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         ʊ38 

 
ʇʨʝʜʩʝʜʘʪʝʣʴ ʨʝʜʢʦʣʣʝʛʠʠ: 

ʃʝʙʝʜʝʚʘ ʅʘʜʝʞʜʘ ɸʥʘʪʦʣʴʝʚʥʘ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʚ ʦʙʣʘʩʪʠ ʢʫʣʴʪʫʨʦʣʦʛʠʠ, 

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

ɸʢʘʜʝʤʠʠ ʊʝʣʝʚʠʜʝʥʠʷ ʠ ʈʘʜʠʦ. 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

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

ɽʣʠʩʝʝʚ ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʥʘʯʘʣʴʥʠʢ 

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

ʢʘʪʝʛʦʨʠʠ, ʢʘʬʝʜʨʘ ʧʩʠʭʦʪʝʨʘʧʠʠ ʠ ʩʝʢʩʦʣʦʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʧʦʩʣʝʜʠʧʣʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʈʄɸʇʆ) ʛ. ʄʦʩʢʚʘ; 

ɿʝʣʝʥʩʢʘʷ ʊʘʪʴʷʥʘ ɽʚʛʝʥʴʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʚ ʖʛʦʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ; 

ʂʘʨʧʝʥʢʦ ʊʘʪʴʷʥʘ ʄʠʭʘʡʣʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʨʝʮʝʥʟʝʥʪ ɸʅʉ 

çʉʠʙɸʂè; 

ʂʦʩʪʳʣʝʚʘ ʉʚʝʪʣʘʥʘ ʖʨʴʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ 

ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮ. ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

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

ʇʦʧʦʚʘ ʅʘʪʘʣʴʷ ʅʠʢʦʣʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʠ ʧʩʠʭʦʣʦʛʠʠ ʠʥʩʪʠʪʫʪʘ ʜʝʪʩʪʚʘ ʅɻʇʋ; 
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ʆʛʣʘʚʣʝʥʠʝ  

ʉʝʢʮʠʷ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 7 

ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 
ʈɸʉʇʈɽɼɽʃʀʊɽʃʗ 
ɸʨʪʝʤʴʝʚ ɺʷʯʝʩʣʘʚ ɺʠʢʪʦʨʦʚʠʯ 
ʉʪʘʩʝʥʢʦ ɼʤʠʪʨʠʡ ʃʝʦʥʠʜʦʚʠʯ  

7 

ɹɽʉʂʆʅʊɸʂʊʅʓɽ ʑɽʃɽɺʓɽ ʋʇʃʆʊʅɽʅʀʗ 
ʇʈʀʄɽʅʗɽʄʓɽ ɺ ɻʀɹʈʀɼʅʓʍ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ 
ʄɸʐʀʅɸʍ 
ɻʨʠʙʘʥʦʚ ʉʝʨʛʝʡ ɺʷʯʝʩʣʘʚʦʚʠʯ 
ʑʝʨʙʘ ɺʠʢʪʦʨ ɽʚʛʝʥʴʝʚʠʯ 

13 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʈʆɻʈɸʄʄʀʈʋɽʄʓʍ ʇʆʃʔɿʆɺɸʊɽʃɽʄ 
ɺɽʅʊʀʃʔʅʓʍ ʄɸʊʈʀʎ ɺ ɻɽʊɽʈʆɻɽʅʅʓʍ ʄʆɹʀʃʔʅʓʍ 
ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ɸʈʍʀʊɽʂʊʋʈɸʍ 
ɽʚʩʠʢ ɸʥʜʨʝʡ ʉʪʘʥʠʩʣʘʚʦʚʠʯ 
ʐʚʝʮʦʚ ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ 

17 

ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʆɻʈɸʄʄʅʆɻʆ ʉʈɽɼʉʊɺɸ 
ʆʇʈɽɼɽʃɽʅʀʗ ʆʇʊʀʄɸʃʔʅʆɻʆ ʄɸʈʐʈʋʊɸ 
ʄʆɹʀʃʔʅʆɻʆ ʆɹʒɽʂʊɸ ɺ ʈɸʉʇʈɽɼɽʃɽʅʅʆʄ  
ʀʅʌʆʈʄɸʎʀʆʅʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 
ɽʣʠʟʘʨʦʚ ɸʣʝʢʩʝʡ ʖʨʴʝʚʠʯ  

21 

ʋʉʀʃɽʅʀɽ ʌʋʅɼɸʄɽʅʊʆɺ ʉʋʑɽʉʊɺʋʖʑʀʍ ɿɼɸʅʀʁ  
ʉ ʇʆʄʆʑʔʖ ʉɸʄʆɿɸɹʋʈʀɺɸɽʄʓʍ ɺʀʅʊʆʅɸɹʀɺʅʓʍ 
ʄʀʂʈʆʉɺɸʁ 
ɿʘʣʝʩʢʠʡ ɼʤʠʪʨʠʡ ɺʘʣʝʨʴʝʚʠʯ  
ɻʦʣʫʙ ʅʘʪʘʣʴʷ ɼʤʠʪʨʠʝʚʥʘ 
ʃʘʧʪʝʚ ɸʥʜʨʝʡ ɻʨʠʛʦʨʴʝʚʠʯ 
ɾʳʚʘʣʝʚʩʢʘʷ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ 

28 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɸɺʊʆʅʆʄʅʆʁ ɻɸɿʆɺʆʁ ʂʆʊɽʃʔʅʆʁ  
ʉ ʇʆɼɹʆʈʆʄ ʆɹʆʈʋɼʆɺɸʅʀʗ ʇʈʀ ʈɸɹʆʊɽ 
ɺʆɼʆɻʈɽʁʅʓʍ ʂʆʊʃʆɺ 
ʂʦʚʘʣʝʚ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 
ɺʣʘʜʳʢʠʥ ɸʥʘʪʦʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ 

32 

ʅɽʁʈʆʉɽʊɽɺʓɽ ʄɽʊʆɼʓ ʇʈʆɻʅʆɿɸ ɺʈɽʄɽʅʅʓʍ 
ʈʗɼʆɺ 
ʂʨʫʛʣʠʢʦʚ ɸʨʪʸʤ ʀʛʦʨʝʚʠʯ 
ʋʨʪʝʥʦʚ ʄ.ʍ. 
 
 

37 



 

çʇʆɺʓʐɽʅʀɽ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀʍ ʀ 
ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓʍ ʉɺʆʁʉʊɺ ɾɸʈʆʇʈʆʏʅʓʍ 
ʉʇʃɸɺʆɺ ʃʆʇɸʊʆʂ ɻʊɼè 
ʄʘʨʢʦʚʘ ɽʢʘʪʝʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 
ʌʦʤʝʥʢʦ ʈʦʤʘʥ ʅʠʢʦʣʘʝʚʠʯ 

40 

ʆɹɿʆʈ ʇʈʀɹʆʈʆɺ ʋʏɽʊɸ ʕʃɽʂʊʈʀʏɽʉʂʆʁ ʕʅɽʈɻʀʀ  
ɹʓʊʆɺʓʍ ʇʆʊʈɽɹʀʊɽʃɽʁ 
ʅʝʘʨʦʥʦʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 
ɼʷʛʠʣʝʚ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

47 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ɸɼɸʇʊʀɺʅʆɻʆ ʇʈʆʎɽʉʉɸ 
ʆɹʋʏɽʅʀʗ ʅɸ ʆʉʅʆɺɽ ʇʉʀʍʆʊʀɺʆɺ ʃʀʏʅʆʉʊʀ 
ʇʘʢ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ 
ʉʝʨʙʠʥ ɺʘʩʠʣʠʡ ɺʘʣʝʨʴʝʚʠʯ 

53 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʆʀɿɺʆɼʉʊɺɸ ʉʊʈʆʀʊɽʃʔʅʓʍ 
ʄɸʊɽʈʀɸʃʆɺ ʀ ɼɽʈɽɺʆʆɹʈɸɹʆʊʂʀ 
ɸʭʤʝʪʟʷʥʦʚ ɸʣʴʙʝʨʪ ʌʘʥʠʩʦʚʠʯ 
ʇʦʟʦʣʦʪʠʥ ʉʪʝʧʘʥ ʆʣʝʛʦʚʠʯ 

60 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊɽʁ ʉɽʈɺʀʉɸ BUBBLE 
ɼʃʗ ʈɽʐɽʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ɿɸɼɸʏ ɹɽɿ 
ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ ɺ ʋʉʃʆɺʀʗʍ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊɽʁ 
ʇʦʢʣʘʜ ʂʠʨʠʣʣ ɺʘʜʠʤʦʚʠʯ 
ʖʥʦʚ ʉʝʨʛʝʡ ɺʣʘʜʣʝʥʦʚʠʯ 

64 

ɸʃɻʆʈʀʊʄʓ ɼʃʗ ɸʅɸʃʀɿɸ ʆʊɺɽʊʆɺ ʆʊʂʈʓʊʓʍ 
ɺʆʇʈʆʉʆɺ ʊɽʉʊʀʈʆɺɸʅʀʗ  
ʉʝʡʽʪʞʘʥʦʚ ʄʘʜʠʷʨ פʘʡʨʘʪײʣʳ 
ʉʝʨʙʠʥ ɺʘʩʠʣʠʡ ɺʘʣʝʨʴʝʚʠʯ 

69 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʁ ɺʓɹʆʈ ʋʉʊɸɺʆʂ ʎʀʌʈʆɺʆʁ 
ʈɽʃɽʁʅʆʁ ɿɸʑʀʊʓ ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ 
ʉʤʘʛʠʥ ʂʠʨʠʣʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
ɻʘʣʩʪʷʥ ʈʘʟʤʠʢ ɸʨʤʘʥʦʚʠʯ 
ʎʳʛʫʣʝʚ ʅʠʢʦʣʘʡ ʀʦʩʠʬʦʚʠʯ  
ʍʣʝʙʥʠʢʦʚ ɺʣʘʜʠʤʠʨ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 
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ʉɽʂʎʀʗ 1.  

ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʈɸʉʇʈɽɼɽʃʀʊɽʃʗ 

ɸʨʪʝʤʴʝʚ ɺʷʯʝʩʣʘʚ ɺʠʢʪʦʨʦʚʠʯ 

ʩʪʫʜʝʥʪ, ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ʠʤʝʥʠ ʇ.ʆ. ʉʫʭʦʛʦ.  

ʈɹ, ʛ. ɻʦʤʝʣʴ  

ʉʪʘʩʝʥʢʦ ɼʤʠʪʨʠʡ ʃʝʦʥʠʜʦʚʠʯ  

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʇ.ʆ. ʉʫʭʦʛʦ,  

ʈɹ, ʛ. ɻʦʤʝʣʴ 

 

ɺʚʝʜʝʥʠʝ  

ʈʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʝʣ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ. ʪ.ʝ. ʧʨʠ ʟʘʧʫʩʢʝ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 70 ʛʨʘʜ. ʇʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨ ʚʷʟʢʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʨʘʩʪʫʪ ʫʪʝʯʢʠ, ʥʝ 

ʚʝʨʥʦ ʚʳʙʨʘʥʥʳʡ ʟʘʟʦʨ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʢʣʠʥʠʚʘʥʠʶ. 

ʊ.ʦ. ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʚʷʟʢʦʩʪʠ ʨʘʙʦʯʠʡ ʞʠʜʢʦʩʪʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.[1] 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

ʥʘ ʫʪʝʯʢʫ ʠ ʫʩʠʣʠʝ ʧʝʨʝʤʝʱʝʥʠʝ ʟʦʣʦʪʥʠʢʘ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚʳʙʨʘʥ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ (ʨʠʩ.1) ʪʠʧʘ 4/2-

ʭʦʜʦʚʦʡ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ c ʧʨʫʞʠʥʥʳʤ ʚʦʟʚʨʘʪʦʤ [2]. 
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ʈʠʩʫʥʦʢ 1. ʆʙʱʠʡ ʚʠʜ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ  

 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

¶ ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 6 ʄʇʘ (60 ʙʘʨ) 

¶ ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʜʘʚʣʝʥʠʝ 12 ʄʇʘ (120 ʙʘʨ) 

¶ 24 ɺ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

¶ 6.5 ɺʪ ʚʳʭʦʜ 

¶ ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ: ʛʥʝʟʜʦ ʙʝʟʦʧʘʩʥʦʩʪʠ 4 ʤʤ 

¶ ɼʠʘʤʝʪʨ ʫʩʣʦʚʥʦʛʦ ʧʨʦʭʦʜʘ 4 ʤʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʤʘʩʣʘ ʀ-30ɸ, ʚʷʟʢʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʊ=(0é60) Ǔʉ[3] 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʭʦʜʠʣʦ ʚ ʜʚʘ ʵʪʘʧʘ.  

ʇʝʨʚʳʡ ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʠʡ ʵʪʘʧ. ʅʘ ʢʦʪʦʨʦʤ ʩʦʙʠʨʘʣʘʩʴ ʩʭʝʤʘ ʠʩʧʳʪʘʥʠʷ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ (ʨʠʩ.3) ʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʨʘʩʭʦʜʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

  

ʈʠʩʫʥʦʢ 2. ɿʦʣʦʪʥʠʢ ʚ ʢʦʨʧʫʩʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ 
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ʉʠʣʘ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ[4]: 

ʟ
h

x
R ÖÖÖ=

d
ru  

ʛʜʝ u - ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʟʦʣʦʪʥʠʢʘ, ʤ/ʩ 

r- ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʢʛ/ʤ3 

x- ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, cʉʪ 

ʟ
h -ʭʦʜ ʟʦʣʦʪʥʠʢʘ, ʤ 

ʋʪʝʯʢʠ ʚ ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʝ ʦʧʨʝʜʝʣʷʶʪʩʷ [3]: 
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 ʛʜʝ  l - ʜʣʠʥʘ ʟʘʟʦʨʘ, ʤ. 

 ʆʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʠʣʠʝ ʧʝʨʝʤʝʱʝʥʠʝ ʟʦʣʦʪʥʠʢʘ ʠ ʫʪʝʯʢʫ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ, ʢʨʦʤʝ ʝʝ ʚʷʟʢʦʩʪʠ, ʦʢʘʟʳʚʘʝʪ ʟʘʟʦʨ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ 

ʟʦʣʦʪʥʠʢʦʤ.[4] 

 

1 ï ʢʣʘʧʘʥ ʜʘʚʣʝʥʠʷ, 2 ï ʨʘʩʭʦʜʦʤʝʨ (0 - 10 ɺ, 0-10 ʣ/ʤʠʥ), 3 ï ʠʩʧʳʪʫʝʤʳʡ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ, 4 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ (20 ï 30 ɺ, 0-100 ÁC) 5 ï ʜʘʪʯʠʢ 

ʜʘʚʣʝʥʠʷ (15 ï 30 ɺ, 10 ʄʇʘ) , 6 ï ʘʢʢʫʤʫʣʷʪʦʨ (6 ʄʇʘ)., 7 ïʬʠʣʴʪʨ (5ʤʢʤ) ,  

8 ï ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ (ʇʂ), 9 ï ʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ, 10 ï ʘʥʘʣʦʛʦʚʳʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʚʷʟʴ ʩ ʇʂ,.11 ï ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʤʘʛʥʠʪʦʤ , 12 ï ʙʣʦʢ ʧʠʪʘʥʠʷ. 

ʈʠʩʫʥʦʢ 3. ʉʪʝʥʜ ʠʩʧʳʪʘʥʠʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ 
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ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʠʡ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʟʘʟʦʨʘ ŭ, ʢʦʪʦʨʳʡ[4]: 
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ʛʜʝ 
0
d - ʜʠʘʤʝʪʨʘʣʴʥʳʡ ʟʘʟʦʨ; ʤʢʤ 

ʢ
d ,

ʟ
d - ʜʠʘʤʝʪʨʳ ʟʦʣʦʪʥʠʢʘ ʠ ʢʦʨʧʫʩʘ (ʛʠʣʴʟʳ), ʤ 

21
aaa -=D - ʨʘʟʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʩʦʧʨʷʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʢʦʨʧʫʩʘ ʠ ʟʦʣʦʪʥʠʢʘ, 1/ʛʨʘʜ. 

 TD - ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ ʩʦʧʨʷʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠ 

ʠʩʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʛʨʘʜ. 

 P - ʜʘʚʣʝʥʠʝ ʚ ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʝ, ʄʇʘ.  

 E- ʤʦʜʫʣʴ ʦʙʲʝʤʥʦʡ ʫʧʨʫʛʦʩʪʠ ʢʦʨʧʫʩʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ, ʅ/ʤ2  

 m- ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ. 

ɼʣʷ ʨʘʙʦʪʳ ʩʪʝʥʜʘ ʟʘʜʘʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʪʝʤʧʝʨʘʪʫʨʘ 

ʞʠʜʢʦʩʪʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (0-10Ǔʉ) ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

ʛʠʜʨʦʩʪʘʥʮʠʷ ʚʳʥʝʩʝʥʘ ʠʟ ʧʦʤʝʱʝʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: 

ʜʘʚʣʝʥʠʝ, ʨʘʩʭʦʜ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʷ, ʢʦʥʪʨʦʣʴ ʟʘ ʢʦʪʦʨʳʤʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʪʯʠʢʦʚ (ʨʠʩ.3) ʠ ʧʨʦʛʨʘʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ FluidSIM-H 

(ʨʠʩ.4).  

ʋʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ ʩʠʣʘ ʥʝʦʙʭʦʜʠʤʘʷ ʥʘ 

ʧʝʨʝʤʝʱʝʥʠʝ ʟʦʣʦʪʥʠʢʘ ʧʦʜʘʝʪ. ʀʟʤʝʥʝʥʠʝ ʩʠʣʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ TeR 032,0158 -Ö= . ʀʟ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʫʪʝʯʝʢ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʪʝʯʝʢ ʧʘʜʘʝʪ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʳʭ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ 

136,17 +Ö= TQ . 
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ʈʠʩʫʥʦʢ 4.ʉʢʨʠʥʰʝʪ ʠʟʤʝʨʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʝ FluidSIM -H  

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʥʘ ʟʦʣʦʪʥʠʢʝ ʠ ʫʪʝʯʝʢ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ (ʨʠʩ.5). 

 

ʈʠʩʫʥʦʢ 5. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ: ʘ) ʩʠʣʳ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʞʠʜʢʦʩʪʠ ʙ) ʫʪʝʯʝʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ 
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ɿʘʢʣʶʯʝʥʠʝ  

1) ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʪʨʝʥʠʷ ʠ 

ʫʪʝʯʢʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʯʝʥʦ ʯʪʦ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʠʩʧʳʪʫʝʤʦʛʦ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʩʦʩʪʘʚʣʷʝʪ 20 - 30Ǔʉ, ʪ.ʢ. 

ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʩʠʣʘ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʩ 57-75 ʅ, 

ʘ ʫʪʝʯʢʠ ʥʘʦʙʦʨʦʪ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ 67-80 ʤʤ3/ʩ. ʧʝʨʝʤʝʱʝʥʠʷ ʟʦʣʦʪʥʠʢʘ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʫʪʝʯʢʠ ʞʠʜʢʦʩʪʠ. 

2) ʋʩʪʘʥʦʚʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʠʣ ʠ ʫʪʝʯʢʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʪʠʧʘ 4/2-ʭʦʜʦʚʦʡ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ c 

ʧʨʫʞʠʥʥʳʤ ʚʦʟʚʨʘʪʦʤ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɸʧʧʘʨʘʪʫʨʘ ʦʙʲʝʤʥʳʭ ʛʠʜʨʦʧʨʠʚʦʜʦʚ: ʈʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ/ 

ʖ. ʃ. ʂʠʨʠʣʣʦʚʩʢʠʡ, ʖ. ɻ. ʂʦʣʧʘʢʦʚ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1990. ï  

272 ʩ.:ʠʣ.  

2. ʕʣʝʢʪʨʦʥʥʳʡ ʢʘʪʘʣʦʛ ʧʨʦʜʫʢʮʠʠ Festo-didactic 2019 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʦʜ ʨʝʜ. ʃ. ʇ. ʉʪʨʝʣʝʮʢʘʷ ï 

ʠʟʜ. çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè. ʄʦʩʢʚʘ 1964 ʛ. ï 388 ʩ.: ʠʣ.  

4. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ. ʇʦʜ ʨʝʜʘʢʮʠʝʡ ʇ. ɻ. ʂʠʩʝʣʝʚʘ. 
ʀʟʜ. 4-ʝ, ʧʝʨʝʨʘʙʦʪ. ʠ ʜʦʧ. ʄ., çʕʥʝʨʛʠʷè, 1972. 
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ɹɽʉʂʆʅʊɸʂʊʅʓɽ ʑɽʃɽɺʓɽ ʋʇʃʆʊʅɽʅʀʗ ʇʈʀʄɽʅʗɽʄʓɽ  

ɺ ɻʀɹʈʀɼʅʓʍ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʄɸʐʀʅɸʍ 

ɻʨʠʙʘʥʦʚ ʉʝʨʛʝʡ ɺʷʯʝʩʣʘʚʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʈʌ, ʛ. ʆʤʩʢ 

ʑʝʨʙʘ ɺʠʢʪʦʨ ɽʚʛʝʥʴʝʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʧʨʦʬʝʩʩʦʨ, ʜ-ʨ ʪʝʭʥ.ʥʘʫʢ,  
ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʌ, ʛ. ʆʤʩʢ 

 

ɻʠʙʨʠʜʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʢʦʤʧʨʝʩʩʦʨ ʠ ʥʘʩʦʩ 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ. ʅʘʜ ʧʦʨʰʥʝʤ ʥʘʭʦʜʠʪʩʷ ʢʦʤʧʨʝʩʩʦʨʥʘʷ 

ʧʦʣʦʩʪʴ, ʘ ʧʦʜ ʧʦʨʰʥʝʤ ʥʘʩʦʩʥʘʷ. ɼʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʧʦʣʦʩʪʝʡ ʚ 

ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʤʝʥʷʶʪ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʫʧʣʦʪʥʝʥʠʷ. 

ɹʝʩʢʦʥʪʘʢʪʥʳʝ ʫʧʣʦʪʥʝʥʠʷ ʩʦʟʜʘʶʪ ʤʝʞʜʫ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʤʠ ʧʦʣʦʩʪʷʤʠ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʟʘʟʦʨ ï ʱʝʣʴ, ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʈʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʱʝʣʴ ʟʘʚʠʩʠʪ ʦʪ 

ʟʥʘʯʝʥʠʷ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ ʤʝʞʜʫ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʤʠ ʧʦʣʦʩʪʷʤʠ, ʘ ʪʘʢʞʝ ʦʪ 

ʧʣʦʱʘʜʠ ʱʝʣʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʟʘʟʦʨʘ ʠ ʜʣʠʥʦʡ ʱʝʣʠ. 

ʑʝʣʝʚʳʝ ʫʧʣʦʪʥʝʥʠʷ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʢʘʢ ʩ ʨʘʜʠʘʣʴʥʳʤʠ, ʪʘʢ ʠ ʩ 

ʦʩʝʚʳʤʠ ʟʘʟʦʨʘʤʠ. ʋʪʝʯʢʠ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʫʧʣʦʪʥʝʥʠʝ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʤʠ [1, 

ʩ. 3]. ʋʤʝʥʴʰʝʥʠʷ ʱʝʣʠ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʥʝʧʦʜʚʠʞʥʫʶ 

ʜʝʪʘʣʴ ʤʘʩʪʠʢʠ ʥʘ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʤ ʛʨʘʬʠʪʝ. 

ʋʧʣʦʪʥʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʝʨʝʪʝʯʝʢ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʝʞʜʫ ʧʦʣʦʩʪʷʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʞʠʜʢʦʩʪʴʶ ʠʣʠ ʛʘʟʦʤ, ʥʦ ʩ 

ʨʘʟʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ. ʅʘʜʝʞʥʘʷ ʠʟʦʣʷʮʠʷ ʧʦʣʦʩʪʝʡ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʧʨʠ 

ʢʦʥʪʘʢʪʥʳʭ ʫʧʣʦʪʥʝʥʠʷʭ.  

ɺ ʢʘʯʝʩʪʚʝ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʛʣʘʜʢʦʝ ʱʝʣʝʚʦʝ ʠ 

ʩʪʫʧʝʥʯʘʪʦʝ ʫʧʣʦʪʥʝʥʠʝ. 

ʅʝʜʦʩʪʘʪʦʢ ʱʝʣʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ - ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʩʦʧʨʷʛʘʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʘʩʪʘʥʠʷ ʱʝʣʠ. 
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ʇʦʨʰʥʝʚʦʝ ʢʦʥʮʝʥʪʨʠʯʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʷʤʦʡ ʫʯʘʩʪʦʢ ʙʝʟ 

ʢʘʢʠʭ-ʣʠʙʦ ʥʝʨʦʚʥʦʩʪʝʡ. ʇʨʠ ʨʘʙʦʪʝ ʘʛʨʝʛʘʪʘ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʥʝʪʘʥʠʷ ʞʠʜʢʦʩʪʠ 

ʧʨʠ ʜʘʚʣʝʥʠʠ P1 ʚ ʥʘʩʦʩʥʦʡ ʩʝʢʮʠʠ, ʞʠʜʢʦʩʪʴ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʝʨʝʪʝʢʘʝʪ ʯʝʨʝʟ 

ʱʝʣʴ ŭ1 ʚ ʧʦʣʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʚʩʘʩʳʚʘʥʠʷ ʧʨʠ 

ʜʘʚʣʝʥʠʠ P2, ʪʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʧʨʷʤʳʤ. 

 

ʈʠʩʫʥʦʢ 1. ɻʣʘʜʢʦʝ ʢʦʥʮʝʥʪʨʠʯʥʦʝ ʱʝʣʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ 

 

ʈʠʩʫʥʦʢ 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʝʡʩʪʚʠʷ ʢʦʥʮʝʥʪʨʠʯʥʦʡ ʱʝʣʠ 

 

ɺ ʩʪʫʧʝʥʯʘʪʦʤ ʧʦʨʰʥʝʚʦʤ ʫʧʣʦʪʥʝʥʠʠ ʧʨʠ ʭʦʜʝ ʧʦʨʰʥʷ ʦʪ ɺʄʊ ʢ ʅʄʊ 

ʜʣʠʥʘ ʱʝʣʠ ʩ ʚʝʣʠʯʠʥʦʡ ʟʘʟʦʨʘ ŭ1 ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʜʣʠʥʘ ʱʝʣʠ ʩ ʚʝʣʠʯʠʥʦʡ 

ʟʘʟʦʨʘ ŭ2, ʫʚʝʣʠʯʠʚʘʝʪʩʷ [2, ʩ. 46]. ʏʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʙʱʝʛʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʱʝʣʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʭʦʜʝ ʧʦʨʰʥʷ ʚʥʠʟ ʚ 

ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʝʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʠ ʚʩʘʩʳʚʘʥʠʝ, ʘ ʚ ʥʘʩʦʩʥʦʡ 

ʩʝʢʮʠʠ ʩʞʘʪʠʝ ʠ ʥʘʛʥʝʪʘʥʠʝ ʞʠʜʢʦʩʪʠ. ɿʘ ʩʯʝʪ ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʝʨʝʧʘʜʘ 

ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʴ ʧʝʨʝʪʝʢʘʝʪ ʠʟ ʥʘʩʦʩʥʦʡ ʚ ʢʦʤʧʨʝʩʩʦʨʥʫʶ ʩʝʢʮʠʶ. ʇʦ ʤʝʨʝ 

ʜʚʠʞʝʥʠʷ ʧʦʨʰʥʷ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʱʝʣʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ 

ʯʝʨʝʟ ʫʧʣʦʪʥʝʥʠʝ. 

 

ʈʠʩʫʥʦʢ 3. ʉʪʫʧʝʥʯʘʪʦʝ ʱʝʣʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ 

 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ ʫʧʣʦʪʥʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ, ʵʪʦ ʦʟʥʘʯʘʝʪ ʯʪʦ ʧʦʨʰʝʥʴ ʚ ʮʠʣʠʥʜʨʝ ʨʘʩʧʦʣʦʞʝʥ ʥʝ 

ʢʦʥʮʝʥʪʨʠʯʥʦ, ʪʝʤ ʩʘʤʳʤ ʝʛʦ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʤʝʥʷʝʪʩʷ ʧʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ 

ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ. ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʣʦʞʥʘ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʮʝʥʪʨʠʯʥʳʤ ʱʝʣʝʚʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʩʪʫʧʝʥʯʘʪʦʛʦ ʚʠʜʘ. 

 

ʈʠʩʫʥʦʢ 4. ʕʢʩʮʝʥʪʨʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʱʝʣʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 

ʩʪʫʧʝʥʯʘʪʦʛʦ ʚʠʜʘ  
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʰʠʥʘʭ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʪʫʧʝʥʯʘʪʦʝ ʫʧʣʦʪʥʝʥʠʝ ʪʘʢ ʢʘʢ ʚ ʥʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʟʥʦʩʪʴ ʨʘʩʭʦʜʦʚ ʚ 

ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʞʠʜʢʦʩʪʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʑʝʣʝʚʳʝ ʠ ʣʘʙʠʨʠʥʪʥʳʝ ʫʧʣʦʪʥʝʥʠʷ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ/ ɻ.ɸ. ʅʠʢʠʪʠʥ / 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ. ï 1982. 

2. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʨʰʥʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʚʠʜʝ 
ʛʣʘʜʢʦʡ ʱʝʣʠ ʩʪʫʧʝʥʯʘʪʦʛʦ ʚʠʜʘ, ʜʣʷ ʧʦʨʰʥʝʚʦʡ ʛʠʙʨʠʜʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʤʘʰʠʥʳ ʦʙʲʝʤʥʦʛʦ ʜʝʡʩʪʚʠʷ / ɺ. ɽ. ʑʝʨʙʘ, ɽ. ɸ. ʃʳʩʝʥʢʦ, ɻ. ɸ. ʅʝʩʪʝʨʝʥʢʦ, 

ɸ. ɺ. ɻʨʠʛʦʨʴʝʚ, ɸ. ʖ. ʂʦʥʜʶʨʠʥ, ɸ. ʄ. ɹʘʞʝʥʦʚ // ʍʠʤʠʯʝʩʢʦʝ ʠ 

ʥʝʬʪʝʛʘʟʦʚʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ. ï 2016. ï ˉ 4.  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʈʆɻʈɸʄʄʀʈʋɽʄʓʍ ʇʆʃʔɿʆɺɸʊɽʃɽʄ 

ɺɽʅʊʀʃʔʅʓʍ ʄɸʊʈʀʎ ɺ ɻɽʊɽʈʆɻɽʅʅʓʍ ʄʆɹʀʃʔʅʓʍ 

ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ɸʈʍʀʊɽʂʊʋʈɸʍ 

ɽʚʩʠʢ ɸʥʜʨʝʡ ʉʪʘʥʠʩʣʘʚʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʈʌ, ʛ. ʉʪʘʚʨʦʧʦʣʴ 

ʐʚʝʮʦʚ ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 
 ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʌ, ʛ. ʉʪʘʚʨʦʧʦʣʴ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʙʠʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘʤʥʦʛʦ ʫʤʥʝʝ, ʯʝʤ ʢʦʛʜʘ-ʣʠʙʦ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʩʤʘʨʪʬʦʥʳ, ʧʣʘʥʰʝʪʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʘ 

ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʤʝʜʠʘʧʣʝʝʨʳ ʠ ʜʘʞʝ ʬʦʪʦʘʧʧʘʨʘʪʳ) ʚʳʧʦʣʥʷʶʪ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʡ ʧʦʤʠʤʦ ʪʝʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʳ. 

ʊʘʢ, ʩ ʧʦʤʦʱʴʶ ʩʦʪʦʚʦʛʦ ʪʝʣʝʬʦʥʘ ʤʦʞʥʦ ʜʝʣʘʪʴ ʬʦʪʦʛʨʘʬʠʠ ʠ ʚʳʭʦʜʠʪʴ ʚ 

ʀʥʪʝʨʥʝʪ, ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʘʧʧʘʨʘʪʦʚ ï ʨʘʟʤʝʱʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʷʭ ʠ ʪ.ʧ. 

 ʂʨʦʤʝ ʪʦʛʦ, ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ ʩʘʤʦʡ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʠʛʨʦʚʦʡ ʧʣʘʪʬʦʨʤʦʡ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʶʪ ʘʧʧʘʨʘʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʦʠʭ ʧʨʦʜʫʢʪʦʚ, 

ʜʦʙʘʚʣʷʷ ʚ ʥʠʭ ʢʦʤʧʦʥʝʥʪʳ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʤ ʥʘʭʦʜʠʪʩʷ ʜʘʣʝʢʦ ʥʝ ʩʨʘʟʫ. 

ʆʜʥʠʤ ʠʟ ʢʣʘʩʩʦʚ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʜʘʪʯʠʢʠ ʠ 

ʩʝʥʩʦʨʳ, ʢʦʪʦʨʳʤʠ ʦʩʥʘʱʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʂ ʧʨʠʤʝʨʫ, 

ʜʘʪʯʠʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʞʝʩʪʦʚ ʠ ʣʠʮ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʛʣʘʟ, ʧʨʠʙʣʠʞʝʥʠʝ ʠ ʚʦʩʧʨʠʷʪʠʝ ʜʚʠʞʝʥʠʷ. 

ɼʘʪʯʠʢʠ ʟʜʦʨʦʚʴʷ ʢʦʥʪʨʦʣʠʨʫʶʪ ʕʂɻ, ʕʕɻ, ʕʄɻ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɿʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʛʦʣʦʩ, ʦʙʥʘʨʫʞʠʚʘʪʴ ʬʨʘʟʳ ʠ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʠʭ ʚ ʪʝʢʩʪ.  

ʀ ʝʩʣʠ ʯʘʩʪʴ ʠʟ ʥʠʭ (ʪʘʢʠʝ, ʢʘʢ ʜʘʪʯʠʢ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠʣʠ ʧʨʠʙʣʠʞʝʥʠʷ) 

ʧʦʤʦʛʘʶʪ ʫʩʪʨʦʡʩʪʚʫ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, ʪʦ ʧʦʪʝʥʮʠʘʣ 
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ʥʝʢʦʪʦʨʳʭ ʨʘʩʢʨʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʇʆ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʦʥʪʝʢʩʪʥʦ-

ʟʘʚʠʩʠʤʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʨʝʰʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʚʳʧʦʣʥʝʥʠʶ ʟʘʜʘʯ ʙʝʟ ʟʘʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʅʘʧʨʠʤʝʨ, ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʝʨʜʮʝʙʠʝʥʠʷ ʠ 

ʜʘʚʣʝʥʠʷ ʤʦʛʫʪ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ. 

 ɼʘʪʯʠʢʠ ʧʨʠʙʣʠʞʝʥʠʷ ʠ ʩʚʝʪʘ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʜʠʩʧʣʝʷ ʧʦ ʤʝʨʝ 

ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʢʘʢ ʤʦʞʥʦ ʙʳʩʪʨʝʝ ʩʦʙʠʨʘʪʴ, ʧʝʨʝʜʘʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʜʘʥʥʳʝ. ʏʝʤ ʙʳʩʪʨʝʝ ʩʠʩʪʝʤʘ ʨʝʘʛʠʨʫʝʪ, ʪʝʤ ʪʦʯʥʝʝ ʦʥʘ ʤʦʞʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ 

ʢ ʨʝʟʢʦ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ.  

ʇʦʩʢʦʣʴʢʫ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʚʩʝʛʜʘ ʘʢʪʠʚʥʳ 

ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚʩʝ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚʥʝʜʨʷʶʪ 

ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʙʠʣʴʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʘʟʚʘʥʠʷ, 

ʛʝʪʝʨʦʛʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʪʠʧʳ ʧʨʦʮʝʩʩʦʨʦʚ. 

 ʇʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʣʠ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ (ʜʘʣʝʝ ʎʇ ʠ ɻʇ), ʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ 

ʠʥʪʝʛʨʘʣʴʥʫʶ ʩʭʝʤʫ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʜʘʣʝʝ ASIC) ʠʣʠ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʝʥʪʠʣʴʥʫʶ ʤʘʪʨʠʮʫ (ʜʘʣʝʝ ʇʇɺʄ) ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʜʦʩʪʘʪʦʯʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ. 

ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʝʨʝʭʦʜʷʪ ʥʘ 

ʤʦʙʠʣʴʥʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʣʦʞʠʪʴ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʥʘ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʩʫʨʩʳ ʦʙʨʘʙʦʪʢʠ ʚ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 
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ʅʘʧʨʠʤʝʨ, ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ɻʇ, ʎʇ ʠ ʇʇɺʄ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʎʝʥʪʨʘʣʴʥʳʝ ʧʨʦʮʝʩʩʦʨʳ ʦʙʳʯʥʦ ʨʘʙʦʪʘʶʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʧʦʣʥʷʷ ʦʜʠʥ ʨʘʩʯʝʪ ʟʘ ʜʨʫʛʠʤ. ɽʩʣʠ ʩʪʦʠʪ ʟʘʜʘʯʘ 

ʫʤʝʥʴʰʠʪʴ ʟʘʜʝʨʞʢʫ ʩʠʩʪʝʤʳ, ʯʪʦʙʳ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʱʥʦʩʪʠ ʎʇ ʠʣʠ ɻʇ 

ʠ ʚ ʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʚʝʣʠʯʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ. ʇʇɺʄ ʧʦʟʚʦʣʷʶʪ ʩʠʩʪʝʤʝ ʚʳʧʦʣʥʷʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʚʳʯʠʩʣʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ, ʩʥʠʞʘʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʚ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦ-ʠʥʪʝʥʩʠʚʥʳʭ ʟʘʜʘʯʘʭ.  

ʇʦʤʠʤʦ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ, ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʘʪʯʠʢʦʚ ʠ ʜʠʩʧʣʝʝʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ. 

ʀʥʞʝʥʝʨʳ ʜʦʣʞʥʳ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʜʘʪʯʠʢʠ ʠ ʜʠʩʧʣʝʠ ʩ ʨʘʩʪʫʱʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠʥʪʝʨʬʝʡʩʦʚ, ʚʢʣʶʯʘʷ ʠ ʫʩʪʘʨʝʚʰʠʝ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʨʝʰʝʥʠʷ.  

ʊʦʪ ʬʘʢʪ, ʯʪʦ ʇʇɺʄ ʜʦ ʩʠʭ ʧʦʨ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʜʢʦ ʜʣʷ ʵʪʠʭ ʟʘʜʘʯ, 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʟʘʙʣʫʞʜʝʥʠʝʤ: ʤʥʦʛʠʝ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʩʯʠʪʘʶʪ ʇʇɺʄ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʆʜʥʘʢʦ, ʵʪʦ ʥʝ ʚʩʝʛʜʘ 

ʪʘʢ. ɺ ʩʚʷʟʠ ʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʟʜʝʣʠʡ ʤʦʛʫʪ ʧʨʝʜʣʦʞʠʪʴ ʇʇɺʄ ʧʣʦʱʘʜʴʶ ʚʩʝʛʦ ʣʠʰʴ 

1,96 ʤʤ2[5]. ʕʪʠ ʢʦʤʧʘʢʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʪʝʨʬʝʡʩʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʟʨʘʙʦʪʦʢ ʵʪʦʛʦ 

ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ 

ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʜʘʪʯʠʢʦʚ ʚ ʦʜʠʥ ʢʘʥʘʣ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ-ʚʳʚʦʜʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʇʇɺʄ ʧʣʦʱʘʜʴʶ ʦʪ 1,96 ʤʤ2 (ʪ.ʝ. 1,4x1,4 ʤʤ) ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʩʪʳʭ 

ʬʫʥʢʮʠʡ ʚ ʚʠʜʝ RFFE-ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ 

ʤʥʦʛʦʨʝʞʠʤʥʳʤʠ ʠ ʤʥʦʛʦʜʠʘʧʘʟʦʥʥʳʤʠ ʘʥʪʝʥʥʘʤʠ, ʠ ʜʦ 6,25 ʤʤ2 ʜʣʷ ʙʦʣʝʝ 

ʩʣʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʝʨʝʜʘʯʫ ʚʠʜʝʦ 4K[4]. 
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ʇʇɺʄ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʝʜʣʘʛʘʶʪ ʨʷʜ ʜʨʫʛʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʪʝʢʫʱʝʤ 

ʧʦʢʦʣʝʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʇʇɺʄ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠʣʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ASSP, 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʇʇɺʄ, ʜʣʷ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩ ʥʝʩʢʦʣʴʢʠʭ ʜʘʪʯʠʢʦʚ 

ʥʘ ʦʜʥʫ ʰʠʥʫ ʠʣʠ ʤʦʩʪ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʨʦʟʥʝʥʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ. ʉ ʠʭ 

ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʚʚʦʜʦʤ-ʚʳʚʦʜʦʤ, ʵʪʠ ʇʇɺʄ ʩʧʦʩʦʙʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʜʢʣʶʯʝʥʠʡ, ʙʫʬʝʨʠʟʘʮʠʡ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ.  

ʇʦʷʚʣʝʥʠʝ ʠ ʙʳʩʪʨʦʝ ʚʥʝʜʨʝʥʠʝ ʥʝʜʦʨʦʛʠʭ ʠʥʪʝʨʬʝʡʩʦʚ MIPI, ʪʘʢʠʭ ʢʘʢ 

CSI-2 ʠ DSI, ʧʦʤʦʛʣʠ ʫʧʨʦʩʪʠʪʴ ʵʪʫ ʟʘʜʘʯʫ. 

ɼʘʥʥʳʝ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʮʝʥʥʳʤ ʪʦʚʘʨʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. 

ʉʠʩʪʝʤʳ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʙʳʩʪʨʦ ʨʘʩʰʠʨʷʶʱʠʡʩʷ ʤʘʩʩʠʚ ʜʘʪʯʠʢʦʚ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʛʦ ʩʧʠʩʢʘ ʬʫʥʢʮʠʡ.  

ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʧʦʣʝʟʥʳ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ, 

ʧʝʨʝʜʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ.  

ʀʩʧʦʣʴʟʫʷ ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʬʝʡʩʦʚ ʨʳʥʢʘ 

ʤʦʙʠʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚʤʝʩʪʝ ʩ ʧʨʠʩʫʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʘʨʭʠʪʝʢʪʫʨʘʭ ʤʦʙʠʣʴʥʳʭ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʚʦʠʭ ʩʠʩʪʝʤ ʩʦʙʠʨʘʪʴ, ʧʝʨʝʜʘʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʢʣʶʯʝʚʦʡ ʨʝʩʫʨʩ. 
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ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʆɻʈɸʄʄʅʆɻʆ ʉʈɽɼʉʊɺɸ 

ʆʇʈɽɼɽʃɽʅʀʗ ʆʇʊʀʄɸʃʔʅʆɻʆ ʄɸʈʐʈʋʊɸ ʄʆɹʀʃʔʅʆɻʆ 

ʆɹʒɽʂʊɸ ɺ ʈɸʉʇʈɽɼɽʃɽʅʅʆʄ  

ʀʅʌʆʈʄɸʎʀʆʅʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 

ɽʣʠʟʘʨʦʚ ɸʣʝʢʩʝʡ ʖʨʴʝʚʠʯ  

ʩʪʫʜʝʥʪ,  ʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
 ʈʌ, ʛ. ʆʨʝʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʤʦʙʠʣʴʥʦʛʦ 

ʦʙʲʝʢʪʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʠʩʢʠ, ʠʩʭʦʜʷ ʠʟ ʢʦʥʢʨʝʪʥʳʭ ʫʛʨʦʟ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʪʥʝʩʝʥʥʳʭ ʢ ʤʘʨʰʨʫʪʫ, ʧʦ ʢʦʪʦʨʦʤʫ ʜʚʠʞʝʪʩʷ 

ʤʦʙʠʣʴʥʳʡ ʦʙʲʝʢʪ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʝ 

ʩʨʝʜʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ, ʠ ʟʘʪʝʤ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ 

ʦʮʝʥʢʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʩʢʦʣʴʢʦ ʢʦʨʨʝʢʪʥʦ ʧʨʦʛʨʘʤʤʘ 

ʦʧʨʝʜʝʣʠʣʘ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʤʦʙʠʣʴʥʳʡ ʦʙʲʝʢʪ, ʤʘʨʰʨʫʪ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʧʪʠʤʘʣʴʥʦʩʪʴ. 

 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʨʰʨʫʪʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʘ ʪʘʢʞʝ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʫʟʥʘʪʴ ʥʘ ʩʢʦʣʴʢʦ ʜʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ 

ʤʦʙʠʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʩ ʫʯʝʪʦʤ ʨʠʩʢʦʚ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

¶ ʆʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ; 

¶ ʆʧʨʝʜʝʣʠʪʴ ʤʘʨʰʨʫʪ, ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʵʢʩʧʝʨʠʤʝʥʪ; 

¶ ʆʮʝʥʠʪʴ ʫʯʘʩʪʢʠ ʤʘʨʰʨʫʪʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʦʙʲʝʢʪ; 

¶ ʆʧʨʝʜʝʣʠʪʴ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʦʧʪʠʤʘʣʴʥʳʝ 

ʤʘʨʰʨʫʪʳ; 

¶ ʆʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʤʘʨʰʨʫʪʘ, 

ʪʝʤ ʩʘʤʳʤ ʧʦʜʪʚʝʨʜʠʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ. 
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ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʨʠʩʢ ʠʥʬʦʨʤʘʮʠʠ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʩʝ ʫʛʨʦʟʳ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʤʦʙʠʣʴʥʳʡ ʦʙʲʝʢʪ, ʠ ʫʷʟʚʠʤʦʩʪʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʘ 

ʨʝʘʣʠʟʘʮʠʷ ʫʛʨʦʟ. 

ʀʩʭʦʜʷ ʠʟ ʚʚʝʜʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʤ ʜʘʥʥʳʭ, ʩʪʨʦʠʪʩʷ ʤʦʜʝʣʴ ʫʛʨʦʟ, 

ʘʢʪʫʘʣʴʥʳʭ ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʜʘʥʥʳʭ. 

ʎʝʣʴ ʧʨʦʚʦʜʠʤʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʠʩʢʦʚ ʤʘʨʰʨʫʪʘ ʠ ʝʛʦ ʨʝʩʫʨʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ. 

ʋʱʝʨʙ ʦʪ ʫʛʨʦʟʳ (U) ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʪʝʨʷʥʦ ʚ ʩʣʫʯʘʝ ʚʣʠʷʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ, ʪ.ʝ. ʢʘʢ 

ʩʠʣʴʥʦ ʨʝʘʣʠʟʘʮʠʷ ʫʛʨʦʟʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʚʣʠʷʝʪ ʥʘ ʜʘʥʥʳʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ (P) ï ʩʪʝʧʝʥʴ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʫʛʨʦʟʳ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʠʩʢ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 1: [1] 

 

Ὑ ὖ Ὗz        (1) 

 

ʛʜʝ Ὑ ï ʨʠʩʢ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ; 

ὖ ï ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʤʘʨʰʨʫʪʘ; 

Ὗ ï ʫʱʝʨʙ ʦʪ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ; 

 i ï ʥʦʤʝʨ ʩʚʷʟʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ 

(ʦʧʪʠʤʠʟʘʮʠʠ), ʯʘʱʝ ʚʩʝʛʦ ʧʦʢʘʟʘʪʝʣʝʤ ʩʣʫʞʠʪ ʧʨʠʙʳʣʴ ʠʣʠ ʠʟʙʝʞʘʥʠʝ ʧʦʪʝʨʴ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʘ, ʙʫʜʝʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʤʝʨʫ 

ʨʠʩʢʘ. ʄʝʨʫ ʨʠʩʢʘ ʧʨʠʥʷʪʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʯʝʨʝʟ: [2] 

¶ ʉʨʝʜʥʝʝ ʦʞʠʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ M; 

¶ ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ S; 
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ɺʝʣʠʯʠʥʘ: 

 

ὠ   ,        (2) 

 

V ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʨʘʟʙʨʦʩʘ ʫʱʝʨʙʘ, ʯʝʤ 

ʙʦʣʴʰʝ ʨʘʟʙʨʦʩ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʪʝʨʴ ʫʜʘʝʪʩʷ ʠʟʙʝʞʘʪʴ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ (ʄʝʥʝʝ ʨʠʩʢʦʚʘʥʥʳʡ ʤʘʨʰʨʫʪ). ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʦʡ ʠʟ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʦʚ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ. 

ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʣʝʜʫʶʱʝʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʧʦʣʦʞʠʤ, 

ʫ ʥʘʩ ʦʩʪʘʣʦʩʴ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʩʝʛʦ ʜʚʘ, A ʠ B. ʕʪʠ ʚʘʨʠʘʥʪʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ὓὥ ʠ ὓὦ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʨʘʚʥʳ Ὓὥ ʠ Ὓὦ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʵʪʠʭ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʦʟʤʦʞʥʳ 

ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ: 

- ʝʩʣʠ ὓὥ = ὓὦ ʠ Ὓὥ < Ὓὦ, ʪʦ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʚʘʨʠʘʥʪ A; 

- ʝʩʣʠ ὓὥ > ὓὦ ʠ Ὓὥ < Ὓὦ, ʪʦ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʚʘʨʠʘʥʪ A; 

- ʝʩʣʠ ὓὥ > ὓὦ ʠ Ὓὥ = Ὓὦ, ʪʦ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʚʘʨʠʘʥʪ A; 

- ʝʩʣʠ ὓὥ > ὓὦ ʠ Ὓὥ > Ὓὦ, ʪʦ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʚʘʨʠʘʥʪ B; 

- ʝʩʣʠ ὓὥ < ὓὦ ʠ Ὓὥ < Ὓὦ, ʪʦ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʚʘʨʠʘʥʪ B.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʠʩʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ (3) 

 

ὓ  В ὖὭzὟὭ ,      (3) 

 

ɻʜʝ n ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʢʦʚ ʤʘʨʰʨʫʪʘ (ʧʫʪʝʡ, ʠʩʭʦʜʦʚ) ʚ ʤʘʨʰʨʫʪʝ. 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 17: 

 

 Ὓ  В ὖὭz ὟὭὓ  ,     (4) 
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ʈʘʩʩʯʠʪʘʚ ὠὥ ʠ ὠὦ, ʠ ʧʦʜʝʣʠʚ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʤʝʥʴʰʝʝ, ʧʦʣʫʯʠʤ 

ʨʝʟʫʣʴʪʘʪ, ʥʘʩʢʦʣʴʢʦ ʨʠʩʢʦʚʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ 

ʤʦʙʠʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʫʜʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʥʘʠʤʝʥʝʝ ʨʠʩʢʦʚʘʥʥʦʛʦ ʤʘʨʰʨʫʪʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʘʤʦʤʫ ʨʠʩʢʦʚʘʥʥʦʤʫ, ʯʪʦʙʳ ʜʦʢʘʟʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʧʦ 

ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ. ʆʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʠʩʢʘ ʠ ʟʘʪʨʘʪ ʥʘ ʚʳʙʨʘʥʥʳʭ ʤʘʨʰʨʫʪʘʭ.  

ʉʨʘʚʥʠʚʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʩʘʤʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠ ʩʘʤʦʛʦ ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʨʰʨʫʪʘ, ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʪʦʪ ʤʘʨʰʨʫʪ, ʧʦ ʢʦʪʦʨʳʤ ʫʱʝʨʙ ʙʫʜʝʪ ʤʝʥʴʰʝ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʫʯʘʩʪʢʫ 

ʤʘʨʰʨʫʪʘ. ʊʘʢʞʝ, ʚʳʷʚʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʫʛʨʦʟʳ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʢʘʢʦʡ ʤʘʨʰʨʫʪ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʠʝ ʟʘʪʨʘʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʫʛʨʦʟʝ. 

ʈʝʘʣʴʥʳʡ ʤʘʨʰʨʫʪ, ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʩʯʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1. ʈʝʘʣʴʥʳʡ ʤʘʨʰʨʫʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʨʘʩʯʝʪʘ ʨʠʩʢʦʚ 

 

ʋʛʨʦʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʜʘʥʥʦʤʫ 

ʤʘʨʰʨʫʪʫ.  
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʩʝ ʨʠʩʢʠ ʠʟ ʙʘʥʢʘ ʜʘʥʥʳʭ ʫʛʨʦʟ ʌʉʊʕʂ, ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʨʰʨʫʪʘ ʠ ʤʦʙʠʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʚʳʙʨʘʥʥʦʛʦ ʥʘ ʵʪʦʤ 

ʤʘʨʰʨʫʪʝ, ʘʢʪʫʘʣʴʥʦʡ ʫʛʨʦʟʦʡ ʷʚʣʷʝʪʩʷ: ʋɹʀ.206. ʋʛʨʦʟʘ ʦʪʢʘʟʘ ʚ ʨʘʙʦʪʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʛʝʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʝʤ. [2] 

ɼʣʷ ʦʮʝʥʢʠ ʜʘʥʥʦʡ ʫʛʨʦʟʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ 

ʤʘʨʰʨʫʪʘ, ʘ ʠʤʝʥʥʦ: P ï ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ, U ï ʫʱʝʨʙ ʦʪ 

ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ ʠ Z ï ʟʘʪʨʘʪʳ ʥʘ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚʳʰʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ M ï 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, S ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠ V ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʦʢʘʞʝʪ ʥʘ ʩʢʦʣʴʢʦ 

ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ ʤʝʥʝʝ ʨʠʩʢʦʚʘʥʥʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʚ ʧʣʘʥʝ ʫʱʝʨʙʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʫʛʨʦʟʘ ʠʤʝʝʪ ʚʣʠʷʥʠʷ ʥʘ ʤʦʙʠʣʴʥʳʡ 

ʦʙ̡ʝʢʪ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʧʦʛʦʜʘ, ʧʨʝʛʨʘʜʳ, ʷʤʳ, ʧʦʤʝʭʠ) 

ʥʝ ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʘ ʦʙ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʙʲʝʢʪʘ ʠʣʠ ʥʝ 

ʫʜʘʝʪʩʷ ʧʝʨʝʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʜʠʩʧʝʪʯʝʨʫ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʵʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʦʧʨʝʜʝʣʝʥʳ ʨʠʩʢʠ, ʥʘ ʨʠʩʫʥʢʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦ ʜʘʥʥʦʡ ʫʛʨʦʟʝ. [3] 

 

ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʩʨʝʜʩʪʚʝ ʧʦ ʫʛʨʦʟʝ ʋɹʀ.206 

 

ʈʘʩʯʝʪʳ ʧʦ ʨʠʩʢʘʤ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʩʨʝʜʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. [3] 
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ʈʠʩʫʥʦʢ 3. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʨʠʩʢʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʨʰʨʫʪʘ ʧʦ ʫʛʨʦʟʝ ʋɹʀ.206 

 

ʀʪʘʢ, ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ, ʧʦ ʜʘʥʥʦʡ ʫʛʨʦʟʝ ʧʦʟʚʦʣʠʪ ʥʘʤ ʠʟʙʝʞʘʪʴ 

ʨʠʩʢ. ʈʘʩʩʯʠʪʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʜʣʷ ʜʘʥʥʦʡ ʫʛʨʦʟʳ ʧʦ ʬʦʨʤʫʣʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʥʝʝ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʘʨʠʘʮʠʠ ʜʣʷ ʫʛʨʦʟʳ ʋɹʀ.206 ʧʦ ʬʦʨʤʫʣʘʤ (1,2,3,4). 

ʊʘʙʣʠʮʘ 1. 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʋɹʀ.206 

ʄʘʨʰʨʫʪ 1-3-6-8 (ʅʝʦʧʪʠʤʘʣʴʥʳʡ) 1-2-7-8 (ʆʧʪʠʤʘʣʴʥʳʡ) 

ʇʘʨʘʤʝʪʨʳ 
P (ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ) 
U (ʋʱʝʨʙ) 

P (ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ) 
U (ʋʱʝʨʙ) 

 
0.6 

(ʄʘʨʰʨʫʪ 1-3) 

5000 

(ʄʘʨʰʨʫʪ 1-3) 

0.2 

(ʄʘʨʰʨʫʪ 1-2) 

3000 

(ʄʘʨʰʨʫʪ 1-2) 

 
0.25 

(ʄʘʨʰʨʫʪ 3-6) 

5000 

(ʄʘʨʰʨʫʪ 3-6) 

0.3 

(ʄʘʨʰʨʫʪ 2-7) 

2500 

(ʄʘʨʰʨʫʪ 2-7) 

 
0.5 

(ʄʘʨʰʨʫʪ 6-8) 

5000 

(ʄʘʨʰʨʫʪ 6-8) 

0.4 

(ʄʘʨʰʨʫʪ 7-8) 

3000 

(ʄʘʨʰʨʫʪ 7-8) 

M 6750 2550 

S 1212.316257 758.6426747 

V 0,17955 0,2972549 

Vʦʧ/Vʢʨ 1.655554999 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ, ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʦʙʣʘʜʘʝʪ 

ʨʠʩʢʦʤ ʚ 1.65 ʨʘʟʘ ʤʝʥʴʰʝ ʯʝʤ ʥʘ ʢʨʠʪʠʯʝʩʢʦʤ. 

 

  



 

27 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʄʠʢʦʚ ɼ.ɸ. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ 

ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ / ɼ.ɸ. ʄʠʢʦʚ - ʄʦʩʢʚʘ : 

ɺʦʧʨʦʩʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ˉ4, 2014. ï 49 ï 54 ʩ. 

2. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. ʇʣʘʥʠʨʦʚʘʥʠʝ. ʋʧʨʘʚʣʝʥʯʝʩʢʦʝ ʨʝʰʝʥʠʝ.: ʋʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ / ʉ.ʀ. ɹʘʨʘʡʱʫʢ, ɽ.ʖ. ʈʦʞʠʥʘ ï ʆʤʩʢ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʉʠʙɸɼʀ, 

2008. ï 72 ʩ. 

3. ʌʉʊʕʂ ɹʘʥʢ ʜʘʥʥʳʭ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. ï 21 ʩ. 

4. ɸʥʘʣʠʟ ʠ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʤʦʙʠʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] : 

ʧʨʠʢʣʘʜʥʘʷ ʧʨʦʛʨʘʤʤʘ / ʊ. ɿ. ɸʨʘʣʙʘʝʚ [ʠ ʜʨ.]; ʄ-ʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰ. 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩ. ʌʝʜʝʨʘʮʠʠ, ʌʝʜʝʨ. ʛʦʩ. ʙʶʜʞʝʪ. ʦʙʨʘʟʦʚʘʪ. ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰ. ʦʙʨʘʟʦʚʘʥʠʷ çʆʨʝʥʙʫʨʛ. ʛʦʩ. ʫʥ-ʪè. - ʆʨʝʥʙʫʨʛ : ʆɻʋ. - 2019. - 20 ʩ ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ufer.osu.ru/index.php?option=com_uferdbsearch&view=uferdbsearch&acti

on=details&ufer_id=1709 

  



 

28 

 

ʋʉʀʃɽʅʀɽ ʌʋʅɼɸʄɽʅʊʆɺ ʉʋʑɽʉʊɺʋʖʑʀʍ ɿɼɸʅʀʁ  

ʉ ʇʆʄʆʑʔʖ ʉɸʄʆɿɸɹʋʈʀɺɸɽʄʓʍ ɺʀʅʊʆʅɸɹʀɺʅʓʍ 

ʄʀʂʈʆʉɺɸʁ 

ɿʘʣʝʩʢʠʡ ɼʤʠʪʨʠʡ ɺʘʣʝʨʴʝʚʠʯ  

ʩʪʫʜʝʥʪ, ɻʨʦʜʥʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʗ. ʂʫʧʘʣʳ,  
ɹʝʣʘʨʫʩʴ, ʛ. ɻʨʦʜʥʦ 

ɻʦʣʫʙ ʅʘʪʘʣʴʷ ɼʤʠʪʨʠʝʚʥʘ 

ʩʪʫʜʝʥʪ, ɻʨʦʜʥʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʗ. ʂʫʧʘʣʳ,  
ɹʝʣʘʨʫʩʴ, ʛ. ɻʨʦʜʥʦ 

ʃʘʧʪʝʚ ɸʥʜʨʝʡ ɻʨʠʛʦʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ, ɻʨʦʜʥʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʗ. ʂʫʧʘʣʳ,  
ɹʝʣʘʨʫʩʴ, ʛ. ɻʨʦʜʥʦ 

ɾʳʚʘʣʝʚʩʢʘʷ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ  
ɻʨʦʜʥʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʗ. ʂʫʧʘʣʳ,  

ɹʝʣʘʨʫʩʴ, ʛ. ɻʨʦʜʥʦ 

 

ʋʩʪʨʦʡʩʪʚʦ ʩʘʤʦʟʘʙʫʨʠʚʘʝʤʳʭ ʚʠʥʪʦʥʘʙʠʚʥʳʭ ʤʠʢʨʦʩʚʘʡ ʜʦʧʫʩʢʘʝʪʩʷ ʚʦ 

ʚʩʝʭ ʚʠʜʘʭ ʧʝʩʯʘʥʳʭ, ʛʣʠʥʠʩʪʳʭ ʠ ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚ. ɺʠʥʪʦʥʘʙʠʚʥʳʝ 

ʤʠʢʨʦʩʚʘʠ ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʩʧʦʩʦʙʦʤ ʫʩʪʨʦʡʩʪʚʘ. 

ʋʩʪʨʦʡʩʪʚʦ ʪʘʢʠʭ ʩʚʘʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʟʘʙʫʨʠ-

ʚʘʥʠʷ ʚ ʛʨʫʥʪ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʨʫʙʯʘʪʳʭ ʚʠʥʪʦʚʳʭ ʰʪʘʥʛ (ʊɺʐ) ʩ ʤʫʬʪʦʚʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʠ ʧʝʨʝʜʦʚʦʡ ʙʫʨʦʚʦʡ ʢʦʨʦʥʢʦʡ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʚʢʝ ʩʢʚʘ-

ʞʠʥʳ ʙʫʨʦʚʳʤ ʮʝʤʝʥʪʥʳʤ ʨʘʩʪʚʦʨʦʤ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʧʨʦʝʢʪʥʦʡ ʜʣʠʥʳ ʤʠʢʨʦ-

ʩʚʘʠ, ʧʨʦʠʟʚʦʜʷʪ ʦʧʨʝʩʩʦʚʢʫ ʩʢʚʘʞʠʥʳ ʙʦʣʝʝ ʛʫʩʪʳʤ ʮʝʤʝʥʪʥʳʤ ʨʘʩʪʚʦʨʦʤ. [1] 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʟʘʢʨʝʧʣʝʥʠʷ ʤʠʢʨʦ-ʩʚʘʠ ʠʟ ʊɺʐ ʚ ʛʨʫʥʪʝ: 1-ʬʠʢʩʠʨʫʶʱʘʷ 

ʛʘʡʢʘ; 2-ʦʧʦʨʥʘʷ ʧʣʠʪʘ; 3-ʟʘʱʠʪʥʘʷ ʪʨʫʙʢʘ ʠʟ ʇɺʍ; 4-ʟʦʥʘ ʧʝʨʚʠʯʥʦʡ 

ʠʥʲʝʢʮʠʠ ʛʨʫʥʪʘ; 5-ʚʤʝʱʘʶʱʠʡ ʛʨʫʥʪ; 6-ʮʝʤʝʥʪʥʦʝ ʪʝʣʦ; 7-ʨʝʙʨʠʩʪʘʷ 

ʰʪʘʥʛʘ; 8-ʚʥʫʪʨʝʥʥʠʡ ʢʘʥʘʣ ʰʪʘʥʛʠ; 9-ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʤʫʬʪʘ; 10-

ʨʘʩʧʦʨʢʘ; 11-ʙʫʨʦʚʘʷ ʢʦʨʦʥʢʘ; 12-ʠʥʲʝʢʮʠʦʥʥʦʝ ʦʪʚʝʨʩʪʠʝ; 
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ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʠʣʝʥʠʷ ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʙʳʚʰʝʛʦ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʟʜʘʥʠʷ ʚ ʛʦʩʪʠʥʠʮʫ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ 

[2]. ɻʦʩʪʠʥʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 6-ʪʠ ʵʪʘʞʥʦʝ ʟʜʘʥʠʝ ʚ ʤʦʥʦʣʠʪʥʦʤ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʤ ʢʘʨʢʘʩʝ ʚʳʩʦʪʦʡ 24,0 ʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʦʡ 27,7 ʤ. 

ɿʜʘʥʠʝ ʚʦ ʚʨʝʤʷ ʙʣʦʢʘʜʳ ʧʦʩʪʨʘʜʘʣʦ ʦʪ ʧʨʷʤʦʛʦ ʧʦʧʘʜʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ 

ʙʦʤʙʳ. 

ʇʦʜ ʚʩʝʤ ʟʜʘʥʠʝʤ ʛʦʩʪʠʥʠʮʳ ʧʨʝʜʫʩʤʦʪʨʝʥ ʟʘʛʣʫʙʣʝʥʥʳʡ ʵʪʘʞ ʜʣʷ 

ʘʚʪʦʩʪʦʷʥʢʠ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ. ʌʫʥʜʘʤʝʥʪʘʤʠ 

ʩʦʦʨʫʞʝʥʠʷ ʩʣʫʞʘʪ ʙʫʨʦʥʘʙʠʚʥʳʝ ʩʚʘʠ ʜʠʘʤʝʪʨʦʤ 410 ʠ 550 ʤʤ, 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ DDS c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʠʨʤʳ çBauerè. 

ɺ ʩʦʩʪʘʚ ʨʘʙʦʪ ʧʦ ʫʩʠʣʝʥʠʶ ʬʫʥʜʘʤʝʥʪʦʚ ʚʭʦʜʠʣʦ ʠʥʲʝʢʮʠʦʥʥʦʝ 

ʫʢʨʝʧʣʝʥʠʝ ʪʝʣʘ ʬʫʥʜʘʤʝʥʪʘ ʧʨʠ ʧʦʤʦʱʠ ʠʥʲʝʢʮʠʠ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʘ 

ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʘ 75 ʥʘʢʣʦʥʥʳʭ ʘʥʢʝʨʥʳʭ ʩʚʘʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ çʊʠʪʘʥè ʜʣʠʥʦʡ 

25 ʤ ʠ ʜʠʘʤʝʪʨʦʤ 200 ʤʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ. ʉʢʚʘʞʠʥʳ ʧʦʜ ʘʥʢʝʨʥʳʝ 

ʩʚʘʠ ʙʫʨʠʣʠʩʴ ʙʝʟ ʦʙʩʘʜʥʳʭ ʪʨʫʙ ʫʜʘʨʥʦ-ʚʨʘʱʘʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʧʦʜʘʯʝʡ ʧʦ 

ʚʥʫʪʨʝʥʥʝʤʫ ʢʘʥʘʣʫ ʰʪʘʥʛʠ ʧʨʦʤʳʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. 

ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʘʤʦʟʘʙʫʨʠʚʘʝʤʳʭ 

ʚʠʥʪʦʥʘʙʠʚʥʳʭ ʤʠʢʨʦʩʚʘʡ ʷʚʣʷʝʪʩʷ ʫʩʠʣʝʥʠʝ ʬʫʥʜʘʤʝʥʪʦʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ 

ʜʦʤʘ ʚ ʛʦʨʦʜʝ ɺʝʨʭʥʷʷ ʉʠʣʝʟʠʷ (ʇʦʣʴʰʘ) [3]. ɼʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ 

ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʜʘʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʝʛʦ ʦʩʘʜʢʝ. ʏʪʦʙʳ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʟʜʘʥʠʝ ʠ ʟʘʱʠʪʠʪʴ ʝʛʦ ʦʪ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ ʫʩʠʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘ.  

ʋʩʠʣʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʚʘʡ, ʧʨʦʩʚʝʨʣʝʥʥʳʭ ʯʝʨʝʟ 

ʩʪʝʥʢʠ ʬʫʥʜʘʤʝʥʪʘ ʩ ʮʝʤʝʥʪʘʮʠʝʡ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. ɺʦ ʚʨʝʤʷ ʠʥʲʝʢʮʠʠ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʳʡ ʩʪʘʣʴʥʦʡ ʩʪʝʨʞʝʥʴ ʩʣʫʞʠʪ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʘʣʘ ʠ 

ʦʩʪʘʝʪʩʷ ʛʦʪʦʚʦʡ ʩʚʘʝ ʚ ʢʘʯʝʩʪʚʝ ʫʩʠʣʝʥʠʷ. ʂʦʥʝʮ ʩʪʝʨʞʥʷ ʦʩʥʘʱʝʥ ʩʚʝʨʣʦʤ, 

ʚʳʙʨʘʥʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʦʯʚʳ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩʪʝʨʞʥʝʡ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʩʠʩʪʝʤʥʳʝ ʩʪʷʞʢʠ. ɺʦ ʚʨʝʤʷ ʙʫʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 
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ʟʘʢʘʯʢʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʦʩʘʯʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʚ ʛʨʫʥʪ ʩʪʘʙʠʣʠʟʠʨʫʝʪ 

ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ, ʫʩʪʨʘʥʷʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʝ.  

ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʘʷ 

ʠʥʲʝʢʮʠʷ. ʉʢʚʘʞʠʥʘ ʟʘʣʠʚʘʝʪʩʷ ʩʥʠʟʫ ʚʚʝʨʭ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʚʠʣʴʥʦʝ 

ʟʘʧʦʣʥʝʥʠʝ ʩʢʚʘʞʠʥʳ. 

ʉʪʝʨʞʥʠ, ʚʩʪʘʚʣʝʥʥʳʝ ʚ ʩʢʚʘʞʠʥʫ, ʦʩʪʘʶʪʩʷ ʪʘʤ ʚ ʢʘʯʝʩʪʚʝ ʫʩʠʣʝʥʠʷ ʜʣʷ 

ʩʚʘʠ.  

ʈʘʙʦʪʳ ʥʘʯʘʣʠʩʴ ʚ ʢʦʥʮʝ ʦʢʪʷʙʨʷ 2013 ʛʦʜʘ. ʉʚʘʠ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʛʨʫʥʪ 

ʯʝʨʝʟ ʩʪʝʥʳ ʬʫʥʜʘʤʝʥʪʘ ʧʦʜ ʫʛʣʦʤ 2Á-5Á. ɹʫʨʝʥʠʶ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʚʳʨʝʟʘʥʠʝ 

ʥʠʰ ʚ ʩʪʝʥʘʭ.  

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʤʠʢʨʦʩʚʘʡ ʵʪʠ ʥʠʰʠ ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ ʙʝʪʦʥʦʤ. ʀʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʫʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʜʨʝʣʠ ʩ 

ʨʫʯʥʳʤ ʧʨʠʚʦʜʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʩʪʝʥʜʝ. ʄʠʢʨʦʩʚʘʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ 

ʩʨʘʱʠʚʘʝʤʳʭ ʯʘʩʪʝʡ ʜʣʠʥʦʡ 1 ʤʝʪʨ.  

ɽʱʸ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʫʩʠʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʩʚʘʷʤʠ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʩʚʘʡ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʟʜʘʥʠʡ ʢʘʢ ʀʂɽʗ 

ʚ ɻʜʘʥʴʩʢʝ, ʠʟ ʠʩʪʦʯʥʠʢʘ [4] ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʯʪʦ ʤʠʢʨʦʩʚʘʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʫʢʨʝʧʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʚ 

ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʚʠʪʠʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʟʜʘʥʠʡ ʀʂɽɸ ʚ ɻʜʘʥʴʩʢʝ (ʨʘʙʦʪʳ 

ʚʳʧʦʣʥʝʥʳ ʚ 2007-2008 ʛʦʜʘʭ). 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ, ʚʳʟʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʰʠʨʝʥʠʷ ʟʥʘʥʠʷ ʀʂɽʗ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʩʚʘʡ 

ʩʠʩʪʝʤʳ Titan ï Ti103/78 ʠ Ti52/26 ʩ ʦʙʱʝʡ ʜʣʠʥʦʡ ʩʪʝʨʞʥʷ 12 ʤʝʪʨʦʚ, 

ʜʠʘʤʝʪʨʦʤ ʨʘʩʪʦʯʥʳʭ ʢʦʨʦʥʦʢ 220 ʤʠʣʣʠʤʝʪʨʦʚ ʠ 175 ʤʠʣʣʠʤʝʪʨʦʚ. 

ʄʠʢʨʦʩʚʘʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚʥʫʪʨʠ ʠ ʚʦʢʨʫʛ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʫʥʜʘʤʝʥʪʥʳʭ 

ʙʣʦʢʦʚ. ʆʧʦʨʳ ʩ ʙʦʣʴʰʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʮʠʘʣʴʥʳʝ ʨʘʤʳ ʠʟ 

ʩʪʘʣʴʥʳʭ ʙʘʣʦʢ, ʨʘʟʤʝʱʝʥʥʳʝ ʧʦʚʝʨʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʫʥʜʘʤʝʥʪʦʚ.  

ʉʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʪʘʞ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʥʘ ʩʠʩʪʝʤʝ ʩʚʘʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʡ ʬʫʥʜʘʤʝʥʪ, ʫʩʠʣʝʥʥʳʡ ʤʠʢʨʦʩʚʘʷʤʠ, ʠ ʩ 

ʧʦʤʦʱʴʶ ʥʝʟʘʚʠʩʠʤʦʡ ʩʠʩʪʝʤʳ ʩʪʘʣʴʥʳʭ ʙʘʣʦʢ.  
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʪʠʧʘ ʩʚʘʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʩʠʣʝʥʠʷ ʢʘʢ 

ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʆʪʨʘʩʣʝʚʦʡ ʜʦʨʦʞʥʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʜʦʢʫʤʝʥʪ. ʄʝʪʦʜʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʥʢʝʨʥʳʭ ʩʚʘʡ ʠ ʤʠʢʨʦ-ʩʚʘʡ ʚ ʩʦʩʪʘʚʝ 

ʤʝʨʦʧʨʠʷʪʠʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ: ʆɼʄ 218.2.066-

2016. ɺʥʝʩʝʥ ʋʧʨʘʚʣʝʥʠʝʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʋʧʨʘʚʣʝʥʠʝʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʜʦʨʦʞʥʦʛʦ ʘʛʝʥʪʩʪʚʘ. ʀʟʜʘʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʧʦʨʷʞʝʥʠʷ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʜʦʨʦʞʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʦʪ 03.08.2016 ˉ 1516-ʨ. ï 87 ʩ. 

2. The 12th international workshop on micropiles: application of micropiles to the 

stabilization of a deflected old tenement house/. Univ. of Krak·w, Poland, 2014, 

ed.: Krzysztof Sternik , Tomasz Blejarski: Univ. of Krak·w, Poland- 2014.- 13 p. 
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Petersburg, Russia Construction of deep foundation ditch under a reconstructed 
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Sc. Geotechnic, Professor; Osokin A., Ph.D., Geotechnic, Docent*. a 

Geotechnical Department, St.Petersburg State Civil Engineering University, Saint-

Petersburg, 190005,Russia ï 2017.-8p. 

4. Conference Paper June 2014 Reads Conference: The 12th International Workshop 

on Micropiles, The use of micropiles as a form of underpinning of existing 

commercial buildings ï development of IKEA hall in GdaŒsk, dr inŨ. Marcin 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɸɺʊʆʅʆʄʅʆʁ ɻɸɿʆɺʆʁ ʂʆʊɽʃʔʅʆʁ  

ʉ ʇʆɼɹʆʈʆʄ ʆɹʆʈʋɼʆɺɸʅʀʗ  

ʇʈʀ ʈɸɹʆʊɽ ɺʆɼʆɻʈɽʁʅʓʍ ʂʆʊʃʆɺ 

ʂʦʚʘʣʝʚ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʃʌ ʇʅʀʇʋ 
ʈʌ, ʛ. ʃʳʩʴʚʘ  

ɺʣʘʜʳʢʠʥ ɸʥʘʪʦʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, ʃʌ ʇʅʀʇʋ 
ʈʌ, ʛ. ʃʳʩʴʚʘ 

 

ʉʝʛʦʜʥʷ ʢʘʢ ʥʠʢʦʛʜʘ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʧʣʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʜʠʥ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ - ʩʦʟʜʘʥʠʝ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʪʝʧʣʦ ʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 

ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʘʥ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʧʝʨʝʯʝʥʴ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʥʘʜʝʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʦʪ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ. 

ɺ ʜʠʧʣʦʤʥʦʤ ʧʨʦʝʢʪʝ ʨʝʰʘʝʪʩʷ ʚʦʧʨʦʩ ʘʚʪʦʥʦʤʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʳ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʛ. ʂʫʜʳʤʢʘʨ, ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. 

ʊʝʧʣʦʩʥʘʙʞʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʳ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʨʘʡʦʥʥʦʡ ʢʦʪʝʣʴʥʦʡ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦʢʫʧʘʝʤʦʡ 

ʪʝʧʣʦʵʥʝʨʛʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʧʦʜʚʦʜʷʱʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʪʝʧʣʦʚʦʡ 

ʩʝʪʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʚʪʦʥʦʤʥʦʡ ʛʘʟʦʚʦʡ ʢʦʪʝʣʴʥʦʡ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʘʚʪʦʥʦʤʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʆʪʩʫʪʩʪʚʠʝ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʥʘʨʫʞʥʳʭ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ. 

2. ʉʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʟʘ ʩʯʝʪ ʤʝʩʪʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʧʫʩʢʘ 

ʪʝʧʣʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʝʨʴ ʚ ʥʘʨʫʞʥʳʭ ʪʝʧʣʦʚʳʭ ʩʝʪʷʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʝ ʢʦʪʝʣʴʥʳʝ, ʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷ 

ʩʦʦʨʫʞʘʶʪʩʷ ʚ ʚʘʨʠʘʥʪʘʭ ʙʣʦʯʥʳʭ ʠ ʤʦʜʫʣʴʥʳʭ, ʥʦ ʠ ʚʩʪʨʦʝʥʥʳʝ, 

ʧʨʠʩʪʨʦʝʥʥʳʝ ʢ ʟʜʘʥʠʷʤ, ʘ ʪʘʢʞʝ ʢʨʳʰʥʳʝ ʢʦʪʝʣʴʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʧʨʠʩʫʪʩʪʚʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ. 

ɺ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʯʘʩʪʠ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ 

ʚʘʨʠʘʥʪʦʚ: 

¶  ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʪʝʣʴʥʦʡ ʚ ʩʫʱʝʩʪʚʫʶʱʝʤ ʟʜʘʥʠʠ 

¶  ʤʦʜʫʣʴʥʘʷ ʢʦʪʝʣʴʥʘʷ ʄʂɻ-1.8 ʧʨʝʜʧʨʠʷʪʠʷ çʊʝʧʣʦʛʘʟè. 

ʉʦʛʣʘʩʥʦ ʚʳʧʦʣʥʝʥʥʳʤ ʨʘʩʯʸʪʘʤ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʟʘʪʨʘʪʘʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʢʦʪʝʣʴʥʦʡ ʚ ʩʫʱʝʩʪʚʫʶʱʝʤ ʟʜʘʥʠʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. ʍʦʪʷ ʧʦ ʩʨʦʢʘʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʜʫʣʴʥʘʷ ʢʦʪʝʣʴʥʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʠʛʨʳʚʘʝʪ, ʪʘʢ ʢʘʢ ʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʙʦʨʢʫ ʚʳʩʦʢʦʡ ʟʘʚʦʜʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ, ʥʝ ʪʨʝʙʫʶʱʫʶ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʫʩʢʘ ʢʦʪʝʣʴʥʦʡ ʚ ʨʘʙʦʪʫ. 

ʂʦʪʝʣʴʥʘʷ ʚ ʛ. ʂʫʜʳʤʢʘʨ, ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ. 

ʇʦ ʥʘʜʸʞʥʦʩʪʠ ʦʪʧʫʩʢʘ ʪʝʧʣʘ ʧʦʪʨʝʙʠʪʝʣʷʤ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʡ 

ʢʘʪʝʛʦʨʠʠ. 

ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʠ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʘ ʚʳʧʦʣʥʝʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 

ʠ ʪʝʧʣʦʚʦʡ ʨʘʩʯʸʪ ʢʦʪʝʣʴʥʦʡ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʛʘʟʦʚʦʛʦ ʪʨʘʢʪʘ, ʨʘʩʯʸʪ 

ʩʭʝʤʳ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʭʝʤʘ ɻʈʋ ʩ ʧʦʜʙʦʨʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʠʟʚʝʜʸʥ ʨʘʩʯʸʪ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ 

ʧʨʠ ʨʘʙʦʪʝ ʚʦʜʦʛʨʝʡʥʳʭ ʢʦʪʣʦʚ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʜʠʧʣʦʤʥʳʤ ʧʨʦʝʢʪʦʤ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʫʩʪʘʥʦʚʢʘ ʪʨʸʭ ʚʦʜʦʛʨʝʡʥʳʭ ʢʦʪʣʦʚ çRS-D 600è ʩ ʛʘʟʦʚʳʤʠ ʛʦʨʝʣʢʘʤʠ 

Weishaupt G5/1-D. 

ʆʪʚʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ ʢʘʞʜʦʛʦ ʢʦʪʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʝʢʪʠʨʫʝʤʳʝ 

ʜʳʤʦʚʳʝ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 400 ʤʤ.  

ʆʪʧʫʩʢ ʪʝʧʣʘ ʠʟ ʢʦʪʝʣʴʥʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥ ʚ ʚʠʜʝ ʛʦʨʷʯʝʡ ʚʦʜʳ ʩ 

ʉʊ 07095-=  ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʪʝʧʣʦʚʫʶ ʩʝʪʴ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʝʨʝʜ ʢʦʪʣʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ 60-70 ʉ0  ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʥʘʩʦʩʳ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʧʦʜʘʶʱʝʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʪʝʧʣʦʩʝʪʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʩʞʠʛʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʧʝʨʝʧʫʩʢʦʤ 
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ʯʘʩʪʠ ʦʙʨʘʪʥʦʡ ʩʝʪʝʚʦʡ ʚʦʜʳ ʚ ʧʨʷʤʫʶ ʯʝʨʝʟ ʧʝʨʝʤʳʯʢʫ ʧʦʜʤʝʩʘ ʩ ʧʦʤʦʱʴʶ 

ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʘʧʘʥʘ 25ʯ940ʥʞ. 

ɺʦʜʘ, ʠʜʫʱʘʷ ʥʘ ʧʦʜʧʠʪʢʫ ʧʨʦʭʦʜʠʪ ʦʙʨʘʙʦʪʢʫ ʚ ʫʩʪʘʥʦʚʢʝ ʫʤʷʛʯʝʥʠʷ 

ʚʦʜʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ SF-1054A-850S. ʋʩʪʘʥʦʚʢʘ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʬʠʣʴʪʨʦʚ ʫʤʷʛʯʝʥʠʷ, ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʬʠʣʴʪʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʜʥʦʛʦ ʙʘʢʘ ʩʦʣʝʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʜʠʥ ʬʠʣʴʪʨ 

ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʩʝʨʚʠʩʘ, ʘ ʜʨʫʛʦʡ ʚ ʨʝʞʠʤʝ ʨʝʛʝʥʝʨʘʮʠʠ. ʋʩʪʘʥʦʚʢʘ 

ʫʤʷʛʯʝʥʠʷ ʚʳʭʦʜʠʪ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʩʠʛʥʘʣʫ ʩ ʙʣʦʢʘ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʇʦʜʧʠʪʢʘ ʪʝʧʣʦʩʝʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ 

ʚ ʦʙʨʘʪʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʪʝʧʣʦʩʝʪʠ ʧʦʜʧʠʪʦʯʥʳʤʠ ʥʘʩʦʩʘʤʠ. 

ɼʣʷ ʫʯʸʪʘ ʨʘʩʭʦʜʘ ʚʦʜʳ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʫʩʪʘʥʦʚʢʘ ʩʯʝʪʯʠʢʦʚ ʥʘ: 

¶  ʧʦʜʘʶʱʝʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ ʩʯʝʪʯʠʢʦʤ 

ɺʉɻʜ-125. 

¶  ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʦʜʧʠʪʢʠ ʩʯʝʪʯʠʢʦʤ ɺʉʍʜ-20. 

ʆʪʚʦʜ ʜʨʝʥʘʞʝʡ ʦʪ ʢʦʪʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʜʨʝʥʘʞʥʳʡ 

ʢʦʣʦʜʝʮ. 

ʀʟ ʚʝʨʭʥʠʭ ʪʦʯʝʢ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʦʪʚʦʜ ʚʦʟʜʫʭʘ, ʠʭ ʥʠʞʥʠʭ ï 

ʩʣʠʚ. 

ɻʘʟʦʩʥʘʙʞʝʥʠʝ ʢʦʪʝʣʴʥʦʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪ ʛʘʟʦʧʨʦʚʦʜʘ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ II  ʢʘʪʝʛʦʨʠʠ ʈ = 6 ʢʛʩ/ʩʤ2 .  

ʅʘ ʚʭʦʜʝ ʚ ʢʦʪʝʣʴʥʫʶ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʝʨʤʦʟʘʧʦʨʥʳʡ ʢʣʘʧʘʥ ʂʊɿ 001-50-

02 ʠ ʢʣʘʧʘʥ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦ-ʟʘʧʦʨʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʂʇʕɻ-50ʇ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʧʦʜʘʯʠ ʛʘʟʘ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʧʨʠ ʩʠʛʥʘʣʝ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʢʦʪʝʣʴʥʦʡ.  

ɼʣʷ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʩ ʚʭʦʜʥʦʛʦ ɺʍʈ = 6 ʢʛʩ/ʩʤ
2  ʜʦ ʚʳʭʦʜʥʦʛʦ ɺʓʍʈ

=0,3 ʢʛʩ/ʩʤ2ʚ ʢʦʪʝʣʴʥʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʛʘʟʦʨʝʛʫʣʷʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ 

ʨʝʛʫʣʷʪʦʨʦʤ ʜʘʚʣʝʥʠʷ ʈɼɹʂ1-50-25. ʋʯʸʪ ʨʘʩʭʦʜʘ ʛʘʟʘ ʥʘ ʢʦʪʝʣʴʥʫʶ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʉɻ-ʕʂɺʟ-ʈ-0,5-250/160 ʥʘ ʙʘʟʝ 
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ʩʯʸʪʯʠʢʘ RVG G160. ʇʦʘʛʨʝʛʘʪʥʳʡ ʫʯʸʪ ʨʘʩʭʦʜʘ ʛʘʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʯʸʪʯʠʢʘʤʠ RVG G65.  

ɻʘʟʦʦʙʦʨʫʜʦʚʘʥʠʝ ʢʦʪʝʣʴʥʦʡ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʦ ʩ ʫʯʸʪʦʤ ʨʘʙʦʪʳ ʢʦʪʣʦʚ ʥʘ 

ʛʘʟʝ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʩ ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʚʩʝʭ ʢʦʪʣʘʭ ʘʚʪʦʤʘʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʦʪʝʣʴʥʘʷ ʨʘʙʦʪʘʣʘ ʙʝʟ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ.  

ʅʘ ʱʠʪʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʑɸ1, ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʚ ʢʦʪʝʣʴʥʦʤ ʟʘʣʝ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʘʚʘʨʠʡʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ: 

¶ ʆʪʢʣʦʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʝʪʝʚʦʡ ʚʦʜʳ 

¶ ʆʪʢʣʦʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʢ ʢʦʪʣʘʤ 

¶ ʅʠʞʥʝʛʦ ʫʨʦʚʥʷ ʚ ʙʘʢʝ ʟʘʧʘʩʘ ʚʦʜʳ 

¶ ɸʚʘʨʠʠ ʥʘʩʦʩʦʚ 

¶ 10% ʫʨʦʚʥʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʦʪ ʅʂʇʈ ʚ ʢʦʪʝʣʴʥʦʡ 

¶ ʫʨʦʚʥʝʡ ʇɼʂ ʠ 5ʇɼʂ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʘʚʘʨʠʡʥʳʭ ʩʠʛʥʘʣʦʚ ʠʟ ʢʦʪʝʣʴʥʦʡ ʚ ʧʦʤʝʱʝʥʠʝ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʧʨʝʙʳʚʘʥʠʝʤ ʜʝʞʫʨʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥ ʚʳʥʦʩʥʦʡ ʧʫʣʴʪ 

ʘʚʘʨʠʡʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ. 

ʅʘ ʧʫʣʴʪ ʚʳʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʠʛʥʘʣʳ: 

¶ ʦʙʱʠʡ ʩʠʛʥʘʣ ʘʚʘʨʠʠ ʢʦʪʝʣʴʥʦʡ 

¶ 10% ʫʨʦʚʥʷ (ʅʂʇʈ) ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʚ ʢʦʪʝʣʴʥʦʡ 

¶ ʇɼʂ ʉʆ, 5ʇɼʂ ʉʆ ʚ ʢʦʪʝʣʴʥʦʡ 

¶ ʆʪʢʨʳʪʠʷ ʜʚʝʨʝʡ ʚ ʢʦʪʝʣʴʥʫʶ 

ʇʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʟʘʱʠʪʳ ʠ ʙʣʦʢʠʨʦʚʦʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ 

ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʝʛʦ 

ʨʘʙʦʪʳ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʦʛʦ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ. 
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ɺ ʨʘʟʜʝʣʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ 

ʪʨʫʜʘ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ ʧʦ ʤʦʥʪʘʞʫ ʢʦʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʦʯʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʜʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʧʦʟʚʦʣʠʪ 

ʩʥʠʟʠʪʴ ʨʠʩʢ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ɺ ʨʘʟʜʝʣʝ ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥ ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʠʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʩ ʥʘʠʣʫʯʰʠʤʠ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʩʪʨʦʡʛʝʥʧʣʘʥ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʦʩʪʘʚ ʠ 

ʨʘʟʤʝʱʝʥʠʝ ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʮʝʣʷʭ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩ ʫʯʸʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘ, ʘ ʪʘʢʞʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʥʘ ʨʘʟʛʨʫʟʢʫ ʢʦʪʣʘ ʩ ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. 
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ʅɽʁʈʆʉɽʊɽɺʓɽ ʄɽʊʆɼʓ ʇʈʆɻʅʆɿɸ ɺʈɽʄɽʅʅʓʍ ʈʗɼʆɺ 

ʂʨʫʛʣʠʢʦʚ ɸʨʪʸʤ ʀʛʦʨʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʈʌ, ʛ. ʂʨʘʩʥʦʜʘʨ 

ʋʨʪʝʥʦʚ ʄ.ʍ. 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʈʌ, ʛ. ʂʨʘʩʥʦʜʘʨ 

 

ɸʥʥʦʪʘʮʠʷ. ʋʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʟʘʜʘʯʘʭ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʢʦʛʜʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʫʯʝʪ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʟʥʘʯʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʥʘ ʢʦʨʦʪʢʠʡ ʠ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

Abstract. It is argued that the use of neural networks in forecasting problems is 

extremely effective when it is not possible to take into account all factors affecting 

the predicted values. The practice of applying the methods of analyzing and 

forecasting time series for a short and long period of time using several varieties of 

neural networks is presented. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʨʝʤʝʥʥʦʡ ʨʷʜ, ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ. 

Keywords: Time series, time series analysis, neural networks. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʤʧʳ ʨʦʩʪʘ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʩʪʘʙʠʣʴʥʦ ʨʘʩʪʫʪ. ɺʤʝʩʪʝ ʩ 

ʵʪʠʤ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʥʠʤʘʶʪ ʟʘʜʘʯʠ ʠʟ ʦʙʣʘʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʝʜʧʨʠʷʪʠʝ ʠʤʝʣʦ ʫʩʧʝʭ ʥʘ ʨʳʥʢʝ, ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʊʘʢ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʠ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ 

ʨʘʟʣʠʯʥʳʭ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʥʝ ʠʟ ʬʠʥʘʥʩʦʚʦʡ 
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ʦʙʣʘʩʪʠ, ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʠʤ ʧʦ ʟʥʘʯʠʤʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʨʦʛʥʦʟ ʧʦʛʦʜʳ, 

ʧʦʢʘʟʘʪʝʣʠ ʨʦʞʜʘʝʤʦʩʪʠ, ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠ ʪ.ʧ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʦʙʱʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ 

ʧʨʦʮʝʩʩʦʚ, ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʅʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʘ ʧʦʟʚʦʣʷʶʪ ʥʘ ʧʨʘʢʪʠʢʝ ʠʟʙʝʞʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʩʙʦʨʘ 

ʠʥʬʦʨʤʘʮʠʠ ʵʢʩʧʝʨʪʦʤ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʟʘʜʘʯʘʭ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ, ʙʝʟ ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʷʭ ʦʙ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʠ. ʅʝʡʨʦʥʥʳʝ 

ʩʝʪʠ ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʫʯʝʪ ʚʩʝʭ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ.  

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʮʝʣʝʡ. 

ʀʟʫʯʠʪʴ ʫʩʪʨʦʡʩʪʚʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʨʘʩʩʤʦʪʨʝʪʴ ʩʧʦʩʦʙʳ ʠʭ ʘʥʘʣʠʟʘ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ - ʩʦʟʜʘʪʴ ʧʨʠʣʦʞʝʥʠʝ, 

ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ï ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʈʝʘʣʠʟʦʚʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʪʘʪʠʯʝʩʢʠʡ, ʪʝʭʥʠʯʝʩʢʠʡ 

ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʩʦʚʝʨʰʘʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʩʭʦʜʥʦʛʦ ʨʷʜʘ, ʘ ʪʘʢ ʞʝ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʪʠʧʘ ʩʝʪʠ ʜʣʷ ʧʨʦʛʥʦʟʘ ʠ 

ʛʦʨʠʟʦʥʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 
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çʇʆɺʓʐɽʅʀɽ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀʍ  

ʀ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓʍ ʉɺʆʁʉʊɺ  

ɾɸʈʆʇʈʆʏʅʓʍ ʉʇʃɸɺʆɺ ʃʆʇɸʊʆʂ ɻʊɼè 

ʄʘʨʢʦʚʘ ɽʢʘʪʝʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʤʘʛʠʩʪʨʘʥʪ, ʈʳʙʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʚʠʘʮʠʦʥʥʳʡ  
ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʇ.ɸ. ʉʦʣʦʚʴʝʚʘ , 

ʈʌ, ʛ. ʈʳʙʠʥʩʢ 

ʌʦʤʝʥʢʦ ʈʦʤʘʥ ʅʠʢʦʣʘʝʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʈʳʙʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʚʠʘʮʠʦʥʥʳʡ  
ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʇ.ɸ. ʉʦʣʦʚʴʝʚʘ , 

ʈʌ, ʛ. ʈʳʙʠʥʩʢ 

  

ʇʨʦʙʣʝʤʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʢʨʳʪʠʡ ʚʝʩʴʤʘ ʚʘʞʥʘ ʜʣʷ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ, ʦʩʦʙʝʥʥʦ ʚ 

ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʥʝʡ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʦʙʝʩʧʝʯʝʥʠʝ 

ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʢʨʳʪʠʡ. 

ɻʣʘʚʥʳʤ ʧʨʠʟʥʘʢʦʤ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ, ʩʥʠʞʝʥʠʝ 

ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ, ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʚʦʟʜʫʭʘ ʚ ʢʦʤʧʨʝʩʩʦʨʝ. ʕʪʦ ʚʝʜʸʪ 

ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ, 

ʢ ʫʩʣʦʞʥʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥ ʠʤʝʶʪ 

ʤʘʣʳʝ ʨʝʩʫʨʩʳ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʤʝʞʨʝʤʦʥʪʥʳʡ ʨʝʩʫʨʩ 

ʜʚʠʛʘʪʝʣʝʡ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ, ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʦʚ, ʩʧʣʘʚʦʚ, ʧʦʢʨʳʪʠʡ ʠ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʚ 

ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʣʦʧʘʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʞʘʨʦʩʪʦʡʢʠʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦʢʨʳʪʠʡ, ʤʝʪʦʜʦʚ 
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ʠʭ ʥʘʥʝʩʝʥʠʷ ʥʘ ʜʝʪʘʣʠ, ʥʘʡʜʝʥʳ ʜʝʩʷʪʢʠ ʩʧʦʩʦʙʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ. 

ʈʘʟʚʠʪʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʢʨʳʪʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʜʣʷ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ ʠ ʩ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ 

ʩʦʭʨʘʥʝʥʠʷ ʥʝʩʫʱʠʭ ʩʚʦʡʩʪʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʝʪʘʣʝʡ ʚ ʪʝʯʝʥʠʝ 

ʟʘʜʘʥʥʦʛʦ ʨʝʩʫʨʩʘ. ɽʩʣʠ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʝʪʘʣʷʭ ʠʟ ʜʝʬʦʨʤʠʨʫʝʤʳʭ 

ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʷʭ ʠʟ ʣʠʪʝʡʥʳʭ 

ʥʠʢʝʣʝʚʳʭ ʠʣʠ ʢʦʙʘʣʴʪʦʚʳʭ ʩʧʣʘʚʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʠʤʝʶʪ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʠʥʠʷ, ʪʦ ʥʘ 

ʜʝʪʘʣʷʭ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʣʠʪʝʡʥʳʭ ʩʧʣʘʚʦʚ ʚʝʩʴʤʘ ʰʠʨʦʢʦʝ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʘʣʶʤʠʥʠʜʥʳʝ 

ʧʦʢʨʳʪʠʷ, ʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʝʜʫʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʥʳʭ 

ʩʠʩʪʝʤ ʩ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. 

ʈʘʟʚʠʪʠʝ ʧʦʢʨʳʪʠʡ ʦʧʠʨʘʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʪʝʦʨʠʠ ʧʝʨʝʥʦʩʘ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʠʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʛʣʫʙʦʢʦʝ 

ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʠ ʠʩʯʝʨʧʘʥʠʷ ʠʭ ʟʘʱʠʪʥʳʭ 

ʬʫʥʢʮʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ. 

ɹʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʩʧʣʘʚ ï 

ʧʦʢʨʳʪʠʝ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦʢʨʳʪʠʷ ʠ ʩʧʣʘʚʘ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʥʘʛʨʫʞʝʥʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʝʪʘʣʝʡ. 

ʇʦʷʚʠʣʩʷ ʨʷʜ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʦʩʪʘʚʢʠ ʵʣʝʤʝʥʪʦʚ ʧʦʢʨʳʪʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʝʪʘʣʝʡ (ʵʣʝʢʪʨʦʜʫʛʦʚʦʝ ʧʣʘʟʤʝʥʥʦ-ʢʘʪʦʜʥʦʝ ʨʘʩʧʳʣʝʥʠʝ ʚ ʚʘʢʫʫʤʝ, ʠʦʥʥʘʷ 

ʠʤʧʣʘʥʪʘʮʠʷ, ʣʘʟʝʨʥʦʝ ʦʩʘʞʜʝʥʠʝ), ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʤʝʪʦʜ 

ʵʣʝʢʪʨʦʥʥʦʣʫʯʝʚʦʛʦ ʠʩʧʘʨʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʦʢʨʳʪʠʡ ʚ ʚʘʢʫʫʤʝ, ʙʳʩʪʨʦ 

ʨʘʟʚʠʚʘʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʥʘʥʝʩʝʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ. 
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ʈʠʩʫʥʦʢ 1. ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ 

 

ʃʝʛʠʨʦʚʘʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʞʘʨʦʧʨʦʯʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʞʘʨʦʧʨʦʯʥʦʩʪʠ 

ʩʧʣʘʚʦʚ ʠʛʨʘʝʪ ʣʝʛʠʨʦʚʘʥʠʝ ʪʝʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʫʧʨʦʯʥʷʶʱʠʝ 

ʬʘʟʳ: ʘʣʶʤʠʥʠʝʤ, ʪʠʪʘʥʦʤ ʠ ʫʛʣʝʨʦʜʦʤ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʣʠʪʳʭ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʘʭ ʥʘ ʥʠʢʝʣʴ ʭʨʦʤʦʚʦʡ ʦʩʥʦʚʝ ʩʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ ʜʦʩʪʠʛʘʝʪ 7 ï 10% (ʧʦ ʤʘʩʩʝ). ʂʦʣʠʯʝʩʪʚʦ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʣʘʚʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦ ɔ'-ʬʘʟʳ, ʥʦ ʠ ʩʪʝʧʝʥʴ 

ʝʝ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʠʜʥʳʭ ʬʘʟ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʚʳʰʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ ʠ ʨʘʟʤʝʨ ʝʝ ʯʘʩʪʠʮ, 

ʧʨʠʯʝʤ ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʠ 

ʨʘʟʤʝʨʦʚ ɔ'-ʬʘʟʳ. 

ʊʘʢ, ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ ʦʪ 4 ʜʦ 7,0% ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʣʝʛʠʨʦʚʘʥʠʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʦʜʠʥʘʢʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ ʪʠʪʘʥʘ, ʨʘʚʥʦʤ 3,0%, 

ʩʪʨʫʢʪʫʨʘ ʣʠʪʦʛʦ ʩʧʣʘʚʘ ɾʉ6ʋ-ɺʀ ʚ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʠʟʤʝʥʷʝʪʩʷ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ɔ'-ʬʘʟʳ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ ʦʪ 4 

ʜʦ 7% (ʧʦ ʤʘʩʩʝ) ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ. ʄʝʥʷʝʪʩʷ ʪʘʢʞʝ ʠ ʬʦʨʤʘ 

ʵʪʠʭ ʯʘʩʪʠʮ ð ʦʪ ʧʨʘʚʠʣʴʥʳʭ ʢʫʙʠʢʦʚ ʧʨʠ 4,0 % ɸl ʜʦ ʢʨʠʩʪʘʣʣʦʚ 

ʇʦʚʳʰʝʥʠʝ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ

˹͔͔͙͔͊ͤͫͤ 
͙͚͙ͤͦͫͦͫͭͦ͘͟ͻ 
͔ͭͪͣͦ͋͊ͪΈ͔ͪͤ·ͻ 
ͨͦͪ͟·͙͚ͭ

˴͙͚ͦͪͪͦͤ͊͘Ύ  
͚ͫͭͦͦͫͭ͟Έ

̂ͨͪͦ;͔͙͔ͤͤ

˶͔͎͙͍͙͔ͪͦ͊ͤ 
͎͍͙͙ͭͯͦͨ͊ͣ͟͡ 
Ή͔͔͙ͣͤͭ͊ͣ͡
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ʥʝʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ 7 ï 7,5% (ʧʦ ʤʘʩʩʝ). 

ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ ʦʪ 0 ʜʦ 3,4% (ʧʦ ʤʘʩʩʝ) ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ 

ʘʣʶʤʠʥʠʷ, ʨʘʚʥʦʤ 4,5% (ʧʦ ʤʘʩʩʝ) ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ɔ'-ʬʘʟʳ, ʦʜʥʘʢʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʯʘʩʪʠʮ ɔ'-ʬʘʟʳ ʚʦʟʨʦʩʣʘ ʦʪ 0,07 ʤʢʤ2ʧʨʠ 1,8% ʜʦ 0,3 ʤʢʤ2ʧʨʠ 3,4% Ti (ʧʦ 

ʤʘʩʩʝ). ʇʨʝʚʳʰʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ ʩʚʝʨʭ 8% (ʧʦ 

ʤʘʩʩʝ) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʨʫʙʳʭ ʠʟʙʳʪʦʯʥʳʭ ʚʳʜʝʣʝʥʠʡ ɔ'-ʬʘʟʳ, 

ʢʦʪʦʨʳʝ ʥʝ ʫʜʘʝʪʩʷ ʫʩʪʨʘʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʄʝʪʦʜʦʤ 

ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʨʘʙʦʪʘʭ ɸ. ʅ. ʉʦʢʦʣʦʚʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʪʠ ʚʳʜʝʣʝʥʠʷ ʦʙʦʛʘʱʝʥʳ ʪʠʪʘʥʦʤ. ʄʘʩʩʠʚʥʳʝ ʠʟʙʳʪʦʯʥʳʝ ʚʳʜʝʣʝʥʠʷ, 

ʨʘʩʧʨʝʜʝʣʷʷʩʴ ʚ ʪʝʣʝ ʠ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, ʚʳʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ ʞʘʨʦʧʨʦʯʥʦʩʪʠ 

ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʧʣʘʚʦʚ. 

ʆʧʪʠʤʘʣʴʥʳʝ ʞʘʨʦʧʨʦʯʥʳʝ ʩʚʦʡʩʪʚʘ ʫ ʩʧʣʘʚʦʚ ʪʠʧʘ ɾʉ6ʋ ʜʦʩʪʠʛʘʶʪʩʷ 

ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʘʣʶʤʠʥʠʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ 5,5% (ʧʦ ʤʘʩʩʝ), ʢʦʣʠʯʝʩʪʚʝ 

ʪʠʪʘʥʘ, ʨʘʚʥʦʤ ð 3%. ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʵʪʦʛʦ ʧʨʠ ʧʨʦʯʝʤ ʨʘʚʥʦʤ 

ʣʝʛʠʨʦʚʘʥʠʠ ʟʘʚʠʩʷʪ ʩʦʩʪʘʚ ʠ ʬʦʨʤʘ ʢʘʨʙʠʜʥʳʭ ʚʳʜʝʣʝʥʠʡ. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

1,3 ð 1,5 ʚ ʩʪʨʫʢʪʫʨʝ ʚʠʜʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʘ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ~ 2 ʧʦʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʚʦʡʥʳʭ ʢʘʨʙʠʜʦʚ 

ʠʛʦʣʴʯʘʪʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʠ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʨʠʩʫʥʦʢ 2 ʘ, ʙ). 

 

 

ʈʠʩʫʥʦʢ 2. ɺʠʜ ʢʘʨʙʠʜʥʳʭ ʬʘʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ Al ʠ Ti ʚ 

ʩʧʣʘʚʝ, ʭ500: ʘ ï 4,5 % Al, 3% Ti; ʙ ï 7 % Al, 3% Ti 



 

44 

 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʞʘʨʦʧʨʦʯʥʳʭ ʩʚʦʡʩʪʚ ʠʤʝʝʪ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʛʣʝʨʦʜʘ ʚ ʩʧʣʘʚʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʨʙʠʜʥʳʭ ʬʘʟ. ʆʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʣʠʪʳʭ 

ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʪʠʧʘ ɾʉ6ʋ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ, ʨʘʚʥʦʝ ~ 

0,15 %, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʨʙʠʜʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʨʝʨʳʚʠʩʪʘʷ ʪʦʥʢʘʷ 

ʩʝʪʢʘ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʨʦʜʘ ʜʦ 0,25% ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʠʜʥʳʭ ʬʘʟ ʠ ʫʪʦʣʱʘʶʪʩʷ 

ʛʨʘʥʠʮʳ ʟʝʨʝʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʞʘʨʦʧʨʦʯʥʦʩʪʠ. 

ʀʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʘʟʦʪʠʨʦʚʘʥʠʝ. 

ʀʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʘʟʦʪʠʨʦʚʘʥʠʝ (ʀʇɸ) ï ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʭʠʤʠʢʦ-

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʠʥʩʪʨʫʤʝʥʪʘ, ʰʪʘʤʧʦʚʦʡ ʠ ʣʠʪʴʝʚʦʡ 

ʦʩʥʘʩʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʜʠʬʬʫʟʠʦʥʥʦʝ ʥʘʩʳʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʩʪʘʣʠ ʠ ʯʫʛʫʥʘ ʘʟʦʪʦʤ (ʘʟʦʪʦʤ ʠ ʫʛʣʝʨʦʜʦʤ) ʚ ʘʟʦʪʥʦ-ʚʦʜʦʨʦʜʥʦʡ ʧʣʘʟʤʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 400-600Üʉ, ʪʠʪʘʥʘ ʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800-950 

Üʉ ʚ ʘʟʦʪʦʩʦʜʝʨʞʘʱʝʡ ʧʣʘʟʤʝ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʀʇɸ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʨʘʟʨʷʞʝʥʥʦʡ (ʨ=150-1000 ʇʘ) ʘʟʦʪʦʩʦʜʝʨʞʘʱʝʡ ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʤʝʞʜʫ ʢʘʪʦʜʦʤ ï 

ʜʝʪʘʣʷʤʠ ʠ ʘʥʦʜʦʤ ï ʩʪʝʥʢʘʤʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ï ʚʦʟʙʫʞʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʳʡ 

ʪʣʝʶʱʠʡ ʨʘʟʨʷʜ, ʦʙʨʘʟʫʶʱʠʡ ʘʢʪʠʚʥʫʶ ʩʨʝʜʫ (ʠʦʥʳ, ʘʪʦʤʳ, ʚʦʟʙʫʞʜʝʥʥʳʝ 

ʤʦʣʝʢʫʣʳ), ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʩʦʩʪʦʷʱʝʛʦ 

ʠʟ ʚʥʝʰʥʝʡ ï ʥʠʪʨʠʜʥʦʡ ʟʦʥʳ ʠ ʨʘʩʧʦʣʘʛʘʶʱʝʡʩʷ ʧʦʜ ʥʝʡ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʳ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʦʥʥʦʛʦ 

ʘʟʦʪʠʨʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, 

ʜʘʚʣʝʥʠʝ, ʩʦʩʪʘʚ ʠ ʨʘʩʭʦʜ ʨʘʙʦʯʝʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ 

ʠʦʥʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʧʨʠ ʫʧʨʦʯʥʝʥʠʠ ʩʪʘʣʠ ʠ ʯʫʛʫʥʘ ʰʠʨʝ, ʯʝʤ ʛʘʟʦʚʦʛʦ ʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 400-600 Üʉ. ʆʙʨʘʙʦʪʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 500 Üʉ 

ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʫʧʨʦʯʥʝʥʠʠ ʠʟʜʝʣʠʡ ʠʟ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʜʣʷ ʭʦʣʦʜʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʠ ʤʘʨʪʝʥʩʠʪʥʦ-

ʩʪʘʨʝʶʱʠʭ ʩʪʘʣʝʡ, ʪ.ʢ. ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʚʸʨʜʦʩʪʠ ʩʝʨʜʮʝʚʠʥʳ ʥʘ ʫʨʦʚʥʝ 55-60 HRC. ʀʇɸ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
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ʟʘʜʠʨʫ ʠ ʫʩʪʘʣʦʩʪʠ. ɺʘʨʴʠʨʫʷ ʩʦʩʪʘʚ ʛʘʟʘ, ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʨʝʤʷ 

ʚʳʜʝʨʞʢʠ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʩʣʦʠ ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʚʦʡʩʪʚ ʫʧʨʦʯʥʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʦʯʝʪʘʥʠʷ ʥʠʪʨʠʜʥʦʛʦ ʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʸʚ, ʢʦʪʦʨʳʝ 

ʚʨʘʩʪʘʶʪ ʚ ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʪʘʣʠ ʠ 

ʫʩʣʦʚʠʡ ʘʟʦʪʠʨʦʚʘʥʠʷ ʥʠʪʨʠʜʥʳʡ ʩʣʦʡ ʷʚʣʷʝʪʩʷ ʣʠʙʦ ɔôï ʬʘʟʦʡ (Fe4N) ʣʠʙʦ Ů- 

ʬʘʟʦʡ (Fe2-3N), ʧʨʠʯʸʤ Ů-ʥʠʪʨʠʜʥʳʡ ʩʣʦʡ ʷʚʣʷʝʪʩʷ ʢʦʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʤ, ʘ ɔô- 

ʩʣʦʡ ï ʠʟʥʦʩʦʩʪʦʡʢʠʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʩʪʠʯʥʳʤ. ʇʨʠ ʵʪʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʮʝʣʝʡ ʦʙʨʘʙʦʪʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʀʇɸ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʢʘʢ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʩʣʦʷ ʩ ʨʘʟʚʠʪʦʡ ʥʠʪʨʠʜʥʦʡ ʟʦʥʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʩʦʢʫʶ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ 

ʢʦʨʨʦʟʠʠ ʠ ʧʨʠʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ï ʜʣʷ ʜʝʪʘʣʝʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʠʟʥʦʩ, ʪʘʢ ʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʙʝʟ ʥʠʪʨʠʜʥʦʡ ʟʦʥʳ ï ʜʣʷ 

ʨʝʞʫʱʝʛʦ ʠ ʱʪʘʤʧʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʚ ʫʩʣʦʚʠʷʭ ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʜʝʣʠʡ: - ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, - ʫʩʪʘʣʦʩʪʥʘʷ 

ʚʳʥʦʩʣʠʚʦʩʪʴ, - ʘʥʪʠʟʘʜʠʨʥʳʝ ʩʚʦʡʩʪʚʘ, - ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ, - ʢʦʨʨʦʟʠʡʥʘʷ 

ʩʪʦʡʢʦʩʪʴ. ʀʇɸ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʨʘʟʙʨʦʩʦʤ ʩʚʦʡʩʪʚ ʦʪ ʜʝʪʘʣʠ ʢ ʜʝʪʘʣʠ ʠ ʦʪ ʩʘʜʢʠ ʢ ʩʘʜʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʘʟʦʚʳʤ ʘʟʦʪʠʨʦʚʘʥʠʝʤ ʚ ʧʝʯʠ, ʀʇɸ ʦʙʝʩʧʝʯʠʚʘʝʪ: - ʩʦʢʨʘʱʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚ 2-5 ʨʘʟ, ʢʘʢ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ 

ʠ ʦʭʣʘʞʜʝʥʠʷ ʩʘʜʢʠ, ʪʘʢ ʠ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʚʳʜʝʨʞʢʠ; - ʩʥʠʞʝʥʠʝ ʭʨʫʧʢʦʩʪʠ ʫʧʨʦʯʥʸʥʥʦʛʦ ʩʣʦʷ; - ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʘ 

ʨʘʙʦʯʠʭ ʛʘʟʦʚ ʚ 20-100 ʨʘʟ; - ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 1,5-3 ʨʘʟʘ; - 

ʠʩʢʣʶʯʝʥʠʝ ʦʧʝʨʘʮʠʠ ʜʝʧʘʩʩʠʚʘʮʠʠ; - ʩʥʠʞʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʥʘʩʪʦʣʴʢʦ, ʯʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʬʠʥʠʰʥʫʶ ʰʣʠʬʦʚʢʫ; - ʧʨʦʩʪʦʪʫ ʠ ʥʘʜʸʞʥʦʩʪʴ ʵʢʨʘʥʥʦʡ ʟʘʱʠʪʳ ʦʪ 

ʘʟʦʪʠʨʦʚʘʥʠʷ ʥʝ ʫʧʨʦʯʥʷʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; - ʫʣʫʯʰʝʥʠʝ ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ; - ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʩʝʤ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʀʇɸ 

ʚʤʝʩʪʦ ʮʝʤʝʥʪʘʮʠʠ, ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʠ, ʛʘʟʦʚʦʛʦ ʠʣʠ ʞʠʜʢʦʩʪʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ, 
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ʦʙʲʸʤʥʦʡ ʠʣʠ ʊɺʏ ʟʘʢʘʣʢʠ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʦʩʥʦʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʠ, ʩʥʠʟʠʪʴ ʩʪʘʥʦʯʥʳʝ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʟʘʪʨʘʪʳ, 

ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʨʝʜ. ʅʘ ʨʠʩʫʥʢʝ 3 

ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʙʦʨʳ ʫʯʝʪʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʙʳʪʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʨʠʚʦʜʷʪʩʷ ʠʭ ʪʠʧʳ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʩʪʦʠʤʦʩʪʴ. 

Abstract. The article discusses the commonly used metering devices of electric 

energy of domestic consumers. Their types, classification, cost are given. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ; ʧʨʠʙʦʨ ʫʯʝʪʘ (ʩʯʝʪʯʠʢ); 

ʙʳʪʦʚʳʝ ʧʦʪʨʝʙʠʪʝʣʠ. 

Key words: electric energy; metering device (meter); household consumers. 

 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʮʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ [1, C.13]. ʉʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʞʠʟʥʴ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʙʝʟ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʏʪʦʙʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʵʪʦʛʦ 

ʙʝʩʮʝʥʥʦʛʦ ʨʝʩʫʨʩʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʥʘʜʣʝʞʘʱʠʡ ʫʯʝʪ [8, C.1]. 
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʶʪʩʷ ʧʨʠʙʦʨʳ ʫʯʝʪʘ ʙʳʪʦʚʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʪʘʪʴʠ ʦʙʦʩʥʦʚʘʥʘ ʥʘʣʠʯʠʝʤ ʥʘ ʨʳʥʢʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ. ʆʪ ʚʳʙʦʨʘ ʧʨʠʙʦʨʘ ʫʯʝʪʘ 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʨʘʩʯʝʪʘ ʟʘ ʧʦʪʨʝʙʣʝʥʥʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʥʦ 

ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʦʥʦʤʠʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʨʝʩʫʨʩʦʚ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 

ʎʝʣʷʤʠ ʠ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʙʳʪʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʘ ʪʘʢʞʝ ʦʙʟʦʨ 

ʥʝʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʝʪʯʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʥʝ ʤʝʥʝʝ 400 ʚʠʜʦʚ ʧʨʠʙʦʨʦʚ 

ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ, ʢʦʥʩʪʨʫʢʮʠʠ, ʪʦʯʥʦʩʪʠ 

ʠ ʧʨʦʯʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ [2, ʉ.17]. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʙʦʨʦʚ 

ʫʯʝʪʘ ʙʳʪʦʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʥʝʢʦʪʦʨʳʤ ʠʟ ʢʨʠʪʝʨʠʝʚ[7, C.1]. 

1. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ 

¶  ʠʥʜʫʢʮʠʦʥʥʳʝ; 

¶  ʵʣʝʢʪʨʦʥʥʳʝ. 

ʀʥʜʫʢʮʠʦʥʥʳʡ ʩʯʝʪʯʠʢ ï ʦʜʠʥ ʠʟ ʩʪʘʨʝʡʰʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʜʦ 

ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʜʨʫʛʠʭ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʦʩʪʦ ʥʝ 

ʩʫʱʝʩʪʚʦʚʘʣʦ. ɽʛʦ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʝʣʴʥʦ ʧʨʦʩʪʘʷ ï ʚʥʫʪʨʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʝ 

ʤʘʛʥʠʪʥʳʝ ʢʘʪʫʰʢʠ, ʪʦʢʦʚʘʷ ʠ ʥʘʧʨʷʞʝʥʠʷ. ʉʚʷʟʘʥʥʳʡ ʩʦ ʩʯʝʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʜʠʩʢ ʢʨʫʪʠʪʩʷ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʘʢʦʛʦ ʪʠʧʘ 

ʧʨʠʙʦʨʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʭ ʥʝʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʥʝʙʦʣʴʰʦʡ ʪʦʢʦʚʦʡ ʥʘʛʨʫʟʢʠ. ɿʘʪʦ ʪʘʢʠʝ ʩʯʝʪʯʠʢʠ ʤʦʛʫʪ ʠʩʧʨʘʚʥʦ ʨʘʙʦʪʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʣʴʰʝ ʜʨʫʛʠʭï ʜʦ 50 ʣʝʪ[3, C.56]. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʯʝʪʯʠʢʠ ʠʟʤʝʨʷʶʪ ʪʦʢ ʥʘʧʨʷʤʫʶ ʠ ʦʪʦʙʨʘʞʘʶʪ 

ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʪʘʙʣʦ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʩʦʭʨʘʥʝʥʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʜʘʥʳ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʧʨ. ʊʘʢʠʝ ʩʯʝʪʯʠʢʠ 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ, ʦʜʥʘʢʦ ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʜʦʣʛʦʚʝʯʥʳʤʠ ï 

ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʯʝʪʯʠʢʘ ʚʩʝʛʦ 10 - 15 ʣʝʪ[3, C.59]. 

2. ʂʦʣʠʯʝʩʪʚʦ ʬʘʟ 
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¶  ʦʜʥʦʬʘʟʥʳʝ; 

¶  ʪʨʝʭʬʘʟʥʳʝ. 

ɺʩʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʙʳʪʦʚʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʜʥʦʬʘʟʥʳʝ 220 ɺ ʠ ʪʨʝʭʬʘʟʥʳʝ 380 ɺ. 

ʇʝʨʚʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ, ʚʪʦʨʳʝ ï ʚ 

ʯʘʩʪʥʳʭ (ʜʣʷ ʫʯʝʪʘ ʧʦʪʨʝʙʣʝʥʠʷ ʢʦʪʣʘʤʠ, ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʷʤʠ ʠ ʧʨ.). ɺʳʙʦʨ 

ʩʯʝʪʯʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʬʘʟ ʵʣʝʢʪʨʦʩʝʪʠ, ʢʫʜʘ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʳ. 

3. ʂʦʣʠʯʝʩʪʚʦ ʪʘʨʠʬʦʚ 

¶  ʦʜʥʦʪʘʨʠʬʥʳʡ; 

¶  ʜʚʫʭʪʘʨʠʬʥʳʡ; 

¶  ʪʨʝʭʪʘʨʠʬʥʳʡ; 

¶  ʤʥʦʛʦʪʘʨʠʬʥʳʡ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʫʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʝʝ ʧʦʪʨʝʙʣʝʥʠʷ (ʪʦ ʝʩʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʘʨʠʬʘʤ), ʧʨʠʰʣʘ ʩ ʩʦʟʜʘʥʠʝʤ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʯʝʪʯʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɼʚʫʭ-, ʪʨʝʭ- ʠ ʤʥʦʛʦʪʘʨʠʬʥʳʝ 

ʧʨʠʙʦʨʳ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʯʠʪʘʶʪ ʨʘʩʭʦʜ ʩ ʨʘʟʙʠʚʢʦʡ ʧʦ ʚʨʝʤʝʥʠ. ʊʘʢ, 

ʜʚʫʭʪʘʨʠʬʥʳʡ ʩʯʝʪʯʠʢ ʜʝʣʠʪ ʩʫʪʢʠ ʥʘ ʜʚʝ ʯʘʩʪʠ ï ʜʝʥʴ ʠ ʥʦʯʴ, ʪʨʝʭʪʘʨʠʬʥʳʡ ï 

ʥʘ ʪʨʠ (ʥʦʯʴ, ʧʠʢ, ʧʦʣʫʧʠʢ). ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ ʚ ʯʘʩʳ ʥʘʠʤʝʥʴʰʝʡ ʟʘʛʨʫʟʢʠ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩʪʦʠʪ ʜʝʰʝʚʣʝ, ʚ ʯʘʩʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ï ʜʦʨʦʞʝ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʵʢʦʥʦʤʠʪʴ, ʚʢʣʶʯʘʷ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʝ ʧʨʠʙʦʨʳ 

(ʩʪʠʨʘʣʴʥʳʝ ʤʘʰʠʥʳ, ʦʙʦʛʨʝʚʘʪʝʣʠ ʠ ʧʨ.) ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʢʦʤʧʘʥʠʷʤ ʫʨʘʚʥʦʚʝʩʠʪʴ ʩʫʪʦʯʥʳʡ ʙʘʣʘʥʩ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [9, C.3].  

4. ʂʣʘʩʩ ʪʦʯʥʦʩʪʠ 

ʋ ʢʘʞʜʦʛʦ ʧʨʠʙʦʨʘ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʝʩʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ. ʋ 

ʠʥʜʫʢʮʠʦʥʥʳʭ ʩʯʝʪʯʠʢʦʚ ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ ʨʘʚʝʥ 2,5%, ʘ ʫ ʵʣʝʢʪʨʦʥʥʳʭ ï ʦʪ 

0,2%. ɼʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʥʳʤʠ, ʟʘ ʢʣʘʩʩʦʤ 

ʪʦʯʥʦʩʪʠ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʩʣʝʜʠʪ ʵʥʝʨʛʦʩʙʳʪʦʚʘʷ ʢʦʤʧʘʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʩʚʦʠ 

ʪʨʝʙʦʚʘʥʠʷ[10, C.1]. 
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ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʙʦʨʳ ʫʯʝʪʘ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʩʝʛʦʜʥʷ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʙʳʪʦʚʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 

1.  ʅʝʚʘ 103 1SO [4, C.3] 

ʉʯʝʪʯʠʢ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ çʊʘʡʧʠʪè ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʝʛʠʦʥʘʭ 

ʈʦʩʩʠʠ (ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1.ʉʯʝʪʯʠʢ ʅʝʚʘ 103 1SO 

 

ʆʜʥʦʪʘʨʠʬʥʳʡ ʦʜʥʦʬʘʟʥʳʡ ʩʯʝʪʯʠʢ ʅʝʚʘ 103 1SO ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟ-ʟʘ ʢʦʤʧʘʢʪʥʳʭ ʨʘʟʤʝʨʦʚ, ʧʨʦʩʪʦʪʳ ʤʦʥʪʘʞʘ, ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ. ʉʯʝʪʯʠʢ ʠʤʝʝʪ ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ 1,0, ʠʟʤʝʨʷʝʪ ʪʦʣʴʢʦ ʘʢʪʠʚʥʫʶ 

ʤʦʱʥʦʩʪʴ. ʉʪʦʠʤʦʩʪʴ ʩʯʝʪʯʠʢʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 500-550 ʨʫʙʣʝʡ.  

 

2. ʄʝʨʢʫʨʠʡ 230ɸʄ[5, C.2] 

ʉʯʝʪʯʠʢʄʝʨʢʫʨʠʡ 230ɸʄ ʦʪ ʚʩʝʤʠʨʥʦ ʠʟʚʝʩʪʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

çICOTEXè ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚʦ ʤʥʦʛʠʭ ʥʦʚʦʩʪʨʦʡʢʘʭ ʄʦʩʢʚʳ, ʟʘʛʦʨʦʜʥʳʭ 

ʜʦʤʘʭ ʠ ʢʦʪʪʝʜʞʘʭ (ʨʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2. ʉʯʝʪʯʠʢ ʄʝʨʢʫʨʠʡ230 ɸʄ 
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ʉʯʝʪʯʠʢ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʚʪʦʥʦʤʥʦ ʠʣʠ ʚ ʩʦʩʪʘʚʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ɸʉʂʋʕ. 

ʅʘʨʷʜʫ ʩ ʠʟʤʝʨʝʥʠʝʤ ʪʦʢʘ ʧʨʠʙʦʨ ʤʦʞʝʪ ʤʝʨʠʪʴ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ, 

ʧʝʨʝʜʘʚʘʪʴ ʠʭ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ, ʭʨʘʥʠʪʴ ʞʫʨʥʘʣʳ ʠʟʤʝʨʝʥʠʡ ʠ ʧʨʦʯʝʝ. 

ʉʪʦʠʤʦʩʪʴ ʩʯʝʪʯʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 2500-2700ʨʫʙʣʝʡ.  

 

3. ɸ44 552-200[6, C.1] 

ʊʨʝʭʬʘʟʥʳʡ ʤʥʦʛʦʪʘʨʠʬʥʳʡ ʩʯʝʪʯʠʢ ɸ44 552-200 ʦʪ ʣʠʜʝʨʘ ʚ ʩʬʝʨʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʢʦʤʧʘʥʠʠ çɸɺɺè ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʙʲʝʢʪʘʭ, 

ʛʜʝ ʥʝʦʙʭʦʜʠʤʳ ʩʚʝʨʭ ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ (ʨʠʩʫʥʦʢ 3). 

 

ʈʠʩʫʥʦʢ 3. ʉʯʝʪʯʠʢ ɸ44 552-200 

 

ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʜʘʥʥʦʛʦ ʩʯʝʪʯʠʢʘ, ʝʛʦ 

ʧʨʠʤʝʥʷʶʪ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ɸʉʂʋʕ. ʇʨʠʙʦʨ ʠʤʝʝʪ ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ 0,5S, ʠʟʤʝʨʷʝʪ ʘʢʪʠʚʥʫʶ 

ʠ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʠ, ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʩʝʪʠ ʠ ʤʦʞʝʪ 

ʥʘʧʨʘʚʣʷʪʴ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʩʙʦʷʭ ʥʘ ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʧʫʥʢʪ ʫʧʨʘʚʣʝʥʠʷ. 

ʉʪʦʠʤʦʩʪʴ ʩʯʝʪʯʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 65000 ʨʫʙʣʝʡ.  

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʯʝʪʯʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦ 

ʦʩʥʦʚʥʳʤ ʧʨʠʟʥʘʢʘʤ. ɼʘʥ ʦʙʟʦʨ ʥʝʢʦʪʦʨʳʭ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʤʥʦʛʦʦʙʨʘʟʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ. ʉʝʛʦʜʥʷ ʩʯʝʪʯʠʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʦ ʤʝʨʠʪʴ ʦʙʲʝʤ ʧʦʪʨʝʙʣʝʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 
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ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʥʦ ʠ ʚʳʧʦʣʥʷʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʦʩʝʪʠ, ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʥʘ ʜʣʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʭʨʘʥʠʪʴ ʠʩʪʦʨʠʶ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʫʧʨʘʚʣʷʪʴʩʷ ʘʚʪʦʥʦʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʚʷʟʠ. 

ʄʘʪʝʨʠʘʣʳ ʩʪʘʪʴʠ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʜʣʷ ʦʙʱʝʛʦ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʳʙʦʨʝ ʩʯʝʪʯʠʢʦʚ 

ʙʳʪʦʚʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 
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ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ɸɼɸʇʊʀɺʅʆɻʆ ʇʈʆʎɽʉʉɸ ʆɹʋʏɽʅʀʗ  

ʅɸ ʆʉʅʆɺɽ ʇʉʀʍʆʊʀɺʆɺ ʃʀʏʅʆʉʊʀ 

ʇʘʢ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  
ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ 

ʉʝʨʙʠʥ ɺʘʩʠʣʠʡ ɺʘʣʝʨʴʝʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè, 
ɸʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ, ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ 

 

I. ɺʚʝʜʝʥʠʝ 

ɸʜʘʧʪʠʚʥʦʝ ʠʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʟʘʨʦʜʠʣʦʩʴ ʚ ʧʦʜʛʨʫʧʧʝ 

ʜʚʠʞʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʩʪʘʣʦ ʥʘʙʠʨʘʪʴ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ 70-ʳʭ 

ʛʦʜʘʭ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ. ɺ ʪʝ ʚʨʝʤʝʥʘ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʢʦʤʧʴʶʪʝʨʳ ʪʘʢ ʠʣʠ ʠʥʘʯʝ 

ʜʦʩʪʠʛʥʫʪ ʫʨʦʚʥʷ ʘʜʘʧʪʠʚʥʦʩʪʠ ʨʘʚʥʦʡ ʯʝʣʦʚʝʯʝʩʢʦʡ.  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʪʘʢʦʛʦ ʦʙʫʯʝʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʜʝʝ ʦ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ 

ʩʤʦʞʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʤʝʪʦʜʫ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɽʱʝ ʚ 70-ʳʭ ʛʦʜʘʭ 

ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʣʘʩʴ ʛʨʦʤʦʟʜʢʦʩʪʴ ʠ ʜʦʨʦʛʦʚʠʟʥʘ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ[1]. ʂ ʪʦʤʫ ʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ ʥʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʨʠʥʷʪʠʶ ʨʘʥʥʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʙʫʯʝʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʙʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ 

ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʫʯʘʝʤʦʛʦ. ɼʘʥʥʳʝ ʦʙ ʫʯʝʥʠʢʝ ʤʦʛʫʪ 

ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʙʦʨʘ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ 

ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘʜʠʛʤʘ ʯʝʪʳʨʝʭʵʪʘʧʥʦʛʦ ʘʜʘʧʪʠʚʥʳʡ ʧʨʦʮʝʩʩʘ 

ʦʙʫʯʝʥʠʷ [2]. 

II.  ʇʘʨʘʜʠʛʤʘ ʯʝʪʳʨʝʭʵʪʘʧʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʮʠʢʣʘ 

ʏʝʪʳʨʝʭʵʪʘʧʥʳʡ ʘʜʘʧʪʠʚʥʳʡ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʵʪʘʧʦʚ 

(ʈʠʩʫʥʦʢ 1.): 
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ʉʙʦʨ ʜʘʥʥʳʭ. ɼʘʥʥʳʡ ʵʪʘʧ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʫʯʘʝʤʦʤ, 

ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʠʩʪʝʤʦʡ. ʇʦʩʣʝ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʠʭ ʘʥʘʣʠʟ 

ɸʥʘʣʠʟ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠ ʩʪʨʦʠʪʩʷ ʚʥʫʪʨʝʥʥʷʷ 

ʤʦʜʝʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʨʦʚʥʝ 

ʟʥʘʥʠʡ, ʦʩʦʙʝʥʥʦʩʪʷʭ ʚʦʩʧʨʠʷʪʠʷ ʦʙʫʯʘʝʤʦʛʦ ʠ ʪ.ʜ 

ɺʳʙʦʨʢʘ. ɺʳʙʦʨʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʨʦʠʩʭʦʜʠʪ ʦʪʙʦʨ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʤʦʜʝʣʠ ʩʪʫʜʝʥʪʘ 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ. ʕʪʘʧ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʪʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʤʝʪʦʜʦʚ ʧʦʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (ɸʫʜʠʦ, ɺʠʜʝʦ, ʢʥʠʛʠ, ʵʣʝʢʪʨʦʥʥʳʝ ʨʝʩʫʨʩʳ) 

 

ʈʠʩʫʥʦʢ 1. ʧʨʦʮʝʩʩ ʘʜʘʧʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ 

 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʮʠʢʣʘ: 

ʇʦʣʥʳʡ ʚʥʝʰʥʠʡ ʮʠʢʣ ʠʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʘʜʘʧʪʘʮʠʷ (1,2,3,4,5,6) ï 

ʦʙʳʯʥʳʡ ʩʮʝʥʘʨʠʡ ʦʙʫʯʝʥʠʷ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʘʜʘʧʪʘʮʠʷ ʩ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ,9) ï

ʦʙʫʯʘʝʤʳʡ ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʩʚʦʶ ʤʦʜʝʣʴ ʚ ʩʠʩʪʝʤʝ. 
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ɼʠʘʛʥʦʩʪʠʢʘ (1,2,3) ï ʘʥʘʣʠʟ ʫʨʦʚʥʷ ʟʥʘʥʠʡ ʫʯʘʱʝʛʦʩʷ. 

ʂʦʨʦʪʢʠʡ ʮʠʢʣ ʟʘʧʦʤʠʥʘʥʠʷ (1,7,5,6) ï ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʦʙʫʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʝʟ ʘʥʘʣʠʟʘ 

ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʂʦʨʦʪʢʦʝ ʟʘʧʦʤʠʥʘʥʠʝ ʙʝʟ ʮʠʢʣʘ ʚʳʙʦʨʢʠ (1,2,8,6) ï ʜʘʥʥʳʡ ʩʮʝʥʘʨʠʡ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨʝ ʦʙʫʯʝʥʠʷ. 

III.  ʄʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʩʠʭʦʪʠʧʦʚ 

ʦʙʫʯʘʝʤʦʛʦ 

ʀʩʧʦʣʴʟʫʷ ʚʳʰʝʦʧʠʩʘʥʥʫʶ ʧʘʨʘʜʠʛʤʫ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʧʩʠʭʦʪʠʧʘ ʣʠʯʥʦʩʪʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʰʘʙʣʦʥʥʳʡ ʤʝʪʦʜ(ʪ.ʝ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʴʟʦʚʘʪʝʣʷ). ʀ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ 

ʚʦʩʧʨʠʷʪʠʷ: 

¶ ɺʠʟʫʘʣʴʥʘʷ1 ð ʦʧʠʨʘʶʱʘʷʩʷ, ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ; 

¶ ɺʠʟʫʘʣʴʥʘʷ2 ð ʦʧʠʨʘʶʱʘʷʩʷ, ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʥʘ ʚʠʜʝʦ ʙʝʟ ʟʚʫʢʘ; 

¶ ɺʠʟʫʘʣʴʥʘʷ3 ð ʦʧʠʨʘʶʱʘʷʩʷ, ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʥʘ ʘʥʠʤʘʮʠʠ ʙʝʟ ʟʚʫʢʘ; 

¶ ɸʫʜʠʘʣʴʥʘʷ1 ð ʙʘʟʠʨʫʶʱʘʷʩʷ, ʪʦʣʴʢʦ ʥʘ ʩʣʫʭʦʚʦʡ ʢʘʥʘʣ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ; 

¶ ɺʠʜʝʦ+ɸʫʜʠʘʣʴʥʘʷ ð ʙʘʟʠʨʫʶʱʘʷʩʷ, ʥʘ ʟʨʠʪʝʣʴʥʦʤ ʠ ʩʣʫʭʦʚʦʤ ʢʘʥʘʣʘʭ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ; 

¶ ʀʥʪʝʨʘʢʪʠʚʥʘʷ ï ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ 

ʩʠʩʪʝʤʦʡ 

ɼʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ (ʈʠʩ. 2) 
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ʈʠʩʫʥʦʢ 2. ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʥʘ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ 

 

ʇʨʦʚʝʨʢʘ ʫʨʦʚʥʷ ʫʩʚʦʝʥʠʝ ʧʨʦʡʜʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ 

ʣʶʙʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʶʪ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ. ʊʝʩʪʦʚʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʦʚʝʨʠʪʴ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ, ʥʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʫʱʝʩʪʚʫʶʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʫʨʦʚʥʷ ʩʦʤʥʝʥʠʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʝʩʪʘ, ʢʦʪʦʨʳʡ ʦʧʠʩʘʥ ʚ 

ʩʪʘʪʴʝ ʉʝʨʙʠʥʘ ɺ.ɺ[5].  

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʟʘ ʧʨʦʡʜʝʥʥʳʡ ʫʨʦʢ, ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ 

ʧʩʠʭʦʪʠʧ ʫʯʝʥʠʢʘ, ʧʩʠʭʦʪʠʧ ʚʳʙʨʘʥʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʦʮʝʥʢʫ ʟʘ 

ʧʨʦʡʜʝʥʥʳʡ ʫʨʦʢ ʠ ʫʨʦʚʝʥʴ ʩʦʤʥʝʥʠʡ ʚ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʧʩʠʭʦʪʠʧʘ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʢʦʥʢʨʝʪʥʦʛʦ ʩʪʫʜʝʥʪʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʝʣʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʈʠʩʫʥʦʢ 3). 



 

57 

 

 

ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

 

ʅʘ ʵʪʘʧʘʭ ʧʨʦʭʦʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʤʦʜʝʣʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʘʥʘʣʠʟʠʨʫʝʪ 

ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ ʚʠʜ: 

Ps = { V1, V2, V3, A, VA, I }  

Pm = { V1, V2, V3, A, VA, I } 

V1, V2, V3, A, VA, I = {0é1} 

ʆʮʝʥʢʘ ʟʘ ʫʨʦʢ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʚʳʯʠʩʣʝʥʠʷ ʫʨʦʚʥʷ ʩʦʤʥʝʥʠʡ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʦʮʝʥʢʘ ʧʦ ʧʨʦʡʜʝʥʥʦʤʫ ʫʨʦʢʫ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʦʨʦʛʫ, ʪʦ 

ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʧʨʝʜʝʣʠʪʴ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʥʘʙʦʨ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʤʥʝʥʠʡ (D1) ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʘʙʣʠʮʝ ʩʚʷʟʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʠʧʦʚ ʚʦʩʧʨʠʷʪʠʷ (ʊʘʙʣʠʮʘ 1). ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ Ps0 ʠ Pm0.  

ʊʘʙʣʠʮʘ 1.  

ʊʘʙʣʠʮʘ ʩʚʷʟʥʦʩʪʠ ʪʠʧʦʚ ʚʦʩʧʨʠʷʪʠʷ 

 V1 V2 V3 A VA I 

V1 0 0.13 0.14 0.3 0.25 0.4 

V2 0.13 0 0.15 0.33 0.28 0.42 

V3 0.14 0.15 0 0.35 0.44 0.42 

A 0.3 0.33 0.35 0 0.32 0.5 

VA 0.25 0.28 0.44 0.32 0 0.47 

I 0.4 0.42 0.42 0.5 0.47 0 
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ʉʦʤʥʝʥʠʷ ʧʦ ʧʨʦʡʜʝʥʥʦʤʫ ʫʨʦʢʫ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 1. 

Ὀ Ὢὖίπȟὖάπ Ὓzρ     (1) 

ɻʜʝ f ï ʬʫʥʢʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʤʥʝʥʠʷ ʧʦ ʪʘʙʣʠʮʝ 

ʩʚʷʟʥʦʩʪʠ 

Ps0 ï ʚʭʦʜʥʦʡ ʧʩʠʭʦʪʠʧ ʫʯʝʥʠʢʘ 

Pm0 ï ʚʭʦʜʥʦʡ ʧʩʠʭʦʪʠʧ ʤʘʪʝʨʠʘʣʘ 

 

ɿʥʘʯʝʥʠʝ ʧʩʠʭʦʪʠʧʘ ʫʯʘʱʝʛʦʩʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2. 

ὖίρ ὫὖίπȟὈρ     (2) 

ɻʜʝ g ï ʬʫʥʢʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʭʦʞʝʛʦ ʧʩʠʭʦʪʠʧʘ ʥʘ ʦʩʥʦʚʝ 

ʙʘʟʦʚʦʛʦ ʧʩʠʭʦʪʠʧʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʤʥʝʥʠʷ. 

D1 ï ʩʦʤʥʝʥʠʷ ʧʦ ʧʨʦʡʜʝʥʥʦʤʫ ʫʨʦʢʫ 

Ps0 ï ʚʭʦʜʥʦʡ ʧʩʠʭʦʪʠʧ ʫʯʝʥʠʢʘ 

 

ɿʥʘʯʝʥʠʝ ʧʩʠʭʦʪʠʧʘ ʫʯʘʱʝʛʦʩʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 3. 

ὖάρ ὫὖάπȟὈπ      (3) 

ɻʜʝ g ï ʬʫʥʢʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʭʦʞʝʛʦ ʧʩʠʭʦʪʠʧʘ ʥʘ ʦʩʥʦʚʝ 

ʙʘʟʦʚʦʛʦ ʧʩʠʭʦʪʠʧʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʤʥʝʥʠʷ. 

Pm1 ï ʩʦʤʥʝʥʠʷ ʧʦ ʧʨʦʡʜʝʥʥʦʤʫ ʫʨʦʢʫ 

Pm0 ï ʚʭʦʜʥʦʡ ʧʩʠʭʦʪʠʧ ʤʘʪʝʨʠʘʣʘ 

D0 - ʉʦʤʥʝʥʠʝ ʧʦ ʧʨʦʰʣʦʤʫ ʫʨʦʢʫ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʞʜʦʛʦ ʫʨʦʢʘ ʚʳʯʠʩʣʷʶʪʩʷ 

ʧʦʜʭʦʜʷʱʠʝ ʪʠʧʳ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʦʮʝʥʢʠ ʟʘ ʧʨʦʡʜʝʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʦʨʛʘʥʠʟʘʮʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʫʯʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʪʠʧʦʚ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʘ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʜʘʧʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʩʧʝʢʪʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ, ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʯʘʩʪʦʪʳ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ. 

Abstract. The article discusses aspects of the automation of the production of 

building materials and woodworking, provides an overview of the technical solutions 

in this area using a frequency converter and microcontrollers. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ; ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ; ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ; ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʘ; ʵʣʝʢʪʨʦʧʨʠʚʦʜ. 

Keywords: automation; microcontroller; Construction Materials; woodworking; 

electric drive. 
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ɼʘʣʴʥʝʡʰʠʡ ʧʨʦʛʨʝʩʩ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʢʣʶʯʝʥʠʠ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʣʶʙʦʛʦ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʪʨʫʜʘ, ʪʘʢ ʠ ʦʪ 

ʦʙʷʟʘʥʥʦʩʪʝʡ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ 

ʮʠʢʣ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʝ 

ʩʚʷʟʘʥʘ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʯʝʣʦʚʝʢʘ, ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. 

ʄʝʭʘʥʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʣʝʩʦʧʠʣʝʥʠʷ ʠ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʢʦʤʧʣʝʢʩ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʘʣʛʦʨʠʪʤʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʘʟʳʚʘʝʤʦʛʦ ʣʠʥʠʷʤʠ, 

ʦʙʲʝʜʠʥʷʶʱʠʭ ʚʳʧʦʣʥʝʥʠʝ ʪʘʢʠʭ ʦʧʝʨʘʮʠʡ ʢʘʢ ʦʙʨʘʙʦʪʢʘ, ʩʙʦʨʢʘ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʢʦʥʪʨʦʣʴ ʠʟʜʝʣʠʡ. 

ɼʣʷ ʣʝʩʦʧʠʣʴʥʳʭ ʠ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʩʚʦʡʩʪʚʝʥʥʳ 

ʧʦʪʦʯʥʳʝ, ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʇʦʪʦʯʥʘʷ ʣʠʥʠʷ ï ʵʪʦ ʣʠʥʠʷ ʨʘʙʦʯʠʭ ʤʘʰʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʦʨʷʜʢʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʪʨʝʙʫʶʱʠʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʣʠʥʠʷ ï ʵʪʦ ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʨʘʙʦʯʠʭ ʤʘʰʠʥ, 

ʥʘʧʨʠʤʝʨ ʩʪʘʥʢʦʚ ʠʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʣʠʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ʠ ʠʥʦʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʭʦʜ ʩʦ ʩʪʦʨʦʥʳ ʨʘʙʦʯʠʭ.  

ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʣʠʥʠʷ ï ʯʘʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʧʝʨʘʮʠʠ 

ʢʦʪʦʨʦʛʦ ʥʝ ʪʨʝʙʫʶʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ.  

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʚʝʜʫʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʥʝʜʨʷʶʱʠʭ ʤʦʜʝʨʥʠʟʘʮʠʶ 

ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʩʪʘʥʢʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʣʠʥʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʝʨʘʮʠʡ, 

ʧʦʣʫʯʘʶʪʩʷ ʛʨʦʤʦʟʜʢʠʤʠ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ 

ʨʘʙʦʪʳ ʠ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʣʦʱʘʜʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʠ 
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ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʠʥʠʠ, 

ʩʦʩʪʦʷʱʠʝ ʠʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʤʘʰʠʥ. [1] 

 ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ 

ʩʪʘʥʢʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴ ʤʥʦʞʝʩʪʚʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʦʧʝʨʘʮʠʡ. ʇʨʠʤʝʥʝʥʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ 

ʧʦʣʥʦʮʝʥʥʳʝ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʢʘʢ 

ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʝ ʟʘʱʠʪʳ, ʪʘʢ ʠ ʩʣʦʞʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ 

ʫʧʨʘʚʣʝʥʠʷ.  

ʀʟʚʝʩʪʥʘ ʨʘʟʨʘʙʦʪʢʘ ʆʆʆ ʆʚʝʥ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʝʭʥʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ: ʩʪʘʥʢʠ ʯʘʰʢʦʨʝʟʘ ʠ ʪʦʨʮʦʚʦʯʥʳʡ ʩʪʘʥʦʢ ʜʣʷ ʟʘʛʦʪʦʚʢʠ 

ʙʨʸʚʝʥ ʪʨʝʙʫʝʤʦʡ ʜʣʠʥʳ ʦʩʥʘʱʘʶʪ ʘʚʪʦʤʘʪʠʢʦʡ, ʧʨʠʯʝʤ ʩʪʘʥʢʠ ʜʦʣʞʥʳ 

ʚʳʧʦʣʥʷʪʴ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʦʢ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ï ʦʪ ʦʜʥʦʡ 

ʢʥʦʧʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʦʮʠʣʠʥʜʨʦʚʦʯʥʦʛʦ ʩʪʘʥʢʘ ʠ ʩʦʟʜʘʝʪʩʷ ʥʦʚʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʥʘʢʦʧʠʪʝʣʷ ʙʨʝʚʝʥ ʠ ʧʦʜʘʶʱʝʛʦ ʨʦʣʴʛʘʥʛʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣ 

ʚʳʙʨʘʥ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʆɺɽʅ ʇʂʃ110, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʣ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʫʧʨʘʚʣʝʥʠʝ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɼʣʷ ʪʦʯʥʦʛʦ ʨʘʩʧʠʣʘ ʥʘ ʤʘʰʠʥʫ ʫʩʪʘʥʦʚʠʣʠ ʵʣʝʢʪʨʦʥʥʫʶ 

ʣʠʥʝʡʢʫ ʩʦ ʩʯʝʪʯʠʢʦʤ ʆɺɽʅ ʉʀ8 ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩ ʵʥʢʦʜʝʨʦʤ. ʇʨʠ ʵʪʦʤ 

ʜʘʪʯʠʢ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʜʚʠʞʝʥʠʝ ʚʚʝʨʭ-ʚʥʠʟ, ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʨʘʤʝ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʨʘʩʧʠʣʘ ʜʦʩʢʠ, ʘ ʚʪʦʨʠʯʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩ ʮʠʬʨʦʚʦʡ 

ʠʥʜʠʢʘʮʠʝʡ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʧʝʨʝʜ ʛʣʘʟʘʤʠ ʦʧʝʨʘʪʦʨʘ. ɺʳʰʝʦʧʠʩʘʥʥʳʝ 

ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʢʠ ʠʤʝʶʪ ʨʘʩʰʠʨʝʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʥʝʦʪʘʧʣʠʚʘʝʤʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʘ 

ʢʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʦʪ ʚʣʘʛʠ ʠ ʯʘʩʪʠʮ ʧʳʣʠ ʠʟʜʝʣʠʷ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʠʟʢʠʡ ʢʣʘʩʩ ʟʘʱʠʪʳ (IP). [2] 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʘʢʪʫʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ 
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ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʞʠʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦ ʟʘʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊɽʁ ʉɽʈɺʀʉɸ BUBBLE ɼʃʗ 

ʈɽʐɽʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ɿɸɼɸʏ ɹɽɿ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 

ɺ ʋʉʃʆɺʀʗʍ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊɽʁ 

ʇʦʢʣʘʜ ʂʠʨʠʣʣ ɺʘʜʠʤʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
 ʈʌ, ʛ. ʂʨʘʩʥʦʜʘʨ 

ʖʥʦʚ ʉʝʨʛʝʡ ɺʣʘʜʣʝʥʦʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ.,  
ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

 ʈʌ, ʛ. ʂʨʘʩʥʦʜʘʨ. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʧʨʠʩʫʪʩʪʚʠʷ ʙʠʟʥʝʩʘ ʚ ʥʠʭ ʠ ʤʦʥʝʪʠʟʘʮʠʠ ʩʚʦʠʭ 

ʧʦʜʧʠʩʯʠʢʦʚ: ʣʠʯʥʘʷ ʩʪʨʘʥʠʮʘ, ʛʨʫʧʧʘ, ʧʨʦʜʚʠʞʝʥʠʝ ʧʦʩʪʦʚ ʠ ʨʝʢʣʘʤʥʳʭ 

ʦʙʲʷʚʣʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʪʘʨʛʝʪʠʨʦʚʘʥʥʦʡ ʨʝʢʣʘʤʳ, ʩʪʘʪʠʩʪʠʢʘ ʩʚʦʠʭ ʧʦʩʪʦʚ ʠ 

ʪ.ʜ.  

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʥʜʘʤ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ 

ʚʳʭʦʜʠʪ ʥʝ ʧʨʠʚʣʝʯʝʥʠʝ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʧʦʜʧʠʩʯʠʢʦʚ ʢʘʢ ʪʘʢʦʚʦʝ, ʘ 

ʧʨʠʚʣʝʯʝʥʠʝ ʠ ʫʜʝʨʞʘʥʠʝ ʚʥʠʤʘʥʠʷ ʩʚʦʝʡ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ.  

ʀ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚʩʪʨʦʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʥʝ ʚʩʝʛʜʘ ʭʚʘʪʘʝʪ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʦʣʫʯʘʝʪ ʪʦʪ, ʢʪʦ ʦʜʥʠʤ ʠʟ 

ʧʝʨʚʳʭ ʩʦʟʜʘʝʪ ʯʪʦ-ʪʦ ʥʦʚʦʝ, ʥʝʧʨʠʚʳʯʥʦʝ ʠ ʚʳʜʝʣʷʶʱʝʝʩʷ ʥʘ ʬʦʥʝ 

ʢʦʥʢʫʨʝʥʪʦʚ.  

ɽʩʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʧʣʘʪʥʳʝ ʩʝʨʚʠʩʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʫʩʣʫʛʠ ʧʦ 

ʨʝʘʣʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʙʦʪʝ ʩ API: 

ʜʠʥʘʤʠʯʝʩʢʠʝ (ʩ ʦʙʥʦʚʣʷʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʝʡ) ʦʙʣʦʞʢʠ, ʧʦʜʩʯʝʪ ʘʢʪʠʚʥʦʩʪʝʡ 

ʧʦʜʧʠʩʯʠʢʦʚ, ʩʦʟʜʘʥʠʝ ʙʦʪʦʚ ʠ ʪ.ʧ. 

ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʫʥʠʢʘʣʴʥʦʡ 

ʟʘʜʫʤʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʫʧʨʦʩʪʠʪʴ ʨʘʙʦʪʫ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʠʣʠ ʚʣʘʜʝʣʴʮʫ 

ʙʠʟʥʝʩʘ ʠʣʠ ʜʘʞʝ ʧʨʠʚʣʝʯʴ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʢ 

ʪʦʨʛʦʚʦʤʫ ʧʨʝʜʣʦʞʝʥʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʱʘʪʴʩʷ ʢ ʧʨʦʛʨʘʤʤʠʩʪʘʤ ʠ 
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ʦʧʣʘʯʠʚʘʪʴ ʠʭ ʚʨʝʤʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʦʛʦ, ʥʫʞʥʦʛʦ ʯʝʣʦʚʝʢʫ ʬʫʥʢʮʠʦʥʘʣʘ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʢʘʢ ʬʠʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ, ʪʘʢ ʠ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ï ʟʘ ʵʪʦ 

ʚʨʝʤʷ ʢʪʦ-ʪʦ ʜʨʫʛʦʡ ʤʦʞʝʪ ʫʩʧʝʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʭʦʞʫʶ ʠʜʝʶ ʠ ʧʦʣʫʯʠʪʴ 

ʥʘʠʙʦʣʴʰʫʶ ʧʨʠʙʳʣʴ.  

ʆʜʥʘʢʦ, ʚʦʟʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʠ ʜʘʞʝ ʙʝʟ ʟʥʘʥʠʷ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  

ɿʘʜʘʯʠ ʨʝʰʘʝʤʳʝ, ʧʣʘʪʬʦʨʤʦʡ Bubble ʚ ʫʩʣʦʚʠʷʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ 

ʂ ʧʨʠʤʝʨʫ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʫʚʝʜʦʤʣʝʥʠʡ ʦ ʚʩʪʫʧʣʝʥʠʠ ʠ ʫʜʘʣʝʥʠʠ ʠʟ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦ ʪʝʭ, ʢʪʦ ʙʳʣ 

ʟʘʙʘʥʝʥ, ʦ ʠʟʤʝʥʝʥʠʠ ʥʘʩʪʨʦʝʢ ʛʨʫʧʧʳ ʠʣʠ ʧʨʘʚ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

ʄʦʞʥʦ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʯʘʪ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʧʦʞʝʣʘʥʠʡ, ʞʘʣʦʙ ʠʣʠ 

ʜʣʷ ʩʨʦʯʥʦʛʦ ʧʨʠʥʷʪʠʷ ʟʘʢʘʟʦʚ.  

ʀʣʠ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʫʙʣʠʢʘʮʠʠ ʢʦʤʤʝʥʪʘʨʠʷ ʢ 

ʧʫʙʣʠʢʫʝʤʦʤʫ ʧʦʩʪʫ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʧʦʜʧʠʩʯʠʢʠ ʥʝ ʦʩʪʘʚʣʷʶʪ ʢʦʤʤʝʥʪʘʨʠʠ, 

ʧʦʪʦʤʫ ʯʪʦ ʙʦʷʪʩʷ ʙʳʪʴ ʧʝʨʚʳʤʠ ʠ ʤʦʞʥʦ ʧʦʤʦʯʴ ʠʤ ʩ ʵʪʠʤ, ʩʜʝʣʘʚ ʪʘʢ, ʯʪʦʙʳ 

ʧʨʠ ʧʫʙʣʠʢʘʮʠʠ ʦʪʣʦʞʝʥʥʦʛʦ ʧʦʩʪʘ ʦʪ ʠʤʝʥʠ ʛʨʫʧʧʳ ʠʣʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʠʩʘʣʩʷ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʡ ʢʦʤʤʝʥʪʘʨʠʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʡ ʢ 

ʦʙʱʝʥʠʶ. 

ʆʜʥʘ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʣʶʙʦʛʦ ʙʠʟʥʝʩʘ ï ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʦʪʚʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʦʢʫʧʘʪʝʣʷʤ. ʉ ʧʦʤʦʱʴʶ Bubble ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʦʪʧʨʘʚʢʫ 

ʩʦʦʙʱʝʥʠʷ ʧʨʦʜʘʚʮʫ ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʥʦʚʳʡ ʢʦʤʤʝʥʪʘʨʠʡ ʧʦʜ ʧʦʩʪʦʤ, 

ʬʦʪʦʛʨʘʬʠʝʡ ʠʣʠ ʧʦʜ ʪʦʚʘʨʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʧʣʘʪʬʦʨʤʳ 

ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ, ʷ ʚʳʙʨʘʣ 

ʧʨʦʙʣʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʜʧʠʩʘʥʥʦʡ ʥʝʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ. 

ʇʨʠʤʝʨ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʠ ʝʝ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

C ʧʦʷʚʣʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʫʤʥʦʡ ʣʝʥʪʳ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʧʠʩʯʠʢʦʚ ʩʪʘʣʦ 

ʤʝʥʝʝ ʚʘʞʥʦ, ʯʝʤ ʠʭ ʢʘʯʝʩʪʚʦ ʠ ʦʨʛʘʥʠʯʥʦʩʪʴ ʘʫʜʠʪʦʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʪʘʨʘʷ ʘʫʜʠʪʦʨʠʷ ʢʦʪʦʨʘʷ ʥʠʢʘʢ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʘʤʠ ʠʣʠ ʩ ʙʨʝʥʜʦʤ ʥʝ 



 

66 

 

ʧʨʦʩʪʦ ʥʘʤ ʥʝ ʥʫʞʥʘ, ʘ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʜʚʠʞʝʥʠʝ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. 

ɽʩʣʠ ʫʜʘʣʠʪʴ ʠʟ ʧʦʜʧʠʩʯʠʢʦʚ ʪʝʭ, ʢʪʦ ʧʦʜʧʠʩʘʥ ʣʠʰʴ ʬʦʨʤʘʣʴʥʦ ʠ ʥʝ 

ʯʠʪʘʝʪ ʥʘʩ ʠʣʠ ʠʥʦʛʜʘ ʯʠʪʘʝʪ, ʥʦ ʥʠʢʘʢ ʥʝ ʨʝʘʛʠʨʫʝʪ ʜʦʣʛʦʝ ʚʨʝʤʷ, ʪʦ ʧʨʠ 

ʛʣʦʙʘʣʴʥʦʡ ʯʠʩʪʢʝ ʧʦʜʧʠʩʯʠʢʦʚ ʦʭʚʘʪʳ ʧʝʨʚʦʝ ʚʨʝʤʷ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʪʴʩʷ, ʧʨʠʯʝʤ ʧʨʠ ʫʜʘʣʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʟ ʜʨʫʟʝʡ ʚʘʰʠ ʧʦʩʪʳ ʢʘʢʦʝ-ʪʦ 

ʚʨʝʤʷ ʝʱʝ ʙʫʜʫʪ ʧʦʢʘʟʳʚʘʪʴʩʷ ʠʤ. 

ʆʜʥʘʢʦ, ʧʨʠ ʛʨʘʤʦʪʥʦʤ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ ï ʨʘʙʦʪʝ ʥʘʜ ʢʦʥʪʝʥʪʦʤ ʠ 

ʧʨʦʜʚʠʞʝʥʠʠ, ʦʭʚʘʪʳ ʚʩʢʦʨʝ ʚʝʨʥʫʪʩʷ ʢ ʪʝʤ ʞʝ ʠʣʠ ʜʘʞʝ ʙʦʣʴʰʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʧʨʠ ʤʝʥʴʰʝʤ ʯʠʩʣʝ ʧʦʜʧʠʩʯʠʢʦʚ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɺʢʦʥʪʘʢʪʝ ʦʪʜʘʝʪ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʤʘʣʝʥʴʢʠʤ ʘʢʪʠʚʥʳʤ ʩʪʨʘʥʠʮʘʤ ʠ ʩʦʦʙʱʝʩʪʚʘʤ. 

ɺʧʨʦʯʝʤ, ʧʨʝʞʜʝ ʯʝʤ ʫʜʘʣʷʪʴ ʧʦʜʧʠʩʯʠʢʦʚ ʠʤʝʝʪ ʩʤʳʩʣ ʩʜʝʣʘʪʴ 

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʡ ʧʦʩʪ ʦ ʪʦʤ, ʯʪʦ ʚʩʢʦʨʝ ʪʝ, ʢʪʦ ʜʦʣʛʦ ʥʝ ʧʨʦʷʚʣʷʣ ʥʠʢʘʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʙʫʜʫʪ ʫʜʘʣʷʪʴʩʷ. ʈʝʯʴ ʠʜʝʪ ʥʝ ʦ ʧʨʠʟʳʚʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʢʘʞʜʳʡ 

ʧʦʩʪ, ʘ ʦ ʪʦʤ, ʯʪʦʙʳ ʪʝ, ʢʪʦ ʷʚʣʷʝʪʩʷ ʥʘʰʝʡ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ, ʭʦʪʴ ʠʥʦʛʜʘ 

ʜʘʚʘʣʠ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦ ʪʦʤ ʯʪʦ ʠʤ ʥʨʘʚʠʪʩʷ ʠʣʠ ʥʝ ʥʨʘʚʠʪʩʷ ʚ ʢʦʥʪʝʥʪʝ. 

ʕʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʫʤʥʘʷ ʣʝʥʪʘ ʧʦʢʘʟʳʚʘʝʪ ʧʦʩʪʳ ʘʫʜʠʪʦʨʠʠ 

ʧʦʭʦʞʝʡ ʥʘ ʪʫ, ʯʪʦ ʫʞʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʥʘʰʠ ʧʦʩʪʳ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʫʜʠʪʦʨʠʝʡ, 

ʘ ʥʝ ʝʝ ʢʦʣʠʯʝʩʪʚʦ. 

ɼʘ, ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʠʝ ʙʦʪʳ ʠ ʩʝʨʚʠʩʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʦʙʥʦʡ ʟʘʜʘʯʠ 

(ʫʜʘʣʝʥʠʷ ʧʦʜʧʠʩʯʠʢʦʚ). ʅʦ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʯʠʩʪʷʪ ʪʦʣʴʢʦ ʙʦʪʦʚ ʠ ʪʝʭ, ʫ ʢʦʛʦ 

ʫʜʘʣʝʥʘ ʩʪʨʘʥʠʮʘ. 

ʅʦ ʛʣʘʚʥʦʝ, ʠʤ ʥʘʜʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʦʩʪʫʧ ʢ ʩʚʦʝʡ ʛʨʫʧʧʝ/ʧʘʙʣʠʢʫ ʠ ʢ 

ʩʚʦʝʤʫ ʘʢʢʘʫʥʪʫ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʠ ʫʜʘʣʷʶʪʩʷ ʧʦʜʧʠʩʯʠʢʠ ʚ 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʩʦʦʙʱʝʩʪʚʘʭ. ʊʘʢʠʝ ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʦʙʦʟʥʘʯʝʥʳ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ɺʂʦʥʪʘʢʪʝ. 

ʀ ʢʦʛʜʘ ʚʳ ʧʨʝʜʦʩʪʘʚʣʷʝʪʝ ʜʦʩʪʫʧʳ ʢ ʚʘʰʝʤʫ ʘʢʢʘʫʥʪʫ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ 

ʜʨʫʛʠʤ ʩʝʨʚʠʩʘʤ, ʵʪʦ ʥʝʩʝʪ ʥʝʢʦʪʦʨʳʝ ʨʠʩʢʠ. 
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ʉ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʘ Bubble ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʙʝʩʧʣʘʪʥʦʛʦ 

ʠ ɻʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ (ʈʠʩʫʥʢʠ 1-2). 

 

ʈʠʩʫʥʦʢ 1. ʆʢʥʦ ʧʨʠʣʦʞʝʥʠʷ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʧʨʦʛʨʘʤʤʳ 

 

 

ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʨʚʠʩ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Bubble ʧʦʢʘʟʘʣ 

ʩʝʙʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʙʳʩʪʨʦʛʦ, ʙʝʩʧʣʘʪʥʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ 
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ʨʝʰʝʥʠʷ ʙʠʟʥʝʩ ʟʘʜʘʯ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʧʣʘʪʥʳʭ ʩʝʨʚʠʩʦʚ ʠʣʠ ʥʘʡʤʘ ʩʪʦʨʦʥʥʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʚʠʟʫʘʣʴʥʦʡ ʩʨʝʜʳ ʚ ʪʦʤ, ʯʪʦ ʯʝʣʦʚʝʢ ʩʘʤ ʨʝʰʘʝʪ ʥʘʩʢʦʣʴʢʦ 

ʧʨʦʨʘʙʦʪʘʥʥʳʤ ʙʫʜʝʪ ʜʠʟʘʡʥ, ʦʬʦʨʤʣʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ (ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʨʝʰʝʥʠʝ ʠʣʠ ʜʣʷ ʣʠʯʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ).  

ʈʘʟʫʤʝʝʪʩʷ, ʪʨʝʙʫʝʪʩʷ ʧʦʪʨʘʪʠʪʴ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʠ ʫʩʠʣʠʷ, ʯʪʦʙʳ 

ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ Bubble, ʦʜʥʘʢʦ ʩʜʝʣʘʚ ʵʪʦ, ʤʦʞʥʦ ʙʫʜʝʪ ʙʳʩʪʨʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Bubble User Manual [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ ï URL 

https://manual.bubble.is ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ (07.03.2019)  

2. ʀʛʫʤʝʥ ʉʧʠʨʠʜʦʥ (ɹʘʣʘʥʜʠʥ). ɾʠʟʥʴ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ ï URL http://www.pravmir.ru/article_3174.html ɼʘʪʘ 

ʦʙʨʘʱʝʥʠʷ (05.03.2019)  

3. ɸʣʝʢʩʘʥʜʨʘ ʂʦʩʘʢʘ. ʃʠʯʥʳʡ ʙʣʦʛ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ ï 

URL https://vk.com/prostokosaka ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ (25.04.2019) 

 

  

https://manual.bubble.is/
http://www.pravmir.ru/article_3174.html
https://vk.com/prostokosaka
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ɸʃɻʆʈʀʊʄʓ ɼʃʗ ɸʅɸʃʀɿɸ ʆʊɺɽʊʆɺ ʆʊʂʈʓʊʓʍ ɺʆʇʈʆʉʆɺ 

ʊɽʉʊʀʈʆɺɸʅʀʗ  

 ʉʝʡʽʪʞʘʥʦʚ ʄʘʜʠʷʨ ϧʘʡʨʘʪϰʣʳ 

ʤʘʛʠʩʪʨʘʥʪ, ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʊʝʭʥʦʣʦʛʠʡ, 
ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʣʤʘʪʳ 

ʉʝʨʙʠʥ ɺʘʩʠʣʠʡ ɺʘʣʝʨʴʝʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ, 
ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʊʝʭʥʦʣʦʛʠʡ,  

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʣʤʘʪʳ 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʩʪʳ, 

ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʟʥʘʥʠʷ ʯʝʣʦʚʝʢʘ. ɺ ʪʝʩʪʝ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʢʨʳʪʳʝ ʠ 

ʦʪʢʨʳʪʳʝ ʚʦʧʨʦʩʳ. ʆʪʢʨʳʪʳʡ ʚʦʧʨʦʩ ʜʘʝʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠ ʨʘʟʥʦʦʙʨʘʟʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʢʨʳʪʳʡ ʚʦʧʨʦʩ ï ʥʝʦʪʲʝʤʣʝʤʳʡ ʢʦʤʧʦʥʝʥʪ 

ʦʧʨʦʩʥʠʢʘ.  

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʚʝʪʦʚ ʦʪʢʨʳʪʳʭ 

ʚʦʧʨʦʩʦʚ. ʇʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʠ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʘʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʢʘʢ, ʨʘʩʩʪʦʷʥʠʝ ʍʝʤʤʠʥʛʘ, ʨʘʩʩʪʦʷʥʠʝ ʃʝʚʝʥʰʪʝʡʥʘ, ʩʭʦʜʩʪʚʦ 

ɼʞʘʨʦ - ɺʠʥʢʣʝʨʘ. 

Abstract. Today it is very popular to use tests to determine the level of 

knowledge of a person. In the test, there are closed and open questions. An open 

question provides more detailed and diverse information. In this case, an open 

question is an integral component of the questionnaire. 
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This article discusses the algorithms for analyzing the answers to open-ended 

questions. The comparative analysis of such algorithms as the Hamming distance, the 

Levenshtein distance, the Jaro ï Winkler similarity are described and carried out in 

detail. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʩʪʠʨʦʚʘʥʠʷ; ʘʣʛʦʨʠʪʤʳ; e-learning; ʩʨʘʚʥʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ; ʘʥʘʣʠʟ ʪʝʩʪʠʨʦʚʘʥʠʷ 

Keywords: testing; algorithms; e-learning; comparison of testing algorithms; 

test analysis 

1.ɺʚʝʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ï ʵʪʦ ʦʯʝʥʴ ʚʘʞʥʳʡ ʤʦʤʝʥʪ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. 

ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʠʪʦʛʦʚʳʡ ʙʘʣʣ ʫʯʘʱʠʭʩʷ ʟʘ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʪʝʩʪ, ʘ ʧʦʟʚʦʣʷʶʪ ʧʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʘ 

ʦʜʥʠʤ ʫʯʘʱʠʤʩʷ ʠʣʠ ʩʨʘʟʫ ʛʨʫʧʧʦʡ ʫʯʘʱʠʭʩʷ. ʊʝʩʪ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʠʟ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʚʦʧʨʦʩʦʚ. ɺʦʧʨʦʩʳ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʦʪʚʝʪʦʤ ʠʣʠ 

ʦʪʢʨʳʪʳʝ ʚʦʧʨʦʩʳ. ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʫʚʠʜʝʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʠʯʥʳʝ ʦʰʠʙʢʠ ʫʯʘʱʠʭʩʷ ʠ ʝʱʝ ʨʘʟ 

ʦʙʨʘʪʠʪʴ ʥʘ ʥʠʭ ʚʥʠʤʘʥʠʝ. ɼʣʷ ʘʥʘʣʠʟʘ ʦʪʚʝʪʦʚ ʦʪʢʨʳʪʳʭ ʚʦʧʨʦʩʦʚ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʚʦʡʩʪʚʘʭ ʦʧʝʨʘʮʠʡ, 

ʘʣʛʦʨʠʪʤʳ ʧʦʜʦʙʠʷ ʩʪʨʦʢ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ [1, ʩ.7]: 

1. ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʪʦʷʥʠʷ 

2. ʅʘ ʦʩʥʦʚʝ ʪʦʢʝʥʦʚ 

3. ʅʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

2.ɺʠʜʳ ʘʣʛʦʨʠʪʤʦʚ 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʪʦʷʥʠ:̫ ʘʣʛʦʨʠʪʤʳ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʵʪʫ ʢʘʪʝʛʦʨʠʶ, 

ʧʳʪʘʶʪʩʷ ʚʳʯʠʩʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʦʜʥʦʡ ʩʪʨʦʢʠ ʚ ʜʨʫʛʫʶ. ʏʝʤ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ, ʪʝʤ ʤʝʥʴʰʝ 

ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʨʦʢʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʞʜʦʤʫ 

ʩʠʤʚʦʣʫ ʠʥʜʝʢʩʘ ʩʪʨʦʢʠ ʧʨʠʜʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʪʦʢʝʥʦʚ: ʚ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʦʞʠʜʘʝʤʳʡ ʚʚʦʜ - ʵʪʦ ʥʘʙʦʨ ʪʦʢʝʥʦʚ, 

ʘ ʥʝ ʧʦʣʥʳʝ ʩʪʨʦʢʠ. ʀʜʝʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʡʪʠ ʧʦʭʦʞʠʝ ʪʦʢʝʥʳ ʚ ʦʙʦʠʭ 



 

71 

 

ʥʘʙʦʨʘʭ. ʏʝʤ ʙʦʣʴʰʝ ʦʙʱʠʭ ʪʦʢʝʥʦʚ, ʪʝʤ ʙʦʣʴʰʝ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʥʘʙʦʨʘʤʠ. 

ʉʪʨʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʥʘʙʦʨʳ ʧʫʪʝʤ ʨʘʟʜʝʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʜʝʣʠʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʠʝ ʚ ʪʦʢʝʥʳ 

ʩʣʦʚ ʠʣʠ n-ʛʨʘʤʤʦʚʳʭ ʩʠʤʚʦʣʦʚ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʟʜʝʩʴ ʪʦʢʝʥʳ ʨʘʟʥʦʡ 

ʜʣʠʥʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ɿʜʝʩʴ ʩʭʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ ʦʙʱʠʭ 

ʧʦʜʩʪʨʦʢ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʨʦʢʘʤʠ. ɸʣʛʦʨʠʪʤʳ ʧʳʪʘʶʪʩʷ ʥʘʡʪʠ ʩʘʤʫʶ ʜʣʠʥʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʦʙʝʠʭ ʩʪʨʦʢʘʭ, ʯʝʤ ʙʦʣʴʰʝ ʵʪʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘʡʜʝʥʦ, ʪʝʤ ʚʳʰʝ ʦʮʝʥʢʘ ʩʭʦʜʩʪʚʘ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, 

ʯʪʦ ʟʜʝʩʴ ʢʦʤʙʠʥʘʮʠʷ ʩʠʤʚʦʣʦʚ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ. 

2.1 ʈʘʩʩʪʦʷʥʠʝ ʍʝʤʤʠʥʛʘ 

ʈʘʩʩʪʦʷʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ ʦʜʥʦʡ ʩʪʨʦʢʠ ʥʘ ʜʨʫʛʫʶ ʠ 

ʥʘʭʦʞʜʝʥʠʷ ʤʝʩʪ, ʛʜʝ ʩʪʨʦʢʠ ʠʟʤʝʥʷʶʪʩʷ [2, ʩ.7]. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʪʨʦʢ ʦʜʠʥʘʢʦʚʦʡ 

ʜʣʠʥʳ. ʅʝʢʦʪʦʨʳʝ ʨʝʘʣʠʟʘʮʠʠ ʤʦʛʫʪ ʦʙʦʡʪʠ ʵʪʦ, ʜʦʙʘʚʣʷʷ ʜʦʧʦʣʥʝʥʠʝ ʚ 

ʧʨʝʬʠʢʩʝ ʠʣʠ ʩʫʬʬʠʢʩʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʣʦʛʠʢʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʡʪʠ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʪ, ʛʜʝ ʦʜʥʘ ʩʪʨʦʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʦʡ. 

ɼʘʥʳ ʩʪʨʦʢʠ s1 ñkarolinò ʠ s2 ñkaterinò. ʇʨʝʜʩʪʘʚʠʤ ʠʭ ʧʝʨʝʩʝʯʝʥʠʝ ʚ 

ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ: 

ʊʘʙʣʠʮʘ 1.  

ʈʘʩʩʪʦʷʥʠʝ ʍʝʤʤʠʥʛʘ  

k a r o l i n 

k a t h r i n 

0 0  1 1 1 0 0 

 

ʂʘʢ ʚʠʜʠʤ ʠʟ ʪʘʙʣʠʮʳ s1 ʠ s2 ʦʪʣʠʯʘʶʪʩʷ ʥʘ 3 ʙʫʢʚʳ. ʏʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʭʦʜʩʪʚʦ: 

Ὠ  σȾχ  πȢσχ 

2.2 ʈʘʩʩʪʦʷʥʠʝ ʃʝʚʝʥʰʪʝʡʥʘ 
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ʈʘʩʩʪʦʷʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʫʪʝʤ ʥʘʭʦʞʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʦʢ, ʢʦʪʦʨʳʝ 

ʧʨʝʦʙʨʘʟʫʶʪ ʦʜʥʫ ʩʪʨʦʢʫ ʚ ʜʨʫʛʫʶ. ɼʦʧʫʩʪʠʤʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: ʚʩʪʘʚʢʘ - 

ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʩʠʤʚʦʣʘ, ʫʜʘʣʝʥʠʝ - ʫʜʘʣʝʥʠʝ ʩʠʤʚʦʣʘ ʠ ʧʦʜʩʪʘʥʦʚʢʘ - 

ʟʘʤʝʥʘ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ ʜʨʫʛʠʤ. ɺʳʧʦʣʥʷʷ ʵʪʠ ʪʨʠ ʦʧʝʨʘʮʠʠ, ʘʣʛʦʨʠʪʤ ʧʳʪʘʝʪʩʷ 

ʠʟʤʝʥʠʪʴ ʧʝʨʚʫʶ ʩʪʨʦʢʫ, ʯʪʦʙʳ ʦʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʚʪʦʨʦʡ. ɺ ʢʦʥʮʝ ʤʳ 

ʧʦʣʫʯʘʝʤ ʨʘʩʩʪʦʷʥʠʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. [3, ʩ.7].  

ɼʘʥʳ ʩʪʨʦʢʠ s1 ñsaturdayò ʠ s2 ñsundayò. ʇʨʝʜʩʪʘʚʠʤ ʠʭ ʧʝʨʝʩʝʯʝʥʠʝ ʚ 

ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ: 

ʊʘʙʣʠʮʘ 2.  

ʈʘʩʩʪʦʷʥʠʝ ʃʝʚʝʥʰʪʝʡʥʘ  

 s a t u r d a y 

s 0 1 2 3 4 5 6 7 

u 1 1 2 2 3 4 5 6 

n 2 2 2 3 3 4 5 6 

d 3 3 3 3 4 3 4 5 

a 4 3 4 4 4 4 3 4 

y 5 4 4 5 5 5 4 3 

 

ʏʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʪʴ s1 ʚ s2 ʥʘʤ ʧʦʪʨʝʙʫʝʪʩʷ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʧʝʨʘʮʠʠ: 

ǒ ʋʜʘʣʠʪʴ ʙʫʢʚʫ a 

ǒ ʋʜʘʣʠʪʴ ʙʫʢʚʫ r 

ǒ ɿʘʤʝʥʠʪʴ ʙʫʢʚʫ r ʥʘ n 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʪʩʷ 3 ʦʧʝʨʘʮʠʠ. ʏʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ cʭʦʜʩʪʚʦ: 

Ὠ  σȾχ  πȢσχ 

2.3 ʉʭʦʜʩʪʚʦ ɼʞʘʨʦ - ɺʠʥʢʣʝʨʘ  

ɺ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʩʪʘʪʠʩʪʠʢʠ ʩʭʦʜʩʪʚʦ ɼʞʘʨʦ - ɺʠʥʢʣʝʨʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʨʫ ʩʭʦʞʝʩʪʠ ʩʪʨʦʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʩʠʤʚʦʣʦʚ. ʕʪʦ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʳʡ ʚ 1999 ʛʦʜʫ 

ʧʨʝʜʣʦʞʠʣ ʋʠʣʴʷʤ ʕ. ɺʠʥʢʣʝʨ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʪʦʷʥʠʷ ɼʞʘʨʦ [4, ʩ.7]. ʕʪʦʪ 
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ʘʣʛʦʨʠʪʤ ʜʘʝʪ ʚʳʩʦʢʠʝ ʦʮʝʥʢʠ ʜʚʫʤ ʩʪʨʦʢʘʤ, ʝʩʣʠ ʦʥʠ ʩʦʜʝʨʞʘʪ ʦʜʠʥʘʢʦʚʳʝ 

ʩʠʤʚʦʣʳ, ʥʦ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠ ʧʦʨʷʜʦʢ 

ʩʦʚʧʘʜʘʶʱʠʭ ʩʠʤʚʦʣʦʚ ʦʜʠʥʘʢʦʚ. ʊʦʯʥʝʝ, ʨʘʩʩʪʦʷʥʠʝ ʥʘʭʦʞʜʝʥʠʷ ʧʦʜʦʙʥʦʛʦ 

ʩʠʤʚʦʣʘ ʥʘ 1 ʤʝʥʴʰʝ ʧʦʣʦʚʠʥʳ ʜʣʠʥʳ ʩʘʤʦʡ ʜʣʠʥʥʦʡ ʩʪʨʦʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʝʩʣʠ ʜʣʠʥʘ ʩʘʤʦʡ ʜʣʠʥʥʦʡ ʩʪʨʦʢʠ ʨʘʚʥʘ 5, ʩʠʤʚʦʣ ʚ ʥʘʯʘʣʝ ʩʪʨʦʢʠ 1 ʜʦʣʞʝʥ 

ʙʳʪʴ ʥʘʡʜʝʥ ʜʦ ʠʣʠ ʥʘ ((5/2) ï1) ~ 2-ʡ ʧʦʟʠʮʠʠ ʚ ʩʪʨʦʢʝ 2, ʯʪʦʙʳ ʩʯʠʪʘʪʴʩʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʩʦʦʪʚʝʪʩʪʚʠʝʤ. ʀʟ-ʟʘ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤ ʠ 

ʜʘʝʪ ʚʳʩʦʢʫʶ ʦʮʝʥʢʫ, ʝʩʣʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʥʘʯʘʣʘ ʩʪʨʦʢ. 

ɼʘʥʳ ʩʪʨʦʢʠ s1 martha ʠ s2 marhta. ʇʨʝʜʩʪʘʚʠʤ ʠʭ ʧʝʨʝʩʝʯʝʥʠʝ ʚ 

ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ: 

ʊʘʙʣʠʮʘ 3.  

ʉʭʦʜʩʪʚʦ ɼʞʘʨʦ - ɺʠʥʢʣʝʨʘ 

 m a r t h a 

m 1 0 0 0 0 0 

a 0 1 0 0 0 0 

r 0 0 1 0 0 0 

h 0 0 0 0 1 0 

t 0 0 0 1 0 0 

a 0 0 0 0 0 1 

 

ɿʜʝʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 6/2 ð 1 = 2. ɺ ʚʳʜʝʣʝʥʥʳʭ 

ʷʯʝʡʢʘʭ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʳ ʫʢʘʟʘʥʳ ʝʜʠʥʠʮʳ, ʢʦʛʜʘ ʩʠʤʚʦʣʳ ʠʜʝʥʪʠʯʥʳ 

(ʠʤʝʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝ), ʠ ʥʫʣʠ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. 

ʇʦʣʫʯʘʝʪʩʷ: 

ǒ m = 6 

ǒ s1 = 6 

ǒ s2 = 6 

ǒ ɽʩʪʴ ʥʝʩʦʚʧʘʜʘʶʱʠʝ ʩʠʤʚʦʣʳ T/H ʠ ʅ/ʊ, ʚ ʨʝʟʫʣʴʪʘʪʝ: t = 2/2 = 1  

 

ʈʘʩʩʪʦʷʥʠʝ ɼʞʘʨʦ: 
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Ὠ  
 

 = 0.94 

ʏʪʦʙʳ ʥʘʡʪʠ ʨʝʟʫʣʴʪʘʪ ɼʞʘʨʦ ð ɺʠʥʢʣʝʨʘ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʝʩʘ 

p = 0.1 ʤʳ ʧʨʦʜʦʣʞʘʝʤ ʠʩʢʘʪʴ: 

l = 3 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 

Ὠ  πȢωτ  σẗ πȢρρ  πȢωτ  πȢωφ 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʭʦʜʩʪʚʘ s1 ʠ s2 ʨʘʚʥʘ 0.9 

3. ʉʨʘʚʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ, ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ  

(ʊʘʙʣʠʮʘ 4). 

ʊʘʙʣʠʮʘ 4.  

ʉʨʘʚʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʉʪʨʦʢʘ 1 ʉʪʨʦʢʘ 2 
ʈʘʩʩʪʦʷʥʠʝ 

ʍʝʤʤʠʥʛʘ 

ʈʘʩʩʪʦʷʥʠʝ 

ʃʝʚʝʥʰʪʝʡʥʘ 

ʉʭʦʜʩʪʚʦ 

ɼʞʘʨʦ - 

ɺʠʥʢʣʝʨʘ 

ʪʝʢʩʪ ʪʝʩʪ 0.0 0.8 0.63 

ʘʣʛʦʨʠʪʤ ʘʣʛʦʠʨʪʤ 0.75 0.75 0.86 

ʨʘʟʨʘʙʦʪʢʘ ʨʘʟʨʘʙʦʪʯʠʢ 0.0 0.72 0.90 

ʢʦʤʧʴʶʪʝʨ ʪʝʨʧʴʶʢʦʤ 0.3 0.3 0.55 

ʜʦʢʫʤʝʥʪ ʜʦʢʪʦʨ 0.0 0.3 0.62 

ʢʥʠʛʘ ʢʘʨʪʘ 0.4 0.4 0.6 

ʜʨʫʟʴʷ ʜʦʨʦʛʘ 0.16 0.16 0.4 

ʢʨʦʚʘʪʴ ʚʘʪʪ 0.0 0.42 0.0 

 

5. ɿʘʢʣʶʯʝʥʠʷ 

ɺʳʙʦʨ ʘʣʛʦʨʠʪʤʘ ʧʦʜʦʙʠʷ ʩʪʨʦʢ ʟʘʚʠʩʠʪ ʦʪ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺʩʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʧʳʪʘʶʪʩʷ ʥʘʡʪʠ ʦʙʱʠʝ ʠ ʥʝ 

ʦʙʱʠʝ ʯʘʩʪʠ ʩʪʨʦʢ ʠ ʨʘʟʣʦʞʠʪʴ ʠʭ ʥʘ ʯʘʩʪʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʩʭʦʜʩʪʚʘ. ʀ 

ʙʝʟ ʫʩʣʦʞʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʙʦʣʴʰʠʥʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʰʝʥʦ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʨʘʩʯʸʪʫ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʚʦʧʨʦʩʳ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʘʢʦʡ ʟʘʜʘʯʠ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʫʯʘʩʪʠʝʤ ʩʧʝʮʠʘʣʠʩʪʘ. 

Abstract. This article describes an example of a program for the automated 

calculation of the microprocessor relay protection of transformers and the issues of 

the full automation of such a task with minimal expert participation. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʨʝʣʝʡʥʘʷ ʟʘʱʠʪʘ, ʪʦʢʦʚʘʷ ʦʪʩʝʯʢʘ, 

ʤʘʢʩʠʤʘʣʴʥʦ-ʪʦʢʦʚʘʷ ʟʘʱʠʪʘ, ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ, ʜʫʛʦʚʦʝ ʟʘʤʳʢʘʥʠʝ. 

Keywords: transformer, relay protection, overcurrent protection, overcurrent 

protection, short circuit, arc circuit. 

 

ʇʦʥʠʞʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 6(10)/0,4 ʢɺ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʩʝʪʷʭ 6(10) ʢɺ. ʆʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ ï ʦʪ ʞʠʣʳʭ ʜʦʤʦʚ ʜʦ ʧʦʜʩʪʘʥʮʠʡ ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ 

ʥʘʧʨʷʞʝʥʠʡ, ʛʜʝ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʦʙʩʪʚʝʥʥʳʭ 
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ʥʫʞʜ. ʏʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʩ ʨʘʩʯʸʪʦʤ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʪʘʢʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʉʦʛʣʘʩʥʦ ʇʋʕ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʟʘʱʠʪ: ʤʘʢʩʠʤʘʣʴʥʘ-ʪʦʢʦʚʘʷ ʟʘʱʠʪʘ (ʦʩʥʦʚʥʘʷ 

ʟʘʱʠʪʘ, ʨʝʟʝʨʚʠʨʫʝʪ ʩʣʝʜʫʶʱʠʡ ʫʯʘʩʪʦʢ), ʪʦʢʦʚʘʷ ʦʪʩʝʯʢʘ (ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʟʘʱʠʪʘ, ʙʳʩʪʨʦ ʦʪʢʣʶʯʘʝʪ ʙʦʣʴʰʠʝ ʪʦʢʠ ʂɿ); ʩʧʝʮ. ʄʊɿ (ʠʤʝʝʪ ʙʦʣʴʰʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʦʜʥʦʬʘʟʥʳʤ ʂɿ, ʯʝʤ ʄʊɿ); ʟʘʱʠʪʘ ʦʪ ʧʝʨʝʛʨʫʟʢʠ 

(ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʦʜ ʧʝʨʝʛʨʫʟʦʯʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠ ʫʩʪʨʘʥʷʝʪ ʤʘʣʳʝ 

ʘʚʘʨʠʡʥʳʝ ʪʦʢʠ). ɺʦʧʨʦʩʳ ʟʘʱʠʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷʤʠ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ.  

ʈʘʩʯʸʪ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʸʥʥʳʭ ʥʘʚʳʢʦʚ, 

ʦʧʳʪʘ ʠ ʚʣʘʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʫʧʨʦʩʪʠʪʴ ʚʩʝ ʨʘʩʯʸʪʳ ʧʨʠ ʧʦʤʦʱʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʪʝʤ ʩʘʤʳʤ 

ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ ʚ ʨʘʩʯʸʪʘʭ ʙʫʜʝʪ ʩʚʝʜʝʥʦ ʢ ʤʠʥʠʤʫʤʫ. ʈʘʟʫʤʝʝʪʩʷ, ʦʜʠʥ ʠʟ 

ʩʘʤʳʭ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠ ʩʣʦʞʥʳʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ ʩʙʦʨ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʨʠʜʸʪʩʷ ʚʳʧʦʣʥʷʪʴ ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ 

çʚʨʫʯʥʫʶè. ɼʘʣʝʝ ʧʨʠ ʨʘʩʯʸʪʝ ʫʩʪʘʚʦʢ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʚʳʙʦʨʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ, ʥʘʣʘʜʢʦʡ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʪ.ʜ.  

ʂ ʨʘʩʯʸʪʘʤ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʪʦʠʪ ʧʦʜʭʦʜʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʜʴ ʧʦʩʣʝʜʩʪʚʠʷ ʥʝʧʨʘʚʠʣʴʥʳʭ ʨʘʩʯʸʪʦʚ ʠʣʠ 

ʥʝʚʝʨʥʦʡ ʥʘʣʘʜʢʠ ʟʘʱʠʪʳ ʥʝ ʟʘʩʪʘʚʷʪ ʩʝʙʷ ʜʦʣʛʦ ʞʜʘʪʴ (ʥʘʯʠʥʘʷ ʥʝʜʦʦʪʧʫʩʢʦʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʟʘʢʘʥʯʠʚʘʷ ʚʳʭʦʜʦʤ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ). 

ʇʨʦʛʨʘʤʤʫ ʧʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʨʘʩʯʸʪʫ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʚ ʩʨʝʜʝ 

Excel. ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ, ʘ ʠʤʝʥʥʦ ʩʙʦʨʘ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʩʣʝʜʫʝʪ ʧʨʠʩʪʫʧʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʨʘʩʯʸʪʘʤ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʧʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʪʦʢʠ 

ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʥʘ ʰʠʥʘʭ 6(10) ʢɺ, ʪʠʧ ʦʪʭʦʜʷʱʝʡ ʥʘʛʨʫʟʢʠ ʠ ʧʘʨʘʤʝʪʨʳ 

ʚʚʦʜʥʦʛʦ ʘʚʪʦʤʘʪʘ 0,4 ʢɺ. ʂ ʢʘʞʜʦʡ ʮʠʬʨʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠʩʴ 

ʩʝʨʴʸʟʥʦ, ʚʝʜʴ ʥʝʪʦʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʣʶʙʦʛʦ ʠʟ ʵʪʠʭ ʵʪʘʧʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʧʨʠʷʪʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʞʝ ʚʘʞʝʥ ʪʠʧ 

ʦʪʭʦʜʷʱʝʡ ʥʘʛʨʫʟʢʠ ï ʦʙʦʙʱʸʥʥʳʡ ʣʠʙʦ ʙʳʪʦʚʦʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʧʦʚʣʠʷʝʪ 
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ʥʘ ʨʘʩʯʸʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʘʤʦʟʘʧʫʩʢʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʫʩʪʘʚʢʫ 

ʤʘʢʩʠʤʘʣʴʥʦ-ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ. ʅʘʧʦʤʥʶ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʩʘʤʦʟʘʧʫʩʢʘ 

ʧʦʟʚʦʣʷʝʪ ʦʪʩʪʨʦʠʪʴ ʟʘʱʠʪʫ ʦʪ ʧʫʩʢʦʚʳʭ ʪʦʢʦʚ ʜʚʠʛʘʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ʊʠʧ 

ʥʘʛʨʫʟʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʠʟ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ ʧʨʦʛʨʘʤʤʳ.  

 

ʈʠʩʫʥʦʢ 1. ɺʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʚʩʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʠʤ ʥʘ ʨʠʩʫʥʢʝ. 

 

 

ʈʠʩʫʥʦʢ 2. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢ ʨʘʩʯʸʪʫ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

ʇʦʩʣʝ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʩʠʩʪʝʤʳ) ʜʣʷ ʨʘʩʯʸʪʘ ʪʦʢʦʚ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʢ ʩʪʦʨʦʥʝ ɺʅ. ʊʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
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ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘʤ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʤʦʞʥʦ 

ʧʨʠʩʪʫʧʘʪʴ ʢ ʨʘʩʯʸʪʘʤ ʪʦʢʦʚ ʂɿ. ʈʘʩʯʸʪ ʊʂɿ ʜʣʷ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ï ʵʪʦ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʡ ʠ ʪʨʫʜʦʸʤʢʠʡ ʵʪʘʧ, ʛʜʝ ʦʯʝʥʴ ʣʝʛʢʦ 

ʜʦʧʫʩʪʠʪʴ ʦʰʠʙʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʤ ʤʝʩʪʝ. ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʩʯʸʪʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʱʠʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʪʦʨʦʥʝ ɺʅ, 

ʘ ʧʦʚʨʝʞʜʝʥʠʷ ʤʦʛʫʪ ʠ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʩʪʦʨʦʥʝ ʅʅ. ʊʦʢ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʩʪʦʨʦʥʝ 

0,4 ʢɺ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʝʞʜʝ ʯʝʤ ʧʦʧʘʩʪʴ ʚ ʟʘʱʠʪʫ. 

ʅʘ ʚʝʣʠʯʠʥʫ ʪʦʢʘ (ʢʦʪʦʨʳʡ çʫʚʠʜʠʪè ʨʝʣʝʡʥʘʷ ʟʘʱʠʪʘ) ʚʣʠʷʶʪ ʪʘʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʢʘʢ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʯʝʨʝʟ ʩʭʝʤʫ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʯʝʨʝʟ ʩʭʝʤʫ ʠʩʧʦʣʥʝʥʠʷ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ (ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ). ʈʘʩʯʸʪ ʚʨʫʯʥʫʶ ʪʨʝʙʫʝʪ ʩʣʝʜʫʶʱʝʛʦ ʧʦʨʷʜʢʘ 

ʜʝʡʩʪʚʠʷ: ʨʘʩʯʸʪ ʂɿ ʥʘ ʩʪʦʨʦʥʝ 0,4 ʢɺ, ʧʨʠʚʝʜʝʥʠʝ ʪʦʢʘ ʩ ʫʯʸʪʦʤ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʤʦʪʦʢ ʥʘ ʩʪʦʨʦʥʫ 6(10) ʢɺ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʪʦʢʘ ʚ ʟʘʱʠʪʫ ʩ ʫʯʸʪʦʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ ʠ ʩʭʝʤʳ ʠʩʧʦʣʥʝʥʠʷ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ. ʅʘʯʠʥʘʶʱʠʝ ʠ 

ʥʝʦʧʳʪʥʳʝ ʠʥʞʝʥʝʨʘʤ ʤʦʛʫʪ ʜʦʧʫʩʪʠʪʴ ʦʰʠʙʢʫ ʚ ʣʶʙʦʤ ʠʟ ʵʪʠʭ ʨʘʩʯʸʪʦʚ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʱʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʩʪʨʦʝʥʘ ʦʪ ʪʝʭ ʪʦʢʦʚ ʂɿ, ʢʦʪʦʨʳʝ ʥʠʢʦʛʜʘ 

ʚ ʥʝʸ ʥʝ ʧʦʧʘʜʫʪ. ʇʨʦʛʨʘʤʤʘ ʚʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʥʶʘʥʩʳ ʫʯʠʪʳʚʘʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʠʤʝʥʥʦ ʪʝ ʪʦʢʠ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʫʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʘʱʠʪʫ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʯʸʪ ʚʝʜʸʪʩʷ ʜʣʷ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʟʘʱʠʪʳ, ʢʦʪʦʨʘʷ ʚ ʘʙʩʦʣʶʪʥʦʤ ʙʦʣʴʰʠʥʩʪʚʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʦ ʪʨʸʭʨʝʣʝʡʥʦʡ ʩʭʝʤʝ (ʜʘʞʝ ʝʩʣʠ ʟʘʱʠʪʘ ʩʪʨʦʠʪʩʷ ʥʘ ʜʚʫʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ 

ʪʦʢʘ, ʪ.ʢ. ʪʦʢ ʪʨʝʪʴʝʡ ʬʘʟʳ ʦʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʩʯʠʪʳʚʘʝʪ). ʇʦʤʠʤʦ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʟʘʤʳʢʘʥʠʡ ʧʨʦʛʨʘʤʤʘ ʩʯʠʪʘʝʪ ʠ ʟʘʤʳʢʘʥʠʷ ʯʝʨʝʟ ʘʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʫʛʠ, ʪ.ʝ. ʜʫʛʦʚʳʝ ʟʘʤʳʢʘʥʠʷ. ʉʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʜʠ ʩʪʦʠʪ 

ʫʪʦʯʥʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʟʘʤʳʢʘʥʠʷ ʥʘ ʩʪʦʨʦʥʝ 0,4 ʢɺ ʧʨʦʠʩʭʦʜʷʪ ʠʤʝʥʥʦ 

ʯʝʨʝʟ ʜʫʛʫ, ʪ.ʝ. ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʟʘʱʠʪʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʨʷʪʴ ʠ ʧʦ ʪʦʢʘʤ 

ʜʫʛʦʚʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʫʛʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 15 

ʤʆʤ, ʧʨʠʚʝʜʸʥʥʳʤ ʢ ʩʪʦʨʦʥʝ 0,4 ʢɺ. ɺ ʧʨʦʛʨʘʤʤʝ ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʙʣʠʮʘ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʸʪʦʚ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʦʢʦʚ ʂɿ, ʢʦʪʦʨʳʝ 

ʧʦʧʘʜʫʪ ʚ ʟʘʱʠʪʫ. 
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ʈʠʩʫʥʦʢ 3. ʈʘʩʯʸʪ ʪʦʢʦʚ ʂɿ 

 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ï ʨʘʩʯʸʪ ʤʘʢʩʠʤʘʣʴʥʦ-ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ. ʋʩʪʘʚʢʘ ʟʘʱʠʪʳ 

ʦʪʩʪʨʘʠʚʘʝʪʩʷ ʦʪ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʫʩʪʘʚʢʦʡ ʘʚʪʦʤʘʪʘ 0,4 

ʢɺ, ʧʦʩʣʝ ʯʝʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʚʳʚʦʜʠʪʩʷ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʚʳʙʨʘʥʥʦʡ ʟʘʱʠʪʝ ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʣʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ.  

 

ʈʠʩʫʥʦʢ 4. ʈʘʩʯʸʪ ʤʘʢʩʠʤʘʣʴʥʦ-ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ 

 

ɺʳʚʦʜ ʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʱʠʪʳ ʤʦʞʥʦ ʧʨʦʥʘʙʣʶʜʘʪʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʷʯʝʡʢʝ ʧʨʦʛʨʘʤʤʳ. ʇʦʩʣʝ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʟʘʱʠʪʳ ʦʪ ʦʜʥʦʬʘʟʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ 

(ʩʧʝʮ.ʄʊɿ). ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʘʥʥʦʡ ʟʘʱʠʪʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 
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ʦʙʫʩʣʦʚʣʝʥʘ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʉʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʤʦʪʦʢ ʚʣʠʷʝʪ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘʤ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʦ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ D/Yʦ ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʪʦʢʠ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʤʳʢʘʶʪʩʷ ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ ʠ ʮʠʨʢʫʣʠʨʫʶʪ ʪʘʤ, ʥʝ 

ʧʦʧʘʜʘʷ ʚ ʩʝʪʴ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʢ ʦʜʥʦʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʜʣʷ 

ʪʘʢʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʙʫʜʝʪ ʥʝʤʥʦʛʦ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʝ ʪʨʸʭʬʘʟʥʦʛʦ ʊʂɿ. 

ɽʩʣʠ ʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʦ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ Y/Yo, ʪʦ 

ʟʜʝʩʴ ʜʝʣʘ ʦʙʩʪʦʷʪ ʩʦʚʩʝʤ ʠʥʘʯʝ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ ʠ ʤʦʞʝʪ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʷʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʊʦʢʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʟʘʤʳʢʘʶʪʩʷ ʯʝʨʝʟ ʙʘʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʙʦʣʪʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʜʨ. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʚʚʠʜʫ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʦʢ 

ʦʜʥʦʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣ, ʧʦʵʪʦʤʫ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʢʦʚʘʷ ʟʘʱʠʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʯʫʚʩʪʚʫʝʪ ʜʘʥʥʳʝ ʪʦʢʠ, ʠ ʥʘ 

ʪʘʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʩʦ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ Y/Yo ʪʨʝʙʫʝʪʩʷ 

ʫʩʪʘʥʦʚʢʘ ʩʧʝʮʠʘʣʴʥʦʡ ʄʊɿ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʦʜʥʦʬʘʟʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ. 

ʈʘʩʯʸʪ ʩʧʝʮ.ʄʊɿ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʫʞʥʦ 

ʫʢʘʟʘʪʴ, ʝʩʪʴ ʣʠ ʥʘ ʚʚʦʜʥʦʤ ʘʚʪʦʤʘʪʝ 0,4 ʢɺ ʪʦʢʦʚʘʷ ʟʘʱʠʪʘ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʤʘʪʘʭ ʬʠʨʤʳ Schneider 

Electric ʥʘ ʙʘʟʝ Micrologic 5.0 ʠ ʜʨ. ʪʘʢʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʘ, ʧʦʵʪʦʤʫ 

ʟʘʱʠʪʫ ʥʫʞʥʦ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʜʘʥʥʳʤ ʘʚʪʦʤʘʪʦʤ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʩʝʛʜʘ ʦʯʝʥʴ 

ʚʳʩʦʢʘ, ʠ ʟʘʱʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʢ ʫʩʪʘʥʦʚʢʝ. 
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ʈʠʩʫʥʦʢ 5. ʈʘʩʯʸʪ ʩʧʝʮʠʘʣʴʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦ-ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ 

 

ʇʦʩʣʝ ʨʘʩʯʸʪʘ ʠʟ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʪʦʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʥʝʡʪʨʘʣʠ.  

 

ʈʠʩʫʥʦʢ 6. ɺʳʙʦʨ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʥʝʡʪʨʘʣʠ 

 

ʂ ʫʩʪʘʥʦʚʢʝ ʚ ʧʨʦʛʨʘʤʤʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʪʦʢʦʚʦʝ ʨʝʣʝ ʈʉʊ-40, 

ʜʣʷ ʯʝʛʦ ʚ ʠʥʪʝʨʬʝʡʩ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʪʘʙʣʠʮʘ ʠʩʧʦʣʥʝʥʠʷ ʧʦ ʫʩʪʘʚʢʘʤ ʥʘ ʪʦʢ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʚʩʝʭ ʪʠʧʦʚ ʜʘʥʥʦʛʦ ʨʝʣʝ. 

ʊʦʢʦʚʘʷ ʦʪʩʝʯʢʘ ʦʪʩʪʨʘʠʚʘʝʪʩʷ ʦʪ ʙʨʦʩʢʦʚ ʪʦʢʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʩʪʦʨʦʥʝ 0,4 ʢɺ. 
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ʈʠʩʫʥʦʢ 7. ʈʘʩʯʸʪ ʪʦʢʦʚʦʡ ʦʪʩʝʯʢʠ 

 

ʇʦʩʣʝ ʨʘʩʯʸʪʘ ʚʩʝʭ ʟʘʱʠʪ ʠʟ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʷʯʝʡʢʠ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʪʦʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʚʩʝ 

ʫʩʪʘʚʢʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʩʯʠʪʘʶʪʩʷ. ʉʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʨʘʩʩʯʠʪʘʥʥʳʤʠ 

ʫʩʪʘʚʢʘʤʠ ʠ ʠʭ ʥʘʟʚʘʥʠʷʤʠ ʚ ʙʣʦʢʝ ɹʄʈɿ-125-ʂʃ-01 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ 

ʮʚʝʪʦʚʦʤʫ ʦʢʨʘʩʫ.  

 

ʈʠʩʫʥʦʢ 8. ʋʩʪʘʚʢʠ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 
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ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ ʧʨʝʜʦʩʪʘʚʣʝʥ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʸʪʘ 

ʫʩʪʘʚʦʢ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʨʝʣʝʡʥʫʶ ʟʘʱʠʪʫ ʧʦʥʠʞʘʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 6(10)/0,4 ʢɺ. ʕʪʘʧʳ ʨʘʩʯʸʪʦʚ 

ʤʦʞʥʦ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʚʦʜ ʚʩʝʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʨʘʩʯʸʪ ʄʊɿ, ʝʩʣʠ ʄʊɿ ʥʝʜʦʩʪʘʪʦʯʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʘ, ʪʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʩʧʝʮ.ʄʊɿ ʦʪ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ, ʨʘʩʯʸʪ ʪʦʢʦʚʦʡ ʦʪʩʝʯʢʠ, ʚʳʙʦʨ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʙʣʠʮʳ ʩ ʦʢʦʥʯʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʫʩʪʘʚʦʢ. 
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ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 

ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽʄ ɹʆʈʑɽɺʀʂɸ ʉʆʉʅʆɺʉʂʆɻʆ  

ʇʋʊɽʄ ɽɻʆ ʇɽʈɽʈɸɹʆʊʂʀ ɺ ɹʀʆʊʆʇʃʀɺʆ ʀʃʀ 

ʋʅʀʏʊʆɾɽʅʀɽʄ ɻɽʈɹʀʎʀɼɸʄʀ 

ʉʤʠʨʥʦʚʘ ɸʣʝʥʘ ɽʚʛʝʥʴʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʈʳʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʠʤʝʥʠ ʇ. ɸ. ʉʦʣʦʚʴʝʚʘ,  

ʈʌ, ʛ. ʈʳʙʠʥʩʢ 

ʌʦʤʝʥʢʦ ʈʦʤʘʥ ʅʠʢʦʣʘʝʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʈʳʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʇ. ɸ. ʉʦʣʦʚʴʝʚʘ,  

ʈʌ, ʛ. ʈʳʙʠʥʩʢ 

 

ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʟʚʠʪʠʝ ʪʝʨʨʠʪʦʨʠʡ ʈʌ ʧʫʪʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ IT-ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʪʝʨʠʘʣʦʚ, ʤʦʥʠʪʦʨʠʥʛʘ ʣʦʢʘʮʠʡ, ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ ï ʙʳʩʪʨʦʝ ʠ ʙʝʩʢʦʥʪʨʦʣʴʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʧʘʩʥʦʛʦ ʨʘʩʪʝʥʠʷ çʙʦʨʱʝʚʠʢ ʉʦʩʥʦʚʩʢʦʛʦè, ʢʦʪʦʨʦʝ 

ʫʛʨʦʞʘʝʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʵʢʦʩʠʩʪʝʤʝ, ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʫʥʠʯʪʦʞʠʪʴ ʦʧʘʩʥʦʝ ʨʘʩʪʝʥʠʝ ʙʦʨʱʝʚʠʢ ʉʦʩʥʦʚʩʢʦʛʦ. ɺ ʧʨʦʮʝʩʩʝ 

ʫʥʠʯʪʦʞʝʥʠʷ ʨʘʩʪʝʥʠʡ ʠʭ ʙʠʦʤʘʩʩʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʪʦʧʣʠʚʘ (ʙʠʦʵʪʘʥʦʣ+ʙʝʥʟʠʥ), ʯʪʦ ʩʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʝʤʝʣʴ ʠʟ 

ʟʘʪʨʘʪʥʦʛʦ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʡ, ʧʦʷʚʷʪʩʷ ʥʦʚʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ. ʉʦʢ 

ʙʦʨʱʝʚʠʢʘ ʚ ʧʝʨʠʦʜ ʦʪ ʮʚʝʪʝʥʠʷ ʜʦ ʙʫʪʦʥʠʟʘʮʠʠ ʩʦʜʝʨʞʠʪ ʦʪ 17 ʜʦ 30% ʩʘʭʘʨʘ, 

ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʦʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟ ʙʦʨʱʝʚʠʢʘ ʙʠʦʵʪʘʥʦʣʘ 

ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʩʙʦʨ, ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʧʦʣʫʯʝʥʠʝ ʩʦʢʘ ʠʟ ʟʝʣʝʥʦʡ ʤʘʩʩʳ 

ʙʦʨʱʝʚʠʢʘ. ɿʘʪʝʤ ʚ ʩʦʢ ʜʦʙʘʚʣʷʶʪ ʜʨʦʞʞʠ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʠʨʪʦʚʳʝ 

ʙʘʢʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʘʶʪ ʩʘʭʘʨʦʟʫ ʩʥʘʯʘʣʘ ʚ ʛʣʶʢʦʟʫ ʠ ʬʨʫʢʪʦʟʫ, ʘ ʜʘʣʝʝ 

ʚ ʵʪʘʥʦʣ ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. ɼʘʣʝʝ ʧʨʦʚʦʜʷʪ ʨʝʢʪʠʬʠʢʘʮʠʶ ʠ ʧʦʣʫʯʘʶʪ 

ʙʠʦʵʪʘʥʦʣ. 

ʀʟʚʝʩʪʥʳ ʩʧʦʩʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʵʪʘʥʦʣʘ ʠʟ ʪʘʢʠʭ ʩʧʝʮʠʘʣʴʥʦ 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʩʘʭʘʨʦʥʦʩʥʳʭ ʢʫʣʴʪʫʨ ʢʘʢ ʩʘʭʘʨʥʳʡ ʪʨʦʩʪʥʠʢ, ʩʘʭʘʨʥʘʷ 
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ʩʚʝʢʣʘ, ʩʘʭʘʨʥʦʝ ʩʦʨʛʦ ʠ ʪʦʧʠʥʘʤʙʫʨ (ʚʳʭʦʜ ʙʠʦʪʦʧʣʠʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʙʲʝʤʦʚ ʫʨʦʞʘʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1 [6]). 

ʊʘʙʣʠʮʘ 1.  

ɺʳʭʦʜ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʙʠʦʪʦʧʣʠʚʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʞʘʡʥʦʩʪʠ 

ʢʫʣʴʪʫʨ r

ʂʫʣʴʪʫʨʘ 
ʋʨʦʞʘʡʥʦʩʪʴ, 

ʪ/ʛʘ 

ʉʦʜʝʨʞʘʥʠʝ 

ʩʘʭʘʨʘ, % 
ɺʳʭʦʜ, ʣ/ʪ ɺʳʭʦʜ, ʣ/ʛʘ 

ʉʘʭʘʨʥʳʡ ʪʨʦʩʪʥʠʢ 

(ʟʝʣʝʥʘʷ ʤʘʩʩʘ) 
65 15 70 4550 

ʉʘʭʘʨʥʘʷ ʩʚʝʢʣʘ 

(ʢʦʨʥʝʧʣʦʜ) 
46 24 ʇʆ 5060 

ʉʘʭʘʨʥʦʝ ʩʦʨʛʦ 

(ʟʝʣʝʥʘʷ ʤʘʩʩʘ) 
50 18 85 4250 

ʊʦʧʠʥʘʤʙʫʨ 

(ʟʝʣʝʥʘʷ ʤʘʩʩʘ) 
60 14 67 4020 

ʊʦʧʠʥʘʤʙʫʨ (ʢʣʫʙʥʠ) 40 22 101 4040 

  

ʇʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʟʝʤʝʣʴ ʚ ʧʨʦʮʝʩʩʝ ʫʥʠʯʪʦʞʝʥʠʷ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʩʦʨʥʷʢʘ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʪʩʣʝʞʠʚʘʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʦʨʥʷʢʘ ʩ ʧʦʤʦʱʴʶ online-ʧʨʠʣʦʞʝʥʠʡ, ʜʨʦʥʦʚ-ʨʘʟʚʝʜʯʠʢʦʚ, 

ʦʧʨʝʜʝʣʷʪʴ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʙʠʦʤʘʩʩʳ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʧʦʩʦʙ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʩʦʨʥʷʢ: ʧʝʨʝʨʘʙʦʪʢʘ ʚ ʙʠʦʪʦʧʣʠʚʦ, ʫʥʠʯʪʦʞʝʥʠʝ ʛʝʨʙʠʮʠʜʘʤʠ ʥʝʩʢʦʣʴʢʠʤʠ 

ʜʦʩʪʫʧʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʪʷʞʝʣʘʷ ʪʝʭʥʠʢʘ, ʚʨʫʯʥʫʶ, ʛʨʫʟʦʚʳʤʠ ʜʨʦʥʘʤʠ); 

ʦʧʨʝʜʝʣʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. 

ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʦʨʥʷʢʦʚ ʜʨʦʥʘʤʠ ʠ 

ʚʳʯʠʩʣʝʥʠʷ ʙʠʦʤʘʩʩʳ, ʘʣʛʦʨʠʪʤʳ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʳʜʘʯʠ ʧʦʣʝʪʥʳʭ 

ʟʘʜʘʥʠʡ ʜʨʦʥʘʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʨʦʝʢʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʜʝʡʩʪʚʠʷ ʧʦ ʨʘʙʦʪʝ ʩ ʙʦʨʱʝʚʠʢʦʤ. 

ɺʳʢʦʩ ʙʦʨʱʝʚʠʢʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʙʠʦʪʦʧʣʠʚʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʢʦʤʙʘʡʥʘʤʠ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʘ ʨʘʟʣʠʯʥʳʤʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ.  
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ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʜʝʡʩʪʚʠʡ ʧʦ 

ʨʘʙʦʪʝ ʩ ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ 

 

ɸʥʘʣʠʟ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʝʪʦʜʘʤ ʙʦʨʴʙʳ ʩ ʙʦʨʱʝʚʠʢʦʤ [1, 4, 5] 

ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʦʝ ʚʳʢʘʰʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʨʘʩʪʝʥʠʷ ʩʦʭʨʘʥʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʦʚʪʦʨʥʦʤʫ ʨʦʩʪʫ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ʋʢʨʳʚʘʥʠʝ ʧʦʯʚʳ ʧʣʦʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʩʜʝʨʞʠʚʘʥʠʷ 

ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʪʨʫʜʦʝʤʢʠʤ ʠ ʜʦʨʦʛʠʤ ʧʨʦʮʝʩʩʦʤ ʠ 

ʧʨʠʤʝʥʠʤʦ ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩʘʜʦʚʳʭ ʫʯʘʩʪʢʦʚ, ʛʜʝ ʥʝʞʝʣʘʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʫʥʠʯʪʦʞʝʥʠʷ ʙʦʨʱʝʚʠʢʘ ʠ ʜʨʫʛʠʭ ʩʦʨʥʷʢʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʦʧʨʳʩʢʠʚʘʥʠʝ 

ʛʝʨʙʠʮʠʜʘʤʠ. ɻʣʠʬʦʩʘʪ (N-(ʬʦʩʬʦʥʦʤʝʪʠʣ)-ʛʣʠʮʠʥ, C3H8NO5P) ð 

ʥʝʩʝʣʝʢʪʠʚʥʳʡ ʩʠʩʪʝʤʥʳʡ ʛʝʨʙʠʮʠʜ, ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʜʣʷ ʙʦʨʴʙʳ ʩ ʩʦʨʥʷʢʘʤʠ, 

ʦʩʦʙʝʥʥʦ ʤʥʦʛʦʣʝʪʥʠʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʜʘʞʝ ʠʟʚʝʩʪʥʳ ʪʘʢʠʝ 

ʧʨʝʧʘʨʘʪʳ, ʢʘʢ: ʈʘʫʥʜʘʧ, ɸʣʘʟ, ɸʨʛʫʤʝʥʪ, ɿʝʨʦ, ɻʣʠʬʦʨ, ɻʣʠʩʦʣ, ʈʘʧ, ʈʘʫʣʴ, 

ʉʤʝʨʰ, ʉʧʨʫʪ, ʊʦʨʥʘʜʦ, ʋʨʘʛʘʥ, ʋʨʘʛʘʥ-ʌʦʨʪʝ ʠ ʪ. ʜ. 

ʆʧʨʳʩʢʠʚʘʪʴ ʨʘʩʪʚʦʨ ʛʝʨʙʠʮʠʜʘ ʥʘ ʨʘʩʪʝʥʠʷ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʪʨʘʢʪʦʨʥʦʡ ʪʝʭʥʠʢʠ, ʚʨʫʯʥʫʶ ʠ ʛʨʫʟʦʚʳʤʠ ʜʨʦʥʘʤʠ. ʋ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʝʩʪʴ 

ʩʚʦʷ ʵʬʬʝʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ.  
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ʈʘʙʦʪʘ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʧʦʜ 

ʢʦʥʪʨʦʣʝʤ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ, ʥʘʙʣʶʜʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʙʦʨʱʝʚʠʢʘ.  

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʉʦʟʜʘʥʠʝ ʢʘʨʪʳ ʪʝʨʨʠʪʦʨʠʡ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʣʦʞʝʥʠʡ, 

ʥʘʧʨʠʤʝʨ ʷʥʜʝʢʩ ʢʘʨʪʳ yandex.ru/maps; 

¶ ʈʝʛʠʩʪʨʘʮʠʷ ʥʘ ʢʘʨʪʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʤ ʯʝʨʝʟ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʤʝʩʪ ʩʢʦʧʣʝʥʠʷ ʙʦʨʱʝʚʠʢʘ (ʣʦʢʘʮʠʷ, 

ʬʦʪʦ, ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ ʠ ʪ.ʧ.); 

¶ ʇʦʣʝʪʳ ʣʝʛʢʠʭ ʜʨʦʥʦʚ ʥʘʜ ʪʝʨʨʠʪʦʨʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʥʝʝ ʟʘʤʝʯʝʥʳ 

ʩʢʦʧʣʝʥʠʷ ʙʦʨʱʝʚʠʢʘ ʩ ʮʝʣʴʶ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʠʭ ʢʦʣʠʯʝʩʪʚʘ, ʪʦʯʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʢ ʤʘʩʩʦʚʳʭ, ʪʘʢ ʠ ʝʜʠʥʠʯʥʳʭ ʦʩʦʙʝʡ; 

¶ ʉʦʟʜʘʥʠʝ ʫʪʦʯʥʝʥʥʦʡ ʢʘʨʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʨʱʝʚʠʢʘ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʙʠʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ, ʥʘʣʠʯʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʝʭʘʪʴ ʜʦ ʤʝʩʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʩʪʝʥʠʡ.  

¶ ɺʳʜʘʯʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʩʪʝʥʠʡ: ʚʳʢʦʩ ʠ ʧʝʨʝʨʘʙʦʪʢʘ 

ʚ ʙʠʦʪʦʧʣʠʚʦ, ʫʥʠʯʪʦʞʝʥʠʝ ʪʨʝʤʷ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ; 

¶ ɺʳʜʘʯʘ ʟʘʜʘʥʠʡ ʥʘ ʧʦʣʝʪ ʛʨʫʟʦʚʳʤ ʜʨʦʥʘʤ ʩ ʛʝʨʙʠʮʠʜʦʤ, ʨʘʩʯʝʪ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ; 

¶ ʈʝʛʠʩʪʨʘʮʠʷ ʚʳʧʦʣʥʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʥʘ ʚʩʝʭ ʪʝʨʨʠʪʦʨʠʷʭ; 

¶ ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʨʱʝʚʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʚʩʝʭ ʪʝʨʨʠʪʦʨʠʷʭ ʧʦ ʜʥʷʤ, ʤʝʩʷʮʘʤ, ʛʦʜʘʤ. 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, 

ʟʘʣʦʞʝʥʥʳʭ ʥʘ ʵʪʘʧʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ 

ʨʘʙʦʪʳ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʩʠʩʪʝʤʳ, ʦʪʨʘʞʘʶʱʠʡ ʵʪʘʧʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʧʦʢʘʟʘʥ ʥʘ ʩʭʝʤʝ 

(ʨʠʩʫʥʦʢ 3).  
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ʈʠʩʫʥʦʢ 3. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʠʩʪʝʤʳ, 

ʦʪʨʘʞʘʶʱʠʡ ʵʪʘʧʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

 

ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʥʘ ʚʩʝʭ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʬʠʢʩʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʦʧʫʣʷʮʠʠ 

ʠ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ 

ʙʦʨʱʝʚʠʢʘ ʚ ʤʝʩʪʘʭ, ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʝʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʆʪʯʝʪʳ 

ʩʠʩʪʝʤʝ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʙʦʨʱʝʚʠʢʘ ʜʦʣʞʥʳ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚʩʝʤ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʩʪʦʨʦʥʘʤ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʥʠʢʘʤ ʘʜʤʠʥʠʩʪʨʘʮʠʡ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʯʘʩʪʠʯʥʦ 

ʦʙʝʩʧʝʯʝʥʦ ʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʙʶʜʞʝʪʦʚ ʠ/ʠʣʠ ʬʝʜʝʨʘʣʴʥʳʭ ʙʶʜʞʝʪʦʚ ʧʨʠ 

ʧʨʠʥʷʪʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤ ʧʦ ʦʟʜʦʨʦʚʣʝʥʠʶ ʪʝʨʨʠʪʦʨʠʡ ʦʪ 
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ʦʧʘʩʥʦʛʦ ʩʦʨʥʷʢʘ. ʏʘʩʪʴ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʧʦʩʪʫʧʘʪʴ ʦʪ ʧʨʦʜʘʞʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʙʠʦʪʦʧʣʠʚʘ.  
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʉʊʈʋʂʎʀʀ ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʉʊɽʅɼɸ ʉʀʉʊɽʄ 

ʆɹʈɸɹʆʊʂʀ ɺʆɿɼʋʍɸ ɼʃʗ ʇʈʆɺɽɼɽʅʀʗ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʆʊɼɽʃʔʅʓʍ ʕʃɽʄɽʅʊʆɺ ʉʀʉʊɽʄʓ ɺʆɿɼʋʍʆɺʆɼʆɺ 

ʉʳʩʦʝʚ ɼʘʥʠʠʣ ɸʥʜʨʝʝʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ, ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʈʌ, ʛ. ʂʨʘʩʥʦʷʨʩʢ 

ʇʘʥʬʠʣʦʚ ɺʠʪʘʣʠʡ ʀʚʘʥʦʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ,ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ., ʜʦʮ.,  
ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

 ʈʌ, ʛ. ʂʨʘʩʥʦʷʨʩʢ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʬʝʨʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʠʥʞʝʥʝʨʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʫʯʝʙʥʳʭ 

ʯʘʩʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʡ ʚ ʧʦʣʴʟʫ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʣʝʢʮʠʡ ʠ 

ʧʨʘʢʪʠʢ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʟʘʪʨʦʥʫʣʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ çʊʝʧʣʦʛʘʟʦʩʥʘʙʞʝʥʠʝ ʠ 

ʚʝʥʪʠʣʷʮʠʷè. ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ ʠ 

ʤʘʛʠʩʪʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʊʝʧʣʦʛʘʟʦʩʥʘʙʞʝʥʠʝ ʠ ʚʝʥʪʠʣʷʮʠʷè ʀʉʀ ʉʌʋ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 

ʙʘʢʘʣʘʚʨʦʚ ʚʳʜʝʣʝʥʦ 3768 ʯʘʩʦʚ ʦʙʫʯʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ 1394 ʯʘʩʦʚ ʦʪʚʝʜʝʥʦ ʥʘ 

ʣʝʢʮʠʠ; 2032 ʯʘʩʘ ʦʪʚʝʜʝʥʦ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʠ 542 ʯʘʩʘ ʦʪʚʝʜʝʥʦ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ, ʠʟ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ 36 ʯʘʩʦʚ ʚʳʜʝʣʝʥʦ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʦʜʥʦʤʫ ʧʨʦʬʠʣʴʥʦʤʫ ʧʨʝʜʤʝʪʫ. ʊʘ ʞʝ ʩʠʪʫʘʮʠʷ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʛʠʩʪʨʘʪʫʨʳ, ʠʟ ʦʙʱʠʭ 656 ʯʘʩʦʚ ʦʙʫʯʝʥʠʷ, ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʚʳʜʝʣʝʥʦ ʚʩʝʛʦ 16 ʯʘʩʦʚ ʜʣʷ ʦʜʥʦʛʦ ʧʨʦʬʠʣʴʥʦʛʦ 

ʧʨʝʜʤʝʪʘ. 

ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʥʝ ʤʦʞʝʪ ʥʝ ʚʦʣʥʦʚʘʪʴ, ʪʘʢ ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ ʩʠʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ 

ʩʬʝʨʝ ʊɻɺ. ʇʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʧʨʦʬʠʣʴʥʳʤ ʧʨʝʜʤʝʪʘʤ ʜʘʝʪ 

ʙʦʣʝʝ ʦʙʰʠʨʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʜʣʷ ʩʪʫʜʝʥʪʦʚ. 

ɺ ʩʦʩʪʘʚʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʀʉʀ ʢʘʬʝʜʨʳ "ʀʉɿʠʉ" 

ʥʘʭʦʜʠʪʩʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʦʙʦʨʫʜʦʚʘʥʥʘʷ 

ʚʩʝʚʦʟʤʦʞʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ 
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ʚʦʟʜʫʭʘ. ʈʝʘʣʠʟʦʚʘʥʘ ʜʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚ 2011 ʛ. ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʪʘʢ ʠ ʥʝ 

ʚʢʣʶʯʝʥʘ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. ʅʘʣʠʯʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʦʪʩʫʪʩʪʚʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʦʙʫʯʝʥʠʷ çʊʝʧʣʦʛʘʟʦʩʥʘʙʞʝʥʠʝ ʠ ʚʝʥʪʠʣʷʮʠʷè. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʘʪʴ (ʧʝʨʝʨʘʙʦʪʘʪʴ) ʢʦʥʩʪʨʫʢʮʠʶ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʩ ʢʦʤʧʣʝʢʪʦʤ ʘʚʪʦʤʘʪʠʢʠ, ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʫʶ ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

(ʘʚʪʦʤʘʪʠʟʘʮʠʠ), ʧʦʜʭʦʜʷʱʫʶ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʫʜʝʥʪʘʤʠ ʧʨʦʬʠʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ɼʣʷ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʘ ʦʙʩʣʝʜʦʚʘʥʘ 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʘʷ ʫʩʪʘʥʦʚʢʘ. ɺ ʩʦʩʪʘʚ ʧʨʠʪʦʯʥʦʡ ʯʘʩʪʠ 

ʫʩʪʘʥʦʚʢʠ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʘʛʨʝʛʘʪʳ: ʚʦʟʜʫʰʥʳʡ ʢʣʘʧʘʥ, ʢʘʩʩʝʪʥʳʡ ʠ 

ʢʘʨʤʘʥʥʳʡ ʬʠʣʴʪʨʳ, ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʨʝʢʫʧʝʨʘʪʦʨʘ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʩʝʢʮʠʷ ʨʝʮʠʨʢʫʣʷʮʠʠ, ʚʦʜʷʥʦʡ ʢʘʣʦʨʠʬʝʨ ʜʣʷ ʟʠʤʥʝʛʦ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ, ʢʘʤʝʨʘ ʦʨʦʰʝʥʠʷ, ʚʦʜʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ, ʚʦʜʷʥʦʡ 

ʢʘʣʦʨʠʬʝʨ ʜʣʷ ʣʝʪʥʝʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʢʘʥʘʣʴʥʳʡ ʚʝʥʪʠʣʷʪʦʨ ʠ ʩʝʢʮʠʷ 

ʰʫʤʦʛʣʫʰʝʥʠʷ. ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 1. 

 

ʈʠʩʫʥʦʢ 1. ʇʨʠʪʦʯʥʘʷ ʫʩʪʘʥʦʚʢʘ: 1 ï ʩʝʢʮʠʷ ʢʘʩʩʝʪʥʦʛʦ ʠ ʢʘʨʤʘʥʥʦʛʦ 

ʬʠʣʴʪʨʦʚ; 2 ï ʢʣʘʧʘʥ ʨʝʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ; 3 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ 

ʨʝʢʫʧʝʨʘʪʦʨʘ; 4 ï ʚʦʜʷʥʦʡ ʢʘʣʦʨʠʬʝʨ; 5 ï ʢʘʤʝʨʘ ʦʨʦʰʝʥʠʷ; 6 ï ʚʦʜʷʥʦʡ 

ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ; 7 ï ʩʝʢʮʠʷ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʰʫʤʦʛʣʫʰʠʪʝʣʷ. 8 ï ʫʟʝʣ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ 
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ʋʧʨʘʚʣʝʥʠʷ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʰʢʘʬʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʨʦʣʣʝʨʘ çSMH 2010è 

ʧʨʦʠʟʚʦʜʩʪʚʘ çSegneticsè. ʋʧʨʘʚʣʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʧʨʠʪʦʯʥʦʡ ʠ ʚʳʪʷʞʥʦʡ 

ʯʘʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ çSchneider 

Electricè. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʦʪʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩ. 2. 

 

 

ʈʠʩʫʥʦʢ 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʃʦʛʠʢʘ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʩʚʦʜʠʪʩʷ ʢ ʧʦʜʜʝʨʞʘʥʠʶ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʦʟʜʫʭʘ, ʪ.ʝ. ʫ ʥʘʩ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʜʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʤʠ 

ʘʛʨʝʛʘʪʘʤʠ ʫʩʪʘʥʦʚʢʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʣʦʚʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ. ɺ ʜʘʥʥʦʤ ʚʠʜʝ 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ, ʧʦʩʣʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ, ʠʜʝʪ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʚʘʨʠʘʮʠʠ ʫʩʪʘʥʦʚʢʠ, ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʪʘʚʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʦʨʛʘʥʘ ʫʧʨʘʚʣʝʥʠʷ ʱʠʪ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʥʦ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ ʫʩʪʘʨʝʚʰʠʡ ʢʦʥʪʨʦʣʣʝʨ çSMH 2010è 

ʥʘ ʢʦʥʪʨʦʣʣʝʨ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ çSMH2Gè ʧʨʦʠʟʚʦʜʩʪʚʘ çSegneticsè. 

ʊʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ 

ʫʩʪʘʥʦʚʢʦʡ, ʢʘʢ ʚ ʨʝʞʠʤʝ ʧʦʜʜʝʨʞʠʚʘʥʠʷ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ 
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ʢʦʤʤʫʪʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʫʩʪʘʥʦʚʢʠ ʥʘ ʥʘʰ ʚʳʙʦʨ. 

ʇʨʠ ʵʪʦʤ, ʜʘʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʧʦʟʚʦʣʷʝʪ ʚ ʬʦʥʦʚʦʤ ʠ ʜʝʞʫʨʥʦʤ ʨʝʞʠʤʘʭ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʭʘ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʪʝʥʜʘ, 

ʪ.ʝ. ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʝʥʜʘ ʢʦʥʪʨʦʣʣʝʨ ʦʪʢʣʶʯʘʝʪ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʘʛʨʝʛʘʪʳ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʘʚʘʨʠʡʥʳʡ, ʪʝʤ ʩʘʤʳʤ ʟʘʱʠʱʘʷ ʩʪʝʥʜ ʦʪ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʥʘʤʠ ʚʘʨʠʘʥʪʘ ʱʠʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʙʘʟʝ ʢʦʥʪʨʦʣʣʝʨʘ 

çSMH2Gè ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʚʦʟʜʫʭʦʚʦʜʦʚ. ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʘʛʨʝʛʘʪʳ ʠʟ ʩʦʩʪʘʚʘ ʩʪʝʥʜʘ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʛʨʝʛʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 3. 

 

 

ʈʠʩʫʥʦʢ 3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚʦʟʜʫʭʦʚʦʜʦʚ 

 

ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʜʘʥʥʦʡ ʚʘʨʠʘʮʠʠ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʨʫʯʥʦʛʦ ʨʝʞʠʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʘʛʨʝʛʘʪʘʤʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʨʫʯʥʦʛʦ ʨʝʞʠʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 4. 
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ʈʠʩʫʥʦʢ 4. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚʦʟʜʫʭʦʚʦʜʦʚ 

 

ʑʠʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʦʣʴʢʦ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʪʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʦʜʷʥʦʛʦ 

ʢʘʣʦʨʠʬʝʨʘ (TS1) ʠ ʢʘʧʠʣʣʷʨʥʦʛʦ ʪʝʨʤʦʩʪʘʪʘ (TS2). ʆʪʩʣʝʞʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʬʦʥʦʚʦʤ ʨʝʞʠʤʝ, ʥʠʢʘʢ ʥʝ ʚʣʠʷʶʱʝʤ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦ ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ TS1 ʠ/ʠʣʠ TS2 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʢʣʶʯʝʥʠʝ ʩʪʝʥʜʘ ʠ ʧʝʨʝʭʦʜ ʚ ʘʚʘʨʠʡʥʳʡ ʨʝʞʠʤ.  

ʈʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʘʛʨʝʛʘʪʦʚ: ʧʨʠʚʦʜʳ 

ʧʨʠʪʦʯʥʦʛʦ ʠ ʚʳʪʷʞʥʦʛʦ ʢʣʘʧʘʥʦʚ 220ɺ, ʧʨʠʚʦʜ ʢʣʘʧʘʥʘ ʨʝʮʠʨʢʫʣʷʮʠʠ 0é10ɺ, 

ʧʨʠʚʦʜ 3-ʭ ʭʦʜʦʚʦʛʦ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ 0é10ɺ, ʚʝʥʪʠʣʷʪʦʨʳ ʧʨʠʪʦʯʥʦʡ ʠ 

ʚʳʪʷʞʥʦʡ ʯʘʩʪʠ. ʋʧʨʘʚʣʝʥʠʝ ʧʨʠʚʦʜʘʤʠ ʢʣʘʧʘʥʦʚ 0é10ɺ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʦʤʝʪʨʦʚ. ʋʧʨʘʚʣʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʦʡ ʧʦʪʝʥʮʠʦʤʝʪʨʦʚ ʜʣʷ ʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʠ ʥʘʛʣʷʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʦʢʘʟʳʚʘʶʱʠʝ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʊɽ1, ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʫʩʪʘʥʦʚʢʠ ʊɽ2, ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʩʣʫʞʠʚʘʝʤʦʛʦ ʧʦʤʝʱʝʥʠʷ ʊɽ3 ʠ ʪʝʤʧʝʨʘʪʫʨʫ 
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ʚʳʪʷʞʥʦʛʦ ʚʦʟʜʫʭʘ ʊɽ4, ʟʥʘʯʝʥʠʝ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʨʠʪʦʯʥʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ Pɽ1 ʠ ʥʘ ʚʭʦʜʝ ʚʳʪʷʞʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ Pɽ2. ɺ ʢʘʯʝʩʪʚʝ 

ʠʟʤʝʨʷʶʱʠʭ ʧʦʢʘʟʳʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʙʣʦʢʠ ʊʈʄ200 ʠ ʇɼ150 

ʧʨʦʠʟʚʦʜʩʪʚʘ çʆɺɽʅè. ɼʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʠ ʧʦʢʘʟʳʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ/ʜʘʚʣʝʥʠʝ ʚ ʜʚʫʭ ʨʘʟʥʳʭ ʪʦʯʢʘʭ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘʤʠ ʧʣʘʥʠʨʫʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʢʘʬʝʜʨʳ "ʀʉɿʠʉ". 
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2. ɽʨʰʦʚ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ, ʉʝʨʛʝʝʚʘ ʊʘʪʴʷʥʘ ɽʚʛʝʥʴʝʚʥʘ ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʤʝʱʝʥʠʡ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦ ʘʜʘʧʪʠʚʥʳʭ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʤʠʢʨʦʢʣʠʤʘʪʘ // ʀʟʚʝʩʪʠʷ ʊʫʣɻʋ. 
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ɸɺɸʈʀʁʅʓɽ ʈɸɿʃʀɺʓ ʉɾʀɾɽʅʅʆɻʆ ʇʈʀʈʆɼʅʆɻʆ ɻɸɿɸ: 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɿʃʀɺʆɺ ʀ ʄɽʈʓ  

ʇʆ ʀʍ ʇʈɽɼʆʊɺʈɸʑɽʅʀʖ 

ʊʢʘʯʝʥʢʦ ɺʠʢʪʦʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʀʥʩʪʠʪʫʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʂʌʋ,  
ʈʌ, ʛ ʉʪʘʚʨʦʧʦʣʴ 

 

ʉʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ (ʉʇɻ) - ʵʪʦ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʦʭʣʘʞʜʝʥʥʳʡ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʦʣʦ -162ÁC. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʛʘʟ ʧʝʨʝʭʦʜʠʪ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʯʪʦ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʦʙʲʝʤʘ ʚ 600 ʨʘʟ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʭʨʘʥʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʛʘʟʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ. 

ʇʨʠ ʭʨʘʥʝʥʠʠ, ʧʝʨʝʢʘʯʢʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ 

ʚ ʫʩʣʦʚʠʷʭ ʥʘʨʫʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʘʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʥʝʰʪʘʪʥʳʭ (ʘʚʘʨʠʡʥʳʭ) ʩʠʪʫʘʮʠʷʭ, ʚʦʟʤʦʞʥʳ ʩʣʫʯʘʠ ʨʘʟʣʠʚʘ ʉʇɻ. ʕʪʦ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʟʥʦʩʝ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ, ʢʣʘʧʘʥʦʚ ʠʣʠ 

ʥʘʩʦʩʦʚ ï ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʪʨʝʱʠʥʳ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʦʚʨʝʞʜʝʥʠʝʤ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʛʦ ʩʣʦʷ, ʯʪʦ ʚʝʜʝʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʥʘʛʨʝʚʫ ʉʇɻ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʘʟʦʚʦʡ ʬʘʟʳ ʩ ʨʝʟʢʠʤ 

ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ, ʚʧʣʦʪʴ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʦʣʦʯʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [1, ʩ. 9]. 

ɼʣʷ ʧʝʨʝʢʘʯʢʠ ʉʇɻ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ ʯʝʨʝʜ 

ʫʧʣʦʪʥʝʥʠʷ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʮʝʥʪʨʦʙʝʞʥʳʝ ʛʝʨʤʝʪʠʯʥʳʝ (ʙʝʩʩʘʣʴʥʠʢʦʚʳʝ) 

ʥʘʩʦʩʳ ʠʣʠ ʮʝʥʪʨʦʙʝʞʥʳʝ ʥʘʩʦʩʳ ʩ ʜʚʦʡʥʳʤ ʪʦʨʮʝʚʳʤ ʫʧʣʦʪʥʝʥʠʝʤ [2, ʩ. 8-9]. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʨʳʚʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʢʠʧʷʱʝʛʦ 

ʉʇɻ, ʚʦʟʥʠʢʘʶʱʫʶ ʧʨʠ ʨʝʟʢʦʤ ʧʘʜʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ï ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʩʞʠʞʝʥʥʳʡ ʛʘʟ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʙʣʠʟʢʦʡ ʢ ʪʦʯʢʝ ʢʠʧʝʥʠʷ, ʥʘʯʥʝʪ ʯʨʝʟʚʳʯʘʡʥʦ 

ʙʳʩʪʨʦ ʠʩʧʘʨʷʪʴʩʷ, ʯʪʦ ʥʝʨʝʜʢʦ ʚʝʜʝʪ ʢ ʨʘʟʨʳʚʫ ʸʤʢʦʩʪʠ ʠʣʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʇʨʠ ʨʘʟʣʠʚʝ ʜʘʞʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʉʇɻ ʞʠʜʢʦʩʪʴ ʧʨʠ ʠʩʧʘʨʝʥʠʠ 

ʦʙʨʘʟʦʚʳʚʘʝʪ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʜʠʥ 

ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ ʨʘʚʝʥ ʚ ʩʨʝʜʥʝʤ 600 ʦʙʲʝʤʘʤ ʛʘʟʘ).  
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ʈʘʟʣʠʚ ʉʇɻ ʥʘ ʟʝʤʣʶ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʨʘʪʢʦʩʨʦʯʥʳʤ ʧʝʨʠʦʜʦʤ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʢʠʧʝʥʠʷ (ʩ ʘʢʪʠʚʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʜʦ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ), ʧʦʩʣʝ ʯʝʛʦ ʩʢʦʨʦʩʪʴ 

ʠʩʧʘʨʝʥʠʷ ʉʇɻ ʙʳʩʪʨʦ ʧʘʜʘʝʪ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʝʛʦʩʷ 

ʪʝʧʣʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʛʨʫʥʪʘ ʠ ʧʨʠʪʦʢʦʤ ʪʝʧʣʘ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʛʘʟ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʘʨʝʥʠʷ ʉʇɻ, ʠʤʝʝʪ 

ʧʦʯʪʠ ʪʘʢʫʶ ʞʝ ʪʝʤʧʝʨʘʪʫʨʫ, ʢʘʢ ʠ ʩʘʤ ʉʇɻ ʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʣʦʪʥʳʤ, ʯʝʤ 

ʦʢʨʫʞʘʶʱʠʡ ʚʦʟʜʫʭ.  

ʊʘʢʦʡ ʛʘʟ ʙʫʜʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʭʦʜʠʪʴʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, 

ʧʦʢʘ ʥʝ ʥʘʛʨʝʝʪʩʷ, ʧʦʛʣʦʱʘʷ ʪʝʧʣʦ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ʂʦʛʜʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʙʣʘʢʝ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ -113 ÁC ʜʣʷ ʯʠʩʪʦʛʦ ʤʝʪʘʥʘ ʠʣʠ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ -80 ÁC ʜʣʷ ʉʇɻ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ), 

ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʧʣʦʪʥʳʤ, ʯʝʤ ʦʢʨʫʞʘʶʱʠʡ ʚʦʟʜʫʭ.  

ʉʤʝʩʴ ʛʘʟʘ ʩ ʚʦʟʜʫʭʦʤ ʙʫʜʝʪ ʧʦʜʥʠʤʘʪʴʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʝʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʘ ʩʤʝʩʴ ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ ʤʝʥʴʰʫʶ, ʯʝʤ ʦʢʨʫʞʘʶʱʠʡ ʚʦʟʜʫʭ.  

ʇʦʣʫʯʠʚʰʘʷʩʷ ʛʘʟʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ ʤʦʞʝʪ ʚʦʩʧʣʘʤʝʥʠʪʴʩʷ, ʢʦʛʜʘ 

ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘʨʦʚ ʉʇɻ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4,4 % ʜʦ 17 %. 

ʈʘʟʣʠʚʘ ʉʇɻ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʙʣʘʢʦʚ çʪʫʤʘʥʘè, 

ʚʳʟʚʘʥʥʳʭ ʢʦʥʜʝʥʩʘʮʠʝʡ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʘʪʤʦʩʬʝʨʝ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʚʠʜʠʤʦʩʪʴ çʪʫʤʘʥʘè (ʜʥʝʤ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʪʫʤʘʥʘ) ï ʧʦʣʝʟʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʣʘʢʘ 

ʠʩʧʘʨʝʥʥʦʛʦ ʛʘʟʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʦʧʘʩʥʦʩʪʴ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʝʩʠ ʛʘʟʘ ʠ 

ʚʦʟʜʫʭʘ.  

ɺ ʩʣʫʯʘʝ ʫʪʝʯʢʠ ʠʟ ʨʝʟʝʨʚʫʘʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠʣʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʉʇɻ ʙʫʜʝʪ ʨʘʩʧʳʣʷʪʴʩʷ ʚ ʚʠʜʝ ʩʪʨʫʡʥʳʭ ʧʦʪʦʢʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ ʠ ʠʩʧʘʨʝʥʠʝʤ.  

ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩ 

ʦʢʨʫʞʘʶʱʠʤ ʚʦʟʜʫʭʦʤ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʉʇɻ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʛʘʟʦʚʦʤ 

ʦʙʣʘʢʝ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʙʳʚʘʶʱʝʤ ʚ ʚʠʜʝ ʘʵʨʦʟʦʣʷ.  
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ʕʪʦ ʧʨʠʚʝʜʝʪ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʠʩʧʘʨʝʥʠʶ ʤʝʣʢʠʭ ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩ ʚʦʟʜʫʭʦʤ. 

ʉʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʉʇɻ ʧʨʠ ʨʘʟʣʠʚʘʭ ʥʘ ʟʝʤʣʝ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʝʥʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʤʝʩʪʘʭ 

ʚʦʟʤʦʞʥʳʭ ʫʪʝʯʝʢ. ɼʘʥʥʳʝ ʧʦ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʉʇɻ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʚʝʜʝʥʳ ʚ [1, ʩ. 6-7] ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ʉʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʉʇɻ  

ʄʘʪʝʨʠʘʣ  ʉʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʉʇɻ ʩ ʝʜʠʥʠʮʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʛ/(ʤ2 Āʯ) 

ʂʦʤʧʦʟʠʪ       480  

ʄʦʢʨʳʡ ʧʝʩʦʢ       240  

ʉʫʭʦʡ ʧʝʩʦʢ       195  

ɺʦʜʘ         190  

ʉʪʘʥʜʘʨʪʥʳʡ ʙʝʪʦʥ     130  

ʃʝʛʢʠʡ ʢʦʣʣʦʠʜʥʳʡ ʙʝʪʦʥ     65 

ʇʨʠ ʨʘʟʣʠʚʝ ʉʇɻ ʥʘ ʪʝʧʣʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (ʥʘʧʨʠʤʝʨ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ) 

ʢʦʥʚʝʢʮʠʷ ʥʘ ʥʝʡ ʙʫʜʝʪ ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢʘ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ, ʦʪʥʝʩʝʥʥʘʷ 

ʢ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʇʣʦʱʘʜʴ ʨʘʟʣʠʚʘ ʉʇɻ ʙʫʜʝʪ 

ʧʨʦʜʦʣʞʘʪʴ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʝ 

ʩʪʘʥʝʪ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʧʨʠʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʧʨʠʙʳʚʘʶʱʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʪʝʯʢʠ. 

ʇʨʠ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ ʉʇɻ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ (ɹʌʇ), 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʨʠ ʦʩʦʙʦ ʠʥʪʝʥʩʠʚʥʦʤ ʘʚʘʨʠʡʥʦʤ ʧʨʦʣʠʚʝ ʉʇɻ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ. ʇʝʨʝʥʦʩ ʪʝʧʣʘ ʦʪ ʚʦʜʳ ʢ ʧʨʦʣʠʪʦʤʫ ʉʇɻ ʧʨʠʚʦʜʠʪ ʢ 

ʤʦʤʝʥʪʘʣʴʥʦʤʫ ʧʝʨʝʭʦʜʫ ʉʇɻ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ. 

ɺʳʩʚʦʙʦʞʜʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ɹʌʇ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʬʠʟʠʯʝʩʢʠʡ ʚʟʨʳʚ, ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʛʦʨʝʥʠʝʤ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʦʧʘʩʥʦʩʪʴ ʙʳʩʪʨʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʩʦʢʦʡ, 

ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʘʩʥʘʷ ʟʦʥʘ ʦʛʨʘʥʠʯʝʥʘ ʨʘʡʦʥʦʤ ʨʘʟʣʠʚʘ. 

ɺ ʮʝʣʷʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʉʇɻ ʠ ʫʩʪʨʘʥʝʥʠʷ ʠʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʨʳ: 
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¶ ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʦʮʝʥʦʢ ʨʠʩʢʘ ʨʘʟʣʠʚʘ ʜʣʷ ʦʙʲʝʢʪʦʚ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʧʝʨʝʢʘʯʢʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʉʇɻ; 

¶ ʈʘʟʨʘʙʦʪʢʘ ʦʬʠʮʠʘʣʴʥʦʛʦ ʧʣʘʥʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠ 

ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʦʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʠ ʤʘʩʰʪʘʙʳ 

ʨʘʟʣʠʚʦʚ. ʇʣʘʥ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʢʨʝʧʣʝʥ ʥʘʣʠʯʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. ʉʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʣʠʯʠʝ ʠ ʫʜʦʙʥʦʝ 

ʨʘʟʤʝʱʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʣʶʙʳʭ 

ʨʘʟʣʠʚʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝʙʦʣʴʰʠʭ; 

¶ ʆʩʥʘʱʝʥʠʝ ʧʨʦʤʳʩʣʦʚʳʭ ʠ ʧʝʨʝʚʘʣʦʯʥʳʭ ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʘʤʠ ʨʘʥʥʝʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ ʛʘʟʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʪʝʯʢʠ ʛʘʟʘ ʠ 

ʦʙʣʝʛʯʝʥʠʷ ʧʦʠʩʢʘ ʠʩʪʦʯʥʠʢʘ ʚʳʙʨʦʩʘ; 

¶ ʇʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʥʘʜʣʝʞʘʱʝʡ ʚʪʦʨʠʯʥʦʡ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʥʘʟʝʤʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʉʇɻ ʠ ʝʸ ʮʝʣʦʩʪʥʦʩʪʠ; 

¶ ʇʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʨʫʙ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʩʚʝʨʭʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʠʩʭʦʜʷ ʠʟ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʉʇɻ [1, ʩ. 12-15]. 

ɺ ʩʣʫʯʘʝ ʚʳʙʨʦʩʘ ʛʘʟʘ ʩʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʙʝʟʦʧʘʩʥʦʛʦ 

ʨʘʩʩʝʠʚʘʥʠʷ, ʜʣʷ ʯʝʛʦ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʫʶ ʚʝʥʪʠʣʷʮʠʶ 

ʫʯʘʩʪʢʘ, ʛʜʝ ʧʨʦʠʟʦʰʝʣ ʚʳʙʨʦʩ, ʠ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ 

ʛʘʟʘ ʚ ʟʘʢʨʳʪʳʭ ʠʣʠ ʯʘʩʪʠʯʥʦ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ.  

ɺ ʩʣʫʯʘʝ ʨʘʟʣʠʚʘ ʉʇɻ ʝʤʫ ʩʣʝʜʫʝʪ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʘʨʠʪʴʩʷ, ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʧʦʥʠʞʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʘʨʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʝʛʦ 

ʧʦʢʨʳʪʠʷ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʧʝʥʦʡ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɻʆʉʊ ʈ ɽʅ 1160-201_ ʉɾʀɾɽʅʅʓʁ ʇʈʀʈʆɼʅʓʁ ɻɸɿ ʆʙʱʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʧʨʦʝʢʪ, ʧʝʨʚʘʷ ʨʝʜʘʢʮʠʷ) ; 

2. ɻʆʉʊ ʈ 56352-2015 ʅʝʬʪʷʥʘʷ ʠ ʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʇʨʦʠʟʚʦʜʩʪʚʦ, 

ʭʨʘʥʝʥʠʝ ʠ ʧʝʨʝʢʘʯʢʘ ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʊɽʍʅʆʃʆɻʀʀ ʅɸʅɽʉɽʅʀʗ ʊɽʇʃʆɿɸʑʀʊʅʓʍ ʇʆʂʈʓʊʀʁ ʅɸ 

ʇʆɺɽʈʍʅʆʉʊʀ ɼɽʊɸʃɽʁ ɻʆʈʗʏɽɻʆ ʊʈɸʂʊɸ ɻʊɼ 

ʊʫʣʴ ʇʦʣʠʥʘ ɸʣʝʢʩʝʝʚʥʘ 

ʉʪʫʜʝʥʪ, ʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ, 
ʈʌ, ʛ. ʄʦʩʢʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʨʷʜʘ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚ 

ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʝʧʣʦʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʠʟʜʝʣʠʷ. ɹʳʣʘ ʠʟʫʯʝʥʘ ʜʦʩʪʫʧʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʞʘʨʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʠ ʊɿʇ ʚʝʜʫʱʠʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ: ɺʀɸʄ ʠ ʆʂɹ ʠʤ. ɸ.ʃʶʣʴʢʠ. ɸ ʪʘʢʞʝ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʥʝʢʦʪʦʨʳʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ 

ʚ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ (ʊɿʇ), ʰʣʠʢʝʨʥʦʝ ʥʘʥʝʩʝʥʠʝ, 

ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʝ ʥʘʥʝʩʝʥʠʝ, ʤʘʛʥʝʪʨʦʥʥʦʝ ʥʘʥʝʩʝʥʠʝ, ʛʘʟʦʪʫʨʙʠʥʥʳʡ 

ʜʚʠʛʘʪʝʣʴ (ɻʊɼ). 

 

ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʘʚʠʘʮʠʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ-

ʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʆʜʥʘʢʦ ʧʦʚʳʰʝʥʠʝ ʞʝʣʘʝʤʳʭ ʩʣʫʞʝʙʥʳʭ ʠ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʘ 

ʚ ʛʦʨʷʯʝʤ ʪʨʘʢʪʝ ʜʚʠʛʘʪʝʣʷ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ (ʊɿʇ), ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʥʝʫʩʪʘʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ. ɺʩʣʝʜʩʪʚʠʝ 

ʧʦʷʚʣʝʥʠʷ ʪʘʢʠʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ð ʢʘʢ ʠʭ 

ʥʘʥʦʩʠʪʴ.  

ʊɿʇ ʠʤʝʶʪ ʩʚʷʟʫʶʱʝʝ ʧʦʢʨʳʪʠʝ, ʞʘʨʦʩʪʦʡʢʠʡ ʠ ʪʝʧʣʦʟʘʱʠʪʥʳʡ ʩʣʦʠ. [2] 
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʪʝʧʣʦʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ 

1 ï ʊɿʇ; 

2 ï ʣʦʧʘʪʢʘ;  

3 ï ʩʚʷʟʫʶʱʝʝ ʧʦʢʨʳʪʠʝ;  

4 ï ʧʝʨʚʳʡ (ʞʘʨʦʩʪʦʡʢʠʡ) ʩʣʦʡ; 

5 ï ʚʪʦʨʦʡ (ʪʝʧʣʦʟʘʱʠʪʥʳʡ) ʩʣʦʡ  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ 

ʷʚʣʷʝʪʩʷ ʰʣʠʢʝʨʥʳʡ ʤʝʪʦʜ.  

ɽʛʦ ʩʫʱʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʥʘʥʝʩʝʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʜʝʪʘʣʠ ʪʦʥʢʦʛʦ ʩʣʦʷ ʰʣʠʢʝʨʘ (ʧʘʩʪʳ ʠʣʠ ʩʫʩʧʝʥʟʠʠ), ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʨʦʰʢʠ 

ʤʝʪʘʣʣʦʚ, ʠʭ ʩʧʣʘʚʦʚ ʠʣʠ ʦʢʠʩʣʦʚ, ʣʠʙʦ ʠʭ ʩʤʝʩʝʡ, ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʝ ʠ 

ʦʙʞʠʛʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [2].  

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʣʠʢʝʨʥʳʝ ʧʦʢʨʳʪʠʷ, 

ʥʘʥʦʩʠʤʳʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ [3-5], 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

¶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʢʨʳʪʠʡ 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʤʝʩʪʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʯʘʩʪʴ ʜʝʪʘʣʠ, ʯʪʦ 

ʩʪʘʥʦʚʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʮʝʥʥʦ ʧʨʠ ʨʝʤʦʥʪʝ ʠʟʜʝʣʠ ̫

¶ ʚʳʩʦʢʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʧʦʢʨʳʪʠʡ ʥʘ ʢʨʫʧʥʳʝ ʜʝʪʘʣʠ ʩʦ 

ʩʣʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 
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ʅʝʜʦʩʪʘʪʢʠ: 

¶ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʣʳʭ ʜʝʪʘʣʝʡ 

¶ ʩʣʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʣʦʸʚ ʧʦ ʪʦʣʱʠʥʝ  

¶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʠ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʧʝʨʘʪʦʨʘ 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʪʫ ʧʨʠʤʝʥʝʥʠʷ ʰʣʠʢʝʨʥʦʛʦ ʤʝʪʦʜʘ ʥʘʥʝʩʝʥʠʷ ʊɿʇ ʥʘ 

ʜʝʪʘʣʠ ʛʘʟʦʚʦʛʦ ʪʨʘʢʪʘ ɻʊɼ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʚ ʥʘʥʝʩʝʥʠʠ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʪʘʢʠʝ ʩʣʦʞʥʳʝ ʜʝʪʘʣʠ, ʢʘʢ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥ ɻʊɼ. 

ɺʪʦʨʳʤ ʧʦ ʯʘʩʪʦʪʝ ʧʨʠʤʝʥʝʥʠʷ ̫ʚʣʷʝʪʩʷ ʤʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩʦ ʩʪʦʣʙʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ (EB-PVD). 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʦʭʦʜʠʪ ʚ ʜʚʘ ʵʪʘʧʘ: 1 ʵʪʘʧ ð ʵʣʝʢʪʨʦʥʥʦ-

ʣʫʯʝʚʦʝ ʠʩʧʘʨʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʢʨʳʪʠʷ ʠ 2 ʵʪʘʧ ð ʦʩʘʞʜʝʥʠʝ ʠʭ ʠʟ ʧʘʨʦʚʦʡ 

ʬʘʟʳ ʥʘ ʧʦʜʣʦʞʢʫ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʘʨʝʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʥʝʦʙʭʦʜʠʤʳ ʢʝʨʘʤʠʯʝʩʢʠʝ ʩʣʠʪʢʠ ʠʟ 

ʠʩʧʘʨʷʝʤʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʘʯʝʩʪʚʦ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ ʟʘʚʠʩʠʪ ʦʪ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠʩʧʘʨʷʝʤʦʛʦ ʩʣʠʪʢʘ. ʊʝʭʥʦʣʦʛʠʷ 

ʥʘʥʝʩʝʥʠʷ ʪʝʧʣʦʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ: ʧʦʜʛʦʪʦʚʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʥʝʩʝʥʠʝ ʧʦʜʩʣʦʷ, ʥʘʥʝʩʝʥʠʝ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʦʪʞʠʛ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ [6].  

ʐʠʨʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʥʘʧʳʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʨʷʜʝ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚ: 

¶ ʥʘʧʳʣʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʪʦʣʱʠʥ ʧʦʢʨʳʪʠʡ 

¶ ʧʦʣʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ 

¶ ʚʳʩʦʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʣʦʸʚ ʧʦʢʨʳʪʠʷ 

¶ ʧʦʣʫʯʝʥʠʝ ʥʠʟʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ ʠʟʜʝʣʠʠ 

¶ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʠʟʜʝʣʠʷ 

ʅʦ ʥʝʩʤʦʪʨʷ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʚʘʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ (EB-

PVD), ʦʥʘ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

¶ ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 
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¶ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʷʚʣʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ 

¶ ʪʨʫʜʦʸʤʢʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʘ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ 

¶ ʧʦʚʳʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʠʟʜʝʣʠʷ ʥʘ 10-12% 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʴʢʦ ʧʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩʦ ʩʪʦʣʙʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʟ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʊɿʇ ʥʘ ʨʘʙʦʯʠʭ ʣʦʧʘʪʢʘʭ ʪʫʨʙʠʥ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʫʨʙʠʥ. 

ʉʘʤʳʤ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ 

ʤʘʛʥʝʪʨʦʥʥʳʡ ʤʝʪʦʜ ʥʘʥʝʩʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʝʘʢʪʠʚʥʳʭ ʛʘʟʦʚ [7]. 

ʉʠʩʪʝʤʳ, ʢʦʪʦʨʳʤʠ ʤʝʪʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʩʪʝʤʘʤ 

ʨʘʩʧʳʣʝʥʠʷ ʜʠʦʜʥʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʳʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 

ʩʯʸʪ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʠʦʥʘʤʠ ʨʘʙʦʯʝʛʦ ʛʘʟʘ, 

ʦʙʨʘʟʫʶʱʠʤʩʷ ʚ ʛʘʟʝ ʘʥʦʤʘʣʴʥʦ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ [8]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʥʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʊɿʇ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʛʥʝ-

ʪʨʦʥʥʳʡ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ [9]. 

ɺ ʩʧʠʩʦʢ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʝʪ ʤʘʛʥʝʪʨʦʥʥʳʡ ʤʝʪʦʜ ʚʭʦʜʷʪ: 

¶ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʜʝʬʝʢʪʥʦʩʪʠ 

¶ ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʳʣʝʥʠʷ 

¶ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

¶ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʛʨʝʚʘ 

¶  ʤʘʣʘʷ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʣʦʞʝʢ 

¶ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 

¶ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʤʝʪʦʜʘ 

¶ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʊ.ʢ. ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ 

ʛʦʨʷʯʝʛʦ ʪʨʘʢʪʘ ʜʣʷ ɻʊɼ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʚʦʟʨʦʩʰʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 
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ʪʨʝʙʦʚʘʥʠʷʤ, ʪʦ ʥʘʥʝʩʝʥʠʝ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʚ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʚʘʞʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʨʘʟʨʘʙʦʪʦʢ. 

ʌʦʨʤʠʨʫʝʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʢʨʳʪʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʭ 

ʠʩʧʳʪʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ. 
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ʟʘʣʝʞʝʡ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʚʝʜʝʪʩʷ ʜʦʙʳʯʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ 

ʥʝʚʦʚʣʝʯʝʥʥʳʭ ʟʘʧʘʩʦʚ. ʇʝʨʝʜ ʥʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ï ʨʘʟʨʘʙʦʪʘʪʴ 

ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʟʘʧʘʩʦʚ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʧʦ ʥʝʚʦʚʣʝʯʝʥʥʳʤ ʟʘʧʘʩʘʤ ʠ ʩʦʟʜʘʥʠʶ ʧʨʦʪʦʪʠʧʘ 

ʙʳʣʦ ʚʳʙʨʘʥʦ ɹʝʟʳʤʷʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. 

ɺ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ ɹʝʟʳʤʷʥʥʳʡ ʫʯʘʩʪʦʢ ʨʘʩʧʦʣʦʞʝʥ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʍʄɸʆ. ʉʦʛʣʘʩʥʦ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʢʘʨʪʝ ʜʘʥʥʳʡ ʃʋ ʧʨʠʫʨʦʯʝʥ ʢ 

ʂʨʘʩʥʦʣʝʥʠʥʩʢʦʤʫ ʩʚʦʜʫ. ɹʝʟʳʤʷʥʥʳʡ ʃʋ ʦʪʥʦʩʠʪʩʷ ʢ ʂʨʘʩʥʦʣʝʥʠʥʩʢʦʤʫ 

ʅɻʈ, ʦʜʥʦʠʤʝʥʥʦʡ ʅɻʆ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʤʥʦʛʦʧʣʘʩʪʦʚʦʝ, ʚʳʷʚʣʝʥʳ ʟʘʣʝʞʠ ʥʝʬʪʠ ʚ ʜʦʶʨʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷʭ, ʦʪʣʦʞʝʥʠʷʭ ʪʶʤʝʥʩʢʦʡ, ʘʙʘʣʘʢʩʢʦʡ, ʪʫʪʣʝʡʤʩʢʦʡ, ʚʠʢʫʣʦʚʩʢʦʡ 

ʩʚʠʪ. ʈʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʦʙʲʝʢʪʘ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ ʧʣʘʩʪ ʍ. ɿʘʧʘʩʳ 

ʧʦ ʜʘʥʥʦʤʫ ʦʙʲʝʢʪʫ ʩʦʩʪʘʚʣʷʶʪ ʯʝʪʚʝʨʪʴ ʦʪ ʚʩʝʭ ʟʘʧʘʩʦʚ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ, 

ʦʜʥʘʢʦ ʬʦʥʜ ʩʢʚʘʞʠʥ ʧʦ ʧʣʘʩʪʫ ʍ ʨʝʘʣʠʟʦʚʘʥ ʣʠʰʴ ʥʘ 10% ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʩ ʮʝʣʴʶ ʚʦʚʣʝʯʝʥʠʷ ʟʘʧʘʩʦʚ ʚ 

ʨʘʟʨʘʙʦʪʢʫ[2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʝʜʠʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠ 

ʦʜʥʦʟʥʘʯʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʥʝʚʦʚʣʝʯʝʥʥʳʭ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɼʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʥʘʤʠ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ 

ʢʨʠʪʝʨʠʝʚ: ʛʝʦʣʦʛʠʷ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʟʘʧʦʚʝʜʥʘʷ ʪʝʨʨʠʪʦʨʠʷ, ʧʣʦʪʥʦʩʪʴ 
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ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ. ʇʦ ʢʨʠʪʝʨʠʶ çɻʝʦʣʦʛʠʷè ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʷʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʤʳ ʤʦʛʣʠ ʧʨʠʤʝʥʠʪʴ, ʨʘʙʦʪʘʷ ʩ ʦʙʲʝʢʪʦʤ ʍ 

ɹʝʟʳʤʷʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʅʘʤʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ: ʛʨʘʜʘʮʠʠ ʧʦ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʧʣʘʥʠʨʫʝʤʳʭ ʢ 

ʚʦʚʣʝʯʝʥʠʶ ʫʯʘʩʪʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ, 

ʂʘʨʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʭ ʪʦʣʱʠʥ, ʢʘʨʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ (ʨʠʩ 1).  

 

ʈʠʩʫʥʦʢ 1. ʂʘʨʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ 

 

ʇʦ ʢʨʠʪʝʨʠʶ çʀʥʬʨʘʩʪʨʫʢʪʫʨʳè ʥʘʤʠ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ 

ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʜʦʨʦʛ. ʇʦ ʢʨʠʪʝʨʠʶ çɿʘʧʦʚʝʜʥʘʷ ʪʝʨʨʠʪʦʨʠʷè ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʜʦʦʭʨʘʥʥʳʝ, ʩʚʷʱʝʥʥʳʝ ʟʦʥʳ. ʇʦ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʠʟʫʯʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʡ ʃʋ ʙʳʣ ʨʘʟʙʠʪ ʥʘ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʥʦʩʪʠ.  

ʀʩʧʦʣʴʟʫʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʥʦʡ ʥʘʤʠ ʧʨʦʛʨʘʤʤʳ, ʤʳ ʧʦʩʪʨʦʠʣʠ ʢʘʨʪʫ 

ʢʘʯʝʩʪʚʘ ʟʘʧʘʩʦʚ (ʨʠʩ 2). ɸʥʘʣʠʟʠʨʫʷ ʢʘʨʪʫ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʛʦ 
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ʢʘʯʝʩʪʚʘ, ʥʦʨʤʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʊʘʢʫʶ ʛʨʘʜʘʮʠʶ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʢʦ ʚʩʝʤ ʢʘʨʪʘʤ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʩʨʝʜʝ Visual 

Studio ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ# (ʉʠʰʘʨʧ), ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʛʨʫʞʘʪʴ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ɿʘʛʨʫʞʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ 

ʛʨʠʜʦʚ, ʢʘʞʜʦʡ ʪʦʯʢʝ ʢʦʪʦʨʳʭ ʧʨʠʩʚʦʝʥʘ ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ, ʨʘʟʨʘʙʦʪʘʥ ʢʘʣʴʢʫʣʷʪʦʨ, ʚʳʧʦʣʥʷʶʱʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʙʫʬʝʨʥʳʭ ʟʦʥ, 

ʚʥʝʜʨʝʥʘ ʬʫʥʢʮʠʷ ʮʚʝʪʦʚʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ [1].  

 

ʈʠʩʫʥʦʢ 2. ʂʘʨʪʘ ʢʘʯʝʩʪʚʘ ʟʘʧʘʩʦʚ 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʘʣʠʟʦʚʘʥ ʩʢʚʦʟʥʦʡ ʧʨʦʩʤʦʪʨ ʟʥʘʯʝʥʠʡ ʢʘʞʜʦʛʦ ʩʣʦʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ, ʧʨʦʩʤʦʪʨ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʢʚʘʞʠʥʘʤ, ʟʥʘʯʝʥʠʷ ʩʤʝʞʥʳʭ 

ʷʯʝʝʢ ʚʳʙʨʘʥʥʦʛʦ ʩʣʦʷ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʧʘʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʨʤʫʣʳ 

ʧʦʜʩʯʝʪʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ.  
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ʇʨʠ ʩʣʦʞʝʥʠʠ ʢʘʨʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʣʦʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʫʯʘʩʪʢʦʚ ʥʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʘʨʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʧʦ 

ʧʣʘʩʪʫ ʍ ɹʝʟʳʤʷʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʨʠʩ. 3). 

 

ʈʠʩʫʥʦʢ 3. ʂʘʨʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ 

 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʧʨʦʜʝʣʘʥʥʦʡ ʥʘʤʠ ʨʘʙʦʪʳ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʨʠʪʝʨʠʠ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʟʘʧʘʩʦʚ, ʚʳʧʦʣʥʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪ, ʩʦʟʜʘʥ ʧʨʦʪʦʪʠʧ 

çOptimus Oilè, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥʦ ʯʪʝʥʠʝ ʢʘʨʪ, ʚʥʝʜʨʝʥ ʙʘʟʦʚʳʡ ʥʘʙʦʨ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. ʅʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʥʘʤʠ ʧʨʦʨʘʙʦʪʘʥ ʢʨʠʪʝʨʠʡ çʛʝʦʣʦʛʠʷè - 

ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʢʘʯʝʩʪʚʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʧʘʩʦʚ. 

ɼʘʥʥʳʡ ʧʨʦʪʦʪʠʧ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʮʝʥʢʠ ʠ ʚʳʙʦʨʘ ʣʶʙʦʛʦ 

ʩʮʝʥʘʨʠʷ ʨʘʟʚʠʪʠʷ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʠʪ ʩʪʘʜʠʡʥʦ 

ʚʥʝʜʨʷʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʲʝʢʪʳ ʚ ʨʘʟʨʘʙʦʪʢʫ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠ 

ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʜʘʣʴʥʝʡʰʠʭ ʜʝʡʩʪʚʠʡ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚʳʷʚʣʝʥʳ 

ʠ ʚʦʚʣʝʯʝʥʳ ʚ ʨʘʟʨʘʙʦʪʢʫ ʦʩʥʦʚʥʳʝ ʨʝʥʪʘʙʝʣʴʥʳʝ ʟʘʧʘʩʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʚ ʦʙʲʝʢʪʘʭ ʩ ʭʦʨʦʰʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʨʘʟʨʝʟʫ ʠ ʧʣʦʱʘʜʠ ʪʦʣʱʠʥʘʤʠ ʢʦʣʣʝʢʪʦʨʦʚ. ɼʣʷ ʧʦʧʦʣʥʝʥʠʷ 

ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʪʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ 

ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʭ ʟʘʣʝʞʝʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʯʠʤʦʚʩʢʦʡ ʪʦʣʱʝʡ ʠ ʦʪʣʦʞʝʥʠʷʤʠ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ 

ʪʦʯʢʠ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʶʤʝʥʩʢʘʷ ʩʚʠʪʘ. 

Abstract. At present, in the territory of Western Siberia, the main profitable 

hydrocarbon reserves have been identified and are involved in the development, 

concentrated in facilities with well-predicted properties and uniform reservoir 

thicknesses in the section and area. To replenish the resource base, the most detailed 



 

111 

 

study of complex deposits and prospective objects associated with the Achimov 

formation and sediments of the Tyumen suite is required. Of greatest interest in terms 

of resource potential is the Tyumen suite. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ, ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ, ʛʝʦʣʦʛʦʨʘʟʚʝ-

ʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʢʦʨʨʝʣʷʮʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʩʯʘʥʠʩʪʦʩʪʠ.  

Keywords: Jurassic sediments, oil and gas bearing capacity, geological 

exploration, correlation, porosity coefficient, sandness ratio. 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɹʝʟʳʤʷʥʥʦʛʦ ʩʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʦʤʧʣʝʢʩʘ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚʳʙʨʘʥʥʦʛʦ ʨʘʡʦʥʘ ʨʘʙʦʪ ʚʳʧʦʣʥʝʥ 

ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʩʪʨʦʝʥʳ ʨʝʛʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ: ʩʭʝʤʳ ʧʦ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʤ ʩʚʦʡʩʪʚʘʤ; ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʩʦʩʪʘʚʣʝʥʥʳʭ ʩʭʝʤ, ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠʠ 

ʚʳʜʝʣʝʥʠʝ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʚ ʨʘʙʦʪʝ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ:  

¶  ʜʝʪʘʣʴʥʦʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ; 

¶  ʢʦʨʨʝʣʷʮʠʷ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩ ʠʥʜʝʢʩʘʮʠʝʡ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ; 

¶  ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʳʷʚʣʝʥʥʳʭ ʠ ʥʝʚʳʷʚʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʠ ʚʳʙʦʨ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ɻʈʈ ʧʦ ʧʦʠʩʢʫ ʥʦʚʳʭ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʚ 

ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ; 

¶  ʚʳʷʚʣʝʥʠʝ ʟʦʥ ʩ ʫʚʝʣʠʯʝʥʥʳʤʠ ʪʦʣʱʠʥʘʤʠ ʢʦʣʣʝʢʪʦʨʦʚ, ʧʨʝʠʤʫʱʝʩʪ-

ʚʝʥʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʧʘʣʝʦʨʫʩʣʘʤʠ ʧʦ ʜʘʥʥʳʤ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʄʆɻʊ 

3ɼ; 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʭʝʤ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ, ʧʨʦʩʣʝʞʝʥʳ ʠ ʫʪʦʯʥʝʥʳ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʨʘʟʙʠʚʢʠ ʧʦ ʦʧʦʨʥʦʤʫ 

ʛʦʨʠʟʦʥʪʫ (ʨʠʩ. 1). ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥ ʠ ʥʘʩʳʱʝʥʠʷ ʶʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ. 

 

ʈʠʩʫʥʦʢ. 1. ʂʦʨʨʝʣʷʮʠʷ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʨʘʡʦʥʫ ʨʘʙʦʪ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʨʝʛʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, 

ʫʚʷʟʘʥʥʘʷ ʩʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʨʘʟʙʠʚʢʘʤʠ ʧʦ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʤ, 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʩʢʚʘʞʠʥʘʤ ʥʘ ʧʣʦʱʘʜʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʨʝʟʦʚ ʚʨʝʤʝʥʥʳʭ ʢʫʙʦʚ ʧʦʨʝʟʫʣʴʪʘʪʘʤ ʄʆɻʊ 3ɼ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɹʝʟʳʤʷʥʥʦʛʦ ʩʚʦʜʘ, ʧʦ ʢʦʪʦʨʳʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʘʣʝʦʨʫʩʣʘ ʠ ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʧʦʣʫʯʝʥʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʦʛʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʙʫʨʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʚʳʚʦʜʳ: 1. ʅʘʠʙʦʣʴʰʠʝ ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʝ ʪʦʣʱʠʥʳ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʮʝʥʪʨʘʣʴʥʳʤ ʯʘʩʪʷʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɹʝʟʳʤʷʥʥʦʛʦ ʩʚʦʜʘ. 2. ʊʶʤʝʥʩʢʘʷ ʩʚʠʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʩʢʦʣʴʢʦ ʣʦʢʘʣʴʥʳʭ ʧʦʜʥʷʪʠʡ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ, ʶʛʦ-

ʟʘʧʘʜʥʦʡ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ[1]. ʇʦʜʥʷʪʠʷ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʦʪʤʝʪʢʘʭ. 

ʅʘʠʙʦʣʴʰʘʷ ʧʝʩʯʘʥʠʩʪʦʩʪʴ ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤʫ ʣʦʢʘʣʴʥʦʤʫ 

ʧʦʜʥʷʪʠʶ, ʛʜʝ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 50%. ʅʘʠʤʝʥʴʰʘʷ ʧʝʩʯʘʥʠʩʪʦʩʪʴ ʧʨʠʫʨʦʯʝʥʘ ʢ 
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ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʢʘʨʪʳ ʧʝʩʯʘʥʠʩʪʦʩʪʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʧʣʘʩʪ ʜʦʚʦʣʴʥʦ ʚʳʜʝʨʞʘʥʥʳʡ, ʠʤʝʝʪ ʯʝʪʢʫʶ ʪʝʥʜʝʥʮʠʶ, ʘ ʪʘʢʞʝ 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʩʯʘʥʠʩʪʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʥʘ ʶʛʦ-

ʟʘʧʘʜ. ʇʝʩʯʘʥʠʩʪʦʩʪʴ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʘʣʝʦʨʫʩʝʣ [2]. 

ʇʘʣʝʦʨʫʩʣʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʟʦʥʘʭ ʩ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʝʩʯʘʥʠʩʪʦʩʪʠ (ʈʠʩ. 2).  

 

ʈʠʩʫʥʦʢ 2. ʂʘʨʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʩʯʘʥʠʩʪʦʩʪʠ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʛʣʘʚʥʦʡ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ (ʩʨʝʟʳ), ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʭʝʤ, ɻʀʉ, ʠʩʧʳʪʘʥʠʡ, 

ʢʝʨʥʘ ʠ ʚʳʜʝʣʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʧʘʣʝʦʨʫʩʝʣ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʝʥʳ ʨʘʡʦʥʳ ʜʣʷ ʜʦʨʘʟʚʝʜʢʠ ʙʦʢʦʚʳʤʠ ʠ ʫʛʣʫʙʣʝʥʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ, ʘ 

ʪʘʢʞʝ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʤ ʙʫʨʝʥʠʝʤ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʭʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʧʝʨʩʧʝʢʪʠʚʳ ʥʝʬʪʝʥʦʩʥʦʩʪʠ ʪʶʤʝʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʨʘʥʝʝ ʧʦʟʚʦʣʠʣʦ ʫʪʦʯʥʠʪʴ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʟʘʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥʳ 1. ʉʢʚʘʞʠʥʦʡ ʚʩʢʨʳʪʳ ʨʫʩʣʦʚʳʝ 

ʦʪʣʦʞʝʥʠʷ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ, ʧʦʣʫʯʝʥ ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʨʠʪʦʢ ʥʝʬʪʠ, 

ʨʘʟʤʝʱʝʥ ʢʫʩʪ ʩʢʚʘʞʠʥ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʘʚʪʦʨʦʤ ʧʦʜʛʦʪʦʚʣʝʥʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʜʣʷ ʜʦʨʘʟʚʝʜʢʠ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ ʚ ʧʨʝʜʝʣʘʭ 

ɹʝʟʳʤʷʥʥʦʛʦ ʩʚʦʜʘ. 
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ʇʆʀʉʂʆɺʓɽ ʂʈʀʊɽʈʀʀ ʅɽʌʊɽɻɸɿʆʅʆʉʅʆʉʊʀ  

ʇʆʈʆɼ ʌʋʅɼɸʄɽʅʊɸ  

ʊʫʨʘʙʘʝʚʘ ɸʣʝʢʩʘʥʜʨʘ ɺʠʢʪʦʨʦʚʥʘ 

ʩʪʫʜʝʥʪ, ʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʈʌ, ʛ. ʊʶʤʝʥʴ 

ɹʝʣʢʠʥʘ ɺʘʣʝʥʪʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ  

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ, 
ʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʌ, ʛ. ʊʶʤʝʥʴ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʨʘʤʠ ʤʥʦʛʠʭ ʧʫʙʣʠʢʘʮʠʡ ʦʪʤʝʯʘʝʪʩʷ, 

ʯʪʦ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʛʣʫʙʠʥʥʳʝ ʨʘʟʣʦʤʳ ʷʚʣʷʶʪʩʷ ʧʫʪʷʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʤʠʛʨʘʮʠʠ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦʚ. ɺʦ ʤʥʦʛʠʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ, ʚ 

ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ ʜʦʢʘʟʘʥʘ ʛʝʥʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʠ ʛʣʫʙʠʥʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ. ɼʣʷ ʨʠʬʪʦʚʳʭ ʩʪʨʫʢʪʫʨ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 

ʨʘʟʣʠʯʥʳʭ ʘʥʦʤʘʣʠʡ: ʤʘʛʥʠʪʥʳʭ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ, ʩʝʡʩʤʠʯʝʩʢʠʭ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ [1]. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ, ʬʫʥʜʘʤʝʥʪ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ, 

ʣʠʮʝʥʟʠʦʥʥʳʡ ʫʯʘʩʪʦʢ, ʰʝʣʴʬ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʚʷʟʴ ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ, ʚʳʜʝʣʝʥʥʳʭ ʧʦ 

ʜʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦʛʨʘʜʠʘʝʥʪʘ, ʛʨʘʚʠ- ʠ ʤʘʛʥʠʪʦ-

ʨʘʟʚʝʜʢʠ ʥʘ ɹʝʟʳʤʷʥʥʦʤ ʣʠʮʝʥʟʠʦʥʥʦʤ ʫʯʘʩʪʢʝ (ʃʋ) ʂʨʘʩʥʦʣʝʥʠʥʩʢʦʛʦ ʩʚʦʜʘ 

ʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɺʴʝʪʥʘʤʘ (ɹʝʣʳʡ ʊʠʛʨ), ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʨʠʬʪʦʚʳʤ 

ʩʪʨʫʢʪʫʨʘʤ. 

ʎʝʣʴ: ʇʨʦʩʣʝʜʠʪʴ ʩʚʷʟʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ,ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʘʥʦʤʘʣʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ, ʟʘʣʦʞʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʠ 

ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʢʪʫʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʩʚʷʟʠ ʩ 

ʙʫʨʝʥʠʝʤ ʛʣʫʙʦʢʦʡ ʩʢʚʘʞʠʥʳ ˉ1ʇ.  

ɿʘʜʘʯʠ: 1. ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʦ ɹʝʟʳʤʷʥʥʦʤʫ 

ʃʋ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʶʞʥʦʛʦ ʰʝʣʴʬʘ ɺʴʝʪʥʘʤʘ ï ɹʝʣʳʡ ʊʠʛʨ. 



 

116 

 

2. ʇʨʦʩʣʝʞʠʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʛʣʫʙʠʥʳ ʥʘ ʛʨʘʬʠʢʘʭ, 

ʚʳʷʚʣʝʥʠʝ ʩʢʚʘʞʠʥ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ. 

3. ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʘʥʦʤʘʣʠʡ ʩ ʧʨʠʪʦʢʘʤʠ. 

ɿʘʣʝʞʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʪʦʣʱʝ ʬʫʥʜʘʤʝʥʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ: ʤʘʛʥʠʪʥʳʤʠ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʴʶ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʩ ʛʣʫʙʠʥʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʨʘʟʣʦʤʘʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ 

ʧʫʪʷʤʠ ʤʠʛʨʘʮʠʠ ʬʣʶʠʜʦʚ ʚ ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ. 

ʈʠʬʪʦʛʝʥʥʘʷ ʩʪʘʜʠʷ- ʵʪʦ ʧʝʨʠʦʜ ʚ ʨʘʟʚʠʪʠʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʩʢʘʣʳʚʘʥʠʝ ʠ ʨʘʟʜʚʠʛʘʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʠʣʠ 

ʨʘʥʝʝ ʟʘʤʢʥʫʚʰʝʡʩʷ ʙʦʣʝʝ ʜʨʝʚʥʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʦʤʧʣʝʢʩʳ 

ʨʠʬʪʦʛʝʥʥʦʡ ʩʪʘʜʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʦʩʘʜʦʯʥʳʤʠ ʠ 

ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ [2]. 

ɼʣʷ ʨʠʬʪʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʭʘʨʘʢʪʝʨʥʳ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʪʝʧʣʦʚʦʡ ʠ 

ʬʣʶʠʜʥʳʡ ʧʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ ï 

ʦʩʥʦʚʥʳʭ ʢʘʥʘʣʦʚ ʜʣʷ ʧʦʩʪʫʧʣʝʥʠʷ ʛʘʟʦʚ, ʬʣʶʠʜʦʚ (ɻ.ɸ. ʂʫʨʠʣʝʥʢʦʚʘ ʠ ʀ.ʐ. 

ʋʩʤʘʥʦʚ, 2009 ʛ.) 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟ ʢʘʯʝʩʪʚʘ ʢʦʣʣʝʢʪʦʨʘ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʚʷʟʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʩ ʛʣʫʙʠʥʥʳʤʠ ʨʘʟʣʦʤʘʤʠ 

ʨʘʩʩʤʦʪʨʝʥʦ ʦʜʥʦ ʠʟ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʨʘʩʥʦʣʝʥʠʥʩʢʦʛʦ 

ʩʚʦʜʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ 

(ʨʠʩ. 1). ʅʘ ʢʘʨʪʝ ʚʠʜʥʦ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʢʚʘʞʠʥʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʘʥʦʤʘʣʴʥʳʭ ʟʦʥʘʭ ʛʝʦʪʝʨʤʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ ʚ ʪʨʠ ʠ ʙʦʣʝʝ ʨʘʟ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʥʦʨʤʘʣʴʥʦʛʦ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʝʡ ʚʦʜʦʥʝʬʪʷʥʳʭ 

ʬʣʶʠʜʦʚ ʠ ʛʘʟʦʚ ʧʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʷʤ, ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʤ ʚ ʧʨʝʜʝʣʘʭ 

ʂʨʘʩʥʦʣʝʥʠʥʩʢʦʛʦ ʩʚʦʜʘ. 
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ʈʠʩʫʥʦʢ 1. ʂʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ 

 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʢʨʠʪʝʨʠʝʚ, ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʩʦʧʦʩʪʘʚʣʝʥʘ ʩ ʜʘʥʥʳʤʠ ʛʨʘʚʠʤʘʛʥʠʪʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʡʦʥʝ ʚ 2009 ʛ.[2]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʦʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʛʝʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʣʦʢʘʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ. 

ʀʟʤʝʥʯʠʚʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʮʝʩʩʘʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʃʦʢʘʣʴʥʦʝ ʧʦʥʠʞʝʥʠʝ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚʳʟʚʘʥʦ ʧʦʚʳʰʝʥʥʦʡ 
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ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ ʯʘʩʪʠ ʨʘʟʨʝʟʘ [2]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʘʢ ʢʘʢ ʥʝʬʪʴ ʷʚʣʷʝʪʩʷ 

ʜʠʘʤʘʛʥʝʪʠʢʘʤ ʚ ʦʪʣʠʯʠʠ ʦʪ ʚʤʝʱʘʶʱʠʭ ʝʝ ʧʦʨʦʜ.  

ʆʜʥʠʤ ʠʟ ʧʦʠʩʢʦʚʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ 

ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʦʚʧʘʜʝʥʠʝ ʧʦ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʟʥʘʢʫ ʤʘʛʥʠʪʥʦʛʦ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʝʡ ʚ ʟʦʥʝ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʣʘʩʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʣʠʟʦʩʪʴʶ ʢ ʧʨʦʚʦʜʷʱʠʤ ʛʣʫʙʠʥʥʳʤ 

ʨʘʟʣʦʤʘʤ, ʧʣʦʪʥʦʩʪʴʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʚʝʱʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʠʭ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴʶ ʧʦʨʦʜ ʠ ʠʭ ʩʦʩʪʘʚʦʤ. ʆʜʥʘʢʦ, ʧʦ 

ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʢʝʨʥʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʝ 

ʚʳʷʚʣʝʥʦ. 

ɺ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚ ʜʦʶʨʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʟʘʣʝʞʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʙʣʦʢʘʤ ʬʫʥʜʘʤʝʥʪʘ ʨʘʟʣʠʯʥʦʛʦ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʨʠʟʥʘʢʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʧʦʨʦʜʘʭ: ʦʪ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ, ʦʩʥʦʚʥʳʭ, ʢʠʩʣʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʠ 

ʵʬʬʫʟʠʚʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʜʦ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʵʬʬʫʟʠʚʥʦ-ʦʩʘʜʦʯʥʳʭ 

ʧʦʨʦʜ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥ ʦʪ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. 

ʇʦ ʛʝʥʝʟʠʩʫ ʢʦʣʣʝʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʚʪʦʨʠʯʥʳʤʠ, ʦʥʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ 

ʩʦʯʝʪʘʥʠʠ ʵʨʦʟʠʦʥʥʳʭ, ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉ 

ʦʙʣʘʩʪʷʤʠ ʚʦʩʭʦʜʷʱʠʭ ʧʦʪʦʢʦʚ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʘʥʦʤʘʣʠʠ, ʩ ʥʠʩʭʦʜʷʱʠʤʠ - ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ. 

ɺʳʚʦʜʳ: 

1. ɿʘʣʝʞʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʪʨʝʱʠʥʥʦ-ʢʘʚʝʨʥʦʚʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʜʦʶʨʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʘʥʳ ʩ ʧʨʦʚʦʜʷʱʠʤʠ ʛʣʫʙʠʥʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʨʘʟʣʦʤʘʤʠ, 

ʷʚʣʷʶʱʠʤʠʩʷ ʧʫʪʷʤʠ ʤʠʛʨʘʮʠʠ ʬʣʶʠʜʦʚ ʚ ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ. 

2. ʉʦʚʧʘʜʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʣʦʢʘʣʴʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʠʩʢʦʚʳʤ 

ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʣʦʚʫʰʝʢ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 
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3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥ ʦʪ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʥʝ ʚʳʷʚʣʝʥʘ. ʇʦ 

ʛʝʥʝʟʠʩʫ ʢʦʣʣʝʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʚʪʦʨʠʯʥʳʤʠ, ʦʥʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ 

ʩʦʯʝʪʘʥʠʠ ʵʨʦʟʠʦʥʥʳʭ, ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʪʦʢʦʣʳ ʩʚʷʟʠ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʷʭ. ʈʘʩʢʨʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, 

ʘ ʪʘʢ ʞʝ ʠʭ ʚʘʨʠʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ. ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʦʪʦʢʦʣʦʚ ʥʘ ʦʩʥʦʚʝ ʠʭ ʚʥʫʪʨʝʥʥʝʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

Abstract. The article discusses the main communication protocols used in 

industrial networks. Discloses the features of the application, as well as their 

variations associated with the tasks. The authors point out the advantages and 

disadvantages of the protocols based on their internal architecture and scope. 
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ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʫʯʘʶʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʇʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʧʠʩʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʦʨʘʯʠʚʘʪʴ 

ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ 

ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʠʣʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ 

ʩʙʦʨʘ ʜʘʥʥʳʭ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʩʠʩʪʝʤʳ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ, 

ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʷʚʣʷʝʪʩʷ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʷ, ʪ.ʝ. ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʦʢʘʣʴʥʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʦ ʥʝ ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʙʦʪʫ ʚʩʝʡ 

ʩʠʩʪʝʤʳ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ. 

ʆʢʦʥʝʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʷʭ ʤʦʛʫʪ ʙʳʪʴ ʜʘʪʯʠʢʠ, 

ʧʨʦʠʟʚʦʜʷʱʠʝ ʤʥʦʛʦʢʨʘʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʘʨʘʤʝʪʨʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʣʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʤʝʭʘʥʠʟʤʳ, ʥʝ ʪʨʝʙʫʶʱʠʝ 

ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ ʠʣʠ 

ʢʣʘʧʘʥʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʥʝ 

ʧʨʝʜʲʷʚʣʷʝʪ ʦʩʦʙʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ.  

ʏʘʩʪʦ ʟʘʧʨʦʩ ʦʪ ʢʦʥʪʨʦʣʣʝʨʘ ʢ ʜʘʪʯʠʢʫ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʥʝ ʥʘʛʨʫʞʘʝʪ ʩʝʪʴ, ʩ ʜʨʫʛʦʡ 

ʦʪʩʫʪʩʪʚʫʝʪ ʩʠʛʥʘʣʠʟʘʮʠʷ ʦ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʘʨʘʤʝʪʨʘ, 

ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʳ, ʜʦ ʤʦʤʝʥʪʘ ʦʪʧʨʘʚʢʠ ʦʯʝʨʝʜʥʦʛʦ ʟʘʧʨʦʩʘ. 

 ʇʨʠʥʷʪʘʷ ʦʪ ʜʘʪʯʠʢʦʚ ʠʥʬʦʨʤʘʮʠʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʢʦʥʪʨʦʣʣʝʨʘʭ ʠ 

ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʢ ʧʝʨʝʜʘʯʝ ʥʘ ʜʠʩʧʝʪʯʝʨʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʯʘʱʝ ʥʝʩʢʦʣʴʢʦ, 

ʥʘʧʨʠʤʝʨ, ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ.  
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ʉʣʝʜʫʶʱʠʤ ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʵʪʘʧʦʤ ʩʝʪʠ ʚʳʜʝʣʷʶʪ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʢ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʧʦʜʢʣʶʯʝʥʳ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ 

ʜʠʩʧʝʪʯʝʨʦʚ. ʃʦʢʘʣʴʥʫʶ ʩʝʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʪʨʦʠʪʴ ʩ ʪʦʧʦʣʦʛʠʝʡ 

çʟʚʝʟʜʘè ʧʦ ʪʝʭʥʦʣʦʛʠʠ Ethernet.  

ʆʩʥʦʚʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Modbus, Profibus, CANOpen, 

Industrial Ethernet ʠ ʜʨ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩ 

ʫʢʘʟʘʥʠʝʤ ʧʨʦʪʦʢʦʣʦʚ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʉʪʘʥʜʘʨʪ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ CAN (Controller Area Network, ʩʝʪʴ 

ʢʦʥʪʨʦʣʣʝʨʦʚ) ʨʘʟʨʘʙʦʪʘʥ ʚ ʩʝʨʝʜʠʥʝ 80-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʢʦʤʧʘʥʠʝʡ Robert 

Bosch GmbH. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʩʠʩʪʝʤʘʭ 

çʫʤʥʳʡ ʜʦʤè. ɺ ʩʝʪʷʭ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩʣʫʞʠʪ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʦʢʦʥʝʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʩ ʢʦʥʪʨʦʣʣʝʨʘʤʠ. ʄʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʢʘʢ ʧʦ 

ʤʝʜʥʳʤ ʠʣʠ ʦʧʪʠʯʝʩʢʠʤ ʧʨʦʚʦʜʥʠʢʘʤ, ʪʘʢ ʠ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʦʪʢʨʳʪʳʡ ʧʨʦʪʦʢʦʣ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ CANopen ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʝʪʷʭ ʩ 

ʪʦʧʦʣʦʛʠʝʡ çʰʠʥʘè ʠ ʢʘʙʝʣʝʤ çʚʠʪʘʷ ʧʘʨʘè. ʇʨʦʪʦʢʦʣ ʨʘʟʣʠʯʘʝʪ ʯʝʪʳʨʝ ʚʠʜʘ 

ʢʘʜʨʦʚ: 

¶  ʢʘʜʨ ʜʘʥʥʳʭ (data frame) ï ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ; 

¶  ʢʘʜʨ ʟʘʧʨʦʩʘ (remote frame) ï ʟʘʧʨʦʩ ʥʘ ʧʦʚʪʦʨʥʫʶ ʧʝʨʝʜʘʯʫ 

ʧʦʪʝʨʷʥʥʦʛʦ ʠʣʠ ʠʩʢʘʞʝʥʥʦʛʦ ʢʘʜʨʘ; 

¶  ʢʘʜʨ ʧʝʨʝʛʨʫʟʢʠ (overload frame) ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʘʫʟʳ ʤʝʞʜʫ ʢʘʜʨʘʤʠ 

ʜʘʥʥʳʭ ʠʣʠ ʟʘʧʨʦʩʘ; 

¶  ʢʘʜʨ ʦʰʠʙʢʠ (error frame) ï ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦʙ ʦʰʠʙʢʝ ʚ ʩʝʪʠ. 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʢʘʥʘʣʘ ʩʚʷʟʠ ʠ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 1 ʄʙʠʪ/ʩ.  
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ʈʠʩʫʥʦʢ 1. ʉʪʘʥʜʘʨʪʳ ʩʚʷʟʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʷʭ 

 

ʇʨʦʪʦʢʦʣʳ ʩʝʪʠ ʩʝʥʩʦʨʦʚ Modbus ASCII ʠ Modbus RTU ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʩʚʷʟʠ ʜʘʪʯʠʢʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩ ʢʦʥʪʨʦʣʣʝʨʘʤʠ. ʈʘʟʣʠʯʠʝ 

ʤʝʞʜʫ ASCCI ʠ RTU ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʝ ʢʦʜʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʙʣʠʮʳ ASCII ʢʘʞʜʳʡ ʩʠʤʚʦʣ ʩʦʜʝʨʞʘʪ ʜʚʘ ʙʘʡʪʘ 

ʜʘʥʥʳʭ.  

ʇʨʠ ʢʦʜʠʨʦʚʘʥʠʠ RTU ʩʠʤʚʦʣ ʢʦʜʠʨʫʝʪʩʷ ʦʜʥʠʤ ʙʘʡʪʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.  

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ASCII ʢʦʜʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʪʦʢʦʣʳ ʫʨʦʚʥʷ ʩʝʥʩʦʨʦʚ ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʨʦʪʦʢʦʣʦʤ ʧʦʣʝʚʦʡ ʩʝʪʠ Modbus TCP, ʯʪʦ ʪʘʢʞʝ 

ʩʦʢʨʘʱʘʝʪ ʟʘʜʝʨʞʢʫ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ.  

ʄʠʥʠʤʘʣʴʥʦʡ ʝʜʠʥʠʮʝʡ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʦʪʦʢʦʣʝ Modbus 

ʷʚʣʷʝʪʩʷ ʦʙʱʠʡ ʧʘʢʝʪ PDU (Protocol Data Unit) ʜʣʷ ʚʩʝʭ ʬʠʟʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ 

ʤʦʜʝʣʠ OSI, ʩʦʜʝʨʞʘʱʠʡ ʢʦʜ ʬʫʥʢʮʠʠ ʠ ʜʘʥʥʳʝ ʧʘʢʝʪʘ. PDU ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ 

ʚ ʧʘʢʝʪ ADU (Application Data Unit), ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʝʪ ʩʧʝʮʠʬʠʯʥʫʶ ʜʣʷ 
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ʢʦʥʢʨʝʪʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠʥʬʦʨʤʘʮʠʶ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʧʨʦʪʦʢʦʣʘ (Modbus ASCII, RTU ʠʣʠ TCP). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʧʦʣʥʷʝʤʦʡ 

ʬʫʥʢʮʠʠ, ʧʦʣʝ ʜʘʥʥʳʭ ʧʘʢʝʪʘ PDU ʤʦʞʝʪ ʙʳʪʴ ʯʝʪʳʨʝʭ ʪʠʧʦʚ: 

¶  Discrete Inputs ï ʦʜʥʦʙʠʪʦʚʳʡ ʪʠʧ, ʪʦʣʴʢʦ ʯʪʝʥʠʝ; 

¶  Coils ï ʦʜʥʦʙʠʪʦʚʳʡ ʪʠʧ, ʯʪʝʥʠʝ ʠ ʟʘʧʠʩʴ; 

¶  Input Registers ï 16-ʙʠʪʦʚʳʡ ʪʠʧ, ʪʦʣʴʢʦ ʯʪʝʥʠʝ; 

¶  Holding Registers ï 16-ʙʠʪʦʚʳʡ ʪʠʧ, ʯʪʝʥʠʝ ʠ ʟʘʧʠʩʴ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʨʦʪʦʢʦʣʘ Modbus ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦʪʘ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ, ʥʘʜʝʞʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʦʰʠʙʦʢ.  

ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ ʚʳʜʝʣʷʶʪ ʩʧʦʩʦʙ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çʚʝʜʫʱʠʡ/ʚʝʜʦʤʳʡè, ʯʪʦ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʝʜʦʤʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʚʥʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ. 

ʉʪʘʥʜʘʨʪ Profibus (Process Field Bus) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 1987 ʛʦʜʘ ʚ 

ɻʝʨʤʘʥʠʠ ʢʦʤʧʘʥʠʝʡ Siemens.  

ʆʩʥʦʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʪʦʢʦʣʘ ʷʚʣʷʶʪʩʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ.  

ʌʠʟʠʯʝʩʢʦʡ ʩʨʝʜʦʡ ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʘ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʤʝʜʥʘʷ ʚʠʪʘʷ ʧʘʨʘ, 

ʪʘʢ ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ. ʅʘ ʫʨʦʚʥʝ ʩʝʪʠ ʩʝʥʩʦʨʦʚ Profibus ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ 

ʧʦ ʜʚʫʤ ʧʨʦʪʦʢʦʣʘʤ DP ʠ PA. Profibus PA (Profibus Process Automation) ï 

ʧʨʦʪʦʢʦʣ, ʨʝʘʣʠʟʫʝʤʳʡ ʪʦʣʴʢʦ ʧʦ ʤʝʜʥʦʡ ʚʠʪʦʡ ʧʘʨʝ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʠʪʘʥʠʝ 

ʫʩʪʨʦʡʩʪʚ ʩʝʪʠ ʯʝʨʝʟ ʰʠʥʫ.  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʢʦʣʦ 32 ʢʙʠʪ/ʩ. Profibus DP 

(Profibus Decentralized Peripherals) ï ʦʩʥʦʚʥʦʡ ʧʨʦʪʦʢʦʣ, ʧʦʣʫʯʠʚʰʠʡ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʝʪʷʭ ʙʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦʤʫ ʦʙʤʝʥʫ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʝʪʠ.  

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʨʦʪʦʢʦʣʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 

çʚʝʜʦʤʦʛʦè ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʟʘʧʨʦʩ çʚʝʜʫʱʝʛʦè ʠ ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 12 

ʄʙʠʪ/ʩ. ʅʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ Profibus DP ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ Profibus FDL 
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(Profibus Field Data Link), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʷʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ 

ʧʨʦʪʦʢʦʣʦʤ ʧʦʣʝʚʦʡ ʩʝʪʠ Profibus FMS (Profibus Fieldbus Message Specification). 

ʇʨʦʪʦʢʦʣ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ FDL ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʢʘʞʜʳʤ 

çʚʝʜʫʱʠʤè ʫʩʪʨʦʡʩʪʚʦʤ ʩʚʦʝʡ ʟʘʜʘʯʠ ʚ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʘ 

ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʢʦʨʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ çʚʝʜʫʱʠʭè ʫʩʪʨʦʡʩʪʚ ʩ 

çʚʝʜʦʤʳʤʠè. Profibus FMS ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʢʦʥʪʨʦʣʣʝʨʘʤʠ 

ʠ ʜʠʩʧʝʪʯʝʨʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 12 ʄʙʠʪ/ʩ. 

Industrial Ethernet (ʧʨʦʤʳʰʣʝʥʥʳʡ Ethernet) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʝʪʷʭ. ʇʨʠʤʝʥʝʥʠʝ ʦʙʳʯʥʦʛʦ Ethernet ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʝʪʷʭ 

ʦʛʨʘʥʠʯʠʚʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʛʘʨʘʥʪʠʠ ʦʙʤʝʥʘ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʆʜʥʘʢʦ, ʜʦʧʦʣʥʠʚ ʩʪʝʢ ʧʨʦʪʦʢʦʣʦʚ TCP/IP ʨʝʢʦʤʝʥʜʘʮʠʝʡ 

RFC1006, ʫʜʘʣʦʩʴ ʦʙʝʩʧʝʯʠʪʴ ʯʘʩʪʫʶ ʧʝʨʝʜʘʯʫ ʢʦʨʦʪʢʠʭ ʩʦʦʙʱʝʥʠʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʨʘʟʲʝʤʳ ʠ ʢʘʙʝʣʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

Ethernet ʷʚʣʷʶʪʩʷ: 

¶  ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʜʦ 10 ɻʙʠʪ/ʩ); 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʜʜʝʨʞʠ-

ʚʘʶʱʝʛʦ Ethernet; 

¶  ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʠ; 

¶  ʥʝʩʣʦʞʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʢʘʥʘʣʦʚ ʩʚʷʟʠ; 

¶  ʠʩʢʣʶʯʝʥʠʝ ʧʨʦʙʣʝʤʳ ʢʦʣʣʠʟʠʡ; 

¶  ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʝ ʩʝʪʠ ʠ ʪ.ʜ. 

ʆʩʥʦʚʥʳʤ ʠ ʚʘʞʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ Industrial Ethernet ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʝʚʳʰʝʥʠʝ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʘʢʝʪʘ TCP/IP (68 ʙʘʡʪ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʝʩʳʣʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ (8 ʙʘʡʪ). 

 ʆʜʥʘʢʦ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, Industrial Ethernet ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʜʨʫʛʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʧʦʣʝʚʦʛʦ ʩʝʛʤʝʥʪʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ. 
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ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ 

ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʠʩʪʝʤʳ.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʩʝʪʠ ʢʘʢ ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ.  

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʝʪʷʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʳʙʦʨ ʧʨʦʪʦʢʦʣʘ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʟʘʜʘʯ ʠ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʥʳʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  
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ɺʀɼʓ ʀ ʋʉʊʈʆʁʉʊɺɸ ɻɸɿʆɺʓʍ ʂʆʃʇɸʂʆɺ 

ʍʦʤʷʢ ʆʣʝʛ ɽʚʛʝʥʴʝʚʠʯ 

cʪʫʜʝʥʪ, ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʈʌ, ʛ. ʆʤʩʢ 

ʑʝʨʙʘ ɺʠʢʪʦʨ ɽʚʛʝʥʴʝʚʠʯ  

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʧʨʦʬʝʩʩʦʨ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ,  
ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʌ, ʛ. ʆʤʩʢ  

 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʦʨʰʥʝʚʳʭ ʥʘʩʦʩʦʚ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʘʛʨʝʛʘʪʘ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦʜʘʯʘ ʠ ʜʘʚʣʝʥʠʝ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ. ɽʩʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʜʘʯʠ ʠ ʜʘʚʣʝʥʠʷ ʚ 

ʧʦʨʰʥʝʚʳʭ ʥʘʩʦʩʘʭ: ʧʝʨʚʦʝ, ʵʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ, çʩʧʘʨʠʚʘʥʠʝè 

ʥʝʩʢʦʣʴʢʠʭ ʥʘʩʦʩʦʚ ʚ ʦʜʠʥ ʘʛʨʝʛʘʪ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʦʨʰʥʝʡ, ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʩʦʩʦʚ ʜʚʫʢʨʘʪʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʀ ʚʪʦʨʦʡ ʩʧʦʩʦʙ, ʫʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ ʛʘʟʦʚʦʛʦ ʜʝʤʧʬʝʨʘ (ʜʘʣʝʝ ʛʘʟʦʚʳʡ 

ʢʦʣʧʘʢ)ρȟ̒Ȣφς. ʈʘʩʩʤʦʪʨʠʤ ʜʝʤʧʬʝʨʳ ʜʣʷ ʛʘʰʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ. 

ʂʦʣʧʘʢʠ ʛʘʟʦʚʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʫʨʦʚʥʷ ʜʘʚʣʝʥʠʷ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʛʘʟʦʚʳʝ ʢʦʣʧʘʢʠ ʜʦʣʞʥʳ ʚʣʠʷʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʤʝʞʜʫ 

ʦʜʥʦʡ ʠ ʜʚʫʤʷ ʪʳʩʷʯʘʤʠ ʤʝʪʨʦʚ ʟʘ ʩʝʢʫʥʜʫ. 

ɼɽʄʇʌɽʈʓ ʇʋʃʔʉɸʎʀʁ 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʜʝʤʧʬʝʨʳ ʙʳʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʤʝʥʪʳ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʉʝʡʯʘʩ ʨʘʩʩʤʦʪʨʠʤ 

ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʜʝʤʧʬʝʨʦʚ - ʜʝʤʧʬʝʨ ʧʫʣʴʩʘʮʠʡ, ʦ ʢʦʪʦʨʦʤ 

ʧʦʡʜʝʪ ʨʝʯʴ ʚ ʵʪʦʡ ʩʪʘʪʴʝ. 

ʀʟ-ʟʘ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʜʘʯʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

ʚʦʟʤʦʞʥʳ ʧʦʷʚʣʝʥʠʷ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠʣʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʧʘʜʝʥʠʷ 

ʜʘʚʣʝʥʠʷ. ʕʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʟʘʯʘʩʪʫʶ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʧʦʨʰʥʝʚʦʡ 

ʥʘʩʦʩ ʧʦʜʘʝʪ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʧʦʨʮʠʦʥʥʦ, ʦʜʠʥ ʨʘʟ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ, ʧʨʠ ʵʪʦʤ 

ʧʦʨʰʝʥʴ ʩʦʚʝʨʰʘʝʪ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ɼʝʤʧʬʝʨ ʧʫʣʴʩʘʮʠʡ 
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ʚʳʩʪʫʧʘʝʪ ʚ ʚʠʜʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʤʝʪʦʜʦʤ ʩʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩʛʣʘʞʠʚʘʝʪ 

ʢʦʣʝʙʘʥʠʷ ʥʘʛʥʝʪʘʝʤʦʡ ʥʘʩʦʩʦʤ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. 

ɽʛʦ ʠʩʭʦʜʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʣʦʩʪʝʡ, ʨʘʟʜʝʣʝʥʥʳʭ ʛʠʙʢʠʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʩʧʦʩʦʙʥʳʤ ʢ ʜʝʬʦʨʤʘʮʠʠ. ʉʫʪʴ ʨʘʙʦʪʳ ʠ ʫʩʪʨʦʡʩʪʚʦ ʜʝʤʧʬʝʨʘ 

ʧʫʣʴʩʘʮʠʠ ʦʯʝʥʴ ʧʦʭʦʞʝ, ʩ ʨʘʙʦʪʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʥʦ ʠʤʝʶʪʩʷ 

ʨʷʜ ʦʪʣʠʯʠʡ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʜʝʤʧʬʝʨʳ ʧʫʣʴʩʘʮʠʡ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʛʜʝ ʚʘʞʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʯʝʥʴ ʩʪʨʦʛʠʭ ʠ ʯʝʪʢʠʭ 

ʜʦʟʠʨʦʚʢʘʭ ʠʩʭʦʜʥʳʭ ʞʠʜʢʦʩʪʝʡ.  

  

ʈʠʩʫʥʦʢ 1. ʄʝʤʙʨʘʥʥʳʡ ʜʝʤʧʬʝʨ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʠ ʤʝʤʙʨʘʥʳ 

 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʜʝʤʧʬʝʨʳ ʧʫʣʴʩʘʮʠʡ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ:  

¶ ʜʦʩʪʫʧʝʥ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʙʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ 

ʫʧʣʦʪʥʝʥʠʡ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ; 

¶ ʨʘʟʜʝʣʠʪʝʣʴ ʩʨʝʜʳ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï 

ʞʝʣʝʟʥʘʷ ʛʦʬʨʘ, ʪʝʬʣʦʥ ʠ ʜʨʫʛʠʝ; 

¶ ʜʝʤʧʬʝʨʳ ʩʦʚʤʝʩʪʠʤʳ ʩ ʘʛʨʝʩʩʠʚʥʳʤʠ ʱʝʣʦʯʥʳʤʠ ʠ ʢʠʩʣʦʪʥʳʤʠ 

ʩʨʝʜʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʧʨʦʜʫʢʪʘʤʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʙʝʥʟʠʥ; 

¶ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʜʩʦʝʜʠʥʝʥʠʷ ʜʝʤʧʬʝʨʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʧʘʜʘʥʠʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʜʘʨʦʚ ʠ ʧʫʣʴʩʘʮʠʡ ʞʠʜʢʦʩʪʠ ʪʦʯʥʦ ʥʘ ʜʝʤʧʬʝʨ. 

ʇʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ʨʘʟʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʜʝʤʧʬʝʨʦʚ: 

ʧʝʨʚʳʡ ʚʠʜ - ʩʠʣʴʬʦʥʥʳʡ, ʚʪʦʨʦʡ - ʤʝʤʙʨʘʥʥʳʡ ʠ ʪʨʝʪʠʡ ʚʠʜ - ʙʘʣʣʦʥʥʳʡ. ɺ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʣʴʬʦʥʥʦʛʦ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʟʜʝʣʠʪʝʣʷ ʞʠʜʢʦʩʪʥʦʡ ʠ ʚʦʟʜʫʰʥʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʞʝʣʝʟʥʘʷ ʛʦʬʨʘ. ɼʘʥʥʳʝ 



 

129 

 

ʜʝʤʧʬʝʨʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʯʝʥʴ ʩʣʦʞʥʳʭ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ ʧʨʠ ʩʘʤʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

  

ʈʠʩʫʥʦʢ 2. ɹʘʣʣʦʥʥʳʡ ʜʝʤʧʬʝʨ ʧʫʣʴʩʘʮʠʡ 

 

ɺ ʤʝʤʙʨʘʥʥʦʤ ʜʝʤʧʬʠʨʫʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ, ʛʘʟʦʚʘʷ ʠ ʞʠʜʢʦʩʪʥʘʷ ʩʨʝʜʳ 

ʨʘʟʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʤʙʨʘʥʳ ʠʟ ʢʘʫʯʫʢʘ (ʨʝʟʠʥʳ). ɼʣʷ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʤʙʨʘʥʘ ʠʟ ʪʝʬʣʦʥʘ. 

 

 

ʈʠʩʫʥʦʢ 3. ʉʠʣʴʬʦʥʳʡ ʜʝʤʧʬʝʨ 

 

ɼʝʤʧʬʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩʠʣʴʬʦʥʥʦʛʦ ʪʠʧʘ (ʨʠʩ.3) ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʘʨʘ ʚ ʨʘʙʦʯʝʡ ʩʨʝʜʝ, 
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ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 2, ʠʣʠ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʧʦʩʣʝʜʥʠʝ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʜʝʤʧʬʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ 4 ʠ 5, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʥʳ ʚʥʫʪʨʠ 

ʦʪʚʝʪʚʣʝʥʠʷ 1 ʪʫʧʠʢʦʚʦʛʦ ʚʠʜʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʩʠʣʴʬʦʥʳʭ ʦʙʦʣʦʯʝʢ ʩ 

ʟʘʛʣʫʰʝʥʥʳʤʠ ʪʦʨʮʘʤʠ 6 ʠ 7. 

ʆʙʦʣʦʯʢʠ ʩʞʠʤʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʫʞʠʥʘʤʠ 10 ʠ 11 ʠ ʪʝʤ ʩʘʤʳʤ 

ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʚʣʠʷʷ ʥʘ ʧʫʣʴʩʘʮʠʠ ʜʘʚʣʝʥʠʷ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʫʜʘʨ ʧʨʠʥʠʤʘʷ 

ʜʘʥʥʳʝ ʫʩʠʣʠʷ ʥʘ ʩʝʙʷ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʦʙʦʣʦʯʝʢ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʜʘʨʘʭ, ʚʥʫʪʨʠ ʛʦʬʨ ʫʩʪʘʥʦʚʣʝʥʳ 

ʫʧʨʫʛʦʜʝʬʦʨʤʠʨʫʝʤʳʝ ʫʧʦʨʳ 8 ʠ 9, ʢʦʪʦʨʳʝ ʧʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʪʦʨʮʘʤʠ 6 

ʠ 7 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʩʝʠʚʘʶʪ ʣʠʰʥʝʝ ʜʘʚʣʝʥʠʝ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ 2. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʵʪʠʭ ʦʙʦʣʦʯʝʢ 4 ʠ 5 ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ 

ʩʪʝʧʝʥʴ ʛʘʰʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ( ʠʣʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ). 

ʇʨʠʤʝʥʷʝʤʳʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʝʤʧʬʝʨ ʧʫʣʴʩʘʮʠʠ ʙʘʣʣʦʥʥʦʛʦ ʪʠʧʘ 

(ʨʠʩ.2) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʛʥʝʪʘʶʱʠʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʣʠʥʠʷʭ. ɺ 

ʧʦʛʣʦʱʘʶʱʝʤ ʚʘʨʠʘʥʪʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʝʤʧʬʝʨʘ ʦʙʫʩʣʦʚʣʝʥʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʤʝʞʜʫ ʥʘʩʦʩʦʤ ʠ ʙʘʢʦʤ. ʕʪʦʪ ʜʝʤʧʬʝʨ 

ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʩ ʥʝʙʦʣʴʰʠʤ ʙʘʣʣʦʥʦʤ ʚʥʫʪʨʠ. 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ 

ʚʦʟʤʦʞʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʢʦʣʧʘʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʦ-ʛʘʙʘʨʠʪʳ 

ʩʘʤʦʡ ʩʠʩʪʝʤʳ ʠ ʫʚʝʣʠʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʣʫʯʰʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɼʝʤʧʬʝʨʳ-ʘʢʢʫʤʫʣʷʪʦʨʳ. 

ʇʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʵʪʦ ʘʢʢʫʤʫʣʷʪʦʨʳ ʬʣʫʢʪʫʘʮʠʡ ʪʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʭʚʘʪʳʚʘʶʪ ʠʣʠ ʦʪʩʝʢʘʶʪ ʧʫʣʴʩʘʮʠʠ ʜʘʚʣʝʥʠʷ. ʊʘʢ ʞʝ ʠʭ ʥʘʟʳʚʘʶʪ 

ʜʝʤʧʬʝʨʘʤʠ "ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ". 

ɼʝʤʧʬʝʨʳ ʠʤʝʶʱʠʝ ʜʚʦʡʥʦʝ ʥʘʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʪʘʢʞʝ ʢʘʢ 

ʘʢʢʫʤʫʣʷʪʦʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʬʣʫʢʪʫʘʮʠʠ ʪʝʯʝʥʠʷ, ʯʪʦ, 

ʟʘʦʜʥʦ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʠʟʙʳʪʦʯʥʳʝ ʧʫʣʴʩʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʘ ʫʩʢʦʨʝʥʠʷ (ʵʪʦ ʟʘʤʝʯʝʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʥʘʩʦʩʦʚ), ʘ ʪʘʢʞʝ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʠ ʨʘʩʩʝʠʚʘʪʴ 
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ʚʦʣʥʦʦʙʨʘʟʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ (ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʦʝ 

ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ).  

ʊʠʧʠʯʥʳ ʚ ʢʦʤʧʣʝʢʪʘʮʠʠ ʩ ʵʣʘʩʪʦʤʝʨʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʢʘʫʯʫʢʘ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʢʘʫʯʫʢ ʩʦʯʝʪʘʝʪʩʷ ʩ ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ 

ʚʘʰʝʡ ʩʠʩʪʝʤʝ ʞʠʜʢʦʩʪʷʤʠ. ʈʘʙʦʪʘʶʪ ʚ ʜʠʘʧʘʟʦʥʘʭ ʢʘʢ ʥʠʟʢʠʭ, ʪʘʢ ʠ ʚʳʩʦʢʠʭ 

ʜʠʘʧʘʟʦʥʦʚ ʜʘʚʣʝʥʠʷ.  

ʂʦʤʧʣʝʢʪʫʶʪʩʷ ʩ ʤʝʤʙʨʘʥʘʤʠ ʪʠʧʘ PTFE "FlexFlon" - "ʪʝʬʣʦʥ" ɼʶʧʦʥ ʜʣʷ 

ʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʈʘʙʦʪʘʶʪ ʚ ʜʠʘʧʘʟʦʥʘʭ ʢʘʢ ʥʠʟʢʠʭ, ʪʘʢ ʠ 

ʚʳʩʦʢʠʭ ʜʠʘʧʘʟʦʥʦʚ ʜʘʚʣʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʤʝʪʦʜʦʤ 

ʫʤʝʥʴʰʝʥʠʷ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʜʫʰʥʳʭ ʢʦʣʧʘʢʦʚ (ʛʠʜʨʦʘʢʢʫʤʫʣʷʪʦʨʦʚ). 

ɺʦʟʜʫʰʥʳʡ ʢʦʣʧʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʤʝʨʫ, ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʣʥʝʥʥʫʶ 

ʚʦʟʜʫʭʦʤ, ʜʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ ʜʘʚʣʝʥʠʶ ʞʠʜʢʦʩʪʠ ʚ ʩʠʩʪʝʤʝ. ɿʘ 

ʩʯʸʪ ʜʝʬʦʨʤʘʮʠʠ ʚʦʟʜʫʭʘ, ʢʦʣʧʘʢ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ 

ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠ ʩʧʦʢʦʡʥʫʶ ʨʘʙʦʪʫ ʥʘʩʦʩʘ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ: 

ʧʨʦʩʪʦʪʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʩʛʣʘʞʠʚʘʥʠʷ ʧʫʣʴʩʘʮʠʡ 

ʜʘʚʣʝʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ ʚʦʟʜʫʰʥʳʭ ʢʦʣʧʘʢʦʚ ï ʠʭ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʯʪʦ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʠ ʛʘʙʘʨʠʪʥʳʝ, ʠ ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʠʜʨʦʫʩʪʘʥʦʚʦʢ ςȢ̒Ȣρσρρσς. 

ɼʨʫʛʠʤ ʚʘʨʠʘʥʪʦʤ ʩʥʠʞʝʥʠʷ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʛʠʜʨʦʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʸʤʘ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ. 

ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʣʠʰʴ ʚ ʛʠʜʨʦʩʠʩʪʝʤʘʭ ʩ ʤʘʣʳʤʠ ʨʘʩʭʦʜʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɺʝʜʝʨʥʠʢʦʚ ʄ.ʀ. ʄʘʰʠʥʠʩʪ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʠ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʄ.: ʇʨʦʬʪʝʭʠʟʜʘʪ, 1963.-388ʩ. 

2. ɸʙʜʫʨʘʰʠʪʦʚ ʉ.ɸ., ʊʫʧʠʯʝʥʢʦʚ ɸ.ɸ., ɺʝʨʰʠʥʠʥ ʀ.ʄ., ʊʝʥʝʥʛʦʣʴʮ ʉ.ʄ. 

ʅʘʩʦʩʳ ʠ ʢʦʤʧʨʝʩʩʦʨʳ. ʄ.: ʅʝʜʨʘ, 1974. - 296 ʩ. 
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ʆʉʅʆɺʅʓɽ ʄɽʈʆʇʈʀʗʊʀʗ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʅɸ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆʄ ʇɽʈɽɽɿɼɽ  

ʅɸ ʇʈʀʄɽʈɽ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆɻʆ ʇɽʈɽɽɿɼɸ 

çʄɽʃʔʂʆʄɹʀʅɸʊè ɺ ɻʆʈʆɼɽ ʂʋʅɻʋʈɽ 

ʏʫʧʨʠʢʦʚ ʀʣʴʷ ʅʠʢʦʣʘʝʚʠʯ 

ʩʪʫʜʝʥʪ ʃʌ ʌɻɹʆʋɺʆ ʇʅʀʇʋ, 
 ʈʌ, ʛ. ʃʳʩʴʚʘ 

ʃʫʥʝʛʦʚʘ ɸʥʘʩʪʘʩʠʷ ɸʥʪʦʥʦʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʵʢʦʥ.ʥʘʫʢ  
ɿʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʳ ʊɼ ʃʌ ʌɻɹʆʋɺʆ ʇʅʀʇʋʖ  

ʈʌ, ʛ. ʃʳʩʴʚʘ 
 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʧʝʨʝʝʟʜʝ, ʥʝʤʘʣʦ 

ʚʘʞʥʦ ʚʦʜʠʪʝʣʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʩʦʙʣʶʜʘʪʴ ʇɼɼ ʠ ʙʳʪʴ 

ʚʥʠʤʘʪʝʣʴʥʳʤ, ʥʦ ʵʪʦ ʣʠʰʴ ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ, ʢʦʪʦʨʳʝ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ ʪʘʢ ʞʝ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʚʠʞʝʥʠʝ ʧʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤʫ ʧʝʨʝʝʟʜʫ, ʩʪʘʥʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʝʟʦʧʘʩʥʳʤ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ (ʩʦʦʨʫʞʝʥʠʝ ʪʦʥʥʝʣʝʡ ʠʣʠ ʤʦʩʪʦʚ ʥʘʜ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʧʫʪʷʤʠ). ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʤʝʨ ʚ ʥʘʰʝ ʚʨʝʤʷ 

ʷʚʣʷʶʪʩʷ, ʩʣʠʰʢʦʤ ʢʘʨʜʠʥʘʣʴʥʳʤʠ ʠ ʥʘʠʙʦʣʝʝ ʟʘʪʨʘʪʥʳʤʠ. ɽʩʪʴ ʥʘʠʤʝʥʝʝ 

ʟʘʪʨʘʪʥʳʝ ʩʧʦʩʦʙʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʞʜ ʧʝʨʝʝʟʜʝ ï ʫʩʪʘʥʦʚʢʘ 

ʟʝʨʢʘʣ ʠ ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. 

ɸʚʪʦʤʘʪʠʢʘ ʥʘ ʧʝʨʝʝʟʜʝ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴʩʷ, ʢʦʛʜʘ ʧʦʝʟʜ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʝʨʝʝʟʜʘ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʛʘʨʘʥʪʠʡʥʳʡ ʟʘʧʘʩ ʚʨʝʤʝʥʠ ʜʣʷ ʙʦʣʴʰʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ[1, ʩ. 148]. 

ʉʢʦʨʦʩʪʠ ʧʨʦʩʣʝʜʦʚʘʥʠʷ ʧʦʝʟʜʦʚ ʧʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤʫ ʧʝʨʝʝʟʜʫ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 3.1. 
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ʊʘʙʣʠʮʘ 1.  

ʉʢʦʨʦʩʪʠ ʧʨʦʩʣʝʜʦʚʘʥʠʷ ʧʦʝʟʜʦʚ ʧʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤʫ ʧʝʨʝʝʟʜʫ 

 
ʉʢʦʨʦʩʪʴ, ʢʤ/ʯ 

ɻʨʫʟʦʚʦʡ ʧʦʝʟʜ ʇʘʩʩʘʞʠʨʩʢʠʡ 

ʆʙʩʣʫʞʠʚʘʝʤʳʡ ʜʝʞʫʨʥʳʤ ʨʘʙʦʪʥʠʢʦʤ 70 40 

ʅʝ ʦʙʩʣʫʞʠʚʘʝʤʳʡ ʜʝʞʫʨʥʳʤ ʨʘʙʦʪʥʠʢʦʤ 50 25 

ʇʨʦʝʟʜ ʥʘ ʧʝʨʝʛʦʥʝ 80 120 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʩʣʝʜʦʚʘʥʠʷ ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ ʥʘ ʧʝʨʝʛʦʥʝ 80 

ʢʤ/ʯ, ʧʘʩʩʘʞʠʨʩʢʦʛʦ 120 ʢʤ/ʯ. ʉʢʦʨʦʩʪʴ ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ ʥʘ ʧʝʨʝʝʟʜʝ ʙʝʟ 

ʜʝʞʫʨʥʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 50 ʢʤ/ʯ, ʧʘʩʩʘʞʠʨʩʢʦʛʦ ï 25 ʢʤ/ʯ. 

ʈʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʠʟʚʝʱʝʥʠʷ ʢ ʧʝʨʝʝʟʜʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

upp tVL ÖÖ= 28,0                                                       (1) 

ʛʜʝ pV  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʝʟʜʘ ʥʘ ʧʝʨʝʛʦʥʝ, 120 ʢʤ/ʯ; 

ut  - ʨʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʠʟʚʝʱʝʥʠʷ, ʩ; 

                               rcnʤu tttt ++=                                                          (2) 

ʛʜʝ ʤt  - ʚʨʝʤʷ ʧʨʦʭʦʜʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʯʝʨʝʟ ʧʝʨʝʝʟʜ, 26 ʩ; 

cnt  - ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʠʙʦʨʦʚ ʧʝʨʝʝʟʜʥʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʧʨʠʥʠʤʘʝʪʩʷ 

ʨʘʚʥʳʤ 4 ʩ; 

rt - ʛʘʨʘʥʪʠʡʥʦʝ ʚʨʝʤʷ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 20 ʩ. 

ɺʨʝʤʷ ʧʨʦʭʦʜʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʯʝʨʝʟ ʧʝʨʝʝʟʜ: 

ʤ

oʤn

ʤ
V

lll
t

++
=                                                        (3) 

ʛʜʝ ʤl - ʨʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 24 ʤ; 

nl - ʜʣʠʥʘ ʧʝʨʝʝʟʜʘ, ʧʨʠʥʠʤʘʝʪʩʷ 2,5 ʤ; 

ol  - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʝʩʪʘ ʦʩʪʘʥʦʚʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʜʦ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ 

ʩʚʝʪʦʬʦʨʘ ʠʣʠ ʰʣʘʛʙʘʫʤʘ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 5 ʤ; 

ʤV - ʨʘʩʯʝʪʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʯʝʨʝʟ ʧʝʨʝʝʟʜ, ʧʨʠʥʠʤʘʝʪʩʷ 

ʨʘʚʥʦʡ 1,4 ʤ/ʩ. 

ʊʘʢ ʢʘʢ ʜʣʷ ʣʶʙʦʛʦ ʧʝʨʝʝʟʜʘ ʚʩʝ ʚʝʣʠʯʠʥʳ, ʢʨʦʤʝ ʜʣʠʥʳ ʧʝʨʝʝʟʜʘ, ʙʫʜʫʪ 

ʩʦʚʧʘʜʘʪʴ, ʨʘʩʯʝʪ ʜʣʠʥʳ ʫʯʘʩʪʢʘ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
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( )3572,028,0 +ÖÖÖ= ʧpp lVL                                       (4) 

ʌʘʢʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʠʟʚʝʱʝʥʠʷ ʨʘʚʥʦ ʚʨʝʤʝʥʠ ʭʦʜʘ ʧʦʝʟʜʘ ʧʦ ʫʯʘʩʪʢʫ 

ʠʟʚʝʱʝʥʠʷ ʩ ʨʘʩʯʝʪʥʦʡ ʩʢʦʨʦʩʪʴʶ; 

28,0Ö
=

n

ʬ

ʬ
V

L
t                                                  (5) 

ʇʝʨʝʝʟʜ çʄʝʣʴʢʦʤʙʠʥʘʪè ʚ ʛʦʨʦʜʝ ʂʫʥʛʫʨʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʪʦʨʦʤ ʙʣʦʢ-

ʫʯʘʩʪʢʝ ʚ ʯʝʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʥʘʭʦʜʠʪʩʷ ʧʦ ʩʝʨʝʜʠʥʝ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

( ) ʤLp 1680355,272,012028,0 =+ÖÖÖ=  

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʧʝʨʝʝʟʜʘ ʜʦ ʙʣʠʞʘʡʰʝʡ ʩʠʛʥʘʣʴʥʦʡ ʪʦʯʢʠ ʤʝʥʴʰʝ, ʯʝʤ 

ʜʣʠʥʘ ʧʝʨʝʝʟʜʘ, ʟʥʘʯʠʪ ʬL = 2122,5 ʤ. ʈʘʩʯʝʪʥʦʝ ʠ ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʝʤʷ 

ʠʟʚʝʱʝʥʠʷ: 

ʩtu 5020426 =++=  

ʩtʬ 2,63
28,0120

5,2122
=

Ö
=  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʚʝʣʠʯʠʥʘ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʣʷʝʪ 13,2 ʩ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʦʨʤʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤʫ ʧʝʨʝʝʟʜʫ. 

ʇʝʨʝʝʟʜ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʟʘʢʨʳʚʘʪʴʩʷ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʪʦʷʥʢʘ ʘʚʪʦʤʦʙʠʣʝʡ ʜʦʣʞʥʘ ʙʳʪʴ 

ʤʠʥʠʤʘʣʴʥʦʡ[2, ʩ. 189].  

ɼʣʠʥʘ ʧʝʨʝʝʟʜʘ çʄʝʣʴʢʦʤʙʠʥʘʪè ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ, ʪʦʛʦ, ʯʪʦ 

ʰʣʘʛʙʘʫʤ ʧʝʨʝʢʨʳʚʘʝʪ ʧʨʦʝʟʜ ʥʘ 2/3: 

ä ++= kʰʣʧʤʧʝp llll /                                                (6) 

ʛʜʝ ʰʣl - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʦʛʦ ʰʣʘʛʙʘʫʤʘ ʜʦ ʢʨʘʡʥʝʛʦ ʨʝʣʴʩʘ, 

ʤ; 

kʧʤ ll +/  - ʰʠʨʠʥʘ ʤʝʞʜʫʧʫʪʴʷ ʠ ʢʦʣʝʠ, ʤ. 

ʤlʧʝp 620,9520,1410,4 =++=  
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ʈʝʟʫʣʴʪʘʪ ʥʝʦʙʭʦʜʠʤʦ ʦʢʨʫʛʣʠʪʴ ʜʦ ʮʝʣʦʛʦ ʯʠʩʣʘ, ʟʥʘʯʠʪ ʜʣʠʥʘ ʧʝʨʝʝʟʜʘ 

ʩʦʩʪʘʚʣʷʝʪ 10 ʤ. 

ʈʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʠʟʚʝʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

( )
rʧʨ

ʤ

ʦʵʢʧʝʨp

c tt
V

lll
t ++

++
=                                               (7) 

ʛʜʝ ʵʢl - ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʧʨʠʥʠʤʘʝʪʩʷ /24 

ʤ; 

ʧʨt - ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʠʙʦʨʦʚ ʠʟʚʝʱʝʥʠʷ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 4 ʩ; 

 

( )
ʩt p

c 46104
4,1

52410
=++

++
=

 

ɼʣʠʥʘ ʫʯʘʩʪʢʘ ʠʟʚʝʱʝʥʠʷ: 

6,3

p

cpp
tV

l
+

=                                             (3.8)  

ʤl p 46
6,3

46120
=

+
=  

ɺʨʝʤʷ ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʝʨʝʝʟʜʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ: 

cp

p

ʙʣ
V

L
t

6,3Ö
=                                                    (3.9) 

ʛʜʝ cpV  - ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 50 ʢʤ/ʯ. 

ʩtʙʣ 121
50

6,31680
=

Ö
=  

ɺʨʝʤʷ ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʙʣʦʢʠʨʫʶʱʝʛʦ ʨʝʣʝ ʚ ʩʭʝʤʝ ʬʠʢʩʘʮʠʠ 

ʧʨʦʩʣʝʜʦʚʘʥʠʷ ʧʦʝʟʜʘ ʠ ʧʦʷʚʣʝʥʠʝʤ ʚʩʪʨʝʯʥʦʛʦ ʧʦʝʟʜʘ ʥʘ ʫʯʘʩʪʢʝ ʫʜʘʣʝʥʠʷ: 

321 ttttcʙ ++= (3.10) 

ʛʜʝ 1t  - ʚʨʝʤʷ ʩʣʝʜʦʚʘʥʠʷ ʧʦʝʟʜʘ ʥʘ ʩʪʘʥʮʠʶ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 360 ʩ; 

2t  - ʚʨʝʤʷ ʧʨʦʩʣʝʜʦʚʘʥʠʷ ʧʦʝʟʜʘ ʧʦ ʤʘʨʰʨʫʪʫ ʩ ʙʦʢʦʚʦʛʦ ʧʫʪʠ, 420 ʩ; 

3t  - ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʦʙʤʝʥ ɼʉʇ ʩʦʩʝʜʥʠʭ ʩʪʘʥʮʠʡ 

ʪʝʣʝʬʦʥʦʛʨʘʤʤʘʤʠ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 120 ʩ. 
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ʩtcʙ 900120420360 =++=  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʟʘʥʷʪʠʠ ʫʯʘʩʪʢʘ ʟʘ ʧʝʨʝʝʟʜʦʤ 

ʧʝʨʝʝʟʜʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪʩʷ ʧʦʚʪʦʨʥʦ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 120 ʩ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʝʟʜʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ 

ʥʫʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʘʣʛʦʨʠʪʤ[3, ʩ. 23].  

ɸʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪ ʧʦʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ 

ʨʝʣʝ ʉɹ (ʩʙʨʦʩʘ ʥʘʛʨʫʟʢʠ) ʥʝ ʪʨʝʙʫʝʪʩʷ. 
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ʄ.ʄ. ʋʟʜʠʥʘ 4-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. - ʄ.: ʊʨʘʥʩʧʦʨʪ, 2011. - 925ʩ. 

2. ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʛʦʨʦʜʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ [ʊʝʢʩʪ]: ʈɼ 
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ʘʢʪʫʘʣʠʟʘʮʠʷ 01.10.2008: ɻʠʧʨʦʢʦʤʤʫʥʵʥʝʨʛʦ, ʕʥʝʨʛʦʩʝʪʴʧʨʦʝʢʪ, ʈɸʆ 
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3. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʧʝʨʝʝʟʜʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ: ʤʝʪʦʜ.ʫʢʘʟʘʥʠʷ ʧʦ 
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ʇɸʊɽʅʊʅʆ-ʀʅʌʆʈʄɸʎʀʆʅʅʓʁ ʆɹɿʆʈ ʊɽʍʅʆʃʆɻʀʀ ʀ 

ʊɽʍʅʀʂʀ ʉɹʆʈɸ ʈɸɿʃʀʊʓʍ ʅɽʌʊɽʇʈʆɼʋʂʊʆɺ 

ʗʢʦʚʣʝʚ ɸʣʝʢʩʝʡ ʉʝʨʛʝʝʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ ʀʞʝʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ  
ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ. ʊ. ʂʘʣʘʰʥʠʢʦʚʘ,  

ʈʌ, ʛ. ʀʞʝʚʩʢʘ 

 

ɸʥʥʦʪʘʮʠʷ. ʏʝʪʢʦʝ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʩʜʝʨʞʠʚʘʥʠʝ ʛʨʘʥʠʮ ʨʘʟʣʠʚʘ ʥʝʬʪʠ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʘʟʚʠʪʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʬʪʠ ʚ 

ʚʦʜʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʷʝʪ ʤʘʩʰʪʘʙʳ ʫʱʝʨʙʘ, ʥʘʥʦʩʠʤʦʛʦ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʟʘʪʨʘʪʳ ʥʘ ʣʠʢʚʠʜʘʮʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʠ. 

ʆʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʟʣʠʚʦʚ 

ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʛʦʪʦʚʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʡ ʢ ʨʝʘʛʠʨʦʚʘʥʠʶ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʘʚʘʨʠʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʥʘʣʠʯʠʝʤ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

 ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʥʘʩʝʣʝʥʠʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʚʘʨʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʚʘʤʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʧʨʦʤʳʩʣʦʚ, ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʷ ʩʙʦʨʘ ʨʘʟʣʠʪʦʡ ʥʝʬʪʠ, ʣʦʢʘʣʠʟʘʮʠʷ, 

ʩʦʨʙʝʥʪ, ʜʠʩʧʝʨʛʝʥʪ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ.  

 

ʈʘʟʣʠʚ ʥʝʬʪʠ - ʵʪʦ ʩʙʨʦʩ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʩʳʨʦʡ ʥʝʬʪʠ, ʩʤʝʩʝʡ, ʩʤʘʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʬʪʴ, ʠ ʦʯʠʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʧʨʦʠʟʦʰʝʜʰʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ ʜʦʙʳʯʝ, ʭʨʘʥʝʥʠʠ 

ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʠ. ʂ ʙʦʣʴʰʦʤʫ ʩʦʞʘʣʝʥʠʶ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʙʳʯʠ 

ʥʝʬʪʠ ʨʘʩʪʫʪ ʠ ʦʙʲʝʤʳ ʝʝ ʨʘʟʣʠʚʦʚ. ʉʣʦʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʨʘʟʣʠʚʳ ʥʝʬʪʠ ʧʨʠ ʝʸ ʧʦʧʘʜʘʥʠʠ ʚ ʚʦʜʳ ʧʨʦʤʳʩʣʦʚʳʭ 

ʘʢʚʘʪʦʨʠʡ. ʆʧʘʩʥʦʩʪʴ ʪʘʢʠʭ ʘʚʘʨʠʡ ʩʚʷʟʘʥʘ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʚʘʪʦʨʠʡ ʠ ʪʷʞʝʩʪʴʶ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
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ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʘʪʝʥʪʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʢʝ ʩʙʦʨʘ ʨʘʟʣʠʪʳʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ: 

1) ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʩʙʦʨʘ ʥʝʬʪʠ ʩ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ RU ˉ29857, (US) ˉ6221256). ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʩʙʦʨʘ 

ʥʝʬʪʠ ʩ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʫʧʨʘʚʣʷʝʤʳʭ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʨʦʙʦʪ-ʥʝʬʪʝʩʙʦʨʱʠʢ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʥʝʤ ʥʝʬʪʝʩʙʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. 

ʈʦʙʦʪ-ʥʝʬʪʝʩʙʦʨʱʠʢ ʚʳʧʦʣʥʷʶʪ ʩ ʨʦʪʦʨʥʦ-ʚʠʥʪʦʚʳʤʠ ʜʚʠʞʠʪʝʣʷʤʠ, ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʨʘʟʤʝʱʘʶʪ ʥʝʬʪʝʩʙʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʚʠʜʝ 

ʚʨʘʱʘʶʱʠʭʩʷ ʱʝʪʦʢ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʝʤʢʦʩʪʠ ʥʝʬʪʝʩʙʦʨʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʊʘʢʞʝ ʠʟʦʙʨʝʪʝʥʠʝ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ. 

2) ʉʠʩʪʝʤʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʙʠʦʩʦʨʙʝʥʪʘ ʥʘ ʥʝʬʪʷʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ (RU 

89515, RU2184707). ɼʣʷ ʙʳʩʪʨʦʡ ʟʘʱʠʪʳ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʞʠʜʢʠʭ ʠ 

ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʰʠʨʦʢʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʤʦʙʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, 

ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʜʦʩʪʘʚʣʷʶʪʩʷ ʢ ʤʝʩʪʫ ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ ʠ ʙʳʩʪʨʦ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝ ʜʘʚʘʷ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤ ʩʦ 

ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʧʦʧʘʜʘʪʴ ʚ ʤʝʩʪʥʳʝ ʨʝʢʠ ʠ ʦʪʨʘʚʣʷʪʴ ʠʭ. ʊʝʭʥʠʯʝʩʢʠʡ 

ʨʝʟʫʣʴʪʘʪ: ʩʦʟʜʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʚʩʝʩʝʟʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʛʦʜʥʦʡ ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ ʠʤʝʶʱʝʛʦʩʷ ʩʦʨʙʝʥʪʘ ʥʘ ʙʘʟʝ ʤʝʩʪʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʨʘʟʣʠʚʳ ʥʝʬʪʠ ʢʘʢ ʥʘ ʟʝʤʣʝ, ʪʘʢ ʠ ʥʘ ʚʦʜʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʫʩʪʨʘʥʷʪʴ ʥʝʬʪʷʥʳʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʠʭ ʨʘʟʣʠʚʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʙʦʨʘ ʠ ʫʪʠʣʠʟʘʮʠʠ ʩʦʨʙʝʥʪʘ ʩ ʥʝʬʪʷʥʳʤʠ 

ʟʘʛʨʷʟʥʝʥʠʷʤʠ. 

3) ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ ʦʪ ʥʝʬʪʝʰʣʘʤʘ (RU 

2437799).ʀʟʦʙʨʝʪʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʦʪʦʢ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʩʫʜʥʝ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʥʝʬʪʝʰʣʘʤ ʚʤʝʩʪʝ ʩ ʚʦʜʦʡ ʧʦʜʘʝʪʩʷ ʥʘ ʙʦʨʪ ʩʫʜʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʦʯʠʩʪʢʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʫʢʘʟʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ 
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ʯʨʝʟʤʝʨʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʘ, ʧʦʩʪʫʧʘʶʱʘʷ ʚʤʝʩʪʝ ʩ ʥʝʬʪʝʰʣʘʤʦʤ ʥʘ ʙʦʨʪ 

ʩʫʜʥʘ ʜʣʷ ʦʯʠʩʪʢʠ. 

4) ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʙʦʨʘ ʥʝʬʪʠ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʴʜʘ (2435902). 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ, ʜʦʩʪʠʛʘʝʤʳʡ ʧʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʙʦʨʝ ʥʝʬʪʠ ʧʦʜʦ ʣʴʜʦʤ ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʠ ʩʦʢʨʘʱʝʥʠʝ 

ʚʨʝʤʝʥʠ ʩʙʦʨʘ ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʢ 

ʩʦʨʙʠʨʫʶʱʝʤʫ ʤʘʪʝʨʠʘʣʫ ʜʣʷ ʩʙʦʨʘ ʥʝʬʪʠ, ʧʦʤʝʱʝʥʥʦʤʫ ʚ ʛʠʙʢʫʶ ʩʝʪʯʘʪʫʶ 

ʦʙʦʣʦʯʢʫ ʩ ʧʦʧʣʘʚʢʘʤʠ, ʧʦ ʧʝʨʝʜʥʝʤʫ ʢʨʘʶ ʧʨʠʢʨʝʧʣʝʥʘ ʧʦʣʦʩʘ ʤʘʪʝʨʠʘʣʘ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʧʦ ʥʠʟʫ ʛʨʫʟʦʤ, ʥʝʩʫʱʘʷ ʬʫʥʢʮʠʶ ʚʦʜʷʥʦʛʦ ʧʘʨʫʩʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʜʦʛʥʘʪʴ ʠ ʧʦʛʣʦʪʠʪʴ ʫʥʝʩʝʥʥʦʝ ʪʝʯʝʥʠʝʤ ʧʷʪʥʦ ʥʝʬʪʠ ʩ 

ʧʨʦʪʷʞʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʩ ʤʝʩʪʘ ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ. 

ɺʳʙʦʨ ʤʝʪʦʜʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʘ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʠʩʭʦʜʷ 

ʠʟ ʫʩʣʦʚʠʡ ʨʘʟʣʠʚʘ ʠ ʨʝʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭʩʷ ʠʤʝʶʱʠʤʠʩʷ 

ʩʠʣʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʤʝʩʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʞʠʛʘʥʠʷ, ʜʠʩʧʝʨʛʘʪʦʨʦʚ ʜʣʷ ʟʘʱʠʪʳ ʨʘʡʦʥʦʚ ʚʳʩʦʢʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ ʫʯʠʪʳʚʘʶʱʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɸʭʤʝʪʦʚ ʈ.ʀ. ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʠʷ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ, ʣʦʢʘʣʠʟʘʮʠʠ ʠ 
ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ ʥʘ ʧʝʨʝʭʦʜʘʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʯʝʨʝʟ ʚʦʜʥʳʝ 

ʧʨʝʛʨʘʜʳ // ʊʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʥʝʬʪʠ. ð ʄ.: ɺʅʀʀʆʕʅɻ, 1993.-

ˉ3- ʉ.3-22. 

2. https://findpatent.ru/ 
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ɺʀɼʓ ʂʀʉʃʆʊʅʓʍ ʆɹʈɸɹʆʊʆʂ ʇʈʀɿɸɹʆʁʅʆʁ ɿʆʅʓ 

ʉʂɺɸɾʀʅʓ 

ʗʢʦʚʣʝʚ ɸʣʝʢʩʝʡ ʉʝʨʛʝʝʚʠʯ 

 ʤʘʛʠʩʪʨʘʥʪ ʀʞʝʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ  
ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ. ʊ. ʂʘʣʘʰʥʠʢʦʚʘ,  

ʈʌ, ʛ.ʀʞʝʚʩʢʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʠ ʥʘʟʥʘʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ 

ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥ. ʊʘʢʞʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʠʯʠʥʳ ʥʠʟʢʦʛʦ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥ ʠ ʧʫʪʠ ʠʭ ʨʘʟʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʦʣʷʥʦ-ʢʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ, 

ʧʨʦʜʘʚʢʘ ʢʠʩʣʦʪʳ, ʧʘʢʝʨ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ ʩʦʚʝʨʰʘʝʪʩʷ ʟʘʩʦʨʝʥʠʝ ʧʨʠʟʘʙʦʡʥʦʡ 

ʟʦʥʳ ï ʟʘʧʦʣʥʝʥʠʝ ʧʦʨ ʪʚʝʨʜʳʤʠ ʠ ʨʘʟʙʫʭʰʠʤʠ ʧʦʨʦʜʘʤʠ, ʦʪʣʦʞʝʥʠʷʤʠ 

ʧʘʨʘʬʠʥʘ, ʩʤʦʣʷʥʠʩʪʳʤʠ ʦʩʪʘʪʢʘʤʠ ʥʝʬʪʠ, ʩʦʣʷʤʠ ʚʳʧʘʜʘʶʱʠʤʠ ʠʟ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʛʠʜʨʘʪʘʤʠ ʠ ʪ.ʜ. ɼʣʷ ʦʪʯʠʩʪʢʠ ʟʘʙʦʝʚ ʠ 

ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʩʢʚʘʞʠʥ, ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ ʦʪ ʩʦʣʝʚʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʦʨʦʜ ʧʨʦʠʟʚʦʜʷʪ ʢʠʩʣʦʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʢʚʘʞʠʥ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪ ʚ 

ʧʦʨʦʜʘʭ ʦʙʨʘʟʫʶʪʩʷ ʢʘʥʘʣʳ ʨʘʟʲʝʜʘʥʠʷ, ʧʫʩʪʦʪʳ, ʢʦʚʝʨʥʳ, ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʦʜ.  

ʉʦʣʷʥʦʢʠʩʣʦʪʥʳʝ ʦʙʨʘʙʦʪʢʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʣʠʯʘʶʪ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʚʠʜʦʚ: 

1) ʆʙʳʯʥʘʷ ʩʦʣʷʥʦʢʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ. ʆʩʥʦʚʥʦʝ ʥʘ ʟʥʘʯʝʥʠʝ ʦʙ r ʯʥʦʡ 

ʩʦ ʣʷʥʦʢʠʩʣʦʪʥʦʡ ʦʙ ʨʘʙʦʪʢʠ ʟʘ ʢʣʶʯʘʝʪʩ  ̫ ʚ ʟʘ ʢʘʯʢʝ ʢʠ ʩʣʦʪʳ ʚ ʧʣʘʩʪ, ʥʘ 

ʩʫ ʱʝʩʪʚʝʥʥʦʝ ʨʘ ʩʩʪʦʷʥʠʝ ʦʪ ʩʪ ʝʥʢʠ ʩʢ ʚʘʞʠʥʳ ʩ ʮʝ ʣʴʶ ʨʘ ʩʰʠʨʝʥʠʷ 

ʤʠ ʢʨʦʪʨʝʱʠʥ ʠ ʢʘʥʘʣʦʚ, ʯʪ ʦ ʫʚ ʝʣʠʯʠʚʘʝʪ ʧʨ ʦʥʠʮʘʝʤʦʩʪʴ ʠ ʧʨ ʦʜʫʢʪʠʚʥʦʩʪʴ 

ʩʢʚʘʞʠʥʳ. ʈʘ ʜʠʫʩ ʧʨ ʦʥʠʢʥʦʚʝʥʠʷ ʢʠ ʩʣʦʪʳ ʚ ʧʣ ʘʩʪ ʟʘ ʚʠʩʠʪ ʦʪ ʩʢ ʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ. ʉʢ ʦʨʦʩʪʴ ʨʝ ʘʢʮʠʠ ʟʘ ʚʠʩʠʪ ʜʘ ʚʣʝʥʠʷ ʠ ʢʦ ʥʮʝʥʪʨʘʮʠʠ ʢʠ ʩʣʦʪʥʦʛʦ 
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ʨʘʩʪʚʦʨʘ, ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʪ ʭʠ ʤʠʯ ʝʩʢʦʛʦ ʩʦ ʩʪʘʚʘ ʧʦʨʦʜʳ, ʠ ʭʘ ʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʨ ʝʤʝʥʝʤ ʝʸ ʥʝ ʡʪʨʘʣʠʟʘʮʠʠ (ʟ ʘʚʠʩʷʱʠʤ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ). 

ʆʙ r ʯʥʘʷ ʩʦ ʣʷʥʦʢʠʩʣʦʪʥʘʷ ʦʙ ʨʘʙʦʪʢʘ ʦʩʥ ʦʚʘʥʘ ʥʘ ʩʧ ʦʩʦʙʥʦʩʪʠ ʩʦ ʣʷʥʦʡ 

ʢʠ ʩʣʦʪʳ ʨʘ ʩʪʚʦʨʷʪʴ ʢʘ ʨʙʦʥʘʪʥʳʝ ʧʦ ʨʦʜʳ ʧʦ ʨʝ ʘʢʮʠʷʤ ʩ ʠʟʚʝʩʪʥʷʢʦʤ, 

ʜʦ ʣʦʤʠʪʦʤ (CaMgCO3). ʇʨ ʦʜʫʢʪʳ ʨʝ ʘʢʮʠʠ ʭʦ ʨʦʦh ʨʘ ʩʪʚʦʨʠʤʳ ʚ ʚʦ ʜʝ ʠ 

ʩʨ ʘʚʥʠʪʝʣʴʥʦ ʣʝ ʛʢʦ ʫʜ ʘʣʷʶʪʩʷ ʠʟ ʇɿ ʉ ʧʨ ʠ ʚ  rʟʦʚʝ ʧʨ ʠʪʦʢʘ ʠ ʦʩʚʦʝʥʠʠ. 

ʅʘ ʠʙʦʣʝʝ ʵʬ ʬʝʢʪʠʚʥʦ ʨʝ ʘʢʮʠʷ ʠʜ ʝʪ ʚ ʧʦ ʨʦʚʳʭ ʢʘʥʘʣʘʭ, ʢʦ ʪʦʨʳʝ ʨʘʩʰʠʨʷʶʪʩʷ, 

ʧʨ ʠʦʙʨʝʪʘʷ ʬʦ ʨʤʫ ʫʟ ʢʠʭ ʠ ʜʣ ʠʥʥʳʭ ʢʘ ʚʝʨʥ  

2) ʉʦʣʷʥʦʢʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ 

ʩ ʮʝʣʴʶ ʧʨʦʜʘʚʢʠ ʢʠʩʣʦʪʳ ʚ ʤʘʣʦʧʨʦʥʠʮʘʝʤʳʝ ʟʦʥʳ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ 

ʧʫʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʜʦ 15-30ʄʇʘ. ɺʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ 

ʧʨʦʜʘʚʣʠʚʘʥʠʷ ʢʠʩʣʦʪʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʣʫʙʦʢʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʢʠʩʣʦʪʳ ʚ 

ʧʣʘʩʪ, ʦʭʚʘʪʫ ʢʠʩʣʦʪʥʳʤ ʨʘʩʪʚʦʨʦʤ ʤʘʣʦʧʨʦʥʠʮʘʝʤʳʭ ʧʣʘʩʪʦʚ ʠ ʫʯʘʩʪʢʦʚ 

ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʠʩʣʦʪʥʳʭ ʦʙʨʘʙʦʪʦʢ.  

ʇʦ ʜ ʚʣ ʠʷʥʠʝʤ ʧʦ ʚʳʰʝʥʥʦʛʦ ʜʘ ʚʣʝʥʠʷ ʢʠ ʩʣʦʪʥʳʡ ʨʘ ʩʪʚʦʨ ʟʘ ʢʘʯʠʚʘʝʪʩʷ ʚ 

ʥʠ ʟʢʦʧʨʦʥʠʮʘʝʤʳʝʟʦ ʥ  r ʧʣʘʩʪʘ, ʯʪ ʦ ʩʫ ʱʝʩʪʚʝʥʥʦ ʫʚ ʝʣʠʯʠʚʘʝʪ ʦʭ ʚʘʪ ʧʣ ʘʩʪʘ 

ʧʨ ʦʮʝʩʩʦʤ ʢʠ ʩʣʦʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʙ ʲʝʤ ʥʝ ʬʪʝʢʠʩ ʣʦʪʥʦʡ ʵʤ ʫʣʴʩʠʠ 

ʨʘ ʩʩʯʠʪʳʚʘʶʪ ʧʦ ʨʝ ʟʫʣʴʪʘʪʘʤ ʛʠ ʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʩ ʩʣʝʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥʳ, 

ʧʨ ʦʬʠʣʝʡ ʧʨ ʠʪʦʢʘ (ʧʨʠʝʤʠʩʪʦʩʪʠ), ʘ ʪʘ ʢʞʝ ʢʦ ʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʦʥʳ ʧʣʘʩʪʘ. 

ʇʨ ʠ ʧʨ ʦʚʝʜʝʥʠʠ ʩʦ ʣʷʥʦʢʠʩʣʦʪʥʦʡ ʦʙ ʨʘʙʦʪʢʠ ʧʦ ʜ ʜʘ ʚʣʝʥʠʝʤ ʜʣ  ̫ʟʘ ʢʫʧʦʨ ʢʠ 

ʚ  rʩʦʢʦʧʨʦʥʠʮʘʝʤʳʭ ʧʨ ʦʧʣʘʩʪʦʚ ʚ ʥʠ ʭ ʟʘ ʢʘʯʠʚʘʝʪʩʷ ʢʠ ʩʣʦʪʥʘʷ ʵʤʫʣʴʩʠʷ. 

ʅʝ ʬʪʝʢʠʩʣʦʪʥʳʝ ʵʤ ʫʣʴʩʠʠ ʩʦ ʩʪʦʷʪ ʠʟ ʩʤ ʝʩʠ ʨʘ ʩʪʚʦʨʘ HC l ʠ ʥʝʬʪʠ. 

ʉʦ ʦʪʥʦʰʝʥʠʝ ʢʦ ʤʧʦʥʝʥʪʦʚ ʵʤ ʫʣʴʩʠʠ: 70 % ʧʦ ʦʙ ʲʝʤʫ ï ʢʠ ʩʣʦʪʥʳʡ ʨʘʩʪʚʦʨ, 

30 % ï ʜʝ ʛʘʟʠʨʦʚʘʥʥʘʷ ʥʝʬʪʴ. ʇʨ ʠ ʧʦ ʣʫʯʝʥʠʠ ʣʝ ʛʢʦʡ ʜʝ ʛʘʟʠʨʦʚʘʥʥʦʡ ʥʝ ʬʪʠ ʢ 

ʥʝ ʡ ʜʦ ʙʘʚʣʷʶʪ ʦʢ ʠʩʣʝʥʥʳʡ ʤʘʟʫʪ, ʛʫ ʜʨʦʥ ʠ ʜʨ. ɼʣ  ̫ ʧʦ ʣʫʯʝʥʠʷ ʭʦ ʨʦʰʝʛʦ 

ʢʘ ʯʝʩʪʚʘ ʵʤ ʫʣʴʩʠʠ ʢ ʥʝ ʡ ʜʦ ʙʘʚʣʷʶʪ ʨʘ ʟʣʠʯʥʳʝ ʵʤ ʫʣʴʛʠʨʫʶʱʠʝ ʚʝʱʝʩʪʚʘ. 

ɺ ̫ʟʢʦʩʪʴ ʵʤʫʣʴʩʠʠ, ʦʙ ʨʘʟʫʶʱʝʡʩʷ ʚ ʭʦ ʜʝ ʧʨʦʮʝʩʩʘ, ʟʘ ʚʠʩʠʪ ʦʪ ʜʠ ʩʧʝʨʩʥʦʩʪʠ ʝʝ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʪ.ʝ. ʚ ʧʨ ʷʤʦʡ ʧʨ ʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʦʪ ʚʨ ʝʤʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 
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ʇʨ ʠ ʜʦ ʚʦʣʴʥʦ ʜʣ ʠʪʝʣʴʥʦʤ ʚʨ ʝʤʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʥʘ ʚ rʭʦʜʝ ʧʦ ʣʫʯʘʶʪ 

ʤʝ ʣʢʦʜʠʩʧʝʨʩʥʫʶ ʵʤ ʫʣʴʩʠʶ ʩ ʚʷ ʟʢʦʩʪʴʶ ʜʦ 10 ʇʘ*ʩ. ʇʦ ʣʫʯʝʥʥʘʷ 

ʥʝ ʬʪʝʢʠʩʣʦʪʥʘʷ ʵʤ ʫʣʴʩʠʷ ʟʘ ʢʘʯʠʚʘʝʪʩʷ ʚ ʧʨ ʠʟʘʙʦʡʥʫʶ ʟʦ ʥʫ ʩʢʚʘʞʠʥʳ, 

ʧʨ ʦʥʠʢʘʝʪ ʠ ʟʘ ʧʦʣʥʷʝʪ ʟʦ ʥ  rʧʦ ʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ.  

4) ʇʦʠʥʪʝʨʚʘʣʴʥʘʷ ʠʣʠ ʩʪʫʧʝʥʯʘʪʘʷ ʩʦʣʷʥʦʢʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ. ʄʝʪʦʜ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʚʩʢʨʳʪʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʧʨʦʩʣʦʝʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʦʙʱʠʤ ʬʠʣʴʪʨʦʤ ʠʣʠ ʦʙʱʠʤ ʦʪʢʨʳʪʳʤ ʟʘʙʦʝʤ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʝ ʨʘʟʦʚʦʡ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʩʝʛʦ ʠʥʪʝʨʚʘʣʘ ʩʢʚʘʞʠʥʳ, 

ʧʦʟʠʪʠʚʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʠʙʦʣʝʝ ʧʨʦʥʠʮʘʝʤʦʤ 

ʧʨʦʧʣʘʩʪʢʝ. ɼʨʫʛʠʝ ʧʨʦʩʣʦʠ, ʩ ʫʭʫʜʰʝʥʥʦʡ ʛʠʜʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʩʪʘʶʪʩʷ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ ʩʦʣʷʥʦʢʠʩʣʦʪʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʥʘ ʦʩʪʘʣʴʥʳʭ ʧʨʦʧʣʘʩʪʢʘʭ ʠʭ ʠʟʦʣʠʨʫʶʪ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʨʦʚ, 

ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʛʨʘʥʠʮ ʠʥʪʝʨʚʘʣʦʚ ʠʣʠ 

ʧʨʦʧʣʘʩʪʢʦʚ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠ ʝʛʦ ʧʨʦʙʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʝʭʦʜʷʪ ʢ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʩʣʝʜʫʶʱʝʛʦ ʠʥʪʝʨʚʘʣʘ ʩʢʚʘʞʠʥʳ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɻʠʤʘʪʫʜʠʥʦʚ ʐ.ʂ. çʉʧʨʘʚʦʯʥʘʷ ʢʥʠʛʘ ʧʦ ʜʦʙʳʯʝ ʥʝʬʪʠè ʄ. ʅʝʜʨʘ, 1980 ʛ 

2. ʂʫʜʠʥʦʚ ɺ.ʀ., ʉʫʯʢʦʚ ɹ.ʄ., çʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʪʝʢʫʱʝʡ ʜʦʙʳʯʠ ʥʝʬʪʠè 
çʅʝʬʪʷʥʦʝ ʭʦʟʷʡʩʪʚʦ 1990 ʛ., ˉ7. 

3. ʄʠʱʝʥʢʦ ʀ.ʊ. ʉʢʚʘʞʠʥʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ. ʅʝʬʪʴ ʠ ʛʘʟ, ʄʦʩʢʚʘ, 2003 ʛ. 

 

 

  



 

143 

 

ʉɽʂʎʀʗ 2.  

ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʃɽɹɸʅʀʁ ʉʊʈʋʅ ʄʋɿʓʂɸʃʔʅʓʍ 

ʀʅʉʊʈʋʄɽʅʊʆɺ 

ɹʫʛʘʝʥʢʦ ɺʘʣʝʨʠʷ ɸʥʜʨʝʝʚʥʘ 

ʦʙʫʯʘʶʱʠʝʩʷ ʄɹʆʋ ʉʆʐ ˉ19, 
 ʈʌ, ʛ. ʉʫʨʛʫʪ 

ʂʘʨʘʚʘʝʚ ʄʘʢʩʠʤ ɸʥʘʪʦʣʴʝʚʠʯ 

ʦʙʫʯʘʶʱʠʝʩʷ ʄɹʆʋ ʉʆʐ ˉ19,  
ʈʌ, ʛ. ʉʫʨʛʫʪ 

ʂʠʤʣʷ ʀʣʴʷ ɽʚʛʝʥʴʝʚʠʯ 

ʦʙʫʯʘʶʱʠʝʩʷ ʄɹʆʋ ʉʆʐ ˉ19, 
 ʈʌ, ʛ. ʉʫʨʛʫʪ 

ʃʦʢʠʩ ʅʠʢʠʪʘ ɸʣʝʢʩʝʝʚʠʯ  

ʦʙʫʯʘʶʱʠʝʩʷ ʄɹʆʋ ʉʆʐ ˉ19, 
 ʈʌ, ʛ. ʉʫʨʛʫʪ 

ʉʝʤʝʥʦʚ ʆʣʝʛ ʖʨʴʝʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ  
ʚʳʩʰʝʡ ʢʘʪʝʛʦʨʠʠ, ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʌ, ʛ. ʉʫʨʛʫʪ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥ 

ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʫʨʘʚʥʝʥʠʷ ʧʦʧʝʨʝʯʥʦ-

ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʛʠʙʢʦʡ ʥʘʪʷʥʫʪʦʡ ʩʪʨʫʥʳ. ʇʦʣʫʯʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ 

ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʯʘʩʪʦʪ ʠ ʧʝʨʠʦʜʦʚ 

ʢʦʣʝʙʘʥʠʡ ʧʦ ʛʨʘʬʠʢʘʤ ʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. 

ʆʙʥʘʨʫʞʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʠ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʜʚʫʭ 

ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʝʙʘʥʠʷ, ʚʦʣʥʳ, ʯʘʩʪʦʪʘ, ʧʝʨʠʦʜ, ʦʩʮʠʣʣʦʛʨʘʤʤʘ, 

ʤʫʟʳʢʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʛʠʪʘʨʘ, ʩʪʨʫʥʘ, ʛʨʘʬʠʢ. 
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ʂʦʣʝʙʘʥʠʷ ï ʵʪʦ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʪʝʣʘ, ʦʙʣʘʜʘʶʱʠʝ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʝʧʝʥʴʶ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ. ɿʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʪ.ʝ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʝʞʝʥʠʡ ʠʣʠ 

ʩʛʫʱʝʥʠʡ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. ɼʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʶʙʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʦʙʭʦʜʠʤ 

ʠʩʪʦʯʥʠʢ ʠʣʠ ʩʠʣʘ, ʢʦʪʦʨʘʷ ʠʭ ʩʦʟʜʘʸʪ.  

ʂ ʩʪʨʫʥʥʳʤ ʤʫʟʳʢʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ ʩʢʨʠʧʢʘ, ʚʠʦʣʦʥʯʝʣʴ, 

ʘʣʴʪ, ʢʦʥʪʨʘʙʘʩ, ʘʨʬʘ, ʛʠʪʘʨʘ, ʛʫʩʣʠ, ʙʘʣʘʣʘʡʢʘ, ʜʦʤʨʘ. ɺʩʝ ʩʪʨʫʥʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʧʝʨʝʜʘʶʪ ʢʦʣʝʙʘʥʠʷ ʦʪ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʫʥ ʚʦʟʜʫʭʫ 

ʯʝʨʝʟ ʩʚʦʡ ʢʦʨʧʫʩ ʠʣʠ ʯʝʨʝʟ ʟʚʫʢʦʩʥʠʤʘʪʝʣʴ ʚ ʩʣʫʯʘʝ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ. ʉʪʨʫʥʥʳʝ ʤʫʟʳʢʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʪʝʭʥʠʢʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʨʫʥʫ, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʪʝʭʥʠʢʠ ï ʵʪʦ ʱʠʧʦʢ, ʜʝʡʩʪʚʠʝ 

ʩʤʳʯʢʘ ʠ ʫʜʘʨ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʩʪʨʫʥ ʜʚʫʭ ʤʫʟʳʢʘʣʴʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ - ʛʠʪʘʨʳ ʠ ʙʘʣʘʣʘʡʢʠ. ʎʝʣʴ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥ ʛʠʪʘʨʳ ʠ ʙʘʣʘʣʘʡʢʠ, ʧʦʣʫʯʝʥʠʝ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʯʘʩʪʦʪ ʠ ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ ʜʣʷ 

ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʨʘʚʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʨʘʙʦʪʳ [1-7]. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʘʩʩʠʯʝʩʢʫʶ ʰʝʩʪʠʩʪʨʫʥʥʫʶ ʛʠʪʘʨʫ ʠ ʙʘʣʘʣʘʡʢʫ-ʧʨʠʤʘ. ɻʠʪʘʨʘ 

ï ʩʪʨʫʥʥʳʡ ʱʠʧʢʦʚʳʡ ʤʫʟʳʢʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩ ʥʘʪʷʥʫʪʳʤʠ ʩʪʨʫʥʘʤʠ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʶʪ ʟʚʫʢʠ ʨʘʟʥʦʡ ʯʘʩʪʦʪʳ (ʨʠʩ. 1).  
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ʈʠʩʫʥʦʢ 1. ʂʣʘʩʩʠʯʝʩʢʘʷ ʠʩʧʘʥʩʢʘʷ ʛʠʪʘʨʘ (ʩʪʨʦʡ ʛʠʪʘʨʳ e, h, g, d, a, e)  

ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʦʪ ʧʦ ʣʘʜʘʤ ʙʘʣʘʣʘʡʢʠ (ʩʪʨʦʡ e, h, g) 

 

ɹʘʣʘʣʘʡʢʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʱʠʧʢʦʚʳʡ ʩʪʨʫʥʥʳʡ 

ʤʫʟʳʢʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩ ʪʨʝʫʛʦʣʴʥʦʡ ʜʝʢʦʡ. ɼʣʷ ʛʠʪʘʨʳ ʠ ʙʘʣʘʣʘʡʢʠ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʥʘʩʪʨʦʡʢʠ ʩʪʨʫʥ (ʨʠʩ. 1). 

ʇʦʜ ʩʪʨʫʥʦʡ ʚ ʘʢʫʩʪʠʢʝ ʧʦʥʠʤʘʶʪ ʦʜʥʦʨʦʜʥʫʶ ʪʦʥʢʫʶ ʛʠʙʢʫʶ ʫʧʨʫʛʫʶ 

ʥʠʪʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʪʨʫʥʳ, ʧʨʦʷʚʣʷʶʪʩʷ ʩʠʣʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʩʦʩʝʜʥʠʝ ʫʯʘʩʪʢʠ ʠ ʩʪʨʫʥʘ ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ; ʠ 

ʚʦʟʥʠʢʰʝʝ ʢʦʣʝʙʘʥʠʝ ʙʝʞʠʪ ʧʦ ʩʪʨʫʥʝ - ʧʦʧʝʨʝʯʥʳʝ ʙʝʛʫʱʠʝ ʚʦʣʥʳ (ʨʠʩ.2), 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʪʦʯʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʨʫʥʫ.  

 

 

ʈʠʩʫʥʦʢ 2. ʇʦʧʝʨʝʯʥʳʝ ʚʦʣʥʳ ʥʘ ʩʪʨʫʥʝ 

 

ʋʨʘʚʥʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚ ʩʪʨʫʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

                                            (1) 
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ʛʜʝ x, y ï ʢʦʦʨʜʠʥʘʪʘ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʢʦʣʝʙʣʶʱʝʡʩʷ ʪʦʯʢʠ ʥʘ 

ʩʪʨʫʥʝ, t ï ʚʨʝʤʷ ʢʦʣʝʙʘʥʠʷ ʩʪʨʫʥʳ, b ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʫʭ ʙʝʛʫʱʠʭ ʚʦʣʥ: 

                                  (2) 

ʇʦʧʝʨʝʯʥʳʝ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʪʨʫʥʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ: 

                (3) 

ʛʜʝ l ï ʜʣʠʥʘ ʩʪʨʫʥʳ, ɤn = ˊĀnĀb/l ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ɸʧ, ɺʧ ï ʘʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥʳ, n ï ʯʠʩʣʦ ʢʦʣʝʙʘʥʠʡ [1-2]. 

ʉʪʨʫʥʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ, ʩʤʝʱʘʝʪʩʷ ʧʦʧʝʨʝʢ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʠʩʧʳʪʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ï 

ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ. çɺʦʟʥʠʢʘʶʱʠʝ ʩʠʣʳ ʊ ʚ ʩʪʨʫʥʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʦʪʥʦʰʝʥʠʝʤ:  

ʊ = F / 2ĀsinŬ,                                                      (4)  

ʛʜʝ F ï ʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ ʥʘ ʩʪʨʫʥʫ, Ŭ ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʩʪʨʫʥʳ ʦʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷè.  

çʇʦʧʝʨʝʯʥʳʝ ʚʦʟʥʠʢʘʶʱʠʝ ʩʠʣʳ ʦʢʘʟʳʚʘʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʨʦʜʦʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ ʢʦʨʧʫʩʘ ʠ ʩʪʨʫʥ. ʆʥʠ ʙʫʜʫʪ ʨʘʩʢʘʯʠʚʘʪʴ ʜʝʢʫ ʤʫʟʳʢʘʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʪʘʥʫʪ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʚʫʢʘ. 

ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ (1-4) ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʧʦʧʝʨʝʯʥʦ-ʧʨʦʜʦʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʛʠʙʢʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʪʷʥʫʪʦʡ ʩʪʨʫʥʳ: 

                (5) 

ʛʜʝ b, ʘ ï ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ, ʝ0 ï ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʩʪʨʫʥʳ. ʋʨʘʚʥʝʥʠʷ (5) ʧʦʟʚʦʣʷʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʠʩʘʪʴ ʢʦʣʝʙʘʥʠʷ 

ʩʪʨʫʥ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠè [2].  
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʣʶʱʠʭʩʷ ʩʪʨʫʥ 

ʧʨʠʤʝʥʷʣʦʩʴ ʩʣʝʜʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, 

ʰʝʩʪʠʩʪʨʫʥʥʘʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʛʠʪʘʨʘ, ʛʠʪʘʨʥʳʡ ʪʶʥʝʨ Korg, ʙʘʣʘʣʘʡʢʘ-ʧʨʠʤʘ, 

ʤʠʢʨʦʬʦʥʳ, ʤʠʢʰʝʨʥʳʡ ʧʫʣʴʪ, ʧʨʝʜʫʩʠʣʠʪʝʣʴ, ʧʴʝʟʦʜʘʪʯʠʢ, ʩʠʩʪʝʤʘ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ, ʩʪʫʜʠʡʥʳʝ ʥʘʫʰʥʠʢʠ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ - 

ʵʣʝʢʪʨʦʥʥʳʡ ʦʩʮʠʣʣʦʛʨʘʬ Frequency Analyzer (ʨʠʩ. 3).  

 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʟʚʫʢʦʟʘʧʠʩʳʚʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ 

 

ɿʘʧʠʩʴ ʘʢʫʩʪʠʯʝʩʢʦʡ ʛʠʪʘʨʳ ʥʘʯʠʥʘʣʠ ʩ ʥʘʩʪʨʦʡʢʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʩʪʨʦʡ 

ʛʠʪʘʨʳ ʢʣʘʩʩʠʯʝʩʢʠʡ ï (e, h, g, d, a, e) ʠ ʩʪʨʦʡ ʙʘʣʘʣʘʡʢʠ-ʧʨʠʤʘ ï (e, e, 

a). ʇʨʦʚʝʨʢʘ ʥʘʩʪʨʦʡʢʠ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʛʠʪʘʨʥʦʛʦ ʪʶʥʝʨʘ Korg [3, 4].  

ɼʣʷ ʟʘʧʠʩʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʛʠʪʘʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʥʜʝʥʩʘʪʦʨʥʳʡ ʤʠʢʨʦʬʦʥ, 

ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30-40 ʩʤ ʨʷʜʦʤ ʩ ʦʪʚʝʨʩʪʠʝʤ ʨʝʟʦʥʘʪʦʨʘ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʪʘʢʞʝ ʧʨʠʤʝʥʷʣʠ ʧʴʝʟʦʜʘʪʯʠʢʠ (ʨʠʩ.4).  

 

ʈʠʩʫʥʦʢ 4. ʇʦʜʢʣʶʯʝʥʠʝ ʛʠʪʘʨʳ ʢ ʢʦʤʧʴʶʪʝʨʫ ʩ ʧʦʤʦʱʴʶ ʧʴʝʟʦʜʘʪʯʠʢʘ ʠ 

ʟʘʧʠʩʴ ʢʦʣʝʙʘʥʠʷ ʩʪʨʫʥ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ 


