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ʈʠʩʫʥʦʢ  3.21 ð ʉʭʝʤʠ ʨʘʜʽʘʣʴʥʦʛʦ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ: 

ʘ ð ʩʭʝʤʘ ʞʠʚʣʝʥʥʷ ʪʘ ʨʘʜʽʘʣʴʥʠʡ ʧʝʨʝʨʽʟ; ʙ ð ʦʩʴʦʚʠʡ ʧʝʨʝʨʽʟ;                 

ʚ ð ʝʧʶʨʠ ʪʠʩʢʽʚ ʧʨʠ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʰʧʠʥʜʝʣʷ (ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ) 

ʪʘ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ (ʰʪʨʠʭʦʚʽ ʣʽʥʽʾ) 

 

ʅʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʚʪʫʣʢʠ ʨʘʜʽʘʣʴʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʢʘʨʤʘʥʠ 2 (ʨʠʩʫʥʦʢ 3.21,ʘ,ʙ), ʚ ʷʢʽ ʯʝʨʝʟ ʨʘʜʽʘʣʴʥʽ ʦʪʚʦʨʠ 

ʧʽʜʚʦʜʠʪʴʩʷ ʤʘʩʣʦ ʚʽʜ ʥʘʩʦʩʘ. ɼʘʣʽ ʚʦʥʦ ʚʠʪʽʢʘʻ ʯʝʨʝʟ ʧʝʨʝʤʠʯʢʠ 1 ʪʘ ʧʦ 

ʰʠʡʮʽ ʚʘʣʘ. ʋ ʢʘʨʤʘʥʘʭ ʪʘ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʦʢ ʚʠʥʠʢʘʶʪʴ ʩʠʤʝʪʨʠʯʥʽ ʧʦʣʷ 

ʪʠʩʢʽʚ, ʷʢʽ ʫʪʨʠʤʫʶʪʴ ʥʝʥʘʚʘʥʪʘʞʝʥʠʡ ʰʧʠʥʜʝʣʴ ʫ ʩʝʨʝʜʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʽʟ ʟʘʟʦʨʦʤ ŭ ʤʽʞ ʥʠʤ ʪʘ ʚʪʫʣʢʦʶ (ʥʘ ʨʠʩʫʥʢʫ 3.21,ʚ ʧʦʣʷ ʪʠʩʢʽʚ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʢʘʟʘʥʽ ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ). ʗʢʱʦ ʥʘ 

ʰʧʠʥʜʝʣʴ ʜʽʻ ʟʦʚʥʽʰʥʷ ʩʠʣʘ, ʥʘʧʨʠʢʣʘʜ ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʩʠʣʘ 

ʨʽʟʘʥʥʷ ʈ, ʪʦ ʚʽʩʴ ʰʧʠʥʜʝʣʷ ʟʤʽʱʫʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʝ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʫ ʚʝʨʭʥʴʦʛʦ ʢʘʨʤʘʥʘ ʟʘʟʦʨ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʪʠʩʢ ʟʥʠʞʫʻʪʴʩʷ, ʫ 

ʥʠʞʥʴʦʛʦ ʥʘʚʧʘʢʠ ð ʟʘʟʦʨ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʪʠʩʢ ʟʨʦʩʪʘʻ (ʥʦʚʘ ʝʧʶʨʘ ʪʠʩʢʽʚ 

ʥʘ ʨʠʩʫʥʢʫ 3.21,ʚ ʧʦʢʘʟʘʥʘ ʰʪʨʠʭʦʚʠʤʠ ʣʽʥʽʷʤʠ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʠʣʠ ʪʠʩʢʫ 

ʤʘʩʣʘ ʪʘ ʟʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʭʦʜʷʪʴ ʫ ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ. ɼʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʽ ʜʚʽ ʫʤʦʚʠ: ʧʝʨʰʘ ð ʪʠʩʢ ʚ ʢʘʨʤʘʥʘʭ 

ʩʪʘʻ ʥʝʦʜʥʘʢʦʚʠʤ, ʜʨʫʛʘ ð ʧʦʜʘʯʘ ʤʘʩʣʘ ʯʝʨʝʟ ʨʽʟʥʽ ʢʘʨʤʘʥʠ ʣʠʰʘʻʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʧʦʩʪʽʡʥʦʶ. ʇʝʨʰʘ ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʨʦʟʜʽʣʝʥʥʶ 

ʧʦʚʝʨʭʥʽ ʢʦʚʟʘʥʥʷ ʚʪʫʣʢʠ  ʥʘ ʢʘʨʤʘʥʠ ʟ ʧʝʨʝʤʠʯʢʘʤʠ, ʜʨʫʛʘ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʨʦʩʝʣʷʤʠ ʥʘ ʚʭʦʜʽ ʚ ʢʘʨʤʘʥʠ, ʷʢʽ ʧʨʦʧʫʩʢʘʶʪʴ ʫ ʥʠʭ 

ʧʦʩʪʽʡʥʠʡ ʦʙôʻʤ ʤʘʩʣʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɻʽʜʨʦʩʪʘʪʠʯʥʠʡ ʧʽʜʰʠʧʥʠʢ ʟ ʨʘʜʽʘʣʴʥʠʤʠ ʦʪʚʦʨʘʤʠ ʜʣʷ ʟʣʠʚʫ ʤʘʩʣʘ 

ʧʦʪʨʝʙʫʻ ʧʽʜʚʠʱʝʥʦʾ ʧʦʜʘʯʽ ʤʘʩʣʘ, ʘʣʝ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʝ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ 

ʚʽʜ ʦʧʦʨʠ ʧʨʠ ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ (ʨʠʩʫʥʦʢ 3.22,ʘ).  

ɻʽʜʨʦʩʪʘʪʠʯʥʠʡ ʫʧʦʨʥʠʡ ʧʽʜʰʠʧʥʠʢ ʩʧʨʠʡʤʘʻ ʦʩʴʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʨʠʩʫʥʦʢ 3.22,ʙ). ʄʘʩʣʦ ʯʝʨʝʟ ʜʨʦʩʝʣʽ ʧʦʜʘʻʪʴʩʷ ʜʦ ʢʽʣʴʮʝʚʠʭ ʢʘʥʘʚʦʢ ʥʘ 

ʦʧʦʨʥʠʭ ʧʦʚʝʨʭʥʷʭ. ʅʘ ʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʜʝʢʽʣʴʢʘ ʥʝʟʘʣʝʞʥʠʭ 

ʢʘʨʤʘʥʽʚ. 
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ʈʠʩʫʥʦʢ 3.22 ï ʉʭʝʤʠ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ: ʘ ð ʨʘʜʽʘʣʴʥʦʛʦ  

      ʟ ʦʪʚʦʨʘʤʠ ʫ ʧʝʨʝʤʠʯʢʘʭ; ʙ ð ʫʧʦʨʥʦʛʦ 

 

ʂʦʥʩʪʨʫʢʮʽʶ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜʰʠʧʥʠʢʘ ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʚʠʟʥʘʯʘʻ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʨʦʩʝʣʴ. ɿʘʚʜʷʢʠ ʡʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʩʪʘʙʽʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʦʩʽ ʰʧʠʥʜʝʣʷ, ʛʘʨʥʝ ʜʝʤʧʬʫʚʘʥʥʷ, ʥʝʟʘʣʝʞʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʦʧʦʨʠ ʚʽʜ ʚôʷʟʢʦʩʪʽ ʤʘʩʣʘ, ʷʢʘ 

ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʽ. ʆʜʥʘ ʟ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʢʘʧʽʣʷʨʥʦʛʦ ʜʨʦʩʝʣʷ ʤʽʩʪʠʪʴ ʥʘʙʽʨ ʰʘʡʙ, ʥʘ ʪʦʨʮʷʭ ʷʢʠʭ ʚʠʢʦʥʘʥʽ ʢʘʥʘʣʠ 

ʜʣʷ ʤʘʩʣʘ. ʇʦʚʝʨʪʘʶʯʠ ʰʘʡʙʠ 1 (ʨʠʩʫʥʦʢ 3.23,ʘ), ʟʤʽʥʶʶʪʴ ʨʦʙʦʯʫ 

ʜʦʚʞʠʥʫ ʢʘʥʘʣʫ 2, ʪʠʤ ʩʘʤʠʤ ʟʤʽʥʶʶʪʴ ʦʧʽʨ ʜʨʦʩʝʣʷ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʪʠʩʢ 

ʤʘʩʣʘ ʨʢ ʫ ʢʘʨʤʘʥʽ ʧʽʜʰʠʧʥʠʢʘ. ɻʚʠʥʪʦʚʠʡ ʢʘʧʽʣʷʨʥʠʡ ʜʨʦʩʝʣʴ (ʨʠʩʫʥʦʢ 

3.23,ʙ) ʨʝʛʫʣʶʶʪʴ ʟʤʽʥʦʶ ʜʦʚʞʠʥʠ L  ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʛʚʠʥʪʘ ʫ ʢʘʥʘʣʽ 

ʜʨʦʩʝʣʷ. ʋ ʱʽʣʠʥʥʦʤʫ ʜʨʦʩʝʣʽ  (ʨʠʩʫʥʦʢ 3.23,ʚ) ʨʝʛʫʣʶʶʪʴ ʰʠʨʠʥʫ 

ʱʽʣʠʥʠ h. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ, ʱʦ 

ʦʩʦʙʣʠʚʦ ʥʝʦʙʭʽʜʥʦ ʫ ʧʨʝʮʠʟʽʡʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʟʘʤʽʩʪʴ ʧʦʩʪʽʡʥʠʭ ʜʨʦʩʝʣʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʝʛʫʣʷʪʦʨʠ ʚʠʪʨʘʪ. ɺʦʥʠ ʟʤʽʥʶʶʪʴ ʧʦʜʘʯʫ ʤʘʩʣʘ ʫ ʢʘʨʤʘʥ 

ʧʨʦʧʦʨʮʽʡʥʦ ʪʠʩʢʫ ʫ ʥʴʦʤʫ, ʧʨʠ ʮʴʦʤʫ ʟʘʟʦʨ ʫ ʧʽʜʰʠʧʥʠʢʫ ʟʤʽʥʶʻʪʴʩʷ 

ʤʘʣʦ. ʋ ʤʝʤʙʨʘʥʥʦʤʫ ʨʝʛʫʣʷʪʦʨʽ ʚʠʪʨʘʪ (ʨʠʩʫʥʦʢ 3.24,ʘ) ʟʘʟʦʨ h ʤʽʞ 

ʤʝʤʙʨʘʥʦʶ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʨʦʩʝʣʶʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ  ʽʟ  ʟʨʦʩʪʘʥʥʷʤ 

ʪʠʩʢʫ ʨʢ, ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʠʪʨʘʪʠ ʯʝʨʝʟ ʨʝʛʫʣʷʪʦʨ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʨʝʛʫʣʷʪʦʨ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ ʚʠʪʨʘʪʘʤʠ ʤʘʩʣʘ ʫ ʢʘʨʤʘʥ. 

ʇʨʠ ʚʽʨʥʦʤʫ ʚʠʙʦʨʽ ʧʘʨʘʤʝʪʨʽʚ ʪʘʢʽ ʨʝʛʫʣʷʪʦʨʠ ʚʠʪʨʘʪ ʤʘʶʪʴ ʭʦʨʦʰʽ 

ʜʠʥʘʤʽʯʥʽ ʷʢʦʩʪʽ. ʆʜʥʘʢ ʟʘʩʪʦʩʦʚʫʶʪʴ ʾʭ ʫ ʚʘʞʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʪʘ ʚʽʜʥʦʩʥʦ 

ʪʠʭʦʭʽʜʥʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʘʭ. ɼʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʪʨʘʪ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʦʞ ʱʽʣʠʥʥʽ ʨʝʛʫʣʷʪʦʨʠ ʚʠʪʨʘʪ (ʨʠʩʫʥʦʢ 3.24,ʙ). 

ʅʘ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʘʭ ʚʩʪʘʥʦʚʣʶʶʪʴ ʰʧʠʥʜʝʣʽ 

ʰʣʽʬʫʚʘʣʴʥʠʭ, ʨʦʟʪʦʯʫʚʘʣʴʥʠʭ ʪʘ ʚʠʩʦʢʦʪʦʯʥʠʭ ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʠʭ 

ʚʝʨʩʪʘʪʽʚ, ʘ ʪʘʢʦʞ ʰʧʠʥʜʝʣʽ ʙʘʙʦʢ ʘʛʨʝʛʘʪʥʠʭ ʚʝʨʩʪʘʪʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʠʭ ʦʧʦʨ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʫ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ. 
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ʈʠʩʫʥʦʢ  3.23 ð ʉʭʝʤʠ ʜʨʦʩʝʣʽʚ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ: ʘ ð 

ʢʘʧʽʣʷʨʥʠʡ ʜʠʩʢʦʚʠʡ (ʥʘʙʽʨ ʰʘʡʙ); ʙ ð ʢʘʧʽʣʷʨʥʠʡ ʛʚʠʥʪʦʚʠʡ; ʚ ï 

ʱʽʣʠʥʥʠʡ 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ  3.24 ï  ʈʝʛʫʣʷʪʦʨʠ ʚʠʪʨʘʪ ʜʣʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ:     

    ʘ ð ʤʝʤʙʨʘʥʥʠʡ ʨʝʛʫʣʷʪʦʨ;  ʙ ð ʱʽʣʠʥʥʠʡ  ʨʝʛʫʣʷʪʦʨ 

 

ɻʽʜʨʦʩʪʘʪʠʯʥʽ ʦʧʦʨʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʞʦʨʩʪʢʽʩʪʴ. ɿʘʚʜʷʢʠ ʰʘʨʫ 

ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʭʠʙʢʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʘʣʘ ʪʘ ʦʪʚʦʨʫ ʤʝʥʰʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ. ɼʝʤʧʬʫʚʘʥʥʷ ʫ ʰʘʨʽ ʤʘʩʣʘ 

ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʽʙʨʘʮʽʡ ʰʧʠʥʜʝʣʷ. ʆʜʥʘʢ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ 

ʦʧʦʨ ʧʦʚôʷʟʘʥʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʞʠʚʣʝʥʥʷ ʾʭ ʤʘʩʣʦʤ ʪʘ 

ʦʩʦʙʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʘʩʣʦ ʜʣʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ. ʄʘʩʣʦ ʜʣʷ ʩʠʩʪʝʤʠ 

ʚʠʙʠʨʘʶʪʴ ʟʘ ʚôʷʟʢʽʩʪʶ, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʘʪʴ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ ʫ ʧʽʜʰʠʧʥʠʢʫ ʪʘ 

ʢʘʥʘʣʘʭ ʧʽʜʚʝʜʝʥʥʷ. ɼʣʷ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ʣʝʛʢʠʭ ʪʘ ʩʝʨʝʜʥʽʭ 

ʧʨʝʮʠʟʽʡʥʠʭ ʚʝʨʩʪʘʪʽʚ ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʤʝʥʰʝ 3000 ʭʚ
-1
 ʚʠʙʠʨʘʶʪʴ 

ʤʘʩʣʦ ʊ (ʚʘʟʝʣʽʥʦʚʝ) ʚôʷʟʢʽʩʪʶ (5,1...7)Ŀ10
-6
 ʤ

2
/ʩ ʧʨʠ 50Áʉ; ʧʨʠ n > 3000 ʭʚ

-1
 

ð   ʤʘʩʣʦ  ʃ   (ʚʝʣʦʩʠʪ)   ʟ   ʚôʷʟʢʽʩʪʶ   (4,0...5,1)Ŀ10
-6
 ʤ

2
/ʩ   ʧʨʠ   50Áʉ;   ʜʣʷ   

ʙ) 

ʘ) ʚ) 

ʨʢ 

1 

2 

ɸ 

ɸ 

ɸ ï ɸ 

L  
ʨʥ 

ʨʥ 

ʨʥ 

ʨʢ 
ʨʢ 

ʨʢ 

h
 

ʘ) ʙ) 

ʨʥ 

ʨʢ 

ʨʢ 

ʨʥ 

h
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ʈʠʩʫʥʦʢ  3.25 ð ʇʝʨʝʜʥʷ ʦʧʦʨʘ ʰʧʠʥʜʝʣʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ 

ʢʦʤʙʽʥʦʚʘʥʠʤ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ ʧʽʜʰʠʧʥʠʢʦʤ 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ  3.26 ð ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʨʘʜʽʘʣʴʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ  

 

ʚʘʞʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʰʧʠʥʜʝʣʽʚ ð ʽʥʜʫʩʪʨʽʘʣʴʥʝ 45 ʟ ʚôʷʟʢʽʩʪʶ(42...45)Ŀ10
-6
 

ʤ
2
/ʩ ʧʨʠ 50Áʉ. ʄʘʩʣʦ ʧʽʜ ʪʠʩʢʦʤ ʨʥ = 2..2,5 ʄʧʘ ʧʦʩʪʫʧʘʻ ʥʘ ʚʭʦʜʠ 

ʜʨʦʩʝʣʽʚ. ʄʘʢʩʠʤʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʤʘʩʣʷʥʠʭ ʰʘʨʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʪʠʩʢ ʫ ʥʝʩʫʯʠʭ ʢʘʨʤʘʥʘʭ  ʨʢ = 0,5 ʨʥ. 

 

1 2 3 
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ʇʨʠʢʣʘʜ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʟ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤʠ ʦʧʦʨʘʤʠ. ʅʘ 

ʨʠʩʫʥʢʫ 3.25 ʧʦʢʘʟʘʥʘ ʧʝʨʝʜʥʷ ʦʧʦʨʘ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʰʧʠʥʜʝʣʷ ʟ 

ʢʦʤʙʽʥʦʚʘʥʠʤ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ ʧʽʜʰʠʧʥʠʢʦʤ. ɼʦ ʡʦʛʦ ʩʢʣʘʜʫ ʚʭʦʜʷʪʴ  

ʨʘʜʽʘʣʴʥʠʡ 3 ʪʘ ʫʧʦʨʥʠʡ 2 ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʜʽʾ ʧʽʜʰʠʧʥʠʢʠ, ʤʘʩʣʦ ʚ ʷʢʽ 

ʧʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʙʘʛʘʪʦʜʠʩʢʦʚʽ ʜʨʦʩʝʣʽ 1, ʚʤʦʥʪʦʚʘʥʽ ʫ ʢʽʣʴʮʷ 

ʧʽʜʰʠʧʥʠʢʽʚ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʨʘʜʽʘʣʴʥʠʭ 

ʧʽʜʰʠʧʥʠʢʽʚ.  ɿ ʤʝʪʦʶ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʧʦʚʝʨʭʦʥʴ ʧʨʠ 

ʦʙʝʨʪʘʥʥʽ ʰʧʠʥʜʝʣʷ ʙʝʟ ʚʤʠʢʘʥʥʷ ʛʽʜʨʦʩʠʩʪʝʤʠ ʚʪʫʣʢʠ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ 

ʧʽʜʰʠʧʥʠʢʽʚ ʚʠʢʦʥʫʶʪʴ ʙʽʤʝʪʘʣʝʚʠʤʠ ʘʙʦ ʟ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʘʨʘʤʝʪʨʠ ʰʦʨʩʪʢʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ,  ʧʨʠʡʤʘʶʪʴ  Rʘ = 0,63...0,4 ʤʢʤ,  ʘ  ʜʣʷ  ʧʨʝʮʠʟʽʡʥʠʭ  

ʚʝʨʩʪʘʪʽʚ  ð     Rʘ = 0,16...0,1 ʤʢʤ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʟʛʽʜʥʦ ʟʽ ʩʭʝʤʦʶ ʥʘ ʨʠʩʫʥʢʫ 3.26 

ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʩʥʦ ʜʽʘʤʝʪʨʘ ʰʠʡʢʠ ʚʘʣʘ: 

ï ʜʽʘʤʝʪʨ ʰʠʡʢʠ ʰʧʠʥʜʝʣʷ ʚʠʙʠʨʘʶʪʴ ʚʠʭʦʜʷʯʠ ʟ ʧʦʪʨʽʙʥʦʾ ʡʦʛʦ 
ʞʦʨʩʪʢʦʩʪʽ ð D; 

ï ʜʦʚʞʠʥʘ ʧʽʜʰʠʧʥʠʢʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʞʦʨʩʪʢʽʩʪʴ ʧʨʠ ʟʘʜʘʥʦʤʫ ʜʽʘʤʝʪʨʽ ð L = (1,0é1,2) D; 

ï ʰʠʨʠʥʘ ʧʝʨʝʤʠʯʢʠ ʫ ʦʩʴʦʚʦʤʫ ʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ 
ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʦʚʽʣʴʥʫ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʧʽʜʰʠʧʥʠʢʘ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʦʢʘʭ ð l1 = 0,1 D; 

ï ʜʽʘʤʝʪʨʘʣʴʥʠʡ ʟʘʟʦʨ ʫ ʧʽʜʰʠʧʥʠʢʫ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ 

ʞʦʨʩʪʢʽʩʪʴ, ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ ʦʙʨʦʙʣʶʚʘʥʫ ʜʝʪʘʣʴ ʧʦʭʠʙʦʢ ʬʦʨʤʠ ʰʠʡʦʢ 

ʰʧʠʥʜʝʣʷ, ʚʠʪʨʘʪʠ ʤʘʩʣʘ, ʧʨʠʡʤʘʶʪʴ  ȹ = (0,0006...0,00065) D; 

ï ʢʫʪ, ʱʦ ʦʙʤʝʞʫʻ ʢʘʨʤʘʥ, ʜʣʷ ʧʽʜʰʠʧʥʠʢʘ ʟ ʯʦʪʠʨʤʘ ʢʘʨʤʘʥʘʤʠ 
ʧʨʠʡʤʘʶʪʴ ʨʽʚʥʠʤ űʢ = 72Á (ʟʚʠʯʘʡʥʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʯʦʪʠʨʠ ʢʘʨʤʘʥʠ, 

ʦʩʢʽʣʴʢʠ ʾʭ ʩʠʤʝʪʨʠʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʥʠʞʫʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʦʚʘʣʴʥʦʩʪʽ 

ʰʠʡʦʢ ʰʧʠʥʜʝʣʷ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ); 

ï ʛʣʠʙʠʥʫ ʢʘʨʤʘʥʽʚ ʧʨʠʡʤʘʶʪʴ ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʥʠʭ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʝʬʝʢʪʽʚ ð h > 50 ȹ. 

ʈʦʟʨʘʭʫʥʦʢ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʨʘʜʽʘʣʴʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ. ʄʝʪʘ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʡʦʛʦ ʨʦʟʤʽʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʥʦʾ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʦʧʦʨʠ. ɺʠʟʥʘʯʘʶʪʴ ʪʘʢʦʞ 

ʥʝʦʙʭʽʜʥʽ ʚʠʪʨʘʪʠ ʤʘʩʣʘ, ʧʦʪʫʞʥʽʩʪʴ ʜʣʷ ʡʦʛʦ ʧʨʦʢʘʯʫʚʘʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʜʨʦʩʝʣʽʚ. 

ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ 

ʨʘʜʽʘʣʴʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʟ ʯʦʪʠʨʤʘ ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʢʘʨʤʘʥʘʤʠ, 

ʷʢʽ ʧʨʘʮʶʶʪʴ ʽʟ ʰʚʠʜʢʦʩʪʷʤʠ ʢʦʚʟʘʥʥʷ ʜʦ 25 ʤ/ʩ ʧʨʠ ʚʽʜʥʦʩʥʠʭ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʭ Ů ¢ 0,4. 

ʇʦʧʝʨʝʜʥʴʦ ʧʨʠʡʥʷʪʽ ʪʘʢʽ ʜʦʧʫʱʝʥʥʷ: 

ï ʧʽʜʰʠʧʥʠʢ ʚʚʘʞʘʻʪʴʩʷ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʠʤ, ʘ ʤʘʩʣʦ ʥʝʩʪʠʩʣʠʚʝ; 

ï ʦʩʽ ʚʘʣʘ ʪʘ ʚʪʫʣʢʠ ʟʘʚʞʜʠ ʣʠʰʘʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʠʤʠ; 
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ï ʪʠʩʢ ʤʘʩʣʘ ʫ ʢʘʨʤʘʥʘʭ ʧʽʜʰʠʧʥʠʢʘ ʫ ʜʚʘ ʨʘʟʠ ʤʝʥʰʠʡ ʪʠʩʢʫ ʥʘ 
ʚʭʦʜʽ ʜʨʦʩʝʣʷ ð ʨʢ = 0,5 ʨʥ; 

ï ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʝʬʝʢʪʠ ʫ ʧʽʜʰʠʧʥʠʢʫ ʚʽʜʩʫʪʥʽ. 

ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ: ʧʨʠʡʥʷʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʽʜʰʠʧʥʠʢʘ, 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ Ů, ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʦʨʠ, ʥʘʡʙʽʣʴʰʝ 

ʨʘʜʽʘʣʴʥʝ ʟʫʩʠʣʣʷ, ʥʝʦʙʭʽʜʥʘ ʨʘʜʽʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ, ʚôʷʟʢʽʩʪʴ ʤʘʩʣʘ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. 

ɺʠʢʦʥʫʶʪʴʩʷ ʪʘʢʽ ʨʦʟʨʘʭʫʥʢʠ. 

1. ɺʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʫ ʧʣʦʱʫ ʢʘʨʤʘʥʘ, ʤʤ2
: 

S = D (l0 + l1) sin (űʢ/2), 

ʜʝ  l0 = L - 2 l1 ð ʰʠʨʠʥʘ ʢʘʨʤʘʥʘ ʚʪʫʣʢʠ ʧʽʜʰʠʧʥʠʢʘ. 

2. ɺʠʟʥʘʯʘʶʪʴ  ʟʥʘʯʝʥʥʷ ʜʦʧʦʤʽʞʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʂ: 

ʂ = 2 / űʢ sin (űʢ/2). 

3. ɺʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʩʥʠʡ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ:    Ů = 2 ʝ / ȹ. 

4. ɾʦʨʩʪʢʽʩʪʴ ʧʽʜʰʠʧʥʠʢʘ ʧʨʠ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʰʧʠʥʜʝʣʷ 

ʚʠʟʥʘʯʘʶʪʴ ʫ ʅ/ʤʤ: 

j  = 2,88 ʨʥ S / ȹ. 

5. ɾʦʨʩʪʢʽʩʪʴ ʧʽʜʰʠʧʥʠʢʘ ʧʨʠ ʟʤʽʱʝʥʥʽ ʰʧʠʥʜʝʣʷ ʟ ʮʝʥʪʨʘʣʴʥʦʛʦ 
ʧʦʣʦʞʝʥʥʷ ʚʽʜ ʜʽʾ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ, ʅ/ʤʤ  
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ʜʝ ʟʥʘʯʝʥʥʷ 1 ï Ůk ʪʘ 1 + Ůk ʚʠʙʠʨʘʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ Ů . 

 

Ů 0 0,05 0,1 0,15 0,2 0,25 0,3 

1 ï Ůk 1 0,953 0,906 0,859 0,812 0,765 0,718 

1 + Ůk 1 1,047 1,094 1,141 1,188 1,235 1,282 

        

6. ɺʠʟʥʘʯʘʶʪʴ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʽʜʰʠʧʥʠʢʘ, ʅ: 

ù
ú

ø
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ê

è

e++
-
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=

33ʥ
)k1(1

1

k)-(11

1
Sp96,0F . 

7. ɺʠʟʥʘʯʘʶʪʴ ʚʠʪʨʘʪʠ ʤʘʩʣʘ ʫ ʧʽʜʰʠʧʥʠʢʫ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʡʦʛʦ 
ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ, ʩʤ

3
/ʭʚ.:  

1

0

ʢ

3

ʥ8-

l

)ʩ1(Dʨ
102,11Q

m

+jD
Ö= , 

ʜʝ 
0

ʢj  ð ʜʦʚʞʠʥʘ ʜʫʛʠ, ʷʢʘ ʦʙʤʝʞʫʻ ʢʘʨʤʘʥ, ʛʨʘʜ.; 

      ɛ  ð ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʤʘʩʣʘ, ʇʘĿʩ; 
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      ʩ = (l0 + l1) / (0,5 D űʢ). 

8. ʇʦʪʫʞʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʦʢʘʯʫʚʘʥʥʷ ʤʘʩʣʘ ʯʝʨʝʟ 

ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʧʽʜʰʠʧʥʠʢ, ʢɺʪ:     

ʈ = ʨʥ Q / 62400. 

9. ɼʦʚʞʠʥʘ ʢʘʥʘʣʫ ʜʨʦʩʝʣʷ lʜ ʪʘ ʡʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ d, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʙʽʣʴʰʫ ʞʦʨʩʪʢʽʩʪʴ ʧʽʜʰʠʧʥʠʢʘ, ʤʤ: 

u

S4
d

ʜ
= ;      

)ʩ1(D

dl
35,2l

ʢ

3

4

1
ʜ

+jD
= , 

ʜʝ   Sʜ ð ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ ʜʨʦʩʝʣʷ, ʤʤ
2
; 

       u  ð ʧʝʨʠʤʝʪʨ ʡʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʤʤ. 

10.  ɺʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʪʝʨʪʷ ʫ ʧʽʜʰʠʧʥʠʢʫ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʩʢʣʘʜʦʚʠʭ: 

ï ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʫ ʢʘʨʤʘʥʘʭ ʈʢ, ʢɺʪ: 

ʈʢ = 3,4Ŀ10
-15 

360
·

)DD(

zlDDn
0

ʢ

22

1

0

2

1

2
j

-

m , 

ʜʝ   D1 ð ʜʽʘʤʝʪʨ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʽʥʢʠ ʢʘʨʤʘʥʘ, ʤʤ; 

ï ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʝʨʝʤʠʯʢʘʭ ʤʽʞ ʢʘʨʤʘʥʘʤʠ ʈʧ, ʢɺʪ: 

ʈʧ = 1,7Ŀ10
-15

 
D

m 0

32
lDn
Ŀ
360

0

ʢj ; 

ï ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʝʨʝʤʠʯʢʘʭ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʢʘʨʤʘʥʠ ʫ 

ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʈʦ, ʢɺʪ: 

ʈʦ = 3,4Ŀ10
-15

 
D

m 1

32
lDn
Ŀ
360

0

ʢj . 

11.   ɿʘʛʘʣʴʥʽ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʨʦʢʘʯʫʚʘʥʥʷ ʤʘʩʣʘ ʯʝʨʝʟ 

ʧʽʜʰʠʧʥʠʢ ʪʘ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ ʫ ʥʴʦʤʫ, ʢɺʪ: 

ʈɆ = ʈ + ʈʢ + ʈʧ + ʈʦ . 

ɺʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʪʝʨʪʷ ʫ ʰʚʠʜʢʽʩʥʠʭ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ 

ʧʽʜʰʠʧʥʠʢʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʠʤʠ ð 2 ʢɺʪ ʽ ʙʽʣʴʰʝ. ɼʣʷ ʾʭ ʨʦʟʨʘʭʫʥʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʫ ʤʝʪʦʜʠʢʫ. 

ɿʥʘʭʦʜʷʪʴ ʢʦʣʦʚʫ ʰʚʠʜʢʽʩʪʴ, ʤ/ʩ: 

  v = 
3

10·60

Dnp
, 

ʜʝ  D ð ʜʽʘʤʝʪʨ ʰʠʡʢʠ ʧʽʜʰʠʧʥʠʢʘ, ʤʤ; 

      n ð ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʧʽʜʰʠʧʥʠʢʘ, ʭʚ.
-1
. 

 ɺʠʟʥʘʯʘʶʪʴ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ: 
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   Re = 
m

r ʨ.ʢhv001,0
, 

ʜʝ  ɟ   ð   ʛʫʩʪʠʥʘ    ʤʘʩʣʘ    (ʜʣʷ    ʧʨʘʢʪʠʯʥʠʭ    ʨʦʟʨʘʭʫʥʢʽʚ    ʧʨʠʡʤʘʶʪʴ  

ɟ = 880 ʢʛ/ʤ
3
); 

      ɛ ð ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʤʘʩʣʘ, ʇʘĿʩ (ʚôʷʟʢʽʩʪʴ ʨʽʟʥʠʭ ʤʘʨʦʢ ʤʘʩʣʘ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʘʭ, ʩʢʣʘʜʘʻ: ʊ (ʚʘʟʝʣʽʥʦʚʝ) ð     

ɛ = (4,6...6,3)Ŀ10
-3
 ʇʘĿʩ; ʃ (ʚʝʣʦʩʠʪ) ð ɛ = (3,6...4,6)Ŀ10

-3
 ʇʘĿʩ; ʽʥʜʫʩʪʨʽʘʣʴʥʽ  

ð ɛ = (20...40)Ŀ10
-3
 ʇʘĿʩ;  

      hʢ.ʨ ð ʨʦʟʨʘʭʫʥʢʦʚʘ ʛʣʠʙʠʥʘ ʢʘʨʤʘʥʘ, ʤʤ (ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʛʣʠʙʠʥʽ 

ʢʘʨʤʘʥʘ  hʢ ʨʦʟʨʘʭʫʥʢʦʚʘ ʛʣʠʙʠʥʘ hʢ.ʨ = hʢ; ʫ ʚʠʧʘʜʢʫ ʩʝʨʧʦʧʦʜʽʙʥʦʛʦ hʢ.ʨ 

= 2hmax/3, ʜʝ hmax ð ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʢʘʨʤʘʥʘ, ʤʤ. 

ʗʢʱʦ Re ¢ 1000, ʪʝʯʽʶ ʤʘʩʣʘ ʫ ʢʘʨʤʘʥʘʭ  ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʣʘʤʽʥʘʨʥʦʶ, ʘ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚʠʟʥʘʯʘʪʠ ʟʘ ʟʘʣʝʞʥʽʩʪʶ, ʢɺʪ: 

  ʈʪ = ɛ Sʧ v
2
/ h,  

ʜʝ  Sʧ ð ʧʣʦʱʘ ʧʝʨʝʤʠʯʦʢ, ʤ
2
; 

      h ð  ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ, ʤʤ. 

 ʗʢʱʦ Re > 1000, ʪʝʯʽʶ ʤʘʩʣʘ ʫ ʢʘʨʤʘʥʘʭ  ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʪʫʨʙʫʣʝʥʪʥʦʶ. ʊʦʜʽ ʚʠʟʥʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ: 

   f = 10
-6
 (12 ï 1,5 lg Re). 

 ɺʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʪʝʨʪʷ ʩʢʣʘʜʘʶʪʴ 

   ʈʪ = f)vS5,0
h

S
(v ʢ

ʧ2
r+

m
 , 

ʜʝ  Sʢ ð ʧʣʦʱʘ ʢʘʨʤʘʥʽʚ ʧʽʜʰʠʧʥʠʢʘ, ʤ
2
. 

 ʊʝʤʧʝʨʘʪʫʨʘ ʧʽʜʰʠʧʥʠʢʘ, Áʉ: 

   q = 6Ŀ10
4
 

Qc

PP+
, 

ʜʝ  ʩ ð ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʩʣʘ, ʢɼʞ/(ʢʛĿʛʨʘʜ).  

 ʈʦʟʨʘʭʫʥʦʢ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʫʧʦʨʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ. ɿʛʽʜʥʦ ʟʽ 

ʩʭʝʤʦʶ ʥʘ ʨʠʩʫʥʢʫ 7.1 ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ ʢʘʨʤʘʥʽʚ, ʤ
2
: 

   S = p )
)DDln(8

DD

)DDln(8

DD
(

12

2

1

2

2

34

2

3

2

4

-

-
-

-

-
, 

ʜʝ  D1 , D2 , D3 , D4 ð ʜʽʘʤʝʪʨʠ ʧʝʨʝʤʠʯʦʢ, ʤ. 

ɺʽʜʥʦʩʥʝ ʟʤʽʱʝʥʥʷ ʰʧʠʥʜʝʣʷ ʟ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ: 

  c = ʝ1 / h0,  

ʜʝ   ʝ1  ð  ʚʽʜʥʦʩʥʝ  ʟʤʽʱʝʥʥʷ  ʰʧʠʥʜʝʣʷ   ʟ   ʥʝʡʪʨʘʣʴʥʦʛʦ  ʧʦʣʦʞʝʥʥʷ  ʚʽʜ  

       ʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

       h0 ð ʧʦʯʘʪʢʦʚʠʡ ʟʘʟʦʨ ʫ ʧʽʜʰʠʧʥʠʢʫ. 
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ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʧʽʜʰʠʧʥʠʢʘ, ʅ: 

  F = pʥ S ù
ú

ø
é
ê

è

c++
-

c-+
33

)1(1

1

)1(1

1
 , 

ʜʝ  pʥ ð ʪʠʩʢ ʤʘʩʣʘ ʥʘ ʚʭʦʜʽ ʜʨʦʩʝʣʽʚ, ʇʘ. 

 ɾʦʨʩʪʢʽʩʪʴ ʧʽʜʰʠʧʥʠʢʘ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ ʚʘʣʘ ʚʽʜʥʦʩʥʦ 

ʦʧʦʨʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʅ/ʤʢʤ:  

   j = 1,5 pʥ F / h0 . 

 ɾʦʨʩʪʢʽʩʪʴ ʧʽʜʰʠʧʥʠʢʘ ʧʨʠ ʟʤʽʱʝʥʥʽ ʰʧʠʥʜʝʣʷ ʚʽʜ ʜʽʾ ʟʦʚʥʽʰʥʽʭ 

ʩʠʣ: 

   

[ ] [ ]îý
î
ü

û

îí

î
ì

ë

+c+

c+
+

+c-

c-
=

23

2

23

2

ʥ

1)1(

)1(

1)1(

)1(

h

Sp3
j  . 

 

3.15  ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ  ʦʧʦʨʠ ʰʧʠʥʜʝʣʽʚ 

 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ.  ɻʽʜʨʦʜʠʥʘʤʽʯʥʠʡ 

ʧʽʜʰʠʧʥʠʢ ʷʚʣʷʻ ʩʦʙʦʶ ʦʧʦʨʫ ʨʽʜʠʥʥʦʛʦ ʪʝʨʪʷ. ʎʽ ʧʽʜʰʠʧʥʠʢʠ ʙʫʚʘʶʪʴ 

ʨʘʜʽʘʣʴʥʠʤʠ ʪʘ ʫʧʦʨʥʠʤʠ. ʈʘʜʽʘʣʴʥʠʡ ʧʽʜʰʠʧʥʠʢ ʤʘʻ ʪʨʠ ʘʙʦ ʯʦʪʠʨʠ 

ʩʝʛʤʝʥʪʠ 1 (ʨʠʩʫʥʦʢ 3.27). ɿʘ  ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʦʧʦʨʘ 

ʟʘʧʦʚʥʶʻʪʴʩʷ ʤʘʩʣʦʤ. ɺʽʜ ʜʽʾ ʩʠʣʠ ʚʘʛʠ ʰʧʠʥʜʝʣʴ 3, ʧʦʢʠ ʥʝ ʦʙʝʨʪʘʻʪʴʩʷ, 

ʣʝʞʠʪʴ ʥʘ ʩʝʛʤʝʥʪʘʭ. ʂʦʣʠ ʰʧʠʥʜʝʣʴ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʴ, ʚʽʥ ʩʚʦʻʶ 

ʰʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʝʶ ʟʘʭʦʧʣʶʻ ʤʘʩʣʦ ʫ ʟʘʟʦʨʠ ʤʽʞ ʥʠʤ ʪʘ ʩʝʛʤʝʥʪʘʤʠ. 

ɿʤʽʱʝʥʥʷ ʦʧʦʨʠ ʚʽʜʥʦʩʥʦ ʦʩʽ ʩʠʤʝʪʨʽʾ ʩʝʛʤʝʥʪʘ ʜʦʟʚʦʣʷʻ ʦʩʪʘʥʥʴʦʤʫ 

ʧʦʚʝʨʪʘʪʠʩʴ ʚʽʜ ʜʽʾ ʩʠʣʠ ʪʠʩʢʫ ʤʘʩʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʶʻʪʴʩʷ ʢʣʠʥʦʚʠʡ 

ʟʘʟʦʨ, ʷʢʠʡ ʟʚʫʞʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ. ɺ ʮʴʦʤʫ ʟʘʟʦʨʽ 

ʚʠʥʠʢʘʻ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ʨ, ʷʢʠʡ ʫʪʨʠʤʫʻ ʰʧʠʥʜʝʣʴ ʫ ʟʘʚʠʩʣʦʤʫ 

ʧʦʣʦʞʝʥʥʽ. ʗʢʱʦ ʰʧʠʥʜʝʣʴ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘ ʙʘʛʘʪʦʢʣʠʥʦʚʠʭ ʧʽʜʰʠʧʥʠʢʘʭ 

ʽʟ ʩʝʛʤʝʥʪʘʤʠ, ʱʦ ʩʘʤʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʘ ʨʽʚʥʦʤʽʨʥʦ ʦʭʦʧʣʶʶʪʴ ʡʦʛʦ ʧʦ 

ʢʦʣʫ, ʪʦ ʥʝʟʥʘʯʥʝ ʟʤʽʱʝʥʥʷ ʦʩʽ ʰʧʠʥʜʝʣʷ ʽʟ ʩʝʨʝʜʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʽʜ ʜʽʾ 

ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʫ 

ʢʣʠʥʦʚʦʤʫ ʟʘʟʦʨʽ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʨʝʟʫʣʴʪʫʶʯʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ 

ʩʠʣʘ, ʷʢʘ ʚʨʽʚʥʦʚʘʞʫʻ ʟʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʦʧʦʨʠ ʨʝʢʦʤʝʥʜʫʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʰʧʠʥʜʝʣʽʚ, 

ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʧʦʩʪʽʡʥʦʶ ʯʘʩʪʦʪʦʶ ʘʙʦ ʟ ʯʘʩʪʦʪʦʶ, ʷʢʘ ʤʘʣʦ 

ʟʤʽʥʶʻʪʴʩʷ, ʪʘ ʩʧʨʠʡʤʘʶʪʴ ʥʝʚʝʣʠʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʠʤ ʚʠʤʦʛʘʤ 

ʥʘʡʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʰʧʠʥʜʝʣʽ ʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ. ʇʝʨʝʚʘʛʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʩʦʢʽʡ ʪʦʯʥʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʟʤʽʰʘʥʝ ʪʝʨʪʷ ʤʘʻ ʤʽʩʮʝ ʣʠʰʝ ʫ ʤʦʤʝʥʪʠ ʧʫʩʢʫ ʪʘ 

ʛʘʣʴʤʫʚʘʥʥʷ. ʅʝʜʦʣʽʢʠ ʮʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ð ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤʠ 

ʞʠʚʣʝʥʥʷ ʦʧʦʨ ʤʘʩʣʦʤ ʪʘ ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ ʦʩʽ ʰʧʠʥʜʝʣʷ ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ 

ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 3.28 ð ɻʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʧʽʜʰʠʧʥʠʢ ʃʆʅ-88 

 

ʄʘʩʣʦ ʜʣʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ. ɿʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʤʽʥʝʨʘʣʴʥʝ ʤʘʩʣʦ ʤʘʨʢʠ ʃ (ʚʝʣʦʩʠʪ), ʷʢʝ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ 

ʚôʷʟʢʦʩʪʽ m = (4...5)Ŀ10
-3
 ʇʘĿʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 50Áʉ. ʄʘʩʣʦ ʧʦʜʘʻʪʴʩʷ ʧʽʜ 

ʪʠʩʢʦʤ 0,1...0,2 ʄʧʘ ʟ ʚʠʪʨʘʪʘʤʠ 1...3 ʣ/ʭʚ. ʥʘ ʢʦʞʥʠʡ ʧʽʜʰʠʧʥʠʢ. 

ɻʽʜʨʦʩʠʩʪʝʤʘ ʤʘʻ ʬʽʣʴʪʨ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʪʘ ʭʦʣʦʜʠʣʴʥʫ ʫʩʪʘʥʦʚʢʫ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ 

ʧʽʜhʠʧʥʠʢʽʚ. ʉʝʛʤʝʥʪʠ ʧʽʜʰʠʧʥʠʢʽʚ ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʩʪʽʡʥʦ 

ʟʤʽʥʶʚʘʪʠ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ ʷʢ ʫ ʧʣʦʱʠʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʦʩʽ 

ʰʧʠʥʜʝʣʷ, ʪʘʢ ʽ ʫ ʧʣʦʱʠʥʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʡʦʛʦ ʚʽʩʴ. ʆʩʪʘʥʥʻ 

ʧʦʟʙʘʚʣʷʻ ʚʽʜ ʤʦʞʣʠʚʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʠʭ ʪʠʩʢʽʚ ʥʘ ʢʨʦʤʢʘʭ ʦʧʦʨʠ, ʱʦ 

ʚʠʢʣʠʢʘʻ ʧʝʨʝʛʨʽʚ ʤʘʩʣʘ ʫ ʪʦʥʢʽʡ ʛʨʘʥʠʯʥʽʡ ʧʣʽʚʮʽ ʪʘ ʚʪʨʘʪʫ ʡʦʛʦ 

ʟʤʘʱʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɯʩʥʫʻ ʨʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜʰʠʧʥʠʢʽʚ, ʚ ʷʢʠʭ 

ʟʘʟʦʨ ʤʽʞ ʚʘʣʦʤ ʪʘ ʩʝʛʤʝʥʪʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ. 
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ʈʠʩʫʥʦʢ 3.29 ð ɻʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʧʽʜʰʠʧʥʠʢ ʃʆʅ-34 

 

ʆʜʥʘ ʟ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ  ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ 

(ʃʆʅ-88) ʧʦʢʘʟʘʥʘ ʨʠʩʫʥʢʫ 3.28. ʇʽʜʰʠʧʥʠʢ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʦʢʨʝʤʦʛʦ ʙʣʦʢʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʽʣʝʮʴ 2, ʪʨʴʦʭ ʩʝʛʤʝʥʪʽʚ 1 ʪʘ 

ʧʨʦʩʪʘʚʦʯʥʦʛʦ ʢʽʣʴʮʷ 3. ɿʦʚʥʽʰʥʷ ʪʦʨʮʝʚʘ ʧʦʚʝʨʭʥʷ ʩʝʛʤʝʥʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ 

ʫ ʜʚʦʪʦʯʢʦʚʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʢʦʥʽʯʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʢʽʣʝʮʴ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʩʝʛʤʝʥʪʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʚʟʜʦʚʞ ʦʩʽ ʰʧʠʥʜʝʣʷ ʪʘ ʚ 

ʥʘʧʨʷʤʢʫ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ. ʇʨʦʩʪʘʚʥʝ ʢʽʣʴʮʝ ʩʚʦʾʤʠ ʚʠʩʪʫʧʘʤʠ 

ʧʝʨʝʰʢʦʜʞʘʻ ʟʤʽʱʝʥʥʶ ʩʝʛʤʝʥʪʽʚ ʧʦ ʢʦʣʫ. ɿʤʽʥʶʶʯʠ ʪʦʚʱʠʥʫ 

ʧʨʦʩʪʘʚʥʦʛʦ ʢʽʣʴʮʷ, ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʨʦʙʦʯʠʡ ʟʘʟʦʨ ʫ ʧʽʜʰʠʧʥʠʢʫ.  

ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʽʜʰʠʧʥʠʢʠ ʽʥʰʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʃʆʅ-34, ʧʦʢʘʟʘʥʽ 

ʥʘ ʨʠʩʫʥʢʫ 3.29. ɺʦʥʠ ʜʦʧʫʩʢʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʜʦ 60 ʤ/ʩ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʪʠʩʢʫ ʥʘ ʢʨʦʤʢʘʭ ʩʝʛʤʝʥʪʽʚ. ʉʘʤʦʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʛʤʝʥʪʽʚ ʫ ʮʠʭ 

ʧʽʜʰʠʧʥʠʢʘʭ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʬʝʨʠʯʥʽ ʦʧʦʨʠ ɸ. ʆʧʦʨʠ ʩʝʛʤʝʥʪʽʚ ʚʠʢʦʥʘʥʽ ʫ 

ʚʠʛʣʷʜʽ ʛʚʠʥʪʽʚ 2 ʽʟ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ ʟ ʜʨʽʙʥʦʶ ʥʘʨʽʟʢʦʶ. ʇʝʨʝʤʽʱʝʥʥʷʤ  

ʾʭ  ʫ  ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʨʝʛʫʣʶʶʪʴ ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ ʫ ʦʧʦʨʽ ʪʘ 

ʧʦʣʦʞʝʥʥʷ ʰʧʠʥʜʝʣʷ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʟʘʟʦʨʠ ʫ ʨʽʟʴʙʦʚʠʭ 

ʟôʻʜʥʘʥʥʷʭ ʦʧʦʨ ʟ ʢʦʨʧʫʩʦʤ ʚʠʙʠʨʘʶʪʴ ʛʘʡʢʘʤʠ 3. ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ 

ʟʥʦʩʫ ʩʝʛʤʝʥʪʽʚ ʫ ʤʦʤʝʥʪʠ ʧʫʩʢʫ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʰʧʠʥʜʝʣʷ ʚʦʥʠ ʚʠʢʦʥʘʥʽ 

ʙʽʤʝʪʘʣʝʚʠʤʠ: ʥʘ ʩʪʘʣʴʥʫ ʦʩʥʦʚʫ ʩʧʦʩʦʙʦʤ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʣʠʪʪʷ 

ʥʘʥʦʩʠʪʴʩʷ ʰʘʨ ʙʨʦʥʟʠ ɹʨ ʆʌ10-0,5, ɹʨ ʆʉ10-10 ʘʙʦ ʽʥʰʦʛʦ ʘʥʪʠ-

ʬʨʠʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʩʝʛʤʝʥʪʽʚ ʧʦʚʠʥʝʥ ʙʫʪʠ Ra ¢ 0,32 ʤʢʤ, ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʰʠʡʦʢ 

ʰʧʠʥʜʝʣʷ ð Ra ¢ (0,04...0,16) ʤʢʤ.  

ʇʨʠʢʣʘʜ ʢʦʥʩʪʨʫʢʮʽʾ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ. ʅʘ ʨʠʩʫʥʢʫ 3.30 

ʥʘʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ 
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ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ ʪʠʧʫ ʃʆʅ-88. ʈʘʜʽʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʩʧʨʠʡʤʘʶʪʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʽʜʰʠʧʥʠʢʠ 1, ʦʩʴʦʚʽ ï ʜʚʦʩʪʦʨʦʥʥʽʡ ʫʧʦʨʥʠʡ 

ʧʽʜʰʠʧʥʠʢ, ʫʪʚʦʨʝʥʠʡ ʜʠʩʢʘʤʠ 2 ʪʘ 4, ʟ ʷʢʠʤʠ ʢʦʥʪʘʢʪʫʻ ʙʫʨʪ 3 ʰʧʠʥʜʝʣʷ. 

ɿʤʘʱʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʫ ʮʝʡ ʧʽʜʰʠʧʥʠʢ ʧʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʦʪʚʦʨʠ ɹ ʪʘ ɺ. 

ɺʠʪʽʢʘʥʥʶ ʤʘʩʣʘ ʽʟ ʰʧʠʥʜʝʣʴʥʦʾ ʙʘʙʢʠ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʫʱʽʣʴʥʝʥʥʷ 

ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ. ʇʦ ʢʘʥʘʣʫ ɻ ʤʘʩʣʦ ʽʟ ʧʦʨʦʞʥʠʥ ʫʱʽʣʴʥʝʥʴ ʟʣʠʚʘʻʪʴʩʷ ʚ 

ʢʦʨʧʫʩ ʙʘʙʢʠ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʽʜʰʠʧʥʠʢʽʚ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʦʩʥʦʚʫ ʧʨʠʡʤʘʶʪʴ ʜʽʘʤʝʪʨ D ʰʠʡʢʠ 

ʧʽʜʰʠʧʥʠʢʘ, ʷʢʫ ʚʠʙʠʨʘʶʪʴ ʟʘ ʫʤʦʚʘʤʠ ʞʦʨʩʪʢʦʩʪʽ. 

ɯʥʰʽ ʧʘʨʘʤʝʪʨʠ ʤʘʶʪʴ ʪʘʢʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

ï ʜʦʚʞʠʥʫ ʧʽʜʰʠʧʥʠʢʘ (ʩʝʛʤʝʥʪʘ) ʜʣʷ ʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ 

ʧʨʠʡʤʘʶʪʴ L = 0,75D, ʜʣʷ ʧʨʝʮʠʟʽʡʥʠʭ ʪʦʢʘʨʥʠʭ ʪʘ ʨʦʟʪʦʯʫʚʘʣʴʥʠʭ 

ʚʝʨʩʪʘʪʽʚ ð L  = (0,75é0,9)D; 

ï ʜʦʚʞʠʥʘ ʜʫʛʠ ʦʭʦʧʣʝʥʥʷ ʩʝʛʤʝʥʪʘ L 1 = (0,6...0,8)L ; 

ï ʜʽʘʤʝʪʨʘʣʴʥʠʡ ʟʘʟʦʨ ȹ = 0,003 D. 

ɿʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʽʜʰʠʧʥʠʢʠ ʟ ʪʨʴʦʤʘ ʘʙʦ ʯʦʪʠʨʤʘ 

ʩʝʛʤʝʥʪʘʤʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʨʘʜʽʘʣʴʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ. 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʧʽʜʰʠʧʥʠʢʘ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʥʦʾ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʦʧʦʨʠ ʪʘ ʾʾ ʞʦʨʩʪʢʦʩʪʽ. 

ʂʨʽʤ ʮʴʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ ʫ ʦʧʦʨʽ. 

ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʨʘʜʽʘʣʴʥʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ 

ʧʽʜʰʠʧʥʠʢʽʚ ʟ ʪʨʴʦʤʘ ʘʙʦ ʯʦʪʠʨʤʘ ʩʝʛʤʝʥʪʘʤʠ ʩʪʦʩʫʻʪʴʩʷ ʧʽʜʰʠʧʥʠʢʽʚ ʟʽ 

ʰʚʠʜʢʦʩʪʷʤʠ ʢʦʚʟʘʥʥʷ ʜʦ 30 ʤ/ʩ. 

ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ: ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʽʜʰʠʧʥʠʢʘ, ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, ʥʘʡʙʽʣʴʰʝ ʨʘʜʽʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʪʨʽʙʥʘ 

ʨʘʜʽʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ. 

1. ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ ʧʨʠ ʮʝʥʪʨʘʣʴʥʦʤʫ 
ʧʦʣʦʞʝʥʥʽ ʰʧʠʥʜʝʣʷ, ʅ: 

F0 = 5Ŀ10
-6

2

2
LncDB

D

m
, 

ʜʝ   ɛ ð ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʤʘʩʣʘ, ʇʘĿʩ; 

       n ð ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, ʩ
-1
; 

       D ð ʜʽʘʤʝʪʨ ʨʦʟʪʦʯʢʠ ʩʝʛʤʝʥʪʘ, ʤʤ; 

       ɺ ð ʭʦʨʜʘ ʜʫʛʠ ʩʝʛʤʝʥʪʘ, ʤʤ; 

       L ð ʜʦʚʞʠʥʘ ʩʝʛʤʝʥʪʘ, ʤʤ; 

       ʩ = 1,25 / (1 + B
2
/L

2
); 

       ȹ ð ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʜʽʘʤʝʪʨʘʣʴʥʠʡ ʟʘʟʦʨ, ʤʤ. 

2. ɺʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʩʥʠʡ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ Ů, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʦʚʝ 

ʧʦʣʦʞʝʥʥʷ ʰʧʠʥʜʝʣʷ ʧʽʩʣʷ ʟʤʽʱʝʥʥʷ ʡʦʛʦ ʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʽʜ ʜʽʾ 

ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

Ů = 2ʝ / ȹ . 
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