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ɸʅʆʊɸʎɯʗ 

 

ʂʨʽʚʝʥʢʦ ʉ. ɺ. ʈʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʛʘʟʦʜʠʥʘʤʽʢʠ ʰʘʨʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭ-

ʪʠ ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʩʧʽʢʘʥʥʽ. - ʨʫʢʦʧʠʩ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ ʩʧʝʮʽ-

ʘʣʴʥʽʩʪʶ 05.16.02 - çʄʝʪʘʣʫʨʛʽʷ ʯʦʨʥʠʭ ʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ 

ʩʧʣʘʚʽʚè - ɼʝʨʞʘʚʥʠʡ ʚʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ çʇʨʠʘʟʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè ʄʆʅ ʋʢʨʘʾʥʠ. ʄʘʨʽʫʧʦʣʴ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʫʤʦʚ ʧʨʦʮʝʩʫ 

ʘʛʣʦʤʝʨʘʮʽʾ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʨʫʭ 

ʛʘʟʽʚ ʚ ʰʘʨʽ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʡʦʛʦ ʟʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ, ʚʠʟʥʘʯʝʥʦ ʤʝʪʫ ʨʦʙʦʪʠ, ʟʘʜʘʯʽ ʪʘ 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠ-

ʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ, ʥʘʚʝʜʝʥʦ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʘʧʨʦʙʘʮʽʾ 

ʪʘ ʧʫʙʣʽʢʘʮʽʾ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. 

ɺ ʨʦʟʜʽʣʽ 1 ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʛʘʟʦʜʠ-

ʥʘʤʽʢʫ ʰʘʨʫ ʟʝʨʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ, 

ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʚ ʥʴʦʤʫ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʜʣʷ ʦʧʠ-

ʩʫ ʛʘʟʦʜʠʥʘʤʽʢʠ ʰʘʨʫ ʜʦʩʣʽʜʥʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʦʨʤʫʣʫ ɼʘʨʩʽ-ɺʝʡʩʙʘʭʘ, ʟʘʩʥʦ-

ʚʘʥʫ ʥʘ ʟʘʢʦʥʘʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ. ɺʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ Ɋ ʤʘʻ ʩʢʣʘʜʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ, ʷʢʘ ʥʝ ʦʪʨʠʤʘʣʘ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʯʽʪʢʦʛʦ 

ʧʦʷʩʥʝʥʥʷ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ 

ʛʨʘʥʫʣ ʥʝʦʙʭʽʜʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʩʠʣ ʢʘʧʽʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ. ʆʜʥʦʯʘʩʥʝ ʢʝʨʫ-

ʚʘʥʥʷ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʦˇʨʫʜʢʫʚʘʯʘ ʽ ʚʦʣʦʛʽʩʪʶ ʰʠʭʪʠ ʟʘʪʨʫʜʞʝʥʝ ʯʝʨʝʟ ʾʭ 

ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ. ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʦ ʢʨʫʧʥʦʩʪʽ ʚʠʤʘʛʘʶʪʴ ʩʚʦʛʦ ʨʦʟ-

ʚʠʪʢʫ ʽ ʚʠʙʦʨʫ ʟ ʥʠʭ ʥʘʡʙʽʣʴʰ ʦʙ'ʻʢʪʠʚʥʦʛʦ ʜʣʷ ʫʤʦʚ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮ-

ʪʚʘ. ʇʦʣʽʧʰʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘʛʨʽʚʘʥʥʷ 

ʰʠʭʪʠ ʛʘʟʘʤʠ ʤʦʞʣʠʚʽ ʟʘ ʨʘʭʫʥʦʢ ʫʩʫʥʝʥʥʷ ʟʦʥʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ.  

ɺ ʨʦʟʜʽʣʽ 2 ʟʜʽʡʩʥʝʥʦ ʚʠʙʽʨ ʥʘʡʙʽʣʴʰ ʦʙ'ʻʢʪʠʚʥʦʛʦ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠ 
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ʦʮʽʥʶʚʘʥʥʷ ʬʨʘʢʮʽʡʥʦʾ ʦʜʥʦʨʽʜʥʦʩʪʽ ʰʠʭʪʠ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʷʢʠʭ ʦʧʠ-

ʩʘʥʠʡ ʜʠʩʢʨʝʪʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ɺʝʡʙʫʣʣʘ. ʅʘ ʦʩʥʦʚʽ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʨʦʟʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʨʝʢʦʤʝʥ-

ʜʦʚʘʥʦ ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʦʨ̌ʫʜʢʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ (ʆɸʐ) ʟ ʥʘʡʢʨʘ-

ʱʦʶ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʶ ʰʘʨʫ. ʆʙˇʨʫʥʪʦʚʘʥʘ ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ 

ʦʧʦʨʫ ʧʨʠ ʟʤʽʥʽ ʚʤʽʩʪʫ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʚ ʆɸʐ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʫʭʣʠʚʦʩʪʽ 

ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨʽ ʥʘ ʟʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ. ɼʦʩʣʽʜʞʝʥʦ 

ʟʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʭʦʜʠ ʱʦʜʦ ʟʥʠʞʝʥʥʷ 

ʚʪʨʘʪ ʪʠʩʢʫ ʚ ʥʴʦʤʫ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʙʽʣʴʰ ʟʘʩʪʦʩʦʚʥʠʤ ʻ ʙʝʟʨʦʟ-

ʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ Vd. ɸʥʘʣʽʟ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʟʜʽʡʩʥʠʣʠ ʜʣʷ ʦˇʨʫʜʢʦʚʘʥʠʭ 

ʰʠʭʪ ʇɸʊ çʄʄʂ ʽʤ. ɯʣʣʽʯʘè. ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ 

dʝ ʜʦ ʤʝʜʽʘʥʠ ʜʣʷ ʆɸʐ ʟ ʨʽʟʥʦʶ ʚʦʣʦʛʽʩʪʶ ʤʘʻ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʤʝʪʦʜ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʭ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʜʦʤʽʥʫʚʘʥʥʽ ʬʨʘʢʮʽʡ 1 ʤʤ 

ʪʘ 10 ʤʤ, ʧʨʦʤʽʞʥʽ ʛʨʘʥʫʣʠ ʜʽʘʤʝʪʨʦʤ 4 ʤʤ ʩʣʘʙʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʦʟ-

ʥʦʩʪʽ. ɼʣʷ ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʨʽʙʥʦ ʟʤʝʥʰʠʪʠ ʚʤʽʩʪ ʚʝʣʠʢʦʾ ʬʨʘʢʮʽʾ ʚ ʰʠʭʪʽ ʤʝʥʰ 

20 % ʽ ʜʦʜʘʪʠ ʧʨʦʤʽʞʥʫ ʧʦʥʘʜ 60 %. ʊʦʙʪʦ ʟʤʽʥʠʪʠ ʜʦʤʽʥʫʶʯʫ ʬʨʘʢʮʽʶ ʟ ʢʨʫʧʥʦʾ 

ʥʘ ʧʨʦʤʽʞʥʫ. 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʆɸʐ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʦʧʠʩʘʥʘ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʭ dʝ ʪʘ Vd. 

ʆʧʪʠʤʘʣʴʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʆɸʐ, ʚʽʜʧʦʚʽʜʥʠʡ ʚʠʩʦʢʽʡ ʛʘʟʦʧʨʦʥʠʢʥʦ-

ʩʪʽ ʰʘʨʫ, ʧʨʠ ʟʤʽʥʽ dʝ ʚʽʜ 2,7 ʜʦ 3,6 ʤʤ ʚʽʜʧʦʚʽʜʘʻ  Vd ʧʦʟʘ ʜʽʘʧʘʟʦʥʦʤ (0,2õ0,7).  

ɺʧʝʨʰʝ ʟʫʤʦʚʣʝʥʦ, ʱʦ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ 

 ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʧʦʨʽʟʥʦʩʪʽ ʰʘʨʫ ʽ ʟʤʝʥʰʝʥʽ ʦʙ'ʻʤʥʦʛʦ ʚʤʽʩʪʫ ʜʨʽʙ-

ʥʠʭ ʛʨʘʥʫʣ 0-2 ʤʤ ʟ 40 ʜʦ 20 % ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʟʚʠʚʠʩʪʦʩʪʽ ʢʘʥʘ-

ʣʽʚ ʧʨʠ ʾʭ ʨʦʟʤʽʱʝʥʥʽ ʫ ʧʦʨʽʚʥʷʥʥʠʭ ʟʘ ʨʦʟʤʽʨʦʤ ʟʚʫʞʝʥʥʷʭ ʤʽʞ ʚʝʣʠʢʠʤʠ ʛʨʘʥʫ-

ʣʘʤʠ 10-12 ʤʤ. ɼʣʷ ʨʦʟʜʽʣʝʥʠʭ ʰʘʨʽʚ ʚʠʷʚʣʝʥʽ ʟʣʘʤʠ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ , 

ʦʙʫʤʦʚʣʝʥʽ ʬʦʨʤʫʚʘʥʥʷʤ ʤʘʣʦʧʨʦʥʠʢʥʦʛʦ ʙʘʨ'ʻʨʫ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʤʽʱʝʥʥʷ ʜʨʽʙʥʠʭ 

ʬʨʘʢʮʽʡ ʫ ʚʫʟʴʢʠʭ ʢʘʥʘʣʘʭ ʤʽʞ ʚʝʣʠʢʠʤʠ. ʋʩʫʥʝʥʥʷ ʢʣʘʧʘʥʥʦʛʦ ʝʬʝʢʪʫ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʜʦ 4 ʤʤ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʛʘ-
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ʟʽʚ ʚ ʰʘʨʽ ʚ 1,7õ2,3 ʨʘʟʠ.  

ʐʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʥ ʚ ʰʘʨʽ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʽʟ ʯʘʰʽ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʚʝʨʭʫ ʟʦʥʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʫʪʚʦʨʠʣʘʩʷ ʟʦ-

ʥʘ ʟ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʢʨʫʧʥʽʩʪʶ ʤʝʥʰʝ 0,3 ʤʤ, ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ ʧʝʨʝʥʝʩʝʥʠʭ ʽʟ ʟʦʥʠ 

ʩʫʭʦʾ ʰʠʭʪʠ, ʷʢʘ ʟʙʽʣʴʰʫʻ ʪʠʩʢ ʛʘʟʽʚ ʚ 1,4 ʨʘʟʠ. ɺ ʧʦʨʽʚʥʷʥʥʽ, ʟʦʥʘ ʧʝʨʝʟʚʦʣʦʞʝʥ-

ʥʷ ʧʽʜʚʠʱʫʻ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʧʦʪʦʢʫ ʛʘʟʫ ʥʘ 20 %.  

ɺ ʨʦʟʜʽʣʽ 3 ʜʦʩʣʽʜʞʝʥʦ ʩʪʘʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʦˇʨʫʜʢʫ-

ʚʘʥʥʷ; ʚʠʟʥʘʯʝʥʠʡ ʜʽʘʧʘʟʦʥ ʦʧʪʠʤʘʣʴʥʦʾ ʚʦʣʦʛʦʩʪʽ ʰʠʭʪʠ, ʚʽʜʧʦʚʽʜʥʠʡ ʤʘʢʩʠʤʘ-

ʣʴʥʠʤ ʩʠʣʘʤ ʢʘʧʽʣʷʨʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʛʨʘʥʫʣʘʭ; ʚʠʟʥʘʯʝʥʽ ʨʘʮʽʦʥʘʣʴʥʽ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʙʘʨʘʙʘʥʘ-ʦˇʨʫʜʢʫʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʦʚʦʛʦ ʢʨʠʪʝʨʽʶ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦˇʨʫʜʢʫʚʘʥʥʷ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʩʪʘʚʘʥʥʷ ʯʘʩʫ ʩʪʘʙʽʣʽ-

ʟʘʮʽʾ ʥʦʚʠʭ ʟʥʘʯʝʥʴ ʧʦʨʽʟʥʦʩʪʽ, ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ ʛʨʘʥʫʣ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽ-

ʘʮʽʾ ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʥʘ  =  - W å 100 c. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʟʚʦʣʦʞʝʥʥʷ ʟʘʧʨʦ-

ʧʦʥʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʂʫ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʷʢ ʚʽʜʥʦʩʥʘ ʨʽʟʥʠʮʶ ʧʣʦʱ ʥʘʜ ʥʦʨʤʦʚʘʥʠ-

ʤʠ ʢʨʠʚʠʤʠ ʨʦʟʛʦʥʫ ʚʦʣʦʛʦʩʪʽ SW ʽ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ Sd  (ʘʙʦ ʧʦʨʽʟʥʦʩʪʽ SŮ). 

ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʂʫ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʰʚʠʜʢʦʩʪʝʡ ʤʘʩʦʧʝʨʝʥʦ-

ʩʫ ˇʨʫʜʢʦʚʘʥʠʭ ʬʨʘʢʮʽʡ ʡ ʚʦʣʦʛʠ ʪʘ ʚʢʘʟʫʻ ʥʘ ʢʨʘʱʽ ʫʤʦʚʠ ʟʚʦʣʦʞʝʥʥʷ. ʆʧʪʠʤʽʟʘ-

ʮʽʷ ʟʚʦʣʦʞʝʥʥʷ ʟʙʽʣʴʰʫʻ ʝʬʝʢʪʠʚʥʫ ʜʦʚʞʠʥʫ ʦˇʨʫʜʢʫʚʘʯʘ ʥʘ 2-3 ʤ ʪʘ ʟʤʝʥʰʫʻ ʯʘʩ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʧʦʨʽʟʥʽʩʪʶ ʰʘʨʫ ʟ 1450 ʜʦ 680 ʩ ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʢʦʝ-

ʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʟ 0,52 ʜʦ 0,38. 

ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ ʚʦʣʦʛʽʩʪʶ ʆɸʐ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʽ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ ʛʨʘʥʫʣ ʚ ʧʦʪʦʮʽ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʥʷ ʰʘʨʫ, ʫʢʣʘʜʝʥʦʛʦ ʥʘ ʧʘʣʝʪʠ ʩʧʽʢʘʥʥʷ. ʎʝʡ ʩʧʦʩʽʙ ʚʠʧʨʦʙʫʚʘʥʦ ʚ ʫʤʦ-

ʚʘʭ ʇɸʊ çʄʂ çɸɿʆɺʉʊɸʃʔè ʪʘ ʇɸʊ çʄʄʂ ʽʤ.ɯʣʣʽʯʘè. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦˇʨʫʜʢʫʚʘʥʥʷ ʨʦʟʨʽʜʞʝʥʥʷ ʚ ʢʦʣʝʢʪʦʨʽ ʟʥʠʞʝʥʦ ʟ 9000 ʜʦ 

(8700-8900) ʇʘ. 

ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ɤ ʦˇʨʫʜʢʫʚʘʯʘ ʥʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʆɸʐ. ɼʣʷ ʫʤʦʚ ʇɸʊ çʄʂ çɸɿʆɺ-

ʉʊɸʃʔè ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʦˇʨʫʜʢʫʚʘʯʘ ʟ 7 ʜʦ 6 ʦʙ/ʭʚ ʟʘ ʨʘʭʫ-
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ʥʦʢ ʟʤʽʥʠ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʛʨʘʥʫʣʠ ʦʪʨʠʤʘʥʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʨʽʟʥʦʩʪʽ 

ʰʘʨʫ ʆɸʐ ʟ (0,294..0,339) ʜʦ (0,335..0,359), ʚʠʨʦʙʥʠʮʪʚʘ ʘʛʣʦʤʝʨʘʪʫ ʥʘ 0,7 %, 

ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ ʥʘ ʫʜʘʨ ʥʘ 0,38 %, ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʜʨʽʙʥʦʾ ʬʨʘ-

ʢʮʽʾ < 5 ʤʤ ʚ ʘʛʣʦʤʝʨʘʪʽ ʥʘ 2,24 %. ʈʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚ-

ʣʽʥʥʷ ʚʠʪʨʘʪʦʶ ʚʦʜʠ ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʧʘʨʘʤʝ-

ʪʨʽʚ ʰʘʨʫ ʆɸʐ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʙʘʨʘʙʘʥʘ-ʦˇʨʫʜʢʫʚʘʯʘ ʥʝʦʙʭʽʜʥʦ ʦʜ-

ʥʦʯʘʩʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʦʣʦʛʽʩʪʶ ʆɸʐ ʽ ʡʦʛʦ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʨʘʮʽʦ-

ʥʘʣʴʥʦʤʫ ʨʝʞʠʤʫ ʦˇʨʫʜʢʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦ-

ʨʝʣʷʮʽʾ RV ʤʽʞ  ʪʘ Vd, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʷʢ ʥʦʚʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʦˇʨʫʜʢʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

0,45 ʜʦ 1,00 ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʚʠʩʦʪʫ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʥʘ 25 ï 40 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ ʇɸʊ çʄʂ çɸɿʆɺ-

ʉʊɸʃʔè. ʆʯʽʢʫʚʘʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʩʢʣʘʚ 457,8 ʪʠʩ. USD ʧʦ ʢʫʨʩʫ. ɼʦʩʣʽʜ-

ʥʦ-ʧʨʦʤʠʩʣʦʚʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʦˇʨʫʜʢʫʚʘʥʥʷ ʜʣʷ ʫʤʦʚ ʇɸʊ 

çʄʄʂ ʽʤ. ɯʣʣʽʯʘè ʟʘʙʝʟʧʝʯʠʣʦ ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. ʆʯʽʢʫʚʘʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ 

ʝʬʝʢʪ ʩʢʣʘʚ 137,3 ʪʠʩ. USD.  

ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʦˇʨʫʜʢʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʽʩ-

ʪʦʪʥʦʛʦ (ʙʽʣʴʰʝ 4 %) ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ.  

ɺ ʨʦʟʜʽʣʽ 4 ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʾ ʩʧʽʢʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʽʛʨʽʪʠʭ ʘʛʣʦʤʝʨʘ-

ʮʽʡʥʠʭ ʽ ʩʫʭʠʭ ʰʠʭʪ, ʜʦʩʣʽʜʞʝʥʦ ʩʝʛʨʝʛʘʮʽʷ ʬʨʘʢʮʽʡ ʰʠʭʪʠ ʧʨʠ ʨʫʩʽ ʟ ʦˇʨʫʜʢʫʚʘʯʘ 

ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʘʣʠʚʘ ʰʠʭʪʠ ʧʦ ʚʠ-

ʩʦʪʽ ʰʘʨʫ. 

ʇʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʩʤʦʢʪʫʚʘʥʦʛʦ ʧʦʚʽʪʨʷ, ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ 

ʜʦ 25 %, ʪʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ ʜʦ 80 % ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛ-

ʣʦʧʨʦʮʝʩʫ ʩʢʣʘʣʦ 149,9 %. ʉʧʽʣʴʥʠʡ ʚʧʣʠʚ ʦʙʦʭ ʬʘʢʪʦʨʽʚ ʤʘʡʞʝ ʚ 2 ʨʘʟʠ ʚʠʱʠʡ, 

ʥʽʞ ʩʫʤʘ ʦʢʨʝʤʠʭ ʚʧʣʠʚʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʘʛʣʦʤʝʨʘʮʽʾ ʩʫʭʠʭ ʰʠʭʪ, ʷʢʽ ʤʘʶʪʴ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ 

ʜʦʩʪʘʪʥʶ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʾ ʧʦʜʘʯʽ ʢʠʩʥʶ ʚ ʰʘʨ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ 

ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʚʩʤʦʢʪʫʚʘʥʝ ʧʦʚʽʪʨʷ ʟʙʘʛʘʯʫʚʘʣʠ ʢʠʩʥʝʤ ʜʦ [O2] å 25 %. ɺ ʷʢʦʩʪʽ 
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ʩʫʭʠʭ ʰʠʭʪ ʚʠʢʦʨʠʩʪʘʥʽ ʦʢʘʪʠʰʽ ʽ ʙʨʠʢʝʪʠ ʢʨʫʧʥʽʩʪʶ 1 - 10 ʤʤ, ʷʢʽ ʤʽʩʪʷʪʴ ʧʘʣʠ-

ʚʦ, ʘ ʪʘʢʦʞ ʩʫʤʽʰʽ ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʰʠʭʪ (1 - 10 ʤʤ) ʟ ʧʘʣʠʚʦʤ (0 - 3 ʤʤ). ɼʣʷ ʚʠ-

ʢʣʶʯʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʛʨʘʥʫʣ ʩʧʦʣʫʯʥʦʶ ʨʝʯʦʚʠʥʦʶ ʚʠʢʦʨʠʩʪʘʥʠʡ ʙʝʥʪʦʥʽʪ. ʑʦ-

ʜʦ ʙʘʟʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʟʨʦʩʣʠ ʥʘ ȹɺʇ = 8,0 % ʪʘ ȹɹʇ = 11,9 %. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦ ʬʨʘʢʮʽʾ + 10 ʤʤ ʟʨʦʩʣʘ ʥʘ ȹʇ = 5,2 %. ʇʨʠ ʮʴʦʤʫ ʚʠʩʦʪʘ ʰʘʨʫ 

ʟʙʽʣʴʰʝʥʘ ʚ å 2 ʨʘʟʠ. 

ʆʜʠʥ ʟ ʥʘʡʙʽʣʴʰʠʭ ʧʨʠʨʦʩʪʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦ ʬʨʘʢʮʽʾ +10 ʤʤ ʧʨʦʮʝʩʫ 

ʘʛʣʦʤʝʨʘʮʽʾ ȹʇ = 94,8 % ʧʨʠ ʜʦʙʨʽʡ ʷʢʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʨʠ ʩʧʽʢʘʥʥʽ 

ʩʫʭʦʾ ʰʠʭʪʠ, ʦˇʨʫʜʢʦʚʘʥʦʾ ʟ ʙʝʥʪʦʥʽʪʦʤ, ʟ ʚʠʭʽʜʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ t  h= 20 Áʉ, ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʢʠʩʥʶ ʜʣʷ ʟʙʘʛʘʯʝʥʥʷ ʧʦʚʽʪʨʷ, ʚʩʤʦʢʪʫʚʘʥʦʛʦ ʚ ʰʘʨ ʧʨʦʪʷʛʦʤ ʧʦʣʦ-

ʚʠʥʠ ʯʘʩʫ ʩʧʽʢʘʥʥʷ.  

ʂʨʽʤ ʦˇʨʫʜʢʦʚʘʥʠʭ ʚʠʩʫʰʝʥʠʭ ʰʠʭʪ ʤʦʞʣʠʚʝ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʠʭ ʩʠʧʢʠʭ ʥʝ ʟʚʦʣʦʞʝʥʠʭ ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʚʽʜʭʦʜʽʚ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪ-

ʚʘ. ɿʘʣʽʟʦʚʤʽʩʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʛʥʽʪʦʟʙʘʛʘʯʝʥʠʡ ʰʣʘʢ ʩʪʘʣʝʧʣʘʚʠ-

ʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʇɸʊ "ɸʣʯʝʚʩʴʢʠʡ ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʢʦʤʙʽʥʘʪ". ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʩʧʽʢʘʥʥʷ ʦʪʨʠʤʘʥʦ ʘʛʣʦʤʝʨʘʪ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʦ ʢʨʫʧʥʦʩʪʽ ʽ ʤʽʮʥʦʩʪʽ. ɺ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʙʘʟʦʚʠʤ ʩʧʽʢʘʥʥʷʤ ʚʠʭʽʜ ʧʨʠʜʘʪʥʠʭ ʬʨʘʢʮʽʡ ʧʦʥʘʜ 5 ʤʤ ʚʠʱʝ ʥʘ ȹɺʇ = 4,4 %. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʧʽʢʘʥʥʷ ʙʨʠʢʝʪʚ̔ ʢʨʫʧʥʽʩʪʶ ʚʽʜ 

1,5 ʜʦ 7 ʤʤ ʚʠʭʽʜ ʛʽʜʥʠʭ ʬʨʘʢʮʽʡ ʧʦʥʘʜ 5 ʤʤ ʟʨʽʟ ʥʘ  4,4 %. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʱʝ 

ʥʘ 0,9 %. ɺʠʩʦʪʘ ʰʘʨʫ ʧʽʜʚʠʱʝʥʘ ʜʦ 1,5 ï 2 ʤ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʘʣʠʚʘ ʟ ʥʠʟʴʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘʧʘʣʶʚʘʥʥʷ ʧʨʠ ʩʧʽʢʘʥʥʽ ʩʫ-

ʭʠʭ ʰʠʭʪ ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʻ ʥʝʜʦʩʪʘʪʥʶ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʛʦʨʽʥʥʷ ʜʨʽʙʥʦʛʦ ʢʦʢʩʫ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʣʦʧʨʦʮʝʩʫ ȹʇ =  205,3 % ʧʨʠ ʜʦʙʨʽʡ 

ʷʢʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠ ʜʦʜʘʚʘʥʥʶ ʚ ʰʠʭʪʫ ʪʦʨʬʫ 3 % ʢʨʫʧʥʽʩʪʶ 0 ï 

3 ʤʤ, ʪʝʤʧʝʨʘʪʫʨʽ ʩʫʭʦʾ ʘʛʣʦʰʠʭʪʠ 120 Áʉ ʟ ʜʦʙʘʚʢʘʤʠ 2 % ʙʝʥʪʦʥʽʪʫ, ʚʠʢʦʨʠʩ-

ʪʘʥʥʶ ʧʦʚʽʪʨʷ, ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ ʜʦ 25 %, ʪʘ ʟʥʠʞʝʥʦʤʫ ʚʤʽʩʪʫ ʧʘʣʠʚʘ. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ 

ʩʧʽʢʘʥʴ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʦʜʷʥʠʭ ʯʠʩʝʣ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʜʦ 

ʧʦʪʦʢʫ ʘʛʣʦʤʝʨʘʪʫ ʱʦʜʦ ʟʦʥʠ ʛʦʨʽʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,20 ʜʦ 0,24  

ʉʦʙʽʚʘʨʪʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʫ ʚʩʽʭ ʚʘʨʽʘʥʪʘʭ ʩʧʽʢʘʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʯʝʨʝʟ ʝʢʦʥʦ-
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ʤʽʾ ʥʘ ʋʇ ʪʘ ʧʘʣʠʚʽ. ɿʘʛʘʣʴʥʠʡ ʝʬʝʢʪ ʘʛʣʦʜʦʤʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥ-

ʥʷ ʧʨʦʧʦʥʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʫʪʪʻʚʦ ʙʽʣʴʰʠʡ ʟʘ ʨʘʭʫʥʦʢ ʟʘʤʽʥʠ ʚʘʨʪʽʩʥʠʭ ʥʝ 

ʦʬʣʶʩʦʚʘʥʠʭ ʦʢʘʪʠʰʽʚ ʘʛʣʦʤʝʨʘʪʦʤ ʪʘ ʝʢʦʥʦʤʽʾ ʢʦʢʩʫ. 

ɺ ʨʦʟʜʽʣʽ 5 ʨʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʛʣʦʧʨʦʮʝ-

ʩʫ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʪʠ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ.  

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʰʠʭʪʠ ʧʦ ʢʨʫʧʥʦʩʪʽ ʚʩʝʨʝʜʠʥʽ ʧʦʪʦʢʫ, ʷʢʠʡ ʟʩʠ-

ʧʘʻʪʴʩʷ ʥʘ ʧʦʭʠʣʠʡ ʚʽʜʙʠʚʥʠʡ ʣʠʩʪ, ʧʽʜʚʠʱʠʪʴ ʩʝʛʨʝʛʘʮʽʶ ʛʨʘʥʫʣ ʧʨʠ ʟʘʚʘʥʪʘ-

ʞʝʥʥʽ ʥʘ ʘʛʣʦʤʘʰʠʥʫ. ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ 0õ2 ʤʤ ʚʛʦ-

ʨʽ ʰʘʨʫ ȹ[ʄ] ʩʢʣʘʜʝ ʜʦ 10 %ʘʙʩ. 

ɿ ʤʝʪʦʶ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʘʣʠʚʘ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ ʨʦʟʨʦʙʣʝʥʘ 

ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʩʧʽʢʘʥʥʷ ʚʦʣʦʛʠʭ ʦˇʨʫʜʢʦʚʘʥʠʭ ʰʠʭʪ, ʚ ʷʢʽʡ ʚʽʜʩʫʪʥʽ ʦʢʨʝʤʽ ʪʨʘʢ-

ʪʠ ʧʽʜʛʦʪʦʚʢʠ ʰʠʭʪʠ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʧʘʣʠʚʘ. ʇʝʨʝʨʦʟʧʦʜʽʣ ʧʘʣʠʚʘ ʫ ʚʝʨʭʥʽ ʛʦʨʠ-

ʟʦʥʪʠ ʰʘʨʫ ʟʘʙʝʟʧʝʯʠʚ ʙʽʣʴʰ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ 

ʰʘʨʫ (ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʧʨʠʜʘʪʥʦʛʦ ʩʢʣʘʣʦ ȹɺʇ = 6 %ʘʙʩ, ʙʘʨʘʙʘʥʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

- ȹɹʇ = 23 %ʘʙʩ.). 

ʈʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʘʛʣʦʤʝʨʘʮʽʾ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʧʦ-

ʜʚʽʡʥʦʛʦ ʰʘʨʫ ʟ ʩʫʭʠʭ ʽ ʚʦʣʦʛʠʭ ʦˇʨʫʜʢʦʚʘʥʠʭ ʰʠʭʪ ʽ ʦʜʥʦʯʘʩʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ. ʇʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʣʦʧʨʦʮʝʩʫ ʧʦ 

ʚʠʭʦʜʫ ʧʨʠʜʘʪʥʠʭ ʬʨʘʢʮʽʡ + 10 ʤʤ ʚʠʱʝ ʦʜʥʦʰʘʨʦʚʠʭ ʪʠʧʦʚʦʛʦ ʩʧʽʢʘʥʥʷ ʥʘ 5,7 

%. ʊʠʤ ʥʝ ʤʝʥʰ, ʨʦʟʨʦʙʣʝʥʫ ʪʝʭʥʦʣʦʛʽʶ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʧʨʠ 

ʥʝʩʪʘʯʽ ʩʫʭʦʾ ʰʠʭʪʠ ʥʘ ʚʝʩʴ ʰʘʨ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʛʣʦʤʝʨʘʮʽʷ, ʦˇʨʫʜʢʫʚʘʥʥʷ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ, ʧʦʨʦ-

ʟʥʽʩʪʴ, ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ, ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ, ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ 
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ABSTRACT 

 

Krivenko S.V. Development of the theory of gas dynamics of the sintering 

charge layer and intensification of thermal processes during sintering. - 

Manuscript. 

The dissertation for the degree of doctor of technical sciences, specialty 05.16.02 

ï çFerrous and nonferrous metals and special alloysè. - State Higher Educational 

Institution "Azov State Technical University" of the Ministry of Education and Science 

of Ukraine, Mariupol.  

The aim of the work is to improve the gas-dynamic and thermal conditions of the 

sintering process of iron ore materials based on the development of scientific ideas 

about the movement of gases in the layer of the agglomeration charge and to improve its 

zonal structure. 

The introduction  substantiates the relevance of the topic, defines the aims of the 

work, tasks and research methods, formulates the scientific novelty and practical signif-

icance of the results obtained, the personal contribution of the applicant, provides in-

formation on the approbation and publication of the main results of the dissertation. 

Section 1 analyzes the theoretical concepts of the structure and gas dynamics of a 

layer of granular materials, methods for increasing the gas permeability of the sintered 

layer and intensifying the combustion of fuel in it. Researchers most often use the Dar-

cy-Weisbach formula based on the laws of hydrodynamic similarity to describe the gas 

dynamics of a layer. The value of the coefficient Ɋ has a complex dependence on the 

fractional composition of the charge, which has not yet received a clear explanation. To 

reduce the content of fines and ensure high strength of the granules, it is necessary to 

optimize the forces of capillary interaction of the particles. Simultaneous control of the 

pelletizer rotation frequency and the moisture content of the charge is difficult due to 

their mutual influence. The methods for analyzing uniformity in size require their de-

velopment and the choice of the most objective one for the conditions of agglomeration 

production. Improving the gas permeability of the sintered layer and accelerating the 

heating of the charge with gases are possible due to the elimination of the 
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overmoistening zone by preheating the charge. 

In Section 2, the most objective choice is made and methods for assessing the 

fractional homogeneity of the charge are improved, the particle size distribution of 

which is described by the discrete distribution and the analytical Weibull distribution. 

On the basis of the established dependences of porosity and the coefficient of variation 

of the size, the fractional composition of the pelletized agglomeration charge (PAC) 

with the best gas permeability of the layer is recommended. The change in the coeffi-

cient of gas-dynamic resistance with a change in the content of fine fractions in PAC 

was substantiated. The influence of the mobility of small particles in the layer on the 

change in the coefficient of gas-dynamic resistance is investigated. The zonal structure 

of the sintered layer is investigated and measures are proposed to reduce the pressure 

loss in it. 

The dimensionless coefficient of variation Vd is more applicable to assess the par-

ticle size distribution. The analysis of various methods was carried out for the pelletized 

charge of PJSC ñILYICH IRON AND STEEL WORKSò. The meanlogarithmic method 

has the closest values of the equivalent diameter de to the median for PAC with different 

humidity. 

Based on the simulation results, it was found that with the dominance of fractions 

of 1 mm and 10 mm, intermediate granules with a diameter of 4 mm have little effect on 

the porosity value. To increase it, it is necessary to reduce the content of the coarse frac-

tion in the charge to less than 20% and add an intermediate fraction of more than 60%. 

That is, to change the dominant faction from large to intermediate. 

In order to determine the most rational granulometric composition of the OAS, 

the porosity of the layer is described by the dependence on the meanlogarithmic de and 

Vd. The optimal particle size distribution PAC, corresponding to the high gas permeabil-

ity of the layer, with a change in dʝ from 2.7 to 3.6 mm corresponds to Vd outside the 

range (0.2 õ 0.7). 

It was substantiated for the first time that a sharp increase in the coefficient of 

gas-dynamic resistance  with a simultaneous increase in the porosity of the layer and a 

decrease in the volume content of small granules of 0-2 mm from 40 to 20% occurs due 



 10 

to the high tortuosity of the channels when they are placed in narrowings comparable in 

size between large granules 10-12 mm. For the separated layers, kinks in the depend-

ence of the coefficient were found, due to the formation of a low-permeability barrier 

due to the placement of fine fractions in narrow channels between large ones. The elim-

ination of the valve effect by increasing the diameter of fine fractions to 4 mm allows 

reducing the pressure loss of gases in the layer by 1.7 õ 2.3 times. 

The sintered layer was investigated by unloading it from the bowl while maintain-

ing the zonal structure. It was found that on top of the waterlogging zone, a zone of fine 

fractions with a particle size of less than 0.3 mm was formed, to a greater extent trans-

ferred from the zone of dry charge, which increases the gas pressure by 1.4 times. For 

comparison, the waterlogged zone increases the energy losses of the gas flow by 20%. 

Section 3 investigates the static and dynamic properties of the pelletizing process; 

the range of optimum moisture content of the charge was determined, corresponding to 

the maximum forces of capillary adhesion of particles in granules; rational modes of 

operation of the pelletizing drum are determined on the basis of the proposed new crite-

rion for evaluating the efficiency of the pelletizing process. 

Based on the experimental data, the lag of the stabilization time of the new values 

of porosity Ů, the equivalent diameter of granules and the coefficient of variation from 

moisture was established by  =  - W å 100 s. To assess the quality of moistening, an 

indicator ʂʫ is proposed, calculated as the relative difference in areas above the normal-

ized curves of acceleration of moisture SW and the equivalent diameter Sd (or porosity 

SŮ). The minimum value of ʂʫ provides a greater correspondence between the rates of 

mass transfer of lumped fractions and moisture and indicates the best moisture condi-

tions. Optimization of humidification increases the effective length of the pelletizer by 

2-3 m and reduces the control time for the layer porosity from 1450 to 680 s and the 

maximum deviation of the coefficient of variation of the particle size from 0.52 to 0.38. 

A new method for controlling the moisture content of PAC has been developed 

based on determining the porosity of the layer and the equivalent diameter of the gran-

ules in the flow by processing the image of the layer laid on sintering pallets. This 

method has been tested under the conditions of PJSC ñMK ñAZOVSTALò and PJSC 
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ñILYICH IRON AND STEEL WORKSò. As a result of increasing the efficiency of the 

pelletizing process, the vacuum in the collector was reduced from 9000 to (8700-8900) 

Pa. 

A new method has been developed to control the rotational speed ɤ of the 

pelletizer based on the analysis of the granulometric composition of PAC. For the con-

ditions of PJSC ñMK AZOVSTALò, with a decrease in the rotational speed of the 

pelletizer from 7 to 6 rpm due to a change in dynamic loads on the granules, an increase 

in the porosity of the PAC layer from (0.294..0.339) to (0.335..0.359) was obtained, the 

production of sinter was 0.7%, an increase in the impact strength of the agglomerate by 

0.38%, a decrease in the content of fines <5 mm in the agglomerate by 2.24%. The re-

sults confirmed the efficiency of water flow control based on measuring the particle size 

distribution and parameters of the PAC layer. 

To increase the efficiency of the pelletizing drum, it is necessary to simultaneous-

ly control the moisture content of the PAC and its rotation frequency. The most rational 

mode of pelletizing corresponds to the maximum value of the correlation coefficient R V 

between   and Vd, proposed as a new indicator of the efficiency of the pelletizing pro-

cess. It has been established that ensuring the values of the indicator in the range from 

0.45 to 1.00 allows increasing the height of the sintered layer by 25 - 40 mm. 

The results of scientific research were implemented at PJSC ñMK AZOVSTALò. 

The expected economic effect amounted to USD 457.8 thousand at the exchange rate. 

Pilot testing of pelletizing recommendations for the conditions of PJSC ñILYICH IRON 

AND STEEL WORKSò provided similar indicators. The expected economic effect 

amounted to USD 137.3 thousand. 

Optimization of the agglomeration batch pelletizing process does not provide a 

significant (more than 4%) increase in the productivity of the sintering process. 

In Section 4, technologies for sintering preheated sinter and dry charges are de-

veloped, the segregation of charge fractions when moving from the pelletizer is investi-

gated, and a new method for rational redistribution of charge fuel along the bed height 

is proposed. 

With the simultaneous use of the intake air enriched with oxygen up to 25% and 
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preheating the charge up to 80%, the increase in the productivity of the sintering process 

was 149.9%. The combined impact of both factors is almost 2 times higher than the sum 

of the individual impacts. 

A technology has been developed for the agglomeration of dry charges, which 

have a gaspermeability sufficient for an intensive supply of oxygen to the layer. To in-

crease the temperature in the fuel combustion zone, the intake air was enriched with ox-

ygen to [O2] å 25%. Pellets or briquettes with a size of 1-10 mm, containing fuel, as 

well as mixtures of iron-containing mixtures (1-10 mm) with fuel (0-3 mm) were used 

as dry charges. Bentonite was used to prevent the destruction of granules with a binder. 

Relative to the baseline value, these indicators increased by yield of suitable ȹYS = 

8.0% and drum indicator ȹDI = 11.9%. The productivity for the fraction + 10 mm in-

creased by ȹP = 5.2%. In this case, the layer height is increased by å 2 times. 

One of the large productivity gains in the +10 mm fraction of the agglomeration 

process ȹP = 94.8% with good quality of the agglomerate was observed when sintering 

a dry charge pelletized with bentonite, with an initial temperature tʩh = 20 Á C, using ox-

ygen to enrich the air sucked into the bed for half the sintering time. 

In addition to pelletized dried mixtures, it is also possible to use alternative bulk 

non-moistened iron-containing wastes of metallurgical production. The iron-containing 

component is used for magnetically enriched slag of the steel-making production of 

PJSC "Alchevsk Metallurgical Plant". As a result of sintering, an agglomerate of high 

quality in terms of size and strength was obtained. Compared with the basic sintering, 

the yield of suitable fractions more than 5 mm is higher by ȹYS = 4.4%. 

When using the developed technology for sintering briquettes with a particle size 

of 1.5 to 7 mm, the yield of suitable fractions over 5 mm is 4.4% higher. Performance is 

0.9% higher. The layer height is increased to 1.5 - 2 m. 

The use of fuel with a low ignition temperature when sintering dry mixtures par-

tially compensates for the insufficient combustion intensity of fine coke. The maximum 

increase in the productivity of the sintering process P = 205.3% with good quality of 

the sinter corresponds to the addition of 3% peat with a particle size of 0 - 3 mm to the 

charge, the temperature of the dry sinter charge 120 Á C with the addition of 2% 
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bentonite, the use of air enriched with oxygen up to 25%, and fuel content. 

Heat balance studies have established that the best sintering parameters corre-

spond to the values of the ratio of the water numbers of the air flow to the sinter flow 

relative to the combustion zone in the range from 0.20 to 0.24 

The cost of sinter in all sintering options is reduced due to savings on conditional-

ly constant and fuel. The overall effect of sinter-blast furnace production from the intro-

duction of the proposed technologies is significantly greater due to the replacement of 

expensive non-fluxed pellets with sinter and coke savings. 

In Section 5, recommendations are developed for increasing the efficiency of the 

sintering process by optimizing the distribution of heat along the height of the sintered 

layer. 

Improving the distribution of the charge by size within the stream, which is 

poured onto an inclined reflective sheet, will increase the segregation of granules when 

loading onto the sinter machine. In this case, the increase in the content of fine fractions 

0 õ 2 mm at the top of the layer ȹ[M] will be up to 10%abs. 

For the purpose of rational redistribution of fuel along the layer height, a new 

technology has been developed for sintering wet pelletized mixtures, in which there are 

no separate paths for preparing a mixture with different fuel contents. The redistribution 

of the fuel to the upper horizons of the layer ensured a higher strength of the upper part 

of the agglomeration layer (the increase in the yield of the suitable one was ȹYS = 

6%abs, the drum indicator - ȹDI = 23%abs.). 

A method has been developed for agglomeration of iron ore materials with the 

formation of a double layer of dry and wet pelletized materials and the simultaneous use 

of oxygen-enriched air. At the same time, the increase in the productivity of the sinter-

ing process in terms of the yield of suitable fractions + 10 mm is 5.7% higher than that 

of single-layer typical sintering. Nevertheless, it is economically feasible to implement 

the developed technology when there is a lack of dry charge for the entire layer. 

 

Key words: sintering, pelletizing, size distribution, porosity, equivalent diameter, 

coefficient of variation, permeability 
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ɺʉʊʋʇ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɿʘʣʽʟʦʨʫʜʥʠʡ ʘʛʣʦʤʝʨʘʪ ʟʘʣʠʰʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦ-

ʥʝʥʪʦʤ ʜʦʤʝʥʥʦʾ ʰʠʭʪʠ. ɺʤʽʩʪ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʚ ʩʢʽʧʦʚʦʤʫ ʘʛʣʦʤʝʨʘʪʽ ʚ ʽʩʪʦʪʥʽʡ 

ʤʽʨʽ ʚʠʟʥʘʯʘʻ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʦʚʧʘ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʜʦʤʝʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʜʨʽʙʥʦʜʠ-

ʩʧʝʨʩʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʢʣʘʜʽ ʚʠʭʽʜʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʦʩʦʙʣʠʚʫ ʘʢʪʫʘʣʴ-

ʥʽʩʪʴ ʥʘʙʫʚʘʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʘʛʣʦʤʝʨʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʛʘʟʦʧ-

ʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʩʧʽʢʘʥʥʽ.   

ʐʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ, ʦʩʦʙʣʠʚʦ ʜʨʽʙʥʠʭ ʯʘʩ-

ʪʠʥʦʢ, ʽ ʚʠʩʦʢʘ ʟʚʠʚʠʩʪʽʩʪʴ ʢʘʥʘʣʽʚ ʬʦʨʤʫʶʪʴ ʩʢʣʘʜʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʛʘʟʦʜʠʥʘʤʽ-

ʢʠ ʰʘʨʫ. ɿʤʽʥʘ ʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʩʧʽʢʘʥʥʽ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʪʨʫʜʥʦʱʽ ʚ 

ʦʧʠʩʽ ʫʤʦʚ ʨʫʭʫ ʛʘʟʽʚ. ʈʦʟʚʠʪʦʢ ʥʘʫʢʦʚʠʭ ʫʷʚʣʝʥʴ ʛʘʟʦʜʠʥʘʤʽʢʠ ʰʘʨʫ, ʱʦ ʩʧʽʢʘ-

ʻʪʴʩʷ, ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʘʢʪʫʘʣʴʥʽ ʧʨʘʢʪʠʯʥʽ ʟʘʚʜʘʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ ʬʨʘʢʮʽʡʥʦ-

ʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʫʤʦʚ ʨʫʭʫ ʛʘʟʽʚ. ʇʠʪʘʥʥʶ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʦʧʦʨʫ ʟʝʨʥʠʩʪʠʭ ʰʘʨʽʚ ʧʨʠʩʚʷʯʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʦʛʣʷʜ ʷʢʠʭ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʘʮʷʭ ʉ. ʉ. ʌʫʨʥʘʩʘ, ʊ. ʂ. ɼʞʦʟʝʬʘ, ɺ. ɯ. ʂʦʨʦʪʠʯʘ, ɭ. ʌ. 

ɺʝʛʤʘʥʘ, ʄ. ɸ. ʉʪʝʬʘʥʦʚʠʯʘ, ʉ. ɺ. ɹʘʟʠʣʝʚʠʯʘ, ɺ. ʇ. ʇʫʟʘʥʦʚʘ, ɺ. ʇ. ʊʘʨʘʩʦʚʘ, ʄ. 

ɭ. ɸʝʨʦʚʘ, ɸ. ʅ. ʇʦʭʚʠʩʥʝʚʘ, ʉ. ʄ. ʇʝʪʨʫʰʦʚʘ, ʉ. ʊ. ʇʣʠʩʢʘʥʦʚʩʴʢʦʛʦ, ɼ. ɸ. ʂʦ-

ʚʘʣʴʦʚʘ, ʈ. ɺ. ʂʦʨʰʠʢʦʚʘ, ʌ. ʌ. ʂʦʣʝʩʘʥʦʚʘ, ʆ. ɼ. ʋʯʠʪʝʣʷ, ɺ. ʄ. ʂʦʚʰʦʚʘ, ʉ. ʈ. 

ɹʨʘʪʯʠʢʦʚʘ, ɺ. ʇ. ʃʷʣʶʢʘ, ɺ. ɺ. ɹʦʯʢʠ, ʄ. ʖ. ʇʘʟʶʢʘ, ɺ. ʆ. ʇʝʪʨʝʥʢʘ, ʆ. ɸ. ʊʦ-

ʤʘʰʘ ʪʘ ʽʥ. ʚʯʝʥʠʭ. ʆʜʥʘʢ, ʦʪʨʠʤʘʥʽ ʚʯʝʥʠʤʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʽʩʪʦʪʥʦ ʚʽʜ-

ʨʽʟʥʷʶʪʴʩʷ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟʽ ʩʢʣʘʜʥʦʩʪʷʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʦʤʫ ʨʦʟʚʠʪʦʢ 

ʥʘʫʢʦʚʠʭ ʫʷʚʣʝʥʴ ʛʘʟʦʜʠʥʘʤʽʢʠ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʘʢʪʫʘʣʴʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʘʚʜʘʥʥʷ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʫʤʦʚ ʨʫʭʫ ʛʘʟʽʚ ʚ ʰʘ-

ʨʽ. 

ʂʨʫʧʥʽʩʪʴ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʥʫʣ ʚ ʰʘʨʽ ʚ ʽʩʪʦʪʥʽʡ ʤʽʨʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʛʽʛʨʦʩʢʦʧʽʯʥʦʾ ʚʦʣʦʛʠ ʽ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʦˇʨʫʜʢʫʚʘʥʽ. ɺʟʘʻʤʥʠʡ ʚʧʣʠʚ 
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ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʦˇʨʫʜʢʫʚʘʯʘ ʥʘ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʚʠʢʣʠʢʘʻ 

ʩʢʣʘʜʥʦʩʪʽ ʫ ʚʠʙʦʨʽ ʾʭ ʟʥʘʯʝʥʴ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʦʩʪʽʡʥʦ ʤʽʥʣʠʚʽʡ ʚʠʭʽʜʥʽʡ ʰʠʭʪʽ. 

ʈʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʦʾ ʽ ʩʢʣʘʜʥʦʾ ʟʘʜʘʯʽ ʦʜʥʦʯʘʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦˇʨʫʜʢʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʛʘʟʽʚ ʚ ʰʘʨʽ ʽ ʟʙʽʣʴ-

ʰʠʪʠ ʡʦʛʦ ʚʠʩʦʪʫ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʪʝʭʥʦʣʦʛʽʾ ʘʛʣʦʤʝʨʘʮʽʾ ʧʽʜʽʛʨʽʪʠʭ ʽ ʩʫʭʠʭ ʰʠʭʪ. ɿʘ ʨʘʭʫ-

ʥʦʢ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘ-

ʙʝʟʧʝʯʘʪʴ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʟʤʽʥʷʪʴ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʫ 

ʘʛʣʦʤʝʨʘʮʽʾ ʚ ʙʽʢ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʪʨʘʯʘʥʥʷ ʪʝʧʣʦʪʠ ʛʘʟʽʚ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʚ 

ʰʘʨʽ. ʇʨʠ ʮʴʦʤʫ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʝ ʚʠʤʘʛʘʻ ʽʩʪʦʪʥʦʾ ʜʦʨʦʛʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʦʙʣʘ-

ʜʥʘʥʥʷ ʘʛʣʦʬʘʙʨʠʢ. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʥʘʜʤʽʨʥʦ ʨʦʟʚʠʥʝʥʦʤʫ ʧʦʪʦʮʽ ʛʘʟʽʚ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʮʥʦʩʪʽ ʘʛʣʦʩʧʝʢʘ. ɼʦʜʘʪʢʦʚʽ ʩʢʣʘʜʥʦʩʪʽ, ʷʢʽ ʥʝ-

ʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʢʣʘʜʘʶʪʴʩʷ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʨʽ-

ʚʥʦʩʪʽ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ (ʛʦʨʠʟʦʥʪʫ ʟ ʪʝʤʧʝʨʘʪʫ-

ʨʦʶ ʩʧʘʣʘʭʫʚʘʥʥʷ) ʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ (ʛʦʨʠʟʦʥʪʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ). 

ʇʝʨʝʨʦʟʧʦʜʽʣ ʪʝʧʣʦʪʠ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩ-

ʪʽ ʨʦʟʧʣʘʚʣʝʥʠʭ ʤʘʩ ʧʦʣʽʧʰʠʪʴ ʛʘʟʦʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʥʘ-

ʯʥʠʤ ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʰʠʭʪʠ.  

ʈʽʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʟʘʜʘʯ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʚ 

ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʜʽ ʧʨʦʙʣʝʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʘʛʣʦʤʝʨʘʪʫ 

ʥʘ ʦʩʥʦʚʽ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʛʘʟʦʜʠʥʘʤʽʢʠ ʰʘʨʫ ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ 

ʧʨʠ ʩʧʽʢʘʥʥʽ. 

ɿʘ ʥʝʦʮʽʥʝʥʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʠʭ ʟʥʘʥʴ ʪʘ ʜʦʧʦʤʦʛʫ ʫ ʚʠʢʦʥʘʥʥʽ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʩʦʙʣʠʚʘ ʧʦʜʷʢʘ ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ʊʘʨʘʩʦʚʫ ɺ. ʇ., ʦʩ-

ʥʦʚʦʧʦʣʦʞʥʠʢʫ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ ɼɺʅɿ çʇɼʊʋè ʽʟ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʢʠ ʨʽʜʠʥʠ 

ʪʘ ʛʘʟʽʚ, ʤʘʩʦʦʙʤʽʥʥʠʭ, ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʽ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʤʝʥʥʦʾ ʧʣʘ-

ʚʢʠ. ʊʘʢʦʞ ʧʦʜʷʢʘ ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ʊʦʤʘʰʫ ʆ. ɸ., ʟ ʷʢʠʤ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʥʘʧʨʷʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʧʦʯʘʪʦ ʨʦʙʦʪʫ ʥʘʜ ʜʦʢʪʦʨʩʴʢʦʶ ʜʠʩʝʨʪʘʮʽʻʶ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʇʨʦʙʣʝʤʠ, 

ʨʦʟʛʣʷʥʫʪʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʚʽʜʧʦʚʽʜʘʶʪʴ ɼʝʨʞʘʚʥʽʡ ʮʽʣʴʦʚʽʡ ʥʘʫʢʦʚʦ-
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ʪʝʭʥʽʯʥʽʡ ʧʨʦʛʨʘʤʽ ʨʦʟʚʠʪʢʫ ʪʘ ʨʝʬʦʨʤʫʚʘʥʥʷ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʥʘ ʧʝʨʽʦʜ ʜʦ 2012 ʨ. ʪʘ ɻʘʣʫʟʝʚʦʾ ʧʨʦʛʨʘʤʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝ-

ʞʝʥʥʷ ʥʘ ʧʝʨʽʦʜ ʜʦ 2017 ʨ. ɺ ʦʩʥʦʚʫ ʜʠʩʝʨʪʘʮʽʾ ʧʦʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʚʠʢʦʥʘʥʠʭ ʟ 2002 ʧʦ 2019 ʨ. ʨ., ʚ ʷʢʠʭ ʘʚʪʦʨ ʙʨʘʚ ʙʝʟʧʦʩʝʨʝʜʥʶ 

ʫʯʘʩʪʴ: ˉ ʜʝʨʞ. ʨʝʻʩʪʨ. 0104U005773 çɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʦˇʨʫʜʢʫʚʘʥʥ̫  ʘʛ-

ʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʟ ʨʦʟʨʦʙʢʦʶ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦˇʨʫʜʢʫʚʘʥʥʷ ʘʛʣʦʰʠʭʪʠ ʚ ʫʤʦʚʘʭ çʄʂ çɸɿʆɺʉʊɸʃʔè, 

ˉ ʜʝʨʞ. ʨʝʻʩʪʨ. 0105U004142 çʈʦʟʨʦʙʢʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʦˇʨʫʜʢʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠè (ʇʨɸʊ çʄʄʂ ʽʤ. ɯʣʣʽʯʘ), ˉ ʜʝʨʞ. ʨʝʻʩʪʨ. 

0109U001375 çɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʘʛʣʦʤʝʨʘʮʽʾ ʨʫʜ ʽ ʢʦʥʮʝʥʪʨʘʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʫʧʨʘʚ-

ʣʽʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʠʤʠ, ʪʝʧʣʦ - ʽ ʤʘʩʦʦʙʤʽʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠè, ˉ ʜʝʨʞ. ʨʝʻʩʪʨ. 

0195U020638 çɼʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʨʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦ-

ʤʝʥʥʦʛʦ ʮʝʭʫ çʄʂ çɸɿʆɺʉʊɸʃʔè ʽ ʧʽʜʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟʘʣʽʟʦʨʫʜʥʦʾ 

ʰʠʭʪʠè, ˉ ʜʝʨʞ. ʨʝʻʩʪʨ. 0104U005372 çʋʜʦʩʢʦʥʘʣʝʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʘʛʣʦʤʘʰʠʥ ʽ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʩʧʽʢʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʛʦ 

ʰʘʨʫ ʽ ʚʘʢʫʫʤʫè (ʇʨɸʊ çʄʂ çɸɿʆɺʉʊɸʃʔè). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ 

ʪʘ ʪʝʧʣʦʚʠʭ ʫʤʦʚ ʧʨʦʮʝʩʫ ʘʛʣʦʤʝʨʘʮʽʾ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚʠʪʢʫ 

ʥʘʫʢʦʚʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʨʫʭ ʛʘʟʽʚ ʚ ʰʘʨʽ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʡʦʛʦ 

ʟʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ:  

 ʜʦʩʣʽʜʞʝʥʽ ʢʘʧʽʣʷʨʥʽ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚʩʝʨʝʜʠʥʽ ʛʨʘʥʫʣ ʜʣʷ ʚʠ-

ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʤʘʢʩʠʤʘʣʴʥʫ ʤʽʮʥʽʩʪʴ;  

 ʜʦʩʣʽʜʞʝʥʽ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʦʜʥʦʨʽʜʥʦʩʪʽ ʦˇʨʫʜ-

ʢʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ, ʱʦ ʨʽʚʥʦʤʽʨʥʦ ʚʨʘʭʦʚʫʶʪʴ ʚʤʽʩʪ ʛʨʘʥʫʣ ʫ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʫ ʾʭ ʢʨʫʧʥʦʩʪʽ;  

 ʚʠʟʥʘʯʝʥʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʽ ʩʢʣʘʜʠ ʦˇʨʫʜʢʦʚʘʥʦʾ ʪʘ ʩʫʭʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ 

ʰʠʭʪʠ ʚʽʜʧʦʚʽʜʥʽ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ; 

 ʜʦʩʣʽʜʞʝʥʽ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʪʘ ʨʦʟʚʠ-

ʥʫʪʽ ʥʘʫʢʦʚʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʨʫʭ ʛʘʟʽʚ ʚ ʥʴʦʤʫ; 
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 ʨʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ ʦʜʥʦʯʘʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʦʣʦʛʽʩʪʶ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ 

ʽ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʦˇʨʫʜʢʫʚʘʯʘ; 

 ʫʜʦʩʢʦʥʘʣʝʥʦ ʨʦʟʧʦʜʽʣ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʧʦ ʚʠʩʦʪʽ ʩʬʦʨʤʦʚʘʥʦ-

ʛʦ ʥʘ ʘʛʣʦʩʪʨʽʯʮʽ ʰʘʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ, ʱʦ 

ʩʧʽʢʘʻʪʴʩʷ; 

 ʫʜʦʩʢʦʥʘʣʝʥʦ ʨʦʟʧʦʜʽʣ ʧʘʣʠʚʘ ʰʠʭʪʠ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʪʠ; 

 ʫʜʦʩʢʦʥʘʣʝʥʘ ʟʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʪʘ ʰʚʠʜʢʽʩʪʴ ʛʦ-

ʨʽʥʥʷ ʧʘʣʠʚʘ ʰʠʭʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʯʘʩʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʪʘ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʴ: ʧʨʦʮʝʩʠ ʦˇʨʫʜʢʫʚʘʥʥʷ ʪʘ ʩʧʽʢʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭ-

ʪʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ: ʛʘʟʦʜʠʥʘʤʽʢʘ ʰʘʨʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʪʘ ʪʝʧʣʦ-

ʚʠʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʥʘʣʽʪʠʯʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʘʟʦʜʠʥʘʤʽʢʠ 

ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʛʘʟʦʜʠʥʘʤʽʢʠ 

ʩʠʧʢʠʭ ʩʝʨʝʜ ʪʘ ʪʝʦʨʽʾ ʘʛʣʦʤʝʨʘʮʽʾ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʦʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʤʝʪʦʜʠ ʧʘʩʠʚʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʙʘʣʘʥʩʦʚʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʧʣʠʚ ʬʨʘʢ-

ʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʪʠʩʢʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚ ʧʨʦʜʫʚʥʦʤʫ ʮʠʣʽʥʜʨʽ ʪʘ 

ʘʛʣʦʫʩʪʘʥʦʚʮʽ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʤʝʪʘʣʫʨʛʽʾ ʯʘʚʫʥʫ ɼɺʅɿ çʇɼʊʋè. ɼʦʩʣʽʜʞʝʥ-

ʥʷ ʧʨʦʮʝʩʽʚ ʦˇʨʫʜʢʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʥʘ ʘʛʣʦʩʪʨʽʯʮʽ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʫʤʦ-

ʚʘʭ ʘʛʣʦʬʘʙʨʠʢ ʇʨɸʊ çʄʄʂ ʽʤ. ɯʣʣʽʯʘè ʪʘ ʇʨɸʊ çʄʂ çɸɿʆɺʉʊɸʃʔè, ʢʨʽʤ ʪʦʛʦ 

ʥʘ ʤʦʜʝʣʽ ʦˇʨʫʜʢʫʚʘʯʘ ʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʤʝʪʘʣʫʨʛʽʾ ʯʘʚʫʥʘ 

ɼɺʅɿ çʇɼʊʋè. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫ 

ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʚ ʧʦʪʦʮʽ ʥʘ ʘʛʣʦʩʪʨʽʯʮʽ ʨʦʟʨʦʙʣʝʥʠʡ ʪʝʣʝʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ. 

ʄʝʭʘʥʽʯʥʽ, ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʘʛʣʦʤʝʨʘʪʽʚ ʜʦʩʣʽʜʞʝʥʽ 

ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʤʝʪʘʣʫʨʛʽʾ ʯʘʚʫʥʫ ɼɺʅɿ çʇɼʊʋè. ʍʽʤʽʯʥʠʡ 

ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʟʜʽʡʩʥʝʥʠʡ ʣʘʙʦʨʘʪʦʨʽʻʶ ʘʛʣʦʬʘʙʨʠʢʠ ʇʨɸʊ 
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çʄʄʂ ʽʤ. ɯʣʣʽʯʘè. ʈʦʟʨʦʙʣʝʥʠʡ ʥʦʚʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʘʨʫ, ʱʦ 

ʩʧʽʢʘʻʪʴʩʷ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʰʠʭʪʠ, ʦˇʨʫʜʢʦʚʘʥʦʾ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʣʘʚʫ 

ʧʘʨʘʬʽʥʫ. ʋʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʚʽʨʝ-

ʥʦʛʦ ʽ ʩʝʨʪʠʬʽʢʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʫʷʚʣʝʥʴ ʛʘʟʦʜʠʥʘʤʽʢʠ ʰʘʨʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ 

ʰʠʭʪʠ ʚʠʨʽʰʝʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʧʨʦʙʣʝʤʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʘʛʣʦʤʝʨʘ-

ʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʽʩʪʦʪʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʩʧʝʯʝʥʦʛʦ ʰʘʨʫ ʧʨʠ ʚʠʩʦʢʽʡ 

ʢʽʣʴʢʦʩʪʽ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

1. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʽ ʫʷʚʣʝʥʥʷ ʛʘʟʦʜʠʥʘʤʽʢʠ ʰʘʨʫ 

ʰʠʭʪʠ ʽʟ ʦʜʥʦʯʘʩʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʡʦʛʦ ʧʦʨʦʟʥʦʩʪʽ ʽ ʟʚʠʚʠʩʪʦʩʪʽ ʢʘʥʘʣʽʚ, ʱʦ ʚʧʝʨ-

ʰʝ ʜʦʟʚʦʣʠʣʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʟ 0,47 

ʜʦ 1,85 ʧʨʠ ʟʥʠʞʝʥʥʽ ʦʙ'ʻʤʥʦʛʦ ʚʤʽʩʪʫ ʜʨʽʙʥʠʭ ʛʨʘʥʫʣ ʟ 40 ʜʦ 20 %, ʷʢʽ ʨʦʟʤʽʱʫ-

ʶʪʴʩʷ ʫ ʧʦʨʽʚʥʷʥʥʠʭ ʟʘ ʨʦʟʤʽʨʦʤ ʧʦʨʦʞʥʠʥʘʭ ʤʽʞ ʛʨʘʥʫʣʘʤʠ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʫʜʦʩʢʦʥʘʣʠʪʠ ʟʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʩʧʝʯʝʥʦʛʦ ʘh-

ʨʫ ʪʘ ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʚʠʩʦʪʫ ʜʦ 0,8 ï 1,0 ʤ. 

2. ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʦʚʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦˇʨʫʜʢʫʚʘʥʥʷ ʘʛ-

ʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʢʦʨʝʣʷʮʽʾ ʟʤʽʥ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ 

ʢʨʫʧʥʦʩʪʽ ʛʨʘʥʫʣ ʽ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘ-

ʟʥʠʢʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,45 ʜʦ 1,00 ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʫʧʨʘʚʣʷʪʠ ʢʽʣʴʢʽʩʪʶ ʛʽʛʨʦʩ-

ʢʦʧʽʯʥʦʾ ʚʦʣʦʛʠ ʚ ʰʠʭʪʽ ʪʘ ʜʠʥʘʤʽʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʚʩʝʨʝʜʠʥʽ ʦˇʨʫʜʢʫʚʘʯʘ, 

ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʚʠʩʦʪʠ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʥʘ 25 ï 40 ʤʤ. 

3. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʚʽʜ ʢʦʝ-

ʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʛʨʘʥʫʣ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʚʠ-

ʟʥʘʯʝʥʦ ʜʽʘʧʘʟʦʥʠ ʟʤʽʥʠ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʣʘʩʪʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ 

ʩʢʣʘʜʫ ʰʘʨʫ ʟ ʧʦʨʦʟʥʽʩʪʶ ʚʽʜ 32 ʜʦ 35 %, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʛʘ-

ʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʦˇʨʫʜʢʦʚʘʥʠʭ ʪʘ ʩʫʭʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ.  

4. ʋʪʦʯʥʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʦʜʷʥʠʭ ʯʠʩʝʣ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʜʦ 

ʧʦʪʦʢʫ ʘʛʣʦʤʝʨʘʪʫ ʱʦʜʦ ʟʦʥʠ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʚ ʰʘʨʽ, ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʜʦ 

0,20 - 0,24 ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʪʠ ʛʘʟʽʚ ʪʘ ʥʝʦʙʭʽʜʥʫ 
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ʤʽʮʥʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʩʪʦʩʦʚʥʦ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʧʽʢʘʥʥʷ ʩʫʭʠʭ ʰʠʭʪ.  

5. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʢʘʧʽʣʷʨʥʫ ʚʟʘʻʤʦ-

ʜʽʶ ʯʘʩʪʠʥʦʢ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʪʘ ʟʤʦʯʫʚʘʥʦʩʪʝʡ ʫʩʝʨʝʜʠʥʽ ʛʨʘʥʫʣ ʧʨʠ ʾʭ ʦˇʨʫʜʢʫ-

ʚʘʥʥʽ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʚʠʟʥʘʯʝʥʠʡ ʜʽʘʧʘʟʦʥ ʩʪʫʧʝʥʶ ʟʘʧʦʚʥʝʥʦʩʪʽ ʤʝʥʽʩʢʘ ʚʽʜ 0,081 

ʜʦ 0,21 (ʚʽʜ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʠ ʪʘ ʩʠʣ ʟʯʝʧʣʝʥʥʷ ʜʦ ʤʘʢʩʠʤʘ-

ʣʴʥʦʾ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ ʟ ˇʨʫʜʢʫʶʯʦʶ ʬʨʘʢʮʽʻʶ). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʛʽʛʨʦʩʢʦʧʽʯʥʦʾ ʚʦʣʦʛʠ ʧʦ ʛʣʠʙʠʥʽ ʛʨʘʥʫʣ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʾʭ ʤʘʢʩʠʤʘʣʴʥʫ ʤʽʮʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʢʘʧʽʣʷʨʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ 0,1 

ʤʤ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʟʦʚʥʽ ʛʨʘʥʫʣʠ, ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚʩʝʨʝʜʠʥʽ ʚʝʣʠʢʠʤʠ ʯʘʩʪʠʥʢʘ-

ʤʠ 3-7 ʤʤ.   

6. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʘ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘ-

ʨʘʤʝʪʨʽʚ ʰʠʭʪʠ ʪʘ ʰʘʨʫ ʥʘ ʚʠʭʦʜʽ ʦˇʨʫʜʢʫʚʘʯʘ, ʷʢʘ ʟʫʤʦʚʣʝʥʘ ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩ-

ʪʷʤʠ ʤʘʩʦʧʝʨʝʥʦʩʫ ʜʦʜʘʥʦʾ ʚʦʜʠ ʪʘ ʦˇʨʫʜʢʦʚʘʥʠʭ ʬʨʘʢʮʽʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ 

ʧʦʢʘʟʥʠʢ ʦʮʽʥʢʠ ʟʚʦʣʦʞʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʫʤʫ 

ʷʢʦʛʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʫ ʜʦʚʞʠʥʫ ʙʘʨʘʙʘʥʘ-ʦˇʨʫʜʢʫʚʘʯʘ ʥʘ 3 ï 4 ʤ, 

ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʦˇʨʫʜʢʫʚʘʥʥʷʤ. 

7. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʬʨʘʢʮʽʡ ʚʩʝʨʝʜʠʥʽ ʧʦʪʦʢʫ ʰʠ-

ʭʪʠ ʟ ʙʘʨʘʙʘʥʘ-ʦˇʨʫʜʢʫʚʘʯʘ ʟ ʩʝʛʨʝʛʘʮʽʻʶ ʛʨʘʥʫʣ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʘʛʣʦʩʪʨʽʯʢʫ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʰʠʭʪʠ ʧʦ ʢʨʫʧʥʦʩʪʽ ʚ ʩʝʨʝʜʠʥʽ ʧʦʪʦʢʫ ʜʦʟʚʦʣʠʪʴ ʧʦʢ-

ʨʘʱʠʪʠ ʷʢʽʩʪʴ ʘʛʣʦʣʦʤʝʨʘʪʫ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʪʘ ʪʝʧʣʦʪʠ ʧʦ 

ʚʠʩʦʪʽ ʰʘʨʫ, ʘ ʩʘʤʝ ʟʙʽʣʴʰʠʪʠ ʚʤʽʩʪ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ 0-2 ʤʤ ʚʛʦʨʽ ʰʘʨʫ ʜʦ 

10 %ʘʙʩ, ʧʦʨʦʟʥʦʩʪʽ ʥʘ 7-10 %ʘʙʩ. ʪʘ ʚʤʽʩʪ ʧʘʣʠʚʘ ʚʛʦʨʽ ʜʦ 0,5 %ʘʙʩ, ʱʦ ʪʘʢʦʞ ʩʧʨʠʷʻ 

ʟʨʦʩʪʘʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʣʦʧʨʦʮʝʩʫ ʜʦ 3 %.   

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

1. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʩʧʦʩʦʙʠ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʫʣʦ-

ʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ, ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ ʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʛʨʘʥʫʣ ʦˇʨʫʜʢʦ-

ʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ, ʘ ʪʘʢʦʞ ʧʦʨʦʟʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʥʷ ʰʘʨʫ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʢʣʘʜʝʥʦʛʦ ʥʘ ʘʛʣʦʩʪʨʽʯʢʫ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ ʚʦʣʦʛʽʩʪʶ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ 

ʰʠʭʪʠ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʪʘ ʝʢʚʽ-
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ʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ ʛʨʘʥʫʣ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʘʢʪʦʤ (ʧʘʪʝʥʪ ʋʢʨʘ-

ʥʾʠ ̄ 76045). 

3. ʈʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʦˇʨʫʜʢʫʚʘʯʘ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘ-

ʤʝʪʨʘ ʛʨʘʥʫʣ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʘʢʪʦʤ (ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ˉ 86487). 

4. ʋʜʦʩʢʦʥʘʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʩʧʽʢʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʽʛʨʽʪʦʾ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

60-80 Áʉ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʦʜʥʦʯʘʩʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ 

ʧʦʚʽʪʨʷ (ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ˉ 105847). 

5. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʚʠʨʦʙʥʠʮʪʚʘ ʘʛʣʦʤʝʨʘʪʫ ʽʟ ʩʫʭʠʭ ʰʠʭʪ ʽʟ 

ʦʜʥʦʯʘʩʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ ʪʘ ʧʘʣʠʚʘ ʟ ʥʠʟʴʢʦʶ ʪʝʤ-

ʧʝʨʘʪʫʨʦʶ ʟʘʧʘʣʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʚʠʩʦʪʫ ʰʘʨʫ ʜʦ 700-1000 ʤʤ ʟʽ 

ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʰʠʭʪʠ ʜʦ 24,8 %ʚʽʜʥ (ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ  

 ̄92284); 

6. ʈʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʘʣʠʚʘ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ ʦˇʨʫʜʢʦʚʘʥʦʾ 

ʰʠʭʪʠ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʜʦʜʘʚʘʥʥʷ ʚ ʧʦʪʽʢ ʰʠʭʪʠ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʘʛʣʦʤʘʰʠʥʫ, 

ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʰʠʭʪʠ ʥʘ 10 %  (ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ  

 ̄119280); 

7. ʈʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʩʧʽʢʘʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʭʦʾ 

ʰʠʭʪʠ ʟʚʝʨʭʫ ʽ ʚʦʣʦʛʦʾ ʦˇʨʫʜʢʦʚʘʥʦʾ ʟʥʠʟʫ (ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ˉ 105841) ʪʘ ʧʦʣʷʛʘʻ 

ʫ ʧ̔ʜʽʛʨʽʚ ̔ʚʦʣʦʛʦʾ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʜʦ 50-80 Áʉ ʪʝʧʣʦʪʦʶ ʛʘʟʽʚ, ʷʢʽ ʚʽʜʭʦʜʷʪʴ 

ʚʽʜ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʩʫʭʦʾ ʰʠʭʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʟʦʥʫ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʽ ʧʦ-

ʣʽʧʰʠʪʠ ʛʘʟʦʜʠʥʘʤʽʢʫ ʚʩʴʦʛʦ ʰʘʨʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʦˇʨʫʜʢʫʚʘʥ-

ʥʷ ʘʛʣʦʰʠʭʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʥʘ ʇʨɸʊ çʄʂ çɸɿʆɺʉʊɸʃʔè ʟ ʦʯʽʢʫʚʘʥʠʤ ʝʬʝʢʪʦʤ 

457,8 ʪʠʩ. ʜʦʣ. ʉʐɸ ʪʘ ʚʠʧʨʦʙʫʚʘʥʽ ʥʘ ʇʨɸʊ çʄʄʂ ʽʤ. ɯʣʣʽʯʘè ʽʟ ʦʯʽʢʫʚʘʥʠʤ 

ʝʢʦʥʦʤʽʯʥʠʤ ʝʬʝʢʪʦʤ 137,3 ʪʠʩ. ʜʦʣ. ʉʐɸ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʨʦʙʦʪʽ, ʻ ʩʘʤʦʩʪʽʡʥʦ ʦʪʨʠʤʘʥʠʤʠ ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ, ʘʙʦ ʟ ʡʦʛʦ ʙʝʟʧʦʩʝ-
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ʨʝʜʥʴʦʶ ʫʯʘʩʪʶ. ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʨʦʟʨʦʙʣʝʥʠʭ ʩʧʦʩʦʙʽʚ 

ʫʧʨʘʚʣʷʥʥʷ ʦʨ̌ʫʜʢʫʚʘʥʥʷʤ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʘʛʣʦʤʝʨʘʮʽʾ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʧʽʜ ʢʝʨʽʚʥʠ-

ʮʪʚʦʤ ʘʚʪʦʨʘ ʨʘʟʦʤ ʟ ʧʨʘʮʽʚʥʠʢʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʽ ʢʦʥʛʨʝʩʘʭ: 

çɻʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʢʦʤʧʣʝʢʩ: ʜʦʩʷʛʥʝʥʥʷ, ʧʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪ-

ʢʫè (ʂʨʠʚʠʡ ʈʽʛ, 2009), çʂʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. ʐʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ɻʄʂ ʋʢʨʘʾʥʠè (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, 2010), ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫ-

ʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʄʝʭʘʥʽʯʥʝ ʽ ʤʝʭʘʪʨʦʥʥʝ ʦʙʣʘʜʥʘʥʥʷ ʟʘʚʦʜʽʚ ʯʦʨʥʦʾ 

ʤʝʪʘʣʫʨʛʽʾè (ɼʦʥʝʮʴʢ, 2011), 6-ʤʫ ʄʽʞʥʘʨʦʜʥʦʤʫ ʩʠʤʧʦʟʽʫʤʽ çʗʢʽʩʪʴ ʤʽʥʝʨʘʣʴʥʦʾ 

ʩʠʨʦʚʠʥʠè (ʂʨʠʤ, 2011), VI ʄʽʞʥʘʨʦʜʥʠʡ ʂʦʥʛʨʝʩ ʟ ʘʛʣʦ-ʢʦʢʩʦ-ʜʦʤʝʥʥʦʛʦ ʚʠʨʦ-

ʙʥʠʮʪʚʘʤ. çʇʨʦʙʣʝʤʠ ʜʦʤʝʥʥʦʛʦ ʪʘ ʩʫʤʽʞʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. ʊʝ-

ʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚè (ʗʣʪʘ, 2013), XXVIII International 

Conference çProblems Of Decision Making Under Uncertaintiesè (Brno, Czech 

Republic, 2016), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʈʦʟʚʠʪʦʢ ʧʨʦʤʠʩ-

ʣʦʚʦʩʪʽ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘè (ʂʨʠʚʠʡ ʈʽʛ, 2017), ʄʽʞʥʘʨʦʜʥʦʤʫ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʬʦʨʫ-

ʤʽ çʅʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè (ʂʠʾʚ, 2017), XXXI International Conference çProblems Of 

Decision Making Under Uncertaintiesè (Lankaran-Baku, Republic of Azerbaijan, 

2018), XXVIII ʢʦʥʬʝʨʝʥʮʽʷ ʧʦ ʘʛʣʦʜʦʤʝʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʫ (ʆʇ çʋʢʨʤʝʪʘʣʫʨʛʧ-

ʨʦʤè, ʄʘʨʽʫʧʦʣʴ, 2019), ʘ ʪʘʢʦʞ ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ ʢʽʣʴʢʦʭ ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ (ʄʘʨʽʫʧʦʣʴ, 2001-2019). 

ʇʫʙʣʽʢʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 49 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʟ ʥʠʭ 

ʯʠʩʣʽ 17 ʩʪʘʪʪʷʭ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, 6 ʩʪʘʪʝʡ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʅɹɼ Scopus, ʟ ʷʢʠʭ 3 ʩʪʘʪʪʽ Q3, 7 ʩʪʘʪʪʷʭ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, 2 

ʩʪʘʪʪʷʭ ʚ ʽʥʦʟʝʤʥʠʭ ʚʠʜʘʥʥʷʭ, 6 ʧʘʪʝʥʪʽʚ ʋʢʨʘʾʥʠ, 11 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʢʦʥʬʝʨʝʥ-

ʮʽʷʭ. 

ʆʙôʻʤ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 5 ʨʦʟʜʽʣʽʚ ʽ 9 ʜʦʜʘʪʢʽʚ, ʚʠ-

ʢʣʘʜʝʥʘ ʥʘ 424 ʩʪʦʨʽʥʢʘʭ, ʚʢʣʶʯʘʶʯʠ 104 ʨʠʩʫʥʢʠ, 59 ʪʘʙʣʠʮʴ ʽ ʩʧʠʩʦʢ ʚʠʢʦʨʠʩ-

ʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 277 ʥʘʡʤʝʥʫʚʘʥʴ. 
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ʈʆɿɼɯʃ 1 

ʉʋʏɸʉʅɯ ʋʗɺʃɽʅʅʗ ʇʈʆ ʈʋʍ ɻɸɿɯɺ ɺ ʐɸʈɯ ʆˆʈʋɼʂʆɺɸʅʆɰ 

ʐʀʍʊʀ ɯ ʄɽʊʆɼʀ ɯʅʊɽʅʉʀʌɯʂɸʎɯɰ ɸɻʃʆʄɽʈɸʎɯʁʅʆɻʆ 

ʇʈʆʎɽʉʋ 

 

 

1.1. ɺʧʣʠʚ ʛʝʦʤʝʪʨʽʾ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ ʥʘ ʡʦʛʦ ʛʘʟʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ 

 

ɺ ʘʛʣʦʜʦʤʝʥʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʜʽʡʩʥʶʶʪʴ 

ʧʨʠʤʫʩʦʚʠʡ ʨʫʭ ʛʘʟʽʚ ʢʨʽʟʴ ʰʘʨ. ʇʦʪʽʢ, ʷʢʠʡ ʦʙʪʽʢʘʻ ʨʝʰʽʪʢʫ ʯʘʩʪʠʥʦʢ, ʚʠʟʥʘʯʘʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦ- ʽ ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʐʚʠʜʢʽʩʪʴ ʽ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʛʘʟʫ, ʨʦʟʧʦʜʽʣ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʥʘʡʙʽʣʴʰʦʶ ʤʽ-

ʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʛʦ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ: ʢʨʫʧʥʦʩʪʽ, ʬʦʨʤʠ ʽ 

ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ, ʦʙôʻʤʫ, ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ ʤʽʞʢʫʩʢʦʚʠʭ ʧʫʩʪʦʪ 

ʪʘ ʽʥ. [1-5].  

ɼʦʩʣʽʜʞʝʥʥʶ ʧʨʦʮʝʩʽʚ ʨʫʭʫ ʛʘʟʽʚ ʚ ʰʘʨʽ ʟʝʨʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠʩʚʷʯʝʥʘ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ [1, 5-14 ʪʘ ʽʥ.]. ʆʜʥʘʢ ʜʘʥʽ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ ʜʫʞʝ ʚʽʜʨʽʟʥʷʶʪʴ-

ʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʢʣʘʜʥʽʩʪʴ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɺ ʬʽʟʠʮʽ ʧʨʠ ʨʦʟʛʣʷʜʽ ʨʫʭʫ ʨʝʘʣʴʥʦʾ ʨʽʜʠʥʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʥʘʧʦʨʫ ʘʙʦ 

ʝʥʝʨʛʽʾ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʦʧʦʨʫ ʧʦʪʦʢʫ ʟʘʜʘʯʫ ʚʠʨʽʰʫʶʪʴ "ʝʥʝʨʛʝʪʠʯʥʠʤ" 

ʰʣʷʭʦʤ. ʆʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚ ʛʽʜʨʦʜʠʥʘʤʽʮʽ ʽ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ 

ʙʘʛʘʪʴʦʭ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʚʜʘʥʴ ʻ ʨʽʚʥʷʥʥʷ ʅʘʚ'ʻ-ʉʪʦʢʩʘ, ʷʢʝ ʷʚʣʷʻ 

ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ, ʱʦ ʦʧʠʩʫʻ ʨʫʭ 

ʚ'ʷʟʢʦʾ ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ. ɼʣʷ ʚ'ʷʟʢʠʭ ʨʽʜʠʥ ʽ ʛʘʟʽʚ ʮʝ ʨʽʚʥʷʥʥʷ, ʚʠʟʥʘʯʘʻ 

ʨʽʚʥʽʩʪʴ ʩʠʣ ʽʥʝʨʮʽʾ ʩʫʤʽ ʚʩʽʭ ʜʽʶʯʠʭ ʩʠʣ ï ʧʝʨʝʧʘʜʫ ʪʠʩʢʽʚ, ʩʠʣʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʨʪʷ ʽ ʚʘʛʠ ʨʽʜʠʥʠ (ʛʘʟʫ) [7]. ɿʥʘʭʦʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʽʰʝʥʥʷ 

ʩʠʩʪʝʤʠ ʅʘʚ'ʻ-ʉʪʦʢʩʘ ʜʣʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʙʦ ʧʣʦʩʢʦʛʦ ʧʦʪʦʢʫ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, 

ʱʦ ʚʦʥʦ ʥʝʣʽʥʽʡʥʝ ʽ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

ɼʨʽʙʥʦʟʝʨʥʠʩʪʽ ʥʝʨʫʭʦʤʽ ʰʘʨʠ ʽʟ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʤʘʶʪʴ ʨʷʜ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʦʪʦʢʫ. ʉʶʜʠ ʚʽʜʥʦʩʷʪʴʩʷ 
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ʥʝʨʽʚʥʦʤʽʨʥʝ ʫʢʣʘʜʘʥʥʷ ʟʝʨʝʥ ʚ ʘʧʘʨʘʪ, ʧʨʠʩʪʽʥʢʦʚʽ ʝʬʝʢʪʠ, ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ 

ʰʘʨʫ. ʂʨʽʤ ʪʦʛʦ, ʚ ʥʝʨʫʭʦʤʦʤʫ ʰʘʨʽ ʽʩʥʫʶʪʴ ʧʦʩʪʽʡʥʽ ʢʦʥʪʘʢʪʠ ʤʽʞ ʯʘʩʪʢʘʤʠ. ʎʝ, 

ʧʦ-ʧʝʨʰʝ, ʚ ʨʘʟʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʘʙʦ ʽʥʰʠʭ ʘʢʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʩʪʠʤʫʣʶʶʪʴ ʜʠʬʫʟʽʶ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʽʢʘʥʥʷ ʟʝʨʝʥ. ʇʦ-ʜʨʫʛʝ ï ʚ 

ʨʘʡʦʥʽ ʢʦʞʥʦʛʦ ʢʦʥʪʘʢʪʫ ʚʠʥʠʢʘʻ ʦʙôʻʤ ʽʟ ʤʘʣʦʨʫʭʦʤʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ 

ʚʠʢʣʠʢʘʻ ʽʩʪʦʪʥʫ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʞʝʥ 

ʥʝʨʫʭʦʤʠʡ ʰʘʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʦʶ ʧʦʨʦʟʥʽʩʪʶ, ʷʢʘ ʥʠʞʯʝ ʬʘʢʪʠʯʥʦʾ.  

ʅʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʦʪʦʢʫ ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʶʪʴ ʨʦʟʨʘʭʫʥʦʢ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʘʨʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ ʅʘʚ'ʻ-ʉʪʦʢʩʘ. 

ʈʫʭ ʽʜʝʘʣʴʥʦʾ ʨʽʜʠʥʠ ʘʙʦ ʛʘʟʫ, ʚ ʷʢʠʭ ʚʽʜʩʫʪʥʽ ʩʠʣʠ ʚ'ʷʟʢʦʛʦ ʪʝʨʪʷ, ʢʨʽʟʴ ʰʘʨ 

ʢʫʩʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʧʠʩʫʻ ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ [6], ʷʢʝ ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʢʪʦʨʥʝ ʨʽʚ-

ʥʷʥʥʷ, ʱʦ ʚʠʨʘʞʘʻ ʙʘʣʘʥʩ ʽʤʧʫʣʴʩʫ ʜʣʷ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʦ ʩʠʭ ʧʽʨ ʥʝʚʽ-

ʜʦʤʦ, ʯʠ ʽʩʥʫʻ ʛʣʘʜʢʝ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ, ʧʦʯʠʥʘ-

ʶʯʠ ʽʟ ʟʘʜʘʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ. 

ʗʢ ʥʘʩʣʽʜʦʢ ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ ʤʦʞʝ ʙʫʪʠ ʚʠʚʝʜʝʥʦ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ, ʨʦʟʤʽ-

ʨʥʽʩʪʴ ʚʩʽʭ ʜʦʜʘʥʢʽʚ ʷʢʦʛʦ ï ʦʜʠʥʠʮʷ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ ʨʽ-

ʜʠʥʠ (ʛʘʟʫ) 

 

 constpgh
v

2

2

, (1.1) 

ʜʝ ɟ ï ʛʫʩʪʠʥʘ ʛʘʟʫ, ʢʛ/ʤ
3
;  

v ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʤ/ʩ; 

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ
2
; 

h ï ʚʠʩʦʪʘ, ʥʘ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʨʦʟʛʣʷʥʫʪʠʡ ʝʣʝʤʝʥʪ, ʤ; 

p ï ʪʠʩʢ ʚ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʠʡ ʮʝʥʪʨ ʤʘʩʠ ʝʣʝʤʝʥʪʘ ʨʽʜʠʥʠ, ʷʢʘ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʇʘ. 

 

ɺʝʣʠʯʠʥʘ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʨ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʚʥʷʥʥʽ (1.1), 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʂʣʘʧʝʡʨʦʥʘ-ʄʝʥʜʝʣʻʻʚʘ, ʷʢʝ ʚʢʘʟʫʻ, ʱʦ ʪʠʩʢ ʛʘʟʫ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʯʠʩʣʫ ʤʦʣʝʢʫʣ ʚ ʦʜʠʥʠʮʽ ʦʙ'ʻʤʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ ʛʘʟʫ. 
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ʌʽʟʠʯʥʽ ʨʽʚʥʷʥʥʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʪʨʘʪ ʥʘʧʦʨʫ ʚ ʰʘʨʽ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʮʝʩʽʚ ʽʟ ʚʠʩʦʢʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʮʝʩʽʚ ʚ ʜʦʤʝʥʥʽʡ ʧʝʯʽ. ʎʽʢʘʚʽ ʨʦʙʦʪʠ 

ɺ.ʇ. ʃʷʣʶʢʘ, ɭ.ɻ. ɼʦʥʩʢʦʚʘ ʪʘ ʽʥ. ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʘʟʦʜʠʥʘʤʽʢʠ ʧʦʪʦʢʫ, ʬʫʨʤʝʥʠʭ 

ʚʦʛʥʠʱ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʜʫʪʪʻʚʠʭ ʧʘʨʘʤʝʪʨʽʚ [15-18]. 

ɻʘʟʦʚʦʤʫ ʧʦʪʦʢʫ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʚ ʰʘʨʽ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ, ʥʝ ʚʣʘʩʪʠʚʽ 

ʽʩʪʦʪʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ. ʊʦʤʫ, ʜʣʷ ʟʘʛʘʣʴʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʛʘʟʦʜʠʥʘʤʽʢʫ ʰʘʨʫ 

ʧʨʦʮʝʩ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʙʽʣʴʰ ʩʧʨʦʱʝʥʦ. 

ʅʘʡʯʘʩʪʽʰʝ ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ ʰʘʨʽ ʚʠʟʥʘʯʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʃ.ʂ. ʈʘʤʟʽʥʠʤ  ʝʤʧʽʨʠʯʥʦ ʟʥʘʡʜʝʥʘ ʬʦʨʤʫʣʘ 

 

 ʈ = ʘʅ nU0 , (1.2) 

ʜʝ ʘ ̔ n ï ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, 1 < n < 2; 

ʅ ï ʚʠʩʦʪʘ ʰʘʨʫ, ʤ;  

U0 ï ʧʨʠʚʝʜʝʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ, ʤ
3
/(ʤ

2
Āʩ). 

 

ʌʦʨʤʫʣʘ (1.2) ʥʝ ʚʨʘʭʦʚʫʻ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʘʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʦʤʫ ʥʝ ʧʨʠʜʘʪʥʘ ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʭʽʜʥʦʾ ʦʙʣʘʩʪʽ ʨʫʭʫ ʛʘʟʽʚ ʚ 

ʰʘʨʽ, ʦʩʢʽʣʴʢʠ ʚ ʾʾ ʦʩʥʦʚʫ ʧʦʢʣʘʜʝʥʦ ʥʝʧʦʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʛʽʜʨʘʚʣʽʯʥʦ-

ʛʦ ʦʧʦʨʫ Ɋ = ɸ / Re
n
.
 

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʫʭʫ ʛʘʟʫ ʚ ʰʘʨʽ ʧʨʠʡʤʘʶʪʴ ʨʷʜ 

ʩʧʨʦʱʫʚʘʣʴʥʠʭ ʧʨʠʧʫʱʝʥʴ ʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʪʨʘʪ ʥʘʧʦʨʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ 

ɼʘʨʩʽ-ɺʝʡʩʙʘʭʘ (ɽʨʛʘʥʘ) 

 

 
2

1 2
0

3

U

d

H
P , (1.3) 

ʜʝ Ů ï ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ, ʯ. ʦʜ; 

d ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ, ʤ;  

ʌ ï ʧʦʢʘʟʥʠʢ ʩʬʝʨʠʯʥʦʩʪʽ. 
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ʌʦʨʤʫʣʘ (1.3) ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʪʨʘʪ ʪʠʩʢʫ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʨʫ-

ʙʘʭ ʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʦʧʦʚʥʝʥʥʽ ʬʦʨʤʫʣʠ ɺʝʡʩʙʘʭʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ɼʘʨʩʽ ʦʧʦʨʫ ʜʽ-

ʣʷʥʢʠ ʪʨʫʙʠ ʜʦʚʞʠʥʦʶ L (ʤ) ʽ ʜʽʘʤʝʪʨʦʤ D (ʤ) [2] 

 

 
D

L
,  (1.4) 

ʜʝ ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʥʘ ʪʝʨʪʷ ʧʦ ʜʦʚʞʠʥʽ. 

 

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʬʦʨʤʫʣʘ ɼʘʨʩʽ-ɺʝʡʩʙʘʭʘ (1.3) ʷʚʣʷʻ ʩʦʙʦʶ ʤʦʜʠʬʽ-

ʢʦʚʘʥʫ ʧʝʨʰʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ (1.1), ʱʦ ʤʘʻ ʩʝʥʩ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ 

ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ ʛʘʟʫ (ʨʽʜʠʥʠ). 

ʊʨʫʜʥʦʱʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ (1.3) 

ʦʙʫʤʦʚʣʝʥʽ ʪʠʤ, ʱʦ ʢʨʽʤ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʥʘ ʚʪʨʘʪʠ ʪʠʩʢʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʢʦʝʬʽ-

ʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ . ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ  ʟʘʟʚʠʯʘʡ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʨʠʪʝʨʽʶ ʈʝʡʥʦʣʴʜʩʘ Re. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʪʨʘʪʠ ʪʠʩʢʫ 

ʚ ʰʘʨʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʣʘʤʽʥʘʨʥʦʾ ʽ ʪʫʨʙʫʣʝʥʪʥʦʾ ʩʢʣʘʜʦʚʠʭ, ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʦʧʠ-

ʩʫʶʪʴ ʨʽʚʥʷʥʥʷʤ 

 

 

ʜʝ a, b, c, n ï ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ.  

 

ʇʝʨʰʠʡ ʯʣʝʥ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʚʠʨʘʟʫ (1.5) ʷʚʣʷʻ ʩʦʙʦʶ ʣʘʤʽʥʘʨʥʫ ʩʢʣʘʜʦʚʫ, ʘ 

ʽʥʰʽ ʜʚʘ ï ʪʫʨʙʫʣʝʥʪʥʫ. 

ɼʣʷ ʰʘʨʫ ʟʝʨʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʣʘʜʢʠʭ ʪʨʫʙ, ʭʘʨʘʢʪʝʨʥʠʡ 

ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʣʘʤʽʥʘʨʥʦʾ ʪʝʯʽʾ ʜʦ ʪʫʨʙʫʣʝʥʪʥʦʾ. ʇʝʨʝʭʽʜʥʘ ʦʙʣʘʩʪʴ ʦʭʦʧ-

ʣʶʻ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʶ ʈʝʡʥʦʣʴʜʩʘ ï ʚʽʜ 10
1
 ʜʦ 10

4
.  

ɺ ʨʦʙʦʪʽ [9] ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜ ʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʩʫʭʠʭ, ʧʽʜʩʫʰʝʥʠʭ ʽ ʦʙʧʘʣʝʥʠʭ ʦʢʘʪʠʰʽʚ: 
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ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʫʟʴʢʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʡ ʰʘʨ ʟ ʧʦʨʦʟʥʽʩʪʶ  = 

0,45õ0,50. ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʚʽʜʨʽʟʥʷ-

ʻʪʴʩʷ ʙʽʣʴʰ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʬʨʘʢʮʽʡ ʽ ʡʦʛʦ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʥʠʞʯʝ. 

ɼʣʷ ʜʦʤʝʥʥʠʭ ʰʠʭʪ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ [19] 

 

 

ʜʝ ʜ ʽ ʚï ʧʦʨʦʟʥʽʩʪʴ ʥʘʡʤʝʥʰʦʾ ʪʘ ʩʫʤʽʰʽ ʫʩʽʭ ʬʨʘʢʮʽʡ, ʚʽʜʧʦʚʽʜʥʦ, ʤ
3
/ʤ

3
. 

 

ɸʣʝ ʮʷ ʬʦʨʤʫʣʘ ʜʽʡʩʥʘ ʽʟ ʯʘʩʪʠʥʦʶ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʚ ʰʠʭʪʽ ʥʝ ʙʽʣʴʰʝ 0,30. 

ʂʦʨʦʪʠʯ ɺ.ɯ. ʟʘʧʨʦʧʦʥʫʚʘʚ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʦʢʨʝʤʠʭ 

ʟʦʥ ʧʨʠ ʘʛʣʦʤʝʨʘʮʽʾ, ʱʦ ʚʠʢʣʶʯʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ 

ʰʤʘʪʢʽʚ ʘʙʦ ʢʘʥʘʣʽʚ, ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ [1]. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʦʢʨʝʤʦʾ ʟʦʥʠ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ, ʱʦ ʻ ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ 

ʬʦʨʤʫʣʠ ɼʘʨʩʽ-ɺʝʡʩʙʘʭʘ (ɽʨʛʘʥʘ) (1.3) 

 

 

ʜʝ  K1 ʡ K2 ï ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʤ
-2
 ʪʘ ʤ

-1
; 

ɜ ï ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʛʘʟʫ, ʤ
2
/ʩ. 

 

ʂʦʝʬʽʮʽʻʥʪʠ K1 ʽ K2 ʚʠʨʘʟʫ (1.8) ʫʟʘʛʘʣʴʥʶʶʪʴ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʨʝʞʠʤʫ ʨʫʭʫ ʛʘʟʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʘʨʫ [1] 

 

 

ʜʝ  ɸ2 ʽ ɺ ï ʢʦʝʬʽʮʽʻʥʪʠ ʫ ʚʠʨʘʟʽ ʢʦʝʬʽʮʽʻʥʪʫ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʜʣʷ ʧʝ-

ʨʝʭʽʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʛʘʟʽʚ 
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ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜ ʯʘʩʪʢʠ ʜʨʽʙʥʷʢʫ ʚ ʰʘʨʽ  = 

f(m) ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʠʜʫ (1.5) ʽ (1.10) ʪʘ, ʟʛʽʜʥʦ ʽʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʜʦ-

ʤʝʥʥʠʭ ʰʠʭʪ, ʤʘʻ ʜʚʘ ʤʘʢʩʠʤʫʤʠ (ʨʠʩ. 1.1). 

 

 

 

ʈʠʩ. 1.1. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ (ʘ) ʽ ʚʪʨʘʪ ʥʘʧʦʨʫ ʚʽʜ ʦʙ'ʻʤʥʦʾ ʯʘʩʪʢʠ 

ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨʽ (ʙ): 1 ï ʟʘ ʜʘʥʠʤʠ ʊ.ʃ. ɼʞʦʟʝʬʘ [26]; 2 ï ʟʘ ʜʘʥʠʤ ɺ.ʇ. 

ʊʘʨʘʩʦʚʘ [19] 

 

ʅʘʷʚʥʽʩʪʴ ʤʽʥʽʤʫʤʫ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʽʟ ʚʤʽʩʪʦʤ ʜʨʽʙʥʦʾ 

ʬʨʘʢʮʽʾ m = 0,4 ʧʦʢʠ ʥʝ ʟʥʘʡʰʣʘ ʧʝʨʝʢʦʥʣʠʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. ʊʦʤʫ ʦʧʠʩ ʚʪʨʘʪ 

ʥʘʧʦʨʫ ʜʦʤʝʥʥʠʭ ʰʠʭʪ ʟʘʟʚʠʯʘʡ ʦʙʤʝʞʫʶʪʴ ʯʘʩʪʢʦʶ ʜʨʽʙʥʷʢʫ ʚ ʰʠʭʪʽ ʜʦ m < 

0,2õ0,3. 

ɼʣʷ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜ ʯʘʩ-

ʪʢʠ ʜʨʽʙʥʷʢʫ ʚ ʰʘʨʽ  = f(m) ʧʦʚʠʥʥʘ ʤʘʪʠ ʘʥʘʣʦʛʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ.  

ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʦˇʨʫʜʢʫ-

ʚʘʥʥʷ, ʚʽʜ ʜʦʟʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʽʜ ʾʭ ʩʝʛʨʝʛʘʮʽʾ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʽ ʙʘʛʘʪʴʦʭ 

ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ʊʦʤʫ ʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʨʦʟʨʘʭʫʥʦʢ ʚʪʨʘʪ ʥʘʧʦʨʫ ʛʘʟʽʚ 

ʚ ʰʘʨʽ ʽʟ ʬʨʘʢʮʽʡʥʠʤ ʩʢʣʘʜʦʤ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʫʤʦʚ ʘʛʣʦʤʝʨʘʮʽʾ. 
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ʇʨʠ ʢʝʨʫʚʘʥʥʽ ʨʦʟʨʽʜʞʝʥʥʷʤ ʧʽʜ ʰʘʨʦʤ ʟʘʤʽʨʠ ʧʨʠʚʝʜʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʟʽʚ 

ʢʨʽʟʴ ʰʘʨ U0 ʽ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʈ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʛʘ-

ʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ ʰʠʭʪʠ ʟʘ ʚʠʨʘʟʦʤ (1.8). ʆʜʥʘʢ, ʧʨʠ ʟʤʽʥʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ 

ʩʢʣʘʜʫ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʪʨʽʙʥʦ ʨʦʙʠʪʠ ʥʦʚʽ ʚʠʤʽʨʠ. ɼʣʷ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣʠ (1.8) ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʦʚʽʣʴʥʫ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʘʟʦ-

ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ. 

ɺ ʧʨʦʮʝʩʽ ʩʧʽʢʘʥʥʷ ʘʛʣʦʰʠʭʪʠ ʚʽʜ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ, ʧʣʘʚʣʝʥʥʷ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ 

ʧʘʣʠʚʘ ʪʘ ʽʥʰʠʭ ʧʦʨʫʰʝʥʴ ʚʠʭʽʜʥʦʛʦ ʰʘʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʛʨʘʥʫʣ ʚ ʥʠ-

ʞʥʽʡ ʯʘʩʪʠʥʽ ʰʘʨʫ. ɺʪʨʘʪʠ ʪʠʩʢʫ ʚ ʥʴʦʤʫ ʧʽʜ ʯʘʩ ʩʧʽʢʘʥʥʷ ʟʙʽʣʴʰʫʶʪʴʩʷ ʙʽʣʴʰ 

ʥʽʞ ʚ 3 ʨʘʟʠ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʜʦʩʣʽʜʞʝʥʴ ʰʘʨʽʚ ʟ ʦʜʥʘʢʦʚʦʶ ʧʦʨʦʟʥʽʩʪʶ ʰʘʨʫ, ʷʢʽ ʩʢʣʘʜʘ-

ʶʪʴʩʷ ʽʟ ʢʫʩʢʦʚʠʭ ʪʽʣ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ, ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʤʦʞʝ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʙʽʣʴʰ ʥʽʞ ʚ 3 ʨʘʟʠ. ɿʘ  = 0,3 ʽ Re = 170õ2000 ʜʣʷ ʩʠʧʢʦʛʦ ʰʘʨʫ ʽʟ 

ʩʬʝʨʠʯʥʠʭ ʪʽʣ ʧʦʩʪʽʡʥʦʛʦ ʜʽʘʤʝʪʨʘ  ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 140 ʜʦ 75 ʪʘ  = 0,3; ʜʣʷ ʩʠʧ-

ʢʦʛʦ ʰʘʨʫ ʟ ʪʽʣ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ  ï ʚʽʜ 350 ʜʦ 270. 

ɼʣʷ ʫʤʦʚ ʨʫʭʫ ʛʘʟʽʚ ʚ ʜʦʤʝʥʥʽʡ ʧʝʯʽ ʯʠʩʣʦ Re ʤʘʻ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʽ ʤʘʣʦ 

ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ . ʋ ʟʚ'ʷʟʢʫ ʽʟ ʮʠʤ, ʚ [19] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʨʘ-

ʤʝʪʨʠ, ʷʢʽ ʥʘʜʘʶʪʴ ʙʽʣʴʰ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ. ɼʣʷ ʜʦʤʝʥʥʠʭ ʰʠʭʪ ʯʘʩʪʢʠ ʽʩʪʦʪʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʢʫʣʷʩʪʠʭ, ʪʦʤʫ ʚ ʬʫʥʢʮʽʶ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ  ʚʚʝʜʝʥʠʡ ʧʦʢʘʟ-

ʥʠʢ ʩʬʝʨʠʯʥʦʩʪʽ ʌ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʪʨʘʪ ʪʠʩʢʫ ʚ ʛʨʝʙʝʥʽ ʪʘ ʫʢʦʩʽ ʰʠʭʪʠ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʟʩʠʧʘʥʥʽ ʟ ʚʝʣʠʢʦʛʦ ʢʦʥʫʩʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ  = 

f(m, ʌ), ʜʝ m ï ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʜʨʽʙʥʷʢʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʧʫʩʪʠʤʠʡ, ʦʜʥʘʢ ʤʘʻ ʦʙ-

ʤʝʞʝʥʫ ʟʘʩʪʦʩʦʚʥʽʩʪʴ. 

ɺ ʨʦʙʦʪʽ [20], ʫ ʟʚ'ʷʟʢʫ ʽʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʦˇʨʫʜʢʦʚʘʥʦʾ 

ʰʠʭʪʠ ʧʨʠ ʨʽʟʥʽʡ ʚʦʣʦʛʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʝʢʚʽʚʘ-

ʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ ʧʫʩʪʦʪ dʝ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʾʾ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʧʨʝʜ-

ʩʪʘʚʣʝʥʽ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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ʜʝ ʉ, n ï ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

 

ɺ ʪʘʢʦʤʫ ʞ ʚʠʛʣʷʜʽ ʘʚʪʦʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʛʽʜʨʘʚʣʽ-

ʯʥʦʛʦ ʦʧʦʨʫ ʟʦʥ ʩʫʰʽʥʥʷ, ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ, ʧʣʘʚʣʝʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ. ʅʘ 

ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʚʯʝʥʥʷ ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʽʚ ʦʬʣʶʩʦʚʘʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ, 

ʦʪʨʠʤʘʥʦʛʦ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʽ ʥʘ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʩʪʨʽʯʢʘʭ ʅʠʞʥʴʦʪʘʛʽʣʴʩʴ-

ʢʦʛʦ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʙʽʥʘʪʫ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʥʘʩʢʨʽʟʥʠʭ 

ʢʘʥʘʣʽʚ, ʱʦ ʜʦʨʽʚʥʶʻ 5,5 ʤʤ [20]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ ʰʘʨʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯ-

ʥʦʛʦ ʩʢʣʘʜʫ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ.  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʽ ʤʦʜʝʣʶʚʘʥʷʤ ʰʘʨʫ ʯʘʩʪʢʠ ʨʽʟʥʦʾ ʢʨʫʧʥʦʩʪʽ ʥʘʡʯʘʩʪʽʰʝ ʟʘ-

ʤʽʥʷʶʪʴ ʥʘ ʢʫʣʽ ʦʜʥʦʛʦ ʜʽʘʤʝʪʨʘ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʻ ʫʩʝʨʝʜʥʝʥʠʤ, ʽ ʚʠʧʘʜʢʦʚʽ ʫʢʣʘ-

ʜʘʥʥʷ ʚ ʰʘʨʽ ʟʘʤʽʥʶʶʪʴ ʨʝʛʫʣʷʨʥʠʤʠ. ɺʠʜʽʣʷʶʪʴ ʯʦʪʠʨʠ ʪʠʧʠ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʭ 

ʨʝʛʫʣʷʨʥʠʭ ʫʢʣʘʜʘʥʴ: ʢʫʙʽʯʥʝ, ʦʢʪʘʝʜʨʠʯʥʝ, ʪʝʪʨʘʝʜʨʠʯʥʝ ʽ ʨʦʤʙʦʝʜʨʠʯʥʝ, ʘʥʘʣʦ-

ʛʽʯʥʠʭ ʚʧʦʨʷʜʢʦʚʘʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʶ ʘʪʦʤʽʚ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ [8, 9, 21]. 

ʄʦʞʣʠʚʽ ʡ ʽʥʰʽ ʚʧʦʨʷʜʢʦʚʘʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʫʧʘʢʦʚʢʘ ʪʠʧʫ ʢʨʠʩʪʘʣʽ-

ʯʥʦʾ ʨʝʰʽʪʢʠ ʘʣʤʘʟʫ. ʆʜʥʘʢ, ʮʽ ʫʧʘʢʦʚʢʠ ʤʦʞʣʠʚʽ ʧʨʠ ʙʽʣʴʰ ʧʫʭʢʠʭ ʨʦʟʪʘʰʫʚʘʥ-

ʥʷʭ ʙʝʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʢʫʣʴʦʢ ʦʜʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʷʜʫ. 

ʇʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʚʧʦʨʷʜʢʦʚʘʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʢʫʣʴ ʦʜʥʘʢʦʚʦʛʦ ʜʽʘʤʝʪʨʫ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ: ʚʽʜ Ů = 0,476 ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʧʫʭʢʦʶ ʜʦ Ů = 

0,259 ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʱʽʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɿʘ ʤʽʥʽʤʘʣʴʥʦʶ ʧʦʨʦʟʥʽʩʪʶ ʥʘʡʙʽʣʴʰ 

ʚʽʨʦʛʽʜʥʠʤ ʻ ʪʝʪʨʘʝʜʨʠʯʥʝ ʧʘʢʫʚʘʥʥʷ, ʪʘʢ ʷʢ ʽʥʰʽ ʪʠʧʠ ʥʝʩʪʽʡʢʽ ʚ ʧʨʦʮʝʩʽ ʫʢʣʘ-

ʜʘʥʥʷ ʢʫʣʴ. 

ʇʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʰʘʨʫ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʽ ʨʦʤʙʦʝʜʨʠʯ-

ʥʽ ʪʘ ʪʝʪʨʘʝʜʨʠʯʥʽ ʫʢʣʘʜʘʥʥʷ ʢʫʣʴ ʦʜʥʦʛʦ ʜʽʘʤʝʪʨʘ [9, 22, 23]. ɽʣʝʤʝʥʪʘʨʥʠʡ ʦʙ'ʻʤ 

ʨʦʤʙʦʝʜʨʠʯʥʦʛʦ ʫʢʣʘʜʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʦʩʴʤʠ ʢʫʣʴ, ʪʝʪʨʘʝʜʨʠʯʥʦʛʦ ï ʯʦʪʠ-

ʨʴʦʭ. ɿʘ ʨʦʤʙʦʝʜʨʠʯʥʠʤ ʽ ʪʝʪʨʘʝʜʨʠʯʥʠʤ ʫʢʣʘʜʘʥʥʷʭ ʢʦʞʥʘ ʢʫʣʷ ʩʧʠʨʘʻʪʴʩʷ ʥʘ 

ʪʨʠ ʥʠʞʥʽ ʢʫʣʽ. ʊʝʪʨʘʝʜʨ, ʫʪʚʦʨʝʥʠʡ ʚʝʨʰʠʥʘʤʠ ʯʦʪʠʨʴʦʭ ʢʫʣʴ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ 

ʷʢ ʬʨʘʛʤʝʥʪ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ, ʩʪʦʨʦʥʠ ʷʢʦʛʦ ʟ'ʻʜʥʫʶʪʴ ʮʝʥʪʨʠ ʚʦʩʴʤʠ ʢʫʣʴ. ʗʢʱʦ 
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ʨʦʟʛʣʷʜʘʪʠ ʩʬʝʨʠʯʥʫ ʯʘʩʪʢʫ, ʦʧʠʩʘʥʫ ʥʘʚʢʦʣʦ ʪʘʢʠʤʠ ʞ ʯʘʩʪʢʘʤʠ, ʪʦ ʥʘ ʾʾ ʧʦʚʝʨ-

ʭʥʽ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 12 ʢʫʣʴ ʽʟ ʥʝʟʥʘʯʥʠʤ ʟʘʣʠʰʢʦʤ ʧʣʦʱʽ. ʊʘʢʝ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʪʘ-

ʰʫʚʘʥʥʷ ʚʦʩʴʤʠ ʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʽ ʦʜʠʥ ʚ ʮʝʥʪʨʽ ʫʪʚʦʨʶʶʪʴ 7 ʪʝʪʨʘʝʜʨʽʚ.  

ʇʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʢʫʣʴ ʦʜʥʦʛʦ ʜʽʘʤʝʪʨʘ ʟʘ ʨʦʤʙʦʝʜʨʠʯʥʠʤ ʫʢʣʘʜʘʥʥʷʤ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʉʣʽʭʪʝʨʘ [9, 22] 

 

 1 ,
6 1 cos 1 2cos

 (1.5) 

ʜʝ  ï ʢʫʪ ʫʢʣʘʜʘʥʥʷ ʢʫʣʴ, 60Á < <90Á. 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʨʦʟʥʦʩʪʽ ʢʫʣʴ ʦʜʥʦʛʦ ʜʽʘʤʝʪʨʘ ʟʘ ʬʦʨʤʫʣʦʶ ʉʣʽʭʪʝʨʘ ʥʝ-

ʦʙʭʽʜʥʦ ʟʥʘʪʠ ʢʫʪ ʾʭ ʫʢʣʘʜʘʥʥʷ. ɺ ʨʦʙʦʪʽ [24] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ʫʢʣʘʜʘʥʥʷ ʜʦʩ-

ʣʽʜʥʠʢʠ ʚʠʚʯʘʣʠ ʙʫʜʦʚʫ ʰʘʨʫ ʜʦʤʝʥʥʦʾ ʰʠʭʪʠ ʚʽʟʫʘʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ 

ʟʦʥʜʫ. ʆʪʨʠʤʘʥʦ ʯʽʪʢʝ ʟʦʙʨʘʞʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʰʘʨʫ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ ʽ 

ʦʢʘʪʠʰʽʚ ʦʜʥʦʛʦ ʜʽʘʤʝʪʨʘ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʫʪʘ  ʤʦʞʝ 

ʧʨʠʡʤʘʪʠ ʙʫʜʴ-ʷʢʽ ʟʥʘʯʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʫʢʣʘʜʘʥʥʷ ʰʠʭʪʠ. 

ʈʽʚʥʷʥʥʷ (1.11) ʤʘʻ ʰʚʠʜʰʝ ʪʝʦʨʝʪʠʯʥʝ, ʥʽʞ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʥʠʤ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʢʫʣʴ ʦʜʥʦʛʦ ʜʽʘʤʝʪʨʘ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʜʫʞʝ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,259 ʜʦ 0,476. ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʯʘʩʪʢʘ ʧʫʩʪʦʪ ʚ 

ʦʙ'ʻʤʽ ʰʘʨʫ ʢʫʣʴ ʟʤʽʥʶʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ: ʚʽʜ 0,36 ʜʦ 0,44 [10, 23, 25-27]. ʊʫʪ 

ʧʦʨʷʜ ʽʟ ʜʝʬʝʢʪʘʤʠ ʫ ʚʠʛʣʷʜʽ ʚʘʢʘʥʩʽʡ ʪʘ ʜʠʩʣʦʢʘʮʽʡ ʻ ʚʝʣʠʢʽ ʜʦʤʝʥʠ ʽʟ ʮʽʣʢʦʤ 

ʚʧʦʨʷʜʢʦʚʘʥʠʤʠ ʫʢʣʘʜʘʥʥʷʤʠ. ʇʨʠ ʟʘʩʠʧʮʽ ʚ ʘʧʘʨʘʪ ʦʜʥʦʨʽʜʥʠʭ ʧʦʣʽʨʦʚʘʥʠʭ ʤʝ-

ʪʘʣʝʚʠʭ ʢʫʣʴ ʦʜʥʦʯʘʩʥʦ ʥʝʚʝʣʠʢʠʤʠ ʧʘʨʪʽʷʤʠ ʙʝʟ ʧʦʜʘʣʴʰʦʾ ʫʪʨʫʩʢʠ, ʚʽʙʨʘʮʽʾ ʘʙʦ 

ʧʨʝʩʫʚʘʥʥʷ ʢʫʣʽ ʫʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʤ ʟʥʘʯʝʥʥʷʤ Ů = 0,38õ0,39. ʋʢ-

ʣʘʜʘʥʥʷ ʢʫʣʴ ʟ ʧʦʜʘʣʴʰʦʶ ʚʽʙʨʘʮʽʻʶ ʰʘʨʫ ʘʙʦ ʩʪʨʫʰʫʚʘʥʥʷʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʙʽʣʴʰ ʱʽʣʴʥʦʾ ʫʧʘʢʦʚʢʠ ʟ Ů = 0,33õ0,36.  

ɺ ʨʦʙʦʪʽ [22] ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʟʘ ʚʠʧʘʜʢʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʘ-

ʨʽʚ, ʢʫʪ ʾʭ ʫʢʣʘʜʘʥʥʷ   ʟ̔ ʨʽʚʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚ ʽʥʪʝʨʚʘ-

ʣʽ ʚʽʜ 60Á ʜʦ 90Á ʚ ʰʘʨʽ ʽ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʙʣʠʟʴʢʽ ʜʦ ʩʝʨʝʜʥʴʦʛʦ 
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 408,0
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3

d . (1.6) 

ʂʨʽʤ ʪʦʛʦ, ʽʟ (1.13) ʚʠʧʣʠʚʘʻ, ʱʦ ʰʘʨʠ ʢʫʣʴ ʽʟ ʨʽʟʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʘʶʪʴ ʦʜ-

ʥʘʢʦʚʫ ʧʦʨʦʟʥʽʩʪʴ. ʆʙʠʜʚʘ ʧʦʣʦʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʥʝ ʜʦʩʠʪʴ ʦʙˇʨʫʥʪʦʚʘʥʠ-

ʤʠ. ʅʘʚʧʘʢʠ, ʪʽ ʞ ʘʚʪʦʨʠ [22] ʧʨʠʧʫʩʢʘʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʧʦʨʦʟʥʦ-

ʩʪʽ ʚʽʜʥʦʩʥʦ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦʛʦ ʾʾ ʟʥʘʯʝʥʥʷ. ɺʽʜʦʤʦ, ʱʦ ʬʣʫʢʪʫʘʮʽʾ ʧʦʨʦʟʥʦʩʪʽ ʫ 

ʚʠʧʘʜʢʦʚʽʡ ʟʘʩʠʧʮʽ ʽʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʧʽʜʢʦʨʷʶʪʴʩʷ ʟʘʢʦʥʫ ɻʘʫʩʘ [28, 29]. 

ɺ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ ʜʨʽʙʥʽ ʟʝʨʥʘ ʤʦʞʫʪʴ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʚ ʧʨʦʤʽʞ-

ʢʘʭ ʤʽʞ ʚʝʣʠʢʠʤʠ ʽ ʪʠʤ ʩʘʤʠʤ ʟʥʠʞʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ. ʊʘʢ, ʟʘ ʢʫʙʽ-

ʯʥʠʤ ʫʢʣʘʜʘʥʥʷʤ ʢʫʣʴ ʨʘʜʽʫʩʫ R ʚ ʧʨʦʤʽʞʢʘʭ ʤʽʞ ʥʠʤʠ ʤʦʞʥʘ ʨʦʟʪʘʰʫʚʘʪʠ ʢʫʣʽ 

ʨʘʜʽʫʩʫ r = R Ā (3ï1)  0,732 Ā R. ʇʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʘ ʧʦʨʦʟʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ ʟ 

0,476 ʜʦ 0,271. ɺ ʧʦʨʦʞʥʠʥʠ ʤʽʞ ʢʫʣʷʤʠ ʦʙʦʭ ʨʦʟʤʽʨʽʚ ʤʦʞʥʘ ʚʢʣʘʩʪʠ ʱʝ ʙʽʣʴʰ 

ʜʨʽʙʥʽ ʢʫʣʴʢʠ ʽ ʪ. ʜ. ʊʝʦʨʝʪʠʯʥʦ ʧʨʠ ʨʝʛʫʣʷʨʥʦʤʫ ʫʢʣʘʜʘʥʥʽ ʰʘʨʽʚ ʽʟ ʢʫʣʴ ʰʝʩʪʠ 

ʜʽʘʤʝʪʨʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʦʨʦʟʥʽʩʪʴ Ů = 0,039. ʅʘʩʧʨʘʚʜʽ ʜʫʞʝ ʤʘʣʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʪʦʛʦ, ʱʦ ʰʘʨ ʽʟ ʟʝʨʥʘʤʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʽʟ ʧʣʘʚʥʦʶ ʟʤʽʥʦʶ ʜʽʘʤʝʪʨʽʚ ʙʫʜʝ ʤʘʪʠ 

ʥʠʟʴʢʫ ʧʦʨʦʟʥʽʩʪʴ ʽ ʜʣʷ ʩʫʤʽʰʽ ʽʟ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʽʚ ʤʘʻ, ʷʢ 

ʧʨʘʚʠʣʦ, ʪʦʡ ʞʝ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥ (0,350,45), ʷʢ ʽ ʜʣʷ ʰʘʨʽʚ ʽʟ ʝʣʝʤʝʥʪʽʚ ʦʜʥʦʛʦ 

ʨʦʟʤʽʨʫ.  

ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʧʦʣʽʬʨʘʢʮʽʡʥʦʛʦ ʰʘʨʫ ʚʝ-

ʣʴʤʠ ʨʽʟʥʦʤʘʥʽʪʥʽ. ɹʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʦʨʦʟʥʦʩʪʽ ʟʝʨʥʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʝʤʧʽʨʠʯʥʽ. ʅʘʡʧʨʦʩʪʽʰʽ ʩʪʫʧʝʥʝʚʽ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʧʦʨʦʟʥʦʩʪʽ ʚʽʜ 

ʩʝʨʝʜʥʴʦʛʦ ʜʽʘʤʝʪʨʫ ʢʫʩʢʽʚ ʰʘʨʫ ʪʘ ʥʝ ʧʨʠʜʘʪʥʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʰʘʨʫ ʰʠʭʪ ʽʟ ʨʽ-

ʟʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ [30-32].  

ʇʝʨʰʽ ʩʧʨʦʙʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʟʘʣʝʞʥʦʩʪʽ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʚʽʜ ʯʘʩʪʢʠ 

ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʟʨʦʙʣʝʥʽ ʉ.ʉ. ʌʫʨʥʘʩʦʤ [10], ʷʢʠʡ ʟʘʧʨʦʧʦʥʫʚʘʚ ʫʟʘʛʘʣʴʥʝʥʽ ʢʨʠ-

ʚʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʮʶ ʟʘʣʝʞʥʽʩʪʴ, ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʽʟ ʚʤʽʩʪʦʤ ʜʨʽʙʥʷʢʫ ʤʝʥʰʝ 0,4, ʪʦʙʪʦ ʧʨʘʢʪʠʯʥʦ 

ʜʣʷ ʚʩʽʭ ʜʦʤʝʥʥʠʭ ʰʠʭʪ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʫ ʬʦʨʤʫʣʫ [19] 
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 max 1,83 12,2 0,07c ʜ ʚm arctg d d . (1.7) 

 

ɿʘʜʦʚʽʣʴʥʦ ʫʟʛʦʜʞʝʥʽ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʨʽʚʥʷʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʣʠʰʝ ʜʣʷ ʪʠʭ ʫʤʦʚ, ʜʣʷ ʷʢʠʭ ʚʦʥʠ ʦʪʨʠʤʘʥʽ, ʽ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘ-

ʣʴʥʦʾ ʙʫʜʦʚʠ ʰʘʨʫ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʤʽʩʪʫ ʬʨʘʢʮʽʡ. 

ʏʘʩʪʦ ʧʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʦʧʠʩʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʨʦʟʥʦʩʪʽ ʚʽʜ ʬʨʘʢʮʽʡʥʦʛʦ 

ʩʢʣʘʜʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʣʽʬʨʘʢʮʽʡʥʠʡ ʰʘʨ ʟʘʤʽʥʶʶʪʴ ʙʽʬʨʘʢʮʽʡʥʠʤ. ɼʣʷ 

ʙʘʛʘʪʴʦʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʜʦʤʝʥʥʦʾ ʰʠʭʪʠ, ʪʘʢʝ ʧʨʠʧʫʱʝʥʥʷ ʤʦʞʣʠʚʝ, 

ʪʘʢ ʷʢ ʧʨʦʤʽʞʥʘ ʬʨʘʢʮʽʷ ʥʝ ʥʘʜʘʻ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ [19, 33]. ɺ 

ʪʦʡ ʞʝ ʯʘʩ, ʩʧʨʦʱʝʥʝ ʫʷʚʣʝʥʥʷ ʜʝʷʢʠʭ ʩʫʤʽʰʝʡ ʢʽʣʴʢʦʭ ʬʨʘʢʮʽʡ ʫ ʚʠʛʣʷʜʽ ʙʽʥʘʨ-

ʥʦʛʦ ʰʘʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʭʠʙʦʢ. ʊʘʢ ʚʽʜʟʥʘʯʝʥʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʩʝʨʝʜʥʴʦʾ ʬʨʘʢ-

ʮʽʾ ʥʘ ʧʦʨʦʟʥʽʩʪʴ ʩʚʠʥʮʝʚʦʛʦ ʜʨʦʙʫ ʽʟ ʚʽʜʥʦʰʝʥʥʷʤ ʜʽʘʤʝʪʨʽʚ ʢʫʣʴ 4:2:1 [34].  

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʦʙôʻʤ ʧʦʨʦʞʥʠʥ ʚʩʽʭ ʬʨʘʢʮʽʡ ʘʛʣʦʤʝʨʘ-

ʮʽʡʥʦʾ ʰʠʭʪʠ: ʚʝʣʠʢʠʭ (ʘʛʣʦʨʫʜʘ, ʟʚʦʨʦʪ), ʩʝʨʝʜʥʽʭ (ʦˇʨʫʜʢʦʚʘʥʽ ʛʨʘʥʫʣʠ, ʯʘʩʪʢʠ 

ʧʘʣʠʚʘ ʽ ʚʘʧʥʷʢʫ) ʽ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ (ʦˇʨʫʜʢʦʚʘʥʠʡ ʢʦʥʮʝʥʪʨʘʪ ʽ ʰʣʘʤ), ʨʦʟʤʽʨʠ 

ʷʢʠʭ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ 10 ʨʘʟʽʚ ʽ ʙʽʣʴʰʝ [35]. 

ɺ ʜʽʡʩʥʠʭ ʫʤʦʚʘʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʰʠʭʪʦʚʽ ʤʘʪʝʨʽʘʣʠ ʧʝʨʝʨʦʟʧʦʜʽʣʷʶʪʴʩʷ, ʱʦ 

ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʫʤʦʚʣʶʻ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʧʦ ʚʠʩʦʪʽ ʧʝʯʽ. ʈʦʟʧʦʜʽʣ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝ-

ʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʾʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ, ʘʣʝ ʽ ʚʽʜ ʩʝʛʨʝʛʘʮʽʡʥʠʭ ʷʚʠʱ ʧʦ 

ʧʦʚʝʨʭʥʽ ʟʘʩʠʧʫ ʽ ʟʘʩʠʧʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʇʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʚ ʜʦʤʝʥʥʽʡ ʧʝʯʽ ʧʨʠ ʟʘʚʘ-

ʥʪʘʞʝʥʥʽ ʽʟ ʢʦʥʫʩʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʘʪʠ ʟʘ ʝʤʧʽʨʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ [19]  
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ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʜʣʷ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʽʟ 
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ɺ [26] ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʰʘʨʫ, ʚ ʷʢʽʡ ʨʦʟʨʘʭʦʚʫʶʪʴ ʢʨʠʪʠʯʥʽ ʨʦʟʤʽʨʠ ʽ ʢʽ-

ʣʴʢʽʩʪʴ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʚʧʠʩʫʶʪʴʩʷ ʚ ʧʨʦʩʚʽʪʠ ʤʽʞ ʰʤʘʪʢʘʤʠ ʤʦʥʦʜʠʩʧʝʨʩ-

ʥʦʛʦ ʰʘʨʫ ʜʦʤʽʥʫʶʯʦʾ ʬʨʘʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʧʦʯʘʪʢʦʚʠʡ ʦʙôʻʤ ʰʘʨʫ ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʟ 

ʟʤʽʥʠ. ɺʠʜʽʣʝʥʦ ʧ'ʷʪʴ ʢʨʠʪʠʯʥʠʭ ʬʨʘʢʮʽʡ, ʜʦʜʘʚʘʥʥʷ ʷʢʠʭ ʚ ʰʘʨ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʘʢ-

ʪʠʯʥʦ ʛʘʟʦʥʝʧʨʦʥʠʢʥʠʤ. ʊʘʢʦʞ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʯʠʤ ʤʝʥʰʠʡ ʚʽʜʥʦʩʥʠʡ ʜʽʘʤʝʪʨ ʜʨʽ-

ʙʥʠʭ ʯʘʩʪʠʥʦʢ, ʪʠʤ ʤʝʥʰʘ ʤʽʥʽʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʧʦʨʦʟʥʦʩʪʽ. ʇʨʠ ʟʤʽʥʽ ʚʽʜʥʦʩʥʦʛʦ 

ʜʽʘʤʝʪʨʘ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʚʽʜ 0,2 ʜʦ 0,8 ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʥʘ-

ʩʪʘʻ ʽʟ ʚʽʜʥʦʩʥʦʶ ʾʭ ʢʽʣʴʢʽʩʪʶ 0,296 ʽ 0,762, ʚʽʜʧʦʚʽʜʥʦ. ɸʚʪʦʨʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʽʟ 

dʤ/dʢ  0,2 ʨʦʟʤʽʨʠ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʙôʻʤ ʧʫʩʪʦʪ ʚ ʰʘʨʽ. ʆʜʥʘʢ, 

ʚʽʜʦʤʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʩʧʨʦʩʪʦʚʫʶʪʴ ʪʘʢʫ ʜʫʤʢʫ [10, 13, 19 ʪʘ ʽʥ.]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʨʠʪʠʯʥʠʭ ʬʨʘʢʮʽʡ ʜʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʨʦʟʥʦʩʪʽ ʽʟ ʨʽ-

ʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʬʨʘʢʮʽʡ ʫ ʰʘʨʽ ʚʠʧʨʘʚʜʘʥʝ. ʇʨʦʪʝ ʚ ʨʝʘʣʴʥʦʤʫ ʰʘʨʽ ʜʨʽʙʥʽ 

ʬʨʘʢʮʽʾ ʤʦʞʫʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʫ ʚʫʟʴʢʠʭ ʤʽʩʮʷʭ, ʧʦʨʽʚʥʷʥʥʠʭ ʟʘ ʨʦʟʤʽʨʦʤ ʟ ʢʨʫ-

ʧʥʽʩʪʶ ʯʘʩʪʠʥʦʢ, ʨʽʟʢʦ ʟʙʽʣʴʰʫʶʯʠ ʟʚʠʚʠʩʪʽʩʪʴ ʢʘʥʘʣʽʚ ʽ ʚʪʨʘʪʠ ʥʘʧʦʨʫ. ɺʠʭʦʜʷʯʠ 

ʽʟ ʜʦʩʣʽʜʞʝʥʴ, ʤʘʢʩʠʤʘʣʴʥʦ ʥʘ ʚʝʣʠʯʠʥʫ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʚʧʣʠʚʘʶʪʴ ʜʨʽʙʥʽ ʬʨʘʢ-

ʮʽʾ ʟ ʜʽʘʤʝʪʨʦʤ, ʨʽʚʥʠʤ 1/10 ʚʽʜ ʜʽʘʤʝʪʨʫ ʚʝʣʠʢʦʾ ʬʨʘʢʮʽʾ. 

ɺʽʜʦʤʽ ʪʘʢʦʞ ʽʥʰʽ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʧʦʨʦʟʥʦʩʪʽ 

ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʨʽʙʥʽ ʯʘʩʪʢʠ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʽ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʽʣʴʰ ʚʝʣʠʢʠʤʠ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ dʤ/dʢ ʥʘ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ [22].  

ɺ [36] ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʦʩʽʙ ʨʦʟʨʘʭʫʥʢʫ ʧʦʨʦʟʥʦʩʪʽ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʜʦʩʠʪʴ ʰʠ-

ʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʝʦʨʝʪʠʯʥʠʭ ʤʽʨʢʫʚʘʥʥʷʭ, ʪʘʢ ʽ ʥʘ ʝʤʧʽʨʠʯʥʠʭ 

ʜʘʥʠʭ, ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʽ 

 

 
n

ʢ

=1

=1-(1- ) - (1- ) , ʢ i i i

i

m ml  (1.10) 

ʜʝ l i ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ. 

 

ɺʚʝʜʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʧʦʧʨʘʚʦʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ l i ʧʦʨʫʰʫʻ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ 

ʨʽʚʥʷʥʥʷ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʽ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽʟ ʚʤʽʩʪʦʤ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʙʽʣʴʰʝ 0,7 ʚ ʙʽʥʘʨʥʦʤʫ ʰʘʨʽ. ʅʝ-
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ʜʦʣʽʢʦʤ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʯʽʪʢʦʛʦ ʧʨʠʥʮʠʧʫ ʧʦʜʽʣʫ ʩʫʤʽʰʽ ʥʘ ʦʢʨʝʤʽ 

ʚʫʟʴʢʽ ʬʨʘʢʮʽʾ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ ʚ ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩ-

ʪʦʚʫʻʪʴʩʷ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʚʽʜʪʚʦʨʠʪʠ ʽ ʩʧʦʩʪʝ-

ʨʽʛʘʪʠ ʬʽʟʠʯʥʝ ʷʚʠʱʝ ʪʘ ʚʠʟʥʘʯʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʥʝ ʚʜʘʶʯʠʩʴ ʜʦ ʜʦʩ-

ʣʽʜʞʝʥʴ ʥʘ ʥʘʪʫʨʥʠʭ ʦʙ'ʻʢʪʘʭ.  

ʆʩʥʦʚʦʶ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʻ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠ-

ʩʫʶʪʴ ʬʽʟʠʯʥʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʟʚʠʯʘʡʥʽ ʜʠʬʝʨʝʥʮʽʡʥʽ ʨʽ-

ʚʥʷʥʥʷ ʘʙʦ ʜʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ, ʷʢʽ ʚʠʨʽʰʫʶʪʴ ʽʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ, ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʦʙ'ʻʤʽʚ. ʋ ʢʦʞʥʦʤʫ ʽʟ ʮʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʴʦʚʘʥʘ ʬʽʟʠ-

ʯʥʘ ʩʠʩʪʝʤʘ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʥʝʚʝʣʠʢʽ ʦʩʝʨʝʜʢʠ (ʥʘʙʽʨ, ʟʚʘʥʠʡ ʩʽʪʢʦʶ), ʘ ʟʤʽʥʠ ʩʪʘ-

ʥʫ, ʷʢʽ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʥʶʶʪʴʩʷ, ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʥʘʙʦʨʘʤʠ ʟʥʘʯʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ. 

ɺʠʭʽʜʥʝ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʟʘʤʽʥʶʶʪʴ ʥʘʙʦʨʦʤ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʚʠ-

ʨʘʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ, ʝʥʝʨʛʽʾ ʪʘ/ʘʙʦ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʚ ʢʦ-

ʞʥʦʤʫ ʤʘʣʦʤʫ ʙʣʦʮʽ ʘʙʦ ʣʘʥʢʘʭ, ʘ ʪʘʢʦʞ ʧʝʨʝʥʝʩʝʥʥʷ ʤʘʩʠ, ʝʥʝʨʛʽʾ ʪʘ/ʘʙʦ ʢʽʣʴʢʦ-

ʩʪʽ ʨʫʭʫ ʤʽʞ ʣʘʥʢʘʤʠ. ʂʽʣʴʢʽʩʪʴ ʮʠʭ ʨʽʚʥʷʥʴ ʤʦʞʝ ʜʦʭʦʜʠʪʠ ʜʦ ʤʽʣʴʡʦʥʽʚ. ʄʦʜʝ-

ʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʝʨʝʥʦʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʯʘʩʦʚʠʭ ʢʨʦʢʽʚ.  

ʇʨʠ ʪʠʧʦʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʛʘʟʦʜʠʥʘʤʽʢʠ ʰʘʨʫ ʦʩʥʦʚʥʽ ʥʝʚʽʜʦʤʽ ʟʤʽʥʥʽ, ʟʘ-

ʟʚʠʯʘʡ ʪʠʩʢ ʽ ʬʘʟʦʚʝ ʥʘʩʠʯʝʥʥʷ ʘʙʦ ʩʢʣʘʜ, ʰʫʢʘʶʪʴ ʚ ʧʝʚʥʠʭ ʪʦʯʢʘʭ (ʚʫʟʣʘʭ). ɺʠ-

ʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʦʧʠʩʫ ʰʘʨʽʚ, ʟʘʟʚʠʯʘʡ ʤʦʜʝʣʶʶʪʴ ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʩʪʨʘʪʠʛʨʘʬʽʶ ʰʘʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʣʴʡʦʥʽʚ ʩʽʪʢʦʚʠʭ ʣʘʥʦʢ, ʢʦʞʥʘ ʽʟ ʷʢʠʭ ʤʽʩʪʠʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʘʨʫ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ (ʘʣʝ ʥʝ ʦʙʤʝʞʫʶʪʴʩʷ ʮʠʤ) ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʧ-

ʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʦʨʠʩʪʽʩʪʴ, ʧʨʦʥʠʢʥʽʩʪʴ, ʧʦʯʘʪʢʦʚʝ ʥʘʩʠʯʝʥʥʷ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 

ʧʣʠʥʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʘ ʪʘʢʦʞ ʬʫʥʢʮʽʾ ʚʽʜʥʦʩʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʽ ʢʘʧʽʣʷʨʥʦʛʦ ʪʠʩ-

ʢʫ. ʇʦʪʽʢ ʧʣʠʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʜʚʦʤʘ ʚʫʟʣʘʤʠ ʟʘʟʚʠʯʘʡ ʤʦʜʝʣʶʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʧʦʪʦʢʫ ʚʟʜʦʚʞ ʟ'ʻʜʥʘʥʥʷ ʜʚʦʭ ʚʫʟʣʽʚ. ɼʣʷ ʮʴʦʛʦ ʚʠʨʽʰʫʶʪʴ ʨʽʚʥʷʥʥʷ ʧʦʪʦʢʫ ʽ ʦʙ-

ʯʠʩʣʶʶʪʴ ʤʽʞʚʫʟʣʦʚʽ ʚʠʪʨʘʪʠ ʽ ʛʨʘʜʽʻʥʪʠ ʪʠʩʢʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ.  

ʋ ʚʽʜʦʤʠʭ ʤʦʜʝʣʷʭ ʰʘʨʽʚ ʤʘʡʞʝ ʚʩʽ ʩʽʪʢʦʚʽ ʩʠʩʪʝʤʠ ʻ ʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ [37-
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40], ʪʦʙʪʦ ʣʘʥʢʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʬʦʨʤʫ ʽ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʩʪʦʨʽʥ ʘʙʦ ʛʨʘʥʝʡ. 

ʄʘʡʞʝ ʚʩʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ ʙʫʜʫʶʪʴ ʚ ʜʝʢʘʨʪʦʚʽʡ ʘʙʦ ʧʦʣʷʨ-

ʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʜʝ ʢʦʞʥʘ ʣʘʥʢʘ ʤʘʻ ʯʦʪʠʨʠ ʙʽʯʥʽ ʩʪʦʨʦʥʠ ʫ ʜʚʦʭ ʚʠʤʽʨʘʭ 

ʘʙʦ ʰʽʩʪʴ ʛʨʘʥʝʡ ʚ ʪʨʴʦʭ ʚʠʤʽʨʘʭ. ʍʦʯʘ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ ʟʨʫʯʥʽ ʫ ʚʠʢʦʨʠʩʪʘʥ-

ʥʽ, ʚʦʥʠ ʥʝ ʚʦʣʦʜʽʶʪʴ ʛʥʫʯʢʽʩʪʶ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥ ʛʝʦʤʝʪʨʽʾ ʰʘʨʫ ʪʘ ʯʘʩʪʦ ʥʝ 

ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʽ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘ-

ʣʫ ʽ ʛʘʟʽʚ ʚ ʰʘʨʽ.  

ɼʣʷ ʪʠʭ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʝʬʝʢʪʠʚʥʠʤʠ, 

ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʛʥʫʯʢʽ ʩʽʪʢʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʙʘʛʘʪʦʢʫʪʥʠʢʽʚ (ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ 

ʫ ʚʠʧʘʜʢʫ ʪʨʴʦʭ ʚʠʤʽʨʽʚ), ʬʦʨʤʘ, ʨʦʟʤʽʨʠ ʽ ʢʽʣʴʢʽʩʪʴ ʩʪʦʨʽʥ ʘʙʦ ʛʨʘʥʝʡ ʷʢʠʭ ʤʦ-

ʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʤʽʩʮʷ ʜʦ ʤʽʩʮʷ. ʅʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ 

ʢʦʤʧʣʝʢʩʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʢʨʘʱʝ, ʥʽʞ ʩʪʨʫʢʪʫʨʦʚʘ-

ʥʽ ʩʽʪʢʠ. ʆʜʥʠʤʠ ʽʟ ʪʠʧʽʚ ʛʥʫʯʢʠʭ ʩʽʪʦʢ ʻ ʩʽʪʢʘ ɺʦʨʦʥʦʛʦ [41] ʯʠ ɼʝʣʦʥʝ [42]. 

ɿʘʟʚʠʯʘʡ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʦʧʠʩʽ ʧʦʪʦʢʽʚ, ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶ-

ʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʜʥʘʢ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʧʨʷʤʠʤʠ ʤʝʪʦʜʘʤʠ ʫʩʝʨʝʜʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʜʘʚʘʪʠ ʨʦʟ-

ʧʦʜʽʣ ʧʨʦʥʠʢʥʦʩʪʝʡ ʧʦ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʽʪʮʽ. ʇʨʠ ʮʴʦʤʫ ʚʫʟʣʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ 

ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʫʟʣʘʤ ʽʟ ʩʽʪʢʠ, ʱʦ ʦʧʠʩʫʻ ʰʘʨ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ [43].  

ɯʩʥʫʶʪʴ ʜʠʩʢʨʝʪʥʽ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʰʘʨ ʢʫʣʷʩʪʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʨʦʩʪʦʨʽ 

[36, 44]. ʎʽ ʤʦʜʝʣʽ ʟʘʩʪʦʩʦʚʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʰʘʨʫ ʧʦʣʽʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ. ʋʢʣʘ-

ʜʘʥʥʷ ʛʨʘʥʫʣ ʚ ʰʘʨ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʫʤʦʚ ʟʽʪʢʥʝʥʴ ʨʦʟʤʽʱʫʚʘʥʦʾ 

ʛʨʘʥʫʣʠ ʽʟ ʽʥʰʠʤʠ, ʨʘʥʽʰʝ ʫʢʣʘʜʝʥʠʤʠ. ʌʦʨʤʠ ʨʝʘʣʴʥʠʭ ʟʝʨʝʥ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʘʟʚʠʯʘʡ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʢʫʣʷʩʪʠʭ. ɼʣʷ ʥʝ ʢʫʣʷʩʪʠʭ ʟʝʨʝʥ ʩʢʣʘʜʘʥʥʷ ʪʘ-

ʢʠʭ ʫʤʦʚ ʟʽʪʢʥʝʥʴ ʚʘʞʢʝ. 

ʐʘʨ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʫʪʚʦʨʶʶʪʴ ʛʨʘʥʫʣʠ, ʬʦʨʤʘ ʷʢʠʭ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ-

ʙʣʠʞʘʻʪʴʩʷ ʜʦ ʩʬʝʨʠʯʥʦʾ. ʆʜʥʘʢ ʧʨʠ ʦˇʨʫʜʢʫʚʘʥʽ ʛʨʘʥʫʣʠ ʬʦʨʤʫʶʪʴʩʷ ʽʟ ʟʝʨʝʥ ʨʽ-

ʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʤ. ʊʦʤʫ ʜʣʷ ʫʤʦʚ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʰʘʨʫ ʽʟ ʯʘʩʪʠʥʦʢ ʨʽʟʥʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʥʝ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦ-

ʨʠʩʪʦʩʪʽ ʛʨʘʥʫʣ. ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʛʽʜʥʦ ʫʷʚʣʝʥʥʷʤ ʧʨʦ ʧʨʦʮʝʩ ʛʨʘʥʫ-

ʣʷʮʽʾ ʜʣʷ ʦʧʠʩʫ ʩʪʨʫʢʪʫʨʠ ʛʨʘʥʫʣʠ ʦʙôʻʤ ʰʘʨʫ ʬʦʨʤʫʶʪʴ ʥʘʚʢʦʣʦ ʮʝʥʪʨʫ ʥʘʢʦʯʫ-
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ʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʝ ʙʽʣʴʰ ʜʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʽ ʬʦ-

ʨʤʠ ʢʦʤʧʦʥʝʥʪʽʚ ʘʛʣʦʰʠʭʪʠ, ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʽʚ ʦʧʠʩʫ ʽ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʝ-

ʨʝʥ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʬʦʨʤʠ. 

ɺ ʧʦʨʘʭ ʛʨʘʥʫʣ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʠʬʫʟʽʷ ʩʦʨʙʫʶʯʠʭ ʽ ʨʝʘʛʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʘʣʝ ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʻ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʦʪʦʢʽʚ. ʊʦʤʫ ʚʝʣʠʯʠʥʫ ʧʦʨʠʩʪʦʩʪʽ ɝ, ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ, ʟʘʟʚʠʯʘʡ ʥʝ ʚʨʘ-

ʭʦʚʫʶʪʴ ʽ ʥʝ ʚʢʣʶʯʘʶʪʴ ʚ . ʆʜʥʘʢ, ʧʨʠ ʮʴʦʤʫ ʤʦʞʥʘ ʙʫʜʝ ʨʦʟʨʘʭʫʚʘʪʠ ʤʽʮʥʽʩʪʴ 

ʛʨʘʥʫʣ, ʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚʩʝʨʝʜʠʥʽ ʛʨʘʥʫʣʠ ʨʽʟʥʦʾ 

ʢʨʫʧʥʦʩʪʽ. 

ɿʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʙôʻʤ ʧʫʩʪʦʪ ʚ ʰʘʨʽ ʥʘʜʘʶʪʴ ʩʪʽʥʢʠ ʧʦʩʫʜʠʥʠ. ʄʘʪʝʤʘ-

ʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʫʩʝʨʝʜʥʝʥʦʾ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ n = Dan/d ʦʪʨʠʤʘʥʘ 

ʚ [7, 8] 

 

 

ʜʝ ʮ, ʩ ï ʧʦʨʦʟʥʽʩʪʴ ʚ ʮʝʥʪʨʽ ʪʘ ʙʽʣʷ ʩʪʽʥ ʘʧʘʨʘʪʫ, ʚʽʜʧʦʚʽʜʥʦ; 

 n  ï ʢʽʣʴʽʩʪʴ ʨʦʟʧʫʰʝʥʠʭ ʰʘʨʽʚ. 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʫʩʢʣʘʜʥʝʥʝ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʝʣʠʯʠʥʠ ʧʦʨʦʟʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚ ʨʦʟʧʫʰʝʥʽʡ ʟʦʥʽ, ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʪʘ ʻʤʥʦʩʪʽ. 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʦʨʦʟʥʦʩʪʽ ʟʝʨʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʘ-

ʟʫʻ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʟʘ-

ʩʪʦʩʦʚʥʽ ʪʽʣʴʢʠ ʜʣʷ ʜʦʤʝʥʥʦʾ ʰʠʭʪʠ. ɺʽʜʦʤʽ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʙʫʜʦʚʠ ʰʘʨʫ ʨʦʟʨʦʙʣʝʥʽ ʣʠʰʝ ʜʣʷ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ ʽ ʥʝ ʟʘʩʪʦʩʦʚʥʽ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʨʥʠʩʪʠʭ ʰʘʨʽʚ. ʊʦʤʫ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ 

ʻʜʠʥʦʾ ʪʝʦʨʽʾ ʨʦʟʨʘʭʫʥʢʫ ʧʦʨʦʟʥʦʩʪʽ ʟʝʨʥʠʩʪʠʭ ʰʘʨʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʫ ʟʝʨʥʠʩʪʦʤʫ ʰʘʨʽ ʩʫʪʪʻʚʠʡ ʥʝ ʩʪʽʣʴʢʠ ʣʦʢʘʣʴʥʠʡ, ʩʢʽ-

ʣʴʢʠ ʫʩʝʨʝʜʥʝʥʠʡ ʧʦ ʨʷʜʘʭ ʨʦʟʧʦʜʽʣ ʧʦʨʦʟʥʦʩʪʽ ʫ ʧʨʠʩʪʽʥʢʦʚʦʤʫ ʰʘʨʽ ʪʘ ʚ ʮʝʥʪʨʽ, 

ʘ ʪʘʢʦʞ ʟʤʽʥʘ ʩʝʨʝʜʥʴʦʾ ʟʘ ʧʝʨʝʨʽʟʦʤ ʧʦʨʦʟʥʦʩʪʽ Ů ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
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Dan/d. ɿʘʟʚʠʯʘʡ ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʦʜʷʪʴ ʜʘʥʽ ʧʨʦ ʧʦʨʦʟʥʽʩʪʴ, ʢʦʣʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ 

ʚʧʣʠʚʦʤ ʦʙʤʝʞʫʶʯʠʭ ʩʪʽʥʦʢ ʥʘ ʩʪʨʫʢʪʫʨʫ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ. ʋ ʜʦʩʠʪʴ ʚʝʣʠʢʦʤʫ 

ʱʦʜʦ ʨʦʟʤʽʨʽʚ ʯʘʩʪʢʠ ʦʙôʻʤʽ, ʢʦʣʠ ʰʘʨ ʽʟʦʪʨʦʧʥʠʡ, ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ, ʧʦʚ'ʷʟʘ-

ʥʠʭ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʰʘʨʫ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ [7].  

ɺʠʭʦʜʷʯʠ ʽʟ ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʨʦʟʥʽʩʪʴ ʻ ʦʜʥʠʤ ʽʟ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʬʨʘʢʮʽʡ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʧʦ ʢʨʫʧʥʦʩʪʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʜʦʤʽʥʫʶʯʦʾ, ʽ ʜʣʷ ʤʦʥʦʬʨʘʢʮʽʡʥʠʭ ʰʠʭʪ ʾʾ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʝ. ɼʣʷ ʧʦʣʽʬʨʘʢ-

ʮʽʡʥʠʭ ʰʠʭʪ, ʦʩʦʙʣʠʚʦ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ, ʢʨʫʧʥʽʩʪʴ ʜʦʤʽʥʫʶʯʦʾ ʬʨʘʢʮʽʾ ʥʝ ʟʘʚʞʜʠ 

ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ dʝ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʣʠʚʦ, ʱʦ ʩʠʧʢʽ 

ʤʘʪʝʨʽʘʣʠ ʽʟ ʷʩʢʨʘʚʦ ʧʨʦʪʠʣʝʞʥʠʤʠ ʨʦʟʧʦʜʽʣʘʤʠ ʙʫʜʫʪʴ ʤʘʪʠ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ 

dʝ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʧʦʢʘʟʥʠʢ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʽ-

ʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʬʨʘʢʮʽʡ ʱʦʜʦ dʝ. 

ɺ ʤʘʪʝʤʘʪʠʯʥʽʡ ʩʪʘʪʠʩʪʠʮʽ ʜʦ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʢʠ ʦʜʥʦʨʽʜʥʦʩʪʽ ʢ̔ -

ʣʴʢʽʩʥʠʭ ʜʘʥʠʭ ʚʽʜʥʦʩʷʪʴ ʜʠʩʧʝʨʩʽʶ 
2

d  ʽ ʚʘʨʽʘʮʽʶ Vd, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʟʢʠʜ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜʥʦʩʥʦ ʾʾ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. ʏʠʤ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ 
2

d  ʪʘ 

Vd, ʪʠʤ ʤʝʥʰʘ ʚʠʨʽʚʥʷʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʥʘʯʝʥʴ.  

ʄʝʪʘʣʫʨʛʽʡʥʽ ʰʠʭʪʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʬʨʘʢʮʽʡ, ʯʘʩʪʦ ʙʝʟ 

ʧʝʨʝʚʘʞʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʟ ʥʠʭ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʫ ʟʥʘʯʥʦ 

ʟʤʽʥʶʻʪʴʩʷ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʦˇʨʫʜʢʦʚʘʥʠʭ ʘʛʣʦʰʠʭʪ. ɼʠʩʧʝʨʩʽʷ ʻ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥ-

ʥʷʤ ʢʚʘʜʨʘʪʘ ʜʽʘʧʘʟʦʥʫ ʚʽʜʭʠʣʝʥʥʷ ʽ ʟʘ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʨʫʧʥʦʩʪʽ ʯʘʩʪʠʥʦʢ ʥʝ 

ʻ ʦʜʥʦʟʥʘʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʟʘ ʷʢʠʤ ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʨʦ ʦʜʥʦʨʽʜʥʽʩʪʴ ʛʨʘʥʫʣʦʤʝʪ-

ʨʠʯʥʦʛʦ ʩʢʣʘʜʫ. ʊʦʤʫ ʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʦʮʽʥʢʠ ʨʦʟʧʦʜʽʣʫ ʬʨʘʢʮʽʡ 

ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʻ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ Vd  ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʧʦʢʘʟʥʠʢ, ʱʦ ʧʦʢʘʟʫʻ ʚʽ-

ʜʥʦʩʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʚʝʣʠʯʠʥʠ dʝ,  

 

 edd dV 2
, ʯ.ʦʜ. (1.11) 

 

ʏʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ Vd, ʪʠʤ ʚʽʜʥʦʩʥʦ ʙʽʣʴʰʠʡ ʨʦʟʢʠʜ ʽ ʤʝʥʰʘ ʚʠʨʽʚʥʷʥʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʥʘʯʝʥʴ ʜʽʘʤʝʪʨʽʚ ʯʘʩʪʠʥʦʢ.  
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ɸʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʟʝʨʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʟʚʠʯʘʡ ʟʜʽʡʩ-

ʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʧʝʥʝʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ [45] ʯʠ ʨʽʟʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʘʢʦʥʽʚ 

ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, ʥʘʧʨʠʢʣʘʜ ʥʦʨʤʘʣʴʥʦʛʦ ʘʙʦ ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ [46].  

ʇʨʦʪʝ ʥʘʡʯʘʩʪʽʰʝ ʜʣʷ ʦʧʠʩʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟʝʨʥʠʩʪʠʭ ʤʘʪʝʨʽʘ-

ʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ ʈʦʟʽʥʘ-ʈʘʤʣʝʨʘ, ʟʘʩʥʦʚʘʥʝ ʥʘ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʨʦʟʧʦ-

ʜʽʣʽ ɺʝʡʙʫʣʣʘ [28, 47] 

 

 
deddf 1)( , ( ) 1 ,dF d e ɓ > 0, ɚ> 0,  (1.12) 

ʜʝ f(d) ï ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʧʦ ʢʨʫʧʥʦʩʪʽ (ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʬʨʘʢ-

ʮʽʾ ʽʟ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ ʯʘʩʪʠʥʦʢ d), ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʚʤʽʩʪʫ 

ʬʨʘʢʮʽʾ ʜʦ ʨʽʟʥʠʮʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʘ ʾʾ ʯʘʩʪʠʥʦʢ; 

ɓ, ɚ ï ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ; 

F(d) ï ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʧʦ ʢʨʫʧʥʦʩʪʽ (ʩʫʤʘʨʥʠʡ ʚʤʽʩʪ ʯʘʩʪʠʥʦʢ 

ʜʽʘʤʝʪʨʦʤ ʤʝʥʰʝ d), ʯ. ʦʜ. 

 

ɼʣʷ ʫʩʝʨʝʜʥʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ, ʷʢʝ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʜʠʩʢʨʝʪʥʦʶ ʪʘ ʘʥʘʣʽʪʠʯʥʦʶ 

ʬʦʨʤʫʣʘʤʠ, ʚʽʜʧʦʚʽʜʥʦ [29] 

 

 dxxfxxM )( . (1.13) 

 

ʉʪʦʩʦʚʥʦ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʭ ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʤʝʪʨʫ d ʯʘʩʪʠʥʦʢ ʽ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ 0 ʜʦ Ð ʤʤ. ʇʨʠ ʮʴʦʤʫ ʄ(d) ʜʦʨʽʚʥʶʻ ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʜʽʘʤʝʪʨʫ dʝ.  

ɼʣʷ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ (1.20) ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʝʨʝʜ-

ʥʴʦʟʚʘʞʝʥʠʡ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʥʷʥʥʷʤ [29] 

 

 11)( 1dMde , ʤ,  ɚ > 0, ɓ > 0, (1.14) 
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ʜʝ ɻ(ʭ) ï ʛʘʤʤʘ-ʬʫʥʢʮʽʷ (ʽʥʪʝʛʨʘʣ ɽʡʣʝʨʘ) 

 

 .0,
0

1 ʭdVeVx Vx
 (1.15) 

 

ɸʥʘʣʽʪʠʯʥʽʡ ʟʘʣʝʞʥʦʩʪʽ (1.22) ʚʽʜʧʦʚʽʜʘʻ ʬʦʨʤʫʣʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʘ ʜʣʷ 

ʜʠʩʢʨʝʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

 

 

ʜʝ gi ï ʚʤʽʩʪ ʯʘʩʪʠʥʦʢ i-ʪʦʾ ʬʨʘʢʮʽʾ, ʯ. ʦʜ.;  

di ï ʜʽʘʤʝʪʨ i-ʪʦʾ ʬʨʘʢʮʽʾ, ʤ;  

N ï ʢʽʣʴʢʽʩʪʴ ʬʨʘʢʮʽʡ. 

 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ dʝ  ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʬʦʨʤʫʣ (1.22) ʪʘ (1.24) ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʾ ʬʨʘʢʮʽʾ (ʧʠʪʦʤʽ 

ʧʦʚʝʨʭʥʷ ʪʘ ʦʙ'ʻʤ), ʷʢʽ ʤʘʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʛʘʟʦʜʠʥʘʤʽʢʫ ʰʘʨʫ.  

ɼʠʩʧʝʨʩʽʶ ʢʨʫʧʥʦʩʪʽ ʯʘʩʪʠʥʦʢ, ʦʧʠʩʘʥʫ ʜʠʩʢʨʝʪʥʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʦʙʯʠʩʣʶ-

ʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ [29] 

 

 

 

ʑʦʜʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ, ʪʦ ʚʠʨʘʟ ʜʠʩʧʝʨʩʽʾ ʤʘʻ ʚʠʛʣʷʜ 

 

 

  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ (1.26) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (1.17) ʽ ʭ = d ʦʪʨʠʤʘʥʘ ʬʦʨ-
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ʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʾ ʜʠʩʧʝʨʩʽʾ ʢʨʫʧʥʦʩʪʽ [29] 

 

 1121 222
d , ʤ

2
;   ɚ > 0, ɓ > 0. (1.16) 

 

ɿ (1.27) ʚʠʧʣʠʚʘʻ, ʱʦ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ 2
d  ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʠʤ ʧʨʠ ʨʦʟʧʦʜʽʣʽ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʙʣʠʟʴʢʦʤʫ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ (ɓ Ÿ Ð).  

ɺ ʨʦʙʦʪʽ [9] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʘʜʦʚʽʣʴʥʠʡ ʟʙʽʛ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʜʘʻ ʤʝʪʦʜ ʫʩʝʨʝʜʥʝʥʥʷ, ʟʘ ʷʢʠʤ ʫ 

ʬʽʢʪʠʚʥʦʤʫ ʰʘʨʽ ʥʝʟʤʽʥʥʽ ʘʙʦ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ (ʩʝʨʝʜʥʴʦʛʘʨʤʦʥʽʡʥʠʡ), 

ʘʙʦ ʯʠʩʣʦ ʯʘʩʪʠʥʦʢ ʚ ʦʜʠʥʠʮʽ ʦʙ'ʻʤʫ. ʇʨʠʡʤʘʶʯʠ, ʱʦ ʱʽʣʴʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʦʩʪʽʡʥʘ, ʧʽʩʣʷ ʨʷʜʫ ʧʝʨʝʪʚʦʨʝʥʴ ʦʜʝʨʞʫʶʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʦʭ ʚʠʧʘʜ-

ʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ 

 

 

 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ dʝ: ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʡ, ʩʝʨʝʜʥʴʦʟʚʘ-

ʞʝʥʠʡ, ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʽ ʪ. ʜ., ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʨʦʟʧʦ-

ʜʽʣʫ. ɺʦʥʠ ʧʦ-ʨʽʟʥʦʤʫ ʚʨʘʭʦʚʫʶʪʴ ʯʘʩʪʢʫ ʯʘʩʪʠʥʦʢ ʢʦʞʥʦʛʦ ʜʽʘʤʝʪʨʘ ʚ ʩʫʤʽʰʽ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ dʝ ʪʘʢʦʞ ʨʽʟʥʽ. ʆʜʥʘʢ ʙʽʣʴʰ ʦʙ'ʻʢʪʠʚʥʦ ʽ ʪʦʯʥʦ 

ʚʠʟʥʘʯʘʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʦʧʠʩʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʪʠʩʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ. 

ɺ ʨʦʙʦʪʽ [48] ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʥʠʡ ʛʨʘ-

ʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʘʛʣʦʤʝʨʘʪʫ, ʚʽʜʧʦʚʽʜʥʦ ʽʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʷʢʦʛʦ ʨʦʟʨʘʭʦʚʘʥʽ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʜʽʘʤʝʪʨ ʽ ʚʽʜʧʦʚʽʜʥʝ ʡʦʤʫ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧ-

ʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚ ʰʘʨʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʨʘʢʪʠ-

ʯʥʦ ʣʽʥʽʡʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ, ʘ ʟʘʣʝʞʥʽʩʪʴ ʧʝʨʝʧʘʜʫ ʚʽʜ ʩʝʨʝʜ-

ʥʴʦʾ ʢʨʫʧʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʦʧʠʩʫʻʪʴʩʷ ʛʽʧʝʨʙʦʣʦʶ. ʂʨʽʤ ʪʦ-

ʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʩʚʦʾʤ ʚʧʣʠʚʦʤ ʥʘ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʧʘʨʘʤʝʪʨ ʚʘ-
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ʨʽʘʮʽʾ ʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʠʪʦʚʦʛʦ ʩʢʣʘʜʫ, ʥʽʞ ʧʘʨʘʤʝʪʨ 

dʝ. 

ɯʟ ʚʩʴʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʷʥʴ ʟ ʨʦʟʨʘʭʫʥʢʫ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʜʽʘ-

ʤʝʪʨʽʚ, ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʥʘʚʦʜʷʪʴ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʘʨʽʘʮʽʾ ʪʘ 

ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ dʝ ̔  
2
d. ɯ, ʚʽʜʧʦʚʽʜʥʦ, ʥʝ ʜʦʩʪʘʪʥʴʦ 

ʜʦʩʣʽʜʞʝʥʠʡ ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʧʦ ʢʨʫʧʥʦʩʪʽ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʨʦʟʨʘʭʦ-

ʚʘʥʦʛʦ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʘ ʡʦʛʦ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ. 

ɼʣʷ ʙʽʣʴʰ ˇʨʫʥʪʦʚʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʛʣʦʤʝʨʘʪʫ, ʷʢ ʩʪʘʪʠʩʪʠʯʥʦʾ ʩʫʢʫʧʥʦ-

ʩʪʽ ʰʤʘʪʢʽʚ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ, ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽ ʽʥʰʽ (ʢʨʽʤ Vd ʡ dʝ) ʧʘʨʘ-

ʤʝʪʨʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʟʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʨʠʚʦʾ ʨʦʟʧʦʜʽʣʫ ʢʨʫʧʥʦʩʪʽ ʰʤʘʪʢʽʚ. ɺ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʜʦ ʥʠʭ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʢʦʝʬʽʮʽʻʥʪ ʘʩʠʤʝʪʨʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠ-

ʟʫʻ ʩʢʦʰʝʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʝʣʠʯʠʥ, ʽ ʝʢʩʮʝʩ ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʦʩ-

ʪʨʦʚʝʨʰʠʥʽʩʪʴ ʢʨʠʚʦʾ ʨʦʟʧʦʜʽʣʫ. ʆʜʥʘʢ ʚ [49] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʜʽʡʩʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʢʨʫʧʥʦʩʪʽ ʰʤʘʪʢʽʚ ʘʛʣʦʤʝʨʘʪʫ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʟʤʽ-

ʥʘʭ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʧʨʘʢʪʠʯʥʦ ʣʠʰʝ ʚ ʪʽʡ ʤʽʨʽ, ʚ ʷʢʽʡ ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʶʪʴ-

ʩʷ ʚʝʣʠʯʠʥʠ Vd  ̔  dʝ. ʊʦʤʫ ʘʩʠʤʝʪʨʽʷ, ʝʢʩʮʝʩ ʪʘ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʧʦʨʷʜʢʽʚ ʩʪʦʩʦʚʥʦ ʩʠʪʦʚʦʛʦ ʩʢʣʘʜʫ ʘʛʣʦʤʝʨʘʪʫ ʤʦʞʥʘ ʥʝ ʚʞʠʚʘʪʠ, ʚʚʘʞʘʶʯʠ, ʱʦ 

ʩʪʦʩʦʚʥʦ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʧʘʨʘʤʝʪʨʠ Vd  ʽ dʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʠʪʦʚʠʡ ʩʢʣʘʜʫ 

ʘʛʣʦʤʝʨʘʪʫ ʜʦʩʠʪʴ ʧʦʚʥʦ. 

 

1.2. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦˇʨʫʜʢʫʚʘʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʰʠʭʪ 

 

ʇʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʨʫʭʫ ʛʘʟʽʚ ʚ ʰʘʨʽ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʟʘ 

ʨʘʭʫʥʦʢ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʾʾ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʩʧʽʢʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʨʦ-

ʜʫʢʪʠʚʥʽʩʪʴ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ (ʧʨʦʜʫ-

ʚʘʥʥʷʤ ʰʘʨʫ ʚʠʩʭʽʜʥʠʤ ʧʦʪʦʢʦʤ [50], ʩʝʛʨʝʛʘʮʽʻʶ ʰʠʭʪʠ ʧʦ ʢʨʫʧʥʦʩʪʽ ʧʨʠ ʫʢʣʘ-

ʜʘʥʥʽ [51-53], ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʛʦʨʷʶʯʠʭ ʨʦʟʧʫʰʫʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ [54] ʪʘ ʽʥ.). 

ʇʨʦʪʝ ʥʘʡʚʘʞʣʠʚʽʰʦʛʦ ʟʥʘʯʝʥʥʷ ʤʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦˇʨʫʜʢʫʚʘʥʥʷ ʚʠʭʽʜ-

ʥʠʭ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ʇʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʩʠʨʠʭ ʦʢʘʪʠʰʽʚ ʽ ʦˇʨʫʜʢʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ 

ʤʘʶʪʴ ʙʘʛʘʪʦ ʩʧʽʣʴʥʦʛʦ ʚ ʢʽʥʝʪʠʮʽ ʫʪʚʦʨʝʥʥʷ, ʚ ʜʠʥʘʤʽʮʽ ʨʫʭʫ ʪʘ ʟʨʦʩʪʘʥʥʷ ˇʨʫ-

ʜʦʢ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʽʩʥʫʶʪʴ ʽ ʧʝʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʟʫʤʦʚʣʝʥʽ ʭʽʤʽʢʦ-

ʤʽʥʝʨʘʣʦʛʽʯʥʠʤ ʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʧʦʜʘʣʴʰʦʾ 

ʦʙʨʦʙʢʠ ʩʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʻ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ 

ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ. ɼʣʷ ʦʢʘʪʠʰʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʜʦʤʝʥʥʽʡ ʧʣʘʚʮʽ, ʧʝʨʝ-

ʚʘʞʥʠʤʠ ʻ ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ ʢʦʣʠʚʘʥʴ ʨʦʟʤʽʨʽʚ, ʷʢʠʡ ʥʝʤʦʞʣʠʚʠʡ ʧʨʠ ʦˇʨʫʜʢʫʚʘʥʽ 

ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʰʠʭʪʠ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ, ʤʦʞʣʠʚʫ ʜʣʷ ʽʩʥʫʶʯʦʛʦ ʤʽʥʝʨʘ-

ʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʠʭʽʜʥʦʾ ʰʠʭʪʠ, ʾʾ ʢʨʫʧʥʦʩʪʽ ʪʘ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆˇʨʫʜ-

ʢʫʚʘʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʘʛʣʦʤʝʨʘʮʽʾ ʽ ʷʢʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʽʥʪʝʥʩʠʚʥʝ ʨʫʡʥʫʚʘʥʥʷ ʛʨʘʥʫʣ ʧʨʠ 

ʾʭʥʴʦʤʫ ʩʫʰʽʥʥʽ ʥʘ ʩʪʨʽʯʮʽ, ʟʘʟʚʠʯʘʡ ʜʦʙʨʝ ʟˇʨʫʜʢʦʚʘʥʘ ʰʠʭʪʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠ-

ʤʘʣʴʥʫ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ. 

ʇʨʦʮʝʩ ʦʜʝʨʞʘʥʥʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʛʨʘʥʫʣ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʜʚʘ ʝʪʘʧʠ [1, 55]. ʅʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʽʜ ʚʧʣʠʚʦʤ ʤʽʩʮʝʚʦʛʦ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ˇʨʫʜʦʯʦʢ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʦʢʨʫʛʣʦʾ ʬʦʨʤʠ. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʦˇʨʫʜʢʫʚʘʯʘ ʛʫʩʪʠʥʘ 

ˇʨʫʜʦʯʦʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʥʘʜʣʠʰʢʦʚʘ ʚʦʣʦʛʘ ʚʠʩʪʫʧʘʻ ʥʘ ʧʦʚʝʨʭʥʶ. ʅʘ ʜʨʫʛʦʤʫ 

ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ˇʨʫʜʦʯʦʢ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʭ ʫ ʛʨʘʥʫʣʠ ʰʣʷ-

ʭʦʤ ʥʘʣʠʧʘʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʧʝʨʝʟʚʦʣʦʞʝʥʫ ʧʦʚʝʨʭʥʶ. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʝʪʘ-

ʧʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʚʘʞʣʠʚʽ ʚʟʘʻʤʦʜʽʾ, ʷʢ ʢʘʧʽʣʷʨʥʽ, ʱʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ 

ʪʨʠʬʘʟʥʠʭ (ʪʚʝʨʜʝïʨʽʜʢʝïʛʘʟ) ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ. ʇʝʨʝʚʘʛʘ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ ʥʘʜ 

ʽʥʰʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʤʽʞʯʘʩʪʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʫʪʚʦʨʝʥʥʷ ʛʨʘ-

ʥʫʣ.  

ʂʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʦˇʨʫʜʢʫʚʘʥʥʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʠʭʽʜʥʦʾ 

ʰʠʭʪʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʪʘʪʢʫʚʘʥʥʷ [56]. ʂʦʤʧʦʥʝʥʪʠ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ 

ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʜʽʘʧʘʟʦʥ ʢʨʫʧʥʦʩʪʽ ʪʘ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʏʠʩʝʣʴʥʠʤʠ ʪʝʦʨʝʪʠʯʥʠ-

ʤʠ ʽ ʧʨʘʢʪʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʛʣʦʤʝʨʘʮʽʡʥʫ ʰʠʭʪʫ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʬʨʘʢʮʽʾ ï ˇʨʫʜʢʫʶʯʫ, ˇʨʫʜʢʫʻʤʫ ʽ ʧʨʦʤʽʞʥʫ [1]. ʂʨʫʧʥʽʩʪʴ ʢʦʞ-

ʥʦʾ ʬʨʘʢʮʽʾ ʥʝ ʤʘʻ ʯʽʪʢʠʭ ʛʨʘʥʠʮʴ. ʆʜʥʘʢ ʥʘʡʯʘʩʪʽʰʝ ʜʦ ˇʨʫʜʢʫʻʤʦʾ ʚʽʜʥʦʩʷʪʴ 
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ʬʨʘʢʮʽʾ ʢʨʫʧʥʽʩʪʶ 0õ1 ʤʤ, ˇʨʫʜʢʫʶʯʦʾ ï 2õ5ʤʤ ʽ ʧʨʦʤʽʞʥʦʾ ï 1õ2 ʤʤ. 

ʗʢʽʩʪʴ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʚ ʽʩʪʦʪʥʽʡ ʤʝʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʚʧʣʠʚʫ ʥʘ ʛʨʘʥʫʣʠ. ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ, ʟʙʝʨʽʛʘʥʥʽ ʰʠʭʪʠ ʟʘʚʞʜʠ 

ʧʨʠʩʫʪʥʽ ʤʝʭʘʥʽʯʥʽ ʚʧʣʠʚʠ, ʚʠʢʣʠʢʘʥʽ ʨʦʙʦʪʦʶ ʟʘʚʦʜʩʴʢʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʗʢʱʦ ʚ 

ʫʤʦʚʘʭ ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʽ ʚʽʙʨʘʮʽʾ ʧʨʠʩʢʦʨʝʥʥʷ ʩʢʣʘʜʝ 3g, ʪʦ ʨʦʟʤʽʨʠ 

ʯʘʩʪʠʥʦʢ ʟʤʝʥʰʫʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 1,73 ʨʘʟʠ, ʘ ʧʨʠ ʧ'ʷʪʠʢʨʘʪʥʦʤʫ ʧʨʠʩʢʦʨʝʥʥʽ ï 

ʚ 2,23 ʨʘʟʠ. ʇʨʠ ʥʝʟʘʜʦʚʽʣʴʥʽʡ ʷʢʦʩʪʽ ʟʚʦʣʦʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʽ ʛʨʘʥʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʙʫʜʫʪʴ ʱʝ ʙʽʣʴʰʽ [57]. 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʽ ʜʦʚʞʠʥʘ ʙʘʨʘʙʘʥʥʦʛʦ ʦˇʨʫʜʢʫʚʘʯʘ ʚʠʟʥʘʯʘʶʪʴ ʨʦʙʦʪʫ, 

ʟʘʪʨʘʯʫʚʘʥʫ ʥʘ ʫʪʚʦʨʝʥʥʷ ʛʨʘʥʫʣʠ. ʉʠʣʠ ʚʧʣʠʚʫ ʥʘ ʛʨʘʥʫʣʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʩʪʘʪ-

ʥʽʤʠ ʜʣʷ ʾʾ ʫʱʽʣʴʥʝʥʥʷ ʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ. ʆʧʪʠʤʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʢʘʧʽʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʘʞʢʦʚʠʟʥʘʯʫʚʘʥʽ ʪʘ ʚʟʘʻʤʦʟʘʣʝʞʥʽ. ɿʚʠʯʘʡʥʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʜʽʘʧʘʟʦʥ, ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʠʡʥʷʪʥʽʡ ʷʢʦʩʪʽ ʦˇʨʫʜʢʫʚʘʥʥʷ. 

ɸʥʘʣʽʟʫ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ ʚ ʩʝʨʝʜʠʥʽ ʛʨʘʥʫʣ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ ʬʨʘʢʮʽʡʥʦ-

ʛʦ ʩʦʩʪʘʚʘ ʧʨʠʜʽʣʷʶʪʴ ʧʽʜʚʠʱʝʥʦʾ ʫʚʘʛʠ ʙʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ [1, 2, 49]. ʆʜʥʘʢ ʙʽʣʴʰ 

ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʥʽʢʦʣʠ ʥʝ ʚʪʨʘʪʠʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ. 

ʊʘʢʦʞ, ʚ ʧʨʠʢʣʘʜʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ, ʨʦʟʚ'ʷʟʦʢ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʟʥʘ-

ʯʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʫʤʦʚ ʟʥʠʞʝʥʠʭ ʽ ʙʣʠʟʴʢʠʭ ʜʦ ʥʫʣʷ ʥʘʧʨʫʛ ʧʦʣʷ ʤʘʩʦʚʠʭ ʩʠʣ, ʢʦ-

ʣʠ ʢʘʧʽʣʷʨʥʽ ʝʬʝʢʪʠ ʽʩʪʦʪʥʽ. ʋʪʚʦʨʝʥʥʷ ʘʛʣʦʤʝʨʘʪʫ ʧʦʜʽʙʥʦ ʪʦʤʫ, ʷʢ ʫʪʚʦʨʶʶʪʴʩʷ 

ʢʦʥʜʝʥʩʘʮʽʡʥʽ ʘʙʦ ʢʦʘʛʫʣʷʮʽʦʥʽ ʩʪʨʫʢʪʫʨʠ, ʧʽʜ ʜʽʻʶ ʩʠʣ ʢʘʧʽʣʷʨʥʦʛʦ ʟʯʝʧʣʝʥʥʷ, 

ʚʠʥʠʢʘʶʪʴ ʢʘʧʽʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʧʦʪʽʤ ʥʘʢʣʘʜʘʶʪʴ ʩʚʽʡ ʚʽʜʙʠʪʦʢ ʥʘ ʙʫʜʦʚʫ ʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ɺʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʜʽʾ ʢʘʧʽʣʷʨʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʽ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʧʣʠʚ ʚʦʣʦʛʦʩʪʽ ʥʘ ʛʫʩʪʠʥʫ, ʟʚʷ`ʟʫʚʘʥʽʩʪʴ, ʨʝʦʣʦʛʠʯʥʽ ʽ ʬʦʨʤʫʶʯʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʩʫʤʽʰʝʡ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʪʝʭ-

ʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʠʨʦʚʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʙʝʪʦʥʥʠʭ, ʩʠ-

ʣʽʢʘʪʥʠʭ, ʢʝʨʘʤʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɹʽʣʴʰʽʩʪʴ ʤʦʜʝʣʝʡ ʫʧʘʢʫʚʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʩʝʨʝʜʦʚʠʱ ʜʦʟʚʦʣʷʶʪʴ ʩʫʜʠʪʠ 

ʣʠʰʝ ʧʨʦ ʛʝʦʤʝʪʨʠʯʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʭʘʦʪʠʯʥʠʭ ʘʙʦ ʨʝʛʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʽʣ ʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ (ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʝʢʚʽʚʘʣʝʥʪʥʽ 
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ʩʬʝʨʠ) ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʨʝʘʣʴʥʠʭ ʛʨʘʥʫʣʴʦʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ [58, 59]. ɼʦ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʥʘʣʝʞʠʪʴ ʧʨʠʩʫʪʥʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʚ ʙʫʜʴ-

ʷʢʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ ʧʨʠʨʦʜʥʴʦʤʫ ʩʪʘʥʽ, ʪʨʝʪʴʦʾ ʬʘʟʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ï 

ʚʦʣʦʛʠ. 

ɼʨʽʙʥʽ ʩʬʝʨʠʯʥʽ ʯʘʩʪʢʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʟʘʟʦʨʘʭ ʤʽʞ ʚʝʣʠʢʠʤʠ ʩʬʝʨʘʤʠ, 

ʪʠʤ ʩʘʤʠʤ ʽʤʽʪʫʶʯʠ ʫʪʚʦʨʝʥʥʷ ʘʨʢʦʚʠʭ ʩʪʨʫʢʪʫʨ. ʆʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʚʠʢʦʥʫʻʪʴ-

ʩʷ ʚ ʮʠʢʣʽ ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ ʩʠʩʪʝʤʦʶ ʩʪʘʪʠʯʥʦʛʦ ʩʪʘʥʫ. ʊʘʢʘ ʪʨʠʚʠʤʽʨʥʘ 

ʤʦʜʝʣʴ ʥʝ ʚʽʜʙʠʚʘʻ ʧʨʠʥʮʠʧ ʢʘʧʽʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ. ɼʦ ʦʪʨʠʤʘʥʦʾ ʛʝʦʤʝʪ-

ʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʯʘʩʪʠʥʦʢ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʩʠʩʪʝʤʫ çʩʪʷʛʫʶʯʠʭè (ȹʨ
+
) ʽ 

çʨʦʟʨʠʚʥʠʭè (ȹʨ
-
) ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʠʥʠ ʟ ʤʘʪʝʨʽʘʣʦʤ. 

ɺ ʨʦʙʦʪʽ [60] ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʩʠʣʫ 

ʚʟʘʻʤʦʜʽʾ (ʟʯʝʧʣʝʥʥʷ) ʯʘʩʪʠʥʦʢ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʛʨʘʥʫʣʦʫʪʚʦʨʝʥʥʽ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʨʽʜʠʥʠ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʽ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʨʽʜʠʥʠ (ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ). ʄʝʥʽʩʢ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʜʫʛʠ ʽ ʟ'ʻʜʥʫʶʯʠʡ ʾʭ ʚʽʜʨʽʟʦʢ, ʥʝ ʚʨʘʭʦʚʫ-

ʶʯʠ ʨʦʟʤʽʨʠ ʽ ʩʬʝʨʠʯʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʨʽʜʠʥʠ ʤʘʣʦ, ʪʦ ʾʾ ʨʦʟʧʦ-

ʜʽʣʷʶʪʴ ʜʠʩʢʨʝʪʥʠʤʠ ʨʦʟ'ʻʜʥʘʥʠʤʠ ʢʽʣʴʮʷʤʠ ʚ ʪʦʯʢʘʭ ʜʦʪʠʢʫ ʯʘʩʪʠʥʦʢ (ʢʘʧʽʣʷʨʥʦ 

ʨʦʟ'ʻʜʥʘʥʠʡ ʩʪʘʥ ʘʙʦ ʩʪʘʥ ʟʘʪʠʩʥʝʥʦʾ ʨʽʜʠʥʠ). 

 ɿʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʝʚʠʭ ʚʽʣʴʥʠʭ ʝʥʝʨʛʽʡ ʫ ʤʽʩʮʽ ʢʦʥʪʘʢʪʫ ʪʨʴʦʭ 

ʬʘʟ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʝʚʥʠʡ ʢʫʪ ɗ, ʪʘʢ ʟʚʘʥʠʡ ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ (ʟʘ ʟʛʦʜʦʶ 

ʚʽʜʣʽʯʫʻʪʴʩʷ ʫʩʝʨʝʜʠʥʫ ʨʽʜʢʦʾ ʬʘʟʠ). ʇʦʨʠʩʪʽʩʪʴ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʚʠʭʽʜʥʦʛʦ ʤʘ-

ʪʝʨʽʘʣʫ, ʧʽʜ ʷʢʦʶ ʨʦʟʫʤʽʶʪʴʩʷ ʨʽʟʥʽ ʤʽʢʨʦʪʨʽʱʠʥʠ, ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʧʦʛʣʠʙ-

ʣʝʥʥʷ ʽ ʨʦʟʢʦʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʤʽʥʦʶ ʤʽʢʨʦʪʨʽʱʠʥ ʢʦʥʫʩʘʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠ-

ʟʥʘʯʘʪʠ ʦʙôʻʤ ʧʦʨʦʞʥʠʥ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʢʠ, ʱʦ ʟʘʧʦʚʥʶʶʪʴʩʷ ʚʦʜʦʶ. 

ɺ ʷʢʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʘʟʚʠʯʘʡ ʟʘʜʘʶʪʴ ʫʤʦʚʠ ʪʦʨʢʘʥʥʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʽʟ 

ʟʘʜʘʥʠʤ ʢʨʘʡʦʚʠʤ ʢʫʪʦʤ ɗ ʽ, ʥʘʧʨʠʢʣʘʜ, ʧʦʚʥʠʡ ʦʙ'ʻʤ ʨʽʜʠʥʠ.  

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʤʘʪʝʨʽʘʣʫ W, ʟʘʣʝʞʥʦ 

ʚʽʜ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʽ ʫʤʦʚ ʡʦʛʦ ʟʤʦʯʫʚʘʥʥʷ, ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʥʫʣ ʾʭ ʤʘʢʩʠʤʘʣʴʥʫ ʛʫʩʪʠʥʫ ʽ ʥʘʡʙʽʣʴ-

ʰʫ ʰʚʠʜʢʽʩʪʴ ʛʨʘʥʫʣʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʫʤʽ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ Fʟʯ. ʅʘʡʯʘʩʪʽʰʝ 

ʪʘʢʽ ʤʦʜʝʣʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʦʙʨʦʙʮʽ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ 
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ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʙʦ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʩʧʨʦʱʝʥʴ. 

ɺ ʧʽʜʩʫʤʢʫ ʧʦʚʥʘ ʩʠʩʪʝʤʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʚʠʥʥʘ ʦʧʠʩʫʚʘʪʠ ʧʨʦ-

ʮʝʩ ʛʨʘʥʫʣʦʫʪʚʦʨʝʥʥʷ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʢʽʥʝʪʠʢʫ ʦˇʨʫʜʢʫʚʘʥʥʷ, ʚʽ-

ʜʙʠʚʘʻ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʠʭʽʜʥʠʤʠ ʯʘʩʪʢʘʤʠ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʥʫʣ; ʜʠʥʘʤʽʯ-

ʥʫ ˇʨʫʜʢʦʚʘʥʥʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʫʪʚʦʨʶʚʘʪʠ ʢʣʘʩʪʝʨʠ ʤʽʞ ʩʦʙʦʶ; ʧʦʨʠʩ-

ʪʽʩʪʴ ʧʦʚʝʨʭʥʽ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦˇʨʫʜʢʫʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʚ'ʷʟʫʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ (ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʦʣʽʘʢʨʠʣʘʤʽʜʫ, ʛʫ-

ʤʘʪʫ ʥʘʪʨʽʶ, ʨʽʜʢʦʛʦ ʩʢʣʘ, ʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ, ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʶʣʦʟʥʠʭ, ʢʘ-

ʪʘʤʽʥʘ, ʮʝʣʶʣʦʟʥʠʭ ʪʘ ʽʥ.) ʽ ʩʧʝʮʽʘʣʴʥʦʾ ʤʘʛʥʽʪʥʦʾ ʦʙʨʦʙʢʠ ʚʦʜʠ ʽ ʰʠʭʪʠ ʩʧʨʷʤʦ-

ʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʩʠʣ ʟʯʝʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʛʨʘʥʫʣʫ ʰʣʷʭʦʤ ʧʦʣʽʧʰʝʥʥʷ ˇʨʫʜ-

ʢʦʚʘʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [1, 61-75]. ɿʥʘʯʥʠʡ ʝʬʝʢʪ ʜʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʧʥʘ, 

ʷʢʝ ʙʣʘʛʦʪʚʦʨʥʦ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʧʨʦʮʝʩ ʦˇʨʫʜʢʫʚʘʥʥʷ, ʪʘʢ ʽ ʥʘ ʧʨʦʮʝʩ ʩʧʽʢʘʥʥʷ. ɿʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʜʦ 40 % ʚʧʣʠʚ ʚʘʧʥʘ ʥʘ ʛʘʟʦʧʨʦ-

ʥʠʢʥʽʩʪʴ ʘʛʣʦʰʠʭʪʠ ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʽʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʚʤʽ-

ʩʪʦʤ ʢʦʥʮʝʥʪʨʘʪʫ ʚ ʰʠʭʪʽ ʤʝʭʘʥʽʟʤ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦˇʨʫʜʢʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ 

ʰʠʭʪʠ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʤʝʭʘʥʽʟʤʫ ʫʪʚʦʨʝʥʥʷ ʩʠʨʠʭ ʦʢʘʪʠʰʽʚ.  

ʆʜʥʘʢ, ʙʽʣʴʰʽʩʪʴ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʩʧʦʩʦʙʽʚ ʥʝ ʦʪʨʠʤʘʣʦ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʯʝʨʝʟ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʫʩʢʣʘʜʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ 

ʘʛʣʦʬʘʙʨʠʢʠ; ʢʨʽʤ ʪʦʛʦ, ʜʝʷʢʽ ʜʦʙʘʚʢʠ ʜʝʱʦ ʜʦʨʦʛʽ, ʟʥʠʞʫʶʪʴ ʚʤʽʩʪ ʟʘʣʽʟʘ ʚ ʘʛʣʦ-

ʤʝʨʘʪʽ, ʤʽʩʪʷʪʴ ʥʝʙʘʞʘʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʽʥ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚʠʚʘʪʠ ʡ ʽʥʰʽ 

ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦˇʨʫʜʢʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʩʧʽʣʴʥʦ.  

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʨʫʧʥʦʩʪʽ ʰʠʭʪʠ ʤʦʞʣʠʚʽ ʜʚʘ ʤʝʭʘʥʽʟʤʠ ʦˇʨʫʜʢʫʚʘʥʥʷ. ɺʽ-

ʜʧʦʚʽʜʥʦ ʦʜʥʦʤʫ, ʜʦ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʽʟ ʥʘʡʙʽʣʴʰ ʜʨʽʙʥʠʭ ʟʝʨʝʥ ʤʘʪʝʨʽʘʣʫ ʫʪʚʦ-

ʨʶʶʪʴʩʷ ʟʘʨʦʜʢʠ ˇʨʫʜʦʢ, ʷʢʽ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ ʨʦʟʤʽʨʽ. ɿʘ ʽʥʰʠʤ ʤʝʭʘʥʽ-

ʟʤʦʤ, ʯʘʩʪʢʠ ʙʽʣʴʰ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʥʘʢʦʯʫʶʪʴʩʷ ʥʘ ʚʦʣʦʛʫ ʧʦʚʝʨʭʥʶ ʟʝʨʝʥ ʙʽʣʴʰ 

ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ [11, 76-79]. ʇʨʠ ʦˇʨʫʜʢʫʚʘʥʥʽ ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ, 

ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʻ ʚʝʣʠʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ. ʊʦʤʫ ʫʪʚʦʨʝʥʥʷ ʦʢʘʪʠʰʽʚ ʟʘ 

ʜʨʫʛʠʤ ʤʝʭʘʥʽʟʤʦʤ ʤʘʣʦʡʤʦʚʽʨʥʝ. 

ʇʨʠ ʤʦʥʦʮʝʥʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʚʝʣʠʢʦʾ ˇʨʫʜʢʠ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʟʘʨʦʜ-
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ʢʦʤ ʤʦʞʝ ʙʫʪʠ ʟʝʨʥʦ ʨʫʜʠ ʘʙʦ ʢʦʢʩʫ. ʊʦʤʫ ʬʦʨʤʘ ʽ ʧʦʚʝʨʭʥʷ ʟʝʨʝʥ ʥʘʜʘʶʪʴ ʧʝʚ-

ʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʜʘʪʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʛʨʘʥʫʣ. ʉʠʣʠ ʢʘʧʽʣʷʨʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʩʬʝʨʠʯ-

ʥʦʾ ʯʘʩʪʢʠ ʽʟ ʧʣʦʩʢʦʶ ʧʦʚʝʨʭʥʝʶ ʟʥʘʯʥʦ ʙʽʣʴʰʽ, ʥʽʞ ʟʯʝʧʣʝʥʥʷ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ 

ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ. ʆʪʞʝ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ D:d (ʜʽʘʤʝʪʨ ʙʽʣʴʰʦʾ ʯʘʩ-

ʪʢʠ ʽ ʜʽʘʤʝʪʨ ʤʝʥʰʦʾ ʯʘʩʪʢʠ) ʫʤʦʚʠ ʜʣʷ ʾʭ ʟʯʝʧʣʝʥʥʷ ʩʪʘʶʪʴ ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤʠ. 

ʆʩʦʙʣʠʚʦ ʥʝʙʘʞʘʥʘ ʬʦʨʤʘ ʨʦʟʛʘʣʫʞʝʥʠʭ ʜʝʥʜʨʠʪʽʚ (ʧʽʨʠʪʥʽ ʥʝʜʦʛʘʨʢʠ): ʧʨʠ 

ʦˇʨʫʜʢʫʚʘʥʥʽ ʤʽʞ ʮʠʤʠ ʟʝʨʥʘʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʪʽʣʴʢʠ ʪʦʯʢʦʚʽ ʢʦʥʪʘʢʪʠ ʽ ʚʠʥʠʢʘ-

ʶʪʴ ʢʘʧʽʣʷʨʠ ʚʝʣʠʢʠʭ ʜʽʘʤʝʪʨʽʚ. ɿʝʨʥʘ ʽʟ ʰʦʨʩʪʢʦʶ ʽ ʧʦʨʠʩʪʦʶ ʧʦʚʝʨʭʥʝʶ ʧʦʣʽʧ-

ʰʫʶʪʴ ʟʤʦʯʫʚʘʥʽʩʪʴ ʽ ʟʜʘʪʥʽ çʚʟʘʻʤʦʟʘʢʣʠʥʶʚʘʪʠʩʷè.  

ʅʝʩʧʨʠʷʪʣʠʚʠʡ ʚʧʣʠʚ ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʘʛ-

ʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʤʦʞʥʘ ʚʠʢʣʶʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʙʦ ʩʝʣʝʢʪʠʚ-

ʥʦʛʦ ʦˇʨʫʜʢʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ [11, 80-83]. ʂʨʽʤ ʪʦʛʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝ-

ʣʝʢʪʠʚʥʦʛʦ ʦˇʨʫʜʢʫʚʘʥʥʷ ʤʦʞʣʠʚʦ ʢʝʨʫʚʘʪʠ ʨʦʟʚʠʪʢʦʤ ʨʽʜʠʥʥʦʬʘʟʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʨʠ ʩʧʽʢʘʥʥʽ. ʊʘʢ, ʧʨʠ ʘʛʣʦʤʝʨʘʮʽʾ ʬʦʩʬʦʨʠʩʪʠʭ ʨʫʜ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʧʣʠʥʥʦʩʪʽ 

ʟʚ'ʷʟʢʠ ʜʦʮʽʣʴʥʦ ʚʩʝʨʝʜʠʥʫ ʛʨʘʥʫʣʠ ʨʦʟʤʽʱʫʚʘʪʠ ʬʦʩʬʦʨʥʝ ʷʜʨʦ, ʘ ʟʦʚʥʽ ï ʛʝʤʘʪʠ-

ʪʦʚʠʡ ʰʘʨ [84]. ɼʣʷ ʤʘʨʛʘʥʮʝʚʦʾ ʩʠʨʦʚʠʥʠ ʥʘ ʚʘʧʥʷʢ ʨʦʟʤʽʨʦʤ 0õ5 ʤʤ ʥʘʢʦʯʫʶʪʴ 

ʤʘʣʦʢʨʝʤʝʥʠʩʪʽ ʟʘʣʽʟʦʚʤʽʩʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʧʦʪʽʤ ʤʘʨʛʘʥʝʮʴʚʤʽʩʪʥʽ ʽ ʥʘ ʧʦʚʝʨʭʥʽ 

ʛʨʘʥʫʣʠ ï ʧʘʣʠʚʦ [85]. 

ɺ ʨʦʙʦʪʽ [86] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʡ ʨʝʞʠʤ ʦˇʨʫʜʢʫʚʘʥʥʷ. ɼʣʷ 

ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʫʩʥʠʡ ʦˇʨʫʜʢʫʚʘʯ, ʚʽʩʴ ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʘ ʧʽʜ ʥʝʛʘʪʠʚʥʠʤ 

ʢʫʪʦʤ. ɿʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʮʽ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʤʽʱʝʥʥʷ ʛʨʘʥʫʣ ʨʽʟʥʦʾ ʢʨʫʧʥʦʩʪʽ ʟʙʽ-

ʣʴʰʫʻʪʴʩʷ ʯʘʩ ʦˇʨʫʜʢʫʚʘʥʥʷ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʽ ʾʭ ʢʽʣʴʢʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ. 

ɯʩʥʫʶʪʴ ʩʧʦʩʦʙʠ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʝʥʪʨʽʚ ʥʘʢʦʯʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʝʨʝʜʧʨʝʩʫʚʘʥʥʷ ʰʠʭʪʠ [87], ʙʨʠʢʝʪʫʚʘʥʥʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝ-

ʨʽʘʣʽʚ [88] ʽ ʟ ʧʦʜʘʣʴʰʠʤ ʜʨʦʙʣʝʥʥʷʤ ʙʨʠʢʝʪʽʚ [89].  

ɺ ʨʦʙʦʪʘʭ [2, 11, 77, 90] ʟʚʝʨʥʝʥʦ ʫʚʘʛʫ ʥʘ ʟʥʘʯʥʫ ʨʦʣʴ ʟʚʦʨʦʪʫ, ʷʢʠʡ ʧʨʠ 

ʘʛʣʦʤʝʨʘʮʽʾ ʰʠʭʪʠ ʟʽ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʻ ʦʩʥʦʚ-

ʥʠʤ ʜʞʝʨʝʣʦʤ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ˇʨʫʜʦʢ. ʏʝʨʝʟ ʧʦʩʪʽʡʥʫ ʟʤʽʥʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦ-

ʛʦ ʩʢʣʘʜʫ ʢʦʤʧʦʥʝʥʪʽʚ ʘʛʣʦʰʠʭʪʠ ʚʤʽʩʪ ʟʚʦʨʦʪʫ ʟʤʽʥʶʻʪʴʩʷ, ʪʦʤʫ ʡʦʛʦ ʚʠʪʨʘʪʘ ʥʝ 

ʨʝʛʫʣʶʻʪʴʩʷ. 
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ʊʘʢʦʞ ʨʝʢʦʤʝʥʜʫʶʪʴ ʚʦʜʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ˇʨʫʜʦʢ ʥʝʦʙʭʽʜʥʦʾ ʚʦ-

ʣʦʛʦʩʪʽ, ʜʦʜʘʚʘʪʠ ʚ ʦˇʨʫʜʢʫʚʘʯ ʜʚʦʤʘ ʧʦʨʮʽʷʤʠ, ʙʽʣʴʰʘ ʽʟ ʷʢʠʭ ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ˇʨʫʜʦʢ, ʘ ʤʝʥʰʘ ï ʜʣʷ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʦʢʘʪʠʰʽʚ ʚ ʧʨʦʮʝ-

ʩʽ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ [11]. ʆʜʥʘʢ, ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʨʘʥʫʣʠ ʥʝ ʻ ʛʦʤʦʛʝʥʥʠ-

ʤʠ ʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʦʢʨʝʤʠʭ ʰʘʨʽʚ. 

ʐʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ˇʨʫʜʦʢ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʥʝʨʘʣʦʛʽʯʥʠʤ ʽ ʛʨʘ-

ʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ, ʘ ʪʘʢʦʞ ʚʦʣʦʛʽʩʪʶ ʩʫʤʽʰʽ. ʐʚʠʜʢʽʩʪʴ ʦˇʨʫʜʢʫʚʘʥʥʷ ʥʝ 

ʧʦʩʪʽʡʥʘ ʪʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʣʷʭʫ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ. ʊʦʤʫ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʯʘʩʫ 

ʦˇʨʫʜʢʫʚʘʥʥʷ ʛʦʤʦʛʝʥʥʽʩʪʴ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʟʨʦʩʪʘʻ. ʋʪʚʦʨʝʥʥʷ 

ʟʘʨʦʜʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʙʣʠʟʫ ʧʽʜʚʦʜʫ ʟʚʦʣʦʞʫʚʘʯʘ, ʜʝ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʝ ʧʝʨʝʟ-

ʚʦʣʦʞʝʥʥʷ ʰʠʭʪʠ, ʪʦʤʫ ʽʩʪʦʪʥʘ ʫʚʘʛʘ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʜʽʣʝʥʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʫʟʣʽʚ 

ʟʚʦʣʦʞʝʥʥʷ ʰʠʭʪʠ [91, 92]. ʉʪʦʩʦʚʥʦ ʤʝʭʘʥʽʟʤʫ ʫʪʚʦʨʝʥʥʷ ʛʨʘʥʫʣ, ʧʨʠʪʘʤʘʥʥʦʛʦ 

ʘʛʣʦʤʝʨʘʮʽʡʥʽʡ ʰʠʭʪʽ, ʝʬʝʢʪ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʚʫʟʣʽʚ ʟʚʦʣʦʞʝʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʦʣʦʛʠ ʤʽʞ ˇʨʫʜʢʘʤʠ ʨʽʟʥʦʾ ʢʨʫʧʥʦʩʪʽ. 

ʄʽʮʥʽʩʪʴ ʦʢʘʪʠʰʽʚ (ʛʨʘʥʫʣ) ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ 

ʚʞʠʚʘʥʦʾ ʨʽʜʠʥʠ, ʜʽʘʤʝʪʨʘ ʦʢʘʪʠʰʽʚ, ʘ ʪʘʢʦʞ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʤʽʨʫ 

ʟʝʨʝʥ ʤʘʪʝʨʽʘʣʫ ʽ ʧʦʨʠʩʪʦʩʪʽ. ɺ ʨʦʙʦʪʽ [93] ʝʬʝʢʪʠʚʥʽʩʪʴ ʦˇʨʫʜʢʫʚʘʥʥʷ ʰʠʭʪʠ ʦʮʽ-

ʥʶʶʪʴ ʟʘ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʚ ʜʘʥʠʡ ʯʘʩ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʘʪʠ 

ʣʠʰʝ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. 

ɺʽʜʦʤʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʟʘ ʷʢʠʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʦʢʘʪʠʰʽʚ 

(ʛʨʘʥʫʣ) ʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ [94-101]. ʆʜʥʘʢ ʙʽʣʴʰʽʩʪʴ 

ʟ ʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʢʦʥʢʨʝʪʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɺʧʨʦʚʘ-

ʜʞʝʥʥʶ ʮʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʰʢʦʜʞʘʻ ʥʝ ʪʽʣʴʢʠ ʾʭ ʟʥʘʯʥʘ ʩʢʣʘʜʥʽʩʪʴ, ʘʣʝ ʽ ʥʝʩʪʘʯʘ 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ, ʦʩʢʽʣʴʢʠ ʮʽ ʧʘʨʘʤʝʪʨʠ ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʤʽ-

ʨʶʶʪʴʩʷ.  

ɯʩʥʫʻ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʦˇʨʫʜʢʫʚʘʥʥʷʤ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʧʨʠ ʾʾ ʧʦʨʦʟ-

ʥʦʩʪʽ, ʷʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʚʠʭʦʜʽ ʟ ʙʘʨʘʙʘʥʘ-ʦˇʨʫʜʢʫʚʘʯʘ, ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩ-

ʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ, ʨʦʟʨʦʙʣʝʥʦʾ ʥʘ ʢʘʬʝʜʨʽ ʤʝʪʘʣʫʨʛʽʾ ʯʘʚʫʥʫ ɼɺʅɿ çʇʨʠʘʟʦʚ-

ʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè [102]. ʋ ʮʴʦʤʫ ʩʧʦʩʦʙʽ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ 

ʦˇʨʫʜʢʫʚʘʥʥʷ ʰʠʭʪʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩ ʚʠʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝ-
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ʪʨʽʚ ʰʠʭʪʠ (ʚʦʣʦʛʽʩʪʴ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʭʽ-

ʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥ.). ʂʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʰʠʭʪʠ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʦˇʨʫʜʢʫʚʘʥʥʷ ʨʝʛʫʣʶʶʪʴ ʩʧʽʚ-

ʚʽʜʥʦʰʝʥʥʷʤ ˇʨʫʜʢʫʻʤʠʭ ʽ ˇʨʫʜʢʫʶʯʠʭ ʬʨʘʢʮʽʡ ʚ ʰʠʭʪʽ ʥʘ ʚʭʦʜʽ ʙʘʨʘʙʘʥʘ-

ʦˇʨʫʜʢʫʚʘʯʘ ʽ ʚʦʣʦʛʽʩʪʶ ʰʠʭʪʠ ʥʘ ʚʠʭʦʜʽ ʟ ʥʴʦʛʦ. 

ɿʘʚʜʘʥʥʷ ʝʢʩʧʨʝʩʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʦʣʦʛʦʩʪʽ ʻ ʩʢʣʘʜʥʦʶ ʤʝʪ-

ʨʦʣʦʛʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʷʢʘ ʥʝ ʦʪʨʠʤʘʣʘ ʧʦʢʠ ʱʦ ʧʦʚʥʦʛʦ ʨʽʰʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʽ 

ʚʠʧʨʦʙʫʚʘʥʦ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ, ʜʘʪʯʠʢʽʚ ʽ ʜʦʩʣʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦ-

ʣʦʛʦʩʪʽ ʰʠʭʪʠ (ʟʘ ʝʣʝʢʪʨʦʦʧʦʨʦʤ, ʧʦʛʣʠʥʘʥʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʤʘʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʩʢʨʦʚʠʭ ʨʦʟʨʷʜʽʚ ʪʘ ʽʥ.) [103-110]. ɯʩʥʫʶʯʽ 

ʩʧʦʩʦʙʠ ʢʦʥʪʨʦʣʶ ʚʦʣʦʛʦʩʪʽ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʱʝ ʥʝ ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʱʦʜʦ ʪʦʯʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʚʠʤʽʨʶʚʘʥʥʷ. ʂʨʽʤ 

ʪʦʛʦ, ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʩʠʨʦʚʠʥʠ, ʘ 

ʨʘʟʦʤ ʽʟ ʥʠʤʠ ʧʦʪʨʽʙʥʦ ʟʤʽʥʶʚʘʪʠ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠ-

ʭʪʠ. 

ɺ ʨʷʜʽ ʨʦʙʽʪ [99-108] ʧʨʦʧʦʥʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦˇʨʫʜʢʫʚʘʥʥʷ ʦʮʽʥʶʚʘʪʠ ʟʘ 

ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ ˇʨʫʜʦʢ ʰʠʭʪʠ (ʢʨʫʧʥʽʩʪʶ). ʇʨʠ ʮʴʦʤʫ ʟʘ ʥʦʤʽʥʘʣʴʥʫ ʢʨʫʧ-

ʥʽʩʪʴ ˇʨʫʜʦʢ ʧʨʠʡʥʷʪʠʡ ʜʽʘʤʝʪʨ d = 4 ʤʤ. ʂʨʫʧʥʽʩʪʴ ˇʨʫʜʦʢ ʩʪʘʙʽʣʽʟʫʶʪʴ ʚ ʤʝʞʘʭ 

Ñ1 ʤʤ ʘʙʦ ʤʽʥʽʤʽʟʫʶʪʴ ʚʤʽʩʪ ʬʨʘʢʮʽʾ 0,8õ1,0 ʤʤ [111]. ɼʦ ʟʘʛʘʣʴʥʠʭ ʥʝʜʦʣʽʢʽʚ ʟʘ-

ʟʥʘʯʝʥʠʭ ʩʧʦʩʦʙʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʫʩʝʨʝʜʥʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ. 

ʆʜʥʘʢ ʪʘʢʠʡ ʧʽʜʭʽʜ ʮʽʣʢʦʤ ʜʦʧʫʩʪʠʤʠʡ. 

ɯʩʥʫʻ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʦˇʨʫʜʢʫʚʘʥʥʷʤ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ, ʜʝ ʚʠʪʨʘʪʫ 

ʚʦʜʠ ʜʦʜʘʪʢʦʚʦ ʨʝʛʫʣʶʶʪʴ ʟʘ ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʦʪʠ ʚ ʛʦʨʥʽ, ʚʽʜʥʝʩʝʥʦʾ ʛʦʨʶʯʠʤʠ ʛʘ-

ʟʘʤʠ, ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʝʨʭʥʽ ʰʘʨʫ [77]. ʆʜʥʘʢ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʛʦʨʥʽ ʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʛʘʟʽʚ ʚ ʰʘʨʽ, ʪʦʤʫ ʚ ʜʘʥʦʤʫ ʩʧʦ-

ʩʦʙʽ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʦˇʨʫʜʢʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʽʯ-

ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʛʨʘʥʫʣʶʚʘʥʥʽ ʦʢʘʪʠʰʽʚ 

ʥʘ ʪʘʨʽʣʯʘʩʪʠʭ ʦˇʨʫʜʢʫʚʘʯʘʭ, ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʘʥʘʣʦʛʽʯʥʽ ʧʨʦʮʝʩʘʤ ʧʨʠ ʦˇʨʫʜʢʫʚʘʥʽ 
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ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʚ ʙʘʨʘʙʘʥʘʭ-ʦˇʨʫʜʢʫʚʘʯʘʭ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʤʝʪʦʜʠ ʮʽʣ-

ʢʦʤ ʟʘʩʪʦʩʦʚʥʽ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʛʨʘʥʫʣʶʚʘʥʥʷ ʜʣʷ ʘʛʣʦʤʝʨʘʮʽʾ ʧʽʩʣʷ ʾʭ ʚʽʜʧʦʚʽ-

ʜʥʦʾ ʘʜʘʧʪʘʮʽʾ. 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʛʨʘʥʫʣʶʚʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʫʣʦ-

ʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟʘʣʽʟʦʨʫʜʥʠʭ ʦʢʘʪʠʰʽʚ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ, ʷʢʽ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʴ ʧʦʣʦʞʝʥʥʷ (ʩʝʨʝʜʥʶ ʢʨʫʧʥʽʩʪʴ ʦʢʘʪʠʰʽʚ), ʜʠʩʧʝʨʩʽʶ (ʨʦʟʩʽʶʚʘʥʥʷ 

ʟʥʘʯʝʥʴ ʥʘʚʢʦʣʦ ʩʝʨʝʜʥʴʦʾ ʢʨʫʧʥʦʩʪʽ), ʘʩʠʤʝʪʨʽʶ (ʚʽʜʭʠʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦ-

ʟʧʦʜʽʣʫ ʢʨʫʧʥʦʩʪʽ ʚʽʜ ʩʠʤʝʪʨʠʯʥʦʾ) ʽ ʝʢʩʮʝʩ (ʛʦʩʪʨʦʚʝʨʰʠʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟ-

ʧʦʜʽʣʫ ʢʨʫʧʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʽ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ) [112]. 

ɿʛʽʜʥʦ ʮʴʦʤʫ ʤʝʪʦʜʫ, ʧʽʜʙʠʨʘʶʪʴ ʪʘʢʫ ʢʨʫʧʥʽʩʪʴ ʦʢʘʪʠʰʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʧʦ-

ʜʽʣʫ ʷʢʠʭ ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ ʜʠʩʧʝʨʩʽʶ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʝʢʩʮʝʩ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘ-

ʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʦʢʘʪʠʰʽʚ ʚ ʧʦʪʦʮʽ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʟʘʣʽʟʦʨʫʜʥʠʭ ʦʢʘʪʠʰʽʚ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʚʠʤʽ-

ʨʶʚʘʯʘ. ɼʘʥʠʡ ʤʝʪʦʜ ʱʝ ʥʝ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʢʝʨʫʚʘʥ-

ʥʷ ʦˇʨʫʜʢʫʚʘʥʥʷʤ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʠʭʪʠ ʥʘ ʚʭʦʜʽ ʚ ʙʘʨʘʙʘʥ-ʦˇʨʫʜʢʫʚʘʯ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʾ 

ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʩʧʽʢʘʥʥʷ. 

ɺʝʨʪʠʢʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʩʧʽʢʘʥʥʷ ʽ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘ-

ʮʽʡʥʦʾ ʰʠʭʪʠ ʤʘʶʪʴ ʝʢʩʪʨʝʤʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʾʾ ʚʦʣʦʛʦʩʪʽ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠ-

ʥʦʶ ʟʥʠʞʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʰʠʭʪʠ ʻ ʨʫʡʥʫʚʘʥʥʷ ʾʾ ˇʨʫʜʦʢ ʚ ʟʦʥʘʭ ʧʝʨʝʟ-

ʚʦʣʦʞʝʥʥʷ, ʩʫʰʽʥʥʷ ʽ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ, ʫʩʘʜʢʘ ʰʘʨʫ. ʗʢʱʦ ʘʛʣʦʤʝʨʘʮʽʡʥʘ ʰʠʭʪʘ 

ʩʢʣʘʜʝʥʘ ʟ ʜʦʙʨʝ ʦˇʨʫʜʢʦʚʘʥʠʭ ʛʨʘʥʫʣ, ʪʦ ʧʽʩʣʷ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ 

ʰʘʨʫ ʟʥʠʟʠʪʴʩʷ ʚ ʤʝʥʰʽʡ ʤʽʨʽ, ʥʽʞ ʽʟ ʢʦʥʜʝʥʩʘʮʽʻʶ ʪʘʢʦʾ ʞ ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʛʠ ʚ ʧʦ-

ʛʘʥʦ ʦˇʨʫʜʢʦʚʘʥʠʡ ʰʠʭʪʽ [12, 113].  

ɺ ʨʦʙʦʪʽ [114] ʦʧʠʩʘʥʘ ʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ ʚʠʪʨʘʪʦʶ ʚʦʜʠ ʥʘ ʦˇʨʫʜʢʫʚʘʥʥʷ ʘʛ-

ʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʢʝʨʫʶʪʴ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʮʽ ʚʠʩʦʪ ʰʘʨʫ ʜʦ ʽ ʧʽʩʣʷ ʟʦʥʠ ʟʦʚʥʽʰ-

ʥʴʦʛʦ ʥʘʛʨʽʚʫ ʜʦ ʟʘʧʘʣʴʥʦʛʦ ʛʦʨʥʘ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʦˇʨʫʜʢʫʚʘʥʥʷ ʪʠʤ ʚʠʱʘ, ʯʠʤ ʤʝ-

ʥʰʘ ʾʭ ʨʽʟʥʠʮʷ. ʉʪʫʧʽʥʴ ʫʩʘʜʢʠ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ, ʩʝ-

ʛʨʝʛʘʮʽʾ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʽ ʙʽʣʴʰ ʱʽʣʴʥʦʛʦ ʫʧʘʢʫʚʘʥʥʷ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ, ʚʠʪʨʘʪʠ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ, ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʨʠʚʘʣʦʩʪʽ ʟʘʧʘʣʶʚʘʥʥʷ. 
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ʇʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʤʘʻ ʝʢʩʪʨʝʤʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʾʾ ʚʦʣʦʛʦʩʪʽ. ɺʦʣʦ-

ʛʽʩʪʴ ʰʠʭʪʠ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ, ʚʽʜʧʦʚʽʜʥʠʡ ʥʘʡʙʽʣʴ-

ʰʽʡ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ. ɿʘʟʚʠʯʘʡ ʤʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦˇʨʫʜʢʫʚʘʥʥʷ ʘʛʣʦʰʠʭʪ ʚʽʜʧʦʚʽʜʘʻ ʚʦʣʦʛʦʩʪʽ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʚʠʱʝ ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʢ-

ʩʠʤʘʣʴʥʦʾ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʥʘ 0,5õ1,0 %, ʪʘʢ ʷʢ ʟʨʦʩʪʘʻ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʢʠ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ. ɹʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʦʙ'ʻʤʫ ʧʦʨ ʚ ʧʨʦʙʽ ʟʘ-

ʩʪʦʩʦʚʥʽ ʜʣʷ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ [13, 19, 115, 116]. 

ʇʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʫʷʚʥʦʾ ʛʫʩʪʠʥʠ ʰʤʘʪ-

ʢʽʚ (ɟʫ) ʽ ʥʘʩʠʧʥʦʾ ʱʽʣʴʥʦʩʪʽ ʰʘʨʫ (ɟʥ) [27, 33, 117] 

 

 Ů = 1 - ɟʫ/ɟʥ, ʯ.ʦʜ. (1.17) 

 

ʉʢʣʘʜʥʦʩʪʽ ʽʟ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ ʫʷʚʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʨʠʩʪʠʭ ʯʘʩʪʠʥʦʢ. ʊʦʤʫ ʚʦʣʦʛʽʩʪʴ 

ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʜʣʷ ʤʽʥʽʤʫʤʫ ʥʘʩʠʧʥʦʾ ʱʽʣʴʥʦʩʪʽ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʦʣʦʛʦʩʪʽ 

ʜʣʷ ʤʘʢʩʠʤʫʤʫ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ [118-121] ʚʠʧʣʠʚʘʻ, ʱʦ ʩʧʦʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ 

ʰʘʨʫ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʥʝ ʧʦʻʜʥʫʶʪʴ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ, ʥʘ-

ʜʽʡʥʦʩʪʽ ʪʘ ʝʢʩʧʨʝʩʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ. 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʧʨʠ ʨʫʩʽ ʛʘʟʽʚ ʚ ʥʝʨʫʭʦʤʦʤʫ ʰʘʨʽ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʝʬʝʢʪʠʚʥʦʾ ʧʦʨʦʟʥʦʩʪʽ. ɰʾ ʟʥʘʯʝʥʥʷ ʥʠʞʯʝ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʦʨʦʟʥʦʩʪʽ ʽ ʚʠʢʣʠʢʘʻ 

ʽʩʪʦʪʥʫ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ. ɯʩʥʫʻ ʩʧʦʩʽʙ ʚʠʤʽʨʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʧʦʨʦʟʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʝʣʝʢʪʨʦʣʽʪʫ, ʟʘʣʠʪʦʛʦ ʚ ʧʦʨʦʞʥʠʥʠ 

ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ [19, 117]. ɼʘʥʠʡ ʤʝʪʦʜ ʻ ʥʝʧʨʷʤʠʤ ʽ ʥʝ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚ ʧʦʪʦʮʽ. ʂʨʽʤ ʪʦʛʦ, ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʫ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʣʘʩ-

ʪʠʚʦʩʪʝʡ ʛʘʟʽʚ. 

ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟʝʨʥʠʩ-

ʪʠʭ ʰʘʨʽʚ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʫʩʝʨʝʜʥʝʥʽ ʧʦ ʚʩʴʦʤʫ ʦʙ'ʻʤʫ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝ-
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ʨʠʩʪʠʢʠ. ɸʥʘʣʽʟ ʟʤʽʥʠ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ 

ʰʘʨʫ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʧʦʨʦʟʥʦʩʪʽ. ʊʘʢʠʤ ʤʝ-

ʪʦʜʦʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʧʦʨʦʞʥʠʥ ʚ ʰʘʨʽ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʬʘʢʪʠʯʥʠʭ ʰʚʠ-

ʜʢʦʩʪʝʡ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʨʽʟʥʠʭ ʡʦʛʦ ʜʽʣʷʥʢʘʭ. ʌʘʢʪʠʯʥʫ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʣʦʢʘ-

ʣʴʥʽʡ ʟʦʥʽ ʟʘʤʽʨʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʽʚ [31, 122].  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʦʙʣʠʚʦ ʚ 

ʛʽʨʥʠʯʦʦʙʨʦʙʥʽʡ ʽ ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʥʝʦʙʭʽʜʥʠʡ ʩʧʦʩʽʙ, ʷʢʠʡ ʧʨʦʩʪʦ 

ʚʙʫʜʦʚʫʻʪʴʩʷ ʫ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ ʽ ʧʨʦʩʪʠʡ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ; ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʝ-

ʞʠʤʽ ʧʦʪʦʢʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʩʠʧʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ; ʥʝʩʧʨʠʡʥʷʪʣʠʚʠʡ ʜʦ ʚʠʨʦʙʥʠʯʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʚʠʨʦʙʥʠʯʦʤʫ ʤʘʡʜʘʥ-

ʯʠʢʫ (ʪʘʢʠʭ ʷʢ ʚʽʙʨʘʮʽʾ, ʧʦʚ'ʷʟʘʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʨʦʙʘʨʦʢ, ʥʝʤʠʥʫʯʽ ʫʜʘʨʠ ʚʽʜ 

ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʯʘʩʪʠʥ ʦʙʣʘʜʥʘʥʥʷ, ʘʪʤʦʩʬʝʨʠ, ʯʘʩʪʦ ʟʘʧʠʣʝʥʦʾ ʯʘʩʪ-

ʢʘʤʠ ʧʦʨʦʰʢʽʚ, ʪʦʱʦ).  

ɺʽʜʦʤʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʦʩʚʽʪ-

ʣʶʶʯʽʡ ʤʽʢʨʦʩʢʦʧʽʾ, ʜʠʬʨʘʢʮʽʡʥʽʡ ʝʣʝʢʪʨʦʥʥʽʡ ʤʽʢʨʦʩʢʦʧʽʾ, ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʘʜʩʦʨʙʮʽʾ ʛʘʟʫ, ʦʧʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʜʠʬʨʘʢʮʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽ-

ʥʶʚʘʥʥʷ, ʦʧʪʠʯʥʽʡ ʤʽʢʨʦʩʢʦʧʽʾ ʽ ʣʘʟʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ [123]. ɹʘʛʘʪʦ ʧʨʠʩʪʨʦʾʚ ʻ 

ʜʦʨʦʛʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ, ʷʢʽ ʯʘʩʪʦ ʧʦʪʨʝʙʫʶʪʴ ʪʨʠʚʘʣʦʾ ʽ ʨʝ-

ʪʝʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʟʨʘʟʢʽʚ ʜʣʷ ʘʥʘʣʽʟʫ. ɼʝʷʢʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘ-

ʪʠ ʣʠʰʝ ʜʫʞʝ ʤʘʣʫ ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ ʨʝʘʣʴʥʽ ʚʠʨʦʙʥʠʯʽ 

ʰʠʭʪʠ.  

ɺʽʜʦʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʤʝʨ [124-126]. ɼʽʘʧʘ-

ʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʻ ʚʽʜʥʦʩʥʦ ʚʫʟʴʢʠʤ. ɺʦʥʠ ʥʝ 

ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʚʠʤʽʨʶʚʘʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʥ ʜʦ ʜʝʢʽ-

ʣʴʢʦʭ ʤʽʣʽʤʝʪʨʽʚ. ʊʦʤʫ ʜʘʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʧʦʚʠʥʥʽ ʧʽʜʜʘʚʘʪʠʩʷ ʟʤʥ̔ʘʤ, 

ʱʦʙ ʾʭ ʤʦʞʥʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʤʽʩʮʽ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʦʜʝʨʞʫʚʘʥʠʭ ʧʦʨʦʢhʽʚ ʚ 

ʨʝʞʠʤʽ ʧʦʪʦʢʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʦʙʭʽʜʥʦ ʫʩʫʥʝʥʥʷ ʚʽʙʨʘ-

ʮʽʾ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ.  
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ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʰʠʭʪʠ ʟʘ ʚʠʤʽʨʘʤʠ ʢʦʩʚʝʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ (ʩʢʣʘʜ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ, ʰʚʠʜʢʽʩʪʴ ʩʧʽʢʘʥʥʷ) [127-129], ʘʣʝ ʚʦʥʠ ʤʝʥʰ 

ʪʦʯʥʽ ʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʦˇʨʫʜʢʫʚʘʥʥʷʤ, ʚ ʷʢʠʭ ʚʦʣʦʛʽʩʪʴ ʰʠʭʪʠ 

ʚʠʟʥʘʯʘʶʪʴ ʰʣʷʭʦʤ ʧʨʷʤʠʭ ʚʠʤʽʨʽʚ ʧʦʯʘʪʢʦʚʦʾ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ [95, 116, 128-139 

ʪʘ ʽʥ.]. ʂʦʥʪʨʦʣʴ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ çʥʫʣʴʦʚʦʾè ʚʘʢʫʫʤ-

ʢʘʤʝʨʠ, ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʝʨʝʜ ʟʘʧʘʣʴʥʠʤ ʛʦʨʥʦʤ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʽ ʥʝ ʧʦʚ'ʷ-

ʟʘʥʦʾ ʽʟ ʟʘʛʘʣʴʥʠʤ ʛʘʟʦʚʠʤ ʪʨʘʢʪʦʤ; ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʨʫʙʢʠ, ʚʚʝʜʝʥʦʾ 

ʚ ʰʘʨ ʰʠʭʪʠ ʟ ʪʦʨʮʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʩʪʨʽʯʢʠ ʪʘ ʽʥ. [130]. ɼʘʥʽ ʩʧʦʩʦʙʠ ʚʠʤʽʨʶʚʘʥ-

ʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʚʦʣʦʜʽʶʪʴ ʤʘʣʦʶ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʴ ʯʝʨʝʟ ʧʽʜʩʦʩʠ ʧʦʚʽʪʨʷ 

ʟʟʦʚʥʽ, ʚʝʣʠʢʫ ʧʣʦʱʫ ʧʨʦʩʤʦʢʪʫʚʘʥʥʷ ʽ ʢʦʣʠʚʘʥʥʷ ʚʠʩʦʪʠ ʰʘʨʫ. ʇʦʯʘʪʢʦʚʘ ʛʘʟʦʧ-

ʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ ʭʦʣʦʜʥʦʾ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʚʠʱʝ, ʥʽʞ ʧʨʠ ʩʧ̔ -

ʢʘʥʥʽ, ʪʘʢ ʷʢ ʙʽʣʴʰʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʨʠ ʘʛʣʦʤʝʨʘʮʽʾ, ʟʙʽʣʴʰʫʶʪʴ 

ʦʧʽʨ ʨʫʭʫ ʛʘʟʫ. ʆʜʥʘʢ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʰʘʨʫ ʰʠʭʪʠ ʥʘʜʘʻ ʜʫʞʝ ʩʠʣʴʥʦ-

ʛʦ ʚʧʣʠʚʫ ʥʘ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ ʚ ʭʦʜʽ ʧʨʦʮʝʩʫ ʘʛʣʦʤʝʨʘʮʽʾ [77]. ʗʢ ʧʨʘʚʠʣʦ, 

ʯʠʤ ʚʠʱʝ ʧʦʯʘʪʢʦʚʘ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ, ʪʠʤ ʚʠʱʘ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʽ ʧʨʠ ʩʧʽʢʘʥʥʽ. 

ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦˇʨʫʜʢʫʚʘʥʥʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟʤʽʥʠ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʽʟ ʧʝʚʥʦʶ 

ʟʤʽʥʦʶ ʚʦʣʦʛʦʩʪʽ ʰʠʭʪʠ K = dG/dW (ʪʦʙʪʦ ʚʝʣʠʯʠʥʦʶ ʧʦʭʽʜʥʦʾ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ G 

(ʤ
3
/(ʤ

2
Āʩ)) ʟʘ ʚʦʣʦʛʽʩʪʶ W (ʯ. ʦʜ.)) ʧʦʢʘʟʘʚ, ʱʦ ʟʘʜʘʥʘ ʚʝʣʠʯʠʥʘ ʧʦʭʽʜʥʦʾ K ʧʨʠ 

ʟʤʽʥʽ ʫʤʦʚ ʩʧʽʢʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʽʟʥʠʭ ʰʠʭʪ) ʥʝ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ. 

ɺ ʨʦʙʦʪʽ [131] ʚʽʜʟʥʘʯʝʥʦ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦ-

ʨʫ Ɋ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʧʘʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. ɺ ʨʦʟʨʦʙʣʝʥʦʤʫ ʩʧʦʩʦʙʽ ʢʝʨʫ-

ʚʘʥʥʷ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʩʝʨʝʜʥʴʦʤʘʩʦʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʽ ʨʦʟʨʽʜʞʝʥʥʷ ʧʽʜ 

ʰʘʨʦʤ ʦʮʽʥʶʶʪʴ ʚʝʣʠʯʠʥʫ Ɋ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ Ɋ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʣʽʥʽʡʥʦ ʟʥʠʞʫʻʪʴʩʷ. ʊʦʤʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʘ-

ʥʦʛʦ ʧʘʨʘʤʝʪʨʘ.  

ɻʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʠʭʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʻ ʫʤʦʚʠ ʾʾ ʟʘʧʘʣʶʚʘʥʥʷ ʽ ʩʧʽ-

ʢʘʥʥʷ. ɸʥʘʣʽʟ ʨʦʙʽʪ [20, 132-140 ʪʘ ʽʥ.] ʧʦʢʘʟʘʚ, ʱʦ ʚ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʦʣʦʛʽʩʪʴ ʽ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴ-

ʩ.̫ ʐʣʷʭʦʤ ʧʨʷʤʠʭ ʚʠʤʽʨʽʚ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʤʦʞʣʠʚʠʡ ʧʽʜʙʽʨ ʚʦʣʦʛʦʩʪʽ ʰʠʭʪʠ 
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[141]. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʧʦʯʘʪʢʦʚʦʾ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ 

ʰʘʨʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʚʽʜ ʾʾ ʚʦʣʦʛʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʝʨʫʚʘʥʥʷ ʦˇʨʫʜʢʫʚʘʥʥʷʤ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʥʝ ʪʽʣʴʢʠ ʟʘ 

ʚʦʣʦʛʽʩʪʶ, ʘ ʡ ʟʘ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʶ (ʧʦʨʦʟʥʽʩʪʶ) ʾʾ ʰʘʨʫ ʥʘ ʚʠʭʦʜʽ ʟ ʙʘʨʘʙʘʥʘ-

ʦˇʨʫʜʢʫʚʘʯʘ, ʜʦʟʚʦʣʠʪʴ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦˇʨʫʜʢʫʚʘʥʥʷ ʽ ʧʨʦʜʫʢʪʠ-

ʚʥʽʩʪʴ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽ-

ʜʞʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦˇʨʫʜʢʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʚ ʧʦʪʦʮʽ. 

ʇʝʚʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦʜʝʨʞʫʚʘʥʠʭ ʦʢʘʪʠʰʽʚ (ʛʨʘʥʫʣ) ʤʦʞʝ ʟʤʽ-

ʥʠʪʠʩʷ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʯʘʩʪʠʥʘ ʦʢʘʪʠʰʽʚ ʟ ʥʠʟʴʢʦʶ ʤʽʮʥʽʩʪʶ ʟʨʫʡ-

ʥʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʫʜʘʨʽʚ ʦʙ ʩʪʽʥʢʠ ʦˇʨʫʜʢʫʚʘʯʘ ʘʙʦ ʚʟʘʻʤʥʠʭ ʟʽʪʢʥʝʥʥʷʭ [11]. ʇʨʠ 

ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʪʦʚʱʠʥʘ ʢʦʞʥʦʛʦ ʧʽʜʰʘʨʫ ʚʩʝʨʝʜʠʥʽ ʦˇʨʫʜʢʫʚʘʯʘ ʜʦʨʽʚʥʶʻ ʜʽʘ-

ʤʝʪʨʫ ʯʘʩʪʠʥʦʢ ʽ ʱʦ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʦʢʨʝʤʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʟʽʪʢʥʝʥ-

ʥʷ, ʚʨʘʭʦʚʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ fg, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʢʦʯʫʚʘʥʦʾ ʯʘʩʪʠʥʢʠ ʤʘʻ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ [142] 

 

 vʩ = (g sin c - fg g cos c ) Ű  + (R
2
 - Rc

2
)
0,5

 - (Ri
2
 -Rc

2
)
0,5

 ,  (1.18) 

ʜʝ c, Rʩ ï ʢʫʪ ʪʘ ʨʘʜʽʫʩ, ʥʘ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʮʝʥʪʨ ʮʠʨʢʫʣʷʮʽʾ ʮʝʥʪʨʫ ʮʠʨ-

ʢʫʣʷʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ, ʛʨʘʜʫʩ ʪʘ ʤ;  

Ri ʪʘ R ï ʨʘʜʽʫʩ, ʥʘ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʪʦʯʢʘ ʧʝʨʝʭʦʜʫ ʯʘʩʪʠʥʢʠ ʽʟ ʧʽʜʡʦʤʫ 

ʰʘʨʫ ʚ ʩʢʦʯʫʚʘʥʥʷ, ʪʘ ʨʘʜʽʫʩ ʙʘʨʘʙʘʥʘ, ʚʽʜʧʦʚʽʜʥʦ, ʤ.  

 

ʋʩʽ ʟʘʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ, ʦʪʞʝ ʽ ʝʥʝʨʛʽʷ ʟʽʪʢʥʝʥʥʷ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝ-

ʨʪʘʥʥʷ ʦˇʨʫʜʢʫʚʘʯʘ. ɺ ʨʦʙʦʪʽ [94] ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʤʦʛʠ ʜʦ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘ-

ʞʝʥʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʛʨʘʥʫʣ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʚ ʦˇʨʫʜʢʫ-

ʚʘʯ̔. ʄʘʢʩʠʤʘʣʴʥʽ ʩʪʠʩʢʘʶʯʽ ʥʘʧʨʫʛʠ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʠʞʯʝ 

ʧʝʚʥʦʾ ʢʨʠʪʠʯʥʦʾ ʤʝʞʽ, ʟʘ ʷʢʦʶ ʧʦʨʫʰʫʻʪʴʩʷ ʤʽʮʥʽʩʥʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʯʘʩʪʠʥʦʢ, 

ʷʢʠʡ ʣʽʤʽʪʫʻʪʴʩʷ ʢʘʧʽʣʷʨʥʠʤʠ ʽ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʩʠʣʘʤʠ: 

 

 ůʢʦʥʪ.max = ůʫ ,ɦ    ůʨʦʟʪ< ůʛʨ, (1.19) 

ʜʝ ůʢʦʥʪ.max, ůʫ,ɦ ůʨʦʟʪ, ůʛʨ ï ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʪʘʢʪʫ, ʫʱʽʣʴʥʝʥʥʷ, 
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ʨʦʟʪʷʛʫʚʘʥʥʷ ʽ ʛʨʘʥʠʯʥʝ, ʚʽʜʧʦʚʽʜʥʦ, ʅ/ʤ
2
. 

 

ɺʠʜʽʣʝʥʽ ʦʜʥʦʩʪʦʨʦʥʥʽ ʽ ʜʚʦʩʪʦʨʦʥʥʽ ʩʪʠʩʢʘʶʯʽ ʪʘ ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ˇʨʫʜʢʫʶʯʽ ʘʛʨʝʛʘʪʠ. ɼʣʷ ʚʩʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽʩʪʦʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʘʻ ʰʚʠʜʢʽʩʪʴ ʧʘ-

ʜʽʥʥʷ, ʧʣʘʩʪʠʯʥʽʩʪʴ ʽ ʜʽʘʤʝʪʨ ʛʨʘʥʫʣ. ʗʢʱʦ ʩʫʤʽʰ ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʚʝʣʠʢʽ ʯʘʩʪʢʠ, ʪʦ 

ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʦʢʘʪʠʰʽʚ ʧʨʠ ʟʽʪʢʥʝʥʥʷʭ ʟʨʦʩʪʘʻ. ɺ ʩʠʩʪʝʤʘʭ ʽʟ ʟʝʨʥʘʤʠ 

ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʚʝʣʠʢʽ ˇʨʫʜʢʠ ʨʫʡʥʫʶʪʴ ʜʨʽʙʥʽ ʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʤʘʪʝʨʽʘ-

ʣʫ ʟʨʫʡʥʦʚʘʥʠʭ ʦʢʘʪʠʰʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʦʢʘʪʠʰʽʚ ʟʤʝʥʰʫʻʪʴʩʷ, 

ʘʣʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫʱʽʣʴʥʝʥʥʷ ʦʢʘʪʠʰʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʤʽʮʥʦʩʪʽ ʪʘ ʦʧʦʨʫ ʨʫʡ-

ʥʫʚʘʥʥʶ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʤʘʪʝʨʽʘʣʫ ʨʦʟʨʦʙʣʝʥʘ ʦʢʨʝʤʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫ-

ʥʢʫ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʯʘʩʪʠʥʦʢ, ʰʚʠʜʢʦʩʪʝʡ ʽ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʆʜʥʘʢ ʩʝʛʨʝʛʘ-

ʮʽʷ ʧʦ ʢʨʫʧʥʦʩʪʽ ʽ ʨʽʟʥʘ ʚʘʛʘ ʛʨʘʥʫʣ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʟʫʚʘʥʥʷ ʪʘ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʤʽʨʫ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʛʨʘʥʫʣ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦˇʨʫʜʢʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʦʜʥʦ-

ʯʘʩʥʝ ʢʝʨʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʤʠ ʚʧʣʠʚʘʤʠ ʪʘ ʩʠʣʘʤʠ ʟʯʝʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ. ʅʝʦʙʭʽʜ-

ʥʦ ʨʦʟʨʦʙʠʪʠ ʥʦʚʠʡ ʧʦʢʘʟʥʠʢ ʢʝʨʫʚʘʥʥʷ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʝʣʠʯʠʥʫ ʛʘʟʦʧʨʦʥʠʢʥʦʩ-

ʪʽ ʰʘʨʫ, ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ 

ʩʢʣʘʜʫ. 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʨʫʩʽ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʪʠʥʽ 

ʙʘʨʘʙʘʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʝʛʨʝʛʘʮʽʷ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ 

ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʥʘʚʢʦʣʦ ʮʝʥʪʨʫ ʮʠʨʢʫʣʷʮʽʾ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [142], 

ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʦʩʴʦʚʦʛʦ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʤʽʨʫ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʮʝʥʪʨʫ ʮʠʨʢʫʣʷʮʽʾ, ʦʪʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʝʛʨʝʛʘʮʽʾ ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ 

ʙʫʜʫʪʴ ʤʘʪʠ ʤʝʥʰʫ ʦʩʴʦʚʫ ʰʚʠʜʢʽʩʪʴ, ʥʽʞ ʚʝʣʠʢʽ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʨʦʙʣʷʪʴ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘ ʜʦʟʫʚʘʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ ʙʫʜʫʪʴ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʦʙʝʨʪʦʚʽʡ ʪʨʫʙʽ ʪʘ ʝʬʝʢʪ ʩʝʛʨʝʛʘʮʽʾ ʤʘʻ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʪʠʩʷ 

ʥʘ ʪʦʯʥʦʩʪʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʦʟʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʚʠʭʽʜʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʫ ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʥʘʩʠʧʥʫ ʱʽʣʴʥʽʩʪʴ, ʝʬʝʢʪ ʩʝʛʨʝʛʘʮʽʾ ʧʦʩʠʣʶʻʪʴʩʷ ʧʨʠ ʨʫʩʽ 

ʯʘʩʪʠʥʦʢ ʟ ʨʽʟʥʦʶ ʧʠʪʦʤʦʶ ʛʫʩʪʠʥʦʶ. ʊʘʢʦʞ ʧʨʦʧʦʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ, ʚ ʪʦʤʫ 
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ʯʠʩʣʽ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʝʬʝʢʪ ʩʝʛʨʝʛʘʮʽʾ 

ʰʣʷʭʦʤ ʧʝʨʽʦʜʠʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʷʜʨʘ ʩʝʛʨʝʛʘʮʽʾ, ʫʪʚʦʨʝʥʦʛʦ ʜʨʽʙʥʠʤʠ ʯʘʩʪʢʘʤʠ.  

ɼʽʡʩʥʦ, ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʜʦʟʫʚʘʥʥʷ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʩʪʫʧʝʥʶ ʟʘ-

ʧʦʚʥʝʥʥʷ ʟʤʽʰʫʚʘʯʘ, ʚʤʽʩʪ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʥʘ ʚʠʭʦʜʽ ʟ ʦʙʝʨʪʦʚʦʾ ʪʨʫʙʠ ʙʫʜʝ ʤʝʥ-

ʰʠʤ, ʥʽʞ ʫ ʚʠʭʽʜʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. ʆʜʥʘʢ, ʱʦʜʦ ʧʦʩʪʽʡʥʦʛʦ ʩʪʫʧʝʥʷ ʟʘʧʦʚʥʝʥʥʷ 

ʦʩʴʦʚʘ ʰʚʠʜʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʜʥʘʢʦʚʦʶ. ʅʘʡʽʤʦʚʽʨʥʽʰʝ, ʱʦ ʟʘʟʥʘ-

ʯʝʥʘ ʩʝʛʨʝʛʘʮʽʷ ʩʪʚʦʨʠʪʴ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʧʦʪʦʢʫ ʥʘ 

ʚʠʭʦʜʽ ʟ ʦˇʨʫʜʢʫʚʘʯʘ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʮʽʻʾ ʥʝʨʽʚ-

ʥʦʤʽʨʥʦʩʪʽ ʥʘ ʩʝʛʨʝʛʘʮʽʡʥʽ ʷʚʠʱʘ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʥʘ ʘʛʣʦʤʘʰʠʥʽ ʪʘ ʷʢʽʩʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ ʦˇʨʫʜʢʫʚʘʥʥʷ. 

 

1.3. ʋʟʛʦʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʽʚʥʷ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʟʽ ʰʚʠʜʢʽ-

ʩʪʶ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʽʚ ʢʨʽʟʴ ʰʘʨ 

 

ʇʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʩʧʽʢʘʥʥʷ ʣʽʤʽʪʫʻ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʦʧʫʩ-

ʢʘʥʥʷ ʟʦʥʠ ʛʦʨʽʥʥʷ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʰʠʭʪʦʶ ʽ ʨʫ-

ʭʦʤʠʤʠ ʛʘʟʘʤʠ, ʥʘʛʨʽʪʠʤʠ ʛʘʨʷʯʠʤ ʘʛʣʦʤʝʨʘʪʦʤ ʽ ʪʝʧʣʦʪʦʶ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ. ʌʦʨ-

ʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʘʛʣʦʤʝʨʘʪʫ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʥʘʡʚʘʞʣʠʚʽʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ï ʤʮ̔-

ʥʽʩʪʴ ʽ ʚʽʜʥʦʚʣʶʚʘʥʽʩʪʴ. ɿʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʽʚ ʢʨʽʟʴ ʰʘʨ ʩʧʨʠʷʻ 

ʰʚʠʜʢʦʤʫ ʥʘʛʨʽʚʫ ʰʠʭʪʠ ʧʽʜ ʟʦʥʦʶ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʡʦʛʦ ʟʘʧʘʣʶ-

ʚʘʥʥʷ, ʦʜʥʘʢ ʟʥʠʞʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʽ ʧʨʠʩʢʦʨʶʻ ʦʭʦʣʦ-

ʜʞʝʥʥʷ ʛʦʪʦʚʦʛʦ ʘʛʣʦʤʝʨʘʪʫ, ʧʦʛʽʨʰʫʶʯʠ ʡʦʛʦ ʤʽʮʥʽʩʪʴ. ɸʛʣʦʤʝʨʘʪ ʟ ʦʧʣʘʚʣʝʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʽ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʤʘʻ ʢʨʘʱʫ ʤʝʭʘʥʽʯʥʫ 

ʤʽʮʥʽʩʪʴ, ʘʣʝ ʤʘʻ ʥʠʞʯʫ ʚʽʜʥʦʚʣʶʚʘʥʽʩʪʴ [143].  

ɺ ʧʨʦʮʝʩʽ ʩʧʽʢʘʥʥʷ ʦʢʩʠʜʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ, ʚ 

ʪʚʝʨʜʠʭ ʬʘʟʘʭ ʚʩʪʫʧʘʶʪʴ ʚ ʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 500õ1100 Áʉ ʽ ʫʪʚʦ-

ʨʶʶʪʴ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ. ʅʘʛʨʽʚʘʥʥʷ ʰʠʭʪʠ ʜʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʩʧʽʢʘʥʥʷ ʟʘ ʜʫʞʝ ʤʘʣʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʘ ʦʩʪʘʪʦʯʥʝ ʚʠʨʽʚʥʶʚʘʥʥʷ ʢʦʥʮʝ-

ʥʪʨʘʮʽʡ ʟ ʦʪʨʠʤʘʥʥʷʤ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʩʢʣʘʜ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʩʽ ʨʝʘʛʫʶʯʠʭ 
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ʨʝʯʦʚʠʥ, ʚʠʤʘʛʘʻ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʫʪʚʦʨʶʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴ-

ʢʽʩʪʴ ʩʧʦʣʫʢ ʚ ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʢʩʠʜʽʚ ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ. ɺʘʞʣʠʚʠʤ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʛʦʪʫʻ ʫʪʚʦʨʝʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ. ʈʦʟʧʣʘʚʣʷʶʪʴ-

ʩʷ, ʥʘʩʘʤʧʝʨʝʜ, ʣʝʛʢʦʧʣʘʚʢʽ ʩʧʦʣʫʢʠ, ʧʽʜʛʦʪʦʚʣʝʥʽ ʚʟʘʻʤʦʜʽʻʶ ʤʘʪʝʨʽʘʣʽʚ ʫ ʪʚʝʨ-

ʜʦʤʫ ʩʪʘʥʽ. 

ɺʟʘʻʤʦʜʽʷ ʪʚʝʨʜʠʭ ʬʘʟ, ʱʦ ʤʽʩʪʷʪʴ CaO, SiO2, Fe2O3 ʪʘ ʽʥʰʽ ʩʧʦʣʫʢʠ, ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʢʨʫʧʥʽʩʪʶ ʚʟʘʻʤʦʜʽʶʯʠʭ ʯʘʩʪʠʥʦʢ, ʪʽʩʥʦʪʦʶ ʟʤʽʰʫʚʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʦʶ ʽ 

ʯʘʩʦʤ ʚʟʘʻʤʦʜʽʾ. ʄʝʭʘʥʽʟʤ ʚʟʘʻʤʦʜʽʾ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ ʧʦʣʷʛʘʻ ʫ ʜʠʬʫʟʽʾ ʽʦʥʽʚ ʢʨʽʟʴ 

ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʰʽʪʢʫ. ʎʝ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʧʨʠ ʢʦʥʢʨʝʪʥʦʤʫ ʜʣʷ ʜʘʥʦʾ ʨʝʯʦʚʠʥʠ ʨʽʚ-

ʥʽ ʪʝʤʧʝʨʘʪʫʨʠ.  

ɼʣʷ ʨʽʟʥʠʭ ʰʠʭʪ ʽʩʥʫʻ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʚʽʪʨʷ ʚ ʰʘʨʽ, ʷʢʝ ʚʽʜʧʦʚʽ-

ʜʘʻ ʢʨʘʱʠʤ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʧʦʢʘʟʥʠʢʘʤ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ 

ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʽʢʘʥʥʷ ʤʘʻ ʦʙʦʚ'ʷʟʢʦʚʦ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʠʥ-

ʮʠʧʫ, ʩʬʦʨʤʫʣʴʦʚʘʥʦʛʦ ɺʦʡʩʦʤ: ʥʘʡʢʨʘʱʘ ʷʢʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦ-

ʜʫʢʪʠʚʥʽʩʪʴ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʩʷʛʘʶʪʴʩʷ ʟʘ ʨʽʚʥʦʩʪʽ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝ-

ʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ (ʛʦʨʠʟʦʥʪʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʧʘʣʘʭʫ) ʪʘ ʪʝʧʣʦʧʝ-

ʨʝʜʘʯʽ (ʛʦʨʠʟʦʥʪʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ) [49, 144-146]. 

ɹʽʣʴʰʽʩʪʴ ʩʧʦʩʦʙʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʘʛʣʦʤʝʨʘʮʽʾ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜ-

ʚʠʱʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʛʣʦʤʝʨʘʪʫ ʚʠ-

ʩʦʢʦʾ ʷʢʦʩʪʽ ʧʦʣʽʧʰʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʧʦʚʠʥʥʦ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʟʙʽʣʴ-

ʰʝʥʥʷʤ ʡʦʛʦ ʚʠʩʦʪʠ.  

ɺ ʨʦʙʦʪʘʭ [1, 2] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽʡ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʦˇʨʫʜ-

ʢʦʚʘʥʦʾ ʰʠʭʪʠ ʟʘʟʚʠʯʘʡ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʘ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʧʨʠ ʩʧʽʢʘʥʥʽ. 

ʊʦʤʫ ʟʥʘʯʥʘ ʫʚʘʛʘ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦˇʨʫʜʢʫ-

ʚʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ. ʆʜʥʘʢ, ʚ ʘʛʣʦʤʝʨʘʮʽʡʥʦʤʫ ʰʘʨʽ ʬʦʨʤʫʻʪʴʩʷ ʢʽʣʴʢʘ 

ʟʦʥ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʨʽʟʥʦʶ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʶ. ʅʘʡʛʽʨʰʫ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴʶ ʤʘʶʪʴ 

ʟʦʥʠ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ. ɼʦ ʪʘʢʠʭ ʟʦʥ ʚʽʜʥʦʩʷʪʴ ʟʦʥʠ 

ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʽ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ.  

ɿʥʘʯʥʠʡ ʝʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʧʽʢʘʥʥʷ ʜʘʻ ʧʦʧʝʨʝʜʥʽʡ 

ʧʽʜʽʛʨʽʚ ʰʠʭʪʠ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʾʾ ʧʦʯʘʪʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 20 Áʉ ʜʦ 65 Áʉ [147, 
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148]. ʇʨʠʯʦʤʫ, ʯʠʤ ʢʨʫʧʥʽʰʝ ʚʠʭʽʜʥʘ ʰʠʭʪʘ, ʪʠʤ ʤʝʥʰʝ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦ-

ʩʪʽ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʩʧʽʢʘʥʥʷ ʰʠʭʪ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʢʦʥʮʝʥʪʨʘʪʽʚ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʩʢʝʣʝʪʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʧʝʨʝʰʢʦʜʞʘʻ ʫʩʘʜʮʽ ʰʘʨʫ, ʽ 

ʟʥʠʞʝʥʥʶ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ [149, 150]. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟʚʦʨʦʪ ʻ ʽʥʪʝʥʩʠʬʽʢʘ-

ʪʦʨʦʤ, ʚʽʥ ʧʦʣʽʧʰʫʻ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʠʭʪʠ, ʘʣʝ ʯʠʤ ʙʽʣʴʰʝ ʚ ʰʠʭʪʽ ʛʘʨʷʯʦʛʦ 

ʟʚʦʨʦʪʫ, ʪʠʤ ʩʣʘʙʰʠʡ ʝʬʝʢʪ ʚʽʜ ʧʽʜʽʛʨʽʚʫ.  

ɯʟ ʧʦʧʝʨʝʜʥʽʤ ʧʽʜʽʛʨʽʚʦʤ ʰʠʭʪʠ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻʪʴʩʷ ʢʦʥʜʝʥʩʘʮʽʷ ʚʦʣʦʛʠ ʚ 

ʥʠʞʥʽ ʭʦʣʦʜʥʽ ʰʘʨʠ ʰʠʭʪʠ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʽ ʘʛʣʦʫʩʪʘʥʦʚʢʠ ʥʘ 20õ30 %. ʊʘʢ ʷʢ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʥʠʞʥʽʭ ʰʘʨʽʚ ʰʠʭʪʠ ʚʠ-

ʤʘʛʘʻ ʜʝʷʢʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʚʠʪʨʘʪʠ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙʥʷʢʫ, ʪʦ ʧʨʠ ʩʧʽʢʘʥʥʽ ʧʽʜʽʛʨʽʪʦʾ 

ʰʠʭʪʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʝʢʦʥʦʤʽʶ 10õ15 % ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ. 

ʇʽʜʽʛʨʽʚ ʰʠʭʪʠ ʛʘʨʷʯʠʤ ʟʚʦʨʦʪʦʤ (600 Áʉ) ʚʠʢʣʠʢʘʻ ʨʷʜ ʧʨʘʢʪʠʯʥʠʭ ʪʨʫʜ-

ʥʦʱʽʚ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʢʦʥʚʝʻʨʽʚ ʽ ʚʽʙʨʘʮʽʡʥʠʭ ʪʨʫʙʯʘʩʪʠʭ ʢʦʥʚʝʻʨʽʚ 

ʜʣʷ ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ; ʧʦʩʠʣʝʥʥʷ ʩʠʩʪʝʤʠ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʽ 

ʪ.ʽ. ʊʦʤʫ ʪʨʫʜʥʦʱʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʠʤ ʤʝʪʦʜʦʤ 

ʥʘʛʨʽʪʠ ʰʠʭʪʫ ʧʝʨʝʜ ʩʧʽʢʘʥʥʷʤ ʜʦ 60õ80 Áʉ, ʩʪʘʣʠ ʧʨʠʯʠʥʦʶ ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʣʦ-

ʜʞʝʥʥʷ ʟʚʦʨʦʪʫ ʪʘ ʰʠʭʪʠ ʜʦ 100õ120 Áʉ ʽ 25õ30 Áʉ, ʚʽʜʧʦʚʽʜʥʦ.  

ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʣʘ ʟʘʜʘʯʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʪʝʧʣʦʥʦʩʽʾʚ ʜʣʷ ʧʽʜʽʛʨʽ-

ʚʫ ʰʠʭʪʠ, ʭʦʯʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʩʧʦʩʦʙʠ ʥʝ ʚʠʢʣʶʯʘʶʪʴ, ʘ ʜʦʧʦʚʥʶʶʪʴ ʩʧʦʩʽʙ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʛʘʨʷʯʦʛʦ ʟʚʦʨʦʪʫ  ʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʨʘʟʦʤ. ʇʨʦʪʝ, ʥʘʜʤʽʨʥʠʡ 

ʧʝʨʝʛʨʽʚ ʰʠʭʪʠ ʘʢʪʠʚʽʟʫʻ ʧʨʦʮʝʩʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ, ʨʫʡʥʫʚʘʥʥʷ ˇʨʫʜʦʢ ʽ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʫ ʚʽʜ ʧʽʜʽʛʨʽʚʫ [80].  

ɯʩʥʫʶʪʴ ʩʧʦʩʦʙʠ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ ʰʣʷʭʦʤ ʧʨʦʩʤʦʢʪʫʚʘʥʥʷ ʘʙʦ ʧʨʦʜʫʚʢʠ 

ʢʨʽʟʴ ʰʘʨ ʛʘʨʷʯʦʛʦ ʧʦʚʽʪʨʷ ʘʙʦ ʛʘʟʽʚ [151, 152], ʥʘʛʨʽʚʘʥʥʷ ʰʠʭʪʠ ʪʝʧʣʦʪʦʶ ʢʦʥ-

ʜʝʥʩʘʮʽʾ ʧʘʨʘ, ʱʦ ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʢʨʽʟʴ ʰʠʭʪʫ ʚ ʙʫʥʢʝʨʽ ʘʙʦ ʟʤʽʰʫʚʘʣʴʥʦʤʫ ʙʘʨʘ-

ʙʘʥʽ [153], ʧʦʣʫʤ'ʷʤ ʛʘʟʦʚʠʭ ʧʘʣʴʥʠʢʽʚ ʚ ʟʤʽʰʫʚʘʣʴʥʦʤʫ ʙʘʨʘʙʘʥʽ [154]. 

ʂʂɼ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʾʚ ʛʘʟʫ, ʧʘʨʫ ʘʙʦ ʛʘʨʷʯʦʾ ʚʦʜʠ ʥʝ ʧʝʨʝ-

ʚʠʱʫʚʘʚ 50 % ʽ ʧʽʜʽʛʨʽʪʠ ʘʛʣʦʰʠʭʪʫ ʟʤʦʛʣʠ ʣʠʰʝ ʜʦ 45 Áʉ, ʘ ʚ ʣʽʪʥʽʡ ʯʘʩ ʜʦ 55 Áʉ. 

ɿʘ ʨʘʭʫʥʦʢ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʫ ʜʦʜʘʪʢʦʚʝ ʟʚʦʣʦʞʝʥʥʷ ʰʠʭʪʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʰʠʭʪʠ 

ʜʦ 60 Áʉ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1 % [155]. ɯʟ ʩʧʘʣʶʚʘʥʥʷʤ ʛʘʟʫ ʚ ʙʘʨʘʙʘʥʘʭ-
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ʦˇʨʫʜʢʫʚʘʯʘʭ ʧʦʛʽʨʰʫʶʪʴʩʷ ʫʤʦʚʠ ʧʨʘʮʽ ʥʘ ʚʝʨʭʥʽʭ ʧʦʚʝʨʭʘʭ ʚʽʜʜʽʣʝʥʥʷ ʜʣʷ ʩʧʽ-

ʢʘʥʥʷ, ʫʩʢʣʘʜʥʶʶʪʴʩʷ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʣʠʚʠʭ ʧʝ-

ʨʝʛʨʽʚʽʚ ʽ ʞʦʣʦʙʣʝʥʥʷ ʙʘʨʘʙʘʥʘ, ʧʦʛʽʨʰʫʻʪʴʩʷ ʧʨʦʮʝʩ ʛʨʘʥʫʣʷʮʽʾ ʯʝʨʝʟ ʧʽʜʩʫʰʫ-

ʚʘʥʥʷ ʽ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʧʨʦʛʨʽʚ ʩʢʣʘʜʦʚʠʭ ʰʠʭʪʠ ʟ ʧʦʚʝʨʭʥʽ. ʊʦʤʫ ʟʘʟʥʘʯʝʥʽ ʩʧʦʩʦ-

ʙʠ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʟʥʘʡʰ-

ʣʠ. 

ɺ ʨʦʙʦʪʽ [3] ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʠʩʪʨʦʶ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ ʧʘʨʦʤ ʚ 

ʙʘʨʘʙʘʥʽ-ʦˇʨʫʜʢʫʚʘʯʽ. ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʫ ʧʨʠ ʨʦʙʦʪʽ ʪʘʢʦʛʦ 

ʧʨʠʩʪʨʦʶ ʩʢʣʘʚ 85 % ʽʟ ʥʘʛʨʽʚʘʥʥʷʤ ʰʠʭʪʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 55õ65 Áʉ. ʉʧʽʢʘʥʥʷ 

ʦʙʨʦʙʣʝʥʦʾ ʧʘʨʦʤ ʰʠʭʪʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ 2õ4 % ʫ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʢʦʞʥʽ 10 Áʉ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʰʠʭʪʠ, ʟʘʚʘʥʪʘʞʝʥʦʾ ʥʘ ʘʛʣʦ-

ʩʪʨʽʯʢʫ. 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ, ʧʝʚʥʠʡ ʝʬʝʢʪ ʜʘʻ ʟʥʠʞʝʥʥʷ ʾʾ ʚʦʣʦʛʦʩʪʽ ʥʘ 

1,0õ1,5 % ʚʽʜʥʦʩʥʦ ʚʦʣʦʛʦʩʪʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʽʡ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ 

ʥʝʟʘʧʘʣʝʥʦʾ ʰʠʭʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʝʱʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ, ʘʙʦ ʟʥʠ-

ʞʝʥʥʷ ʚʤʽʩʪʫ ʚʦʜʠ ʪʽʣʴʢʠ ʚ ʥʠʞʥʴʦʤʫ ʰʘʨʽ. 

ɼʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʞʝʦʧʘʣʝʥʦʛʦ 

ʚʘʧʥʘ [2]. ʂʨʽʤ ʪʦʛʦ, ʚʘʧʥʦ ʤʘʻ ʙʽʣʴʰʫ ʢʦʥʪʘʢʪʥʫ ʧʦʚʝʨʭʥʶ ʽ ʧʦʢʨʘʱʫʻ ˇʨʫʜʢʦʚʘ-

ʥʽʩʪʴ ʰʠʭʪʠ. ʆʙôʻʤ ʚʘʧʥʘ ʽʟ ʟʽʪʢʥʝʥʥʷʤ ʟ ʚʦʜʦʶ ʨʽʟʢʦ ʟʨʦʩʪʘʻ, ʱʦ ʩʧʨʠʷʻ ʟʙʽʣʴ-

ʰʝʥʥʶ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ. ɺʘʧʥʦ ʜʫʞʝ ʛʽʛʨʦʩʢʦʧʽʯʥʝ ʽ ʰʚʠʜ-

ʢʦ ʧʦʛʣʠʥʘʻ ʚʦʜʫ, ʷʢʫ ʧʨʠʥʦʩʠʪʴ ʛʘʟʦʚʘ ʬʘʟʘ ʜʦ ʥʠʞʥʽʭ ʰʘʨʽʚ ʥʘ ʘʛʣʦʩʪʨʽʯʮʽ, ʧʝ-

ʨʝʰʢʦʜʞʘʶʯʠ ʫʪʚʦʨʝʥʥʶ ʟʦʥʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ. ʎʝ, ʦʜʥʦʯʘʩʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ˇʨʫʜʦʢ, ʟʤʝʥʰʫʻ ʦʧʽʨ ʮʴʦʛʦ ʰʘʨʫ ʨʫʭʫ ʛʘʟʦʚʦʾ ʬʘʟʠ. ɺ ʫʩʝʨʝ-

ʜʥʝʥʽʡ ʩʫʤʽʰʽ, ʧʽʜ ʜʽʻʶ ʦʙʧʘʣʝʥʦʛʦ ʚʘʧʥʘ, ʥʘ ʧʦʚʝʨʭʥʽ ʨʫʜʥʠʭ ʟʝʨʝʥ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʤʠʤʦʚʽʣʴʥʘ ʢʦʘʛʫʣʷʮʽʾ ʜʨʽʙʥʠʭ ʟʝʨʝʥ, ʪʦʙʪʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʢʠ ʟʝʨʝʥ ʢʨʫʧʥʽʩʪʶ 

ʤʝʥʰʝ 0,5 ʤʤ [2]. 

ʉʧʨʠʷʪʣʠʚʠʡ ʚʧʣʠʚ ʚʘʧʥʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʟ ʜʝʷʢʠʤ ʟʘʧʽʟʥʝʥʥʷʤ. ɿ ʮʽʻʾ ʧʨʠʯʠ-

ʥʠ ʦʙʧʘʣʝʥʝ ʚʘʧʥʦ ʚʚʦʜʷʪʴ ʜʦ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʥʘ ʧʦʯʘʪʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʮʠʢʣʫ, ʟʘʟʚʠʯʘʡ ʥʘ ʩʪʘʜʽʾ ʫʩʝʨʝʜʥʝʥʥʷ ʩʫʤʽʰʽ [156, 157]. ɼʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʦˇʨʫʜ-

ʢʫʚʘʯ ʫ ʚʘʧʥʘ ʜʦʩʪʘʪʥʴʦ ʯʘʩʫ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʚʦʜʦʶ, ʱʦʙ ʥʝ ʙʫʣʦ ʜʦʜʘʪʢʦʚʦʛʦ ʧʦ-
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ʛʣʠʥʘʥʥʷ ʛʽʛʨʦʩʢʦʧʽʯʥʦʾ ʚʦʣʦʛʠ ʰʠʭʪʠ. 

ʂʨʽʤ ʧʦʣʽʧʰʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʰʠʭʪʠ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʚʘʧʥʦ ʟʥʠ-

ʞʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʣʝʛʢʦʧʣʘʚʢʠʭ ʩʧʦʣʫʢ, ʦʪʞʝ, ʧʨʠʩʢʦʨʶʻ ʫʪʚʦʨʝʥʥʷ ʨʽ-

ʜʢʦʾ ʬʘʟʽ, ʱʦ ʟʚ'ʷʟʫʻ ʛʨʘʥʫʣʠ ʤʽʞ ʩʦʙʦʶ ʚ ʘʛʣʦʤʝʨʘʪ. 

ɺʽʜʦʤʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʩʠʨʠʭ ʛʨʘʥʫʣ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʰʠʭʪʠ ʧʦ-

ʚʠʥʥʘ ʟʥʠʞʫʚʘʪʠʩʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʛʨʘʥʫʣʷʮʽʾ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴ-

ʢʦʩʪʽ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʚ ʦˇʨʫʜʢʦʚʘʥʽʡ ʰʠʭʪʽ. ʊʦʤʫ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʽʛʨʽʚ ʰʠʭʪʠ ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ ʫʩʫʚʘʻ ʘʙʦ ʟʤʝʥʰʫʻ ʢʦʥʜʝʥʩʘʮʽʶ ʚʦʣʦʛʠ ʚ ʟʦʥʽ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ, ʯʠʤ 

ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ, ʟ ʽʥʰʦʛʦ ï ʧʦʛʽʨʰʫʻ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ 

ʩʢʣʘʜ ʰʠʭʪʠ, ʟʥʠʞʫʶʯʠ ʾʾ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʽʛʨʽʚʫ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʚʯʝʥʥʷ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦˇʨʫʜʢʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʰʠʭʪ ʽ ʟʥʠʞʝʥʥʷ ʾʾ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ.  

ɺ ʨʦʙʦʪʽ [2] ʜʦʩʣʽʜʞʝʥʦ ʦˇʨʫʜʢʫʚʘʥʥʷ ʭʦʣʦʜʥʦʾ ʪʘ ʧʽʜʽʛʨʽʪʦʾ ʰʠʭʪʠ, ʪʠʧʦʚʦʾ 

ʟʘ ʩʢʣʘʜʦʤ ʜʣʷ ʋʢʨʘʾʥʠ, ʙʝʟ ʚʤʽʩʪʫ ʚʘʧʥʘ ʪʘ ʽʟ ʡʦʛʦ ʜʦʜʘʚʘʥʥʷʤ. ʍʘʨʘʢʪʝʨ ʦʪʨʠ-

ʤʘʥʦʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʛʨʘʥʩʢʣʘʜʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʙʘ-

ʞʘʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʤʝʞʽ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ ʙʝʟ ʚʘʧʥʘ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʛʨʽʚʘʥʥʷ ʰʠʭʪʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 40õ50 Áʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʨʘʢʮʽʡ ʤʝʥʰʝ 1,6 ʤʤ (ʟ 13 % ʜʦ 15 %). ʇʦʜʘʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʢʦ ʧʦʛʽʨʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʨʘʥʫʣʷʮʽʾ ʰʠʭʪʠ. ʊʘʢʠʡ 

ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʦˇʨʫʜʢʫʚʘʥʥʷ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʟʤʽʥʦʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʠ ʽ ʧʦʨʫ-

ʰʝʥʥʷʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʠʥʘʤʽʢʠ ʛʨʘʥʫʣʷʮʽʾ. ʊʘʢ, ʚ'ʷʟʢʽʩʪʴ ʚʦʜʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʦʥʘʜ 50 Áʉ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ ʣʠʰʝ ʙʣʠʟʴʢʦ 20 % ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ (ʧʨʠ 0 Áʉ). ɺʩʪʘʥʦ-

ʚʣʝʥʦ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʚʦʣʦʛʽʩʪʴ ʰʠʭʪʠ ʣʽʥʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝ-

ʨʘʪʫʨʠ. ɺʽʜʥʦʩʥʦ ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ ʧʦʛʽʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ ʰʠʭʪʠ ʙʝʟ ʚʘʧ-

ʥʘ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʽʟʢʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ, ʟʙʽʛʘʻʪʴʩʷ, ʟ ʦʜ-

ʥʦʛʦ ʙʦʢʫ, ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʦʯʢʠ ʨʦʩʠ (45õ55 Áʉ) ʽ ʢʽʥʮʝʚʦʶ ʚʦʣʦʛʽʩʪʶ ʰʠʭʪʠ, 

ʙʣʠʟʴʢʦʶ ʜʦ ʚʦʣʦʛʦʩʪʽ ʰʠʭʪʠ ʚ ʟʦʥʽ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ (113õ125 % ʚʽʜ ʚʠʭʽʜʥʦʾ) ï ʟ 

ʽʥʰʦʛʦ. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʰʠʭʪʠ ʜʦ 70 Áʉ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʦʣʦʛʦʩʪʽ ʜʦ 9 % ʽ ʙʽʣʴʰʝ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʬʨʘʢʮʽʾ ʤʝʥʰʝ 1,6 
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ʤʤ ʚ ʦˇʨʫʜʢʦʚʘʥʠʡ ʰʠʭʪʽ. ʆʜʥʘʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʟʘ ʨʘʭʫʥʦʢ ʧʦʣʽʧʰʝʥʥʷ ʛʨʘ-

ʥʫʣʷʮʽʾ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʣʠʧʘʥʥʷ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʚ ʥʝʤʽʮʥʽ ˇʨʫʜʢʠ, ʷʢʽ ʧʽʜ ʯʘʩ ʫʢ-

ʣʘʜʘʥʥʷ ʰʠʭʪʠ ʥʘ ʘʛʣʦʤʘʰʠʥʫ ʽ ʧʦʜʘʣʴʰʦʤʫ ʩʧʽʢʘʥʥʽ ʣʝʛʢʦ ʨʫʡʥʫʶʪʴʩʷ. 

ʇʦʛʽʨʰʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʙʝʟ ʚʘʧʥʘ ʟʘ ʨʘʭʫ-

ʥʦʢ ʧʽʜʽʛʨʽʚʫ ʧʦʷʩʥʶʻʪʴʩʷ ʪʘʢʦʞ ʟʤʽʥʦʶ ʜʠʥʘʤʽʢʠ ʛʨʘʥʫʣʷʮʽʾ ʰʠʭʪʠ ʚ ʙʘʨʘʙʘʥʽ-

ʦˇʨʫʜʢʫʚʘʯʽ. ɿʘ ʟʚʠʯʘʡʥʠʤ ʨʝʞʠʤʦʤ ʟʚʦʣʦʞʝʥʥʷ ʧʨʦʮʝʩ ʨʦʩʪʫ ʛʨʘʥʫʣ ʧʨʘʢʪʠʯʥʦ 

ʟʘʚʝʨʰʫʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ å3 ʤ ʚʽʜ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʚʽʢʥʘ ʦˇʨʫʜʢʫʚʘʯʘ. ʇʽʜʽʛʨʽʚ 

ʰʠʭʪʠ ʟʩʫʚʘʻ ʟʘʢʽʥʯʝʥʥʷ ʛʨʘʥʫʣʷʮʽʾ ʚ ʙʽʢ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʚʽʢʥʘ, ʽ ʧʨʦʮʝʩ 

ʫʪʚʦʨʝʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʛʨʘʥʫʣ 3õ5 ʤʤ, 5õ10 ʤʤ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʘʚʝʨʰʝʥʠʤ. 

ɯʟ ʜʦʜʘʚʘʥʥʷʤ ʚʘʧʥʘ ʚ ʰʠʭʪʫ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘʛʨʽʚʫ ʥʘ ʧʨʦʮʝʩ ʛʨʘʥʫʣʷʮʽʾ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʚ'ʷʞʫʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʚʦʣʦʛʦʶ ʰʠʭ-

ʪʠ. ʇʦʩʠʣʶʶʪʴʩʷ ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʚ ʧʨʦʮʝʩʽ ʦˇʨʫʜʢʫʚʘʥʥʷ ʽ ʦʩʥʦ-

ʚʥʽʩʪʴ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ ʩʪʘʻ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʶ. ʇʨʠʯʦʤʫ, ʯʠʤ ʤʝʥʰʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʦˇʨʫʜʢʫʚʘʥʥʷ ʰʠʭʪʠ, ʪʠʤ ʙʽʣʴʰʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʧʣʠʚ ʚʘʧʥʘ [127]. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʽʛʨʽʚʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʙʽʣʴʰ ʟʥʘʯʥʦ, ʥʽʞ ʰʠʭʪʠ ʙʝʟ ʚʘʧʥʘ. ɺʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚʘʧʥʘ ʜʦʧʦʚʥʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʨʷʯʦʛʦ ʟʚʦʨʦʪʫ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ ʘʛʣʦʰʠʭʪʠ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽʥʰʽ ʩʧʦ-

ʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦˇʨʫʜʢʫʚʘʥʥʷ [158]. ʅʘʧʨʠʢʣʘʜ, ʚ ʷʢʦʩʪʽ ʘʜʩʦʨʙʝʥ-

ʪʫ ʚʦʣʦʛʠ ʪʘʢʦʞ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʦʨʬ, ʷʢʠʡ, ʚʦʣʦʜʽʶʯʠ ʚʠʩʦʢʦʶ ʛʽʛʨʦ-

ʩʢʦʧʽʯʥʽʩʪʶ, ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʟʦʥʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʧʨʠ ʩʧʽʢʘʥʥʽ ʘʥʘʣʦʛʽʯ-

ʥʦ ʚʘʧʥʫ [159].  

ʋʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʛʦʨʽʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʚ ʰʘʨʽ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʝʧ-

ʣʦʚʦʛʦ ʬʨʦʥʪʫ ʪʘʢʦʞ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʪʝʧʣʦʚʦʛʦ ʨʽʚʥʷ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ [160, 161]. ɺ ʨʦʙʦʪʽ [162] ʨʝʞʠʤʦʤ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʰʠʭʪʠ ʚ ʰʘʨʽ ʢʝʨʫʶʪʴ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ (CaO/SiO2, FeO/Feʟʘʛ, 

Al2O3/SiO2, MgO/SiO2) ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ. ʅʘ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʝ-

ʤʧʝʨʘʪʫʨʠ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ ʚ ʭʦʜʽ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʨʦʟʧʦʜʽʣʦʤ ʧʘʣʠʚʘ 

ʚ ʥʴʦʤʫ.  

ʇʦʟʠʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʦʟʧʦʜʽʣ ʪʝʧʣʦʪʠ ʚ ʰʘʨʽ ʥʘʜʘʻ ʩʝʛʨʝʛʘʮʽʷ ʰʠʭʪʠ ʟʘ 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʘʛʣʦʤʝʨʘʮʽʡʥʫ ʤʘʰʠʥʫ ʟ ʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ 
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ʧʘʣʠʚʘ ʚʛʦʨʽ ʰʘʨʫ [163-167].  

ɿ ʧʨʠʧʫʱʝʥʥʷʤ, ʱʦ ʦʢʨʝʤʘ ʯʘʩʪʠʥʢʘ ʰʠʭʪʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʢʫʣʷ, ʷʢʘ ʚʽʣʴ-

ʥʦ ʨʫʭʘʻʪʴʩʷ ʧʦ ʧʦʭʠʣʽʡ ʧʣʦʱʠʥʽ ʚ ʨʝʞʠʤʽ ʢʦʯʝʥʥʷ, ʫ ʨʦʙʦʪʽ [168] ʥʘʚʝʜʝʥʘ ʜʝʪʝ-

ʨʤʽʥʦʚʘʥʘ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʰʠʭʪʠ ʧʦ ʚʠʩʦʪʽ ʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ  

 

 1 1 1 1 2 2 2 2
' '

i i ih l sin f cos sin f cos sin ,  (1.20) 

ʜʝ hi ï ʧʦʣʦʞʝʥʥʷ i-ʦʾ ʯʘʩʪʠʥʢʠ ʚ ʰʘʨʽ ʱʦʜʦ ʡʦʛʦ ʧʦʚʝʨʭʥʽ, ʤ;  

l1 ï ʜʦʚʞʠʥʘ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʣʦʪʢʘ, ʤ; 

1 ʽ 2 ï ʢʫʪʠ ʥʘʭʠʣʫ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʣʦʪʢʘ ʽ ʧʦʚʝʨʭʥʽ ʫʢʦʩʫ ʰʘʨʫ, ʛʨʘʜ; 

'

1if , 
'

2if  ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʯʘʩʪʠʥʢʠ ʧʦ ʧʦʚʝʨʭʥʽ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʛʦ ʣʦʪʢʘ ʽ ʫʢʦʩʫ ʰʘʨʫ.  

 

ʎʷ ʤʦʜʝʣʴ ʻ ʪʝʦʨʝʪʠʯʥʦʶ, ʷʢʘ ʥʝ ʚʨʘʭʦʚʫʻ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʫ ʥʘ ʘʛʣʦʩʪʨʽʯʮʽ, 

ʥʝ ʨʦʟʨʘʭʦʚʫʻ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʪʷ ʜʣʷ ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ ʪʘ ʧʦʪʨʝʙʫʻ ʽʩʪʦʪ-

ʥʠʭ ʫʪʦʯʥʝʥʴ ʜʣʷ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚ. ʆʜʥʘʢ ʽʟ ʥʝʾ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʝʣʠʢʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʨʦʟʧʦʜʽʣ ʯʘʩʪʦʯʦʢ ʚ ʰʘʨʽ ʥʘʜʘʶʪʴ ʢʨʫʧʥʽʩʪʴ ʯʘʩʪʠʥʦʢ, ʘ ʪʘʢʦʞ ʢʫʪ ʥʘʭʠʣʫ ʽ ʜʦʚ-

ʞʠʥʘ ʣʠʩʪʘ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʘʛʣʦʤʘʰʠʥʠ. ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʽ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʘʛʣʦʤʘʰʠʥ (ʚʘʣʢʦʚʠʡ ʛʨʦʭʽʪ, ʪʦʱʦ) 

[169]. ʉʪʦʩʦʚʥʦ ʢʫʪʘ ʥʘʭʠʣʫ ʧʦʭʠʣʦʛʦ ʣʠʩʪʘ - ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʚʘʞʘʶʪʴ, ʱʦ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʩʝʛʨʝʛʘʮʽʾ ʛʨʘʥʫʣ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʧʨʠʙʣʠʟʥʦ 30Á ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʰʠʭʪʠ [170]. 

ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʩʝʛʨʝʛʘʮʽʾ ʙʘʞʘʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʚʤʽʩʪ 

ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʚ ʜʨʽʙʥʠʭ ʛʨʘʥʫʣʘʭ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ. ʎʝ ʤʦʞʣʠʚʦ ʧʨʠ ʚʠʢʦ-

ʨʠʩʪʘʥʥʽ ʨʦʟʜʽʣʴʥʦʾ ʧʦʜʘʯʽ ʯʘʩʪʠʥʠ ʧʘʣʠʚʘ ʚ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʢʽʥʝʮʴ ʙʘʨʘʙʘʥʘ-

ʦˇʨʫʜʢʫʚʘʯʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʚʦʰʠʭʪʦʚʦʛʦ ʩʧʽʢʘʥʥʷ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʪʚʝʨ-

ʜʦʛʦ ʧʘʣʠʚʘ ʪʘ/ʘʙʦ ʚʦʣʦʛʠ ʰʠʭʪʠ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ [171]. ɺ [172] ʪʦʚʱʠʥʫ ʢʦʞʥʦʛʦ 

ʰʘʨʫ ʨʝʛʫʣʶʶʪʴ, ʚʠʭʦʜʷʯʠ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʤʽʩʪʽʚ ʧʘʣʠʚʘ ʽ ʚʦʣʦʛʠ ʚ ʥʠʭ. ʅʘ 

ʘʛʣʦʬʘʙʨʠʮʽ ɺɸʊ çɿʉʄʂè ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʪʝʭʥʦʣʦʛʽʷ ʜʚʦʰʠʭʪʦʚʦʛʦ ʩʧʽʢʘʥʥʷ 

ʰʠʭʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʚʪʦʥʦʤʥʦ ʧʦʜʘʚʘʪʠ ʧʘʣʠʚʦ ʫ ʰʠʭʪʫ ʚ ʜʦʟʫʚʘʣʴʥʦʤʫ ʚʽʜʜʽ-
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ʣʝʥʥʽ ʪʘ ʘʛʣʦʤʝʨʘʮʽʡʥʦʤʫ ʢʦʨʧʫʩʽ. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʩʪʘʯʽ ʪʝʧʣʦʪʠ ʫ ʚʝʨʭʥʴʦʤʫ 

ʰʘʨʽ ʰʠʭʪʠ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʧʘʣʠʚʘ ʚ ʥʴʦʤʫ ʟʙʽʣʴʰʫʶʪʴ ʥʘ 0,5õ1,5 %ʘʙʩ. ʧʦʨʽʚʥʷʥʦ ʟ 

ʥʠʞʥʽʤ ʰʘʨʦʤ [173, 174]. ɿʘʣʽʟʦʨʫʜʥʘ ʯʘʩʪʠʥʘ ʰʠʭʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʥʢʦ ʧʦʜʨʽʙ-

ʥʝʥʠʤʠ ʢʦʥʮʝʥʪʨʘʪʘʤʠ, ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʤʘʛʥʝʟʽʾ. ʎʝ ʦʙʫʤʦʚ-

ʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʪʨʠʤʢʠ ʚʠʩʦʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʪʝʧʣʦʚʦʛʦ ʨʽʚʥʷ ʧʨʦʮʝʩʫ ʩʧʽ-

ʢʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʦʾ ʚʠʪʨʘʪʠ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʚ ʰʠʭʪʫ. 

ʉʪʚʦʨʝʥʥʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʰʘʨʫ ʧʝʚʥʦʛʦ ʟʘʧʘʩʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ ʰʠʭʪʠ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʟʘʪʨʘʪʦʶ ʪʚʝʨʜʦʛʦ 

ʧʘʣʠʚʘ ʪʘ ʩʪʘʣʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʪʝʧʣʦʚʠʭ ʫʤʦʚ ʧʨʦʮʝʩʫ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ ʰʘʨʫ ʤʦ-

ʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʛʨʽʚʫ ʰʘʨʫ. 

ʄʦʞʣʠʚʝ ʥʘʛʨʽʚʘʥʥʷ ʰʠʭʪʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1000õ1500 Áʉ ʜʦ ʟʘʧʘʣʶʚʘʥʥʷ ʚ 

ʟʘʧʘʣʶʚʘʣʴʥʦʤʫ ʛʦʨʥʽ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʽʥʥʷ ʛʘʟʽʚ ʙʝʟ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ [171]. ʎʽ 

ʚʠʤʦʛʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʪʽʣʴʢʠ ʟʘ ʜʦʩʪʘʪʥʽʭ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚ-

ʥʽʰʥʴʦʛʦ ʥʘʛʨʽʚʫ. 

ɺ. ɯ. ʂʦʨʦʪʠʯ [1] ʚʢʘʟʫʻ, ʱʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘʛʨʽʚʘʪʠ ʰʠʭʪʫ ʰʣʷʭʦʤ ʧʨʦʩʤʦʢ-

ʪʫʚʘʥʥʷ ʢʨʽʟʴ ʰʘʨ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʻ ʛʨʫʙʦʶ ʧʦʤʠʣʢʦʶ ï ʟʘ ʪʘʢʠʤ ʚʘʨʽʘʥʪʦʤ ʰʠʭʪʘ 

ʙʫʜʝ ʥʘʛʨʽʚʘʪʠʩʷ ʩʘʤʝ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʩʧʽʢʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ 

ʥʘʛʨʽʚʫ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʧʽʩʣʷ ʟʘʧʘʣʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʟʥʠʮʷ 

ʪʝʤʧʝʨʘʪʫʨ ʨʦʟʧʣʘʚʫ ʽ ʧʦʚʽʪʨʷ, ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧ-

ʣʘʚʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʪʘ ʷʢʽʩʪʴ ʚʝʨʭʥʴʦʾ 

ʯʘʩʪʠʥʠ ʧʠʨʦʛʘ [175]. ɯʟ ʧʨʦʭʦʜʦʤ ʛʘʨʷʯʦʛʦ ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʢʽʨʢʫ ʘʛʣʦʤʝʨʘʪʫ ʯʘʩʪ-

ʢʦʚʦ ʟʥʽʤʘʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʛʠ, ʧʦʚ'ʷʟʘʥʽ ʟʽ ʰʚʠʜʢʦʶ ʤʘʩʦʚʦʶ ʢʨʠʩʪʘʣʽʟʘʮʽ-

ʻʶ ʨʦʟʧʣʘʚʫ. ɼʦʜʘʪʢʦʚʠʡ ʥʘʛʨʽʚ ʤʦʞʣʠʚʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʪʠ ʚʽʜ ʩʧʘʣʶ-

ʚʘʥʥʷ ʛʘʟʫ [171], ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʭ ʛʘʟʽʚ [176, 177], ʢʨʽʤ ʪʦʛʦ ʟʙʘʛʘʯʝʥʠʭ ʢʠʩʥʝʤ 

[178] ʪʘ ʽʥ. ʋ ʟʚ'ʷʟʢʫ ʟ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ ʝʥʝʨʛʦʥʦʩʽʾʚ ʽ ʩʢʣʘʜʥʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ, ʜʘ-

ʥʠʡ ʩʧʦʩʽʙ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʟʥʘʡʰʦʚ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɯʩʥʫʻ ʩʧʦʩʽʙ ʩʧʽʢʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʟ ʧʦʜʘʯʝʶ ʚ ʰʘʨ ʧʘʣʴʥʦʛʦ ʛʘʟʫ 

[179]. ɿ ʤʝʪʦʶ ʚʠʨʽʚʥʶʚʘʥʥʷ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ ʧʽʩʣʷ ʟʘʧʘʣʶʚʘʥ-

ʥʷ, ʚ ʰʘʨ ʧʦʜʘʶʪʴ ʥʝʟʘʧʘʣʝʥʝ ʛʘʟʦʧʦʜʽʙʥʝ ʧʘʣʠʚʦ ʽʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ 
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ʚ ʤʝʞʘʭ 3,0õ5,0. ɼʘʥʠʡ ʩʧʦʩʽʙ ʻ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʤ ʽ ʚʠʤʘʛʘʻ ʧʽʜʚʠʱʝʥʠʭ ʟʘʭʦʜʽʚ 

ʙʝʟʧʝʢʠ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʤʘʰʠʥ 

ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʘʙʩʦʣʶʪʥʦʛʦ ʪʠʩʢʫ ʥʘʜ ʽ ʧʽʜ ʰʘʨʦʤ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ [1-3]. 

ʇʽʜʚʠʱʝʥʠʡ ʘʙʩʦʣʶʪʥʠʡ ʪʠʩʢ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʤʘʩʦʚʫ ʚʠʪʨʘʪʫ ʛʘʟʽʚ ʢʨʽʟʴ ʰʘʨ 

ʙʝʟ ʟʤʽʥʠ ʦʙ'ʻʤʥʦʾ ʚʠʪʨʘʪʠ. ʇʨʠʩʢʦʨʶʻʪʴʩʷ ʧʨʦʛʨʽʚʘʥʥʷ ʰʠʭʪʠ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʛʘʟʽʚ. ɼʣʷ ʩʧʽʢʘʥʥʷ ʧʽʜ ʪʠʩʢʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʽ ʟʘʢʨʠʚʥʠʭ ʯʘʰʽ ʽ 

ʨʝʮʠʨʢʫʣʷʮʽʶ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ [3, 180, 181]. ʆʜʥʘʢ, ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʢʦʥʚʝʻʨ-

ʥʘ ʘʛʣʦʤʘʰʠʥʘ ʜʣʷ ʩʧʽʢʘʥʥʷ ʧʽʜ ʪʠʩʢʦʤ ʽʩʥʫʻ ʫ ʧʨʦʝʢʪʽ. 

ʂʽʥʝʪʠʢʫ ʛʦʨʽʥʥʷ ʯʘʩʪʢʠ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʦʧʠʩʫʶʪʴ ʬʦʨʤʫ-

ʣʦʶ [2] 
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 (1.21) 

ʜʝ x = d/d0 ï ʚʽʜʥʦʩʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʢʠ ʧʘʣʠʚʘ; 

'
0

2
2

nn

O

ʉd
K  ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʟʦ-

ʚʦʾ ʬʘʟʠ ʽ ʷʢʽʩʪʴ ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʧʘʣʠʚʘ ʚ ʰʘʨʽ; 

ɓ = 0,75 (ʉʆ2 + ʉʆ)/(2 ʉʆ2 + ʉʆ)  ï ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʬʘʢʪʦʨ, ʷʢʠʡ ʭʘʨʘʢʪʝ-

ʨʠʟʫʻ ʧʨʦʜʫʢʪʠ ʛʦʨʽʥʥʷ ʚʫʛʣʝʮʶ; 

R ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ, ʩ
-1
; 

"
2O  ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʢʠʩʥʶ ʚ ʧʦʪʦʮʽ ʛʘʟʫ, ʇʘ; 

d, d0 ï ʜʽʘʤʝʪʨʠ ʯʘʩʪʠʥʦʢ ʧʘʣʠʚʘ ʥʘ ʧʦʯʘʪʢʫ ʛʦʨʽʥʥʷ ʽ ʚ ʨʦʟʛʣʷʥʫʪʠʡ ʤʦʤʝʥʪ 

ʯʘʩʫ, ʤ; 

2O ï ʛʫʩʪʠʥʘ ʢʠʩʥʶ, ʢʛ/ʤ
3
; 

ɔʧ ï ʛʫʩʪʠʥʘ ʧʘʣʠʚʘ, ʢʛ/ʤ
3
. 

 

ɿ ʬʦʨʤʫʣʠ (1.33) ʚʠʧʣʠʚʘʻ, ʱʦ ʽʟ ʧʦʜʘʯʝʶ ʚ ʰʘʨ ʧʦʚʽʪʨʷ, ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩ-

ʥʝʤ, ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʢʠʩʥʶ ʚ ʧʦʪʦʮʽ ʛʘʟʫ, ʰʚʠʜʢʽʩʪʴ ʛʦʨʽʥʥʷ 

ʧʘʣʠʚʘ ʰʠʭʪʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʙʝʟ ʟʤʽʥʠ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ. ɸʣʝ ʰʚʠʜʢʽʩʪʴ ʩʧʽ-
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ʢʘʥʥʷ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʽʩʪʦʪʥʦ ʦʙʤʝʞʫʻʪʴʩʷ ʥʠʟʴʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʤʽʱʝʥʥʷ ʟʦʥʠ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʯʝʨʝʟ ʥʠʟʴʢʫ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 

ʰʠʭʪʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʚ ʟʦʥʽ, ʨʦʟʪʘʰʦʚʘʥʽʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʽʜ ʟʦʥʦʶ ʛʦʨʽʥʥʷ, ʟʥʘʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʪʝʧʣʦʪʠ ʥʘ ʧʽʜʽʛʨʽʚ ʰʠʭʪʠ ʽ ʚʠʧʘʨʦʚʫʚʘʥ-

ʥʷ ʚʦʣʦʛʠ ʽʟ ʟʦʥʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ. ʊʦʤʫ, ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ ʢʠʩʥʶ ʚ ʧʦʚʽʪʨʽ ʥʘ 

1 % ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʛʣʦʧʨʦʮʝʩʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 1õ2 %, ʘ ʪʘʢʦʞ ʚʤʽʩʪ ʬʨʘʢʮʽʾ 

ʤʝʥʰʝ 10 ʤʤ ʚ ʘʛʣʦʤʝʨʘʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 10õ15 %ʚʽʜʥ [1-3, 182]. 

ʋʩʫʥʝʥʥʷ ʧʨʠʯʠʥ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʣʦʧʨʦʮʝʩʫ, 

ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ ʤʦʞʣʠʚʝ ʧʦʻʜʥʘʥʥʷʤ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʰʘʨʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ ʽ ʧʦʚʽʪʨʷ, 

ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ï ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʰʘʨʽ ʟ ʰʚʠʜʢʽʩʪʶ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʰʠʭʪʠ  ʽ ʦʜʝʨʞʘʪʠ ʙʽʣʴʰ ʽʩʪʦʪʥʝ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʘʛʣʦʤʝʨʘʮʽʾ ʟʽ ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʙʝʟ 

ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ, ʥʽʞ ʟʘ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʞʥʦʾ ʟ 

ʟʘʟʥʘʯʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʦʪʫʞʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ-

ʟʚʦʣʷʶʪʴ ʚʠʨʦʙʣʷʪʠ ʪʝʭʥʽʯʥʠʡ ʢʠʩʝʥʴ ʟ ʥʘʜʣʠʰʢʦʤ, ʪʦʤʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʘʛʣʦʤʝʨʘʮʽʾ. ʉʦʙʽʚʘʨʪʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʣʝ 

ʥʝʦʙʭʽʜʥʦ ʚʞʠʚʘʪʠ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʰʠʭʪʠ ʽ ʨʦʟʛʣʷ-

ʜʘʪʠ ʩʫʤʘʨʥʠʡ ʝʬʝʢʪ ʘʛʣʦʜʦʤʝʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ ʤʝʪʘʣʫʨ-

ʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [183-185]. ʊʘʢʠʤʠ ʜʦʙʘʚʢʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʛʦ ʨʦʜʫ ʟʘʣʽ-

ʟʦ-ʚʫʛʣʝʮʝʚʤʽʩʥʽ ʰʣʘʤʠ [186-188], ʢʦʥʚʝʨʪʝʨʥʠʡ ʰʣʘʢ [189], ʩʪʘʣʝʧʣʘʚʠʣʴʥʠʡ 

ʩʢʨʘʧ [190], ʤʝʪʘʣʝʚʽ ʢʦʥʮʝʥʪʨʘʪʠ ʧʝʨʝʨʦʙʢʠ ʚʽʜʚʘʣʴʥʠʭ ʚʽʜʭʦʜʽʚ [191-194] ʪʘ ʽʥ. 

ʉʬʦʨʤʦʚʘʥʽ ʧʝʚʥʽ ʚʠʤʦʛʠ ʜʦ ʚʽʜʭʦʜʽʚ ʱʦʜʦ ʾʭ ʫʪʠʣʽʟʘʮʽʾ: ʟʥʘʯʥʘ ʩʫʤʘʨʥʘ ʤʘʩʦʚʘ 

ʯʘʩʪʢʘ ʟʘʣʽʟʘ, ʚʫʛʣʝʮʶ ʪʘ ʦʢʠʩʫ ʢʘʣʴʮʽʶ (45 % ʽ ʚʠʱʝ); ʤʽʥʤ̔ʘʣʴʥʘ ʤʘʩʦʚʘ ʯʘʩʪʢʘ 

ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ (ʩʽʨʢʘ, ʬʦʩʬʦʨ, ʮʠʥʢ, ʩʚʠʥʝʮʴ ʪʘ ʣʫʞʥʽ ʤʝʪʘʣʠ). ɯʩʥʫʶʪʴ ʩʧʦ-

ʩʦʙʠ ʚʠʜʘʣʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ, ʦʜʥʘʢ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʚʦʥʠ ʥʝ ʟʥʘʡʰʣʠ ʰʠʨʦ-

ʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʛʣʦʜʦʤʝʥʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ [195]. ʎʝ ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʪʦʨʠʥʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʜʦʤʝʥʥʽʡ ʩʠʨʦʚʠʥʽ. 
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ʂʽʣʴʢʽʩʪʴ ʽ ʚ'ʷʟʢʽʩʪʴ ʨʽʜʢʠʭ ʬʘʟ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ, ʟʘ-

ʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʽʚʥʷ ʪʘ ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʽʜ ʥʘʷʚʥʦ-

ʩʪʽ ʚ ʰʠʭʪʽ ʨʝʯʦʚʠʥ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʣʝʛʢʦʧʣʘʚʢʽ ʟ'ʻʜʥʘʥʥʷ. ɿ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʚ 

ʟʦʥʽ ʩʧʽʢʘʥʥʷ ʨʽʜʢʠʭ ʬʘʟ ʦʜʥʦʢʘʣʴʮʽʻʚʦʛʦ ʬʝʨʠʪʫ CʘʆFe2O3, ʚ ʰʠʭʪʫ ʚʚʦʜʷʪʴ ʧʦ-

ʨʦʰʢʦʚʫ ʩʫʤʽʰ ʚʘʧʥʘ ʽ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚʟʷʪʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʪʝʭʽʦʤʝ-

ʪʨʠʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ. ʈʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʘʥʘ ʩʫʤʽʰ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ 

ʧʦ ʚʩʴʦʤʫ ʦʙ'ʻʤʫ ʰʠʭʪʠ ʽ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʚ ʟʦʥʽ ʩʧʽʢʘʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ ʦʜʥʦʢʘʣʴ-

ʮʽʻʚʦʛʦ ʬʝʨʠʪʫ, ʷʢʠʡ ʚʦʣʦʜʽʻ ʧʽʩʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ. ʆʜʥʘʢ, ʨʦʟʧ-

ʣʘʚ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʽʟ ʧʣʘʚʣʝʥʥʷʤ ʦʜʥʦʢʘʣʴʮʽʻʚʦʛʦ ʬʝʨʠʪʫ ʧʨʠ 1216 
o
C ʨʦʟʧʘʜʘ-

ʻʪʴʩʷ ʥʘ 2ʉʘʆFʝ2O3, ʪʦʤʫ ʚ'ʷʟʢʠʡ ʽ ʤʘʣʦʨʫʭʦʤʠʡ. ʊʘʢʠʡ ʨʦʟʧʣʘʚ ʥʝʜʦʩʪʘʪʥʴʦ ʽʥ-

ʪʝʥʩʠʬʽʢʫʻ ʧʨʦʮʝʩʠ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʘʛʣʦʤʝʨʘʪʫ [196]. 

ʊʦʤʫ ʜʣʷ ʘʛʣʦʤʝʨʘʮʽʾ ʨʫʜ ʪʘ ʢʦʥʮʝʥʪʨʘʪʽʚ ʚ ʩʢʣʘʜ ʰʠʭʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʚʦʜʠʪʠ ʣʝʛʢʦʧʣʘʚʢʦʾ ʩʫʤʽʰʽ ʦʢʩʠʜʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʩʢʣʘʜʦʤ ʝʚʪʝʢʪʠʢʘʤ ʚ 

ʩʠʩʪʝʤʘʭ CʘʆFe2O3 ʪʘ/ʘʙʦ FeOʉʘʆSiO2 [197], ʧʦʧʝʨʝʜʥʴʦ ʧʦʜʨʽʙʥʝʥʠʡ ʢʽʤʙʝʨ-

ʣʽʪ [198], ʯʝʨʚʦʥʠʡ ʰʣʘʤ [199, 200]. ɼʦʙʘʚʢʠ ʩʪʘʥʦʚʣʷʪʴ 1õ15 % ʚʽʜ ʤʘʩʠ ʰʠʭʪʠ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʨʫʧʥʽʩʪʶ ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʦʾ ʩʫʤʽʰʽ 0,044õ0,100 ʤʤ, ʱʦ ʟʥʠʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦˇʨʫʜʢʫʚʘʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ 

[201-207]. 

ɺʝʣʠʢʦʛʦ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʥʘʜʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ, 

ʜʦ ʷʢʦʛʦ ʚʠʩʫʚʘʶʪʴ ʪʘʢʽ ʚʠʤʦʛʠ: ʚʤʽʩʪ ʟʦʣʠ ʚ ʧʘʣʠʚʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ; 

ʧʘʣʠʚʦ ʥʝ ʧʦʚʠʥʥʝ ʤʽʩʪʠʪʠ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʦʩʘʜʞʫʶʪʴʩʷ ʽʟ ʦʭʦʣʦʜʞʝʥʥʷʤ, 

ʦʩʢʽʣʴʢʠ ʣʝʪʢʽ ʨʝʯʦʚʠʥʠ, ʥʘʷʚʥʽ ʚ ʧʘʣʠʚʽ, ʧʨʠ ʘʛʣʦʤʝʨʘʮʽʾ ʚʦʟʛʦʥʷʶʪʴʩʷ ʽ ʧʦʪʽʤ, ʚ 

ʙʽʣʴʰ ʭʦʣʦʜʥʠʭ ʟʦʥʘʭ, ʢʦʥʜʝʥʩʫʶʪʴʩʷ, ʟʥʠʞʫʶʯʠ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʠʭʪʠ. ɺ ʨʦ-

ʙʦʪʘʭ [1-3] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʥʘʡʢʨʘʱʠʤ ʧʘʣʠʚʦʤ ʻ ʜʨʽʙʥʦ ʨʦʟʜʨʦʙʣʝʥʠʡ ʢʦʢʩʦʚʠʡ 

ʜʨʽʙʥʷʢ. ʇʨʠʯʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʤʦʥʦʦʢʩʠʜʫ ʚʫʛʣʝ-

ʮʶ ʽ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʽʜʭʽʜʥʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʛʘʟʘʭ ʥʝʦʙʭʽʜʥʦ ʟʥʠʞʫʚʘʪʠ ʚʢʣʶ-

ʯʝʥʥʷ ʢʣʘʩʽʚ ʤʝʥʰʝ 0,05 ʤʤ ʚ ʢʦʢʩʦʚʦʤʫ ʜʨʽʙʥʷʢʫ [208]. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʬʨʦʥʪʫ 

ʛʦʨʽʥʥʷ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʡʦʛʦ ʟʘʧʘʣʶʚʘʥʥʷ. ʊʝʤ-

ʧʝʨʘʪʫʨʘ ʟʘʧʘʣʶʚʘʥʥʷ ʢʦʢʩʫ ʩʪʘʥʦʚʠʪʴ 650õ700 Áʉ ʽ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʢʠʩʥʶ ʫ 
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ʛʘʟʘʭ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ [209, 210]. ɿʘ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ, ʪʦʙʪʦ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ ʙʽʣʴʰʝ 65õ80 Áʉ, ʰʚʠʜʢʽʩʪʴ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʥʝʜʦʩʪʘ-

ʪʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʥʮʠʧ ɺʦʡʩʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʽ ʷʢʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʧʦʛʽʨʰʫʻʪʴʩʷ.  

ʆʪʞʝ, ʢʝʨʫʶʯʠ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘʧʘʣʶʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʧʽʜʽʛʨʽʪʦʶ ʰʠ-

ʭʪʦʶ, ʤʦʞʣʠʚʦ ʟʤʽʥʶʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʛʦʨʽʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʚ ʰʘʨʽ. ʊʝʤʧʝ-

ʨʘʪʫʨʘ ʟʘʧʘʣʶʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʚʤʽʩʪʫ ʢʠʩʥʶ ʚ ʛʘʟʘʭ, ʪʘʢ ʽ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʘʤʦʛʦ ʧʘʣʠʚʘ. ɼʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʮʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʥʘ. ɼʦʜʘʶʯʠ ʚ ʰʠʭʪʫ 

ʧʘʣʠʚʦ ʟ ʤʝʥʰʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘʧʘʣʶʚʘʥʥʷ, ʥʽʞ ʫ ʜʨʦʙʣʝʥʦʛʦ ʢʦʢʩʘ, ʤʦʞʣʠʚʦ 

ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʟʘʧʘʣʶʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʧʘʣʠʚʘ. ɺ ʷʢʦʩʪʽ ʪʘʢʦʛʦ ʧʘʣʠʚʘ ʤʦʞ-

ʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʨʬʫ [211, 212], ʛʨʘʥʫʣʴʦʚʘʥʦʾ ʜʝʨʝʚʠʥʥʦʾ ʪʠʨʩʠ [54, 213], 

ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ [214, 215], ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ [216] ʪʘ ʽʥ. ʇʽʜʚʠʱʠʪʠ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪ-

ʥʽʩʪʴ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʘʛʣʦʤʝʨʘʮʽʾ, ʤʦʞʣʠʚʦ 

ʜʦʜʘʚʘʥʥʷʤ ʜʦ ʰʠʭʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ (ʨʦʟʯʠʥʫ ʢʘʣʽʶ) [217, 218]. ɸʢʪʠʚʽʟʘʮʽʷ ʪʚʝʨ-

ʜʦʬʘʟʥʠʭ ʨʝʘʢʮʽʡ ʧʘʣʠʚʘ ʪʘ ʟʘʣʽʟʥʦʾ ʨʫʜʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʣʝʛʢʦʧʣʘʚʢʠʭ 

ʩʧʦʣʫʢ, ʤʦʞʣʠʚʘ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʩʧʽʣʴʥʦʛʦ ʜʨʦʙʣʝʥʥʷ [219]. ʇʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʯʘʪʢʫ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʟʥʠʞʫʻʪʴʩʷ ʥʘ  300 ʉ. 

ʅʘ ʷʢʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘʜʘʻ ʪʝʧʣʦ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚ 

ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ ʘʛʣʦʤʝʨʘʪʫ, ʜʝ ʟʘʟʚʠʯʘʡ ʥʘʜʣʠʰʦʢ ʢʠʩʥʶ. ɼʦʜʘʚʘʥʥʷʤ ʚ ʰʠʭʪʫ 

ʦʢʘʣʠʥʠ, ʷʢʘ ʚʠʜʽʣʷʻ ʪʝʧʣʦʪʫ ʧʽʜ ʯʘʩ ʾʾ ʦʢʠʩʣʝʥʥʷ, ʟʜʽʡʩʥʶʶʪʴ ʜʦʜʘʪʢʦʚʠʡ ʥʘʛʨʽʚ 

ʚʝʨʭʫ ʧʠʨʦʛʘ [3]. ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʤʽʩʪ ʟʘʣʽʟʘ ʚ ʘʛʣʦʤʝʨʘʪʽ. ʆʜʥʘʢ ʦʢʘʣʠ-

ʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʝʚʥʦʾ ʢʨʫʧʥʦʩʪʽ, ʱʦ ʩʪʚʦʨʶʻ ʪʨʫʜʥʦʱʽ ʚ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʽ [220, 

221]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʩʧʦʩʦʙʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʘʛʣʦʤʝʨʘʮʽʡ-

ʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʤʝʞʫʻʪʴʩʷ ʘʙʦ ʥʝ ʽʩʪʦʪʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʘʙʦ ʩʫʪ-

ʪʻʚʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ.  

ʈʦʟʛʣʷʥʫʪʽ ʩʧʦʩʦʙʠ ʧʦʚʠʥʥʽ ʚʧʨʦʚʘʜʞʫʚʘʪʠʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʦʾ 

ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʩʥʦʚʥʠʡ ʧʦʢʘʟʥʠʢ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʝʦʙʭʽʜʥʦʾ 

ʷʢʦʩʪʽ. ʉʦʙʽʚʘʨʪʽʩʪʴ ʘʛʣʦʤʝʨʘʪʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜ-

ʢʘʭ ʦʩʪʘʪʦʯʥʠʡ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʪʠʭ ʯʠ ʽʥʰʠʭ ʟʘʭʦʜʽʚ ʥʘ ʘʛʣʦʬʘʙʨʠʮʽ 
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ʤʦʞʝ ʜʘʪʠ ʟʤʽʥʘ ʩʦʙʽʚʘʨʪʦʩʪʽ ʯʘʚʫʥʫ ʚ ʜʦʤʝʥʥʦʤʫ ʮʝʭʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʧʨʠʥʮʠʧʫ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʫʯʘʩʥʝ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʠʥʮʠʧʫ ʆʢʝʨʤʘʥʘ-ʇʘʚʣʦʚʘ ʩʪʦʩʦʚʥʦ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʤʽʨʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʘʛʣʦʤʝʨʘʮʽʾ ʽ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʛʨʘ-

ʥʠʯʥʦʛʦ ʨʝʞʠʤʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʟʘʭʦʜʽʚ ʟ ʾʾ ʧʦʣʽʧʰʝʥʥʷ ʟʥʠʞʫʻʪʴ-

ʩʷ [222]. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʟʥʠʞʝʥʥʷʤ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ ʚ ʭʦʜʽ ʾʾ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʊʦʤʫ ʘʛʣʦʤʝʨʘʮʽʷ ʚʠʤʘʛʘʻ ʩʫʪʪʻʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʤʽʥ, ʷʢʽ ʫʜʦʩʢʦʥʘʣʶʶʪʴ 

ʛʘʟʦʜʠʥʘʤʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʟʦʥ ʧʨʠ ʩʧʽʢʘʥʥʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʰʘʨʫ, 

ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʜʦ 1 ʤ ʽ ʙʽʣʴʰʝ.  

ɺ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ ʦʢʫʩʢʫʚʘʥʥʷ ʨʦʟʨʦʙʣʷʶʪʴ ʥʦʚʽ ʧʨʦʮʝʩʠ. ɺʽʜʦʤʠʡ ʛʽʙ-

ʨʠʜʥʠʡ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʦʢʫʩʢʦʚʘʥʠʭ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʦ-

ʻʜʥʫʻ ʚ ʩʦʙʽ ʝʣʝʤʝʥʪʠ ʘʛʣʦʤʝʨʘʮʽʾ, ʚʠʨʦʙʥʠʮʪʚʦ ʦʢʘʪʠʰʽʚ ʽ ʯʘʩʪʢʦʚʫ ʤʝʪʘʣʽʟʘʮʽʶ 

[223-225]. ʇʨʦʧʣʘʚʢʘ ʤʝʪʘʣʽʟʦʚʘʥʠʭ ʦʢʘʪʠʰʽʚ ʚ ʉʐɸ, ʗʧʦʥʽʾ, ʂʘʥʘʜʽ, ʥʘ ʅʠʞʥʴʦ-

ʪʘʛʽʣʴʩʴʢʦʤʫ ʄʂ ʽ ɹʽʣʦʟʝʨʩʴʢʦʤʫ ʄʆɿ, ɼʦʥʝʮʴʢʩʪʘʣʽ ʧʦʢʘʟʘʣʘ, ʱʦ ʥʘ ʢʦʞʥʽ 10 % 

ʤʝʪʘʣʽʟʘʮʽʾ (Feʤʝʪ/Feʟʘʛ) 100 % ʝʢʦʥʦʤʽʷ ʢʦʢʩʫ ʩʢʣʘʜʘʻ 5õ7 % (7õ9 % ʚ ʂʘʥʘʜʽ). 

ɼʣʷ ʚʢʘʟʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʢʨʫʧʥʽʩʪʴ ʧʘʣʠʚʘ-ʚʽʜʥʦʚʥʠʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʣʠʟʴʢʦʶ ʜʦ 

ʢʨʫʧʥʦʩʪʽ ʢʦʥʮʝʥʪʨʘʪʫ (0õ0,01 ʤʤ). ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʚʫʛʣʝʮʶ ʧʘʣʠʚʦ 

ʨʦʟʤʽʨʦʤ 2õ5 ʤʤ ʚʚʦʜʷʪʴ ʥʘ ʧʦʯʘʪʢʫ ʦˇʨʫʜʢʫʚʘʥʥʷ (ʟʘʨʦʜʢʦʚʽ ʮʝʥʪʨʠ). ʇʘʣʠʚʦ-

ʪʝʧʣʦʥʦʩʽʡ ʧʦʜʘʶʪʴ ʫ ʢʽʥʮʽ ʦˇʨʫʜʢʫʚʘʥʥʷ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʤʝʪʘʣʽʟʘʮʽʷ ʦʢʘ-

ʪʠʰʽʚ ʻ ʜʦʨʦʛʠʤ ʧʨʦʮʝʩʦʤ. ʊʦʤʫ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʩʪʫʧʽʥʴ ʤʝʪʘʣʽʟʘʮʽʾ ʦʢʘʪʠʰʽʚ 

ʜʣʷ ʜʦʤʝʥʥʦʾ ʧʣʘʚʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 10 %. 

 

ɺʠʩʥʦʚʢʠ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ 

 

1. ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʋʢʨʘʾʥʠ ʚʠʤʘʛʘʶʪʴ ʟʙʽ-

ʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʧʦʣʽʧʰʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʘʛʣʦʤʝʨʘʪʫ. ʅʝʦʙʭʽʜʥʽ ʥʝʚʽʜʢʣʘʜʥʽ ʟʘʭʦʜʠ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʘʛʣʦʤʝ-

ʨʘʮʽʾ. ʉʧʽʣʴʥʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʚ ʰʘʨʽ ʽ ʰʚʠʜʢʦʩʪʽ ʛʦʨʽʥʥʷ ʧʘʣʠ-

ʚʘ ʚ ʥʴʦʤʫ ʟʘʙʝʟʧʝʯʠʪʴ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʘʛʣʦʤʝʨʘʮʽʡ-

ʥʠʭ ʤʘʰʠʥ.  
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2. ʊʝʦʨʝʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʥʘʧʦʨʫ ʛʘʟʽʚ ʧʦʚʠʥʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʰʘʨʫ ʫ ʬʦʨʤʫʣʽ ɼʘʨʩʽ-ɺʝʡʩʙʘʭʘ: ʧʦʨʦʟʥʽʩʪʴ, ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʛʨʘʥʫʣ ʽ 

ʢʦʝʬʽʮʽʻʥʪ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ. ʅʝʦʙʭʽʜʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʭ ʟʤʽʥʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʬʨʘʢʮʽʡ 

ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ. 

3. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʶ 

ʤʽʨʦʶ ʚʨʘʭʦʚʫʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʠʥʦʢ (ʦʙ'ʻʤ ʽ ʧʣʦʱʫ ʧʦʚʝ-

ʨʭʥʽ), ʪʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʽ. ʅʝʦʙʭʽʜʥʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʢʨʫʧʥʦʩʪʽ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʷʢʠʭ ʦʧʠ-

ʩʘʥʠʡ ʜʠʩʢʨʝʪʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ɺʝʡʙʫʣʣʘ, ʽ ʚʠʙʽʨ 

ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ. 

4. ɺʦʣʦʛʽʩʪʴ ʰʠʭʪʠ ʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʝʾ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʨʘ-

ʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʪʘ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ. ɺʠʟʥʘʯʝʥʥʷ ʨʘ-

ʮʽʦʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʦʣʦʛʦʩʪʽ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʦˇʨʫʜ-

ʢʦʚʫʚʘʯʘ ʫʩʢʣʘʜʥʝʥʦ ʚ ʟʚ'ʷʟʢʫ ʟ ʾʭ ʚʟʘʻʤʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. ʅʝʦʙʭʽʜʥʝ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦˇʨʫʜʢʫʚʘʥʥʷ ʚ ʧʦʪʦʮʽ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʥʦʚʦʛʦ 

ʧʦʢʘʟʥʠʢʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʢʝʨʫʚʘʪʠ ʚʦʣʦʛʽʩʪʶ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʽ 

ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʦˇʨʫʜʢʦʚʫʚʘʯʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʦʜʥʦʨʽʜʥʽʩʪʴ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ. 

5. ɼʦʩʣʽʜʞʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʤʦʞʣʠʚʝ ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʠʭʪʠ ʚ 

ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ ʥʘʡʙʽʣʴʰ ʘʜʘʧʪʦʚʘʥʽ ʩʽʪʢʦʚʽ ʩʠʩʪʝʤʠ. ʈʦʟʨʦʙʢʘ ʫʥʽʚʝʨ-

ʩʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ʩʪʨʫʢʪʫʨʦʚʘ-

ʥʠʭ ʩʽʪʦʢ ʜʦʟʚʦʣʠʪʴ ʜʦʩʪʦʚʽʨʥʽʰʝ ʚʨʘʭʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʢʨʫʧʥʦʩʪʽ ʽ ʬʦʨʤʫ ʛʨʘ-

ʥʫʣ, ʘ ʪʘʢʦʞ ʾʭ ʟʤʽʥʠ ʚ ʧʨʦʮʝʩʽ ʩʧʽʢʘʥʥʷ. 

6. ʇʦʣʽʧʰʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘʛʨʽʚʘʥʥʷ 

ʰʠʭʪʠ ʛʘʟʘʤʠ ʤʦʞʣʠʚʽ ʟʘ ʨʘʭʫʥʦʢ ʫʩʫʥʝʥʥʷ ʟʦʥʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʧʽʜʽʛʨʽʚʫ, ʦʜʥʘʢ ʤʘ-

ʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʝʞʝʥʘ 65õ80Áʉ ʧʦʛʽʨʰʝʥʥʷʤ ʷʢʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ ʯʝ-

ʨʝʟ ʽʩʪʦʪʥʝ ʨʦʟʰʠʨʝʥʥʷ ʟʦʥʠ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʽ ʙʨʘʢ ʪʝʧʣʦʪʠ ʚʽʜ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ 
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ʰʠʭʪʠ, ʷʢʘ ʚʪʨʘʯʘʻʪʴʩʷ ʟ ʚʽʜʭʽʜʥʠʤʠ ʛʘʟʘʤʠ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜ-

ʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʠʱʠʪʠ ʽʥʪʝʥʩʠ-

ʚʥʽʩʪʴ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ. 

7. ʇʨʠ ʩʧʽʢʘʥʥʽ ʥʘ ʟʙʘʛʘʯʝʥʦʤʫ ʢʠʩʥʝʤ ʧʦʚʽʪʨʽ ʥʝʧʽʜʽʛʨʽʪʦʾ ʰʠʭʪʠ ʰʚʠʜʢʽʩʪʴ 

ʦʧʫʩʢʘʥʥʷ ʟʦʥʠ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʦʙʤʝʞʝʥʘ ʥʠʟʴʢʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘʛʨʽʚʫ ʟʚʦʣʦ-

ʞʝʥʦʾ ʛʘʟʘʤʠ ʰʠʭʪʠ. ʊʦʤʫ ʢʠʩʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʨʘʮʽʦʥʘʣʴʥʦ ʽ ʩʦʙʽʚʘʨ-

ʪʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ. ʅʝʦʙʭʽʜʥʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʚ 

ʰʘʨʽ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʘʣʝʥʥʷ ʛʽʛʨʦʩʢʦʧʽʯʥʦʾ ʚʦʣʦʛʠ ʽ ʟʘʙʝʟʧʝʯʝʥ-

ʥʷ ʰʚʠʜʢʦʩʪʽ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʚ ʰʘʨʽ, ʚʽʜʧʦʚʽʜʥʽʡ ʦʪʨʠʤʘʥʥʶ ʘʛʣʦʤʝʨʘʪʫ ʚʠʩʦ-

ʢʦʾ ʷʢʦʩʪʽ. 

8. ɼʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ ʰʘʨʫ, ʱʦ 

ʩʧʽʢʘʻʪʴʩʷ, ʥʝʦʙʭʽʜʥʝ ʧʦʩʪʫʧʦʚʝ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʧʘʣʠʚʘ ʰʠʭʪʠ ʜʦ ʥʠʟʫ ʥʘ 

15õ25 %ʚʽʜʥ. ʌʦʨʤʫʚʘʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ ʽ ʩʝʛʨʝʛʘʮʽʷ ʰʠʭʪʠ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥ-

ʥʽ ʥʘ ʘʛʣʦʤʘʰʠʥʫ ʥʝ ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʟʥʘʯʝʥʫ ʚʠʤʦʛʫ. ʅʝʦʙʭʽʜʥʦ ʨʦ-

ʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ, ʚ ʷʢʽʡ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʟʘʙʝʟ-

ʧʝʯʝʥʘ ʨʽʚʥʦʤʽʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʽ ʷʢʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʧʦ ʚʩʽʡ ʚʠʩʦ-

ʪʽ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ. 



ʈʆɿɼɯʃ 2 

ɼʆʉʃɯɼɾɽʅʅʗ ɻɸɿʆɼʀʅɸʄɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʐɸʈʋ 

ɸɻʃʆʄɽʈɸʎɯʁʅʆɰ ʐʀʍʊʀ 

 

 

2.1. ʈʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʦʜʥʦʨʽʜʥʦʩʪʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʰʠʭʪʠ 

 

ʆˇʨʫʜʢʦʚʘʥʽ ʘʛʣʦʤʝʨʘʮʽʡʥʽ ʰʠʭʪʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʬʨʘ-

ʢʮʽʡ, ʯʘʩʪʦ ʙʝʟ ʧʝʨʝʚʘʞʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʟ ʥʠʭ. ɼʣʷ ʦʮʽʥʢʠ ʨʦʟʧʦʜʽʣʫ ʬʨʘʢʮʽʡ ʨʽʟʥʠʭ 

ʜʽʘʤʝʪʨʽʚ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 

Vd  ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʧʦʢʘʟʥʠʢ, ʱʦ ʧʦʢʘʟʫʻ ʚʽʜʥʦʩʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʝʨʝʜʥʴʦʟʚʘʞʝ-

ʥʦʾ ʚʝʣʠʯʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ dʝ. ɺ ʨʽʟʥʠʭ ʤʝʪʦʜʘʭ ʫʩʝʨʝʜʥʝʥʥʷ ʧʦ ʨʽʟʥʦ-

ʤʫ ʚʨʘʭʦʚʫʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʩʠʧʢʠʡ ʤʘʪʝʨʽʘʣ, 

ʪʦʤʫ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʚʽʜʨʽʟ-

ʥʷʶʪʴʩʷ.  

ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʭ ʩʢʣʘʜʽʚ ʰʠʭʪ 

ʦʧʠʩʘʥʠʭ ʷʢ ʜʠʩʢʨʝʪʥʠʤ, ʪʘʢ ʽ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʘʤʠ [226, 227].    

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʦʧʠʩʫʶʪʴ ʚ ʟʘʣʝ-

ʞʥʽʩʪʴ ʚʽʜ ʦʙ'ʻʤʥʠʭ [Vi] ʘʙʦ ʤʘʩʦʚʠʭ gi ʯʘʩʪʦʢ ʬʨʘʢʮʽʡ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ [9, 10, 

19, 31, 33 ʪʘ ʽʥ.]. ɺʝʣʠʯʠʥʘ [Vi] ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʦʙ'ʻʤʫ ʰʘʨʫ i-ʦʾ ʬʨʘʢʮʽʾ 

Vi  ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʰʘʨʫ V :h [Vi] = Vi / V .h ʆʙôʻʤʥʘ ʯʘʩʪʢʘ i-ʦʾ ʬʨʘʢʮʽʾ gi ʚʠ-

ʨʘʞʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʦʙôʻʤʫ ʯʘʩʪʠʥʦʢ ʮʽʻʾ ʬʨʘʢʮʽʾ Vʯ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʯʘʩ-

ʪʠʥʦʢ ʫ ʰʘʨʽ V×: gi = Vʯ / V×. ʆʙôʻʤʥʽ ʯʘʩʪʢʠ [Vi] ʽ gi ʧʦʚ'ʷʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

[228] 

 

 [ ](1 ) / (1 )i i ig V ,                               (2.1) 

ʜʝ i,  ï ʧʦʨʦʟʥʽʩʪʴ i-ʦʾ ʬʨʘʢʮʽʾ ʪʘ ʩʫʤʽʰʽ ʬʨʘʢʮʽʡ, ʯ. ʦʜ. 

 

ɼʣʷ ʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʣʠ ʫʜʘʚʘʥʘ ʛʫʩʪʠʥʘ ʯʘʩʪʠʥʦʢ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ 
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ʤʘʣʦ ʟʤʽʥʶʻʪʴʩʷ, ʦʙ'ʻʤʥʽ ʯʘʩʪʢʠ gi ʯʠʩʝʣʴʥʦ ʙʣʠʟʴʢʽ ʤʘʩʦʚʦʤʫ ʚʤʽʩʪʫ ʬʨʘʢʮʽʡ. 

ʄʘʩʦʚʫ ʯʘʩʪʢʫ i-ʦʾ ʬʨʘʢʮʽʾ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʚʠʨʘʟʦʤ [Mi] = 

= Mi  / ɆMi. ʆʩʦʙʣʠʚʽʩʪʶ ʦʙ'ʻʤʥʦʛʦ ʚʤʽʩʪʫ ʬʨʘʢʮʽʡ [Vi] ʻ ʾʾ ʥʝ ʘʜʠʪʠʚʥʽʩʪʴ, ʪʦʙʪʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʫʢʣʘʜʘʥʥʷ ʤʦʥʦʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

×[Vi] =1.  

ɼʣʷ ʦˇʨʫʜʢʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ ʭʘʨʘʢʪʝʨʥʠʡ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦ-

ʜʽʣ ʛʫʩʪʠʥʠ ʛʨʘʥʫʣ ʧʦ ʢʨʫʧʥʦʩʪʽ. ɺ ʛʨʘʥʫʣʘʭ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ 

ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ, ʾʭ ʫʜʘʚʘʥʘ ʛʫʩʪʠʥʘ ʚʠʱʝ. ɼʣʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ, 

ʦˇʨʫʜʢʦʚʘʥʦʾ ʚ ʫʤʦʚʘʭ ʇɸʊ çʄʄʂ ʽʤ. ɯʣʣʽʯʘè, ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʩʽʚʫ ʥʘ ʢʨʫʛʣʠʭ ʩʠ-

ʪʘʭ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʨʦʟʧʦʜʽʣ ʤʘʩ ʛʨʘʥʫʣ ʧʦ ʜʽʘʤʝʪʨʘʤ ʽ ʾʭ ʫʜʘʚʘʥʘ ʛʫʩʪʠʥʘ (ʨʠʩ. 

2.1).  

 

 

ʈʠʩ. 2.1. ɿʤʽʥʘ ʛʫʩʪʠʥʠ ʛʨʘʥʫʣ 

 

ʂʦʤʧʦʥʝʥʪʥʠʡ ʩʢʣʘʜ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʽ ʭʽʤʩʢʣʘʜ ʚʠʨʦʙʣʝʥʦʛʦ ʘʛʣʦʤʝ-

ʨʘʪʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.1 ʽ 2.2. 

ɺʠʟʥʘʯʝʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʫʷʚʥʦʾ ʛʫʩʪʥʠ ʛʨʘʥʫʣ ʚʽʜ ʾʭ ʜʽʘ-

ʤʝʪʨʘ 

 

 
0,908 30,0189 10D , ʢʛ/ʤ

3
 (R = 0,887). (2.2) 

ʜʝ R ï ʢʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʣʽʥʽʡʥʦʾ ʢʦʨʝʣʷʮʽʾ. 
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ʊʘʙʣʠʮʷ 2.1 - 

ɺʠʪʨʘʪʘ ʩʠʨʦʚʠʥʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʘʛʣʦʤʝʨʘʪʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ  

ʥʘ ʘʛʣʦʬʘʙʨʠʮʽ ʇɸʊ çʄʄʂ ʽʤ. ɯʣʣʽʯʘè 

ʅʘʡʤʝʥʫʚʘʥʥʷ  

ʩʠʨʦʚʠʥʠ 

ɺʠʪʨʘʪʘ,  

ʢʛ/ʪ ʘʛʣʦʤʝʨʘʪʫ 

ʅʘʡʤʝʥʫʚʘʥʥʷ  

ʩʠʨʦʚʠʥʠ 

ɺʠʪʨʘʪʘ,  

ʢʛ/ʪ ʘʛʣʦʤʝʨʘʪʫ 

ʂʦʥʮʝʥʪʨʘʪ 534 ʂʽʨʦʚʘ 42 

ʖɻɿʂ 70 ʉʪʦʡʣʝʥʩʴʢʘ 52 

ʉʪɻɿʂ 112 ɾʦʚʪʥʝʚʘ 40 

ɯʥɻɿʂ 312 ʄn ʚʤʽʩʪʥʽ ʚʽʜʭ. 8 

ʃʝʙɻɿʂ 40 ʆʢʘʣʠʥʘ 11 

ʐʣʘʤʠ, ʜʦʙʘʚʢʠ 138 ɸʥʪʨʘʮʠʪʦʚʠʡ ʰʪʠʙ 29 

ɸʛʣʦʨʫʜʘ 260 ʂʦʢʩ ʜʨʽʙʥʷʢ 27 

ʉʫʭʘ ʙʘʣʢʘ 94 ɺʘʧʥʷʢ ʟʚʠʯʘʡʥʠʡ 115 

ʃʽʙʢʥʝʭʪʘ 32 ɺʘʧʥʷʢ ʜʦʣʦʤʽʪʠʟ. 92 

 

ʊʘʙʣʠʮʷ 2.2 - 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʘʛʣʦʤʝʨʘʪʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʘʛʣʦʬʘʙʨʠʮʽ  

ʇɸʊ çʄʄʂ ʽʤ. ɯʣʣʽʯʘè 

ɽʣʝʤʝʥʪ Fʝ Fʝʆ SiO2 ʉʘʆ ʄgO ʄnO ʦʩʥ. 

ɺʤʽʩʪ, % 52,56 12,73 10,47 12,46 1,56 0,35 1,19 

 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʯʠʤ ʤʝʥʰʠʡ ʜʽʘʤʝʪʨ ʛʨʘʥʫʣʠ, ʪʠʤ ʚʠʱʝ ʾʾ ʛʫʩʪʠʥʘ. ʎʝ ʦʙʫʤʦ-

ʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʢʦʥʮʝʥʪʨʘʪʫ ʚ ʛʨʘʥʫʣʘʭ ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʫ. 

ɺ ʪʘʙʣ. 2.3 ʪʘ ʥʘ ʨʠʩ. 2.2 ʥʘʚʝʜʝʥʽ ʤʘʩʦʚʠʡ ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʡʦʤʫ ʦʙ'ʻʤʥʠʡ ʛʨʘ-

ʥʫʣʦʤʝʪʨʠʯʥʽ ʩʢʣʘʜʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʰʠʭʪʠ, ʚʽʜʽʙʨʘʥʦʾ ʟ ʧʨʦʤʽʞʥʦʛʦ ʙʫʥʢʝʨʘ ʘʛ-

ʣʦʤʘʰʠʥʠ ʇɸʊ çʄʄʂ ʽʤ. ɯʣʣʽʯʘè. ʆʙôʻʤʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʧʝʨʝʨʘʭʦ-

ʚʘʥʠʡ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʷʚʥʦʾ ʛʫʩʪʠʥʠ ʛʨʘʥʫʣ. 

ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʛʫʩʪʠʥʘ ʛʨʘʥʫʣ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ 

ʥʘ ʨʦʟʧʦʜʽʣ ʬʨʘʢʮʽʡ ʧʦ ʢʨʫʧʥʦʩʪʽ. ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʩʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʢʘ ʛʨʘ- 
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ʊʘʙʣʠʮʷ 2.3 - 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ  

 
ɺʤʽʩʪ ʬʨʘʢʮʽʾ ʜʽʘʤʝʪʨʦʤ di, % 

0õ2 2õ3 3õ5 5õ7 7õ10 10õ14 

[Vi], % 28,3 17,8 23,5 13,4 9,7 7,3 

[ʄi], % 25,0 29,2 13,2 10,4 10,2 11,9 

 

 

ʈʠʩ. 2.2. ʇʦʨʽʚʥʷʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʭ ʩʢʣʘʜʽʚ 

 

ʥʫʣ ʜʽʘʤʝʪʨʦʤ ʤʝʥʰʝ 2 ʤʤ ʽ 3õ7 ʤʤ ʟʤʝʥʰʠʣʘʩʷ. ʆʜʥʦʯʘʩʥʦ ʯʘʩʪʢʘ ʬʨʘʢʮʽʡ 

2õ3 ʤʤ ʽ ʙʽʣʴʰʝ 7 ʤʤ, ʥʘʚʧʘʢʠ, ʟʙʽʣʴʰʠʣʘʩʷ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʟʤʽʥʘ ʚʤʽʩʪʫ ʱʦʜʦ ʤʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʤʽʞʥʽʡ 

ʬʨʘʢʮʽʾ 2õ3 ʤʤ. ɺ ʙʽʣʴʰʽʡ ʤʽʨʽ ʮʝ ʦʙʫʤʦʚʣʝʥʦ ʩʫʪʪʻʚʠʤ ʟʤʝʥʰʝʥʥʷʤ ʚʤʽʩʪʫ ʬʨʘʢ-

ʮʽʾ 3õ5 ʤʤ. 

ɻʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙ'ʻʤʥʦʛʦ ʨʦʟʧʦʜʽ-

ʣʫ ʢʨʫʧʥʦʩʪʽ ʛʨʘʥʫʣ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʜʽʡʩʥʶʚʘʣʠ ʩʪʦʩʦʚʥʦ ʦʙ'ʻʤʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ 

ʤʘʩʦʚʦʛʦ. 

ʂʨʽʤ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫ, 

ʄʘʩʦʚʠʡ 

ʆʙôʻʤʥʠʡ 
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ʥʝʟʘʣʝʞʥʽ ʚʽʜ ʛʫʩʪʠʥʠ ʛʨʘʥʫʣ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʭʽʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭ-

ʪʠ, ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʽ ʧʦʨʦʽʟʥʦʩʪʽ ʰʘʨʫ ʪʘʢʦʞ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ 

ʦʙ'ʻʤʥʠʤ ʨʦʟʧʦʜʽʣʦʤ. 

ɼʣʷ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʞʠʚʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʽʚ ʫʩʝʨʝʜʥʝʥʥʷ ʛʨʘʥʫ-

ʣʦʤʝʪʨʠʯʥʠʭ ʩʢʣʘʜʽʚ, ʦʧʠʩʘʥʠʭ ʜʠʩʢʨʝʪʥʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʚʠʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʬʦʨ-

ʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʠʩʧʝʨʩʽʾ (ʪʘʙʣ. 2.4). ɺʠʚʽʜ ʬʦʨʤʫʣ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʜʦʜʘʪ-

ʢʫ ɭ. 

 

ʊʘʙʣʠʮʷ 2.4 - 

ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʧʦʣʽʜʠʩʧʝʨʩʥʦʩʪʽ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ* 

 ̄ ʄʝʪʦʜ 
ɽʢʚʽʚʘʣʝʥʪʥʠʡ  

ʜʽʘʤʝʪʨ dʝ, ʤ 
ɼʠʩʧʝʨʩʽʷ 

2
, ʤ

2
 

1 
ʉʝʨʝʜʥʴʦ-

ʟʚʘʞʝʥʠʡ 

N

i
ii dg

1

 
N

i
iʝi gdd

1

2  

2 ʉʝʨʝʜʥʽʭ ʤʘʩ 3

1

3
N

i
ii dg  

3

1

33
N

i
ʝʽi ddg  

 

3 
ʉʝʨʝʜʥʴʦʣʦʛʘ-

ʨʠʬʤʽʯʥʠʡ 
1

N

ʝ i i

i

lg d g lg d

1

10 ii

n
glg d

ʝ i

i

d d  

2 2

1

N

i e ilg d
i

lg d d g

 
2

22

1

10 lg d i
n

g
d i ʝ

i

d d  

4 

ɿʘ ʧʠʪʦʤʦʶ  

ʧʦʚʝʨʭʥʝʶ  

(ʩʝʨʝʜʥʴʦ-

ʛʘʨʤʦʥʽʡʥʠʡ) 

N

i i

i

d

g

1

1
 

N

i ei

i

dd

g

1
2

1
 

5 
ɿʘ ʧʠʪʦʤʠʤ  

ʜ̔ ʘʤʝʪʨʦʤ 
N

i i

i

d

g

1
2

1
 N

i
ei

i

dd

g

1
222

1
 

6 

ɿʘ ʩʝʨʝʜʥʴʦ-

ʘʨʠʬʤʝʪʠʯʥʠʤ  

ʦʙôʻʤʦʤ 

3

1
3

1
N

i i

i

d

g
 

3

1
233

1
N

i
ei

i

dd

g
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.4. 

 ̄ ʄʝʪʦʜ 
ɽʢʚʽʚʘʣʝʥʪʥʠʡ  

ʜʽʘʤʝʪʨ dʝ, ʤ 
ɼʠʩʧʝʨʩʽʷ 

2
, ʤ

2
 

7 

ɿʘ ʩʝʨʝʜʥʴʦʘʨʠʬ-

ʤʝʪʠʯʥʦʶ  

ʧʦʚʝʨʭʥʝʶ 
N

i i

i

N

i i

i

d

g

d

g

1
3

1  

2

2

2

2

2

1

2

1

2

1

2

3
e

e

ed

e

ed
d

dd
, 

 ʜʝ e1, e2 ï ʟʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯ-

ʥʠʤ ʦʙôʻʤʦʤ ʪʘ ʧʠʪʦʤʠʤ ʜʽʘʤʝʪ-

ʨʦʤ, ʚʽʜʧʦʚʽʜʥʦ 

8 ʄʦʜʘ 

minmax

)(
dd

g
df i

 
f(d) Ÿ max 

1
1

1

minmax
max

ii

ii

ff

ff

dd
d

 

 
N

i
iei gdd

1

2

 

9 ʄʝʜʽʘʥʘ 
N

mi
i

m

i
i gg

11

 
N

i
iei gdd

1

2  

* - Ɇgi= 1;  - ʬʦʨʤʫʣʠ, ʚʠʚʝʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʘʛʣʦʤʝ-

ʨʘʮʽʡʥʠʭ ʰʠʭʪ ʜʦʩʣʽʜʞʝʥʽ ʩʫʤʽʰʽ ʟ ʧʨʦʪʠʣʝʞʥʠʤʠ ʝʪʘʣʦʥʥʠʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯ-

ʥʠʤʠ ʩʢʣʘʜʘʤʠ, ʙʣʠʟʴʢʠʤʠ ʟʘ ʢʨʫʧʥʽʩʪʶ ʜʦ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ. ɺ ʪʘʙʣ. 2.5 ʪʘ 

ʨʠʩ. 2.3 ʥʘʚʝʜʝʥʽ ʨʦʟʧʦʜʽʣʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʭ ʩʢʣʘʜʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʧʢʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ.  

ʇʨʠ ʮʴʦʤʫ ʰʠʭʪʠ  ˉˉ 1 ʽ 2 ʤʘʶʪʴ ʧʨʦʪʠʣʝʞʥʽ ʟʘ ʬʦʨʤʦʶ ʨʦʟʧʦʜʽʣʠ ʪʘ ʦʜ-

ʥʘʢʦʚʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʜʽʘʤʝʪʨʽʚ dʝ = 3,1 ʤʤ. ɼʣʷ ʰʠʭʪʠ ˉ 1 ʦɦ-

ʜʦ ʬʨʘʢʮʽʾ 3õ4 ʤʤ, ʚʤʽʩʪ ʷʢʦʾ ʤʘʢʩʠʤʘʣʴʥʠʡ, ʨʦʟʧʦʜʽʣ ʩʠʤʝʪʨʠʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʚʝʣʠʢʠʭ ʽ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ. ɺ ʰʠʭʪʽ ˉ 2 ʚʤʽʩʪ ʬʨʘʢʮʽʾ 3õ4 ʤʤ ʽ ʤʽʥʽ-

ʤʘʣʴʥʠʡ ʚʤʽʩʪ ʚʝʣʠʢʠʭ ʽ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʩʠʤʝʪʨʠʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʜʣʷ ʰʠʭʪʠ ˉ 2 ʭʘʨʘʢʪʝʨʥʽ ʜʚʘ ʤʘʢʩʠʤʫʤʠ ʨʦʟʧʦʜʽʣʫ ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʠʥʢʘʤ ʜʘ̔-

ʤʝʪʨʘʤʠ 1 ʤʤ ʽ 5 ʤʤ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʰʠʭʪ ˉˉ 1 ʽ 2 ʟʘʟʥʘʯʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 

ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʨʘʭʦʚʫʻ ʘʙʦ ʚʝʣʠʢʽ, ʘʙʦ ʜʨʽʙʥʽ ʬʨʘʢʮʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʡʦʛʦ ʟʥʘʯʝ- 

9

7 
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ʊʘʙʣʠʮʷ 2.5 - 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʰʠʭʪ 

ʐʠʭʪʘ 
ɺʤʽʩʪ gi ʬʨʘʢʮʽʾ ʜʽʘʤʝʪʨʦʤ di, % 

ʤʤ 1,0 2,0 3,0 4,0 5,0 

1 % 10,0 20,0 30,0 30,0 10,0 

2 % 33,0 10,0 4,0 20,0 33,0 

 

 

ʈʠʩ. 2.3. ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʰʠʭʪ 

 

ʥʥʷ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʤʝʥʰʝ, ʥʽʞ ʫ ʤʝʪʦʜʽ ʘʥʘʣʽʟʫ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʚʧʣʠʚʦʤ ʬʨʘʢ-

ʮʽʡ ʙʫʜʴ-ʷʢʦʾ ʢʨʫʧʥʦʩʪʽ. ʅʘʡʢʨʘʱʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʦʜʥʦʨʽʜʥʦʩʪʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯ-

ʥʦʛʦ ʩʢʣʘʜʫ ʧʦʚʠʥʝʥ ʨʽʚʥʦʤʽʨʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʤʽʩʪ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʾ ʬʨʘʢʮʽʾ. 

ɺ ʪʘʙʣʠʮʽ 2.6 ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ 

ʩʢʣʘʜʫ ʩʪʦʩʦʚʥʦ ʰʠʭʪ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʪʘʙʣ. 2.5. 

ɼʣʷ ʰʠʭʪ ˉ 1 ʽ 2 ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʜʽʘʤʝʪʨʽʚ ʽ ʢʦʝʬʽʮʽʻʥ-

ʪʽʚ ʚʘʨʽʘʮʽʡ ʢʨʫʧʥʦʩʪʽ ʽʩʪʦʪʥʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ. 

ɼʣʷ ʰʠʭʪʠ ˉ 1 ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʡ (1), ʟʘ ʩʝʨʝʜʥʴʦ- 
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ʊʘʙʣʠʮʷ 2.6 -  

ɸʥʘʣʽʟ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ* 

 ̄ ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ (dʝ)1,  

ʤʤ 

(dʝ)2  

 ʤʤ 

(dʝ)1- (dʝ)2,  

ʤʤ 
(Vd)1  (Vd)2  (Vd)2- (Vd)1  

1 ʉʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʡ 1,5 1,1 0,4 0,4 0,6 0,2 

2 ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ 3,1 3,1 0 0,4 0,6 0,2 

3 ʉʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ 2,8 2,5 0,3 0,2 0,6 0,2 

4 ɿʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ  2,5 2,0 0,6 0,3 0,1 -0,2 

5 ɿʘ ʧʠʪʦʤʠʤ ʦʙôʻʤʦʤ 2,2 1,6 0,6 0,6 1,0 0,4 

6 
ɿʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʶ  

ʧʦʚʝʨʭʥʝʶ 
1,7 1,2 0,5 0,9 1,5 0,6 

7 
ɿʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʤ 

ʦʙôʻʤʦʤ 
1,9 1,4 0,5 0,7 1,0 0,3 

8 ʄʝʜʽʘʥʥʠʡ 3,7 3,3 0,4 0,4 0,6 0,2 

9 ʄʦʜʘ 3,5 - - 0,3 - - 

* - ʥʠʞʥʽʡ ʽʥʜʝʢʩ ï ʥʦʤʝʨ ʰʠʭʪʠ. 

 

ʘʨʠʬʤʝʪʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ (6) ʽ ʟʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʤ ʦʙôʻʤʦʤ (7) ʤʘʶʪʴ ʟʘ-

ʥʠʞʝʥʽ ʟʥʘʯʝʥʥʷ dʝ ʨʽʚʥʽ 1,5õ1,9 ʤʤ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʫʩʝʨʝʜʥʝʥʦʛʦ ʜʽʘʤʝʪʨʘ dʝ ʚʽʜ 3,1 ʤʤ ʜʦ 3,7 ʤʤ ʚʽʜʧʦ-

ʚʽʜʘʶʪʴ ʤʝʪʦʜʘʤ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʤ (2), ʤʝʜʽʘʥʥʦʤʫ (8) ʽ ʤʦʜʘʣʴʥʦʤʫ (9). ʇʨʦʤʽ-

ʞʥʽ ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʜʽʘʤʝʪʨʽʚ ʚʽʜ 2,2 ʤʤ ʜʦ 2,8 ʤʤ ï ʤʝʪʦʜʘʤ ʩʝʨʝʜʥʴʦʣʦ-

ʛʘʨʠʬʤʽʯʥʦʤʫ (3), ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʠʥʦʢ (4) ʽ ʟʘ ʧʠʪʦʤʠʤ ʦʙôʻʤʦʤ (5). 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʝʣʠʯʠʥʘ dʝ ʪʠʤ ʚʠʱʘ, ʯʠʤ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʨʘʭʦʚʘʥʘ ʚʽ-

ʜʥʦʩʥʘ ʤʘʩʘ (ʦʙ'ʻʤ) ʬʨʘʢʮʽʾ ʚ ʩʫʤʽʰʽ. ʗʢʱʦ ʚ ʤʝʪʦʜʽ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʨʘʭʦʚʘʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʯʘʩʪʠʥʦʢ (ʧʦʚʝʨʭʥʷ, ʦʙ'ʻʤ) ʢʦʞʥʦʾ ʬʨʘʢʮʽʾ, ʪʦ ʟʥʘʯʝʥʥʷ dʝ ʤʝʥʰʽ. 

ɼʣʷ ʰʠʭʪʠ ˉ2 ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʡ (1), ʟʘ ʩʝʨʝʜʥʴʦ-

ʘʨʠʬʤʝʪʠʯʥʠʤ ʦʙôʻʤʦʤ (7) ʽ ʟʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ (6) ʤʘʶʪʴ ʟʘ-

ʥʠʞʝʥʽ ʟʥʘʯʝʥʥʷ dʝ ʨʽʚʥʽ 1,1õ1,4 ʤʤ. ʄʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʫʩʝʨʝʜʥʝʥʦʛʦ ʜʽʘʤʝʪ-

ʨʘ dʝ ʚʽʜ 3,1 ʤʤ ʜʦ 3,3 ʤʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʝʪʦʜʘʤ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʤʫ (2) ʽ ʤʝʜʽʘʥ-

ʥʦʤʫ (8). ʇʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʜʽʘʤʝʪʨʽʚ ʚʽʜ 1,6 ʤʤ ʜʦ 2,0 ʤʤ ï ʤʝʪʦ-
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ʜʘʤ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʤʫ (3), ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʠʥʦʢ (4), ʟʘ ʧʠʪʦ-

ʤʠʤ ʦʙôʻʤʦʤ (5). 

ɼʣʷ ʰʠʭʪʠ ˉ 2 ʤʦʜʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʫ ʥʝ ʽʩʥʫʻ ʫ ʟʚ'ʷʟʢʫ ʟ ʥʘʷʚʥʽʩʪʶ ʜʚʦʭ ʤʘ-

ʢʩʠʤʫʤʽʚ ʫ ʨʦʟʧʦʜʽʣʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ. 

ɼʣʷ ʰʠʭʪʠ ˉ1 ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ Vd = 0,9 ʚʽʜʧʦʚʽʜʘʻ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʟʘ 

ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʤ ʦʙôʻʤʦʤ (5). ʄʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ Vd ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʝʨʝʜ-

ʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʝʪʦʜʫ (3) ʽ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʠʥʦʢ (4) ʪʘ ʜʦʨʽʚʥʶ-

ʶʪʴ ʚʽʜ 0,2 ʜʦ 0,3. ɼʣʷ ʤʝʪʦʜʽʚ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʛʦ (1), ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ 

(2), ʟʘ ʧʠʪʦʤʠʤ ʦʙôʻʤʦʤ (7), ʤʝʜʽʘʥʥʦʛʦ (8) ʽ ʤʦʜʠ (9) ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘ-

ʮʽʾ ʢʨʫʧʥʦʩʪʽ Vd ʤʘʶʪʴ ʧʨʦʤʽʞʥʝ ʟʥʘʯʝʥʥʷ ʽ ʟʤʽʥʶʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʜʣʷ ʨʽʟʥʠʭ 

ʰʠʭʪ ʚʽʜ 0,4 ʜʦ 0,6.  

ɼʣʷ ʰʠʭʪʠ ˉ2 ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ Vd ʚʽʜ 1,0 ʜʦ 1,5 ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʝʪʦʜʘʤ 

ʘʥʘʣʽʟʫ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (4), ʟʘ ʧʠʪʦʤʠʤ ʦʙôʻʤʦʤ (5) ʽ ʟʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝ-

ʪʠʯʥʠʤ ʦʙôʻʤʦʤ (7). ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ Vd ʚʽʜʧʦʚʽʜʘʻ ʤʝʪʦʜʫ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝ-

ʨʭʥʝʶ (4) ʽ ʜʦʨʽʚʥʶʻ 0,1. ɼʣʷ ʤʝʪʦʜʽʚ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʛʦ (1), ʩʝʨʝʜʥʴʦʟʚʘ-

ʞʝʥʦʛʦ (2), ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ (3) ʽ ʤʝʜʽʘʥʥʦʛʦ (8) ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘ-

ʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ Vd ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʽ ʨʽʚʥʽ 0,6. ʄʦʜʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘ-

ʮʽʾ ʢʨʫʧʥʦʩʪʽ ʥʝ ʽʩʥʫʻ. 

ʇʨʘʚʠʣʴʥʽʩʪʴ ʦʮʽʥʢʠ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʝʨʝʚʽʨʝʥʘ ʧʦʨʽʚʥʷʥ-

ʥʷʤ ʟʤʽʥ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʜʽʘʤʝʪʨʽʚ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʜʣʷ ʰʠʭʪ ˉ 1 ʽ 

ˉ2. ʆʪʨʠʤʘʥʦ ï ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʽʟʥʠʮʽ (dʝ)1 - (dʝ)2 ʚʽʜʧʦʚʽʜʘʻ ʤʝʪʦʜʘʤ ʟʘ 

ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʠʥʦʢ (4) ʽ ʟʘ ʧʠʪʦʤʠʤ ʦʙôʻʤʦʤ ʽ ʩʪʘʥʦʚʠʪʴ 0,6 ʤʤ. ʎʝ ʧʦ-

ʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʜʘʥʠʭ ʤʝʪʦʜʘʭ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʨʘʭʦʚʘʥʠʡ ʜʽʘʤʝʪʨ ʜʨʽʙ-

ʥʠʭ ʬʨʘʢʮʽʡ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ. ɼʣʷ 

ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʛʦ (1), ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ (3), ʟʘ 

ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ (6), ʟʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʤ ʦʙôʻʤʦʤ (7) ʽ 

ʤʝʜʽʘʥʥʦʤʫ (8) ʚʝʣʠʯʠʥʠ ʨʽʟʥʠʮʽ (dʝ)1 - (dʝ)2 ʤʘʶʪʴ ʧʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜ 0,3 ʤʤ 

ʜʦ 0,5 ʤʤ. ɼʣʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ (2) ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʜʽʘ-

ʤʝʪʨʽʚ (dʝ)1 ʽ (dʝ)2 ʧʨʠ ʟʤʽʥʽ ʬʦʨʤʠ ʢʨʠʚʦʾ ʨʦʟʧʦʜʽʣʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʚʟʘʛʘʣʽ ʥʝ ʟʤʽʥʠʣʠʩʷ. 
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ʅʘʡʤʝʥʰʘ ʨʽʟʥʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʨʽʘʮʽʡ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʰʠʭʪ ʚʽʜʧʦʚʽʜʘʻ 

ʤʝʪʦʜʫ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (1), ʫ ʷʢʦʛʦ (Vd)2 ï (Vd)1 = -0,2. ɼʘʥʠʡ ʤʝʪʦʜ ʧʦʢʘʟʘʚ 

ʧʨʦʪʠʣʝʞʥʠʡ ʨʝʟʫʣʴʪʘʪ ʽ ʚʟʘʛʘʣʽ ʥʝ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʬʨʘʢʮʽʡ ʟʘ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʽʘʤʝʪʨʦʤ. ʇʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ  

(Vd)2 ï (Vd)1  0,2  ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʝʪʦʜʘʤ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʤʫ (1), ʩʝʨʝʜʥʴʦʟ-

ʚʘʞʝʥʦʤʫ (2), ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʤʫ (3) ʽ ʤʝʜʽʘʥʥʦʤʫ (8). ʄʘʢʩʠʤʘʣʴʥʘ ʟʤʽʥʘ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘʮʽʡ (Vd)2 ï (Vd)1 = 0,6 ʚʽʜʧʦʚʽʜʘʻ ʤʝʪʦʜʫ ʟʘ ʩʝʨʝʜʥʴʦʘʨʠ-

ʬʤʝʪʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ (4).  

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʝʪʦʜ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʨʽʟʥʠʮʶ 

ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʨʽʘʮʽʡ ʢʨʫʧʥʦʩʪʽ ʜʣʷ ʰʠʭʪ ˉ 1 ʽ ˉ2 (Vd)2 ï (Vd)1 = 0,6, ʥʝ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʘ ʟʤʽʥʦʶ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ (dʝ)1 - (dʝ)2 = 0,6 ʤʤ.  

ʆʪʞʝ, ʥʘʡʙʽʣʴʰ ʦʙ'ʻʢʪʠʚʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʦʜʥʦʨʽʜʥʦʩʪʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ 

ʩʢʣʘʜʫ ʟʘʙʝʟʧʝʯʫʻ ʚʝʣʠʯʠʥʫ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʫ ʜʦ ʩʝʨʝʜ-

ʥʴʦʾ ʽ ʤʘʻ ʩʝʨʝʜʥʶ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʽʜʭʠʣʝʥʥʷ ʚʤʽʩʪʫ ʚʝʣʠʢʠʭ ʽ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ. 

ʊʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʻ: ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ (2), ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ (3) ʽ ʤʝʜʽʘʥ-

ʥʠʡ (8). 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʰʠʭʪ, ʷʢʽ ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʤʫ 

ʩʢʣʘʜʽ, ʤʦʜʘʣʴʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʯʝʨʝʟ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʦʙʤʝ-

ʞʝʥʥʷ. 

ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʰʘʨʫ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ 

ʢʘʥʘʣʽʚ dʢ ʚʠʟʥʘʯʘʶʪʴ, ʟʘʤʽʥʶʶʯʠ ʢʘʥʘʣʠ ʟʤʽʥʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦ ʜʦʚʞʠʥʽ ʟ ʭʚʠʣʝ-

ʧʦʜʽʙʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʥʘ ʮʠʣʽʥʜʨʠʯʥʽ [19]. ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʘʥʘ-

ʣʽʚ ʜʦʨʽʚʥʶʻ ʦʙ'ʻʤʫ ʧʫʩʪʦʪ ʚ ʰʘʨʽ, ʘ ʟʘʛʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ï ʩʫʤʘʨʥʽʡ ʧʦʚʝʨʭʥʽ ʢʫʣʷ-

ʩʪʠʭ ʯʘʩʪʠʥʦʢ. ɼʣʷ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʦʨʤʫʣʫ 

 

 dʢ. = dʝ  / (1- ), ʤ.                                  (2.3) 

ʋ ʚʠʨʘʟʽ (2.3) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ ʢʘʥʘʣʽʚ dʢ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ dʝ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʨʽʟʥʠʤʠ ʤʝʪʦ-

ʜʘʤʠ. ɺʠʙʽʨ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ dʝ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ Re ʽ, ʚʽ-

ʜʧʦʚʽʜʥʦ, ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ .  
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ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ dʝ ʽ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʛʨʘʥʫʣ Vd ʥʘ 

ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʜʦʩʠʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʽ. 

ʆʜʥʘʢ, ʙʽʣʴʰ ʦʙ'ʻʢʪʠʚʥʦ ʽ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʤʦʞʥʘ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ [229]. ɿʘʟʚʠʯʘʡ ʜʣʷ ʦʧʠʩʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ 

ʩʢʣʘʜʫ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʽ ʜʦʤʝʥʥʠʭ ʰʠʭʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ 

ɺʝʡʙʫʣʣʘ (1.16). ʊʦʤʫ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʽʥʪʝʨʝʩ ʨʦʟʚʠʪʦʢ ʽ ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʥʦʩʪʽ 

ʮʠʭ ʤʝʪʦʜʽʚ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ [28]. 

ɺ ʪʘʙʣ. 2.7 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʟʨʦʙʣʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʝʢʚʽʚʘʣʝ-

ʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʽ ʜʠʩʧʝʨʩʽʾ. ɺʠʚʝʜʝʥʥʷ ʬʦʨʤʫʣ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʦʜʘʪʢʫ ɭ. 

ʋʥʽʚʝʨʩʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʻ ʪʽ, ʚ ʷʢʠʭ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ  ʙʽʣʴʰʝ 0. ɼʦ 

ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ, ʩʝʨʝʜʥʽʭ ʤʘʩ, ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ, ʤʝʜʽ-

ʘʥʥʘ. ʊʘʢʦʞ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠ, ʜʣʷ ʷʢʦʛʦ ʜʦʧʫʩʪʠʤʝ  ʙʽʣʴʰʝ 1. 

 

ʊʘʙʣʠʮʷ 2.7 - 

ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʧʦʣʽʜʠʩʧʝʨʩʥʦʩʪʽ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 ̄ ʄʝʪʦʜ ɽʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ dʝ, ʤ ɼʠʩʧʝʨʩʽʷ 
2
, ʤ

2
 

1 
ʉʝʨʝʜʥʴʦ-

ʟʚʘʞʝʥʠʡ ɚ > 0, ɓ > 0 
 

ɚ > 0, ɓ > 0 

2 ʉʝʨʝʜʥʽʭ ʤʘʩ ɚ > 0, ɓ > 0 

2

2
3

6 3
1 1  

ɚ > 0, ɓ > 0 

3 
ʉʝʨʝʜʥʴʦʣʦʛʘ-

ʨʠʬʤʽʯʥʠʡ* 

)10ln(

1

10  
1

78,1  

ɚ> 0, ɓ > 0 

22

1

n

lgd i ʝ i

i

lg d d g
 

2
22

1

10
lg d ii

n
g

d i ʝ

i

d d ,  

4 

ɿʘ ʧʠʪʦʤʦʶ  

ʧʦʚʝʨʭʥʝʶ  

(ʩʝʨʝʜʥʴʦ  

ʛʘʨʤʦʥʽʯʥʠʡ) 

 

ɚ > 0, ɓ >1 

 

ɚ > 0, ɓ > 2 

5 
ɿʘ ʧʠʪʦʤʠʤ  

ʜʽʘʤʝʪʨʦʤ 
ɚ > 0, ɓ > 2 

 

ɚ > 0, ɓ > 4 

ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.7 
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 ̄ ʄʝʪʦʜ ɽʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ dʝ, ʤ ɼʠʩʧʝʨʩʽʷ 
2
, ʤ

2
 

6 

ɿʘ ʩʝʨʝʜʥʴʦ-

ʘʨʠʬʤʝʪʠʯʥʠʤ  

ʦʙôʻʤʦʤ 

 

ɚ > 0, ɓ > 3 

 

ɚ > 0, ɓ > 6 

7 

ɿʘ ʩʝʨʝʜʥʴʦʘ-

ʨʠʬʤʝʪʠʯʥʦʶ  

ʧʦʚʝʨʭʥʝʶ 

 

ɚ > 0, ɓ > 3 

2

2

2

2

2

1

2

1

2

1

2

3
e

e

ed

e

ed
d

dd
,  

ɚ > 0, ɓ > 6,  

ʜʝ e1, e2 ï ʟʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯ-

ʥʠʤ ʦʙôʻʤʦʤ ʪʘ ʧʠʪʦʤʠʤ ʜʽʘʤʝʪ-

ʨʦʤ, ʚʽʜʧʦʚʽʜʥʦ 

8 ʄʦʜʘ 

1

1
 

ɚ > 0, ɓ > 1 

 

 

ɚ > 0, ɓ > 1 

9 ʄʝʜʽʘʥʘ 
 

ɚ > 0, ɓ > 0 

 

 

  ɚ > 0, ɓ > 0 

* -   - ʧʦʩʪʽʡʥʘ ɽʡʣʝʨʘ,  = 0,577;  

 - ʬʦʨʤʫʣʠ, ʚʠʚʝʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ  

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʩʪʦʩʦʚʥʦ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ, 

ʙʣʠʟʴʢʦʾ ʟʘ ʩʢʣʘʜʦʤ ʜʦ ʜʦʟʫʚʘʥʥʷ ʥʘ ʇɸʊ çʄʄʂ ʽʤ. ɯʣʣʽʯʘè (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘ 

ʩʫʭʫ ʤʘʩʫ), %; 

ʢʦʥʮʝʥʪʨʘʪ - 59,27; 

ʘʛʣʦʨʫʜʘ - 16,39; 

ʚʘʧʥʷʢ - 18,54; 

ʧʘʣʠʚʦ (ʢʦʢʩʠʢ)  - 5,80; 

ʈʘʟʦʤ: 100,00 

ʚʘʧʥʦ   - 3,00 ʚʽʜ ʤʘʩʠ ʰʠʭʪʠ; 
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ʟʚʦʨʦʪ - 20,00 ʚʽʜ ʤʘʩʠ ʰʠʭʪʠ. 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʢʦʤʧʦʥʝʥʪʽʚ ʘʛʣʦʰʠʭʪʠ ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣ. 2.8. ɺʤʽʩʪ ʢʦʥʮʝ-

ʥʪʨʘʪʫ ʚ ʟʘʣʽʟʦʨʫʜʥʽʡ ʯʘʩʪʠʥʽ ʰʠʭʪʠ ʩʢʣʘʚ 78 %, ʦʩʥʦʚʥʽʩʪʴ ï 1,13. 

 

ʊʘʙʣʠʮʷ 2.8 - 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʢʦʤʧʦʥʝʥʪʽʚ ʘʛʣʦʰʠʭʪʠ 

ʅʘʡʤʝʥʫ-

ʚʘʥʥʷ 

ʍʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʽ ʦʢʩʠʜʠ, % 

Feʟʘʛ Fʝʆ Fʝ2ʆ3 SiO2 ɸl2ʆ3 ʉʘʆ ʄgO ʄnʆ ʉ ʚ.ʧ.ʧ S ɿʦʣʘ 

ʂʦʥʮʝʥʪʨʘʪ 64,9 27,3 62,7 8,6 0,9 0,7 0,3 0,1 - 0,3 0,1 - 

ɸʛʣʦʨʫʜʘ 59,5 3,9 80,9 11,4 0,7 0,9 0,5 0,2 - - - - 

ɺʘʧʥʷʢ 1,3 1,9 0,5 1,1 0,2 54,5 0,7 - - 43,0  - 

ʇʘʣʠʚʦ  

(ʟʦʣʘ) 
18,9 - 26,9 32,7 17,7 3,1 2,7 0,4 - - 2,2 15,7 

 

ʇʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʦˇʨʫʜʢʫʚʘʥʥʷ ʪʘʢʦʞ ʥʘʙʣʠʞʝʥʽ ʜʦ ʫʤʦʚ ʇɸʊ çʄʄʂ 

ʽʤ. ɯʣʣʽʯʘè. ʈʦʟʨʘʭʫʥʦʢ ʤʦʜʝʣʽ ʦˇʨʫʜʢʫʚʘʯʘ ʚ ʤʘʩʰʪʘʙʽ 1:8,3 (M = 8,3) ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʡ ʚ ʪʘʙʣ. 2.9. ɼʦʪʨʠʤʘʥʽ ʢʨʠʪʝʨʽʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʘ ʤʝʭʘʥʽʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ. 

 

ʊʘʙʣʠʮʷ 2.9 - 

ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʙʘʨʘʙʘʥʘ-ʦˇʨʫʜʢʫʚʘʯʘ 

ʇʘʨʘʤʝʪʨʠ ʆʨʠʛʽʥʘʣ ʄʦʜʝʣʴ ʈʦʟʨʘʭʫʥʢʦʚʝ ʨʽʚʥʷʥʥʷ 

ɼʽʘʤʝʪʨ, ʤ Dʦ = 2,5 Dʤ = 0,3 Dʤ = Dʦ / M 

ɼʦʚʞʠʥʘ, ʤ ǎʦ = 12 ǎʤ = 1,44 ǎʤ = ǎʦ / M 

ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ʦʙ/ʭʚ ɤʦ = 6 ɤʤ = 17,3 ɤʤ = ɤʦ¶M  

ʂʫʪ ʥʘʭʠʣʫ, ʛʨʘʜʫʩʠ ʦ = 1 ʤ = 1 ʤ = ʦ 

ɺʠʪʨʘʪʘ ʤʘʪʝʨʽʘʣʫ, ʢʛ/ʭʚ Qʦ = 3550 Qʤ = 12,4 Qʤ  = Qʦ/ (1,44¶M 
2,5

) 

 

ʐʠʭʪʫ ʨʦʟʩʽʶʚʘʣʠ ʚʨʫʯʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʦʨʫ ʩʪʘʥʜʘʨʪʥʠʭ ʢʨʫʛʣʠʭ ʩʠʪ ʥʘ 

ʩʽʤ ʢʣʘʩʽʚ ʢʨʫʧʥʦʩʪʽ: +10; 10õ7; 7õ5; 5õ3, 3õ2; 2õ1; 1õ0 ʤʤ. 

ʆʙ'ʻʤʥʫ ʯʘʩʪʢʫ ʯʘʩʪʠʥʦʢ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʢʨʫʧʥʦʩʪʽ ʚʠʟʥʘʯʘʣʠ ʟʘ ʚʠʨʘʟʦʤ 
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1

i
i n

i

i

V
V

V

,                                                    (2.4) 

ʜʝ  Vi ï ʥʘʩʠʧʥʠʡ ʦʙ'ʻʤ ʯʘʩʪʠʥʦʢ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʢʨʫʧʥʦʩʪʽ, ʤ
3
. 

 

ʆʙ'ʻʤʥʽ ʯʘʩʪʢʠ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʢʨʫʧʥʦʩʪʽ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ ʰʠʭʪʠ ʪʘ ʨʦʟʨʘʭʦ-

ʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.10. 

 

ʊʘʙʣʠʮʷ 2.10- 

ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ 

W, 

% 

,  

% 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʘʛʣʦʰʠʭʪʠ, % 

  ʂʣʘʩʠ ʢʨʫʧʥʦʩʪʽ, ʤʤ 

0õ1 1õ2 2õ3 3õ5 5õ7 7õ10 + 10 

0 1,5 64,37 9,81 8,37 12,40 1,97 3,08 - 0,69 1,081 

5,0 2,6 59,35 12,73 9,24 11,38 3,16 3,24 0,90 0,72 1,073 

5,5 10,0 35,10 15,12 13,25 20,04 8,65 5,54 2,30 1,04 0,464 

6,0 16,0 18,43 38,08 13,88 15,92 6,57 5,98 1,14 1,06 0,440 

6,5 24,0 7,54 28,47 22,09 23,01 8,65 5,88 4,36 1,29 0,218 

7,0 28,0 3,76 27,08 31,25 21,22 11,30 3,24 2,15 1,33 0,200 

7,5 30,5 2,59 24,54 28,26 25,51 10,70 4,98 3,42 1,39 0,155 

8,0 33,0 1,12 2,49 10,63 42,34 25,28 11,52 6,62 1,68 0,043 

8,5 29,8 0,58 1,24 7,12 25,48 30,58 19,35 15,65 1,81 0,022 

 

ɼʣʷ ʰʠʭʪ, ʦˇʨʫʜʢʦʚʘʥʠʭ ʟ ʨʽʟʥʦʶ ʚʦʣʦʛʽʩʪʶ, ʚʠʟʥʘʯʘʣʠ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʟʘ-

ʧʦʚʥʝʥʥʷʤ ʛʘʩʦʤ ʧʫʩʪʦʪ ʚ ʰʘʨʽ ʛʨʘʥʫʣ 

 

 %,100
ʰ

ʢ

V

V
,   (2.5) 

ʜʝ Vʢ ï ʦʙôʻʤ ʟʘʣʠʪʦʛʦ ʚ ʧʦʨʦʞʥʠʥʠ ʛʘʩʫ, ʤ
3
; 

V  hï ʥʘʩʠʧʥʠʡ ʦʙ'ʻʤ ʰʘʨʫ ʛʨʘʥʫʣ, ʤ
3
. 
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ɺʠʤʽʨʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʚ ʽʩʪʦʪʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʥʮʝʚʦʾ 

ʚʦʣʦʛʦʩʪʽ ʰʠʭʪʠ. ʆʧʪʠʤʘʣʴʥʘ ʚʦʣʦʛʽʩʪʴ Wʦʧʪ = 8,0 % ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʦ-

ʨʦʟʥʦʩʪʽ ʰʘʨʫ ʤʘʢʩ = 33,0 %. 

ɺ ʪʘʙʣ. 2.11 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ dʝ, d
2

 
ʽ Vd ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʩʪʦʩʦʚʥʦ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ( = 1,68 ʽ  

 = 0,043)  ʪʘ ʤʽʥʽʤʘʣʴʥʦʶ ( = 0,72 ʽ  = 1,073) ʧʦʨʦʟʥʽʩʪʶ ʰʘʨʫ (ʜʠʚ. ʪʘʙʣ. 2.10). 

 

ʊʘʙʣʠʮʷ 2.11 - 

ɸʥʘʣʽʟ ʛʨʘʥʩʢʣʘʜʫ ʰʠʭʪ  

 ̄ ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

W =5,0 % W =8,0 % 

dʝ, 

ʤʤ 
d
2
,  

ʤʤ
2
 

Vd 
dʝ, 

ʤʤ 
d
2
,  

ʤʤ
2
 

Vd 

1 ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ 1,1 2,5 1,4 5,8 12,4 0,6 

2 ʉʝʨʝʜʥʽʭ ʤʘʩ 2,8 35,1 2,1 7,6 89,8 1,2 

3 ʉʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ 0,4 0,2 1,0 4,6 3,2 0,4 

4 
ɿʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʠʥʦʢ 

(ʩʝʨʝʜʥʴʦʛʘʨʤʦʥʽʡʥʠʡ) 
- - - 2,9 - - 

5 ʄʦʜʘ - - - 3,8 16,4 1,1 

6 ʄʝʜʽʘʥʥʠʡ 0,5 2,8 3,1 5,2 12,7 0,7 

 

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ɺʝʡ-

ʙʫʣʣʘ, ʟ ʥʝʟʥʘʯʥʦʶ ʧʦʭʠʙʢʦʶ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʜʠʩʢʨʝʪʥʠʤʠ ʬʦʨ-

ʤʫʣʘʤʠ. ɼʣʷ ʟʥʘʯʝʥʴ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʜʽʘʤʝʪʨʽʚ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʠʥʦʢ 

(ʩʝʨʝʜʥʴʦʛʘʨʤʦʥʽʡʥʠʤ) ɓ ʨʝʟʫʣʴʪʘʪ ʙʫʚ ʤʝʥʰʝ 0 ʘʙʦ ʙʫʚ ʢʦʤʧʣʝʢʩʥʠʤ ʯʠʩʣʦʤ ʙʝʟ 

ʜʽʡʩʥʦʾ ʯʘʩʪʠʥʠ. 

ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ dʝ ʪʘ d
2
 ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ (ˉ1), ʩʝʨʝʜʥʽʭ ʤʘʩ (ˉ2) ʽ ʩʝʨʝʜ-

ʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ (ˉ3), ʘ ʪʘʢʦʞ ʤʝʜʽʘʥʘ (ˉ6) (ʜʠʚ. ʪʘʙʣ.2.11) ʧʦʚʥʽʩʪʶ ʦʭʦʧʣʶ-

ʶʪʴ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ɓ, ʪʦʙʪʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ. ʉʝʨʝʜʥʴʦʛʘʨʤʦʥʽʡ-

ʥʠʡ ʤʝʪʦʜ ʚʟʘʛʘʣʽ ʥʝ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʽ ʢʦʝʬʽ-

ʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ. 

ʄʝʜʽʘʥʘ ʚʢʘʟʫʻ ʥʘ ʩʝʨʝʜʠʥʫ ʨʦʟʧʦʜʽʣʫ ʽ ʦʭʦʧʣʶʻ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʢʦʝʬʽ-

9

7 
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ʮʽʻʥʪʘ . ʊʦʤʫ ʧʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʦʜʥʦʨʽʜʥʦʩʪʽ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʦʪʨʠʤʘʥʠ-

ʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʮʴʦʛʦ ʤʝʪʦʜʫ. 

ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʝ ʟʥʘʯʝʥʥʷ dʝ ʜʦ ʤʝʜʽʘʥʠ ʜʣʷ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ 

ʰʠʭʪʠ ʟ ʨʽʟʥʦʶ ʚʦʣʦʛʽʩʪʶ ʤʘʻ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ. 

ʇʨʠ ʚʠʩʦʢʽʡ ʯʘʩʪʮʽ ʜʨʽʙʥʷʢʫ ʚ ʰʘʨʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʽ ʩʝʨʝʜʥʽʭ ʤʘʩ ʤʝʪʦʜʠ ʤʘ-

ʶʪʴ ʟʘʚʠʱʝʥʽ ʚʝʣʠʯʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ, ʪʦʤʫ ʜʣʷ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ 

ʤʘʣʦʧʨʠʜʘʪʥʽ. 

ʄʘʢʩʠʤʘʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʥʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʩʠʧʢʦʛʦ ʤʘʪʝ-

ʨʽʘʣʫ ʟʘʙʝʟʧʝʯʫʻ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʟʘ ʤʝʜʽʘʥʦʶ, ʜʣʷ ʷʢʦʛʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʤʽʥʠ ʟʥʘʯʝʥʴ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʯʘʩʪʠʥʦʢ ȹdʝ = 5,2 ï 0,5 = 4,7 ʤʤ, ʪʘʢ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘ-

ʮʽʾ ȹVd = 3,1 ï 0,7 = 2,4. ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ˉ 1-3 ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ, ʩʝʨʝʜʥʽʭ ʤʘʩ ʪʘ 

ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ 

ȹVd  0,6õ0,9. 

ʇʨʠ ʘʥʘʣʽʟʽ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ, ʫ ʷʢʠʭ ʽʩʪʦʪʥʠʡ ʚʤʽʩʪ ʧʨʦʤʽʞʥʠʭ ʬʨʘʢ-

ʮʽʡ, ʥʝʦʙʭʽʜʥʦ ʰʠʭʪʫ ʧʨʝʜʩʪʘʚʣʷʪʠ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʶ. 

ɺʠʭʦʜʷʯʠ ʟ ʨʘʥʽʰʝ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʨʦʟʛʣʷʥʫʪʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʽ 

ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʤʝʪʦʜʠ, ʥʘʡʙʽʣʴʰ ʦʙ'ʻʢʪʠʚʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ 

ʰʠʭʪ. ʊʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (ʩʝʨʝʜʥʴʦʛʘʨʤʦʥʽʡʥʠʡ), 

ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʰʘʨʫ. 

ʅʘ ʨʠʩ. 2.4-2.6 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʪʨʴʦ-

ʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ, ʢʨʫʧʥʽʩʪʴ ʬʨʘʢʮʽʡ ʷʢʦʾ ʙʣʠʟʴʢʘ ʜʦ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡ-

ʥʦʾ.  

ʇʨʠʡʥʷʪʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʰʠʭʪʠ ʜʦʨʽʚʥʶʻ d = 12 ʤʤ 

ɺʠʭʦʜʷʯʠ ʟ ʦʙ'ʻʤʥʦʾ ʯʘʩʪʢʠ ʬʨʘʢʮʽʡ, ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʪʨʠ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ, ʤʤ: 

0õ2 (d1 = 1 ʤʤ), 2õ6 (d4 = 4 ʤʤ) ʽ 6õ12 (d10 = 10 ʤʤ), ʽʥʜʝʢʩʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʝʨʝʜʥʽʤ 

ʜʽʘʤʝʪʨʘʤ ʯʘʩʪʠʥʦʢ.  

ɼʣʷ ʧʦʪʨʽʡʥʠʭ ʜʽʘʛʨʘʤ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ ʛʨʘʥʫʣ ʧʨʠʡʥʷʪʠʡ ʦʜʥʘʢʦ-

ʚʠʡ ʢʨʦʢ ʾʾ ʟʤʽʥʠ ȹdʝ = 0,5 ʤʤ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʨʦ ʚʧʣʠʚ ʢʨʫʧʥʦʩʪʽ ʛʨʘʥʫʣ ʥʘ ʟʥʘ-

ʯʝʥʥʷ dʝ ʤʦʞʥʘ ʩʫʜʠʪʠ ʟʘ ʛʫʩʪʠʥʦʶ ʽʟʦʣʽʥʽʡ. ɺʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʟʦʣʽʥʽʡ ʚʢʘʟʫʻ 

ʥʘ ʧʝʨʝʚʘʞʥʠʡ ʚʧʣʠʚ ʬʨʘʢʮʽʡ ʚʽʜʧʦʚʽʜʥʦʾ ʢʨʫʧʥʦʩʪʽ. ʇʽʜʚʠʱʝʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ  



 96 

 

ʈʠʩ. 2.4. ɿʤʽʥʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʟʥʘʯʝʥʴ ʜʽʘʤʝʪʨʘ, (ʘ) ʽ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ 

ʛʨʘʥʫʣ (ʙ) ʜʣʷ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ 
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ʈʠʩ. 2.5. ɿʤʽʥʘ ʟʥʘʯʝʥʴ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʭ ʜʽʘʤʝʪʨʘ, (ʘ) ʽ ʚʘʨʽʘʮʽʾ ʢʨʫʧ-

ʥʦʩʪʽ ʛʨʘʥʫʣ (ʙ) ʜʣʷ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ 

ɸ 

ɺ 
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ʈʠʩ. 2.6. ɿʤʽʥʘ ʟʥʘʯʝʥʴ ʜʽʘʤʝʪʨʘ (ʘ) ʽ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʛʨʘʥʫʣ (ʙ), ʨʦʟʨʘʭʦ-

ʚʘʥʠʭ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 

ɸ 

ɺ 
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ʽʟʦʣʽʥʽʡ ʚʽʜʧʦʚʽʜʘʻ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ V. ʂʨʽʤ ʪʦʛʦ, ʧʨʦ ʚʧʣʠʚ 

ʢʨʫʧʥʦʩʪʽ ʬʨʘʢʮʽʡ ʤʦʞʥʘ ʩʫʜʠʪʠ ʯʝʨʝʟ ʟʛʠʥʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝ-

ʪʨʫ ʜʣʷ ʙʽʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ. ʗʢʱʦ ʬʦʨʤʘ ʢʨʠʚʦʾ ʫʚʽʛʥʫʪʘ ʜʦ ʦʩʽ ʘʙʩʮʠʩ, ʪʦ ʙʽʣʴ-

ʰʦʶ ʤʽʨʦʶ ʚʨʘʭʦʚʘʥʽ ʚʝʣʠʢʽ ʬʨʘʢʮʽʾ, ʽ ʥʘʚʧʘʢʠ, ʷʢʱʦ ʚʠʛʥʫʪʘ ʚʽʜ ʦʩʽ ʘʙʩʮʠʩ, ʪʦ 

ʙʽʣʴʰʝ ʚʨʘʭʦʚʘʥʽ ʜʨʽʙʥʽ ʬʨʘʢʮʽʾ. 

ɺʠʭʦʜʷʯʠ ʟ ʨʠʩ. 2.4, ʥʘ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʜʽʘʤʝʪʨʘ ʚʧʣʠʚʘʶʪʴ ʨʽ-

ʚʥʦʤʽʨʥʦ ʚʩʽ ʬʨʘʢʮʽʾ ʰʠʭʪʠ. ɼʣʷ ʙʽʬʨʘʢʮʽʡʥʠʭ ʰʠʭʪ ʟʘʣʝʞʥʽʩʪʴ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ 

ʜʽʘʤʝʪʨʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʨʘʢʮʽʾ ʤʘʻ ʣʽʥʽʡʥʠʡ ʚʠʛʣʷʜ. ʇʨʦʪʝ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 

ʟʤʽʱʝʥʠʡ ʱʦʜʦ ʮʝʥʪʨʫ ʢʦʥʮʝʥʪʨʘʮʽʡ. ɼʣʷ ʙʽʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʟ ʬʨʘʢʮʽʷʤʠ ʢʨʫʧ-

ʥʽʩʪʶ 10 ʤʤ ʽ 4 ʤʤ ʤʘʢʩʠʤʫʤ ʚʘʨʽʘʮʽʾ ʜʦʨʽʚʥʶʻ V = 0,48  ʽ ʚʽʜʧʦʚʽʜʘʻ ʚʤʽʩʪʫ ʬʨʘʢ-

ʮʽʾ 4 ʤʤ [V]4 = 73 %. ɼʦʜʘʚʘʥʥʷ ʜʦ ʬʨʘʢʮʽʾ 4 ʤʤ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ 1 ʤʤ ʟʙʽʣʴʰʫʻ 

ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʚʘʨʽʘʮʽʾ ʜʦ 0,75 ʽ ʟʤʽʱʫʻ ʚ ʙʽʢ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʜʦ [V]1 = 

80 %. ʇʨʠ ʙʽʣʴʰʽʡ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʜʽʘʤʝʪʨʘʭ ʚʝʣʠʢʦʾ ʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʡ, ʟʥʘʯʝʥʥʷ ʤʘ-

ʢʩʠʤʫʤʫ ʚʘʨʽʘʮʽʾ ʱʝ ʙʽʣʴʰ ʟʤʽʱʫʶʪʴʩʷ ʫ ʙʽʢ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʜʦ 

[V]1 = 92 % ʪʘ ʧʽʜʚʠʱʠʣʦʩʴ ʜʦ 1,4. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʜʘʚʘʥʥʷ ʜʦ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ 1 ʤʤ ʚʝʣʠʢʠʭ ʬʨʘʢʮʽʡ 10 ʤʤ 

ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʜʦ 

[V]10 = 10 %. ɿʥʘʯʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʚʘʨʽʘʮʽʾ ʜʣʷ ʟʘʟʥʘʯʝʥʦʾ ʙʽʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʥʝ 

ʟʙʽʛʘʻʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷʤ ʤʽʥʽʤʫʤʫ ʧʦʨʦʟʥʦʩʪʽ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʤʽʩʪʫ ʜʨʽʙʥʠʭ ʬʨʘ-

ʢʮʽʡ 30õ50 %. ɺʠʭʦʜʷʯʠ ʟ ʨʠʩ. 2.4, ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪ-

ʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʬʨʘʢʮʽʡ ʩʠ-

ʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʽ ʰʠʭʪʠ ʚ ʘʛʣʦʜʦʤʝʥʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ. 

ɼʣʷ ʙʽʬʨʘʢʮʽʡʥʠʭ ʰʠʭʪ ʟʤʽʥʘ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʝʢʚʽ-

ʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʙʽʣʴʰ ʚʠʛʥʫʪʘ ʜʦ ʦʩʽ ʘʙʩʮʠʩ (ʜʠʚ. ʨʠʩ. 2.5), ʪʦʤʫ ʜʣʷ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʨʘʭʦʚʘʥʦ ʚʤʽʩʪ ʧʨʦʤʽʞʥʠʭ ʽ ʚʝʣʠʢʠʭ ʬʨʘʢʮʽʡ.  

ʇʦʨʽʚʥʷʥʦ ʽʟ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʤ ʤʝʪʦʜʦʤ ʫʩʝʨʝʜʥʝʥʥʷ, ʤʘʢʩʠʤʫʤ ʚʘʨʽʘʮʽʾ 

ʟʨʫʰʝʥʦ ʚ ʙʽʢ ʙʽʣʴʰʦʛʦ ʚʤʽʩʪʫ ʚʝʣʠʢʠʭ ʬʨʘʢʮʽʡ ʽ ʜʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʙʽʬʨʘʢʮʽʡ-

ʥʠʭ ʰʠʭʪ ʚʽʜʧʦʚʽʜʘʻ ʚʤʽʩʪʫ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ [V]1 = 50 %. ɼʣʷ ʰʠʭʪʠ 10 ʤʤ ʽ 1 ʤʤ 

ʤʘʢʩʠʤʫʤ ʚʘʨʽʘʮʽʾ ʜʦʨʽʚʥʶʻ 1,2 ; ʜʣʷ 10 ʤʤ ʽ 4 ʤʤ ï 0,46  ʪʘ ʜʣʷ ʰʠʭʪʠ 4 ʤʤ ʽ 1 ʤʤ 

ï 0,72. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʥʘʡʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦ 

ʚʨʘʭʦʚʫʻ ʚʩʽ ʧʨʠʩʫʪʥʽ ʬʨʘʢʮʽʾ ʨʦʟʛʣʷʥʫʪʦʾ ʰʠʭʪʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʨʫʧʥʽʩʪʶ ʟʝ-

ʨʝʥ ʜʦ 10 ʤʤ. ʊʘʢʠʡ ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʤʘʻ ʘʛʣʦʤʝʨʘʮʽʡʥʘ ʰʠʭʪʘ.  

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (ʨʠʩ. 2.6) 

ʧʦʛʘʥʦ ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽʩʪʴ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʚ ʰʠʭʪʽ. ʊʦʤʫ ʟʘʣʝʞʥʽʩʪʴ ʝʢʚʽʚʘʣʝʥʪ-

ʥʦʛʦ ʜʽʘʤʝʪʨʘ ʨʽʟʢʦ ʚʠʛʥʫʪʘ ʚʥʠʟ ʜʦ ʦʩʽ ʘʙʩʮʠʩ.  

ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʜʠʩʧʝʨʩʽʾ (ʜʠʚ. ʪʘʙʣ.2.10) ʨʦʟʛʣʷʥʫʪʽ ʤʝ-

ʪʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ɓ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ ʽ ʥʝ 

ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ. ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥ-

ʪʘ ɓ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.7, ʚʠʭʦʜʷʯʠ ʟ ʷʢʦʛʦ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ. ɼʣʷ ʰʠʭʪʠ 10-4-1 ʤʤ ʨʦʟʨʘʭʫʥʦʢ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ 

ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʟʘʩʪʦʩʦʚʥʠʡ 

ʧʨʠ ʚʝʣʠʯʠʥʽ ɓ > 1, ʪʦʙʪʦ ʧʨʠ ʚʤʽʩʪʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ [V]1 < 80 %; ʟʘ ʧʠʪʦʤʠʤ ʜʽʘ-

ʤʝʪʨʦʤ (ɓ > 2) ï [V]1 < 20 %, ʟʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʟʘ ʩʝʨʝʜʥʴʦʘ-

ʨʠʬʤʝʪʠʯʥʠʤ ʦʙôʻʤʦʤ (ɓ > 3) ï [V]1 < 3 %. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʥʝʧʨʠʧʫʩʪʠ-

ʤʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ɓ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦˇʨʫʜʢʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʅʘ ʨʠʩ. 2.8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʽʚ  ʽ  ʜʣʷ ʰʠʭʪʠ, 

ʦˇʨʫʜʢʦʚʘʥʦʾ ʟ ʨʽʟʥʦʶ ʚʦʣʦʛʽʩʪʶ (ʜʠʚ. ʪʘʙʣ. 2.10). ɼʣʷ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚ ʜʽʘʧʘʟʦʥ 

ʟʤʽʥʠ  ʩʢʣʘʚ ʚʽʜ 0,7 ʜʦ 1,81 ʽ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʦʭʦʧʣʶʻ ʧʣʦʱʫ ʧʦʪʨʽʡʥʦʾ ʜʽʘʛʨʘʤʠ 

(ʜʠʚ. ʨʠʩ. 2.7). 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʦʣʦʛʦʩʪʽ ʰʠʭʪʠ ʚʝʣʠʯʠʥʘ  ʟʨʦʩʪʘʻ ʟʘ ʟʘʣʝʞʥʽʩʪʶ 

 

  = 0,206ʝ
0,25W

,      R = 0,93.                                    (2.6) 

 

ɼʽʘʧʘʟʦʥ ʟʤʽʥʠ  ʩʢʣʘʚ ʚʽʜ 1,073 ʜʦ 0,022 ʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʦʣʦʛʦʩʪʽ ʰʠʭʪʠ 

ʚʝʣʠʯʠʥʘ  ʟʤʝʥʰʫʻʪʴʩʷ (ʜʠʚ. ʨʠʩ. 2.8) 

 

  =  90,27e
-0,845W

,    R = 0,93.                                   (2.7) 
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ʈʠʩ. 2.7. ɿʤʽʥʘ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ɓ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ ʜʣʷ ʪʨʴʦʭʬʨʘʢ-

ʮʽʡʥʠʭ ʰʠʭʪ ʟ ʨʽʟʥʦʶ ʢʨʫʧʥʽʩʪʶ ʬʨʘʢʮʽʡ 

 

 

 

ʈʠʩ. 2.8. ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦ-

ʰʠʭʪʠ 
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ɼʣʷ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ, ʚ ʷʢʠʭ ʟʘʛʘʣʴʥʘ ʯʘʩʪʢʘ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʩʢʣʘ-

ʜʦʚʠʭ ʤʝʥʰʝ 55 %, ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ  ʤʘʻ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʝ 1,81.    

ʉʪʦʩʦʚʥʦ ʧʦʣʽʬʨʘʢʮʽʡʥʠʭ ʦˇʨʫʜʢʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ ʨʦʟʨʘʭʫʥʦʢ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʟʘ ʧʠʪʦʤʦʶ ʧʦ-

ʚʝʨʭʥʝʶ ʟʘʩʪʦʩʦʚʥʠʡ ʧʨʠ ʚʤʽʩʪʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ [V]1 < 20 % (ɓ > 2); ʟʘ ʧʠʪʦʤʠʤ ʜʽ-

ʘʤʝʪʨʦʤ (ɓ > 4) ï [V]1 < 2 %, ʟʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʟʘ ʩʝʨʝʜʥʴʦʘ-

ʨʠʬʤʝʪʠʯʥʠʤ ʦʙôʻʤʦʤ (ɓ > 6) ï [V]1  0 %. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘʮʽʾ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ 

ʩʢʣʘʜʫ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʟʘʩʪʦʩʦʚʥʠʡ ʧʨʠ ʚʤʽʩʪʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ [V]1 < 3 % (ɓ 

> 2); ʟʘ ʧʠʪʦʤʠʤ ʜʽʘʤʝʪʨʦʤ (ɓ > 4); ʟʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʟʘ ʩʝʨʝ-

ʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʤ ʦʙôʻʤʦʤ  (ɓ > 6) ï [V]1  0 %. ʊʦʙʪʦ ʜʣʷ ʘʥʘʣʽʟʫ ʚʘʨʽʘʮʽʾ ʘʛʣʦ-

ʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ ʮʽ ʤʝʪʦʜʠ ʥʝ ʟʘʩʪʦʩʦʚʥʽ. 

ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʊʘʨʘʩʦʚʘ ɺ. ʇ. [19] ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦ-

ʨʦʟʥʦʩʪʽ ʰʘʨʫ ʚʧʣʠʚʘʶʪʴ ʯʘʩʪʢʠ ʜʦʤʽʥʫʶʯʠʭ ʬʨʘʢʮʽʡ ʫ ʰʘʨʽ, ʷʢʠʤʠ ʜʣʷ ʜʦʤʝʥ-

ʥʠʭ ʰʠʭʪ ʚʽʜʧʦʚʽʜʘʶʪʴ ʰʤʘʪʢʠ ʢʨʫʧʥʽʩʪʶ 5 ʤʤ ʽ 40 ʤʤ. ɼʣʷ ʦˇʨʫʜʢʦʚʘʥʠʭ ʘʛʣʦ-

ʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ ʪʘʢʦʛʦ ʽʩʪʦʪʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ ʚ ʜʽʘʤʝʪʨʘʭ ʽ ʚʤʽʩʪʽ ʬʨʘʢʮʽʡ ʥʝ-

ʤʘʻ, ʪʦʤʫ ʚʝʣʠʯʠʥʘ ʽ ʯʘʩʪʢʘ ʜʦʤʽʥʫʶʯʠʭ ʬʨʘʢʮʽʡ ʙʫʜʫʪʴ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ 

ʜʦʤʝʥʥʠʭ ʰʠʭʪ. ɺʠʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʬʨʘʢʮʽʡ ʜʣʷ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ ʤʦʞʣʠʚʝ ʥʘ 

ʦʩʥʦʚʽ ʜʽʘʛʨʘʤ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʨʦʟʤʽʨʽʚ ʛʨʘʥʫʣ. 

  ʅʘ ʜʽʘʛʨʘʤʽ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ Vd 

(ʜʠʚ. ʨʠʩ. 2.5, ʙ) ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʣʽʥʽʶ ʩʠʤʝʪʨʽʾ ʯʝʨʝʟ ʪʦʯʢʠ ɸ ([V]1 = 40 %, [V]4 = 

0 %, [V]10 = 60 %) ʪʘ ɺ ([V]1 = 0 %, [V]4 = 100 %, [V]10 = 0 %), ʷʢʘ ʜʽʣʠʪʴ ʜʽʘʛʨʘʤʫ 

ʥʘ ʜʚʽ ʦʜʥʘʢʦʚʽ ʯʘʩʪʠʥʠ. ɼʘʥʘ ʣʽʥʽʷ ʩʠʤʝʪʨʽʾ ɸɺ ʚʠʟʥʘʯʘʻ ʟʤʽʥʫ ʜʦʤʽʥʫʶʯʠʭ ʬʨʘʢ-

ʮʽʡ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ Vd. ɺʠʱʝ ʣʽʥʽʾ ɸɺ ʙʽʣʴʰʦʶ ʤʽ-

ʨʦʶ ʚʧʣʠʚʘʶʪʴ ʬʨʘʢʮʽʾ ʢʨʫʧʥʽʩʪʶ 4 ʤʤ ʽ 10 ʤʤ, ʽ ʚʠʛʠʥʠ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʙʦʣʽʯʥʠʭ 

ʢʨʠʚʠʭ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʦʩʽ ʬʨʘʢʮʽʾ 4 ʤʤ [V]4 = 100 %. ʅʠʞʯʝ ʣʽʥʽʾ ɸɺ ʙʽʣʴʰʦʶ 

ʤʽʨʦʶ ʥʘ ʨʽʚʝʥʴ Vd ʚʧʣʠʚʘʶʪʴ ʬʨʘʢʮʽʾ ʢʨʫʧʥʽʩʪʶ 1 ʤʤ ʽ 4 ʤʤ, ʦʪʨʠʤʘʥʽ ʧʘʨʘʙʦʣʽʯ-

ʥʽ ʢʨʠʚʽ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʦʩʽ ʬʨʘʢʮʽʾ 1 ʤʤ [V]1 = 100 %. ʅʘ ʦʙʣʘʩʪʽ ʣʽʥʽʾ ɸɺ ʨʽʟʢʘ 

ʟʤʽʥʘ ʟʥʘʯʝʥʴ Vd  ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʦʤʫ ʚʧʣʠʚʫ ʬʨʘʢʮʽʡ ʢʨʫʧʥʽʩʪʶ 1 ʤʤ ʪʘ 10 ʤʤ, ʘ 
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ʚʠʛʠʥʠ ʦʪʨʠʤʘʥʠʭ ʢʨʠʚʠʭ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʦʩʽ ʬʨʘʢʮʽʾ 10 ʤʤ [V]10 = 100 %.  

ɸʥʘʣʦʛʽʯʥʦ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʥʘ ʜʽʘʛʨʘʤʽ ʢʦʝʬʽʮʽʻʥ-

ʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ Vd ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʪʘʢʦʞ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʣʽʥʽʶ ʩʠ-

ʤʝʪʨʽʾ ʯʝʨʝʟ ʪʦʯʢʠ ɸ ([V]1 = 16 %, [V]4 = 0 %, [V]10 = 84 %) ʪʘ ɺ ([V]1 = 0 %, [V]4 = 

100 %, [V]10 = 0 %) (ʜʠʚ. ʨʠʩ. 2.5, ʙ), ʷʢʘ ʧʦʢʘʟʫʻ ʟʤʽʥʫ ʜʦʤʽʥʫʶʯʠʭ ʬʨʘʢʮʽʡ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ Vd.  

ɺʤʽʩʪ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʦʣʦʞʝʥʥʷ ʪ. ɸ ʣʽʥʽʾ ɸɺ ʜʣʷ ʤʝʪʦʜʽʚ 

ʘʥʘʣʽʟʫ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʽ ʟʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ 24 %.  

ʅʘ ʜʽʘʛʨʘʤʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʛʨʘʥʫʣ ʚʟʘʛʘ-

ʣʽ ʥʝʤʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʣʽʥʽʶ ʩʠʤʝʪʨʽʾ ɸɺ (ʜʠʚ. ʨʠʩ. 2.4, ʙ). ɼʘʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʜʦʤʽʥʫʶʯʽ ʬʨʘʢʮʽʾ ʩʪʦʩʦʚʥʦ ʦˇʨʫʜʢʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ 

ʰʠʭʪ.  

ʊʘʢ ʷʢ ʜʨʽʙʥʽ ʬʨʘʢʮʽʾ ʧʨʠ ʧʝʚʥʦʤʫ ʚʤʽʩʪʽ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʶʶʪʴ ʧʦʨʦʞʥʠʥʠ 

ʤʽʞ ʚʝʣʠʢʠʤʠ ʯʘʩʪʢʘʤʠ, ʪʦ ʥʘʡʙʽʣʴʰ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ 

ʥʘʜʘʶʪʴ ʬʨʘʢʮʽʾ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʨʽʟʥʠʮʝʶ ʚ ʢʨʫʧʥʦʩʪʽ. ʃʽʥʽʷ ɸɺ ʯʽʪʢʦ ʚʢʘʟʫʻ ʦʙ-

ʣʘʩʪʴ ʥʘʡʙʽʣʴʰ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʬʨʘʢʮʽʡ ʢʨʫʧʥʽʩʪʶ 10 ʤʤ ʽ 1 ʤʤ ʥʘ ʛʘʟʦʧʨʦ-

ʥʠʢʥʽʩʪʴ ʰʘʨʫ. ɿʘʟʥʘʯʝʥʫ ʦʙʣʘʩʪʴ ʥʝʦʙʭʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦ ʫʥʠʢʘʪʠ ʧʨʠ 

ʧʽʜʛʦʪʦʚʮʽ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʜʦ ʩʧʽʢʘʥʥʷ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʝ ʧʦʣʽʧ-

ʰʝʥʥʷʤ ʫʤʦʚ ʦˇʨʫʜʢʫʚʘʥʥʷ ʰʠʭʪʠ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʣʽʥʽʾ ɸɺ ʜʽʘʛʨʘʤʠ (ʜʠʚ. ʨʠʩ. 2.5, ʙ) ʥʘ ʜʽʘʛʨʘʤʫ 

ʟʤʽʥʠ  (ʜʠʚ. ʨʠʩ. 2.7) ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ , ʚʽʜʧʦʚʽʜʥʝ ʜʦ-

ʤʽʥʫʚʘʥʥʶ ʬʨʘʢʮʽʡ 10 ʤʤ ʽ 1 ʤʤ ʫ ʪʨʴʦʭʬʨʘʢʮʽʡʥʽʡ ʰʠʭʪʽ. ɼʣʷ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬ-

ʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʧʣʠʚ ʬʨʘʢʮʽʡ 10 ʤʤ ʽ 1 ʤʤ ʧʨʦʷʚʣʷʻʪʴʩʷ ʟʘ 

 > 1,5; ʜʣʷ ʩʝʨʝʜʥʴʦʛʘʨʤʦʥʽʡʥʦʛʦ ï ʟʘ  > 1,8. 

ʉʫʪʪʻʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʚʠʟʥʘʯʝʥʥʷ ʜʦʤʽʥʫʶʯʠʭ ʬʨʘʢʮʽʡ ʚʢʘʟʫʻ 

ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʦʜʥʦʨʽʜʥʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥ-

ʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʬʨʘʢʮʽʡ 

ʫ ʩʬʦʨʤʦʚʘʥʦʤʫ ʰʘʨʽ. 

 

2.2. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʘ ʜʦʩʣʽʜʞʝʥʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫ, ʷʢʠʡ 



 104 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʝʨʝʥ ʜʦʚʽʣʴʥʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʥʦʚʦʾ ʩʽʪʢʦʚʦʾ ʤʦʜʝʣʽ ʟʜʽʡʩʥʶʶʪʴ ʬʦʨʤʫʚʘʥʥʷ 

ʰʘʨʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʝʨʝʥ ʜʦʚʽʣʴʥʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ, ʽ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʧʘ-

ʨʘʤʝʪʨʠ (ʧʦʨʦʟʥʽʩʪʴ, ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʢʘʥʘʣʽʚ, ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ ʰʘʨʽ ʪʘ ʽʥ.) 

[230]. 

ɺ ʦʩʥʦʚʫ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʧʦʢʣʘʜʝʥʦ ʤʝʪʦʜ ʦʧʠʩʫ ʟʝʨʝʥ ʽ ʰʘʨʫ ʪʨʠʚʠʤʽʨ-

ʥʠʤʠ ʤʥʦʞʠʥʘʤʠ ʟʘʧʦʚʥʶʚʘʥʦʩʪʽ ʪʚʝʨʜʦʶ ʬʘʟʦʶ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʦʩʪʦʨʫ 

(ʦʙôʻʤʫ). ʇʦʣʦʞʝʥʥʷ ʢʦʞʥʦʾ ʯʘʩʪʠʥʢʠ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʤʥʦʞʠʥʽ ʟʘʡʥʷʪʦʩʪʽ ʢʦʤʽ-

ʨʢʠ ʧʨʦʩʪʦʨʫ. ʇʦʰʫʢ ʤʽʩʮʷ ʨʦʟʤʽʱʝʥʥʷ ʥʦʚʦʛʦ ʰʤʘʪʢʘ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʪʠʥʦʤ 

ʤʥʦʞʠʥ ʯʘʩʪʢʠ ʽ ʰʘʨʫ [231]. 

ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʰʘʨʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʨʠ ʤʦʜʫʣʽ: 

1) ʦʧʠʩ ʨʦʟʧʦʜʽʣʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʟʝʨʝʥ ʢʦʞʥʦʾ ʬʦʨʤʠ; 

2) ʨʦʟʤʽʱʝʥʥʷ ʟʝʨʝʥ ʚ ʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ; 

3) ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫ. 

ʆʧʠʩ ʨʦʟʧʦʜʽʣʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʟʝʨʝʥ ʢʦʞʥʦʾ ʬʦʨʤʠ ʟʜʽʡʩ-

ʥʶʶʪʴ ʥʘ ʧʽʜʩʪʘʚʽ ʥʘʩʪʫʧʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʦʧʝʨʝʜʥʴʦ ʟʝʨʥʘ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʬʦʨʤʦʶ (ʥʘʧʨʠʢʣʘʜ, 

ʢʫʣʷʩʪʽ, ʮʠʣʽʥʜʨʠʯʥʽ, ʧʽʨʘʤʽʜʘʣʴʥʽ ʪʘ ʽʥ.). ɿʘʟʚʠʯʘʡ ʯʘʩʪʢʠ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʰʠʭʪʠ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʫ ʬʦʨʤʫ. ʅʘʧʨʠʢʣʘʜ, ʩʪʦʩʦʚʥʦ ʢʦʤʧʦʥʝʥʪʽʚ ʘʛ-

ʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʯʘʩʪʢʠ ʚʘʧʥʷʢʫ ʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʪʨʘʝʜʨʠʯʥʽʡ ʬʦʨʤʽ, ʚʫ-

ʛʽʣʣʷ ï ʧʣʘʩʪʠʥʯʘʩʪʦʾ. ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʘʛʣʦʤʝʨʘʮʽʡʥʫ ʰʠʭʪʫ, ʪʦ ʯʝʨʝʟ ʦʩʦʙʣʠʚʦ-

ʩʪʽ ʧʨʦʮʝʩʫ ʦˇʨʫʜʢʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʛʨʘʥʫʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʘʡʞʝ ʩʬʝʨʠʯʥʽ 

ʯʘʩʪʢʠ. ʊʦʤʫ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʱʦʜʦ ʦʧʠʩʫ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʰʘʨʫ ʦˇʨʫʜʢʦʚʘʥʦʾ 

ʘʛʣʦʰʠʭʪʠ ʬʘʢʪʦʨ ʩʬʝʨʠʯʥʦʩʪʽ ʌ ʧʨʠʡʤʘʶʪʴ ʙʣʠʟʴʢʠʤ ʘʙʦ ʨʽʚʥʠʤ 1. ʇʨʠ ʤʦʜʝ-

ʣʶʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ʛʨʘʥʫʣʠ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ, ʟ ʷʢʠʭ ʚʦʥʘ ʫʪʚʦʨʶʻʪʴʩʷ, ʚʧʣʠʚʘʶʪʴ 

ʷʢ ʥʘ ʚʥʫʪʨʽʰʥʶ ʧʦʨʠʩʪʽʩʪʴ ʛʨʘʥʫʣʠ, ʪʘʢ ʽ ʾʾ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ, ʪʦʤʫ ʤʘʶʪʴ ʜʫʞʝ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ.  

ʆʜʥʘʢ, ʟʘʥʘʜʪʦ ʜʨʽʙʥʽ ʥʝʨʽʚʥʦʩʪʽ (ʟʘ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ) 

ʚ ʤʦʜʝʣʽ ʚʨʘʭʫʚʘʪʠ ʥʝʤʦʞʣʠʚʦ, ʪʦʤʫ ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʫʞʝ ʤʘʣʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʩʽʪʢʠ, 
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ʪʦʙʪʦ ʽʩʪʦʪʥʝ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʦʩʪʦʨʫ (ʦʙôʻʤʫ). ʎʝ ʧʦʚ'ʷʟʘʥʦ 

ʟʽ ʟʥʘʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ ʷʢ ʥʘ ʦʧʠʩ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ, ʪʘʢ ʽ ʥʘ ʤʦʜʝʣʶʚʘʥʥʷ ʟʝʨ-

ʥʠʩʪʦʛʦ ʰʘʨʫ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤ ʟʝʨʝʥ ʽ ʾʭ ʨʦʟʤʽʨʽʚ ʩʢʣʘʜʥʝ, ʦʩʦʙʣʠʚʦ 

ʜʣʷ ʚʦʣʦʛʦʾ ʘʛʣʦʰʠʭʪʠ. ɺʠʟʥʘʯʝʥʥʷ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʣʠʚʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ ʰʘʨʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝ-

ʨʝʥ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʧʦʜʽʣ ʤʘʩʦʚʠʭ (ʦʙ'ʻʤʥʠʭ) ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʭ ʩʢʣʘʜʽʚ ʄf (d), ʜʝ f 

ï ʥʦʤʝʨʦʤ ʬʦʨʤʠ, d ï ʨʦʟʤʽʨ ʯʘʩʪʢʠ, ʤʤ. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʰʘʨʫ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʙʽʨ ʟʝʨʥʘ ʟ ʙʝʟʣʽʯʽ ʟʝʨʝʥ ʨʽ-

ʟʥʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ ʜʣʷ ʡʦʛʦ ʫʢʣʘʜʘʥʥʷ. ʈʦʟʤʽʨ ʽ ʬʦʨʤʫ ʟʝʨʥʘ ʟʥʘʭʦʜʷʪʴ, ʚʠʭʦʜʷ-

ʯʠ ʟ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʧʦʜʽʣʫ( )fM d ʽ ʬʘʢʪʠʯʥʦʛʦ ( )ʬ
fM d ʜʣʷ ʟʝʨʝʥ, ʧʦʤʽʱʝʥʠʭ ʚ 

ʰʘʨ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ: 

 

 

ʬ
ff

ʬ
f

M ( d ) M ( d )
min.

M ( d )
                               (2.8) 

 

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʰʘʨ ʽ ʟʝʨʥʘ ʤʦʜʝʣʶʶʪʴʩʷ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʚʽʥ 

ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ, ʩʬʝʨʠʯʥʽʡ, ʜʝʢʘʨʪʦʚʽʡ ʘʙʦ ʽʥʰʽʡ ʩʠʩʪʝʤʽ ʢʦ-

ʦʨʜʠʥʘʪ. ʇʨʠ ʮʴʦʤʫ ʦʙʨʘʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʘʣʛʦʨʠʪʤ ʬʦʨʤʫ-

ʚʘʥʥʷ ʰʘʨʫ, ʬʦʨʤʫ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʽ ʢʦʦʨʜʠʥʘʪʠ. 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʰʘʨ ʽ ʟʝʨʥʘ ʦʧʠʩʘʥʽ ʚ ʜʝʢʘʨʪʦʚʽʡ ʪʨʠʚʠʤʽʨʥʽʡ ʩʠʩʪʝ-

ʤʽ ʢʦʦʨʜʠʥʘʪ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʧʝʨʝʭʽʜ 

ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʟʘ ʚʽʜʦʤʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ [29].  

ɺʠʭʦʜʷʯʠ ʟ ʜʝʢʘʨʪʦʚʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʜʣʷ ʦʧʠʩʫ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘ-

ʣʫ ʫʢʣʘʜʝʥʠʡ ʧʨʦʩʪʽʨ ʨʦʟʙʠʚʘʣʠ ʥʘ ʤʥʦʞʠʥʫ ʦʜʥʘʢʦʚʠʭ ʢʫʙʽʯʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʦʙôʻʤʽʚ Vʝ  (ʨʠʩ. 2.9). 
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ʈʠʩ. 2.9. ʈʦʟʤʽʱʝʥʥʷ ʪʽʣ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʚ ʧʨʦʩʪʦʨʽ 

 

ʈʦʟʤʽʨ ʢʦʞʥʦʛʦ ʦʙôʻʤʫ Vʝ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʫ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥ-

ʢʽʚ . ɺ ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʤʦʞʣʠʚʘ ʧʨʠʩʫʪʥʽʩʪʴ ʧʝʚʥʦʾ ʯʘʩʪʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʝʩʴ 

ʦʙôʻʤ ʫʷʚʣʝʥʠʡ ʪʨʠʚʠʤʽʨʥʦʶ ʩʽʪʢʦʶ (ʤʘʪʨʠʮʝʶ) ʦ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʤʽʩʪ ʚ ʢʦ-

ʞʥʦʤʫ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙ'ʻʤʽ Vʝ ʯʘʩʪʠʥʠ ʯʘʩʪʢʠ. ʗʢʱʦ ʦʙôʻʤ Vʝ ʥʝ ʟʘʡʥʷʪʠʡ ʧʦʢ-

ʣʘʜʝʥʦʶ ʚ ʰʘʨʽ ʯʘʩʪʢʦʶ, ʪʦ ʚʽʜʧʦʚʽʜʥʠʡ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙ'ʻʤʫ ʝʣʝʤʝʥʪ ʩʽʪʢʠ 

ijk
o ʜʦʨʽʚʥʶʻ 0. ɺ ʧʨʦʪʠʣʝʞʥʦʤʫ ʨʘʟʽ ï ʟʥʘʯʝʥʥʷ 1.  

ʑʦʙ ʫʢʣʘʜʝʥʽ ʟʝʨʥʘ ʥʝ ʚʠʭʦʜʠʣʠ ʟʘ ʤʝʞʽ ʦʙôʻʤʫ ʰʘʨʫ, ʝʣʝʤʝʥʪʘʤ ʤʘʩʠ-

ʚʫijk
o  ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʽʥʦʢ, ʧʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ 1 (ʨʠʩ. 2.10).  

ʆʧʠʩ ʯʘʩʪʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʽʪʢʠ ʟʜʽʡʩʥʶʶʪʴ ʘʥʘʣʦʛʽʯʥʦ, ʷʢ ʽ ʜʣʷ ʰʘʨʫ. ʌʦ-

ʨʤʫʶʪʴ ʤʥʦʞʠʥʫ ʧʨʦʩʪʦʨʫ 
ʤ
f
, ʷʢʘ ʦʧʠʩʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʯʘʩʪʢʫ ʢʦʞʥʦʾ ʬʦʨʤʠ.  

ʂʦʞʥʠʡ ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ 
ʤ
f  ʟʘʧʦʚʥʶʶʪʴ ʚʝʣʠʯʠʥʘʤʠ 1 ʘʙʦ 0 ʚ ʟʘʣʝʞʥʦ-

f 
ʧʨ  

 

H ́ 

 

 o 
Z ,  k 

Y ,  j 

X ,  i 

Z  ,  k  

Y  ,  j  

X  ,

  

i  
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ʩʪʽ ʚʽʜ ʟʘʧʦʚʥʝʥʦʩʪʽ ʪʚʝʨʜʦʶ ʬʘʟʦʶ ʦʧʠʩʫʚʘʥʦʾ ʯʘʩʪʢʠ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʤʽʨʠ ʝʣʝʤʝ-

ʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ  ʤʥʦʞʠʥʠ ʤ
f

 ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʤʽʨʘʤ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ  

ʜʣʷ ʰʘʨʫ ʦ. 

 

 

ʈʠʩ.   2.10. ʆʧʠʩ ʟʘʧʦʚʥʶʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʤʥʦʞʠʥʦʶ ɋ0 (ʚ ʤʽʨʫ ʚʽʜʜʘʣʝʥʥʷ 

ʚʽʜ ʧʝʨʝʜʥʴʦʾ ʩʪʽʥʢʠ ʚʠʩʦʪʘ ʮʠʬʨ ʟʤʝʥʰʫʻʪʴʩʷ) 

 

ɺ ʢʦʤʧʦʥʝʥʪʘʭ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʪʠ-

ʧʦʚʽ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ: ʩʬʝʨʠʯʥʽ, ʮʠʣʽʥʜʨʠʯʥʽ, ʪʝʪʨʘʝʜʨʠʯʥʽ, ʧʘʨʘʣʝʣʝʧʽʧʝʜʥʽ. 

ɼʣʷ ʟʘʧʦʚʥʝʥʥʷ ʤʥʦʞʠʥʠ 
ʤ
f , ʷʢʝ ʦʧʠʩʫʻ ʩʬʝʨʠʯʥʫ ʯʘʩʪʢʫ, ʜʣʷ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ ʧʝʨʝʚʽʨʷʶʪʴ ʚʽʜʩʪʘʥʴ   ʚʽʜ ʡʦʛʦ ʮʝʥʪʨʫ ʜʦ ʮʝʥʪʨʫ ʯʘʩʪʢʠ 

(ʨʠʩ. 2.11) ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

 

2 2 2

,
2 2 2 2

ʤ ʤ ʤ ʤ
f f f fD D D D

i j k  ʤ, (2.9) 

ʜʝ ʤfD  ï ʜʽʘʤʝʪʨ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʢʠ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ, ʤ. 



 108 

 

 ʈʠʩ. 2.11. ʇʝʨʝʚʽʨʢʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʮʝʥʪʨʫ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʢʠ ʜʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ 

ʦʙ'ʻʤʫ 

 

ʆʧʠʩ ʯʘʩʪʠʥʦʢ ʮʠʣʽʥʜʨʠʯʥʦʾ, ʪʝʪʨʘʝʜʨʠʯʥʦʾ ʽ ʧʘʨʘʣʝʣʝʧʽʧʝʜʥʦʾ ʬʦʨʤ ʧʦʢʘ-

ʟʘʥʠʡ ʚ ʜʦʜʘʪʢʫ ɾ.  

ɼʣʷ ʦʧʠʩʫ ʯʘʩʪʢʠ ʟʘʜʘʥʦʾ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʫ ʢʨ

fD , ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʤ
fD , ʬʦʨʤʫʶʪʴ ʥʦʚʠʡ ʧʨʦʤʽʞʥʠʡ ʤʘʩʠʚ 

ʧʨ
f
ʰʣʷʭʦʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʤʘʩʠʚʫʤf  ʥʘ 
ʤ
f

ʧʨ
f DD  (ʨʠʩ. 2.12). 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.12. ʇʝʨʝʪʚʦʨʝʥʥʷ ʤʥʦʞʠʥʠ ʤ
f ʜʣʷ ʦʧʠʩʫ ʯʘʩʪʢʠ ʽʥʰʦʛʦ ʨʦʟʤʽʨʫ 

 

 

ʤ

f

ʤ
f

ʧʨ
f

D

D

 

ʧʨ

f



 109 

ʇʨʠ ʮʴʦʤʫ ʨʦʟʤʽʨʥʽʩʪʴ ʤʘʩʠʚʫ 
ʧʨ
f  ʪʘʢʦʞ ʟʙʽʣʴʰʠʪʴʩʷ ʚ 

ʤ
f

ʧʨ
f DD  ʨʘʟ ʯʝʨʝʟ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʦʙôʻʤʫ Vʝ. ʑʦʙ ʨʦʟʤʽʨ ʦʙôʻʤʫ Vʝ  ʥʝ ʟʤʽʥʠʚʩʷ, ʨʦʟʤʽʨʥʽʩʪʴ 

ʤʘʩʠʚʫ 
ʧʨ
f  ʟʤʝʥʰʫʶʪʴ ʚ 

ʤ
f

ʧʨ
f DD  ʨʘʟ, ʪʦʙʪʦ 

 

ʤ
f

ʧʨ
fʤ

f
ʧʨ
f

D

D
, 

ʤ
f

ʧʨ
fʤ

f
ʧʨ
f

D

D
,                               (2.10) 

ʜʝ 
ʧʨ

, 
ʤ
 ï ʨʦʟʤʽʨ ʩʪʦʨʦʥʠ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ ʜʣʷ ʤʥʦʞʠʥ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫ ʯʘʩʪʢʫ ʨʦʟʤʽʨʦʤ ʤ
fD ʽ ʫʢʣʘʜʝʥʦʾ ʨʦʟʤʽʨʦʤ 

ʧʨ
fD , ʚʽʜʧʦʚʽʜʥʦ. 

 

ʈʦʟʤʽʱʫʚʘʥʘ ʚ ʧʨʦʩʪʦʨʽ ʯʘʩʪʢʘ ʤʘʻ ʰʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ. ʊʦʤʫ ʾʾ ʨʦʟʪʘ-

ʰʫʚʘʥʥʷ ʚ ʰʘʨʽ ʦʧʠʩʫʶʪʴ ʢʦʦʨʜʠʥʘʪʘʤʠ (ʍn, Yn, Zn) ʪʘ ʢʫʪʘʤʠ ɽʡʣʝʨʘ (ʥʫʪʘʮʽʾ n, 

ʧʨʝʮʝʩʽʾ n ʪʘ ʯʠʩʪʦʛʦ ʦʙʝʨʪʘʥʥʷ n, ʜʝ n - ʥʦʤʝʨ ʫʢʣʘʜʝʥʦʾ ʯʘʩʪʢʠ) [29].  

ʇʦʣʦʞʝʥʥʷ ʯʘʩʪʢʠ ʚ ʧʨʦʩʪʦʨʽ ʍYZ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ nO ï 

ʧʦʯʘʪʦʢ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ ʍY Z  (ʜʠʚ. ʨʠʩ. 2.9). ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʫʢʣʘʜʝʥʽ 

ʯʘʩʪʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʬʦʨʤʠ, ʷʢʽ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦ ʧʨʘʚʠʣʴ-

ʥʠʭ.  

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʪʦʯʢʫnO
 ʨʦʟʤʽʱʫʶʪʴ ʪʽʣʴʢʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʚʝʨʰʠʥ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʢʫʙʽʯʥʦʛʦ ʦʙ'ʻʤʫ. ʊʦʤʫ ʢʦʦʨʜʠʥʘʪʠ (ʍn, Yn, Zn) ʟʨʫʯʥʽʰʝ ʧʨʝʜʩʪʘ-

ʚʠʪʠ ʫ ʚʠʛʣʷʜʽ (in , jn , kn ) ʽ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʮʽʣʠʤʠ ʯʠʩʣʘʤʠ in, jn, kn ï ʥʦʤʝʨʘʤʠ 

ʢʦʤʽʨʢʠ ʦʙʨʘʥʦʾ ʯʘʩʪʢʠ. 

ʇʦʯʘʪʦʢ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʯʘʩʪʢʠ ʍYZ  ʨʦʟʤʽʱʫʶʪʴ ʚ ʧʦʧʝʨʝʜʥʴʦ ʟʥʘʡʜʝ-

ʥʽ ʢʦʦʨʜʠʥʘʪʠ (ʍn, Yn, Zn) ʟʢʫʪʘʤʠ n, n, n ʨʽʚʥʠʤʠ ʥʫʣʶ. ʇʝʨʰʫ ʯʘʩʪʢʫ ʨʦʟʤʽ-

ʱʫʶʪʴ ʪʘʢ, ʱʦʙ ʧʦʯʘʪʦʢ ʾʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ ʚʽʜʥʦʩʥʦ ʫʢʣʘʜʝʥʦʛʦ ʰʘʨʫ ʙʫʚ ʚ ʪʦʯʮʽ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ (, , ) ʘʙʦ i1=1, j1=1, k1=1. ʂʦʞʥʫ ʥʘʩʪʫʧʥʫ ʯʘʩʪʢʫ ʨʦʟʤʽʱʫʶʪʴ ʫ 

ʪʦʯʢʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 

 

ʍn = ʍn-1; Yn = Yn-1; Zn=Zn-1 ʘʙʦ in = in-1; jn = jn-1; kn = kn-1; 

 n = 0; n = 0; n = 0. (2.11) 
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ʇʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʯʘʩʪʢʠ ʚ ʰʘʨʽ ʧʝʨʝʚʽʨʷʶʪʴ ʾʾ ʧʝʨʝʪʠʥ ʟ ʨʘʥʽʰʝ ʫʢʣʘʜʝʥʠ-

ʤʠ ʯʘʩʪʢʘʤʠ. ʇʝʨʝʚʽʨʢʫ ʟʜʽʡʩʥʶʶʪʴ ʧʦʨʽʚʥʷʥʥʷʤ ʦʟʥʘʢ ʟʘʧʦʚʥʶʚʘʥʥʷ ʝʣʝʤʝʥʪʘʨ-

ʥʠʭ ʢʫʙʽʯʥʠʭ ʦʙôʻʤʽʚ Vʝ  ʧʨʦʩʪʦʨʽʚ ʰʘʨʫ ʦ ̔ ʯʘʩʪʢʠ 
ʧʨ
f . ʏʘʩʪʢʫ ʤʦʞʣʠʚʦ ʨʦʟʤʽʩ-

ʪʠʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʧʨʦʩʪʦʨʫ, ʷʢʱʦ ʜʣʷ ʚʩʽʭ ʟʘʧʦʚʥʝʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ 

ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

 

 0*** kji
o  ʽ 

kjiʧʨ
f =1,                                   (2.12) 

ʜʝ i*, j*, k* - ʢʦʦʨʜʠʥʘʪʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ, ʚ ʷʢʠʭ ʨʦʟʤʽʱʫʶʪʴ ʝʣʝʤʝʥ-

ʪʘʨʥʠʡ ʦʙ'ʻʤ ʯʘʩʪʢʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ iȭ, jȭ, kȭ. 

 

ɼʣʷ ʢʦʞʥʦʾ ʢʦʤʽʨʢʠ ʩʽʪʢʠ 
ʧʨ
f ʦʙʯʠʩʣʶʶʪʴ ʢʦʦʨʜʠʥʘʪʠ (ʍ*, Y*, Z*) ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ (ʍn, Yn, Zn) ʽ ʦʨʽʻʥʪʘʮʽʾ (n, n, n) ʯʘʩʪʢʠ ʚ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʍYZ ʟʘ ʬʦʨʤʫʣʘʤʠ [29]: 

 

ʩ1 = cos , ʩ2 = cos , ʩ3 = cos , 

s1 = sin , s2 = sin , s3 = sin , 

l1 = c2 c3 ï c1 s2 s3,  m1 = s2 c3 + c1 c2 s3,  n1 = s1 s3, 

l2 = ï c2 s3 ï c1 s2 c3, m2 = ï s2 s3 + c1 c2 c3,  n2 = s1 c3, 

l3 = s1 s2, m3 = ï s1 c2,  n1 = c1, 

 

,*

,*

,*

333

222

111

kjikjikjin

kjikjikjin

kjikjikjin

ZnYmXlZZ

ZnYmXlYY

ZnYmXlXX

ʘʙʦ

,*

,*

,*

333

222

111

knjmilkk

knjmiljj

knjmilii

n

n

n

     (2.13) 

ʜʝ kjikjikji ZYX ,,  ï ʢʦʦʨʜʠʥʘʪʠ ʚʝʨʰʠʥ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʢʫʙʽʯʥʦʛʦ ʦʙ'ʻ-

ʤʫ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʍY Z ;   

kji ,, ï ʥʦʤʝʨ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʢʫʙʽʯʥʦʛʦ ʦʙ'ʻʤʫ ʫ 
ʧʨ
f , ni ..1 , nj ..1 , 

nk ..1 ;   

n  ï ʢʽʣʴʢʽʩʪʴ ʨʦʟʙʠʪʪʷ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʦʙ'ʻʤʠ ʚʟʜʦʚʞ OX , OY,OZ . 
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ʇʝʨʝʨʘʭʦʚʘʥʽ ʢʦʦʨʜʠʥʘʪʠ (ʍ*, Y*, Z*) ʜʣʷ ʚʩʽʻʾ ʤʥʦʞʠʥʠ ʧʨ ʧʦʚʠʥʥʽ ʟʥʘʭʦ-

ʜʠʪʠʩʷ ʚʩʝʨʝʜʠʥʽ ʫʢʣʘʜʝʥʦʛʦ ʦʙôʻʤʫ ʦ 

 

 

*

*

o

o

X D

Y D
     ̔        

1 * 1

1 * 1

o

o

i n

j n
               (2.14) 

ʜʝ  Do ï ʨʦʟʤʽʨ ʩʪʦʨʦʥʠ ʦʙôʻʤʫ ʦ, ʤ;  

 no ï ʢʽʣʴʢʽʩʪʴ ʨʦʟʙʠʪʪʷ ʦ. 

 

ʗʢʱʦ ʫʤʦʚʠ (2.12) ʽ (2.14) ʥʝ ʚʠʢʦʥʫʶʪʴʩʷ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʶʚʘʪʠ ʨʦʟʪʘ-

ʰʫʚʘʥʥʷ ʯʘʩʪʠʥʢʠ. 

ʅʦʚʠʡ ʚʤʽʩʪ ʤʘʪʨʠʮʽ ʦ ʫʪʚʦʨʶʶʪʴ ʰʣʷʭʦʤ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʧʦ ʤʦʜʫʣʶ 2 

(ʚʠʢʣʶʯʥʦ ɸɹʆ) ʟ ʤʘʪʨʠʮʝʶ 
*
ʧʨ 
ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʯʘʪʢʫ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʯʘʩʪʢʠ (ʍȭ, Yȭ, Zȭ) ʽ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʬʦʨ-

ʤʦʚʘʥʦʛʦ ʰʘʨʫ (ʍ*, Y*, Z*). ʊʦʜʽ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʢʫʙʽʯʥʦʛʦ ʦʙ'ʻʤʫ 

 

 ʧʨʦo ,                                            (2.15) 

ʜʝ  o  ï ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘ ʤʥʦʞʠʥʠ ʦ ̔ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ i*, j*, k*, ʨʦʟʨʘʭʦ-

ʚʘʥʠʤʠ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.13), ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪʘʤ kji ,,  ʤʥʦʞʠʥʠ 
ʧʨ
f ;  

 *
ʧʨ ï ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘ ʤʥʦʞʠʥʠ 

ʧʨ
f ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ kji ,, . 

 

ʇʨʠ ʧʽʜʩʫʤʦʚʫʚʘʥʥʽ ʦʟʥʘʢ ʟʘʡʥʷʪʦʩʪʽ ʪʚʝʨʜʦʶ ʬʘʟʦʶ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥ-

ʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ, ʤʦʞʣʠʚʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘ ʤʘʪʨʠʮʽ o  ʟʤʽʥʠʣʦʩʷ ʟ 1 ʥʘ 0, 

ʪʦʙʪʦ 

  

 011ʧʨʦo .                          (2.16) 

 

ʈʽʚʥʷʥʥʷ (2.16) ʻ ʦʟʥʘʢʦʶ ʧʝʨʝʪʠʥʫ ʫʢʣʘʜʝʥʦʾ ʯʘʩʪʢʠ ʽʟ ʚʞʝ ʫʢʣʘʜʝʥʠʤʠ. ɺ 
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ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʟʤʽʥʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʯʘʩʪʢʠ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʫʩʫʥʫʪʠ ʧʝʨʝʪʠʥ.  

ʎʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʤʽʱʝʥʥʷ ʯʘʩʪʢʠ ʚ ʰʘʨʽ ʻ 

 

 
*Z  min.                                                (2.17) 

 

ʎʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʽʰʝʥʥʷʤ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ 

 

 0
5

yx

Z
.                               (2.18) 

 

ɼʣʷ ʢʫʣʷʩʪʠʭ ʯʘʩʪʠʥʦʢ ʬʦʨʤʫʣʘ (2.18) ʩʧʨʦʱʫʻʪʴʩʷ 

 

 0
2

yx

Z
                                               (2.19) 

 

ɯʟ ʜʦʩʷʛʥʝʥʥʷʤ ʣʦʢʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ 

ʫʧʘʢʫʚʘʥʥʷ ʟʝʨʝʥ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʦʙʪʦ ʫʢʣʘʜʘʥʥʷ ʯʘʩʪʢʠ ʚ ʰʘʨ ʚʠʨʽʰʝʥʥʷʤ 

ʨʽʚʥʷʥʥʷ (2.18) ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʫʤʦʚʫ 

 

 n  min.                                                (2.20) 

ʜʝ n ï ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʥʘʚʢʦʣʦ ʫʢʣʘʜʝʥʦʾ ʯʘʩʪʢʠ, ʯ. ʦʜ. 

 

ɼʦʜʘʪʢʦʚʘ ʫʤʦʚʘ (2.20) ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʜʦʪʠʢʽʚ ʯʘʩʪʢʠ ʟ 

ʽʥʰʠʤʠ ʯʘʩʪʢʘʤʠ ʤʦʞʣʠʚʦ ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʨʽʙʥʽ ʯʘʩʪʢʠ ʟʘʚʞʜʠ 

ʧʨʘʛʥʫʪʴ ʟʘʧʦʚʥʠʪʠ ʧʦʨʦʞʥʠʥʠ ʤʽʞ ʚʝʣʠʢʠʤʠ ʯʘʩʪʢʘʤʠ.  

ʄʽʥʽʤʫʤ ʧʦʨʦʟʥʦʩʪʽ ʜʣʷ ʧʦʢʣʘʜʝʥʦʾ ʚ ʰʘʨ ʯʘʩʪʢʠ ʦʮʽʥʶʶʪʴ ʜʣʷ ʦʙʤʝʞʝʥʦʛʦ 

ʢʫʙʽʯʥʦʛʦ ʦʙ'ʻʤʫ ʥʘʚʢʦʣʦ ʥʝʾ ʟʘ ʚʠʨʘʟʦʤ 
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n n n

n n n
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ijk

i i l j j l k k l
n min

n l
,                    (2.21) 

ʜʝ l ï ʚʽʜʩʪʘʥʴ ʚʽʜ çʩʪʽʥʦʢè ʦʙôʻʤʫ 
ʧʨ
f , ʫʤ.ʦʜ. 

 

ɼʦʜʘʪʢʦʚʫ ʫʤʦʚʫ (2.21) ʨʦʟʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ʙʫʜʴ-ʷʢʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ ʫ 

ʰʘʨʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʰʝʥʥʷʤ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ 

 

 0
5

yx
.                                   (2.22) 

 

ɼʣʷ ʢʫʣʷʩʪʠʭ ʯʘʩʪʠʥʦʢ ʨʽʚʥʷʥʥʷ (2.22) ʩʧʨʦʱʫʻʪʴʩʷ 

 

 .0
2

yx
                                               (2.23) 

 

ʂʨʽʤ ʪʦʛʦ, ʤʽʥʽʤʫʤ ʧʦʨʦʟʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰ ʩʪʽʡʢʝ ʧʦʣʦʞʝʥʥʷ ʯʘʩʪ-

ʢʠ ʚ ʰʘʨʽ.  

ʈʦʟʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ʫ ʰʘʨ ʧʨʠʧʠʥʷʻʪʴʩʷ ʟʘ ʦʜʥʽʻʶ ʟ ʜʚʦʭ ʫʤʦʚ:  

1) ʜʦʩʷʛʥʫʪʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʰʘʨʫ 

 

 Z* >ʅh ;                                               (2.24) 

 

2) ʫʢʣʘʜʝʥʽ ʚʩʽ ʯʘʩʪʢʠ ʟ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ 

 

 N = 0.                                                 (2.25) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʰʘʨ ʯʘʩʪʠʥʦʢ ʜʦʚʽʣʴʥʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ 

ʚʠʨʽʰʫʶʪʴ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ (2.18) ʽ (2.22) ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ 



 114 

(2.11) ʪʘ ʦʙʤʝʞʝʥʥʷʤʠ (2.8), (2.14), (2.16), (2.24) ʽ (2.25).  

ɼʣʷ ʨʦʟʤʽʱʝʥʥʽ ʯʘʩʪʠʥʦʢ ʢʫʣʝʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʽ ʚʠʙʨʘʥʠʭ ʜʽʘʤʝʪʨʽʚ ʚʠʨʽʰʫ-

ʶʪʴ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ (2.19) ʽ (2.23) ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ (2.11) 

ʪʘ ʦʙʤʝʞʝʥʥʷʤʠ (2.8), (2.14), (2.16), (2.24) ʽ (2.25). 

ʈʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟʜʽʡʩʥʝʥʦ ʤʝʪʦʜʦʤ ʧʦʢʦʦʨʜʠʥʘ-

ʪʥʦʛʦ ʩʧʫʩʢʫ, ʧʝʨʝʤʽʱʫʶʯʠ ʯʘʩʪʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ. ʇʦʨʷʜʦʢ 

ʟʤʽʥʠ ʰʫʢʘʥʠʭ ʟʤʽʥʥʠʭ: ʚʟʜʦʚʞ ʦʩʝʡ OX, OY, OZ, ʘ ʧʦʪʽʤ ʧʦ ʢʫʪʘʭ  (0    < ),  

 (0   < 2 ) ʽ  (0   < 2 ).  

ʉʧʨʦʱʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʦʟʤʽ-

ʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.13. 

ʇʽʩʣʷ ʫʢʣʘʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. 

ʇʦʨʦʟʥʽʩʪʴ ʰʘʨʫ, ʫʩʝʨʝʜʥʝʥʫ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ, ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ, ʥʝʟʘʡʥʷʪʠʭ ʪʚʝʨʜʦʶ ʬʘʟʦʶ, ʜʦ ʾʭ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴ-

ʢʦʩʪʽ. 

ʇʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦ ʚʠʩʦʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ ʩʝʛʨʝʛʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʟʤʽʥʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫ ʥʘ ʨʫʭ ʛʘʟʽʚ ʚʩʝʨʝʜʠʥʽ ʥʴʦʛʦ. ɼʣʷ ʮʴʦʛʦ ʩʬʦ-

ʨʤʦʚʘʥʠʡ ʰʘʨ ʧʝʨʝʨʽʟʘʶʪʴ ʟʥʠʟʫ ʚʛʦʨʫ (n-1) ʧʣʦʱʠʥʘʤʠ, ʧʘʨʘʣʝʣʴʥʠʤʠ ʡʦʛʦ ʦʩ-

ʥʦʚʽ ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥʽ h. ʋʪʚʦʨʶʶʪʴ ʨʽʚʥʽ ʧʦ ʚʠʩʦʪʽ ʝʣʝʤʝʥʪʘʨʥʽ ʰʘʨʠ ʢʽʣʴ-

ʢʽʩʪʶ n. 

ɼʣʷ ʢʦʞʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʡʥʷʪʠʭ ʪʚʝʨʜʦʶ ʬʘʟʦʶ 

ʦʙôʻʤʽʚ Nʚ ʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʩʚʽʪʥʽʩʪʴ i-ʛʦ ʨʽʚʥʷ 

 

,
ʟʘʛ

ʚ
i

N

N
 

ʜʝ Nʟʘʛ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʪʥʫʪʠʭ ʦʙôʻʤʽʚ, ʰʪ. 

 

ɻʽʜʨʘʚʣʽʯʥʽ ʚʪʨʘʪʠ ʫ ʟʝʨʥʠʩʪʦʤʫ ʰʘʨʽ ʪʘʢʦʞ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʨʦʩʚʽʪ-

ʥʦʩʪʽ ɣ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʧʣʦʱʠʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʧʝʚʥʦʤʫ ʥʘʧʨʷʤʫ, ʥʘʧʨʠ-

ʢʣʘʜ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ. ʊʦʤʫ ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʨʦʟ-

ʪʘʰʫʚʘʥʥʷ ʧʣʦʱʠʥʠ, ʘʣʝ ʽ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʨʝʰʽʪʢʠ, ʩʢʣʘʜʝʥʦʶ ʽʟ ʟʝʨʝʥ ʰʘʨʫ. ʗʢʱʦ  
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ʈʠʩ. 2.13. ʉʧʨʦʱʝʥʠʡ ʘʣʛʦʨʠʪʤ ʫʢʣʘʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨ 

ʧʦʯʘʪʦʢ 

ʅʦʤʝʨ ʯʘʩʪʠʥʢʠ 

N = 0 

ɺʠʙʽʨ ʧʦʢʣʘʜʝ-

ʥʦʾ ʚ ʰʘʨ ʯʘʩʪ-

ʢʠ 

ʈʘʟʤʽɦ ʝʥʥ ̫

ʯʘʩʪʠʠʢʠ 

ʚ hʘʨ 

ʂ̔ʥʝʮɹ ʘh-

ʨʫ? 

ʇʝʨʝʪʠʥʘʻ

? 

 

N = N+1 

ʈʦʟʨʘʭʫʥʦʢ 

ʧʘʨʘʤʝʪʨʽʚ ʰʘ-

ʨʫ 

ʢ̔ʥʝʮɹ 
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ʧʦʪʽʢ ʩʧʨʷʤʦʚʘʥʠʡ ʫʟʜʦʚʞ ʛʦʣʦʚʥʦʾ ʦʩʽ, ʪʦ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʢʫʙʽʯʥʦʾ ʨʝʰʽʪʢʠ ʚʝ-

ʣʠʯʠʥʘ ʚʽʜʥʦʩʥʦʛʦ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʧʣʦʱʠʥʠ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ɣmax = 1 ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ɣmin= 0,215. ʄʘʢʩʠʤʘʣʴʥʘ ʧʣʦʱʘ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʚʽʜʧʦʚʽʜʘʻ ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ ʘʙʦ ʧʦ ʜʽʘʛʦʥʘʣʽ ʝʣʝʤʝʥʪʘʨʥʦʛʦ 

ʢʫʙʘ, ʘʙʦ ʧʦ ʜʽʘʛʦʥʘʣʽ ʡʦʛʦ ʛʨʘʥʽ. 

ɺ ʨʦʙʦʪʽ [232] ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʜʚʽ ʨʽʟʥʠʭ ʪʝʪʨʘʝʜʨʠʯʥʠʭ ʫʧʘʢʦʚʢʠ ʟ ʦʜʥʠʤ ʽ 

ʪʠʤ ʞʝ ʟʥʘʯʝʥʥʷʤ Ů = 0,26. ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʝ ʫʢʣʘʜʘʥʥʷ ʤʘʣʦ ʥʘʩʢʨʽʟʥʽ ʢʘʥʘʣʠ ʯʝ-

ʨʝʟ ʚʝʩʴ ʰʘʨ, ʘ ʜʨʫʛʝ ʙʫʣʦ "ʥʝʧʨʦʟʦʨʠʤ" ʜʣʷ ʧʦʪʦʢʫ. ʆʧʽʨ ʧʝʨʰʦʛʦ ʫʢʣʘʜʘʥʥʷ ʚʠ-

ʷʚʠʚʩʷ ʥʠʞʯʝ, ʘʣʝ ʚʩʴʦʛʦ ʥʘ 15õ20 %. ʇʨʠ ʥʝʨʝʛʫʣʷʨʥʦʤʫ ʫʢʣʘʜʘʥʥʽ ʢʫʣʴ ʰʘʨ ʽʟʦ-

ʪʨʦʧʥʠʡ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʫ ʂʘʚʘʣʴʻʨʽ-ɸʢʝʨʘ ʩʝʨʝʜʥʽʡ ʧʨʦʩʚʽʪ ʚ ʫʩʽʭ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʠʭ ʧʝʨʝʨʽʟʘʭ ʘʧʘʨʘʪʫ ʦʜʥʘʢʦʚʠʡ ʽ ʨʽʚʥʠʡ ʩʝʨʝʜʥʽʡ ʧʦʨʦʟʥʦʩʪʽ ʚʩʴʦʛʦ ʰʘʨʫ 

[7, 233]. ʎʝ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ ʨʽʚʥʷ ʚʦʜʠ ʚ ʘʧʘʨʘʪʽ 

ʟ ʧʨʦʟʦʨʠʤʠ ʩʪʽʥʢʘʤʠ, ʥʝʨʝʛʫʣʷʨʥʦ ʟʘʧʦʚʥʝʥʦʤʫ ʢʫʣʷʤʠ [9, 22, 45, 234]. ɺʠʭʦʜʷʯʠ 

ʟʽ ʩʢʘʟʘʥʦʛʦ, ʩʣʽʜʫʻ, ʱʦ ʥʘʚʽʪʴ ʧʨʘʚʠʣʴʥʽ ʫʢʣʘʜʘʥʥʷ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʽʟʦʪʨʦʧ-

ʥʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʣʠʰʝ ʧʘʨʘʤʝʪʨʦʤ ʧʦʨʦʟʥʦʩʪʽ. ɺʠʧʘʜʢʦʚʽ ʫʢʣʘʜʘʥʥʷ 

ʙʽʣʴʰ ʽʟʦʪʨʦʧʥʽ, ʥʽʞ ʚʧʦʨʷʜʢʦʚʘʥʽ, ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʣʠʰʝ 

ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʨʦʟʥʦʩʪʽ ʱʝ ʙʽʣʴʰ ʚʠʧʨʘʚʜʘʥʦ.  

ʉʫʤʘʨʥʘ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʘʥʘʣʽʚ ʜʣʷ ʢʦʞʥʦʾ ʚʠ-

ʩʦʪʠ ʜʦʨʽʚʥʶʻ ʟʘʛʘʣʴʥʽʡ ʚʽʣʴʥʽʡ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʩʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ, ʘ ʩʫʤʘʨʥʘ 

ʜʦʚʞʠʥʘ ʢʽʣ ʫ ʧʝʨʝʨʽʟʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʘʥʘʣʽʚ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ ʨʽʚʥʘ 

ʩʫʤʘʨʥʽʡ ʜʦʚʞʠʥʽ ʢʽʣ ʫ ʧʝʨʝʨʽʟʽ ʧʦʢʣʘʜʝʥʠʭ ʚ ʰʘʨ ʯʘʩʪʠʥʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʨʦ-

ʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ Nʢ ʪʘ ʜʽʘʤʝʪʨʘ Dʢ ʢʘʥʘʣʽʚ ʚʠʨʽʰʫʶʪʴ ʩʠʩʪʝʤʫ 

 

 

.

,
4

1 2

LND

SND

ʢʢ

ʚʢʢ                                           (2.26) 

 

ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʛʘʣʴʥʫ ʚʽʣʴʥʫ ʧʣʦʱʫ Sʚ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ʛʘʟʽʚ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʟʘʛʘʣʴʥʫ ʧʣʦʱʫ ʦʩʥʦʚ ʚʩʽʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ, ʥʝʟʘʡʥʷʪʠʭ 
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i 

j 

io, 

jo 

io-1, 

jo+1 

io, 

jo+1 

io+1, 

jo+1 

io+1, 

jo 
io-1, 

jo 

io-1, 

jo-1 

io, 

jo-1 

io+1, 

jo-1 

o

ʪʚʝʨʜʦʶ ʬʘʟʦʶ 

Sʚ = NʚĀ
2
, ʤ

2
. 

 

ʇʣʦʱʫ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʜʣʷ ʢʦʞʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʧʦʣʦʚʠʥʥʫ 

ʩʫʤʠ ʧʝʨʠʤʝʪʨʽʚ ʦʩʥʦʚʠ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ, ʟʘʡʥʷʪʦʛʦ ʪʚʝʨʜʦʶ ʬʘʟʦʶ ʽ ʥʝʦʪʦ-

ʯʝʥʦʛʦ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʦʙ'ʻʤʘʤʠ ʟ ʪʚʝʨʜʦʶ ʬʘʟʦʶ 

 

L× = İ Ā 4 Ā  Ā Nʧʦʚ = 2 Ā  Ā Nʧʦʚ, ʤ, 

ʜʝ Nʧʦʚ ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ, ʟʘʡʥʷʪʠʭ ʪʚʝʨʜʦʶ ʬʘʟʦʶ ʽ ʥʝ ʦʪʦ-

ʯʝʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʦʙ'ʻʤʘʤʠ ʟ ʪʚʝʨʜʦʶ ʬʘʟʦʶ. 

 

ʆʟʥʘʢʦʶ ʦʪʦʯʝʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʦʛʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ ʪʚʝʨʜʦʾ ʬʘʟʦʶ ʻ 

ʫʤʦʚʘ 

 

 

1 1

1 1

9,
ʦ ʦ

ʦ ʦ

i j
o
ijk

i i j j                                   (2.27) 

ʜʝ iʦ, jʦ ï ʢʦʦʨʜʠʥʘʪʠ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ (ʨʠʩ. 2.14). 

 

 

ʈʠʩ. 2.14. ʇʝʨʝʚʽʨʢʘ ʧʝʨʠʤʝʪʨʘʣʴʥʠʭ ʢʦʤʽʨʦʢ ʤʥʦʞʠʥʠ ʰʘʨʫ 

 

ɺʠʨʘʟ (2.27) ʧʨʠʨʽʚʥʶʶʪʴ ʜʦ ʯʠʩʣʘ 9, ʨʽʚʥʦʛʦ ʢʽʣʴʢʦʩʪʽ ʜʠʩʢʨʝʪʥʦʛʦ ʨʦʟʙʠʪʪʷ 

ʥʘʚʢʦʣʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ i0, j0 (ʜʠʚ. ʨʠʩ. 2.14). 
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2.3. ɺʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʘʨʫ ʽʟ ʯʘʩʪʠʥʦʢ ʨʽʟʥʠʭ 

ʬʦʨʤ 

 

2.3.1. ʐʘʨ, ʩʬʦʨʤʦʚʘʥʠʡ ʽʟ ʯʘʩʪʠʥʦʢ ʢʫʣʝʧʦʜʽʙʥʦʾ ʬʦʨʤʠ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʜʽʡʩʥʝʥʦ ʜʦ ʦˇʨʫʜʢʦʚʘʥʦʾ 

ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ. ʇʨʠʡʥʷʪʦ, ʱʦ ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʰʠʭʪʠ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘ-

ʧʘʟʦʥʽ 0 < d Ò 14 ʤʤ. ɺʠʭʦʜʷʯʠ ʟ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʬʨʘʢʮʽʡ ʫ ʰʠʭʪʽ, ʙʫʣʠ ʚʠʜʽʣʝʥʽ 

ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʪʨʠ ʬʨʘʢʮʽʾ: 0õ2 ʤʤ (d1 = 1 ʤʤ), 2õ6 ʤʤ (d4 = 4 ʤʤ) ʽ 6õ14 ʤʤ 

(d10 = 10 ʤʤ), ʜʝ ʽʥʜʝʢʩʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʘʤ ʯʘʩʪʠʥʦʢ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʩʥʦʚʘʥʦ ʥʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʫʢʣʘʜʝ-

ʥʦʛʦ ʦʙôʻʤʫ ʽ ʯʘʩʪʠʥʦʢ. ɯʟ ʚʝʣʠʢʠʤ ʨʦʟʤʽʨʦʤ  ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ ʰʘʨʫ ʤʦʞʣʠ-

ʚʘ ʚʠʩʦʢʘ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʽʚ, ʘ ʽʟ ʜʫʞʝ ʤʘʣʠʤ ʡʦʛʦ ʜʨʦʙʣʝʥʥʷʤ ï ʥʘʜʪʦ ʟʥʘʯʥʠʡ 

ʯʘʩ ʨʦʟʨʘʭʫʥʢʽʚ. ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʚʠʟʥʘʯʝʥʠʡ ʜʦʧʫʩʪʠʤʠʡ ʩʪʫʧʽʥʴ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, 

ʪʦʙʪʦ ʜʦʧʫʩʪʠʤʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʫ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʢʫʙʽʯʥʦʛʦ ʦʙ'ʻʤʫ ʜʦ ʜʽʘ-

ʤʝʪʨʫ ʥʘʡʤʝʥʰʦʾ ʯʘʩʪʢʠ /dmin. 

ʂʫʣʷʩʪʫ ʯʘʩʪʢʫ ʨʦʟʙʠʚʘʣʠ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʢʫʙʽʯʥʽ ʦʙ'ʻʤʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ . 

ʇʦʭʠʙʢʫ ʦʙʯʠʩʣʶʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 

 

 %,,1001
ʢ

e

V

VN
                                    (2.28) 

ʜʝ N ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙôʻʤʽʚ ʤʘʩʠ, ʰʪ.;  

Vʝ  ï ʝʣʝʤʝʥʪʘʨʥʠʡ ʢʫʙʽʯʥʠʡ ʦʙ'ʻʤ, Vʝ= ɝ
 3
, ʤ

3
;  

Vʢ ï ʦʙôʻʤ ʢʫʣʷʩʪʦʾ ʯʘʩʪʢʠ, Vʢ= ́  d
 3
, ʤ

3
. 

 

ɿ ʨʠʩ. 2.15 ʚʠʜʥʦ, ʱʦ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʽʚ  ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ . 

ɼʣʷ  Ò 5,0 % ï /dmin = 0,12, ʪʦʤʫ ʽʟ dmin = 1 ʤʤ ʧʨʠʡʥʷʪʦ ʨʦʟʙʠʪʪʷ  = 0,1 ʤʤ. 

ʈʦʟʨʦʙʣʝʥʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʬʦʨʤʫʶʪʴ ʰʘʨ ʩʠʧʢʦ-

ʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʧʨʷʤʦʢʫʪʥʦʤʫ ʧʘʨʘʣʝʣʝʧʽʧʝʜʽ ʟ ʢʚʘʜʨʘʪʥʦʶ ʦʩʥʦʚʦʶ. ɺʽʜʦʤʦ, ʱʦ 

ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʦʙʤʝʞʝʥʦʤʫ ʦʙôʻʤʽ, ʚ ʟʥʘʯ-

ʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʨʦʟʤʽʨʽʚ. 
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ʈʠʩ. 2.15. ɺʧʣʠʚ ʩʪʫʧʝʥʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʥʘ ʧʦʭʠʙʢʫ ʨʦʟʨʘʭʫʥʢʽʚ 

 

ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʽʚ Dan ʮʠʣʽʥʜʨʠʯʥʦʾ ʻʤʥʦʩʪʽ ʪʘ ʯʘʩ-

ʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ d ʤʝʥʰʝ 20 ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʟʨʦʩʪʘʻ [9, 25, 235, 236]. ɺ ʨʦʙʦʪʘʭ 

[7, 8, 235] ʚʢʘʟʘʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Dan/d ʟʤ̔-

ʥʶʻʪʴʩʷ ʟʘ ʧʝʨʽʦʜʠʯʥʠʤ ʟʘʢʦʥʦʤ. ɺʝʣʠʯʠʥʘ ʧʦʨʦʟʥʦʩʪʽ ʣʦʢ ʙʽʣʷ ʩʪʽʥʢʠ, ʧʨʠʨʦʜʥʦ, 

ʜʦʨʽʚʥʶʻ 1. ʅʘ ʚʽʜʩʪʘʥʽ 0,5Ād ʚʦʥʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʽʥʽʤʫʤ. ʇʨʠ ʚʽʜʩʪʘʥʽ d ʟʥʦʚʫ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʢʦʣʠʚʘʥʴ ʣʦʢ ʚʽʜʧʦʚʽʜʘʻ ʢʫʙʽʯʥʽʡ ʫʧʘ-

ʢʦʚʮʽ (ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ). ʃʠʰʝ ʧʽʩʣʷ ʪʨʝʪʴʦʛʦ ʨʷʜʫ ʢʫʣʴ ʚʝʣʠʯʠʥʘ ʟʘʣʠ-

ʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ï ʰʘʨ ʥʘʙʫʚʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʽʟʦʪʨʦʧʥʦʩʪʽ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʭ ʚʠʟʥʘʯʝʥʴ ʧʦʨʦʟʥʦʩʪʽ ʨʝʢʦʤʝʥʜʫʶʪʴ ʧʨʠʡʤʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Dan /d >5. 

ɼʣʷ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ ʟ ʮʠʣʽʥʜʨʽʚ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʫʧʘʢʦʚʢʠ ʪʘʢʠʡ ʞʝ, ʷʢ ʫ 

ʰʘʨʽ ʟ ʢʫʣʴ. ɼʣʷ ʪʽʣ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʪʘʢʠʭ ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʩʽʜʣʘ ɹʝʨʣʘ, ʭʘʨʘʢʪʝʨ 

ʟʤʽʥʠ ʣʦʢ ʫ ʧʨʠʩʪʽʥʢʦʚʠʭ ʰʘʨʘʭ ʽʥʰʠʡ ï ʚʝʣʠʯʠʥʘ ʣʦʢ ʧʣʘʚʥʦ ʧʘʜʘʻ ʚʽʜ 1 ʜʦ ʚʝʣʠ-

ʯʠʥʠ Ůʎ ʧʦʨʦʽʟʥʦʩʪʽ ʚ ʮʝʥʪʨʘʣʴʥʠʭ ʰʘʨʘʭ ʘʧʘʨʘʪʫ. ɸʥʘʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʥʦʩʠʪʴ 

ʟʤʽʥʘ Ů ʫ ʰʘʨʽ ʟ ʟʝʨʥʘʤʠ ʥʝʨʝʛʫʣʷʨʥʦʾ ʬʦʨʤʠ [7]. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟʥʠ-

ʞʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʙʽʣʷ ʜʥʘ ʻʤʥʦʩʪʽ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʧʨʦʩʠʧʦʤ ʜʨʽʙʥʠʭ ʯʘʩ-

ʪʠʥʦʢ ʚ ʥʠʞʥʽ ʛʦʨʠʟʦʥʪʠ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʝʥʠʡ ʚʧʣʠʚ ʩʧʽʚʚʽʜ-

ʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʩʪʦʨʦʥʠ ʦʩʥʦʚʠ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʘ ʜʦ ʜʽʘʤʝʪʨʘ ʯʘʩʪʠʥʦʢ d ʥʘ ʧʦ-

ʨʦʟʥʽʩʪʴ  ʰʘʨʫ, ʷʢʠʡ ʫʢʣʘʜʘʻʪʴʩʷ ʚ ʥʴʦʛʦ. 

ʉʬʦʨʤʦʚʘʥʦ ʰʘʨʠ ʤʦʥʦʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʜʽʘʤʝʪʨʦʤ d = 4 ʤʤ ʽʟ ʨʽʟʥʠʤʠ ʨʦ-



 120 

ʟʤʽʨʘʤʠ ʩʪʦʨʽʥ ʦʩʥʦʚʠ ʘ (ʨʠʩ. 2.16).  

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʩʦʪʠ ʰʘʨʫ ʧʦʨʦʟʥʽʩʪʴ  ʟʤʽʥʶʚʘʣʘʩʷ ʥʝ ʩʫʪʪʻʚʦ (ʨʠʩ. 2.17). 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʜʠʚ. ʨʠʩ. 2.17) ʚʠʜʥʦ, ʱʦ ʰʘʨ ʚʽʜʧʦʚʽʜʘʻ ʽʟʦʪʨʦ-

ʧʥʦʤʫ, ʪʦʙʪʦ ʚ ʷʢʦʤʫ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʜʣʷ ʤʦʥʦʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʩʪʘʙʽ-

ʣʽʟʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ ʦʜʥʦʤʫ ʟʥʘʯʝʥʥʽ  = 38õ42 % ʽʟ ʘ/d Ó 6. ʊʘʢʽ ʜʘʥʽ ʫʟʛʦ-

ʜʞʫʶʪʴʩʷ ʟ ʥʘʚʝʜʝʥʠʤʠ ʚ ʨʦʙʦʪʘʭ [7, 11]. 

ɼʦʩʣʽʜʞʝʥʦ ʟʤʽʥʫ ʧʦʨʦʟʥʦʩʪʽ ʙʽʬʨʘʢʮʽʡʥʦʛʦ ʰʘʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ 

ʘ ʦʩʥʦʚʠ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ, ʚ ʷʢʠʡ ʟʜʽʡʩʥʶʶʪʴ ʫʢʣʘʜʘʥʥʷ ʰʘʨʫ. ʆʪʨʠʤʘʥʦ, ʱʦ ʜʣʷ 

ʰʘʨʫ ʧʦʣʽʬʨʘʢʮʽʡʥʠʭ ʰʠʭʪ ʨʦʟʤʽʨʠ ʩʪʦʨʽʥ ʦʩʥʦʚʠ, ʟʘ ʷʢʠʤ ʧʦʨʦʟʥʽʩʪʴ ʩʪʘʙʽʣʽʟʫ-

ʻʪʴʩʷ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʘ Ó 6 dmax. ʇʨʠ ʮʴʦʤʫ 

 

 

0,58

39,93 67,93

d

a
e , %.                                (2.29) 

 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ R = 0,98. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʰʘʨ ʤʦʜʝʣʶʚʘʣʠ ʫ ʧʘ-

ʨʘʣʝʣʝʧʽʧʝʜʽ ʟ ʜʦʚʞʠʥʦʶ ʩʪʦʨʽʥ ʦʩʥʦʚʠ ʘ = 60 ʤʤ ʪʘ ʚʠʩʦʪʦʶ h = 60 ʤʤ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʘʭʦʚʘʥʘ ʧʦʨʦʟʥʽʩʪʴ ʰʘ-

ʨʫ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʟ ʢʨʫʧʥʽʩʪʶ 0õ2 ʤʤ, 2õ6 ʤʤ ʽ ʙʽʣʴʰʝ 6 ʤʤ, ʱʦ ʚʽʜʧʦʚʽ-

ʜʘʻ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʘʤ 1 ʤʤ, 4 ʤʤ ʽ 10 ʤʤ (ʨʠʩ. 2.18) [237]. ʎʽ ʜʽʘʧʘʟʦʥʠ ʢʨʫʧʥʦʩ-

ʪʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʦʤʽʥʫʶʯʠʤ ʬʨʘʢʮʽʷʤ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ. 

ʈʦʟʨʘʭʦʚʘʥʘ ʚʝʣʠʯʠʥʘ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʟʤʽʥʶʚʘʣʘʩʷ ʚ ʤʝʞʘʭ 27õ47 %. ʅʘʡ-

ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ min = 27 % ʚʽʜʧʦʚʽʜʘʻ ʤʘʩʦʚʦʤʫ ʚʤʽʩʪʫ ʚ ʰʠʭʪʽ 

ʄ1 = 30 %, ʄ4 = 40 % ʪʘ ʄ10 = 30 %. 

ʄʽʥʽʤʫʤʠ ʧʦʨʦʟʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʽ ʙʽʬʨʘʢʮʽʡʥʠʤ ʰʠʭʪʘʤ, ʧʦʢʘʟʘʥʽ ʥʘ ʦʩʷʭ ʜʽ-

ʘʛʨʘʤʠ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʶ ʜʽʘʤʝʪʨʽʚ ʚʝʣʠʢʦʾ ʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʡ dʤ /dʢ = 4/10 ʚʤʽʩʪ 

ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ m   ʽʟ ʤʽʥʽʤʫʤʦʤ ʧʦʨʦʟʥʦʩʪʽ min = 28 % ʚʽʜʧʦʚʽʜʘʻ m   35 %; 

dʤ /dʢ = 1/4 ʽʟ min = 30 % ʚʽʜʧʦʚʽʜʘʻ m   50 %;  dʤ/dʢ = 1/10 ʽʟ min = 39 % ʚʽʜʧʦʚʽʜʘʻ 

m   35 % (ʜʠʚ. ʨʠʩ. 2.18). ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʽʘʤʝʪʨʽʚ dʤ /dʢ = 0,25 ʟʩʫʚ ʚʧʨʘʚʦ 

ʚʤʽʩʪʫ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ m   ʜʦ ʟʥʘʯʝʥʥʷ 50 % ʦʙʫʤʦʚʣʝʥʠʡ ʨʦʟʧʫʰʝʥʥʷʤ ʰʘʨʫ ʧʨʠ  
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ʈʠʩ. 2.16. ʇʨʠʢʣʘʜ ʰʘʨʫ ʢʫʣʷʩʪʠʭ ʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ 4 ʤʤ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʚ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʽ ʨʦʟʤʽʨʘʤʠ ʩʪʦʨʽʥ ʦʩʥʦʚʠ 30 ʤʤ. ʂʽʣʴʢʽʩʪʴ ʫʢʣʘʜʝʥʠʭ ʚ ʰʘʨ ʯʘʩʪʠ-

ʥʦʢ 384 ʰʪ. 

 

 

ʈʠʩ. 2.17. ɺʧʣʠʚ ʜʦʚʞʠʥ ʩʪʦʨʽʥ ʦʩʥʦʚʠ ʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʡʦʛʦ 

ʧʦʨʦʟʥʽʩʪʴ 

 

a 

d 
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ʈʠʩ. 2.18. ʇʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

ʜʦʜʘʚʘʥʥʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ dʤ = 1 ʤʤ ʟʘ ʨʘʭʫʥʦʢ ʧʦʪʨʘʧʣʷʥʥʷ ʾʾ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ dʢ 

= 4 ʤʤ. ɿ ʯʘʩʪʠʥʦʢ 4 ʤʤ ʬʦʨʤʫʶʪʴʩʷ ʫʧʘʢʫʚʘʥʥʷ ʟ ʙʽʣʴʰʠʤ ʦʙôʻʤʦʤ ʧʦʨʦʞʥʠʥʠ. 

ʌʨʘʢʮʽʡ 4 ʤʤ ʠ 10 ʤʤ ʻ ʚʟʘʻʤʦʟʘʤʽʥʥʽ ʪʘ ʬʦʨʤʫʶʪʴ ʫʧʘʢʫʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʫ 

ʚʫʟʣʘʭ ʨʦʟʤʽʱʫʶʪʴʩʷ ʯʘʩʪʠʥʢʠ ʨʽʟʥʦʾ ʢʨʫʧʥʦʩʪʽ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʟʥʘʯʝʥʦ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʟ 

35 % ʜʦ 29 % ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ d1 ʟ 20 % ʜʦ 30 %. ɺ ʟʘʟʥʘʯʝ-

ʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʦʨʦʟʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʦʤʽʞʥʦʾ ʬʨʘʢʮʽʾ ʙʽʣʴʰʝ 

60 %. ʊʦʙʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʜʦʤʽʥʫʶʯʦʾ ʬʨʘʢʮʽʾ ʟ ʢʨʫʧʥʦʾ ʥʘ ʧʨʦʤʽʞʥʫ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʥʘʚʝʜʝʥʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ. ɿʘʣʝʞʥʽʩʪʴ ʦʙôʻʤʫ 

ʧʦʨʦʞʥʠʥ ʚ ʰʘʨʽ ʚʽʜ ʚʤʽʩʪʫ ʜʨʽʙʥʷʢʫ ʪ ʘʙʦ g ʤʘʻ ʭʘʨʘʢʪʝʨʥʠʡ V-ʧʦʜʽʙʥʠʡ ʚʠʛʣʷʜ 

[2, 10, 13, 19 ʪʘ ʽʥ.]. ʇʨʠ ʥʝʚʝʣʠʢʦʤʫ ʚʤʽʩʪʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ, ʢʦʣʠ ʯʘʩʪʢʠ ʤʝʥʰʦʛʦ 

ʨʦʟʤʽʨʫ ʟʘʧʦʚʥʶʶʪʴ ʧʦʨʦʞʥʠʥʠ ʤʽʞ ʚʝʣʠʢʠʤʠ ʰʤʘʪʢʘʤʠ, ʧʦʨʦʟʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴ-

ʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ ʜʨʽʙʥʷʢʫ. ʂʦʣʠ ʚʤʽʩʪ ʜʨʽʙʥʷʢʘ ʧʝʨʝʚʝʨʰʫʻ ʢʽʣʴʢʽʩʪʴ ʚʝ-

ʣʠʢʠʭ ʯʘʩʪʠʥʦʢ, ʰʘʨ ʷʚʣʷʻ ʩʦʙʦʶ ʚʢʨʘʧʣʝʥʥʷ ʚʝʣʠʢʠʭ ʰʤʘʪʢʽʚ ʚ ʤʘʩʫ ʜʨʽʙʥʦʾ 

ʬʨʘʢʮʽʾ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪ ʘʙʦ g ʦʙôʻʤ ʧʦʨʦʞʥʠʥ ʟʨʦʩʪʘʻ. ʄʽʥʽ-
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ʤʘʣʴʥʘ ʧʦʨʦʟʥʽʩʪʴ Ůmin ʚʽʜʧʦʚʽʜʘʻ ʰʘʨʫ ʟ ʢʨʠʪʠʯʥʠʤ ʚʤʽʩʪʦʤ ʜʨʽʙʥʷʢʫ ʪ0 ʽ g0, ʚ 

ʢ̫ʦʤʫ ʜʨʽʙʥʽ ʯʘʩʪʢʠ ʟʘʧʦʚʥʶʶʪʴ ʚʝʩʴ ʦʙ'ʻʤ ʧʦʨʦʞʥʠʥ ʤʽʞ ʚʝʣʠʢʠʤʠ ʰʤʘʪʢʘʤʠ, 

ʘʣʝ ʥʝ ʨʦʟʩʫʚʘʶʪʴ ʾʭ. ʇʦʨʦʟʥʽʩʪʴ ʚʫʟʴʢʦʾ ʬʨʘʢʮʽʾ Ů0 ʤʘʢʩʠʤʘʣʴʥʘ. ʋ ʙʽʥʘʨʥʦʤʫ 

ʰʘʨʽ ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʨʦʟʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ m = g = 0 (Ůʢ) ʪʘ ʟʘ m = g = 1 (Ůʤ). ɿʽ  

ʟʤʝʥʰʝʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʜʨʽʙʥʠʭ ʪʘ ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ (dʤ/dʚ) ʧʦʨʦʟʥʽʩʪʴ 

ʾʭ ʩʫʤʽʰʽ ʟʤʝʥʰʫʻʪʴʩʷ. ɿʘ ʜʘʥʠʤʠ ʊ.ʃ. ɼʞʦʟʝʬʘ [26] ʪʘ ɺ.ʇ. ʊʘʨʘʩʦʚʘ [19] ʜʣʷ ʙʽ-

ʥʘʨʥʦʛʦ ʰʘʨʫ ʢʫʣʴ ʤʽʥʽʤʘʣʴʥʘ ʧʦʨʦʟʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʽʟ ʚʤʽʩʪʦʤ ʜʨʽʙʥʷʢʫ 0,30õ 

0,35 ʯ. ʦʜ. 

ʇʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʽʟ ʚʤʽʩʪʦʤ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ 20 Ò ʄ1 

Ò 40 %, ʧʨʦʤʽʞʥʦʾ 0 Ò ʄ4 Ò 50 % ʽ ʚʝʣʠʢʦʾ 20 Ò ʄ10 Ò 100 % ʤʘʣʦ ʟʤʽʥʶʻʪʴʩʷ. ʎʝ, 

ʤʘʙʫʪʴ, ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʯʘʩʪʢʠ ʨʦʟʤʽʨʦʤ 1 ʤʤ ʦʜʥʘʢʦʚʦ ʚʧʠʩʫʶʪʴʩʷ ʚ ʫʧʘ-

ʢʦʚʢʫ ʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ 10 ʤʤ ʪʘ 4 ʤʤ, ʪʦʙʪʦ ʚʟʘʻʤʦʟʘʤʽʥʥʽʩʪʶ ʬʨʘʢʮʽʡ 10 ʤʤ ʽ 

4 ʤʤ ʚ ʷʢʦʩʪʽ ʚʝʣʠʢʦʾ ʚʽʜʥʦʩʥʦ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ 1 ʤʤ. 

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʦˇʨʫʜʢʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ ʭʘʨʘʢʪʝʨʥʠʡ ʚʤʽʩʪ ʬʨʘʢ-

ʮʽʡ ʤʝʥʰʝ 2 ʤʤ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 20 % ʜʦ 40 %, ʪʦʙʪʦ ʚʽʜʧʦʚʽʜʥʦʤʫ ʤʽʥʽʤʘʣʴʥʽʡ ʧʦ-

ʨʦʟʥʦʩʪʽ ʰʘʨʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʤʽʩʪ ʬʨʘʢʮʽʾ 0õ2 ʤʤ ʤʝʥʰʝ 20 %. 

ɿʙʽʣʴʰʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʧʨʠ ʚʤʽʩʪʽ ʬʨʘʢʮʽʡ 0õ2 ʤʤ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 20 % 

ʜʦ 40 % ʤʦʞʣʠʚʝ ʟʥʠʞʝʥʥʷʤ ʤʝʥʰʝ 20 % ʦʙ'ʻʤʥʦʾ ʯʘʩʪʢʠ ʬʨʘʢʮʽʾ ʢʨʫʧʥʽʩʪʶ 

Ó 6 ʤʤ ʚ ʦˇʨʫʜʢʦʚʘʥʽʡ ʰʠʭʪʽ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʠʪʠ ʜʦʟʫʚʘʥʥʷ ʬʨʘʢʮʽʡ 

ʢʨʫʧʥʽʩʪʶ ʙʽʣʴʰʝ 6 ʤʤ ʫ ʚʠʭʽʜʥʫ ʘʛʣʦʤʝʨʘʮʽʡʥʫ ʰʠʭʪʫ ʽ ʟʙʽʣʴʰʠʪʠ ˇʨʫʜʢʫʶʯʽ 

ʬʨʘʢʮʽʾ 2õ3 ʤʤ, ʱʦ ʪʘʢʦʞ ʩʧʨʠʷʪʠʤʝ ʟʥʠʞʝʥʥʶ ʚʤʽʩʪʫ ʬʨʘʢʮʽʡ Ò 2 ʤʤ ʧʽʩʣʷ ʦˇʨʫ-

ʜʢʫʚʘʥʥʷ. 

ʇʨʠ ʧʽʜʚʠʱʝʥʦʤʫ (ʙʽʣʴʰʝ 70 %) ʚʤʽʩʪʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ d1 ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʫʚʘʪʠ ʨʽʟʥʠʮʶ ʰʠʭʪʠ ʧʦ ʢʨʫʧʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʜʘʚʘʥʥʷ ʧʨʦʤʽʞʥʦʾ ʬʨʘʢʮʽʾ ʄ4. ʉʪʦʩʦʚʥʦ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ ʮʝ ʧʦʷʩʥʶʻ ʥʘʷ-

ʚʥʽʩʪʴ ʥʘ ʚʠʩʦʪʽ (0,3õ0,7) h ʚʽʜ ʥʠʟʫ ʰʘʨʫ ʜʽʣʷʥʢʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʧʦʨʦʟʥʽʩʪʶ, ʷʢʘ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʝʛʨʝʛʘʮʽʾ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʧʦ ʢʨʫʧʥʦʩʪʽ [44]. 

ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʘʨʫ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʪʽʩʥʦʪʘ 

ʟʚôʷʟʢʫ ʤʽʞ ʧʦʨʦʟʥʽʩʪʶ ʰʘʨʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʯʘʩʪʠʥʦʢ, ʨʦʟ-
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ʨʘʭʦʚʘʥʠʤʠ ʨʦʟʛʣʷʥʫʪʠʤʠ ʚ ʨʦʟʜʽʣʽ 2 ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘ-

ʜʫ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʪʘʙʣ. 2.12). ʄʝʜʽʘʥʥʠʡ ʪʘ ʤʦʜʘʣʴʥʠʡ ʤʝʪʦʜʠ ʜʣʷ ʨʦʟʛʣʷʥʫ-

ʪʦʾ ʰʠʭʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʤʦʞʣʠʚʦ ʫ ʟʚ'ʷʟʢʫ ʟ ʥʝʧʨʠʧʫʩʪʠʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʦʝʬʽʮʽʻʥʪʫ . 

ʅʘʡʙʽʣʴʰʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘ-

ʮʽʾ ʢʨʫʧʥʦʩʪʽ ʯʘʩʪʠʥʦʢ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ. ʊʘʢʦʞ 

ʚʠʩʦʢʫ ʢʦʨʝʣʷʮʽʶ ʤʘʻ ʩʝʨʝʜʥʴʦʛʘʨʤʦʥʽʡʥʠʡ ʤʝʪʦʜ. ʎʝ ʜʦʜʘʪʢʦʚʦ ʦʙˇʨʫʥʪʦʚʫʻ 

ʢʨʘʱʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʰʠ-

ʭʪʠ, ʙʣʠʟʴʢʦʶ ʟʘ ʢʨʫʧʥʽʩʪʶ ʜʦ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ. 

 

ʊʘʙʣʠʮʷ 2.12 - 

ʂʦʨʝʣʷʮʽʷ ʤʽʞ ʧʦʨʦʟʥʽʩʪʶ ʰʘʨʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ  

ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʯʘʩʪʠʥʦʢ, ʨʦʟʨʘʭʦʚʘʥʠʤ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʄʝʪʦʜ ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ -0,53 

ʉʝʨʝʜʥʽʭ ʤʘʩ -0,41 

ʉʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ -0,73 

ɿʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (ʩʝʨʝʜʥʴʦʛʘʨʤʦʥʽʡʥʠʡ) -0,69 

ɿʘ ʧʠʪʦʤʠʤ ʜʽʘʤʝʪʨʦʤ -0,32 

ɿʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʤ ʦʙôʻʤʦʤ -0,23 

ɿʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ -0,04 

 

ɿʘʟʚʠʯʘʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ dʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʝʨʝʜʥʴʦʛʘʨʤʦʥʽʡʥʠʡ ʜʽʘʤʝʪʨ 

ʯʘʩʪʠʥʦʢ (1.24). ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʨʝʜʥʴʦʛʘʨʤʦʥʽʡʥʦʛʦ ʜʽʘʤʝʪʨʘ 

ʯʘʩʪʠʥʦʢ ʧʽʜʪʚʝʨʜʞʝʥʘ ʚʠʩʦʢʦʶ ʢʦʨʝʣʷʮʽʻʶ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʯʘʩʪʠʥʦʢ Rʩʝʨ.ʛʘʨʤ. = -0,69 (ʜʠʚ. ʪʘʙʣ. 2.1). ʆʜʥʘʢ, 

ʙʽʣʴʰ ʚʠʩʦʢʫ ʢʦʨʝʣʷʮʽʶ ʤʘʻ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʤʝʪʦʜ, ʜʣʷ ʷʢʦʛʦ Rʩʝʨ.ʣʦʛ. =  

-0,73. 

ʅʘ ʨʠʩ. 2.19 ʧʦʢʘʟʘʥʠʡ ʨʦʟʨʘʭʦʚʘʥʠʡ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʜʽʘʤʝʪʨ ʢʘʥʘ-

ʣʽʚ ʚ ʰʘʨʽ, ʷʢʠʡ ʩʬʦʨʤʦʚʘʥʠʡ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʘʥʽʰʝ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ 

ʢʨʫʧʥʽʩʪʶ ʬʨʘʢʮʽʡ 1 ʤʤ, 4 ʤʤ ʽ 10 ʤʤ.  

ɿ ʘʥʘʣʽʟʫ ʜʽʘʛʨʘʤʠ (ʜʠʚ. ʨʠʩ. 2.19) ʚʠʧʣʠʚʘʻ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʠʡ ʜʽʘʤʝʪʨ ʢʘʥʘ- 
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ʈʠʩ. 2.19. ʉʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʜʽʘʤʝʪʨ ʢʘʥʘʣʽʚ ʫ ʩʬʦʨʤʦʚʘʥʦʤʫ ʰʘʨʽ 

 

ʣʽʚ dʢ ʟʤʽʥʶʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,45 ʤʤ ʜʦ 5,5 ʤʤ. ʅʘ ʟʤʽʥʫ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘ-

ʤʝʪʨʘ ʢʘʥʘʣʽʚ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʥʘʜʘʻ ʧʦʨʦʟʥʽʩʪʴ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ. ɸʥʘʣʦʛʽ-

ʯʥʦ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʘ ʢʘʥʘʣʽʚ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 5,5 ʤʤ ʜʦ 

0,85 ʤʤ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʚ ʰʠʭʪʽ ʚʽʜ 0 % ʜʦ 30 %. ɯʟ ʚʤʽʩʪʦʤ 

ʫ ʰʠʭʪʽ ʧʨʦʤʽʞʥʦʾ ʬʨʘʢʮʽʾ V1 Ó 30 % ʜʽʘʤʝʪʨ dʢ ʟʥʠʞʫʻʪʴʩʷ ʟ 0,85 ʤʤ ʜʦ 0,45 ʤʤ. 

ʋ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ ʜʦ ʩʝʨʝʜʥʴʦ-

ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʛʨʘʥʫʣ ʽ ʧʦʨʦʟʥʽʩʪʶ ʰʘʨʫ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʛʦ ʩʠ-

ʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʪʠ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩ. 2.20) 
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  = 42,77 ï 12,9 Vd, %.                                 (2.30) 

 

 

ʈʠʩ. 2.20. ɿʘʣʝʞʥʽʩʪʴ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ 10-4-1 ʤʤ ʚʽʜ 

ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘʮʽʾ 

 

ɿ ʬʦʨʤʫʣʠ (2.30) ʚʠʧʣʠʚʘʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʛʨʘʥʫʣ 

ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʟʘʚʞʜʠ ʟʥʠʞʫʻʪʴʩʷ ʚʽʜ ʾʾ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʜʣʷ ʤʦʥʦʬ-

ʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ. ʅʘ 0,1 ʟʤʽʥʠ ʚʘʨʽʘʮʽʾ ʧʦʨʦʟʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʥʘ å 1,3 %. ɿʛʽʜʥʦ 

ʨʠʩ. 2.20 ʽ ʨʠʩ. 2.18, ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʤʠʣʢʘ ʜʣʷ ʟʘʣʝʞʥʦʩʪʽ ʧʦʨʦʟʥʦʩʪʽ ʚʽʜ ʚʘʨʽʘʮʽʾ 

ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʫʤʘʤ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ, ʪʦʙʪʦ ʪ. ɸ, ɺ ʽ ʉ, ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʠʤ ʜʣʷ 

ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ. 

ʃʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʚʽʜ ʚʘʨʽʘʮʽʾ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʥʝ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʧʦʚ'ʷʟʘʪʠ ʮʽ ʜʚʘ ʧʘʨʘʤʝʪʨʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʨʦ-

ʽʟʥʦʩʪʽ ʰʘʨʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʜʦʜʘʪʢʦʚʦ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʩʠʧ-

ʢʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʠʟʥʘʯʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʜʫ  = f(Vd, dʝ)  ʤʽʞ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯ-

ʥʠʤʠ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʽʘʤʝʪʨʦʤ dʝ ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʘʨʽʘʮʽʾ Vd ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ɸ 
ɺ 

ʉ 
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ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ 1 ʤʤ, 4 ʤʤ ʽ 10 ʤʤ 

 

 = 65,10+9,94Vd-26,24dʝ-13,14 Vd dʝ+7,06dʝ
2
+6,91Vd

2
dʝ-0,47dʝ

3
,    (2.31) 

 

ʂʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʣʽʥʽʡʥʦʾ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʬʘʢʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʨʦʟʥʦ-

ʩʪʽ ʰʘʨʫ ʽ ʨʦʟʨʘʭʦʚʘʥʦʶ ʬʫʥʢʮʽʻʶ (2.31) ʤʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʽ ʩʢʣʘʜʘʻ R = 

0,923. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʶʯʠ ʨʦʟʧʦʜʽʣ ʦʙ'ʻʤʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʦˇʨʫʜ-

ʢʦʚʘʥʦʾ ʰʠʭʪʠ, ʤʦʞʣʠʚʦ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʨʦʟʨʘʭʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʧʦʨʦʟʥʦʩʪʽ 

ʰʘʨʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʡʦʛʦ ʧʦʣʽʜʠʩʧʝʨʩ-

ʥʦʩʪʽ. 

ɺʝʣʠʯʠʥʫ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʛʨʘʬʽʢʦʤ (ʨʠʩ. 2.21), ʧʦʙʫ- 

ʜʦʚʘʥʠʤ ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʾ (2.31). 

 

 

ʈʠʩ.2.21. ɿʘʣʝʞʥʽʩʪʴ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʚʽʜ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʭ ʟʥʘʯʝʥʴ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ (ʮʠʬʨʠ ʙʽʣʷ ʢʨʠʚʠʭ) 
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ɼʣʷ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʧʦʣʽʜʠʩʧʝʨʩʥʦʩʪʽ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʠ ʪʘʢʦʞ 

ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʣʝʞʥʦʩʪʽ (2.31). ʆʜʥʘʢ, ʚʦʥʠ ʥʝ ʜʦʟʚʦʣʠʣʠ ʟ ʜʦʩʪʘʪʥʴʦʶ 

ʪʦʯʥʽʩʪʶ ʦʧʠʩʘʪʠ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʾʾ ʟʤʽʥʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʥʠʟʴʢʦʶ ʢʦʨʝʣʷʮʽʻʶ ʤʽʞ ʧʦʨʦʟʥʽʩʪʶ ʰʘʨʫ ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ. 

ʅʘ ʨʠʩ. 2.21 ʧʦʢʘʟʘʥʦ ʙʝʟʣʽʯ ʢʨʠʚʠʭ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ 

ʢʨʫʧʥʦʩʪʽ, ʢʦʞʥʽʡ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʠʡ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪ-

ʨʫ ʛʨʘʥʫʣ. ɼʘʥʠʡ ʜʽʘʧʘʟʦʥ ʦʙʤʝʞʝʥʠʡ ʟʣʽʚʘ ʽ ʩʧʨʘʚʘ ʚʽʜʧʦʚʽʜʥʠʤ ʙʽʬʨʘʢʮʽʡʥʠʤ 

ʩʢʣʘʜʦʤ ʰʠʭʪʠ. 

ʄʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʨʦʟʥʦʩʪʽ min Ò 28 % ʚʽʜʧʦʚʽʜʘʻ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ 

ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ dʝ ʚʽʜ 2,7 ʤʤ ʜʦ 4,3 ʤʤ ʽʟ ʚʝʣʠ-

ʯʠʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ Vd  ʚʽʜ 0,5 ʜʦ 0,9. ʇʨʠ ʟʤʽʥʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ dʝ  ʪʘ Vd  

ʚ ʟʘʟʥʘʯʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʧʦʛʽʨʰʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ. 

ʁʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʽʩʪʴ ʦˇʨʫʜʢʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ, ʦʩʦʙʣʠʚʦ ʟ ʚʝʣʠ-

ʢʠʤ ʚʤʽʩʪʦʤ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ.  

ɿʙʽʣʴʰʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ 

ʛʨʘʥʫʣ ʤʦʞʝ ʟʥʠʟʠʪʠ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ. ʂʨʽʤ ʪʦʛʦ, ʟʙʽʣʴʰʠʪʴʩʷ ʟʥʘʯʝʥʥʷ ʢʦ-

ʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʫ ʬʦʨʤʫʣʽ ɼʘʨʩʽ-ɺʝʡʩʙʘʭʘ. ʊʦʤʫ, ʜʣʷ ʦˇʨʫʜʢʦʚʘʥʠʭ ʘʛʣʦʰʠʭʪ ʨʘ-

ʮʽʦʥʘʣʴʥʦ ʟʤʝʥʰʫʚʘʪʠ ʜʽʘʧʘʟʦʥ ʢʨʫʧʥʦʩʪʽ ʬʨʘʢʮʽʡ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʽ ʩʝʨʝʜʥʴʦʣʦʛʘ-

ʨʠʬʤʽʯʥʦʛʦ dʝ > 3,3 ʤʤ.  

ʂʦʞʥʦʤʫ ʟʥʘʯʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ Vmin ʢʨʫʧʥʦʩʪʽ ʛʨʘʥʫʣ ʚʽʜʧʦʚʽʜʘʻ ʝʢ-

ʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ dmin, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ Vmin ʚʠʟʥʘʯʝʥʽ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʬʫʥʢʮʽʾ (2.31), ʷʢʽ ʤʘʶʪʴ 

ʚʠʛʣʷʜ 

 

 2 226,24 13,14 14,12 6,91 1,41d e d e
e

V d V d
d

                   (2.32) 

ʪʘ 

 

 9,94 13,14 13,82e e d
d

d d V
V

.                         (2.33) 

 



 129 

ʇʨʠʨʽʚʥʷʚʰʠ ʚʠʨʘʟʠ (2.32) ʽ (2.33) ʜʦ ʥʫʣʷ, ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʜʽʘ-

ʤʝʪʨʽʚ dʝ, ʚʽʜʧʦʚʽʜʥʽ ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ Vmin. ʈʽʰʝʥʥʷʤʠ ʨʽʚʥʷʥʴ (2.32) 

ʽ (2.33) ʻ ʙʝʟʣʽʯ ʪʦʯʦʢ, ʷʢʽ ʥʘ ʨʠʩ. 2.22 ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʨʠʚʠʤʠ ɸɺ, CD ʪʘ ɺʉ. ʈʽ-

ʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (2.32) ʧʨʝʜʩʪʘʚʣʝʥʦ ʣʽʥʽʻʶ BC. ʈʽʚʥʷʥʥʷ (3.32) ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, 

ʪʦʤʫ ʤʘʻ ʜʚʘ ʢʦʨʝʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʚʽ ʣʽʥʽʾ ɸɺ ̔ CD. 

 

 

 

ʈʠʩ. 2.22. ʆʧʪʠʤʘʣʴʥʘ ʦʙʣʘʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ 

(ʜʫʛʠ ʫ ʢʨʠʚʠʭ ʧʦʢʘʟʫʶʪʴ ʟʤʽʥʫ ʧʦʨʦʟʥʦʩʪʽ) 

 

ʅʘʷʚʥʽʩʪʴ ʤʘʢʩʠʤʫʤʫ ʬʫʥʢʮʽʾ ʘʙʦ ʾʾ ʤʽʥʽʤʫʤʫ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜ ʟʤʽʥʠ ʟʥʘʢʫ 

ʧʦʭʽʜʥʦʾ. ʅʘ ʨʠʩ. 2.22 ʥʘ ʢʨʠʚʠʭ ʜʫʛʘʤʠ ʧʦʢʘʟʘʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʝʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʽʾ 

ʧʦʨʦʟʥʦʩʪʽ (2.31). ʅʘ ʣʽʥʽʾ ɸɺ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʟʥʘʢʫ ʧʦʭʽʜʥʦʾ (2.33), ʱʦ ʚʽʜʧʦ-

ʚʽʜʘʻ ʤʘʢʩʠʤʫʤʫ ʬʫʥʢʮʽʾ. ʅʘ ʣʽʥʽʾ ʉD ï ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʥʽʤʫʤ. ʅʘ ʣʽʥʽʾ ɺʉ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʟʤʽʥʘ ʟʥʘʢʫ ʧʦʭʽʜʥʦʾ (2.33), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʫʤʫ ʬʫʥʢʮʽʾ ʧʦʨʦʟʥʦʩʪʽ. 

ɺ ʽʥʪʝʨʚʘʣʽ ʤʽʞ ʣʽʥʽʷʤʠ ɸɺ ʽ ʉD (ʜʠʚ. ʨʠʩ. 2.22) ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʦʜʥʦʨʽʜʥʦʩʪʽ 

ʰʠʭʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘ-

ʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʛʨʘʥʫʣ. ʇʨʠ ʤʘʣʽʡ ʢʨʫʧʥʦʩʪʽ ʯʘʩʪʠʥʦʢ ʤʦʞʣʠʚʝ ʧʽʜʚʠʱʝʥʥʷ ʛʘ-

ʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʰʘʨʫ. ɼʣʷ ʟʘʟʥʘʯʝʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʝʢʚʽʚʘʣʝʥ-

ʪʥʦʤʫ ʜʽʘʤʝʪʨʽ ʛʨʘʥʫʣ ʤʦʞʣʠʚʝ ʟʥʠʞʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʟʘ ʨʘʭʫʥʦʢ ʟʨʦʩ-
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ʪʘʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ, ʟʙʽʣʴʰʝʥʥʷ ʟʚʠʚʠʩʪʦʩʪʽ 

ʢʘʥʘʣʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ. ʇʨʘʚʽʰʝ ʣʽʥʽʾ BC ʪʘ-

ʢʦʞ ʤʦʞʣʠʚʝ ʧʦʛʽʨʰʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʥʝʦʜʥʦʨʽ-

ʜʥʦʩʪʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʧʨʠ ʟʤʽʥʝʥʦʤʫ ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʜʽʘʤʝʪʨʽ ʛʨʘʥʫʣ. 

ʆʪʞʝ, ʚʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʽ ABCD, ʦʙʤʝʞʝʥʦʾ ʣʽʥʽʷʤʠ ʝʢʩʪʨʝʤʫʤʽʚ ʧʦʨʦʟʥʦʩʪʽ 

ʰʘʨʫ, ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘ-

ʮʽʡʥʦʾ ʰʠʭʪʠ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ.  

ʂʦʞʥʡ ʟ ʢʨʠʚʠʭ AB, BC ʽ CD ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘ-

ʤʝʪʨʫ ʛʨʘʥʫʣ, ʟ ʷʢʠʭ ʩʣʽʜʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʮʠʭ ʢʨʠʚʠʭ ʧʝʨʝʚʘʞʘʶʯʠʤ ʬʨʘʢʮʽʷʤ. 

ʂʨʠʚʘ ɸɺ ʚʽʜʧʦʚʽʜʘʻ ʜʦʤʽʥʫʚʘʥʥʶ ʬʨʘʢʮʽʡ 4 ʤʤ ʽ 10 ʤʤ. ʂʨʠʚʘ ɺʉ - 1 ʤʤ ʽ 10 ʤʤ. 

ʂʨʠʚʘ CD - 1 ʤʤ.ʪʘ 4 ʤʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʘʣʴʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦˇʨʫʜʢʦʚʘʥʠʭ ʘʛʣʦʤʝ-

ʨʘʮʽʡʥʠʭ ʰʠʭʪ, ʚʽʜʧʦʚʽʜʥʠʡ ʚʠʩʦʢʽʡ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ, ʚʽʜʧʦʚʽʜʘʻ ʦʙʣʘʩʪʽ, 

ʷʢʘ ʦʙʤʝʞʝʥʘ ʤʽʥʽʤʘʣʴʥʦʶ ʧʦʨʦʟʥʽʩʪʶ ʰʘʨʫ ʜʣʷ ʜʦʤʽʥʫʶʯʠʭ ʙʽʬʨʘʢʮʽʡʥʠʭ ʰʠʭʪ 

ʜʨʽʙʥʦʾ-ʧʨʦʤʽʞʥʦʾ, ʜʨʽʙʥʦʾ-ʚʝʣʠʢʦʾ ʪʘ ʤʘʢʩʠʤʫʤʦʤ ʜʣʷ ʚʝʣʠʢʦʾ-ʧʨʦʤʽʞʥʦʾ. 

2.3.2.  ʐʘʨ, ʩʢʣʘʜʝʥʠʡ ʽʟ ʯʘʩʪʠʥʦʢ ʜʦʚʽʣʴʥʠʭ ʬʦʨʤ ʪʘ ʨʦʟʤʽʨʽʚ 

ɯʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʰʘʨʫ ʥʘʜʘʻ ʬʦʨʤʘ ʽ ʨʦʟʤʽʨ ʯʘ-

ʩʪʠʥʦʢ. ɽʣʝʤʝʥʪʠ, ʱʦ ʤʘʶʪʴ ʧʣʦʩʢʽ ʧʦʚʝʨʭʥʽ, ʧʨʠ ʫʢʣʘʜʘʥʥʽ ʚ ʰʘʨ ʤʦʞʫʪʴ ʩʪʠʢʘ-

ʪʠʩʷ ʦʜʥʝ ʟ ʦʜʥʠʤ ʧʣʦʱʠʥʘʤʠ ʽ ʪʠʤ ʩʘʤʠʤ ʟʘʢʨʠʚʘʪʠ ʯʘʩʪʠʥʫ ʩʚʦʻʾ ʧʠʪʦʤʦʾ ʧʦʚʝ-

ʨʭʥʽ ʘ0 = S/V. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʚʽʣʴʥʘ ʧʦʚʝʨʭʥʷ ʦʜʠʥʠʮʽ ʦʙ'ʻʤʫ ʰʘʨʫ ʽʩʪʦʪʥʦ ʤʝʥ-

ʰʘ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʥʠʞʝʥʥʷʤ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ Ů. ʉʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʤʽʞʢʫʩʢʦʚʠʭ 

ʢʘʥʘʣʽʚ dʢ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʽʘʤʝʪʨʦʤ ʯʘʩʪʠʥʦʢ dʯ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [27, 

238] 

 

 

ʜʝ ʌ ï ʬʘʢʪʦʨ ʩʬʝʨʠʯʥʦʩʪʽ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʭʠʣʝʥʥʷ ʬʦʨʤʠ ʟʝʨʥʘ ʚʽʜ 

ʩʬʝʨʠʯʥʦʾ.  

 

ɼʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʬʘʢʪʦʨ ʩʬʝʨʠʯʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 
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                                                          (2.34) 

ʜʝ dV  ï ʜʽʘʤʝʪʨ ʢʫʣʽ, ʦʙôʻʤ ʷʢʦʾ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʦʙ'ʻʤʫ ʟʝʨʥʘ, ʤ; 

dS ï ʜʽʘʤʝʪʨ ʢʫʣʽ, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ʧʦʚʝʨʭʥʽ ʟʝʨʥʘ, ʱʦ ʦʙʜʫʚʘʻʪʴ-

ʩʷ, ʤ. 

 

ɺ ʨʦʙʦʪʽ [7] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʢʫʣʽ ʬʘʢʪʦʨ ʩʬʝʨʠʯʥʦʩʪʽ ʌ ʜʦʨʽʚʥʶʻ 1. ʊʘʢ 

ʷʢ ʢʫʣʷ ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʧʨʠ ʜʘʥʦʤʫ ʦʙôʻʤʽ, ʪʦ ʜʣʷ ʪʽʣ ʽʥʰʦʾ ʬʦʨʤʠ 

ʌ < 1. ʊʘʢ, ʜʣʷ ʮʠʣʽʥʜʨʘ ʟ ʜʽʘʤʝʪʨʦʤ ʦʩʥʦʚʠ d ʨʽʚʥʠʤ ʡʦʛʦ ʚʠʩʦʪʽ ʅ ʢʦʝʬʽʮʽʻʥʪ ʌ 

ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʌmax = 0,875. ʇʨʠ ʟʘʤʽʥʽ ʬʽʢʪʠʚʥʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʩʢʣʘʜʘ-

ʻʪʴʩʷ ʟ ʢʫʣʴ ʦʜʥʦʛʦ ʜʽʘʤʝʪʨʘ, ʽʜʝʘʣʴʥʠʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʘʢʦʚʠʭ ʮʠʣʽʥʜʨʠʯ-

ʥʠʭ ʢʘʥʘʣʽʚ, ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʫ ʬʦʨʤʠ ʜʦʨʽʚʥʶʻ ʌ = 2/3 [19].  

ɺʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʚʟʘʻʤʥʦʛʦ 

ʝʢʨʘʥʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ [7] ʾʾ ʚʝʣʠʯʠʥʫ ʚʠʟʥʘʯʘʣʠ 

ʟʘʧʦʚʥʝʥʥʷʤ ʧʦʨʦʞʥʠʥ ʤʽʞ ʟʝʨʥʘʤʠ ʧʣʘʩʪʠʢʦʤ, ʷʢʠʡ ʟʘʩʪʠʛʘʚ, ʘ ʧʦʪʽʤ ʰʣʽʬʫʚʘʥ-

ʥʷʤ ʰʘʨ ʟʘ ʰʘʨʦʤ ʽ ʚʠʤʽʨʶʚʘʥʥʷʤ ʩʪʫʧʝʥʷ ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ. ɼʣʷ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʫʢʘʥʘ ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʥʝʧʨʷʤʠʤ 

ʰʣʷʭʦʤ ʟʘ ʦʧʦʨʦʤ ʝʣʝʢʪʨʦʣʽʪʫ. 

ʆʜʥʘʢ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʬʘʢʪʦʨʫ ʬʦʨʤʠ ʌ ʜʦʚʽʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨʽ ʜʦ 

ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʧʦʚʥʽʩʪʶ ʥʝ ʨʦʟʨʦʙʣʝʥʽ.  

ɺ ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʬʦʨʤʫʶʪʴ ʰʘʨ ʽʟ ʯʘʩʪʠʥʦʢ 

ʨʽʟʥʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ. ʐʘʨʠ ʟ ʯʘʩʪʠʥʦʢ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʟ ʢʫʪʘʤʠ ʫʢʣʘʜʘ-

ʶʪʴʩʷ ʚ ʚʠʩʦʢʦʧʦʨʠʩʪʽ ʩʢʝʣʝʪʥʽ ʫʪʚʦʨʝʥʥʷ ʪʘ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʧʦʨʦʟʥʽʩʪʴ. ʌʘʢ-

ʪʦʨ ʬʦʨʤʠ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ ʌ ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʧʘʟʦʥʫ ʚʽʜ 0,6 ʜʦ 1,0. ɿʛʽʜʥʦ ʨʽʚʥʷʥʥʷ 

ɼʘʨʩʽ-ɺʝʡʩʙʘʭʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʌ ʟʥʘʯʝʥʥʷ ʈ ʟʤʝʥʰʫʻʪʴʩʷ.  

ʏʘʩʪʢʠ ʪʠʧʦʚʦʾ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʫ, ʘʣʝ ʥʝ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʫʢ-

ʣʘʜʝʥʽ ʚ ʧʝʚʥʦʤʫ ʧʦʨʷʜʢʫ, ʥʘʧʨʠʢʣʘʜ, ʫʧʘʢʦʚʢʘ ʟ ʮʠʣʽʥʜʨʽʚ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ 

ʧʨʠ ʨʝʛʫʣʷʨʥʦʤʫ ʫʢʣʘʜʘʥʥʽ ʤʦʞʝ ʤʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʧʦʨʦʟʥʽʩʪʴ min = 0,096. ʊʽʣʘ, 

ʦʙʤʝʞʝʥʽ ʧʣʦʱʠʥʘʤʠ (ʢʫʙʠ, ʪʝʪʨʘʝʜʨʠ), ʤʦʞʫʪʴ ʙʫʪʠ ʫʢʣʘʜʝʥʽ ʫ ʩʫʮʽʣʴʥʫ ʢʣʘʜʢʫ ʟ 

Ů = 0. ʆʜʥʘʢ, ʧʨʠ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʚ ʘʧʘʨʘʪʽ, ʧʦʜʽʙʥʽ ʝʣʝʤʝʥʪʠ 
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ʫʪʚʦʨʶʶʪʴ ʰʘʨ ʟ ʚʝʣʠʯʠʥʦʶ Ů, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ ʪʦʤʫ ʞ ʽʥʪʝʨʚʘʣʽ ʟʥʘ-

ʯʝʥʴ, ʱʦ ʽ ʜʣʷ ʢʫʣʴ [7]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʝʥʦ ʰʘʨ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʫʣʷ-

ʩʪʠʭ ʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ. ʂʫʣʷʩʪʽ ʯʘʩʪʢʠ ʙʫʣʠ ʜʚʦʭ ʜʽʘʤʝʪʨʽʚ 1
ʰD  = 14,3 ʤʤ 

ʢʽʣʴʢʽʩʪʶ 1
ʰN = 13 ʰʪ ʚʤʽʩʪʦʤ ʫ ʩʫʤʽʰʽ 1

ʰM 13,8 %; 2
ʰD = 12,2 ʤʤ ʢʽʣʴʢʽʩʪʶ 

2
ʰN = 38 h ʪ ʪʘ 2

ʰM 72,4 %. ʎʠʣʽʥʜʨʠʯʥʽ ʯʘʩʪʢʠ ʚʠʩʦʪʦʶ hʮ = 10 ʤʤ, ʜʽʘʤʝʪʨʦʤ 

ʦʩʥʦʚʠ 1
ʮD = 4,1 ʤʤ ʢʽʣʴʢʽʩʪʶ 1

ʮN  = 52 h ʪ ʪʘ 1
ʮM 13,8 %. ʈʦʟʨʘʭʦʚʘʥʘ ʧʦʨʦʽʟ-

ʥʽʩʪʴ ʩʢʣʘʣʘ ʨ = 44,2 %, ʬʘʢʪʠʯʥʦ ʚʠʤʽʨʷʥʘ - ʬ = 43,6 %. ʅʝʟʥʘʯʥʘ ʚʽʜʤʽʥʥʽʩʪʴ 

ʧʦʨʦʟʥʦʩʪʽ ʥʘ 0,6 %, ʤʘʙʫʪʴ, ʧʦʚ'ʷʟʘʥʘ ʟʽ ʩʧʦʩʦʙʦʤ ʫʢʣʘʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨ. ɿʦ-

ʙʨʘʞʝʥʥʷ ʰʘʨʫ ʟ ʢʫʣʷʩʪʠʭ ʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.23. 

 

 

 

 

ʈʠʩ. 2.23. ʇʨʠʢʣʘʜ ʰʘʨʫ ʟ ʢʫʣʷʩʪʠʭ ʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ 4 ʤʤ ʽ ʮʠʣʽʥʜʨʠʯ-

ʥʠʭ ʚʠʩʦʪʦʶ 4 ʤʤ ʽ ʜʽʘʤʝʪʨʦʤ ʦʩʥʦʚʠ 4 ʤʤ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʚ ʧʘʨʘʣʝʣʝʧʽʧʝʜʽ ʨʦʟʤʽ-

ʨʘʤʠ ʩʪʦʨʽʥ ʦʩʥʦʚʠ 30 ʤʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʂʽʣʴ-

ʢʽʩʪʴ ʫʢʣʘʜʝʥʠʭ ʚ ʰʘʨ ʯʘʩʪʠʥʦʢ 264 ʰʪ. 

ɺʠʜ ʟʚʝʨʭʫ 

ɺʠʜ ʟʙʦʢʫ 
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ɼʣʷ ʮʠʣʽʥʜʨʽʚ ʢʦʝʬʽʮʽʻʥʪ ʩʬʝʨʠʯʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ [33] 
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d dh
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d d
h d h

                              (2.35) 

ʜʝ d, h ï ʜʽʘʤʝʪʨ ʦʩʥʦʚʠ ʽ ʚʠʩʦʪʘ ʮʠʣʽʥʜʨʘ, ʚʽʜʧʦʚʽʜʥʦ, ʤ. 

 

ɼʣʷ ʮʠʣʽʥʜʨʽʚ, ʧʦʢʣʘʜʝʥʠʭ ʚ ʰʘʨ, ʟ ʨʦʟʤʽʨʘʤʠ hʮ = 10 ʤʤ ʽ ʜʽʘʤʝʪʨʦʤ ʦʩʥʦʚʠ 

1
ʮD = 4,1 ʤʤ ʢʦʝʬʽʮʽʻʥʪ ʩʬʝʨʠʯʥʦʩʪʽ ʌ = 0,808. ʎʝ ʟʥʘʯʝʥʥʷ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʛʦ ʟʥʘʯʝʥʥʷ ʌ = 2/3 ʧʨʠ ʟʘʤʽʥʽ ʨʝʘʣʴʥʦʛʦ ʰʘʨʫ ʥʘ ʽʜʝʘʣʴʥʠʡ, 

ʩʢʣʘʜʝʥʠʡ ʽʟ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʘʥʘʣʽʚ. 

ɽʢʚʽʚʘʣʝʥʪʦʤ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʢʠ ʟʘ ʦʙôʻʤʦʤ ʻ ʩʬʝʨʠʯʥʘ ʯʘʩʪʢʘ ʜʽʘʤʝʪʨʦʤ 

 

 

ʜʝ V ï ʦʙôʻʤ ʯʘʩʪʢʠ, ʤ
3
. 

 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʴ ʚ (2.37) ʦʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ ʩʢʣʘʣʘ dV = 6,32 ʤʤ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʙʫʚ ʩʬʦʨʤʦʚʘʥʠʡ ʰʘʨ ʽʟ ʩʬʝʨʠʯʥʠʭ ʯʘʩ-

ʪʠʥʦʢ ʜʚʦʭ ʜʽʘʤʝʪʨʽʚ: ʦʜʠʥ ʜʦʨʽʚʥʶʻ ʧʦʧʝʨʝʜʥʴʦʤʫ ʙʘʟʦʚʦʤʫ ʟʥʘʯʝʥʥʶ 4 ʤʤ, ʜʨʫ-

ʛʠʡ ï ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʜʽʘʤʝʪʨʫ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʨʘʢʮʽʾ dV = 6,32 ʤʤ. ʂʽʣʴʢʽʩʪʴ ʯʘʩ-

ʪʠʥʦʢ ʟʘʣʠʰʠʣʘʩʷ ʢʦʣʠʰʥʴʦʶ, ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʰN1 =13 ʰʪ ʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ 

1
ʰD  = 14,3 ʤʤ, ʢʽʣʴʢʽʩʪʴ ʰN2 = 38 h ʪ ʰD2 =12,2 ʤʤ, ʢʽʣʴʢʽʩʪʴ ʮ

N1  
=52 h ʪ ʜʽʘʤʝʪʨʦʤ 

dV = 6,32 ʤʤ. 

ʈʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʩʢʣʘʣʦ ŮV = 45,21 %. ʎʝ ʚʠʱʝ ʬʘʢʪʠʯʥʦʛʦ, 

ʚʠʤʽʨʷʥʦʛʦ ʨʘʥʽʰʝ, ʥʘ 1,61 %.  

ɽʢʚʽʚʘʣʝʥʪʦʤ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʢʠ ʟʘ ʧʦʚʝʨʭʥʝʶ ʻ ʩʬʝʨʠʯʥʘ ʯʘʩʪʢʘ ʜʽʘʤʝʪ-

ʨʦʤ 
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a , ʤ,                         (2.36) 

ʜʝ ɸ ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʢʠ, ʤ
2
. 

 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʴ ʦʪʨʠʤʘʥʦ dʘ = 7,03 ʤʤ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʙʫʚ ʩʬʦʨʤʦʚʘʥʠʡ ʰʘʨ ʽʟ ʩʬʝʨʠʯʥʠʭ ʯʘʩ-

ʪʠʥʦʢ ʜʽʘʤʝʪʨʘʤʠ, ʨʽʚʥʠʤʠ ʧʦʧʝʨʝʜʥʴʦʤʫ ʙʘʟʦʚʦʤʫ ʚʘʨʽʘʥʪʫ, ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ 

ʜʽʘʤʝʪʨʫ ʮʠʣʽʥʜʨʽʚ dʘ. ʂʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʪʝʞ ʟʘʣʠʰʠʣʘʩʴ ʢʦʣʠʰʥʴʦʶ. ʊʦʙʪʦ ʢʽ-

ʣʴʢʽʩʪʴ 1
ʰN  = 13 ʰʪ ʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ 1

ʰD =14,3 ʤʤ, ʢʽʣʴʢʽʩʪʴ 2
ʰN = 38 ʰʪ 

2
ʰD =12,2 ʤʤ, ʢʽʣʴʢʽʩʪʴ 1

ʮN  = 52 h ʪ ʜʽʘʤʝʪʨʦʤ dʘ = 7,03 ʤʤ. 

ʈʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ Ůa = 45,74 %. ʎʝ ʚʠʱʝ ʬʘʢʪʠʯʥʦʛʦ, ʚʠʤʽ-

ʨʷʥʦʛʦ ʨʘʥʽʰʝ, ʥʘ 2,14 %. 

ɹʽʣʴʰ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʰʘʨʫ ʽʟ ʟʘʤʽʥʦʶ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʯʘʩʪʠʥʦʢ ʩʬʝʨʠʯʥʠʤʠ ʟ ʜʽʘʤʝʪʨʦʤ, ʨʦʟʨʘʭʦʚʘʥʠʤ ʯʝʨʝʟ ʨʽʚʥʽʩʪʴ ʦʙôʻʤʽʚ. 

ʄʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʰʘʨʽ ʄʮ = 2,90 %. ʇʨʠ ʧʝʨʝ-

ʨʘʭʫʥʢʫ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʮʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʩʬʝʨʠʯʥʽ ʧʦ ʧʦʚʝʨʭʥʽ ʟʤʽʥʠʚʩʷ 

ʾʾ ʦʙôʻʤ ʽ, ʦʪʞʝ, ʢʽʣʴʢʽʩʪʴ. ʅʦʚʘ ʢʽʣʴʢʽʩʪʴ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ dʘ  ʫ ʰʘʨʽ 

ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ ʦʙôʻʤʽ ʩʢʣʘʜʝ 
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,                               (2.37) 

ʜʝ Vʮ  ̔ Vʘ ï ʦʙ'ʻʤ ʮʠʣʽʥʜʨʠʯʥʦʾ ʽ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʢʠ, ʚʽʜʧʦʚʽʜʥʦʾ ʡʦʤʫ ʧʦ ʧʦ-

ʚʝʨʭʥʽ, ʤ
3
. 

 

ʇʨʠ ʧʽʜʩʪʘʥʦʚʮʽ ʟʥʘʯʝʥʴ ʚ (2.39) ʦʪʨʠʤʘʥʦ 
adN = 37,74 ʰʪ å 38 ʰʪ, ʪʦʙʪʦ 

ʤʝʥʰʝ ʥʘ 14 ʰʪ. ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʩʢʣʘʣʦ 46,34 %. ʎʝ ʙʽʣʴʰʝ 
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ʬʘʢʪʠʯʥʦʛʦ, ʚʠʤʽʨʷʥʦʛʦ ʨʘʥʽʰʝ, ʥʘ 4,74 %.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʚʩʽʭ ʪʨʴʦʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʚʠ-

ʷʚʠʣʦʩʷ ʟʘʚʠʱʝʥʠʤʠ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʮʠʣʽʥʜʨʠʯʥʽ ʯʘʩʪʢʠ ʙʽʣʴʰ ʱʽʣʴʥʦ 

ʫʢʣʘʜʘʶʪʴʩʷ ʚ ʰʘʨ ʟʘ ʨʘʭʫʥʦʢ ʢʨʘʱʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʟʚʫʞʝʥʥʷʭ ʤʽʞ ʢʫʣʷʩʪʠʤʠ 

ʯʘʩʪʢʘʤʠ.  

ʎʠʣʽʥʜʨʠʯʥʽ ʯʘʩʪʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʤʽʥʝʥʽ ʥʘ ʩʬʝʨʠʯʥʽ ʟ ʤʝʥʰʠʤ ʜʽʘʤʝʪʨʦʤ, 

ʥʽʞ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʦʙôʻʤʦʤ ʘʙʦ ʟʘ ʧʦʚʝʨʭʥʝʶ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʫʤʦʚʠ 

ʩʪʘʣʦʩʪʽ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ( = const), ʜʽʘʤʝʪʨ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʤʽʥʠ 

ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʢʠ ʥʘ ʥʝʩʬʝʨʠʯʥʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʢʠ ʪʘ ʢʨʫʧʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʾʭ ʨʦ-

ʟʤʽʱʝʥʥʷ ʚ ʰʘʨʽ. 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʰʘʨ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʮʠʣʽʥʜʨʠ, ʙʫʚ ʟʘʤʽʥʝʥʠʡ ʥʘ ʪʨʴʦʭʬʨʘʢ-

ʮʽʡʥʠʡ ʰʘʨ ʟʽ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʘ. ɼʣʷ ʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʜʦ-

ʪʨʠʤʘʥʦ ʫʤʦʚʫ ʦʜʥʘʢʦʚʦʾ ʧʠʪʦʤʦʾ ʚʝʣʠʯʠʥʠ ʧʦʨʦʞʥʠʥ  = const. ʇʨʠ ʮʴʦʤʫ ʨʦʟ-

ʨʘʭʦʚʘʥʘ ʚʝʣʠʯʠʥʘ ʜʽʘʤʝʪʨʘ ʩʢʣʘʣʘ dʯ å 5,5 ʤʤ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʥʘʯʝʥʴ ʢʨʫʧʥʦʩʪʽ 

ʯʘʩʪʠʥʦʢ, ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʟʘ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ, ʩʢʣʘʣʦ dʘ/dʯ = 7,03/5,5 = 1,28 ʤʤ ʽ ʟʘ 

ʦʙôʻʤʦʤ ï dV  /dʯ = 6,32/5,5 = 1,15 ʤʤ. ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʽ ʚʝʣʠʯʠʥʠ ï ʚʠʟʥʘʯʝʥʽ ʟʘ 

ʦʙôʻʤʦʤ.  

ʉʝʨʝʜʥʽʡ ʣʽʥʽʡʥʠʡ ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʫʢʣʘʜʘʶʪʴʩʷ, ʜʦʨʽʚ-

ʥʶʻ 
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d , ʤ.                     (2.38) 

 

ɼʣʷ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʟʘʤʽʱʘʶʪʴ ʮʠʣʽʥʜʨʠʯʥʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽ-

ʮʽʻʥʪʘ ʩʬʝʨʠʯʥʦʩʪʽ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʜʦʨʽʚʥʶʻ 

 

 
30,808 7,05 5,7 10ʩʬ ʮ

ʩeʨ cpd d , ʤ,                   (2.39) 

 

ʽ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʦʟʨʘʭʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ dʯ å 5,5 ʤʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʦʩʦʚʥʦ ʮʠʣʽʥʜʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʢʦʝʬʽʮʽʻʥʪ ʩʬʝʨʠʯʥʦʩʪʽ ʌ 
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ʥʘ ʦʩʥʦʚʽ ʩʝʨʝʜʥʴʦʛʦ ʣʽʥʽʡʥʦʛʦ ʜʽʘʤʝʪʨʫ ʜʦʟʚʦʣʷʻ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʨʦʟʨʘʭʫ-

ʚʘʪʠ ʢʨʫʧʥʽʩʪʴ ʟʘʤʽʩʥʦʾ ʢʫʣʷʩʪʦʾ ʯʘʩʪʢʠ. 

 

2.4. ɼʦʩʣʽʜʞʝʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʘʨʫ ʦˇʨʫʜʢʦʚʘʥʦʾ 

ʰʠʭʪʠ ʨʽʟʥʦʛʦ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ 

 

2.4.1. ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜ ʧʘʨʘʤʝ-

ʪʨʽʚ ʰʘʨʫ 

ʂʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ  ʨʝʘʣʴʥʦʛʦ ʰʘʨʫ ʟʘʣʝʞʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʪʘʢʠʭ ʟʤʽʥ-

ʥʠʭ ʚʝʣʠʯʠʥ, ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ , ʤʽʩʮʝʚʠʭ ʦʧʦʨʽʚ , ʩʪʫʧʝʥʽ ʟʚʠʚʠʩʪʦʩʪʽ ʢʘʥʘ-

ʣʽʚ ǎ/ʅ, ʜʝ ǎ - ʜʦʚʞʠʥʘ ʢʘʥʘʣʽʚ (ʤ), ʢʦʝʬʽʮʽʻʥʪʘ ʾʭ ʟʚʫʞʝʥʴ ʽ ʨʦʟʰʠʨʝʥʴ , ʬʘʢʪʦʨʘ 

ʩʬʝʨʠʯʥʦʩʪʽ , ʪʦʙʪʦ 

 

  = f( , , ǎ/ʅ, , ). (2.40) 

 

ɹʽʣʴʰʽʩʪʴ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʘʞʢʦʚʠʤʽʨʶʚʘʥʽ [239], ʪʦʤʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʚʪʨʘʪ ʪʠʩʢʫ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʜʢʦ ʪʘ ʟʘʟʚʠʯʘʡ ʬʦʨʤʫʣʫ (2.42) ʩʧʨʦʱʫʶʪʴ. 

ʅʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ  ʚʽʜ ʧʦʨʦʟʥʦʩʪʽ ʰʘ-

ʨʫ̔  ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ Vd, ʷʢʽ ʤʦʞʣʠʚʦ ʚʠʤʽʨʶʚʘʪʠ. 

ʇʨʠʡʥʷʪʦ, ʱʦ ʜʣʷ ʨʽʟʥʠʭ ʛʨʘʥʫʣ ʦˇʨʫʜʢʦʚʘʥʠʭ ʰʠʭʪ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ. 

ɿʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ Ɋ ʚʽʜ ʫʤʦʚ ʨʫʭʫ ʛʘʟʫ ʚ ʰʘʨʽ ʟʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʶʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʨʘʟ, ʦʜʝʨʞʘʥʠʡ ʟ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ 

ʛʘʟʫ ʚ ʟʝʨʥʠʩʪʦʤʫ ʰʘʨʽ 
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. (2.41) 

 

ɿʤʽʥʶʶʯʠ ʚʠʪʨʘʪʫ ʛʘʟʫ Q ʢʨʽʟʴ ʰʘʨ, ʢʦʥʪʨʦʣʶʶʪʴ ʚʪʨʘʪʠ ʪʠʩʢʫ ʈ ʚ ʥʴʦʤʫ. 
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ʇʨʠ ʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʘʭ dʝ, ʅ, ʌ, 0 ʽ  ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʷʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʫʶʪʴ 

ʬʫʥʢʮʽʶ  = f(Re).  

ɻʨʘʥʫʣʠ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʟʘ ʬʦʨʤʦʶ ʙʣʠʟʴʢʽ ʜʦ ʩʬʝʨʠʯ-

ʥʦʾ, ʪʦʤʫ ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ ʫ ʬʦʨʤʫʣʽ (2.43) ʢʦʝʬʽʮʽʻʥʪ ʌ ʟʘʣʠʰʝʥʠʡ ʽ ʜʦʨʽʚʥʶʻ ʌ = 

2/3. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ  ʟʜʽʡʩʥʶʚʘʣʠ ʜʣʷ ʨʽʟʥʦʛʦ ʚʤʽʩʪʫ ʬʨʘʢʮʽʡ 

ʢʨʫʧʥʽʩʪʶ (1, 4, 10) ʥʘ ʫʩʪʘʥʦʚʮʽ, ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.24 [240, 241].  

 

 

ʈʠʩ. 2.24. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʟʦ-

ʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʰʘʨʫ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ: 1 ï ʯʘʰʘ; 2 ï ʰʠʭ-

ʪʘ; 3 ï ʚʘʢʫʫʤʤʝʪʨ; 4 ï ʚʠʪʨʘʪʦʤʽʨ; 5 ï ʜʽʘʬʨʘʛʤʘ; 6 ï ʩʢʨʫʙʝʨ; 7 ï ʝʢʩʛʘʫʩʪʝʨ; 8 ï 

ʜʨʦʩʝʣʴ, ʷʢʠʡ ʨʝʛʫʣʶʻ ʨʦʟʨʽʜʞʝʥʥʷ. 

 

ɼʽʘʤʝʪʨ ʯʘʰʽ ʩʪʘʥʦʚʠʚ 0,19 ʤ. ɺʠʩʦʪʘ ʰʘʨʫ ʅ = 0,185 ʤ. ʅʝʦʙʭʽʜʥʽ ʬʨʘʢʮʽʾ 

ʰʠʭʪʠ ʦʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ ʩʦʨʪʫʚʘʥʥʷ ʦʢʘʪʠʰʽʚ ʧʦ ʢʨʫʧʥʦʩʪʽ. ɼʽʘʤʝʪʨ ʯʘʰʽ ʽ ʚʠ-

ʩʦʪʘ ʰʘʨʫ ʙʽʣʴʰ ʥʽʞ ʫ 18 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ 10 ʤʤ ʜʦʩʣʽ-

ʜʞʫʚʘʥʦʾ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ. ʊʦʤʫ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʜʠʚ. 
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ʨʦʟʜ. 2.1) ʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʚʧʣʠʚʦʤ ʧʨʠʩʪʽʥʢʦʚʦʛʦ ʝʬʝʢʪʫ 

[7, 8, 19]. 

ʇʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʜʽʡʩʥʝʥʦ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʝʪʦʜʠʢʠ ʦʧʠʩʫ ʩʠ-

ʩʪʝʤʠ çʩʢʣʘʜ-ʚʣʘʩʪʠʚʽʩʪʴè ʩʠʤʧʣʝʢʩ-ʨʝʰʽʪʯʘʩʪʠʤ ʧʣʘʥʫʚʘʥʥʷʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ  

ɻ. ʐʝʬʬʝ [31] (ʨʠʩ. 2.25). ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʧʨʠ ʧʨʦʜʫʚʮʽ ʽ ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʢʪʫʨʠ 

ʰʘʨʫ ʰʠʭʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 2.13. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.25. ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ 

ʦʧʦʨʫ ʰʘʨʫ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ (ʥʦʤʝʨ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʪʘʙʣ. 2.13) 

 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʨʦʟʨʽʜʞʝʥʥʷ ʧʽʜ ʰʘʨʦʤ ʟʤʽʥʶʚʘʣʦʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ  

1000 ʇʘ ʜʦ 12000 ʇʘ. ʄʽʥʽʤʘʣʴʥʘ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ ʚʽʜʧʦʚʽʜʘʻ ʙʽʬʨʘʢʮʽʡʥʽʡ 

ʰʠʭʪʽ ʟ ʚʤʽʩʪʦʤ ʬʨʘʢʮʽʡ [V]1 = 66,6 % ʽ [V]10 = 33,4 %  ʧʨʠ ʨʦʟʨʽʜʞʝʥʥʽ ʧʽʜ ʰʘʨʦʤ 

ʈ = 10000 ʇʘ ʪʘ ʧʨʠʚʝʜʝʥʽʡ ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷ Q = 1,48 ʤ
3
/(ʤ

2
ʩ).  ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʨʘʢʮʽʡ ʧʨʠ ʤʽʥʽʤʫʤʘʭ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʽ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʧʦʷʩʥʶ-

ʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʢʘʥʘʣʽʚ ʚ ʰʘʨʽ ʟ 1,2 ʤʤ ʜʦ 0,85 ʤʤ 

(ʜʠʚ. ʨʠʩ. 2.19). ʆʜʥʘʢ ʜʣʷ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ ʪʘʢʠʡ ʚʤʽʩʪ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʤʘ-

ʣʦ ʡʤʦʚʽʨʥʠʡ. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ ʤʦʥʦʬʨʘʢʮʽʡʥʦʾ ʰʠ-

ʭʪʠ 1 ʤʤ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʘ ʜʣʷ ʚʢʘʟʘʥʦʾ ʩʫʤʽʰʽ ʬʨʘʢʮʽʡ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ ʢʘʥʘʣʽʚ 0,479 ʤʤ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʽʩʪʦʪʥʠʤ  
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ʊʘʙʣʠʮʷ 2.13 - 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʜʫʚʢʠ ʰʘʨʫ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ 

P, ʇʘ 
ɺʠʪʨʘʪʘ ʧʦʚʽʪʨʷ*, ʤ

3
/(ʤ

2
ʩ) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1000 0,92 0,48               

1500 1,16                

2000 1,36 0,74 0,49 0,80 0,79 0,67 0,69 

 

0,66 0,73 0,72 

 

0,67 

   3000  1,01 0,78 1,04 1,02 0,80 0,92 0,86 0,79 0,87 0,86 0,79 0,86 0,78 0,84 0,75 

4000  1,16 0,99 1,19 1,17 0,96 0,93 0,98 0,90 0,99 1,03 0,98 1,01 0,91 0,98 0,88 

5000   1,22 1,37 1,35 1,10 1,08 1,13 1,04 1,10 1,18 1,03 1,14 1,07 1,15 1,03 

6000   1,27 1,46 1,51 1,19 1,17 1,19 1,13 1,25 1,27 1,23 1,23 1,17 1,26 1,13 

6500     1,58            

7000   1,33 1,61  1,31 1,30 1,32 1,21 1,34 1,40 1,32 1,35 1,26 1,36 1,22 

8000   1,47   1,46 1,41 1,41 1,29 1,43 1,56 1,41 1,52 1,37 1,45 1,30 

8800             1,59    

9000   1,57   1,56 1,52 1,57 1,44 1,59 1,67 1,53  1,47 1,58 1,40 

9500           1,74      

10000   1,69   1,63 1,63 1,61 1,48 1,67  1,61  1,59 1,71 1,50 

11000   1,89   1,70 1,70 1,72 1,58 1,75  1,72  1,66 1,79 1,59 

12000   1,93   

 

1,80 1,80 1,65 1,86  1,83  1,77 1,92 1,69 

[V]10, % 100     66,6 33,4     66,6 33,4 33,3 67,7 16,15 16,15 45 15 40 

[V]4, %   100   33,4 66,6 66,6 33,4     33,3 16,15 16,15 67,7 15 45 15 

[V]1, %     100     33,4 66,6 33,4 66,6 33,3 16,15 67,7 16,15 40 40 45 

, % 46 47 41,8 42,3 38,5 35 39 27,8 32,4 27,5 37 33,8 36 28,7 31 29,2 

dʝʩʝʨʣʦʛ
, ʤʤ 

10,00 4,00 1,00 7,36 5,43 2,52 1,59 4,63 2,16 3,42 5,95 1,81 3,71 3,47 2,64 3,09 

Vʩʝʨʣʦʛ 0,00 0,00 0,00 0,39 0,39 0,59 0,59 1,02 1,02 0,62 0,63 0,76 0,19 0,88 0,72 0,96 

* - ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʜʣʷ ʢʦʞʥʦʾ ʰʠʭʪʠ ʦʙʤʝʞʝʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʝʢ-

ʩʛʘʫʩʪʝʨʘ 

  

ʚʧʣʠʚʦʤ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ. ʇʦʨʦʟʥʽʩʪʴ ʜʣʷ ʤʦʥʦʬʨʘʢʮʽʡʥʦʾ 

ʰʠʭʪʠ ʤʘʻ ʚʠʩʦʢʫ ʚʝʣʠʯʠʥʫ. 

ʄʽʥʽʤʫʤ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʚʽʜʧʦʚʽʜʘʻ ʚʤʽʩʪʫ 

ʬʨʘʢʮʽʡ [V]1 = 45 %, [V]4 = 15 % ʡ [V]10 = 40 % ʧʨʠ ʨʦʟʨʽʜʞʝʥʥʽ ʧʽʜ ʰʘʨʦʤ ʈ = 

10000 ʇʘ ʽ ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷ Q = 1,50 ʤ
3
/(ʤ

2
ʩ). ʇʨʠ ʮʴʦʤʫ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ Q ʢʨʽʟʴ 

ʰʘʨ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʘ ʟ ʤʽʥʽʤʫʤʦʤ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʜʣʷ ʙʽʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʤʽʞʥʘ ʬʨʘʢʮʽʷ ʟʥʠʟʠʣʘ ʯʘʩʪʢʫ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʚ ʰʠʭʪʽ ʟ 66,6 % 

ʜʦ 45 %, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʫʤʫ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ. 

ɺʤʽʩʪ ʬʨʘʢʮʽʡ ʜʣʷ ʤʽʥʽʤʫʤʽʚ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʜʣʷ ʙʽʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʽ 

ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʾ ʚʘ-

ʨʽʘʮʽʾ ʨʦʟʤʽʨʫ ʛʨʘʥʫʣ 0,96 ʽ 1,02, ʚʽʜʧʦʚʽʜʥʦ. 

1

2
0 
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ʉʝʨʝʜʥʴʦʛʘʨʤʦʥʽʡʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʘʢʩʠʤʘ-

ʣʴʥʦʾ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ ʤʽʥʽʤʘʣʴʥʽʡ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ. ʎʝ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʘʥʘ-

ʣʽʟʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʦʨʤʫʣʠ ʂʦʨʦʪʠʯʘ ɺ. ɯ. ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʪʨʘʪ ʪʠʩʢʫ ʚ ʰʘʨʽ 

ʧʨʠ ʟʤʽʥʠ ʛʨʘʥʩʢʣʘʜʫ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭʪʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʟʤʽʥʦʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʂ1 ʠ 

ʂ2 (ʪʘʙʣ. 2.14). ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʧʠʩʫ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʟʥʘʯʘʣʠ ʥʝ ʜʣʷ 

ʚʫʟʴʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʰʘʨ ʤʝʪʦʜʦʤ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷ-

ʮʽʾ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚ ʤʦʥʦʛʨʘʬʽʾ [1], ʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘ-

ʟʦʥʽ. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʜʦʩʣʽʜʽʚ ʪʽʩʥʦʪʘ ʟʚ'ʷʟʢʫ ʤʽʞ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʽ ʬʘʢʪʠʯʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʩʢʣʘʣʘ ʙʽʣʴʰʝ R > 0,995. 

 

ʊʘʙʣʠʮʷ 2.14 - 

ɺʝʣʠʯʠʥʠ ʂ1 ʪʘ ʂ2 ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʨʘʢʮʽʡʥʠʭ ʩʢʣʘʜʽʚ  

 
ʅʦʤʝʨ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʜʠʚ. ʪʘʙʣ. 2.13) 

1 2 3 4 5 6 7 

ʂ1, ʤ
-1
 82405404,7 352587513,0 675110987,6 129337359,9 293673571,5 379263772,9 336000070,4 

ʂ2, ʤ
-2
 3853,9 8289,6 8857,4 10731,1 8727,7 13123,0 13772,8 

[V]10, % 100     66,6 33,4     

[V]4, %   100   33,4 66,6 66,6 33,4 

[V]1, %     100     33,4 66,6 

 8 9 10 11 12 13 14 

ʂ1, ʤ
-1
 316285083,8 241762807,2 338589797,2 448042293,6 514034056,9 395546904,1 512762780,3 

ʂ2, ʤ
-2
 13739,1 17344,5 12827,6 10245,3 11850,6 11774,3 12789,1 

[V]10, % 66,6 33,4 33,3 67,7 16,15 16,15 45 

[V]4, %     33,3 16,15 16,15 67,7 15 

[V]1, % 33,4 66,6 33,3 16,15 67,7 16,15 40 

 15 16 

ʂ1, ʤ
-1
 515091548,7 477861328,5 

ʂ2, ʤ
-2
 10656,0 14654,6 

[V]10, % 15 40 

[V]4, % 45 15 

[V]1, % 40 45 

  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘ-

ʜʫ ʰʠʭʪʠ ʟʤʽʥʶʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʜʣʷ ʂ1 ʚʽʜ 82405404,7 ʤ
-2 
ʜʦ 675110987,6 ʤ

-2
, ʜʣʷ 

ʂ2 ʚʽʜ 3853,9 ʤ
-1 
ʜʦ 17344,5 ʤ

-1
. ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 
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ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ, ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʛʨʘ-

ʥʫʣ, ʢʦʝʬʽʮʽʻʥʪ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ, ʾʭ ʟʥʘʯʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʩʢʣʘʜʥʽʡ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʨʘʢʮʽʡ, ʷʢʝ ʥʝ ʤʘʻ ʦʜʥʦʟʥʘʯʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʦʙˇʨʫʥ-

ʪʫʚʘʥʥʷ. ʊʦʤʫ ʨʽʚʥʷʥʥʷ ʂʦʨʦʪʠʯʘ ɺ. ɯ. ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʪʨʘʪ ʪʠʩʢʫ ʚ ʰʘʨʽ ʰʠʭʪʠ ʟ ʦʜʥʘʢʦʚʠʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ.  

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʨʦʟʨʘʭʫʥʢʠ ʧʽʜʪʚʝʨʜʠʣʠ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨ-

ʤʫʣʠ ɼʘʨʩʽ-ɺʝʡʩʙʘʭʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫ ʦˇʨʫʜʢʦʚʘ-

ʥʦʾ ʰʠʭʪʠ. ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʪʘʙʣ. 2.13 ʽ ʬʦʨʤʫʣʠ (2.43) ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʦʧʦʨʫ  ʜʣʷ ʰʠʭʪ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʨʘʢʮʽʡʥʠʭ ʩʢʣʘʜʽʚ (ʪʘʙʣ. 2.15). 

ʇʨʠ ʈ = 10000 ʇʘ ʜʣʷ ʙʽʬʨʘʢʮʽʡʥʠʭ ʰʠʭʪ ʤʽʥʽʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʩʝʨʝʜʥʴʦ-

ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ  = 6,5 ʚʽʜʧʦʚʽʜʘʻ [V]10 = 33,4 % ʡ [V]1 = 66,6 %. ʇʨʠ ʈ = 

10000 ʇʘ ʜʣʷ ʪʨʴʦʭʬʨʘʢʮʽʡʥʠʭ ʰʠʭʪ ʤʽʥʽʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ  = 4,6 ʚʽʜʧʦʚʽʜʘʻ [V]10 

= 33,3 %, [V]4 = 33,3 % ʡ [V]1 = 33,3 %. ʇʨʠ ʈ = 10000 ʇʘ ʜʣʷ ʪʨʴʦʭʬʨʘʢʮʽʡʥʠʭ 

ʰʠʭʪ ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ  = 6,4 ʚʽʜʧʦʚʽʜʘʻ [V]10 = 40 %, [V]4 = 15 %, [V]1 

=45 % ʽ ʩʧʽʚʧʘʜʘʻ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʚʪʨʘʪʘʤʠ ʪʠʩʢʫ ʚ ʰʘʨʽ. 

ɼʣʷ ʦʧʠʩʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚʠʨʘʟ, ʟʘ-

ʩʥʦʚʘʥʠʡ ʥʘ ʬʦʨʤʫʣʽ (1.5),  

 

 
A

b
Re

.                                             (2.42) 

 

ʋ ʬʦʨʤʫʣʽ (2.44) ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ A/Re ʦʧʠʩʫʻ ʣʘʤʽʥʘʨʥʫ ʩʢʣʘʜʦʚʫ ʧʦʪʦʢʫ, 

ʜʨʫʛʠʡ b ï ʪʫʨʙʫʣʝʥʪʥʫ. 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʚʠʨʘʟʦʤ 

 

 

ʜʝ ʬ - ʬʘʢʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʛʘʟʫ ʚ ʢʘʥʘʣʘʭ ʬ = 0/ , ʤ/ʩ; 

 - ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʛʘʟʫ, ʤ
2
/ʩ. 

 

ɿʤʽʥʘ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʨʴʦʭ ʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʧʨʠ 

ʧʨʠʚʝʜʝʥʦʾ ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʰʘʨ Q = 1,5 ʤ
3
/ʤ

2
ʩ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.26. 
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ʊʘʙʣʠʮʷ 2.15 - 

ʂʦʝʬʽʮʽʻʥʪʠ ʦʧʦʨʫ, ʨʦʟʨʘʭʦʚʘʥʽ ʧʨʠ ʧʨʦʜʫʚʮʽ ʰʘʨʽʚ ʟ ʨʽʟʥʠʤʠ ʬʨʘʢʮʽʡʥʠʤʠ ʩʢʣʘʜʘʤʠ 

P, ʇʘ 
ʉʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1000 18,5 44,5               

1500 17,6                

2000 17,1 37,8 13,7 39,5 21,3 9,6 8,6 
 

6,5 4,8 24,2 
 

15,6 
   

3000  30,2 8,2 35,2 19,0 10,2 7,1 7,4 6,9 5,1 25,7 6,6 14,5 7,4 6,3 7,5 

4000  30,5 6,7 35,8 19,2 9,4 9,4 7,6 7,1 5,2 23,7 5,8 13,9 7,4 6,3 7,4 

5000   5,6 33,8 18,2 9,0 8,7 7,1 6,6 5,3 22,6 6,5 13,5 6,6 5,6 6,7 

6000   6,1 36,0 17,5 9,2 8,9 7,7 6,7 4,9 23,2 5,5 14,1 6,7 5,7 6,7 

6500     17,2            

7000   6,5 34,3  8,9 8,4 7,3 6,8 5,0 22,4 5,6 13,7 6,7 5,7 6,7 

8000   6,1   8,2 8,1 7,3 6,8 5,0 20,7 5,6 12,3 6,5 5,7 6,7 

8800             12,3    

9000   6,1   8,0 7,9 6,6 6,2 4,6 20,3 5,3  6,3 5,4 6,5 

9500           19,7      

10000   5,7   8,2 7,6 7,0 6,5 4,6  5,4  6,0 5,1 6,4 

11000   5,1   8,3 7,7 6,7 6,3 4,6  5,2  6,0 5,1 6,2 

12000   5,3   
 

7,5 6,7 6,3 4,5  5,0  5,8 4,9 6,0 

[V]10, % 100 
  

66,6 33,4 
  

66,6 33,4 33,3 67,7 16,15 16,15 45 15 40 

[V]4, % 
 

100 
 

33,4 66,6 66,6 33,4 
  

33,3 16,15 16,15 67,7 15 45 15 

[V]1, % 
  

100 
  

33,4 66,6 33,4 66,6 33,3 16,15 67,7 16,15 40 40 45 

1

2
3
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ʈʠʩ. 2.26. ɿʤʽʥʘ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠ ʚʠʪʨʘʪʽ ʧʦ-

ʚʽʪʨʷ ʢʨʽʟʴ ʰʘʨ ʰʠʭʪʠ Q = 1,5 ʤ
3
/ʤ

2
ʩ: 

 

ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʫʤʦʚ ʧʨʠʡʥʷʪʦ, ʱʦ ʚ'ʷʟʢʽʩʪʴ ʧʦʚʽʪʨʷ ʧʦʩʪʽʡʥʘ ʽ ʜʦʨʽʚʥʶʻ 

ʜʣʷ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ɜʊ = 1,51Ā10
-5 
ʤ

2
/ʩ. ʇʨʠ ʟʤʽʥʽ ʪʠʩʢʫ ʚ ʰʘʨʽ ɜʊ  ʟʤʽʥʶʻʪʴʩʷ ʥʝ-

ʟʥʘʯʥʦ. ʆʪʨʠʤʘʥʦ, ʱʦ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Re ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 115 ʜʦ 1220 

ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʯʘʩʪʢʠ ʚʝʣʠʢʠʭ ʬʨʘʢʮʽʡ ʫ ʰʘʨʽ. ʅʘ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʥʘʢʣʘʜʘʶʪʴʩʷ ʜʚʽ ʟʘʣʝʞʥʦʩʪʽ: ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʽ ʧʦʨʦʟ-

ʥʦʩʪʽ. ʆʜʥʘʢ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʚʧʣʠʚʘʻ ʚ ʤʝʥʰʽʡ ʤʽʨʽ, ʥʽʞ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ. 

ʋ ʬʦʨʤʫʣʽ (2.45) ʧʦʨʦʟʥʽʩʪʴ ʚ ʧʝʨʰʦʤʫ ʩʪʫʧʝʥʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʨʫʭʫ ʛʘʟʫ ʚ ʰʘʨʽ, ʚ ʷʢʦʤʫ ʧʨʠʩʫʪʥʽʡ ʤʥʦʞʥʠʢ (1 - )/
3
. ʊʦʤʫ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽ-

ʯʥʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʟʤʽʥʶʻʪʴʩʷ ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʦ, ʷʢ ʽ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ. 

ɿ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʡʦʛʦ ʟʥʘ-
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ʯʝʥʥʷ ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʛʘʟʫ ʚ ʰʘʨʽ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʭʦ-

ʜʠʪʴ ʚ ʪʫʨʙʫʣʝʥʪʥʠʡ. ʎʝ ʷʚʠʱʝ ʚʣʘʩʪʠʚʝ ʛʣʘʜʢʠʤ ʪʨʫʙʘʤ. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ  ʪʘʢʦʞ ʧʦʚʠʥʝʥ ʟʤʽʥʶʚʘʪʠʩʷ ʧʣʘʚʥʦ, ʦʜʥʘʢ, ʜʣʷ ʰʘʨʫ ʜʦ-

ʤʝʥʥʦʾ ʰʠʭʪʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ  ʤʘʻ çʧʝʨʝʛʠʥʠè ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʢʠ ʜʨʽʙʥʦʾ 

ʬʨʘʢʮʽʾ [19, 242]. 

ʂʨʽʤ ʪʦʛʦ, ʚʽʜʦʤʦ, ʱʦ ʧʝʨʝʭʽʜ ʚʽʜ ʣʘʤʽʥʘʨʥʦʛʦ ʜʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ 

ʧʨʠ ʨʫʩʽ ʨʽʜʠʥʠ ʚ ʛʣʘʜʢʠʭ ʢʨʫʛʣʠʭ ʪʨʫʙʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʢʨʠʪʠʯʥʦʤʫ ʟʥʘʯʝʥʥʽ 

ʯʠʩʣʘ Reʢʨå 2300 [243]. ɼʣʷ ʰʘʨʫ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠʤʫʩʦʚʠʡ ʧʝ-

ʨʝʭʽʜ ʚ ʪʫʨʙʫʣʝʥʪʥʠʡ ʨʝʞʠʤ, ʪʦʤʫ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʈʝʡʥʦʣʴʜʩʘ ʥʘʙʘ-

ʛʘʪʦ ʤʝʥʰʝ ʽ ʩʪʘʥʦʚʠʪʴ Re å 100õ200 [19].  

ɺ ʨʽʚʥʷʥʥʽ (2.44), ʢʨʽʤ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʚʝʣʠʢʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʥʘʯʝʥʥʷ ʢʦʝ-

ʬʽʮʽʻʥʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ  ʥʘʜʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʠ ɸ ʽ b. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘ-

ʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʜʦʩʣʽʜʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 2.16. 

ʂʦʝʬʽʮʽʻʥʪ b ʤʘʻ ʥʠʟʴʢʫ ʣʽʥʽʡʥʫ ʢʦʨʝʣʷʮʽʶ ʟ ʧʦʨʦʟʥʽʩʪʶ ʰʘʨʫ , ʝʢʚʽʚʘʣʝʥ-

ʪʥʠʤ ʜʽʘʤʝʪʨʦʤ ʛʨʘʥʫʣ dʝ ʘʙʦ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩʪʽ Vd. ʎʝ, ʤʘʙʫʪʴ, ʧʦ-

ʚ'ʷʟʘʥʦ ʟ ʚʝʣʠʢʠʤ ʚʧʣʠʚʦʤ ʥʘ ʟʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʘ b ʪʘʢʠʭ ʚʘʞʢʦ ʚʠʤʽʨʶʚʘʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ ʷʢ ʝʬʝʢʪʠʚʥʘ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʽ ʟʚʠʚʠʩʪʽʩʪʴ ʢʘʥʘʣʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (ʜʠʚ. ʪʘʙʣ. 2.16) ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʨʽʚʥʷʥʥʷ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ  ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ.  

 

 A = 3221,73(  +0,06Vd)
3,23

(dʝ + 0,06Vd)
0,53

-42,27,   R=0,93,            (2.43) 

 

 b = 2,30 dʝ
-0,15

 -1,14
-0,36 

+ 0,73Vd
3,22

dʝ
2,26

-0,54
-0,01

 Vd
3,54

dʝ
2,43

, R=0,72. (2.44) 

 

ɺʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʧʘʨʥʦʾ ʣʽʥʽʡʥʦʾ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʬʘʢʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷ-

ʤʠ ʢʦʝʬʽʮʽʻʥʪʫ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʩʢʣʘʣʘ R  = 0,78. ɿʤʽʥʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ  ʜʣʷ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʥʘ ʦʩʥʦʚʽ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯ-

ʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʧʨʠ ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʰʘʨ Q = 1,5 ʤ
3
/(ʤ

2
ʩ) ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.27. 
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ʊʘʙʣʠʮʷ 2.16 - 

ʂʦʝʬʽʮʽʻʥʪʠ ʬʦʨʤʫʣʠ (2.44) 

ɺʤʽʩʪ ʬʨʘʢʮʽʡ, % 
A b 

10 ʤʤ 4 ʤʤ 1 ʤʤ 

100   800,0 0,10 

 100  588,6 0,50 

  100 118,7 1,00 

66,6 33,4  710,9 0,90 

33,4 66,6  198,9 0,58 

 66,6 33,4 240,6 0,15 

 33,4 66,6 172,0 0,43 

66,6  33,4 68,9 0,14 

33,4  66,6 161,7 0,71 

33,3 33,3 33,3 104,1 0,46 

67,7 16,15 16,15 501,1 1,52 

16,15 16,15 67,7 107,6 0,40 

16,15 67,7 16,15 321,7 0,39 

45 15 40 284,5 1,31 

15 45 40 160,9 1,52 

40 15 45 137,5 0,89 

50  50 199,0 0,54 

 

ɺʝʣʠʯʠʥʘ  ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ 0,86 ʜʦ 2,4. ʅʘ ʟʤʽʥʫ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʙʽʣʴʰʦʛʦ ʚʧʣʠʚʫ ʥʘʜʘʻ ʢʦʝʬʽʮʽʻʥʪ b, ʪʦʙʪʦ ʪʫʨʙʫʣʝʥʪʥʘ ʩʢʣʘ-

ʜʦʚʘ ʬʦʨʤʫʣʠ (2.44).  

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ  ʜʣʷ ʤʦʥʦʬʨʘʢʮʽʡʥʠʭ ʰʠʭʪ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʥʽʤʘʣʴ-

ʥʽʡ ʢʨʫʧʥʦʩʪʽ ʯʘʩʪʠʥʦʢ. ɿʘ ʜʘʥʠʤʠ ɺ. ʇ. ʊʘʨʘʩʦʚʘ [19] ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʰʘʨʫ ʟ 

ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ ʢʦʢʩʫ ʚ 13õ15 ʨʘʟʽʚ ʚʠʱʠʡ, ʥʽʞ ʰʘʨʫ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʘʛʣʦʤʝ-

ʨʘʪʫ. ɿ ʧʦʙʫʜʦʚʘʥʦʾ ʜʽʘʛʨʘʤʠ (ʜʠʚ. ʨʠʩ. 2.27) ʚʠʜʥʦ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ V10 = 100 % ʯʘ-

ʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ d = 10 ʤʤ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʜʦʨʽʚʥʶʻ 10 = 0,81, ʜʣʷ ʯʘʩʪʠʥʦʢ 

d = 1 ʤʤ ʧʨʠ V1 = 100 % ʚʝʣʠʯʠʥʘ 1 = 2,11. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 1/ 10 = 2,6. ʆʪʨʠ-

ʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʝʜʩʪʘ-

ʚʣʝʥʠʤ ɺ.ʇ. ʊʘʨʘʩʦʚʠʤ ʜʘʥʠʤ ʫ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʦ ʬʦʨʤʽ, ʨʦʟʤʽʨʘʤ ʽ ʰʦʨʩʪʢʦʩʪʽ 

ʰʤʘʪʢʠ ʜʦʤʝʥʥʦʾ ʰʠʭʪʠ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʛʨʘʥʫʣ ʟ ʢʫʣʷʩʪʦʶ ʬʦʨʤʦʶ ʪʘ ʟ  



 146 

 

ʈʠʩ. 2.27. ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ  ʜʣʷ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʥʘ ʦʩʥʦʚʽ 

ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʧʨʠ ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʰʘʨ  

Q = 1,5 ʤ
3
/(ʤ

2
ʩ) 

 

ʤʝʥʰʦʶ ʰʦʨʩʪʢʽʩʪʶ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʨʽʟʥʷʣʠʩʷ ʫʤʦʚʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʰʠʭʪʠ ʚ ʰʘʨ ʽ 

ʥʘʧʨʷʤ ʨʫʭ ʛʘʟʽʚ. 

ɼʣʷ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʜʨʽʙʥʷʢʫ 0,2 ʯ. ʦʜ. 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ  ʜʦ ʤʘʢʩʠʤʫʤʫ max, ʷʢʝ ʚ  2,2 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ 

ʤʽʥʽʤʫʤ ʜʣʷ ʤʦʥʦʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʜʦʜʘʚʘʥʥʽ ʜʨʽʙʥʷʢʫ ʢʦʝʬʽ-

ʮʽʻʥʪ  ʟʥʠʞʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʟ ʪʽʻʶ ʞ ʰʚʠʜʢʽʩʪʶ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ min. 

ʗʢʱʦ ʧʨʦʜʦʚʞʫʚʘʪʠ ʜʦʜʘʚʘʪʠ ʜʨʽʙʥʽ ʬʨʘʢʮʽʾ ʚ ʰʘʨ, ʪʦ  ʟʥʦʚʫ ʟʨʦʩʪʘʻ ʽ ʟʘʣʠʰʘ-

ʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʧʦʩʪʽʡʥʠʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʛʨʘʬʽʢ ʟʤʽʥʠ  ʚʽʜ ʚʤʽʩʪʫ ʜʨʽʙʥʷʢʫ ʚ 
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ʰʘʨʽ ʤʘʻ ʤʽʥʽʤʫʤ.  

ʊ. ʃ. ɼʞʦʟʝʬʦʤ [26] ʪʘ ɺ. ʇ. ʊʘʨʘʩʦʚʠʤ [19] ʚʩʪʘʥʦʚʣʝʥʽ ʘʥʘʣʦʛʽʯʥʽ ʟʤʽʥʠ  

ʜʣʷ ʜʦʤʝʥʥʠʭ ʰʠʭʪ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʢʠ ʜʨʽʙʥʷʢʫ ʜʦ 0,2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥ-

ʥʷ  ʫ 3 4 ʨʘʟʠ. ʇʦʪʽʤ ʚʝʣʠʯʠʥʘ  ʟʥʠʞʫʻʪʴʩʷ. ʗʢʱʦ ʟʙʽʣʴʰʫʚʘʪʠ ʯʘʩʪʢʫ ʜʨʽʙʥʷ-

ʢʫ ʧʦʥʘʜ 0,4, ʪʦ ʟʥʦʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ . 

ɺʤʽʩʪ ʜʨʽʙʥʷʢʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʫʤʫ max ̔  ʤʽʥʽʤʫʤʫ min, ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʨʫʧʥʦʩʪʽ ʬʨʘʢʮʽʡ ʽ ʾʭ ʯʘʩʪʢʠ ʚ ʰʘʨʽ. ɹʽʬʨʘʢʮʽʡʥʽʡ ʰʠʭʪʽ 10 ʤʤ  ʽ 1 ʤʤ ʤʽʥʽ-

ʤʫʤ min  0,8 ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʨʠ ʚʤʽʩʪʽ ʬʨʘʢʮʽʾ 1 ʤʤ [V]1  40 %; ʱʦʜʦ 10 ʤʤ  ʽ 

4 ʤʤ ʤʽʥʽʤʫʤ min  1,0 ï ʚʤʽʩʪʫ ʬʨʘʢʮʽʾ 10 ʤʤ [V]10 = 20 %; ʱʦʜʦ 4 ʤʤ ʽ 1 ʤʤ ʤʽ-

ʥʽʤʫʤ min  1,1 ï ʚʤʽʩʪʫ ʬʨʘʢʮʽʾ 1 ʤʤ [V]1 =  50 %.  

ɹʽʬʨʘʢʮʽʡʥʠʤ ʰʠʭʪʘʤ 10 ʤʤ ʽ 1 ʤʤ ʧʝʨʰʠʡ ʤʘʢʩʠʤʫʤ max  1,9 ʚʽʜʧʦʚʽʜʘʻ 

ʚʤʽʩʪʫ ʬʨʘʢʮʽʾ 1 ʤʤ [V]1  22 %; ʱʦʜʦ 10 ʤʤ ʽ 4 ʤʤ ʤʘʢʩʠʤʫʤ max  1,7 ï ʚʤʽʩʪʫ 

ʬʨʘʢʮʽʾ 10 ʤʤ [V]10 = 60 %; ʱʦʜʦ 4 ʤʤ ʪʘ 1 ʤʤ ʤʘʢʩʠʤʫʤ max  1,1 ï ʚʤʽʩʪʫ ʬʨʘʢ-

ʮʽʾ 1 ʤʤ [V]1 =  30 %. ʊʦʙʪʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʽʟʥʠʮʽ ʚ ʨʦʟʤʽʨʘʭ ʜʨʽʙʥʦʾ ʽ ʢʨʫʧʥʦʾ 

ʬʨʘʢʮʽʡ ʯʘʩʪʢʘ ʜʨʽʙʥʷʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʫʤʫ min ʽ ʤʘʢʩʠʤʫʤʫ max ʟʥʠʞʫʻʪʴ-

ʩʷ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʨʦʟʤʽʨʘʭ ʬʨʘʢʮʽʡ ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘ-

ʯʝʥʥʷʤʠ ʤʽʥʽʤʫʤʫ min ʪʘ ʤʘʢʩʠʤʫʤʫ max ʪʘʢʦʞ ʟʥʠʞʫʻʪʴʩʷ. ʊʦʙʪʦ ʢʨʠʚʘ ʢʦʝʬʽ-

ʮʽʻʥʪʫ ʦʧʦʨʫ ʧʦʩʪʫʧʦʚʦ ʛʣʘʜʰʘʻ ʽ ʧʝʨʝʛʠʥʠ ʟʥʠʢʘʶʪʴ. 

ʂʦʝʬʽʮʽʻʥʪ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʟʤʽʥʶʻʪʴʩʷ ʘʥʘ-

ʣʦʛʽʯʥʦ. ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʤʽʥʽʤʫʤʫ ʧʨʠ ʚʤʽʩʪʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ 1 ʤʤ [V]1 ʙʽʣʴʰʝ 

30 % ʽ ʚʝʣʠʢʦʾ 10 ʤʤ [V]10 ʤʝʥʰʝ 50 % ʧʨʦʤʽʞʥʘ ʬʨʘʢʮʽʷ ʥʘʜʘʻ ʥʝʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ . ʂʨʽʤ ʪʦʛʦ, ʧʝʨʰʠʡ ʤʘʢʩʠʤʫʤ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʧʨʦʤʽʞʥʦʾ ʬʨʘʢʮʽʾ ʽ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʮʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ [V]1 ʤʝʥʰʝ 

22 % ʽ ʚʝʣʠʢʦʾ [V]10 ʙʽʣʴʰʝ 60 %. 

ʄʽʥʽʤʫʤ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ min å 0,6 ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʧʣʠʚʫ ʜʨʽʙʥʦʾ ʽ ʩʝʨʝʜʥʴʦʾ ʬʨʘʢʮʽʡ ʽ ʥʠʞʯʝ, ʥʽʞ ʜʣʷ ʙʽʬʨʘʢʮʽʡʥʦʾ 

10 ʤʤ ʽ 1 ʤʤ. 

ʇʦʣʦʞʝʥʥʷ ʧʝʨʰʦʛʦ ʤʘʢʩʠʤʫʤʫ ʢʦʝʬʽʮʽʻʥʪʘ max ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʨʽʙʥʷʢʫ 
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ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʯʘʩʥʦʤʫ ʟʥʠʞʝʥʥʶ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ  ʪʘ ʟʨʦʩʪʘʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʘʨʽʘʮʽʾ Vd. ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʝʬʝʢʪʠʚʥʘ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʧʘʜʘʻ ʟ ʙʽʣʴʰʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʥʽʞ ʬʘʢʪʠʯʥʘ . ɼʘʥʝ ʷʚʠʱʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʚ 

ʰʘʨ ʜʨʽʙʥʽ ʯʘʩʪʢʠ, ʨʦʟʤʽʱʫʶʯʠʩʴ ʤʽʞ ʚʝʣʠʢʠʤʠ ʽ ʥʘʢʦʧʠʯʫʶʯʠʩʴ ʚʥʠʟʫ ʤʽʞ ʥʠʤʠ 

ʫ ʚʫʟʴʢʠʭ ʤʽʩʮʷʭ, ʟʤʝʥʰʫʶʪʴ ʜʽʘʤʝʪʨ ʢʘʥʘʣʽʚ ʽ ʟʙʽʣʴʰʫʶʪʴ ʟʚʠʚʠʩʪʽʩʪʴ ʰʚʠʜʰʝ, 

ʥʽʞ ʟʥʠʞʫʶʪʴ ʧʠʪʦʤʠʡ ʦʙ'ʻʤ ʧʫʩʪʦʪ (ʨʠʩ. 2.28, ʘ, ʚ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʛʘʟʽʚ P ʚ ʰʘʨʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩ-

ʪʶ, ʥʽʞ ʩʠʤʧʣʝʢʩ  (1- )/
3
.  ʈʦʟʤʽʱʝʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʚʫʟʴʢʠʭ ʤʽʩʮʷʭ ʤʽʞ 

ʚʝʣʠʢʠʤʠ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 2.29. 

ɿʛʽʜʥʦ ʨʽʚʥʷʥʥʶ ʉʣʽʭʪʝʨʘ (1.11), ʤʦʞʣʠʚʠʡ ʜʽʘʧʘʟʦʥ ʢʫʪʘ ʫʢʣʘʜʘʥʥʷ ʢʫʣʴ 

ʦʜʥʦʛʦ ʜʽʘʤʝʪʨʘ ʚ ʨʦʤʙ ʩʪʘʥʦʚʠʪʴ  ʚʽʜ 60 ʜʦ 90, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʥʽ ʧʦʨʦʟʥʦ-

ʩʪʽ ʰʘʨʫ  ʚʽʜ 0,259 ʜʦ 0,476. ɿʘʣʝʞʥʦʽ ʚʽʜ ʢʫʪʘ  ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʨʽʙ-

ʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʚʫʟʴʢʠʭ ʧʦʨʦʞʥʠʥʘʭ ʤʽʞ ʚʝʣʠʢʠʤʠ ʨʽʟʥʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʤʽʞ ʚʝʣʠʢʠʤʠ ʢʫʣʷʤʠ 

ʜʽʘʤʝʪʨʦʤ 10 ʤʤ ʟ ʢʫʪʦʤ ʫʢʣʘʜʘʥʥʷ   = 60  ʥʝ ʚʪʨʠʤʘʻʪʴʩʷ ʯʘʩʪʢʘ ʟ ʤʘʢʩʠʤʘʣʴ-

ʥʠʤ ʜʽʘʤʝʪʨʦʤ ʨʽʚʥʠʤ dʟʘʤ = 1,55 ʤʤ [244]. ʇʨʠ ʢʫʪʽ ʫʢʣʘʜʘʥʥʷ   = 90  ʤʘʢʩʠʤʘ-

ʣʴʥʠʡ ʜʽʘʤʝʪʨ ʚʧʠʩʘʥʦʾ ʯʘʩʪʢʠ ʩʢʣʘʜʘʻ dʟʘʤ = 4,14 ʤʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʜʽʡʩʥʝʥʥʷ 

ʟʘʤʠʢʘʶʯʦʛʦ ʝʬʝʢʪʫ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʤʽʱʝʥʥʷ ʦʜʥʽʻʾ ʜʨʽʙʥʦʾ ʯʘʩʪʢʠ ʫ ʚʫʟʴʢʠʭ ʧʦ-

ʨʦʞʥʠʥʘʭ ʤʽʞ ʚʝʣʠʢʠʤʠ ʥʝʤʦʞʣʠʚʝ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʤʽʱʝʥʥʷ ʜʚʦʭ ʽ ʙʽ-

ʣʴʰʝ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʫʪʨʠʤʫʶʪʴʩʷ ʚ ʪʘʢʠʭ ʧʦʨʦʞʥʠʥʘʭ ʟʘ ʨʘʭʫʥʦʢ ʩʠʣ ʪʝʨʪʷ. ʇʨʠ 

ʨʦʟʤʽʱʝʥʥʽ ʦʜʥʽʻʾ ʜʨʽʙʥʦʾ ʯʘʩʪʢʠ ʤʽʞ ʚʝʣʠʢʠʤʠ ɸ ʚʽʜʩʪʘʥʴ (ɸʉï dʚ) ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʽʘʤʝʪʨʘ dʜ (ʨʠʩ. 2.30). ʈʦʟʨʘʭʦʚʘʥʦ, ʱʦ ʢʫʪ ʫʢʣʘʜʘʥʥʷ ʢʫʣʴ ʧʨʠ 

ʮʴʦʤʫ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 73,74. ɿʛʽʜʥʦ ʨʽʚʥʷʥʥʷ ʉʣʽʭʪʝʨʘ, ʚʽʜʧʦʚʽʜʥʘ ʧʦ-

ʨʦʟʥʽʩʪʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ 0,418. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʊʦʤʘʰʘ ʆ. ɸ. [24]  ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʽ ʢʫʪʠ 

ʫʢʣʘʜʘʥʥʷ ʢʫʣʴ ʚ ʰʘʨʽ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ  ʚʽʜ 67,5 ʜʦ 75. ʊʦʤʫ, 

ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʰʘʨʫ ʯʘʩʪʠʥʦʢ ʟ ʧʦʨʦʟʥʽʩʪʶ ʰʘʨʫ 0,361õ0,427, ʨʦʟʤʽʱʝʥʥʷ ʜʨʽʙʥʠʭ 

ʯʘʩʪʠʥʦʢ ʫ ʚʫʟʴʢʠʭ ʧʦʨʦʞʥʠʥʘʭ ʤʽʞ ʚʝʣʠʢʠʤʠ ʽ ʚʠʥʠʢʥʝʥʥʷ ʟʘʤʠʢʘʶʯʦʛʦ ʝʬʝʢʪʫ 

ʤʘʻ ʚʠʩʦʢʫ ʡʤʦʚʽʨʥʽʩʪʶ. 
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ʈʠʩ. 2.29. ʌʦʪʦʛʨʘʬʽʷ ʨʦʟʤʽʱʝʥʥʷ ʜʨʽʙʥʠʭ ʛʨʘʥʫʣ ʤʽʞ ʚʝʣʠʢʠʤʠ 
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ʊʘʢʦʞ ʡʤʦʚʽʨʥʝ ʨʦʟʤʽʱʝʥʥʷ ʜʚʦʭ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʞ ʚʝʣʠʢʠʤʠ ɸ ʽ ʉ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʩʪʘʥʴ (ɸʉ ï dʚ) ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʽʘʤʝʪʨ dʜ ʟ ʢʫʪʦʤ ʫʢʣʘ-

ʜʘʥʥʷ  ʙʽʣʴʰ 73,74. 

ʇʦ ʜʦʩʷʛʥʝʥʥʽ ʤʘʢʩʠʤʫʤʫ ʢʦʝʬʽʮʽʻʥʪʘ max ̔  ʧʦʜʘʣʴʰʦʤʫ ʜʦʜʘʚʘʥʥʽ ʜʨʽʙʥʠʭ 

ʬʨʘʢʮʽʡ ʚ ʰʘʨ, ʚʦʥʠ ʧʦʯʠʥʘʶʪʴ ʧʦʩʪʫʧʦʚʦ ʟʘʧʦʚʥʶʚʘʪʠ ʚʝʣʠʢʽ ʧʦʨʦʞʥʠʥʠ ʤʽʞ 

ʚʝʣʠʢʠʤʠ ʯʘʩʪʢʘʤʠ (ʜʠʚ. ʨʠʩ. 2.28, ʛ). ɿʚʠʚʠʩʪʽʩʪʴ ʽ ʜʽʘʤʝʪʨ ʢʘʥʘʣʽʚ ʟʤʽʥʶʶʪʴʩʷ ʟ 

ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʚʽʣʴʥʠʭ ʟʦʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʬʝʢʪʠʚʥʘ ʧʦʨʦʟ-

ʥʽʩʪʴ ʧʦʯʠʥʘʻ ʧʘʜʘʪʠ ʟ ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ, ʥʽʞ ʬʘʢʪʠʯʥʘ. ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʝʬʝʢʪʠʚʥʘ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʟʘʚʞʜʠ ʥʠʞʯʝ ʬʘʢʪʠʯʥʦʾ. 

ʇʦʜʘʣʴʰʝ ʜʦʜʘʚʘʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨ ʧʦʯʠʥʘʻ ʟʘʧʦʚʥʶʚʘʪʠ ʚʫʟʴʢʽ 

ʧʦʨʦʞʥʠʥʠ ʤʽʞ ʚʝʣʠʢʠʤʠ ʯʘʩʪʢʘʤʠ ʚʛʦʨʽ (ʜʠʚ. ʨʠʩ. 2.28, ʛ). ʊʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦ-

ʨʫ ʟʥʦʚʫ ʟʨʦʩʪʘʻ ʜʦ ʜʨʫʛʦʛʦ ʤʘʢʩʠʤʫʤʫ, ʷʢʠʡ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ ʥʝʟʤʽʥʥʠʤ ʘʙʦ 

ʥʝʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʅʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʦʙʫʤʦʚʣʝʥʦ ʟʥʠ-

ʞʝʥʥʷʤ ʟʚʠʚʠʩʪʦʩʪʽ ʢʘʥʘʣʽʚ ʜʣʷ ʤʦʥʦʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ. 

ʆʙʣʘʩʪʴ ʤʽʥʽʤʫʤʫ min ʜʣʷ ʙʽʬʨʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʟʙʽʛʘʻʪʴʩʷ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ, ʪʦʙʪʦ ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ ʩʠʤʧʣʝʢʩʫ (1- )/
3
. 

ɼʣʷ ʩʫʤʽʰʽ ʪʨʴʦʭ ʬʨʘʢʮʽʡ min ʣʝʞʠʪʴ ʥʘ ʣʽʥʽʾ ʩʠʤʝʪʨʽʾ ɸɺ ʢʦʝʬʽʮʽʻʥʪʘ Vd (ʜʠʚ. 

ʨʠʩ. 2.20), ʪʦʙʪʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʬʨʘʢʮʽʡ 10 ʤʤ ʽ 1 ʤʤ. ɺʠʱʝ ʣʽʥʽʾ ɸɺ ʚʝʣʠ-

ʯʠʥʘ  ʧʽʜʥʽʤʘʻʪʴʩʷ ʜʦ ʧʝʨʰʦʛʦ ʤʘʢʩʠʤʫʤʫ. ʅʠʞʯʝ ʣʽʥʽʾ ɸɺ  ʟʥʠʞʫʻʪʴʩʷ ʚʽʜ ʤʽ-

ʥʽʤʫʤʫ ʜʦ ʜʨʫʛʦʛʦ ʤʘʢʩʠʤʫʤʫ. 

ʇʨʘʚʠʣʴʥʽʩʪʴ ʛʽʧʦʪʝʟʠ ʧʨʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʘʢʩʠʤʫʤʫ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ  

ʨʦʟʤʽʱʝʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʚʫʟʴʢʠʭ ʧʦʨʦʞʥʠʥʘʭ ʤʽʞ ʚʝʣʠʢʠʤʠ ʧʽʜʪʚʝʨʜʞʝʥʘ 

ʩʧʨʦʱʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʢʠ ʟʘʡʥʷʪʦʛʦ ʧʨʦʩʪʦʨʫ ʰʘʨʦʤ ʜʨʽʙʥʠʭ ʯʘ-

ʩʪʠʥʦʢ, ʷʢʘ ʥʝ ʚʨʘʭʦʚʫʻ ʩʠʣ ʾʭ ʚʟʘʻʤʦʜʽʾ. 

ʇʨʠʡʥʷʪʦ, ʱʦ ʚʝʣʠʢʽ ʯʘʩʪʠʥʢʠ dʚ = 10 ʤʤ ʬʦʨʤʫʶʪʴ ʨʦʤʙʦʝʜʨʠʯʥʝ ʫʢʣʘ-

ʜʘʥʥʷ ʟ  = 73,74 ʪʘ ʚ = 0,418. ɺ ʢʦʞʥʽʡ ʨʦʤʙʦʝʜʨʠʯʥʽʡ ʫʧʘʢʦʚʮʽ ʨʦʟʤʽʱʫʻʪʴʩʷ 

ʦʙôʻʤ ʚʝʣʠʢʦʾ ʬʨʘʢʮʽʾ, ʱʦ ʜʦʨʽʚʥʶʻ ʦʙ'ʻʤʫ ʦʜʥʦʾ ʢʫʣʷʩʪʦʾ ʯʘʩʪʢʠ ʽ ʜʦʨʽʚʥʶʻ Vʚ.ʯ.= 

523,6 ʤʤ
3
. ɺʠʭʦʜʷʯʠ ʟ ʬʦʨʤʫʣʠ ʧʦʨʦʟʥʦʩʪʽ ʦʙôʻʤ ʧʦʨʦʞʥʠʥʠ ʚ ʫʧʘʢʦʚʮʽ ʜʦʨʽʚʥʶʻ 

Vʧ = 376,1 ʤʤ
3
. 
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ʇʨʠʡʤʝʤʦ, ʱʦ ʧʦʨʦʟʥʽʩʪʴ ʤʦʥʦʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʜʨʽʙʥʠʭ ʢʫʣʴ ʜʦʨʽʚʥʶʻ 

ʜ = 0,418. ʆʙôʻʤ ʜʨʽʙʥʦʾ ʯʘʩʪʢʠ ʜʦʨʽʚʥʶʻ Vʜ.ʢ.= 0,523 ʤʤ
3
. ʊʦʜʽ ʤʘʢʩʠʤʘʣʴʥʽ ʤʘʩʦ-

ʚʠʡ ʦʙôʻʤ  ʽ ʢʽʣʴʢʽʩʪʴ  ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʚʤʽʱʫʶʪʴʩʷ ʤʽʞ ʚʝʣʠʢʠʤʠ 

ʙʝʟ ʾʭ ʨʦʟʩʦʚʫʚʘʥʥʷ ʧʨʠ ʧʦʚʥʦʤʫ ʟʘʧʦʚʥʝʥʥʽ ʧʦʨʦʞʥʠʥʠ, ʜʦʨʽʚʥʶʶʪʴ 

 

 

 

 

ɸʥʘʣʦʛʽʯʥʦ ʨʦʟʨʘʭʫʻʤʦ ʤʘʩʦʚʠʡ ʦʙôʻʤ Vm=0,2 ʽ ʢʽʣʴʢʽʩʪʴ Nm=0,2 ʧʨʠ ʯʘʩʪʮʽ 

ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ m = 0,2, ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʝʨʰʦʤʫ ʤʘʢʩʠʤʫʤʫ Ɋ 

 

 

 

 

ʉʪʫʧʽʥʴ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨʦʞʥʠʥ ʧʨʠ ʮʴʦʤʫ ʩʢʣʘʣʘ k = 59,8 % ʚʽʜ ʤʘʢʩʠʤʘʣʴ-

ʥʠʭ ʟʥʘʯʝʥʴ Vʧʦʚʥ  ʽ Nʧʦʚʥ. ʇʨʠʯʦʤʫ, ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʧʦʨʦʟʥʦʩʪʽ ʜ ʰʘʨʫ ʜʨʽʙʥʠʭ 

ʬʨʘʢʮʽʡ ʚʩʝʨʝʜʠʥʽ ʧʦʨʦʞʥʠʥʠ, ʟʥʘʯʝʥʥʷ k ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʾʭ ʚʤʽʩʪʫ m ʫ ʩʫʤʽ-

ʰʽ.  

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʨʦʟʤʽʨʽʚ ʘʧʘʨʘʪʫ ʽ ʯʘʩʪʠʥʦʢ ʤʝʥʰʝ 6 ʚʽʜ-

ʙʫʚʘʻʪʴʩʷ ʽʩʪʦʪʥʝ ʨʦʟʧʫʰʝʥʥʷ ʰʘʨʫ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʩʪʽʥʢʦʚʦʛʦ ʝʬʝʢʪʫ [7, 10]. ʋ 

ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʡʤʦʚʽʨʥʦ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ k ʟʘʥʠʞʝʥʝ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʨʦʟʤʽ-

ʱʝʥʥʽ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʚʫʟʴʢʠʭ ʧʦʨʦʞʥʝʯʘʭ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʨʠʩʫʪʥʽʡ ʧʨʠʩʪʽʥ-

ʢʦʚʠʡ ʨʦʟʧʫʰʫʚʘʣʴʥʠʡ ʝʬʝʢʪ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʩʣʽʜʫʻ, ʱʦ ʧʝʨʰʦʤʫ ʤʘʢʩʠʤʫʤʫ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ 

max  ʧʨʠ ʯʘʩʪʮʽ ʜʨʽʙʥʷʢʫ 0,2 ʚʽʜʧʦʚʽʜʘʻ ʟʘʧʦʚʥʝʥʥʷ ʧʦʣʦʚʠʥʠ ʧʦʨʦʞʥʠʥʠ ʜʨʽʙʥʠ-

ʤʠ ʯʘʩʪʢʘʤʠ ʤʽʞ ʚʝʣʠʢʠʤʠ, ʪʦʙʪʦ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʭʚʠʣʝʧʦʜʽʙʥʦʛʦ 

ʢʘʥʘʣʫ.  
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ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ dʜ/dʚ = 1/4 ʽ dʜ/dʚ = 4/10 ʷʚʥʦ ʚʠʨʘʞʝ-

ʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ  ʜʦ ʧʝʨʰʦʛʦ ʤʘʢʩʠʤʫʤʫ ʥʝ ʽʩʥʫʻ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, 

ʱʦ ʫ ʟʚʫʞʝʥʥʽ ʢʘʥʘʣʽʚ ʤʽʞ ʚʝʣʠʢʠʤʠ ʯʘʩʪʢʘʤʠ ʚʤʽʱʫʻʪʴʩʷ ʣʠʰʝ ʦʜʥʘ ʯʘʩʪʢʘ. ɿʚʠ-

ʚʠʩʪʽʩʪʴ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʝ ʪʘʢ ʽʩʪʦʪʥʦ, ʷʢ ʜʣʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʽʚ dʜ/dʚ = 1/10. 

ʂʨʽʤ ʪʦʛʦ, ʰʘʨ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʦʨʦʞʥʠʥʘʭ ʤʽʞ ʚʝʣʠʢʠʤʠ ʽʩʪʦʪʥʦ ʨʦʟʧʫʰʝ-

ʥʠʡ ʯʝʨʝʟ ʧʨʠʩʪʽʥʢʦʚʠʡ ʝʬʝʢʪ ʽ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʚʠʱʝ 0,6. 

ʇʦ ʜʦʩʷʛʥʝʥʥʶ ʤʘʢʩʠʤʫʤʫ ʢʦʝʬʽʮʽʻʥʪʘ max ̔  ʧʦʜʘʣʴʰʦʤʫ ʜʦʜʘʚʘʥʥʽ ʜʨʽʙ-

ʥʠʭ ʬʨʘʢʮʽʡ ʚ ʰʘʨ, ʚʦʥʠ ʧʦʯʠʥʘʶʪʴ ʧʦʩʪʫʧʦʚʦ ʟʘʧʦʚʥʶʚʘʪʠ ʟʘʣʠʰʝʥʽ ʧʦʨʦʞʥʠʥʠ 

ʤʽʞ ʚʝʣʠʢʠʤʠ ʯʘʩʪʢʘʤʠ. ɿʚʠʚʠʩʪʽʩʪʴ ʽ ʜʽʘʤʝʪʨ ʢʘʥʘʣʽʚ ʟʤʽʥʶʶʪʴʩʷ ʟ ʤʝʥʰʦʶ 

ʰʚʠʜʢʽʩʪʶ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʚʽʣʴʥʠʭ ʟʦʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʬʝʢʪʠʚʥʠʡ ʦʙôʻʤ ʧʦʨʦʞʥʠʥ 

ʧʦʯʠʥʘʻ ʧʘʜʘʪʠ ʟ ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ, ʥʽʞ ʬʘʢʪʠʯʥʠʡ. ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʝʬʝ-

ʢʪʠʚʥʠʡ ʦʙ'ʻʤ ʧʦʨʦʞʥʠʥ ʟʘʚʞʜʠ ʥʠʞʯʝ ʬʘʢʪʠʯʥʦʛʦ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʟʘʩʪʽʡʥʠʭ ʜʽ-

ʣʷʥʦʢ ʧʨʠ ʨʫʩʽ ʛʘʟʫ, ʦʙʫʤʦʚʣʝʥʠʭ ʪʫʨʙʫʣʝʥʪʥʠʤʠ ʷʚʠʱʘʤʠ, ʛʘʟʦʚʠʤʠ ʣʽʥʟʘʤʠ ʚ 

ʤʽʩʮʷʭ ʟʽʪʢʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ʪʘ ʽʥ. 

ɺʠʨʘʟ (1.4) ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʝʜʩʪʘʚʣʝʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʝʨʰʦʛʦ ʤʘʢʩʠʤʫʤʫ 

max. ɿʛʽʜʥʦ ʟ (1.4) ʩʧʦʯʘʪʢʫ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʪʨʫʙʠ (ʢʘʥʘʣʫ) D ʤʘʻ ʙʽʣʴʰʫ 

ʚʝʣʠʯʠʥʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʦʤ ʚʝʣʠʢʠʭ ʛʨʘʥʫʣ ʽ ʧʦʨʦʟʥʽʩʪʶ, ʩʬʦʨʤʦʚʘʥʦʛʦ 

ʥʠʤʠ ʰʘʨʫ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʜʽʘʤʝʪʨ ʢʘʥʘʣʫ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʚʞʠʥʦʶ ʽ ʟʨʦʩʪʘʻ ʟʚʠʚʠʩʪʽʩʪʴ ʨʫʭʫ ʛʘʟʦʚʠʭ ʧʦʪʦʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʢʘ-

ʥʘʣ ʤʽʞ ʚʝʣʠʢʠʤʠ ʬʨʘʢʮʽʷʤʠ ʨʦʟʰʠʨʶʻʪʴʩʷ, ʪʦʤʫ ʚʧʣʠʚ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʚʝʣʠʢʠʡ 

(ʨʠʩ. 2.31, ʘ). ʊʘʢʠʡ ʚʧʣʠʚ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʨʦʟʤʽʨ ʢʘʥʘʣʫ ʤʽʞ ʚʝʣʠ-

ʢʠʤʠ ʯʘʩʪʢʘʤʠ ʧʦʯʠʥʘʻ ʟʤʝʥʰʫʚʘʪʠʩʷ ʩʘʤ (ʨʠʩ. 2.31, ʙ), ʪʦʜʽ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʜʨʽʙ-

ʥʠʭ ʬʨʘʢʮʽʡ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ. 

ɿʛʽʜʥʦ ʧʨʠʡʥʷʪʽʡ ʤʝʪʦʜʠʮʽ ʨʦʟʨʘʭʫʥʢʫ, ʧʦʚʥʝ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨʦʞʥʠʥ ʜʣʷ ʢʫ-

ʪʘ ʫʢʣʘʜʘʥʥʷ ʯʘʩʪʠʥʦʢ  = 73,74  ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʯʘʩʪʮʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ m = 0,3. 

ʋ ʧʦʨʦʞʥʠʥʽ ʧʨʠ ʮʴʦʤʫ ʨʦʟʤʽʱʝʥʦ Nʜ = 418 ʯʘʩʪʠʥʦʢ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʽʡ 

ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ. 

ʆʜʥʘʢ ʤʽʥʽʤʫʤ ʢʦʝʬʽʮʽʻʥʪʘ  ʚʽʜʧʦʚʽʜʘʻ m = 0,4, ʪʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ 

ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʢʫʪʘ ʫʢʣʘʜʘʥʥʷ ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ ʜʦ ɗ = 90   
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ʘ)                                  ʙ)                                      ʚ) 

ʈʠʩ. 2.31. ʈʦʟʪʘʰʫʚʘʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʦʨʦʞʥʠʥʘʭ ʤʽʞ ʚʝʣʠʢʠʤʠ (ʘ ʽ ʙ 

ï ʢʘʥʘʣ, ʨʦʟʰʠʨʶʻʪʴʩʷ ʽ ʟʚʫʞʫʻʪʴʩʷ ʟʥʠʟʫ ʚʛʦʨʫ, ʚʽʜʧʦʚʽʜʥʦ; ʚ ï ʧʝʨʝʥʝʩʝʥʥʷ ʜʨʽ-

ʙʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʞ ʚʝʣʠʢʠʤʠ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʛʘʟʫ ʢʨʽʟʴ ʰʘʨ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ) 

 

ʽ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʧʦʨʦʞʥʠʥʠ ʚ ʫʧʘʢʦʚʮʽ Vʧ = 475,6 ʤʤ
3
. ʋ ʮʝʡ ʦʙôʻʤ ʤʦʞʣʠʚʦ 

ʚʧʠʩʘʪʠ 528 ʰʪ. ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʾʭ ʯʘʩʪʮʽ m =  0,35. 

ʈʦʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʤʽʥʽʤʫʤʫ ʢʦʝʬʽʮʽʻʥʪʘ  ʟ ʬʘʢʪʠʯʥʠʤ ʧʦʚ'ʷʟʘʥʘ 

ʟ ʥʝʚʝʣʠʢʠʤ ʨʦʟʩʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʽʩʪʦʪʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨ ʟʚʫ-

ʞʝʥʴ ʢʘʥʘʣʽʚ.  

ɺʠʟʥʘʯʝʥʘ ʧʦʨʦʟʥʽʩʪʴ Ůʚ = 0,53 ʰʘʨʫ ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ, ʚʽʜʧʦʚʽʜʥʘ ʧʦʚʥʦʤʫ 

ʟʘʧʦʚʥʝʥʥʶ ʧʦʨʦʞʥʠʥʠ ʧʨʠ ʚʤʽʩʪʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ 40 %. ʊʘʢʝ ʟʥʘʯʝʥʥʷ ʧʦʨʦʟʥʦʩ-

ʪʽ ʰʘʨʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʱʦʜʦ ʢʫʙʽʯʥʦʾ ʫʧʘʢʦʚʢʠ ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ 0,36 

ʤʤ ʪʘ ʦʙôʻʤʦʤ Vʧ= 590,4 ʤʤ
3
. ɺ ʮʝʡ ʦʙôʻʤ ʤʦʞʣʠʚʦ ʚʧʠʩʘʪʠ 656 ʰʪ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ 

ʟʙʽʣʴʰʝʥʥʶ ʟʘʛʘʣʴʥʦʾ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʟʥʠʞʝʥʥʶ ʟʚʠʚʠʩʪʦʩʪʽ 

ʢʘʥʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʧʫʰʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʚʝʣʠʢʠʭ ʰʤʘʪʢʽʚ. 

ʇʦʜʘʣʴʰʝ ʜʦʜʘʚʘʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨ ʧʦʯʠʥʘʻ ʚʠʪʽʩʥʷʪʠ ʚʝʣʠʢʽ ʯʘʩ-

ʪʢʠ, ʪʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʟʥʦʚʫ ʟʨʦʩʪʘʻ ʜʦ ʜʨʫʛʦʛʦ ʤʘʢʩʠʤʫʤʫ, ʷʢʠʡ ʟʘʣʠʰʘʻʪʴ-

ʩʷ ʤʘʡʞʝ ʥʝʟʤʽʥʥʠʤ ʘʙʦ ʥʝʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʧʦʚʥʦʤʫ ʜʦʤʽʥʫʚʘʥʥʽ ʜʨʽʙʥʠʭ 

ʬʨʘʢʮʽʡ. ʅʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʦʙʫʤʦʚʣʝʥʝ ʟʥʠʞʝʥʥʷʤ ʟʚʠʚʠʩʪʦ-

ʩʪʽ ʢʘʥʘʣʽʚ ʜʣʷ ʤʦʥʦʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ. 

ʑʦʜʦ ʙʽʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ 4-10 ʤʤ ʤʘʢʩʠʤʫʤ max ʚʽʜʧʦʚʽʜʘʻ ʚʤʽʩʪʫ ʚʝʣʠʢʦʾ 
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ʬʨʘʢʮʽʾ 10 ʤʤ V ,10= 60 % ʽ ʧʨʦʤʽʞʥʦʾ 4 ʤʤ ï V ,4 = 40 %. ɺ ʫʧʘʢʦʚʢʫ ʯʘʩʪʠʥʦʢ ʜʽ-

ʘʤʝʪʨʦʤ 10 ʤʤ ʧʨʠ ʥʘʡʙʽʣʴʰʦʤʫ ʢʫʪʽ ʫʢʣʘʜʘʥʥʷ  = 90  (ʢʫʙ) ʤʦʞʣʠʚʦ ʨʦʟʤʽʩʪʠ-

ʪʠ ʦʜʥʫ ʛʨʘʥʫʣʫ ʜʽʘʤʝʪʨʦʤ dʚʧ = 4,1 ʤʤ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʚʤʽʩʪʫ V10 = 93,9 % ʽ V4 = 

6,1 %, ʷʢʠʡ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ V ,10 ʪʘ V ,4. ʆʜʥʘʢ ʤʘʢʩʠʤʫʤ  ʢʫʙʽʯʥʦʾ ʫʧʘʢʦʚʢʠ ʥʝ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʟʚʠʚʠʩʪʽʩʪʴ ʢʘʥʘʣʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝ ʩʫʪʪʻʚʦ ʽ ʬʦʨʤʫ-

ʚʘʥʥʷ ʪʘʢʦʾ ʫʢʣʘʜʢʠ ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ ʤʘʣʦʡʤʦʚʽʨʥʦ. ʋʪʚʦʨʶʶʪʴʩʷ ʫʢʣʘʜʘʥʥʷ ʟ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʤ ʯʠʩʣʦʤ ʤʝʥʰʠʤ 6, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʤʽʥʽʤʫʤʦʤ ʧʦʨʦʟʥʦʩʪʽ ʚʽ-

ʜʧʦʚʽʜʥʦʛʦ ʚʤʽʩʪʫ V ,10 = 50 % ʽ V ,4  = 50 % [11]. 

ʅʘ ʨʠʩ. 2.27 ʧʦʢʘʟʘʥʘ ʧʫʥʢʪʠʨʦʤ ʣʽʥʽʷ ɸɺ ʤʘʢʩʠʤʫʤʫ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ 

max, ʷʢʘ ʟ'ʻʜʥʫʻ ʦʩʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʙʽʬʨʘʢʮʽʡʥʽ ʰʠʭʪʠ 1-10 ʤʤ ʽ 4-10 ʤʤ ɸʥʘʣʦʛʽʯ-

ʥʦ ʚʠʱʝ ʥʘʚʝʜʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʨʦʟʨʘʭʦʚʘʥʦ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʨʦʤʽʞʥʠʭ ʯʘʩʪʠ-

ʥʦʢ [V] ,4  = 40 % ʚ ʰʘʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨʦʞʥʠʥ ʽ ʨʦʟʩʦʚʫʚʘʥʥʷ 

ʫʧʘʢʦʚʦʢ ʚʝʣʠʢʠʭ ʬʨʘʢʮʽʡ. ɿʘʧʦʚʥʝʥʥʷ ʧʫʩʪʦʪ ʩʢʣʘʣʦ ʙʽʣʴʰʝ 125 %. ʊʦʙʪʦ ʧʽʜʪ-

ʚʝʨʜʞʝʥʦ, ʱʦ ʚ ʪʦʯʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʫʧʘʢʦʚʦʢ, ʜʣʷ ʨʦʟ-

ʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʠʭ ʬʦʨʤʫʣʘ ʉʣʽʭʪʝʨʘ ʟʘʩʪʦʩʦʚʥʘ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʟʥʘʯʝʥʴ 

ʜʽʘʤʝʪʨʽʚ ʯʘʩʪʠʥʦʢ ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʠʡ.  

ɺʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ ʩʪʘʣʦʩʪʽ ʩʪʫʧʝʥʷ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨʦʞʥʠʥʠ k, ʷʢʠʡ ʚʽʜʧʦʚʽ-

ʜʘʻ ʧʝʨʰʦʤʫ ʤʘʢʩʠʤʫʤʫ max, ʚʠʟʥʘʯʝʥʦ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ  = 

0,66. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʢʫʙʽʯʥʦʾ ʫʧʘʢʦʚʮʽ ʛʨʘʥʫʣ 10 ʤʤ ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʥʠʤʠ 1,51 ʤʤ, 

ʪʦʙʪʦ ʷʢʽ ʥʝ ʩʪʠʢʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʽʱʝʥʥʷ ʚʝʣʠʢʠʭ ʛʨʘʥʫʣ 

10 ʤʤ ʫ ʚʫʟʣʘʭ ʨʦʤʙʦʝʜʨʠʯʥʦʾ ʫʧʘʢʦʚʢʠ ʥʘ ʤʝʥʰʽ 4 ʤʤ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʨʠʩ. 2.27 ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʰʘʨʽ ʙʽʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ 1 ʤʤ ʽ 4 ʤʤ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʽ ʟʤʽʥʠ ʙʫʜʦʚʠ ʰʘʨʫ ʽ ʨʫʭʫ ʛʘʟʫ, ʷʢ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʚʠʱʝ 

ʩʢʣʘʜʦʤ 4 ʤʤ ʽ 10 ʤʤ. ʌʦʨʤʫʶʪʴʩʷ ʫʧʘʢʦʚʢʠ ʟ ʨʽʟʥʠʤ ʧʦʻʜʥʘʥʥʷʤ ʛʨʘʥʫʣ 1 ʤʤ ʽ 

4 ʤʤ. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ  ʚʠʩʦʢʝ ʫ ʟʚ'ʷʟʢʫ ʟ ʚʠʩʦʢʦʶ ʟʚʠʚʠʩʪʽʩʪʶ ʢʘʥʘ-

ʣʽʚ.  

ɼʣʷ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ 1 ʤʤ, 4 ʤʤ ʽ 10 ʤʤ ʜʦʜʘʚʘʥʥʷ ʧʨʦʤʽʞʥʦʾ ʬʨʘʢʮʽʾ 

4 ʤʤ ʜʦ 20õ30 % ʟʘ ʨʘʭʫʥʦʢ ʚʝʣʠʢʦʾ ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ .  

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʾʾ ʚʤʽʩʪʫ ʚ ʰʘʨʽ, ʬʦʨʤʫʶʪʴʩʷ ʫʧʘʢʦʚʢʠ, ʫ ʚʫʟʣʘʭ ʷʢʠʭ 
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ʛʨʘʥʫʣʠ ʜʽʘʤʝʪʨʘʤʠ 10 ʤʤ ʽ 4 ʤʤ ʟ ʯʘʩʪʢʘʤʠ 1 ʤʤ ʚ ʧʦʨʦʞʥʠʥʘʭ. ɼʣʷ ʢʨʘʱʦʛʦ ʨʦ-

ʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʰʘʨʽ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ, ʥʝʦʙʭʽʜʥʠʡ ʧʦ-

ʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʙʫʜʦʚʫ ʧʦʣʽʬʨʘʢʮʽʡʥʦʛʦ ʰʘʨʫ ʽ ʨʫʭʫ ʛʘ-

ʟʽʚ ʫ ʥʴʦʤʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ Vd ʧʨʠ ʦʧʠʩʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ ʽ b ʫ ʬʦʨʤʫ-

ʣʘʭ (2.46)-(2.47) ʜʦʟʚʦʣʷʻ ʟʘʜʘʪʠ ʧʦʣʦʞʝʥʥʷ ʧʝʨʰʦʛʦ ʤʘʢʩʠʤʫʤʫ max. ɺʽʜʧʦʚʽʜʥʽ 

ʟʥʘʯʝʥʥʷ Vmax ʟʤʽʥʶʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,45 ʜʦ 0,60. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʤʽʥʥʦʩʪʽ 

ʚ ʢʨʫʧʥʦʩʪʽ ʯʘʩʪʠʥʦʢ ʚʝʣʠʯʠʥʘ Vmax ʨʦʩʪʝ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʚʫʟʴʢʽ ʧʦʨʦ-

ʞʥʠʥʠ ʤʽʞ ʚʝʣʠʢʠʤʠ ʯʘʩʪʢʘʤʠ ʤʦʞʣʠʚʦ ʚʤʽʩʪʠʪʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʜʨʽʙʥʷʢʫ. ʊʘ-

ʢʠʤ ʯʠʥʦʤ, ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ V  ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʚʝʣʠʯʠʥʫ , ʷʢ ʽ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ , ʽ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʛʨʘʥʫʣ dʝ. 

ɺ ʦʩʥʦʚʫ ʚʠʨʘʟʽʚ (2.46) ʽ (2.47) ʧʦʢʣʘʜʝʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦ-

ʨʦʟʥʦʩʪʽ ʰʘʨʫ , ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ ʛʨʘʥʫʣ dʝ ̔ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʢʨʫʧʥʦʩ-

ʪʽ Vd. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ɸ ʚʽʜ ʚʤʽʩʪʫ ʬʨʘʢʮʽʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.32.  

ɺʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ɸ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 80 ʜʦ 820. ɺʤʽʩʪ ʬʨʘʢʮʽʡ, ʱʦ ʚʽʜʧʦ-

ʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ɸ, ʥʘʣʝʞʠʪʴ ʜʦ ʦʙʣʘʩʪʝʡ ʟ ʤʽʥʽʤʫʤʘʤʠ 

ʧʦʨʦʟʥʦʩʪʽ ʪʘ ʟ ʚʠʩʦʢʦʶ ʟʚʠʚʠʩʪʽʩʪʶ ʢʘʥʘʣʽʚ. 

ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʣʘʤʽʥʘʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ɸmin å  80  ʚʽʜʧʦʚʽʜʘʻ ʦʙ'ʻʤʥʠʤ 

ʯʘʩʪʢʘʤ [V1] = 30 %, [V4] = 47 % ʽ [V10] = 23 %. 

ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ dʝ,  ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ɸ ʪʘ, ʚʽʜ-

ʧʦʚʽʜʥʦ, ʣʘʤʽʥʘʨʥʘ ʩʢʣʘʜʦʚʘ ʟʙʽʣʴʰʫʶʪʴʩʷ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʚʝʣʠʯʠʥʠ ɸ ʟ 820 ʜʦ 

180 ʧʨʦʤʽʞʥʘ ʬʨʘʢʮʽʷ ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ ʾʾ ʟʥʘʯʝʥʥʷ. ɯʟʦʣʽʥʽʾ ʤʘʡʞʝ ʧʘʨʘʣʝʣʴʥʽ ʦʩʽ 

ʚʝʣʠʢʠʭ ʬʨʘʢʮʽʡ. ʉʪʫʧʽʥʴ ʚʧʣʠʚʫ ʬʨʘʢʮʽʾ 4 ʤʤ ʟʨʦʩʪʘʻ ʧʨʠ ʚʤʽʩʪʽ ʚʝʣʠʢʠʭ ʯʘʩʪʠ-

ʥʦʢ ʤʝʥʰ 50 % ʽ ʜʨʽʙʥʠʭ ʧʦʥʘʜ 50 %. 

ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ b ʚʽʜ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.33. 

ɺʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ b ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,1 ʜʦ 1,3. ɺʠʭʦʜʷʯʠ ʟ ʽʜʝʥʪʠʯʥʦʩʪʽ ʜʽʘʛ-

ʨʘʤ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ  ʽ ʢʦʝʬʽʮʽʻʥʪʘ b, ʚʠʧʣʠʚʘʻ, ʱʦ ʪʫʨ-

ʙʫʣʝʥʪʥʘ ʩʢʣʘʜʦʚʘ ʧʦʪʦʢʫ ʛʘʟʫ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʩʠʧʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘʜʘʻ 

ʙʽʣʴʰ ʩʠʣʴʥʦʛʦ ʚʧʣʠʚʫ, ʥʽʞ ʣʘʤʽʥʘʨʥʘ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ 

ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʠʤʫʩʦʚʦ ʚʠʩʦʢʦʶ ʟʚʠʚʠʩʪʽʩʪʶ ʢʘʥʘʣʽʚ. 
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ʈʠʩ. 2.32. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ɸ ʚʽʜ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ Q = 

1,5 ʤ
3
/ʤ

2
ʩ 

 

ʈʠʩ. 2.33. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ b ʚʽʜ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʧʨʠ  

Q = 1,5 ʤ
3
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ʏʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʟʚʠʚʠʩʪʦʩʪʽ ʢʘʥʘʣʽʚ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʫ ʛʨʘʥʫʣ ʟʥʘ-

ʯʝʥʥʷ b ʟʙʽʣʴʰʫʻʪʴʩʷ. ɼʣʷ ʨʽʟʥʠʭ ʰʘʨʽʚ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʦʢʨʝʤʦ ʟ ʜʨʽʙʥʠʭ 1 ʤʤ ʽ 

ʚʝʣʠʢʠʭ 10 ʤʤ ʬʨʘʢʮʽʡ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ b1/ b10 ʩʢʣʘʜʘʻ 0,77/0,11 = 7. 

ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʯʘʩʪʢʠ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʚ ʰʘʨʽ ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ b ʤʘʻ ʜʚʘ 

ʤʘʢʩʠʤʫʤʠ. ʇʝʨʰʠʡ ʤʘʢʩʠʤʫʤ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʚʤʽʩʪʫ ʜʨʽʙʥʷʢʫ ʰʘʨʽ 

ʜʦ [V]1 = 20 %, ʨʽʟʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ b ʟ 0,11 ʜʦ 1,3. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʜʦʜʘ-

ʚʘʥʥʽ ʜʦ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ [V]1= 40 % ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ b ʟ 1,3 ʜʦ 0,3. ʇʦ-

ʪʽʤ ʟʥʦʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ b ʜʦ 1,04, ʷʢʝ ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʨʠ [V]1 ʙʽʣʴʰʝ 

60 %. 

ʊʘʢʘ ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ b ʧʦʷʩʥʶʻʪʴʩʷ ʽʩʪʦʪʥʠʤ ʚʧʣʠʚʦʤ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘ-

ʮʽʾ ʢʨʫʧʥʦʩʪʽ ʛʨʘʥʫʣ Vd  ʥʘ ʧʨʦʭʽʜʥʽʩʪʴ ʢʘʥʘʣʽʚ ʜʣʷ ʨʫʭʫ ʛʘʟʽʚ. ɼʽʘʛʨʘʤʘ ʢʦʝʬʽʮʽʻʥ-

ʪʘ b ʤʘʻ ʩʠʤʝʪʨʠʯʥʠʡ ʚʠʛʣʷʜ ʚʽʜʥʦʩʥʦ ʣʽʥʽʾ ɸɺ, ʷʢʘ ʨʦʟʜʽʣʷʻ ʜʦʤʽʥʫʶʯʽ ʬʨʘʢʮʽʾ. 

ʉʪʫʧʽʥʴ ʚʧʣʠʚʫ ʢʨʫʧʥʦʩʪʽ ʬʨʘʢʮʽʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʜʦʤʽʥʫʚʘʥʥʷ ʚ ʰʘʨʽ. ʇʨʦʤʽʞʥʘ 

ʬʨʘʢʮʽʷ 4 ʤʤ ʥʘʜʘʻ ʙʽʣʴʰʦʛʦ ʚʧʣʠʚʫ ʧʨʠ ʯʘʩʪʮʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ [V]1 ʧʦʥʘʜ 40 % 

(ʥʠʞʯʝ ʣʽʥʽʾ ɸɺ), ʚʝʣʠʢʘ ï ʧʨʠ ʯʘʩʪʮʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ [V]1 ʤʝʥʰʝ 40 % (ʚʠʱʝ ʣʽʥʽʾ 

ɸɺ). 

ɸʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ ʽ b ʥʝ ʜʘʶʪʴ ʨʝʘʣʴʥʦʾ ʢʘʨʪʠʥʠ ʧʨʦ ʨʫʭ 

ʛʘʟʫ ʚ ʰʘʨʽ. ɹʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʦʶ ʻ ʚʽʜʥʦʩʥʘ ʚʝʣʠʯʠʥʘ ʣʘʤʽʥʘʨʥʦʾ ʪʘ ʪʫʨʙʫʣʝʥʪ-

ʥʦʾ ʩʢʣʘʜʦʚʦʾ (A/Re)/b ʧʨʠ ʨʫʩʽ ʛʘʟʽʚ ʢʨʽʟʴ ʰʘʨ (ʨʠʩ. 2.34). ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

(A/Re)/b ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,4 ʜʦ 5,4  ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʨʫʧ-

ʥʦʩʪʽ ʯʘʩʪʠʥʦʢ. ʄʘʢʩʠʤʘʣʴʥʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ ʰʘʨʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʥʽʤʫʤʘʤ 

(A/Re)/b, ʪʦʙʪʦ ʤʘʢʩʠʤʘʣʴʥʽʡ ʟʚʠʚʠʩʪʦʩʪʽ ʢʘʥʘʣʽʚ. 

ɿʽ ʩʧʽʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ (ʜʠʚ. ʨʠʩ. 2.34) ʽ ʩʧʽʚʚʽʜʥʦʰʝʥ-

ʥʷ (A/Re)/b ʚʠʧʣʠʚʘʻ ʧʝʨʝʚʘʞʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʛʘʟʫ ʚ ʰʘʨʽ ʩʠʧʢʦ-

ʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʦʙʪʦ (A/Re)/b < 1, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʯʠʩʝʣ ʈʝʡʥʦ-

ʣʴʜʩʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ. ɼʣʷ ʙʽʬʨʘʢʮʽʡʥʠʭ ʰʘʨʽʚ ʟ ʛʨʘ-

ʥʫʣ 10 ʤʤ ʽ 1 ʤʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (A/Re)/b ʤʝʥʰʝ 1 ʧʨʠ ʯʘʩʪʮʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʚ 

ʰʘʨʽ [V]1 ʚʽʜ 13% ʜʦ 35 % ʪʘ ʚʽʜ 48 % ʜʦ 68 %; 10 ʤʤ ʪʘ 4 ʤʤ ï  [V]10 ʚʽʜ 37 % ʜʦ 

70 %; 1 ʤʤ ʽ 4 ʤʤ ï  [V]4 ʚʽʜ 48 % ʜʦ 52 %.  ɿʘʟʥʘʯʝʥʽ ʜʽʘʧʘʟʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʢ-

ʩʠʤʘʣʴʥʽʡ ʟʚʠʚʠʩʪʦʩʪʽ ʢʘʥʘʣʽʚ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘ-
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ʯʝʥʴ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʚʽʜ 800 ʜʦ 370 ʪʘ ʚʽʜ 230 ʜʦ 240; 

ʚʽʜ 80 ʜʦ 250. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʨʫʧʥʦʩʪʽ ʯʘʩʪʠʥʦʢ ʢʨʠʪʠʯʥʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ 

ʟʤʝʥʰʫʻʪʴʩʷ. 

 

 

ʈʠʩ. 2.34. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ(A/Re)/b ʚʽʜ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʧʨʠ 

Q = 1,5 ʤ
3
/ʤ

2
ʩ 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ (2.46) ʽ (2.47) ʽ ʧʨʠʡʥʷʪʠʭ ʬʨʘʢʮʽʡ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ 

ʧʠʪʦʤʽ ʚʪʨʘʪʠ ʪʠʩʢʫ æʈ/ʅ ʧʨʠ ʨʫʩʽ ʛʘʟʽʚ ʢʨʽʟʴ ʰʘʨ ʚʠʪʨʘʪʦʶ Q = 1,5ʤ
3
/(ʤ

2
ʩ) 

(ʨʠʩ. 2.35). 
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ʈʠʩ. 2.35. ɺʪʨʘʪʠ ʪʠʩʢʫ ʛʘʟʫ ʚ ʰʘʨʽ ʧʨʠ ʨʫʩʽ ʛʘʟʽʚ ʢʨʽʟʴ ʰʘʨ ʚʠʪʨʘʪʦʶ  

Q = 1,5 ʤ
3
/(ʤ

2
ʩ) 

 

ɺʝʣʠʯʠʥʘ ʚʪʨʘʪ ʪʠʩʢʫ æʈ/ʅ ʟʤʽʥʶʚʘʣʘʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 1400õ36000 ʇʘ/ʤ. ʇʨʠ 

ʟʤʝʥʰʝʥʥʽ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʫ dʝ ʟʥʘʯʝʥʥʷ æʈ/ʅ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɼʣʷ ʤʦʥʦʬʨʘ-

ʢʮ̔ʡʥʠʭ ʰʘʨʽʚ dʝ = 10 ʤʤ ï æʈ/ʅ å 1,4 ʢʇʘ/ʤ, ʧʨʠ dʝ = 4 ʤʤ ï æʈ/ʅ å 4 ʢʇʘ/ʤ, ʧʨʠ 

dʝ = 1 ʤʤ ï æʈ/ʅ å 35 ʢʇʘ/ʤ. 

ɻʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʙʽʬʨʘʢʮʽʡʥʠʭ ʰʘʨʽʚ (1; 4) ʤʤ ʽ (1; 10) ʤʤ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘ-

ʢʦʚʽ. ɺ ʨʦʟʛʣʷʥʫʪʠʭ ʫʤʦʚʘʭ ʜʽʘʤʝʪʨ ʚʝʣʠʢʠʭ ʬʨʘʢʮʽʡ ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ ʛʘʟʦʜʠʥʘʤʽ-

ʯʥʠʡ ʦʧʽʨ ʰʘʨʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʯʘʩʪʢʠ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ. ʇʦʨʽʚʥʷʥʥʽʩʪʴ ʚʪʨʘʪ ʪʠʩʢʫ 

ʜʣʷ ʮʠʭ ʜʚʦʭ ʙʽʬʨʘʢʮʽʡʥʠʭ ʰʘʨʽʚ ʦʙʫʤʦʚʣʝʥʘ ʩʧʽʚʤʽʨʥʽʩʪʶ ʜʽʘʤʝʪʨʽʚ ʢʘʥʘʣʽʚ ʧʨʠ 

[V]1> 20 %. ʄʦʥʦʬʨʘʢʮʽʡʥʽ ʰʘʨʠ 10 ʤʤ ʽ 4 ʤʤ ʤʘʶʪʴ ʜʦʙʨʫ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʚʽʜ-
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ʥʦʩʥʦ ʚʢʘʟʘʥʠʭ ʙʽʬʨʘʢʮʽʡʥʠʭ ʰʠʭʪ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʨʦʙʦʪʽ [2] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʯʝʨʝʟ ʥʝʨʦʟʚʠʥʝʥʫ ʧʦʚʝʨʭʥʶ ʚʟʘʻʤʦʜʽʾ 

ʽ ʚʠʩʦʢʽ ʪʝʧʣʦʻʤʥʦʩʪʽ, ʚʝʣʠʢʽ ʬʨʘʢʮʽʾ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʰʘʨʦʚʦʤʫ ʧʨʦʮʝʩʽ ʩʧʽʢʘʥʥʷ 

ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʦ ʽ ʻ ʮʝʥʪʨʘʤʠ ʨʫʡʥʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ.  

ʆʪʞʝ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʧʨʠʜʘʪʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʢʨʫʧʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴ-

ʥʦʾ ʬʨʘʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʟʥʠʞʫʚʘʪʠ ʜʦ 4 ʤʤ. ʅʘ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʮʝ ʤʘʣʦ ʧʦʟ-

ʥʘʯʠʪʴʩʷ. 

ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʽʥʽʤʫʤʘʤ ʧʦʨʦʟʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ 

ʚʪʨʘʪ ʪʠʩʢʫ ʚ ʰʘʨʽ. ɼʣʷ ʪʨʴʦʭʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʜʨʽʙʥʠʭ 

ʬʨʘʢʮʽʡ ʟ 20 % ʜʦ 40 % ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʨʽʜʞʝʥʥʷ ʧʽʜ ʰʘʨʦʤ ʟ 

8000 ʇʘ ʜʦ 22000 ʇʘ. ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʤʽʥʽʤʫʤʫ ʧʦʨʦʟʥʦʩʪʽ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ 

ʰʘʨʫ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʈ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 14000 ʇʘ 

ʜʦ 32000 ʇʘ. ʇʣʘʚʥʘ ʟʤʽʥʘ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʰʘʨʫ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʜʨʽ-

ʙʥʽ ʬʨʘʢʮʽʾ, ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʚʝʣʠʢʠʭ ʧʦʨʦʞʥʠʥʘʭ ʤʽʞ ʢʨʫʧʥʠʤʠ ʽ ʧʦʩʪʫʧʦʚʦ ʾʭ 

ʟʙʽʣʴʰʫʶʪʴ (ʨʠʩ. 2.28, ʛ). 

ʄʽʥʽʤʘʣʴʥʽ ʚʪʨʘʪʠ ʪʠʩʢʫ æʈ ʛʘʟʽʚ ʚ ʰʘʨʽ ʚʽʜ 3100 ʇʘ ʜʦ 5200 ʇʘ ʦʪʨʠʤʘʥʽ 

ʧʨʠ ʚʤʽʩʪʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʚ ʰʠʭʪʽ ʚʽʜ 0% ʜʦ 20 %. ɺ ʽʥʪʝʨʚʘʣʽ ʟʥʘʯʝʥʴ [V]1 ʚʽʜ 

20% ʜʦ 30 % ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ æʈ ʟ 5200 ʇʘ ʜʦ 11000 ʇʘ. 

ʎʝʡ ʽʥʪʝʨʚʘʣ ʚʽʜʧʦʚʽʜʘʻ ʬʨʘʢʮʽʡʥʠʤ ʩʢʣʘʜʦʤ ʽʩʥʫʶʯʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ. 

ʇʨʠ ʚʤʽʩʪʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʚʽʜ 20 % ʜʦ 30 % ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʈ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʧʨʦʤʽʞʥʦʾ ʬʨʘʢʮʽʾ 4 ʤʤ ʚ ʰʘʨʽ, ʽ ʧʽʜʚʠʱʠʪʠ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ 

ʤʦʞʣʠʚʦ ʣʠʰʝ ʟʥʠʞʝʥʥʷʤ ʯʘʩʪʢʠ ʬʨʘʢʮʽʾ 1 ʤʤ ʫ ʩʫʤʽʰʽ ʤʝʥʰʝ 20 %. 

ɼʣʷ ʦʮʽʥʢʠ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʽʘʛʨʘʤ ʚʪʨʘʪ ʪʠʩʢʫ ʚ ʰʘʨʽ ʜʣʷ ʫʤʦʚ 

ʦˇʨʫʜʢʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ ʜʦʜʘʪʢʦʚʦ ʧʨʦʚʝʜʝʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥ-

ʥʷ. ɺ ʫʩʪʘʥʦʚʮʽ (ʜʠʚ. ʨʠʩ. 2.24) ʬʦʨʤʫʚʘʣʠ ʰʘʨ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʰʠʭʪʠ ʨʽʟʥʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ. ɺʤʽʩʪ ʛʨʘʥʫʣ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ ʚ ʦˇʨʫʜʢʦʚʘʥʽʡ ʰʠʭʪʽ 

ʨʝʛʫʣʶʚʘʣʠ ʟʤʽʥʦʶ ʯʘʩʪʢʠ ʟʚʦʨʦʪʫ ʽ ʢʦʥʮʝʥʪʨʘʪʫ (ʪʘʙʣ. 2.17). 

ʌʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ 

ʪʘʙʣ. 2.18. ɼʣʷ ʟʘʟʥʘʯʝʥʠʭ ʰʠʭʪ ʤʘʢʩʠʤʘʣʴʥʝ ʨʦʟʭʦʜʞʝʥʥʷ ʫ ʚʤʽʩʪʽ ʬʨʘʢʮʽʡ 0-

3 ʤʤ ʽ 5-7 ʤʤ.  
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ʊʘʙʣʠʮʷ  2.17 - 

ʂʦʤʧʦʥʝʥʪʥʠʡ ʩʢʣʘʜ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ 

 ̄
ɺʤʽʩʪ, % 

Ɇ, % 
ʈʫʜʘ ɿʚʦʨʦʪ ɺʘʧʥʷʢ ʂʦʥʮʝʥʪʨʘʪ ʇʘʣʠʚʦ 

1 10,6 42,3 10,6 31,7 4,9 100 

2 10,6 21,1 10,6 52,9 4,9 100 

 

ʊʘʙʣʠʮʷ 2.18 - 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʰʠʭʪʠ 

 ̄
ɺʤʽʩʪ ʬʨʘʢʮʽʾ, % 

10õ14 ʤʤ 7õ10 ʤʤ 5õ7 ʤʤ 3õ5 ʤʤ 2õ3 ʤʤ 1õ2 ʤʤ 0õ1 ʤʤ 

1 1,5 4,8 33,5 35,8 14,6 4,3 5,5 

2 1,1 4,3 24,9 34,0 15,9 5,5 14,4 

 

ɺ ʰʠʭʪʽ ˉ1 ʬʨʘʢʮʽʾ 0-3 ʤʤ ʤʝʥʰʝ ʥʘ 11,4 %, 5-7 ʤʤ ï ʙʽʣʴʰʝ ʥʘ 8,6 %. 

ɿ ʥʘʚʝʜʝʥʠʭ ʰʠʭʪ ʬʦʨʤʫʚʘʣʠ ʰʘʨ ʚʠʩʦʪʦʶ 0,2 ʤ ʽ ʧʨʦʩʤʦʢʪʫʚʘʣʠ ʧʦʚʽʪʨʷʤ ʟ 

ʥʘʚʝʜʝʥʦʶ ʚʠʪʨʘʪʦʶ 0 = 1 ʤ
3
/ʩ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʚʪʨʘʪ ʪʠʩʢʫ Pʚʠʤ ʚ ʰʘʨʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 2.19. ʊʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʭ ʬʦʨʤʫʣ 

(2.47) ʽ (2.48) ʨʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʧʦʚʽʪʨʷ ʚ ʰʘʨʽ (ʜʠʚ. ʪʘʙʣ. 2.18). 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʰʠʭʪʠ ˉ 1 ʩʢʣʘʣʘ  = 3,1 % ʽ ˉ 2 ï  

 = 4,0 %. ʊʦʙʪʦ ʨʦʟʨʦʙʣʝʥʽ ʬʦʨʤʫʣʠ (2.46) ʽ (2.47) ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʚʪʨʘ-

ʪʠ ʪʠʩʢʫ ʧʨʠ ʨʫʩʽ ʚ ʰʘʨʽ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. 

 

ʊʘʙʣʠʮʷ 2.19 - 

ʈʦʟʨʘʭʦʚʘʥʽ ʪʘ ʚʠʤʽʨʷʥʽ ʧʘʨʘʤʝʪʨʠ ʰʘʨʫ 

 ̄ , % dʝ, ʤʤ dʢ, ʤʤ Uʬ, ʤ
3
/(ʤ

2
ʩ) Re  Pʨʦʟʨ, ʇʘ Pʚʠʤ, ʇʘ 

1 40,3 3,9 1,7 2,48 285,2 18,4 7849,3 8100 

2 39,4 3,0 1,3 2,54 220,0 15,7 9252,4 8900 

 



 163 

2.4.2. ɺʧʣʠʚ ʨʫʭʣʠʚʦʩʪʽ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʚ ʰʘʨʽ ʥʘ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʛʘʟʽʚ 

ɿʤʽʥʘ ʟʥʘʯʝʥʴ Ɋ ʽ æʈ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʜʨʽʙʥʷʢʫ ʤʽʞ ʚʝʣʠʢʠʤʠ ʬʨʘʢ-

ʮʽʷʤʠ. ʇʨʠ ʨʫʩʽ ʨʽʜʠʥʠ ʘʙʦ ʛʘʟʫ ʢʨʽʟʴ ʰʘʨ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʣʠʚʠʡ ʾʭ ʧʝʨʝ-

ʨʦʟʧʦʜʽʣ ʚ ʤʽʞʢʫʩʢʦʚʠʭ ʧʦʨʦʞʥʝʯʘʭ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʠʣ ʪʝʨʪʷ ʯʘʩʪʠʥʦʢ ʤʽʞ 

ʩʦʙʦʶ. ʅʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ ʜʦʩʣʽʜʠʪʠ ʽ ʜʘʪʠ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʦʟʤʽʱʝʥʥʷ ʜʨʽʙʥʠʭ 

ʛʨʘʥʫʣ ʚ ʰʘʨʽ ʥʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʰʘʨʦʚʠʭ ʟʝʨʥʠʩʪʠʭ ʩʠʩʪʝʤ ʽ ʟʘʢʦʥʦʤʽʨ-

ʥʽʩʪʴ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʬʦʨʤʫʣʠ ɼʘʨʩʽ-ɺʝʡʩʙʘʭʘ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʟʜʽʡʩʥʶʚʘʣʠ ʧʨʦʜʫʚʢʠ ʟʝʨʥʠʩʪʠʭ ʰʘʨʽʚ ʟʽ 

ʟʨʦʩʪʘʶʯʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʚʽʪʨʷ ʪʘ ʨʽʟʥʠʤʠ ʬʨʘʢʮʽʡʥʠʤʠ ʩʢʣʘʜʘʤʠ ʽ ʚʣʘʩʪʠʚʦʩʪʷ-

ʤʠ ʰʠʭʪ. ʐʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʟʙʽʣʴʰʫʚʘʣʠ ʜʦ ʧʝʨʝʭʦʜʫ ʰʘʨʫ ʚ ʨʝʞʠʤ ʧʩʝʚʜʦʟʨʽ-

ʜʞʝʥʥʷ. 

ʇʨʦʜʫʚʢʫ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ ʟʜʽʡʩʥʶʚʘʣʠ ʧʦʚʽʪʨʷʤ ʟʥʠʟʫ ʜʦ ʛʦʨʠ ʚ ʛʘʟʦʜʠʥʘ-

ʤʽʯʥʦʤʫ ʮʠʣʽʥʜʨʽ ʜʽʘʤʝʪʨʦʤ 220 ʤʤ (ʨʠʩ. 2.36). 

 

 

ʈʠʩ. 2.36. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʛʘʟʫ ʚ ʰʘʨʽ ʟʝʨʥʠʩʪʦʛʦ 

ʤʘʪʝʨʽʘʣʫ: 1ï ʚʝʥʪʠʣʷʪʦʨ; 2 ï ʟʘʩʫʚʢʘ; 3 ï ʚʠʪʨʘʪʦʤʽʨ; 4 ï ʜʠʬʤʘʥʦʤʝʪʨ; 5 ï ʩʧʦ-

ʣʫʯʥʠʡ ʰʣʘʥʛ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʜʫʪʪʷ; 6 ï ʧʨʦʟʦʨʠʡ ʛʘʟʦʜʠʥʘʤʽʯʥʠʡ ʮʠʣʽʥʜʨ; 7 ï 

ʤʝʪʘʣʝʚʘ ʩʽʪʢʘ; 8 ï ʟʝʨʥʠʩʪʠʡ ʤʘʪʝʨʽʘʣ; 9 ï V-ʦʙʨʘʟʥʠʡ ʤʘʥʦʤʝʪʨ 

 

ʌʨʘʢʮʽʾ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʶ ʩʬʝʨʠ ʢʨʫʧʥʽʩʪʶ 1 ʤʤ,  

4 ʤʤ ʽ 10 ʤʤ. ɺ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʛʨʘʥʫʣ ʙʽʣʴʰ ʥʽʞ ʚ 10 ʨʘʟʽʚ 

ʤʝʥʰʝ ʜʽʘʤʝʪʨʘ ʮʠʣʽʥʜʨʘ, ʧʨʠʩʪʽʥʢʦʚʠʡ ʝʬʝʢʪ ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʛʘʟʦʜʠʥʘʤʽ-
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ʢʠ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ. 

ɼʨʽʙʥʽ ʬʨʘʢʮʽʾ ʜʽʘʤʝʪʨʦʤ d = 1 ʤʤ ʚʠʛʦʪʦʚʣʝʥʽ ʟʽ ʩʢʣʘ. ɺʝʣʠʢʽ ʬʨʘʢʮʽʾ ï ʦʢʘ-

ʪʠʰʽ d = 10 ʤʤ, ʛʨʘʥʫʣʴʦʚʘʥʽ ʽʟ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʟ ʜʦʜʘʚʘʥʥʷʤ ʙʝʥʪʦʥʽ-

ʪʫ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʚʦʥʠ ʙʫʣʠ ʚʠʧʘʣʝʥʽ ʚ ʧʝʯʽ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʨʫʧʥʦʩʪʽ 

ʜʨʽʙʥʠʭ ʽ ʚʝʣʠʢʠʭ ʬʨʘʢʮʽʡ ʩʢʣʘʣʦ ʄ = 1:10, ʷʢʝ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʜʦʤʝʥʥʠʭ ʽ ʘʛʣʦ-

ʤʝʨʘʮʽʡʥʠʭ ʰʠʭʪ.  

ɼʣʷ ʚʠʚʯʝʥʥʷ ʧʝʨʝʥʝʩʝʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʦʨʦʞʥʠʥʘʭ ʤʽʞ ʚʝʣʠʢʠʤʠ ï 

ʩʧʦʯʘʪʢʫ ʬʦʨʤʫʚʘʣʠ ʰʘʨ ʟ ʨʦʟʜʽʣʴʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʬʨʘʢʮʽʡ ʧʦ ʚʠʩʦʪʽ. 

ʉʢʣʷʥʽ ʢʫʣʴʢʠ ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ. ʐʘʨ ʟ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ ʤʘʻ 

ʚʠʩʦʢʫ ʧʣʠʥʥʽʩʪʴ. ʇʨʠ ʟʘʩʠʧʮʽ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʧʦʚʝʨʭ ʰʘʨʫ ʚʝʣʠʢʠʭ ï ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʝʨʝʪʽʢʘʥʥʷ ʚʥʠʟ ʫ ʧʦʨʦʞʥʠʥʠ ʰʘʨʫ ʤʽʞ ʚʝʣʠʢʠʤʠ ʦʢʘʪʠʰʘʤʠ 

ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚʦʥʠ ʥʝ ʟʫʩʪʨʽʥʫʪʴ ʥʝʧʨʦʥʠʢʥʠʡ ʙʘʨ'ʻʨ (ˇʨʘʪʯʘʩʪʝ ʜʥʦ ʮʠʣʽʥʜʨʘ). 

ʊʦʤʫ, ʜʦʩʣʽʜʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʨʽʙʥʠʭ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ 1 ʤʤ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʾʭ ʟʘ-

ʚʘʥʪʘʞʝʥʥʷʤ ʧʽʜ ʰʘʨ ʚʝʣʠʢʠʭ ʦʢʘʪʠʰʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ ʨʽʟʥʠʤ ʢʦʣʴʦʨʦʤ ʩʢʣʷʥʠʭ ʢʫ-

ʣʴʦʢ ʽ ʦʢʘʪʠʰʽʚ ʟ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʙʫʣʦ ʟʨʫʯʥʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʧʨʦʮʝ-

ʩʘʤʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʰʘʨʽ ʢʨʽʟʴ ʧʨʦʟʦʨʽ ʩʪʽʥʢʠ ʧʨʦʜʫʚʥʦʛʦ ʮʠʣʽʥʜʨʘ. 

ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʜʚʽʡʥʠʭ ʰʘʨʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʽʟʥʠʭ ʬʨʘʢ-

ʮʽʡ ʧʦ ʚʠʩʦʪʽ, ʩʧʦʯʘʪʢʫ ʧʨʦʜʫʚʘʣʠ ʤʦʥʦʬʨʘʢʮʽʡʥʽ ʰʘʨʠ ʜʨʽʙʥʠʭ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ ʽ 

ʚʝʣʠʢʠʭ ʦʢʘʪʠʰʽʚ.  

ʇʨʠ ʧʨʦʜʫʚʘʥʥʽ ʰʘʨʫ ʜʨʽʙʥʠʭ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ d = 1 ʤʤ ʡʦʛʦ ʚʠʩʦʪʘ ʩʢʣʘʣʘ 

55 ʤʤ. ɿʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʷ ʧʣʘʚʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʪʠʩʢʫ 

ʧʽʜ ʰʘʨʦʤ. ʈʽʟʢʠʡ ʧʝʨʝʭʽʜ ʚ çʢʠʧʣʷʯʠʡè ʰʘʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʢʨʠʪʠʯʥʦʤʫ ʧʝʨʝ-

ʧʘʜʽ ʪʠʩʢʫ ʛʘʟʫ ȹʈʢʨ = 710 ʇʘ, ʥʘʚʝʜʝʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʧʨʠ ʮʴʦʤʫ ʩʪʘʥʦʚʠʣʘ 

ʢʨ= 0,48 ʤ/ʩ. ʂʠʧʽʥʥʷ ʰʘʨʫ ʥʘʛʘʜʫʻ ʩʦʙʦʶ ʛʝʡʟʝʨʠ, ʢʨʽʟʴ ʷʢʽ ʧʝʨʽʦʜʠʯʥʦ ʚʠʭʦʜʠʪʴ 

ʧʦʚʽʪʨʷ. ʊʘʢʝ ʥʝʦʜʥʦʨʽʜʥʝ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦ ʫʩʫʥʫʪʠ ʫʩʪʘʥʦʚʢʦʶ ʨʦʟʧʦ-

ʜʽʣʴʥʠʢʘ ʛʘʟʽʚ ʧʦ ʧʝʨʝʨʽʟʫ ʧʨʦʜʫʚʥʦʛʦ ʮʠʣʽʥʜʨʘ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽ-

ʟʫʚʘʪʠ ʜʣʷ ʜʦʤʝʥʥʦʛʦ ʪʘ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʠʩʦʪʠ 

ʰʘʨʫ ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʻ ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ ʛʘʟʫ ʧʝʨʝʭʦʜʫ ʚ çʢʠʧʣʷʯʠʡè ʰʘʨ (ʨʠʩ. 2.37). 

ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʘ ʟʤʽʥʘ ʤʝʞ ʧʝʨʝʭʦʜʫ ʚ ʨʝʞʠʤ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ (ʜʠʚ. 

ʨʠʩ. 2.37, ʣʽʥʽʷ ɸɺ), ʢʨʠʪʠʯʥʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʛʘʟʫ ʚ ʰʘʨʽ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 
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ʜʝ h ï ʚʠʩʦʪʘ ʰʘʨʫ, ʤ. 

 

 

ʈʠʩ. 2.37. ɿʤʽʥʘ ʪʠʩʢʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʩʦʪʠ ʰʘʨʫ ʩʢʣʷ-

ʥʠʭ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ 1 ʤʤ (Ĭ ï ʚʠʩʦʪʘ ʰʘʨʫ 170 ʤʤ, ƶ ï 120 ʤʤ, ƴ 

ï 80 ʤʤ, ǅ ï 55 ʤʤ) 

 

ʌʦʨʤʫʣʘ (2.52) ʧʦʢʘʟʫʻ ʪʝʥʜʝʥʮʽʶ ʟʤʽʥʠ ʪʠʩʢʫ ʧʽʜ ʰʘʨʦʤ ʜʣʷ ʧʝʨʝʭʦʜʫ ʚ 

ʨʝʞʠʤ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʡʦʛʦ ʚʠʩʦʪʠ. ɯʩʥʫʶʪʴ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʚʠʨʘ-

ʟʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʤʝʞʫ ʧʝʨʝʭʦʜʫ ʰʘʨʫ ʚ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʡ ʩʪʘʥ, ʷʢʽ 

ʟʚ'ʷʟʫʶʪʴ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʘʨʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʙʫʣʴʙʘʰʦʢ ʫʩʝʨʝʜʠʥʽ 

ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʚ'ʷʟʢʠʤʠ ʨʽʜʠʥʘʤʠ [12, 13]. 

ʉʢʣʷʥʽ ʜʨʽʙʥʽ ʢʫʣʴʢʠ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʚʝʨʭʥʽ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʜʦʤʝʥʥʦʾ ʰʠʭʪʠ ʘʙʦ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ. ʏʝʨʝʟ ʽʥʰʽ ʩʠʣʠ ʪʝʨʪʷ ʯʘʩʪʠ-

ʥʦʢ ʚʩʝʨʝʜʠʥʽ ʰʘʨʫ ʧʦʚʝʜʽʥʢʘ ʫʧʘʢʦʚʦʢ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʧʽʜ ʰʘʨʦʤ ʨʦʟʨʽʟʥʷ-

ʻʪʴʩʷ. ʇʨʦʚʝʜʝʥʦ ʜʦʜʘʪʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʰʘʨʫ, ʷʢʠʡ ʩʢʣʘʜʝʥʠʡ ʟ ʜʨʽʙʥʠʭ ʦʢʘʪʠ-

ʰʽʚ d = 1 ʤʤ. ɺʠʢʦʨʠʩʪʘʥʽ ʦʢʘʪʠʰʽ d = 1 ʤʤ ʚʠʛʦʪʦʚʣʝʥʽ ʪʠʤ ʞʝ ʤʝʪʦʜʦʤ, ʱʦ ʽ 

ʦʢʘʪʠʰʽ d = 10 ʤʤ. ɺʠʩʦʪʘ ʰʘʨʫ ʩʢʣʘʣʘ 50 ʤʤ. 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʦʢʘʪʠʰʽʚ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠ-

ʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʰʘʨʽ. ɺ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʢʣʷʥʠʤʠ ʢʫʣʴʢʘʤʠ ʚ ʰʘʨʽ ʦʢʘʪʠʰʽʚ ʰʚʠʜ-

ʢʽʩʪʴ ʟʥʠʟʠʣʘʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 8 ʨʘʟʽʚ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʪʠʩʢʘʭ ʧʽʜ ʰʘʨʦʤ. ʇʨʦʪʝ ʧʝʨʝ-

ʭʽʜ ʚ çʢʠʧʣʷʯʠʡè ʰʘʨ ʩʪʘʚʩʷ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʢʨʠʪʠʯʥʦʤʫ ʪʠʩʢʫ ʛʘʟʽʚ. ʎʝ ʧʦʚʥʽʩ-

ʪʶ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʠʤ ʫʷʚʣʝʥʥʷʤ ʧʨʦ ʚʠʥʠʢʥʝʥʥʷ çʢʠʧʣʷʯʦʛʦè ʰʘʨʫ ʽ ʚʠʩʥʦʚ-

ʢʘʤʠ ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ [14]. 

ɺ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʩʢʣʷʥʽ ʢʫʣʴʢʠ ʽ ʦʢʘʪʠʰʽ ʦʜʥʘʢʦʚʦʾ ʢʨʫʧʥʦʩʪʽ ʧʨʠ ʧʨʦʜʫ-

ʚʮʽ ʰʘʨʫ ʟʥʠʟʫ ʚʝʜʫʪʴ ʩʝʙʝ ʽʜʝʥʪʠʯʥʦ, ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚ ʷʢʦʩʪʽ ʜʨʽʙʥʦʾ 

ʬʨʘʢʮʽʾ ʚʠʢʦʨʠʩʪʘʥʽ ʩʢʣʷʥʽ ʢʫʣʴʢʠ ʨʦʟʤʽʨʦʤ 1 ʤʤ.  

ʊʘʢʦʞ ʟʜʽʡʩʥʝʥʦ ʧʨʦʜʫʚʘʥʥʷ ʟʥʠʟʫ ʰʘʨʫ ʦʢʘʪʠʰʽʚ ʢʨʫʧʥʽʩʪʶ 10 ʤʤ. ɺʠʩʦʪʘ 

ʰʘʨʫ ï 100 ʤʤ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʜʦ 7,21 ʤ/ʩ ʚʪʨʘʪʠ ʪʠʩʢʫ ʛʘʟʫ ʚ 

ʰʘʨʽ ʥʝʩʫʪʪʻʚʽ ʽ ʩʪʘʥʦʚʣʷʪʴ ʤʝʥʰʝ 20 ʇʘ.  

ʄʦʥʦʬʨʘʢʮʽʡʥʽ ʰʘʨʠ ʚ ʘʛʣʦʤʝʨʘʮʽʡʥʦʤʫ ʽ ʜʦʤʝʥʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʘʭ ʧʨʘʢ-

ʪʠʯʥʦ ʥʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ, ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʦ ʧʦʚʝʜʽʥʢʫ ʙʽʬʨʘʢʮʽʡʥʠʭ ʰʘʨʽʚ ʟ ʨʽʟʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʟʘ ʢʨʫʧʥʽʩʪʶ ʬʨʘʢʮʽʡ ʽ ʧʨʦʜʫʚʘʥʥʷʤ ʟʥʠʟʫ (ʨʠʩ. 2.38). 

ʌʦʨʤʫʚʘʚʩʷ ʧʦʜʚʽʡʥʠʡ ʰʘʨ, ʚ ʷʢʦʤʫ ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʚʠʩʦʪʦʶ 55 ʤʤ ʩʢʣʘʜʘ-

ʣʘʩʷ ʟ ʜʨʽʙʥʠʭ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ d = 1 ʤʤ, ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʚʠʩʦʪʦʶ 100 ʤʤ ï ʟ ʚʝʣʠ-

ʢʠʭ ʦʢʘʪʠʰʽʚ d = 10 ʤʤ (ʨʠʩ. 2.38, ƴ). ʉʫʤʘʨʥʘ ʚʠʩʦʪʘ ʰʘʨʫ ʩʢʣʘʣʘ 155 ʤʤ. ɺʤʽʩʪ 

ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʚʝʣʠʢʠʭ ʩʢʣʘʚ 35,5 % ʽ 64,5 %, ʚʽʜʧʦʚʽʜʥʦ. 

ʇʦʯʠʥʘʶʯʠ ʟ ȹʈʢʨ = 1120 ʇʘ, ʚʽʜʙʫʚʘʣʦʩʷ ʧʦʩʪʫʧʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʜʨʽʙʥʠʭ 

ʬʨʘʢʮʽʡ ʚʛʦʨʫ ʧʦ ʧʦʨʦʞʥʠʥʘʭ ʤʽʞ ʚʝʣʠʢʠʤʠ (ʨʠʩ. 2.39). ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʥʘ 

ʜʨʽʙʥʽ ʛʨʘʥʫʣʠ ʜʽʻʶ ʩʠʣʘ ʪʷʞʽʥʥʷ, ʘ ʪʝʨʪʷ ʟʥʝʚʘʞʣʠʚʦ ʤʘʣʝ, ʪʦ ʚʽʜʙʫʚʘʣʘʩʷ ʮʠʨʢʫ-

ʣʷʮʽʷ ʢʫʣʴʦʢ ʚ ʢʘʥʘʣʘʭ. ʇʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʪʠʩʢʫ ʛʘʟʫ ʧʽʜ ʰʘʨʦʤ ʩʧʨʠʷʻ ʧʦʚʥʦ-

ʤʫ ʧʝʨʝʤʽʱʝʥʥʶ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʟ-ʧʽʜ ʰʘʨʫ ʚʝʣʠʢʠʭ ʦʢʘʪʠʰʽʚ ʚ ʧʦʨʦʞʥʠʥʽ ʟ ʤʘ-

ʢʩʠʤʘʣʴʥʠʤ ʟʥʠʞʝʥʥʷʤ ʧʦʨʦʟʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʜʨʽʙʥʽ ʬʨʘʢʮʽʾ, ʷʢʽ ʥʝ ʚʤʽʩʪʠʣʠʩʷ ʚ 

ʧʨʠʙʣʠʟʥʦ ʚ ʜʚʘ ʨʘʟʠ ʚʠʱʽ, ʥʽʞ ʜʣʷ ʜʦʩʣʽʜʞʝʥʦʛʦ ʨʘʥʽʰʝ ʰʘʨʫ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ 

1 ʤʤ ʚʠʩʦʪʦʶ ʰʘʨʫ 55 ʤʤ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʝʨʥʠʩʪʠʡ ʰʘʨ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʙ'ʻʤʥʠʤ ʚʤʽʩʪʦʤ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ, ʚʽʜʧʦʚʽʜʥʠʤ ʤʽʥʽʤʫʤʫ ʧʦʨʦ-

ʟʥʦʩʪʽ ʰʘʨʫ, ʧʨʠ ʷʢʽʡ ʢʫʣʴʢʠ d = 1 ʤʤ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʶʶʪʴ ʧʦʨʦʞʥʠʥʠ ʤʽʞ ʚʝ-

ʣʠʢʠʤʠ ʦʢʘʪʠʰʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʩʪʦʚʧʘ ʢʫʣʴʦʢ ʚ ʢʘʥʘʣʘʭ ʰʘʨʫ  
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ʈʠʩ. 2.38. ɿʤʽʥʘ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʛʘʟʫ ʧʽʜ ʰʘʨʘʤʠ ʟʘʟʥʘʯʝʥʠʭ ʩʢʣʘʜʽʚ ʧʨʠ ʟʙʽ-

ʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ (ǅ ï ʩʢʣʷʥʽ ʢʫʣʴʢʠ ʨʦʟʤʽʨʦʤ 1 ʤʤ, ʚʠʩʦʪʘ ʰʘʨʫ 55 ʤʤ; 

Ĭ ï ʩʢʣʷʥʽ ʢʫʣʴʢʠ 1 ʤʤ, ʚʠʩʦʪʘ ʰʘʨʫ 170 ʤʤ; ǒ ï ʚʥʠʟʫ ʦʢʘʪʠʰʽ 1 ʤʤ, ʚʠʩʦʪʘ ʰʘʨʫ 

50 ʤʤ; ʚʛʦʨʽ ʦʢʘʪʠʰʽ 10 ʤʤ, ʚʠʩʦʪʘ ʰʘʨʫ 100 ʤʤ; ƶ ï ʦʢʘʪʠʰʽ 4 ʤʤ, ʚʠʩʦʪʘ ʰʘʨʫ 

100 ʤʤ; ƴ ï ʚʥʠʟʫ ʩʢʣʷʥʽ ʢʫʣʴʢʠ 1 ʤʤ, ʚʠʩʦʪʘ ʰʘʨʫ 55 ʤʤ, ʚʛʦʨʽ ʦʢʘʪʠʰʽ 10 ʤʤ, 

ʚʠʩʦʪʘ ʰʘʨʫ 100 ʤʤ; +  ï ʚʥʠʟʫ ʩʢʣʷʥʽ ʢʫʣʴʢʠ 1 ʤʤ, ʚʠʩʦʪʘ ʰʘʨʫ 55 ʤʤ, ʚʛʦʨʽ ʦʢʘ-

ʪʠʰʽ 4 ʤʤ, ʚʠʩʦʪʘ ʰʘʨʫ 100 ʤʤ; ï ʟʤʽʰʘʥʠʡ ʰʘʨ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ 1 ʤʤ ʽ ʦʢʘʪʠʰʽʚ 

10 ʤʤ, ʦʙ'ʻʤʥʠʡ ʚʤʽʩʪ ʷʢʠʭ [V]1 = 71,4 % [V]10 = 28,6 %, ʚʽʜʧʦʚʽʜʥʦ, ʟʘʛʘʣʴʥʘ ʚʠʩʦ-

ʪʘ ʰʘʨʫ 125 ʤʤ) 

ʈʠʩ. 2.39. ɿʤʽʥʘ ʨʦʟʤʽʱʝʥʥʷ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʚ ʰʘʨʽ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ 

ʛʘʟʫ ʧʽʜ ʥʠʤ 

ʅʤ

1
 

h1 

h2 

 

h3 

 

h4 

 

ʂʘʥʘʣ 
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Hʤ2
= h1 +h2+h3+h4 = ×hi  ʟʙʽʣʴʰʠʣʘʩʷ ʧʨʠʙʣʠʟʥʦ ʚ ʜʚʘ ʨʘʟʠ ʚʽʜʥʦʩʥʦ ʚʠʩʦʪʠ ʾʭ ʰʘʨʫ 

ʚ ʨʦʟʜʽʣʝʥʦʤʫ ʰʘʨʽ (ʜʠʚ. ʨʠʩ. 2.39). ʂʨʽʤ ʪʦʛʦ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʚʠʚʠʩʪʽʩʪʴ ʢʘʥʘʣʽʚ 

ʤʽʞ ʚʝʣʠʢʠʤʠ ʦʢʘʪʠʰʘʤʠ, ʷʢʠʤʠ ʨʫʭʘʻʪʴʩʷ ʧʦʚʽʪʨʷ, ʦʩʦʙʣʠʚʦ ʫ ʟʚʫʞʝʥʠʭ ʤʽʩʮʷʭ. 

ɸʥʘʣʦʛʽʯʥʦ ʰʘʨʫ ʟ ʢʫʣʴʦʢ ʜʽʘʤʝʪʨʦʤ 1 ʤʤ, ʩʬʦʨʤʫʚʘʣʠʩʷ ʢʘʥʘʣʠ, ʷʢʽ ʟʘ ʩʚʦ-

ʻʶ ʩʪʨʫʢʪʫʨʦʶ ʥʘʛʘʜʫʚʘʣʠ ʛʝʡʟʝʨʠ, ʟ ʷʢʠʭ ʧʝʨʽʦʜʠʯʥʦ ʙʫʣʴʙʘʰʢʘʤʠ ʚʠʭʦʜʠʣʦ ʧʦ-

ʚʽʪʨʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʝʥʥʷ ʢʘʥʘʣʽʚ ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ ʰʘʨʽ ʟʥʠʟʠʣʠʩʷ ʟ 1490 ʇʘ ʜʦ 

1120 ʇʘ, ʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʟʘʣʠʰʠʣʘʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʦʶ. 

ɯʜʝʥʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʧʨʦʜʫʚʮʽ ʙʽʬʨʘʢʮʽʡʥʦʛʦ ʰʘʨʫ (ʜʠʚ. 

ʨʠʩ. 2.38, ǒ). ɿʥʠʟʫ ʜʨʽʙʥʽ ʦʢʘʪʠʰʽ d = 1 ʤʤ, ʅ1 = 50 ʤʤ. ɺʛʦʨʽ ʚʝʣʠʢʽ ʦʢʘʪʠʰʽ ï 

d = 10 ʤʤ, ʅ10= 100 ʤʤ. ʉʫʤʘʨʥʘ ʚʠʩʦʪʘ ʰʘʨʫ ï 150 ʤʤ. ɺʤʽʩʪʠ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʽ 

ʚʝʣʠʢʠʭ ʩʢʣʘʣʠ 33,3% ʽ 66,7 %, ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʠ ʪʠʩʢʫ ʧʽʜ ʰʘʨʦʤ ȹʈʢʨ = 700 ʇʘ ʚʥʠʟʫ ʧʦʯʠʥʘʶʪʴ ʨʫʭʘʪʠʩʷ ʜʨʽʙʥʽ ʦʢʘ-

ʪʠʰʽ. ɺʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʧʨʦʮʝʩʠ, ʷʢ ʽ ʜʣʷ ʜʨʽʙʥʠʭ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ, 

ʦʜʥʘʢ ʧʨʠ ʪʠʩʢʫ ʧʽʜ ʰʘʨʦʤ ʚ 1,5õ2 ʨʘʟʠ ʚʠʱʝ. ʇʨʠ ʮʴʦʤʫ ʩʠʣʘ ʪʠʩʢʫ ʧʝʨʝʛʨʫʧʦ-

ʚʫʻ ʩʪʨʫʢʪʫʨʫ ʰʘʨʫ ʚʝʣʠʢʠʭ ʦʢʘʪʠʰʽʚ d = 10 ʤʤ, ʨʦʟʤʽʱʫʻ ʚ ʧʦʨʦʞʥʠʥʘʭ ʜʨʽʙʥʽ ʪʘ 

ʾʭ ʥʘʜʣʠʰʦʢ ʧʝʨʝʥʦʩʠʪʴ ʥʘʚʝʨʭ ʰʘʨʫ. ɼʨʽʙʥʽ ʬʨʘʢʮʽʾ ʥʝ ʟʘʪʨʠʤʫʶʪʴʩʷ ʫ ʚʫʟʴʢʠʭ 

ʤʽʩʮʷʭ ʧʦʨʦʞʥʠʥ ʤʽʞ ʚʝʣʠʢʠʤʠ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʚʠʧʘʜʘʶʪʴ ʯʝʨʝʟ ʥʠʟʴʢʝ ʪʝʨʪʷ. 

ɺ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʩʢʣʷʥʽ ʢʫʣʴʢʠ ʽ ʦʢʘʪʠʰʽ ʮʠʨʢʫʣʶʚʘʣʠ ʚ ʢʘʥʘʣʘʭ ʚʝʣʠʢʦ-

ʛʦ ʜʽʘʤʝʪʨʫ, ʪʦ ʜʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ ʷʚʠʱʘ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʜʽʘ-

ʤʝʪʨʫ ʚʝʣʠʢʦʾ ʬʨʘʢʮʽʾ ʥʘ ʧʨʦʤʽʞʥʠʡ d = 4 ʤʤ. 

ʇʦʧʝʨʝʜʥʴʦ ʟʜʽʡʩʥʠʣʠ ʧʨʦʜʫʚʢʫ ʤʦʥʦʬʨʘʢʮʽʡʥʦʛʦ ʰʘʨʫ ʦʢʘʪʠʰʽʚ d = 4 ʤʤ 

(ʜʠʚ. ʨʠʩ. 2.38,ƶ) ʚʠʩʦʪʦʶ 100 ʤʤ. ʊʠʩʢ ȹʈʢʨ = 1650 ʇʘ ʪʘ ʢʨ= 1,32 ʤ/ʩ ʚʽʜʧʦʚʽ-

ʜʘʻ ʧʦʯʘʪʢʫ ʧʦʩʪʫʧʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʰʘʨʫ ʚ çʢʠʧʣʷʯʠʡè. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ 

ʧʫʣʴʩʘʮʽʾ ʪʠʩʢʫ Ñ 100 ʇʘ ʽ ʰʚʠʜʢʦʩʪʽ Ñ0,09 ʤ/ʩ, ʚʽʜʧʦʚʽʜʥʽ ʥʝʩʪʽʡʢʦʤʫ ʰʘʨʫ. ʇʽʩʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʢʘʥʘʣʽʚ-ʛʝʡʟʝʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʠʤʦʚʽʣʴʥʝ ʨʽʟʢʝ ʧʘʜʽʥʥʷ ʧʝʨʝʧʘʜʫ ʟ 

1720 ʇʘ ʜʦ 1620 ʇʘ. ɿʚʦʨʦʪʥʝ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʛʘʟʫ ʧʽʜ ʰʘʨʦʤ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʰʘʨ, ʥʽʞ ʧʨʠ ʧʨʷʤʦʤʫ ʭʦʜʽ. ʉʣʽʜ ʟʚʝʨʥʫʪʠ 

ʫʚʘʛʫ ʥʘ ʟʨʦʩʪʘʥʥʷ ʪʠʩʢʫ ʛʘʟʫ ʧʽʜ ʰʘʨʦʤ ʟ 900 ʇʘ ʜʦ 1100 ʇʘ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʰʚʠʜ-

ʢʦʩʪʽ ʧʦʚʽʪʨʷ  = 1,10 ʤ/ʩ ʧʨʠ ʧʨʷʤʦʤʫ ʭʦʜʽ ʜʦʩʣʽʜʫ (ʜʠʚ. ʨʠʩ. 2.38, ɸɺ). ʁʤʦʚʽʨ-

ʥʦ, ʮʝ ʦʙʫʤʦʚʣʝʥʦ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷʤ ʫʧʘʢʦʚʦʢ ʦʢʘʪʠʰʽʚ ʟ ʧʫʭʢʠʭ ʚ ʙʽʣʴʰ ʱʽʣʴʥʽ 
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ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʠʩʢʫ ʥʠʞʯʝʨʦʟʪʘʰʦʚʘʥʠʭ ʰʘʨʽʚ ʥʘ ʚʝʨʭʥʽ. ʊʦʙʪʦ ʚʽʜʙʫʣʦʩʷ ʷʚʠʱʝ, 

ʱʦ ʥʘʛʘʜʫʻ çʫʪʨʷʩʘʥʥʷè ʩʠʧʢʦʛʦ ʰʘʨʫ. 

ɿʜʽʡʩʥʝʥʝ ʧʨʦʜʫʚʘʥʥʷ ʙʽʬʨʘʢʮʽʡʥʦʛʦ ʰʘʨʫ ʬʨʘʢʮʽʡ 1ʤʤ ʽ 4 ʤʤ ʜʣʷ ʫʤʦʚ 

ʘʥʘʣʦʛʽʯʥʠʭ ʙʽʬʨʘʢʮʽʡʥʦʤʫ ʰʘʨʫ ʬʨʘʢʮʽʡ 1ʤʤ ʪʘ 10 ʤʤ, (ʜʠʚ. ʨʠʩ. 2.38, +). ʋ ʥʠ-

ʞʥʽʡ ʯʘʩʪʠʥʽ ʰʘʨʫ ʅ1 = 55 ʤʤ ʨʦʟʪʘʰʫʚʘʣʠ ʜʨʽʙʥʽ ʩʢʣʷʥʽ ʢʫʣʴʢʠ d = 1 ʤʤ. ʋ ʚʝʨʭ-

ʥʽʡ ʯʘʩʪʠʥʽ ʰʘʨʫ ʅ4 = 100 ʤʤ ï ʦʢʘʪʠʰʽ d = 4 ʤʤ. ɺʤʽʩʪʠ ʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ 1 ʤʤ 

ʽ 4 ʤʤ ʩʢʣʘʣʠ 35,5% ʽ 64,5 %, ʚʽʜʧʦʚʽʜʥʦ. 

ʊʠʩʢʫ ʛʘʟʫ ʧʽʜ ʰʘʨʦʤ 2500 ʇʘ ʚʽʜʧʦʚʽʜʘʻ ʫʪʚʦʨʝʥʥʷ ʧʦʨʦʞʥʠʥ ʧʽʜ ʥʠʤ, ʚ 

ʷʢʠʭ ʮʠʨʢʫʣʶʶʪʴ ʜʨʽʙʥʽ ʢʫʣʴʢʠ. ʅʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʬʨʘʢʮʽʡ 1ʤʤ ʽ 4 ʤʤ ʫʪʚʦʨʠʚʩʷ 

ʤʘʣʦʧʨʦʥʠʢʥʠʡ ʙʘʨ'ʻʨ. ʇʦʯʘʚʩʷ ʧʽʜʡʦʤ ʚʩʴʦʛʦ ʰʘʨʫ ʚʛʦʨʫ, ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʣʠ ʚ 

ʜʽʘʧʘʟʦʥʽ ʪʠʩʢʫ ʚʽʜ 1500 ʇʘ ʜʦ 2500 ʇʘ. ʊʘʢʝ ʧʽʜʚʠʩʘʥʥʷ ʰʘʨʫ ʚʠʥʠʢʘʻ ʧʨʠ ʘʚʘ-

ʨʽʡʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʜʦʤʝʥʥʠʭ ʧʝʯʝʡ, ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʠʩʦʢʦʤʫ ʥʠʞʥʴʦʛʦ ʧʝʨʝ-

ʧʘʜʫ ʪʠʩʢʫ. ɼʦʩʣʽʜʥʠʢʠ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʥʘ ʬʫʨʤʘʭ ʜʦʤʝʥʥʦʾ ʧʝʯʽ ʪʘʢʦʞ ʻ ʧʫʣʴʩʘ-

ʮʽʷ ʪʠʩʢʫ ʯʘʩʪʦʪʦʶ 15õ25 ɻʮ [15]. ʎʝ ʧʦʷʩʥʶʶʪʴ ʫʪʚʦʨʝʥʥʷʤ ʽ ʨʫʡʥʫʚʘʥʥʷʤ ʩʢʣʝ-

ʧʽʥʴ ʥʘʜ ʬʫʨʤʝʥʠʤʠ ʚʦʛʥʠʱʘʤʠ ʽ ʧʦʨʮʽʡʥʠʤ ʥʘʜʭʦʜʞʝʥʥʷʤ ʢʦʢʩʫ ʚ ʟʦʥʫ ʛʦʨʽʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ 7õ15 ʭʚ ʜʦ ʧʦʯʘʪʢʫ ʧʽʜʚʠʩʘʥʥʷ ʰʠʭʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʥʠ-

ʞʝʥʥʷ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ (ʽʥʦʜʽ ʜʦ ʥʫʣʷ). 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ ʛʘʟʫ ʧʽʜ ʰʘʨʦʤ ʧʦʥʘʜ ȹʈʢʨ hʘʨ çʧʝʨʝʚʝ-

ʨʥʫʣʦè. ɺʝʣʠʢʽ ʽ ʜʨʽʙʥʽ ʦʢʘʪʠʰʽ ʯʘʩʪʢʦʚʦ ʟʤʽʰʘʣʠʩʷ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.40. ʇʦ-

ʚʽʪʨʷ ʧʽʰʣʦ ʢʘʥʘʣʘʤʠ, ʩʬʦʨʤʦʚʘʥʠʤʠ ʫ ʯʘʩʪʠʥʽ ʰʘʨʫ ʟ ʬʨʘʢʮʽʻʶ 1 ʤʤ. 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʙʽʬʨʘʢʮʽʡ-

ʥʦʤʫ ʰʘʨʽ ʯʘʩʪʠʥʦʢ ʢʨʫʧʥʽʩʪʶ 1 ʤʤ ʽ 4 ʤʤ, ʘʥʘʣʦʛʽʯʥʽ ʟ ʤʦʥʦʬʨʘʢʮʽʡʥʠʤ ʰʘʨʦʤ 

ʦʢʘʪʠʰʽʚ d = 4 ʤʤ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʪʠʩʢʫ ʧʽʜ ʰʘʨʦʤ 1600 ʇʘ ʽ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ 

0,66 ʤ/ʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʧʘʢʫʚʘʥʥʷ ʰʘʨʫ ʚ ʙʽʣʴʰ ʱʽʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʽ ʪʠʩʢ ʨʽʟʢʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 2400 ʇʘ. 

ʁʤʦʚʽʨʥʦ, ʱʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʝʚʥʠʭ ʫʤʦʚ ʧʨʦʮʝʩʠ ʧʝʨʝʧʘʢʫʚʘʥʥʷ ʰʘʨʫ ʭʘ-

ʨʘʢʪʝʨʥʽ ʽ ʜʣʷ ʽʥʰʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʢʨʫʧʥʦʩʪʝʡ ʬʨʘʢʮʽʡ ʩʫʤʽʰʝʡ, ʧʨʦʪʝ, ʚʘʞʣʠ-

ʚʦʶ ʦʙʩʪʘʚʠʥʦʶ ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʨʫʭʣʠʚʽʩʪʴ ʰʘʨʫ. 

ɿ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʚʝʣʠʢʠʭ ʬʨʘʢʮʽʡ ʥʘ ʩʝʛʨʝʛʘʮʽʶ ʰʠʭʪʠ ʧʦ 

ʢʨʫʧʥʦʩʪʽ ʛʘʟʘʤʠ ʩʬʦʨʤʦʚʘʥʠʡ ʟʤʽʰʘʥʠʡ ʰʘʨ, ʷʢʠʡ ʤʽʩʪʠʪʴ [V]1 = 71,4 % ʜʨʽʙʥʠʭ 

ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ d = 1 ʤʤ ʪʘ ʦʢʘʪʠʰʽ d = 10 ʤʤ [V]10 = 28,6 %. ʆʢʨʝʤʦ ʢʦʞʥʘ ʬʨʘʢ-

ʮʽʷ ʬʦʨʤʫʻ ʰʘʨ ʚʠʩʦʪʦʶ 100 ʤʤ ʽ 40 ʤʤ, ʚʽʜʧʦʚʽʜʥʦ. ʇʽʩʣʷ ʟʤʽʰʫʚʘʥʥʷ ʚʠʩʦʪʘ 

ʰʘʨʫ ʩʢʣʘʣʘ 125 ʤʤ. ɺʝʣʠʢʽ ʬʨʘʢʮʽʾ ʚʩʝʨʝʜʠʥʽ ʰʘʨʫ ʥʝ ʩʪʠʢʘʣʠʩʷ ʤʽʞ ʩʦʙʦʶ. ʊʘ-

ʢʠʤ ʯʠʥʦʤ, ʥʝ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʠʭ ʢʘʥʘʣʽʚ ʽ ʧʦʨʦʞʥʠʥ ʤʽʞ ʥʠʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʜʫʚʘʥʥʷ (ʜʠʚ. ʨʠʩ. 2.38, ) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥ-

ʥʷ ʰʘʨʫ ʩʪʘʣʦʩʷ ʧʨʠ ʪʠʩʢʫ ʧʽʜ ʰʘʨʦʤ ȹʈʢʨ = 2110 ʇʘ ʽ ʢʨ= 0,47 ʤ/ʩ. ʊʘʢʽ ʧʘʨʘʤʝ-

ʪʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʥʦʬʨʘʢʮʽʡʥʦʤʫ ʰʘʨʫ ʜʨʽʙʥʠʭ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ ʚʠʩʦʪʦʶ ʅ1 = 

170 ʤʤ, ʪʦʙʪʦ, ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ ʰʘʨʽ ʧʨʠʙʣʠʟʥʦ ʚ 1,7 ʨʘʟʠ ʚʠʱʽ, ʥʽʞ ʫ ʤʦʥʦʬʨʘʢʮʽʡ-

ʥʦʤʫ ʰʘʨʽ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ ʚʠʩʦʪʦʶ 100 ʤʤ. 

ʇʦʚʥʦʛʦ ʦʩʽʜʘʥʥʷ ʚʝʣʠʢʠʭ ʬʨʘʢʮʽʡ ʚʥʠʟ ʰʘʨʫ ʥʝ ʩʪʘʣʦʩʷ. ʌʨʘʢʮʽʾ ʨʦʟʜʽʣʠ-

ʣʠʩʷ ʣʠʰʝ ʫ ʤʽʩʮʷʭ ʨʫʭʫ ʙʫʣʴʙʘʰʦʢ, ʪʦʙʪʦ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʤʽʩʮʽ, ʜʝ ʰʘʨ ʩʪʘʚ ʨʫʭʦ-

ʤʠʤ ʧʽʜ ʚʧʣʠʚʦʤ ʧʽʜʡʦʤʥʠʭ ʩʠʣ. ʊʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʚʢʘʟʫʻ ʥʘ ʥʝʦʜʥʦʨʽʜʥʫ ʪʝʯʽʶ 

ʧʦʪʦʢʫ ʛʘʟʫ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʠʟʽ ʰʘʨʫ, ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. ɺʪʨʘʪʠ ʪʠʩʢʫ ʚ ʰʘʨʽ ʚ ʽʩʪʦʪʥʽʡ ʤʽʨʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʚʤʽʩʪʫ ʚʝʣʠʢʠʭ ʽ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʪʘ ʾʭ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʰʘʨʽ. ʇʨʦʮʝ-

ʩʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʰʘʨʘʭ ʟ ʨʽʟʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʬʨʘʢʮʽʡ ʧʦ ʢʨʫʧʥʦʩʪʽ ʽ 

ʚʤʽʩʪʦʤ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʜʣʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʰʘʨʫ ʭʘʨʘʢʪʝʨʥʘ ʞʦʨʩʪʢʘ ʩʪʨʫʢʪʫ-

ʨʘ ʰʘʨʫ, ʷʢʘ ʩʣʘʙʢʦ ʟʤʽʥʶʻ ʬʦʨʤʫ ʧʫʩʪʦʪ ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʠʩʢʫ, ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʤʦʥʦʬʨʘʢʮʽʡʥʦʛʦ ʰʘʨʫ ʟ ʧʨʦʩʤʦʢʪʫʚʘʥʥʷʤ ʧʦʚʽʪʨʷ ʟʛʦʨʠ ʜʦʥʠʟʫ. ʎʝ ʥʝ-
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ʦʙʭʽʜʥʦ ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʢʦ-

ʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ, ʷʢʘ ʤʘʻ ʜʚʘ ʤʘʢʩʠʤʫʤʠ ʧʨʠ 

ʟʤʽʥʽ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʙʽʬʨʘʢʮʽʡʥʦʾ ʰʠʭʪʠ. 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʰʘʨ ʙʫʚ ʩʬʦʨʤʦʚʘʥʠʡ ʫ ʧʨʦʟʦʨʦʤʫ ʩʢʣʷʥʦʾ ʻʤʥʦʩʪʽ ʨʦʟʤʽ-

ʨʦʤ ʩʪʦʨʽʥ ʦʩʥʦʚʠ Ǐ180Ĭ180 ʤʤ. ɭʤʥʽʩʪʴ ʤʘʣʘ ʧʝʨʬʦʨʦʚʘʥʝ ʜʥʦ ʽ ʙʫʣʘ ʛʝʨʤʝʪʠʯ-

ʥʦ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʘʛʣʦʤʝʨʘʮʽʡʥʫ ʯʘʰʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫʤʦʚʠ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠ-

ʞʝʥʽ ʜʦ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʜʨʽʙʥʽ ʦʢʘʪʠʰʽ 

d = 1 ʤʤ, ʅ1 = 70 ʤʤ. ɺʥʠʟʫ ʚʝʣʠʢʽ ʦʢʘʪʠʰʽ d = 10 ʤʤ, ʅ10 = 140 ʤʤ. ɿʘʛʘʣʴʥʘ ʚʠ-

ʩʦʪʘ ʰʘʨʫ ʩʢʣʘʣʘ 210 ʤʤ. ʆʙ'ʻʤʥʠʡ ʚʤʽʩʪ ʫ ʰʘʨʽ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʥʦʚʠʚ: 

[V1] = 33,3 % ʜʨʽʙʥʠʭ ʽ [V10] = 66,7 % ʚʝʣʠʢʠʭ ʦʢʘʪʠʰʽʚ. 

ʇʨʠ ʟʘʩʠʧʮʽ ʜʨʽʙʥʠʭ ʦʢʘʪʠʰʽʚ d = 1 ʤʤ ʥʘ ʰʘʨ ʦʢʘʪʠʰʽʚ d = 10 ʤʤ, ʚʦʥʠ ʥʝ 

ʩʠʧʘʣʠʩʷ ʜʦʥʠʟʫ ʤʽʞ ʚʝʣʠʢʠʤʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ. ʎʴʦʤʫ ʧʝʨʝʰʢʦ-

ʜʞʘʣʘ ʚʠʩʦʢʘ ʰʦʨʩʪʢʽʩʪʴ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʽ ʞʦʨʩʪʢʠʡ ʩʢʝʣʝʪ ʥʝʩʫʯʦʛʦ ʥʠʞʥʴʦʛʦ 

ʰʘʨʫ. ʄʘʢʩʠʤʘʣʴʥʝ ʧʨʦʥʠʢʥʝʥʥʷ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʚʥʠʟ ʫ ʧʦʨʦʞʥʠʥʠ ʚʽʜʙʫʣʦʩʷ ʥʘ 

ʨʽʚʝʥʴ 1-2 ʚʝʣʠʢʠʭ ʦʢʘʪʠʰʽʚ. 

ʇʨʦʩʤʦʢʪʫʚʘʥʥʷ ʧʦʚʽʪʨʷʤ ʟʛʦʨʠ ʜʦʥʠʟʫ ʩʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ 

ʘʛʣʦʤʝʨʘʮʽʡʥʠʤ ʧʨʦʮʝʩʦʤ ʧʨʦʚʦʜʠʣʠ ʟ ʨʦʟʨʽʜʞʝʥʥʷʤ ȹʈ = 5000 ʇʘ. ɼʣʷ ʩʫʭʦʾ ʘʛ-

ʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʧʝʨʝʧʘʜʠ ʪʠʩʢʫ ʛʘʟʫ ʚ ʰʘʨʽ ʽʩʪʦʪʥʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʤʘʣʠʤʠ 

ʨʦʟʤʽʨʘʤʠ ʢʘʥʘʣʽʚ ʽ ʚʝʣʠʢʦʶ ʟʚʠʚʠʩʪʽʩʪʶ ʢʘʥʘʣʽʚ. ɿʤʽʥ ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʯʘʩʪʠʥʦʢ ʽ 

ʜʝʬʦʨʤʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʰʘʨʫ ʥʝ ʚʽʜʙʫʣʦʩʷ (ʨʠʩ. 2.41). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʫʧʘ-

ʢʦʚʮʽ ʰʘʨʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʘʪʠʰʽʚ d = 10 ʤʤ, ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʘʥʘʣʽʚ 

ʧʦʥʘʜ 1 ʤʤ, ʜʨʽʙʥʘ ʬʨʘʢʮʽʷ ʦʢʘʪʠʰʽʚ ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʧʦʨʦʞʥʠʥʘʭ ʰʘʨʫ ʚʝʣʠʢʠʭ 

ʦʢʘʪʠʰʽʚ ʟʘ ʨʘʭʫʥʦʢ ʩʠʣ ʪʝʨʪʷ ʽ ʨʦʟʢʣʠʥʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʩʫʭʦʛʦ ʰʘʨʫ ʜʦʤʝʥʥʦʾ ʰʠʭʪʠ, ʱʦ ʧʨʦʜʫʚʘʻʪʴʩʷ ʟʥʠʟʫ ʚʛʦ-

ʨʫ, ʯʝʨʝʟ ʡʦʛʦ ʨʫʭʣʠʚʽʩʪʴ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʦʚʩʽʤ ʽʥʰʽ ʧʨʦʮʝʩʠ, ʥʽʞ ʚ ʩʫʭʦʤʫ ʞʦʨʩʪ-

ʢʦʤʫ ʰʘʨʽ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ. 

ɺ ʨʫʭʦʤʦʤʫ ʰʘʨʽ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʛʘʟʽʚ ʚʠʱʝ ʢʨʠʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʝʬʦʨʤʘʮʽʾ, ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ, ʢʣʘʧʘʥʥʠʡ ʝʬʝʢʪ ʪʘ ʽʥʰʽ 

ʷʚʠʱʘ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʽʥʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ. ʇʦʨʦʟʥʽʩʪʴ ʪʘʢʠʭ ʰʘʨʽʚ 
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ʈʠʩ. 2.41. ʉʪʨʫʢʪʫʨʘ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ ʧʨʠ ʧʨʦʩʤʦʢʪʫʚʘʥʥʷʤ ʢʨʽʟʴ ʥʴʦʛʦ ʛʘ-

ʟʽʚ ʟʛʦʨʠ ʜʦʥʠʟʫ ʨʦʟʨʽʜʞʝʥʥʷʤ ȹʈ = 5000 ʇʘ 

 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽ ʥʝʨʽʚʥʦʤʽʨʥʦ ʷʢ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ, ʪʘʢ ʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ. ʊʘʢʽ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʚʠʤʽʨʷʪʠ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʢʣʘʜ-

ʥʦ. ʊʦʤʫ ʩʪʦʩʦʚʥʦ ʨʫʭʦʤʦʛʦ ʰʘʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʈʝʡʥʦʣʴʜʩʘ Re ʥʝ ʮʽʣ-

ʢʦʤ ʢʦʨʝʢʪʥʝ. ʅʘʡʯʘʩʪʽʰʝ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʦʧʦʨʫ Ɋ ʚʽʜ ʧʨʠʚʝʜʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʛʘʟʽʚ ʫ ʢʘʥʘʣʘʭ ɤ0. 

ʅʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ (2.43) ʜʣʷ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥ-

ʥʷ ʢʦʝʬʽʮʽʻʥʪʘ Ɋ (ʨʠʩ. 2.42). 

ɺʠʭʦʜʷʯʠ ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (ʜʠʚ. ʨʠʩ. 2.42), ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ 

ʧʨʦʜʫʚʮʽ ʰʘʨʽʚ ʤʦʥʦʬʨʘʢʮʽʡʥʠʭ ʰʠʭʪ d = 1 ʤʤ ʪʘ d = 10 ʤʤ (ʜʠʚ. ʨʠʩ. 2.42, ǅ ʽ Ĭ) 

ʪʘ ʟʤʽʰʘʥʦʾ ʙʽʬʨʘʢʮʽʡʥʦʾ d = 1 ʤʤ ʪʘ d = 10 ʤʤ (ʜʠʚ. ʨʠʩ. 2.42, ) ʨʦʟʨʘʭʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ Ɋ ʟʤʝʥʰʫʶʪʴʩʷ ʧʣʘʚʥʦ, ʜʣʷ ʦʧʠʩʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʷʢʦʛʦ 

ʧʨʠʜʘʪʥʘ ʬʦʨʤʫʣʘ (1.5). ʅʝʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ Ɋ ʧʨʠ ʢʨʠʪʠʯʥʦʤʫ ʪʠʩʢʫ ʧʦʷʩʥʶʻʪʴ-

ʩʷ ʧʝʨʝʭʦʜʦʤ ʰʘʨʫ ʚ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʡ ʩʪʘʥ, ʘ ʚʠʥʠʢʥʝʥʥʷ ʧʫʣʴʩʘʮʽʡ ï ʫʪʚʦʨʝʥʥʷʤ  

ʽ ʨʫʭʦʤ ʜʦʛʦʨʠ çʙʫʣʴʙʘʰʦʢè. 

ɿʘʟʥʘʯʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ Ɋ ʜʣʷ ʰʠʭʪ ʟ ʦʜʥʘʢʦʚʠʤ ʛʨʘʥʫ-

ʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʰʘʨʫ (ʜʠʚ. ʨʠʩ. 2.42, Ĭ ʪʘ 

ǅ). ʉʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ Ɋ ʧʨʠ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʚʽʪʨʷ ʚ ʰʘʨʽ, ʤʦʞʣʠʚʦ, ʧʦʚ'ʷ-

ʟʘʥʽ ʟ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʚ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʧʨʠ ʡʦʛʦ ʟʘʩʠʧʮʽ ʚ ʧʨʦʜʫʚʥʠʡ ʮʠʣʽʥʜʨ, ʘ  

1 ʤʤ 

10ʤʤ 
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ʈʠʩ. 2.42. ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ Ɋ ʟʝʨʥʠʩʪʠʭ ʰʘʨʽʚ ʟʘʟʥʘʯʝʥʠʭ ʩʢʣʘʜʽʚ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʨʠʚʝʜʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ (ʤʘʨʢʝʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʨʘʥʫʣʦʤʝʪ-

ʨʠʯʥʦʤʫ ʩʢʣʘʜʫ, ʟʘʟʥʘʯʝʥʦʤʫ ʥʘ ʨʠʩ. 2.38) 

 

ʪʘʢʦʞ ʢʣʘʩʦʤ ʪʦʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

ɿʤʽʰʘʥʠʡ ʰʘʨ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʚʝʣʠʢʠʭ ʬʨʘʢʮʽʡ ʧʨʠ ʧʨʦʜʫʚʮʽ ʚʝʜʝ ʩʝʙʝ 

ʘʥʘʣʦʛʽʯʥʦ ʤʦʥʦʬʨʘʢʮʽʡʥʦʤʫ ʰʘʨʫ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ d = 1 ʤʤ, ʪʦʤʫ ʢʨʠʚʘ Ɋ (ʜʠʚ. 

ʨʠʩ. 2.42, ) ʪʘʢʦʞ ʤʘʻ ʧʣʘʚʥʽ ʟʤʽʥʠ, ʥʘʚʽʪʴ ʧʨʠ ʧʝʨʝʭʦʜʽ ʰʘʨʫ ʚ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʡ 

ʩʪʘʥ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʚʽʪʨʷ ʙʽʣʴʰʝ ɤʢʨ/2 ʚʝʣʠʯʠʥʘ 

Ɋ ʙʽʣʴʰʘ ʧʨʠʙʣʠʟʥʦ ʚ 3 ʨʘʟʠ, ʥʽʞ ʜʣʷ ʤʦʥʦʬʨʘʢʮʽʡʥʦʛʦ ʰʘʨʫ 1 ʤʤ ʢʫʣʴʦʢ. ʎʝ ʧʦ-

ʷʩʥʶʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʫʭʦʤ ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʚʩʶ ʧʣʦʱʫ ʰʘʨʫ ʽ ʧʽʜʚʠʱʝʥʦʶ ʬʘ-

ʢʪʠʯʥʦʶ ʰʚʠʜʢʽʩʪʶ ʡʦʛʦ ʨʫʭʫ ɤʬ ʚ ʫʪʚʦʨʝʥʠʭ ʢʘʥʘʣʘʭ. 

ɯʩʪʦʪʥʽ ʚʽʜʭʠʣʝʥʥʷ Ɋ ʚʽʜ ʟʘʣʝʞʥʦʩʪʽ (1.5) ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʧʨʦʜʫʚʘʥʥʷ ʨʦ-

ʟʜʽʣʝʥʠʭ ʰʘʨʽʚ ʙʽʬʨʘʢʮʽʡʥʠʭ ʰʠʭʪ. ɼʣʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʚʝʣʠʢʠʭ ʽ ʜʨʽʙ-

ʥʠʭ ʬʨʘʢʮʽʡ dʚ/dʜ = 10 (ʜʠʚ. ʨʠʩ. 2.42 ƴ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥ-
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ʪʘ Ɋ ʟ 2,0 ʜʦ 1,7 ʧʨʠ ʧʨʠʚʝʜʝʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʰʘʨ ɤʢʨ = 0,67 ʤ/ʩ, ʚʽʜʧʦ-

ʚʽʜʥʽʡ ʧʦʚʥʦʤʫ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ ʽ ʫʪʚʦʨʝʥʥʶ ʩʪʽʡ-

ʢʠʭ ʢʘʥʘʣʽʚ. 

ʇʽʜ ʯʘʩ ʧʨʦʜʫʚʘʥʥʷ ʰʘʨʽʚ ʨʦʟʜʽʣʝʥʠʭ ʙʽʬʨʘʢʮʽʡʥʠʭ ʰʠʭʪ, ʱʦ ʤʽʩʪʷʪʴ ʬʨʘʢ-

ʮʽʾ 1 ʤʤ ʽ 4 ʤʤ, ʚ ʤʦʤʝʥʪ ʧʨʦʨʠʚʫ ʰʘʨʫ ʚʠʥʠʢʘʶʪʴ ʟʣʘʤʠ ʥʘ ʬʫʥʢʮʽʾ Ɋ. ʊʘʢʽ ʧʫʣʴ-

ʩʘʮʽʾ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʥʝʩʪʽʡʢʠʡ ʩʪʘʥ ʰʘʨʫ, ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚ-

ʜʦʟʨʽʜʞʝʥʥʷ. ɺʠʥʠʢʥʝʥʥʷ ʢʘʥʘʣʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʣʦʢʘʣʴʥʠʤʠ ʧʝʨʽʦʜʠʯʥʠʤʠ 

ʟʤʽʥʘʤʠ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʪʘ ʟʚʠʚʠʩʪʦʩʪʽ. ʁʤʦʚʽʨʥʦ, ʱʦ ʜʣʷ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʛʦ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʪʘʢʽ ʟʣʘʤʠ ʥʝ ʙʫʜʫʪʴ ʚʠʥʠʢʘʪʠ. ʆʜʥʘʢ ʜʣʷ ʢʨʠʪʠʯʥʠʭ ʰʚʠʜʢʦʩ-

ʪʝʡ ʨʫʭʫ ʛʘʟʽʚ ʚ ʰʘʨʽ ʜʦʤʝʥʥʦʾ ʰʠʭʪʠ ʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʡ ʥʝʦʜʥʦʨʽʜʥʠʡ ʾʭ ʨʦʟʧʦ-

ʜʽʣ. ɺʠʥʠʢʥʝʥʥʷ ʙʫʣʴʙʘʰʦʢ ʚ ʰʘʨʽ ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠ-

ʩʪʘʥʥʽ ʛʘʟʦʚʠʭ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʭ ʩʠʩʪʝʤ, ʜʝ ʚʝʣʠʢʝ ʚʽʜʥʦʰʝʥʥʷ ʛʫʩʪʠʥ ʦʙʦʭ ʬʘʟ. 

ʂʨʽʤ ʪʦʛʦ, ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʨʦʟʥʦʩʪʽ ʚ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜ-

ʩʪʘʥʽ ʜʦ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʬʫʨʤ). 

ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʽʘʤʝʪʨʽʚ ʯʘʩʪʠʥʦʢ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʮʠʣʽʥʜʨʘ ʤʝʥʰʝ 

1/10 ʡʦʛʦ ʩʪʽʥʢʠ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʛʘʣʴʥʫ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʰʘʨʫ, ʦʜʥʘʢ ʧʨʠ ʧʝʨʝ-

ʭʦʜʽ ʚ ʨʝʞʠʤ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʧʦʨʦʞʥʠʥ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʽʜʙʫʚʘʣʦʩʷ 

ʧʦʙʣʠʟʫ ʩʪʽʥ ʨʝʘʢʪʦʨʘ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʨʫʭʫ ʛʘʟʽʚ 

ʯʝʨʝʟ ʨʦʟʧʫʰʫʚʘʣʴʥʫ ʜʽʶ ʩʪʽʥʦʢ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʝʚʽʶʚʘʥʥʷ ʜʨʽʙʥʷʢʫ ʚ ʮʝʥʪʨ ʙʽʣʴʰ 

ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʪʠʭ ʟʦʥ, ʜʝ ʧʽʜʚʠʱʝʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʦʚʠʭ ʧʦʪʦʢʽʚ. ʊʦʤʫ ʜʣʷ ʜʦ-

ʤʝʥʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʧʽʜʚʠʩʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʝ ʩʪʽʡ-

ʢʝ ʬʦʨʤʫʚʘʥʥʷ ʧʦʤʽʨʥʦ ʨʦʟʚʠʥʝʥʦʛʦ ʦʩʴʦʚʦʛʦ ʭʦʜʫ ʧʦʪʦʢʫ ʛʘʟʽʚ. 

ɼʣʷ ʨʦʟʜʽʣʝʥʦʛʦ ʙʽʬʨʘʢʮʽʡʥʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʬʨʘʢʮʽʾ 1 ʤʤ ʽ 4 ʤʤ, 

ʫʪʚʦʨʝʥʥʷ ʙʫʣʴʙʘʰʦʢ ʙʽʣʷ ʩʪʽʥ ʘʧʘʨʘʪʫ ʥʝ ʩʪʘʣʦʩʷ. ʁʤʦʚʽʨʥʦ, ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠ-

ʥʠʢʥʝʥʥʷʤ ʫʱʽʣʴʥʶʶʯʠʭ ʩʠʣ ʧʨʠ ʜʝʬʦʨʤʘʮʽʾ ʰʘʨʫ ʚ ʟʘʟʥʘʯʝʥʽʡ ʟʦʥʽ (ʨʠʩ. 2.43). 

ʂʨʠʪʠʯʥʠʡ ʪʠʩʢ (ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ) ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʩʠʣʽ ʪʠʩʢʫ ȹPĀS 

ʽ ʚʘʟʽ mg (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣʠ ɸʨʭʽʤʝʜʘ) ʯʘʩʪʠʥʦʢ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʰʘʨʽ. ʎʝ ʚʽʨʥʦ ʽ 

ʜʣʷ ʟʘʤʠʢʘʶʯʦʛʦ ʝʬʝʢʪʫ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʚʫʟʴʢʠʭ ʧʦʨʦʞʥʠʥʘʭ 

ʤʽʞ ʚʝʣʠʢʠʤʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʠʣ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ F  hʽ ʪʝʨʪʷ Fʪ ʦʙ ʩʪʽʥʢʠ ʻʤ-

ʥʦʩʪʽ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʠʣ ʪʠʩʢʫ ʦʙ ʩʪʽʥʢʠ ʮʠʣʽʥʜʨʘ Fʮ. 
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ʈʠʩ. 2.43.ʆʩʥʦʚʥʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʚ ʨʦʟʜʽʣʝʥʦʤʫ ʙʽʬʨʘʢʮʽʡʥʦʤʫ ʰʘʨʽ 1ʤʤ ʽ  

4 ʤʤ, ʧʨʠ ʜʽʾ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʧʨʦʜʫʚʥʦʤʫ ʮʠʣʽʥʜʨʽ 

 

ʅʘʷʚʥʽʩʪʴ ʤʘʣʦʧʨʦʥʠʢʥʦʛʦ ʙʘʨ'ʻʨʫ ʟ ʚʝʣʠʢʠʤ ʛʘʟʦʜʠʥʘʤʽʯʥʠʤ ʦʧʦʨʦʤ ʩʪʚʦ-

ʨʶʻ ʫʤʦʚʠ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʰʘʨʫ. ʉʫʤʘ ʚʘʛʠ, ʩʠʣ 

ʪʝʨʪʷ ʦʙ ʩʪʽʥʢʠ ʧʦʩʫʜʠʥʠ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʽ ʰʘʨʫ ʤʝʥʰʝ ʩʠʣʠ 

ʪʠʩʢʫ ȹPĀS, ʪʦʤʫ ʰʘʨ ʬʨʘʢʮʽʡ d = 4 ʤʤ ʧʽʜʥʽʤʘʻʪʴʩʷ ʚʛʦʨʫ. ʆʜʥʘʢ, ʷʢ ʚʽʜʟʥʘʯʘʶʪʴ 

ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʥʠʢʠ [7, 8], ʨʫʭ ʛʘʟʽʚ ʫ ʩʠʧʢʦʤʫ ʰʘʨʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜ-

ʥʽʩʪʶ, ʪʦʤʫ ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʰʘʨʫ ʧʽʜʽʡʤʘʣʘʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ.  

ʋ ʧʽʜʩʫʤʢʫ, ʚ ʤʽʩʮʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʽʜʡʦʤʫ ʩʪʘʚʩʷ ʧʨʦʨʠʚ ʛʘʟʽʚ ʽ ʧʝʨʝʚʝʨ-

ʪʘʥʥʷ ʰʘʨʫ. ʅʘʜʘʣʽ ʰʘʨ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ, ʷʢ ʤʦʥʦʬʨʘʢʮʽʡʥʠʡ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ. ʁʤʦʚʽʨʥʦ, ʱʦ ʧʦʚʝʜʽʥʢʘ ʪʘʢʦʛʦ ʙʽʬʨʘʢʮʽʡʥʦʛʦ ʰʘʨʫ ʙʘʛʘʪʦ ʚ 

ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʧʽʜ ʰʘʨʦʤ ʽ ʾʭ ʚʽʜʥʦʩʥʦʛʦ ʚʤʽʩʪʫ ʚ 

ʩʫʤʽʰʽ. ʎʝ ʷʚʠʱʝ, ʷʢʝ ʩʧʦʪʚʦʨʶʻ  ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ Ɋ, ʟ ʚʝʣʠʢʦʶ ʚʽ-

ʨʦʛʽʜʥʽʩʪʶ ʚʠʥʠʢʘʻ ʫ ʚʩʽʭ ʰʘʨʦʚʠʭ ʧʨʦʮʝʩʘʭ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʨʦʟʤʽʨʽʚ ʜʨʽʙ-

ʥʠʭ ʽ ʚʝʣʠʢʠʭ ʬʨʘʢʮʽʡ ʤʝʥʰʝ 1/4. 

 

2.5. ɼʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥ ʚ ʰʘʨʽ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ 

 

ʇʨʠ ʘʛʣʦʤʝʨʘʮʽʾ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ ʫʪʚʦʨʶʶʪʴʩʷ ʢʽʣʴ-

ʢʘ ʟʦʥ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ɺʠʟʥʘʯʘʣʴʥʠʤ ʻ ʛʦʨʠʟʦʥʪ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʝʤ-

ʧʝʨʘʪʫʨʦʶ ï ʟʦʥʘ ʧʣʘʚʣʝʥʥʷ, ʚ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʰʠʭʪʠ. ɺʠʩʦʢʽ 

ȹPĀS 

Fʪ Fʪ mg Fʮ Fʮ F  h

ʄʘʣʦʧʨʦʥʠʥʠʡ ʙʘʨ'ʻʨ 

 
1 ʤʤ 

4 ʤʤ 
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ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ 

ʪʽʣʴʢʠ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʥʘʜʭʦʜʞʝʥʥʶ ʢʠʩʥʶ ʚ ʰʘʨ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ.  

ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʰʘʨʫ ʽ ʟʨʽʚʥʷʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʪʠʧʦʚʦʤʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʤʫ ʧʨʦʮʝʩʽ ʰʠʭʪʫ ʧʦʧʝʨʝʜʥʴʦ ʦˇʨʫʜʢʦʚʫʶʪʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʠ, ʷʢʘ ʩʣʫʞʠʪʴ ʩʧʦʣʫʯʥʦʶ ʨʝʯʦʚʠʥʦʶ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʛʨʘʥʫʣ. ɿʘ 

ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʚ ʰʘʨʽ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ, ʚʠʥʠʢʘʶʪʴ ʟʦʥʠ ʚʠʩʫʰʫʚʘʥʥʷ ʽ ʧʝʨʝʟʚʦʣʦ-

ʞʝʥʥʷ, ʷʢʽ ʧʦʛʽʨʰʫʶʪʴ ʡʦʛʦ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʢʦʥʜʝʥʩʦʚʘʥʘ ʚʦʣʦʛʘ ʽ ʨʫʡʥʫʚʘʥʥʷ ʛʨʘʥʫʣ ʚ ʟʦʥʽ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʟʙʽʣʴʰʫʻ 

ʦʧʽʨ ʨʫʭʫ ʛʘʟʽʚ ʧʽʜ ʯʘʩ ʩʧʽʢʘʥʥʷ [1, 3]. ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʧʦʨʦʟʥʦʩʪʽ ʟ 0,35 ʜʦ 

0,31 ʽ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ å 1,25 ʨʘʟʽʚ. ʂʨʽʤ ʪʦʛʦ, ʥʘʜʣʠʰʦʢ ʚʦʣʦʛʠ 

ʟʤʝʥʰʫʻ ʤʽʮʥʽʩʪʴ ʛʨʘʥʫʣ ʽ ʚʥʘʩʣʽʜʦʢ ʪʠʩʢʫ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʜʝʬʦʨ-

ʤʘʮʽʷ. 

ʆʜʥʘʢ, ʚʦʣʦʛʘ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʧʦʚʠʥʥʘ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʤʽʩʮʷʭ, ʜʝ ʰʚʠʜ-

ʢʽʩʪʴ ʨʫʭʫ ʛʘʟʽʚ ʥʠʟʴʢʘ ʽ ʝʬʝʢʪʠʚʥʘ ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʟʥʠʟʠʪʴʩʷ ʚ ʤʝʥʰʽʡ ʤʽʨʽ. ɼʣʷ 

ʜʝʬʦʨʤʘʮʽʾ ʛʨʘʥʫʣ ʚ ʟʦʥʽ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʥʝʦʙʭʽʜʥʽ ʩʠʣʠ, ʱʦ ʪʠʩʥʫʪʴ ʥʘ ʾʾ ʧʦʚʝʨ-

ʭʥʶ ʟʚʝʨʭʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʟʦʥʘ ʛʦʪʦʚʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʫʪʚʦʨʶʻ ʤʽʮʥʠʡ ʩʢʝʣʝʪ, ʷʢʠʡ 

ʫʪʨʠʤʫʻ ʚʝʨʭʥʽ ʰʘʨʠ.  

ɺʠʚʯʝʥʥʷ ʷʚʠʱ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʰʘʨʽ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʟʦʥʠ ʧʝʨʝʟʚʦʣʦʞʝʥ-

ʥʷ, ʜʦʩʣʽʜʥʠʢʠ ʟʜʽʡʩʥʶʚʘʣʠ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ [1, 2]. ʇʨʦʪʝ ʚʦʥʠ ʙʽʣʴʰʦʶ ʤʽʨʦʶ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʥʝʧʨʷʤʠʭ ʧʦʢʘʟʥʠʢʘʭ (ʨʦʟʩʽʚ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʪʦʱʦ), ʷʢʽ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʛʣʷʥʫʪʠ ʟʦʥʫ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʟʩʝʨʝʜʠʥʠ [3]. 

ʊʨʘʜʠʮʽʡʥʠʡ ʩʧʦʩʽʙ ʦˇʨʫʜʢʫʚʘʥʥʷ ʰʠʭʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʠ ʥʝ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʠʪʠ ʙʝʟʧʦʩʝʨʝʜʥʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʥʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʚ ʘʛʣʦʤʝʨʘʮʽʡʥʦʤʫ 

ʰʘʨʽ ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʥʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʚ ʰʘʨʽ ʰʣʷʭʦʤ ʡʦ-

ʛʦ ʚʠʚʘʥʪʘʞʝʥʥʷ ʽʟ ʯʘʰʽ, ʚ ʷʢʽʡ ʩʧʽʢʘʶʪʴ, ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʩʪʨʫʢʪʫʨʠ [245].  

ɸʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʰʠʭʪʫ ʦˇʨʫʜʢʦʚʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʣʘʚʫ ʧʘʨʘʬʽʥʫ 

ʟʘʤʽʩʪʴ ʚʦʜʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʧʘʨʘʬʽʥʫ ʩʪʘʥʦʚʠʪʴ tʧʣ å 55õ60 Áʉ. ɺʠʧʘʨʦ-

ʚʫʚʘʥʥʷ ʧʘʨʘʬʽʥʫ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ tʚʠʧ ʧʦʥʘʜ 120 Áʉ. ʐʠʭʪʫ ʽ ʧʘʨʘʬʽʥ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʛʨʽʚʘʣʠ ʚ ʞʘʨʦʚʽʡ ʰʘʬʽ ʜʦ å 100 Áʉ. ʆˇʨʫʜʢʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʚ 
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ʪʘʨʽʣʯʘʩʪʦʤʫ ʛʨʘʥʫʣʷʪʦʨʽ, ʪʘʢʦʞ ʧʦʧʝʨʝʜʥʴʦ ʥʘʛʨʽʪʦʤʫ ʜʦ å 100 Áʉ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʽʜʝʥʪʠʯʥʦʩʪʽ ʫʤʦʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʜʠ ʽ ʨʦʟʧʣʘʚʫ ʧʘʨʘʬʽ-

ʥʫ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʦˇʨʫʜʢʫʚʘʥʥʷ ʦʜʥʘʢʦʚʠʭ ʟʘ ʩʢʣʘʜʦʤ ʰʠʭʪ: ʢʦʥʮʝʥʪʨʘʪ ï 

59,27 %; ʘʛʣʦʨʫʜʘ ï 16,39 %; ʚʘʧʥʷʢ ï 18,54 %; ʧʘʣʠʚʦ (ʢʦʢʩʠʢ) ï 5,80 %; ʟʚʦʨʦʪ ï 

25,00 % ʚʽʜ ʤʘʩʠ ʰʠʭʪʠ. ʂʽʣʴʢʽʩʪʴ ʜʦʜʘʥʦʾ ʩʧʦʣʫʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʚʦʜʠ ʘʙʦ ʧʘʨʘʬʽ-

ʥʫ) ʩʢʣʘʣʘ W = 8,2 %. 

ɺʤʽʩʪ ʢʦʥʮʝʥʪʨʘʪʫ ʚ ʟʘʣʽʟʦʨʫʜʥʽʡ ʯʘʩʪʠʥʽ ʰʠʭʪʠ ʩʢʣʘʚ 78,3 %. ʆʩʥʦʚʥʽʩʪʴ 

ʰʠʭʪʠ CaO/SiO2 = 1,13.  

ʇʽʩʣʷ ʦˇʨʫʜʢʫʚʘʥʥʷ ʰʠʭʪʫ ʨʦʟʩʽʶʚʘʣʠ ʚʨʫʯʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʦʨʫ ʩʪʘʥʜʘ-

ʨʪʥʠʭ ʢʨʫʛʣʠʭ ʩʠʪ ʥʘ ʩʽʤ ʢʣʘʩʽʚ ʢʨʫʧʥʦʩʪʽ: +10; 10õ7; 7õ5; 5õ3; 3õ2; 2õ1; 1õ0 ʤʤ. 

ɼʣʷ ʜʦʜʘʥʥʷ ʤʽʮʥʦʩʪʽ ʛʨʘʥʫʣ ʽ ʫʩʫʥʝʥʥʷ ʥʘʣʠʧʘʥʥʷ ʩʠʪ ʦˇʨʫʜʢʦʚʘʥʫ ʰʠʭʪʫ ʚʠʩʫ-

ʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʜʽʙ ʜʦ ʧʨʠʨʦʜʥʦʾ ʚʦʣʦʛʦʩʪʽ.  

ʐʠʭʪʘ, ʦˇʨʫʜʢʦʚʘʥʘ ʥʘ ʨʦʟʧʣʘʚʽ ʧʘʨʘʬʽʥʫ, ʧʦʚʥʽʩʪʶ ʟʘʩʪʠʛʘʣʘ ʟʘ 4õ5 ʛʦʜʠʥ, 

ʫʪʚʦʨʶʶʯʠ ʤʽʮʥʽ ʛʨʘʥʫʣʠ.  

ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʠʭ ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʝʥʴ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʬʨʘʢʮʽʡ ʥʝ ʜʦʟʚʦ-

ʣʷʻ ʧʨʘʚʠʣʴʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʛʨʘʥʫʣ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʰʘʨʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ ʛʫʩʪʠʥʘ ʛʨʘʥʫʣ ʚʽʜ ʾʭ ʢʨʫʧʥʦʩʪʽ. ʂʨʽʤ 

ʪʦʛʦ, ʥʘ ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ ʤʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʨʦʷʚʣʷʶʪʴʩʷ ʤʘʢʩʠʤʫʤʠ, ʷʢʽ ʚʽʜ-

ʧʦʚʽʜʘʶʪʴ ʜʽʘʤʝʪʨʫ ʛʨʘʥʫʣ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʛʫʩʪʠʥʦʶ. ʌʫʥʢʮʽʷ ʱʽʣʴʥʦʩʪʽ 

ʦʙ'ʻʤʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʘʻ ʦʜʠʥ ʤʘʢʩʠʤʫʤ. ʊʦʤʫ ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦ-

ʨʠʩʪʘʥʠʡ ʦʙ'ʻʤʥʠʡ ʨʦʟʧʦʜʽʣ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ.  

ɼʣʷ ʢʦʞʥʦʾ ʬʨʘʢʮʽʾ ʢʨʫʧʥʦʩʪʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʜʽʘʤʝʪʨʘʭ ʥʝʟʥʘʯʥʽ, ʪʦʤʫ ʧʦʨʦʟ-

ʥʦʩʪʽ ʰʘʨʽʚ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ. ʅʘʩʠʧʥʠʡ ʦʙ'ʻʤ ʛʨʘʥʫʣ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʢʨʫʧʥʦʩʪʽ 

Vi ʚʠʟʥʘʯʘʣʠ ʧʦ ʦʙ'ʻʤʫ, ʟʘʡʥʷʪʦʤʫ ʚ ʤʽʨʥʽʡ ʩʢʣʷʥʮʽ. 

ʆʙ'ʻʤʥʽ ʯʘʩʪʢʠ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʢʨʫʧʥʦʩʪʽ ʜʣʷ ʰʠʭʪʠ, ʦˇʨʫʜʢʦʚʘʥʦʾ ʟ ʜʦʜʘ-

ʚʘʥʥʷʤ ʚʦʜʠ ʽ ʨʽʜʢʦʛʦ ʧʘʨʘʬʽʥʫ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.20.  

ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʩʽʚʽʚ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ tʧ  å 100 Áʉ ʢʦʤʢʫʶʯʽ ʚʣʘʩ-

ʪʠʚʦʩʪʽ ʧʘʨʘʬʽʥʫ ʽʜʝʥʪʠʯʥʽ ʚʦʜʽ. ɺʽʜʭʠʣʝʥʥʷ ʫ ʚʤʽʩʪʽ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʦʙʫʤʦʚʣʝʥʽ 

ʪʠʤ, ʱʦ ʧʽʩʣʷ ʩʫʰʽʥʥʷ ʰʠʭʪʘ, ʦˇʨʫʜʢʦʚʘʥʘ ʚʦʜʦʶ, ʧʨʠ ʨʦʟʩʽʚʽ ʨʫʡʥʫʻʪʴʩʷ ʚ ʙʽʣʴ-

ʰʽʡ ʤʽʨʽ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʤʘʩʦʚʠʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʭ ʩʢʣʘʜʽʚ ʚʽʜʤʽʥʥʦʩʪʽ ʙʫʜʫʪʴ 
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ʊʘʙʣʠʮʷ 2.20 - 

ʆʙ'ʻʤʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʦˇʨʫʜʢʦʚʘʥʦʾ ʘʛʣʦʰʠʭʪʠ 

ʉʧʦʣʫʯʥʘ  

ʨʝʯʦʚʠʥʘ 

ɺʤʽʩʪ ʬʨʘʢʮʽʾ, % 

-1 ʤʤ 1õ2 ʤʤ 2õ3 ʤʤ  3õ5 ʤʤ 5õ7 ʤʤ 7õ10 ʤʤ +10 ʤʤ 

ʚʦʜʘ 2,12 6,49 18,63 39,34 20,28 8,52 4,62 

ʨʦʟʧʣʘʚ 

ʧʘʨʘʬʽʥʫ 
1,91 5,45 19,07 39,72 21,52 8,75 3,58 

 

ʙʽʣʴʰʠʤʠ ʚ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʨʦʟʩʽʚʽ ʚʠʩʫʰʝʥʦʾ ʰʠʭʪʠ ʚ ʜʨʽʙʥʫ ʯʘʩʪʠʥʫ -1 ʤʤ 

ʯʘʩʪʢʦʚʦ ʧʝʨʝʡʜʝ ʟʘʣʽʟʦʨʫʜʥʠʡ ʢʦʥʮʝʥʪʨʘʪ, ʷʢʠʡ ʚʽʜʧʘʚ ʟ ʧʦʚʝʨʭʥʽ ʛʨʘʥʫʣ ʽ ʤʘʻ 

ʚʠʩʦʢʫ ʛʫʩʪʠʥʫ. 

ʇʦʚʥʝ ʩʧʽʢʘʥʥʷ ʰʘʨʫ ʰʠʭʪʠ, ʦˇʨʫʜʢʦʚʘʥʦʾ ʨʦʟʧʣʘʚʦʤ ʧʘʨʘʬʽʥʫ, ʥʝʤʦʞʣʠʚʝ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʠʧʦʚʦʛʦ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʏʝʨʝʟ ʪʝ, ʱʦ ʧʘʨʠ ʧʘʨʘ-

ʬʽʥʫ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʛʘʟʦʚʽʜʚʽʜʥʠʭ ʪʨʘʢʪʘʭ ʡʤʦʚʽʨʥʝ ʾʭ ʟʘʡʤʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ 

ʟʦʥʘ ʛʦʨʽʥʥʷ ʥʘʙʣʠʟʠʪʴʩʷ ʜʦ ʢʦʣʦʩʥʠʢʦʚʠʭ ʨʝʰʽʪʦʢ. ʊʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽ-

ʜʞʝʥʴ, ʜʣʷ ʫʩʫʥʝʥʥʷ ʟʘʧʘʣʶʚʘʥʥʷ ʰʠʭʪʠ, ʟ ʾʾ ʩʢʣʘʜʫ ʚʠʢʣʶʯʝʥʝ ʪʚʝʨʜʝ ʧʘʣʠʚʦ. 

ʐʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʧʘʨʘʬʽʥʫ ʪʘʢʦʞ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʧʘʨʠ ʦʭʦ-

ʣʦʜʞʫʶʯʠʩʴ ʚʽʜʢʣʘʜʘʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʛʘʟʦʚʽʜʩʤʦʢʪʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʦʢʨʝ-

ʤʘ, ʥʘ ʣʦʧʘʪʷʭ ʝʢʩʛʘʫʩʪʝʨʘ, ʱʦ ʧʦʛʽʨʰʫʻ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥ ʰʠʭʪʘ ʩʢʣʘʜʘʣʘʩʷ ʟ ʘʛʣʦʨʫʜʠ ï 

26,7 %; ʢʦʥʮʝʥʪʨʘʪʫ ï 53,3 %; ʚʘʧʥʷʢʫ ï 20 %; ʟʚʦʨʦʪʫ ï 29,9 % ʚʽʜ ʤʘʩʠ ʰʠʭʪʠ. 

ʂʽʣʴʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʧʘʨʘʬʽʥʫ ʥʘ ʦˇʨʫʜʢʫʚʘʥʥʷ ï 6,7 %. 

ɺʠʩʦʪʘ ʩʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʩʢʣʘʣʘ 180 ʤʤ. ʈʦʟʨʽʜʞʝʥʥʷ ʧʽʜ ʰʘʨʦʤ 9500 ʇʘ. 

ʅʘ ʢʦʣʦʩʥʠʢʦʚʫ ʨʝʰʽʪʢʫ ʙʫʚ ʧʦʢʣʘʜʝʥʠʡ ʧʦʩʪʽʣʴʥʠʡ ʰʘʨ ʟʽ ʟʚʦʨʦʪʫ ʨʦʟʤʽʨʦʤ 

5õ7 ʤʤ ʽ ʚʠʩʦʪʦʶ ʅ å 7 ʤʤ. ɿʘʧʘʣʶʚʘʥʥʷ ʰʠʭʪʠ ʟʜʽʡʩʥʶʚʘʣʠ ʛʘʟʦʚʠʤ ʧʘʣʴʥʠʢʦʤ 

ʧʨʦʪʷʛʦʤ 60 ʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ʟʘ ʯʘʩ ʟʘʧʘʣʶʚʘʥʥʷ ʟʨʦʩʣʘ ʚʽʜ 52 
ʦ
ʉ ʜʦ 

78 Áʉ. ʋʩʘʜʢʘ ʰʘʨʫ ʧʨʠ ʟʘʧʘʣʝʥʥʽ ʩʢʣʘʣʘ 25õ30 ʤʤ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʾʾ ʚʝʣʠʯʠʥʽ ʧʨʠ 

ʩʧʽʢʘʥʥʽ ʰʠʭʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʠ. 

ɼʣʷ ʙʽʣʴʰʦʾ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʘʣʴʥʠʤ ʫʤʦʚʘʤ ʫʪʚʦʨʝʥʥʷ ʟʦʥ, ʰʘʨ ʬʦʨʤʫʚʘʣʠ ʟ 

ʛʘʨʷʯʦʶ ʰʠʭʪʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʥʘʜ 70 Áʉ, ʧʨʠ ʷʢʽʡ ʧʘʨʘʬʽʥ ʟʥʘʭʦʜʠʚʩʷ ʚ ʨʽʜ-
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ʢʦʤʫ ʩʪʘʥʽ. ʁʤʦʚʽʨʥʦ, ʱʦ ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʰʠʭʪʠ ʥʝ ʤʘʻ ʩʫʪʪʻʚʦʛʦ ʟʥʘʯʝʥ-

ʥʷ, ʪʦʤʫ ʱʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʨʦʟʨʽʜʞʝʥʥʷ ʧʽʜ ʰʘʨʦʤ ʭʦʣʦʜʥʝ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ, 

ʷʢʝ ʨʫʭʘʻʪʴʩʷ ʢʨʽʟʴ ʰʘʨ ʜʦ ʟʘʧʘʣʶʚʘʥʥʷ, ʦʭʦʣʦʜʞʫʻ ʰʠʭʪʫ. ʇʨʠ ʟʘʧʘʣʶʚʘʥʥʽ ʛʘ-

ʟʦʚʦʛʦ ʧʘʣʴʥʠʢʘ ʪʝʧʣʦʪʠ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʰʚʠʜʢʦ ʨʦʟʽʛʨʽʪʠ ʧʘʨʘʬʽʥ 

ʜʦ ʨʽʜʢʦʛʦ ʩʪʘʥʫ.  

ɯʥʪʝʥʩʠʚʥʦʛʦ ʛʦʨʽʥʥʷ ʧʘʨʘʬʽʥʫ ʚ ʰʘʨʽ ʥʝ ʚʽʜʙʫʚʘʣʦʩʷ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʜʝʙʽʣʴʰ 

ʚʠʧʘʨʦʚʫʚʘʚʩʷ ʚ ʟʦʥʽ ʩʫʰʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʡʤʘʥʥʷ tʟ ʧʘʨʽʚ ʧʘʨʘʬʽʥʫ ʩʪʘʥʦʚʠʪʴ 

ʧʨʠʙʣʠʟʥʦ 550õ700 Áʉ ʽ ʧʨʠ ʥʝʩʪʘʯʽ ʢʠʩʥʶ ʥʘʙʘʛʘʪʦ ʧʽʜʚʠʱʫʻʪʴʩʷ. ʐʚʠʜʢʽʩʪʴ ʨʫ-

ʭʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʨʦʥʪʫ ʚʥʠʟ ʜʦʟʚʦʣʷʻ ʧʘʨʘʬʽʥʫ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʚʠʧʘʨʫʚʘ-

ʪʠʩʷ ʽ ʧʝʨʝʥʝʩʪʠʩʷ ʛʘʟʘʤʠ ʚ ʥʠʞʯʝ ʣʝʞʘʯʠʡ ʰʘʨ ʰʠʭʪʠ. ʊʦʙʪʦ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫ-

ʚʘʶʪʴʩʷ ʚ ʰʘʨʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʜʠ ʽ ʧʘʨʘʬʽʥʫ, ʧʦʚʥʽʩʪʶ ʽʜʝʥʪʠʯʥʽ. 

ʇʦ ʟʘʚʝʨʰʝʥʥʶ ʧʨʦʮʝʩʫ ʟʘʧʘʣʶʚʘʥʥʷ, ʝʢʩʛʘʫʩʪʝʨ ʚʠʤʠʢʘʣʠ ʽ ʯʝʢʘʣʠ ʧʨʦʪʷ-

ʛʦʤ ʜʦʙʠ ʧʦʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʝʨʝʜʠʥʽ ʰʘʨʫ ʟʥʠʟʠʪʴʩʷ ʜʦ ʟʘʩʪʠʛʘʥʥʷ ʧʘʨʘʬʽʥʫ. 

ʇʦʪʽʤ ʰʘʨ ʚʠʚʘʥʪʘʞʫʚʘʣʠ ʟʽ ʩʧʽʢʥʦʾ ʯʘʰʽ ʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʬʦʨʤʦʚʘʥʽ ʟʦʥʠ.  

ɿʘʛʘʣʴʥʘ ʤʘʩʘ ʰʠʭʪʠ, ʟʘʚʘʥʪʘʞʝʥʦʾ ʚ ʘʛʣʦʯʘʰʫ, ʩʢʣʘʣʘ 4,81 ʢʛ. ʄʘʩʘ ʚʠʚʘʥ-

ʪʘʞʝʥʦʛʦ ʽʟ ʯʘʰʽ ʰʘʨʫ ʩʢʣʘʣʘ 4,81 ʢʛ. ɼʣʷ ʧʨʠʡʥʷʪʠʭ ʫʤʦʚ ʤʘʩʘ ʰʘʨʫ ʧʦʚʠʥʥʘ ʙʫ-

ʣʘ ʟʤʝʥʰʠʪʠʩʷ ʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʥʝʩʝʥʦʾ ʧʘʨʠ ʧʘʨʘʬʽʥʫ, ʧʠʣʫ, ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʉʆ2 

ʚʜ̔ ʨʦʟʢʣʘʜʘʥʥʷ ʚʘʧʥʷʢʫ ʽ ʛʘʟʽʚ ʚʽʜ ʛʦʨʽʥʥʷ ʧʘʨʘʬʽʥʫ. 

ʅʘ ʟʚʦʨʦʪʽ ʧʦʩʪʽʣʴʥʦʛʦ ʰʘʨʫ ʩʣʽʜʽʚ ʧʘʨʘʬʽʥʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ. ʆʪʞʝ, ʡʦʛʦ 

ʧʘʨʠ ʥʝ ʚʽʜʥʦʩʠʣʠʩʷ ʚʽʜʭʽʜʥʠʤʠ ʛʘʟʘʤʠ, ʘ ʧʦʚʥʽʩʪʶ ʢʦʥʜʝʥʩʫʚʘʣʠʩʷ ʚ ʰʘʨʽ. ʇʠʣ 

ʰʠʭʪʠ ʪʘʢʦʞ ʥʝ ʚʽʜʥʦʩʠʚʩʷ ʟ ʰʘʨʫ. 

ɼʣʷ ʢʨʘʱʦʛʦ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʘʨ ʨʦʟʨʽʟʘʣʠ ʚʝʨʪʠʢʘʣʴʥʦ. ʉʭʝʤʘ ʫʪʚʦ-

ʨʝʥʠʭ ʚ ʰʘʨʽ ʟʦʥ ʧʽʩʣʷ ʡʦʛʦ ʟʘʧʘʣʝʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.44. 

ɺʛʦʨʽ ʰʘʨʫ ʩʬʦʨʤʫʚʘʣʘʩʷ ʟʦʥʘ ʩʧʝʯʝʥʦʾ ʰʠʭʪʠ, ʷʢʠʡ ʤʘʻ ʚʠʩʦʪʫ ʅʛ.ʧ. å 

10 ʤʤ. ʏʝʨʝʟ ʪʝ, ʱʦ ʚ ʰʠʭʪʫ ʥʝ ʜʦʜʘʚʘʣʠ ʜʨʽʙʥʠʡ ʢʦʢʩ, ʧʝʨʚʠʥʥʠʡ ʘʛʣʦʤʝʨʘʪ 

ʫʪʚʦʨʠʚʩʷ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʪʠ ʚʽʜ ʟʛʦʨʷʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟʘʧʘʣʴ-

ʥʠʢʘ ʽ ʯʘʩʪʢʦʚʦ ʧʘʨʘʬʽʥʫ ʰʠʭʪʠ. ɿʦʥʘ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʯʝʨʝʟ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʴ ʫʪʚʦ-

ʨʠʣʘʩʷ ʯʘʩʪʢʦʚʦ ʫ ʚʠʛʣʷʜʽ ʰʠʭʪʠ, ʦʧʣʘʚʣʝʥʦʾ ʧʦʣʫʤôʷʤ ʟʘʧʘʣʶʚʘʣʴʥʦʛʦ ʧʘʣʴʥʠʢʘ.  

ɺʠʩʦʪʘ ʟʦʥʠ ʚʠʩʫʰʝʥʦʾ ʰʠʭʪʠ ʜʦʨʽʚʥʶʻ ʅʩ.ʰ. å 20õ25 ʤʤ ʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʟʦʥʫ ʩʫʰʽʥʥʷ ʽ ʟʦʥʫ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʛʨʽʚʫ. ɺʠʩʦʪʘ ʟʦʥʠ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʛʨʽʚʫ ʩʢʣʘ-

ʣʘ ʅ̔ .ʥ. å 10õ15 ʤʤ. ɼʣʷ ʜʘʥʦʾ ʟʦʥʠ ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ ʙʽʣʠʭ ʯʘʩʪʠʥʦʢ ʚʘʧʥʷʢʫ,  
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ʈʠʩ. 2.44. ʉʪʨʫʢʪʫʨʘ ʟʘʩʪʠʛʣʦʛʦ ʰʘʨʫ ʰʠʭʪʠ, ʷʢʘ ʦˇʨʫʜʢʦʚʘʥʘ ʨʦʟʧʣʘʚʦʤ 

ʧʘʨʘʬʽʥʫ, ʧʽʩʣʷ ʟʘʧʘʣʶʚʘʥʥʷ: 1 ï ʟʦʥʘ ʩʧʝʯʝʥʦʾ ʰʠʭʪʠ; 2 ï ʟʦʥʘ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʥʘʛʨʽʚʫ; 3 ï ʟʦʥʘ ʩʫʰʽʥʥʷ; 4 ï ʟʦʥʘ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ; 5 ï ʟʦʥʘ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ; 6 ï 

ʟʦʥʘ ʚʠʭʽʜʥʦʾ ʰʠʭʪʠ; 7 ï ʩʫʭʽ ʛʨʘʥʫʣʠ; 8 ï ʤʝʥʽʩʢʠ; 9 ï ʢʘʥʘʣʠ 
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ʱʦ ʜʠʩʦʮʽʶʚʘʚ. 

ɺ ʟʦʥʽ ʚʠʩʫʰʝʥʦʾ ʰʠʭʪʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʤʽʥʫ ʢʦʣʴʦʨʫ ʰʠʭʪʠ ʥʘ ʯʝʨʚʦʥʫʚʘʪʠʡ 

ʚʽʜʪʽʥʦʢ, ʡʤʦʚʽʨʥʦ, ʤʘʛʥʝʪʠʪ ʢʦʥʮʝʥʪʨʘʪʫ Fe3O4 ʦʢʠʩʣʶʚʘʚʩʷ ʜʦ ʛʝʤʘʪʠʪʫ Fe2O3. 

ɻʨʘʥʫʣʠ ʢʨʫʧʥʽʩʪʶ ʜʦ 3 ʤʤ ʟʤʽʥʶʚʘʣʠ ʩʚʽʡ ʚʽʜʪʽʥʦʢ ʧʦ ʚʩʴʦʤʫ ʜʽʘʤʝʪʨʫ. ɹʽʣʴʰ 

ʚʝʣʠʢʽ ʛʨʘʥʫʣʠ ʚʩʝʨʝʜʠʥʽ ʩʚʽʡ ʚʽʜʪʽʥʦʢ ʥʝ ʟʤʽʥʠʣʠ, ʘ ʦʢʠʩʣʠʣʠʩʷ ʥʘ ʛʣʠʙʠʥʫ ʜʦ 

å 1,5 ʤʤ.  

ɼʘʥʝ ʷʚʠʱʝ ʚʽʜʙʫʚʘʣʦʩʷ ʯʝʨʝʟ ʥʝʩʪʘʯʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʛʘʟʽʚ ʉʆ ʪʘ ʅ2 ʯʝ-

ʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʧʘʣʠʚʘ ʚ ʰʠʭʪʽ ʽ ʥʘʜʣʠʰʦʢ ʢʠʩʥʶ ʚ ʨʫʭʦʤʠʭ ʛʘʟʽʚ ʟ ʚʠʩʦʢʦʶ ʪʝʤ-

ʧʝʨʘʪʫʨʦʶ. ʎʝ ʤʦʞʣʠʚʦ ʽ ʜʣʷ ʪʠʧʦʚʦʛʦ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʧʦʯʘʪʢʦʚʠʡ 

ʧʝʨʽʦʜ ʟʘʧʘʣʝʥʥʷ, ʢʦʣʠ ʧʘʣʠʚʦ ʛʦʨʠʪʴ ʥʝʜʦʩʪʘʪʥʴʦ ʽʥʪʝʥʩʠʚʥʦ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘ-

ʟʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ ʰʘʨ, ʚʠʩʦʢʘ. ʊʦʤʫ ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʰʘʨʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʘʣʝʥʥʷ 

ʛʘʟʽʚ ʚʽʜ ʨʦʟʢʣʘʜʘʥʥʷ ʚʘʧʥʷʢʫ ʽ ʛʦʨʽʥʥʷ ʧʘʨʘʬʽʥʫ, ʡʤʦʚʽʨʥʦ, ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʚʘ-

ʣʦʩʷ ʜʦʜʘʚʘʥʥʷʤ ʢʠʩʥʶ ʚ ʦʢʩʠʜʠ ʟʘʣʽʟʘ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʚʠʩʫʰʝʥʦʾ ʰʠʭʪʠ ʤʽʩʪʠʚ 25õ30 % ʬʨʘʢʮʽʡ ʢʨʫʧʥʽ-

ʩʪʶ ʤʝʥʰʝ 0,5 ʤʤ. ʆʩʦʙʣʠʚʦ ʽʥʪʝʥʩʠʚʥʦ ʟʨʫʡʥʫʚʘʣʠʩʷ ʛʨʘʥʫʣʠ ʢʨʫʧʥʽʩʪʶ ʤʝʥʰʝ 

3 ʤʤ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʥʠʟʴʢʦʶ ʤʽʮʥʽʩʪʶ ʟʯʝʧʣʝʥʥʷ ʧʠʣʫʚʘʪʠʭ ʬʨʘʢʮʽʡ ʥʘ ʧʦʚʝʨʭ-

ʥʽ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʩʧʦʣʫʯʥʦʾ ʨʝʯʦʚʠʥʠ. ɿʯʝʧʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʽʜ ʚʧʣʠʚʦʤ 

ʤʝʭʘʥʽʯʥʠʭ ʩʠʣ. ʉʢʝʣʝʪ ʜʘʥʦʾ ʟʦʥʠ ʚ ʦʩʥʦʚʥʦʤʫ ʩʢʣʘʜʘʚʩʷ ʟ ʚʝʣʠʢʠʭ ʛʨʘʥʫʣ, ʚʩʝ-

ʨʝʜʠʥʽ ʷʢʠʭ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʯʘʩʪʢʠ ʨʫʜʠ ʘʙʦ ʟʚʦʨʦʪʫ. ʇʨʠ ʫʪʚʦʨʝʥʥʽ ʙʽʣʴʰ ʛʫʩ-

ʪʠʥʥʠʭ ʛʨʘʥʫʣ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʧʽʜ ʯʘʩ ʦˇʨʫʜʢʫ-

ʚʘʥʥʽ ʚʤʽʩʪ ʧʠʣʫʚʘʪʠʭ ʬʨʘʢʮʽʡ ʫ ʟʘʟʥʘʯʝʥʠʭ ʟʦʥʘʭ ʙʫʜʝ ʟʥʠʞʫʚʘʪʠʩʷ. 

ɺʠʩʦʪʘ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʽʚ ʧʘʨʘʬʽʥʫ ʩʢʣʘʣʘ å 50õ60 ʤʤ. ɰʾ ʚʠʛʣʷʜ ʥʘ 

ʟʣʘʤʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.45. ʎʷ ʟʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʛʨʘʥʫʣʠ, ʩʧʦʣʫʯʝʥʽ ʤʽʞ ʩʦ-

ʙʦʶ ʫʪʚʦʨʝʥʠʤʠ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʤʝʥʽʩʢʘʤʠ. ʉʬʦʨʤʫʚʘʣʠʩʴ ʭʚʠʣʝʧʦʜʽʙʥʽ ʚʝʨʪʠʢʘ-

ʣʴʥʽ ʢʘʥʘʣʠ ʜʣʷ ʨʫʭʫ ʛʘʟʽʚ ʽʟ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ dʢ å 0,6õ1,2 ʤʤ, ʽ ʦʢʨʝʤʽ ʧʦʨʦʞ-

ʥʠʥʠ. ʇʘʨʠ ʧʘʨʘʬʽʥʫ ʟ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʰʠʭʪʠ, ʟʤʽʰʘʥʽ ʟ ʧʠʣʦʤ, ʩʢʦʥʜʝʥʩʫʚʘʣʠʩʷ ʚ 

ʦʙôʻʤʘʭ, ʜʝ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʛʘʟʽʚ ʥʘʡʤʝʥʰʘ. ʊʘʢʽ ʟʘʩʪʽʡʥʽ ʟʦʥʠ ʚ ʰʘʨʽ ʦˇʨʫʜʢʦʚʘ-

ʥʦʾ ʰʠʭʪʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʧʽʜ ʛʨʘʥʫʣʘʤʠ. ʎʝ ʧʦʷʩʥʶʻ ʚʠʥʠʢʥʝʥʥʷ ʭʚʠʣʝʧʦʜʽʙ-

ʥʠʭ ʢʘʥʘʣʽʚ ʚ ʟʦʥʽ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ. 
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ʈʠʩ. 2.45. ʉʪʨʫʢʪʫʨʘ ʟʦʥʠ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ 

 

ʇʠʪʦʤʘ ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ Nʢ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʛʨʘʥʫʣ ʦˇʨʫʜʢʦʚʘʥʦʾ ʰʠʭ-

ʪʠ ʽ ʩʪʫʧʝʥʷ ʾʭ ʨʫʡʥʫʚʘʥʥʷ ʫ ʩʫʭʠʭ ʟʦʥʘʭ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ Nʢ = 7 ï 

12 ʩʤ
-2
. ʑʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ Ů = 0,25 ï 0,32.  

ɺʠʥʠʢʥʝʥʥʷ ʽ ʩʪʽʢʘʥʥʷ ʢʨʘʧʝʣʴ ʧʘʨʘʬʽʥʫ ʚ ʟʦʥʽ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʥʝ ʩʧʦʩʪʝʨʽ-

ʛʘʣʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʚʘʥʪʘʞʝʥʦʛʦ ʰʘʨʫ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʚʝʨʭʫ ʟʦʥʠ  

ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʫʪʚʦʨʠʣʘʩʷ ʟʦʥʘ ʟ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʢʨʫʧʥʽʩʪʶ ʤʝʥʰʝ 0,3 ʤʤ, ʫ ʙʽ-

ʣʴʰʽʡ ʯʘʩʪʠʥʽ ʧʝʨʝʥʝʩʝʥʠʭ ʽʟ ʟʦʥʠ ʩʫʭʦʾ ʰʠʭʪʠ. ʎʽ ʬʨʘʢʮʽʾ ʫʪʚʦʨʶʶʪʴ ʱʽʣʴʥʫ ʟʦ-

ʥʫ ʟʘʚʚʠʰʢʠ ʅʜ.ʬ.å 6 ʤʤ ʽ ʟʘʙʠʚʘʶʪʴ ʢʘʥʘʣʠ ʟ ʜʽʘʤʝʪʨʦʤ ʤʝʥʰʝ 0,6 ʤʤ, ʯʝʨʝʟ ʱʦ 

ʫʩʢʣʘʜʥʶʶʪʴ ʨʫʭ ʛʘʟʽʚ. ʎʷ ʟʦʥʘ ʤʘʻ ʜʫʞʝ ʥʠʟʴʢʫ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʽ ʧʨʠʪʠʩʢʘʻ 

ʚʥʠʟ ʰʠʭʪʫ, ʩʧʨʠʷʶʯʠ ʫʩʘʜʮʽ ʰʘʨʫ ʽ ʬʦʨʤʫʶʯʠ ʢʘʥʘʣʠ.  

ɺʠʭʽʜʥʘ ʰʠʭʪʘ 

ʂʘʥʘʣʠ ʚ ʟʦʥʽ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ 






































































































































































































































































































































































































