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ʇɽʈɽɼʄʆɺɸ 

 

ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʽʜʛʦʪʦʚʯʠʭ ʪʘ 

ʬʽʥʽʰʥʠʭ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʱʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ. ʅʘ ʮʽ ʦʧʝʨʘʮʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ 

ʜʦ 80% ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. 

 ʋ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʨʽʙʥʽ ʪʠʧʦʚʽ ʜʝʪʘʣʽ ʪʘ ʚʠʨʦʙʠ  

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʤʝʭʘʥʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʘʙʦ ʣʠʪʪʷʤ. ʗʢ ʧʨʘʚʠʣʦ, ʮʽ ʜʝʪʘʣʽ 

ʧʦʪʨʝʙʫʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʫʞʝ ʪʨʫʜʦʤʽʩʪʢʦʾ ʧʦʜʘʣʴʰʦʾ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-

ʟʘʯʠʱʫʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʘ ʯʘʩʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʨʫʯʥʠʤ ʩʧʦʩʦʙʦʤ ʘʙʦ ʟʘʩʦʙʘʤʠ 

ʤʘʣʦʾ ʤʝʭʘʥʽʟʘʮʽʾ. ɻʘʣʪʫʚʘʣʴʥʽ ʙʘʨʘʙʘʥʠ ʟ ʦʙʝʨʪʘʣʴʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʚʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʩʽʭ ʚʠʱʝʟʛʘʜʘʥʠʭ ʦʧʝʨʘʮʽʡ 

ʟʜʝʙʽʣʴʰʦʛʦ ʤʘʶʪʴ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ.  

 ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʱʫʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ 

ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʨʫʭʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (ʜʝʪʘʣʽ ʪʘ ʥʘʧʦʚʥʶʚʘʯ) ʫ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʷʭ ʟʘ ʨʘʭʫʥʦʢ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʾʭ ʩʢʣʘʜʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʙʣʘʜʥʘʥʥʷ ʟ̔  ʩʢʣʘʜʥʠʤ ʪʨʠʚʠʤʽʨʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ 

ʻʤʢʦʩʪʝʡ. ɼʦʩʣʽʜʞʝʥʥʷʤ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʻʤʢʦʩʪʷʭ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʟʘʡʤʘʣʠʩʷ, ʷʢ ʚʽʪʯʠʟʥʷʥʽ, ʪʘʢ 

ʡ ʽʥʦʟʝʤʥʽ ʚʯʝʥʽ, ʪʘʢʽ ʷʢ: ʈʝʰʝʪʦʚ ɸ. ʅ., ʍʨʦʩʪʠʮʢʠʡ ɸ. ɸ., ɽʚʛʨʘʬʦʚ ɸ. ʅ., M. 

Marigo, D. L. Cairns, M. Cook ʪʘ ʽʥʰʽ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʚʽʜʩʫʪʥʽ 

ʟʘʛʘʣʴʥʽ ʧʽʜʭʦʜʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʦʙôʻʤʥʦʾ ʦʙʨʦʙʢʠ 

ʜʝʪʘʣʝʡ ʚ ʛʘʣʪʫʚʘʣʴʥʠʭ ʻʤʢʦʩʪʷʭ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʦʛʦ ʨʦʜʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ, ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ʅʘ ʙʽʣʴʰʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʩʪʘʨʽʣʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʪʫʚʘʣʴʥʠʭ ʙʘʨʘʙʘʥʽʚ ʟ ʦʙʝʨʪʘʣʴʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʚʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ, ʷʢʽ ʟʜʝʙʽʣʴʰʦʛʦ ʤʘʶʪʴ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʪʝʭʥʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʨʘʮʽʦʥʘʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ. ʆʢʨʽʤ ʪʦʛʦ, ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʠʧʽʚ ʦʙʣʘʜʥʘʥʥʷ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ 

ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ, ʫ 

ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʣʘʥʮʶʟʽ ʪʘʢʠʭ ʤʘʰʠʥ ʥʘʷʚʥʠʤ ʻ ʧʘʩʠʚʥʠʡ ʟʚôʷʟʦʢ, ʷʢʠʡ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʝʨʝʜʯʘʩʥʦʛʦ 

ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʜʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʄʦʥʦʛʨʘʬʽʷ ʧʨʠʩʚʷʯʝʥʘ ʩʠʥʪʝʟʫ ʧʨʦʩʪʦʨʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʛʘʣʪʫʚʘʣʴʥʠʭ 

ʤʘʰʠʥ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʜʨʽʙʥʠʭ 

ʜʝʪʘʣʝʡ ʫ ʪʘʢʠʭ ʪʠʧʘʭ ʦʙʣʘʜʥʘʥʥʷ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ 

ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ, ʰʣʽʬʫʚʘʥʥʷ ʘʙʨʘʟʠʚʦʤ ʫ ʚʠʛʣʷʜʽ ʚʽʣʴʥʠʭ 

ʛʨʘʥʫʣ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʦʜʥʦʯʘʩʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʝʥʝʨʛʦʚʠʪʨʘʪ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʈʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʻ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʰʠʥʠ, ʪʠʧʦʤ ʪʘ 



10 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʝʪʘʣʝʡ, ʥʘʧʦʚʥʶʚʘʯʘ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʪʴ 

ʜʦʩʪʝʤʝʥʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʜʣʷ 

ʷʢʠʭ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʦʩʥʦʚʥʽ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʩʪʚʦʨʝʥʥʽ ʫʤʦʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʥʦʚʽ ʩʧʦʩʦʙʠ ʦʙʨʦʙʢʠ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ 

çʙʣʠʩʢʘʚʢʘè ʟ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʾʭ ʚʽʜʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʧʦʜʘʣʴʰʦʶ ʩʝʧʘʨʘʮʽʻʶ, 

ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʴ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʮʽ ʧʽʜʛʦʪʦʚʯʽ ʦʧʝʨʘʮʽʾ ʪʦʱʦ. 
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ʈʆɿɼɯʃ 1. ɸʅɸʃɯʊʀʏʅʀʁ ʆɻʃʗɼ ɼʆʉʃɯɼɾɽʅʔ ʋ ɻɸʃʋɿɯ 

ʌɯʅɯʐʅʆɰ ʆɹʈʆɹʂʀ ɼʈɯɹʅʀʍ ɼɽʊɸʃɽʁ 

1.1. ʆʩʦʙʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚ ʻʤʢʦʩʪʷʭ 

ʟʨʽʟʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʫʭʫ 

ʆʙʨʦʙʢa ʜʝʪʘʣʝʡ ʫ ʨʫʭʦʤʠʭ ʻʤʢʦʩʪʷʭ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʤʘʻ 

ʟʘʛʘʣʴʥʫ ʥʘʟʚʫ ī ʛʘʣʪʫʚʘʥʥʷ [1]. ɻʘʣʪʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-

ʦʯʠʱʫʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʚʽʜ ʟʘʫʩʝʥʮʽʡ, 

ʟʘʜʠʨʦʢ, ʦʙʣʦʶ ʪʘ ʦʢʘʣʠʥ, ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ, ʟʘʦʢʨʫʛʣʝʥʥʷ ʛʦʩʪʨʠʭ ʢʨʘʾʚ, 

ʚʽʜʜʽʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ, ʘ ʪʘʢʦʞ, ʧʨʦʮʝʩʠ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ 

ʚʠʨʦʙʽʚ: ʰʣʽʬʫʚʘʥʥʷ [2] ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ. 

 ʆʟʜʦʙʣʶʚʘʣʴʥʦ-ʦʯʠʱʫʚʘʣʴʥʽ ʦʧʝʨʘʮʽʾ ʜʫʞʝ ʪʨʫʜʦʤʽʩʪʢʽ (ʽʥʦʜʽ ʟʘʡʤʘʶʪʴ 

ʜʦ 80% ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ) [3]. ɺʽʜʦʤʽ ʪʨʠ ʩʧʦʩʦʙʠ [4] ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʷʢʦʩʪʽ: ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʫʯʥʦʾ ʧʨʘʮʽ ʘʙʦ ʟʘʩʦʙʽʚ 

ʤʘʣʦʾ ʤʝʭʘʥʽʟʘʮʽʾ, ʦʜʥʘʢ ʪʘʢʠʡ ʩʧʦʩʽʙ ʻ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤ, ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ 

ʯʘʩʫ ʪʘ ʨʦʙʦʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ; ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 

(ʪʦʢʘʨʥʽ, ʬʨʝʟʝʨʫʚʘʣʴʥʽ, ʩʚʝʨʜʣʠʣʴʥʽ ʪʘ ʰʣʽʬʫʚʘʣʴʥʽ ʚʝʨʩʪʘʪʠ), ʪʘʢʠʡ ʩʧʦʩʽʙ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ, ʜʝ ʥʝʦʙʭʽʜʥʝ ʟʥʷʪʪʷ ʪʦʯʥʦ ʚʠʟʥʘʯʝʥʦʾ 

ʚʝʣʠʯʠʥʠ ʧʨʠʧʫʩʢʫ; ʧʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚ 

ʨʫʭʦʤʠʭ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʷʭ, ʱʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʝʭʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʱʫʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʩʧʦʩʦʙʦʤ. 

  ʇʨʠ ʪʘʢʦʤʫ ʩʧʦʩʦʙʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʘʣʪʫʚʘʣʴʥʽ ʙʘʨʘʙʘʥʠ ʨʽʟʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʜʨʦʙʦʤʝʪʥʽ ʫʩʪʘʥʦʚʢʠ, ʚʽʙʨʘʮʽʡʥʽ, ʽʥʝʨʮʽʡʥʽ ʪʘ ʽʥʰʽ ʤʘʰʠʥʠ. 

ʇʨʦʮʝʩʘʤʠ ʛʘʣʪʫʚʘʥʥʷ ʥʝʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʷʪʪʷ ʪʦʯʥʦ ʚʠʟʥʘʯʝʥʦʾ 

ʚʝʣʠʯʠʥʠ ʧʨʠʧʫʩʢʫ ʟ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ, ʘʜʞʝ, ʤʽʩʮʷ ʟʽʪʢʥʝʥʴ ʥʝʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ, ʘ ʦʪʞʝ, ʚʠʥʠʢʘʻ ʜʝʱʦ ʥʝʨʽʚʥʦʤʽʨʥʠʡ 

ʨʽʚʝʥʴ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʦʙʨʦʙʣʷʶʪʴ ʜʝʪʘʣʽ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʪʨʠʤʘʥʥʷ ʾʭ ʨʦʟʤʽʨʽʚ ʟʘ ʢʚʘʣʽʪʝʪʘʤʠ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ, ʘ ʷʢʽʩʪʴ ʾʭ ʦʙʨʦʙʢʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ. ʊʘʢ ʦʙʨʦʙʣʷʶʪʴʩʷ ʙʽʣʴʰʽʩʪʴ ʬʫʨʥʽʪʫʨʥʠʭ ʜʝʪʘʣʝʡ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʧʽʩʣʷ ʣʠʪʪʷ ʪʘ ʪʽ, ʱʦ ʧʨʦʡʰʣʠ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ [5], ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʫʪʴ 

ʧʽʜʜʘʚʘʪʠʩʷ ʦʙʨʦʙʮʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʝʪʘʣʽ ʪʘ ʩʢʣʘʜʦʚʽ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ ʪʦʱʦ.   

 ɻʘʣʪʫʚʘʥʥʷ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʩʫʭʝ ʪʘ ʚʦʣʦʛʝ. ʇʨʠ ʧʝʨʰʦʤʫ ʩʧʦʩʦʙʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʫʭʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʧʨʠ ʜʨʫʛʦʤʫ ʩʧʦʩʦʙʽ ʚ ʨʦʙʦʯʫ 

ʻʤʢʽʩʪʴ ʜʦʜʘʻʪʴʩʷ ʙʫʬʝʨʥʠʡ ʨʽʜʠʥʥʠʡ ʨʦʟʯʠʥ (ʟʘʟʚʠʯʘʡ ʚʦʜʘ). ɿʘʟʚʠʯʘʡ, ʧʨʠ 

ʩʫʭʦʤʫ ʛʘʣʪʫʚʘʥʥʽ ʦʙʨʦʙʣʷʻʪʴʩʷ ʧʦʚʝʨʭʥʷ ʤʝʪʘʣʝʚʠʭ, ʘ ʧʨʠ ʚʦʣʦʛʦʤʫ ï 

ʧʦʚʝʨʭʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ. 

 ʇʽʜ ʯʘʩ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʫʩʽ 

ʬʘʢʪʦʨʠ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʠʨʽʙ ʪʘ ʪʠʧ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ [6]. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʦʯʠʱʝʥʥʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʚʽʜ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʡ 

ʘʙʨʘʟʠʚʥʠʭ ʢʽʣ, ʜʣʷ ʧʨʦʮʝʩʽʚ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʽʣʢʦ 

ʧʦʜʨʽʙʥʝʥʽ ʧʦʣʽʨʫʚʘʣʴʥʽ ʧʘʩʪʠ [7], ʜʣʷ ʛʣʷʥʮʶʚʘʥʥʷ ʚʠʨʦʙʽʚ ʜʦʜʘʪʢʦʚʦ 



12 

ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʦʙʙʠʚʘʶʪʴ ʧʦʚʩʪʶ ʘʙʦ ʰʢʽʨʦʶ, ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʚʠʨʦʙʽʚ ʚʽʜ ʦʙʣʦʶ ʫ ʨʦʙʦʯʫ ʻʤʢʽʩʪʴ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʥʝʦʙʨʦʙʣʝʥʽ 

ʜʝʪʘʣʽ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʥʘʧʦʚʥʶʚʘʯ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʫ ʚʠʛʣʷʜʽ ʢʝʨʘʤʽʯʥʠʭ, 

ʩʪʘʣʴʥʠʭ ʢʫʣʴʦʢ, ʛʦʣʢʦʚʠʡ ʥʘʧʦʚʥʶʚʘʯ ʘʙʦ ʥʘʧʦʚʥʶʚʘʯ ʫ ʚʠʛʣʷʜʽ ʩʪʘʣʝʚʠʭ 

ʮʠʣʽʥʜʨʽʚ, ʚ ʷʢʦʩʪʽ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʢʣʷʥʽ ʢʫʣʴʢʠ 

ʜʽʘʤʝʪʨʦʤ 3-6 ʤʤ. ʇʨʠ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʩʥʽʡ ʦʙʨʦʙʮʽ ʜʨʽʙʥʠʭ ʜʝʪʘʣʝʡ ʫ 

ʧʣʘʥʝʪʘʨʥʠʭ ʙʘʨʘʙʘʥʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʧʦʚʥʶʚʘʯʽ ʟ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ ʚʽʜ 1 

ʜʦ 10 ʤʤ [8]. ʋ ʷʢʦʩʪʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʠʨʦʙʽʚ ʽʟ ʤ'ʷʢʦʾ ʛʫʤʠ [4] 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʣʝʥʫ ʮʝʛʣʫ, ʜʣʷ ʞʦʨʩʪʢʠʭ - ʧʝʤʟʫ, ʧʨʠ ʪʘʢʽʡ ʦʙʨʦʙʮʽ ʟʥʽʤʘʻʪʴʩʷ 

ʥʝ ʣʠʰʝ ʦʙʣʦʡ [9], ʘʣʝ ʡ ʰʘʨ ʤʘʪʝʨʽʘʣʫ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ, ʜʣʷ ʧʦʩʠʣʝʥʥʷ 

ʝʬʝʢʪʫ ʰʣʽʬʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʙʘʨʘʙʘʥʫ ʬʫʪʝʨʫʶʪʴ ʥʘʞʜʘʯʥʠʤ 

ʧʘʧʝʨʦʤ. ɼʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʛʘʣʪʫʚʘʥʥʷ ʜʝʪʘʣʝʡ, ʟʽ ʩʢʣʘʜʥʦʶ 

ʛʝʦʤʝʪʨʽʻʶ, ʫ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʘʧʦʚʥʶʚʘʯ ʟ ʨʽʟʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʬʦʨʤʘʤʠ: ʛʨʘʥʫʣʠ, ʫ ʚʠʛʣʷʜʽ 

ʙʘʛʘʪʦʛʨʘʥʥʠʭ ʧʨʠʟʤ, ʧʘʨʘʣʝʣʝʧʽʧʝʜʽʚ, ʢʫʙʠʢʽʚ, ʧʽʨʘʤʽʜ, ʧʨʘʚʠʣʴʥʠʭ 

ʤʥʦʛʦʢʫʪʥʠʢʽʚ ʪʘ ʽʥ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʯʠʱʝʥʥʷ 

ʛʫʤʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʚʠʨʦʙʽʚ ʚʽʜ ʣʠʚʥʠʢʽʚ ʪʘ ʦʙʣʦʶ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʦʜʘʪʢʦʚʝ 

ʦʭʦʣʦʜʞʝʥʥʷ ʨʽʜʢʠʤ ʘʟʦʪʦʤ.   

 ʄʝʪʦʜʠ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʦʙʨʦʙʣʶʚʘʥʫ 

ʜʝʪʘʣʴ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʪʠʧʠ. ʆʙʨʦʙʢʘ ʧʨʠ ʨʫʩʽ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʦʙʨʦʙʢʘ ʧʨʠ ʜʽʾ ʥʘʧʨʘʚʣʝʥʦʛʦ ʧʦʪʦʢʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʜʝʪʘʣʴ. 

 ʄʝʪʦʜ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʾʭ ʨʫʩʽ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʦʣʷʛʘʻ 

ʚ ʤʝʭʘʥʽʯʥʠʭ ʢʦʥʪʘʢʪʘʭ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʽʪʢʥʝʥʥʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ 

ʤʽʞ ʩʦʙʦʶ, ʟʽʪʢʥʝʥʥʽ ʟ ʘʙʨʘʟʠʚʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ 

ʪʘʢʦʞ, ʧʨʠ ʟʽʪʢʥʝʥʥʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʩʪʽʥʢʘʤʠ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʠʭ ʟʽʪʢʥʝʥʴ ʟʘʚʞʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʬʝʢʪ ʧʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʤʽʢʨʦʨʽʟʘʥʥʷ, ʟʨʽʟʘʥʥʷ ʜʝʬʝʢʪʽʚ, ʟʛʣʘʜʞʫʚʘʥʥʷ ʥʝʨʽʚʥʦʩʪʝʡ, 

ʚʽʜʜʽʣʝʥʥʷ ʣʠʚʥʠʢʽʚ, ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʟʘʦʢʨʫʛʣʝʥʥʷ ʛʦʩʪʨʠʭ ʢʨʘʾʚ. 

 ɸʙʩʦʣʶʪʥʦ ʘʙʦ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʘʙʨʘʟʠʚʥʽʡ ʦʙʨʦʙʮʽ ʧʦʚʝʨʭʥʽ ʚ 

ʦʪʚʦʨʘʭ, ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʧʽʚʫʜʘʨʽʚ ʚʠʥʠʢʘʻ ʫ ʟʘʛʣʠʙʣʝʥʥʷʭ, ʧʨʦʪʦʯʢʘʭ, 

ʟʥʘʯʥʦ ʙʽʣʴʰʘ ī ʥʘ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʷʭ ʪʘ ʤʘʢʩʠʤʘʣʴʥʘ ī ʧʦ ʚʠʩʪʫʧʘʤ, ʢʨʦʤʢʘʭ, 

ʢʫʪʘʭ, ʛʦʩʪʨʠʭ ʢʨʘʷʭ. ʉʘʤʝ ʪʦʤʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ, ʟʝʨʥʠʩʪʽʩʪʴ ʪʘ ʬʦʨʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʙʠʨʘʶʪʴ, ʚʠʭʦʜʷʯʠ ʟ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ 

ʚʠʨʦʙʽʚ, ʰʦʨʩʪʢʦʩʪʽ ʾʭ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʨʦʟʤʽʨ ʛʨʘʥʫʣ ʥʘʧʦʚʥʶʚʘʯʘ, ʧʦ ʤʦʞʣʠʚʦʩʪʽ, ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ 2 ʨʘʟʠ 

ʤʝʥʰʠʤ ʚʽʜ ʨʦʟʤʽʨʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʦʪʚʦʨʫ ʚʠʨʦʙʫ. ʗʢʱʦ ʦʪʚʦʨʠ 

ʫ ʚʠʨʦʙʽ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʦʙʨʦʙʮʽ, ʪʦ ʨʦʟʤʽʨ ʛʨʘʥʫʣ ʧʦʚʠʥʝʥ, ʧʦ ʢʨʘʡʥʽʡ ʤʽʨʽ, ʚ 3 

ʨʘʟʠ ʧʝʨʝʚʠʱʫʚʘʪʠ ʨʦʟʤʽʨ ʥʘʡʙʽʣʴʰʦʛʦ ʦʪʚʦʨʫ ʫ ʚʠʨʦʙʽ [10].   

ʆʙʨʦʙʢʘ ʚʠʨʦʙʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʘʢʽʡ 

ʚʟʘʻʤʦʜʽʾ ʦʙʨʦʙʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʚʠʨʦʙʦʤ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʯʠʩʪʢʘ ʪʘ 

ʦʙʨʦʙʢʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ʆʙʨʦʙʥʽ ʩʝʨʝʜʦʚʠʱʘ ʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʨʷʜʫ ʦʟʥʘʢ, ʜʦ 

ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʬʽʟʠʯʥʠʡ ʩʪʘʥ ʩʝʨʝʜʦʚʠʱʘ, ʾʾ ʨʫʭʣʠʚʽʩʪʴ, ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ 

ʥʘ ʦʙʨʦʙʣʶʚʘʥʠʡ ʚʠʨʽʙ ʫ ʯʘʩʽ, ʚʠʜ ʝʥʝʨʛʽʾ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʚʠʨʦʙʫ, ʘ ʪʘʢʦʞ 
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ʭʽʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʤʘʪʝʨʽʘʣʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʚʠʨʦʙʫ (ʨʠʩ. 1.1).  

 

ʊʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ 
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ʈʠʩ. 1.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ 

 

ʇʨʠ ʚʠʙʦʨʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ 

ʬʘʢʪʦʨʠ ʾʾ ʚʧʣʠʚʫ ʥʘ ʚʠʨʽʙ [11]. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʙʨʦʙʮʽ ʩʢʣʦʧʣʘʩʪʠʢʽʚ ʥʝ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʦʜʫ, ʪʘʢ ʷʢ ʚʦʥʘ ʰʚʠʜʢʦ 

ʜʠʬʫʥʜʫʻ ʧʦ ʢʘʧʽʣʷʨʘʭ; ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ, ʘ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʝ ʨʦʟʚʠʥʝʥʥʷ ʪʨʽʱʠʥ, 

ʦʩʦʙʣʠʚʦ ʧʽʜ ʚʧʣʠʚʦʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʨʽʟʢʦ ʟʥʠʞʫʻ 

ʤʽʮʥʽʩʪʴ ʚʠʨʦʙʽʚ.  

ʄʝʪʦʜʠ ʦʙʨʦʙʢʠ ʩʝʨʝʜʦʚʠʱʝʤ ʜʦʮʽʣʴʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʚʝʣʠʢʽ ʛʨʫʧʠ: 

ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʤʝʭʘʥʽʯʥʠʤ ʚʧʣʠʚʦʤ ʩʝʨʝʜʦʚʠʱʘ ʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤ ʚʧʣʠʚʦʤ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʚʠʨʦʙʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ, ʪʦʤʫ ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʮʽ ʤʝʪʦʜʠ 

ʜʦʢʣʘʜʥʽʰʝ. ʇʨʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʘʭ ʦʙʨʦʙʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ 

ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʧʽʜʚʝʜʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ 

[12]. ʇʨʦʩʪʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʚʠʜ ʝʥʝʨʛʽʾ ʽ ʦʜʠʥ ʩʧʦʩʽʙ 

ʧʽʜʚʝʜʝʥʥʷ ʾʾ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʘ ʤʝʭʘʥʽʯʥʘ 

ʦʙʨʦʙʢʘ ʟʘʩʪʦʩʦʚʫʻ ʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʚʽʜʥʦʩʥʦʤʫ ʨʫʩʽ 

ʽʥʩʪʨʫʤʝʥʪʘ ʽ ʟʘʛʦʪʦʚʢʠ. 

ʇʨʦʤʠʩʣʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚ 

ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʦʩʚʦʻʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʥʦʚʠʭ 

ʪʝʭʥʽʯʥʠʭ ʝʬʝʢʪʽʚ, ʥʘʧʨʠʢʣʘʜ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʤʽʮʥʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘ ʽʥʰʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʨʦʙʽʚ. 
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ʄʝʪʦʜʠʢʘ ʧʦʙʫʜʦʚʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʽ ʭʽʤʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʧʨʦʮʝʩ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʦʙʨʦʙʮʽ. ʎʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ: 1) ʯʠʩʣʘ ʽ ʚʠʜʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʧʣʠʚʽʚ; 2) ʩʧʦʩʦʙʫ 

ʟʜʽʡʩʥʝʥʥʷ ʢʦʞʥʦʛʦ ʚʧʣʠʚʫ ʚ ʟʦʥʽ ʦʙʨʦʙʢʠ; 3) ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʫʤʽʩʥʠʭ ʚʧʣʠʚʽʚ (ʧʝʨʝʜʫʩʽʤ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʢʦʞʥʦʛʦ ʚʠʜʫ) ʽ ʾʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [12]. ʈʦʟʛʣʷʥʝʤʦ ʮʽ ʯʠʥʥʠʢʠ ʧʦʩʣʽʜʦʚʥʦ. 

ʇʝʨʰʠʡ ʬʘʢʪʦʨ ï ʯʠʩʣʦ ʽ ʚʠʜʠ ʬʽʟʠʢʦ-ʭʤ̔ʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʧʽʜʚʦʜʷʪʴʩʷ ï 

ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʢʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʥʘ ʪʨʠ ʢʣʘʩʠ. 

ʇʝʨʰʠʡ ʢʣʘʩ ï ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʚʠʜ 

ʝʥʝʨʛʽʾ, ʘʣʝ ʜʚʘ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʾʾ ʧʽʜʚʦʜʘ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʤʦʞʫʪʴ 

ʩʣʫʞʠʪʠ, ʥʘʧʨʠʢʣʘʜ, ʪʦʯʽʥʥʷ ʟ ʥʘʢʣʘʜʝʥʥʷʤ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʚʽʙʨʘʮʽʡ ʜʣʷ 

ʜʨʦʙʣʝʥʥʷ ʩʪʨʫʞʢʠ, ʘ ʪʘʢʦʞ ʩʧʦʩʽʙ, ʧʨʠ ʷʢʦʤʫ ʚʠʨʦʙʠ, ʟʘʢʨʽʧʣʝʥʽ ʥʘ 

ʰʚʠʜʢʦʦʙʝʨʪʦʚʦʤʫ ʰʧʠʥʜʝʣʽ ʚʝʨʩʪʘʪʘ, ʟʘʥʫʨʶʶʪʴ ʚ ʟʘʧʦʚʥʝʥʠʡ ʘʙʨʘʟʠʚʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ (ʧʦʨʦʰʢʦʤ) ʙʘʨʘʙʘʥ; ʦʩʪʘʥʥʽʡ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ 

ʢʨʽʤ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʟʜʽʡʩʥʶʻ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ (ʘʙʦ 

ʙʘʨʘʙʘʥ ʤʦʞʝ ʙʫʪʠ ʥʝʨʫʭʦʤʠʤ, ʘ ʰʧʠʥʜʝʣʴ ʟ ʚʠʨʦʙʦʤ ʚʠʢʦʥʫʻ ʷʢ ʦʙʝʨʪʘʣʴʥʠʡ, 

ʪʘʢ ʽ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ) [13]. 

ɼʨʫʛʠʡ ʢʣʘʩ ï ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʜʚʘ ʚʠʜʠ ʝʥʝʨʛʽʾ, ʱʦ 

ʧʽʜʚʦʜʠʪʴʩʷ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ. ʉʶʜʠ ʚʭʦʜʷʪʴ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʤʝʭʘʥʽʯʥʠʤ 

ʚʧʣʠʚʦʤ ʩʝʨʝʜʦʚʠʱʘ ʟ ʦʜʥʦʯʘʩʥʦʶ ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ, ʘ ʩʘʤʝ ï ʤʝʭʘʥʽʯʥʠʤ 

ʚʧʣʠʚʦʤ ʩʝʨʝʜʦʚʠʱʘ ʟ ʧʽʜʚʠʱʝʥʦʶ ʘʙʦ ʧʦʥʠʞʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. 

 ʊʨʝʪʽʡ ʢʣʘʩ ï ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ, ʱʦ ʩʫʤʽʱʘʶʪʴ ʙʽʣʴʰʝ ʜʚʦʭ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʝʥʝʨʛʽʾ ʪʘ ʩʧʦʩʦʙʽʚ ʾʾ ʧʽʜʚʦʜʘ. 

 ɼʨʫʛʠʡ ʬʘʢʪʦʨ ï ʩʧʦʩʽʙ ʟʜʽʡʩʥʝʥʥʷ ʧʦʻʜʥʘʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʧʣʠʚʽʚ- 

ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʢʦʤʙʽʥʦʚʘʥʽ ʩʧʦʩʦʙʠ ʥʘ ʩʧʦʩʦʙʠ ʟ ʧʘʨʘʣʝʣʴʥʠʤ ʽ 

ʧʦʩʣʽʜʦʚʥʠʤ ʧʽʜʚʝʜʝʥʥʷʤ ʝʥʝʨʛʽʾ, ʧʨʠʯʦʤʫ ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʧʽʜʚʦʜʽ ʤʘʻ 

ʟʥʘʯʝʥʥʷ ʧʦʨʷʜʦʢ ʧʽʜʚʝʜʝʥʥʷ, ʪʦʤʫ ʱʦ ʮʝʡ ʧʦʨʷʜʦʢ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʜʽʙʥʦʛʦ ʩʫʤʽʱʝʥʥʷ. 

 ʊʨʝʪʽʡ ʬʘʢʪʦʨ ï ʢʽʣʴʢʽʩʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʬʽʟʠʯʥʠʭ ʽ 

ʭʽʤʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʧʦʻʜʥʫʶʪʴʩʷ. ɿʤʽʥʘ ʮʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʢʽʣʴʢʽʩʥʦʾ ʟʤʽʥʠ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʘʙʦ ʚʠʢʣʠʢʘʪʠ ʡʦʛʦ ʷʢʽʩʥʽ 

ʟʤʽʥʠ. ʊʨʝʪʽʡ ʬʘʢʪʦʨ ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʢʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʥʘ ʜʚʘ ʪʠʧʠ 

ʤʝʪʦʜʽʚ: ʤʝʪʦʜʠ ʟ ʧʝʨʝʚʘʞʥʠʤ ʚʧʣʠʚʦʤ ʷʢʦʛʦʩʴ ʦʜʥʦʛʦ ʚʧʣʠʚʫ, ʥʘʧʨʠʢʣʘʜ 

ʤʝʭʘʥʽʯʥʦʛʦ (ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʮʴʦʛʦ ʪʠʧʫ ʨʦʟʨʽʟʥʷʶʪʴ ʙʘʟʦʚʽ ʪʘ 

ʜʦʜʘʪʢʦʚʽ ʧʨʦʮʝʩʠ); ʤʝʪʦʜʠ, ʚ ʷʢʠʭ ʥʝ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʧʣʠʚʠ 

ʥʘ ʦʩʥʦʚʥʽ ʽ ʜʦʜʘʪʢʦʚʽ (ʤʝʭʘʥʦʭʽʤʽʯʥʘ ʦʙʨʦʙʢʘ). 

 ʇʨʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʘʭ ʦʙʨʦʙʢʠ, ʧʝʨʰ ʟʘ ʚʩʝ ʜʨʫʛʦʛʦ ʢʣʘʩʫ, ʨʝʟʫʣʴʪʘʪ 

ʜʚʦʭ ʬʽʟʠʯʥʠʭ ʘʙʦ ʭʽʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʥʝ ʻ ʾʭ ʧʨʦʩʪʦʶ ʘʨʠʬʤʝʪʠʯʥʦʶ ʩʫʤʦʶ, 

ʪʦʤʫ ʱʦ ʽʥʦʜʽ ʩʫʤʽʱʝʥʥʷ ʜʚʦʭ ʬʽʟʠʯʥʠʭ ʚʧʣʠʚʽʚ ʤʦʞʝ ʜʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʝʬʝʢʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ, ʩʪʽʡʢʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʚʠʨʦʙʽʚ. ʊʦʤʫ ʧʝʨʝʣʽʢ ʩʫʤʽʩʥʠʭ ʧʨʦʮʝʩʽʚ, ʾʭ 

ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʦʞ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʧʣʠʚʽʚ ʧʦʚʠʥʥʽ ʧʽʜʙʠʨʘʪʠʩʷ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʘʢʪʠʚʽʟʫʚʘʪʠ ʦʜʠʥ ʦʜʥʦʛʦ. 
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 ʐʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʱʫʚʘʣʴʥʠʭ 

ʦʧʝʨʘʮʽʡ ʚʠʨʦʙʽʚ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʦʜʽʚ ʛʘʣʪʫʚʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ, ʟʥʘʯʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʟʘʤʽʱʝʥʥʷ ʨʫʯʥʦʾ 

ʧʨʘʮʽ ʥʘ ʤʝʭʘʥʽʟʦʚʘʥʫ ʻ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʥʫ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʜʘʥʦʛʦ ʪʠʧʫ ʦʙʨʦʙʢʠ  ʜʝʪʘʣʝʡ. 

 

1.2. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʬʽʥʽʰʥʦʾ ʦʙô̒ ʤʥʦʾ ʦʙʨʦʙʢʠ ʜʨʽʙʥʠʭ ʜʝʪʘʣʝʡ 

 ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʦʤʠʡ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʪʠʧʽʚ ʦʙʣʘʜʥʘʥʥʷ 

[14], ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʜʣʷ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʱʫʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ 

ʜʝʪʘʣʝʡ [15], ʢʦʪʨʝ ʚʠʧʫʩʢʘʻʪʴʩʷ ʨʽʟʥʠʤʠ ʚʽʪʯʠʟʥʷʥʠʤʠ ʪʘ ʽʥʦʟʝʤʥʠʤʠ 

ʚʠʨʦʙʥʠʢʘʤʠ. ʋʩʽ ʤʘʨʢʠ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʥʘ 9 

ʪʠʧʽʚ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʪʘ ʤʝʪʦʜʘʤʠ ʦʙʨʦʙʢʠ ʚʠʨʦʙʽʚ. ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʜʣʷ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʱʫʚʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.2. 

 
 

ʈʠʩ. 1.2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʜʣʷ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-

ʟʘʯʠʱʫʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ  

 

 ʄʘʰʠʥʠ ʪʠʧʫ ʦʙʝʨʪʦʚʽ ʙʘʨʘʙʘʥʠ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤ, ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʪʘ 

ʽʩʪʦʨʠʯʥʦ ʥʘʡʧʝʨʰʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʫ ʜʘʥʽʡ ʛʘʣʫʟʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ. ɺ ʪʦʡ ʩʘʤʦ 

ʯʘʩ, ʪʘʢʠʡ ʪʠʧ ʦʙʣʘʜʥʘʥʥʷ ʻ ʥʘʡʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤ, ʥʘ ʦʙʨʦʙʢʫ ʜʝʪʘʣʝʡ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʟʥʘʯʥʠʡ ʨʝʟʝʨʚ ʯʘʩʫ (ʜʦ 38 ʛʦʜʠʥ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʤʘʰʠʥʠ). 

ɹʘʟʦʚʦʶ ʪʘ ʥʘʡʧʨʦʩʪʽʰʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʦʙʝʨʪʦʚʦʛʦ ʙʘʨʘʙʘʥʫ ʻ ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ, 

ʷʢʘ ʚʠʢʦʥʘʥʘ ʫ ʬʦʨʤʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ ʽ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʦʾ ʦʩʽ [16]. ʊʘʢʦʞ ʚʽʜʦʤʽ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʪʝʭʥʽʯʥʽ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʮʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʩʧʨʦʙ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʛʘʣʪʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʙʦʯʽ ʻʤʢʦʩʪʽ ʟ 

ʛʨʘʥʦʚʘʥʠʤ ʧʨʦʬʽʣʝʤ [17], ʮʠʣʽʥʜʨʠʯʥʽ ʙʘʨʘʙʘʥʠ ʟʽ ʟʤʽʱʝʥʦʶ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ 

(ʪʠʧʫ "ʧʴʷʥʦʡ ʙʦʯʢʠ"), ʥʘʭʠʣʝʥʦʶ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ [18], ʘ ʪʘʢʦʞ, ʛʘʣʪʫʚʘʣʴʥʽ 

ʙʘʨʘʙʘʥʠ V-ʧʦʜʽʙʥʦʾ ʬʦʨʤʠ, ʚ ʢʦʪʨʠʭ ʜʚʽ ʮʠʣʽʥʜʨʠʯʥʽ ʢʘʤʝʨʠ ʟ'ʻʜʥʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʧʽʜ ʢʫʪʦʤ 30Á-75Á, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʦʙʝʨʪʦʚʦʛʦ ʙʘʨʘʙʘʥʫ [19], 

ʷʢʘ ʦʩʥʘʱʝʥʘ ʜʽʘʬʨʘʛʤʦʶ, ʱʦ ʤʘʻ ʛʚʠʥʪʦʚʫ ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ. ɺʽʜʦʤʝ 

ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ [20], ʜʝ ʨʦʙʦʯʘ ʛʨʘʥʦʚʘʥʘ ʻʤʢʽʩʪʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ 

ʢʦʥʮʝʥʪʨʠʯʥʠʭ ʩʧʽʚʚʽʩʥʦ ʨʦʟʤʽʱʝʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʢʦʥʫʩʦʚʠʜʥʦʾ ʯʠ ʽʥʰʦʾ ʬʦʨʤʠ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʦʜʥʽʡ ʦʩʽ ʪʘ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚ 
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ʟʫʩʪʨʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʧʨʠʣʷʛʘʶʯʠ ʦʜʥʝ ʜʦ ʦʜʥʦʛʦ ʽʟ ʟʘʟʦʨʘʤʠ, ʤʝʥʰʠʤʠ ʟʘ 

ʨʦʟʤʽʨ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʜʝʪʘʣʝʡ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ 

ʜʣ̫ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ [21], ʷʢʠʡ ʤʽʩʪʠʪʴ ʨʦʙʦʯʫ ʢʘʤʝʨʫ, ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ, ʪʘ ʟʤʽʰʫʚʘʣʴʥʫ ʢʘʤʝʨʫ, ʷʢʘ ʤʘʻ 

ʣʦʧʘʪʽ ʪʘ ʨʦʟʪʘʰʦʚʘʥʫ ʚʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ. 

ʅʘ ʚʽʪʯʠʟʥʷʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ, ʷʢʽ 

ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʽ ʬʫʨʥʽʪʫʨʥʠʭ ʜʝʪʘʣʝʡ, ʚ ʧʝʨʝʚʘʞʥʽʡ ʤʽʨʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʘʣʪʫʚʘʣʴʥʽ ʤʘʰʠʥʠ ʟ ʦʙʝʨʪʦʚʠʤʠ ʨʦʙʦʯʠʤʠ ʻʤʥʦʩʪʷʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʇʨɸʊ çʄʦʣʥʽʷè (ʩ.ʤ.ʪ. ɹʘʨʠʰʽʚʢʘ, ɹʨʦʚʘʨʩʴʢʠʡ 

ʨʘʡʦʥ, ʂʠʾʚʩʴʢʘ ʦʙʣʘʩʪʴ), ʱʦ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʽ ʨʽʟʥʦʛʦ ʪʠʧʫ 

ʟʘʤʢʽʚ çʙʣʠʩʢʘʚʢʘè, ʜʣʷ ʬʽʥʽʰʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ 

ʜʝʪʘʣʝʡ ʥʘ ʦʩʥʦʚʽ ʮʠʥʢʦʚʠʭ ʩʧʣʘʚʽʚ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè ʚʽʜ ʣʠʚʥʠʢʽʚ, ʜʦ ʪʝʧʝʨ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʘʣʪʫʚʘʣʴʥʽ ʨʦʟʜʽʣʦʚʦ-ʧʦʣʽʨʫʚʘʣʴʥʽ ʤʘʰʠʥʠ ʂ-36  (ʨʠʩ. 1.3) 

ʥʽʤʝʮʴʢʦʾ ʬʽʨʤʠ çOptilonè 1981 ʨʦʢʫ ʚʠʛʦʪʦʚʣʝʥʥʷ (ʦʙôʻʤ ʙʘʨʘʙʘʥʫ 0,12ʤ3) ʟ 

ʚʦʩʴʤʠʛʨʘʥʥʠʤʠ ʦʙʝʨʪʘʣʴʥʠʤʠ ʻʤʥʦʩʪʷʤʠ. ʆʙʨʦʙʢʘ ʜʝʪʘʣʝʡ ʚ ʪʘʢʠʭ ʤʘʰʠʥʘʭ 

ʤʘʻ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʠ ʟʥʘʯʥʠʭ ʝʥʝʨʛʦʟʘʪʨʘʪʘʭ. ɿʛʽʜʥʦ ʟʘʪʚʝʨʜʞʝʥʦʛʦ 

ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ 

çʙʣʠʩʢʘʚʢʘè ʚʽʜ ʣʠʚʥʠʢʽʚ, ʜʣʷ ʧʦʚʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʫʩʽʭ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʚʽʜʣʠʚʦʢ, ʥʝʦʙʭʽʜʥʦ ʚʽʜ 30 ʜʦ 120 ʭʚʠʣʠʥ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʨʦʙʦʪʠ ʤʘʰʠʥʠ. 

 

 
 

ʈʠʩ. 1.3. ʌʦʪʦʛʨʘʬʽʷ ʛʘʣʪʫʚʘʣʴʥʦʾ ʨʦʟʜʽʣʦʚʦ-ʧʦʣʽʨʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʂ-36 

çOptilonè 

 

ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʇɸʊ çʇʦʣʽʧʣʘʩʪè (ʤ. ʃʴʚʽʚ), ʱʦ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʦʣʽʤʝʨʥʠʭ ˇʫʜʟʠʢʽʚ, ʜʣʷ ʬʽʥʽʰʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ 
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ʧʦʣʽʨʫʚʘʥʥʷ ʾʭ ʧʦʚʝʨʭʥʽ, ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʘʢʪʠʯʥʦ ʘʥʘʣʦʛʽʯʥʠʡ ʟʘ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʪʠʧ ʦʙʣʘʜʥʘʥʥʷ: ʤʘʰʠʥʠ ʟ ʦʙʝʨʪʦʚʠʤʠ ʛʨʘʥʦʚʘʥʠʤʠ ʻʤʥʦʩʪʷʤʠ. 

ɿʛʽʜʥʦ ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ˇʫʜʟʠʢʽʚ, ʯʘʩ ʧʦʣʽʨʫʚʘʥʥʷ ʫ ʛʨʘʥʦʚʘʥʽʡ ʻʤʥʦʩʪʽ ʩʢʣʘʜʘʻ 24 ï 33 ʛʦʜʠʥʠ. 

ʂʦʥʢʨʝʪʥʽ ʬʘʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʣʪʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʦʙʝʨʪʘʣʴʥʠʤʠ 

ʻʤʥʦʩʪʷʤʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʡʦʛʦ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʦʙôʻʤʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

 ʐʧʠʥʜʝʣʴʥʽ ʤʘʰʠʥʠ ʟʘ ʩʚʦʻʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʭʦʞʽ ʥʘ ʨʦʪʦʨʥʽ ʤʘʰʠʥʠ. ʋ 

ʪʘʢʠʭ ʤʘʰʠʥʘʭ ʰʧʠʥʜʝʣʴ ʨʘʟʦʤ ʽʟ ʟʘʢʨʽʧʣʝʥʠʤʠ ʥʘ ʥʴʦʤʫ ʜʝʪʘʣʷʤʠ ʦʙʝʨʪʘʻʪʴʩʷ 

ʫ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ, ʟʘʧʦʚʥʝʥʽʡ ʘʙʨʘʟʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ɺʽʜʦʤʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʘʰʠʥʠ [22], ʜʝ ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʪʘʢʦʞ ʦʪʨʠʤʫʻ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʫ ʥʘʧʨʷʤʢʫ, 

ʷʢʠʡ ʟʚʦʨʦʪʥʽʡ ʜʦ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ. 

 ɺʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ. ʉʫʪʴ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ [23, 24] 

ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʥʘʥʝʩʝʥʥʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʫʜʘʨʽʚ ʧʦ 

ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ. ʄʽʢʨʦʫʜʘʨʠ ʥʘʥʦʩʷʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʽʪʢʥʝʥʴ 

ʜʝʪʘʣʝʡ ʦʜʥʘ ʟ ʦʜʥʦʶ, ʟʽ ʩʪʽʥʢʘʤʠ ʢʦʥʪʝʡʥʝʨʫ, ʘ ʪʘʢʦʞ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʢʦʥʪʝʡʥʝʨʽ 

ʧʨʠʩʪʨʦʶ ʧʽʜ ʚʧʣʠʚʦʤ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʣ. ʉʬʝʨʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʜʦʚʦʣʽ ʚʫʟʴʢʘ, ʚ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚʦʥʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʯʠʥʘ 

ʧʨʠʧʫʩʢʫ, ʷʢʫ ʤʦʞʥʘ ʟʥʷʪʠ ʟ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʙʨʘʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,025 ʤʤ [4]. ɼʦ ʪʦʛʦ ʞ, ʚʽʜʦʤʠʡ ʬʘʢʪ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʚʽʙʨʘʮʽʡ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʩʘʤʦʾ ʤʘʰʠʥʠ, ʷʢʽ ʟʜʘʪʥʽ ʚʠʢʣʠʢʘʪʠ 

ʚʠʥʠʢʥʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʫʩʠʣʴ, ʪʘʢ ʟʚʘʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ [25]. ʉʪʘʥʠʥʘ 

ʤʝʭʘʥʽʟʤʫ ʪʘʢʦʞ ʦʪʨʠʤʫʻ ʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʟʚ'ʷʟʘʥʠʡ ʟ ʥʝʶ 

ʬʫʥʜʘʤʝʥʪ, ʟʜʽʡʩʥʶʶʯʠ ʰʢʽʜʣʠʚʫ ʜʽʶ ʥʘ ʡʦʛʦ ʢʨʽʧʣʝʥʥʷ ʪʘ ʧʦʨʫʰʫʶʯʠ ʪʠʤ 

ʩʘʤʠʤ ʟʚ'ʷʟʦʢ ʤʽʞ ʩʪʘʥʠʥʦʶ ʪʘ ʬʫʥʜʘʤʝʥʪʦʤ. ʐʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʽʙʨʘʮʽʡʥʽ 

ʤʘʰʠʥʠ [26] ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ U ī ʧʦʜʽʙʥʦʛʦ ʧʽʜʧʨʫʞʠʥʝʥʦʛʦ 

ʢʦʥʪʝʡʥʝʨʫ, ʚʽʙʨʦʟʙʫʜʥʠʢʘ ʟ ʜʝʢʽʣʴʢʦʤʘ ʜʝʙʘʣʘʥʩʘʤʠ, ʚʘʣ ʷʢʦʛʦ ʯʝʨʝʟ 

ʢʦʤʧʝʥʩʫʶʯʫ ʤʫʬʪʫ ʟ'ʻʜʥʘʥʠʡ ʟ ʨʦʪʦʨʦʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʪʘ ʧʨʫʞʠʥʠ, ʥʘ ʷʢʽ 

ʚʩʪʘʥʦʚʣʝʥʠʡ U ī ʧʦʜʽʙʥʠʡ ʢʦʥʪʝʡʥʝʨ. ɺʽʜʦʤʠʡ ʩʧʦʩʽʙ ʚʽʙʨʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ 

[27] ʟʘʩʦʙʦʤ ʰʧʠʥʜʝʣʴʥʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ, ʚ ʷʢʽʡ ʦʙʨʦʙʣʶʚʘʥʽ ʜʝʪʘʣʽ 

ʟʘʢʨʽʧʣʷʶʪʴ ʥʘ ʢʽʥʮʽ ʰʧʠʥʜʝʣʷ, ʱʦ ʟʘʥʫʨʶʻʪʴʩʷ ʚ ʨʦʙʦʯʫ ʻʤʢʽʩʪʴ ʟ ʘʙʨʘʟʠʚʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʰʧʠʥʜʝʣʶ ʥʘʜʘʻʪʴʩʷ ʦʙʝʨʪʘʣʴʥʠʡ ʯʠ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ [28], 

ʘʙʨʘʟʠʚʥʦʤʫ ʤʘʪʝʨʽʘʣʫ ī ʚʽʙʨʘʮʽʡʥʠʡ ʨʫʭ. ʊʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʢʣʘʜʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ [29] ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʧʨʦʜʫʢʪʽʚ, ʪʘʢʽ ʷʢ 

ʣʦʪʢʦʚʦ ʧʽʜʡʦʤʥʽ ʚʝʨʪʠʢʘʣʴʥʦ-ʚʽʙʨʘʮʽʡʥʽ ʟʤʽʰʫʚʘʯʽ [30].  

 ɿʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ [31] ʪʘ ʚʽʜʮʝʥʪʨʦʚʠʭ [32] ʤʘʰʠʥ. ʇʨʦʮʝʩ 

ʦʙʨʦʙʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʯʘʩʪʠʥʦʢ ʤʘʩʠ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(ʥʘʧʦʚʥʶʚʘʯ ʽ ʦʙʨʦʙʣʶʚʘʥʽ ʜʝʪʘʣʽ) ʧʦ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʧʨʠ ʧʝʚʥʦʤʫ 

ʢʦʥʪʘʢʪʥʦʤʫ ʪʠʩʢʫ. ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʚ ʧʣʘʥʝʪʘʨʥʠʭ ʙʘʨʘʙʘʥʘʭ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ ʽʥʝʨʮʽʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥ̫  ʟʥʘʯʝʥʴ 

ʟʘʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʥʩʠʚʥʝ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʢʠ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʚ ʧʣʘʥʝʪʘʨʥʦ- ʚʽʜʮʝʥʪʨʦʚʽʡ ʫʩʪʘʥʦʚʮʽ 
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ʚʩʪʘʥʦʚʣʝʥʦ ʚʦʜʠʣʦ, ʥʘ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʽ ʙʘʨʘʙʘʥʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʙʝʨʪʘʥʥʷ 

ʥʘʚʢʦʣʦ ʩʚʦʾʭ ʦʩʝʡ. ɺʦʜʠʣʦ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʦʙʝʨʪʘʥʥʷ, ʽ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʧʽʜ 

ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʽʥʝʨʮʽʾ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚ ʧʝʨʠʬʝʨʽʡʥʫ ʯʘʩʪʠʥʫ ʙʘʨʘʙʘʥʘ ʽ 

ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʦʙʝʨʪʘʥʥʶ ʙʘʨʘʙʘʥʘ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ, ʧʨʠ ʮʴʦʤʫ, 

ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʘ ʚʟʘʻʤʦʜʽʷ ʯʘʩʪʠʥʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ 

ʫʪʚʦʨʠʚʩʷ ʤʘʩʠʚʫ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʧʨʦʩʪʦʪʘ 

ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʥʘ ʧʨʘʢʪʠʮʽ ʩʧʨʠʷʶʪʴ ʡʦʛʦ ʰʠʨʦʢʦʤʫ ʧʦʰʠʨʝʥʥʶ. 

ʂʦʤʙʽʥʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʦʧʣʘʥʝʪʘʨʥʠʭ ʤʘʰʠʥ [33, 34, 35, 36] ʚ ʷʢʠʭ 

ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʘ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ, ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ ʚʦʜʠʣʘ, ʢʨʽʤ ʪʦʛʦ, ʨʦʙʦʯʘ 

ʻʤʢʽʩʪʴ ʦʪʨʠʤʫʻ ʚʽʙʨʘʮʽʡʥʠʡ ʨʫʭ. 

 ʄʘʰʠʥʠ ʨʦʪʦʨʥʦʛʦ ʪʠʧʫ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ 

ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ ʚ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʦʙʝʨʪʘʥʥʷ ʚ ʥʠʭ ʦʜʥʦʛʦ, ʜʚʦʭ [37] 

ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʨʦʪʦʨʽʚ [38, 39], ʢʦʪʨʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

 ʋ ʱʽʪʢʦʚʠʭ ʤʘʰʠʥʘʭ [40] ʦʙʣʦʡ ʪʘ ʣʠʚʥʠʢʠ ʟ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ 

ʚʠʜʘʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʦʙʝʨʪʦʚʠʭ ʱʽʪʦʢ. ʑʽʪʢʦʚʽ ʤʘʰʠʥʠ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʠʧʠ: ʟ ʨʫʭʦʤʦʶ ʨʦʙʦʯʦʶ ʢʘʤʝʨʦʶ ʪʘ ʟʽ ʩʪʘʮʽʦʥʘʨʥʦʶ 

(ʥʝʨʫʭʦʤʦʶ) ʨʦʙʦʯʦʶ ʢʘʤʝʨʦʶ. 

 ʇʨʠ ʦʙʨʦʙʮʽ ʚʠʨʦʙʽʚ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʥʘʧʨʘʚʣʝʥʦʛʦ ʧʦʪʦʢʫ 

ʩʝʨʝʜʦʚʠʱʘ ʟʘʩʦʙʦʤ ʜʨʦʙʦʤʝʪʥʠʭ ʤʘʰʠʥ [10], ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʽʥʝʪʠʯʥʘ 

ʝʥʝʨʛʽʷ ʮʴʦʛʦ ʧʦʪʦʢʫ. ʋ ʷʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʦʜʠʥ 

ʥʘʧʦʚʥʶʚʘʯ ʘʙʦ ʞ ʧʦʪʽʢ ʩʢʨʘʧʣʝʥʦʛʦ ʛʘʟʫ ʘʙʦ ʨʽʜʠʥʠ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ. 

 ʆʢʨʝʤʠʡ ʪʠʧ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʘʰʠʥ, ʷʢʽ ʻ ʧʦʻʜʥʘʥʥʷʤ ʫ ʩʦʙʽ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʩʪʨʦʾʚ. ʊʘʢʠʤʠ, ʥʘʧʨʠʢʣʘʜ, ʻ ʧʨʠʩʪʨʦʾ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʾ 

ʰʧʠʥʜʝʣʴʥʦ-ʧʣʘʥʝʪʘʨʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ [41, 42], ʚ ʷʢʠʭ ʦʙʨʦʙʣʶʚʘʥʽ ʜʝʪʘʣʽ 

ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʰʧʠʥʜʝʣʷʭ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʧʣʘʥʝʪʘʨʥʠʡ ʨʫʭ ʫ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʷʭ, 

ʢʦʪʨʠʤ ʥʘʜʘʥʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʫʭʫ. 

 ʄʘʰʠʥʠ, ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʷʢʠʭ ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ [43, 44, 

45]. ɺ ʪʘʢʠʭ ʤʘʰʠʥʘʭ ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷʤ ʚ ʦʜʥʽʡ 

ʧʣʦʱʠʥʽ, ʘ ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʦʜʥʦʯʘʩʥʦ ʚʽʜʥʦʩʥʦ ʪʨʴʦʭ 

ʚʟʘʻʤʥʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ X, Y, Z ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ, ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʱʝ ʡ 

ʜʦʜʘʪʢʦʚʦ ʟʜʽʡʩʥʶʚʘʪʠ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. 

 ɺʽʜʦʤʘ ʨʦʟʨʦʙʢʘ ʰʚʝʡʮʘʨʩʴʢʦʾ ʢʦʤʧʘʥʽʾ ɺʽʣʣʽ ɸ ɹʘʭʦʬʝʥ (ɺɸɹ) [46] 

Turbula, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʘʰʠʥʫ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, 

ʩʬʝʨʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʤʘʰʠʥʠ ʧʦʣʷʛʘʻ ʧʝʨʝʚʘʞʥʦ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʨʦʮʝʩʽʚ 

ʟʤʽʰʫʚʘʥʥʷ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ. 

 ɺ ʨʦʙʦʪʽ [10] ʦʧʠʩʫʻʪʴʩʷ ʟʘʛʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʘʥʘʣʦʛʽʯʥʠʭ ʜʦ 

ʢʦʥʩʪʨʫʢʮʽʾ Turbula ʤʘʰʠʥ ʊʆʄ-1 (ʪʫʨʙʫʣʝʥʪʥʦ ʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʤʘʰʠʥʘ) ʪʘ 

ʉʄ-10 (ʩʤʝʰʠʚʘʶʱʘʷ ʤʘʰʠʥʘ), ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʮʝʩʽʚ 

ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ. 

 ʍʘʨʘʢʪʝʨ ʩʢʣʘʜʥʦʛʦ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [47] ʚ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ ʪʘʢʦʾ 

ʤʘʰʠʥ ʜʫʞʝ ʧʦʜʽʙʥʠʡ ʜʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʨʽʜʠʥʠ ʯʠ ʛʘʟʫ [48]. ʇʨʠ 

ʦʙʨʦʙʮʽ ʚʠʨʦʙʽʚ ʪʫʨʙʫʣʝʥʪʥʠʤ ʤʝʪʦʜʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʭʘʥʽʯʥʫ ʚʟʘʻʤʦʜʽʶ 

ʤʽʞ ʦʙʨʦʙʣʶʚʘʥʠʤʠ ʚʠʨʦʙʘʤʠ, ʤʽʞ ʚʠʨʦʙʘʤʠ ʪʘ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʤʽʞ ʦʙʨʦʙʣʶʚʘʥʠʤʠ ʚʠʨʦʙʘʤʠ ʪʘ ʥʘʧʦʚʥʶʚʘʯʝʤ. 
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 ɺ ʤʘʰʠʥʽ ʪʠʧʫ Turbula ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷ ʻʤʢʦʩʪʽ ʥʘʚʢʦʣʦ ʜʚʦʭ 

ʚʟʘʻʤʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʩʝʡ. ʇʨʠ ʮʴʦʤʫ, ʚʠʨʦʙʠ ʩʧʦʯʘʪʢʫ ʧʝʨʝʤʽʰʫʶʪʴʩʷ ʚ 

ʧʣʦʱʠʥʽ ʦʜʥʽʻʾ ʦʩʥʦʚʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʷʢʘ ʚʠʢʦʥʘʥʘ ʫ ʬʦʨʤʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʙʘʨʘʙʘʥʫ, ʘ ʧʦʪʽʤ, ʚ ʤʽʨʫ ʦʙʝʨʪʘʥʥʷ, ʮʷ ʦʩʥʦʚʘ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚʛʦʨʫ, ʘ 

ʧʨʦʪʠʣʝʞʥʘ ʦʧʫʩʢʘʻʪʴʩʷ; ʚʤʽʩʪ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʨʽʟʢʦ ʧʝʨʝʩʠʧʘʻʪʴʩʷ ʚʽʜ ʦʜʥʦʛʦ 

ʪʦʨʮʷ ʜʦ ʽʥʰʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʥʷʪʪʷ 

ʧʨʠʧʫʩʢʫ ʟ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ. ɺ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʽ ʟʘʡʤʘʶʪʴ 

ʨʽʟʥʝ ʧʦʣʦʞʝʥʥʷ ʚ ʈɭ, ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʩʠʣ, ʚʝʢʪʦʨʠ ʷʢʠʭ ʤʘʶʪʴ ʨʽʟʥʠʡ 

ʥʘʧʨʷʤʦʢ. ɹʘʛʘʪʦʯʠʩʝʣʴʥʽ ʟʽʪʢʥʝʥʥʷ ʚʠʨʦʙʽʚ ʪʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ ʫʩʽʭ ʙʦʢʽʚ, ʩʘʤʝ ʪʦʤʫ ʫʩʷ ʧʦʚʝʨʭʥʷ ʚʠʨʦʙʽʚ 

ʦʙʨʦʙʣʶʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʦ. 

 ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʽʚ, ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʦʙ'ʻʤ ʥʝʟʘʧʦʚʥʝʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ. ʆʙ'ʻʤ 

ʥʝʟʘʧʦʚʥʝʥʦʛʦ ʧʨʦʩʪʦʨʫ [10] ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʽʡ ʦʙʨʦʙʮʽ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠ 20 ï 

25%. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʽʚ ʪʘ ʥʘʧʦʚʥʶʚʘʯʘ ʧʦ ʦʙ'ʻʤʫ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ - ʚʽʜ 1:1 ʜʦ 1:2, ʧʨʠ ʦʯʠʱʝʥʥʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʚʽʜ ʟʘʫʩʝʥʮʽʡ, ʟʘʜʠʨʦʢ, ʦʙʣʦʶ ʪʘ ʦʢʘʣʠʥ, ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ - ʚʽʜ 1:2 ʜʦ 1:4, ʧʨʠ 

ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʱʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʷʭ ʪʘ ʛʣʷʥʮʶʚʘʥʥʽ - ʚʽʜ 1:2 ʜʦ 1:3, ʧʨʠ 

ʟʤʽʮʥʝʥʥʽ ʧʦʚʝʨʭʥʽ - ʚʽʜ 1:2 ʜʦ 1:3. ʇʨʠ ʦʙʨʦʙʮʽ ʚʠʨʦʙʽʚ ʟ ʪʦʚʱʠʥʦʶ ʩʪʽʥʦʢ 

ʤʝʥʰʝ 1 ʤʤ ʢʽʣʴʢʽʩʪʴ ʥʘʧʦʚʥʶʚʘʯʘ ʟʤʝʥʰʫʻʪʴʩʷ. 

 ʈʝʞʠʤʠ ʦʙʨʦʙʢʠ ʫ ʤʘʰʠʥʽ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʽʟʥʠʤʠ ʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʘʙʘʨʠʪʽʚ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʚʽʜ ʚʠʜʫ ʪʘ 

ʨʦʟʤʽʨʽʚ ʛʨʘʥʫʣ ʥʘʧʦʚʥʶʚʘʯʘ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʚʽʜ ʪʦʚʱʠʥʠ ʜʝʬʝʢʪʫ, ʱʦ 

ʚʠʜʘʣʷʻʪʴʩʷ. ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʽʜ 15 ʜʦ 170 ʦʙ/ʭʚ, ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʧʦʚʥʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ Ūå80%, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʨʽʙ - 

ʨʽʜʢʝ ʩʝʨʝʜʦʚʠʱʝ - ʥʘʧʦʚʥʶʚʘʯ ʤʦʞʝ ʩʢʣʘʜʘʪʠ 1:1:2. ʊʘʢʽ ʤʝʪʦʜʠ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʙʨʦʙʢʠ ʚʠʨʦʙʽʚ, ʷʢʽ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ 

ʪʚʝʨʜʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ: ʪʫʨʙʫʣʝʥʪʥʦ-ʘʙʨʘʟʠʚʥʠʡ, ʢʦʨʜʥʠʡ ʤʝʪʦʜʠ ī ʜʣʷ ʟʘʯʠʩʪʢʠ, 

ʪʫʨʙʫʣʝʥʪʥʦ-ʘʙʨʘʟʠʚʥʠʡ ī ʜʣʷ ʰʣʽʬʫʚʘʥʥʷ, ʧʦʣʽʨʫʚʘʥʥʷ, ʛʣʷʥʮʶʚʘʥʥʷ ʪʘ 

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʦʟʜʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ. 

 ʋ ʷʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʪʠʧʠ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʱʦ ʡ ʫ ʦʙʝʨʪʦʚʠʭ ʙʘʨʘʙʘʥʘʭ, ʘ 

ʩʘʤʝ: ʙʽʡ ʘʙʨʘʟʠʚʥʠʭ ʢʽʣ (ʧʨʠ ʟʘʯʠʩʪʮʽ ʚʠʨʦʙʽʚ ʘʙʨʘʟʠʚʥʠʤ ʤʝʪʦʜʦʤ), 

ʢʦʨʜʦʩʪʨʽʯʢʫ (ʧʨʠ ʟʘʯʠʩʪʮʽ ʚʠʨʦʙʽʚ ʢʦʨʜʥʠʤ ʤʝʪʦʜʦʤ), ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʬʦʨʤʠ ʤʝʪʘʣʝʚʽ ʪʘ ʥʝʤʝʪʘʣʝʚʽ ʛʨʘʥʫʣʠ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʦʨʦʰʢʠ (ʧʨʠ ʧʦʣʽʨʫʚʘʥʥʽ). 

 ʊʫʨʙʫʣʝʥʪʥʘ ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʮʠʣʽʥʜʨʠʯʥʫ ʻʤʢʽʩʪʴ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ 

ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ ʪʘ ʦʜʥʦʯʘʩʥʦ ʥʘʚʢʦʣʦ ʜʚʦʭ ʦʩʝʡ, ʷʢʽ ʻ 

ʚʟʘʻʤʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ ʦʩʽ ʢʦʥʪʝʡʥʝʨʘ, ʪʘ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʡʦʛʦ ʢʽʥʮʷʭ. ʗʢ ʧʨʘʚʠʣʦ, ʜʘʥʘ ʪʫʨʙʫʣʝʥʪʥʘ ʫʩʪʘʥʦʚʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʦʨʧʫʩʫ, ʚ ʷʢʦʤʫ ʟʤʦʥʪʦʚʘʥʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʪʘ ʨʝʜʫʢʪʦʨ ʟ ʜʚʦʤʘ 

ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʣʝʣʴʥʠʤʠ ʚʘʣʘʤʠ. ʅʘ ʚʘʣʘʭ ʟʘʢʨʽʧʣʝʥʽ ʚʠʣʢʠ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ 

ʻʤʢʽʩʪʴ ʙʣʠʞʯʝ ʜʦ ʪʦʨʮʽʚ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʧʦ ʦʩʷʤ, ʱʦ ʻ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʦʜʥʘ 

ʜʦ ʦʜʥʦʾ ʪʘ ʜʦ ʚʽʩʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. 

 ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʦʧʠʩʘʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʪʫʨʙʫʣʝʥʪʥʦʾ ʤʘʰʠʥʠ, ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʢʠ, ʱʦ ʜʝʷʢʽ ʪʚʝʨʜʞʝʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʫʪʦʯʥʝʥʥʷ ʪʘ ʽʥʰʦʛʦ 
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ʬʦʨʤʫʣʶʚʘʥʥʷ. ʊʘʢ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʪʫʨʙʫʣʝʥʪʥʘ ʫʩʪʘʥʦʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʢʦʨʧʫʩʫ, ʚ ʷʢʦʤʫ ʟʤʦʥʪʦʚʘʥʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʪʘ ʨʝʜʫʢʪʦʨ ʟ ʜʚʦʤʘ ʚʠʭʽʜʥʠʤʠ 

ʧʘʨʘʣʝʣʴʥʠʤʠ ʚʘʣʘʤʠ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʜʽʡʩʥʦʩʪʽ, ʘʜʞʝ ʚʝʜʫʯʠʡ ʪʘ ʚʝʜʝʥʠʡ ʚʘʣʠ 

ʤʘʶʪʴ ʨʽʟʥʠʡ ʭʘʨʘʢʪʝʨ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ. ɸʧʨʽʦʨʽ, ʞʦʜʥʘ ʟ ʢʦʥʩʪʨʫʢʮʽʡ 

ʪʫʨʙʫʣʝʥʪʥʦʾ ʤʘʰʠʥʠ ʥʝ ʜʦʟʚʦʣʷʻ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʯʠ ʧʨʠ ʨʽʟʥʠʭ ʧʨʦʧʦʨʮʽʷʭ 

ʨʦʟʧʦʜʽʣʠʪʠ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʘ ʚʝʜʫʯʠʡ ʪʘ ʚʝʜʝʥʠʡ ʚʘʣʠ 

ʟʘʩʦʙʦʤ ʦʜʥʦʛʦ ʣʠʰʝ ʨʝʜʫʢʪʦʨʘ. 

 ʇʨʠ ʦʛʣʷʜʽ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʛʘʣʫʟʽ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-

ʟʘʯʠʱʫʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʨʽʟʥʦʤʘʥʽʪʥʫ ʢʽʣʴʢʽʩʪʴ 

ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ. ʊʘʢ, ʜʝʷʢʽ ʚʠʜʠ ʦʙʣʘʜʥʘʥʥʷ, ʷʢ ʦʙʝʨʪʦʚʽ ʙʘʨʘʙʘʥʠ, 

ʤʘʶʪʴ ʥʝʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʠʟʴʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ. ɼʦ 

ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʚ ʩʬʝʨʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʠʚʽʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʝʨʪʦʚʠʭ ʙʘʨʘʙʘʥʽʚ, ʱʦʨʽʯʥʦ ʟʨʦʩʪʘʻ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʱʦʜʦ ʟʥʘʯʥʦ 

ʝʬʝʢʪʠʚʥʽʰʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʩʘʤʝ: ʤʘʰʠʥ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʷʢʽ ʚʞʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʦʙʨʦʙʢʠ ʚʠʨʦʙʽʚ, ʟʥʘʯʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʫ ʥʘ ʚʽʜʧʦʚʽʜʥʽ 

ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʱʫʚʘʣʴʥʽ ʦʧʝʨʘʮʽʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ. 

 ɼʦ ʙʝʟʫʤʦʚʥʠʭ ʧʝʨʝʚʘʛ ʪʘʢʦʛʦ ʪʠʧʫ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

ʢʦʤʧʘʢʪʥʽʩʪʴ, ʧʦʣʽʚʘʨʽʘʥʪʥʽʩʪʴ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ (ʦʙ'ʻʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 

ʤʘʰʠʥʠ ʤʦʞʝ ʙʫʪʠ ʚʽʜ 2 ʜʦ 1000 ʣʽʪʨʽʚ), ʦʙʨʦʙʢʘ ʜʝʪʘʣʝʡ ʙʝʟ ʚʠʜʽʣʝʥʥʷ ʧʠʣʫ, 

ʣʝʛʢʘ ʦʯʠʩʪʢʘ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʙʨʦʙʢʠ.  

 ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘ 

ʪʘʢʦʞ ʦʯʝʚʠʜʥʘ ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʚʘʛ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤ ʧʦʜʽʙʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ 

ʩʧʨʠʷʶʪʴ ʚʩʝ ʙʽʣʴʰʦʤʫ ʧʦʰʠʨʝʥʥʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʦʾ ʤʘʰʠʥʠ. 

ɺʦʜʥʦʯʘʩ, ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʘʩʧʝʢʪʽʚ, ʚʽʜʥʦʩʥʦ ʷʢʠʭ ʱʝ ʥʝ 

ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʪʘ, ʚʣʘʩʥʝ, ʩʘʤʦʛʦ ʩʢʣʘʜʥʦʛʦ 

ʣʘʥʮʶʛʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʷʢʠʤ ʽ ʻ ʩʘʤʘ ʤʘʰʠʥʘ. ʊʘʢʠʡ ʬʘʢʪ ʧʨʠʚʝʨʪʘʻ 

ʫʚʘʛʫ ʪʘ ʚʠʢʣʠʢʘʻ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ. 

 

1.3. ɺʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʰʠʥ ʟʽ 

ʩʢʣʘʜʥʠʤ ʨʫʭʦʤʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ ʪʠʧʫ "Turbula" 

ʋ 60-ʭ ʨʦʢʘʭ 20-ʛʦ ʩʪʦʣʽʪʪʷ ʰʚʝʡʮʘʨʩʴʢʠʤ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʤ ʙʶʨʦ ʬʽʨʤʠ 

çWilly A. Bachofenè (WAB) ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ çʙʘʟʦʚʫè ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʰʠʥʠ, ʫ 

ʷʢʽʡ ʨʦʙʦʯʘ ʻʤʥʽʩʪʴ ʚʠʢʦʥʫʚʘʣʘ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ. ʋʧʨʦʜʦʚʞ 

ʥʘʩʪʫʧʥʠʭ 50-ʪʠ ʨʦʢʽʚ ʜʘʥʘ ʤʘʰʠʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʚʠʢʣʶʯʥʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʨʝʯʦʚʠʥ ʫ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʝ ʫʩʧʽʰʥʦ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʘ. ʌʦʪʦ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʟʤʽʰʫʚʘʯʘ çTurbulaè ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.4. 
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ʈʠʩ. 1.4. ʇʨʦʤʠʩʣʦʚʠʡ ʟʤʽʰʫʚʘʯ çTurbulaè 

 

ɼʘʥʘ ʤʰʠʥʘ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 

ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʜʚʽʡʥʠʡ ʢʘʨʜʘʥʥʠʡ ʰʘʨʥʽʨ, ʱʦ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʰʝʩʪʠʣʘʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʥʘʜʣʠʰʢʦʚʠʤ ʟʚ'ʷʟʢʦʤ [49]. 

ʅʘʜʣʠʰʢʦʚʠʤ (ʧʘʩʠʚʥʠʤ) [50, 51] ʟʚ'ʷʟʢʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʠʡ ʟʚ'ʷʟʦʢ, 

ʚʠʜʘʣʠʚʰʠ ʷʢʠʡ ʩʪʫʧʽʥʴ ʨʫʭʦʤʦʩʪʽ ʤʝʭʘʥʽʟʤʫ ʥʝ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ. 
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ʜʝ n ī ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ; P ī ʢʽʣʴʢʽʩʪʴ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ S ʫʪʚʦʨʝʥʠʭ ʣʘʥʢʘʤʠ ʤʝʭʘʥʽʟʤʫ. 

 ɿʛʽʜʥʦ ʚʠʨʘʟʫ (1.1), ʷʢʠʡ ʻ ʬʦʨʤʫʣʦʶ ʉʦʤʦʚʘ-ʄʘʣʠʰʝʚʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʫʧʝʥʷ ʨʫʭʦʤʦʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʚʩʪʘʥʦʚʣʝʥʦ: ʩʪʫʧʽʥʴ ʚʽʣʴʥʦʩʪʽ 

ʤʝʭʘʥʽʟʤʫ ʨʽʚʥʠʡ ʥʫʣʶ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʤʝʭʘʥʽʟʤʽ ʻ ʦʜʠʥ 

ʥʘʜʣʠʰʢʦʚʠʡ ʟʚ'ʷʟʦʢ. 

 ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʢʘʨʜʘʥʥʠʭ ʰʘʨʥʽʨʘʭ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤʠ  ̒ʥʘʩʪʫʧʥʽ 

ʧʦʣʦʞʝʥʥʷ. ʋ ʧʦʜʚʽʡʥʦʤʫ ʢʘʨʜʘʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʯʠʩʣʘ ʚʠʣʢʠ ʦʙʦʭ ʢʘʨʜʘʥʽʚ ʥʘ ʧʨʦʤʽʞʥʦʤʫ ʚʘʣʫ ʧʦʚʠʥʥʽ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʚ 

ʦʜʥʽʡ ʧʣʦʱʠʥʽ. ɺ ʢʦʞʥʦʤʫ ʢʘʨʜʘʥʽ ʢʫʪ ʤʽʞ ʦʩʷʤʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ 45Á 

ʪʘ ʘʞ ʥʽʷʢ ʥʝ ʤʦʞʝ ʩʢʣʘʜʘʪʠ 90Á. ʐʝʩʪʠʣʘʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ 

ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʩʧʨʦʩʪʦʚʫʻ ʪʘʢʽ ʧʦʣʦʞʝʥʥʷ. ɺ ʪʘʢʦʤʫ ʤʝʭʘʥʽʟʤʽ ʢʫʪ ʤʽʞ 

ʦʩʷʤʠ ʩʢʣʘʜʘʻ 180Á, ʧʦ 90Á ʥʘ ʢʦʞʝʥ ʢʘʨʜʘʥ. ʅʘ ʧʨʦʤʽʞʥʦʤʫ ʚʘʣʫ (ʨʦʙʦʯʘ 

ʻʤʢʽʩʪʴ) ʚʠʣʢʠ ʦʙʦʭ ʢʘʨʜʘʥʽʚ ʚʩʪʘʥʦʚʣʝʥʽ ʧʽʜ ʢʫʪʦʤ 90Á. ʂʦʥʩʪʨʫʢʮʽʷ ʤʝʭʘʥʽʟʤʫ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʪʠ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʽʜ ʚʝʜʫʯʦʛʦ ʜʦ ʚʝʜʝʥʦʛʦ ʚʘʣʫ 

ʤʘʰʠʥʠ, ʷʢʽ ʻ ʧʘʨʘʣʝʣʴʥʠʤʠ ʤʽʞ ʩʦʙʦʶ.  

 ʋ ʨʦʙʦʪʽ [49] ʥʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʚʠʥʠʢʘʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚʝʜʝʥʦʛʦ ʚʘʣʫ. 

ɽʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ɤ1 ʪʘ ɤ2 (1.2) ʙʫʜʫʪʴ 
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ʚʠʥʠʢʘʪʠ ʪʦʜʽ, ʢʦʣʠ ʟ ʧʣʦʱʠʥʦʶ ʦʩʝʡ ʚʘʣʽʚ ʩʧʽʚʧʘʜʘʪʠʤʝ ʦʜʥʘ ʽʟ ʚʠʣʦʢ 

ʧʨʦʤʽʞʥʦʛʦ ʚʘʣʫ. ʇʝʨʝʜʘʪʦʯʥʝ ʯʠʩʣʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʶʩʘ 

ʟʘʯʝʧʣʝʥʥʷ ʈ, ʱʦ ʫʤʦʚʥʦ ʟʥʘʭʦʜʠʪʠʤʝʪʴʩʷ ʚ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʦʩʽ ʰʘʨʥʽʨʫ ʚʠʣʢʠ ʟ 

ʣʽʥʽʻʶ ʆʉ, ʷʢʘ ʩʧʦʣʫʯʘʻ ʢʽʥʮʽ ʦʩʝʡ ʧʘʨʘʣʝʣʴʥʠʭ ʤʽʞ ʩʦʙʦʶ ʚʘʣʽʚ. 
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 ʇʽʩʣʷ ʧʦʚʦʨʦʪʫ ʥʘ 90Á, ʢʦʣʠ ʟ ʧʣʦʱʠʥʦʶ ʦʩʝʡ ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ 

ʙʫʜʝ ʩʧʽʚʧʘʜʘʪʠ ʚʽʩʴ ʽʥʰʦʾ ʚʠʣʢʠ ʧʨʦʤʽʞʥʦʛʦ ʚʘʣʫ, ʪʦʤʫ: 
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 ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʚʠʨʘʟʽʚ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʫ 

ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʚʠʨʘʟ (1.4) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ: 
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ʜʝ y ī ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞʦʩʴʦʚʦʾ ʜʦʚʞʠʥʠ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ lʧ  ʜʦ ʤʽʞʦʩʴʦʚʦʾ ʜʦʚʞʠʥʠ ʚʠʣʦʢ lʢ. 

 ʗʢʱʦ y=1, ŭ=1,5, ʪʦ ʦʙʝʨʪʘʥʥʷ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ 

ʣʝʞʠʪʴ ʧʨʦʩʪʦʨʦʚʠʡ ʰʝʩʪʠʣʘʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ, ʙʫʜʝ ʥʝʨʽʚʥʦʤʽʨʥʠʤ. ɺʽʜʦʤʦ 

[52], ʷʢʱʦ y=1,41, ŭ=0,034å0, ʪʦ ʚʝʜʝʥʠʡ ʚʘʣ ʤʘʰʠʥʠ ʦʙʝʨʪʘʪʠʤʝʪʴʩʷ ʟ 

ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ, ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʮʠʢʣʽʯʥʘ 

ʟʤʽʥʘ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʘʣʘʤʠ, ʘʤʧʣʽʪʫʜʘ ʷʢʦʾ ʙʫʜʝ ʜʦʚʦʣʽ ʟʥʘʯʥʦʶ. 

ʅʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʝʜʫʯʠʤ ʪʘ ʚʝʜʝʥʠʤ 

ʚʘʣʦʤ ʤʦʞʥʘ ʟʥʘʡʪʠ ʷʢ: 

.cos45cos2sin aa A
ʢʧx llA +=           (1.6) 
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 ʆʜʥʘʢ, ʫ ʨʦʙʦʪʽ [50] ʚʽʜʩʫʪʥʽ ʚʠʨʘʟʠ ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʨʦʟʨʘʭʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʘʤʧʣʽʪʫʜʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. 

 ɺʽʜʦʤʠʡ ʧʘʪʝʥʪ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ [53], ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ ʨʝʯʦʚʠʥ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ 

ʦʩʴʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ʊʘʢ, ʟʙʽʣʴʰʫʶʯʠ ʘʤʧʣʽʪʫʜʫ ʦʩʴʦʚʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʻʤʢʦʩʪʽ, ʧʘʨʘʣʝʣʴʥʦ ʘʚʪʦʨʘʤʠ ʙʫʚ ʟʥʘʡʜʝʥʠʡ ʤʝʪʦʜ ʫʩʫʥʝʥʥʷ 

ʥʘʷʚʥʦʩʪʽ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʫ ʧʨʦʩʪʦʨʦʚʦʤʫ ʰʝʩʪʠʣʘʥʢʦʚʦʤʫ ʤʝʭʘʥʽʟʤʽ ʟʘ 

ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʚ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ ī 

ʢʦʨʦʤʠʩʣʘ, ʚʽʩʴ ʢʦʣʠʚʘʥʥʷ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ.  
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 ɺʘʛʦʤʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʥʘʜʣʠʰʢʦʚʠʤ ʟʚ'ʷʟʢʦʤ ʤʘʰʠʥʠ ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ [54] 

ʍʨʦʩʪʠʮʢʠʤ ɸ.ɸ. ɺʽʥ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʦʛʽʶ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ɹʝʥʥʝʪʘ [55]. ɺ ʮʴʦʤʫ ʤʝʭʘʥʽʟʤʽ ʚʧʝʨʰʝ ʙʫʣʦ ʫʩʚʽʜʦʤʣʝʥʦ ʥʘʷʚʥʽʩʪʴ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʘ ʡʦʛʦ ʨʫʭʦʤʽʩʪʴ ʧʦʷʩʥʶʚʘʣʘʩʷ ʦʩʦʙʣʠʚʠʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʨʦʟʤʽʨʽʚ ʣʘʥʦʢ: 
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°=                 (1.8) 

ʜʝ AB, BC, CD, AD ī ʜʦʚʞʠʥʠ ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʫ; Ŭ, ɓ ī ʢʫʪʠ ʢʦʣʠʚʘʥʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʫ.  

 ɺ ʨʦʙʦʪʘʭ [56, 57, 58], ʊʝʨʝʰʠʥ ɺ.ɸ. ʥʘʤʘʛʘʻʪʴʩʷ ʧʦʷʩʥʠʪʠ ʨʫʭʦʤʽʩʪʴ 

ʰʝʩʪʠʣʘʥʢʦʚʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʥʘʜʣʠʰʢʦʚʠʤ ʟʚ'ʷʟʢʦʤ, ʧʨʦʚʦʜʠʪʴ 

ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ, ʧʦʚʪʦʨʶʻ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʧʽʚʚ̔ ʜʥʦʰʝʥʥʷ ʚʠʟʥʘʯʝʥʽ ʚ 

ʨʦʙʦʪʽ [49], ʜʦʪʨʠʤʫʶʯʠʩʴ ʷʢʠʭ, ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʨʫʭʦʤʦʩʪʽ ʪʘʢʦʛʦ ʤʝʭʘʥʽʟʤʫ: 

;432 llll ===         (1.9) 

 ,30 ll =                  (1.10) 

ʜʝ l ī ʟʘʛʘʣʴʥʘ ʫʤʦʚʥʘ ʜʦʚʞʠʥʘ; l2, l4 ī ʤʽʞʦʩʴʦʚʽ ʚʽʜʩʪʘʥʽ ʚʝʜʫʯʦʾ ʪʘ ʚʝʜʝʥʦʾ 

ʚʠʣʦʢ ʚʽʜʧʦʚʽʜʥʦ; l3 ī ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ; l0 ī ʜʦʚʞʠʥʘ ʩʪʦʷʢʘ 

ʘʙʦ ʨʦʟʤʽʨ ʥʝʨʫʭʦʤʦʾ ʣʘʥʢʠ (ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣʽʚ). 

 ɺ ʨʦʙʦʪʽ [58] ʧʨʦʚʦʜʠʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʰʝʩʪʠʣʘʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘʜʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʨʦʩʪʦʨʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʜʝʷʢʠʭ ʡʦʛʦ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ ʤʝʭʘʥʽʟʤʫ ABCDEF 

ʨʦʟʨʠʚʘʚʩʷ ʥʘ ʚʝʢʪʦʨʥʽ ʢʦʥʪʫʨʠ ABC ʪʘ DEF. ɼʣʷ ʥʠʭ ʙʫʣʦ ʩʢʣʘʜʝʥʦ ʤʘʪʨʠʮʶ 

ʧʝʨʝʭʦʜʫ, ʷʢʘ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ -̔  ʾʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʦ (ʽ-1)-ʡ ʩʠʩʪʝʤʠ ʤʘʻ 

ʚʠʛʣʷʜ: 
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ʜʝ iiA ,1-  ï ʤʘʪʨʠʮʷ ʥʘʧʨʘʚʣʷʶʯʠʭ ʢʦʩʠʥʫʩʽʚ; )( izP j  ï ʤʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ; )1(

)(0

-i

ir  ï 

ʩʪʦʚʧʯʠʢ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʫ ʆ̔ ʚ ʩʠʩʪʝʤʽ ʆ̔-1. 

 ɹʫʣʦ ʦʪʨʠʤʘʥʦ ʬʫʥʢʮʽʶ ʧʦʣʦʞʝʥʥʷ (1.12) ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ D, ʷʢʫ 

ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʪʦʯʢʫ ʽ ʨʦʟʪʘʰʫʚʘʪʠ ʥʘ ʧʝʨʝʪʠʥʽ ʚʽʩʽ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ ʟ ʚʽʩʩʶ ʢʨʽʧʣʝʥʥʷ ʚʝʜʝʥʦʾ ʚʠʣʢʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ )(qij .    
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 ɿʘ ʘʥʘʣʦʛʽʻʶ ʤʦʞʥʘ ʟʥʘʡʪʠ ʬʫʥʢʮʽʶ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʉ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ 

ʥʘ ʧʝʨʝʪʠʥʽ ʚʽʩʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʟ ʚʽʩʩʶ ʢʨʽʧʣʝʥʥʷ ʚʝʜʫʯʦʾ ʚʠʣʢʠ. ʇʦʙʫʜʫʚʘʚʰʠ 

ʚʽʜʧʦʚʽʜʥʫ ʧʨʦʩʪʦʨʦʚʫ ʜʽʘʛʨʘʤʫ ʧʦʣʦʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʦʯʢʠ D ʪʘ ʉ 
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ʚʠʢʦʥʫʶʪʴ ʧʨʦʩʪʦʨʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʪʨʘʻʢʪʦʨʽʷʤ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

ʫʤʦʚʥʠʭ ʩʬʝʨʠʯʥʠʭ ʧʦʚʝʨʭʥʷʭ. ʊʘʢʠʡ ʨʫʭ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʨʦʙʦʪʦʶ ʧʣʦʩʢʦʛʦ 

ʯʝʪʠʨʴʦʭʣʘʥʢʦʚʦʛʦ ʜʚʦʭʢʨʠʚʦʰʠʧʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʦʜʥʘʢʦʚʠʤʠ ʜʦʚʞʠʥʘʤʠ 

ʫʩʽʭ ʣʘʥʦʢ. ɺ ʪʘʢʦʤʫ ʤʝʭʘʥʽʟʤʽ ʰʘʪʫʥ ʚʠʢʦʥʫʻ ʩʭʦʞʝ ʧʝʨʝʤʽʱʝʥʥʷ: ʡʦʛʦ 

ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ L ʪʘ M, ʱʦ ʥʘʣʝʞʘʪʴ ʰʘʪʫʥʫ, ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʧʦ ʢʦʣʘʤ  

ʰʘʪʫʥʥʠʤ ʢʨʠʚʠʤ  ʟ ʨʘʜʽʫʩʘʤʠ, ʷʢʽ ʜʦʨʽʚʥʶʶʪʴ ʜʦʚʞʠʥʘʤ ʚʝʜʫʯʦʛʦ ʪʘ 

ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʽʚ KL ʪʘ MN ʚʽʜʧʦʚʽʜʥʦ. ʋ ʰʝʩʪʠʣʘʥʢʦʚʦʤʫ ʤʝʭʘʥʽʟʤʽ 

ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ D ʪʘ C ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʧʦ ʢʨʠʚʠʤ, ʷʢʽ ʥʘʛʘʜʫʶʪʴ ʝʣʽʧʩʠ. ɺ 

ʪʦʯʢʫ ʜʦʪʠʢʘʥʥʷ ʮʠʭ ʝʣʽʧʩʽʚ ʧʝʨʽʦʜʠʯʥʦ ʧʨʠʭʦʜʷʪʴ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ D ʪʘ C. 

ʆʜʥʘʢ, ʷʢʱʦ ʨʦʙʦʪʘ ʯʦʪʠʨʴʦʭʣʘʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʪʨʠʤʘʥʥʷ 

ʯʽʪʢʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʪʦ ʜʣʷ ʰʝʩʪʠʣʘʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʘʢʠʡ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʥʝ ʻ ʤʦʞʣʠʚʠʤ ʚ ʩʠʣʫ ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʦʾ ʩʧʝʮʠʬʽʢʘʮʽʾ, ʘʜʞʝ 

ʨʦʟʤʽʨʠ ʦʙʦʭ ʝʣʽʧʩʽʚ ʪʨʘʻʢʪʦʨʽʡ ʪʘ ʨʘʜʽʫʩʠ ʩʬʝʨ, ʥʘ ʢʦʪʨʠʭ ʫʤʦʚʥʦ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚʽʜʧʦʚʽʜʥʽ ʪʨʘʻʢʪʦʨʽʾ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʜʥʘʢʦʚʠʤʠ. ɸʚʪʦʨʘʤʠ ʙʫʣʦ ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʜʣʠʰʢʦʚʠʡ ʟʚ'ʷʟʦʢ ʧʨʠʩʫʪʥʽʡ ʚ ʣʘʥʮʶʟʽ ʤʝʭʘʥʽʟʤʫ ʚʥʘʩʣʽʜʦʢ 

ʡʦʛʦ ʦʩʦʙʣʠʚʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʙʝʟ ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʤʝʭʘʥʽʟʤʫ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʫʩʫʥʫʪʠʡ. 

 ʆʜʥʘʢ, ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʨʦʙʦʪʘʭ [56, 57, 58], ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʜʦʙʨʝ 

ʚʠʢʣʘʜʝʥʫ ʦʩʦʙʣʠʚʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʪʘ ʛʝʦʤʝʪʨʽʾ ʧʨʦʩʪʦʨʦʚʦʛʦ ʰʝʩʪʠʣʘʥʢʦʚʠʢʘ, ʘ 

ʪʘʢʦʞ ʨʦʟʢʨʠʪʫ ʪʝʤʘʪʠʢʫ ʥʘʷʚʥʦʩʪʽ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʚ ʢʽʥʝʤʘʪʠʯʥʦʤʫ 

ʣʘʥʮʶʟʽ ʤʘʰʠʥʠ, ʬʘʢʪʠʯʥʦ ʥʝ ʧʦʜʘʥʦ ʞʦʜʥʠʭ ʢʦʥʢʨʝʪʥʠʭ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ.  

 ɼʝʱʦ ʩʭʦʞʘ ʟʘ ʩʚʦʾʤʠ ʚʠʩʥʦʚʢʘʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦ ʨʦʙʽʪ [50, 56] ʻ ʩʫʪʴ 

ʨʦʙ̔ʪ [59, 60]. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ 

ʰʝʩʪʠʣʘʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ABCDEF ʙʫʚ ʨʦʟʽʨʚʘʥʠʡ ʚ ʤʽʩʮʽ ʫʪʚʦʨʝʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ɽ. ɿ ʢʦʞʥʦʶ ʣʘʥʢʦʶ ʤʝʭʘʥʽʟʤʫ ʙʫʣʦ ʧʦʚ'ʷʟʘʥʦ ʣʦʢʘʣʴʥʫ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (ʃʉʂ), ʥʘʧʨʘʚʣʷʶʯʠ ʚʽʩʴ zi ʧʦ ʦʩʷʭ ʚʽʜʧʦʚʽʜʥʠʭ ʰʘʨʥʽʨʽʚ. 

ɺʚʝʜʝʥʽ ʚʽʜʥʦʩʥʽ ʢʫʪʠ ʧʦʚʦʨʦʪʽʚ ʣʘʥʦʢ ű1, ű2, ű3, ű4 ʪʘ ű5. ʇʽʩʣʷ ʯʦʛʦ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʧʨʦʝʢʮʽʶ ʚʝʢʪʦʨʘzn ʥʘ ʚʽʩʴ zi: 
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       (1.13)     

ʂʦʝʬʽʮʽʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʩʢʣʘʜʘʻ:     
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 ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʤʽʰʫʚʘʯ ʣʠʰʝ ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʽʟ-ʟʘ ʚʝʣʠʢʠʭ ʽʥʝʨʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ.  

 ʉʫʪʴ ʨʦʙʽʪ [61, 62] ʧʦʣʷʛʘʻ ʫ ʩʠʣʦʚʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʰʝʩʪʠʣʘʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ. ɼʦʩʣʽʜʞʝʥʠʡ ʚʠʧʘʜʦʢ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʩʠʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʘʥʠʡ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʜʦ ʤʝʭʘʥʽʟʤʫ ʚ ʪʦʯʮʽ S, ʷʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʩʝʨʝʜʠʥʽ ʦʩʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʧʨʠʢʣʘʜʝʥʦ ʟʦʚʥʽʰʥʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʠʣʦʶ)0(

,, zyxG  ʪʘ ʤʦʤʝʥʪʦʤ)0(
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G MMMGGGU =              (1.15) 

 ʊʘʢ ʚʠʢʦʥʫʚʘʚʩʷ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʜʣʷ ʯʦʛʦ 

ʚʽʜʢʠʜʘʚʩʷ ʟʚ'ʷʟʦʢ ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ F. ʊʘʢ ʟʘʧʠʩʘʥʦ ʧ'ʷʪʴ ʨʽʚʥʷʥʴ ʤʦʤʝʥʪʽʚ 

ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʦʙʝʨʪʘʥʥʷ ʜʣʷ ʜʽʣʷʥʦʢ ʥʘʩʪʫʧʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʣʘʥʮʶʛʽʚ AF, BF, 

CF, DF, EF, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡ ʫ ʚʩʽʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʤʝʭʘʥʽʟʤʫ: 

.0;0;0;0;0 ===== EzDzCzBzAz MMMMM      (1.16) 

 ɺʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡ ʫ ʚʩʽʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʤʝʭʘʥʽʟʤʫ: 

,6...1, == iUecR G

ii

G

i                 1.17) 

ʜʝ ei - (6Ĭ6) - ʤʘʪʨʠʮʷ ʚʟʘʻʤʥʠʭ ʧʦʜʘʪʣʠʚʦʩʪʝʡ; {}iji cdiagc =  - ʤʘʪʨʠʮʷ ʧʨʠʚʝʜʝʥʠʭ 

ʞʦʨʩʪʢʦʩʪʝʡ (j=1é6), ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʧʨʫʞʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʣʘʥʢʠ (i-1): 

.)0;0;0;0;1;0( TGU -=         (1.18) 

 ɿ ʫʩʴʦʛʦ ʚʠʱʝʩʢʘʟʘʥʦʛʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʤʘʰʠʥʘ ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʻ ʧʨʠʥʮʠʧʦʚʦ ʩʢʣʘʜʥʦʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʰʝʩʪʠʣʘʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʥʘʷʚʥʽʩʪʶ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ. ʉʘʤʝ ʪʦʤʫ, ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ, ʢʽʥʝʤʘʪʠʯʥʝ ʪʘ ʩʠʣʦʚʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʫʩʫʥʝʥʥʷ 

ʚʧʣʠʚʫ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦʾ ʫʚʘʛʠ ʟ ʙʦʢʫ ʜʦʩʣʽʜʥʠʢʽʚ 

ʤʘʰʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ, ʷʢʽ ʟʘ ʩʚʦʻʶ 

ʩʧʝʮʠʬʽʢʦʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʞʫʪʴ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʙʨʦʙʢʠ 

ʜʝʪʘʣʝʡ ʧʨʠ ʧʦʻʜʥʘʥʥʽ ʥʠʤʠ ʫʤʦʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʫʭʫ 

ʩʠʧʢʦʛʦ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ 

ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ʦʜʥʽʻʾ ʤʘʰʠʥʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʱʫʚʘʣʴʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʱʦ 

ʚʠʢʦʥʫʚʘʪʠʤʫʪʴʩʷ ʥʘ ʤʘʰʠʥʽ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

1.4. ʆʛʣʷʜ ʨʦʙʽʪ ʫ ʛʘʣʫʟʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʨʫʭʦʤʠʭ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʷʭ ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʥʘ ʚʝʜʫʯʦʤʫ 

ʚʘʣʫ ʤʘʰʠʥʠ 

 ɺ ʨʦʙʦʪʘʭ [63, 64, 65] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʨʦʙʦʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʫ ʟʤʽʰʫʚʘʣʴʥʠʭ ʪʘ ʛʘʣʪʫʚʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʷʭ, ʤʦʞʝ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʘʩʢʘʜʥʦʛʦ, ʚʦʜʦʩʧʘʜʥʦʛʦ ʪʘ ʟʤʽʰʘʥʦʛʦ ʘʙʦ 

ʟʘʢʨʠʪʠʯʥʦʛʦ ʨʝʞʠʤʽʚ ʨʫʭʫ. ʂʦʞʝʥ ʨʝʞʠʤ ʨʫʭʫ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʪʠʧʫ 

ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʘʙʦ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ.  

 ʂʘʩʢʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ [66, 67] ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʯʘʩʪʦʪʽ 

ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʘʙʦ ʧʨʠ ʥʠʟʴʢʽʡ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ʆʩʥʦʚʥʠʡ ʤʘʩʠʚ ʯʘʩʪʠʥʦʢ 

ʨʫʭʘʻʪʴʩʷ ʧʦ ʢʨʫʛʦʚʠʤ ʪʨʘʻʢʪʦʨʽʷʤ ʟʽ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʙʘʨʘʙʘʥʫ. ɺ ʤʘʰʠʥʘʭ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚʦʥʠ ʤʦʞʫʪʴ ʨʫʭʘʪʠʩʷ 

ʽ ʧʦ ʽʥʰʠʭ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʢʨʫʛʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ, ʦʜʥʘʢ ʚʝʨʭʥʽʡ ʰʘʨ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʬʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʠʚʘʻʪʴʩʷ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʤʘʩʠʚʫ ʽ, ʪʠʤ ʧʘʯʝ, ʚʽʜ 

ʩʪʽʥʦʢ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ʏʘʩʪʠʥʢʠ, ʜʦʩʷʛʥʫʚʰʠ ʚʝʨʭʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ, 

ʟʩʠʧʘʶʪʴʩʷ ʚʥʠʟ ʧʦ ʧʦʭʠʣʽʡ ʧʣʦʱʠʥʽ. ʇʨʠ ʢʘʩʢʘʜʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʚʽʜʩʫʪʥʽʡ 
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ʚʽʣʴʥʠʡ ʧʦʣʽʪ ʯʘʩʪʠʥʦʢ. ʆʙ'ʻʤ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʥʘ 10% ʙʽʣʴʰʝ 

ʚʽʜ ʩʪʘʪʠʯʥʦʛʦ ʦʙ'ʻʤʫ. 

 ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʫ ʯʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʥʘʩʪʘʻ ʟʤʽʰʘʥʠʡ 

ʨʝʞʠʤ ʨʫʭʫ [68], ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷʤ ʫ ʩʦʙʽ ʢʘʩʢʘʜʥʦʛʦ ʪʘ 

ʚʦʜʦʩʧʘʜʥʦʛʦ ʨʝʞʠʤʽʚ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʨʠʚ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʤʘʩʠʚʫ. ʇʝʨʝʭʽʜ ʚʽʜ ʢʘʩʢʘʜʥʦʛʦ ʜʦ ʟʤʽʰʘʥʦʛʦ ʨʝʞʠʤʫ 

ʨʫʭʫ [69, 70] ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʜʽʣʠʪʴʩʷ ʪʘʢʠʡ ʦʙ'ʻʤ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʧʨʠʙʣʠʟʥʦ 

50% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʤʘʩʠʚʫ. ʏʘʩʪʠʥʢʠ ʟ ʢʨʫʛʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ ʧʝʨʝʭʦʜʷʪʴ ʥʘ 

ʧʘʨʘʙʦʣʽʯʥʽ, ʘ ʧʦʪʽʤ, ʧʘʜʘʶʯʠ ʥʘ ʤʘʩʠʚ ʤʘʪʝʨʽʘʣʫ, ʩʢʦʯʫʶʪʴʩʷ ʘʙʦ ʧʨʦʢʦʚʟʫʶʪʴ 

ʧʦ ʥʴʦʤʫ ʽ ʟʥʦʚʫ ʧʦʚʝʨʪʘʶʪʴʩʷ ʥʘ ʢʨʫʛʦʚʽ ʪʨʘʻʢʪʦʨʽʾ. ʆʙ'ʻʤ, ʟʘʡʥʷʪʠʡ ʨʫʭʦʤʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʩʪʘʪʠʯʥʠʡ ʦʙ'ʻʤ. 

 ʇʨʠ ʱʝ ʙʽʣʴʰ ʚʠʩʦʢʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʫ ʯʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʟʤʽʰʘʥʠʡ ʨʝʞʠʤ 

ʨʫʭʫ ʧʝʨʝʭʦʜʠʪʴ ʫ ʯʠʩʪʦ ʚʦʜʦʩʧʘʜʥʠʡ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘʤʢʥʝʥʠʤʠ 

ʪʨʘʻʢʪʦʨʽʷʤʠ, ʱʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ʇʨʠ ʚʦʜʦʩʧʘʜʥʦʤʫ ʨʝʞʠʤʽ ʚʽʜʩʫʪʥʷ 

ʜʽʣʷʥʢʘ ʧʝʨʝʩʠʧʘʥʥʷ ʯʘʩʪʠʥʦʢ, ʘ ʧʨʘʢʪʠʯʥʦ ʫʚʝʩʴ ʦʙ'ʻʤ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚʽʜʨʠʚʘʪʠʤʝʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʩʪʽʥʦʢ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ.  

 ɼʝʱʦ ʚʽʜʤʽʥʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʦʩʧʘʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʦʧʠʩʫʻʪʴʩʷ ʚ 

ʤʦʥʦʛʨʘʬʽʾ ɺ.ʌ. ʇʝʨʰʠʥʘ [71]. ɺ ʦʙʝʨʪʦʚʠʭ ʙʘʨʘʙʘʥʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʨʫʭ, ʧʨʠ ʷʢʦʤʫ ʤʘʪʝʨʽʘʣ ʫʪʚʦʨʶʻ ʟʘʤʢʥʝʥʠʡ ʮʠʨʢʫʣʷʮʽʡʥʠʡ 

ʢʦʥʪʫʨ, ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʠʥʘ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʨʫʭʘʻʪʴʩʷ ʘʙʦ ʞ ʧʦ ʚʽʜʢʨʠʪʽʡ 

ʧʦʚʝʨʭʥʽ ʚʠʢʨʠʚʣʝʥʦʛʦ ʩʝʛʤʝʥʪʫ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ, ʘʙʦ ʞ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʣʴʦʪʽ. 

ʊʫʪ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʥʝ ʚʝʩʴ ʤʘʩʠʚ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʨʠ 

ʚʦʜʦʩʧʘʜʥʦʤʫ ʨʝʞʠʤʽ, ʧʦʚʠʥʝʥ ʚʽʜʨʠʚʘʪʠʩʷ ʚʽʜ ʩʪʽʥʦʢ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. 

 ɺʽʜʦʤʠʡ ʪʘʢʦʞ ʟʘʢʨʠʪʠʯʥʠʡ ʨʝʞʠʤ ʨʫʭʫ [71], ʧʨʠ ʷʢʦʤʫ ʚʝʩʴ ʩʠʧʢʠʡ 

ʤʘʩʠʚ ʦʙʝʨʪʘʻʪʴʩʷ ʨʘʟʦʤ ʟ ʙʘʨʘʙʘʥʦʤ. ɺʽʥ ʭʘʨʘʢʪʝʨʥʠʡ ʚʠʢʣʶʯʥʦ ʜʣʷ 

ʦʙʝʨʪʦʚʠʭ ʤʘʰʠʥʠ, ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ 

(ʚʽʜʮʝʥʪʨʦʚʠʭ) ʩʠʣ ʽʥʝʨʮʽʾ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʩʠʣ ʪʷʞʽʥʥʷ. ɺʠʥʠʢʘʻ ʧʨʠ 

ʟʥʘʯʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ. ʋ ʤʘʰʠʥʽ ʟʽ ʩʢʣʘʜʥʠʤ 

ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʪʘʢʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʘʧʨʽʦʨʽ ʥʝ ʻ ʤʦʞʣʠʚʠʤ 

ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʤʘʥʝʥʪʥʦʾ ʮʠʢʣʽʯʥʦʾ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ. 

 ʇʨʦʚʝʜʝʥʠʤʠ ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [5, 66, 68, 69] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʩʥʦʾ ʦʙʨʦʙʢʠ ʨʘʮʽʦʥʘʣʴʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʢʘʩʢʘʜʥʠʡ ʨʝʞʠʤ, 

ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʢʘʩʢʘʜʥʦ-ʚʦʜʦʩʧʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ.  

 ʗʢ ʚʞʝ ʟʨʦʟʫʤʽʣʦ, ʟʤʽʥʘ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʦʙʦʯʽʡ 

ʻʤʢʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʫ ʘʙʦ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. 

 ʉʭʝʤʠ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʦʙʝʨʪʦʚʦʤʫ 

ʙʘʨʘʙʘʥʽ ʟʘ ɺ.ʌ. ʇʝʨʰʠʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.5. 
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ʈʠʩ. 1.5. ʉʭʝʤʠ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ 

ʦʙʝʨʪʘʣʴʥʦʾ ʻʤʥʦʩʪʽ: ʘ) ʢʘʩʢʘʜʥʠʡ ʨʝʞʠʤ; ʙ) ʟʤʽʰʘʥʠʡ ʨʝʞʠʤ; ʚ) ʚʦʜʦʩʧʘʜʥʠʡ 

ʨʝʞʠʤ; ʛ) ʧʝʨʝʜʢʨʠʪʠʯʥʠʡ ʨʝʞʠʤ; ʜ) ʥʘʜʢʨʠʪʠʯʥʠʡ ʨʝʞʠʤ 

 

 ɺ.ɯ. ʂʦʨʦʪʠʯ, ʫ ʩʚʦʾʭ ʨʦʙʦʪʘʭ [64, 65], ʥʘʛʦʣʦʰʫʻ ʥʘ ʪʦʤʫ, ʱʦ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʢʘʩʢʘʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʚʧʣʠʚʦʤ ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ. ʇʨʠ ʟʤʽʰʘʥʦʤʫ ʪʘ ʯʠʩʪʦ ʚʦʜʦʩʧʘʜʥʦʤʫ ʨʝʞʠʤʘʭ ʪʘʢʠʡ ʚʧʣʠʚ 

ʥʝ ʻ ʟʥʘʯʥʠʤ, ʪʦʤʫ ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʪʦʯʦʢ ʧʝʨʝʭʦʜʫ ʯʘʩʪʠʥʦʢ ʟ ʢʨʫʛʦʚʠʭ 

ʪʨʘʻʢʪʦʨʽʡ ʥʘ ʧʘʨʘʙʦʣʽʯʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʨʽʚʥʦʩʪʽ ʥʫʣʶ ʧʨʦʝʢʮʽʡ ʚʩʽʭ ʩʠʣ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʦʢʨʝʤʫ ʯʘʩʪʠʥʢʫ. ɺʠʢʦʥʘʥʽ ʘʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ 

ʩʪʫʧʝʥʷʭ ʟʘʧʦʚʥʝʥʥʷ ʙʘʨʘʙʘʥʫ Ū=5ī15% ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʨʦʢʦʚʟʫʚʘʥʥʷ 

ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʧʦ ʧʦʚʝʨʭʥʽ ʙʘʨʘʙʘʥʫ, ʘ ʧʨʠ Ū > 30ī40% ʪʘʢʝ ʧʨʦʢʦʚʟʫʚʘʥʥʷ 

ʚʞʝ ʟʥʘʯʥʦ ʤʝʥʰʝ. 

 ɺʽʜʦʤʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ [73, 74, 75, 76] ʱʦʜʦ ʩʧʝʮʠʬʽʢʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʪʘ ʦʩʴʦʚʦʤʫ 

ʥʘʧʨʷʤʢʘʭ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʛʣʘʜʢʦʛʦ ʙʘʨʘʙʘʥʫ ʦʙʝʨʪʦʚʠʭ ʤʘʰʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʟʥʠʭ ʤʝʪʦʜʠʢ. ʊʘʢ ʫ ʨʦʙʦʪʘʭ [77, 78, 79] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ "ʦʜʥʦʯʘʩʪʢʦʚʠʡ" 

ʧʽʜʭʽʜ, ʧʨʠ ʷʢʦʤʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʽʚʥʦʚʘʛʘ ʪʘ ʜʠʥʘʤʽʢʘ ʦʢʨʝʤʦʾ ʯʘʩʪʠʥʢʠ. 

ɿʘʢʦʥʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʫʭ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʪʘ ʟʤʽʥʫ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʘʥʘʣʦʛʽʯʥʠʤʠ ʜʦ ʚʠʨʘʟʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ 

ʦʢʨʝʤʦʾ ʦʜʥʽʻʾ ʯʘʩʪʠʥʢʠ. ʆʜʥʘʢ, ʪʘʢʽ ʤʝʪʦʜʠʢʠ ʯʘʩʪʦ ʧʽʜʜʘʶʪʴʩʷ ʢʨʠʪʠʮʽ ʪʘ 

ʚʠʢʣʠʢʘʶʪʴ ʩʢʝʧʪʠʯʥʝ ʩʪʘʚʣʝʥʥʷ ʜʝʷʢʠʭ ʥʘʫʢʦʚʮʽʚ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚʦʥʠ ʥʝ 

ʥʘʜʘʶʪʴ ʜʽʡʩʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʧʝʨʝʤʽʱʝʥʥʷ ʫʩʴʦʛʦ ʩʠʧʢʦʛʦ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ. ɺ 

ʜʽʡʩʥʦʩʪʽ ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʜʣʷ ʦʧʠʩʫ ʚʽʣʴʥʦʛʦ 

ʨʫʭʫ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʽʣʴʥʦʤʫ ʧʘʜʽʥʥʽ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʣʦʧʘʪʝʡ.  

 ʋ ʨʦʙʦʪʘʭ [80, 81] ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ "ʚ'ʷʟʢʦʛʦ ʧʣʠʥʫ", ʟʛʽʜʥʦ ʷʢʦʛʦ 

ʨʫʭ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʣʠʥ ʚ'ʷʟʢʦʧʣʘʩʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʅʝʜʦʣʽʢ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ ʪʦʤʫ, ʱʦ ʟʘʣʝʞʥʦʩʪʽ, ʢʦʪʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʴʦʤʫ, ʤʽʩʪʷʪʴ ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʾʭ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʂʨʽʤ ʮʴʦʛʦ, ʤʝʪʦʜ 
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ʦʧʠʩʫʻ ʩʠʤʝʪʨʠʯʥʫ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʮʠʨʢʫʣʷʮʽʾ ʛʨʘʥʠʮʶ ʨʦʟʧʦʜʽʣʫ ʰʘʨʽʚ, ʱʦ 

ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʽʡ ʢʘʨʪʠʥʽ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ ʦʙʝʨʪʘʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ, ʷʢʽ ʻ ʙʽʣʴʰʠʤʠ ʟʘ 0,2 ʚʽʜ ʢʨʠʪʠʯʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. 

 ʆʢʨʽʤ ʦʧʠʩʘʥʠʭ ʚʠʱʝ, ʨʦʟʨʦʙʣʝʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʤʝʪʦʜ [82, 83, 84, 85] 

ʦʧʠʩʫ ʨʫʭʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʛʣʘʜʢʦʛʦ ʦʙʝʨʪʦʚʦʛʦ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʛʽʧʦʪʝʟʘ ʧʨʦ ʪʝ, ʱʦ 

ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʢʦʪʨʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʰʘʨʽ, ʷʢʠʡ 

ʧʽʜʽʡʤʘʻʪʴʩʷ, ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʻ ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʨʽʚʥʦʶ 

ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʝʥʝʨʛʽʾ ʫʩʴʦʛʦ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʚ ʟʥʝʨʫʭʦʤʣʝʥʦʤʫ ʙʘʨʘʙʘʥʽ. 

 ɺ ʨʦʙʦʪʽ [71] ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ ʜʣʷ ʦʢʨʝʤʦʾ ʦʜʠʥʠʯʥʦʾ ʯʘʩʪʠʥʢʠ, 

ʧʨʠ ʷʢʽʡ ʚʦʥʘ ʧʦʯʥʝ ʦʙʝʨʪʘʪʠʩʷ ʨʘʟʦʤ ʟ ʦʙʠʯʘʡʢʦʶ ʙʘʨʘʙʘʥʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ɤʢʨ ʨʦʟʛʣʷʜʘʣʠʩʷ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ ʦʢʨʝʤʦʾ ʯʘʩʪʠʥʢʠ ʚ 

ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʛʣʘʜʢʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ (ʨʠʩ. 1.5) ʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ ʚ ʪʦʯʢʘʭ L (1.19) (ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ 

ʧʦʣʦʞʝʥʥʶ, ʚʽʜʜʘʣʝʥʦʤʫ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʚʽʜ ʦʩʽ ʙʘʨʘʙʘʥʫ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʜʽʫʩʘ) 

ʪʘ P (1.20) (ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʝʨʭʥʴʦʤʫ ʧʦʣʦʞʝʥʥʶ): 
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ʜʝ m ī ʤʘʩʘ ʯʘʩʪʠʥʢʠ; g ī ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; fʪʨ ī ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ 

ʯʘʩʪʠʥʢʠ ʧʦ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʙʘʨʘʙʘʥʫ; R ī ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ 

ʙʘʨʘʙʘʥʫ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʯʘʩʪʠʥʢʠ ʚʽʜʧʦʚʽʜʥʠʤ ʜʽʘʤʝʪʨʦʤ d (ʦʩʢʽʣʴʢʠ R>>d, 

ʟʥʘʯʝʥʥʷ R ʧʨʠʡʤʘʶʪʴ ʨʽʚʥʠʤ ʚʥʫʪʨʽʰʥʴʦʤʫ ʨʘʜʽʫʩʫ ʙʘʨʘʙʘʥʘ). 

 ʗʢʱʦ ʩʪʫʧʽʥʴ ʟʘʧʦʚʥʝʥʥʷ ʙʘʨʘʙʘʥʫ ʤʘʪʝʨʽʘʣʦʤ ʩʪʘʥʦʚʠʪʴ ɝ, ʪʦ ʢʫʪʦʚʘ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʫ, ʧʨʠ ʷʢʽʡ ʫʚʝʩʴ ʤʘʪʝʨʽʘʣ ʙʫʜʝ ʦʙʝʨʪʘʪʠʩʷ ʨʘʟʦʤ ʟ 

ʥʠʤ, ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʬʦʨʤʫʣ: 
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 ʜʝ fʪʨ.ʤ ī ʢʦʝʬʽʮʽʻʥʪ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʤʘʪʝʨʽʘʣʫ; 

 ʆʜʥʘʢ, ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʣʴʰ ʪʨʠʚʽʘʣʴʥʽ ʬʦʨʤʫʣʠ: 

 

.
R

g
ʢʨ=w                       (1.23) 
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 ɺʽʜʦʤʘ ʪʘʢʦʞ ʝʤʧʽʨʠʯʥʘ ʬʦʨʤʫʣʘ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʫ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ (ʚʦʜʦʩʧʘʜʥʦʛʦ) 

ʨʝʞʠʤʫ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: 

,)6,0...1,0( ʢʨʙʘʨʘʙ ww =                (1.24) 

ʜʝ ʢʨw  ī ʢʨʠʪʠʯʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʧʨʠ ʷʢʽʡ ʯʘʩʪʠʥʢʘ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ 

ʨʘʟʦʤ ʟ ʦʙʠʯʘʡʢʦʶ ʙʘʨʘʙʘʥʫ. 

 ʆʜʥʘʢ, ʫ ʚʠʨʘʟʽ (1.24) ʝʤʧʽʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʘʻ ʚʝʣʠʢʠʡ ʜʽʘʧʘʟʦʥ 

ʟʥʘʯʝʥʴ, ʱʦ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦ ʚʩʪʘʥʦʚʠʪʠ ʥʝʦʙʭʽʜʥʫ ʢʫʪʦʚʫ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

 ɼʣʷ ʤʘʰʠʥ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʫ [86] ʦʪʨʠʤʘʥʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʘ Ŭɤ, ʧʨʠ ʷʢʦʤʫ ʯʘʩʪʠʥʢʘ ʧʦʯʠʥʘʻ ʨʫʭʘʪʠʩʷ. ʎʝ ʟʥʘʯʝʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʥʘ ʚʽʜʢʨʠʪʽʡ ʧʦʚʝʨʭʥʽ, ʪʦʙʪʦ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʢʫʪʘ ű, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʫʪ ʤʽʞ ʨʘʜʽʫʩʦʤ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ, ʷʢʠʡ 

ʩʧʦʣʫʯʘʻ ʮʝʥʪʨ ʙʘʨʘʙʘʥʫ ʟ ʮʝʥʪʨʦʤ ʯʘʩʪʠʥʢʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʤʽʩʮʽ ʪʘ ʘʧʨʦʢʩʠʤʦʚʘʥʦʶ ʧʨʷʤʦʶ ʱʦʜʦ ʧʦʚʝʨʭʥʽ ʩʝʛʤʝʥʪʫ ʤʘʩʠʚʫ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ: 
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 ɺ ʨʦʙʦʪʽ [87] ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʦʧʠʩʘʥʦ ʨʫʭ ʦʜʥʽʻʾ ʯʘʩʪʠʥʢʠ ʜʣʷ 

ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʩʢʦʯʫʻʪʴʩʷ ʧʦ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʙʘʨʘʙʘʥʫ: 

 

,0sincos1 =-+ ccg mgmgmx aaj##      (1.26) 

ʜʝ m ī ʤʘʩʘ ʯʘʩʪʠʥʢʠ; g ī  ʩʠʣʘ ʪʷʞʽʥʥʷ; Ŭʩ ī ʢʫʪ ʥʘʭʠʣʫ ʩʝʛʤʝʥʪʫ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ; űg ī ʢʫʪ ʤʽʞ ʜʦʚʞʠʥʦʶ, ʷʢʘ ʩʧʦʣʫʯʘʻ ʮʝʥʪʨ ʙʘʨʘʙʘʥʫ ʟ ʦʢʨʝʤʦʶ 

ʯʘʩʪʠʥʢʦʶ ʪʘ ʣʽʥʽʻʶ ʧʦʚʝʨʭʥʽ ʩʝʛʤʝʥʪʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

 ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (1.26) ʦʪʨʠʤʘʥʦ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʯʘʩʪʠʥʢʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʾʾ ʧʝʨʝʤʽʱʝʥʥʷ: 

 

;)cossin( 11 crggx cgc +-= aja#             (1.27) 

.)cossin(5,0 21

2

1 crcrggx cgc ++-= aja                (1.28) 

 ʇʦʩʪʽʡʥʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩ1 ʪʘ ʩ2 ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʷʢ: 

;)0(1 rx w-=#                 (1.29) 

,)()()0( 5,022

1

5,022

1 cc RRRRx ---=           (1.30) 

ʜʝ R ï ʨʘʜʽʫʩ, ʥʘ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʯʘʩʪʠʥʢʘ ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʫ ʽʟ ʤʘʩʠʚʫ, 

ʢʦʪʨʠʡ ʧʽʜʽʡʤʘʻʪʴʩʷ ʚ ʤʘʩʠʚ, ʱʦ ʩʢʦʯʫʻʪʴʩʷ. 

 ɺ ʨʦʙʦʪʽ [88] ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʝʥʥʷ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦ 

ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʦʚʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ. ʇʣʦʱʘ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ Sʇ ʚ 
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ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʙʘʨʘʙʘʥʫ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʜʚʦʭ ʧʣʦʱʠʥ: ʧʣʦʱʽ ʢʨʫʛʦʚʦʛʦ 

ʩʝʛʤʝʥʪʫ SAD ʪʘ ʬʽʛʫʨʠ, ʦʙʤʝʞʝʥʦʾ ʧʨʷʤʦʶ CD, ʽʥʰʦʛʦ ʢʦʣʘ BD ʪʘ ʢʨʠʚʦʾ CB, 

SʉDɺ: 

() ()[ ] ,
1

0

2211ñññ -==
BY

S

CDB dyyfyfdSS        (1.31) 

 ɼʝ )sin(sin2 1001 ddd -=BY ī ʦʨʜʠʥʘʪʠ ɺ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʍ1ʉʋ1. 

 () () ./;)cos( 122

2

11

2

11 ayyfRyRyf =--= d             (1.32) 

 ɺʽʜʦʤʽ ʟʥʘʯʥʽ ʜʦʩʷʛʥʝʥʥʷ ʥʘʫʢʦʚʮʽʚ Michele Marigo, D.L. Cairns, M. 

Davies, A. Ingram ʪʘ ʽʥ. ʫ ʩʬʝʨʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ 

ʨʝʯʦʚʠʥ ʫ ʤʘʰʠʥʽ, ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʷʢʦʾ ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʥʦʛʦ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ [89, 90, 91].  

 ʊʘʢ Michele Marigo ʫ ʨʦʙʦʪʽ [89] ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

DEMSolutions ʪʘ ʨʦʟʨʦʙʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʨʘʭʫʥʢʫ [92] ʚʩʪʘʥʦʚʠʚ, ʱʦ 

ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʟʘʧʦʚʥʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʩʫʤʽʰʰʶ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ 50% ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙ'ʻʤʫ ʈɭ.  

 ɺ ʨʦʙʦʪʘʭ [89, 93, 94] ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʧʨʠʥʮʠʧʫ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʫʤʽʰʽ ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ ʚ ʩʝʨʝʜʠʥʫ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʤʽʰʫʚʘʥʥʷ. ʇʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʩʠʧʢʦʾ ʩʫʤʽʰʽ ʟ ʜʚʦʭ ʬʨʘʢʮʽʡ ʚ ʮʠʣʽʥʜʨʠʯʥʠʡ 

ʙʘʨʘʙʘʥ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʰʠʥ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʚʽ ʤʦʜʝʣʽ ʟʘʚʘʥʪʘʞʝʥʥʷ: ʧʦʧʝʨʝʯʥʘ 

ʪʘ ʦʩʴʦʚʘ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʘʯʥʦ ʢʨʘʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ 

ʨʝʯʦʚʠʥ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ. ʇʨʠ ʦʩʴʦʚʽʡ ʤʦʜʝʣʽ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʚʽ ʬʨʘʢʮʽʾ ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ ʟʥʘʯʥʦ ʛʽʨʰʝ ʧʽʜʜʘʶʪʴʩʷ ʧʨʦʮʝʩʫ 

ʟʤʽʰʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʦʩʥʦʚʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ ʻʤʢʦʩʪʽ. ʆʜʥʘʢ, ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ, ʚʽʩʴ 

ʦʙʝʨʪʘʥʥʷ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʢʫʪʦʤ Ŭ=30Á, ʢʨʘʱʦʶ ʤʦʜʝʣʣʶ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʙʫʜʝ ʦʩʴʦʚʘ. ʅʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʠʥʦʢ ʚ ʦʩʴʦʚʦʤʫ 

ʪʘ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʦʤʽʥʫʶʯʝ ʟʤʽʰʫʚʘʥʥʷ ʚ ʨʦʙʦʯʽʡ 

ʻʤʢʦʩʪʽ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ. ʆʩʴʦʚʠʡ ʪʘ ʨʘʜʽʘʣʴʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪʠ ʜʠʩʧʝʨʩʽʾ ʚʠʟʥʘʯʘʣʠʩʷ ʷʢ ʢʚʘʜʨʘʪ ʦʩʴʦʚʠʭ ʪʘ ʨʘʜʽʘʣʴʥʠʭ ʟʤʽʱʝʥʴ 

ʚʩʽʭ ʯʘʩʪʠʥʦʢ ʫʩʝʨʝʜʠʥʽ ʈɭ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ: 
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ʜʝ xi
k ʪʘ xi

k+1 ʦʩʴʦʚʽ ʧʦʣʦʞʝʥʥʷ ʯʘʩʪʠʥʢʠ  ̔ʚ ʤʦʤʝʥʪ ʯʘʩʫ tk ʪʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ tk+1 

ʚʽʜʧʦʚʽʜʥʦ; n ī ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ; N ʻ ʢʽʣʴʢʽʩʪʶ ʦʙʝʨʪʽʚ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

ʤʘʰʠʥʠ, (N = 15); rk
i  ʪʘ r

k+1
i ʮʝ ʨʘʜʽʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʯʘʩʪʠʥʦʢ  ̔ʚ ʤʦʤʝʥʪ ʯʘʩʫ tk 

ʪʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ tk+1 ʚʽʜʧʦʚʽʜʥʦ; (tk+1- tk) ī ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʽʦʜʫ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ.  
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 ʇʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʬʨʘʢʮʽʡ ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ ʫ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʝʛʨʝʛʘʮʽʾ [95, 96], ʱʦ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʨʠʥʮʠʧʫ ʨʦʟʧʦʜʽʣʫ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʦʜʠʥʠʯʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʷʢʠʡ ʦʧʠʩʘʥʠʡ ʫ 

ʨʦʙʦʪʘʭ [97, 98]. ʇʘʨʘʤʝʪʨʠ ʽʥʜʝʢʩʫ ʩʝʛʨʝʛʘʮʽʾ S [99] ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʢʦʥʪʘʢʪʫ ʤʽʞ ʨʽʟʥʠʤʠ ʦʜʥʘʢʦʚʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ɸ ʪʘ ɺ ʜʚʦʭ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ: 
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ʜʝ ʉɸɸ, ʉɺɺ, ʉɸɺ ī ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ. 

ɯʥʜʝʢʩ ʩʝʛʨʝʛʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʤʽʞ 0ÒSÒ2, ʜʣʷ ʚʠʧʘʜʢʦʚʠʭ 

ʩʫʤʽʰʝʡ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠʡʤʘʶʪʴ: S = 1. ʇʦ ʦʙʠʜʚʽ ʙʦʢʠ ʟʥʘʯʝʥʥʷ S = 1 ʙʫʜʫʪʴ 

ʥʝʩʪʽʡʢʽ ʩʪʘʥʠ ʩʝʛʨʝʛʘʮʽʾ: S = 2 ī ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ ʟʘʧʦʚʥʝʥʥʷ ʻʤʢʦʩʪʽ, S = 0 ī 

ʽʜʝʘʣʴʥʦ ʚʧʦʨʷʜʢʦʚʘʥʘ ʟʤʽʰʘʥʘ ʩʠʩʪʝʤʘ, ʟ ʚʽʜʩʫʪʥʽʤʠ CAA ʘʙʦ CBB ʢʦʥʪʘʢʪʘʤʠ, 

ʟʨʦʟʫʤʽʣʦ, ʱʦ ʪʘʢʠʡ ʩʪʘʥ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʫʤʦʚʥʠʤ ʪʘ ʧʨʘʢʪʠʯʥʦ 

ʥʝʜʦʩʷʞʥʠʤ. 

M. Marigo [89] ʟʘʟʥʘʯʘʻ, ʱʦ ʦʨʽʻʥʪʦʚʥʦ ʧʽʩʣʷ 15 ʦʙʝʨʪʽʚ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʩʫʚ ʦʩʥʦʚʥʦʛʦ ʤʘʩʠʚʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʦʜʥʦʛʦ ʟ ʪʦʨʮʽʚ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ʊʘʢʝ ʷʚʠʱʝ ʚʠʢʣʠʢʘʥʝ ʟʥʘʯʥʠʤʠ ʩʠʣʘʤʠ ʽʥʝʨʮʽʾ ʜʽʶʯʠʤʠ ʚ 

ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʽ ʪʘ ʥʘʧʨʘʚʣʝʥʠʤʠ ʚ ʙʽʢ ʦʩʥʦʚʠ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ, ʷʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʤʽʩʮʽ ʢʨʽʧʣʝʥʥʷ ʚʝʜʝʥʦʾ ʚʠʣʢʠ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʢʨʘʱʠʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ ʚ ʨʦʙʦʯʫ ʻʤʢʽʩʪʴ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ 

ʚʟʜʦʚʞ ʚʽʩʽ ʻʤʢʦʩʪʽ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʢʦʥʫʩʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʫʟʜʦʚʞ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʟ ʚʠʢʦʥʘʥʠʤ ʢʫʙʽʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʚ ʾʭ ʮʝʥʪʨʽ.  

 ʂʨʽʤ ʪʦʛʦ, ʚ ʜʠʩʝʨʪʘʮʽʾ M. Marigo [89] ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ 

ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʝʨʝʜʠʥʽ ʦʙʝʨʪʦʚʠʭ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ ʪʘ ʻʤʢʦʩʪʝʡ, ʢʦʪʨʽ 

ʚʠʢʦʥʫʶʪʴ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʢʘʩʢʘʜʥʦʤʫ ʨʝʞʠʤʽ 

ʨʫʭʫ ʣʠʰʝ ʥʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ 

ʟʘʛʘʣʴʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ. ʅʘ ʨʠʩ. 1.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʰʘʨʽʚ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʚ ʩʝʨʝʜʠʥʽ ʦʙʝʨʪʦʚʦʛʦ ʙʘʨʘʙʘʥʫ ʪʘ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ ʪʠʧʫ Turbula ʚʟʷʪʽ ʟ ʤʘʪʝʨʽʘʣʽʚ ʨʦʙʦʪʠ [71]. 

 ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʩʭʝʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʫ ʜʚʦʭ ʻʤʢʦʩʪʷʭ 

ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʦʜʥʘʢʦʚʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ, ʤʦʞʥʘ, ʧʦ-ʧʝʨʰʝ, ʱʝ ʨʘʟ 

ʧʝʨʝʢʦʥʘʪʠʩʷ ʫ ʪʦʤʫ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʠʧʫ Turbula ʟʥʘʯʥʦ ʙʽʣʴʰʘ, ʥʽʞ ʚ ʦʙʝʨʪʦʚʦʤʫ 

ʙʘʨʘʙʘʥʽ, ʘ, ʧʦ-ʜʨʫʛʝ, ʚʧʝʚʥʠʪʠʩʷ ʫ ʪʦʤʫ, ʱʦ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʘ ʦʙʨʦʙʢʘ 

ʚʠʨʦʙʽʚ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ. ʉʧʠʨʘʶʯʠʩʴ ʥʘ 

ʚʠʨʘʟʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [71] ʪʘ ʩʭʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.6, ʤʦʞʥʘ 

ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʧʨʠʙʣʠʟʥʘ ʚʠʩʦʪʘ ʨʫʭʦʤʦʛʦ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʤʘʻ 

ʥʘʡʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʫʤʦʚʥʦ ʟʥʝʨʫʭʦʤʣʝʥʦʾ 

ʯʘʩʪʠʥʠ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,1 ʤ. 
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ʈʠʩ. 1.6. ʉʭʝʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʰʘʨʽʚ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʚ ʩʝʨʝʜʠʥʽ ʦʙʝʨʪʦʚʦʛʦ 

ʙʘʨʘʙʘʥʫ ʪʘ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʠʧʫ Turbula ʚʟʷʪʽ ʟ ʤʘʪʝʨʽʘʣʽʚ ʨʦʙʦʪʠ [71] 

 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ ʪʠʧʫ Turbula ʚʽʜʦʤʘ ʱʝ ʟ 

1960 ʨʦʢʫ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʾʤʠ ʷʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʟ-ʧʦʤʽʞ ʽʥʰʠʭ ʙʽʣʴʰ 

ʧʨʦʩʪʠʭ ʪʠʧʽʚ ʧʦʜʽʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʾʾ ʧʦʣʷʛʘʻ ʧʝʨʝʚʘʞʥʦ ʫ ʛʘʣʫʟʽ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ. ʃʠʰʝ ʥʘ 

ʦʛʣʷʜʦʚʦʤʫ ʨʽʚʥʽ ʧʦʜʘʥʦ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟʘʩʦʙʦʤ 

ʪʘʢʦʾ ʤʘʰʠʥʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʠʭ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ 

ʨʝʯʦʚʠʥ ʪʘ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʱʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʦʙʝʨʪʦʚʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʙʘʨʘʙʘʥʘʭ, ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʥʝ 

ʚʩʪʘʥʦʚʣʝʥʦ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʟʤʽʥʫ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʽ, ʚʽʜʩʫʪʥʷ 

ʧʦʚʥʦʮʽʥʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʤʘʰʠʥʠ ʪʘ 

ʢʽʥʝʤʘʪʠʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

 ɿ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʚʠʱʝ ʽʥʬʦʨʤʘʮʽʾ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʽʟʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʚ ʜʝʷʢʠʭ ʘʩʧʝʢʪʘʭ ʤʘʶʪʴ ʚʽʜʤʽʥʥʠʡ, ʘ ʽʥʦʜʽ ʡ 

ʩʫʧʝʨʝʯʣʠʚʠʡ ʭʘʨʘʢʪʝʨ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [10] ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, 

ʱʦ ʟʘʧʦʚʥʝʥʽʩʪʴ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʱʦ ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʧʨʠ 

ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ 80% ʚʽʜ ʾʾ ʟʘʛʘʣʴʥʦʛʦ ʦʙ'ʻʤʫ, ʚ ʪʦʡ ʯʘʩ, ʷʢ 

ʘʚʪʦʨ M. Marigo [89], ʥʘ ʦʩʥʦʚʽ ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʚʢʘʟʫʻ, ʱʦ 

ʟʘʧʦʚʥʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 50%. ɸʚʪʦʨ ɺ.ɯ. ʂʦʨʦʪʠʯ 

[64, 65] ʚʚʘʞʘʻ, ʱʦ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ ʟʘʧʦʚʥʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ 

Ū>30-50% ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʻ ʚʽʣʴʥʝ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʧʦ ʡʦʛʦ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʥʝ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʱʦʜʦ 

ʷʢʽʩʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ ʚʠʨʦʙʽʚ, ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʯʘʩ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʦʙʨʦʙʢʫ ʜʝʪʘʣʝʡ. ɺ.ɯ. ʂʦʨʦʪʠʯ ʥʝ ʨʝʢʦʤʝʥʜʫʻ ʟʘʧʦʚʥʶʚʘʪʠ ʻʤʢʽʩʪʴ ʙʽʣʴʰ ʥʽʞ ʥʘ 

50% ʚʽʜ ʾʾ ʟʘʛʘʣʴʥʦʛʦ ʦʙ'ʻʤʫ. 

 ʆʢʨʽʤ ʮʴʦʛʦ, ʥʝʤʦʞʣʠʚʦ ʟ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʦʨʽʚʥʶʚʘʪʠ ʤʽʞ 

ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʱʦʜʦ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʚʠʨʦʙʽʚ ʫ 

ʤʘʰʠʥʘʭ ʟ ʦʙʝʨʪʦʚʦʶ ʨʦʙʦʯʦʶ ʻʤʢʽʩʪʶ ʪʘ ʤʘʰʠʥʘʭ ʟ ʨʦʙʦʯʦʶ ʻʤʢʽʩʪʶ, ʱʦ 

ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ.  
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 ʆʜʥʘʢ, ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʮʽʚ ʫ ʩʚʦʾʭ ʚʠʩʥʦʚʢʘʭ ʩʭʠʣʴʥʘ ʜʦ 

ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʦʙʨʦʙʢʘ ʜʝʪʘʣʝʡ ʪʘ ʟʤʽʰʫʚʘʥʥʷ ʨʝʯʦʚʠʥ ʫ ʤʘʰʠʥʽ ʟʽ ʩʢʣʘʜʥʠʤ 

ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʻ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʶ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʶ, ʥʽʞ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʰʠʭ ʪʠʧʽʚ ʦʙʣʘʜʥʘʥʥʷ, ʜʝʷʢʽ ʚʠʜʠ ʷʢʦʛʦ, ʥʘʧʨʠʢʣʘʜ, ʦʙʝʨʪʦʚʽ 

ʙʘʨʘʙʘʥʠ ʻ ʟʘʩʪʘʨʽʣʠʤʠ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ, ʷʢʽ ʧʦʩʪʫʧʦʚʦ 

ʚʪʨʘʯʘʶʪʴ ʩʚʽʡ ʘʚʪʦʨʠʪʝʪ, ʚʠʣʫʯʘʶʪʴʩʷ ʘʙʦ ʟʘʤʽʥʶʶʪʴʩʷ ʥʘ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ.   

 ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʤʘʰʠʥʦʶ [100] ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʤʦʤʝʥʪʫ ʦʧʦʨʫ. ɺ ʟʚʠʯʘʡʥʠʭ ʙʘʨʘʙʘʥʥʠʭ ʟʤʽʰʫʚʘʯʘʭ ʩʠʧʢʠʡ ʤʘʪʝʨʽʘʣ ʨʫʭʘʻʪʴʩʷ 

ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʷʞʽʥʥʷ. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʾʾ ʚʤʽʩʪ ʚʣʘʩʥʦʶ ʚʘʛʦʶ 

ʩʪʚʦʨʶʻ ʤʦʤʝʥʪ ʦʧʦʨʫ, ʷʢʠʡ ʧʝʨʝʰʢʦʜʞʘʻ ʾʾ ʦʙʝʨʪʘʥʥʶ. ɿʙʽʣʴʰʝʥʥʷ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʜʦ 50% ʧʽʜʚʠʱʫʻ ʤʦʤʝʥʪ ʦʧʦʨʫ ʦʙʝʨʪʘʥʥʶ, ʘʣʝ 

ʧʦʜʘʣʴʰʝ ʾʾ ʟʙʽʣʴʰʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʮʴʦʛʦ ʤʦʤʝʥʪʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ ʄMAX [ʅʤ] [101] ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʷʢ: 

 

,mgRM ʎMAX =      (1.36) 

ʜʝ Rʎ ī ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʪʷʞʽʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

ʧʨʠ 50%-ʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʤ; m ī ʤʘʩʘ, ʢʛ; g ī ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤĀʩ-2. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ 

ʩʧʦʞʠʚʘʻʪʴʩʷ ʙʘʨʘʙʘʥʥʠʤʠ ʤʘʰʠʥʘʤʠ PMAX [ɺʪ], ʜʦʩʪʘʪʥʶ ʜʣʷ ʷʢʽʩʥʦʛʦ 

ʟʤʽʰʫʚʘʥʥʷ ʯʠ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ, ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʘ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

,ʂʈMAXMAX MP w=      (1.37) 

ʜʝ ɤʂʈ īʢʨʠʪʠʯʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʨʘʜĿʩ-1. 

 ʇʦʪʫʞʥʦʩʪʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʤʘʰʠʥ, ʥʝʦʙʭʽʜʥʽ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʩʠʧʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʟʥʘʭʦʜʷʪʴʩʷ ʧʦ ʚʽʜʦʤʠʭ ʝʤʧʽʨʠʯʥʠʭ ʬʦʨʤʫʣʘʭ, ʚʠʚʝʜʝʥʠʭ ʫ ʨʦʙʦʪʽ 

[102], ʚʽʜʦʤʽ ʪʘʢʦʞ ʚʠʨʘʟʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʟʘʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ 

ʟʤʽʰʫʚʘʥʥʷ ʚ ʧʣʘʥʝʪʘʨʥʠʭ ʪʘ ʰʥʝʢʦʚʠʭ ʟʤʽʰʫʚʘʯʘʭ [103]. ʋ ʨʦʙʦʪʽ [104] 

ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʤʘʰʠʥʘʤʠ, ʢʦʪʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ, ʚʠʨʘʞʘʶʪʴ ʷʢ ʨʽʟʥʠʮʶ 

ʧʦʪʫʞʥʦʩʪʽ ʤʘʰʠʥʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ Pʀ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ Pʍʍ ʥʘ 

ʪʠʭ ʩʘʤʦ ʦʙʝʨʪʘʭ: 

.ʍʍʀ PPP -=                       (1.38) 

 ʋʩʽ ʨʦʟʛʣʷʥʫʪʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʦʩʥʦʚʽ 

ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʥʝʧʨʠʜʘʪʥʽ ʜʣʷ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. 

ʗʢʱʦ ʧʨʠ ʨʦʙʦʪʽ ʟʚʠʯʘʡʥʠʭ ʙʘʨʘʙʘʥʥʠʭ ʟʤʽʰʫʚʘʯʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʩʪʦʛʦ 

ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʫ, ʚʠʥʠʢʘʻ ʩʪʘʣʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ, ʢʦʪʨʠʡ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟʘ 

ʦʜʠʥ ʧʦʚʥʠʡ ʦʙʝʨʪ ʙʘʨʘʙʘʥʫ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʩʥʦ ʪʨʠʚʽʘʣʴʥʠʭ 

ʬʦʨʤʫʣ, ʪʦ ʧʨʠ ʨʦʙʦʪʽ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʤʦʤʝʥʪ 

ʦʧʦʨʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʟʘ ʦʜʠʥ ʡʦʛʦ ʧʦʚʥʠʡ 

ʦʙʝʨʪ, ʧʨʠ ʯʦʤʫ, ʥʘʚʽʪʴ ʜʦʩʷʛʘʪʠʤʝ ʚʽʜ'ʻʤʥʠʭ ʟʥʘʯʝʥʴ, ʪʦʙʪʦ, ʥʘʚʧʘʢʠ ʚ ʜʝʷʢʠʭ 

ʤʦʤʝʥʪʘʭ ʜʦʧʦʤʘʛʘʪʠʤʝ ʦʙʝʨʪʘʪʠ ʚʝʜʫʯʠʡ ʚʘʣ ʪʘ ʨʦʙʦʯʫ ʻʤʢʽʩʪʴ. ʉʘʤʝ ʪʦʤʫ, 

ʚʠʱʝʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʨʘʟʠ ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʣʠʰʝ ʟʘʛʘʣʴʥʽ ʫʷʚʣʝʥʥʷ ʪʘ "ʪʦʯʢʠ 
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ʦʧʦʨʫ" ʱʦʜʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʦʢʨʝʤʦʾ ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʦʨʽʾ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʤʘʰʠʥʦʶ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʥʘ ʾʾ ʚʝʜʫʯʦʤʫ ʚʘʣʫ. 

 

1.5. ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ, ʱʦ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʚʠʨʦʙʽʚ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʷʢʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʫ ʤʘʰʠʥʘʭ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʻʤʥʦʩʪʝʡ 

ʆʙôʻʤʥʽʡ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʫ ʻʤʥʦʩʪʷʭ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʝʪʘʣʽ 

ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ï ʮʝ ʬʫʨʥʽʪʫʨʥʽ ʚʠʨʦʙʠ (ˇʫʜʟʠʢʠ, 

ʟʘʩʪʽʙʢʠ, ʧʨʷʞʢʠ, ʜʝʪʘʣʽ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè ʪʦʱʦ), ʘ ʪʘʢʦʞ ʜʝʪʘʣʽ ʚʟʫʪʪʷ, 

ʟʦʢʨʝʤʘ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜʙʦʨʠ. 

ɼʘʥʽ ʪʠʧʠ ʜʝʪʘʣʝʡ ʤʦʞʫʪʴ ʙʫʪʠ, ʷʢ ʧʣʘʩʪʤʘʩʦʚʽ, ʪʘʢ ʽ ʤʝʪʘʣʝʚʽ (ʜʣʷ 

ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʠʥʢʦʚʽ 

ʩʧʣʘʚʠ). ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ (ʣʠʪʪʷ ʯʠ ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ) ʜʘʥʽ 

ʜʝʪʘʣʽ ʧʦʪʨʝʙʫʶʪʴ ʨʽʟʥʦʛʦ ʨʦʜʫ ʬʽʥʽʰʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʥʘ ʷʢʽ ʤʦʞʝ 

ʚʠʪʨʘʯʘʪʠʩʷ ʜʦ 70 ï 85% ʟʘʛʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʧʦʣʽʤʝʨʥʽ ʟʘʛʦʪʦʚʢʠ ˇʫʜʟʠʢʽʚ, ʷʢʽ 

ʚʠʛʦʪʦʚʣʝʥʽ ʰʣʷʭʦʤ ʨʽʟʘʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ (ʨʽʟʘʥʥʷ, 

ʰʪʘʤʧʫʚʘʥʥʷ, ʚʠʨʽʟʘʥʥʷ, ʚʠʨʫʙʘʥʥʷ ʟʘʛʦʪʦʚʦʢ), ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʥʘʥʥʷ 

ʛʘʣʪʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʾʭ ʧʦʚʝʨʭʥʽ, ʘ ʩʘʤʝ: 

ʰʣʽʬʫʚʘʥʥʷ ʯʠ ʧʦʣʽʨʫʚʘʥʥʷ. ʇʨʠ ʧʦʣʽʨʫʚʘʥʥʽ ʪʘ ʰʣʽʬʫʚʘʥʥʽ ʧʦʣʽʤʝʨʥʠʭ 

ʜʝʪʘʣʝʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʦʣʦʛʝ ʛʘʣʪʫʚʘʥʥʷ ʽʟ ʜʦʜʘʚʘʥʥʷ ʫ ʨʦʙʦʯʠʡ ʤʘʩʠʚ 

ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ ï ʟʘʟʚʠʯʘʡ ʚʦʜʠ. ʇʨʠ ʧʦʣʽʨʫʚʘʥʥʽ ʯʠ ʰʣʽʬʫʚʘʥʥʽ ʜʨʽʙʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʫʭʝ ʛʘʣʪʫʚʘʥʥʷ, ʜʦʜʘʚʘʥʥʷ ʨʽʜʠʥʠ (ʚʦʜʠ) ï 

ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ. ʄʝʪʘʣʝʚʽ ʜʝʪʘʣʽ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʣʠʪʪʷ ʫ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʨʝʩ-ʬʦʨʤʘʭ, ʧʦʪʨʝʙʫʶʪʴ ʾʭ ʚʽʜʜʽʣʝʥʥʷ ʚʽʜ ʣʠʚʥʠʢʽʚ, ʦʙʣʦʶ ʪʘ ʟʘʫʩʝʥʮʽʡ, 

ʟʘʦʢʨʫʛʣʝʥʥʷ ʛʦʩʪʨʠʭ ʢʨʦʤʦʢ ʪʘ ʢʨʘʾʚ. ʇʣʘʩʪʤʘʩʦʚʽ ʜʝʪʘʣʽ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ 

ʣʠʪʪʷ, ʟʘʟʚʠʯʘʡ ʚʠʨʦʙʣʷʶʪʴʩʷ ʽʟ ʝʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʽʜ ʪʘʢ, ʾʭ ʦʙʨʦʙʢʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʜʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝʤʦʞʣʠʚʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʘʩʪʠʯʥʽʩʪʴ ʧʦʣʽʤʝʨʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʭʢʦʩʪʽ ʚʦʥʠ ʧʦʚʦʜʷʪʴʩʷ, ʷʢ 

ʢʨʠʭʢʽ ʤʘʪʝʨʽʘʣʠ ʽ ʨʫʡʥʫʶʪʴʩʷ ʧʨʠ ʚʝʣʠʯʠʥʽ ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ <10%. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʪʘʢʽ ʧʣʘʩʪʤʘʩʦʚʽ ʚʽʜʣʠʚʢʠ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʚʽʜ 

ʣʠʚʥʠʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʠʢʣʶʯʥʦ ʫ ʟʘʤʦʨʦʞʝʥʦʤʫ ʩʪʘʥʽ, ʧʨʠ 

ʮʴʦʤʫ, ʥʝʦʙʭʽʜʥʠʤ ʻ ʜʦʜʘʚʘʥʥʷ ʭʦʣʦʜʦʘʛʝʥʪʽʚ ʫ ʨʦʙʦʯʠʡ ʤʘʩʠʚ.  

ʆʭʦʣʦʜʞʝʥʥʷ ʜʝʪʘʣʝʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʚʚʝʜʝʥʥʷʤ ʚ ʟʦʥʫ 

ʦʙʨʦʙʢʠ ʭʦʣʦʜʦʘʛʝʥʪʫ ʫ ʚʠʜʽ ʜʚʦʦʢʠʩʫ ʚʫʛʣʝʮʶ (ʨʽʜʢʦʛʦ ʘʙʦ ʪʚʝʨʜʦʛʦ), ʨʽʜʢʦʛʦ 

ʘʟʦʪʫ ʘʙʦ ʰʣʷʭʦʤ ʦʭʦʣʦʜʞʝʥʥʷ ʢʘʤʝʨʠ ʟ ʨʦʙʦʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʭʦʣʦʜʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ. ɿʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʤʘʻ ʨʽʜʢʠʡ ʘʟʦʪ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ï195,8 Áʉ, ʧʦʜʘʯʘ ʡʦʛʦ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ ʥʝ ʩʢʣʘʜʘʻ 

ʟʥʘʯʥʠʭ ʪʨʫʜʥʦʱʽʚ, ʚʽʥ ʥʝʰʢʽʜʣʠʚʠʡ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʥʝʦʙʭʽʜʥʦʛʦ ʪʠʧʫ ʾʭ 

ʦʙʨʦʙʢʠ ʩʪʘʚʣʷʪʴʩʷ ʨʽʟʥʽ ʚʠʤʦʛʠ ʜʦ ʾʭ ʷʢʦʩʪʽ, ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʩʪʝʪʠʯʥʠʤʠ ʪʘ ʝʨʛʦʥʦʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʾʭ 
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ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʱʦ. 

ʇʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ ʚʚʘʞʘʶʪʴʩʷ ʾʭ ʢʽʣʴʢʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʮʝ ʤʝʞʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʤʽʥʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ (ʜʦʧʫʩʢʠ 

ʨʦʟʤʽʨʽʚ) ʪʘ ʟʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʯʠ ʭʚʠʣʷʩʪʦʩʪʽ ʧʦʚʝʨʭʥʽ. ʆʜʥʘʢ, ʚ ʧʝʨʝʚʘʞʥʽʡ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʜʘʥʽ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ 

ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʝ ʷʚʣʷʶʪʴʩʷ ʧʝʨʰʦʯʝʨʛʦʚʦ ʚʘʞʣʠʚʠʤʠ. ɿʘʟʚʠʯʘʡ ʷʢʽʩʪʴ 

ʪʘʢʠʭ ʜʝʪʘʣʝʡ, ʷʢ ˇʫʜʟʠʢʠ, ʟʘʩʪʽʙʢʠ, ʧʨʷʞʢʠ, ʧʽʜʙʦʨʠ ʪʦʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤ ʤʝʪʦʜʦʤ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ, ʪʘʢʽ ʜʝʪʘʣʽ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʝʩʪʝʪʠʯʥʠʤ ʪʘ ʝʨʛʦʥʦʤʽʯʥʠʤ ʚʠʤʦʛʘʤ, ʤʘʪʠ ʧʨʠʚʘʙʣʠʚʠʡ ʝʩʪʝʪʠʯʥʠʡ ʚʠʛʣʷʜ. 

ɼʝʪʘʣʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ, ʜʝʷʢʽ ʬʫʨʥʽʪʫʨʥʽ ʜʝʪʘʣʽ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫʤʦʚʥʦ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʪʠʧʠ: ʢʦʥʪʘʢʪʥʦ-ʚʽʜʧʦʚʽʜʘʣʴʥʽ, ʥʝʢʦʥʪʘʢʪʥʦ-ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʪʘ 

ʜʦʧʦʤʽʞʥʽ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʬʫʨʥʽʪʫʨʥʠʭ ʜʝʪʘʣʝʡ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʩʪʘʥʥʴʦʾ ʛʨʫʧʠ. ʆʜʥʘʢ, ʻ ʡ ʪʘʢʽ ʬʫʨʥʽʪʫʨʥʽ ʜʝʪʘʣʽ ʣʝʛʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʽ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʜʦ ʢʦʥʪʘʢʪʥʦ-ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʛʨʫʧʠ, ʟʦʢʨʝʤʘ, 

ʮʝ ʜʝʷʢʽ ʜʝʪʘʣʽ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè, ʟʘʚʜʷʢʠ ʷʢʠʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘʤʠʢʘʥʥʷ ʪʘ ʨʦʟʤʠʢʘʥʥʷ ʩʘʤʦʾ ʙʣʠʩʢʘʚʢʠ ʥʘ ʦʩʥʦʚʽ ʾʭ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʩʦʙʦʶ. ɼʦ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʩʣʽʜ ʚʽʜʥʝʩʪʠ: ʢʦʨʧʫʩʠ ʟʘʤʢʽʚ, ʬʽʢʩʘʪʦʨʠ ʪʘ ʩʘʤʽ ʟʫʙʮʽ 

ʟʘʤʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ, ʜʦ ʪʘʢʠʭ ʪʠʧʽʚ ʜʝʪʘʣʝʡ ʩʪʘʚʣʷʪʴʩʷ 

ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ. 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽ ʜʝʬʝʢʪʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ, ʚʽʜ ʷʢʦʩʪʽ ʪʘ 

ʩʪʘʥʫ ʩʘʤʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʠʨʦʙʽʚ, ʚʽʜ ʨʦʟʤʽʨʽʚ 

(ʛʘʙʘʨʠʪʽʚ) ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʨʦʙʽʚ ʪʦʱʦ. ɺʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʠʭ 

ʜʝʬʝʢʪʽʚ ʥʘ ʦʢʨʝʤʠʭ ʪʠʧʘʭ ʚʠʨʦʙʽʚ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ (ʜʝʨʞʘʚʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʨʝʛʣʘʤʝʥʪʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʦʱʦ). ʅʘʧʨʠʢʣʘʜ, ʫ ɻʆʉʊ 24105-80 

ʦʧʠʩʫʶʪʴʩʷ ʧʦʥʷʪʪʷ ʫ ʩʬʝʨʽ ʜʝʬʝʢʪʽʚ ʧʣʘʩʪʤʘʩʦʚʠʭ ʚʠʨʦʙʽʚ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʣʠʪʪʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʫʪʦ ʚʽʟʫʘʣʴʥʦ.  

ɿʛʽʜʥʦ ɻʆʉʊ 24105-80 ʜʣʷ ʚʠʨʦʙʽʚ ʽʟ ʧʣʘʩʪʤʘʩ ʜʦʧʫʩʢʘʶʪʴʩʷ ʥʘʧʣʠʚʠ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʚʠʨʦʙʘʭ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʥʘʧʦʚʥʶʚʘʯʘ, ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,03 

ʜʦ 1,5 ʤʤ. ʊʘʢʦʞ ʤʦʞʫʪʴ ʜʦʧʫʩʢʘʪʠʩʷ ʚʽʜʭʠʣʝʥʥʷ ʧʦ ʟʦʚʥʽʰʥʴʦʤʫ ʚʠʛʣʷʜʫ 

ʚʠʨʦʙʽʚ: ʚʽʜʙʠʪʢʠ ʚʽʜ ʪʨʽʱʠʥ, ʥʝʟʥʘʯʥʽ ʧʦʜʨʷʧʠʥʠ, ʱʦ ʥʝ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ 

ʜʦʧʫʩʢʫ ʥʘ ʨʦʟʤʽʨ ʩʘʤʦʛʦ ʚʠʨʦʙʫ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ çʊʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʝʬʽʨʥʠʭ 

ʣʠʩʪʽʚ, ʟʘʛʦʪʦʚʦʢ ʪʘ ˇʫʜʟʠʢʽʚè, ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʥʘ ʇɸʊ çʇʦʣʽʧʣʘʩʪè ʩʪʘʚʣʷʪʴʩʷ 

ʚʠʤʦʛʠ ʱʦʜʦ ʾʭ ʷʢʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ˇʫʜʟʠʢʽʚ ʟʘʜʘʶʪʴʩʷ 

ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʤʽʨʽʚ ʪʘ ʬʦʨʤʠ, ʚʟʘʻʤʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

ʎʽ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʚʠʙʽʨʮʽ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʾʭ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʘ ʧʽʩʣʷ 

ʚʠʢʦʥʘʥʥʷ ʛʘʣʪʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʊʘʢʦʞ, ʧʦ 

ʟʘʚʝʨʰʝʥʥʶ ʛʘʣʪʫʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʰʣʽʬʫʚʘʥʥʷ ʯʠ ʧʦʣʽʨʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʾʭ ʷʢʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʝʪʘʣʦʥʥʠʤ ʟʨʘʟʢʦʤ. ɿʘ ʨʽʜʢʠʤ ʚʠʢʣʶʯʝʥʥʷʤ ʤʦʞʝ ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʷ ʢʽʣʴʢʽʩʥʘ 

ʧʝʨʝʚʽʨʢʘ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ï ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʧʨʦʬʽʣʶ 
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(ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ) ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʷʤʠʭ ʤʝʪʦʜʽʚ, ʘ ʩʘʤʝ, ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʱʫʧʦʚʽ (ʧʨʦʬʽʣʦʤʝʪʨʠ ʪʘ ʧʨʦʬʽʣʦʛʨʘʬʠ) ʪʘ ʦʧʪʠʯʥʽ (ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʽ 

ʤʽʢʨʦʩʢʦʧʠ) ʤʝʪʦʜʠ, ʽʥʢʦʣʠ ʤʦʞʣʠʚʝ ʪʘʢʦʞ ʢʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʙʣʠʩʢʫ 

ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʠʩʢʦʤʽʨʽʚ. 

ʅʘ ʦʩʥʦʚʽ ɻʆʉʊ 25140-93, ɻʆʉʊ 19424-74 ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʷʢʽʩʪʴ 

ʚʽʜʣʠʪʠʭ ʬʦʨʤ ʟ ʮʠʥʢʦʚʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʚʽʜʣʠʚʢʠ ʜʝʪʘʣʝʡ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʥʘ ʇʨɸʊ çʄʦʣʥʽʷè çʊʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʜʽʣʝʥʥʷ 

ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè ʚʽʜ ʣʠʚʥʠʢʽʚè ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʚʞʝ ʷʢʽʩʪʴ 

ʚʽʜʜʽʣʝʥʠʭ ʚʽʜ ʣʠʚʥʠʢʽʚ ʜʝʪʘʣʝʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʦʙʨʦʙʢʠ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽ 

ʢʦʥʪʘʢʪʥʦ-ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʪʠʧʠ ʜʝʪʘʣʝʡ, ʷʢ ʢʦʨʧʫʩʠ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʤʠʢʘʥʥʷ ʪʘ ʨʦʟʤʠʢʘʥʥʷ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè, 

ʦʙʦʚôʷʟʢʦʚʦ, ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʧʨʦʭʦʜʷʪʴ ʧʝʨʝʚʽʨʢʫ ʥʘ ʢʘʣʽʙʨʘʭ ʱʦʜʦ 

ʜʦʪʨʠʤʘʥʥʷ ʜʦʧʫʩʢʽʚ ʨʦʟʤʽʨʽʚ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʚʘʣʽʪʝʪʘʤʠ ʪʦʯʥʦʩʪʽ. ʋ ʟʚôʷʟʢʫ ʟ 

ʮʠʤ, ʧʨʠ ʚʽʜʜʽʣʝʥʥʽ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ ʥʝʦʙʭʽʜʥʦ ʦʙʤʝʞʫʚʘʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʚ ʩʝʨʝʜʠʥʽ ʨʫʭʦʤʠʭ ʻʤʥʦʩʪʝʡ. ɿ 

ʦʜʥʦʛʦ ʙʦʢʫ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʚ 

ʩʝʨʝʜʠʥʽ ʨʫʭʦʤʠʭ ʻʤʥʦʩʪʝʡ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʚ ʮʽʣʦʤʫ, ʦʜʥʘʢ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ 

ʪʦʯʥʦʩʪʽ çʚʽʜʧʦʚʽʜʘʣʴʥʠʭè ʨʦʟʤʽʨʽʚ, ʱʦ ʙʫʜʝ ʩʧʨʠʯʠʥʝʥʝ ʧʣʘʩʪʠʯʥʦʶ 

ʜʝʬʦʨʤʘʮʽʻʶ ʩʘʤʠʭ ʜʝʪʘʣʝʡ ʚʥʘʩʣʽʜʦʢ ʾʭ ʚʠʩʦʢʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʩʠʣʴʥʦʛʦ ʫʜʘʨʫ ʧʦ ʩʪʽʥʢʘʤ ʻʤʥʦʩʪʽ. 

ɼʣʷ ʽʥʰʠʭ ʜʦʧʦʤʽʞʥʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè ʩʪʘʚʣʷʪʴʩʷ ʟʥʘʯʥʦ 

ʧʨʦʩʪʽʰʽ ʚʠʤʦʛʠ, ʟʦʢʨʝʤʘ, ʫʩʽ ʟʘʣʠʰʢʠ ʣʠʚʥʠʢʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʜʽʣʝʥʽ ʚʽʜ 

ʜʝʪʘʣʽ; ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʝʡ ʧʦʚʠʥʥʘ ʙʫʪʠ ʛʣʘʜʢʦʶ: ʙʝʟ ʟʘʜʠʨʦʢ, ʟʘʫʩʝʥʮʽʡ ʪʘ 

ʩʣʽʜʽʚ ʦʙʣʦʶ; ʥʘ ʜʝʪʘʣʷʭ ʜʦʧʫʩʢʘʶʪʴʩʷ ʥʝʟʥʘʯʥʽ ʩʣʽʜʠ ʟʘʣʠʰʢʽʚ ʣʠʚʥʠʢʽʚ ʪʘ 

ʦʙʣʦʶ, ʨʦʟʤʽʨʦʤ ʥʝ ʙʽʣʴʰ ʥʽʞ 0,05 ʤʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘ ʚʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʣʘʩʪʤʘʩʦʚʠʭ 

ʪʘ ʤʝʪʘʣʝʚʠʭ ʬʫʨʥʽʪʫʨʥʠʭ ʜʝʪʘʣʝʡ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺ ʧʝʨʝʚʘʞʥʽʡ 

ʙʽʣʴʰʦʩʪʽ ʷʢʽʩʪʴ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

ʉʬʦʨʤʦʚʘʥʽ ʚʠʤʦʛʠ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ, ʷʢ ʧʣʘʩʪʤʘʩʦʚʠʭ ʜʝʪʘʣʝʡ, ʪʘʢ ʽ 

ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè ʪʘ ʚʠʟʥʘʯʝʥʽ ʜʦʧʫʩʪʠʤʽ ʚ ʧʨʦʮʝʩʽ 

ʚʠʢʦʥʘʥʥʷ ʦʙôʻʤʥʦʾ ʦʙʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʝʬʝʢʪʠ ʜʝʪʘʣʝʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʚʠʱʝ ʽʥʬʦʨʤʘʮʽʷ ʷʚʣʷʻʪʴʩʷ ʚʠʭʽʜʥʦʶ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʙôʻʤʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ 1-ʛʦ ʨʦʟʜʽʣʫ. 

ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʦʙôʻʤʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ʈʦʟʛʣʷʥʫʪʦ ʨʽʟʥʽ ʪʠʧʠ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙôʻʤʥʦʾ 

ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʊʘʢʽ ʪʠʧʠ ʦʙʣʘʜʥʘʥʥʷ, ʷʢ 

ʤʘʰʠʥʠ ʟ ʦʙʝʨʪʘʣʴʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʚʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ ʻ 

ʟʘʩʪʘʨʽʣʠʤʠ ʪʘ ʥʝʘʢʪʫʘʣʴʥʠʤʠ, ʤʘʶʪʴ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 
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ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʦʙôʻʤʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʚʚʘʞʘʶʪʴʩʷ ʤʘʰʠʥʠ, ʫ ʷʢʠʭ ʨʦʙʦʯʽ ʻʤʥʦʩʪʽ ʚʠʢʦʥʫʶʪʴ ʩʢʣʘʜʥʠʡ 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ.  

2. ʄʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ ʪʠʧʫ çTurbulaè ʫʩʧʽʰʥʦ 

ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ 

ʩʠʧʢʠʭ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʨʝʯʦʚʠʥ, ʪʘʢʦʞ ʚʽʜʦʤʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ ï ʰʣʽʬʫʚʘʥʥʷ 

ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ. ʆʜʥʘʢ, ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ ʧʠʪʘʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʷʜʫ ʽʥʰʠʭ ʛʘʣʪʫʚʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ.  

3. ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʙʣʝʤʫ ʩʪʘʪʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʫ ʧʨʦʩʪʦʨʦʚʠʭ 

ʰʘʨʥʽʨʥʠʭ ʤʝʭʘʥʽʟʤʘʭ ʤʘʰʠʥ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽʟ ʧʘʩʠʚʥʠʤ ʟʚôʷʟʢʦʤ ʟʫʤʦʚʣʶʻ ʚʠʥʠʢʥʝʥʥʷ ʮʽʣʦʛʦ 

ʨʷʜʫ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ. ɼʦʚʝʜʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʩʠʥʪʝʟʫ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʙʝʟ ʧʘʩʠʚʥʦʛʦ ʟʚôʷʟʢʫ. 

4. ɺʽʜʦʤʽ ʣʠʰʝ ʢʽʣʴʢʘ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʩʪʘʪʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʫ 

ʰʝʩʪʠʣʘʥʢʦʚʦʤʫ ʧʨʦʩʪʦʨʦʚʦʤʫ ʤʝʭʘʥʽʟʤʫ çʙʘʟʦʚʦʾè ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʪʠʧʫ 

çTurbulaè. ɺ ʮʽʣʦʤʫ, ʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʽ ʢʦʤʧʣʝʢʩʥʽ ʪʘ 

ʩʠʩʪʝʤʘʪʠʯʥʽ ʧʽʜʭʦʜʠ ʱʦʜʦ ʩʠʥʪʝʟʫ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʛʘʣʪʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʽʟ ʨʽʟʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

5. ʉʬʦʨʤʦʚʘʥʽ ʚʠʤʦʛʠ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ, ʷʢ ʧʣʘʩʪʤʘʩʦʚʠʭ ʜʝʪʘʣʝʡ, 

ʪʘʢ ʽ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè ʪʘ ʚʠʟʥʘʯʝʥʽ ʜʦʧʫʩʪʠʤʽ ʚ ʧʨʦʮʝʩʽ 

ʚʠʢʦʥʘʥʥʷ ʦʙôʻʤʥʦʾ ʦʙʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʝʬʝʢʪʠ ʜʝʪʘʣʝʡ, ʱʦ 

ʻ ʚʠʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʙôʻʤʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ. 
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ʈʆɿɼɯʃ 2. ɸʅɸʃɯʊʀʏʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʂʆʅʉʊʈʋʂʊʀɺʅʀʍ, 

ʂɯʅɽʄɸʊʀʏʅʀʍ ʊɸ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʄɸʐʀʅ ɿɯ 

ʉʂʃɸɼʅʀʄ ʇʈʆʉʊʆʈʆɺʀʄ ʈʋʍʆʄ ʈʆɹʆʏʀʍ ɭʄʂʆʉʊɽʁ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ, 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ 

ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʷʢʘ ʻ ʘʥʘʣʦʛʽʯʥʦʶ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ çTurbulaè, 

ʜʘʣʽ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʾʾ ʙʘʟʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʤʘʰʠʥʠ. ʂʨʽʤ ʪʦʛʦ ʘʚʪʦʨʘʤʠ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʦʢ ʮʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʱʝʚʢʘʟʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ. 

 

2.1. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 

 ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ, ʤʦʜʝʣʴ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.1. 

 
ʈʠʩ. 2.1. ʄʦʜʝʣʴ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 

 

 ʄʘʰʠʥʘ  ʤʽʩʪʠʪʴ ʩʪʘʥʠʥʫ 1, ʚʝʜʫʯʠʡ 2 ʪʘ ʚʝʜʝʥʠʡ 6 ʚʘʣʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ 

ʚ ʩʪʘʥʠʥʽ ʧʘʨʘʣʝʣʴʥʦ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ ʪʘ ʟ'ʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʦʜʚʽʡʥʠʤ 

ʧʨʦʩʪʦʨʦʚʠʤ ʰʘʨʥʽʨʦʤ, ʱʦ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʚʝʜʫʯʦʾ ʚʠʣʢʠ 3, ʚʝʜʝʥʦʾ ʚʠʣʢʠ 

5 ʪʘ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 4, ʦʩʽ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 7 ʪʘ 8 ʚʟʘʻʤʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʤʽʞ ʩʦʙʦʶ. ʈʫʭʦʤʽ ʣʘʥʢʠ ʤʘʰʠʥʠ ʫʪʚʦʨʶʶʪʴ ʩʦʙʦʶ 

ʧʨʦʩʪʦʨʦʚʠʡ ʰʝʩʪʠʣʘʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʟ ʦʙʝʨʪʘʣʴʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʘʨʘʤʠ, 

ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ  ʨʠʩ. 2.2. ʇʨʦʩʪʦʨʦʚʽ ʤʝʭʘʥʽʟʤʠ ʟ 

ʦʙʝʨʪʘʣʴʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʘʨʘʤʠ [105] ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʚʦʻʶ 

ʩʪʨʫʢʪʫʨʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʙʫʜʦʚʠ. 
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ʈʠʩ. 2.2. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʰʝʩʪʠʣʘʥʢʦʚʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ 

 

 ʄʝʭʘʥʽʟʤ ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʤʢʥʝʥʠʡ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ ABCDEF, ʚʽʩʽ ɸ 

ʪʘ F, ʧʘʨʘʣʝʣʴʥʽ ʤʽʞ ʩʦʙʦʶ, ʘ ʚʽʩʽ ɸ ʽ ɺ, ɺ ʽ ʉ, ʉ ʽ D, D ʽ E, E ʽ F 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʤʽʞ ʩʦʙʦʶ ʚʽʜʧʦʚʽʜʥʦ. ɿʘʚʜʷʢʠ ʪʘʢʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʶ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ, ʨʦʙʦʯʠʡ ʦʨʛʘʥ (ʣʘʥʢʘ 3) ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ. 

 ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ ʉʦʤʦʚʘ-ʄʘʣʠʰʝʚʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ 

ʨʫʭʦʤʦʩʪʽ ʤʝʭʘʥʽʟʤʫ, ʥʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʪʘʢʦʤʫ ʤʝʭʘʥʽʟʤʽ ʚʽʥ ʙʫʜʝ ʨʽʚʝʥ 

ʥʫʣʶ. 
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spsnW          (2.1) 

ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʠʭ ʣʘʥʦʢ, ʨs ï ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ s ï 

ʢʣʘʩʫ. 

 ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʬʦʨʤʫʣʦʶ (2.1) ʤʝʭʘʥʽʟʤ ʻ ʥʝʧʨʘʮʝʟʜʘʪʥʠʤ, ʪʘ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʚʽʥ ʨʫʭʘʻʪʴʩʷ. ʊʘʢʠʡ ʬʘʢʪ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚ ʥʴʦʤʫ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʪʦʤʫ ʤʝʭʘʥʽʟʤ ʙʫʜʝ ʧʨʘʮʝʟʜʘʪʥʠʤ ʣʠʰʝ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʯʽʪʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʦʚʞʠʥ ʡʦʛʦ ʣʘʥʦʢ. 

 ʅʝʦʙʭʽʜʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʫ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʉɸʇʈ SolidWorks. ʇʨʠ ʧʦʧʝʨʝʜʥʽʡ ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʽʡ ʜʦʚʞʠʥʽ 

ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʬʽʢʩʦʚʘʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ, ʪʘʢ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ 

[106] ʜʚʘ ʧʦʣʦʞʝʥʥʷ ʤʘʰʠʥʠ (ʨʠʩ. 2.3), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʡʙʽʣʴʰʽʡ ʪʘ 

ʥʘʡʤʝʥʰʽʡ ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʩʷʤʠ ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ. 
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ʈʠʩ. 2.3. ʇʦʣʦʞʝʥʥʷ ʤʘʰʠʥʠ ʧʨʠ ʥʘʡʙʽʣʴʰʽʡ ʪʘ ʥʘʡʤʝʥʰʽʡ ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʩʷʤʠ 

ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ, ʜʝ lʈɭ ī ʜʦʚʞʠʥʘ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ; lɺ ī ʜʦʚʞʠʥʘ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʚʠʣʦʢ, l0 ī ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʚʘʣʽʚ. 

  

ʇʨʠ ʧʦʣʦʞʝʥʥʽ ʤʘʰʠʥʠ ɸ (ʨʠʩ. 2.3), ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʨʦʝʢʮʽʾ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʚʘʣʽʚ l0  ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʦʶ, ʘ ʧʨʠ ʧʦʣʦʞʝʥʥʽ ɹ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʨʦʝʢʮʽʾ l0
'
 ī ʤʽʥʽʤʘʣʴʥʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʜʦʚʞʠʥʫ lʈɭ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʣʘ ʩʪʘʣʫ ʚʽʜʩʪʘʥʴ l0 ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʤʘʰʠʥʠ: ʤʽʞʦʩʴʦʚʘ ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʽʚʥʦʶ 

ʤʽʞʦʩʴʦʚʽʡ ʜʦʚʞʠʥʽ ʚʠʣʦʢ. 

 

 

 .ɺʈɭ lll ==                     (2.2) 

 ɸ ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʚʘʣʽʚ l0 ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʪʨʠʢʫʪʥʠʢʘ ʫʪʚʦʨʝʥʦʛʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʨʦʝʢʮʽʾ ʤʘʰʠʥʠ (ʨʠʩ. 2.3) ʟʘ 

ʪʝʦʨʝʤʦʶ ʇʽʬʘʛʦʨʘ:  

.)2()( 2222

0 llllll ɺʈɭɺ -=-+=     (2.3) 

 ʋ ʜʘʥʦʤʫ ʧʨʷʤʦʢʫʪʥʦʤʫ ʪʨʠʢʫʪʥʠʢʫ (ʨʠʩ. 2.3. ʘ) ʛʽʧʦʪʝʥʫʟʘ ʚ ʜʚʽʯʽ ʙʽʣʴʰʘ 

ʟʘ ʢʘʪʝʪ, ʪʦʤʫ ʢʫʪ Ŭ=30Á, ʘ ʦʪʞʝ: 

;330 =Actg                        (2.4) 

.30 ll =                       (2.5) 

 ʉʘʤʝ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʦʚʞʠʥ 

ʣʘʥʦʢ, ʧʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ ʤʘʰʠʥʠ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 

ʡʦʛʦ ʩʪʫʧʽʥʴ ʚʽʣʴʥʦʩʪʽ ʨʽʚʥʠʡ ʥʫʣʶ. ʆʜʥʘʢ, ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʠ 

ʥʘʚʽʪʴ ʧʨʠ ʥʝʟʥʘʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʦʜʥʽʻʾ ʟ ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʫ, ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 

ʡʦʛʦ ʟʘʢʣʠʥʶʚʘʥʥʷ, ʷʢ ʥʘʩʣʽʜʦʢ ʤʘʰʠʥʘ ʚʪʨʘʯʘʻ ʩʚʦʶ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. ʂʨʽʤ 

ʪʦʛʦ, ʜʝʪʘʣʽ ʧʦʪʨʽʙʥʦ ʚʠʛʦʪʦʚʣʷʪʠ ʟʘ ʜʦʧʫʩʢʘʤʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʦʯʥʽʩʪʶ. ɿʘ 

ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ, ʘ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʥʠʞʫʻʪʴʩʷ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʪʘʢʽ ʥʝʜʦʣʽʢʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʫʣʦ 
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ʨʦʟʨʦʙʣʝʥʦ [107, 108] ʘʥʘʣʦʛʽʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ, ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʣʘʥʮʶʛʘʭ 

ʤʝʭʘʥʽʟʤʽʚ ʷʢʠʭ ʚʽʜʩʫʪʥʷ ʥʘʷʚʥʽʩʪʴ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ. 

  ɿʚʽʣʴʥʠʪʠʩʷ ʚʽʜ ʜʽʾ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʟʘʤʽʥʠ 

ʦʜʥʽʻʾ ʟ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ 5 ʢʣʘʩʫ ʤʝʭʘʥʽʟʤʫ ʥʘ ʢʽʥʝʤʘʪʠʯʥʫ ʧʘʨʫ 4 ʢʣʘʩʫ [107]. 

ɿʘʤʽʥʠʤʦ ʦʙʝʨʪʘʣʴʥʫ ʢʽʥʝʤʘʪʠʯʥʫ ʧʘʨʫ F, ʷʢʘ ʟ ʦʜʥʠʤ ʩʪʫʧʝʥʝʤ ʨʫʭʦʤʦʩʪʽ ʥʘ 

ʢʽʥʝʤʘʪʠʯʥʫ ʧʘʨʫ, ʟ ʢʽʣʴʢʽʩʪʶ ʩʪʫʧʝʥʽʚ ʨʫʭʦʤʦʩʪʽ, ʱʦ ʨʽʚʥʘ ʜʚʦʤ, ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʜʦʜʘʪʢʦʚʦʛʦ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ 

ʤʘʰʠʥʠ, ʚ ʷʢʽʡ ʚʝʜʝʥʠʡ ʚʘʣ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʜʦʜʘʪʢʦʚʝ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.4. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʤʘʰʠʥʠ, ʩʪʫʧʽʥʴ 

ʚʽʣʴʥʦʩʪʽ ʡʦʛʦ ʩʪʘʚ ʨʽʚʥʠʡ 1, ʚʠʢʣʶʯʝʥʦ ʥʘʜʣʠʰʢʦʚʠʡ ʟʚ'ʷʟʦʢ.  

 

 
ʈʠʩ. 2.4. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʘʰʠʥʠ, ʚ ʷʢʽʡ ʚʝʜʝʥʠʡ ʚʘʣ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ 

ʜʦʜʘʪʢʦʚʝ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 

 

 ɿʚʽʣʴʥʠʪʠʩʷ ʚʽʜ ʜʽʾ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʤʦʞʣʠʚʦ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ 

ʚʚʝʜʝʥʥʷ ʚ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ ʤʝʭʘʥʽʟʤʫ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ [108]. 

ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʤʘʰʠʥʘ ʜʦʜʘʪʢʦʚʦ ʦʩʥʘʱʫʻʪʴʩʷ 

ʢʦʨʦʤʠʩʣʦʤ 6, ʢʽʥʝʤʘʪʠʯʥʦ ʟ'ʻʜʥʘʥʠʤ ʟ ʚʝʜʝʥʠʤ ʚʘʣʦʤ 5 ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚ 

ʩʪʘʥʠʥʽ 0 ʟ ʤʦʞʣʠʚʽʩʪʶ ʢʦʣʠʚʘʥʥʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʂʽʥʝʤʘʪʠʯʥʘ 

ʩʭʝʤʘ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.5. 
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ʈʠʩ. 2.5. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ 

 

 ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʚʝʜʝʥʥʷ ʚ ʣʘʥʮʶʛ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ, ʩʪʫʧʽʥʴ 

ʚʽʣʴʥʦʩʪʽ ʤʝʭʘʥʽʟʤʫ ʩʪʘʚ ʨʽʚʥʠʡ 1-ʮʽ, ʚʠʢʣʶʯʝʥʦ ʚʧʣʠʚ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ. 

ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥʠ ʙʝʟ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʨʦʟʜʽʣʽ 6. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ 

ʰʝʩʪʠʣʘʥʢʦʚʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʫʧʽʥʴ 

ʨʫʭʦʤʦʩʪʽ ʡʦʛʦ ʨʽʚʥʠʡ ʥʫʣʶ, ʦʜʥʘʢ ʤʝʭʘʥʽʟʤ ʤʦʞʝ ʙʫʪʠ ʧʨʘʮʝʟʜʘʪʥʠʤ ʣʠʰʝ 

ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʯʽʪʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʦʚʞʠʥ ʡʦʛʦ ʣʘʥʦʢ. 

ʊʘʢʝ ʧʨʦʪʠʨʽʯʯʷ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʚ ʣʘʥʮʶʟʽ 

ʤʝʭʘʥʽʟʤʫ, ʷʢʠʡ ʟʜʘʪʝʥ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʠ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʾʾ ʨʠʥʢʦʚʫ ʩʦʙʽʚʘʨʪʽʩʪʴ. ɺ ʟʚ'ʷʟʢʫ ʟ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʦʤ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʰʠʥʠ, ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʘʥʘʣʦʛʽʯʥʽ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚ ʣʘʥʮʶʛʘʭ ʤʝʭʘʥʽʟʤʽʚ ʷʢʠʭ ʚʽʜʩʫʪʥʷ ʥʘʷʚʥʽʩʪʴ ʥʘʜʣʠʰʢʦʚʦʛʦ 

ʟʚ'ʷʟʢʫ, ʘ ʩʪʫʧʽʥʴ ʚʽʣʴʥʦʩʪʽ ʪʘʢʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʽʚʥʠʡ ʦʜʠʥʠʮʽ.  

 

2.2. ʂʽʥʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ 

2.2.1. ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʦʙʝʨʪʘʥʥʷ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

 ɺʝʜʫʯʠʡ ʚʘʣ ʤʘʰʠʥʠ ʪʠʧʫ "Turbula" ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ constʚʝʜʫʯ=w  ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʚʝʜʝʥʦʛʦ ʚʘʣʫ, 

ʧʨʠ ʮʴʦʤʫ ʥʝʨʽʚʥʦʤʽʨʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʝʥʦʛʦ ʚʘʣʫ invʚʝʜʝʥ=w  ʟʤʽʥʶʻʪʴʩʷ ʟʘ 

ʧʝʚʥʠʤ ʟʘʢʦʥʦʤ. ʂʨʽʤ ʪʦʛʦ, ʚʝʜʫʯʠʡ ʪʘ ʚʝʜʝʥʠʡ ʚʘʣʠ ʦʙʝʨʪʘʶʪʴʩʷ ʫ 

ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

 ɺʩʪʘʥʦʚʠʤʦ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʜʣʷ ʤʘʰʠʥʠ ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʩʘʤʝ: ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʻʤʢʦʩʪʽ ʪʘ 

ʚʠʣʦʢ ʤʘʰʠʥʠ ʜʦʨʽʚʥʶʻ 0,1 ʤ, ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ī 6,28 ʨʘʜ/ʩ. ʅʘ 

ʨʠʩ. 2.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʚʽʜ 

ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ. ɿʘ ʢʫʪ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʷʢʠʡ ʨʽʚʥʠʡ ʥʫʣʶ 
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ʛʨʘʜʫʩʽʚ, ʧʨʠʡʥʷʪʦ ʪʘʢʝ ʧʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʚʽʩʴ 

ʢʨʽʧʣʝʥʥʷ ʚʝʜʫʯʦʾ ʚʠʣʢʠ ʜʦ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʻ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ. 

 
 

ʈʠʩ. 2.6. ɻʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʚʽʜ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ 

 

 ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 2.6, ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

ʩʨʘʜʚʝʜʫʯ /28,6=w , ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʟʤʽʥʶʚʘʣʘʩʷ ʟʘ ʟʘʢʦʥʦʤ ʚ 

ʜʽʘʧʘʟʦʥʽ ʩʨʘʜʚʝʜʫʯʚʝʜʝʥ /])25,0[( ww ·= . ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʦʧʦʨʮʽʡʥʦʾ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʫ, ʪʦ 

ʪʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʙʫʜʝ ʩʧʨʘʚʝʜʣʠʚʦʶ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʜʘʥʦʾ ʤʘʰʠʥʠ. 

ʂʨʠʚʘ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʻ ʩʠʥʫʩʦʾʜʦʶ, ʷʢʘ ʟʤʽʱʝʥʘ ʥʘ ˊ/2, ʨʘʜ ʫ 

ʚʽʜ'ʻʤʥʦʤʫ ʥʘʧʨʷʤʽ ʚʽʩʽ ʘʙʩʮʠʩ, ʟ ʧʝʨʽʦʜʦʤ ʬʫʥʢʮʽʾ ʊ= ˊ, ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʶʶʪʴʩʷ 4 ʨʘʟʠ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʚʝʜʝʥʦʛʦ ʚʘʣʫ, ʫʤʦʚʥʽʡ ʦʩʽ 

ʘʙʩʮʠʩ ʩʠʥʫʩʦʾʜʠ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʩʨʘʜx /24,5=w : 

.)3(8,0 ʚʝʜʫʯx ww Ö=         (2.6) 

 ɿʘ ʪʠʤ ʩʘʤʦ ʧʨʠʥʮʠʧʦʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʟʘʢʦʥʫ 

ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ. 

 ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ: 

 .4,2max

xʚʝʜʝʥ ww =                               (2.7) 

 ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ: 

.6,0min

xʚʝʜʝʥ ww =                  (2.8) 

 ɸʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ: 

.)
2

2sin(5,0)
2

2sin(9,0
p

jw
p

jwww ++++= xxxʚʝʜʝʥ     (2.9) 

1. ʗʢʱʦ 0)
2

2sin(5,0 ²+
p

jwx , ʪʦʙʪʦ ù
ú

ø
é
ê

è
++- ;

4
;

4
nnxʻ p

p
p

p
, ʪʦʜʽ: 
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);
2

2sin(5,0)
2

2sin(9,0
p

jw
p

jwww ++++= xxxʚʝʜʝʥ  

).
2

2sin(4,1
p

jwww ++= xxʚʝʜʝʥ              (2.10) 

 ʈʽʚʥʷʥʥʷ (2.10) ʦʧʠʩʫʻ ʯʘʩʪʠʥʫ ʢʨʠʚʦʾ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚʠʱʝ ʚʽʩʽ ʘʙʩʮʠʩ. 

2. ʗʢʱʦ 0)
2

2sin(5,0 <+
p

jwx , ʪʦʙʪʦ ù
ú

ø
é
ê

è
++ ;

4

3
;

4
nnxʻ p

p
p

p
, ʪʦʜʽ: 

);
2

2sin(5,0)
2

2sin(9,0
p

jw
p

jwww +-++= xxxʚʝʜʝʥ  

),
2

2sin(4,0
p

jwww ++= xxʚʝʜʝʥ           (2.11) 

ʜʝ ɤʭ ï ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʥʽʡ ʚʽʩʽ ʘʙʩʮʠʩ, [ʨʘʜ/ʩ], 

ű ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʚʘʣʫ, [ʨʘʜ]. 

 ʈʽʚʥʷʥʥʷ (2.11) ʦʧʠʩʫʻ ʪʫ ʯʘʩʪʠʥʫ ʢʨʠʚʦʾ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʠʞʯʝ ʫʤʦʚʥʦʾ 

ʚʽʩʽ ʘʙʩʮʠʩ ɤx. 

 ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʦʾ ʧʝʨʝʚʽʨʢʠ, ʥʘ ʦʩʥʦʚʽ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ, ʟ ʚʠʨʘʟʽʚ (2.6 ï 2.11) ʪʘ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚ ʉɸʇʈ SolsdWorks, ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʫʩʽʭ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʠʨʘʟʽʚ. ʅʝʨʽʚʥʦʤʽʨʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʚʠʢʣʠʢʘʪʠʤʝ ʧʨʠʩʢʦʨʝʥʠʡ ʨʫʭ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, 

ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʙʣʠʞʯʝ ʜʦ ʚʝʜʝʥʦʛʦ ʚʘʣʫ. 

 

2.2.2. ɼʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʫʭʫ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 

 ʇʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʧʨʦʩʪʠʭ 

ʩʢʣʘʜʦʚʠʭ ʨʫʭʽʚ, ʘ ʩʘʤʝ: ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʠʥ ʧʦʚʥʠʡ 

ʧʦʚʦʨʦʪ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʥʘʚʢʦʣʦ ʾʾ ʧʦʚʟʜʦʚʞʥʴʦʾ ʦʩʽ ʪʘ ʧʦ ʜʚʘ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʢʦʞʥʽʡ ʟ ʪʨʴʦʭ ʚʟʘʻʤʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʘʭ: 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ, ʚʝʨʪʠʢʘʣʴʥʽʡ ʪʘ ʧʨʦʬʽʣʴʥʽʡ. 

 ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʨʘʱʝ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʪʘ ʫʷʚʠʪʠ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɸʇʈ SolidWorks 

ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʬʨʘʛʤʝʥʪʘʣʴʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʾʾ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʥʘ 

ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ ʙʫʣʦ ʧʦʟʥʘʯʝʥʦ ʾʾ ʧʦʚʟʜʦʚʞʥʶ ʚʽʩʴ ʪʘ ʪʨʠ ʬʽʢʩʦʚʘʥʽ ʪʦʯʢʠ (ʨʠʩ. 

2.7): ɸ  ī ʩʧʽʚʧʘʜʘʻ ʟ ʮʝʥʪʨʦʤ ʪʦʨʮʷ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʙʣʠʞʯʝ ʜʦ ʚʝʜʫʯʦʛʦ 

ʚʘʣʫ,  ɺ  ī ʩʧʽʚʧʘʜʘʻ ʟ ʮʝʥʪʨʦʤ ʪʦʨʮʷ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʙʣʠʞʯʝ ʜʦ ʚʝʜʝʥʦʛʦ 

ʚʘʣʫ, ʉ ī ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʨʘʜʽʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ ʚʽʜ ʪʦʯʢʠ 

ɺ. ʊʦʯʢʠ ɸ ʪʘ ɺ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʢʽʥʮʷʭ ʦʩʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʤʘʪʠʤʫʪʴ 

ʥʘʡʙʽʣʴʰʽ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʽʥʰʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

(ʰʚʠʜʢʦʩʪʽ, ʧʨʠʩʢʦʨʝʥʥʷ) ʫ ʧʦʨʽʚʥʷʥʥʷ ʟ ʙʫʜʴ-ʷʢʠʤʠ ʽʥʰʠʤʠ ʪʦʯʢʘʤʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʩʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʞʥʦʾ ʟ ʪʦʯʦʢ ɸ ʪʘ ɺ ʥʘ ʤʦʜʝʣʽ ʤʘʰʠʥʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʜʚʽ ʥʝʨʫʭʦʤʽ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ XAYAZA ʪʘ XBYBZB, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.7.  
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ʈʠʩ. 2.7. ʄʦʜʝʣʴ ʤʘʰʠʥʠ ʟ ʧʦʟʥʘʯʝʥʠʤʠ ʬʽʢʩʦʚʘʥʠʤʠ ʪʦʯʢʘʤʠ ʥʘ ʨʦʙʦʯʽʡ 

ʻʤʢʦʩʪʽ ʪʘ ʥʝʨʫʭʦʤʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ XAYAZA ʪʘ XBYBZB 

 

ʇʨʦʮʝʩ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

ʤʘʰʠʥʠ ʙʫʣʦ ʨʦʟʧʦʜʽʣʝʥʦ ʥʘ 24 ʨʽʚʥʽ ʢʨʦʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʚʦʨʦʪʫ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʥʘ 15Á. ʌʨʘʛʤʝʥʪʘʣʴʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʘ ʨʠʩ. 2.8, ʧʨʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʟ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ. 

 
ʈʠʩ. 2.8. ʌʨʘʛʤʝʥʪʘʣʴʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ ʟʘ 

ʦʜʠʥ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 
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ʈʦʙʦʯʘ ʻʤʢʽʩʪʴ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʟʘ ʯʽʪʢʠʤʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ [109, 110], ʘ 

ʩʘʤʝ: ʪʦʯʢʠ ɸ ʪʘ ɺ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ (ʚʧʝʨʝʜ-ʥʘʟʘʜ, ʘ 

ʪʘʢʦʞ ʚʣʽʚʦ-ʚʧʨʘʚʦ), ʧʨʠ ʮʴʦʤʫ ʦʜʥʦʯʘʩʥʦ ʟʤʽʥʶʶʪʴ ʥʘʧʨʷʤʦʢ ʩʚʦʛʦ ʨʫʭʫ ʚ 

ʢʽʥʮʽ ʢʦʞʥʦʾ ʯʚʝʨʪʽ ʦʙʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ. ɸʥʘʣʦʛʽʯʥʦ ʟʤʽʥʶʶʪʴ ʥʘʧʨʷʤʦʢ 

ʩʚʦʛʦ ʨʫʭʫ ʯʦʪʠʨʠ ʨʘʟʠ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʧʨʠ ʾʭ ʧʝʨʝʤʽʱʝʥʥʽ ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʚʝʨʭ-ʚʥʠʟ, ʦʜʥʘʢ ʤʦʤʝʥʪ, ʢʦʣʠ ʪʦʯʢʠ ʜʦʩʷʛʘʶʪʴ ʩʚʦʛʦ 

ʢʨʘʡʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ 

ʤʦʤʝʥʪʦʤ, ʢʦʣʠ ʮʽ ʞ ʪʦʯʢʠ ʜʦʩʷʛʘʶʪʴ ʩʚʦʾʭ ʢʨʘʡʥʽʭ ʧʦʣʦʞʝʥʴ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ 

ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʎʽ ʧʦʣʦʞʝʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʥʘ ʬʘʟʥʠʡ 

ʢʫʪ ʫ 45Á. 

 ʇʦʨʽʚʥʷʻʤʦ ʘʤʧʣʽʪʫʜʠ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ɸ ʚʽʜʥʦʩʥʦ ʪʨʴʦʭ 

ʚʟʘʻʤʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥ, ʜʣʷ ʤʦʜʝʣʽ ʤʘʰʠʥʠ ʟ ʢʦʥʢʨʝʪʥʠʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʩʘʤʝ: l=0,077ʤ, l0å0,133 ʤ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʩʢʣʘʜʦʚʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʪʦʯʢʠ ɸ ʚʽʜʥʦʩʥʦ ʪʨʴʦʭ ʚʟʘʻʤʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʧʣʦʱʠʥ ʟʙʝʨʽʛʘʪʠʤʫʪʴʩʷ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʤʘʩʰʪʘʙʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʘʰʠʥʠ. ʅʘ ʨʠʩ. 2.9 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ɸ ʚʽʜ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ. 

 

 
 

ʈʠʩ. 2.9. ɿʘʣʝʞʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ɸ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

 

 ʂʫʪʠ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʥʘ ʨʠʩ 2.9 ʚʽʜʧʦʚʽʜʘʻ ʢʫʪʘʤ ʧʦʚʦʨʦʪʫ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʥʘ ʨʠʩ. 2.8. ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ɸ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ ʘʤʧʣʽʪʫʜʦʶ, ʷʢʘ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʤʘʰʠʥʠ 

ʩʪʘʥʦʚʠʪʴ 0,045 ʤ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʧʨʦʬʽʣʴʥʽʡ ʧʣʦʱʠʥʽ (ʚʟʜʦʚʞ ʦʩʽ 

ʆɸZɸ) ï ʥʘʡʤʝʥʰʦʶ, ʱʦ ʩʪʘʥʦʚʠʪʴ 0,026 ʤ, ʘʤʧʣʽʪʫʜʘ ʧʝʨʝʤʽʱʝʥʥʷ ʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ (ʚʟʜʦʚʞ ʦʩʽ ʆɸʍɸ) ʩʪʘʥʦʚʠʪʴ 0,034 ʤ. ɼʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʪʠʧʦʨʦʟʤʽʨʫ ʤʘʰʠʥʠ ʘʙʩʦʣʶʪʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ɸ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʙʫʜʝ ʚ 1,7 ʨʘʟʽʚ ʙʽʣʴʰʝ ʟʘ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʚʟʜʦʚʞ ʦʩʽ ʆɸZɸ, ʪʘ ʧʨʠʙʣʠʟʥʦ ʚ 
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1,3 ʨʘʟʽʚ ʙʽʣʴʰʝ ʟʘ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʚʟʜʦʚʞ ʦʩʽ ʆɸʍɸ. ɿʤʽʥʘ ʥʘʧʨʷʤʢʫ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ɺ ʙʫʜʝ ʦʙʝʨʥʝʥʦʶ ʜʦ ʟʤʽʥʠ ʥʘʧʨʷʤʫ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ɸ. 

 ɼʘʣʽ ʚʠʟʥʘʯʘʣʠ ʪʘ ʧʦʨʽʚʥʶʚʘʣʠ ʤʽʞ ʩʦʙʦʶ ʩʢʣʘʜʦʚʽ ʧʦʩʪʫʧʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʡ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʜʣʷ ʪʦʯʦʢ ɸ ʪʘ ɺ. ʂʽʥʝʤʘʪʠʯʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʟ ʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ʚ 1 ʨʘʜ/ʩ. ʅʘ ʨʠʩ. 2.10 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ 

ʧʦʩʪʫʧʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʦʯʢʠ ɸ ʚʽʜʥʦʩʥʦ ʪʨʴʦʭ ʚʟʘʻʤʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʧʣʦʱʠʥ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, ʘ ʥʘ ʨʠʩ 2.11 ī ʪʦʯʢʠ ɺ. ʅʘ 

ʨʠʩ. 2.12 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ ʧʦʩʪʫʧʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ 

ʪʦʯʢʠ ɸ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʘ ʥʘ ʨʠʩ. 2.13 ī ʪʦʯʢʠ ɺ. 

 

 
ʈʠʩ. 2.10. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ ʧʦʩʪʫʧʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʦʯʢʠ ɸ ʚʽʜ 

ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

 

 
ʈʠʩ. 2.11. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ ʧʦʩʪʫʧʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʦʯʢʠ ɺ ʚʽʜ 

ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 
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 ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʩʪʫʧʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʦʯʦʢ ɸ ʽ ɺ ʜʦʩʷʛʘʣʠʩʷ 

ʧʨʠ ʾʭ ʧʝʨʝʤʽʱʝʥʥʽ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʤʽʥʽʤʘʣʴʥʽ ī ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʫ 

ʧʨʦʬʽʣʴʥʽʡ ʧʣʦʱʠʥʽ (ʚʟʜʦʚʞ ʦʩʽ ʆɸZɸ), ʘ ʧʦʩʪʫʧʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʪʦʯʢʠ ɺ ʧʨʠ 

ʙʫʜʴ-ʷʢʦʤʫ ʾʾ ʧʝʨʝʤʽʱʝʥʥʽ ʙʫʣʘ ʙʽʣʴʰʦʶ ʟʘ ʧʦʩʪʫʧʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʪʦʯʢʠ ɸ. 

 

 
ʈʠʩ. 2.12. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ ʧʦʩʪʫʧʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʢʠ ɸ ʚʽʜ 

ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

 

 
ʈʠʩ. 2.13. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ ʧʦʩʪʫʧʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʢʠ ɺ ʚʽʜ 

ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʧʦʩʪʫʧʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʦʢ ɸ ʪʘ ɺ ʜʦʩʷʛʘʣʠʩʷ ʧʨʠ ʾʭ ʧʝʨʝʤʽʱʝʥʥʽ ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʤʽʥʽʤʘʣʴʥʽ ī ʧʨʠ ʾʭ ʧʝʨʝʤʽʱʝʥʥʽ ʫ ʧʨʦʬʽʣʴʥʽʡ ʧʣʦʱʠʥʽ 

(ʚʟʜʦʚʞ ʦʩʽ ʆɸZɸ), ʧʦʩʪʫʧʘʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʢʠ ɺ ʧʨʠ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʾʾ 
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ʧʝʨʝʤʽʱʝʥʥʷ ʙʫʣʦ ʙʽʣʴʰʠʤ ʟʘ ʧʦʩʪʫʧʘʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʢʠ ɸ. ʇʦʚʥʝ 

ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʢʠ ɸ ʟʤʽʥʶʚʘʣʦʩʷ ʧʨʠ ʥʝʟʥʘʯʥʽʡ ʘʤʧʣʽʪʫʜʽ, ʚ ʪʦʡ ʯʘʩ, ʷʢ 

ʘʤʧʣʽʪʫʜʘ ʧʦʚʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʢʠ ɺ ʙʫʣʘ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ (ʤʘʡʞʝ ʚ 14 

ʨʘʟʽʚ). 

 ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʟʤʽʥʠ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʦʢ ɸ ʪʘ ɺ ʟʽ ʟʤʽʥʦʶ 

ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʫ ʧʨʦʩʪʦʨʽ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚ 

ʧʦʣʦʞʝʥʥʷʭ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 6 ʪʘ 18, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.8, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʫʪʘʤ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚ 90Á ʪʘ 270Á, ʯʘʩʪʠʥʘ ʻʤʢʦʩʪʽ, ʷʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʙʣʠʞʯʝ ʜʦ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʙʫʜʝ ʨʫʭʘʪʠʩʷ ʟ ʥʘʡʙʽʣʴʰʠʤ 

ʧʨʠʩʢʦʨʝʥʥʷʤ, ʧʝʨʝʤʽʱʘʶʯʠʩʴ ʧʨʠ ʮʴʦʤʫ ʨʽʟʢʦ ʚʥʠʟ.  

 ʇʦʨʽʚʥʶʶʯʠ ʢʽʥʝʤʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʫʭʫ ʪʦʯʦʢ ɸ ʪʘ ɺ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ (ʚʟʜʦʚʞ 

ʦʩʽ ʆɸYɸ) ʟʥʘʯʥʦ ʽʥʪʝʥʩʠʚʥʽʰʘ ʟʘ ʜʚʽ ʽʥʰʽ ʩʢʣʘʜʦʚʽ ʾʾ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʫʭʫ, ʧʨʠ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʩʢʣʘʜʦʚʽʡ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʧʦʩʪʫʧʘʣʴʥʠʭ 

ʧʨʠʩʢʦʨʝʥʴ. ʎʠʢʣʽʯʥʘ ʟʤʽʥʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʦʢ ɸ ʪʘ ɺ ʤʘʻ ʜʚʘ 

ʧʝʨʽʦʜʠ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ. ʋ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ, ʚ ʷʢʽʡ ʚʝʜʫʯʠʡ ʚʘʣ 

ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ, ʭʘʨʘʢʪʝʨ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʫʭʫ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʙʫʜʝ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʪʘ ʘʩʠʥʭʨʦʥʥʠʤ ʟ ʾʾ ʪʦʨʮʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʚʝʜʝʥʦʛʦ ʚʘʣʫ, ʷʢʠʡ ʟʫʤʦʚʣʝʥʠʡ ʩʘʤʦʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʏʘʩʪʠʥʘ ʻʤʢʦʩʪʽ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʙʣʠʞʯʝ ʜʦ ʥʴʦʛʦ ʙʫʜʝ ʨʫʭʘʪʠʩʷ ʽʟ ʟʥʘʯʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʨʠʩʢʦʨʝʥʠʤ ʨʫʭʦʤ ʧʨʦʪʠʣʝʞʥʦʾ ʯʘʩʪʠʥʠ ʻʤʢʦʩʪʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʙʣʠʞʯʝ ʜʦ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ. ʊʘʢʝ ʧʨʠʩʢʦʨʝʥʥʷ ʟʜʘʪʥʝ ʚʠʢʣʠʢʘʪʠ ʟʥʘʯʥʽ ʩʠʣʠ ʽʥʝʨʮʽʾ, ʱʦ 

ʚʧʣʠʚʘʪʠʤʫʪʴ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʚʤʽʩʪ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʨʽʟʢʘ ʟʤʽʥʘ ʦʨʽʻʥʪʘʮʽʾ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 

ʚ ʧʨʦʩʪʦʨʽ ʬʘʢʪʠʯʥʦ ʥʘ ʢʽʥʮʽ ʢʦʞʥʦʾ ʯʚʝʨʪʽ ʦʙʦʨʦʪʫ ʚʘʣʫ, ʱʦ ʟʜʘʪʥʘ ʚʠʢʣʠʢʘʪʠ 

"ʫʜʘʨ" ʧʦ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʫ. ʊʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʫʩʪʘʪʢʫʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ (ʧʦʣʽʨʫʚʘʥʥʷ, ʟʤʽʰʫʚʘʥʥʷ, ʚʽʜʜʽʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ ʪʘ ʽʥ.). 

 

2.3. ɸʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʪʘ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ 

 

2.3.1. ɸʥʘʣʽʟ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʩʠʧʢʠʡ ʤʘʩʠʚ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʘʣʽʟʘʮʽʶ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʤʘʰʠʥʠ 

 ʇʨʠ ʘʥʘʣʽʟʽ ʚʚʝʜʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʯʘʩʪʠʥʢʠ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʤʘʩʫ ʪʘ ʦʙ'ʻʤ. 

 ʇʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ, ʷʢʘ ʚʠʢʦʥʫʻ 

ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʞʠʤʘʤʠ ʡʦʛʦ 

ʨʫʭʫ: ʢʘʩʢʘʜʥʠʤ, ʟʤʽʰʘʥʠʤ ʪʘ ʚʦʜʦʩʧʘʜʥʠʤ. ɿʤʽʥʘ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʻʤʢʦʩʪʽ, ʷʢʘ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ. ʈʦʙʦʪʘ 

ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʭʘʨʘʢʪʝʨʥʘ ʪʠʤ, ʱʦ ʧʨʠ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʠʭ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʦʜʦʩʧʘʜʥʠʡ ʨʝʞʠʤ 

ʨʫʭʫ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʢʦʾ ʟʤʽʥʠ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ʅʘʡʙʽʣʴʰ 
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ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [72] ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ 

ʻʤʢʦʩʪʽ, ʷʢʝ ʯʝʨʛʫʻʪʴʩʷ ʟ ʧʝʨʽʦʜʘʤʠ ʩʧʦʢʦʶ ʪʘ ʟʤʽʥʦʶ ʥʘʧʨʷʤʫ ʧʝʨʝʤʽʱʝʥʥʷ. 

 ʊʘʢ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʢʘʩʢʘʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʚʝʩʴ ʯʘʩ 

ʨʦʙʦʪʠ ʤʘʰʠʥʠ, ʧʨʘʢʪʠʯʥʦ ʫ ʚʠʛʣʷʜʽ ʻʜʠʥʦʛʦ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ, ʧʝʨʝʤʽʱʘʻʪʴʩʷ 

ʧʦ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʟʤʽʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʛʝʦʤʝʪʨʠʯʥʫ 

ʬʦʨʤʫ ʤʘʩʠʚʫ. ʋ ʚʠʧʘʜʢʫ ʟʤʽʰʘʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭ (ʢʘʩʢʘʜʥʦ-ʚʦʜʦʩʧʘʜʥʦʛʦ ʯʠ 

ʚʦʜʦʩʧʘʜʥʦ-ʢʘʩʢʘʜʥʦʛʦ), ʦʜʥʘ ʯʘʩʪʠʥʘ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʨʫʭʘʻʪʴʩʷ ʷʢ ʻʜʠʥʝ ʮʽʣʝ, 

ʘ ʽʥʰʘ ʡʦʛʦ ʯʘʩʪʠʥʘ ʚʽʜʨʠʚʘʻʪʴʩʷ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʤʘʩʠʚʫ, ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ 

ʯʘʩʪʠʥʢʠ ʪʘ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ ʚʽʣʴʥʦʛʦ ʨʫʭʫ, ʦʧʠʩʫʶʯʠ ʧʝʚʥʫ ʪʨʘʻʢʪʦʨʽʶ. ʇʨʠ 

ʨʝʘʣʽʟʘʮʽʾ ʚʦʜʦʩʧʘʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ, ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʽʞ ʪʦʨʮʷʤʠ 

ʻʤʢʦʩʪʽ, ʬʘʢʪʠʯʥʦ ʚʝʩʴ ʩʠʧʢʠʡ ʤʘʩʠʚ ʚʽʜʨʠʚʘʻʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʙʘʨʘʙʘʥʫ. 

 ʆʜʥʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʦʙʝʨʪʦʚʠʭ ʙʘʨʘʙʘʥʽʚ, ʚ ʷʢʠʭ ʧʨʠ 

ʦʜʥʘʢʦʚʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʻʤʢʦʩʪʽ, ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʨʦʙʦʪʠ ʤʘʰʠʥʠ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʦʜʥʘʢʦʚʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ, ʚ ʤʘʰʠʥʽ ʟʽ 

ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʦʡ ʯʠ ʽʥʰʠʡ ʨʝʞʠʤ ʨʫʭʫ 

ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʘʚʞʜʠ ʽʩʥʫʚʘʪʠʤʫʪʴ ʪʘʢʽ ʧʦʣʦʞʝʥʥʷ ʻʤʢʦʩʪʽ, ʧʨʠ ʷʢʠʭ 

ʧʨʘʢʪʠʯʥʦ ʚʩʝ ʩʠʧʢʝ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʙʫʚʘʪʠʤʝ ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ ʫ ʚʠʛʣʷʜʽ 

ʻʜʠʥʦʛʦ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʽʪʴ ʚʽʣʴʥʠʡ ʧʦʣʽʪ ʯʘʩʪʠʥʦʢ ʧʨʠ 

ʚʦʜʦʩʧʘʜʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʯʝʨʛʫʚʘʪʠʤʝʪʴʩʷ ʧʝʨʽʦʜʘʤʠ ʩʧʦʢʦʶ. ʉʘʤʝ ʚ ʪʽ 

ʤʦʤʝʥʪʠ, ʢʦʣʠ ʩʠʧʢʝ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʧʝʨʝʤʽʱʘʶʯʠʩʴ ʚʽʜ ʦʜʥʦʛʦ ʪʦʨʮʷ 

ʻʤʢʦʩʪ,̔ ʚʟʜʦʚʞ ʾʾ ʦʩʽ, ʜʦʩʷʛʘʪʠʤʝ ʧʨʦʪʠʣʝʞʥʦʛʦ, ʚʦʥʦ ʩʪʠʢʘʪʠʤʝʪʴʩʷ ʟ ʥʠʤ ʪʘ 

ʥʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʟʫʧʠʥʷʪʠʤʝʪʴʩʷ, ʪʘʢ ʧʨʠʧʠʥʷʪʠʤʝʪʴʩʷ ʚʦʜʦʩʧʘʜʥʠʡ 

ʯʠ ʟʤʽʰʘʥʠʡ ʨʝʞʠʤʠ ʨʫʭʫ, ʘʜʞʝ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ 

ʚʠʛʣʷʜʽ ʻʜʠʥʦʛʦ ʤʘʩʠʚʫ ʙʫʜʝ ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʙʽʣʷ ʦʜʥʦʛʦ ʟ ʪʦʨʮʽʚ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ, ʚʽʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʯʠ ʧʦʣʽʪ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʙʫʜʝ ʬʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʽʡ ʘʙʦ ʟʚʝʜʝʥʠʡ ʜʦ ʤʽʥʽʤʫʤʫ. ʇʽʩʣʷ ʧʝʨʽʦʜʫ ʩʧʦʢʦʶ ʩʠʧʢʠʡ ʤʘʩʠʚ ʟʥʦʚʫ 

ʧʦʯʥʝ ʩʚʽʡ ʨʫʭ, ʦʜʥʘʢ, ʚʞʝ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʽ. ʉʘʤʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʧʝʨʝʤʽʱʝʥʥʷ ʻʤʢʦʩʪʽ, ʟʫʤʦʚʣʝʥʘ ʾʾ ʧʨʠʩʢʦʨʝʥʠʤ ʨʫʭʦʤ, ʟʘʜʘʚʘʪʠʤʝ ʚʽʜʧʦʚʽʜʥʠʡ 

ʧʦʜʘʣʴʰʠʡ ʭʘʨʘʢʪʝʨ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʠʡ ʙʫʜʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ.  

 ʅʘ ʨʠʩ. 2.14 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ, ʚ ʷʢʽʡ ʫʪʚʦʨʶʻʪʴʩʷ ʟʤʽʰʘʥʠʡ ʢʘʩʢʘʜʥʦ-

ʚʦʜʦʩʧʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ. 

ɺʽʜ ʟʘʛʘʣʴʥʦʛʦ ʤʘʩʠʚʫ ʩʧʦʯʘʪʢʫ ʧʦʯʠʥʘʶʪʴ ʚʽʜʨʠʚʘʪʠʩʷ ʯʘʩʪʠʥʢʠ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʡʦʛʦ ʚʝʨʭʥʽʡ ʰʘʨ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʫ ʤʘʩʫ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʩʽʤ ʩʠʧʢʠʤ ʤʘʩʠʚʦʤ, ʘ ʚʞʝ ʟʛʦʜʦʤ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʚʝʩʴ 

ʩʠʧʢʠʡ ʤʘʩʠʚ ʚʽʜʨʠʚʘʻʪʴʩʷ ʚʽʜ ʾʾ ʩʪʽʥʢʠ. ɺ ʪʨʘʻʢʪʦʨʽʷʭ ʯʘʩʪʠʥʦʢ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʾʭ ʦʩʥʦʚʥʽ ʧʝʨʝʤʽʱʝʥʥʷ: ʚʝʨʪʠʢʘʣʴʥʝ (ʚʛʦʨʫ) ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʝ 

(ʚʟʜʦʚʞ ʦʩʽ ʻʤʢʦʩʪʽ). 
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ʈʠʩ. 2.14. ɿʦʙʨʘʞʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ, ʚ ʷʢʽʡ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʤʽʰʘʥʠʡ ʢʘʩʢʘʜʥʦ-ʚʦʜʦʩʧʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ 

 

 ɿʛʽʜʥʦ ʇʨʠʥʮʠʧʫ ɼ'ɸʣʘʤʙʝʨʘ [111], ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ 

ʦʢʨʝʤʫ ʯʘʩʪʠʥʢʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʝʨʭʥʴʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʩʠʧʢʦʛʦ 

ʤʘʩʠʚʫ, ʬʦʨʤʘ ʷʢʦʛʦ ʥʘʙʣʠʞʝʥʘ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʜʣʷ ʧ'ʷʪʠ ʚʠʧʘʜʢʽʚ 

ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ, ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʪʝ, ʱʦ 

ʢʽʣʴʢʽʩʥʠʡ ʚʽʜʨʠʚ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʩʪʽʥʦʢ ʻʤʢʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʘʤʝ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ ʚ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʪʦʨʝʮʴ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʙʽʣʷ ʷʢʦʛʦ 

ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʥʘʡʚʠʱʦʛʦ 

ʧʦʣʦʞʝʥʥʷ, ʨʽʟʢʦ ʩʧʦʚʽʣʴʥʷʻʪʴʩʷ ʪʘ ʟʤʽʥʶʻ ʥʘʧʨʷʤ ʧʝʨʝʤʽʱʝʥʥʷ ʚʥʠʟ, ʪʦ 

ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʚʝʢʪʦʨ ʩʠʣʠ ʽʥʝʨʮʽʾ, ʷʢʘ ʜʽʻ ʥʘ ʯʘʩʪʠʥʢʫ, ʟʘʚʞʜʠ ʤʘʪʠʤʝ 

ʚʝʨʪʠʢʘʣʴʥʠʡ ʥʘʧʨʷʤʦʢ. 

 ɺʠʧʘʜʦʢ ʧʝʨʰʠʡ. ʈʦʙʦʯʘ ʻʤʢʦʩʪʴ ʟʥʝʨʫʭʦʤʣʝʥʘ ʘʙʦ ʨʽʚʥʦʤʽʨʥʦ 

ʧʝʨʝʤʽʱʘʻʪʴʩʷ. 

 ʆʩʢʽʣʴʢʠ ʧʨʠʩʢʦʨʝʥʠʡ ʨʫʭ ʻʤʢʦʩʪʽ ʚʽʜʩʫʪʥʽʡ (0=ʽʥF ), ʪʦ ʥʘ ʯʘʩʪʠʥʢʫ 

ʜʽʷʪʠʤʝ ʩʠʣʘ ʪʷʞʽʥʥʷ, ʦʙʫʤʦʚʣʝʥʘ ʾʾ ʚʣʘʩʥʦʶ ʚʘʛʦʶ ʪʘ ʨʽʚʥʘ ʟʘ ʤʦʜʫʣʝʤ ʨʝʘʢʮʽʾ 

ʦʧʦʨʠ. ɿʛʽʜʥʦ ʘʢʩʽʦʤʠ ʩʪʘʪʠʢʠ [111] ʧʨʦ ʪʝ, ʱʦ ʜʚʽ ʩʠʣʠ, ʢʦʪʨʽ ʧʨʠʢʣʘʜʝʥʽ ʜʦ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʚʟʘʻʤʦʟʨʽʚʥʦʚʘʞʫʶʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʾʭ ʤʦʜʫʣʽ ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ ʽ 

ʚʦʥʠ ʥʘʧʨʘʚʣʝʥʽ ʧʦ ʦʜʥʽʡ ʧʨʷʤʽʡ ʚ ʧʨʦʪʠʣʝʞʥʽ ʙʦʢʠ, ʯʘʩʪʠʥʢʘ ʧʝʨʝʙʫʚʘʪʠʤʝ ʫ 

ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʪʘ ʙʫʜʝ ʟʥʝʨʫʭʦʤʣʝʥʦʶ, ʪʦʙʪʦ: 

 

 .GR=                       (2.12) 

 

 ʅʘ ʨʠʩ. 2.15 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʘ ʜʽʾ ʩʠʣ ʥʘ ʦʢʨʝʤʫ ʯʘʩʪʠʥʢʫ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʟʥʝʨʫʭʦʤʣʝʥʘ ʘʙʦ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ. 
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ʈʠʩ. 2.15 ʉʭʝʤʘ ʜʽʾ ʩʠʣ ʥʘ ʦʢʨʝʤʫ ʯʘʩʪʠʥʢʫ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʦʙʦʯʘ ʻʤʢʩ̔ʪʴ 

ʟʥʝʨʫʭʦʤʣʝʥʘ ʘʙʦ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ 

 

 ɺʠʧʘʜʦʢ ʜʨʫʛʠʡ ʪʘ ʪʨʝʪʽʡ. ʈʦʙʦʯʘ ʻʤʢʦʩʪʴ ʧʨʠʩʢʦʨʝʥʦ ʨʫʭʘʻʪʴʩʷ ʚʛʦʨʫ 

ʘʙʦ ʩʧʦʚʽʣʴʥʝʥʦ ʨʫʭʘʻʪʴʩʷ ʚʥʠʟ. ɺ ʮʠʭ ʚʠʧʘʜʢʘʭ ʚʝʢʪʦʨ ʧʨʠʩʢʦʨʝʥʥʷ ʙʫʜʝ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚʛʦʨʫ, ʘ ʦʢʨʽʤ ʩʠʣʠ ʪʷʞʽʥʥʷ ʪʘ ʨʝʘʢʮʽʾ ʦʧʦʨʠ, ʥʘ ʯʘʩʪʠʥʢʫ ʜʽʷʪʠʤʝ 

ʩʠʣʘ ʽʥʝʨʮʽʾ ʽʥF , ʚʝʢʪʦʨ ʷʢʦʾ ʙʫʜʝ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʽ ʜʦ 

ʚʝʢʪʦʨʫ ʧʨʠʩʢʦʨʝʥʥʷ, ʪʦʙʪʦ ʚʥʠʟ. ʅʘ ʨʠʩ. 2.16 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʘ ʜʽʾ ʩʠʣ ʥʘ 

ʦʢʨʝʤʫ ʯʘʩʪʠʥʢʫ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʻʤʢʽʩʪʴ ʧʨʠʩʢʦʨʝʥʦ ʨʫʭʘʻʪʴʩʷ ʚʛʦʨʫ ʪʘ 

ʩʧʦʚʽʣʴʥʝʥʦ ʚʥʠʟ. 

 

 
ʈʠʩ. 2.16. ʉʭʝʤʘ ʜʽʾ ʩʠʣ ʥʘ ʦʢʨʝʤʫ ʯʘʩʪʠʥʢʫ ʫ ʚʠʧʘʜʢʘʭ:  

ʘ) ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʧʨʠʩʢʦʨʝʥʦ ʨʫʭʘʻʪʴʩʷ ʚʛʦʨʫ; ʙ) ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʩʧʦʚʽʣʴʥʝʥʦ 

ʨʫʭʘʻʪʴʩʷ ʚʥʠʟ. 

 

 ʉʢʣʘʜʝʤʦ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʯʘʩʪʠʥʢʠ, ʩʧʨʦʝʢʪʫʚʘʚʰʠ ʫʩʽ ʜʽʶʯʽ ʩʠʣʠ 

ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʚʽʩʴ OY (ʜʦʜʘʪʥʽʡ ʥʘʧʨʷʤ ʚʽʩʽ ʥʘʧʨʘʚʣʝʥʠʡ ʚʛʦʨʫ): 

  ;0=ä yF  ;0=-- GFR ʽʥ                 (2.13) 

 .GFR ʽʥ+=                       (2.14)   

ʆʩʢʽʣʴʢʠ GR>  ʥʘ ʚʝʣʠʯʠʥʫ 
ʽʥF , ʪʦ ʯʘʩʪʠʥʢʘ ʥʝ ʟʤʦʞʝ ʚʽʜʽʨʚʘʪʠʩʷ ʚʽʜ 

ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ, ʘ ʥʘʚʧʘʢʠ ʱʝ ʙʽʣʴʰʝ ʧʨʠʪʠʩʢʘʪʠʤʝʪʴʩʷ ʜʦ 

ʥʴʦʛʦ, ʚʽʜʧʦʚʽʜʥʦ ʫʪʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʢʘʩʢʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ. 
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 ɺʠʧʘʜʦʢ ʯʝʪʚʝʨʪʠʡ ʪʘ ʧ'ʷʪʠʡ. ʈʦʙʦʯʘ ʻʤʢʽʩʪʴ ʩʧʦʚʽʣʴʥʝʥʦ ʨʫʭʘʻʪʴʩʷ ʚʛʦʨʫ 

ʘʙʦ ʧʨʠʩʢʦʨʝʥʦ ʚʥʠʟ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʚʝʢʪʦʨ ʧʨʠʩʢʦʨʝʥʥʷ ʙʫʜʝ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚʥʠʟ, ʘ ʩʠʣʘ ʽʥʝʨʮʽʾ ʽʥF  ʚʛʦʨʫ. ʅʘ ʨʠʩ. 2.17 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʘ ʜʽʾ 

ʩʠʣ ʥʘ ʦʢʨʝʤʫ ʯʘʩʪʠʥʢʫ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʦʙʦʯʘ ʻʤʢʦʩʪʴ ʩʧʦʚʽʣʴʥʝʥʦ ʨʫʭʘʻʪʴʩʷ 

ʚʛʦʨʫ ʘʙʦ ʧʨʠʩʢʦʨʝʥʦ ʚʥʠʟ. 

 
ʈʠʩ. 2.17. ʉʭʝʤʘ ʜʽʾ ʩʠʣ ʥʘ ʦʢʨʝʤʫ ʯʘʩʪʠʥʢʫ ʫ ʚʠʧʘʜʢʘʭ:  

ʘ) ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʩʧʦʚʽʣʴʥʝʥʦ ʨʫʭʘʻʪʴʩʷ ʚʛʦʨʫ; ʙ) ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʧʨʠʩʢʦʨʝʥʦ 

ʨʫʭʘʻʪʴʩʷ ʚʥʠʟ. 

 

 ʉʘʤʝ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ, ʨʫʭʘʶʯʠʩʴ ʚʛʦʨʫ, ʧʦʯʠʥʘʻ 

ʨʽʟʢʦ ʩʧʦʚʽʣʴʥʷʪʠʩʷ, ʘʙʦ, ʨʫʭʘʶʯʠʩʴ ʚʥʠʟ ī ʨʽʟʢʦ ʧʨʠʩʢʦʨʶʚʘʪʠʩʷ, ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʚʦʜʦʩʧʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ. ɺʠʟʥʘʯʠʤʦ ʫʤʦʚʫ ʚʠʥʠʢʥʝʥʥʷ 

ʚʦʜʦʩʧʘʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ, ʜʣʷ ʮʴʦʛʦ ʩʢʣʘʜʝʤʦ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʜʣʷ 

ʯʘʩʪʠʥʢʠ, ʩʧʨʦʝʢʪʫʚʘʚʰʠ ʫʩʽ ʜʽʶʯʽ ʩʠʣʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʚʽʩʴ OY (ʜʦʜʘʪʥʽʡ 

ʥʘʧʨʷʤ ʚʽʩʽ ʥʘʧʨʘʚʣʝʥʠʡ ʚʛʦʨʫ): 

  ;0=ä yF  ;0=-+ GFR ʽʥ                (2.15) 

   .̔ʥFGR -=                        (2.16) 

 ɺʦʜʦʩʧʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʚʠʥʠʢʥʝ ʚ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʢʦʥʪʘʢʪ ʤʽʞ ʯʘʩʪʠʥʢʦʶ 

ʪʘ ʚʝʨʭʥʽʤ ʰʘʨʦʤ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʙʫʜʝ ʚʪʨʘʯʝʥʦ, ʘ ʦʪʞʝ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

ʚʠʢʦʥʫʚʘʣʘʩʷ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ: 

.0=R            (2.17)                

 ʈʽʚʥʷʥʥʷ (2.17) ʙʫʜʝ ʩʧʨʘʚʝʜʣʠʚʦʶ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ: 

.GFʽʥ²                       (2.18) 

 ʃʠʰʝ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʝʨʽʚʥʦʩʪʽ (2.18) ʙʫʜʫʪʴ ʩʪʚʦʨʝʥʽ ʫʤʦʚʠ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʚʦʜʦʩʧʘʜʥʦʛʦ ʨʝʞʠʤʠ ʨʫʭʫ. ʆʜʥʘʢ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʩʧʦʚʽʣʴʥʝʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚʛʦʨʫ ʘʙʦ ʧʨʠʩʢʦʨʝʥʝ ʾʾ ʧʝʨʝʤʽʱʝʥʥʷ ʚʥʠʟ, 

ʚʦʜʦʩʧʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʥʝ ʧʨʦʷʚʣʷʪʠʤʝʪʴʩʷ ʷʢʱʦ ʚʠʢʦʥʫʚʘʪʠʤʝʪʴʩʷ ʫʤʦʚʘ:                          

.GFʽʥ<               (2.19) 

 ɸʜʞʝ, ʚ ʟʚ'ʷʟʢʫ ʟ ʚʠʢʦʥʘʥʥʷʤ ʫʤʦʚʠ (2.19), ʩʠʣʘ ʪʷʞʽʥʥʷ ʯʘʩʪʠʥʢʠ ʣʠʰʝ 

ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʚʘʪʠʤʝʪʴʩʷ ʩʠʣʦʶ ʽʥʝʨʮʽʾ, ʢʦʥʪʘʢʪ ʤʽʞ ʚʝʨʭʥʽʤ ʰʘʨʦʤ 

ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʪʘ ʯʘʪʠʥʢʦʶ ʥʝ ʙʫʜʝ ʚʪʨʘʯʝʥʦ, ʘ ʨʝʘʢʮʽʷ ʦʧʦʨʠ ʭʦʯ ʽ ʙʫʜʝ 

ʟʤʝʥʰʝʥʘ ʟʘ ʤʦʜʫʣʝʤ, ʦʜʥʘʢ, ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ ʙʽʣʴʰʦʶ ʟʘ 0:   

  .0>R                       (2.20) 

  ɺʠʭʦʜʷʯʠ ʟ ʫʩʴʦʛʦ ʚʠʱʝʩʢʘʟʘʥʦʛʦ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʽ ʪʚʝʨʜʞʝʥʥʷ: 
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 1. ʂʘʩʢʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠʤʝʪʴʩʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ: 

.̔ʥFG>                          (2.19) 

 2. ɺʦʜʦʩʧʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʦʙʦʯʽʡ 

ʻʤʢʦʩʪʽ ʨʝʘʣʽʟʦʚʫʚʘʪʠʤʝʪʴʩʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʩʪʫʧʥʦʾ ʫʤʦʚʠ: 

.̔ʥFG<                                    (2.18) 

 ɺ ʩʚʦʶ ʯʝʨʛʫ, ʩʠʣʘ ʪʷʞʽʥʥʷ ʪʘ ʩʠʣʘ ʽʥʝʨʮʽʾ, ʢʦʪʨʽ ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʦʢʨʝʤʦʾ 

ʯʘʩʪʠʥʢʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ: 

,maF̔ ʥ=                           (2.21) 

;mgG=                       (2.22) 

ʜʝ g  ī ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, [ʤ/ʩ2]; a  ī ʧʨʠʩʢʦʨʝʥʥʷ, ʟ ʷʢʠʤ ʨʫʭʘʻʪʴʩʷ 

ʦʢʨʝʤʘ ʯʘʩʪʠʥʢʘ, ʘ ʪʦʯʥʽʰʝ, ʧʨʠʩʢʦʨʝʥʥʷ ʟ ʷʢʠʤ ʙʫʜʝ ʧʝʨʝʤʽʱʘʪʠʩʷ ʧʝʚʥʘ 

ʯʘʩʪʠʥʘ ʈɭ, ʥʘʜʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʧʨʠʩʢʦʨʝʥʦʛʦ ʨʫʭʫ ʚʞʝ ʩʠʧʢʦʤʫ ʤʘʩʠʚʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ, [ʤ/ʩ2]; m ī ʤʘʩʘ ʯʘʩʪʠʥʢʠ, [ʢʛ]; 

 ɿʘʧʠʰʝʤʦ ʚʠʨʘʟʠ (2.19) ʪʘ (2.18) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.21) ʪʘ (2.22): 
.ag>              (2.23) 

.ga>            (2.24) 

 ʇʨʠʩʢʦʨʝʥʥʷ ʟ ʷʢʠʤ ʨʫʭʘʪʠʤʝʪʴʩʷ ʩʠʧʢʠʡ ʤʘʩʠʚ ʚ ʩʝʨʝʜʠʥʽ ʈɭ 

ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʩʘʤʝ ʟʘ ʨʘʭʫʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ, ʱʦ 

ʙʫʜʝ ʚʠʥʠʢʘʪʠ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʪʽʻʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʜʝ ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ 

ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʩʠʧʢʦʛʦ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿ ʨʦʟʜʽʣʫ 2.2.2 ʚʽʜʦʤʦ, ʱʦ ʪʦʯʢʠ, 

ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʮʝʥʪʨʘʭ ʪʦʨʮʽʚ ʻʤʢʦʩʪʽ, ʨʫʭʘʶʪʴʩʷ ʟ ʥʘʡʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ 

ʪʘ ʧʨʠʩʢʦʨʝʥʥʷʤ, ʘ ʪʘʢʦʞ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʘʤʧʣʽʪʫʜʫ ʧʝʨʝʤʽʱʝʥʥʷ, ʢʨʽʤ ʪʦʛʦ, 

ʩʠʧʢʠʡ ʤʘʪʝʨʽʘʣ, ʚ ʤʦʤʝʥʪʠ ʧʝʨʝʭʦʜʫ ʜʦ ʚʦʜʦʩʧʘʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ, 

ʩʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʩʘʤʝ ʙʽʣʷ ʦʜʥʦʛʦ ʟ ʪʦʨʮʽʚ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ɺʠʭʦʜʷʯʠ ʟ ʪʘʢʠʭ 

ʤʽʨʢʫʚʘʥʴ, ʫʤʦʚʥʦ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʤʦʜʫʣʴ ʧʨʠʩʢʦʨʝʥʥʷ ʮʠʭ ʪʦʯʦʢ ʻʤʢʦʩʪʽ 

ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʨʝʞʠʤ ʨʫʭʫ ʩʠʧʢʦʛʦ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɸ ʦʩʢʽʣʴʢʠ ʤʦʤʝʥʪ 

ʚʽʜʨʠʚʫ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʚʽʜ ʩʪʽʥʦʢ ʻʤʢʦʩʪʽ ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʻ ʟ ʧʽʢʦʚʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʚʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ ɸ ʪʘ ɺ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʮʝʥʪʨʽ ʪʦʨʮʽʚ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʪʦ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʤʽʥʘ ʨʝʞʠʤʽʚ ʨʫʭʫ 

ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʣʝʞʘʪʠʤʝ ʩʘʤʝ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʦʚʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʦʢ ɸ ʪʘ ɺ.  

 ʆʜʥʘʢ, ʮʝ ʽʜʝʘʣʽʟʦʚʘʥʽ ʚʠʧʘʜʢʠ, ʧʨʠ ʷʢʠʭ ʚʝʨʭʥʽʡ ʛʨʘʥʠʯʥʠʡ ʰʘʨ ʩʠʧʢʦʛʦ 

ʤʘʩʠʚʫ ʟʘʡʤʘʻ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ, ʘ ʩʠʣʘ ʽʥʝʨʮʽʾ ʯʘʩʪʠʥʢʠ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ 

ʦʜʥʽʡ ʧʨʷʤʽʡ ʟ ʩʠʣʦʶ ʪʷʞʽʥʥʷ. ɺ ʜʽʡʩʥʦʩʪʽ ʚʝʨʭʥʽʡ ʛʨʘʥʠʯʥʠʡ ʰʘʨ ʩʠʧʢʦʛʦ 

ʤʘʩʠʚʫ ʥʝ ʟʘʚʞʜʠ ʫʪʚʦʨʶʻ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ, ʘ ʩʠʣʘ ʽʥʝʨʮʽʾ ʟʘʣʝʞʘʪʠʤʝ 

ʚʽʜ ʧʦʚʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʦʢ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʮʝʥʪʨʽ ʪʦʨʮʽʚ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 

ʪʘ ʥʝ ʟʘʚʞʜʠ ʤʘʪʠʤʝ ʚʝʨʪʠʢʘʣʴʥʠʡ ʥʘʧʨʷʤʦʢ. 

 ɿ ʘʥʘʣʽʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʟʛʽʜʥʦ ʨʽʚʥʦʩʪʝʡ (2.23) ʪʘ (2.24), ʧʝʨʝʭʽʜ ʚʽʜ 

ʢʘʩʢʘʜʥʦʛʦ ʜʦ ʚʦʜʦʩʧʘʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʧʦʚʠʥʝʥ ʚʽʜʙʫʚʘʪʠʩʷ ʦʜʨʘʟʫ ʞ ʧʽʩʣʷ 

ʪʦʛʦ, ʷʢ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʧʝʨʝʚʠʱʠʪʴ 

ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ. ʅʘʩʧʨʘʚʜʽ ʪʘʢʦʛʦ ʤʠʪʪʻʚʦʛʦ ʧʝʨʝʭʦʜʫ 

ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʣʘʚʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʢʘʩʢʘʜʥʦʛʦ ʜʦ ʚʦʜʦʩʧʘʜʥʦʛʦ 
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ʨʝʞʠʤʫ ʨʫʭʫ, ʘ ʧʝʨʰʽ ʦʟʥʘʢʠ ʚʦʜʦʩʧʘʜʥʦʛʦ ʨʝʞʠʤʫ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚʞʝ ʧʨʠ 

ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, ʷʢʘ ʱʝ ʥʝ ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʥʠʢʥʝʥʥʷ ʪʘʢʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʷʢʝ ʙʫʜʝ 

ʜʦʩʷʛʘʪʠ ʟʥʘʯʝʥʴ ʙʽʣʴʰʠʭ ʟʘ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ. ʉʘʤʝ ʪʘʢ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʤʽʰʘʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʢʦʪʨʠʡ ʤʦʞʥʘ ʫʤʦʚʥʦ 

ʨʦʟʧʦʜʽʣʠʪʠ ʥʘ ʢʘʩʢʘʜʥʦ-ʚʦʜʦʩʧʘʜʥʠʡ, ʱʦ ʧʦʯʠʥʘʻ ʧʨʦʷʚʣʷʪʠʩʷ ʧʨʠ ʧʝʨʰʠʭ 

ʦʟʥʘʢʘʭ ʚʽʜʨʠʚʫ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʘʛʘʣʴʥʦʛʦ ʤʘʩʠʚʫ, ʭʦʯʘ ʚ 

ʮʽʣʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʱʝ ʢʘʩʢʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʪʘ ʚʦʜʦʩʧʘʜʥʦ-ʢʘʩʢʘʜʥʠʡ, ʢʦʣʠ 

ʜʦʤʽʥʫʶʯʠʤ ʻ ʚʦʜʦʩʧʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ, ʘʣʝ ʱʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʘʣʠʰʢʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʘʩʢʘʜʥʦʛʦ ʨʝʞʠʤʫ. ʇʝʨʰʽ ʦʟʥʘʢʠ ʚʦʜʦʩʧʘʜʥʦʛʦ ʨʝʞʠʤʫ ʙʫʜʫʪʴ 

ʧʨʦʷʚʣʷʪʠʩʷ ʚ ʪʦʡ ʯʘʩ ʢʦʣʠ ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʜʝ ʟʦʩʝʨʝʜʞʝʥʦ ʙʽʣʴʰʽʩʪʴ 

ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʧʦʯʠʥʘʻ ʩʚʽʡ ʨʫʭ ʚʛʦʨʫ. ɿʘ ʨʘʭʫʥʦʢ ʩʠʣ ʪʝʨʪʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ, 

ʛʨʘʥʠʯʥʠʡ ʰʘʨ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʥʝ ʟʜʘʪʝʥ ʟʙʝʨʝʛʪʠ ʩʚʦʻʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʧʣʦʱʠʥʠ, ʚʽʥ ʧʦʯʥʝ ʥʘʭʠʣʷʪʠʩʷ, ʫʪʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʥʘʭʠʣʝʥʘ ʧʣʦʱʠʥʘ ʧʽʜ 

ʢʫʪʦʤ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ. ʏʘʩʪʠʥʢʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʚʠʱʝ 

ʽʥʰʠʭ ʮʴʦʛʦ ʞ ʰʘʨʫ, ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʷʞʽʥʥʷ ʪʘ ʽʥʝʨʮʽʾ ʟʤʦʞʫʪʴ ʟʤʽʱʘʪʠʩʷ ʜʦ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʠʞʯʝ ʫ ʩʪʘʥʽ ʚʽʣʴʥʦʛʦ ʧʦʣʴʦʪʫ. 

 

2.3.2. ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʪʘ ʟʤʽʥʦʶ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 

 ɺʽʜʦʤʦ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʟʤʽʰʫʚʘʣʴʥʠʭ 

ʪʘ ʛʘʣʪʫʚʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʷʭ ʤʦʞʝ ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʢʘʩʢʘʜʥʦʛʦ, ʚʦʜʦʩʧʘʜʥʦʛʦ ʪʘ ʟʤʽʰʘʥʦʛʦ ʨʝʞʠʤʽʚ ʨʫʭʫ. ʂʦʞʝʥ ʨʝʞʠʤ ʨʫʭʫ 

ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʪʠʧʫ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʘʙʦ ʟʤʽʰʫʚʘʥʥʷ ʨʝʯʦʚʠʥ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʢʫʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʪʘ ʨʝʞʠʤʘʤʠ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʘʥʝ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʯʘʩʪʠʥʽ 2.3.1, ʘ ʪʘʢʦʞ ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [112] 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʨʝʞʠʤʽʚ ʨʫʭʫ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ Aamax  ʪʘ Bamax  ʪʦʯʦʢ ɸ ʪʘ ɺ, ʷʢʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʮʝʥʪʨʘʤʠ 

ʦʩʥʦʚ ʻʤʢʦʩʪʽ.  

  ɺʩʪʘʥʦʚʠʤʦ ʟʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ Aamax  

ʪʘ Bamax , ʚʽʜ ʧʨʦʧʦʨʮʽʡʥʦʾ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ 

ʜʣʷ ʨʽʟʥʠʭ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʝʜʫʯʦʛʦ ʚʘʣʫ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʚʝʜʝʤʦ 

ʢʽʥʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 5 ʪʠʧʦʨʦʟʤʽʨʽʚ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʉɸʇʈ SolidWorks. ʋʤʦʚʥʦ ʧʨʠʡʤʝʤʦ ʟʘ "ʙʘʟʦʚʠʡ ʪʠʧʦʨʦʟʤʽʨ" 

(ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ n=1) ʤʘʰʠʥʫ ʟ ʪʘʢʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʜʦʚʞʠʥʘ ʈɭ (ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ) ī 0,160 ʤ, ʜʽʘʤʝʪʨ ʈɭ ī 0,12 ʤ, ʦʙ'ʻʤ ʈɭ ī 0,0018 

ʤ3 (1,8 ʣ), ʤʽʞʦʩʴʦʚʘ ʜʦʚʞʠʥʘ ʈɭ ī 0,1 ʤ. ʇʨʠ n=1,5;2;3;4 ʫʩʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʙʫʜʫʪʴ ʟʙʽʣʴʰʝʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ. ɺ 

ʪʘʙʣʠʮʽ 2.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ Aamax  ʪʘ Bamax  

ʜʣʷ 5-ʪʠ ʪʠʧʦʨʦʟʤʽʨʽʚ ʦʩʥʦʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʢʨʽʤ ʪʦʛʦ ʮʽ ʟʥʘʯʝʥʥʷ ʟʦʙʨʘʞʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.18. 
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ʊʘʙʣʠʮʷ 2.1 

 "ɹʘʟʦʚʠʡ" 

ʪʠʧʦʨʦʟʤʽʨ, 

n=1 

ʊʠʧʦʨʦʟʤʽʨ 

ʧʨʠ n=1,5 

ʊʠʧʦʨʦʟʤʽʨ 

ʧʨʠ n=2 

ʊʠʧʦʨʦʟʤʽʨ 

ʧʨʠ n=3 

ʊʠʧʦʨʦʟʤʽʨ 

ʧʨʠ n=4 

ɤʚʝʜʫʯ Aamax

1
 Bamax

1
 Aamax

5,1
 Bamax

5,1
 Aamax

2
 Bamax

2
 Aamax

3
 Bamax

3
 Bamax

4
 Bamax

4  

[ʤ/ʩ2] 

0,5 0,09 0,27 0,13 0,4 0,18 0,54 0,27 0,81 0,3 1,1 

1,1 0,36 1,1 0,54 1,6 0,72 2,1 1,1 3,3 1,4 4,4 

2,1 1,45 4,4 2,1 6,6 2,9 9 4,4 13,2 5,8 17,5 

3,2 3,3 10 4,9 15 6,6 20 9,5 30 13,1 40,1 

4,2 5,8 17,6 8,6 26,4 11,6 35,2 12,6 52,8 23,1 70,4 

5,3 9 27,5 13,5 41,2 18 55 27 82,5 35,9 110 

6,3 13 39,5 19,4 59,2 26,2 79,2 39 118,5 52 158 

7,4 17,6 53,9 26,4 80,8 35,3 107,8 52,8 161 70,3 215 

 

 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʠ ʟʙʽʣʴʰʫʚʘʪʠʤʫʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʴ, ʧʨʠʯʦʤʫ ʧʨʦʧʦʨʮʽʡʥʦ ʤʘʩʰʪʘʙʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ n: 

 

,)(maxmax

1

)(maxmax naa BABA

n Ö=               (2.25) 

ʜʝ )(maxmax

1

BAa  ī ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʪʦʯʢʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ "ʙʘʟʦʚʦʛʦ 

ʪʠʧʦʨʦʟʤʽʨʫ", [ʤ/ʩ2]; )(maxmax BA

na  ī ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʪʦʯʢʠ ʛʝʦʤʝʪʨʠʯʥʦ 

ʟʤʽʥʝʥʦʾ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʤʘʩʰʪʘʙʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ [ʤ/ʩ2]. 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʨʽʩʪ A

namax  ʪʘ B

namax  ʚʽʜ ʟʥʘʯʝʥʴ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʟʛʽʜʥʦ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʫʥʢʮʽʾ, ʘ ʦʪʞʝ: 

( ),
2)()()(maxmax unka ɺʚʝʜʫʯABABA

n w=     (2.26) 
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ʈʠʩ. 2.18. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠʩʢʦʨʝʥʴ Aamax , Bamax  ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ɤʚʝʜʫʯ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʜʣʷ 5-ʪʠ ʪʠʧʦʨʦʟʤʽʨʽʚ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥʠ 

ʜʝ )(BʚʝʜʫʯAw  ī ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ; u ī ʢʦʝʬʽʮʽʻʥʪ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʰʝʥʥʷ ʦʜʠʥʠʮʽ ʧʦʚʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦ ʦʜʠʥʠʮʽ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ, ʜʣʷ ʚʠʱʝʧʨʝʜʩʪʘʚʣʝʥʦʾ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ [ ]cʨʘʜʤu Ö= /52,9 ; k ī 

ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʠʤʝʪʨʠʯʥʝ ʚʽʜʜʘʣʝʥʥʷ ʢʨʠʚʦʾ ʚʽʜ ʚʽʩʽ ʦʨʜʠʥʘʪ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʟʥʘʯʝʥʥʽ ʚʽʩʽ ʘʙʩʮʠʩ ʜʣʷ "ʙʘʟʦʚʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ", ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʚʠʨʘʟ (2.26), ʚʠʟʥʘʯʝʥʦ: kɸå0,0036; kɺå0,011, ʪʘʢʦʞ: 

.05,3º
A

B

k

k
              (2.27) 

  

ʈʽʚʥʷʥʥʷ (2.26), ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (2.27)(2.29) ʤʘʪʠʤʝ ʚʠʛʣʷʜ ʜʣʷ ʜʚʦʭ 

ʟʥʘʯʝʥʴ A

namax  ʪʘ B

namax : 

.)(05,3 2max unka ʚʝʜʫʯɺAB

n w=               (2.28) 

.
05,3

)( 2
max unk

a
ʚʝʜʫʯɸB

A

n

w
=                       (2.29) 
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 ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʨʽʚʥʦʩʪʝʡ (2.23) ʪʘ (2.24), 

ʚʠʨʘʟʠʤʦ ʟ (2.28) ʪʘ (2.29) ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʪʘ ʥʘʜʘʤʦ 

ʮʠʤ ʚʠʨʘʟʘʤ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ, ʟʘ ʷʢʠʤ ʩʪʘʥʝ ʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʛʨʘʥʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʟʤʽʥʽ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ: 

;
05,3 2unk

g
A

ʚʝʜʫʯɺ

ɻʈɸʅ xw =        (2.30) 

 ,
05,3

2unk

g
B

ʚʝʜʫʯɸ

ɻʈɸʅ xw =      (2.31) 

ʜʝ  g ī ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, [ʤ/ʩ2]; ɝ ī ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʯʘʩʪʠʥʫ ʦʙ'ʻʤʫ (ʤʘʩʠ) ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʽʜʽʨʚʝʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʩʠʧʢʦʛʦ 

ʤʘʩʠʚʫ, ʤʦʞʝ ʙʫʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0-ʣʷ ʜʦ 1-ʮʽ. 

 ʇʨʠ ɝ=1/2 (ʚʽʜ ʧʦʚʝʨʭʥʽ ʤʘʩʠʚʫ ʟʤʦʞʝ ʚʽʜʜʽʣʠʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʤʝʥʰʘ 

ʧʦʣʦʚʠʥʘ ʦʙ'ʻʤʫ), ʬʦʨʤʫʣʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʤʝ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, ʱʦ ʙʫʜʝ ʧʝʨʝʭʽʜʥʠʤ ʚʽʜ ʢʘʩʢʘʜʥʦʛʦ ʜʦ 

ʟʤʽʰʘʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ. 

 ʇʨʠ ɝ=1 (ʫʚʝʩʴ ʩʠʧʢʠʡ ʤʘʩʠʚ ʟʜʘʪʝʥ ʚʽʜʽʨʚʘʪʠʩʷ ʚʽʜ ʩʪʽʥʢʠ ʻʤʢʦʩʪʽ), 

ʬʦʨʤʫʣʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʤʝ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ 

ʚʘʣʫ, ʱʦ ʙʫʜʝ ʧʝʨʝʭʽʜʥʠʤ ʚʽʜ ʟʤʽʰʘʥʦʛʦ ʜʦ ʚʦʜʦʩʧʘʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ. 

 ɿʘ ʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʫ ɝ ʚʠʨʘʟʠ (2.30), (2.31) ʙʫʜʫʪʴ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʜʣʷ 

ʙʫʜʴ-ʷʢʦʾ ʤʘʩʠ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʚʘʥʪʘʞʝʥʦʾ ʜʦ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. 

 ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʪʦʨʮʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʨʫʭʘʶʪʴʩʷ ʟ ʨʽʟʥʠʤ 

ʧʨʠʩʢʦʨʝʥʥʷʤ, ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʩʠʧʢʠʡ ʤʘʩʠʚ ʙʫʜʝ ʧʝʨʝʤʽʱʘʪʠʩʷ ʟ 

ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʽʜ ʦʜʥʦʛʦ ʪʦʨʮʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʜʦ ʧʨʦʪʠʣʝʞʥʦʛʦ ʪʘ ʫ 

ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʽ. ʊʦʤʫ ʟʘ ʚʠʨʘʟʦʤ (2.30) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʢʫʪʦʚʘ 

ʰʚʠʜʢʽʩʪʴ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʫʭʫ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟ ʪʽʻʾ ʯʘʩʪʠʥʠ ʻʤʢʦʩʪʽ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʘ 

ʟʘ ʚʠʨʘʟʦʤ (2.31) ī ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʫʭʫ ʧʨʠ 

ʧʝʨʝʤʽʱʝʥʥʽ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʪʽʻʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʚʝʜʝʥʦʛʦ ʚʘʣʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ (2.30) ʪʘ (2.31) 

ʚʩʪʘʥʦʚʣʝʥʦ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʟʤʽʥʽ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʪʠʧʦʨʦʟʤʽʨʽʚ ʤʘʰʠʥʠ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.2. 

 

ʊʘʙʣʠʮʷ 2.2 

ɤʚʝʜʫʯ, 

[ʨʘʜ/ʩ] 

n=1 

ɤʚʝʜʫʯ, 

[ʨʘʜ/ʩ] 

n=1,5 

ɤʚʝʜʫʯ, 

[ʨʘʜ/ʩ] 

n=2 

ɤʚʝʜʫʯ, 

[ʨʘʜ/ʩ] 

n=3 

ɤʚʝʜʫʯ, 

[ʨʘʜ/ʩ] 

n=4 

ʈʝʞʠʤ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ  

0ī2,2 0ī1,8 0ī1,6 0ī1,3 0ī1,1 ʂʘʩʢʘʜʥʠʡ 

2,2ī3,8 1,8ī3,2 1,6ī2,8 1,3ī2,3 1,1ī1,9 ɿʤʽʰʘʥʠʡ (ʢʘʩʢʘʜʥʦ-ʚʦʜʦʩʧʘʜ.) 

3,8ī5,5 3,2ī4,5 2,8ī3,9 2,3ī3,2 1,9ī2,7 ɿʤʽʰʘʥʠʡ (ʚʦʜʦʩʧ.-ʢʘʩʢʘʜʥʠʡ) 

5,5< 4,5< 3,9< 3,2< 2,7< ɺʦʜʦʩʧʘʜʥʠʡ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʘʙʘʨʠʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʠ, ʫ ʤʘʰʠʥʽ ʟ 

ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʝʥʦʶ ʻʤʢʽʩʪʶ ʟʤʽʥʘ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʰʝ, ʥʽʞ ʧʨʠ "ʙʘʟʦʚʦʤʫ" ʪʠʧʦʨʦʟʤʽʨʫ ʤʘʰʠʥʠ ʪʘ 

ʥʘʚʧʘʢʠ. 

 

2.3.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʙʘʟʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ 

 ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʚʚʝʜʝʥʠʭ ʧʨʠʧʫʱʝʥʴ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʪʝʥʜʽ ʤʘʰʠʥʠ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʠʧʦʨʦʟʤʽʨʫ ʟ ʤʘʩʰʪʘʙʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ n=1, ʬʦʪʦ ʷʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.19. 

 ʈʦʙʦʯʘ ʻʤʢʽʩʪʴ ʙʫʣʘ ʟʘʧʦʚʥʝʥʘ ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʫ ʤʘʩʫ, ʬʦʨʤʫ ʪʘ ʨʦʟʤʽʨ ʥʘ 40% ʩʫʤʘʨʥʦʶ ʤʘʩʦʶ 0,7 ʢʛ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʙʘʨʘʙʘʥʽ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʠ 

ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1,1 ʜʦ 6 ʨʘʜ/ʩ. 

ɿʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ ʰʚʠʜʢʽʩʥʦʾ ʚʽʜʝʦʟʡʦʤʢʠ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʢʨʽʟʴ 

ʧʨʦʟʦʨʽ ʩʪʽʥʢʠ ʻʤʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʝʦʢʘʤʝʨʠ, ʚʩʪʘʥʦʚʣʝʥʦʾ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ. ʅʘ ʦʩʥʦʚʽ ʩʧʦʚʽʣʴʥʝʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʚʽʜʝʦʟʘʧʠʩʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʟʘʣʝʞʥʽʩʪʴ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ 

ʚʘʣʫ ʤʘʰʠʥʠ. 

 

 
ʈʠʩ. 2.19. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʤʘʰʠʥʠ 
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 ʇʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚ 1,1 ʨʘʜ/ʩ ʨʝʞʠʤ ʨʫʭʫ ʙʫʚ 

ʢʘʩʢʘʜʥʠʤ, ʯʘʩʪʠʥʢʠ, ʧʽʜ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ, ʥʝ ʚʽʜʜʽʣʷʣʠʩʷ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ, ʘ 

ʧʝʨʝʢʦʯʫʚʘʣʠʩʷ ʪʘ ʧʨʦʢʦʚʟʫʚʘʣʠ ʧʦ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʘ ʦʜʥʘ ʚʽʜʥʦʩʥʦ 

ʽʥʰʦʾ. ʍʘʨʘʢʪʝʨ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.20. 

 

 
 

ʈʠʩ. 2.20. ʍʘʨʘʢʪʝʨ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚ 1,1 ʨʘʜ/ʩ 

 

 ʇʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚ 2,1 ʨʘʜ/ʩ ʚ ʢʘʩʢʘʜʥʦʤʫ ʨʝʞʠʤʽ ʧʦʯʘʣʠ 

ʧʨʦʷʚʣʷʪʠʩʷ ʧʝʨʰʽ ʦʟʥʘʢʠ ʚʦʜʦʩʧʘʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ, ʱʦ ʫʪʚʦʨʶʚʘʣʠʩʷ ʧʨʠ 

ʨʽʟʢʦʤʫ ʨʫʩʽ ʚʥʠʟ ʯʘʩʪʠʥʠ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʘʨʘʙʘʥʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʞʯʝ ʜʦ 

ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ. ɸ ʧʨʠ ʧʣʘʚʥʦʤʫ ʨʫʩʽ ʚʥʠʟ ʯʘʩʪʠʥʠ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʙʘʨʘʙʘʥʫ, ʷʢʘ ʟʥʘʭʦʜʠʣʘʩʴ ʙʣʠʞʯʝ ʜʦ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, ʟʘʣʠʰʘʚʩʷ 

ʢʘʩʢʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ. ʗʚʥʦ ʜʦʤʽʥʫʶʯʠʤ ʙʫʚ ʢʘʩʢʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʠʡ ʨʝʞʠʤ ʨʫʭʫ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʟʤʽʰʘʥʠʡ ʢʘʩʢʘʜʥʦ-

ʚʦʜʦʩʧʘʜʥʠʡ. 

 ɼʦʙʨʝ ʚʠʨʘʞʝʥʝ ʧʦʻʜʥʘʥʥʷ ʜʚʦʭ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚ 3,2 ʨʘʜ/ʩ. ɼʦ ʪʦʨʮʷ ʻʤʢʦʩʪʽ, ʷʢʠʡ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʙʣʠʞʯʝ ʜʦ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʩʠʧʢʠʡ ʤʘʩʠʚ ʨʫʭʘʚʩʷ ʟ 

ʚʽʜʨʠʚʦʤ ʚʽʜ ʩʪʽʥʦʢ, ʨʝʘʣʽʟʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʦʜʦʩʧʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ, ʘ ʚ 

ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʽ ʩʠʧʢʠʡ ʤʘʩʠʚ ʱʝ ʥʝ ʟʜʘʪʝʥ ʙʫʚ ʧʝʨʝʡʪʠ ʜʦ ʩʪʘʥʫ ʚʽʣʴʥʦʛʦ 

ʧʦʣʴʦʪʫ ʯʘʩʪʠʥʦʢ, ʪʦʤʫ ʟʘʣʠʰʘʚʩʷ ʚʩʝ ʱʝ ʢʘʩʢʘʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ. ɿʘʛʘʣʴʥʠʡ 

ʨʝʞʠʤ ʨʫʭʫ ʻ ʟʤʽʰʘʥʠʤ ʟ ʦʜʥʘʢʦʚʠʤ ʧʨʦʷʚʦʤ ʷʢ ʢʘʩʢʘʜʥʦʛʦ ʪʘʢ ʽ ʚʦʜʦʩʧʘʜʥʦʛʦ 

ʨʝʞʠʤʽʚ. ʅʘ ʨʠʩ. 2.21 ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʘʨʘʢʪʝʨ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʫ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʘʭ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ: ʘ) ʜʦ ʪʦʨʮʷ ʻʤʢʦʩʪʽ, ʷʢʠʡ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʙʣʠʞʯʝ ʜʦ ʚʝʜʝʥʦʛʦ ʚʘʣʫ, ʙ) ʜʦ ʪʦʨʮʷ ʻʤʢʦʩʪʽ, ʷʢʠʡ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʙʣʠʞʯʝ ʜʦ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ. 

  ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʜʦ 4,2 ʨʘʜ/ʩ ʨʝʞʠʤ ʨʫʭʫ 

ʩʪʘʚ ʤʘʡʞʝ ʚʦʜʦʩʧʘʜʥʠʤ, ʣʠʰʝ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʜʦ ʪʦʨʮʷ 

ʻʤʢʦʩʪʽ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʙʣʠʞʯʝ ʜʦ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʚʩʝ ʱʝ ʟʘʣʠʰʘʣʠʩʷ 

ʦʟʥʘʢʠ ʢʘʩʢʘʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ī ʮʝ ʟʤʽʰʘʥʠʡ ʚʦʜʦʩʧʘʜʥʦ-ʢʘʩʢʘʜʥʠʡ ʨʝʞʠʤ. 
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ʈʠʩ. 2.21. ʇʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʘʭ 

ʻʤʢʦʩʪʽ 

 ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚ 5,3 ʨʘʜ/ʩ ʨʝʞʠʤ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ ʩʪʘʚ ʧʨʘʢʪʠʯʥʦ ʚʦʜʦʩʧʘʜʥʠʤ, ʩʠʧʢʠʡ ʤʘʩʠʚ ʧʽʜ 

ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʥʽʩʪʶ ʚʽʜʨʠʚʘʚʩʷ ʚʽʜ ʩʪʽʥʢʠ ʻʤʢʦʩʪʽ. ʊʠʤ ʥʝ ʤʝʥʰ, 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʨʽʟʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʚʽʜ 

ʦʜʥʦʛʦ ʪʦʨʮʷ ʻʤʢʦʩʪʽ ʜʦ ʧʨʦʪʠʣʝʞʥʦʛʦ ʪʘ ʥʘʚʧʘʢʠ. ʍʘʨʘʢʪʝʨ ʧʝʨʝʤʽʱʝʥʥʷ 

ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚ 5,3 ʨʘʜ/ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.22. 

 

 
ʈʠʩ. 2.22. ʍʘʨʘʢʪʝʨ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚ 5,3 ʨʘʜ/ʩ 

 

 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʦʧʝʨʝʜʥʶ ʚʩʪʘʥʦʚʣʝʥʫ 

ʛʨʘʜʘʮʽʶ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʝʞʠʤʫ 

ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʘ ʪʘʢʦʞ, ʱʦ ʩʠʧʢʝ 

ʩʝʨʝʜʦʚʠʱʝ ʚ ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʽ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʙʫʜʝ ʨʫʭʘʪʠʩʷ ʟ 

ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʤʽʞ ʧʨʦʪʠʣʝʞʥʠʤʠ ʪʦʨʮʷʤʠ ʫ ʟʫʩʪʨʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʽʥʰʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʚʽʜʙʫʚʘʚʩʷ 

ʧʣʘʚʥʦ ʪʘ ʧʦʩʪʫʧʦʚʦ. 

 

2.3.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚ 

ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ 

ʯʘʩʪʠʥʢʠ ʧʨʠ ʾʾ ʨʫʩʽ ʨʘʟʦʤ ʟ ʩʠʧʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʫ ʮʠʣʽʥʜʨʠʯʥʽʡ ʻʤʢʦʩʪʽ. 

ɻʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʯʘʩʪʠʥʦʢ ī ʩʬʝʨʠʯʥʘ; ʜʽʘʤʝʪʨ d=8ʤʤ; ʤʘʩʘ m=0,0004 ʢʛ; 
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ʟʘʧʦʚʥʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ å 35%; ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ī 1500ʰʪʫʢ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚ ī 1,1; 2,1; 

4,2; 6,3 ʨʘʜ/ʩ ʟʘ 9 ʧʦʚʥʠʭ ʦʙʝʨʪʽʚ. ʊʨʘʻʢʪʦʨʽʷ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ 

ʚʠʟʥʘʯʘʣʘʩʷ ʚʽʜʥʦʩʥʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ (x,y,z), ʷʢʘ ʫʤʦʚʥʦ ʥʝʨʫʭʦʤʦ 

ʟʘʢʨʽʧʣʝʥʘ ʚ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ. ʇʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʆ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʩʝʨʝʜʠʥʽ 

ʚʽʩʽ ʻʤʢʦʩʪʽ, ʚʽʩʴ ʭ ʩʧʽʚʧʘʜʘʻ ʟ ʚʽʩʩʶ ʻʤʢʦʩʪʽ, ʘ ʾʾ ʜʦʜʘʪʥʽʡ ʥʘʧʨʷʤʦʢ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʙʽʢ ʪʦʨʮʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʚʝʜʝʥʦʛʦ 

ʚʘʣʫ, ʚʩʽ ʦʩʽ ʚʟʘʻʤʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʤʽʞ ʩʦʙʦʶ. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʯʘʩʪʠʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.23. 

 
ʈʠʩ. 2.23. Cʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʯʘʩʪʠʥʢʠ 

 

ʇʨʦʟʦʨʘ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʙʫʣʘ ʟʘʧʦʚʥʝʥʘ ʯʘʩʪʠʥʢʘʤʠ ʦʜʥʘʢʦʚʦʾ ʬʦʨʤʠ ʪʘ 

ʨʦʟʤʽʨʫ ʥʘ 35%, ʧʨʠ ʯʦʤʫ, ʦʜʥʘ ʟ ʯʘʩʪʠʥʦʢ, ʧʽʜʩʚʽʯʫʚʘʣʘʩʷ ʩʚʽʪʣʦʜʽʦʜʦʤ, ʱʦ 

ʜʘʚʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʾʾ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʚ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ. ʅʘʚʽʪʴ, ʚ 

ʪʠʭ ʤʦʤʝʥʪʘʭ, ʢʦʣʠ ʯʘʩʪʠʥʢʘ ʟʥʘʭʦʜʠʣʘʩʴ ʥʝ ʚ ʧʦʣʽ ʟʦʨʫ, ʧʝʨʝʙʫʚʘʶʯʠ ʧʽʜ 

ʰʘʨʦʤ ʽʥʰʠʭ ʯʘʩʪʠʥʦʢ, ʚʽʜʥʦʩʥʦ ʪʦʯʥʝ ʤʽʩʮʝ ʾʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʩʝ-ʦʜʥʦ ʙʫʣʦ 

ʚʽʜʦʤʝ, ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʧʨʦʤʝʥʽ ʚʽʜ ʩʚʽʪʣʦʜʽʦʜʘ ʧʨʦʙʠʚʘʣʠʩʷ ʢʨʽʟʴ ʰʘʨ ʽʥʰʠʭ 

ʯʘʩʪʠʥʦʢ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʧʦʚʝʨʭʥʶ ʧʨʦʟʦʨʦʾ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʙʫʣʘ ʥʘʥʝʩʝʥʘ 

ʨʦʟʤʽʪʢʘ, ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʷʢʫ ʤʦʞʥʘ ʙʫʣʦ ʚʩʪʘʥʦʚʠʪʠ, ʥʘ ʷʢʽʡ ʚʽʜʩʪʘʥʽ 

ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʬʽʢʩʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ (x,y,z) ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʧʝʨʝʙʫʚʘʻ ʧʽʜʩʚʽʯʫʚʘʥʘ ʯʘʩʪʠʥʢʘ. ʅʘ ʨʠʩ. 2.24 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʝʢʽʣʴʢʘ ʧʦʣʦʞʝʥʴ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʽʟ ʟʘʚʘʥʪʘʞʝʥʠʤ ʩʠʧʢʠʤ ʤʘʩʠʚʦʤ ʪʘ ʯʘʩʪʠʥʢʦʶ, ʱʦ 

ʧʽʜʩʚʽʯʫʚʘʣʘʩʷ, ʜʣʷ ʷʢʦʾ ʚʠʟʥʘʯʘʣʘʩʷ ʪʨʘʻʢʪʦʨʽʷ ʧʝʨʝʤʽʱʝʥʥʷ. 
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ʈʠʩ. 2.24. ʇʦʣʦʞʝʥʥʷ ʻʤʢʦʩʪʽ ʽʟ ʟʘʚʘʥʪʘʞʝʥʠʤ ʤʘʩʠʚʦʤ ʪʘ ʯʘʩʪʠʥʢʦʶ, ʱʦ 

ʧʽʜʩʚʽʯʫʻʪʴʩʷ 

 

ʇʨʦʮʝʩ ʧʝʨʝʤʽʱʝʥʥʷ ʚʤʽʩʪʫ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚʽʜʟʥʷʪʠʡ ʜʚʦʤʘ 

ʚʽʜʝʦʢʘʤʝʨʘʤʠ ʦʜʥʦʯʘʩʥʦ. ʆʙ'ʻʢʪʠʚ ʧʝʨʰʦʾ ʚʽʜʝʦʢʘʤʝʨʠ ʙʫʚ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʦʙ'ʻʢʪʠʚ ʜʨʫʛʦʾ ī ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ. ʊʨʘʻʢʪʦʨʽʾ 

ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ x, y ʪʘ z ʟʘ 9 

ʧʦʚʥʠʭ ʦʙʝʨʪʽʚ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.25 (ʘ, ʙ, ʚ) 

ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩ. 2.25. ʊʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚ ʻʤʢʦʩʪʽ ʚʽʜʥʦʩʥʦ ʦʩʝʡ x, y, z 

 

 ʈʫʭ ʯʘʩʪʠʥʢʠ ʙʫʚ ʨʠʪʤʽʯʥʠʤ ʪʘ ʧʫʣʴʩʫʶʯʠʤ. ʏʘʩʪʠʥʢʘ ʚʽʜʥʦʩʥʦ 

ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟʘʣʠʰʘʣʘʩʷ ʩʪʘʮʽʦʥʘʨʥʦʶ ʧʦʙʣʠʟʫ ʢʦʞʥʦʛʦ ʪʦʨʮʷ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʟ ʥʘʩʪʫʧʥʠʤ ʰʚʠʜʢʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ. ʇʨʠ ʧʝʨʝʤʽʱʝʥʥʽ 

ʯʘʩʪʠʥʢʘ ʧʦʚʝʨʪʘʣʘʩʷ ʤʘʡʞʝ ʚ ʪʽ ʞ ʩʘʤʽ ʧʦʯʘʪʢʦʚʽ ʧʦʟʠʮʽʾ. ʆʩʴʦʚʘ ʩʢʣʘʜʦʚʘ 

ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚʟʜʦʚʞ ʚʽʩʽ ʭ (ʚʣʽʚʦ-ʚʧʨʘʚʦ) ʚʽʜʙʫʚʘʣʦʩʷ ʜʚʽʯʽ ʟʘ ʦʜʠʥ 

ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ. ʇʨʠ ʨʫʩʽ ʚʽʜʥʦʩʥʦ ʦʩʝʡ y ʪʘ z, ʧʨʷʤʽ ʪʘ ʟʚʦʨʦʪʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤʠ ʧʝʨʽʦʜʘʤʠ ʩʧʦʢʦʶ, 

ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ ʟ ʾʾ ʧʦʚʝʨʥʝʥʥʷʤ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʤʽʩʮʷ ʜʠʩʣʦʢʘʮʽʾ 

ʚʽʜʙʫʚʘʣʦʩʷ ʣʠʰʝ ʦʜʠʥ ʨʘʟ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ.  

 ʇʦʨʽʚʥʶʶʯʠ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ ʚʽʜʥʦʩʥʦ 

ʪʨʴʦʭ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ, ʤʦʞʥʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʰʣʷʭ, ʧʦʜʦʣʘʥʠʡ ʯʘʩʪʠʥʢʦʶ 

ʚʽʜʥʦʩʥʦ ʚʽʩʽ ʭ, ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʟʘ ʧʨʦʡʜʝʥʠʡ ʥʝʶ ʰʣʷʭ ʚʽʜʥʦʩʥʦ ʦʩʝʡ y ʪʘ z, ʘ 

ʦʪʞʝ, ʡ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʥʦʩʥʦ ʚʽʩʽ x ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʻ ʟʥʘʯʥʦ 

ʙʽʣʴʰʦʶ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʥʘʧʨʷʤʽ (ʚʽʜʥʦʩʥʦ 
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y ʪʘ z). ʇʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚ 1,1 ʨʘʜ/ʩ ʯʘʩʪʠʥʢʘ ʟʘʚʞʜʠ 

ʧʦʚʝʨʪʘʣʘʩʷ ʚ ʧʦʯʘʪʢʦʚʽ ʧʦʟʠʮʽʾ ʡ ʧʨʦʭʦʜʠʣʘ ʧʦʚʥʠʡ ʰʣʷʭ ʚʽʜʥʦʩʥʦ ʚʩʽʭ ʪʨʴʦʭ 

ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚ 2,1 ʨʘʜ/ʩ ʪʨʘʻʢʪʦʨʽʷ 

ʨʫʭʫ ʯʘʩʪʠʥʢʠ ʧʦʯʘʣʘ ʟʤʽʱʘʪʠʩʷ ʚ ʜʦʜʘʪʥʦʤʫ ʥʘʧʨʷʤʽ ʚʽʜʥʦʩʥʦ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʚʽʩʽ y. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʜʦ 4,2 ʨʘʜ/ʩ ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʯʘʩʪʠʥʢʠ 

ʟʥʘʯʥʦ ʟʤʽʥʠʣʘʩʷ. ɰʾ ʩʫʤʘʨʥʠʡ ʧʨʦʡʜʝʥʠʡ ʰʣʷʭ ʟʤʝʥʰʠʚʩʷ. ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ 

ʧʽʩʣʷ ʪʨʴʦʭ ʦʙʝʨʪʽʚ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʟʤʽʩʪʠʣʘʩʷ ʚ ʜʦʜʘʪʥʴʦʤʫ ʥʘʧʨʷʤʽ ʚʽʜʥʦʩʥʦ 

ʚʽʩʽ z ʪʘ ʫ. ʇʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚ 6,3 ʨʘʜ/ʩ ʪʨʘʻʢʪʦʨʽʷ ʟʥʦʚʫ ʩʪʘʙʽʣʽʟʫʚʘʣʘʩʷ ʪʘ 

ʩʪʘʣʘ ʧʦʜʽʙʥʦʶ ʜʦ ʪʨʘʻʢʪʦʨʽʾ ʧʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚ 2,1 ʨʘʜ/ʩ. ʏʘʩʪʠʥʢʘ 

ʪʨʠʚʘʣʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʤʝʞʘʭ ʪʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʱʦ ʻ 

ʙʣʠʞʯʦʶ ʜʦ ʚʝʜʝʥʦʛʦ ʚʘʣʫ, ʧʦʪʽʤ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʜʦ ʧʨʦʪʠʣʝʞʥʦʾ ʯʘʩʪʠʥʠ 

ʻʤʢʦʩʪʽ ʪʘ ʤʘʡʞʝ ʤʠʪʪʻʚʦ ʧʦʚʝʨʪʘʣʘʩʷ ʥʘʟʘʜ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʧʨʠʩʢʦʨʝʥʠʤ ʨʫʭʦʤ 

ʚʥʠʟ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʚʝʜʝʥʦʛʦ ʚʘʣʫ. ɺ 

ʙʘʟʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʙʣʠʞʯʝ 

ʜʦ ʚʝʜʝʥʦʛʦ ʚʘʣʫ, ʨʫʭʘʻʪʴʩʷ ʟʽ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʥʽʞ ʧʨʦʪʠʣʝʞʥʘ. 

ʉʠʧʢʠʡ ʤʘʩʠʚ ʟʘ ʨʘʭʫʥʦʢ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʦʨʽʻʥʪʘʮʽʾ ʯʘʩʪʠʥʠ ʻʤʢʦʩʪʽ ʚ ʧʨʦʩʪʦʨʽ 

ʙʫʜʝ ʧʝʨʝʤʽʱʘʪʠʩʷ ʟ ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʤʽʞ ʾʾ ʪʦʨʮʷʤʠ ʚ ʧʨʦʪʠʣʝʞʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʘ ʧʨʠʩʢʦʨʝʥʠʡ ʨʫʭ 

ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʟʜʘʪʝʥ ʚʠʢʣʠʢʘʪʠ ʟʥʘʯʥʽ ʩʠʣʠ ʽʥʝʨʮʽʾ, ʱʦ ʙʫʜʫʪʴ ʜʽʷʪʠ 

ʥʘ ʩʠʧʢʝ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ. ʍʘʨʘʢʪʝʨ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʚʦʜʦʩʧʘʜʥʦʛʦ, ʘ ʪʘʢʦʞ ʟʤʽʰʘʥʦʛʦ 

ʚʦʜʦʩʧʘʜʥʦ-ʢʘʩʢʘʜʥʦʛʦ ʨʝʞʠʤʽʚ ʨʫʭʫ ʙʫʜʝ ʜʦʚʦʣʽ "ʛʨʫʙʠʤ" ʪʘ ʧʨʠʜʘʪʥʠʤ ʜʣʷ 

ʚʽʜʥʦʩʥʦ ʚʫʟʴʢʦʛʦ ʩʧʝʢʪʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ 

ʥʘ ʜʘʥʽʡ ʤʘʰʠʥʽ. ɹʘʟʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʰʠʥʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʜʣʷ ʧʨʦʮʝʩʽʚ ʚʽʜʜʽʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ 

ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ.  

 

2.4. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ, ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʷʢʦʾ ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ 

2.4.1. ɺʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

 ɿ ʤʝʪʦʶ ʨʦʟʰʠʨʝʥʥʷ ʤʝʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʤʦʞʣʠʚʽʩʪʶ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʣʠʰʝ ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ, ʘ ʡ 

ʜʣʷ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʩʫʪʴ ʷʢʠʭ ʧʦʣʷʛʘʻ ʫ ʰʣʽʬʫʚʘʥʥʽ ʪʘ ʧʦʣʽʨʫʚʘʥʥʽ ʾʭ 

ʧʦʚʝʨʭʥʽ, ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʙ "ʜʝʣʽʢʘʪʥʠʡ" ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʫʥʝʤʦʞʣʠʚʣʶʚʘʣʦ ʚʠʥʠʢʥʝʥʥʷ ʷʚʠʱʘ "ʫʜʘʨʫ" ʧʦ ʧʦʚʝʨʭʥʽ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʾʭ ʟʽʪʢʥʝʥʥʽ ʤʽʞ ʩʦʙʦʶ ʪʘ ʩʪʽʥʢʘʤʠ 

ʻʤʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʶʚʘʣʦ ʙ ʫʤʦʚʠ ʜʣʷ ʦʜʥʘʢʦʚʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʧʨʦʪʠʣʝʞʥʠʤʠ ʪʦʨʮʷʤʠ ʻʤʢʦʩʪʽ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ.  

 ɼʦʩʷʛʥʫʪʠ ʪʘʢʠʭ ʢʨʠʪʝʨʽʾʚ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʥʽʚʝʣʶʚʘʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ 

ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʦʢ, ʢʦʪʨʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʮʝʥʪʨʽ ʪʦʨʮʽʚ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ [113]. ɺʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʨʝʘʣʽʟʘʮʽʾ ʮʠʢʣʽʯʥʦʾ ʟʤʽʥʠ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʝʜʫʯʦʛʦ ʪʘ 

ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ ʤʘʰʠʥʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʾʭ ʝʢʩʪʨʝʤʫʤʠ ʟʥʘʭʦʜʠʣʠʩʷ ʚ 
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ʧʨʦʪʠʬʘʟʽ ʟ ʦʜʥʘʢʦʚʠʤ ʘʤʧʣʽʪʫʜʥʠʤ ʟʥʘʯʝʥʥʷʤ. ɺʩʪʘʥʦʚʠʤʦ ʥʝʦʙʭʽʜʥʠʡ ʟʘʢʦʥ 

ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɸʇʈ 

SolidWorks ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʾʾ ʢʦʥʩʪʨʫʢʮʽʾ.  

 ʋ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʚʘʣʠ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʪʘ ʧʘʨʘʣʝʣʴʥʦ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʘ ʟʤʝʥʰʝʥʥʷʤ ʜʽʘʧʘʟʦʥʫ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ. ɺʠʟʥʘʯʘʣʠ ʤʦʤʝʥʪ, ʢʦʣʠ ʾʭ ʝʢʩʪʨʝʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʩʪʘʥʫʪʴ ʨʽʚʥʠʤʠ ʤʽʞ ʩʦʙʦʶ. ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ 

SolidWorks ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʧʨʠʡʤʘʣʠ  

ʨʘʜ/ʩʩ 6,3=ʩʝʨw . ɿʘ ʢʫʪ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʷʢʠʡ ʨʽʚʥʠʡ ʥʫʣʶ ʛʨʘʜʫʩʽʚ ʧʨʠʡʥʷʪʦ 

ʪʘʢʝ ʧʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʚʽʩʴ ʢʨʽʧʣʝʥʥʷ ʚʝʜʫʯʦʾ 

ʚʠʣʢʠ ʜʦ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʻ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ. ʅʘʙʽʨ ʢʨʠʚʠʭ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʟʤʽʥʫ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʟʘ ʦʜʠʥ ʾʭ ʧʦʚʥʠʡ ʦʙʝʨʪ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.26. 

 

 
 ʈʠʩ. 2.26. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʚʽʜ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, ʜʝ 
ʚʝʜʫʯ

51-w , ʚʝʜʝʥ

51-w  ī ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ ʚʽʜʧʦʚʽʜʥʦ (ʥʠʞʥʽʡ 

ʽʥʜʝʢʩ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʠ ʚʽʜ 1-ʛʦ ʜʦ 5-ʪʠ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʮʠʤʠ 

ʢʫʪʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ) 

 

ʊʘʢ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

ʟ ʜʽʘʧʘʟʦʥʦʤ [ ] ʩʨʘʜʚʝʜʫʯ /4,82,45 ·=w , ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʦ ʥʴʦʛʦ ʩʪʘʚ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ [ ] ʩʨʘʜʚʝʜʝʥ /4,82,45 ·=w .  

ɻʨʘʥʠʯʥʽ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʝʜʫʯʦʛʦ ʪʘ 

ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʤʘʢʩʠʤʘʣʴʥʽ ʢʫʪʦʚʽ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣʠʮʷʭ 2.3-ʘ ʪʘ 2.3-ʙ. 

 

 

 

 

ʊʘʙʣʠʮʷ 2.3-ʘ 
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ʊʘʙʣʠʮʷ 2.3-ʙ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʝʜʫʯʦʤʫ ʚʘʣʫ ʤʘʰʠʥʠ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʢʦʥ 

ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ: 

,
2

2sin ö
÷

õ
æ
ç

å
+-=
p

jwww ʘʤʧʣʩʝʨ

ʚʝʜʫʯ     (2.32) 

ʜʝ j ī ʢʫʪ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, [ʨʘʜ]; 
ʘʤʧʣw  ī ʮʝ ʨʽʟʥʠʮʷ ʧʦ ʤʦʜʫʣʶ 

ʤʽʞ ʝʢʩʪʨʝʤʫʤʘʤʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʾʾ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ, [ʨʘʜ/ʩ].  

 ɿʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʙʫʜʝ ʦʙʝʨʥʝʥʠʤ ʜʦ ʟʘʢʦʥʫ 

ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʪʘ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

.
2

2sin ö
÷

õ
æ
ç

å
++=
p

jwww ʘʤʧʣʩʝʨ

ʚʝʜʝʥ
    (2.33) 

 ʇʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ (2.32) ʥʘ ʚʝʜʫʯʦʤʫ 

ʚʘʣʫ, ʢʫʪʦʚʽ ʧʨʠʩʢʦʨʝʥʥʷ ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ ʩʪʘʣʠ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʠʤʠ 

ʤʽʞ ʩʦʙʦʶ. ʊʘʢʦʞ ʟʥʠʢʣʘ ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʧʦʚʥʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʦʢ ɸ ʪʘ ɺ: 9,11maxmax == BA aa [ʤ/ʩ2]. ɸʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʥʴ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 
ʘʤʧʣw  ʜʣʷ ʾʾ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʨʘʜ/ʩ 6,3=ʩʝʨw  ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʷʢ: 

ɺʝʜʫʯʠʡ ʚʘʣ 

ɿʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ 

ɼʽʘʧʘʟʦʥ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ, 

[ʨʘʜ/ʩ] 

ʄʘʢʩʠʤʘʣʴʥʝ 

ʢʫʪʦʚʝ ʧʨʠʩʢʦʨ., 

[ʨʘʜ/ʩ2] 

 3,61 ==constʚʝʜʫʯw  01 =ʚʝʜʫʯe  
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jww ʩʝʨ

ʚʝʜʫʯ  
[ ]8,68,52 ·=ʚʝʜʫʯw  3,62 =ʚʝʜʫʯe  
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jww ʩʝʨ

ʚʝʜʫʯ  
[ ]3,72,53 ·=ʚʝʜʫʯw  6,123 =ʚʝʜʫʯe  
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jww ʩʝʨ

ʚʝʜʫʯ  
[ ]9,77,44 ·=ʚʝʜʫʯw  8,184 =ʚʝʜʫʯe  
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+-=
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2sin15

p
jww ʩʝʨ

ʚʝʜʫʯ  [ ]4,82,45 ·=ʚʝʜʫʯw  7,255 =ʚʝʜʫʯe  

ɺʝʜʝʥʠʡ ʚʘʣ 

ɼʽʘʧʘʟʦʥ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, 

invw ,[ʨʘʜ/ʩ] 

ʄʘʢʩʠʤʘʣʴʥʝ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ, 

[ʨʘʜ/ʩ2] 

[ ]6,121,31 ·=ʚʝʜʝʥw  2,841 =ʚʝʜʝʥe  

[ ]5,114,32 ·=ʚʝʜʝʥw  3,662 =ʚʝʜʝʥe  

[ ]5,107,33 ·=ʚʝʜʝʥw  4,523 =ʚʝʜʝʥe  

[ ]4,99,34 ·=ʚʝʜʝʥw  2,384 =ʚʝʜʝʥe  

[ ]4,82,45 ·=ʚʝʜʝʥw  1,285 =ʚʝʜʝʥe  
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,/1,2
2

2,44,8

2

minmax ʩʨʘʜ
ʚʝʜʫʯʚʝʜʫʯ

ʘʤʧʣ =
-

=
-

=
ww

w                   (2.34) 

ʜʝ ʚʝʜʫʯmaxw  ʪʘ ʚʝʜʫʯ
minw  ī ʚʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʘʢʦʥʫ ʟʤʽʥʠ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʾʾ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʨʘʜ/ʩ 6,3=ʩʝʨw . 

 ɺʠʟʥʘʯʝʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʧʦʚʠʥʝʥ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʷ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 
ʩʝʨw : 

.
2

minmax

ʚʝʜʫʯʚʝʜʫʯ

ʩʝʨ

ww
w

+
=          (2.35) 

 ɺʩʪʘʥʦʚʠʤʦ ʢʦʝʬʽʮʽʻʥʪʠ kmax ʪʘ kmin, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʩʫʤʠ 

ʝʢʩʪʨʝʤʫʤʽʚ ʥʝʦʙʭʽʜʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʘ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʝʢʩʪʨʝʤʫʤʽʚ ʮʴʦʛʦ ʞ ʟʘʢʦʥʫ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ: 

.3
2,4

2,44,8

min

minmax
min =

+
=

+
=

ʚʝʜʫʯ

ʚʝʜʫʯʚʝʜʫʯ

k
w

ww
                 (2.36) 

.5,1
4,8

2,44,8

max

minmax
max =

+
=

+
=

ʚʝʜʫʯ

ʚʝʜʫʯʚʝʜʫʯ

k
w

ww
    (2.37) 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʟʥʘʯʝʥʴ 
ʩʝʨw , ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʚʠʨʘʟʘʭ (2.36) ʪʘ (2.37), ʟʘʣʠʰʠʣʠʩʷ ʥʝʟʤʽʥʥʠʤʠ. 

ɺʦʥʠ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ. ɺʠʨʘʟʠʤʦ ʟ ʬʦʨʤʫʣ (2.36) ʪʘ (2.37), ʚʨʘʭʦʚʫʶʯʠ ʚʠʨʘʟ 

(2.35), ʟʥʘʯʝʥʥʷ ʚʝʜʫʯ

minw  ʪʘ ʚʝʜʫʯmaxw  ʚʽʜʧʦʚʽʜʥʦ: 

.
3

2
min

ʩʝʨʚʝʜʫʯ
w

w =            (2.38) 

.
3

4
max

ʩʝʨʚʝʜʫʯ
w

w =            (2.39) 

 ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣʠ (2.34), ʚʠʨʘʟ (2.32), ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 
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2sin
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ʚʝʜʫʯʚʝʜʫʯ

ʩʝʨ

ʚʝʜʫʯ       (2.40) 

 ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʬʦʨʤʫʣ (2.38) ʪʘ (2.39) ʫ ʚʠʨʘʟ (2.40), ʦʪʨʠʤʘʻʤʦ: 
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2sin
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ww

ʩʝʨ

ʩʝʨ

ʚʝʜʫʯ                      (2.41) 

 ɺʠʨʘʟ (2.41) ʦʧʠʩʫʻ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

ʤʘʰʠʥʠ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʮʠʢʣʽʯʥʫ ʟʤʽʥʫ ʢʫʪʦʚʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ ʟ ʝʢʩʪʨʝʤʫʤʘʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʧʨʦʪʠʬʘʟʽ ʟ ʦʜʥʘʢʦʚʠʤʠ ʘʤʧʣʽʪʫʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʠʨʽʚʥʶʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʥʘʯʝʥʥʷ ʧʦʚʥʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʦʢ ɸ 

ʪʘ ɺ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ʊʘʢ ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʜʥʘʢʦʚʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʘ ʜʣʷ 

ʦʜʥʘʢʦʚʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʧʨʦʪʠʣʝʞʥʠʤʠ 

ʪʦʨʮʤ̫ʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʫ ʟʫʩʪʨʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

 ɺʩʪʘʥʦʚʠʤʦ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʝʜʫʯʦʛʦ ʚʘʣʫ. ɺʽʜʦʤʦ, ʱʦ 

ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʻ ʧʝʨʰʦʶ ʧʦʭʽʜʥʦʶ ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. 

ʇʨʦʜʠʬʝʨʝʥʮʽʶʻʤʦ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʦʜʥʘʢ, ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ 
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ʪʝ, ʱʦ ʫ ʚʠʨʘʟʽ (2.32) ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʥʴ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 
ʘʤʧʣw  

ʚʠʟʥʘʯʝʥʦ ʜʣʷ ʾʾ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 
ʩʝʨw .  

 ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʚʝʜʫʯ

minw  ʜʦ ʚʝʜʫʯ
maxw , 

ʱʦ ʻ ʙʽʣʴʰʠʤʠ ʚʽʜ ʥʫʣʷ, ʘ ʦʪʞʝ ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʫ ʟʤʽʥʠ 

ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʧʦʚʠʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʩʫʤʫ 

ʟʥʘʯʝʥʴ ʾʾ ʝʢʩʪʨʝʤʫʤʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʦʪʨʠʤʘʻʤʦ ʜʽʡʩʥʝ ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷɼ

ʘʤʧʣw : 

 .minmax

ʚʝʜʫʯʚʝʜʫʯɼ

ʘʤʧʣ www +=                                      (2.42) 

 ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ (2.42) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣ (2.38) ʪʘ (2.39): 

.2
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2

3

4
ʩʝʨ

ʩʝʨʩʝʨɼ

ʘʤʧʣ w
ww

w =+=                   (2.43) 

 ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ (2.43) ʫ ʨʽʚʥʷʥʥʷ (2.32) ʟʘʤʽʩʪʴ 
ʘʤʧʣw  : 
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ʚʝʜʫʯ
                     (2.44) 

 ɿʘʧʠʰʝʤʦ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, 

ʧʨʦʜʠʬʝʨʝʥʮʽʶʚʘʚʰʠ ʨʽʚʥʷʥʥʷ (2.44): 
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jwwe ʩʝʨʩʝʨʩʝʨ

ʚʝʜʫʯ

d

d
          (2.45) 

 ʄʘʢʩʠʤʘʣʴʥʝ ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʷʢ: 

.4 ʩʝʨ

ʚʝʜʫʯMAXwe -=      (2.46) 

 ɺʽʜʧʦʚʽʜʥʦ, ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʙʫʜʝ 

ʦʙʝʨʥʝʥʠʤ ʜʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ: 
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jwe ʩʝʨ

ʚʝʜʝʥ
             (2.47) 

 ʇʝʨʝʚʽʨʠʤʦ ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʘʢʦʥʫ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʢʣʘʜʽ, 

ʧʽʜʩʪʘʚʠʚʰʠ ʨʘʜ/ʩ 6,3=ʩʝʨw  ʫ ʨʽʚʥʷʥʥʷ (2.45) ʪʘ ʧʦʨʽʚʥʷʚʰʠ ʟ ʦʪʨʠʤʘʥʠʤ ʛʨʘʬʽʢʦʤ 

ʟʤʽʥʠ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɸʇʈ SolidWorks.  

 ʅʘ ʨʠʩ. 2.27 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʝʜʫʯʦʛʦ 

ʚʘʣʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. 
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ʈʠʩ. 2.27. ɻʨʘʬʽʢ ʟʤʽʥʠ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

 

 

2.4.2. ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʫʭʫ ʫ ʻʤʢʦʩʪʽ ʤʘʰʠʥʠ, ʚ ʷʢʽʡ ʚʝʜʫʯʠʡ 

ʚʘʣ ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʥʝʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 

 ɺʩʪʘʥʦʚʠʤʦ ʟʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ Aamax  

ʪʘ Bamax , ʚʽʜ ʧʨʦʧʦʨʮʽʡʥʦʾ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 5-ʪʠ ʪʠʧʦʨʦʟʤʽʨʽʚ 

ʤʘʰʠʥʠ ʜʣʷ ʨʽʟʥʠʭ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʧʨʦʚʽʚʰʠ 

ʢʽʥʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʉɸʇʈ SolidWorks. ʋʩʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʤʦʜʝʣʝʡ ʤʘʰʠʥʠ ʘʥʘʣʦʛʽʯʥʽ ʜʦ ʪʠʭ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʯʘʩʪʠʥʽ 2.3.2. ʊʘʢ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʦʢ ɸ ʪʘ ɺ 

ʩʧʽʚʧʘʜʘʶʪʴ ʤʽʞ ʩʦʙʦʶ. ʎʠʤ ʩʘʤʠʤ ʧʽʜʪʚʝʨʜʠʣʠʩʷ ʛʽʧʦʪʝʪʠʯʥʽ ʧʨʠʧʫʱʝʥʥʷ, ʷʢʽ 

ʥʘʚʝʜʝʥʽ ʚ ʧʦʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʱʦ: 

.maxmaxmax ABBA aaa ==              (2.48) 

 ɺ ʪʘʙʣʠʮʽ 2.4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ 
ABamax  ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʤʘʰʠʥʠ ʧʨʠ ʨʽʟʥʠʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʥʷʭ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ. 

ʊʘʙʣʠʮʷ 2.4 
ʉʝʨʝʜʥʻ 

ʟʥʘʯ.ʢʫʪ 

ʰʚʠʜʢ. 

ʚʝʜʫʯ. 

ʚʘʣʫ 

ɽʢʩʪʨʝʤ. 

ʟʥʘʯ. ʟʘʢʦʥʫ 

ʟʤʽʥʠ ʢʫʪ. 

ʰʚʠʜʢ. 

ʚʝʜʫʯ. ʚʘʣʫ  

"ɹʘʟʦʚʠʡ" 

ʪʠʧʦ-

ʨʦʟʤʽʨ 

ʤʘʰʠʥ, 

n=1 

ʊʠʧʦ- 

ʨʦʟʤʽʨ ʧʨʠ, 

 n =1,5 

 

ʊʠʧʦ-

ʨʦʟʤʽʨ ʧʨʠ, 

 n =2 

ʊʠʧʦ-

ʨʦʟʤʽʨ ʧʨʠ, 

 n=3 

ʊʠʧʦ-

ʨʦʟʤʽʨ ʧʨʠ,  

n=4 

 

ʩʝʨw , 

[ʨʘʜ/ʩ] 

[ ʚʝʜʫʯ

minw õ ʚʝʜʫʯ

maxw ], 

[ʨʘʜ/ʩ] 

ABamax

1
, 

[ʤ/ʩ2] 

ABamax

5,1
, 

[ʤ/ʩ2] 

ABamax

2
, 

[ʤ/ʩ2] 

ABamax

3
, 

[ʤ/ʩ2] 

ABamax

4
, 

[ʤ/ʩ2] 

0,5 [0,35õ0,7] 0,1 0,15 0,2 0,3     0,4 

1,1 [0,7õ1,4] 0,4 0,7 0,8 1,3 1,7 

2,1 [1,4õ2,8] 1,7 2,55 3,4 5,1 6,8 

3,2 [2,1õ4,2] 3,8 5,7 7,5 11,6 15,2 

4,2 [2,8õ5,6] 6,9 10,3 13,8 20,5 27,4 

5,3 [3,5õ7] 10,6 15,9 21 32 42,4 
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6,3 [4,2õ8,4] 15,2 22,8 30,1 46,1 60,8 

7,4 [4,9õ9,8] 21 31,5 41,5 63,8 84 

 

 ʇʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.4 ʟʥʘʯʝʥʥʷ ʟʦʙʨʘʟʠʤʦ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.28. 

 
ʈʠʩ. 2.28. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠʩʢʦʨʝʥʴ ABamax  ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯ

ʩʝʨw  ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʜʣʷ 5-ʪʠ ʪʠʧʦʨʦʟʤʽʨʽʚ ʤʘʰʠʥʠ 

 

 ʄʝʪʦʜʠʢʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʩʝʨʝʜʥʴʦʾ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʟʤʽʥʦʶ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʝʨʝʜʠʥʽ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʤʘʰʠʥʠ, ʚ ʷʢʽʡ ʚʝʜʫʯʠʡ ʚʘʣ ʦʙʝʨʪʘʻʪʴʩʷ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʟʘʢʦʥʦʤ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʻ ʘʥʘʣʦʛʽʯʥʦʶ ʜʦ ʪʽʻʾ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʯʘʩʪʠʥʽ 2.3.2. 

ʇʨʠʨʽʩʪ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠʩʢʦʨʝʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʢʚʘʜʨʘʪʠʯʥʦʶ ʬʫʥʢʮʽʻʶ: 

( ).
2max unka ʚʝʜʫʯ

ʩʝʨ

ABAB

n w=               (2.49) 

 ɼʣʷ "ʙʘʟʦʚʦʛʦ" ʪʠʧʦʨʦʟʤʽʨʫ ʤʘʰʠʥʠ: kɸɺå0,0043; 

 ɺʠʨʘʟʠʤʦ ʟ ʬʦʨʤʫʣʠ (2.49) ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʪʘ, 

ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʨʽʚʥʦʩʪʝʡ (2.23) ʪʘ (2.24), ʥʘʜʘʤʦ ʚʠʨʘʟʫ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ, ʟʘ ʷʢʠʤ ʩʪʘʻ ʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʟʤʽʥʽ ʨʝʞʠʤʽʚ ʨʫʭʫ cʝʨʝʜʦʚʠʱʘ: 

,
2unk

g
AB

ʚʝʜʫʯ

ʩʝʨɻʈɸʅxw =                  (2.50) 
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ʜʝ g ī ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, [ʤ/ʩ2]; ɝ ī ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʯʘʩʪʠʥʫ ʦʙ'ʻʤʫ (ʤʘʩʠ) ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʽʜʽʨʚʝʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʩʠʧʢʦʛʦ 

ʤʘʩʠʚʫ ʪʘ ʤʦʞʝ ʙʫʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0-ʣʷ ʜʦ 1-ʮʽ. 

 ɿʘ ʚʠʨʘʟʦʤ (2.50), ʚʩʪʘʥʦʚʣʝʥʦ ʩʝʨʝʜʥʽ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʟʤʽʥʽ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.5.  

ʊʘʙʣʠʮʷ 2.5 
ʚʝʜʫʯ

ʩʝʨw , 

[ʨʘʜ/ʩ] 

n=1 

ʚʝʜʫʯ

ʩʝʨw , 

[ʨʘʜ/ʩ] 

n=1,5 

ʚʝʜʫʯ

ʩʝʨw , 

[ʨʘʜ/ʩ] 

n=2 

ʚʝʜʫʯ

ʩʝʨw , 

[ʨʘʜ/ʩ] 

n=3 

ʚʝʜʫʯ

ʩʝʨw , 

[ʨʘʜ/ʩ] 

n=4 

ʈʝʞʠʤ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ  

0-3,6 0-2,9 0-2,6 0-2,1 0-1,8 ʂʘʩʢʘʜʥʠʡ 

3,6-4,3 2,9-3,5 2,6-3 2,1-2,5 1,8-2,15 ɿʤʽʰʘʥʠʡ (ʢʘʩʢʘʜʥʦ-

ʚʦʜʦʩʧʘʜʥʠʡ) 

4,3-5 3,5-4,1 3-3,5  2,5-2,9 2,15-2,5 ɿʤʽʰʘʥʠʡ (ʚʦʜʦʩʧʘʜ.-

ʢʘʩʢʘʜʥʠʡ) 

5< 4,1< 3,5< 2,9< 2,5< ɺʦʜʦʩʧʘʜʥʠʡ 

 

ɿʤʽʥʘ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʛʘʙʘʨʠʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʠ; ʫ ʤʘʰʠʥʽ ʟ ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʝʥʦʶ ʨʦʙʦʯʦʶ 

ʻʤʢʽʩʪʶ ʧʝʨʝʭʽʜ ʚʽʜ ʢʘʩʢʘʜʥʦʛʦ ʜʦ ʟʤʽʰʘʥʦʛʦ ʪʘ ʚʦʜʦʩʧʘʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ 

ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʰʝ, ʥʽʞ ʧʨʠ "ʙʘʟʦʚʦʤʫ" 

ʪʠʧʦʨʦʟʤʽʨʫ ʤʘʰʠʥʠ ʪʘ ʥʘʚʧʘʢʠ. ʂʦʥʩʪʨʫʢʮʽʶ ʤʘʰʠʥʠ, ʚ ʷʢʽʡ ʚʝʜʫʯʠʡ ʪʘ 

ʚʝʜʝʥʠʡ ʚʘʣʠ ʦʙʝʨʪʘʶʪʴʩʷ ʟʘ ʟʘʢʦʥʘʤʠ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘʢ, ʱʦ ʾʭ 

ʝʢʩʪʨʝʤʫʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʨʦʪʠʬʘʟʽ ʟ ʦʜʥʘʢʦʚʠʤ ʘʤʧʣʽʪʫʜʥʠʤ ʟʥʘʯʝʥʥʷʤ ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ 

ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ: ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ, ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʚʽʜ 

ʟʘʫʩʝʥʮʽʡ, ʟʘʜʠʨʦʢ, ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ, ʟʘʦʢʨʫʛʣʝʥʥʷ ʛʦʩʪʨʠʭ ʢʨʘʾʚ.  

 

2.4.3. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʧʨʠʚʦʜʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʘʣʽʟʘʮʽʶ 

ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

 ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ 

ʚʘʣʫ ʚʽʜʦʤʘ ʤʘʰʠʥʘ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ [114], ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʦʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʷʪʥʠʢʦʚʠʡ ʧʨʠʚʦʜ [115]. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʘʷʪʥʠʢʦʚʦʛʦ 

ʧʨʠʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.29. 

 ʄʘʷʪʥʠʢʦʚʠʡ ʧʨʠʚʦʜ ʤʽʩʪʠʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥ 1, ʥʘ ʚʘʣʫ ʷʢʦʛʦ ʟʘʢʨʽʧʣʝʥʠʡ 

ʰʢʽʚ d1 ʢʣʠʥʦʧʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ. ʅʘ ʚʝʜʫʯʦʤʫ ʚʘʣʫ 2 ʟʘʢʨʽʧʣʝʥʽ ʰʢʽʚ d2 ʪʘ 

ʟʽʨʦʯʢʘ Z3. ʅʘ ʧʨʦʤʽʞʥʦʤʫ ʚʘʣʫ 3 ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʽ ʟʽʨʦʯʢʠ Z4 ʪʘ Z5, ʘ ʪʘʢʦʞ 

ʚʽʥ ʞʦʨʩʪʢʦ ʟ'ʻʜʥʘʥʠʡ ʟ ʰʘʪʫʥʦʤ 5. ɺʝʜʫʯʠʡ ʚʘʣ 2 ʪʘ ʧʨʦʤʽʞʥʠʡ ʚʘʣ 3 ʧʦʻʜʥʘʥʽ 

ʤʽʞ ʩʦʙʦʶ ʣʘʥʮʶʛʦʚʦʶ ʧʝʨʝʜʘʯʝʶ. ʂʦʨʦʤʠʩʣʦ 4 ʢʽʥʝʤʘʪʠʯʥʦ ʟ'ʻʜʥʘʥʝ ʟ 

ʚʝʜʫʯʠʤ ʚʘʣʦʤ ʧʨʠʚʦʜʘ 2 ʪʘ ʧʨʦʤʽʞʥʠʤ ʚʘʣʦʤ 3. ʐʘʪʫʥ 5 ʢʽʥʝʤʘʪʠʯʥʦ 

ʟ'ʻʜʥʘʥʠʡ ʟ ʢʦʨʦʤʠʩʣʦʤ 6. ʅʘ ʚʝʜʝʥʦʤʫ ʚʘʣʫ ʧʨʠʚʦʜʫ ʟʘʢʨʽʧʣʝʥʘ ʟʽʨʦʯʢʘ Z6. ʋ 

ʧʨʠʚʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 2 ʦʜʥʘʢʦʚʽ ʣʘʥʮʶʛʦʚʽ ʧʝʨʝʜʘʯʽ ʽʟ ʟʘʛʘʣʴʥʠʤ 

ʧʝʨʝʜʘʪʦʯʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ i=4:1, ʚʽʜʧʦʚʽʜʥʦ Z3=Z5, Z4=Z6. ʇʨʦʤʽʞʥʠʡ ʚʘʣ 3 ʪʘ 
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ʚʝʜʝʥʠʡ ʚʘʣ ʧʨʠʚʦʜʫ 7 ʧʦʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʣʘʥʮʶʛʦʚʦʶ ʧʝʨʝʜʘʯʝʶ. ɺʝʜʝʥʠʡ 

ʚʘʣ 7 ʤʘʷʪʥʠʢʦʚʦʛʦ ʧʨʠʚʦʜʫ ʟôʻʜʥʘʥʠʡ ʘʙʦ ʚʠʢʦʥʘʥʠʡ ʟʘʦʜʥʦ ʟ ʚʝʜʫʯʠʤ ʚʘʣʦʤ 

ʤʘʰʠʥʠ. ɿʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʝʜʝʥʦʤʫ ʚʘʣʫ 7 ʧʨʠʚʦʜʘ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʦʣʠʚʥʦʾ ʯʘʩʪʠʥʠ, ʚ ʷʢʫ ʚʭʦʜʠʪʴ ʯʦʪʠʨʴʦʭʣʘʥʢʦʚʠʡ 

ʜʚʦʭʢʦʨʦʤʠʩʣʦʚʠʡ ʤʝʭʘʥʽʟʤ, ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

2.30. 

 
ʈʠʩ. 2.29. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʘʷʪʥʠʢʦʚʦʛʦ ʧʨʠʚʦʜʘ 

 
ʈʠʩ. 2.30. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʜʚʦʭʢʦʨʦʤʠʩʣʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ 
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 ʃʘʥʢʘ ɺʉ ʤʘʻ ʜʠʭʦʪʦʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʠʩʪʫʧʘʻ ʫ ʷʢʦʩʪʽ 

ʰʘʪʫʥʘ, ʘ ʟ ʽʥʰʦʛʦ, ī ʫ ʷʢʦʩʪʽ ʢʨʠʚʦʰʠʧʫ, ʟ ʨʫʭʦʤʠʤ ʮʝʥʪʨʦʤ ʦʙʝʨʪʘʥʥʷ ʫ ʪʦʯʮʽ 

ɺ. ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 
4w, ʱʦ ʻ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʧʨʦʤʽʞʥʦʛʦ ʚʘʣʫ, ʥʘ ʷʢʦʤʫ 

ʚʽʥ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʡ, ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʪʦʯʢʠ ʉ ʥʘʚʢʦʣʦ ʪʦʯʢʠ ɺ ʜʦ ʜʦʚʞʠʥʠ ʣʘʥʢʠ ʉɺ: 

  

.4

CB

CB

l

V
=w                 (2.51) 

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 
4w  ʙʫʜʝ ʥʝʧʦʩʪʽʡʥʦʶ, ʜʽʘʧʘʟʦʥ ʾʾ ʟʤʽʥʠ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ 

ʜʦʚʞʠʥʠ ʣʘʥʢʠ ʉɺ. ɸʜʞʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʣʘʥʢʠ ʉɺ ʟʙʽʣʴʰʫʚʘʪʠʤʝʪʴʩʷ 

ʢʫʪ ʢʦʣʠʚʘʥʥʷ ʢʦʨʦʤʠʩʝʣ ɺɸ ʪʘ ʉD ʪʘ ʧʨʠʨʽʩʪ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ 
2w  ʪʘ 

3w, ʷʢʽ 

ʚʧʣʠʚʘʪʠʤʫʪʴ ʥʘ ʣʽʥʽʡʥʽ ʰʚʠʜʢʦʩʪʽ 
BV  ʪʘ 

CV . ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʩʪʽ ʘʤʧʣʽʪʫʜ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 
4w, ʧʦʪʨʽʙʥʦ ʱʦʙ 

ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ 
2w  ʪʘ 

3w  ʙʫʣʠ ʨʽʚʥʠʤʠ ʤʽʞ ʩʦʙʦʶ, ʘ 

ʦʪʞʝ ʜʦʚʞʠʥʠ ʢʦʨʦʤʠʩʝʣ ʤʘʶʪʴ ʩʧʽʚʧʘʜʘʪʠ: 

 

.BACD ll =               (2.52) 

 ɿʘʜʘʚʰʠʩʴ ʢʦʥʢʨʝʪʥʠʤʠ ʜʦʚʞʠʥʘʤʠ ʣʘʥʦʢ ʤll BACD 15,0==  ʪʘ ʧʨʦʚʽʚʰʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʫ ʫ ʉɸʇʈ SolidWorks, ʧʽʜʽʙʨʘʥʦ 

ʜʦʚʞʠʥʫ ʣʘʥʢʠ ʤʤlCB 75,33=  ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ. ɼʦʚʞʠʥʘ ʣʘʥʢʠ ʉɺ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʷʢ: 

 

.
44,4

CD
CB

l
l =                 (2.53) 

 ɼʣʷ ʧʨʠʚʦʜʘ ʽʟ ʟʘʧʠʩʘʥʠʤʠ ʚʠʱʝ ʜʦʚʞʠʥʘʤʠ ʣʘʥʦʢ ʚʠʟʥʘʯʠʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʉɸʇʈ SolidWorks ʟʤʽʥʫ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʝʜʝʥʦʤʫ 7 ʚʘʣʫ ʜʣʷ 

ʾʾ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚ 6,3 ʨʘʜ/ʩ, ʛʨʘʬʽʢ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.31. 

 ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʛʨʘʬʽʢ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.31 ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʥʝʦʙʭʽʜʥʦʛʦ, ʷʢʠʡ ʚʠʚʝʜʝʥʠʡ ʚ ʯʘʩʪʠʥʽ 2.4.1, ʚ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʢʫʪ ʬʘʟʠ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ʤʝʥʰʠʡ ʟʘ ʢʫʪ ʧʨʠʩʢʦʨʝʥʥʷ, ʭʦʯʘ ʪʘʢʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʻ 

ʥʝʟʥʘʯʥʦʶ ʪʘ ʥʝ ʧʦʚʠʥʥʘ ʚʧʣʠʚʘʪʠ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ 

ʤʘʰʠʥʠ. ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʚ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ ʜʽʡʩʥʦʛʦ 

ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ 

ʢʽʥʝʤʘʪʠʯʥʫ ʩʭʝʤʫ ʜʚʦʭʢʦʨʦʤʠʩʣʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ (ʨʠʩ. 2.30). 
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ʈʠʩ. 2.31. ɻʨʘʬʽʢ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʝʜʝʥʦʤʫ ʚʘʣʫ ʧʨʠʚʦʜʘ 

 

 ʅʘ ʩʭʝʤʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʨʘʡʥʽ ʧʦʣʦʞʝʥʥʷ ʢʦʨʦʤʠʩʝʣ ɸɺ ʪʘ CD, ʷʢʽ ʨʽʚʥʽ 

ʤʽʞ ʩʦʙʦʶ. ʃʘʥʢʠ ɸɺ ʪʘ CD ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʦʚʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʫ ʩʝʨʝʜʥʽʭ ʧʦʣʦʞʝʥʥʷʭ, ʪʘ ʤʠʪʪʻʚʦ ʟʫʧʠʥʷʶʪʴʩʷ ʫ ʩʚʦʾʭ ʢʨʘʡʥʽʭ 

ʧʦʣʦʞʝʥʥʷʭ. ʂʨʘʡʥʻ ʧʦʣʦʞʝʥʥʷ ʣʘʥʢʠ ʉ1D ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʦʤʽʞʥʦʛʦ ʚʘʣʫ
4w, ʢʨʘʡʥʻ ʧʦʣʦʞʝʥʥʷ ʣʘʥʢʠ ʉ2D ī 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ. ɺʽʜʧʦʚʽʜʥʦ, ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʤʽʞʥʦʛʦ ʚʘʣʫ ʟʨʦʩʪʘʻ ʧʨʠ 

ʧʝʨʝʤʽʱʝʥʥʽ ʢʦʨʦʤʠʩʣʘ ʉD ʚʽʜ ʢʨʘʡʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʉ1D ʜʦ ʢʨʘʡʥʴʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʉ2D, ʘ ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʡʦʛʦ ʟʚʦʨʦʪʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ. 

ʈʦʟʧʦʜʽʣʠʚʰʠ ʦʜʠʥ ʦʙʝʨʪ ʧʨʦʤʽʞʥʦʛʦ ʚʘʣʫ ʥʘ ʯʦʪʠʨʠ ʯʘʩʪʠʥʠ Ŭ1; Ŭ2; Ŭ3; Ŭ4, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʘʡʥʽʤ ʧʦʣʦʞʝʥʥʷʤ ʦʙʦʭ ʢʦʨʦʤʠʩʝʣ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʘʟʘ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʚʘʣʫ ʩʪʘʥʦʚʠʪʠʤʝ 193,4Á, ʬʘʟʘ ʩʧʦʚʽʣʴʥʝʥʥʷ ī 166,6Á. 

ɺʠʨʽʚʥʷʪʠ ʬʘʟʠ ʚ ʪʘʢʦʤʫ ʤʝʭʘʥʽʟʤʽ ʥʝʤʦʞʣʠʚʦ. ʎʴʦʤʫ ʧʝʨʝʰʢʦʜʞʘʻ ʥʘʷʚʥʽʩʪʴ 

ʢʫʪʘ ɓ, ʢʦʪʨʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʤʽʞ ʩʝʨʝʜʥʽʤ ʧʦʣʦʞʝʥʥʷʤ ʢʦʞʥʦʛʦ ʟ ʢʦʨʦʤʠʩʝʣ ʪʘ 

ʰʘʪʫʥʦʤ. ʂʫʪ ɓ ʟʘʚʞʜʠ ʙʫʜʝ ʙʽʣʴʰʠʤ ʚʽʜ 0Á. ɿʤʝʥʰʠʪʠ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ɓ 

ʤʦʞʣʠʚʦ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʜʦʚʞʠʥʠ ʰʘʪʫʥʘ ɺʉ (2.54), ʦʜʥʘʢ, ʮʠʤ 

ʩʘʤʠʤ, ʩʪʘʥʫʪʴ ʤʝʥʰʠʤʠ ʚʽʜ ʥʝʦʙʭʽʜʥʠʭ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʟʘʢʦʥʫ ʟʤʽʥʠ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. 

,arccos
2

2

BC

CB ¡
=b                     (2.54) 

ʜʝ 
2CB ¡ ʧʨʦʝʢʮʽʷ ʜʦʚʞʠʥʠ ʣʘʥʢʠ ɺʉ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʨʷʤʫ. 

 ʇʨʠʡʤʝʤʦ, ʱʦ ʢʫʪ ɔ ī ʮʝ ʢʫʪ ʤʽʞ ʢʨʘʡʥʽʤ ʧʦʣʦʞʝʥʥʷʤ ʢʦʨʦʤʠʩʣʘ ʉ2D 

(ʉ1D) ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʨʷʤʦʶ ʉD ʚ ʩʚʦʻʤʫ ʩʝʨʝʜʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʪʦʜʽ: 

 .sin
2

2

DC

CB ¡
=g                    (2.55) 

 ɺʠʟʥʘʯʠʤʦ ʟ ʚʠʨʘʟʫ (2.55) ɺʉ': 

.sin' 22 gDCBC =                           (2.56) 

 ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʬʦʨʤʫʣʠ (2.56) ʫ ʬʦʨʤʫʣʫ (2.54) ʪʘ ʦʪʨʠʤʘʻʤʦ:  

.
sin

arccos
2

2

BC

DC g
b=          (2.57) 
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 ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʫʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ ʫ ʚʠʨʘʟ (2.57) ʤʦʞʥʘ 

ʧʝʨʝʢʦʥʘʪʠʩʷ ʫ ʡʦʛʦ ʧʨʘʚʠʣʴʥʦʩʪʽ. ʌʘʟʥʽ ʢʫʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʩʧʦʚʽʣʴʥʝʥʥʷ 

ʧʨʦʤʽʞʥʦʛʦ ʚʘʣʫ ʤʝʭʘʥʽʟʤʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ: 

.
sin

2180
BC

DC
ʗʇʈʀʉʂʆʈɽʅʅ

g
a °=               (2.58) 

 ɿʥʘʢ "+" ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʝʜʫʯʠʡ ʚʘʣ ʧʨʠʚʦʜʫ 

ʦʙʝʨʪʘʻʪʴʩʷ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ, "ī", ʢʦʣʠ ʚʝʜʫʯʠʡ ʚʘʣ ʦʙʝʨʪʘʻʪʴʩʷ 

ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ; 

.
sin

2180
BC

DC
ʅʗʉʇʆɺɯʃʔʅɽʅ

g
a @=                (2.59) 

 ʇʨʘʚʠʣʦ ʟʥʘʢʽʚ ʚʠʨʘʟʫ (2.59) ʦʙʝʨʥʝʥʝ ʜʦ ʧʨʘʚʠʣʘ ʟʥʘʢʽʚ ʚʠʨʘʟʫ (2.58). 

 ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʚʞʠʥʠ ʣʘʥʢʠ ɺʉ ʬʘʟʠ ʩʧʦʚʽʣʴʥʝʥʥʷ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʚʩʝ 

ʙʽʣʴʰʝ ʚʽʜʨʽʟʥʷʪʠʤʫʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʪʘ ʥʘʚʧʘʢʠ, ʦʜʥʘʢ, ʟʤʝʥʰʝʥʥʷ ʜʦʚʞʠʥʠ ɺʉ 

ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ. 

ʂʦʝʬʽʮʽʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʬʘʟ q ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʠ ʦʙʝʨʪʘʥʥʽ 

ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʧʨʠʚʦʜʫ ʟʘ ʪʘ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʚʠʨʘʟʘʤʠ (2.60) ʪʘ (2.61) ʚʽʜʧʦʚʽʜʥʦ: 

 .1

ʅʗʉʇʆɺɯʃʔʅɽʅ

ʗʇʈʀʉʂʆʈɽʅʅq
a

a
=                    (2.60) 

.2

ʗʇʈʀʉʂʆʈɽʅʅ

ʅʗʉʇʆɺɯʃʔʅɽʅq
a

a
=                                          (2.61) 

 ɼʣʷ ʪʠʧʦʨʦʟʤʽʨʫ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʚʩʷ q=1,16; 

 ʇʽʜʩʪʘʚʠʤʦ ʫ ʚʠʨʘʟʠ (2.60) ʪʘ (2.61) ʟʥʘʯʝʥʥʷ ʨʽʚʥʷʥʴ (2.58) ʪʘ (2.59):  
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=      (2.63) 

 ʇʨʠʚʦʜ ʤʘʷʪʥʠʢʦʚʦʛʦ ʪʠʧʫ ʥʝ ʟʜʘʪʝʥ ʧʦʚʥʦʮʽʥʥʦ ʚʽʜʪʚʦʨʠʪʠ ʥʝʦʙʭʽʜʥʠʡ 

ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʢʨʽʤ ʪʦʛʦ ʚʽʥ ʤʘʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, 

ʪʦʤʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʥʦʚʫ ʙʽʣʴʰ ʧʨʦʩʪʫ ʢʦʥʩʪʨʫʢʮʽʶ 

ʧʨʠʚʦʜʫ [113] ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚ ʥʴʦʤʫ ʜʚʦʭʢʨʠʚʦʰʠʧʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʧʨʠʚʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.32. 

 ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʜʚʦʭʢʨʠʚʦʰʠʧʥʦʛʦ 

ʧʨʠʚʦʜʫ ʥʘʚʝʜʝʥʽ ʚ 6-ʤʫ ʨʦʟʜʽʣʽ. 
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ʈʠʩ. 2.32. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʘʰʠʥʠ ʟ ʜʚʦʭʢʨʠʚʦʰʠʧʥʠʤ ʧʨʠʚʦʜʦʤ 

 

 ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʥʦʩʥʫ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʦʛʦ ʧʨʠʚʦʜʫ, 

ʜʚʦʭʢʨʠʚʦʰʠʧʥʠʡ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʚʭʦʜʠʪʴ ʚ ʡʦʛʦ ʩʢʣʘʜ, ʥʝ ʟʜʘʪʝʥ ʨʝʘʣʽʟʫʚʘʪʠ 

ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ɺ 

ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʝ ʙʫʜʝ ʩʪʚʦʨʝʥʦ ʧʦʚʥʦʮʽʥʥʠʭ ʫʤʦʚ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʘʢʦʚʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʪʦʨʮʷʤʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚ 

ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ. ʊʘʢʠʡ ʧʨʠʚʦʜ ʣʠʰʝ ʯʘʩʪʢʦʚʦ ʟʜʘʪʝʥ ʟʤʝʥʰʠʪʠ 

ʧʨʠʩʢʦʨʝʥʠʡ ʨʫʭ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʚʝʜʝʥʦʛʦ 

ʚʘʣʫ ʤʘʰʠʥʠ ʪʘ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ "ʜʝʣʽʢʘʪʥʽ" ʫʤʦʚʠ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, 

ʟʤʝʥʰʠʪʠ ʟʥʘʯʝʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ 

ʧʨʠʚʦʜʫ [117] ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚ ʥʴʦʤʫ ʢʨʠʚʦʰʠʧʥʦ-ʢʫʣʽʩʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʧʨʠʚʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.33. 

 
ʈʠʩ. 2.33. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʢʨʠʚʦʰʠʧʥʦ-ʢʫʣʽʩʥʦʛʦ ʧʨʠʚʦʜʘ 
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 ɼʝ 1 ī ʝʣʝʢʪʨʦʜʚʠʛʫʥ, 2, 3 ī ʚʝʜʫʯʠʡ ʰʢʽʚ, 3 ī ʚʝʜʝʥʠʡ ʰʢʽʚ, 4 ī ʚʝʜʫʯʠʡ 

ʢʨʠʚʦʰʠʧ-ʢʫʣʽʩʘ, 5 ī ʢʫʣʽʩʥʠʡ ʢʘʤʽʥʴ, 6 ī ʚʝʜʝʥʠʡ ʢʨʠʚʦʰʠʧ, 7 ī ʚʝʜʫʯʘ 

ʟʽʨʦʯʢʘ, 8 ī ʚʝʜʝʥʘ ʟʽʨʦʯʢʘ, 9 ī ʚʘʣ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʻ ʚʝʜʝʥʠʤ ʚʘʣʦʤ ʧʨʠʚʦʜʫ ʪʘ 

ʚʝʜʫʯʠʤ ʚʘʣʦʤ ʤʘʰʠʥʠ, 10 ī ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, 11 ī ʚʝʜʝʥʠʡ 

ʚʘʣ ʤʘʰʠʥʠ. 

 

 ʇʦʪʨʽʙʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʩʘʤʝ ʟʘ 

ʨʘʭʫʥʦʢ ʢʨʠʚʦʰʠʧʥʦ-ʢʫʣʽʩʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʢʦʣʠ ʚʝʜʫʯʦʶ ʣʘʥʢʦʶ ʻ ʢʨʠʚʦʰʠʧ-

ʢʫʣʽʩʘ (1ʢʣŸ2ʢʣ2ʧʦʨ2ʚʠʜ). ʉʠʥʪʝʟʫʻʤʦ ʢʨʠʚʦʰʠʧʥʦ-ʢʫʣʽʩʥʠʡ ʤʝʭʘʥʽʟʤ [118], 

ʚʩʪʘʥʦʚʠʚʰʠ ʫʩʽ ʨʘʮʽʦʥʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʡʦʛʦ ʜʦʚʞʠʥ ʣʘʥʦʢ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʚʽʥ ʤʽʛ ʨʝʘʣʽʟʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ 

ʧʦʙʫʜʫʻʤʦ ʢʽʥʝʤʘʪʠʯʥʫ ʩʭʝʤʫ ʤʝʭʘʥʽʟʤʫ ʟ ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʣʘʥʦʢ 

ʫ 12 ʧʦʣʦʞʝʥʥʷʭ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.34. 

 
ʈʠʩ. 2.34. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʢʨʠʚʦʰʠʧʥʦ-ʢʫʣʽʩʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʜʝ ʆ1ɸ ī 

ʚʝʜʫʯʠʡ ʢʨʠʚʦʰʠʧ-ʢʫʣʽʩʘ, ʆ2ɸ ī ʚʝʜʝʥʠʡ ʢʨʠʚʦʰʠʧ,  ɸ ī ʢʫʣʽʩʥʠʡ ʢʘʤʽʥʴ, ʆ1, 

ʆ2 ī ʮʝʥʪʨʠ ʦʙʝʨʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʨʠʚʦʰʠʧʽʚ. 

 

 ʇʨʠ ʩʠʥʪʝʟʽ ʤʝʭʘʥʽʟʤʫ ʚʨʘʭʦʚʫʚʘʣʠ ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʽ ʫʤʦʚʠ ʱʦʜʦ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ (2.45) ʟ ʜʚʦʤʘ ʧʝʨʽʦʜʘʤʠ. ʆʩʢʽʣʴʢʠ 

ʢʨʠʚʦʰʠʧʥʦ-ʢʫʣʽʩʥʠʡ ʤʝʭʘʥʽʟʤ ʟʜʘʪʝʥ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʣʠʰʝ ʟ ʦʜʥʠʤ ʧʝʨʽʦʜʦʤ, ʪʦ ʥʝʦʙʭʽʜʥʠʤ ʻ ʜʦʜʘʪʢʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʝʨʝʜʘʯʽ ʟʘʯʝʧʣʝʥʥʷʤ ʟ ʽ=2:1. ʇʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʝʨʝʜʘʯʘ ʟʘʯʝʧʣʝʥʥʷʤ 

ʟ ̔=2:1 ʚ ʜʚʘ ʨʘʟʠ ʟʤʝʥʰʠʪʴ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ 

ʢʨʠʚʦʰʠʧʫ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ, ʱʦʙ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ ʤʘʚ ʫ ʜʚʽʯʽ ʟʙʽʣʴʰʝʥʽ ʝʢʩʪʨʝʤʫʤʠ. 

 ɸʥʘʣʽʟʫʶʯʠ ʢʽʥʝʤʘʪʠʯʥʫ ʩʭʝʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩ. 2.34 ʟʨʦʟʫʤʽʣʦ, ʱʦ 

ʝʢʩʪʨʝʤʫʤʘʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 
2w  ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʧʦʣʦʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ 6 ʪʘ 

12 (0), ʘʜʞʝ ʩʘʤʝ ʚ ʮʠʭ ʧʦʣʦʞʝʥʥʷʭ ʚʝʢʪʦʨʠ ʣʽʥʽʡʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʦʯʢʠ ɸ ʧʨʠ 
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ʾʾ ʦʙʝʨʪʘʣʴʥʦʤʫ ʨʫʩʽ ʥʘʚʢʦʣʦ ʪʦʯʢʠ ʆ1 ʪʘ ʥʘʚʢʦʣʦ ʪʦʯʢʠ ʆ2 ʩʧʽʚʧʘʜʘʪʠʤʫʪʴ ʤʽʞ 

ʩʦʙʦʶ. ʆʩʢʽʣʴʢʠ ʚʽʜʩʪʘʥʴ ʆ1ɸ6 ̒  ʥʘʡʙʽʣʴʰʦʶ, ʪʦ ʡ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 2w  ʚ ʮʴʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʘ ʥʘʚʧʘʢʠ. ʅʘ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʚʧʣʠʚʘʪʠʤʝ ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʽʚ ʆ1ʆ2. 

 ɺʽʜʦʤʦ [119 ï 121], ʱʦ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ 

ʢʨʠʚʦʰʠʧʫ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʷʢ: 

,

2

2

2

AO

AO

l

V
=w                       (2.64) 

ʜʝ 
2AOV  ī ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʪʦʯʢʠ ɸ ʥʘʚʢʦʣʦ ʪʦʯʢʠ ʆ2, [ʤ/ʩ]; 

AOl 2

 ī ʜʦʚʞʠʥʘ 

ʢʨʠʚʦʰʠʧʫ ʆ2ɸ, [ʤ].  

 ʂʨʽʤ ʪʦʛʦ, ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ 
2AOV  ʙʫʜʝ ʨʽʚʥʦʶ ʟʥʘʯʝʥʥʶ ʣʽʥʽʡʥʦʾ 

ʰʚʠʜʢʦʩʪʽ 
1AOV  ʚ ʢʦʞʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʤʝʭʘʥʽʟʤʫ: 

.
12 AOAO VV =                   (2.65) 

 ɺʠʟʥʘʯʠʤʦ ʣʽʥʽʡʥʫ ʰʚʠʜʢʽʩʪʴ 
1AOV : 

,
11 1 AOAO lV w=                        (2.66) 

 ʜʝ 
1w ī ʟʥʘʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʫ-

ʢʫʣʽʩʠ, [ʨʘʜ/ʩ]; 
AOl 1
 ī ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʫ-ʢʫʣʽʩʠ ʜʦ ʤʽʩʮʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʢʫʣʽʩʥʦʛʦ ʢʘʤʝʥʷ, ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʤʝʭʘʥʽʟʤʫ. AOl 1
 ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʤʠ ʢʦʩʠʥʫʩʽʚ, ʨʦʟʛʣʷʜʘʶʯʠ 

ʫʤʦʚʥʠʡ ʪʨʠʢʫʪʥʠʢ ʆ1ʆ2ɸ, ʫʪʚʦʨʝʥʠʡ ʣʘʥʢʘʤʠ ʢʨʠʚʦʰʠʧʥʦ-ʢʫʣʽʩʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʫ ʢʦʞʥʦʤʫ ʡʦʛʦ ʧʦʣʦʞʝʥʥʽ: 

.)cos(2
2212212211

22

AOOOAOOOAOOOAO lllllll
Ø

-+=             (2.67) 

 ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ (2.67) ʫ ʨʽʚʥʷʥʥʷ (2.66): 

.)cos(2
2212212211

22

1 AOOOAOOOAOOOAO llllllV
Ø

-+=w              (2.68) 

ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ (2.68) ʫ ʬʦʨʤʫʣʫ (2.64) ʪʘ ʦʪʨʠʤʘʻʤʦ 

ʟʘʛʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ ɤ2: 

.
)cos(2

2

221221221

22

1

2

AO

AOOOAOOOAOOO

l

llllll
Ø

-+
=
w

w       (2.69) 

 ɼʣʷ ʚʠʟʥʘʯʘʥʥʷ ʚʽʜʩʪʘʥʽ lO1A ʫ 6-ʤʫ ʧʦʣʦʞʝʥʥʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚʠʨʘʟ: 

.
2211 AOOOAO lll +=              (2.70) 

 ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʬʦʨʤʫʣʠ (2.70) ʫ ʚʠʨʘʟ (2.66): 

).(
2211 1 AOOOAO llV +=w                 (2.71) 

 ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʨʽʚʥʽʩʪʴ ʣʽʥʽʡʥʠʭ ʰʚʠʜʢʦʩʪʝʡ (2.65), ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ 
MAX

2w  ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʩʪʘʥʦʚʢʠ ʬʦʨʤʫʣʠ (2.71) ʫ ʚʠʨʘʟ (2.64) ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

.
)(

2

2211

2

AO

AOOOMAX

l

ll +
=
w

w          (2.72) 
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 ʄʠ ʤʦʞʝʤʦ ʟʘʜʘʪʠ ʪʘʢʽ ʚʠʭʽʜʥʽ ʜʘʥʽ: ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 
1w, ʥʝʦʙʭʽʜʥʝ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ MAX

2w , ʘ ʪʘʢʦʞ ʜʦʚʽʣʴʥʦ ʧʨʠʡʥʷʪʠ ʜʦʚʞʠʥʫ 

ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ 
AOl 2
. ɼʘʣʽ, ʤʘʻʤʦ ʟʤʦʛʫ ʚʠʨʘʟʠʪʠ ʽʟ ʨʽʚʥʷʥʥʷ (2.72) ʟʥʘʯʝʥʥʷ 

21OOl ʪʘ, ʧʽʜʩʪʘʚʠʚʰʠ ʫʩʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ʫ ʚʠʨʘʟ (2.73), ʦʪʨʠʤʘʻʤʦ ʤʽʞʦʩʴʦʚʫ 

ʜʦʚʞʠʥʫ ʤʝʭʘʥʽʟʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʫ 6-ʤʫ ʧʦʣʦʞʝʥʥʽ ʤʝʭʘʥʽʟʤʫ ʥʘ ʚʝʜʝʥʦʤʫ ʢʨʠʚʦʰʠʧʽ. 

.
2

2

21

1

2

AO

AO

MAX

OO l
l

l -=
w

w
                (2.73) 

 ʇʝʨʝʢʦʥʘʡʤʦʩʷ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʪʘʢʽʡ ʚʩʪʘʥʦʚʣʝʥʽʡ ʤʽʞʦʩʴʦʚʽʡ ʚʽʜʩʪʘʥʽ 

lO1O2 ʙʫʜʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ ʚ 12-ʤʫ ʧʦʣʦʞʝʥʥʽ ʤʝʭʘʥʽʟʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʠʚʝʜʝʤʦ ʚʠʨʘʟ (2.74) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʤʠʪʪʻʚʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ ʚ 12-ʤʫ ʧʦʣʦʞʝʥʥʽ ʤʝʭʘʥʽʟʤʫ ʟʘ ʚʞʝ ʘʥʘʣʦʛʽʯʥʠʤ 

ʧʨʠʥʮʠʧʦʤ. 

.

2

2

2

AO

AOMIN

l

V
=w                     (2.74) 

 ɺʠʟʥʘʯʠʤʦ ʣʽʥʽʡʥʫ ʰʚʠʜʢʽʩʪʴ: 

.
112 1 AOAOAO lVV w==                (2.75) 

 ɺʠʟʥʘʯʘʻʤʦ ʚʽʜʩʪʘʥʴ AOl 1
 ʜʣʷ 12-ʛʦ (0-ʛʦ) ʧʦʣʦʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ: 

.
2121 OOAOAO lll -=               (2.76) 

 ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ (2.76) ʫ ʚʠʨʘʟ (2.75), ʦʪʨʠʤʘʻʤʦ: 

).(
2121 1 OOAOAO llV -=w                 (2.77) 

 ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ (2.74) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (2.76):  

.
)(

2

2121

2

AO

OOAOMIN

l

ll -
=
w

w        (2.78) 

 ɺʩʪʘʥʦʚʠʤʦ ʚ ʷʢʠʭ ʧʦʣʦʞʝʥʥʷʭ ʤʝʭʘʥʽʟʤʫ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʝʥʦʛʦ 

ʢʨʠʚʦʰʠʧʫ ʟʙʽʛʘʻʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷʤ ʧʦʩʪʽʡʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ 

ʢʨʠʚʦʰʠʧʫ-ʢʫʣʽʩʠ. ʅʘ ʦʩʥʦʚʽ ʚʠʨʘʟʫ (2.65), ʘ ʪʘʢʦʞ ʪʦʛʦ ʬʘʢʪʫ, ʱʦ ʚ ʪʘʢʠʭ 

ʧʦʣʦʞʝʥʥʷʭ ʤʝʭʘʥʽʟʤʫ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʨʽʚʥʦʶ ʧʦʩʪʽʡʥʽʡ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʢʨʠʚʦʰʠʧʫ-ʢʫʣʽʩʠ, ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʮʠʭ ʜʚʦʭ ʧʦʣʦʞʝʥʥʷʭ ʤʝʭʘʥʽʟʤʫ ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ 

ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʫ-ʢʫʣʽʩʠ ʜʦ ʢʫʣʽʩʥʦʛʦ ʢʘʤʝʥʷ ʙʫʜʝ ʨʽʚʥʦʶ ʜʦʚʞʠʥʽ 

ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ, lO2A = lO1A. 

 ɺʽʜʧʦʚʽʜʥʦ, ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʚʠʨʘʟʦʤ (2.67), ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʢʠʤ ʙʫʜʝ 

ʪʨʝʪʻ ʪʘ ʜʝʚ'ʷʪʝ ʧʦʣʦʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ, ʢʦʣʠ ʢʨʠʚʦʰʠʧ-ʢʫʣʽʩʘ ʟʘʡʤʘʻ ʩʚʦʻ 

ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ. ɸ ʦʪʞʝ, ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ ʧʨʠ 

ʡʦʛʦ ʦʙʝʨʪʘʥʥʽ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ, ʧʦʯʠʥʘʶʯʠ ʟ ʥʫʣʴʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʤʝʭʘʥʽʟʤʫ, ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʪʘ ʜʦʩʷʛʥʝ ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚ 

ʧʦʣʦʞʝʥʥʽ 6, ʘ ʪʘʢʦʞ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʟ ʧʦʣʦʞʝʥʥʷ 6 ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʟʤʝʥʰʫʚʘʪʠʤʝʪʴʩʷ ʪʘ ʜʦʩʷʛʥʝ ʩʚʦʛʦ ʤʽʥʽʤʫʤʫ ʚ ʧʦʣʦʞʝʥʥʽ 12. ʊʘʢʘ 
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ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʙʫʜʝ ʩʧʨʘʚʝʜʣʠʚʦʶ ʡ ʧʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ 

ʩʪʨʽʣʢʠ. ɺʽʜʧʦʚʽʜʥʦ ʬʘʟʥʠʡ ʢʫʪ ʧʨʠʩʢʦʨʝʥʥʷ ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ ʙʫʜʝ ʨʽʚʥʠʡ 

ʬʘʟʥʦʤʫ ʢʫʪʫ ʩʧʦʚʽʣʴʥʝʥʥʷ: 

.180
2

360 A
A

=== ʅʗʉʇʆɺɯʃʔʅɽʅʗʇʈʀʉʂʆʈɽʅʅaa    (2.79) 

 ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʧʦʧʝʨʝʜʥʴʦ ʚʠʚʝʜʝʥʠʭ 

ʚʠʨʘʟʽʚ ʨʦʟʛʣʷʥʝʤʦ ʢʦʥʢʨʝʪʥʠʡ ʚʠʧʘʜʦʢ, ʧʨʠʡʥʷʚʰʠ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ 

ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ (2.32) ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

ʩʨʘʜ/]4,82,4[2 -=w , ʾʭ ʩʝʨʝʜʥʴʦ ʘʨʠʬʤʝʪʠʯʥʦʤʫ ʟʥʘʯʝʥʥʶ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ 

ʨʽʚʥʦʤʽʨʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʟ ʷʢʦʶ ʙʫʜʝ ʦʙʝʨʪʘʪʠʩʷ ʚʝʜʝʥʠʡ ʰʢʽʚ ʧʘʩʦʚʦʾ 

ʧʝʨʝʜʘʯʽ: ʩʨʘʜ/3,61=w .  ʆʜʥʘʢ, ʚʨʘʭʦʚʫʶʯʠ ʥʘʷʚʥʽʩʪʴ ʫ ʧʨʠʚʦʜʽ ʧʝʨʝʜʘʯʽ 

ʟʘʯʝʧʣʝʥʥʷʤ ʟ ʧʝʨʝʜʘʪʦʯʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʽ=2:1, ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʝʥʦʛʦ 

ʢʨʠʚʦʰʠʧʫ ʧʦʚʠʥʥʘ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʤʝʞʘʭ ʩʨʘʜMAXMIN /]8,164,8[][ 222 -=-= www , ʧʨʠ ʮʴʦʤʫ, 

ʟʘʜʘʚʰʠ ʨʽʚʥʦʤʽʨʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʚʝʜʝʥʦʤʫ ʰʢʽʚʫ ʟ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 

ʩʨʘʜ/6,121=w , ʷʢʠʡ ʞʦʨʩʪʢʦ ʟ'ʻʜʥʘʥʠʡ ʟ ʚʝʜʫʯʠʤ ʢʨʠʚʦʰʠʧʦʤ-ʢʫʣʽʩʦʶ, 

ʧʨʠʡʤʝʤʦ ʚʽʜʩʪʘʥʴ ʤl AO 02,0
2
= . ʇʽʜʩʪʘʚʠʤʦ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ ʫ ʚʠʨʘʟʠ (2.73) ʪʘ 

(2.78): 

;00667,002,0
6,12

02,08,16
2

2

21

1

2
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l
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OO =-
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w

w
   

./4,8
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 ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʤʽʞʦʩʴʦʚʫ ʚʽʜʩʪʘʥʴ )67,6(00667,0
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ʤʤʤl OO = , 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ MIN

2w  ʪʘ MAX

2w  ʟʘʢʦʥʫ 

ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʝʜʫʯʦʤʫ ʚʘʣʫ ʤʘʰʠʥʠ.  

 ʆʩʢʽʣʴʢʠ ʥʘʤʠ ʜʦʚʽʣʴʥʦ, ʟʘʨʘʜʠ ʧʦʯʘʪʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʫ ʚʽʜʣʽʢʫ ʜʦʚʞʠʥ 

ʫʩʽʭ ʣʘʥʦʢ ʢʨʠʚʦʰʠʧʥʦ-ʢʫʣʽʩʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʜʦʚʞʠʥʫ ʣʘʥʢʠ 

ʤl AO 02,0
2
=  ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʚʽʨʢʠ ʤʝʭʘʥʽʟʤʫ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ 

ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʪʠʩʢʫ Ū ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ ɸ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʟʘʢʣʠʥʶʚʘʥʥʷ 

ʧʣʦʩʢʦʛʦ ʰʘʨʥʽʨʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʪʠʩʢʫ [117] ʚ ʙʫʜʴ-ʷʢʽʡ 

ʡʦʛʦ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 60Á, ʘ ʜʣʷ ʜʦʚʛʦʚʽʯʥʦʾ ʨʦʙʦʪʠ 

ʤʝʭʘʥʽʟʤʫ [118] ʢʫʪ ʪʠʩʢʫ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 40Á. 

 ɺʠʭʦʜʷʯʠ ʟ ʮʠʭ ʤʽʨʢʫʚʘʥʴ, ʚʠʚʝʜʝʤʦ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ʪʠʩʢʫ ʚ 

ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ ɸ. ɺʽʜʦʤʦ, ʱʦ ʢʫʪ ʪʠʩʢʫ ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ ī ʮʝ ʢʫʪ ʤʽʞ 

ʚʝʢʪʦʨʦʤ ʩʠʣʠ ʪʘ ʚʝʢʪʦʨʦʤ ʰʚʠʜʢʦʩʪʽ ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʫ, ʷʢʽ ʟ'ʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʚʽʜʧʦʚʽʜʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʝʢʪʦʨ ʩʠʣʠ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʣʘʥʢʠ ʆ1ɸ, ʘ ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ī ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ 

ʣʘʥʢʠ ʆ2ɸ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʫʪ ʪʠʩʢʫ ʚ ʢʦʞʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʤʝʭʘʥʽʟʤʫ ʚʽʜʧʦʚʽʜʘʻ 

ʢʫʪʫ ʆ2ɸʆ1 ʫʪʚʦʨʝʥʦʤʫ ʣʘʥʢʘʤʠ ʤʝʭʘʥʽʟʤʫ. ɿʛʽʜʥʦ ʪʝʦʨʝʤʠ ʩʠʥʫʩʽʚ: 
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 ɿ ʪʝʦʨʝʤʠ ʩʠʥʫʩʽʚ (2.81) ʚʠʨʘʟʠʤʦ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʪʠʩʢʫ Ū: 
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 ʇʝʨʝʚʽʨʢʘ ʟʘ ʬʦʨʤʫʣʦʶ (2.81) ʧʦʢʘʟʘʣʘ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ 

ʪʠʩʢʫ ʚʠʥʠʢʘʪʠʤʫʪʴ ʚ 3-ʤʫ, 9-ʤʫ ʧʦʣʦʞʝʥʥʷʭ ʪʘ ʙʫʜʫʪʴ ʨʽʚʥʠʤʠ A5,19ºQ . ʆʪʞʝ, 

ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʠʡ ʧʘʨʘʤʝʪʨ ʜʦʚʞʠʥʠ ʣʘʥʢʠ ʆ2ɸ ʥʝ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʧʦʛʽʨʰʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʝʭʘʥʽʟʤʫ. ʂʨʽʤ ʮʴʦʛʦ, ʧʝʨʝʚʽʨʠʤʦ ʥʘʰʽ ʪʝʦʨʝʪʠʯʥʽ ʛʽʧʦʪʝʟʠ, 

ʧʨʦʚʽʚʰʠ ʢʽʥʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʢʨʠʚʦʰʠʧʥʦ-ʢʫʣʽʩʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʫʩʽʤʘ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʜʦʚʞʠʥ ʣʘʥʦʢ ʫ ʉɸʇʈ SolidWorks. 

ʅʘ ʨʠʩ. 2.35 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ 

ʢʨʠʚʦʰʠʧʫ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʢʨʠʚʦʰʠʧʫ-ʢʫʣʽʩʠ. 

 
ʈʠʩ. 2.35. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ ʚʽʜ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʢʨʠʚʦʰʠʧʫ-ʢʫʣʽʩʠ 

 

 ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʫʩʽʭ ʜʘʥʠʭ ʫ ʚʠʨʘʟʠ (2.72), (2.78) ʪʘ ʘʥʘʣʽʟʫ ʛʨʘʬʽʢʫ, 

ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.35, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʨʠʚʦʰʠʧʥʦ-

ʢʫʣʽʩʥʠʡ ʤʝʭʘʥʽʟʤ (1ʢʣŸ2ʢʣ2ʧʦʨ2ʚʠʜ) ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʤʠʪʪʻʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʴ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʢʨʠʚʦʰʠʧʫ ʯʦʪʠʨʴʦʭʣʘʥʢʦʚʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-ʢʫʣʽʩʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ, ʷʢʠʡ ʚʭʦʜʠʪʴ ʫ ʩʢʣʘʜ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ. ʂʨʽʤ ʪʦʛʦ, ʬʘʟʥʠʡ ʢʫʪ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ʚʝʜʝʥʦʛʦ ʢʨʠʚʦʰʠʧʫ ʜʦʨʽʚʥʶʻ ʬʘʟʥʦʤʫ ʢʫʪʫ ʧʨʠʩʢʦʨʝʥʥʷ. ɸ ʧʨʠ 

ʜʦʜʘʪʢʦʚʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʣʘʥʮʶʛʦʚʦʾ ʧʝʨʝʜʘʯʘ ʟ ʽ=2:1 ʥʘ ʚʝʜʫʯʦʤʫ ʚʘʣʫ 

ʤʘʰʠʥʠ ʨʝʘʣʽʟʦʚʫʚʘʪʠʤʝʪʴʩʷ ʥʝʦʙʭʽʜʥʠʡ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ.   

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʚʦʜ ʻ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʪʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʘʜʘʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʚʭʽʜʥʽʡ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʜʣʷ ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʠ. 

 

2.5. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟ ʚʠʜʦʚʞʝʥʦʶ ʨʦʙʦʯʦʶ ʻʤʢʽʩʪʶ 

 ʈʝʘʣʽʟʫʚʘʪʠ "ʜʝʣʽʢʘʪʥʠʡ" ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʪʚʦʨʠʪʠ  

ʫʤʦʚʠ ʜʣʷ ʦʜʥʘʢʦʚʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ 

ʪʦʨʮʷʤʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ ʤʦʞʥʘ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʝʨʪʘʥʥʷ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʟ ʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ. ɺʽʜʦʤʦ [52], ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʝʜʝʥʦʛʦ 

ʚʘʣʫ ʙʫʜʝ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʠʡ ʥʫʣʶ, (ŭ=0,034å0) ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

,41,1==
ɺ

ʈɭ

l

l
y               (2.82) 

ʜʝ lʈɭ ï ʤʽʞʦʩʴʦʚʘ ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, lɺ ï ʤʽʞʦʩʴʦʚʘ ʜʦʚʞʠʥʘ ʚʠʣʦʢ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ "ʙʘʟʦʚʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ" ʤʘʰʠʥʠ: ʤlɺ 1,0= , ʤlʈɭ 141,0= . 

 ɺʩʪʘʥʦʚʠʤʦ ʟʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ Aamax  

ʪʘ Bamax  ʚʽʜ ʧʨʦʧʦʨʮʽʡʥʦʾ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 5-ʪʠ ʪʠʧʦʨʦʟʤʽʨʽʚ 

ʤʘʰʠʥʠ, ʧʨʦʚʽʚʰʠ ʢʽʥʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʉɸʇʈ SolidWorks. ʋʩʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʝʡ ʤʘʰʠʥʠ, ʦʢʨʽʤ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ lʈɭ, ʷʢʘ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʙʫʜʝ ʟʙʽʣʴʰʝʥʘ ʚ 1,4 ʨʘʟʠ, ʘʥʘʣʦʛʽʯʥʽ 

ʜʦ ʪʠʭ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʯʘʩʪʠʥʽ 2.3.2. ɺ ʪʘʙʣʠʮʽ 2.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ Aamax  ʪʘ Bamax  ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ 

ʤʘʰʠʥʠ ʟ ʚʠʜʦʚʞʝʥʦʶ ʨʦʙʦʯʦʶ ʻʤʢʽʩʪʶ ʚ 1,4 ʨʘʟʠ. 

ʊʘʙʣʠʮʷ 2.6 

 "ɹʘʟʦʚʠʡ" 

ʪʠʧʦʨʦʟʤʽʨ, 

n=1 

ʊʠʧʦʨʦʟʤʽʨ 

ʧʨʠ n=1,5 

ʊʠʧʦʨʦʟʤʽʨ 

ʧʨʠ n=2 

ʊʠʧʦʨʦʟʤʽʨ 

ʧʨʠ n=3 

ʊʠʧʦʨʦʟʤʽʨ 

ʧʨʠ n=4 

ɤʚʝʜʫʯ, 
[ʨʘʜ/ʩ] 

Aamax

1
 Bamax

1
 Aamax

5,1
 Bamax

5,1
 Aamax

2
 Bamax

2
 Aamax

3
 Bamax

3
 Bamax

4
 Bamax

4
 

[ʤ/ʩ2] 

1,1 0,37 0,5 0,56 0,8 0,75 0,9 1,2 1,5 1,5 2,1 

2,1 1,5 1,9 2,3 2,9 3 3,8 4,5 5,7 6,1 7,6 

3,2 3,3 4,4 5 6,5 6,9 8,7 9,9 13,2 13,2 17,6 

4,2 6 8 9,1 12 12,1 16 18,1 23,9 24,1 31,9 

5,3 8,9 11,9 13,4 17,9 17,8 23,9 26,8 35,8 35,9 47,5 

6,3 12,9 17,9 19,5 26,8 25,8 35,9 40 52,8 52,5 71,7 

7,4 18,1 24,1 27,2 36,2 36,2 48,1 54,3 72,2 72,4 96,4 

 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.6 ʟʥʘʯʝʥʥʷ ʟʦʙʨʘʟʠʤʦ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.36. 

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʥʘʙʣʠʞʝʥʘ ʜʦ 

ʨʽʚʥʦʤʽʨʥʦʾ, ʦʜʥʘʢ, ʚʩʝ ʞ ʪʘʢʠ ʟʜʘʪʥʘ ʚʠʢʣʠʢʘʪʠ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 

ʯʘʩʪʠʥʠ ʻʤʢʦʩʪʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʙʣʠʞʯʝ ʜʦ ʚʝʜʝʥʦʛʦ ʚʘʣʫ. ɺʠʥʠʢʘʪʠʤʝ 

ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʧʦʚʥʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʦʢ ɸ ʪʘ ɺ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʷʢʘ ʧʨʦʛʨʝʩʫʚʘʪʠʤʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʤʽʞ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʟʤʽʥʦʶ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʤʘʰʠʥʠ ʻ 

ʘʥʘʣʦʛʽʯʥʦʶ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʯʘʩʪʠʥʽ 2.3.2. 

 ʇʨʠʨʽʩʪ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʢʚʘʜʨʘʪʠʯʥʦʶ ʬʫʥʢʮʽʻʶ. ʈʽʚʥʷʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ Aamax  ʪʘ Bamax  "ʙʘʟʦʚʦʛʦ" ʪʠʧʦʨʦʟʤʽʨʫ ʤʘʰʠʥʠ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ kɸ ʪʘ kɺ, ʤʘʪʠʤʫʪʴ ʚʠʛʣʷʜ: 
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.)52,9(0037,01)( 22max

1 ÖÖÖ=Ö= ʚʝʜʫʯɸʚʝʜʫʯɸAA unka ww                 (2.83) 

.)52,9(0049,01)( 22max

1

ʚʝʜʫʯɺʚʝʜʫʯɺBB umka ww ÖÖ==                (2.84) 

 

 ɿʘ ʘʥʘʣʦʛʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ, ʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʚʥʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ Aamax  ʪʘ Bamax  ʽʥʰʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʤʘʰʠʥʠ.  

 
ʈʠʩ. 2.36. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠʩʢʦʨʝʥʴ Aamax , Bamax  ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ɤʚʝʜʫʯ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʜʣʷ 5-ʪʠ ʪʠʧʦʨʦʟʤʽʨʽʚ ʤʘʰʠʥʠ 

 

 ɺʠʨʘʟʠʤʦ ʟ ʬʦʨʤʫʣ (2.83) ʪʘ (2.84) ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ 

ʚʘʣʫ ʪʘ, ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʨʽʚʥʦʩʪʝʡ (2.23) ʪʘ (2.24), 

ʥʘʜʘʤʦ ʚʠʨʘʟʘʤ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ, ʟʘ ʷʢʠʤ ʩʪʘʥʝ ʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ 

ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʟʤʽʥʽ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ: 

.
32,1 2unk

g
A

ʚʝʜʫʯɺ

ɻʈɸʅ xw =                  (2.85) 

.
32,1

2unk

g
B

ʚʝʜʫʯɸ

ɻʈɸʅ xw =               (2.86) 

 ʆʩʢʽʣʴʢʠ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʤʽʞ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʚʥʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʚʠʥʠʢʘʻ ʚʽʜʥʦʩʥʦ ʥʝʟʥʘʯʥʘ 
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ʨʦʟʙʽʞʥʽʩʪʴ, ʪʦ ʛʨʘʥʠʯʥʫ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʩʣʽʜ ʚʠʟʥʘʯʘʪʠ ʷʢ 

ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʟ ʚʠʨʘʟʽʚ (2.85) ʪʘ (2.86): 

.
2

ʚʝʜʫʯɸ

ɻʈɸʅ

ʚʝʜʫʯɺ

ɻʈɸʅAB

ɻʈɸʅ

ww
w

+
=                 (2.87) 

 ɿʘ ʚʠʨʘʟʦʤ (2.87) ʚʩʪʘʥʦʚʣʝʥʦ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʤʽʥʽ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.7.  

 

ʊʘʙʣʠʮʷ 2.7 
ʚʝʜʫʯw  

[ʨʘʜ/ʩ] 

n=1 

ʚʝʜʫʯw  
[ʨʘʜ/ʩ] 

n=1,5 

ʚʝʜʫʯw  
[ʨʘʜ/ʩ] 

n=2 

ʚʝʜʫʯw  
[ʨʘʜ/ʩ] 

n=3 

ʚʝʜʫʯw  
[ʨʘʜ/ʩ] 

n=4 

ʈʝʞʠʤ ʨʫʭʫ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ  

0 ī 3,6 0ī2,9 0ī2,5 0ī2,1 0ī1,8 ʂʘʩʢʘʜʥʠʡ 

3,6ī4,4 2,9ī3,5 2,5ī3,1 2,1ī2,5 1,8ī2,2 ɿʤʽʰʘʥʠʡ (ʢʘʩʢʘʜʥʦ -

ʚʦʜʦʩʧʘʜʥʠʡ) 

4,4ī5,1 3,5ī4,1 3,1ī3,6 2,5ī2,9 2,2ī2,5 ɿʤʽʰʘʥʠʡ (ʚʦʜʦʩʧʘʜʥʦ-

ʢʘʩʢʘʜʥʠʡ) 

5,1< 4,1< 3,6< 2,9< 2,5< ɺʦʜʦʩʧʘʜʥʠʡ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʘ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʠʜʦʚʞʝʥʽʡ 

ʨʦʙʦʯʽʡ ʻʤʢʦʩʪ ̔ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʛʘʙʘʨʠʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʠ ʪʘ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ. ʂʦʥʩʪʨʫʢʮʽʶ ʤʘʰʠʥʠ ʟ ʚʠʜʦʚʞʝʥʦʶ ʻʤʢʽʩʪʶ ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʧʨʦʮʝʩʽʚ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ: 

ʰʣʽʬʫʚʘʥʥʷ, ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʚʽʜ ʟʘʫʩʝʥʮʽʡ, ʟʘʜʠʨʦʢ, ʧʨʦʜʫʢʪʽʚ 

ʢʦʨʦʟʽʾ, ʟʘʦʢʨʫʛʣʝʥʥʷ ʛʦʩʪʨʠʭ ʢʨʘʾʚ. 

 

2.6. ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʣʽʨʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʘʙʨʘʟʠʚʦʤ 

ʫ ʚʠʛʣʷʜʽ ʚʽʣʴʥʠʭ ʛʨʘʥʫʣ ʚ ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʽ, ʱʦ ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ 

 ɿ ʨʦʟʜʽʣʫ 1 ʚʽʜʦʤʦ, ʱʦ ʯʘʩ, ʷʢʠʡ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʛʘʣʪʫʚʘʥʥʷ, ʘ ʩʘʤʝ, ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʘʙʨʘʟʠʚʦʤ ʫ ʚʠʛʣʷʜʽ ʚʽʣʴʥʠʭ ʛʨʘʥʫʣ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ: ʨʝʞʠʤ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʽʚʝʥʴ 

ʟʘʧʦʚʥʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʦʙ'ʻʤʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʙʨʘʟʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʪʘ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʨʽʚʝʥʴ ʟʘʧʦʚʥʝʥʥʷ ʚʦʜʦʶ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ, 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʻʤʢʦʩʪʽ, ʩʠʣʦʚʠʡ ʚʧʣʠʚ ʘʙʨʘʟʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ 

ʦʙʨʦʙʣʶʚʘʥʽ ʜʝʪʘʣʽ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʤʘʪʝʨʽʘʣ, ʷʢ ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʚʠʨʦʙʽʚ, ʪʘʢ ʽ ʘʙʨʘʟʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʦʱʦ. 

 ʆʜʥʦʯʘʩʥʦ ʚʨʘʭʫʚʘʪʠ ʫʩʽ ʬʘʢʪʦʨʠ ʧʨʠ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʟʘʣʝʞʥʦʩʪʝʡ ʱʦʜʦ ʯʘʩʫ ʦʙʨʦʙʢʠ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ, ʪʦʤʫ ʯʘʩʪʠʥʫ ʬʘʢʪʦʨʽʚ 

ʚʧʣʠʚʫ ʧʨʠʡʤʘʪʠʤʝʤʦ ʩʪʘʣʠʤʠ ʟʛʽʜʥʦ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʽʥʦʟʝʤʥʠʭ ʥʘʫʢʦʚʮʽʚ, ʘ ʪʘʢʦʞ ʟʛʽʜʥʦ ʊʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ "ɺʠʨʦʙʥʠʮʪʚʘ 

ʧʦʣʽʝʬʽʨʥʠʭ ʣʠʩʪʽʚ, ʟʘʛʦʪʦʚʦʢ ʪʘ ˇʫʜʟʠʢʽʚ", ʱʦ ʟʘʪʚʝʨʜʞʝʥʝ ʥʘ ʣʴʚʽʚʩʴʢʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ˇʫʜʟʠʢʽʚ ʊʆɺ "ʇʦʣʽʧʣʘʩʪ". 
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 ɺʠʟʥʘʯʠʤʦ ʚʧʣʠʚ ʜʝʷʢʠʭ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʯʘʩ ʦʙʨʦʙʢʠ ʚʠʨʦʙʽʚ: 

 1. ʈʝʞʠʤ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤ 

ʚʚʘʞʘʻʪʴʩʷ ʟʤʽʰʘʥʠʡ ʢʘʩʢʘʜʥʦ-ʚʦʜʦʩʧʘʜʥʠʡ ʨʝʞʠʤʠ ʨʫʭʫ. ɸʜʞʝ ʧʨʠ 

ʚʦʜʦʩʧʘʜʥʦʤʫ ʨʝʞʠʤʦʚʽ ʨʫʭʫ, ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʣʴʥʠʡ ʧʦʣʽʪ 

ʯʘʩʪʠʥʦʢ, ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩ ʢʦʥʪʘʢʪʫ ʤʽʞ ʦʙʨʦʙʣʶʚʘʥʠʤʠ ʜʝʪʘʣʷʤʠ ʪʘ 

ʘʙʨʘʟʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʽʙʣʴʰʫʻʪʴʩʷ ʯʘʩ ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ. ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ 

ʢʘʩʢʘʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʜʫʞʝ ʥʠʟʴʢʠʭ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʭʦʯ ʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʢʦʥʪʘʢʪ ʤʽʞ 

ʦʙʨʦʙʣʶʚʘʥʠʤʠ ʜʝʪʘʣʷʤʠ ʪʘ ʘʙʨʘʟʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʦʜʥʘʢ, ʟʥʘʯʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʰʣʷʭ ʪʝʨʪʷ ʧʨʦʡʜʝʥʠʡ ʦʜʥʽʻʶ ʜʝʪʘʣʣʶ ʟʘ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʦʤʽʞʦʢ 

ʯʘʩʫ. 

 2. ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ɿʙʽʣʴʰʝʥʥʷ ʰʣʷʭʫ ʪʝʨʪʷ, ʷʢʠʡ 

ʧʨʦʭʦʜʠʪʴ ʦʙʨʦʙʣʶʚʘʥʘ ʜʝʪʘʣʴ ʚ ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʽ ʟʘ ʧʦʚʥʠʡ ʮʠʢʣ ʦʙʨʦʙʢʠ 

ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʛʘʙʘʨʠʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ɿ 

ʯʘʩʪʠʥʠ 2.3.4 ʚʽʜʦʤʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ, ʷʢʝ ʚʠʢʦʥʫʻ ʯʘʩʪʠʥʢʘ ʚ 

ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʻ ʾʾ ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʦʩʽ ʻʤʢʦʩʪʽ. ɿʘ ʦʜʠʥ ʧʦʚʥʠʡ 

ʦʙʝʨʪ ʻʤʢʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʚʘ ʪʘʢʠʭ ʧʝʨʝʤʽʱʝʥʥʷ (ʚʣʽʚʦ-ʚʧʨʘʚʦ) ʚʟʜʦʚʞ ʾʾ ʦʩʽ 

ʭ, ʧʨʠ ʮʴʦʤʫ, ʧʨʠ ʢʦʞʥʽʡ ʟʤʽʥʽ ʥʘʧʨʷʤʫ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʘ ʟʫʧʠʥʷʻʪʴʩʷ 

ʧʦʙʣʠʟʫ ʦʜʥʦʛʦ ʟ ʪʦʨʮʽʚ ʻʤʢʦʩʪʽ. ɯʥʰʽ ʜʚʘ ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʩʝʡ y ʪʘ z ʟʥʘʯʥʦ ʤʝʥʰʽ ʟʘ ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʦʩʽ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ ʪʘ ʬʘʢʪʠʯʥʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʻʤʢʽʩʪʴ ʦʙʝʨʪʘʻʪʴʩʷ 

ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ. ʌʘʢʪʠʯʥʝ ʩʫʤʘʨʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚʟʜʦʚʞ ʦʩʽ 

ʻʤʢʦʩʪʽ ʙʫʜʝ ʜʝʱʦ ʟʤʝʥʰʝʥʝ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʯʘʩʪʠʥʫ ʚʽʣʴʥʦʛʦ ʦʙ'ʻʤʫ 

ʻʤʢʦʩʪʽ ʙʫʜʝ ʟʘʧʦʚʥʶʚʘʪʠ ʩʠʧʢʠʡ ʤʘʩʠʚ. ɿʛʽʜʥʦ ʟ ʧʨʦʚʝʜʝʥʠʤ ʚ ʉɸʇʈ 

AutoCAD ʘʥʘʣʽʟʦʤ ʪʨʘʻʢʪʦʨʽʡ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.25 ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʘʢʪʠʯʥʠʡ ʰʣʷʭ ʪʝʨʪʷ, ʧʨʦʡʜʝʥʠʡ 

ʯʘʩʪʠʥʢʦʶ (ʜʝʪʘʣʣʶ) ʟʘ ʦʜʠʥ ʧʦʚʥʠʡ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʧʨʠʙʣʠʟʥʦ 

ʨʽʚʥʠʡ ʪʨʴʦʤ ʚʽʜʩʪʘʥʷʤ lʎ ʤʽʞ ʧʨʦʪʠʣʝʞʥʠʤʠ ʪʦʨʮʷʤʠ ʻʤʢʦʩʪʽ: 

.3 ʎlS=                (2.88) 

 ʐʣʷʭ ʪʝʨʪʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʚʠʨʽʙ ʟʘ ʚʝʩʴ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ 

ʷʢ: 

,3 qlS ʎ=                     (2.89) 

ʜʝ q ī ʢʽʣʴʢʽʩʪʴ ʦʙʝʨʪʽʚ, ʱʦ ʚʠʢʦʥʘʚ ʚʝʜʫʯʠʡ ʚʘʣ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʦʙʨʦʙʢʠ. 

 ɺ ʩʚʦʶ ʯʝʨʛʫ, ʢʽʣʴʢʽʩʪʴ ʦʙʝʨʪʽʚ, ʱʦ ʚʠʢʦʥʘʚ ʚʝʜʫʯʠʡ ʚʘʣ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ 

ʦʙʨʦʙʢʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

,60ntq=                (2.90)  

ʜʝ n ī ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, [ʦʙ/ʭʚ]; t ī ʯʘʩ ʧʝʨʽʦʜʫ ʦʙʨʦʙʢʠ, [ʛʦʜ]. 

 ʇʝʨʝʡʪʠ ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ɤ [ʨʘʜ/ʩ] ʜʦ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ n [ʦʙ/ʭʚ] 

ʤʦʞʥʘ ʟʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ [122]: 

.
30

p

w
=n                     (2.91) 
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 ʇʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟ (2.90) ʫ ʬʦʨʤʫʣʫ (2.89) ʪʘ ʦʪʨʠʤʘʻʤʦ: 

.180 ntlS ʎÖ=            (2.92) 

 ʊʘʢʦʞ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʻʤʢʦʩʪʽ, 

ʟʤʝʥʰʫʻʪʴʩʷ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʷʢʝ ʚʧʣʠʚʘʻ 

ʥʘ ʟʤʽʥʫ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʦʪʞʝ ʟʙʽʣʴʰʝʥʥʷ ʰʣʷʭʫ ʪʝʨʪʷ S 

ʥʝ ʙʫʜʝ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʘʪʠ ʚʽʜ ʟʙʽʣʴʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʻʤʢʦʩʪʽ. 

 3. ʉʠʣʦʚʠʡ ʚʧʣʠʚ ʘʙʨʘʟʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʦʙʨʦʙʣʶʚʘʥʽ ʜʝʪʘʣʽ. ʗʢʱʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʦʜʥʘʢʦʚʦʛʦ ʦʙ'ʻʤʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʙʨʘʟʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʪʘ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ ʧʨʠ ʩʪʘʣʦʤʫ ʟʘʧʦʚʥʝʥʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʪʦ, 

ʚʽʜʧʦʚʽʜʥʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙ'ʻʤʫ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʩʠʣʦʚʠʡ 

ʚʧʣʠʚ ʘʙʨʘʟʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʦʜʥʫ ʦʙʨʦʙʣʶʚʘʥʫ ʜʝʪʘʣʴ, ʷʢʠʡ ʙʫʜʝ 

ʧʨʦʷʚʣʷʪʠʩʷ ʫ ʩʠʣʽ ʪʝʨʪʷ-ʢʦʚʟʘʥʥʷ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʪʘ 

ʘʙʨʘʟʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟ ʦʙ'ʻʤʦʤ, ʱʦ ʦʙʤʝʞʝʥʠʡ ʧʣʦʱʦʶ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʷʢʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʻ ʟ ʘʙʨʘʟʠʚʦʤ ʪʘ ʡʦʛʦ ʚʠʩʦʪʦʶ ʥʘʩʠʧʥʦʛʦ ʤʘʩʠʚʫ ʥʘ ʮʶ 

ʧʣʦʱʫ. 

 ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʧʦʣʦʞʝʥʥʷ ʜʝʪʘʣʝʡ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ, 

ʚʽʜʧʦʚʽʜʥʦ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʡ ʤʦʜʫʣʴ ʪʘ ʚʝʢʪʦʨ ʩʠʣʠ ʪʝʨʪʷ-ʢʦʚʟʘʥʥʷ ʤʽʞ 

ʜʝʪʘʣʣʶ ʪʘ ʘʙʨʘʟʠʚʦʤ. ʆʜʥʘʢ, ʩʠʣʘ ʪʝʨʪʷ-ʢʦʚʟʘʥʥʷ ʚʠʥʠʢʘʪʠʤʝ ʣʠʰʝ ʚ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʚʽʜʥʦʩʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʧʦʚʝʨʭʥʝʶ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʛʽʧʦʪʝʟ ʫʤʦʚʥʦ 

ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʟʥʝʨʫʭʦʤʣʝʥʘ ʦʙʨʦʙʣʶʚʘʥʘ ʜʝʪʘʣʴ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʨʫʭʦʤʠʤ 

ʰʘʨʦʤ ʘʙʨʘʟʠʚʫ, ʱʦ ʧʨʦʢʦʚʟʫʻ ʧʦ ʾʾ ʧʦʚʝʨʭʥʽ, ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʽʜ ʧʝʚʥʠʤ ʢʫʪʦʤ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ. ɺʘʞʣʠʚʦ ʟʨʦʟʫʤʽʪʠ, ʧʨʠ ʷʢʽʡ 

ʤʘʢʩʠʤʘʣʴʥʽʡ ʚʠʩʦʪʽ ʮʴʦʛʦ ʨʫʭʦʤʦʛʦ ʰʘʨʫ ʱʝ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʡʦʛʦ ʚʽʜʥʦʩʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ. 

 ʗʢʱʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʧʝʨʝʤʽʱʝʥʥʷʤ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʽ ʢʨʽʟʴ ʧʨʦʟʦʨʽ ʩʪʽʥʢʠ ʻʤʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʟ ʦʙ'ʻʤʦʤ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚ 0,0018 ʤ3 (1,8 ʣ), ʷʢʠʡ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʫ ʯʘʩʪʠʥʘʭ 2.3.3 

ʪʘ 2.3.4, ʪʦ ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʚʽʜʥʦʩʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʘʙʨʘʟʠʚʫ ʧʦ 

ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʪʦʡ ʤʦʤʝʥʪ, ʢʦʣʠ ʜʝʪʘʣʴ, 

ʨʫʭʘʶʯʠʩʴ ʚʽʜ ʦʜʥʦʛʦ ʪʦʨʮʷ ʻʤʢʦʩʪʽ ʜʦ ʧʨʦʪʠʣʝʞʥʦʛʦ, ʟʫʧʠʥʷʻʪʴʩʷ, ʧʽʩʣʷ ʯʦʛʦ, 

ʥʘ ʾʾ ʧʦʚʝʨʭʥʶ ʟʩʠʧʘʻʪʴʩʷ ʤʘʩʠʚ ʘʙʨʘʟʠʚʫ, ʷʢʠʡ ʧʨʦʢʦʚʟʫʻ ʧʦ ʥʽʡ. ɼʣʷ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʚʢʘʟʘʥʽ ʚ ʯʘʩʪʠʥʘʭ 2.3.3 ʪʘ 2.3.4, ʥʘʩʠʧʥʘ ʚʠʩʦʪʘ ʘʙʨʘʟʠʚʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʘ ʨʘʜʽʫʩʫ ʪʦʨʮʷ ʻʤʢʦʩʪʽ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʦʚʦʛʦ ʚʧʣʠʚʫ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʩʠʚʫ ʥʘ ʦʙʨʦʙʣʶʚʘʥʫ ʧʦʚʝʨʭʥʶ 

ʜʝʪʘʣʽ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʧʨʝʜʩʪʘʚʣʘʥʘ ʥʘ 

ʨʠʩ. 2.37. 
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ʈʠʩ. 2.37. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʦʚʦʛʦ ʚʧʣʠʚʫ ʘʙʨʘʟʠʚʥʦʛʦ 

ʤʘʩʠʚʫ ʥʘ ʦʙʨʦʙʣʶʚʘʥʫ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ ʚ ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ 

 

 ɺʽʜʦʤʦ [89], ʱʦ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʽ 

ʟʥʘʯʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʟʘʛʘʣʴʥʦʛʦ ʤʘʡʞʝ ʩʪʘʪʠʯʥʦʛʦ 

ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ. ʇʨʠʙʣʠʟʥʘ ʚʠʩʦʪʘ ʨʫʭʦʤʦʛʦ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʩʠʚʫ, ʱʦ 

ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʟʥʝʨʫʭʦʤʣʝʥʦʾ ʯʘʩʪʠʥʠ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 0,1 ʤ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʠʣʠ ʪʝʨʪʷ-ʢʦʚʟʘʥʥʷ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ 

ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ 

ʥʘʩʠʧʥʘ ʚʠʩʦʪʘ ʪʘʢʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʨʘʜʽʫʩʫ ʪʦʨʮʷ 

ʻʤʢʦʩʪʽ, ʘʣʝ ʥʝ ʙʽʣʴʰʘ ʟʘ 0,1 ʤ, ʘʜʞʝ, ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʮʽʻʾ ʚʠʩʦʪʠ ʧʝʨʝʤʽʱʝʥʥʷ 

ʘʙʨʘʟʠʚʫ ʧʦ ʦʙʨʦʙʣʶʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʙʫʜʝ ʘʙʦ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʻ, ʘʙʦ ʟʚʝʜʝʥʝ 

ʜʦ ʤʽʥʽʤʫʤʫ. 

 ɼʘʣʽ ʟʘʧʠʰʝʤʦ ʟʘʢʦʥ ɸʤʦʥʪʦʥʘ-ʂʫʣʦʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ 

ʪʝʨʪʷ-ʢʦʚʟʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʪʠʤʝ ʤʽʞ ʦʙʨʦʙʣʶʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ 

ʘʙʨʘʟʠʚʥʠʤ ʤʘʩʠʚʦʤ: 

,fNFʊʈ=                            (2.93) 

ʜʝ f ī ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ, ʷʢʠʡ ʩʣʽʜ ʧʨʠʡʤʘʪʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʤʘʪʝʨʽʘʣʽʚ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʘʙʨʘʟʠʚʫ ʤʽʞ ʩʦʙʦʶ; N ī ʩʠʣʘ ʥʦʨʤʘʣʴʥʦʾ ʨʝʘʢʮʽʾ 

ʦʧʦʨʠ. 

 ʉʠʣʘ ʥʦʨʤʘʣʴʥʦʾ ʨʝʘʢʮʽʾ ʦʧʦʨʠ N ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

,cosamgN=                        (2.94) 

ʜʝ m ī ʤʘʩʘ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙ'ʻʤʫ, ʱʦ ʩʪʚʦʨʶʻ ʪʠʩʢ ʥʘ 

ʦʙʨʦʙʣʶʚʘʥʫ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ, [ʢʛ]; g ī ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, [ʤ/ʩ2]; Ŭ 

ī ʢʫʪ ʥʘʭʠʣʫ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. 
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 ɺ ʧʨʦʮʝʩʽ ʛʘʣʪʫʚʘʥʥʷ ʜʝʪʘʣʽ ʟʘʡʤʘʶʪʴ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʧʦʣʦʞʝʥʥʷ 

ʚʽʜʥʦʩʥʦ ʩʪʽʥʦʢ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ, ʪʦʤʫ ʢʫʪ ʥʘʭʠʣʫ Ŭ 

ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʪʘ, ʟʘʟʚʠʯʘʡ, ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʫʣʷ ʛʨʘʜʫʩʽʚ. ʆʜʥʘʢ, 

ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʪʝ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʫʪ ʥʘʭʠʣʫ ʦʩʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 

ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʩʪʘʥʦʚʠʪʴ 54Á, ʘ ʪʘʢʦʞ, 

ʱʦ ʩʘʤʝ ʚ ʪʘʢʦʤʫ ʧʦʣʦʞʝʥʥʽ ʻʤʢʦʩʪʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʝ ʚʽʜʥʦʩʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʘʙʨʘʟʠʚʫ ʧʦ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ, ʧʨʠʡʤʘʪʠʤʝʤʦ 

ʟʥʘʯʝʥʥʷ ʢʫʪʘ Ŭ ʨʽʚʥʠʤ 54Á. 

 

 ʇʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟ (2.94) ʫ ʨʽʚʥʷʥʥʷ (2.93): 

.54cos AfmgFʊʈ=                        (2.95) 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟ ʧʨʦʧʦʨʮʽʡʥʦʶ ʟʤʽʥʦʶ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʦʜʥʦʯʘʩʥʦ ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ, ʷʢ ʚʽʜʩʪʘʥʴ ʧʨʦʡʜʝʥʘ ʯʘʩʪʠʥʢʦʶ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ (ʰʣʷʭ 

ʪʝʨʪʷ) S ʪʘ ʩʠʣʘ ʪʝʨʪʷ Fʊʈ. ʊʦʤʫ ʨʦʟʛʣʷʜʘʪʠʤʝʤʦ ʮʽ ʧʘʨʘʤʝʪʨʠ ʚ ʢʦʤʧʣʘʢʩʽ, ʷʢ 

ʨʦʙʦʪʫ ʩʠʣʠ ʪʝʨʪʷ 
ʊʈFA , ʱʦ ʚʠʢʦʥʘʥʘ ʥʘ ʚʽʜʩʪʘʥʽ, ʷʢʫ ʧʦʜʦʣʘʻ ʦʜʥʘ ʜʝʪʘʣʴ ʟʘ 

ʧʦʚʥʠʡ ʮʠʢʣ ʦʙʨʦʙʢʠ: 

.SFA ʊʈFʊʈ
=                 (2.96) 

 ʇʽʜʩʪʘʚʠʤʦ ʫ ʨʽʚʥʷʥʥʷ (2.96) ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʽʚ (2.92) ʪʘ (2.95): 

.54cos180 ntlfmgA ʎFʊʈ

A=         (2.97) 

 ɿʘ ʚʠʨʘʟʦʤ (2.97) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʦʙʦʪʫ ʩʠʣʠ ʪʝʨʪʷ 
ʊʈFA  ʤʽʞ ʜʝʪʘʣʣʶ ʪʘ 

ʘʙʨʘʟʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ 

ʜʣʷ ʥʝʦʙʭʽʜʥʦʛʦ ʩʪʫʧʝʥʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʯʘʩ, ʷʢʠʡ 

ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʚ ʻʤʢʦʩʪʽ ʽʥʰʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʟʽ ʚʩʪʘʥʦʚʣʝʥʦʶ 

ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʚʠʨʘʟʠʤʦ ʟ ʬʦʨʤʫʣʠ (2.97) ʟʥʘʯʝʥʥʷ t: 

nlfmg

A
t

ʎ

Fʊʈ

54cos180
= , [ʛʦʜ].                     (2.98) 

 ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʨʦʙʦʪʫ ʩʠʣʠ ʪʝʨʪʷ 
ʊʈFA  ʤʽʞ ʦʙʨʦʙʣʶʚʘʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʘʙʨʘʟʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ ʩʪʘʣʘ ʦʙʨʦʙʣʝʥʦʶ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʽʬʫʚʘʥʥʷ (ʧʦʣʽʨʫʚʘʥʥʷ) ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʚ 

ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ 

ʜʦʩʷʛʥʝʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʦʙʨʦʙʣʝʥʦʤʫ ʟʨʘʟʢʫ.  

 ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʫʨʘʭʦʚʫʚʘʥʥʷʤ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʛʽʜʥʦ ʚʠʨʘʟʫ 

(2.98), ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʯʘʩ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʽ ʜʝʪʘʣʝʡ: ʧʦʣʽʨʫʚʘʥʥʷ, ʰʣʽʬʫʚʘʥʥʷ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ 2-ʛʦ ʨʦʟʜʽʣʫ 

 1. ʅʘ ʦʩʥʦʚʽ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʝʥʦ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ, ʦʧʠʩʘʥʠʡ ʩʢʣʘʜʥʠʡ 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʷʢʘ 



90 

ʢʽʥʝʤʘʪʠʯʥʦ ʟ'ʻʜʥʘʥʘ ʟ ʚʝʜʝʥʦʶ ʚʠʣʢʦʶ ʨʫʭʘʻʪʴʩʷ ʟʥʘʯʥʦ ʽʥʪʝʥʩʠʚʥʽʰʝ, ʥʽʞ ʪʘ, 

ʱʦ ʟ'ʻʜʥʘʥʘ ʟ ʚʝʜʫʯʦʶ ʚʠʣʢʦʶ. 

 2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʪʘ ʟʤʽʥʫ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʫʭʫ 

ʩʠʧʢʦʛʦ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚʧʣʠʚʘʶʪʴ: ʢʫʪʦʚʘ 

ʰʚʠʜʢʽʩʪʴ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʘ ʪʘʢʦʞ ʛʘʙʘʨʠʪʥʽ ʧʘʨʘʤʝʪʨʠ ʻʤʢʦʩʪʽ; ʚʠʚʝʜʝʥʦ 

ʚʠʨʘʟʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʪʘʢʫ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ. 

 3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ ʧʨʠ 

ʨʫʩʽ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʻʤʢʦʩʪʽ. ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʩʠʧʢʝ ʨʦʙʦʯʝ 

ʩʝʨʝʜʦʚʠʱʝ ʚ ʩʝʨʝʜʠʥʽ ʈɭ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʙʫʜʝ ʨʫʭʘʪʠʩʷ ʟ ʨʽʟʥʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʧʝʨʝʤʽʱʘʶʯʠʩʴ ʤʽʞ ʧʨʦʪʠʣʝʞʥʠʤʠ ʪʦʨʮʷʤʠ ʻʤʢʦʩʪʽ ʫ 

ʟʫʩʪʨʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʘ ʦʙʨʦʙʣʶʚʘʥʽ ʜʝʪʘʣʽ ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʷ "ʫʜʘʨʫ" ʤʽʞ 

ʩʦʙʦʶ ʪʘ ʩʪʽʥʢʦʶ ʈɭ ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʠʭ ʩʠʣ ʽʥʝʨʮʽʾ, ʩʪʚʦʨʝʥʠʭ ʧʨʠʩʢʦʨʝʥʠʤ 

ʨʫʭʦʤ ʦʜʥʽʻʾ ʟ ʯʘʩʪʠʥ ʈɭ. 

 4. ɺʠʟʥʘʯʝʥʦ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, 

ʨʝʘʣʽʟʘʮʽʷ ʟʘʢʦʥʫ ʜʦʟʚʦʣʷʻ ʟʥʽʚʝʣʶʚʘʪʠ ʨʽʟʥʠʮʝʶ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʦʢ ɸ ʪʘ ɺ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʮʝʥʪʨʽ ʪʦʨʮʽʚ 

ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ. 

 5. ɺʠʚʝʜʝʥʦ ʚʠʨʘʟʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤ ʨʝʞʠʤʦʤ 

ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʩʝʨʝʜʥʴʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, 

ʛʘʙʘʨʠʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʰʠʥʠ, ʚ ʷʢʽʡ ʚʝʜʫʯʠʡ ʚʘʣ ʦʙʝʨʪʘʻʪʴʩʷ ʟʛʽʜʥʦ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʦ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʨʠʚʦʜʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʨʝʘʣʽʟʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ 

ʚʝʜʫʯʦʤʫ ʚʘʣʫ ʤʘʰʠʥʠ. 

 6. ʆʪʨʠʤʘʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ 

ʟʤʽʥʦʶ ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʛʘʙʘʨʠʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʻʤʢʦʩʪʽ ʪʘ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟ 

ʚʠʜʦʚʞʝʥʦʶ ʨʦʙʦʯʦʶ ʻʤʢʽʩʪʶ. 

 7. ɸʥʘʣʽʪʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, ʛʘʙʘʨʠʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʘ ʯʘʩʦʤ, ʱʦ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ. 

 8. ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʚ 

ʣʘʥʮʶʛʘʭ ʤʝʭʘʥʽʟʤʽʚ ʷʢʠʭ ʚʽʜʩʫʪʥʷ ʥʘʷʚʥʽʩʪʴ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ. 
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ʈʆɿɼɯʃ 3. ʉʀʅʊɽɿ ʊɸ ɸʅɸʃɯʊʀʏʅɽ ɼʆʉʃɯɼɾɽʅʅʗ 

ʈɸʎɯʆʅɸʃʔʅʀʍ ʉʊɸʊʀʏʅʆ ɺʀɿʅɸʏɽʅʀʍ ʇʈʆʉʊʆʈʆɺʀʍ 

ʐɸʈʅɯʈʅʀʍ ʄɽʍɸʅɯɿʄɯɺ ʄɸʐʀʅʀ ɼʃʗ ʆɹʈʆɹʂʀ ɼɽʊɸʃɽʁ 

 

ʋ ʧʝʨʰʦʤʫ ʪʘ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʘʭ ʚʠʯʝʨʧʥʦ ʥʘʚʝʜʝʥʽ ʥʝʜʦʣʽʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʽ ʧʨʦʩʪʦʨʦʚʽ 

ʤʝʭʘʥʽʟʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʩʪʦʨʦʚʠʡ ʰʝʩʪʠʣʘʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ çʙʘʟʦʚʦʾè 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʤʘʻ ʨʽʚʥʠʡ ʥʫʣʶ ʩʪʫʧʽʥʴ ʨʫʭʦʤʦʩʪʽ, ʫ 

ʤʝʭʘʥʽʟʤʽ ʥʘʷʚʥʠʡ ʦʜʠʥ ʧʘʩʠʚʥʠʡ ʟʚôʷʟʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʘʥʠʡ ʨʦʟʜʽʣ 

ʧʨʠʩʚʷʯʝʥʠʡ ʩʠʥʪʝʟʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʤʘʰʠʥ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟ ʧʦʜʘʣʴʰʠʤ ʢʦʤʧʣʝʢʩʥʠʤ ʘʥʘʣʽʪʠʯʥʠʤ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʦʟʨʘʭʫʥʢʫ ʾʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʚʽʣʴʥʝʥʥʷ ʰʝʩʪʠʣʘʥʢʦʚʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʚʽʜ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: ʚʚʝʜʝʥʥʷʤ 

ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ ʚ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ ʤʝʭʘʥʽʟʤʫ ʘʙʦ ʟʘʤʽʥʦʶ ʦʜʥʽʻʾ 

ʟ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ ʧôʷʪʦʛʦ ʢʣʘʩʫ ʥʘ ʢʽʥʝʤʘʪʠʯʥʫ ʧʘʨʫ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʫ. ʋ 

ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʙʠʜʚʘ ʤʝʪʦʜʠ. 

 

3.1. ʉʠʥʪʝʟ ʪʘ ʘʥʘʣʽʟ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ 

ʰʘʪʫʥʦʤ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʜʚʽ ʦʙʝʨʪʘʣʴʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʚ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ ʤʝʭʘʥʽʟʤʫ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ 

ʣʘʥʢʠ ʰʘʪʫʥʘ [123]. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʜʦʜʘʥʦ ʚ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ 

ʤʝʭʘʥʽʟʤʫ ʰʘʪʫʥ ʟ ʜʚʦʤʘ ʦʙʝʨʪʘʣʴʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʘʨʘʤʠ: ʦʜʥʽʻʶ 

ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ ʰʘʪʫʥ ʟôʻʜʥʘʥʠʡ ʟ ʚʝʜʝʥʦʶ ʚʠʣʢʦʶ, ʘ ʽʥʰʦʶ ï ʟ ʨʦʙʦʯʦʶ 

ʻʤʥʽʩʪʶ [124], ʧʨʠ ʯʦʤʫ, ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʰʘʪʫʥʘ ʤʘʻ ʧʨʦʭʦʜʠʪʠ ʢʨʽʟʴ ʩʘʤʫ 

ʨʦʙʦʯʫ ʻʤʥʽʩʪʴ. ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʤʽʥ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʩʝʤʠʣʘʥʢʦʚʠʡ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʡ ʰʘʨʥʽʨʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ ʟ 

ʦʙʝʨʪʘʣʴʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʘʨʘʤʠ. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʩʠʥʪʝʟʦʚʘʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʪʘ ʤʦʜʝʣʴ ʪʘʢʦʾ ʤʘʰʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.1.  

 
ʘ        ʙ  

ʈʠʩ. 3.1. ʉʝʤʠʣʘʥʢʦʚʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ, ʫ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʦʜʘʪʢʦʚʘ ʨʫʭʦʤʘ ʣʘʥʢʘ ʰʘʪʫʥ: ʘ ï ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʝʭʘʥʽʟʤʫ, ʙ ï ʤʦʜʝʣʴ 

ʤʘʰʠʥʠ 
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ʄʘʰʠʥʘ ʤʽʩʪʠʪʴ ʩʪʘʥʠʥʫ 1, ʨʦʟʤʽʱʝʥʠʡ ʚ ʥʽʡ ʧʨʠʚʽʜ 2, ʚʝʜʫʯʠʡ 3 ʪʘ 

ʚʝʜʝʥʠʡ 4 ʚʘʣʠ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʩʪʘʥʠʥʽ ʧʘʨʘʣʝʣʴʥʦ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ. ɺʘʣʠ 3 

ʪʘ 4 ʰʘʨʥʽʨʥʦ ʟ'ʻʜʥʘʥʽ ʜʨʫʛʠʤʠ ʢʽʥʮʷʤʠ ʟ ʚʝʜʫʯʦʶ 5 ʪʘ ʚʝʜʝʥʦʶ 6 ʚʠʣʢʘʤʠ 

ʚʽʜʧʦʚʽʜʥʦ, ʜʽʘʤʝʪʨʘʣʴʥʦ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʽ ʷʢʠʭ 7 ʽ 8 ʻ 

ʦʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʻʤʥʦʩʪʽ 9 ʪʘ ʰʘʪʫʥʘ 10, ʚʽʩʴ 12 ʷʢʦʾ ʧʨʦʭʦʜʠʪʴ ʚ ʩʝʨʝʜʠʥʽ 

ʻʤʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ. ɭʤʥʽʩʪʴ 9 ʪʘ ʰʘʪʫʥ 10 ʨʫʭʦʤʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ 11. ɺʽʩʴ ʦʙʝʨʪʘʥʥʷ 12 ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʧʘʨʠ 11 ʧʘʨʘʣʝʣʴʥʘ ʜʦ ʚʽʩʽ ʢʨʽʧʣʝʥʥʷ 8. ʉʪʫʧʽʥʴ ʨʫʭʦʤʦʩʪʽ, ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ 

ʉʦʤʦʚʘ-ʄʘʣʠʰʝʚʘ, ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʅʘʜʣʠʰʢʦʚʠʡ ʟʚôʷʟʦʢ ʚʠʢʣʶʯʝʥʦ. 

ʅʘ ʤʽʞʦʩʴʦʚʫ ʚʽʜʩʪʘʥʴ ʰʘʪʫʥʘ ʧʦʢʣʘʜʝʥʽ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ 

ʩʘʤʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʅʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʦʚʞʠʥ ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʫ, ʜʽʘʧʘʟʦʥʫ ʚʘʨʽʶʚʘʥʥʷ ʤʽʞʦʩʴʦʚʦʶ 

ʜʦʚʞʠʥʦʶ ʮʽʻʾ ʣʘʥʢʠ, ʷʢʘ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʞʦʩʴʦʚʦʾ ʜʦʚʞʠʥʠ 

ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ.  

ɸʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʽʜ ʧʦʯʠʥʘʪʠ ʟʘʜʘʶʯʠʩʴ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʘ 

ʩʘʤʝ ʥʘʩʪʫʧʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʻʤʥʦʩʪʽ ï 

lʈɭ, ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʻʤʥʦʩʪʽ ï Dʈɭ, ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʚʝʜʫʯʦʾ ʪʘ ʚʝʜʝʥʦʾ 

ʚʠʣʦʢ ï lɺ, çʜʽʘʤʝʪʨ ʚʠʣʦʢè (ʜʦʚʞʠʥʘ ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʽʩʽ ʢʨʽʧʣʝʥʥʷ ʚʝʜʫʯʦʾ ʚʠʣʢʠ 

ʟ ʨʦʙʦʯʦʶ ʻʤʥʽʩʪʶ ʯʠ ʚʝʜʝʥʦʾ ʚʠʣʢʠ ʟ ʰʘʪʫʥʦʤ) ï Dɺ, ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ 

ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ (ʰʘʪʫʥʘ) ï lɼʃ, ʦʙʦʚôʷʟʢʦʚʠʤ ʻ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ: 

lʈɭԈlɺ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʦʣʦʞʝʥʥʷ ʤʘʰʠʥʠ (ʨʠʩ. 3.2), ʧʨʠ ʷʢʦʤʫ ʚʽʩʴ 7 ʚʝʜʫʯʦʾ ʚʠʣʢʠ 

5 ʟʘʡʤʘʻ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ, ʘ ʚʽʩʴ 8 ʚʝʜʝʥʦʾ ʚʠʣʢʠ 6 ï ʚʝʨʪʠʢʘʣʴʥʝ.  

ʇʦʟʥʘʯʝʥʥʷ ʣʘʥʦʢ ʥʘ ʨʠʩ. 3.2 ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʧʦʟʥʘʯʝʥʥʷʤʠ ʥʘ ʨʠʩ. 3.1. 

 
ʈʠʩ. 3.2. ʇʦʣʦʞʝʥʥʷ ʤʘʰʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʚʽʩʴ 7 ʚʝʜʫʯʦʾ ʚʠʣʢʠ 5 ʟʘʡʤʘʻ 

ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ, ʘ ʚʽʩʴ 8 ʚʝʜʝʥʦʾ ʚʠʣʢʠ 6 ï ʚʝʨʪʠʢʘʣʴʥʝ 
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ʊʦʯʢʠ ʉ ʪʘ D, ʱʦ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʮʝʥʪʨʘʤʠ ʦʙʝʨʪʘʣʴʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ 

ʰʘʪʫʥʘ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʢʦʣʽ, ʮʝʥʪʨ ʷʢʦʛʦ ʩʧʽʚʧʘʜʘʻ ʟ ʪʦʯʢʦʶ ɸ. ʈʘʜʽʫʩ ʢʦʣʘ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

.BʆʈɭB lllR =+=              (3.1) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʜʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʤʘʰʠʥʠ, ʟ ʫʪʚʦʨʝʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ 

ɸɺʉ ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʩʷʤʠ ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ 

ʚʘʣʽʚ: 
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0 ɺBʈɭ llll -+=                      (3.2) 

ɺ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ, ʜʝ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ lʈɭԈlɺ ʪʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʦʩʪʽʡʥʘ ʬʽʢʩʦʚʘʥʘ ʚʽʜʩʪʘʥʴ l0 ʤʽʞ ʦʩʷʤʠ ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ, ʥʝ 

ʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʬʽʢʩʦʚʘʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʦʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ. ʇʨʠ ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʠʭ ʣʘʥʦʢ 

ʤʘʰʠʥʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.2 ʪʘʢʘ ʚʽʜʩʪʘʥʴ ʻ ʤʽʥʽʤʘʣʴʥʦʶ, ʦʜʥʘʢ, ʧʨʠ 

ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʢʦʣʠ ʙʽʯʥʽ ʧʣʦʱʠʥʠ ʚʠʣʦʢ ʙʫʜʫʪʴ 

ʧʘʨʘʣʝʣʴʥʽ ʤʽʞ ʩʦʙʦʶ, ʘ ʨʦʙʦʯʘ ʻʤʥʽʩʪʴ ʙʫʜʝ ʧʨʦʝʢʪʫʚʘʪʠʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ 

ʧʣʦʱʠʥʫ ʚ ʥʘʪʫʨʘʣʴʥʫ ʚʝʣʠʯʠʥʫ (ʨʠʩ. 3.3), ʚʽʜʩʪʘʥʴ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʦʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʦʶ 

lɺɺ(ʄAX): 

,)( AʈɭMAXɺɺ lll +=        (3.3) 

ʜʝ lA ï ʜʦʜʘʪʢʦʚʘ ʩʢʣʘʜʦʚʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ 

ʪʘʢʦʤʫ ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.3. 

 
ʈʠʩ. 3.3. ɺʝʨʪʠʢʘʣʴʥʘ ʧʨʦʝʢʮʽʷ ʤʘʰʠʥʠ ʚ ʧʨʦʝʢʪʠʚʥʦʤʫ ʟʚôʷʟʢʫ ʽʟ ʧʨʦʝʢʮʽʻʶ 

ʤʘʰʠʥʠ ʥʘ ʧʣʦʱʠʥʫ, ʷʢʘ ʧʘʨʘʣʝʣʴʥʘ ʜʦ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʷ ʻʤʥʦʩʪʽ  
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 ʆʢʨʽʤ ʪʦʛʦ, ʚʠʭʦʜʷʯʠ ʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ, lɺɺ(ʄAX) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

,4 22

0)( XMAXɺɺ lll -=                (3.4) 

ʜʝ lʍ  ï ʚʽʜʩʪʘʥʴ ʚ ʧʨʦʝʢʮʽʾ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʧʣʦʱʠʥʫ ʤʽʞ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ 

ʚʝʜʝʥʦʛʦ (ʚʝʜʫʯʦʛʦ) ʚʘʣʫ ʪʘ ʚʽʩʩʶ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ lʍ ʩʧʨʦʝʢʪʫʻʤʦ 

ʚʝʨʪʠʢʘʣʴʥʫ ʧʨʦʝʢʮʽʶ ʤʘʰʠʥʠ (çʚʝʨʭʥʷ ʧʨʦʝʢʮʽʷè) ʥʘ ʧʣʦʱʠʥʫ ʧʘʨʘʣʝʣʴʥʫ ʜʦ 

ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʷ ʻʤʥʦʩʪʽ. ɺʝʨʪʠʢʘʣʴʥʘ ʧʨʦʝʢʮʽʷ ʚ ʧʨʦʝʢʪʠʚʥʦʤʫ ʟʚôʷʟʢʫ ʽʟ 

ʧʨʦʝʢʮʽʻʶ ʤʘʰʠʥʠ ʥʘ ʧʣʦʱʠʥʫ, ʷʢʘ ʧʘʨʘʣʝʣʴʥʘ ʜʦ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʷ ʨʦʙʦʯʦʾ 

ʻʤʥʦʩʪʽ (çʥʠʞʥʷ ʧʨʦʝʢʮʽʷè) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.3. 

ɻʝʦʤʝʪʨʠʯʥʽ ʚʽʩʽ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʤʠʤʦʙʽʞʥʽ, ʾʭ ʧʨʦʝʢʮʽʾ ʥʘ ʧʣʦʱʠʥʽ 

ʧʘʨʘʣʝʣʴʥʽʡ ʜʦ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʷ ʻʤʥʦʩʪʽ ï ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʤʽʞ ʩʦʙʦʶ, 

ʚʽʩʴ ʻʤʥʦʩʪʽ, ʷʢʘ ʧʨʦʜʦʚʞʝʥʘ ʟ çʚʝʨʭʥʴʦʾ ʧʨʦʝʢʮʽʾè ʨʦʟʜʽʣʷʻ ʧʨʷʤʠʡ ʢʫʪ ʤʽʞ 

ʦʩʷʤʠ ʚʠʣʦʢ ʥʘʚʧʽʣ. ɺ ʨʝʟʫʣʴʪʘʪʳ, ʥʘ çʥʠʞʥʽʡ ʧʨʦʝʢʮʽʾè ʫʪʚʦʨʠʚʩʷ 

ʨʽʚʥʦʙʝʜʨʝʥʠʡ ʧʨʷʤʦʢʫʪʥʠʡ ʪʨʠʢʫʪʥʠʢ ʟ ʛʽʧʦʪʝʥʫʟʦʶ lɺ ʪʘ ʜʚʦʤʘ ʢʘʪʝʪʘʤʠ lʍ. 

ɺʽʜʧʦʚʽʜʥʦ, ʜʦʚʞʠʥʘ lʍ  ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʷʢ: 

 .45cos A
ɺX ll =             (3.5) 

ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ (3.5) ʫ ʨʽʚʥʷʥʥʷ (3.4): 
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0)(

A
ɺMAXɺɺ lll -=        (3.6) 

ɺʠʨʘʟʠ (3.3) ʪʘ (3.6) ʦʙôʻʜʥʘʻʤʦ ʤʽʞ ʩʦʙʦʶ ʪʘ ʚʠʨʘʟʠʤʦ ʟʥʘʯʝʥʥʷ lA: 
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0 ʈɭɺA llll --= A
       (3.7) 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʦʚʘʥʦʾ ʟʘ ʚʠʨʘʟʦʤ (3.7) ʚʽʜʩʪʘʥʽ lɸ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ 

ʪʘʢʦʤʫ ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.3, 

ʩʧʨʘʚʝʜʣʠʚʦʶ ʙʫʜʝ ʥʝʨʽʚʥʽʩʪʴ: 

,Aɼʃ ll ²                    (3.8) 

ʜʝ lɼʃ ï ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʜʦʜʘʪʢʦʚʦʾ ʣʘʥʢʠ. 

ʇʽʜʩʪʘʚʠʤʦ (3.2) ʫ ʚʠʨʘʟ (3.7) ʪʘ ʟʘʧʠʰʝʤʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʽʚʥʦʩʪʽ (3.8): 
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ʈɭɺɺBʈɭɼʃ llllll ---+² A
             (3.9) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʚʠʨʘʟʦʤ (3.9), ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʧʦʯʘʪʢʦʚʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ ʤʽʞʦʩʴʦʚʫ 

ʜʦʚʞʠʥʫ ʰʘʪʫʥʘ lɼʃ. 

ʅʘ ʨʠʩ. 3.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢʝ ʧʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʧʨʠ 

ʷʢʦʤʫ ʪʦʯʢʘ D, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʮʝʥʪʨʦʤ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʰʘʪʫʥʘ ʟ 

ʻʤʥʽʩʪʶ, ʟʥʘʭʦʜʠʪʴʩʷ ʧʦ çʟʦʚʥʽʰʥʽʡ ʙʽʢè ʚʽʜ ʚʝʜʝʥʦʾ ʚʠʣʢʠ (ʥʠʞʯʝ ʣʽʥʽʾ lɺʆ), 

ʤʽʞ ʚʽʩʩʶ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ lʈɭ ʪʘ ʤʽʞʦʩʴʦʚʦʶ ʚʽʜʩʪʘʥʥʶ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ 

ʣʘʥʢʠ lɼʃ ʫʪʚʦʨʶʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ Ŭ ï ŬMIN, ʷʢʠʡ ʙʫʜʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ű0. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʢʫʪʘ Ŭ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

ʤʘʰʠʥʠ ű0 (ʨʠʩ. 3.4) ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʘʰʠʥʠ ʚ ʉɸʇʈ SolidWorks ʟ ʧʦʜʘʣʴʰʠʤ ʢʽʥʝʤʘʪʠʯʥʠʤ ʘʥʘʣʽʟʦʤ ʚʢʘʟʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ. ɿʘ ʧʦʯʘʪʢʦʚʠʡ ʢʫʪ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʧʨʠʡʥʷʪʦ ʪʘʢʝ 

ʧʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʛʝʦʤʝʪʨʠʯʥʘ ʚʽʩʴ ʢʨʽʧʣʝʥʥʷ 
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ʚʝʜʫʯʦʾ ʚʠʣʢʠ ʟ ʻʤʥʽʩʪʶ ʧʨʠʡʤʘʪʠʤʝ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ, ʘ ʛʝʦʤʝʪʨʠʯʥʘ 

ʚʽʩʴ ʢʨʽʧʣʝʥʥʷ ʚʝʜʝʥʦʾ ʚʠʣʢʠ ʟ ʰʘʪʫʥʦʤ ʙʫʜʝ ʚʝʨʪʠʢʘʣʴʥʦʶ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʤʘʰʠʥʠ ʟʘʜʘʚʘʣʠʩʷ ʧʦʯʘʪʢʦʚʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʪʘ ʨʦʟʨʘʭʦʚʫʚʘʣʠ 

ʥʝʦʙʭʽʜʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘ ʚʠʱʝʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚʠʨʘʟʘʤʠ. ʄʦʜʝʣʴ 

ʤʘʰʠʥʠ ʤʘʣʘ ʥʘʩʪʫʧʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ: lʈɭ=130 ʤʤ, Dʈɭ=85 ʤʤ, lɺ=77 

ʤʤ, l0=192,15 ʤʤ, Dɺ=135 ʤʤ. 

 

 
 

ʈʠʩ. 3.4. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʢʫʪʘ Ŭ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ű0 

 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʛʨʘʬʽʢ ʥʘ ʨʠʩ. 3.5, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʘ ʦʜʠʥ 

ʧʦʚʥʠʡ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʬʫʥʢʮʽʷ ʟʤʽʥʠ ʢʫʪʘ Ŭ ʙʫʜʝ ʤʘʪʠ ʜʚʘ ʧʝʨʽʦʜʠ. ʇʨʠ 

ʜʚʦʭ ʧʦʣʦʞʝʥʥʷʭ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ (ʨʠʩ. 3.3) ʢʫʪ Ŭ ʜʦʩʷʛʘʪʠʤʝ ʩʚʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ŬMɸʍ = 180Ü. ʇʽʩʣʷ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʥʘ ű0=180Ü, 

ʻʤʥʽʩʪʴ ʪʘʢʦʞ ʧʦʚʝʨʥʝʪʴʩʷ ʥʘ 180Ü ʚʽʜʥʦʩʥʦ ʩʚʦʻʾ ʧʦʚʟʜʦʚʞʥʴʦʾ ʚʽʩʽ, ʘ ʨʫʭʦʤʽ 

ʣʘʥʢʠ ʤʘʰʠʥʠ ʧʨʠʡʤʫʪʴ ʪʘʢʝ ʧʦʣʦʞʝʥʥʷ (ʨʠʩ. 3.5), ʧʨʠ ʷʢʦʤʫ ʪʦʯʢʘ D ʙʫʜʝ 

ʟʥʘʭʦʜʠʪʠʩʷ ʚʞʝ ʧʦ çʚʥʫʪʨʽʰʥʽʡ ʙʽʢè ʚʽʜ ʚʝʜʝʥʦʾ ʚʠʣʢʠ (ʚʠʱʝ ʣʽʥʽʾ lɺʆ), ʚʝʜʝʥʘ 

ʚʠʣʢʘ ʬʘʢʪʠʯʥʦ ʙʫʜʝ ʦʭʦʧʣʶʚʘʪʠ ʻʤʥʽʩʪʴ ʥʘ ʚʽʜʩʪʘʥʽ ʙʽʣʴʰʽʡ ʟʘ ʾʾ ʨʘʜʽʫʩ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʪʦʯʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʰʠʥʠ, ʧʨʠ ʷʢʠʭ ʻʤʥʽʩʪʴ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʜʽʘʤʝʪʨʦʤ ʟʤʦʞʝ ʚʽʣʴʥʦ ʧʝʨʝʤʽʱʘʪʠʩʷ 

ʚ ʩʝʨʝʜʠʥʽ ʚʝʜʝʥʦʾ ʚʠʣʢʠ. 
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ʈʠʩ. 3.5. ʇʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʪʦʯʢʘ D ʙʫʜʝ 

ʟʥʘʭʦʜʠʪʠʩʷ ʚʞʝ ʧʦ çʚʥʫʪʨʽʰʥʽʡ ʙʽʢè ʚʽʜ ʚʝʜʝʥʦʾ ʚʠʣʢʠ 

 

ʇʨʠʡʤʝʤʦ, ʱʦ lʇ ï ʮʝ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʰʘʪʫʥʘ 

ʟ ʚʠʣʢʦʶ ʜʦ ʾʾ ʩʪʽʥʢʠ, ʷʢʘ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʪʘʢʦʞ ʧʦʚʠʥʥʘ ʟʘʜʘʚʘʪʠʩʷ ʚ 

ʧʦʯʘʪʢʦʚʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʤʘʰʠʥʠ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ, ï ʮʝ ʚʽʜʩʪʘʥʴ 

ʚʝʜʝʥʦʾ ʚʠʣʢʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʚʽʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʻʤʥʦʩʪʽ. lR ï ʮʝ ʚʽʜʩʪʘʥʴ 

ʚʽʜ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʚʝʜʝʥʦʾ ʚʠʣʢʠ ʟ ʰʘʪʫʥʦʤ ʜʦ ʪʦʯʢʠ K (ʨʠʩ. 

3.5) ʚ ʧʨʦʝʢʮʽʾ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʚʽʩʴ ʚʝʜʝʥʦʾ ʚʠʣʢʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʘʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʣʠʰʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ 

ʚʠʢʦʥʫʚʘʪʠʤʝʪʴʩʷ ʫʤʦʚʘ: 

.ʇR ll B               (3.10) 

ʋ ʩʚʦʶ ʯʝʨʛʫ, lR ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʥʘ ʩʢʣʘʜʦʚʽ l1 ʪʘ l2, ʦʪʞʝ: 

.21 lllR +=                   (3.11) 

 ɺʠʭʦʜʷʯʠ ʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

,
cos

1
g
ɹʈɭ lR

l
+

=                     (3.12) 

ʜʝ Rʈɭ ï ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ ʻʤʥʦʩʪʽ, lɹ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʧʘʨʠ ʚʝʜʝʥʦʾ ʚʠʣʢʠ ʪʘ ʰʘʪʫʥʘ, ʷʢʘ ʧʨʦʚʝʜʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʚʽʩʽ ʻʤʥʦʩʪʽ, ɔ 

ï ʢʫʪ ʤʽʞ lɹ  ʪʘ lɼʃ. ʂʫʪ ɔ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ ʥʘʭʠʣ ʚʽʩʽ ʻʤʥʦʩʪʽ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʧʣʦʱʠʥʠ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ï ʮʝ ʢʫʪ ʤʽʞ ʧʨʷʤʦʶ, ʱʦ ʟôʻʜʥʫʻ ʦʩʽ ʚʝʜʫʯʦʛʦ ʽ 

ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ l0 ʪʘ ʚʽʩʩʶ ʻʤʥʦʩʪʽ lʈɭ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

,bag -¡=             (3.13) 
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ʜʝ Ŭô ï ʢʫʪ ʤʽʞ l0 ʪʘ lɺʆ, ɓ ï ʢʫʪ ʤʽʞ lɺʆ ʪʘ lʈɭ. 

 

ɿ ʪʨʠʢʫʪʥʠʢʘ ɸɺʉ ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ Ŭô: 

,arccosarccos 0

BOl

l
=¡=¡ aa                     (3.14) 

ʜʝ lɺʆ ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʦʤ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʟ ʚʝʜʫʯʦʶ 

ʚʠʣʢʦʶ (ʪʦʯʢʘ ɸ) ʪʘ ʮʝʥʪʨʦʤ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʚʝʜʝʥʦʾ ʚʠʣʢʠ ʟ ʰʘʪʫʥʦʤ (ʪʦʯʢʘ 

ʉ). 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʟ ʪʨʠʢʫʪʥʠʢʘ ɸɺʉ, ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ lɺʆ: 

.22

0 ɺBO lll +=      (3.15) 

ʇʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟ (3.15) ʫ ʬʦʨʤʫʣʫ (3.14): 

.arccosarccos
22

0

0

ɺll

l

+
=¡=¡ aa           (3.16) 

ɼʘʣʽ, ʟʛʽʜʥʦ ʪʝʦʨʝʤʠ ʢʦʩʠʥʫʩʽʚ, ʟ ʪʨʠʢʫʪʥʠʢʘ ACD ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ɓ, ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʚʠʨʘʟ (3.15): 

.
)(2

)(
arccosarccos

22

0

222

0

2

ʈɭɺɺ

ɼʃɺʈɭɺ

llll

lllll

+Ö+

-+++
=¡= ab                (3.17) 

ʇʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟʠ (3.16) ʪʘ (3.17) ʫ ʨʽʚʥʷʥʥʷ (3.13), ʦʪʨʠʤʘʻʤʦ: 

.
)(2

)(
arccosarccos

22

0

222

0

2

22

0

0

ʈɭɺɺ

ɼʃɺʈɭɺ

ɺ llll

lllll

ll

l

+Ö+

-+++
-

+
=g           (3.18) 

ɼʘʣʽ, ʚʠʭʦʜʷʯʠ ʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ lɹ: 

,cosdɼʃɹ ll =                 (3.19) 

ʜʝ ŭ ï ʢʫʪ ʤʽʞ ʧʨʷʤʦʶ lɹ ʪʘ lɼʃ. 

ʈʦʟʛʣʷʥʫʚʰʠ ʪʨʠʢʫʪʥʠʢ ACD, ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ŭ: 

,90 ed -= A                       (3.20) 

ʜʝ Ů ï ʢʫʪ ʤʽʞ lʈɭ ʪʘ lɼʃ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʪʝʦʨʝʤʫ ʩʠʥʫʩʽʚ ʟ ʪʨʠʢʫʪʥʠʢʘ ACD, ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʨʽʚʥʷʥʥʷ (3.15): 

.
sin

arcsin

22

0

ɼʃ

ɺ

l

ll +Ö
=

b
e              (3.21) 

ʇʽʜʩʪʘʚʠʤʦ ʨʽʚʥʷʥʥʷ (3.21) ʫ ʚʠʨʘʟ (3.20): 

.
sin

arcsin90

22

0

ɼʃ

ɺ

l

ll +Ö
-=

b
d A               (3.22) 

ʊʝʧʝʨ ʧʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟ (3.22) ʫ (3.19): 

.
sin

arcsin90cos

22

0

ö
ö

÷

õ

æ
æ

ç

å +Ö
-=

ɼʃ

ɺ

ɼʃɹ
l

ll
ll

bA             (3.23) 

ʇʽʩʣʷ ʯʦʛʦ, ʧʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟʠ (3.23) ʪʘ (3.18) ʫ ʨʽʚʥʷʥʥʷ (3.12): 
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l

l
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l
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        (3.24) 

ɺʽʜʩʪʘʥʴ l2 ʟʥʘʯʥʦ ʤʝʥʰʘ ʟʘ ʚʽʜʩʪʘʥʴ l1, ʦʜʥʘʢ, ʥʝ ʧʨʠʡʤʘʪʠ ʾʾ ʜʦ ʫʚʘʛʠ ʥʝ 

ʤʦʞʥʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʻ ʩʢʣʘʜʦʚʦʶ ʚʽʜʩʪʘʥʽ lR, ʷʢʫ, ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʜʘʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ, ʥʝʦʙʭʽʜʥʦ ʪʦʯʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ. ɼʦʚʞʠʥʘ l2 ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʠʨʠʥʠ ʚʠʣʢʠ h ʪʘ ʢʫʪʘ ʥʘʭʠʣʫ ʚʽʩʽ ʻʤʥʦʩʪʽ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʧʣʦʱʠʥʠ ɔ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

.5,02 gtghl Ö=                (3.25) 

ʇʽʜʩʪʘʚʠʤʦ ʫ ʚʠʨʘʟ (3.25) ʨʽʚʥʷʥʥʷ (3.18): 
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ɼʘʣʽ ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʦʚʞʠʥʠ lR, ʧʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟʠ 

(3.24) ʪʘ (3.26) ʫ ʨʽʚʥʷʥʥʷ (3.11): 
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        (3.25) 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʥʝʦʙʭʽʜʥʦ, 

ʱʦʙ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʚʠʨʘʟʦʤ (3.25) ʜʦʚʞʠʥʘ lR ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ ʚʽʜʩʪʘʥʴ lʇ. 

ɺʠʟʥʘʯʘʣʠ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ ʚʽʜʩʪʘʥʽ lN, ʧʨʦʚʝʜʝʥʫ ʧʦ ʥʦʨʤʘʣʽ ʚʽʜ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʪʽʥʢʠ ʩʪʘʥʠʥʠ ʤʘʰʠʥʠ ʜʦ ʮʝʥʪʨʫ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʟ ʚʝʜʫʯʦʶ ʚʠʣʢʦʶ (ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʟ ʚʝʜʝʥʦʶ ʚʠʣʢʦʶ), ʷʢʘ ʙʫʜʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʣʴʥʝ (ʙʝʟ ʟʘʢʣʠʥʶʚʘʥʥʷ ʚʩʴʦʛʦ ʤʝʭʘʥʽʟʤʫ) ʧʝʨʝʤʽʱʝʥʥʷ 

ʻʤʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ. ɼʦʚʞʠʥʘ lN  ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʩʫʤʘ ʜʦʚʞʠʥ 

lHF ʪʘ lFN: 

,FNHFN lll +=      (3.26) 

ʜʝ lFN  ï ʟʘʟʦʨ ʤʽʞ ʩʪʘʥʠʥʦʶ ʤʘʰʠʥʠ ʪʘ ʚʠʣʢʦʶ, ʚʽʩʴ ʢʨʽʧʣʝʥʥʷ ʷʢʦʾ ʟ ʻʤʥʽʩʪʶ 

ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ɼʦʚʞʠʥʫ lFN ʧʦʪʨʽʙʥʦ ʧʽʜʙʠʨʘʪʠ, 

ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʻʤʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʪʠʧʦʨʦʟʤʽʨʫ, ʚ ʤʝʞʘʭ 10 ï 20% ʚʽʜ ʜʦʚʞʠʥʠ lɺ: 

.)2,0...1,0( ɺFN ll Öº          (3.27) 

ɺʽʜʩʪʘʥʴ lHF ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

,EHEFʅF lll -=               (3.28) 

ʜʝ lɽF ï ʚʽʜʩʪʘʥʴ ʧʦ ʚʝʨʪʠʢʘʣʽ ʚʽʜ ʧʝʨʝʪʠʥʫ ʚʽʩʽ ʻʤʥʦʩʪʽ lʈɭ ʟ ʛʝʦʤʝʪʨʠʯʥʦʶ ʚʽʩʩʶ 

ʢʨʽʧʣʝʥʥʷ ʚʝʜʫʯʦʾ ʚʠʣʢʠ (ʪʦʯʢʘ ɽ) ʜʦ ʧʝʨʝʪʠʥʫ ʟ ʛʨʘʥʥʶ ʚʝʜʫʯʦʾ ʚʠʣʢʠ; lɽʅ  ï 
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ʚʽʜʩʪʘʥʴ ʧʦ ʚʝʨʪʠʢʘʣʽ ʚʽʜ ʧʝʨʝʪʠʥʫ ʚʽʩʽ ʻʤʥʦʩʪʽ lʈɭ ʟ ʛʝʦʤʝʪʨʠʯʥʦʶ ʚʽʩʩʶ 

ʢʨʽʧʣʝʥʥʷ ʚʝʜʫʯʦʾ ʚʠʣʢʠ (ʪʦʯʢʘ ɽ) ʜʦ ʧʝʨʝʪʠʥʫ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʨʷʤʦʶ l0, ʱʦ 

ʟôʻʜʥʫʻ ʦʙʝʨʪʘʣʴʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ ʚʠʣʦʢ ʟ ʚʘʣʘʤʠ (ʪʦʯʢʘ ʅ).  

ɿ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ EFG ʚʠʟʥʘʯʠʤʦ lɽF: 

,cosgBEF Rl =             (3.29) 

ʜʝ Rɺ ï çʨʘʜʽʫʩ ʚʠʣʢʠè, ʧʦʣʦʚʠʥʘ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʽʩʽ ʢʨʽʧʣʝʥʥʷ ʚʝʜʫʯʦʾ ʚʠʣʢʠ 

ʟ ʻʤʥʽʩʪʶ. 

ɼʘʣʽ, ʟ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ AEH ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

lɽʅ: 

.singBEʅ ll =          (3.30) 

ʇʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟʠ (3.29) ʪʘ (3.30) ʫ ʨʽʚʥʷʥʥʷ (3.28): 

.sincos gg BBʅF lRl -=                 (3.31) 

ʇʽʜʩʪʘʚʠʤʦ ʦʪʨʠʤʘʥʠʡ ʚʠʨʘʟ (3.31), ʘ ʪʘʢʦʞ ʚʠʨʘʟ (3.27) ʫ ʨʽʚʥʷʥʥʷ (3.26): 

.)2,0...1,0(sincos ɺBBN llRl Ö+-= gg           (3.32) 

ʇʽʜʩʪʘʚʠʤʦ ʫ (3.32) ʚʠʨʘʟ (3.18) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ɔ: 
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 (3.33) 

ɿʘ ʨʽʚʥʷʥʥʷʤ (3.33) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʫ ʚʽʜʩʪʘʥʴ lN 

ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ ʤʘʰʠʥʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʾʾ 

ʙʝʟʧʝʨʝʰʢʦʜʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʙʫʜʝ 

ʮʠʢʣʽʯʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʟʥʘʯʝʥʥʷ ʢʫʪʘ Ŭ. ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ Ŭɸ ʟʤʽʥʠ ʢʫʪʘ Ŭ: 

.MINMAXɸ aaa -=            (3.34) 

ɿʤʽʥʘ ʢʫʪʘ Ŭ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʟʤʽʥʫ ʚʽʜʩʪʘʥʽ lɺɺ ʤʽʞ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ 

ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ. ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ lɸ(ɺɺ) 
ʤʽʞ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ 

ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ: 

.)()()( MINBBMAXBBBBɸ lll -=              (3.35) 

ɺ ʩʚʦʶ ʯʝʨʛʫ, lɺɺ(MAX) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ: 

,.)(.)()( ʨʦʟʨʘʭɼʃʨʦʟʨʘʭʈɭMAXɺɺ lll +=     (3.36) 

ʜʝ lʈɭ(ʨʦʟʨʘʭ.) ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ; lɼʃ(ʨʦʟʨʘʭ.) ï 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ. 

 ɺʠʨʘʟ (3.6), ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.36), ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

.)45cos(4)( 22

.)(.)(0

A
Bʨʦʟʨʘʭɼʃʨʦʟʨʘʭʈɭ llll ++=            (3.37) 

 ʋ ʧʨʦʮʝʩʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʯʠ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʘʥʦʾ ʤʘʰʠʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʦʙʦʯʘ ʻʤʥʽʩʪʴ ʪʘ ʜʦʜʘʪʢʦʚʘ ʨʫʭʦʤʘ ʣʘʥʢʘ ʽʟ ʽʥʰʠʤʠ 
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ʟʙʽʣʴʰʝʥʠʤʠ ʤʽʞʦʩʴʦʚʠʤʠ ʚʽʜʩʪʘʥʷʤʠ. ʄʽʞʦʩʴʦʚʽ ʜʦʚʞʠʥʠ ʮʠʭ ʣʘʥʦʢ 

ʤʝʭʘʥʽʟʤʫ ʧʦʟʥʘʯʘʣʠ ʷʢ lʈɭ(ʧʨʠʡʥ.) ʪʘ lɼʃ(ʧʨʠʡʥ.). 

ʗʢʱʦ lʈɭ(ʧʨʠʡʥ.) = lʈɭ(ʨʦʟʨʘʭ.), ʪʦ ŬMAX = 180Ü, ʦʜʥʘʢ, ʷʢʱʦ lʈɭ(ʧʨʠʡʥ.) Ԉ lʈɭ(ʨʦʟʨʘʭ.), 

ʪʦ: 
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lll
a                   (3.38) 

ŬMIN, ʚ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʧʨʠʡʥʷʪʦ lʈɭ(ʧʨʠʡʥ.) ʯʠ lʈɭ(ʨʦʟʨʘʭ.), ʙʫʜʝ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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BOBʨʦʟʨʘʭʧʨʠʡʥʈɭʨʦʟʨʘʭʧʨʠʡʥɼʃ

MIN
lll

llll
a              (3.39) 

ʜʝ lɺʆ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʦʙʝʨʪʘʥʥʷ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʚʝʜʫʯʦʛʦ 

ʚʘʣʫ ʟ ʚʠʣʢʦʶ ʜʦ ʚʽʩʽ ʟôʻʜʥʘʥʥʷ ʚʝʜʝʥʦʾ ʚʠʣʢʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ, 

ʧʨʠ ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.2. 

ɺʽʜʩʪʘʥʴ lɺʆ ʪʘʢʦʞ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ (3.15). 

ʇʽʜʩʪʘʚʠʤʦ ʫ ʨʽʚʥʷʥʥʷ (3.15) ʚʠʨʘʟ (3.37): 

.)45cos(4)( 22

.)(.)(

2 A
Bʨʦʟʨʘʭɼʃʨʦʟʨʘʭʈɭɺɺʆ lllll +++=    (3.40) 

 ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ (3.39) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.40): 
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lllllll A

a (3.41) 

ɿʘʧʠʰʝʤʦ ʚʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ Ŭɸ (ʢʦʣʠ lʈɭ(ʧʨʠʡʥ.) = lʈɭ(ʨʦʟʨʘʭ.) ʪʘ ʢʦʣʠ 

lʈɭ(ʧʨʠʡʥ.) Ԉ lʈɭ(ʨʦʟʨʘʭ.)), ʧʨʠ ʮʴʦʤʫ ʧʽʜʩʪʘʚʠʚʰʠ ʨʽʚʥʷʥʥʷ (3.41) ʫ ʚʠʨʘʟ (3.34). 
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Aa  (3.42) 

 ʈʽʚʥʷʥʥʷ (3.42) ʘʢʪʫʘʣʴʥʝ ʜʣʷ ʪʠʭ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ lʈɭ(ʧʨʠʡʥ.) = lʈɭ(ʨʦʟʨʘʭ.) ʪʘ 

lɼʃ(ʧʨʠʡʥ.) = lɼʃ(ʨʦʟʨʘʭ.). 
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BʨʦʟʨʘʭɼʃʨʦʟʨʘʭʈɭɺBʨʦʟʨʘʭʧʨʠʡʥʈɭʨʦʟʨʘʭʧʨʠʡʥɼʃ

ʧʨʠʡʥɼʃʧʨʠʡʥʈɭ

MAXɺɺʧʨʠʡʥɼʃʧʨʠʡʥʈɭ

A
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lllllll

ll
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A
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(3.43) 

 ɿʘ ʨʽʚʥʷʥʥʷʤ (3.43) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʥʷ Ŭɸ ʚ ʪʠʭ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ lʈɭ(ʧʨʠʡʥ.) Ԉ lʈɭ(ʨʦʟʨʘʭ.) ʪʘ lɼʃ(ʧʨʠʡʥ.) Ԉ lɼʃ(ʨʦʟʨʘʭ.). 

ɼʘʣʽ, ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʦʙʫʜʦʚʠ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʨʦʝʢʮʽʾ ʤʘʰʠʥʠ 

(ʨʠʩ. 3.2), ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ lɺɺ(MIN): 
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.)/.()( MINʨʦʟʨʘʭʧʨʠʡʥɼʃʨʦʟʨʘʭʧʨʠʡʥʈɭʨʦʟʨʘʭʧʨʠʡʥɼʃʨʦʟʨʘʭʧʨʠʡʥʈɭMINɺɺ lllll a-+= (3.44) 

 ʈʽʚʥʷʥʥʷ (3.44), ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.41), ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 
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 ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ (3.35) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ lɸ(ɺɺ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ (3.36) 

ʪʘ (3.44): 
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(3.46) 

ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (3.46), ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʭʽʜʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʘʤʧʣʽʪʫʜʫ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ 

ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ, ʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʨʘʟʽʚ (3.42) ʪʘ (3.43) ï 

ʘʤʧʣʽʪʫʜʫ ʟʤʽʥʠ ʢʫʪʘ ʤʽʞ ʚʽʩʩʶ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ ʪʘ ʰʘʪʫʥʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ [125] ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʡ ʩʝʤʠʣʘʥʢʦʚʠʡ 

ʧʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ ʟ ʦʙʝʨʪʘʣʴʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʘʨʘʤʠ ʙʝʟ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʟʽ ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ʆʪʨʠʤʘʥʦ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʦʚʞʠʥ ʣʘʥʦʢ, ʘ ʪʘʢʦʞ ʚʠʨʘʟʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʾʾ ʙʝʟʧʝʨʝʰʢʦʜʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

 

3.2. ʉʠʥʪʝʟ, ʘʥʘʣʽʟ ʪʘ ʢʽʥʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ ʟ 

ʜʚʦʤʘ ʨʦʙʦʯʠʤʠ ʻʤʥʦʩʪʷʤʠ, ʷʢʽ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʦʩʪʫʧʘʣʴʥʦʶ 

ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ 

 ɿʚʽʣʴʥʠʪʠʩʷ ʚʽʜ ʧʘʩʠʚʥʦʛʦ ʟʚôʷʟʢʫ ʤʦʞʥʘ ʜʦʜʘʚʰʠ ʫ ʢʽʥʝʤʘʪʠʯʥʠʡ 

ʣʘʥʮʶʛ ʜʦʜʘʪʢʦʚʫ ʨʫʭʦʤʫ ʣʘʥʢʫ ʰʘʪʫʥ, ʷʢʘ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʜʨʫʛʦʾ 

ʻʤʥʦʩʪʽ [126]. ʆʢʨʽʤ ʪʦʛʦ, ʻʤʥʦʩʪʽ ʙʫʜʫʪʴ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʩʪʫʧʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ. ʋʪʚʦʨʠʪʴʩʷ ʩʝʤʠʣʘʥʢʦʚʠʡ ʩʪʘʪʠʯʥʦ 

ʚʠʟʥʘʯʝʥʠʡ ʰʘʨʥʽʨʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ ʟ ʦʙʝʨʪʘʣʴʥʠʤʠ ʪʘ ʦʜʥʽʻʶ 

ʧʦʩʪʫʧʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʘʤʠ [127]. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʪʘʢʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘ ʤʦʜʝʣʴ ʪʘʢʦʾ ʤʘʰʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.6. 

ʄʘʰʠʥʠ ʤʽʩʪʷʪʴ ʩʪʘʥʠʥʫ 1, ʚʝʜʫʯʠʡ 2 ʪʘ ʚʝʜʝʥʠʡ 3 ʚʘʣʠ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʚ 

ʩʪʘʥʠʥʽ ʧʘʨʘʣʝʣʴʥʦ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ. ɺʝʜʫʯʠʡ 2 ʪʘ ʚʝʜʝʥʠʡ 3 ʚʘʣʠ ʰʘʨʥʽʨʥʦ 

ʟ'ʻʜʥʘʥʽ ʜʨʫʛʠʤʠ ʢʽʥʮʷʤʠ ʟ ʚʝʜʫʯʦʶ 4 ʪʘ ʚʝʜʝʥʦʶ ʚʠʣʢʦʶ 5 ʚʽʜʧʦʚʽʜʥʦ, 

ʜʽʘʤʝʪʨʘʣʴʥʦ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʚʽʩʽ 6 ʪʘ 7 ʷʢʠʭ ʻ ʚʽʩʷʤʠ 

ʢʨʽʧʣʝʥʥʷ ʻʤʥʦʩʪʝʡ 8 ʪʘ 9 ʚʽʜʧʦʚʽʜʥʦ. ɽʤʥʦʩʪʽ 8 ʪʘ 9 ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʫʧʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ D1. ʉʪʫʧʽʥʴ ʨʫʭʦʤʦʩʪʽ ʚ ʪʘʢʽʡ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ ʉʦʤʦʚʘ-ʄʘʣʠʰʝʚʘ, ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. 

ʅʘʜʣʠʰʢʦʚʠʡ ʟʚôʷʟʦʢ ʚʠʢʣʶʯʝʥʦ. 



102 

 
ʘ       ʙ 

ʈʠʩ. 3.6. ʉʝʤʠʣʘʥʢʦʚʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ, ʫ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʦʩʪʫʧʘʣʴʥʘ ʢʽʥʝʤʘʪʠʯʥʘ ʧʘʨʘ: ʘ ï ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʝʭʘʥʽʟʤʫ, ʙ ï ʤʦʜʝʣʴ 

ʤʘʰʠʥʠ 

 

ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ, ʜʝ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʻʤʥʦʩʪʝʡ lɺɺ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʟʘ 

ʤʽʞʦʩʴʦʚʫ ʚʽʜʩʪʘʥʴ ʚʝʜʫʯʦʾ (ʚʝʜʝʥʦʾ) ʚʠʣʦʢ lɺ, ʚʽʜʩʪʘʥʴ l0 ʤʽʞ ʦʩʷʤʠ ʚʝʜʫʯʦʛʦ ʪʘ 

ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ ʙʫʜʝ ʬʽʢʩʦʚʘʥʦʶ. ɿʘ ʨʘʭʫʥʦʢ ʧʦʩʪʫʧʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ 

D1, ʚʽʜʩʪʘʥʴ lɺɺ ʙʫʜʝ ʮʠʢʣʽʯʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ lɺɺ(MIN) ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ lɺɺ(MAX) ʟʥʘʯʝʥʥʷ. ʄʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ lɺɺ(MIN) ʚʠʥʠʢʘʪʠʤʝ ʧʨʠ 

ʪʘʢʠʭ ʧʦʣʦʞʝʥʥʷʭ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ (ʨʠʩ. 3.7), ʢʦʣʠ ʦʜʥʘ ʽʟ ʦʩʝʡ 

ʢʨʽʧʣʝʥʥʷ ʚʝʜʫʯʦʾ ʯʠ ʚʝʜʝʥʦʾ ʚʠʣʢʠ ʙʫʜʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ, ʘ ʽʥʰʘ 

ʚʝʨʪʠʢʘʣʴʥʦʶ. ʄʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ lɺɺ(MAX) ʚʠʥʠʢʘʪʠʤʝ ʚ ʪʘʢʠʭ ʧʦʣʦʞʝʥʥʷʭ 

(ʨʠʩ. 3.8), ʢʦʣʠ ʧʦʚʟʜʦʚʞʥʷ ʚʽʩʴ ʜʚʦʭ ʻʤʥʦʩʪʝʡ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʷ ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘʢʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʨʦʟʨʘʭʫʥʢʫ ʦʩʥʦʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ, 

ʟʦʢʨʝʤʘ,  ʘʤʧʣʽʪʫʜʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʦʜʥʽʻʾ ʻʤʥʦʩʪʽ 

ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʘʣʴʥʦʾ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʻʤʥʦʩʪʝʡ.  

ɸʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʠʥʪʝʟ ʜʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ ʩʣʽʜ 

ʧʦʯʠʥʘʪʠ ʟʘʜʘʚʰʠʩʴ ʪʘʢʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ 

ʚʝʜʫʯʦʾ ʪʘ ʚʝʜʝʥʦʾ ʚʠʣʦʢ ï lɺ, ʜʦʚʞʠʥʠ ʻʤʥʦʩʪʝʡ ʚʽʜ ʦʩʽ ʟôʻʜʥʘʥʥʷ ʟ ʚʠʣʢʦʶ ʜʦ 

ʧʨʦʪʠʣʝʞʥʦʛʦ ʪʦʨʮʷ ï lʈɭ1 ʪʘ lʈɭ2, ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʫ ʤʽʞ ʻʤʥʦʩʪʷʤʠ ï lʊ, ʷʢʠʡ 

ʙʫʜʝ ʫʪʚʦʨʶʚʘʪʠʩʷ ʧʨʠ lɺɺ(MIN).  

ʈʦʟʛʣʷʥʝʤʦ ʧʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʤʽʥʽʤʘʣʴʥʽʡ lɺɺ(MIN) ʪʘ ʤʘʢʩʠʤʘʣʴʥʽʡ lɺɺ(MAX) ʚʽʜʩʪʘʥʽ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʷʤʠ 

ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʻʤʥʦʩʪʝʡ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.7 ʪʘ ʨʠʩ. 3.8 ʚʽʜʧʦʚʽʜʥʦ 

(ʧʦʟʥʘʯʝʥʥʷ ʣʘʥʦʢ ʥʘ ʨʠʩ. 3.7 ʪʘ ʨʠʩ. 3.8 ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʧʦʟʥʘʯʝʥʥʷʤʠ ʣʘʥʦʢ ʥʘ 

ʢʽʥʝʤʘʪʠʯʥʽʡ ʩʭʝʤʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.6). 
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ʈʠʩ. 3.7. ʇʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʥʽʤʘʣʴʥʽʡ 

lɺɺ(MIN) ʚʽʜʩʪʘʥʽ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʻʤʥʦʩʪʝʡ 

 

ʄʽʥʽʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ lɺɺ(MIN) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ 

ʫʪʚʦʨʝʥʦʛʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʨʦʝʢʮʽʾ ʤʘʰʠʥʠ (ʨʠʩ. 3.9): 

.22

0)( BBMINBB llll -+=               (3.47) 

ɸʙʦ, ʷʢʱʦ ʧʨʠʡʤʘʪʠ ʜʦ ʫʚʘʛʠ ʚʠʭʽʜʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʦ: 

.21)( ʈɭʈɭMINBB lll +=            (3.48) 

ʅʝʭʘʡ lʈɭ1=lʈɭ2, ʪʦʜʽ ʚʠʨʘʟ (3.48) ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

.2 1)( ʈɭMINBB ll =            (3.49) 

 
ʈʠʩ. 3.8. ʇʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽʡ 

lɺɺ(MAX) ʚʽʜʩʪʘʥʽ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʻʤʥʦʩʪʝʡ 
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ɼʣʷ ʪʦʛʦ, ʱʦʙ ʫʥʝʤʦʞʣʠʚʠʪʠ ʟʽʪʢʥʝʥʥʷ ʻʤʥʦʩʪʝʡ ʫ ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʠʭ 

ʣʘʥʦʢ ʤʘʰʠʥʠ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ lɺɺ(MIN) ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʦʩʷʤʠ ʚʠʣʦʢ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʟʘʟʦʨ ʤʽʞ ʪʦʨʮʷʤʠ ʮʠʭ 

ʻʤʥʦʩʪʝʡ ʚʝʣʠʯʠʥʦʶ lʊ. ɺʝʣʠʯʠʥʫ lʊ ʨʘʮʽʦʥʘʣʴʥʦ ʧʨʠʡʤʘʪʠ ʚ ʤʝʞʘʭ 10% ʚʽʜ 

ʜʦʚʞʠʥʠ lʈɭ1. ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ (3.49) ʟ ʫʨʘʭʫʚʘʥʥʷʤ lʊ: 

.2 1)( TʈɭMINBB lll +=              (3.50) 

ɼʘʣʽ, ʚʠʭʦʜʷʯʠ ʟ ʛʝʦʤʝʪʨʠʯʥʦʾ ʙʫʜʦʚʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ 

ʫʪʚʦʨʝʥʦʛʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʨʦʝʢʮʽʾ ʤʘʰʠʥʠ, ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʩʷʤʠ ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ ʤʘʰʠʥʠ l0: 

.)( 22

)(0 BBMINBB llll -+=              (3.51) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (3.50) ʚʠʨʘʟ (3.51) ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

.)2( 22

10 BBTʈɭ lllll -++=                   (3.52) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ lɺɺ(MAX) ʘʢʪʫʘʣʴʥʠʤʠ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʫ ʨʦʟʜʽʣʽ 

3.1 ʨʽʚʥʷʥʥʷ (3.4), (3.5) ʪʘ (3.6). ɿ ʫʨʘʭʫʚʘʥʥʷʤ (3.52) ʚʠʨʘʟ (3.6) ʙʫʜʝ ʤʘʪʠ 

ʚʠʛʣʷʜ: 

.)45cos(4)2( 222

1)(

A
ɺBBTʈɭMAXBB llllll --++=       (3.53) 

ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ lɸ(BB) ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ: 

.)()()( MINBBMAXBBɺɺA lll -=      (3.54) 

ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʽʚ (3.53) ʪʘ (3.50) ʫ ʨʽʚʥʷʥʥʷ (3.54): 

.2)45cos(4)2( 1

222

1)( TʈɭɺBBTʈɭBBA llllllll ----++= A    (3.55) 

ɼʘʣʽ ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ (3.54), ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʨʽʚʥʷʥʥʷ (3.47) ʪʘ (3.6): 

.)45cos(4 22

0

22

0)( BBɺBBA llllll ++--= A
           (3.56) 

 ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ (3.56) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.52): 

.)2()45cos(4)2( 222

1

222

1)( BBBBTʈɭɺBBTʈɭBBA llllllllllll ++-++---++= A
(3.57) 

ʆʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʟʤʫ 

ʤʘʰʠʥʠ ʟ ʜʚʦʤʘ ʻʤʥʦʩʪʷʤʠ, ʱʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʦʩʪʫʧʘʣʴʥʦʶ 

ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ. ʅʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ (3.55) ï (3.57), ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʘʤʧʣʽʪʫʜʫ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʻʤʥʦʩʪʝʡ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʡ ʩʝʤʠʣʘʥʢʦʚʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ 

ʤʘʰʠʥʠ ʟ ʜʚʦʤʘ ʨʦʙʦʯʠʤʠ ʻʤʥʦʩʪʷʤʠ [128], ʷʢʽ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʧʦʩʪʫʧʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ 

ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, 

ʱʦ ʚʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʦʜʥʽʡ ʤʘʰʠʥʽ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʚʘʪʠ ʜʚʽ ʨʽʟʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʘʙʦ ʦʜʥʦʯʘʩʥʦ ʦʙʨʦʙʣʷʪʠ ʜʚʽ ʧʘʨʪʽʡ ʨʽʟʥʠʭ ʜʝʪʘʣʝʡ. 

ɸʥʘʣʽʪʠʯʥʦ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʦʚʞʠʥ ʣʘʥʦʢ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʰʠʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʾ 
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ʙʝʟʧʝʨʝʰʢʦʜʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘʢʦʛʦ ʪʠʧʫ ʦʙʣʘʜʥʘʥʥʷ. 

ʋ ʨʦʙʦʪʘʭ ʚʽʜʦʤʦ, ʱʦ ʫ çʙʘʟʦʚʽʡè ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ 

ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ, ʧʨʦʪʠʣʝʞʥʽ ʪʦʨʮʽ ʻʤʥʦʩʪʽ ʨʫʭʘʶʪʴʩʷ ʟ 

ʚʽʜʤʽʥʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʫ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʝʨʝʤʽʱʝʥʥʷ 

ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʚ ʩʝʨʝʜʠʥʽ ʻʤʥʦʩʪʽ ʤʽʞ ʾʾ ʪʦʨʮʷʤʠ ʫ ʟʫʩʪʨʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʨʝʘʣʽʟʫʶʪʴʩʷ ʨʽʟʥʽ ʨʝʞʠʤʠ ʨʫʭʫ ʨʦʙʦʯʦʛʦ 

ʤʘʩʠʚʫ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ. 

ʋ ʨʦʟʜʽʣʽ 3.2 ʚʠʢʦʥʘʥʦ ʩʠʥʪʝʟ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ ʟ ʜʚʦʤʘ ʻʤʥʦʩʪʷʤʠ, ʱʦ ʨʫʭʦʤʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʫʧʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʜʚʦʭ 

ʻʤʥʦʩʪʝʡ ʤʽʞ ʩʦʙʦʶ ʧʦʩʪʫʧʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ 

ʘʤʧʣʽʪʫʜʘ ʚʟʜʦʚʞʦʩʴʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʞʥʦʾ ʽʟ ʻʤʥʦʩʪʝʡ.  

ɼʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ, ʟʽ ʩʪʨʫʢʪʫʨʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʷʚʣʷʻ ʩʦʙʦʶ 

ʧʦʜʚʽʡʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʰʘʨʥʽʨ, ʚʝʜʫʯʠʡ ʚʘʣ ʷʢʦʛʦ ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ 

ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ. ʗʢ ʚʽʜʦʤʦ, ʦʙʝʨʪʘʥʥʷ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚ ʧʦʜʚʽʡʥʦʤʫ 

ʧʨʦʩʪʦʨʦʚʦʤʫ ʢʘʨʜʘʥʥʦʤʫ ʰʘʨʥʽʨʽ ʟ ʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʙʫʜʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʚʝʜʝʥʦʛʦ ʚʘʣʫ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʙʫʜʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʻʤʥʦʩʪʽ, ʷʢʘ ʟôʻʜʥʘʥʘ ʟ ʚʝʜʝʥʠʤ 

ʚʘʣʦʤ. 

ɯʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʉɸʇʈ SolidWorks ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟ ʧʦʜʘʣʴʰʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʾʾ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

[129]. ʄʦʜʝʣʴ ʤʘʰʠʥʠ (ʨʠʩ. 3.6 (ʙ)) ʚʠʢʦʥʘʥʘ ʚ ʉɸʇʈ SolidWorks ʤʘʣʘ ʪʘʢʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ: ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʦʙʝʨʪʘʥʥʷ ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ 

ʚʘʣʽʚ l0=0,24 ʤ, ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʚʠʣʦʢ lɺ=0,077 ʤ, ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ 

ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ Dʈɭ=0,1 ʤ, ʜʦʚʞʠʥʘ ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʣʴʥʦʾ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʟôʻʜʥʘʥʥʷ ʟ ʚʠʣʢʦʶ ʜʦ ʧʨʦʪʠʣʝʞʥʦʛʦ ʪʦʨʮʷ lʈɭ=0,019 ʤ, 

ʦʙôʻʤ ʻʤʥʦʩʪʽ Vʈɭ=0,0015 ʤ
3 (1,5 ʣ).  

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʝʜʫʯʦʤʫ ʚʘʣʫ ʙʫʣʦ ʟʘʜʘʥʦ ʦʙʝʨʪʘʥʥʷ ʟ 

ʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʚ ɤʚʝʜʫʯ.=4,2 ʨʘʜ/ʩ. ʋ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʤʘʰʠʥʠ ʪʘʢʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ɤʚʝʜʫʯ. ʻ ʨʘʮʽʦʥʘʣʴʥʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʭ 

ʛʘʣʪʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɿʘ ʢʫʪ 

ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʷʢʠʡ ʨʽʚʥʠʡ ʥʫʣʶ ʛʨʘʜʫʩʽʚ, ʧʨʠʡʥʷʪʦ ʪʘʢʝ ʧʦʣʦʞʝʥʥʷ 

ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʚʽʩʴ ʢʨʽʧʣʝʥʥʷ ʚʝʜʫʯʦʾ ʚʠʣʢʠ ʽʟ ʻʤʥʽʩʪʶ ʻ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ. ɿʤʽʥʘ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ɤʚʝʜ. ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ɤʚʝʜʫʯ. ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.9. 
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ʈʠʩ. 3.9. ɻʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ɤʚʝʜ. ʧʨʠ 

ʧʦʩʪʽʡʥʽʡ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ɤʚʝʜʫʯ. ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ 

ʚʘʣʫ 

 

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ɤʚʝʜ. ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʜʘʥʦʾ ʤʘʰʠʥʠ ʙʫʜʝ ʥʝʧʦʩʪʽʡʥʦʶ ʪʘ 

ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1,4 ʜʦ 13,6 ʨʘʜ/ʩ. ʇʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʦʙʦʭ 

ʻʤʥʦʩʪʝʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʧʨʦʩʪʠʭ ʩʢʣʘʜʦʚʠʭ ʨʫʭʽʚ, ʟʦʢʨʝʤʘ: ʟʘ ʦʜʠʥ 

ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʠʥ ʧʦʚʥʠʡ ʧʦʚʦʨʦʪ ʦʙʦʭ ʻʤʥʦʩʪʝʡ ʥʘʚʢʦʣʦ 

ʾʭ ʧʦʚʟʜʦʚʞʥʴʦʾ ʚʽʩʽ, ʘ ʪʘʢʦʞ ʧʦʩʪʫʧʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʢʦʞʥʽʡ ʟ ʪʨʴʦʭ 

ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʘʭ. ɯʟ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʦʤʦ, ʱʦ ʟʤʽʥʘ ʨʝʞʠʤʽʚ 

ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʫ ʩʝʨʝʜʥʽ ʻʤʥʦʩʪʽ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʦʢ ʻʤʥʦʩʪʝʡ, ʱʦ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʾʭ ʮʝʥʪʨʘʤʠ ʪʦʨʮʽʚ. 

ɺʠʢʦʥʫʚʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʧʦʩʪʫʧʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ) ʯʦʪʠʨʴʦʭ ʪʦʯʦʢ, ʷʢʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʮʝʥʪʨʘʤʠ ʪʦʨʮʽʚ 

ʢʦʞʥʦʾ ʟ ʻʤʥʦʩʪʝʡ: ʪʦʯʢʘ ɸ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʮʝʥʪʨʽ ʪʦʨʮʷ ʻʤʥʦʩʪʽ, ʷʢʘ ʟôʻʜʥʘʥʘ ʟ 

ʚʝʜʫʯʦʶ ʚʠʣʢʦʶ, ʪʦʯʢʘ ɺ ï ʚ ʮʝʥʪʨʽ ʧʨʦʪʠʣʝʞʥʦʛʦ ʪʦʨʮʷ, ʪʦʯʢʘ D ï ʚ ʮʝʥʪʨʽ 

ʪʦʨʮʷ ʻʤʥʦʩʪʽ, ʷʢʘ ʟôʻʜʥʘʥʘ ʟ ʚʝʜʝʥʦʶ ʚʠʣʢʦʶ, ʪʦʯʢʘ ʉ ï ʚ ʮʝʥʪʨʽ ʧʨʦʪʠʣʝʞʥʦʛʦ 

ʪʦʨʮʷ ʜʨʫʛʦʾ ʻʤʥʦʩʪʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʟʥʘʯʝʥʠʭ 

ʪʦʯʦʢ ʥʘ ʤʦʜʝʣʽ ʤʘʰʠʥʠ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʜʚʽ ʥʝʨʫʭʦʤʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ XAYAZA 

ʪʘ XBYBZB ʚʽʜʥʦʩʥʦ ʷʢʠʭ ʚʠʟʥʘʯʘʣʠ ʚʽʜʧʦʚʽʜʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ. ʄʦʜʝʣʴ 

ʤʘʰʠʥʠ ʟ ʧʦʟʥʘʯʝʥʠʤʠ ʪʦʯʢʘʤʠ ʥʘ ʻʤʥʦʩʪʷʭ, ʘ ʪʘʢʦʞ ʜʚʽ ʥʝʨʫʭʦʤʽ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ XAYAZA ʪʘ XBYBZB ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.10. 
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ʈʠʩ. 3.10. ʄʦʜʝʣʴ ʤʘʰʠʥʠ ʽʟ ʚʠʟʥʘʯʝʥʠʤʠ ʥʘ ʻʤʥʦʩʪʷʭ ʪʦʯʢʘʤʠ ʪʘ ʜʚʦʤʘ 

ʥʝʨʫʭʦʤʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ XAYAZA ʪʘ XBYBZB 

 

ɼʘʣʽ, ʚʠʟʥʘʯʘʣʠ ʪʘ ʧʦʨʽʚʥʶʚʘʣʠ ʤʽʞ ʩʦʙʦʶ ʩʢʣʘʜʦʚʽ ʧʦʩʪʫʧʘʣʴʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʧʦʩʪʫʧʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʦʢ ɸ, ɺ, ʉ ʪʘ D. ʅʘ ʨʠʩ. 3.11 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ ʧʦʩʪʫʧʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʦʯʦʢ ɸ, ɺ, 

ʉ ʪʘ D ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʘ ʥʘ ʨʠʩ 3.12 ï ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ 

ʩʢʣʘʜʦʚʠʭ ʧʦʩʪʫʧʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʮʠʭ ʞʝ ʪʦʯʦʢ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ 

ʚʘʣʫ. 

ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʛʨʘʬʽʢʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.11 ʪʘ ʨʠʩ. 3.12 ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʝ: ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ çʙʘʟʦʚʦʾè 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ, ʜʝ ʧʦʩʪʫʧʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʪʘ 

ʧʦʩʪʫʧʘʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʦʢ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʶʪʴ ʜʚʽ ʬʘʟʠ 

ʟʤʽʥʠ, ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟ ʜʚʦʤʘ ʨʦʙʦʯʠʤʠ ʻʤʥʢʦʩʪʷʤʠ 

ʧʦʩʪʫʧʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʧʦʩʪʫʧʘʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʢʦʞʥʦʾ ʟ ʪʦʯʦʢ, ʱʦ 

ʚʠʟʥʘʯʝʥʽ ʥʘ ʻʤʥʦʩʪʷʭ, ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʙʫʜʫʪʴ ʤʘʪʠ ʧʦ ʯʦʪʠʨʠ ʬʘʟʠ 

ʟʤʽʥʠ, ʜʚʽ ʟ ʷʢʠʭ ʙʫʜʫʪʴ ʙʽʣʴʰ ʚʠʨʘʞʝʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʙʦʯʠʡ ʤʘʩʠʚ, ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʙʫʜʝ ʧʽʜʜʘʚʘʪʠʩʷ ʙʽʣʴʰ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʩʪʨʫʰʫʚʘʥʥʶ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʛʘʣʪʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 
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ʈʠʩ. 3.11. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ ʧʦʩʪʫʧʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʦʯʦʢ, ʷʢʽ 

ʚʠʟʥʘʯʝʥʽ ʥʘ ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʷʭ ʤʘʰʠʥʠ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

 

 
 

ʈʠʩ. 3.12. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ ʧʦʩʪʫʧʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʦʢ, ʷʢʽ 

ʚʠʟʥʘʯʝʥʽ ʥʘ ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʷʭ ʤʘʰʠʥʠ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 
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ʇʦʩʪʫʧʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʧʦʩʪʫʧʘʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʦʢ ʉ ʪʘ D ʨʦʙʦʯʦʾ 

ʻʤʥʦʩʪʽ, ʷʢʘ ʟôʻʜʥʘʥʘ ʟ ʚʝʜʝʥʦʶ ʚʠʣʢʦʶ ʙʫʜʫʪʴ ʤʘʪʠ ʙʽʣʴʰʽ ʝʢʩʪʨʝʤʘʣʴʥʽ ʪʘ 

ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʥʽʞ ʪʽ ʞ ʩʘʤʦ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʦʯʦʢ ɸ ʪʘ ɺ ʨʦʙʦʯʦʾ 

ʻʤʥʦʩʪʽ, ʷʢʘ ʟôʻʜʥʘʥʘ ʟ ʚʝʜʫʯʦʶ ʚʠʣʢʦʶ. ɽʢʩʪʨʝʤʘʣʴʥʽ ʪʘ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ, ʷʢʘ ʟôʻʜʥʘʥʘ ʟ ʚʝʜʝʥʦʶ ʚʠʣʢʦʶ ʫ 1,5 

ï 2 ʨʘʟʠ ʙʽʣʴʰʽ ʟʘ ʚʽʜʧʦʚʽʜʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʻʤʥʦʩʪʽ, ʷʢʘ ʟôʻʜʥʘʥʘ ʟ 

ʚʝʜʫʯʦʶ ʚʠʣʢʦʶ. ʊʘʢʘ ʞ ʩʘʤʦ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʟʙʝʨʽʛʘʪʠʤʝʪʴʩʷ ʡ ʧʨʠ ʽʥʰʠʭ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ. 

ʈʽʟʥʠʮʷ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʻʤʥʦʩʪʝʡ ʟʫʤʦʚʣʝʥʘ ʥʝʨʽʚʥʦʤʽʨʥʠʤ 

ʦʙʝʨʪʘʥʥʷʤ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ 

ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʚ ʻʤʥʦʩʪʽ, ʱʦ ʟôʻʜʥʘʥʘ ʟ ʚʝʜʝʥʦʶ ʚʠʣʢʦʶ ʙʫʜʝ ʙʽʣʴʰʘ ʟʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʚ ʻʤʥʦʩʪʽ, ʟôʻʜʥʘʥʦʾ ʟ ʚʝʜʫʯʦʶ 

ʚʠʣʢʦʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʛʘʣʪʫʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ ʙʫʜʝ ʚʽʜʤʽʥʥʠʤ ʜʣʷ ʜʚʦʭ ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ. 

ʇʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʪʠʤʫʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʦʯʦʢ 

ʧʨʦʪʠʣʝʞʥʠʭ ʪʦʨʮʽʚ ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ. ʅʘʧʨʠʢʣʘʜ, ʢʨʠʚʘ ʟʤʽʥʠ ʧʦʩʪʫʧʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʪʦʯʦʢ ɸ ʪʘ ɺ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ, ʷʢʘ ʟôʻʜʥʘʥʘ ʟ ʚʝʜʫʯʦʶ ʚʠʣʢʦʶ, ʘ ʪʘʢʦʞ 

ʢʨʠʚʘ ʟʤʽʥʠ ʧʦʩʪʫʧʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʦʯʦʢ ʉ ʪʘ D ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ, ʷʢʘ ʟôʻʜʥʘʥʘ 

ʟ ʚʝʜʝʥʦʶ ʚʠʣʢʦʶ ʧʦʚʥʽʩʪʶ ʩʧʽʚʧʘʜʘʶʪʴ ʤʽʞ ʩʦʙʦʶ. ɸʥʘʣʦʛʽʯʥʦ, ʩʧʽʚʧʘʜʘʶʪʴ 

ʤʽʞ ʩʦʙʦʶ ʢʨʠʚʽ ʧʦʚʥʦʛʦ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʦʢ ɸ ʪʘ ɺ. 

ɽʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚʥʦʛʦ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʦʢ ʉ ʪʘ D 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʟʥʘʯʥʫ ʚʝʣʠʯʠʥʫ ï ʧʨʠʙʣʠʟʥʦ 10 ʤ/ʩ2. 

ʊʘʢʘ ʨʽʚʥʽʩʪʴ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʦʭ ʪʦʯʦʢ ʪʦʨʮʽʚ ʢʦʞʥʦʾ ʽʟ 

ʻʤʥʦʩʪʝʡ ʙʫʜʝ ʩʧʨʠʷʪʠ ʧʝʨʝʤʽʱʝʥʥʶ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʤʽʞ ʧʨʦʪʠʣʝʞʥʠʤʠ 

ʪʦʨʮʷʤʠ ʻʤʥʦʩʪʽ ʫ ʟʫʩʪʨʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ ʟ ʦʜʥʘʢʦʚʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʘʣʽʟʘʮʽʶ ʦʜʥʘʢʦʚʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ 

ʚ ʢʦʞʥʽʡ ʽʟ ʻʤʥʦʩʪʝʡ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ. 

ɺ ʮʽʣʦʤʫ, ʥʘʡʙʽʣʴʰʘ ʘʤʧʣʽʪʫʜʘ ʟʤʽʥʠ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʢʦʞʥʦʾ ʟ 

ʪʦʯʦʢ ʙʫʜʝ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʾʭ ʚʟʜʦʚʞ ʚʝʨʪʠʢʘʣʴʥʠʭ ʦʩʝʡ YA ʪʘ YB, ʥʘʡʤʝʥʰʘ ï 

ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʚʟʜʦʚʞ ʦʩʝʡ ZA ʪʘ ZB. ʈʦʙʦʯʘ ʻʤʥʽʩʪʴ, ʷʢʘ ʟôʻʜʥʘʥʘ ʟ ʚʝʜʝʥʦʶ 

ʚʠʣʢʦʶ, ʙʫʜʝ ʤʘʪʠ ʟʥʘʯʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʚʟʜʦʚʞ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʚʽʩʽ ʍA ʪʘ ʍB, ʱʦ ʟʫʤʦʚʣʝʥʦ ʚʠʥʠʢʥʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ 

ʨʫʭʫ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ ʧʦʩʪʫʧʘʣʴʥʦʤʫ  ʧʝʨʝʤʽʱʝʥʥʽ ʦʙʦʭ ʻʤʥʦʩʪʝʡ ʦʜʥʘ 

ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ. 

ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʉɸʇʈ SolidWorks Motion ʜʦʩʣʽʜʞʝʥʦ ʢʽʥʝʤʘʪʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʜʚʦʭ ʻʤʥʦʩʪʝʡ, ʷʢʽ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʧʦʩʪʫʧʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʥʫʪʴ ʚ ʥʘʛʦʜʽ 

ʧʨʠ ʨʘʮʽʦʥʘʣʴʥʽʡ ʨʦʟʨʦʙʮʽ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʝʢʪʫʚʘʥʥʷ 

 

3.3. ʉʠʥʪʝʟ ʪʘ ʘʥʘʣʽʟ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ ʟ ʜʚʦʤʘ ʨʦʙʦʯʠʤʠ ʻʤʥʦʩʪʷʤʠ, ʷʢʽ 

ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʦʙʝʨʪʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ 

ɺʠʢʦʥʘʻʤʦ ʩʠʥʪʝʟ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʘʥʘʣʦʛʽʯʥʠʡ ʜʦ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʷʢʠʡ ʩʠʥʪʝʟʦʚʘʥʠʡ ʫ ʨʦʟʜʽʣʽ 3.2. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʦʙʠʜʚʽ ʻʤʥʦʩʪʽ ʙʫʜʫʪʴ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʪʘʣʴʥʦʾ 
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ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ [130]. ʋʪʚʦʨʠʪʴʩʷ ʩʝʤʠʣʘʥʢʦʚʠʡ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʡ 

ʰʘʨʥʽʨʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ ʟ ʦʙʝʨʪʘʣʴʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʘʨʘʤʠ. 

ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʘ ʤʦʜʝʣʴ ʪʘʢʦʾ ʤʘʰʠʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.13. 

 
ʘ      ʙ 

ʈʠʩ. 3.13. ʉʝʤʠʣʘʥʢʦʚʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ ʤʘʰʠʥʠ ʟ ʜʚʦʤʘ ʻʤʥʦʩʪʷʤʠ, ʷʢʽ 

ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʦʙʝʨʪʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ: ʘ ï ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ 

ʤʝʭʘʥʽʟʤʫ, ʙ ï ʤʦʜʝʣʴ ʤʘʰʠʥʠ 

 

ʄʘʰʠʥʠ ʤʽʩʪʷʪʴ ʩʪʘʥʠʥʫ 1, ʚʝʜʫʯʠʡ 2 ʪʘ ʚʝʜʝʥʠʡ 3 ʚʘʣʠ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʚ 

ʩʪʘʥʠʥʽ ʧʘʨʘʣʝʣʴʥʦ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ. ɺʝʜʫʯʠʡ 2 ʪʘ ʚʝʜʝʥʠʡ 3 ʚʘʣʠ ʰʘʨʥʽʨʥʦ 

ʟ'ʻʜʥʘʥʽ ʜʨʫʛʠʤʠ ʢʽʥʮʷʤʠ ʟ ʚʝʜʫʯʦʶ 4 ʪʘ ʚʝʜʝʥʦʶ ʚʠʣʢʦʶ 5 ʚʽʜʧʦʚʽʜʥʦ, 

ʜʽʘʤʝʪʨʘʣʴʥʦ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʚʽʩʽ 6 ʪʘ 7 ʷʢʠʭ ʻ ʚʽʩʷʤʠ 

ʢʨʽʧʣʝʥʥʷ ʻʤʥʦʩʪʝʡ 8 ʪʘ 9 ʚʽʜʧʦʚʽʜʥʦ. ɽʤʥʦʩʪʽ 8 ʪʘ 9 ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʫʧʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ D2. ʉʪʫʧʽʥʴ ʨʫʭʦʤʦʩʪʽ ʚ ʪʘʢʽʡ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ ʉʦʤʦʚʘ-ʄʘʣʠʰʝʚʘ, ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. 

ʅʘʜʣʠʰʢʦʚʠʡ ʟʚôʷʟʦʢ ʚʠʢʣʶʯʝʥʦ. 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʤʝʭʘʥʽʟʤʫ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʨʦʟʜʽʣʽ 3.2, ʫ ʜʘʥʽʡ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʩʪʘʥʴ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʨʦʙʦʯʠʭ 

ʻʤʥʦʩʪʝʡ lʈɭ ʟʘ ʨʘʭʫʥʦʢ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ D2 ʪʘʢʦʞ ʙʫʜʝ ʮʠʢʣʽʯʥʦ 

ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ lɺɺ(MIN) ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ lɺɺ(MAX) ʟʥʘʯʝʥʥʷ. 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʚʠʢʦʥʫʚʘʣʠ ʘʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ: ʘʤʧʣʽʪʫʜʠ ʢʫʪʦʚʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʦʜʥʽʻʾ ʻʤʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ, ʘ ʪʘʢʦʞ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʘ 

ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʻʤʥʦʩʪʝʡ.  

ɿʘʜʘʶʯʠʩʴ ʚʠʭʽʜʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ 

ʚʝʜʫʯʦʾ ʪʘ ʚʝʜʝʥʦʾ ʚʠʣʦʢ ï lɺ, ʜʦʚʞʠʥʠ ʻʤʥʦʩʪʝʡ ʚʽʜ ʦʩʽ ʟôʻʜʥʘʥʥʷ ʟ ʚʠʣʢʦʶ ʜʦ 

ʮʝʥʪʨʫ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ D2 ï lʈɭ1 ʪʘ lʈɭ2, ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ 

ʻʤʥʦʩʪʝʡ ï Dʈɭ, ʪʘ çʜʽʘʤʝʪʨ ʚʠʣʦʢè ï Dɺ (ʜʦʚʞʠʥʘ ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʽʩʽ ʢʨʽʧʣʝʥʥʷ 

ʚʝʜʫʯʦʾ ʪʘ ʚʝʜʝʥʦʶ ʚʠʣʢʠ ʟ ʻʤʥʽʩʪʶ). ʇʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʥʽʤʘʣʴʥʽʡ lɺɺ(MIN) ʪʘ ʤʘʢʩʠʤʘʣʴʥʽʡ lɺɺ(MAX) ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʟ ʻʤʥʦʩʪʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.14 

ʪʘ ʨʠʩ. 3.15 ʚʽʜʧʦʚʽʜʥʦ (ʧʦʟʥʘʯʝʥʥʷ ʣʘʥʦʢ ʥʘ ʨʠʩ. 3.14 ʪʘ ʨʠʩ. 3.15 ʩʧʽʚʧʘʜʘʶʪʴ ʟ 

ʧʦʟʥʘʯʝʥʥʷʤʠ ʣʘʥʦʢ ʥʘ ʨʠʩ. 3.13. 
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ʈʠʩ. 3.14. ʇʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʥʽʤʘʣʴʥʽʡ 

lɺɺ(MIN) ʚʽʜʩʪʘʥʽ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʻʤʥʦʩʪʝʡ 
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ʈʠʩ. 3.15. ʇʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽʡ 

lɺɺ(MAX) ʚʽʜʩʪʘʥʽ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʻʤʥʦʩʪʝʡ 

 

ɺʠʭʦʜʷʯʠ ʟ ʛʝʦʤʝʪʨʠʯʥʦʾ ʙʫʜʦʚʠ ʥʘ ʨʠʩ. 3.15, ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ lɺɺ(MAX) ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʷʤʠ ʚʠʣʦʢ: 

.21)( ʈɭʈɭMAXɺɺ lll +=          (3.58) 

ʆʩʢʽʣʴʢʠ lʈɭ1=lʈɭ2, ʪʦʜʽ: 

.5,0 )(21 MAXɺɺʈɭʈɭ lll Ö==           (3.59) 

ʋ ʧʦʣʦʞʝʥʥʽ ʤʘʰʠʥʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.15, ʢʫʪ Ŭ ʤʽʞ ʦʩʷʤʠ ʜʚʦʭ 

ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ ʜʦʩʷʛʘʪʠʤʝ ʩʚʦʛʦ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ï 180Ü. ʋ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ Ŭԇ180Ü, ʪʦ lɺɺ(MAX) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʠʤ ʚʠʨʘʟʦʤ 

(3.6). 

ʗʢʱʦ Ŭԇ180Ü, ʪʦ ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʢʦʞʥʦʾ ʟ ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

.5,0 )(21 MAXɺɺʈɭʈɭ lll Ö²=           (3.60) 

ʅʘ ʨʠʩ. 3.14 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢʝ ʧʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʧʨʠ 

ʷʢʦʤʫ ʢʫʪ Ŭ ʤʽʞ ʧʦʚʟʜʦʚʞʥʽʤʠ ʚʽʩʷʤʠ ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ ʜʦʩʷʛʘʪʠʤʝ ʩʚʦʛʦ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʧʨʠ ʯʦʤʫ, ʩʘʤʽ ʻʤʥʦʩʪʽ ʙʫʜʫʪʴ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ 

çʟʦʚʥʽʰʥʽʡ ʙʽʢè ʚʽʜ ʣʽʥʽʾ lɺʆ, ʪʦʙʪʦ, ʻʤʥʦʩʪʽ, ʚ ʜʘʥʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʙʫʜʫʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʩʪʘʥʠʥʠ ʤʘʰʠʥʠ. ʇʽʩʣʷ ʧʦʚʦʨʦʪʫ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʥʘ 

180Ü, ʚʠʥʠʢʘʪʠʤʝ ʪʘʢʝ ʧʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʷʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 3.16, ʢʦʣʠ ʦʩʽ ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ lʈɭ1, lʈɭ2  ʙʫʜʫʪʴ ʧʝʨʝʪʠʥʘʪʠʩʷ ʧʽʜ ʪʠʤ ʩʘʤʦ 
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ʢʫʪʦʤ Ŭ, ʘʣʝ ʨʦʟʪʘʰʦʚʘʥʽ ʙʫʜʫʪʴ ʚʞʝ çʜʟʝʨʢʘʣʴʥʦè ʧʦ ʽʥʰʠʡ ʙʽʢ ʚʽʜ ʣʽʥʽʾ lɺʆ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ, ʦʙʠʜʚʽ ʻʤʥʦʩʪʽ ʙʫʜʫʪʴ ʥʘ ʤʽʥʽʤʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʪʘʥʠʥʠ. 

 
ʈʠʩ. 3.16. ʇʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʪʦʯʢʘ ʉ ʙʫʜʝ 

ʟʥʘʭʦʜʠʪʠʩʷ ʚʞʝ ʧʦ çʚʥʫʪʨʽʰʥʽʡ ʙʽʢè ʚʽʜʥʦʩʥʦ ʧʨʷʤʦʾ lɺʆ 

 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʤʘʰʠʥʠ ʥʝʦʙʭʽʜʥʠʤ ʻ ʦʪʨʠʤʘʥʥʷ 

ʚʠʨʘʟʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʚʽʜʩʪʘʥʽ lN ʧʨʦʚʝʜʝʥʦʾ ʧʦ ʥʦʨʤʘʣʽ 

ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʪʽʥʢʠ ʩʪʘʥʠʥʠ ʜʦ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʚʝʜʫʯʦʛʦ 

ʚʘʣʫ ʟ ʚʝʜʫʯʦʶ ʚʠʣʢʦʶ (ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʟ ʚʝʜʝʥʦʶ ʚʠʣʢʦʶ), ʷʢʘ ʙʫʜʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʣʴʥʝ (ʙʝʟ ʟʘʢʣʠʥʶʚʘʥʥʷ ʚʩʴʦʛʦ ʤʝʭʘʥʽʟʤʫ) ʦʙʝʨʪʘʥʥʷ ʦʙʦʭ 

ʻʤʥʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ. ɼʦʚʞʠʥʫ lN  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

,GNGKN lll +=                (3.61) 

ʜʝ lGN ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʪʘʥʠʥʦʶ ʤʘʰʠʥʠ ʪʘ ʚʠʣʢʦʶ, ʚʽʩʴ ʢʨʽʧʣʝʥʥʷ ʷʢʦʾ ʟ 

ʻʤʥʽʩʪʶ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ɼʦʚʞʠʥʫ lGN ʧʦʪʨʽʙʥʦ 

ʧʨʠʡʤʘʪʠ, ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʻʤʥʦʩʪʝʡ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ, ʚ ʤʝʞʘʭ 10 ï 20% ʚʽʜ ʜʦʚʞʠʥʠ lɺ: 

.)2,0...1,0( ɺGN ll Öº        (3.62) 

ɿ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ GFK (ʢʫʪ F ï 90Ü) ʚʠʟʥʘʯʠʤʦ ʚʽʜʩʪʘʥʴ lGK: 

.coslGFGK ll =                (3.63) 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʚʽʜʩʪʘʥʴ lGF  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ: 
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,GEEFGF lll +=              (3.64) 

ʜʝ lGɽ =Rɺ ï çʨʘʜʽʫʩ ʚʠʣʢʠè, ʧʦʣʦʚʠʥʘ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʽʩʽ ʢʨʽʧʣʝʥʥʷ ʚʝʜʫʯʦʾ 

ʚʠʣʢʠ ʟ ʨʦʙʦʯʦʶ ʻʤʥʽʩʪʶ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ 

ʻʤʥʦʩʪʽ  Dʈɭ, ʷʢʠʡ ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʭʽʜʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ. 

ɼʦʚʞʠʥʫ lɽF ʚʠʟʥʘʯʠʤʦ ʟ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ EBF (ʢʫʪ E ï 90Ü), 

ʚʨʘʭʦʚʫʶʯʠ, ʱʦ lɽɺ= lɺ: 

.ltgll BEF Ö=               (3.65) 

ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ (3.63) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ (3.64) ʪʘ (3.65): 

.cos)( ll Ö+Ö= GEBGK ltgll                       (3.66) 

ɺʠʭʦʜʷʯʠ ʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ (ʨʠʩ. 3.16) ʪʘ ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ 

ʚʠʨʘʟ (3.66), ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

,cos)( GNGEBN lltgll +Ö+Ö= ll            (3.67) 

ʜʝ ɚ ï ʢʫʪ ʤʽʞ ʧʨʷʤʦʶ DB, ʱʦ ʟôʻʜʥʫʻ ʮʝʥʪʨʠ ʦʙʝʨʪʘʣʴʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ 

ʚʘʣʽʚ ʟ ʚʠʣʢʘʤʠ ʪʘ ʧʨʷʤʦʶ CB, ʱʦ ʟôʻʜʥʫʻ ʮʝʥʪʨ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ 

ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ ʪʘ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʚʠʣʢʠ ʟ ʚʘʣʦʤ. ʂʫʪ ɚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

.
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 ʇʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟ (3.68) ʫ ʨʽʚʥʷʥʥʷ (3.67): 

.
)(

5,0
arccoscos

)(

5,0
arccos

0

2

22

0

2

0

2

2

0

2

22

0

2

0

2

2

GN

ɺɺʈɭB

Bɺʈɭ

GE

ɺɺʈɭB

Bɺʈɭ
BN

l
l

l
arcctg

llll

llll

l
l

l
arcctg

llll

llll
tgll

+
ö
ö

÷

õ

æ
æ

ç

å
-

+Ö+

Ö++Ö
³

³
ù
ù

ú

ø

é
é

ê

è
+
ö
ö

÷

õ

æ
æ

ç

å
-

+Ö+

Ö++Ö
Ö=

  (3.69) 

ɿʘ ʚʠʨʘʟʦʤ (3.69), ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʜʦʚʞʠʥ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʫ ʚʽʜʩʪʘʥʴ lN ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ ʤʘʰʠʥʠ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʪʠʧʦʨʦʟʤʽʨʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʾʾ ʙʝʟʧʝʨʝʰʢʦʜʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʋ ʜʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ, ʧʨʠ ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʠʭ ʣʘʥʦʢ, ʷʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.16 ʤʽʞ ʚʽʩʩʶ ʚʝʜʝʥʦʛʦ ʚʘʣʫ ʪʘ ʚʽʩʩʶ ʜʨʫʛʦʾ ʨʦʙʦʯʦʾ 

ʻʤʥʦʩʪʽ, ʫʪʚʦʨʶʻʪʴʩʷ ʪʘʢʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ű, ʷʢʝ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʪʠ 

ʜʨʫʛʫ ʨʦʙʦʯʫ ʻʤʥʽʩʪʴ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ, ʘʥʘʣʦʛʽʯʥʫ ʟʘ ʬʦʨʤʦʶ ʜʦ ʧʝʨʰʦʾ 

ʻʤʥʦʩʪʽ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʘʰʠʥʠ, ʥʝʦʙʭʽʜʥʦ ʜʨʫʛʫ 

ʨʦʙʦʯʫ ʻʤʥʽʩʪʴ ʮʠʣʽʥʜʨʠʯʥʦ-ʢʦʥʽʯʥʦʾ ʬʦʨʤʠ. ʈʦʟʛʣʷʥʫʚʰʠ ʨʠʩ 3.16, ʦʯʝʚʠʜʥʦ, 

ʱʦ ʜʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʣʠʰʝ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ: 

,ʇR ll B                 (3.70) 

ʜʝ lʇ ï ʮʝ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʚʝʜʝʥʦʾ ʚʠʣʢʠ ʟ ʜʨʫʛʦʶ 

ʨʦʙʦʯʦʶ ʻʤʥʽʩʪʶ ʜʦ ʾʾ ʩʪʽʥʢʠ, lR ï ʮʝ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ 

ʚʝʜʝʥʦʾ ʚʠʣʢʠ ʟ ʜʨʫʛʦʶ ʻʤʥʽʩʪʶ ʜʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ, ʷʢʠʡ ʧʨʦʚʝʜʝʥʠʡ ʥʘ ʚʽʩʴ 

ʜʨʫʛʦʾ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ ʟ ʢʽʥʮʷ ʚʽʜʩʪʘʥʽ lʇ. 
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ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ lR: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʽʜʩʪʘʥʽ lR, ʚʽʜʢʣʘʜʝʥʦʾ, ʚʟʜʦʚʞ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʝʨʰʦʾ 

ʻʤʥʦʩʪʽ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʮʝʥʪʨʫ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʚʝʜʝʥʦʾ ʚʠʣʢʠ, 

ʧʦʚʠʥʝʥ ʫʪʚʦʨʶʚʘʪʠʩʷ ʢʨʫʛʣʠʡ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʜʨʫʛʦʾ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ ʟ 

ʪʘʢʠʤ ʨʘʜʽʫʩʦʤ R, ʷʢʠʡ ʙʫʜʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʣʴʥʝ ʦʙʝʨʪʘʥʥʷ ʻʤʥʦʩʪʽ ʚ ʩʝʨʝʜʠʥʽ 

ʚʝʜʫʯʦʾ ʚʠʣʢʠ. ɺʝʣʠʯʠʥʫ R ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

,21 llR -=                     (3.72) 

ʜʝ l1 ï ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʚʽʜ ʦʩʽ ʜʨʫʛʦʾ ʻʤʥʦʩʪʽ ʜʦ ʩʪʽʥʢʠ ʚʝʜʝʥʦʾ ʚʠʣʢʠ, l2 ï 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʪʽʥʢʠ ʚʝʜʝʥʦʾ ʚʠʣʢʠ ʜʦ ʢʦʥʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʻʤʥʦʩʪʽ, ʱʦ ʚʽʜʢʣʘʜʝʥʘ 

ʚʟʜʦʚʞ ʣʽʥʽʾ l1. ɺ ʩʚʦʶ ʯʝʨʛʫ, l1 ʪʘ l2 ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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.cos5,02 jÖ= hl         (3.74) 

ʇʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟʠ (3.73) ʪʘ (3.74) ʫ ʨʽʚʥʷʥʥʷ (3.72): 
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ʆʪʨʠʤʘʥʦ ʚʠʨʘʟʠ (3.75) ʪʘ (3.71) ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʜʦʧʫʩʪʠʤʫ ʚʝʣʠʯʠʥʫ ʨʘʜʽʫʩʘ ʧʝʨʝʨʽʟʫ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ ʪʘ ʚʽʜʩʪʘʥʴ, 

ʥʘ ʷʢʽʡ ʚʽʥ ʤʘʻ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʽʜʥʦʩʥʦ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ 

ʚʝʜʝʥʦʾ ʚʠʣʢʠ ʟ ʻʤʥʽʩʪʶ. 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʨʦʟʜʽʣʽ 3.1, ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʠ ʟ ʜʚʦʤʘ 

ʨʦʙʦʯʠʤʠ ʻʤʥʦʩʪʷʤʠ, ʱʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʦʙʝʨʪʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ 

ʧʘʨʦʶ ʙʫʜʝ ʮʠʢʣʽʯʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʟʥʘʯʝʥʥʷ ʢʫʪʘ Ŭ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʤʽʞ ʦʩʷʤʠ 

ʻʤʥʦʩʪʝʡ. ʇʨʠ ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʠʭ ʣʘʥʦʢ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.14 ʪʘ ʨʠʩ 

3.16 ʟʥʘʯʝʥʥʷ ʢʫʪʘ Ŭ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʠʤ ŬMAX,  ʘ ʧʨʠ ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʠʭ ʣʘʥʦʢ, 

ʷʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ 3.11 ʟʥʘʯʝʥʥʷ ʢʫʪʘ Ŭ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʠʤ ŬMIN. ɸʤʧʣʽʪʫʜʫ 

ʟʤʽʥʠ ʢʫʪʘ Ŭɸ ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʨʘʟʫ (3.34). ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ lɸ(ɺɺ) ʤʽʞ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʨʘʟ (3.35). 

ɺʽʜʩʪʘʥʴ l0 ʤʽʞ ʦʩʷʤʠ ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʚʘʣʽʚ, ʚʠʭʦʜʷʯʠ ʟ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʤʽʨʢʫʚʘʥʴ (ʨʠʩ. 3.15) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

.)45cos(4 22

)(0

A
BMAXBB lll +=             (3.76) 

ʆʢʨʽʤ ʨʽʚʥʷʥʥʷ (3.6) ʤʘʢʩʠʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʷʤʠ 

ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʻʤʥʦʩʪʝʡ lɺɺ(MAX) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

,2 .)()( ʨʦʟʨʘʭʈɭMAXɺɺ ll =              (3.77) 

ʜʝ lʈɭ(ʨʦʟʨʘʭ.) ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ. 

 ɺʠʨʘʟ (3.76), ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.77), ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

.)45cos(2 22

.)(0

A
Bʨʦʟʨʘʭʈɭ lll +=                (3.78) 
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 ɺ ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʯʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʘʰʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʦʙʦʯʽ ʻʤʥʦʩʪʽ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʤʽʞʦʩʴʦʚʫ 

ʚʽʜʩʪʘʥʥʶ. ɼʦʚʞʠʥʠ ʪʘʢʠʭ ʻʤʥʦʩʪʝʡ ʧʦʟʥʘʯʘʣʠ lʈɭ(ʧʨʠʡʥ.).  

ʗʢʱʦ lʈɭ(ʧʨʠʡʥ.) = lʈɭ(ʨʦʟʨʘʭ.), ʪʦ ŬMAX = 180Ü, ʦʜʥʘʢ, ʷʢʱʦ lʈɭ(ʧʨʠʡʥ.) Ԉ lʈɭ(ʨʦʟʨʘʭ.), 
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ŬMIN, ʚ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʧʨʠʡʥʷʪʦ lʈɭ(ʧʨʠʡʥ.) ʯʠ lʈɭ(ʨʦʟʨʘʭ.), ʙʫʜʝ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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a           (3.80) 

ʜʝ lɺʆ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʦʙʝʨʪʘʥʥʷ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʚʝʜʝʥʦʛʦ 

(ʚʝʜʫʯʦʛʦ) ʚʘʣʫ ʟ ʚʠʣʢʦʶ ʜʦ ʚʽʩʽ ʟôʻʜʥʘʥʥʷ ʚʝʜʝʥʦʾ (ʚʝʜʫʯʦʾ) ʚʠʣʢʠ ʟ ʨʦʙʦʯʦʶ 

ʻʤʥʽʩʪʶ, ʧʨʠ ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.10. 

ɺʽʜʩʪʘʥʴ lɺʆ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʨʘʟʫ (3.15). ʇʽʜʩʪʘʚʠʤʦ 

ʫ ʨʽʚʥʷʥʥʷ (3.15) ʚʠʨʘʟ (3.78): 

).)45cos((4 22

.)(

2 A
Bʨʦʟʨʘʭʈɭɺɺʆ llll ++=                (3.81) 

 ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ (3.80) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.81): 
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BʨʦʟʨʘʭʈɭɺBʨʦʟʨʘʭʧʨʠʡʥʈɭʨʦʟʨʘʭʧʨʠʡʥʈɭ
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lll

llllll A

a (3.82) 

 ʇʽʩʣʷ ʘʨʠʬʤʝʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʚʠʨʘʟ (3.82) ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 
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BʨʦʟʨʘʭʈɭBʨʦʟʨʘʭʧʨʠʡʥʈɭʨʦʟʨʘʭʧʨʠʡʥʈɭ

MIN
lll

lllll A

a (3.83) 

ɼʘʣʽ, ʟʘʧʠʰʝʤʦ ʚʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ Ŭɸ (ʢʦʣʠ lʈɭ(ʧʨʠʡʥ.) = lʈɭ(ʨʦʟʨʘʭ.) ʪʘ 

ʢʦʣʠ lʈɭ(ʧʨʠʡʥ.) Ԉ lʈɭ(ʨʦʟʨʘʭ.)), ʧʨʠ ʮʴʦʤʫ ʧʽʜʩʪʘʚʠʚʰʠ ʨʽʚʥʷʥʥʷ (3.79) ʪʘ (3.83) ʫ 

ʚʠʨʘʟ (3.34): 
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Aa (3.84) 

 ʈʽʚʥʷʥʥʷ (3.70) ʘʢʪʫʘʣʴʥʝ ʜʣʷ ʪʠʭ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ lʈɭ(ʧʨʠʡʥ.) = lʈɭ(ʨʦʟʨʘʭ.). 
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BʨʦʟʨʘʭʈɭBʨʦʟʨʘʭʈɭʨʦʟʨʘʭʈɭ

ʧʨʠʡʥʈɭ

MAXɺɺʧʨʠʡʥʈɭ

A
lll

lllll

l

ll A

a (3.85) 

 ɿʘ ʨʽʚʥʷʥʥʷʤ (3.85) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʥʷ Ŭɸ ʚ ʪʠʭ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ lʈɭ(ʧʨʠʡʥ.) Ԉ lʈɭ(ʨʦʟʨʘʭ.). 

 ɼʘʣʽ, ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʦʙʫʜʦʚʠ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʨʦʝʢʮʽʾ ʤʘʰʠʥʠ 

(ʨʠʩ. 3.14), ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ lɺɺ(MIN): 

.cos22 2

.)/.(

2

.)/.()( MINʨʦʟʨʘʭʧʨʠʡʥʈɭʨʦʟʨʘʭʧʨʠʡʥʈɭMINɺɺ lll a-=    (3.86) 

 ʈʽʚʥʷʥʥʷ (3.86), ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.85), ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 
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ʨʦʟʨʘʭʧʨʠʡʥʈɭ

MINɺɺ
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 ɼʘʣʽ, ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ (3.35) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ lɸ(ɺɺ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ 

(3.77) ʪʘ (3.87): 
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lllll
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l
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A
(3.88) 

ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (3.88), ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʭʽʜʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʘʤʧʣʽʪʫʜʫ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ 

ʨʦʙʦʯʠʭ ʻʤʥʦʩʪʝʡ, ʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʨʘʟʽʚ (3.84) ʪʘ (3.85) ï ʘʤʧʣʽʪʫʜʫ ʟʤʽʥʠ 

ʢʫʪʘ ʤʽʞ ʦʩʷʤʠ ʜʚʦʭ ʻʤʥʦʩʪʝʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʡ ʩʝʤʠʣʘʥʢʦʚʠʡ 

ʧʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ ʤʘʰʠʥʠ ʟ ʜʚʦʤʘ ʨʦʙʦʯʠʤʠ ʻʤʥʦʩʪʷʤʠ, ʷʢʽ ʟôʻʜʥʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʦʙʝʨʪʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʘʰʠʥʠ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟʘ 

ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʦʜʥʽʡ ʤʘʰʠʥʽ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʚʘʪʠ 

ʜʚʽ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʘʙʦ ʦʜʥʦʯʘʩʥʦ ʦʙʨʦʙʣʷʪʠ ʜʚʽ ʧʘʨʪʽʡ ʨʽʟʥʠʭ 

ʜʝʪʘʣʝʡ. ɸʥʘʣʽʪʠʯʥʦ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʦʚʞʠʥ ʣʘʥʦʢ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʰʠʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʾ 

ʙʝʟʧʝʨʝʰʢʦʜʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘʢʦʛʦ ʪʠʧʫ ʦʙʣʘʜʥʘʥʥʷ. 

 

3.4. ʉʠʥʪʝʟ ʪʘ ʘʥʘʣʽʟ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ 

ʰʘʪʫʥʦʤ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʦʙʝʨʪʘʣʴʥʫ ʪʘ ʧʦʩʪʫʧʘʣʴʥʫ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ 

ɹʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ [131] ʩʝʤʠʣʘʥʢʦʚʠʡ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ 

ʤʝʭʘʥʽʟʤ ʤʘʰʠʥʠ, ʚ ʷʢʦʤʫ ʚʚʝʜʝʥʦ ʜʦʜʘʪʢʦʚʫ ʨʫʭʦʤʫ ʣʘʥʢʫ ʰʘʪʫʥ, ʷʢʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʟôʻʜʥʘʥʘ ʟ ʚʝʜʫʯʦʶ ʚʠʣʢʦʶ, ʘ ʪʘʢʦʞ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʫʧʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ʟôʻʜʥʘʥʘ ʟ ʨʦʙʦʯʦʶ ʻʤʥʽʩʪʶ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ [132], ʢʦʣʠ ʰʘʪʫʥ ʚʠʢʦʥʫʻ 

ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʩʝʨʝʜʠʥʽ ʩʘʤʦʾ ʻʤʥʦʩʪʽ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ, 

ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʤʘʰʠʥʠ, ʦʙôʻʤ ʻʤʥʦʩʪʽ ʙʫʜʝ ʮʠʢʣʽʯʥʦ ʟʤʽʥʶʚʘʪʠʩʷ. 

ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘ ʤʦʜʝʣʴ ʪʘʢʦʾ 

ʤʘʰʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.17. 
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ʈʠʩ. 3.17. ʉʝʤʠʣʘʥʢʦʚʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ 

ʣʘʥʢʦʶ ʰʘʪʫʥʦʤ: ʘ ï ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʝʭʘʥʽʟʤʫ, ʙ ï ʤʦʜʝʣʴ ʤʘʰʠʥʠ 

 

 ʄʝʭʘʥʽʟʤ ʤʘʰʠʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʘʥʠʥʠ 1, ʚʝʜʫʯʦʛʦ 2 ʪʘ ʚʝʜʝʥʦʛʦ 3 

ʚʘʣʽʚ. ɺʘʣʠ 2 ʪʘ 3 ʰʘʨʥʽʨʥʦ ʟ'ʻʜʥʘʥʽ ʜʨʫʛʠʤʠ ʢʽʥʮʷʤʠ ʟ ʚʝʜʫʯʦʶ 4 ʪʘ ʚʝʜʝʥʦʶ 5 

ʚʠʣʢʘʤʠ ʚʽʜʧʦʚʽʜʥʦ, ʜʽʘʤʝʪʨʘʣʴʥʦ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʚʽʩʽ ʷʢʠʭ 6 ʽ 7 ʻ 

ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʰʘʪʫʥʘ 8 ʪʘ ʻʤʥʦʩʪʽ 9 ʚʽʜʧʦʚʽʜʥʦ. ʐʘʪʫʥ 8 ʚʠʢʦʥʘʥʠʡ ʫ 

ʚʠʛʣʷʜʽ ʧʦʨʰʥʷ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʫʧʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ D ʨʫʭʦʤʦ 

ʟôʻʜʥʘʥʠʡ ʟ ʻʤʥʽʩʪʶ 9, ʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ɽ ï ʟ 

ʚʝʜʫʯʦʶ ʚʠʣʢʦʶ. 

ɼʘʣʽ ʟʘʜʘʚʘʣʠʩʷ ʚʠʭʽʜʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ,: lʈɭ(MIN) ï 

ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʨʮʝʤ ʻʤʥʦʩʪʽ ʪʘ ʨʫʭʦʤʠʤ ʪʦʨʮʝʤ ʰʘʪʫʥʘ, lɺ ï 

ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʚʝʜʫʯʦʾ ʪʘ ʚʝʜʝʥʦʾ ʚʠʣʦʢ, lɺɺ(MIN) ï ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ ʜʦ ʰʘʪʫʥʘ ʪʘ ʜʦ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ, lɼʃ ï 

ʜʦʚʞʠʥʘ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ (ʰʘʪʫʥʘ). ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʘʥʦʾ ʤʘʰʠʥʠ 

ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʣʠʰʝ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʩʪʫʧʥʦʾ ʫʤʦʚʠ: 

      (3.89) 

ʃʠʰʝ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ (3.89) ʙʫʜʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʜʦʜʘʪʢʦʚʝ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʰʘʪʫʥʘ  ʚ ʩʝʨʝʜʠʥʽ ʻʤʥʦʩʪʽ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʘʤʧʣʽʪʫʜʫ 

lɸ. ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʽʩʷʤʠ 

ʢʨʽʧʣʝʥʥʷ ʚʠʣʦʢ lɺɺ ʙʫʜʝ ʮʠʢʣʽʯʥʦ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ lɺɺ(MIN) ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ lɺɺ(MAX) ʟʥʘʯʝʥʥʷ. ɿʘ ʦʜʠʥ ʧʦʚʥʠʡ ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʯʦʪʠʨʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʰʘʪʫʥʘ ʚ ʩʝʨʝʜʠʥʽ 

ʻʤʥʦʩʪʽ. ʄʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ lɺɺ(MAX) ʫʪʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʧʨʠ ʪʘʢʠʭ 

ʧʦʣʦʞʝʥʥʷʭ ʨʫʭʦʤʠʭ ʣʘʥʦʢ, ʢʦʣʠ ʧʦʚʟʜʦʚʞʥʷ ʚʽʩʴ ʻʤʥʦʩʪʽ ʙʫʜʝ ʧʨʦʝʢʪʫʚʘʪʠʩʷ 

ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʧʣʦʱʠʥʫ ʚ ʥʘʪʫʨʘʣʴʥʫ ʚʝʣʠʯʠʥʫ (ʨʠʩ. 3.18), ʤʽʥʽʤʘʣʴʥʘ 

ʚʽʜʩʪʘʥʴ lɺɺ(MIN) ʙʫʜʝ ʫʪʚʦʨʶʚʘʪʠʩʷ, ʢʦʣʠ ʦʜʥʘ ʽʟ ʦʩʝʡ ʢʨʽʧʣʝʥʥʷ ʚʝʜʫʯʦʾ ʯʠ 

ʚʝʜʝʥʦʾ ʚʠʣʢʠ ʙʫʜʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ, ʘ ʽʥʰʘ ʚʝʨʪʠʢʘʣʴʥʦʶ (ʨʠʩ. 3.19). 

ʇʦʟʥʘʯʝʥʥʷ ʣʘʥʦʢ ʥʘ ʨʠʩ. 3.18 ʪʘ ʨʠʩ. 3.19 ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʧʦʟʥʘʯʝʥʥʷʤʠ ʥʘ ʨʠʩ. 

3.17. 


