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ʉʆɼɽʈɾɸʅʀɽ 

  

ʉʪʨ. 

ʄɸʊɽʄɸʊʀʂɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ  

ɺʓʈɸɺʅʀɺɸʅʀɽ ɺʈɽʄɽʅʅʓʍ ʈʗɼʆɺ 5 

 ʄʘʪʢʘʨʠʤʦʚ ɹ.ʊ.  

ɺʉʊʈʆɽʅʅʓɽ ʉʀʉʊɽʄʓ ʈɽʂʆʅʌʀɻʋʈʀʈʋɽʄʆʁ ɸʈʍʀʊɽʂʊʋʈʓ 8 

 ʄʘʪʢʘʨʠʤʦʚ ɹ.ʊ.  

ʋʉʃʆɺʀʗ ɸʉʀʄʇʊʆʊʀʏɽʉʂʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ ʅɽʏɽʊʂʆʁ 

ɿɸʄʂʅʋʊʆʁ  ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 

12 

 ʖʥʠʯʝʚʘ ʅ.ʈ.  

ʍʀʄʀʗ  

ʀɿʋʏɽʅʀɽ ɺʃʀʗʅʀʗ ʄʀʂʈʆʉʊʈʋʂʊʋʈʓ ʇʆʃʀʄɽʈʅʆɻʆ ɻɽʃʗ 

ʅɸ  ɼʀʉʇɽʈʅʆʉʊʔ ʀ ʋʉʊʆʁʏʀɺʆʉʊʀ ʅɸʅʆʏɸʉʊʀʎ ɸʊʆʄɸ 

ɾɽʃɽɿɸ 

17 

 ɼʞʫʤʘʜʠʣʦʚ ʊ.ʂ., ɹʝʢʥʠʷʟʦʚ ɾ.ʋ., ɹʝʢʪʫʨʦʚ ɽ.ɸ., ɸʩʘʫʙʝʢʦʚ ʄ.ɸ.  

ʉʊɽʈɽʆʍʀʄʀʗ ʕʊʀʅʀʃʀʈʆɺɸʅʀʗ ɿɸʄɽʑɽʅʅʓʍ 

ɼɽʂɸɻʀɼʈʆʍʀʅʆʃʆʅʆɺ (ʦʙʟʦʨ) 

24 

 ɾʠʣʢʠʙʘʝʚ ʆ.ʊ.  

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʆʈɻɸʅʆ-ʅɽʆʈɻɸʅʀʏɽʉʂʀʍ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ɻʀɼʈʆɻɽʃɽʁ 

45 

 ʀʙʨʘʝʚʘ ɾ.ɽ.   

ɼɽɻʀɼʈʀʈʆɺɸʅʀɽ ʉʄɽʉʀ ʃɽɻʂʀʍ ɸʃʂɸʅʆɺ ɺ ʅʀɿʐʀɽ 

ʆʃɽʌʀʅʓ ʅɸ ʂɸʊɸʃʀɿɸʊʆʈɸʍ ʇʃɸʊʀʅʆɺʓʁ ʄɽʊɸʃʃ-

ʇʈʀʈʆɼʅʓʁ ʎɽʆʃʀʊ 

50 

 ʂʘʜʠʨʙʝʢʦʚ ʂ.ɸ.  

ɸʅɸʃʀɿ ʄɽʍɸʅʀɿʄɸ ʆɹʈɸɿʆɺɸʅʀʗ 1,3,5-ʊʈʀɸɿʀʅ-5-ʊʀʆʅʆɺ 55 

 ʍʨʫʩʪʘʣʸʚ ɼ.ʇ., ʀʩʘʙʘʝʚʘ ʄ.ɹ., ʀʙʘʪʘʝʚ ɾ.
 
, ʄ.ʂ. ʀʙʨʘʝʚ, ɸ.ʄ. ɻʘʟʘʣʠʝʚ  

ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ  

ʇʆʉʊʈʆɽʅʀɽ ʂɸʈʊ ʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʀ ʄʆʈʉʂʀʍ 

ʉʆʆɹʑɽʉʊɺ ʉɽɺɽʈʅʆɻʆ ʂɸʉʇʀʗ 

60 

 ɿʘʢʘʨʠʥ ʕ.ɸ., ʄʠʨʢʘʨʠʤʦʚʘ ɹ.ʄ., ʊʫʩʝʝʚʘ ʅ.ɹ.  

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʀ ʋʇʈɸɺʃɽʅʀɽ ʊʈɸʅʉʇʆʈʊʅʓʄʀ 

ʇʆʊʆʂɸʄʀ ɺ ʋʉʃʆɺʀʗʍ ɺʆɿʅʀʂʅʆɺɽʅʀʗ  

ɿɸʊʆʈʆɺʓʍ ʉʀʊʋɸʎʀʁ 

66 

 ʂʦʨʥʝʚ ɺ.ɸ., ɸʙʝʜʞʘʥʦʚʘ ɸ.ʉ., ʄʘʢʝʥʦʚ ɸ.ɸ.  

  רɹʓʈʓ ʂᴆʃɯɻɯʅɯױפ ʅɸʁױʄ רʉʊɸʅ ʈɽʉʇʋɹʃʀʂɸʉʓʅʓפɸɿɸפ

ɸנʓʄɼɸנʓ ɾɸנɼɸʁʓ ɾᴄʅɽ ɸʃɼɸנʓ ʋɸפʓʊʊɸנʓ ɼɸʄʋʓ 

72 

 ʄʘʭʤʦʪʦʚ ɽ.ʉ.  

ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆ ʆɹɽɿɺʆɾʀɺɸʅʀʖ ʆʉɸɼʂʆɺ ʉʊʆʏʅʓʍ 

ɺʆɼ ʉ  ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʎɽʅʊʈʀʌʋɻ 

76 

 ʏʝʢʘʝʚ ʈ.ʄ., ʄʳʨʟʘʭʤʝʪʦʚ ʄ.  

ʄɽɼʀʎʀʅɸ  

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʀʅʊɽɿʀʈʆɺɸʅʅʓʍ ʀ 

ʇʈʀʈʆɼʅʓʍ ʀʄʄʋʅʆʄʆɼʋʃʗʊʆʈʆɺ 

81 
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 ɹʘʣʘʙʝʢʦʚʘ ʄ.ʂ.  

ʋʃʔʊʈɸʉʆʅʆɻʈɸʌʀʗ ɺ ɼʀɸɻʅʆʉʊʀʂɽ ʆʉʊʈʆɻʆ 

ʂɸʃʔʂʋʃɽɿʅʆɻʆ ʍʆʃɽʎʀʉʊʀʊɸ 

85 

 ɹʦʨʦʚʩʢʠʡ ɺ.ɺ.  

ʆʉʆɹɽʅʅʆʉʊʀ ʃʀʇʀɼʅʆɻʆ ʆɹʄɽʅɸ ʋ ɹɽʈɽʄɽʅʅʓʍ ɾɽʅʑʀʅ 

ʉ ʆɾʀʈɽʅʀɽʄ 

88 

 ʂʠʤ ʊ.ɺ.  

ʇʈʆʌʀʃɸʂʊʀʂɸ ʇʆʉʃɽʆʇɽʈɸʎʀʆʅʅʆɻʆ ɼʀʉɹɸʂʊɽʈʀʆɿɸ ʋ 

ɹʆʃʔʅʓʍ ʂʆʃʆʈɽʂʊɸʃʔʅʓʄ ʈɸʂʆʄ ʉ ʇʆʄʆʑʔʖ 

ʉʇɽʎʀɸʃʀɿʀʈʆɺɸʅʅʆɻʆ ʇʈʆɼʋʂʊɸ ɼʃʗ ʈɸʅʅɽɻʆ ʇʀʊɸʅʀʗ 

90 

 ʃʘʰʢʫʣ ʉ.ɺ., ʎʦʡ ʀ.ɻ.  

ʂʆʈʈɽʂʎʀʗ ʀʄʄʋʅʆ- ʀ ɻɽʄɸʊʆʊʆʂʉʀʏɽʉʂʆɻʆ ɼɽʁʉʊɺʀʗ 

ɺɸʅɸɼʀʗ ʀ ʍʈʆʄɸ ʇʈʀ ʇʆʄʆʑʀ ʄʍʌ-2 

94 

 ʅʫʨʤʫʭʘʤʙʝʪʦʚ ɸ.ʅ., ɹʘʣʘʙʝʢʦʚʘ ʄ.ʂ., ʋʜʘʨʮʝʚʘ ʊ.ʇ., ʖ ɺ.ʂ., ʇʨʘʣʠʝʚ 

ʂ.ɼ., ʉʘʛʠʪʦʚʘ ʂ.ɺ. 
 

ʉɽʃʔʉʂʆɽ ʍʆɿʗʁʉʊɺʆ   

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈɽɺʈɸʑɽʅʀʗ ʇʆʃʀʌʆʉʌɸʊʅʓʍ ʋɼʆɹʈɽʅʀʁ 

ɺ ʊɽʄʅʆ-ʂɸʐʊɸʅʆɺʓʍ ʇʆʏɺɸʍ 
98 

 ʉʘʨʞʘʥʦʚ ʉ.ɹ., ʋʩʤʘʥʦʚ ʉ.ʋ., ɾʫʥʫʩʦʚ ʉ.ʄ.  

ʕʂʆʃʆɻʀʗ  

ɿɸʉʆʃɽʅʀɽ ʇʆʏɺ ʉʊʆʏʅʓʄʀ ʅɽʌʊɽʇʈʆʄʓʉʃʆɺʓʄʀ 

ɺʆɼɸʄʀ 
102 

 ʅʫʨʘʙʘʝʚ ɹ. ʂ., ɸʙʘʡʳʣʜʘʥʦʚ ɹ.ʂ.  

ʈɽʌɽʈɸʊʓ 104 
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ʄɸʊɽʄɸʊʀʂɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

 
 

 

 

ɺʓʈɸɺʅʀɺɸʅʀɽ ɺʈɽʄɽʅʅʓʍ ʈʗɼʆɺ 
 

ʄʘʪʢʘʨʠʤʦʚ ɹ.ʊ. 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʚʳʨʘʚʥʠʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ 

ʘʣʛʦʨʠʪʤʦʚ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʰʠʨʠʥʫ ʦʢʥʘ ʚʳʨʘʚʥʠʚʘʥʠʷ. 

 

1. ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʘ ʚʳʨʘʚʥʠʚʘʥʠʷ (alignment) ʜʣʷ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɸ ʠ ɺ ʩʦʩʪʦʠʪ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʠʭ ʦʙʱʠʭ (ʠʣʠ ʩʭʦʜʥʳʭ) ʧʦʜïʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʜʣʷ ʵʪʦʛʦ ʚ ʦʙʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʚʩʪʘʚʠʪʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʠʢʪʠʚʥʳʭ (ʧʫʩʪʳʭ) ʵʣʝʤʝʥʪʦʚ, 

ʪʘʢ ʯʪʦ ʙʳ ʠʭ ʜʣʠʥʳ ʩʪʘʣʠ ʨʘʚʥʳʤʠ, ʠ ʨʘʩʧʦʣʦʞʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʘʧʨʦʪʠʚ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ ʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣ ʣʠʙʦ 

ʵʣʝʤʝʥʪ ʜʨʫʛʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʣʠʙʦ ʬʠʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ. ɿʘʜʘʯʘ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʝʩʥʦ 

ʩʚʷʟʘʥʘ ʩ ʟʘʜʘʯʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʛʜʝ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʤʠʥʠʤʘʣʴʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ (ʚʩʪʘʚʢʠ, 

ʫʜʘʣʝʥʠʷ ʠ ʟʘʤʝʥʳ ʵʣʝʤʝʥʪʘ) ʥʘʜ ʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʯʪʦʙʳ ʚ ʠʪʦʛʝ ʧʦʣʫʯʠʪʴ 

ʜʨʫʛʫʶ. ɿʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʤʝʪʦʜʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɿʘʜʘʯʘ ʚʳʨʘʚʥʠʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚʦʟʥʠʢʣʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ  

ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʨʝʯʠ, ʧʦʨʦʜʠʚ ʢʣʘʩʩ ʘʣʛʦʨʠʪʤʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʩʢʘʞʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ 

(DTW ï Dynamic time warping). DTW ʘʣʛʦʨʠʪʤʳ ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʜʠʥʦʯʥʳʭ ʩʣʦʚ, ʨʝʯʠ, ʨʫʢʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ [1,2], ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤ 

[3], ʙʠʦʤʝʪʨʠʠ [4], ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ [5]. ɺ ʙʠʦʠʥʬʦʨʤʘʪʠʢʝ ʟʘʜʘʯʠ 

ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ 

ʩʭʦʜʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʘʢʨʦʤʦʣʝʢʫʣ (ʙʝʣʢʦʚ, ʈʅʂ, ɼʅʂ) ʠ ʚ 

ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʜʝʨʝʚʴʝʚ [6-9].   

ɺʨʝʤʝʥʥʦʡ ʨʷʜ X = {x1, x2, ...,  xn} ʝʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʠʩʝʣ, ʚ 

ʢʦʪʦʨʦʡ ʢʘʞʜʦʝ ʯʠʩʣʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ, ʚʦʟʨʘʩʪʘʶʱʝʤʫ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʫʚʝʣʠʯʝʥʠʷ ʠʥʜʝʢʩʘ ʯʠʩʣʘ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɺʩʝ ʠʟʤʝʨʠʤʳʝ ʚʝʣʠʯʠʥʳ 

ʬʦʨʤʠʨʫʶʪ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ, ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ ʷʚʣʷʶʪʩʷ 

ʟʚʫʢʦʟʘʧʠʩʠ, ʝʞʝʜʥʝʚʥʳʝ ʨʷʜʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʢʫʨʩʦʚ ʘʢʮʠʡ ʠ ʪ.ʧ. ɺʳʨʘʚʥʠʚʘʥʠʝ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɸ ʠ ɺ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʦʪʦʙʨʘʞʝʥʠʷ (ʠʣʠ ʩʝʤʝʡʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʡ) 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʦʙʝʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʙʣʶʜʘʷ ʧʨʘʚʠʣʘ 

ʩʦʦʪʚʝʪʩʪʚʠʷ, ʤʦʥʦʪʦʥʥʦʩʪʠ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. ʇʨʘʚʠʣʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʵʣʝʤʝʥʪʘ xi ʥʘ yj, ʠ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʨʘʚʝʥʩʪʚʝ  

xi = yj. ʇʨʘʚʠʣʘ ʤʦʥʦʪʦʥʥʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ, ʯʪʦ ʝʩʣʠ ʠʤʝʶʪʩʷ ʜʚʘ ʦʪʦʙʨʘʞʝʥʠʷ, xi ʥʘ yj ʠ xk 

ʥʘ yl  ʠ ʧʨʠ ʵʪʦʤ k > j, ʪʦ l > j, ʪʦ ʝʩʪʴ ʠʥʜʝʢʩʳ ʦʪʦʙʨʘʞʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʥʦʪʦʥʥʦ 

ʚʦʟʨʘʩʪʘʶʪ ʚʜʦʣʴ ʦʙʝʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʠ ʥʝʪ ʦʪʦʙʨʘʞʝʥʠʡ çʚʩʧʷʪʴ ʧʦ ʚʨʝʤʝʥʠè. 

ʇʨʘʚʠʣʦ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʫʶ ʥʝʣʠʥʝʡʥʦʩʪʴ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʦʪʦʙʨʘʞʝʥʠʷ, ʦʛʨʘʥʠʯʠʚʘʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʵʣʝʤʝʥʪʘ ʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ xi ʠʥʪʝʨʚʘʣ 

ʠʥʜʝʢʩʦʚ ʜʨʫʛʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʣʝʤʝʥʪ 

yj. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʠʩʳʚʘʶʪʩʷ ʚ ʜʚʫʭ ʩʪʨʦʢʘʭ ʪʘʢ, 

ʯʪʦ ʦʪʦʙʨʘʞʘʝʤʳʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʵʣʝʤʝʥʪʳ ʦʢʘʟʳʚʘʶʪʩʷ  ʚ ʦʜʥʦʡ ʧʦʟʠʮʠʠ (ʚ ʦʜʥʦʤ ʩʪʦʣʙʮʝ), 

ʘ ʵʣʝʤʝʥʪʳ ʥʝ ʠʤʝʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʵʣʝʤʝʥʪʦʚ ʚ ʜʨʫʛʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʟʘʥʠʤʘʶʪ ʩʪʦʣʙʝʮ ʮʝʣʠʢʦʤ. ɺʳʨʘʚʥʠʚʘʥʠʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʙʱʝʥʦ 
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ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʤʥʦʛʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʨʠ ʵʪʦʤ ʚ ʢʘʞʜʦʡ ʧʘʨʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʧʨʘʚʠʣʘ, ʠ ʦʥʠ ʞʝ ʜʦʣʞʥʳ 

ʚʳʧʦʣʥʷʪʴʩʷ ʛʣʦʙʘʣʴʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ ʪʘʢ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʦʜʥʦʤ ʩʪʦʣʙʮʝ ʥʘʭʦʜʠʪʩʷ ʦʜʠʥ ʠʣʠ 

ʙʦʣʝʝ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʟ ʨʘʟʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʨʫʛ ʜʨʫʛʫ.   

2. ɺʳʨʘʚʥʠʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʰʠʨʠʥʦʡ ʦʢʥʘ 

ʇʨʠʚʝʜʝʤ ʩʭʝʤʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʣʠʥʳ ʥʘʠʙʦʣʴʰʝʡ 

ʦʙʱʝʡ ʧʦʜïʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (LCS ï Longest common substring) ʜʣʷ ʜʚʫʭ ʩʪʨʦʢʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɸ ʠ ɺ, ʚ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ ʩʠʤʚʦʣʦʚ. 

ʇʫʩʪʴ DT[ i][ j]  ʦʙʦʟʥʘʯʘʝʪ ʜʣʠʥʫ LCS ʜʣʷ ɸ[1:i]  ʠ ɺ[1:j]  ï ʧʦʜïʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʠʩʭʦʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɸ ʠ ɺ ʦʪ 1ïʛʦ ʜʦ i/jïʛʦ ʩʠʤʚʦʣʘ ʚʢʣʶʯʠʪʝʣʴʥʦ. ɻʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ DT[i][ j]  ʦʯʝʚʠʜʥʳ: DT[0][ j] = 0  ʠ DT[ i][0] = 0. ɼʣʷ DT[ i][ j] ʩʧʨʘʚʝʜʣʠʚʦ 

ʩʣʝʜʫʶʱʝʝ ʨʝʢʫʨʩʠʚʥʦʝ ʫʨʘʚʥʝʥʠʝ:  

DT[ i][ j] = MAX(DT[ i-1][ j]; DT[ i][ j-1]; DT[ i-1][ j-1] + 1, ʝʩʣʠ ɸ[i] = ɺ [j],  0, ʠʥʘʯʝ)   (1) 

ɼʣʠʥʘ LCS ʝʩʪʴ DT[N][ M], ʛʜʝ N ʠ M ʝʩʪʴ ʜʣʠʥʳ ʨʷʜʦʚ ɸ ʠ ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʨʝʜʘʢʮʠʦʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʃʝʚʠʥʰʪʝʡʥʘ ʜʣʷ ʩʪʨʦʢ ʝʩʪʴ N + M ï 2*|LCS|.  

ʇʫʩʪʴ ʪʝʧʝʨʴ ɸ ʠ ɺ ï ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ. ɺʳʯʠʩʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ 

ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʘʣʛʦʨʠʪʤʫ DTW ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʨʝʢʫʨʩʠʚʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ: 

DT[i][j] = ( ɸ[i] ï ɺ [j])
2
 + MIN( DT[i -1][j -1] + 1; DT[i -1][j]; DT[i][j -1] )                     (2) 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʝʩʪʴ DT[0][0] = 0; DT[ i][0] = DT[0][ j]  = Ð. ʈʝʜʘʢʮʠʦʥʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʘʣʛʦʨʠʪʤʫ DTW ʝʩʪʴ (DT[N][ M])
1/2
. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʫʤʤʘ (ɸ[i] ï ɺ [j])

2 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɽʚʢʣʠʜʦʚʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʨʷʜʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘ, ʟʘʧʠʩʘʥʥʳʭ ʦʪ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʨʘʟʣʠʯʥʦʡ 

ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʦʜʥʦʡ ʪʦʯʢʠ ʨʷʜʘ ɸ ʠʤʝʝʪʩʷ K ʪʦʯʝʢ 

ʨʷʜʘ ɺ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʘʚʠʣʴʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʪʘʢʠʭ ʨʷʜʦʚ ʥʘʭʦʜʠʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ ʜʚʫʭ ʨʷʜʦʚ ʪʘʢ, ʯʪʦ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʪ.ʝ. ʥʝʢʦʪʦʨʦʡ 

ʪʦʯʢʝ ʨʷʜʘ ɸ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʘ ʠʟ K ʪʦʯʝʢ ʨʷʜʘ ɺ ʟʘʧʠʩʘʥʥʳʭ ʧʨʠʤʝʨʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʥʝʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʘʣʛʦʨʠʪʤʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʚʨʝʤʝʥʥʳʝ ʧʦʟʠʮʠʠ ʪʦʯʝʢ ʨʷʜʦʚ (ʥʘʧʨʠʤʝʨ, LCS) ʤʦʛʫʪ ʩʦʝʜʠʥʠʪʴ ʪʦʯʢʠ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠʟ ʪʘʢʠʭ ʪʦʯʝʢ, 

ʧʦ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʩʫʱʝʩʪʚʫ ʥʝʦʙʦʩʥʦʚʘʥʥʦʝ ʩʭʦʜʩʪʚʦ ʜʚʫʭ ʨʷʜʦʚ. ɼʣʷ 

ʘʣʛʦʨʠʪʤʦʚ ʚʳʨʘʚʥʠʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩʝʤʝʡʩʪʚʘ DTW ʤʦʛʫʪ ʙʳʪʴ ʥʘʣʦʞʝʥʳ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʳʨʘʚʥʠʚʘʥʠʡ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʣʷ ʧʨʠʚʝʜʝʥʥʦʛʦ ʧʨʠʤʝʨʘ ʚʦʟʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʫʩʣʦʚʠʝ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʘʣʛʦʨʠʪʤʘ DTW (2) ʪʠʧʘ i ~ j/K, ʪ.ʝ. ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ i ʠ j ʚʝʨʥʦ: i*K 

< j < (i+1)* K . ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʦʜʦʙʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʠʤʝʝʪ ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ 

ʧʨʠʚʝʜʝʪ ʢ ʧʨʘʚʠʣʴʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʨʷʜʘʤʠ, 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʦʜʥʦʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ.  

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ DTW ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʰʠʨʠʥʳ ʦʢʥʘ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʪʘʢ ʯʪʦ ʜʚʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʪʦʯʢʠ ʦʜʥʦʛʦ ʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʦʙʨʘʟʫʶʪ ʦʜʥʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʚ ʠʩʭʦʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʝʥʴʰʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʩʪʘʥʪʳ ï ʰʠʨʠʥʳ ʦʢʥʘ ʚʳʨʘʚʥʠʚʘʥʠʷ. ɼʘʥʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʟʘʤʝʪʥʦ ʠʟʤʝʥʷʝʪ ʩʭʝʤʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʜʦʙʘʚʣʷʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʠʩʢ ʧʦ ʜʚʫʤʝʨʥʦʤʫ ʤʘʩʩʠʚʫ ʰʠʨʠʥʳ ʦʢʥʘ ʚʳʨʘʚʥʠʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ 

ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʩʣʫʯʘʷ ʩʪʨʦʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɸ ʠ ɺ: ʧʫʩʪʴ DT[ i][ j]  ʝʩʪʴ 

ʜʣʠʥʘ LCS ʜʣʷ ɸ[1:i]  ʠ ɺ[1:j]  ʟʘʢʘʥʯʠʚʘʶʱʘʷʩʷ ʥʘ ʩʠʤʚʦʣʘʭ ɸ[i]  ʠ ɺ[j] (ʧʨʠ ʵʪʦʤ ɸ[i] = 

ɺ[j]). ʊʦʛʜʘ ʜʣʷ DT[ i][ j] ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ:  

DT[i][j] = 1 + MAX(D[i -K][j -K], é, D[i-1][j -1]) , ʝʩʣʠ ɸ[i] = ɺ[j] ;  0, ʠʥʘʯʝ              (3)  

ɿʜʝʩʴ ʧʦʠʩʢ ʤʘʢʩʠʤʫʤʘ ʦʛʨʘʥʠʯʝʥ ʢʚʘʜʨʘʪʦʤ ʰʠʨʠʥʳ ʂ ʧʨʦʪʠʚ ʭʦʜʘ ʚʳʯʠʩʣʝʥʠʡ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʠʩʢ ʤʘʢʩʠʤʫʤʘ ʚ ʢʚʘʜʨʘʪʝ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʩʣʦʞʥʦʩʪʴ O(K
2
), ʥʦ 
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ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʠʢʫ [10] ʚʦʟʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʤʘʢʩʠʤʫʤ ʟʘ ʧʦʩʪʦʷʥʥʦʝ ʚʨʝʤʷ, ʪʝʤ ʩʘʤʳʤ 

ʩʦʭʨʘʥʷʷ ʘʩʠʤʧʪʦʪʠʢʫ ʘʣʛʦʨʠʪʤʘ ʚ ʮʝʣʦʤ O(N*M). 

3. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʜʠʩʪʘʥʮʠʶ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʷʜʘʤʠ ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʜʠʩʪʘʥʮʠʠ ʚʳʧʦʣʥʠʪʴ 

ʢʣʘʩʪʝʨʠʟʘʮʠʶ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʟʜʝʣʠʪʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʥʘ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ ʛʨʫʧʧ ʪʘʢ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʙʫʜʫʪ ʚ ʦʜʥʦʡ ʛʨʫʧʧʝ.   

ɺʨʝʤʝʥʥʦʡ ʨʷʜ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʝʨʝʤʝʥʥʳʡ ʩʠʛʥʘʣ, ʧʨʠ ʵʪʦʤ 

ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ ʦʟʥʘʯʘʝʪ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʝ ʫʯʠʪʳʚʘʝʪ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ. ʀʩʭʦʜʥʳʝ ʨʷʜʳ ʥʝʦʙʭʦʜʠʤʦ ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʠ 

ʫʩʣʦʚʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʝʩʪʴ ʨʘʚʝʥʩʪʚʦ ʟʥʘʯʝʥʠʡ ʚ ʪʦʯʢʘʭ ʨʷʜʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʥʝʢʦʪʦʨʦʡ 

ʤʘʣʦʡ ʧʦʩʪʦʷʥʥʦʡ eps. ʆʧʨʝʜʝʣʠʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʷʜʘʤʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʦʙʱʝʡ 

ʯʘʩʪʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ (ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ ʨʝʜʘʢʮʠʦʥʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ DTW) ʥʘ ʩʫʤʤʘʨʥʫʶ 

ʜʣʠʥʫ ʨʷʜʦʚ (N+M ïDTW)/(N+M), ʪʘʢ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ 1, ʝʩʣʠ ʨʷʜʳ ʩʦʜʝʨʞʘʪ ʩʠʛʥʘʣ ʠ 

ʩʦʚʧʘʜʘʶʪ, ʠ 0, ʝʩʣʠ ʫ ʥʠʭ ʥʝʪ ʦʙʱʠʭ ʵʣʝʤʝʥʪʦʚ. ɺʳʯʠʩʣʠʚ ʤʘʪʨʠʮʫ ʧʦʧʘʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ ʨʷʜʘʤʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʢʣʘʩʪʝʨ ʥʝʩʢʦʣʴʢʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʠʥʠʤʘʣʴʥʦʝ ʧʦʢʨʳʚʘʶʱʝʝ ʜʝʨʝʚʦ ʠ  K-means. ʈʝʟʫʣʴʪʘʪ 

ʩʦʚʧʘʣ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʝ 8 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ 4 ʢʣʘʩʪʝʨʘ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

  

  
ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʭʦʨʦʰʦ ʚʳʷʚʠʣʘ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʘʤʧʣʠʪʫʜʥʳʤ ʧʨʦʬʠʣʝʤ. ʆʪʤʝʪʠʤ, ʯʪʦ ʘʣʛʦʨʠʪʤ DTW ʧʦʢʘʟʘʣ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚ 

ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ ʰʫʤʦʤ [11]. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʄʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʩʢʘʞʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ (Dynamic Time Warping, DTW) 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʦʜʦʙʠʷ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʢʘʢ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʩʭʦʞʝʩʪʠ ʨʘʟʥʳʭ ʨʷʜʦʚ, ʪʘʢ ʠ 

ʚʳʯʠʩʣʠʪʴ ʠʥʪʝʨʚʘʣʳ ʩʭʦʞʝʩʪʠ. ʆʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʢʚʘʜʨʘʪʠʯʥʦʝ ʧʦ ʜʣʠʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ O(N*M), ʥʝ ʧʦʟʚʦʣʷʶʱʝʝ 
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ʧʨʦʚʦʜʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʥʘʜ ʦʯʝʥʴ ʜʣʠʥʥʳʤʠ ʨʷʜʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʳʩʦʢʦ ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚʳʯʠʩʣʝʥʠʷ 

ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʪʨʦʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʯʠʩʣʦʚʳʭ 

ʨʷʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʥʦʚʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ.  ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʪʠʧʘ DTW ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʜʣʠʥʫ ʦʢʥʘ ʚʳʨʘʚʥʠʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʙʦʣʝʝ ʘʢʢʫʨʘʪʥʦ ʚʳʯʠʩʣʷʪʴ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ ʜʚʫʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ ʠ 

ʚʳʧʦʣʥʠʪʴ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʨʷʜʦʚ [11]. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʧʦʜʦʙʠʷ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʟʘʜʘʯʠ 

ʧʨʦʛʥʦʟʘ, ʪ.ʝ. ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʨʷʜʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʚ 

ʧʨʝʜʳʜʫʱʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ.  
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ɺʉʊʈʆɽʅʅʓɽ ʉʀʉʊɽʄʓ ʈɽʂʆʅʌʀɻʋʈʀʈʋɽʄʆʁ 

ɸʈʍʀʊɽʂʊʋʈʓ 

 
ʄʘʪʢʘʨʠʤʦʚ ɹ.ʊ. 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʩʪʨʦʝʥʥʳʝ ʩʠʩʪʝʤʳ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʧʨʠʤʝʨʘʭ 

ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤ ʩ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ ʩʝʤʝʡʩʪʚʘ OpenSPARC, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʡ National Instruments Single-

Board RIO. 

 

1. ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʩʪʨʦʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʷʶʪ ʥʘ ʦʜʥʦʡ ʧʣʘʪʝ ʠʣʠ ʚ ʦʜʥʦʢʨʠʩʪʘʣʴʥʦʡ 

ʤʠʢʨʦʩʭʝʤʝ ʪʠʧʘ ʩʠʩʪʝʤʘ ʥʘ ʢʨʠʩʪʘʣʣʝ (SoC - System on Chip) ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʪʠʧʘ (CPU ï Central processing unit), ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʣʦʛʠʯʝʩʢʫʶ 

ʠʥʪʝʛʨʘʣʴʥʫʶ ʩʭʝʤʫ (ʇʃʀʉ, ʦʙʳʯʥʦ FPGA ʪʠʧʘ ï Field point gate array) ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʩʦʧʨʦʮʝʩʩʦʨʳ, ʥʘʧʨʠʤʝʨ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʧʨʦʮʝʩʩʦʨ ʠʣʠ ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ (GPU 
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ï Graphics processor unit). ʂʦʤʙʠʥʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ CPU, GPU ʠ FPGA ʚ ʦʜʥʦʤ ʤʦʜʫʣʝ 

ʦʙʨʘʟʫʝʪ ʛʠʙʨʠʜʥʫʶ ʩʠʩʪʝʤʫ, ʨʘʩʰʠʨʷʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʧʦʚʳʰʘʷ ʩʦʚʦʢʫʧʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʟʘʢʘʟʥʳʭ ʤʠʢʨʦʩʭʝʤ ʤʦʛʫʪ 

ʦʙʣʘʜʘʪʴ ʤʝʥʴʰʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ ʢʨʠʩʪʘʣʣʘ, ʥʦ 

ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʡ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʩʪʫʧʘʶʪ ʚ ʛʠʙʢʦʩʪʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʠʠ CPU, GPU ʠ FPGA ʨʘʟʚʠʚʘʶʪʩʷ ʨʘʟʥʳʤʠ 

ʢʦʤʧʘʥʠʷʤʠ, ʠ ʦʙʲʝʜʠʥʝʥʠʝ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʧʦʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʣʠʮʝʥʟʠʦʥʥʳʭ ʚʳʧʣʘʪ ʟʘ IP ʷʜʨʘ (ʩʣʦʞʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ, ʟʘʱʠʱʝʥʥʳʝ ʧʨʘʚʘʤʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ). ɺ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ 

ʠʟʙʘʚʣʷʝʪʩʷ ʦʪ ʪʨʫʜʦʝʤʢʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʪʝʧʝʨʴ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ 

ʩʦʧʨʦʮʝʩʩʦʨʘʭ ʠʣʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʤʠʢʨʦʩʭʝʤʳ ʇʃʀʉ ʧʦʩʣʝʜʥʠʭ 

ʧʦʢʦʣʝʥʠʡ ʠʤʝʶʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ (hard core) ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʷʜʨʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʤʦʜʫʣʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ SoC 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʇʃʀʉ. ʇʦ ʩʫʱʝʩʪʚʫ, ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʇʃʀʉ ʤʦʞʥʦ ʩʦʙʨʘʪʴ ʩʠʩʪʝʤʫ ʥʘ 

ʢʨʠʩʪʘʣʣʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ, ʥʦ ʠʟ-ʟʘ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ ʇʃʀʉ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʦ 

ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʮʝʩʩʦʨʦʚ.  

ʇʣʘʪʬʦʨʤʳ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʠʩʴ ʚ [1] ʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: 

 ʇʘʨʘʣʣʝʣʴʥʳʝ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ 
ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʩʦʙʨʘʪʴ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ 

ʠʩʧʦʣʴʟʫʷ ʇʃʀʉ ʠʣʠ GPU. ɺʦʟʤʦʞʥʦʩʪʠ ʘʧʧʘʨʘʪʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʷ ʩ ʇʃʀʉ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ ʢʦʤʧʘʥʠʠ Cray ʠ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʘ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʪʩʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ. ʀʤʝʥʥʦ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ, ʘ ʥʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ, 

ʧʝʨʚʳʤʠ ʜʦʩʪʠʛʣʠ ʪʝʨʘʬʣʦʧʥʦʡ ʧʠʢʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʠʥ ʯʠʧ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʢʣʘʩʪʝʨʳ ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʪ ʤʦʜʫʣʠ ʩ 

ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʨʘʤʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ GPU, ʪʘʢʠʭ ʢʘʢ OpenMP ʠʣʠ NVIDIA  CUDA. 

 ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ʊʨʘʜʠʮʠʦʥʥʦ, ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʝ ʩʠʩʪʝʤʳ ʰʠʨʦʢʦ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʙʦʨʝ ʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʠ ʧʦʟʚʦʣʷʝʪ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʩ ʥʘʥʦʩʝʢʫʥʜʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʪʘʢʪʘʤʠ.  

 ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʈʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʝ ʩʠʩʪʝʤʳ ʰʠʨʦʢʦ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʢʨʠʧʪʦʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ.    

ɺʳʩʦʢʦ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʦʩʥʦʚʥʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʨʦʮʝʩʩʦʨʳ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʘʧʧʘʨʘʪʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ʚʳʯʠʩʣʝʥʠʡ ʢʘʢ 

ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʝ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʇʃʀʉ ʠʣʠ GPU ʚ ʢʘʯʝʩʪʚʝ ʫʩʢʦʨʠʪʝʣʝʡ ʚʳʯʠʩʣʝʥʠʡ ʚ ʠʪʦʛʝ ʧʨʠʚʝʜʝʪ ʢ 

ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ 

ʢʦʪʦʨʳʭ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʫʨʦʚʥʝ 

ʘʧʧʘʨʘʪʫʨʳ [2].  

 2. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨ OpenSPARC 

ʉʝʤʝʡʩʪʚʦ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ OpenSPARC [3] ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ, ʧʦʷʚʠʚʰʠʭʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʦʪʢʨʳʪʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʦʪʢʨʳʪʦʛʦ RTL ʢʦʜʘ. ɺ ʤʘʨʪʝ 2006, 

ʧʦʣʥʳʡ ʧʨʦʝʢʪ Sun Microsystems UltraSPARCÊ T1 ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʙʳʣ ʚʳʧʫʱʝʥ ʚ 

ʠʩʭʦʜʥʳʭ ʢʦʜʘʭ, ʚ ʥʘʯʘʣʝ 2008 ʛʦʜʘ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʝʛʦ ʧʨʝʝʤʥʠʢ, OpenSPARCÊ T2. ʕʪʠ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ ʙʳʣʠ ʧʝʨʚʳʤʠ 64-ʙʠʪʥʳʤʠ ʤʥʦʛʦʧʦʪʦʯʥʳʤʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʤʠ, ʢʦʛʜʘ-

ʣʠʙʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʚ ʠʩʭʦʜʥʳʭ ʢʦʜʘʭ. ɼʣʷ ʵʪʠʭ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ 

ʢʦʤʧʘʥʠʡ Sun Microsystems ʠ Xilinx  ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʧʨʦʝʢʪʳ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʜʣʷ FPGA, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʠʩʭʦʜʥʳʭ ʢʦʜʘʭ. ʇʘʢʝʪ 
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ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ, ʜʦʢʫʤʝʥʪʘʮʠʶ, RTL ʢʦʜ (Verilog HDL), ʩʢʨʠʧʪʳ ʩʠʤʫʣʷʮʠʠ ʠ ʩʠʥʪʝʟʘ, ʠ 

ʧʨʦʝʢʪ ʩʙʦʨʢʠ ʜʣʷ Xilinx  EDK. ʆʪʤʝʪʠʤ, ʯʪʦ ʭʦʪʷ ʩʘʤ ʧʨʦʝʢʪ OpenSPARC ʷʚʣʷʝʪʩʷ 

ʦʪʢʨʳʪʳʤ, ʝʛʦ ʩʙʦʨʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʉɸʇʈ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʢʨʠʧʪʳ ʩʠʥʪʝʟʘ ʧʨʦʝʢʪʘ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʉɸʇʈ Synopsys. 

32-ʭ ʧʦʪʦʯʥʦʝ OpenSPARC  T1 ʷʜʨʦ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʤʝʨʥʦ 40ʂ LUT ʥʘ ʇʃʀʉ 

ʧʨʦʠʟʚʦʜʩʪʚʘ Xilinx, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʇʃʀʉ Virtex-5 LX110T (ʠʤʝʶʱʝʡ 

ʧʨʠʤʝʨʥʦ 110ʂ ʵʢʚʠʚʘʣʝʥʪʦʚ LUT ʠ ʤʫʣʴʪʠʛʠʛʘʙʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʪʨʘʥʩʠʚʝʨʳ) ʪʦ 

ʧʦʩʣʝ ʩʙʦʨʢʠ ʧʨʦʝʢʪʘ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʩʪʘʝʪʩʷ ʝʱʝ 70ʂ LUT ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ OpenSPARC Xilinx ʤʦʜʝʨʥʠʟʠʨʦʚʘʣ 

ʦʪʣʘʜʦʯʥʫʶ ʧʣʘʪʫ ML505, ʨʘʟʤʝʩʪʠʚ ʥʘ ʥʝʡ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ Virtex-5, ʢʨʦʤʝ ʪʦʛʦ, ʩʦʝʜʠʥʷʷ 

ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʧʣʘʪ ʚʤʝʩʪʝ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʠʥʪʝʨʢʦʥʥʝʢʪʘ (Aurora over Serial 

ATA) ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ ʤʥʦʛʦʷʜʝʨʥʫʶ ʩʠʩʪʝʤʫ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʷʜʝʨ ʧʨʦʮʝʩʩʦʨʘ ï ʠ 

ʵʪʦ ʚʩʝ ʚ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʝ. ɼʣʷ ʵʢʦʥʦʤʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʇʃʀʉ ʜʝʪʘʣʠ ʜʘʥʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʚʢʣʶʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʣʶʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦʜʫʣʝʡ, ʥʘʧʨʠʤʝʨ 

ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ, ʚʥʝʩʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʬʪ 

ʧʨʦʮʝʩʩʦʨʘ Xilinx  MicroBlaze ʜʣʷ ʵʤʫʣʷʮʠʠ L2 ʢʵʰʘ ʧʘʤʷʪʠ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ 

çʪʦʥʢʦʩʪʝʡè ʨʝʘʣʠʟʘʮʠʠ.   

ʈʝʘʣʠʟʘʮʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʤʥʦʛʦʷʜʝʨʥʦʛʦ 64-ʙʠʪʥʦʛʦ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʥʘ 

ʇʃʀʉ ʦʪʢʨʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʩʠʩʪʝʤʘʤʠ ʥʘ 

ʢʨʠʩʪʘʣʣʝ ʠ ʚʩʪʨʦʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʇʨʦʝʢʪ ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʇʃʀʉ ʟʘʧʫʩʪʠʪʴ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʠ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʪʠʧʘ Solaris ʠʣʠ Linux, ʘ 

ʧʝʨʠʬʝʨʠʷ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʳ ʚʢʣʶʯʘʝʪ ʚʝʩʴ ʥʘʙʦʨ ʦʩʥʦʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʩ VGA ʜʠʩʧʣʝʝʤ. 

3. ʈʝʰʝʥʠʷ National Instruments ʜʣʷ ʩʠʩʪʝʤ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʛʦ ʚʚʦʜʘ/ʚʳʚʦʜʘ 

ʂʦʤʧʘʥʠʷ National Instruments ʧʨʝʜʣʦʞʠʣʘ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʇʃʀʉ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʠʟʤʝʨʝʥʠʡ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʙʦʨʘ ʜʘʥʥʳʭ: ʥʦʚʦʝ 

ʧʦʢʦʣʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʘʨʭʠʪʝʢʪʫʨʳ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʛʦ ʚʚʦʜʘ/ʚʳʚʦʜʘ 

(Reconfigurable Input/Output ï RIO) ʠ ʥʦʚʳʝ ʩʨʝʜʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ - ʤʦʜʫʣʴ LabVIEW 

FPGA, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʩʪʨʦʠʪʴ ʇʃʀʉ, ʠʩʧʦʣʴʟʫʷ ʪʨʘʜʠʮʠʦʥʥʦ ʫʜʦʙʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ, ʥʝ ʪʨʝʙʫʶʱʠʡ ʦʪ ʠʥʞʝʥʝʨʘ ʟʥʘʥʠʡ ʷʟʳʢʦʚ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ [4-6]. ʆʩʥʦʚʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʠ RIO ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʠʥʭʨʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʪ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʝʡ ʠʟʤʝʨʝʥʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ. ɸʧʧʘʨʘʪʥʘʷ 

ʧʣʘʪʬʦʨʤʘ RIO ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʡ ʤʠʢʨʦʩʭʝʤʝ ʇʃʀʉ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʘ ʠʟ NI LabVIEW, ʠʩʧʦʣʴʟʫʷ LabVIEW FPGA Module. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʣʫʯʘʶʪ ʥʝ ʜʦʩʪʫʧʥʫʶ ʨʘʥʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʙʘʟʝ ʇʃʀʉ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʡ ʘʧʧʘʨʘʪʥʦʡ ʩʠʩʪʝʤʳ ʧʨʷʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʛʥʘʣʘʤʠ 

ʚʚʦʜʘ/ʚʳʚʦʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʷ RIO ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʩʠʛʥʘʣʦʚ, ʠʭ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ 

ʠ ʣʦʛʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʥʠʤʠ. ʉ ʧʦʤʦʱʴʶ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ ʥʘʩʪʨʦʡʢʫ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʨʷʜʘ ʧʨʠʣʦʞʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʪʘʢʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʮʠʬʨʦʚʦʝ ʠ ʘʥʘʣʦʛʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʵʤʫʣʷʮʠʷ 

ʮʠʬʨʦʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʜʨ.  

ʊʝʭʥʦʣʦʛʠʷ RIO ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʩʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʃʀʉ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ ʩʯʝʪ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʇʃʀʉ ʚ ʩʨʝʜʝ LabVIEW, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ LabVIEW ʠ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʙʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ 

ʢʦʤʧʘʥʠʝʡ National Instruments ʪʝʭʥʦʣʦʛʠʡ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʛʦ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʧʝʨʝʚʦʜʠʪ 

ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ, ʧʨʝʜʣʘʛʘʶʱʠʡ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʙʦʣʝʝ ʛʠʙʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʘʟʯʠʢʦʚ. 

ʊʝʧʝʨʴ ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʩʚʦʠʭ ʢʦʥʪʨʦʣʴʥʦ-
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ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʠʜʝʘʣʴʥʦ ʥʘʩʪʨʦʝʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦ ʚʨʝʤʝʥʠ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ. ʉʝʛʦʜʥʷ ʪʝʭʥʦʣʦʛʠʷ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʛʦ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʩʠʩʪʝʤʘʭ, ʥʘʯʠʥʘʷ ʩʦ ʚʩʪʨʘʠʚʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ R-ʩʝʨʠʠ ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʩʠʩʪʝʤʘʤʠ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʠ ʥʘʜʝʞʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ CompactRIO. ɺ 

ʙʫʜʫʱʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʳ 

ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʛʦ ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʛʠʙʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʨʝʰʝʥʠʡ. ʃʠʥʝʡʢʘ ʧʨʦʜʫʢʪʦʚ RIO, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʧʨʦʜʫʢʮʠʝʡ CompactRIO, Single-Board 

RIO, FlexRIO, R Series Intelligent DAQ, Compact Vision System, ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʨʝʰʝʥʠʝʤ, 

ʠʩʧʦʣʴʟʫʶʱʠʤ ʪʝʭʥʦʣʦʛʠʶ NI RIO ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 

ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʠʙʢʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʚʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ.  ʇʦʷʚʣʝʥʠʝ ʜʘʥʥʦʡ ʣʠʥʝʡʢʠ ʦʩʫʱʝʩʪʚʠʣʦ ʧʨʦʨʳʚ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, 

ʢʘʢ ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʤʘʰʠʥʘʤʠ, ʧʨʦʚʝʜʝʥʠʝ ʙʦʨʪʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʜʨ., ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʠʣʝʥʠʷ LabVIEW ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʟʜʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʫʧʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʣʘʪʬʦʨʤ NI Single-Board RIO. 

ʇʣʘʪʬʦʨʤʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʨʘ, ʨʘʟʤʝʨʦʤ ʇʃʀʉ, ʦʙʲʝʤʦʤ 

ʚʩʪʨʦʝʥʥʦʡ ʧʘʤʷʪʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʣʠʥʠʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ. ʆʩʥʦʚʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʧʣʘʪʬʦʨʤʳ Single-Board RIO ʷʚʣʷʶʪʩʷ: 

 ʂʦʥʪʨʦʣʣʝʨ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʙʘʟʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʦʧʝʨʘʮʠʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʥʘʧʨʠʤʝʨ, Freescale MPC5200 

400 MHz, ʚʩʪʨʦʝʥʥʳʡ 10/100 Mb/s Ethernet ʧʦʨʪ ʠ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ VxWorks 

RTOS c http/ftp ʩʝʪʝʚʳʤʠ ʩʝʨʚʠʩʘʤʠ. ʂʦʥʪʨʦʣʣʝʨʳ RIO ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ 

ʧʨʠʣʦʞʝʥʠʷ LabVIEW Real-Time Module ʩ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʚʨʝʤʝʥʝʤ 

ʠʩʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ. ʆʛʨʦʤʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʬʫʥʢʮʠʡ, ʧʦʩʪʘʚʣʷʝʤʘʷ ʩ LabVIEW, 

ʜʦʩʪʫʧʥʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʞʝʩʪʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

 ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ Xilinx  Spartan 3 ʥʘ ʦʜʠʥ ʠ ʙʦʣʝʝ ʤʠʣʣʠʦʥ ʣʦʛʠʯʝʩʢʠʭ ʚʝʥʪʠʣʝʡ. 

ʎʝʧʠ ʇʃʀʉ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʫʶ ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʥʷʶʱʫʶ ʧʨʠʣʦʞʝʥʠʷ, 

ʩʦʟʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ LabVIEW FPGA module, ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ ʤʠʢʨʦʩʭʝʤʳ. 

ʅʘ ʙʘʟʝ ʇʃʀʉ ʤʦʞʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʩ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʪʘʢʪʠʨʦʚʘʥʠʝʤ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ, 

ʥʘʧʨʠʤʝʨ, ʚʳʧʦʣʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʮʠʢʣʦʚ ʘʥʘʣʦʛʦʚʦʛʦ ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ 

ʯʘʩʪʦʪʘʭ ʜʦ 100 ʢɻʮ, ʚʳʧʦʣʥʝʥʠʝ ʮʠʢʣʦʚ ʮʠʬʨʦʚʦʛʦ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ 1 

ʄɻʮ, ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʙʫʣʝʚʦʡ ʣʦʛʠʢʠ ʩ ʚʨʝʤʝʥʥʳʤ ʪʘʢʪʦʤ 25 ʥʩ. ʄʠʢʨʦʩʭʝʤʘ 

ʇʃʀʉ ʩʦʝʜʠʥʝʥʘ ʩʦ ʚʩʝʤʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʤʦʜʫʣʷʤʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʧʦ ʪʦʧʦʣʦʛʠʠ 

ʟʚʝʟʜʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ, ʠ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʭ ʛʠʙʢʫʶ ʠ ʪʦʯʥʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ; 

 ɸʥʘʣʦʛʦʚʳʝ, ʮʠʬʨʦʚʳʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʣʠʥʠʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ. ɺ NI Single-Board 

RIO ʚʩʪʨʦʝʥʳ ʮʠʬʨʦʚʳʝ ʊʊʃ-ʫʨʦʚʥʷ (3,3 ɺ), ʘʥʘʣʦʛʦʚʳʝ ʩ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʦʡ 

ʦʮʠʬʨʦʚʢʠ, ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʣʠʥʠʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʩʠʛʥʘʣʦʚ. ɺʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʟʘ ʩʯʝʪ ʧʦʜʢʣʶʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʉ ʩʝʨʠʠ;  

 ʇʘʢʝʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ NI LabVIEW. 

ɺʩʪʨʘʠʚʘʝʤʳʝ ʩʠʩʪʝʤʳ  ʩʝʤʝʡʩʪʚʘ NI RIO ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʛʦ ʚʚʦʜʘ/ʚʳʚʦʜʘ. ɺʩʪʨʦʝʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ ʇʃʀʉ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʧʦʣʥʝʥʠʝ ʧʨʠʣʦʞʝʥʠʡ LabVIEW FPGA ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ, ʜʘʥʥʳʝ ʩ ʇʃʀʉ 

ʧʝʨʝʜʘʶʪʩʷ ʚ ʢʦʥʪʨʦʣʣʝʨ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʰʠʥʝ (ʥʘʧʨʠʤʝʨ, PCI ʜʣʷ 

CompactRIO). ʂʦʥʪʨʦʣʣʝʨ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʧʨʠʣʦʞʝʥʠʡ 

LabVIEW Real-Time, ʘ ʪʘʢʞʝ ʧʨʠʣʦʞʝʥʠʡ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ, ʩ 

ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ, ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ NI RIO ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʦʝ 
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ʨʝʰʝʥʠʝ ʜʣʷ ʩʠʩʪʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʩʦʯʝʪʘʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʥʠʟʢʦʫʨʦʚʥʝʚʫʶ ʘʧʧʘʨʘʪʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʩʠʛʥʘʣʦʚ ʥʘ ʇʃʀʉ.  

ɸʨʭʠʪʝʢʪʫʨʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʮʠʢʣʘ 

ʨʘʙʦʪʳ: ʮʠʢʣʳ ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʠʦʨʠʪʝʪʘ ʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʥʪʨʦʣʣʝʨʝ, ʠ ʢʨʠʪʠʯʝʩʢʠʡ ʧʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ, ʚʳʧʦʣʥʷʝʤʳʡ ʥʘ ʇʃʀʉ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʦʩʥʦʚʥʦʤ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʥʘ ʚʝʨʭʥʝʤ, ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʥʦʛʦ ʢʦʜʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʝʪʩʷ ʠ ʩʦʙʠʨʘʝʪʩʷ ʤʦʜʫʣʷʤʠ LabVIEW.   

4. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤ 

ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʘʷ 

ʩʙʦʨʢʘ ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ OpenSPARC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʳ ʩ ʇʃʀʉ Xilinx  Virtex 5, ʠ ʥʘ ʙʘʟʝ ʨʝʰʝʥʠʷ National Instruments Single-

Board RIO. ʇʨʦʝʢʪʳ ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʇʃʀʉ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʪʢʨʳʪʦʩʪʠ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʠ ʘʧʧʘʨʘʪʥʘʷ ʠ 

ʧʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʣʥʦʩʪʴʶ ʚ ʠʩʭʦʜʥʳʭ ʢʦʜʘʭ, ʙʝʟ 

ʧʨʠʚʣʝʯʝʥʠʷ ʩʪʦʨʦʥʥʠʭ ʤʦʜʫʣʝʡ. ʀʥʪʝʨʝʩʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʷʚʣʷʶʪʩʷ  ʛʠʙʨʠʜʥʳʝ ʚʩʪʨʦʝʥʥʳʝ ʩʠʩʪʝʤʳ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ.  

 
ʃʠʪʝʨʘʪʫʨʘ 

1. P. Bertin, D. Roncin, J. Vuillemin, Introduction to Programmable Active Memories, Systolic Array Processors, Prentice Hall, 

Englewood Cliffs, N.J., 1989, 300-309. 

2. Wigley G., Kearney D., The first real operating system for reconfigurable computers, Computer Systems Architecture Conference, 

2001, 130-137 

3. OpenSPARCÊ Internals, D.L. Weaver, Editor, Sun Microsystems, Inc., 2008 

4. Santori M., An instrument that isn't really [Laboratory Virtual Instrument Engineering Workbench], Spectrum, IEEE, Volume 27, 

Issue 8, 1990, 36-39   

5. Mears M.L., Falcon J.S., Kurfess T.R., Real-time identification of sliding friction using LabVIEW FPGA, American Control 

Conference, 2006, 6 

6. Karhi R.W., Mankowski J.J., Hemmert D.J., Holt, S.L., Real Time Feedback Control System for an Electromagnetic Launcher, 

Megagauss magnetic field generation and related topics, 2006, 179-184  

 

ʇʦʩʪʫʧʠʣʘ 25 ʠʶʣʷ 2010 ʛ. 

 

 

 

 

 

 

ʋʉʃʆɺʀʗ ɸʉʀʄʇʊʆʊʀʏɽʉʂʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ ʅɽʏɽʊʂʆʁ 

ɿɸʄʂʅʋʊʆʁ  ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 
 

ʖʥʠʯʝʚʘ ʅ.ʈ. 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʄʆʅ ʈʂ, 

ʛ. ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

e-mail: naduni@mail.ru 

 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʮʝʜʫʨʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʯʝʪʢʦʡ  

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʟɹʦʚʘʥʠʷ ʥʝʨʘʚʝʥʩʪʚ ɹʨʘʫʵʨʘ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʜʣʷ ʦʮʝʥʢʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʯʝʯʥʳʭ ʩʠʩʪʝʤ. 

 



ʀɿɺɽʉʊʀʗ ʅʊʆ çʂɸʍɸʂè, 2010, ˉ 4 (29) 

 

 13 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ,  

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʢʦʥʮʝʧʮʠʡ ʠ 

ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʦʙʥʳʤ ʢʣʘʩʩʦʤ ʦʙʲʝʢʪʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʢʦʥʮʝʧʮʠʡ ʠ ʧʨʠʥʮʠʧʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʢɹʠʭ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ: ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʩʠʩʪʝʤ [1-4].  

ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʩʠʩʪʝʤ, ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʥʝʯʝʪʢʠʝ ʤʝʪʦʜʳ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʷʜʘ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʥʝʯʝʪʢʠʭ ʠʣʠ ʠʥʪʝʨʚʘʣʴʥʳʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʝʰʝʥʠʝ 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʯʝʪʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʪ.ʝ. ʚ 

ʚʠʜʝ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ.ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚ ʥʝʯʝʪʢʦʡ ʬʦʨʤʝ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʨʘʩʯʝʪʝ ʩʠʩʪʝʤ. ʣʷ ʦʧʝʨʘʮʠʡ 

ʥʘʜ ʥʦʩʠʪʝʣʷʤʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ 

ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʰʠʨʦʢʦ ʨʘʟʚʠʪʦʛʦ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʯʝʪʢʫʶ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʪʦʨʦʡ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

tXtX D
.

,                                                                                                            (1) 

 

ʛʜʝ ))((D
,

RIM
nn

, njidddnjid
ijijijij

,,  ,];[][  ,,, ,D 11  ð ʚʝʱʝʩʪʚʝʥʥʘʷ 

ʠʥʪʝʨʚʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ))((, RIM nn  ð ʤʥʦʞʝʩʪʚʘ ʤʘʪʨʠʮ, 

ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ aaaRaaa, ; I R( ) - 

ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ; nRtX )( - ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʞʝʣʘʝʤʳʡ ʠʥʪʝʨʚʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

D)( Ed det n n n

nd d d1

1

2

2 3 ,                                     (2) 

 

ʛʜʝ E - ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ; d d d i ni i i, , , 1  - ʠʥʪʝʨʚʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʷʚʣʷʝʪʩʷ ʥʝʯʝʪʢʦʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʪʨʝʙʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʮʝʣʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʪʦʯʝʯʥʳʭ ʩʠʩʪʝʤ. ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʥʥʫʶ ʤʘʪʨʠʮʫ  D  ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (1). 

ʇʫʩʪʴ D - ʪʦʯʝʯʥʘʷ ʤʘʪʨʠʮʘ ʪʘʢʘʷ, ʯʪʦ DD . ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʩʫʞʜʝʥʠʡ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ: 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʅʝʯʝʪʢʘʷ ʤʘʪʨʠʮʘ Dʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʠʜʘ (1) 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ, ʝʩʣʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳ ʚʩʝ ʪʦʯʝʯʥʳʝ ʤʘʪʨʠʮʳ DD . 

ʂʘʢ ʠʟʚʝʩʪʥʦ [2] , ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʤʘʪʨʠʮʳ DD  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

0 EDdet                                                                                                       (3) 

 

ʊʦʛʜʘ, ʜʣʷ ʥʝʯʝʪʢʦʡ ʤʘʪʨʠʮʳ D  ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ: 
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ʆʧʨʝʜʝʣʝʥʠʝ 2. ʉʝʤʝʡʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʚʩʝʭ ʪʦʯʝʯʥʳʭ ʤʘʪʨʠʮ 

DD  ʥʘʟʳʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʥʝʯʝʪʢʦʡ ʤʘʪʨʠʮʳ D   ʠ ʬʦʨʤʘʣʴʥʦ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

 0 EDdet                                                                                                     (4) 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʘʪʨʠʮʘ DD  ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ ʠ ʚʩʝ ʝʝ ʩʦʙʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ niDi ,1,  ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʢʨʫʛʝ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ R  ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʧʣʦʩʢʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ . 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʨʠʯʥʦʛʦ ʢʨʠʪʝʨʠʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʠʟʚʝʩʪʥʳʤ ʜʨʦʙʥʦ- ʣʠʥʝʡʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ [5] ʩʣʝʜʫʶɦ ʝʛʦ ʚʠʜʘ:  

 

1
R

                                                                                                             (5) 

 

ɼʘʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʢʨʫʛ ʟʘʜʘʥʥʦʛʦ ʨʘʜʠʫʩʘ R  ʚ ʣʝʚʦʡ ʯʘʩʪʠ 

ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ , ʚ ʝʜʠʥʠʯʥʳʡ ʢʨʫʛ ʩ ʮʝʥʪʨʦʤ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ 

ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ . ɿʥʘʯʝʥʠʝ R1  ʠʟ (5) ʧʦʜʩʪʘʚʠʤ ʚ (3), 

ʦʧʫʩʢʘʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʠʤ: 

 

0IFdet                                                                                                        (6) 

 

ʛʜʝ      E
R

D
F   - ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ, ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʢʨʫʛʝ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ [6], ʝʩʣʠ niF
i

,),( 1 ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʪʨʠʮʳ 

F, ʪʦ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʪʨʠʮʳ 
kF ʙʫʜʫʪ ʯʠʩʣʘ 

k

i
F . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ 

ʤʘʪʨʠʮʘ  DD  ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʦʡʯʠʚʘ, ʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʦʟʚʝʜʝʥʠʝ 

ʤʘʪʨʠʮʳ F  ʚ kïʫʶ ʩʪʝʧʝʥʴ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʘʙʩʦʣʶʪʥʫʶ ʚʝʣʠʯʠʥʫ ʩʦʙʩʪʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ 
k

i F , ʪʘʢ ʢʘʢ ʚʩʝ  niFi ,1),(    ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʥʫʪʨʠ ʢʨʫʛʘ ʝʜʠʥʠʯʥʦʛʦ 

ʨʘʜʠʫʩʘ ʠ ʧʦ ʤʦʜʫʣʶ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ  

 

niF
i

,, 11                                                                                                    (7) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʪʨʠʮʳ DD , ʥʝʦʙʭʦʜʠʤʦ ʠ 

ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʥʝʨʘʚʝʥʩʪʚʦ (7) ʠʤʝʣʦ ʩʠʣʫ. ɺʳʧʦʣʥʠʤʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʫʩʣʦʚʠʷ (7) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ  0kF .  ʆʢʦʥʯʘʪʝʣʴʥʦ ʢʨʠʪʝʨʠʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʘʪʨʠʮʘ DD  ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ kF   ʩʪʨʝʤʠʣʘʩʴ ʢ 

ʥʫʣʝʚʦʡ ʧʨʠ  0k . 

ʅʝʯʝʪʢʠʤ (ʠʥʪʝʨʚʘʣʴʥʳʤ) ʘʥʘʣʦʛʦʤ ʪʦʯʝʯʥʦʡ ʤʘʪʨʠʮʳ F  ʷʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ 

ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 
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E
R

D
F                                                                                                                  (8) 

 

ʛʜʝ  
ijijij

fff ,F .      

 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʩʣʫʯʘʶ ʜʣʷ ʪʦʯʝʯʥʦʡ ʤʘʪʨʠʮʳ Fʩʬʦʨʤʫʣʠʨʫʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ k  ʩʪʝʧʝʥʝʡ ʤʘʪʨʠʮʳ F. ɼʣʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʠʥʪʝʨʚʘʣʴʥʦʡ ʤʘʪʨʠʮʳ D   ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

ʥʠʞʥʠʝ ijf ʠ ʚʝʨʭʥʠʝ ijf ʛʨʘʥʠʮʳ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ njif
k

ij ,1,,
,

 ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʪʨʝʤʠʣʠʩʴ ʢ 

ʥʫʣʶ. 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʤʦʞʥʦ ʣʠ ʫʩʪʘʥʦʚʠʪʴ ʬʘʢʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʝʟ ʚʦʟʚʝʜʝʥʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʤʘʪʨʠʮʳ ʚ ʩʪʝʧʝʥʴ. ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ ʤʘʪʨʠʮ 

ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʧʨʦʮʝʜʫʨʦʡ, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʘʢʪʘ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʥʝʨʘʚʝʥʩʪʚ 

ɹʨʘʫʵʨʘ. 

ɹʨʘʫʵʨ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [4]  ʧʨʝʜʩʪʘʚʠʣ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚʩʝ  

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ  ʚʝʱʝʩʪʚʝʥʥʦʡ ʤʘʪʨʠʮʳ F ʣʝʞʘʪ ʚʥʫʪʨʠ ʢʨʫʛʘ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ ʩ 

ʮʝʥʪʨʦʤ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ.  

ɼʣʷ ʧʦʣʫʯʝʥʥʦʡ ʚʳʰʝ ʚʝʱʝʩʪʚʝʥʥʦʡ ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  F, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʯʠʩʣʘ 

 

ni
n

j
iji fR ,, 1 

1

                                                                                                             ( 9) 

 

ʉʦʛʣʘʩʥʦ ɹʨʘʫʵʨʫ, ʝʩʣʠ  F ï ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʧʦʨʷʜʢʘ n ʩ ʚʝʱʝʩʪʚʝʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʠ ʝʩʣʠ ʩʨʝʜʠ ʯʠʩʝʣ Ri
 ʭʦʪʷ ʙʳ ʦʜʥʦ, ʥʘʧʨʠʤʝʨ, 1

1R  ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ 1
11

f , 

ʢʨʦʤʝ ʪʦʛʦ, ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

 

 
1

1111

111
,

fR

ffff
fR

iii

iiii
                                                                          (10) 

ʜʣʷ  ʚʩʝʭ i , ʜʣʷ ʢʦʪʦʨʳʭ 

 

 fR ii1
,                                                                                                                           (11) 

 

ʪʦ ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
i
 ʤʘʪʨʠʮʳ F ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ ʩ 

ʮʝʥʪʨʦʤ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʡ ʪʝʦʨʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʝ [4]. 

ɽʩʣʠ ʚʩʝ ʥʝʨʘʚʝʥʩʪʚʘ ɹʨʘʫʵʨʘ ʚʳʧʦʣʥʷʶʪʩʷ, ʪʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ni
i

,, 1  ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ F ʣʝʞʘʪ ʚʥʫʪʨʠ ʢʨʫʛʘ 

ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ ʩ ʮʝʥʪʨʦʤ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʠ ʩʠʩʪʝʤʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ.  

ɽʩʣʠ ʭʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʥʝʨʘʚʝʥʩʪʚ ɹʨʘʫʵʨʘ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʚʦʧʨʦʩ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʦʣʞʝʥ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʫʪʝʤ ʠʟʫʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʤʘʪʨʠʮ 

FFF
k

,,, 3
42

 . 
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ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʦ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʠʢʠ ɹʨʘʫʵʨʘ ʥʘ ʩʣʫʯʘʡ ʠʥʪʝʨʚʘʣʴʥʳʭ 

ʤʘʪʨʠʮ. 

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʝʱʝʩʪʚʝʥʥʫʶ ʤʘʪʨʠʮʫ Q  ʩ ʵʣʝʤʝʥʪʘʤʠ njiq
ij

,,,
,

1 : 

 

 
ijijijij

fffq ,maxF                                    (12) 

 

 ʊʦʛʜʘ,  ʚʳʨʘʞʝʥʠʝ (9) ʧʨʝʜʩʪʘʚʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 ni
n

j
iji qR ,, 1 

1

                                                                                                         (13) 

ɸ ʫʩʣʦʚʠʝ (10) ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 

 

  
1

1111

111
,

qR

qqqq
qR

iii

iiii
                                                                            (14) 

 

 ɽʩʣʠ ʚʩʝ ʥʝʨʘʚʝʥʩʪʚʘ ɹʨʘʫʵʨʘ ʚʳʧʦʣʥʷʶʪʩʷ, ʪʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʩʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ni
i

,, 1  ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʠʥʪʝʨʚʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

F  ʣʝʞʘʪ ʚʥʫʪʨʠ ʢʨʫʛʘ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ ʩ ʮʝʥʪʨʦʤ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʠ ʩʠʩʪʝʤʘ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ. 

 ɽʩʣʠ ʭʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʥʝʨʘʚʝʥʩʪʚ ɹʨʘʫʵʨʘ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʚʦʧʨʦʩ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʦʟʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʫʪʝʤ ʠʟʫʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʤʘʪʨʠʮ *

 ,F
2

* ,F
4
é., 

k
F . ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʩʪʘʪʴʝ [7]. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʀɿʋʏɽʅʀɽ ɺʃʀʗʅʀʗ ʄʀʂʈʆʉʊʈʋʂʊʋʈʓ ʇʆʃʀʄɽʈʅʆɻʆ ɻɽʃʗ 

ʅɸ  ɼʀʉʇɽʈʅʆʉʊʔ ʀ ʋʉʊʆʁʏʀɺʆʉʊʀ ʅɸʅʆʏɸʉʊʀʎ ɸʊʆʄɸ 

ɾɽʃɽɿɸ 
 

ɼʞʫʤʘʜʠʣʦʚ ʊ.ʂ., ɹʝʢʥʠʷʟʦʚ ɾ.ʋ., ɹʝʢʪʫʨʦʚ ɽ.ɸ., ɸʩʘʫʙʝʢʦʚ ʄ.ɸ. 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʠʤ. ɸ.ɹ. ɹʝʢʪʫʨʦʚʘ ʂʅ ʄʆʅ ʈʂ 

ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʀ. ʉʘʪʧʘʝʚʘ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ʇʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʦʯʝʚʠʥʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ. ʅʘʥʦʯʘʩʪʠʮʳ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ, 

ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʠ ʪʦʧʦʣʦʛʠʷ ʠ ʩʦʩʪʘʚ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʇʘʨʘʤʝʪʨʳ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ: ʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʚʳʩʦʪʘ, ʰʠʨʠʥʘ ʠ ʫʛʣʳ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʰʠʪʳʝ ʧʦʣʠʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʤʦʯʝʚʠʥʦ-ʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ, ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʩ ʘʪʦʤʘʤʠ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʡ  ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʧʨʦʮʝʩʩʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʩʰʠʪʦʛʦ ʧʦʣʠʤʝʨʘ ʛʝʣʷ ʧʦʣʠʘʢʨʠʣʦʚʦʡ 

ʢʠʩʣʦʪʳ-ʤʦʯʝʚʠʥʦ-ʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ ʠ ʩʦʣʝʡ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ, ʤʦʨʬʦʣʦʛʠʠ ʠ 

ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʢʦʤʧʦʟʠʮʠʡ.   

ʅʦʚʠʟʥʘ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʳ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʨʘʟʣʠʯʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʤʦʯʝʚʠʥʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ (ʛʝʣʴ ʇɸʂ-ʄʌʉ); ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʣʝʡ 

ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ  ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 80
ʦ
ʉ ʥʘ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ  ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʢʦʤʧʦʟʠʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʪʦʤʥʳʝ 

ʢʣʘʩʪʝʨʳ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ; ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʩʢʘʥʠʨʫʶʱʝʡ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʘ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʪʦʧʦʣʦʛʠʷ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 ʄʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʚ ʩʠʩʪʝʤʝ ʛʝʣʴ-ʧʦʣʠʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ-

ʤʦʯʝʚʠʥʦʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ ʩʤʦʣʘ - ʘʪʦʤʳ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ  ʧʨʦʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʳ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʟʘʧʠʩʠ, ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʡ. ʄʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʛʝʣʴ ʇɸʂ-

ʄʌʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʚʝʜʝʥʥʦʛʦ  ʤʝʪʘʣʣʘ ʞʝʣʝʟʘ  ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʷʝʪʩʷ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʘʪʦʤʦʚ ʞʝʣʝʟʘ 1,1 ʚʝʩ .%  ʩʠʩʪʝʤʘ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣ ʦʙʨʘʟʫʶʪ ʟʚʝʟʜʦʦʙʨʘʟʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʩ ʮʝʥʪʨʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʀʟ ʵʪʠʭ ʮʝʥʪʨ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʫʜʣʠʥʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ  ʚ ʤʘʩʰʪʘʙʝ 8 ʤʢʤ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʧʦʭʦʞʠ ʥʘ ʣʝʧʝʩʪʢʠ. ʀʤʝʝʪ ʪʦʣʱʠʥʫ 0,34 

ʤʢʤ ʠʣʠ 340 ʥʤ, ʰʠʨʠʥʘ ʣʝʧʝʩʪʢʦʚ ʨʘʚʥʳ 3,8 ʤʢʤ; ʜʣʠʥʘ-4,3 ʤʢʤ, ʪ.ʝ. ʵʪʠ ʣʝʧʝʩʪʢʠ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ ʠʤʝʶʪ 

ʯʫʪʴ ʫʜʘʣʝʥʥʫʶ ʧʣʦʩʢʫʶ ʬʦʨʤʫ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʜʦ 1.87 ʚʝʩ % ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʈʘʟʤʝʨʳ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺʤʝʩʪʦ ʣʝʧʝʩʪʢʦʚ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ ʦʙʨʘʟʫʶʪʩʷ ʫʜʣʠʥʝʥʥʳʝ ʩʪʨʫʢʪʫʨʘ ʜʣʠʥʳ ʢʦʪʦʨʳʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ.  ʇʦʣʫʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ 

ʨʘʩʩʤʦʪʨʝʥʘ ʪʦʧʦʣʦʛʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʪʦʧʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʪʘʢʠʝ ʢʘʢ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʚʦʣʥʦʦʙʨʘʟʥʳʤʠ ʠ ʛʨʝʙʥʝʦʙʨʘʟʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʚʳʩʦʪʘ ʫ ʦʩʥʦʚʘʥʠʷ ʵʣʣʠʧʩʦʠʜʦʚ, 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʫʛʣʳ ʨʝʰʝʪʦʢ. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ ʠ ʠʭ 

ʦʢʩʠʜʦʚ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ 

(ʵʣʝʢʪʨʦʣʠʪʥʳʤ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʠ ʪ.ʜ.) [1-3]. ʆʜʠʥ ʠʟ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ-

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠʣʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʦʣʠʤʝʨʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʇʨʦʜʫʢʪʘʤʠ 

ʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʡ ʷʚʣʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʦʣʠ ʥʫʣʴʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʤ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ  ʯʘʩʪʠʮ ʚ ʧʨʝʜʝʣʘʭ 1-10 ʥʤ [4]. 

ʅʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʦʣʷ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʴ (ʢ ʘʛʨʝʛʘʮʠʠ, 

ʦʢʠʩʣʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ), ʢʦʪʦʨʫʶ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʥʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʵʢʨʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ. ʕʪʠ ʵʢʨʘʥʳ ʦʙʨʘʟʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʚʷʟʳʚʘʥʠʶ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʠ ʯʘʩʪʠʮ ʚ ʢʦʤʧʣʝʢʩ ʟʘ ʩʯʝʪ ʥʝ ʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʟʦʣʷ ʤʝʪʘʣʣʘ, ʠ ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʵʪʦʛʦ ʟʦʣʷ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʩʦʩʪʘʚʘ, pH, 

ʠʦʥʥʦʡ ʩʠʣʳ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪ.ʜ.). ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʩʦʟʜʘʣʠ ʦʩʥʦʚʫ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʪʘʣʠʟʝ, 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʭʠʤʠʠ, ʬʠʟʠʢʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʪ.ʜ. ʋʥʠʢʘʣʴʥʦʩʪʴ 

ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʙʘʢʪʝʨʠʮʠʜʥʳʭ ʩʚʦʡʩʪʚʘʭ, ʯʪʦ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʤʝʜʠʮʠʥʝ, ʵʢʦʣʦʛʠʠ ʠ ʬʦʪʦʤʘʪʝʨʠʘʣʘʭ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʋʩʧʝʭʠ ʚ ʥʘʫʯʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʟʘʚʠʩʷʪ ʦʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ï ʦʪ ʪʦʛʦ, ʧʦʟʚʦʣʷʝʪ ʣʠ ʚʳʙʨʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʣʫʯʘʪʴ ʯʘʩʪʠʮʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ʇʨʠ ʵʪʦʤ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʟ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʷʶʱʠʭ ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʠʣʠ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʚʦʧʨʦʩʳ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠ ʧʨʦʮʝʩʩʳ ʠʭ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʦʤʧʣʝʢʩʝ.  

ʂ ʩʧʦʩʦʙʘʤ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʤʝʨʘʤʠ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʥʘʫʯʥʦʡ ʧʨʘʢʪʠʢʝ, 

ʦʪʥʦʩʷʪʩʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʧʨʘʚʣʷʪʴ ʨʘʟʤʝʨʘʤʠ 

ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʧʦʣʠʤʝʨʥʦʡ ʟʘʱʠʪʳ; ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʤʝʨʘʤʠ (ʦʙʨʘʙʦʪʢʘ 

ʫʣʴʪʨʘʟʚʫʢʦʤ, ʦʙʣʫʯʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʢʦʚ ʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʳ). ʀʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʤʝʪʘʣʣʦʚ ʜʦʙʠʚʘʶʪʩʷ ʪʘʢʞʝ ʚʘʨʴʠʨʦʚʘʥʠʝʤ 

ʧʨʠʨʦʜʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ʊʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʧʦʟʚʦʣʷʝʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʣʫʯʠʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʩ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ 

ʨʘʟʤʝʨʘʤ ʚ ʧʨʝʜʝʣʘʭ 2-8 ʥʤ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʦʣʝʝ ʤʷʛʢʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʪʘʢʠʤ ʢʘʢ 

ʛʠʜʨʘʟʠʥ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʩ ʨʘʟʤʝʨʘʤʠ 15-30 

ʥʤ. ʇʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʫʩʣʦʚʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʥʘʥʦʯʘʩʪʠʮ.  

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤʠ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ 

ʩʰʠʪʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʩʠʥʪʝʟ ʥʘ ʝʝ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨ - ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʢʦʤʧʦʟʠʮʠʡ ʧʫʪʝʤ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ (ʅʈʏ) ʠ ʢʣʘʩʪʝʨʳ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ, ʧʦʜʯʘʩ ʜʦʚʦʣʴʥʦ ʥʝʦʞʠʜʘʥʥʳʭ 

ʦʙʣʘʩʪʷʭ ʭʠʤʠʠ, ʬʠʟʠʢʠ, ʙʠʦʣʦʛʠʠ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʩʪʠʤʫʣʠʨʫʶʪ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɹʣʘʛʦʜʘʨʷ ʤʘʣʳʤ ʨʘʟʤʝʨʘʤ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʪʘʢʠʝ ʥʝʦʙʳʯʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʝ, ʥʝ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʯʘʩʪʠʮ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʙʘʟʳ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʨʝʜ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʦʚʘʥʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ  ʪʠʧʦʚ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ï ʥʘʥʦʩʪʨʫʢʪʫʨʥʘʷ ʥʠʢʝʣʝʚʘʷ ʬʦʣʴʛʘ, ʤʘʛʥʠʪʦʤʷʛʢʠʡ ʩʧʣʘʚ çʌʘʡʥʤʝʥʪè, 

ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, ʩʚʝʨʭʪʚʝʨʜʳʝ ʥʠʪʨʠʜʥʳʝ ʧʣʝʥʢʠ ʠ ʜʨ. 

ʕʪʦ ʚ ʦʩʥʦʚʥʦʤ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʷʚʣʝʥʠʷ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ, ʠ ʠʜʝʠ ʝʱʝ ʦʞʠʜʘʶʪ ʩʚʦʝʛʦ 

ʧʦʣʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʦʧʣʦʱʝʥʠʷ. ʇʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ, ʚʢʣʶʯʘʶʱʠʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ, ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ 

ʩʚʦʡʩʪʚʘʤ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʦʧʪʠʯʝʩʢʠʤʠ, ʤʝʜʠʮʠʥʩʢʠʤʠ ʠ ʪ. ʜ.) [8-

11] 

ʀʥʪʝʨʝʩ ʢ ʩʠʥʪʝʟʫ ʠ ʩʚʦʡʩʪʚʘʤ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʠʭ ʦʨʠʛʠʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 
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ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʤʘʛʥʠʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʨʝʦʣʦʛʠʝʡ. ɼʣʷ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠʥʪʝʨʝʩ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʚ ʢʘʪʘʣʠʟʝ. ʇʨʠʣʦʞʝʥʠʝ ʧʦʜʦʙʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʭʠʤʠʠ - ʥʦʚʳʝ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ ʩʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩ ʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʬʠʟʠʢʝ - 

ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʩʪʨʫʢʪʫʨʳ ʩ ʥʘʥʦʤʝʪʨʦʚʦʡ  ʛʝʦʤʝʪʨʠʝʡ ʜʣʷ ʟʘʧʠʩʠ 

ʠʥʬʦʨʤʘʮʠʠ  (ʧʦ ʪʝʨʤʠʥʦʣʦʛʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ - ʩʭʝʤʳ), ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʣʫʯʝʥʠʡ 

ʨʘʟʣʠʯʥʦʡ ʵʥʝʨʛʠʠ; ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ - ʥʦʚʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ  ʩʨʝʜʩʪʚʘ ʠ ʤʝʭʘʥʠʟʤʳ ʠʭ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. 

ʅʘʥʦʬʘʟʥʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʥʠʝʤ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʨʠʙʦʨʥʦʛʦ 

ʦʩʥʘʱʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʘʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʀʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʥʦ-

ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʜʝʣʠʤ  ʤʠʢʨʦ-ʠ 

ʥʘʥʦʤʝʪʘʣʣʫʨʛʠʶ, ʣʘʟʝʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʫ ʢʦʪʦʨʳʭ ʪʦʣʱʠʥʘ ʩʣʦʝʚ, 

ʧʦʜʚʝʨʛʰʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʦʛʨʘʥʠʯʝʥʘ ʨʘʟʤʝʨʘʤʠ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʠʣʠ ʩʦʪʝʥ 

ʥʘʥʦʤʝʪʨʦʚ ʨʘʟʣʠʯʥʳʭ  ʢʝʨʘʤʠʢ ʠ ʜʨ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʝʨʝʭʦʜ ʢ ʪʘʢʠʤ ʚʳʩʦʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ 

ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʫʞʥʳʤ ʦʙʨʘʟʦʤ ʤʠʢʨʦ - ʠ 

ʥʘʥʦ-ʦʙʣʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʥʘ ʘʪʦʤʥʦʤ, ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ, ʚ 

ʤʦʥʦʩʣʦʷʭ ʠ ʥʘʥʦʦʙʲʝʤʘʭ. 

ɼʠʟʘʡʥ ʥʘ ʪʘʢʦʤ ʫʨʦʚʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʣʠʰʴ ʩ ʫʯʘʩʪʠʝʤ ʢʣʘʩʪʝʨʦʚ ʤʦʣʝʢʫʣ ʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ (ʅʈʏ), ʫʣʴʪʨʘʤʘʣʳʭ ʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ 

(ʧʘʨʘʤʝʪʨ ʢʦʪʦʨʳʭ ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʤ ʠʟʤʝʨʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 100 ʥʤ) ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʄʘʣʳʝ j-ʷʜʝʨʥʳʝ 

ʯʘʩʪʠʮʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʘʥʦʤʝʪʨʦʚʳʤʠ  ʨʘʟʤʝʨʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 

ʢʣʘʩʪʝʨʘʤʠ ʠ "ʤʘʩʩʠʚʥʳʤʠ" (ʙʣʦʯʥʳʤʠ) ʤʝʪʘʣʣʘʤʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʅʈʏ - ʦʙʲʝʢʪʳ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ, ʧʨʝʜʤʝʪ ʢʦʪʦʨʦʡ - ʩʠʥʪʝʟ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʩʘʤʙʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ: ʚʳʩʦʢʘʷ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʥʫʞʜʘʝʪ ʠʭ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʘʭ ʩʘʤʦʩʙʦʨʢʠ. 

ʌʦʨʤʠʨʫʶʱʠʝʩʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʠʤʝʶʱʠʝ ʨʳʭʣʦʝ ʚʝʪʚʠʩʪʦʝ ʩʪʨʦʝʥʠʝ, ʯʘʱʝ ʚʩʝʛʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʬʨʘʢʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʥʘʟʳʚʘʶʪʩʷ "ʬʨʘʢʪʘʣʴʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ", ʠʣʠ 

"ʬʨʘʢʪʘʣʴʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ"; ʠʟʚʝʩʪʥʳ ʠ "ʬʨʘʢʪʘʣʴʥʳʝ ʥʠʪʠ". ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ - ʫʤʝʥʴʰʝʥʠʝ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʚ 

ʬʦʨʤʠʨʫʶʱʝʤʩʷ ʦʙʲʝʤʝ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʚʦʡʩʪʚ ʩʘʤʦʧʦʜʦʙʠʷ (ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ). 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ 

ʤʝʪʘʣʣʧʦʣʠʤʝʨʥʳʭ  ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ. ʆʥʠ ʞʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʝʨʢʦʣʷʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʢʣʘʩʪʝʨʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʙʦʣʴʰʦʡ ʧʨʦʚʦʜʷʱʠʡ ʢʣʘʩʪʝʨ. ʌʨʘʢʪʘʣʴʥʳʝ 

ʷʚʣʝʥʠʷ - ʩʚʦʝʦʙʨʘʟʥʳʡ ʢʨʠʪʝʨʠʡ ʫʨʦʚʥʷ ʙʝʩʧʦʨʷʜʢʘ ʩʠʩʪʝʤʳ. ʉʠʣʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʞʠʚʦʡ 

ʧʨʠʨʦʜʝ, ʦʪʥʦʩʷʪʩʷ ʢ ʥʝ ʚʘʣʝʥʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʵʪʘ ʠʥʪʝʨʝʩʥʝʡʰʘʷ ʦʙʣʘʩʪʴ ʧʨʠʚʣʝʢʣʘ ʚʥʠʤʘʥʠʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʘʚʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʨʘʙʦʪʳ ʧʦ ʤʝʪʘʣʣʦ-

ʧʦʣʠʤʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. ʂʦʤʧʣʝʢʩʥʦʩʪʴ ʧʣʘʥʠʨʫʝʤʳʭ ʨʘʙʦʪ ʦʙʫʩʣʦʚʣʝʥʘ ʰʠʨʦʪʦʡ 

ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʙʫʜʫʱʠʭ ʨʘʟʨʘʙʦʪʦʢ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʩ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ. ʊʦʧʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʳ ʛʝʣʴ ʇɸʂ-ʄʌʉ-Fe 

ʠʟʫʯʝʥʘ ʧʦʣʫʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʘʩʰʪʘʙʝ 3030 m ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ 1. ʇʦʣʫʯʝʥʥʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʘʥʦʢʦʤʧʦʟʠʮʠʠ ʠʤʝʝʪ ʨʳʭʣʳʝ 
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ʩʪʨʫʢʪʫʨʳ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʛʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ. ʄʝʞʜʫ ʚʳʩʪʫʧʘʤʠ 

ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ.  

 

ʊʦʧʦʣʦʛʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʦʪ ʪʦʧʦʣʦʛʠʠ ʠʩʭʦʜʥʦʡ ʩʰʠʪʦʡ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ʂʘʢ ʨʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʨʝʤʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʚʦʣʥʦʦʙʨʘʟʥʳʤʠ ʨʝʛʫʣʷʨʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ (ʨʠʩ. 2).  

ɹʳʣʘ ʩʥʷʪʘ ʪʦʧʦʣʦʛʠʷ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʤʝʥʴʰʝʤ ʤʘʩʰʪʘʙʝ 55 m 

(ʨʠʩ. 3). ʇʦʣʫʯʝʥʥʳʡ ʤʠʢʨʦʩʥʠʤʦʢ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʣʠʤʝʨʥʳʡ ʩʣʦʡ ʦʙʚʦʣʘʢʠʚʘʝʪ 

ʪʘʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʫʝʪ ʨʝʣʴʝʬʥʳʝ ʩʪʨʫʢʪʫʨʳ. ɺʥʠʤʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʢʦʪʦʨʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

 

  
ʈʠʩ.3. ʊʨʝʭʤʝʨʥʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ 

ʩʠʩʪʝʤʳ ʛʝʣʴ-ʧʦʣʠʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ-

ʤʦʯʝʚʠʥʦʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ ʩʤʦʣʘ-ʞʝʣʝʟʦ ʚ 

ʤʘʩʰʪʘʙʝ 55 m 

ʈʠʩ. 4. ʊʨʝʭʤʝʨʥʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ 

ʩʠʩʪʝʤʳ ʛʝʣʴ-ʧʦʣʠʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ-

ʤʦʯʝʚʠʥʦ-ʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ ʩʤʦʣʘ-ʞʝʣʝʟʦ 

ʚ ʤʘʩʰʪʘʙʝ 11 m 

 

 

ɹʦʣʝʝ ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʦʧʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʘʩʰʪʘʙʝ 11 m ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʤʝʞʜʫ ʚʳʩʪʫʧʘʶʱʠʤʠ ʫʯʘʩʪʢʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʷʜʦʢ ʚ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠ 

ʨʘʟʤʝʨʘʭ (ʨʠʩ.4). 

 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʛʝʣʷ ʧʦʣʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ-ʤʦʯʝʚʠʥʦ-

ʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ ʠ ʪʨʝʭʚʘʣʝʥʪʥʫʶ ʞʝʣʝʟʘ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʠʩʪʝʤʳ ʛʝʣʴ ʇɸʂ-ʄʌʉ-Fe ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʛʝʣʴ ʇɸʂ-

ʄʌʉ:Fe=1:1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1-4. 

  
ʈʠʩ.1. ʊʨʝʭʤʝʨʥʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ 

ʩʠʩʪʝʤʳ ʛʝʣʴ-ʧʦʣʠʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ-

ʤʦʯʝʚʠʥʦʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ ʩʤʦʣʘ-ʞʝʣʝʟʦ 

ʚ ʤʘʩʰʪʘʙʝ 3030 m 

ʈʠʩ.2 . ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʝʣʷ  ʇɸʂ-ʄʌʉ 
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ʇʦʣʫʯʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʥʠʤʢʠ ʧʨʠ ʤʘʩʰʪʘʙʝ 80 ʤʢʤ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʥʪʝʨʝʩʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʘ ʨʠʩʫʥʢʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʮʝʥʪʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʀʟ ʵʪʠʭ ʮʝʥʪʨ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʫʜʣʠʥʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʉʥʠʤʢʠ (2,3 ʨʠʩ.) ʚ 

ʤʘʩʰʪʘʙʝ 8 ʤʢʤ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʧʦʭʦʞʠ ʥʘ ʣʝʧʝʩʪʢʠ. ʀʤʝʝʪ ʪʦʣʱʠʥʫ 0,34 ʤʢʤ 

ʠʣʠ 340 ʥʤ, ʰʠʨʠʥʘ ʣʝʧʝʩʪʢʦʚ ʨʘʚʥʳ 3,8 3,8 ʤʢʤ; ʜʣʠʥʘ-4,3 ʤʢʤ. ʊ.ʝ. ʵʪʠ ʣʝʧʝʩʪʢʠ ʠʤʝʶʪ 

ʯʫʪʴ ʫʜʘʣʝʥʥʫʶ ʧʣʦʩʢʫʶ ʬʦʨʤʫ. ʅʘ 4-ʤ ʨʠʩʫʥʢʝ ʜʠʘʛʨʘʤʤʘ ʦʪʨʘʞʘʝʪ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʩʠʩʪʝʤʳ, ʛʜʝ ʚʠʜʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʞʝʣʝʟʘ. 

ʅʘ ʨʠʩʫʥʢʘʭ 2-5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʠʩʪʝʤʳ ʛʝʣʴ ʇɸʂ-ʄʌʉ:Fe=1:2. ʅʘ 

ʵʪʠʭ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʚ ʤʘʩʰʪʘʙʝ 300 ʠ 100 ʤʢʤ ʪʘʢʞʝ ʚʠʜʥʦ ʟʚʝʟʜʦʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʈʘʟʤʝʨʳ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʦʤ ʩʣʫʯʘʷ. ɽʩʣʠ ʚ 

ʩʣʫʯʘʝ ʩʦʩʪʘʚʘ ʛʝʣʴ ʇɸʂ-ʄʌʉ=1:1 ʨʘʟʤʝʨʳ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 50-60 ʤʢʤ, 

ʪʦ ʚ ʩʣʫʯʘʝ ʩʦʩʪʘʚʘ 1:2 ʨʘʟʤʝʨʳ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 135 ʤʢʤ ʜʦ 335 ʤʢʤ. 

ʅʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʚʠʜʥʦ, ʯʪʦ ʦʪʚʝʪʚʣʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠʤʝʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʦʨʤʫ ʫʜʣʠʥʝʥʥʳʭ ʣʝʧʝʩʪʢʦʚ. ʈʘʟʤʝʨʳ ʜʣʠʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʛʝʣʴ 

ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʬʦʨʤʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʧʝʩʪʢʦʚ ʥʘ ʨʠʩ.5 ʥʘʧʦʤʠʥʘʝʪ ʧʦʜʚʦʜʥʳʡ 

ʣʘʤʠʥʘʨʠʠ.  

  

ʈʠʩ.5. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩʠʩʪʝʤʳ ʛʝʣʴ 

ʇɸʂ-ʄʌʉ-Fe ʧʨʠ ʠʩʭʦʜʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʛʝʣʴ ʇɸʂ-ʄʌʉ=1:1. 

ʋʚʝʣʠʯʝʥʠʝ 960 ʢʨʘʪʥʦʝ. 

 

ʈʠʩ.6. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩʠʩʪʝʤʳ ʛʝʣʴ 

ʇɸʂ-ʄʌʉ-Fe ʧʨʠ ʠʩʭʦʜʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʛʝʣʴ ʇɸʂ-ʄʌʉ=1:1. ʋʚʝʣʠʯʝʥʠʝ 9625 

ʢʨʘʪʥʦʝ 

 

 

 
ʈʠʩ.7.  ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩʠʩʪʝʤʳ 

ʛʝʣʴ ʇɸʂ-ʄʌʉ-Fe ʧʨʠ ʠʩʭʦʜʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʛʝʣʴ ʇɸʂ-ʄʌʉ=1:1. 

ʋʚʝʣʠʯʝʥʠʝ 9625 ʢʨʘʪʥʦʝ 

ʈʠʩ.8. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʢʦʤʧʦʟʠʮʠʠ ʛʝʣʴ ʇɸʂ-

ʄʌʉ-Fe ʧʨʠ ʠʩʭʦʜʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʛʝʣʴ: ʤʝʪʘʣʣ 1:1 
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ʊʘʙʣʠʮʘ  9  ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʩʠʩʪʝʤʳ ʛʝʣʴ ʇɸʂ-ʄʌʉ-ʞʝʣʝʟʦ(111), ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʠʟ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

 
 

 

 

 

ʈʠʩ.10.  ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩʠʩʪʝʤʳ ʛʝʣʴ 

ʇɸʂ-ʄʌʉ-Fe ʧʨʠ ʠʩʭʦʜʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʛʝʣʴ-ʇɸʂ-ʄʌʉ=1:2. ʋʚʝʣʠʯʝʥʠʝ 170 

ʢʨʘʪʥʦʝ 

ʈʠʩ.11. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩʠʩʪʝʤʳ ʛʝʣʴ 

ʇɸʂ-ʄʌʉ-Fe ʧʨʠ ʠʩʭʦʜʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʛʝʣʴ ʇɸʂ-ʄʌʉ:Fe=1:2. 

ʋʚʝʣʠʯʝʥʠʝ 430 ʢʨʘʪʥʦʝ 

 

 

 

ʆʙʨʘʟʝʮ: 1:1 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʝʩʦʚʳʭ % 

ʉʧʝʢʪʨ C O Na Al  Si S Cl Fe ʀʪʦʛʦ 

ʉʧʝʢʪʨ 1 20,01 68,99 3,45 0,07 1,02 0,30 4,59 1,57 100,00 

ʉʧʝʢʪʨ 2 25,81 61,77 3,58 0,08 0,61 0,35 5,33 2,47 100,00 

ʉʧʝʢʪʨ 3 23,25 70,17 1,31 0,04 0,27 0,15 3,23 1,57 100,00 

   

ʉʨʝʜʥʝʝ 23,02 66,98 2,78 0,07 0,63 0,27 4,38 1,87 100,00 

ʉʪʘʥʜ. ʦʪʢʣʦʥ. 2,90 4,55 1,27 0,02 0,38 0,10 1,06 0,52   

ʄʘʢʩ. 25,81 70,17 3,58 0,08 1,02 0,35 5,33 2,47   

ʄʠʥ. 20,01 61,77 1,31 0,04 0,27 0,15 3,23 1,57   

          

ʆʙʨʘʟʝʮ: 1:2 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʝʩʦʚʳʭ % 

ʉʧʝʢʪʨ C O Na Si Cl Fe ʀʪʦʛ   

ʉʧʝʢʪʨ 1 6,67 74,86 5,80 0,22 11,04 1,42 100,00   

ʉʧʝʢʪʨ 2 8,80 76,63 4,45 0,09 8,99 1,05 100,00   

ʉʧʝʢʪʨ 3 5,98 77,07 5,93 0,05 10,14 0,84 100,00   

    

ʉʨʝʜʥʝʝ 7,15 76,18 5,39 0,12 10,05 1,10 100,00   

ʉʪʘʥʜ. ʦʪʢʣʦʥ. 1,47 1,17 0,82 0,09 1,03 0,29     

ʄʘʢʩ. 8,80 77,07 5,93 0,22 11,04 1,42     

ʄʠʥ. 5,98 74,86 4,45 0,05 8,99 0,84     
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ʈʠʩ.12.  ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩʠʩʪʝʤʳ ʛʝʣʴ 

ʇɸʂ-ʄʌʉ-Fe ʧʨʠ ʠʩʭʦʜʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʛʝʣ-ʇɸʂ-ʄʌʉ=1:2. 

ʋʚʝʣʠʯʝʥʠʝ 1760 ʢʨʘʪʥʦʝ 

ʈʠʩ.13. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʢʦʤʧʦʟʠʮʠʠ 

ʛ-ʇɸʂ-ʄʌʉ-Fe ʧʨʠ ʠʩʭʦʜʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʝʣʴ:ʤʝʪʘʣʣ1:2 

 
ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟ ʧʦʣʫʯʝʥʳ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʨʘʟʣʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ 

ʤʦʯʝʚʠʥʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ ( ʛʇɸʂ-ʄʌʉ). ʇʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʣʝʡ ʥʠʢʝʣʷ ʠ 

ʞʝʣʝʟʘ  ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 80
ʦ
ʉ ʥʘ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ  ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʢʦʤʧʦʟʠʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʪʦʤʥʳʝ ʢʣʘʩʪʝʨʳ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ. ʄʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ, ʩʢʘʥʠʨʫʶʱʝʡ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʘ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʠ 

ʪʦʧʦʣʦʛʠʷ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʚ ʩʠʩʪʝʤʝ ʛʝʣʴ-

ʧʦʣʠʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ-ʤʦʯʝʚʠʥʦʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ ʩʤʦʣʘ- ʘʪʦʤʳ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ  

ʧʨʦʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʳ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʟʘʧʠʩʠ, ʩʦʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʡ. ʄʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ 

ʛʇɸʂ-ʄʌʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʚʝʜʝʥʥʦʛʦ  ʤʝʪʘʣʣʘ ʞʝʣʝʟʘ  ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʘʪʦʤʦʚ ʞʝʣʝʟʘ 1,1 ʚʝʩ. %  ʩʠʩʪʝʤʘ ʧʦʣʠʤʝʨ-

ʤʝʪʘʣʣ ʦʙʨʘʟʫʶʪ ʟʚʝʟʜʦʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʮʝʥʪʨʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʀʟ ʵʪʠʭ ʮʝʥʪʨ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʫʜʣʠʥʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ  ʚ ʤʘʩʰʪʘʙʝ 8 ʤʢʤ ʫʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʧʦʭʦʞʠ ʥʘ ʣʝʧʝʩʪʢʠ. ʀʤʝʝʪ ʪʦʣʱʠʥʫ 0,34 ʤʢʤ ʠʣʠ 340 ʥʤ, ʰʠʨʠʥʘ 

ʣʝʧʝʩʪʢʦʚ ʨʘʚʥʳ - 3,8 ʤʢʤ; ʜʣʠʥʘ-4,3 ʤʢʤ. ʊ.ʝ. ʵʪʠ ʣʝʧʝʩʪʢʠ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ ʠʤʝʶʪ ʯʫʪʴ 

ʫʜʘʣʝʥʥʫʶ ʧʣʦʩʢʫʶ ʬʦʨʤʫ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʜʦ 1.87 % ʥʘ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʈʘʟʤʝʨʳ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ 

ʩʪʨʫʢʪʫʨ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺʤʝʩʪʦ ʣʝʧʝʩʪʢʦʚ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ ʦʙʨʘʟʫʶʪʩʷ 

ʫʜʣʠʥʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ.        

ʇʦʣʫʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ ʨʘʩʩʤʦʪʨʝʥʘ ʪʦʧʦʣʦʛʠʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʧʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʤʦʨʬʦʣʦʛʠʠ ʠʩʭʦʜʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ɺ ʢʦʤʧʦʟʠʪʘʭ ʠʩʯʝʟʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʪʢʦ ʚʳʨʠʩʦʚʳʚʘʶʪʩʷ ʢʣʘʩʪʝʨʥʳʝ ʠ 

ʨʝʰʝʪʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʠʦʜ, 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʛʨʝʙʥʝʦʙʨʘʟʥʳʤʠ ʚʦʣʥʘʤʠ, ʠʭ ʚʳʩʦʪʘ, ʜʠʘʤʝʪʨ ʫ ʦʩʥʦʚʘʥʠʷ ʵʣʣʠʧʩʦʠʜʥʳʭ 

ʩʪʨʫʢʪʫʨ ʠ ʫʛʣʳ ʤʝʞʜʫ ʥʠʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʚʣʠʷʶʪ ʥʘ ʚʩʝ ʧʘʨʘʤʝʪʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʦʨʬʦʣʦʛʠʠ.   ʄʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʩʦʩʪʘʚʳ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʘʪʦʤʘʨʥʦʛʦ ʥʠʢʝʣʷ ʚ ʥʠʭ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1,1 .% ʜʦ 1,87.     % ʚʝʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 
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ɼɽʂɸɻʀɼʈʆʍʀʅʆʃʆʅʆɺ (ʦʙʟʦʨ) 

 
ɾʠʣʢʠʙʘʝʚ ʆ.ʊ. 

ɸʣʤʘʪʠʥʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɺ ʥʘʩʪʦʷʱʝʤ ʦʙʟʦʨʝ  ʦʙʦʙʱʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʝʘʢʮʠʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʪʨʘʥʩ- ʠ ʮʠʩ-ʠʟʦʤʝʨʦʚ 

ʜʝʘʛʠʜʨʦʭʠʥʦʣʦʥʦʚ ʠ ʩʪʝʨʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ ʢʝʪʦʛʨʫʧʧʳ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʠʭ ʩʦʟʜʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʠʟʘʡʥ ʠʟʚʝʩʪʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʦʜʠʬʠʢʘʮʠʝʡ ʨʘʟʣʠʯʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʧʨʦʷʚʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʚʦʡʩʪʚ.   

ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʨʝʦʭʠʤʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ  ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʟʚʦʣʷʶʱʝʝ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɿʥʘʯʠʤʦʩʪʴ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʥʦʛʠʝ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʨʦʜ-

ʥʳʝ ʘʣʢʘʣʦʠʜʳ, ʩʪʨʫʢʪʫʨʥʦʡ ʦʩʥʦʚʦʡ ʢʦʪʦʨʳʭ  ʷʚʣʷʝʪʩʷ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚʳʡ ʩʢʝʣʝʪ, 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ [1ï8]. ʉʨʝʜʠ ʘʮʝʪʠʣʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʘ ʥʘʡʜʝʥ ʨʷʜ 

ʘʣʢʘʣʦʠʜʦʚ-ʪʦʢʩʠʥʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [9]. 

ɺ ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʝ [10] ʦʙʦʙʱʝʥʳ ʤʘʪʝʨʠʘʣʳ ʧʦ ʩʠʥʪʝʟʫ ʠ ʩʪʝʨʝʦʭʠʤʠʠ ʟʘʤʝʱʝʥʥʳʭ 

ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʦʚ. ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ 

ʩʪʝʨʝʦʭʠʤʠʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʦʚ ʚ ʩʚʷʟʠ ʩ ʧʨʦʙʣʝʤʦʡ ʩʪʝʨʝʦʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʩʥʠʪʴ 

ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʮʝʪʠʣʝʥʘ ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ.  
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ɸʮʝʪʠʣʝʥʦʚʳʝ ʩʧʠʨʪʳ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚʦʛʦ ʨʷʜʘ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ ʠʭ ʤʦʣʝʢʫʣʝ 

ʪʨʝʭ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʮʝʥʪʨʦʚ (ʪʨʦʡʥʘʷ ʩʚʷʟʴ, ʪʝʨʤʠʥʘʣʴʥʳʡ ʘʮʝʪʠʣʝʥʦʚʳʡ ʚʦʜʦʨʦʜ ʠ 

ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ), ʩʣʫʞʘʪ ʚʘʞʥʳʤ ʩʠʥʪʦʥʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʙʣʘʜʘʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʦʠʟʚʦʜʥʳʝ 4-ʢʝʪʦʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʤʦʜʝʣʷʤʠ 4-ʢʝʪʦ-

ʧʠʧʝʨʠʜʠʥʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʷʩʥʠʪʴ ʚʣʠʷʥʠʝ ʩʪʝʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʝʨʝʦ-

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ. ɹʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʚʳʷʩʥʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʮʝʪʠʣʝʥʘ ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʟʘʤʝʱʝʥʥʳʭ ɔ-ʧʠʧʝʨʠʜʦʥʦʚ ʠ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʯʠʩʣʦʤ ʠ ʧʦʣʦʞʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʮʠʢʣʝ.  ʉʦʙʨʘʥʥʳʝ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʘʮʝʪʠʣʝʥʘ ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʤʝʱʝʥʥʳʤ 

ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘʤ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

ʊʨʘʥʩ-4-ʢʝʪʦʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ (1 ) ʠ ʝʛʦ N-ʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (4 ,7 ,10 ,13 ) 

ʚʩʪʫʧʘʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʮʝʪʠʣʝʥʠʜʦʤ ʥʘʪʨʠʷ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʤʝʩʠ ʵʧʠʤʝʨʥʳʭ ʧʦ ʉ
4
 ʵʪʠʥʠʣʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʣʦʚ, ʚ ʢʦʪʦʨʳʭ, ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [11], 

ʧʨʝʦʙʣʘʜʘʝʪ ʠʟʦʤʝʨ ʩ ʘʢʩʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ (67%).  ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʘʤʠ [12] ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʵʪʦʪ ʠʟʦʤʝʨ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʘ ʚʪʦʨʦʡ ï ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʧʫʪʝʤ. ʎʠʩ-

4-ʢʝʪʦʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʳ ʵʪʦʛʦ ʨʷʜʘ (1ɓ,7ɓ,10ɓ,13ɓ) ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʥʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʵʪʠʥʠʣʠʨʦʚʘʥʠʶ. ʇʨʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʠ ʩʤʝʩʠ ʮʠʩ- ʠ ʪʨʘʥʩ-1-ʘʣʢʠʣ-4-

ʢʝʪʦʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʝʥ ʪʨʝʪʠʡ ʠʟʦʤʝʨ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ (16, 17, 18, 19) [11,12]. 

ɺ ʨʷʜʫ ʙʠʮʠʢʣʠʯʝʩʢʠʭ 4-ʧʠʧʝʨʠʜʦʥʦʚ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʩʪʝʨʝʦʭʠʤʠʷ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ 

ʜʚʫʭ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ 2-ʤʝʪʠʣʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘ-4 (20 , 20 ) [12-15], ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʣʠʰʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ ʉ
2
. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʢʝʪʦʥʦʚ ʩ ʘʮʝʪʠʣʝʥʦʤ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʦ ʤʝʪʦʜʫ ʌʘʚʦʨʩʢʦʛʦ ʚ ʨʘʩʪʚʦʨʝ 

ʵʬʠʨʘ ʠʣʠ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ. 

ʇʨʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʠ 2ʝ-ʤʝʪʠʣ-ʪʨʘʥʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-4-ʦʥʘ (20 ), ʫ ʢʦʪʦʨʦʛʦ ʤʝʪʠʣ 

ʧʨʠ ʉ
2
 ʦʨʠʝʥʪʠʨʦʚʘʥ ʵʢʚʘʪʦʨʠʘʣʴʥʦ ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʩʪʝʨʠʯʝʩʢʠʝ ʧʦʤʝʭʠ, ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʌʘʚʦʨʩʢʦʛʦ ʚ ʵʬʠʨʝ, ʥʘʨʷʜʫ ʩʦ ʩʧʠʨʪʘʤʠ 21 ʠ 22 ʦʙʨʘʟʫʝʪʩʷ ʪʘʢʞʝ ʩʧʠʨʪ 23, ʠʤʝʶʱʠʡ ʮʠʩ-

ʩʦʯʣʝʥʝʥʠʝ ʮʠʢʣʦʚ. ʀʟ ʩʤʝʩʠ ʩʧʠʨʪʦʚ ʚʳʜʝʣʝʥʦ 65,6% (21), 30,5% (22) ʠ 2,2% (23). 
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ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʝʪʴʝʛʦ ʠʟʦʤʝʨʘ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʩʧʠʨʪʘ 23 ʦʙʲʷʩʥʷʝʪʩʷ ʯʘʩʪʠʯʥʦʡ 

ʠʟʦʤʝʨʠʟʘʮʠʝʡ ʪʨʘʥʩ-ʢʝʪʦʥʘ 20  ʚ ʮʠʩ-ʢʝʪʦʥ 20 , ʧʨʦʜʫʢʪʦʤ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʩʧʠʨʪ 23. ʉʦʜʝʨʞʘʥʠʝ ʵʧʠʤʝʨʘ ʩ ʘʢʩʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʌʘʚʦʨʩʢʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ: ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 10  8Áʉ ʚʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ 85%, ʧʨʠ  5Áʉ  65,6% ʠ ʧʨʠ +10Áʉ  

44,1%. ʇʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʘʮʝʪʠʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʘʤʠʜʘ ʥʘʪʨʠʷ ʧʦʚʳʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʠʟʦʤʝʨʘ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. 
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ʊʘʙʣʠʮʘ 1. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʘʮʝʪʠʣʝʥʘ ʢ ʟʘʤʝʱʝʥʥʳʤ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘʤ 
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ʌʦʨʤʫʣʳ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘ 

 ʠ ʠʥʜʝʢʩʳ ʩʦʝʜʠʥʝʥʠʡ 

ʋʩʣʦʚʠʷ 
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 36 

ɺ ʩʣʫʯʘʝ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘ-4 20 , ʠʤʝʶʱʝʤʫ ʤʝʪʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʧʨʠ ʉ
2
 ʚ ʘʢʩʠʘʣʴʥʦʤ 

ʧʦʣʦʞʝʥʠʠ, ʜʦʩʪʫʧ ʨʝʘʛʝʥʪʘ ʩʦ ʩʪʦʨʦʥʳ ʵʪʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʟʘʪʨʫʜʥʝʥ. ʇʦʵʪʦʤʫ 

ʵʪʠʥʠʣʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʠʟʦʤʝʨʘ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʝʪ ʩʪʨʦʛʦ ʩʪʝʨʝʦʥʘʧʨʘʚʣʝʥʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʠʟʦʤʝʨʘ ï 2ʘ-ʤʝʪʠʣ-4-ʵʪʠʥʠʣ-4-ʦʢʩʠʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʘ (24) ʩ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ.  
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʦʛʦ ʞʝ ʘʤʠʥʦʢʝʪʦʥʘ ʩ ʘʮʝʪʠʣʝʥʦʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ 10 ʘʪʤ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʵʧʠʤʝʨʥʳʭ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʧʠʨʪʦʚ 24 ʠ 25 ʩ ʚʳʭʦʜʦʤ 91%. ʇʫʪʝʤ 

ʜʨʦʙʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʩʤʝʩʠ ʚʳʜʝʣʝʥʦ 96,4% ʩʧʠʨʪʘ 24 ʠ 1,6% ʩʧʠʨʪʘ 25. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʘʮʝʪʠʣʝʥʘ ʧʦʚʳʰʘʝʪ ʚʳʭʦʜ ʩʤʝʩʠ ʘʮʝʪʠʣʝʥʦʚʳʭ 

ʩʧʠʨʪʦʚ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪ ʩʪʝʨʝʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʭʦʞʜʝʥʠʷ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʢ 

ʢʝʪʦ-ʛʨʫʧʧʝ 20 . 

ʇʨʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʠ 1,2ʝ-ʜʠʤʝʪʠʣ-ʪʨʘʥʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-4-ʦʥʘ (26 ) ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ ʌʘʚʦʨʩʢʦʛʦ, ʩ ʧʦʤʦʱʴʶ ʘʮʝʪʠʣʝʥʠʜʘ ʥʘʪʨʠʷ ʠʣʠ ʵʪʠʥʠʣʤʘʛʥʠʡʙʨʦʤʠʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʙʨʘʟʫʝʪʩʷ ʩʧʠʨʪ ʩ ʘʢʩʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʧʨʠʯʝʤ 

ʚʳʩʦʢʘʷ ʩʪʝʨʝʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʌʘʚʦʨʩʢʦʛʦ (8590% 

ʘʢʩʠʘʣʴʥʘʷ ʘʪʘʢʘ) [12, 16,17]. ʇʨʠ ʘʢʩʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ ʉ
2
 ʢʘʢ ʚ 

ʩʣʫʯʘʝ 2ʘ-ʤʝʪʠʣ- ʪʨʘʥʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-4-ʦʥʘ (20 ), ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʮʝʪʠʣʝʥʘ ʠʜʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʣʦʩʢʦʩʪʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʧʠʨʪʘ ʩ ʘʢʩʠʘʣʴʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ (27) [18].  

ʕʪʠʥʠʣʠʨʦʚʘʥʠʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʞʝʩʪʢʠʭ N-ʟʘʤʝʱʝʥʥʳʭ 2-

ʤʝʪʠʣʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʦʚ-4 (29  ʠ 32 ), ʦʙʣʘʜʘʶʱʠʭ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ 

ʧʨʠ ʉ
2
 ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʌʘʚʦʨʩʢʦʛʦ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ 

ʵʧʠʤʝʨʥʳʭ ʧʦ ʉ
4
 ʧʦʣʦʞʝʥʠʶ ʵʪʠʥʠʣʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʣʦʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʧʠʨʪʦʚ 30 ʠ 33 ʩ 

ʘʢʩʠʘʣʴʥʳʤ ʵʪʠʥʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ [19-21]. 

ɼʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥ 29  ʩ ʘʢʩʠʘʣʴʥʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʨʠ ʉ
2
 ʨʝʘʛʠʨʫʝʪ 

ʩʪʝʨʝʦʠʟʙʠʨʘʪʝʣʴʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʩʧʠʨʪʘ 36 ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 29  ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʧʦʤʝʭʘʤʠ, ʩʦʟʜʘʚʘʝʤʳʤʠ ʘʢʩʠʘʣʴʥʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʨʠ ʉ
2
. 

ʉʦʚʝʨʰʝʥʥʦ ʥʝʦʞʠʜʘʥʥʦʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʚʝʜʝʥʠʝ ʚ ʧʦʣʦʞʝʥʠʝ 

ʉ
7
 ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ʤʝʪʠʣʴʥʦʡ ʠʣʠ ʪʨʝʪ-ʙʫʪʠʣʴʥʦʡ ʛʨʫʧʧ. ʀʩʩʣʝʜʦʚʘʥʠʷ  

ʨʝʘʢʮʠʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [22ï24]. ɸʚʪʦʨʘʤʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʪʨʝʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʘ ʚʚʝʜʝʥʠʷ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ  

ʨʝʘʢʮʠʠ ʌʘʚʦʨʩʢʦʛʦ, ʅʝʬʘ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʢʪʠʚʘ ʀʦʮʠʯʘ  ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʦʯʣʝʥʝʥʠʷ ʢʦʣʝʮ ʠʣʠ ʦʨʠʝʥʪʘʮʠʠ ʤʝʪʠʣʘ ʧʨʠ ʉ
2
, ʧʨʠʚʦʜʠʪ ʢ ʦʜʠʥʘʢʦʚʦʤʫ 

ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʤʫ ʠʪʦʛʫ ï ʢ ʘʪʘʢʝ ʚʭʦʜʷʱʝʛʦ ʨʝʘʛʝʥʪʘ ʩʪʨʦʛʦ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʩʪʦʨʦʥʳ. 

ʕʪʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʥʘ ʨʝʘʢʮʠʠ ʅʦʨʤʘʥʘ ʠ ɻʨʠʥʴʷʨʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʳ ʧʨʠʰʣʠ ʢ ʩʣʝʜʫʶʱʝʤʫ ʟʘʢʣʶʯʝʥʠʶ: ʥʘ ʩʪʝʨʝʦʭʠʤʠʶ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʮʝʪʠʣʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʨʠʨʦʜʘ ʤʝʪʘʣʣʘ ʚ ʘʮʝʪʠʣʝʥʠʜʘʭ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʝʘʢʮʠʠ ʠ ʧʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʮʝʪʠʣʝʥʠʜʘ ʥʘʪʨʠʷ ʚ 

ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʧʨʠ 76Áʉ ʢ 2ʝ,7ʝ-ʜʠʤʝʪʠʣ- (37 ) ʠ 1,2ʝ,7ʝ-ʪʨʠʤʝʪʠʣ-ʪʨʘʥʩ-

ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-4-ʦʥʘʤ (40 ) ʠʜʝʪ ʪʦʣʴʢʦ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʩʪʦʨʦʥʳ. ɸʮʝʪʠʣʝʥʠʜ ʣʠʪʠʷ ʚ 

ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʧʨʠ ï76Áʉ ʦʙʨʘʟʫʝʪ ʩʤʝʩʴ ʵʧʠʤʝʨʥʳʭ ʧʦ ʉ
4
 ʵʪʠʥʠʣʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʣʦʚ-4 ʩ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ (38 ʠ 44) ʠ ʘʢʩʠʘʣʴʥʦʡ (41 ʠ 45) ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3,5:1. ɺ 

ʩʣʫʯʘʝ ʘʮʝʪʠʣʝʥʠʜʘ ʢʘʣʠʷ ʧʨʠ ʵʪʠʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʩʧʠʨʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 3:2. ɸ 

ʚ ʩʣʫʯʘʝ ʘʮʝʪʠʣʝʥʠʜʘ ʙʘʨʠʷ ʦʙʨʘʟʫʝʪʩʷ ʧʦʯʪʠ ʨʘʚʥʦʚʝʩʥʘʷ ʩʤʝʩʴ ʵʧʠʤʝʨʥʳʭ ʩʧʠʨʪʦʚ. 
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ɺ ʨʘʙʦʪʘʭ [22ï24] ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʮʝʪʠʣʝʥʘ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ 2ʝ,7ʝ-ʜʠʤʝʪʠʣ- ʠ 1,2ʝ,7ʝ-ʪʨʠʤʝʪʠʣ-ʪʨʘʥʩ-

4-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-4-ʦʥʦʚ (37   ʠ 40 ). ɿʘʤʝʥʘ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ ʥʘ ʵʬʠʨ, ʙʝʥʟʦʣ ʠʣʠ ɻʄʊʌ 

(ʛʝʢʪʘʤʝʪʠʣʪʨʠʬʦʩʬʘʤʠʜ) ʦʙʨʘʱʘʝʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʪʝʟʘ. 

ɸʮʝʪʠʣʝʥʠʜʳ ʥʘʪʨʠʷ ʚ ɻʄʊʌ ʧʨʠ 20Áʉ ʥʘ 7374% ʦʙʨʘʟʫʶʪ ʩʧʠʨʪʳ ʩ ʘʢʩʠʘʣʴʥʦʡ 

ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʘʮʝʪʠʣʝʥʠʜ ʣʠʪʠʷ  100%. ʅʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʘʮʝʪʠʣʝʥʠʜʘ ʣʠʪʠʷ ʚ 

ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʩ ʘʤʠʥʦʢʝʪʦʥʘʤʠ (37   ʠ 40) ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʩʦʦʪʥʦʰʝʥʠʝ ʵʧʠʤʝʨʥʳʭ ʩʧʠʨʪʦʚ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 76Áʉ ʜʦ 15Áʉ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ ʵʧʠʤʝʨʦʚ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ ʘʮʝʪʠʣʝʥʠʜʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ 

ʩʪʝʨʝʦʭʠʤʠʶ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ 2ʘ,7ʝ-ʜʠʤʝʪʠʣ- (37 ) ʠ 1,2ʘ,7ʝ-ʪʨʠʤʝʪʠʣ-ʪʨʘʥʩ-4-ʜʝʢʘʛʠʜʨʦ-

ʭʠʥʦʣʠʥ-4-ʦʥʦʚ (40 ) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʘʢʩʠʘʣʴʥʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ ʉ
7
 ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʘʚʠʪʴ ʵʪʠʥʠʣʠʨʦʚʘʥʠʝ ʥʘ 100% ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʤʝʨʘ ʩ ʘʢʩʠʘʣʴʥʦʡ 

ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʊʦʣʴʢʦ ʚ ʩʣʫʯʘʷʭ ʘʮʝʪʠʣʝʥʠʜʘ ʣʠʪʠʷ ʚ ɻʄʊʌ (+20Áʉ) ʠ ʘʮʝʪʠʣʝʥʠʜʘ 

ʙʘʨʠʷ ʚ ʩʤʝʩʠ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ ʠ ɻʄʊʌ (+20Áʉ) ʧʦʣʫʯʘʶʪ ʨʘʚʥʦʚʝʩʥʫʶ ʩʤʝʩʴ ʵʧʠʤʝʨʥʳʭ 

ʵʪʠʥʠʣʜʝʢʘʛʠʜʨʦ-ʭʠʥʦʣʦʣʦʚ (42 ʠ 44, 45 ʠ 46). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ ʵʪʠʥʠʣʠʨʫʶʱʠʭ 

ʩʨʝʜʩʪʚ ʚ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʨʘʟʫʝʪʩʷ ʵʧʠʤʝʨ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ (38 ʠ 42) [25]. 

ʇʨʦʚʝʜʝʥʠʝ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ 1,2ʝ-ʜʠʤʝʪʠʣ-7ʝ-ʪʨʝʪ-ʙʫʪʠʣ-ʪʨʘʥʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-4-

ʦʥʘ (49 ) ʩ ʧʦʤʦʱʴʶ ʘʮʝʪʠʣʝʥʠʜʘ ʣʠʪʠʷ ʚ ʙʝʥʟʦʣʝ ʧʨʠ 20Áʉ ʧʦʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʩʧʠʨʪʘ 

(51) ʩ ʘʢʩʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʜʦ 70 %. ʅʝʦʙʳʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ 

ʩʪʝʨʠʯʝʩʢʠ ʥʝʟʘʪʨʫʜʥʝʥʥʳʭ 7-ʟʘʤʝʱʝʥʥʳʭ ʘʤʠʥʦʢʝʪʦʥʦʚ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʤʝʪʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ ʧʨʠ ʉ
2
 ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʘʢʩʠʘʣʴʥʳʭ 

ʵʧʠʤʝʨʦʚ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʟʦʤʝʨʠʟʦʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʚ 

ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʵʧʠʤʝʨʳ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʵʪʠʥʠʣʦʤ. 

ʅʝʭʘʨʘʢʪʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʘʚʪʦʨʘʤʠ [22ï24]. ʆʥʠ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʩʚʦʠʤ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʠʧʝʨʠʜʠʥʦʚʳʭ ʠ 

ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚʳʭ ʢʝʪʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʮʝʪʠʣʝʥʠʜʘ ʥʘʪʨʠʷ ʠ 

ʵʪʠʥʠʣʤʘʛʥʠʡʙʨʦʤʠʜʘ ʢ ʩʪʝʨʝʦʠʟʦʤʝʨʥʳʤ ʘʤʠʥʦʢʝʪʦʥʘʤ (37, 40, 47 ʠ 49), ʦʙʣʘʜʘʶʱʠʤ ʢʘʢ 

ʘʢʩʠʘʣʴʥʳʤ, ʪʘʢ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʠ ʉ
2
, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦ 

ʩʦʯʣʝʥʝʥʠʶ ʮʠʢʣʦʚ, ʧʨʦʪʝʢʘʝʪ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʨʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ, ʦʙʨʘʟʫʷ 

ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʦʜʥʦʤʫ ʩʪʝʨʠʯʝʩʢʦʤʫ ʨʷʜʫ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ 

ʵʪʠʥʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʠ ʉ
4
. ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ,  ʧʨʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʠ 2,7-ʜʠʤʝʪʠʣ- (37ɓ) 

ʠ 1,2,7-ʪʨʠʤʝʪʠʣ-ʮʠʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-4-ʦʥʦʚ (40ɓ), ʘ ʪʘʢʞʝ 2ʝ-ʤʝʪʠʣ-7ʝ-ʪʨʝʪ-ʙʫʪʠʣ-ʮʠʩ- 

(47ɓ) ʠ 1,2ʝ-ʜʠʤʝʪʠʣ-7ʝ-ʪʨʝʪ-ʙʫʪʠʣ-ʮʠʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-4-ʦʥʦʚ (49ɓ). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʢʝʪʦʥʳ (37ɓ ʠ 47ɓ), ʥʝ ʠʤʝʶʱʠʝ ʧʨʠ ʘʟʦʪʝ ʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʥʦʨʤʘʣʴʥʦ ʚʩʪʫʧʘʶʪ ʚ 

ʨʝʘʢʮʠʶ ʩ ʘʤʠʜʦʤ ʥʘʪʨʠʷ ʠʣʠ ʵʪʠʥʠʣʤʘʛʥʠʡʙʨʦʤʠʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʠʟʦʤʝʨʘ ʩʧʠʨʪʦʚ (46) ʠ (54) ʩ ʘʢʩʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. ɸ ʠʭ N-ʤʝʪʠʣʴʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ (40ɓ ʠ 49ɓ) ʚ ʵʪʠʭ ʞʝ ʫʩʣʦʚʠʷʭ ʠʟʦʤʝʨʠʟʫʶʪʩʷ ʚ ʪʨʘʥʩ-4-

ʢʝʪʦʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʳ. ʆʜʥʘʢʦ ʠʭ ʡʦʜʤʝʪʠʣʘʪʳ, ʚʩʪʫʧʘʷ ʚ ʨʝʘʢʮʠʶ ʩ ʘʮʝʪʠʣʝʥʠʜʦʤ ʥʘʪʨʠʷ 

ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ, ʦʙʨʘʟʫʶʪ ʩʧʠʨʪʳ ʪʦʣʴʢʦ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʵʪʠʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ [22ï24].  

ʀʟʫʯʝʥʠʝ ʩʪʝʨʝʦʭʠʤʠʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ 2ʝ,9ʝ-ʜʠʤʝʪʠʣ-ʮʠʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ4-ʦʥʘ 

(56ɓ), 2ʝ,9ʘ-ʜʠʤʝʪʠʣ-(56 ) ʠ 1,2ʝ,9ʘ-ʪʨʠʤʝʪʠʣ-ʪʨʘʥʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-4-ʦʥʦʚ (59 ), 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʨʦʠʟʚʦʜʥʳʤ ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ ʧʠʧʝʨʠʜʠʥʦʚ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʝʘʢʮʠʷ ʠʜʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʧʠʨʪʦʚ (57, 58, 60) ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʚʭʦʜʷʱʝʛʦ ʨʝʘʛʝʥʪʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ, 

ʩʦʟʜʘʚʘʝʤʳʤ ʘʢʩʠʘʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ ʧʨʠ ʉ
2
 ʫ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ 56  ʠ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʤʝʪʘ-ʘʢʩʠʘʣʴʥʦʡ ʩʚʷʟʴʶ ʉ
8
 ï ʉ

9
 ʫ ʮʠʩ-ʠʟʦʤʝʨʘ 56ɓ [26]. 

ɸʥʘʣʦʛʠʯʥʦ ʚʝʜʝʪ ʩʝʙʷ ʠ 1,2,2-ʪʨʠʤʝʪʠʣ-ʪʨʘʥʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥ-4 (61). ʗʚʣʷʷʩʴ 

ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʥʳʤ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʛʝʤ-ʜʠʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʚ ʤʝʪʘ-



ʀɿɺɽʉʊʀʗ ʅʊʆ çʂɸʍɸʂè, 2010, ˉ 4 (29) 

 

 38 

ʧʦʣʦʞʝʥʠʠ ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʘʤʠʥʦʢʝʪʦʥ 61 ʨʝʘʛʠʨʫʝʪ ʩ ʘʮʝʪʠʣʝʥʠʜʦʤ ʥʘʪʨʠʷ ʚ 

ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʩʪʨʦʛʦ ʠʟʙʠʨʘʪʝʣʴʥʦ, ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ ʝʜʠʥʩʪʚʝʥʥʳʡ ʘʮʝʪʠʣʝʥʦʚʳʡ ʩʧʠʨʪ 

62 ʩ ʘʢʩʠʘʣʴʥʳʤ ʛʠʜʨʦʢʩʠʣʦʤ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (95%) [16]. 

ʕʪʠʥʠʣʠʨʦʚʘʥʠʝ 10-ʤʝʪʠʣ-ʪʨʘʥʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-5-ʦʥʘ (63 ) ʩ ʘʢʩʠʘʣʴʥʦʡ 

ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʨʦʪʝʢʘʝʪ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʧʠʨʪʘ 64 ʩ ʘʢʩʠʘʣʴʥʳʤ 

ʚʭʦʞʜʝʥʠʝʤ ʵʪʠʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. ɸʥʛʫʣʷʨʥʘʷ ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʧʨʠ ʉ
10
, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʝʘʢʮʠʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ [27, 28]. 

ʇʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʘʮʝʪʠʣʝʥʦʤ ʮʠʩ-ʢʝʪʦʥʘ 63ɓ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʢʦʥʜʝʥʩʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʦʙʨʘʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʧʠʨʪ ʩ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ɸ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. ɺ ʨʝʘʢʮʠʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʦʙʘ ʢʦʥʬʦʨʤʝʨʘ ʢʝʪʦʥʘ 63ɓ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʦʥʬʦʨʤʘʮʠʷ ʠʜʝʪ ʯʝʨʝʟ 

ʢʦʥʬʦʨʤʘʮʠʶ 63ɓ-ɸ ʩ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʝʥʥʦʡ ʘʢʩʠʘʣʴʥʦʡ ʦʙʣʘʩʪʴʶ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʙʫʜʝʪ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʚʭʦʞʜʝʥʠʝ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʩʠʘʣʴʥʦʛʦ ʩʧʠʨʪʘ 66-ɸ. 

ɽʩʣʠ ʞʝ ʵʪʠʥʠʣʠʨʦʚʘʥʠʝ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʘʢʩʠʘʣʴʥʦʝ ʚʭʦʞʜʝʥʠʝ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, 

ʦʙʨʘʟʫʝʪʩʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʩʧʠʨʪ 66-ɺ, ʢʦʪʦʨʳʡ ʠʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʥʝʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

ʚ ʢʦʥʬʦʨʤʘʮʠʶ 66-ɸ ʩ ʘʢʩʠʘʣʴʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʙʦʣʝʝ ʚʳʛʦʜʥʦʡ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ.  

 

N

H

H3C

O

67 C

N

O

H3C

HH

N

HO

H3C

H

N

CH3
O

H

N
H3C

C CH2
HO

N

CH3

H

OH

N

CH3

H

HO

63A B

66 67A B A B
 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʦʙʨʘʟʫʶʱʝʤʫʩʷ ʩʧʠʨʪʫ 66 ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʣʶʙʘʷ ʠʟ 

ʢʦʥʬʦʨʤʘʮʠʡ ʢʝʪʦʥʘ 63ɓ. ʆʜʥʘʢʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʠʨʪʘ 66 ʢʦʥʬʦʨʤʘʮʠʷ ʢʝʪʦʥʘ 66-ɸ ʙʦʣʝʝ 

ʟʘʪʨʫʜʥʝʥʘ, ʯʝʤ ʢʦʥʬʦʨʤʘʮʠʷ 63ɓ -ɺ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʘʮʝʪʠʣʝʥʦʚʳʡ ʩʧʠʨʪ 66ɺ 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʯʝʨʝʟ ʢʦʥʬʦʨʤʘʮʠʶ ʮʠʩ-ʢʝʪʦʥʘ 63ɓ ɺ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʩʣʫʯʘʝ ʢʦʥʜʝʥʩʘʮʠʠ ʮʠʩ-ʘʤʠʥʦʢʝʪʦʥʘ 63ɓ ʚ 

ʊɻʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʂʆʅ ʧʨʠ 20Áʉ ʦʙʨʘʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʧʠʨʪ 67 (61%). ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʘʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʩʦʣʴʚʘʪʘʮʠʷ ʨʝʘʛʝʥʪʦʚ, 

ʢʦʪʦʨʘʷ ʜʝʣʘʝʪ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ ʪʦʣʴʢʦ ʢʦʥʬʦʨʤʘʮʠʶ 63ɓ-ɺ, ʧʨʠʯʝʤ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʟ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʧʠʨʪʘ 67 ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʚʭʦʞʜʝʥʠʝʤ ʵʪʠʥʠʣʘ. ʇʦʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʜʦ  

-5Áʉ ʩʥʠʞʘʝʪ ʦʙʱʠʡ ʚʳʭʦʜ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʧʠʨʪʦʚ, ʧʨʠ ʵʪʦʤ ʜʦʣʷ ʩʧʠʨʪʘ 67 ʚ ʩʤʝʩʠ 

ʧʦʥʠʞʘʝʪʩʷ ʜʦ 11%. ʇʨʠ -15Áʉ ʨʝʘʢʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʜʝʪ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʝʘʢʮʠʠ ʜʦ 30Áʉ ʫʩʢʦʨʷʝʪ ʘʮʝʪʠʣʝʥʦʚʳʡ ʩʠʥʪʝʟ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʚʠʥʠʣʠʜʝʥʦʚʦʛʦ ʩʧʠʨʪʘ 67ʉ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʦʜʫʢʪʦʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʚʠʥʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʩʧʠʨʪʘ 67ɸ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʧʨʠ 40-45Áʉ ʦʙʨʘʟʫʶʱʠʡʩʷ 

ʘʮʝʪʠʣʝʥʦʚʳʡ ʩʧʠʨʪ 67ɸ ʧʦʣʥʦʩʪʴʶ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 10-ʤʝʪʠʣ-1,5-ʚʠʥʠʣʠʜʝʥ-5-ʦʢʩʠ-ʮʠʩ-

ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ 67ʉ [27, 28]. 
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ʀʟʫʯʝʥʠʝ ʩʪʝʨʝʦʭʠʤʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʮʝʪʠʣʝʥʘ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʟʘʪʨʫʜʥʝʥʥʦʤʫ 

2ʝ-ʤʝʪʠʣ-ʪʨʘʥʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-5-ʦʥʫ (68 ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʌʘʚʦʨʩʢʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʘʢʩʠʘʣʴʥʦʝ ʚʭʦʞʜʝʥʠʝ ʵʪʠʥʠʣʘ [29]. 

ʕʪʠʥʠʣʠʨʦʚʘʥʠʝ 2ʝ-ʬʫʨʠʣʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʘ-4 (71 ) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʠʨʪʦʚ 

72 (55,6%) ʠ 73 (21%) ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʩʧʠʨʪʘ ʩ 

ʘʢʩʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʇʨʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʠ ʪʨʘʥʩ-ʢʝʪʦʥʘ 71  ʩ ʘʢʩʠʘʣʴʥʳʤ 

ʬʫʨʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʠ ʉ
2
 ʨʝʘʢʮʠʷ ʠʜʝʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʩʧʠʨʪʘ 74 ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ [30, 31]. 

ɺ ʨʘʙʦʪʘʭ [32, 33] ʠʟʫʯʝʥʘ ʩʪʝʨʝʦʭʠʤʠʷ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʥʳʭ ʠʟʦʤʝʨʦʚ 2-ʬʝʥʠʣ-

ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-4-ʦʥʘ (75 , ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʧʠʤʝʨʥʳʭ ʧʦ ʉ
2
 ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʦʚ 75  

ʠ 75 , ʩ ʘʮʝʪʠʣʝʥʦʤ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʦ ʤʝʪʦʜʫ ʌʘʚʦʨʩʢʦʛʦ ʚ ʩʨʝʜʝ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʂʆʅ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. 
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ʕʪʠʥʠʣʠʨʦʚʘʥʠʝ 2ʝ-ʬʝʥʠʣ-ʪʨʘʥʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥ-4-ʦʥʘ (75) ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʜʚʫʭ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ 2-ʬʝʥʠʣ-4-ʵʪʠʥʠʣ-4-ʦʢʩʠʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʘ (76 ʠ 

77) ʩ ʚʳʭʦʜʦʤ 98,5%. ʇʫʪʝʤ ʜʨʦʙʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʤʝʩʠ ʦʩʥʦʚʘʥʠʡ  ʠʟ ʵʬʠʨʘ ʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ ʥʘ ʢʦʣʦʥʢʝ ʩ Al 2O3 ʚʳʜʝʣʝʥʦ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ 64% (ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʤʝʩʠ) ʠʟʦʤʝʨʘ 76 ʠ 33% ʠʟʦʤʝʨʘ 77. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʦʛʦ 2ʘ-ʬʝʥʠʣ-ʪʨʘʥʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘ-4 

(75 ) ʩ ʘʮʝʪʠʣʝʥʦʤ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʘʢʞʝ ʩʤʝʩʠ ʜʚʫʭ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ 

ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʩʧʠʨʪʘ 81 ʠ 82 ʩ ʚʳʭʦʜʦʤ 61,3%, ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʠʟʦʤʝʨʘ 81 

(91%) ʠ 9% ʠʟʦʤʝʨʘ 82. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ 2-

ʬʝʥʠʣ-4-ʵʪʠʥʠʣ-4-ʦʢʩʠ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʘ (76, 77, 81 ʠ 82) ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʀʂ-, ʗʄʈ 
1
ʅ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ  ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ [34ï36]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ 

ʘʮʝʪʠʣʝʥʦʚʳʝ ʩʧʠʨʪʳ, ʢʨʦʤʝ 82, ʩʦʭʨʘʥʷʶʪ ʢʦʥʬʦʨʤʘʮʠʶ ʠʩʭʦʜʥʳʭ ʢʝʪʦʥʦʚ. 

ɺʪʦʨʦʡ ʠʟʦʤʝʨ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʩʧʠʨʪʘ 82, ʦʙʨʘʟʫʶʱʠʡʩʷ ʠʟ ʪʨʘʥʩ-ʢʝʪʦʥʘ 75  ʚ 

ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ (9%), ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤ ʮʠʩ-ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘ 75 . ʆʙʨʘʟʦʚʘʥʠʝ 

ʚʪʦʨʦʛʦ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʮʠʩ-ʨʷʜʫ, ʩʧʠʨʪʘ 82 ʦʙʲʷʩʥʷʝʪʩʷ, ʪʝʤ, ʯʪʦ ʚ ʩʠʣʴʥʦ ʱʝʣʦʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ ʧʨʦʪʝʢʘʝʪ ʯʘʩʪʠʯʥʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ -ʘʤʠʥʦʢʝʪʦʥʘ (75 ) ʚ 

ɓ-ʠʟʦʤʝʨ (75 ), ʧʦʵʪʦʤʫ ʚ ʨʝʘʢʮʠʶ ʩ ʘʮʝʪʠʣʝʥʦʤ ʚʩʪʫʧʘʝʪ ʢʘʢ ʪʨʘʥʩ- 75 , ʪʘʢ ʠ ʮʠʩ-ʢʝʪʦʥ 

75 . ʕʪʠʥʠʣʠʨʦʚʘʥʠʝ ʮʠʩ-ʢʝʪʦʥʘ 75  ʧʨʦʪʝʢʘʝʪ ʪʘʢʞʝ ʩʪʨʦʛʦ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʟʦʤʝʨʘ ʮʠʩ-ʵʪʠʥʠʣʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʣʘ 82 ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʊʘʢʘʷ ʩʪʝʨʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʟʘʪʨʫʜʥʝʥʠʝʤ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʢʝʪʦʥʘ 75 , ʩʦʟʜʘʚʘʝʤʦʡ ʘʢʩʠʘʣʴʥʦʡ 

ʉ
8
ʉ

9
 ʩʚʷʟʴʶ. 

ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʠʮʠʥʘʣʴʥʳʭ ʢʦʥʩʪʘʥʪ (ʪʘʙʣ. 2) ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ ʘʤʠʥʦʢʝʪʦʥʘ 75  ʘʮʝʪʠʣʝʥʦʚʳʝ ʩʧʠʨʪʳ 76 ʠ 77 ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʫ ʘʪʦʤʘ ʉ
4
.  



ʀɿɺɽʉʊʀʗ ʅʊʆ çʂɸʍɸʂè, 2010, ˉ 4 (29) 

 

 40 

ʊʘʙʣʠʮʘ 2. ʀʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʧʨʦʪʦʥʦʚ 
355 ʉDClNDʉ  ʠ ʯʘʩʪʦʪʳ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʆʅʛʨʫʧʧʳ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ 2-ʬʝʥʠʣ-4-ʵʪʠʥʠʣ-4-

ʦʢʩʠʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʘ  

(76, 77, 81 ʠ  82) 

* ʇʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʚ (ʉD3)2CO. 

 

ʆʨʠʝʥʪʘʮʠʶ ʵʪʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʦʧʨʝʜʝʣʷʣʠ ʪʘʢʞʝ, ʠʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʦʝ ʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʦʝ ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʦʪʥʝʩʝʥʠʡ ʵʧʠʤʝʨʥʳʭ ʧʘʨ ʩʧʠʨʪʦʚ ʧʨʘʚʠʣʦ: ʯʘʩʪʦʪʘ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʘʢʩʠʘʣʴʥʦʡ ʛʨʫʧʧʳ ʆʅ ʥʘ 27 ʩʤ
1
 ʚʳʰʝ, ʯʝʤ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ [37, 38], 

ʠ ʧʨʦʪʦʥ ʘʢʩʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʨʝʟʦʥʠʨʫʝʪ ʥʘ 0,10,2 ʤ.ʜ. ʚ ʙʦʣʝʝ ʩʣʘʙʳʭ ʧʦʣʷʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʩʠʛʥʘʣʦʤ ʚ ʩʧʠʨʪʝ 77, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʘʢʩʠʘʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 76 ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚ 77. 

ʆʨʠʝʥʪʘʮʠʷ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʵʧʠʤʝʨʥʳʭ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʧʠʨʪʘʭ 76, 77 ʠ, ʥʝ 

ʷʚʣʷʶʱʠʭʩʷ ʵʧʠʤʝʨʥʳʤʠ ʧʘʨʘʤʠ, 81, 82 ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʠʟʤʝʥʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ 

ʧʨʦʪʦʥʦʚ 2ʅ ʠ 3ʅ ʧʨʠ ʩʤʝʥʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʀʟʚʝʩʪʥʦ [39, 40], ʯʪʦ ʧʨʠ ʘʢʩʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʛʨʫʧʧʳ ʆʅ ʜʝʟʵʢʨʘʥʠʨʦʚʘʥʠʝ ʘʢʩʠʘʣʴʥʦʛʦ ʧʨʦʪʦʥʘ 2ʅ ʧʠʨʠʜʠʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʣʦʨʦʬʦʨʤʘ 

ʩʦʩʪʘʚʣʷʝʪ 0,20,4 ʤ.ʜ. ɼʝʟʵʢʨʘʥʠʨʦʚʘʥʠʝ ʚʠʮʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʢ ʛʠʜʨʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʝ ʧʨʦʪʦʥʘ 3ʅ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʜʠʵʜʨʘʣʴʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʥʠʤʠ. 

ʉʠʛʥʘʣ ʧʨʦʪʦʥʘ 9ʅ ʜʦʣʞʝʥ ʠʩʧʳʪʳʚʘʪʴ ʪʘʢʠʝ ʞʝ ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʠ ʩʠʛʥʘʣ ʧʨʦʪʦʥʘ 2ʅ, 

ʧʨʠ ʟʘʤʝʥʝ CDCl3 ʥʘ C5D5N ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʙʘ ʧʨʦʪʦʥʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʦʨʠʝʥʪʘʮʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʧʠʧʝʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʘʢʩʠʘʣʴʥʳʡ ʧʨʦʪʦʥ 9ʅ ʚ 

ʩʦʝʜʠʥʝʥʠʠ 81, ʢʘʢ ʠ ʧʨʦʪʦʥ 2ʅ ʚ ʩʦʝʜʠʥʝʥʠʠ 82, ʠʩʧʳʪʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʜʝʟʵʢʨʘʥʠʨʦʚʘʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʜʝʟʵʢʨʘʥʠʨʦʚʘʥʠʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʨʦʪʦʥʘ 9ʅ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

82, ʢʘʢ ʠ ʧʨʦʪʦʥʘ 2ʅ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 81, ʩʦʩʪʘʚʣʷʝʪ ʥʝʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʚʝʣʠʯʠʥ  (ʪʘʙʣʠʮʘ 20) ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʛʨʫʧʧʘ ʆʅ ʚ ʩʧʠʨʪʘʭ 77, 81, 82 ʥʘʧʨʘʚʣʝʥʘ 

ʘʢʩʠʘʣʴʥʦ, ʘ ʵʪʠʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦ [34]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠʥʠʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʟʘʪʨʫʜʥʝʥʥʦʛʦ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘ-

4 (75 ) ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʨʠ ʉ
2
 ʧʨʦʪʝʢʘʝʪ ʩʪʝʨʝʦʥʘʧʨʘʚʣʝʥʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʧʠʨʪʦʚ 76 ʠ 77, ʵʧʠʤʝʨʥʳʭ ʧʦ ʉ
4
, ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʧʠʨʪʘ 76 ʩ ʘʢʩʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. 

ʇʨʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʦʛʦ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘ 75  ʩ 

ʘʢʩʠʘʣʴʥʳʤ ʬʝʥʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʪʝʣʝʤ ʧʨʠ ʉ
2
 ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʮʝʪʠʣʝʥʘ ʚ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ 

ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2ʘ-ʬʝʥʠʣ-4ʝ-ʵʪʠʥʠʣ-4ʘ-ʛʠʜʨʦʢʩʠ-ʪʨʘʥʩ-

ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʘ (81). ʕʧʠʤʝʨʥʳʡ ʝʤʫ ʪʨʘʥʩ-ʩʧʠʨʪ ʩ ʘʢʩʠʘʣʴʥʳʤ ʵʪʠʥʠʣʦʤ ʚ ʧʨʦʜʫʢʪʘʭ 

ʨʝʘʢʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʉʪʨʦʛʘʷ ʩʪʝʨʝʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʝʘʢʮʠʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ ʢʝʪʦʥʘ 75  

ʩʚʷʟʘʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʟʘʪʨʫʜʥʝʥʠʝʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʘʢʩʠʘʣʴʥʳʤ 

ʬʝʥʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ ʧʨʠ ʘʪʦʤʝ ʉ
2
, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʘʪʘʢʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʢʝʪʦʥʘ 75  

ʘʮʝʪʠʣʝʥʦʚʳʤ ʢʘʨʙʘʥʠʦʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʠʟ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʢ ʘʪʦʤʫ ʘʟʦʪʘ ʚ ʤʦʣʝʢʫʣʝ ʘʤʠʥʦʢʝʪʦʥʘ (75 , ) ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʩʪʝʨʝʦʭʠʤʠʶ ʨʝʘʢʮʠʠ: ʧʨʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ 1-ʤʝʪʠʣ-2-

ʬʝʥʠʣʜʝʢʘʛʠʜʨʦ-ʭʠʥʦʣʠʥ-4-ʦʥʦʚ (76 ) ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʵʧʠʤʝʨʥʳʭ ʧʦ ʉ
4
 ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ ʩ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ (64 %) ʩʧʠʨʪʦʚ  ʩ ʘʢʩʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ 79 ʠ 80. 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʘʮʝʪʠʣʝʥʘ ʢ ʠʟʦʤʝʨʫ (76 ) ʩ ʘʢʩʠʘʣʴʥʳʤ ʬʝʥʠʣʦʤ ʧʨʠ ʉ
2
 ʚ ʩʠʣʫ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʪʨʫʜʥʝʥʠʷ, ʚʳʟʳʚʘʝʤʦʛʦ ʘʢʩʠʘʣʴʥʦʡ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʧʨʦʪʝʢʘʝʪ 

ʀʥʜʝʢʩ 

ʩʦʝʜ-  ̫
, ʤ.ʜ. , ʤ.ʜ. ʉʅ  

ʚ CDCl3 
OH( 1/2) 

cʤ 
1
 

ʆʨʠʝʥʪʘʮʠʷ 

2ʅ 2ʅʘ 3ʅʝ 9ʅ ʆʅ ʉʉʅ 

76 

77 

81 

82 

0,24 

0,38 

0,06 

0,22 

0,44 

0,17 

0,11 

0,08 

0,42 

0,33 

0,25 

0,19 

 
0,25 

0,31 

0,04 

2,96* 

2,74* 

2,35 

2,35 

3600(16) 

3604(16) 

3598(16) 

3570(28) 

ʵʢʚ 

ʘʢʩ 

ʘʢʩ 

ʘʢʩ 

ʘʢʩ 

ʵʢʚ 

ʵʢʚ 

ʵʢʚ 
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ʩʪʝʨʝʦʥʘʧʨʘʚʣʝʥʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʘʥʩ-ʩʧʠʨʪʘ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʦʛʦ, ʦʪʥʦʩʷʱʝʛʦ ʢ ʮʠʩ-ʨʷʜʫ, ʩʧʠʨʪʘ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʠʣʴʥʦʱʝʣʦʯʥʦʡ 

ʩʨʝʜʝ ʧʨʦʪʝʢʘʝʪ ʯʘʩʪʠʯʥʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ -ʘʤʠʥʦʢʝʪʦʥʘ ʚ -ʠʟʦʤʝʨ [41, 42]. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ N-ʜʠʤʝʪʦʢʩʠʬʝʥʠʣʵʪʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʥʘ 

ʩʪʝʨʝʦʥʘʧʨʘʚʣʝʥ-ʥʦʩʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʮʝʪʠʣʝʥʘ ʧʨʦʚʝʜʝʥʦ ʵʪʠʥʠʣʠʨʦʚʘʥʠʝ 85 . ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʵʧʠʤʝʨʥʳʭ ʩʧʠʨʪʦʚ (86 ʠ 87) ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʧʠʨʪʘ 86 (57 %). 

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʟʘʤʝʩʪʠʪʝʣʴ ʫ ʘʪʦʤʘ ʘʟʦʪʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʭʦʜ ʨʝʘʢʮʠʠ [43, 44]. 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʚʫʭ ʤʝʪʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʠʭ 

ʧʦʣʦʞʝʥʠʷ ʚ ʬʝʥʠʣʴʥʦʤ ʢʦʣʴʮʝ. ʕʪʠʥʠʣʠʨʦʚʘʥʠʝ ʜʦʩʪʫʧʥʳʭ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ 2-ʜʠʤʝʪʦʢʩʠ-

ʬʝʥʠʣʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʦʚ-4 (88,91,94,97 ʠ 100) ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ [45, 

46]. ɺ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʜʚʫʭ ʩʪʝʨʝʦʠʟʦʤʝʨʥʳʭ ʩʧʠʨʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʬʦʨʤʳ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʘ ʦʢʠʩʠ ʘʣʶʤʠʥʠʷ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʵʪʠʥʠʣʛʠʜʨʦʭʠʥʦʣʦʣʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʵʧʠʤʝʨʥʳʭ ʧʘʨ ʘʮʝʪʠʣʝʥʦʚʳʭ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʣʦʚ 

ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʘʤʠ ʀʂ- ʠ ʗʄʈ 
1
H ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʵʧʠʤʝʨʥʳʭ ʧʘʨ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʥʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ ʦ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʮʝʪʠʣʝʥʘ ʢ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʦʚ (88, 91, 94, 97 ʠ 100). 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʘʮʝʪʠʣʝʥʘ ʢ ʢʝʪʦʛʨʫʧʧʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʟʘʪʨʫʜʥʝʥʥʳʭ 2-(3ǋ,4ǋ-

ʜʠʤʝʪʦʢʩʠʬʝʥʠʣ)- (97) ʠ 2-(3ǋ,5ǋ-ʜʠʤʝʪʦʢʩʠʬʝʥʠʣ)ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʦʚ-4 (100) ʩ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʉ
2
 ʠʜʝʪ ʩʪʝʨʝʦʥʘʧʨʘʚʣʝʥʥʦ ʩ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʧʠʨʪʦʚ 98 ʠ 101 ʩ ʘʢʩʠʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʪʘʢʘʷ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʮʝʪʠʣʝʥʘ ʦʦʙʥʘʨʫʞʝʥʘ ʠ ʜʣʷ 2ʝ-ʬʝʥʠʣ-ʪʨʘʥʩ-

ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘ-4 [45, 46]. ʀʟ ʵʪʠʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʚʫʭ ʤʝʪʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʧʦʣʦʞʝʥʠʠ 3ǋ,4ǋ ʠ 3ǋ,5ǋ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘ 75 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʪʝʨʝʦʭʠʤʠʠ ʨʝʘʢʮʠʠ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʪʝʟʘ 

ʘʤʠʥʦʢʝʪʦʥʦʚ 88, 91 ʠ 94, ʠʤʝʶʱʠʭ ʧʨʠ ʉ
2
 2ǋ,3ǋ- (88), 2ǋ,4ǋ- (91) ʠ 2ǋ,5ǋ-ʜʠʤʝʪʦʢʩʠʬʝʥʠʣʴʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ (94), ʦʙʥʘʨʫʞʝʥ ʜʘʣʴʥʠʡ ʩʪʝʨʝʦʢʦʥʪʨʦʣʴ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʦʨʪʦ-ʛʨʫʧʧʳ ʚ 

2ʝ-ʬʝʥʠʣʴʥʦʤ ʟʘʤʝʩʪʠʪʝʣʝ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʩ ʘʢʩʠʘʣʴʥʦʛʦ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ. 

ʀʟʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʮʝʪʠʣʝʥʘ ʢ 

ʥʝʟʘʪʨʫʜʥʝʥʥʦʤʫ -ʠʟʦʤʝʨʫ N-ʜʠʤʝʪʦʢʩʠʬʝʥʠʣʵʪʠʣʟʘʤʝʱʝʥʥʦʛʦ 2-

ʜʠʤʝʪʦʢʩʠʬʝʥʠʣʜʝʢʘʛʠʜʨʦ-ʭʠʥʦʣʦʥʘ-4 103 ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʉ
2
 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʪʠʥʠʣʠʨʦʚʘʥʠʝ ʠʜʝʪ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʮʝʪʠʣʝʥʦʚʳʭ 

ʩʧʠʨʪʦʚ ʩ ʘʢʩʠʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʘʥʘʣʦʛʠʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘʤ 85 ʠ 97. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʜʠʤʝʪʦʢʩʠʬʝʥʠʣʵʪʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʫ ʘʟʦʪʘ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʘ 103 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ 

ʥʘ ʩʪʝʨʝʦʭʠʤʠʶ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ [47]. 

ɺ ʨʘʙʦʪʘʭ [48ï51] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʮʝʪʠʣʝʥʘ ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ɔ-

ʧʠʧʝʨʠʜʦʥʦʚ ʧʨʦʪʝʢʘʝʪ ʧʫʪʝʤ ʘʪʘʢʠ ʵʪʠʥʠʣʘʥʠʦʥʦʤ sp
2
-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚʜʦʣʴ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʝ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʦʤʝʨʘ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʩʧʠʨʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʪʝʨʝʦʵʣʝʢʪʨʦʥʥʳʭ ʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʉʪʝʨʝʦʵʣʝʢʪʨʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʝ ʘʪʘʢʝ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʢʘʨʙʦʥʠʣʘ ʠʟ 

ʘʢʩʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʥʘʧʨʘʚʣʷʶʪ ʚʭʦʜʷʱʫʶ ʵʪʠʥʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʘʢʩʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʩʪʨʝʤʣʝʥʠʝ ʚʭʦʜʷʱʝʡ ʵʪʠʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʧʨʠʥʷʪʴ ʤʝʥʝʝ ʟʘʪʨʫʜʥʝʥʥʫʶ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʝʨʝʦʭʠʤʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʮʝʪʠʣʝʥʘ ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʟʘʤʝʱʝʥʥʳʭ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʪʠʥʠʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʠ ʚ 
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ʩʣʫʯʘʝ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ ʢʝʪʦʥʦʚ ʜʝʡʩʪʚʠʝʤ ʩʪʝʨʝʦʵʣʝʢʪʨʦʥʥʳʭ ʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʪʨʫʜʥʝʥʠʡ ʩʪʝʨʝʦʵʣʝʢʪʨʦʥʥʳʝ ʬʘʢʪʦʨʳ, 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʝ ʘʪʘʢʝ ʵʪʠʥʠʣʘ ʠʟ ʘʢʩʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʠʚʦʜʷʪ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʠʨʪʦʚ ʩ ʘʢʩʠʘʣʴʥʦʡ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ, 

ʩʦʟʜʘʚʘʝʤʳʝ ʘʢʩʠʘʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʤʝʪʘ-ʧʦʣʦʞʝʥʠʷʭ ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ, 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʘʢʩʠʘʣʴʥʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʘʮʝʪʠʣʝʥʘ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʧʨʘʚʣʝʥʠʶ 

ʵʪʠʥʠʣʴʥʦʛʦ ʢʘʨʙʘʥʠʦʥʘ ʠʟ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʵʧʠʤʝʨʥʳʭ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʵʬʬʝʢʪʦʚ ʵʪʠʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʘʤʠʥʦʢʝʪʦʥʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʠʥʘ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ: ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʤ, ʘʥʝʩʪʝʪʠʯʝʩʢʠʤ, n-ʭʦʣʠʥʦʙʣʦʢʠʨʫʶʱʠʤ, 

ʧʘʧʘʚʝʨʠʥʦʧʦʜʦʙʥʳʤ, ʢʘʨʜʠʦʪʨʦʧʥʳʤ, ʧʩʠʭʦʪʨʦʧʥʳʤ ʠ ʜʨʫʛʠʤʠ [52ï70]. ʉʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘʤʠ ʜʝʢʘʛʠʜʨʦʭʠʥʦʣʦʥʦʚ, ʩʦʝʜʠʥʝʥʠʷ  88 , 91 , 97  ʠ 103  ʦʙʣʘʜʘʶʪ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʦʡ ʠ 

ʩʧʘʟʤʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘʣʦʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʧʨʠ ʤʝʥʴʰʝʡ 

ʪʦʢʩʠʯʥʦʩʪʠ [71ï76]. ʅʘʠʙʦʣʝʝ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʷʚʠʣʦ ʘʮʝʪʠʣʝʥʦʚʳʡ ʩʧʠʨʪ 98: 

ʧʨʝʧʘʨʘʪ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʙʦʣʝʝ ʰʠʨʦʢʠʤ 

ʧʨʦʪʠʚʦʘʨʠʪʤʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤ,  ʯʝʤ ʣʠʜʦʢʘʠʥ ʠ ʚʝʨʘʧʘʤʠʣ (ʘʢʪʠʚʥʦ ʥʘ ʦʙʝʠʭ ʤʦʜʝʣʷʭ 

ʘʨʠʪʤʠʠ); ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ï ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʘʨʠʪʤʠʠ (ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʣʠʰʝʥʳ ʚʩʝ ʵʪʘʣʦʥʥʳʝ ʧʨʝʧʘʨʘʪʳ- ʘʥʪʠʘʨʠʤʠʢʠ);  ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʠʥʠʜʠʥ ʠ ʧʨʦʢʘʠʥʘʤʠʜ ʥʘ ʦʙʝʠʭ ʤʦʜʝʣʷʭ ʘʨʠʪʤʠʠ ʠ  ʟʘʩʣʫʞʠʚʘʝʪ 

ʫʛʣʫʙʣʸʥʥʦʛʦ ʜʦʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʚʝʜʝʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʫʶ 

ʧʨʘʢʪʠʢʫ [77, 78]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʦʠʩʢʘ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʨʷʜʫ ʘʮʝʪʠʣʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ  ʜʝʢʘʛʠʜʨʦ-

ʭʠʥʦʣʠʥʘ ï ʘʥʘʣʦʛʦʚ ʧʨʠʨʦʜʥʳʭ ʘʣʢʘʣʦʠʜʦʚ. 
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ɻʀɼʈʆɻɽʃɽʁ 

 
ʀʙʨʘʝʚʘ ɾ.ɽ.  

ʂʘʟʅʊʋ ʠʤ. ʂ.ʀ.ʉʘʪʧʘʝʚʘ, ʛ.ɸʣʤʘʪʳ 

 
ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʇɸɸɻ ʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʦʜʥʦʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ in situ. ʆʧʨʝʜʝʣʝʥʳ ʩʪʝʧʝʥʴ ʠ ʢʠʥʝʪʠʢʘ ʥʘʙʫʭʘʥʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʚ ʚʦʜʝ, ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʝ. ʆʧʨʝʜʝʣʝʥ ʤʝʭʘʥʠʟʤ ʜʠʬʬʫʟʠʠ ʞʠʜʢʦʩʪʠ ʚ 

ʦʙʲʝʤ ʛʠʜʨʦʛʝʣʝʡ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʩʪʠʛʥʫʪʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʧʝʭʠ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʛʠʜʨʦʛʝʣʝʡ, ʩʦʩʪʦʷʱʠʭ ʢʘʢ 

ʤʠʥʠʤʫʤ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ,  ʯʘʱʝ ʚʩʝʛʦ - ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ, ʦʢʩʠʜʳ ʠʣʠ ʨʘʟʣʠʯʥʳʝ ʛʣʠʥʳ,  ʚʚʦʜʷʪ ʚ 

ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʩ ʮʝʣʴʶ ʤʦʜʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚ ʦʙʳʯʥʳʭ ʛʠʜʨʦʛʝʣʝʡ [1-

5]. ɹʣʘʛʦʜʘʨʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʣʝʚʦʡ ʤʘʪʨʠʮʳ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ 

ʩʪʠʤʫʣʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ [6, 7]. ɺ ʩʦʟʜʘʥʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʥʦʛʦʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʛʣʠʥʳ ʠ ʝʸ ʩʪʨʫʢʪʫʨʳ [8]. ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʝ ʚʦʜʥʳʝ ʩʠʣʠʢʘʪʳ ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ ʠ ʤʘʛʥʠʷ ʩʣʦʠʩʪʦʡ, ʩʣʦʠʩʪʦ-

ʣʝʥʪʦʯʥʦʡ ʠ ʩʤʝʰʘʥʥʦ-ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʜʨʫʛʠʭ ʩʠʣʠʢʘʪʦʚ ʚʳʩʦʢʦʡ 

ʜʠʩʧʝʨʩʥʦʩʪʴʶ, ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʦʨʙʮʠʠ ʠ ʠʦʥʥʦʤʫ ʦʙʤʝʥʫ. 

ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʛʦ ʛʠʜʨʦʛʝʣʷ (ʇɸɸɻ) ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʜʚʫʦʢʠʩʠ ʪʠʪʘʥʘ, ʢʘʦʣʠʥʠʪʘ (ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ 

ʄʦʥʦʤʝʨ ï ʘʢʨʠʣʘʤʠʜ  ʬʠʨʤʳ çAldrich Chemical Co.è (ʉʐɸ), ʩʰʠʚʘʶʱʠʡ ʘʛʝʥʪ ï N,N-

ʤʝʪʠʣʝʥ-ʙʠʩ-ʘʢʨʠʣʘʤʠʜ (ʄɹɸɸ) ʬʠʨʤʳ çReanalè (ɺʝʥʛʨʠʷ), ʠʥʠʮʠʘʪʦʨ ï ʧʝʨʩʫʣʴʬʘʪ 

ʘʤʤʦʥʠʷ (ʇʉɸ) ʬʠʨʤʳ çɸʣʪʝʡè ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ N,N,Nô,Nô-ʪʝʪʨʘʤʝʪʠʣʵʪʠʣʝʥʜʠʘʤʠʥ (ʊʄʕɼ). ʆʢʩʠʜ ʪʠʪʘʥʘ ʤʘʨʢʠ 

çʯè  ʬʠʨʤʳ çPolyscienceè (ʉʐɸ) ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ ʯʘʩʪʠʮ 200 ʥʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. ʂʘʦʣʠʥ ʤʘʨʢʠ çʦʩʯè ʬʠʨʤʳ çɸʣʪʝʡè ʩ ʩʦʜʝʨʞʘʥʠʝʤ 98% ʤʠʥʝʨʘʣʘ 

ʢʘʦʣʠʥʠʪʘ Al2Si2O5(OH)4 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ.  
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ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ 

ʉʠʥʪʝʟ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʛʠʜʨʦʛʝʣʷ ʥʘ ʦʩʥʦʚʝ ʇɸɸɻ ʠ ʜʚʫʦʢʠʩʠ ʪʠʪʘʥʘ. ɺ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʘʢʨʠʣʘʤʠʜʘ (750 ʤʛ) ʠ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ TiO2  (1 10
-3

, 

5 10
-3

, 1 10
-2

, 1 10
-1 
ʤʦʣʴ/ʣ) ʜʦʙʘʚʣʷʣʠ MɹAA (36 ʤʛ), ʇʉɸ (35 ʤʛ) ʠ ʊʄʕɼ (0.05 ʣ). ʉʤʝʩʴ  

ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʧʨʦʜʫʚʘʣʠ ʘʟʦʪʦʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʜʣʷ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ. ʈʝʘʢʮʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 60
0
ʉ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʤʦʥʦʣʠʪʥʳʝ ʦʙʨʘʟʮʳ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʚ ʪʝʯʝʥʠʝ 7 ʜʥʝʡ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʟʦʣʴ ʬʨʘʢʮʠʡ.  

ʉʠʥʪʝʟ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʛʠʜʨʦʛʝʣʷ ʥʘ ʦʩʥʦʚʝ ʇɸɸɻ ʠ ʢʘʦʣʠʥʠʪʘ 

(ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ). ɺ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʘʢʨʠʣʘʤʠʜʘ (650 ʤʛ) ʠ ʚʦʜʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʢʘʦʣʠʥʠʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ  5%, 10%, 15%, 20% ʜʦʙʘʚʣʷʣʠ MɹAA (36 ʤʛ), ʠ ʩʤʝʩʴ 

ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɿʘʪʝʤ 

ʜʦʙʘʚʣʷʣʠ ʧʝʨʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ (25 ʤʛ) ʠ ʊʄʕɼ (0.05 ʣ) ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʜʫʚʘʣʠ ʘʟʦʪʦʤ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥ ʜʣʷ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʈʝʘʢʮʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ 60
0
ʉ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʤʦʥʦʣʠʪʥʳʝ ʦʙʨʘʟʮʳ ʧʨʦʤʳʚʘʣʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʟʦʣʴ ʬʨʘʢʮʠʡ.  
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʂʦʵʬʬʠʮʠʝʥʪ ʠ ʜʠʥʘʤʠʢʘ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʷ   

ʉʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʝʡ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠ. ʅʘʚʝʩʢʫ ʛʠʜʨʦʛʝʣʷ 

ʜʠʘʤʝʪʨʦʤ ʠ ʜʣʠʥʦʡ 1 ʩʤ (ʤʘʩʩʦʡ ʦʢʦʣʦ 0,60-0,65 ʛ) ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ (ʚʦʜʝ) ʜʦ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʆʙʨʘʟʮʳ ʘʢʢʫʨʘʪʥʦ ʠʟʚʣʝʢʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ, ʠʟʙʳʪʦʢ ʞʠʜʢʦʩʪʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʣʷ ʫʜʘʣʷʣʠ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʩʧʘʨʝʥʠʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʘ ʛʠʜʨʦʛʝʣʝʚʦʛʦ ʦʙʨʘʟʮʘ, ʚʟʚʝʰʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʟʘʢʨʳʪʳʭ ʙʶʢʩʘʭ. 

ɿʘʪʝʤ ʦʙʨʘʟʝʮ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤ-ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʙʫʭʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ 1:  

 

d

ds

m

mm
Ks

   (1) 

 

ʛʜʝ ms ʠ md - ʤʘʩʩʳ ʨʘʚʥʦʚʝʩʥʦ ʥʘʙʫʭʰʝʛʦ ʠ ʩʫʭʦʛʦ ʛʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛ. ɿʥʘʯʝʥʠʝ 

ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  ʪʨʝʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʝʡ (ʚ ʛ/ʛ) ʚ ʩʤʝʩʷʭ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʚʦʜʘ-

ʵʪʘʥʦʣ, ʚʦʜʘ-ʘʮʝʪʦʥ, ʚʦʜʘ-ʧʨʦʧʘʥʦʣ) ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠ ʠʟʤʝʨʝʥʠʝʤ ʤʘʩʩʳ 

ʥʘʙʫʭʰʝʛʦ ʚ ʚʦʜʝ (mʥʚ) ʠ ʥʘʙʫʭʰʝʛʦ ʚ ʩʤʝʩʠ (mʥʩ) ʛʝʣʝʡ ʠ ʚʳʯʠʩʣʷʣʠ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ: 

mʥʩ/mʥʚ.  

ɼʠʥʘʤʠʢʫ ʥʘʙʫʭʘʥʠʷ ʛʝʣʷ  ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ [9]. ʉʢʦʨʦʩʪʴ 

ʥʘʙʫʭʘʥʠʷ ʚʳʯʠʩʣʷʣʠ  ʧʦ ʬʦʨʤʫʣʝ: 

kt
n 
 = Mt/M  

 

ʛʜʝ k ï ʧʦʩʪʦʷʥʥʘʷ ʩʢʦʨʦʩʪʠ ʥʘʙʫʭʘʥʠʷ, n ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʵʢʩʧʦʥʝʥʪʘ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʤʝʭʘʥʠʟʤ ʪʨʘʥʩʧʦʨʪʘ ʞʠʜʢʦʩʪʠ, t ï ʚʨʝʤʷ ʘʙʩʦʨʙʮʠʠ, Mt  - ʤʘʩʩʘ ʚʦʜʳ, 

ʘʙʩʦʨʙʠʨʦʚʘʥʥʦʡ ʟʘ ʚʨʝʤʷ t, M - ʤʘʩʩʘ ʚʦʜʳ, ʘʙʩʦʨʙʠʨʦʚʘʥʥʦʡ ʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ t. 

ʂʦʥʩʪʘʥʪʫ k ʧʨʠʥʠʤʘʣʠ ʢʘʢ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ln (Mt/M ) 

ʦʪ ln t c ʦʩʴʶ ʦʨʜʠʥʘʪ, ʢʦʥʩʪʘʥʪʫ n  ʢʘʢ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ  ʢ ʢʨʠʚʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ln(M t/M ) ʦʪ ln t, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ Mt/M   0,6.  

ʇʣʦʪʥʦʩʪʴ ʛʝʣʝʡ (p) ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ ASTM ʧʦ ʤʝʪʦʜʫ [10] ʩ 

ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ 2:  
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mm

m
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ʛʜʝ m1 ʤʘʩʩʘ ʛʠʜʨʦʛʝʣʷ ʥʘ ʚʦʟʜʫʭʝ, m2  ʤʘʩʩʘ ʛʝʣʷ ʚ ʚʦʜʝ ʠ l ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ.  

ʆʙʲʝʤʥʘʷ ʬʨʘʢʮʠʷ ʧʦʣʠʤʝʨʘ ʚ ʛʠʜʨʦʛʝʣʝ (ű2) ʙʳʣʘ ʨʘʩcʯʠʪʘʥʘ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 3: 

OHdsdd

dd

mmpm

m

2
/)(/

/
2

   (3) 

ʨʅ-ʤʝʪʨʠʷ. ʉʫʭʠʝ ʦʙʨʘʟʮʳ ʛʠʜʨʦʛʝʣʝʡ ʧʦʤʝʱʘʣʠʩʴ ʚ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʨʅ ʩʨʝʜʳ. ʇʦʩʣʝ ʥʘʙʫʭʘʥʠʷ ʦʙʨʘʟʮʳ ʚʟʚʝʰʠʚʘʣʠʩʴ ʠ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ 1. ʀʟʤʝʨʝʥʠʝ pH ʩʨʝʜʳ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʨʅ/ʢʦʥʜʫʢʪʦʤʝʪʨʝ 

ñMettler Toledo MPC 227ò (ʐʚʝʡʮʘʨʠʷ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.   

ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʭʠʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ çFE-SEM (EDS)è ʬʠʨʤʳ çHitachi S-4800è (ʗʧʦʥʠʷ) ʚ 

ʇʦʪʩʜʘʤʩʢʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ (ɻʝʨʤʘʥʠʷ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʂʦʤʧʦʟʠʪʥʳʝ ʛʠʜʨʦʛʝʣʠ ʇɸɸɻ/TiO2, ʇɸɸɻ/ʂʘʦʣʠʥʠʪ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ñin situò ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ɺʘʨʴʠʨʫʷ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʤʘʪʨʠʮʝ ʛʝʣʷ, ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ 

ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʟʘ ʩʯʝʪ ʵʢʩʬʦʣʷʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʚ 

ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʰʠʚʢʝ ʤʦʣʝʢʫʣ 

ʘʢʨʠʣʘʤʠʜʘ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʤʠʥʝʨʘʣʦʚ.      

ʇʣʦʪʥʦʩʪʠ ʩʫʭʠʭ ʠ ʥʘʙʫʭʰʠʭ ʛʝʣʝʡ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʙʫʭʘʥʠʷ (KS) ʠ ʦʙʲʝʤʥʘʷ ʬʨʘʢʮʠʷ 

ʧʦʣʠʤʝʨʘ (ű2) ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʇɸɸɻ/TiO2 ʠ ʇɸɸɻ/ʂʘʦʣʠʥʠʪ ʧʦʢʘʟʘʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʫʭʘʥʠʷ Ks, ʧʣʦʪʥʦʩʪʠ ʛʝʣʝʡ , ʧʘʨʘʤʝʪʨʦʚ n ʠ k ʠ 

ʦʙʲʝʤʥʦʡ ʬʨʘʢʮʠʠ ʧʦʣʠʤʝʨʘ ű2 ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʇɸɸɻ/TiO2 ʠ ʇɸɸɻ/ʂʘʦʣʠʥʠʪ 

 

ʀʟ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʛʝʣʷ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ű2, ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʩʥʠʞʘʝʪʩʷ  KS. ɼʦʙʘʚʣʝʥʠʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʛʝʣʷ ʧʨʠʚʦʜʠʪ ʢ  ʚʦʟʨʘʩʪʘʥʠʶ ʛʠʜʨʦʬʦʙʥʦʩʪʠ 

ʦʙʨʘʟʮʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʙʫʭʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʥʦʡ 

ʬʨʘʢʮʠʠ ʧʦʣʠʤʝʨʘ. ʉʥʠʞʝʥʠʝ Ks, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʜʝʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʧʣʦʪʥʦʩʪʠ ʛʝʣʷ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʦʙʲʝʤʥʦ-ʬʘʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ. ʂʠʥʝʪʠʢʠ ʥʘʙʫʭʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʇɸɸɻ/TiO2, 

ʇɸɸɻ/ʂʘʦʣʠʥʠʪ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2. ʀʟ ʢʨʠʚʳʭ ʨʘʚʥʦʚʝʩʥʦʛʦ ʥʘʙʫʭʘʥʠʷ ʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ln(Mt/MÐ) ʦʪ lnt ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ n ʠ k, ʦʪʨʘʞʘʶʱʠʝ ʤʝʭʘʥʠʟʤ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʧʦʨʳ ʛʠʜʨʦʛʝʣʷ. ʉʦʛʣʘʩʥʦ ʇʝʧʧʘʩ [9], ʜʠʥʘʤʠʢʘ ʥʘʙʫʭʘʥʠʷ 

ʆʙʨʘʟʝʮ [TiO 2], ʤʦʣʴ/ʣ KS s d n k 10
2 ű2 

ʇɸɸɻ/TiO2 1 10
-3

 11.25 1.020 1.268 0.62 6.1 0.070 

ʇɸɸɻ/TiO2 5 10
-3

 11.04 1.032 1.280 0.71 4.8 0.071 

ʇɸɸɻ/TiO2 1 10
-2

 11.03 1.029 1.294 0.81 4.0 0.071 

ʇɸɸɻ/TiO2 5 10
-2

 10.62 1.035 1.370 0.85 4.7 0.072 

ʇɸɸɻ/TiO2 1 10
-1

 10.27 1.072 1.383 0.85 4.9 0.073 

ʆʙʨʘʟʝʮ ʉʦʜʝʨʞʘʥʠʝ,% KS s d n k 10
2 ű2 

ʇɸɸɻ/ʂʘʦʣʠʥʠʪ 20 9.24 1.180 1.848 0.94 5.2 0.245 

ʇɸɸɻ/ʂʘʦʣʠʥʠʪ 15 9.75 1.142 1.721 0.81 4.0 0.187 

ʇɸɸɻ/ʂʘʦʣʠʥʠʪ 10 10.38 1.109 1.694 0.76 4.7 0.138 

ʇɸɸɻ/ʂʘʦʣʠʥʠʪ 5 10.64 1.084 1.575 0.70 3.6 0.097 

ʇɸɸɻ/ʂʘʦʣʠʥʠʪ 2.5 11.11 1.053 1.533 0.64 6.2 0.076 
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ʛʠʜʨʦʛʝʣʝʡ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ ʞʠʜʢʦʩʪʠ ʠ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʰʠʪʳʭ ʮʝʧʝʡ ʧʦʣʠʤʝʨʘ. ʇʨʠ n=0,5 ʧʨʦʮʝʩʩ ʜʠʬʬʫʟʠʠ ʚʥʫʪʨʴ 

ʛʝʣʷ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʌʠʢʘ,  ʝʩʣʠ n>0,5 ï ʧʨʦʠʩʭʦʜʠʪ ʘʥʦʤʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʞʠʜʢʦʩʪʠ, ʘ  

ʧʨʠ n=1 ʨʝʘʣʠʟʫʝʪʩʷ ʨʝʣʘʢʩʘʮʠʦʥʥʦ-ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʪʨʘʥʩʧʦʨʪ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʦʙʲʝʤ ʩʝʪʢʠ. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʨʘʟʮʦʚ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ n ʙʦʣʴʰʝ 0.5, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ  ʘʥʦʤʘʣʴʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ ʥʘʙʫʭʘʥʠʷ. ʕʪʦʪ ʪʠʧ ʜʠʬʬʫʟʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ 

ʚʦʜʳ ʙʦʣʴʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. 

ʀʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʥʘʙʫʭʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʚ ʩʤʝʩʠ ʚʦʜʘ-ʧʨʦʧʘʥʦʣ, ʚʦʜʘ-

ʵʪʘʥʦʣ ʠ ʚʦʜʘ-ʘʮʝʪʦʥ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʚʦʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʢʦʣʣʘʧʩ ʛʠʜʨʦʛʝʣʝʚʦʡ ʤʘʪʨʠʮʳ. ʅʘʙʣʶʜʘʝʤʳʝ ʦʙʲʝʤʥʦ-ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʋʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʩʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʫʩʠʣʠʚʘʝʪʩʷ ʢʦʥʜʝʥʩʘʮʠʷ ʤʘʢʨʦʠʥʦʚ ʩ ʧʨʦʪʠʚʦʠʦʥʘʤʠ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʩʞʘʪʠʝ ʛʝʣʷ. 
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ʈʠʩ.1.  ʂʠʥʝʪʠʢʘ ʥʘʙʫʭʘʥʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʛʠʜʨʦʛʝʣʷ ʇɸɸɻ/TiO2 ʚ 

ʚʦʜʝ 

ʈʠʩ.2. ʂʠʥʝʪʠʢʘ ʥʘʙʫʭʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʛʠʜʨʦʛʝʣʷ ʇɸɸɻ/ʂʘʦʣʠʥʠʪ ʚ ʚʦʜʝ 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚ ʛʠʜʨʦʛʝʣʝ ʥʘ 

ʧʘʨʘʤʝʪʨʳ Ks ʠ ű2. ɼʣʷ ʛʠʜʨʦʛʝʣʷ ʇɸɸɻ/TiO2 ʫʚʝʣʠʯʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ KS, ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʡ ű2 (ʨʠʩ.3). ɸʥʘʣʦʛʠʯʥʘʷ 

ʪʝʥʜʝʥʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʇɸɸɻ/ʂʘʦʣʠʥʠʪ 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ Ks ʠ ű2 ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ TiO2 ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ  

ʛʠʜʨʦʛʝʣʝ ʇɸɸɻ/TiO2. 

 

ʀʩʩʣʝʜʦʚʘʥʘ ʤʦʨʬʦʣʦʛʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʛʠʜʨʦʛʝʣʝʡ. ʌʦʪʦʛʨʘʬʠʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʦʙʨʘʟʮʦʚ ʇɸɸɻ/TiO2 ʠ ʇɸɸɻ/ʂʘʦʣʠʥʠʪ ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4, ʦʙʨʘʟʝʮ, ʩʦʜʝʨʞʘʱʠʡ ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʦʢʩʠʜ 

ʪʠʪʘʥʘ, ʠʤʝʝʪ ʤʘʢʨʦʧʦʨʳ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 10  Õ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʨʳ ʦʙʨʘʟʮʘ 

ʇɸɸɻ/ʂʘʦʣʠʥʠʪ ʥʝ ʧʨʝʚʳʰʘʶʪ  1 Õʤ (ʨʠʩ. 5). ʅʘʣʠʯʠʝ ʙʦʣʴʰʠʭ ʧʦʨ ʚ ʦʙʨʘʟʮʝ ʇɸɸɻ/TiO2 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʫʭʘʥʠʷ, ʥʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʦʤ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ in situ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʛʠʜʨʦʛʝʣʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʛʠʜʨʦʛʝʣʝʚʦʡ ʤʘʪʨʠʮʳ ʠ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʯʘʩʪʠʮ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʄʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ʧʦʨ ʢʦʤʧʨʦʟʠʮʠʦʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ. ʆʧʨʝʜʝʣʝʥʳ ʩʪʝʧʝʥʴ ʠ 

ʜʠʥʘʤʠʢʘ ʥʘʙʫʭʘʥʠʷ ʠ ʩʞʘʪʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʚ ʚʦʜʝ, ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʤʝʩʷʭ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʩʨʝʜʳ. ʆʙʥʘʨʫʞʝʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʷ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ n ʠ k, ʦʪʨʘʞʘʶʱʠʝ 

ʤʝʭʘʥʠʟʤ ʜʠʬʬʫʟʠʠ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʝʪʢʫ ʩʰʠʪʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʬʬʫʟʠʷ ʞʠʜʢʦʩʪʠ ʥʝ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʌʠʢʘ ʠ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʘʥʦʤʘʣʴʥʦʤʫ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʦ-ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʤʝʭʘʥʠʟʤʫ.  

 

  
ʈʠʩ. 4. ʌʦʪʦʛʨʘʬʠʷ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʩʫʭʦʛʦ ʦʙʨʘʟʮʘ ʇɸɸɻ/TiO2 

 

ʈʠʩ. 5. ʌʦʪʦʛʨʘʬʠʷ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ  

ʩʫʭʦʛʦ ʦʙʨʘʟʮʘ ʇɸɸɻ/ʂʘʦʣʠʥʠʪ 
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