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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ʊɸ ʉʂʆʈʆʏɽʅʔ 

 

ɻʇ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʠʚʦʜ; 

ʈʈ ï ʨʦʙʦʯʘ ʨʽʜʠʥʘ; 

ʂʇʄ ï ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʨʠʚʽʜ ʤʝʭʘʥʽʟʘʮʽʾ 

D, d ï ʜʽʘʤʝʪʨ ʢʘʥʘʣʫ (ʤ); Dʛʽʜ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʜʽʘʤʝʪʨ (ʤ); 

L, l i ï ʜʦʚʞʠʥʠ ʢʘʥʘʣʽʚ (ʤ); 

W ï ʦʙôʻʤ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (ʤ3); 

V ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʠʥʠ (ʤ/ʩ); 

ʨ ï ʪʠʩʢ (ʇʘ); ȹp ï ʚʪʨʘʪʠ ʪʠʩʢʫ (ʇʘ); 

ɚʛ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ; 

Q ï ʚʠʪʨʘʪʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (ʤ3/ʩ);  

ɟ ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ (ʢʛ/ʤ3); 

ɜ ï ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (ʤ2/ʩ); 

ɛ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (ʇʘ ʩ); 

t ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (Üʉ); 

Re  ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ;  

ɝ ï ʢʦʝʬʽʮʽʻʥʪ ʤʽʩʮʝʚʦʛʦ ʦʧʦʨʫ. 

 



5 
 

ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɺ ʤʦʙʽʣʴʥʠʭ ʧʨʠʚʦʜʘʭ ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ 

ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʨʠʚʦʜʽʚ ʪʘ ʚʠʢʦʥʘʥʥʷ 

ʧʦʚʥʦʮʽʥʥʦʾ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʙʽʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ. ɹʽʣʴʰʽʩʪʴ 

ʛ̔ ʜʨʘʚʣʽʯʥʠʭ ʧʨʠʚʦʜʽʚ ʨʽʟʥʦʾ ʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ (ʘʚʽʘʮʽʡʥʽʡ, ʘʚʪʦʤʦʙʽʣʴʥʽʡ, 

ʩʫʜʥʦʧʣʘʚʥʽʡ)  ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʪʫ ʧʨʠ ʥʝʩʪʘʙʽʣʴʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ, 

ʷʢʠʡ ʤʦʞʝ ʰʚʠʜʢʦʧʣʠʥʥʦ ʟʤʽʥʶʚʘʪʠʩʷ (ʮʽ ʧʦʢʘʟʥʠʢʠ ʤʦʞʫʪʴ ʢʦʣʠʚʘʪʠʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ -60Áʉ ʜʦ +120Áʉ). ʇʽʜ ʯʘʩ ʟʘʧʫʩʢʫ ʩʠʩʪʝʤ ʤʦʙʽʣʴʥʠʭ ʧʨʠʚʦʜʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʠʥʠ ʷʢ ʫ ʯʘʩʽ, ʪʘʢ ʽ ʚʧʨʦʜʦʚʞ ʪʨʘʻʢʪʦʨʽʾ ʾʾ 

ʨʫʭʫ. ʊʘʢʦʞ ʚ ʜʝʷʢʠʭ ʩʠʩʪʝʤʘʭ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʧʣʘʚʥʠʡ ʧʫʩʢ 

ʧʨʠʚʦʜʫ, ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ ʱʦ ʧʽʜʢʣʶʯʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʘʧʪʦʚʦ, ʘ ʧʨʠʚʦʜʠ 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʷʢ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʘʢ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʨʦʙʦʪʠ ʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚ 

ʥʝʩʪʘʙʽʣʴʥʠʭ ʨʝʞʠʤʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʫ ʢʘʥʘʣʽʚ, ʝʣʝʤʝʥʪʽʚ ʪʘ ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʚ ʮʽʣʦʤʫ, 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʟʛʦʜʞʝʥʥʷ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʽʩʮʝʚʽ 

ʦʧʦʨʠ, ʛʽʜʨʘʚʣʽʯʥʽ ʢʘʥʘʣʠ, ʪʠʧʠ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʪʘ ̔ʥ.) ʟ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʉʢʣʘʜʥʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʽʜʨʦʧʨʠʚʦʜʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪ̔ ʫʟʛʦʜʞʝʥʥʷ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ.  

ʇʨʠ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʨʦʟʨʘʭʫʥʢʽʚ ʛʽʜʨʦʧʨʠʚʦʜʫ ʤʦʙʽʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ ʥʝ 

ʟʘʚʞʜʠ ʚʨʘʭʦʚʫʶʪʴ ʪʘʢʽ ʯʠʥʥʠʢʠ ʷʢ ʟʤʽʥʫ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʨʽʜʠʥʽ ʪʘ ʝʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟʤʽʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʧʨʠ ʧʫʩʢʦʚʠʭ ʤʦʤʝʥʪʘʭ, 

ʥʘʷʚʥʽʩʪʴ ʩʪʘʙʽʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ 

ʨʦʙʦʪʫ ʛʽʜʨʦʧʨʠʚʦʜʫ ʤʦʙʽʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʚ ʤʝʪʦʜʠʢʘʭ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʫ ʪʘ 

ʢʦʨʝʛʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʚʨʘʟʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ: 

ï ɼʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʩʠʩʪʝʤ ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʘʛʨʝʛʘʪʽʚ, ʾʭ 
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ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʘʨʘʤʝʪʨʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ, ʧʨʠʯʠʥ  ʚʽʜʤʦʚʠ 

ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʨʠʚʦʜʫ, ʚ ʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʨʽʜʠʥ, 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ. 

ï ʊʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ 

ʨʽʜʠʥ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʨʦʙʦʪʫ 

ʙʘʛʘʪʦʨʝʞʠʤʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ. 

ï ʂʦʤʧôʁ ʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʽ, ʟ ʧʦʜʘʣʴʰʠʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʯʘʩʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ. 

ï ʄʦʜʝʨʥʽʟʘʮʽʷ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʤʦʙʽʣʴʥʦʛʦ ʧʨʠʚʦʜʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʣʘʚʥʦʛʦ ʟʘʧʫʩʢʫ ʩʠʩʪʝʤʠ. 

 

 

 

 

 

 

 

 

 



ʈʆɿɼɯʃ 1 

 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʈʆɿʈɸʍʋʅʂʋ ʈʆɹʆʊʀ ʄʆɹɯʃʔʅʀʍ 

ɻɯɼʈʆʇʈʀɺʆɼɯɺ  

  

1.1  ʆʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʫ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʚʦʜʽʚ ʛʽʜʨʘʚʣʽʯʥʠʭ, ʝʣʝʢʪʨʠʯʥʠʭ, ʧʥʝʚʤʘʪʠʯʥʠʭ ʪʘ 

ʢʦʤʙʽʥʦʚʘʥʽ ʻ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʝʭʥʽʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʨʝʞʠʤʥʠʭ ʧʨʠʚʦʜʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ, 

ʤʦʞʣʠʚʩ̔ʪɹ ʧʦʜʦʣʘʥʥʷ ʚʝʣʠʢʠʭ ʟʫʩʠʣʴ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʘʭ. 

ʊʘʢʦʛʦ ʪʠʧʫ ʧʨʠʚʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʟʝʤʥʽʡ, ʩʫʜʥʦʧʣʘʚʥʽʡ ʪʘ ʘʚʽʘʮʽʡʥʽʡ 

ʪʝʭʥʽʮʽ [1,2,3].  

ʇʽʜ ʯʘʩ ʨʦʟʛʣʷʜʫ ʧʨʠʚʦʜʽʚ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ, ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʧʝʨʝʚʘʛ ʪʘ 

ʥʝʜʦʣʽʢʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʧʦʯʠʥʘʪʠ ʟ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʟʘ ʪʠʧʦʤ ʩʪʨʫʢʪʫʨʠ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʟʘ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ, ʟʘ 

ʬʫʥʢʮʽʷʤʠ. ʉʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴ ʯʝʨʝʟ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ʽ ʭʘʨʘʢʪʝʨ 

ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ [4]. 

ʊʘʢ ʷʢ ʧʦʪʽʢ ʨʽʜʠʥʠ ʚ ʛʽʜʨʦʧʨʠʚʦʜʘʭ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʭʘʨʘʢʪʝʨʠʟʫʪʁʴʩʷ 

ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʚʠʪʨʘʪʦʶ ʪʘ ʪʠʩʢʦʤ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʟʥʘʯʝʥʥʷʤ ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʮʽ 

ʦʩʦʙʣʠʚʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, ʨʠʩ. 1.1.). 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.1 ï [21] ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʛʽʜʨʦʧʨʠʚʦʜʫ: 1 ï ʥʘʩʦʩ; 2 ï ʛʽʜʨʦ ʜʚʠʛʫʥ, 

3 ï ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷʥʥʷ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʧʦʨʰʝʥʴ ʛʽʜʨʦʜʚʠʛʫʥʘ ʧʨʠ ʩʪʘʣʦʤʫ 

ʨʫʩʽ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʨʪʷ, ʘ ʪʘʢʦʞ ʧʨʠ 02=p , ʟʥʘʭʦʜʷʪʴ ʟʘ ʟʘʛʘʣʴʥʦʚʞʠʚʘʥʠʤʠ 

ʚʠʨʘʟʘʤʠ ʽ ʤʘʻ ʚʠʛʣʷʜ [1] ʧʜʚʥʘʚ ApFF 1== ; ʪʠʩʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
ʤ

ʥʘʚʄ
p

k
=1 , 

ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʪʝʨʪʷ ʷʢ: 
ʧ

ʪʨʥʘʚ

ɸ

FF
ʨ

Ö
=1  [1]. 

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ, ʽ ʟʘ ʨʽʟʥʠʤʠ ʦʩʥʦʚʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
t

V
Q=

 
[6]. ʗʢʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʪʦʢʠ ʨʽʜʠʥʠ ʪʦ 

ʚʠʪʨʘʪʘ ʚ ʛʽʜʨʦ ʜʚʠʛʫʥʽ ʤʘʻ ʚʠʛʣʷʜ: ʜʚʥ QQ = . ʄʘʶʯʠ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʪʘ ʚʠʪʨʘʪʠ 

ʨʽʜʠʥʠ ʚ ʛʽʜʨʦʧʨʠʚʦʜʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ: 1ʨQN ʥʘʚÖ= [6]. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʛʽʜʨʦʧʨʠʚʦʜʫ [6]: 1 ï ʥʘʩʦʩ ʨʫʣʴʦʚʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʞʠʚʣʝʥʥʷ; 2 ï ʥʘʩʦʩ ʟ ʨʝʚʝʨʩʠʚʥʠʤ ʧʦʪʦʢʦʤ, 3 ï ʛʽʜʨʦʧʽʜʩʠʣʶʚʘʯ, 

4 ï ʨʦʟʜʽʣʴʥʠʢ ʧʦʪʦʢʫ, 5 ï ʥʘʩʦʩ ʩʝʨʚʦʢʝʨʫʚʘʣʴʥʠʡ, 6 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ, 7 ï 

ʛʽʜʨʦʤʦʪʦʨ ʧʨʠʚʦʜʫ, 8,10 ï ʥʘʧʨʘʚʣʷʶʯʽ ʪʘ ʨʝʛʫʣʶʶʯʽ ʛʽʜʨʦʘʧʘʨʘʪʠ, 9 ï ʬʽʣʴʪʨ, 

11 ï ʟʦʣʦʪʥʠʢ, 12 ï ʛʽʜʨʦʮʠʣʽʥʜʨʠ, 13 ï ʨʫʣʴʦʚʝ ʢʝʨʫʚʘʥʥʷ, 14 ï ʥʘʧʽʨʥʠʡ ʛʽʜʨʦ 

ʢʣʘʧʘʥ 
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ʇʨʠ ʨʦʟʛʣʷʜʽ ʨʽʟʥʠʭ ʩʭʝʤ, ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʨʦʟʨʘʭʫʥʢʽʚ ʛʽʜʨʦʩʠʩʪʝʤ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ, ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ 

ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʪʽʢʘʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʱʦ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʘ ʚʽʜʢʨʠʪʽʡ ʪʝʨʠʪʦʨʽʾ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʟʘʥʠʞʝʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʚ ʛʽʜʨʘʚʣʽʯʥʠʭ ʣʽʥʽʷʭ, ʷʢ ʥʘʩʣʽʜʦʢ ï ʧʨʠʚʦʜ, ʱʦ 

ʧʨʦʝʢʪʫʻʪʴʩʷ, ʙʫʜʝ ʧʨʘʢʪʠʯʥʦ ʥʝʜʽʻʟʜʘʪʥʠʤ. ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʧʦ ʧʝʨʝʨʽʟʫ 

ʧʨʠ ʨʫʩʽ ʨʽʜʠʥʠ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʧʘʨʘʙʦʣʽʯʥʦʛʦ, ʘ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ ɹʘʢʠʥʛʝʤʘ [6] ʚ ʪʘʙʣ.. 1.1. 

 

ʊʘʙʣʠʮʷ 1.1 

ɺʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ 

ʏʝʨʝʟ ʜʠʥʘʤʽʯʥʫ ʚôʷʟʢʽʩʪʴ ( ) ( )( )44
00

2

3/2/31
2,3

ppppp
L

d
Uc +-=

m  

ʏʝʨʝʟ ʢʽʥʝʤʘʪʠʯʥʫ ʚôʷʟʢʽʩʪʴ ö
÷

õ
æ
ç

å
-= 0

2

3

4

2,3
pp

L

d
Uc

nr  

ɸ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʧʨʦʪʽʢʘʥʥʽ 

ʨʽʜʠʥʠ: 

ʨ

ʩ

ʨ
u

u
l

ö
ö

÷

õ

æ
æ

ç

å
=

Re

64
, ʜʝ )

11
exp(

ʘʘ
ʨ

c

ʨc
TT
-=

u

u

, 

ʜʝ ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʽ çʘè ï ʢʦʝʬʽʮʽʻʥʪ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʢʨʠʚʠʭ ʜʣʷ ʨʽʜʠʥ.
 

ɿʥʘʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʜʨʦʧʨʠʚʦʜʫ ʚʽʜ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʪʦʢʽʚ, ʪʘ, ʦʩʦʙʣʠʚʦ, ʟʦʚʥʽʰʥʽʭ ʚʪʨʘʪ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʻ ʥʘʡʙʽʣʴʰ 

ʚʘʛʦʤʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʮʴʦʛʦ ʪʠʧʫ ʧʨʠʚʦʜʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ. 

ʅʘʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʘʩʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʜʷʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ ʨʠʩ.1.3. [6]. 
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ʈʠʩʫʥʦʢ 1.3 ï ʊʨʠʚʘʣʽʩʪʴ ʨʦʟʽʛʨʽʚʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʜʦ ʩʪʘʣʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʛʽʜʨʦʩʠʩʪʝʤʘʭ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ: 

1 ï ʨʦʟʧʫʰʫʚʘʯʘ ʤʝʨʟʣʦʛʦ ˇʨʫʥʪʫ; 2 ï ʙʫʣʴʜʦʟʝʨʘ ʥʘ ʪʨʘʢʪʦʨʽ ɼʊ-75; 3 ï 

ʥʝʧʦʚʥʦʧʦʚʦʨʦʪʥʦʛʦ ʝʢʩʢʘʚʘʪʦʨʫ (0,25 ʤ3); 4 ï ʘʚʪʦʛʨʝʡʜʝʨʫ;  5 ï ʥʝʧʦʚʥʦ 

ʧʦʚʦʨʦʪʥʦʛʦ ʝʢʩʢʘʚʘʪʦʨʫ  (0,4 ʤ3) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʜʘʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʨʦʙʦʪʠ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʽʪʯʠʟʥʷʥʽ ʪʘ ʟʘʢʦʨʜʦʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʨʽʟʥʠʭ 

ʢʦʤʧʦʥʦʚʦʢ ʙʘʛʘʪʦʨʝʞʠʤʥʠʭ ʧʨʠʚʦʜʽʚ, ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʙʽʣʴʥʠʭ 

ʛʽʜʨʦʧʨʠʚʦʜʽʚ. 

ʈʦʟʛʣʷʥʫʪʦ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʽʘʮʽʡʥʠʭ ʧʨʠʚʦʜʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʚ ʨʦʙʦʪʘʭ ɸʙʨʘʤʦʚʘ ɭ.ɯ., ʊʨʦʬʽʤʦʚʘ ɺ.ɸ. ʪʘ ʽʥ.. [6,7,8], ʟʦʢʨʝʤʘ ʨʦʟʛʣʷʥʫʪʽ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ 

(ʃɸ); ʥʘʚʝʜʝʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ, ʥʘʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ (ʧʥʝʚʤʦ-) ʩʠʩʪʝʤ ʃɸ.  

ʈʦʟʛʣʷʥʫʪʽ ʧʨʠʢʣʘʜʠ ʩʠʩʪʝʤ ʧʨʠʚʦʜʽʚ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ [8,9], ʟ 

ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʱʦʜʦ ʥʘʜʽʡʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ 

(ʩʣʽʜʢʫʶʯʽ ʧʨʠʚʦʜʠ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʧʨʠʚʦʜʠ ʨʫʣʴʦʚʠʭ ʧʦʚʝʨʭʦʥʴ 

ʰʚʠʜʢʦʭʽʜʥʠʭ ʩʫʜʝʥ ʥʘ ʧʽʜʚʦʜʥʠʭ ʢʨʠʣʘʭ, ʧʨʠʚʦʜʠ ʃɸ, ʧʨʠʚʦʜʠ ʜʦʩʣʽʜʥʠʭ 

ʩʪʝʥʜʽʚ ʪʘ ʪʨʝʥʘʞʝʨʽʚ, ʘ ʪʘʢʦʞ ʧʨʠʚʦʜʠ ʽʥʰʠʭ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʚ 

ʷʢʠʭ ʚʠʤʦʛʦʶ ʻ ʪʦʯʥʝ ʽ ʥʘʜʽʡʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ). 

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʢʥʠʛʠ ɹʘʰʪʠ ʊ.ʄ., ʘʚʪʦʨʽʚ ɺʽʣʴʥʝʨʘ ʗ.ʄ. ʪʘ ʽʥ. [3, 6] ʚ ʷʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʤʘʰʠʥ ʽ ʛʽʜʨʦʧʨʠʚʦʜʽʚ, 
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ʥʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʚʦʜʽʚ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʝʡ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʚʽʜ ʤʽʩʮʝʚʠʭ ʦʧʦʨʽʚ ʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʪʨʘʪ ʧʦ ʜʦʚʞʠʥʽ. ɺ ʢʥʠʛʘʭ [3,6] ʦʧʠʩʘʥʦ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʘʥʘʣʽʟʫ ʦʩʥʦʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʠʭ ʘʛʨʝʛʘʪʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ ʃɸ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʽʜʨʦʧʨʠʚʦʜʫ ʟ ʜʨʦʩʝʣʴʥʠʤʠ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʚʨʘʭʦʚʫʶʪʴ ʛʽʜʨʘʚʣʽʯʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʛʽʜʨʘʚʣʽʯʥʠʭ ʢʘʥʘʣʽʚ ʢʘʥG , ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ï ʛʫʩʪʠʥʠ ɟ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ: )(Tf=r . 

ʊʝʧʣʦʦʙʤʽʥʫ ʚ ʩʠʩʪʝʤʘ ʛʽʜʨʦʧʨʠʚʦʜʫ ʟʘʡʤʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ, ʪʦʤʫ ʙʫʣʦ 

ʨʦʟʛʣʷʥʫʪʦ ʨʦʙʦʪʫ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʜ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ [4]. 

ʆʩʥʦʚʥʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʚʠʨʘʟʘʤʠ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʻ [4]: 

- ʈʦʟʨʘʭʫʥʦʢ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʛʽʜʨʦʙʘʢʫ 3 2063,0 ʙVF = ; 

- ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ ʦʪʨʠʤʫʻ ʨʽʜʠʥʘ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʧʚʭʟʘʛ kNJ )1( h-=  (ʜʝ 

ʢ ï ʜʦʚʛʦ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʛʽʜʨʦʧʨʠʚʦʜʫ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ); 

- ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ, ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ ʦʜʥʫ ʛʦʜʠʥʫ 

ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʛʽʜʨʦʧʨʠʚʦʜʫ 
kF

J
TT ʩʥ += ..  (ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʪʘʙʣ.. ʜʘʥʽ); 

- ɺʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʜʦʧʫʩʪʠʤʦʶ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ ʨʽʜʠʥʠ ʜʦʧTTT -=D ; 

- ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʘ ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʷʪʠ TkFJ DÖ=D 3600  

1.2. ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʄʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʾʭ ʘʣʛʦʨʠʪʤʠ, ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʛʽʜʨʦʧʨʠʚʦʜʫ ʥʘʧʨʷʤʫ ʧʦʚôʷʟʘʥʽ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʩʪʚʦʨʶʚʘʥʠʭ ʩʠʩʪʝʤ, ʾʭ ʧʨʘʮʝʟʜʘʪʥʽʩʪʶ, ʧʦʚʥʦʪʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʜʽʡ, 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʙʦʪʠ ʚ ʧʝʨʝʜʙʘʯʝʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ. ɺ ʙʽʣʴʰʦʩʪʽ 

ʤʝʪʦʜʠʢ ʨʦʟʨʦʙʥʠʢʠ, ʷʢʽ ʧʨʦʝʢʪʫʶʪʴ ʩʠʩʪʝʤʠ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ 

ʤʦʙʽʣʴʥʠʭ ʦʙôʻʢʪʽʚ, ʩʣʽʜʫʶʪʴ ʧʝʚʥʦʤʫ ʟʘʛʘʣʴʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʦʩʥʦʚʥʠʤʠ 

ʝʪʘʧʘʤʠ ʷʢʦʛʦ ʻ ʥʘʩʪʫʧʥʽ [2,3]: 
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1) ɺʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʚʦʜʫ (ʤʦʙʽʣʴʥʠʡ, ʘʚʽʘʮʽʡʥʠʡ, 

ʚʘʥʪʘʞʥʦ-ʜʦʨʦʞʥʽʡ, ʩʫʜʥʦʧʣʘʚʥʠʡ ʽ ʪ.ʧ.) ï ʚʠʟʥʘʯʘʶʪʴ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʬʘʢʪʦʨʫ (TÁCŸn,ɟ,cpŸé), ʟʤʽʥʠ ʪʠʩʢʫ, ʚʠʤʦʛʠ ʜʦ ʜʠʥʘʤʽʯʥʠʭ ʪʘ ʩʪʘʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ; 

2) ɸʥʘʣʽʟ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʛʽʜʨʦʧʨʠʚʦʜʫ (ʦʜʥʦʨʝʞʠʤʥʽʩʪʴ, 

ʙʘʛʘʪʦʨʝʞʠʤʥʽʩʪʴ, ʮʠʢʣʽʯʥʽʩʪʴ, ʜʦʚʛʦʪʨʠʚʘʣʽʩʪʴ ʽ ʪ.ʧ.) ï ʚʠʟʥʘʯʘʶʪʴ ʮʠʢʣʦʛʨʘʤʠ 

ʨʦʙʦʪʠ, ʚʨʘʭʦʚʫʶʪʴ ʦʩʥʦʚʥʽ ʪʘ ʜʦʧʦʤʽʞʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʨʝʞʠʤʠ, ʦʮʽʥʶʶʪʴ 

ʧʝʨʝʭʽʜʥʽ ʨʝʞʠʤʠ (ʟʦʢʨʝʤʘ ʯʘʩ ʧʝʨʝʭʦʜʫ, t), ʚʠʟʥʘʯʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ 

TminéTmaxÁC ; 

3) ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ: ʥʘʩʦʩʠ, 

ʤʦʪʦʨʠ, ʽʥʰʽ ʚʠʢʦʥʘʚʯʽ ʧʨʠʩʪʨʦʾ, ʨʦʟʧʦʜʽʣʴʯʘ ʪʘ ʜʦʜʘʪʢʦʚʘ ʘʧʘʨʘʪʫʨʘ, 

ʪʨʫʙʦʧʨʦʚʦʜʠ, ʛʽʜʨʦʙʘʢʠ; ʨʦʟʨʘʭʦʚʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʤʽʩʮʝʚʽ ʪʘ 

ʣʽʥʽʡʥʽ ʦʧʦʨʠ; ʚʨʘʭʦʚʫʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʟʦʚʥʽʰʥʻ ʪʘ ʚʥʫʪʨʽʰʥʻ) ʥʘ ʝʣʝʤʝʥʪʘʭ 

ʛʽʜʨʦʧʨʠʚʦʜʫ, ʦʮʽʥʶʶʪʴ ʥʝʦʙʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʧʦʨʽʚʥʶʶʪʴ ʜʽʡʩʥʽ ʪʘ ʥʝʦʙʭʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʠʩʪʨʦʾʚ ʪʘ ʘʛʨʝʛʘʪʽʚ; 

4) ʈʦʟʨʦʙʣʷʶʪʴ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʫʟʛʦʜʞʫʶʪʴ 

ʧʘʨʘʤʝʪʨʠ ʪʘ ʚʨʘʭʦʚʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʛʽʜʨʦʧʨʠʚʦʜʫ, 

ʧʝʨʝʚʽʨʷʶʪʴ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦ ʥʦʨʤʘʪʠʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ (ʚʽʜʧʦʚʽʜʥʽ ɻʆʉʊʠ), 

ʫʪʦʯʥʶʶʪʴ ʚʠʙʽʨ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʘ ʛʽʜʨʘʚʣʽʯʥʠʭ ʢʘʥʘʣʽʚ 

(ʚʠʟʥʘʯʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʧʽʜʙʠʨʘʶʪʴ ʜʦʚʞʠʥʠ ʢʘʥʘʣʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʪʨʘʪʘʤʠ ʪʠʩʢʫ); 

5) ɺʠʙʽʨ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ï ʦʙʠʨʘʶʪʴ ʚʽʜʧʦʚʽʜʥʫ ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʦʙʨʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʨʦʙʦʯʫ 

ʨʽʜʠʥʫ (ʤʽʥʝʨʘʣʴʥʽ, ʩʠʥʪʝʪʠʯʥʽ, ʥʘ ʥʘʬʪʦʚʽʡ ʦʩʥʦʚʽ ʨʽʜʠʥʠ); 

6) ʆʮʽʥʶʶʪʴ ʂʂɼ ʩʠʩʪʝʤʠ ʛʽʜʨʦʧʨʠʚʦʜʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʷʢ ʦʢʨʝʤʠʭ 

ʬʫʥʢʮʽʡ, ʪʘʢ ʽ ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʝʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ. 

ʆʮʽʥʶʶʪʴ ʝʥʝʨʛʝʪʠʯʥʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ; 

7) ɺʠʢʦʥʫʶʪʴ ʧʝʨʝʚʽʨʦʯʥʠʡ ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʠ 

ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʛʨʽʚʫ ʩʠʩʪʝʤʠ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʥʦʩʷʪʴ ʢʦʨʝʢʪʠʚʠ ʚ 

ʛʽʜʨʘʚʣʽʯʥʫ ʩʭʝʤʫ. 
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ɺ ʩʪʘʪʪʽ ʅʽʢʦʣʝʥʢʘ ɯ.ɺ. ʪʘ ʽʥ.. ʘʚʪʦʨʽʚ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʟ ʨʝʞʠʤʫ ʥʘ ʨʝʞʠʤ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʛʽʜʨʦʧʨʠʚʦʜʽʚ. ʉʢʣʘʜʝʥʘ ʩʠʩʪʝʤʘ 

ʨʽʚʥʷʥʴ ʜʠʥʘʤʽʢʠ ʛʽʜʨʦʧʨʠʚʦʜʫ ʟ ʜʠʩʢʨʝʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʨʦʙʦʯʠʤ ʦʙôʻʤʦʤ 

ɻʄ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʪʨʠ ʪʠʧʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʝʨʝʣʠʚʥʦʛʦ ʢʣʘʧʘʥʫ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ (ʦʙôʻʤ Vi
opt ʪʘ ʯʘʩ topt) ʥʘ ʚʧʣʠʚ ʟʤʽʥʠ ʪʠʩʢʫ 

ʥʘʧʽʨʥʦʾ ʣʽʥʽʾ ʨʥ ʧʨʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ ʚ ɻʇ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʨʝʪʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʦʙôʻʤʫ ʥʘʩʦʩʫ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʧʘʥʫ ʧʨʷʤʦʾ ʜʽʾ ʟ ʥʫʣʴʦʚʠʤ 

ʧʝʨʝʢʨʠʪʪʷʤ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʨʘʤʠ ʧʨʠ 

ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚôʷʟʢʦʩʪʽ ɜ ʪʘ ʛʫʩʪʠʥʠ ɟ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊÁʉ. ɸʣʝ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʙʦʪʠ 

ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʤʦʙʽʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ, ʥʘʧʨʠʢʣʘʜ, ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʭʦʜʫ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʟ 

ʦʜʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʥʘ ʽʥʰʠʡ [10]. 

ɺ ʨʦʙʦʪʘʭ [13] ʂʂɼ ʛʽʜʨʦʧʨʠʚʦʜʫ ʚʠʟʥʘʯʘʶʪʴ ʧʦ ʚʠʢʦʥʘʚʯʦʤʫ ʧʨʠʩʪʨʦʶ ʟ 

ʤʝʥʰʠʤ ʂʂɼ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʭʝʤʠ ʨʠʩ. 1.5, ʘʚʪʦʨʠ ʚʠʟʥʘʯʘʶʪʴ ʂʂɼ ʤʦʪʦʨʫ); 

ʨʦʟʨʘʭʫʥʢʫ ʂʂɼ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ ʧʦʯʠʥʘʶʪʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ɚ (ʚʽʜʧʦʚʽʜʥʦ ʚʠʟʥʘʯʘʶʪʴ ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʦ ʯʠʩʣʫ ʈʝʡʥʦʣʴʜʩʘ 
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ʅʘʧʨʠʢʣʘʜ, ʚ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʽʜʨʘʚʣʽʯʥʦʾ 

ʩʠʩʪʝʤʠ, (ʨʠʩ. 1.4) ʘʢʮʝʥʪʦʚʘʥʦ ʫʚʘʛʫ ʥʘ ʚʠʙʦʨʽ ʥʘʩʦʩʫ, ʦʮʽʥʮʽ ʂʂɼ, ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʧʣʦʚʦʛʦ  ʨʝʞʠʤʫ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʩʠʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʦʛʣʷʜʫ ʥʘ ʯʘʩ ʪʘ 

ʨʝʞʠʤʠ, ʱʦ ʤʘʶʪʴ ʚʽʜʧʨʘʮʶʚʘʪʠ ʛʽʜʨʦ ʜʚʠʛʫʥʠ. ɸʚʪʦʨʠ, ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ 
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ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʢʦʨʠʩʪʘʣʠ ʮʠʢʣʦʛʨʘʤʫ ʨʦʙʦʪʠ ʛʽʜʨʦʧʨʠʚʦʜʫ ʟ ʫʪʦʯʥʶʶʯʠʤ 

ʦʧʠʩʦʤ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʬʫʥʢʮʽʡ ʥʘ ʢʨʦʢʘʭ ʮʠʢʣʦʛʨʘʤʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

 

ʈʠʩʫʥʦʢ 1.4 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʤʝʭʘʪʨʦʥʥʦʛʦ ʛʽʜʨʦʘʛʨʝʛʘʪʘ ʢʝʨʫʚʘʥʥʷ 

ʚʠʢʦʥʘʚʯʠʤ ʤʝʭʘʥʽʟʤʦʤ: 1 ï ʛʽʜʨʦʮʠʣʽʥʜʨ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙôʻʤʫ 

ʥʘʩʦʩʘ; 2 ï ʧʨʫʞʠʥʘ ʛʽʜʨʦʮʠʣʽʥʜʨʫ 1; 3 ï ʧʨʠʩʪʨʽʡ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʫʩʠʣʣʷ 

ʧʨʫʞʠʥʠ; ɹ ï ʙʘʢ; ʅ ï ʥʘʩʦʩ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ; ʄ ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ; ʈ 

ï ʜʨʦʩʝʣʶʶʯʠʡ ʛʽʜʨʦʨʦʟʧʦʜʽʣʴʥʠʢ; ʎ ï ʛʽʜʨʦʮʠʣʽʥʜʨ; ʄʅ ï ʤʘʥʦʤʝʪʨ; ʂʇ ï 

ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥ 

 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʘʭʫʥʢʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʚʦʜʷʪʴ ʥʘ ʙʘʟʽ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʦʜʝʣʝʡ ʧʨʠʩʪʨʦʾʚ 

ʩʠʩʪʝʤʠ ʚ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ, ʥʦʤʦʛʨʘʤʠ (ʨʠʩ. 1.5) 

ʘʙʦ ʚ ʨʦʟʛʦʨʥʫʪʦʤʫ ʚʠʛʣʷʜʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ (ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʪ.ʧ.) ʪʘ ʧʘʢʝʪʽʚ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ. ʗʢ 

ʨʦʟʨʘʭʫʥʦʢ, ʪʘʢ ʽ ʘʣʛʦʨʠʪʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ, ʯʘʩʪʠʥʘ 

ʷʢʠʭ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ  ʧʦʩʣʽʜʦʚʥʦ, ʜʝʷʢʽ ʜʦʧʫʩʢʘʶʪʴ ʧʘʨʘʣʝʣʴʥʝ ʚʠʢʦʥʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʽʩʥʫʶʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʝʪʘʧʠ. ʆʩʪʘʥʥʽ, ʟʜʝʙʽʣʴʰʦʛʦ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ 

ʨʝʞʠʤʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʰʪʘʪʥʽ ʨʝʞʠʤʠ, ʘʚʘʨʽʡʥʝ ʩʧʨʘʮʶʚʘʥʥʷ, ʧʽʜʛʦʪʦʚʯʽ ʝʪʘʧʠ 

ʪʘ ʽʥ..) ʘʙʦ ʩʫʪʪʻʚʠʤ ʟʤʽʥʘʤ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢ ʚ ʧʨʘʮʷʭ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʨʦʟʨʦʙʮʽ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ, ʧʽʜʙʦʨʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʩʥʦʚʥʠʤ ʝʪʘʧʘʤ ʧʨʦʝʢʪʫʚʘʥʥʷ 

(ʌʽʥʢʝʣʴʰʪʝʡʥ ɿ.ʃ.) ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ 



15 
 

ʛʽʜʨʦʧʨʠʚʦʜʫ, ʘ ʩʘʤʝ, ʨʦʟʛʣʷʥʫʪʦ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ ʧʨʠʩʪʨʦʾʚ 

ʪʘ ʘʛʨʝʛʘʪʽʚ, ʥʘʚʝʜʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʱʦʜʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 

ʛʽʜʨʦʧʨʠʚʦʜʫ, ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʙʘʟʦʚʠʭ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ, ʧʨʠʜʽʣʝʥʦ ʫʚʘʛʫ 

ʧʦʨʽʚʥʷʥʥʶ ʚʘʨʽʘʥʪʽʚ ʩʭʝʤ ʟʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ ʥʘʚʝʜʝʥʦ 

ʦʩʥʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ. ʈʘʟʦʤ ʟ ʢʦʤʧʣʝʢʩʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤʠ ʛʽʜʨʦʧʨʠʚʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ ʷʢ ʦʢʨʝʤʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʪʘʢ ʽ ʾʭ ʚʟʘʻʤʦʜʽʾ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚʫ ʟʤʽʥ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʨʝʞʠʤʘʤʠ ʥʘ ʫʟʘʛʘʣʴʥʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʪʘ ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

 

ʈʠʩʫʥʦʢ 1.5ï ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ 

ʨʫʩʽ 

 

ʅʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʚʠʨʘʟʠ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʪʘʙʣ. 1.2. 

ʊʘʙʣʠʮʷ 1.2. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʚʠʨʘʟʠ ʧʦʪʫʞʥʦʩʪʽ, ʂʂɼ ʪʘ ʪʠʩʢʫ 

ɿ ʜʨʦʩʝʣʴʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ: 

 

..max.. 1 ʧʦʜʚ.ʜʚʜʚ.ʜʚ.ʊʜʚʊ NsignxʨxQʨʨQN -Ö-ÖÖ=Ö=  

ï ʚʠʟʥʘʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; 

ʤʝʭʊʧʨ NN hÖ= maxmax  ï ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ; 
ʊ

ʧʨ
ʤʝʭ N

N
=h  ï ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ ʧʨʠʚʦʜʫ. 

ɿ ʦʙôʻʤʥʦ-

ʜʨʦʩʝʣʴʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ: 

- l
ʥ

ʥ

Q
ʨʨ -= max , ʽ ʪʦʤʫ ʧʦʜʽʙʥʝ. 

 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʨʠʚʦʜʽʚ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʦʧʠʩʫ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʡʦʛʦ ʨʦʙʦʯʠʭ ʨʽʜʠʥ. 
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ɺ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ (ʜʠʩʝʨʪʘʮʽʷʭ, ʩʪʘʪʪʷʭ) [15,16], ʟʦʢʨʝʤʘ ʨʦʙʦʪʠ ʪʘʢʠʭ 

ʥʘʫʢʦʚʮʽʚ, ʷʢ ʃʫʨôʻ ɿ.ʗ., ʅʽʢʦʣʝʥʢʦ ɯ.ɺ., ʈʠʞʘʢʦʚʘ ɸ.ʅ. ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʧʣʠʚ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʛʽʜʨʦʧʨʠʚʦʜʽʚ, ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʩʪʚʦʨʶʶʪʴ ʛʽʜʨʘʚʣʽʯʥʽ ʦʧʦʨʠ ʚ ʧʨʠʩʪʨʦʷʭ, ʥʘ ʨʦʙʦʪʫ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ, 

ʚʠʷʩʥʝʥʦ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʤʽʩʮʝʚʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ ʚʧʣʠʚʘʻ ʥʝ ʣʠʰʝ 

ʨʝʞʠʤ ʧʨʦʪʽʢʘʥʥʷ, ʘʣʝ ʽ ʫʤʦʚʠ ʧʽʜʚʦʜʫ ʡʦʛʦ ʜʦ ʜʘʥʦʾ ʜʽʣʷʥʢʠ, ʧʨʦʬʽʣʴ 

ʰʚʠʜʢʦʩʪʝʡ ʽ ʩʪʝʧʽʥʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʽ ʪ.ʧ. ʊʘʢʦʛʦ ʪʠʧʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʘʭ ɯʜʝʣʴʯʠʢʘ ɭ.ɯ., ɸʣʴʪʰʫʣʷ ɸ.ɼ. ʪʘ ʽʥ., ʚ ʮʠʭ ʨʦʙʦʪʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʟʘʛʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ ʤʘʣʦʧʦʰʠʨʝʥʽ 

ʧʘʨʘʤʝʪʨʠ . 

ʅʠʟʴʢʽ (ʚʽʜôʻʤʥʽ) ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʘʛʨʝʛʘʪʽʚ ʟ ʛʽʜʨʦʧʨʠʚʦʜʦʤ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚôʷʟʢʦʩʪʽ ʭʦʣʦʜʥʦʾ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʧʽʩʣʷ ʪʨʠʚʘʣʦʾ 

ʧʝʨʝʨʚʠ ʚ ʨʦʙʦʪʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʪʨʘʪʠ ʪʠʩʢʫ, ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ 

ʧʦʪʦʢʫ, ʪʘ ʩʠʣʠ ʪʝʨʪʷ ʚ ʨʫʭʦʤʠʭ ʟôʻʜʥʘʥʥʷʭ, ʩʪʘʻ ʚʘʞʯʠʤ ʧʫʩʢ ʛʽʜʨʦʧʨʠʚʦʜʫ, 

ʧʨʦʮʝʩ ʥʘʛʨʽʚʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʜʦ ʩʪʘʙʽʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʛʽʜʨʘʚʣʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʩʪʘʻ ʙʽʣʴʰ ʜʦʚʛʦʪʨʠʚʘʣʠʤ. ʅʘʧʨʠʢʣʘʜ, ʚôʷʟʢʽʩʪʴ ʛʽʜʨʘʚʣʽʯʥʦʾ ʨʽʜʠʥʠ ʥʘ 

ʥʘʬʪʦʚʽʡ ʦʩʥʦʚʽ ɸʄɻ-10, ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʛʫʩʘʥʥʷ ʷʢʦʛʦ ï70Áʉ, ʧʨʠ ï50Áʉ (1250 

ʤʤ2/ʩ) ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ 25 ʨʘʟʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚôʷʟʢʽʩʪʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ +50Áʉ 

(10 ʤʤ2/ʩ). 

ɯʟ ʚʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʽʜʠʥ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʦʮʽʥʶʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʽʜʨʦʧʨʠʚʦʜʫ. 

ʊʨʠʚʘʣʽʩʪʴ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʛʽʜʨʦʧʨʠʚʦʜʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʘʢʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ  

ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʾʭ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʚ ʧʝʨʽʦʜ ʧʫʩʢʫ. 

ʇʽʜ ʯʘʩ ʧʫʩʢʫ, ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ 

ʛʽʜʨʦʧʨʠʚʦʜʠ ʧʨʘʮʶʶʪʴ ʟ ʥʠʟʴʢʠʤ ʦʙôʻʤʦʤ ʂʂɼ. ɺʽʜʧʦʚʽʜʥʦ ʟʥʠʞʫʻʪʴʩʷ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥ, ʘ ʪʨʠʚʘʣʽʩʪʴ ʨʦʟʽʛʨʽʚʘʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ 

ʜʦ ʥʘʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ. ʊʦʤʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʫʚʘʛʫ 

ʧʠʪʘʥʥʶ ʧʽʜʭʦʜʫ ʜʦ ʚʠʙʦʨʫ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʜʣʷ ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 
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ɻʽʜʨʘʚʣʽʯʥʘ ʩʠʩʪʝʤʘ ʣʽʪʘʢʘ ʟʘʙʝʟʧʝʯʫʻ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʘʤʠ ʽ ʤʝʭʘʥʽʟʤʘʤʠ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʙʝʟʧʝʢʫ ʧʦʣʴʦʪʫ. ʄʘʩʘ ʽ ʛʘʙʘʨʠʪʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʘʛʨʝʛʘʪʫ 

ʩʪʘʥʦʚʣʷʪʴ ʧʨʠʙʣʠʟʥʦ 10-20%ʤʘʩʠ ʽ ʛʘʙʘʨʠʪʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʛʨʝʛʘʪʫ ʧʦʜʽʙʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʪʽʻʾ ʞ ʧʦʪʫʞʥʦʩʪʽ. 

ʂʨʽʤ ʧʝʨʝʚʘʛ ʧʨʠ ʧʦʨʽʚʥʷʥʥʷ ʧʨʠʚʦʜʽʚ ʟʘ ʨʽʟʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦʙʦʪʠ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ ʾʭ ʥʝʜʦʣʽʢʠ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʛʽʜʨʦʧʨʠʚʦʜʫ ʚʽʜʥʦʩʷʪʴʩʷ ʦʜʥʽ ʟ ʦʩʥʦʚʥʠʭ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ 

ʨʦʙʦʪʽ: 

Å ʚʠʪʦʢʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʯʝʨʝʟ ʫʱʽʣʴʥʝʥʥʷ ʽ ʟʘʟʦʨʠ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʩʦʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʪʠʩʢʫ ʚ ʛʽʜʨʦʩʠʩʪʝʤʽ, ʱʦ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʛʽʜʨʦʫʩʪʘʪʢʫʚʘʥʥʷ; 

Å ʥʘʛʨʽʚ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʧʨʠ ʨʦʙʦʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ 

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʽ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʦʢʽʚ, ʪʦʤʫ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʥʝʦʙʭʽʜʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʟʘʩʦʙʽʚ ʪʝʧʣʦʚʦʛʦ 

ʟʘʭʠʩʪʫ; 

Å ʟʘʣʝʞʥʽʩʪʴ ʚ'ʷʟʢʦʩʪʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʘ ʟʥʘʯʠʪʴ ʽ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʛʽʜʨʦʧʨʠʚʦʜʫ, ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

Å ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʥʝʚʤʦʧʨʠʚʦʜʦʤ ï ʥʝʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʧʝʨʝʜʘʯʽ 

ʛʽʜʨʘʚʣʽʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʚʥʘʩʣʽʜʦʢ ʚʝʣʠʢʠʭ ʚʪʨʘʪ ʥʘʧʦʨʫ ʚ 

ʛʽʜʨʘʚʣʽʯʥʽʡ ʣʽʥʽʾ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ. 

ʆʜʥʽʻʶ ʟ ʚʠʨʽʰʘʣʴʥʠʭ ʚʠʤʦʛ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʨʠʚʦʜʽʚ ʻ 

ʦʪʨʠʤʘʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ ʧʨʠ ʦʜʥʘʢʦʚʠʭ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʦʙʦʯʠʭ ʩʝʨʝʜʦʚʠʱ. ʉʢʣʘʜʦʚʽ ʛʽʜʨʦʧʨʠʚʦʜʫ ʤʘʶʪʴ ʙʫʪʠ 

ʜʦʩʪʫʧʥʽ ʧʽʜ ʯʘʩ ʪʝʭʥʽʯʥʠʭ ʦʙʩʣʫʛʦʚʫʚʘʥʴ, ʪʦʙʪʦ ʢʦʤʧʘʢʪʥʝ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ 

ʨʦʟʜʽʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʝʣʝʢʪʨʦ-, ʛʽʜʨʘʚʣʽʯʥʠʭ ʯʘʩʪʠʥ. ɼʦʩʷʛʥʝʥʥʷ ʚ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ ʦʧʠʩʫʶʪʴʩʷ ʚ ʧʘʪʝʥʪʘʭ. 

ɸʥʘʣʽʟʫʶʯʠ ʧʦʰʫʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʥʝʜʦʩʪʘʪʥʴʦ ʧʨʠʜʽʣʝʥʦ 

ʫʚʘʛʫ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʷʢ ʤʦʙʽʣʴʥʠʭ ʪʘʢ ʽ  

ʘʚʽʘʮʽʡʥʠʭ ʘʛʨʝʛʘʪʽʚ ʚʽʜ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʠ ʧʝʨʝʭʽʜʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʘʭ. ɼʣʷ ʪʦʯʥʠʭ ʧʨʦʛʥʦʟʽʚ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʛʽʜʨʦʧʨʠʚʦʜʽʚ 

ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʤʦʛʠ ʱʦʜʦ ʾʭ 
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ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʦʤʫ ʜʣʷ ʜʦʩʢʦʥʘʣʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʽʜ ʨʦʙʠʪʠ 

ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʛʽʜʨʦʧʨʠʚʦʜʽʚ, ʚʠʟʥʘʯʠʚʰʠ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, 

ʧʨʠʥʮʠʧʠ ʩʧʨʘʮʶʚʘʥʥʷ, ʱʦ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ. 

ɺʘʞʣʠʚʠʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʚ ʩʠʩʪʝʤʘʭ 

ʤʦʙʽʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ. ɺʦʥʘ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ (ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʫ, ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʝʡ, 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʫʱʽʣʴʥʝʥʴ), ʚʽʜ ʚʧʣʠʚʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ ʥʘ ʨʦʙʦʯʫ 

ʨʽʜʠʥʫ (ʟʤʽʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ), ʚʽʜ ʟʥʦʰʫʚʘʥʦʩʪʽ ʜʝʪʘʣʝʡ, ʚʽʜ 

ʩʚʦʻʯʘʩʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʛʨʝʛʘʪʫ ʚ ʟʘʟʥʘʯʝʥʠʡ ʪʝʨʤʽʥ. 

ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʧʨʦʛʥʦʟʽʚ ʱʦʜʦ ʨʦʟʨʘʭʫʥʢʽʚ ʩʠʩʪʝʤ, ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧʦʚʽ 

ʩʭʝʤʠ ʨʽʟʥʠʭ ʧʨʠʚʦʜʽʚ ʪʘ ʧʨʠʥʮʠʧ ʾʭ ʨʦʙʦʪʠ, ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘʚʝʜʝʥʦ ʦʧʠʩ ʘʚʽʘʮʽʡʥʠʭ ʧʨʠʚʦʜʽʚ, ʪʘʢ ʷʢ ʚʦʥʠ ʚ ʩʦʙʽ ʥʝʩʫʪʴ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʙʘʛʘʪʦʨʝʞʠʤʥʽʩʪʴ, ʰʚʠʜʢʦʜʽʶ ʪʘ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʝʢʩʧʣʫʘʪʘʮʽʡ. 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʘʛʨʝʛʘʪʽʚ ʣʽʪʘʢʘ ʷʚʣʷʻʪʴʩʷ ʡʦʛʦ ʢʨʠʣʦ. ʄʝʭʘʥʽʟʘʮʽʷ ʢʨʠʣʘ 

ʚʠʤʘʛʘʻ ʚʝʣʠʢʦʛʦ ʟʫʩʠʣʣʷ ʪʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ 

ʙʘʛʘʪʦʨʝʞʠʤʥʦʛʦ ʧʨʠʚʦʜʫ ʤʝʭʘʥʽʟʘʮʽʾ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʟʣʽʪʥʦ-ʧʦʩʘʜʦʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘ ʣʽʪʘʢʫ ʢʝʨʫʚʘʥʥʷ ʤʝʭʘʥʽʟʘʮʽʻʶ ʢʨʠʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʠʚʦʜʫ, 

ʷʢʠʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʨʢʠ ʣʽʪʘʢʘ ʤʦʞʝ ʙʫʪʠ ʝʣʝʢʪʨʠʯʥʠʤ, ʤʝʭʘʥʽʯʥʠʤ, 

ʛʽʜʨʘʚʣʽʯʥʠʤ, ʯʠ ʝʣʝʢʪʨʦʛʽʜʨʦʤʝʭʘʥʽʯʥʠʤ, ʪʦʙʪʦ ʢʦʤʙʽʥʦʚʘʥʠʤ. ʅʘ ʣʽʪʘʢʘʭ ɸʥ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʧʨʠʚʦʜʠ, ʟʦʢʨʝʤʘ ɻʇ-72ʋ, ɻʇ-400, ʂʇʄ-02 ʪʘ ʡʦʛʦ 

ʧʨʦʪʦʪʠʧ ʂʇʄ-148 ï ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʟʘʢʨʠʣʢʘʤʠ ʪʘ ʧʝʨʝʜʢʨʠʣʢʘʤʠ 

ʢʨʠʣʘ ʣʽʪʘʢʘ. 

ʇʨʠʚʦʜ (ʨʠʩ. 1.5) ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ ʦʙʝʨʪʘʥʥʷ 

ʪʨʘʥʩʤʽʩʽʾ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʤʝʭʘʥʽʟʘʮʽʻʶ ʢʨʠʣʘ: ʚ ʦʩʥʦʚʥʦʤʫ ʢʘʥʘʣʽ ʢʝʨʫʚʘʥʥʷ 

ï ʚʽʜ ʛʽʜʨʦʤʦʪʦʨʘ (ʦʩʥʦʚʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ), ʚ ʨʝʟʝʨʚʥʦʤʫ ʢʘʥʘʣʽ ʢʝʨʫʚʘʥʥʷ ï ʚʽʜ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ (ʨʝʟʝʨʚʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ). 

ʇʨʠʚʦʜ ʂʇʄ ʟʘʙʝʟʧʝʯʫʻ: 

ʘ) ʦʙʝʨʪʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʚʘʣʫ ʚ ʦʩʥʦʚʥʦʤʫ ʪʘ ʨʝʟʝʨʚʥʦʤʫ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ;  

ʙ) ʛʘʣʴʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʚʘʣʫ ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʤ ʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤ ʛʘʣʴʤʘʤʠ; 
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ʚ) ʩʠʛʥʘʣʽʟʘʮʽʶ ʢʨʘʡʥʽʭ ʽ ʧʦʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʴ ʚʠʭʽʜʥʦʛʦ ʚʘʣʫ, ʧʦʣʦʞʝʥʥʷ 

ʛʽʜʨʦʤʝʭʘʥʽʯʥʦʛʦ ʛʘʣʴʤʘ ï çɿʘʛʘʣʴʤʦʚʘʥʠʡè ʘʙʦ çʈʦʟʛʘʣʴʤʦʚʘʥʦè. 

 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ ʤʝʭʘʥʽʟʘʮʽʾ ʢʨʠʣʘ: 

1-ʙʣʦʢ ʤʽʢʨʦʧʝʨʝʤʠʢʘʯʽʚ; 2-ʧʣʘʥʝʪʘʨʥʠʡ ʨʝʜʫʢʪʦʨ; 3-ʚʠʭʽʜʥʠʡ ʚʘʣ; 4-

ʛʽʜʨʦʤʦʪʦʨ ʨʝʚʝʨʩʠʚʥʠʡ; 5-ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 6-ʙʣʦʢ ʛʽʜʨʦʢʝʨʫʚʘʥʥʷ; 7-ʛʘʣʴʤʦ 

ʛʽʜʨʘʚʣʽʯʥʝ 

 

ʆʙʝʨʪʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʚʘʣʫ ʧʨʠʚʦʜʘ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʧʦʜʘʥʥʽ ʢʝʨʫʶʯʦʛʦ 

ʩʠʛʥʘʣʫ ʥʘ ʜʚʘ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʽ ʢʣʘʧʘʥʠ: ʢʣʘʧʘʥ ɽɻʂ1 (ʪʠʩʢ) ʽ ɽɻʂ2 

(ʧʨʠʙʠʨʘʥʥʷ) ʯʠ ʢʣʘʧʘʥ ɽɻʂ1 (ʪʠʩʢ) ʽ ɽɻʂɿ (ʚʠʧʫʩʢ). 

ɺʠʭʽʜʥʠʡ ʚʘʣ ʧʨʠʚʦʜʫ ʢʽʥʝʤʘʪʠʯʥʦ ʧʦʚôʷʟʘʥʠʡ ʟ ʚʘʣʦʤ ʛʽʜʨʦʤʦʪʦʨʘ ʽ ʚʘʣʦʤ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʯʝʨʝʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʨʝʜʫʢʪʦʨ, ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʙʽʨ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘ ʜʚʽ ʩʠʤʝʪʨʠʯʥʽ ʛʽʣʢʠ ʪʨʘʥʩʤʽʩʽʾ ʣʽʪʘʢʘ. 
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ɻʽʜʨʦʤʦʪʦʨ ɻʄ ʘʢʩʽʘʣʴʥʦ-ʧʣʫʥʞʝʨʥʦʛʦ ʪʠʧʫ ʟ ʪʦʨʮʝʚʠʤ ʟʦʣʦʪʥʠʢʦʚʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʽ ʨʝʚʝʨʩʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʦʙʝʨʪʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʦʙʝʨʪʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʚʘʣʫ ʧʨʠʚʦʜʘ ʚ ʦʩʥʦʚʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. ɻʘʣʴʤʦ 

ʛʽʜʨʦʤʝʭʘʥʽʯʥʝ ɻɻ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʛʘʣʴʤʫʚʘʥʥʷ ʚʘʣʫ ʛʽʜʨʦʤʦʪʦʨʘ ɻʄ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʪʠʩʢʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʥʘ ʚʭʦʜʽ  ʛʽʜʨʦʤʦʪʦʨʫ ʽ ʨʦʟʛʘʣʴʤʫʚʘʥʥʷ ʚʘʣʫ 

ʧʨʠ ʧʦʜʘʥʥʽ ʪʠʩʢʫ ʚ ʛʽʜʨʦʤʦʪʦʨ. ɻɻ ʤʘʻ ʚʙʫʜʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ ʢʽʥʮʝʚʦʾ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ʜʣʷ ʚʠʜʘʯʽ ʩʠʛʥʘʣʽʚ çɿʘʛʘʣʴʤʦʚʘʥʠʡè ʘʙʦ çʈʦʟʛʘʣʴʤʦʚʘʥʦè. 

1.3. ʆʩʥʦʚʥʽ ʬʘʢʪʦʨʠ ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʨʦʙʦʪʠ 

ʙʘʛʘʪʦʨʝʞʠʤʥʠʭ ʩʠʩʪʝʤ ʛʽʜʨʦʧʨʠʚʦʜʽʚ 

ɺ ʟʚôʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʽ ʟʨʦʩʪʦʤ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ, 

ʤʘʪʝʨʽʘʣʠ, ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ʧʨʠʚʦʜʽʚ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʚʠɦʝ ʧʽʜʨʦʟʜʽʣʫ, ʘʥʘʣʽʟʫʶʯʠ ʩʭʝʤʥʽ ʨʽʰʝʥʥʷ ʽʩʥʫʶʯʠʭ ʛʽʜʨʦʧʨʠʚʦʜʽʚ, ʚʠʷʩʥʝʥʦ 

ʷʢʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʾ ʟ ʩʭʝʤ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʟʘʜʘʯʫ ʟʥʘʡʪʠ ʤʝʪʦʜʠ, ʷʢʽ ʙ ʜʘʣʠ 

ʤʦʞʣʠʚʽʩʪʴ ʫʩʫʥʫʪʠ ʽʩʥʫʶʯʽ ʥʝʜʦʣʽʢʠ, ʚʠʢʦʨʠʩʪʘʪʠ ʜʦʮʽʣʴʥʦ ʚʩʽ ʧʝʨʝʚʘʛʠ, ʱʦ 

ʧʨʠʟʚʝʣʦ ʙ ʜʦ ʧʽʜʚʠʱʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʾ, ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

ɸʥʘʣʽʟʫʶʯʠ ʧʦʰʫʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʦʩʠʪʴ ʤʘʣʦ 

ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʷʢ ʤʦʙʽʣʴʥʠʭ 

ʪʘʢ ʽ  ʘʚʽʘʮʽʡʥʠʭ ʘʛʨʝʛʘʪʽʚ ʚʽʜ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʣʷ ʪʦʯʥʠʭ ʧʨʦʛʥʦʟʽʚ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʚʦʜʫ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ: ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ (ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʫ, ʤʘʪʝʨʽʘʣ 

ʜʝʪʘʣʝʡ, ʧʨʘʚʠʣʴʥʠʡ ʧʽʜʙʽʨ ʫʱʽʣʴʥʝʥʴ); ʚʽʜ ʚʧʣʠʚʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ ʥʘ 

ʨʦʙʦʯʫ ʨʽʜʠʥʫ (ʟʤʽʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ), ʚʽʜ 

ʟʥʦʰʫʚʘʥʦʩʪʽ ʜʝʪʘʣʝʡ, ʚʽʜ ʩʚʦʻʯʘʩʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʛʨʝʛʘʪʫ ʚ 

ʟʘʟʥʘʯʝʥʠʡ ʪʝʨʤʽʥ. 

ʊʘʢ ʷʢ, ʛʽʜʨʦʧʨʠʚʦʜʠ ʤʦʙʽʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʧʝʨʝʤʽʥʥʠʭ 

ʫʤʦʚʘʭ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʨʦʙʦʪʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ, 
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ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʘʚʽʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʚʽʜ -60Á ʜʦ 

+50Áʉ, ʧʨʠ ʮʴʦʤʫ ʚʩʴʦʤʫ ʜʦʧʫʩʪʠʤʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʪʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʤʘʻ ʙʫʪʠ 

ʚ ʤʝʞʘʭ ʚʽʜ -40Áʉ ʜʦ +60Áʉ. ʊʦʤʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʨʠʚʦʜʽʚ 

ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʦʧʠʩʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʡʦʛʦ ʨʦʙʦʯʠʭ ʨʽʜʠʥ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʚ ʙʦʨʦʪʴʙʽ ʟ ʥʝʜʦʣʽʢʘʤʠ ʧʨʠʚʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʽ ʤʝʪʦʜʠ ʪʘ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ, ʱʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʫʥʢʪʽ. 

ɺ ʨʦʙʦʪʘʭ ʘʚʪʦʨʽʚ ʃʫʨôʻ ɿ.ʗ. [26,53] ʪʘ ʽʥ., ʧʦʢʘʟʘʥʦ, ʱʦ ʩʫʪʪʻʚʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʻ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʯʠʭ 

ʨʽʜʠʥ ),(, ii pTf=mr . ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʘʚʪʦʨʘʤʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʨʘʟʠ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʚôʷʟʢʦʩʪʽ ʪʘ ʛʫʩʪʠʥʠ ʚ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʘʭ: 

)exp(0 Tp D-D= bamm , ( )TTD+= brr 10  ʪʘ 
psD-

=
b

r
r

1

0
. 

ʊʘʢ ʷʢ ʛʽʜʨʦʧʨʠʚʦʜʠ ʯʘʩʪʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʥʝʩʪʘʙʽʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʨʝʞʠʤʘʭ, ʪʦ ʘʥʘʣʽʟ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʪʨʘʪ 

ʪʠʩʢʫ ʚ ʢʘʥʘʣʘʭ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʨʘʮʽʦʥʘʣʴʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʢʦʥ ʅʴʶʪʦʥʘ-

ʈʽʭʤʘʥʘ [14,18,19,24]: dFTTdQ ʨʨc )( ..-=a , ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʷʢʠʤ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʪʠʩʢʫ: Ŭ Ÿ ɛ Ÿ Nu Ÿ Pr 

Ÿ Re Ÿ ȹp. 

ʊʦʙʪʦ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʝʦʣʦʛʽʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʚʽʜ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʠʥʠ. ɺ ʦʩʥʦʚʫ 

ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ɹ.ʉ. ʇʝʪʫʭʦʚʘ. 

ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʛʽʜʨʦʧʨʠʚʦʜʫ ʚ ʫʤʦʚʘʭ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʜʘʚ 

ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʫʤʦʚʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ. 

ʆʜʥʽʻʶ ʟ ʚʠʨʽʰʘʣʴʥʠʭ ʚʠʤʦʛ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʛʽʜʨʦʧʨʠʚʦʜʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʚʽʘʮʽʡʥʠʭ ʘʛʨʝʛʘʪʘʭ, ʻ ʦʪʨʠʤʘʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʛʘʙʘʨʠʪʥʠʭ 

ʨʦʟʤʽʨʽʚ ʽ ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʩʠʩʪʝʤʠ. ɺʘʛʦʤʠʡ 

ʚʥʝʩʦʢ ʫ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʥʝʩʣʠ ʇʝʪʫʭʦʚ ɹ.ʉ., ʄʽʭʝʻʚ ʄ.ɸ. ʪʘ ʽʥʰʽ 

ʚʯʝʥʽ [17]. 
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ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʦʜʥʦʟʥʘʯʥʦ 

ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ, ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʬʦʨʤʠ ʢʘʥʘʣʽʚ ʛʽʜʨʦʧʨʠʚʦʜʽʚ, 

ʷʢʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʘʙʦ ʧʦʣʽʧʰʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʽʻʾ ʩʠʩʪʝʤʠ 

ʟʤʦʛʣʠ ʙ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʧʦʚʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʦʚʘʥʠʤ ʧʦʪʦʢʦʤ. 

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʻ ʦʢʨʝʤʠʤʠ ʚʠʧʘʜʢʘʤʠ ʚʠʨʽʰʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʜʘʯ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʠʚʝʜʝʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʚʨʘʭʫʚʘʥʥʷ ʦʜʝʨʞʘʥʠʭ 

ʘʚʪʦʨʘʤʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʧʦʚôʷʟʘʥʽ 

ʟ ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʨʦʟʨʘʭʫʥʢʫ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʧʨʠ ʫʤʦʚʘʭ ʨʦʟʽʛʨʽʚʫ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ. 

ʇʨʠ ʧʝʨʝʜʧʨʦʝʢʪʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʽ 

ʚʠʧʘʜʢʠ (ʦʩʦʙʣʠʚʦʩʪʽ). ʊʘʢʽ ʷʢ ʧʝʨʝʭʽʜʥʽ ʟʦʥʠ (ʣʘʤʽʥʘʨʥʠʡ, ʪʫʨʙʫʣʝʥʪʥʠʡ 

ʨʝʞʠʤ), ʪʝʧʣʦʦʙʤʽʥ, ʧʦʥʠʞʝʥʽ/ʧʽʜʚʠʱʝʥʽ ʪʠʩʢʽʚ, ʧʝʨʝʭʽʜʥʽ ʨʝʞʠʤʠ ʽ ʪ.ʧ.. 

ʇʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʧʨʦʪʽʢʘʥʥʽ ʚ ʢʘʥʘʣʽ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘ ʢʦʝʬʽʮʽʻʥʪ: ‗̌
̇

̒̓

̇
 . 

ɹʘʛʘʪʦʨʝʞʠʤʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʛʽʜʨʦʧʨʠʚʦʜ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʮʴʦʛʦ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʘʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʨʘʭʦʚʫʶʪʴ ʚʩʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʟʤʽʥʫ ʨʦʙʦʯʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʦʝʢʪʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʜʽʣʷʶʪʴ ʥʘ  ʝʪʘʧʠ: ʪʝʧʣʦʚʠʡ 

ʨʦʟʨʘʭʫʥʦʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ, ʛʽʜʨʘʚʣʽʯʥʠʡ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʄʝʪʦʜʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʂʂɼ ʻ ʧʨʷʤʽ, ʪʦʙʪʦ. ʣʠʰʝ ʧʝʚʥʠʡ 

ʨʝʞʠʤ, ʧʝʚʥʝ ʧʦʣʦʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʘ ʟʘʛʘʣʴʥʠʡ ʂʇɼ ʜʣʷ ʙʘʛʘʪʦʨʝʞʠʤʥʦʛʦ 

ʛʽʜʨʦʧʨʠʚʦʜʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ  ʟ ʨʽʟʥʠʭ ʩʪʦʨʽʥ. ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʨʠʚʦʜʽʚ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʨʝʞʠʤʠ ʩʧʨʘʮʶʚʘʥʥʷ. ʗʢ ʙʫʣʦ 

ʚʠʷʩʥʝʥʦ ʨʘʥʽʰʝ, ʙʘʛʘʪʦʨʝʞʠʤʥʽ ʧʨʠʚʦʜʠ ʧʨʘʮʶʶʪʴ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʥʘ ʨʽʟʥʠʭ 

ʨʝʞʠʤʘʭ, ʪʦʤʫ ʩʧʨʘʮʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧʦʥʦʚʢʠ ʧʨʠ ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʙʫʜʝ 

ʨʽʟʥʠʤ. 
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1.4. ʎʽʣʴ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ɿʘʚʜʷʢʠ ʯʽʪʢʦʤʫ, ʟʘʛʘʣʴʥʦʤʫ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʘʛʘʪʦʨʝʞʠʤʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʠʩʪʝʤ ʛʽʜʨʦʧʨʠʚʦʜʽʚ, ʾʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ ʧʣʠʚʘʶʪʴ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʫʤʦʚʠ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʚʦʜʫ ʩʣʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʦ ʚʨʘʭʫʚʘʪʠ 

ʚʩʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʘʨʘʤʝʪʨʠ, ʨʝʞʠʤʠ ʨʦʙʦʪʠ, ʨʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʦʙʦʯʠʭ ʨʽʜʠʥ. ɼʦʩʷʛʪʠ ʮʴʦʛʦ ʤʦʞʥʘ ʧʨʠ ʧʦʻʜʥʘʥʥʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʘ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʷʢʠʭ ʧʨʝʜʩʪʘʚʠʪʠ ʝʢʟʝʛʝʪʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

ʎʽʣʴ ʨʦʙʦʪʠ ï ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʨʦʙʦʪʫ 

ʛʽʜʨʦʧʨʠʚʦʜʫ ʤʦʙʽʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʚ ʤʝʪʦʜʠʢʘʭ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟ 

ʧʦʜʘʣʴʰʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʫ ʪʘ ʢʦʨʝʛʫʚʘʥʥʷʤ 

ʢʦʥʩʪʨʫʢʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʚʨʘʟʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ: 

ï ɺʠʚʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʩʠʩʪʝʤ ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʤʦʙʽʣʴʥʠʭ ʪʘ ʘʚʽʘʮʽʡʥʠʭ 

ʘʛʨʝʛʘʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʙʤʝʞʝʥʴ, ʫʤʦʚ ʚʽʜʤʦʚʠ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʧʨʠʯʠʥʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʦʙʦʯʠʭ ʨʽʜʠʥ, ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ. 

ï ʊʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ 

ʨʽʜʠʥ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʨʦʙʦʪʫ 

ʙʘʛʘʪʦʨʝʞʠʤʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ. 

ï ʈʦʟʨʦʙʢʘ ʫʪʦʯʥʝʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʧʨʠʚʦʜʫ ʚ ʫʤʦʚʘʭ ʥʝʫʩʪʘʣʝʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʙʤʝʞʝʥʴ. 

ï ʈʦʟʨʦʙʢʘ ʫʪʦʯʥʝʥʦʾ ʤʝʪʦʜʠʢʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʢʘʥʘʣʽʚ 

ʛʽʜʨʦʧʨʠʚʦʜʫ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʥʝʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ.  
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ʈʆɿɼɯʃ 2 

 

ʊɽʆʈɽʊʀʏʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʊɸ ɺʇʃʀɺʋ 

ɺʃɸʉʊʀɺʆʉʊɽʁ ʈɯɼʀʅ 

 

2.1. ɺʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʘʛʘʪʦʨʝʞʠʤʥʠʭ ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʤʦʙʽʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʟʤʽʥʠ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʨʽʜʠʥ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʨʦʙʦʪʫ ʙʘʛʘʪʦʨʝʞʠʤʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ. 

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʨʦʙʦʪʫ ʧʨʠʚʦʜʫ ʤʝʭʘʥʽʟʘʮʽʾ ʢʨʠʣʘ ʣʽʪʘʢʘ, ʂʇʄ-148, 

ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ. 2.1. 

ʈʦʟʨʘʭʫʥʦʢ ʪʘʢʦʛʦ ʧʨʠʚʦʜʫ ʧʨʦʚʦʜʠʚʩʷ ʜʣʷ ʩʪʘʣʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʥʘʯʝʥʴ 

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (+20Áʉ, +60Áʉ, +90Áʉ). 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 

 

ʅʘ ʦʩʥʦʚʽ ʪʘʢʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʫʚʘʚʩʷ ʨʦʟʧʦʜʽʣ ʚʪʨʘʪ ʪʠʩʢʫ ʚ ʛʽʜʨʘʚʣʽʯʥʽʡ 

ʩʠʩʪʝʤʽ ʧʨʠʚʦʜʫ ʧʨʠ ʢʦʞʥʦʤʫ ʽʟ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʨʦʙʦʯʽ ʨʽʜʠʥʠ ɸʄɻ-10, Skydrol, Nuto-H22 ʪʘ ʅɻɾ-5ʋ [23]. 

ʋ ʚʠʧʘʜʢʫ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʩʪʫʧʝʥʝʚʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʘʥʘʣʦʛʽʯʥʠʡ 

ʤʝʪʦʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʊʦʨʥʝʨʦʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʘʥʘʣʽʚ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʢʦʣʠ 

ʧʨʘʮʶʻ ʚ ʥʝʩʪʘʙʽʣʴʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʚ ʡʦʛʦ ʝʣʝʤʝʥʪʘʭ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ, [33-36]. 
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ʈʠʩʫʥʦʢ 2.2 ï  ʄʦʜʠʬʽʢʘʮʽʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʟ ʚʨʘʭʫʚʘʥʥʷ ʩʪʫʧʝʥʝʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ʧʦʜʽʣʷʣʠʩʷ ʥʘ ʜʽʣʷʥʢʠ ʚ ʷʢʠʭ 

ʚʚʘʞʘʻʪʴʩʷ ʨʝʞʠʤ ʽʟʦʪʝʨʤʽʯʥʠʤ. ɼʣʷ ʢʦʞʥʦʾ ʟ ʜʽʣʷʥʦʢ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʠʤ 

ʫʤʦʚʘʤ, ʧʨʦʚʦʜʠʚʩʷ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʩʭʝʤʦʶ ʨʠʩ. 2.2. ɺʪʨʘʪʠ ʪʠʩʢʫ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʫʤʦʚʠ, ʱʦ ʥʘ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʩʪʘʣʘ ʪʝʤʧʝʨʘʪʫʨʘ. ɼʣʷ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʽ ɛ=̔f(T )̔ ʽ ɟ=̔f(T )̔, ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ. 

 

ʈʠʩʫʥʦʢ 2.3 ï ɸʣʛʦʨʠʪʤ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ɺ ʥʘʩʣʽʜʦʢ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʦʜʝʨʞʘʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʪʨʘʪʠ 

ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʝʡ ʚ ʩʠʩʪʝʤʽ, ʱʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʯʠ ʥʘʛʨʽʚʘʻʪʴʩʷ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʥʝʽʟʦʪʝʨʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʚ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʢʘʥʘʣʽ 

ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʋ ʚʠʧʘʜʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 
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ʫʤʦʚʠ ʧʨʠ ʊ0: 
0pc

, 0r , 0l, 0n ; ʧʨʠ ʊi:  
pic

, ir, il, in; ȹʨ ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ; 

ʜʦʚʞʠʥʘ ʜʽʣʷʥʢʠ l i, ʜʽʘʤʝʪʨ ʢʘʥʘʣʫ d. 

ɼʣʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʭʝʤʦ-ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʧʨʠʚʦʜʽʚ ʦʩʥʦʚʥʠʡ 

ʟ ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʫ ʥʘ ʨʦʙʦʪʫ ʛʽʜʨʦʧʨʠʚʦʜʫ ʻ ʚôʷʟʢʽʩʪʴ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʪʘ ʾʾ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ɛ= f(TÁC), ʚʽʜʧʦʚʽʜʥʦ ʨʽʚʥʷʥʥʷ [19]: 
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ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʚʦʜʠʪʠ ʜʣʷ ʛʽʜʨʘʚʣʽʯʥʦʾ ʤʦʜʝʣʽ ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.4. 

 

ʈʠʩʫʥʦʢ 2.4 ï ʄʦʜʝʣʴ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʢʘʥʘʣʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʧʦʯʘʪʢʦʚʽ 

ʫʤʦʚʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ: ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʥʘʣʫ 

(ʚʽʜʥʦʰʝʥʥʷ l/d, l/n), ʚʭʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ 

(ȹT=Tʨ.ʨ.ʚʭ-Tʧʦʯ.ʢʘʥ.), ʧʝʨʝʧʘʜʦʤ ʪʠʩʢʫ (ȹʨŸUʧʦʯ.ʚʭ.), ʪʠʧʦʤ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʦʪʨʠʤʘʥʦ 

ʟʘʣʝʞʥʦʩʪʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʚ ʛʽʜʨʘʚʣʽʯʥʽʡ ʤʦʜʝʣʽ ʢʘʥʘʣʫ 

ʧʨʠ ʥʝʩʪʘʙʽʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚʘʭ (ʥʘʧʨʠʢʣʘʜ, ʨʦʙʦʯʘ ʨʽʜʠʥʘ ʚ 

ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʢʘʥʘʣʽ ʤʘʻ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ Tʧʦʯ.ʢʘʥ.=-60ÁC ʪʘ Tʧʦʯ.ʚʭ.=-30ÁC) 

(ʨʠʩ. 2.5). 

ʊʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʜʣʷ ʫʤʦʚ ʦʭʦʣʦʜʞʝʥʥʷ (ʱʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ), ʧʨʦʮʝʩʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ ʚʟʜʦʚʞ ʢʘʥʘʣʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ ʚʠʪʽʩʥʝʥʥʷ 

ʦʭʦʣʦʜʞʝʥʦʾ ʨʽʜʠʥʠ [20, 33, 34]. 

 
ȹʈŸUʧʦʯ.ʚʭ. 

Tʨ.ʨ.ʚʭ. 

Tʧʦʯ.ʥ.ʩ.=Tʨ.ʨ.ʢʘʥ. 

dʢʘʥ. 

lʢʘʥ./n 

lʢʘʥ. 

Uʚʠʭ. 

Tʨ.ʨ.ʚʭ. 
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ʈʠʩʫʥʦʢ 2.5 ï ʉʪʘʙʽʣʽʟʘʮʽʷ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ ʧʨʠ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ l/n 

ɺʠʟʥʘʯʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ ʪʘ ʟʤʽʥ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʘʭ ʛʽʜʨʦʧʨʠʚʦʜʫ. 

2.2. ɼʦʩʣʽʜʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ 

ʨʦʙʦʪʠ ʚ ʛʽʜʨʦʧʨʠʚʦʜʽ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʨʦʟʨʦʙʣʝʥʦ ʪʠʧʦʚʫ ʛʽʜʨʘʚʣʽʯʥʫ ʤʦʜʝʣʴ 

ʢʘʥʘʣʫ, ʷʢʫ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ ʤʦʙʽʣʴʥʦʛʦ 

ʛʽʜʨʦʧʨʠʚʦʜʫ (ʨʠʩ. 2.1). 

ʊʠʧʦʚʘ ʛʽʜʨʘʚʣʽʯʥʘ ʤʦʜʝʣʴ ʤʘʻ ʚʨʘʭʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ:  

Å ŭ ï ʪʦʚʱʠʥʘ ʩʪʽʥʦʢ, L ï ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ, lʽ ï ʜʦʚʞʠʥʘ ʜʽʣʷʥʦʢ, d ï ʜʽʘʤʝʪʨ 

ʢʘʥʘʣʫ, ʘʙʦ h ʪʘ ʚ ï ʩʪʦʨʦʥʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ, ʘʙʦ a ï ʜʦʚʞʠʥʘ 

ʩʪʦʨʦʥʠ ʢʚʘʜʨʘʪʥʦʛʦ ʧʝʨʝʨʽʟʫ; 

Å ʤʽʩʮʝʚʽ ʦʧʦʨʠ (ʪʨʽʡʥʠʢʠ, ʟʚʫʞʝʥʥʷ, ʨʦʟʰʠʨʝʥʥʷ, ʧʝʨʝʭʦʜʠ ʪʘ ʽʥ..); 

Å ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ (Tʥ.ʩ. ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

Tʨ.ʨ. ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, pʚʭ ï ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʚ ʩʠʩʪʝʤʫ, pʘʪʤ. ï ʪʠʩʢ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ); 

y = 0,0232x0,1302

wч Ґ лΣсрнн

t,c

n=10
TÁʚʠʭ=-59,8ÁC

n=20
TÁʚʠʭ=-57,8ÁC

n=40
TÁʚʠʭ=-56,6ÁC

n=80
TÁʚʠʭ=-54,5ÁC

n=160
TÁʚʠʭ=-48,3ÁC

ȹu=l/n:
U10/U20 <4%; U10/U40<6%; 
U10/U80<9%;    U10/U160<10%

ȹt=l/n:
t10/t20<4%; t10/t40<7%;
t10/t80<8%;  t10/t160<9%

0  10   20    30     40    50    60    70    80    90    100  110  120130   140 150  160  170  180  190200  210  220

tʩʪ(10)=230ʩ 

tʩʪ(20)=211ʩ 

tʩʪ(80)=206ʩ 

tʩʪ(160)=204ʩʝʢ 
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Å ʪʠʧ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (ɟ ï ʛʫʩʪʠʥʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ɜ ï ʚôʷʟʢʽʩʪʴ ʨʦʙʦʯʦʾ 

ʨʽʜʠʥʠ, ʬʫʥʢʮʽʷ ʟʤʽʥ ʚôʷʟʢʦʩʪʽ ʪʘ ʛʫʩʪʠʥʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ( ). 

ʇʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʪʽʢʘʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʽ, 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʪʠʩʢʫ, ʟʘʜʘʻʤʦ ʥʘʩʪʫʧʥʦʶ ʫʤʦʚʦʶ. 

ʋʤʦʚʘ. ʋʟʛʦʜʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ ʢʘʥʘʣʽ Uʢ, (ʧʽʩʣʷ ʪʨʠʚʘʣʦʛʦ 

ʧʨʦʩʪʦʶ ʚ ʫʤʦʚʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʧʦʢʘʟʥʠʢʘʤʠ Tʥ.ʩ. ʪʘ pʥ.ʩ.), ʪʠʩʢʫ 

ʥʘ ʚʭʦʜʽ ʽ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ. 

ʅʘ ʧʦʯʘʪʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʯʘ ʨʽʜʠʥʘ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʠʩʪʝʤʽ (ʨʠʩ. 

2.6) [33, 34, 35], ʤʘʻ ʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ , ʧʨʠ Tʨ.ʨ.ʧʦʯ =Tʥ.ʩ.. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʤʫʰʝʥʠʡ ʨʫʭ ʨʽʜʠʥʠ, ʷʢʘ ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʚʽʜ ʧʦʜʘʯʽ 

ʚ ʩʠʩʪʝʤʫ ʨʽʜʠʥʠ ʟ ʧʦʯʘʪʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ Uʚʭ=Uʧʦʯ ʟ ʽʥʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʪʠʧʦʚʦʾ ʩʭʝʤʠ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 2.6. 

 

  

ʈʠʩʫʥʦʢ 2.6 ï ʉʭʝʤʘ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʢʘʥʘʣʫ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʢʘʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʠʧʦʚʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ 

ɼʣʷ ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʘʥʘʣʦʛʽʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ. ʄʘʶʯʠ ʨʦʟʧʦʜʽʣ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʟʥʘʯʝʥʴ, ʪʠʧʦʚʫ 

ʛʽʜʨʘʚʣʽʯʥʫ ʤʦʜʝʣʴ ʢʘʥʘʣʫ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʽ ʚʠʢʦʥʘʪʠ 

ʧʝʨʝʜʧʨʦʝʢʪʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʢʘʥʘʣʫ ʟ ʤʽʩʮʝʚʠʤ ʦʧʦʨʦʤ   (ʨʠʩ. 2.7, 

ʘ) [33, 34]. 

ɺʦʥʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʤʽʥʥʽ ʧʘʨʘʤʝʪʨʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ ʚʽʜʧʦʚʽʜʥʦ ʚʠʤʦʛ ʜʦ 

ʤʦʜʝʣʽ ʤʦʙʽʣʴʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʷʢʽ ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ. 
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ʈʠʩʫʥʦʢ 2.7 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʢʘʥʘʣʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ʊʠʧʦʚʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʢʘʥʘʣ ʚ ʤʦʙʽʣʴʥʦʤʫ ɻʇ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʻ ʙʫʪʠ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʛʘʙʘʨʠʪʘʤʠ, ʪʦʙʪʦ ʜʦʚʞʠʥʠ ʢʘʥʘʣʽʚ ʤʘʶʪʴ ʙʫʪʠ ʥʝʚʝʣʠʢʽ. ʎʝ 

ʚʧʣʠʚʘʻ ʥʘ ʜʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʪʘ ʟʤʽʥʫ ʚʠʪʨʘʪʠ ʚ ʢʘʥʘʣʽ. ʅʘʚʝʜʝʥʦ ʤʦʜʝʣʴ 

ʢʘʥʘʣʫ ʟ ʤʦʞʣʠʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʚʭʦʜʫ ʜʦ ʚʠʭʦʜʫ ʧʨʠ 

ʨʦʟʽʛʨʽʚʽ ʢʘʥʘʣʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʪʠʧ ʧʨʦʪʽʢʘʥʥʷ (ʨʠʩ. 2.7). ɺʠʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ 

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʥʘ ʜʽʣʷʥʢʘʭ ʢʘʥʘʣʫ ʻ ʦʜʥʽʻʶ ʟ ʚʠʨʽʰʘʣʴʥʠʭ ʟʘʜʘʯ ʧʨʠ ʧʦʜʘʣʴʰʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʩʠʩʪʝʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘʜʘʯʝʶ 

ʨʦʟʨʘʭʫʥʢʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ , ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʟ ʢʘʥʘʣʫ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʤʝʪʦʜʠʢʠ ʪʝʧʣʦʦʙʤʽʥʫ [33, 34]. 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʽʚ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʪʝʧʣʦʦʙʤʽʥʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʝ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʠʧʦʚʫ ʩʭʝʤʫ ʤʦʜʝʣʽ ʢʘʥʘʣʫ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʧʦʯʠʥʘʪʠ 

ʨʦʟʨʘʭʫʥʦʢ h ʚʠʜʢʦʩʪʽ ʚ ʢʘʥʘʣʽ ʟ ʥʘʢʣʘʜʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ʊʦʙʪʦ, ʥʘ ʧʦʯʘʪʢʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʢʘʥʘʣʽ, ʚ ʷʢʦʤʫ ʨʦʙʦʯʘ ʨʽʜʠʥʘ ʟʥʘʭʦʜʠʣʘʩʷ ʙʝʟ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ 

ʪʘ ʥʘʙʫʣʘ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ , ʧʜ̔ʚʦʜʠʪʴʩʷ 

ʨʽʜʠʥʘ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʨʠ ʟʥʘʯʝʥʥʽ ʚôʷʟʢʦʩʪʽ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ . 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʚʦʜʽʚ 

ʤʦʙʽʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʦʚʪʨʘʪ ʚ ʛʽʜʨʘʚʣʽʯʥʽʡ ʩʠʩʪʝʤʽ 

ʛʽʜʨʦʧʨʠʚʦʜʫ ʪʘ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʨʦʙʦʪʫ ʧʨʠʚʦʜʫ ʚ ʧʝʨʝʭʽʜʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʘʭ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʪʫʧʝʥʝʚʠʡ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʥʘʯʝʥʴ ʚʟʜʦʚʞ ʛʽʜʨʘʚʣʽʯʥʠʭ ʢʘʥʘʣʽʚ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

Ὕʚʭ ὺὥὶ 

Ὕʩʪ ὺὥὶ 

ὰ ὺὥὶ 

Ὕ ὺὥὶ 

 

Ὕ ὺὥὶ 

ὝʥȢʩȢ ὺὥὶ 
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ʦʪʨʠʤʘʪʠ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʦ ʜʦʚʞʠʥʽ 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʨʽʜʠʥʠ, ʪʦʙʪʦ ɛ̔=f(T ,̔li), ɟ=̔f(T ,̔li), Ui=f(T ,̔li), ȹp=̔f(T ,̔li), ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʧʨʦʛʥʦʟʫʚʘʪʠ ʯʘʩ ʩʧʨʘʮʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʧʨʠ ʥʝʩʪʘʙʽʣʴʥʠʭ 

ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʊʦʨʥʝʨʘ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʘʚʣʽʯʥʠʭ ʢʘʥʘʣʽʚ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʧʦ ʪʨʘʻʢʪʦʨʽʾ ʾʾ ʨʫʭʫ ʪʘ ʚʽʜ ʯʘʩʫ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ 

ʧʦʙʫʜʦʚʘʥʦ ʫʪʦʯʥʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ, ʜʣʷ ʷʢʠʭ 

ʚʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʟʙʽʞʥʦʩʪʽ ʪʘ ʤʝʞʽ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢʽ ʧʽʜʪʚʝʨʜʠʣʠ ʷʢʽʩʥʝ ʩʧʽʚʧʘʜʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʥʝʧʝʨʝʚʠʱʝʥʥʷ ʧʦʭʠʙʢʠ 25% ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ 35% ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʯʘʩʫ ʩʪʘʙʽʣʽʟʘʮʽʾ [33, 34]. 

ɺʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 
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ʈʆɿɼɯʃ 3 

ʊɽʈʄʆɼʀʅɸʄɯʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʆʊʆʂʋ ʄɸʉʊʀʃɸ ɺ 

ɸɺɯɸʎɯʁʅʆʄʋ ʊʈʋɹʆʇʈʆɺʆɼɯ 
 

ʉʫʯʘʩʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ 

ʩʠʣʴʥʦ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʚʠʚʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʦʪʦʢʫ ʚôʷʟʢʠʭ ʨʽʜʠʥ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʟ ʮʽʣʣʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺ 

ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʠʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ 

ʥʘ ʯʘʩ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʰʚʠʜʢʽʩʪʴ ʤʘʩʪʠʣʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS ʚʠʢʦʥʘʥʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʪʝʯʽʾ 

ʤʘʩʪʠʣʘ ʚ ʪʨʫʙʽ ʜʣʷ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ. 

ɸNSYS ʻ ʣʽʜʝʨʦʤ ʚ ʦʙʣʘʩʪʽ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ 

ʧʨʦʧʦʥʫʻ ʰʠʨʦʢʫ ʣʽʥʽʡʢʫ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ (CFD). ʄʫʣʴʪʠʬʽʟʽʯʥʽ ʘʣʛʦʨʠʪʤʠ ANSYS ʜʦʟʚʦʣʷʶʪʴ ʩʧʦʣʫʯʘʪʠ 

CFD-ʤʦʜʝʣʽ ʟ ʽʥʰʠʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʟʘʜʘʯ, ʪʘʢʠʭ 

ʷʢ ʛʽʜʨʦʜʠʥʘʤʽʢʘ, ʪʝʧʣʦʦʙʤʽʥ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʽʚ [21]. 

3.1. ɺʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ɺʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʥʘ ʧʝʚʥʽʡ ʜʽʣʷʥʮʽ, ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʥʝ ʣʠʰʝ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʫ, 

ʘ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʾ ʨʽʜʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʱʦʙ 

ʟʥʘʡʪʠ ʰʚʠʜʢʽʩʪʴ, ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʽ-ʡ ʜʽʣʷʥʮʽ, ʷʢʝ 

ʚʧʣʠʚʘʻ ʥʘ ʚôʷʟʢʽʩʪʴ, ʫʪʚʦʨʶʶʯʠ ʣʘʥʮʶʛ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʩʫʪʪʻʚʘ ʷʢ ʜʣʷ ʤʽʩʮʝʚʠʭ ʪʘʢ ʽ ʜʣʷ ʣʽʥʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʪʨʘʪ ʪʠʩʢʫ. 

ʇʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʜʫʪʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʷ.  

ʇʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʧʝʨʝʜʜʠʧʣʦʤʥʦʾ ʧʨʘʢʪʠʢʠ ʥʘ ɼʇ ɸʥʪʦʥʦʚ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʩʪʠʣʘ (ʪʘʙʣ. 3.1) [22] ʪʘ ʪʨʫʙʦʧʨʦʚʦʜʫ. 
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ʊʘʙʣʠʮʷ 3.1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʩʪʠʣʘ ɸʄɻ-10 

ʈʽʜʠʥʘ ɸʄɻ-10 

ʆʩʥʦʚʘ ʨʽʜʠʥʠ ʆʯʠʱʝʥʘ ʥʘʬʪʦʚʘ ʬʨʘʢʮʽʷ (ʛʘʩ) 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʇʨʦʟʦʨʘ, ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ 

ɻʫʩʪʠʥʘ, ʛ/ʩʤ3 0.833-0.850 

ɯʥʪʝʨʚʘʣ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, Áʉ 
ɺʽʜ - 60 ʜʦ +125 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ, Áʉ 92-105 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʘʤʦʟʘʧʘʣʶʚʘʥʥʷ, Áʉ 
290-310 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʠʛʘʥʥʷ, Áʉ -70 (ʥʝ ʚʠʱʝ) 

ʇʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ, ɼʥ/ʩʤ 28.9 

ʂʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ (ACT) 

ʧʨʠ a) t=+20ÁC; ʙ) t=+50ÁC. 
ʘ) 20-23 ʪʘ ʙ) 10-11.3 

ʊʦʢʩʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʄʘʣʦʪʦʢʩʠʯʥʘ 

ʄʘʪʝʨʽʘʣʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ 

ʢʦʥʪʘʢʪʽ ʟ ʨʽʜʠʥʦʶ 
ʇʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʽ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʫʙʦʧʨʦʚʦʜʫ: 

- ɼʦʚʞʠʥʘ ï 6 ʤ. 

- ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ï 0,01ʤ. 

- ʊʦʚʱʠʥʘ ʩʪʽʥʢʠ ï 1,2ʤʤ. 

- ʄʘʪʝʨʽʘʣ ï ʤʽʜʴ. 

- ʐʦʨʩʪʢʽʩʪʴ ï 0.4-1,6. 

- ʊʠʩʢ ʧʦʜʘʯʽ - 21 ʄʇʘ; 

- ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ï 1,5ʤ/ʩ; 

- ɺʩʤʦʢʪʫʚʘʣʴʥʘ ʣʽʥʽʷ; 

-  ʊʨʘʻʢʪʦʨʽʷ ʧʨʷʤʘ. 
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3.2. ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʫ ʤʘʩʪʠʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʦʟʛʣʷʜʘʪʠ ʪʨʠ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʠ ʪʘ ʨʦʟʜʽʣʠʪʠ ʾʭ  ʥʘ ʪʨʠ ʜʦʩʣʽʜʠ (ʪʘʙʣ. 3.2). 

 

ʊʘʙʣʠʮʷ 3.2 

ʇʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ɼʦʩʣʽʜ 
ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʽʜʠʥʠ ʚ ʪʨʫʙʽ, t(Áʉ) 

ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʽʜʠʥʠ ʥʘ ʚʭʦʜʽ, t(Áʉ) 

1 -70 +20 

2 -50 +20 

3 0 +40 

 

3.2.1 ɼʦʩʣʽʜ 1 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʘ +20Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʫʙʦʧʨʦʚʦʜʫ -70Áʉ. 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʣʘ ʥʘ ʧʦʯʘʪʢʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʘ t=5 ʭʚ. 

 

ʅʘ ʨʠʩ 3.1 ʟʦʙʨʘʞʝʥʦ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʘ ʥʘ ʜʽʣʷʥʮʽ ʚ 1ʤ., 

ʟʘ 5 ʭʚʠʣʠʥ ʨʦʙʦʪʠ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʘʡʞʝ ʥʘ ʚʩʽʡ ʜʽʣʷʥʮʽ 
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ʪʨʫʙʦʧʨʦʚʦʜʫ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʘ ʟ +20 □ ʉ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʜʽʘʧʘʟʦʥʫ -43 □ ʉ - 

+2 □ ʉ. 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʣʘ ʥʘ ʧʦʯʘʪʢʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʘ 

 t=15 ʭʚ 

ʅʘ ʨʠʩ 3.2 ʟʦʙʨʘʞʝʥʦ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʘ ʥʘ ʜʽʣʷʥʮʽ ʚ 1ʤ., 

ʟʘ 15 ʭʚʠʣʠʥ ʨʦʙʦʪʠ. ʅʘ ʨʠʩʫʥʢʫ ʯʽʪʢʦ ʚʠʜʥʦ, ʱʦ ʯʝʨʝʟ 15ʭʚʠʣʠʥ ʨʦʙʦʪʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʩʣʷ 0,8ʤ. ʚʽʜ ʧʦʯʘʪʢʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ 

ʢʘʥʘʣʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ. ʍʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩ 3.3. 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʨʝʨʽʟʽ ʪʨʫʙʠ ʧʽʩʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ 
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ʈʠʩʫʥʦʢ 3.4 ï ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ ʤʘʩʣʘ ʥʘ ʧʦʯʘʪʢʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʘ 

t=1ʭʚ ʪʘ t=8 ʭʚ 

 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ 

ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʪʘ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʩʪʘʻ ʩʪʘʙʽʣʴʥʦʶ ʧʽʩʣʷ 8 ʭʚʠʣʠʥʠ 

ʨʦʙʦʪʠ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʤʘʩʪʠʣʘ +20 □ ʉ ʪʘ -70 □ ʉ ʪʨʫʙʦʧʨʦʚʦʜʫ). ʅʘ ʨʠʩ 3.4 

ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʭʘʨʘʢʪʝʨ ʰʚʠʜʢʦʩʪʽ ʧʨʠ 1ʭʚ. ʪʘ 8ʭʚ. ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ 3.5 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʚ ʧʝʨʝʨʽʟʽ ʪʨʫʙʠ ʧʽʩʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ 
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ʆʪʞʝ, ʩʪʘʙʽʣʽʟʘʮʽʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʤʘʩʪʠʣʘ +20 □ʉ 

ʪʘ -70 □ ʉ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ 15 ʭʚʠʣʠʥ ʧʽʩʣʷ ʧʦʯʘʪʢʫ 

ʨʦʙʦʪʠ, ʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʰʚʠʜʢʦʩʪʽ ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ 8 ʭʚ. 

3.2.2 ɼʦʩʣʽʜ 2 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʘ +20Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʫʙʦʧʨʦʚʦʜʫ -50Áʉ. 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʣʘ ʥʘ ʧʦʯʘʪʢʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʘ t=2 ʭʚ 

 

ʅʘ ʨʠʩ 3.6 ʟʦʙʨʘʞʝʥʦ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʘ ʥʘ ʜʽʣʷʥʮʽ ʚ 1ʤ., 

ʟʘ 3 ʭʚʠʣʠʥ ʨʦʙʦʪʠ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʘʡʞʝ ʥʘ ʚʩʽʡ ʜʽʣʷʥʮʽ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʘ ʟ +20 □ ʉ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʜʽʘʧʘʟʦʥʫ -30 □ ʉ - 

+6 □ ʉ. 

 

ʈʠʩʫʥʦʢ 3.7 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʣʘ ʥʘ ʧʦʯʘʪʢʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʘ t=5 ʭʚ 
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ʅʘ ʨʠʩ 3.8 ʟʦʙʨʘʞʝʥʦ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʘ ʥʘ ʜʽʣʷʥʮʽ ʚ 1ʤ., 

ʟʘ 5 ʭʚʠʣʠʥ ʨʦʙʦʪʠ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʜʘʥʠʡ ʨʠʩʫʥʦʢ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʯʝʨʝʟ 5 ʭʚ. ʨʦʙʦʪʠ ʪʝʤʧʝʨʘʪʫʨʘ  ʥʘ ʚʩʽʡ ʜʽʣʷʥʮʽ ʪʨʫʙʦʧʨʦʚʦʜʫ ʩʪʘʻ ʙʽʣʴʰ 

ʚʥʦʨʤʦʚʘʥʦʶ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʘ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʜʦ -30 □ ʉ ʤʘʡʞʝ ʧʦ 

ʚʩʽʡ ʜʦʚʞʠʥʽ. 

 

 

ʈʠʩʫʥʦʢ 3.8 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʣʘ ʥʘ ʧʦʯʘʪʢʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʘ 

t=8 ʭʚ 

 

ʅʘ ʨʠʩ 3.8 ʟʦʙʨʘʞʝʥʦ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʘ ʥʘ ʜʽʣʷʥʮʽ ʚ 1ʤ., 

ʟʘ 8 ʭʚʠʣʠʥ ʨʦʙʦʪʠ. ʄʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʯʝʨʝʟ 8ʭʚ. ʨʦʙʦʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʩʣʷ 

0,65ʤ. ʚʽʜ ʧʦʯʘʪʢʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʦʩʪʘʪʥʴʦ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ 

ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʙʣʠʟʴʢʦ -35 □ ʉ. ʍʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʈʠʩ 3.9. 

 

ʈʠʩʫʥʦʢ 3.9 ï ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʨʝʨʽʟʽ ʪʨʫʙʠ ʧʽʩʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ 
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ʈʠʩʫʥʦʢ 3.10 ï ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʩʪʽ ʤʘʩʣʘ ʥʘ ʧʦʯʘʪʢʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʘ 

t=1ʭʚ ʪʘ t=3 ʭʚ 

 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ 

ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʪʘ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʩʪʘʻ ʩʪʘʙʽʣʴʥʦʶ ʧʽʩʣʷ 3 ʭʚʠʣʠʥʠ 

ʨʦʙʦʪʠ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʤʘʩʪʠʣʘ +20 □ ʉ ʪʘ -50 □ ʉ ʪʨʫʙʦʧʨʦʚʦʜʫ). ʅʘ ʨʠʩ 3.10 

ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʭʘʨʘʢʪʝʨ ʰʚʠʜʢʦʩʪʽ ʧʨʠ 1ʭʚ. ʪʘ 3ʭʚ. ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ 3.11. 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʚ ʧʝʨʝʨʽʟʽ ʪʨʫʙʠ ʧʽʩʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ 




















































































