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ɼʣʷ ʨʦʙʦʪʠ ʟ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʮʠʢ-

ʣʽʚ ʘʙʩʦʨʙʮʽʡʥʠʭ ʚʦʜʦʘʤʽʘʯʥʠʭ ʭʦʣʦʜʠʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ (ɸɺʍɸ) ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ (ʇɼ). ʇʝʨʝʚʘʛʘʤʠ ʘʙ-

ʩʦʨʙʮʽʡʥʠʭ ʭʦʣʦʜʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʻ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʫ ̫ʢʦʩʪʽ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ ʙʫʜʴ-ʷʢʦʛʦ ʪʝʧʣʘ ʪʘ ʧʘʣʠʚʘ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ, 

ʱʦ ʦʩʦʙʣʠʚʽʩʪʶ ʮʠʭ ʤʘʰʠʥ ʻ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʨʦʮʝʩʽʚ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʮʠʢʣʫ ɸɺʍɸ ʇɼ 

ʧʨʦʚʝʜʝʥʠʡ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʘ) ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ (ʥʘ ʩʪʽʥʮʽ ʛʝʥʝ-

ʨʘʪʦʨʘ) ï 65...95 Áʉ; ʙ) ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʛʦ ʜʞʝʨʝʣʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ) ï

25...45 Áʉ. ʈʦʙʦʯʝ ʪʽʣʦ ï ʚʦʜʦʘʤʽʘʯʥʠʡ ʨʦʟʯʠʥ (ɺɸʈ). ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʥʷʪʦ ʤʘʢʩʠʤʘʣʴʥʫ ʨʦʙʦʯʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ 10 Áʉ. ʆʪʨʠʤʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ: ʘ) ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʘ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ (ʧʦ ɺɸʈ); ʙ) ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʚ ʟʦʥʽ ʘʙʩʦʨʙʝʨʘ-ʚʠʧʘʨʥʠʢʘ; ʚ) ʟʘʣʝʞʥʦʩʪʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ ʟʥʠ-

ʞʫʻʪʴʩʷ ʯʘʩʪʢʘ ʘʤʽʘʢʫ ʚ ʟʦʥʽ ʛʝʥʝʨʘʪʦʨʘ-ʘʙʩʦʨʙʝʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʧʝʨʽʦʜ ʦʭʦʣʦʜʞʝʥʥʷ ʦʪʨʠʤʘʪʠ 

ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʧʨʦʮʝʩʫ ʘʙʩʦʨʙʮʽʾ, ʪʦʙʪʦ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɸɺʍɸ 

ʇɼ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽʟ ʚʠʣʫʯʝʥʥʷ ʚʦʜʠ ʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨ̔-

ʶʯʦʛʦ ʜʞʝʨʝʣʘ ʚʽʜ 65 Áʉ ʜʦ 95 Áʉ ʤʽʥʽʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʚʽʜ         

+7 Áʉ ʜʦ -17 Áʉ. ɿ̔  ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɸɺʍɸ 

ʇɼ ʟʥʠʞʫʻʪʴʩʷ, ʧʨʠʯʦʤʫ ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʘ ʮʷ ʪʝʥʜʝʥʮʽʷ ʧʨʠ ʚʝʣʠʢʠʭ ʯʘʩʪʢʘʭ ʘʤʽʘʢʫ ʫ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɸɺʍɸ ʇɼ ʧʦʢʘʟʘʣʘ, ʱʦ ʚʦʥʘ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝ-

ʨʘʪʫʨ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ. ʇʨʠʯʦʤʫ ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʮʷ ʪʝʥʜʝʥʮʽʷ ʙʽʣʴʰ ʷʚʥʘ; ʟʘ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠ-

ʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɸɺʍɸ ʇɼ, ʟʙʽʣʴʰʠʚʰʠ ʢʽʣʴʢʽʩʪʴ ʘʤʽʘʢʫ ʚ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ. ɿʘ-

ʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ ʢʦʥʩʪʨʫʢʮʽʾ ɸɺʍɸ ʇɼ ʜʣʷ ʨʦʙʦʪʠ ʫ ʩʢʣʘʜʽ ʩʠʩʪʝʤʠ ʦʪʨʠʤʘʥʥʷ ʚʦʜʠ ʟ ʘʪʤʦʩʬʝʨ-

ʥʦʛʦ ʧʦʚʽʪʨʷ. ʋʩʪʘʥʦʚʢʘ ʻ ʩʠʩʪʝʤʦʶ ʟ ʜʚʦʭ ʢʘʥʘʣʽʚ. ɼʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʘ 

ʧʨʦʤʝʥʝʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ, ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʠʭ ʟʦʥ ʦʩʥʘʱʝʥʽ ʧʣʦʩʢʠʤʠ ʨʝʙʨʘʤʠ: ʥʘ ʛʝʥʝʨʘʪʦʨʽ-ʘʙʩʦʨʙʝʨʽ 

ʚʩʪʘʥʦʚʣʝʥʽ ʜʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʪʘ ʦʜʥʝ ʚʝʨʪʠʢʘʣʴʥʝ ʨʝʙʨʦ, ʘ ʥʘ ʘʙʩʦʨʙʝʨʽ-ʚʠʧʘʨʥʠʢʫ ï ʜʚʘ ʚʝʨʪʠ-

ʢʘʣʴʥʽ ʨʝʙʨʘ. ɿʘʜʣʷ ʙʽʣʴʰʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʨʦʙʦʪʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘʭʠʩʥʠʡ ʝʢʨʘʥ, 

ʚʠʢʦʥʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʫ ʧʝʨʽʦʜ ʨʦʟʨʷʜʢʠ ʧʦʚʥʽʩʪʶ ʟʘʢʨʠʚʘʪʠ ʛʝʥʝʨʘʪʦʨ-ʘʙʩʦʨʙʝʨ ʚʽʜ ʩʦʥʷʯ-

ʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʠ ʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚʩʪʘʥʦʚ-

ʣʝʥʠʡ ʚʝʥʪʠʣʷʪʦʨ, ʷʢʠʡ ʨʘʟʦʤ ʽʟ ʝʢʨʘʥʦʤ ʞʠʚʠʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʦʶ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʶ ʙʘʪʘʨʝʻʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɺʦʜʦʘʤʽʘʯʥʠʡ ʘʙʩʦʨʙʮʽʡʥʠʡ ʭʦʣʦʜʠʣʴʥʠʡ ʘʛʨʝʛʘʪ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ; ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʮʠʢʣʫ; ʉʦʥʷʯʥʽ ʢʦʣʝʢʪʦʨʠ; ʉʠʩʪʝʤʠ ʦʜʝʨʞʘʥʥʷ ʚʦʜʠ ʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 
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1. ɺʩʪʫʧ  

 

ʎʠʢʣʠ ɸɺʍɸ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʥʘʩʦʩʥʽʡ ʪʘ ʙʝʟʥʘ-

ʩʦʩʥʽʡ ʩʭʝʤʽ. ʅʘʩʦʩʥʽ ʩʭʝʤʠ ʤʘʶʪʴ ʙʽʣʴʰʫ ʝʥʝʨʛʝ-

ʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʘʣʝ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 

ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ ʽ ʥʝ ʻ ʘʚʪʦʥʦʤʥʠʤʠ. ɹʝʟʥʘ-

ʩʦʩʥʽ ʩʭʝʤʠ ï ʘʚʪʦʥʦʤʥʽ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢ-

ʪʠʚʥʽ. 

ʈʦʙʦʯʝ ʪʽʣʦ ʥʘʩʦʩʥʠʭ ɸɺʍɸ ï ʚʦʜʦʘʤʽʘʯʥʠʡ 

ʨʦʟʯʠʥ (ɺɸʈ), ʙʝʟʥʘʩʦʩʥʠʭ ï ɺɸʈ ʽʟ ʜʦʜʘʚʘʥʥʷʤ 

ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ (ʚʦʜʥʶ). 

ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ɸɺʍɸ ʻ ʚʟʘʻʤʦʟʘʣʝʞ-

ʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʫ ʭʘʨʘʢʪʝʨʥʠʭ ʧʨʦʮʝʩʘʭ ʮʠʢʣʫ ï 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ tʛʨ, ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ tʩʝʨ, ʪʝʤʧʝʨʘʪʫʨʠ ʦʙ'ʢ̒-

ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ tʦʙ. ɿ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦʚʽʣʴʥʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʜʚʽ [1-7]. 

ʗʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʨʦʙʦʪʘ ʭʦʣʦʜʠʣʴʥʦʾ ʫʩ-

ʪʘʥʦʚʢʠ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ 

ʦʭʦʣʦʜʞʝʥʥʷ (tʦʙ, Üʉ), ʘ ʩʘʤʘ ʫʩʪʘʥʦʚʢʘ ʧʨʘʮʶʚʘ-

ʪʠʤʝ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʪʦʙʪʦ ʧʨʠ 

ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʊʦʤʫ, ʨʝʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʤʦʞʝ ʟʤʽʥʶʚʘ-

ʪʠʩʷ ʻ ʣʠʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ. 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ [8-11] ʥʝ ʚʨʘʭʦ-

ʚʫʶʪʴ ʪʘʢʫ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʚ ʘʙʩʦʨʙ-

ʮ̔ ʡʥʦʤʫ ʭʦʣʦʜʠʣʴʥʦʤʫ ʮʠʢʣʽ, ʦʩʢʽʣʴʢʠ ʜʦʧʫʩʢʘ-

ʶʪʴ ʥʘʷʚʥʽʩʪʴ ʜʞʝʨʝʣʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʥʝʦʙʭʽʜ-

ʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ.  

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʜʞʝʨʝʣ ʥʝ-

ʧʨʷʤʦʾ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʦʢʘʟʫʻ, 

ʱʦ ʟʥʘʯʥʘ ʾʭ ʯʘʩʪʠʥʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʜʠʮʽʡʥʠʭ ʮʠʢʣʽʚ ɸɺʍɸ ʯʝʨʝʟ ʥʝ-

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʦʪʝʥʮʽʘʣ. ɼʦ 

ʮʠʭ ʜʞʝʨʝʣ ʚʽʜʥʦʩʷʪʴʩʷ ʛʘʟʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦ-

ʛʦ ʟʛʦʨʷʥʥʷ, ʛʝʦʪʝʨʤʘʣʴʥʽ ʜʞʝʨʝʣʘ ʽ ʩʦʥʷʯʥʽ ʢʦ-

ʣʝʢʪʦʨʠ. 

ɼʣʷ ʨʦʙʦʪʠ ʟ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ 

ʮʠʢʣʽʚ ɸɺʍɸ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ (ʇɼ). 

ʇʝʨʝʚʘʛʘʤʠ ʘʙʩʦʨʙʮʽʡʥʠʭ ʭʦʣʦʜʠʣʴʥʠʭ ʫʩʪʘ-

ʥʦʚʦʢ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʻ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʛʨʽʶʯʦʛʦ ʜʞʝ-

ʨʝʣʘ ʙʫʜʴ-ʷʢʦʛʦ ʩʢʠʜʥʦʛʦ ʪʝʧʣʘ ʪʘ ʪʠʧʫ ʧʘʣʠʚʘ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʦʩʦʙʣʠ-

ʚʽʩʪʶ ʮʠʭ ʤʘʰʠʥ ʻ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʨʦʮʝʩʽʚ. 

ʇʨʦʚʝʜʝʥʥʷ ʚʘʨʽʘʥʪʥʠʭ ʪʘ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʨʦʟ-

ʨʘʭʫʥʢʽʚ ʮʠʢʣʽʚ ɸɺʍɸ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɺɸʈ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʥʝʤʘʻ ʻʜʠʥʦʛʦ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ɺɸʈ, 

ʷʢʝ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʫʻ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʰʠʨʦʢʦ-

ʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʠʩʢʽʚ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʶ ʘʥʦʤʘʣʴʥʽʩʪʶ ʩʠʩʪʝʤʠ ʚʦʜʘ-

ʘʤʽʘʢ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ ʜʦʩʽ ʥʝ 

ʚʪʨʘʪʠʣʦ ʘʢʪʫʘʣʴʥʦʩʪʽ. 

ɺʠʙʽʨ ʩʠʩʪʝʤʠ MathCAD ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʮʠʢʣʫ 

ɸɺʍɸ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʩʪʦʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘ-

ʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʩʠʩʪʝʤʠ. ɹʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʧʽʜ-

ʩʠʩʪʝʤʘ ʙʽʙʣʽʦʪʝʯʥʠʭ ʬʫʥʢʮʽʡ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʪʘ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʠʩʪʦʛʦ ʘʤʽʘʢʫ ʪʘ 

ɺɸʈ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʥʜʘʨʪʥʠʭ ʬʫʥʢ-

ʮʽʡ ʘʧʨʦʢʩʠʤʘʮʽʾ (ʣʽʥʽʡʥʦʾ ʘʙʦ ʩʧʣʘʡʥʦʚʦʾ) ʩʠʩʪʝ-

ʤʠ MathCAD. 

ʄʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ, ʟʘ-

ʣʝʞʥʦ ʚʽʜ ʥʘʙʦʨʫ ʜʚʦʭ ʜʦʚʽʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʦʜʘ-ʘʤʽʘʢ. ʊʘʢʝ ʨʦʟʰʠ-

ʨʝʥʥʷ ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʫ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʨʦʟ-

ʨʘʭʫʥʦʢ ʮʠʢʣʫ ɸɺʍɸ ʟʘ ʨʽʟʥʠʭ ʚʘʨʽʘʮʽʡ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ. 

 

2. ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʮʠʢʣʽʚ ɸɺʍɸ ʇɼ 

 

ʉʭʝʤʘ ʧʦʪʦʢʽʚ ʚ ɸɺʍɸ ʇɼ ʫ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʡʦ-

ʛʦ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.1. 

 

ʘ) ʙ) 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʦʪʦʢʽʚ ʪʝʧʣʘ ʪʘ ʤʘʩʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ɸɺʍɸ ʇɼ: 

ʘ) ï ʨʦʙʦʪʘ ʫ ʧʝʨʽʦʜ ʟʘʨʷʜʢʠ; ʙ) ï ʨʦʙʦʪʘ ʫ ʧʝʨʽʦʜ ʦʭʦʣʦʜʞʝʥʥʷ 
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ʋ ʧʝʨʽʦʜ ʟʘʨʷʜʢʠ ɸɺʍɸ ʇɼ, ʥʘ ʛʝʥʝʨʘʪʦʨ 

(ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ ʥʘ ʨʠʩ. 1.ʘ)) ʥʘʜʭʦʜʠʪʴ ʪʝʧʣʦʚʠʡ 

ʧʦʪʽʢ Qʛʨ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ tʛʨ. 

ʋ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ, ʢʦʣʠ ʟʦʥʠ ɸɺʍɸ ʇɼ 

ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʦʜʥʘʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʨʽʚʥʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʢʣʘʜ ʨʦʙʦ-

ʯʦʛʦ ʪʽʣʘ (ɺɸʈ) ʦʜʥʘʢʦʚʠʡ ʚ ʦʙʦʭ ʟʦʥʘʭ. 

ɸʙʩʦʨʙʝʨ-ʚʠʧʘʨʥʠʢ (ʟʝʣʝʥʠʡ ʢʦʣʽʨ ʥʘ ʨʠʩ.1.ʘ) 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪ-

ʨʷ tʩʝʨ ʪʘ ʚʽʜʚʦʜʠʪʴ ʪʝʧʣʦʪʫ ʘʙʩʦʨʙʮʽʾ Qʘ.   

ʋ ʧʝʨʽʦʜ ʟʘʨʷʜʢʠ (ʨʠʩ. 1.ʘ)) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝ-

ʨʝʤʽʱʝʥʥʷ ʧʝʨʝʚʘʞʥʦ ʣʝʛʢʦʢʠʧʣʷʯʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

(ʘʤ̔ʘʢʫ) ʟ ʛʝʥʝʨʘʪʦʨʘ-ʘʙʩʦʨʙʝʨʘ (ɻ-ɸ) ʚ ʟʦʥʫ ʘʙ-

ʩʦʨʙʝʨʘ-ʚʠʧʘʨʥʠʢʘ (ɸ-ɺ). ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʮʴʦʤʫ 

ʚ ɻ-ɸ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦ-

ʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʧʝʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ tʛʨ, ʟʥʘʯʝʥʥʷ 

ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʤ ʩʢʣʘʜʦʤ ɺɸʈ. ʅʘ-

ʧʨʠʢʥ̔ʮʽ ʧʨʦʮʝʩʫ ʚʠʧʘʨʶʚʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ɻ-ɸ 

tʛʨ ᵼ max, ʪʠʩʢ ʫ ʩʠʩʪʝʤʽ ʪʘʢʦʞ ʤʘʢʩʠʤʘʣʴʥʠʡ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ɸ-ɺ ʧʨʠʡʤʘʻʤʦ ʧʦʩʪʽʡʥʦʶ ʪʘ ʨʽʚʥʦʶ 

tʩʝʨ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʢʘ ʘʤʽʘʢʫ ʫ 

ɺɸʈ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ɸ-ɺ, ʘ ʤʽʥʽʤʘʣʴʥʘ ï ʫ ɻ-ɸ.  

ʋ ʧʝʨʽʦʜ ʦʭʦʣʦʜʞʝʥʥʷ (ʨʠʩ. 1.ʙ)), ʟʦʥʘ ɻ-ɸ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʙʣʘʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʜʦʚʢʽʣʣʷ, 

ʪʦʙʪʦ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʙʣʦʢʫʻʪʴ-

ʩʷ, ʘʣʝ ʚ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʧʦʜʘʻʪʴʩʷ ʟʦʚʥʽʰʥʻ 

ʧʦʚʽʪʨʷ. ɿʘ ʨʘʭʫʥʦʢ ʫʩʫʥʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʫ ɺɸʈ, 

ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ɻ-ɸ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦ-

ʜʠʪɹ ʫ ʟʦʥʫ ʟʥʠʞʝʥʠʭ ʪʠʩʢʽʚ. ʋ ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʙ-

ʩʷʟʽ ɸɺʍɸ ʇɼ ʪʠʩʢ ʧʘʜʘʻ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ (ʧʝʨ-

ʚʠʥʥʠʡ ʤʦʤʝʥʪ) ʟʥʘʯʝʥʥʷ Pmin. ʅʘʩʠʯʝʥʠʡ ʘʤʽʘʢʦʤ 

ɺɸʈ ʚ ɸ-ɺ ʫ ʮʝʡ ʤʦʤʝʥʪ ʟʘʢʠʧʘʻ ʽʟ ʚʽʜʚʝʜʝʥʥʷʤ 

ʪʝʧʣʘ ʚʽʜ ʧʦʪʦʢʫ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ʇʨʠ ʦʭʦʣʦ-

ʜʞʝʥʥʽ ɺɸʈ, ɻ-ɸ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ 

ʨʘʭʫʥʦʢ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʚʠʥʠʢʘʻ ʪʝʧʣʦʚʠʡ ʧʦ-

ʪʽʢ Q0, ʷʢʠʡ ʽ ʻ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ɸɺʍɸ ʇɼ. 

ʇʘʨʘ ʘʤʽʘʢʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ, ʘʙʩʦʨʙʫʻʪʴʩʷ ʚ ʟʦʥʽ 

ɻ-ɸ ʟ ʚʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʦʪʠ ʘʙʩʦʨʙʮʽʾ Qʘ ʚ ʥʘʚʢʦ-

ʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ tʭ. ʋ ʮʴʦʤʫ 

ʧʨʦʮʝʩʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʦʥʦʪʦʥʥʝ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ 

ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʟʦʥʽ ɸ-ɺ. 

ʇʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʦʤʠʚʘʻ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭ-

ʥʶ ɸ-ɺ, ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʝ ʟʘ 

ʪʦʯʢʫ ʨʦʩʠ, ʽ ʟ ʥʴʦʛʦ ʚʠʧʘʜʘʻ ʢʦʥʜʝʥʩʘʪ ʚʦʜʠ. 

ʇʨʦʮʝʩ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʚʩʪʘʥʦʚʣʝʥ-

ʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʨʽʚʥʦʚʘʛʠ ʚ ʟʦʥʘʭ ɻ-ɸ ʪʘ ɸ-ɺ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʩʧʦʩʦʙʫ ʦʜʝʨʞʘʥʥʷ ʚʦʜʠ ʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɸɺʍɸ 

ʇɼ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʟ 

ʧʝʨʩʧʝʢʪʠʚʦʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʫ-

ʭʠʭ ʩʧʝʢʦʪʥʠʭ ʟʦʥʘʭ ʧʣʘʥʝʪʠ. ʎʷ ʭʦʣʦʜʦʧʨʦʜʫʢ-

ʪʠʚʥʽʩʪʴ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʘ, ʚʽʜʽʙ-

ʨʘʥʦʛʦ ʚʽʜ ʧʦʚʽʪʨʷ ʧʨʠ ʡʦʛʦ ʦʭʦʣʦʜʞʝʥʥʽ ʥʠʞʯʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʦʯʢʠ ʨʦʩʠ ɺ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʚʠʭʽʜʥʽ ʜʘʥʽ ʚʢʣʶʯʘʪʠʤʫʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʚʦʣʦʛʦʚʤʽʩʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʪʘ ʤʦʞʣʠʚʫ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʛʨʽʶʯʦʛʦ 

ʜʞʝʨʝʣʘ tʛʨ. 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦ 

ʟʘʜʘʪʠʩʷ ʨʽʚʥʦʚʘʞʥʠʤ ʧʦʯʘʪʢʦʚʠʤ ʩʢʣʘʜʦʤ ɺɸʈ ï 

xʧʦʯ (ʫ ʨʽʜʢʽʡ ʬʘʟʽ) ʪʘ yʧʦʯ (ʫ ʧʘʨʦʚʽʡ ʬʘʟʽ). ʇʨʠ ʨʦʟ-

ʨʘʭʫʥʢʫ ʧʨʠʡʤʝʤʦ ʢʽʣʴʢʽʩʪʴ ɺɸʈ ʫ ɻ-ɸ ʪʘ ɸ-ɺ ʦʜ-

ʥʘʢʦʚʠʤ. ʇʨʠ ʨʽʚʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨ tʭ
ɻ-ɸ

 = tʭ
ɸ-ɺ 
ʩʢʣʘʜ 

ʬʘʟ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ: 

ʘ) ʜʣʷ ʨʽʜʢʦʾ ʬʘʟʠ:  

 

     

ɸ ɸ

ɻ-ɸ(ʭ) ɸ-ɺ(ʭ)ʧʦʯ ʧʦʯ

ɻ-ɸ ɸ-ɺɸ ɺ ɸ ɺ

ɻ-ɸ(ʭ) ɻ-ɸ(ʭ) ɸ-ɺ(ʭ) ɸ-ɺ(ʭ)

ʪ ʪ
ʭ ʭ

ʪ ʪ ʪ ʪ
= = =

+ +
    (1) 

     

ɸ ɸ

ɻ-ɸ(ʫ) ɸ-ɺ(ʫ)ʧʦʯ ʧʦʯ

ɻ-ɸ ɸ-ɺɸ ɺ ɸ ɺ

ɻ-ɸ(ʫ) ɻ-ɸ(ʫ) ɸ-ɺ(ʫ) ɸ-ɺ(ʫ)

ʪ ʪ
ʫ ʫ

ʪ ʪ ʪ ʪ
= = =

+ +
    (2) 

 

ʋ ʧʝʨʽʦʜ ʟʘʨʷʜʢʠ (ʨʠʩ. 1.ʘ)) ʽʟ ʟʦʥʠ ɻ-ɸ ʚ ʟʦʥʫ 

ɸ-ɺ ʧʝʨʝʭʦʜʠʪʴ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨʠ ʘʤʽʘʢʫ ʪʘ ʧʘ-

ʨʠ ʚʦʜʠ. ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʢʠ 

ʘʤʽʘʢʫ ʚ ʨʽʜʢʽʡ ʬʘʟʽ ɸ-ɺ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʥʘʩʪʫʧ-

ʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

 

            

ɸ ɸ

ɸ-ɺ(ʭ) (ʭ)mʘʭ

A-B ɸ ɸ ɺ B

ɸ-ɺ(ʭ) (ʭ) ɸ-ɺ(ʭ) (ʭ)

.
ʪ ʪ

ʭ
ʪ ʪ ʪ ʪ

+D
=

+D + ++D
       (3) 

             

ɸ ɸ

ɻ-ɸ(x) (x)min

ɻ-ɸ ɸ ɸ B B

ɻ-ɸ(x) (x) ɻ-ɸ(x) (x)

.
ʪ ʪ

x
ʪ ʪ ʪ ʪ

-D
=

-D + -D
         (4) 

 

ʜʝ æm(x)
ɸ
 ʪʘ æm(x)

ɺ
 ï ʚʽʜʧʦʚʽʜʥʦ, ʤʘʩʘ ʘʤʽʘʢʫ ʪʘ ʚʦ-

ʜʠ ʚ ʨʽʜʢʽʡ ʬʘʟʽ, ʱʦ ʧʝʨʝʡʰʣʘ ʟ ɻ-ɸ ʜʦ ɸ-ɺ. 

ɿʥʘʯʝʥʥʷ xɻ-ɸ
min

 ʪʘ ʟʥʘʯʝʥʥʷ xɻ-ɸ
max

 ʧʦʚ'ʷʟʘʥʽ 

ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ (P, t). 

ɿʘʚʜʘʥʥʷʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ɸɺʍɸ ʇɼ ʻ ʚʠʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟ 

ʦʮʽʥʢʦʶ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʨʦ-

ʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʟ ʚʠʣʫʯʝʥʥʷ ʚʦʜʠ ʟ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤʝʪʦʜʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʦʩʫʰʝʥʥʷ 

(ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʩʪʽʥʢʠ ʽ ʧʦʚʽʪʨʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ ʪʦʯʢʠ ʨʦʩʠ). 

ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʨʝʞʠʤ-

ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 
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ʘ) ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ (ʥʘ ʩʪʽʥʮʽ 

ʛʝʥʝʨʘʪʦʨʘ) tʛʨ = 65..95 Áʉ; 

ʙ) ʪʝʤʧʝʨʘʪʫʨʘ çʭʦʣʦʜʥʦʛʦè ʜʞʝʨʝʣʘ (ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ) tʩʝʨ = 25..45 Áʉ; 

ʋ ʢ̫ʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚʦʜʦ-

ʘʤʽʘʯʥʠʡ ʨʦʟʯʠʥ (ɺɸʈ).  

ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʤʘʻʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʨʦʙʦ-

ʯʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ 10 Áʉ. 

 

 

3. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʘʥʘʣʽʟ 

 

ʅʘ ʨʠʩ. 2 (ʘ, ʙ, ʚ) ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ (ʧʦ ɺɸʈ) ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨ ʛʨʽʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ tʛʨ =65..95 Áʉ ʧʨʠ 

ʬʽʢʩʦʚʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ 

ʜʦʨʽʚʥʶʻ tʩʝʨ = 25, 35, 45 Áʉ.  

 

  
                                            ʘ)                                       ʙ) 

 
                                       ʚ) 

ʈʠʩʫʥʦʢ 2 ï ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʪʘ ʤʽʥʽʤʘʣʴʥʠʤ ʩʢʣʘʜʦʤ ɺɸʈ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʪʝʤ-

ʧʝʨʘʪʫʨʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʨʽʟʥʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ: ʘ) tʩʝʨ  = 25 Á ʉ;                   

ʙ) tʩʝʨ = 35 Á ʉ ʚ) tʩʝʨ = 45 Á ʉ; 1, 2, 3, 4 ï ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ, ʚʽʜʧʦʚʽʜʥʦ: 65, 75, 85, 95 Áʉ. 

 

ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ ʟʥʠʞʫ-

ʻʪʴʩʷ ʯʘʩʪʢʘ ʘʤʽʘʢʫ ʚ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ 

ʧʝʨʽʦʜ ʦʭʦʣʦʜʞʝʥʥʷ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʫ-

ʰʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʦʛʣʠʥʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʘʙʩʦʨʙʮʽʾ, 

ʪʦʙʪʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʠʪʠ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚ- 

ʥʽʩʪʴ ɸɺʍɸ ʇɼ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʦ 

ʚʦʜʽ.  

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʢʣʘʜʫ ʚ ʟʦʥʽ ɸ-ɺ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝ-

ʨʝʣʘ tʛʨ ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʘʪʤʦʩʬʝʨʥʦ-

ʛʦ ʧʦʚʽʪʨʷ tʩʝʨ = 25, 35, 45 Áʉ, ʚʽʜʧʦʚʽʜʥʦ.  

ɸʥʘʣʽʟ ʨʠʩ. 3 ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤ-

ʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ ʟʘʚʞʜʠ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʯʘʩʪʢʘ ʘʤʽʘʢʫ ʚ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʘ ʮʝ ʟʙʽʣʴʰʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʦ ʚʦʜʽ. 

ʅʘ ʨʠʩ. 3.ʙ ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦ-

ʛʦ ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʚ ʟʦʥʽ 

ɻ-ɸ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ (tʛʨ =65, 75, 

85, 95 Áʉ) ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ                

35 Áʉ. ɸʥʘʣʽʟ ʨʠʩ. 3.ʙ ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩʪʢʠ ʘʤʽʘʢʫ ʫ ɺɸʈ ʫ ʟʦʥʽ ʛʝʥʝ-

ʨʘʮʽʾ, ʪʠʩʢ ʫ ɸɺʍɸ ʇɼ ʟʨʦʩʪʘʻ, ʧʨʠʯʦʤʫ ʮʝ ʟʨʦʩ-

ʪʘʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘ-

ʯʝʥʥʷʭ Xmin. 

ʅʘ ʨʠʩ. 4 ï 5 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʪʠʩʢʫ ʚ ɸɺʍɸ ʇɼ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ 

ʜʞʝʨʝʣʘ ʪʘ ʩʢʣʘʜʫ ɺɸʈ ʫ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ. ɸʥʘʣʽʟ 

ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤ-

ʧʝʨʘʪʫʨʠ ʜʞʝʨʝʣʘ, ʱʦ ʛʨʽʻ, ʪʠʩʢ ʫ ʩʠʩʪʝʤʽ ʪʘʢʦʞ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʝ ʟʨʦʩʪʘʥʥʷ 

ʪʠʩʢʫ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʢʠ ʘʤʽʘʢʫ 

ʚ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ. ʊʘʢ, ʟʘ Xmin = 0,1 ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʚʽʜ 

65 Áʉ ʜʦ 95 Áʉ, ʪʠʩʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 0,12 ʄʇʘ, 

ʪʦʜʽ ʷʢ ʧʨʠ Xmin = 0,5 ʟʨʦʩʪʘʥʥʷ ʪʠʩʢʫ ʩʪʘʥʦʚʠʪʴ 

1,1 ʄʇʘ.  
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ʈʠʩʫʥʦʢ 3 ï ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ  

ʜʞʝʨʝʣʘ ʥʘ ʩʢʣʘʜ ɺɸʈ ʫ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ  

ʧʨʠ ʨʽʟʥʠʭ ʩʢʣʘʜʘʭ ɺɸʈ ʫ ʛʝʥʝʨʘʪʦʨʽ- 

ʘʙʩʦʨʙʝʨʽ ʪʘ ʬʽʢʩʦʚʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

 ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ:  

 

ʘ) tʩʝʨ = 25 Á ʉ; ʙ) tʩʝʨ = 35 Á ʉ; ʚ) tʩʝʨ = 45 Áʉ;  

 

1, 2, 3, 4, 5, 6, 7, 8, 9 ï ʩʢʣʘʜ ɺɸʈ  

ʟʘ ʤʽʥʽʤʘʣʴʥʦʾ ʯʘʩʪʢʠ ʘʤʽʘʢʫ Xmin, ʚʽʜʧʦʚʽʜʥʦ:  

0,1; 0,15; 0,2; 0,25; 0,3; 0,35; 0,4; 0,45; 0,5 

  

ʈʠʩʫʥʦʢ 4 ï ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ 

ɸɺʍɸ ʇɼ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ɺɸʈ ʫ ʟʦʥʽ ʛʝʥʝ-

ʨʘʮʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ ʜʣʷ ʚʩʴʦ-

ʛʦ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ: 

1, 2, 3, 4 ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ,  

ʚʽʜʧʦʚʽʜʥʦ: 65, 75, 85, 95 Áʉ 

ʈʠʩʫʥʦʢ 5 ï ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ 

ɸɺʍɸ ʇɼ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ɺɸʈ ʫ ʟʦʥʽ ʛʝʥʝ-

ʨʘʮʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ ʜʣʷ ʚʩʴʦ-

ʛʦ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ: 

1, 2, 3, 4, 5, 6, 7, 8, 9 ï ʩʢʣʘʜ ɺɸʈ ʟʘ ʤʽʥʽʤʘʣʴʥʦʾ ʯʘ-

ʩʪʢʠ ʘʤʽʘʢʫ Xmin ʚʽʜʧʦʚʽʜʥʦ: 0,1; 0,15; 0,2; 0,25; 

0,3; 0,35; 0,4; 0,45; 0,5. 

ʘ) ʙ) 

ʚ) 
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ʅʘ ʨʠʩ. 6 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ ʚʽʜ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʚ ʟʦʥʽ ɸ-ɺ (Xmin) 

ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ (tʩʝʨ = 25, 35, 

45 Áʉ). 

ɸʥʘʣʽʟ ʨʠʩ.6 ʧʦʢʘʟʫʻ, ʱʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝ-

ʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤʽʥʽʤʘʣʴʥʠʡ ʪʠʩʢ ʫ 

ʩʠʩʪʝʤʽ (ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʩʢʣʘʜʽ ʫ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ) 

ʟʨʦʩʪʘʻ, ʧʨʠʯʦʤʫ ʮʝ ʟʨʦʩʪʘʥʥʷ ʙʽʣʴʰʝ ʟʘ ʙʽʣʴʰʠʭ 

ʟʥʘʯʝʥʴ Xmin. ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ ʟʙʽʣʴ-

ʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʽ ʟʨʦʩ-

ʪʘʥʥʽ ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʪʦʙʪʦ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ɸɺʍɸ ʇɼ ʟʥʠʞʫʻʪʴʩʷ. ʆʩʦʙʣʠʚʦ ʧʦʤʽʪʥʠʡ ʮʝʡ 

ʝʬʝʢʪ ʧʨʠ ʚʝʣʠʢʠʭ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ Xmin. 

ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʨʠʩ. 7 ʧʦʢʘʟʫʻ, ʱʦ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʜʞʝʨʝʣʘ, ʱʦ ʛʨʽʻ, ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʚ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ. ʊʘʢ, ʧʨʠ  

tʛʨ = 65 Áʉ, tʦʙ = 7Áʉ, ʘ ʧʨʠ tʛʨ = 95 Áʉ, tʦʙ = -17 Áʉ. 

ʇʨʠ ʮʴʦʤʫ ʩʢʣʘʜ ɺɸʈ ʫ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ ʥʝʟʥʘʯʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʤʽʥʽʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʫ ʟʦʥʽ ʦʭʦ-

ʣʦʜʞʝʥʥʷ, ʱʦ ʽʣʶʩʪʨʫʻʪʴʩʷ ʥʘ ʨʠʩ. 8. 

ɼʣʷ ʦʮʽʥʢʠ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɸɺʍɸ ʇɼ 

ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɺɸʈ ʫ 

ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʫ ʧʨʦʮʝʩʽ ʟʘʨʷʜʢʠ ʪʘ ʨʦʟʨʷʜʢʠ.  

 

 

 
ʈʠʩʫʥʦʢ 6 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ             

ɸɺʍɸ ʇɼ ʚʽʜ ʤʽʥʤ̔ʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʚ ʟʦʥʽ              

ʛʝʥʝʨʘʮʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʜʣʷ ʚʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʛʨʽʶʪʴ:                    

1, 2, 3, 4, 5 ï ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪ-

ʨʷ, ʚʽʜʧʦʚʽʜʥʦ: 25, 30, 35, 40, 45 Áʉ 

 

 
                                         ʘ) 

 
                                       ʚ) 

  

ʈʠʩʫʥʦʢ 7 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʥʽʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʚ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ ʩʢʣʘʜʫ ɺɸʈ ʫ ʟʦʥʽ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ ʧʨʠ 

ʬʽʢʩʦʚʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪ-

ʨʷ: ʘ) tʩʝʨ = 25 Á ʉ ʙ) tʩʝʨ = 35 Á ʉ ʚ) tʩʝʨ = 45 Áʉ:  

1, 2, 3, 4, 5, 6, 7 ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝ-

ʣʘ, ʚʽʜʧʦʚʽʜʥʦ: 65, 70, 75, 80, 85, 90, 95 Áʉ 
 

                                         ʙ) 
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ʈʠʩʫʥʦʢ 8 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʥʽʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝ-

ʨʝʣʘ ʪʘ ʩʢʣʘʜʫ ɺɸʈ ʫ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ tʩʝʨ = 35 Áʉ: 

1, 2, 3, 4, 5 ï ʩʢʣʘʜ ɺɸʈ ʟʘ ʤʽʥʽʤʘʣʴʥʦʾ ʯʘʩʪʢʠ   

ʘʤʽʘʢʫ Xmin, ʚʽʜʧʦʚʽʜʥʦ: 0,1; 0,2; 0,3; 0,4; 0,5 

 
 

ʈʠʩʫʥʦʢ 9 ï ɿʘʣʝʞʥʽʩʪʴ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ɸɺʍɸ ʇɼ ʚʽʜ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʚ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ tʩʝʨ = 35 Áʉ: 

 

ʘ) tʩʝʨ = 25 Á ʉ; ʙ) tʩʝʨ = 35 Áʉ; ʚ) tʩʝʨ = 45 Áʉ: 

 

1, 2, 3, 4, 5, 6, 7 ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝ-

ʣʘ, ʚʽʜʧʦʚʽʜʥʦ: 65, 70, 75, 80, 85, 90, 95 Áʉ 
 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʠ (3) ʽ (4) ʽ ʥʝʭʪʫʶʯʠ 

ʢʽʣʴʢʽʩʪʶ ʘʤʽʘʢʫ ʚ ʧʘʨʦʚʽʡ ʬʘʟʽ, ʦʪʨʠʤʫʻʤʦ ʟʘʣʝʞ-

ʥʽʩʪʴ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʥʘʩʘʤʧʝʨʝʜ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʚ ʟʦʥʽ ɸ-ɺ) ʚ ʧʝʨʽʦʜ ʨʦʟʨʷʜʢʠ. 

 

ɼʣʷ ʦʮʽʥʢʠ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɸɺʍɸ ʇɼ 

ʫ ʛʘʣʫʟʽ çʢʦʨʠʩʥʠʭè ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʨʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʽʥʪʝʛʨʘʣʴʥʦʛʦ ʟʘ ʨʦʙʦʯʠʡ 

ʧʝʨʽʦʜ çʟʘʨʷʜʢʠ-ʨʦʟʨʷʜʢʠè ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʠ ʧʘ-

ʘ) 

ʙ) 

ʚ) 
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ʨʦʫʪʚʦʨʝʥʥʷ ʘʤʽʘʢʫ (rʩʨ00). ɿʥʘʯʝʥʥʷ rʩʨ00 ʟʘʣʝʞʥʦ 

rʩʨ00 = f(Pʨʦʙ, tʨʦʙ). ɿʘ ʨʦʙʦʯʠʡ ʧʝʨʽʦʜ ʨʦʟʨʘʭʦʚʫʻʪʴ-

ʩʷ ʤʘʩʘ ʘʤʽʘʢʫ, ʱʦ ʚʠʧʘʨʫʚʘʚʩʷ ȹm(x)
A
 ʪʘ ʭʦʣʦʜʦ-

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ   

 

                           ɸ

0 (ʭ) 00.cpq ʪ r=D Ö                              (5) 

 

ʅʘ ʨʠʩ. 9 ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʭʦʣʦʜʦʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʽ ɸɺʍɸ ʇɼ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (5). 

ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘ ʨʠʩ. 9 ʧʦʢʘʟʫʻ, ʱʦ ʭʦʣʦ-

ʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝ-

ʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ. ʊʘʢ, ʧʨʠ tʩʝʨ = 25 Áʉ ʪʘ 

Xmin = 0,3, ʧʨʠ ʟʨʦʩʪʘʥʥʽ tʛʨ ʚʽʜ 65 ʜʦ 95 Áʉ, ʟʨʦʩ-

ʪʘʥʥʷ q0 ʩʪʘʥʦʚʠʪʴ ʚʽʜ 650 ʜʦ 2800 ʢɼʞ. ʇʨʠ             

tʩʝʨ = 35 Áʉ, q0 ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 50 ʢɼʞ ʜʦ 1200 ʢɼʞ. 

ʇʨʠ tʩʝʨ = 45 Áʉ ʨʝʞʠʤ ʨʦʙʦʪʠ ɸɺʍɸ ʥʝ ʨʝʘʣʽ-

ʟʫʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʨʽʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʥʠʞʯʝ 95 Áʉ.  

ɿʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʦʪʨʠʤʘʪʠ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʭʦʣʦʜʦʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʽ ʤʦʞʥʘ, ʟʙʽʣʴʰʠʚʰʠ ʢʽʣʴʢʽʩʪʴ ʘʤʽʘʢʫ ʫ 

ɺɸʈ ʫ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ. ʊʘʢ, ʘʥʘʣʦʛʽʯʥʽ ʟʥʘʯʝʥʥʷ              

q0 = 2650 ʢɼʞ ʟʘ tʩʝʨ = 25 Áʉ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽ ʟʘ         

tʛʨ = 95 Áʉ ʽ Xmin = 0,3, ʽ ʧʨʠ tʛʨ = 65 Áʉ ʪʘ Xmin = 0,5. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʘʥʘʣʽʟʽʚ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ 

ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʽʾ ɸɺʍɸ ʇɼ, 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 10. 

 

 
ʈʠʩʫʥʦʢ 10 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʫʩʪʘʥʦʚʢʠ ʦʪʨʠʤʘʥʥʷ ʚʦʜʠ ʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ:1 ï ʧʦʚʽʪʨʷʥʠʡ 

ʢʘʥʘʣ ʘʙʩʦʨʙʝʨʘ; 2 ï ʧʦʚʽʪʨʷʥʠʡ ʢʘʥʘʣ ʛʝʥʝʨʘʪʦʨʘ-ʘʙʩʦʨʙʝʨʘ; 3 ï ʛʝʥʝʨʘʪʦʨ-ʘʙʩʦʨʙʝʨ; 4 ï ʘʙʩʦʨʙʝʨ-

ʚʠʧʘʨʥʠʢ; 5 ï ʪʨʘʥʩʧʦʨʪʥʘ ʟʦʥʘ; 6, 7 ï ʨʝʙʨʘ ʛʝʥʝʨʘʪʦʨʘ-ʘʙʩʦʨʙʝʨʘ; 8 ï ʨʝʙʨʘ ʘʙʩʦʨʙʝʨʘ-ʚʠʧʘʨʥʠʢʘ;  

9 ï ʟʘʭʠʩʥʠʡ ʝʢʨʘʥ; 10 ï ʨʫʭʦʤʘ ʚʝʨʪʠʢʘʣʴʥʘ ʟʘʩʫʚʢʘ; 11 ï ʨʫʭʦʤʠʡ ʰʪʦʢ; 12 ï ʧʽʜʜʦʥ ʜʣʷ ʟʙʦʨʫ  

ʚʦʜʠ; 13 ï ʨʝʟʝʨʚʫʘʨ ʚʦʜʠ; 14 ï ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʘ ʩʦʥʷʯʥʘ ʙʘʪʘʨʝʷ; 15 ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʊɽɹ;  

16 ï ʝʣʝʢʪʨʦʧʨʠʚʽʜ; 17 ï ʧʦʚʽʪʨʥ̫ʠʡ ʚʝʥʪʠʣʷʪʦʨ 
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ʋʩʪʘʥʦʚʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʢʘʥʘʣʽʚ 1 ʽ 2, 

ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʦʜʠ, ʱʦ ʨʦʟʤʽʱʝʥʘ ʚ 

ʮʠʭ ʢʘʥʘʣʘʭ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʛʝʥʝʨʘʪʦʨ-ʘʙʩʦʨʙʝʨ 

3 ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʘʥʘʣʽ 1, ʘ ʘʙʩʦʨʙʝʨ-ʚʠʧʘʨʥʠʢ ʫ 

ʢʘʥʘʣʽ 2. ɼʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʢʦʥʚʝʢʪʠʚʥʦ-

ʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚʽʜ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʠʭ ʟʦʥ ʦʩʥʘʱʝʥʽ ʧʣʦʩʢʠʤʠ ʨʝʙʨʘ-

ʤʠ: ʥʘ ʛʝʥʝʨʘʪʦʨʽ-ʘʙʩʦʨʙʝʨʽ 3 ʚʩʪʘʥʦʚʣʝʥʽ ʜʚʘ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʽ ʽ ʦʜʥʝ ʚʝʨʪʠʢʘʣʴʥʝ ʨʝʙʨʦ, ʘ ʥʘ ʘʙʩʦʨ-

ʙʝʨʽ-ʚʠʧʘʨʥʠʢʫ 4 ï ʜʚʘ ʚʝʨʪʠʢʘʣʴʥʽ ʨʝʙʨʘ. ɼʣʷ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʨʦʙʦʪʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘʭʠʩʥʠʡ ʝʢʨʘʥ 9, ʷʢʠʡ ʚʠʢʦʥʘ-

ʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʫ ʧʝʨʽʦʜ ʨʦʟʨʷʜʢʠ ʧʦʚʥʽʩʪʶ 

ʟʘʢʨʠʚʘʪʠ ʛʝʥʝʨʘʪʦʨ-ʘʙʩʦʨʙʝʨ ʚʽʜ ʩʦʥʷʯʥʦʛʦ ʚʠ-

ʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʢʦʥʜʝʥʩʫʚʘʥʥʷ 

ʚʦʜʠ ʟ ʧʦʚʽʪʨʷ ʚʩʪʘʥʦʚʣʝʥʦ ʚʝʥʪʠʣʷʪʦʨ 17, ʷʢʠʡ 

ʨʘʟʦʤ ʟ ʝʢʨʘʥʦʤ 9 ʞʠʚʠʪʴʩʷ ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʦʾ ʪʝʨ-

ʤʦʝʣʝʢʪʨʠʯʥʦʾ ʙʘʪʘʨʝʾ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʠʣʘʜʫ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ 

ʪʝʧʣʘ ʪʘ ʩʭʝʤʘ ʨʦʟʧʦʜʽʣʫ ʬʘʟ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʟʦʙʨʘ-

ʞʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 11 ʽ 12 (ʧʦʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʨʠʩ. 10). 

 
ʈʠʩʫʥʦʢ 11 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ 

 
ʈʠʩʫʥʦʢ 12 ï ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʫ ʬʘʟ ʨʦʙʦʯʦʛʦ ʘʛʝʥʪʘ ʚ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʧʨʠʣʘʜʽ 

 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʫʩʪʘʥʦʚʢʠ ʜʘʥʦʛʦ 

ʪʠʧʫ ʜʘʚ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝ-

ʨʝʣʘ ʚ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦʣʷ ʘʤʽʘʢʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɸɺʍɸ 

ʇɼ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʚʦʜʠ. 

2. ʇʨʠ  ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠ-

ʚʘʻ ʥʘ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɸɺʍɸ ʇɼ.  

 

3. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ. 

4. ʇʨʠ ʥʝʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʭʦʣʦʜʦ-

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʨʝʛʘʪʘ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʘʤʽʘʢʫ ʚ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ. 

ɸʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦ-

ʚʦʢ, ʱʦ ʜʘʥʘ ʩʭʝʤʘ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʦ ʧʦʜʘʣʴʰʦ-

ʛʦ ʘʥʘʣʽʟʫ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʜʣʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʘʥʘʣʽʟʫ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ 
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ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʽʯʥʽ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ, ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ ʨʦʟʨʘʭʫʥʢʠ, ʙʘʟʫʶʯʠʩʴ ʥʘ 

ʪʝʦʨʽʶ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʚʠʟʥʘʯʠʪʠ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦ ʚʦʜʽ ʽ ʧʦʨʽʚʥʷʪʠ ʾʾ ʟ 

ʽʩʥʫʶʯʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʷʢʽ ʚʞʝ ʚʚʝʜʝʥʽ ʚ ʝʢʩʧʣʫʘ-

ʪʘʮʽʶ. ʂʨʽʤ ʪʦʛʦ, ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʚ ʥʽʯʥʠʡ ʯʘʩ, ʢʦʣʠ ʩʦʥʷʯʥʘ 

ʝʥʝʨʛʽʷ ʚʽʜʩʫʪʥʷ. 

 

4. ɺʠʩʥʦʚʢʠ 

 

1. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ 

ʜʞʝʨʝʣʘ ʟʥʠʞʫʻʪʴʩʷ ʯʘʩʪʢʘ ʘʤʽʘʢʫ ʚ ʟʦʥʽ ɻ-ɸ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚ ʧʝʨʽʦʜ ʦʭʦʣʦʜʞʝʥʥʷ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ 

ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʧʨʦʮʝʩʫ ʘʙʩʦʨʙʮʽʾ, ʪʦʙʪʦ ʤʦʞʥʘ 

ʟʙʽʣʴʰʠʪʠ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɸɺʍɸ ʇɼ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽʟ ʚʠʣʫʯʝʥʥʷ ʚʦʜʠ ʟ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ. ʊʘʢ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʛʦ 

ʜʞʝʨʝʣʘ ʚʽʜ 65 Áʉ ʜʦ 95 Áʉ ʤʽʥʽʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫ-

ʨʘ ʚ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ +7 Áʉ ʜʦ -17 Áʉ. 

2. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɸɺʍɸ ʇɼ ʟʥʠʞʫ-

ʻʪʴʩʷ, ʧʨʠʯʦʤʫ ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʘ ʮʷ ʪʝʥʜʝʥʮʽʷ ʧʨʠ 

ʚʝʣʠʢʠʭ ʯʘʩʪʢʘʭ ʘʤʽʘʢʫ ʚ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ. 

3. ʇʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ɸɺʍɸ ʇɼ ʧʦʢʘʟʘʣʘ, ʱʦ ʚʦʥʘ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥ-

ʥʷʤ ʪʝʤʧʝʨʘʪʫʨ ʛʨʽʶʯʦʛʦ ʜʞʝʨʝʣʘ, ʇʨʠʯʦʤʫ ʧʨʠ 

ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨ-

ʥʦʛʦ ʧʦʚʽʪʨʷ ʮʷ ʪʝʥʜʝʥʮʽʷ ʙʽʣʴʰ ʷʚʥʘ.  

4. ɿʘ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦ-

ʚʽʪʨʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʭʦ-

ʣʦʜʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɸɺʍɸ ʇɼ, ʟʙʽʣʴʰʠʚʰʠ ʢʽʣʴ-

ʢʽʩʪʴ ʘʤʽʘʢʫ ʚ ʟʦʥʽ ʛʝʥʝʨʘʮʽʾ. 

 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʽʚ CRediT 

 

ʊʽʪʣʦʚ ʆ.ʉ.: ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʷ, ʤʝʪʦʜʦʣʦʛʽʷ, ʜʦʩʣʽ-

ʜʞʝʥʥʷ, ʥʘʧʠʩʘʥʥʷ ï ʦʨʠʛʽʥʘʣʴʥʠʡ ʧʨʦʝʢʪ, ʘʜʤʽʥʽ-

ʩʪʨʫʚʘʥʥʷ. ʆʟʦʣʽʥ ʄ.ɭ.: ʚʽʟʫʘʣʽʟʘʮʽʷ, ʬʦʨʤʘʣʥɹʠʡ 

ʘʥʘʣʽʟ, ʚʝʨʠʬʽʢʘʮʽʷ, ʜʦʩʣʽʜʞʝʥʥʷ. ʂʨʘʚʯʝʥʢʦ ɺ.ɺ.: 

ʬʦʨʤʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʝʚʦʣʶʮʽʷ ʟʘʛʘʣʴʥʠʭ ʮʽʣʝʡ ʪʘ 

ʟʘʚʜʘʥʴ, ʥʘʧʠʩʘʥʥʷ ï ʦʛʣʷʜ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ. 
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To work with low-potential sources of thermal energy, an algorithm for calculating the cycles of absorption 

water-ammonia refrigeration units (WARU) of periodic operation (PO) has been developed. The advantages 

of batch-type absorption refrigeration units are the simplicity of design and the possibility of using any heat 

and fuel as a heating source. When calculating, it is important to understand that a feature of these machines 

is the non-stationarity of processes. The thermodynamic calculation of the WARU PO cycle was carried out 

for the range of operating parameters: a) the temperature of the heating source (on the generator wall) ï 

65...95 ÁC; b) çcoldè source temperature (atmospheric air temperature) ï 25...45 ÁC. The working fluid is a 

water-ammonia solution (WAS). In the calculations, the maximum operating temperature in the cooling zone 

is 10 ÁC. Calculated dependences were obtained: a) maximum and minimum composition (according to 

WAS); b) the maximum composition in the absorber-evaporator zone; c) dependences of the maximum 

pressure in the system. It is shown that with an increase in the temperature of the heating source, the 

proportion of ammonia in the zone of the generator-absorber decreases, which makes it possible to obtain a 

higher potential of the absorption process during the cooling period, i.e., it is possible to increase the 

cooling capacity of WARU PO and the capacity for extracting water from atmospheric air. Thus, with an 

increase in the temperature of the heating source from 65 Áʉ to 95 Áʉ, the minimum temperature in the 

cooling zone decreases +7 Áʉ to -17 Áʉ. With an increase in the temperature of atmospheric air, the cooling 

capacity of WARU PO decreases, and this trend is especially noticeable at high proportions of ammonia in 

the generation zone. The assessment of the cooling capacity of WARU PO showed that it increases with 

increasing temperatures of the heating source, and at lower values of atmospheric air temperature this trend 

is more pronounced; at low ambient air temperatures, it is possible to obtain the maximum cooling capacity 

of WARU PO by increasing the amount of ammonia in the generation zone. A design scheme for WARU PO 

for operation as part of a system for obtaining water from atmospheric air is proposed. The unit is a system 

of two channels. To intensify the process of convective and radiant heat exchange, the surfaces of the 

working areas are equipped with flat ribs: two horizontal and one vertical rib are installed on the generator-

absorber, and two vertical ribs on the absorber-evaporator. In order to increase the frequency of work, it 

was proposed to install a protective screen made in such a way as to completely cover the generator-

absorber from solar radiation during the discharge period. To intensify the process of condensation of water 

from the air, a fan is installed, which together with the screen is powered by an installed thermoelectric 

battery. 

Keywords: Water-ammonia absorption refrigeration unit of periodic operation; Thermodynamic cycle 

calculation; Solar collectors; Atmospheric water production systems 
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