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ɺʉʊʋʇ 

ʊʨʘʥʩʧʦʨʪʫʚʘʣʴʥʽ ʤʝʭʘʥʽʟʤʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʷʭ ʩʫʯʘʩʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪ-

ʚʘ, ʛʽʨʥʠʯʦʜʦʙʫʚʥʽʡ ʪʘ ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʷʭ, ʱʦ ʩʧʨʠʷʻ ʤʝ-

ʭʘʥʽʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘʡʙʽʣʴʰʝ ʧʦʰʠ-

ʨʝʥʥʷ ʦʪʨʠʤʘʣʠ ʩʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʤʽʱʫʚʘʪʠ ʚʘ-

ʥʪʘʞʽ ʟ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʷʢ ʥʘ ʥʝʚʝʣʠʢʽ, ʪʘʢ ʽ ʥʘ ʟʥʘ-

ʯʥʽ ʚʽʜʩʪʘʥʽ. ʊʦʤʫ ʩʫʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʪʝʭʥʽʯ-

ʥʦʛʦ ʨʽʚʥʷ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ.  

ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʠʤʘʛʘʻ ʚʩʝʙʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ 

ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʚʝʻʨʘ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʚʠʜʽʚ ʧʨʠʚʦʜʽʚ, 

ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʨʦʟʜʽʣʴʥʦʛʦ ʧʨʠʚʦʜʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʢʦʥʚʝʻʨʘʭ ʻ ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʟʥʘʯʥʘ ʤʝʪʘ-

ʣʦʤʽʩʪʢʽʩʪʴ, ʘ ʪʘʢʦʞ ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʟʥʠʞʫʻ ʡʦʛʦ ʥʘʜʽʡ-

ʥʽʩʪʴ. ʊʦʤʫ ʚ ʧʝʨʝʩʫʚʥʠʭ ʽ ʧʝʨʝʥʦʩʥʠʭ ʢʦʥʚʝʻʨʘʭ, ʞʠʚʠʣʴʥʠʢʘʭ, ʪʨʘʥ-

ʩʧʦʨʪʫʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʾ ʤʦʥ-

ʪʘʞʥʦʾ ʟʦʥʠ, ʜʦʮʽʣʴʥʦ ʟʘʤʽʥʠʪʠ ʡʦʛʦ ʥʘ ʚʤʦʥʪʦʚʘʥʠʡ, ʷʢʠʡ ʚʽʜʨʽʟʥʷ-

ʻʪʴʩʷ ʢʦʤʧʘʢʪʥʽʩʪʶ, ʥʝʚʝʣʠʢʠʤʠ ʚʘʛʦʶ ʪʘ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ. 

ʄʽʥʣʠʚʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʽʜʥʦʾ ʩʠʩʪʝʤʠ ʚ ʯʘʩʽ ʦʙʫʤʦʚʣʶʻ ʚʠ-

ʥʠʢʥʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʱʦ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʚʪʦʤʥʦʛʦ ʨʫʡ-

ʥʫʚʘʥʥʷ ʩʪʨʽʯʢʠ, ʜʝʪʘʣʝʡ ʪʘ ʚʫʟʣʽʚ ʧʨʠʚʦʜʽʚ. ʎʝ ʚʠʤʘʛʘʻ ʨʘʮʽʦʥʘʣʴʥʦ-

ʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʚʦʜʽʚ ʢʦʥʚʝʻʨʘ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʘʜʘʧʪʫʚʘʥʥʷ ʾʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʦ ʟʤʽʥʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ 

ʥʘ ʦʩʥʦʚʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ, ʚʩʪʘ-

ʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʟʘʻʤʦʚʧʣʠʚʫ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʫ ʟʘ-

ʟʥʘʯʝʥʠʭ ʝʣʝʤʝʥʪʘʭ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʘ ʪʘʢʦʞ ʦʙˇʨʫʥʪʫʚʘʥ-

ʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʟʥʠʞʝʥʥʷ ʜʠ-

ʥʘʤʽʯʥʠʭ ʟʫʩʠʣʴ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʟʙʽʣʴʰʫʚʘʣʠ ʨʝʩʫʨʩ ʜʝʪʘ-

ʣʝʡ ʪʘ ʚʫʟʣʽʚ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʜʣʷ ʧʨʠʚʦʜʫ ʩʪʨʽʯʢʦ-

ʚʦʛʦ ʢʦʥʚʝʻʨʘ, ʱʦ ʧʨʘʮʶʻ ʽʟ ʟʤʽʥʥʠʤʠ ʚʘʥʪʘʞʦʧʦʪʦʢʘʤʠ, ʻ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʠʚʦʜʫ, ʷʢʠʡ ʦʩʥʘʱʝʥʦ ʧʨʠʩʪʨʦʻʤ ʯʠ ʩʠʩʪʝʤʦʶ ʢʝʨʫ-

ʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʫʧʠʥʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ 
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ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʤʦʥʦʛʨʘʬʽʾ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʪʘ ʪʠʧʽʚ ʾʭ ʧʨʠʚʦʜʽʚ, ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦ-

ʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʨʠ-

ʚʽʜʥʠʭ ʩʠʩʪʝʤʘʭ ʪʨʘʥʩʧʦʨʪʝʨʽʚ. ɼʦʚʝʜʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ 

ʨʫʭʦʤʦʩʪʽ ʤʝʞ ʩʪʨʽʯʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʰʚʠʜ-

ʢʦʭʽʜʥʠʭ ʜʦʚʛʦʤʽʨʥʠʭ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʪʘ ʩʫʤʽʩʥʦʛʦ ʨʦʟʛʣʷʜʫ ʨʽʚ-

ʥʷʥʴ ʨʫʭʫ ʽ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʠʚʦʜʫ. ɺʽʜʟʥʘʯʝ-

ʥʦ, ʱʦ ʙʝʟʫʧʠʥʥʘ ʨʦʙʦʪʘ ʧʨʠʚʜ̔ʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʘ ʟʘ ʫʤʦʚʠ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʠʚʦʜʫ ʟʘ ʤʦʤʝʥʪʦʤ, ʘ 

ʪʘʢʦʞ ʟʘ ʾʭ ʜʦʧʦʤʦʛʦʶ ʜʦʩʷʛʘʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʧʫʩʢʫ ʢʦʥʚʝʻʨʽʚ. ʎʝ ʚʠʤʘʛʘʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʚʜ̔ʥʠʭ 

ʩʠʩʪʝʤ ʢʦʥʚʝʻʨʽʚ. 

ɺ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʝʪʦʜʠ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ ʧʨʠʚʽʜʥʠʭ ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʤʦʥʪʦ-

ʚʘʥʽ ʧʨʠʚʦʜʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘʡʤʝʥʰʠʤʠ ʛʘʙʘʨʠʪʘʤʠ, ʤʦʞʫʪʴ 

ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʭʝʤ ʨʦʟ-

ʤʽʱʝʥʥʷ ʧʨʠʚʦʜʽʚ ʚ ʢʦʥʚʝʻʨʘʭ, ʷʢʽ ʚʣʘʰʪʦʚʘʥʽ ʥʘ ʩʪʨʽʣʦʚʠʭ ʢʦʥʩʪʨʫʢ-

ʮʽʷʭ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ. ɼʦʚʝʜʝʥʦ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦ-

ʛʦ ʧʨʠʚʦʜʫ, ʷʢʠʡ ʤʘʻ ʢʨʘʱʽ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʽʞ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯ-

ʥʠʡ, ʜʣʷ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʩʪʨʽʯʢʦʚʦʤʫ ʢʦʥʚʝʻʨʽ ʤʦ-

ʙʽʣʴʥʦʾ ʤʘʰʠʥʠ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʤʝʪʦʜʠʮ ̔ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ, ʯʫʪʣʠʚʦʛʦ ʜʦ 

ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʜʦʩʣʽʜʥʫ ʫʩʪʘʥʦʚʢʫ, ʨʝʻʩʪʨʫʶ-

ʯʫ ʘʧʘʨʘʪʫʨʫ ʽ ʧʨʠʣʘʜʠ. 

ɺ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʤʝʭʘʥʽʯʥʽʡ 

ʩʠʩʪʝʤʽ ʢʦʥʚʝʻʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʛʽʜʨʦʧʨʠʚʦʜʽ ʟʘʩʦʙʽʚ ʛʽʜʨʦʘʚʪʦʤʘ-

ʪʠʢʠ. ʈʘʮʽʦʥʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʧʫʩʢʫ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ, ʷʢʠʡ ʜʦ-

ʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʪʨʽʯʮʽ, ʟʜʽʡʩʥʝʥʦ ʩʠʥʪʝʟ 

ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʫ ʽ ʧʦʙʫʜʦʚʘʥʦ ʤʘ-

ʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘʚʝʜʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʝʥʦ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʪʘ ʜʠʥʘʤʽʯʥʫ 

ʩʪʽʡʢʽʩʪʴ ʘʜʘʧʪʠʚʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʧʦʙʫʜʦʚʘʥʦʾ ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʥʚʝʻʨʘ ʧʨʠ ʟʤʽʥ ̔ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʟʥʘʯʝ-
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ʥʦ ʧʘʨʘʤʝʪʨʠ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʠʚʦʜʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʽʡʢʫ ʨʦʙʦʪʫ 

ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚ ʫʤʦʚʘʭ ʾʾ ʧʝʨʝʚʘʥʪʘʞʝʥʦʩʪʽ. 

ɺ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʧʦʜʘʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʤʘʰʠʥʘʭ ʥʝʧʝʨʝʨʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟ ʚʝʣʠʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʽ ʜʦʚʛʦ-

ʤʽʨʥʠʤʠ ʣʘʥʢʘʤʠ, ʚ ʷʢʠʭ ʚʨʘʭʦʚʘʥʦ ʨʫʭʦʤʽʩʪʴ ʤʝʞ ʧʨʫʞʥʠʭ ʣʘʥʦʢ, ʘ 

ʪʘʢʦʞ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʜʨʦʧʨʠʚʦʜʫ ʽ ʭʚʠʣʴʦʚʽ ʷʚʠʱʘ ʚ ʨʫʭʦʤʽʡ 

ʩʪʨʽʯʮʽ. 

ɺ hʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʤʦʥʦʛʨʘʬʽʾ ʥʘʚʝʜʝʥʦ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʦʙˇʨʫʥ-

ʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʘʥʘʣʽʟ ʯʠʥʥʠʢʽʚ ʱʦʜʦ 

ʝʬʝʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ. ɿʘʧʨʦ-

ʧʦʥʦʚʘʥʦ ʢʨʠʪʝʨʽʘʣʴʥʽ ʦʮʽʥʢʠ ʜʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘ-

ʣʴʥʠʭ ʩʭʝʤ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʚʦʜʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʽʚ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ ʚʠʜʽʣʝʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʤʦʥʪʦʚʘʥʠʭ ʧʨʠʚʦʜʽʚ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʩʚʦʻ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʩʢʣʘʜʘʥʥʷ 

ʩʪʨʫʢʪʫʨʥʦʾ ʬʦʨʤʫʣʠ ʧʨʠʚʦʜʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʧʦʣʝʛʰʫʻ ʧʦʰʫʢ ʥʦʚʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʚʠʨʽ-

ʰʝʥʥʷ ʧʨʠʚʦʜʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʠʚʦʜʽʚ ʫ 

ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥʘʭ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘʚʝʜʝʥʠʤʠ ʝʢʦʥʦʤʽʯʥʠʤʠ ʨʦʟ-

ʨʘʭʫʥʢʘʤʠ. 
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1 ʉʋʏɸʉʅʀʁ ʉʊɸʅ ʇʈʆɹʃɽʄʀ ɼʀʅɸʄɯʂʀ ʂʆʅɺɽɭʈɯɺ 

1.1 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ 

ʉʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʪʠʧʦʤ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴ-

ʥʠʭ ʤʘʰʠʥ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʜʦ 30000 ʪ/ʛʦʜ ʟʘ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨ-

ʪʫʚʘʥʥʷ 6,3 ʤ/ʩ), ʚʝʣʠʢʽʡ ʜʦʚʞʠʥʽ ʢʦʥʚʝʻʨʽʚ, ʚʠʩʦʢʽʡ ʥʘʜʽʡʥʦʩʪʽ, ʧʨʦʩ-

ʪʦʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʤʽ-

ʱʝʥʥʷ ʰʪʫʯʥʠʭ, ʥʘʩʠʧʥʠʭ ʽ ʢʫʩʢʦʚʠʭ ʚʘʥʪʘʞʽʚ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʽ 

ʧʦʭʠʣʦʤʫ ʥʘʧʨʷʤʢʘʭ, ʘ ʪʘʢʦʞ ʜʣʷ ʤʽʞʦʧʝʨʘʮʽʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʜʝʪʘʣʝʡ ʚ ʧʦʪʦʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʂʦʥʚʝʻʨ ʻ ʦʩʥʦʚʥʠʤ ʟʘʩʦʙʦʤ ʥʘʟʝ-

ʤʥʦʛʦ ʪʘ ʧʽʜʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʽ ʧʦʨʽʜ, ʨʫʜʠ, ʢʦʢʩʫ, ʙʫ-

ʜʤʘʪʝʨʽʘʣʽʚ, ʧʘʣʠʚʘ ʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ, ʩʠʨʦʚʠʥʠ ʪʘ ʧʨʦʜʫʢʪʽʚ ʚʠʨʦʙ-

ʥʠʮʪʚʘ ʚ ʣʝʛʢʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʦʱʦ. ʉʪʨʽʯ-

ʢʦʚʽ ʢʦʥʚʝʻʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʩʢʣʘʜʘʭ ʽ ʚ ʧʦʨʪʘʭ ʷʢ ʝʣʝʤʝʥʪʠ ʥʘʚʘ-

ʥʪʘʞʫʚʘʣʴʥʠʭ ʪʘ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘ-

ʰʠʥ, ʘ ʪʘʢʦʞ ʻ ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ ʨʦʟʙʽʨʥʠʭ ʝʢʩʢʘʚʘʪʦʨʽʚ, ʧʽʜʽʡ-

ʤʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʫʢʣʘʜʘʥʥʷ ʧʝʨʝʨʦʙʣʝʥʦʾ ʯʠ ʛʦ-

ʪʦʚʦʾ ʩʠʨʦʚʠʥʠ ʫ ʚʽʜʚʘʣʠ ʯʠ ʢʘʛʘʪʠ. 

ʅʘ ʪʝʧʝʨ ʩʪʦʩʦʚʥʦ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦ 

ʙʘʛʘʪʦ ʪʠʧʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ, ʷʢʽ ʜʣʷ ʟʨʫʯʥʦʩʪʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʦʟʥʘʢʘʤʠ [1]. 

ɿʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ï ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʽ, ʷʢʽ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʧʦʚʝʨʭʥʷʭ ʰʘʭʪ, ʨʫʜʥʠʢʽʚ, ʟʙʘʛʘʯʫʚʘʣʴ-

ʥʠʭ ʬʘʙʨʠʢʘʭ ʪʦʱʦ; ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʝʨʝʩʫʚʥʽ; ʧʽʜʟʝʤʥʽ; ʩʪʘ-

ʮʽʦʥʘʨʥʽ ʪʘ ʧʝʨʝʩʫʚʥʽ ʜʣʷ ʢʘʨôʻʨʽʚ; ʩʧʝʮʽʘʣʴʥʽ (ʜʣʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ 

ʤʘʰʠʥ, ʢʨʫʪʦʧʦʭʠʣʽ ʪʘ ʽʥ.). 

ɿʘ ʚʠʜʦʤ ʚʘʥʪʘʞʽʚ ï ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʥʘʩʠʧʥʠʭ ʚʘʥʪʘʞʽʚ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʰʪʫʯʥʠʭ ʚʘʥʪʘʞʽʚ. 

ɿʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʥʝʩʽʚʥʦʾ ʛʽʣʢʠ ʩʪʨʽʯʢʠ ï ʟ ʚʝʨʭʥʴʦʶ ʥʝʩʽʚʥʦʶ 

ʛʽʣʢʦʶ (ʙʽʣʴʰʽʩʪʴ ʢʦʥʚʝʻʨʽʚ), ʟ ʥʠʞʥʴʦʶ ʥʝʩʽʚʥʦʶ ʛʽʣʢʦʶ, ʟ ʜʚʦʤʘ ʥʝ-

ʩʽʚʥʠʤʠ ʛʽʣʢʘʤʠ.  

ɿʘ ʬʦʨʤʦʶ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʘʥʪʘʞʦʥʝʩʽʚʥʦʾ ʛʽʣʢʠ ʩʪʨʽʯʢʠ ï 

ʟ ʧʣʦʩʢʦʶ ʩʪʨʽʯʢʦʶ, ʟ ʞʦʣʦʙʯʘʩʪʦʶ ʩʪʨʽʯʢʦʶ. 

ɿʘ ʪʠʧʦʤ ʩʪʨʽʯʢʠ ï ʟ ʛʣʘʜʝʥʴʢʦʶ ʧʨʦʛʫʤʦʚʘʥʦʶ ʩʪʨʽʯʢʦʶ, ʟ ʨʠʬ-

ʣʝʥʦʶ ʧʨʦʛʫʤʦʚʘʥʦʶ (ʜʣʷ ʢʨʫʪʦʧʦʭʠʣʠʭ). 
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ɿʘ ʩʧʦʩʦʙʦʤ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ï ʟ ʨʦʟʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʢʽʥʮʝʚʦʤʫ ʙʘ-

ʨʘʙʘʥʽ, ʟ ʧʨʦʤʽʞʥʠʤ ʨʦʟʚʘʥʪʘʞʝʥʥʷʤ ʙʘʨʘʙʘʥʥʠʤ ʩʢʠʜʘʣʴʥʠʤ ʚʽʟʢʦʤ 

ʯʠ ʧʣʫʞʢʦʚʠʤ ʩʢʠʜʘʯʝʤ. 

ɿʘ ʯʠʩʣʦʤ ʧʨʠʚʦʜʽʚ ï ʦʜʥʦʧʨʠʚʽʜʥʽ, ʙʘʛʘʪʦʧʨʠʚʽʜʥʽ. 

ɿʘ ʪʠʧʦʤ ʧʨʠʚʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ï ʟ ʦʜʥʠʤ ʧʨʠʚʽʜʥʠʤ ʙʘʨʘʙʘʥʦʤ, ʟ 

ʜʚʦʤʘ ʯʠ ʪʨʴʦʤʘ ʧʨʠʚʽʜʥʠʤʠ ʙʘʨʘʙʘʥʘʤʠ, ʟ ʧʨʦʤʽʞʥʠʤʠ ʧʨʠʚʽʜʥʠʤʠ 

ʙʘʨʘʙʘʥʘʤʠ, ʟ ʤʘʛʥʽʪʥʠʤʠ ʧʨʠʚʦʜʘʤʠ. 

ɿʘ ʪʠʧʦʤ ʧʦʩʪʘʚʠ ʢʦʥʚʝʻʨʘ ï ʟ ʞʦʨʩʪʢʦʶ ʯʠ ʢʘʥʘʪʥʦʶ ʧʦʩʪʘʚʦʶ. 

ɿʘ ʢʫʪʦʤ ʥʘʭʠʣʫ ʢʦʥʚʝʻʨʘ ï ʛʦʨʠʟʦʥʪʘʣʴʥʽ; ʧʦʭʠʣʽ (ʜʦ 18...20Á), 

ʢʨʫʪʦʧʦʭʠʣʽ (ʩʧʝʮʽʘʣʴʥʽ ʜʦ 35...45Á). 

ɿʘ ʧʨʦʬʽʣʝʤ ʪʨʘʩʠ ʢʦʥʚʝʻʨʘ ï ʛʦʨʠʟʦʥʪʘʣʴʥʽ, ʧʦʭʠʣʽ, ʢʦʤʙʽʥʦʚʘʥʽ, 

ʧʦʭʠʣʦ-ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʧʦʭʠʣʽ ʟ ʦʜʥʠʤ ʯʠ ʢʽʣʴʢʦʤʘ 

ʟʛʠʥʘʤʠ ʽ ʟʽ ʩʢʣʘʜʥʦʶ ʪʨʘʩʦʶ. 

ʂʨʽʤ ʪʦʛʦ, ʢʦʥʚʝʻʨʠ ʱʝ ʤʦʞʫʪʴ ʢʣʘʩʠʬʽʢʫʚʘʪʠʩʷ ʟʘ ʢʦʥʩʪʨʫʢʮʽʷʤʠ 

ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ. 

ɯʩʥʫʻ ʧô̫ ʪʴ ʪʠʧʽʚ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ. ʂʦʥʚʝʻʨʠ ʪʠʧʫ ʃ ʤʘʶʪʴ 

ʧʽʜʚʠʱʝʥʫ ʪʷʛʦʚʫ ʟʜʘʪʥʽʩʪʴ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘʩʠʧ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʪʘ ʥʝʟʥʘʯʥʦ ʧʦʭʠʣʠʤʠ ʪʨʘʩʘʤʠ. ɼʣʷ 

ʥʠʭ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʫʣʦʚʣʶʚʘʯʽʚ ʽ, ʯʘʩʪʦ, ʛʘʣʴʤ. ʂʦʥʚʝʻʨʠ 

ʃɹ (ʙʨʝʤʩʙʝʨʛʦʚʽ) ʪʘ ʃʋ (ʧʦʭʠʣʽ) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʥʘ 

ʧʽʜʟʝʤʥʠʭ ʛʽʨʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘ-

ʣʠʥ ʪʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʚʽʜʧʦʚʽʜʥʦ, ʟʚʝʨʭʫ-ʜʦʥʠʟʫ ʪʘ ʟʥʠʟʫ-ʜʦʚʝʨʭʫ ʟ 

ʢʫʪʘʤʠ ʥʘʭʠʣʫ ʜʦ 18...20Á. ʉʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ ʪʠʧʫ ʃʃ ʧʨʠʟʥʘʯʝʥʽ ʚʠ-

ʢʣʶʯʥʦ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʧʨʘʮʶʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʥʘ ʧʽʜʟʝʤʥʠʭ ʛʽʨʥʠ-

ʯʠʭ ʨʦʙʦʪʘʭ. ʉʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ ʪʠʧʫ ʃʊ (ʩʪʨʽʯʢʦʚʽ ʪʝʣʝʩʢʦʧʽʯʥʽ) ʻ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʢʦʥʚʝʻʨʘʤʠ, ʷʢʽ ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʤʦʞʫʪʴ 

ʩʢʦʨʦʯʫʚʘʪʠ ʩʚʦʶ ʨʦʙʦʯʫ ʜʦʚʞʠʥʫ ʙʝʟ ʫʢʦʨʦʯʝʥʥʷ ʩʪʨʽʯʢʠ. ʂʦʞʥʠʡ 

ʪʠʧ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʧʦʚʠʥʝʥ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʠʨʘʪʠʩʷ ʜʣʷ ʢʦʥʢ-

ʨʝʪʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʦʪʫʞʥʽ ʩʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ ʂʃɹ ʽ 

ʂʃʆ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʣʽʥʽʷʭ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʥʘ ʚʽʜʢʨʠʪʠʭ ʛʽʨʥʠʯʠʭ ʨʦʙʦʪʘʭ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ 60-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʚ ʗʧʦʥʽʾ ʟʘʧʘ-

ʪʝʥʪʦʚʘʥʦ ʥʦʚʠʡ ʪʠʧ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʥʘʟʚʫ çJapan 

Pipe Conveyorè. ʂʦʥʩʪʨʫʢʪʠʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʪʨʽʯʢʦʚʦʛʦ ʪʨʫʙʯʘʪʦʛʦ 

ʢʦʥʚʝʻʨʘ (ʉʊʂ) ʻ ʟʛʦʨʪʘʥʥʷ ʩʪʨʽʯʢʠ ʚ ʪʨʫʙʫ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʚʘʥʪʘʞʫ ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʦʨʥʠʭ ʨʦʣʠʢʽʚ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠ-

ʥʦʤ. ʇʨʠ ʮʴʦʤʫ ʾʾ ʢʨʘʾ ʚʥʘʧʫʩʪʦʢ ʫʪʚʦʨʶʶʪʴ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʪʨʫʙʠ 

ʟʦʥʫ ʧʝʨʝʢʨʠʪʪʷ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʩʪʨʽʯʢʠ, ʥʘʩʠʧʥʦʾ 
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ʱʽʣʴʥʦʩʪʽ ʽ ʨʦʟʤʽʨʽʚ ʢʫʩʢʽʚ ʪʨʘʥʩʧʦʨʪʦʚʘʥʦʛʦ ʚʘʥʪʘʞʫ ʪʘ ʢʨʦʢʫ ʚʩʪʘ-

ʥʦʚʣʝʥʥʷ ʨʦʣʠʢʦʦʧʦʨ. ʈʦʟʨʦʙʢʦʶ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʉʊʂ 

ʟʘʡʤʘʣʠʩʴ ʧʨʦʚʽʜʥʽ ʽʥʦʟʝʤʥʽ ʢʦʤʧʘʥʽʾ: çKochè (ʌʈʅ), çNoyesè (ʌʨʘʥ-

ʮʽʷ), çNovaè (ɯʪʘʣʽʷ), çDoscoè (ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ), çSimplicityè (ɯʥʜʽʷ), 

çKrupp Robinsè (ʉʐɸ), çYoung Poonyè (ʂʦʨʝʷ). ʇʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʥʘ-

ʨʘʟʽ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʧʦʥʘʜ 1000 ʉʊʂ, ʷʢʽ ʤʘʶʪʴ ʟʘʛʘʣʴʥʫ ʧʨʦʪʷʞʥʽʩʪʴ 

ʧʦʥʘʜ 300 ʢʤ. ʉʧʦʯʘʪʢʫ ʉʊʂ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʮʝʤʝʥʪʫ, ʟʝʨʥʘ ʪʘ ʽʥʰʠʭ ʩʠʧʢʠʭ ʽ ʧʠʣʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʣʝ ʦʩʪʘʥ-

ʥʽʤ ʯʘʩʦʤ ʚʦʥʠ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʛʽʨʥʠʯʦʜʦʙʫʚʥʽʡ ʧʨʦʤʠ-

ʩʣʦʚʦʩʪʽ ʽ ʥʘʚʽʪʴ ʚ ʧʽʜʟʝʤʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
ʉʪʨʽʯʢʦʚʠʡ ʢʦʥʚʝʻʨ ï ʮʝ ʩʧʝʮʽʘʣʴʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʘ ʤʘʰʠʥʘ ʥʝ-

ʧʝʨʝʨʚʥʦʾ ʜʽʾ (ʨʠʩ. 1.1), ʱʦ ʤʽʩʪʠʪʴ ʧʨʠʚʽʜʥʠʡ ʜʚʠʛʫʥ 1, ʚʘʣ ʷʢʦʛʦ ʯʝ-

ʨʝʟ ʤʫʬʪʫ 2 ʟôʻʜʥʘʥʦ ʟ ʰʚʠʜʢʦʭʽʜʥʠʤ ʚʘʣʦʤ ʨʝʜʫʢʪʦʨʘ 3. ɺʠʭʽʜʥʠʡ 

ʚʘʣ ʨʝʜʫʢʪʦʨʘ 3 ʯʝʨʝʟ ʤʫʬʪʫ 4 ʧʝʨʝʜʘʻ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʧʨʠʚʽʜʥʠʡ 

ʙʘʨʘʙʘʥ 5. 

 

 
 
ʈʠʩʫʥʦʢ 1.1 ï ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ ʦʩʥʦʚʥʽ ʚʫʟʣʠ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ 

 

ʇʨʠʚʽʜʥʠʡ ʙʘʨʘʙʘʥ 5 ʪʘ ʢʽʥʮʝʚʠʡ ʙʘʨʘʙʘʥ 6 (ʷʢ ʧʨʘʚʠʣʦ, ʻ ʥʘʪʷʞ-

ʥʠʤ), ʦʛʠʥʘʻʪʴʩʷ ʧʨʦʛʫʤʦʚʘʥʦʶ ʚʝʨʪʠʢʘʣʴʥʦ-ʟʘʤʢʥʝʥʦʶ ʩʪʨʽʯʢʦʶ, ʱʦ 

ʻ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʢʦʥʚʝʻʨʘ. ʅʘ ʚʝʨʭʥʽʡ ʚʘʥʪʘʞʦʥʝʩʽʚʥʽʡ (ʨʦʙʦ-

ʯʽʡ) ʚʽʪʮʽ 7 ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʪʨʘʥʩʧʦʨʪʦʚʘʥʠʡ ʚʘʥʪʘʞ, ʘ ʥʠʞʥʷ ʚʽʪʢʘ 8 ʻ 

ʧʦʨʦʞʥʠʥʥʦʶ (ʭʦʣʦʩʪʦʶ ʯʠ ʥʝʨʦʙʦʯʦʶ). ʇʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʪʨʘʩʠ ʩʪʨʽʯ-

ʢʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʨʦʣʠʢʦʦʧʦʨʘʤʠ 9 ʚʝʨʭʥʴʦʾ ʪʘ 10 ʥʠʞʥʴʦʾ ʚʽʪʦʢ, ʚ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʠʭ ʩʪʨʽʯʢʘ ʤʘʻ ʧʣʦʩʢʫ ʯʠ ʞʦʣʦʙʯʘʩʪʫ ʬʦʨ-

ʤʫ. ɼʣʷ ʫʙʝʟʧʝʯʝʥʥʷ ʩʭʦʜʫ ʩʪʨʽʯʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʣʠʢʠ 11 ʪʘ 12, 

ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʨʦʙʦʯʽʡ 7 ʪʘ ʭʦʣʦʩʪʽʡ 8 ʚʽʪʢʘʭ. ʈʦ-

ʣʠʢʦʦʧʦʨʠ ʤʦʥʪʫʶʪʴʩʷ ʥʘ ʢʦʥʚʝʻʨʥʦʤʫ ʧʦʩʪʘʚ ̔13, ʷʢʠʡ ʩʢʨʽʧʣʝʥʦ ʟ 

ʦʧʦʨʥʠʤʠ ʨʘʤʘʤʠ 14 ʪʘ 15 ʧʨʠʚʽʜʥʦʛʦ 5 ʪʘ ʢʽʥʮʝʚʦʛʦ 6 ʙʘʨʘʙʘʥʽʚ. ɺʘʥ-

ʪʘʞ ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʪʨʽʯʢʫ ʯʝʨʝʟ ʦʜʥʝ ʯʠ ʜʝʢʽʣʴʢʘ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʢʽʥʮʝʚʦʛʦ ʙʘʨʘʙʘʥʘ ʚ ʧʨʠʡ-
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ʤʘʣʴʥʠʡ ʙʫʥʢʝʨ ʘʙʦ ʞ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ ʚʟʜʦʚʞ ʪʨʘʩʠ ʢʦʥʚʝʻʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʘʨʘʙʘʥʥʠʭ ʯʠ ʧʣʫʞʢʦʚʠʭ ʨʦʟʚʘʥʪʘʞʫʚʘʯʽʚ. ʆʯʠʱʝʥʥʷ ʚʽʜ 

ʯʘʩʪʠʥʦʢ ʚʘʥʪʘʞʫ, ʱʦ ʥʘʣʠʧʣʠ ʥʘ ʩʪʨʽʯʢʠ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʦʯʠʩʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ʅʘ ʢʦʥʚʝʻʨʘʭ, ʱʦ ʤʘʶʪʴ ʧʦʭʠʣʫ ʜʽʣʷʥʢʫ, 

ʦʙʦʚôʷʟʢʦʚʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʛʘʣʴʤʘ. 

ɺ ʩʪʨʽʯʢʦʚʦʤʫ ʢʦʥʚʝʻʨʽ ʨʫʰʽʡʥʘ ʩʠʣʘ ʩʪʨʽʯʮʽ ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʩʠʣ ʪʝʨʪʷ ʧʽʜ ʯʘʩ ʦʛʠʥʘʥʥʷ ʥʝʶ ʧʨʠʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʘ ʯʠ ʧʽʜ 

ʯʘʩ ʢʦʥʪʘʢʪʫ ʧʨʠʚʽʜʥʦʾ ʩʪʨʽʯʢʠ ʟ ʚʘʥʪʘʞʦʥʝʩʽʚʥʦʶ. ʇʨʠʚʦʜʠ ʩʪʨʽʯʢʦ-

ʚʦʛʦ ʢʦʥʚʝʻʨʘ ʚʠʢʦʥʫʶʪʴʩʷ ʦʜʥʦʙʘʨʘʙʘʥʥʠʤʠ ʟ ʦʜʥʠʤ ʘʙʦ ʞ ʜʚʦʤʘ 

ʜʚʠʛʫʥʘʤʠ, ʜʚʦʙʘʨʘʙʘʥʥʽ ʟ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʨʠʚʽʜʥʠʤʠ ʙʘʨʘ-

ʙʘʥʘʤʠ ʽ ʟ ʨʦʟʜʽʣʝʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʧʨʠʚʽʜʥʠʭ ʙʘʨʘʙʘʥʽʚ ʥʘ ʦʙʦʭ 

ʢʽʥʮʷʭ ʢʦʥʚʝʻʨʘ ʪʘ ʪʨʠʙʘʨʘʙʘʥʥʠʤʠ ʟ ʧʦʨʷʜ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʦʜʠʥ ʙʽʣʷ 

ʦʜʥʦʛʦ ʙʘʨʘʙʘʥʘʤʠ ʘʙʦ ʞ ʟ ʨʦʟʜʽʣʝʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʚʦʭ ʧʨʠʚʽʜʥʠʭ 

ʙʘʨʘʙʘʥʽʚ ʥʘ ʦʙʦʭ ʢʽʥʮʷʭ ʢʦʥʚʝʻʨʘ. 

ʅʘʡʙʽʣʴʰ ʥʘʜʽʡʥʠʤ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʦʩʪʠʤ ʻ ʦʜʥʦʙʘʨʘʙʘʥʥʠʡ 

ʧʨʠʚʽʜ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʤʘʻ ʥʝʚʝʣʠʢʽ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʧʨʦʩʪʫ ʢʦʥʩʪʨʫʢ-

ʮʽʶ, ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ, ʦʜʠʥ ʟʛʠʥ ʩʪʨʽʯʢʠ, ʘʣʝ ʫ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʦʙʤʝʞʝ-

ʥʠʡ (ʜʦ 240Á) ʢʫʪ ʦʛʠʥʘʥʥʷ ʩʪʨʽʯʢʦʶ ʙʘʨʘʙʘʥʘ ʽ ʧʦʥʠʞʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʩʪʨʽʯʢʠ (ʨʠʩ. 1.2ʘ) [2]. 

ʆʜʥʦʙʘʨʘʙʘʥʥʠʡ ʧʨʠʚʽʜ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʜʦ 30...50 ʢɺʪ) 

ʚʠʢʦʥʫʶʪʴ ʟ ʚʤʦʥʪʦʚʘʥʠʤ ʚʩʝʨʝʜʠʥʫ ʙʘʨʘʙʘʥʘ ʜʚʠʛʫʥʦʤ ʪʘ ʨʝʜʫʢʪʦ-

ʨʦʤ. ʊʘʢʽ ʧʨʠʚʦʜʠ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʤʦʪʦʨ-ʙʘʨʘʙʘʥʠ ʪʘ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʠʚʦʜʘʭ ʨʫʭʦʤʠʭ ʽ ʧʝʨʝʥʦʩʥʠʭ ʢʦʥʚʝʻʨʽʚ, ʞʠʚʠʣʴʥʠʢʽʚ 

ʪʦʱʦ (ʨʠʩ. 1.2ʙ) [2, 3]. 

ɼʚʦʙʘʨʘʙʘʥʥʽ ʧʨʠʚʦʜʠ ʟ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʨʠʚʽʜʥʠʤʠ ʙʘ-

ʨʘʙʘʥʘʤʠ ʤʘʶʪʴ ʨʽʟʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ, ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ 

ʽʟ ʥʠʭ ʻ ʜʚʦʙʘʨʘʙʘʥʥʠʡ ʧʨʠʚʽʜ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʧʨʠʚʽʜʥʠʤʠ ʤʝʭʘʥʽʟ-

ʤʘʤʠ (ʨʠʩ. 1.2ʚ) [2, 4]. ɺ ʪʘʢʦʤʫ ʚʠʢʦʥʘʥʥʽ ʙʘʨʘʙʘʥʠ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦ-

ʙʦʶ ʪʽʣʴʢʠ ʢʦʥʚʝʻʨʥʦʶ ʩʪʨʽʯʢʦʶ (ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʟʚôʷʟʢʽʚ). ʋ ʜʚʦʙʘʨʘʙʘʥʥʦʛʦ ʧʨʠʚʦʜʫ ʢʫʪ ʦʛʠʥʘʥʥʷ ʩʪʨʽʯʢʦʶ ʧʨʠʚʽʜʥʦʛʦ 

ʙʘʨʘʙʘʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 400Á, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʨʽʯʢʫ 

ʤʝʥʰʦʾ ʤʽʮʥʦʩʪʽ ʪʘ ʻ ʡʦʛʦ ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ. ɼʚʦʙʘʨʘʙʘʥʥʠʡ ʧʨʠʚʽʜ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʜʥʦʙʘʨʘʙʘʥʥʠʤ ʤʘʻ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ: ʙʽʣʴʰʽ ʛʘʙʘʨʠʪʠ, 

ʩʢʣʘʜʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʤʝʥʰʫ ʥʘʜʽʡʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, ʙʘʛʘʪʦʨʘʟʦʚʽ ʟʛʠ-

ʥʠ ʩʪʨʽʯʢʠ ʟʥʠʞʫʶʪʴ ʾʾ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʜʚʦʙʘʨʘʙʘʥ-

ʥʽ ʧʨʠʚʦʜʠ ʟ ʨʦʟʜʽʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʧʨʠʚʽʜʥʠʭ ʙʘʨʘʙʘʥʽʚ ʥʘ ʦʙʦʭ 

ʢʽʥʮʷʭ ʩʝʨʝʜʥʴʦ ʜʦʚʛʦʤʽʨʥʦʛʦ ʢʦʥʚʝʻʨʘ (ʨʠʩ. 1.2,ʛ). ʊʨʠʙʘʨʘʙʘʥʥʽ ʧʨʠ-

ʚʦʜʠ ʟ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʙʘʨʘʙʘʥʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʜʦʚʛʦʤʽʨ-
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ʥʠʭ ʢʦʥʚʝʻʨʘʭ (ʨʠʩ. 1.2,ʜ) ʯʠ ʟ ʨʦʟʜʽʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʜʚʦʭ ʧʨʠʚʽʜ-

ʥʠʭ ʙʘʨʘʙʘʥʽʚ ʚ ʦʙʦʭ ʢʽʥʮʷʭ ʢʦʥʚʝʻʨʘ (ʨʠʩ. 1.2,ʝ) [2, 4]. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʠ ʪʠʧʽʚ ʧʨʠʚʦʜʽʚ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ 
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ɺʠʙʽʨ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ (ʨʠʩ. 1.3) ʪʘ ʪʠʧʫ (ʨʠʩ. 1.4) ʧʨʠʚʦʜʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʽ ʧʨʦʬʽʣʶ ʪʨʘʩʠ ʢʦʥʚʝʻʨʘ, ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʨʪʷ ʤʽʞ ʩʪʨʽʯʢʦʶ ʽ ʧʦʚʝʨʭʥʝʶ ʧʨʠʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʢʫʪʘ ʦʙʭʚʘʪʫ 

ʩʪʨʽʯʢʦʶ ʙʘʨʘʙʘʥʘ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʩʪʨʽʯʢʠ [5]. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʩʠʣʠ ʧʨʠʪʠʩʢʘʥʥʷ ʩʪʨʽʯʢʠ ʜʦ ʧʨʠʚʽʜ-

ʥʠʭ ʙʘʨʘʙʘʥʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʾʾ ʧʨʦʚʠʩʘʥʥʷ ʤʽʞ ʨʦʣʠʢʘ-

ʤʠ ʚ ʢʦʥʚʝʻʨʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʪʷʞʥʽ ʧʨʠʩʪʨʦʾ ʘʙʦ ʩʪʘʥʮʽʾ. ɺʦʥʠ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʦʩʪʠʤʠ, ʤʽʮʥʠʤʠ, ʟʨʫʯʥʠʤʠ ʽ ʥʘʜʽʡʥʠʤʠ ʚ ʨʦʙʦʪʽ. ʅʘ-

ʪʷʞʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʥʝʨʝʛʫʣʴʦʚʘʥʽ (ʞʦʨʩ-

ʪʢʽ), ʨʝʛʫʣʴʦʚʘʥʽ (ʘʚʪʦʤʘʪʠʯʥʽ) ʽ ʢʦʤʙʽʥʦʚʘʥʽ (ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʽ) [1]. 

ɾʦʨʩʪʢʽ ʥʘʪʷʞʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʯʠ 

ʧʝʨʽʦʜʠʯʥʦ ʟʤʽʥʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʥʘʪʷʞʥʦʛʦ ʙʘʨʘʙʘʥʘ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʢʦʥʚʝʻʨʘ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʚʘʥʪʘʞʥʽ (ʧʨʦʩʪʽ, ʟ ʧʦʣʽʩʧʘʩʪʘʤʠ, ʟ ʣʝʙʽʜ-

ʢʦʶ ʜʣʷ ʧʽʜʽʡʤʘʥʥʷ ʚʘʥʪʘʞʫ ʪʦʱʦ), ʤʝʭʘʥʽʯʥʽ (ʛʚʠʥʪʦʚʽ, ʟ ʣʝʙʽʜʢʦʶ 

ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʙʘʨʘʙʘʥʘ ʪʦʱʦ), ʛʽʜʨʘʚʣʽʯʥʽ. ʇʝʨʝʚʘʛʘʤʠ ʾʭ ʻ ʧʨʦʩ-

ʪʦʪʘ ʽ ʢʦʤʧʘʢʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʥʝʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʥʘʜʽʡ-

ʥʽʩʪʴ ʚ ʨʦʙʦʪʽ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʻ ʧʦʩʣʘʙʣʝʥʥʷ ʥʘ-

ʪʷʛʫ ʩʪʨʽʯʢʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʯʝʨʝʟ ʾʾ ʧʨʫʞʥʽ ʽ ʟʘʣʠʰʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ, 

ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʥʘ ʧʨʠʚʽʜʥʦʤʫ ʙʘʨʘʙʘʥʽ. ʊʦʤʫ 

ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʮʠʭ ʥʝʛʘʪʠʚʥʠʭ ʷʚʠʱ ʥʘʪʷʛ ʩʪʨʽʯʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʚʠ-

ʱʫʶʪʴ. 

ɼʦ ʧʝʨʝʚʘʛ ʘʚʪʦʤʘʪʠʯʥʠʭ ʥʘʪʷʞʥʠʭ ʧʨʠʩʪʨʦʾʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ 

ʟʜʽʡʩʥʶʚʘʥʠʡ ʥʠʤʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʨʝʞʠʤ ʥʘʪʷʛʫ ʩʪʨʽʯʢʠ ʽ ʘʚʪʦʤʘʪʠʯʥʫ 

ʢʦʤʧʝʥʩʘʮʽʶ ʧʨʫʞʥʦʾ ʽ ʟʘʣʠʰʢʦʚʦʾ ʚʠʪʷʞʢʠ. ʅʝʜʦʣʽʢʦʤ ʻ ʩʢʣʘʜʥʽʩʪʴ ʽ 

ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʜʦʜʘʪʢʦʚʦʛʦ ʜʦʧʦʤʽʞʥʦʛʦ ʧʨʠʚʦʜʫ. 

ɼʦ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʽ ʥʘʪʷʞʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ 

ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʜʽʶʪʴ ʷʢ ʩʣʽʜʢʫʶʯʽ, ʘ ʚ ʧʝʨʽʦʜ ʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ ï ʷʢ ʩʪʘ-

ʙʽʣʽʟʫʶʯʽ ʧʨʠʩʪʨʦʾ, ʯʠ ʥʘʚʧʘʢʠ. 

ʅʘʪʷʞʥʽ ʧʨʠʩʪʨʦʾ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʦʙʣʠʟʫ ʧʨʠʚʦʜʫ, ʧʝʨʝʚʘʞʥʦ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʜʦʚʛʦʤʽʨʥʠʭ ʢʦʥʚʝʻʨʘʭ ʽ ʚ ʭʚʦʩʪʦʚʽʡ ʯʘʩʪʠʥʽ, ʧʨʠʯʦ-

ʤʫ ʭʚʦʩʪʦʚʠʡ ʙʘʨʘʙʘʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʥʘʪʷʞʥʠʡ. 

ʂʦʥʚʝʻʨʥʘ ʩʪʨʽʯʢʘ, ʷʢʘ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʚʘʥʪʘʞʦʥʝʩʽ-

ʚʥʦʛʦ ʪʘ ʪʷʛʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ, ʻ ʥʘʡʙʽʣʴʰ ʚʘʨʪʽʩ-

ʥʠʤ (ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʢʦʥʚʝʻʨʘ) ʪʘ ʥʘʡʙʽʣʴʰ ʥʝ-

ʜʦʚʛʦʚʽʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʢʦʥʚʝʻʨʘ. 
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ɺ ʢʦʥʚʝʻʨʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʫʤʦʚʦʪʢʘʥʠʥʥʽ, ʟ ʧʨʦʢʣʘʜʢʘʤʠ ʽʟ ʙʘ-

ʚʦʚʥʷʥʠʭ ʪʘ ʩʠʥʪʝʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘ ʛʫʤʦʚʦʪʨʦʩʦʚʽ ʩʪʨʽʯʢʠ. ʅʘʡ-

ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʛʣʘʜʢʽ ʩʪʨʽʯʢʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʢʦʥʚʝʻʨʘ ʩʪʨʽʯʢʫ ʦʩʥʘʱʝʥʦ ʛʦʬʨʦʚʘʥʠʤʠ ʙʦʨʪʘʤʠ, ʘʙʦ ʙʦʨʪʘ-

ʤʠ ʽ ʚʠʩʪʫʧʘʤʠ, ʨʠʬʣʝʥʥʷʤʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʝʨʝʛʦʨʦʜʢʘʤʠ. 

ɺʘʞʣʠʚʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʨʽʯʢʠ ʻ ʰʠʨʠʥʘ, ʤʽʮ-

ʥʽʩʪʴ ʧʽʜ ʯʘʩ ʨʦʟʨʠʚʫ, ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʽ ʪʦʚʱʠʥʘ ʦʙʢʣʘʜʢʠ. ʐʠ-

ʨʠʥʘ ʩʪʨʽʯʢʠ ʚʠʟʥʘʯʘʻ ʢʫʩʢʦʚʘʪʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ 

ʮʽʻʶ ʩʪʨʽʯʢʦʶ, ʘ ʨʘʟʦʤ ʽʟ ʰʚʠʜʢʽʩʪʶ ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʥʚʝʻʨʘ. ʄʽʮ-

ʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ (ʤʘʢʩʠʤʘʣʴʥʝ ʟʫʩʠʣʣʷ ʪʨʠʚʘʣʦ ʾʜʽʾ) ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘ-

ʣʴʥʦ ʤʦʞʣʠʚʫ ʜʦʚʞʠʥʫ ʢʦʥʚʝʻʨʘ, ʚʩʪʘʥʦʚʣʝʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʢʦʥʩʪʨʫʢ-

ʮʽʶ ʧʨʠʚʦʜʫ, ʘ ʟ ʚʨʘʭʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʩʪʨʽʯʢʠ ï ʢʦʥʩʪ-

ʨʫʢʮʽʶ ʥʘʪʷʞʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʄʽʮʥʽʩʪʴ ʩʪʨʽʯʢʠ ʥʘ ʨʦʟʨʠʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʠʧʦʤ ʦʩʥʦʚʠ ʽ ʯʠʩʣʦʤ ʧʨʦʢʣʘʜʦʢ ʯʠ ʪʨʦʩʽʚ ʚ ʥʽʡ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥ-

ʚʝʻʨʥʠʭ ʩʪʨʽʯʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʥʦʤʽʥʘʣʴʥʦʾ 

ʤʽʮʥʦʩʪʽ ʧʽʜ ʯʘʩ ʨʦʟʨʠʚʫ, ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʽ ʟʤʝʥʰʝʥʥʷ 

ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ [6]. 

ɼʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʨʽʯʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʨʦʣʠʢʦʦʧʦʨʠ ʯʠ ʥʘʩʪʠʣ ï 

ʩʫʮʽʣʴʥʠʡ (ʟ ʜʝʨʝʚʘ, ʩʪʘʣʝʚʠʡ, ʧʣʘʩʪʤʘʩʦʚʠʡ) ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʠʡ (ʧʦ-

ʯʝʨʛʦʚʦ ʥʘʩʪʠʣ ʽ ʨʦʣʠʢʦʦʧʦʨʠ). ɺ ʢʦʥʚʝʻʨʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʣʠʢʦ-

ʦʧʦʨʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ. ɿʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʥʘ ʢʦʥʚʝʻʨʽ ʚʦ-

ʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʚʝʨʭʥʽ: ʧʨʷʤʽ (ʨʠʩ. 1.5ʘ), ʞʦʣʦʙʯʘʩʪʽ ʥʘ ʜʚʦʭ, ʪʨʴʦʭ 

(ʜʠʚ. ʨʠʩ. 1.5ʙ) ʽ ʧôʷʪʠ ʨʦʣʠʢʘʭ; ʥʠʞʥʽ: ʧʨʷʤʽ ʦʜʥʦʨʦʣʠʢʦʚʽ ï ʩʫʮʽʣʴʥʽ 

ʮʠʣʽʥʜʨʠʯʥʽ (ʜʠʚ. ʨʠʩ. 1.5ʛ) ʪʘ ʜʠʩʢʦʚʽ (ʜʠʚ. ʨʠʩ. 1.5ʜ); ʜʚʦʨʦʣʠʢʦʚʽ 

ʞʦʣʦʙʯʘʩʪʽ (ʜʠʚ. ʨʠʩ. 1.5ʝ) [7]. ʂʫʪ ʥʘʭʠʣʫ ʙʦʢʦʚʠʭ ʨʦʣʠʢʽʚ Ŭʞ ʫ ʜʚʦ-

ʨʦʣʠʢʦʚʽʡ ʦʧʦʨʽ ʟʘʟʚʠʯʘʡ ʙʝʨʝʪʴʩʷ ʨʽʚʥʠʤ 15Á ʯʠ 20Á, ʚ ʪʨʠʨʦʣʠʢʦʚʽʡ ï 

20Á ʽ 30Á ʜʣʷ ʚʩʽʭ ʚʘʥʪʘʞʽʚ ʽ ʙʫʜʴ-ʷʢʦʾ ʰʠʨʠʥʠ ʩʪʨʽʯʢʠ; ʜʣʷ ʣʝʛʢʠʭ ʚʘ-

ʥʪʘʞʽʚ ʽ ʰʠʨʠʥʽ ʩʪʨʽʯʢʠ 400...800 ʤʤ ʜʦʧʫʩʢʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ 

ʥʘʭʠʣʫ ʜʦ 45...60Á, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽ-

ʟʫ ʩʪʨʽʯʢʠ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʥʚʝʻʨʘ ʥʘ 15 % ʟʘ ʪʽʻʾ ʞ ʰʠʨʠʥʠ ʩʪʨʽʯ-

ʢʠ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʠʪʠ ʾʾ ʮʝʥʪʨʫʚʘʥʥʷ [4].  

ɿʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʨʦʣʠʢʦʦʧʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʨʷʜʦʚʽ (ʣʽʥʽʡʥʽ), ʷʢʽ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʽ ʥʘʜʘʥʥʷ ʾʡ ʥʝʦʙʭʽʜʥʦʾ ʬʦʨ-

ʤʠ, ʩʧʝʮʽʘʣʴʥʽ (ʘʤʦʨʪʠʟʫʚʘʣʴʥʽ (ʜʠʚ. ʨʠʩ. 1.5ʚ) ï ʜʣʷ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯ-

ʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; ʧʽʜʚʽʩʥʽ ï ʛʽʨʣʷʥʜʦʚʦʛʦ ʪʠʧʫ ʥʘ ʛʥʫʯʢʽʡ ʧʽʜʚʽʩʮʽ; 

ʮʝʥʪʨʫʚʘʣʴʥʽ ï ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʙʽʛʘʥʥ ʁʩʪʨʽʯʢʠ ʚ ʩʪʦʨʦʥʫ ʧʽʜ ʯʘʩ ʨʫʭʫ ʪʘ 

ʨʝʛʫʣʶʚʘʥʥʷ ʾʾ ʧʦʣʦʞʝʥʥ ̫ʚʽʜʥʦʩʥʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ; ʦʯʠʩʥʽ ʪʘ ʧʝʨʝʭʽʜʥʽ). 
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ʈʠʩʫʥʦʢ 1.5 ï ʈʦʣʠʢʦʦʧʦʨʠ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ 

 

ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʨʦʣʠʢʦʦʧʦʨʠ ʻ ʨʦʣʠʢ, ʱʦ ʤʽʩʪʠʪʴ ʦʙʠʯʘʡʢʫ1, 

ʚʢʣʘʜʥʠʢʠ 2, ʚʽʩʴ 3 ʯʠ ʧʽʚʦʩʽ, ʧʽʜʰʠʧʥʠʢʠ ʢʦʯʝʥʥʷ 4 ʪʘ ʫʱʽʣʴʥʶʚʘʣʴʥʽ 

ʝʣʝʤʝʥʪʠ 5 ʟ ʩʪʦʧʦʨʥʠʤʠ ʢʽʣʴʮʷʤʠ 6 ʪʘ ʢʨʠʰʢʘʤʠ 7 (ʨʠʩ. 1.6). 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʨʦʣʠʢʘ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʩʠʣʦʚʠʭ ʥʘʚʘ-

ʥʪʘʞʝʥʴ ʽ ʯʘʩʪʦʪʠ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ, ʘʣʝ ʡ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦ-

ʥʘʥʥʷ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʩʧʦʩʦʙʫ ʟôʻʜʥʘʥʥʷ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ 

ʢʦʥʩʪʨʫʢʮʽʾ ʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʚʫʟʣʘ. 

 

                              

ʘ        ʙ 

ʈʠʩʫʥʦʢ 1.6 ï ʈʦʣʠʢ: ʘ ï ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʦʣʠʢʘ; ʙ ï ʧʽʜʰʠʧʥʠʢʦʚʠʡ ʚʫʟʦʣ 
 

ʈʦʣʠʢʦʦʧʦʨʠ ʤʦʥʪʫʶʪʴʩʷ ʥʘ ʢʦʥʚʝʻʨʥʠʡ ʧʦʩʪʘʚ (ʨʠʩ. 1.7ʘ), ʷʢʠʡ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʤʽʞ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʷʤʠ ʧʨʠʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʘ ʽ ʨʦʟʚʘʥ-

ʪʘʞʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʤʽʩʪʠʪʴ ʛʦʣʦʚʥʫ, ʭʚʦʩʪʦʚʫ ʽ ʣʽʥʽʡʥʽ ʩʝʢʮʽʾ (ʢʽʣʴ-

ʢʽʩʪʴ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʢʦʥʚʝʻʨʘ) ʟ ʨʦʣʠʢʦʦʧʦʨʘʤʠ ʚʝʨʭʥʴʦʾ 

ʽ ʥʠʞʥʴʦʾ ʛʽʣʦʢ ʩʪʨʽʯʢʠ (ʨʠʩ. 1.7ʙ). ʉʝʢʮʽʾ ʩʢʨʽʧʣʝʥʦ ʤʽʞ ʩʦʙʦʶ ʙʦʣʪʦ-

ʚʠʤʠ ʟôʻʜʥʘʥʥʷʤʠ. 
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ʈʠʩʫʥʦʢ 1.7 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʦʥʚʝʻʨʥʦʛʦ ʧʦʩʪʘʚʫ (ʘ) ʪʘ ʩʝʢʮʽʾ  

ʇʨʠʚʽʜʥʽ ʪʘ ʥʝʧʨʠʚʽʜʥʽ ʙʘʨʘʙʘʥʠ ʢʦʥʚʝʻʨʽʚ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʧʨʦʢʘ-

ʪʥʦʾ ʪʨʫʙʠ ʘʙʦ ʟʚʘʨʶʚʘʥʥʷʤ ʟ ʦʙʠʯʘʡʢʦʶ ʟ ʣʠʩʪʦʚʦʾ ʩʪʘʣʽ (ʟ ʜʽʘʤʝʪʨʦʤ 

ʙʽʣʴʰʝ 1000 ʤʤ) ʯʠ ʟ ʯʘʚʫʥʥʦʾ ʚʠʣʠʚʢʠ (ʟ ʜʽʘʤʝʪʨʦʤ ʜʦ 500 ʤʤ). ɿʘ 

ʬʦʨʤʦʶ ʦʙʠʯʘʡʢʠ ʙʘʨʘʙʘʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʮʠʣʽʥʜʨʠʯʥʽ (ʨʠʩ. 1.8ʘ) ʪʘ 

ʚʠʧʫʢʣʽ (ʙʦʯʢʦʧʦʜʽʙʥʽ), ʧʦʚʝʨʭʥʽ ʷʢʠʭ ʛʣʘʜʝʥʴʢʽ ʯʠ ʟ ʥʘʩʽʯʢʘʤʠ. ɼʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʟʯʝʧʣʝʥʥʷ ʟʽ ʩʪʨʽʯʢʦʶ ʧʦʚʝʨʭʥʶ ʙʘʨʘʙʘʥʘ ʧʦʢʨʠʚʘʶʪʴ 

ʩʧʝʮʽʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ (ʬʫʪʝʨʫʶʪʴ) (ʨʠʩ. 1.8ʙ), ʷʢ ʧʨʘʚʠʣʦ, ʝʣʘʩʪʠʯ-

ʥʦʶ ʛʫʤʦʶ, ʱʦ ʥʘʜʘʻ ʾʤ ʧʽʜʚʠʱʝʥʽ ʬʨʠʢʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ. ɼʽʘʤʝʪʨ 

ʧʨʠʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʘ ʦʙʠʨʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ 

ʬʨʠʢʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʨʽʯʢʠ, ʾʾ ʤʽʮʥʦʩʪʽ. ʅʘ ʧʨʠʚʽʜʥʠʭ ʙʘʨʘʙʘʥʘʭ 

ʜʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ 

ʦʯʠʱʘʶʪʴ ʩʪʨʽʯʢʫ ʽ ʙʘʨʘʙʘʥ ʚʽʜ ʥʘʣʠʧʣʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʟʥʦʰʝʥʥʷ ʷʢ ʩʪʨʽʯʢʠ, ʪʘʢ ʽ ʧʨʠʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʘ. 
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ʘ      ʙ  

ʈʠʩʫʥʦʢ 1.8 ï ʇʨʠʚʽʜʥʽ ʙʘʨʘʙʘʥʠ  

ɿʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʢʦʥʚʝʻʨʘ, ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʩʪʨʽʯʢʠ, ʚʝʣʠʯʠʥʫ ʦʧʦʨʫ ʾʾ ʨʫʭʫ. ɰʭ ʢʦʥʩʪʨʫʢ-

ʮʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʦʚʘʥʦʛʦ ʚʘʥʪʘʞʫ ʪʘ ʩʧʦʩʦʙʫ 

ʡʦʛʦ ʧʦʜʘʯʽ ʥʘ ʢʦʥʚʝʻʨ. ɿʘʟʚʠʯʘʡ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʥʫʶʪʴ ʙʽʣʷ ʢʽʥ-

ʮʝʚʦʛʦ ʙʘʨʘʙʘʥʘ. ɼʣʷ ʢʦʥʚʝʻʨʽʚ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʷʢ ʟʘʚʘʥʪʘʞʫ-

ʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʥʚʝʻʨʠ-ʞʠʚʠʣʴʥʠʢʠ, ʷʢʽ ʜʦʟʚʦ-

ʣʷʶʪʴ ʥʘʙʣʠʟʠʪʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʘʥʪʘʞʫ ʽ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʪʨʽʯʢʠ, 

ʱʦ ʟʙʽʣʴʰʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʩʪʨʽʯʢʠ. 

ʈʦʟʚʘʥʪʘʞʝʥʥʷ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʢʽʥʮʝʚʦʛʦ ʙʘ-

ʨʘʙʘʥʘ ʘʙʦ ʥʘ ʡʦʛʦ ʪʨʘʩʽ. ɼʣʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʘʨʘʙʘʥ-

ʥʽ ʯʠ ʧʣʫʞʢʦʚʽ ʨʦʟʚʘʥʪʘʞʫʚʘʯʽ (ʩʢʠʜʘʯʽ). ɺʽʟʦʢ ʙʘʨʘʙʘʥʥʦʛʦ ʨʦʟʚʘʥʪʘ-

ʞʫʚʘʯʘ ʦʩʥʘʱʫʻʪʴʩʷ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʶ ʚʦʨʦʥʢʦʶ ʨʽʟʥʦʛʦ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʠʜʘʪʠ ʚʘʥʪʘʞ ʟ ʩʪʨʽʯʢʠ ʫ ʨʽʟʥʠʭ 

ʥʘʧʨʷʤʘʭ (ʥʘ ʙʫʜʴ-ʷʢʫ ʦʜʥʫ ʯʠ ʜʚʽ ʩʪʦʨʦʥʠ ʘʙʦ ʟʘ ʨʫʭʦʤ ʩʪʨʽʯʢʠ). 

ʇʣʫʞʢʦʚʠʡ ʩʢʠʜʘʯ ʻ ʩʪʘʮʽʦʥʘʨʥʠʤ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʨʦʟʚʘʥʪʘʞʫʚʘʥʥʷ 

ʥʘʩʠʧʥʠʭ ʪʘ ʰʪʫʯʥʠʭ ʚʘʥʪʘʞʽʚ. ɺ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ ʚʽʥ ʦʧʠʨʘʻʪʴʩʷ ʥʘ 

ʩʪʨʽʯʢʫ ʽ ʟʩʫʚʘʻ ʟ ʥʝʾ ʚʘʥʪʘʞ ʚ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʫ ʚʦʨʦʥʢʫ, ʘ ʚ ʥʝʨʦʙʦ-

ʯʦʤʫ ʩʪʘʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʜ ʩʪʨʽʯʢʦʶ ʽ ʚʽʣʴʥʦ ʧʨʦʧʫʩʢʘʻ ʧʽʜ ʩʦʙʦʶ ʚʘʥ-

ʪʘʞ. 

ɼʣʷ ʦʯʠɦʝʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʩʪʨʽʯʢʠ ʚʽʜ ʩʫʭʠʭ ʪʘ ʚʦʣʦʛʠʭ, ʘʣʝ 

ʥʝ ʣʠʧʫʯʠʭ ʚʘʥʪʘʞʽʚ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʜʠʥʘʨʥʽ ʯʠ ʧʦʜʚʽʡʥʽ ʩʢʨʝʙʢʠ, ʘ 

ʜʣʷ ʚʦʣʦʛʠʭ ʽ ʣʠʧʫʯʠʭ ï ʱʽʪʢʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ, ʘʙʦ ʙʘʨʘʙʘʥʠ ʟ ʦʙʝʨ-

ʪʘʣʴʥʠʤʠ ʣʦʧʘʪʷʤʠ. 

ʂʨʽʤ ʢʦʥʚʝʻʨʽʚ ʟʘʛʘʣʴʥʦʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʩʧʝʮʽʘʣʴʥʽ ʩʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ ʟ ʧʨʦʛʫʤʦʚʘʥʦʶ ʩʪʨʽʯʢʦʶ, ʜʦ ʷʢʠʭ ʩʣʽʜ 

ʚʽʜʥʝʩʪʠ ʧʝʨʝʩʫʚʥʽ, ʧʝʨʝʥʦʩʥʽ, ʤʘʛʽʩʪʨʘʣʴʥʽ, ʪʝʣʝʩʢʦʧʽʯʥʽ, ʙʝʟʨʦʣʠʢʦ-

ʚʽ, z-ʧʦʜʽʙʥʽ, ʪʨʫʙʯʘʩʪʽ ʢʦʥʚʝʻʨʠ, ʘ ʪʘʢʦʞ ʢʦʥʚʝʻʨʠ ʟ ʙʝʟʢʦʥʪʘʢʪʥʦʶ 
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ʦʧʦʨʦʶ ʩʪʨʽʯʢʠ, ʽʟ ʟʙʽʣʴʰʝʥʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ, ʜʣʷ ʢʨʫʧʥʦʢʫʩʢʦʚʠʭ ʚʘʥ-

ʪʘʞʽʚ. ʉʧʝʮʽʘʣʴʥʽ ʢʦʥʚʝʻʨʠ ʟʽ ʩʪʘʣʝʚʦʶ ʩʪʨʽʯʢʦʶ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʭʘʨ-

ʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʠʨʦʙʥʠʮʪʚʽ ʙʝʪʦʥʥʠʭ ʧʣʠʪ, ʩʫʰʠʣʴʥʠʭ ʪʘ ʭʦʣʦ-

ʜʠʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʪʦʱʦ. ɼʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʰʪʫʯʥʠʭ ʽ ʢʫʩʢʦʚʠʭ 

ʚʘʥʪʘʞʽʚ ʯʝʨʝʟ ʛʘʨʪʫʚʘʣʴʥʽ, ʥʘʛʨʽʚʘʣʴʥʽ, ʚʠʧʘʣʶʚʘʣʴʥʽ, ʩʫʰʠʣʴʥʽ ʧʝʯʽ 

ʪʘ ʚ ʽʥʰʠʭ ʧʦʜʽʙʥʠʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ ʟ 

ʜʨʦʪʷʥʦʶ ʩʪʨʽʯʢʦʶ. ʆʢʨʝʤʦ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʢʦʥʚʝʻʨʠ, ʱʦ ʫʣʘʰʪʦʚʘʥʽ 

ʥʘ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥʘʭ, ʩʧʝʮʠʬʽʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʚʥʦʩʠʪʴ ʢʦʥʩ-

ʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʱʦʜʦ ʨʦʟʤʽʱʝʥʥʷ ʩʭʝʤʠ ʪʘ ʪʠʧʫ ʧʨʠʚʦʜʫ ʽ ʥʝʩʽ-

ʚʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ ʟʘ ʩʚʦʾʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʘ ʢʦʥʩ-

ʪʨʫʢʪʠʚʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʰʠʨʦʢʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ. 

ʅʘʡʜʦʨʦʞʯʠʤ ʽ ʥʘʡʤʝʥʰ ʜʦʚʛʦʚʽʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʡʦʛʦ ʻ ʩʪʨʽʯʢʘ, ʷʢʘ 

ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʚʝʻʨʘ. ɺʽʜ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʩʭʝʤʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʚʦʜʫ (ʧʨʠʚʦʜʽʚ), ʡʦʛʦ ʪʠʧʫ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʥʘʪʷʞʥʦ-

ʛʦ ʧʨʠʩʪʨʦʶ, ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʣʠʢʦʦʧʦʨ, ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʪʘ ʨʦʟʚʘʥʪʘ-

ʞʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʘ ʽ ʜʦʚʛʦʪʨʠʚʘʣʘ ʨʦʙʦʪʘ ʢʦʥ-

ʚʝʻʨʘ. 

1.2 ʈʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ  

ʫ ʧʨʠʚʽʜʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʥʚʝʻʨʽʚ 

ɼʦʩʣʽʜʞʝʥʥʷʤ ʜʠʥʘʤʽʢʠ ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ, ʦʩʢʽʣʴʢʠ ʥʘʫ-

ʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʫ ʙʘʟʫ ʾʭ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʟʜʝʙʽʣʴʰʦʛʦ, ʥʘ ʟʤʝʥ-

ʰʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʧʨʠʚʽʜʥʠʭ ʤʝʭʘʥʽʟʤʘʭ ʪʘ ʥʝʩʽʚʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ, ʟʤʝʥʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʜʝʪʘʣʝʡ ʪʘ ʚʫʟʣʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʝʢʩ-

ʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʥʠʭ 

ʘʛʨʝʛʘʪʽʚ. ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʘ 

ʻ ʙʘʟʦʚʦʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʨʽʟʥʠʭ ʤʘʰʠʥ, ʟʨʦʙʣʝ-

ʥʦ ʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʨʘʮʷʭ ɸ. ʇ. ɹʝʩʩʦʥʦʚʘ, ʄ. ɺ. ɺʘʩʠʣʝʥʢʘ, 

ʁ. ɯ. ɺʫʣʴʬʩʦʥʘ, ɼ. ʇ. ɺʦʣʢʦʚ, ɺ. ʃ. ɺʝʡʮʘ,ɸ. ʅ. ɻʦʣʫʙʝʥʮʝʚʘ, 

ʆ. ʆ. ɻʦʨʦʰʢʘ, ɼʞ. ʇ. ɼʝʥ-ɻʘʨʪʦʛʘ, ɸ. ʇ. ɿʽʥʴʢʦʚʩʴʢʦʛʦ, ʉ. ɸ. ʂʘʟʘʢʘ, 

ɻ. ʂʘʫʜʝʨʝʨʘ, ʈ. ʂʣʘʬʘ, ɸ. ɭ. ʂʦʙʨʠʥʩʴʢʦʛʦ, ʉ. ʄ. ʂʦʞʝʚʥʽʢʦʚʘ, 

ʆ. ɭ. ʂʦʯʫʨʠ, ʄ. ɿ. ʂʦʣʦʚʩʴʢʦʛʦ, ʄ. ʉ. ʂʦʤʘʨʦʚʘ, ɺ. ʆ. ʂʦʥʦʥʝʥʢʘ, 

ɺ. ɺ. ʄʘʪʚʝʻʚʘ, ʉ. ɸ. ʇʘʥʢʨʘʪʦʚʘ, ɺ. ɸ. ʉʚʝʪʣʠʮʴʢʦʛʦ, ɺ. ɹ. ʉʪʨʫʪʠʥ-
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ʩʴʢʦʛʦ, ɻ. ɹ. ʌʽʣʽʤʦʥʽʭʽʥʘ, ɭ. ɺ. ʍʘʨʯʝʥʢʘ, ʉ. ʇ. ʊʠʤʦʰʝʥʢʘ, ɺ. ʇ. 

ʊʝʨʩʢʠʭ [8ï36] ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʚʯʝʥʠʭ. ɼʦʩʣʽʜʞʝʥʥʷʤ ʪʘ ʘʥʘʣʽʟʫ 

ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥʘʭ ʪʘ ʚ ʾʭ ʝʣʝʤʝʥʪʘʭ ʧʨʠʩʚʷ-

ʯʝʥʽ ʧʨʘʮʽ ɯ. ɸ. ɺʽʢʦʚʠʯʘ, ʄ. ʌ. ɼʤʠʪʨʠʯʝʥʢʘ, ʃ. ɻ. ʃʦʙʘʩʘ, ʄ. ʇ. ʇʣʘ-

ʭʪʽʻʥʢʘ, ɹ. ʄ. ʐʠʬʨʠʥʘ [37ï44] ʪʘ ʽʥʰʠʭ. 

ʅʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʽ ʤʝʭʘʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ ʥʘ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥ ʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡ-

ʢʽʩʪʴ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʠʥʠʢʘʶʪʴ ʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ. ʊʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʧʨʠʜʽʣʷ-

ʻʪʴʩʷ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ [9, 25, 45ï54]. 

ɿʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʠʤʠ ʻ ʧʫʩʢ, ʛʘʣʴʤʫʚʘʥʥʷ, ʟʤʽʥʘ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʽʡ ʣʘʥʮʽ, ʫ ʩʪʨʽʯʮʽ ʢʦʥʚʝʻʨʘ ʚʠʥʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʽ 

ʜʠʥʘʤʽʯʥʽ ʥʘʪʷʛʠ, ʷʢʽ ʨʘʟʦʤ ʽʟ ʩʪʘʪʠʯʥʠʤʠ ʟʤʽʥʶʶʪʴ ʨʝʟʫʣʴʪʫʶʯʠʡ 

ʥʘʪʷʛ ʚ ʥʽʡ ʽ ʟʫʩʠʣʣʷ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʚʝʻʨʘ. ʇʽʜ ʯʘʩ ʧʫʩʢʫ ʮʽ ʟʤʽʥʠ ʤʦ-

ʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʥʝʫʩʪʘʣʝʥʫ ʨʦʙʦʪʫ ʧʨʠʚʦʜʫ, ʯʘʩʪʢʦʚʝ ʯʠ ʧʦʚʥʝ ʙʫʢ-

ʩʫʚʘʥʥʷ ʙʘʨʘʙʘʥʘ, ʱʦ ʻ ʥʝʜʦʧʫʩʪʠʤʠʤ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʥʚʝʻʨʘ. ɹʫʢʩʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʧʦ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʟ ʙʘʨʘʙʘʥʦʤ ʚʠ-

ʢʣʠʢʘʻ ʽʥʪʝʥʩʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʥʠʞʥʴʦʾ ʦʙʢʣʘʜʢʠ ʩʪʨʽʯʢʠ ʪʘ ʬʫʪʝʨʦʚ-

ʢʠ ʙʘʨʘʙʘʥʘ, ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ, ʨʽʟʢʝ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʯʝʧʣʝʥʥʷ ʩʪʨʽʯʢʠ ʟ ʙʘʨʘʙʘʥʦʤ, ʱʦ ʫʩʢʣʘʜʥʶ  ̒ʨʦʟʛʥ̔ ʢʦʥʚʝʻʨʘ ʽ ʡʦʛʦ 

ʧʦʜʘʣʴʰʫ ʥʦʨʤʘʣʴʥʫ ʨʦʙʦʪʫ. 

ɻʘʣʴʤʫʚʘʥʥʷ ʢʦʥʚʝʻʨʘ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʘʪʷʛʫ 

ʩʪʨʽʯʢʠ ʽ ʚʠʢʣʠʢʘʪʠ ʚʪʨʘʪʫ ʩʪʨʽʯʢʦʶ ʧʦʟʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ, ʾʾ ʧʨʦʚʠ-

ʩʘʥʥʷ, ʚʠʩʠʧʘʥʥʷ ʚʘʥʪʘʞʫ, ʧʨʦʙʫʢʩʦʚʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʥʘ ʙʘʨʘʙʘʥʽ ʽ ʟʙʽ-

ʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦ ʥʝʙʝʟʧʝʯʥʦʾ 

ʩʠʪʫʘʮʽʾ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʤʦʞʣʠʚʠʤ ʻ ʦʙʨʠʚ ʩʪʨʽʯʢʠ. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ [55], ʱʦ ʦʙʨʠʚʠ ʩʪʨʽʯʢʠ ʩʢʣʘʜʘʶʪʴ 

12 % ʚʽʜ ʫʩʽʭ ʧʦʣʦʤʦʢ ʚ ʢʦʥʚʝʻʨʽ. ʋ ʟʚôʷʟʢʫ ʟ ʦʙʨʠʚʘʤʠ ʩʪʨʽʯʦʢ ʚʪʨʘʪʠ 

ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʩʷʛʘʶʪʴ 22 % ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʚʪʨʘʪ ʯʘʩʫ ʥʘ ʧʨʦʚʝʜʝʥʥʷ 

ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ. 

ʊʦʤʫ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚ ʧʨʘʮʽ [56], ʧʝʨʰʦʶ ʟʘʜʘʯʝʶ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠ-

ʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʘʭ ʻ ʚʠʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʫʶʯʠʭ 

ʥʘʪʷʛʽʚ ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ ʥʘ ʧʨʠʚʽʜʥʦʤʫ ʙʘʨʘʙʘʥʽ, ʘ ʪʘʢʦʞ ʫ ʧʦʧʝʨʝʯʥʠʭ 

ʧʝʨʝʨʽʟʘʭ ʚʟʜʦʚʞ ʧʦʩʪʘʚʫ ʢʦʥʚʝʻʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʪʘ ʩʪʘ-

ʪʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʡʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʚʝʣʠʯʠʥʠ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʪʷʛʫ ʩʪʨʽʯʢʠ ʜʣʷ ʧʫʩʢʫ ʽ ʛʘʣʴʤʫʚʘʥʥʷ ʢʦʥʚʝʻʨʘ. 
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ɼʠʥʘʤʽʯʥʽ ʟʫʩʠʣʣʷ ʟʙʽʣʴʰʫʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʧʨʠʚʽʜʥʠʭ ʽ ʚ ʥʘ-

ʪʷʞʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʘ ʪʘʢʦʞ ʫ ʥʝʩʽʚʥʽʡ ʩʠʩʪʝʤʽ ʢʦʥʚʝʻʨʘ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʤʽʮʥʽʩʪʴ. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ ʝʢʩʪʨʝʤʘʣʴ-

ʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʥʚʝʻʨʘ ʪʘ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ 

ʧʘʨʘʤʝʪʨʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ. 

ɿʤʝʥʰʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʢʦʥʚʝʻʨʽ ʟʘ ʨʘʭʫʥʦʢ ʜʦʙʦʨʫ 

ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʤʽʥ ʚ ʧʨʠʚʦʜʽ ʜʦʟʚʦ-

ʣʷʻ ʟʤʝʥʰʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ. ʂʨʽʤ ʪʦ-

ʛʦ, ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʟʫʩʠʣʴ ʚ ʩʪʨʽʯʮʽ ʤʦʞʥʘ ʪʘʢʦʞ 

ʟʤʝʥʰʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʾʾ ʤʽʮʥʦʩʪʽ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʟʤʝʥʰʝʥʥʶ 

ʜʽʘʤʝʪʨʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʙʘʨʘʙʘʥʽʚ ʪʘ ʨʦʣʠʢʽʚ. ʎʽ ʟʘʭʦʜʠ ʜʦʟʚʦʣʷʪʴ 

ʟʤʝʥʰʠʪʠ ʤʝʪʘʣʦʤʽʩʪʢʽʩʪʴ ʢʦʥʚʝʻʨʘ, ʟʙʽʣʴʰʘʪʴ ʡʦʛʦ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ, 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʨʫʛʦʶ ʚʘʞʣʠʚʦʶ ʟʘʜʘ-

ʯʝʶ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʚʝʻʨʘ. 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢ-

ʮʽʡ ʧʨʠʚʦʜʽʚ ʢʦʥʚʝʻʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʭʝʤ ʾʭ ʨʦʟ-

ʤʽʱʝʥʥʷ, ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʟʤʽʥʶʚʘʪʠ ʟʘʢʦʥ ʢʝʨʫʚʘʥʥʷ ʯʠ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʨʦʙʦʪʫ ʧʨʠʚʦʜʫ ʚ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɿʥʘʯʥʝ ʤʽʩʮʝ ʚ ʨʦʟʨʦʙʮʽ ʪʝʦʨʽʾ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ 

ʚʽʜʚʝʜʝʥʦ ʚʠʚʯʝʥʥʶ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʫ ʮʠʭ ʜʦʩ-

ʣʽʜʞʝʥʥʷʭ ʚʽʜʚʦʜʠʪʴʩʷ ʚʠʚʯʝʥʥʶ ʢʦʣʠʚʥʠʭ ʷʚʠʱ, ʟʫʤʦʚʣʝʥʠʭ ʥʝʩʪʘʣʽ-

ʩʪʶ ʨʫʰʽʡʥʠʭ ʩʠʣ ʽ ʩʠʣ ʢʦʨʠʩʥʦʛʦ ʦʧʦʨʫ, ʥʝʣʽʥʽʡʥʽʩʪʶ ʧʨʫʞʥʠʭ ʪʘ 

ʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʥʦʢ, ʥʝʚʨʽʚʥʦʚʘʞʝʥʽʩʪʶ ʦʙʝʨʪʦʚʠʭ ʝʣʝ-

ʤʝʥʪʽʚ, ʧʦʭʠʙʢʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʤʦʥʪʘʞʫ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ. 

ʈʦʟʚôʷʟʘʥʥ ̫ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʜʠʥʘ-

ʤʽʢʠ ʢʦʥʚʝʻʨʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʧʨʘʮʷʭ ɸ. ɺ. ɸʥʜʨʻʻʚʘ, ʄ. ʗ. ɹʽʣʽʯʝʥʢʘ, 

ɺ. ʉ. ɹʦʥʜʘʨʻʚʘ ɭ. ʄ. ɺʠʩʦʯʠʥʘ, ɺ. ɯ. ɻʘʣʢʽʥʘ, ɺ. ɻ. ɼʤʠʪʨʽʻʚʘ, 

ɺ. ʂ. ɼʴʷʯʢʦʚʘ, ɸ. ɺ. ɭʚʥʝʚʠʯʘ, ɭ. ʄ. ɿʘʚʛʦʨʦʜʥʴʦʛʦ, ʈ. ʃ. ɿʝʥʢʦʚʘ, 

ʌ. ʂ. ɯʚʘʥʯʝʥʢʘ, ɺ. ʌ. ʄʦʥʘʩʪʠʨʩʴʢʦʛʦ, ɭ. ɭ. ʅʦʚʽʢʦʚʘ, ɺ. ʂ. ʉʤʠʨʥʦ-

ʚʘ, ʆ. ʆ. ʉʧʽʚʘʢʦʚʩʴʢʦʛʦ, ʃ. ɻ. ʐʘʭʤʝʡʩʪʝʨʘ [1, 6, 57ï66], ʘ ʪʘʢʦʞ, 

ʂ. ɺʽʣʝʨʘ, ɼ. ɯʣʽʯʘ, ʃ. ʂʨʘʤʝʨʘ, ʗ. ʄ. ʃʽʪʙʝʪʪʝʨʘ, ʃʫ [67ï70] ʪʘ ʙʘʛʘ-

ʪʴʦʭ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʽ ʚ ʧʨʘʮʷʭ ʘʩʦʮʽʘʮʽʾ ʚʠʨʦʙʥʠʢʽʚ ʢʦʥʚʝʻʨʥʦʛʦ ʦʙʣʘ-

ʜʥʘʥʥʷ ʉɽʄɸ (ʉʐɸ) [71]. 
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ʈʦʟʨʘʭʫʥʢʦʚʦ-ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʪʨʽ-

ʯʢʦʚʠʭ ʢʦʥʚʝʻʨʘʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʨʦʙʦʪʘʭ [8, 9, 57, 72ï75]. 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʪʨʽʯʢʦʚʠʭ 

ʢʦʥʚʝʻʨʘʭ ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʘʰʠʥʥʦʛʦ ʘʛʨʝʛʘʪʫ ʩʧʨʦʱʝʥʦʶ ʤʝʭʘʥʽʯ-

ʥʦʶ ʩʠʩʪʝʤʦʶ ï ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʤʦʜʝʣʣʶ ʘʙʦ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ, ʩʪʫʧʽʥʴ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ 

ʷʢʠʭ ʨʝʘʣʴʥʠʤ ʢʦʥʪʠʥʫʘʣʴʥʠʤ ʬʽʟʠʯʥʠʤ ʤʦʜʝʣʷʤ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʦʟʚôʷʟʫʚʘʥʠʭ ʟʘʜʘʯ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʚʝʻʨʽʚ ʥʝʚʝʣʠʢʦʾ ʜʦʚʞʠʥʠ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʜʠʩʢʨʝʪʥʽ (ʟ ʩʢʽʥʯʝʥʥʠʤ ʯʠʩʣʦʤ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ) ʦʜʥʦʤʘ-

ʩʦʚʘ [76] ʪʘ ʪʨʠʤʘʩʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ [57, 77, 78, 79], ʚ ʷʢʠʭ ʤʘ-

ʩʠ ʜʽʣʷʥʦʢ ʩʪʨʽʯʢʠ, ʨʦʣʠʢʽʚ, ʩʠʣʠ ʦʧʦʨʫ ʟʚʝʜʝʥʽ ʜʦ ʧʨʠʚʜ̔ʥʦʛʦ ʪʘ ʭʚʦʩ-

ʪʦʚʦʛʦ ʙʘʨʘʙʘʥʽʚ ʟ ʤʦʤʝʥʪʘʤʠ ʽʥʝʨʮʽʾ I1 ʪʘ I2 (ʨʠʩ. 1.9). 

ʈʦʪʦʨ ʜʚʠʛʫʥʘ ʟ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ Iʧʨ ʟʚôʷʟʘʥʠʡ ʧʨʫʞʥʠʤ ʝʣʝʤʝʥ-

ʪʦʤ ʟ ʞʦʨʩʪʢʽʩʪʶ ʩű ʟ ʧʨʠʚʜ̔ʥʠʤ ʙʘʨʘʙʘʥʦʤ. ʈʫʭʦʤʽ ʤʘʩʠ ʟôʻʜʥʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʚôʷʟʢʦ-ʧʨʫʞʥʠʤ ʝʣʝʤʝʥʪʦʤ ʌʦʡʛʪʘ ʟ ʩʪʘʪʠʯʥʠʤ ʤʦʜʫʣʝʤ ʧʨʫ-

ʞʥʦʩʪʽ ʩʪʨʽʯʢʠ ɽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʤʧʬʫʚʘʥʥʷ ɛ.  

 

ʈʠʩʫʥʦʢ 1.9 ï ʊʨʠʤʘʩʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʢʦʥʚʝʻʨʘ 

ʉʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ ʜʠʩʢʨʝʪʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʻ ʪʝ, ʱʦ 

ʾʭ ʨʫʭ ʦʧʠʩʫʻʪʴʩʷ ʟʚʠʯʘʡʥʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, ʤʘʪʝʤʘ-

ʪʠʯʥʘ ʪʝʦʨʽʷ ʷʢʠʭ ʫ ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ ʨʦʟʨʦʙʣʝʥʘ. 

ʉʧʨʦʙʘ ʩʪʚʦʨʠʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʪʨʽʯʢʦʚʦʛʦ 

ʢʦʥʚʝʻʨʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʘ [80], ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ 

ʽʥʞʝʥʝʨʥʠʡ ʘʥʘʣʽʟ ʷʢ ʩʪʘʪʠʯʥʦʾ, ʪʘʢ ʽ ʜʠʥʘʤʽʯʥʦʾ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʢʦʥ-

ʚʝʻʨʘ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ, ʩʧʨʠʷʣʘ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʽ, ʱʦ ʥʘʚʝʜʝ-

ʥʘ ʥʘ ʨʠʩ. 1.10 (ʧʨʠʚʜ̔ʥʦʛʦ ʽ ʭʚʦʩʪʦʚʦʛʦ) ʙʘʨʘʙʘʥʽʚ, ʪʘ ʬʽʢʪʠʚʥʠʭ ʨʦʟ-

ʤʽʱʝʥʠʭ ʥʘ ʤʝʞʘʭ n ʜʽʣʷʥʦʢ ʩʪʨʽʯʢʠ, ʱʦ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʥʝʚʘʛʦ-

ʤʦʶ ʣʘʥʢʦʶ. ʅʘʪʷʞʥʽ ʙʘʨʘʙʘʥʠ ʤʘʶʪʴ ʜʦʜʘʪʢʦʚʠʡ ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ, 

ʬʽʢʪʠʚʥʽ ʨʫʭʘʶʪʴʩʷ ʙʝʟ ʢʦʚʟʘʥʥʷ ʚʽʜʥʦʩʥʦ ʩʪʨʽʯʢʠ, ʘ ʧʨʠʚ̔ʜʥ̔ ʫ ʚʠʟʥʘ-
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ʯʝʥʠʭ ʫʤʦʚʘʭ ʢʦʚʟʘʶʪʴ ʚʽʜʥʦʩʥʦ ʩʪʨʽʯʢʠ. ɺʩʽ ʙʘʨʘʙʘʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʩʝʨʝʜʠʥʽ ʯʠ ʟʟʦʚʥʽ ʢʦʥʪʫʨʫ ʩʪʨʽʯʢʠ. ɼʽʣʷʥʢʘ ʩʪʨʽʯʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦ-

ʜʝʣʣʶ ʌʦʡʛʪʘ. 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ɹʘʛʘʪʦʤʘʩʦʚʘ ʤʦʜʝʣʴ ʢʦʥʚʝʻʨʘ 

 

ɺ ʮʽʡ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʠʩʢʨʝʪʥʠʭ ʤʘʩ, 

ʟʚôʷʟʘʥʠʭ ʚôʷʟʢʦ-ʧʨʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝ-

ʢʪʽʚ, ʟʫʤʦʚʣʝʥʠʭ ʜʽʻʶ ʩʠʣ ʩʫʭʦʛʦ ʪʝʨʪʷ, ʧʨʦʢʦʚʟʫʚʘʥʥʷʤ ʩʪʨʽʯʢʠ. 

ɸ. ʅ. ʇʦʜʡʦʤʱʠʢʦʚ ʧʨʦʧʦʥʫʻ ʤʦʜʝʣʴ ʢʦʥʚʝʻʨʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʘʥ-

ʮʶʛʦʚʦʶ ʩʠʩʪʝʤʦʶ (ʨʠʩ. 1.11), ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʘʣʴʥʠʭ (ʧʨʠʚʦʜʥʦ-

ʛʦ ʽ ʭʚʦʩʪʦʚʦʛʦ) ʙʘʨʘʙʘʥʽʚ, ʪʘ ʬʽʢʪʠʚʥʠʭ ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʤʝʞʘʭ n ʜʽʣʷ-

ʥʦʢ ʩʪʨʽʯʢʠ, ʱʦ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʥʝʚʘʛʦʤʦʶ ʣʘʥʢʦʶ. 

 

ʈʠʩʫʥʦʢ 1.11 ï ʃʘʥʮʶʛʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʢʦʥʚʝʻʨʘ (ʘ)  

ʪʘ ʤʦʜʝʣʴ ʩʪʨʽʯʢʠ (ʙ) 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʽʜʭʦʜʫ ʱʦʜʦ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ ʚʘʥ-

ʪʘʞʥʦʶ ʽ ʧʦʨʦʞʥʴʦʶ ʚʽʪʢʘʤʠ ʢʦʥʚʝʻʨʘ, ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʩʪʨʠʞʥʝʚʽ ʤʦʜʝʣʽ ʩʪʨʽʯʦʢ, ʙʦ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ ʧʝʨʽʦʜ ʧʫʩʢʫ ʾʾ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʤʦʜʝʣʣʶ ɻʫʢʘ ʟ ʜʠʥʘʤʽʯ-
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ʥʠʤ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ [81, 82, 83]. ʅʘ ʨʠʩ. 1.12ʘ ʥʘʚʝʜʝʥʦ ʤʦʜʝʣʴ 

ʢʦʥʚʝʻʨʘ ʟ ʚʘʥʪʘʞʥʠʤ ʥʘʪʷʞʥʠʤ ʧʨʠʩʪʨʦʻʤ [84], ʚ ʷʢʽʡ ʧʨʠʚʜ̔ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʡ ʟʦʩʝʨʝʜʞʝʥʦʶ ʤʘʩʦʶ mʧʨ, ʘ ʚʘʥʪʘʞʥʘ ʪʘ ʧʦʨʦʞʥʷ ʚʽʪʢʠ 

ʢʦʥʚʝʻʨʘ ʜʚʦʤʘ ʩʫʤʽʱʝʥʠʤʠ ʩʪʨʠʞʥʷʤʠ ʟ ʜʦʚʞʠʥʘʤʠ l ʪʘ ʧʦʛʦʥʥʠʤʠ 

ʤʘʩʘʤʠ q1, q2, ʧʦʛʦʥʥʦʶ ʱʽʣʴʥʽʩʪʶ ʚʘʥʪʘʞʫ ɟ1 ʪʘ ɟ2, ʟ ʰʚʠʜʢʽʩʪʶ ʧʦ-

ʰʠʨʝʥʥʷ ʧʨʫʞʥʠʭ ʭʚʠʣʴ ʩ1, ʩ2, ʚʽʜʧʦʚʽʜʥʦ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʘʚʝʜʝʥʦʾ, ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʦʜʝʣʽ (ʜʠʚ. ʨʠʩ. 1.12ʙ) 

ʚʘʥʪʘʞʥʘ ʽ ʧʦʨʦʞʥʷ ʚʽʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʪʨʠʞʥʝʤ ʧʦʩʪʽʡʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʜʦʚʞʠʥʦʶ 2l. ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʥʠʢʠ [61, 85] ʚʚʘʞʘʶʪʴ, ʱʦ ʰʚʠʜʢʽʩʪʴ 

ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʦʾ ʭʚʠʣʽ ʦʙʦʤʘ ʚʽʪʢʘʤʠ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʘ, ʪʦʤʫ ʱʦ 

ʚʧʣʠʚ ʤʘʩʠ ʚʘʥʪʘʞʫ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʦʾ ʭʚʠʣʽ ʜʝʬʦʨʤʘ-

ʮʽʾ ʚʘʥʪʘʞʥʦʶ ʚʽʪʢʦʶ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʧʨʦʚʠʩʘʥʥʷʤ ʩʪʨʽʯʢʠ ʤʽʞ ʦʧʦʨʘ-

ʤʠ ʥʘ ʧʦʨʦʞʥʠʥʥʽʡ ʚʽʪʮʽ. ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʢʚʽʚʘʣʝʥ-

ʪʥʽ ʟʥʘʯʝʥʥʷ ʧʦʛʦʥʥʦʾ ʤʘʩʠ qe, ʧʦʛʦʥʥʦʾ ʱʽʣʴʥʦʩʪʽ ɟʝ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʦʾ ʭʚʠʣʽ ʩʝ. 

 

 

 

ʈʠʩʫʥʦʢ 1.12 ï ʉʪʨʠʞʥʝʚʘ ʤʦʜʝʣʴ ʢʦʥʚʝʻʨʘ 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɯ. ɺ. ɿʘʧʻʥʽʥ [6] 

ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʠʢʦʨʠʩʪʘʪʠ ʜʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʫ ʤʦʜʝʣʴ (ʟ ʥʝʩʢʽʥ-

ʯʝʥʥʠʤ ʯʠʩʣʦʤ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ) ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ (ʨʠʩ. 1.13), ʚ 

ʷʢʽʡ ʩʪʨʽʯʢʘ ʤʦʜʝʣʶʻʪʴʩʷ ʷʢ ʧʨʫʞʥʘ ʣʘʥʢʘ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʟʚʝʜʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʟ ʱʽʣʴʥʽʩʪʶ ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʘ ʫ ʚʘʥʪʘʞʥʽʡ q1 ʪʘ ʧʦʨʦʞ-

ʥʠʥʥʽʡ q2 ʚʽʪʢʘʭ ʢʦʥʚʝʻʨʘ. ɺʚʘʞʘʶʯʠ ʪʨʘʥʩʤʽʩʽʡʥʽ ʚʘʣʠ ʘʙʩʦʣʶʪʥʦ 

ʞʦʨʩʪʢʠʤʠ, ʧʨʠʚʜ̔ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʚʝʜʝʥʦʶ ʜʦ ʧʨʠʚʜ̔ʥʦʛʦ ʙʘʨʘʙʘ-

ʥʘ ʤʘʩʦʶ mʧʨ, ʥʘ ʷʢʫ ʜʽʻ ʟʚʝʜʝʥʝ ʟʦʚʥʽʰʥʻ ʟʫʩʠʣʣʷ. ɸʙʩʦʣʶʪʥʦ ʧʦʜʘʪ-

ʣʠʚʠʡ ʥʘʪʷʞʥʠʡ ʧʨʠʩʪʨʽʡ ʞʦʨʩʪʢʠʡ (ʜʠʚ. ʨʠʩ. 1.13ʘ) ʯʠ ʚʘʥʪʘʞʥʠʡ 

(ʜʠʚ. ʨʠʩ. 1.13ʙ) ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʥʝʚʘʛʦʤʦʛʦ ʙʘʨʘʙʘʥʘ, ʱʦ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʧʦʩʪʽʡʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʟʫʩʠʣʣʷ. ʄʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʩʪʨʽʯʢʠ ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʥʘʪʷʛʫ. 
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ʈʠʩʫʥʦʢ 1.13 ï ɼʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʘ ʤʦʜʝʣʴ ʢʦʥʚʝʻʨʘ 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʫʩʢʦ-ʛʘʣʴʤʽʚʥʠʭ ʨʝʞʠʤʽʚ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ 

ʟ ʚʘʥʪʘʞʥʠʤ ʥʘʪʷʞʥʠʤ ʧʨʠʩʪʨʦʻʤ [86] ʨʦʟʨʦʙʣʝʥʦ ʡʦʛʦ ʤʦʜʝʣʴ, ʧʦʢʘ-

ʟʘʥʫ ʥʘ ʨʠʩ. 1.14.  

 

 
ʈʠʩʫʥʦʢ 1.14 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʦʥʚʝʻʨʘ ʟ ʥʘʪʷʞʥʠʤ ʧʨʠʩʪʨʦʻʤ  

ʚ ʭʚʦʩʪʦʚʽʡ ʯʘʩʪʠʥʽ 

 

ɺ ʥʽʡ ʩʪʨʽʯʢʘ ʪʘ ʤʘʩʘ ʦʙʝʨʪʘʣʴʥʠʭ ʯʘʩʪʠʥ ʨʦʣʠʢʦʦʧʦʨ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʘ ʚʟʜʦʚʞ ʢʦʥʪʫʨʫ ʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʦʪʠʨʤʘ ʟʦʩʝʨʝʜʞʝʥʠʤʠ 

ʤʘʩʘʤʠ m1, m2, m3, m4. ɺ ʤʘʩʽ m1 ʚʨʘʭʦʚʘʥʘ ʤʘʩʘ ʧʨʠʚʦʜʘ. ʉʪʨʽʯʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚôʷʟʢʦ-ʧʨʫʞʥʠʤ ʩʪʨʠʞʥʝʤ. ʄʘʩʠ ʭʚʦʩʪʦʚʦʛʦ ʽ ʚʽʜʭʠʣʷ-

ʶʯʦʛʦ ʙʘʨʘʙʘʥʽʚ ʻ ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʧʦʜʽʣʝʥʦʶ ʤʘ-

ʩʦʶ ʩʪʨʽʯʢʠ ʪʘ ʚʘʥʪʘʞʫ, ʪʦʤʫ ʚʚʘʞʘʶʪʴʩʷ ʥʝʚʘʛʦʤʠʤʠ. ʄʘʩʦʶ Gʥy 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʪʷʞʥʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʭʚʦʩʪʦʚʽʡ ʯʘʩ-

ʪʠʥʽ ʢʦʥʚʝʻʨʘ. ʋʟʘʛʘʣʴʥʝʥʠʤʠ ʟʤʽʥʥʠʤʠ ʧʨʠʡʥʷʪʽ ʧʝʨʝʤʽʱʝʥʥʷ x1, x2, 

x3, x4 ʟʘʟʥʘʯʝʥʠʭ ʤʘʩ, ʾʭ ʰʚʠʜʢʦʩʪʽ 1x , 
2x , 

3x , 
4x , ʘ ʪʘʢʦʞ ʭʽʜ ʪʘ ʰʚʠʜ-

ʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘʪʷʞʥʦʛʦ ʚʘʥʪʘʞʫ ŭ, d, ʚʽʜʧʦʚʽʜʥʦ. 
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ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʘʥʘʣʽʟʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʤʘʰʠʥʥʠʭ 

ʘʛʨʝʛʘʪʘʭ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟ 

ʧʨʠʚʽʜʥʠʤʠ ʜʚʠʛʫʥʘʤʠ. ʎʷ ʧʨʦʙʣʝʤʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʟ ʪʝʦʨʽʻʶ 

ʢʦʣʠʚʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʜʽʻʶ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʦʙʤʝʞʝʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʫʟʘʛʘʣʴʥʝʥʠʡ ʚʠʢʣʘʜ ʷʢʦʾ ʤʽʩʪʠʪʴʩʷ ʚ ʨʦʙʦʪʽ [87]. ʊʦʤʫ ʚ 

ʥʠʟʮʽ ʨʦʙʽʪ [88, 89], ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʪʨʽʯʢʦʚʠʭ 

ʢʦʥʚʝʻʨʘʭ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʤʦʜʝ-

ʣʽ, ʚ ʷʢʽʡ ʨʫʭʦʤʽ ʤʘʩʠ ʧʨʠʚʜ̔ʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʠʚʜ̔ʥʦʛʦ ʪʘ ʭʚʦʩʪʦʚʦʛʦ 

ʙʘʨʘʙʘʥʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ ʜʠʩʢʨʝʪʥʠʭ ʣʘʥʦʢ ʟ ʤʦʤʝʥʪʦʤ 

ʽʥʝʨʮʽʾ Iʧʨ, I1, I2, ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 1.15). ʊʨʘʥʩʧʦʨʪʫʚʘʣʴʥʫ ʣʘʥʢʫ ʨʦʟʛ-

ʣʷʜʘʶʪʴ ʷʢ ʧʨʫʞʥʠʡ ʩʪʨʠʞʝʥʴ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [1, 6, 59, 

88, 90] ʫ ʚʘʥʪʘʞʥʽʡ ɟ1, q1 ʪʘ ʧʦʨʦʞʥʽʡ ɟ2, q2 ʚʽʪʢʘʭ. ʂʨʽʤ ʪʦʛʦ, ʪʫʪ ʚʨʘ-

ʭʦʚʫʻʪʴʩʷ ʚôʷʟʢʦ-ʧʨʫʞʥʠʡ ʟʚôʷʟʦʢ (ɜ, ʩű) ʤʽʞ ʨʦʪʦʨʦʤ ʜʚʠʛʫʥʘ ʟ ʤʦʤʝʥ-

ʪʦʤ ʽʥʝʨʮʽʾ ɯʧʨ ʪʘ ʧʨʠʚʜ̔ʥʠʤ ʙʘʨʘʙʘʥʦʤ ï ɯ1, ʱʦ ʚʠʢʣʠʢʘʥʠʡ ʥʘʷʚʥʠʤ 

ʟʚôʷʟʢʦʤ ʜʚʠʛʫʥʘ  ̔ʧʨʠʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʘ ʧʨʫʞʥʦʾ ʤʫʬʪʠ, ʪʨʘʥʩʤʽʩʽʡʥʠʭ 

ʚʘʣʽʚ  ̔ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

 

 
 

ʈʠʩʫʥʦʢ 1.15 ï ɼʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʘ ʤʦʜʝʣʴ ʢʦʥʚʝʻʨʘ ʟ ʧʨʫʞʥʠʤ ʟʚôʷʟʢʦʤ 

ʜʚʠʛʫʥʘ ʪʘ ʧʨʠʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʘ  
 

ɼʣʷ ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥ, ʱʦ ʤʘʶʪʴ ʣʘʥʢʠ ʟ ʷʚʥʦ ʚʠʨʘʞʝʥʠʤʠ ʨʦʟ-

ʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʟʦʢʨʝʤʘ ʜʦʚʛʽ ʚʽʪʢʠ ʢʦʥʚʝʻʨʽʚ, ʜʦʮʽʣʴʥʦ ʟʘ-

ʩʪʦʩʦʚʫʚʘʪʠ ʢʦʥʪʠʥʫʘʣʴʥʦ-ʜʠʩʢʨʝʪʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ, ʦʩʢʽʣʴʢʠ 

ʭʚʠʣʴʦʚʽ ʷʚʠʱʘ ʚ ʣʘʥʢʘʭ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʥʘ-

ʤʽʢʫ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ. ʏʝʨʝʟ ʪʝ, ʱʦ ʨʫʭ ʪʘʢʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝ-

ʣʝʡ ʦʧʠʩʫʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽ ʨʽʚ-

ʥʷʥʴ ʟ ʯʘʩʪʠʥʥʠʤʠ ʧʦʭʽʜʥʠʤʠ, ʮʝ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʦʙ-

ʣʠʚʦ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʝʣʽʥʽʡʥʠʭ ʬʘʢʪʦʨʽʚ. ʇʨʦʪʝ ʟʘʟʥʘʯʝʥʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʻ 

ʩʫʪʪʻʚʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʥʚʝʻʨʽʚ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ ʚ ʢʦʥʚʝʻʨʘʭ ʧʨʦʚʦʜʠʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʨʫʭʫ ʩʪʨʽʯʢʠ. ɺ 

ʨʦʙʦʪʽ [8] ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʪʨʴʦʭ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʠ-

ʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ: ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʝʪʦʜ ʨʦʟʢʣʘʜʘʥʥʷ ʟʘ 

ʚʣʘʩʥʠʤʠ ʬʦʨʤʘʤʠ (ʤʝʪʦʜ ʌʫʨ'ʻ) ʪʘ ʤʝʪʦʜ ʧʦʰʠʨʶʚʘʣʴʥʠʭ ʭʚʠʣʴ. 

ɸʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʦʙʤʝʞʫʻʪʴʩʷ ʫʩʢʣʘʜʥʝʥʥʷʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ 

ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ, ʟʦʢʨʝʤʘ, ʧʨʦ ʧʦʟʜʦʚʞʥʽ ʢʦʣʠʚʘʥʥʷ ʩʪʨʽʯʢʠ. ɸ 

ʜʣʷ ʜʝʷʢʠʭ ʢʦʥʚʝʻʨʽʚ ʮʝ ʚʘʞʢʦ ʨʦʟʚôʷʟʘʪʠ. ʅʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʧʦʰʠʨʶ-

ʚʘʣʴʥʠʭ ʭʚʠʣʴ ʽ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʣʠʰʝ ʜʣʷ 

ʜʫʞʝ ʜʦʚʛʦʤʽʨʥʠʭ ʢʦʥʚʝʻʨʽʚ ʟ ʧʦʩʪʽʡʥʠʤʠ ʟʘ ʜʦʚʞʠʥʦʶ ʢʦʥʚʝʻʨʘ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʤʘʩʠ, ʱʦ ʜʫʞʝ ʨʽʜʢʦ ʪʨʘʧʣʷʻʪʴʩʷ ʧʽʜ 

ʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʥʘʯʥʽ ʫʩʢʣʘʜʥʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʣʘʩʠʯʥʦʛʦ ʤʝʪʦʜʫ ʌʫʨ'ʻ ʥʘʚʽʪʴ ʜʣʷ ʧʨʦʩʪʠʭ ʩʭʝʤ ʢʦʥʚʝʻʨʽʚ, ʙʦ ʥʝʦʙ-

ʭʽʜʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʪʨʘʥʩʮʝʥʜʝʥʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʨʽʚʥʷʥʥʷ. ʎʽ ʤʝ-

ʪʦʜʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʝʪʘʣʴʥʦ ʚʠʚʯʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʩʢʣʘʜʥʠʭ ʢʦ-

ʣʠʚʥʠʭ ʩʠʩʪʝʤ, ʦʜʥʘʢ ʚʦʥʠ ʤʘʣʦ ʧʨʠʜʘʪʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʦʾ ʝʬʝʢ-

ʪʠʚʥʦʩʪʽ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤ ʟʽ ʟʥʘʯʥʠʤ ʯʠʩʣʦʤ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ. 

ʂʦʥʚʝʻʨʥʘ ʩʪʨʽʯʢʘ ʫ ʩʫʢʫʧʥʦʩʪʽ ʟ ʨʫʭʦʤʠʤʠ ʯʘʩʪʠʥʘʤʠ ʢʦʥʚʝʻʨʘ ʻ 

ʩʢʣʘʜʥʦʶ ʢʦʣʠʚʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʈʦʟʚʠʪʦʢ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʰʠʨʠʚ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʚôʷʟʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʚʝʜʝʥʘ 

ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [86, 91, 92, 93, 94, 95]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʫʥʽ-

ʚʝʨʩʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ. ʅʝʦʙʤʝʞʝʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ, ʟʨʫʯ-

ʥʽʩʪʴ ʫ ʚʨʘʭʫʚʘʥʥʽ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʢʨʘʡʦʚʠʭ ʫʤʦʚ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʚ ʦʜʥʦʤʫ ʙʣʦʮʽ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʨʦʙʣʷʪʴ ʧʨʽʦʨʠ-

ʪʝʪʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ɸʣʝ ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʦʜʽ ʪʨʘʧʣʷʶʪʴʩʷ ʩʢʣʘʜʥʦʱʽ ʜʣʷ ʨʝʘʣʽʟʘ-

ʮʽʾ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ɹʫʙʥʦʚʘïɻʘʣʴʦʨʢʽʥʘ ʽ ɻʘʣʴʦʨʢʽʥʘïʇʝʪʨʦʚʘ, ʷʢʽ 

ʦʙʫʤʦʚʣʝʥʽ ʚʠʙʦʨʦʤ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʩʧʝʮʽ-

ʘʣʴʥ ̔ʛʨʘʥʠʯʥ ̔ʫʤʦʚʠ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʙʽʨ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠ-

ʚʫ ʨʦʣʴ ʧʽʜ ʯʘʩ ʩʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʴ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʚʝʻʨʘ. 

ɿʦʢʨʝʤʘ, ʧʝʨʝʤʽʱʝʥʥʷ ʜʽʣʷʥʦʢ ʚʽʪʦʢ ʩʪʨʽʯʢʠ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʦ ʷʢ ʚ 
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ʥʝʨʫʭʦʤʽʡ (ʝʡʣʝʨʦʚʽʡ), ʪʘʢ ʽ ʚ ʨʫʭʦʤʽʡ (ʣʘʛʨʘʥʞʝʚʽʡ) ʩʠʩʪʝʤʘʭ ʢʦʦʨ-

ʜʠʥʘʪ, ʷʢʠʤʠ ʫʩʧʽʰʥʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʚ ʤʝʭʘʥʽʮʽ ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ 

[96]. ʆʩʦʙʣʠʚʽʩʪʶ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʻ ʞʦʨʩʪʢʠʡ ʟʚôʷʟʦʢ ʾʾ ʟ 

ʪʦʯʢʘʤʠ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ ʜʝʬʦʨʤʫʻʪʴʩʷ ʨʘʟʦʤ ʟ ʥʠʤ. ɺʦʥʘ ʱʝ ʦʪʨʠʤʘ-

ʣʘ ʥʘʟʚʫ ʩʫʧʫʪʥʴʦʾ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʘʭ ʤʝʞʽ ʜʽʣʷʥʦʢ ʧʝʨʝʤʽ-

ʱʫʶʪʴʩʷ, ʪʦ ʭʚʠʣʴʦʚʝ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʦʧʠʩʫʻ ʧʦʟʜʦʚʞʥʽ ʢʦʣʠʚʘʥʥʷ ʩʪʨʽʯ-

ʢʠ ʚ ʩʫʧʫʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘ ʨʫʭʦʤʠʭ 

ʢʨʘʡʦʚʠʭ ʫʤʦʚ. ɿʘʟʚʠʯʘʡ, ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʨʫʭʦʤʽʩʪʶ ʤʝʞ ʥʝʭʪʫʶʪʴ, ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʻ ʥʝ-

ʪʨʠʚʘʣʠʤʠ [6]. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʰʚʠʜʢʦʭʽ-

ʜʥʠʭ ʜʦʚʛʦʤʽʨʥʠʭ ʢʦʥʚʝʻʨʽʚ ʪʘʢʽ ʧʨʠʧʫʱʝʥʥʷ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʥʘʯʥʠʭ ʧʦʭʠʙʦʢ ʨʦʟʨʘʭʫʥʢʫ. ʎʝ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʟʘʜʘʯʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʦʛʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜ-

ʥʠʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʫʭ ʚʽʪʦʢ ʢʦʥʚʝʻʨʘ, ʢʨʘʡʦʚʠʤ ʫʤʦʚʘʤ, ʷʢ ̔ʧʦʚʠʥʥʽ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʽʥʪʝʛʨʘʣʠ ʨʽʚʥʷʥʴ ʨʫʭʫ. ʊʘʢʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʞʥʘ ʜʦʩʷʛ-

ʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʨʽʚʥʷʥʴ ʨʫʭʫ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʩʫʧʫʪʥʽʭ ʢʦʦʨʜʠʥʘʪ ʥʘ 

ʥʝʨʫʭʦʤʽ ʽ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚôʷʟʘʥʥʽ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ 

ʧʦʭʽʜʥʠʭ ʟʘ ʬʽʢʩʦʚʘʥʠʭ ʢʨʘʡʦʚʠʭ ʫʤʦʚ. ɺ ʽʩʥʫʶʯʠʭ ʨʦʙʦʪʘʭ ʟ ʜʠʥʘʤʽ-

ʢʠ ʢʦʥʚʝʻʨʽʚ ʮʝ ʧʠʪʘʥʥʷ ʚʠʩʚʽʪʣʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ. 

ʇʽʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʥʠʟʢʠ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ ʤʘʰʠʥʥʠʭ ʘʛʨʝʛʘʪʽʚ ʜʣʷ 

ʦʧʠʩʫ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʠʢʦʨʠʩʪʘʥʦ ʣʽʥʽʡʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, 

ʷʢʽ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʦʙʝʨʪʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʫ ʪʽʣʴʢʠ ʚ ʦʙʤʝʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʯʠʭ ʰʚʠʜʢʦʩʪʝʡ [13, 97, 

98, 99, 100], ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʣʽʥʽʡʥʽʡ ʯʘʩʪʠʥʽ ʤʝʭʘʥʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʜʚʠʛʫʥʘ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʝʭʽʜʥʽ ʧʨʦ-

ʮʝʩʠ ʚ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʥʚʝʻʨʽʚ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʟʘ ʩʫʤʽʩʥʦʛʦ 

ʨʦʟʛʣʷʜʫ ʨʽʚʥʷʥʴ ʨʫʭʫ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ ʽ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʜʠʥʘʤʽʯʥʦ-

ʛʦ ʩʪʘʥʫ ʧʨʠʚʦʜʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʨʦʙʦʪʘʭ [34, 45, 77, 78, 

101, 102, 103, 104], ʚ ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʪʨʦʛʦ ʚʨʘ-

ʭʦʚʫʶʪʴ ʢʦʣʠʚʘʣʴʥʽ ʷʚʠʱʘ ʚ ʧʨʠʚʦʜʽ ʽ ʜʦʟʚʦʣʷʶʪʴ ʚʩʝʙʽʯʥʦ ʚʠʚʯʠʪʠ 

ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʧʨʦʮʝʩʠ ʚ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʠʚʜ̔ʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʥʚʝʻʨʽʚ 

ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʧʦʰʫʢ ʩʧʦʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ [105], 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʩʪʨʽʯʢʠ [106], ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʙʘʨʘʙʘʥʘʤʠ ʙʘʛʘʪʦʧʨʠʚʜ̔ʥʠʭ ʢʦʥʚʝʻʨʽʚ [11]. ɺʠ-
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ʚʯʝʥʥʷʤ ʚʧʣʠʚʫ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ 

ʥʘ ʥʘʚʘʥʪʘʞʝʥʥ ̫ʧʨʠʚʜ̔ʥʠʭ ʜʚʠʛʫʥʽʚ ʫ ʜʚʦʙʘʨʘʙʘʥʥʦʤʫ ʧʨʠʚʦʜʽ [107] 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʝʨʝʟ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʟʤʽʥʶʶʪʴʩʷ ʜʦ 2,6 ʨʘʟʽʚ, ʘ ʢʦʝʬʽʮʽʻʥʪ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʜ̔ʥʠʭ ʜʚʠʛʫʥʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʠʥʘʤʽʯʥʽʩʪʴ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ ʽ ʚʠʟʥʘʯʘʻ ʨʝʩʫʨʩ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ, ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,69 

ʜʦ 1,21. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʤʽʞ ʜʚʦʤʘ 

ʧʨʠʚʦʜʘʤʠ, ʧʽʜ ʯʘʩ ʾʭ ʩʫʤʽʩʥʦʾ ʨʦʙʦʪʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʣʝʢʪʨʦʜʚʠʛʫ-

ʥʽʚ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟ ʛʽʜʨʦʤʫʬʪʘʤʠ ʪʘ ʛʽʜʨʦʤʦʪʦʨʘʤʠ, ʷʢʠʡ 

ʚʠʢʦʥʘʥʠʡ ʚ ʨʦʙʦʪʽ [108], ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ 

ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʤʘʶʪʴ ʧʨʠʚʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʜʨʦʤʦʪʦʨʽʚ ʯʠ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟ ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ ʪʘ ʙʝʟʩʪʫʧʽʥʯʘʩʪʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʣʘʥʮʶʛʘ ʨʦʪʦʨʘ. 

ʂʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʚʝʻʨʽʚ ʥʘ ʛʽʨʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʩʢʣʘʜʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 50...70 % ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʽ 60...70 % ʟʘ ʪʨʠʚʘʣʽʩʪʶ 

ʨʦʙʦʪʠ. ʊʘʢʝ ʥʝʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʚʝʻʨʽʚ ʧʦʚôʷʟʘʥʝ ʟ ʥʝʨʽʚʥʦ-

ʤʽʨʥʽʩʪʶ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʡ ʧʝʨʝʨʚʘʤʠ ʚ 

ʥʘʜʭʦʜʞʝʥʥʽ ʚʘʥʪʘʞʫ ʪʦʱʦ. 

ʅʘʧʨʠʢʣʘʜ, ʪʨʘʥʩʧʦʨʪʥʽ ʚʘʥʪʘʞʦʧʦʪʦʢʠ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʫ ʟʘʙʦʷʭ 

ʰʘʭʪ, ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʫʪʪʻʚʦʶ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʷʢ ʟʘ ʽʥʪʝʥʩʠʚ-

ʥʽʩʪʶ, ʪʘʢ ʽ ʧʝʨʽʦʜʦʤ ʟʘʚʘʥʪʘʞʝʥʥʷ. ɿʜʝʙʽʣʴʰʦʛʦ ʮʽ ʟʤʽʥʠ ʥʦʩʷʪʴ ʚʠ-

ʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ [6]. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʩʫʢʫʧʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩʠ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʪʨʘʥ-

ʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʯʠ ʛʽʨʥʠʯʦʾ ʤʘʩʠ ʟ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʧʨʠʨʦʜʥʠʭ, 

ʛʽʨʥʠʯʦʪʝʭʥʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʢʣʘʜʥʦʤʫ ʚʟʘ-

ʻʤʦʟʚôʷʟʢʫ ʽ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʢʦʝ-

ʬʽʮʽʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ ʚ ʤʝʞʘʭ 

ʂʥ = 1,97...2,02 [1]. ʊʨʘʥʩʧʦʨʪʝʨʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʦʙʽʣʴʥʠʭ 

ʤʘʰʠʥ ʩʧʨʠʡʤʘʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʠʭ ʪʘʢʦʞ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʬʘʟʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ. ʊʘʢ, ʚʠʚʘʥʪʘʞʫʚʘ-

ʣʴʥʠʡ ʽ ʧʦʧʝʨʝʯʥʠʡ ʪʨʘʥʩʧʦʨʪʝʨʠ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʈʂʄ-6 

ʧʽʜ ʯʘʩ ʟʤʽʥʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʧʨʘʮʶʻ ʟ ʢʦʤʙʘʡʥʦʤ, ʟʫʧʠʥʷʶʪʴʩʷ ʽ 

ʚ ʙʫʥʢʝʨʽ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʙʫʨʷʢ. ʇʽʜ ʯʘʩ ʧʦʜʘʣʴʰʦʛʦ ʧʫʩʢʫ ʧʨʠʚʦʜʫ 

ʪʨʘʥʩʧʦʨʪʝʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʠʭ ʟʨʦʩʪʘʻ ʚ 2,5...3 ʨʘʟʠ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʦʤʽʥʘʣʴʥʠʤ. ɸʥʘʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʚʣʘʩʪʠʚʽ ʡ ʜʣʷ 

ʧʨʠʡʤʘʣʴʥʦʛʦ ʢʦʥʚʝʻʨʘ ʙʫʨʪʦʫʢʣʘʜʘʯʘ ʂ-65ʄ2ɹ3-ʂ ʧʽʜ ʯʘʩ ʨʦʟʚʘʥʪʘ-

ʞʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ ʚ ʙʫʥʢʝʨʥʠʡ ʧʨʠʩʪʨʽʡ ʟ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. ɺ ʪʘʢʦʤʫ 
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ʚʠʧʘʜʢʫ, ʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʤʫ ʧʨʠʚʦʜʽ ʪʨʘʥʩʧʦʨʪʝʨʽʚ ʤʦʞʣʠʚʠʤ ʻ 

ʚʠʭʽʜ ʟ ʣʘʜʫ ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʘ, ʘ ʚ ʛʽʜʨʦʬʽʢʦʚʘʥʦʤʫ [109] ï ʘʚʘʨʽʡʥʝ 

ʚʽʜʤʠʢʘʥʥʷ ʯʝʨʝʟ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʘʧʦʙʽʞʥʦʛʦ ʢʣʘʧʘʥʘ ʽ ʟʫʧʠʥʢʘ ʛʽʜ-

ʨʦʤʦʪʦʨʘ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʪʠ ʢʦʥʚʝʻʨʘ ʚʨʫʯʥʫ ʟʤʝ-

ʥʰʫʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʡʦʛʦ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ, ʧʽʩʣʷ ʯʦʛʦ ʟʜʽʡʩʥʶ-

ʶʪʴ ʧʦʚʪʦʨʥʠʡ ʧʫʩʢ ʧʨʠʚʦʜʘ. 

ʊʘʢʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʢʦʥʚʝʻʨʘ ʩʧʨʠʯʠʥʶʶʪʴ ʥʝʚʠʧʨʘʚʜʘʥʽ ʟʘʪʨʘʪʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʥʦʰʫʚʘʥʥʷ ʩʪʨʽʯʢʠ, ʨʦʣʠʢʦʦʧʦʨ, ʟʙʽʣʴʰʝʥʥʷ ʭʦʣʦʩʪʦ-

ʛʦ ʚʠʙʽʛʫ ʩʪʨʽʯʢʠ, ʧʨʦʩʪʦʶ ʦʙʣʘʜʥʘʥʥʷ. ʊʦʤʫ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽ-

ʜʞʝʥʴ [86, 110ï119] ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʟʛʦʜʞʝʥʥʷ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʧʨʠʚʦʜʽʚ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ 

ʰʣʷʭʦʤ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʩʪʨʽʯʢʠ. ʇʨʦʪʝ, ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʨʝʛʫʣʶʚʘʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʫʩʢʣʘʜʥʝʥʘ ʯʝʨʝʟ ʚʽʜʩʫʪ-

ʥʽʩʪʴ ʝʬʝʢʪʠʚʥʠʭ, ʥʝʜʦʨʦʛʠʭ, ʚʠʙʫʭʦʟʘʭʠʱʝʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʧʨʠ-

ʚ̔ʜʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ [120]. 

ʆʢʨʽʤ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʩʪʨʽʯʢʠ ʚ ʧʝʚʥʠʭ ʨʝʞʠʤʘʭ ʨʦ-

ʙʦʪʠ ʢʦʥʚʝʻʨʽʚ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʢʦʣʠ ʤʘʢʩʠʤʘʣʴʥʝ ʧʝ-

ʨʝʚʠʱʝʥʥʷ ʥʘʜ ʥʦʤʽʥʘʣʴʥʠʤ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʠʤ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ 

ʨʝʛʫʣʶʚʘʥʥʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʧʨʠʚʜ̔ʥʦʤʫ ʙʘʨʘʙʘʥʽ. ʇʽʜ ʯʘʩ ʨʦʙʦ-

ʪʠ ʪʘʢʠʭ ʢʦʥʚʝʻʨʽʚ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʦʣʘʤʦʢ ʧʨʠʚʦʜʫ, ʯʝʨʝʟ ʟʥʘʯʥʝ ʟʙʽ-

ʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʝʦʙʭʽʜʥʘ ʡʦʛʦ ʪʝʨʤʽʥʦʚʘ ʟʫʧʠʥʢʘ, ʱʦ ʩʫʪʪʻʚʦ 

ʟʥʠʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʫʧʠʥʥʦʾ ʨʦʙʦʪʠ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ ʢʦʨʦʪʢʦʯʘʩʥʠʤ ʘʙʦ ʪʨʠʚʘʣʠʤ ʧʝʨʝ-

ʚʘʥʪʘʞʝʥʥʷʤ, ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠ-

ʥʠ ʥʝʧʝʨʝʨʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʦʮʽʣʴʥʦ ʦʩʥʘʱʫʚʘʪʠ ʧʨʠʚʜ̔ ʜʦʜʘʪʢʦʚʠʤ 

ʜʚʠʛʫʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʦʩʥʦʚʥʦʛʦ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘ-

ʩʪʦʩʫʚʘʪʠ ʘʢʪʠʚʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʧʨʠʚʜ̔ʥʦʤʫ ʙʘ-

ʨʘʙʘʥʽ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʠʩʪʨʦʾ ʯʠ ʩʠʩʪʝʤʫ ʢʝʨʫ-

ʚʘʥʥʷ, ʯʫʪʣʠʚʽ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ. 

ʈʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʨʦʙʦʪʘʭ [78, 103, 121, 122, 

123]. ʇʨʦʪʝ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʩʧʦʩʦʙʠ ʪʘ ʧʨʠʩʪʨʦʾ ʢʝʨʫʚʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ 

ʷʢ ʪʝʭʥʽʯʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ, ʪʘʢ ʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʭ ʧʘ-

ʨʘʤʝʪʨʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʚʦʜʫ ʚ ʥʝʩʪʘ-

ʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. ʎʝ ʧʠʪʘʥʥʷ ʚʠʤʘʛʘʻ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ʡ ˇʨʫʥʪʦʚʥʦʛʦ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʚʦʜʽʚ 

ʢʦʥʚʝʻʨʽʚ ʟ ʧʨʠʩʪʨʦʷʤʠ ʯʠ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ. 
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ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʧʫʩʢ ʢʦʥʚʝʻʨʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʽʻʶ ʟʥʘʯ-

ʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʟʫʩʠʣʴ ʥʘ ʝʣʝʤʝʥʪʠ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʽʜ ʯʘʩ ʚʠʙʦʨʫ ʩʧʦʩʦʙʫ ʧʫʩʢʫ ʢʦʥʚʝʻʨʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʙʽʛʫ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʪʷʛʦʚʦʤʫ ʦʨʛʘʥʽ ʩʪʨʽʯʢʦ-

ʚʦʛʦ ʢʦʥʚʝʻʨʘ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʬʽʟʠʯʥʦʶ ʢʘʨʪʠʥʦʶ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʧʨʫʞʥʠʭ ʭʚʠʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʟʘʣʦʤʣʝʥʥʷ ʽ ʚʽʜʙʠʪʪʷ ʥʘ ʨʦʣʠʢʦʦʧʦ-

ʨʘʭ [1, 6]. 

ʇʫʩʢ ʢʦʥʚʝʻʨʘ ʟ ʧʦʩʪʽʡʥʠʤ ʤʦʤʝʥʪʦʤ ʧʨʠʚʜ̔ʥʦʛʦ ʜʚʠʛʫʥʘ ʯʠ ʟ ʧʦ-

ʩʪʽʡʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ [79] ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʠʪʪʻʚʠʤ ʧʨʠʢʣʘʜʘʥʥʷʤ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ, ʘ ʧʦʩʪʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ï 

ʟʤʽʥʦʶ ʧʨʠʨʦʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʦʜʫ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ 

ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʚ ʧʦʯʘʪʢʦʚʽʡ ʬʘʟʽ ʧʫʩʢʫ ʚʽʜ ʜʝʷʢʦʾ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ 

ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚ ʢʽʥʮʽ ʬʘʟʠ ʟʨʫʰʝʥʥʷ. 

ɼʣʷ ʮʠʭ ʨʝʞʠʤʽʚ ʧʫʩʢʫ ʭʘʨʘʢʪʝʨʥʽ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʽ ʟʫʩʠʣʣʷ, ʷʢʽ 

ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʩʪʨʽʯʢʠ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʦʚʥʽʰʥʽʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʅʘ 

ʧʦʯʘʪʢʫ ʬʘʟʠ ʟʨʫʰʝʥʥʷ ʚʠʥʠʢʘʻ ʟʥʠʞʝʥʥʷ ʢʦʣʦʚʦʛʦ ʟʫʩʠʣʣʷ ʥʘ ʧʨʠʚʜ̔-

ʥʦʤʫ ʙʘʨʘʙʘʥʽ, ʷʢʝ ʧʦʚôʷʟʘʥʝ ʟ ʭʚʠʣʴʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʩʪʨʽʯʮʽ, ʢʦʪʨʘ 

ʢʦʥʪʘʢʪʫʻ ʟ ʨʦʣʠʢʦʦʧʦʨʘʤʠ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʽʥʪʝʥʩʠʚʥ ̔ʢʦʣʠʚʘʥʥ ̫ʪʷʛʦ-

ʚʦʛʦ ʦʨʛʘʥʘ ʽ ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʘ, ʘ ʪʘʢʦʞ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʧʫʩʢʫ. 

ɺ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʚʦʜʘʭ ʢʦʥʚʝʻʨʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʧʫ-

ʩʢʫ: ʧʫʩʢ ʧʨʷʤʦʶ ʧʦʜʘʯʝʶ ʥʘʧʨʫʛʠ, ʧʫʩʢ ʧʝʨʝʤʠʢʘʥʥʷʤ ʟʽʨʢʘ-

ʪʨʠʢʫʪʥʠʢ, ʧʣʘʚʥʠʡ ʧʫʩʢ ʜʚʠʛʫʥʘ ʪʦʱʦ. ɼʣʷ ʧʝʨʰʠʭ ʜʚʦʭ ʩʧʦʩʦʙʽʚ 

ʧʫʩʢʫ ʨʽʟʥʦʶ ʤʽʨʦʶ ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʚʝʣʠʢʽ ʧʫʩʢʦʚʽ ʩʪʨʫʤʠ (ʚ 6ï7, ʘ 

ʽʥʢʦʣʠ ʚ 9ï10 ʨʘʟʽʚ ʚʠʱ ̔ʥʦʤʽʥʘʣʴʥʦʛʦ) ʪʘ ʤʦʤʝʥʪʠ ʟʨʫʰʝʥʥʷ (ʚ 4ï5 

ʨʘʟʽʚ ʚʠʱ ̔ʥʦʤʽʥʘʣʴʥʦʛʦ), ʱʦ ʚʠʢʣʠʢʘʻ ʪʝʨʤʽʯʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʦʙ-

ʤʦʪʢʠ ʜʚʠʛʫʥʘ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ ʧʨʠʩʢʦʨʝʥʝ ʩʪʘʨʽʥʥʷ ʽʟʦʣʷʮʽʾ ʪʘ ʾʾ 

ʫʰʢʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʝʣʠʢʽ ʜʽʶʯʽ ʟʫʩʠʣʣʷ ʚ ʩʪʨʽʯʮʽ ʫ ʧʦʨʽʚʥʷʥʽ ʟ ʟʦʚ-

ʥʽʰʥʽʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʱʦ ʩʧʨʠʯʠʥʶʻ ʯʘʩʪʢʦʚʝ ʯʠ ʧʦʚʥʝ ʧʨʦʙʫʢʩʦʚʫ-

ʚʘʥʥʷ ʙʘʨʘʙʘʥʘ ʽ ʥʘʚʽʪʴ ʦʙʨʠʚ ʩʪʨʽʯʢʠ [79, 124]. ɼʣʷ ʪʨʝʪʴʦʛʦ ʩʧʦʩʦʙʫ 

ʧʫʩʢʫ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʠ-

ʨʠʩʪʦʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚ ʦʩʥʦʚʥʦʤʫ ʢʦʥʪʫʨʽ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʦʨʽʚ, ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʠʪʠ ʦʙʝʨʪʦʚʠʡ ʤʦʤʝʥʪ ʥʘ ʧʨʠʚʜ̔ʥʦʤʫ ʙʘʨʘʙʘʥʽ 

ʪʘ ʟʫʩʠʣʣʷ ʚ ʩʪʨʽʯʮʽ [125, 126, 127, 128. 129, 130]. ʇʨʦʪʝ, ʟʘ ʪʘʢʦʛʦ ʩʧʦ-

ʩʦʙʫ ʧʫʩʢʫ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʧʫʩʢʦʚʦʛʦ ʧʝʨʽʦʜʫ tʧ. 

ʇʨʦʙʣʝʤʘ ʧʦʰʫʢʫ ʩʧʦʩʦʙʫ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʫʩʢʫ ʘʩʠʥ-

ʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʛʽʨʥʠʯʦʾ ʤʘʰʠʥʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʧʨʘʮ ̔[131], 
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ʚ ʷʢʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʚʘʟʯ̔ʘʩʪʦʪʥʝ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤ ʜʚʠʛʫʥʦʤ ʜʣʷ ʧʽʜ-

ʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʾ çKick-startè, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʧʝʨʝʚʠ-

ʱʝʥʥʷʤ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ ʩʪʽʡʢʽʡ ʨʦʙʦʪʽ ʟʘ 

ʟʤʝʥʰʝʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʤʠʢʘʥʥʷ ʧʨʠʚʽʜʥʠʭ ʙʘʨʘʙʘʥʽʚ ʧʽʜ ʯʘʩ 

ʧʫʩʢʫ ʜʦʚʛʦʤʽʨʥʠʭ ʢʦʥʚʝʻʨʽʚ ʜʦʚʝʜʝʥʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝ-

ʤʝʥʪʽʚ [92]. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʝʨʫʚʘʥʥʷ ʪʘʢʠʤ 

ʧʨʠʚʦʜʦʤ, ʷʢʝ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʦ ʚ ʥʦʚʦʟʙʫʜʦʚʘʥʦʤʫ ʢʦʥʚʝʻʨʽ ʜʦʚ-

ʞʠʥʦʶ 7,6 ʢʤ ʚ ʤ. ʎʟʽʥʴʯʝʥ, (ʧʨʦʚʽʥʮʽʷ ʐʘʥʴʩʽ, ʂʅʈ). 

ʇʨʦʪʝ, ʟʤʝʥʰʠʪʠ ʜʠʥʘʤʽʯʥʽ ʟʫʩʠʣʣʷ ʚ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʩʪʨʽʯʢʦ-

ʚʦʛʦ ʢʦʥʚʝʻʨʘ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʪʘ ʡʦʛʦ ʪʨʠʚʘʣʽʩʪʴ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʦʩʦʙʫ, ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ [132], ʛʨʘʬʽʢ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.16. 

 

 
 

ʈʠʩʫʥʦʢ 1.16 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʷʛʦʚʦʾ F ʪʘ ʢʦʣʦʚʦʾ Ft ʩʠʣ  

ʟʘ ʨʘʮʽʦʥʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʧʫʩʢʫ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ 

ʅʘ ʛʨʘʬʽʢʫ ʚʠʜʽʣʝʥʦ ʪʨʠ ʧʨʦʤʽʞʢʠ ʯʘʩʫ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʪʘʢʠʭ 

ʬʘʟ ʧʫʩʢʫ: ʟʨʫʰʝʥʥʷ (ʚʽʜ 0 ʜʦ tʟʨ), ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ ʟʘʣʫʯʝʥʥʷ ʚ 

ʨʫʭ ʚʩʽʻʾ ʩʪʨʽʯʢʠ; ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʟʫʩʠʣʣʷ ʥʘ ʧʨʠʚʽʜʥʦʤʫ ʙʘ-

ʨʘʙʘʥʽ ʢʦʥʚʝʻʨʘ ( ʚʽʜ  tʟʨ ʜʦ tʧ), ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ ʧʦʚʝʨʥʝʥʥʷ ʚʽʜ-

ʙʠʪʦʾ ʭʚʠʣʽ ʚʽʜ ʦʩʪʘʥʥʴʦʾ ʨʦʣʠʢʦʦʧʦʨʠ; ʨʦʟʛʦʥʫ ʢʦʥʚʝʻʨʘ ʜʦ ʥʦʤʽʥʘʣʴ-

ʥʦʾ ʰʚʠʜʢʦʩʪʽ (ʚʽʜ tʧ ʜʦ t) . ɿʘ ʮʠʤ ʩʧʦʩʦʙʦʤ ʧʫʩʢʫ ʚ ʤʦʤʝʥʪ ʧʨʠʙʫʪʪʷ 

ʧʨʫʞʥʦʾ ʭʚʠʣʽ ʜʦ ʧʨʠʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʘ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ ʧʨʠʚʦʜʫ ʟʙʽʣʴ-
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ʰʫʶʪʴ ʜʦ ʚʝʣʠʯʠʥʠ F3 ʜʣʷ ʪʦʛʦ, ʱʦʙ ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʤʝʥʰʝʥʥʷ ʢʦʣʦ-

ʚʦʾ ʩʠʣʠ, ʚʠʢʣʠʢʘʥʝ ʧʨʫʞʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ.  

ɼʦ ʤʦʤʝʥʪʫ ʧʦʚʝʨʥʝʥʥʷ ʚʽʜʙʠʪʦʾ ʭʚʠʣʽ ʚʽʜ ʦʩʪʘʥʥʴʦʾ ʨʦʣʠʢʦʦʧʦʨʠ 

ʜʦ ʧʨʠʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʘ ʩʠʣʘ F3 ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ, ʧʽʩʣʷ ʯʦʛʦ ʾʾ 

ʟʤʝʥʰʫʶʪʴ ʜʦ ʚʝʣʠʯʠʥʠ ʩʪʘʪʠʯʥʦʛʦ ʟʫʩʠʣʣʷ Fʩʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʦ-

ʚʽʡ ʩʠʣʽ Ftʩʪ, ʟʘ ʷʢʦʾ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʦʤʽʥʘʣʴʥʠʡ ʨʝʞʠʤ ʪʨʘʥʩʧʦʨʪʫ-

ʚʘʥʥʷ. 

ʊʘʢʠʡ ʩʧʦʩʽʙ ʧʫʩʢʫ ʢʦʥʚʝʻʨʘ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʟ ʧʨʠʩʪʨʦʻʤ ʨʝʛʫʣʶʚʘʥʥʷ ʟʤʽʥʠ ʦʙʝʨ-

ʪʦʚʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʧʨʠʚʽʜʥʦʤʫ ʙʘʨʘʙʘʥʽ, ʱʦ ʟʤʝʥʰʠʪʴ ʜʠʥʘʤʽʯʥʽ ʟʫ-

ʩʠʣʣʷ ʚ ʡʦʛʦ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʧʫʩʢʦʚʦʛʦ ʧʝʨʽʦʜʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʠʚʽʜʥʠʭ ʩʠʩʪʝ-

ʤʘʭ ʢʦʥʚʝʻʨʽʚ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʨʦʟʚôʷʟʦʢ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ. ʇʝʨʰʦʶ 

ʟ ʥʠʭ ʻ ʧʦʰʫʢ ʨʘʮʽʦʥʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʪʷʛʫ ʩʪʨʽʯʢʠ ʧʽʜ 

ʯʘʩ ʧʫʩʢʫ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʫʶʯʠʭ ʥʘʪʷʛʽʚ 

ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ ʥʘ ʧʨʠʚʽʜʥʦʤʫ ʙʘʨʘʙʘʥʽ ʪʘ ʫ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ 

ʚʟʜʦʚʞ ʧʦʩʪʘʚʫ ʢʦʥʚʝʻʨʘ ʟʘ ʩʫʤʽʩʥʦʾ ʜʽʾ ʜʠʥʘʤʽʯʥʠʭ ʪʘ ʩʪʘʪʠʯʥʠʭ ʥʘ-

ʚʘʥʪʘʞʝʥʴ. ɼʨʫʛʦʶ ï ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘ-

ʚʘʥʪʘʞʝʥʴ ʚ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʥʚʝʻʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʦʝ-

ʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʚ ʩʪʨʽʯʮʽ ʪʘ, ʨʘʟʦʤ ʟ ʮʠʤ, ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝ-

ʪʨʠ ʙʘʨʘʙʘʥʽʚ ʽ ʨʦʣʠʢʽʚ. ʎʝ ʟʥʠʟʠʪʴ ʤʝʪʘʣʦʤʽʩʪʢʽʩʪʴ ʽ ʟʙʽʣʴʰʠʪʴ ʜʦʚ-

ʛʦʚʽʯʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ. 

ʃʠʰʝ ʥʘ ʦʩʥʦʚʽ ʚʨʘʭʫʚʘʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʢʦʣʠʚʘʣʴʥʠʭ ʷʚʠʱ ʫ 

ʤʘʰʠʥʥʠʭ ʘʛʨʝʛʘʪʘʭ ʽ ʥʝʩʽʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ˇʨʫʥʪʦʚ-

ʥ ̔ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʪʘ ʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩ-

ʪʝʤ ʤʦʙʽʣʴʥʠʭ ʧʽʜʽʡʤʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ. ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫ-

ʚʘʪʠ ʤʽʩʮʝ ʫʣʘʰʪʫʚʘʥʥʷ ʪʘ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʚʠʛʫʥʽʚ ʧʨʠʚʦʜʽʚ 

ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ, ʧʨʠʥʮʠʧ ʜʽʾ ʪʘ ʧʘʨʘʤʝʪʨʠ ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ, 

ʧʨʫʞʥʦ-ʜʠʩʠʧʘʪʠʚʥʽ ʪʘ ʽʥʝʨʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʬʦʨʤʽʚʥʠʭ ʪʘ ʨʫʭʦʤʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʊʘʢʦʞ 

ʚʘʞʣʠʚʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʨʽʣ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʚʠʙʽʨ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ,  ̔ʪʨʠʚʘʣʽʩʪʴ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʘ ʟʤʽ-

ʥʶʻ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʤʽʥʶʶʪʴ-

ʩʷ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʤʘʰʠʥʠ. ʅʝʦʙʭʽʜʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʚʽʜʥʠʭ ʩʠʩʪʝʤ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʭ ʦʨʛʘʥʽʚ, ʥʝʩʽʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʷʢ ʻʜʠʥʦʾ ʜʠʥʘʤʽʯ-

ʥʦʾ ʩʠʩʪʝʤʠ. 



35 

ʆʜʥʘʢ, ʪʝʦʨʽʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʚʽʜʥʠʭ ʩʠʩʪʝʤ ʢʦʥʚʝʻ-

ʨʽʚ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʨʦʟʨʦʙʣʝʥʘ ʥʝʜʦʩʪʘʪʥʴʦ ʽ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʧʨʘʢ-

ʪʠʯʥ ̔ʚʠʤʦʛʠ, ʧʦʚôʷʟʘʥ ̔ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʠʚʦʜʽʚ ʢʦʥ-

ʚʝʻʨʽʚ ʟ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʙʝʟʧʝ-

ʨʝʨʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʝ ʨʦʟʨʦʙʣʝʥʦ ʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʘʥʘʣʽʟʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ ʤʘʰʠʥʥʠʭ ʘʛʨʝʛʘʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʟʘʻʤʦʚʧʣʠʚʫ ʢʦʣʠʚʘʣʴʥʠʭ ʷʚʠʱ ʫ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʜʠʥʘʤʽʯ-

ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʜʘʧʪʠʚʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʦʤʘʛʥʽʪ-

ʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘʭ. ʋ ʟʘʟʥʘʯʝʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʷ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʠ-

ʚ̔ʜʥ̔ʡ ʩʠʩʪʝʤʽ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʤʫ ʦʨʛʘʥʽ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ. 

ʂʨʽʤ ʪʦʛʦ, ʧʦʪʨʝʙʫʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʫʭʦʤʦʩʪʽ ʤʝʞ ʜʦʚʛʦʤʽʨʥʠʭ ʧʨʫʞʥʠʭ ʣʘʥʦʢ 

ʤʘʰʠʥ ʥʝʧʝʨʝʨʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ. 
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2 ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʅɸʇʈʗʄʋ ɼʆʉʃɯɼɾɽʅʅʗ  

ʊɸ ʄɽʊʆɼɯɺ ʈʆɿɺôʗɿɸʅʅʗ ɿɸɼɸʏ  

ɼʀʅɸʄɯʂʀ ʇʈʀɺɯɼʅʀʍ ʉʀʉʊɽʄ  

2.1 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʩʭʝʤʠ ʽ ʪʠʧʫ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ 

ɸʥʘʣʽʟ ʩʭʝʤ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ, ʱʦ ʚʣʘʰʪʦʚʘʥʽ ʥʘ ʩʪʨʽʣʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʧʽʜʽʡʤʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ, ʧʦʢʘʟʘʚ, ʱʦ ʚ ʥʠʭ ʟʘ-

ʩʪʦʩʦʚʫʶʪʴʩʷ ʦʜʥʦ-, ʜʚʦ-, ʪʨʠʙʘʨʘʙʘʥʥʽ, ʽʥʢʦʣʠ ʙʘʛʘʪʦʙʘʨʘʙʘʥʥʽ ʧʨʠ-

ʚʦʜʠ. ʄʽʩʮʝ ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʷ ʱʦʜʦ ʪʨʘʩʠ ʢʦʥʚʝʻʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦ-

ʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʨʠʚʦʜʫ ʪʦʱʦ. 

ɺ ʙʽʣʴʰʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʥʚʝʻʨʽʚ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʪʘ ʩʽʣʴʩʴʢʦ-

ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʨʠʚʜ̔ ʚʽʜʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʪʨʘʥʩʧʦʨʪʝʨʘ 

ʜʚʦʙʘʨʘʙʘʥʥʠʡ ʽ ʨʦʟʤʽʱʝʥʠʡ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʪʨʘʩʠ ʢʦʥʚʝʻʨʘ. ʊʠʧʦʚʫ 

ʩʭʝʤʫ ʢʦʥʚʝʻʨʘ ʚʽʜʚʘʣʦʫʪʚʦʨʶʚʘʯʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.1. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʢʦʥʚʝʻʨʘ ʚʽʜʚʘʣʴʥʦʾ ʢʦʥʩʦʣʽ: 1, 2 ï ʧʨʠʚʜ̔ʥʽ  

ʙʘʨʘʙʘʥʠ; 3 ï ʥʘʪʷʞʥʠʡ ʙʘʨʘʙʘʥ; 4, 5 ï ʙʘʨʘʙʘʥʠ ʚʽʜʭʠʣʝʥʥʷ ʩʪʨʽʯʢʠ;  

6 ï ʨʦʣʠʢʦʦʧʦʨʠ ʧʦʨʦʞʥʠʥʥʦʾ ʚʽʪʢʠ; 7 ï ʨʦʣʠʢʦʦʧʦʨʠ ʥʘʚʘʥʪʘʞʝʥʦʾ ʚʽʪʢʠ; 

8 ï ʨʦʣʠʢʦʦʧʦʨʠ ʟʦʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ; 9 ï ʢʽʥʮʝʚʠʡ ʙʘʨʘʙʘʥ; 10 ï ʨʦʣʠʢʦʚʠʡ ʩʪʽʣ  

 

ʉʠʣʠ, ʱʦ ʜʽʶʪʴ ʫ ʚʽʪʮʽ ʢʦʥʚʝʻʨʘ ʥʘ ʧʨʠʚʜ̔ʥʦʤʫ ʙʘʨʘʙʘʥʽ 

(ʨʠʩ. 2.2), ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʬʦʨʤʫʣʦʶ ɽʡʣʝʨʘ [133]: 
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a= =            (2.1) 

ʜʝ F1, F2 ï ʩʠʣʠ ʫ ʥʘʙʽʛʘʶʯʽʡ ʪʘ ʟʙʽʛʘʶʯʽʡ ʚʽʪʢʘʭ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ, 

ʚʽʜʧʦʚʽʜʥʦ; f ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʤʽʞ ʢʦʥʪʘʢʪʫʶʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʩʪʨʽʯ-

ʢʠ ʪʘ ʧʨʠʚʜ̔ʥʦʛʦ ʙʘʨʘʙʘʥʘ; a ï ʢʫʪ ʦʙʭʚʘʪʫ ʩʪʨʽʯʢʦʶ ʧʨʠʚʜ̔ʥʦʛʦ ʙʘʨʘ-

ʙʘʥʘ; q ï ʪʷʛʦʚʠʡ ʬʘʢʪʦʨ. 
 

 
ʈʠʩʫʥʦʢ 2.2 ï ʉʠʣʠ ʫ ʚʽʪʢʘʭ ʢʦʥʚʝʻʨʘ ʥʘ ʧʨʠʚʜ̔ʥʦʤʫ ʙʘʨʘʙʘʥʽ 

 

ʊʦʙʪʦ, ʟʘ ʩʭʝʤʦʶ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.1, ʩʠʣʘ F2, ʷʢʘ ʩʪʚʦʨʝʥʘ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʫ ʚʘʥʪʘʞʦʥʝʩʽʚʥʽʡ ʚʽʪʮʽ, ʙʫʜʝ ʤʝʥ-

ʰʦʶ ʫ q ʨʘʟʽʚ ʟʘ ʩʠʣʫ F1 ʫ ʧʦʨʦʞʥʽʡ ʛʽʣʮʽ ʢʦʥʚʝʻʨʘ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʚʠ-

ʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʽʯʢʠ ʢʦʥʚʝʻʨʘ ʽʟ ʟʘʚʠʱʝʥʦʶ ʤʽʮ-

ʥʽʩʪʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦ-

ʜʫ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʘʨʘʙʘʥʽʚ ʪʘ ʨʦʣʠʢʦʦʧʦʨ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʤʝʪʘʣʦʻʤʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʨʽʣʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʟʧʦʜʽʣ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʧʦ ʩʪʨʽʯʮʽ ʢʦʥʚʝʻʨʘ, ʚʨʘʭʦ-

ʚʫʶʯʠ ʤʽʩʮʝ ʫʣʘʰʪʫʚʘʥʥʷ ʪʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʚʦʜʽʚ (ʨʠʩ. 2.3) [134]. 
 

 
 

ʈʠʩʫʥʦʢ 2.3 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʚ ʩʪʨʽʯʮʽ: 

1 ï ʟ ʦʜʥʦʙʘʨʘʙʘʥʥʠʤ ʧʨʠʚʦʜʦʤ; 2 ï ʟ ʜʚʦʙʘʨʘʙʘʥʥʠʤ ʧʨʠʚʦʜʦʤ; 

3 ï ʟ ʙʘʛʘʪʦʙʘʨʘʙʘʥʥʠʤ ʧʨʠʚʦʜʦʤ 

ɸʥʘʣʽʟ ʜʽʘʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʧʦʢʘʟʫʻ, ʱʦ ʟʤʝʥʰʝʥ-

ʥʷ ʩʠʣ ʥʘʪʷʛʫ ʩʪʨʽʯʢʠ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʪʘʢ ʽ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʧʨʠʚʦʜʽʚ. ɿʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʙʘʨʘʙʘʥʥʦʛʦ ʧʨʠʚʦʜʫ 
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ʡʦʛʦ ʩʣʽʜ ʫʣʘʰʪʦʚʫʚʘʪʠ ʚ ʤʽʩʮʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʦʚʘʥʦʛʦ ʚʘʥ-

ʪʘʞʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʧʨʠʚʦʜʽʚ ʥʘ ʢʽʥʮʷʭ ʪʨʘʩʠ ʢʦʥʚʝʻʨʘ ʘʙʦ ʢʽʣʴ-

ʢʦʭ ʧʨʠʚʦʜʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʚʟʜʦʚʞ ʥʝʾ, ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʥʘ-

ʪʷʛ ʩʪʨʽʯʢʠ, ʚʩʪʘʥʦʚʣʝʥʫ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʽ ʟʙʽʣʴʰʠʪʠ ʜʦʚʛʦʚʽʯ-

ʥʽʩʪʴ ʢʦʥʚʝʻʨʘ. 

ɺ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ ʧʨʠʚʦʜʽʚ 

(ʨʠʩ. 2.4), ʷʢʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʨʦʟʜʽʣʴʥʽ (ʨʠʩ. 2.4ʘ, ʙ, ʚ, ʛ), ʢʦʤʧʣʝʢʪʥʽ 

(ʨʠʩ. 2.4ʝ, ʞ) ʪʘ ʚʤʦʥʪʦʚʘʥʽ (ʨʠʩ. 2.4ʟ). 

ʆʢʨʝʤʦ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʢʦʥʚʝʻʨʠ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʣʽʥʽʡʥʠʤ ʘʩʠʥʭ-

ʨʦʥʥʠʤ ʜʚʠʛʫʥʦʤ (ʨʠʩ. 2.4ʜ). 

ʉʝʨʝʜ ʟʘʟʥʘʯʝʥʠʭ ʪʠʧʽʚ ʧʨʠʚʦʜʽʚ ʥʘʡʙʽʣʴʰ ʢʦʤʧʘʢʪʥʠʤʠ ʻ ʢʦʤ-

ʧʣʝʢʪʥʽ ʪʘ ʚʤʦʥʪʦʚʘʥʽ ʧʨʠʚʦʜʠ. ɿʦʢʨʝʤʘ, ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʢʦʤ-

ʧʣʝʢʪʥʠʭ ʧʨʠʚʦʜʽʚ (ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʽʚ), ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ ʦʙʠʜʚʘ ʙʦ-

ʢʠ ʧʨʠʚʜ̔ʥʦʛʦ ʙʘʨʘʙʘʥʘ ʢʦʥʚʝʻʨʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ ʧʦʜʨʽʙʥʝʥʥʷ ʱʝ-

ʙʝʥʶ (ʜʠʚ. ʨʠʩ. 1.5ʚ), ʚʜʘʣʦʩʷ ʨʦʟʤʽʩʪʠʪʠ ʧʨʠʚʜ̔ ʚ ʢʽʥʮʽ ʩʪʨʽʣʠ ʚʽʜʚʘ-

ʣʦʫʪʚʦʨʶʚʘʯʘ ʚ ʟʦʥʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʜʦʩʷʛʥʫʪʦ ʟʤʝʥ-

ʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ ʧʨʠʚʦʜʫ, ʩʠʣʠ ʥʘʪʷʛʫ ʩʪʨʽʯʢʠ ʽ ʡʦʛʦ ʧʦʪʫʞʥʦʩʪʽ. 

ɺʤʦʥʪʦʚʘʥʽ ʧʨʠʚʦʜʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘʡʤʝʥʰʠʤʠ ʛʘʙʘʨʠʪʘʤʠ, 

ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʩʭʝʤ ʨʦʟʤʽʱʝʥʥʷ ʧʨʠʚʦʜʽʚ ʚ ʢʦʥʚʝʻʨʘʭ, ʷʢʽ ʚʣʘʰʪʦʚʘʥʽ ʥʘ ʩʪʨʽʣʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ. 

ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʩʝʨʝʜ ʚʤʦʥʪʦʚʘʥʠʭ ʧʨʠʚʦʜʽʚ ʢʦʥʚʝʻʨʽʚ, ʷʢʽ ʱʝ ʤʘ-

ʶʪʴ ʥʘʟʚʫ ʤʦʪʦʨ-ʙʘʨʘʙʘʥʠ (ʄɹ), ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʦʪʨʠʤʘʣʠ ʝʣʝʢ-

ʪʨʠʯʥʽ ʪʘ ʛʽʜʨʘʚʣʽʯʥʽ ʧʨʠʚʦʜʠ [103, 135, 136]. ʅʘ ʨʠʩ. 2.5ʘ ʥʘʚʝʜʝʥʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʭʝʤʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʤʦʥʪʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ [137], ʨʦʟ-

ʨʦʙʣʝʥʦʛʦ ʚ ʅɼɻʈɯ, ʂʨʠʚʠʡ ʈʽʛ. 

ɽʢʩʧʣʫʘʪʘʮʽʷ ʤʦʪʦʨ-ʙʘʨʘʙʘʥʽʚ ʚ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪʘʭ ʚʠʤʘʛʘʻ ʚʩʪʘ-

ʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚ ʛʝʨʤʝʪʠʯʥʦʤʫ ʟʘʢʨʠʪʦʤʫ ʢʦʨʧʫʩʽ, ʷʢʠʡ ʟʘ-

ʧʦʙʽʛʘʻ ʧʦʪʨʘʧʣʷʥʥʶ ʚʦʣʦʛʠ ʪʘ ʧʠʣʫ. ʊʦʤʫ ʚ ʥʠʭ ʟʥʘʯʥʦ ʧʦʛʽʨʰʝʥʽ 

ʧʨʠʨʦʜʥʽ ʫʤʦʚʠ ʦʭʦʣʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ɺ ʝʣʝʢʪʨʠʯʥʠʭ ʤʦʪʦʨ-

ʙʘʨʘʙʘʥʘʭ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʘʩʣʦ ʽ ʧʦʚʽʪʨʷ, ʷʢʽ ʥʘʛʥʽʪʘ-

ʶʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ. ʇʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʘ ʤʘʩʣʦʤ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦ-

ʚʠʱʝ ʥʝʚʝʣʠʢʝ, ʡʦʛʦ ʧʠʪʦʤʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ c = 0,107 ʢʢʘʣ/ʛʦʜĀʤ2Āʛʨʘʜ. 

ʂʨʽʤ ʪʦʛʦ, ʪʝʧʣʦʚʽʜʜʘʯʫ ʫʩʢʣʘʜʥʶʻ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʘ ʩʪʨʽʯʢʘ, ʷʢʘ ʟʘ-

ʢʨʠʚʘʻ ʯʘʩʪʠʥʫ ʢʦʨʧʫʩʫ ʙʘʨʘʙʘʥʘ. 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 2.5 ï ɺʤʦʥʪʦʚʘʥʽ ʧʨʠʚʦʜʠ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ:  

ʘ ï ʝʣʝʢʪʨʠʯʥʠʡ, ʙ ï ʛʽʜʨʘʚʣʽʯʥʠʡ 

 

ɽʬʝʢʪʠʚʥʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʘ ʜʽʷ ʧʦʚʽʪʨʷ ʤʦʞʣʠʚʘ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ 

ʦʙʝʨʪʘʭ ʚʝʥʪʠʣʷʪʦʨʘ n = 800 ʭʚ-1 [138]. ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʝʥʪʠʣʷ-

ʪʦʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʚʘʣʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʪʘʢ, ʷʢ ʮʝ ʚʠ-

ʢʦʥʘʥʦ ʥʘ ʥʘʚʝʜʝʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ. ɽʣʝʢʪʨʦʜʚʠʛʫʥ 1 ʚʩʪʘʥʦʚʣʝʥʦ ʚ 

ʘʣʶʤʽʥʽʻʚʦʤʫ ʢʦʨʧʫʩʽ 2, ʘ ʨʝʜʫʢʪʦʨ 3 ʽʟ ʨʷʜʦʚʦʶ ʜʚʦʩʪʫʧʽʥʯʘʩʪʦʶ ʩʧʽ-

ʚʚʽʩʥʦʶ ʧʝʨʝʜʘʯʝʶ, ʢʦʨʧʫʩʦʤ 4 ʧʨʠʢʨʽʧʣʝʥʠʡ ʜʦ ʢʦʨʧʫʩʫ 2. ʇʦʨʦʞ-
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ʥʠʥʥʽ ʮʘʧʬʠ 5 ʽ 6 ʫʪʚʦʨʶʶʪʴ ʨʘʟʦʤ ʽʟ ʢʦʨʧʫʩʘʤʠ 2 ʽ 4 ʥʝʨʫʭʦʤʫ ʢʦʥʩ-

ʪʨʫʢʮʽʶ. ɺ ʧʦʨʦʞʥʠʥʥʽʡ ʮʘʧʬʽ ʚʩʪʘʥʦʚʣʝʥʦ ʚʝʥʪʠʣʷʪʦʨ 8, ʧʝʨʝʜ ʷʢʠʤ 

ʟʘʢʨʽʧʣʝʥʽ ʛʚʠʥʪʦʧʦʜʽʙʥʽ ʥʘʧʨʷʤʥʽ 9 ʽʟ ʣʦʧʘʪʢʘʤʠ 11. 

ʇʨʠ ʦʯʝʚʠʜʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʩʪʘʥʦʚʢʘ ʚʝʥʪʠʣʷʪʦʨʘ ʽʟ ʥʘʧʨʷʤʥʠ-

ʤʠ ʫʩʢʣʘʜʥʶʻ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʧʦʥʠʞʫʻ ʂʂɼ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦ-

ʥʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʦʪʦʨ-ʙʘʨʘʙʘʥʽʚ, ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʨʠʚʦʜʫ ʦʙ-

ʤʝʞʫʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʤʠ ʧʠʪʦʤʦʶ ʧʦʪʫʞʥʽʩʪʶ ʪʘ ʂʂɼ, ʩʢʣʘ-

ʜʥʽʩʪʶ ʟʜʽʡʩʥʝʥʥʷ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʽ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ, ʨʝʘʣʽʟʘʮʽʻʶ ʟʘʜʘʥʦʛʦ ʟʘʢʦʥʫ ʢʝʨʫʚʘʥʥʷ, ʚʠʤʦʛʘʤʠ ʫʩʪʘʥʦʚʢʠ 

ʦʭʦʣʦʜʞʫʶʯʠʭ ʽ ʚʠʙʫʭʦʙʝʟʧʝʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʙʘʨʘ-

ʙʘʥʘ. 

ʋʩʫʥʫʪʠ ʘʙʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʤʝʥʰʠʪʠ ʚʢʘʟʘʥʽ ʥʝʜʦʣʽʢʠ ʤʦʞʥʘ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʦʪʦʨ-ʙʘʨʘʙʘʥʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʜʚʠʛʫʥʘ [109, 

139, 140, 141]. 

ɻʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʧʝʨʝʚʘʛʠ ʛʽʜʨʦʦʙôʻʤʥʠʭ ʧʨʠ-

ʚʦʜʽʚ ʦʙʝʨʪʘʣʴʥʦʾ ʜʽʾ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʻ ʬʽʟʠʯʥʠʡ 

ʧʨʠʥʮʠʧ ʜʽʾ. ʊʘʢ, ʛʽʜʨʦʜʚʠʛʫʥ ʧʨʘʮʶʻ ʟ ʧʠʪʦʤʠʤ ʩʠʣʦʚʠʤ ʥʘʧʨʫʞʝʥ-

ʥʷʤ (ʪʠʩʢʦʤ) 6,3...25 ʄʇʘ ʽ ʚʠʱʝ, ʘ ʚ ʤʘʛʥʽʪʥʦʤʫ ʟʘʟʦʨʽ ʝʣʝʢʪʨʦʜʚʠʛʫ-

ʥʘ ʧʠʪʦʤʝ ʩʠʣʦʚʝ ʥʘʧʨʫʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 0,7 ʄʇʘ. ɯʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʝʚʘʛʠ ʛʽʜʨʦʜʚʠʛʫʥʘ, ʻ [142]:  

ï ʧʨʦʩʪʦʪʘ ʧʝʨʝʜʘʯʽ ʩʠʣ ʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʧʨʠ ʤʘʣʠʭ ʛʘʙʘʨʠʪʥʠʭ 

ʨʦʟʤʽʨʘʭ (ʦʙôʻʤ ʛʽʜʨʦʜʚʠʛʫʥ ʩʪʘʥʦʚʠʪʴ 12ï13 % ʦʙôʻʤʫ ʝʣʝʢʪʨʦʜʚʠʛʫ-

ʥʘ, ʘ ʡʦʛʦ ʤʘʩʘ ʚ 5ï10 ʨʘʟʽʚ ʤʝʥʰʘ ʚʽʜ ʤʘʩʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʪʘʢʦʾ ʞ 

ʧʦʪʫʞʥʦʩʪʽ) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʨʫʪʥʦ-

ʛʦ ʤʦʤʝʥʪʫ ʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʯʘʩʪʠʭ ʽ ʰʚʠʜʢʠʭ ʟʤʽʥ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ, ʧʨʠ ʤʘ-

ʣʠʭ ʩʠʣʘʭ ʽ ʤʦʤʝʥʪʘʭ ʽʥʝʨʮʽʾ ʛʽʜʨʦʜʚʠʛʫʥʘ (ʟʘ ʦʜʥʘʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʤʝʭʘʥʽʯʥʘ ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚ 10ï100 ʨʘʟʽʚ ʤʝʥʰʝ ʥʽʞ ʫ 

ʛʽʜʨʦʜʚʠʛʫʥʘ); 

ï ʧʨʦʩʪʦʪʘ ʽ ʥʘʜʽʡʥʽʩʪʴ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʧʦʙʽʞʥʠʭ ʢʣʘʧʘʥʽʚ; 

ï ʧʨʦʩʪʦʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʝʷʢʠʭ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘ ʥʝʦʙʭʽʜʥʽ ʟʥʘʯʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʰʚʠʜʢʦʩʪʽ, ʧʦʪʫʞʥʦʩʪʽ, ʢʨʫʪʥʦʛʦ ʤʦ-

ʤʝʥʪʫ; 
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ï ʟʘʛʘʣʴʥʠʡ ʂʂɼ ʛʽʜʨʦ ʧʨʠʚʦʜʫ ʤʘʡʞʝ ʥʘ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʝʛʫ-

ʣ ʚʁʘʥʥʷ ʟʥʘʯʥʦ ʚʠʱʠʡ ʂʂɼ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʨʝʦʩʪʘʪʥʠʤ ʨʝʛʫʣʶʚʘʥ-

ʥʷʤ; 

ï ʧʨʦʩʪʦʪʘ ʩʧʦʩʦʙʫ ʫʚʽʤʢʥʝʥʥʷ ʽ ʚʠʤʢʥʝʥʥʷ ʧʨʠ ʘʚʪʦʤʘʪʠʯʥʠʭ ʮʠ-

ʢʣʘʭ ʨʦʙʦʪʠ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ; 

ï ʥʝʚʝʣʠʢʝ ʟʥʦʰʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ ʚʫʟʣʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʚʝʣʠʢʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

ʎʽ ʦʙʩʪʘʚʠʥʠ ʚʽʜʢʨʠʚʘʶʪʴ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʦ-

ʧʨʠʚʦʜʫ ʫ ʚʤʦʥʪʦʚʘʥʠʭ ʧʨʠʚʦʜʘʭ. 

ʅʘ ʨʠʩ. 2.5ʙ ʥʘʚʝʜʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʭʝʤʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʤʦʥʪʦ-

ʚʘʥʦʛʦ ʧʨʠʚʦʜʫ, ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʘ ʢʘʬʝʜʨʽ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥ-

ʥʷ ɺʅʊʋ [143]. 

ʂʦʥʩʪʨʫʢʮʽʷ ʤʽʩʪʠʪʴ ʢʦʨʧʫʩ ʙʘʨʘʙʘʥʘ 1, ʚ ʷʢʠʡ ʚʤʦʥʪʦʚʘʥʦ ʧʨʠ-

ʚʦʜ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʛʽʜʨʦʤʦʪʦʨʽʚ 2 ʣʽʚʦʛʦ ʽ ʧʨʘʚʦʛʦ ʦʙʝʨʪʘʥʥʷ ʪʘ 

ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʚʠʢʦʥʘʥʦʛʦ ʽʟ ʚʝʜʫʯʦʾ ʰʝʩʪʽʨʥʽ 3 ʽ ʧʨʦʤʽʞ-

ʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 4. ɺʝʜʫʯʘ ʰʝʩʪʽʨʥʷ 3 ʨʦʟʪʘʰʦʚʘʥʘ ʩʧʽʚʚʽʩʥʦ ʦʩʽ 

ʙʘʨʘʙʘʥʘ ʪʘ ʾʾ ʦʧʦʨʥʽ ʮʘʧʬʠ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʧʽʜʰʠʧʥʠʢʘʭ 5, ʷʢʽ ʚʤʦʥ-

ʪʦʚʘʥʽ ʚ ʩʪʘʢʘʥʠ 6, ʱʦ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʞʦʨʩʪʢʦ ʩʢʨʽʧʣʝʥʠʭ ʤʽʞ ʩʦʙʦʶ 

ʧʣʠʪʘʭ 7 ʽ 8, ʫʪʚʦʨʶʶʯʠ ʦʧʦʨʥʠʡ ʝʣʝʤʝʥʪ. ɼʦ ʥʠʭ ʧʨʠʢʨʽʧʣʝʥʦ ʧʽʚʦʩʽ 

9 ʽ 10, ʚʩʝʨʝʜʠʥʽ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʦ ʛʽʜʨʦʤʦʪʦʨʠ 2. ɺʝʜʫʯʘ ʰʝʩʪʽʨʥʷ 3 

ʧʦʩʘʜʞʝʥʘ ʥʘ ʚʠʭʽʜʥʽ ʚʘʣʠ ʛʽʜʨʦʤʦʪʦʨʽʚ 2, ʷʢʽ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʧʣʠʪʘʭ 7 ʽ 

8 ʦʧʦʨʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɺ ʧʨʦʤʽʞʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ 4, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʟʯʝʧʣʝʥʥʽ ʟ ʚʝʜʫʯʦʶ ʰʝʩʪʽʨʥʝʶ 3, ʚʧʨʝʩʦʚʘʥʽ ʧʽʜʰʠʧʥʠʢʠ 11. ɺʦʥʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʦʩʽ 12, ʢʦʪʨʽ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʧʣʠʪʘʭ 7 ʽ 8 ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʽʢʩʫʶʯʠʭ ʧʣʘʥʦʢ 13, ʨʦʟʤʽʱʝʥʠʭ ʚ ʧʨʦʨʽʟʘʭ, ʱʦ ʚʠʢʦʥʘʥʽ ʥʘ ʪʦʨʮʝ-

ʚʠʭ ʧʦʚʝʨʭʥʷʭ ʦʩʽ 12. ʇʨʦʤʽʞʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ 4, ʚʠʩʪʫʧʘʶʯʠ ʟʘ ʤʝʞʽ 

ʦʧʦʨʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʚʭʦʜʷʪʴ ʚ ʟʯʝʧʣʝʥʥʷ ʟ ʢʦʨʦʥʥʠʤ ʟʫʙʯʘʩʪʠʤ ʢʦʣʝ-

ʩʦʤ 14, ʷʢʝ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʝ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʙʘʨʘ-

ʙʘʥʘ 1. ʇʽʚʦʩʽ 9 ʽ 10 ʨʘʟʦʤ ʟ ʦʧʦʨʥʠʤ ʝʣʝʤʝʥʪʦʤ ʫʪʚʦʨʶʶʪʴ ʟʽʩʪʘʚʥʫ 

ʚʽʩʴ ʤʦʪʦʨ-ʙʘʨʘʙʘʥʘ. ɼʣʷ ʧʽʜʚʝʜʝʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʜʦ 

ʛʽʜʨʦʤʦʪʦʨʽʚ 2 ʚʩʝʨʝʜʠʥʽ ʧʽʚʦʩʝʡ 9 ʽ 10 ʚʠʢʦʥʘʥʦ ʦʩʴʦʚʽ ʢʘʥʘʣʠ 15 ʽ 16, 

ʷʢʽ ʟʘ ʨʘʭʫʥʦʢ ʨʘʜʽʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʽ ʧʽʜôʻʜʥʘʥʠʭ ʜʦ ʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

17 ʽ 18 ʟôʻʜʥʘʥʽ ʟ ʚʭʽʜʥʠʤʠ ʽ ʚʠʭʽʜʥʠʤʠ ʦʪʚʦʨʘʤʠ ʛʽʜʨʦʤʦʪʦʨʽʚ 2. ʂʦʨ-

ʧʫʩ ʙʘʨʘʙʘʥʘ 1 ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʧʽʜʰʠʧʥʠʢʘʭ, ʷʢʽ ʟʘʢʨʠʪʽ ʢʨʠʰʢʘʤʠ ʟ 

ʫʱʽʣʴʥʶʚʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ʄʦʪʦʨ-ʙʘʨʘʙʘʥ ʧʨʘʮʶʻ ʪʘʢʠʤ ʯʠʥʦʤ. 
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ʇʨʠ ʧʦʜʘʯʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʯʝʨʝʟ ʦʩʴʦʚʠʡ ʢʘʥʘʣ 15, ʪʨʫʙʦʧʨʦʚʦʜʠ 

17, ʚ ʨʦʙʦʯʽ ʢʘʤʝʨʠ ʛʽʜʨʦʤʦʪʦʨʽʚ 2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷ ʾʭ ʚʠʭʽʜʥʠʭ 

ʚʘʣʽʚ, ʷʢʽ ʯʝʨʝʟ ʚʝʜʫʯʫ ʰʝʩʪʽʨʥʶ 3 ʽ ʧʨʦʤʽʞʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ 4 ʧʨʠʚʦ-

ʜʷʪʴ ʚ ʨʫʭ ʢʦʨʦʥʥʝ ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ 14. ʆʩʪʘʥʥʻ, ʯʝʨʝʟ ʞʦʨʩʪʢʝ ʢʨʽʧ-

ʣʝʥʥʷ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʙʘʨʘʙʘʥʘ 1, ʧʝʨʝʜʘʻ ʢʨʫʪʥʠʡ 

ʤʦʤʝʥʪ ʚʽʜʥʦʩʥʦ ʟʽʩʪʘʚʥʦʾ ʦʩʽ. ʈʦʙʦʯʘ ʨʽʜʠʥʘ, ʱʦ ʚʪʨʘʪʠʣʘ ʝʥʝʨʛʽʶ, 

ʯʝʨʝʟ ʚʠʭʽʜʥʽ ʦʪʚʦʨʠ ʛʽʜʨʦʜʚʠʛʫʥʽʚ 2, ʪʨʫʙʦʧʨʦʚʦʜʠ 18 ʽ ʦʩʴʦʚʠʡ ʢʘʥʘʣ 

16 ʥʘʜʭʦʜʠʪʴ ʥʘ ʟʣʠʚ. 

ʈʝʛʫʣʶʶʯʠ ʚʠʪʨʘʪʠ ʽ ʪʠʩʢ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʯʠʩʣʦʤ 

ʦʙʝʨʪʽʚ ʢʦʨʧʫʩʫ ʙʘʨʘʙʘʥʘ 1 (ʘ ʟʥʘʯʠʪʴ ʽ ʰʚʠʜʢʽʩʪʶ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ) ʽ 

ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ, ʚʽʜʧʦʚʽʜʥʦ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ 

ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʨʝʚʝʨʩ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʢʦʨʧʫʩʫ ʙʘʨʘʙʘʥʘ 1. 

ʂʦʥʩʪʨʫʢʮʽʷ ʤʦʪʦʨ-ʙʘʨʘʙʘʥʘ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘ-

ʪʠ ʦʜʠʥ ʛʽʜʨʦʤʦʪʦʨ. 

ʇʽʜ ʯʘʩ ʚʠʙʦʨʫ ʪʠʧʫ ʧʨʠʚʦʜʫ ʟ ʨʽʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʥʝʦʙʭʽ-

ʜʥʦ ʢʝʨʫʚʘʪʠʩʷ ʥʝ ʣʠʰʝ ʧʠʪʦʤʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʝʥʝʨʛʦʚʠʪʨʘʪ, ʤʝʪʘ-

ʣʦʻʤʥʦʩʪʽ, ʛʘʙʘʨʠʪʥʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʘʣʝ ʽ ʧʦʢʘʟʥʠʢʘʤʠ ʜʠʥʘʤʽʯʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʧʨʠʚʦʜʽʚ, ʦʩʢʽʣʴʢʠ ʧʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʙʦ-

ʯʽ ʣʘʥʢʠ ʢʦʥʚʝʻʨʘ ʩʧʨʠʡʤʘʶʪʴ ʥʘʡʙʽʣʴʰʽ ʧʽʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʚ ʤʝ-

ʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʪʨʠʚʘʣʽ ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʧʦʷʚʠ ʥʝʙʘʞʘʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʷʚʠʱ ʚ ʩʠʩʪʝʤʽ. 

ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʚ ʝʣʝʢʪʨʦʤʝ-

ʭʘʥʽʯʥʦʤʫ ʽ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʧʨʠʚʦʜʘʭ. 

2.2 ʄʝʪʦʜʠ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʧʨʠʚʽʜʥʠʭ ʩʠʩʪʝʤ  

ʽ ʪʷʛʦʚʠʭ ʦʨʛʘʥʽʚ ʢʦʥʚʝʻʨʽʚ 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚ ʨʦʟʜʽʣʽ 1, ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʟʘʜʘʯ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʢʦʥʚʝʻʨʽʚ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʽʚ ʟʥʠ-

ʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʩʪʨʽʯʮʽ. ʉʢʣʘʜʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ ʮʽʻʾ 

ʟʘʜʘʯʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʦʚ'ʷʟʘʥʘ ʟ ʾʾ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʶ. ɿʤʝʥʰʝʥʥʷ ʦʜ-

ʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠʩʢʦʨʝʥʥʷ, ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʜʠʥʘʤʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʪʨʽʯʮʽ ʧʽʜ ʯʘʩ ʧʫʩʢʫ, ʘʣʝ ʟʙʽʣʴʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʧʫʩʢʫ. 

ɼʣʷ ʙʘʛʘʪʦʢʦʥʚʝʻʨʥʠʭ ʣʽʥʽʡ ʮʝ ʥʝ ʪʽʣʴʢʠ ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʩʫʤʘʨ-

ʥʦʛʦ ʧʫʩʢʫ, ʘʣʝ ʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʥʝʧʨʦʜʫʢʪʠʚʥʠʭ ʭʦʣʦʩʪʠʭ 

ʨʫʭʽʚ ʽ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [56]. 
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ʇʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʩʣʽʜʥʠʢʘʤ ʜʦʚʦʜʠʪʴʩʷ 

ʩʪʠʢʘʪʠʩʷ ʟ ʨʽʟʥʦʛʦ ʨʦʜʫ ʩʢʣʘʜʥʦʱʘʤʠ, ʯʝʨʝʟ ʷʢʽ ʚ ʪʝʦʨʽʶ ʜʠʥʘʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʥʚʝʻʨʽʚ ʚʚʝʜʝʥʦ ʥʠʟʢʫ ʧʨʠʧʫʱʝʥʴ ʪʘ ʩʧʨʦʱʝʥʴ. ʊʦʤʫ ʚ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʟʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ʢʦʥʚʝʻʨʽʚ ʨʽʟʥʦʛʦ ʨʽʚ-

ʥʷ ʩʢʣʘʜʥʦʩʪʽ. ʎʽ ʨʦʙʦʪʠ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʣʠ ʨʦʟʫʤʽʥʥʷ ʬʽʟʠʯʥʦʾ ʩʫʪʽ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʘʭ, ʧʨʦʪʝ ʜʝʷʢʽ ʧʨʦʙʣʝ-

ʤʠ ʻ ʱʝ ʥʝ ʚʠʨʽʰʝʥʠʤʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʩʪʨʽʯʢʦʚʦʛʦ 

ʢʦʥʚʝʻʨʘ ʚʠʢʦʥʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ, 

ʩʪʫʧʽʥʴ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʷʢʠʭ ʨʝʘʣʴʥʽʡ ʬʽʟʠʯʥʽʡ ʤʦʜʝʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʪʘʢʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫ-

ʻʪʴʩʷ ʪʠʧ ʧʨʠʚʽʜʥʦʛʦ ʜʚʠʛʫʥʘ, ʡʦʛʦ ʢʽʥʝʤʘʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ ʟ ʧʝʨʝʜʘʚʘ-

ʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ (ʟ ʤʫʬʪʦʶ ʯʠ ʙʝʟ ʥʝʾ), ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʣʘʥʢʠ, ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʨʽʯʢʠ, ʪʠʧ ʥʘʪʷʞ-

ʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʧʨʫʞʥʦ-ʽʥʝʨʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʫʟʣʽʚ 

ʩʠʩʪʝʤʠ ʪʦʱʦ. 

ʇʽʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ ʢʦʥʚʝʻʨʘ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʛ-

ʣʷʜʦʤ ʜʝʬʦʨʤʘʮʽʾ ʩʪʨʽʯʢʠ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʾ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠ-

ʚʦʩʪʽ. ɼʣʷ ʦʧʠʩʫ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤ ʪʘ ʜʝʬʦʨ-

ʤʘʮʽʻʶ ʚ ʩʪʨʽʯʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʜʝʣʽ, ʷʢʽ ʟ ʧʝʚʥʦʶ ʪʦʯʥʽʩʪʶ ʚʽ-

ʜʦʙʨʘʞʘʶʪʴ ʩʫʪʴ ʾʾ ʨʦʙʦʪʠ ʧʨʠ ʜʽʾ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʪʨʠ ʪʘʢʽ ʧʨʦʩʪʽ 

ʤʦʜʝʣʽ [144]. 

ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʦʶ ʻ ʤʦʜʝʣʴ ʌʦʡʛʪʘ (ʘʙʦ ʂʝʣʴʚʽʥʘ-ʌʦʡʛʪʘ) 

(ʨʠʩ. 2.6ʘ), ʚ ʷʢʽʡ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ (ʪʽʣʦ ɻʫʢʘ) ʽ ʚôʷʟʢʠʡ ʝʣʝʤʝʥʪ 

(ʚôʷʟʢʝ ʪʽʣʦ ʅʴʶʪʦʥʘ) ʟôʻʜʥʘʥʽ ʧʘʨʘʣʝʣʴʥʦ.  
 

 
                                  ʘ                             ʙ                                 ʚ  

 

ʈʠʩʫʥʦʢ 2.6 ï ʈʝʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ:  

ʘ ï ʤʦʜʝʣʴ ʌʦʡʛʪʘ; ʙ ï ʤʦʜʝʣʴ ʄʘʢʩʚʝʣʘ; ʚ ï ʤʦʜʝʣʴ ʂʝʣʴʚʽʥʘ 
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ʇʨʠ ʪʘʢʦʤʫ ʟôʻʜʥʘʥʥʽ ʜʝʬʦʨʤʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʙʫʜʝ ʦʜʥʘʢʦʚʦʶ, ʘ ʥʘ-

ʧʨʫʞʝʥʥʷ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʩʫʤʦʶ ʥʘʧʨʫʞʝʥʴ ʚ ʧʨʫʞʥʦʤʫ ʽ ʚôʷʟʢʦʤʫ 

ʝʣʝʤʝʥʪʘʭ. ʊʦʤʫ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʷ ʫ ʚʠʧʘʜʢʫ ʧʨʦʩʪʦʛʦ ʦʜʥʦ-

ʚʽʩʥʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥʷ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ  

ů (t) = EŮ + ɖe,                                              (2.2) 

ʜʝ ɽ ï ʩʪʘʪʠʯʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ; Ů ï ʚʽʜʥʦʩʥʘ ʜʝʬʦʨʤʘʮʽʷ; ɖ ï ʧʦʩ-

ʪʽʡʥʘ ʚôʷʟʢʦʩʪʽ. ʊʫʪ e = dŮ/dt. 

ʎʷ ʤʦʜʝʣʴ ʦʧʠʩʫʻ ʷʚʠʱʝ ʧʦʚʟʫʯʦʩʪʽ, ʟʘ ʷʢʦʛʦ ʧʽʩʣʷ ʨʘʧʪʦʚʦʛʦ ʨʦʟ-

ʚʘʥʪʘʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʝ ʤʠʪʪʻʚʦ, ʘ ʚʧʨʦʜʦʚʞ ʧʝʚʥʦʛʦ 

ʯʘʩʫ. ʇʽʜ ʯʘʩ ʧʨʠʢʣʘʜʘʥʥʷ ʤʠʪʪʻʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʦʜʝʣʽ ʧʦʯʘʪʢʦ-

ʚʘ ʜʝʬʦʨʤʘʮʽʷ ʨʽʚʥʘ ʥʫʣʶ Ů(0) = 0. ɿʘ ʪʘʢʠʭ ʫʤʦʚ  

0(t) (1 )te
E

-ls
e = - ,                                             (2.3) 

ʜʝ ɚ = ɽ/ɖ ï ʥ̔ʪʝʥʩʠʚʥʽʩʪʴ ʨʝʣʘʢʩʘʮʽʾ. 

ɯʥʰʦʶ ʧʨʦʩʪʦʶ ʨʝʦʣʦʛʽʯʥʦʶ ʤʦʜʝʣʣʶ ʻ ʝʣʝʤʝʥʪ ʄʘʢʩʚʝʣʘ 

(ʨʠʩ. 2.6ʙ), ʚ ʷʢʦʤʫ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʦ ʧʨʫʞʥʠʡ ʽ ʚôʷʟʢʠʡ ʝʣʝʤʝʥʪʠ. 

ʇʽʩʣʷ ʰʚʠʜʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚôʷʟʢʠʡ ʝʣʝʤʝʥʪ ʥʝ ʧʝʨʝʤʽʱʫʻʪʴʩʷ, ʘ 

ʜʝʬʦʨʤʫʻʪʴʩʷ ʧʨʫʞʥʠʡ. ʄʦʜʝʣʴ ʧʦʚʦʜʠʪʴ ʩʝʙʝ ʷʢ ʧʨʫʞʥʝ ʪʽʣʦ. ʇʽʜ 

ʯʘʩ ʧʦʚʽʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʜʝʷʢʦʾ ʧʦʩʪʽʡʥʦʾ ʜʝʬʦʨʤʘ-

ʮʽʾ ʧʨʫʞʥʦʛʦ ʪʽʣʘ ʙʫʜʝ ʜʦʜʘʚʘʪʠʩʷ ʤʘʡʞʝ ʥʝʦʙʤʝʞʝʥʘ ʟʨʦʩʪʘʶʯʘ ʜʝ-

ʬʦʨʤʘʮʽʷ ʚôʷʟʢʦʛʦ ʝʣʝʤʝʥʪʘ ʽ ʤʦʜʝʣʴ ʙʫʜʝ ʚʝʩʪʠ ʩʝʙʝ ʷʢ ʧʨʫʞʥʘ ʨʽʜʠ-

ʥʘ. ʗʢʱʦ ʜʝʬʦʨʤʘʮʽʶ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ Ů1, ʘ ʜʝʬʦʨ-

ʤʘʮʽʶ ʚôʷʟʢʦʛʦ ï ʯʝʨʝʟ Ů2, ʪʦ ʟʘʛʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʚʠʟʥʘʯʠʪʴʩʷ ʷʢ 

Ů = Ů1 + Ů2 ,                                                                                (2.4) 

ʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤ ʽ ʜʝʬʦʨʤʘʮʽʻʶ ï  

/ /E +e s s h= .                                          (2.5) 

ɿ ʚʠʨʘʟʫ (2.5) ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʘ  

d d
E E

dt dt

s e s

h

å õ
= -æ ö

ç ÷
,                                     (2.6) 

ʟ ʷʢʦʛʦ, ʜʣʷ ʚʠʧʘʜʢʫ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʞʝʥʥʷ (Ů = const), ʦʪʨʠʤʫʻʤʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
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0

t

e

å õ
-æ ö
tç ÷s=s ,                                        (2.7) 

ʜʝ Ű = Ů/ɽ ï ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ. 

ʄʦʜʝʣʴ ʊʦʤʩʦʥʘïʇʦʡʪʠʥʛʘ (ʘʙʦ ʤʦʜʝʣʴ ʂʝʣʴʚʽʥʘ) ʦʪʨʠʤʘʥʦ ʚʚʝ-

ʜʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ ɽ2 ʚ ʝʣʝʤʝʥʪ ʌʦʡʛʪʘ (ʨʠʩ. 2.6ʚ). ɼʣʷ 

ʮʽʻʾ ʤʦʜʝʣʽ ʨʝʦʣʦʛʽʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

Ů = Ů1 + Ů2 ; 2 2
Es= e; 

1 1 1
Es= e +he,                   (2.8) 

ʜʝ Ů1 ï ʜʝʬʦʨʤʘʮʽʷ ʝʣʝʤʝʥʪʘ ʌʦʡʛʪʘ; Ů2 ï ʜʝʬʦʨʤʘʮʽʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʧʦʚʝʜʽʥʢʫ ʤʦʜʝʣʽ, ʤʘʪʠʤʝ ʚʠʛʣʜ̫: 

1 2 1 2ɽ ɽ ɽ ɽ
ɽ

+ +
s+ s= e+ e

h h
.       (2.9) 

ʎʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʜʝʷʢʫ ʢʽʥʮʝʚʫ ʜʝʬʦʨʤʘʮʽʶ ʟʘ ʤʠʪ-

ʪʻʚʦʛʦ ʽ ʥʝʩʢʽʥʯʝʥʥʦ ʪʨʠʚʘʣʦʛʦ ʧʨʠʢʣʘʜʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʯʘʩʪ-

ʢʦʚʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʠʤ ʜʝʬʦʨʤʘʮʽʷʤ ʩʪʨʽʯʢʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʢʦʥʚʝ-

ʻʨʘ. ʈʝʦʣʦʛʽʯʥʽ ʢʦʥʩʪʘʥʪʠ ʜʣʷ ʩʪʨʽʯʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʾʾ ʟʨʘʟʢʘ 

ʘʙʦ ʟ ʜʦʩʣʽʜʽʚ ʥʘ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ. 

ɹʘʞʘʥʥʷ ʜʦʩʣʽʜʥʠʢʽʚ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʽ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥ-

ʪʘʞʝʥʴ, ʱʦ ʨʦʟʪʷʛʫʶʪʴ ʪʷʛʦʚʠʡ ʝʣʝʤʝʥʪ ʧʽʜ ʯʘʩ ʧʫʩʢʫ, ʧʨʠʚʝʣʠ ʜʦ 

ʫʩʢʣʘʜʥʝʥʥʷ ʨʦʟʛʣʷʥʫʪʦʾ ʤʦʜʝʣʽ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʚ ʄɼɻʋ, ʜʣʷ ʜʝʷʢʠʭ ʨʝʞʠʤʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʽʣʴʰ ʩʢʣʘʜʥʫ ʤʦʜʝʣʴ ʩʪʨʽʯʢʠ, ʱʦ ʤʽʩ-

ʪʠʪʴ ʜʝʢʽʣʴʢʘ ʝʣʝʤʝʥʪʽʚ ʌʦʡʛʪʘ (ʨʠʩ. 2.7), ʢʦʥʩʪʘʥʪʠ ʷʢʠʭ ʚʠʟʥʘʯʘʣʠʩʷ 

ʜʣʷ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʭ ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʚʝʻʨʥʦʾ ʩʪʨʽʯʢʠ. 

ʆʜʥʘʢ, ʚʠʙʽʨ ʤʦʜʝʣʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ ʽ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʜʦʩʣʽʜʥʠʢʘʤʠ ʚʽʜʧʦʚʽʜ-

ʥʦ ʜʦ ʢʦʥʢʨʝʪʥʦ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ. 

ʇʨʠ ʚʠʙʦʨʽ ʤʦʜʝʣʽ ʩʪʨʽʯʢʠ ʫ ʚʠʛʣʷʜʽ ʧʨʫʞʥʦʛʦ ʩʪʨʠʞʥʷ ʚʘʞʣʠʚʠʤ 

ʻ ʚʠʙʽʨ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʦʾ ʭʚʠʣʽ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʦʾ ʭʚʠʣʽ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʚʽʜ ʪʦʯʥʦʩʪʽ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʩʫʪʪʻʚʦ ʟʘ-

ʣʝʞʠʪʴ ʪʦʯʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ[56]. 
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ʈʠʩʫʥʦʢ 2.7 ï ɽʢʚʽʚʘʣʝʥʪʥʘ ʤʦʜʝʣʴ ʩʪʨʽʯʢʠ ʢʦʥʚʝʻʨʘ 

 

ʗʢʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʦʛʠʥʠ ʚ ʩʪʨʽʯʮʽ ʽ ʩʠʣʠ ʩʫʭʦʛʦ ʪʝʨʪʷ ʫ ʧʽʜ-

ʰʠʧʥʠʢʘʭ ʨʦʣʠʢʽʚ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʦʾ ʭʚʠʣʽ ʚʠʟʥʘʯʘ-

ʪʠʤʝʪʴʩʷ ʚʠʨʘʟʦʤ 

                                              /c E= r,                                      (2.10) 

ʜʝ ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʩʪʨʽʯʢʠ; ɟ ï ʩʫʤʘʨʥʘ ʱʽʣʴʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʾ 

ʚʽʪʢʠ ʩʪʨʽʯʢʠ. 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʨʦʟʪʷʛʫ ʩʪʨʽʯʢʠ ʽ ʚʚʘʞʘʶʯʠ, ʱʦ ʚʦʥʘ ʥʘʙʫʚʘʻ ʬʦʨ-

ʤʠ ʧʘʨʘʙʦʣʠ, ʾʾ ʟʚʝʜʝʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʟʥʘʭʦʜʷʪʴ ʟʘ ʚʠʨʘʟʦʤ 

[145]  
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,                                  (2.11) 

ʜʝ F ï ʩʠʣʘ ʥʘʪʷʛʫ ʚ ʩʪʨʽʯʮʽ; q0 = qʚ + qʩ ï ʧʦʛʦʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʪʫʪ 

qʚ, qʩ  ï ʧʦʛʦʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʘʥʪʘʞʫ ʪʘ ʩʪʨʽʯʢʠ, ʚʽʜʧʦʚʽʜʥʦ; pl¡ï 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʦʣʠʢʦʦʧʦʨʘʤʠ; ɽ0 ï ʧʦʟʜʦʚʞʥ ̫ʜʠʥʘʤʽʯʥʘ ʞʦʨʩʪʢʽʩʪʴ 

ʩʪʨʽʯʢʠ. 
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ɿ ʚʨʘʭʫʚʘʥʥʷʤ (2.11) ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʦʾ ʭʚʠʣʽ ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʷʢ 
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                       (2.12) 

ɯʩʥʫʻ ʪʘʢʦʞ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʷʤʦʾ ʭʚʠʣʽ [9] 
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ʜʝ 0 ʜ
/
ʚ

ʉ E q= ; 
ʜE  ï ʜʠʥʘʤʽʯʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʩʠʣ ʩʫʭʦʛʦ ʪʝʨʪʷ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʦʾ 

ʭʚʠʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

1
2 1

0

2 2

( )
1

/

ʉ
C

g

u t

=
w x-x

+
µ µ

,                               (2.14)  

ʜʝ ʉ1 ï ʰʚʠʜʢʽʩʪʴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.12); ʠ ï ʜʝʬʦʨʤʘ-

ʮʽʷ ʩʪʨʽʯʢʠ; w1 ï ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʨʫʭʦʚʽ ʩʪʨʽʯʢʠ. 

ʈʦʟʛʣʷʥʫʚʰʠ ʤʝʭʘʥʽʟʤ ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʽʜ ʯʘʩ 

ʧʫʩʢʫ ʢʦʥʚʝʻʨʘ, ʚ ʧʨʘʮʽ [1] ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʩʥʫʶʪʴ ʪʨʠ ʚʠʨʘʟʠ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʦʾ ʭʚʠʣʽ: ʰʚʠʜʢʽʩʪʴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴ-

ʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.12), ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʰʠʨʝʥʥʷʤ ʭʚʠʣʽ ʚ 

ʩʪʨʽʯʮʽ, ʦʧʝʨʪʽʡ ʟ ʧʨʦʚʠʩʘʥʥʷʤ ʥʘ ʨʦʣʠʢʦʦʧʦʨʘʭ, ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʩʠʣʠ 

ʦʧʦʨʫ ʟʦʨʽʻʥʪʦʚʘʥʽ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʣʝʞʥʫ ʨʫʭʦʚʽ; ʰʚʠʜʢʽʩʪʴ ʉ2, ʱʦ 

ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ (2.14) ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ ʜʝʬʦ-

ʨʤʘʮʽʾ ʟ ʚʠʧʘʜʢʫ ʥʝ ʧʦʚʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʩʠʣ ʦʧʦʨʫ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʩʪʨʽʯʢʦʚʦ-

ʛʦ ʢʦʥʚʝʻʨʘ ʚʝʣʠʢʫ ʫʚʘʛʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʠʪʠ ʤʦʜʝʣʶʚʘʥʥʶ ʧʨʠʚʽʜ-

ʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʝ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʧʦʤ ʧʨʠʚʦʜʫ. 

ʇʽʜ ʯʘʩ ʚʠʙʦʨʫ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʨʝʘʣʴʥʦʛʦ ʧʨʠʚʦʜʫ ʥʝʦʙʭʽʜʥʦ ʦʙ-

ˇʨʫʥʪʦʚʫʚʘʪʠ ʚʠʙʽʨ ʯʠʩʣʘ ʜʠʩʢʨʝʪʥʠʭ ʤʘʩ. ʏʠʩʣʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʤʘʰʠʥʠ, ʷʢʽ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ ʢʦʥ-

ʩʪʨʫʢʮʽʡ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʫʭʦʤʠʭ ʤʘʩ, ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʟʚʦʜʠʪʠ ʜʦ 

ʪʨʠʤʘʩʦʚʠʭ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʪʦʯʥʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʝ 

ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞʘʭ [146]. ɿʘ ʥʝʩʢʣʘʜʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʩʭʝʤ ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥ ʾʭ ʤʦʞʥʘ ʟʚʦʜʠʪʠ ʜʦ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ï ʜʚʦʤʘ-

ʩʦʚʠʭ ʤʦʜʝʣʝʡ.  

ʇʽʜ ʯʘʩ ʩʢʣʘʜʘʥʥʷ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʠʚʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʚʘʞʘʪʠ ʜʝ-

ʪʘʣʽ, ʜʽʘʤʝʪʨ ʷʢʠʭ ʚ ʜʚʘ ʽ ʙʽʣʴʰʝ ʨʘʟʽʚ ʙʽʣʴʰʠʡ ʜʽʘʤʝʪʨʘ ʚʘʣʘ, ʜʠʩʢʨʝʪ-

ʥʠʤʠ ʤʘʩʘʤʠ. ʇʨʫʞʥʠʤʠ ʣʘʥʢʘʤʠ ʙʫʜʫʪʴ ʚʘʣʠ, ʟôʻʜʥʫʚʘʣʴʥʽ ʤʫʬʪʠ, 

ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ, ʧʘʩʦʚʽ, ʣʘʥʮʶʛʦʚʽ ʧʝʨʝʜʘʯʽ ʪʦʱʦ. 

ɿʚʝʜʝʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʽʚ ʚʠʢʦʥʫʶʪʴ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʨʽʚʥʷʥʥʷ, ʱʦ ʟʚôʷʟʫʻ ʢʽʥʝʪʠʯʥʽ ʝʥʝʨʛʽʾ ʮʠʭ ʣʘʥʦʢ ʽ ʣʘʥʢʠ ʟʚʝʜʝʥʥʷ. 

ɼʣʷ ʤʝʭʘʥʽʟʤʫ, ʣʘʥʢʠ ʷʢʦʛʦ ʟʜʽʡʩʥʶʶʪʴ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ, ʪʘʢʝ ʨʽʚ-

ʥʷʥʥʷ ʤʘʻ ʚʠʛʣʷʜ 
2 2

1 2 2

n
i i ʟʚ ʟʚ

i

J J

=

w w
=ä ,                                     (2.15) 

ʜʝ ̔ = 1, 2, 3, ..., n ï ʯʠʩʣʦ ʣʘʥʦʢ ʟʚʝʜʝʥʥʷ; J ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ; ɤ ï ʢʫʪʦ-

ʚʘ ʰʚʠʜʢʽʩʪʴ. 

ɿʚʝʜʝʥʘ ʢʨʫʪʠʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʥʠʭ ʣʘʥʦʢ ʪʘʢʦʛʦ ʤʝʭʘʥʽʟʤʫ, 

ʚʠʟʥʘʯʠʪʴʩʷ ʟ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ 

2 2

1 2 2

n
i i ʟʚ ʟʚ

i

ʩ ʩ

=

j j
=ä ,                                    (2.16) 

ʜʝ ̔ = 1, 2, 3, ..., n ï ʯʠʩʣʦ ʣʘʥʦʢ ʟʚʝʜʝʥʥʷ; ʩ ï ʢʨʫʪʠʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ;  

ű ï ʢʫʪʦʚʘ ʢʦʦʨʜʠʥʘʪʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʚʝʜʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʪʘ 

ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʠʚʦʜʠ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʟ ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʤʝʭʘʥʽʟ-

ʤʦʤ ʽ ʦʜʥʠʤ ʜʚʠʛʫʥʦʤ ʟʚʝʜʝʥʦ ʜʦ ʜʚʦʤʘʩʦʚʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ 

(ʨʠʩ. 2.8). 

 

ʈʠʩʫʥʦʢ 2.8 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʚʦʜʫ 
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ɿʘʟʥʘʯʝʥʽ ʧʨʠʥʮʠʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʨʦʩʪʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʪʘ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʽʚ [147] ʢʦʥʚʝʻʨʽʚ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʜʠʥʘʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʅʘ ʨʠʩ. 2.9 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʚ ʷʢʽʡ ʚʘʣ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 1 ʟ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ ʨʦ-

ʪʦʨʘ Ir  ʯʝʨʝʟ ʧʨʫʞʥʫ ʤʫʬʪʫ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʧʨʫʞʠʥʦʶ ʽʟ ʟʚʝʜʝʥʦʶ 

ʢʨʫʪʠʣʴʥʦʶ ʞʦʨʩʪʢʽʩʪʶ c ʪʘ ʚôʷʟʢʽʩʪʶ ɜ, ʨʝʜʫʢʪʦʨ ʟ ʧʝʨʝʜʘʪʥʠʤ ʯʠʩ-

ʣʦʤ u, ʟôʻʜʥʘʥʦ ʟ ʧʨʠʚʜ̔ʥʠʤ ʙʘʨʘʙʘʥʦʤ 2, ʱʦ ʤʘʻ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ I2. ɼʦ 

ʭʚʦʩʪʦʚʦʛʦ ʙʘʨʘʙʘʥʘ ʟ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ I3 ʟʚʝʜʝʥʦ ʤʦʤʝʥʪ ʦʧʦʨʫ Mʦ 

ʢʦʨʠʩʥʠʭ ʩʠʣ. ʂʫʪʠ ʧʦʚʦʨʦʪʫ ʚʘʣʘ ʜʚʠʛʫʥʘ, ʧʨʠʚʜ̔ʥʦʛʦ ʪʘ ʭʚʦʩʪʦʚʦʛʦ 

ʙʘʨʘʙʘʥʽʚ ʧʦʟʥʘʯʝʥʦ ʯʝʨʝʟ ű1, ű2, ű3, ʚʽʜʧʦʚʽʜʥʦ. 

 

 

 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.9 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ  

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ (ʘ) ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʪʨʽʯʢʠ (ʙ) 

ɼʦ ʙʘʨʘʙʘʥʽʚ ʧʨʠʢʣʘʜʝʥʦ ʩʠʣʠ ʥʘʪʷʛʫ ʩʪʨʽʯʢʠ F1, F2, F3, F4. ʉʪʨʽʯ-

ʢʘ ʢʦʥʚʝʻʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚôʷʟʢʦ-ʧʨʫʞʥʦʶ ʤʦʜʝʣʣʶ ʌʦʡʛʪʘ [6], ʟʛʽʜʥʦ 

ʟ ̫ʢʦʁ 

( )F A E= e+me,    (2.17) 

ʜʝ A ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʽʯʢʠ; E ï ʩʪʘʪʠʯʥʠʡ ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʩʪʨʽʯʢʠ; Ů ï ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʩʪʨʽʯʢʠ; ɛ ï ʚôʷʟʢʽʩʪʴ 

ʩʪʨʽʯʢʠ. 
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ɸʙʩʦʣʶʪʥʝ ʚʠʜʦʚʞʝʥʥʷ ʩʪʨʽʯʢʠ ȹl ʯʝʨʝʟ ʢʫʪʠ ʧʦʚʦʨʦʪʫ ű2  ̔ű3 ʪʘ 

ʨʘʜʽʫʩʠ ʧʨʠʚʜ̔ʥʦʛʦ r1 ʽ ʭʦʣʦʩʪʦʛʦ r2 ʙʘʨʘʙʘʥʽʚ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʟʥʘʯʘʪʴʩʷ 

ʟʘ ʚʠʨʘʟʦʤ: 

2 2 3 3.l r rD =j -j    (2.18) 

ɿʘ ʟʘʢʦʥʦʤ ɻʫʢʘ ʜʣʷ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʫ 

F l
l

EA

Ö
D = ,     (2.19) 

ʜʝ l ï ʜʦʚʞʠʥʘ ʩʪʨʽʯʢʠ ʢʦʥʚʝʻʨʘ. 

ɺʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

2 2 3 3 ,
l r r

l l

D j -j
e= =        (2.20) 

ʘ ʡʦʛʦ ʧʦʭʽʜʥʘ 

2 2 3 3 2 2 3 3,
r r r r

l l

j -j w -w
e= =    (2.21) 

ʜʝ ɤ2, ɤ3 ï ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʧʨʠʚʜ̔ʥʦʛʦ ʪʘ ʭʚʦʩʪʦʚʦʛʦ ʙʘʨʘʙʘʥʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.18), (2.19), (2.20) ʽ (2.21), 

ʚʠʨʘʟ (2.17) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 

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

AE A
F r r r r

l l

Öm
= j -j + w -w = 

( ) ( )2 2 3 3 2 2 3 3s sc r r r r ,= j -j +n w -w   (2.22) 

ʚ ʷʢʦʤʫ 

s

AE
c ,

l
=        (2.23) 

ʻ ʞʦʨʩʪʢʽʩʪʶ ʩʪʨʽʯʢʠ, ʘ  

s

A
,

l

m
n =        (2.24) 

 

ʻ ʾʾ ʜʠʥʘʤʽʯʥʦʶ ʚôʷʟʢʽʩʪʶ. 
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ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.22), (2.23) ʪʘ (2.24) ʨʽʚʥʷʥʥʷ 

ʨʫʭʫ ʪʨʠʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ ʤʘʻ ʚʠʛʣʷʜ 

( ) ( )

( ) ( )

( ) ( )

1
1 2 1 2

2
2 2 1 2 1

2 2 3 3 2 2 2 3 3

;

2 2 0;

r ʝ

s s

d
I c u u M

dt

d
I uc u u u

dt

c r r r r r

w
+ j - j +n w - w =

w
+ j - j + n w - w +

+ j -j + n w -w =

 

( ) ( )3
3 3 3 2 3 3 3 3 2 2 3 02 2s s

d
I c r r r r r r M ,

dt

w
+ j -j + n w -w =- (2.25) 

 

ʜʝ  

1 1,j =w  2 2,j =w  3 3,j =w     (2.26) 

ʧʨʠʯʦʤʫ ʄʝ ï ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 

ɼʣʷ ʢʦʨʝʢʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʄʝ  ʥʝʦʙ-

ʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʩʪʘʥ 

ʜʚʠʛʫʥʘ [148]. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʷʚʠʱʘ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʜʚʠʛʫʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘ-

ʩʠʯʝʥʥʷ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ 

( ) ( )

( ) ( )

;

,

s
s s s s s s r r i i

r
r r r i i r s s s s

di
A u R i B R i

dt

di
A R i B u R i

dt

= +W Y - + W Y -

= W Y - + +W Y -
 (2.27) 

ʜʝ is, ir, us ï ʤʘʪʨʠʮʽ-ʢʦʣʦʥʢʠ ʩʪʨʫʤʽʚ ʽ ʥʘʧʨʫʛ; Ar, Br, As, Bs ï ʤʘʪʨʠʮʽ 

ʟʚôʷʟʢʽʚ; 
sW ,

rW  ï ʤʘʪʨʠʮʽ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ; 
sY ,

rY  ï ʤʘʪʨʠʮʽ-ʢʦʣʦʥʢʠ 

ʧʦʪʦʢʦʟʯʝʧʣʝʥʴ; 
sR rR  ï ʘʢʪʠʚʥʽ ʦʧʦʨʠ. ɯʥʜʝʢʩ s ʚʢʘʟʫʻ ʥʘ ʧʨʠʥʘʣʝʞ-

ʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʜʦ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ, r ï ʨʦʪʦʨʘ. 

ʄʘʪʨʠʮʽ-ʢʦʣʦʥʢʠ 
si , 

ri , 
su  ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʦʩʪʷʤʠ 

( , ) col( , );

col( ,0),

j jx jy

s m

i j s r i i

U U

= =

=
   (2.28) 

ʜʝ jxi , jyi  ï ʧʨʦʝʢʮʽʾ ʩʪʨʫʤʽʚ ʥʘ ʢʦʦʨʜʠʥʘʪʥʽ ʦʩʽ ʭ, y ; 
mU  ï ʘʤʧʣʽʪʫʜʘ 

ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. 

ʂʚʘʜʨʘʪʥʽ ʤʘʪʨʠʮʽ Ar, Br, As, Bs ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ 
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(1 ); ;

(1 ); ,

s s s s s r

r r r r s

ɸ a aG ɺ aaG

ɸ a aG ɺ B

= - =-

= - =
   (2.29) 

ʜʝ 

2

( )1

( )

x y

x ym

Ri Ti R T i i
G

R T i i Ri Tii

+ -è ø
= é ù

- +é ùê ú
,    (2.30) 

ʧʨʠʯʦʤʫ 
 

1

s r

R=
r+a +a

;     
1

s r

T=
t+a +a

.   (2.31) 

 

ʊʫʪ 
mi ,

xi , yi  ï ʩʪʨʫʤ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʽ ʡʦʛʦ ʩʢʣʘʜʦʚʽ ʟʘ ʦʩʷʤʠ x, y; 

Ű, ɟ ï ʚʝʣʠʯʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʢʨʠʚʦʶ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ, ʷʢʘ ʻ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʨʦʙʦʯʦʛʦ ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ Ɋm ʚʽʜ ʩʪʨʫʤʫ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ; Ŭs, Ŭr ï ʚʝʣʠʯʠʥʠ, ʦʙʝʨʥʝʥʽ ʜʦ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʨʦʟʩʽ-

ʷʥʥʷ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʽ ʨʦʪʦʨʘ. 

ʄʘʪʨʠʮʽ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ  
 

0

0

0

0
s

wå õ
W =æ ö

-wç ÷
;         0 1

1 0

0

0
r

w -wå õ
W =æ ö

w -wç ÷
,  (2.32) 

 

ʜʝ 0w , rw  ï ʩʠʥʭʨʦʥʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʜʚʠʛʫʥʘ ʽ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʨʦʪʦʨʘ, ʚʠʨʘʞʝʥʽ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʨʘʜʽʘʥʘʭ ʟʘ ʩʝʢʫʥʜʫ. ɺʝʣʠʯʠʥʠ 0w , rw  

ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 

0 314w = ; 
0 1rw p uw= ,   (2.33) 

 

ʜʝ 0p  ï ʯʠʩʣʦ ʧʘʨ ʤʘʛʥʽʪʥʠʭ ʧʦʣʶʩʽʚ; u  ï ʧʝʨʝʜʘʚʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ 

ʧʨʠʚʦʜʫ. 

ʄʘʪʨʠʮʽ-ʢʦʣʦʥʢʠ ʧʦʚʥʠʭ ʧʦʪʦʢʦʟʯʝʧʣʝʥʴ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʽ ʨʦʪʦ-

ʨʘ ʤʘʶʪʴ ʚʠʛʣʷʜ  

1 1
;

1 1
,

s s

s

i i
a

i i
r ra

r

Y = +
t

Y = +
t

    (2.34) 

ʜʝ cos( , )x yi i i= . 
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ɺʝʣʠʯʠʥʠ ix, iy, im ʩʢʣʘʜʘʶʪʴ:  
 

2 2

;

;

.

x sx rx

y sy ry

m x y

i i i

i i i

i i i

= +

= +

= +

             (2.35) 

 

ɿʥʘʯʝʥʥʷ t ʽ rʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ  
 

m

m

i
t=
y

; m

m

di

d
r=

y
.    (2.36) 

 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʟʥʘʭʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

0

3 1
( )

2
E rx sy ry syM p u i i i i= -

t
.    (2.37) 

 

ʂʨʠʚʫ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʧʦʜʘʻʤʦ ʫ ʚʠʛʣʷʜʽ 

3 5

1 2 3

1

, ʷʢʱʦ ;

, ʷʢʱʦ ,

m m m m m mk

m m m mk

a i a i a i i i

a i i i

y = + + ­ >

y = ­ ­ ²
,   (2.38) 

 

ʜʝ 
mki  ï ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ, ʟʘ ʤʝʞʝʶ ʷʢʦʛʦ 

ʟʘʣʝʞʥʽʩʪʴ ( )m miy  ʻ ʥʝʣʽʥʽʡʥʦʶ. ʊʦʜʽ Ű ʽ ɟ, ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʘʤʠ (2.37), 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ 

 
2 4 1

1 2 3( ) ,m ma a i a i -t= + +   ʷʢʱʦ 
m mki i> ; 

mat=  ,   ʷʢʱʦ 
m mki i¢ ;   (2.39) 

2 4 1

1 2 3( 3 5 )m m ma i a i a i -r= + +  ,  ʷʢʱʦ 
m mki i> ; 

mar=  ,       ʷʢʱʦ 
m mki i¢ . 

 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ ʄʝ ʥʘ ʢʦʞ-

ʥʦʤʫ ʢʨʦʮʽ ʯʠʩʣʦʚʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (2.35) ʽ 

(2.36) ʦʜʥʦʯʘʩʥʦ ʟ ʨʦʟʚôʷʟʘʥʥʷʤ ʨʽʚʥʷʥʴ ʨʫʭʫ ʧʨʦʚʦʜʠʤʦ ʯʠʩʣʦʚʝ ʽʥʪʝ-

ʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʪʘʥʫ ʜʚʠʛʫʥʘ. ʈʦʟʨʘʭʫʥʦʢ ʧʝʨʝ-
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ʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʠʚʽʜʥʽʡ ʩʠʩʪʝʤʽ ʢʦʥʚʝʻʨʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʽʥʪʝʛʨʫ-

ʚʘʥʥʷ ʨʽʚʥʷʥʴ (2.35)ï(2.37) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ (2.36). 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʛʽʜʨʦʧʨʠʚʦʜʽ ʩʪʨʽʯʢʦʚʦʛʦ 

ʢʦʥʚʝʻʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʥʚʝʻʨʘ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.10. 

 

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 2.10 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʤʦʥʪʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ  

ʢʦʥʚʝʻʨʘ (ʘ) ʽ ʤʦʜʝʣʴ ʜʽʣʷʥʢʠ ʩʪʨʽʯʢʠ (ʙ) 

 

ʅʘ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʤʦʥʪʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥ-

ʚʝʻʨʘ ʛʽʜʨʦʣʽʥʽʷ ʚʽʜ ʥʘʩʦʩʘ 1 (ʨʠʩ. 2.10ʘ), ʷʢʠʡ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʽʶ ʝʣʝʢ-

ʪʨʦʜʚʠʛʫʥʦʤ, ʧʽʜʚʝʜʝʥʘ ʜʦ ʛʽʜʨʦʤʦʪʦʨʘ 2, ʘ ʚʽʜ ʥʴʦʛʦ ʥʘ ʟʣʠʚ. ʄʘʢʩʠ-

ʤʘʣʴʥʠʡ ʪʠʩʢ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘʩʦʩʦʤ 1, ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʣʘʛʦʜʞʝʥ-

ʥʷʤ ʟʘʧʦʙʽʞʥʦʛʦ ʢʣʘʧʘʥʘ 3. ʇʝʨʝʜʘʚʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʧʨʠʚʦʜʫ ʟ ʧʝʨʝ-

ʜʘʪʥʠʤ ʯʠʩʣʦʤ u ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʫʞʠʥʦʶ ʟ ʢʨʫʪʠʣʴʥʦʶ ʞʦʨʩʪʢʽʩʪʶ c. 

ʈʫʭʦʤʽ ʯʘʩʪʠʥʠ ʢʦʥʚʝʻʨʘ ʧʦʜʘʥʽ ʜʚʦʤʘ ʜʠʩʢʨʝʪʥʠʤʠ ʤʘʩʘʤʠ 4 ʽ 5. ɼʦ 

ʧʝʨʰʦʾ ʟʚʝʜʝʥʽ ʤʘʩʠ ʦʙʝʨʪʦʚʠʭ ʯʘʩʪʠʥ ʧʨʠʚʜ̔ʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʤʦʤʝʥ-

ʪʦʤ ʽʥʝʨʮʽʾ I2, ʜʦ ʜʨʫʛʦʾ ï ʨʫʭʦʤʽ ʣʘʥʢʠ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʢʦʥʚʝʻʨʘ ʟ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ I3. ɼʦ ʭʚʦʩʪʦʚʦʛʦ ʙʘʨʘʙʘʥʘ ʟʚʝʜʝʥʦ ʤʦ-

ʤʝʥʪ ʦʧʦʨʫ Mʦ ʢʦʨʠʩʥʠʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʦʥʚʝʻʨ. ʂʫʪʠ ʧʦʚʦʨʦʪʫ ʚʘ-

ʣʘ ʛʽʜʨʦʤʦʪʦʨʘ, ʜʠʩʢʨʝʪʥʠʭ ʤʘʩ 4 ʽ 5 ʧʦʟʥʘʯʝʥʦ ʯʝʨʝʟ ű1, ű2, ű3, ʚʽʜʧʦ-

ʚʽʜʥʦ. ɼʦ ʜʠʩʢʨʝʪʥʠʭ ʤʘʩ 4 ʽ 5 ʧʨʠʢʣʘʜʝʥʦ ʩʠʣʠ ʥʘʪʷʛʫ ʩʪʨʽʯʢʠ F1, F2, 
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F3, F4. ʉʪʨʽʯʢʫ ʢʦʥʚʝʻʨʘ ʧʦʜʘʥʦ ʨʝʦʣʦʛʽʯʥʦʶ ʤʦʜʝʣʣʶ ʌʦʡʛʪʘ ʟ ʧʨʫʞ-

ʥʦ-ʜʠʩʠʧʘʪʠʚʥʠʤʠ ʟʚôʷʟʢʘʤʠ (ʨʠʩ. 2.10ʙ). 

ʉʧʨʦʱʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʤʦʞʝ ʙʫʪʠ 

ʧʦʜʘʥʘ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʚ ʷʢʽʡ ʚʨʘʭʦʚʘʥʦ ʫʤʦʚʫ ʥʝʨʦʟʨʠʚ-

ʥʦʩʪʽ ʧʦʪʦʢʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʪʘ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ 

( ) ( )

( ) ( )

( ) ( )

ʥ ʥ 1 ʤ ʤ 1 1 1

1
1 2 1 2

2
2 2 1 2 1

2 2 3 3 2 2 2 3 3

( / ) 0;

;

2 2 0;

r ʛ

s s

q n p q n k V dp dt

d
I c u u M

dt

d
I uc u u u

dt

c r r r r r

-s - - =

w
+ j - j +n w - w =

w
+ j - j + n w - w +

+ j -j + n w -w =

  (2.40) 

( ) ( )3
3 3 3 2 3 3 3 3 2 2 3 02 2 ;s s

d
I c r r r r r r M

dt

w
+ j -j + n w -w =- 

ʤ 1
,

ʛ
M q p=  

ʜʝ  

1 1,j =w  2 2,j =w  3 3.j =w   (2.41) 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʤʝ-

ʭʘʥʽʯʥʦʛʦ (ʜʠʚ. ʨʠʩ. 2.5ʘ) ʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ (ʜʠʚ. ʨʠʩ. 2.5ʙ) ʧʨʠʚʦʜʽʚ 

ʢʦʥʚʝʻʨʽʚ ʚʠʢʦʥʘʻʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜ ʯʘʩ ʾʭ ʧʫʩ-

ʢʫ. ʇʘʨʘʤʝʪʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʚʝʻʨʘ ʟ ʝʣʝʢʪʨʦ-

ʤʝʭʘʥʽʯʥʠʤ ʪʘ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʧʦʜʘʥʦ ʚ ʪʘʙʣ. 2.1. 

ʊʘʙʣʠʮʷ 2.1 ï ʇʘʨʘʤʝʪʨʠ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʚʦʜʽʚ 

ʇʘʨʘʤʝʪʨ ʏʠʩʣʦʚʝ ʟʥʘʯʝʥʥ ̫ ʇʘʨʘʤʝʪʨ ʏʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ 

ɽɸ, ʅ 13,2Ț106 ʨ1, ʢʛȚʩ
2/ʤ 20,21 

qr, ʢʛ/ʤ 164,3 ʨ2, ʢʛȚʩ
2/ʤ 2,14 

q͕͕͕ȭp, ʢʛ/ʤ 21,5 ʩ1, ʤ/ʩ 298,4 

qȭȭp, ʢʛ/ʤ 8,5 ʩ2, ʤ/ʩ 917 

qʣ, ʢʛ/ʤ 12,4 l1, ʤ 5 

mn, ʢʛ 226,7 l2, ʤ 10 

mʥn, ʢʛ 184,9 l3, ʤ 100 

ɯʧ, ʢʛȚʤ
2 22,5 l4, ʤ 20 

ɯʥ, ʢʛȚʤ
2 18,35 l5, ʤ 15 

ɔ, ʪ/ʤ3 2,5 l6, ʤ 85 
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ʊʝʦʨʝʪʠʯʥʽ ʢʨʠʚʽ ʙʫʜʫʚʘʣʠʩʷ ʜʣʷ ʚʠʧʘʜʢʽʚ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʥʚʝʻʨʘ ʙʝʟ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ. 2.11) ʪʘ ʟ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷʤ (ʨʠʩ. 2.12).  
 

 

 

ʘ 

 

ʙ 

     

ʚ ʛ 

 

ʈʠʩʫʥʦʢ 2.11 ï ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʛʽʜʨʘʚʣʽʯʥʦʛʦ (ʘ, ʙ) ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ (ʚ, ʛ) ʚʤʦʥʪʦʚʘʥʠʭ ʧʨʠʚʦʜʽʚ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

 

ʘ 

 

ʙ 

  

 

ʚ 

 

ʛ 

 

ʈʠʩʫʥʦʢ 2.12 ï ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʛʽʜʨʘʚʣʽʯʥʦʛʦ (ʘ, ʙ) ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ (ʚ, ʛ) ʚʤʦʥʪʦʚʘʥʠʭ ʧʨʠʚʦʜʽʚ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʚʘʚʩʷ ʟʘ ʘʙʩʦʣʶʪʥʦ ʦʜʥʘʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩ-

ʪʢʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ ʧʨʠʚʜ̔ʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʦʜʥʘʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʞʦʨʩʪʢʦʩʪʽ, ʚôʷʟʢʦʩʪʽ ʪʘ ʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ 

ʯʘʩʪʠʥʠ ʢʦʥʚʝʻʨʘ.  
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ʇʦʨʽʚʥʷʥʥʷʤ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʽʶʯʠʭ ʤʦʤʝʥʪʽʚ ʪʘ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʧʨʠʚʜ̔ʥʦʛʦ ʙʘʨʘʙʘʥʘ ʚ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʪʘ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʨʠ-

ʚʦʜʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʩʪʽ ʜʣʷ ʛʽʜʨʦʧʨʠʚʦʜʫ 

ʂʜ = 2,8, ʘ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ï ʂʜ = 5. ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦ-

ʮʝʩʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚ ʧʨʠʚʦʜʽ ʟ ʝʣʝʢʪʨʦʜʚʠ-

ʛʫʥʦʤ ʚ 3,5 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʮʝʡ ʧʘʨʘʤʝʪʨ ʫ ʧʨʠʚʦʜʽ ʟ ʛʽʜʨʦʜʚʠʛʫʥʦʤ. 

ʊʦʙʪʦ, ʜʣʷ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ 

ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʤʦʙʽʣʴʥʦʾ ʤʘʰʠʥʠ ʧʝʨʝʚʘʛʫ ʩʣʽʜ ʥʘʜʘʪʠ ʛʽʜʨʘʚ-

ʣʽʯʥʦʤʫ ʚʤʦʥʪʦʚʘʥʦʤʫ ʧʨʠʚʦʜʫ, ʷʢʠʡ ʤʘʻ ʢʨʘʱʽ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʽʞ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ. ʊʦʤʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫ-

ʶʪʴʩʷ ʜʣʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʤʦʥʪʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ. 

2.3 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʤʦʥʪʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ,  

ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

2.3.1 ɿʘʚʜʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʅʝʚʽʜôʻʤʥʠʤ ʝʪʘʧʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʤʦʥʪʦʚʘʥʠʭ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʨʠʚʦʜʽʚ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʟ ʧʨʠʩʪʨʦʻʤ ʢʝʨʫʚʘʥʥʷ ʻ 

ʾʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʨʦʙʦʯʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʚʦʜʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʟʤʽʥʽ 

ʾʭʥʽʭ ʧʘʨʘʤʝʪʨʽʚ.  

ʊʦʤʫ ʤʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ: ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦ-

ʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʛʽʜʨʦʩʠʩʪʝʤʠ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥ-

ʚʝʻʨʘ ʥʘ ʜʠʥʘʤʽʢʫ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʯʫʪʣʠʚʦʛʦ ʜʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʘ-

ʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʨʝʘʣʴʥʠʤ ʬʽ-

ʟʠʯʥʠʤ ʧʨʦʮʝʩʘʤ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʛʽʜʨʦʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʥʚʝ-

ʻʨʘ; ʦʮʽʥʶʚʘʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʟʥʘʯʝʥʴ ʧʦʭʠʙʦʢ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥ-

ʥʷʭ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʪʘ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʥʝ-

ʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 

1. ɺʠʚʯʠʪʠ ʚʧʣʠʚ ʽʥʝʨʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʦʜʫ ʪʘ ʨʫʭʦʤʠʭ 

ʣʘʥʦʢ ʪʨʘʥʩʧʦʨʪʫʶʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʚʝʻʨʘ ʥʘ ʜʠʥʘʤʽʢʫ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʛʽʜʨʦʧʨʠʚʜ̔ʥʦʛʦ ʘʛʨʝʛʘʪʫ. 

2. ɺʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʟʤʽʥʠ ʦʙôʻʤʫ ʧʦʨʦʞʥʠʥ ʥʘʧʽʨʥʦʾ ʛʽʜʨʦʤʘʛʽʩʪ-

ʨʘʣʽ ʥʘ ʭʘʨʘʢʪʝʨ ʪʘ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. 
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3. ɺʠʚʯʠʪʠ ʚʧʣʠʚ ʢʨʫʪʠʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʦʨ-

ʛʘʥʫ ʥʘ ʜʠʥʘʤʽʢʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʛʽʜʨʦʧʨʠʚʦʜʫ. 

4. ɺʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʜʘʪʣʠʚʦʩʪʽ ʛʽʜʨʦʩʠʩʪʝʤʠ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʚ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

5. ʅʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠ-

ʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʤʦʥʪʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʡʥʷʪʠʡ ʚʤʦʥʪʦʚʘʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʠʚʜ̔ 

ʪʘ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ ʉʫʪʠʩʴʢʦʤʫ ʟʘʚʦʜʽ ɸɽɸ ʟʘ 

ʢʨʝʩʣʝʥʥʷʤʠ, ʨʦʟʨʦʙʣʝʥʠʤʠ ʫ ɺʽʥʥʠʮʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦ-

ʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦ-

ʜʫ, ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʠʩʪʨʦʶ ʢʝʨʫ-

ʚʘʥʥʷ ʽ ʡʦʛʦ ʩʢʣʘʜʦʚʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.13 ʪʘ ʨʠʩ. 2.14, ʚʽʜʧʦʚʽʜʥʦ.  

 

ʈʠʩʫʥʦʢ 2.13 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʠʚʜ̔ʥʦʾ ʯʘʩʪʠʥʠ ʚʤʦʥʪʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ,  

ʯʫʪʣʠʚʦʛʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 2.14 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ (ʘ) ʪʘ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ (ʙ) ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ 
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ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘ-

ʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

1. ʅʦʤʽʥʘʣʴʥʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʛʽʜʨʦʤʦʪʦʨʽ, ʄʇʘ  14; 

2. ʅʦʤʽʥʘʣʴʥʽ ʚʠʪʨʘʪʠ, ʤ3/ʩ        0,5Ā10ï3; 

3. ʅʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʛʽʜʨʦʜʚʠʛʫʥʘ, ʢɺʪ      6; 

4. ʇʝʨʝʜʘʪʦʯʥʝ ʯʠʩʣʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ                4,556; 

5. ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ:  

ï ʜʦʚʞʠʥʘ, ʤ                       0,61, 

ï ʜʽʘʤʝʪʨ, ʤ                 0,4. 

ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ: 

1. ʋʤʦʚʥʠʡ ʧʨʦʭʽʜ, ʤʤ      16; 

2. ʊʠʩʢ ʥʘ ʚʭʦʜʽ, ʄʇʘ:  

ï ʥʦʤʽʥʘʣʴʥʠʡ      20; 

ï ʤʘʢʩʠʤʘʣʴʥʠʡ      25; 

ï ʤʽʥʽʤʘʣʴʥʠʡ        1; 

3. ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, ʄʇʘ   0,4; 

4. ɼʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ, ʄʇʘ           2ï25; 

5. ɺʠʪʨʘʪʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʣ/ʭʚ  

ï ʥʦʤʽʥʘʣʴʥʽ      80; 

ï ʤʘʢʩʠʤʘʣʴʥʽ      100; 

ï ʤʽʥʽʤʘʣʴʥʽ      3; 

6. ɺʥʫʪʨʽʰʥʷ ʛʝʨʤʝʪʠʯʥʽʩʪʴ, ʩʤ3/ʭʚ, ʥʝ ʙʽʣʴʰʝ   300; 

7. ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʪʠʩʢʦʤ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʟʙʽʣʴʰʝʥʥ ̔

ʚʠʪʨʘʪ, %      4é6. 

2.3.2 ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ  

ʜʦʩʣʽʜʞʝʥʴ 

ʇʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚ-

ʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʪʘ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʧʨʦʚʦ-

ʜʠʣʦʩʴ ʚ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

ï ʧʽʜʛʦʪʦʚʢʘ ʩʪʝʥʜʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

ï ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ; 

ï ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʪʦʯʥʦʩʪʽ; 

ï ʧʦʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʛʣʷʜʽ 

ʽʣʶʩʪʨʘʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʩʪʝʥʜʽʚ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʝʦʙʭʽ-

ʜʥʦ ʚʠʢʦʥʘʪʠ ʪʘʢʠʡ ʢʦʤʧʣʝʢʩ ʨʦʙʽʪ: 
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1. ʄʦʥʪʘʞ ʥʘ ʩʪʘʥʠʥʽ ʩʪʝʥʜʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʚʤʦʥʪʦʚʘʥʦ-

ʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʦ-

ʤʽʞʥʦʛʦ ʚʘʣʘ ʽʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʥʴʦʤʫ ʟʫʙʯʘʪʠʤ ʢʦʣʝʩʦʤ ʪʘ ʚʝʜʫʯʠʤ 

ʰʢʽʚʦʤ, ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʚʘʣʫ ʚʝʜʫ-

ʯʠʤ ʰʢʽʚʦʤ (ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʝʨʦʚʘ-

ʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ). 

2. ʇʨʠʻʜʥʘʥʥʷ ʧʦʨʦʞʥʠʥ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʛʽʜʨʦʣʽʥʽʡ ʥʘʩʦʩ-

ʥʦʾ ʩʪʘʥʮʽʾ. 

3. ʇʝʨʝʚʽʨʢʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʴ: 

ï ʧʨʦʭʦʜʞʝʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʧʦ ʛʽʜʨʦʣʽʥʽʷʭ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʩʭʝ-

ʤʦʶ; 

ï ʭʘʨʘʢʪʝʨʫ ʪʘ ʚʝʣʠʯʠʥʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʭʽʜʥʠʭ ʣʘʥʦʢ; 

ï ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʦʢʫ ʪʘ ʪʠʩʢʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ. 

ʇʝʨʝʚʽʨʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ: ʧʝʨʰʠʡ ï ʥʘ ʧʦʯʘʪʢʫ ʜʦʩʣʽ-

ʜʞʝʥʴ ʟʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʠʩʢʫ; ʜʨʫʛʠʡ ï ʧʽʩʣʷ ʧʝʨʝʚʽʨʢʠ ʛʝʨʤʝʪʠʯʥʦʩʪʽ 

ʟʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʽʚ. 

4. ʇʝʨʝʚʽʨʢʫ ʤʽʮʥʦʩʪʽ, ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʛʝʨʤʝʪʠʯʥʦʩʪʽ 

ʛʽʜʨʦʩʠʩʪʝʤ. 

5. ʄʦʥʪʘʞ ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʟʨʘʟʢʫ ʚʤʦʥʪʦʚʘʥʦʛʦ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʘʪʯʠʢʽʚ 

ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʩʢʦʙʽ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʘ ʪʘʢʦʞ ʜʘʪʯʠ-

ʢʘ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ: 

6. ʇʽʜʛʦʪʦʚʢʘ ʚʠʤʽʨʶʚʘʣʴʥʦ-ʨʝʻʩʪʨʫʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʚʠʚʝʜʝʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʰʣʝʡʬʦʚʠʡ ʦʩʮʠʣʦʛʨʘʬ ʘʙʦ ɸʎʇ, ʚʩʪʘʥʦʚ-

ʣʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ: 

7. ʅʘʣʘʰʪʫʚʘʥʥʷ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, 

ʯʫʪʣʠʚʦʛʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘ ʨʽʟʥʽ ʨʝʞʠʤʠ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʙʥʠʭ 

ʟʘʧʠʩʽʚ ʧʫʩʢʫ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʾ ʯʘʩʦʚʦʾ ʨʦʟ-

ʛʦʨʪʢʠ ʦʩʮʠʣʦʛʨʘʤ.  

ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʜʠʥʘʤʽʢʫ ʚʤʦʥʪʦʚʘʥʦʛʦ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʟʥʘʯʘʚ-

ʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʜʠʩʢʽʚ ʨʽʟʥʦʾ ʚʘʛʠ, ʷʢʽ ʚʩʪʘ-

ʥʦʚʣʶʚʘʣʠʩʴ ʥʘ ʚʘʣʠ ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʰʢʽʚʽʚ, ʱʦ ʽʤʽʪʫʚʘʣʠ ʟʤʽʥʫ 

ʽʥʝʨʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʤʽʥʠ ʦʙôʻʤʫ ʧʨʫʞʠʥʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ ï ʦʙôʻʤ ʧʦʨʦʞʥʠʥ ʥʘʧʽʨʥʦʾ ʤʘʛʽʩʪʨʘʣʽ, ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʛʥʫʯʢʦʛʦ ʟʚôʷʟʢʫ ï ʢʨʫʪʠʣʴʥʫ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ. ɺʧʣʠʚ ʭʘ-

ʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʜʠʥʘʤʽʢʫ ʛʽʜʨʦʧʨʠʚʦʜʫ 
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ʚʠʟʥʘʯʘʚʩʷ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʧʽʜʩʠʣʝʥʠʭ ʢʝʨʦʚʘʥʠʭ ʩʪʫʧʽʥʯʘʩʪʠʭ ʪʘ ʪʨʘ-

ʧʝʮʝʾʜʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʚʽʜ ʩʧʝʮʽʘʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʱʦ 

ʧʦʜʘʚʘʚ ʾʭ ʜʦ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥ-

ʜʫ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʛʽʜʨʦʩʠʩʪʝʤʠ 

ʟ ʧʨʠʩʪʨʦʻʤ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨ, ʱʦ ʧʝʨʝʚʽʨʷʚʩʷ ʫ ʚʠʢʦʥʫʚʘʥʦʤʫ ʝʢʩ-

ʧʝʨʠʤʝʥʪʽ, ʟʤʽʥʶʚʘʚʩʷ, ʘ ʟʥʘʯʝʥʥʷ ʨʝʰʪʠ ʧʘʨʘʤʝʪʨʽʚ ʙʨʘʣʠʩ ̫ʙʘʟʦʚʠʤʠ. 

ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʟʥʘʯʝʥʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪ-

ʨʽʚ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʨʝʞʠʤʫ ʚʠ-

ʟʥʘʯʘʣʘʩʴ ʟʘ ʬʦʨʤʫʣʦʶ [149] 

1 2

1

d 0

d

+ p + n
n ,

p
²

-
    (2.42) 

 

ʜʝ n0 ï ʯʠʩʣʦ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ; pd ï ʜʦʚʽʨʯʘ ʡʤʦʚʽʨ-

ʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʦʧʫʩʪʠ-

ʤʠʭ ʤʝʞʘʭ. 

ɿʘ ʨʝʢʦʤʝʥʜʘʮʽʻʶ ʘʚʪʦʨʽʚ [150] ʜʣʷ ʥʦʨʤʫʚʘʥʥʷ ʢʚʘʥʪʠʣʴʥʦʾ ʦʮʽʥ-

ʢʠ ʨʝʟʫʣʴʪʫʶʯʦʾ ʪʘ ʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ pd ʚʠ-

ʙʠʨʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,8...0,9, ʪʦʜʽ ʜʣʷ n0 = 0: 

 

1 (0,8...0,9)
9...19.

1 (0,8...0,9)

+
n =²
-

   (2.43) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʘ ʜʝʚôʷʪʠ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʪʝʦʨʝʤʠ ʃʷʧʫʥʦʚʘ ʚʠʧʘʜʢʦʚʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʦʟ-

ʧʦʜʽʣʝʥʘ ʟʘ ʟʘʢʦʥʦʤ, ʙʣʠʟʴʢʠʤ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ. ʊʦʤʫ, ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʷʥʦʛʦ ʥʘ ʦʩʮʠʣʦʛʨʘʬʽ ʧʘʨʘʤʝʪʨʘ ʪʘ ʡʦʛʦ ʩʝʨʝʜ-

ʥʴʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʬʦʨʤʫʣʠ [150]: 

1

1 n

i

i=

a x = x ;
n

@ ä      (2.44) 

1

ï
1

1ï

n
2

i

i=

ů (x x) ,
n

@ ä      (2.45) 

ʜʝ ʭ̔ ï ʚʠʤʽʨʷʥʘ ʚʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ; x  ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘ-

ʯʝʥʥʷ ʚʠʤʽʨʷʥʦʾ ʚʝʣʠʯʠʥʠ. 
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ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʩʪʨʫʢʪʫʨʥʦʶ ʩʭʝʤʦʶ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ 

(ʪʨʘʢʪʫ) [151] ʜʘʚʘʯïʪʝʥʟʦʧʽʜʩʠʣʶʚʘʯïʦʩʮʠʣʦʛʨʘʬïʦʩʮʠʣʦʛʨʘʤʘï

ʪʘʨʫʚʘʣʴʥʠʡ ʛʨʘʬʽʢïʧʘʨʘʤʝʪʨ, ʨʝʟʫʣʴʪʫʶʯʘ ʧʦʚʥʘ ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʩʪʝʤʘ-

ʪʠʯʥʠʭ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʮʴʦʛʦ ʣʘʥʮʶʛʘ. ɰʾ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʚʽʜʦʤʦʶ ʟʘʣʝʞʥʽʩʪʶ 

2 2 2 2

ʢ ʜ ʧ ʦ ʪȹ = ȹ +ȹ +ȹ +ȹ ,    (2.46) 

ʜʝ æʢ ï ʨʝʟʫʣʴʪʫʶʯʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ; æʜ ï ʧʦʭʠʙʢʘ 

ʜʘʚʘʯʘ; æʧ ï ʩʫʤʘʨʥʘ ʧʦʭʠʙʢʘ ʪʝʥʟʦʧʽʜʩʠʣʶʚʘʯʘ; æʦ ï ʩʫʤʘʨʥʘ ʧʦʭʠʙʢʘ 

ʩʠʩʪʝʤʠ ʦʩʮʠʣʦʛʨʘʬʘ; æʪ ï ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ ʟʘ ʦʩʮʠʣʦ-

ʛʨʘʤʘʤʠ ʪʘ ʪʘʨʫʚʘʣʴʥʠʤ ʛʨʘʬʽʢʦʤ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʫʤʘʨʥʦʾ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝ-

ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚʽʜʦʤʽ ʨʝʢʦʤʝʥʜʘʮʽʾ: ʦʩʥʦʚʥʘ ʧʦʭʠʙʢʘ ʜʘʚʘʯʘ 

ʪʠʩʢʫ ʩʢʣʘʜʘʻ æʜ = Ñ1,6 %, ʧʦʭʠʙʢʘ ʪʝʥʟʦʧʽʜʩʠʣʶʚʘʯʘ ʪʘ ʦʩʮʠʣʦʛʨʘʬʘ 

æʧ = æʦ = Ñ0,7 % [152], ʧʦʭʠʙʢʘ ʦʙʨʦʙʢʠ ʦʩʮʠʣʦʛʨʘʤ æʪ = Ñ5 % [153]. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʩʫʤʘʨʥʘ ʧʦʭʠʙʢʘ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ, ʥʘʧʨʠʢʣʘʜ, ʪʠʩʢʫ ʩʢʣʘʜʘʻ 

Ñ5,4 %. ʆʪʞʝ, ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ.  

2.3.3 ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ  

ʜʦʩʣʽʜʞʝʥʴ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠ-

ʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽʡ 

ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦ-

ʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʤʫ ʦʙʣʘʜ-

ʥʘʥʥʽ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʡ ʦʪʨʠʤʘʪʠ ʨʝ-

ʟʫʣʴʪʘʪʠ, ʜʦʩʪʘʪʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʙʦʪʠ ʦʙôʻʢʪʘ, 

ʱʦ ʚʠʚʯʘʻʪʴʩʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʝʥʜʫ, ʱʦ ʤʽʩʪʠʪʴ 

ʥʘʩʦʩʥʫ ʩʪʘʥʮʽʶ ʽ ʚʩʪʘʥʦʚʣʝʥʫ ʥʘ ʨʘʤʽ ʧʨʠʚʜ̔ʥʫ ʯʘʩʪʠʥʫ (ʙʝʟ ʢʦʨʧʫʩʫ 

ʙʘʨʘʙʘʥʘ) ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ, ʘ ʪʘʢʦʞ ʢʦʤʧʣʝʢʩ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʘ ʨʝʻʩʪʨʫʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. 

ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ, 

ʱʦ ʩʪʚʦʨʝʥʘ ʥʘ ʙʘʟʽ ʫʩʪʘʥʦʚʢʠ ɻ48ï22ʅ ʜʣʷ ʞʠʚʣʝʥʥʷ ʛʽʜʨʦʧʨʠʚʦʜʽʚ 

ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʙʫʣʘ ʤʦʜʝʨʥʽʟʦʚʘʥʘ ʰʣʷʭʦʤ ʦʩʥʘʱʝʥʥʷ ʾʾ 

ʥʘʩʦʩʥʠʤ ʘʛʨʝʛʘʪʦʤ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʥʦʤʽʥʘʣʴʥʦʛʦ ʪʠʩ-
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ʢʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʡ ʧʘʥʝʣʣʶ ʟ ʛʽʜʨʦʘʧʘʨʘʪʫʨʦʶ, ʚ ʷʢʽʡ ʜʦʜʘʪʢʦʚʦ 

ʚʩʪʘʥʦʚʣʝʥʽ ʨʝʛʫʣʷʪʦʨ ʧʦʪʦʢʫ ʡ ʤʘʥʦʤʝʪʨʠ ʢʦʥʪʨʦʣʶ ʚʠʩʦʢʦʛʦ ʡ ʥʠʟʴ-

ʢʦʛʦ ʪʠʩʢʫ. 

ʇʨʠʥʮʠʧʦʚʫ ʛʽʜʨʦʢʽʥʝʤʘʪʠʯʥʫ ʩʭʝʤʫ ʟ ʜʘʚʘʯʘʤʠ ʢʦʥʪʨʦʣʶ ʦʩʥʦʚ-

ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʦʙôʻʢʪʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.15 ʾʾ ʟʘ-

ʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ï ʥʘ ʨʠʩ. 2.16. ɻʽʜʨʘʚʣʽʯʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʩʪʝʥʜʫ ʤʽʩʪʠʪʴ ʥʘʩʦʩʥʫ ʩʪʘʥʮʽʶ ʟ ʥʘʩʦʩʦʤ 1 ʪʠʧʫ ʅʐ-10-3, ʟʘʧʦʙʽʞ-

ʥʠʡ ʢʣʘʧʘʥ 2 ʪʠʧʫ ɻ-55-2, ʨʝʛʫʣʷʪʦʨ ʧʦʪʦʢʫ 3 ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʘʚʣʽʯ-

ʥʦʛʦ ʧʨʠʚʦʜʫ ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʠʧʫ ʇɻ-55-24, 

ʬʽʣʴʪʨ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 4 ʪʠʧʫ ʌ7ʄ. ɼʣʷ ʢʦʥʪʨʦʣʶ ʚʝʣʠʯʠʥʠ ʨʦʙʦʯʦʛʦ 

ʪʠʩʢʫ ʚʦʥʘ ʟʘʙʝʟʧʝʯʝʥʘ ʤʘʥʦʤʝʪʨʘʤʠ 5 ï ʚ ʥʘʧʽʨʥʽʡ ʤʘʛʽʩʪʨʘʣʽ, ʽ 6 ï ʚ 

ʟʣʠʚʥʽʡ. ʇʨʫʞʠʥʥʠʡ ʛʽʜʨʦʘʢʫʤʫʣʷʪʦʨ 7 ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʝʨʝʜ ʚʭʽʜʥʦʶ 

ʛʽʜʨʦʣʽʥʽʻʶ ʛʽʜʨʦʤʦʪʦʨʘ 8 ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʠʚʜ̔ʥʦʛʦ ʧʨʠʩʪʨʦʶ 9. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ ʨʽʜʠʥʠ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʛʽʜʨʦʩʠʩʪʝʤʦʶ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʠʚʜ̔ʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʠʪʨʘʪʦʤʽʨ 12, 

ʚʙʫʜʦʚʘʥʠʡ ʚ ʟʣʠʚʥʫ ʛʽʜʨʦʣʽʥʽʶ, ʢʨʘʥ 13 ʧʨʠ ʮʴʦʤʫ ʟʘʢʨʠʪʠʡ. ɺʠʪʨʘ-

ʪʦʤʽʨʦʤ 12 ʻ ʤʽʨʥʘ ʤʽʩʪʢʽʩʪʴ. 
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ʈʠʩʫʥʦʢ 2.15 ï ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʦʥʪʦʚʘʥʦʛʦ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 



65 

 

ʈʠʩʫʥʦʢ 2.16 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʂʦʥʩʪʨʫʢʮʽʶ ʽ ʧʨʠʥʮʠʧ ʜʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚ-

ʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ, ʜʝʪʘʣʴʥʦ ʙʫʜʝ ʦʧʠʩʘʥʦ ʚ ʨʦʟʜʽʣʽ 3. ɺ ʧʨʠʚʦʜʽ, ʧʨʠʟʥʘʯʝʥʦʤʫ 

ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴ-

ʥʦʤʫ ʩʪʝʥʜʽ, ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʢʦʥʚʝʻʨʘ ʽ ʨʝʻʩʪʨʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʧʫʩ ʙʘʨʘʙʘʥʘ ʟʥʷʪʦ.  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʨʫʪʠʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩ-

ʪʠʥʠ ʢʦʥʚʝʻʨʘ ʚʠʢʦʨʠʩʪʘʥʘ ʢʣʠʥʦʧʘʩʦʚʘ ʧʝʨʝʜʘʯʘ ʟ ʪʨʴʦʤʘ ʟʤʽʥʥʠʤʠ 

ʧʘʩʘʤʠ 18, ʚʝʜʫʯʠʡ ʰʢʽʚ 17 ʷʢʦʾ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʢʽʥʮʽ ʧʨʦʤʽʞʥʦʛʦ ʚʘ-

ʣʘ, ʘ ʚʝʜʝʥʠʡ 19 ï ʥʘ ʚʘʣʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ 20. ʅʘʪʷʛ ʧʘ-

ʩʽʚ ʨʝʛʫʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʭʦʤʦʛʦ ʨʦʣʠʢʘ. ʗʢ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʨʦʰʢʦʚʝ ʛʘʣʴʤʦ ʇʊ-40, ʤʦʤʝʥʪ ʦʧʦʨʫ ʨʫʭʫ ʚ 

ʷʢʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʧʦʜʘʯʝʶ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʩʪʘʪʦʨ. 

ɿʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʘʣʴʤʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʤʽʥʦʶ ʧʦʜʘʯʽ ʩʪʨʫʤʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʽʥʝʨʮʽʡʥʝ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʽʤʽʪʫʚʘʣʦʩʴ ʥʘʙʦʨʦʤ ʜʠʩʢʽʚ 21 ʨʽʟʥʦʾ ʤʘʩʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ 

ʥʘ ʧʨʦʤʽʞʥʠʡ ʚʘʣ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʦʜʫ, ʘʙʦ ʥʘ 
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ʚʪʫʣʢʫ, ʧʦʩʘʜʞʝʥʫ ʥʘ ʚʽʣʴʥʠʡ ʢʽʥʝʮʴ ʚʘʣʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠ-

ʩʪʨʦʶ. 

ʈʝʻʩʪʨʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʫ ʚʠʢʦʥʫʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʦʩʮʠʣʦʛʨʘ-

ʬʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʜʘʚʘʯʽʚ ʪʠʩʢʫ ʽ ʢʨʫʪʥʦʛʦ ʤʦ-

ʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʪʘʭʦʤʝʪʨʠʯʥʦʛʦ ʜʘʚʘʯʘ ʯʠʩʣʘ ʦʙʝʨʪʽʚ. ɼʘʚʘʯʽ 22 ʜʣʷ 

ʟʘʧʠʩʫ ʟʤʽʥʠ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʚ ʛʽʜʨʦʤʦʪʦʨ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʥʘʧʽʨʥʠʭ ʛʽʜ-

ʨʦʣʽʥʽʷʭ ʛʽʜʨʦʤʦʪʦʨʽʚ, ʘ ʜʘʚʘʯ 23 ʜʣʷ ʟʘʧʠʩʫ ʟʤʽʥʠ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ ï ʚ 

ʟʣʠʚʥʽʡ ʛʽʜʨʦʣʽʥʽʾ. ɺʝʣʠʯʠʥʘ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʨʫʭʦʚʽ ʨʝʻʩʪʨʫʻʪʴʩʷ ʜʘʚʘ-

ʯʝʤ 24, ʷʢʠʡ ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʩʢʦʙʽ ʧʦʨʦʰʢʦʚʦʛʦ ʛʘʣʴʤʘ, 

ʽ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʚʽʟʫʘʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʠʢʘʪʦʨʘ ʧʝʨʝʤʽʱʝʥʴ ʛʦ-

ʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ, ʱʦ ʬʽʢʩʫʚʘʚ ʧʝʨʝʤʽʱʝʥʥʷ ʩʢʦʙʠ, ʷʢʝ ʚʠʢʣʠʢʘʥʝ 

ʜʽʶʯʠʤ ʤʦʤʝʥʪʦʤ. ʊʘʭʦʤʝʪʨʠʯʥʠʡ ʜʘʚʘʯ 25 ʨʝʻʩʪʨʫʚʘʚ ʟʤʽʥʫ ʯʠʩʣʘ 

ʦʙʝʨʪʽʚ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʧʨʦʤʽʞʥʦʛʦ ʚʘʣʘ ʘʙʦ ʚʘʣʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ. 

ʆʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʪʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.2. 

ʊʘʙʣʠʮʷ 2.2 ï ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ  

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ  

ʽ ʡʦʛʦ ʧʦʟʥʘʯʝʥʥʷ 

ʆʜʠʥʠʮʷ  

ʚʠʤʽʨʶʚʘʥʥʷ 

ʏʠʩʝʣʴʥʘ  

ʚʝʣʠʯʠʥʘ  

ʧʘʨʘʤʝʪʨʘ 

ʅʦʤʽʥʘʣʴʥʘ ʧʦʜʘʯʘ ʤ3/ʩ 0,23Ŀ10-3 

ʅʦʤʽʥʘʣʴʥʠʡ ʪʠʩʢ ʄʇʘ 14 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʦʙôʻʤ  

ʛʽʜʨʦʘʢʫʤʫʣʷʪʦʨʘ 

ʤ3 5Ŀ10-2 

ʇʝʨʝʜʘʪʥʽ ʚʽʜʥʦʰʝʥʥʷ: 

- ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

- ʣʘʥʮʶʛʦʚʦʾ ʧʝʨʝʜʘʯʽ 

 

ï 

ï 

 

2,75 

1 

ʄʘʩʘ: 

- ʤʘʣʠʭ ʜʠʩʢʽʚ 

- ʚʝʣʠʢʠʭ ʜʠʩʢʽʚ 

 

ʢʛ 

ʢʛ 

 

7 

14 

ɼʽʘʤʝʪʨ: 

- ʤʘʣʠʭ ʜʠʩʢʽʚ 

- ʚʝʣʠʢʠʭ ʜʠʩʢʽʚ 

- ʰʢʽʚʽʚ 

 

ʤ 

ʤ 

ʤ 

 

0,3 

0,3 

0,19 

ʂʽʣʴʢʽʩʪʴ: 

- ʤʘʣʠʭ ʜʠʩʢʽʚ 

- ʚʝʣʠʢʠʭ ʜʠʩʢʽʚ 

- ʧʘʩʽʚ 

 

ʰʪ. 

ʰʪ. 

ʰʪ. 

 

4 

2 

3 
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ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʤʽʨʶʚʘʣʠʩʴ 

ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠʚʦʜʫ: 

ï ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʛʽʜʨʦʤʦʪʦʨʘ; 

ï ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʧʨʦʤʽʞʥʦʛʦ ʚʘʣʘ ʽ ʚʘʣʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠ-

ʩʪʨʦʶ; 

ï ʤʦʤʝʥʪ ʦʧʦʨʫ ʨʫʭʫ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʧʨʠ-

ʩʪʨʦʻʤ; 

ï ʚʠʪʨʘʪʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʛʽʜʨʦʧʨʠʚʜ̔ʥʠʤ ʘʛʨʝ-

ʛʘʪʦʤ; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ. 

ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʣʘʙʦʨʘʪʦʨ-

ʥʠʭ ʫʤʦʚʘʭ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʪʘʢʘ ʘʧʘʨʘʪʫʨʘ ʪʘ ʧʨʠʣʘʜʠ: ʚʦʩʴʤʠʢʘʥʘʣʴ-

ʥʠʡ ʪʝʥʟʦʤʝʪʨʠʯʥʠʡʧʽʜʩʠʣʶʚʘʯ 8 ɸʅʏ-7ʄ; ʩʚʽʪʣʦʧʨʦʤʝʥʝʚʠʡ ʦʩʮʠ-

ʣʦʛʨʘʬ ʅ-117; ʚʠʧʨʷʤʣʷʯʽɺʉ-24ʄ; ʥʘʙʽʨ ʦʧʦʨʽʚ ʈ155; ʜʘʚʘʯʽ ʪʠʩʢʫ, 

ʧʝʨʝʤʽʱʝʥʥʷ, ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʪʘ ʜʽʶʯʦʛʦ ʤʦʤʝʥʪʫ; ʚʠʪʨʘʪʦʤʽʨʥʘ ʻʤ-

ʢʽʩʪʴ; ʤʘʥʦʤʝʪʨʠ, ʪʝʨʤʦʤʝʪʨ. 

2.3.4 ɺʠʤʽʨʶʚʘʣʴʥʘ ʽ ʨʝʻʩʪʨʫʚʘʣʴʥʘ ʘʧʘʨʘʪʫʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʉʪʫʧʽʥʯʘʩʪʘ ʘʙʦ ʪʨʘʧʝʮʝʾʜʘʣʴʥʘ ʟʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʘʥʪʘ-

ʞʫʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ ʬʦʨʤʫʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʝʣʝʢʪ-

ʨʠʯʥʦʛʦ ʧʨʠʩʪʨʦʶ.  

ɼʘʚʘʯʽ ʪʠʩʢʫ ʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʧʽʜǋʻʜʥʫʚʘʣʠʩʴ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʪʝʥʟʦʤʝʪʨʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘ-

ʯʘ. ɿ ʚʠʭʦʜʫ ʜʘʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʚ ʥʘ ʚʭʽʜ ʪʝʥʟʦʧʽʜʩʠ-

ʣʶʚʘʯʘ, ʫ ʚʭʽʜʥʠʡ ʣʘʥʮʶʛ ʷʢʦʛʦ ʫʚʽʤʢʥʝʥʦ ʧʨʠʩʪʨʽʡ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʱʦ 

ʟʜʽʡʩʥʶʚʘʚ ʢʦʤʧʝʥʩʘʮʽʶ ʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʧʽʚʤʦʩʪʫ ʜʘ-

ʚʘʯʘ, ʽ ʪʘʨʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ ʢʦʥʪʨʦʣʶʻ ʯʫʪʣʠʚʽʩʪʴ ʧʽʜʩʠʣʶʚʘʯʘ. 

ʇʽʜʩʠʣʝʥʠʡ ʽ ʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ ʟ ʜʘʚʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʤʦʜʫʣʷʪʦ-

ʨʘ ʽ ʬʽʣʴʪʨʘ ʧʝʨʝʪʚʦʨʶʚʘʚʩʷ ʚ ʢʦʣʠʚʘʥʥʷ ʩʪʨʫʤʫ ʟ ʯʘʩʪʦʪʦʶ ʜʝʬʦʨʤʘʮʽʾ 

ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʜʘʚʘʯʘ, ʷʢʽ ʚ ʤʘʩʰʪʘʙʦʚʘʥʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʦ-

ʨʫ ʦʧʦʨʽʚ ʚʠʛʣʷʜʽ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʦʩʮʠʣʦʛʨʘʬʦʤ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʪʝʥʟʦʤʝʪʨʠʯʥʦʛʦ ʜʘʚʘʯʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʣʽʥʽʾ ʛʽʜʨʦʩʠʩʪʝʤʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʧʨʠʚʦʜʫ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.17, ʘ ʡʦʛʦ ʬʦʪʦ ʚ ʤʽʩʮʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʪʝʥ-

ʜʽ ï ʥʘ ʨʠʩ. 2.18. ɼʘʚʘʯ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ 1, ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ 

ʷʢʦʛʦ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʦʩʪʽʥʥʦʾ ʪʨʫʙʢʠ 2. ʇʨʦʙʢʘ 3 ʚʛʚʠʥʯʝʥʘ ʚ 

ʪʨʫʙʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʧʦʢʩʠʜʥʦʛʦ ʢʣʝʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʝʨʤʝʪʠʯ-
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ʥʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ. ʈʦʙʦʯʘ ʨʽʜʠʥʘ ʧʽʜ ʪʠʩʢʦʤ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʦʪʚʦʨʫ 4 ʽ, 

ʜʝʬʦʨʤʫʶʯʠ ʪʨʫʙʢʫ 2, ʜʽʻ ʥʘ ʘʢʪʠʚʥʠʡ ʜʨʦʪʷʥʠʡ ʪʝʥʟʦʨʝʟʠʩʪʦʨ 5 ʪʠʧʫ 

2 ʇʂɹ-20-200, ʥʘʢʣʝʻʥʠʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʪʚʽʨʥʽʡ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦ-

ʚʝʨʭʥʽ ʪʨʫʙʢʠ. ʂʦʤʧʝʥʩʘʮʽʡʥʠʡ ʪʝʥʟʦʨʝʟʠʩʪʦʨ 6 ʥʘʢʣʝʻʥʠʡ ʥʘ ʥʝʨʦʙʦ-

ʯʫ ʯʘʩʪʠʥʫ ʪʨʫʙʢʠ 2. ʆʙʠʜʚʘ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ ʩʧʦʣʫʯʝʥʽ ʤʽʞ ʩʦʙʦʶ ʫ 

ʚʠʛʣʷʜʽ ʥʘʧʽʚʤʦʩʪʫ ʡ ʫʚʽʤʢʥʝʥʽ ʜʦ ʯʦʪʠʨʠʧʨʦʚʽʜʥʦʛʦ ʨʦʟ'ʻʤʥʦʛʦ ʢʦʥ-

ʪʘʢʪʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ 7 ʪʠʧʫ 2ʈʄ14ɹ4ʐɺ1, ʷʢʝ ʟʘʢʨʽʧʣʝʥʝ ʥʘ ʟʘʭʠʩʥʦʤʫ 

ʢʦʞʫʩʽ 8 ʜʘʚʘʯʘ. ɼʘʚʘʯ ʟ ʪʝʥʟʦʧʽʜʩʠʣʶʚʘʯʝʤ ʟôʻʜʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʨʘʥʦʚʘʥʦʛʦ ʢʘʙʝʣʶ. 

1 2 34 5 6 7

8  
ʈʠʩʫʥʦʢ 2.17 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʜʘʚʘʯʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 

 

ʈʠʩʫʥʦʢ 2.18 ï ɼʘʚʘʯ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʪʝʥʜʽ 

ʊʘʨʫʚʘʥʥʷ ʜʘʚʘʯʘ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʨʫʯʥʦʤʫ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʧʨʝʩʽ. 

ɺʝʣʠʯʠʥʠ ʪʘʨʫʚʘʣʴʥʦʛʦ ʪʠʩʢʫ ʥʘʚʘʥʪʘʞʝʥʴ ʢʦʥʪʨʦʣʶʚʘʣʠʩʷ ʟʘ ʧʦʢʘʟ-

ʥʠʢʘʤʠ ʟʨʘʟʢʦʚʦʛʦ ʤʘʥʦʤʝʪʨʘ ʢʣʘʩʫ ʪʦʯʥʦʩʪʽ 0,35. ʇʽʜ ʯʘʩ ʪʘʨʫʚʘʥʥʷ 

ʪʠʩʢ ʨʽʜʠʥʠ ʟʤʽʥʶʚʘʚʩʷ ʩʪʫʧʽʥʯʘʩʪʦ ʚʽʜ ʥʫʣʷ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʽ ʚʽʜʧʦʚʽʜʥʝ ʮʴʦʤʫ ʟʥʘʯʝʥʥʶ ʚʽʜʭʠʣʝʥʥʷ ʩʪʨʽʣʢʠ ʤʽʣʽʘʤʧʝʨʤʝʪʨʘ ʪʝʥ-

ʟʦʧʽʜʩʠʣʶʚʘʯʘ ʽ ʧʨʦʤʝʥʷ ʰʣʝʡʬʘ ʦʩʮʠʣʦʛʨʘʬʘ ʨʝʻʩʪʨʫʚʘʣʦʩʷ ʟʘ ʨʦʟ-
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ʧʦʜʽʣʦʤ ʾʭ ʰʢʘʣ. ɼʽʘʧʘʟʦʥ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʪʘʨʫʚʘʣʴʥʦʛʦ 

ʪʠʩʢʫ ʧʨʦʡʜʝʥʦ ʚ ʨʝʞʠʤʽ ʟʙʽʣʴʰʝʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʧ'ʷʪʴ ʨʘʟʽʚ. ʊʘʨʫʚʘ-

ʣʴʥʽ ʛʨʘʬʽʢʠ ʜʘʚʘʯʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.19. ɼʣʷ ʨʦʟʰʠ-

ʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʪʝʥʜʫ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʥʪʨʦ-

ʣʶ ʪʠʩʢʫ ʚ ʟʣʠʚʥʽʡ ʛʽʜʨʦʣʽʥʽʾ, ʢʦʣʠ ʥʘ ʚʠʭʦʜʽ ʩʪʚʦʨʶʻʪʴʩʷ ʧʽʜʧʽʨ, ʜʦ-

ʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʘʚʘʯ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʷʢʦʛʦ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.20. ʏʫʪʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʜʘʚʘʯʘ ʻ ʤʝʤʙʨʘʥʘ 1, ʷʢʘ 

ʟʘʬʽʢʩʦʚʘʥʘ ʤʽʞ ʢʦʨʧʫʩʦʤ 2 ʽ ʢʽʣʴʮʝʤ 3. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʨʠʚʣʝʥʥʷ ʤʝʤʙʨʘʥʠ ʚ ʧʨʦʮʝʩʽ ʩʢʣʘʜʘʥʥʷ ʘʙʦ ʨʦʙʦʪʠ ʜʘʚʘʯʘ ʾʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʮʷ 4 ʽ ʥʘʪʠʩʢʥʦʾ ʛʘʡʢʠ 5 ʥʘʜʘʻʪʴʩʷ ʧʦʧʝʨʝʜʥʽʡ ʥʘʪʷʛ ʧʦ 

ʢʦʥʪʫʨʫ. ɸʢʪʠʚʥʠʡ ʪʝʥʟʦʨʝʟʠʩʪʦʨ 6 2ʇʂɹ-10-200 ʥʘʢʣʝʻʥʠʡ ʥʘ ʤʝʤ-

ʙʨʘʥʫ ʚ ʜʽʘʤʝʪʨʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ. ʂʦʤʧʝʥʩʫʶʯʠʡ ʪʝʥʟʦʨʝʟʠʩʪʦʨ 7 ʥʘ-

ʢʣʝʻʥʠʡ ʥʘ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʥʘʪʠʩʢʥʦʾ ʛʘʡʢʠ 5. ʊʝʥʟʦʨʝʟʠʩʪʦʨʠ 

ʪʘʢʦʞ ʟôʻʜʥʘʥʽ ʫ ʚʠʛʣʷʜʽ ʥʘʧʽʚʤʦʩʪʫ ʽ ʫʚʽʤʢʥʝʥʽ ʜʦ ʯʦʪʠʨʠʧʨʦʚʽʜʥʦʛʦ 

ʨʘʟ¡̒ʤʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ 8. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʣʽʥʽʡʥʦʩʪʽ ʪʘʨʫ-

ʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʘ ʜʘʚʘʯʘ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʧʨʦʛʠʥ ʤʝʤʙʨʘʥʠ ʧʽʜ ʜʽʻʶ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʪʠʩʢʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ ʧʦʣʦʚʠʥʠ ʾʾ ʪʦʚʱʠʥʠ. ʎʝ ʜʦʩʷʛʘ-

ʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʤʝʤʙʨʘʥʠ, ʚ ʷʢʽʡ ʾʾ ʜʽʘʤʝʪʨ 

ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʦʚʱʠʥʫ ʥʝ ʤʝʥʰʝ, ʥʽʞ ʚʜʝʩʷʪʝʨʦ. 

 

ʈʠʩʫʥʦʢ 2.19 ï ʊʘʨʫʚʘʣʴʥʠʡ ʛʨʘʬʽʢ ʜʘʚʘʯʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ  

ʥʘ ʢʘʥʘʣʽ ʧʽʜʩʠʣʝʥʥʷ ˉ 1  
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ʈʠʩʫʥʦʢ 2.20 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʜʘʚʘʯʘ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ  

ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʪʝʥʜʽ  

 

ʄʦʤʝʥʪ ʦʧʦʨʫ ʨʫʭʫ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʚʝʜʝʥʦʤʫ ʚʘʣʫ ʢʣʠʥʦʧʘ-

ʩʦʚʦʾ ʧʝʨʝʜʘʯʽ ʧʦʨʦʰʢʦʚʠʤ ʛʘʣʴʤʦʤ ʇʊ-40, ʚʠʤʽʨʶʚʘʚʩʷ ʪʝʥʟʦʤʝʪʨʠ-

ʯʥʠʤ ʜʘʚʘʯʝʤ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʤʫ ʧʨʠʩʪʨʦʾ. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʜʘʚʘʯʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.21, ʘ ʬʦ-

ʪʦ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ï ʥʘ ʨʠʩ. 2.22. ɼʘʚʘʯ ʤʽʩʪʠʪʴ ʚʠʤʽʨʶʚʘʣʴʥʫ 

ʩʢʦʙʫ 1, ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʷʢʦʾ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʢʦʨʧʫʩʽ 2 ʧʦʨʦʰ-

ʢʦʚʦʛʦ ʛʘʣʴʤʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʚʠʥʪʽʚ 3. ɺʝʨʭʥʷ ʯʘʩʪʠʥʘ ʩʢʦʙʠ ʩʧʨʠʡ-

ʤʘʻ ʚʝʨʪʠʢʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʣʢʠ 4, ʷʢʽ ʻ ʘʥʘʣʦʛʦʚʠʤ ʩʠʛʥʘʣʦʤ ʤʦ-

ʤʝʥʪʫ ʦʧʦʨʫ ʨʫʭʫ, ʱʦ ʚʠʥʠʢʘ ̒ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʩʠʣʦʚʠʭ ʤʘʛʥʽʪ-

ʥʠʭ ʧʦʣʽʚ ʩʪʘʪʦʨʘ ʽ ʨʦʪʦʨʘ. ɺʝʨʪʠʢʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʢʦʙʠ ʬʽʢʩʫʶʪʴ-

ʩʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ 5 ʽ 6 ʪʠʧʫ ʇʂɹ-20-200, ʷʢʽ ʥʘʢʣʝʻʥʽ ʟ ʦʙʦʭ ʙʦʢʽʚ ʾʾ 

ʪʦʥʢʦʾ ʘʨʦʯʥʦʾ ʯʘʩʪʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʘ ʪʘʢʦʞ ʽʥʜʠʢʘʪʦʨʦʤ ʧʝ-

ʨʝʤʽʱʝʥʴ 7 ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ. ɺʠʭʦʜʠ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʟôʻʜʥʘʥʽ ʟʘ 

ʥʘʧʽʚʤʦʩʪʦʚʦʶ ʩʭʝʤʦʶ ʽ ʧʽʜôʻʜʥʘʥʽ ʜʦ ʨʦʟôʻʤʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ 8. ʊʘʨʫʚʘʥʥʷ ʜʘʚʘʯʘ ʧʨʦʚʦʜʠʤʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴ-

ʥʦʛʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʘʞʝʣʷ ʽ ʝʪʘʣʦʥʥʠʭ ʚʘʥʪʘʞʽʚ, 

ʤʘʩʘ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 1 ʢʛ. 
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ʈʠʩʫʥʦʢ 2.21 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʜʘʚʘʯʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

 

 
 

ʈʠʩʫʥʦʢ 2.22 ï ɼʘʚʘʯ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ  

ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʪʝʥʜʽ 
 

ʆʜʠʥ ʢʽʥʝʮʴ ʚʘʞʝʣʷ ʟʘʢʨʽʧʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʪʫʣʢʠ ʥʘ ʚʘʣʫ ʥʘʚʘʥ-

ʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʘ ʽʥʰʠʡ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʚʽʜʩʪʘʥʽ 1 ʤ ʧʨʠ-

ʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʚʽʰʫʚʘʥʥʷ ʝʪʘʣʦʥʥʦʛʦ ʚʘʥʪʘʞʫ. ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʝʪʘ-

ʣʦʥʥʦʛʦ ʚʘʥʪʘʞʫ ʥʘ ʧʽʜʚʽʩ ʩʪʚʦʨʶʚʘʚʩʷ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʚʨʽʚʥʦʚʘ-

ʞʫʚʘʚʩʷ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ ʨʫʭʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ. ɺʝʣʠʯʠʥʘ ʡʦʛʦ ʟʘʣʝ-

ʞʘʣʘ ʚʽʜ ʥʘʧʨʫʛʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʘ ʧʝʚʥʽʡ ʚʝʣʠʯʠʥʽ ʩʪʨʫʤʫ, ʧʦʢʘʟʠ ʷʢʦʛʦ 
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ʬʽʢʩʫʚʘʣʠʩʴ ʚʽʜʭʠʣʝʥʥʷʤ ʩʪʨʽʣʢʠ ʥʘ ʰʢʘʣʽ ʘʤʧʝʨʤʝʪʨʘ ʚʠʧʨʷʤʣʷʯʘ. ʅʘ-

ʚʘʥʪʘʞʫʚʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʪʘʨʫʚʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʨʫʭʫ ʢʦʥʪʨʦʣʶʚʘ-

ʣʠʩ̫ ʟʘ ʢʽʣʴʢʽʩʪʶ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʘʥʪʘʞʽʚ ʽ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʽʥʜʠʢʘʪʦʨʦʤ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜʭʠʣʝʥʥʷʤ ʩʪʨʽʣʢʠ ʤʽʣʽʘʤʧʝʨʤʝʪʨʘ ʪʝʥʟʦʧʽʜʩʠ-

ʣʶʚʘʯʘ ʽ ʧʨʦʤʝʥʷ ʰʣʝʡʬʫ ʦʩʮʠʣʦʛʨʘʬʘ ʟʘ ʧʦʜʽʣʢʘʤʠ ʾʭ ʰʢʘʣ. ʊʘʨʫʚʘʣʴʥʽ 

ʛʨʘʬʽʢʠ ʜʘʚʘʯʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.23. 
 

 
 

ʈʠʩʫʥʦʢ 2.23 ïʊʘʨʫʚʘʣʴʥʽ ʛʨʘʬʽʢʠ ʜʘʚʘʯʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ:  

1 ï ʢʘʥʘʣ ʧʽʜʩʠʣʝʥʥʷ ˉ 1; 2 ï ʢʘʥʘʣ ʧʽʜʩʠʣʝʥʥʷ ˉ 2;  

3 ï ʢʘʥʘʣ ʧʽʜʩʠʣʝʥʥʷ ˉ 3 

ʊʘʭʦʤʝʪʨʠʯʥʠʡ ʜʘʚʘʯ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʪʠʧʫ ɼʊɽ-042 ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʨʠʩ. 2.24 ʚ ʤʽʩʮʽ ʫʩʪʘʥʦʚʢʠ ʡʦʛʦ ʥʘ ʩʪʝʥʜʽ. ʇʝʨʝʪʚʦʨʶʚʘʯʝʤ ʜʘʚʘʯʘ 

ʮʴʦʛʦ ʪʠʧʫ ʻ ʪʘʭʦʛʝʥʝʨʘʪʦʨ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʟʤʽʥʥʦʾ ʝʣʝʢʪʨʦ-

ʨʫʰʽʡʥʦʾ ʩʠʣʠ, ʯʘʩʪʦʪʘ ʷʢʦʾ ʧʨʦʧʦʨʮʽʡʥʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʥʪ-

ʨʦʣʴʦʚʘʥʦʛʦ ʚʘʣʘ. ɽʣʝʢʪʨʠʯʥʘ ʽ ʤʝʭʘʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʚʘʯʘ ʪʘʢʽ: 

ʜʽʘʧʘʟʦʥ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ ï 0...2000 ʭʚ-1; ʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ï 80...88 ɺ; 

ʯʘʩʪʦʪʘ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ï 166,67 ɻʮ; ʦʧʽʨ ʦʙʤʦ-

ʪʦʢ ï 400 ʆʤ; ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ ï50é+70 Áʉ. ʊʘʨʫʚʘʥʥʷ ʜʘʚʘʯʘ 

ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʭʦʤʝʪʨʘ ʛʦʜʠʥʥʠʢʦʚʦʛʦ 

ʪʠʧʫ ʉʂ 751, ʜʣʷ ʷʢʦʛʦ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʦ 
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1000 ʭʚï1 ʥʝ ʧʝʨʝʚʠʱʫʻ 1 %. ɿʤʽʥʥʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʝʜʫʯʦʛʦ ʚʘʣʘ 

ʦʪʨʠʤʘʥʦ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʛʫʣʷʪʦʨʘ ʧʦʪʦʢʫ. ʊʘʭʦʤʝʪʨʠʯʥʠʡ ʜʘʚʘʯ ʽ ʪʘʭʦʤʝʪʨ ʛʦʜʠʥʥʠʢʦʚʦʛʦ 

ʪʠʧʫ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟ ʧʨʦʪʠʣʝʞʥʠʭ ʪʦʨʮʽʚ ʚʝʜʫʯʦʛʦ ʚʘʣʘ. ʊʘʨʫʚʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʧʦʢʘʟʘʤʠ ʪʘʭʦʤʝʪʨʘ ʛʦʜʠʥʥʠ-

ʢʦʚʦʛʦ ʪʠʧʫ ʽ ʨʝʻʩʪʨʫʶʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷʤ ʧʨʦʤʝʥʷ ʰʣʝʡʬʘ ʦʩʮʠʣʦʛʨʘ-

ʬʘ ʟʘ ʧʦʜʽʣʢʘʤʠ ʡʦʛʦ ʰʢʘʣʠ. ʊʘʨʫʚʘʣʴʥʠʡ ʛʨʘʬʽʢ ʜʘʚʘʯʘ ʯʠʩʣʘ ʦʙʝʨʪʽʚ 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2.25. 

 

 

ʈʠʩʫʥʦʢ 2.24 ï ʊʘʭʦʤʝʪʨʠʯʥʠʡ ʜʘʚʘʯ ʯʠʩʣʘ ʦʙʝʨʪʽʚ  

ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʪʝʥʜʽ 

 

 

ʈʠʩʫʥʦʢ 2.25 ï ʊʘʨʫʚʘʣʴʥʠʡ ʛʨʘʬʽʢ ʪʘʭʦʤʝʪʨʠʯʥʦʛʦ ʜʘʚʘʯʘ ʯʠʩʣʘ ʦʙʝʨʪʽʚ  
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ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʜʘʚʘʯʽʚ ʪʠʩʢʫ ʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚʠʟʥʘʯʘʣʠʩʷ ʚʽʜ-

ʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ, ʚʠʢʣʘʜʝʥʽʡ ʚ ʧʨʘʮʽ [154]. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ f0 ʙʫʜʴ-ʷʢʦʛʦ ʪʝʥʟʦʤʝʪʨʠʯʥʦʛʦ ʜʘʚʘʯʽʚ ʤʦʞʝ ʙʫʪʠ ʨʦʟ-

ʨʘʭʦʚʘʥʘ ʟʘ ʬʦʨʤʫʣʦʶ 

1

2ˊ
0

e e

f =
m e

,    (2.47)  

ʜʝ me ï ʝʢʚʽʚʘʣʝʥʪʥʘ ʤʘʩʘ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʜʘʚʘʯʘ; ee ï ʝʢʚʽʚʘʣʝʥʪʥʘ 

ʧ̔ ʜʜʘʪʣʠʚʽʩʪʴ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʜʘʚʘʯʘ. 

ɼʣʷ ʪʨʫʙʯʘʩʪʦʛʦ ʜʘʚʘʯʘ ʪʠʩʢʫ ʝʢʚʽʚʘʣʝʥʪʥʘ ʤʘʩʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ [155]: 

1 1 1 12

4
1,27ɟe

m
m = = h l (h +d ),

p
     (2.48) 

 

ʜʝ r ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʪʨʫʙʢʠ; h1 ï ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʪʨʫʙʢʠ; l1, d1  ï  

ʜʦʚʞʠʥʘ ʽ ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʪʠʩʢʫ. 

ʉʫʤʘʨʥʘ ʧʽʜʜʘʪʣʠʚʽʩʪʴ ʪʨʫʙʢʠ 2 ʽ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʪʠʩʢʫ ʚʠʟʥʘʯʘ-

ʶʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ [149]  

( )1 1 1 1 11,27 1 0,5ɛ 0,ï 25 2

e ke = l d k + Eh / (h d E ),è øê ú  (2.49) 

 

ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ; ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʨʫʞʥʦ-

ʛʦ ʝʣʝʤʝʥʪʘ; ʢ ï ʟʚʝʜʝʥʠʡ ʤʦʜʫʣʴ ʦʙô̒ ʤʥʦʾ ʧʨʫʞʥʦʩʪʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ. 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (2.48) ʽ (2.49) ʚ (2.47), ʦʪʨʠʤʘʻʤʦ 

( )
1

ʦʪ

1 1 1 1 1

0,125 .
ɟ 1 0,5 0,ï ɛ 25

ʢd E
f =

l (h +d ) d k + h Eè øê ú
    (2.50) 

 

ɼʣʷ ʤʝʤʙʨʘʥʥʦʛʦ ʜʘʚʘʯʘ ʪʠʩʢʫ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦ-

ʨʤʫʣʦʶ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʚ [343] ʽ ʤʘʻ ʚʠʛʣʷʜ 

1
ʦʤ 2 2

2

0,649
1-ɛ ɟ

h E
f = ,

d ( )
    (2.51) 

ʜʝ d2, h2 ï ʨʦʙʦʯʠʡ ʜʽʘʤʝʪʨ ʤʝʤʙʨʘʥʠ ʽ ʾʾ ʪʦʚʱʠʥʘ. 
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ɺʣʘʩʥʘ ʯʘʩʪʦʪʘ ʜʘʚʘʯʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʟʘʣʝʞ-

ʥʽʩʪʶ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʯʘʩʪʦʪʫ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʥʩʦʣʴʥʦʾ ʙʘʣʢʠ, ʦʜʠʥ 

ʢʽʥʝʮʴ ʷʢʦʾ ʟʘʢʨʽʧʣʝʥʦ, ʘ ʽʥʰʠʡ ï ʟʚôʷʟʘʥʠʡ ʟ ʢʦʣʠʚʥʠʤ ʦʙôʻʢʪʦʤ ʽ, ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ ʜʣʷ ʤʘʩʠ [152], 

3 3 30,236 ɟem = b l h      (2.52) 

 

ʪʘ ʜʣʷ ʧʽʜʜʘʪʣʠʚʦʩʪʽ 

                                   
3 3

3 3 3ee = 4l / Eb h ,                                  (2.53) 

 

ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ  

 

                            
3 3

0ʙ 2

3

0,164
ɟ

h E
f = ,

l
                                (2.54) 

 

ʜʝ l3, h3 ï ʜʦʚʞʠʥʘ ʽ ʪʦʚʱʠʥʘ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ ʙʘʣʢʠ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʛʦʪʦʚʣʝʥʠʭ ʪʝʥʟʦʜʘʚʘʯʽʚ ʪʠʩʢʫ ʽ ʢʨʫʪ-

ʥʦʛʦ ʤʦʤʝʥʪʫ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʠ ʜʦʩʣʽʜʞʝʥʴ, ʙʦ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ, ʱʦ 

ʚʠʟʥʘʯʝʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.50), (2.51) ʽ (2.54) ʽ ʚʽʜʧʦʚʽʜʥʦ ʨʽʚʥʽ 4927 ɻʮ, 

1737 ɻʮ, 506 ɻʮ, ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʨʝʻʩʪʨʦʚʘʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʷʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 170 ɻʮ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʦʩʮʠʣʦʛʨʘʬʫ-

ʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʠʚʜ̔ʥʦʛʦ ʧʨʠʩʪʨʦʶ ʩʪʨʽ-

ʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʘʣʴʚʘʥʦʤʝʪʨʠ ʪʠʧʫ ʅ 001, ʱʦ 

ʤʘʶʪʴ ʚʣʘʩʥʫ ʯʘʩʪʦʪʫ 1200 ɻʮ ʟʘ ʩʪʫʧʝʥʝʤ ʩʪʘʥʫ ʩʧʦʢʦʶ ʨʫʭʦʤʦʾ ʩʠʩ-

ʪʝʤʠ ʛʘʣʴʚʘʥʦʤʝʪʨʽʚ b = 0,7 ï 0,1 [156]. 

ʃʽʥʽʡʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʚʘʯʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʧʘʨʘʤʝʪʨʽʚ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʜʘʚʘʯʽʚ ʚʠ-

ʢʦʨʠʩʪʘʥʦ ʧʫʣʴʪ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʦʯʥʠʭ ʙʘʣʘʥʩʫʚʘʥʴ ʤʦʩʪʫ ʪʘ ʚʠʩʪʘʚ-

ʣʝʥʥʷ ʥʫʣʷ ʽ ʫʟʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ ʛʘʣʴʚʘʥʦʤʝʪʨʽʚ ʰʣʝʡʬʦʚʦʛʦ ʦʩʮʠʣʦ-

ʛʨʘʬʘ.  
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3 ɼʀʅɸʄɯʏʅɯ ʇʈʆʎɽʉʀ ʋ ʇʈʀɺɯɼʅʀʍ ʉʀʉʊɽʄɸʍ  

ʂʆʅɺɽɭʈɯɺ ʄʆɹɯʃʔʅʀʍ ʄɸʐʀʅ  

ɯɿ ɿɸʉʆɹɸʄʀ ɻɯɼʈʆɸɺʊʆʄɸʊʀʂʀ 

3.1 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʫ  

ʟ ʧʫʩʢʦʚʠʤ ʧʨʠʩʪʨʦʻʤ 

ɺ ʨʦʟʜʽʣʽ 3.1 ʧʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʛʽʜʨʦʘʚʪʦ-

ʤʘʪʠʢʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ ʧʫʩʢʫ ʢʦʥʚʝʻʨʘ ʟʽ ʟʤʽʥʦʶ ʦʙʝʨʪʦʚʦʛʦ ʤʦ-

ʤʝʥʪʫ ʥʘ ʧʨʠʚʜ̔ʥʦʤʫ ʙʘʨʘʙʘʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ ʚ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʤʫ ʦʨʛʘʥʽ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 

ʅʘ ʨʠʩ. 3.1 ʧʦʜʘʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥ ʪʷʛʦʚʦʾ F ʪʘ ʢʦʣʦʚʦʾ Ft  ʩʠʣ ʟʘ ʨʘʮʽʦ-

ʥʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʧʫʩʢʫ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʠʭ ʛʨʘ-

ʬʽʢ ʟʤʽʥʠ ʪʠʩʢʫ ʨ ʚ ʥʘʧʽʨʥʽʡ ʤʘʛʽʩʪʨʘʣʽ ʛʽʜʨʦʤʦʪʦʨʘ ʧʨʠʚʦʜʫ ʚ ʯʘʩ̔.  

ʅʘ ʛʨʘʬʽʢʫ (ʜʠʚ. ʨʠʩ. 3.1ʘ ʪʘ ʙ) ʚʠʜʽʣʝʥʦ ʪʨʠ ʧʨʦʤʽʞʢʠ ʯʘʩʫ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʪʘʢʠʭ ʬʘʟ ʧʫʩʢʫ ʷʢ ʟʨʫʰʝʥʥʷ (ʚʽʜ 0 ʜʦ tʟʨ), ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʘʪʠʯʥʦʛʦ ʟʫʩʠʣʣʷ ʥʘ ʧʨʠʚʜ̔ʥʦʤʫ ʙʘʨʘʙʘʥʽ ʢʦʥʚʝʻʨʘ (ʚʽʜ tʟʨ ʜʦ tʧ), ʨʦ-

ʟʛʦʥʫ ʢʦʥʚʝʻʨʘ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ (ʚʽʜ tʧ ʜʦ t). ɿʘ ʮʠʤ ʩʧʦʩʦʙʦʤ 

ʧʫʩʢʫ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ ʧʨʠʚʦʜʫ ʥʘ ʧʝʨʰʽʡ ʬʘʟʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ʚʝʣʠʯʠ-

ʥʠ F3 ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʤʝʥʰʝʥʥʷ ʢʦʣʦʚʦʾ ʩʠʣʠ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʧʨʫʞʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʩʪʨʽʯʢʠ. ɺ ʧʝʨʽʦʜ ʚʽʜ tʟʨ ʜʦ tʧ, ʧʦʢʠ ʚʽʜʙʠʪʘ ʭʚʠʣʷ ʚʽʜ 

ʦʩʪʘʥʥʴʦʾ ʨʦʣʠʢʦʦʧʦʨʠ ʥʝ ʧʦʚʝʨʥʝʪʴʩʷ ʜʦ ʧʨʠʚʜ̔ʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʩʠʣʘ 

F3 ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. ʇʽʩʣʷ ʯʦʛʦ ʾʾ ʟʤʝʥʰʫʶʪʴ ʜʦ ʚʝʣʠʯʠʥʠ ʩʪʘ-

ʪʠʯʥʦʛʦ ʟʫʩʠʣʣʷ Fʩʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʦʚʽʡ ʩʠʣʽ Ftʩʪ, ʟʘ ʷʢʦʾ ʚʩʪʘʥʦʚ-

ʣʶʻʪʴʩʷ ʥʦʤʽʥʘʣʴʥʠʡ ʨʝʞʠʤ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʽʜʪʚʦʨʠʪʠ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʨʝʞʠʤ 

ʟʤʽʥʠ ʪʷʛʦʚʦʾ ʩʠʣʠ F ʥʘ ʧʨʠʚʜ̔ʥʦʤʫ ʙʘʨʘʙʘʥʽ, ʪʠʩʢ ʨ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ 

ʧʨʠʚʦʜʫ ʪʝʦʨʝʪʠʯʥʦ ʧʦʚʠʥʝʥ ʟʤʽʥʶʚʘʪʠʩʴ ʥʘ ʨʽʟʥʠʭ ʬʘʟʘʭ ʧʫʩʢʫ ʪʘ-

ʢʠʤ ʯʠʥʦʤ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʛʨʘʬʽʢʫ (ʜʠʚ. ʨʠʩ. 3.1ʚ). 

ʅʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʦʛʦ ʩʧʦʩʦʙʫ ʧʫʩʢʫ ʫ ɺʅʊʋ ʟʜʽʡʩʥʝʥʦ ʩʠʥʪʝʟ 

ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʤʦʥʪʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝ-

ʨ̒ʘ (ʤʦʪʦʨ-ʙʘʨʘʙʘʥʘ), ʱʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.2 [157, 158]. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʤʦʪʦʨ-ʙʘʨʘʙʘʥ (ʜʠʚ. ʨʠʩ. 3.2ʘ) ʤʽʩʪʠʪʴ ʢʦʨʧʫʩ ʙʘ-

ʨʘʙʘʥʘ 1, ʚ ʷʢʠʡ ʚʙʫʜʦʚʘʥʦ ʧʨʠʚʜ̔, ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʦʛʦ ʛʽʜ-

ʨʦʤʦʪʦʨʘ 2 (ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʜʙʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʨʫ-

ʛʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʧʘʨʘʣʝʣʴʥʦ ʛʽʜʨʦʤʦʪʦʨʫ 2), ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘ-

ʥʽʟʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʜʫʯʦʛʦ 3, ʧʨʦʤʽʞʥʠʭ 4 ʪʘ ʢʦʨʦʥʥʦʛʦ 5 ʟʫʙ-

ʯʘʩʪʠʭ ʢʦʣʽʩ. ʂʦʨʧʫʩ ʙʘʨʘʙʘʥʘ 1 ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʽ, ʚʠʢʦʥʘʥʽʡ ʟ ʜʚʦʭ 

ʧʽʚʦʩʝʡ 6 ʪʘ 7. ɼʣʷ ʧʽʜʚʝʜʝʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚʽʜ ʛʽʜʨʦ-
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ʤʦʪʦʨʘ 2 ʚʩʝʨʝʜʠʥʽ ʧʽʚʦʩʝʡ 6 ʪʘ 7 ʚʠʢʦʥʘʥʦ ʦʩʴʦʚʽ ʢʘʥʘʣʠ 8 ʽ 9, ʷʢʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʟôʻʜʥʘʥʽ ʟ ʨʦʙʦʯʦʶ ʢʘ-

ʤʝʨʦʶ ʛʽʜʨʦʤʦʪʦʨʘ. ʅʘ ʚʽʜʚʝʜʝʥʥʽ ʥʘʧʽʨʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʩʪʘʥʦʚ-

ʣʝʥʦ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ ʧʫʩʢʫ 10 (ʥʘ ʩʭʝʤʽ ʣʽʪʝʨʘʤʠ ʄɿ ʟʘ-

ʟʥʘʯʝʥʦ ʤʝʭʘʥʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʫʣʴʢʦʚʠʤ ʟʘʪʚʦʨʦʤ ʪʘ ʰʪʦʚʭʘʯʝʤ 

ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ). 
 

 
 

ʈʠʩʫʥʦʢ 3.1 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʷʛʦʚʦʾ F (ʘ) ʪʘ ʢʦʣʦʚʦʾ Ft (ʙ) ʩʠʣ  

ʟʘ ʨʘʮʽʦʥʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʧʫʩʢʫ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ  

ʪʘ ʪʠʩʢʫ ʨ (ʚ) ʚ ʥʘʧʽʨʥʽʡ ʤʘʛʽʩʪʨʘʣʽ ʛʽʜʨʦʤʦʪʦʨʘ ʧʨʠʚʦʜʫ 
 

ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ ʧʫʩʢʫ 10 (ʜʠʚ. ʨʠʩ. 3.2ʙ) ʛʽʜʨʘʚ-

ʣʽʯʥʦʛʦ ʤʦʪʦʨ-ʙʘʨʘʙʘʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ 11, ʚ ʦʜʥʽʡ ʯʘʩʪʠʥʽ ʷʢʦ-

ʛʦ ʨʦʟʤʽʱʝʥʦ ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥ (ʩʝʥʩʦʨ), ʱʦ ʤʽʩʪʠʪʴ ʢʫʣʴʢʦʚʠʡ ʟʘ-

ʪʚʦʨ 12, ʧʨʠʪʠʩʥʫʪʠʡ ʧʨʫʞʠʥʦʶ 13 ʜʦ ʢʦʥʽʯʥʦʛʦ ʩʽʜʣʘ, ʚʠʢʦʥʘʥʦʛʦ ʫ 

ʢʦʨʧʫʩʽ 11, ʷʢʝ ʨʦʟʜʽʣʷʻ ʡʦʛʦ ʥʘ ʯʘʩʪʠʥʠ, ʪʘ ʦʧʦʨʥʝ ʢʽʣʴʮʝ 14 ʽ ʨʝʛʫ-

ʣʶʚʘʣʴʥʠʡ ʛʚʠʥʪ 15 ʜʣʷ ʥʘʣʘʛʦʜʞʝʥʥʷ ʥʘ ʟʘʜʘʥʠʡ ʪʠʩʢ, ʢʦʪʨʠʡ ʚʩʪʘ-

ʥʦʚʣʝʥʦ ʫ ʟʘʜʥʽʡ ʢʨʠʰʮʽ 16. 
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ʈʠʩʫʥʦʢ 3.2ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ  

ʢʦʥʚʝʻʨʘ ʟ ʧʫʩʢʦʚʠʤ ʧʨʠʩʪʨʦʻʤ 

 

ɺ ʽʥʰʽʡ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ 11 ʨʦʟʤʽʱʝʥʦ ʧʨʠʩʪʨʽʡ ʚʠʪʨʠʤʢʠ ʩʪʫʧʽʥ-

ʯʘʩʪʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʩʝʨʝʜʠʥʽ ʢʦʨʧʫ-

ʩʫ ʟʘ ʜʚʦʤʘ ʜʽʘʤʝʪʨʘʣʴʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ 17 ʟ 

ʰʪʦʚʭʘʯʝʤ, ʱʦ ʩʧʽʚʚʽʩʥʦ ʮʠʤ ʧʦʚʝʨʭʥʷʤ ʚʠʢʦʥʘʥʦ ʥʘ ʪʦʨʮʝʚʽʡ ʧʦʚʝʨ-

ʭʥʽ ʤʝʥʰʦʛʦ ʩʪʫʧʝʥʷ ʧʦʨʰʥʷ, ʟʚʦʨʦʪʥʦʾ ʧʨʫʞʠʥʠ 18, ʾʾ ʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʫʧʦʨʘ 19 ʟ ʛʘʡʢʦʶ 20 ʪʘ ʦʧʦʨʥʦʛʦ ʢʽʣʴʮʷ 21, ʷʢʝ ʯʝʨʝʟ ʨʽʟʴʙʫ ʟôʻʜʥʘʥʦ 

ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʧʦʨʦʞʥʠʥʠ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ 17 ʽ ʤʘʻ 

ʟʘʟʦʨ ʽʟ ʟʦʚʥʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʫʧʦʨʘ 19. ʉʪʫʧʽʥʯʘʩʪʠʡ 

ʧʦʨʰʝʥʴ 17 ʬʽʢʩʫʻʪʴʩʷ ʫ ʢʦʨʧʫʩʽ 11 ʧʝʨʝʜʥʴʦʶ ʢʨʠʰʢʦʶ 22. ʇʦʨʦʞ-

ʥʠʥʫ ɸ ʤʽʞ ʢʫʣʴʢʦʚʠʤ ʟʘʪʚʦʨʦʤ 12 ʪʘ ʪʦʨʮʝʚʦʶ ʧʦʚʝʨʭʥʝʶ ʤʝʥʰʦʛʦ 

ʩʪʫʧʝʥʷ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ 17 ʧʽʜôʻʜʥʘʥʦ ʜʦ ʥʘʧʽʨʥʦʾ ʧʦʨʦʞʥʠʥʠ 
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ʛʽʜʨʦʤʦʪʦʨʘ. ʇʦʨʦʞʥʠʥʫ ʟʘʧʦʙʽʞʥʦʛʦ ʢʣʘʧʘʥʘ ɹ ʟôʻʜʥʘʥʦ ʟʽ ʟʣʠʚʦʤ. 

ʇʦʨʦʞʥʠʥʫ ɺ, ʫʪʚʦʨʝʥʫ ʧʦʚʝʨʭʥʷʤʠ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ 17 ʽ ʢʦʨ-

ʧʫʩʫ 11, ʟôʻʜʥʘʥʦ ʯʝʨʝʟ ʨʝʛʫʣʴʦʚʘʥʠʡ ʜʨʦʩʝʣʴ 23 ʪʘ ʧʘʨʘʣʝʣʴʥʦ ʚʩʪʘ-

ʥʦʚʣʝʥʠʡ ʡʦʤʫ ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ 24 ʟ ʧʦʨʦʞʥʠʥʦʶ ɹ. ʇʦʨʦʞʥʠʥʫ ɻ 

ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ 17 ʟôʻʜʥʘʥʦ ʟ ʧʦʨʦʞʥʠʥʦʶ ɸ ʜʨʦʩʝʣʝʤ 25, ʱʦ 

ʚʠʢʦʥʘʥʠʡ ʘʢʩʽʘʣʴʥʦ ʫ ʪʦʨʮʽ ʤʝʥʰʦʛʦ ʩʪʫʧʝʥʷ ʧʦʨʰʥʷ. 

ʈʦʙʦʪʘ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦʣʷʛʘʻ ʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʚʽʜ ʪʠʩʢʫ p1, 

ʷʢʠʡ ʚʠʱʝ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʥ, ʪʘ ʚʠʪʨʠʤʮʽ ʮʴʦʛʦ ʪʠʩʢʫ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ 

(ʚʽʜ tʟʨ ʜʦ tʧ), ʧʽʩʣʷ ʯʦʛʦ ʢʣʘʧʘʥ ʨʽʟʢʦ ʟʥʠʞʫʻ ʮʝʡ ʪʠʩʢ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ 

ʨʥ ʽ ʧʽʜʪʨʠʤʫʻ ʡʦʛʦ ʚʧʨʦʜʦʚʞ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ. ʊʘʢʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʤʽʩʪʠʪʴ ʩʪʫʧʽʥʯʘʩʪʠʡ ʧʦʨʰʝʥʴ 17. 

ʅʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽʡ ʩʭʝʤʽ ʧʦʢʘʟʘʥʦ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ. 

ʈʽʟʢʝ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʛʦʣʦʚʥʽʡ ʨʦʙʦʯʽʡ ʣʽʥʽʾ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʫ ʧʦʯʘʪ-

ʢʦʚʠʡ ʤʦʤʝʥʪ ʨʦʙʦʪʠ ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪʨʦʾʚ ʘʙʦ ʥʘ ʜʝʷʢʠʭ ʽʥʰʠʭ ʨʝ-

ʞʠʤʘʭ, ʚʠʢʣʠʢʘʻ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʢʫʣʴʢʦʚʦʛʦ ʢʣʘʧʘʥʘ 12, ʘʣʝ ʚʽʜ ʪʠʩʢʫ 

ʚʠʱʦʛʦ ʟʘ ʥʦʤʽʥʘʣʴʥʠʡ. ɿʥʘʯʝʥʥʷ ʪʠʩʢʫ ʚʽʜʢʨʠʪʪʷ ʨʝʛʫʣʶʻʪʴʩʷ ʧʨʫ-

ʞʠʥʦʶ 13. ʋ ʮʝʡ ʞʝ ʤʦʤʝʥʪ ʧʦʯʠʥʘʻ ʨʫʭʘʪʠʩʴ ʩʪʫʧʽʥʯʘʩʪʠʡ ʧʦʨʰʝʥʴ 

17 ʯʝʨʝʟ ʨʽʟʥʠʮʶ ʩʠʣ ʪʠʩʢʫ ʨʽʜʠʥʠ ʫ ʧʦʨʦʞʥʠʥʽ ɸ ʨʘʟʦʤ ʽʟ ʟʫʩʠʣʣʷʤ 

ʧʨʫʞʠʥʠ 18, ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ, ʪʘ ʩʠʣʠ ʪʠʩʢʫ ʨʽʜʠʥʠ ʫ ʧʦʨʦʞʥʠʥʽ ɻ, ʟ 

ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʮʽ ʨʦʙʦʯʠʭ ʧʣʦʱ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰ-

ʥʷ 17. ʇʽʜ ʯʘʩ ʨʫʭʫ ʩʪʫʧʽʥʯʘʩʪʠʡ ʧʦʨʰʝʥʴ 17 ʚʠʰʪʦʚʭʫʻ ʨʽʜʠʥʫ ʽʟ ʟʘ-

ʢʨʠʪʦʾ ʧʦʨʦʞʥʠʥʠ ɺ ʯʝʨʝʟ ʜʨʦʩʝʣʴ 23, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥ-

ʥʷʤ ʪʠʩʢʫ ʫ ʧʦʨʦʞʥʠʥʽ ɺ ʪʘ ʚʨʽʚʥʦʚʘʞʝʥʥʷʤ ʩʠʣ ʥʘ ʪʦʨʮʷʭ ʩʪʫʧʽʥʯʘʩ-

ʪʦʛʦ ʧʦʨʰʥʷ 17. ʂʦʣʠ ʰʪʦʚʭʘʯ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ 17 ʜʦʩʷʛʥʝ ʢʫ-

ʣʴʢʠ 12 ʢʣʘʧʘʥʘ, ʚʦʥʘ ʦʪʨʠʤʘʻ ʜʦʜʘʪʢʦʚʝ ʟʫʩʠʣʣʷ ʟʽ ʩʪʦʨʦʥʠ ʧʦʨʦʞ-

ʥʠʥʠ ɸ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦʜʘʪʢʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʽʟ ʜʦʜʘʪʢʦʚʠʤ ʩʪʠʩʢʘʥ-

ʥʷʤ ʧʨʫʞʠʥʠ 13. ʎʝ ʩʧʨʠʯʠʥʶʻ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ ʽ, ʚʽʜ-

ʧʦʚʽʜʥʦ, ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʫ ʧʦʨʦʞʥʠʥʽ ɸ ʪʘ ʛʦʣʦʚʥʽʡ ʨʦʙʦʯʽʡ ʣʽʥʽʾ ʛʽʜ-

ʨʦʩʠʩʪʝʤʠ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʂʦʣʠ ʪʠʩʢ ʫ ʧʦʨʦʞʥʠʥʘʭ ɸ ʪʘ ɻ 

ʜʦʩʷʛʥʝ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʜʽʶʯʽ ʥʘ ʩʪʫʧʽʥʯʘʩʪʠʡ ʧʦʨʰʝʥʴ 17 

ʩʠʣʠ ʪʠʩʢʫ ʫ ʧʦʨʦʞʥʠʥʽ ɸ ʪʘ ʩʠʣʠ ʧʨʫʞʠʥ 13 ʽ 18 ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ, 

ʚʨʽʚʥʦʚʘʞʘʪʴ ʩʠʣʫ ʪʠʩʢʫ ʨʽʜʠʥʠ ʫ ʧʦʨʦʞʥʠʥʽ ɻ ʟ ʜʨʫʛʦʾ ʩʪʦʨʦʥʠ, ʪʦʙʪʦ 

ʨʫʭ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ 17 ʧʨʠʧʠʥʠʪʴʩʷ. 

ɼʣʷ ʧʦʚʝʨʥʝʥʥʷ ʢʣʘʧʘʥʘ ʫ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʥʝʦʙʭʽʜʥʦ ʟʥʠʟʠʪʠ 

ʪʠʩʢ ʫ ʛʦʣʦʚʥʽʡ ʨʦʙʦʯʽʡ ʣʽʥʽʾ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʠʧʠʥʝʥʥʷ ʜʽʾ 

ʥʘʚʘʥʪʘʞʝʥʴ ʘʙʦ ʚʠʤʠʢʘʥʥ ̫ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ, ʧʦ-

ʧʝʨʰʝ, ʟʘʢʨʠʻʪʴʩʷ ʢʫʣʴʢʦʚʠʡ ʢʣʘʧʘʥ 12, ʧʦ-ʜʨʫʛʝ, ʟʫʩʠʣʣʷ ʚʽʜ ʧʨʫʞʠ-
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ʥʠ 18, ʱʦ ʜʽʻ ʥʘ ʩʪʫʧʽʥʯʘʩʪʠʡ ʧʦʨʰʝʥʴ 7, ʧʝʨʝʚʠʱʠʪʴ ʨʽʟʥʠʮʶ ʩʠʣ ʪʠ-

ʩʢʫ ʥʘ ʪʦʨʮʽ ʫ ʧʦʨʦʞʥʠʥʘʭ ɸ ʽ ɻ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʫʧʽʥʯʘʩʪʠʡ ʧʦʨʰʝʥʴ 7 

ʙʫʜʝ ʨʫʭʘʪʠʩʴ ʚʽʜ ʢʫʣʴʢʠ 12, ʘ ʧʦʨʦʞʥʠʥʘ ɺ ʙʫʜʝ ʦʪʨʠʤʫʚʘʪʠ ʨʽʜʠʥʫ 

ʚʽʜ ʧʦʨʦʞʥʠʥʠ ɹ ʯʝʨʝʟ ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ 24. 

ʋʩʽ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʊʘʢ 

ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʚʽʜʢʨʠʪʪʷ ʢʫʣʴʢʦʚʦʛʦ ʢʣʘʧʘʥʘ 12 ʨʝʛʫʣʶʻʪʴʩʷ ʧʨʫʞʠ-

ʥʦʶ 13, ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʫʧʽʥʯʘʩʪʠʤ ʧʦʨʰʥʝʤ 17 ʚʽʜʨʽʟʢʫ l1 ʜʦ ʥʘ-

ʪʠʩʢʘʥʥʷ ʥʘ ʢʫʣʴʢʫ 12, ʪʦʙʪʦ ʯʘʩ ʚʠʪʨʠʤʢʠ ʧʽʜʚʠʱʝʥʦʛʦ ʪʠʩʢʫ ʫ ʛʦʣʦʚ-

ʥʽʡ ʣʽʥʽʾ ʨʝʛʫʣʶʻʪʴʩʷ ʜʨʦʩʝʣʝʤ 23. ɿʥʘʯʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʪʠʩʢʫ, ʱʦ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʢʣʘʧʘʥʦʤ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʠʪʨʠʤʢʠ ʧʽʜʚʠʱʝʥʦʛʦ ʪʠʩ-

ʢʫ, ʨʝʛʫʣʶʻʪʴʩʷ ʧʨʫʞʠʥʦʶ 18 ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʦʨʥʦʛʦ ʢʽʣʴʮʷ 21.  

ɿʘ ʫʤʦʚʠ ʦʩʥʘʱʝʥʥʷ ʧʨʠʩʪʨʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫ-

ʚʘʥʥʷ ʩʝʥʩʦʨʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʜʠʩʪʘʥʮʽʡʥʦ. 

ʇʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʛʽʜʨʦʧʨʠ-

ʚʦʜʫ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʟ ʧʫʩʢʦʚʠʤ ʧʨʠʩʪʨʦʻʤ [159] ʟʘ ʨʦʟʨʘʭʫʥʢʦ-

ʚʦʶ ʩʭʝʤʦʶ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.3. ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʮʽʻʾ ʤʦʜʝʣʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʧʫʩʢʫ ʛʽʜʨʦʧʨʠʚʦʜʫ ʟ 

ʦʙôʻʤʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ [160]. 

ʅʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽʡ ʩʭʝʤʽ ʧʦʢʘʟʘʥʦ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ, 

ʢʦʣʠ ʪʠʩʢ ʝʥʝʨʛʦʥʦʩʽʷ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ pʜ ʤʝʥʠhʡ ʪʠʩʢʫ ʚʽʜʢʨʠʪʪʷ ʩʝʥ-

ʩʦʨʘ p1 (pʜ < p1). 
 

 

ʈʠʩʫʥʦʢ 3.3 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʛʽʜʨʦʧʨʠʚʦʜʫ  

ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ 
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ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʫ ʬʘʟʽ ʟʨʫʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ 

ʩʪʫʧʽʥʯʘʩʪʠʡ ʧʦʨʰʝʥʴ 1 ʫ ʡʦʛʦ ʚʠʭʽʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʟʦʤ 

( )3 2 3 2 2 02,g ʜ zʨ f p f p f f k y< + - +                            (3.1) 

 

ʜʝ f2, f3 ï ʧʣʦʱʽ ʧʝʨʝʨʽʟʽʚ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ 

ʜʽʻʶ ʪʠʩʢʫ ʨg  ʚ ʛʠʜʨʦʩʠʩʪʝʤʽ; ʨz ï ʪʠʩʢ ʚ ʟʣʠʚʥʽʡ ʤʘʛʽʩʪʨʘʣʽ; k2, y02 ï 

ʚʽʜʧʦʚʽʜʥʦ, ʞʦʨʩʪʢʽʩʪʴ ʽ ʧʦʧʝʨʝʜʥʷ ʜʝʬʦʨʤʘʮʽʷ ʧʨʫʞʠʥʠ 2. 

ɺʽʜʢʨʠʪʪʷ ʢʫʣʴʢʦʚʦʛʦ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ 3 ʩʝʥʩʦʨʘ ʥʘʩʪʘʻ ʚ ʢʽʥʮʽ 

ʬʘʟʠ ʟʨʫʰʝʥʥʷ t1 ʧʨʠʚʦʜʫ ʟʘ ʪʠʩʢʫ ʨ1 ʚ ʧʦʨʦʞʥʠʥʽ ɸ, ʷʢʠʡ ʚʠʱʝ ʥʦʤʽ-

ʥʘʣʴʥʦʛʦ ʨn, ʷʢʱʦ 

1 1 01 1p k y / f² ,                                         (3.2) 

 

ʜʝ f1 ï ʧʣʦʱʘ ʢʫʣʴʢʦʚʦʛʦ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ 3 ʚ ʤʽʩʮʽ ʢʦʥʪʘʢʪʫ ʟ ʩʽʜ-

ʣʦʤ; k1, y01 ï ʚʽʜʧʦʚʽʜʥʦ, ʞʦʨʩʪʢʽʩʪʴ ʽ ʧʦʧʝʨʝʜʥʷ ʜʝʬʦʨʤʘʮʽʷ ʧʨʫʞʠʥʠ 4. 

ʊʨʠʚʘʣʽʩʪʴ ʬʘʟʠ ʟʨʫʰʝʥʥʷ t1 ʚʽʜʧʦʚʽʜʘʻ ʪʨʠʚʘʣʦʩʪʽ ʥʘʙʦʨʫ ʪʠʩʢʫ 

ʜʦ ʚʝʣʠʯʠʥʠ ʨ1 ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ 

1

1

n

n

E W
t

Q p

Ö
=

Ö
,                                              (3.3) 

ʜʝ Wn, E ï ʦʙôʻʤ ʪʘ ʟʚʝʜʝʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʥʘʧʽʨʥʦʾ ʤʘʛʽʩʪʨʘʣʽ 

ʛʽʜʨʦʤʦʪʦʨʘ 5; Qn ï ʚʠʪʨʘʪʠ ʥʘʩʦʩʘ. 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʢʫʣʴʢʦʚʦʛʦ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ 3 ʧʽʩʣʷ ʩʧʨʘʮʴʦʚʫ-

ʚʘʥʥʷ ʩʝʥʩʦʨʘ: 

1 1 1 1 1 01z g( p p ) f m x k ( y x ) F- = + + +,                             (3.4) 

ʜʝ m1 ï ʤʘʩʘ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ 3; Fg ï ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʩʠʣʘ, ʷʢʘ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ [161] 

0g c w cF Q (v cos v )= -r b ,                                     (3.5) 

ʪʫʪ ɟ ï ʛʫʩʪʠʥʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ; vc, vw ï ʚʽʜʧʦʚʽʜʥʦ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʩʽʜʣʽ ʽ ʚ ʱʽʣʠʥʽ; 
0b ï ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ ʧʦʪʦʢʫ ʨʦʙʦʯʦʾ 

ʨʽʜʠʥʠ ʟʘ ʱʽʣʠʥʦʶ. 

ʇʨʠ 0 < x < h2 ʚʠʪʨʘʪʠ ʧʦʪʦʢʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʯʝʨʝʟ ʩʝʥʩʦʨ 

1 12c zQ d x (p p ) /= Ö -mp r,                                 (3.6) 

ʜʝ ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ ʯʝʨʝʟ ʱʽʣʠʥʫ ʩʝʥʩʦʨʘ; d1 ï ʜʽʘʤʝʪʨ ʧʣʦʱʽ ʧʦ-

ʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ f1. 
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ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ 1 ʧʨʠ 0 < y < (h1 + h2) ʤʘʻ ʚʠ-

ʛʣʷʜ 

1 4 2 2 0 4 2 1 2z v( p p ) f m y k ( y y ) p ( f f ) p f- = + + + - +,        (3.7) 

ʜʝ m2 ï ʤʘʩʘ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ; f4 ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʙʽʣʴʰʦʛʦ ʩʪʫʧʝʥ ̫ʧʦʨʰʥʷ 1; pv ï ʪʠʩʢ ʚ ʟʘʢʨʠʪʽʡ ʧʦʨʦʞʥʠʥʽ ɺ. 

ɺʠʪʨʘʪʠ ʨʽʜʠʥʠ ʯʝʨʝʟ ʜʨʦʩʝʣʴ 6 

1 1 1 12d d dQ f p /= Dm r,                                      (3.8) 

ʜʝ ɛ1 ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ ʯʝʨʝʟ ʱʽʣʠʥʫ ʜʨʦʩʝʣʷ 6; ȹpd1 ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ 

ʥʘ ʜʨʦʩʝʣʽ 6; fd1 ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʨʦʩʝʣʷ 6. 

ɺʠʪʨʘʪʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʽʟ ʟʘʢʨʠʪʦʾ ʧʦʨʦʞʥʠʥʠ ɺ ʯʝʨʝʟ ʜʨʦʩʝʣʴ 7 

2 2 2 2d d v zQ f ( p p ) /= -m r,                                (3.9) 

ʜʝ ɛ2 ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ ʯʝʨʝʟ ʱʽʣʠʥʫ ʜʨʦʩʝʣʷ 7; fd2 ï ʧʣʦʱʘ ʧʦʧʝʨʝ-

ʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʨʦʩʝʣʷ 7 ʽʟ ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʧʨʠ ʧʦʩʪʫʧʘʣʴʥʦʤʫ 

ʧʝʨʝʤʽʱʝʥʥʽ ʟʦʣʦʪʥʠʢʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ [161] 

fd2 = bĀa ĀsinŬ,                                           (3.10) 

ʪʫʪ b ï ʰʠʨʠʥʘ ʱʽʣʠʥʠ; ʘ ï ʜʦʚʞʠʥʘ ʚʽʜʢʨʠʪʪʷ (ʭʽʜ) ʟʦʣʦʪʥʠʢʘ; Ŭ ï ʢʫʪ 

ʚʽʜʭʠʣʝʥʥʷ ʩʪʨʫʤʝʥ ̫ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʥʦʤʦʛʨʘʤʦʶ, ʱʦ ʥʘʚʝʜʝʥʘ ʚ [162]. 

ɺʠʪʨʘʪʠ Qd2 ʜʦʨʽʚʥʶʶʪʴ ʚʠʪʨʘʪʘʤ ʨʽʜʠʥʠ, ʱʦ ʚʠʪʽʩʥʷʻʪʴʩʷ ʽʟ ʟʘ-

ʢʨʠʪʦʾ ʧʦʨʦʞʥʠʥʠ ɺ 

4 2v pQ (f f )v= - ,                                                 (3.11) 

ʜʝ vp ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ 

ʨʫʭʫ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ 1, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʽʡ ʪʨʠʚʘʣʦʩʪʽ ʚʠ-

ʪʨʠʤʢʠ ʪʠʩʢʫ ʨ1 ʚ ʥʘʧʽʨʥʽʡ ʧʦʨʦʞʥʠʥʽ ɺ 

1ʚ nt t t= -,                                            (3.12) 

ʪʦʙʪʦ  

p ʚv dy / dt= .                                         (3.13) 

ʇʽʩʣʷ ʢʦʥʪʘʢʪʫ ʰʪʦʚʭʘʯʘ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʦʨʰʥʷ 1 ʢʫʣʴʢʦʚʦʛʦ ʟʘ-

ʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ 3 ʤʘʩʠ m1 ʪʘ m2 ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʨʫʭʘʶʪʴʩʷ ʨʘ-

ʟʦʤ ʨʽʚʥʦʤʽʨʥʦ ʩʧʦʚʽʣʴʥʝʥʦ ʜʦ ʟʫʧʠʥʢʠ, ʷʢʘ ʥʘʩʪʘʻ ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ 

ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʮʽ ʤʘʩʠ, ʡ ʰʚʠʜʢʦʛʦ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚʽʜ ʨ1 ʜʦ pn. 
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ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʧʨʠ  h1 + h2  < ʫ < h1 + h2 + h3  ʽ  h2 < x < h4 ʤʘʻ ʚʠ-

ʛʣʷʜ 

4 1 2 2 02

1 01 2g

( dp / dt ) f ( m m )y k ( y y )

k ( x y ) F ( dp / dt ) f

Ö =- + + + +

+ + + + Ö
,                    (3.14) 

ʧʨʠʯʦʤʫ, ʢʦʣʠ ʫ = h1 + h2, ʪʦ ʨ = ʨ1, ʘ ʢʦʣʠ ʫ = h1 + h2 + h3, ʪʦ ʨ = ʨn. 

ʈʽʚʥʷʥʥʷ ʤʦʤʝʥʪʽʚ ʩʠʣ, ʱʦ ʜʽʪʁ ɹʥʘ ʚʘʣʫ ʛʽʜʨʦʤʦʪʦʨʘ 5 ʧʽʜ ʯʘʩ ʧʫ-

ʩʢʫ ʢʦʥʚʝʻʨʘ, ʤʘʻ ʚʠʛʣʷʜ 

0 m mM M q p d / dt,+ = D -b j                                  (3.15) 

ʜʝ ʄ, ʄ0 ï ʚʽʜʧʦʚʽʜʥʦ ʤʦʤʝʥʪ ʢʦʨʠʩʥʠʭ ʩʠʣ ʦʧʦʨʫ ʪʘ ʩʠʣ ʪʝʨʪʷ; ɓm ï 

ʢʦʝʬʽʮʽʻʥʪ ʩʠʣ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ ʚ ʛʽʜʨʦʤʦʪʦʨʽ; ű ï ʢʫʪʦʚʘ ʢʦʦʨʜʠʥʘʪʘ 

ʚʘʣʘ ʛʽʜʨʦʤʦʪʦʨʘ; ȹp ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʚ ʛʽʜʨʦʤʦʪʦʨʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʡʦ-

ʛʦ ʚʝʣʠʯʠʥʽ ʚ ʬʘʟʘʭ ʟʨʫʰʝʥʥʷ, ʚʠʪʨʠʤʢʠ, ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʪʘ ʫʩʪʘʣʝ-

ʥʦʛʦ ʨʫʭʫ ʢʦʥʚʝʻʨʘ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3.1)ï(3.15) ʟʘ ʬʽʢʩʦʚʘʥʠʭ 

ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ ʚʝʣʠʯʠʥ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʩʪʨʽʯʢʦʚʦʛʦ 

ʢʦʥʚʝʻʨʘ. ʎʝ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ 

ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ, ʧʨʦʩʪʦʨʦʚʘ 3 D ʤʦʜʝʣʴ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.4.  

 

ʈʠʩʫʥʦʢ 3.4 ï 3D ʤʦʜʝʣʴ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ  

ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ 

ʈʦʟʨʦʙʣʝʥʦ ʨʦʙʦʯʫ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ʜʣʷ ʚʠʛʦʪʦʚ-

ʣʝʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯ-

ʥʦʛʦ ʧʨʠʚʦʜʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ ʧʫʩʢʫ ʚʤʦʥʪʦʚʘʥʦ-

ʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʪʚʦʨʝʥʥʷ ʟʤʽʥʠ ʪʷʛʦʚʦʛʦ ʟʫ-
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ʩʠʣʣʷ ʥʘ ʙʘʨʘʙʘʥʽ ʟʛʽʜʥʦ ʟ ʨʘʮʽʦʥʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʧʫʩʢʫ ʜʦʟʚʦʣʠʪʴ 

ʟʤʝʥʰʠʪʠ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʪʨʽʯʮʽ ʢʦʥʚʝʻʨʘ. 

3.2 ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ  

ʛʽʜʨʦʧʨʠʚʦʜʫ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ1*  

3.2.1 ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ  

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʄʝʪʦʶ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʭʝʤʠ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦ-

ʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʻ ʨʦʟʰʠʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ 

ʩʪʨʽʯʮʽ ʢʦʥʚʝʻʨʘ, ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʥʘʜʽʡʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʜʫ-

ʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʽ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ. 

ʅʘ ʨʠʩ. 3.5ʘ ʧʦʢʘʟʘʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʭʝʤʫ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚ-

ʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ [163], ʱʦ 

ʨʦʟʨʦʙʣʝʥʠʡ ʫ ɺʽʥʥʠʮʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʥʘ ʢʘʬʝʜʨʽ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ɺʤʦʥʪʦʚʘʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʠʚʜ̔ ʤʽʩʪʠʪʴ ʢʦʨʧʫʩ ʙʘʨʘʙʘʥʘ 1, ʚ 

ʷʢʠʡ ʚʙʫʜʦʚʘʥʦ ʧʨʠʚʜ̔, ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʦʢʨʝʤʠʭ ʛʽʜʨʦʤʦʪʦ-

ʨʽʚ 2 ʪʘ 3 ʽ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʜʫʯʦʾ ʰʝʩ-

ʪʝʨʥʽ 4, ʧʨʦʤʽʞʥʠʭ 5 ʪʘ ʢʦʨʦʥʥʦʾ 6 ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ɹʘʨʘʙʘʥ 1 ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʽ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʽʚʦʩʝʡ 7 ʪʘ 

8. ɼʣʷ ʧʽʜʚʝʜʝʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʜʦ ʛʽʜʨʦʤʦʪʦʨʽʚ 2 ʪʘ 3 ʚ 

ʩʝʨʝʜʠʥʽ ʧʽʚʦʩʝʡ 7 ʪʘ 8 ʚʠʢʦʥʘʥʦ ʦʩʴʦʚʽ ʢʘʥʘʣʠ 9 ʽ 10, ʷʢʽ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʨʘʜʽʘʣʴʥʠʭ ʢʘʥʘʣʽʚ 11 ʪʘ 12, ʘ ʪʘʢʦʞ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 13 ʽ 14 ʪʘ 15 ʽ 

16 ʟôʻʜʥʘʥʽ ʟ ʨʦʙʦʯʠʤʠ ʢʘʤʝʨʘʤʠ ʛʽʜʨʦʤʦʪʦʨʽʚ. ɺ ʦʜʥʦʤʫ ʟ ʨʘʜʽʘʣʴʥʠʭ 

ʢʘʥʘʣʽʚ ʧʽʚʦʩʽ 7 ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʜʦ ʛʽʜʨʦʤʦʪʦʨʽʚ 2 ʪʘ 3 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ 17 ʫ ʚʠʛʣʷʜʽ ʢʣʘʧʘʥʘ ʥʝʧʨʷʤʦʾ ʜʽʾ. 

ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʤʽʩʪʠʪʴ ʢʣʘʧʘʥ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ ï ʢʦʥʽʯʥʦ-

ʮʠʣʽʥʜʨʠʯʥʠʡ ʟʘʪʚʦʨ 18 ʧʨʠʪʠʩʥʫʪʠʡ ʧʨʫʞʠʥʦʶ 19 ʜʦ ʩʽʜʣʘ 20, ʚʩʪʘ-

ʥʦʚʣʝʥʦʛʦ ʚ ʢʦʨʧʫʩʽ 21, ʪʘ ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʛʚʠʥʪ 22 ʜʣʷ ʥʘʣʘʛʦʜʞʝʥʥʷ 

ʥʘ ʟʘʜʘʥʠʡ ʪʠʩʢ. ʂʦʥʽʯʥʦ-ʮʠʣʽʥʜʨʠʯʥʠʡ ʟʘʪʚʦʨ 18 ʩʧʨʷʞʝʥʠʡ ʟ ʜʚʦʤʘ 

ʧʦʚʝʨʭʥʷʤʠ ʩʽʜʣʘ 20 ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʘ, ʧʨʠʯʦʤʫ, ʟʘʧʽʨʥʘ ʢʦʥʽʯʥʘ ʧʦʚʝʨ-

ʭʥʷ ʩʪʫʧʝʥʷ ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʘ ʢʦʥʪʘʢʪʫʻ ʽʟ ʬʘʩʢʦʶ, ʚʠʢʦʥʘʥʦʶ ʥʘ  

ʤʝʥʰʦʤʫ ʜʽʘʤʝʪʨʽ ʩʪʫʧʽʥʯʘʩʪʦʾ ʨʦʟʪʦʯʢʠ ʚ ʩʽʜʣʽ 20, ʨʦʟʤʽʱʝʥʦʤʫ ʚ 

ʢʦʨʧʫʩʽ 21 ʢʣʘʧʘʥʘ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ, ʘ ʮʠʣʽʥʜʨʠʯʥʘ ʧʦʚʝʨʭʥʷ ʩʪʫʧʝʥʷ 

ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʘ ʩʧʨʷʞʝʥʘ ʽʟ ʨʦʟʪʦʯʢʦʶ ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʘ ʩʽʜʣʘ 20 

ʟʘ ʭʦʜʦʚʦʶ ʧʦʩʘʜʢʦʶ ʽ ʫʪʚʦʨʶʻ ʟ ʪʦʨʮʝʤ ʩʽʜʣʘ 20 ʜʦʜʘʪʥʝ ʧʝʨʝʢʨʠʪʪʷ. 

 
1 ʇʽʜʨʦʟʜʽʣ ʥʘʧʠʩʘʥʠʡ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ ʆ. ʆ. ɸʜʣʝʨ  
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ɸ ʪʘʢʦʞ ʢʣʘʧʘʥ ʜʨʫʛʦʛʦ ʢʘʩʢʘʜʫ ï ʪʨʫʙʯʘʩʪʠʡ ʟʦʣʦʪʥʠʢ 23 ʧʨʠʪʠʩʥʫ-

ʪʠʡ ʧʨʫʞʠʥʦʶ 24 ʜʦ ʩʽʜʣʘ 25. ɺʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʟʦʣʦʪʥʠʢ 23 

ʩʧʨʷʞʝʥʠʡ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ ʩʝʨʜʝʯʥʠʢʦʤ 26, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ ʥʘ-

ʧʨʷʤʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʟ ʩʽʜʣʦʤ 25, ʘ ʟʦʚʥʽʰʥʴʦʶ ʧʦ-

ʚʝʨʭʥʝʶ ï ʟ ʧʦʚʝʨʭʥʝʶ ʨʦʟʪʦʯʢʠ ʢʦʨʧʫʩʫ 27, ʽ ʫʱʽʣʴʥʝʥʠʡ ʛʫʤʦʚʠʤ 

ʢʽʣʴʮʝʤ 28. ɺʭʽʜ ʛʽʜʨʦʤʦʪʦʨʘ 3 ʟʘ ʚʠʤʢʥʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ 17 

ʟôʻʜʥʘʥʦ ʽʟ ʟʣʠʚʦʤ ʯʝʨʝʟ ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ 34. 
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ʈʠʩʫʥʦʢ 3.5 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʚʤʦʥʪʦʚʘʥʦʛʦ  

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ɺʤʦʥʪʦʚʘʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʠʚʽʜ ʧʨʘʮʶʻ ʪʘʢʠʤ ʯʠʥʦʤ. ʗʢʱʦ 

ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʚ ʛʽʜʨʦʩʠʩʪʝʤʫ ʥʝ ʧʝʨʝʚʠʱʫʻ ʪʠʩʢ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʨʠ-

ʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ 17, ʪʦ ʨʦʙʦʯʘ ʨʽʜʠʥʘ ʧʽʜ ʪʠʩʢʦʤ ʯʝʨʝʟ ʦʩʴʦʚʠʡ 9 ʪʘ 

ʨʘʜʽʘʣʴʥʠʡ 11 ʢʘʥʘʣʠ, ʱʦ ʚʠʢʦʥʘʥʽ ʫ ʧʽʚʦʩʽ 7, ʽ ʪʨʫʙʦʧʨʦʚʽʜ 13 ʥʘʜʭʦ-

ʜʠʪʴ ʚ ʨʦʙʦʯʫ ʢʘʤʝʨʫ ʛʽʜʨʦʤʦʪʦʨʘ 2. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʦʾ 

ʨʽʜʠʥʠ ʟ ʨʦʪʦʨʥʠʤ ʝʣʝʤʝʥʪʦʤ ʛʽʜʨʦʤʦʪʦʨʘ 2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷ 

ʡʦʛʦ ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ, ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʦʛʦ ʟ ʰʚʠʜʢʦʭʽʜʥʠʤ ʚʘʣʦʤ ʨʝʜʫʢ-

ʪʦʨʘ 3, ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʜʫʯʦʾ ʰʝʩʪʝʨʥʽ 4 ʪʘ ʧʨʦʤʽʞʥʠʭ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ 5, ʧʨʠʚʦʜʠʪʴ ʚ ʨʫʭ ʢʦʨʦʥʥʝ ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ 6. ʎʝ ʢʦʣʝʩʦ, ʷʢʝ 

ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʝ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʩʪʦʨʦʥʽ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʘ ʙʘʨʘʙʘʥʘ 

1, ʧʝʨʝʜʘʻ ʡʦʤʫ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʚʽʜʥʦʩʥʦ ʩʢʣʘʜʝʥʦʾ ʦʩʽ. ɺʪʨʘʪʠʚʰʠ 

ʝʥʝʨʛʽʶ, ʨʦʙʦʯʘ ʨʽʜʠʥʘ ʯʝʨʝʟ ʚʠʭʽʜʥʠʡ ʦʪʚʽʨ ʛʽʜʨʦʤʦʪʦʨʘ 2, ʪʨʫʙʦʧʨʦ-

ʚʽʜ 15, ʨʘʜʽʘʣʴʥʠʡ 12 ʪʘ ʦʩʴʦʚʠʡ 10 ʢʘʥʘʣʠ, ʚʠʢʦʥʘʥʽ ʫ ʧʽʚʦʩʽ 8, ʥʘʜʭʦ-

ʜʠʪʴ ʥʘ ʟʣʠʚ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ 17 ʚʠʤʢʥʝʥʦ, ʛʽʜʨʦʤʦʪʦʨ 

3 ʧʨʘʮʶʻ ʚʭʦʣʦʩʪʫ ʽ, ʟʘʚʜʷʢʠ ʟʚʦʨʦʪʥʦʤʫ ʢʣʘʧʘʥʫ 34, ʡʦʛʦ ʨʦʙʦʯʽ ʢʘ-

ʤʝʨʠ ʪʘ ʤʘʛʽʩʪʨʘʣʴ 16 ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʟʣʠʚ.  

ɿʘ ʨʘʧʪʦʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʛʽʜʨʦʩʠʩʪʝ-

ʤʠ (ʦʪʚʽʨ 31) (ʜʠʚ. ʨʠʩ. 3.5ʙ) ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ ʨ2, ʱʦ ʧʝʨʝʚʠʱʫʻ ʥʦʤʽ-

ʥʘʣʴʥʝ ʨ1, ʩʧʨʘʮʴʦʚʫʻ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ 17 ʽ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʢʦ-

ʥʽʯʥʦ-ʮʠʣʽʥʜʨʠʯʥʠʡ ʟʘʪʚʦʨ 18, ʩʪʠʩʢʘʶʯʠ ʧʨʫʞʠʥʫ 19, ʚʩʪʘʥʦʚʣʝʥʫ ʚ 

ʢʦʨʧʫʩʽ 21, ʩʠʣʘ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʣʘʛʦʜʞʝʥʥʷʤ ʨʝʛʫʣʶʚʘʣʴʥʦʛʦ 

ʛʚʠʥʪʘ 22, ʟʤʽʱʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʩʽʜʣʘ 20 ʽ ʨʦʙʦʯʘ ʨʽʜʠʥʘ ʥʘʜʭʦʜʠʪʴ ʥʘ 

ʟʣʠʚ ʯʝʨʝʟ ʦʪʚʽʨ 33. ʇʨʠ ʮʴʦʤʫ ʥʘ ʜʨʦʩʝʣʽ 30 ʚʠʥʠʢʘʻ ʧʝʨʝʧʘʜ ʪʠʩʢʽʚ 

ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʪʨʫʙʯʘʩʪʠʡ ʟʦʣʦʪʥʠʢ 23, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʮʠʣʽʥʜ-

ʨʠʯʥʦʤʫ ʩʝʨʜʝʯʥʠʢʫ 26, ʩʪʠʩʢʘʶʯʠ ʧʨʫʞʠʥʫ 24, ʟʤʽʱʫʻʪʴʩʷ ʚ ʢʦʨʧʫʩʽ 

27 ʨʘʟʦʤ ʽʟ ʫʱʽʣʴʥʶʚʘʣʴʥʠʤ ʛʫʤʦʚʠʤ ʢʽʣʴʮʝʤ 28 ʚʽʜʥʦʩʥʦ ʩʽʜʣʘ 25 

ʚʣʽʚʦ, ʧʨʦʧʫʩʢʘʶʯʠ ʨʦʙʦʯʫ ʨʽʜʠʥʫ ʚ ʦʪʚʽʨ 29, ʱʦ ʟôʻʜʥʘʥʠʡ ʽʟ ʪʨʫʙʦʧ-

ʨʦʚʦʜʦʤ 14, ʯʝʨʝʟ ʷʢʠʡ ʨʦʙʦʯʘ ʨʽʜʠʥʘ ʥʘʜʭʦʜʠʪʴ ʚ ʨʦʙʦʯʫ ʢʘʤʝʨʫ ʛʽʜ-

ʨʦʤʦʪʦʨʘ 3, ʚʤʠʢʘʶʯʠ ʡʦʛʦ ʧʘʨʘʣʝʣʴʥʦ ʛʽʜʨʦʤʦʪʦʨʫ 2. ɼʨʦʩʝʣʴ 32 ʜʝʤ-

ʧʬʫʻ ʪʨʫʙʯʘʩʪʠʡ ʟʦʣʦʪʥʠʢ 23, ʧʽʜʚʠʱʫʶʯʠ ʮʠʤ ʜʠʥʘʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ 

ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʻ ʥʘʜʢʣʘʧʘʥʥʫ ʧʦʨʦʞʥʠʥʫ (ʤʽʞ 

ʜʨʦʩʝʣʝʤ 32 ʪʘ ʪʦʨʮʝʤ ʪʨʫʙʯʘʩʪʦʛʦ ʟʦʣʦʪʥʠʢʘ 23), ʦʧʪʠʤʘʣʴʥʘ ʚʝʣʠ-

ʯʠʥʘ ʧʦʜʘʪʣʠʚʦʩʪʽ ʷʢʦʾ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʽ ʧʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʣʘʧʘʥʘ. ʇʨʠ ʮʴʦʤʫ ʜʨʦʩʝʣʴ 32 ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ 

ʟʘ ʚʠʪʨʘʪʘʤʠ ʢʣʘʧʘʥʘ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ, ʘ ʪʘʢʦʞ ʥʝ ʧʦʛʽʨʰʫʻ ʩʪʘʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʧʘʥʘ ʢʝʨʫʚʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʦʾ ʨʽ-

ʜʠʥʠ ʟ ʨʦʪʦʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʛʽʜʨʦʤʦʪʦʨʽʚ 2 ʪʘ 3 ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʝʨ-
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ʪʘʥʥʷ ʾʭ ʚʠʭʽʜʥʠʭ ʚʘʣʽʚ, ʱʦ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ ʟ ʰʚʠʜʢʦʭʽʜʥʠʤ ʚʘʣʦʤ 

ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 3, ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʜʫʯʦʾ ʰʝʩʪʝʨʥʽ 4 ʪʘ 

ʧʨʦʤʽʞʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 5 ʧʨʠʚʦʜʠʪʴ ʚ ʨʫʭ ʢʦʨʦʥʥʝ ʢʦʣʝʩʦ 6. ʂʦ-

ʨʦʥʥʝ ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ 6, ʷʢʝ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʝ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨ-

ʭʥʽ ʢʦʨʧʫʩʫ ʙʘʨʘʙʘʥʘ 1, ʧʝʨʝʜʘʻ ʡʦʤʫ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʚʽʜʥʦʩʥʦ ʟʽʩʪʘ-

ʚʥʦʾ ʦʩʽ. ɺʪʨʘʪʠʚʰʠ ʝʥʝʨʛʽʶ, ʨʦʙʦʯʘ ʨʽʜʠʥʘ ʯʝʨʝʟ ʚʠʭʽʜʥʽ ʦʪʚʦʨʠ ʛʽʜ-

ʨʦʤʦʪʦʨʽʚ 2 ʪʘ 3, ʪʨʫʙʦʧʨʦʚʦʜʠ 15 ʽ 16, ʚʽʜʧʦʚʽʜʥʦ, ʨʘʜʽʘʣʴʥʠʡ 12 ʪʘ 

ʦʩʴʦʚʠʡ 10 ʢʘʥʘʣʠ, ʚʠʢʦʥʘʥʽ ʫ ʧʽʚʦʩʽ 8, ʥʘʜʭʦʜʠʪʴ ʥʘ ʟʣʠʚ. ʈʝʛʫʣʶʶʯʠ 

ʚʠʪʨʘʪʫ ʽ ʪʠʩʢ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʯʠʩʣʦʤ 

ʦʙʝʨʪʽʚ ʢʦʨʧʫʩʫ ʙʘʨʘʙʘʥʘ 1 (ʘ ʟʥʘʯʠʪʴ ʽ ʰʚʠʜʢʽʩʪʶ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ) 

ʪʘ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ.  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʛʽʜʨʦʧʨʠʚʜ̔ ʧʨʘʮʶʚʘʚ ʫʩʪʘʣʝʥʦ, ʙʝʟ ʚʽʙʨʘʮʽʡ, ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʛʨʘʬʽʯʥʽʡ ʟʘʣʝʞ-

ʥʦʩʪʽ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.6 [164]. 

ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ ʚʽʜ ʪʠʩʢʫ ʥʘ ʡʦʛʦ ʚʭʦʜʽ ʟʘʙʝʟ-

ʧʝʯʫʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʻʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ  

ʈʦʟʛʣʷʥʫʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠ-

ʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʪʘʚʣʝʥʽʡ 

ʤʝʪʽ ʨʦʟʨʦʙʢʠ ʽ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʈʠʩʫʥʦʢ 3.6 ï ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʚʽʜʢʨʠʪʪʷ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ 

ʚʽʜ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʛʽʜʨʦʩʠʩʪʝʤʠ 
 

3.2.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʤʦʥʪʦʚʘʥʦʛʦ  

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽ-

ʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʩʪʨʽʯʢʦ-

ʚʦʛʦ ʢʦʥʚʝʻʨʘ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʚʤʦʥʪʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ ʥʝʦʙʭʽʜʥʦ 

ʜʦʧʦʚʥʠʪʠ ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʻ ʯʘʩʪʠʥʘʤʠ ʛʽʜʨʦʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʥʚʝʻʨʘ ʪʘ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ. 
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ʅʘ (ʨʠʩ. 3.7ʘ) ʧʦʢʘʟʘʥʦ ʨʦʟʨʦʙʣʝʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʧʨʠʚʦ-

ʜʫ, ʚ ʷʢʽʡ ʨʝʘʣʴʥʘ ʢʦʥʪʠʥʫʘʣʴʥʘ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʢʦʥʚʝʻʨʘ ʧʨʠʚʝʜʝʥʘ 

ʜʦ ʜʠʩʢʨʝʪʥʦʾ [165]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʩʫʧʝʨʝʯʠʪʴ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝ-

ʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ, ʦʩʢʽʣʴʢʠ 

ʦʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʘ ʤʘʰʠʥʘ 

ʥʝʚʝʣʠʢʦʾ ʜʦʚʞʠʥʠ. ʊʦʤʫ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ ʨʫʭʦʤʽ ʯʘʩʪʠʥʠ ʢʦʥ-

ʚʝʻʨʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʦʤʘ ʜʠʩʢʨʝʪʥʠʤʠ ʤʘʩʘʤʠ 6 ʽ 8. ɼʦ ʧʝʨʰʦʾ ʯʘʩʪʠ-

ʥʠ ʟʚʝʜʝʥʽ ʤʘʩʠ ʦʙʝʨʪʦʚʠʭ ʯʘʩʪʠʥ ʧʨʠʚʜ̔ʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʜʦ ʜʨʫʛʦʾ ï 

ʨʫʭʦʤʽ ʣʘʥʢʠ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʚʝʻʨʘ.  
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ʈʠʩʫʥʦʢ 3.7 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, 

ʯʫʪʣʠʚʦʛʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʉʪʨʽʯʢʫ ʢʦʥʚʝʻʨʘ ʧʨʝʜʩʪʘʚʣʷʻʤʦ ʨʝʦʣʦʛʽʯʥʦʶ ʤʦʜʝʣʣʶ ʌʦʡʛʪʘ 

(ʜʠʚ. ʨʠʩ. 3.7ʙ). ɺ ʧʨʠʚʜ̔ʥʦʤʫ ʧʨʠʩʪʨʦʾ ʚʩʪʘʥʦʚʣʝʥʦ ʛʽʜʨʦʤʦʪʦʨʠ 4 ʪʘ 

5, ʜʦ ʷʢʠʭ ʧʽʜʚʝʜʝʥʦ ʥʘʧʽʨʥʫ ʪʘ ʟʣʠʚʥʫ ʤʘʛʽʩʪʨʘʣʽ. ʄʘʢʩʠʤʘʣʴʥʠʡ 

ʪʠʩʢ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘʩʦʩʦʤ 1, ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʣʘʛʦʜʞʝʥʥʷʤ ʟʘʧʦʙʽ-

ʞʥʦʛʦ ʢʣʘʧʘʥʘ 2. ɺ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ, ʷʢʘ ʟôʻʜʥʫʻ ʥʘʧʽʨʥʫ ʧʦʨʦʞʥʠʥʫ 

ʧʽʚʦʩʽ ʟ ʛʽʜʨʦʤʦʪʦʨʦʤ 5, ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ 3, ʦʩʥʦʚʥʠ-

ʤʠ ʩʢʣʘʜʦʚʠʤʠ ʷʢʦʛʦ ʻ: ʢʣʘʧʘʥ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ (3.1), ʢʣʘʧʘʥ ʜʨʫʛʦʛʦ 

ʢʘʩʢʘʜʫ (3.2), ʜʨʦʩʝʣʽ (3.3) ʪʘ (3.4). ɺʭʽʜ ʛʽʜʨʦʤʦʪʦʨʘ 5 ʧʨʠ ʚʠʤʢʥʝʥʦʤʫ 

ʧʨʠʩʪʨʦʾ ʢʝʨʫʚʘʥʥʷ ʟôʻʜʥʘʥʦ ʽʟ ʟʣʠʚʦʤ ʯʝʨʝʟ ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ 9. ʄʝ-

ʭʘʥʽʯʥʽ ʚʪʨʘʪʠ ʚ ʛʽʜʨʦʤʦʪʦʨʽ ʤʦʜʝʣʶʶʪʴʩʷ ʦʙʝʨʪʘʣʴʥʠʤʠ ʢʽʥʝʤʘʪʠʯ-

ʥʠʤʠ ʧʘʨʘʤʠ. ʄʦʤʝʥʪ ʦʧʦʨʫ ʨʫʭʫ ʩʪʨʽʯʢʠ ʜʽʻ ʥʘ ʣʘʥʢʫ 8. 

ɺ ʦʩʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʨʫʭʫ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ ʧʨʠʚʦʜʫ ʧʦʢ-

ʣʘʜʝʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʽ ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ 

ʨʽʜʠʥʠ [165]. 

ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʨʽʚʥʷʥʴ (3.16)ï(3.42) ʧʨʠʡʥʷʪʽ ʪʘʢʽ ʧʨʠʧʫʱʝʥʥʷ: 

ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʘ ʧʦʩʪʽʡʥʘ (Qʥ = const);  

ï ʥʘʧʽʨʥʽ ʟô̒ ʜʥʫʚʘʣʴʥʽ ʤʘʛʽʩʪʨʘʣʽ ʢʦʨʦʪʢʽ, ʪʦʤʫ ʛʽʜʨʘʚʣʽʯʥʠʤ ʦʧʦ-

ʨʦʤ ʽ ʭʚʠʣʴʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʥʠʭ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ (æʨʪʨ = 0); 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʚô̫ ʟʢʽʩʪʴ ʧʦʪʦʢʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʙʨʘʣʠʩʷ ʧʦʩʪʽʡ-

ʥʠʤʠ (tÜ = const; ɓ = const); 

ï ʧʦʜʘʪʣʠʚʦʩʪʽ ʧʦʨʦʞʥʠʥ, ʘ ʪʘʢʦʞ ʩʪʠʩʣʠʚʽʩʪʴ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ 

ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʷʢ ʫʩʝʨʝʜʥʝʥʽ ʚʝʣʠʯʠʥʠ ʜʣʷ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʪʠʩ-

ʢʫ [166]; 

ï ʪʠʩʢ ʨʽʜʠʥʠ ʚ ʫʩʽʭ ʪʦʯʢʘʭ ʦʙôʻʤʫ ʥʘʧʽʨʥʦʾ ʪʘ ʢʣʘʧʘʥʥʦʾ ʤʘʛʽʩʪʨʘ-

ʣʝʡ ʟʤʽʥʶʻʪʴʩʷ ʩʠʥʬʘʟʥʦ; 

ï ʪʠʩʢ ʨʽʜʠʥʠ ʚ ʟʣʠʚʥʠʭ ʤʘʛʽʩʪʨʘʣʷʭ ʧʨʠʙʣʠʟʥʦ ʧʦʩʪʽʡʥʠʡ; 

ï ʩʠʣʠ ʩʫʭʦʛʦ ʪʝʨʪʷ ʥʝʚʝʣʠʢʽ, ʪʦʤʫ ʥʠʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ; 

ï ʽʥʝʨʮʽʡʥʠʡ ʥʘʧʽʨ ʚ ʜʨʦʩʝʣʴʥʽʡ ʤʘʛʽʩʪʨʘʣʽ ʤʘʣʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʚ-

ʥʠʤ ʚʪʨʘʯʝʥʠʤ ʥʘʧʦʨʦʤ ʨʽʜʠʥʠ; 

ï ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ ʧʦʪʦʢʫ ʧʨʠʙʣʠʟʥʦ ʧʦʩʪʽʡʥʠʡ ʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟʘ 

ʤʘʣʠʭ ʢʦʣʠʚʘʥʴ ʟʘʢʨʠʪʪʷ ʢʣʘʧʘʥʘ ʧʦʙʣʠʟʫ ʫʩʪʘʣʝʥʦʛʦ ʧʦʣʦʞʝʥʥʷ; 

ï ʚʪʨʘʪʠ ʫ ʤʘʛʽʩʪʨʘʣʽ ʥʘʛʥʽʪʘʥʥʷ ʧʨʦʧʦʨʮʽʡʥʽ ʪʠʩʢʫ; 

ï ʧʨʦʙʫʢʩʦʚʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʚʽʜʥʦʩʥʦ ʙʘʨʘʙʘʥʘ ʚʽʜʩʫʪʥʻ  

(Fmax/Fmin Ó e
fŬ); 

ï ʚʚʘʞʘʻʤʦ ʩʪʨʽʯʢʫ ʘʙʩʦʣʶʪʥʦ ʛʥʫʯʢʦʶ ʧʨʫʞʥʦʶ ʥʠʪʢʦʶ. 

ɿʘ ʥʦʤʽʥʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʦʙʦʪʫ 

ʧʨʠʚʦʜʫ, ʩʧʦʯʘʪʢʫ ʚʨʘʭʦʚʫʻʤʦ ʨʦʙʦʪʫ ʦʜʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ 4. 

ʈʽʚʥʷʥʥʷ ʚʠʪʨʘʪ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʥʘʧʽʨʥʽʡ ʤʘʛʽʩʪʨʘʣʽ 



90 

1
ʥ ʥ 1 1 ʤ1 1 1ï ï ïů

dp
q n p Q kV = 0,

dt

å õ
æ ö
ç ÷

   (3.16) 

 

ʘ ʚ ʟʣʠʚʥʽʡ 

 

2
ʤ1 2 2 2 2 2ï ïů

dp
Q k V ( ) p = Q ,

dt
   (3.17)  

 

ʧʨʠʯʦʤʫ ʨʢʣ Ó ʨ1. 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʜʽʣʷʥʢʠ 4ï6  

( )

2

1 1
1 1 1 1 32

1 3

ʪʨ 1 3

ʪ1 ʤ1 1 2

ï

ï
ï

ï 0;ï

d d
I + +c ( i )+

dt dt

d i
+c f ( i )sgn +

dt

+M q (p p )=

j

j

å õj jå õ
b j jæ ö æ ö
ç ÷ç ÷

è øj j
j j é ù

ê ú
    (3.18)   

2

3
1 3 2 1 1 42
ï ï ï ï 0

d
ic ( i ) I r (F F )= .

dt
j

å õj
j j æ ö

ç ÷
    (3.19) 

 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʣʘʥʢʠ 8 
2

4
2 2 3 4 02
ï 0ï .ï

d
r (F F ) I M =

dt

å õj
æ ö
ç ÷

   (3.20) 

 

ɿʚôʷʟʦʢ ʩʠʣʠ ʥʘʪʷʛʫ ʽ ʜʝʬʦʨʤʘʮʽʾ ʩʪʨʽʯʢʠ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʤʦʜʝʣʣʶ 

ʌʦʡʛʪʘ, ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 

1
1 1 ,C

dŮ
F = A E Ů +ɖ

dt

å õ
æ ö
ç ÷

    (3.21)  

ʜʝ  

1 1Ů = / .u l     (3.22)  

 

ɼʝʬʦʨʤʘʮʽʷ ʩʪʨʽʯʢʠ ʯʝʨʝʟ ʢʫʪʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ʣʘʥʦʢ 6 ʽ 8 ʟʘʧʠ-

ʰʝʪʴʩʷ ʚʠʨʘʟʦʤ 

1 3 4 1ïu =( )r .j j     (3.23) 
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ʋʤʦʚʘ ʧʦʩʪʽʡʥʦʩʪʽ ʜʦʚʞʠʥʠ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʧʨʫʞʥʦʾ ʥʠʪʢʠ 

ʤʘʪʠʤʝ ʚʠʛʣʷʜ 
 

1 2 3 4 ï ï;   .F = F F =F      (3.24) 

 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʤʧʦʥʝʥʪʠ ʨʽʚʥʷʥʴ (3.16)ï(3.20). 

ʇʽʜʧʽʨ ʚ ʟʣʠʚʥʽʡ ʤʘʛʽʩʪʨʘʣʽ ʻ ʤʽʥʽʤʘʣʴʥʠʤ ʽ ʙʝʨʝʪʴʩʷ ʨ2 = 0. ʊʦʜʽ 

ʚʠʪʨʘʪʠ ʯʝʨʝʟ ʛʽʜʨʦʤʦʪʦʨ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʦʤ 
 

ʤ1 ʤ1

űd
Q = q ( ).

dt
           (3.25) 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʪʦʨʘ ʛʽʜʨʦʤʦʪʦʨʘ ʪʠʧʫ ʄɻʇ-125 

ʟʥʘʯʥʦ ʤʝʥʰʠʡ (ɯʤ = 3,06Ŀ10
ï5 ʢʛĿʤ2) ʟʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʨʫʭʦʤʠʭ 

ʯʘʩʪʠʥ ʧʨʠʚʜ̔ʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʢʦʥʚʝʻʨʘ ɯ2, ʥʠʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ.  

ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ [6, 167 ,168] ʚ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʩʠʩ-

ʪʝʤ ʟ ʧʨʫʞʥʠʤ ʟʚô̫ ʟʢʦʤ ʷʢ ʦʩʥʦʚʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡ-

ʤʘʪʠ ʜʠʥʘʤʽʯʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɽɼ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʘ ʪʨʠʚʘʣʦʾ ʜʽʾ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʥʰʝ ʦʜʥʽʻʾ ʩʝʢʫʥʜʠ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʩʪʽʡʥʠʤʠ. 

ʄʦʤʝʥʪ ʄ0 ʚʠʟʥʘʯʠʪʴʩʷ ʯʝʨʝʟ ʩʠʣʫ ʦʧʦʨʫ ʨʫʭʦʚʽ ʩʪʨʽʯʢʠ Ft: 

 

0 1 tʄ =rF.     (3.26) 

 

ʉʠʣʘ Ft ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʜʦʚʞʠʥʠ ʢʦʥʚʝʻʨʘ ɝ, ʧʦʛʦʥʥʦʾ 

ʛʫʩʪʠʥʠ ʛʽʣʦʢ ʢʦʥʚʝʻʨʘ ɟ, ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʨʫʭʫ ʩʪʨʽʯʢʠ 

ʨʦʣʠʢʦʦʧʦʨʘʤʠ w, ʪʦʙʪʦ 
 

ɝɟtF = gwl .    (3.27) 

 

ɿʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʨʫʭʫ w ʚʠʟʥʘʯʠʪʴʩʷ ʯʝʨʝʟ ʡʦʛʦ ʩʢʣʘ-

ʜʦʚʽ 
 

ʜʚ ʜʩ ʦʨ ʚʨw= w + w + w + w ,   (3.28) 

 

ʜʝ wʜʚ, wʜʩ, wʦʨ, wʚʨ ï ʢʦʝʬʽʮʽʻʥʪʠ ʦʧʦʨʫ ʚʽʜ ʜʝʬʦʨʤʘʮʽʡ ʚʘʥʪʘʞʫ, ʩʪʨʽ-

ʯʢʠ, ʦʙʝʨʪʘʥʥʷ ʨʦʣʠʢʽʚ, ʚʪʠʩʢʘʥʥʷ ʨʦʣʠʢʽʚ ʚ ʩʪʨʽʯʢʫ, ʚʽʜʧʦʚʽʜʥʦ. ɿʥʘ-

ʯʝʥʥʷ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʟʥʘʯʘʻʤʦ ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ [56]. 
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ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʧʫʱʝʥʴ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3.25)ï(3.28), 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʤʦʪʦʨ-ʙʘʨʘʙʘʥʘ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝ-

ʻʨʘ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

1
ʥ ʥ 1 1 ʤ1 1 1ï 0ï ï

ű
;

d dp
q n ů p q kV =

dt dt

å õ å õ
æ ö æ ö
ç ÷ ç ÷

   (3.29) 

( )1 21
ű 1 2 űʪʨ 1 2

ʪ1 ʤ1 1

ű űű
ű ű ű

;

ï

0

ï ï

ï

dd
ɓ +c ( i )+c f ( i )sgn +

dt dt

+M q p =

è øå õ
æ ö é ù
ç ÷ ê ú

j
 (3.30) 

2

3
2 2 3 4 02
ï ï ï

ű
0;

d
r (F F ) I M =

dt
   (3.31) 

1
1 ʩ 1 ;ïɖ

A du
F = E u

l dt

å õ
æ ö
ç ÷

    (3.32) 

1 3 4 1ïű ű ,u =( )r          
1 2 3 4ï ï;F = F F = F ,        ʤ

űd
n = .

dt
 

ʂʦʣʠ ʚ ʧʨʠʚʦʜʽ ʚʠʥʠʢʘʻ ʧʝʚʥʝ ʤʝʞʦʚʝ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʧʝʨʝʚʠʱʫʻ ʥʦʤʽʥʘʣʴʥʝ, ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʠʩʢ ʨǋ1, ʩʧʨʘ-

ʮʴʦʚʫʻ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʽ ʚʤʠʢʘʻʪʴʩʷ ʛʽʜʨʦʤʦʪʦʨ 5, ʪʦʙʪʦ ʨ1 Ó ʨ
ȭ
1. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʻ ʨʦʙʦʪʫ ʧʨʠʚʦʜʫ ʟ ʚʤʠ-

ʢʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ, ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʨʦʟʨʘʭʫʥ-

ʢʦʚʦʶ ʩʭʝʤʦʶ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʥʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʢʣʘʧʘʥʘ 

ʥʝʧʨʷʤʦʾ ʜʽʾ (ʨʠʩ. 3.8), ʷʢʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʮʴʦʤʫ ʧʨʠʩʪʨʦʾ [169]. 

ʈʽʚʥʷʥʥʷ ʚʠʪʨʘʪ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʥʘʧʽʨʥʽʡ ʤʘʛʽʩʪʨʘʣʽ 

( )ʥ ʥ 1 1 ʤ1 ʤ2 1 1 1/ 0ï ï ï ïq n ů p Q Q kV dp dt = ,   (3.33) 

ʟʣʠʚʥʽʡ ï  

( )ʤ1 ʤ2 2 2 2 2 2 2/ ůï ïQ +Q k V dp dt p = Q .  (3.34)  
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ʝ

k, h2

Qʜ2,

1

qʥ,

Qʰ

m1

V ʨʢʣ, ʢʣ

ʜʨ,f Qʜʨ

V p1, 1

h1

d1

d
d

2

3

p
3

Ŭ1

h3

(p')1 nʥ

d4

d5

 

ʈʠʩʫʥʦʢ 3.8 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ,  

ʷʢʘ ʚʠʢʦʥʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʣʘʧʘʥʘ ʥʝʧʨʷʤʦʾ ʜʽʾ 

 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʜʽʣʷʥʢʠ 6ï8 

 

( ) ( )

( )

2 2

1 1 1 1 ű1 1 3

ű1ʪʨ1 1 3 1 3 ʪ1 ʤ1 1 2

ű / ű / ű ű

ű ű ű ű / 0

ï

ï ï ;ï ï

I d dt + d dt +c ( i )+

+c f ( i )sgn d i dt + M q (p p )=

b

è øê ú

 (3.35) 

( ) ( )

( )

2

2 2 2 2 ű2 2 3

ű2ʪʨ2 2 3 2 3 ʪ2 ʤ2 3 2

ű / ű / ű ű

ű

ï

ï ï ïű / 0;ïű ű

2I d dt + ɓ d dt +c (̔ )+

+c f ( i )sgn d i dt + M q (p p )=è øê ú

 (3.36) 

2

3
ű1 1 3 ű2 2 3 3 1 1 42

ï
ű

ű ű ű ű 0ï ï ï ï ï
d

ic ( i ) ic ( i ) I r (F F )= .
dt

å õ
æ ö
ç ÷

  (3.37) 

 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʣʘʥʢʠ 8 ʪʘ ʜʝʬʦʨʤʘʮʽʷ ʩʪʨʽʯʢʠ ʯʝʨʝʟ ʢʫʪʦʚʽ ʧʝʨʝ-

ʤʽʱʝʥʥʷ ʣʘʥʦʢ 6 ʽ 8 ʟʘʣʠʰʘʪʴʩʷ ʙʝʟ ʟʤʽʥ  

 

0.
2

4
2 2 3 4 02

d ű
r (F F ) I Mï

d
ï =

t
ï    (3.38) 

 

ʈʽʚʥʷʥʥʷ ʚʠʪʨʘʪ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʛʽʜʨʦʤʦʪʦʨʘ 5 

ʯʝʨʝʟ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ 
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.

2 1 3 1 ʢʣ
ʤ2 1 1 1 ʜʨ ʜʨ

2 2 1
2 ʢʣ ʢʣ ʢʣ ʢʣ 3 2

dű 2(p p ) 2(p p )ï
q = ɛbh +ɛ f +

dt ɟ ɟ

d ˊ dh
+ůʨ +k V p + (d d )

dt 4
ï

dt

ï

   (3.39) 

 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʢʣʘʧʘʥʘ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ 

 
2

2 2 2 2

3 2 1 3 1 3 1 1 3 12

1 1 1 1 3 1 ʢʣ 1 1 1 1

ˊ ˊ
ɓ

4 4

2ɛ

ï

ï Ŭ

ï

ï

d d
(d d )p + (d d )p = m h + h +

dt dt

+ b h (p p )(p p )cos +ʝ(h +x ).

  (3.40) 

 

ɺʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ ʟʜʽʡʩʥʠʪʴʩʷ ʟʘ ʫʤʦʚʠ           

 

2
1

3

kh
ʨ = ,

f
¡         (3.41) 

 

ʘ ʟʘʢʨʠʪʪʷ ï 

 

3 2
1 1

4 4

f kh
p = ʨ + .

f f
¡           (3.42) 

 

ɺ ʨʽʚʥʷʥʥʷʭ (3.16)ï(3.42) ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: ʨ1 ï ʪʠʩʢ ʚ 

ʥʘʧʽʨʥʽʡ ʤʘʛʽʩʪʨʘʣʽ ʛʽʜʨʦʤʦʪʦʨʘ 4; ʨ2 ï ʪʠʩʢ ʚ ʟʣʠʚʥʽʡ ʤʘʛʽʩʪʨʘʣʽ; ʨ3 ï 

ʪʠʩʢ ʚ ʤʘʛʽʩʪʨʘʣʽ ʛʽʜʨʦʤʦʪʦʨʘ 5 ʧʽʩʣʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʢʝʨʫ-

ʚʘʥʥʷ; qʥ, qʤ1, qʤ2 ï ʨʦʙʦʯʽ ʦʙôʻʤʠ ʥʘʩʦʩʘ ʽ ʛʽʜʨʦʤʦʪʦʨʽʚ 4 ʪʘ 5, ʚʽʜʧʦ-

ʚʽʜʥʦ; nʥ ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʽʚ ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ ʥʘʩʦʩʘ; ů1 ï ʢʦʝʬʽʮʽʻʥʪ ʚʠ-

ʪʨʘʪ ʟ ʧʦʨʦʞʥʠʥʠ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ ʨ1; k1 ï 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʘʪʣʠʚʦʩʪʽ ʥʘʧʽʨʥʦʾ ʤʘʛʽʩʪʨʘʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʠʩʣʠʚʦʩ-

ʪʽ ʨʽʜʠʥʠ ʦʙôʻʤ ʷʢʦʾ ʨʽʚʥʠʡ V1; ű1, ű2, ű3, ű4 ï ʢʫʪʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦ-

ʪʦʨʽʚ ʛʽʜʨʦʤʦʪʦʨʽʚ 4 ʪʘ 5, ʧʨʠʚʜ̔ʥʦʛʦ ʽ ʭʚʦʩʪʦʚʦʛʦ ʙʘʨʘʙʘʥʽʚ, ʚʽʜʧʦʚʽʜ-

ʥʦ; ʩű ï ʟʚʝʜʝʥʘ ʢʨʫʪʠʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʧʨʠʚʜ̔ʥʦʾ ʩʠʩʪʝʤʠ; ɓ1, ɓ2 ï ʢʦʝ-

ʬʽʮʽʻʥʪʠ ʚ'ʷʟʢʦʛʦ ʪʝʨʪʷ ʚ ʛʽʜʨʦʤʦʪʦʨʘʭ; ɯ1, ɯ2, ɯ3, ɯ4  ï ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ 

ʨʦʪʦʨʽʚ ʛʽʜʨʦʤʦʪʦʨʽʚ ʽ ʟʚʝʜʝʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʧʨʠʚʜ̔ʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʪʘ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʚʝʻʨʘ, ʚʽʜʧʦʚʽʜʥʦ; 

ʄʪ1, ʄʪ2 ï ʤʝʭʘʥʽʯʥʽ ʚʪʨʘʪʠ ʚ ʛʽʜʨʦʤʦʪʦʨʘʭ; ʄʦ ï ʤʦʤʝʥʪ ʦʧʦʨʫ ʨʫʭʦʚʽ 
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ʩʪʨʽʯʢʠ;  

r ï ʨʘʜʽʫʩ ʙʘʨʘʙʘʥʽʚ; ɸ ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʩʪʨʽʯʢʠ; ɽʩ,ï ʩʪʘʪʠʯʥʠʡ ʤʦ-

ʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʩʪʨʽʯʢʠ; ɖ ï ʚʽʜʥʦʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ; ʨʢʣ ï 

ʪʠʩʢ ʚ ʛʽʜʨʦʣʽʥʽʾ ʢʝʨʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ; h1, b1 ï ʚʽʜʢʨʠʪʪʷ ʪʘ ʜʦʚʞʠʥʘ 

ʨʦʙʦʯʦʛʦ ʦʪʚʦʨʫ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʢʣʘʧʘʥʘ; m1 ï ʤʘʩʘ ʟʦʣʦʪʥʠʢʦʚʦʛʦ 

ʢʣʘʧʘʥʘ; e1, x1 ï ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʧʦʧʝʨʝʜʥ ̒ʩʪʠʩʢʘʥʥʷ ʧʨʫʞʠʥʠ; ɓ3 ï ʢʦʝ-

ʬʽʮʽʻʥʪ ʚôʷʟʢʦʛʦ ʜʝʤʧʬʫʚʘʥʥʷ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʢʣʘʧʘʥʘ; ɛ1, ɛʜʨ ï ʢʦʝʬʽ-

ʮʽʻʥʪ ʚʠʪʨʘʪ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʭʽʜʥʠʭ ʧʝʨʝʨʽʟʽʚ; ɟ ï ʛʫʩʪʠʥʘ ʨʦʙʦʯʦʾ ʨʽ-

ʜʠʥʠ; d1, d2, d3 ï ʜʽʘʤʝʪʨʠ ʧʦʚʝʨʭʦʥʴ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʢʣʘʧʘʥʘ; fʜʨ ï 

ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʨʦʩʝʣʷ; h2 ï ʧʦʧʝʨʝʜʥʷ ʜʝʬʦʨʤʘʮʽʷ ʧʨʫ-

ʞʠʥʠ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ; k ï ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʠʥʠ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ; Ŭ1 ï 

ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʧʨʠ ʚʠʭʦʜʽ ʟ ʨʦʙʦʯʦʾ ʧʦʨʦʞʥʠʥʠ; 
2 2

1 3 2(ˊ/4)( )ïf = d d  ï ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʪʦʨʮʷ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʢʣʘʧʘʥʘ; 

2 2

2 3 1(ˊ/4)( )ïf = d d  ï ʧʦʚʥʘ ʧʣʦʱʘ ʪʦʨʮʷ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʢʣʘʧʘʥʘ; 

2

3 4ˊ /4f = d  ï ʧʣʦʱʘ ʢʦʥʫʩʘ ʟʘʪʚʦʨʘ ʚ ʤʽʩʮ̔  ʢʦʥʪʘʢʪʫ ʟ ʩʽʜʣʦʤ; 

2

4 5ˊ /4f = d  ï ʧʣʦʱʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʟʘʪʚʦʨʘ; d4, d5 ï ʜʽʘʤʝʪʨʠ 

ʢʦʥʽʯʥʦʾ ʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʦʥʴ ʟʘʪʚʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ. 

ʈʦʟʚôʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʫʚʽʡʰʣʠ ʜʦ ʤʘʪʝʤʘʪʠʯ-

ʥʦʛʦ ʦʧʠʩʫ ʨʦʙʦʪʠ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʟ ʧʨʠʩʪʨʦʻʤ 

ʢʝʨʫʚʘʥʥʷ, ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʛʽʜʨʦʧʨʠʚʦʜʫ ʪʘ 

ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʥʘ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʫ ʚʤʦʥʪʦʚʘʥʦʤʫ ʛʽʜʨʘʚʣʽʯ-

ʥʦʤʫ ʧʨʠʚʦʜʽ, ʯʫʪʣʠʚʦʤʫ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

3.2.3 ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ [169,170] ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘ-

ʣʴʥʠʭ ʨʽʚʥʷʥʴ (3.16)ï(3.42) ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ, 

ʩʪʚʦʨʝʥʦʾ ʥʘ ʦʩʥʦʚʽ ʧʘʢʝʪʘ MathLab 13. 

ɼʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʘʢʽ ʚʠʭʽʜʥʽ ʟʥʘ-

ʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ: qʥ = 1,59Ā10
ï6 ʤ3/ʨʘʜ; qʤ = 12,8Ā10

ï6 ʤ3/ʨʘʜ; 

nʥ = 147,6 ʨʘʜ/ʩ; ů1 = 3,21Ā10
ï11 ʤ5/ʅʩ; k1 = 0,714 1/ ʄʇʘ; V1 = 0,46Ā10

4 ʤ3; 

cű = 0,8Ā10
6 ʅʤ/ʨʘʜ; ɓ = 0,05 ʅĀʤĀʩ/ʨʘʜ; ɯ3 = 0,22 ʢʛĀʤ

2; I4 = 0,32 ʢʛĀʤ
2; 

Mʪ = 10 ʅĀʤ; Mʦ = 87 ʅĀʤ, Mʦʤʘʭ = 280 ʅĀʤ; r = 0,09 ʤ; A = 151,8Ā10ï6 ʤ2; 

Eʩ = 510 ʄʇʘ; ɖ = 24ʅĀʩ/ʤ; b1 = 2Ā10
ï3 ʤ; m1 = 5,5Ā10

-2 ʢʛ; e1 = 2,8Ā10
3 ʅ/ʤ; 

x1 = 3Ā10
ï3 ʤ; ɛ1 = 0,64; ɛʜʨ = 0,6; ɟ = 850 ʢʛĀʤï3; fʜʨ = 0,785Ā10

ï6 ʤ2;  

Ŭ1 = 45Ü; h2 = 51,25Ā10
ï4 ʤ; k = 5Ā104 ʅ/ʤ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.9ï3.17. 

ɸʥʘʣʽʟ ʫʤʦʚ ʨʦʙʦʪʠ ʛʽʜʨʦʧʨʠʚʦʜʥʠʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʚ, ʱʦ ʥʘ ʧʝ-

ʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʛʽʜʨʦʧʨʠʚʦʜʥʦʛʦ ʘʛʨʝʛʘʪʫ ʚʧʣʠʚʘʶʪʴ ʽʥʝʨʮʽʡʥʝ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ, ʢʨʫʪʠʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ, ʦʙôʻʤ ʥʘʧʽʨʥʦʾ ʤʘʛʽʩʪʨʘʣʽ. ʊʦʤʫ ʚʧʣʠʚ 

ʢʦʞʥʦʛʦ ʟ ʚʠʱʝʟʛʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ɯ4, ʩű, V1) ʚʠʟʥʘʯʘʚʩʷ ʧʝʨʝʙʦʨʦʤ 

ʢʨʘʡʥʽʭ ʽ ʧʨʦʤʽʞʥʠʭ ʾʭ ʟʥʘʯʝʥʴ ʟʘ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʨʝʰʪʠ ʧʘʨʘʤʝʪ-

ʨʽʚ. 
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ʈʠʩʫʥʦʢ 3.9 ï ʊʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ p1(t), p3(t), Q1(t), Q2(t), n(t), M(t)  

(ʢʨʠʚʽ 1, 2, 3, 4, 5, 6 ʚʽʜʧʦʚʽʜʥʦ) ʧʨʠ ʨʢʚ=12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ 

ʩű=0,37Ŀ10
ï3 ʅĿʤ/ʨʘʜ; f3/f4=0,6 ʪʘ ʩʪʫʧʽʥʯʘʩʪʽʡ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʈʠʩʫʥʦʢ 3.10 ï ʊʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ p1(t), p3(t), Q1(t), Q2(t), n(t) M(t)  

(ʚʽʜʧʦʚʽʜʥʦ ʢʨʠʚʽ 1, 2, 3, 4, 5,6) ʧʨʠ ʨʢʚ=12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ 

2ʩű=0,74Ŀ10
ï3 ʅĿʤ/ʨʘʜ; f3/f4=0,6 ʪʘ ʩʪʫʧʽʥʯʘʩʪʽʡ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʈʠʩʫʥʦʢ 3.11 ï ʊʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ p1(t), p3(t), Q1(t), Q2(t), n(t), M(t)  

(ʢʨʠʚʽ 1, 2, 3, 4, 5, 6 ʚʽʜʧʦʚʽʜʥʦ) ʧʨʠ ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ  

3ʩű = 1,11Ŀ10
ï3 ʅĿʤ/ʨʘʜ; f3/f4 = 0,6 ʪʘ ʩʪʫʧʽʥʯʘʩʪʽʡ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʈʠʩʫʥʦʢ 3.12 ï ʊʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ p1(t), p3(t), Q1(t), Q2(t), n(t)  

(ʚʽʜʧʦʚʽʜʥʦ ʢʨʠʚʽ 1, 2, 3, 4, 5) ʧʨʠ ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ  

ʩű = 0,37Ŀ10
-3 ʅĿʤ/ʨʘʜ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʽʥʝʨʮʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ  

ɯ3 = 1,01 ʢʛĿʤ
2 ʪʘ ʩʪʫʧʽʥʯʘʩʪʦʾ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʈʠʩʫʥʦʢ 3.13 ï ʊʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ p1(t), p3(t), Q1(t), Q2(t), n(t)  

(ʚʽʜʧʦʚʽʜʥʦ ʢʨʠʚʽ 1, 2, 3, 4, 5) ʧʨʠ ʨʢʚ = 12 ʄʇʘ, ʦʙôʻʤʽ ʧʦʨʦʞʥʠʥʠ ʥʘʧʽʨʥʦʾ  

ʤʘʛʽʩʪʨʘʣʽ V1 = 5Ŀ10
ï2 ʤ2 ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʽʥʝʨʮʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ  

ɯ4 = 1,01 ʢʛĿʤ
2 ʪʘ ʩʪʫʧʽʥʯʘʩʪʦʾ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʈʠʩʫʥʦʢ 3.14 ï ʊʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ p1(t), p3(t), Q1(t), Q2(t), n(t), M(t)  

(ʢʨʠʚʽ 1, 2, 3, 4, 5, 6 ʚʽʜʧʦʚʽʜʥʦ) ʧʨʠ ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ  

ʩű = 0,37Ŀ10
ï3 ʅĿʤ/ʨʘʜ; f3/f4 = 0,63 ʪʘ ʩʪʫʧʽʥʯʘʩʪʽʡ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʈʠʩʫʥʦʢ 3.15 ï ʊʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ p1(t), p3(t), Q1(t), Q2(t), n(t), M(t)  

(ʢʨʠʚʽ 1, 2, 3, 4, 5, 6 ʚʽʜʧʦʚʽʜʥʦ) ʧʨʠ ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ  

ʩű = 0,37Ŀ10
ï3 ʅĿʤ/ʨʘʜ; f3/f4 = 0,83 ʪʘ ʩʪʫʧʽʥʯʘʩʪʽʡ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʈʠʩʫʥʦʢ 3.16 ï ʊʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ p1(t), p3(t), Q1(t), Q2(t), n(t), M(t)  

(ʢʨʠʚʽ 1, 2, 3, 4, 5, 6 ʚʽʜʧʦʚʽʜʥʦ) ʧʨʠ ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ  

ʩű = 0,37Ŀ10
-3 ʅĿʤ/ʨʘʜ; f1/f2 = 0,6 ʪʘ ʩʪʫʧʽʥʯʘʩʪʽʡ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʈʠʩʫʥʦʢ 3.17 ï ʊʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ p1(t), p3(t), Q1(t), Q2(t), n(t), M(t)  

(ʢʨʠʚʽ 1, 2, 3, 4, 5, 6 ʚʽʜʧʦʚʽʜʥʦ) ʧʨʠ ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ  

ʩű = 0,37Ŀ10
-3 ʅĿʤ/ʨʘʜ; f3/f4 = 0,6 ʪʘ ʪʨʘʧʝʮʝʾʜʘʣʴʥʽʡ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʂʨʽʤ ʪʦʛʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʧʨʠʚʦʜʽ ʧʨʠ ʩʪʫʧʽʥʯʘʩʪʦʤʫ ʪʘ ʪʨʘʧʝʮʝʾʜʘʣʴʥʦʤʫ ʟʘʢʦʥʘʭ ʟʤʽʥʠ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʪʠʩʢ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ ʧʨʠʩʪʨʦʶ ʢʝʨʫ-

ʚʘʥʥʷ ʩʪʘʥʦʚʠʚ ʨʢʚ = 12 ʄʇʘ. 

ʇʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʤʦʥʪʦʚʘʥʠʭ ʧʨʠʚʦʜʽʚ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ɼʦʙʦʨʦʤ ʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʞʦʨʩʪʢʦʩʪʝʡ ʧʨʠ-

ʚʦʜʫ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʽ ʦʙôʻʤʫ ʥʘʧʽʨʥʦʾ ʧʦʨʦʞʥʠʥʠ ʤʦʞ-

ʥʘ ʟʤʽʥʠʪʠ ʚʝʣʠʯʠʥʫ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ. ʎʝ 

ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʚʦʜʽʚ ʪʘ ʢʦʥʚʝʻʨʽʚ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩ-

ʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

3.2.4 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦ-

ʪʠ ʧʨʠʚʦʜʫ 

ʉʪʨʽʯʢʦʚʠʡ ʢʦʥʚʝʻʨ ʟ ʚʤʦʥʪʦʚʘʥʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʪʘ 

ʧʨʠʩʪʨʦʻʤ ʢʝʨʫʚʘʥʥʷ ʻ ʩʢʣʘʜʥʦʶ ʤʝʭʘʥʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʜʠʥʘʤʽʯʥʽ 

ʧʨʦʮʝʩʠ ʷʢʦʾ ʤʦʞʫʪʴ ʙʫʪʠ ʮʽʣʢʦʤ ʚʠʚʯʝʥʽ ʣʠʰʝ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠ-

ʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦ-

ʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʥʘ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʧʘʨʘʤʝʪʨʽʚ ʛʽʜʨʦʧ-

ʨʠʚʦʜʫ, ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʪʘ ʭʘʨʘʢʪʝʨʫ 

ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ [171, 172]. 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʝʥʜʘʭ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʢʦʤʧʣʝʢʩʫ ʚʠʤʽʨʶʚʘʣʴʥʦ-ʨʝʻʩʪʨʫʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʷʢʽ ʦʧʠʩʘ-

ʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.4. 

ʄʝʪʦʜʠʢʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʜʙʘʯʘʣʦʩʴ ʚʩʪʘ-

ʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʨʠʚʦʜʽ ʟ ʧʨʫʞʥʦ-

ʜʠʩʠʧʘʪʠʚʥʠʤʠ, ʽʥʝʨʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʞʦʨʩʪʢʦʩʪʷʤʠ ʣʘ-

ʥʦʢ ʢʦʥʚʝʻʨʘ, ʘ ʪʘʢʦʞ ʨʝʞʠʤʦʤ ʟʤʽʥʠ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ. 

ʅʘ ʨʠʩ. 3.18ï3.26 ʧʦʢʘʟʘʥʦ ʟʨʘʟʢʠ ʦʩʮʠʣʦʛʨʘʤ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘ-

ʯʠʪʠ ʚʧʣʠʚ ʟʘʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʫ ʚʤʦʥʪʦʚʘʥʦʤʫ 

ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʧʨʠʚʦʜʽ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʤʫ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʣʷ ʨʝʞʠʤʫ ʧʫʩʢʫ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʟʘʧʽʟʥʝʥʥʷ ʧʦʯʘʪʢʫ ʨʫʭʫ ʚʠʭʽʜʥʦʾ 

ʣʘʥʢʠ ʚʽʜʥʦʩʥʦ ʥʘʙʦʨʫ ʪʠʩʢʫ, ʱʦ ʚʠʢʣʠʢʘʥʝ ʽʥʝʨʮʽʡʥʽʩʪʶ ʪʘ ʞʦʨʩʪʢʽʩ-

ʪʶ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʩʠʣʘʤʠ ʪʝʨʪʷ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʠʩʢʫ (ʢʨʠʚʘ 1) ʚʠʭʽ-

ʜʥʠʡ ʚʘʣ ʚʧʨʦʜʦʚʞ ʧʝʚʥʦʛʦ ʯʘʩʫ tʥ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʨʫʭʦʤʠʤ (ʛʦʨʠʟʦʥʪʘ-

ʣʴʥʘ ʜʽʣʷʥʢʘ ʢʨʠʚʦʾ 2). ʈʫʭ ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ ʧʦʯʠʥʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪ ʜʦʩʷ-

ʛʥʝʥʥʷ ʪʠʩʢʫ, ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʟʫʤʦʚʣʝʥʦ 

ʚʘʛʦʶ ʨʫʭʦʤʠʭ ʝʣʝʤʝʥʪʽʚ ʛʽʜʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ, 

ʷʢʠʡ ʩʬʦʨʤʦʚʘʥʦ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʪʘ ʩʠʣʦʶ ʪʝʨʪʷ. ʇʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʛʽʥ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ. 
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ʈʠʩʫʥʦʢ 3.18 ï ʆʩʮʠʣʦʛʨʘʤʘ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè  

ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ ʩű = 0,37Ŀ10
ï3 ʅĿʤ/ʨʘʜ; f3/f4 = 0,6: 1 ï ʟʤʽʥʘ 

ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʧʝʨʰʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ; 2 ï ʟʤʽʥʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ 

ʚʠʢʦʥʘʚʯʦʾ ʣʘʥʢʠ ʧʨʠʚʦʜʫ; 3 ï ʟʤʽʥʘ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʜʨʫʛʦʛʦ  

ʛʽʜʨʦʤʦʪʦʨʘ; 4 ï ʟʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʪʫʧʽʥʯʘʩʪʘ) ʥʘ ʚʠʢʦʥʘʚʯʽʡ ʣʘʥʮʽ ʧʨʠʚʦʜʫ 
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ʈʠʩʫʥʦʢ 3.19 ï ʆʩʮʠʣʦʛʨʘʤʘ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè  

ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ 2ʩű = 0,74Ŀ10
-3 ʅĿʤ/ʨʘʜ; f3/f4 = 0,6:1 ï ʟʤʽʥʘ 

ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʧʝʨʰʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ; 2 ï ʟʤʽʥʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ 

ʚʠʢʦʥʘʚʯʦʾ ʣʘʥʢʠ ʧʨʠʚʦʜʫ; 3 ï ʟʤʽʥʘ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʜʨʫʛʦʛʦ  

ʛʽʜʨʦʤʦʪʦʨʘ; 4 ï ʟʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʪʫʧʽʥʯʘʩʪʘ) ʥʘ ʚʠʢʦʥʘʚʯʽʡ ʣʘʥʮʽ ʧʨʠʚʦʜʫ  

ʇʽʜ ʯʘʩ ʨʦʟʛʦʥʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʥʘ ʚʝʣʠʯʠʥʫ 

ȹʨ1 ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ, ʷʢʝ ʚʠʢʣʠʢʘʥʝ ʽʥʝʨʮʽʡʥʽʩʪʶ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʫ, ʧʦʢʠ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʚʘʣʘ ʥʝ ʜʦʩʷʛʥʝ ʟʥʘʯʝʥʥʷ, ʙʣʠʟʴʢʦʛʦ ʜʦ ʫʩʪʘʣʝʥʦʛʦ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʽʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʯʠʥʘʻ ʟʤʝʥʰʫʚʘʪʠʩ,̫ ʽ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ (ʢʨʠʚʘ 1 ʦʧʫʩʢʘʻʪʴʩʷ ʚʥʠʟ). ʇʨʦʪʝ, ʯʘʩ-

ʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʟʙʽ-

ʣʴʰʫʻʪʴʩʷ (ʢʨʠʚʘ 2 ʧʽʜʽʡʤʘʻʪʴʩʷ ʚʚʝʨʭ) ʽ ʧʽʜ ʜʽʻʶ ʽʥʝʨʮʽʡʥʠʭ ʤʘʩ ʤʝ-

ʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʦʩʷʛʘʻ ʚʝʣʠʯʠʥʠ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʫʩʪʘʣʝʥʫ. ɺ ʮʝʡ 

ʤʦʤʝʥʪ ʫ ʛʽʜʨʦʤʦʪʦʨʽ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ ʟʙʽʣʴʰʫʶʪʴʩʷ ʜʦ ʤʘʢʩʠʤʫʤʫ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʪʠʩʢ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ, ʥʠʞʯʦʛʦ ʟʘ ʥʦʤʽʥʘʣʴʥʝ 

(ʢʨʠʚʘ 1 ʦʧʫʩʢʘʻʪʴʩʷ). ʇʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʜʽʾ ʽʥʝʨʮʽʡʥʠʭ ʤʘʩ ʤʝʭʘʥʽʯ-

ʥʦʾ ʩʠʩʪʝʤʠ ʯʘʩʪʦʪʘ ʦʙʝʨʪʽʚ ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ ʽ ʪʠʩʢʫ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ ʜʦ-

ʩʷʛʘʶʪʴ ʟʥʘʯʝʥʴ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ.  
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ʈʠʩʫʥʦʢ 3.20 ï ʆʩʮʠʣʦʛʨʘʤʘ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ  ʧʨʠ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè 

ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ 3ʩű = 1,11Ŀ10-3 ʅĿʤ/ʨʘʜ; f3/f4 = 0,6: 1 ï ʟʤʽʥʘ 

ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʧʝʨʰʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ; 2 ï ʟʤʽʥʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ 

ʚʠʢʦʥʘʚʯʦʾ ʣʘʥʢʠ ʧʨʠʚʦʜʫ; 3 ï ʟʤʽʥʘ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʜʨʫʛʦʛʦ  

ʛʽʜʨʦʤʦʪʦʨʘ; 4 ï ʟʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʪʫʧʽʥʯʘʩʪʘ) ʥʘ ʚʠʢʦʥʘʚʯʽʡ ʣʘʥʮʽ ʧʨʠʚʦʜʫ 

ʊʘʢʠʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʚʥʦʚʘʛʦʶ ʩʠʣ ʨʫʭʫ ʪʘ ʩʠʣ ʢʦʨʠʩ-

ʥʦʛʦ ʦʧʦʨʫ, ʧʨʦʪʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʩʠʣ ʧʨʫʞʥʦʩʪʽ ʚʠʥʠʢʘʶʪʴ ʥʝʚʝʣʠʢʽ 

ʢʦʣʠʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ. 

ʇʽʜ ʯʘʩ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʚʝʣʠʯʠʥʠ ʄʦ = 280 ʅʤ 

(ʢʨʠʚʘ 4) ʚ ʧʨʠʚʦʜʽ ʩʧʨʘʮʴʦʚʫʻ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʢʣʘʧʘʥ 

ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʪʠʩʢ çʚʽʜʢʨʠʪʪʷè ʨʢʚ = 12 ʄʇʘ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʥʘʚʘʥʪʘʞʝʥʥʶ ʄʦ = 228 ʅʤ. ɺ ʮʝʡ ʤʦʤʝʥʪ ʧʨʠʩʪʨʽʡ ʢʝʨʫ-

ʚʘʥʥʷ ʧʽʜôʻʜʥʫʻ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʴ ʜʨʫʛʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ, ʚ ʷʢʽʡ ʪʠʩʢ ʨ3 

ʧʦʯʠʥʘʻ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʪʠ (ʢʨʠʚʘ 3), ʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʽʚ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ 

ʥʘʚʧʘʢʠ ï ʩʪʨʽʤʢʦ ʟʥʠʞʫʚʘʪʠʩʷ (ʢʨʠʚʘ 2). ɿʘʚʠʱʝʥʥʷ ʪʠʩʢʽʚ ȹʨʢʚ ʪʘ 

ȹʨ3 ʚʠʢʣʠʢʘʥʽ ʪʠʤʠ ʞ ʧʨʠʯʠʥʘʤʠ, ʱʦ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʧʽʜ ʯʘʩ ʦʧʠʩʫ 

ʧʝʨʽʦʜʫ ʨʦʟʛʦʥʫ. ʏʝʨʝʟ ʚʧʣʠʚ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʪʠʩʢ ʚ ʛʽʜʨʦʤʘʛʽʩ-

ʪʨʘʣʷʭ ʦʙʦʭ ʛʽʜʨʦʤʦʪʦʨʽʚ ʟʥʠʞʫʻʪʴʩʷ ʥʠʞʯʝ ʥʦʤʽʥʘʣʴʥʦʛʦ, ʷʢʠʡ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʽʜ ʯʘʩ ʩʫʤʽʩʥʦʾ ʨʦʙʦʪʠ 

ʜʚʦʭ ʛʽʜʨʦʤʦʪʦʨʽʚ ʽ ʩʪʘʥʦʚʠʪʴ ʨʥ1 = 9 ʄʇʘ ʪʘ ʨʥ2 = 8,8 ʄʇʘ. ʈʽʟʥʠʮʷ 
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ʟʥʘʯʝʥʴ ʨʥ1 ʪʘ ʨʥ2 ʚʠʢʣʠʢʘʥʘ ʥʝʟʥʘʯʥʠʤʠ ʚʪʨʘʪʘʤʠ ʥʘʧʦʨʫ ʚ ʧʨʠʩʪʨʦʾ 

ʢʝʨʫʚʘʥʥʷ. ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ (ʢʨʠʚʘ 2) 

ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʫʩʪʘʣʝʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʜʚʽʯʽ ʤʝʥʰʝ, ʥʽʞ ʧʽʜ ʯʘʩ ʨʦ-

ʙʦʪʠ ʦʜʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ (ʭʘʨʘʢʪʝʨʥʽ ʦʙôʻʤʠ ʛʽʜʨʦʤʦʪʦʨʽʚ ʦʜʥʘʢʦʚʽ), 

ʘʥʘʣʦʛʽʯʥʠʡ ʧʫʩʢʦʚʦʤʫ ʧʝʨʽʦʜʫ. 
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ʈʠʩʫʥʦʢ 3.21 ï ʆʩʮʠʣʦʛʨʘʤʘ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè  

ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ ʩű = 0,37Ŀ10
-3 ʅĿʤ/ʨʘʜ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ  

ʽʥʝʨʮʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ɯ3 = 1,01 ʢʛĿʤ
2: 1 ï ʟʤʽʥʘ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ  

ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʧʝʨʰʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ; 2 ï ʟʤʽʥʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʚʠʢʦʥʘʚʯʦʾ  

ʣʘʥʢʠ ʧʨʠʚʦʜʫ; 3 ï ʟʤʽʥʘ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʜʨʫʛʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ; 

4 ï ʟʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʪʫʧʽʥʯʘʩʪʘ) ʥʘ ʚʠʢʦʥʘʚʯʽʡ ʣʘʥʮʽ ʧʨʠʚʦʜʫ 

 

ɺ ʤʦʤʝʥʪ ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʢʨʠʚʘ 4), ʧʦ ʜʦʩʷʛ-

ʥʝʥʥʶ ʥʠʤ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʠʩʢʫ çʟʘʢʨʠʪʪʷè ʨʢʟ ʧʨʠʩʪʨʦʶ 

ʢʝʨʫʚʘʥʥʷ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʧʣʦʱ ʡʦʛʦ ʟʘʧʽʨʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ f3/f4, ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʴ ʜʨʫʛʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ 

ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ ʢʣʘʧʘʥʦʤ ʜʨʫʛʦʛʦ ʢʘʩʢʘʜʫ. ɺ ʮʝʡ ʯʘʩ ʪʠʩʢ ʚ ʛʽʜʨʦʤʘʛʽ-

ʩʪʨʘʣʽ ʜʨʫʛʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʨ3 ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʥʫʣʷ (ʢʨʠʚʘ 3), ʘ 

ʪʠʩʢ ʚ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʧʝʨʰʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʨ1 ʯʝʨʝʟ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ 

ʥʘ ʡʦʛʦ ʚʘʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʝʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʨʽʟʢʦ ʟʨʦʩʪʘʻ. 

ʇʨʦʪʝ, ʩʪʫʧʽʥʯʘʩʪʝ ʩʧʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʣʠʢʘʻ ʧʦʜʘʣʴʰʝ ʟʥʠ-
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ʞʝʥʥʷ ʪʠʩʢʫ ʨ1 (ʢʨʠʚʘ 1) ʩʧʦʯʘʪʢʫ ʥʠʞʯʝ ʥʦʤʽʥʘʣʴʥʦʛʦ, ʘ ʧʦʪʽʤ ʡʦʛʦ 

ʟʘʚʠʱʝʥʥʷ ʥʘʜ ʥʦʤʽʥʘʣʴʥʠʤ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ. ʏʘ-

ʩʪʦʪʘ ʦʙʝʨʪʽʚ ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʜʚʽʯʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʙʦʪʽ 

ʦʜʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ. 

ʆʜʥʠʤ ʟ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʚʝʻʨʘ, ʱʦ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʽʜʨʦʧʨʠʚʦʜʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʻ 

ʢʨʫʪʠʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʚʝʜʝʥʦʶ ʞʦʨʩʪʢʽʩ-

ʪʶ ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʫ ʪʘ ʜʽʣʷʥʦʢ ʩʪʨʽʯʢʠ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʞʦʨʩʪʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʫ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ ʩʪʨʽʯʢʠ, ʪʦ ʧʽʜ 

ʯʘʩ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʢʨʫʪʠʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʩʠʩʪʝʤʠ ʟʤʽʥʶʚʘʣʠʩʴ ʧʘ-

ʨʘʤʝʪʨʠ ʣʠʰʝ ʛʥʫʯʢʦʛʦ ʦʨʛʘʥʫ. 

ɺʽʜʦʤʦ [173], ʱʦ ʟʚʝʜʝʥʘ ʞʦʨʩʪʢʽʩʪʴ ʛʥʫʯʢʦʛʦ ʦʨʛʘʥʫ, ʷʢʠʡ ʧʽʜʜʘ-

ʻʪʴʩʷ ʢʨʫʪʠʣʴʥʠʤ ʜʝʬʦʨʤʘʮʽʷʤ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʧʦʛʦʥʥʦʾ ʞʦʨʩʪʢʦʩ-

ʪʽ, ʜʦʚʞʠʥʠ, ʨʘʜʽʫʩʘ ʧʨʠʚʜ̔ʥʦʾ ʣʘʥʢʠ ʪʘ ʧʝʨʝʜʘʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʧʨʠʚʜ̔ʥʦʶ ʣʘʥʢʦʶ ʪʘ ʮʝʥʪʨʦʤ ʟʚʝʜʝʥʥʷ. ʇʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʚʠʢʣʠʢʘʻ 

ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʜʦʚʞʠʥʠ ʛʥʫʯʢʦʛʦ ʦʨʛʘʥʘ ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʧʨʠʚʦʜʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʦʨʩʪʢʦʩʪʽ ʩʪʨʽʯʢʠ. ʅʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʤʫ ʩʪʝʥʜʽ ʩʪʨʽʯʢʘ ʢʦʥʚʝʻʨʘ ʤʦʜʝʣʶʻʪʴʩʷ ʢʣʠʥʦʧʘʩʦʚʦʶ ʧʝʨʝʜʘʯʝʶ, 

ʚ ʷʢʽʡ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʤʽʞʦʩʴʦʚʽʡ ʚʽʜʩʪʘʥʽ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ ʟʤʽʥʫ 

ʜʝʬʦʨʤʘʮʽʾ ʧʘʩʘ, ʚʽʜʧʦʚʽʜʥʫ ʡʦʛʦ ʚʠʜʦʚʞʝʥʥʶ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ 

ʟʤʽʥʠ ʾʭ ʢʽʣʴʢʦʩʪʽ ʥʘ ʰʢʽʚʫ. 

ɿʙʽʣʴʰʝʥʥʷ ʢʨʫʪʠʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ (ʜʠʚ. ʨʠʩ. 3.18ï3.20) ʪʘʢʦʞ ʟʙʽ-

ʣʴʰʫʻ ʟʘʚʠʱʝʥʥʷ ʪʠʩʢʫ ȹʨ1 ʥʘ 80 % (ʚʽʜ 1,68 ʄʇʘ (ʩű) ʜʦ 3,6 ʄʇʘ 

(3ʩű)), ʟʘʚʠʱʝʥʥʷ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè ȹʨʢʚ ʥʘ 44 % (ʚʽʜ 1,8 ʄʇʘ (ʩű) ʜʦ 

2,6 ʄʇʘ (3ʩű)), ʪʘ ʟʤʝʥʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʥʘ 

26 % (ʟ tʧ = 0,21 ʩ (ʩű) ʜʦ tʧ = 0,14 ʩ (3ʩű)) ʽ çʚʽʜʢʨʠʪʪʷè ʧʨʠʩʪʨʦʶ ʢʝʨʫ-

ʚʘʥʥʷ ʥʘ 24 % (ʟ tʢʚ = 0,10 ʩ (ʩű) ʜʦ tʢʚ = 0,08 ʩ (3ʩű)), ʘ ʪʘʢʦʞ ʤʘʡʞʝ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʟʘʚʠʱʝʥʥʷ ʪʠʩʢʫ çʟʘʢʨʠʪʪʷè ʨʢʟ. 

ɿʙʽʣʴʰʝʥʥʷ ʽʥʝʨʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʠʚ. ʨʠʩ. 3.21) ʟ ɯ3 = 0,32 ʢʛĿʤ
2 

ʜʦ ɯ3 = 1,01 ʢʛĿʤ
2 ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʙʘʟʦʚʠʭ ʧʘʨʘʤʝʪʨʘʭ ʟʙʽʣʴʰʫʻ ʟʘʚʠʱʝʥ-

ʥ ̫ʪʠʩʢʫ ȹʨ1 ʥʘ 30 % (ʚʽʜ 1,68 ʄʇʘ (ɯ3) ʜʦ 2,2 ʄʇʘ (3ɯ3)), ʟʘʚʠʱʝʥʥʷ 

ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè ȹʨʢʚ ʥʘ 29 % (ʚʽʜ 1,8 ʄʇʘ (ɯ3) ʜʦ 2,32 ʄʇʘ (3 ɯ3)), 

ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʥʘ 23 % (ʟ tʧ = 0,21 ʩ (ɯ3) ʜʦ  

tʧ = 0,26 ʩ (3ɯ3)) ʽ çʚʽʜʢʨʠʪʪʷè ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʥʘ 41 % (ʟ tʢʚ = 0,10 ʩ 

(ɯ3) ʜʦ tʢʚ = 0,14 ʩ (3ɯ3)), ʪʘ ʥʝʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ʪʠʩʢʫ çʟʘʢʨʠʪʪʷè ʨʢʟ (ʚ ʤʝʞʘʭ 8 %) (ʚʽʜ tʢʟ = 0,07 ʩ (ɯ3) ʜʦ  

tʢʟ = 0,08 ʩ (3ɯ3)). 
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ʂʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʛʽʜʨʦʧʨʠʚʦʜʥʦʛʦ ʘʛʨʝʛʘʪʫ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝ-

ʨ̒ʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʦʘʧʘʨʘʪʫʨʠ ʥʘʩʦʩʥʦʾ 

ʩʪʘʥʮʽʾ. ɼʦʚʞʠʥʘ ʥʘʧʽʨʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʘ, ʟʘʣʝʞʥʦ 

ʚʽʜ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʦʙôʻʤʫ ʥʘʧʽʨʥʦʾ 

ʧʦʨʦʞʥʠʥʠ ʛʽʜʨʦʩʠʩʪʝʤʠ ʥʘ ʧʝʨʝʭʽʜʥʽ ʨʝʞʠʤʠ ʧʨʠʚʦʜʫ. 

ʅʘ ʨʠʩ. 3.22 ʧʦʢʘʟʘʥʦ ʦʩʮʠʣʦʛʨʘʤʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʤʦʥʪʦʚʘ-

ʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ, ʟ ʦʙôʻʤʦʤ ʥʘʧʽʨʥʦʾ ʧʦʨʦʞʥʠʥʠ V1 = 5Ŀ10
ï2 ʤ3 ʪʘ ʽʥʝʨʮʽʡʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ɯ3 = 1,01 ʢʛĿʤ
2. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʦʙôʻʤʫ 

ʥʘʧʽʨʥʦʾ ʧʦʨʦʞʥʠʥʠ V1 = 0,46Ŀ10
ï3 ʤ3, ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʪʨʠʚʘʣʦʩʪʽ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʙʽʣʴʰʝ ʥʽʞ ʫ ʪʨʠ ʨʘʟʠ (ʟ tʧ =0,26 ʩ ʜʦ tʧ = 0,8 

ʩ), ʧʨʠ ʮʴʦʤʫ ʟʘʚʠʱʝʥʥʷ ʪʠʩʢʫ ȹʨ1 ʚʽʜʩʫʪʥʻ.  
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ʈʠʩʫʥʦʢ 3.22 ï ʆʩʮʠʣʦʛʨʘʤʘ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè  

ʨʢʚ = 12 ʄʇʘ, ʦʙôʻʤʽ ʧʦʨʦʞʥʠʥʠ ʥʘʧʽʨʥʦʾ ʤʘʛʽʩʪʨʘʣʽ V1 = 5Ŀ10
-2 ʤ2 

ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʽʥʝʨʮʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ɯ4 = 1,01 ʢʛĿʤ
2: 1 ï ʟʤʽʥʘ ʪʠʩʢʫ  

ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʧʝʨʰʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ; 2 ï ʟʤʽʥʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ  

ʚʠʢʦʥʘʚʯʦʾ ʣʘʥʢʠ ʧʨʠʚʦʜʫ; 3 ï ʟʤʽʥʘ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʜʨʫʛʦʛʦ  

ʛʽʜʨʦʤʦʪʦʨʘ; 4 ï ʟʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʪʫʧʽʥʯʘʩʪʘ) ʥʘ ʚʠʢʦʥʘʚʯʽʡ ʣʘʥʮʽ ʧʨʠʚʦʜʫ 
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ʂʨʠʚʽ ʪʠʩʢʫ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽ ʧʦʭʠʣʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʽʜ ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʚ ʤʦʤʝ-

ʥʪʠ çʚʽʜʢʨʠʪʪʷè ʪʘ çʟʘʢʨʠʪʪʷè ʨʽʟʥʠʮʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʥʝ 

ʩʫʪʪʻʚʦʶ. ɸʥʘʣʽʟ ʦʩʮʠʣʦʛʨʘʤ ʜʘʻ ʧʽʜʩʪʘʚʫ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʤʽʥʘ 

ʦʙôʻʤʫ ʥʘʧʽʨʥʦʾ ʧʦʨʦʞʥʠʥʠ ʟʤʽʥʶʻ ʢʨʫʪʠʟʥʫ ʧʫʩʢʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʫʩʢʫ ʢʦʥʚʝʻʨʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʚʘʥʪʘʞʦʧʽʜʡʦʤ-

ʥʽʩʪʶ. 

ʆʩʮʠʣʦʛʨʘʤʠ, ʱʦ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.23, 3.24 ʜʘʶʪʴ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠ-

ʪʠ ʚʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ ʥʘ 

ʚʝʣʠʯʠʥʫ ʽ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʠʩʢʫ ʟʘʢʨʠʪʪʷ. ʊʘʢ, ʧʨʠ ʟʥʘʯʝʥʥʽ f3/f4 = 0,63 

ʪʠʩʢ çʟʘʢʨʠʪʪʷè ʩʪʘʥʦʚʠʪʴ ʨʢʟ = 7,8 ʄʇʘ, ʘ ʧʨʠ f3/f4 = 0,83 ï ʨʢʟ = 9,8 ʄʇʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʦʶ ʚʢʘʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʪʠʩʢʦʤ 

çʟʘʢʨʠʪʪʷè, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʫ ʟʘ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ.  
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ʈʠʩʫʥʦʢ 3.23 ï ʆʩʮʠʣʦʛʨʘʤʘ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè 

ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ ʩű = 0,37Ŀ10
-3 ʅĿʤ/ʨʘʜ; f3/f4 = 0,63:  

1 ï ʟʤʽʥʘ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʧʝʨʰʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ; 

2 ï ʟʤʽʥʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʚʠʢʦʥʘʚʯʦʾ ʣʘʥʢʠ ʧʨʠʚʦʜʫ;   

3 ï ʟʤʽʥʘ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʜʨʫʛʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ;  

4 ï ʟʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʪʫʧʽʥʯʘʩʪʘ) ʥʘ ʚʠʢʦʥʘʚʯʽʡ ʣʘʥʮʽ ʧʨʠʚʦʜʫ 
 

ʅʘ ʨʠʩ. 3.25 ʧʦʢʘʟʘʥʘ ʦʩʮʠʣʦʛʨʘʤʘ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʧʨʠʚʦʜʽ 

ʟʽ ʟʤʽʥʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʢʣʘʧʘʥʘ ʜʨʫʛʦʛʦ ʢʘʩʢʘʜʫ 

ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ f1/f2 ʥʝ ʪʘʢ ʩʫʪʪʻʚʦ ʚʧʣʠ-
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ʚʘʻ ʥʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʽ ʟʤʽʥʘ ʾʭ ʚʝʣʠʯʠʥ ʥʝ ʧʝ-

ʨʝʚʠʱʫʻ 5 %. 
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ʈʠʩʫʥʦʢ 3.24 ï ʆʩʮʠʣʦʛʨʘʤʘ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè   

ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ ʩű = 0,37Ŀ10
-3 ʅĿʤ/ʨʘʜ; f3/f4 = 0,83: 1 ï ʟʤʽʥʘ 

ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʧʝʨʰʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ; 2 ï ʟʤʽʥʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ 

ʚʠʢʦʥʘʚʯʦʾ ʣʘʥʢʠ ʧʨʠʚʦʜʫ; 3 ï ʟʤʽʥʘ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʜʨʫʛʦʛʦ  

ʛʽʜʨʦʤʦʪʦʨʘ; 4 ï ʟʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʪʫʧʽʥʯʘʩʪʘ) ʥʘ ʚʠʢʦʥʘʚʯʽʡ ʣʘʥʮʽ ʧʨʠʚʦʜʫ 
 

ɿʤʽʥʘ ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʟ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʥʘ ʪʨʘ-

ʧʝʮʝʾʜʘʣʴʥʠʡ, ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʧʽʜ ʯʘʩ çʚʽʜʢʨʠʪʪʷè ʪʘ çʟʘʢʨʠʪʪʷè ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ. ɿʘ ʪʘʢʦʾ ʟʤʽʥʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʛʨʘʜʽʻʥʪ ʥʘʨʦʩʪʘʥʥʷ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʤʝʥ-

ʰʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʩʪʫʧʽʥʯʘʩʪʠʤ) ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ çʚʽʜʢ-

ʨʠʪʪʷè ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ (ʜʠʚ. ʨʠʩ. 3.26) tʢʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 2,2 ʨʘʟʠ. 

ʆʩʦʙʣʠʚʦ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʚʧʣʠʚ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝ-

ʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʠʚʦʜʽ ʧʽʜ ʯʘʩ çʟʘʢʨʠʪʪʷè ʧʨʠ-

ʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ. ʏʝʨʝʟ ʩʧʘʜʘʥʥʷ ʤʦʤʝʥʪʫ ʦʧʦʨʫ, ʱʦ ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴ-

ʩʷ ʧʦʚʽʣʴʥʽʰʝ ʚ ʯʦʪʠʨʠ ʨʘʟʠ, ʥʽʞ ʧʨʠ ʩʪʫʧʽʥʯʘʩʪʽʡ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʪʠʩʢ ʚ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʧʝʨʰʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʧʽʩʣʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʨʠ-

ʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʩʧʦʯʘʪʢʫ ʥʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʩʧʘʜʘʻ, ʘ ʧʦʪʽʤ 

ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ȹʨʢʟ = 3,4 ʄʇʘ (ʫ ʚʠʧʘʜʢʫ ʩʪʫʧʽʥʯʘʩ-

ʪʦʾ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ȹʨʢʟ = 1,2 ʄʇʘ) ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʽʣʴʰ ʪʨʠʚʘʣʦʾ ʜʽʾ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʦʚʽʣʴʥʽʰʝ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʚʘʣʫ ʛʽʜʨʦʤʦʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 3.25 ï ʆʩʮʠʣʦʛʨʘʤʘ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè  

ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ ʩű = 0,37Ŀ10
-3 ʅĿʤ/ʨʘʜ; f1/f2 = 0,6: 1 ï ʟʤʽʥʘ  

ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʧʝʨʰʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ; 2 ï ʟʤʽʥʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ 

ʚʠʢʦʥʘʚʯʦʾ ʣʘʥʢʠ ʧʨʠʚʦʜʫ; 3 ï ʟʤʽʥʘ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʜʨʫʛʦʛʦ  

ʛʽʜʨʦʤʦʪʦʨʘ; 4 ï ʟʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʪʫʧʽʥʯʘʩʪʘ) ʥʘ ʚʠʢʦʥʘʚʯʽʡ ʣʘʥʮʽ ʧʨʠʚʦʜʫ 
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ʈʠʩʫʥʦʢ 3.26 ï ʆʩʮʠʣʦʛʨʘʤʘ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè  

ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ ʩű = 0,37Ŀ10
-3 ʅĿʤ/ʨʘʜ; f3/f4 = 0,6: 1 ï ʟʤʽʥʘ  

ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʧʝʨʰʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ; 2 ï ʟʤʽʥʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ 

ʚʠʢʦʥʘʚʯʦʾ ʣʘʥʢʠ ʧʨʠʚʦʜʫ; 3 ï ʟʤʽʥʘ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʽ ʜʨʫʛʦʛʦ  

ʛʽʜʨʦʤʦʪʦʨʘ; 4 ï ʟʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʪʫʧʽʥʯʘʩʪʘ) ʥʘ ʚʠʢʦʥʘʚʯʽʡ ʣʘʥʮʽ ʧʨʠʚʦʜʫ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʙʽʣʴʰʝʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʠʩʢʫ çʟʘʢʨʠʪʪʷè ʪʘ ʧʦ-

ʚʽʣʴʥʽʡ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʽʩʥʫʻ 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʘʢʦʛʦ ʟʘʚʠʱʝʥʥʷ ʪʠʩʢʫ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ çʚʽʜʢʨʠʪʪʷè ʧʨʠ-

ʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʻ ʥʝʜʦʧʫʩʪʠʤʠʤ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʟʥʘʯʝʥʥʷ 

ʪʠʩʢʫ çʟʘʢʨʠʪʪʷè ʥʝʦʙʭʽʜʥʦ ʧʦʥʠʟʠʪʠ ʜʦ ʚʝʣʠʯʠʥʠ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʥʘ 1é1,5 ʄʇʘ. 

ʇʽʜ ʯʘʩ ʟʘʧʦʚʥʝʥʥʷ ʛʽʜʨʦʩʠʩʪʝʤʠ ʨʦʙʦʯʦʶ ʨʽʜʠʥʦʶ, ʘ ʪʘʢʦʞ ʚ 

ʧʨʦʮʝʩʽ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʣʠʚʝ ʧʦʧʘʜʘʥʥʷ ʙʫʣʴʙʘʰʦʢ ʥʝʨʦʟʯʠʥʝʥʦʛʦ 

ʧʦʚʽʪʨʷ ʚ ʨʽʜʠʥʫ. ʅʘʩʣʽʜʢʦʤ ʥʘʷʚʥʦʩʪʽ ʥʝʨʦʟʯʠʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʻ ʧʽʜʚʠ-

ʱʝʥʥʷ ʩʪʠʩʣʠʚʦʩʪʽ ʨʽʜʠʥʠ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʦʚʽʪʨʷ ʜʦ 1 % ʚʽʜ ʦʙôʻʤʫ 

ʨʽʜʠʥʠ ʧʦʭʠʙʢʘ ʚ ʨʦʟʨʘʭʫʥʢʫ ʤʦʜʫʣʷ ʦʙôʻʤʥʦʾ ʧʨʫʞʥʦʩʪʽ ʨʦʙʦʯʦʾ ʨʽ-

ʜʠʥʠ ʜʦʩʷʛʘʻ 14 %. ʊʦʤʫ, ʚʠʟʥʘʯʝʥʝ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʟʥʘʯʝʥʥʷ 

ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʫʪʦʯʥʠʪʠ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʨʝʘʣʴʥʦʤʫ ʧʨʠʚʦʜʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ. 

ʇʨʠ ʟ̔ ʩʪʘʚʣʝʥʥʽ ʜʽʣʷʥʦʢ ʢʨʠʚʠʭ ʥʘʙʦʨʫ ʪʠʩʢʫ ʧʽʜʙʠʨʘʻʤʦ ʟʥʘʯʝʥʥʷ 

ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʥʘʡʙʣʠʞʯʝ ʜʦ ʨʝʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʛʦ ʪʝʨʪʷ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ 

ʧʨʠʚʦʜʽ, ʘ ʩʘʤʝ, ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʪʨʠʚʘʣʽʩʪʴ ʪʘ ʢʦʣʠʚʘʥʥʷ ʛʽʜʨʦʩʠʩʪʝʤʠ. 

ɺʝʣʠʯʠʥʘ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʛʽʜʨʦʩʠʩʪʝʤʠ ʽ 

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʚôʷʟʢʦʛʦ 

ʪʝʨʪʷ ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʘʯʥ ̔ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʡʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʝ ʪʝʦʨʝʪʠʯʥʦ, ʥʝʦʙʭʽʜʥʦ ʫʪʦʯʥʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦ. ɼʽʡʩʥʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʦʪʨʠʤʘʥʝ ʰʣʷʭʦʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʨʝʘʣʴʥʦʛʦ ʧʨʠʚʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ 

[174]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʤʦʥ-

ʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʦ ʥʠʟʢʫ ʚʘʞʣʠʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ʅʘ ʜʠʥʘʤʽʢʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ɺɻʇ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ 

ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʤʘʻ ʢʨʫʪʠʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝ-

ʤʠ. ɿʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʩʪʨʽʯʢʠ ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʟʥʘʯʝʥʥʷʭ ʥʘʪʷʛʫ ʫ 

ʚʽʪʢʘʭ ʟʤʝʥʰʫʻ ʢʨʫʪʠʣʴʥʫ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ, ʘ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜ-

ʥʦʛʦ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʚʤʠʢʘʥʥʷ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʽ ʟʘʚʠʱʝʥʥʷ ʪʠʩʢʫ 

ʚ ʥʠʭ ï ʟʙʽʣʴʰʫʻ. 

2. ɺʝʣʠʯʠʥʘ ʽʥʝʨʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʦʜʫ ʥʝʦʜʥʦʟʥʘʯʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ. ɿʘ ʥʝʚʝʣʠʢʠʭ ʡʦʛʦ ʟʥʘ-

ʯʝʥʴ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʨʦʩʪʘʶʪʴ ʥʝʟʥʘʯʥʦ, ʘ ʧʦʜʘʣʴʰʝ 
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ʟʙʽʣʴʰʝʥʥʷ ʽʥʝʨʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʧʝ-

ʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʫʩʢʫ, ʟʘʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ. ʊʦʤʫ, ʜʣʷ 

ʢʦʥʚʝʻʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ ʜʦʚʞʠʥʫ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʭ ʣʘʥʦʢ, ʘ 

ʦʪʞʝ, ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʽʥʝʨʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʦʜʫ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴ-

ʥʦʾ ʯʘʩʪʠʥʠ, ʥʝʦʙʭʽʜʥʦ ʥʘʤʘʛʘʪʠʩʷ ʟʤʝʥʰʫʚʘʪʠ ʽʥʝʨʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥ-

ʥʷ ʧʨʠʚʦʜʫ. 

3. ɿʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʥʘʧʽʨʥʦʾ ʧʦʨʦʞʥʠʥʠ ʛʽʜʨʦʤʘʛʽʩʪʨʘʣʝʡ ʟʙʽʣʴ-

ʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʽ ʧʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʦ ʟʤʝʥ-

ʰʫʻ ʟʘʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʫʻ ʢʨʫʪʠʟʥʫ ʧʫʩ-

ʢʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʟʨʫʰʝʥʥʷ 

ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʢʦʥʚʝʻʨʘ, ʥʘʧʨʠʢʣʘʜ, ʫʩʪʘʥʦʚʢʦʶ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʛʽʜʨʦ-

ʘʢʫʤʫʣʷʪʦʨʘ. 

4. ʊʠʩʢ çʟʘʢʨʠʪʪʷè ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ ʧʨʠʚʦʜʫ ʨʝʛʫʣʶʻʪʴʩʷ ʩʧʽʚʚʽʜ-

ʥʦʰʝʥʥʷʤ ʧʣʦʱ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè. 

5. ɿʤʽʥʘ ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʭʽʜʥʽ ʧʨʦ-

ʮʝʩʠ ʧʽʜ ʯʘʩ çʚʽʜʢʨʠʪʪʷè ʪʘ çʟʘʢʨʠʪʪʷè ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ. ʉʣʽʜ ʨʝ-

ʪʝʣʴʥʦ ʚʠʟʥʘʯʘʪʠ ʚʝʣʠʯʠʥʫ ʪʠʩʢʫ çʟʘʢʨʠʪʪʷè, ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʙʽʣʴʰʝ-

ʥʠʭ ʡʦʛʦ ʟʥʘʯʝʥʥʷʭ ʪʘ ʧʦʚʽʣʴʥʽʡ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʦʜʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʚʠʱʝʥʥʷ ʪʠʩʢʫ ʜʦ ʪʘʢʠʭ ʚʝʣʠ-

ʯʠʥ, ʷʢʽ ʩʧʨʠʯʠʥʷʪʴ çʚʽʜʢʨʠʪʪʷè ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʻ ʥʝʜʦʧʫʩ-

ʪʠʤʠʤ. 

6. ɼʝʷʢʽ ʧʘʨʘʤʝʪʨʠ ʛʽʜʨʦʩʠʩʪʝʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘ-

ʭʫʥʢʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʩʣʽʜ ʚʠʟʥʘʯʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʦʛʦ ʟʨʘʟʢʘ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦ-

ʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯ-

ʥʦʾ ʤʦʜʝʣʽ, ʦʮʽʥʢʠ ʢʦʨʝʢʪʥʦʩʪʽ ʧʨʠʡʥʷʪʠʭ ʧʨʠʧʫʱʝʥʴ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʘʤʠ ʥʘ ʇɽʆʄ, ʧʨʦ-

ʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʨʠʩ. 3.27ï3.29) 

ʧʨʦʚʦʜʠʣʦʩʴ ʰʣʷʭʦʤ ʟ̔ ʩʪʘʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʢʨʠʚʠʭ [175]. ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʝʣʠʯʠʥʠ ʧʦʭʠʙʢʠ 

ȹ ʤʽʞ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪ-

ʨʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ 
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Ö      (3.43) 

 

ʜʝ Ŭʪ ʪʘ Ŭʝ ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʘ-

ʨʘʤʝʪʨʘ. 
 

 

ʈʠʩʫʥʦʢ 3.27 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ tʧ(ʩű), ȹp1(ʩű), ȹpʢʚ(ʩű), tʢʚ(ʩű) (ʚʽʜʧʦʚʽʜʥʦ ʢʨʠʚʽ 

1, 2, 3 ʪʘ 4) ʧʨʠ ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ ʩű = 0,37Ŀ10
-3 ʅĿʤ/ʨʘʜ;  

f3/f4 = 0,6 ʪʘ ʩʪʫʧʽʥʯʘʩʪʽʡ ʟʤʽʥʽ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʄʦ ʚʽʜ 87 ʅʤ ʜʦ 280 ʅʤ  

(--- ʪʝʦʨʝʪʠʯʥʽ,        ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ) 

 

 
 

ʈʠʩʫʥʦʢ 3.28 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ ȹp1(V1), tʧ(V1) (ʚʽʜʧʦʚʽʜʥʦ ʢʨʠʚʽ 1, 2)  

ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʪʘ ȹp1(V1), tʧ (V1) (ʚʽʜʧʦʚʽʜʥʦ ʢʨʠʚʽ 3, 4)  

ʧʨʠ ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ ʩű = 0,37Ŀ10
-3 ʅĿʤ/ʨʘʜ; f3/f4 = 0,6  

ʪʘ ʩʪʫʧʽʥʯʘʩʪʽʡ ʟʤʽʥʽ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʄʦ ʚʽʜ 87 ʅʤ ʜʦ 280 ʅʤ  

(ʚʽʜʧʦʚʽʜʥʦ ʢʨʠʚʽ 1, 2, 3 ʪʘ 4) 

(--- ʪʝʦʨʝʪʠʯʥʽ,        ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ) 
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ʈʠʩʫʥʦʢ 3.29 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ tʧ(ɯ), ȹp1(ɯ), ȹpʢʚ(ɯ), tʢʚ(ɯ) (ʢʨʠʚʽ 1, 2, 3 ʪʘ 4)  

ʧʨʠ ʨʢʚ = 12 ʄʇʘ, ʢʨʫʪʠʣʴʥʽʡ ʞʦʨʩʪʢʦʩʪʽ ʩű = 0,37Ŀ10
-3 ʅĿʤ/ʨʘʜ;  

f3/f4 = 0,6 ʪʘ ʩʪʫʧʽʥʯʘʩʪʽʡ ʟʤʽʥʽ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʄʦ ʚʽʜ 87 ʅʤ ʜʦ 280 ʅʤ  

(--- ʪʝʦʨʝʪʠʯʥʽ,        ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ) 

 

ʇʨʠ ʮʴʦʤʫ, ʧʨʠʡʥʷʪʽ ʪʘʢʽ ʩʢʣʘʜʦʚʽ ʩʝʨʝʜʥʴʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙ-

ʢʠ ʚʠʤʽʨʶʚʘʥʴ: ʜʣʷ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʪʨʫʙʯʘʩʪʠʭ ʜʘʪʯʠʢʽʚ ï Ñ1,6 %; 

ʜʣʷ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ï Ñ6 %; ʜʣʷ ʪʘʭʦʤʝʪ-

ʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ï Ñ1 %; ʩʫʤʘʨʥʘ ʧʦʭʠʙʢʘ ʪʝʥʟʦʩʪʘʥʮʽʾ ï 

Ñ0,7 %; ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦ ʦʩʮʠʣʦʛ-

ʨʘʤʽ ï Ñ5 %; ʩʫʤʘʨʥʘ ʧʦʭʠʙʢʘ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ ï 

Ñ5,3 %; ʜʣʷ ʜʘʪʯʠʢʽʚ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ï Ñ6,25 %. ʇʦʭʠʙʢʠ ʤʘʪʝʤʘʪʠʯ-

ʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʇɽʆʄ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤ MathLab 13 

ʟ ʢʨʦʢʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ 0,001 ʩ, ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 2 %. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟ̔ ʩʪʘʚʣʝʥʴ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʝʣʠ-

ʯʠʥ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠ-

ʚʦʜʫ ʚʩʪʘʥʦʚʣʝʥʦ: ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʨʽʟʥʠʮʽ ʯʘʩʫ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ʪʘ ʧʝʨʝʚʠʱʝʥʥʷ ʫʩʪʘʣʝʥʦʛʦ ʪʠʩʢʫ ʚ ʢʝʨʦʚʘʥʦʤʫ ʧʨʠʚʦʜʽ ʚ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʢʨʫʪʠʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ï 14 %; ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ 

ʨʽʟʥʠʮʽ ʯʘʩʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʧʝʨʝʚʠʱʝʥʥʷ ʫʩʪʘʣʝʥʦʛʦ ʪʠʩʢʫ ʚ 

ʢʝʨʦʚʘʥʦʤʫ ʧʨʠʚʦʜʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ï 8,4 %. ʆʩʢʽʣʴ-

ʢʠ, ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʥʦʩʥʘ ʨʽʟʥʠʮʷ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ, 

ʪʦ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠ-

ʚʦʜʫ ʷʢ ʷʢʽʩʥʦ, ʪʘʢ ʽ ʢʽʣʴʢʽʩʥʦ ʽʜʝʥʪʠʯʥʘ ʧʝʨʝʙʽʛʫ ʬʽʟʠʯʥʠʤ ʧʨʦʮʝʩʘʤ, 

ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʪʁʴʩʷ ʫ ʨʝʘʣʴʥʽʡ ʤʦʜʝʣʽ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʠʚʦʜʫ. ʊʦʤʫ ʧʨʠʡʥʷʪʽ ʧʨʠʧʫʱʝʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦ-

ʜʝʣʽ ʻ ʢʦʨʝʢʪʥʠʤʠ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʚʚʘ-

ʞʘʪʠ ʜʦʩʪʦʚʽʨʥʠʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ 
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ʟʜʽʡʩʥʠʪʠ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʦʥ-

ʚʝʻʨʘ ʟ ʧʨʠʩʪʨʦʻʤ ʢʝʨʫʚʘʥʥʷ [176]. 

ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʜʦʚʝʜʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʞʝʥʥʷ ʜʠ-

ʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʟʘ 

ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʽʚ ʪʘ ʟʤʽʥʥʠʭ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷ ʟʘʩʦʙʽʚ ʛʽʜʨʦʘʚʪʦʤʘʪʠʢʠ. 

ɺʠʢʦʥʘʥʦ ʩʠʥʪʝʟ ʩʠʩʪʝʤʠ ʧʫʩʢʫ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ, ʷʢʘ ʜʦʟʚʦ-

ʣʷʻ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʪʚʦʨʝʥʥʷ ʟʤʽʥʠ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ ʥʘ ʙʘʨʘʙʘʥʽ ʟʛʽʜʥʦ 

ʟ ʨʘʮʽʦʥʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʧʫʩʢʫ ʟʤʝʥʰʠʪʠ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʩʪʨʽʯʮʽ ʢʦʥʚʝʻʨʘ ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ 

 ̔ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʠ-

ʢʦʥʫʻʪʴʩʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʫʩʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʢʦʤʧʘʢʪʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʘʚʣʽʯ-

ʥʦʛʦ ʧʨʠʚʦʜʫ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʚ ʧʨʠʩʪʨʦʾ ʢʝʨʫʚʘʥʥʷ ʷʢʦʛʦ ʫ ʟʘʧʽʨʥʦʤʫ ʝʣʝʤʝʥʪʽ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ ʟʘ-

ʩʪʦʩʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʧʨʠʥʮʠʧ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʦ-

ʜʽʶ ʪʘ ʢʝʨʫʚʘʪʠ ʚʝʣʠʯʠʥʘʤʠ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè ʪʘ çʟʘʢʨʠʪʪʷè ʜʣʷ ʚʤʠ-

ʢʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. 

ʇʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʠʚʦʜʫ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ, ʽ ʚʠʢʦʥʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʘʮʽʦʥʘʣʴʥʠʡ ʨʝʞʠʤ ʡʦʛʦ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʥʘ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ 

ʚ ʧʨʠʚʦʜʽ ʧʨʫʞʥʦ-ʜʠʩʠʧʘʪʠʚʥʠʭ, ʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʞʦʨʩʪʢʦ-

ʩʪʝʡ ʣʘʥʦʢ ʢʦʥʚʝʻʨʘ ʪʘ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʦʨʽʚʥʷʥʥʷʤ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ-

ʚʦʜʫ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʧʦʭʠʙʢʠ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 8,4 % ʜʦ 17,8 %, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʚʘʞʘʪʠ ʧʨʠʡʥʷʪʽ ʧʽʜ ʯʘʩ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʧʫʱʝʥʥʷ ʧʨʘ-

ʚʦʤʽʨʥʠʤʠ, ʘ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʠʚʦʜʫ ʘʜʝʢʚʘʪʥʦʶ ʨʝʘʣʴʥʽʡ ʤʦ-

ʜʝʣʽ. 
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4 ɼʀʅɸʄɯʏʅɯ ʇʈʆʎɽʉʀ ʋ ʇʈʀɺɯɼʅʀʍ ʉʀʉʊɽʄɸʍ  

ʂʆʅɺɽɭʈɯɺ ʄʆɹɯʃʔʅʀʍ ʄɸʐʀʅ  

ɿ ʉʀʉʊɽʄʆʖ ʂɽʈʋɺɸʅʅʗ 

4.1 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ  

ʛʽʜʨʦʧʨʠʚʦʜʫ, ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ  

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʛʽʜʨʦʧʨʠʚʦʜʫ ʟ ʧʨʠʩʪʨʦʻʤ ʢʝʨʫʚʘʥʥʷ, ʷʢʠʡ ʚʠʢʦ-

ʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʢʣʘʧʘʥʘ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.2, 

ʧʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʫʤʦʚʠ ʟʤʽʥʠ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʥʘ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ. ʆʜʥʘʢ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʧʨʠʚʦʜʫ ʻ ʪʝ , ʱʦ 

ʧʨʠ ʚʠʤʢʥʝʥʦʤʫ ʧʨʠʩʪʨʦʾ ʢʝʨʫʚʘʥʥʷ ʦʩʥʦʚʥʠʡ ʛʽʜʨʦʤʦʪʦʨ ʦʢʨʽʤ ʢʦ-

ʨʠʩʥʦʾ ʨʦʙʦʪʠ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʫ, ʚʠʢʦʥʫʻ ʨʦʙʦʪʫ 

ʧʦ ʧʦʜʦʣʘʥʥʶ ʩʠʣ ʪʝʨʪʷ ʚ ʨʫʭʦʤʠʭ ʣʘʥʢʘʭ ʜʨʫʛʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʪʘ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ, ʱʦ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʠʩʥʦʾ ʜʽʾ ʪʘ ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʦʟʘʪʨʘʪʠ ʽ ʟʥʠʞʫʻ ʝʬʝʢʪ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʘʢʦʛʦ ʧʨʠʚʦʜʘ. ʂʨʽʤ ʪʦʛʦ, ʟʘ ʨʽʟʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʜʘʪ-

ʢʦʚʠʡ ʛʽʜʨʦʤʦʪʦʨ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʚ ʥʘʩʦʩʥʦʤʫ ʨʝʞʠʤʽ, ʜʦ ʪʦʛʦ ʞ 

ʚʤʠʢʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʩʠʣ ʦʧʦʨʫ ʽ 

ʪʘʢʠʡ ʨʝʞʠʤ ʟʥʠʞʫʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʛʽʜʨʦʤʦʪʦʨʘ. 

ɺʠʟʥʘʯʝʥʦ ʰʣʷʭʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʙʦʪʠ ʛʽʜʨʦʧʨʠʚʦʜʫ [177] ʟʘ ʨʘ-

ʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟ ʬʨʠʢʮʽʡʥʦʶ ʤʫʬʪʦʶ ʜʣʷ ʚʤʠ-

ʢʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʦʧʦʨʫ 

ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʨʦʙʦʪʘ ʧʨʠ-

ʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʣʘʩʷ ʟʘ ʨʝʞʠʤʦʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʷʢʦʛʦ, ʩʧʦʯʘʪʢʫ, ʟ ʥʝʚʝʣʠʢʦʶ ʟʘʪʨʠʤʢʦʶ ʚ ʯʘʩʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʫʰʝʥ-

ʥʷ ʚʘʣʘ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ, ʘ ʧʦʪʽʤ ʩʧʨʘʮʴʦʚʫʻ ʬʨʘʢʮʽʡʥʘ ʤʫʬʪʘ 

ʚʝʜʫʯʦʾ ʰʝʩʪʽʨʥʽ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʎʷ ʟʘʜʘʯʘ ʨʦʟʚôʷʟʘʥʘ ʚ 

ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʠ-

ʞʯʝ. 

ɼʣʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʛʽʜʨʦʧʨʠʚʦʜʦʤ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʽʟ 

ʟʤʽʥʥʠʤʠ ʚʘʥʪʘʞʦʧʦʪʦʢʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ, ʱʦ ʧʦ-

ʜʘʥʘ ʥʘ ʨʠʩ. 4.1. 

ɺʠʢʦʥʘʚʯʠʤʠ ʣʘʥʢʘʤʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ (CK) ʛʽʜʨʦʧʨʠʚʦʜʫ 

ʢʦʥʚʝʻʨʘ ʽʟ ʟʤʽʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʻ ʜʚʘ ʛʽʜʨʦʤʦʪʦʨʠ ɻʄ1 ʪʘ ɻʄ2, ʜʦ 

ʷʢʠʭ ʧʽʜʚʦʜʠʪʴʩʷ ʧʦʪʢ̔ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ Qm1 ʪʘ Qm2 ʚʽʜ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ, 

ʱʦ ʤʘʻ ʚʠʪʨʘʪʠ Qn, ʪʘ ʧʣʫʥʞʝʨ 7 ʧʽʚʤʫʬʪʠ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ ʚʤʠʢʘʥ-
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ʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʨʫʛʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ɻʄ2, ʟʚʝʜʝʥʘ ʤʘʩʘ 

ʷʢʦʛʦ m3. ʇʣʫʥʞʝʨ 7 ʚʟʘʻʤʦʜʽʻ ʟ ʥʘʪʠʩʢʥʠʤ ʧʨʠʩʪʨʦʻʤ ʜʠʩʢʽʚ ʧʽʚʤʫʬ-

ʪʠ, ʷʢʠʡ ʥʘʚʘʥʪʘʞʝʥʠʡ ʧʨʫʞʠʥʦʶ 8 ʽʟ ʞʦʨʩʪʢʽʩʪʶ k3. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʜʦʩʣʽʜʞʝʥʴ ʦʩʴʦʚʫ ʩʠʣʫ Fa ʩʪʠʩʢʘʥʥʷ ʜʠʩʢʽʚ ʧʨʠʡʤʘʻʤʦ ʧʦʩʪʽʡʥʦʶ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʥʮʝʚʽʡ ʩʪʘʜʽʾ ʚʤʠʢʘʥʥʷ ʤʫʬʪʠ.  

 

 
ʈʠʩʫʥʦʢ 4.1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ  

ʛʽʜʨʦʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ ʽʟ ʟʤʽʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

 

ʈʦʙʦʯʽ ʧʦʨʦʞʥʠʥʠ ʛʽʜʨʦʤʦʪʦʨʽʚ ʪʘ ʥʘʪʠʩʢʥʦʛʦ ʧʣʫʥʞʝʨʘ ʢʦʨʦʪʢʠ-

ʤʠ ʛʽʜʨʦʣʽʥʽʷʤʠ ʟôʻʜʥʘʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʨʦʞʥʠʥʘʤʠ ʦʩʥʦʚʥʦʛʦ 

ʩʢʣʘʜʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ ï ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ (ʇʂ) ʢʣʘʧʘʥʥʦʛʦ 

ʪʠʧʫ ʟ ʬʫʥʢʮʽʷʤʠ ʨʦʟʧʦʜʽʣʴʥʠʢʘ. ɺʽʥ ʤʽʩʪʠʪʴ ʢʣʘʧʘʥ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ 

(ʩʝʥʩʦʨ), ʟʘʧʽʨʥʠʡ ʝʣʝʤʝʥʪ 1 ʷʢʦʛʦ ʤʘʩʦʶ m1 ʤʘʻ ʢʫʣʴʢʦʚʫ ʬʦʨʤʫ ʽ 

ʥʘʚʘʥʪʘʞʝʥʠʡ ʧʨʫʞʠʥʦʶ 2 ̔ ʟ ʞʦʨʩʪʢʽʩʪʶ k1 ʨʝʛʫʣʷʪʦʨʘ ʪʠʩʢʫ ʚʽʜʢʨʠʪ-

ʪʷ ʇʂ, ʪʘ ʜʨʫʛʦʛʦ ʢʘʩʢʘʜʫ ʫ ʚʠʛʣʷʜʽ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 3 

ʤʘʩʦʶ m2, ʱʦ ʥʘʚʘʥʪʘʞʝʥʠʡ ʨʝʛʫʣʶʚʘʣʴʥʦʶ ʧʨʫʞʠʥʦʶ 4, ʞʦʨʩʪʢʽʩʪʴ 

ʷʢʦʾ k2. ʄʽʞ ʧʨʦʤʽʞʥʦʶ ʪʘ ʟʣʠʚʥʦʶ ʧʦʨʦʞʥʠʥʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʨʝʛʫ-

ʣʶʚʘʣʴʥʠʡ ʜʨʦʩʝʣʴ 5 ʟ ʧʣʦʱʝʶ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ fd2. ʅʘʧʽʨʥʘ ʧʦ-
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ʨʦʞʥʠʥʘ, ʱʦ ʫʪʚʦʨʝʥʘ ʧʨʦʪʦʯʢʦʶ ʢʣʘʧʘʥʥʦʾ ʯʘʩʪʠʥʠ ʟʘʧʽʨʥʦ-

ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʢʦʨʧʫʩʘ ʪʘ ʛʝʨʤʝʪʠ-

ʟʫʶʯʦʶ ʬʘʩʢʦʶ ʩʽʜʣʘ, ʛʽʜʨʦʣʽʥʽʷʤʠ ʟôʻʜʥʘʥʘ ʟ ʧʝʨʰʦʶ ʢʝʨʽʚʥʦʶ ʧʦ-

ʨʦʞʥʠʥʦʶ, ʷʢʘ ʤʘʻ ʜʦʜʘʪʥʝ ʧʝʨʝʢʨʠʪʪʷ hd, ʜʨʫʛʦʶ ʢʝʨʽʚʥʦʶ ʧʦʨʦʞ-

ʥʠʥʦʶ, ʚʝʨʭʥʷ ʪʦʨʮʝʚʘ ʧʦʚʝʨʭʥʷ ʨʦʟʪʦʯʢʠ ʢʦʨʧʫʩʘ ʷʢʦʾ ʟ ʥʠʞʥʴʦʶ 

ʪʦʨʮʝʚʦʶ ʧʦʚʝʨʭʥʝʶ ʧʨʦʪʦʯʢʠ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʫʪʚʦ-

ʨʶʶʪʴ ʚʽʜôʻʤʥʝ ʧʝʨʝʢʨʠʪʪʷ hb, ʟ ʧʦʨʦʞʥʠʥʦʶ ʤʽʞ ʪʦʨʮʝʚʦʶ ʧʦʚʝʨʭ-

ʥʝʶ ʭʚʦʩʪʦʚʦʾ ʯʘʩʪʠʥʠ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ ʚʝʨʭʥʴʦʶ 

ʯʘʩʪʠʥʦʶ ʢʦʨʧʫʩʫ, ʱʦ ʤʘʻ ʚʠʩʦʪʫ h, ʘ ʪʘʢʦʞ ʟ ʥʘʧʽʨʥʦʶ ʧʦʨʦʞʥʠʥʦʶ 

ʩʝʥʩʦʨʘ. 

ʋ ʛʽʜʨʦʣʽʥʽʾ ʤʽʞ ʧʝʨʰʦʶ ʢʝʨʽʚʥʦʶ ʧʦʨʦʞʥʠʥʦʶ ʽ ʧʦʨʦʞʥʠʥʦʶ ʪʦʨ-

ʮʝʚʦʾ ʯʘʩʪʠʥʠ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ ʟôʻʜʥʘʥʘ ʟ ʥʘʧʽʨ-

ʥʦʶ ʧʦʨʦʞʥʠʥʦʶ ʩʝʥʩʦʨʘ, ʚʩʪʘʥʦʚʣʝʥʦ ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʜʨʦʩʝʣʴ 6 ʟ 

ʧʣʦʱʝʶ fd ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

ʋ ʚʠʭʽʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʇʂ ʧʣʫʥ-

ʞʝʨ 7 ʤʘʩʦʶ m3 ʥʘʪʠʩʢʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʽʚʤʫʬʪʠ, ʷʢʠʡ ʥʘʚʘʥʪʘʞʝʥʠʡ 

ʧʨʫʞʠʥʦʶ 8 ʨʦʟʤʠʢʘʥʥʷ ʟ ʞʦʨʩʪʢʽʩʪʶ k3, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʦʣʦʞʝʥʥʽ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʢʥʝʥʦʤʫ ʩʪʘʥʫ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ ʌʄ. 

ʇʽʜ ʯʘʩ ʧʦʙʫʜʦʚʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʝʡ ʛʽʜʨʦʧʨʠ-

ʚʦʜʫ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʚʠʙʽʨ ʤʦʜʝʣʽ ʝʥʝʨʛʦʥʦʩʽʷ. ɼʣʷ ʛʽʜʨʦʧʨʠʚʦ-

ʜʽʚ ʛʽʜʨʦʽʤʧʫʣʴʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ, ʨʝʞʠʤʠ ʚʽʙʨʦʥʘʚʘʥʪʘʞʝʥ-

ʥʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʤʘʣʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ ʽ ʚʠʩʦʢʠʤʠ 

ʯʘʩʪʦʪʘʤʠ ʚʽʙʨʘʮʽʡ, ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʫʞʥʦ-ʟʦʩʝʨʝʜʞʝʥʫ ʤʦ-

ʜʝʣʴ ʝʥʝʨʛʦʥʦʩʽʷ, ʚ ʷʢʽʡ ʧʨʫʞʥʘ ʣʘʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʚôʷʟʢʦ-

ʧʨʫʞʥʦʾ ʤʦʜʝʣʽ ʂʝʣʴʚʽʥʘïʌʦʡʛʪʘ, ʩʢʣʘʜʝʥʦʾ ʽʟ ʧʘʨʘʣʝʣʴʥʦ ʟôʻʜʥʘʥʠʭ 

ʙʝʟʽʥʝʨʮʽʡʥʠʭ ʧʨʫʞʥʦʛʦ ʽ ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʽʚ [178]. ʆʩʢʽʣʴʢʠ 

ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʇʂ 

ʚ ʛʽʜʨʦʩʠʩʪʝʤʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ, ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʦʜʠʥʠʯʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʽʡ ʣʘʥʮʽ ʧʽʩʣʷ ʪʨʠʚʘʣʦʛʦ ʫʩʪʘ-

ʣʝʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ, ʪʦ ʝʥʝʨʛʦʥʦʩʽʡ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʦʜʝʣʽ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʪʨʘʜʠʮʽʡʥʦʶ ʧʨʫʞʥʦʶ ʣʘʥʢʦʶ, ʞʦʨʩʪʢʽʩʪʴ ʷʢʦʾ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʟʚʝʜʝʥʦʛʦ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʛʽʜʨʦʩʠʩʪʝʤʠ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽ ʥʘʧʽʨʥʠʭ ʧʦʨʦʞʥʠʥ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʇʂ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʠʚʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠ-

ʛʣʷʜʽ ʪʨʠʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ ʟ ʧʨʫʞʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʣʘʥʦʢ. 

ɾʦʨʩʪʢʽʩʪʴ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʛʽʜʨʘʚʣʽʯʥʠʭ ʣʘʥʦʢ ʥʘʧʽʨʥʠʭ ʧʦʨʦʞ-
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ʥʠʥ ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [179] ʚʠʟʥʘʯʘʻʤʦ ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ ʫʩʝʨʝʜʥʝʥʠʭ 

ʧʣʦʱ f0 ʾʭ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ: 

 

0

1 1

( ) /
n n

i i i

i i

f l f l
= =

= Öä ä,                                            (4.1) 

 

ʜʝ l i, fi ï ʜʦʚʞʠʥʘ ʪʘ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ -̔ʛʦ ʛʽʜʨʦʢʘʥʘʣʫ (ʛʽʜʨʦʣʽʥʽʾ) ʥʘʧʽʨ-

ʥʦʾ ʧʦʨʦʞʥʠʥʠ ʛʽʜʨʦʩʠʩʪʝʤʠ ʧʨʠʚʦʜʘ. 

ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʘʢʠʤ ʞʝ ʯʠʥʦʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʫʩʝ-

ʨʝʜʥʝʥʠʭ ʧʣʦʱ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟʣʠʚʥʦʾ ʧʦʨʦʞʥʠʥʠ. 

ʈʦʙʦʯʠʡ ʮʠʢʣ Cʂ ʛʽʜʨʦʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ ʽʟ ʟʤʽʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥ-

ʥʷʤ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʘʢʽ ʬʘʟʠ (ʨʠʩ. 4.2) [180]: 

 

 
ʈʠʩʫʥʦʢ 4.2 ï ʎʠʢʣʦʛʨʘʤʠ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ɺɻʇ,  

ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ 

 

1) ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʧʦʨʦʞʥʠʥʽ ʛʽʜʨʦʩʠʩʪʝʤʠ ʚʽʜ ʚʝʣʠ-

ʯʠʥʠ ʥʦʤʽʥʘʣʴʥʦʛʦ ʪʠʩʢʫ ʨʥ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʥʘʚʘʥʪʘ-

ʞʝʥʥʶ ʥʘ ʚʘʣʫ ʛʽʜʨʦʤʦʪʦʨʘ ɻʄ1, ʜʦ ʚʝʣʠʯʠʥʠ ʨ1 ʪʠʩʢʫ ʥʘʣʘʛʦʜʞʝʥʥʷ 
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ʇʂ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʜʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ʟʙʽʣʴʰʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʨʦʙʦʯʽʡ ʣʘʥʮʽ ʧʨʠʚʦʜʫ (ʛʨʘʬʽʢ 1); 

2) ʧʝʨʝʤʽʱʝʥʥʷ ʢʫʣʴʢʦʚʦʛʦ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʩʝʥʩʦʨʘ) ʥʘ ʭʽʜ hc 

ʽʟ ʟʘʢʨʠʪʦʛʦ ʧʦʣʦʞʝʥʥʷ ʫ ʚʽʜʢʨʠʪʝ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʦʜʘʪʥʦʛʦ hʩd ʪʘ 

ʚʽʜôʻʤʥʦʛʦ hʩb ʧʝʨʝʢʨʠʪʪʷ: hc = hʩd + hʩb (ʛʨʘʬʽʢ 2); 

3) ʧʦʯʘʪʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʥʘ ʚʝʣʠ-

ʯʠʥʫ ʚʽʜôʻʤʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ hb ʽ ʚʽʜôʻʜʥʘʥʥʷ ʧʦʨʦʞʥʠʥʠ ʥʘʪʠʩʢʥʦʛʦ 

ʧʣʫʥʞʝʨʘ ʧʽʚʤʫʬʪʠ ʚʽʜ ʟʣʠʚʥʦʾ ʧʦʨʦʞʥʠʥʠ (ʛʨʘʬʽʢ 3); 

4) ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʥʘ ʯʘʩʪʠʥʫ ʰʣʷʭʫ 

ʜʦʜʘʪʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ hd (ʛʨʘʬʽʢ 3); 

5) ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʥʘ ʧʦʚʥʠʡ ʭʽʜ h ʽ 

ʧʽʜôʻʜʥʘʥʥʷ ʧʦʨʦʞʥʠʥʠ ʥʘʪʠʩʢʥʦʛʦ ʧʣʫʥʞʝʨʘ ʧʽʚʤʫʬʪʠ ʜʦ ʥʘʧʽʨʥʦʾ 

ʧʦʨʦʞʥʠʥʠ (ʛʨʘʬʽʢ 3, ʛʨʘʬʽʢ 4); 

6) ʨʫʭ ʥʘʪʠʩʢʥʦʛʦ ʧʣʫʥʞʝʨʘ ʥʘ ʭʽʜ hʤ  ʜʣʷ ʟʤʠʢʘʥʥʷ ʧʽʚʤʫʬʪʠ 

ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ (ʛʨʘʬʽʢ 4);  

7) ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʧʦʨʦʞʥʠʥʽ ʜʦ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ çʟʘ-

ʢʨʠʪʪʷè ʨʛ = ʨ2; ʧʝʨʝʤʽʱʝʥʥʷ ʢʫʣʴʢʦʚʦʛʦ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʟʘʢʨʠʪʝ 

ʧʦʣʦʞʝʥʥʷ ʪʘ ʫʪʨʠʤʘʥʥʷ ʪʠʩʢʫ ʨʛ = ʨ2 ʚ ʥʘʧʽʨʥʽʡ ʧʦʨʦʞʥʠʥʽ (ʛʨʘʬʽʢ 1, 

ʛʨʘʬʽʢ 2); 

8) ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦ-

ʛʦ ʭʦʜʫ ʥʘ ʚʝʣʠʯʠʥʫ ʚʽʜôʻʤʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ hʩb ʽ ʚʽʜôʻʜʥʘʥʥʷ ʥʘʧʽʨʥʦʾ 

ʧʦʨʦʞʥʠʥʠ ʥʘʪʠʩʢʥʦʛʦ ʧʣʫʥʞʝʨʘ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ (ʛʨʘʬʽʢ 3); 

9) ʧʨʦʭʦʜʞʝʥʥʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ 

ʭʦʜʫ ʜʦʜʘʪʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ hd ʽ ʧʽʜôʻʜʥʘʥʥʷ ʧʦʨʦʞʥʠʥʠ ʥʘʪʠʩʢʥʦʛʦ ʧʣʫ-

ʥʞʝʨʘ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ ʜʦ ʟʣʠʚʥʦʾ ʧʦʨʦʞʥʠʥʠ, ʧʝʨʝʤʽʱʝʥʥʷ ʥʘʪʠʩʢʥʦ-

ʛʦ ʧʣʫʥʞʝʨʘ ʫ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ, ʨʦʟʤʠʢʘʥʥʷ ʧʽʚʤʫʬʪ ʬʨʠʢʮʽʡʥʦʾ 

ʤʫʬʪʠ ʜʨʫʛʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ (ʛʨʘʬʽʢ 3, ʛʨʘʬʽʢ 4); 

10) ʟʘʚʝʨʰʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʭʦʜʫ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʫ 

ʟʘʢʨʠʪʝ ʧʦʣʦʞʝʥʥʷ, ʚʽʜôʻʜʥʘʥʥʷ ʥʘʧʽʨʥʦʾ ʧʦʨʦʞʥʠʥʠ ʜʨʫʛʦʛʦ ʛʽʜʨʦʤʦ-

ʪʦʨʘ ɻʄ2 ʚʽʜ ʥʘʧʽʨʥʦʾ ʧʦʨʦʞʥʠʥʠ ʛʽʜʨʦʩʠʩʪʝʤʠ; ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʽʜ-

ʨʦʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ ʚʽʜ ʦʜʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ (ʛʨʘʬʽʢ 1, ʛʨʘʬʽʢ 4). 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʮʠʢʣʦʛʨʘʤʘ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʇʂ ʛʽʜʨʦʧʨʠʚʦʜʫ ʢʦʥ-

ʚʝʻʨʘ ʽʟ ʟʤʽʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʻ ʽʜʝʘʣʽʟʦʚʘʥʦʶ ʽ ʥʝ ʚʨʘʭʦʚʫʻ ʧʝʨʝʭʽʜ-

ʥ ̔ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ. ɼʣʷ ʢʦʞʥʦʾ ʟ ʦʧʠ-

ʩʘʥʠʭ ʬʘʟ ʮʠʢʣʫ ʨʦʙʦʪʠ ʇʂ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʫ ʚʠ-

ʛʣʷʜʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ, ʟʘʧʽʨʥʦʛʦ, ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʽʚ, ʧʣʫʥʞʝʨʘ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ ʪʘ ʨʽʚʥʷʥʴ ʚʠʪʨʘʪ ʨʦʙʦʯʦʾ ʨʽ-



119 

ʜʠʥʠ ʽ ʫʤʦʚ ʦʜʥʦʟʥʘʯʥʦʩʪʽ. ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠ-

ʩʘʥʥʷ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʦʙôʻʜʥʘʻʤʦ ʬʘʟʠ 1ï6, ʚʚʘʞʘʶʯʠ ʾʭ ʧʨʷʤʠʤ ʭʦ-

ʜʦʤ ʟʘʧʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ 7ï10 ʟʚʦʨʦʪʥʠʤ ʭʦʜʦʤ. 

ʇʦʙʫʜʦʚʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʤʦ ʟʘ ʫʤʦʚ ʧʨʠʡʥʷʪʪʷ ʧʨʠ-

ʧʫʱʝʥʴ, ʱʦ ʙʫʣʠ ʚʟ̫ʪʽ ʨʘʥʽʰʝ, ʢʦʨʝʢʪʥʽʩʪʴ ʷʢʠʭ ʧʽʜʪʚʝʨʜʞʝʥʘ ʧʦʨʽʚ-

ʥʷʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

[169].  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʉʂ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝ-

ʤʦʶ (ʜʠʚ. ʨʠʩ 4.1) ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ɼôɸʣʘʤʙʝʨʘ ʱʦʜʦ 

ʩʠʣ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʨʫʭʦʤʽ ʝʣʝʤʝʥʪʠ, ʪʘ ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ 

[181] ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʩʠʣ ʢʦʨʠʩʥʦʛʦ ʦʧʦʨʫ, ʜʽʾ ʩʠʣ 

ʚôʷʟʢʦʛʦ ʪʝʨʪʷ ʥʘ ʦʙʝʨʪʦʚʽ ʝʣʝʤʝʥʪʠ ʛʽʜʨʦʤʦʪʦʨʽʚ, ʟʤʽʥʠ ʥʘʧʨʷʤʢʽʚ 

ʨʫʭʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʇʂ, ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʧʨʠ ʧʝʨʝ-

ʤʽʱʝʥʥʽ ʨʫʭʦʤʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ. 

ʈʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʤʦʤʝʥʪʽʚ ʥʘ ʚʘʣʘʭ ʛʽʜʨʦʤʦʪʦʨʽʚ: 

ʢʦʣʠ ʧʨʘʮʶʻ ʦʜʠʥ ʛʽʜʨʦʤʦʪʦʨ ɻʄ1 (ʫ = 0) ï 

 

0 1 ;m n m

d
M M q p

dt

j
+ = Ö -b     (4.2) 

 

ʢʦʣʠ ʧʨʘʮʶʻ ʜʚʘ ʛʽʜʨʦʤʦʪʦʨʠ ɻʄ1 ʪʘ ɻʄ2 (ʫ>0; Fa > Ftr) ï 

 

0 1 2 .m n m n m

d
M M q p q p

dt

j
+ = Ö + Ö -b   (4.3) 

 

ɺʽʜʢʨʠʪʪʷ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ 1 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʤʦʚʠ ʧʽʜʚʠʱʝʥʥʷ 

ʪʠʩʢʫ ʚ ʛʽʜʨʦʧʨʠʚʦʜʽ ʜʦ ʚʝʣʠʯʠʥʠ 
 

1
1

1

k x
p

f
² .      (4.4) 

 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʢʫʣʴʢʦʚʦʛʦ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʽʩʣʷ ʚʽʜʢʨʠʪʪʷ ʩʝʥ-

ʩʦʨʘ ʟʘ ʫʤʦʚʠ, ʱʦ ʪʠʩʢ ʚ ʟʣʠʚʥʽʡ ʧʦʨʦʞʥʠʥʽ ʨ0 å 0, ʤʘʻ ʚʠʛʣʷʜ 

 
2

22 1 1 1 0 1 1( ) g

d x dx

dt dt
f p m k x x b F= + + + +,   (4.5) 
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ʜʝ Fg1 ï ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʩʠʣʘ ʚ ʩʝʥʩʦʨʽ, ʷʢʘ ʚʠʟʥʘʯʠʪʴʩʷ ʪʘʢ: 

 

1 1 2 0 0cos ( cos ).g g g w c w cF F F Qv Qv Q v v¡ ¡¡= - =r Ö b -r =r Ö b -  (4.6) 

ʇʨʠ 0 ,cx h¢ ¢  c ʩd ʩbh h h= +  ʚʠʪʨʘʪʠ ʧʦʪʦʢʫ ʯʝʨʝʟ ʩʝʥʩʦʨ 

1 1 12 / ( ).Q d x p sgn p=mÖpÖ Ö rÖ    (4.7) 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 3 ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ 

0 by h¢ ¢, ʤʘʻ ʚʠʛʣʷʜ: 

 

3 1 4 2 0,np f p f k y= +   ʷʢʱʦ y = 0;                    (4.8) 

 
2

3 2 2 0 2 1 4 22
( ) ,n g

d y dy
p f m k y y b p f F

dt dt
= + + + + + ʷʢʱʦ y > 0, (4.9) 

 

ʜʝ Fg2 ï ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʠʡ ʝʣʝʤʝʥʪ, 

ʚʠʟʥʘʯʠʪʴʩʷ ʷʢ 
 

2 3.g g nF p f=y       (4.10) 

 

ʈʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʣʽʥʽʾ: 

 

1 ,n
n m fd n

dp
Q Q Q W

dt
= + +b   ʷʢʱʦ y = 0;  (4.11) 

 

1 2 ,n
n m m fd n

dp
Q Q Q Q W

dt
= + + +b  ʷʢʱʦ 0 < y < hd;  (4.12) 

 

1 2 ,n
n m m fd k n

dp
Q Q Q Q Q W

dt
= + + + +b  ʷʢʱʦ y Ó hd,        (4.13) 

 

ʪʦʙʪʦ ʤʘʻ ʤʽʩʮʝ ʚʽʜʢʨʠʪʪʷ ʧʦʨʦʞʥʠʥʠ ʧʣʫʥʞʝʨʘ 7,  

ʜʝ 

1 12 / ( );fd d n nQ f p p sgn p p=mÖ - rÖ -    (4.14) 

2 2 2( ( )) 2 / ( ).k b d n nQ d y h h p p sgn p p=mÖpÖ Ö - + - rÖ -
  

(4.15) 
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ɺʠʪʨʘʪʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʧʽʩʣʷ ʜʨʦʩʝʣʷ 6 Qfd ʪʘ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴ-

ʥʦʛʦ ʝʣʝʤʝʥʪʘ 3 ʚ ʧʦʨʦʞʥʠʥʽ ʧʣʫʥʞʝʨʘ 7 Qk: 

 

1
1 ;fd

dp
Q Q W

dt
= +b       (4.16) 

 

2
5 2 2 2 2( ) 2 / ( ) 0,b

dz dp
f d h y p sgn p W

dt dt
Ö +mÖpÖ Ö - rÖ +b = 

 
(4.17) 

 

ʷʢʱʦ y = 0... hb ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʣʠʚ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʟ ʧʦʨʦʞʥʠʥʠ ʧʣʫʥ-

ʞʝʨʘ 7; 

 

2
5 2 0,

dz dp
f W

dt dt
Ö +b = ʷʢʱʦ y = hb ... hd;   (4.18) 

 

2
5 2 ,k

dz dp
Q f W

dt dt
= Ö +b      (4.19) 

 

ʷʢʱʦ y = hd...h ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʛʥʽʪʘʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʧʦʨʦʞʥʠʥʫ 

ʧʣʫʥʞʝʨʘ 7. 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʥʘʪʠʩʢʥʦʛʦ ʧʣʫʥʞʝʨʘ 7 ʬʨʠʢʮʽʡʥʦʾ ʧʽʚʤʫʬʪʠ: 

 
2

2 5 3 3 0 32
( ) .a

d z dz
p f m k z z b F

dt dt
= + + + +    (4.20) 

 

ʉʠʣʘ Fa ʧʦʯʠʥʘʻ ʜʽʷʪʠ ʫ ʤʦʤʝʥʪ ʚʭʦʜʞʝʥʥʷ ʚ ʢʦʥʪʘʢʪ ʥʘʪʠʩʢʥʦʛʦ 

ʧʣʫʥʞʝʨʘ ʟ ʤʫʬʪʦʶ. 

ɿʘʢʨʠʪʪʷ ʢʫʣʴʢʦʚʦʛʦ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʤʦʚʠ 

ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʜʦ ʚʝʣʠʯʠʥʠ [180] 

 

1 1
1 1

2 2

.
f k x

p p
f f

¡¢ +      (4.21) 

 

ɺ ʨʽʚʥʷʥʥʷʭ (4.1)ï(4.21) ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: ʄ ï ʢʨʫʪʥʠʡ 

ʤʦʤʝʥʪ ʥʘ ʚʘʣʘʭ ʛʽʜʨʦʤʦʪʦʨʽʚ; ʄ0 ï ʤʦʤʝʥʪ ʪʝʨʪʷ ʚ ʛʽʜʨʦʤʦʪʦʨʘʭ; ʨn ï 

ʪʠʩʢ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ ʟʘ ʥʦʤʽʥʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʽʡ ʣʘʥʮʽ; ʨ1 
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ï ʪʠʩʢ çʚʽʜʢʨʠʪʪʷè ʢʫʣʴʢʦʚʦʛʦ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟ-

ʨʘʭʫʥʢʦʚʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʥʘ ʨʦʙʦʯʽʡ ʣʘʥʮʽ; 
1p¡ ï 

ʪʠʩʢ çʟʘʢʨʠʪʪʷè ʢʫʣʴʢʦʚʦʛʦ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ; ʨ2 ï ʪʠʩʢ ʚ ʧʦʨʦʞʥʠʥʽ 

ʧʣʫʥʞʝʨʘ ʥʘʪʠʩʢʥʦʛʦ ʤʝʭʘʥʽʟʤʫ; x, y, z ï ʢʦʦʨʜʠʥʘʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜ-

ʧʦʚʽʜʥʠʭ ʤʘʩ; x0, y0, z0 ï ʧʦʯʘʪʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʧʨʫʞʠʥ ʩʪʠʩʥʝʥʥʷ; ɓm ï 

ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʛʦ ʪʝʨʪʷ ʚ ʛʽʜʨʦʤʦʪʦʨʽ; qm1, qm2 ï ʭʘʨʘʢʪʝʨʥʠʡ ʦʙôʻʤ 

ʛʽʜʨʦʤʦʪʦʨʽʚ; ɓ ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʜʘʪʣʠʚʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʠʩʣʠʚʦʩʪʽ 

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ; ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ; ɟ ï ʛʫʩʪʠʥʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ; 

S = f1/f2 ï ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟ ʩʽʜʣʦʤ ʢʣʘ-

ʧʘʥʘ ʜʦ ʧʣʦʱʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʢʣʘʧʘʥʘ; f3, f4, f5 ï ʧʣʦʱʽ ʧʦʚʝʨ-

ʭʦʥʴ ʪʦʨʮʽʚ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 3 ʪʘ ʧʣʫʥʞʝʨʘ 7, ʚʽʜʧʦ-

ʚʽʜʥʦ; hc, h, hm ï ʚʽʜʧʦʚʽʜʥʦ, ʭʽʜ ʢʫʣʴʢʦʚʦʛʦ ʟʘʧʽʨʥʦʛʦ 1, ʟʘʧʽʨʥʦ-

ʨʦʟʧʦʜʽʣʴʥʦʛʦ 3 ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʽʚʤʫʬʪʠ ʌʄ; Wʧ, W1, W2 ï ʦʙôʻʤ ʥʘʧʽʨ-

ʥʦʾ ʛʽʜʨʦʣʽʥʽʾ, ʧʦʨʦʞʥʠʥʠ ʩʝʥʩʦʨʘ 1 ʪʘ ʧʦʨʦʞʥʠʥʠ ʧʣʫʥʞʝʨʘ 7, ʚʽʜʧʦ-

ʚʽʜʥʦ; d1, d2, d3 ï ʜʽʘʤʝʪʨ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ 1, ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʘ 3 ʪʘ ʧʣʫʥʞʝʨʘ 7, ʚʽʜʧʦʚʽʜʥʦ; b1, b2, b3 ï ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʛʦ 

ʜʝʤʧʬʫʚʘʥʥʷ; ɓ0 ï ʢʫʪ ʥʘʭʠʣʫ ʩʪʨʫʤʝʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ; ɜw, ɜc ï ʰʚʠʜ-

ʢʽʩʪʴ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʱʽʣʠʥʽ ʪʘ ʩʽʜʣʽ, ʚʽʜʧʦʚʽʜʥʦ; ɣg ï ʢʦʝʬʽʮʽʻʥʪ ʩʠʣʠ; 

Qfd, Qk ï ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ ʟʘ ʜʨʦʩʝʣʝʤ 5, ʚ ʧʦʨʦʞʥʠʥʽ ʧʣʫʥʞʝʨʘ 7, ʚʽʜʧʦ-

ʚʽʜʥʦ; Fg1, Fg2 ï ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʫʣʴʢʦʚʠʡ ʟʘʧʽʨʥʠʡ 1 

ʪʘ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ 3 ʝʣʝʤʝʥʪʠ; Fa ï ʨʝʘʢʮʽʷ ʟʯʝʧʣʝʥʥʷ ʧʽʚʤʫʬʪ. 

4.2 ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ  

ʥʘ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʫ ʛʽʜʨʦʧʨʠʚʦʜʽ 

ʈʦʟʚôʷʟʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝ-

ʪʘ MATLAB  Simulink [182, 183]. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʾʭ ʩʪʘʥʽʚ ʚ ʧʨʦʮʝʩʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʛʝʥʝʨʘʮʽʾ ʢʦʜʫ ʚʠʢʦʨʠʩʪʘʥʦ ʬʫʥʢʮʽʶ ode23s, ʚ ʦʩʥʦʚʫ 

ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ ʦʜʥʦʢʨʦʢʦʚʠʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʈʦʟʝʥʙʨʦʢʘ 2-ʛʦ 

ʧʦʨʷʜʢʫ, ʧʦʢʣʠʢʘʥʠʡ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʜʣʷ 

ʞʦʨʩʪʢʠʭ ʩʠʩʪʝʤ. ʇʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ MATLAB  Simulink ʜʦʟʚʦʣʷʻ ʟ 

ʙʽʙʣʽʦʪʝʢʠ ʩʪʘʥʜʘʨʪʥʠʭ ʙʣʦʢʽʚ ʩʪʚʦʨʠʪʠ ʙʣʦʢ-ʩʭʝʤʠ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, 

ʧʨʦʚʝʩʪʠ ʽʤʽʪʘʮʽʶ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʜʣʷ ʧʦʜʘʣʴ-

ʰʦʛʦ ʘʥʘʣʽʟʫ. 

ʆʩʥʦʚʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽ-

ʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.3 
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ɺʦʥʘ ʤʽʩʪʠʪʴ: ʛʨʫʧʫ ʙʣʦʢʽʚ 1 ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʩʝʥʩʦʨʘ, ʱʦ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴʩʷ ʫ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ ʪʘ ʟʘʧʠʩʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʽʚ Constant 

ʪʘ Goto; ʛʨʫʧʫ ʙʣʦʢʽʚ 2 ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʢʣʘʧʘʥʘ-ʨʦʟʧʦʜʽʣʴʥʠʢʘ; 

ʛʨʫʧʫ ʙʣʦʢʽʚ 3 ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʧʣʫʥʞʝʨʘ; ʛʨʫʧʫ ʙʣʦʢʽʚ 4 ʟ ʧʘʨʘʤʝʪ-

ʨʠ ʥʘʩʦʩʘ ʪʘ ʛʽʜʨʦʤʦʪʦʨʽʚ; ʛʨʫʧʫ ʙʣʦʢʽʚ 5 ʟ ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘ-

ʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙôʻʤ ʛʽʜʨʦʣʽʥʽʡ, ʬʽʟʠʯʥʽ ʚʣʘʩ-

ʪʠʚʦʩʪʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʪʘ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʦʩʝʣʷ, ʚʩʪʘ-

ʥʦʚʣʝʥʦʛʦ ʤʽʞ ʩʝʥʩʦʨʦʤ ʪʘ ʢʣʘʧʘʥʦʤ-ʨʦʟʧʦʜʽʣʴʥʠʢʦʤ. ʂʨʽʤ ʪʦʛʦ, ʜʦ 

ʦʩʥʦʚʥʦʾ ʙʣʦʢ-ʩʭʝʤʠ ʚʭʦʜʷʪʴ ʩʽʤ ʧʽʜʩʠʩʪʝʤ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʚʥʷʥ-

ʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʟʘʧʠʩʘʥʽ ʫ ʬʦʨʤʽ ʂʦʰʽ. ɹʣʦʢ Scope ʻ ʟʘ-

ʩʦʙʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʚ ʯʘʩʽ, ʷʢʽ 

ʦʪʨʠʤʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʘ-

ʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

 

 
 

ʈʠʩʫʥʦʢ 4.3 ï ʆʩʥʦʚʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ  

ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 
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ʈʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʟʚôʷʟʘʥʽ ʟʘ ʪʘʢʠʭ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ: ʄ(0) = 0, ʅʤ; ʨn(0) = p1(0) = p2(0) = 0, ʇʘ; ʭ(0) = ʫ(0) = z(0) = 0, ʤ. ɺ 

ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʩʪʽʡʥʽ ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩ-

ʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽ ʜʣʷ ʟʤʽʥʥʦʛʦ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʄ(t) ʥʘ 

ʚʘʣʘʭ ʛʽʜʨʦʤʦʪʦʨʽʚ ʟʥʘʡʜʝʥʦ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʪʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʟʤʽʥʠ ʚ ʯʘʩʽ ʪʠʩʢʫ ʥʘʧʽʨʥʦʾ ʛʽʜʨʦʣʽʥʽʾ pn(t), ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè ʪʘ çʟʘ-

ʢʨʠʪʪʷè ʩʝʥʩʦʨʘ p1(t), ʪʠʩʢʫ ʚ ʧʦʨʦʞʥʠʥʽ ʧʣʫʥʞʝʨʘ p2(t), ʧʝʨʝʤʽʱʝʥʥʷ 

ʩʝʥʩʦʨʘ ʭ(t), ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʫ(t), ʧʝʨʝ-

ʤʽʱʝʥʥʷ ʧʣʫʥʞʝʨʘ z(t), ʱʦ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 4.4.  

 
 

ʈʠʩʫʥʦʢ 4.4 ï ʊʝʦʨʝʪʠʯʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʚ ʯʘʩʽ  

ʄ(t), pn(t), p1(t), p2(t), ʭ(t), ʫ(t), z(t) 

ɸʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʠʭ ʛʨʘʬʽʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʘʜʝʢ-

ʚʘʪʥʦ ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʫ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ 

ʪʨʠʚʘʶʪʴ ʥʝʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ (ʜʦ 0,009 ʩ), ʤʘʢʩʠʤʘʣʴʥʝ ʘʤʧʣʽ-

ʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʥʴ ʪʠʩʢʫ ʥʝ ʧʝʨʝʚʠʱʫʻ ʪʠʩʢ çʚʽʜʢʨʠʪʪʷè  

(0,76 p1). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʫʞʠʥʠ 2 ʪʘ ʧʣʦʱʘ f1 ʩʝʥʩʦʨʘ ʚʽʜʧʦʚʽʜʘʶʪʴ 
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ʥʘʣʘʰʪʫʚʘʥʥʶ ʥʘ ʪʠʩʢ çʚʽʜʢʨʠʪʪʷè 21 ʄʇʘ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʘ 3. ʊʨʠʚʘʣʽʩʪʴ ʚʽʜʢʨʠʪʪʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 3 ʜʦ 

ʤʦʤʝʥʪʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʝʥʩʦʨʘ ʩʪʘʥʦʚʠʪʴ 0,006 ʩ. ɿʘʪʨʠʤʢʘ ʚ ʯʘʩʽ 

ʤʽʞ ʧʫʩʢʦʤ ʚʘʣʘ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʪʘ ʟʯʝʧʣʝʥʥʷʤ ʬʨʠʢʮʽʡʥʦʾ 

ʤʫʬʪʠ ʩʪʘʥʦʚʠʪʴ 9Ā10ï4 ʩ, ʟʘ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʢʦʤʫʪʘʮʽʾ ʛʽʜʨʦʣʽ-

ʥʽʡ ʥʘʧʦʨʫ ʪʘ ʟʣʠʚʫ ʧʦʨʦʞʥʠʥʠ ʧʣʫʥʞʝʨʘ 7. ʇʽʩʣʷ ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʟʘʧʽʨʥʠʡ ʝʣʝʤʝʥʪ 1 ʩʝʥʩʦʨʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ 

ʟʘ ʪʠʩʢʫ çʟʘʢʨʠʪʪʷè ʙʣʠʟʴʢʦ 12 ʄʇʘ. ʇʨʠ ʮʴʦʤʫ ʛʽʜʨʦʣʽʥʽʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʛʽʜʨʦʤʦʪʦʨʘ ʚʽʜʤʠʢʘʻʪʴʩʷ ʚʽʜ ʛʽʜʨʦʩʠʩʪʝʤʠ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʠʤʯʘʩʦʚʝ 

ʟʨʦʩʪʘʥʥʷ ʪʠʩʢʫ ʚ ʥʘʧʽʨʥʽʡ ʧʦʨʦʞʥʠʥʽ ʧʝʨʰʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʜʦ 18 ʄʇʘ, 

ʷʢʠʡ ʻ ʤʝʥʰʠʤ ʚʽʜ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè ʩʝʥʩʦʨʘ ʽ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʫ ʨʦ-

ʙʦʪʫ ʛʽʜʨʦʧʨʠʚʦʜʫ ʜʦ ʤʦʤʝʥʪʫ ʚʠʭʦʜʫ ʥʘ ʥʦʤʽʥʘʣʴʥʠʡ ʨʝʞʠʤ.  

ʆʪʨʠʤʘʥʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ ʚʧʣʠʚ ʭʘʨʘʢʪʝʨʥʦ-

ʛʦ ʦʙôʻʤʫ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʥʘ ʟʤʽʥʫ ʪʠʩʢʽʚ ʥʘʧʽʨʥʦʾ ʛʽʜʨʦʣʽʥʽʾ 

pn(t), ʚ ʩʝʥʩʦʨʽ p1(t) ʪʘ ʧʦʣʦʞʝʥʥʷ ʧʣʫʥʞʝʨʘ ʧʽʚʤʫʬʪʠ z(t) ʚ ʯʘʩʽ 

(ʨʠʩ. 4.5). 

 
 

ʈʠʩʫʥʦʢ 4.5 ï ʊʝʦʨʝʪʠʯʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʪʠʩʢʽʚ ʥʘʧʽʨʥʦʾ ʛʽʜʨʦʣʽʥʽʾ pn(t),  

çʚʽʜʢʨʠʪʪʷè ʩʝʥʩʦʨʘ p1(t) ʪʘ ʧʦʣʦʞʝʥʥʷ ʧʣʫʥʞʝʨʘ ʧʽʚʤʫʬʪʠ z(t) ʚ ʯʘʩ̔  

ʜʣʷ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʥʦʛʦ ʦʙôʻʤʫ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ:  

1 ï qm2=250 ʩʤ
3; 2 ï qm2=320 ʩʤ

3; 3 ï qm2=400 ʩʤ
3; 4 ï qm2=500 ʩʤ

3 

 

ʂʦʣʠʚʘʥʥʷ ʪʠʩʢʫ ʨ1(t) ʧʽʜ ʯʘʩ ʚʽʜʢʨʠʪʪʷ ʩʝʥʩʦʨʘ (ʨʠʩ. 4.5) ʚʽʜʙʫ-

ʚʘʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʘʜʽʥʥʷ ʪʠʩʢʫ pn(t) ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʣʽʥʽʾ ʥʠʞʯʝ 

15 ʄʇʘ ʪʘ ʥʝʧʦʚʥʦʤʫ ʧʨʠʪʠʩʢʘʥʥʽ ʧʣʫʥʞʝʨʦʤ ʧʽʚʤʫʬʪʠ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ z(t). ɸʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʜʣʷ ʥʘʡʙʽʣʴʰ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ 

ʚʠʧʘʜʢʫ (qm1 = 630 ʩʤ
3 ʽ qm2 = 500 ʩʤ

3) ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 3,7 ʄʇʘ ʟ ʯʘ-
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ʩʪʦʪʦʶ 450 ɻʮ. ʇʘʜʽʥʥʷ ʪʠʩʢʫ pn(t) ʚ ʥʘʧʽʨʥʽʡ ʛʽʜʨʦʣʽʥʽʾ ʩʧʨʠʯʠʥʶʻ 

ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ ʨ2(t), ʷʢʠʡ ʜʽʻ ʥʘ ʧʣʫʥʞʝʨ ʧʽʚʤʫʬʪʠ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʟʤʝʥʰʫʻʪʴʩʷ ʩʠʣʘ ʧʨʠʪʠʩʢʘʥʥʷ ʧʽʚʤʫʬʪʠ ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩ ʧʦʚʥʦʛʦ 

ʟʯʝʧʣʝʥʥʷ ʜʠʩʢʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʧʦʚʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʜʠʩʢʽʚ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʥʝʩʪʽʡʢʠʭ ʧʨʦʮʝʩʽʚ ʚ ʛʽʜʨʦʧʨʠʚʦʜʽ ʪʘ ʙʽʣʴʰʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʧʦ-

ʚʝʨʭʦʥʴ ʪʝʨʪʷ ʤʫʬʪʠ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʪʘʢʠʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʷʚʠʱ ʥʝ-

ʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʛʽʜʨʦʤʦʪʦʨ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʦʙôʻʤʘʤʠ qm2 = 250 ʩʤ3 ʘʙʦ 320 ʩʤ3. 

ɸʥʘʣʽʟʦʤ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʨʦʽʣʶʩʪʨʦʚʘʥʠʭ ʥʘ ʨʠʩ. 4.6, ʚʠʟ-

ʥʘʯʝʥʦ ʚʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ S = f1/f2 ʥʘ ʪʠʩʢ p1(t) çʚʽʜʢʨʠʪʪʷè ʽ 

çʟʘʢʨʠʪʪʷè ʩʝʥʩʦʨʘ ʪʘ ʧʦʣʦʞʝʥʥʷ ʩʝʥʩʦʨʘ ʭ(t) ʚ ʯʘʩʽ. ɿʘ ʤʘʣʠʭ ʩʧʽʚ-

ʚʽʜʥʦʰʝʥʴ (S = 0,1; 0,3) ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʪʽʡʢʦʤʫ 

ʨʝʞʠʤʽ ʽ ʪʠʩʢ p1(t) çʟʘʢʨʠʪʪʷè ʤʘʻ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

S = 0,5; 0,7 ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʠʩʢʫ p1(t) çʟʘʢʨʠʪʪʷè, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʥʦʨʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʛʽʜʨʦʧʨʠʚʦʜʘ, ʪʦʙʪʦ ʚʠʤʠʢʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ɻʄ2 ʟʘ ʥʝʦʙʭʽʜʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʜʽʶʯʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʘ ʟʥʘʯʝʥʥʷ S = 0,9 ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʥʝʩʪʽʡʢʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʩʝʥʩʦʨʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 4.6 ï ʊʝʦʨʝʪʠʯʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʚ ʯʘʩʽ p1(t) ʪʘ ʭ(t)  

ʧʨʠ S = 0,1(1); 0,3(2); 0,5(3); 0,7(4); 0,9(5) 
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ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʜʦʚʞʠʥʠ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʟʤʽʥʠ ʢʦʤʫʪʘʮʽʾ ʛʽʜʨʦʣʽʥʽʡ ʧʨʠʩʪʨʦʶ, ʛʨʘʬʽʢ 

ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.7. 

ʗʢ ʧʦʢʘʟʫʻ ʛʨʘʬʽʢ, ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʧʝʨʝʤʽʱʝʥʥʷ 

ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʘʻ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. ɿʙʽʣʴʰʝʥʥʷ 

ʜʦʚʞʠʥʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚ 3,5 ʨʘʟʠ ʟʙʽʣʴʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʟʤʽʥʠ ʢʦʤʫʪʘʮʽʾ 

1,25 ʨʘʟʽʚ. 

 
 

ʈʠʩʫʥʦʢ 4.7ï ɻʨʘʬʽʢ ʪʨʠʚʘʣʦʩʪʽ ʟʤʽʥʠ ʢʦʤʫʪʘʮʽʾ ʛʽʜʨʦʣʽʥʽʡ ʧʨʠʩʪʨʦʶ 

 

ʅʘ ʨʠʩ. 4.8 ʥʘʚʝʜʝʥʦ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʟʤʽʥʠ ʤʦʤʝʥʪʽʚ ʄm1(t) ʽ 

ʄm2(t) ʥʘ ʚʘʣʘʭ ʛʽʜʨʦʤʦʪʦʨʽʚ ɻʄ1 ʪʘ ɻʄ2, ʚʽʜʧʦʚʽʜʥʦ, ʧʽʜ ʯʘʩ ʚʤʠʢʘʥ-

ʥʷ (ʜʠʚ. ʨʠʩ. 4.8ʘ) ʪʘ ʚʽʜʤʠʢʘʥʥʷ (ʜʠʚ. ʨʠʩ. 4.8ʙ) ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦ-

ʪʦʨʘ ɻʄ2. 

ɺ ʤʦʤʝʥʪ ʚʽʜʢʨʠʪʪʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʜʠʚ. ʨʠʩ. 4.8ʘ), 

ʱʦ ʪʨʠʚʘʻ t = 0,103 c, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʤʠʢʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ 

ɻʄ2, ʧʽʜ ʯʘʩ ʷʢʦʛʦ, ʚ ʧʝʨʽʦʜ ʨʦʟʛʦʥʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʨʠʚʘʣʦʩʪʽ ʟʤʽʥʠ 

ʢʦʤʫʪʘʮʽʾ (ʜʠʚ. ʨʠʩ. 4.7), ɻʄ1 ʪʘ ɻʄ2 ʧʽʜ ʯʘʩ ʚʤʠʢʘʥʥʷ ʪʘ ʚʽʜʤʠʢʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ɻʄ2, ʧʫʩʢʦʚʠʡ ʤʦʤʝʥʪ ʄm2(t) ʥʘ ʚʘʣʫ 

ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 1100 ʅʤ ʙʝʟ 

ʜʽʾ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʧʫʩʢʦʚʠʡ ʤʦʤʝʥʪ ʄm2(t) 

ʩʬʦʨʤʦʚʘʥʦ ʟʘ ʨʘʭʫʥʦʢ ʟʘʪʨʠʤʢʠ ʜʽʾ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʘʣ 

ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ɻʄ2 ʚʤʠʢʘʥʥʷʤ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ, ʷʢʠʡ 

ʙʽʣʴʰʠʡ ʧʘʩʧʦʨʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ɻʄ2 

(585 ʅʤ) ʚ 1,88 ʨʘʟʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʧʝʨʝʭʽʜʥʠʡ 

7,50E-04

8,00E-04

8,50E-04

9,00E-04

9,50E-04

1,00E-03

0,002 0,003 0,004 0,005 0,006 0,007

t, c

l, ɑ
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ʧʨʦʮʝʩ ʚʤʠʢʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ɻʄ2 ʯʝʨʝʟ ʥʘʢʦʧʠʯʝʥʫ 

ʝʥʝʨʛʽʶ ʥʘ ʡʦʛʦ ʚʘʣʫ. ʇʽʩʣʷ ʚʤʠʢʘʥʥʷ ʤʫʬʪʠ, ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʨʦʙʦʯʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʦʤʝʥʪ ʄm2(t) ʟʥʠʞʫʻʪʴʩʷ ʩʧʦʯʘʪʢʫ ʜʦ 690 ʅʤ, ʘ ʧʦʪʽʤ 

ʯʝʨʝʟ ʟʤʽʥʫ ʧʨʫʞʥʦʩʪʽ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟʨʦʩʪʘʻ ʜʦ 720 ʅʤ. 
 

 
ʘ     ʙ 

ʈʠʩʫʥʦʢ 4.8 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʤʦʤʝʥʪʽʚ ʄm1(t) ʽ ʄm2(t)  

ʥʘ ʚʘʣʘʭ ʛʽʜʨʦʤʦʪʦʨʽʚ  

ʇʽʜ ʯʘʩ ʟʘʢʨʠʪʪʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʜʠʚ. ʨʠʩ. 4.8ʙ), 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ t = 0,4428 c, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʤʠʢʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦ-

ʤʦʪʦʨʘ ɻʄ2 ʚʽʜ ʥʘʧʽʨʥʦʾ ʛʽʜʨʦʣʽʥʽʾ ʡ ʜʽʶʯʝ ʨʦʙʦʯʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʣʘʚʥʦ ʧʝʨʝʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʚʘʣ ʛʽʜʨʦʤʦʪʦʨʘ ɻʄ1. ʂʨʽʤ ʪʦʛʦ, 

ʨʦʟʯʝʧʣʝʥʥʷ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ 

(t = 0,035) ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʨʦʙʦʯʘ ʨʽʜʠʥʘ ʧʦʚʥʽʩʪʶ ʚʠʪʩ̔ʥʠʪʴʩʷ ʟ 

ʧʦʨʦʞʥʠʥʠ ʧʣʫʥʞʝʨʘ. ɺ ʮʝʡ ʯʘʩ ʜʦʜʘʪʢʦʚʠʡ ʛʽʜʨʦʤʦʪʦʨ ɻʄ2 ʧʨʘʮʶʻ 

ʚ ʥʘʩʦʩʥʦʤʫ ʨʝʞʠʤʽ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʚʘʢʫʫʤʥʦʾ ʧʦʨʦʞʥʠʥʠ 
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ʚ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ɻʄ2 ʤʽʞ ʥʘʧʽʨʥʦʶ ʽ 

ʟʣʠʚʥʦʶ ʛʽʜʨʦʣʽʥʽʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚʦʪʦʨʥʠʡ ʢʣʘʧʘʥ. 

ʈʦʟʨʘʭʦʚʘʥʦ ʚʧʣʠʚ ʟʚʝʜʝʥʦʾ ʤʘʩʠ ʧʣʫʥʞʝʨʘ m3 ʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʝʤʧʬʫʚʘʥʥʷ b3 ʥʘ ʟʤʽʥʫ ʪʠʩʢʫ ʨ2(t) ʚ ʧʦʨʦʞʥʠʥʽ ʧʣʫʥʞʝʨʘ ʚʽʜ ʯʘʩʫ 

(ʨʠʩ. 4.9ʘ, ʙ).  

 
ʘ       ʙ 

ʈʠʩʫʥʦʢ 4.9 ï ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʪʠʩʢʫ ʨ2(t) ʚʽʜ ʟʚʝʜʝʥʦʾ ʤʘʩʠ ʧʣʫʥʞʝʨʘ m3  

ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʤʧʬʫʚʘʥʥʷ b3 ʧʽʜ ʯʘʩ ʟʘʢʨʠʪʪʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʧʨʠ b3=300 ʢʛ/ʩ (ʘ) ʪʘ b3=800 ʢʛ/ʩ (ʙ) 

ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʟʚʝʜʝʥʦʾ ʤʘʩʠ m3 ʧʣʫʥʞʝʨʘ ʚ 5 ʪʘ 10 ʨʘʟʽʚ 

ʚʽʜʧʦʚʽʜʥʦ ʟʨʦʩʪʘʻ ʡʦʛʦ ʽʥʝʨʮʽʡʥʽʩʪʴ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʪʠʩʢ ʨ2(t) ʧʽʜ ʯʘʩ 

ʟʘʢʨʠʪʪʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʜʠʚ. ʨʠʩ. 4.9ʘ) ʟʨʦʩʪʘʻ ʥʘ 

19 % ʪʘ 33 %, ʚʽʜʧʦʚʽʜʥʦ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ 

ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ b3, ʷʢʠʡ ʟʤʝʥʰʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʪʠʩʢʫ ʨ2(t). ʊʘʢ ʥʘʧʨʠʢʣʘʜ ʜʣʷ b3 = 800 ʢʛ/ʩ (ʜʠʚ. ʨʠʩ. 4.9ʙ) ʜʣʷ 

ʟʙʽʣʴʰʝʥʦʾ ʟʚʝʜʝʥʦʾ ʤʘʩʠ m3 ʧʣʫʥʞʝʨʘ ʚ 5 ʪʘ 10 ʨʘʟʽʚ ʪʠʩʢ ʨ2(t) ʟʨʦʩʪʘʻ 

ʥʘ 8 % ʪʘ 16 %, ʚʽʜʧʦʚʽʜʥʦ. 

ʈʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ ʥʘ ʜʠʥʘʤʽʢʫ ʨʦʙʦʪʠ 

ʩʝʥʩʦʨʘ ʪʘ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ. ʇʽʜ 

ʯʘʩ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʩʠʣʫ ʚ 

ʩʝʥʩʦʨʥʦʤʫ ʧʨʠʩʪʨʦʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʫʪ ʥʘʭʠʣʫ ʩʪʨʫʤʝʥʶ ʚ ʱʠʣʠʥʽ 

ʜʣʷ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʪʘʥʦʚʠʪʴ ɓ0 = 0
ʦ, ʘ ʰʚʠʜʢʦʩʪ̔ 

ʨʫʭʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʱʠʣʠʥʽ vw ʪʘ ʩʽʜʣʽ vc ʥʘʙʣʠʞʝʥʦ ʨʽʚʥʽ [161], ʪʦ 

ʮʽʻʶ ʩʢʣʘʜʦʚʦʶ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʥʝʭʪʫʚʘʣʠ (Fg1 = 0). 
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ʅʘ ʨʠʩ. 4.10 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʧʝʨʝʤʽʱʝʥʥʷ y(t) ʟʘʧʽʨʥʦ-

ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʽʜ ʜʽʾ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ Fg2 ʚʧʨʦʜʦʚʞ ʡʦʛʦ 

ʟʘʢʨʠʪʪʷ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʤʧʬʫʚʘʥʥʷ b2 = 50; 80; 100 ʢʛ/ʩ. 

 
ʘ       ʙ 

ʈʠʩʫʥʦʢ 4.10 ï ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʪʠʩʢʫ ʨ2(t) ʚʽʜ ʟʚʝʜʝʥʦʾ ʤʘʩʠ ʧʣʫʥʞʝʨʘ m3  

ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʤʧʬʫʚʘʥʥʷ b3 ʧʽʜ ʯʘʩ ʟʘʢʨʠʪʪʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʧʨʠ b3 = 300 ʢʛ/ʩ (ʘ) ʪʘ b3 = 800 ʢʛ/ʩ (ʙ) 

ɼʣʷ ʧʨʠʡʥʷʪʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʤʧʬʫʚʘʥʥʷ b2 ʭʘʨʘʢʪʝʨʥʠʤ ʻ 

ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘʢʨʠʪʪʷ 

ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɼʽʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ ʥʘʡʙʽʣʴʰ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʟʘʢʨʠʪʪʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʽ 

ʩʧʨʠʷʻ ʙʽʣʴʰ ʰʚʠʜʢʦʤʫ ʧʦʚʝʨʥʝʥʥʶ ʡʦʛʦ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ ʜʽʾ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʟʤʽʥʫ ʪʠʩʢʫ p1(t) ʚ ʩʝʥʩʦʨʽ (ʨʠʩ. 4.11). ʅʘʡʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ ʟʨʦʩ-

ʪʘʥʥʷ ʜʽʾ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʘ ʥʝ ʚʠʢʣʠʢʘʣʘ ʧʝʨʝʚʠʱʝʥʥʷ ʪʠʩʢʫ 

p1(t) ʚʽʜʢʨʠʪʪʷ ʩʝʥʩʦʨʘ (21 ʄʇʘ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʠʩʢʫ 

ʨʦʙʦʪʠ ʛʽʜʨʦʤʦʪʦʨʘ ɻʄ1, ʻ grad M = 7143 ʅĀʤ/ʩ (ʜʠʚ. ʨʠʩ. 4.11ʘ). ɿʙʽʣʴ-

ʰʝʥʥʷ ʮʽʻʾ ʰʚʠʜʢʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʚ 2,3 ʨʘʟʠ (ʜʠʚ. ʨʠʩ. 4.11ʙ), ʩʧʨʠʯʠ-

ʥʶʻ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʽʜʢʨʠʪʪʷ ʩʝʥʩʦʨʘ p1(t) ʜʦ ʚʝʣʠʯʠʥʠ 26 ʄʇʘ, ʱʦ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʰʢʦʜʞʝʥʴ ʫ ʛʽʜʨʦʤʦʪʦʨʽ (ʥʘʧʨʠʢʣʘʜ ɻʇʈʌ-630). 

ʊʦʤʫ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʨʠʚʦʜʽ ʪʘʢʦʛʦ ʢʦʥʚʝʻʨʘ ʩʫʯʘʩʥʽ ʛʽʜʨʦ-

ʤʦʪʦʨʠ, ʚ ʷʢʠʭ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʙʽʣʴʰ ʥʽʞ ʫ ʜʚʘ ʨʘʟʠ ʚʠʱʠʡ 

ʥʦʤʽʥʘʣʴʥʦʛʦ. 

ʇʦʙʫʜʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʽ 

ʢʝʨʫʚʘʥʥʷ ʛʽʜʨʦʧʨʠʚʦʜʫ ʟ ʧʘʨʘʣʝʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʛʽʜʨʦʤʦʪʦʨʘʤʠ 

ʪʘ ʙʣʦʢ-ʩʭʝʤʘ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʘ-

ʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʛʽʜʨʦʧʨʠʚʦʜʫ ʜʣʷ ʧʨʠʡʤʘʣʴʥʦʛʦ 
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ʢʦʥʚʝʻʨʘ ʙʫʨʪʦʫʢʣʘʜʘʯʘ ʂ-65ʄ2ɹ3-ʂ, ʚ ʷʢʽʡ ʚʨʘʭʦʚʘʥʦ ʧʦʯʘʪʢʦʚʽ ʧʘ-

ʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʡʦʛʦ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ, ʦʩʥʦʚʥʦʛʦ ʪʘ ʜʦʜʘ-

ʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʟʘ 

ʞʦʨʩʪʢʠʭ ʫʤʦʚ. 

 
ʘ      ʙ 

ʈʠʩʫʥʦʢ 4.11 ï ʊʝʦʨʝʪʠʯʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ  

ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʄ(t) ʪʘ ʪʠʩʢʫ p1(t) ʚ ʧʦʨʦʞʥʠʥʽ ʩʝʥʩʦʨʘ 
 

ɸʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʠʭ ʛʨʘʬʽʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʛʽʜʨʦ-

ʧʨʠʚʦʜʦʤ ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʫ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʪʘʢʽ ʚʘʞʣʠʚʽ ʨʝʟʫʣʴʪʘʪʠ. 

ɺʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʦʙôʻʤʫ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦ-

ʨʘ, ʟʘ ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʥʝʟʘʪʫʭʘʶʯʽ ʢʦʣʠʚʘʥʥʷ ʚ ʥʘʧʽʨʥʽʡ ʧʦʨʦʞʥʠʥʽ 

ʛʽʜʨʦʧʨʠʚʦʜʫ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʪʘʢʠʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʷʚʠʱ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʛʽʜʨʦʤʦʪʦʨ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʙôʻʤʘʤʠ 

qm2 = 250; 320 ʩʤ
3. ʇʽʜʪʚʝʨʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ, ʷʢ 

ʩʝʥʩʦʨʘ, ʢʣʘʧʘʥʘ ʧʨʷʤʦʾ ʜʽʾ ʟ ʧʘʨʘʤʝʪʨʠʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʢʝʨʫʚʘʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʪʠʩʢ ʟʘʢʨʠʪʪʷ ʟʘ ʨʘʭʫʥʦʢ ʜʦʙʦʨʫ ʡʦʛʦ ʛʝʦʤʝ-

ʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʩʝʥʩʦʨʘ S =  f1/f2 =  0,5; 0,7, ʟʘʙʝʟ-

ʧʝʯʫʶʪʴ ʩʪʽʡʢʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʛʽʜʨʦʧʨʠʚʦʜʫ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ. 

ɿʤʽʥʦʶ ʜʦʚʞʠʥʠ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʟʘʪʨʠʤʢʠ ʚʤʠʢʘʥʥʷ 

ʬʨʠʢʽʡʥʦʾ ʤʫʬʪʠ ʧʽʩʣʷ ʚʤʠʢʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʚʤʠʢʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʘʥʽʰʝ ʥʽʞ 

ʟʯʝʧʣʝʥʥʷ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ɿʤʽʥʘʤʠ ʤʘʩʠ 

ʧʣʫʥʞʝʨʘ  ̔ʜʝʤʧʬʫʚʘʥʥʷ ʘʙʦ ʧʽʜô̒ ʜʥʘʥʥʷʤ ʧʘʨʘʣʝʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ  ̔ʜʨʦʩʝʣʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʪʫʭʘʥʥʷ ʢʦʣʠʚʘʥʴ ʧʽʜ ʯʘʩ 

ʚʽʜʤʠʢʘʥʥʷ ʤʫʬʪʠ. ɼʦʚʝʜʝʥʦ, ʱʦ ʜʽʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ ʥʘʡʙʽʣʴʰ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʟʘʢʨʠʪʪʷ ʟʘʧʽʨʥʦ-ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʽ 
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ʩʧʨʠʷʻ ʙʽʣʴʰ ʰʚʠʜʢʦʤʫ ʧʦʚʝʨʥʝʥʥʶ ʡʦʛʦ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ. 

ʐʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʥʘ ʧʨʠʚʜ̔ʥʦʤʫ ʙʘʨʘʙʘʥʽ ʚʧʣʠʚʘʻ ʥʘ ʪʠʩʢ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʝʥʩʦʨʘ, ʷʢʠʡ ʤʦʞʝ ʧʝʨʝʚʠʱʠʪʠ ʜʦʧʫʩʪʠʤʽ 

ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʛʽʜʨʦʤʦʤʪʦʨʘ. 

4.3 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʫʞʥʦ-ʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ  

ʥʘ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʫ ʛʽʜʨʦʧʨʠʚʦʜʽ  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.3, ʜʦʟʚʦʣʠʣʠ ʨʦ-

ʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ [184] ʽ ʪʝʭʥʽʯʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜ-

ʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʟ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʚʤʠʢʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦ ʚʩʪʘ-

ʥʦʚʣʝʥʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ, ʩʭʝʤʘ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.12. 

 
ʈʠʩʫʥʦʢ 4.12 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʚʤʦʥʪʦʚʘʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʫ  

ʧʨʠʡʤʘʣʴʥʦʛʦ ʢʦʥʚʝʻʨʘ ʙʫʨʪʦʫʢʣʘʜʘʯʘ ʂ-65ʄ253-ʂ 

 

ʂʝʨʦʚʘʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʤʦʪʦʨ-ʙʘʨʘʙʘʥ ʤʽʩʪʠʪʴ ʢʦʨʧʫʩ ʙʘʨʘʙʘʥʘ 1, 

ʚ ʷʢʠʡ ʚʙʫʜʦʚʘʥʦ ʧʨʠʚʜ̔, ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʦʢʨʝʤʠʭ ʛʽʜʨʦʤʦ-

ʪʦʨʽʚ ʦʩʥʦʚʥʦʛʦ 2 (ɻʄ1) ʪʘ ʜʦʜʘʪʢʦʚʦʛʦ 3 (ɻʄ2), ʽ ʜʚʘ ʧʝʨʝʜʘʚʘʣʴʥʽ 

ʤʝʭʘʥʽʟʤʠ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʜʫʯʠʭ ʰʝʩʪʽʨʝʥ ɹ4 ʽ 7, ʧʨʦ-

ʤʽʞʥʠʭ 5 ʽ 8 ʪʘ ʢʦʨʦʥʥʠʭ 6 ʽ 9 ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. ʂʦʨʧʫʩ ʙʘʨʘʙʘʥʘ 1 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʨʴʦʭ ʯʘʩʪʠʥ 10, 11, 12. ɼʣʷ ʧʽʜ-

ʚʝʜʝʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʜʦ ʛʽʜʨʦʤʦʪʦʨʽʚ 2 ʪʘ 3 ʚ ʩʝʨʝʜʠʥʽ 

ʣʽʚʦʾ ʪʘ ʧʨʘʚʦʾ ʯʘʩʪʠʥ ʦʩʽ 10 ʪʘ 12 ʚʠʢʦʥʘʥʦ ʦʩʴʦʚʽ ʢʘʥʘʣʠ 13 ʽ 14, ʷʢʽ 
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ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʘʣʴʥʠʭ ʢʘʥʘʣʽʚ 15 ʽ 16, ʘ ʪʘʢʦʞ ʥʘʧʽʨʥʠʭ ʪʨʫʙʦʧʨʦ-

ʚʦʜʽʚ 17 ʽ 18 ʪʘ ʟʣʠʚʥʠʭ ï 19 ʽ 20, ʟôʻʜʥʘʥʽ ʟ ʨʦʙʦʯʠʤʠ ʢʘʤʝʨʘʤʠ ʛʽʜ-

ʨʦʤʦʪʦʨʽʚ 2 ʪʘ 3. ɺ ʥʘʧʽʨʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ 17 ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʪʨʽʡ 

ʢʝʨʫʚʘʥʥʷ 21. ɺʭʽʜ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ 3 ʧʨʠ ʚʠʤʢʥʝʥʦʤʫ ʧʨʠ-

ʩʪʨʦʾ ʢʝʨʫʚʘʥʥʷ 21 ʟôʻʜʥʘʥʦ ʽʟ ʟʣʠʚʦʤ ʯʝʨʝʟ ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ 22. 

ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ 21 ʚʠʢʦʥʘʥʦ ʟʘ ʩʭʝʤʦʶ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 4.1 ʫ ʚʠʛʣʷʜʽ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʢʣʘʧʘʥʘ, ʥʘʜʽʣʝʥʦʛʦ ʬʫʥʢʮʽʷʤʠ ʛʽʜ-

ʨʘʚʣʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ. 

ɺ ʜʨʫʛʦʤʫ ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʤʝʭʘʥʽʟʤʽ ʤʽʞ ʚʘʣʦʤ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜ-

ʨʦʤʦʪʦʨʘ 3 ʪʘ ʚʝʜʫʯʦʶ ʰʝʩʪʨ̔ʥʝʶ 7, ʚʩʪʘʥʦʚʣʝʥʦ ʬʨʠʢʮʽʡʥʫ ʤʫʬʪʫ 

25, ʣʽʚʘ ʧʽʚʤʫʬʪʘ ʷʢʦʾ ʯʝʨʝʟ ʛʨʠʙʦʢ ʤʘʻ ʢʦʥʪʘʢʪ ʟ ʪʦʨʮʝʚʦʶ ʩʬʝʨʠʯ-

ʥʦʶ ʧʦʚʝʨʭʥʝʶ ʥʘʪʠʩʢʥʦʛʦ ʧʣʫʥʞʝʨʘ 26, ʱʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʙʽʣʴʰʦ-

ʤʫ ʜʽʘʤʝʪʨʽ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʦʪʚʦʨʫ, ʚʠʢʦʥʘʥʦʛʦ ʟ ʧʨʘʚʦʛʦ 

ʙʦʢʫ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ 11 ʦʩʽ. ʇʣʦʩʢʘ ʧʦʚʝʨʭʥʷ ʥʘʪʠʩʢʥʦʛʦ ʧʣʫʥʞʝʨʘ 

26 ʟ ʙʽʣʴʰʠʤ ʜʽʘʤʝʪʨʦʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʦʪʚʦʨʫ ʫʪʚʦʨʶʻ 

ʧʦʨʦʞʥʠʥʫ 27, ʷʢʘ ʟôʻʜʥʘʥʘ ʟ ʧʦʨʦʞʥʠʥʦʶ ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʘ. 
 

ɿʘ ʥʦʤʽʥʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʽʡ ʣʘʥʮʽ ʢʦʥʚʝʻʨʘ ʧʨʘʮʶʻ 

ʦʩʥʦʚʥʠʡ ʛʽʜʨʦʤʦʪʦʨ 2, ʷʢʠʡ ʯʝʨʝʟ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʧʨʠʚʦʜʠʪʴ 

ʚ ʨʫʭ ʢʦʨʧʫʩ ʙʘʨʘʙʘʥʘ 1. ʇʨʠ ʨʘʧʪʦʚʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʪʠʩʢʫ çʚʽʜʢʨʠʪʪʷè, ʩʧʨʘʮʴʦʚʫʻ 

ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ 21 ʽ, ʩʧʦʯʘʪʢʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʤʠʢʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʛʽʜʨʦʤʦʪʦʨʘ 3, ʘ ʧʦʪʽʤ ï ʩʧʨʘʮʴʦʚʫʻ ʬʨʠʢʮʽʡʥʘ ʤʫʬʪʘ 25, ʽ ʢʨʫʪʥʠʡ 

ʤʦʤʝʥʪ ʚʽʜ ʚʘʣʘ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ 3 ʯʝʨʝʟ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʤʝ-

ʭʘʥʽʟʤ ʧʝʨʝʜʘʻʪʴʩʷ ʢʦʨʧʫʩʫ ʙʘʨʘʙʘʥʘ 1. 

ʇʽʩʣʷ ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʽʡ ʣʘʥʮʽ ʢʦʥʚʝʻʨʘ ʜʦ ʚʝʣʠ-

ʯʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʠʩʢʫ çʟʘʢʨʠʪʪʷè, ʩʧʨʘʮʴʦʚʫʻ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ 

21, ʚʽʜʤʠʢʘʻʪʴʩʷ ʬʨʠʢʮʽʡʥʘ ʤʫʬʪʘ 25, ʘ ʧʦʪʽʤ ʜʦʜʘʪʢʦʚʠʡ ʛʽʜʨʦʤʦʪʦʨ 3. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʛʽʜʨʦʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ, 

ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʨʫʞʥʦ-

ʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʨʦʟʨʦʙʣʝ-

ʥʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ, ʷʢʘ ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 4.13. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʫʭ ʪʨʘʥʩ-

ʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʛʽʜʨʦʧʨʠʚʦʜʫ ʢʦʥʚʝʻʨʘ ʽʟ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ 

ʚʤʠʢʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 4.13 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʛʽʜʨʦʧʨʠʚʦʜʫ ʟ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʥɹʠʭ ʨʽʚʥʷʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʘ MATLAB  Simulink ʾʭ 

ʥʝʦʙʭʽʜʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʬʦʨʤʽ ʂʦʰʽ ʪʘʢʠʤ ʯʠʥʦʤ. 

ʈʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʫʭ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʚʝʻʨʘ: 
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  (4.22) 

ʈ̔ ʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʩʝʥʩʦʨ, ʢʣʘʧʘʥ-ʨʦʟʧʦʜʽʣʴʥʠʢ 

ʪʘ ʧʣʫʥʞʝʨ 
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2 1 1 0 1 1

1
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;
g

dx
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m
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a
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p f k z z b F
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m

- + - -

=ññ    (4.25) 

ʈʽʚʥʷʥʥʷ ʫʤʦʚʠ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʧʦʪʦʢʽʚ ʜʣʷ ʥʘʧʽʨʥʦʾ ʤʘʛʽʩʪʨʘʣʽ, ʛʽ-

ʜʨʦʣʽʥʽʡ ʩʝʥʩʦʨʘ ʽ ʧʣʫʥʞʝʨʘ: 
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ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʧʨʠʚʜ̔ʥʦʾ ʪʘ ʪʨʘʥʩʧʦ-

ʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥ ʢʦʥʚʝʻʨʘ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʛʨʘʬʽʢʽʚ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʄ(t), pn(t), p1(t), p2(t), ʭ(t), ʫ(t), z(t) (ʨʠʩ. 4.14).  
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ʈʠʩʫʥʦʢ 4.14 ï ʊʝʦʨʝʪʠʯʥʽ ʛʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ  

ʄ(t), pn(t), p1(t), p2(t), ʭ(t), ʫ(t), z(t) 

ɿʙʫʨʶʚʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʚ ʩʠʩʪʝʤʽ ʻ ʟʤʽʥʘ ʤʦʤʝʥʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʭʚʦʩʪʦʚʦʤʫ ʙʘʨʘʙʘʥʽ ʟʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʦ ʨʝʞʠʤʫ ʧʝ-

ʨʝʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʘʚʧʘʢʠ. 

ʇʽʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʤʦʤʝʥʪʫ ʚʽʜ 5000 ʅʤ ʜʦ 12000 ʅʤ ʧʨʠʚʜ̔ʥʦʾ ʪʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʚʝʻʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʝʞʠʤ ʧʝʨʝʚʘʥ-

ʪʘʞʝʥʥʷ. ɺʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʨʴʦʤʘ ʬʘʟʘʤʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ: 

ʧʝʨʰʘ ï ʚʤʠʢʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ; ʜʨʫʛʘ ï ʨʦʙʦʪʘ ʧʨʠʚʦʜʫ ʟ 

ʜʚʦʤʘ ʛʽʜʨʦʤʦʪʦʨʘʤʠ; ʪʨʝʪʷ ï ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʽʜʤʠʢʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ. ɼʣʷ ʢʦʞʥʦʾ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʬʘʟ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʘʥʘʣʽʟʫʚʘʣʠʩʷ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦ-

ʚʦʜʠʣʠʩʷ ʟʘ ʪʘʢʠʭ ʜʽʘʧʘʟʦʥʽʚ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʜ̔ʥʦʾ ʪʘ ʪʨʘʥʩʧʦʨ-

ʪʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤ ʢʦʥʚʝʻʨʘ: ʩʪʘʪʠʯʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʩʪʨʽʯʢʠ ʢʦʥ-

ʚʝʻʨʘ ɽs= (210é1010)Ŀ106 ʄʇʘ, ʜʠʥʘʤʽʯʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

hs = 988é4750 ʄʇʘ, ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʽʯʢʠ 

As = (0,824é3,96)Ŀ10
ï2 ʤ, ʜʦʚʞʠʥʘ ʢʦʥʚʝʻʨʘ Ls = 11...42,4 ʤ, ʟʚʝʜʝʥʠʡ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʭʚʦʩʪʦʚʦʛʦ ʙʘʨʘʙʘʥʘ ɯb = 5...9 ʢʛĿʤ
2, ʢʨʫʪʠʣʴʥʘ ʞʦʨʩʪ-

ʢʽʩʪʴ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʩf = (0,25é0,75)Ŀ10
6 ʄʇʘ, ʜʝʤʧʬʫʚʘʥ-

ʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ɜf = 150...600 ʅʩ/ʤ. 

ɼʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʦʚʘʥʦʛʦ 

ʛʽʜʨʦʧʨʠʚʦʜʫ ʥʘ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ tp ʪʘ ʚʝʣʠʯʠʥʫ ʧʝʨʝʨʝʛʫʣʶ-

ʚʘʥʥʷ (ʟʘʚʠʱʝʥʥʷ) ʜʣʷ  ʪʠʩʢʫ æʨn ʚ ʥʘʧʽʨʥʽʡ ʤʘʛʽʩʪʨʘʣʽ. 
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ʅʘ ʨʠʩ. 4.15 ʽ 4.16 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝ-

ʩʫ ʪʘ ʚʝʣʠʯʠʥʠ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʧʝʨʰʦʾ ʬʘʟʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʜ̔ʥʦʾ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥ ʢʦʥʚʝ-

ʻʨʘ ʚ ʟʘʜʘʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. ʈʦʟʨʘʭʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʧʨʠʚʜ̔ʥʦʾ ʪʘ ʪʨʘʥ-

ʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥ ʢʦʥʚʝʻʨʘ ʜʣʷ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ ʜʽʘʧʘʟʦʥʫ ʧʘʨʘ-

ʤʝʪʨʽʚ, ʟʘ ʷʢʠʭ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ 0,11ʩ < tp1 < 0,15c, ʘ ʚʝʣʠʯʠ-

ʥʘ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ 15 % < æp1 < 45 %. ʑʦʙ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜ-

ʢʦʜʽʶ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ tp1, ʧʦʪʨʽʙʥʦ ʟʤʝʥʰʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘ-

ʤʝʪʨʽʚ ʜʦʚʞʠʥʠ ʢʦʥʚʝʻʨʘ Ls ʪʘ ʢʨʫʪʠʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʦ-

ʛʦ ʤʝʭʘʥʽʟʤʫ ʩf, ʘ ʟʙʽʣʴʰʫʚʘʪʠ ï ʩʪʘʪʠʯʥʠʡ ɽs ʪʘ ʜʠʥʘʤʽʯʥʠʡ hs ʤʦ-

ʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʩʪʨʽʯʢʠ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ 

æp1 ʚʘʨʪʦ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʪʠʯʥʦʛʦ ɽs ʪʘ 

ʜʠʥʘʤʽʯʥʦʛʦ hs ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʩʪʨʽʯʢʠ ʽ ʞʦʨʩʪʢʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴ-

ʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʩf. 

 
ʈʠʩʫʥʦʢ 4.15 ï ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʜ̔ʥʦʾ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥ  

ʢʦʥʚʝʻʨʘ ʥʘ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ ʧʝʨʰʦʾ ʬʘʟʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 
 

 

ʈʠʩʫʥʦʢ 4.16 ï ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʜ̔ʥʦʾ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥ  

ʢʦʥʚʝʻʨʘ ʥʘ ʚʝʣʠʯʠʥʫ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʧʝʨʰʦʾ ʬʘʟʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 




































































































































































