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         ʊ38 

 
ʇʨʝʜʩʝʜʘʪʝʣʴ ʨʝʜʢʦʣʣʝʛʠʠ: 

ʃʝʙʝʜʝʚʘ ʅʘʜʝʞʜʘ ɸʥʘʪʦʣʴʝʚʥʘ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʚ ʦʙʣʘʩʪʠ ʢʫʣʴʪʫʨʦʣʦʛʠʠ, 

ʧʨʦʬʝʩʩʦʨ ʬʠʣʦʩʦʬʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʘʜʨʦʚʦʡ ʘʢʘʜʝʤʠʠ, ʛ. ʂʠʝʚ, ʯʣʝʥ ɽʚʨʘʟʠʡʩʢʦʡ 

ɸʢʘʜʝʤʠʠ ʊʝʣʝʚʠʜʝʥʠʷ ʠ ʈʘʜʠʦ. 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

ɺʦʣʢʦʚ ɺʣʘʜʠʤʠʨ ʇʝʪʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʨʝʮʝʥʟʝʥʪ ɸʅʉ çʉʠʙɸʂè; 

ɽʣʠʩʝʝʚ ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʥʘʯʘʣʴʥʠʢ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʆʆʆ "ʃʘʙʦʨʘʪʦʨʠʷ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ"; 
ɿʘʭʘʨʦʚ ʈʦʤʘʥ ʀʚʘʥʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʚʨʘʯ ʧʩʠʭʦʪʝʨʘʧʝʚʪ ʚʳʩʰʝʡ 

ʢʘʪʝʛʦʨʠʠ, ʢʘʬʝʜʨʘ ʧʩʠʭʦʪʝʨʘʧʠʠ ʠ ʩʝʢʩʦʣʦʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʧʦʩʣʝʜʠʧʣʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʈʄɸʇʆ) ʛ. ʄʦʩʢʚʘ; 

ɿʝʣʝʥʩʢʘʷ ʊʘʪʴʷʥʘ ɽʚʛʝʥʴʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʚ ʖʛʦʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ; 

ʂʘʨʧʝʥʢʦ ʊʘʪʴʷʥʘ ʄʠʭʘʡʣʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʨʝʮʝʥʟʝʥʪ ɸʅʉ 

çʉʠʙɸʂè; 

ʂʦʩʪʳʣʝʚʘ ʉʚʝʪʣʘʥʘ ʖʨʴʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ 

ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮ. ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʩʣʫʞʙʳ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌ (ʈɸʅʍʠɻʉ), ʛ. ʄʦʩʢʚʘ; 

ʇʦʧʦʚʘ ʅʘʪʘʣʴʷ ʅʠʢʦʣʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʠ ʧʩʠʭʦʣʦʛʠʠ ʠʥʩʪʠʪʫʪʘ ʜʝʪʩʪʚʘ ʅɻʇʋ; 

ʗʢʦʚʠʰʠʥʘ ʊʘʪʴʷʥʘ ʌʝʜʦʨʦʚʥʘ ï ʢʘʥʜ. ʩʝʣʴʩʢʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʜʦʮ., ʟʘʤʝʩʪʠʪʝʣʴ 

ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ ʵʢʦʣʦʛʠʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʇʨʠʜʥʝʧʨʦʚʩʢʦʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʘʢʘʜʝʤʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʯʣʝʥ ɺʩʝʫʢʨʘʠʥʩʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʃʠʛʠ. 
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ʆʛʣʘʚʣʝʥʠʝ  

ʉʝʢʮʠʷ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 4 

ɿɸʈʋɹɽɾʅʓʁ ʆʇʓʊ ɹʆʈʔɹʓ ʉ ʋɻʃɽʂʀʉʃʆʊʅʆʁ 
ʂʆʈʈʆɿʀɽʁ, ʉʆɺʈɽʄɽʅʅʓɽ ʄɽʊʆɼʓ ɹʆʈʔɹʓ 
ɻʫʙʝʨʥʘʪʦʨʦʚ ʉʝʨʛʝʡ ʉʝʨʛʝʝʚʠʯ 

4 

ʉʊʈʋʂʊʋʈʅɸʗ ʄʆɼɽʃʔ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʋɻʈʆɿ 
ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʅɸ ʆʉʅʆɺɽ 
ɺʈɽʄɽʅʅʆɻʆ ʈʗɼɸ 
ɽʣʠʟʘʨʦʚ ɸʣʝʢʩʝʡ ʖʨʴʝʚʠʯ  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʈɽʄɽʅʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 
ʆɹʆʈʋɼʆɺɸʅʀʗ ʅɸ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʔ 
ɻʆʈʅʆʇʈʆʍʆɼʏɽʉʂʀʍ ʈɸɹʆʊ 
ʃʫʛʘʯʝʚʘ ʅʘʜʝʞʜʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 
ʌʫʨʤʘʥ ɸʥʛʝʣʠʥʘ ɸʥʜʨʝʝʚʥʘ 

18 

ʈɸɿɺʀʊʀɽ ɻʀɼʈʆʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʇʆʊɽʅʎʀɸʃɸ 
ʈʦʯʘʛʦʚ ɺʣʘʜʠʤʠʨ ʆʣʝʛʦʚʠʯ 
ʇʣʶʩʥʠʥ ɸʥʜʨʝʡ ʆʣʝʛʦʚʠʯ 
ʌʝʬʝʣʦʚ ɸʥʜʨʝʡ ɸʥʘʪʦʣʴʝʚʠʯ 

22 

ɸʅɸʃʀɿ ʇʈʀʄɽʅɽʅʀʗ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ  
HOMER PRO ɼʃʗ ɺʓʇʆʃʅɽʅʀʗ ʈɸʉʏɽʊʆɺ 
ɺɽʊʈʆɼʀɿɽʃʔʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʅɸ ʇʈʀʄɽʈɽ  
ʉ. ʅʆɺʀʂʆɺʆ ʉɸʍɸʃʀʅʉʂʆʁ ʆɹʃɸʉʊʀ 
ʐʠʛʠʥʘ ɸʥʥʘ ɺʠʢʪʦʨʦʚʥʘ 
ʐʠʛʠʥ ɸʥʪʦʥ ɸʥʜʨʝʝʚʠʯ 
ɺʘʨʝʥʠʢʦʚʘ ʆʣʴʛʘ ɹʦʨʠʩʦʚʥʘ 

27 



 

4 

 

ʉɽʂʎʀʗ 1.  

ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ɿɸʈʋɹɽɾʅʓʁ ʆʇʓʊ ɹʆʈʔɹʓ ʉ ʋɻʃɽʂʀʉʃʆʊʅʆʁ ʂʆʈʈʆɿʀɽʁ, 

ʉʆɺʈɽʄɽʅʅʓɽ ʄɽʊʆɼʓ ɹʆʈʔɹʓ 

ɻʫʙʝʨʥʘʪʦʨʦʚ ʉʝʨʛʝʡ ʉʝʨʛʝʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
ʈʌ, ʛ. ʊʶʤʝʥʴ 

 

ʇʨʦʙʣʝʤ rʢʦʨʨʦʟʠʠ ʛʘʟʦʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʯʠʥʘʷ ʩ ʥʘʯʘʣʴʥʦʡ ʜʦʙʳʯʠ ʠ 

ʦʯʠʩʪʢʠ ʢ ʭʨʘʥʝʥʠʶ [1,8]. ʆʧʘʩʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʢʦʨʨʦʟʠʠ ʚʢʣʶʯʘʶʪ ʧʦʪʝʨʶ 

ʧʨʦʜʫʢʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʢʘʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʪʘʥʦʚʢʫ ʠ ʚʦʟʤʦʞʥʫ ʁʵʢʦʣʦʛʠʯʝʩʢʫʶ ʢʘʪʘʩʪʨʦʬʫ [9].  

ʅʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ ʨʘʟʨʘʙʦʪʘʣʠ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʛʣʝʢʠʩʣʦʪʥʦʡ ʢʦʨʨʦʟʠʠ.  

ʈʘʟʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ-ʟʘ ʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʠ 

ʘʥʘʣʠʟʝ ʠ ʚʳʯʠʩʣʝʥʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʧʦʜʛʦʪʦʚʢʝ ʤʦʜʝʣʝʡ. ʅʝʢʦʪʦʨʳʝ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʟʘʱʠʪʫ ʠ ʧʨʦʛʥʦʟʠʨʫʶʪ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʥʠʟʢʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ. ʕʪʠ ʤʦʜʝʣʠ ʯʘʩʪʦ ʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʧʦʣʝʚʦʡ ʦʧʳʪ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʙʳʣʠ ʥʘ ʧʨʠʝʤʣʝʤʦ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ 

ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʫʛʣʝʢʠʩʣʦʪʥʦʡ ʢʦʨʨʦʟʠʠ ʟʘʨʫʙʝʞʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠ 

ʥʝʬʪʝʛʘʟʦʚʳʝ ʢʦʨʧʦʨʘʮʠʠ ʨʝʰʠʣʠ ʦʙʲʝʜʠʥʠʪʴ ʫʩʠʣʠʷ ʚ ʧʦʧʳʪʢʝ ʩʦʙʨʘʪʴ 

ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʢʦʨʨʦʟʠʠ ʦʪ ʨʷʜʘ ʦʧʝʨʘʪʦʨʦʚ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ  r ʜʣʷ ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʤʝʞʜʫ ʦʧʝʨʘʪʦʨʘʤʠ ʠ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ.  

ʈʘʟʣʠʯʥʳʝ ʜʦʩʪʫʧʥʳʝ CO2 ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʙʳʣʠ 

ʦʮʝʥʝʥʳ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ, 
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ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʢʦʨʨʦʟʠʠ ʜʣʷ ʥʘʙʦʨʘ ʧʦʣʝʚʳʭ ʩʣʫʯʘʝʚ ʠ 

ʩʨʘʚʥʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʩʢʦʨʦʩʪʝʡ ʢʦʨʨʦʟʠʠ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʥʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʢʦʨʨʦʟʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʥʦʚʣʝʥʠʝ ʤʦʜʝʣʝʡ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʳ 

ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʦʚʳʝ ʚʝʨʩʠʠ ʥʝʢʦʪʦʨʳʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʪʦʛʦ, ʢʘʢ ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʣʝʚʳʝ ʜʘʥʥʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ. 

ʇʨʦʮʝʩʩ ʩʙʦʨʘ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʤʦʜʝʣʝʡ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, 

ʚ ʢʦʪʦʨʦʡ ʤʷʛʢʘʷ ʩʪʘʣʴ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʦʩʥʦʚʥʦʤ ʙʣʘʛʦʜʘʨʷ ʝʝ ʜʦʩʪʫʧʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [10].  

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʦ ʙʦʨʴʙʝ ʩ 

ʫʛʣʝʢʠʩʣʦʪʥʦʡ ʢʦʨʨʦʟʠʝʡ, ʥʘʠʙʦʣʝʝ ʧʨʘʢʪʠʯʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ 

ʩʧʦʩʦʙʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ [1,7].  

ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʭʦʜʷʱʝʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ, ʚʢʣʶʯʘʝʤʦʛʦ ʚ ʩʦʩʪʘʚ 

ʥʠʟʢʦʩʦʨʪʥʳʭ ʩʪʘʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʵʢʦʥʦʤʠʶ ʢʘʧʠʪʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʩʧʣʘʚʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ [6]. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ, ʢʦʨʨʦʟʠʶ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ [10]. ʅʘʣʠʯʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ 

(CI) ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʢʦʨʨʦʜʠʨʫʶʱʝʡ ʩʠʩʪʝʤʝ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ 

ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʘ, ʧʦʜʚʝʨʛʰʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʶ.  

ʈʦʣʴ ʠʥʛʠʙʠʪʦʨʦʚ ʚ ʛʘʟʦʜʦʙʳʚʘʶʱʝʡ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ; [1].  

ʉʧʦʩʦʙʦʤ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʜʩʦʨʙʠʨʦʚʘʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ [3]. ɸʜʩʦʨʙʮʠʷ ʷʚʣʷʝʪʩʷ ʘʜʛʝʟʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʛʜʘ 

ʚʝʱʝʩʪʚʦ (ʠʦʥʳ, ʘʪʦʤʳ ʠʣʠ ʤʦʣʝʢʫʣʳ ʛʘʟʘ, ʞʠʜʢʦʩʪʠ ʠʣʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ), ʥʘʟʳʚʘʝʤʳʝ ʘʜʩʦʨʙʘʪʦʤ, ʧʨʠʣʠʧʘʝʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ CI ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʤʝʪʘʣʣʘ [54]. ʂʨʦʤʝ ʪʦʛʦ, ʘʜʩʦʨʙʮʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ, ʘʨʦʤʘʪʠʯʥʦʩʪʠ, 

ʩʪʝʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʫ ʘʪʦʤʦʚ-ʜʦʥʦʨʦʚ [5]. 

ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʩʦʩʪʘʚ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʣʘ ʚʣʠʷʶʪ 

ʥʘ ʘʜʩʦʨʙʮʠʶ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʘ [3]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʩʠʣ ʘʜʩʦʨʙʮʠʷ ʬʝʥʦʤʝʥʦʤ ʤʦʞʝʪ 

ʙʳʪʴ: (ʘ) ʬʠʟʘʨʩʦʨʙʮʠʷ, (ʙ) ʭʝʤʦʩʦʨʙʮʠʷ ʠʣʠ ʢʦʤʙʠʥʘʮʠʷ ʦʙʦʠʭ. ʌʨʠʩʦʨʙʮʠʷ 

ʚʢʣʶʯʘʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ (ʘʜʩʦʨʙʝʥʪ) ʠ ʠʦʥʥʳʤʠ ʟʘʨʷʜʘʤʠ ʠʥʛʠʙʠʪʦʨʘ (ʘʜʩʦʨʙʘʪʘ). 

ʌʨʠʩʦʨʙʮʠʷ ʚ ʩʠʣʫ ʵʢʟʦʪʝʨʤʠʯʥʦʩʪʠ ʥʝʫʩʪʦʡʯʠʚʘ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [8]. 

ʌʨʠʩʦʨʙʮʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʭʣʦʨʠʜʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ 

ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠʥʛʠʙʠʪʦʨʘ [10].  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʭʝʤʦʩʦʨʙʮʠʷ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ CI 

ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʘ. ʂʦʦʨʜʠʥʘʪʥʳʡ ʪʠʧ ʩʚʷʟʠ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ d-ʦʨʙʠʪʘʣʴʶ ʘʜʩʦʨʙʝʥʪʘ ʤʝʪʘʣʣʘ ʠ n- 

ʵʣʝʢʪʨʦʥʘʤʠ ʠʣʠ ʥʝʨʘʟʜʝʣʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʘʨʘʤʠ ʘʜʩʦʨʙʘʪʘ ʠʥʛʠʙʠʪʦʨʘ.  

ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʘʜʩʦʨʙʮʠʠ ʥʘ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ ʫʤʝʥʴʰʘʶʪʩʷ ʘʥʦʜʥʳʝ ʠ / 

ʠʣʠ ʩʢʦʨʦʩʪʠ ʢʘʪʦʜʥʦʡ ʨʝʘʢʮʠʠ [1]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʠʟʘʜʩʦʨʙʮʠʠ, ʢʦʪʦʨʘʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ, ʵʥʝʨʛʠʷ 

ʭʝʤʦʩʦʨʙʮʠʠ ʚʳʰʝ ʠ ʧʦʵʪʦʤʫ ʩʪʘʙʠʣʴʥʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [2]. 

ʀʩʧʦʣʴʟʫʷ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʜʘʥʥʳʭ ʦ ʧʦʢʨʳʪʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʤʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ.  

ʃʫʯʰʘʷ ʠʟʦʪʝʨʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ 

ʘʜʩʦʨʙʮʠʠ Kad, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʚʘʞʥʳʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ȹG0
ad, ȹH0

ad ʠ ȹS
0
ad, ʩʚʷʟʘʥʥʳʝ ʧʦ ʫʨʘʚʥʝʥʠʶ 1: 

ɝ' ὙὝὰὲ+ ɝ( Ὕɝ3  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ - ʦ 

ʤʝʭʘʥʠʟʤʝ ʷʚʣʝʥʠʡ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. ʌʨʠʩʦʨʙʮʠʷ, ʢʦʪʦʨʘʷ 

ʘʥʘʣʦʛʠʯʥʘ ʩʣʠʷʥʠʶ (ʢʦʥʜʝʥʩʘʮʠʷ - (ʛʘʟ), ʷʚʣʷʝʪʩʷ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ 
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ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʥʜʦʪʝʨʤʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʜʥʦʟʥʘʯʥʦ ʦʪʥʝʩʝʥʘ ʢ ʭʝʤʦʩʦʨʙʮʠʠ. ʆʜʥʘʢʦ ʯʨʝʟʤʝʨʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

ʵʢʟʦʪʝʨʤʠʷ - ʤʠʢʨʦʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʯʝʤ 

ʵʥʪʘʣʴʧʠʷ ʩʣʠʷʥʠʷ ʠʥʛʠʙʠʪʦʨʘ, ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʭʝʤʦʩʦʨʙʮʠʶ [4]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ (ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ), 

ʧʨʠʤʝʥʷʝʤʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʣʶʙʳʝ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ: 

ʘʥʦʜʥʳʝ, ʢʘʪʦʜʥʦ-ʧʘʩʩʠʚʠʨʫʶʱʠʝ, ʥʝʡʪʨʘʣʠʟʫʶʱʠʝ ʠ ʘʢʪʠʚʥʳʝ, ʧʘʨʦʬʘʟʥʳʡ ʠ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʡ ʠʥʛʠʙʠʪʦʨʳ [5]. ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʩʣʫʯʘʝʚ ʢʦʨʨʦʟʠʠ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʥʘʣʠʯʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʢʠʩʣʦʪ, ʪʘʢʠʭ ʢʘʢ HCl, H2CO3, H2SO4, H2SO3 [11].  

ʀʥʛʠʙʠʪʦʨʳ ʥʝʡʪʨʘʣʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ, ʘʤʤʠʘʢ ʠ 

ʥʝʩʢʦʣʴʢʦ ʘʤʠʥʦʚ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʢʦʨʨʦʟʠʠ - ʫʤʝʥʴʰʘʶʪ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʢʦʨʨʦʟʠʦʥʥʦʝ ʜʝʡʩʪʚʠʝ [6]. ɼʣʷ ʫʜʘʣʝʥʠʷ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʩʘʯʠʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʛʠʜʨʘʟʠʥ ʠ ʩʫʣʴʬʠʪ ʥʘʪʨʠʷ [7]. 

ʇʣʝʥʢʦʦʙʨʘʟʫʶʱʠʝ CI ʦʙʨʘʟʫʶʪ ʙʘʨʴʝʨʥʫʶ ʧʣʝʥʢʫ ʧʦʚʝʨʭ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʬʠʟʠʯʝʩʢʦʡ (ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ) ʘʜʩʦʨʙʮʠʠ, ʭʝʤʦʩʦʨʙʮʠʠ 

ʠʣʠ n- ʦʨʙʠʪʘʣʴʥʦʡ ʘʜʩʦʨʙʮʠʠ [8].  

ʌʨʠʩʦʨʙʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦ, ʥʦ ʩʦʨʙʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʣʝʛʢʦ 

ʜʝʩʦʨʙʠʨʫʶʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʭʝʤʦʩʦʨʙʮʠʷ - ʙʦʣʝʝ 

ʤʝʜʣʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʂʨʠʚʳʝ ʧʦʣʷʨʠʟʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʦ ʧʦʣʝʟʥʳ ʜʣʷ ʨʘʟʙʣʦʢʠʨʦʚʢʠ ʤʝʭʘʥʠʟʤʘ 

ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʥʛʠʙʠʪʦʨʦʚ [7]. 

ʇʣʝʥʢʦʦʙʨʘʟʫʶʱʠʝ ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ ʩʦʩʪʦʷʪ ʠʟ ʧʦʣʷʨʥʦʡ ʛʦʣʦʚʢʠ ʠ 

ʛʠʜʨʦʬʦʙʥʦʛʦ ʭʚʦʩʪʘ, ʘ ʧʝʨʚʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʟʘʪʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʟʘʱʠʪʫ - ʪʠʯʝʩʢʦʡ ʧʣʝʥʢʠ 

ʧʨʦʪʠʚ ʚʦʜʥʳʭ ʚʠʜʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʥʛʠʙʠʪʦʨʳ ʥʝ ʤʦʛʫʪ 

ʜʦʩʪʠʯʴ ʥʝʢʦʪʦʨʳʭ ʥʝʜʦʩʪʫʧʥʳʭ ʪʦʯʝʢ ʚ ʧʨʦʬʠ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ ʚ ʧʨʝʧʘʨʘʪʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ. 
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ʇʣʝʥʢʦʦʙʨʘʟʫʶʱʠʝ ʠʥʛʠʙʠʪʦʨʳ ʜʘʣʝʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦʜ ʘʥʦʜʥʳʤ, 

ʢʘʪʦʜʥʳʤ ʠʣʠ ʩʤʝʰʘʥʥʳʤ ʪʠʧʦʤ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʡ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʦʥʠ 

ʠʥʛʠʙʠʨʫʶʪ [9]. ɸʥʦʜʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʧʘʩʩʠʚʘʪʦʨʘʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʘʥʦʜʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʪʨʫʜʥʝʥʦ, ʢʦʛʜʘ ʘʥʦʜʥʳʡ ʠʥʛʠʙʠʪʦʨ ʦʙʨʘʟʫʝʪ ʧʘʩʩʠʚʠʨʫʶʱʠʝ ʧʣʝʥʢʠ 

ʦʢʩʠʜʦʚ, ʛʠʜʨʦʢʩʠʜʦʚ ʠʣʠ ʩʦʣʝʡ ʥʘ ʘʥʦʜʥʳʭ ʫʯʘʩʪʢʘʭ [9]. ʀʥʦʛʜʘ ʢʨʠʪʠʯʝʩʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʦʨʨʦʟʠʷ ʤʦʞʝʪ - ʩʦʶʟʥʠʢʦʚ.  

ʂʘʪʦʜʥʳʡ ʠʥʛʠʙʠʪʦʨ ʦʙʨʘʟʫʝʪ ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʥʘ ʢʘʪʦʜʥʳʭ ʫʯʘʩʪʢʘʭ, 

ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠʣʠ ʅ+ ʚ 

ʢʠʩʣʦʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʢʦʣʦ 80% ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʧʦʧʘʜʘʶʪ ʚ 

ʠʥʛʠʙʠʪʦʨ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʥʘʣʠʯʠʶ ʧʦʣʷʨʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ - 

ʜʝʡʩʪʚʫʝʪ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʦʣʝʢʫʣʳ ʠʥʛʠʙʠʪʦʨʘ, ʠʤʝʶʱʠʝ 

ʛʠʜʨʦʬʦʙʥʳʝ ʤʦʪʠʚʳ, ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʟʘʱʠʪʥʫʶ ʛʠʜʨʦʬʦʙʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʝʥʢʫ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʜʘʣʝʥʠʝ ʤʦʣʝʢʫʣʳ 

ʫʢʦʨʝʥʝʥʥʦʡ ʚʦʜʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʪʘʣʣ-ʧʦʚʝʨʭʥʦʩʪʴ. ʕʪʦ ʩʣʫʞʠʪ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʵʣʝʢʪʨʦʣʠʪʝ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʫʨʘʚʥʝʥʠʠ 2 [6]: 

ὕὶὫ ὲὌὕ ᴼὕὶὫ Ὄὕ  

 

ʈʠʩʫʥʦʢ 1. ʆʙʱʠʡ ʩʠʥʪʝʟ ʠʤʠʜʘʟʦʣʠʥʘ ʠʟ ʢʠʩʣʦʪʥʦʛʦ ʘʣʴʜʝʛʠʜʘ 
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ʄʦʣʝʢʫʣʳ ʠʥʛʠʙʠʪʦʨʘ ʟʘʤʝʜʣʷʶʪ ʠʣʠ ʧʦʜʘʚʣʷʶʪ ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ ʧʫʪʝʤ: 

Å ɸʜʩʦʨʙʮʠʷ CI ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ 

Å ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʘʥʦʜʥʳʭ / ʢʘʪʦʜʥʳʭ ʨʝʘʢʮʠʡ 

Å ɿʘʤʝʜʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʦʪ ʂʀ ʜʦ ʤʝʪʘʣʣʘ - ʧʦʚʝʨʭʥʦʩʪʴ 

Å ʋʤʝʥʴʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʠʤʠʜʘʟʦʣʠʥʦʚ ʚ 

ʩʥʠʞʝʥʠʠ ʫʛʣʝʢʠʩʣʦʪʥʦʡ ʢʦʨʨʦʟʠʠ ʥʘ ʛʘʟʦʚʳʭ ʧʨʦʤʳʩʣʘʭ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʚ 

ʥʝʬʪʷʥʦʤ ʠ ʛʘʟʦʚʦʤ ʧʦʣʝ ʪʨʝʙʫʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʠʥʛʠʙʠʪʦʨʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʥʠʤʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ 

ʧʨʠʥʦʩʠʪ ʙʦʣʴʰʫʶ ʧʦʣʴʟʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʣʫʯʰʠʭ ʧʨʦʜʫʢʪʦʚ. 
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ʉʊʈʋʂʊʋʈʅɸʗ ʄʆɼɽʃʔ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʋɻʈʆɿ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

ʅɸ ʆʉʅʆɺɽ ɺʈɽʄɽʅʅʆɻʆ ʈʗɼɸ 

ɽʣʠʟʘʨʦʚ ɸʣʝʢʩʝʡ ʖʨʴʝʚʠʯ  

ʩʪʫʜʝʥʪ, ʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʈʌ, ʛ. ʆʨʝʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʣʷ 

ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʙʫʜʝʪ ʦʧʠʩʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦʚʦʡ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʚʨʝʤʝʥʥʦʤ ʨʷʜʫ, ʘ ʟʘʪʝʤ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴʩʷ ʥʘ ʙʫʜʫʱʠʝ ʟʥʘʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʨʝʤʝʥʥʦʡ ʨʷʜ, ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʩʛʣʘʞʠʚʘʥʠʝ, 

ʤʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʬʫʥʢʮʠʠ, ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʠ, 

ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. 

 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʤʝʝʪ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʛʥʦʟ ʙʳʣ 

ʚʝʨʝʥ. ʂ ʪʘʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʪʥʦʩʠʪʩʷ: 

¶ ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʫʛʨʦʟ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʚ; 

¶ ʉʚʷʟʘʥʥʦʩʪʴ ʫʛʨʦʟ ʜʨʫʛ ʩ ʜʨʫʛʦʤ; 

¶ ʆʪʩʫʪʩʪʚʠʝ ʩʝʟʦʥʥʦʩʪʠ ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʪʘʢʦʛʦ ʪʠʧʘ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʦʯʥʦʩʪʴ 

ʧʨʦʛʥʦʟʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʩʦʢʦʡ, ʘ ʪʘʢʞʝ, ʪʨʝʥʜ ʜʦʣʞʝʥ ʙʳʪʴ ʷʚʥʦ ʚʳʷʚʣʝʥ, ʪʘʢ 

ʢʘʢ ʦʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʪʨʝʥʜʘ ʟʘʚʠʩʠʪ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ 

ʩʚʷʟʘʥʥʦʩʪʠ ʫʛʨʦʟ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʨʦʛʥʦʟ ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ 

ʚʩʝʭ ʫʛʨʦʟ. 
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ʅʘ ʦʩʥʦʚʝ ʚʩʝʛʦ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ 

ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʙʳ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʧʦʣʥʳʡ ʮʠʢʣ ʜʝʡʩʪʚʠʡ 

ʧʨʠʤʝʥʷʶʱʠʡʩʷ ʜʣʷ ʧʨʦʛʥʦʟʘ, ʥʘʯʠʥʘʷ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʘ ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʧʦʣʫʯʝʥʠʝ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. 

ɺʨʝʤʝʥʥʦʡ ʨʷʜ ï ʩʦʙʨʘʥʥʳʡ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ ʦ ʟʥʘʯʝʥʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʧʘʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʊʘʢ ʢʘʢ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʤ ʨʷʜʦʤ, ʪʦ ʤʳ 

ʟʘʨʘʥʝʝ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ ʫ ʥʘʩ ʠʤʝʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʠʩʩʣʝʜʫʝʤʦʡ 

ʫʛʨʦʟʝ. 

ʀʪʘʢ, ʚʳʜʝʣʠʤ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʩʷ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ. ɼʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʩʦʩʪʘʚʣʝʥʳ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

1. ʉʛʣʘʞʠʚʘʥʠʝ ʚʳʙʨʦʩʦʚ ʠ ʰʫʤʘ; 

2. ʅʘʠʙʦʣʝʝ ʙʳʩʪʨʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʥʦʟʘ; 

3. ʆʧʪʠʤʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ; 

4. ʅʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʦʧʨʝʜʝʣʷʪʴ 

ʙʘʟʦʚʫʶ ʬʫʥʢʮʠʶ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʬʫʥʢʮʠʝʡ; 

5. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʦʡ ʬʫʥʢʮʠʠ (ʥʘʭʦʞʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʬʫʥʢʮʠʠ) ʙʣʠʟʢʠʤ ʢ ʙʘʟʦʚʦʡ. 

6. ʕʢʩʪʨʘʧʦʣʷʮʠʷ (ʧʨʦʛʥʦʟ) ï ʧʨʦʜʦʣʞʝʥʠʝ ʨʷʜʘ ʩʦʙʳʪʠʡ ʟʘ ʠʟʚʝʩʪʥʳʡ 

ʜʠʘʧʘʟʦʥ. ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʜʦʩʪʘʪʦʯʥʳʤ ʙʫʜʝʪ 

ʧʨʦʛʥʦʟ ʥʝ ʜʘʣʴʰʝ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ. 

ɺʩʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ï ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʟʘ, ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʝʣʷʪ ʥʘ ʜʚʝ 

ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʩʪʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. [1] 
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ʈʠʩʫʥʦʢ 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

 

ʉʝʨʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʢʫʱʝʡ ʤʦʜʝʣʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʜʭʦʜʷʪ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʘʣʝʝ, ʙʫʜʝʪ 

ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʘʭ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ, ʦʩʥʦʚʥʦʡ ʙʫʜʝʪ 

ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ. ʂʨʦʤʝ ʪʦʛʦ, ʰʘʛʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʪʨʫʢʪʫʨʥʫʶ ʤʦʜʝʣʴ, 

ʙʫʜʫʪ ʩʦʜʝʨʞʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ 

ʢʦʥʝʯʥʦʡ ʟʘʜʘʯʠ. ʆʩʥʦʚʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʙʫʜʝʪ ʘʣʛʦʨʠʪʤ, ʚʢʣʶʯʘʶʱʠʡ 

ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʦʙʦʟʥʘʯʝʥʥʳʝ ʨʘʥʝʝ. ʀʪʘʢ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ:  

1. ʉʙʦʨ ʜʘʥʥʳʭ ʧʦ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʨʦʟʘʤ ï ʧʦʣʫʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʘʪʘʢ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ; 

2. ʉʛʣʘʞʠʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʨʷʜʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ; 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʙʘʟʦʚʦʡ ʬʫʥʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʘʨʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ; 
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4. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʠ ï ʥʘʭʦʞʜʝʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳ ʯʠʩʣʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ; 

5. ʕʢʩʪʨʘʧʦʣʷʮʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ï ʧʨʦʜʦʣʞʝʥʠʝ ʚʦ ʚʥʝ ʠʩʢʦʤʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʧʨʦʛʥʦʟ ʜʘʥʥʦʛʦ ʨʷʜʘ ʩ ʧʦʤʦʱʴʶ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ; 

ʂʘʞʜʳʡ ʰʘʛ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʘʪʴ ʧʦʜʨʦʙʥʝʝ, ʟʘʪʝʤ 

ʙʫʜʝʪ ʩʦʩʪʘʚʣʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʩ ʫʯʝʪʦʤ ʜʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. 

1 ʇʨʠ ʩʙʦʨʝ ʜʘʥʥʳʭ ʚʩʷ ʩʦʙʨʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʧʦ ʦʩʷʤ x ʠ y, ʛʜʝ x ï ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʩʝʢ., ʘ y ï ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ. ʇʨʠʤʝʨ ʚʠʜʘ ʫʛʨʦʟʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʚʠʜʝ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ʆʪʦʙʨʘʞʝʥʠʝ ʫʛʨʦʟʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʚʠʜʝ ʚʨʝʤʝʥʥʦʛʦ 

ʨʷʜʘ 

x 1 2 3 4 5 

y 25 34 54 67 89 

 

ʆʪʦʙʨʘʞʝʥʠʝ ʫʛʨʦʟʳ ʠʟ ʪʘʙʣʠʮʳ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

ʈʠʩʫʥʦʢ 2. ʂʦʣʠʯʝʩʪʚʦ ʘʪʘʢ ʫʛʨʦʟʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

ʂʘʢ ʚʠʜʥʦ ʧʦ ʨʠʩʫʥʢʫ, ʜʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜʘ ʠʤʝʝʪ ʚʩʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʪʨʝʥʜ). 
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2 ʉʛʣʘʞʠʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʨʷʜʘ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʧʨʦʩʪʦʛʦ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ, ʪʘʢ ʢʘʢ ʵʪʦ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʡ ʩʧʦʩʦʙ ʩʛʣʘʜʠʪʴ 

ʨʷʜ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʠʥʪʝʨʚʘʣʝ ʩʛʣʘʞʠʚʘʥʠʷ. ʇʨʦʩʪʦʝ ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʚ ʪʝʭʥʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʝ. ʆʥ ʥʝ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʤʝʪʦʜʠʢʠ, ʥʦ ʠ 

ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ. ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʩʛʣʘʞʠʚʘʥʠʷ ʚʩʝʤ ʥʘʙʣʶʜʝʥʠʷʤ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʠʟ ʠʥʪʝʨʚʘʣʘ 

ʩʛʣʘʞʠʚʘʥʠʷ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʳʡ ʫʜʝʣʴʥʳʡ ʚʝʩ. ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʦʩʪʦʝ ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʜʣʷ ʨʘʩʯʝʪʘ ʝʛʦ ʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʬʦʨʤʫʣʘ: [2] 

        (1) 

ʛʜʝ SMAt ï ʟʥʘʯʝʥʠʝ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ t; 

n ï ʠʥʪʝʨʚʘʣ ʩʛʣʘʞʠʚʘʥʠʷ; 

Pt-i ï ʟʥʘʯʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘ ʤʦʤʝʥʪ (t-i). 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʨʷʜʦʢ ʩʛʣʘʞʠʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʩʪʦʛʦ ʩʢʦʣʴʟʷʱʝʛʦ 

ʩʨʝʜʥʝʛʦ ʥʘ ʧʨʠʤʝʨʝ ʩʣʫʯʘʡʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. 

ʇʨʠʤʝʨ ʩʛʣʘʞʠʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ 

X(ʚʨʝʤʷ) 1 2 3 4 5 6 

Y(ʧʘʨʘʤʝʪʨ) 25 34 54 67 89  

SMA  29.5 44 60.5 78 92,8 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʥʪʝʨʚʘʣ ʩʛʣʘʞʠʚʘʥʠʷ ʨʘʚʝʥ 2. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʚʦʝ 

ʟʥʘʯʝʥʠʝ SMA ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 2-ʛʦ ʧʝʨʠʦʜʘ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ 

ʬʦʨʤʫʣʝ ʠ ʩʦʩʪʘʚʠʪ 29,5. 

SMA2 = (25+35)/2 = 29.5 

ɺ ʪʨʝʪʴʝʤ ʧʝʨʠʦʜʝ ʝʛʦ ʟʥʘʯʝʥʠʝ ʫʞʝ ʩʦʩʪʘʚʠʪ 44. 

SMA3 = (35+54)/2 = 44 
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ɼʣʷ ʩʣʝʜʫʶʱʠʭ ʧʝʨʠʦʜʦʚ ʨʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʦʛʠʯʥʦ ʠ 

ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 

ʈʠʩʫʥʦʢ 3. ʉʛʣʘʞʠʚʘʥʠʝ ʨʷʜʘ ʩʢʦʣʴʟʷʱʠʤ ʩʨʝʜʥʠʤ 

 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʨʝʟʢʠʝ 

ʝ ʢʦʣʝʙʘʥʠʷ ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʚʘʣʠʨʫʶʱʝʛʦ ʪʨʝʥʜʘ. 

3 ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʛʥʦʟ ʙʳʣ ʢʦʨʨʝʢʪʝʥ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʙʨʘʟ 

ʢʘʢʦʡ ʠʩʭʦʜʥʦʡ ʬʫʥʢʮʠʠ ʧʦʭʦʞ ʥʘ ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʢʦʪʦʨʫʶ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʪʦʜ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʭʦʞʝʩʪʠ 

ʬʫʥʢʮʠʠ ʚ ʙʘʟʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʬʫʥʢʮʠʠ ʠʩʭʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʚ ʙʘʟʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ. ɹʘʟʦʚʳʝ ʬʫʥʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3. 

ɹʘʟʦʚʳʝ ʬʫʥʢʮʠʠ  

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʙʘʟʦʚʦʡ ʬʫʥʢʮʠʠ ʌʦʨʤʫʣʘ ʙʘʟʦʚʦʡ ʬʫʥʢʮʠʠ 

1 ʃʠʥʝʡʥʘʷ y = ax + b 

2 ʉʪʝʧʝʥʥʘʷ y = a+xb 

3 ʇʦʢʘʟʘʪʝʣʴʥʘʷ y = a+bx 

4 ɻʠʧʝʨʧʦʣʠʯʝʩʢʘʷ  y= a+b/x  

5 ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ y = a+b ln x 

6 ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ y = ea+bx 
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ɹʘʟʦʚʳʝ ʬʫʥʢʮʠʠ ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ ʚ ʩʨʝʜʝ MS Excel ʠ ʠʭ ʪʘʙʣʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ ʩʨʘʚʥʠʚʘʪʴʩʷ ʩ ʪʘʙʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʛʨʦʟʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ. ʊʦ ʝʩʪʴ, 

ʩ ʧʦʤʦʱʴʶ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʢʘʢʦʡ ʛʨʘʬʠʢ ʦʙʣʘʜʘʝʪ 

ʥʘʠʙʦʣʴʰʝʡ ʧʦʭʦʞʝʩʪʴʶ. 

ʄʦʞʥʦ ʠʟʤʝʨʠʪʴ, ʢʘʢ ʙʣʠʟʢʦ ʥʘʭʦʜʷʪʩʷ ʥʘʙʣʶʜʝʥʠʷ ʢ ʧʨʷʤʦʡ ʣʠʥʠʠ, 

ʢʦʪʦʨʘʷ ʣʫʯʰʝ ʚʩʝʛʦ ʦʧʠʩʳʚʘʝʪ ʠʭ ʣʠʥʝʡʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ 

ɽʛʦ ʠʩʪʠʥʥʘʷ ʚʝʣʠʯʠʥʘ ʚ ʧʦʧʫʣʷʮʠʠ (ʛʝʥʝʨʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ) ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʚʳʙʦʨʢʝ ʢʘʢ r (ʚʳʙʦʨʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ), ʢʦʪʦʨʫʶ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʨʘʩʯʝʪʘ.  

ʇʫʩʪʴ (x1. y1), (x2, y2),é,(xn, yn) - ʚʳʙʦʨʢʘ ʠʟ n ʥʘʙʣʶʜʝʥʠʡ ʧʘʨʳ 

ʧʝʨʝʤʝʥʥʳʭ (X, Y). [3] 

ɺʳʙʦʨʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ r ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

 

     (2) 

 

ɻʜʝ  ←x, ←y - ʚʳʙʦʨʦʯʥʳʝ ʩʨʝʜʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʠʝʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ʂʦʨʨʝʣʷʮʠʷ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʧʨʠʤʝʨʘ ʨʘʚʥʘ 0.991863819. 

4 ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʠ - ʬʫʥʢʮʠʠ f(x) ʥʘʟʳʚʘʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʪʘʢʦʡ 

ʬʫʥʢʮʠʠ (ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ) g(x), ʢʦʪʦʨʘʷ ʙʳʣʘ ʙʳ ʙʣʠʟʢʘ ʟʘʜʘʥʥʦʡ. 

ʂʨʠʪʝʨʠʠ ʙʣʠʟʦʩʪʠ ʬʫʥʢʮʠʡ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʝ. ɻʨʫʙʦ ʛʦʚʦʨʷ, 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʟʚʦʣʠʪ ʥʘʡʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ a ʠ b ʚ ʬʫʥʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʩʜʝʣʘʪʴ ʧʨʦʛʥʦʟ ʧʦ ʥʘʡʜʝʥʥʦʤʫ ʛʨʘʬʠʢʫ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʠ 

F, ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʪʘʢ ʢʘʢ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʬʫʥʢʮʠʠ, 

ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. [4] 
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5 ʕʢʩʪʨʘʧʦʣʷʮʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʥʜʝʥʮʠʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʧʨʦʰʣʦʤ, ʥʘ ʙʫʜʫʱʠʡ ʧʝʨʠʦʜ.  

ʇʨʦʛʥʦʟ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʛʨʝʩʩʠʠ, 

ʧʦʪʦʤʫ ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚ 

ʝʛʦ ʚʳʙʦʨʝ. ʌʫʥʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ, ʙʫʜʫʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʙʘʟʦʚʳʭ, ʥʦ ʩ ʥʘʡʜʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. [5] 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʫʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʵʪʘʧʦʚ 

ʨʘʙʦʪʳ, ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

ʈʠʩʫʥʦʢ 4. ʉʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʛʨʦʟ ʀɹ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʈɽʄɽʅʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʆɹʆʈʋɼʆɺɸʅʀʗ 

ʅɸ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʔ ɻʆʈʅʆʇʈʆʍʆɼʏɽʉʂʀʍ ʈɸɹʆʊ 

ʃʫʛʘʯʝʚʘ ʅʘʜʝʞʜʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʄʘʛʠʩʪʨʘʥʪ, 
ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ, 

ʈʌ, ʛ. ʂʝʤʝʨʦʚʦ 

ʌʫʨʤʘʥ ɸʥʛʝʣʠʥʘ ɸʥʜʨʝʝʚʥʘ 

ʉʪʫʜʝʥʪ, 
ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ, 

ʈʌ, ʛ. ʂʝʤʝʨʦʚʦ 

 

ɸʥʥʦʪʘʮʠʷ. ʄʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʥʦʧʨʦʭʦʜʯʝʩʢʠʭ 

ʨʘʙʦʪ ʨʘʟʙʠʪʦ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʩʚʝʜʝʥʦ ʢʦ ʚʨʝʤʝʥʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʢʠ ʚ ʉʄʆ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚʚʦʜʦʤ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʚ ʙʣʦʢʠ 

ʉʄʆ, ʠʤʠʪʠʨʫʶʱʠʝ ʨʘʙʦʪʫ ʨʝʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʦʨʥʦʧʨʦʭʦʜʯʝʩʢʠʝ ʨʘʙʦʪ,r ʩʝʪʴ ʤʥʦʛʦʬʘʟʥʳʭ 

ʦʜʥʦʢʘʥʘʣʴʥʳʭ ʠ/ʠʣʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʉʄʆ, ʚʨʝʤʝʥʥrӢʝ ʧʘʨʘʤʝʪʨr , 

ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ.  

 

ʄʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʥʦʧʨʦʭʦʜʯʝʩʢʠʭ ʨʘʙʦʪ 

ʨʘʟʙʠʪʦ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʩʚʝʜʝʥʦ ʢʦ ʚʨʝʤʝʥʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʢʠ ʚ ʉʄʆ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚʚʦʜʦʤ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʚ ʙʣʦʢʠ 

ʉʄʆ, ʠʤʠʪʠʨʫʶʱʠʝ ʨʘʙʦʪʫ ʨʝʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʦʨʥʦʧʨʦʭʦʜʯʝʩʢʠʝ ʨʘʙʦʪʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʝʪʴʶ 

ʤʥʦʛʦʬʘʟʥʳʭ ʦʜʥʦʢʘʥʘʣʴʥʳʭ ʠ/ʠʣʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʉʄʆ ʙʝʟ ʦʪʢʘʟʦʚ ʩ 

ʧʨʦʩʪʝʡʰʝʡ ʜʠʩʮʠʧʣʠʥʦʡ ʦʙʩʣʫʞʠʚʘʥʠʷ FIFO ʠ ʦʛʨʘʥʠʯʝʥʥʳʤ ʚʭʦʜʥʳʤ 

ʧʦʪʦʢʦʤ ʟʘʷʚʦʢ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤʫ ʧʣʘʥʫ.  

ʈʘʟʨʘʙʦʪʘʥʥʘ̫ ʤʦʜʝʣʠ ʧʦʟʚʦʣ̫ʝʪ ʦʮʝʥʠʚʘʪɹ ʚʣʠ̫ʥʠʝ ʚʨʝʤʝʥʥrӢʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʦʨʥʦʧʨʦʭʦʜʯʝʩʢʠʭ ʨʘʙʦʪ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 
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ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

¶ ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʩʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ 

¶ ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤʠ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

¶ ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʠ ʦʮʝʥʠʚʘʪʴ 

ʦʪʢʣʠʢ ʩʠʩʪʝʤʳ ʥʘ ʠʟʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʵʪʦʤʫ ʚʨʝʤʝʥʥʳʝ ʠ 

ʩʢʦʨʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʢʘʢ ʩʧʝʮʠʘʣʴʥʦ, ʪʘʢ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʦʜʥʘʢʦ, ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʚʩʝʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 4 ʩʤʝʥ (1 

ʮʠʢʣʘ) ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ. 

 

 

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʨʘʙʦʪ ʩʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪ ʠʜʸʪ ʥʘ ʧʦʜʛʦʪʦʚʢʫ (1 

ʩʤʝʥʘ) ɺʩʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʟʘʥʠʤʘʶʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʩʚʦʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʍʦʪʴ ʠ ʝʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʘ ʠʤʝʥʥʦ ʪʝʭʥʠʯʝʩʢʦʝ 
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ʦʙʩʣʫʞʠʚʘʥʠʝ, ʢʦʤʙʘʡʥʫ ʚʩʸ ʨʘʚʥʦ ʥʝʦʙʭʦʜʠʤʦ ʞʜʘʪʴ ʟʘʚʝʨʰʝʥʠʷ ʦʩʪʘʣʴʥʳʭ 

ʨʘʙʦʪ, ʯʪʦʙʳ ʥʘʯʘʪʴ ʩʚʦʶ.  

ɽʩʣʠ ʚʟʷʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʨʘʙʦʪ ʟʘ ʵʢʩʧʦʥʝʥʪʫ, ʩʩʳʣʘʷʩʴ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ (ʨʠʩʫʥʦʢ 2) ʪʦ ʧʦ ʛʨʘʬʠʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 

3 ʚʠʜʥʦ, ʯʪʦ ʩʦʢʨʘʪʠʣʦʩʴ ʦʙʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪ, ʥʦ ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ ʧʦ 

ʨʘʙʦʪʘʤ ʩʦʭʨʘʥʠʣʠʩʴ. ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʟʘʚʝʨʰʘʝʪʩʷ 

ʨʘʥʴʰʝ ʦʩʪʘʣʴʥʳʭ ʨʘʙʦʪ. ɻʦʪʦʚʳʡ ʢʦʤʙʘʡʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʩʪʦʝ ʠ ʥʝ ʤʦʞʝʪ 

ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʘʙʦʪʝ. (1 ʩʤʝʥʘ ʥʝ ʦʢʦʥʯʝʥʘ) 

 

ʈʠʩʫʥʦʢ 2. ɿʘʜʘʥʠʝ ʟʥʘʯʝʥʠʡ ʜʣʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

 

 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʨʘʙʦʪ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ 
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ʀʟ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʥʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘʠʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʥʦʧʨʦʭʦʜʯʝʩʢʠʭ ʨʘʙʦʪ ʜʦʩʪʠʛʘʶʪʩʷ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʘʨʘʣʣʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʘ ʠʤʝʥʥʦ: ɿʘʯʠʩʪʢʘ ʚʳʨʘʙʦʪʢʠ, 

ʧʝʨʝʜʚʠʞʢʘ ʇʊʂ, ʥʘʨʘʱʠʚʘʥʠʝ ʩʪʘʚʦʚ, ʥʘʩʪʠʣʢʘ ʨʝʣʴʩʦʚʦʛʦ ʧʫʪʠ ʙʫʜʝʪ ʚ ʦʙʱʝʡ 

ʩʫʤʤʝ ʩʦʚʧʘʜʘʪʴ ʩʦ ʚʨʝʤʝʥʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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ʈɸɿɺʀʊʀɽ ɻʀɼʈʆʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʇʆʊɽʅʎʀɸʃɸ 

ʈʦʯʘʛʦʚ ɺʣʘʜʠʤʠʨ ʆʣʝʛʦʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ, ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʈʌ, ʛ. ʈʷʟʘʥʴ 

ʇʣʶʩʥʠʥ ɸʥʜʨʝʡ ʆʣʝʛʦʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ, ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʈʌ, ʛ. ʈʷʟʘʥʴ 

ʌʝʬʝʣʦʚ ɸʥʜʨʝʡ ɸʥʘʪʦʣʴʝʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 
 ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʌ, ʛ. ʈʷʟʘʥʴ 
 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʨʘʟʚʠʪʠʷ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ. ʆʙʱʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 

ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 39% ʩ 2005 ʧʦ 2015 ʛʦʜ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʠʡ ʪʝʤʧ ʨʦʩʪʘ ʩʦʩʪʘʚʠʣ 

ʧʦʯʪʠ 4% ʚ ʛʦʜ. ʈʦʩʪ ʙʳʣ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʨʳʥʢʘʭ, ʛʜʝ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʧʨʝʜʣʘʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʯʠʩʪʫʶ ʵʥʝʨʛʠʶ, ʥʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʛʠʦʥʘʣʴʥʦʤʫ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ. ɺ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʦʩʪʫ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ, ʦʪʥʦʩʷʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʧʨʦʩʘ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʭʨʘʥʝʥʠʝ ʵʥʝʨʛʠʠ, ʛʠʙʢʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʝʩʥʦʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʨʝʰʝʥʠʷ ʧʦ ʩʤʷʛʯʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ ʠ ʘʜʘʧʪʘʮʠʠ. ɻʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʠʩʪʦʯʥʠʢʦʤ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʦ ʚʩʝʤ ʤʠʨʝ, 

ʦʙʝʩʧʝʯʠʚʘʷ 71% ʚʩʝʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɼʦʩʪʠʛʥʫʚ 1,064 ɻɺʪ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚ 2016 ʛʦʜʫ, ʦʥʘ ʧʨʦʠʟʚʝʣʘ 16,4% ʤʠʨʦʚʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʉ 2004 ʛʦʜʘ ʚʦʟʨʦʩʣʦ ʨʘʟʚʠʪʠʝ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ, ʦʩʦʙʝʥʥʦ ʥʘ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʨʳʥʢʘʭ ʠ ʚ ʤʝʥʝʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʨʘʙʦʪʢʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʨʳʥʢʘʭ ɸʟʠʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʂʠʪʘʝ), ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʝ ʠ 

ɸʬʨʠʢʝ. ɺ ʵʪʠʭ ʨʝʛʠʦʥʘʭ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʘʚʣʷʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʩʣʫʞʠʚʘʝʤʳʤ ʛʨʫʧʧʘʤ ʥʘʩʝʣʝʥʠʷ ʠ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʙʘʟʫ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʝʜʦʩʪʘʚʣʷʷ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʥʦʛʦʮʝʣʝʚʳʤʠ ʧʨʦʝʢʪʘʤʠ. 

ɻʣʦʙʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʠ, ʭʦʪʷ ʥʝʪ ʯʝʪʢʦʛʦ ʢʦʥʩʝʥʩʫʩʘ, ʦʮʝʥʢʠ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʦʢʦʣʦ 10000 ʊɺʪ-ʯ / ʛʦʜ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʙʘʩʩʝʡʥʳ, 

ʫʚʝʣʠʯʝʥʠʝ ʜʚʫʩʪʦʨʦʥʥʝʡ ʪʦʨʛʦʚʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʠ ʥʦʚʳʝ ʢʣʠʝʥʪʳ, 

ʪʨʝʙʫʶʱʠʝ çʯʠʩʪʦʡè ʵʥʝʨʛʠʠ, ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ. ɺ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʝ 

ʙʫʜʫʱʝʝ ʨʘʟʚʠʪʠʝ, ʧʨʠʯʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʩʪʠʯʴ ʢ 2020 ʛʦʜʫ ʜʦ 2000-2050 ɻɺʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ. 

 

ʊʘʙʣʠʮʘ 1. ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 
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ʂʣʶʯʝʚʳʤʠ ʥʝʜʘʚʥʠʤʠ ʠʥʥʦʚʘʮʠʷʤʠ ʚ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʝ ʙʳʣʠ: 

ɻʠʙʢʦʝ ʧʦʢʦʣʝʥʠʝ: 20-ʡ ʚʝʢ ʜʦʩʪʠʛ ʙʦʣʴʰʠʭ ʫʩʧʝʭʦʚ ʚ ʪʝʭʥʦʣʦʛʠʷʭ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʪʫʨʙʠʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʦʙʨʝʪʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʳʭ ʣʦʧʘʩʪʝʡ 

ʨʦʪʦʨʘ ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʦʧʘʪʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʴʰʠʡ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʅʘ ʥʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʪʝʧʝʨʴ ʨʘʙʦʪʘʶʪ ʥʘʩʦʩʳ ʩ 

ʧʝʨʝʤʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʫʶ ʛʝʥʝʨʘʮʠʶ ʢʘʢ ʚ ʨʝʞʠʤʝ 

ʥʘʢʘʯʢʠ, ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ ʛʝʥʝʨʘʮʠʠ. ʊʝʢʫʱʘʷ ʨʘʙʦʪʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʪʦ, ʯʪʦʙʳ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʪʘʥʮʠʠ ʠ ʪʫʨʙʠʥʳ ʜʦ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʨʦʚʥʝʡ ʦʪʢʘʯʢʠ / ʛʝʥʝʨʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʝ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʝʪ.ɹ ʂʨʦʤʝ ʪʦʛʦ, ʥʦʚʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʦʢʨʘʱʘʶʪ 

ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʪʫʨʙʠʥ, ʫʣʫʯʰʘʷ ʛʠʙʢʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʝʪʠ. ɼʨʫʛʠʝ 

ʜʦʩʪʠʞʝʥʠʷ ʚʢʣʶʯʘʶʪ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʢʨʘʱʝʥʠʶ ʪʨʝʥʠʷ ʠ ʥʠʟʢʦʚʦʣʴʪʥʳʭ 

ʪʫʨʙʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʷ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʝ ʜʣʷ ʨʘʙʦʪʘʪʴ ʥʘ ʤʝʥʝʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʙʲʝʢʪʘʭ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʪʫʨʙʠʥʳ ʚʳʠʛʨʘʣʠ ʦʪ ʧʨʦʜʚʠʞʝʥʠʷ ʥʘʫʢʠ ʦ 

ʤʘʪʝʨʠʘʣʘʭ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʥʦʚʳʝ ʩʧʣʘʚʳ, ʪʘʢʠʝ ʢʘʢ ʢʘʨʙʠʜ ʚʦʣʴʬʨʘʤʘ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʵʨʦʟʠʠ ʠ ʠʩʪʠʨʘʥʠʶ ʦʪ ʦʩʘʜʢʦʚ. 

ʕʬʬʝʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʘʩʪʠ ʪʫʨʙʠʥʳ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʧʦʪʦʢʘʤ ʜʘʚʣʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʚʘʷ ʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ. ʕʪʠ 

ʤʘʪʝʨʠʘʣʳ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʚ ʙʦʣʝʝ ʩʫʨʦʚʳʭ ʩʨʝʜʘʭ, ʛʜʝ ʦʩʘʜʢʠ 

ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ. ɻʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʪʘʢʞʝ ʚʳʠʛʨʘʣʘ ʦʪ ʜʦʩʪʠʞʝʥʠʡ 

ʚ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʀʥʪʝʛʨʘʮʠʷ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʪʫʨʙʠʥʳ. ʊʘʢʞʝ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʫʣʫʯʰʝʥʠʷ ʚ ʤʝʪʦʜʘʭ ʠ 

ʧʨʦʮʝʜʫʨʘʭ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʩʪʘʨʝʚʘʶʱʝʡ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ. 

ʕʢʦʣʦʛʠʯʝʩʢʠ ʩʦʟʥʘʪʝʣʴʥʳʝ ʧʨʦʝʢʪʳ: ʭʦʪʷ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʝʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʣʦʪʠʥʳ 

ʥʝʠʟʙʝʞʥʦ ʠʟʤʝʥʷʝʪ ʨʝʯʥʦʡ ʨʝʞʠʤ, ʚʦʟʤʦʞʥʦ, ʚʣʠʷʷ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʨʳʙʳ, 
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ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ɺʥʝʜʨʷʶʪʩʷ ʥʦʚʳʝ 

ʤʝʨʳ ʜʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʵʪʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʪʘʢʠʤ ʢʘʢ: ʜʨʫʞʝʩʪʚʝʥʥʳʝ ʢ 

ʨʳʙʘʤ ʪʫʨʙʠʥʳ; ʨʳʙʥʳʝ ʣʠʬʪʳ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʨʳʙʥʳʝ ʣʝʩʪʥʠʮʳ, 

ʩʧʝʮʠʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʤʝʩʪʥʳʤ ʚʠʜʘʤ; ʚʳʙʦʨ ʪʫʨʙʠʥ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ; ʙʝʟʤʘʩʣʷʥʳʝ ʪʫʨʙʠʥʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʨʘʟʣʘʛʘʝʤʳʝ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʠ ʜʦʙʘʚʣʝʥʠʝ ʥʠʞʥʠʭ ʩʣʠʚʥʳʭ ʰʣʶʟʦʚ ʠ 

ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ: ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ 

ʪʦʧʣʠʚʘ ʚʳʨʘʙʦʪʢʘ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʘ ʭʨʘʥʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʦʛʨʘʥʠʯʝʥʠʷ ʣʠʮʝʥʟʠʠ ʜʣʷ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʝʡ ʚʦʜʳ, ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʜʳ (ʦʨʦʰʝʥʠʝ, ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪ. ɼ.). ʆʧʪʠʤʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ʜʦʭʦʜʦʚ ʜʣʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɼʦʩʪʠʞʝʥʠʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʧʨʠʥʠʤʘʪʴ 

ʦʧʝʨʘʪʠʚʥʳʝ ʨʝʰʝʥʠ.̫ ʊʘʢʞʝ ʥʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʘʭ 

ʥʘʧʨʷʞʝʥʠʷ (AVR) ʠ ʫʧʨʘʚʣʝʥʠʠ ʚʦʟʙʫʞʜʝʥʠʝʤ ʫʣʫʯʰʠʣʠ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʩʠʩʪʝʤʳ. ʕʪʦ ʝʱʝ ʙʦʣʴʰʝ ʫʢʨʝʧʣʷʝʪ ʧʦʟʠʮʠʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʢʘʢ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʧʦʩʦʙʥʦʛʦ ʥʘʜʝʞʥʦ ʧʨʝʜʣʘʛʘʪʴ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʫʩʣʫʛʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʪʝʡ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʩʪʨʘʥʳ ɿʘʧʘʜʥʦʡ 

ɽʚʨʦʧʳ ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʧʝʨʝʞʘʣʠ ʚʩʝ 

ʜʨʫʛʠʝ ʩʪʨʘʥʳ ʧʦ ʩʪʝʧʝʥʠ ʦʩʚʦʝʥʠʷ ʛʠʜʨʦʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʋʞʝ ʚ ʩʝʨʝʜʠʥʝ 20-ʭ 

ʛʦʜʦʚ ʛʠʜʨʦʧʦʪʝʥʮʠʘʣ ʙʳʣ ʦʩʚʦʝʥ ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʧʨʠʤʝʨʥʦ ʥʘ 6 %, ʘ ʚ 

ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ, ʨʘʩʧʦʣʘʛʘʚʰʝʡ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘʠʙʦʣʴʰʠʤʠ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʤʦʱʥʦʩʪʷʤʠ, - ʥʘ 4 %. ʏʝʨʝʟ ʧʦʣʚʝʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʣʷʣʠ ʜʣʷ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʦʢʦʣʦ 60 %, ʘ ʜʣʷ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʠ - ʧʨʠʤʝʨʥʦ 35 %. ʋʞʝ ʚ ʩʝʨʝʜʠʥʝ 70-ʭ ʛʦʜʦʚ ʘʙʩʦʣʶʪʥʳʝ ʤʦʱʥʦʩʪʠ 

ɻʕʉ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʧʨʝʚʦʩʭʦʜʠʣʠ ʪʘʢʦʚʳʝ ʚ ʣʶʙʦʤ ʜʨʫʛʦʤ ʨʝʛʠʦʥʝ ʤʠʨʘ. 
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ɺ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʪʝʤʧʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʠʜʨʦʵʥʝʨʛʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʫʩʣʦʚʣʝʥʳ ʢʨʘʡʥʝ ʥʠʟʢʠʤ ʠʩʭʦʜʥʳʤ 

ʫʨʦʚʥʝʤ. ʇʨʠ ʙʦʣʝʝ ʯʝʤ 50-ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʝ ʟʘ ʧʦʣʚʝʢʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʦʞʥʦʩʪʝʡ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʩʪʨʘʥʳ ʚ ʩʝʨʝʜʠʥʝ 70-ʭ ʛʦʜʦʚ 

ʙʦʣʝʝ ʯʝʤ ʚ 4,5 ʨʘʟʘ ʦʪʩʪʘʚʘʣʠ ʦʪ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʠ ʧʦ ʤʦʱʥʦʩʪʠ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʠ ʧʦ ʚʳʨʘʙʦʪʢʝ ʥʘ ʥʠʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʀ ʝʩʣʠ ʚ ʨʘʟʚʠʪʳʭ 

ʩʪʨʘʥʘʭ ʛʠʜʨʦʧʦʪʝʥʮʠʘʣ ʚ ʩʝʨʝʜʠʥʝ 70-ʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 45 %, ʪʦ ʚ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ - ʪʦʣʴʢʦ ʥʘ 5 %. ɼʣʷ ʚʩʝʛʦ ʤʠʨʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚ 

ʮʝʣʦʤ ʩʦʩʪʘʚʣʷʝʪ 18 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘ ʝʱʝ ʜʣʷ ʤʠʨʘ ʭʘʨʘʢʪʝʨʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʰʴ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʊʘʢʞʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʤʠʨʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʤʦʨʩʢʠʭ ʧʨʠʣʠʚʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʵʪʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʝ, ʪ.ʢ. ʵʥʝʨʛʠʷ ʤʦʨʩʢʠʭ ʧʨʠʣʠʚʦʚ 

ʚʦʟʦʙʥʦʚʣʷʝʤʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʯʝʨʧʘʝʤʘ - ʵʪʦ ʦʛʨʦʤʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. 

ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʫʞʝ ʜʝʡʩʪʚʫʶʪ ʧʨʠʣʠʚʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʇʕʉ). ɼʘʣʴʰʝ 

ʚʩʝʭ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʢʘ ʧʨʦʜʚʠʥʫʣʘʩʴ ʌʨʘʥʮʠʷ. 
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ʈʦʩʩʠʷ ʠ ʤʠʨʦʚʘʷ ʠʥʪʝʛʨʘʮʠʷ, 2016ʛ. 

3. Evan Mangold, Hydrokinetic power: an analysis of its performance and potential 

in the Roza and Kittitas canals, 2012ʛ. 
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ɸʅɸʃʀɿ ʇʈʀʄɽʅɽʅʀʗ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ  

HOMER PRO ɼʃʗ ɺʓʇʆʃʅɽʅʀʗ ʈɸʉʏɽʊʆɺ ɺɽʊʈʆɼʀɿɽʃʔʅʓʍ 

ʂʆʄʇʃɽʂʉʆɺ ʅɸ ʇʈʀʄɽʈɽ ʉ. ʅʆɺʀʂʆɺʆ  

ʉɸʍɸʃʀʅʉʂʆʁ ʆɹʃɸʉʊʀ 

ʐʠʛʠʥʘ ɸʥʥʘ ɺʠʢʪʦʨʦʚʥʘ 

ʤʘʛʠʩʪʨʘʥʪ, ʅʀʋ çʄʕʀè,  
ʈʌ, ʛ. ʄʦʩʢʚʘ 

ʐʠʛʠʥ ɸʥʪʦʥ ɸʥʜʨʝʝʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ, ʅʀʋ çʄʕʀè,  
ʈʌ, ʛ. ʄʦʩʢʚʘ 

ɺʘʨʝʥʠʢʦʚʘ ʆʣʴʛʘ ɹʦʨʠʩʦʚʥʘ 

ʤʘʛʠʩʪʨʘʥʪ, ʅʀʋ çʄʕʀè,  
ʈʌ, ʛ. ʄʦʩʢʚʘ 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘ ʛʝʥʝʨʘʮʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʟʦʥʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʩʪʨʦʝʥʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʜʠʟʝʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʝʢʪʳ ʚʥʝʜʨʝʥʠ ̫ʚʝʪʨʷʥʦʡ ʛʝʥʝʨʘʮʠʠ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʝʪʠ 

ʫʜʘʣʝʥʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ (ʩ. ʅʦʚʠʢʦʚʦ, ʧ. ʅʠʢʦʣʴʩʢʦʝ, ʧ. ʊʠʢʩʠ, ʧ. ʋʩʪʴ-

ʂʘʤʯʘʪʩʢ) [1]. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʝʪʨʦʜʠʟʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ɺɼʂ) 

ʚʦʟʥʠʢʘʪʁ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʦʜʟʘʜʘʯʠ: 

1. ʈʘʩʯʝʪ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʚʳʙʦʨ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ (ɺʕʋ); 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʢʨʠʪʝʨʠʷʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʚʦʡ ʠʟ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʦʜʟʘʜʘʯ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ (ʌʃʖɻɽʈ-XXI,  RISO ʠ ʜʨ.) ʠ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (WindPRO, Meteodyn, WindFarmer, WindSim, 

OpenWind, WAsP ʠ ʜʨ.). ɺʪʦʨʘʷ ʧʦʜʟʘʜʘʯʘ ʟʘʯʘʩʪʫʶ ʚʳʧʦʣʥʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʛʨʘʤʤ, ʨʝʘʣʠʟʫʶʱʠʭ ʤʝʪʦʜ rʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
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ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (MS Excel, MathCad ʠ ʜʨ.), ʠ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (MATLab, SolidWorks ʠ ʜʨ.) [2].  

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Homer Pro (Hybrid Optimization of Multiple 

Electric Renewables - ɻʠʙʨʠʜʥʘʷ ʆʧʪʠʤʠʟʘʮʠʷ ʅʝʩʢʦʣʴʢʠʭ ɺʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʀʩʪʦʯʥʠʢʦʚ ʕʣʝʢʪʨʦʵʥʝʨʛʠʠ) ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʦʙʝ ʧʦʜʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ɺɼʂ. Homer Pro ʦʙʣʘʜʘʝʪ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʘʥʘʣʠʟʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʚʦʡ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʨʘʟʣʠʯʥʳʤʠ ʛʝʥʝʨʘʪʦʨʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. ʆʧʠʩʘʥʠʝ ʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ 

Homer Pro ʧʨʠʚʝʜʝʤ ʥʘ ʧʨʠʤʝʨʝ ɺɼʂ ʚ ʩʝʣʝ ʅʦʚʠʢʦʚʦ, ʚʚʝʜʝʥʥʦʛʦ ʚ 

ʢʦʤʤʝʨʯʝʩʢʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 2016 ʛʦʜʫ. 

ʈʘʙʦʪʘ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʘʜʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠ ̫

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ, ʜʣʷ ʩ. ʅʦʚʠʢʦʚʦ - 

46Á21ǋʩ. ʰ. 143Á21ǋ ʚ. ʜ. ʊʦʛʜʘ ʧʨʠ ʨʘʩʯʝʪʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʨʷʜʳ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʝʩʫʨʩʳ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦ- ʠ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ 

ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ, ʘ ʪʘʢʞʝ ʣʠʥʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ.  

ɼʦʙʘʚʣʝʥʠʝ ʚ ʤʦʜʝʣʴ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʣʠʙʦ ʟʘʜʘʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠ 

(ʪʨʝʙʫʝʪʩʷ ʚʳʙʦʨ ʧʠʢʦʚʦʛʦ ʤʝʩʷʮʘ, ʭʘʨʘʢʪʝʨʘ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʟʥʘʯʝʥʠʷ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʥʘʛʨʫʟʢʠ), ʣʠʙʦ ʟʘʛʨʫʟʢʦʡ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ, ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʚ 

ʢʦʪʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʯʘʩʦʚʦʡ/ʤʠʥʫʪʥʦʡ ʥʘʛʨʫʟʢʠ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʩʝʣʘ ʅʦʚʠʢʦʚʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 

500 ʢɺʪ, ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʡ ʛʦʜʦʚʦʡ ʭʦʜ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʟʠʤʥʠʡ (ʚ ʩʨʝʜʥʝʤ 

320 ï 350 ʢɺʪ) ʠ ʤʠʥʠʤʫʤʦʤ ʚ ʣʝʪʥʠʡ (210 ï 250 ʢɺʪ) ʧʝʨʠʦʜ ʩ ʣʦʢʘʣʴʥʳʤ 

ʤʘʢʩʠʤʫʤʦʤ ʚ ʧʝʨʠʦʜ ʧʫʪʠʥʳ ʚ ʘʚʛʫʩʪʝ (310 ï 320 ʢɺʪ ʚ ʩʨʝʜʥʝʤ ʠ ʜʦ 500 ʢɺʪ ʚ 

ʤʘʢʩʠʤʫʤʝ) ʠ ʥʝ ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ [3]. 
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ɺ Homer Pro ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠʟ ʦʙʰʠʨʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʷʤʠ 

ʠʥʦʩʪʨʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ.  

ʀʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʩ. ʅʦʚʠʢʦʚʦ ʷʚʣʷʝʪʩʷ ʤʝʩʪʥʘʷ ɼʕʉ, 

ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʘʷ ʜʚʫʤʷ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ CAT ʤʘʨʢʠ ʉ 18 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴ  ʁ508 ʢɺʪ ʠ 3406 ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴ  ʁ256 ʢɺʪ, 

ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʠʡ ʚʢʣʶʯʘʝʪʩʷ ʚ ʨʘʙʦʪʫ ʣʠʰʴ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ. ʇʦʣʝʟʥʳʡ ʦʪʧʫʩʢ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ɼʕʉ ʨʘʚʝʥ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2.13 ʤʣʥ ʢɺʪĿʯ/ʛʦʜ. 

ʊʝʧʣʦʩʥʘʙʞʝʥʠʝ ʧʦʩʝʣʢʘ ʅʦʚʠʢʦʚʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʩʪʥʦʡ ʢʦʪʝʣʴʥʦʡ, 

ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʢʘʤʝʥʥʦʤ ʫʛʣʝ. ʆʮʝʥʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʤʦʱʥʦʩʪʴ ʢʦʪʝʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 300 ʢɺʪ, ʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ï ʩ ʦʢʪʷʙʨʷ ʧʦ ʤʘʡ [3]. 

ʉʨʝʜʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʫʢʘʟʳʚʘʶʪʩʷ: ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʘʛʨʫʟʢʠ, ʫʨʦʚʝʥʴ ʥʘʛʨʝʚʘ, ʩʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʟʘʧʫʩʢʘ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʦʧʣʠʚʘ, ʪʘʢʠʝ ʢʘʢ: ʫʜʝʣʴʥʘ ̫ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ, ʧʣʦʪʥʦʩʪʴ, 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʠ ʩʝʨʳ. ɼʣʷ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʯʘʩʪʠ ʤʦʜʝʣʠ 

ʪʨʝʙʫʝʪʩʷ ʚʚʝʩʪʠ ʜʘʥʥʳʝ ʟʘ ʢɺʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʚʝʣʠʯʠʥʫ 

ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ, ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʫʩʪʘʥʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠ ̫ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʟʘʧʦʣʥʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʨʘʟʜʝʣʘʭ ʂʨʠʚʘʷ ʪʦʧʣʠʚʘ, ɺʳʙʨʦʩʳ ʚʨʝʜʥʳʭ 

ʚʝɦʝʩʪʚ, ʆʙʩʣʫʞʠʚʘʥʠʝ. ɺ ʨʘʟʜʝʣʝ ʈʝʞʠʤ ʨʘʙʦʪʳ ʟʘʜʘʝʪʩʷ ʚʨʝʤʷ 

ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ.  

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʤʦʜʝʣʴ ɺʕʋ ʪʨʝʙʫʶʪʩʷ ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʳʩʦʪʘ 

ʩʪʫʧʠʮʳ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʤ 

ʫʩʪʘʥʦʚʢʘʤ. ɼʘʥʥʳʝ ʧʦ ʧʦʪʝʨʷʤ ɺʕʋ ʫʪʦʯʥʷʶʪ ʪʝʭʥʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʘ ʧʦ 

ʦʙʩʣʫʞʠʚʘʥʠʶ ï ʵʢʦʥʦʤʠʯʝʩʢʠʝ. 



 

30 

 

ɽʩʣʠ ʞʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɺɼʂ ʥʝ ʟʘʜʘʥʦ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʝ ʠʣʠ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʦ ʚ ʧʦʣʝ ʦʙʣʘʩʪʴ ʧʦʠʩʢʘ ʤʦʞʥʦ ʚʚʝʩʪʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʟʥʘʯʝʥʠ ̫ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ. ʇʨʠ ʨʘʩʯʝʪʝ ʤʦʜʝʣʠ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʛʝʥʝʨʘʪʦʨʳ, ʩ ʢʘʞʜʳʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ (ʨʠʩ. 1), 

ʦʪʨʘʞʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʩʪʨʫʢʪʫʨʝ ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ, 

ʢɻʦʥʦʤʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʦʙʱʝʩʠʩʪʝʤʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʠ ʚʩʝʤ ʜʦʙʘʚʣʝʥʥʳʤ ʚ 

ʤʦʜʝʣʴ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʘʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ 

ʧʦʜʨʦʙʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʦʥʦʚʦʢ ɺɼʂ, ʘ 

ʠʤʝʥʥʦ ʩʫʤʤʘʨʥʳʝ ʜʝʥʝʞʥʳʝ ʟʘʪʨʘʪʳ, ʜʚʠʞʝʥʠʝ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, 

ʣɻʝʢʪʨʠʯʝʩʪʚʦ, ʩʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʜʦʣʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. 

 

 

ʈʠʩʫʥʦʢ 1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ɺɼʂ ʩ ʅʦʚʠʢʦʚʦ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʝʣʝʡ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ. 


