣʽʚ ɻʇ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʧʦʢʘʟʘʚ 

ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʚ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʠʣʴʥʽʩʪʴ 

ʩʠʥʪʝʟʫ ʟʘʯʝʧʣʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʨʠʜʘʪʥʽʩʪʴ 

ʬʦʨʤʫʣ (2.24), (2.27) ʽ (2.28) ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʽʥʞʝʥʝʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʘʙʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʦʙʫʜʦʚʠ ʟʘʯʝʧʣʝʥʥʷ ɻʇ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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ʘ) 

 
ʙ) 

ʈʠʩ. 2.6 ʉʽʤʝʡʩʪʚʘ ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ (ʘ), ʪʘ ʩʽʤʝʡʩʪʚʦ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ 

ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ (ʙ) ʽ ʾʭ ʦʙʚʽʜʥʽ 
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ʇʨʦʬʽʣʽ ʢʦʣʽʩ ɻʇ ʽʟ ʨʽʟʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 21 / zz  ʧʨʠʜʘʪʥʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʜʽʶʯʦʛʦ ʟʘʯʝʧʣʝʥʥʷ, ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.7. 

      
                       4/3/ 21 =zz                                                7/6/ 21 =zz  

      
                     11/10/ 21 =zz                                           16/15/ 21 =zz  

ʈʠʩ. 2.7 ʇʨʦʬʽʣʽ ʢʦʣʽʩ ɻʇ ʧʨʠ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ 21 / zz  

 

ɺ ʧʨʠʚʝʜʝʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʘ ʚʢʦʨʦʯʝʥʘ ʝʧʽʮʠʢʣʦʾʜʘ, ʘʣʝ 

ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʽʥʰʠʭ ʢʨʠʚʠʭ (ʥʘʧʨʠʢʣʘʜ, ʚʢʦʨʦʯʝʥʠʭ ʛʽʧʦʮʠʢʣʦʾʜ, 

ʢʦʣʦʚʠʭ ʩʠʥʫʩʦʾʜ ʽ ʪ.ʜ.) ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʨʦʟʚôʷʟʢʦʤ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʘʙʦ 

ʚʥʫʪʨʽʰʥʽʭ ʦʙʚʽʜʥʠʭ. ʅʝ ʚʠʢʣʶʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʩʠʥʪʝʟʫ ʟʘʯʝʧʣʝʥʴ, ʚ ʷʢʠʭ 

ʨʽʟʥʠʮʷ ʟʫʙʮʽʚ ʙʽʣʴʰʘ ʟʘ 1, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʮʠʢʣʦʾʜʘʣʴʥʠʭ ʨʝʜʫʢʪʦʨʽʚ ʘʙʦ 

ʟʫʙʦʨʽʟʥʠʭ ʦʙʢʘʪʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʣʽʩ ɻʇ.  
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2.2 ɿʘʩʪʦʩʫʚʘʥʥʷ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʚ 

ʷʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʥʦʛʦ ʧʨʦʬʽʣʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 

 

ɹʘʟʦʚʠʡ ʤʝʪʦʜ ʰʣʽʬʫʚʘʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʧʝʨʝʜʙʘʯʘʻ ʚʝʜʝʥʥʷ ʦʙʨʦʙʢʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʫʛʘ, ʷʢʠʡ ʤʘʻ ʧʨʦʬʽʣʴ ʥʘ ʦʩʥʦʚʽ ʆɼɽɽ. ʆʧʫʢʣʠʡ ʧʨʦʬʽʣʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʜʫʛʘ ʮʽʚʢʠ ʤʘʶʪʴ ʢʨʠʚʠʟʥʫ ʨʽʟʥʠʭ ʟʥʘʢʽʚ. ɺʟʘ̒ʤʦʜ̫̔  ʮʠʭ ʧʨʦʬʽʣʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʣʠʤʠ ʜʦʚʞʠʥʘʤʠ ʟʘʜʽʷʥʠʭ ʚ ʨʦʙʦʪʽ ʜʽʣʷʥʦʢ, ʪʘ ʚʝʣʠʢʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʚʠʩʦʪʠ ʛʨʝʙʽʥʮʽʚ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ. ʅʘʪʦʤʽʩʪʴ ʚʟʘʻʤʦʜʽʷ ʦʧʫʢʣʦʛʦ ʽ 

ʫʚʽʛʥʫʪʦʛʦ ʧʨʦʬʽʣʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤʠ ʜʦʚʞʠʥʘʤʠ ʟʘʜʽʷʥʠʭ ʚ 

ʨʦʙʦʪʽ ʜʽʣʷʥʦʢ ʽ ʤʝʥʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʠʩʦʪ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ 

ʚʠʩʦʪʠ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʧʽʜ ʯʘʩ ʰʣʽʬʫʚʘʥʥʷ ʟʛʽʜʥʦ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʫ, ʥʘ ʨʽʚʥʽ ʟ 

ʆɼɽɽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʧʨʦʬʽʣʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʫʚʽʛʥʫʪʫ 

ʜʽʣʷʥʢʫ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ (ʋɼɽɽ). ɼʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʪʠ ʢʨʘʱʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ ʽ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʢʠ, ʟʘ ʨʘʭʫʥʦʢ 

ʤʦʞʣʠʚʦʩʪʽ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʥʘ ʯʦʨʥʦʚʝ ʽ ʯʠʩʪʦʚʝ ʰʣʽʬʫʚʘʥʥʷ. 

ʏʦʨʥʦʚʝ ʰʣʽʬʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʆɼɽɽ, ʘ 

ʜʣʷ ʯʠʩʪʦʚʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʦʬʽʣʴ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ. ʊʝʦʨʝʪʠʯʥʦ ʢʨʘʱʘ 

ʰʦʨʩʪʢʽʩʪʴ ʜʦʩʷʛʘʪʠʤʝʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ ʜʦʚʞʠʥʠ ʟʘʜʽʷʥʦʛʦ ʚ ʨʦʙʦʪʽ 

ʧʨʦʬʽʣʶ ʋɼɽɽ, ʷʢʠʡ ʦʭʦʧʣʶʻ ʜʫʛʫ ʮʽʚʢʠ ʽ ʤʘʻ ʢʨʠʚʠʟʥʫ ʪʦʛʦ ʞ ʟʥʘʢʫ. ʅʘ ʤʝʪʦʜ 

ʰʣʽʬʫʚʘʥʥʷ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʙʽʥʦʚʘʥʫ ʦʙʨʦʙʢʫ ʮʽʚʢʦʚʠʭ ʢʦʣʽʩ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʟ ʧʨʦʬʽʣʷʤʠ ʥʘ ʦʩʥʦʚʽ ʆɼɽɽ ʽ ʋɼɽɽ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʘʪʝʥʪ 

ʋʢʨʘʾʥʠ [78] (ʜʦʜʘʪʦʢ ɸ). ʅʘ ʨʠʩ. 2.8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʰʣʽʬʫʚʘʥʥʷ ʮʽʚʢʦʚʦʛʦ 

ʢʦʣʝʩʘ ʜʠʩʢʦʚʠʤ ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ ʟ ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ. 

ɸʣʝ ʧʨʦʬʽʣʴ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ ʤʘʻ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ: 

- ʚ ʛʨʘʥʠʯʥʠʭ ʪʦʯʢʘʭ ʧʨʦʬʽʣʶ ʊ1  ̔ʊ2 ʫʪʚʦʨʶʶʪʴʩʷ ʛʦʩʪʨʽ ʢʨʦʤʢʠ, ʷʢʽ 

ʩʭʠʣʴʥʽ ʜʦ ʩʢʦʣʶʚʘʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ; 

- ʰʠʨʠʥʘ ʋɼɽɽ ʧʝʨʝʚʠʱʫʻ ʰʠʨʠʥʫ ʆɼɽɽ ʚ 1,5-3 ʨʘʟʠ (ʜʣʷ ʨʽʟʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʽʩ ʮʝ ʯʠʩʣʦ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ), ʱʦ ʚʠʤʘʛʘʻ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʩʥʘʱʝʥʥʷ ʪʘ 

ʡʦʛʦ ʚʽʣʴʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʢʨʽʟʴ ʧʦʨʦʞʥʠʥʫ ʢʦʣʝʩʘ; 
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- ʚʝʣʠʢʘ ʜʦʚʞʠʥʘ ʟʘʜʽʷʥʦʾ ʚ ʨʦʙʦʪʽ ʜʽʣʷʥʢʠ ʋɼɽɽ, ʱʦ ʤʦʞʝ ʩʪʘʪʠ 

ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʟʥʘʯʥʠʭ ʟʫʩʠʣʴ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʩʧʨʠʯʠʥʠʪʠ ʟʥʠʞʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ. 

ʐʣʷʭʠ ʫʩʫʥʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʥʝʜʦʣʽʢʽʚ: 

- ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʫʩʫʥʝʥʥʷ ʛʦʩʪʨʠʭ 

ʢʨʦʤʦʢ (ʥʘʧʨʠʢʣʘʜ, ʦʢʨʫʛʣʝʥʴ); 

- ʚʠʚʝʜʝʥʥʷ ʦʧʨʘʚʢʠ ʟ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʧʦʨʦʞʥʠʥʠ ʢʦʣʝʩʘ ʚ ʧʝʨʽʦʜʠ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʝʣʝʤʝʥʪʽʚ ʦʧʨʘʚʢʠ ʽ ʧʨʦʬʽʣʶ ʜʝʪʘʣʽ; 

- ʤʽʥʽʤʽʟʘʮʽʷ ʧʨʠʧʫʩʢʫ, ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʢʘʪʫ. 

 
ʈʠʩ. 2.8 ʉʭʝʤʘ ʰʣʽʬʫʚʘʥʥʷ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ 

ʜʠʩʢʦʚʠʤ ʢʨʫʛʦʤ, ʬʦʨʤʦʪʚʦʨʥʠʡ ʧʨʦʬʽʣʴ ʷʢʦʛʦ ʦʢʨʝʩʣʝʥʦ ʋɼɽɽ 

1 ï ʮʽʚʢʦʚʝ ʢʦʣʝʩʦ; 2 ï ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ; 3 ï ʫʚʽʛʥʫʪʘ ʜʽʣʷʥʢʘ 
1
ʧʊ -

2
ʧʊ  ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ 

ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ (ʋɼɽɽ); 4 ï ʧʦʣʦʞʝʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʚ ʧʨʦʮʝʩʽ ʦʙʢʘʪʫ;  

.ʰʢD  ï ʜʽʘʤʝʪʨ ʢʨʫʛʘ 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʋɼɽɽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʨʠʚʦʤ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʘ ʽʟ 

ʧʨʦʬʽʣʝʤ ʢʦʣʝʩʘ. ʗʢ ʚʠʜʥʦ ʟʽ ʩʭʝʤʠ ʨʠʩ. 2.8, ʜʽʣʷʥʢʘ 
1
ʧʊ -

2
ʧʊ  ʥʝ ʢʦʥʪʘʢʪʫʻ ʽʟ 

ʢʦʣʝʩʦʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʦʧʫʢʣʽ ʜʽʣʷʥʢʠ ʟʘʚʞʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʢʦʥʪʘʢʪʽ ʟ ʮʽʚʢʘʤʠ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʘʟʠ ʦʙʢʘʪʫ. ʇʨʦʮʝʩ ʰʣʽʬʫʚʘʥʥʷ ʢʨʫʛʦʤ ʟ ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ 

ʋɼɽɽ ʤʘʻ ʧʝʨʽʦʜʠ ʢʦʥʪʘʢʪʥʦʛʦ ʽ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʦʙʢʘʪʫ. ʇʝʨʽʦʜ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ 

ʦʙʢʘʪʫ ʤʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʢʘʪʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ. ʇʝʨʽʦʜ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʦʙʢʘʪʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʦʧʨʘʚʢʠ ʟ ʧʦʨʦʞʥʠʥʠ ʢʦʣʝʩʘ ʚ ʤʦʤʝʥʪʠ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʫʥʠʢʘʶʯʠ ʟʽʪʢʥʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʋɼɽɽ ʪʘʢʦʞ ʤʘʻ ʧʦʟʠʪʠʚʥʫ 

ʦʩʦʙʣʠʚʽʩʪʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ 

 ʚ 2 ʨʘʟʠ ï ʷʢʱʦ ʧʨʠʡʥʷʪʠ ʜʽʘʤʝʪʨ ʢʨʫʛʘ ..ʢʰD  ʨʽʚʥʠʤ ʜʽʘʤʝʪʨʫ ʟʘʧʘʜʠʥ 

ʩʘʪʝʣʽʪʘ, ʪʦ ʽʥʩʪʨʫʤʝʥʪ ʟʜʽʡʩʥʶʚʘʪʠʤʝ ʦʙʨʦʙʢʫ ʧʦ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ. ʎʝ ʚʠʤʘʛʘʻ 

ʟʙʝʨʝʞʝʥʥʷ ʧʦʩʪʽʡʥʦʩʪʽ ʜʽʘʤʝʪʨʘ ʢʨʫʛʘ ʽ ʚʽʜʧʦʚʽʜʥʦ ï ʡʦʛʦ ʚʠʩʦʢʦʾ ʩʪʽʡʢʦʩʪʽ. 

ʊʘʢʦʞ ʨʝʘʣʽʟʘʮʽʷ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʣʠʚʘ ʟʘ ʫʤʦʚʠ, ʷʢʱʦ 1z  ï ʧʘʨʥʝ ʯʠʩʣʦ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʫ ʰʣʽʬʫʚʘʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʜʦʮʽʣʴʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦ, ʜʣʷ ʦʙʨʦʙʢʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʟ ʦʧʫʢʣʦʶ ʪʘ 

ʫʚʽʛʥʫʪʦʶ ʬʦʨʤʦʶ ʧʨʦʬʽʣʶ, ʧʦʨʽʚʥʶʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʋɼɽɽ ʪʘʢʦʞ ʤʘʪʠʤʝ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʽʡʢʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʗʢ ʚʽʜʦʤʦ, ʛʦʩʪʨʽ ʢʫʪʠ ʘʙʦ ʤʽʩʮʷ ʟ ʤʘʣʦʶ ʢʨʠʚʠʟʥʦʶ, ʷʢʽ ʤʦʞʫʪʴ 

ʤʘʪʠ ʤʽʩʮʝ ʥʘ ʧʨʦʬʽʣʷʭ ʘʙʨʘʟʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʥʘʡʙʽʣʴʰ ʩʭʠʣʴʥʽ ʜʦ 

ʩʢʦʣʶʚʘʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ. ʇʨʦʬʽʣʽ ʟʽ ʩʪʘʙʽʣʴʥʦʶ ʽ ʧʣʘʚʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʟʜʘʪʥʽ 

ʜʦʚʰʠʡ ʯʘʩ ʧʨʘʮʶʚʘʪʠ ʙʝʟ ʧʦʤʽʪʥʦʾ ʟʤʽʥʠ ʬʦʨʤʠ. ɼʣʷ ʤʝʪʦʜʫ ʰʣʽʬʫʚʘʥʥʷ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ, ʟʜʘʪʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘ ʜʦʚʛʠʡ ʯʘʩ ʟʙʝʨʽʛʘʪʠ ʛʝʦʤʝʪʨʠʯʥʫ 

ʬʦʨʤʫ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ʇʦʭʠʙʢʘ 

ʧʨʦʬʽʣʶ, ʢʦʪʨʘ ʚʠʥʠʢʣʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʦʩʫ, ʚ ʧʨʦʮʝʩʽ ʦʙʢʘʪʫ ʧʦʰʠʨʠʪʴʩʷ ʥʘ 

ʚʝʩʴ ʧʨʦʬʽʣʴ ʢʦʣʝʩʘ.  

ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʘʪʠʯʥʫ ʚʟʘʻʤʦʜʽʶ ʧʨʦʬʽʣʽʚ ʘʙʨʘʟʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ 

ʮʽʚʢʦʶ, ʛʝʦʤʝʪʨʽʷ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʆɼɽɽ ʽ ʋɼɽɽ (ʨʠʩ. 2.9). ʗʢ ʚʞʝ ʚʽʜʤʽʯʘʣʦʩʴ, 

ʦʧʫʢʣʠʡ ʧʨʦʬʽʣʴ ʽ ʜʫʛʘ ʮʽʚʢʠ ʤʘʶʪʴ ʢʨʠʚʠʟʥʫ ʨʽʟʥʠʭ ʟʥʘʢʽʚ. ʇʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ 
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ʦʜʠʥʠʯʥʦʛʦ ʟʝʨʥʘ ʽʟ ʤʘʪʝʨʽʘʣʦʤ, ʧʦʨʦʜʞʫʻʪʴʩʷ ʩʠʣʘ ʨʽʟʘʥʥʷ ʈ, ʷʢʘ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚ ʰʘʨ ʩʧʦʣʫʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ. ɼʽʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʣ ʧʦʨʦʜʞʫʻ ʚ 

ʪʦʚʱʽ ʩʧʦʣʫʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʧʨʦʮʝʩʠ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʢʨʠʰʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʟʝʨʝʥ. ɿʘ ʥʝʜʦʩʪʘʪʥʴʦʾ ʤʽʮʥʦʩʪʽ 

ʧʨʠʣʝʛʣʦʛʦ ʜʦ ʟʝʨʥʘ ʰʘʨʫ ʩʧʦʣʫʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʟʨʦʩʪʘʪʠʤʝ ʽʤʦʚʽʨʥʽʩʪʴ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʆɼɽɽ, ʛʝʦʤʝʪʨʽʷ ʋɼɽɽ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ 

ʤʽʮʥʫ ʩʪʨʫʢʪʫʨʫ ʧʨʠʣʝʛʣʦʛʦ ʜʦ ʟʝʨʥʘ ʰʘʨʫ ʩʧʦʣʫʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ (ʨʠʩ. 2.9, ʙ). 

ʈʦʟʧʦʜʽʣʝʥʽ ʩʠʣʠ ʪʫʪ ʥʘʧʨʘʚʣʝʥʽ ʚ ʪʦʚʱʫ ʩʧʦʣʫʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ. ɼʦʚʞʠʥʘ 

ʣʽʥʽʾ ʨʦʟʢʦʣʫ (ʪʨʽʱʠʥʠ) ʧʨʠ ʚʽʜʦʢʨʝʤʣʝʥʥʽ ʟʝʨʥʘ ʚʽʜ ʪʽʣʘ ʽʥʩʪʨʫʤʝʥʪʫ, ʜʣʷ 

ʧʨʦʬʽʣʶ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ ʙʫʜʝ ʟʘʚʞʜʠ ʙʽʣʴʰʘ. 

 

ʈʠʩ. 2.9 ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʘʙʨʘʟʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʧʨʦʬʽʣʷʤʠ 

ʥʘ ʦʩʥʦʚʽ ʆɼɽɽ (ʘ) ʽ ʋɼɽɽ (ʙ) ʽʟ ʧʨʦʬʽʣʝʤ ʮʽʚʢʠ, ʪʘ ʩʭʝʤʘ ʜʽʾ ʩʠʣʠ ʨʽʟʘʥʥʷ  

ʥʘ ʦʜʠʥʠʯʥʝ ʟʝʨʥʦ ʽʥʩʪʨʫʤʝʥʪʘ 
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ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʚʠʩʣʦʚʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʟʛʽʜʥʦ ʷʢʦʤʫ 

ʧʨʦʬʽʣʴ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ ʟʘʙʝʟʧʝʯʫʻ ʤʝʥʰʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʚʠʢʨʠʰʫʚʘʥʥʷ ʽ 

ʨʫʡʥʫʚʘʥʥʷ ʷʢ ʦʢʨʝʤʠʭ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ, ʪʘʢ ʽ ʧʨʦʬʽʣʶ ʚ ʮʽʣʦʤʫ. ɺʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʚʝʩʪʠ ʧʦʥʷʪʪʷ çʛʝʦʤʝʪʨʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽè, ʷʢʘ ʙʫʜʝ ʥʘʧʨʷʤʫ 

ʧʦʚôʷʟʘʥʘ ʽʟ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʽʟʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ (ʢʨʠʚʠʟʥʦʶ, 

ʛʦʩʪʨʠʤʠ ʢʨʦʤʢʘʤʠ ʽ ʪ.ʜ.). ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʩʪʽʡʢʦʩʪʽ ʦʢʨʝʤʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ 

ʟʝʨʥʘ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʛʝʦʤʝʪʨʽʾ ʧʨʦʬʽʣʶ, ʚʢʘʟʫʶʪʴ ʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʋɼɽɽ ʚ ʷʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʥʦʛʦ ʧʨʦʬʽʣʶ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ.  

 

2.3 ɺʧʣʠʚ ʟʤʽʥʠ ʬʦʨʤʠ ʧʨʦʬʽʣʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʥʘ ʰʦʨʩʪʢʽʩʪʴ 

ʰʣʽʬʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

 

ʐʦʨʩʪʢʽʩʪʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʦʙʢʘʪʦʤ, 

ʤʦʞʣʠʚʦ ʪʝʦʨʝʪʠʯʥʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ, ʰʣʷʭʦʤ ʛʨʘʬʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʧʨʦʬʽʣʽʚ ʽʥʩʪʨʫʤʝʥʪʘ ʽ ʢʦʣʝʩʘ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ 

ʨʦʟʨʽʟʥʷʪʠ ʰʦʨʩʪʢʽʩʪʴ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʝʨʥʠʩʪʦʩʪʽ ʢʨʫʛʘ, ʽ ʰʦʨʩʪʢʽʩʪʴ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʫ ʰʣʽʬʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʧʝʨʰʠʡ 

ʪʠʧ ʰʦʨʩʪʢʦʩʪʽ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʦʤ (ISO 8486-1: 1996), ʜʝ ʟʘʟʥʘʯʝʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʚʠʙʦʨʫ ʟʝʨʥʠʩʪʦʩʪʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʰʦʨʩʪʢʦʩʪʽ 

ʧʦʚʝʨʭʥʽ, ʜʦʩʣʽʜʞʝʥʥʶ ʧʽʜʣʷʛʘʻ ʜʨʫʛʠʡ ʪʠʧ ʰʦʨʩʪʢʦʩʪʽ. ɸʢʪʫʘʣʴʥʠʤ ʙʫʜʝ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ, ʷʢ ʚʧʣʠʚʘʻ ʬʦʨʤʘ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ ʦʧʫʢʣʘ-ʫʚʽʛʥʫʪʘ ʥʘ 

ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪʠ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʫʟʜʦʚʞ ʰʣʽʬʦʚʘʥʦʾ ʜʽʣʷʥʢʠ ʜʫʛʠ ʮʽʚʢʠ. 

ʉʭʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ  

ʨʠʩ. 2.10. ʉʫʪʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʛʨʘʬʽʯʥʦʾ ʧʦʙʫʜʦʚʠ ʤʥʦʞʠʥʠ 

ʧʦʣʦʞʝʥʴ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʨʽʟʥʠʭ ʬʘʟʘʭ ʦʙʢʘʪʫ ʟ ʧʝʚʥʦʶ ʜʠʩʢʨʝʪʥʽʩʪʶ. ɿʥʘʯʝʥʥʷ 

ʜʠʩʢʨʝʪʥʦʩʪʽ ʚʽʜʦʙʨʘʞʘʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ. ʇʦʙʫʜʦʚʫ ʜʦʩʪʘʪʥʴʦ 

ʚʠʢʦʥʘʪʠ ʚ ʤʝʞʘʭ ʧʦʣʦʚʠʥʠ ʜʦʚʞʠʥʠ ʜʫʛʠ ʮʽʚʢʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʥʝ ʚʨʘʭʦʚʫʻ 

ʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘ, ʡʦʛʦ ʟʥʦʩ ʘ ʪʘʢʦʞ ʥʝ ʚʨʘʭʦʚʫʻ ʥʝʪʦʯʥʦʩʪʽ, ʧʦʨʦʜʞʝʥʽ 

ʧʨʫʞʥʠʤʠ ʩʠʣʘʤʠ ʚ ʩʠʩʪʝʤʽ ɺʇɯɼ. 
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ʈʠʩ. 2.10 ʉʭʝʤʘ ʛʨʘʬʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ  

ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ 

1 ï ʬʨʘʛʤʝʥʪ ʮʽʚʢʠ; 2 ï ʧʦʣʦʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʨʽʟʥʠʭ ʬʘʟʘʭ ʦʙʢʘʪʫ; 

h1éh5 ï ʚʠʩʦʪʠ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʬʘʟʘʭ ʦʙʢʘʪʫ 

 

ɺʝʣʠʯʠʥʫ ʜʠʩʢʨʝʪʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʚʠʟʥʘʯʘʻʤʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʧʦʚʥʦʛʦ ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʫ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ, ʦʙʣʘʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʫ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʷʢ ]ˊ2;0[ 2zÖÍj . ɺʽʜʧʦʚʽʜʥʦ, ʱʦʙ 

ʟʜʽʡʩʥʠʪʠ ʦʙʢʘʪ ʦʜʥʽʻʾ ʮʽʚʢʠ, ʮʝʥʪʨʦʾʜʘ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʤʘʻ ʟʜʽʡʩʥʠʪʠ 1 ʦʙʝʨʪ 

ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʾ ʮʝʥʪʨʦʾʜʠ ʩʘʪʝʣʽʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʢʫʪʫ ˊ2  (360Á). ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ˊ2  ʩʧʨʘʚʝʜʣʠʚʝ ʜʣʷ ʆɼɽɽ. ʉʫʤʘʨʥʠʡ ʢʫʪ ʦʙʢʘʪʫ 

ʫʚʽʛʥʫʪʠʭ ʜʽʣʷʥʦʢ, ʷʢʠʭ ʥʘʣʽʯʫʻʪʴʩʷ 1z , ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʨʽʟʥʠʮʝʶ ʧʦʚʥʦʛʦ ʢʫʪʘ 

ʦʙʢʘʪʫ ʝʢʚʽʜʠʩʪʘʥʪʠ 2ˊ2 zÖ  ʽ ʢʽʣʴʢʦʩʪʽ ʦʙʢʘʪʽʚ ʦʧʫʢʣʠʭ ʜʽʣʷʥʦʢ ʩʘʪʝʣʽʪʫ 1ˊ2 zÖ , 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʫʪʫ ˊ2 . ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʋɼɽɽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʦʙʢʘʪʫ ʜʣʷ 

ʦʜʥʽʻʾ ʮʽʚʢʠ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ 1/́2 z. ʊʦʜʽ ʜʠʩʢʨʝʪʥʽʩʪʴ ʧʦʙʫʜʦʚʠ 

ʤʥʦʞʠʥʠ ʧʦʣʦʞʝʥʴ idj ʟʘʜʘʚʘʪʠʤʝʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʮʝʥʪʨʦʾʜʠ 
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ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʦʚʥʦʛʦ ʦʙʢʘʪʫ ʜʫʛʠ ʮʽʚʢʠ ʚʽʜʧʦʚʽʜʥʠʤ 

ʧʨʦʬʽʣʝʤ ʽʥʩʪʨʫʤʝʥʪʫ, ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʨʽʟʘʥʴ ʽʥʩʪʨʫʤʝʥʪʫ.  

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʣʷ 5-ʪʠ ʟʥʘʯʝʥʴ idj (2,40Á; 3,0Á; 4,0Á; 5,0Á; 

6,0Á). ɼʣʷ ʆɼɽɽ ʮʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʢʽʣʴʢʦʩʪʷʤ ʚʨʽʟʘʥʴ ʥʘ ʦʜʥʫ  

ʮʽʚʢʫ ï 360Á/2,4Á=150; 120; 90; 72 ʽ 60 ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠʡʥʷʚʰʠ ʧʘʨʘʤʝʪʨʠ 

ʟʘʯʝʧʣʝʥʥʷ 7/6/ 21 =zz , ʜʣʷ ʋɼɽɽ ï 360Á/6Ŀ2,4Á=25; 20; 15; 12; 10. ʇʨʠ 

ʦʜʥʘʢʦʚʽʡ ʜʠʩʢʨʝʪʥʦʩʪʽ idj, ʯʠʩʣʦ ʚʨʽʟʘʥʴ ʱʦ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʋɼɽɽ ʤʝʥʰʝ ʚ 6 

( 1z ) ʨʘʟʽʚ, ʦʩʢʽʣʴʢʠ ʢʫʪʠ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʧʝʨʽʦʜʠ ʦʙʢʘʪʫ ʜʣʷ ʆɼɽɽ ʽ ʋɼɽɽ ʪʘʢʦʞ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ 1z  ʨʘʟʽʚ. ɺʠʢʦʥʘʚʰʠ ʧʦʙʫʜʦʚʠ ʩʽʤʝʡʩʪʚ ʧʦʣʦʞʝʥʴ ʧʨʦʬʽʣʽʚ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʠʚʝʜʝʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʠʩʦʪʠ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʷʢ ʚʽʜʩʪʘʥʽ ʫʟʜʦʚʞ ʥʦʨʤʘʣʽ ʜʦ ʜʫʛʠ ʮʽʚʢʠ (ʚʽʜ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ 

ʜʫʛʠ ʟ ʥʦʨʤʘʣʣʶ ʜʦ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʩʫʩʽʜʥʽʭ ʧʦʣʦʞʝʥʴ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʤʝʞʘʭ 

ʜʠʩʢʨʝʪʥʦʩʪʽ ʧʦʙʫʜʦʚʠ). ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʩʽʭ ʟʥʘʯʝʥʴ, ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢʠ 

ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʩʦʪʠ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ h ʚʽʜ ʬʘʟʠ ʦʙʢʘʪʫ ʜʣʷ 5-ʪʠ ʟʥʘʯʝʥʴ idj 

(ʨʠʩ. 2.11). ʇʦʙʫʜʦʚʫ ʚʠʢʦʥʘʥʦ ʚ ʤʝʞʘʭ ʧʦʣʦʚʠʥʠ ʜʦʚʞʠʥʠ ʘʢʪʠʚʥʦʾ ʜʽʣʷʥʢʠ 

ʜʫʛʠ ʮʽʚʢʠ, ʦʩʢʽʣʴʢʠ ʫ ʜʨʫʛʦʤʫ ʧʽʚʧʝʨʽʦʜʽ, ʛʨʘʬʽʢ ʤʘʻ ʜʟʝʨʢʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ. 

ʉʣʽʜ ʜʦʜʘʪʠ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʆɼɽɽ ʟ ʮʽʚʢʦʶ, ʤʘʻʤʦ ʯʽʪʢʦ ʚʠʨʘʞʝʥʽ 

ʛʨʝʙʽʥʮʽ ʰʦʨʩʪʢʦʩʪʽ. ɼʣʷ ʋɼɽɽ ʨʝʣʴʻʬ ʰʣʽʬʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʻ ʚʠʛʣʷʜ 

ʦʛʨʘʥʢʠ ʟ ʤʝʥʰ ʚʠʨʘʞʝʥʠʤ ʤʽʢʨʦʨʝʣʴʻʬʦʤ. ʇʦʙʫʜʦʚʫ ʚʠʢʦʥʘʥʦ ʦʢʨʝʤʦ ʜʣʷ 

ʦʧʫʢʣʦʾ ʽ ʫʚʽʛʥʫʪʦʾ ʬʦʨʤʠ ʧʨʦʬʽʣʽʚ. 

ɺʽʜʤʽʯʘʻʤʦ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ, ʦʙʫʤʦʚʣʝʥʠʡ 

ʢʨʠʚʠʟʥʦʶ ʧʨʦʬʽʣʽʚ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʂʦʞʥʘ ʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʤʘʻ ʧʽʢʦʚʝ ʟʥʘʯʝʥʥʷ 

hmax. ɼʣʷ ʨʠʩ. 2.11, ʘ, ʮʝ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʦʙʣʘʩʪʽ ʚʟʘʻʤʦʜʽʾ ʜʫʛʠ ʮʽʚʢʠ ʟ 

ʜʽʣʷʥʢʦʶ ʧʨʦʬʽʣʶ ʢʨʫʛʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʟʥʠ (ʜʠʚ. ʧ. 2.1). 

ʅʘ ʨʠʩ. 2.11, ʙ, ʧʽʢʦʚʝ ʟʥʘʯʝʥʥʷ hmax ʧʨʠʧʘʜʘʻ ʥʘ ʮʝʥʪʨʘʣʴʥʦʩʠʤʝʪʨʠʯʥʫ ʬʘʟʫ. 

ɻʨʘʬʽʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʢʣʘʩʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʠʩʦʪʠ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʚʽʜ ʟʤʽʥʠ 

ʢʽʣʴʢʦʩʪʽ ʚʨʽʟʘʥʴ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʰʣʽʬʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ɿʙʽʣʴʰʝʥʥʷ idj 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʦʩʪʦʤ h ʚ ʙʫʜʴ-ʷʢʽʡ ʬʘʟʽ ʦʙʢʘʪʫ ʽ ʥʘʚʧʘʢʠ.  
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ʘ) 

 

 
ʙ) 

ʈʠʩ. 2.11 ɻʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪʠ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ h ʫʟʜʦʚʞ 

ʘʢʪʠʚʥʦʾ ʜʽʣʷʥʢʠ ʜʫʛʠ ʮʽʚʢʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʨʦʙʢʠ  

ʢʨʫʛʦʤ ʟ ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʆɼɽɽ (ʘ) ʽ ʋɼɽɽ (ʙ) 

1 ï ʛʨʘʬʽʢ ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʠʩʢʨʝʪʥʦʩʪʽ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʮʝʥʪʨʦʾʜʠ ¯=6idj ;  

2 ï ʜʣʷ ¯=5idj ; 3 ï ¯=4idj ; 4 ï ¯=3idj ; 5 ï ¯= 4,2idj  
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ʈʠʩ. 2.12 ɻʨʘʬ̔ʢʠ, ʱʦ 

ʚʠʨʘʞʘʶʪʴ ʟʘʣʝʞʥʽʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ 

hmax ʚʽʜ idj 

1 ï ʛʨʘʬʽʢ ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʨʦʬʽʣʶ ʥʘ ʦʩʥʦʚʽ ʆɼɽɽ;  

2ï ʜʣʷ ʧʨʦʬʽʣʶ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ 

ɺʠʟʥʘʯʠʚʰʠ ʟʥʘʯʝʥʥʷ hmax, ʚʠʢʦʥʘʥʦ ʧʦʙʫʜʦʚʫ ʛʨʘʬʽʢʽʚ ʾʭ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

5ʪʠ ʟʥʘʯʝʥʴ idj (ʨʠʩ 2.12).  

 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʜʦʟʚʦʣʷʻ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʚ ʫʤʦʚʘʭ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʋɼɽɽ ʚ ʷʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʥʦʛʦ 

ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʰʦʨʩʪʢʦʩʪʽ ʚ 2,5-2,8 ʨʘʟʠ ʤʝʥʰʦʾ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʆɼɽɽ, ʧʨʠ ʤʝʥʰʽʡ ʚ 1z  ʨʘʟʽʚ ʢʽʣʴʢʦʩʪʽ ʚʨʽʟʘʥʴ, ʪʘ ʦʜʥʘʢʦʚʠʭ 

ʟʥʘʯʝʥʥʷʭ ʜʠʩʢʨʝʪʥʦʩʪʽ idj; 

- ʚʠʩʦʪʘ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʟʤʽʥʽ ʢʨʠʚʠʟʥʠ 

ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ, ʧʨʠʯʦʤʫ ʜʣʷ ʆɼɽɽ ʯʠʤ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʫ 

ʢʨʠʚʠʟʥʠ, ʪʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ. ɼʣʷ ʧʨʦʬʽʣʶ 

ʦʢʨʝʩʣʝʥʦʛʦ ʋɼɽɽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʚʦʨʦʪʥʘ ʪʝʥʜʝʥʮʽʷ; 

- ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʨʝʣʴʻʬʫ ʜʘʶʪʴ 

ʟʤʦʛʫ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʘʪʠ ʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʰʦʨʩʪʢʦʩʪʽ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʪʝʦʨʝʪʠʯʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʋɼɽɽ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʢʠ, ʽ ʚʽʜʧʦʚʽʜʥʦ, ʜʦʟʚʦʣʷʻ ʚʜʦʩʢʦʥʘʣʠʪʠ 

ʙʘʟʦʚʠʡ ʤʝʪʦʜ ʰʣʽʬʫʚʘʥʥʷ. ɸʣʝ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ 

ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ. ʊʘʢʦʞ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʨʦʙʠʪʠ ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ ʧʨʦʬʽʣʶʚʘʥʥʷ ʢʨʫʛʘ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ, ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
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2.4 ʉʠʥʪʝʟ ʧʨʦʬʽʣʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʥʘ ʦʩʥʦʚʽ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ 

ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ʆʜʥʠʤ ʽʟ ʥʝʜʦʣʽʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʋɼɽɽ ʧʽʜ ʯʘʩ ʧʨʦʬʽʣʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ 

ʻ ʥʘʷʚʥʽʩʪʴ ʟʘʛʦʩʪʨʝʥʴ ʧʨʦʬʽʣʶ ʚ ʛʨʘʥʠʯʥʠʭ ʪʦʯʢʘʭ. ɼʣʷ ʾʭ ʫʩʫʥʝʥʥʷ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʝʩʪʠ ʜʦʧʦʤʽʞʥʽ ʜʽʣʷʥʢʠ ʟʘ ʤʝʞʘʤʠ ʛʨʘʥʠʯʥʠʭ ʪʦʯʦʢ. ʋʚʽʛʥʫʪʘ 

ʜʽʣʷʥʢʘ ʻ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʘʢʪʠʚʥʦʾ ʜʽʣʷʥʢʠ ʜʫʛʠ 

ʮʽʚʢʠ, ʱʦ ʜʦʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʣʝʟʦʚʠʤʠ 

ʙʘʛʘʪʦʟʫʙʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ [83, 84, 104]. ʗʢʱʦ ʧʨʦʬʽʣʴ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

ʦʢʨʝʩʣʝʥʠʡ ʦʙʚʽʜʥʦʶ ʩʽʤʝʡʩʪʚʘ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ ʝʧʽʮʠʢʣʦʾʜ, ʪʦ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʰʣʽʬʫʚʘʥʥʷ ʤʽʞʮʽʚʢʦʚʦʾ ʟʘʧʘʜʠʥʠ. ʌʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʘʧʘʜʠʥʠ 

ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ ʟʜʽʡʩʥʠʪʠ ʥʝʤʦʞʣʠʚʦ, ʥʘʪʦʤʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʆɼɽɽ 

ʜʘʻ ʟʤʦʛʫ ʟʜʽʡʩʥʠʪʠ ʦʙʨʦʙʢʫ ʟʘʧʘʜʠʥʠ, ʧʨʠʯʦʤʫ ʷʢ ʦʜʠʥʠʯʥʠʤ ʜʽʣʝʥʥʷʤ, ʪʘʢ ʽ 

ʦʙʢʘʪʦʤ. ʗʢʱʦ ʧʨʦʬʽʣʴ ʤʽʞʮʽʚʢʦʚʦʾ ʟʘʧʘʜʠʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʥʝ ʟʘʜʽʷʥʠʡ ʚ 

ʨʦʙʦʪʽ, ʦʙʨʦʙʮʽ ʧʽʜʣʷʛʘʶʪʴ ʣʠʰʝ ʘʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʜʫʛʠ ʮʽʚʢʠ (ʪʽ ʱʦ ʩʧʨʠʡʤʘʶʪʴ 

ʢʦʥʪʘʢʪ ʽʟ ʧʨʦʬʽʣʝʤ ʩʘʪʝʣʽʪʫ). ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʮʽʚʢʦʚʝ ʢʦʣʝʩʦ ʤʦʞʝ ʙʫʪʠ 

ʦʙʨʦʙʣʝʥʦ ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ ʟ ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ ʟʘ ʦʜʥʫ 

ʫʩʪʘʥʦʚʢʫ. ʋɼɽɽ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ (1.4) ʽ (1.5). ʇʽʩʣʷ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʽ 

ʩʧʨʦʱʝʥʥʷ, ʨʽʚʥʷʥʥʷ (1.4) (1.5) ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʧʨʠʡʤʘʶʪʴ ʚʠʛʣʷʜ:  
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ɼʦʧʦʤʽʞʥʽ ʜʽʣʷʥʢʠ ʟʘ ʤʝʞʘʤʠ ʪʦʯʦʢ ʧʝʨʝʛʠʥʫ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʚʠʢʦʥʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʫʤʦʚ ʚʨʽʟʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʧʨʠʨʦʩʪʫ ʥʘ ʰʠʨʠʥʫ ʢʨʫʛʘ, ʙʫʜʝ ʚʠʢʦʥʘʥʥʷ ʫ 

ʚʠʛʣʷʜʽ ʩʧʨʷʞʝʥʦʛʦ ʢʦʣʘ. ʅʘ ʨʠʩ. 2.13 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʘʨʽʘʥʪ ʚʠʢʦʥʘʥʥʷ 

ʜʦʧʦʤʽʞʥʦʛʦ ʨʘʜʽʫʩʥʦʛʦ ʧʨʦʬʽʣʶ. 
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ʈʠʩ. 2.13 ʂʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʜʦʧʦʤʽʞʥʦʛʦ ʧʨʦʬʽʣʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ 

ʢʨʫʛʘ ʟʘ ʤʝʞʘʤʠ ʪʦʯʢʠ ʧʝʨʝʛʠʥʫ ʫ ʚʠʛʣʷʜʽ ʩʧʨʷʞʝʥʦʛʦ ʢʦʣʘ 

1 ï ʬʨʘʛʤʝʥʪ ʮʽʚʢʠ; 2 ï ʬʨʘʛʤʝʥʪ ʢʨʫʛʘ; 3 ï ʋɼɽɽ; 4 ï ʆɼɽɽ; .ʩʧr  ï ʨʘʜʽʫʩ ʩʧʨʷʞʝʥʥʷ; 

max
ʩʧr .  ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʩʧʨʷʞʝʥʥʷ; .ʦʢr  ï ʨʘʜʽʫʩ ʦʢʨʫʛʣʝʥʥʷ ʛʦʩʪʨʦʾ ʢʨʦʤʢʠ;  

Tʜ ï ʪʦʯʢʘ ʜʦʪʠʢʫ ʢʦʣʘ 
max
ʩʧr .  ʽ ʦʧʫʢʣʦʾ ʜʽʣʷʥʢʠ; Tʧ ï ʪʦʯʢʘ ʧʝʨʝʛʠʥʫ; ȹɺ ï ʧʨʠʨʽʩʪ ʥʘ ʰʠʨʠʥʫ 

ʽʥʩʪʨʫʤʝʥʪʫ; Ů ï ʛʘʨʘʥʪʦʚʘʥʠʡ ʟʘʟʦʨ ʤʽʞ ʢʦʥʪʫʨʘʤʠ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʟʦʥʦʶ ʽʥʪʝʨʬʝʨʝʥʮʽʾ 

 

ʊʦʯʢʘ ʩʧʨʷʞʝʥʥʷ ʜʦʧʦʤʽʞʥʦʛʦ ʧʨʦʬʽʣʶ ʟ ʋɼɽɽ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ ʧʝʨʝʛʠʥʫ. 

ɿʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʩʧʨʷʞʝʥʦʛʦ ʢʦʣʘ ʤʦʞʝ ʦʙʠʨʘʪʠʩʴ ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ max
ʩʧr . . 
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ɿʥʘʯʝʥʥʷ max
ʩʧr .  ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʫ, ʷʢʝ ʜʦʪʠʢʘʻʪʴʩʷ ʜʦ ʝʢʚʽʜʠʩʪʘʥʪʠ ʚ ʜʚʦʭ ʪʦʯʢʘʭ ï 

ʧʊ  ʽ 
ʜʊ. ɿʘ ʤʝʞʘʤʠ ʆɼɽɽ ʟʥʘʭʦʜʠʪʴʩʷ ʟʦʥʘ ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʪʦʤʫ ʧʨʠʡʤʘʪʠ 

max
ʩʧʩʧ rr ..>  ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ. ɻʦʩʪʨʫ ʢʨʦʤʢʫ, ʫʪʚʦʨʝʥʫ ʨʘʜʽʫʩʦʤ .ʩʧr  ʽ ʪʦʨʮʝʤ 

ʢʨʫʛʘ, ʙʘʞʘʥʦ ʦʢʨʫʛʣʠʪʠ. ɺ ʧʽʜʩʫʤʢʫ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʦʧʦʤʽʞʥʦʛʦ ʧʨʦʬʽʣʶ ʟʘ 

ʤʝʞʘʤʠ ʪʦʯʢʠ ʧʝʨʝʛʠʥʫ, ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʥʘʩʪʫʧʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ: 

- ʢʦʥʪʫʨʠ ʜʦʧʦʤʽʞʥʦʛʦ ʧʨʦʬʽʣʶ ʧʦʚʠʥʥʽ ʚʧʠʩʫʚʘʪʠʩʴ ʚ ʦʙʣʘʩʪʴ, 

ʦʢʨʝʩʣʝʥʫ ʝʢʚʽʜʠʩʪʘʥʪʦʶ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ ʙʝʟ ʽʥʪʝʨʬʝʨʝʥʮʽʾ; 

- ʟʥʘʯʝʥʥʷ .ʩʧr  ʥʝʦʙʭʽʜʥʦ ʦʙʠʨʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʠʤ ʜʦ max
ʩʧr .  (ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ), ʧʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʶʯʠ ʛʘʨʘʥʪʦʚʘʥʠʡ 

ʟʘʟʦʨ Ů ʤʽʞ ʆɼɽɽ ʽ ʥʝʟʘʜʽʷʥʠʤ ʚ ʨʦʙʦʪʽ ʦʢʨʫʛʣʝʥʥʷʤ .ʦʢr ; 

- ʧʨʠʨʽʩʪ ȹɺ ʥʘ ʰʠʨʠʥʫ ʢʨʫʛʘ ʧʨʠʡʤʘʪʠ ʙʽʣʴʰʠʤ ʟʘ ʚʝʣʠʯʠʥʫ .ʩʧr  

ʥʝʨʘʮʽʦʥʘʣʴʥʦ (ʭʦʯ ʽ ʤʦʞʣʠʚʦ), ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʦʙʤʝʞʝʥʥʷʤ ʛʘʙʘʨʠʪʽʚ 

ʽʥʩʪʨʫʤʝʥʪʘ ʽ ʦʩʥʘʱʝʥʥʷ ʜʣʷ ʾʭ ʚʽʣʴʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʢʨʽʟʴ ʧʦʨʦʞʥʠʥʫ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ. 

ɼʣʷ ʦʮʽʥʢʠ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʨʫʛʘ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʟʘʩʪʦʩʫʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ..ʧʚk . ʎʝʡ ʧʦʢʘʟʥʠʢ 

ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʟʘʜʽʷʥʦʾ ʚ ʨʦʙʦʪʽ ʜʽʣʷʥʢʠ ʧʨʦʬʽʣʶ 

ʽʥʩʪʨʫʤʝʥʪʫ ʜʦ ʜʦʚʞʠʥʠ ʘʢʪʠʚʥʦʾ ʜʽʣʷʥʢʠ ʜʫʛʠ ʮʽʚʢʠ. ɼʣʷ ʰʣʽʬʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʢʦʧʽʶʚʘʥʥʷ 1.. =ʧʚk , ʦʩʢʽʣʴʢʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʚʥʽʩʪʶ ʟʘʜʽʷʥʠʤ 

ʧʨʦʬʽʣʝʤ. ɺ ʧʨʦʮʝʩʽ ʰʣʽʬʫʚʘʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ, ʧʨʦʬʽʣʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʚʞʜʠ ʟʘʜʽʷʥʠʡ ʯʘʩʪʢʦʚʦ, ʧʨʠʯʦʤʫ ʜʦʚʞʠʥʘ ʟʘʜʽʷʥʦʾ ʚ ʨʦʙʦʪʽ 

ʜʽʣʷʥʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʘʟʠ ʦʙʢʘʪʫ. ɼʘʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ. ʆʩʢʽʣʴʢʠ ʜʦʚʞʠʥʘ ʘʢʪʠʚʥʦʾ ʜʽʣʷʥʢʠ ʮʽʚʢʠ ʻ 

ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʥʘ ..ʧʚk  ʙʫʜʝ ʤʘʪʠ ʜʦʚʞʠʥʘ ȹs ʟʘʜʽʷʥʦʾ ʚ 

ʨʦʙʦʪʽ ʜʽʣʷʥʢʠ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʥʘ ȹs. ʚʧʣʠʚʘʪʠʤʝ ʚʝʣʠʯʠʥʘ 

ʚʨʽʟʘʥʥʷ (ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ), ʦʩʢʽʣʴʢʠ ʜʦʚʞʠʥʘ ʟʘʜʽʷʥʦʾ ʚ ʨʦʙʦʪʽ ʜʫʛʠ ʧʨʦʬʽʣʶ 

ʟʙʽʣʴʰʫʚʘʪʠʤʝʪʴʩʷ ʧʦ ʤʽʨʽ ʟʘʛʣʠʙʣʝʥʥʷ ʚ ʪʽʣʦ ʟʘʛʦʪʦʚʢʠ. ʆʢʨʝʤʠʡ ʚʧʣʠʚ 

ʦʙʫʤʦʚʣʝʥʠʡ ʬʦʨʤʦʶ ʧʨʦʬʽʣʶ ʦʧʫʢʣʠʡ-ʫʚʽʛʥʫʪʠʡ. ʅʘ ʨʠʩ. 2.14 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʛʨʘʬʽʢʠ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ȹs ʚʽʜ ʚʝʣʠʯʠʥʠ ʨʘʜʽʘʣʴʥʦʛʦ ʚʨʽʟʘʥʥʷ ʚ 
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ʈʠʩ. 2.14 ɿʘʣʝʞʥʽʩʪʴ 

ʜʦʚʞʠʥʠ ʟʘʜʽʷʥʦʛʦ ʚ 

ʨʦʙʦʪʽ ʧʨʦʬʽʣʶ 

ʢʨʫʛʘ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʨʘʜʽʘʣʴʥʦʛʦ ʚʨʽʟʘʥʥʷ 

ʮʝʥʪʨʘʣʴʥʦʩʠʤʝʪʨʠʯʥʽʡ ʬʘʟʽ ʜʣʷ ʢʨʫʛʽʚ ʟ ʧʨʦʬʽʣʷʤʠ ʥʘ ʦʩʥʦʚʽ ʦʧʫʢʣʦʾ ʽ 

ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ ʝʢʚʽʜʠʩʪʘʥʪʠ. 

 

 

ɻʨʘʬʽʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʝʣʠʯʠʥʘ ȹs ʜʣʷ ʧʨʦʬʽʣʶ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʥʽʞ ʜʣʷ ʆɼɽɽ. ʋʚʽʛʥʫʪʘ ʜʽʣʷʥʢʘ ʽ 

ʧʨʦʬʽʣʴ ʮʽʚʢʠ ʤʘʶʪʴ ʢʨʠʚʠʟʥʫ ʦʜʥʘʢʦʚʦʛʦ ʟʥʘʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʭʦʧʣʝʥʥʷ 

ʟʥʘʯʥʦ ʙʽʣʴʰʠʭ ʜʦʚʞʠʥ ʜʫʛ ʚʟʘʻʤʦʜʽʶʯʠʭ ʧʨʦʬʽʣʽʚ. ʊʘʢ, ʜʣʷ ʟʥʘʯʝʥʥʷ  

t=0,05 ʤʤ, ʜʦʚʞʠʥʘ ʟʘʜʽʷʥʦʛʦ ʧʨʦʬʽʣʶ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ ʧʝʨʝʚʠʱʫʻ ʮʝʡ ʞʝ 

ʧʦʢʘʟʥʠʢ ʜʣʷ ʆɼɽɽ ʚ 8,9 ʨʘʟʽʚ, ʜʣʷ t=0,1 ï ʚ 8,6 ʨʘʟʽʚ, ʜʣʷ t=0,15 ï ʚ 8,2 ʨʘʟʠ. 

ɼʘʥʠʡ ʘʥʘʣʽʟ ʜʘʻ ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʦʬʽʣʴ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʝʬʝʢʪʠʚʥʽʰʝ, ʤʘʻ ʢʨʘʱʫ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʰʦʨʩʪʢʦʩʪʽ, ʪʠʤ ʩʘʤʠʤ 

ʧʽʜʪʚʝʨʜʞʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʧ. 2.3. 

ʑʝ ʦʜʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʪʠʤʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʻ ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʬʽʣʴ. ɼʣʷ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʩʢʦʨʠʩʪʫʻʤʦʩʴ ʬʦʨʤʫʣʦʶ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʠʪʦʤʦʛʦ ʢʦʚʟʘʥʥʷ  

ʜʚʦʭ ʩʧʨʷʞʝʥʠʭ ʧʨʦʬʽʣʽʚ [113]: 

1

21

L

LL

D

D-D
=l  ,                                              (2.32) 

ʜʝ 1LD  ï ʜʦʚʞʠʥʘ ʜʫʛʠ ʬʦʨʤʦʪʚʦʨʥʦʛʦ ʧʨʦʬʽʣʶ (ʆɼɽɽ ʘʙʦ ʋɼɽɽ); 
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2LD  ï ʜʦʚʞʠʥʘ ʰʣʽʬʦʚʘʥʦʾ ʘʢʪʠʚʥʦʾ ʜʽʣʷʥʢʠ ʜʫʛʠ ʮʽʚʢʠ. 

ʌʦʨʤʫʣʘ (2.32) ʻ ʫʟʘʛʘʣʴʥʝʥʦʶ ʽ ʥʝ ʚʨʘʭʦʚʫʻ ʟʥʘʯʝʥʥʷ ʧʨʠʢʣʘʜʝʥʠʭ ʩʠʣ ʪʘ 

ʾʭ ʨʦʟʧʦʜʽʣ ʧʦ ʜʦʚʞʠʥʽ ʧʨʦʬʽʣʶ, ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʜʦʚʞʠʥʠ ʜʫʛ 

ʚʟʘʻʤʦʜʽʶʯʠʭ ʧʨʦʬʽʣʽʚ. ɺʽʜʧʦʚʽʜʥʦ, ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʬʽʣʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʤʝʥʰʝ ʡʦʛʦ ʜʦʚʞʠʥʘ 1LD  ʽ ʯʠʤ ʙʽʣʴʰʘ ʜʦʚʞʠʥʘ 

2LD . ɼʦʚʞʠʥʘ ʜʫʛʠ 2LD  ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʮrÖq , ʜʝ q ï ʢʫʪ, ʱʦ 

ʩʪʷʛʫʻ ʜʫʛʫ. ɺʽʜʧʦʚʽʜʥʦ, ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

ʮr  ʙʫʜʝ ʤʘʪʠ ʚʧʣʠʚ ʥʘ ʚʝʣʠʯʠʥʠ 1LD  ʽ 2LD . ʈʦʟʛʣʷʥʝʤʦ, ʷʢ ʟʘʣʝʞʠʪʴ ʚʝʣʠʯʠʥʘ 

l ʜʣʷ ʧʨʦʬʽʣʽʚ ʥʘ ʦʩʥʦʚʽ ʆɼɽɽ ʽ ʋɼɽɽ ʚʽʜ ʧʘʨʘʤʝʪʨʫ ʮr . ʅʘ ʨʠʩ. 2.15 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ, ʷʢʘ ʥʘʛʣʷʜʥʦ ʽʣʶʩʪʨʫʻ ʟʤʽʥʫ 1LD  ʽ 2LD  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʮr . ɿʘʧʠʰʝʤʦ ʧʦʚʥʫ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 2LD , ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʥʘʯʝʥʥʷ ʢʫʪʘ q, ʷʢʝ ʚʠʟʥʘʯʘʻʤʦ ʟʛʽʜʥʦ ʩʭʝʤʠ ʨʠʩ. 2.15: 
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arcsin .            (2.33) 

ɼʦʚʞʠʥʘ ʜʫʛʠ 1LD  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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1 .                                  (2.34) 

ʄʝʞʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʜʫʛʠ: 

- ʆɼɽɽ .
1
ʦʧLD  ï ʧjj=1 , ʧz

z
jj -=

1

2
2 ˊ2 ; 

- ʋɼɽɽ .
1
ʫʚLD  ï ʧjj -=1 , ʧjj=2 . 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʬʦʨʤʫʣ ʙʫʣʦ ʦʙʯʠʩʣʝʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ l ʽ 

ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ ʡʦʛʦ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʫ ʮr , ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩ. 2.16.  
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 ʈʠʩ. 2.15 ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥ ʜʫʛ ʚʟʘʻʤʦʜʽʶʯʠʭ ʧʨʦʬʽʣʽʚ 

ʮʽʚʢʠ ʽ ʽʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʨʘʜʽʫʩʘ ʮʽʚʢʠ 

.
1
ʦʧLD , 

.
1
ʫʚ

LD  ï ʜʦʚʞʠʥʠ ʜʫʛ ʆɼɽɽ ʽ ʋɼɽɽ; 2LD  ï ʜʦʚʞʠʥʘ ʜʫʛʠ ʘʢʪʠʚʥʦʾ ʜʽʣʷʥʢʠ ʮʽʚʢʠ, 

ʦʙʤʝʞʝʥʘ ʪʦʯʢʘʤʠ ʂ1, ʂ2 ʽ ʢʫʪʦʤ ɗ; ʨ1, ʨ2 ï ʧʦʣʦʞʝʥʥʷ ʧʦʣʶʩʫ ʟʘʯʝʧʣʝʥʥʷ ʮʝʥʪʨʦʾʜ 1R  ʽ 2R , 

ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʝʥʪʨʘʣʴʥʦʩʠʤʝʪʨʠʯʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʆɼɽɽ ʽ ʤʽʞʮʽʚʢʦʚʦʾ ʟʘʧʘʜʠʥʠ 
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ʈʠʩ. 2.16 ɿʘʣʝʞʥʽʩʪʴ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʠʪʦʤʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ɚ ʥʘ 

ʧʨʦʬʽʣʴ ʽʥʩʪʨʫʤʝʥʪʫ 

ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʮr  

 

 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʆɼɽɽ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ, ʷʢʱʦ 1.­ʦʧl . ɺʽʜʧʦʚʽʜʥʦ, 

ʪʝʥʜʝʥʮʽʷ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʋɼɽɽ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʴ, 

ʷʢʱʦ 0.­ʫʚl . ʗʢ ʚʠʜʥʦ, ʛʨʘʬʽʢʠ ʤʘʶʪʴ ʦʩʦʙʣʠʚʽ ʪʦʯʢʠ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʽʚ ʮr¡ ʽ ʮr¡¡. ɿʥʘʯʝʥʥʶ ʮr¡ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʛʨʘʬʽʢʽʚ ʽ 

ʚʽʜʧʦʚʽʜʥʦ, ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʚʥʽʩʪʴ .. ʫʚʦʧ ll = , ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʣʠʚʘ ʟʘ ʫʤʦʚʠ 

.
1

.
1

ʫʚʦʧ LL D=D . ɿʥʘʯʝʥʥʷ ʮr¡¡ ʚʽʜʧʦʚʽʜʘʻ ʥʫʣʴʦʚʦʤʫ ʟʥʘʯʝʥʥʶ .ʦʧl , ʷʢʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʜʫʛ 2
.

1 LLʦʧ D=D . ɿʥʘʡʜʝʤʦ ʮr¡ ʽ ʮr¡¡. ɿʘʧʠʰʝʤʦ ʬʦʨʤʫʣʫ (2.34), 

ʚʠʨʘʟʠʚʰʠ ʜʦʚʞʠʥʫ ʜʫʛʠ ʯʝʨʝʟ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ )(jr : 
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L ʝʢʚ .      (2.35) 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʦʟʥʘʯʠʤʦ ( ) ( ) )(
22 jjj ɽVddyddx D=+ . ɿʘʧʠʰʝʤʦ ʫʤʦʚʫ 

.
1

.
1

ʫʚʦʧ LL D=D , ʚʨʘʭʦʚʫʶʯʠ ʚʠʨʘʟ (2.35): 
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ʈʦʟʚ'ʷʟʫʶʯʠ ʦʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ʮr , ʤʘʻʤʦ ʧʝʨʰʝ ʰʫʢʘʥʝ ʟʥʘʯʝʥʥʷ ʮr¡: 
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.                      (2.37) 

ɸʥʘʣʦʛʽʯʥʦ, ʧʨʠʨʽʚʥʶʶʯʠ ʚʠʨʘʟʠ (2.33) ʽ (2.35) ʟʛʽʜʥʦ ʫʤʦʚʠ 2
.

1 LLʦʧ D=D  ʽ 

ʨʦʟʚ'ʷʟʫʶʯʠ ʦʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ, ʤʘʻʤʦ ʜʨʫʛʝ ʰʫʢʘʥʝ ʟʥʘʯʝʥʥʷ ʮr¡¡: 
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ʇʝʨʚʽʩʥʘ ʧʽʜʽʥʪʝʛʨʘʣʴʥʦʛʦ ʚʠʨʘʟʫ )(jɽVD  ʥʝ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʬʫʥʢʮʽʷʭ, ʦʩʢʽʣʴʢʠ ʽʥʪʝʛʨʘʣ ʪʠʧʫ ñD jjdVE )(  ʥʘʣʝʞʠʪʴ ʜʦ ʝʣʽʧʪʠʯʥʠʭ 

ʽʥʪʝʛʨʘʣʽʚ ʜʨʫʛʦʛʦ ʨʦʜʫ [121]. 

ɸʥʘʣʽʟ ʢʦʝʬʽʮʽʻʥʪʘ ʧʠʪʦʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ l, ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʣʶʚʘʪʠ 

ʥʘʩʪʫʧʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʽʥʩʪʨʫʤʝʥʪʽʚ: 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʆɼɽɽ ʚ ʷʢʦʩʪʽ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ ʨʝʢʦʤʝʥʜʦʚʘʥʦ, 

ʷʢʱʦ ʮʮ rr ¡<  (ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 2
.

1 LLʦʧ D>D ); 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʋɼɽɽ ʨʝʢʦʤʝʥʜʦʚʘʥʦ, ʷʢʱʦ ʮʮ rr ¡² ; 

- ʷʢʱʦ ʮʮ rr ¡² , ʟʘʩʪʦʩʫʚʘʥʥʷ ʆɼɽɽ ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ, ʦʩʢʽʣʴʢʠ ʦʢʨʽʤ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʧʫʢʣʫ ʜʽʣʷʥʢʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʨʘʜʽʫʩʘ ʢʨʠʚʠʟʥʠ ʽ ʚʽʜʧʦʚʽʜʥʦ, ʫʪʚʦʨʝʥʥʷ ʫʨʘʟʣʠʚʠʭ ʽ ʩʭʠʣʴʥʠʭ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʜʽʣʷʥʦʢ ʧʨʦʬʽʣʶ. 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʦʙʨʦʙʢʠ ʢʨʫʛʦʤ ʟ ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ, 

ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ ʢʦʥʪʘʢʪʥʠʭ ʽ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʧʝʨʽʦʜʽʚ ʦʙʢʘʪʫ. ʂʝʨʫʚʘʥʥʷ ʽ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʦʮʝʩʦʤ ʰʣʽʬʫʚʘʥʥʷ, ʚʠʤʘʛʘʻ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʬʘʟ, ʷʢʠʤ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʢʠ ʧʦʯʘʪʢʫ ʽ ʟʘʢʽʥʯʝʥʥʷ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʘ ʽʟ ʟʘʛʦʪʦʚʢʦʶ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʧʝʨʝʤʽʱʝʥʥʷ ʦʢʨʝʤʦʾ ʮʽʚʢʠ ʚ ʧʨʦʮʝʩʽ ʦʙʢʘʪʫ ʽ ʾʾ ʢʦʥʪʘʢʪ ʽʟ 

ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ (ʨʠʩ. 2.17).  

 

ʈʠʩ. 2.17 ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʽʚ ʢʦʥʪʘʢʪʥʦʛʦ ʽ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʦʙʢʘʪʫ ʧʨʠ 

ʦʙʨʦʙʮʽ ʢʨʫʛʦʤ ʟ ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ 

1 ï ʬʨʘʛʤʝʥʪ ʮʽʚʢʠ; 2 ï ʬʨʘʛʤʝʥʪ ʢʨʫʛʘ; 3 ï ʜʽʣʷʥʢʘ ʝʧʽʮʠʢʣʦʾʜʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʽʦʜʫ 

ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʟʘʛʦʪʦʚʢʦʶ (ʦʙʤʝʞʝʥʘ ʪʦʯʢʘʤʠ ʧʝʨʝʛʠʥʫ 
1
ʧʊ -

2
ʧʊ ); 4 ï ʜʽʣʷʥʢʘ ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʽʦʜʫ ʙʝʟʫʜʘʨʥʦʛʦ ʧʽʜʚʦʜʫ-ʚʠʚʦʜʫ (ʜʽʣʷʥʢʘ ʧʽʜʚʦʜʫ ʦʙʤʝʞʝʥʘ ʪʦʯʢʘʤʠ 
1
ʧʊ - 1

..ʧʙʊ , 

ʜʽʣʷʥʢʘ ʚʠʚʦʜʫ ʚʽʜʧʦʚʽʜʥʦ 
2
ʧʊ - 2

..ʧʙʊ  ); 5 ï ʜʽʣʷʥʢʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʽʦʜʫ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ 

ʦʙʢʘʪʫ, ʷʢʠʡ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʚ ʧʨʠʩʢʦʨʝʥʦʤʫ ʨʝʞʠʤʽ 
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ʎʝʥʪʨʠ ʮʽʚʦʢ ʦʜʥʦʯʘʩʥʦ ʨʫʭʘʶʪʴʩʷ ʧʦ ʩʧʽʣʴʥʽʡ ʻʜʠʥʽʡ ʪʨʘʻʢʪʦʨʽʾ ï 

ʚʢʦʨʦʯʝʥʽʡ ʝʧʽʮʠʢʣʦʾʜʽ. ʇʨʦʬʽʣʴ ʢʨʫʛʘ ʽ ʮʽʚʢʠ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʢʦʥʪʘʢʪʽ ʧʽʜ ʯʘʩ 

ʨʫʭʫ ʫʟʜʦʚʞ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ ʪʨʘʻʢʪʦʨʽʾ, ʦʙʤʝʞʝʥʦʾ ʪʦʯʢʘʤʠ ʧʝʨʝʛʠʥʫ 1
ʧʊ  ʽ 2ʧʊ . 

ʇʝʨʝʤʽʱʝʥʥʷ ʫʟʜʦʚʞ ʦʧʫʢʣʦʾ ʜʽʣʷʥʢʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʢʦʥʪʘʢʪʫ. 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚ ʧ. 2.2, ʟ ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʦʙʨʦʙʢʫ ʮʽʚʢʦʚʦʛʦ 

ʢʦʣʝʩʘ, ʨʫʭ ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʘʟʘʤ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʦʙʢʘʪʫ, ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʚ 

ʧʨʠʩʢʦʨʝʥʦʤʫ ʨʝʞʠʤʽ. ʗʢʱʦ ʧʝʨʽʦʜʠ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʦʙʢʘʪʫ ʟʜʽʡʩʥʶʚʘʪʠ ʚ 

ʧʨʠʩʢʦʨʝʥʦʤʫ ʨʝʞʠʤʽ, ʪʦ ʜʦ ʧʦʯʘʪʢʫ ʚʨʽʟʘʥʥʷ ʰʚʠʜʢʽʩʪʴ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʠʪʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʝʟʫʜʘʨʥʠʡ ʧʽʜʚʽʜ. ɸʥʘʣʽʟ ʢʽʥʝʤʘʪʠʢʠ ʦʙʢʘʪʫ ʚʢʘʟʫʻ ʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʜʦʧʦʤʽʞʥʦʛʦ ʧʝʨʽʦʜʫ ʤʽʞ ʧʝʨʽʦʜʘʤʠ ʢʦʥʪʘʢʪʥʦʛʦ ʽ 

ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʦʙʢʘʪʫ. ɼʦʧʦʤʽʞʥʠʡ ʧʝʨʽʦʜ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʦʙʢʘʪʫ ʜʦ ʨʦʙʦʯʦʾ ʚʝʣʠʯʠʥʠ. ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʙʝʟʫʜʘʨʥʦʛʦ ʧʽʜʚʦʜʫ ʊʙ.ʧ. ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʮʽʚʢʠ ʽ 

ʧʨʦʬʽʣʶ ʢʨʫʛʘ ʫ ʬʘʟʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʮʽʡ ʪʦʯʮʽ. ʊʦʤʫ, ʟ ʤʽʨʢʫʚʘʥʴ ʙʝʟʧʝʢʠ, 

ʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʫ ʙʝʟʫʜʘʨʥʦʛʦ ʧʽʜʚʦʜʫ 
..ʧʙ

t  ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʠʤ ʟʘ ʧʝʨʽʦʜ 

ʢʦʥʪʘʢʪʥʦʛʦ ʦʙʢʘʪʫ ..ʦʢt  ʜʣʷ ʋɼɽɽ.  

 

2.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

1. ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʚʢʦʨʦʯʝʥʦʾ ʝʧʽʮʠʢʣʦʾʜʠ 

ʪʘ ʚʠʟʥʘʯʝʥʽ ʾʾ ʦʩʦʙʣʠʚʽ ʪʦʯʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʘʨʘʤʝʪʨ ʮr  ʚʧʣʠʚʘʻ ʥʘ ʫʤʦʚʠ 

ʽʩʥʫʚʘʥʥʷ: ʷʢʱʦ ʮr  ʧʝʨʝʚʠʱʫʻ ʤʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʚʢʦʨʦʯʝʥʦʾ 

ʝʧʽʮʠʢʣʦʾʜʠ minr , ʪʦ ʝʢʚʽʜʠʩʪʘʥʪʘ ʤʘʪʠʤʝ çʚʠʨʦʜʞʝʥʽ ʜʽʣʷʥʢʠè, ʱʦ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʾʾ ʥʦʨʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʧʨʦʬʽʣʶ ɻʇ ʘʙʦ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʆʪʨʠʤʘʥʘ ʬʦʨʤʫʣʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ minr . 

2. ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʦʙʚʽʜʥʦʾ ʩʽʤʝʡʩʪʚʘ ʝʢʚʽʜʠʩʪʘʥʪ ʜʦ 

ʚʢʦʨʦʯʝʥʠʭ ʝʧʽʮʠʢʣʦʾʜ, ʪʘ ʦʪʨʠʤʘʥʽ ʻʜʠʥʽ ʨʽʚʥʷʥʥʷ ʚ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʧʨʦʬʽʣʴ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʷʢ ʻʜʠʥʫ ʪʘ ʥʝʧʝʨʝʨʚʥʫ ʢʨʠʚʫ. ɿʥʘʡʜʝʥʦ 
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ʨʘʮʽʦʥʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ, ʱʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʧʘʨʘʤʝʪʨ ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ 

j ʽ ʧʘʨʘʤʝʪʨ t, ʱʦ ʚʠʟʥʘʯʘʻ ʢʨʠʚʫ ʽʟ ʤʥʦʞʠʥʠ ʩʽʤʝʡʩʪʚʘ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʙʘʟʦʚʠʡ ʤʝʪʦʜ ʰʣʽʬʫʚʘʥʥʷ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʋɼɽɽ ʚ ʷʢʦʩʪʽ ʬʦʨʤʦʪʚʦʨʥʦʛʦ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ. ɺ 

ʫʤʦʚʘʭ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʚʽʛʥʫʪʦʾ ʜʽʣʷʥʢʠ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ 

ʰʦʨʩʪʢʦʩʪʽ ʚ 2,5-2,8 ʨʘʟʠ ʤʝʥʰʦʾ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʧʫʢʣʦʶ, ʧʨʠ ʦʜʥʘʢʦʚʠʭ 

ʟʥʘʯʝʥʥʷʭ ʜʠʩʢʨʝʪʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʽ ʤʝʥʰʽʡ ʚ 1z  ʨʘʟʽʚ ʢʽʣʴʢʦʩʪʽ ʚʨʽʟʘʥʴ. ʊʘʢʘ 

ʧʝʨʝʚʘʛʘ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʫʛʘ ʮʽʚʢʠ ʽ ʋɼɽɽ ʤʘʶʪʴ ʢʨʠʚʠʟʥʫ ʦʜʥʦʛʦ ʟʥʘʢʫ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʜʦʚʞʠʥʠ ʟʘʜʽʷʥʠʭ ʚ ʨʦʙʦʪʽ ʜʽʣʷʥʦʢ ʚʟʘʻʤʦʜʽʶʯʠʭ 

ʧʨʦʬʽʣʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʚʠʩʦʪʠ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʫʟʜʦʚʞ 

ʧʨʦʬʽʣʶ ʮʽʚʢʠ ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʚʠʟʥʽ ʜʽʣʷʥʢʠ ʝʢʚʽʜʠʩʪʘʥʪʠ ʜʦ ʝʧʽʮʠʢʣʦʾʜʠ, ʷʢʘ 

ʧʨʠʡʥʷʪʘ ʟʘ ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʬʽʣʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ.  

4. ʇʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʘʨʽʘʥʪ ʧʨʦʬʽʣʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ 

ʢʨʫʛʘ ʟ ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʋɼɽɽ ʟ ʜʦʧʦʤʽʞʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʫ ʚʠʛʣʷʜʽ ʜʫʛ 

ʩʧʨʷʞʝʥʠʭ ʢʽʣ. ʈʦʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʮr , ʜʣʷ ʷʢʠʭ ʜʦʮʽʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʧʨʦʬʽʣʝʤ ʥʘ ʦʩʥʦʚʽ ʆɼɽɽ ʘʙʦ ʋɼɽɽ. 
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ʈʆɿɼɯʃ 3 

ʊɽʆʈɽʊʀʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʐʃɯʌʋɺɸʅʅʗ 

ɺʅʋʊʈɯʐʅʔʆɻʆ ʇʈʆʌɯʃʖ ʎɯɺʂʆɺʆɻʆ ʂʆʃɽʉɸ  

ɺ ʋʄʆɺɸʍ ʆɹʂɸʊʋ 

 

3.1 ɸʥʘʣʽʟ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʦʬʽʣʶ ʮʽʚʢʦʚʦʛʦ 

ʢʦʣʝʩʘ ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ 

 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʫʭ ʦʙʢʘʪʫ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʟʛʽʜʥʦ ʩʭʝʤʠ 

ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʫ ʰʣʽʬʫʚʘʥʥʷ (ʨʠʩ. 3.1). ʆʙʨʦʙʣʶʚʘʥʝ ʢʦʣʝʩʦ ʽ ʽʥʩʪʨʫʤʝʥʪ 

ʫʪʚʦʨʶʶʪʴ ʚʝʨʩʪʘʪʥʝ ʟʘʯʝʧʣʝʥʥʷ, ʚ ʷʢʦʤʫ ʮʝʥʪʨʦʾʜʘ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

ʦʙʢʘʪʫʻʪʴʩʷ ʙʝʟ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʾ ʮʝʥʪʨʦʾʜʠ ʫʷʚʥʦʛʦ ʩʘʪʝʣʽʪʘ, 

ʟʘʤʽʥʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʦʤ (ʨʠʩ. 3.1, ʘ). ʂʦʣʝʩʦ ʟʜʽʡʩʥʶʻ ʧʣʘʥʝʪʘʨʥʠʡ ʨʫʭ ʦʙʢʘʪʫ, 

ʘʜʝʢʚʘʪʥʠʡ ʨʦʙʦʯʦʤʫ ʮʠʢʣʫ ɻʇ, ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʛʦ ʩʘʪʝʣʽʪʫ. ɯʥʩʪʨʫʤʝʥʪ 

ʟʜʽʡʩʥʶʻ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʽ ʨʫʭʠ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ (ʧʘʨʘʣʝʣʴʥʦ ʚʽʩʽ 

ʢʦʣʝʩʘ), ʟʘʣʠʰʘʶʯʠʩʴ ʥʝʨʫʭʦʤʠʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ. ʇʣʘʥʝʪʘʨʥʠʡ ʨʫʭ ʦʙʢʘʪʫ 

ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʢʨʝʤʠʭ ʨʫʭʽʚ ï ʧʦʩʪʫʧʘʣʴʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʢʦʣʫ ʦʙʢʘʪʫ ʟ ʨʘʜʽʫʩʦʤ ʝ ʽ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʚʽʩʽ. ɺʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʢʦʣʘ ʦʙʢʘʪʫ, ʚʽʩʴ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ 

ʦʙʝʨʪʘʻʪʴʩʷ ʽʟ ʯʘʩʪʦʪʦʶ .ʚʭn  ï ʚʭʽʜʥʦʶ ʯʘʩʪʦʪʦʶ, ʷʢʘ ʟʘʜʘʻ ʪʝʤʧ ʦʙʢʘʪʫ  

(ʨʠʩ. 3.1, ʙ). ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ  

ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʽʩʽ .ʚʠʭn  ï ʚʠʭʽʜʥʘ ʯʘʩʪʦʪʘ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʽʟ .ʚʭn  ʢʽʥʝʤʘʪʠʯʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

2.. znn ʚʭʚʠʭ= .                                               (3.1) 

ɼʣʷ ʦʙʨʦʙʢʠ ʦʜʥʽʻʾ ʮʽʚʢʠ ʮʝʥʪʨʦʾʜʘ ʮʽʚʢʦʚʦʛʦ ʤʘʻ ʟʜʽʡʩʥʠʪʠ ʦʜʠʥ ʧʦʚʥʠʡ 

ʦʙʢʘʪ ʥʘʚʢʦʣʦ ʮʝʥʪʨʦʾʜʠ ʩʘʪʝʣʽʪʫ (ʜʠʚ. ʧ. 2.4). ʏʘʩʫ ʜʣʷ ʮʴʦʛʦ ʟʥʘʜʦʙʠʪʴʩʷ 

..1 ʚʭnʭʚ , ʘ ʜʣʷ ʦʙʨʦʙʢʠ ʫʩʽʭ ʮʽʚʦʢ ʮʝ ʯʠʩʣʦ ʥʝʦʙʭʽʜʥʦ ʧʦʤʥʦʞʠʪʠ ʥʘ ʾʭ 

ʢʽʣʴʢʽʩʪʴ. ʂʽʥʝʤʘʪʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.1) ʟʙʝʨʽʛʘʪʠʤʝʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʬʦʨʤʠ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ (ʦʧʫʢʣʘ ʘʙʦ ʫʚʽʛʥʫʪʘ). 
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ʈʠʩ. 3.1 ʈʫʭ ʦʙʢʘʪʫ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʽ ʩʽʤʝʡʩʪʚʦ ʤʠʪʪʻʚʠʭ ʧʦʣʦʞʝʥʴ ʧʨʠ 

ʦʙʢʦʯʫʚʘʥʥʽ ʡʦʛʦ ʮʝʥʪʨʦʾʜʠ ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʾ ʮʝʥʪʨʦʾʜʠ ʽʥʩʪʨʫʤʝʥʪʫ (ʘ),  

ʪʘ ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ (ʙ) 

.ʚʭn  ï ʚʭʽʜʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʽʩʽ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʥʘʚʢʦʣʦ ʚʽʩʽ ʦʙʢʘʪʫ; .ʚʠʭn  ï ʚʠʭʽʜʥʘ 

ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʽʩʽ 

 

ʆʢʨʽʤ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ. 3.1 ʩʭʝʤʠ, ʰʣʽʬʫʚʘʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʚ 

ʫʤʦʚʘʭ ʦʙʢʘʪʫ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʟʘ ʧô̫ ʪʴʤʘ ʨʽʟʥʠʤʠ ʩʭʝʤʘʤʠ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1. ʂʦʞʥʽʡ ʢʽʥʝʤʘʪʠʯʥʽʡ ʩʭʝʤʽ ʚʝʨʩʪʘʪʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʘʻ ʩʭʝʤʘ ʚʟʘʻʤʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʢʨʫʛʘ ʽ ʟʘʛʦʪʦʚʢʠ. ʉʭʝʤʘ ˉ1  

ʚʽʜʧʦʚʽʜʘʻ ʨʠʩ 3.1. ʉʭʝʤʘ ˉ2 ʧʝʨʝʜʙʘʯʘʻ ʦʙʢʘʪ ʮʝʥʪʨʦʾʜʠ ʽʥʩʪʨʫʤʝʥʪʘ ʧʦ 

ʚʥʫʪʨʽʰʥʽʡ ʩʪʦʨʦʥʽ ʥʝʨʫʭʦʤʦʾ ʮʝʥʪʨʦʾʜʠ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ. ʅʘ ʩʭʝʤʽ ˉ3 ʦʙʠʜʚʽ 

ʮʝʥʪʨʦʾʜʠ ʟʜʽʡʩʥʶʶʪʴ ʦʙʝʨʪʦʚʽ ʫʟʛʦʜʞʝʥʽ ʨʫʭʠ ʥʘʚʢʦʣʦ ʚʣʘʩʥʠʭ ʦʩʝʡ, ʧʨʠ 

ʮʴʦʤʫ ʾʭ ʦʩʽ ʤʘʶʪʴ ʬʽʢʩʦʚʘʥʝ ʧʦʣʦʞʝʥʥʷ. ɿʛʽʜʥʦ ʩʭʝʤʠ ˉ4, ʮʝʥʪʨʦʾʜʘ ʮʽʚʢʦʚʦʛʦ 

ʢʦʣʝʩʘ ʟʜʽʡʩʥʶʻ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʾ ʚʽʩʽ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʮʝʥʪʨʦʾʜʘ 

ʽʥʩʪʨʫʤʝʥʪʘ ʟʜʽʡʩʥʶʻ ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʧʦ ʢʦʣʫ ʦʙʢʘʪʫ ʙʝʟ ʦʙʝʨʪʘʥʥʷ. ɺ ʩʭʝʤʽ 

ˉ5 ʦʙʝʨʪʦʚʠʡ ʨʫʭ ʥʘʜʘʻʪʴʩʷ ʮʝʥʪʨʦʾʜʽ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʧʦʩʪʫʧʘʣʴʥʠʡ ʙʝʟ 

ʦʙʝʨʪʘʥʥʷ ï ʮʝʥʪʨʦʾʜʽ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ.  
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ʊʘʙʣʠʮ ̫3.1  

ʉʭʝʤʠ ʰʣʽʬʫʚʘʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʚ ʫʤʦʚʘʭ ʦʙʢʘʪʫ 

ˉ 

ʧ/ʧ 

ʂʽʥʝʤʘʪʠʢʘ  

ʚʝʨʩʪʘʪʥʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ 

ʉʭʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʏʘʩʪʦʪʘ 

ʚʠʭʽʜʥʦʾ 

ʣʘʥʢʠ 

(ʭʚ
-1
) 

1 2 3 4 

1 

 

 

 

2 

 

 

 

3 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮ ̔3.1  

1 2 3 4 

4 

 

 

 

5 

 

 

 

6 

 

 

 

 
ʉʭʝʤʘ ˉ6 ʧʝʨʝʜʙʘʯʘʻ ʦʙʝʨʪʘʥʥʷ ʮʝʥʪʨʦʾʜʠ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ ʟ ʧʦʩʪʽʡʥʦʶ 

ʯʘʩʪʦʪʦʶ ʽ ʦʩʮʠʣʶʶʯʽ ʨʫʭʠ ʮʝʥʪʨʦʾʜʠ ʽʥʩʪʨʫʤʝʥʪʘ. ɺʠʭʽʜʥʘ ʯʘʩʪʦʪʘ, ʱʦ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʦʩʮʠʣʶʶʯʠʡ ʨʫʭ ʧʨʠ ʪʘʢʽʡ ʩʭʝʤʽ, ʻ ʬʫʥʢʮʽʷ ʢʫʪʦʚʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ű, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʦʪʦʯʥʝ ʧʦʣʦʞʝʥʥʷ ʮʽʚʢʦʚʦʛʦ ʢʦʣʝʩʘ.  


