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ɼʨʫʢʫʻʪʴʩʷ ʟʘ ʨʽʰʝʥʥʷʤ ʚʯʝʥʦʾ ʨʘʜʠ  

ʏʝʨʥʽʛʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

(ʧʨʦʪʦʢʦʣ ˉ 5 ʚʽʜ 30 ʪʨʘʚʥʷ 2016 ʨ.). 

 

 

ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʥʘʫʢʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ ʽ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ : 

ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ 

ʫʯʝʥʠʭ (ʤ. ʏʝʨʥʽʛʽʚ, 18 - 19 ʪʨʘʚʥʷ 2016 ʨ.) : ʟʙʽʨʥʠʢ ʪʝʟ ʜʦʧʦʚʽʜʝʡ. - ʏʝʨʥʽʛʽʚ : 

ʏʝʨʥʽʛ. ʥʘʮ. ʪʝʭʥʦʣ. ʫʥ-ʪ, 2016. ï 314 ʩ. 

 

ɼʦ ʟʙʽʨʥʠʢʘ ʫʚʽʡʰʣʠ ʪʝʟʠ ʥʘʫʢʦʚʠʭ ʜʦʧʦʚʽʜʝʡ ʫʯʘʩʥʠʢʽʚ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ 

ʥʘʫʢʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ ʽ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽè, ʷʢʘ ʚʽʜʙʫʣʘʩʷ ʫ ʏʝʨʥʽʛʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 18-19 ʪʨʘʚʥʷ 2016 ʨʦʢʫ.  
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ɻʦʣʦʚʘ ʦʨʛʢʦʤʽʪʝʪʫ: 

ʂʘʟʠʤʠʨ ɺ.ɺ. - ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʏʅʊʋ, ʜ.ʪ.ʥ., ʧʨʦʬ. 

 

ɿʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ʦʨʛʢʦʤʽʪʝʪʫ :  
ɹʫʡʥʠʡ ʈ.ʆ. - ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ, ʢ.ʪ.ʥ., ʜʦʮ. 

 

ʏʣʝʥʠ ʦʨʛʢʦʤʽʪʝʪʫ: 

ʎʠʙʫʣʷ ʉ.ɼ. - ʜʠʨʝʢʪʦʨ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʪʝʭʥʦʣʦʛʽʡ ʏʅʊʋ, ʜ.ʪ.ʥ., ʜʦʮ. 

ʂʘʡʜʘʰ ʄ.ɼ. - ʜʝʢʘʥ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ, ʢ.ʪ.ʥ., ʜʦʮ.  

ʂʘʣʴʯʝʥʢʦ ɺ.ɯ. - ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʛʘʣʫʟʝʚʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʜ.ʪ.ʥ., ʧʨʦʬ.  

ɯʚʘʥʝʮʴ ʉ.ɸ. - ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʢ.ʪ.ʥ., ʜʦʮ.  

ʉʠʟʘ ʆ.ɯ. - ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʜ.ʪ.ʥ., ʧʨʦʬ.   

ʉʢʦʨʦʙʦʛʘʪʦʚʘ ɺ.ɯ. - ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ  ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ, ʜ.ʪ.ʥ., ʧʨʦʬ.  

ʊʝʨʝʱʫʢ ʆ.ɯ. - ʜʝʢʘʥ ʽʥʞʝʥʝʨʥʦ-ʙʫʜʽʚʝʣʴʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ, ʢ.ʪ.ʥ., ʜʦʮ.  

ʉʘʭʥʦ ɭ.ʖ. - ʜ.ʪ.ʥ., ʧʨʦʬ.  

ʈʘʜʯʝʥʢʦ ɺ.ʄ. - ʜʠʨʝʢʪʦʨ ʢʦʣʝʜʞʫ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʏʅʊʋ 

ʉʦʢʦʣ ʄ.ɺ. - ʜʠʨʝʢʪʦʨ ʢʦʣʝʜʞʫ ʝʢʦʥʦʤʽʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ ʏʅʊʋ 

ʂʦʨʤʠʣʦ ɯ.ʄ. - ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ ʦʨʛʢʦʤʽʪʝʪʫ, ʧʨʦʚʽʜʥʠʡ ʩʧʝʮʽʘʣʽʩʪ ʚʽʜʜʽʣʫ 

ʧʽʜʛʦʪʦʚʢʠ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ ʢʘʜʨʽʚ 

 

 

 

 

 
  ʄʘʪʝʨʽʘʣʠ ʥʘʜʨʫʢʦʚʘʥʽ ʚ ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ. ɸʚʪʦʨʠ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʢʣʘʜʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ,ʟʘ ʧʨʘʚʠʣʴʥʝ ʮʠʪʫʚʘʥʥʷ ʜʞʝʨʝʣ ʪʘ ʧʦʩʠʣʘʥʥʷ ʥʘ ʥʠʭ. 

 
© ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ  

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 2016 
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ɿʄɯʉʊ 

ʄɽʍɸʅɯʂʆ-ʄɸʊɽʄɸʊʀʏʅɸ ʉɽʂʎɯʗ 

 
ɺʦʨʦʙʝʡ ɯ.ʇ., ɹʽʣʦʫʩ ɸ.ɺ., ɼʝʨʢʘʯ ʆ.ʃ.  

ɸʂʊʀɺʅɽ ɼɽʄʇʌɯʈʋɺɸʅʅʗ ʂʆʃʀɺɸʅʔ ʉʊɽʈɾʅɽɺʀʍ ɽʃɽʄɽʅʊɯɺ ʂʆʅʉʊʈʋʂʎɯʁ ʇʈʀ ɼɯɰ ʅɽʉʊɸʎɯʆʅɸʈʅʆɻʆ 

ʅɸɺɸʅʊɸɾɽʅʅʗ  10 

ɻʨʠʮʶʢ ɺ.ʖ. 

ʈʆɿʈɸʍʋʅʆʂ ʇʆʇɽʈɽʏʅʆɻʆ ʋɼɸʈʋ ʉʊɽʈɾʅɽʄ ʆɹ ʇɽʈɽʇʆʅʋ 12 

ɺʦʨʦʙʝʡ ʆ.ʄ., ɺ.ʆ. ɻʨʘʙʦʚʝʮʴ 

ʅʆɺɯʊʅɯ ʄɸʊɽʈɯɸʃʀ ɺ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅɯ 14 

ɸʙʨʘʤʦʚ ɯ.  

ɸʇʈʆʂʉʀʄɸʎɯʗ ʈʆɿʇʆɼɯʃʋ ʏʀʉɽʃ ʋ ʈʗɼʂɸʍ ʊʈʀʂʋʊʅʀʂɸ ʇɸʉʂɸʃʗ 15 

ɼʫʜʽʢ ʄ.ʆ. 
ɼʆʉʃɯɼɾɽʅʅʗ ɹɸɿʀʉʅʀʍ ʌʋʅʂʎɯʁ ɹɯʂʋɹɯʏʅʆɻʆ ʉʂɯʅʏɽʅʅʆɻʆ ɽʃɽʄɽʅʊɸ 17 

ɹʝʟʝʨʜʷʥ ʉ.ɯ. 

ʇʈʆ ɿɺËʗɿʆʂ ɼɺʆʍ ʌʋʅʂʎɯʆʅɸʃɯɺ ɿ ʊɽʆʈɯɰ ʄʉɽ 19 

ɹʻʣʽʢ ɺ.ʆ. 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɸ ʂʆʐɯ ʇʈʀ ʈʆɿɺôʗɿʋɺɸʅʅɯ ʌɯɿʀʏʅʀʍ ɯ ʊɽʍʅɯʏʅʀʍ ɿɸɼɸʏ 20 

ɹʦʡʢʦ ɹ.ʖ. 
ʇʈʆɻʈɸʄɸ ɼʃʗ ʇʈʆɺɽɼɽʅʅʗ ʆɹʏʀʉʃɽʅʔ ɯʅʊɽɻʈɸʃɯɺ ʊɸ ʌɸʂʊʆʈɯɸʃɯɺ 21 

ɺʝʨʪʽʡʢʦ ɸ. 

ʄʆɼɽʃɯ ɺʀʈʆɹʅʀʏʆɻʆ ʇʈʆʎɽʉʋ 22 

ɺʦʣʦʰʠʥʘ ʄ.ʉ., ʂʦʨʥʽʻʥʢʦ ʉ.ʇ. 

ɿɸɼɸʏɯ, ʑʆ ʇʈʀɺʆɼʗʊʔ ɼʆ ʈɯɺʅʗʅʔ ʋ ʏɸʉʊʀʅʅʀʍ ʇʆʍɯɼʅʀʍ  24 

ɾʫʨʢʦ ɼ.ʆ., ʈʫʥʦʚʩʴʢʘ ʃ.ɸ. 

ɿʅɸʍʆɼɾɽʅʅʗ ɽʃɽʄɽʅʊɯɺ ɼʈɯɹʅʆ-ʃɯʅɯʁʅʀʍ ʇɽʈɽʊɺʆʈɽʅʔ ʄɽʊʆɼɸʄʀ ʃɯʅɯʁʅʆɰ ɸʃɻɽɹʈʀ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ʄɸʊʈʀʏʅʆɻʆ ʏʀʉʃɽʅʅʗ 25 

ɿʘʭʘʨʯʝʥʢʦ ɼ.ʉ. 

ɻɽʆʄɽʊʈʀʏʅɸ ɯʅʊɽʈʇʈɽʊɸʎɯʗ ʄɽʊʆɼʋ ʅɸʁʄɽʅʐʀʍ ʂɺɸɼʈɸʊɯɺ 27 

ɿʝʣʝʥʘ ʗ. 

ɼɽʗʂɯ ʄɸʊɽʄɸʊʀʏʅɯ ʄʆɼɽʃɯ ʁ ʄɽʊʆɼʀ ɺ ɽʂʆʅʆʄɯʎɯ 27 

ɿʫʙ ʄ. 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɺʀɿʅɸʏɽʅʆɻʆ ɯʅʊɽɻʈɸʃɸ ɺ ɽʂʆʅʆʄɯʏʅʀʍ ʈʆɿʈɸʍʋʅʂɸʍ 29 

ʂʘʨʧʝʥʢʦ ɻ.ʂ. 

ɽʂʆʅʆʄɯʏʅɯ ɯʅʊɽʈʇʈɽʊɸʎɯɰ ʆʉʅʆɺʅʀʍ ʇʆʅʗʊʔ ɼʀʌɽʈɽʅʎɯɸʃʔʅʆɻʆ ʏʀʉʃɽʅʅʗ ʌʋʅʂʎɯʁ ɹɸɻɸʊʔʆʍ ɿʄɯʅʅʀʍ 30 

ʃʝʧʩʴʢʘ ɸ.ʄ. 

ʉʊɸʊʀʉʊʀʏʅʀʁ ɸʅɸʃɯɿ ɯʅʅʆɺɸʎɯʁʅʆ-ɯʅɺɽʉʊʀʎɯʁʅʆɰ ɼɯʗʃʔʅʆʉʊɯ ɯʏʅʗʅʉʔʂʆɻʆ ʄʆʃʆʏʅʆ-ʂʆʅʉɽʈɺʅʆɻʆ 
ʂʆʄɹɯʅɸʊʋ 32 

ɼʘʚʠʜʝʥʢʦ ʇ.ʆ. 

ɼʆʉʃɯɼɾɽʅʅʗ ɹɸɿʀʉʅʀʍ ʌʋʅʂʎɯʁ ɹɯʂɺɸɼʈɸʊʀʏʅʆɻʆ ʉʂɯʅʏɽʅʅʆɻʆ ɽʃɽʄɽʅʊɸ 36 

ʃʷʭʦʚʠʯ ɽ.ɺ. 

ʆɹʈɸɹʆʊʂɸ ʈɽɿʋʃʔʊɸʊʆɺ ʂʆʉɺɽʅʅʓʍ ʀɿʄɽʈɽʅʀʁ ɺ ʄɽʊʈʆʃʆɻʀʀ 38 

ʄʘʛʜʝʥʢʦ ɺ. 

 ɽʂʆʅʆʄɽʊʈʀʏʅʀʁ ɸʅɸʃɯɿ ɼɯʗʃʔʅʆʉʊɯ  ɼʇ çʍɽʈʉʆʅʉʔʂʀʁ ʄʆʈʉʔʂʀʁ ʊʆʈɻʆɺɽʃʔʅʀʁ ʇʆʈʊè 39 

ʄʘʣʠʛʘ ɸ. 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɿɸɼɸʏ ʇʈʆʌɽʉɯʁʅʆɻʆ ʉʇʈʗʄʋɺɸʅʅʗ ʇʈʀ ɺʀʂʃɸɼɸʅʅɯ ʊɽʄʀ "ɼɺʆɰʉʊɯʉʊʔ ɺ ɿɸɼɸʏɸʍ 

ʃɯʅɯʁʅʆɻʆ ʇʈʆɻʈɸʄʋɺɸʅʅʗ" ʉʊʋɼɽʅʊɸʄ ʅɸʇʈʗʄʋ ʇɯɼɻʆʊʆɺʂʀ  6.030504ïɽʂʆʅʆʄɯʂɸ ʇɯɼʇʈʀɭʄʅʀʎʊɺɸ 41 

ʇʝʢʫʨ ɯ.ɺ., ʂʦʨʥʽʻʥʢʦ ʉ.ʇ. 

ɿʅɸʍʆɼɾɽʅʅʗ ʄɸʂʉʀʄɸʃʔʅʆ ʄʆɾʃʀɺʆɻʆ ɺɯɼʍʀʃɽʅʅʗ ʄɸʉʀ ʉʊɸʅɼɸʈʊʅʆɻʆ ɹʃʆʂʋ  43 

ʉʝʣʫʷʥʦʚʘ ʊ.ɸ. 

ʊɽʉʊʋɺɸʅʅʗ ʂɺɸɼʈɸʊʀʏʅʀʍ ɹɸɿʀʉʅʀʍ ʌʋʅʂʎɯʁ ʆʂʊɸɽɼʈɸ 44 

ʋʣʘʥʦʚʠʯ ɹ. 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɼʀʌɽʈɽʅʎɯɸʃʔʅʀʍ ʈɯɺʅʗʅʔ ɺ ɽʂʆʅʆʄɯʏʅʀʍ ɼʆʉʃɯɼɾɽʅʅʗʍ 46 

ʖʱʝʥʢʦ ʅ.ʃ. 

ɼʆ ʇʀʊɸʅʅʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ɸʅɸʃɯʊʀʏʅʀʍ ʇʆʊʈɽɹ ʄɽʅɽɼɾɽʈʉʔʂʀʍ ʉʊʈʋʂʊʋʈ ʇʈʀ ʋʍɺɸʃɽʅʅɯ 
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ʐʘʨʢʫʥʦʚʘ ʅ.ʈ., ʇʝʪʨʝʥʢʦ ʊ.ɸ. 

ʇʈʆɹʃɽʄʀ ɹɽɿʇɽʂʀ ʉʀʉʊɽʄ ɽʃɽʂʊʈʆʅʅʆɻʆ ɼʆʂʋʄɽʅʊʆʆɹɯɻʋ 109 

  

ʉɽʂʎɯʗ ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʂʀ ʊɸ ɽʅɽʈɻʆɿɹɽʈɽɾɽʅʅʗ 

  

ʇʽʜʩʝʢʮʽʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ 

ɼʘʱʝʥʢʦʚʘ ɸ.ʉ., ɿʘʜʦʨʦʞʥʽʡ ɸ.ʉ., ʉʪʘʮʝʥʽʥ ɼ.ʉ. 

ʆʉʆɹʃʀɺʆʉʊɯ ʊɸ ʇɽʈɽɺɸɻʀ ɺʇʈʆɺɸɼɾɽʅʅʗ  ʂʆɻɽʅɽʈɸʎɯʁʅʀʍ ʋʉʊɸʅʆɺʆʂ  111 

ɼʝʡʥʝʢʦ ɺ.ʉ. 

ɽʌɽʂʊʀɺʅɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ ʇɸʃʀɺʅʆ-ɽʅɽʈɻɽʊʀʏʅʀʍ ʈɽʉʋʈʉɯɺ ʋ ʅɸɺʏɸʃʔʅʀʍ ɿɸʂʃɸɼɸʍ ʋʂʈɸɰʅʀ 112 

ɼʽʭʪʷʨʫʢ ɯ.ɺ. 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ ɽʃɽʂʊʈʀʏʅʀʍ ʄɽʈɽɾ 10ʂɺ ɿ ʇʆɺɯʊʈʗʅʀʄʀ ʃɯʅɯʗʄʀ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ɸɺʊʆʄɸʊʀʏʅʀʍ ʈʆɿôɭɼʅʋɺɸʏɯɺ 113 

ɾʠʤʘʣʜʽʥʦʚ ʂ.ʉ.  

ɺʇʃʀɺ ʂɯʃʔʂʆʉʊɯ ʇʈʀɭɼʅɸʅʅʔ ʊɸ ɯʍ ʇʆʊʋɾʅʆʉʊɯ ʅɸ ʎɽʅʊʈʋɺɸʅʅʗ  

ʅʀɿʔʂʆɺʆʃʔʊʅʆɰ ɽʃɽʂʊʈʀʏʅʆɰ ʄɽʈɽɾɯ 115 

ɿʘʻʮʴ ɸ.ɺ. 

ʎɽʅʊʈʋɺɸʅʅʗ ʊʈɸʅʉʌʆʈʄɸʊʆʈʅʆɰ ʇɯɼʉʊɸʅʎɯɰ ʗʂ ʌɸʂʊʆʈ ɽʌɽʂʊʀɺʅʆʉʊɯ ɽʃɽʂʊʈʀʏʅʆɰ ʄɽʈɽɾɯ 117 

ʂʨʘʚʯʝʥʢʦ ɯ.ʆ. 

ʇʆʈɯɺʅʗʅʅʗ ʇʆɺɯʊʈʗʅʀʍ ʊɸ ʂɸɹɽʃʔʅʀʍ ʃɯʅɯʁ ɿɸ ʈʗɼʆʄ ʂʈʀʊɽʈɯɰɺ 118 

ʂʫʰʠʢʦʚʘ ʄ.ʆ. 
ʆɹʃɸʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺʆʃʔʊʆɼʆɼɸʊʅʀʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈɯɺ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ʅʆʈʄ ʗʂʆʉʊɯ 

ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ ʋ ʅɸʁɺɯɼɼɸʃɯʅɯʐʀʍ ʉʇʆɾʀɺɸʏɯɺ 120 

ʃʘʟʘʨʝʚʘ ʆ.ɺ., ʂʨʘʩʥʦʞʦʥ ɸ.ɺ. 

ɸʅɸʃɯɿ ʇʈʆʉʊʆʈʆɺʀʍ ʉʂʃɸɼʆɺʀʍ ʄɸɻʅɯʊʅʆɻʆ ʇʆʃʗ ʆɼʅʆʂʆʃʆɺʆɰ ʃɯʅɯɰ ɽʃɽʂʊʈʆʇɽʈɽɼɸʏɯ  

ʅɸʇʈʋɻʆʖ 330 ʢɺ 122 

ʃʘʨʢʽʥ ɸ.ʄ. 

ɸɺʊʆʄɸʊʀɿɸʎɯʗ ɿɹʆʈʋ ɺʀʍɯɼʅʀʍ ɼɸʅʀʍ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ ʈʆɿʈɸʍʋʅʂʋ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ɺʀʊʈɸʊ 

ɺ ʃɯʅɯʗʍ ɽʃɽʂʊʈʆʇɽʈɽɼɸʏɯ 124 

ʄʘʢʘʨʝʥʢʦ ɼ.ʄ., ʇʨʠʩʪʫʧʘ ɸ.ʃ. 

ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʆʄʀʉʃʆɺʀʍ ʇɯɼʇʈʀɭʄʉʊɺ ʐʃʗʍʆʄ ɺʇʈʆɺɸɼɾɽʅʅʗ ʅɽʊʈɸɼʀʎɯʁʅʀʍ 

ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ 126 

ʄʘʪʚʽʻʥʢʦ ɯ.ʇ., ʇʨʠʩʪʫʧʘ ɸ.ʃ. 

ɸʅɸʃɯɿ ɺʇʃʀɺʋ ɯʅʊɽɻʈɸʎɯɰ ɼɾɽʈɽʃ ʈʆɿʇʆɼɯʃɽʅʆɰ ɻɽʅɽʈɸʎɯɰ ɺ ɼɯʖʏɯʁ ɽʃɽʂʊʈʀʏʅɯʁ ʄɽʈɽɾɯ ʅɸ ʉʀʉʊɽʄʀ 
ʈɽʃɽʁʅʆɻʆ ɿɸʍʀʉʊʋ ʊɸ ɸɺʊʆʄɸʊʀʂʀ 128 

ʄʦʪʘʰʢʦ ɼ.ʄ. 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʋʏɸʉʅʀʍ ɿɸʉʆɹɯɺ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ɽʃɽʂʊʈʆʇʈʀɺʆɼʋ ɺ ʃɸɹʆʈɸʊʆʈʅʆʄʋ ʇʈɸʂʊʀʂʋʄɯ ɼʃʗ 

ʉʊʋɼɽʅʊɯɺ ɯʅɾɽʅɽʈʅʀʍ ʉʇɽʎɯɸʃʔʅʆʉʊɽʁ 130 

ʆʣʽʡʥʠʢ ɸ.ɯ. 

ʐʃʗʍʀ ɿɸɹɽɿʇɽʏɽʅʅʗ ʅɸɼɯʁʅʆɰ ʈʆɹʆʊʀ ʇʈʀʂʆʈɼʆʅʅʀʍ ɽʃɽʂʊʈʀʏʅʀʍ ʄɽʈɽɾ ʋʂʈɸɰʅʀ ʋ ʈɸɿɯ 

ɺɯɼʆʂʈɽʄʃɽʅʅʗ ɺɯɼ ʉʋʉɯɼʅɯʍ ɽʅɽʈɻʆʉʀʉʊɽʄ 131 

ʇʝʨʝʚʝʨʟʘ ʉ.ɺ., ʂʨʘʩʥʦʞʦʥ ɸ.ɺ. 

ʆʎɯʅʖɺɸʅʅʗ ɺʊʈɸʊ ɸʂʊʀɺʅʆɰ ʇʆʊʋɾʅʆʉʊɯ ɺ ɻʈʆɿʆɿɸʍʀʉʅʀʍ ʊʈʆʉɸʍ  ʇʆɺɯʊʈʗʅʆɰ ʃɯʅɯɰ ɽʃɽʂʊʈʆʇɽʈɽɼɸʏɯ 

ʅɸʇʈʋɻʆʖ 750 ʢɺ 133 

ʉʪʨʦʛʠʡ ɸ.ʖ., ɹʝʟʨʫʯʢʦ ɺ.ʄ. 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʋʏɸʉʅʀʍ ʇʈʆɻʈɸʄʋɭʄʀʍ ʃʆɻɯʏʅʀʍ ʂʆʅʊʈʆʃɽʈɯɺ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʊɽʍʅʆʃʆɻɯʏʅʀʍ 

ʇʈʆʎɽʉɯɺ ɺ ʃɸɹʆʈɸʊʆʈʅʆʄʋ ʇʈɸʂʊʀʂʋʄɯ ɼʃʗ ʉʊʋɼɽʅʊɯɺ ɯʅɾɽʅɽʈʅʀʍ ʉʇɽʎɯɸʃʔʅʆʉʊɽʁ 135 

  

ʇʽʜʩʝʢʮʽʷ ʧʨʦʤʠʩʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ 
 

ʉʚʷʪʥʝʥʢʦ ʈ.ʉ.  

ʆɹʈʆɹʂɸ ʅɽɿɹʀʈɸʅʆɻʆ ʄʆʃʆʂɸ ɯʄʇʋʃʔʉʅʀʄʀ ɽʃɽʂʊʈʀʏʅʀʄʀ ʇʆʃʗʄʀ 136 

Korkh O.V., Ivanets S.A., Yershov R.D. 

MATLAB GRAPHICAL USER INTERFACE FOR DC MOTOR POSITION CONTROL SYSTEM 138 

Pakhaliuk B.P., Khomenko M.A., Yershov R.D.  

WIRELESS CONTROLLED TWO WHEELED MOBILE ROBOT 140 

ʗʢʫʰʢʽʥ ʊ.ɺ., ɺʝʣʽʛʦʨʩʴʢʠʡ ʆ.ɸ. 

ʇʆʃɯɻʈɸʌ ï ɽʃɽʂʊʈʆʅʅʀʁ ʇʈʀʃɸɼ, ʗʂʀʁ ɿʅɸɭ ʇʈɸɺɼʋ 141 

ʃʘʥʴʢʦ ʆ.ʄ.,  ʈʝʚʢʦ ɸ.ʉ., ɭʨʰʦʚ ʈ.ɼ. 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɽʃɽʂʊʈʆʅʅʆɰ ʉʀʉʊɽʄʀ ɻʃʆɹɸʃʔʅʆɻʆ ʇʆɿʀʎɯʆʅʋɺɸʅʅʗ ɺ ʉɯʃʔʉʔʂʆʄʋ ɻʆʉʇʆɼɸʈʉʊɺɯ ʊɸ 

ɿɸɼɸʏɸʍ ʉʊɸɹɯʃɯɿɸʎɯɰ ʈʋʍʆʄʆɰ ʇʃɸʊʌʆʈʄʀ 143 
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ʄʘʪʶʰʢʽʥ ʆ.ʆ., ɺʦʡʪʝʥʢʦ ɺ.ʇ. 

ʇʈʀʉʊʈɯʁ ʈʆɿʐʀʈɽʅʅʗ ɼʃʗ ʂʆʄʇʃɽʂʉʋ ɺʀʉʆʂʆʈɯɺʅɽɺʆɰ ʈʆɿʈʆɹʂʀ ʉʀʉʊɽʄ ʂɽʈʋɺɸʅʅʗ ʈʋʍʆʄ 145 

ʉʝʤʝʥʜʷʡ ɭ.ɺ., ɺʦʡʪʝʥʢʦ ɺ.ʇ. 
ɸʂʊʀɺʅɯ ɽʃɽʂʊʈʆɼʀ ɼʃʗ ʇʈʀʉʊʈʆʖ ɿɸʍɺɸʊʋ ɹɯʆɽʃɽʂʊʈʀʏʅʀʍ ʉʀɻʅɸʃɯɺ 147 

Kondrat enko B., Tytelmaier K. 

STATE OF ART OF BATTERIES FOR PV AND PORTABLE APPLICATIONS 148 

ʐʝʚʯʝʥʢʦ ɺ.ʆ., ɺʝʣʽʛʦʨʩʴʢʠʡ ʆ.ɸ. 

ɹɽɿɼʈʆʊʆɺɸ ʉʀʉʊɽʄɸ ʄʆʅɯʊʆʈʀʅɻʋ ʇɸʈɸʄɽʊʈɯɺ ɾʀʊʊɭɼɯʗʃʔʅʆʉʊɯ ʃʖɼʀʅʀ 150 

ʗʮʝʥʢʦ ʉ.ɯ., ɺʦʡʪʝʥʢʦ ɺ.ʇ. 

ɼʆʉɺɯɼ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ɿɸʉʊʆʉʋɺɸʅʅʗ ʉɺɯʊʃʆɺʀʇʈʆʄɯʅʖʖʏʀʍ ɼɯʆɼɯɺ ɺ ʉʀʉʊɽʄɸʍ çʈʆɿʋʄʅʆɻʆè 

ʆʉɺɯʊʃɽʅʅʗ 152 

ʅʘʛʦʨʥʠʡ ʇ.ɺ., ɻʦʨʦʜʥʽʡ ʆ.ʄ. 

ʇʆʃɯʇʐɽʅʅʗ ɽʅɽʈɻɽʊʀʏʅʀʍ ʇʆʂɸɿʅʀʂɯɺ ʉʀʉʊɽʄ ɽʃɽʂʊʈʆʉʇʆɾʀɺɸʅʅʗ ɺ ʂɸɹɯʅɽʊɯ ʌɯɿʀʂʀ 153 

  

ʇʽʜʩʝʢʮʽʷ ʤʝʪʨʦʣʦʛʽʾ ʽ ʬʽʟʠʢʠ 
 

ɼʠʤʝʨʝʮʴ ɸ.ɺ., ʂʦʚʪʫʥ ɸ.ʆ. 
ɺʀɿʅɸʏɽʅʅʗ ʂʆʅʎɽʅʊʈɸʎɯɰ ʈɸɼɯɸʎɯʁʅʀʍ ʇʆʐʂʆɼɾɽʅʔ ɺ ʂʈʀʉʊɸʃɯʏʅʀʍ ɼɯɽʃɽʂʊʈʀʂɸʍ 155 

ɼʨʦʟʜ ʄ.ʉ., ʇʨʠʩʪʫʧʘ ɸ.ʃ., ʉʘʪʶʢʦʚ ɸ.ɯ. 
ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ ʇʆʊʋɾʅʆʉʊɯ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ʄʆɹɯʃʔʅʆɻʆ ʊɽʃɽʌʆʅʋ ɺ ʈɯɿʅʀʍ ʈɽɾʀʄɸʍ 

ʈʆɹʆʊʀ 156 

ʅʘʛʦʨʥʠʡ ʇ.ɺ., ɻʦʨʦʜʥʽʡ ʆ.ʄ. 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʅɽʈɻɽʊʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʊɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʉʀʉʊɽʄʀ ɽʃɽʂʊʈʆʉʇʆɾʀɺɸʅʅʗ ɺ ʂɸɹɯʅɽʊɯ 

ʌɯɿʀʂʀ 158 

ʉʘʚʝʣʴʝʚ ɼ.ɻ., ɻʦʨʦʜʥʠʡ ɸ.ʅ. 

ʀɿɻʆʊʆɺʃɽʅʀɽ ʇʈʆʉʊɽʁʐɽɻʆ ɼɽʊɽʂʊʆʈɸ ʉɺʏ ʀɿʃʋʏɽʅʀʗ 159 

ɸʚʝʨ'ʷʥʦʚʘ ʃ.ɺ., ʄʘʨʪʠʥʝʥʢʦ ʖ.ʖ., ɾʫʨʢʦ ɺ.ʇ. 

30 ʈʆʂɯɺ ʏʆʈʅʆɹʀʃʔʉʔʂʆɰ ʂɸʊɸʉʊʈʆʌʀ: ʇʆɻʃʗɼ ɺ ʄɸʁɹʋʊʅɭ 161 

ɭʤʝʮʴ ʖ., ʂʦʩʤʘʯ ʆ.ʇ. 

ɺɯɹʈɸʎɯɰ ʐʇʀʅɼɽʃʔʅʀʍ ɺʋɿʃɯɺ ʂʆɺɿɸʅʅʗ 162 

ʂʦʥʦʥʝʮʴ ɼ.ʆ., ʂʦʩʤʘʯ ʆ.ʇ. 

ʆʉʆɹʃʀɺʆʉʊɯ ʄɽʊʆɼɯɺ ɺʀɿʅɸʏɽʅʅʗ ɿʈʆʉʊʋ ʃʖɼʀʅʀ 163 

ʂʨʘʚʯʝʥʢʦ ɼ., ʂʦʩʤʘʯ ʆ.ʇ. 

ʇʈʆʎɽʉʀ ʊɽʇʃʆʋʊɺʆʈɽʅʅʗ ʇʈʀ ʈɯɿɸʅʅɯ ʄɸʊɽʈɯɸʃɯɺ 164 

ʃʝʥʴʢʦ ʖ.ɺ., ʇʨʠʩʪʫʧʘ ɸ.ʃ., ʉʘʪʶʢʦʚ ɸ.ɯ. 
ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸ ʋʉʊɸʅʆɺʂɸ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ ʋʄʆɺ ʇʈʆʍʆɼɾɽʅʅʗ ʈɸɼɯʆʍɺʀʃʔ ʅɺʏ ɼɯɸʇɸɿʆʅʋ 165 

ʃʷʧʝʢʦ ʗ., ʈʦʛʦʟʘ ʆ.ɺ. 

ɽʃɽʂʊʈʆʆʇʊʀʏʅɯ ɽʌɽʂʊʀ ɺ ʈɯɼʂʀʍ ʂʈʀʉʊɸʃɸʍ ɯ ɰʍ ɺʀʂʆʈʀʉʊɸʅʅʗ ʋ ʇʈʀʉʊʈʆʗʍ ɺɯɼʆɹʈɸɾɽʅʅʗ ɯʅʌʆʈʄɸʎɯɰ 167 

ʄʠʨʦʥʮʦʚ ɺ.ʆ., ʅʘʫʤʯʠʢ ʇ.ɯ. 

ʋʅɯɺɽʈʉɸʃʔʅʀʁ ʇʈʀʃɸɼ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɼɾɽʈɽʃ ʉɺɯʊʃɸ 169 

ʇʠʱʦʣʢʘ ɺ.ʆ., ɼʤʠʪʨʽʻʚʘ ʗ.ɻ., ɹʠʚʘʣʴʢʝʚʠʯ ʄ.ʆ. 

ɺʇʃʀɺ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ʇʆʃɯɺ ʅɸ ɹɯʆʃʆɻɯʏʅɯ ʆʈɻɸʅɯɿʄʀ 171 

ʈʝʙʝʥʦʢ ʖ.ɺ., ʉʪʝʧʝʥʢʦ ʉ.ɸ. 

 ʇʆʈɯɺʅʗʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɼɸʊʏʀʂɯɺ ʈʋʍʋ 171 

ʈʝʚʘ ʂ.ʆ., ʉʪʝʧʝʥʢʦ ʉ.ɸ. 
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ʄʠʭʘʡʣʦʚʘ ʄ.ɯ., ɻʫʣʦʚʘ ʗ.ɯ., ʗʮʢʦ ʖ.ʉ., ʅʝʛʘʡ ɺ.ʆ. 
ɺʇʃʀɺ ʈʆʉʃʀʅʅʀʍ ɼʆɹɸɺʆʂ ʅɸ ɹɯʆʊɽʍʅʆʃʆɻɯʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇʈɽʉʆɺɸʅʀʍ ɼʈɯɾɼɾɯɺ ʊɸ ʗʂɯʉʊʔ 

ʇʐɽʅʀʏʅʆɻʆ ʍʃɯɹɸ  245 

ɼʝʥʠʩʢʦ ʆ.ʄ., ʂʠʨʽʡ ɸ.ʉ., ʉʠʟʘ ʆ.ɯ., ʉʘʚʯʝʥʢʦ ʆ.ʄ. 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʆʃʆɻɯɰ ɿʅʀɾɽʅʅʗ ɺʄɯʉʊʋ ɺɸɾʂʀʍ ʄɽʊɸʃɯɺ ʋ ʂʀʉʃʆʄʆʃʆʏʅʆʄʋ ʉʀʈɯ 247 

 

ʇʽʜʩʝʢʮʽʷ ʪʦʚʘʨʦʟʥʘʚʩʪʚʘ, ʝʢʩʧʝʨʪʠʟʠ, ʤʠʪʥʦʾ ʩʧʨʘʚʠ ʪʘ ʪʦʨʛʽʚʣʽ 

ɸʥʪʦʥʝʥʢʦ ɸ.ɺ., ʉʦʣʦʤʘʭʘ ɯ.ɺ. 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɿɹʋʊʆɺʆɰ ɼɯʗʃʔʅʆʉʊɯ ʇɸʊ çɯʏʅʗʅʉʔʂʀʁ ʄʂʂè 249 
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ɹʫʨʦʚʘ ɺ.ɺ. 

ɼʆʉʃɯɼɾɽʅʅʗ ʗʂʆʉʊɯ ʉʆʂɯɺ ʂʆʄʇɸʅɯɰ çɺɯʊʄɸʈʂ-ʋʂʈɸɰʅɸè 251 

ɼʟʶʙʘ ʗ.ʉ. 
ɼʆʉʃɯɼɾɽʅʅʗ ʗʂʆʉʊɯ ʐɸʄʇʋʅɯɺ ʇʈɽɼʉʊɸɺʃɽʅʀʍ ʅɸ ʈʀʅʂʋ ʄ. ʏɽʈʅɯɻʆɺɸ  253 

ɼʦʨʦʰʝʥʢʦ ɯ.ʄ. 

ɺʀɿʅɸʏɽʅʅʗ ʆʇʊʀʄɸʃʔʅʆɻʆ ɺʀɼʋ ʇɸʂʆɺɸʅʅʗ ɼʃʗ ʍʃɯɹʆɹʋʃʆʏʅʀʍ ɺʀʈʆɹɯɺ 254 

ɾʘʙʠʥʩʴʢʘ ɸ.ɺ., ɻʘʮʝʥʢʦ ʉ.ɺ.  

ɼʆʉʃɯɼɾɽʅʅʗ ɸʉʆʈʊʀʄɽʅʊʋ ɿɸʉʆɹɯɺ ɿɸʍʀʉʊʋ ʈʆʉʃʀʅ ɺʀʈʆɹʅʀʎʊɺɸ BAYER (ʅɯʄɽʏʏʀʅɸ) ʊɸ 

ʆʉʆɹʃʀɺʆʉʊɽʁ ɰʍ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺ ʋʂʈɸɰʅɯ 256 

ɾʘʙʠʥʩʴʢʘ ɸ.ɺ., ʐʝʚʯʝʥʢʦ ʂ.ʆ., ʉʦʣʦʤʘʭʘ ɯ.ɺ. 

ɺʇʃʀɺ ʍɯʄɯʏʅʆɻʆ ʉʂʃɸɼʋ ɾʀɺʀʃʔʅʀʍ ʈʆɿʏʀʅɯɺ ʅɸ ʉʊʈʆʂ ɺʆʃʆɻʆɻʆ ɿɹɽʈɯɻɸʅʅʗ ɿʈɯɿɸʅʆɰ ɻɺʆɿɼʀʂʀ 

ʈɽʄʆʅʊɸʅʊʅʆɰ 257 

ʂʘʟʽʤʽʨ ɺ.ɸ., ɻʘʮʝʥʢʦ ʉ.ɺ. 

ʉʋʏɸʉʅɯ ʊɽʅɼɽʅʎɯɰ ʌʆʈʄʋɺɸʅʅʗ ɸʉʆʈʊʀʄɽʅʊʋ ɯʅʉɽʂʊʀʎʀɼɯɺ ʊʆʈɻʆɺʆɰ ʄɸʈʂʀ çʉʀʅɻɽʅʊɸè 

 (ʐɺɽʁʎɸʈɯʗ) 259 

ʂʘʣʽʪʘ ʄ.ɸ. 

ɼʆʉʃɯɼɾɽʅʅʗ ʗʂʆʉʊɯ ɼʀʊʗʏʆɻʆ ʆɼʗɻʋ ʅɸ ʈʀʅʂʋ  ʤ. ʏɽʈʅɯɻʆɺɸ 261 

ʂʦʩʘʨʻʚʘ ʂ.ʉ. 
ɺʀɿʅɸʏɽʅʅʗ ʇɽʈɽɺɸɻ ʉʇʆɾʀɺɸʏɯɺ-ɾɯʅʆʂ ʑʆɼʆ ɸʉʆʈʊʀʄɽʅʊʋ ʐʂɯʈʗʅʆɻʆ ɺɿʋʊʊʗ ɺ ʄɸɻɸɿʀʅɯ çʂʋɹè   

ʤ. ʏɽʈʅɯɻɯɺ 263 

ʂʦʩʘʨʻʚʘ ʂ.ʉ. 

ɸʅɸʃɯɿ ɸʉʆʈʊʀʄɽʅʊʋ ʊɸ ʗʂʆʉʊɯ ʉʋʍʀʍ ʄʆʃʆʏʅʀʍ ʉʋʄɯʐɽʁ ɼʃʗ ɼʀʊʗʏʆɻʆ ʍɸʈʏʋɺɸʅʅʗ ʊʄ MILUPA 265 

ʂʫʣʽʰ ɼ.ʉ. 

ɺʀʗɺʃɽʅʅʗ ʌɸʃʔʉʀʌɯʂɸʎɯɰ ʄɸʉʃɸ ʉʆʃʆɼʂʆɺɽʈʐʂʆɺʆɻʆ, ʗʂɽ ʈɽɸʃɯɿʋɭʊʔʉʗ ʋ ʊʆʈɻʆɺɽʃʔʅɯʁ ʄɽʈɽɾɯ ʤ. 

ʏɽʈʅɯɻʆɺɸ 266 

ʃʘʧʘ ɸ.ʆ., ʉʦʙʦʣʴ ʆ.ʄ. 

ʇʆʈɯɺʅʗʃʔʅɸ ʆʎɯʅʂɸ ʗʂʆʉʊɯ ɼʀɿɽʃʔʅʆɻʆ ʇɸʃʀɺɸ 267 

ʄʘʥʦʡʣʦ ʅ.ɸ. 

ʆʉʆɹʃʀɺʆʉʊɯ ʂʃɸʉʀʌɯʂɸʎɯɰ ʄɯʅɽʈɸʃʔʅʀʍ ɺʆɼ ɺ ʋʂʈɸʅɯ ʊɸ ʆʎɯʅʂɸ ɯʍ ʗʂʆʉʊɯ 268 

ʂʦʚʪʫʥ ʂ.ɭ.,  ʇʘʩʽʯʥʠʢ ʂ.ʖ. 

ʇʆʈɯɺʅʗʃʔʅɸ ʊʆɺɸʈʆɿʅɸɺʏɸ ʆʎɯʅʂɸ ʗʂʆʉʊɯ ʄɸʂɸʈʆʅʅʀʍ ɺʀʈʆɹɯɺ ɺɯʊʏʀɿʅʗʅʆɻʆ   ɯ ɿɸʂʆʈɼʆʅʅʆɻʆ 

ɺʀʈʆɹʅʀʎʊɺɸ 270 

ʇʠʨʽʛ ɺ.ɭ. 

ɼʆʉʃɯɼɾɽʅʅʗ ɸʉʆʈʊʀʄɽʅʊʋ ʊɸ ʗʂʆʉʊɯ ɺʀʅʆɻʈɸɼʅʀʍ ɺʀʅ ʅɸ ʇʈʀʂʃɸɼɯ ʄɸɻɸɿʀʅʋ çʇʈʆɼʋʂʊʀè  
ʤ. ʏɽʈʅɯɻɯɺ 271 

ʉʦʙʦʣʴ ʆ.ʄ. 

ɼʆʉʃɯɼɾɽʅʅʗ ʌɯɿʀʏʅʀʍ ɺʃɸʉʀɺʆʉʊɽʁ ʇʆʃɽɻʐɽʅʀʍ ɺʆɺʅʗʅʀʍ ʊʂɸʅʀʅ 272 

ʌʽʣʦʥʝʥʢʦ ɸ.ɸ. 

ʆʈɻɸʅʆʃɽʇʊʀʏʅɸ ʊɸ ʌɯɿʀʂʆ-ʍɯʄɯʏʅɸ ʆʎɯʅʂɸ ʗʂʆʉʊɯ ʄɸʉʃɸ ʉʆʃʆɼʂʆɺɽʈʐʂʆɺʆɻʆ, ʗʂɽ ʈɽɸʃɯɿʋɭʊʔʉʗ ɺ 

ʊʆʈɻʆɺɽʃʔʅɯʁ ʄɽʈɽɾɯ ʄ. ʏɽʈʅɯɻʆɺɸ 274 

ʐʝʚʯʝʥʢʦ ʂ.ʆ., ɼʫʜʣʘ ɯ.ʆ. 

ʊʆɺɸʈʆɿʅɸɺʏɸ ɽʂʉʇɽʈʊʀɿɸ ʌɸʈʌʆʈʆɺʆɻʆ ʇʆʉʋɼʋ 276 

ʂʫʢʘ  ɸ.ʄ. 

ʉʋʏɸʉʅɯ ʊɽʅɼɽʅʎɯɰ ʉʇʆɾʀɺɸʅʅʗ ʊɸ ʆʎɯʅʂɸ ʗʂʆʉʊɯ ʂɸɺʀ ʈʆɿʏʀʅʅʆɰ 278 
  

ʉɽʂʎɯʗ ʋʇʈɸɺʃɯʅʅʗ ʗʂɯʉʊʖ ʊɸ ʇʈʆɽʂʊɸʄʀ 

  

ɹʦʡʢʦ ʂ.ɯ. 

ʋʇʈɸɺʃɯʅʅʗ ʈʀɿʀʂɸʄʀ ʇʈʆɽʂʊʋ ʅɸ ʆʉʅʆɺɯ ʉʀʉʊɽʄʀ ɿʅɸʅʔ ʈ2ʄ 280 

ʈʦʟʫʤʥʘ ɸ.ʉ. 

ʋʇʈɸɺʃɯʅʅʗ ʇʈʆɽʂʊʆʄ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʆɹʃɯʂʋ ʈʆɹʆʏʆɻʆ ʏɸʉʋ ɺʀʂʃɸɼɸʏɯɺ ɺʅɿ 281 

ʇʦʣʪʘʚʝʮʴ ɯ.ɺ. 

ʆʉʆɹʃʀɺʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ʋʇʈɸɺʃɯʅʅʗ ʗʂɯʉʊʖ 282 

ʂʦʨʥʽʻʮʴ ʂ.ɭ. 

ʋʇʈɸɺʃɯʅʅʗ ɼʆɺɻʆʉʊʈʆʂʆɺʀʄʀ ʇʈʆɽʂʊɸʄʀ ʅɸ ɺʀʈʆɹʅʀʎʊɺɯ 283 

ʅʝʢʦʟ ɸ.ʄ. 

ʆʉʆɹʃʀɺʆʉʊɯ ʈɽɸʃɯɿɸʎɯɰ ʇʈʆɽʂʊɯɺ ɺ "ɿʆʅɯ ɺɯɼʏʋɾɽʅʅʗ" 284 

ʅʦʛʘ ʄ.ɼ. 

ʌʆʈʄʋɺɸʅʅʗ ʎʀʂʃʋ ʃɸɹʆʈɸʊʆʅʀʍ ʈʆɹɯʊ ɿ ɼʀʉʎʀʇʃɯʅʀ çʄɽʊʈʆʃʆɻɯʏʅɽ  ɿɸɹɽɿʇɽʏɽʅʅʗ ɺʀʈʆɹʅʀʎʊɺɸè 285 

  

ʉɽʂʎɯʗ ʇʈʀʈʆɼʆʂʆʈʀʉʊʋɺɸʅʅʗ ʊɸ ʊɽʍʅʆɻɽʅʅʆɰ ɹɽɿʇɽʂʀ 
 

ʇʽʜʩʝʢʮʽʷ  ʘʛʨʦʥʦʤʽʾ ʪʘ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ɻʦʣʦʚʽʡ ʉ.ɺ., ɼʽʜʦʚʝʮʴ ʄ.ɺ., ʊʨʝʥʙʘ ʄ.ʄ. 

ɸʅɸʃɯɿ ɿɸʍʆɼɯɺ ɹʆʈʆʊʔɹʀ ɿ CONVOLVULUSARVENSIS(L.) ʅɸ ʇʆʉɯɺɸʍ ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʀʍ ʂʋʃʔʊʋʈ 287 

ɼʽʜʦʚʝʮʴ ʄ.ɺ. 

ɺʇʃʀɺ ʇʆʇɽʈɽɼʅʀʂɸ ʅɸ ʋʈʆɾɸʁ ʂɸʈʊʆʇʃɯ ʊɸ ʈʆɼʖʏɯʉʊʔ ˆʈʋʅʊʋ 288 

ʊʠʤʦʰʝʥʢʦ ʆ.ʇ., ɼʝʨʢʘʯ ʖ.ʃ., ʃʘʥʴʢʦ ʆ.ʄ., ʊʨʝʥʙʘ ʄ.ʄ. 

ʇɽʈʉʇɽʂʊʀɺɸ ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɯʂʈʆɹɯɺ-ɸʅʊɸɻʆʅɯʉʊɯɺ ʋ ɿɸʍʀʉʊɯ  ɸɻʈʆɽʂʆʉʀʉʊɽʄ ɺɯɼ ʌɯʊʆʇɸʊʆɻɽʅɯɺ 290 

ʊʠʤʦʰʝʥʢʦ ʆ.ʇ., ʂʦʤʦʢ ʖ.ʖ., ʉʣʽʩʘʨʝʥʢʦ ʊ.ʆ. 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɯʂʈʆʍɺʀʃʔʆɺʆɰ ʆɹʈʆɹʂʀ ʗʂ ɿɸʉʆɹʋ ɿʅɽɿɸʈɸɾɽʅʅʗ ʅɸʉɯʅʅʗ 291 

ʏʫʡʢʦ ɺ.ʇ. 

ɼʆɼɸʊʂʆɺɯ ʈɽʉʋʈʉʀ ʃɯʉʋ 294 

ʊʦʚʩʪʦʧʣʴʦʪʦʚ ɽ.ɺ., ʂʦʚʝʨʜʘ ɸ.ʈ. 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʌɯɿʀʏʅʀʍ ʄɽʊʆɼɯɺ ʊɸ ɹɸʂʊɽʈʀɿɸʎɯɰ ɼʃʗ ʆɹʈʆɹʂʀ  ʅɸʉɯʅʅʗ ʇʐɽʅʀʎɯ ʊɸ ʗʏʄɽʅʖ 295 

ʏʫʡʢʦ ɺ.ʇ. 
ɿʅɸʏɽʅʅʗ ɺɽʈʊʀʂɸʃʔʅʆɻʆ ʆɿɽʃɽʅɽʅʅʗ ʋ ʇʆʂʈɸʑɽʅʅɯ ɽʂʆʃʆɻɯʏʅʆɻʆ ʉʊɸʅʋ ʄɯʉʊɸ 296 

ʐʝʚʯʝʥʢʦ ɯ.ʄ., ʄʘʭʦʚ ɼ.ʈ. 
ɺʇʃʀɺ ɺɯʈʋʉʅʆɰ ɯʅʌɽʂʎɯɰ ʅɸ ʂʃɯʊʀʅʀ ɯ ʊʂɸʅʀʅʀ ʋʈɸɾɽʅʀʍ ʈʆʉʃʀʅ 297 
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ʇʽʜʩʝʢʮʽʷ ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʦʣʦʛʽʾ 

ɹʝʣʷʥʢʦ ʆ.ʆ., ɼʦʥʝʥʢʦ ɺ.ʆ. 

ɸʅɸʃɯɿ ʉʊɸʅʋ ʊɸ ʄɽʊʆɼɯɺ ʅʆʈʄɸʃɯɿɸʎɯɰ ʇʆɺɯʊʈʗʅʆɻʆ ʉɽʈɽɼʆɺʀʑɸ ʈʆɹʆʏʆɰ ɿʆʅʀ ɿɺɸʈʖɺɸʃʔʅʀʂɯɺ  299 

ɻʨʠʱʝʥʢʦ ɼ.ɺ. 

ʆʈʍʋʉʔʂɸ ʂʆʅɺɽʅʎɯʗ ï ɯʅʉʊʈʋʄɽʅʊ ɽʂʆʃʆɻɯʏʅʆɰ ʆʉɺɯʏɽʅʆʉʊɯ ʉʋʉʇɯʃʔʉʊɺɸ 301 

ɭʨʦʰʝʥʢʦ ʗ.ʄ.,  ʂʘʣʽʥʽʯʝʥʢʦ ɼ.ʆ. 
ɻɽʅɽʊʀʏʅʆ ʄʆɼʀʌɯʂʆɺɸʅɯ ʆʈɻɸʅɯɿʄʀ. ʈʀɿʀʂʀ ɿɸʉʊʆʉʋɺɸʅʅʗ 302 

ʂʦʪ ɸ.ɼ. 

ʆʎɽʅʂɸ ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ɺʆɼʅʓʍ ʆɹʒɽʂʊʆɺ ʉ ʇʆʄʆʑʔʖ ʄɽʊʆɼʆɺ ɹʀʆʀʅɼʀʂɸʎʀʀ 304 

ʂʫʣʽʥʽʯ ʆ.ʄ., ʏʠʯʢʘʥ ʆ.ɺ. 

ɺʄɯʉʊ ɺɸɾʂʀʍ ʄɽʊɸʃɯɺ ɺ ˆʈʋʅʊɯ ʄɽʅʉʔʂʆɻʆ ʈɸʁʆʅʋ ʏɽʈʅɯɻɯɺʉʔʂʆɰ ʆɹʃɸʉʊɯ 305 

ʄʘʟʴʢʦ ʄ.ɸ. 

ʆɹʈɸʑɽʅʀɽ ʉ ʆʊʍʆɼɸʄʀ ɺ ʋʉʃʆɺʀʗʍ ɻʆʈʆɼɸ 306 

ʅʝʩʪʝʨʝʥʢʦ ɭ.ʆ. 

ɺʀɿʅɸʏɽʅʅʗ ɺʄɯʉʊʋ ʎʀʅʂʋ, ʂɸɼʄɯʖ, ʉɺʀʅʎʖ ʊɸ ʄɯɼɯ  ɺ ʇʈʆɼʋʂʊɸʍ ʈʆʉʃʀʅʅʀʎʊɺɸ 307 

ʌʝʜʦʨʝʥʢʦ ʈ.ʉ. 

ʇʈʆɻʈɽʉʀɺʅɯ ʊɽʍʅʆʃʆɻɯɰ ɹɯʆʇɸʃʀɺɸ  ɿ ʈʆʉʃʀʅʅʆɰ ʉʀʈʆɺʀʅʀ 308 

ʐʘʨʧʘʪʘ ɺ.ʆ. 

ɹɯʆʇɸʃʀɺʆ  310 

ʐʫʣʴʛʘ ɼ.ʄ. 
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 ʄɽʍɸʅɯʂʆ-ʄɸʊɽʄɸʊʀʏʅɸ ʉɽʂʎɯʗ 

 

ʇʜ̔ʩʝʢʮʽʷ ʤʝʭʘʥʽʢʠ 

 

ʋɼʂ 534.1: 539.3 
 

ɸʂʊʀɺʅɽ ɼɽʄʇʌɯʈʋɺɸʅʅʗ ʂʆʃʀɺɸʅʔ ʉʊɽʈɾʅɽɺʀʍ ɽʃɽʄɽʅʊɯɺ ʂʆʅʉʊʈʋʂʎɯʁ  

ʇʈʀ ɼɯɰ ʅɽʉʊɸʎɯʆʅɸʈʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ 

 

ɯ.ʇ. ɺʦʨʦʙʝʡ, ɸ.ɺ. ɹʽʣʦʫʩ, ʩʪʫʜʝʥʪʠ ʛʨ. ʊʄ-131,  

ʆ.ʃ. ɼʝʨʢʘʯ, ʘʩʠʩʪʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ɸʢʪʠʚʥʝ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʝʮʽʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ (ʘʢʪʫʘʪʦʨʽʚ), ʷʢʽ ʟʘ ʚʽʜʦʤʠʤʠ ʩʠʛʥʘʣʘʤʠ ʩʝʥʩʦʨʽʚ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʦʙʨʦʙʢʠ 

ʪʘ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʫʪʚʦʨʶʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʩʠʩʪʝʤʫ ʟʽ ʟʚʦʨʦʪʥʽʤ ʟʚôʷʟʢʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʚʽʙʨʦʥʘʚʘʥʪʘʞʝʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. ɼʘʥʽ ʤʝʪʦʜʠ ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ, 

ʘ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʩʝʥʩʦʨʽʚ ʽ ʘʢʪʫʘʪʦʨʽʚ [1]. 

ɺʠʭʦʜʷʯʠ ʟʽ ʚʢʘʟʘʥʦʛʦ ʚʠʱʝ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʥʝʦʙʭʽʜʥʦ 

ʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʘʢʪʠʚʥʠʤʠ ʽ ʧʘʩʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʇʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʨʦʟʚôʷʟʢʫ ʪʘʢʦʾ ʟʘʜʘʯʽ ʻ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʦʪʝ ʧʠʪʘʥʥʷ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʥʘ ʩʴʦʛʦʜʥʽ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʝ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʨʦʙʦʪʠ [2, ɻʣʘʚʘ 11]. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʘʢʪʠʚʥʦʛʦ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ 

ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʻ ʚʨʘʭʫʚʘʥʥʷ ʨʦʟʩʽʷʥʥʷ ʝʥʝʨʛʽʾ ʚ ʤʘʪʝʨʽʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʝʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ. ʋ [4, 5] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʘʥʘʣʽʟʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ 

ʥʝʽʜʝʘʣʴʥʦ-ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʯʘʩʪʦʪʥʠʡ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʧʨʠ ʷʢʦʤʫ ʩʠʥʪʝʟ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʧʨʦʩʪʦʨʽ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨ'ʻ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ ʚʚʝʩʪʠ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʽ ʢʦʤʧʣʝʢʩʥʽ ʤʦʜʫʣʽ ʤʘʪʝʨʽʘʣʽʚ 

ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʢʦʣʠʚʘʥʥʷ ʽʟ ʟʘʜʘʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ.  

ʈʦʟʛʣʷʥʝʤʦ ʘʢʪʠʚʥʝ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʬʝʨʤʠ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʨʠ ʜʽʾ 

ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ( )4F jw , ʷʢʝ ʤʦʜʝʣʶʻʪʴʩʷ ʷʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʜʝʣʴʪʘ ʬʫʥʢʮʽʾ. ʉʢʽʥʯʝʥʥʦ-

ʝʣʝʤʝʥʪʥʠʡ ʚʘʨʽʘʥʪ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʚʽʜʥʦʩʥʦ ʯʘʩʪʦʪʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʝʢʪʦʨʽʚ ʧʝʨʝʤʽʱʝʥʴ u  ʽ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ j ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʝʣʝʢʨʦʚôʷʟʢʦʧʨʫʞʥʠʤʠ ʥʘʢʣʘʜʢʘʤʠ ʤʘʻ ʚʠʛʣʷʜ [6]: 

( ) ( )
2

uu u actj Mu K u F j K jw w j+ = + ,                            (1) 

0u senK u Kj jjj+ =,   (2) 

ʜʝ ʤʘʪʨʠʮʷ ʤʘʩ, ʢʦʤʧʣʝʢʩʥʽ ʤʘʪʨʠʮʽ ʤʝʭʘʥʽʯʥʦʾ ʽ ʝʣʝʢʪʨʠʯʥʦʾ çʞʦʨʩʪʢʦʩʪʽè ʪʘ ʤʘʪʨʠʮʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 ()
3

i i iA l
M i

r
 

Ö Ö
= , ()

( )i i
uu

i

E j A
K i

l

w
 

Ö
= , () ( )33

i

i

A
K i n j

l
jj k w  = Ö Ö , () ( )31

i
u

i

A
K i n e j

l
j w  = Ö Ö . 

1 1

1 1
 

-å õ
=æ ö
-ç ÷

; ( )iE jw , ( )33 jk w, ( )31e jw  ï ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʽ ʧʨʫʞʥʽ, ʜʽʝʣʝʢʪʨʠʯʥʽ ʪʘ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʽ 

ʩʪʘʣʽ; n  ï ʢʽʣʴʢʽʩʪʴ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʩʪʝʨʞʥʽ, ʷʢʠʡ ʤʘʻ ʤʝʭʘʥʽʯʥʽ ʽ ʝʣʝʢʪʨʠʯʥʽ 

ʩʪʝʧʝʥʽ ʚʽʣʴʥʦʩʪʽ (ʨʠʩ. 1, ʘ)
1
; A  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ; l  ï ʜʦʚʞʠʥʘ ʝʣʝʤʝʥʪʘ ʩʪʝʨʞʥʷ. 

ʘ)    ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ ʬʝʨʤʠ: (ʘ) ʝʣʝʤʝʥʪ ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʪʝʨʞʥʷ; (ʙ) ʩʭʝʤʘ ʬʝʨʤʠ 

                                                 
1
 ʪʘʢ ʟʚʘʥʽ Piezoelectric Stack Actuators (ʘʥʛʣ.) [1, C. 52], ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʨʦʟʪʷʛ-ʩʪʠʩʢ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ 

ʷʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʩʪʝʨʞʥʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 
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ʂʝʨʫʚʘʥʥʷ ʩʠʛʥʘʣʦʤ ʘʢʪʫʘʪʦʨʘ actj  ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʚʽʜʦʤʠʤ ʩʠʛʥʘʣʦʤ ʩʝʥʩʦʨʘ senj  ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʰʚʠʜʢʦʩʪʽ ʽ ʧʝʚʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʢʝʨʫʚʘʥʥʷ p . 

 ()0act sen senj pj w j j=- Ö Ö + , (3) 

ʜʝ j pwÖ  ï ʧʨʦʧʦʨʮʽʡʥʠʡ ʰʚʠʜʢʦʩʪʽ ʧʘʨʘʤʝʪʨ ʢʝʨʫʚʘʥʥʷ ʩʠʛʥʘʣʦʤ ʘʢʪʫʘʪʦʨʘ ʟʘ ʚʽʜʦʤʠʤ ʩʠʛʥʘʣʦʤ 

ʩʝʥʩʦʨʘ; ()0senj  ï ʩʠʛʥʘʣ ʩʝʥʩʦʨʘ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʪʨʠʤʘʪʠ ʚʝʢʪʦʨ ʩʠʛʥʘʣʽʚ ʩʝʥʩʦʨʽʚ, ʚʠʢʦʥʘʚʰʠ ʧʨʠʥʮʠʧ ʧʨʠʯʠʥʥʦʩʪʽ, ʚʝʢʪʦʨ ʧʝʨʝʤʽʱʝʥʴ ʥʘ 

ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʫʤʦʚʠ 0sen actj j= = ʟ (1): 

 ( ) ( )
1

ku Z j F jw w
-

= Ö . (4) 

ʜʝ ( ) 2
uuZ j K Mw w= -  ï ʤʘʪʨʠʮʷ ʜʠʥʘʤʽʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ. 

ʊʦʜʽ ʚʝʢʪʦʨ senj  ʧʨʠ ʚʽʜʦʤʦʤʫ ʚʝʢʦʪʦʨʽ ʧʝʨʝʤʽʱʝʥʴ (4) ʟʥʘʡʜʝʤʦ ʟ ʨʽʚʥʷʥʥʷ (2): 

 ( )
1

sen u kK K ujj jj
-

=- . (5) 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʚʽʜʥʦʩʥʦ ʟʦʙʨʘʞʝʥʴ ʧʝʨʝʤʽʱʝʥʴ 1ku +  ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʨʦʟʨʘʭʫʥʢʽʚ ( 1)k+  ʟʘʧʠʰʝʤʦ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ (4), (5): 

 ( ) ( ) ( )
1

2
1uu k u u kK M u F j j p K K K uj jj jw w w

-

+- = + Ö Ö . 

ʈʦʟʚôʷʟʦʢ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʦʪʨʠʤʘʻʤʦ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʢʨʦʮʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ 

ʦʙʝʨʥʝʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ.  

 () ( ) ( ) ( ){ }11

1k u u ku t IFFT Z j F j j p K K K uj jj jw w w
--

+
è ø

= Ö + Ö Öé ù
ê ú

.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʘʢʮʽʾ ʬʝʨʤʠ ʥʘ ʜʽʶ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʥʘʧʨʷʤʢʫ ʩʪʝʧʝʥʽ ʚʽʣʴʥʦʩʪʽ 4 ʽ 9 

(ʨʠʩ. 1, ʙ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. 

ʘ)  ʙ) 

ʚ)  ʛ) 

ʈʠʩʫʥʦʢ 2 ïʈʝʘʢʮʽʷ ʩʪʝʨʞʥʷ ʥʘ ʜʽʶ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʘ),( ʚ) ʧʨʠ 
0p=

; 

ʫ ʚʠʧʘʜʢʫ ʘʢʪʠʚʥʦʛʦ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦ ʩʝʥʩʦʨʽʚ ʽ ʘʢʪʫʘʪʦʨʽʚ (ʙ), (ʛ) 
 

ɺʠʩʥʦʚʦʢ. ʈʦʟʛʣʷʥʫʪʘ ʤʝʪʦʜʠʢʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʩʠʚʥʠʭ ʽ ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʧʨʦʩʪʦʨʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨôʻ ʜʦʟʚʦʣʷʻ ʫʨʘʭʫʚʘʪʠ ʨʝʘʣʴʥʽ ʬʽʟʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʜʠʩʠʧʘʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʘʢʪʠʚʥʦʛʦ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. Preumont A. Vibration control of active structures: an introduction / A. Preumont. ï Springer, 2011. ï 453 p.  

2. Kwon Y. W. The finite element method using MatLAB / Y. W. Kwon, H. Bang. ï CRC Press, 1997. ï 527 p.  

3. ɼʫʙʝʥʝʮ ɺ. ɻ. ʂʦʣʝʙʘʥʠʷ ʜʝʤʧʬʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ / ɺ. ɻ. ɼʫʙʝʥʝʮ, ɺ. ɺ. ʍʠʣʴʯʝʚʩʢʠʡ. ï ʂ.: ɺʠʱʘ ʰʢʦʣʘ, 1995. 
ï ʊ. 1. ï 226 ʩ.  

4. ʉʘʚʯʝʥʢʦ ɽ. ɺ. ʇʘʩʩʠʚʥʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ: ʤʦʥʦʛʨʘʬʠʷ / ɽ. ɺ. ʉʘʚʯʝʥʢʦ. ï ʅʝʞʠʥ: ɸʩʧʝʢʪ-

ʇʦʣʽʛʨʘʬ, 2006. ï 232 ʩ.  
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5. Dubenets V. H. Active damping of nonstationary vibrations in a beam with electro-viscoelastic patches / V.H. Dubenets, O.V. Savchenko, 

O.L. Derkach // ɺʽʩʥʠʢ ʏɼʊʋ. ï 2014. ï ˉ 1 (71). ï ʉ. 43-49. 

 

 

ʋɼʂ 539.3: 539.4 

ʈʆɿʈɸʍʋʅʆʂ ʇʆʇɽʈɽʏʅʆɻʆ ʋɼɸʈʋ ʉʊɽʈɾʅɽʄ ʆɹ ʇɽʈɽʇʆʅʋ 
 

ɺ.ʖ. ɻʨʠʮʶʢ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʐʠʨʦʢʦ ʚʽʜʦʤʘ ʤʦʜʝʣʴ ʉ. ʇ. ʊʠʤʦʰʝʥʢʘ ʨʦʟʨʘʭʫʥʢʫ ʙʘʣʢʠ ʥʘ ʜʽʶ ʧʦʧʝʨʝʯʥʦʛʦ ʫʜʘʨʫ ʪʣ̔ʦʤ [1]. ʎʷ ʤʦʜʝʣʴ 

ʚʨʘʭʦʚʫʻ ʤʽʩʮʝʚʽ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʪʽʣʘ ʽ ʙʘʣʢʠ. ʇʨʦʽʣʶʩʪʨʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʤ ʫʜʘʨʫ ʪʽʣʦʤ ʧʦ 

ʰʘʨʥʽʨʥʦ ʦʧʝʨʪʽʡ ʙʘʣʮʽ. ʋ ʥʘʩʪʫʧʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [2, 3] ʨʦʟʛʣʷʜʘʚʩʷ ʫʜʘʨ ʧʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʢʦʥʩʪʨʫʢʮʽʷʤ. 

ʄʦʜʝʣʴ ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ ʚʠʷʚʠʣʘʩʷ ʜʦʩʠʪʴ ʟʨʫʯʥʦʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʨʫʭʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘ ʧʽʜʩʪʘʚʽ ʤʦʜʝʣʽ ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʧʦʧʝʨʝʯʥʦʛʦ ʫʜʘʨʫ ʚʽʣʴʥʠʤ 

ʩʪʝʨʞʥʝʤ ʦʙ ʥʝʨʫʭʦʤʫ ʧʝʨʝʧʦʥʫ. 

ʄʦʜʝʣʴ 1.  

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʫʜʘʨ ʪʽʣʦʤ ʧʦ ʩʪʝʨʞʥʶ (ʨʠʩ. 1, ʘ). 

ʉʠʣʫ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ )(tF  ʪʽʣʘ ʽ ʙʘʣʢʠ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟ ʨʽʚʥʷʥʥʷ  

 ),()()( FxwFFd FF+=a , (1) 

ʜʝ d  ï ʧʝʨʝʤʽʱʝʥʥʷ ʪʽʣʘ; 

Ŭ ï ʧʝʨʝʤʽʱʝʥʥʷ ʪʽʣʘ, ʚʠʢʣʠʢʘʥʽ ʢʦʥʪʘʢʪʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʫ ʤʽʩʮʽ ʚʟʘʻʤʦʜʽʾ ʪʽʣ (ʪʽʣʘ ʽ ʩʪʝʨʞʥʷ); 

Fw  ï ʣʽʥʽʡʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʪʝʨʞʥʷ ʫ ʤʽʩʮʽ ʟʥʘʭʦʜʞʝʥʥʷ ʪʣ̔ʘ; 

Fx  ï ʢʦʦʨʜʠʥʘʪʘ ʮʴʦʛʦ ʤʽʩʮʷ ʥʘ ʧʦʜʦʚʞʥʽʡ ʦʩʽ ʩʪʝʨʞʥʷ. 

 

ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʫʜʘʨ ʚʽʣʴʥʦʛʦ ʩʪʝʨʞʥʷ ʦʙ ʧʝʨʝʧʦʥʫ. 

ɼʣʷ ʮʴʦʛʦ ʚʚʘʞʘʻʤʦ ʤʘʩʫ ʪʽʣʘ ʜʫʞʝ ʚʝʣʠʢʦʶ. 

ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ, ʥʘʚʝʜʝʥʽʡ ʥʘ ʨʠʩ. 1, ʙ. 

ɼʣ̫ ʪʽʣʘ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ 00 =d  ʽ vd =
¶

0 , ʜʝ v  ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʽʣʘ. 

 

 
ʈʠʩʫʥʦʢ  1 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ 

 

ʇʝʨʝʤʽʱʝʥʥʷ ʚʽʣʴʥʦʛʦ ʩʪʝʨʞʥʷ ʫ ʤʽʩʮʽ ʟʥʘʭʦʜʞʝʥʥʷ ʪʣ̔ʘ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 ( ) ( ) ( )FxwFxdFxw FFFFF ,,, ** += . (2) 

ʜʝ ( )Fxd F ,*
 ï ʣʥ̔ʽʡʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʪʝʨʞʥʷ, ʷʢ ʥʝʜʝʬʦʨʤʽʚʥʦʛʦ, ʫ ʤʽʩʮʽ ʚʟʘʻʤʦʜʽʾ ʪʽʣ; 

 ( )Fxw FF ,*
 ï ʣʽʥʽʡʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʪʝʨʞʥʷ, ʧʦʚôʷʟʘʥʽ ʪʽʣʴʢʠ ʟ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʷʤʠ, ʫ ʤʽʩʮʽ ʚʟʘʻʤʦʜʽʾ 

ʪʽʣ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʨʦʟʩʽʷʥʥʷ ʝʥʝʨʛʽʾ ʫ ʤʘʪʝʨʽʘʣʽ ʩʪʝʨʞʥʷ ʧʨʫʞʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʡʦʛʦ ʤʘʪʝʨʘ̔ʣʫ ʟʘʧʠʰʝʤʦ ʫ 

ʢʦʤʧʣʝʢʩʥʽʡ ʬʦʨʤʽ. 

ʈʦʟʢʣʘʜʘʻʤʦ ʧʝʨʝʤʽʱʝʥʥʷ ʩʪʝʨʞʥʷ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʽ ʨʷʜʠ. 

ɼʣʷ ʚʽʣʴʥʦʛʦ ʩʪʝʨʞʥʷ (ʙʘʣʢʠ) ʜʦʚʞʠʥʦʶ l  ʚʣʘʩʥʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʙʘʣʢʠ [4] 

 )cos)(sin()sin)(cos()( xxchllshlxshllchxX jjjjjjjjj aaaaaaaa +--+-= . (3) 

ʏʠʩʣʘ ja  ʪʨʝʙʘ ʚʠʟʥʘʯʘʪʠ ʟ ʨʽʚʥʷʥʴ 

 1cos =Ö lchl jj aa . (4) 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʥʫʣʴʦʚʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʫ ʜʽʡʩʥʦʩʪʽ ʪʽʣʦ (ʧʝʨʝʧʦʥʘ) ʥʝ ʨʫʭʘʻʪʴʩʷ, ʪʨʝʙʘ ʚʽʜ ʚʠʟʥʘʯʝʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʪʦʯʦʢ ʙʘʣʢʠ 

ʚʽʜʥʷʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʪʽʣʘ. 
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ʄʦʜʝʣʴ 2. 

ʄʦʜʝʣʴ ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʦʶ ʞ, ʘʣʝ ʩʪʝʨʞʝʥʴ ʤʦʜʝʣʶʻʤʦ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺʟʘʛʘʣʽ ʮʝʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʤʘʪʠʯʥʦ ʥʝʟʤʽʥʶʚʘʥʠʭ ʩʠʩʪʝʤ. ɺʽʣʴʥʠʡ ʩʪʝʨʞʝʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʬʽʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʘʣʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʝʨʝʪʚʦʨʶʻʤʦ ʫ ʢʽʥʝʤʘʪʠʯʥʦ ʥʝʟʤʽʥʶʻʤʫ 

ʩʠʩʪʝʤʫ. ʎʶ ʩʠʩʪʝʤʫ ʤʦʜʝʣʶʻʤʦ ʩʢʽʥʯʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʘʨʽʘʥʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʦ ʟʤʽʥʚʁʘʥʦʾ ʩʠʩʪʝʤʠ ʫ ʢʽʥʝʤʘʪʠʯʥʦ ʥʝʟʤʽʥʶʚʘʥʫ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʚʚʝʩʪʠ 

ʜʝʢʽʣʴʢʘ ʬʽʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʣʦʾ ʞʦʨʩʪʢʦʩʪʽ. 

ɼʣʷ ʩʪʝʨʞʥʷ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʥʫʣʴʦʚʽ. 

ʄʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʤʦʜʝʣʴ ʟʘʪʫʭʘʥʥʷ ʢʦʣʠʚʘʥʴ ʈʝʣʝʷ. 

ʈʦʟʢʣʘʜʘʻʤʦ ʨʫʭ ʩʪʝʨʞʥʷ ʟʘ ʚʣʘʩʥʠʤʠ ʬʦʨʤʘʤʠ.  

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʰʽ ʜʚʽ ʯʘʩʪʦʪʠ ʥʫʣʴʦʚʽ (ʤʘʡʞʝ ʥʫʣʴʦʚʽ ʟʘʚʜʷʢʠ ʚʚʝʜʝʥʥʶ ʬʽʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʤʘʣʦʾ ʞʦʨʩʪʢʦʩʪʽ). ʇʝʨʰʘ ʯʘʩʪʦʪʘ ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʪʫʧʘʣʴʥʦʤʫ ʨʫʭʫ ʩʪʝʨʞʥʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ, ʜʨʫʛʘ ï 

ʦʙʝʨʪʘʣʴʥʦʤʫ ʨʫʭʫ ʪʽʣʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ. ʋʨʘʭʫʚʘʥʥʷ ʮʠʭ ʯʘʩʪʦʪ ʝʢʚʽʚʘʣʝʥʪʥʦ ʚʠʟʥʘʯʝʥʥʶ 

ʧʝʨʰʦʛʦ ʜʦʜʘʥʢʫ ʫ ʬʦʨʤʫʣʽ (2), ʘ ʚʨʘʭʫʚʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʯʘʩʪʦʪ ï ʜʨʫʛʦʛʦ ʜʦʜʘʥʢʫ ʮʽʻʾ ʬʦʨʤʫʣʠ. 
 

ʄʦʜʝʣʴ 3. ɺʠʪʽʢʘʻ ʟ ʤʦʜʝʣʽ 1. 

ʄʘʩʫ ʪʽʣʘ ʚʚʘʞʘʻʤʦ ʜʫʞʝ ʚʝʣʠʢʦʶ. ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʨʫʭʫ ʪʽʣʘ ʥʫʣʴʦʚʽ. 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʨʫʭʫ ʩʪʝʨʞʥʷ ʷʢ ʥʝʜʝʬʦʨʤʽʚʥʦʛʦ ʪʽʣʘ ( ) 0,*

0 =Fxd F  ʽ ( ) vFxd F -=
¶

,
*

0 ; ʷʢ 

ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʽʣʘ ï ʥʫʣʴʦʚʽ. 
 

ʄʦʜʝʣʴ 4. 

ʎʷ ʤʦʜʝʣʴ ʘʥʘʣʦʛʽʯʥʘ ʤʦʜʝʣʽ 3. ɼʣʷ ʦʧʠʩʫ ʨʫʭʫ ʩʪʝʨʞʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʉʪʦʩʦʚʥʦ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʚʠʥʠʢʘʶʪʴ ʧʝʚʥʽ ʫʩʢʣʘʜʥʝʥʥʷ. ʏʘʩʪʠʥʘ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ (ʧʦʚôʷʟʘʥʠʭ ʟ ʢʫʪʦʚʠʤʠ 

ʧʝʨʝʤʽʱʝʥʥʷʤʠ) ʥʫʣʴʦʚʘ, ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ (ʧʦʚôʷʟʘʥʘ ʟ ʣʽʥʽʡʥʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ) ï ʥʝʥʫʣʴʦʚʘ. 
 

ʄʦʜʝʣʴ 5. 

ʎ  ̫ʤʦʜʝʣʴ ʘʥʘʣʦʛʽʯʥʘ ʤʦʜʝʣʽ 4. ʊʽʣʴʢʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʫʭ ʩʪʝʨʞʥʷ ʰʪʫʯʥʦ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʨʫʭ ʷʢ ʥʝʜʝʬʦʨʤʽʚʥʦʛʦ ʪʽʣʘ (ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʝʨʰʽ ʥʫʣʴʦʚʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ) ʽ ʥʘ ʨʫʭ 

ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʽʣʘ (ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʥʝʥʫʣʴʦʚʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ). ɼʣʷ ʦʩʪʘʥʥʴʦʾ ʯʘʩʪʠʥʠ ʧʦʯʘʪʢʦʚʽ 

ʫʤʦʚʠ ʥʫʣʴʦʚʽ. 
 

ʄʦʜʝʣʴ 6. 

ɿ ʤʦʜʝʣʽ ʚʠʣʫʯʘʻʪʴʩʷ ʪʽʣʦ. ʊʦʜʽ ʚ (1) 0)( =Fd . ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ, ʥʘʚʝʜʝʥʽʡ ʥʘ ʨʠʩ. 1, ʚ. 

ʈʫʭ ʩʪʝʨʞʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʫ ʤʦʜʝʣʽ 3. 
 

ʄʦʜʝʣʴ 7. 

ɿ ʤʦʜʝʣʽ ʚʠʣʫʯʘʻʪʴʩʷ ʪʽʣʦ.  

ʈʫʭ ʩʪʝʨʞʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʫ ʤʦʜʝʣʽ 4. 
 

ʄʦʜʝʣʴ 8. 

ɿ ʤʦʜʝʣʽ ʚʠʣʫʯʘʻʪʴʩʷ ʪʽʣʦ. 

ʈʫʭ ʩʪʝʨʞʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʫ ʤʦʜʝʣʽ 5 

 

ʈʽʚʥʷʥʥʷ (1) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʩʠʣʫ )(tF . ʎʝ ʨʦʙʠʪʴʩʷ ʯʠʩʝʣʴʥʦ ʥʘ ʧʦʩʣʽʜʦʚʥʠʭ ʤʘʣʠʭ ʢʨʦʢʘʭ ʯʘʩʫ t. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʯʠʩʝʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ [6]. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʩʪʫʧʽʥʯʘʩʪʘ ʘʧʨʦʢʩʠʤʘʮʽʷ 

ʩʠʣʠ   )(tF    ʥʘ ʤʘʣʠʭ ʢʨʦʢʘʭ ʯʘʩʫ   t. 

ʈʦʟʨʘʭʫʥʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʢʣʘʜʫ ʜʣʷ ʢʦʞʥʦʾ ʤʦʜʝʣʽ ʜʘʣʠ ʪʦʪʦʞʥʽ ʨʝʟʫʣʴʪʘʪʠ. 
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1. ʊʠʤʦʰʝʥʢʦ ʉ.ʇ. ʂʦʣʝʙʘʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʤ ʜʝʣʝ / ʉ.ʇ. ʊʠʤʦʰʝʥʢʦ ï ʄ.: ʅʘʫʢʘ, 1967. ï 444 ʩ. 

2. ɻʨʠʮʶʢ ɺ.ʖ. ʆʙ ʫʧʨʫʛʦʤ ʫʜʘʨʝ ʧʦ ʪʨʸʭʩʣʦʡʥʳʤ ʙʘʣʢʘʤ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʘʨʭʠʪʝʢʪʫʨʘ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʅʀʉʀ, 

1971. ï ˉ10. ʉ. 58-63. 
3. ʆʣʴʰʘʥʩʢʠʡ ɺ.ʇ., ʊʠʱʝʥʢʦ ʃ.ʅ., ʆʣʴʰʘʥʩʢʠʡ ʉ.ɺ. ʂʦʣʝʙʘʥʠʷ ʩʪʝʨʞʥʝʡ ʠ ʧʣʘʩʪʠʥ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʫʜʘʨʝ. ï ʍʘʨʴʢʦʚ: 

ʄʽʩʴʢʜʨʫʢ, 2012. ï 320 ʩ.  

4. ʇʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʣʝʙʘʥʠʷ. ʉʧʨʘʚʦʯʥʠʢ ʚ ʪʨʸʭ ʪʦʤʘʭ. ʊʦʤ 3. / ʇʦʜ ʨʝʜ. ʀ.ɸ. ɹʠʨʛʝʨʘ, ʗ.ɻ. ʇʘʥʦʚʢʦ. ï ʄ.: 
ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1068. ï 567 ʩ. 
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ʅʆɺɯʊʅɯ ʄɸʊɽʈɯɸʃʀ ɺ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅɯ 

 

ʆ.ʄ. ɺʦʨʦʙʝʡ, ɺ.ʆ. ɻʨʘʙʦʚʝʮʴ, ʩʪʫʜ. ʛʨ. ɿɺ-131 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɯ. ʂʦʚʘʣʴ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ  

ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʚʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  
 

ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ  ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʰʠʥʥʠʭ ʜʝʪʘʣʝʡ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʜʫʢʮʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ɺ ʨʷʜʽ ʛʘʣʫʟʝʡ, ʥʘʧʨʠʢʣʘʜ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ, ʚʘʨʪʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʤʦʞʝ 

ʩʢʣʘʜʘʪʠ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʚʘʨʪʦʩʪʽ ʚʩʽʻʾ ʤʘʰʠʥʠ. ʂʦʥʩʪʨʫʢʪʦʨʘʤ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʫ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʾʾ ʨʦʟʚôʷʟʢʫ  ʽʩʥʫʶʪʴ ʜʚʘ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ: ʧʝʨʰʠʡ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʞʝ 

ʚʽʜʦʤʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʽ ʜʨʫʛʠʡ ï ʨʦʟʨʦʙʢʠ ʾʭ ʥʦʚʠʭ ʟʨʘʟʢʽʚ, ʟ ʦʩʦʙʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʇʝʨʰʠʡ ʥʘʧʨʷʤʦʢ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʨʝʚʽʨʝʥʠʭ ʯʘʩʦʤ çʪʨʘʜʠʮʽʡʥʠʭè ʤʘʪʝʨʽʘʣʽʚ: ʯʦʨʥʠʭ ʽ 

ʢʦʣɹʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʾʭ ʩʧʣʘʚʽʚ ʽ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʾʭ ʧʦʢʨʘʱʝʥʥʷ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʧʨʠʥʮʠʧ çʤʽʩʮʝʚʦʾ ʷʢʦʩʪʽè. ʆʩʦʙʣʠʚʽʩʪʶ ʷʢʦʛʦ ʻ ʟʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ ʚ ʥʝʦʙʭʽʜʥʦʤʫ ʤʽʩʮʽ ʽ ʚ 

ʥʝʦʙʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʤʦʛ, ʮʝ ʤʦʞʝ 

ʙʫʪʠ ʤʽʩʮʝʚʝ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʽ ʤʽʮʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ ʟʥʦʰʫʚʘʥʥʶ, ʧʽʜʚʠʱʝʥʥʷ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʊʘʢʽ ʟʤʽʥʠ ʜʦʩʷʛʘʶʪʴʩʷ ʰʣʷʭʦʤ  ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ: ʤʽʩʮʝʚʦʾ 

ʪʝʨʤʦʦʙʨʦʙʢʠ, ʧʣʘʢʫʚʘʥʥʷ, ʥʘʢʘʪʫʚʘʥʥʷ ʽ ʽʥ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʭ ʤʝʪʦʜʽʚ ʥʝʦʙʭʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 

ʜʝʪʘʣʽ ʧʽʜʩʠʣʶʶʪʴʩʷ ʚ ʧʦʪʨʽʙʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʅʘʧʨʠʢʣʘʜ, ʚʩʽʤ ʚʽʜʦʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʩʮʝʚʦʾ ʪʝʨʤʦʦʙʨʦʙʢʠ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʝʚʠʭ ʚʘʣʽʚ ʽ ʦʩʝʡ ʚ ʤʽʩʮʷʭ, ʷʢʽ ʪʨʫʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʫʱʽʣʴʥʝʥʴ. 

ɼʨʫʛʠʡ ʩʧʦʩʽʙ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʨʦʟʨʦʙʢʦʶ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʾʭ 

ʥʦʚʽʪʥʽʭ ʟʨʘʟʢʽʚ. ʅʦʚʽ ʤʘʪʝʨʽʘʣʠ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʛʘʤ,  ʷʢʽ ʩʪʦʷʪʴ ʧʝʨʝʜ ʜʘʥʦʶ ʜʝʪʘʣʣʶ ʽ ʤʘʰʠʥʦʶ ʚ 

ʮʣ̔ʦʤʫ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʤʝʪʘʣʝʚʽ, ʪʘʢ ʽ ʥʝʤʝʪʘʣʝʚʽ ʤʘʪʝʨʽʘʣʠ.  ɼʦ ʦʩʪʘʥʥʽʭ ʚʽʜʥʦʩʷʪʴʩʷ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʤʘʪʝʨʽʘʣʠ. ʊʠʧʦʚʠʤʠ ʩʫʯʘʩʥʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʷʢʠʭ ʻ ʢʘʨʙʦʥ ʽ ʢʝʚʣʘʨ. ɼʦ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ 

ʢʦʥʩʪʨʫʢʪʦʨʠ ʧʨʦʷʚʣʷʶʪʴ ʧʽʜʚʠʱʝʥʠʡ ʽʥʪʝʨʝʩ. ʅʘʚʢʦʣʦ ʥʠʭ ʥʘʚʽʪʴ ʩʢʣʘʚʩʷ ʧʝʚʥʠʡ ʦʨʝʦʣ ʟʘʛʘʜʢʦʚʦʩʪʽ. 

ʂʘʨʙʦʥ ï  ʧʨʝʜʩʪʘʚʥʠʢ ʚʫʛʣʝʧʣʘʩʪʠʢʽʚ, ʧʣʘʩʪʠʯʥʘ ʤʘʩʘ, ʚ ʩʪʨʫʢʪʫʨʽ ʷʢʦʾ ʟʤʽʮʥʶʶʯʠʤ ʝʣʝʤʝʥʪʦʤ 

(ʥʘʧʦʚʥʶʚʘʯʝʤ)  ʻ ʚʫʛʣʝʮʝʚʽ ʚʦʣʦʢʥʘ ʫ ʚʠʛʣʷʜʽ ʜʞʛʫʪʽʚ, ʩʤʫʛ ʽ ʪʢʘʥʠʥ. ʄʘʪʝʨʽʘʣ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ 

ʤʽʮʥʽʩʪʶ ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ ʽ ʜʠʥʘʤʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʤʘʻ ʚʠʩʦʢʫ ʞʦʨʩʪʢʽʩʪʴ, ʨʘʜʽʘʮʽʡʥʫ ʩʪʽʡʢʽʩʪʴ, ʤʘʣʫ 

ʛʫʩʪʠʥʫ ʽ ʤʘʣʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ.  

ʋ ʩʫʯʘʩʥʦʤʫ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ, ʩʣʦʚʘ ʢʘʨʙʦʥ ʽ ʢʝʚʣʘʨ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʩʝ ʯʘʩʪʽʰʝ. ʎʽ 

ʤʘʪʝʨʽʘʣʠ ʚʞʝ ʜʘʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʙʦʣʽʜʽʚ ʌʦʨʤʫʣʠ-1, ʢʘʙʽʥ ʣʽʪʘʢʽʚ, ʢʦʨʧʫʩʽʚ, ʱʦʛʣ 

ʢʘʪʝʨʽʚ ʽ ʷʭʪ, ʢʫʟʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ,  ʨʝʩʦʨ ʪʘ ʢʘʨʜʘʥʥʠʭ ʚʘʣʽʚ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ. ʂʘʨʙʦʥʦʚʽ ʛʘʣʴʤʽʚʥʽ ʜʠʩʢʠ ʩʪʘʣʠ 

ʥʝʦʜʤʽʥʥʠʤ ʘʪʨʠʙʫʪʦʤ ʛʦʥʦʯʥʠʭ, ʩʧʦʨʪʠʚʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʂʘʨʙʦʥ ʥʘ 40% ʣʝʛʰʠʡ ʚʽʜ ʩʪʘʣʽ ʽ ʥʘ 20% ï ʚʽʜ 

ʘʣʶʤʽʥʽʶ. ɺʫʛʣʝʧʣʘʩʪʠʢʦʚʽ ʜʝʪʘʣʽ ʣʝʛʰʽ ʽ ʤʽʮʥʽʰʽ ʩʢʣʦʧʣʘʩʪʠʢʦʚʠʭ. ɿ ʪʠʭ ʧʽʨ, ʷʢ ʚ 1981 ʨ. ɼʞʦʥ ɹʘʨʥʘʨʜ 

ʚʧʝʨʰʝ ʚʠʢʦʨʠʩʪʘʚ ʢʘʨʙʦʥʦʚʝ ʚʦʣʦʢʥʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʥʦʢʦʢʘ, ʮʝʡ ʤʘʪʝʨʽʘʣ ʤʽʮʥʦ ʫʚʽʡʰʦʚ ʚ ʩʫʯʘʩʥʠʡ 

ʘʚʪʦʩʧʦʨʪ ʽ ʧʦʩʪʫʧʦʚʦ ʧʨʦʥʠʢʘʻ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʟʚʠʯʘʡʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ.(ʄʦʥʦʢʦʢ - ʪʠʧ ʧʨʦʩʪʦʨʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʚ ʷʢʽʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʘʨʢʘʩʥʠʭ ʘʙʦ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʦʚʥʽʰʥʷ ʦʙʦʣʦʥʢʘ ʻ ʦʩʥʦʚʥʠʤ ʽ, ʷʢ 

ʧʨʘʚʠʣʦ, ʻʜʠʥʠʤ ʥʝʩʫʯʠʤ ʝʣʝʤʝʥʪʦʤ. ɺ ʜʝʷʢʽʡ ʤʽʨʽ, ʪʝʨʤʽʥ çʤʦʥʦʢʦʢè ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʬʶʟʝʣʷʞʽʚ ʣʽʪʘʢʽʚ; 

ʚ ʩʫʯʘʩʥʽʡ ʤʦʚʽ ʪʝʨʤʽʥ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʥʝʩʫʯʠʭ ʢʫʟʦʚʽʚ ʛʦʥʦʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʢʦʨʧʫʩʽʚ ʯʦʚʥʽʚ ʽ  

ʚʝʣʦʩʠʧʝʜʥʠʭ ʨʘʤ.) 

ʂʝʚʣʘʨ ï ʮʝ ʧʦʣʽʘʤʽʜʥʝ ʩʠʥʪʝʪʠʯʥʝ ʚʦʣʦʢʥʦ, ʷʢʝ ʤʘʻ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ. ɿʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ  ʚʽʥ ʫ ʧ'ʷʪʴ 

ʨʘʟʽʚ ʤʽʮʥʽʰʠʡ ʩʪʘʣʽ, ʤʘʻ ʚʠʩʦʢʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʦʧʽʨ ʫʜʘʨʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ, ʪʝʨʤʦʩʪʽʡʢʠʡ.  

ʄʘʪʝʨʽʘʣ ʚʠʥʘʡʜʝʥʠʡ ʚ 1965 ʨʦʮʽ ʥʘʫʢʦʚʠʤʠ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʭʽʤʽʯʥʦʾ ʢʦʨʧʦʨʘʮʽʾ DuPont. 

ʂʝʚʣʘʨ ʦʜʠʥ ʽʟ ʘʥʘʣʦʛʽʚ ʧʘʚʫʪʠʥʠ. ɺʩʝ ʧʦʯʘʣʦʩʷ ʟ ʧʘʚʫʢʽʚ, ʘ ʪʦʯʥʽʰʝ ʟ ʪʦʛʦ, ʱʦ ʚʦʥʠ ʨʦʙʣʷʪʴ. ɺʯʝʥʽ 

ʨʦʟʨʘʭʫʚʘʣʠ, ʱʦ ʢʘʥʘʪ, ʩʧʣʝʪʝʥʠʡ ʟ ʧʘʚʫʪʠʥʠ ʪʦʚʱʠʥʦʶ ʟ ʦʣʽʚʝʮʴ, ʤʽʛ ʙʠ ʫʪʨʠʤʘʪʠ ʥʘ ʤʽʩʮʽ ʣʽʪʘʢ ʪʠʧʫ ɹʦʾʥʛ 

747. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʱʽʣʴʥʽʩʪʴ ʧʘʚʫʪʠʥʠ ʚ 6 ʨʘʟʽʚ ʤʝʥʰʘ, ʥʽʞ ʫ ʩʪʘʣʽ, ʘ ʦʪʞʝ, ʤʝʥʰʘ ʽ ʤʘʩʘ. ʂʝʚʣʘʨʦʚʽ ʨʝʤʝʥʽ ʽ 

ʩʪʨʦʧʠ ʙʝʟʧʝʢʠ ʟʥʘʯʥʦ ʤʽʮʥʽʰʽ ʟʘ ʟʚʠʯʘʡʥʽ.  

ɼʦ ʧʝʨʝʚʘʛ ʢʝʚʣʘʨʘ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʽ ʥʘʩʪʫʧʥʝ: ʤʘʪʝʨʽʘʣ ʚʦʣʦʜʽʻ ʜʫʞʝ ʥʠʟʴʢʦʶ ʧʠʪʦʤʦʶ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ, ʚʠʩʦʢʠʤ ʭʽʤʽʯʥʠʤ ʦʧʦʨʦʤ, ʥʠʟʴʢʦʶ ʪʝʨʤʽʯʥʦʶ ʫʩʘʜʢʦʶ, ʚʠʩʦʢʠʤ ʦʧʦʨʦʤ ʥʘ ʨʦʟʨʠʚ ʽ 

ʧʦʨʽʟʠ, ʧʨʫʯʘʻʪʴʩʷ ʚʦʛʥʶ (ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʘʤʦʛʘʩʽʥʥʷ). 

ʋ 1975 ʨʦʮʽ ʥʦʚʠʡ ʤʘʪʝʨʽʘʣ, ʢʝʚʣʘʨ, ʙʫʚ ʚʠʧʫʱʝʥʠʡ ʥʘ ʨʠʥʦʢ. ɿʘʨʘʟ ʚʽʥ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʩʢʨʽʟʴ: ʟ 

ʥʴʦʛʦ ʨʦʙʣʷʪʴ ʢʘʥʘʪʠ, ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʽʣʽʚ, ʢʦʨʧʫʩʠ ʢʘʪʝʨʽʚ, ʬʶʟʝʣʷʞʽ ʣʽʪʘʢʽʚ, ʜʝʪʘʣʽ ʢʦʩʤʽʯʥʠʭ ʢʦʨʘʙʣʽʚ ʽ 

ʩʧʦʨʪʠʚʥʠʡ ʽʥʚʝʥʪʘʨ. ɼʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʟ ʢʝʚʣʘʨʘ ʨʦʙʣʷʪʴ ʪʘʢʦʞ ʢʫʣʝʥʝʧʨʦʙʠʚʥʽ ʞʠʣʝʪʠ ʜʣʷ 

ʧʦʣʽʮʽʾ ʽ ʚʽʡʩʴʢʦʚʠʭ ʪʘ ʢʦʩʪʶʤʠ ʧʦʞʝʞʥʠʭ. ʈʦʟʨʦʙʥʠʢʠ ʤʘʪʝʨʽʘʣʫ ʜʫʞʝ ʟʘʜʦʚʦʣʝʥʽ ʟ ʪʦʛʦ, ʱʦ ʾʭ ʚʠʥʘʭʽʜ 

ʚʨʷʪʫʚʘʚ ʞʠʪʪʷ ʙʘʛʘʪʴʦʤ ʣʶʜʷʤ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʠʚʦʚʠʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʘʨʙʦʥʫ ʽ ʢʝʚʣʘʨʘ  ʥʘʤʘʛʘʶʪʴʩʷ ʦʙ'ʻʜʥʘʪʠ. ʂʦʥʩʪʨʫʢʪʦʨʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʽʙʨʠʜʥʠʡ ʤʘʪʝʨʽʘʣ ʢʘʨʙʦʥ ï ʢʝʚʣʘʨ, ʚ ʷʢʦʤʫ  ʚʫʛʣʝʚʦʣʦʢʥʘ ʧʝʨʝʧʣʝʪʝʥʽ ʟ ʚʦʣʦʢʥʘʤʠ ʢʝʚʣʘʨʘ. 

ʄʘʪʝʨʽʘʣ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʧʫʩʽʚ ʯʦʚʥʽʚ, ʤʦʥʦʢʦʢʽʚ ʽ ʽʥ. 

https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%BB%D1%8C
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ʊʘʢʠʤ ʯʠʥʦʤ, ʢʘʨʙʦʥ ʽ ʢʝʚʣʘʨ ʻ ʧʨʝʜʩʪʘʚʥʠʢʠ ʧʦʨʽʚʥʷʥʦ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʦʥʠ  ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʦʜʥʽʡ ʽʟ 

ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ ʜʦ ʩʫʯʘʩʥʠʭ ʤʘʰʠʥ: ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʽʮʥʦʩʪʽ  ʧʨʠ   ʤʽʥʽʤʘʣʴʥʽʡ ʚʘʟʽ. ɰʭ ʨʦʟʨʦʙʢʘ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʩʚʽʜʯʝʥʥʷʤ ʧʨʦʛʨʝʩʫ ʚ ʛʘʣʫʟʽ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. 
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ɯ. ɸʙʨʘʤʦʚ, ʫʯʝʥʴ 11 ʢʣʘʩʫ, ʍʝʨʩʦʥʩʴʢʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʰʢʦʣʘ ˉ30 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻ.ʉ. ɸʙʨʘʤʦʚ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʚʠʱʦʾ  

ʤʘʪʝʤʘʪʠʢʠ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʊʨʠʢʫʪʥʠʢ ʇʘʩʢʘʣʷ ʩʢʣʘʜʘʶʪʴ ʪʘʢ ʟʚʘʥʽ ʙʽʥʦʤʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. ɹʽʥʦʤʽʘʣʴʥʽ ʡ ʪʨʠʥʦʤʽʘʣʴʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ [1,2] ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯʘʭ. ʊʘʢ, ʫ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯʘʭ ʬʽʟʠʯʥʦʾ ʡ ʭʽʤʽʯʥʦʾ 

ʢʽʥʝʪʠʢʠ, ʚ ʽʤʦʚʽʨʥʽʩʥʠʭ ʟʘʜʘʯʘʭ, ʘ ʪʘʢʦʞ ʫ ʟʘʜʘʯʘʭ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʯʠʩʣʶʚʘʪʠ ʨʽʟʥʽ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʥʘ ʤʥʦʞʠʥʘʭ, ʟʦʢʨʝʤʘ ʯʠʩʣʘ ʩʧʦʣʫʯʝʥʴ, ʪʦʙʪʦ ʙʽʥʦʤʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. ʅʘʡʯʘʩʪʽʰʝ ʚ ʮʠʭ 

ʚʠʧʘʜʢʘʭ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʬʘʢʪʦʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʦʤʫ ʬʦʨʤʫʣʫ ʉʪʠʨʣʽʥʛʘ, ʷʢʘ ʜʘʻ ʜʦʩʠʪʴ ʛʨʫʙʝ 

ʥʘʙʣʠʞʝʥʥʷ. ʊʦʤʫ ʟʘʜʘʯʘ ʧʦʰʫʢʫ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʦʶ  ̔ ʚʚʘʞʘʪʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʟʘʩʪʦʩʫʚʘʥʴ  ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ ʻ ʟʘʚʝʨʰʝʥʠʤʠ, ʙʫʣʦ ʙ ʧʝʨʝʜʯʘʩʥʠʤ. 

ɺʽʜʦʤʦ, ʱʦ ʘʩʠʤʧʪʦʪʦʶ  ʙʽʥʦʤʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʻ ʥʦʨʤʘʣʴʥʠʡ (ʛʘʫʩʽʚʩʴʢʠʡ) ʨʦʟʧʦʜʽʣ [1,2]. ʆʜʥʘʢ ʚʽʥ 
ʨʝʘʣʽʟʫʻʪʴʩʷ ʣʠʰʝ ʚ ʛʨʘʥʠʯʥʠʭ ʤʝʞʘʭ. ʂʦʥʢʨʝʪʥʽ ʞ ʚʽʜʦʤʦʩʪʽ ʧʨʦ çʢʽʥʝʪʠʢʫè ʮʴʦʛʦ ʥʘʙʣʠʞʝʥʥʷ; ʧʨʦ ʪʝ, ʷʢʠʤ 

ʯʠʥʦʤ ʟʤʽʥʶʶʪʴʩʷ ʯʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʦʤʝʨʘ 

ʨʷʜʢʘ, ʚʽʜʩʫʪʥʽ.  

ʋ ʨʦʙʦʪʽ ʦʙʯʠʩʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʡ ʜʠʩʧʝʨʩʽʷ ʨʦʟʧʦʜʽʣʫ ʯʠʩʝʣ ʫ ʨʷʜʢʘʭ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ,  

ä
=

=
k

i

iinx
N

x
1

1

,    
ä
=

-=
k

i

ii xnx
N

S
1

222 1 , ʜʝ  ʭ ̔ï ʥʦʤʝʨ ʧʦʟʠʮʽʾ (ʝʣʝʤʝʥʪʘ) ʫ ʨʷʜʢʫ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ; n ̔ï ʟʥʘʯʝʥʥʷ 

ʝʣʝʤʝʥʪʘ ʥʘ -̔ʡ ʧʦʟʠʮʽʾ ʚ ʨʷʜʢʫ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ; k = n+1 ï  ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ ʚ n-ʡ ʨʷʜʢʫ; N ï ʩʫʤʘ ʚʩʽʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʜʘʥʦʤʫ ʨʷʜʢʫ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ: N=2
n
. 

ɺʠʟʥʘʯʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʾ ʚʽʜ ʥʦʤʝʨʘ ʨʷʜʢʘ:    ;;
42
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ʟʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʘʫʩʩʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʷʢʠʡ ʘʧʨʦʢʩʠʤʫʻ ʨʦʟʧʦʜʽʣ ʚ n-ʦʤʫ ʨʷʜʢʫ ʪʨʠʢʫʪʥʠʢʘ.  
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ʇʨʦʚʝʜʝʥʝ ʧʦʨʽʚʥʷʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ (ʥʘ ʧʽʜʩʪʘʚʽ ʦʙʯʠʩʣʝʥʠʭ ʯʘʩʪʦʪ) ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ 

(ʛʘʫʩʩʽʚʩʴʢʠʭ ʢʨʠʚʠʭ) ʜʣʷ ʨʷʜʢʽʚ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʦʤʝʨʘ ʨʷʜʢʘ ʪʨʠʢʫʪʥʠʢʘ 

ʇʘʩʢʘʣʷ ʝʤʧʽʨʠʯʥʽ ʡ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʧʦʜʽʣʠ ʥʘʙʣʠʞʘʶʪʴʩʷ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. 

ɺʠʚʯʝʥʘ ʘʩʠʤʧʪʦʪʠʢʘ ʥʘʙʣʠʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚ ʨʷʜʢʘʭ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. ɯʟ 

ʮʽʻʶ ʤʝʪʦʶ ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʧʘʨʥʠʭ ʧʦʨʷʜʢʽʚ ʚʽʜ 4-ʛʦ ʜʦ 8-ʛʦ, ʱʦ ʦʧʠʩʫʶʪʴ çʜʝʬʦʨʤʘʮʽʶè 

ʛʘʫʩʩʽʚʩʴʢʦʾ ʢʨʠʚʦʾ ʫʟʜʦʚʞ ʦʩʽ ʦʨʜʠʥʘʪ. ʇʦʢʘʟʘʥʝ ʘʩʠʤʧʪʦʪʠʯʥʝ ʥʘʙʣʠʞʝʥʥʷ ʤʦʤʝʥʪʫ 4-ʛʦ ʧʦʨʷʜʢʫ (ʝʢʩʮʝʩʫ) 

ʜʦ ʥʫʣʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʦʤʝʨʘ ʨʷʜʢʘ. ɿʥʘʯʝʥʥʷ ʮʝʥʪʨʦʚʘʥʠʭ ʤʦʤʝʥʪʽʚ 6-ʛʦ ʡ 8-ʛʦ ʧʦʨʷʜʢʽʚ ʪʘʢʦʞ 

ʘʩʠʤʧʪʦʪʠʯʥʦ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʟʥʘʯʝʥʴ, ʚʽʜʧʦʚʽʜʥʠʭ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (ʚʽʜʧʦʚʽʜʥʦ, 15 ʽ 105).  

ɼʦʩʣʽʜʞʝʥʦ ʚʽʜʭʠʣʝʥʥʷ ʟʥʘʯʝʥʴ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʽʚ ʫ ʨʷʜʢʘʭ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʚ ʦʢʦʣʠʮʽ  ʮʝʥʪʨʘʣʴʥʠʭ  ʝʣʝʤʝʥʪʽʚ ʚʽʜ 10-ʛʦ ʽ ʜʦ 90-ʛʦ ʨʷʜʢʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʷʢʱʦ ʜʣʷ ʮʝʥʪʨʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʷʜʢʽʚ ʮʷ ʨʽʟʥʠʮʷ ʥʝʛʘʪʠʚʥʘ (ʧʘʩʢʘʣʽʚʩʢʠʡ ʨʦʟʧʦʜʽʣ çʧʨʠʧʣʶʱʝʥʠʡè ʚʽʜʥʦʩʥʦ ʛʘʫʩʩʽʚʩʴʢʦʛʦ), ʪʦ ʚ 

ʥʘʡʙʣʠʞʯʽʡ ʦʢʦʣʠʮʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʚʦʨʦʪʥʘ ʩʠʪʫʘʮʽʷ ï ʱʽʣʴʥʽʩʪʴ ʧʘʩʢʘʣʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʙʽʣʴʰʘ, ʥʽʞ 

ʱʽʣʴʥʽʩʪʴ ʛʘʫʩʩʦʚʩʢʦʛʦ ʨʦʟʧʦʜʽʣʫ. ɼʘʣʽ, ʟ ʚʽʜʜʘʣʝʥʥʷʤ ʚʽʜ ʮʝʥʪʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʥʦʚʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʝʛʘʪʠʚʥʘ ʨʽʟʥʠʮʷ, ʦʜʥʘʢ ʮʝʡ çʭʚʠʣʝʧʦʜʽʙʥʠʡè ʧʨʦʮʝʩ ʰʚʠʜʢʦ ʟʘʛʘʩʘʻ ʡ ʨʽʟʥʠʮʷ ʘʩʠʤʧʪʦʪʠʯʥʦ ʥʘʙʣʠʞʘʻʪʴʩʷ 

ʜʦ ʥʫʣʷ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʦʤʝʨʘ ʨʷʜʢʘ ʘʤʧʣʽʪʫʜʘ çʭʚʠʣʽè ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʩʫʥʫʪʠ ʛʽʧʦʪʝʟʫ ʧʨʦ ʪʝ, 

ʱʦ, ʤʦʞʣʠʚʦ, ʚ ʜʝʷʢʠʭ ʪʦʥʢʠʭ ʬʽʟʠʯʥʠʭ ʘʙʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʷʚʠʱʘʭ ʧʨʘʮʶʻ ʩʘʤʝ ʨʦʟʧʦʜʽʣ ʇʘʩʢʘʣʷ, ʘʣʝ ʫ 

ʟʚôʷʟʢʫ ʟ ʜʫʞʝ ʥʝʟʥʘʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʜʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ, ʡʦʛʦ ʜʫʞʝ ʚʘʞʢʦ ʧʦʤʽʪʠʪʠ. 

ʄʦʞʣʠʚʦ ʪʘʢʦʞ, ʱʦ ʧʨʠ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʪʝʭʥʽʢʠ ʽ ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʮʷ ʨʽʟʥʠʮʷ 

ʚʠʷʚʠʪʴʩʷ ʪʘʤ, ʜʝ ʪʨʘʜʠʮʽʡʥʦ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ. 
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ʆʪʨʠʤʘʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʨʷʜʢʽʚ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʫʩʩʽʚʩʴʢʦʾ 

ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ: ),
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ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʡ ʚʠʜ ʚʦʥʠ ʤʘʶʪʴ ʜʣʷ ʮʝʥʪʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʘʨʥʠʭ ʨʷʜʢʽʚ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ:.
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ʇʨʦʚʝʜʝʥʽ ʦʮʽʥʢʠ ʚʽʜʥʦʩʥʦʾ ʧʦʛʨʽʰʥʦʩʪʽ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʧʦ ʥʘʙʣʠʞʝʥʽʡ ʬʦʨʤʫʣʽ  ʡ ʟʥʘʡʜʝʥʘ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʧʦʛʨʽʰʥʦʩʪʽ ʚʽʜ ʥʦʤʝʨʘ ʨʷʜʢʘ 
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p ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʦʪʨʠʤʘʥʘ 

ʬʦʨʤʫʣʘ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʮʝʥʪʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʘʨʥʠʭ ʨʷʜʢʽʚ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ: 
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ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʱʝ ʙʽʣʴʰ ʪʦʯʥʝ ʥʘʙʣʠʞʝʥʥʷ: 

03,025,0

2
2

2
2/

+
Ö

+
Öº=

n

n

n

n

m
C

n
nm

n
p     ʘʙʦ   

)
0075,003,025,0

1

1
(

2

32

2/

nnn

m
C

n
nm

n

+++

Öº=

p

 

ʊʦʯʥʽʩʪʴ ʮʴʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʥʘʩʪʽʣʴʢʠ ʚʠʩʦʢʘ, ʱʦ ʥʘʚʽʪʴ ʜʣʷ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ n ʚʦʥʦ ʜʘʻ ʜʫʞʝ ʪʦʯʥʫ 

ʦʮʽʥʢʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ n=20 ʯʠʩʣʦ ʩʧʦʣʫʯʝʥʴ 
10

20C
= 184756, ʘ ʦʩʪʘʥʥʻ ʥʘʙʣʠʞʝʥʥʷ ʜʘʻ ʨʝʟʫʣʴʪʘʪ 184755,5; 

ʪʦʙʪʦ ʚʽʜʥʦʩʥʘ ʧʦʤʠʣʢʘ ʩʪʘʥʦʚʠʪʴ 0,00027%. 

ʄʘʶʯʠ ʜʦʩʠʪʴ ʪʦʯʥʝ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʘʨʥʦʛʦ ʨʷʜʢʘ ʤʦʞʥʘ ʣʝʛʢʦ ʦʙʯʠʩʣʠʪʠ ʡ 

ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʨʷʜʢʘ:                              
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ɺʠʱʝʥʘʚʝʜʝʥʝ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʘʨʥʦʛʦ ʨʷʜʢʘ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ ʜʦʟʚʦʣʷʻ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʪʘʢʫ ʨʝʢʫʨʝʥʪʥʫ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʬʘʢʪʦʨʽʘʣʽʚ: 
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ʅʘʚʝʜʝʥʽ ʬʦʨʤʫʣʠ ʬʦʨʤʫʣʠ ʜʦʟʚʦʣʷʶʪʴ ʧʦʩʣʽʜʦʚʥʦ (ʨʝʢʫʨʝʥʪʥʦ) ʦʙʯʠʩʣʶʚʘʪʠ ʟʥʘʯʝʥʥʷ (2n)! ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʦʤʦʛʦ ʟʥʘʯʝʥʥʷ n!. ʇʦʩʣʽʜʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʬʦʨʤʫʣ ʜʦʟʚʦʣʷʻ ʢʨʦʢ ʟʘ ʢʨʦʢʦʤ ʦʙʯʠʩʣʶʚʘʪʠ 

ʬʘʢʪʦʨʽʘʣʠ ʚʩʝ ʙʽʣʴʰʠʭ ʚʝʣʠʯʠʥ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʽʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʪʨʠʥʦʤʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ ʜʦʙʫʪʦʢ ʙʽʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ [1]. 
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ʋʟʘʛʘʣʴʥʝʥʥʷʤ ʙʽʥʦʤʽʘʣʴʥʠʭ ʽ ʪʨʠʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʣʫʛʫʶʪʴ ʤʫʣʴʪʠʥʦʤʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ 

ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʜʦʙʫʪʢʫ ʚʽʜʧʦʚʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʽʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʶʯʠ ʜʦʩʠʪʴ ʪʦʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʙʽʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ ʡ 

ʪʨʠʥʦʤʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʘ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʽ ʤʫʣʴʪʠʥʦʤʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʧʦʥʦʚʘʥʝ ʥʘʤʠ ʙʽʣʴʰ ʪʦʯʥʝ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʙʽʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʞʥʘ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʪʘʤ, ʜʝ ʨʘʥʽʰʝ ʟʤʫʰʝʥʽ ʙʫʣʠ ʦʙʤʝʞʫʚʘʪʠʩʷ ʜʦʩʠʪʴ 

ʥʘʙʣʠʞʝʥʠʤʠ, ʷʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ

 

ʬʦʨʤʫʣʠ ʉʪʠʨʣʽʥʛʘ, ʷʢʘ ʜʘʻ ʜʦʩʠʪʴ ʛʨʫʙʝ ʥʘʙʣʠʞʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʙʦʪʽ ʟʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʱʦ ʘʧʨʦʢʩʠʤʫʻ ʨʦʟʧʦʜʽʣ 

ʯʠʩʝʣ ʚ n-ʦʤʫ ʨʷʜʢʫ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ. ʆʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʥʦʨʤʦʚʘʥʠʭ ʤʦʤʝʥʪʽʚ ʧʘʨʥʠʭ ʧʦʨʷʜʢʽʚ (ʟ 4-ʛʦ 

ʧʦ 8-ʠʡ) ʽ ʧʦʢʘʟʘʥʝ ʘʩʠʤʧʪʦʪʠʯʥʝ ʥʘʙʣʠʞʝʥʥʷ (ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʥʦʤʝʨʘ ʨʷʜʢʘ) ʾʭ ʚʝʣʠʯʠʥ ʜʦ ʟʥʘʯʝʥʴ, 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ çʥʦʨʤʘʣʽʟʘʮʽʶè ʧʘʩʢʘʣʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʥʦʤʝʨʘ ʨʷʜʢʘ. 

ʇʦʢʘʟʘʥʠʡ ʭʚʠʣʝʧʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ ʚʽʜʭʠʣʝʥʴ ʱʽʣʴʥʦʩʪʽ ʧʘʩʢʘʣʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʽʜ ʛʘʫʩʩʽʚʩʴʢʦʛʦ ʚ 

ʦʢʦʣʠʮʽ ʮʝʥʪʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ çʟʛʣʘʜʞʫʚʘʥʥʷè ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ ʨʷʜʢʽʚ ʟ ʙʽʣʴʰʠʤʠ ʥʦʤʝʨʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ 
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ʚʠʩʫʥʫʪʠ ʛʽʧʦʪʝʟʫ, ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʧʘʩʢʘʣʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʷʢʝ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʛʘʫʩʽʚʩʴʢʠʤ, ʘʣʝ 

ʤʦʞʣʠʚʦ ʙʫʜʝ ʚʠʷʚʣʝʥʦ ʪʘʤ, ʜʝ ʪʨʘʜʠʮʽʡʥʦ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʩʘʤʝ ʛʘʫʩʽʚʩʴʢʠʡ ʨʦʟʧʦʜʽʣ. 

ʅʘ ʦʩʥʦʚʽ ʛʘʫʩʩʽʚʩʴʢʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʦʪʨʠʤʘʥʽ ʚʠʩʦʢʦʪʦʯʥʽ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ 

ʮʝʥʪʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʘʨʥʠʭ ʨʷʜʢʽʚ ʪʨʠʢʫʪʥʠʢʘ ʇʘʩʢʘʣʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʢʫʨʝʥʪʥʫ ʬʦʨʤʫʣʫ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ((2n)!) ʥʘ ʦʩʥʦʚʽ (n!). ɼʦʩʠʪʴ ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʙʽʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦʟʚʦʣʷʶʪʴ ʦʙʯʠʩʣʶʚʘʪʠ 

ʪʨʠʥʦʤʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʙʫʪʢʫ ʧʘʨ ʙʽʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ) ʽ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, 

ʤʫʣʴʪʠʥʦʤʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ (ʷʢ ʜʦʙʫʪʢʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʯʠʩʣʘ ʙʽʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ). 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1.  ɻʨʵʭʝʤ ʈ. ʂʦʥʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ. ʆʩʥʦʚʘʥʠʝ ʠʥʬʦʨʤʘʪʠʢʠ:  ʇʝʨ.ʩ ʘʥʛʣ./ʈ. ɻʨʵʭʝʤ, ɼ. ʂʥʫʪ, ʆ. ʇʘʪʘʰʥʠʢ. -  ʄ.: ʄʠʨ, 1998. - 703 ʩ. 
2. ʌʝʣʣʝʨ. ɺ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʝʸ ʧʨʠʣʦʞʝʥʠʷ: ʇʝʨ. ʩ ʘʥʛʣ./ʌʝʣʣʝʨ. ɺ. ï ʄ.: ʄʠʨ, 1984. ï 528 ʩ. 
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ʄ.ʆ. ɼʫʜʽʢ, ʩʪʫʜʝʥʪ ʛʨ.  1ʅɼ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʆ.ɯ. ɸʩʪʽʦʥʝʥʢʦ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ,  

ʢʘʬʝʜʨʘ ʚʠʱʦʾ  ʤʘʪʝʤʘʪʠʢʠ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʅʘʧʨʠʢʽʥʮʽ 60-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʽʟ ʯʠʩʝʣʴʥʦʾ ʧʨʦʮʝʜʫʨʠ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʧʝʨʝʪʚʦʨʠʚʩʷ ʚ ʟʘʛʘʣʴʥʠʡ ʤʝʪʦʜ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ɺ ʮʴʦʤʫ ʤʝʪʦʜʽ ʩʫʪʪʻʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʽʥʪʝʨʧʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʥʢʮʽʡ ʬʦʨʤʠ, 

ʷʢʽ ʙʘʞʘʥʦ, ʱʦʙ ʙʫʣʠ ʧʦʣʽʥʦʤʽʘʣʴʥʠʤʠ ʪʘ ʚʽʜʧʦʚʽʜʘʣʠ ʧʝʚʥʠʤ ʜʦʜʘʪʢʦʚʠʤ ʫʤʦʚʘʤ. ʅʘ ʧʦʯʘʪʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ ʟôʷʚʠʣʠʩʴ ʤʦʜʝʣʽ, ʷʢʽ ʤʘʣʠ ʥʝʘʜʝʢʚʘʪʥʽ, ʥʝʨʽʜʢʦ ʘʥʦʤʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [1]. ʇʝʨʰ ʟʘ ʚʩʝ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʝʣʝʤʝʥʪʽʚ ʩʝʨʝʥʜʠʧʦʚʦʾ ʩʽʤôʾ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ, ʚ ʷʢʠʭ 

ʥʝʜʦʣʽʢʠ ʫʩʫʥʝʥʽ, ʘ ʢʦʨʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʙʝʨʝʞʝʥʽ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʘʣʛʝʙʨʦ-ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ [2] ʨʦʟʚôʷʟʫʻʪʴʩʷ ʦʙʝʨʥʝʥʘ ʟʘʜʘʯʘ ï 

ʙʫʜʫʶʪʴʩʷ ʤʦʜʝʣʽ ʙʽʢʫʙʽʯʥʦʛʦ ʩʝʨʝʥʜʠʧʦʚʦʛʦ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʨʠʩ. 1ʘ) ʟʽ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʤ 

ʧʦʚʫʟʣʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʨʽʚʥʦʤʽʨʥʦʾ ʤʘʩʦʚʦʾ ʩʠʣʠ. ʆʪʨʠʤʘʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʘ p  ï 

ʟʥʘʯʝʥʥʷ ʧʦʚʫʟʣʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʽʚʥʦʤʽʨʥʦʾ ʤʘʩʦʚʦʾ ʩʠʣʠ ʚ ʢʫʪʦʚʠʭ ʚʫʟʣʘʭ:  

( )( ) ( )( )[ ]1729729911
32

1 22
1 -++++++--= ppN hxxhhxhx , (1) 

( )( )( ) ( )[ ]hxhx 1868111
64

9 2
2 +-----= ppN . (2) 

ʇʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʛʥʽʪʠʚʥʦʾ ʛʨʘʬʽʢʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʽ ʜʦʩʣʽʜʠʪʠ ʥʦʚʽ ʤʦʜʝʣʽ ʙʘʟʠʩʥʠʭ 

ʬʫʥʢʮʽʡ, ʻ ʟʦʙʨʘʞʝʥʥʷ ʣʽʥʽʡ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ. ʅʘʷʚʥʽʩʪʴ ʧʘʨʘʤʝʪʨʘ p  ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʧʘʨʘʤʝʪʨʫ ï ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʣʽʥʽʾ ʨʽʚʥʷ, ʷʢʽ ʟʘʣʠʰʘʻ ʧʦʚʝʨʭʥʷ ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʾ 1N  (1) ʫ 

ʧʣʦʱʠʥʽ hxO
 
ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʘ. ʇʝʨʰʘ ʽ ʜʨʫʛʘ ʜʫʞʢʠ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʧʨʦʪʠʣʝʞʥʠʤʠ ʧʝʨʰʦʤʫ ʚʫʟʣʫ 

ʩʪʦʨʦʥʘʤʠ ʢʚʘʜʨʘʪʘ: 4-7 ʪʘ 7-10 (ʨʠʩ. 1ʘ). ʆʩʪʘʥʥʽʡ ʤʥʦʞʥʠʢ ʬʦʨʤʫʣʠ (1) ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ [3], ʧʨʦʚʝʜʝʤʦ ʘʥʘʣ̔ʟ ʮʽʻʾ ʢʨʠʚʦʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʨʠʤʽʥʘʥʪʘ ʢʨʠʚʦʾ D ʽ ʜʠʩʢʨʠʤʽʥʘʥʪʘ ʩʪʘʨʰʠʭ ʯʣʝʥʽʚ d: 
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p
d ,   ʟʚʽʜʢʠ 

8

1
;

8

3
-=p . 

 

 

(4) 

ʅʘ ʨʠʩ. 1 ʟʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ, ʷʢʠʡ ʧʦʢʘʟʫʻ, ʱʦ ʢʨʠʚʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨ 

ʮʝ: ö
÷

õ
æ
ç

å
Çö
÷

õ
æ
ç

å
Çö
÷

õ
æ
ç

å
--Í

2

1
;

16

3

16

3
;

8

1

8
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;

2

1
p  ī ʛʽʧʝʨʙʦʣʠ (ʨʠʩ. 1 ʞ, ʢ); 

8

3
-=p  ī  ʧʘʨʘʙʦʣʘ (ʨʠʩ. 1 ʙ);  
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æ
ç

å
-Çö

÷

õ
æ
ç

å
--Í

8

1
;

8

1

8

1
;

8

3
p  ī  ʝʣʽʧʩʠ (ʨʠʩ. 1 ʚ, ʜ); 

8

1
-=p  ī ʢʦʣʦ ( ʨʠʩ. 1 ʛ); 

8

1
=p  ī ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ  ʧʘʨʘʣʝʣʴʥʽ 

ʧʨʷʤʽ 2-12 ʽ 3-11 (ʨʠʩ. 1 ʝ); 
16

3
=p  ī ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʧʨʷʤʽ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ (ʨʠʩ. 1 ʟ). 

ʈʦʟʛʣʷʥʝʤʦ ʣʽʥʽʾ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ, ʷʢʽ ʟʘʣʠʰʘʻ ʧʦʚʝʨʭʥʷ ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʾ ( )hx,2N  (2) ʥʘ ʧʣʦʱʠʥʽ hxO . 

ʇʝʨʰʘ ʽ ʜʨʫʛʘ ʜʫʞʢʠ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʧʨʦʪʠʣʝʞʥʠʤʠ ʜʨʫʛʦʤʫ ʚʫʟʣʫ ʩʪʦʨʦʥʘʤʠ ʢʚʘʜʨʘʪʘ: 4-7, 7-10 ʪʘ 10-1 

(ʨʠʩ. 1ʘ). ʆʩʪʘʥʥʽʡ ʤʥʦʞʥʠʢ ï ʮʝ ʧʨʷʤʘ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʫʟʦʣ 3 ʽ ʟʤʽʥʶʻ ʩʚʽʡ ʥʘʭʠʣ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ p  (ʥʘ ʨʠʩ. 1 ʚʦʥʘ ʧʦʢʘʟʘʥʘ ʧʫʥʢʪʠʨʦʤ). 

 

1 2 3 4

5

6

78910

11

12

h

x

 1 2 3 4

5

6

7
89

10

11

12

 1 2 3 4

5

6

7
89

10

11

12

 
ʘ ʙ ʚ 

1 2 3 4

5

6

7
89

10

11

12

 1 2 3 4

5

6

7
89

10

11

12

 1 2 3 4

5

6

7
89

10

11

12

 
ʛ ʜ ʝ 

1 2 3 4

5

6

7
89

10

11

12

 1 2 3 4

5

6

7
89

10

11

12

 1 2 3 4

5

6

7
89

10

11

12

 
ʞ ʟ ʢ 

ʈʠʩʫʥʦʢ 1. ʃʽʥʽʾ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʬʫʥʢʮʽʡ 1N  ʪʘ 2N  ʙʽʢʫʙʽʯʥʦʛʦ ʩʝʨʝʥʜʠʧʦʚʦʛʦ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ 

 

ɸʥʘʣʽʟ ʣʽʥʽʡ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʢʫʪʦʚʦʾ ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʾ ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʘʣʛʝʙʨʦ-

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʧʦʙʫʜʦʚʠ ʽʻʨʘʨʭʽʯʥʠʭ ʬʦʨʤ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʦʪʨʠʤʘʥʽ ʥʦʚʽ ʙʘʟʠʩʠ, ʷʢʽ ʨʘʥʽʰʝ ʥʝ ʙʫʣʠ 

ʚʽʜʦʤʽ. ʅʘʧʨʠʢʣʘʜ, ʥʦʚʠʤʠ ʻ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʤʽʩʪʷʪʴ ʛʽʧʝʨʙʦʣʠ (ʨʠʩ. 1 ʞ, ʢ), ʝʣʽʧʩʠ (ʨʠʩ. 1 ʚ)). ɺ̔ ʜʦʤʽ 

ʙʘʟʠʩʠ ʦʪʨʠʤʫʻʤʦ ʟ ʢʫʪʦʚʦʾ ʬʫʥʢʮʽʾ ʟ ʧʘʨʘʤʝʪʨʦʤ, ʷʢ ʦʢʨʝʤʽ ʚʠʧʘʜʢʠ ʧʨʠ ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ p  (ʨʠʩ.1 ʙ, ʛ, ʝ, ʟ). 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ɿʝʥʢʝʚʠʯ ʆ. ʂʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʷ / ʆ. ɿʝʥʢʝʚʠʯ, ʂ. ʄʦʨʛʘʥ. ˈ ʄ. : ʄʠʨ, 1986. ˈ 318 ʩ. 

2. ɸʩʪʠʦʥʝʥʢʦ ʀ. ɸ. ʆʙʨʘʪʥʳʝ ʟʘʜʘʯʠ ʩʝʨʝʥʜʠʧʦʚʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ / ʀ. ɸ. ɸʩʪʠʦʥʝʥʢʦ, ɽ. ʀ. ʃʠʪʚʠʥʝʥʢʦ, ɸ. ʅ. ʍʦʤʯʝʥʢʦ // ɺʝʩʪʥʠʢ  
ʍʝʨʩʦʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ˈ 2009. ˈ ɺʳʧ. 2 (35). ˈ ʉ. 36ˈ42. 

3. ɹʘʭʚʘʣʦʚ ʉ. ɺ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ / ʉ. ɺ. ɹʘʭʚʘʣʦʚ, ʃ. ʀ. ɹʘʙʫʰʢʠʥ, ɺ. ʇ. ʀʚʘʥʠʮʢʘʷ. ˈ ʄ. : ʇʨʦʩʚʝʱʝʥʠʝ, 1970. ˈ376 ʩ. 
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ʋɼʂ 519.6 

ʇʈʆ ɿɺËʗɿʆʂ ɼɺʆʍ ʌʋʅʂʎɯʆʅɸʃɯɺ ɿ ʊɽʆʈɯɰ ʄʉɽ 

 

ʉ.ɯ. ɹʝʟʝʨʜʷʥ, ʩʪʫʜʝʥʪ ʛʨ. 3ʊʊ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻ.ʗ. ʊʫʣʫʯʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, 

ʢʘʬʝʜʨʘ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ  ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɹʫʜʝʤʦ ʰʫʢʘʪʠ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʉɽ) ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʜʦʜʘʪʢʦʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʩʪʘʥʜʘʨʪʥʠʭ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʧʦʧʨʘʚʦʯʥʠʭ ʬʫʥʢʮʽʡ: 

 

ppp WNNM += ,  

ʜʝ N ï ʩʪʘʥʜʘʨʪʥʘ ʙʘʟʠʩʥʘ ʬʫʥʢʮʽʷ, W ï ʧʦʧʨʘʚʦʯʥʘ ʬʫʥʢʮʽʷ, NMï ʙʘʟʠʩʥʘ ʬʫʥʢʮʽʷ ʟ ʜʦʜʘʪʢʦʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, np ;1= , n ï ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʉɽ. 

 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʙʘʟʠʩʽʚ ʪʨʠʢʫʪʥʠʭ ʉɽ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʫ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʽʚ ʚʠʜʫ [1-2]: 
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p , W ï ʪʨʠʢʫʪʥʠʢ . 

ʉʣʽʜ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʉɽ ʫ ʨʘʟʽ ʽʟʦʪʨʦʧʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʙʫʚʘʻ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʢʦʣʠ 

ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʟʥʘʭʦʜʷʪʴ ʽʟ ʟʘʜʘʯ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʽʚ ʚʠʜʫ: 
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ɼʦʚʝʜʝʥʦ, ʱʦ ʬʫʥʢʮʽʦʥʘʣʠ (1) ʽ (2) ʥʘʙʫʚʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʥʘ ʦʜʥʠʭ ʽ ʪʠʭ ʩʘʤʠʭ ʬʫʥʢʮʽʷʭ 

ʚʠʜʫ  

ä ä
=

=+

=

Ö=
Q

i

Qji

j

jip
jip yxayxgW

0 0

)(
,  );( .  

Q ï ʥʘʡʚʠʱʠʡ ʩʪʝʧʽʥʴ ʧʦʣʽʥʦʤʘ; Ra
p
ji Í
)(

,  ï ʰʫʢʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʧʨʘʚʦʯʥʠʭ ʬʫʥʢʮʽʡ; );( yxg  ï ʬʫʥʢʮʽʷ, ʷʢʘ 

ʻ ʜʦʙʫʪʢʦʤ ʨʽʚʥʷʥʴ ʩʪʦʨʽʥ ʉɽ. 

ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ ʪʨʠʢʫʪʥʦʛʦ ʉɽ ʤʘʻ ʤʽʥʽʤʘʣʴʥʠʡ 

ʩʣʽʜ ʫ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʨʤʦʥʽʯʥʦʛʦ ʙʘʟʠʩʫ. ɺʩʪʘʥʦʚʣʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʧʨʷʤʦʢʫʪʥʽ 

ʉɽ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʊʫʣʫʯʝʥʢʦ ɻ.ʗ. ʇʦʙʫʜʦʚʘ ʙʘʟʠʩʽʚ ʪʨʠʢʫʪʥʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʚʠʜʫ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ (ʧʦʚʽʜʦʤʣʝʥʥʷ 1) / ɻ.ʗ. 

ʊʫʣʫʯʝʥʢʦ, ʆ.ɺ. ʂʦʪʦʚʘ, ʉ.ɯ. ɹʝʟʝʨʜʷʥ // ɺʽʩʥʠʢ ʍʝʨʩʦʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ï 2014. ï ɺʠʧ. 3 (50). ï ʉ. 502ï505. 
2. ʊʫʣʫʯʝʥʢʦ ɻ.ʗ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʙʫʜʦʚʠ ʛʘʨʤʦʥʽʯʥʠʭ ʙʘʟʠʩʽʚ ʜʣʷ ʪʨʠʢʫʪʥʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ / ɻ.ʗ. 

ʊʫʣʫʯʝʥʢʦ, ʅ.ɺ. ʉʪʘʨʫʥ, ʉ.ɯ. ɹʝʟʝʨʜʷʥ, ʅ.ɺ. ʆʩʠʧʦʚʘ // ɺʽʩʥʠʢ ʍʝʨʩʦʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ï 2015. ï ɺʠʧ. 3 (54). 

ï ʉ. 630ï633. 
3. ʊʫʣʫʯʝʥʢʦ ɻ.ʗ. ʇʨʦ ʥʘʙʣʠʞʝʥʽ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʛʘʨʤʦʥʽʯʥʠʭ ʙʘʟʠʩʽʚ ʩʝʨʝʥʜʠʧʦʚʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ / ɻ.ʗ. ʊʫʣʫʯʝʥʢʦ, ʅ.ɺ. 

ʉʪʘʨʫʥ, ɸ.ʄ. ʃʫʢʘʰʦʚʘ // ʇʨʘʮʽ ʊʘʚʨʽʡʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ð ʄʝʣʽʪʦʧʦʣʴ, 2012. ð ɺʠʧ. 4. ʇʨʠʢʣʘʜʥʘ 

ʛʝʦʤʝʪʨʽʷ, ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘ. ð ʊ. 54. ð ʉ. 179ð183. 
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ʋɼʂ 517.9 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɸ ʂʆʐɯ ʇʈʀ ʈʆɿɺôʗɿʋɺɸʅʅɯ ʌɯɿʀʏʅʀʍ ɯ ʊɽʍʅɯʏʅʀʍ ɿɸɼɸʏ 

 

ɺ.ʆ. ɹʻʣʽʢ, ʩʪʫʜ. ʛʨ. ʊɼ-151 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉ.ʇ. ʂʘʟʥʘʜʽʡ, ʩʪ. ʚʠʢʣ. 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʈʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʟ ʬʽʟʠʢʠ, ʤʝʭʘʥʽʢʠ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ. ʗʢ ʧʨʘʚʠʣʦ, ʮʽ ʨʽʚʥʷʥʥʷ ʨʦʟʚôʷʟʫʻʤʦ ʤʝʪʦʜʦʤ ʚʘʨʽʘʮʽʾ 

ʜʦʚʽʣʴʥʦʾ ʩʪʘʣʦʾ ʘʙʦ ʤʝʪʦʜʦʤ ʧʽʜʙʦʨʫ ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘ ʚʠʜʦʤ ʩʧʝʮʽʘʣʴʥʦʾ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ. ʎʽ ʤʝʪʦʜʠ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʩʧʦʯʘʪʢʫ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ 

ʛʨʦʤʽʟʜʢʫ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʣʠʭ ʽʥʪʝʛʨʫʚʘʥʥʷ. ʆʙʠʜʚʘ ʤʝʪʦʜʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʜʣʷ ʨʽʚʥʷʥʴ ʟ 

ʥʝʧʝʨʝʨʚʥʦʶ ʧʨʘʚʦʶ ʯʘʩʪʠʥʦʶ. 

ʆʜʥʘʢ ʚ ʙʘʛʘʪʴʦʭ ʬʽʟʠʯʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯʘʭ ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ ʤʦʞʝ ʙʫʪʠ ʽʤʧʫʣʴʩʥʦʶ, 

ʨʦʟʨʠʚʥʦʶ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ.  

ʄʝʪʦʜ ʂʦʰʽ ʤʘʻ ʜʚʽ ʥʝʩʫʤʥʽʚʥʽ ʧʝʨʝʚʘʛʠ ʥʘʜ ʚʩʽʤʘ ʤʝʪʦʜʘʤʠ ʧʦʰʫʢʫ ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʣʽʥʽʡʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ. ʇʦ-ʧʝʨʰʝ, ʮʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʘ ʨʦʟʚôʷʟʫʚʘʪʠ ʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʟ ʧʦʩʪʽʡʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʘ ʙʫʜʴ-ʷʢʦʶ ʢʫʩʢʦʚʦ-ʥʝʧʝʨʝʨʚʥʦʶ ʧʨʘʚʦʶ ʯʘʩʪʠʥʦʶ. ɸ ʧʦ-ʜʨʫʛʝ, ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʚʽʥ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ, ʥʝ ʰʫʢʘʶʯʠ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʦʜʨʘʟʫ ʟʥʘʡʪʠ ʯʘʩʪʢʦʚʠʡ ʨʦʟʚôʷʟʦʢ, 

ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ. 

ʂʦʨʦʪʢʦ ʨʦʟʛʣʷʥʝʤʦ ʩʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʂʦʰʽ ʥʘ ʧʨʠʢʣʘʜʽ ʣʽʥʽʡʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ n-ʛʦ 

ʧʦʨʷʜʢʫ ʟ ʧʦʩʪʽʡʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʈʽʚʥʷʥʥʷ ʤʘʻ ʙʫʪʠ ʟʚʝʜʝʥʠʤ: 

niaxfyayayay inn
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ɿʘ ʪʝʦʨʝʤʦʶ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʣʽʥʽʡʥʦʛʦ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ (1) ʤʘʻ ʚʠʛʣʷʜ: 

yyy ~
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ʜʝ 
0y  - ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ: 
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ʘ y~  - ʜʝʷʢʠʡ ʯʘʩʪʢʦʚʠʡ ʨʦʟʚôʷʟʦʢ (1). 

ɿʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ 
0y  ʨʽʚʥʷʥʥʷ (3) ʤʽʩʪʠʪʴ n ʜʦʚʽʣʴʥʠʭ ʩʪʘʣʠʭ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

nn yCyCyCy +++= 222110
,                                                                     (4) 

ʜʝ ʨʦʟʚôʷʟʢʠ 
nyyy ,,, 21 2  ʫʪʚʦʨʶʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʩʠʩʪʝʤʫ ʨʦʟʚôʷʟʢʽʚ. 

ɺʠʜʽʣʠʤʦ ʦʜʥʫ ʩʠʩʪʝʤʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 
nyyy ,,, 21 2 , ʢʦʞʥʘ ʟ ʷʢʠʭ, ʙʫʜʫʯʠ ʨʦʟʚôʷʟʢʦʤ 

ʦʜʥʦʨʽʜʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (3), ʟʘʜʦʚʦʣʴʥʷʻ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ: 
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ʊʘʢʘ ʩʠʩʪʝʤʘ ʥʘʟʠʚʘʻʪʴʩʷ ʥʦʨʤʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʟ ʦʜʠʥʠʯʥʦʶ ʤʘʪʨʠʮʝʶ ʚ 

ʥʫʣʽ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟ ʜʦʚʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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 ï ʪʨʘʥʩʧʦʥʦʚʘʥʘ ʤʘʪʨʠʮʷ ɺʨʦʥʩʴʢʦʛʦ ʜʣʷ ʨʦʟʚôʷʟʢʽʚ 
nyyy ,...,, 21
, 

ʨʦʟʨʘʭʦʚʘʥʘ ʚ ʪʦʯʮʽ 0=x . 

ʗʢʱʦ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʦʜʥʦʨʽʜʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (3) ʩʢʣʘʩʪʠ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʬʫʥʢʮʽʡ ʟ ʦʜʠʥʠʯʥʦʶ ʤʘʪʨʠʮʝʶ ʚ ʥʫʣʽ, ʪʦʙʪʦ: 

nn yAyAyAy +++= ...22110
,                                                                           (7) 

ʪʦ, ʷʢ ʥʘʩʣʽʜʦʢ (5), ʪʘʢʘ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʽʰʝʥʥʷ ʙʫʜʝ ʤʘʪʠ ʯʫʜʦʚʫ ʚʣʘʩʪʠʚʽʩʪʴ: 
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n

n
AyAyAy ==¡=

-
)0(...,,)0(,)0(

)1(

02010
, 

ʪʦʙʪʦ ʜʦʚʽʣʴʥʽ ʩʪʘʣʽ ʜʦʨʽʚʥʶʶʪʴ ʟʥʘʯʝʥʥʶ ʥʝʚʽʜʦʤʦʾ ʬʫʥʢʮʽʾ ʪʘ ʾʾ ʧʦʭʽʜʥʠʭ ʫ ʪʦʯʮʽ 0=x .  

ʏʘʩʪʢʦʚʠʡ ʨʦʟʚôʷʟʦʢ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ (1) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

ñ -=

x

n dttxytfxy
0

)()()(~ .                                                                   (8) 

ʆʯʝʚʠʜʥʦ, ʱʦ 0)0(~ =y , ʢʨʽʤ ʪʦʛʦ, ʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʫʥʢʮʽʾ )(xyn
 ʚʠʪʽʢʘʻ, ʱʦ 0)0(~...)0(~ )1( ===¡ -nyy . 

ʊʦʤʫ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (1) ʦʪʨʠʤʫʻʤʦ ʫ ʚʠʛʣʷʜʽ: 

ñ -+++¡+= -

x

nn

n dttxytfxyyxyyxyyxy
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21 .)()()()0(...)()0()()0()(                              (9) 

ʈʦʟʚôʷʟʦʢ (9) ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʟʚôʷʟʢʦʤ ʫ ʬʦʨʤʽ ʂʦʰʽ. ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʚôʷʟʢʫ (1) ʚ ʪʘʢʽʡ ʬʦʨʤʽ ʟʨʫʯʥʝ 

ʯʝʨʝʟ ʜʚʽ ʧʨʠʯʠʥʠ: ʦʢʨʽʤ ʚʽʜʤʽʯʝʥʦʾ ʚʠʱʝ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʪʠ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʽʥʪʝʛʨʫʻʤʦʾ ʧʨʘʚʦʾ 

ʯʘʩʪʠʥʠ, ʧʽʜʢʨʝʩʣʠʤʦ ʱʝ ʡ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʪʘʣʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʠʟʥʘʯʝʥʠʡ ʬʽʟʠʯʥʠʡ ʩʤʠʩʣ. ʇʨʠ 

ʽʥʰʠʭ ʩʧʦʩʦʙʘʭ ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʩʪʘʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʯʘʩʪʦ ʛʨʦʤʽʟʜʢʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʥʝ ʤʘʶʪʴ ʨʝʘʣʴʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʩʤʠʩʣʫ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʅʠʢʦʣʘʝʚʘ ʅ. ʀ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʂʦʥʩʧʝʢʪ ʣʝʢʮʠʡ. ʏʘʩʪʴ 5 . ʆʤʩʢ, ʆʄɻʊʋ, 2011. ï 88 ʩ.  

2. ɺʣʘʜʠʤʠʨʦʚ ɺ. ʉ., ɺʘʰʘʨʠʥ ɸ. ɸ. ʠ ʜʨ. ʉʙʦʨʥʠʢ ʟʘʜʘʯ ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʄ.: ʌʠʟʤʘʪʣʠʪ, 2003, ï 288 ʩ. 

 

 

ʋɼʂ 004.41/.42  

ʇʈʆɻʈɸʄɸ ɼʃʗ ʇʈʆɺɽɼɽʅʅʗ ʆɹʏʀʉʃɽʅʔ ɯʅʊɽɻʈɸʃɯɺ ʊɸ ʌɸʂʊʆʈɯɸʃɯɺ 

 

ɹ.ʖ. ɹʦʡʢʦ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʂʉ-1201 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɯ. ʇʠʨʦʛʦʚʘ, ʚʠʢʣʘʜʘʯ 

ʂʦʣʝʜʞ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʏʅʊʋ 

 

ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʧʦʥʷʪʴ ʽʥʪʝʛʨʘʣʘ ʡ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʧʦʚôʷʟʘʥʘ ʟ ʧʦʪʨʝʙʦʶ ʚ ʦʙʯʠʩʣʝʥʥʽ ʧʣʦʱ 

ʬʽʛʫʨ, ʘ ʪʘʢʦʞ ʧʦʚʝʨʭʦʥʴ ʽ ʦʙôʻʤʽʚ ʜʦʚʽʣʴʥʠʭ ʪʽʣ. ʇʝʨʝʜʽʩʪʦʨʽʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʩʷʛʘʻ ʛʣʠʙʦʢʦʾ 

ʜʘʚʥʠʥʠ: ʽʜʝʾ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʨʦʙʦʪʘʭ ʜʘʚʥʴʦʛʨʝʮʴʢʠʭ ʫʯʝʥʠʭ ɽʚʜʦʢʩʘ ʂʥʽʜʩʴʢʦʛʦ 

(ʙʣ.408-355 ʜʦ ʥ.ʝ.) ʽ ɸʨʭʽʤʝʜʘ (ʙʣ.287-212 ʜʦ ʥ.ʝ.).  

ɯʥʪʝʛʨʘʣ ð ʮʝʥʪʨʘʣʴʥʝ ʧʦʥʷʪʪʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʯʠʩʣʝʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʦʥʷʪʪʷ ʩʫʤʠ ʜʣʷ ʬʫʥʢʮʽʾ, 

ʚʠʟʥʘʯʝʥʽʡ ʥʘ ʢʦʥʪʠʥʫʫʤʽ. ɯʥʪʝʛʨʘʣ ʫ ʜʘʚʥʠʥʫ ʙʫʚ ʨʦʟʚʠʥʝʥʠʡ ʩʘʤʝ ʟʘʚʜʷʢʠ ɸʨʭʽʤʝʜʫ. ʉʘʤʝ ʚʽʥ ʜʘʚ ʧʦʰʪʦʚʭ 

ʨʦʟʚʠʪʢʫ ʽʥʪʝʛʨʘʣʫ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʽʥʪʝʛʨʘʣ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʣʦʱʽ ʧʘʨʘʙʦʣʠ ʪʘ ʧʣʦʱʽ ʢʨʫʛʘ. ɺ 

ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣ ʷʚʣʷʻ ʩʦʙʦʶ ʧʣʦʱʫ ʬʽʛʫʨʠ, ʷʢʘ ʦʙʤʝʞʝʥʘ ʢʨʠʚʦʶ, ʚʽʩʩʶ çʭè ʪʘ ʜʚʦʤʘ 

ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ï a,b.  

ʌʘʢʪʦʨʽʘʣʦʤ n! ʥʘʪʫʨʘʣʴʥʦʛʦ ʯʠʩʣʘ n ʥʘʟʠʚʘʻʪʴʩʷ ʜʦʙʫʪʦʢ ʫʩʽʭ ʮʽʣʠʭ ʯʠʩʝʣ ʚʽʜ ʦʜʠʥʠʮʽ ʜʦ n. 

ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʯʠʩʣʶʚʘʪʠ ʽʥʪʝʛʨʘʣʠ ʪʘ ʬʘʢʪʦʨʽʘʣʠ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ, ʥʘʧʨʠʢʣʘʜ: 

ʦʙʯʠʩʣʝʥʥʷ ʧʣʦʱ ʧʣʦʩʢʠʭ ʬʽʛʫʨ, ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʠʢʠ ʪʘ ʪʝʧʣʦʪʠ, ʦʙʯʠʩʣʝʥʥʷ ʚʽʜʩʪʘʥʽ ʟʘ ʚʽʜʦʤʠʤ 

ʟʘʢʦʥʦʤ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ, ʦʙʯʠʩʣʝʥʥʷ ʦʙ'ʻʤʽʚ ʪʽʣ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʢʦʥʦʤʽʮʽ ʡ ʪʝʭʥʽʮʽ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥʥʷ ʬʘʢʪʦʨʽʘʣʽʚ ʪʘ ʽʥʪʝʛʨʘʣʽʚ - ʧʦʪʨʽʙʥʘ ʧʨʦʛʨʘʤʘ ʘʙʦ 

ʥʘʙʽʨ ʧʨʦʛʨʘʤ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʽ ʤʝʪʦʜʘʤʠ.  

ʇʨʦʛʨʘʤʘ ʤʦʞʝ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʥʘʫʮʽ ʪʘ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʜʣʷ ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʝʥʴ ʫ 

ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʣʷ ʫʯʥʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʚʫʟʽʚ ʪʘ ʰʢʽʣ. ʇʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʧʨʘʢʪʠʯʥʦ 

ʤʠʪʪʻʚʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʽʥʪʝʛʨʘʣ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʥʘʚʽʪʴ ʽʟ ʢʘʣʴʢʫʣʷʪʦʨʦʤ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʧʘʧʝʨʽ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʫ ʤʦʞʝ ʟʘʡʥʷʪʠ ʚʽʜ 5-10 ʭʚʠʣʠʥ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʧʨʦʛʨʘʤʘ ʨʝʘʣʽʟʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ: ʻ ʜʚʘ ʧʦʪʦʢʠ, ʧʝʨʰʠʡ ʟ ʷʢʠʭ ʧʝʨʽʦʜʠʯʥʦ ʚʠʢʦʥʫʻ 

ʨʦʟʨʘʭʫʥʦʢ ʯʠʩʣʘ, ʚʚʝʜʝʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʪʦʙʪʦ ʦʙʯʠʩʣʶʻ ʬʘʢʪʦʨʽʘʣ, ʘ ʜʨʫʛʠʡ ʧʝʨʽʦʜʠʯʥʦ ʚʠʢʦʥʫʻ 

ʨʦʟʨʘʭʫʥʦʢ ʽʥʪʝʛʨʘʣʘ ʬʫʥʢʮʽʾ  ʥʘ ʽʥʪʝʨʚʘʣʽ [0;x]. ʇʨʦʛʨʘʤʘ ʨʝʘʣʽʟʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʧʨʠ 

ʚʚʝʜʝʥʥʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʜʥʽʻʾ ʟʘʜʘʯʽ, ʯʘʩʪʠʥʘ ʧʨʦʛʨʘʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʰʦʾ ʟʘʜʘʯʽ ʩʪʘʻ 

ʥʝʘʢʪʠʚʥʦʶ. ʂʦʨʠʩʪʫʚʘʯ ʟʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʽʥʪʝʛʨʘʣʦʤ, ʦʙʯʠʩʣʠʚʰʠ ʬʘʢʪʦʨʽʘʣ ʽ ʥʘʚʧʘʢʠ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʬʘʢʪʦʨʽʘʣʫ ʪʘ ʽʥʪʝʛʨʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ. ʆʙʯʠʩʣʝʥʥʷ 

ʬʘʢʪʦʨʽʘʣʫ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
ʜʝ n ï ʯʠʩʣʦ, ʚʚʝʜʝʥʝ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʫ ʫ ʧʨʦʛʨʘʤʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʧʨʷʤʦʢʫʪʥʠʢʽʚ. ʎʝʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʬʦʨʤʫʣ: ʧʨʘʚʠʭ ʪʘ ʣʽʚʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ. ɯʥʪʝʛʨʘʣ ʣʽʚʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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ɯʥʪʝʛʨʘʣ ʧʨʘʚʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
ʜʝ a,b ï ʤʝʞʽ ʽʥʪʝʛʨʫʚʘʥʥʷ; 

n ï ʢʽʣʴʢʽʩʪʴ ʚʽʜʨʽʟʢʽʚ, ʥʘ ʷʢʽ ʧʦʜʽʣʝʥʠʡ ʽʥʪʝʛʨʘʣ (ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʫ ʧʨʦʛʨʘʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷ n=5); 

y ï ʟʥʘʯʝʥʥʷ , ʧʨʠ x = ʚʽʜ ʥʫʣʷ ʜʦ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʽʥʪʝʛʨʘʣʘ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʪʝʛʨʘʣʫ 

ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʢʨʦʢ h, ʷʢʠʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
ɼʣʷ ʙʽʣʴʰʦʾ ʥʘʦʯʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ ʚ ʧʨʦʛʨʘʤʽ ʨʝʘʣʽʟʦʚʘʥʦ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ.  

ʆʩʢʽʣʴʢʠ ʟʘ ʫʤʦʚʦʶ, ʬʘʢʪʦʨʽʘʣ ʪʘ ʽʥʪʝʛʨʘʣ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʦʢʨʝʤʦ, ʥʝ ʚʧʣʠʚʘʶʯʠ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʦʜʠʥ ʦʜʥʦʛʦ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʧʦʪʨʽʙʥʦ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʧʦʜʽʶ OnClick ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ Button. ʊʘʢʠʤ ʯʠʥʦʤ 

ʧʨʠ ʥʘʪʠʩʥʝʥʥʽ ʥʘ ʢʦʞʥʫ ʟ ʮʠʭ ʜʚʦʭ Button ʧʨʦʛʨʘʤʘ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ ʢʦʜ, ʷʢʠʡ ʟʘʧʠʩʘʥʦ ʚʩʝʨʝʜʠʥʽ ʥʠʭ. ɼʣʷ 

ʪʦʛʦ, ʱʦʙ ʧʨʦʛʨʘʤʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʧʝʨʽʦʜʠʯʥʦ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʚʝʜʝʥʥʷ ʦʢʨʝʤʠʭ ʜʘʥʠʭ ʫ ʧʦʪʨʽʙʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʛʨʘʤʠ ʜʣʷ ʢʦʞʥʦʾ ʽʟ ʾʾ ʯʘʩʪʠʥ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʤʧʦʥʝʥʪ Edit (ʚʚʝʜʝʥʥʷ) ʽ 

ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʥʘ ʧʦʜʽʶ OnChanche (ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʘʥʠʭ) ʚʣʘʩʪʠʚʽʩʪʴ Enabled (ʘʢʪʠʚʥʽʩʪʴ).  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʫ ʟʚʠʯʘʡʥʽʡ ʣʶʜʠʥʽ ʥʝ ʧʽʜ ʩʠʣʫ ʟʨʦʟʫʤʽʪʠ. ɸʣʝ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʫ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʚʢʦʣʦ ʥʘʩ. ɼʦʩʠʪʴ ʚʘʛʦʤʠʡ ʘʨʛʫʤʝʥʪ ʜʣʷ ʚʩʽʭ ï ʮʝ ʨʦʟʨʘʭʫʥʦʢ ʨʫʭʫ ʩʫʧʫʪʥʠʢʘ ʚ 

ʢʦʩʤʦʩʽ. ʗʢʱʦ ʥʝ ʧʨʘʚʠʣʴʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʽʥʪʝʛʨʘʣ ï ʧʨʠʡʦʤ ʩʠʛʥʘʣʫ ʥʘ ʟʝʤʣʽ ʙʫʚ ʙʠ ʜʦʩʠʪʴ ʥʝʩʪʘʙʽʣʴʥʠʤʠ.  
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ɸ. ɺʝʨʪʽʡʢʦ,  ʩʪʫʜʝʥʪ ʛʨ.ɹʆ-151 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʅ.ɺ. ʐʘʭʦʚʥʽʥʘ, ʢ.ʧ.ʥ., ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʦʥʦʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʩʪʘʥʦʚʢʠ ʽ ʨʦʟʚôʷʟʢʫ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʟʘʜʘʯ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʙʨʦʙʢʠ ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʝ 

ʨʦʟʚôʷʟʫʶʪʴʩʷ. ʄʦʜʝʣʶʚʘʥʥʷ ï ʮʝ ʥʘʫʢʦʚʠʡ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʦʟʨʦʙʮʽ ʽ ʜʦʩʣʽʜʞʝʥʥʽ ʤʦʜʝʣʝʡ ʷʚʠʱ ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ. ʊʦʤʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʘʙʠ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʠʚʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʥʘʩʘʤʧʝʨʝʜ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʪʘʢʠʤ ʚʠʤʦʛʘʤ: ʙʫʜʫʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʝʢʦʥʦʤʽʯʥʦʾ ʪʝʦʨʽʾ ʡ ʚʽʜʙʠʚʘʪʠ ʦʙ'ʻʢʪʠʚʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ; ʧʨʘʚʠʣʴʥʦ ʚʽʜʪʚʦʨʶʚʘʪʠ ʬʫʥʢʮʽʶ ʪʘ ʩʪʨʫʢʪʫʨʫ ʨʝʘʣʴʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʩʪʝʤʠ; 

ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʫʤʦʚʘʤ [1]. 

ʉʝʨʝʜ ʬʫʥʢʮʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʯʘʩʪʢʦʚʦʶ ʟʘʤʽʱʝʥʽʩʪʶ ʨʝʩʫʨʩʽʚ ʰʠʨʦʢʦ ʚʽʜʦʤʘ ʬʫʥʢʮʽʷ ʂʦʙʙʘ-ɼʫʛʣʘʩʘ, 

ʥʘʟʚʘʥʘ ʪʘʢ ʧʦ ʽʤʝʥʘʭ ʧʨʦʬʝʩʦʨʽʚ ʏʠʢʘʛʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ɽʢʦʥʦʤʽʩʪ ʇʦʣʴ ɼʫʛʣʘʩ ʟʽʙʨʘʚ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʟʘ 

ʧʝʨʽʦʜ 1899-1922 ʨʨ. ʱʦʜʦ ʧʝʨʝʨʦʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʉʐɸ ʡ ʫ 1927 ʨ. ʟʚʝʨʥʫʚʩʷ ʜʦ ʤʘʪʝʤʘʪʠʢʘ ʏʘʨʣʴʟʘ 

ʂʦʙʙʘ ʟ ʧʨʦʭʘʥʥʷʤ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʷʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʧʨʘʮʽ 

ʪʘ ʢʘʧʽʪʘʣʫ ʥʘ ʚʠʧʫʩʢ ʧʨʦʜʫʢʮʽʾ. ʋ 1928 ʨ. ʥʠʤʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʝʧʝʥʝʚʫ ʚʠʨʦʙʥʠʯʫ ʬʫʥʢʮʽʶ ʪʘʢʦʛʦ 

ʚʠʛʣʷʜʫ:  

Q = A  L
Ŭ
 K

1-Ŭ
, 

ʜʝ Q ï ʦʯʽʢʫʚʘʥʠʡ ʽʥʜʝʢʩ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʧʝʨʝʨʦʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘ ʜʝʷʢʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ;  L ï 

ʽʥʜʝʢʩ ʟʘʡʥʷʪʦʩʪʽ ʚ ʧʝʨʝʨʦʙʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ; K ï ʽʥʜʝʢʩ ʧʦʩʪʽʡʥʦʛʦ ʢʘʧʽʪʘʣʫ; A, Ŭ ï ʜʦʜʘʪʥʽ ʩʪʘʣʽ ʯʠʩʣʘ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʚʠʨʦʙʥʠʮʪʚʘ [2, c.57]. 

ɺʠʨʦʙʥʠʯʘ ʬʫʥʢʮʽʷ ï ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʨʝʩʫʨʩʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʨʦʙʥʠʢʘʤʠ, ʽ 

ʦʙʩʷʛʦʤ  ʚʠʨʦʙʣʝʥʦʾ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʧʨʦʜʫʢʮʽʾ. ɺʠʨʦʙʥʠʯʘ ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʷʢ ʥʘ 

ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʦʤʫ ʨʽʚʥʽ, ʜʝ ʚʦʥʘ ʚʽʜʦʙʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ ʩʫʢʫʧʥʦʛʦ ʦʙʩʷʛʫ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʛʨʦʰʦʚʦʤʫ ʚʠʨʘʟʽ, 

ʪʘʢ ʽ ʥʘ ʤʽʢʨʦʝʢʦʥʦʤʽʯʥʦʤʫ ʨʽʚʥʽ [3, ʩ.44]. ɺʦʥʘ ʦʧʠʩʫʻ ʟʚôʷʟʦʢ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʚʠʨʦʙʥʠʯʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʮʽ ʧʦʢʘʟʥʠʢʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʪʠʩʪʠʯʥʽ 

ʜʘʥʽ ʚ ʟʘʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ, ʏ. ʂʦʙʙ ʽ ʇ. ɼʫʛʣʘʩ ʦʜʝʨʞʘʣʠ ʪʘʢʫ ʚʠʨʦʙʥʠʯʫ ʬʫʥʢʮʽʶ ʜʣʷ ʧʝʨʝʨʦʙʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʉʐɸ:  

Q=1,01L
0,75

K
0,25

, 
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ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʩʪʫʧʝʥʷ ʜʣʷ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ L ʽ ʂ ʫ ʩʫʤʽ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ 

(0,75+0,25=1). ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʬʘʢʪʦʨʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʧʨʘʮʷ, ʷʢʘ ʜʘʻ 3/4 ʧʨʠʨʦʩʪʫ 

ʚʠʨʦʙʥʠʮʪʚʘ  ʧʨʦʪʠ ʢʘʧʽʪʘʣʫ, ʷʢʠʡ ʜʘʻ 1/4 ʧʨʠʨʦʩʪʫ, ʪʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʧʨʘʮʽ ʥʘ 1 % ʨʦʟʰʠʨʶʻ ʦʙʩʷʛʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʫ 3 ʨʘʟʠ ʙʽʣʴʰʝ, ʥʽʞ ʚʽʜʧʦʚʽʜʥʝ ʟʙʽʣʴʰʝʥʥʷ ʢʘʧʽʪʘʣʫ.  

ʇʽʟʥʽʰʝ ʫ ʬʫʥʢʮʽʶ ʚʠʨʦʙʥʠʮʪʚʘ ʚʯʝʥʽ ʚʚʝʣʠ ʬʘʢʪʦʨ ʯʘʩʫ ʽ ʷʢʽʩʥʽ ʟʤʽʥʠ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʧʝʨʝʡʰʦʚʰʠ ʚʽʜ ʩʪʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʂʦʙʙʘ-ɼʫʛʣʘʩʘ ʜʦ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ: 

Q=A L
a
 ʂ

b
e

rt
 , 

ʜʝ e
rt
 ï ʬʘʢʪʦʨ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʡ ʽʥʰʠʭ ʷʢʽʩʥʠʭ ʟʤʽʥ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʪʷʛʦʤ 

ʧʝʚʥʦʛʦ ʯʘʩʫ. 

ʌʫʥʢʮʽʷ ʂʦʙʙʘ-ɼʫʛʣʘʩʘ ʤʘʻ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ [4]: 1) ʢʦʝʬʽʮʽʻʥʪ Ŭ ʧʦʢʘʟʫʻ, ʥʘ ʩʢʽʣʴʢʠ ʚʽʜʩʦʪʢʽʚ ʟʤʽʥʠʪʴʩʷ 

ʦʙʩʷʛ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ, ʷʢʱʦ ʚʠʪʨʘʪʠ ʧʨʘʮʽ ʟʤʽʥʷʪʴʩʷ ʥʘ 1 %, ʘ ʚʠʪʨʘʪʠ ʢʘʧʽʪʘʣʫ ʟʘʣʠʰʘʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. 

ʊʘʢʠʡ ʧʦʢʘʟʥʠʢ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʣʘʩʪʠʯʥʦʩʪʽ ʚʠʧʫʩʢʫ ʟʘ ʚʠʪʨʘʪʘʤʠ ʧʨʘʮʽ; 2) ʢʦʝʬʽʮʽʻʥʪ ɓ ʻ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʣʘʩʪʠʯʥʦʩʪʽ ʚʠʧʫʩʢʫ ʟʘ ʚʠʪʨʘʪʘʤʠ ʢʘʧʽʪʘʣʫ; 3) ʩʫʤʘ ʧʘʨʘʤʝʪʨʽʚ (Ŭ + ɓ) ʦʧʠʩʫʻ ʤʘʩʰʪʘʙ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ʗʢʱʦ ʮʷ ʩʫʤʘ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʤʘʻʤʦ ʧʦʩʪʽʡʥʠʡ ʤʘʩʰʪʘʙ ʚʠʨʦʙʥʠʮʪʚʘ. ɸ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʦʭ ʚʠʨʦʙʥʠʯʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʦʜʠʥʠʮʶ ʦʙʩʷʛ ʧʨʦʜʫʢʮʽʾ ʪʘʢʦʞ ʟʨʦʩʪʝ ʥʘ ʦʜʠʥʠʮʶ. ʆʪʞʝ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʩʪʘʣʘ. ʗʢʱʦ ʩʫʤʘ ʤʝʥʰʘ ʦʜʠʥʠʮʽ, ʪʦ ʤʘʩʰʪʘʙ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʘʜʥʠʡ, ʪʦʙʪʦ 

ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʫ ʧʨʦʜʫʢʮʽʾ ʥʠʞʯʽ ʟʘ ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʫ ʨʝʩʫʨʩʽʚ. ʗʢʱʦ ʩʫʤʘ ʧʝʨʝʚʠʱʫʻ ʦʜʠʥʠʮʶ, 

ʤʘʻʤʦ ʟʨʦʩʪʘʶʯʠʡ ʤʘʩʰʪʘʙ: ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʫ ʧʨʦʜʫʢʮʽʾ ʧʝʨʝʚʠʱʫʶʪʴ ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʫ 

ʚʠʨʦʙʥʠʯʠʭ ʨʝʩʫʨʩʽʚ. ʇʘʨʘʤʝʪʨ ɸ ʫ ʬʫʥʢʮʽʾ ʂʦʙʙʘ-ɼʫʛʣʘʩʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ Q, L ʪʘ K ʽ 

ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. 

ʌʫʥʢʮʽʷ ʂʦʙʙʘ-ɼʫʛʣʘʩʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʦʮʽʥʢʠ ʨʦʣʽ ʦʢʨʝʤʠʭ ʬʘʢʪʦʨʽʚ 

ʟʨʦʩʪʘʥʥʷ ʽ, ʟʦʢʨʝʤʘ, ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ. ɸʤʝʨʠʢʘʥʩʴʢʠʡ ʝʢʦʥʦʤʽʩʪ ʈ. ʉʦʣʦʫ ʫ 1956 ʨʦʮʽ ʨʦʟʨʦʙʠʚ ʚʣʘʩʥʫ 

ʚʠʨʦʙʥʠʯʫ ʬʫʥʢʮʽʶ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʦʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʽ ʯʘʩʫ [5]. ɺʠʨʦʙʥʠʯʘ ʬʫʥʢʮʽʷ ʈ. ʉʦʣʦʫ ʤʘʻ 

ʜʫʞʝ ʩʢʣʘʜʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ. ʉʦʣʦʫ ʟʘʩʪʦʩʫʚʘʚ ʩʚʦʶ 

ʬʫʥʢʮʽʶ, ʥʘʤʘʛʘʶʯʠʩʴ ʫʩʫʥʫʪʠ ʩʫʧʝʨʝʯʥʽʩʪʴ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʥʝʩʪʘʣʽʩʪʶ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʽ ʜʦʚʝʩʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʽ ʧʦʚʥʦʾ ʟʘʡʥʷʪʦʩʪʽ ʫʩʽʭ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ. ʆʩʥʦʚʠ ʮʽʻʾ ʤʦʜʝʣʽ ʙʫʣʠ 

ʟʘʢʣʘʜʝʥʽ ʚ ʡʦʛʦ ʧʨʘʮʽ "ɺʥʝʩʦʢ ʫ ʪʝʦʨʽʶ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ" (1956). ʋ ʚʠʨʦʙʥʠʯʽʡ ʬʫʥʢʮʽʾ ʉʦʣʦʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ: ʦʙʩʷʛ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʥʦʛʦ ʟʘʡʥʷʪʦʛʦ; ʦʙʩʷʛ 

ʟʘʦʱʘʜʞʝʥʴ ʥʦʚʦʛʦ ʢʘʧʽʪʘʣʫ ʥʘ ʦʜʥʦʛʦ ʟʘʡʥʷʪʦʛʦ; ʦʙʩʷʛ ʢʘʧʽʪʘʣʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʦʩʥʘʱʝʥʥʷ ʥʦʚʠʭ ʪʨʫʜʦʚʠʭ 

ʨʝʩʫʨʩʽʚ. ɺʽʥ ʚʠʚʽʚ ʧʝʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. ʊʘʢ, ʷʢʱʦ ʟʘʦʱʘʜʞʝʥʥʷ ʢʘʧʽʪʘʣʫ ʥʘ ʦʜʥʦʛʦ ʟʘʡʥʷʪʦʛʦ ʜʦʨʽʚʥʶʶʪʴ 

ʦʙʩʷʛʫ ʢʘʧʽʪʘʣʫ ʜʣʷ ʥʦʚʦʾ ʨʦʙʦʯʦʾ ʩʠʣʠ, ʪʦ ʧʦʚʥʘ ʟʘʡʥʷʪʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʟʤʽʥ ʫ ʢʦʤʙʽʥʘʮʽʾ 

ʬʘʢʪʦʨʽʚ ʚʠʨʦʙʥʠʮʪʚʘ. ʗʢʱʦ ʞ ʧʝʨʰʠʡ ʧʦʢʘʟʥʠʢ ʙʫʜʝ ʙʽʣʴʰʠʡ, ʪʦ ʧʦʛʣʠʥʘʥʥʷ ʚʩʴʦʛʦ ʧʨʠʨʦʩʪʫ ʢʘʧʽʪʘʣʫ 

ʚʠʤʘʛʘʻ ʧʝʨʝʭʦʜʫ ʜʦ ʥʦʚʦʾ ʢʦʤʙʽʥʘʮʽʾ ʬʘʢʪʦʨʽʚ, ʫ ʷʢʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʣʴʰʝ ʢʘʧʽʪʘʣʫ ʽ ʤʝʥʰʝ ʧʨʘʮʽ. ɸ 

ʷʢʱʦ ʙʽʣʴʰʠʤ ʙʫʜʝ ʜʨʫʛʠʡ ʧʦʢʘʟʥʠʢ (ʦʙʩʷʛ ʢʘʧʽʪʘʣʫ ʜʣʷ ʥʦʚʦʾ ʨʦʙʦʯʦʾ ʩʠʣʠ), ʪʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʚʥʦʾ 

ʟʘʡʥʷʪʦʩʪʽ ʩʣʽʜ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʽʥʰʦʾ ʢʦʤʙʽʥʘʮʽʾ ʬʘʢʪʦʨʽʚ, ʟʘ ʷʢʦʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʥʰʝ ʢʘʧʽʪʘʣʫ ʽ ʙʽʣʴʰʘ 

ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʽʚ ʥʝʦʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʧʨʦʧʦʨʮʽʾ ʤʽʞ ʢʘʧʽʪʘʣʦʤ ʽ ʧʨʘʮʝʶ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʟʤʽʥʥʠʤʠ, ʾʭ ʚʠʟʥʘʯʘʶʪʴ ʚʠʨʦʙʥʠʢʠ, ʷʢʽ ʤʽʥʽʤʽʟʫʶʪʴ ʚʠʪʨʘʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʮʽʥ ʥʘ ʮʽ ʬʘʢʪʦʨʠ. ʊʦʤʫ ʟʘʤʽʩʪʴ 

ʬʽʢʩʦʚʘʥʦʛʦ (K/L) ʉʦʣʦʫ ʚʢʣʶʯʠʚ ʫ ʩʚʦʶ ʤʦʜʝʣʴ ʣʽʥʽʡʥʦ-ʦʜʥʦʨʽʜʥʫ ʚʠʨʦʙʥʠʯʫ ʬʫʥʢʮʽʶ [4]: Y = F (K, L). 

ʈʦʟʜʽʣʠʚʰʠ ʫʩʽ ʯʣʝʥʠ ʥʘ L ʽ ʧʦʟʥʘʯʠʚʰʠ ʜʦʭʽʜ ʥʘ ʦʜʥʦʛʦ ʨʦʙʽʪʥʠʢʘ (Y/L) ʯʝʨʝʟ ʫ, ʘ ʢʘʧʽʪʘʣʦʽʥʪʝʥʩʠʚʥʽʩʪʴ ʂ/L 

ʯʝʨʝʟ ʦʜʝʨʞʠʤʦ: y = LF (k1) LF (k). 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʝ ʨʽʚʥʷʥʥʷ" ʉʦʣʦʫ ï ʧʨʠʨʽʩʪ ʢʘʧʽʪʘʣʦʦʟʙʨʦʻʥʦʩʪʽ ʦʜʥʦʛʦ ʨʦʙʽʪʥʠʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʘʣʠʰʦʢ 

ʚʽʜ ʧʠʪʦʤʠʭ ʽʥʚʝʩʪʠʮʽʡ (ʟʘʦʱʘʜʞʝʥʴ), ʫʪʚʦʨʝʥʠʡ ʧʽʩʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʤʠ ʙʣʘʛʘʤʠ ʚʩʽʭ ʜʦʜʘʪʢʦʚʠʭ 

ʨʦʙʽʪʥʠʢʽʚ. ʗʢʱʦ sf(k) = nk, ʪʦ ʢʘʧʽʪʘʣʦʦʟʙʨʦʻʥʽʩʪʴ 

ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʦʶ ʩʘʤʦʶ ,ʪʦʙʪʦ ʝʢʦʥʦʤʽʢʘ ʟʨʦʩʪʘʻ ʙʝʟ ʙʫʜʴ-

ʷʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʽʞ ʬʘʢʪʦʨʘʤʠ. ʎʝ ʽ 

ʻ ʟʙʘʣʘʥʩʦʚʘʥʝ ʟʨʦʩʪʘʥʥʷ. ʋ ʤʦʜʝʣʽ ʉʦʣʦʫ ʪʨʘʻʢʪʦʨʽʷ 

ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʻ ʩʪʽʡʢʦʶ, ʱʦ ʟʘʩʚʽʜʯʫʻ ʛʨʘʬʽʢ. 

ʇʨʷʤʘ nk ʥʘ ʮʴʦʤʫ ʛʨʘʬʽʢʫ ʧʦʢʘʟʫʻ, ʩʢʽʣʴʢʠ ʢʦʞʥʠʡ 

ʨʦʙʽʪʥʠʢ ʧʦʚʠʥʝʥ ʟʘʦʱʘʜʞʫʚʘʪʠ ʪʘ ʽʥʚʝʩʪʫʚʘʪʠ ʟ ʩʚʦʛʦ 

ʜʦʭʦʜʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʡʙʫʪʥʽʭ ʨʦʙʽʪʥʠʢʽʚ (ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʩʚʦʾʭ ʚʣʘʩʥʠʭ ʜʽʪʝʡ) ʢʘʧʽʪʘʣʴʥʠʤʠ ʙʣʘʛʘʤʠ. ʂʨʠʚʘ sf (k) 

ʜʝʤʦʥʩʪʨʫʻ ʨʽʚʝʥʴ ʡʦʛʦ ʬʘʢʪʠʯʥʠʭ ʟʘʦʱʘʜʞʝʥʴ ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʦʩʷʛʥʫʪʦʛʦ ʨʽʚʥʷ ʢʘʧʽʪʘʣʦʦʟʙʨʦʻʥʦʩʪʽ. (ʈʠʩ. ʄʦʜʝʣʴ ʉʦʣʦʫ) 

ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʢʘʧʽʪʘʣʦʦʟʙʨʦʻʥʦʩʪʽ ʪʝʤʧ ʟʨʦʩʪʘʥʥʷ 

ʽʥʚʝʩʪʠʮʽʡ (ʟʘʦʱʘʜʞʝʥʴ), ʧʨʠʨʦʜʥʦ, ʧʘʜʘʻ. ɺʝʨʪʠʢʘʣʴʥʘ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʢʨʠʚʦʶ ʪʘ ʧʨʷʤʦʶ ʦʟʥʘʯʘʻ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʉʦʣʦʫ ʜʠʬʝʨʝʥʮʽʡʥʫ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʘ ʢʘʧʽʪʘʣʦʦʟʙʨʦʻʥʦʩʪʽ dk. ʋ ʪʦʯʮʽ k* 

(ʥʘʧʨʠʢʣʘʜ, k1 ) ʢʘʧʽʪʘʣʦʦʟʙʨʦʻʥʽʩʪʴ ʟʨʦʩʪʘʪʠʤʝ, ʘ ʫ ʚʩʽʭ ʪʦʯʢʘʭ ʧʨʘʚʽʰʝ k* (ʥʘʧʨʠʢʣʘʜ, k2) ʩʧʘʜʘʪʠʤʝ, ʪʘʢ ʱʦ 

ʝʢʦʥʦʤʽʢʘ ʧʦʩʪʽʡʥʦ ʟʩʫʚʘʻʪʴʩʷ ʫ ʙʽʢ k*, ʽ ʪʨʘʻʢʪʦʨʽʷ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʻ ʩʪʽʡʢʦʶ [5]. 

ʋ ʤʦʜʝʣʽ ʉʦʣʦʫ ʥʦʨʤʘ ʟʘʦʱʘʜʞʝʥʴ s ʤʘʻ ʟʥʘʯʝʥʥʷ ʪʽʣʴʢʠ ʜʦ ʚʠʭʦʜʫ ʝʢʦʥʦʤʽʢʠ ʥʘ ʪʨʘʻʢʪʦʨʽʶ ʩʪʽʡʢʦʛʦ 

ʨʦʟʚʠʪʢʫ: ʯʠʤ ʙʽʣʴʰʘ ʚʝʣʠʯʠʥʘ s, ʪʠʤ ʚʠʱʠʡ ʛʨʘʬʽʢ sk ʽ ʚʽʜʧʦʚʽʜʥʦ ʨʽʚʝʥʴ k*. ɸʣʝ ʷʢ ʪʽʣʴʢʠ ʟʨʦʩʪʘʥʥʷ 

ʟʙʘʣʘʥʩʦʚʫʻʪʴʩʷ, ʡʦʛʦ ʧʦʜʘʣʴʰʠʡ ʪʝʤʧ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʟʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ. 
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ɿ ʤʦʜʝʣʽ ʉʦʣʦʫ ʚʠʧʣʠʚʘʶʪʴ ʪʘʢʽ ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ: ʘ) ʚʦʥʘ ʧʦʢʘʟʫʻ, ʱʦ ʥʦʨʤʘ ʟʘʦʱʘʜʞʝʥʴ ʚ ʝʢʦʥʦʤʽʮʽ 

ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨ ʟʘʧʘʩʫ ʢʘʧʽʪʘʣʫ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ. ʏʠʤ ʚʠʱʘ ʥʦʨʤʘ ʟʘʦʱʘʜʞʝʥʴ, ʪʠʤ ʚʠʱʘ 

ʢʘʧʽʪʘʣʦʦʟʙʨʦʻʥʽʩʪʴ ʽ ʚʠʱʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; ʙ) ʟʨʦʩʪʘʥʥʷ ʥʦʨʤʠ ʟʘʦʱʘʜʞʝʥʴ ʟʫʤʦʚʣʶʻ ʧʝʨʽʦʜ ʰʚʠʜʢʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʥʦʚʦʛʦ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ. ʋ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʧʣʘʥʽ ʟʨʦʩʪʘʥʥʷ ʥʦʨʤʠ ʟʘʦʱʘʜʞʝʥʴ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʪʝʤʧ ʟʨʦʩʪʘʥʥʷ. ʊʨʠʚʘʣʝ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ; ʚ) 

ʨʦʟʨʦʙʥʠʢʠ ʝʢʦʥʦʤʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʯʘʩʪʦ ʟʘʷʚʣʷʶʪʴ, ʱʦ ʥʦʨʤʘ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʢʘʧʽʪʘʣʫ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʟʙʽʣʴʰʝʥʘ. ɿʨʦʩʪʘʥʥʷ ʜʝʨʞʘʚʥʠʭ ʟʘʦʱʘʜʞʝʥʴ ʽ ʧʦʜʘʪʢʦʚʝ ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʨʠʚʘʪʥʠʭ ʟʘʦʱʘʜʞʝʥʴ ʻ ʩʧʦʩʦʙʘʤʠ 

ʧʨʠʩʢʦʨʝʥʥʷ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʢʘʧʽʪʘʣʫ; ʛ) ʪʝʤʧ ʟʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʝʥʴ ʞʠʪʪʷ. ʏʠʤ 

ʚʠʱʠʡ ʪʝʤʧ ʟʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʪʠʤ ʥʠʞʯʠʤ ʻ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʥʦʛʦ ʨʦʙʽʪʥʠʢʘ. 

ʄʦʜʝʣʴ ʉʦʣʦʫ  ʘʢʪʫʘʣʴʥʘ ʽ ʩʴʦʛʦʜʥʽ. ʉʧʝʮʽʘʣʽʩʪʠ ʚʽʜʟʥʘʯʘʶʪʴ ʪʝʦʨʝʪʠʯʥʫ ʚʠʪʦʥʯʝʥʽʩʪʴ ʾʾ 

ʝʢʦʥʦʤʝʪʨʠʯʥʠʭ ʦʮʽʥʦʢ. ʄʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʜʥʝ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʠʪʘʥʴ ʝʢʦʥʦʤʽʢʠ: ʷʢʘ 

ʯʘʩʪʠʥʘ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ ʧʦʚʠʥʥʘ ʩʧʦʞʠʚʘʪʠʩʷ ʟʘʨʘʟ ʽ ʷʢʘ ʤʘʻ ʟʙʝʨʽʛʘʪʠʩʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ. ɼʦʩʣʽʜʞʫʚʘʥʘ ʈ. ʉʦʣʦʫ ʚʠʨʦʙʥʠʯʘ ʬʫʥʢʮʽʷ ʩʪʘʣʘ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʚʥʫʪʨʽʛʘʣʫʟʝʚʠʭ 

ʙʘʣʘʥʩʽʚ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʷʢʽ, ʚʩʫʧʝʨʝʯ ʚʠʩʥʦʚʢʘʤ ʢʝʡʥʩʽʘʥʩʴʢʦʾ ʪʝʦʨʽʾ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʇʦʢʘʟʥʠʢʠ, ʷʢʽ ʚʚʦʜʠʣʠʩʷ ʫ ʬʫʥʢʮʽʶ, ʙʫʣʠ ʩʪʘʣʽʰʠʤʠ, ʘ ʟʚ'ʷʟʢʠ ʤʽʞ ʥʠʤʠ ʤʝʥʰ ʝʣʘʩʪʠʯʥʠʤʠ. ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʮʽʻʶ ʤʝʪʦʶ ʚʠʷʚʠʣʦʩʷ ʝʬʝʢʪʠʚʥʽʰʠʤ. ʆʪʞʝ, ʚʠʨʦʙʥʠʯʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʛʘʣʫʟʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʨʠʥʮʠʧ çʚʠʪʨʘʪʠ ï ʚʠʧʫʩʢ», ʧʦʢʣʘʜʝʥʠʡ ʚ ʦʩʥʦʚʫ ʟʘʣʝʞʥʦʩʪʽ, ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ 

ʷʢ ʥʘ ʤʽʢʨʦʝʢʦʥʦʤʽʯʥʦʤʫ, ʪʘʢ ʽ ʥʘ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʦʤʫ ʨʽʚʥʽ. 
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ɿɸɼɸʏɯ, ʑʆ ʇʈʀɺʆɼʗʊʔ ɼʆ ʈɯɺʅʗʅʔ ʋ ʏɸʉʊʀʅʅʀʍ ʇʆʍɯɼʅʀʍ  
 

ʄ.ʉ. ɺʦʣʦʰʠʥʘ, ʩʪʫʜ. ʛʨ. ɻʂ-51 

ʉ.ʇ. ʂʦʨʥʽʻʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʚʠʱʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʅʘ ʧʨʘʢʪʠʮʽ ʽʩʥʫʻ ʤʥʦʞʠʥʘ ʟʘʜʘʯ ʟ ʯʽʪʢʠʤ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ, ʱʦ ʟʚʦʜʷʪʴʩʷ ʜʦ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʟʘʜʘʯ ʻ ʦʧʠʩ ʢʦʣʠʚʘʥʥʷ ʩʪʨʫʥʠ.  

ɺ ʦʩʥʦʚʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʻ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʩʪʨʫʥʘ ʤʘʻ ʘʙʩʦʣʶʪʥʫ ʛʥʫʯʢʽʩʪʴ, ʪʦʙʪʦ ʥʝ ʯʠʥʠʪʴ 

ʦʧʦʨʫ ʟʛʠʥʫ ʽ ʷʢʱʦ ʚʠʜʘʣʠʪʠ ʯʘʩʪʠʥʫ ʩʪʨʫʥʠ, ʱʦ ʣʝʞʠʪʴ ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʚʽʜ ʙʫʜʴ-ʷʢʦʾ ʾʾ ʪʦʯʢʠ, ʪʦ ʩʠʣʘ 

ʥʘʪʷʛʫ, ʷʢʘ ʟʘʤʽʥʶʻ ʜʽʶ ʚʠʣʫʯʝʥʦʾ ʯʘʩʪʠʥʠ, ʩʢʨʽʟʴ ʙʫʜʝ ʩʧʨʷʤʦʚʘʥʘ ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ ʣʽʥʽʾ ʩʪʨʫʥʠ [1]. ʊʘʢʦʞ 

ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʪʽʣʴʢʠ ʧʦʧʝʨʝʯʥʽ ʢʦʣʠʚʘʥʥʷ ʩʪʨʫʥʠ, ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʨʫʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ ʽ 

ʚʩʽ ʪʦʯʢʠ ʩʪʨʫʥʠ ʨʫʭʘʶʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʦʩʽ Ox (ʨʠʩ. 1). 

1M

2M

2x1xO

u

xt

( )2T x

()1T x

 
ʈʠʩ. 1. 

ʇʨʠ ʢʦʞʥʦʤʫ ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ t  ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ ( ),u x t  - ʚʽʜʭʠʣʝʥʥʷ ʪʦʯʢʠ ʩʪʨʫʥʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 

t, ʚʠʟʥʘʯʘʻ ʬʦʨʤʫ ʩʪʨʫʥʠ ʚ ʮʝʡ ʤʦʤʝʥʪ ʯʘʩʫ. ɹʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʪʽʣʴʢʠ ʤʘʣʽ ʢʦʣʠʚʘʥʥʷ ʩʪʨʫʥʠ, ʧʨʠ ʷʢʠʭ 

ʚʽʜʭʠʣʝʥʥʷ ( ),u x t  ʪʘ 
u

x

µ

µ
 ʥʘʩʪʽʣʴʢʠ ʤʘʣʽ, ʱʦ ʾʭʥʽʤʠ ʢʚʘʜʨʘʪʘʤʠ ʡ ʜʦʙʫʪʢʘʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʆʙʝʨʝʤʦ ʜʦʚʽʣʴʥʫ ʜʽʣʷʥʢʫ ʩʪʨʫʥʠ ( )1 2,x x  ʜʦʚʞʠʥʦʶ ʚ ʤʦʤʝʥʪ ʩʧʦʢʦʶ l , ʷʢʘ ʧʨʠ ʢʦʣʠʚʘʥʥʽ 

ʜʝʬʦʨʤʫʻʪʴʩʷ ʫ ʜʽʣʷʥʢʫ ( )1 2,M M  ʟ ʜʦʚʞʠʥʦʶ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t : 
2

1

2

2 11

x

x

x

l u dx x x l¡ ¡= + º - =ñ , ʪʦʙʪʦ ʟʘ ʫʤʦʚʠ 

ʤʘʣʠʭ ʢʦʣʠʚʘʥʴ ʧʦʜʦʚʞʝʥʥʷ ʜʽʣʷʥʦʢ ʩʪʨʫʥʠ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ɿʚʽʜʩʠ, ʟʘ ʟʘʢʦʥʦʤ ɻʫʢʘ, ʚʠʭʦʜʠʪʴ, ʱʦ ʚʝʣʠʯʠʥʘ 
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ʥʘʪʷʛʫ T ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ʩʪʨʫʥʠ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ, ʽ ʚʽʜʧʦʚʽʜʥʦ, ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʟʤʽʥʦʶ ʚʝʣʠʯʠʥʠ ʥʘʪʷʛʫ 

ʩʪʨʫʥʠ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʾʾ ʨʫʭʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʪʷʛʦʤ ʚ ʧʦʣʦʞʝʥʥʽ ʨʽʚʥʦʚʘʛʠ. 

ɺʝʣʠʯʠʥʫ ʥʘʪʷʛʫ T  ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ x, ʪʘʢ ʷʢ ʥʘ ʜʽʣʷʥʢʫ ( )1 2,M M  ʩʪʨʫʥʠ ʜʽʶʪʴ ʩʠʣʠ 

ʥʘʪʷʛʫ, ʩʧʨʷʤʦʚʘʥʽ ʚʟʜʦʚʞ ʜʦʪʠʯʥʠʭ ʜʦ ʩʪʨʫʥʠ ʚ ʪʦʯʢʘʭ 1M  ʽ 2M , ʟʦʚʥʽʰʥʽ ʩʠʣʠ ʡ ʩʠʣʠ ʽʥʝʨʮʽʾ, ʧʨʠʯʦʤʫ ʩʫʤʘ 

ʧʨʦʝʢʮʽʡ ʥʘ ʚʽʩʴ Ox ʚʩʽʭ ʮʠʭ ʩʠʣ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. ʆʩʢʽʣʴʢʠ ʨʦʟʛʣʷʜʘʻʤʦ ʪʽʣʴʢʠ ʧʦʧʝʨʝʯʥʽ 

ʢʦʣʠʚʘʥʥʷ, ʪʦ ʩʠʣʠ ʽʥʝʨʮʽʾ ʡ ʟʦʚʥʽʰʥʽ ʩʠʣʠ ʩʧʨʷʤʦʚʘʥʽ ʧʘʨʘʣʝʣʴʥʦ ʦʩʽ Ou, ʪʦʙʪʦ 

() () ( ) ( )1 1 2 2cos cos 0T x x T x xa a+ =, 

ʜʝ ()xa  ï ʢʫʪ ʤʽʞ ʜʦʪʠʯʥʦʶ ʚ ʪʦʯʮʽ ʟ ʘʙʩʮʠʩʦʶ x  ʜʦ ʩʪʨʫʥʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t  ʟ ʜʦʜʘʪʥʠʤ ʥʘʧʨʷʤʢʦʤ ʦʩʽ Ox. 

ɺʥʘʩʣʽʜʦʢ ʤʘʣʦʩʪʽ ʢʦʣʠʚʘʥʴ ʤʘʻʤʦ, ()
()2 2

1 1
cos 1

1 tg 1 x

x
x u

a
a

= = º
¡+ +

, ʪʦʙʪʦ T  ʥʝʟʘʣʝʞʥʘ ʚʽʜ x  ʽ t . 

ʅʘ ʝʣʝʤʝʥʪ ʩʪʨʫʥʠ ( ),x x x+D  ʜʽʶʪʴ ʩʠʣʠ ʥʘʪʷʛʫ ( ),T x x t+D , ( ),T x t-  ʡ ʟʦʚʥʽʰʥʷ ʩʠʣʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ F ma=  ʪʘ ʧʨʦʝʢʪʫʶʯʠ ʮʶ ʚʝʢʪʦʨʥʫ ʨʽʚʥʽʩʪʴ ʥʘ ʚʽʩʴ u, ʦʜʝʨʞʠʤʦ 

( ) ()
( )

2 1

2

0 0 2

,
sin sin ,

x x x x x

u x t
T T F x t x x x

t= +D =

µ
a - a + D =r D

µ
,                                              (1) 

ʜʝ ()xr  ï ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʩʪʨʫʥʠ. ɸʣʝ ʚ ʨʘʤʢʘʭ ʥʘʙʣʠʞʝʥʥʷ ()
2

tg
sin tg

1 tg

u
x

x

a
a a

a

µ
= º º

µ+
, ʪʦʤʫ ʟ (1) 

ʤʘʻʤʦ ()
( ) ( ) ( )

( )
2

02

, , ,1
,

u x t u x x t u x t
x T F x t

x x xt

µ µ +D µå õ
r = - +æ ö

D µ µµ ç ÷
. 

ʇʝʨʝʭʦʜʷʯʠ ʜʦ ʛʨʘʥʠʮʽ ʚ ʦʩʪʘʥʥʽʡ ʨʽʚʥʦʩʪʽ, ʢʦʣʠ 0xD ­  ʦʜʝʨʞʠʤʦ 

()
( ) ( )

( )
2 2

02 2

, ,
,

u x t u x t
x T F x t

t x

µ µ
r = +

µ µ
.                                                         (2) 

ʎʝ ʽ ʻ ʨʽʚʥʷʥʥʷ ʤʘʣʠʭ ʧʦʧʝʨʝʯʥʠʭ ʢʦʣʠʚʘʥʴ ʩʪʨʫʥʠ. ʗʢʱʦ ʱʽʣʴʥʽʩʪʴ r ʧʦʩʪʽʡʥʘ, ʪʦ ʨʽʚʥʷʥʥʷ ʢʦʣʠʚʘʥʴ 

ʩʪʨʫʥʠ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʨʽʚʥʷʥʥʷ: 
2 2

2

2 2

u u
f

t x

µ µ
=a +

µ µ
, ʜʝ 2 0T

a =
r

; 
F

f =
r
. ʗʢʱʦ 

ʟʦʚʥʽʰʥʷ ʩʠʣʘ ʚʽʜʩʫʪʥʷ, ʪʦ ʦʜʝʨʞʫʻʤʦ ʨʽʚʥʷʥʥʷ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʩʪʨʫʥʠ: 
2 2

2

2 2

u u

t x

µ µ
=a

µ µ
. ʎʝ ʨʽʚʥʷʥʥʷ ʤʘʻ 

ʥʝʩʢʽʥʯʝʥʥʫ ʤʥʦʞʠʥʫ ʯʘʩʪʠʥʥʠʭ ʨʦʟʚôʷʟʢʽʚ, ʪʦʤʫ ʧʦʪʨʽʙʥʽ ʱʝ ʜʝʷʢʽ ʜʦʜʘʪʢʦʚʽ ʫʤʦʚʠ, ʱʦ ʚʠʧʣʠʚʘʶʪʴ ʽʟ 

ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ ʟʘʜʘʯʽ. ʊʘʢ ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ 0t=  ʧʦʪʨʽʙʥʦ ʟʘʜʘʪʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʧʦʣʦʞʝʥʥʷ ʡ 

ʰʚʠʜʢʦʩʪʽ ʚʩʽʭ ʪʦʯʦʢ ʩʪʨʫʥʠ ()00t
u x
=
=j , ()1

0t

u
x

t =

µ
=j

µ
. ʏʝʨʝʟ ʪʝ, ʱʦ ʩʪʨʫʥʘ ʦʙʤʝʞʝʥʘ ʥʘ ʟʘʢʨʽʧʣʝʥʠʭ 

ʢʽʥʮʷʭ ʟʘʜʘʶʪʴʩʷ ʢʨʘʡʦʚʽ ʫʤʦʚʠ 
0

0
x

u
=
= , 0

x l
u
=
= . 

ʆʪʞʝ, ʬʽʟʠʯʥʫ ʟʘʜʘʯʫ ʧʨʦ ʢʦʣʠʚʘʥʥʷ ʩʪʨʫʥʠ ʟʚʝʜʝʥʦ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʟʘʜʘʯʽ: ʟʥʘʡʪʠ ʨʦʟʚôʷʟʢʠ ʨʽʚʥʷʥʥʷ 

(2), ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʯʘʪʢʦʚʠʤ ʽ ʢʨʘʡʦʚʠʤ ʫʤʦʚʘʤ.  
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312 c. 

 

 

ʋɼʂ 512.643 

ɿʅɸʍʆɼɾɽʅʅʗ ɽʃɽʄɽʅʊɯɺ ɼʈɯɹʅʆ-ʃɯʅɯʁʅʀʍ ʇɽʈɽʊɺʆʈɽʅʔ ʄɽʊʆɼɸʄʀ ʃɯʅɯʁʅʆɰ 

ɸʃɻɽɹʈʀ ɿɸ ɼʆʇʆʄʆɻʆʖ ʄɸʊʈʀʏʅʆɻʆ ʏʀʉʃɽʅʅʗ 

ɼ.ʆ. ɾʫʨʢʦ, ʩʪʫʜʝʥʪ ʛʨ. ʇɯ-141 

ʃ.ɸ. ʈʫʥʦʚʩʴʢʘ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, ʢʘʬʝʜʨʘ ʚʠʱʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʃʝʤʘ: ɻʨʫʧʘ ʜʨʽʙʥʦ-ʣʽʥʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟ ʦʧʝʨʘʮʽʻʶ ʩʫʧʝʨʧʦʟʠʮʽʾ ʽʟʦʤʦʨʬʥʘ ʛʨʫʧʽ ʤʘʪʨʠʮʴ 2Ĭ2 ʟ 

ʦʧʝʨʘʮʽʻʶ ʤʥʦʞʝʥʥʷ. 

ɼʦʚʝʜʝʥʥʷ: ʈʦʟʛʣʷʥʝʤʦ 2 ʜʨʽʙʥʦ-ʣʽʥʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

         ̔           

ʊʦʜʽ ʾʭ ʩʫʧʝʨʧʦʟʠʮʽʷ  ʤʘʻ ʚʠʛʣʷʜ: 
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ʇʦʩʪʘʚʠʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷʤ  ʽ  ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʘʪʨʠʮʽ ʾʭ ʢʦʝʬʽʮʽʻʥʪʽʚ: , 

. 

ʊʦʜʽ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ  ʻ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ . 

ɼʦʚʝʜʝʥʝ ʪʚʝʨʜʞʝʥʥʷ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ. ʗʢʱʦ ʯʝʨʝʟ  ʧʦʟʥʘʯʠʪʠ ʤʘʪʨʠʮʶ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʨʽʙʥʦ-ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ , ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 
ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʻ  ʰʫʢʘʥʠʤ ʽʟʦʤʦʨʬʽʟʤʦʤ. 

ʗʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʨʝʟʫʣʴʪʘʪ? 

ʅʝʭʘʡ . 

ɿʥʘʡʜʝʤʦ . ɺ ʩʠʣʫ ʜʦʚʝʜʝʥʦʛʦ . 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʪʨʠʮʽ  ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʾʾ ʜʽʘʛʦʥʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

, ʟʚʽʜʢʠ . 

ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʅʝʭʘʡ . ɿʥʘʡʜʝʤʦ . 

 ʽ ʪʘʢ ʜʘʣʽ. 

ɿʘʩʪʦʩʫʻʤʦ ʪʝʧʝʨ ʦʪʨʠʤʘʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

. 

ɺʣʘʩʥʽ ʯʠʩʣʘ ʽ ʚʣʘʩʥʽ ʚʝʢʪʦʨʠ ʣʝʛʢʦ ʟʥʘʭʦʜʷʪʴʩʷ: 

, , ,  

ʊʦʤʫ  

ʊʘʢʠʤ ʯʠʥʦʤ 

. 

 

ʆʪʞʝ, . 

 

ɼʽʡʩʥʦ, ʧʨʠ  ʦʪʨʠʤʘʻʤʦ . ʇʨʠ   ʽ ʪ. ʜ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʉʪʨʝʥʛ ɻ. ʃʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʠ ʝʸ ʧʨʠʤʝʥʝʥʠʝ: ʇʝʨ. ʩ ʘʥʛʣ. ð ʄ.: ʄʠʨ, 1980. ð 456 ʩʪʨ. 
2. ɻʘʥʪʤʘʭʝʨ ʌ. ʈ. ʊʝʦʨʠʷ ʤʘʪʨʠʮ. ð 4 ʠʟʜ., ʜʦʧ. ð ʄ.: ʅʘʫʢʘ, 1988. ð 548 ʩʪʨ. 

3. ɹʦʥʜʘʨʯʫʢ ʖ. ɺ. ʃʽʥʽʡʥʘ ʘʣʛʝʙʨʘ ʪʘ ʘʥʘʣʽʪʠʯʥʘ ʛʝʦʤʝʪʨʽʷ / ʖ. ɺ. ɹʦʥʜʘʨʯʫʢ, ɹ. ɺ. ʆʣʽʡʥʠʢ. ð ʂ.: ʂʠʻʚʦ-ʄʦʛʠʣʷʥʩʴʢʘ ʘʢʘʜʝʤʽʷ, 2010. 

ð 175 ʩʪʦʨ. 
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ʋɼʂ 519.2 

ɻɽʆʄɽʊʈʀʏʅɸ ɯʅʊɽʈʇʈɽʊɸʎɯʗ ʄɽʊʆɼʋ ʅɸʁʄɽʅʐʀʍ ʂɺɸɼʈɸʊɯɺ 

 

ɼ.ʉ. ɿʘʭʘʨʯʝʥʢʦ, ʩʪʫʜʝʥʪ ʛʨ. ɸʊ-141 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʊ.ɺ. ʃʘʧʘ, ʆ.ʄ. ʄʦʚʰʘ, ʘʩʠʩʪʝʥʪʠ,  

 ʂʘʬʝʜʨʘ  ʚʠʱʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

         ʄʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʷʢ ʚ ʝʢʦʥʦʤʽʯʥʠʭ, ʪʘʢ  ʽ ʚ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢʘʭ. ʇʨʦʽʣʶʩʪʨʫʻʤʦ ʤʦʞʣʠʚʦʩʪʽ ʣʽʥʽʡʥʦʾ 

ʘʣʛʝʙʨʠ ʜʣʷ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʤʝʪʦʜʫ ʫ ʚʠʧʘʜʢʫ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʟʤʽʥʥʠʤʠ. 

      ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ  ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ  ʟʤʽʥʥʠʭ  , ʪʦʙʪʦ  

 

 ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ  - ʥʝʚʽʜʦʤʽ. ɼʣʷ ʾʭ ʚʠʟʥʘʯʝʥʥʷ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

. ɿʥʘʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ  ʥʘ ʦʩʥʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʝʦʜʤʽʥʥʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʚʥʠʭ 

ʧʦʭʠʙʦʢ ʽ, ʦʪʞʝ, ʽʩʪʠʥʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚôʷʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ .   

ʅʘʙʣʠʞʝʥʽ ʟʥʘʯʝʥʥʷ  ʢʦʝʬʽʮʽʻʥʪʽʚ  ʚʠʟʥʘʯʘʶʪʴ ʟ ʫʤʦʚʠ: 

 

 
 

ɺʝʣʠʯʠʥʠ   ʨʦʟʛʣʷʜʁʪʴ ʷʢ ʢʦʤʧʦʥʝʥʪʠ  ʤʽʨʥʠʭ ʚʝʢʪʦʨʽʚ   

 

 
ɺʝʢʪʦʨ  ʻ ʝʣʝʤʝʥʪʦʤ ʣʽʥʽʡʥʦʾ ʦʙʦʣʦʥʢʠ L, ʧʦʨʦʜʞʝʥʦʾ ʚʝʢʪʦʨʘʤʠ ʘ ʚʠʤʦʛʘ 

ʤʽʥʽʤʘʣʴʥʦʩʪʽ  ʥʘ ʤʦʚʽ ʘʣʛʝʙʨʠ ʦʟʥʘʯʘʻ, ʱʦ ʚʝʢʪʦʨ   ̒ʦʨʪʦʛʦʥʘʣʴʥʦ  ʁʧʨʦʝʢʮʽʻʶ  ʚʝʢʪʦʨʘ  ʥʘ ʣʽʥʽʡʥʫ 

ʦʙʦʣʦʥʢʫ,   ʡʦʛʦ  ʦʨʪʦʛʦʥʘʣʴʥʝ ʜʦʧʦʚʥʝʥʥʷ  ̔  ʜʦʙʫʪʢʠ . ʇʦʤʥʦʞʠʚʰʠ ʩʢʘʣʷʨʥʦ ʦʩʪʘʥʥʶ 

ʨʽʚʥʽʩʪʴ ʥʘ , ʦʪʨʠʤʘʻʤʦ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ . 

 

 
ɺ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʧʦʭʠʙʢʠ  ʚʠʧʘʜʢʦʚʽ  ʽ ʾʭ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ  ʜʦʨʽʚʥʶʻ ʥʫʣʶ,   

  ̔   ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ  ʽ     

ʜʝ  ï ʤʘʪʨʠʮʷ, ʦʙʝʨʥʝʥʘ ʜʦ ʤʘʪʨʠʮʽ ɻʨʘʤʘ ʩʠʩʪʝʤʠ ʚʝʢʪʦʨʽʚ      
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɼʘʚʠʜʦʚ ʄ.ʆ. ʂʫʨʩ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ : ʧʽʜʨʫʯʥʠʢ  ʫ 3 ʯ. ʏ. 2 /ɼʘʚʠʜʦʚ ʄ.ʆ. ï ʂ.:ɺʠʱʘ ʰʢ., 1991.ï366ʩ.  

2. ʂʦʣʤʦʛʦʨʦʚ ɸ.ʅ. ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ : ʩʙ. ʩʪʘʪʝʡ/ ʂʦʣʤʦʛʦʨʦʚ ɸ.ʅ.ï ʄ.: ʅʘʫʢʘ, 1986.ï535ʩ.  
3. ɻʝʣʴʬʘʥʜ ʀ.ʄ. ʃʝʢʮʠʠ ʧʦ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʝ : ʫʯʝʙʥ. /ɻʝʣʴʬʘʥʜ ʀ.ʅ. ï ʄ.: ʅʘʫʢʘ, 1971.ï 272ʩ. 

 

 

ʋɼʂ 519.2 

ɼɽʗʂɯ ʄɸʊɽʄɸʊʀʏʅɯ ʄʆɼɽʃɯ ʁ ʄɽʊʆɼʀ ɺ ɽʂʆʅʆʄɯʎɯ 

 

ʗ. ɿʝʣʝʥʘ, ʩʪʫʜʝʥʪ ʛʨ.ɹʆ-151 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻ.ɯ. ʊʫʨ, ʢ.ʧ.ʥ., ʩʪ.ʚʠʢʣʘʜʘʯ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɽʢʦʥʦʤʽʢʘ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʥʠʟʢʫ ʧʠʪʘʥʴ ʪʘ ʧʨʦʙʣʝʤ ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʨʷʜ ʨʝʬʦʨʤ, ʦʧʠʨʘʶʯʠʩʴ ʥʝ ʥʘ ʟʘʩʪʘʨʽʣʽ ʜʞʝʨʝʣʘ ʪʘ ʤʝʪʦʜʠ, ʘ ʥʘ ʽʥʥʦʚʘʮʽʡʥʽ ʤʝʪʦʜʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʥʘ ʩʪʘʪʠʩʪʠʯʥʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ. ʉʴʦʛʦʜʥʽ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʘʢʪʠʚʽʟʘʮʽʶ ʟʫʩʠʣʴ ʱʦʜʦ ʧʦʩʪʫʧʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʜʦ ʽʥʥʦʚʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʡʮʽʥʥʽʰʠʭ ʨʝʩʫʨʩʘʭ 
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ʝʢʦʥʦʤʽʢʠ ʟʥʘʥʴ ï ʟʥʘʥʥʷʭ. ʄʘʡʙʫʪʥʽʡ ʝʢʦʥʦʤʽʩʪ ʧʦʚʠʥʝʥ ʚʦʣʦʜʽʪʠ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʢʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʝʢʦʥʦʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [1].  

ʄʘʪʝʤʘʪʠʢʘ ʻ ʧʦʪʫʞʥʠʤ ʟʘʩʦʙʦʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʽ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʤʦʚʦʶ ʥʘʫʢʠ. ɺʦʥʘ 

ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʥʘʫʢʦʚʠʭ, ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʛʫʤʘʥʽʪʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʆʩʪʘʥʥʽ ʨʦʢʠ 

ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʧʨʦʥʠʢʥʝʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʫ ʝʢʦʥʦʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʘʪʝʤʘʪʠʯʥʽ 

ʤʝʪʦʜʠ ʜʘʶʪʴ ʢʽʣʴʢʽʩʥʠʡ ʦʧʠʩ ʝʢʦʥʦʤʽʯʥʠʭ ʷʚʠʱ, ʩʢʦʨʦʯʫʶʪʴ ʪʝʨʤʽʥʠ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʡ 

ʧʽʜʚʠʱʫʶʪʴ ʾʭ ʪʦʯʥʽʩʪʴ, ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʧʦʚʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽ 

ʝʢʦʥʦʤʽʯʥʽ ʷʚʠʱʘ ʽ ʧʨʦʮʝʩʠ,  ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʟ ʻʜʠʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚʠʚʯʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʝʢʦʥʦʤʽʯʥʽ ʟʘʜʘʯʽ, 

ʷʢʽ ʥʝ ʤʦʞʣʠʚʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ.  

ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ.  

ʄʦʜʝʣʴ ʙʘʛʘʪʦʛʘʣʫʟʝʚʦʾ ʝʢʦʥʦʤʽʢʠ ʫ ʚʠʛʣʷʜʽ

 

ʙʘʣʘʥʩʦʚʠʭ ʨʽʚʥʷʥʴ 

( )ä
=

=+=
n

j

iiji niyxx
1

,1 ,                                 (1) 

ʘʙʦ ʚ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ YXAX +Ö= ,                              (2) 

ʜʝ ( )nixX i ,1),( ==  ï ʚʘʣʦʚʠʡ ʚʠʧʫʩʢ -̔ʦʾ ʛʘʣʫʟʽ, )( ijxXA =Ö ( )nji ,1,, = ï ʚʠʨʦʙʥʠʯʝ ʩʧʦʞʠʚʘʥʥʷ, ʘ 

)( iyY= ( )ni ,1, = ï ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ -̔ʦʾ ʛʘʣʫʟʽ [2]. ʏʘʩʪʠʥʘ ʮʽʻʾ ʧʨʦʜʫʢʮʽʾ ʡʜʝ ʥʘ ʚʥʫʪʨʽʰʥʻ ʚʠʨʦʙʥʠʯʝ 

ʩʧʦʞʠʚʘʥʥʷ ʩʘʤʦʶ ʛʘʣʫʟʟʶ ( )iix  ʪʘ ʽʥʰʠʤʠ ʛʘʣʫʟʷʤʠ ( )njijxij ,1,, =¸ , ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ  ( )iy

 

ʡʜʝ ʥʘ 

ʨʝʘʣʽʟʘʮʽʶ ʫ ʥʝʚʠʨʦʙʥʠʯʠʡ ʩʬʝʨʽ ï ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ -̔ʦʾ ʛʘʣʫʟʽ. 

ʄʝʪʘ ʙʘʣʘʥʩʦʚʦʛʦ ʘʥʘʣʽʟʫ ï ʜʘʪʠ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʫ ʤʘʢʨʦʝʢʦʥʦʤʽʮʽ ʽ ʧʦʚôʷʟʘʥʝ ʟ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʝʜʝʥʥʷ ʙʘʛʘʪʦʛʘʣʫʟʝʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ: ʷʢʠʤ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʙôʻʤ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʞʥʦʾ 

ʟ n ʛʘʣʫʟʝʡ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʩʽ ʧʦʪʨʝʙʠ ʚ ʧʨʦʜʫʢʮʽʾ ʮʽʻʾ ʛʘʣʫʟʽ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʘ ʛʘʣʫʟʴ ʚʠʩʪʫʧʘʻ, ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʷʢ ʚʠʨʦʙʥʠʢ ʜʝʷʢʦʾ ʧʨʦʜʫʢʮʽʾ( )nixX i ,1),( == , ʘ ʟ ʽʥʰʦʛʦ ï ʷʢ ʩʧʦʞʠʚʘʯ ʧʨʦʜʫʢʮʽʾ ʽ ʩʚʦʻʾ, ʽ ʪʽʻʾ, ʱʦ 

ʚʠʨʦʙʣʝʥʘ ʽʥʰʠʤʠ ʛʘʣʫʟʷʤʠ. ɿʚ'ʷʟʦʢ ʤʽʞ ʛʘʣʫʟʷʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʪʘʙʣʠʮʷʭ ʤʽʞʛʘʣʫʟʝʚʦʛʦ 

ʙʘʣʘʥʩʫ, ʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʾʭ ʘʥʘʣʽʟʫʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʧʘʨʘʪ ʤʘʪʨʠʮʴ ʽ ʚʠʟʥʘʯʥʠʢʽʚ ʪʘ 

ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʧʨʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ. 

ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʥʘʡʰʣʠ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ 

ʦʙʤʽʥʫ ï ʤʦʜʝʣʽ ʤʽʞʥʘʨʦʜʥʦʾ ʪʦʨʛʽʚʣʽ  

ʍXɸ =Ö ,    (3) 

ʜʝ ),( ijaɸ= ( )nji ,1, =
 
ï ʩʪʨʫʢʪʫʨʥʘ ʤʘʪʨʠʮʷ ʪʦʨʛʽʚʣʽ,

T

nxxxX ),...,,( 21= ï ʥʘʮʽʦʥʘʣʴʥʽ ʜʦʭʦʜʠ ʢʨʘʾʥ. 

ʗʢʱʦ ʚʽʜʦʤʘ ʩʪʨʫʢʪʫʨʥʘ ʤʘʪʨʠʮʷ ʪʦʨʛʽʚʣʽ ɸ, ʪʦ ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʥʘʮʽʦʥʘʣʴʥʠʭ ʜʦʭʦʜʽʚ ʢʨʘʾʥ ʜʣʷ 

ʟʙʘʣʘʥʩʦʚʘʥʦʾ ʤʽʞʥʘʨʦʜʥʦʾ ʪʦʨʛʽʚʣʽ [2]. 

ɸʧʘʨʘʪ ʤʘʪʨʠʮʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʚ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ, ʦʙʯʠʩʣʝʥʥʷ ʩʫʤʠ 

ʨʝʘʣʽʟʘʮʽʾ ʪʦʚʘʨʽʚ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ, ʧʦʪʨʝʙʠ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʨʽʟʥʠʭ ʪʠʧʘʭ ʩʠʨʦʚʠʥʠ, ʨʦʟʤʽʨʠ 

ʢʨʝʜʠʪʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʛʦʣʦʚʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʈʽʟʥʦʤʘʥʽʪʥʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʙʘʟʦʚʽ, ʟʘʢʦʥʠ ʪʝʦʨʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʩʧʦʞʠʚʘʥʥʷ, ʧʦʧʠʪʫ ʽ ʧʨʦʧʦʟʠʮʽʾ 

ʚʠʷʚʣʷʶʪʴʩʷ ʧʨʷʤʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʦʩʥʦʚʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʛʨʘʥʠʯʥʽ ʚʠʪʨʘʪʠ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʝʨʝʜʥʽʤ ʽ ʛʨʘʥʠʯʥʠʤ ʜʦʭʦʜʦʤ, ʘʥʘʣʽʟ ʬʫʥʢʮʽʾ ʧʦʧʠʪʫ, ʝʣʘʩʪʠʯʥʽʩʪʴ ʧʦʧʠʪʫ 

ʟʘ ʮʽʥʦʶ ʪʘ ʜʦʭʦʜʦʤ, ʟʘʢʦʥ ʩʧʘʜʥʦʾ ʜʦʭʽʜʥʦʩʪʽ, ʟʥʘʭʦʜʞʝʥʥʷ ʦʙôʻʤʫ ʧʨʦʜʫʢʮʽʾ ʪʘ ʽʥ.). ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

q = q(p) ï ʬʫʥʢʮʽʷ ʧʦʧʠʪʫ ʥʘ ʪʦʚʘʨ ʟʘ ʮʽʥʦʶ p , ʪʦ ʝʣʘʩʪʠʯʥʽʩʪʴ ʧʦʧʠʪʫ ʟʘ ʮʽʥʦʶ ʚʠʨʘʞʘʻ ʚʽʜʥʦʩʥʫ ʟʤʽʥʫ (ʚ 

ʧʨʦʮʝʥʪʘʭ) ʨʦʟʤʽʨʫ ʧʦʧʠʪʫ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʪʦʚʘʨ ʘʙʦ ʧʦʩʣʫʛʫ ʟʽ ʟʤʽʥʦʶ ʮʽʥʠ ʥʘ 1% ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʫʪʣʠʚʽʩʪʴ 

ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʟʤʽʥʠ ʮʽʥ ʥʘ ʧʨʦʜʫʢʮʽʶ: 

pp q
q

p
qE ¡=)( ,    (4) 

ʜʝ q - ʦʙʩʷʛ ʪʦʚʘʨʽʚ, pï ʾʭ ʮʽʥʘ, ʘ ʝʣʘʩʪʠʯʥʽʩʪʴ ʧʦʧʠʪʫ ʟʘ ʜʦʭʦʜʦʤ R ʚʠʨʘʞʘʻ ʚʽʜʥʦʩʥʫ ʟʤʽʥʫ (ʚ ʧʨʦʮʝʥʪʘʭ) 

ʧʦʧʠʪʫ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʪʦʚʘʨ ʘʙʦ ʧʦʩʣʫʛʫ ʚ ʨʘʟʽ ʟʤʽʥʠ ʜʦʭʦʜʫ ʩʧʦʞʠʚʘʯʽʚ ʮʴʦʛʦ ʙʣʘʛʘ ʥʘ 1%:  

RR q
q

R
qE ¡=)( ,    (5) 

ʜʝ q = q(R) ï ʦʙʩʷʛ ʪʦʚʘʨʽʚ, R ï ʜʦʭʽʜ ʩʧʦʞʠʚʘʯʽʚ [3].                                               

ɿʥʘʯʥʘ ʫʚʘʛʘ ʚ ʝʢʦʥʦʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʠʜʽʣʷʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʤ ʤʝʪʦʜʘʤ ʪʘ ʤʦʜʝʣʷʤ 

ʢʦʨʝʣʷʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. ʈʝʛʨʝʩʽʡʥʠʡ ʪʘ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʣʝʞʥʦʩʪʝʡ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʷʚʠʱʘʤʠ ʚ ʝʢʦʥʦʤʽʮʽ, ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʽ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʜʘʯ 

ʙʽʟʥʝʩ-ʧʣʘʥʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʧʘʨʘʤʝʪʨʠ 10,bb  ʣʽʥʽʡʥʦʛʦ ʨ̔ ʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ xbbyx 10+=
%

                                                    

(6) ʟʥʘʭʦʜʷʪʴ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʰʣʷʭʦʤ  ʩʢʣʘʜʘʥʥʷ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʥʦʨʤʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 
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ɺ ʜʘʥʠʡ ʯʘʩ ʙʽʣʴʰʽʩʪʴ ʦʙôʻʢʪʠʚʥʦ ʽʩʥʫʶʯʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʷʚʠʱʘʤʠ 

ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʚʠʚʯʝʥʦ ʪʝʦʨʝʪʠʯʥʦ. ɿʥʘʯʥʦ ʚʘʞʣʠʚʽʰʝ ʢʽʣʴʢʽʩʥʦ ʚʠʤʽʨʷʪʠ ʪʽʩʥʦʪʫ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ 

ʟʚôʷʟʢʽʚ ʚ ʝʢʦʥʦʤʽʮʽ ʽ ʬʽʥʘʥʩʘʭ, ʟʨʦʟʫʤʽʪʠ ʧʨʠʨʦʜʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʧʣʠʚʘʪʠ ʥʘ 

ʚʠʷʚʣʝʥʽ ʬʘʢʪʦʨʠ, ʚʪʨʫʯʘʪʠʩʴ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʧʨʦʮʝʩ ʟ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʧʦʪʨʽʙʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʦ ʘʧʘʨʘʪʫ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʭʦʜʽ ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʴ ʟʚʝʨʪʘʶʪʴʩʷ ʷʢ ʝʢʦʥʦʤʽʩʪʠ-ʧʨʘʢʪʠʢʠ, 

ʪʘ ʽ ʥʘʫʢʦʚʽ ʧʨʘʮʽʚʥʠʢʠ. ʋʚʘʛʘ ʜʦ ʤʝʪʦʜʽʚ ʢʦʨʝʣʷʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦ ʟʨʦʩʣʘ ʫ ʟʚôʷʟʢʫ ʟ 

ʧʦʷʚʦʶ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʇɽʆʄ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʮʽ ʪʘ ʽʥʰʽ ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ 

[3]. 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʝʬʦʨʤʫʚʘʥʥʷ ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʚ 

ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʫ ʨʦʟʨʘʭʫʥʢʫ ʡ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʚʘʨʽʘʥʪʽʚ ʤʦʞʣʠʚʠʭ ʥʘʧʨʷʤʢʽʚ 

ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʦʢʨʝʤʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɸ ʮʝ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ, ʨʦʣʴ ʷʢʠʭ  ʜʣʷ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ  

ʋʢʨʘʾʥʠ ʻ ʜʦʩʠʪʴ ʚʘʞʣʠʚʦʶ.  
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʃʷʰʝʥʢʦ ɯ. ʄ., ʂʦʨʦʙʦʚʘ ʄ. ɺ., ɻʦʨʽʮʠʥʘ  ɯ. ɸ. ʄʦʜʝʣʶʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʽ ʩʦʮʽʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. 

ð ɺʇʎ çʂʠʾʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪè,2005 ï 485ʩ. 

2. ʇʝʪʨʦʚ ɸ.ɸ., ʇʦʩʧʝʣʦʚ ʀ.ɻ., ʐʘʥʘʥʠʥ ɸ.ɸ ʆʧʳʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ. ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ,1996 - 544ʩ. 

3. ʏʝʨʝʤʥʳʭ ʖ. ʅ. ʄʘʪʝʤʘʪʠʯʠʩʢʠʝ  ʤʝʪʦʜʳ ʚ ʝʢʦʥʦʤʠʢʝ.ï ʄʦʩʢʚʘ, çɼʀʉè,1998. 
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ʄ. ɿʫʙ, ʩʪʫʜʝʥʪʢʘ ʛʨ. ʂɹ-151 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻ.ɯ. ʊʫʨ, ʢ.ʧ.ʥ., ʩʪ.ʚʠʢʣʘʜʘʯ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʉʫʯʘʩʥʠʡ ʝʢʦʥʦʤʽʩʪ ʢʨʽʤ ʜʦʩʢʦʥʘʣʠʭ ʟʥʘʥʴ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ, ʧʦʚʠʥʝʥ ʱʝ ʡ ʚʽʣʴʥʦ ʚʦʣʦʜʽʪʠ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ ʽʟ ʤʝʪʦʶ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɼʣʷ ʮʴʦʛʦ ʚʽʥ 

ʤʘʻ ʥʝ ʣʠʰʝ ʚʦʣʦʜʽʪʠ ʟʥʘʥʥʷʤʠ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʘ ʡ ʫʤʽʪʠ ʧʨʘʚʠʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʟʜʦʙʫʪʽ ʟʥʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ. 

ɯʥʪʝʛʨʘʣ ï ʦʜʥʝ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʥʷʪʴ ʤʘʪʝʤʘʪʠʢʠ, ʱʦ ʚʠʥʠʢʣʦ ʫ ʟʚ'ʷʟʢʫ ʟ ʧʦʪʨʝʙʦʶ, ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ 

ʚʽʜʰʫʢʫʚʘʪʠ ʬʫʥʢʮʽʾ ʧʦ ʾʭʥʽʭ ʧʦʭʽʜʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʟʥʘʭʦʜʠʪʠ ʬʫʥʢʮʽʶ, ʱʦ ʚʠʨʘʞʘʻ ʰʣʷʭ, ʧʨʦʡʜʝʥʠʡ ʪʦʯʢʦʶ, 

ʱʦ ʨʫʭʘʻʪʴʩʷ, ʧʦ ʰʚʠʜʢʦʩʪʽ ʮʽʻʾ ʪʦʯʢʠ), ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ï ʚʠʤʽʨʶʚʘʪʠ ʧʣʦʱʽ, ʦʙʩʷʛʠ, ʜʦʚʞʠʥʠ ʜʫʛ, ʨʦʙʦʪʫ ʩʠʣ 

ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. 

ɯʥʪʝʛʨʘʣ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʟʘʜʘʯ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʤʽʩʪʫ.  

ɽʢʦʥʦʤʽʯʥʠʡ ʟʤʽʩʪ ʚʠʟʥʘʯʝʥʦʛʦ ʽʥʪʝʛʨʘʣʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʚʽʥ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʦʙʩʷʛʫ ʚʠʨʦʙʣʝʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʯʠ ʬʽʨʤʦʶ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʧʨʘʮʽ  f=f(ʭ) ʟʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ [0; T], ʪʦʙʪʦ 

 
ɿʘʜʘʯʽ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʤʽʩʪʫ, ʷʢʽ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʟʥʘʯʝʥʦʛʦ ʽʥʪʝʛʨʘʣʘ: ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʠʨʦʩʪʫ ʢʘʧʽʪʘʣʫ ʟʘ ʚʽʜʦʤʠʤʠ ʽʥʚʝʩʪʠʮʽʷʤʠ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦʛʦ ʽʥʪʝʛʨʘʣʘ ʚ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ; 

ʤʘʢʩʠʤʽʟʘʮʽʷ ʧʨʠʙʫʪʢʫ ʟʘ ʯʘʩʦʤ; ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʝʢʦʥʦʤʽʯʥʠʭ ʬʫʥʢʮʽʡ; ʦʮʽʥʢʘ ʩʪʫʧʝʥʷ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʜʦʭʦʜʽʚ ʥʘʩʝʣʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʢʘʧʽʪʘʣʫ (ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ) ʟʘ ʚʽʜʦʤʠʤʠ ʯʠʩʪʠʤʠ ʽʥʚʝʩʪʠʮʽʷʤʠ 

(ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷʤʠ). ʏʠʩʪʽ ʽʥʚʝʩʪʠʮʽʾ ï ʮʝ ʟʘʛʘʣʴʥʽ ʽʥʚʝʩʪʠʮʽʾ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʚ ʝʢʦʥʦʤʽʢʫ ʟʘ ʧʝʚʥʠʡ ʽʥʪʝʨʚʘʣ 

ʯʘʩʫ (ʟʘʟʚʠʯʘʡ ʟʘ ʨʽʢ), ʽʟ ʚʽʜʨʘʭʫʚʘʥʥʷʤ ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ (ʚʠʪʨʘʯʝʥʦʛʦ ʢʘʧʽʪʘʣʫ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʢʘʧʽʪʘʣ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʦʙʩʷʛ ʯʠʩʪʠʭ ʽʥʚʝʩʪʠʮʽʡ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʢʘʧʽʪʘʣ K = K( t ) ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ t ʥʘ ʦʙʩʷʛ ʯʠʩʪʠʭ ʽʥʚʝʩʪʠʮʽʡ I = I ( t ). 

ʊʦʜʽ ʯʠʩʪʽ ʽʥʚʝʩʪʠʮʽʾ ï ʮʝ ʧʦʭʽʜʥʘ ʚʽʜ ʢʘʧʽʪʘʣʫ ʟʘ ʯʘʩʦʤ t, ʪʦʙʪʦ I ( t ) = Kǋ( t ). 

ʏʘʩʪʦ ʚ ʝʢʦʥʦʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʦʚʦʜʠʪʴʩʷ ʟʥʘʭʦʜʠʪʠ ʧʨʠʨʽʩʪ ʢʘʧʽʪʘʣʫ ʟʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʚʽʜ t1 ʜʦ t2, 

ʪʦʙʪʦ æ K = K ( t2 ) ï K ( t1 ). ʆʩʢʽʣʴʢʠ K = K( t ) ʻ ʧʝʨʚʽʩʥʦʶ ʜʣʷ ʬʫʥʢʮʽʾ I = I ( t ), ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʬʦʨʤʫʣʫ, ʷʢʘ ʧʦʚôʷʟʫʻ ʧʝʨʚʽʩʥʫ ʟ ʚʠʟʥʘʯʝʥʠʤ ʽʥʪʝʛʨʘʣʦʤ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

 
ʇʨʠʢʣʘʜ. ɿʘ ʜʘʥʠʤʠ ʯʠʩʪʠʤʠ ʽʥʚʝʩʪʠʮʽʷʤʠ I ( t )=50000 t ʦʙʯʠʩʣʠʪʠ ʧʨʠʨʽʩʪ ʢʘʧʽʪʘʣʫ ʟ ʧʝʨʰʦʛʦ ʧʦ 

ʪʨʝʪʽʡ ʨʽʢ ʽ ʚʠʟʥʘʯʠʪʠ ʟʘ ʩʢʽʣʴʢʠ ʨʦʢʽʚ ʧʨʠʨʽʩʪ ʢʘʧʽʪʘʣʫ ʩʪʘʥʦʚʠʪʠʤʝ 2,5 ʤʣʥ. ʫʤ. ʛʨʦʰ. ʦʜ. 

ʈʦʟʚôʷʟʘʥʥʷ. ʇʨʠʨʽʩʪ ʢʘʧʽʪʘʣʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʚʽʜ t1=1 ʜʦ t2=3.ʉʢʦʨʠʩʪʘʻʤʦʩʴ ʧʦʧʝʨʝʜʥʴʦʶ 

ʬʦʨʤʫʣʦʶ 

ʫʤ.ʛʨʦʰ.ʦʜ. 
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ʑʦʙ ʚʠʟʥʘʯʠʪʠ, ʟʘ ʩʢʽʣʴʢʠ ʨʦʢʽʚ ʧʨʠʨʽʩʪ ʢʘʧʽʪʘʣʫ ʩʪʘʥʦʚʠʪʠʤʝ 2500000 ʫʤ.ʛʨʦʰ.ʦʜ.,ʪʨʝʙʘ ʧʨʠʨʽʩʪ 

ʢʘʧʽʪʘʣʫ  ʧʨʠʨʽʚʥʷʪʠ ʜʦ 2500000 ʫʤ.ʛʨʦʰ.ʦʜ.,ʪʦʙʪʦ 

 
ɿ ʮʴʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ: ʧʦʪʨʽʙʥʦ 10 ʨʦʢʽʚ, ʱʦʙ ʧʨʠʨʽʩʪ ʢʘʧʽʪʘʣʫ ʜʦʩʷʛ 2500000 ʫʤ.ʛʨʦʰ.ʦʜ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦʛʦ ʽʥʪʝʛʨʘʣʘ ʚ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ.  

ʇʨʠʢʣʘʜ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʚʠʨʦʙʥʠʯʦʾ ʙʨʠʛʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʫʥʢʮʽʻʶ f(x) = 8t ï t2. ʌʫʥʢʮʽʷ 

f(t)=uô(t),ʜʝ  u= u(t) - ʦʙʩʷʛ ʚʠʨʦʙʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ [0;t] . 

 ʈʦʙʽʪʥʠʢʠ ʧʨʘʮʶʶʪʴ 8 ʛʦʜ, ʪʦʙʪʦ t ʻ [0; 8]. ʆʙʯʠʩʣʠʪʠ ʦʙʩʷʛ ʚʠʨʦʙʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ: ʟʘ ʚʦʩʴʤʠʛʦʜʠʥʥʠʡ 

ʨʦʙʦʯʠʡ ʜʝʥʴ; ʟʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ [2; 6]. ʇʦʨʽʚʥʷʻʤʦ  ʮʽ ʦʙʩʷʛʠ ʫ ʚʽʜʩʦʪʢʦʚʦʤʫ ʚʽʜʥʦʰʝʥʥʽ. 

ʈʦʟʚôʷʟʘʥʥʷ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ u(t) ʟʥʘʡʜʝʤʦ ʧʝʨʚʽʩʥʫ f(t). ʉʢʦʨʠʩʪʘʻʤʦʩʷ  ʬʦʨʤʫʣʦʶ ʅʴʶʪʦʥʘ-ʃʝʡʙʥʽʮʘ 

 
ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ: 

 
ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ: 

 
ɺʽʜʩʦʪʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦʨʽʚʥʶʻ: 

 
ʄʘʢʩʠʤʽʟʘʮʽʷ ʧʨʠʙʫʪʢʫ ʟʘ ʯʘʩʦʤ. ʅʝʭʘʡ V, D  ̔P ï ʬʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʚʠʪʨʘʪ,ʜʦʭʦʜʫ ʪʘ ʧʨʠʙʫʪʢʫ,ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ x ʚʠʨʦʙʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ ʘʙʦ ʚʽʜ ʯʘʩʫ t ʾʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ Vô, Dô ʽ Pô ï ʬʫʥʢʮʽʾ ʤʘʨʛʽʥʘʣʴʥʠʭ 

ʚʠʪʨʘʪ,ʜʦʭʦʜʫ ʪʘ ʧʨʠʙʫʪʢʫ ʚʽʜʧʦʚʽʜʥʦ. 

ʊʦʜʽ ʟʤʽʥʠ ʚʢʘʟʘʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʚʽʜ a ʦʜʠʥʠʮʴ ʜʦ b ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ: 

 
 

 
ʇʨʠʢʣʘʜ. ʗʢʱʦ ʬʫʥʢʮʽʷ ʤʘʨʛʽʥʘʣʴʥʠʭ ʚʠʪʨʘʪ ʚʠʨʦʙʥʠʮʪʚʘ x ʦʜʠʥʠʮʴ ʧʨʦʜʫʢʮʽʾ ʟʘ ʧʝʚʥʠʡ ʯʘʩ ʤʘʻ 

ʚʠʛʣʷʜ Vô(x)=10 ï 0,01x,ʪʦ ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ  ʚʠʨʦʙʥʠʮʪʚʘ (ʫ ʛʨʠʚʥʷʭ) ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ ʚʽʜ 

100 ʜʦ 200 ʦʜʠʥʠʮʴ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
ʈʦʟʛʣʷʥʫʪʽ ʧʨʠʢʣʘʜʠ, ʥʝ ʚʠʯʝʨʧʫʶʪʴ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʚʠʟʥʘʯʝʥʦʛʦ ʽʥʪʝʛʨʘʣʘ ʚ ʝʢʦʥʦʤʽʮʽ, 

ʙʽʟʥʝʩʽ ʽ ʪ. ʜ., ʘʣʝ ʚʦʥʠ ʧʦʢʘʟʫʶʪʴ ʧʣʦʜʦʪʚʦʨʥʽʩʪʴ ʧʦʥʷʪʪʷ ʚʠʟʥʘʯʝʥʦʛʦ ʽʥʪʝʛʨʘʣʘ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɹʘʨʢʦʚʩʴʢʠʡ ɺ.ɺ., ɹʘʨʢʦʚʩʴʢʘ ʅ.ɺ., ʃʦʧʘʪʽʥ ʆ.ʂ. ʄʘʪʝʤʘʪʠʢʘ ʜʣʷ ʝʢʦʥʦʤʽʩʪʽʚ. ï ʂ.: ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʫʧʨʘʚʣʽʥʥʷ, 1999. ï 447 ʩ. 

2. ʄʘʢʘʨʝʥʢʦ ɺ.ʆ. ɺʠʱʘ ʤʘʪʝʤʘʪʠʢʘ ʜʣʷ ʝʢʦʥʦʤʽʩʪʽʚ: ʅʘʚʯ. ʇʦʩʽʙ. ï ʂ.: ɿʥʘʥʥʷ, 2008. ï 517 ʩ. 

 

 

ʋɼʂ 378.147.31 

ɽʂʆʅʆʄɯʏʅɯ ɯʅʊɽʈʇʈɽʊɸʎɯɰ ʆʉʅʆɺʅʀʍ ʇʆʅʗʊʔ ɼʀʌɽʈɽʅʎɯɸʃʔʅʆɻʆ  

ʏʀʉʃɽʅʅʗ ʌʋʅʂʎɯʁ ɹɸɻɸʊʔʆʍ ɿʄɯʅʅʀʍ 

 

ɻ.ʂ. ʂʘʨʧʝʥʢʦ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ 1ɽʇ ʬʘʢʫʣʴʪʝʪʫ ʝʢʦʥʦʤʽʢʠ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɯ.ɺ. ɺʠʛʦʜʥʝʨ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, 

 ʢʘʬʝʜʨʘ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

.  
ɺʩʪʫʧ. ʌʘʭʽʚʮʽ ʟ ʝʢʦʥʦʤʽʢʠ ʧʦʚʠʥʥʽ ʜʦʙʨʝ ʚʦʣʦʜʽʪʠ ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ. ɿʦʢʨʝʤʘ, ʙʘʛʘʪʦ ʧʦʥʷʪʴ 

ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢʘʭ. ɸʣʝ, ʷʢ ʧʦʢʘʟʫʻ 

ʜʦʩʚʽʜ, ʧʨʠ ʥʘʚʯʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʤ ʜʠʩʮʠʧʣʽʥʘʤ ʚʠʢʣʘʜʘʯʽ ʯʘʩʪʦ ʤʘʶʪʴ ʥʘʛʦʜʫ ʟʽʪʢʥʫʪʠʩʷ ʟ ʚʽʜʩʫʪʥʽʩʪʶ 

ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʟ ʙʦʢʫ ʩʪʫʜʝʥʪʽʚ. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʷʢʦʾ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʻ ʪʝ, ʱʦ  ʩʪʫʜʝʥʪ ʥʝ ʤʘʻ ʫʷʚʠ ʧʨʦ 
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ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʥʘʫʢʠ ʟ ʧʨʦʬʝʩʽʡʥʦ ʩʧʨʷʤʦʚʘʥʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ ʚʽʜʩʫʪʥʽʩʪʴ 

ʤʦʪʠʚʘʮʽʾ ʥʘʚʯʘʥʥʷ ʚ ʮʽʣʦʤʫ. 

ʎʽʣʣʶ ʧʫʙʣʽʢʘʮʽʾ ʻ ʘʥʘʣʽʟ ʜʦʩʚʽʜʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʟ ʧʨʦʬʝʩʽʡʥʦʶ ʩʧʨʷʤʦʚʘʥʽʩʪʶ ʧʨʠ ʥʘʚʯʘʥʥʽ 

ʤʘʡʙʫʪʥʽʭ ʝʢʦʥʦʤʽʩʪʽʚ, ʬʽʥʘʥʩʠʩʪʽʚ ʪʘ ʦʙʣʽʢʦʚʮʽʚ ʨʦʟʜʽʣʘʤ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ: ʣʽʥʽʡʥʘ ʘʣʛʝʙʨʘ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʅʘ ʙʽʣʴʰʽʩʪʴ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʧʣʠʚʘʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʪʦʤʫ ʧʨʠ ʾʭ 

ʤʦʜʝʣʶʚʘʥʥʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʯʠʩʣʝʥʥʷ ʬʫʥʢʮʽʡ ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʚôʷʟʢʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʪʝʦʨʽʾ ʧʨʠ ʚʠʚʯʝʥʥʽ ʪʝʤʠ "ʌʫʥʢʮʽʾ ʙʘʛʘʪʴʦʭ 

ʟʤʽʥʥʠʭ" ʟ ʢʫʨʩʫ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʜʣʷ ʝʢʦʥʦʤʽʩʪʽʚ. 

ʇʦʧʠʪ ʥʘ ʜʝʷʢʠʡ ʪʦʚʘʨ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʮʽʥʠ, ʜʦʭʦʜʽʚ ʩʧʦʞʠʚʘʯʽʚ, ʮʽʥ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʪʦʚʘʨʠ. ʊʦʤʫ, 

ʷʢ ʙʘʯʠʤʦ, ʧʦʧʠʪ ʥʘ ʪʦʚʘʨ ʻ ʬʫʥʢʮʽʻʶ ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ. ʊʘʢʽ ʧʨʠʢʣʘʜʠ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʥʘʜʘʣʽ ʚʠʨʦʙʥʠʯʠʤʠ ʬʫʥʢʮʽʷʤʠ.  

ɺʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ, ʷʢ ʢʽʣʴʢʽʩʥʦ ʟʤʽʥʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʧʨʠ ʟʤʽʥʽ ʦʜʥʦʛʦ ʟ ʬʘʢʪʦʨʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ (ʥʘʧʨʠʢʣʘʜ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʧʦʧʠʪ ʧʨʠ ʟʤʽʥʽ ʜʦʭʦʜʽʚ ʥʘʩʝʣʝʥʥʷ ʘʙʦ ʧʨʠ ʟʤʽʥʽ ʮʽʥ) ʜʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʥʷʪʪʷ ʝʣʘʩʪʠʯʥʦʩʪʽ ʬʫʥʢʮʽʾ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʝʣʘʩʪʠʯʥʽʩʪʴ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʷʢʥʘʡʢʨʘʱʝ 

ʜʝʤʦʥʩʪʨʫʻ ʝʢʦʥʦʤʽʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ. 

ʅʝʭʘʡ ʟʘʜʘʥʘ ʚʠʨʦʙʥʠʯʘ ʬʫʥʢʮʽʷ ),( yxfz= , ʷʢʘ ʚʠʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʜ ʜʚʦʭ ʬʘʢʪʦʨʽʚ, 

ʱʦ ʧʦʟʥʘʯʝʥʽ ʟʤʽʥʥʠʤʠ x  ʪʘy . ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʬʘʢʪʦʨ x  ʟʤʽʥʠʚʩʷ ʥʘ xD, ʪʦʜʽ ʚʠʨʦʙʥʠʯʘ ʬʫʥʢʮʽʷ ʟʤʽʥʠʣʘʩʷ 

ʥʘ ʚʝʣʠʯʠʥʫ ),(),( yxfyxxfz -D+=D . ɺʽʜʥʦʰʝʥʥʷ 
x

zx

D

D
 ʚʠʨʘʞʘʻ ʩʝʨʝʜʥʽʡ ʧʨʠʨʽʩʪ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʥʘ 

ʦʜʠʥʠʮʶ ʧʨʠʨʦʩʪʫ ʬʘʢʪʦʨʫ x. ʇʝʨʝʡʜʝʤʦ ʜʦ ʛʨʘʥʠʮʽ, ʢʦʣʠ 0­Dx , ʽ ʦʪʨʠʤʘʻʤʦ ʛʨʘʥʠʯʥʽ ʚʠʪʨʘʪʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ ʬʘʢʪʦʨʘ x : 
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ɽʣʘʩʪʠʯʥʽʩʪʴ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ),( yxfz=  ʚʽʜʥʦʩʥʦ ʬʘʢʪʦʨʘ x  (ʘʙʦ y) ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ: 
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zEy )(  ʘʙʦ  ʽ ʚʢʘʟʫʻ ʥʘʙʣʠʞʝʥʠʡ ʚʽʜʩʦʪʢʦʚʠʡ ʧʨʠʨʽʩʪ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʨʦʩʪʫ ʬʘʢʪʦʨʘ x(ʘʙʦ y) ʥʘ 1% ʟʘ ʫʤʦʚʠ, ʱʦ ʬʘʢʪʦʨ y  (ʘʙʦ x) ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʗʢʱʦ ʚʠʨʦʙʥʠʯʘ 

ʬʫʥʢʮʽʷ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ z  ʚʽʜ n  ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ ʫ ʚʠʛʣʷʜʽ )...,( 21 nxxxfz= , ʪʦʜʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘʢʦʾ ʬʫʥʢʮʽʾ ʻ: ʛʨʘʥʠʯʥʽ ʚʠʪʨʘʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ 

ʚʽʜʥʦʩʥʦ ʬʘʢʪʦʨʘ ix  
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( =̔1, 2, ..., ʧ) [1]. 

ʇʨʠʢʣʘʜ. ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʷʢʦʛʦ ʪʦʚʘʨʫ ʚʠʟʥʘʯʝʥʘ ʬʫʥʢʮʽʷ yyyxxyyxfz 12023),( 4223 -+-== , ʜʝ 

x  ʪʘ yï ʬʘʢʪʦʨʠ ʚʠʨʦʙʥʠʮʪʚʘ. 

                 ɿʥʘʡʪʠ:  ʘ) ʟʘʢʦʥ ʟʤʽʥʠ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ; 

                                ʙ) ʝʣʘʩʪʠʯʥʽʩʪʴ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʟʘ ʢʦʞʥʠʤ ʬʘʢʪʦʨʦʤ; 

                                ʚ) ʢʦʝʬʽʮʽʻʥʪ ʝʣʘʩʪʠʯʥʦʩʪʽ ʟʘ ʬʘʢʪʦʨʘʤʠ 1=x  ʪʘ 1=y . 

 

ʈʦʟʚôʷʟʘʥʥʷ. 

a) ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʟʘʢʦʥ ʟʤʽʥʠ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʟʘ ʬʘʢʪʦʨʘʤʠ xʪʘ y, ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʯʘʩʪʠʥʥʽ 

ʧʦʭʽʜʥʽ ʚʽʜ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ [2]:  
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ʙ)  ʆʙʯʠʩʣʠʤʦ ʝʣʘʩʪʠʯʥʽʩʪʴ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʟʘ ʢʦʞʥʠʤ ʬʘʢʪʦʨʦʤ: 
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ʚ) ʆʙʯʠʩʣʠʤʦ  ʢʦʝʬʽʮʽʻʥʪ ʝʣʘʩʪʠʯʥʦʩʪʽ, ʢʦʣʠ 1=x  ʪʘ 1=y : 
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ʗʢ ʙʘʯʠʤʦ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʬʘʢʪʦʨʘ x  ʥʘ 1% (ʟʘ ʫʤʦʚʠ, ʱʦ ʬʘʢʪʦʨ y  ʥʝ ʟʤʽʥʶʻʪʴʩʷ), ʤʘʻ ʤʽʩʮʝ 

ʚʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʜʘʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʧʨʠʙʣʠʟʥʦ ʥʘ 0,04%. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʬʘʢʪʦʨʘ y  ʥʘ 1%  (ʟʘ 

ʫʤʦʚʠ, ʱʦ ʬʘʢʪʦʨ x  ʥʝ ʟʤʽʥʶʻʪʴʩʷ), ʙʫʜʝ ʤʘʪʠ ʤʽʩʮʝ ʚʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʜʘʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 0,96%. 

ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ, ʱʦ ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʣʘʩʪʠʯʥʦʩʪʽ ʚʢʘʟʫʻ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʠʨʦʙʥʠʯʦʾ 

ʬʫʥʢʮʽʾ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʘʢʪʦʨʫ. 

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʟ ʧʨʦʬʝʩʽʡʥʦʶ ʩʧʨʷʤʦʚʘʥʽʩʪʶ ʧʨʠ ʥʘʚʯʘʥʥʽ ʨʦʟʜʽʣʘʤ ʚʠʱʦʾ 

ʤʘʪʝʤʘʪʠʢʠ ʣʽʥʽʡʥʘ ʘʣʛʝʙʨʘ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʩʪʫʜʝʥʪʽʚ, 

ʤʦʪʠʚʦʚʘʥʦʤʫ ʧʽʜʭʦʜʫ ʜʦ ʥʘʚʯʘʥʥʷ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʨʽʚʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚ ʮʽʣʦʤʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʜʦʮʽʣʴʥʦ ʧʝʨʝʬʦʨʤʫʣʴʦʚʫʚʘʪʠ ʥʘʚʯʘʣʴʥʽ ʟʘʜʘʯʽ ʽʟ ʧʦʩʽʙʥʠʢʽʚ ʟ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʜʣʷ ʥʘʜʘʥʥʷ ʾʤ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʟʤʽʩʪʫ. ɸʜʞʝ ʟʘʜʘʯʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʢʫʨʩʫ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʤʘʶʪʴ ʟʜʝʙʽʣʴʰʦʛʦ 

ʘʙʩʪʨʘʢʪʥʠʡ ʭʘʨʘʢʪʝʨ. ʄʘʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʘʣʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʢʫʨʩʫ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʻ ʩʢʣʘʜʘʥʥʷ ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʥʘʫʢʦʚʦʾ ʪʘ ʥʘʫʢʦʚʦ-ʧʦʧʫʣʷʨʥʦʾ 

ʣʽʪʝʨʘʪʫʨʠ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʊʦʣʦʢ ɺ.ʆ. ʂʫʨʩ ʤʘʪʝʤʘʪʠʢʠ ʜʣʷ ʵʢʦʥʦʤ̔ʩʪʽʚ. ʏ.2. / ɺ.ʆ. ʊʦʣʦʢ, ɺ.ɺ. ʂʠʨʠʯʝʚʩʴʢʠʡ, ʊ.ɼ. ɺʦʣʢʦʚʘ. ï ʂ.: ʅʘʫʢ. ʜʫʤʢʘ, 2002. ï 413 ʩ. 
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ʋɼʂ 330.3 

ʉʊɸʊʀʉʊʀʏʅʀʁ ɸʅɸʃɯɿ ɯʅʅʆɺɸʎɯʁʅʆ-ɯʅɺɽʉʊʀʎɯʁʅʆɰ ɼɯʗʃʔʅʆʉʊɯ  

ɯʏʅʗʅʉʔʂʆɻʆ ʄʆʃʆʏʅʆ-ʂʆʅʉɽʈɺʅʆɻʆ ʂʆʄɹɯʅɸʊʋ 

 

ɸ.ʄ. ʃʝʧʩʴʢʘ, ʩʪʫʜ. 2-ʛʦ ʢʫʨʩʫ, ʛʨʫʧʠ ʄʝʥ-141 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ:  ʆ.ɹ. ɼʫʙʷʛʽʥ,  ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇʫʙʣʽʯʥʝ ʘʢʮʽʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ çɯʯʥʷʥʩʴʢʠʡ ʤʦʣʦʯʥʦ-ʢʦʥʩʝʨʚʥʠʡ ʢʦʤʙʽʥʘʪè ʙʫʣʦ ʟʘʩʥʦʚʘʥʦ 24 ʪʨʘʚʥʷ 

1995 ʨʦʢʫ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çIʯʥʷʥʩʴʢʠʡ ʟʘʚʦʜ ʧʨʦʜʦʚʦʣʴʯʠʭ ʪʦʚʘʨʽʚè ʫ 

ʧʫʙʣʽʯʥʝ ʘʢʮʽʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ. ʖʨʠʜʠʯʥʘ ʘʜʨʝʩʘ ʧʽʜʧʨʠʻʤʩʪʚʘ: ʏʝʨʥʽʛʽʚʩʴʢʘ ʦʙʣʘʩʪʴ, ʤ. ɯʯʥʷ, ʚʫʣ. ɺʠʰʥʝʚʘ, 4. 

ʂʦʤʙʽʥʘʪ ʨʝʘʣʽʟʫʻ ʯʠʩʣʝʥʥʽ ʽʥʚʝʩʪʠʮʽʡʥʽ ʧʨʦʝʢʪʠ ʚ ʨʘʡʦʥʽ, ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʦʛʦ ʢʘʧʽʪʘʣʫ ʪʘ 

ʥʝʦʙʦʨʦʪʥʠʭ ʨʝʩʫʨʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʪʦʙʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʙʫʜʽʚʝʣʴ, ʪʝʭʥʽʢʠ ʡ ʫʩʪʘʪʢʫʚʘʥʥʷ. ɼʦ ʽʥʚʝʩʪʠʮʽʡʥʦʾ 

ʥʝʨʫʭʦʤʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜʥʦʩʷʪʴ ʙʫʜʽʚʣʽ, ʧʨʠʤʽʱʝʥʥʷ ʘʙʦ ʯʘʩʪʠʥʠ ʙʫʜʽʚʝʣʴ. ɿʘ ʩʪʘʪʫʪʦʤ ʢʦʤʙʽʥʘʪʫ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʚʠʜʫ ʢʘʧʽʪʘʣʫ ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʦʨʝʥʜʥʠʭ ʧʣʘʪʝʞʽʚ. ʊʘʢʦʞ ʪʦʚʘʨʠʩʪʚʦ ʽʥʚʝʩʪʫʻ 

ʢʦʰʪʠ ʚ ʤʘʣʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʠʙʫʪʢʫ ʚ ʧʦʜʘʣʴʰʦʤʫ. ʉʪʘʥʦʤ ʥʘ 2015 ʨʽʢ ʧʨʠʙʫʪʢʠ ʚʽʜ 

ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʜʦʩʷʛʣʠ 10 920 000 ʛʨʠʚʝʥʴ. ʇʨʠ ʮʴʦʤʫ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ 

ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʢʘʧʽʪʘʣʫ ʨʦʟʨʘʭʦʚʘʥʘ ʟ ʧʨʠʙʫʪʢʦʚʠʤ ʚʽʜʩʦʪʢʦʤ ʥʘ ʪʝʨʤʽʥ ʧʦʚʝʨʥʝʥʥʷ ʚʽʜ 10 ʜʦ 15 ʨʦʢʽʚ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʽʥʚʝʩʪʠʮʽʡʥʽ ʧʨʦʝʢʪʠ ʢʦʤʙʽʥʘʪʫ ʚʠʧʨʘʚʜʘʥʽ ʚʠʩʦʢʦʶ ʨʝʥʪʘʙʝʣʴʥʽʩʪʶ ʪʘ ʧʨʠʙʫʪʢʦʤ. ʇʨʦʪʝ ʚʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʇɸʊ ʢʦʰʪʽʚ ʥʝ ʚʠʩʪʘʯʘʻ, ʪʦʙʪʦ ʚʦʥʦ 

ʧʦʪʨʝʙʫʻ ʽʥʚʝʩʪʠʮʽʡʥʦ-ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʽʜ ʚʝʣʠʢʠʭ ʟʘʢʦʨʜʦʥʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʉʪʘʥʦʤ ʥʘ 2015 ʨʽʢ 

ʢʦʤʙʽʥʘʪ ʚʠʜʽʣʠʚ ʥʘ ʽʥʥʦʚʘʮʽʡʥʠʡ ʨʦʟʚʠʪʦʢ 915 000 ʛʨʠʚʝʥʴ. ʆʩʥʦʚʥʘ ʤʘʩʘ ʽʥʚʝʩʪʦʚʘʥʦʛʦ ʢʘʧʽʪʘʣʫ ʩʧʨʷʤʦʚʘʥʘ 

ʥʘ ʪʝʭʥʽʯʥʝ ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʽ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʜʽʶʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ. ʊʦʙʪʦ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʜʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʤʦʜʝʨʥʽʟʘʮʽʷ ʪʘ ʦʥʦʚʣʝʥʥʷ ʷʢ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ, ʪʘʢ ʽ ʧʨʦʜʫʢʮʽʾ. ʂʦʰʪʠ ʟʘʣʫʯʘʶʪʴʩʷ ʰʣʷʭʦʤ 

ʦʪʨʠʤʘʥʥʷ ʢʨʝʜʠʪʽʚ ʚ ʙʘʥʢʘʭ ʪʘ ʽʥʰʠʭ ʧʦʟʠʢ, ʟʘʣʫʯʝʥʥʷ ʢʦʰʪʽʚ ʚʽʪʯʠʟʥʷʥʠʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʢʦʤʧʘʥʽʡ, ʢʦʰʪʽʚ 

ʥʘʩʝʣʝʥʥʷ ʪʘ ʯʝʨʝʟ ʝʢʦʥʦʤʽʶ ʦʪʨʠʤʘʥʠʭ ʧʨʠʙʫʪʢʽʚ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʪʦʚʘʨʽʚ.  

ʂʦʤʙʽʥʘʪ ʤʘʻ ʜʦʩʪʘʪʥʽʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʟʘʣʫʯʝʥʥʷ ʽʥʦʟʝʤʥʠʭ ʽʥʚʝʩʪʠʮʽʡ. ʆʜʥʘʢ ʫ ʩʚʽʪʦʚʦʤʫ ʧʦʪʦʮʽ ʧʨʷʤʠʭ 

ʽʥʦʟʝʤʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʝʢʦʥʦʤʽʢʫ ʋʢʨʘʾʥʠ ʧʨʠʧʘʜʘʻ ʙʣʠʟʴʢʦ 1%. ʅʝʟʥʘʯʥʠʡ ʧʦʪʽʢ ʽʥʦʟʝʤʥʦʛʦ ʢʘʧʽʪʘʣʫ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʩʝʨʝʜ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ ʋʢʨʘʾʥʘ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʢʨʘʾʥʘ ʟ ʥʘʡʙʽʣʴʰʠʤ ʨʠʟʠʢʦʤ. ɿʘ 

ʦʮʽʥʢʦʶ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʮʝʥʪʨʫ ʜʦʩʣʽʜʞʝʥʴ ʨʠʟʠʢ ʽʥʚʝʩʪʠʮʽʡ ʚ ʋʢʨʘʾʥʫ ʩʪʘʥʦʚʠʚ 80%. ɺʦʜʥʦʯʘʩ ʥʘʰʘ ʢʨʘʾʥʘ 

ʤʘʻ ʥʠʟʢʫ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʧʨʠʚʘʙʣʶʶʪʴ ʽʥʦʟʝʤʥʠʭ ʽʥʚʝʩʪʦʨʽʚ. ʎʝ, ʥʘʩʘʤʧʝʨʝʜ: ʥʘʷʚʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʥʠʟʴʢʘ ʮʽʥʘ ʨʦʙʦʯʦʾ ʩʠʣʠ, ʚʠʛʽʜʥʝ ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ, ʩʧʨʠʷʪʣʠʚʽ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʨʦʜʶʯʽ 

ʟʝʤʣʽ, ʪʦʱʦ. ʊʘʢ ʷʢ ʧʽʜʧʨʠʻʤʩʪʚʦ ʚʞʝ ʨʦʟʧʦʯʘʣʦ ʽʥʚʝʩʪʠʮʽʡʥʦ-ʽʥʥʦʚʘʮʽʡʥʫ ʜʽʷʣʴʥʽʩʪʴ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʣʫʯʝʥʦʛʦ ʢʘʧʽʪʘʣʫ ʪʘ ʦʮʽʥʶʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. 
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ʆʪʞʝ, ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʢʚʘʨʪʘʣʴʥʫ ʜʠʥʘʤʽʢʫ ʯʠʩʪʦʛʦ ʧʨʠʙʫʪʢʫ (Y,), ʨʦʟʤʽʨʫ ʽʥʚʝʩʪʠʮʽʡ (X1, ʛʨ.8) ʽ ʚʠʪʨʘʪ ʥʘ 

ʽʥʥʦʚʘʮʽʡʥʽ ʨʦʟʨʦʙʢʠ (X2, ʛʨ.13) ʢʦʤʙʽʥʘʪʫ ʟʘ 2012-2015 ʨʦʢʠ, ʜʣʷ ʯʦʛʦ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʘʥʠʤʠ 

ʡʦʛʦ ʬʽʥʘʥʩʦʚʦʾ ʟʚʽʪʥʦʩʪʽ [1]. ɺ ʦʩʥʦʚʫ ʘʥʘʣʽʟʫ ʧʦʢʣʘʜʝʥʦ ʤʝʪʦʜʠ ʨʷʜʽʚ ʜʠʥʘʤʽʢʠ ʡ ʫʟʘʛʘʣʴʥʶʶʯʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʋ ʪʘʙʣʠʮʽ 1 ʚ ʨʷʜʢʘʭ 1-16 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʭʽʜʥʽ ʜʘʥʽ (ʛʨ. 3, 8, 13) ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʘʥʘʣʽʟʫ ʪʘ ʦʩʥʦʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʩʪʘʥʥʴʦʛʦ, ʱʦʜʦ ʢʦʞʥʦʾ ʟ ʪʨʴʦʭ ʦʟʥʘʢ: ʢʚʘʨʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʛʦ ʣʘʥʮʶʛʦʚʦʛʦ ʧʨʠʨʦʩʪʫ 

(ʛʨ. 5, 10, 15), ʣʘʥʮʶʛʦʚʦʛʦ ʪʝʤʧʫ ʧʨʠʨʦʩʪʫ (ʛʨ. 6, 11, 16); ʛʽʧʦʪʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ (ʛʨ. 4, 9, 14), ʦʪʨʠʤʘʥʽ 

ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ (ʄʅʂ) ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʛʣʘʜʞʫʚʘʥʥʷ ʢʚʘʨʪʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʤʦʜʝʣʣʶ ʪʨʝʥʜʫ ʫ 

ʚʠʜʽ ʢʫʙʽʯʥʦʾ ʧʘʨʘʙʦʣʠ; ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʩʝʟʦʥʥʦʩʪʽ (ʛʨ. 7, 12, 17). ʂʫʙʽʯʥʘ ʧʘʨʘʙʦʣʘ ʚʠʟʥʘʥʘ ʘʜʝʢʚʘʪʥʦʶ 

ʤʦʜʝʣʣʶ ʩʝʨʝʜ ʯʦʪʠʨʴʦʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʬʫʥʢʮʽʡ (ʣʽʥʽʡʥʘ, ʢʚʘʜʨʘʪʠʯʥʘ ʪʘ ʢʫʙʽʯʥʘ ʧʘʨʘʙʦʣʠ, ʧʦʢʘʟʥʠʢʦʚʘ). 

ʈʘʟʦʤ ʟ ʮʠʤ, ʚ ʪʘʙʣʠʮʽ 1 ʦʙʯʠʩʣʝʥʦ ʩʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʜʠʥʘʤʽʢʠ ʢʦʞʥʦʾ ʦʟʥʘʢʠ: ʨʽʚʝʥʴ ʨʷʜʫ (ʨ. 19), 

ʘʙʩʦʣʶʪʥʠʡ ʧʨʠʨʽʩʪ (ʨ. 20), ʪʝʤʧ ʧʨʠʨʦʩʪʫ (ʨ. 21), ʽʥʜʝʢʩ ʩʝʟʦʥʥʦʩʪʽ (ʨ. 22-23), - ʘ ʪʘʢʦʞ ʟʨʦʙʣʝʥʦ 

ʽʥʪʝʨʚʘʣʴʥʠʡ ʧʨʦʛʥʦʟ (ʝʢʩʪʨʘʧʦʣʷʮʽʶ) ʥʘ ʢʽʥʝʮʴ 1-ʛʦ ʢʚʘʨʪʘʣʫ 2016 ʨʦʢʫ ʥʘ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ Ŭ=0,05 t-

ʢʨʠʪʝʨʽʶ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ ʤʝʞ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʦʟʥʘʢʠ (ʨ. 18). ʉʝʟʦʥʥʘ ʭʚʠʣʷ ʧʦʙʫʜʦʚʘʥʘ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʟʤʽʥʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʥʘ ʦʩʥʦʚʽ ʘʜʝʢʚʘʪʥʦʾ ʤʦʜʝʣʽ ʪʨʝʥʜʫ. 

ʊʘʙʣʠʮʷ 1 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʥʦʚʘʮʽʡʥʦ-ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ  

ɯʯʥʷʥʩʴʢʦʛʦ ʤʦʣʦʯʥʦ-ʢʦʥʩʝʨʚʥʦʛʦ ʢʦʤʙʽʥʘʪʫ ʚ 2012-2015 ʨʨ. 

ʈ
ʽ
ʢ

 

ʂ
ʚ
ʘ
ʨ
ʪ
ʘ
ʣ

 ʆʟʥʘʢʘ 

ˉ 

ʧ/ʧ 
ʏʠʩʪʠʡ ʧʨʠʙʫʪʦʢ ɯʥʚʝʩʪʠʮʽʾ ɯʥʥʦʚʘʮʽʾ 

Y Yt æYʣ ʊʧʣ s̔ ʍ1 ʍ1t æʍ1ʣ ʊʧʣ s̔ ʍ2 ʍ2t æʍ2ʣ ʊʧʣ s̔ 

ʤʣʥ. ʛʨʥ. % ʤʣʥ. ʛʨʥ. % ʤʣʥ. ʛʨʥ. % 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

2
0

1
2 

1 49,0 46,3 ʭ ʭ 105,8 2,4 2,0 ʭ ʭ 121,1 0,13 0,11 ʭ ʭ 117,0 1 

2 43,9 50,2 -5,1 -10,4 87,4 1,3 2,2 -1,1 -45,8 60,2 0,10 0,13 -0,03 -23,1 79,1 2 

3 65,3 53,2 21,4 48,8 122,7 3,0 2,3 1,7 130,8 129,6 0,16 0,14 0,06 60,0 116,9 3 

4 54,7 55,4 -10,6 -16,2 98,8 2,4 2,5 -0,6 -20,0 97,9 0,14 0,14 -0,02 -12,5 97,7 4 

2
0

1
3 

1 43,5 57,0 -11,2 -20,5 76,3 2,1 2,6 -0,3 -12,5 81,6 0,11 0,15 -0,03 -21,4 74,8 5 

2 50,0 58,3 6,5 14,9 85,8 2,5 2,7 0,4 19,1 93,2 0,13 0,15 0,02 18,2 87,4 6 

3 63,3 59,4 13,3 26,6 106,6 3,0 2,8 0,5 20,0 107,5 0,17 0,15 0,04 30,8 113,6 7 

4 61,0 60,6 -2,3 -3,6 100,6 2,8 2,9 -0,2 -6,7 96,7 0,15 0,15 -0,02 -11,8 99,5 8 

2
0

1
4 

1 76,6 62,2 15,6 25,6 123,2 3,6 3,0 0,8 28,6 119,7 0,19 0,15 0,04 26,7 124,1 9 

2 68,0 64,3 -8,6 -11,2 105,8 3,2 3,1 -0,4 -11,1 102,4 0,17 0,16 -0,02 -10,5 107,8 10 

3 80,2 67,1 12,2 17,9 119,5 4,0 3,3 0,8 25,0 122,8 0,21 0,17 0,04 23,5 126,9 11 

4 54,2 70,9 -26 -32,4 76,5 2,4 3,4 -1,6 -40 70,4 0,14 0,18 -0,07 -33,3 78,8 12 

2
0

1
5 

1 69,8 75,8 15,6 28,8 92,0 3,2 3,6 0,8 33,3 89,4 0,15 0,19 0,01 7,5 76,9 13 

2 67,8 82,2 -2,0 -2,9 82,5 3,5 3,8 0,3 9,38 92,6 0,17 0,22 0,02 13,3 77,8 14 

3 107,0 90,2 39,2 57,8 118,6 4,8 4,0 1,3 37,1 119,6 0,32 0,25 0,15 88,2 128,2 15 

4 98,8 100,0 -8,2 -7,7 98,8 4,1 4,3 -0,7 -14,6 95,8 0,28 0,29 -0,04 -12,5 96,9 16 

1
 
ʢ
ʚ
ʘ
ʨ
ʪ
ʘ
ʣ
 

2
0
1
6
 
ʨ
.

 ʬʘʢʪʠʯʥʦ 89,8 ʭ ʭ ʭ ʭ 4,2 ʭ ʭ ʭ ʭ 0,26 ʭ ʭ ʭ ʭ 17 

ʧʨʦʛʥʦʟ ʭ 
86,3é 

137,5 
ʭ ʭ ʭ ʭ 

3,3é 

5,9 
ʭ ʭ ʭ ʭ 

0,25é 

0,42 
ʭ ʭ ʭ 18 

ʋ
 
ʩ
ʝ
ʨ
ʝ
ʜ
ʥ
ʴ
ʦ
ʤ
ʫ

 , ʤʣʥ. ʛʨʥ. 65,8 , ʤʣʥ. ʛʨʥ. 3,0 , ʤʣʥ. ʛʨʥ. 0,17 19 

, ʤʣʥ. ʛʨʥ. 3,3 
, ʤʣʥ. 

ʛʨʥ. 
0,1 , ʤʣʥ. ʛʨʥ. 0,01 20 

, % 4,8 , % 3,6 , % 2,3 21 

ǭs 
ʢʚʘʨʪʘʣ ɯ ɯɯ ɯɯɯ ɯV ɯ ɯɯ ɯɯɯ ɯV ɯ ɯɯ ɯɯɯ ɯV 22 

% 99,3 90,4 116,9 93,7 103,0 87,1 119,9 90,2 98,2 88,0 121,4 93,2 23 

 

ʅʘ ʨʠʩʫʥʢʫ 1 ʣʽʥʽʡʥʠʤʠ ʜʽʘʛʨʘʤʘʤʠ ʟʦʙʨʘʞʝʥʘ ʜʠʥʘʤʽʢʘ ʢʦʞʥʦʾ ʟ ʪʨʴʦʭ ʦʟʥʘʢ ʫ ʬʘʢʪʠʯʥʠʭ ʽ 

ʛʽʧʦʪʝʪʠʯʥʠʭ ʾʭ ʟʥʘʯʝʥʥʷʭ, ʨʘʟʦʤ ʟ ʪʦʯʢʦʚʠʤ ʧʨʦʛʥʦʟʦʤ ʥʘ ʢʽʥʝʮʴ 1-ʛʦ ʢʚʘʨʪʘʣʫ 2016 ʨʦʢʫ, ʘ ʥʘ ʨʠʩʫʥʢʫ 2 ï 

ʚʽʜʧʦʚʽʜʥʽ ʤʦʜʝʣʽ ʩʝʟʦʥʥʦʾ ʭʚʠʣʽ ʫ ʟʥʘʯʝʥʥʷʭ ʩʝʨʝʜʥʴʦʛʦ ʽʥʜʝʢʩʫ ʩʝʟʦʥʥʦʩʪʽ. 
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ɹʘʯʠʤʦ, ʱʦ ʢʦʞʥʘ ʦʟʥʘʢʘ ʥʘʙʫʚʘʻ ʩʝʟʦʥʥʠʭ ʢʦʣʠʚʘʥʴ, ʤʘʻ ʟʘʛʘʣʴʥʫ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ ʪʘ 

ʩʠʥʭʨʦʥʥʫ ʜʠʥʘʤʽʢʫ ʟ ʜʦʜʘʪʥʠʤʠ ʩʝʨʝʜʥʽʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʱʦʢʚʘʨʪʘʣʴʥʦʛʦ ʧʨʠʨʦʩʪʫ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʩʝʨʝʜʥʽʤ ʽʥʜʝʢʩʦʤ ʩʝʟʦʥʥʦʩʪʽ ʚ 3-ʤʫ ʢʚʘʨʪʘʣʽ ʢʦʞʥʦʛʦ ʨʦʢʫ ï ʚʽʜ 116,9 % ʫ ʯʠʩʪʦʛʦ ʧʨʠʙʫʪʢʫ ʜʦ 121,4 % ʚ 

ʽʥʥʦʚʘʮʽʡ.  

ʇʨʠʨʦʜʥʦ, ʧʨʠʙʫʪʦʢ ʢʦʤʙʽʥʘʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʨʠ ʨʦʢʫ, ʘ ʩʘʤʝ ï ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʚʣʘʩʪʠʚʠʭ ʪʦʤʫ 

ʯʠ ʽʥʰʦʤʫ ʢʚʘʨʪʘʣʫ ʨʦʢʫ. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʠʙʫʪʦʢ, ʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʷʢʝ 

ʻ ʜʞʝʨʝʣʦʤ ʩʠʨʦʚʠʥʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʟʘʣʝʞʠʪʴ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʽʜ ʩʝʟʦʥʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʭʘʨʯʫʚʘʥʥʷ 

ʢʦʨʽʚ. ʅʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤ ʜʣʷ ʢʦʤʙʽʥʘʪʫ ʱʦʨʦʢʫ ʻ ʪʨʝʪʽʡ ʢʚʘʨʪʘʣ, ʚ ʧʝʨʽʦʜ ʟ ʣʠʧʥʷ ʧʦ ʚʝʨʝʩʝʥʴ, ʢʦʣʠ 

ʧʨʠʙʫʪʢʠ ʻ ʥʘʡʚʠʱʠʤʠ, ʚʽʜ 63,3 ʤʣʥ. ʛʨʥ. ʚ 2013 ʨʦʮʽ ʜʦ 107,0 ʤʣʥ. ʛʨʥ. ʚ 2015 ʨʦʮʽ, ʘ ʢʦʨʤʠ ʪʘ ʩʠʨʦʚʠʥʘ 

ʤʘʶʪʴ ʥʘʡʢʨʘʱʽ ʙʽʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʥʘʡʥʠʞʯʫ ʚʘʨʪʽʩʪʴ. ʑʦʢʚʘʨʪʘʣʴʥʦ ʧʨʠʙʫʪʦʢ ʟʨʦʩʪʘʻ ʫ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘ 3,3 ʤʣʥ. ʛʨʥ. ʘʙʦ ʥʘ 4,8 % ʟʘ ʩʝʨʝʜʥʴʦ ʢʚʘʨʪʘʣʴʥʦʛʦ ʡʦʛʦ ʨʦʟʤʽʨʫ ʚ 65,8 ʤʣʥ. ʛʨʥ. ʽ ʜʚʦʭʢʨʘʪʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʟʘ ʯʦʪʠʨʠ ʦʩʪʘʥʥʽ ʨʦʢʠ. 

 

 

 
ʈʠʩʫʥʦʢ  1 ï  ʂʚʘʨʪʘʣʴʥʘ ʜʠʥʘʤʽʢʘ ʯʠʩʪʦʛʦ ʧʨʠʙʫʪʢʫ (Y), ʽʥʚʝʩʪʠʮʽʡ (ʍ1) ʪʘ ʽʥʥʦʚʘʮʽʡ (ʍ2) 

ɯʯʥʷʥʩʴʢʦʛʦ ʤʦʣʦʯʥʦ-ʢʦʥʩʝʨʚʥʦʛʦ ʢʦʤʙʽʥʘʪʫ ʚ 2012-2015 ʨʨ. ʫ ʬʘʢʪʠʯʥʠʭ (ʨʷʜ 1) 

ʽ ʛʽʧʦʪʝʪʠʯʥʠʭ (ʨʷʜ 2) ʟʥʘʯʝʥʥʷʭ ʦʟʥʘʢʠ 



35 
 

 
ʈʠʩʫʥʦʢ  2 ï ʉʝʟʦʥʥʘ ʭʚʠʣʷ ʯʠʩʪʦʛʦ ʧʨʠʙʫʪʢʫ (Y), ʽʥʚʝʩʪʠʮʽʡ (ʍ1) ʪʘ ʽʥʥʦʚʘʮʽʡ (ʍ2) ɯʯʥʷʥʩʴʢʦʛʦ 

ʤʦʣʦʯʥʦ-ʢʦʥʩʝʨʚʥʦʛʦ ʢʦʤʙʽʥʘʪʫ ʚ 2012-2015 ʨʨ. 

ʑʦʜʦ ʜʠʥʘʤʽʢʠ ʽʥʚʝʩʪʠʮʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʮʽʾ ʢʦʤʙʽʥʘʪʫ ʪʘ ʡʦʛʦ ʚʠʪʨʘʪ ʥʘ ʽʥʥʦʚʘʮʽʾ, ʧʝʨʰʽ 

ʱʦʢʚʘʨʪʘʣʴʥʦ ʟʨʦʩʪʘʶʪʴ ʫ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 0,1 ʤʣʥ. ʛʨʥ. ʘʙʦ ʥʘ 3,6 % ʟʘ ʩʝʨʝʜʥʴʦ ʢʚʘʨʪʘʣʴʥʦʛʦ ʾʭ ʨʦʟʤʽʨʫ ʚ 3,0 

ʤʣʥ. ʛʨʥ., ʜʨʫʛʽ ʱʦʢʚʘʨʪʘʣʴʥʦ ʟʨʦʩʪʘʶʪʴ ʫ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 0,01 ʤʣʥ. ʛʨʥ. ʘʙʦ ʥʘ 2,3 % ʟʘ ʩʝʨʝʜʥʴʦ ʢʚʘʨʪʘʣʴʥʦʛʦ 

ʾʭ ʨʦʟʤʽʨʫ ʚ 0,17 ʤʣʥ. ʛʨʥ. ʧʨʠ ʜʚʦʭʢʨʘʪʥʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʢʦʞʥʦʾ ʦʟʥʘʢʠ ʟʘ ʯʦʪʠʨʠ ʦʩʪʘʥʥʽ ʨʦʢʠ. 

ʅʘ ʚʠʧʨʘʚʜʘʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʫʙʽʯʥʦʾ ʧʘʨʘʙʦʣʠ ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʪʨʝʥʜʫ ʢʚʘʨʪʘʣʴʥʦʾ ʜʠʥʘʤʽʢʠ, ʨʘʟʦʤ ʟ 

ʥʘʡʤʝʥʰʦʶ ʩʝʨʝʜʥʴʦʶ ʢʚʘʜʨʘʪʠʯʥʦʶ ʧʦʭʠʙʢʦʶ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʚʢʘʟʫʻ ʡ ʟʘʜʦʚʽʣʴʥʠʡ ʧʨʦʛʥʦʟ: ʬʘʢʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʪʨʴʦʭ ʦʟʥʘʢ (ʨ. 17), ʱʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʥʘ ʢʽʥʝʮʴ 1-ʛʦ ʢʚʘʨʪʘʣʫ 2016 ʨʦʢʫ, ʥʘʢʨʠʚʘʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʦʚʽʨʯʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʽʟ ʟʘʜʘʥʠʤ ʨʽʚʥʝʤ ʟʥʘʯʫʱʦʩʪʽ (0,05) t-ʢʨʠʪʝʨʽʶ.  

ɹʝʟʫʤʦʚʥʦ, ʽʥʚʝʩʪʠʮʽʾ ʡ ʽʥʥʦʚʘʮʽʾ, ʥʘʮʽʣʝʥʽ ʥʘ ʨʦʟʚʠʪʦʢ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʥʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ ʢʦʤʙʽʥʘʪʫ, ʡ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʘ ʦʪʨʠʤʘʥʥʷ ʯʠʩʪʦʛʦ ʧʨʠʙʫʪʢʫ, ʻ ʬʘʢʪʦʨʥʠʤʠ ʦʟʥʘʢʘʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʦʩʪʘʥʥʴʦʛʦ, ʷʢʠʡ ʻ ʨʝʟʫʣʴʪʘʪʠʚʥʦʶ ʦʟʥʘʢʦʶ. ɿ-ʟʘ ʪʦʛʦ, ʱʦ ʦʙʠʜʚʘ ʬʘʢʪʦʨʠ ʫ ʩʝʨʝʜʥʽʭ ʨʦʟʤʽʨʘʭ ʚ 22 ʽ 387 

ʨʘʟʽʚ ʚʽʜʧʦʚʽʜʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʫ, ʪʠʤ ʥʝ ʤʝʥʰ, ʢʦʞʝʥ ʟ ʥʠʭ ʧʝʚʥʦʶ ʤʽʨʦʶ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʯʠʩʪʦʛʦ 

ʧʨʠʙʫʪʢʫ. ʅʘ ʮʝ ʚʢʘʟʫʶʪʴ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʣʘʩʪʠʯʥʦʩʪʽ ʯʠʩʪʦʛʦ ʧʨʠʙʫʪʢʫ ʜʦ ʽʥʚʝʩʪʠʮʽʡ ʽ ʯʠʩʪʦʛʦ 

ʧʨʠʙʫʪʢʫ ʜʦ ʽʥʥʦʚʘʮʽʡ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʽʭ ʧʨʠʨʦʩʪʽʚ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʪʘ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢ, 

ʧʦʜʽʣʝʥʠʭ ʥʘ ʾʭ ʚʽʜʧʦʚʽʜʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ï 

 

ɽY/X = ( / ) : ( / ), 

 

ʩʢʣʘʜʘʶʪʴ 1,50 ʽ 0,85 ʚʽʜʧʦʚʽʜʥʦ, ʡ ʦʟʥʘʯʘʶʪʴ, ʱʦ ʫ ʩʝʨʝʜʥʴʦʤʫ ʢʦʞʝʥ 1 % ʱʦʢʚʘʨʪʘʣʴʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʽʥʥʦʚʘʮʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʱʦʢʚʘʨʪʘʣʴʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʪʦʛʦ ʧʨʠʙʫʪʢʫ ʥʘ 1,5 % ʽ 0,85 % 

ʚʽʜʧʦʚʽʜʥʦ. 

ʆʪʞʝ, ʯʠʩʪʠʡ ʧʨʠʙʫʪʦʢ ʻ ʝʣʘʩʪʠʯʥʠʤ ʜʦ ʨʦʟʤʽʨʫ ʽʥʚʝʩʪʠʮʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʦ (ɽY/X1 > 1) ʪʘ ʥʝ ʻ 

ʝʣʘʩʪʠʯʥʠʤ ʜʦ ʚʠʪʨʘʪ ʢʦʤʙʽʥʘʪʫ ʥʘ ʽʥʥʦʚʘʮʽʾ (ɽY/X2 < 1). ʆʩʪʘʥʥʷ ʦʙʩʪʘʚʠʥʘ ʚʢʘʟʫʻ ʥʘ ʩʣʘʙʢʫ ʬʽʥʘʥʩʦʚʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʦʤʙʽʥʘʪʫ, ʢʦʣʠ ʯʠʩʪʠʡ ʧʨʠʙʫʪʦʢ ʟʨʦʩʪʘʻ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʽʥʥʦʚʘʮʽʡʥʽ 

ʚʠʪʨʘʪʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʠʡ ʟʘʛʘʣʴʥʠʡ ʚʠʩʥʦʚʦʢ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʢʦʤʙʽʥʘʪ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ 

ʝʢʦʥʦʤʽʯʥʦʾ ʢʨʠʟʠ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʨʦʢʽʚ, ʡʦʛʦ ʧʨʦʜʫʢʮʽʷ ʻ ʟʘʪʨʝʙʫʚʘʥʦʶ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʨʠʥʢʫ ʦʙʣʘʩʪʽ ʪʘ ʟʘ ʾʾ 

ʤʝʞʘʤʠ, ʨʦʟʤʽʨʠ ʽʥʚʝʩʪʠʮʽʡ ʻ ʜʦʩʪʘʪʥʽʤʠ, ʘ ʩʘʤʽ ʽʥʚʝʩʪʠʮʽʡʥʽ ʧʦʪʦʢʠ ʻ ʩʠʩʪʝʤʘʪʠʯʥʠʤʠ ʪʘ ʩʪʘʙʽʣʴʥʠʤʠ, ʱʦ ʚ 

ʮʽʣʦʤʫ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʢʦʤʙʽʥʘʪʫ. ɺʠʪʨʘʪʠ ʢʦʤʙʽʥʘʪʫ ʥʘ ʽʥʥʦʚʘʮʽʡʥʽ ʨʦʟʨʦʙʢʠ 

ʩʪʨʠʤʫʶʪʴʩʷ ʡʦʛʦ ʚʠʨʦʙʥʠʯʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʟ ʧʨʠʯʠʥʠ ʧʦʜʦʨʦʞʯʘʥʥʷ ʟʘʩʦʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ.  
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1.  ʇɸʊ çɯʯʥʷʥʩʴʢʠʡ ʤʦʣʦʯʥʦ-ʢʦʥʩʝʨʚʥʠʡ ʢʦʤʙʽʥʘʪè [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: ɹʘʟʠ ʜʘʥʠʭ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://smida.gov.ua/db/emitent/00381152. - ʅʘʟʚʘ ʟ ʝʢʨʘʥʘ. 
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ʋɼʂ 519.6 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɹɸɿʀʉʅʀʍ ʌʋʅʂʎɯʁ 

ɹɯʂɺɸɼʈɸʊʀʏʅʆɻʆ ʉʂɯʅʏɽʅʅʆɻʆ ɽʃɽʄɽʅʊɸ 

 

ʇ.ʆ. ɼʘʚʠʜʝʥʢʦ, ʩʪʫʜʝʥʪ ʛʨ.  1ʅɼ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʆ.ɯ. ʃʠʪʚʠʥʝʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  

ʢʘʬʝʜʨʘ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʢʚʘʜʨʘʪʠʯʥʠʡ ʩʢʽʥʯʝʥʥʠʡ ʝʣʝʤʝʥʪ ʩʝʨʝʥʜʠʧʦʚʦʾ ʩʽʤôʾ (ʉʉɽ-8), ʷʢʠʡ ʚʧʝʨʰʝ ʫ 1970 ʨ. 

ʚʠʢʦʨʠʩʪʘʚ ɼʞʦʨʜʘʥ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ ʥʘʧʨʫʞʝʥʴ [1].  ʉʢʽʥʯʝʥʥʠʡ ʝʣʝʤʝʥʪ ʟ 

ʙʽʢʚʘʜʨʘʪʠʯʥʦʶ ʽʥʪʝʨʧʦʣʷʮʽʻʶ ʫ ʧʨʠʨʦʜʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 
hx0

 (ʨʠʩ. 1) ï ʮʝ ʢʚʘʜʨʘʪ ʟ 8-ʤʘ ʨʝʛʫʣʷʨʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚʫʟʣʘʤʠ ʽ ʩʠʩʪʝʤʘ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʮʠʤ ʚʫʟʣʘʤ. ʊʨʘʜʠʮʽʡʥʦ ʙʘʟʠʩ ʉɽ 

ʙʫʜʫʶʪʴ ʤʝʪʦʜʦʤ ʦʙʝʨʥʝʥʦʾ ʤʘʪʨʠʮʽ [1]. ɺʧʝʨʰʝ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʙʘʟʠʩʠ ʥʘ ʉʉɽ-8 ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ 2008 ʨ. ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʘʣʛʝʙʨʦ-ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ  ʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʮʴʦʛʦ ʤʝʪʦʜʫ ʤʘʶʪʴ ʚʠʛʣʷʜ [2]: 
 

( )( )( )( )( )( )xhhxhx 336113611
16

1
1 ++++---= ppN ; (1) 

 

( )( )( )( )( )hhx 33636511
16

1 2

2 +----= ppN . (2) 

ɯʥʰʽ ʬʫʥʢʮʽʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ 1N  ʽ 2N
 
ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ. ʌʫʥʢʮʽʾ (1) ʽ (2) 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʽʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ ʙʘʟʠʩʥʠʤ ʬʫʥʢʮʽʷʤ ʫ ʤʝʪʦʜʽ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʛʥʽʪʠʚʥʦʾ ʛʨʘʬʽʢʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʽ ʜʦʩʣʽʜʠʪʠ ʥʦʚʽ ʤʦʜʝʣʽ ʙʘʟʠʩʥʠʭ 

ʬʫʥʢʮʽʡ, ʻ ʟʦʙʨʘʞʝʥʥʷ ʣʽʥʽʡ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ. ʅʘʷʚʥʽʩʪʴ ʫ ʬʫʥʢʮʽʡ ʬʦʨʤʠ ʧʘʨʘʤʝʪʨʘ p  

ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʧʘʨʘʤʝʪʨʫ ï ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʣʽʥʽʾ ʨʽʚʥʷ, ʷʢʽ ʟʘʣʠʰʘʻ ʧʦʚʝʨʭʥʷ ʙʘʟʠʩʥʦʾ 

ʬʫʥʢʮʽʾ 1N  (1) ʫ ʧʣʦʱʠʥʽ hxO
 
ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʘ. ʇʝʨʰʘ ʽ ʜʨʫʛʘ ʜʫʞʢʠ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʧʨʦʪʠʣʝʞʥʠʤʠ 

ʧʝʨʰʦʤʫ ʚʫʟʣʫ ʩʪʦʨʦʥʘʤʠ ʢʚʘʜʨʘʪʘ: 3-5 ʪʘ 5-7 (ʨʠʩ. 1). ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʩʪʘʥʥʽʡ ʤʥʦʞʥʠʢ 

ʬʦʨʤʫʣʠ (1), ʟʘʧʠʰʝʤʦ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ: 

( ) ( ) ( ) ( ) 0136136136336 =-+-+-++= ppppf hxxh . (3) 

ʉʪʘʥʜʘʨʪʥʠʡ ʘʥʘʣ̔ʟ ʢʨʠʚʦʾ f  ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʨʠʤʽʥʘʥʪʘ ʢʨʠʚʦʾ D ʽ ʜʠʩʢʨʠʤʽʥʘʥʪʘ 

ʩʪʘʨʰʠʭ ʯʣʝʥʽʚ d[3]: 
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ɿʦʙʨʘʞʝʥʥʷ ʣʽʥʽʡ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. ʇʨʠ ö
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f  ʻ ʛʽʧʝʨʙʦʣʦʶ (ʨʠʩ. 1ʘ,ʚ,ʜ,ʝ). ɿʥʘʯʝʥʥʷ 
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ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʚʽ ʧʨʷʤʽ 2-6 ʽ 4-8, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ (ʨʠʩ. 1ʛ). 

ʈʦʟʛʣʷʥʝʤʦ ʣʽʥʽʾ ʨʽʚʥʷ, ʷʢʽ ʟʘʣʠʰʘʻ ʙʘʟʠʩʥʘ ʬʫʥʢʮʽʷ 2N  ʫ ʧʣʦʱʠʥʽ hxO : 
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ʇʝʨʰʘ ʽ ʜʨʫʛʘ ʜʫʞʢʠ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʧʨʦʪʠʣʝʞʥʠʤʠ ʜʨʫʛʦʤʫ ʚʫʟʣʫ ʩʪʦʨʦʥʘʤʠ ʢʚʘʜʨʘʪʘ: 3-5, 5-7 ʪʘ 7-1 

(ʨʠʩ. 1ʘ - 1ʝ). ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʦʩʪʘʥʥʽʡ ʤʥʦʞʥʠʢ: 
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ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ  ʢʦʥʩʪʨʫʢʪʠʚʥʦ  (ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ) ʜʦʚʝʜʝʥʦ ʽʩʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʭ 

ʧʦʣʽʥʦʤʽʚ ʥʘ ʙʽʢʚʘʜʨʘʪʠʯʥʦʤʫ ʩʢʽʥʯʝʥʥʦʤʫ ʝʣʝʤʝʥʪʽ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɿʝʥʢʝʚʠʯ ʆ. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʝʭʥʠʢʝ / ʆ. ɿʝʥʢʝʚʠʯ. ˈ ʄ.: ʄʠʨ, 1975. ˈ 541 ʩ.  
2. ɸʩʪʠʦʥʝʥʢʦ ʀ.ɸ., ɻʫʯʝʢ ʇ.ʀ.,  ʃʠʪʚʠʥʝʥʢʦ ɽ.ʀ., ʍʦʤʯʝʥʢʦ ɸ.ʅ. ɹʘʟʠʩʳ ʩʝʨʝʥʜʠʧʦʚʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ  

ʩʧʝʢʪʨʦʤ.// ɺʝʩʪʥʠʢ ʍʝʨʩʦʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɺʳʧʫʩʢ 2 (31). ï ʍʝʨʩʦʥ: ʍʅʊʋ, 2008. ï ʉ. 24-30. 
3. ʎʫʙʝʨʙʠʣʣʝʨ ʆ.ʅ. ɿʘʜʘʯʠ ʠ ʫʧʨʘʞʥʝʥʠʷ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. /ʆ.ʅ.ʎʫʙʝʨʙʠʣʣʝʨ.  ˈ ʄ.: ʌʠʟʤʘʪʛʠʟ, 1963. ˈ 296 ʩ. 
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ʆɹʈɸɹʆʊʂɸ ʈɽɿʋʃʔʊɸʊʆɺ ʂʆʉɺɽʅʅʓʍ ʀɿʄɽʈɽʅʀʁ ɺ ʄɽʊʈʆʃʆɻʀʀ 

 

ɽ.ɺ. ʃʷʭʦʚʠʯ, ʩʪʫʜʝʥʢʘ ʛʨ. 3ʄɺʊ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʊ.ʇ. ʃʷʭʦʚʠʯ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ  

ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʍʝʨʩʦʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʃʶʙʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʩʷʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʦʙʭʦʜʷʪʩʷ ʙʝʟ ʠʟʤʝʨʝʥʠʡ. ʇʦʩʨʝʜʩʪʚʦʤ 

ʠʟʤʝʨʝʥʠʡ ʦʪʢʨʳʚʘʶʪʩʷ ʥʦʚʳʝ ʟʘʢʦʥʳ ʧʨʠʨʦʜʳ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʟʘ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʠ ʝʸ 

ʩʝʨʪʠʬʠʢʘʮʠʷ. 

ʄʝʪʨʦʣʦʛʠʝʡ ʥʘʟʳʚʘʶʪ ʥʘʫʢʫ ʦʙ ʠʟʤʝʨʝʥʠʷʭ, ʤʝʪʦʜʘʭ ʠ ʩʨʝʜʩʪʚʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʝʜʠʥʩʪʚʘ ʠ ʩʧʦʩʦʙʘʭ 

ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ. 

ʎʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʥʝ 

ʩʪʦʣʴʢʦ ʚ ʧʦʣʫʯʝʥʠʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ, ʩʢʦʣʴʢʦ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʩ 

ʫʯʸʪʦʤ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʥʘʡʜʝʥʥʳʭ ʦʧʳʪʥʳʤ ʧʫʪʸʤ, 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠʣʠ ʧʨʦʚʝʨʠʪʴ 

ʠʟʚʝʩʪʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʟʘʢʦʥ. 

ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ. ʅʘʧʨʠʤʝʨ, ʧʣʦʪʥʦʩʪʴ ʪʚʸʨʜʦʛʦ 

ʪʝʣʘ ʦʧʨʝʜʝʣʷʶʪ ʢʦʩʚʝʥʥʦ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʦʙʲʸʤʘ ʠ ʤʘʩʩʳ ʪʝʣʘ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢʦʩʚʝʥʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʧʨʦʩʪʠʪʴ ʤʝʪʦʜʠʢʫ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ ʧʨʠ ʧʨʷʤʳʭ 

ʠʟʤʝʨʝʥʠʷʭ. ʅʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʞʥʦ ʪʦʯʥʝʝ ʠʟʤʝʨʠʪʴ ʢʦʩʚʝʥʥʦ ʤʝʪʦʜʦʤ ʘʤʧʝʨʤʝʪʨʘ-

ʚʦʣʴʪʤʝʪʨʘ, ʯʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʦʤʤʝʪʨʘ.  

ʅʘʩʢʦʣʴʢʦ ʤʦʞʥʦ ʜʦʚʝʨʷʪʴ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ? ʆʪʚʝʪʠʪʴ ʥʘ ʥʝʛʦ ʤʦʞʥʦ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʚʠʜʝ ʩ ʫʢʘʟʘʥʠʝʤ ʛʨʘʥʠʮ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ. ʂʦʥʪʨʦʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʷʚʣʝʥʠʡ ʥʝ ʪʦʣʴʢʦ ʚ ʬʠʟʠʢʝ, ʥʦ ʠ ʚ 

ʵʢʦʥʦʤʠʢʝ, ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ, ʩʦʮʠʘʣʴʥʳʭ ʥʘʫʢʘʭ ʥʝ ʤʳʩʣʠʤʳ ʙʝʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʩ 

ʫʯʸʪʦʤ ʧʦʛʨʝʰʥʦʩʪʝʡ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʠʥʠʤʘʶʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʚ 

ʚʦʧʨʦʩʘʭ ʵʢʩʧʝʨʪʠʟʳ, ʩʝʨʪʠʬʠʢʘʮʠʠ, ʘʨʙʠʪʨʘʞʘ. ʂʨʦʤʝ ʥʘʭʦʞʜʝʥʠʷ ʛʨʘʥʠʮ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʚ 

ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʩ ʟʘʜʘʥʥʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʚ 

ʧʨʘʢʪʠʢʝ ʠʥʞʝʥʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʘʩʪʦ ʨʝʰʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ: ʥʘʡʪʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʨʘʟʤʝʨ 

ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʧʦʧʘʜʘʝʪ ʚ ʟʘʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ ʜʘʥʥʦʤ ʯʠʩʣʝ ʠʟʤʝʨʝʥʠʡ. 

ʀʥʪʝʨʚʘʣ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ 

ʜʝʪʘʣʝʡ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʭʦʜʝ ʠʭ ʠʟʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʠʟʚʝʩʪʥʦʛʦ ʟʘʢʦʥʘ ʦʪʢʨʳʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʙʦʪʘʥʳ ʠ ʥʘʡʜʝʥʳ ʧʦʛʨʝʰʥʦʩʪʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʯʝʥʴ ʚʘʞʥʳʤ ʝʩʪʴ ʚʳʷʚʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʠʟʤʝʨʝʥʠʷ. 

ʅʘʜʝʞʥʳʤ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ). ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʙʦʨʝ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʦʧʳʪʘʭ ʟʥʘʯʝʥʠʡ ʦʪ ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʙʳʣʘ ʙʳ ʤʠʥʠʤʘʣʴʥʦʡ.  

ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʟʘʢʦʥʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ (ʟʘʢʦʥʘ ɻʘʫʩʩʘ). ʉʦʛʣʘʩʥʦ 

ʟʘʢʦʥʫ ɻʘʫʩʩʘ ʥʘʠʚʝʨʦʷʪʥʝʡʰʝʝ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʦʜʠʥʘʢʦʚʦʡ ʪʦʯʥʦʩʪʠ ʝʩʪʴ ʪʦ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʫʤʤʘ 

ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʝʛʦ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘʠʤʝʥʴʰʘʷ. ʄʅʂ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʡʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʥʦ ʠ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘʡʜʝʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʠʤʝʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʧʦʩʦʙʠʷʭ ʧʦ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ [2, 3]. 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ, ʥʦ ʠ, 

ʦʙʷʟʘʪʝʣʴʥʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʛʦ ʧʦʛʨʝʰʥʦʩʪʠ ʩ ʫʢʘʟʘʥʠʝʤ ʯʠʩʣʘ ʥʘʙʣʶʜʝʥʠʡ ʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ. 

ɼʦʧʫʩʢʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ, ʧʦʢʨʳʚʘʶʱʠʤ ʠʩʪʠʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʛʨʝʰʥʦʩʪʠ ʦʪʜʝʣʴʥʦ ʥʝ ʫʢʘʟʳʚʘʶʪʩʷ. ʉʦʚʤʝʩʪʥʦ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʫʩʣʦʚʠʷ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʂʫʨʝʧʠʥ ɺ.ɺ. ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ: ʄʝʪʦʜ. ʫʢʘʟʘʥʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʳʤ ʨʘʙʦʪʘʤ ʜʣʷ ʩʪʫʜʝʥʪʦʚ 1, 2 ʠ 3-ʛʦ ʢʫʨʩʦʚ ʚʩʝʭ 

ʩʧʝʮ. / ɺ.ɺ. ʂʫʨʝʧʠʥ, ʀ.ɺ. ɹʘʨʘʥʦʚ / ʇʦʜ ʨʝʜ.  

ɺ.ɸ. ʉʘʤʦʣʝʪʦʚʘ. ï ʉʇʙ.: ʉʇʙɻʋʅʠʇʊ, 2003. ï 57 ʩ. 
2. ɺʝʥʪʮʝʣʴ ɽ.ʉ. ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ (ʟʘʜʘʯʠ ʠ ʫʧʨʘʞʥʝʥʠʷ) / ɽ.ʉ. ɺʝʥʪʮʝʣʴ, ʃ.ɸ. ʆʚʯʘʨʦʚ. ï ʄ.: ʅʘʫʢʘ, 1969. ï 368 ʩ. 

3. ɿʘʡʜʝʣʴ ɸ.ʅ. ʕʣʝʤʝʥʪʘʨʥʳʝ ʦʮʝʥʢʠ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ / ɸ.ʅ. ɿʘʡʜʝʣʴ. ï ʃ.: ʅʘʫʢʘ, 1968. ï 96 ʩ. 
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ɽʂʆʅʆʄɽʊʈʀʏʅʀʁ ɸʅɸʃɯɿ ɼɯʗʃʔʅʆʉʊɯ  

 ɼʇ çʍɽʈʉʆʅʉʔʂʀʁ ʄʆʈʉʔʂʀʁ ʊʆʈɻʆɺɽʃʔʅʀʁ ʇʆʈʊè 

 

ɺ. ʄʘʛʜʝʥʢʦ,  ʫʯʝʥʠʮʷ 10 ʢʣʘʩʫ, ʍʝʨʩʦʥʩʴʢʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʰʢʦʣʘ ˉ30 

ʅʘʫʢʦʚ ̔ʢʝʨʽʚʥʠʢʠ: ɻ.ʉ. ɸʙʨʘʤʦʚ,  ʢ.ʬ.-ʤ.ʥ., ʜʦʮ., 

 ʢʘʬʝʜʨʘ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

 ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɻ.ɺ. ɸʙʨʘʤʦʚʘ, ʚʯʠʪʝʣʴ ʝʢʦʥʦʤʽʢʠ 

ʍʝʨʩʦʥʩʴʢʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʰʢʦʣʘ ˉ30 

 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʢʦʨʝʣʷʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʜʽʷʣʴʥʦʩʪʽ ɼʇ çʍʝʨʩʦʥʩʴʢʠʡ 

ʤʦʨʩʴʢʠʡ ʪʦʨʛʦʚʝʣʴʥʠʡ ʧʦʨʪè (ʜʘʣʽ ʍʄʊʇ)  ʽ  ʧʦʙʫʜʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʚʠʨʦʙʥʠʯʽ ʬʫʥʢʮʽʾ.  

ɺʠʨʦʙʥʠʯʦʶ  ʬʫʥʢʮʽʻʶ  ʥʘʟʠʚʘʻʪʴʩʷ  ʘʥʘʣʽʪʠʯʥʝ  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ,  ʱʦ ʧʦʚ'ʷʟʫʻ ʟʤʽʥʥʽ ʚʝʣʠʯʠʥʠ ʚʠʪʨʘʪ 

(ʬʘʢʪʦʨʽʚ, ʨʝʩʫʨʩʽʚ) ʟ ʚʝʣʠʯʠʥʦʶ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ  [2]. ʎ  ̫ ʬʫʥʢʮʽʷ ʩʴʦʛʦʜʥʽ ʻ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʦʶ ʽ 

ʟʘʪʨʝʙʫʚʘʥʦʶ ʧʨʠ ʘʥʘʣʽʟʽ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʡʦʛʦ ʜʦʭʦʜʥʦʩʪʽ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ  ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʦ ʚʘʣʦʚʦʤʫ ʜʦʭʦʜʫ (ʟʙʦʨʽʚ) 

(Y),  ʢʘʧʽʪʘʣʴʥʠʤ ʚʠʪʨʘʪʘʤ (ʩʫʤʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʠʪʨʘʪ) (X1) ʪʘ ʚʠʪʨʘʪʘʤ ʥʘ ʦʧʣʘʪʫ ʧʨʘʮʽ (X2) 

ʟʘ ʧʝʨʽʦʜ ʟ  2008 ʧʦ 2015 ʨʽʢ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʢʦʨʝʣʷʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ çʃʀʅɽʁʅè ʚ 

ʨʝʜʘʢʪʦʨʽ MS Excel ʧʦʙʫʜʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʡ: ʣʽʥʽʡʥʫ ʘʜʠʪʠʚʥʫ 

(ʚʟʘʻʤʦʟʘʤʽʥʶʶʯʫ) ʤʦʜʝʣʴ ʪʘ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʫ  ʩʪʝʧʝʥʝʚʫ ʤʦʜʝʣʴ ʥʝʦʢʣʘʩʠʯʥʦʛʦ ʪʠʧʫ, ʷʢʽ ʜʘʣʠ ʥʘʡʙʽʣʴʰ 

ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʢʦʝʬʽʮʽʻʥʪʘ  ʜʝʪʝʨʤʽʥʘʮʽʾ  R
2
 ʪʘ  ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʨʝʛʨʝʩʽʾ ů.  

ʌʫʥʢʮʽʷ çʃɯʅɽʁʅè ʚ ʨʝʜʘʢʪʦʨʽ MS Excel ʨʦʟʨʘʭʦʚʫʻ ʨʽʚʥʷʥʥʷ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʪʦʙʪʦ ʨʦʟʨʘʭʦʚʫʻ ʧʘʨʘʤʝʪʨʠ ʧʨʷʤʦʾ ʣʽʥʽʾ (ʘʙʦ ʧʣʦʱʠʥʠ), ʷʢʽ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ 

ʘʧʨʦʢʩʠʤʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ. ʌʫʥʢʮʽʷ ʧʦʚʝʨʪʘʻ ʤʘʩʠʚ, ʱʦ ʦʧʠʩʫʻ ʦʪʨʠʤʘʥʫ ʧʨʷʤʫ. ɸʣʝ, ʷʢʱʦ ʚ ʤʘʩʠʚ 

ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʚʚʝʩʪʠ ʢʚʘʜʨʘʪʠ ʧʦʯʘʪʢʦʚʦʛʦ ʤʘʩʠʚʫ ʟʤʽʥʥʠʭ, ʪʦ ʬʫʥʢʮʽʷ  çʃɯʅɽʁʅè  ʨʦʟʨʘʭʫʻ 

ʧʘʨʘʤʝʪʨʠ ʢʚʘʜʨʘʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ. 

ʉʧʝʮʠʬʽʢʦʶ ʨʦʙʦʪʠ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ ʷʚʣʷʻʪʴʩʷ ʪʘ ʦʙʩʪʘʚʠʥʘ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʢʘʟʫ ʄʽʥʽʩʪʝʨʩʪʚʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ  çʇʨʦ ʧʦʨʪʦʚʽ ʟʙʦʨʠè ʚʽʜ 27.05.2013 ˉ316 [1]), ʱʦ ʥʘʨʘʭʫʚʘʥʥʷ ʜʦʭʦʜʽʚ ʧʦ ʟʙʦʨʘʤ (Y) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʘʣʶʪʽ ($), ʘ ʚʽʜʧʦʚʽʜʥʽ ʚʠʨʦʙʥʠʯʽ ʬʘʢʪʦʨʠ (X1 ʪʘ X2)  ʦʙʯʠʩʣʶʶʪʴʩʷ ʫ ʥʘʮʽʦʥʘʣʴʥʽʡ ʚʘʣʶʪʽ 

(ʛʨʥ).  

ʇʦʙʫʜʦʚʘʥʘ ʣʽʥʽʡʥʘ ʘʜʠʪʠʚʥʘ ʤʦʜʝʣʴ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ, ʨʽʚʥʷʥʥʷ ʷʢʦʾ ʤʘʻ ʚʠʜ: 

 

                                                 21 7861211081712945396759 XXY ,,, -+=                                                   (1) 

87602 ,=R ,     63317368,=s  

ɺ ʥʘʚʝʜʝʥʦʤʫ ʨʽʚʥʷʥʥʽ  Y ʚʠʨʘʞʝʥʠʡ ʫ ʜʦʣ. ʉʐɸ, ʘ X1 ʪʘ X2 ʫ ʪʠʩ. ʛʨʥ. ʂʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ (ʚʽʜʥʦʩʥʘ 

ʧʦʭʠʙʢʘ) ʥʝ ʧʝʨʝʚʠʱʫʻ 6,5%. 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
=0,876 ʩʚʽʜʯʠʪʴ, ʱʦ ʥʘ  87,6 % ʜʠʩʧʝʨʩʽʷ ʟʥʘʯʝʥʥʷ ʚʘʣʦʚʦʛʦ ʜʦʭʦʜʫ  Y 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʜʠʩʧʝʨʩʽʷʤʠ ʟʥʘʯʝʥʴ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ ʍ1  ̔  ʍ2.  

ɿ ʨʽʚʥʷʥʥʷ (1) ʩʣʽʜʫʻ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ ʟʤʽʥʥʠʭ  ʍ1 (ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ) ʪʘ ʍ2 (ʚʠʪʨʘʪʠ ʥʘ  ʦʧʣʘʪʫ 

ʧʨʘʮʽ) ʤʘʶʪʴ ʧʨʦʪʠʣʝʞʥʽ ʟʥʘʢʠ. ʊʦʙʪʦ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʍ1  ʥʘ 1 ʪʠʩ. ʛʨʥ. ʚʘʣʦʚʠʡ ʜʦʭʽʜ  

ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ  171,11 ʜʦʣ. ʉʐɸ;   ʧʨʠ ʟʤʝʥʰʝʥʽ ʚʠʪʨʘʪ ʥʘ ʦʧʣʘʪʫ ʧʨʘʮʽ ʍ2 ʥʘ 1 ʪʠʩ. ʛʨʥ. ʚʘʣʦʚʠʡ ʧʨʦʜʫʢʪ Y 

ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ 121,79 ʜʦʣ. ʉʐɸ.  

ʅʘʚʝʜʝʥʘ ʤʦʜʝʣʴ ʧʦʢʘʟʫʻ ʷʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ  ʚʟʘʻʤʦʟʘʤʽʱʝʥʥʷ ʬʘʢʪʦʨʽʚ: ʱʦʙ ʟʘʣʠʰʠʪʠʩʷ ʥʘ 

ʪʦʤʫ ʞ ʨʽʚʥʽ ʜʦʭʦʜʫ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʬʘʢʪʦʨʫ ʍ2 (ʚʠʪʨʘʪʠ ʥʘ ʦʧʣʘʪʫ ʧʨʘʮʽ) ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʚʽʜʧʦʚʽʜʥʠʤ 

ʯʠʥʦʤ (ʪʦʙʪʦ ʚ 1,33 ʨʘʟʠ ʙʽʣʴʰʝ) ʬʘʢʪʦʨ ʍ1  (ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ). 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʾ ʩʪʝʧʝʥʝʚʦʾ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʥʝʦʢʣʘʩʠʯʥʦʛʦ ʪʠʧʫ 
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XXAY Ö=
ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʣʽʥʝʘʨʠʟʘʮʽʶ (ʣʦʛʘʨʠʬʤʫʚʘʥʥʷʤ). 

ʈʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʦʾ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʨʽʚʥʷʥʥʷ ʤʘʻ ʚʠʜ: 
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  (2)                
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ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
=0,877 ʩʚʽʜʯʠʪʴ, ʱʦ ʥʘ  87,7% ʜʠʩʧʝʨʩʽʷ ʟʥʘʯʝʥʥʷ ʚʘʣʦʚʦʛʦ ʜʦʭʦʜʫ  Y 

ʦʙʫʤʦʚʣʶʻʪɹʩʷ ʜʠʩʧʝʨʩʽʷʤʠ ʟʥʘʯʝʥʴ ʍ1  ̔  ʍ2.  

ɿ ʨʽʚʥʷʥʥʷ (2) ʩʣʽʜʫʻ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʝʣʘʩʪʠʯʥʦʩʪʽ ʟʤʽʥʥʠʭ ʍ1 (ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ) ʪʘ ʍ2 (ʚʠʪʨʘʪ ʥʘ  

ʦʧʣʘʪʫ ʧʨʘʮʽ) ʤʘʶʪʴ ʧʨʦʪʠʣʝʞʥʽ ʟʥʘʢʠ ʧʨʠ ʮʴʦʤʫ ʧʦ ʤʦʜʫʣʶ ʤʘʡʞʝ ʨʽʚʥʽ ʽ ʜʦʨʽʚʥʶʶʪʴ ʚʽʜʧʦʚʽʜʥʦ 1,516  ʪʘ  -

1,518. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʪʘ  ʚʠʪʨʘʪ ʥʘ  ʦʧʣʘʪʫ ʧʨʘʮʽ ʤʘʻ 
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ʦʜʥʘʢʦʚʠʡ (ʧʦ ʤʦʜʫʣʶ) ʚʧʣʠʚ ʥʘ  ʚʘʣʦʚʠʡ ʜʦʭʽʜ, ʧʨʦʪʝ ʟ ʨʽʟʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. ʊʘʢ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʥʘ 1%  

ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ  ʚʘʣʦʚʠʡ ʜʦʭʽʜ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ 1,516 %, ʘ ʧʨʠ ʟʤʝʥʰʝʥʽ   ʚʠʪʨʘʪʠ ʥʘ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ ʥʘ 1% 

ʚʘʣʦʚʠʡ ʜʦʭʽʜ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ  1,518 %.  

ʅʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘʥʦʾ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʾ ʩʪʝʧʝʥʝʚʦʾ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʛʨʘʥʠʯʥʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʘʢʪʦʨʽʚ ʍ1 , ʍ2 ʽ ʛʨʘʥʠʯʥʫ ʥʦʨʤʫ ʟʘʤʽʱʝʥʥʷ  MRS (marginal rate of substitution): 
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  - ʛʨʘʥʠʯʥʘ ʥʦʨʤʘ ʟʘʤʽʱʝʥʥʷ                 (5) 

 

 ɻʨʘʥʠʯʥʘ ʥʦʨʤʘ ʟʘʤʽʱʝʥʥʷ (MRS) ʬʘʢʪʦʨʽʚ - ʮʝ ʛʨʘʥʠʯʥʝ ʚʽʜʥʦʰʝʥʥʷ ʟʘʤʽʥʠ ʧʝʨʰʦʛʦ ʬʘʢʪʦʨʫ ʜʨʫʛʠʤ, 

ʫ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʜʦʭʦʜʽ  Y ʟʤʽʥʘ (ʟʤʝʥʰʝʥʥʷ ʯʠ ʟʨʦʩʪʘʥʥʷ)  ʚʠʪʨʘʪ ʧʝʨʰʦʛʦ ʬʘʢʪʦʨʘ ʥʘ 

1Xµ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦʶ ʟʤʽʥʦʶ ʚʠʪʨʘʪ ʜʨʫʛʦʛʦ ʬʘʢʪʦʨʫ ʥʘ 2Xµ
. ʎʝ  ʚʽʜʥʦʰʝʥʥʷ, ʷʢ ʩʣʽʜʫʻ ʟ ʬʦʨʤʫʣʠ 

(5), ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ, ʪʦʙʪʦ ʛʨʘʥʠʯʥʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʝʡ 

ʬʘʢʪʦʨʽʚ [2]. 

ʅʘ ʧʽʜʩʪʘʚʽ ʩʪʝʧʝʥʝʚʦʾ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʾ ʤʦʜʝʣʽ ʚʠʜʫ (2) ʨʽʚʥʷʥʥʷ (5) ʤʘʻ ʚʠʛʣʷʜ: 
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               (6) 

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʛʨʘʥʠʯʥʘ ʥʦʨʤʘ ʟʘʤʽʱʝʥʥʷ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʝʨʽʦʜʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʷ ʚʽʜʥʦʩʥʦʶ 

ʩʪʘʙʽʣʴʥʽʩʪʶ, ʟʘ ʚʠʥʷʪʢʦʤ ʦʩʪʘʥʥʴʦʛʦ ʨʦʢʫ ʜʝ, ʚʦʯʝʚʠʜʴ, ʤʘʣʠ ʤʽʩʮʝ ʚʽʜʧʦʚʽʜʥʽ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʱʦ ʚʧʣʠʥʫʣʠ 

ʥʘ ʜʦʚʦʣʽ ʟʥʘʯʥʫ ʟʤʽʥʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ, ʱʦ ʧʨʠ ʜʦʚʦʣʽ ʟʥʘʯʥʽʡ ʟʤʽʥʽ ʛʨʘʥʠʯʥʠʭ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʝʡ, ʛʨʘʥʠʯʥʘ ʥʦʨʤʘ ʟʘʤʽʱʝʥʥʷ, ʷʢ ʚʽʜʥʦʩʥʠʡ ʧʦʢʘʟʥʠʢ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ, ʚʩʝ ʞ ʪʘʢʠ ʚʽʜʥʦʩʥʦʶ 

ʩʪʘʙʽʣʴʥʽʩʪʶ ʩʚʦʛʦ ʟʥʘʯʝʥʥʷ.  

ɼʣʷ ʙʣʠʟʴʢʠʭ ʜʦ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʽ ʚʠʪʨʘʪ ʥʘ ʦʧʣʘʪʫ ʧʨʘʮʽ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ 

ʩʝʨʝʜʥʶ ʥʦʨʤʫ ʟʘʤʽʱʝʥʥʷ (-1,509), ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʜʣʷ ʟʘʣʝʞʥʦʩʪʽ ʍ1 ʚʽʜ ʍ2 (ʽ ʥʘʚʧʘʢʠ, ʍ2  

ʚʽʜ ʍ1),ʱʦ ʤʘʶʪʴ ʚʠʜ:  
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ʌʦʨʤʫʣʘ (7) ʧʦʢʘʟʫʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʍ2 ʥʘ 1 ʦʜʠʥʠʮʶ ʤʦʞʝ ʙʫʪʠ ʢʦʤʧʝʥʩʦʚʘʥʦ ʟʙʽʣʴʰʝʥʥʷʤ ʍ1 ʥʘ 0,66 

ʦʜʠʥʠʮʽ; ʘ ʟ ʬʦʨʤʫʣʠ (8) ʩʣʽʜʫʻ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʥʘ 1 ʦʜʠʥʠʮʶ ʍ1, ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʍ2  ʥʘ 1,51 ʦʜʠʥʠʮʽ (ʟʘ 

ʫʤʦʚʠ ʧʦʩʪʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʭʦʜʫ ʽ ʧʦʩʪʽʡʥʦʾ ʥʦʨʤʠ ʟʘʤʽʱʝʥʥʷ (MRS)). 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʣʽʥʽʡʥʘ ʘʜʠʪʠʚʥʘ ʪʘ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʘ ʤʦʜʝʣʽ ʻ ʜʽʻʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʡʤʘʪʠ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʜʣʷ 

ʨʦʩʪʫ ʚʘʣʦʚʦʛʦ ʜʦʭʦʜʫ ʧʦʨʪʫ.  ʊʘʢʦʞ  ʨʦʟʨʘʭʦʚʘʥʽ ʛʨʘʥʠʯʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʘʢʪʦʨʽʚ ʪʘ ʛʨʘʥʠʯʥʽ ʥʦʨʤʠ 

ʟʘʤʽʱʝʥʥʷ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ʽʥʰʠʤ ʥʘ ʧʨʦʪʷʟʽ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʝʨʽʦʜʫ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. çʇʨʦ ʧʦʨʪʦʚʽ ʟʙʦʨʠè: ʅʘʢʘʟ ʄʽʥʽʩʪʝʨʩʪʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ  ʚʽʜ 27.05.2013 ˉ316 [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
http://zakon3.rada.gov.ua/laws/show/z0930-13.; 

2. ʂʫʙʦʥʠʚʘ ʄ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʵʢʦʥʦʤʠʢʘ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ [ʊʝʢʩʪ]: ʧʝʨ. ʩ ʷʧʦʥ./ ʄ. ʂʫʙʦʥʠʚʘ,  ʄ.  ʊʘʙʘʪʘ,  ʉ. ʊʘʙʘʪʘ,  

ʖ.ʍʘʩʝʙʝ;   ʧʦʜ  ʨʝʜ. ʄ. ʂʫʙʦʥʠʚʘ. ï ʄ.: ʌʠʥʘʥʩʳ ʠ ʩʪʘʪʠʩʪʠʢʘ, 1991.- 304ʩ. 
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ʋɼʂ 378.147.31 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɿɸɼɸʏ ʇʈʆʌɽʉɯʁʅʆɻʆ ʉʇʈʗʄʋɺɸʅʅʗ ʇʈʀ ɺʀʂʃɸɼɸʅʅɯ ʊɽʄʀ 

"ɼɺʆɰʉʊɯʉʊʔ ɺ ɿɸɼɸʏɸʍ ʃɯʅɯʁʅʆɻʆ ʇʈʆɻʈɸʄʋɺɸʅʅʗ" ʉʊʋɼɽʅʊɸʄ ʅɸʇʈʗʄʋ 

ʇɯɼɻʆʊʆɺʂʀ  6.030504ïɽʂʆʅʆʄɯʂɸ ʇɯɼʇʈʀɭʄʅʀʎʊɺɸ 

 

ɸ. ʄʘʣʠʛʘ, ʩʪʫʜʝʥʪ ʛʨ. 3ɽʇ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʊ.ʇ. ɹʽʣʦʫʩʦʚʘ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ,  

ʢʘʬʝʜʨʘ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺʩʪʫʧ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʢʫʨʩʫ "ɽʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ" ʩʪʫʜʝʥʪʘʤʠ ʝʢʦʥʦʤʽʯʥʠʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʝʢʦʥʦʤʽʯʥʽ ʟʘʜʘʯʽ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʚ ʝʢʦʥʦʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʪʘʧʘʤʠ: 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ; ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ; ʧʦʙʫʜʦʚʘ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʜʘʯʽ; ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʝʷʢʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʟʘʜʘʯ 

ʜʦʚʦʣʽ ʦʙôʻʤʥʽ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʦʜʥʠʤ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ 

ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ ʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʥʘʡʙʽʣʴʰ  ʥʘʦʯʥʠʡ. 

ʎʽʣʣʶ ʧʫʙʣʽʢʘʮʽʾ   ̒ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʷʭʽʚ ʧʦʩʠʣʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʥʘʚʯʘʥʥʷ ʜʠʩʮʠʧʣʽʥʘʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʮʠʢʣʫ ʩʪʫʜʝʥʪʽʚ ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʧʨʷʤʽʚ ʧʽʜʛʦʪʦʚʢʠ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʗʢ ʚʽʜʦʤʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʜʘʯ ʽʟ ʧʨʦʬʝʩʽʡʥʠʤ ʟʤʽʩʪʦʤ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʤʦʪʠʚʘʮʽʶ 

ʩʪʫʜʝʥʪʽʚ ʱʦʜʦ ʦʧʘʥʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʴʦʾ ʜʠʩʮʠʧʣʽʥʠ. ʎʴʦʤʫ ʪʘʢʦʞ ʩʧʨʠʷʻ ʟʘʣʫʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ 

ʧʨʦʙʣʝʤʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɿʘ ʜʦʩʚʽʜʦʤ ʘʚʪʦʨʽʚ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʣʠʢʘʶʪʴ ʽʥʪʝʨʝʩ ʫ ʩʪʫʜʝʥʪʽʚ ʟʘʜʘʯʽ, ʷʢʽ ʤʦʞʥʘ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʢʽʣʴʢʦʤʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ; ʟʘʜʘʯʽ, ʱʦ ʧʨʠʧʫʩʢʘʶʪʴ ʧʨʷʤʫ ʪʘ ʦʙʝʨʥʝʥʫ ʧʦʩʪʘʥʦʚʢʠ. ɼʦ ʪʘʢʠʭ 

ʟʘʜʘʯ ʥʘʣʝʞʘʪʴ ʚʠʭʽʜʥʘ ʪʘ ʜʚʦʾʩʪʘ ʜʦ ʥʝʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʦʛʦ ʤʝʪʦʜʘ ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʝʤʠ ʜʚʦʾʩʪʦʩʪʽ. 

ɿʘʟʚʠʯʘʡ ʩʪʫʜʝʥʪʘʤ ʚʘʞʢʦ ʫʩʚʽʜʦʤʣʶʚʘʪʠ ʟʚôʷʟʦʢ ʤʽʞ ʚʠʭʽʜʥʦʶ ʽ ʜʚʦʾʩʪʦʶ ʟʘʜʘʯʝʶ. ɼʚʦʾʩʪʫ ʟʘʜʘʯʫ 

ʚʦʥʠ ʩʧʨʠʡʤʘʶʪʴ ʚʽʜʦʢʨʝʤʣʝʥʦ ʽ ʨʦʟʚôʷʟʫʶʪʴ ʾʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʤʝʪʦʜʠ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ, ʚ ʷʢʦʤʫ 

ʨʦʟʚôʷʟʦʢ ʚʠʭʽʜʥʦʾ ʪʘ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʟʥʘʡʜʝʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʦʛʦ ʤʝʪʦʜʘ ʪʘ ʪʝʦʨʝʤ ʜʚʦʾʩʪʦʩʪʽ. 

ʇʨʠʢʣʘʜ 1.  ʅʝʭʘʡ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ ʤʘʻ ʚʠʛʣʷʜ:     
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ʈʦʟʚôʷʞʝʤʦ ʾʾ ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ ʪʘ ʧʦʙʫʜʫʻʤʦ ʜʚʦʾʩʪʫ ʜʦ ʥʝʾ ʟʘʜʘʯʫ.          

ɺʠʭʽʜʥʫ ʟʘʜʘʯʫ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʦ ʪʘʢ:  ʩʢʽʣʴʢʠ ʽ ʷʢʦʾ ʧʨʦʜʫʢʮʽʾ x1 ʪʘ x2 ʪʨʝʙʘ ʚʠʨʦʙʠʪʠ, 

ʱʦʙ ʧʨʠ ʟʘʜʘʥʠʭ ʚʘʨʪʦʩʪʷʭ ʉ1=4 ʪʘ ʉ2=2 ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʽ ʦʙʩʷʛʘʭ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ b1= b2=3; b3=2 

ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʧʨʠʙʫʪʦʢ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ɼʚʦʾʩʪʘ ʜʦ ʥʝʾ ʟʘʜʘʯʘ ʤʘʻ ʚʠʛʣʷʜ:  
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ɼʚʦʾʩʪʫ ʟʘʜʘʯʫ ʝʢʦʥʦʤʽʯʥʦ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʪʘʢ: ʷʢʦʶ ʧʦʚʠʥʥʘ ʙʫʪʠ ʮʽʥʘ ʦʜʠʥʠʮʽ ʢʦʞʥʦʛʦ ʟ 

ʨʝʩʫʨʩʽʚ, ʱʦʙ ʧʨʠ ʟʘʜʘʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʨʝʩʫʨʩʽʚ b1= b2=3; b3=2 ʪʘ ʚʝʣʠʯʠʥʘʭ ʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʉ1=4 ʪʘ ʉ2=2 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʚʘʨʪʽʩʪʴ ʚʠʪʨʘʪ? 

ʈʦʟʚôʷʞʝʤʦ ʚʠʭʽʜʥʫ ʟʘʜʘʯʫ ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ. ʉʧʦʯʘʪʢʫ ʧʦʙʫʜʫʻʤʦ ʤʥʦʛʦʢʫʪʥʠʢ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʦʙʤʝʞʝʥʴ (ʨʠʩ. 1). ʂʦʞʥʝ ʟ ʦʙʤʝʞʝʥʴ ï ʮʝ ʧʽʚʧʣʦʱʠʥʘ, ʛʨʘʥʠʯʥʠʤʠ ʧʨʷʤʠʤʠ ʷʢʠʭ ʻ 

ʧʨʷʤʽ: 3: 211 =+xxl ;   323: 212 =- xxl ;   2: 213 =+- xxl . ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʫʻʤʦ ʱʦ, ʥʝʨʽʚʥʦʩʪʽ 01²x , 02²x  
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ʦʟʥʘʯʘʶʪʴ,  ʱʦ ʤʥʦʛʦʢʫʪʥʠʢ ʨʦʟʚôʷʟʢʽʚ ʧʦʚʠʥʝʥ ʣʝʞʘʪʠ ʫ ʧʝʨʰʽʡ ʯʚʝʨʪʽ. ʉʧʽʣʴʥʘ ʯʘʩʪʠʥʘ ʆɸɺʉɼ ʧʽʚʧʣʦʱʠʥ, 

ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʥʝʨʽʚʥʦʩʪʝʡ, ʻ ʤʥʦʛʦʢʫʪʥʠʢʦʤ ʨʦʟʚôʷʟʢʽʚ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʥʦʛʦʢʫʪʥʠʢ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ 

ɺʝʢʪʦʨïʛʨʘʜʽʻʥʪ ʮʽʣʽ ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ: ( )2;4;
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C . ʋ ʪʦʯʮʽ C ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ Z ʥʘʙʫʚʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ C ʟʥʘʭʦʜʠʤʦ ʷʢ ʪʦʯʢʫ ʧʝʨʝʪʠʥʫ ʧʨʷʤʠʭ 1l  ʽ 2l  ʽʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ:  
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ʉ . (1) 

ʊʘʢʠʤ ʯʠʥʦʤ, 
5

48
max=z .      

 ɺʽʜʧʦʚʽʜʴ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ: 
5

48
max=z ; ö

÷

õ
æ
ç

å

5

6
;

5

9
ʦʧʪx . 

ʈʦʟʚôʷʟʦʢ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʪʝʦʨʝʤʘʤʠ ʜʚʦʾʩʪʦʩʪʽ [1] ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʨʦʟʚôʷʟʦʢ ʚʠʭʽʜʥʦʾ 

ʟʘʜʘʯʽ. ʈʦʟʚôʷʟʦʢ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ ʟʥʘʡʜʝʥʦ ʟ ʩʠʩʪʝʤʠ (1)  ʪʘ  21max 24 xxZ +=  

ʆʩʢʽʣʴʢʠ ʦʧʪʠʤʫʤ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʧʨʷʤʠʭ 1l  ʽ 2l , ʪʦʤʫ ʧʦʩʪʘʥʦʚʢʘ 

ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʤʘʻ ʜʚʽ ʟʤʽʥʥʽ 21; yy , ʘ .03 =y  ʊʘʢʠʤ ʯʠʥʦʤ ʜʚʦʾʩʪʘ ʟʘʜʘʯʘ ʤʘʻ ʚʠʛʣʷʜ:     
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 .  ʈʦʟʚôʷʟʢʠ ʚʠʭʽʜʥʦʾ ʽ ʜʚʦʾʩʪʦʾ ʟʚôʷʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ minmax Fz = . 

ʈʦʟʚôʷʟʦʢ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʟʥʘʡʜʝʤʦ ʟ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ 
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 ʪʘ ʚʠʨʘʟʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

21min 33 yyF += . 

ɺʽʜʧʦʚʽʜʴ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ: ö
÷

õ
æ
ç

å
0;

5

2
;

5

14
ʦʧʪy ; 

5

48
min=F . 

ɺʠʩʥʦʚʢʠ. ʅʘ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʨʠʢʣʘʜʽ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʱʦ, ʢʦʣʠ ʭʦʯʘ ʙ ʦʜʥʘ ʽʟ ʟʘʜʘʯ ʤʘʻ ʜʚʽ ʟʤʽʥʥʽ, ʾʾ  

ʣʝʛʢʦ ʪʘ ʰʚʠʜʢʦ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʘ ʽʥʰʫ ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʝʤ ʜʚʦʾʩʪʦʩʪʽ. ʆʧʠʩʘʥʠʡ 

ʩʧʦʩʽʙ ʦʜʥʦʯʘʩʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʚʠʭʽʜʥʦʾ ʪʘ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯ ʻ ʧʨʦʩʪʠʤ ʽ ʥʘʦʯʥʠʤ, ʪʦʤʫ ʡʦʛʦ ʚʘʨʪʦ ʙʽʣʴʰ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʪʝʤʠ "ʃʽʥʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ". ʇʨʠ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʪʫʜʝʥʪʠ 

ʤʦʞʫʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʠʡ ʟʤʽʩʪ ʟʘʜʘʯʽ ʟ ʨʽʟʥʠʭ ʩʪʦʨʽʥ.   
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɸʢʫʣʠʯ ʀ.ʃ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚ ʧʨʠʤʝʨʘʭ ʠ ʟʘʜʘʯʘʭ / ʀ.ʃ. ɸʢʫʣʠʯ. ï ʄ.: ɺʳʩʰ.ʰʢ.,1986.ï 319ʩ. 
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ʋɼʂ 519.2 

ɿʅɸʍʆɼɾɽʅʅʗ ʄɸʂʉʀʄɸʃʔʅʆ ʄʆɾʃʀɺʆɻʆ ɺɯɼʍʀʃɽʅʅʗ ʄɸʉʀ  

ʉʊɸʅɼɸʈʊʅʆɻʆ ɹʃʆʂʋ  

 

ɯ.ɺ. ʇʝʢʫʨ, ʩʪʫʜ. ʛʨ. ɺʈ-51 

ʉ.ʇ. ʂʦʨʥʽʻʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʚʠʱʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʩʢʣʘʜʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʦʢʨʝʤʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʥʘʯʥʦ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ (ʢʠʨʧʠ, ʙʝʪʦʥʥʠʡ, ʛʘʟʦʙʝʪʦʥʥʠʡ ʙʣʦʢ ʪʦʱʦ). 

ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʩʪʦʩʫʻʪʴʩʷ ʧʝʨʰ ʟʘ ʚʩʝ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʽʚ, ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ, ʤʘʩʠ ʝʣʝʤʝʥʪʽʚ.  

ɿʘʟʚʠʯʘʡ, ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʧʦʩʪʘʯʘʶʪʴʩʷ ʧʽʜʜʦʥʘʤʠ ʟ ʟʘʜʘʥʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʥʘ 

ʧʽʜʜʦʥʽ, ʜʝ ʾʭ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʯʘʩʪʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʤʘʣʦʾ ʤʝʭʘʥʽʟʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ ʤʘʥʽʧʫʣʷʪʦʨʠ ʟ 

ʦʙʤʝʞʝʥʦʶ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ. ɿʚʽʜʩʠ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʦʮʽʥʢʠ ʚʽʜʭʠʣʝʥʥʷ ʤʘʩʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʽ 

ʧʽʜʜʦʥʘ ʚ ʮʽʣʦʤʫ, ʩʭʦʞʘ ʜʦ ʷʢʦʾ ʨʦʟʛʣʷʥʫʪʘ ʫ [1]. 

ʆʪʞʝ ʩʬʦʨʤʫʣʶʻʤʦ ʪʘʢʫ ʟʘʜʘʯʫ: ʟʥʘʡʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ ʚʽʜʭʠʣʝʥʥʷ ʤʘʩʠ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʫ ʧʨʠ 

ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʽ, ʱʦʙ ʥʝʪʪʦ ʧʽʜʜʦʥʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ n  ʙʣʦʢʽʚ, ʥʝ ʚʠʭʦʜʠʣʦ ʟʘ ʤʝʞʽ M M°D  ʢʽʣʦʛʨʘʤ ʚ 

90% ʚʠʧʘʜʢʽʚ. ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʚʚʘʞʘʪʠ ʥʦʨʤʘʣʴʥʠʤ. ʄʘʩʫ ʙʣʦʢʫ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ m  ʪʘ ʜʦʧʫʩʪʠʤʝ 

ʚʽʜʭʠʣʝʥʥʷ ʯʝʨʝʟ mD . 

ʅʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʤʘʻ ʚʠʛʣʷʜ:  

( )
( )

2

22
1

,
2

x

f x e

-m
-
sm s =

s
, 

ʜʝ m - ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ, s - ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ.  

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʙʣʦʢʫ mm=, ʘ ms=s, ʪʦʤʫ ( )
( )

2

221
,

2

m

x m

m

m

f x m e

-
-
s

s =
s

, ʘ ʜʣʷ ʧʽʜʜʦʥʫ ʙʣʦʢʽʚ Mm= ; 

Ms=s, ʚʽʜʧʦʚʽʜʥʦ ( )
( )

2

221
,

2

M

x M

M

M

f x M e

-
-
s

s =
s

.  

ɯʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʤʘʩʘ ʙʣʦʢʫ ʥʝ ʚʠʡʜʝ ʟʘ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ:  

( ),
m m

m m
m m

p f x m dx
+D

-D
= sñ . 

ɯʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʥʝʪʪʦ ʧʽʜʜʦʥʫ ʥʝ ʚʠʡʜʝ ʟʘ ʤʝʞʽ:  

( ),
M M

M M
M M

p f x M dx
+D

-D
= sñ . 

ɺʠʟʥʘʯʠʤʦ ʽʤʦʚʽʨʥʽʩʪʴ ʜʣʷ ʙʣʦʢʫ:  

( ) ( )mp m m m m=F +D -F -D, 

ʜʝ () ( )
1

, 1
2 2

x x
x f x dx er f

-¤

-må õ
F = m s = +æ ö

sç ÷
ñ  - ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ, ʘ ()

2

0

2 x
ter f x e dt-=

p
ñ  - ʬʫʥʢʮʽʷ ʧʦʤʠʣʦʢ.  

ɼʣʷ ʙʣʦʢʫ ʤʘʻʤʦ: 
1

1 1
2 2 2 2

m

m m m

m m m m m m m
p er f er f er f

å õ+D - -D - D
= + - - =æ öæ ös s sç ÷

. 

 ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʧʽʜʜʦʥʫ: 
2

M

M

M
p er f

D
==

s
. 

ɿ ʮʝʥʪʨʘʣʴʥʦʾ ʛʨʘʥʠʯʥʦʾ ʪʝʦʨʝʤʠ ʩʣʽʜ ʱʦ ʷʢʱʦ ʽʩʥʫʶʪʴ ʥʝʟʘʣʝʞʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ:  

( ) ( ) ( )1 1 1 2 2 2, , , ,..., ,n n nX X Xm s m s m s, 

ʪʦ ʾʭ ʩʫʤʘ ( ) ( ) ( ) ( )1 1 1 2 2 2, , , ... ,n n nX X X Xm s = m s + m s + + m s  

ʙʫʜʝ ʤʘʪʠ ʧʘʨʘʤʝʪʨʠ  

1 2 ... nm=m +m + +m, 

2 2 2 2

1 2 ... ns =s +s + +s. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʰʦʾ ʟʘʜʘʯʽ ʤʘʻʤʦ:  

M n m= Ö; 

M mns = Ös. 

ʎʝʡ ʞʝ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʙôʻʤʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʣʦʢʽʚ ʱʦ ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʠʪʴ ʤʝʞʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ. 
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ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɿʘʜʘʯʘ ʦ ʢʦʥʬʝʪʘʭ. ʇʨʦʝʢʪ ʉʦʍʘʙʨ / [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : - ʈʝʞʠʤ ʜʦʩʪʫʧʫ : https://sohabr.net/hh/post/267777/ 

 

 

ʋɼʂ 519.6 

ʊɽʉʊʋɺɸʅʅʗ ʂɺɸɼʈɸʊʀʏʅʀʍ ɹɸɿʀʉʅʀʍ ʌʋʅʂʎɯʁ ʆʂʊɸɽɼʈɸ 

 

ʊ.ɸ. ʉʝʣʫʷʥʦʚʘ, ʩʪʫʜʝʥʪʢʘ ʛʨ. 2ʊʊ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɸ.ʇ. ʄʦʪʘʡʣʦ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ,  

ʢʘʬʝʜʨʘ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʗʢ ʚʽʜʦʤʦ, ʢʦʤʝʨʮʽʡʥʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ (ANSYS, NASTRAN), ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), ʜʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʦʙôʻʤʥʠʭ ʦʙʣʘʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʪʨʘʝʜʨʠ, ʛʝʢʩʘʝʜʨʠ, ʪʨʠʢʫʪʥʽ ʪʘ 

ʰʝʩʪʠʢʫʪʥʽ ʧʨʠʟʤʠ. ʇʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʢʪʘʝʜʨʘ ʫ ʷʢʦʩʪʽ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʉɽ) ʩʪʘʣʦ ʚʽʜʦʤʦ ʟ ʨʦʙʦʪʠ [1]. 

ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 7-ʚʫʟʣʦʚʦʚʦʾ ʤʦʜʝʣʽ ʦʢʪʘʝʜʨʘ ʫ ʘʥʩʘʤʙʣʽ ʟ ʣʽʥʽʡʥʠʤ ʪʝʪʨʘʝʜʨʦʤ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʠʷʚʠʣʦʩʷ ʝʬʝʢʪʠʚʥʽʰʠʤ ʟʘ ʯʘʩʦʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʪʨʘʝʜʨʘʣʴʥʦʶ ʨʝʰʽʪʢʦʶ. ɸʚʪʦʨʠ 

ʜʦʩʣʽʜʞʝʥʥʷ [2] ʚʠʚʯʘʶʪʴ 6-ʚʫʟʣʦʚʫ ʤʦʜʝʣʴ ʦʢʪʘʝʜʨʘ, ʦʩʥʘʱʝʥʫ ʨʽʟʥʠʤʠ ʥʘʙʦʨʘʤʠ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ, ʾʾ 

ʽʥʪʝʨʧʦʣʷʮʽʡʥʽ ʷʢʦʩʪʽ. ʋ ʨʦʙʦʪʽ [3] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʢʪʘʝʜʨ ʽʟ ʢʚʘʜʨʘʪʠʯʥʠʤʠ ʙʘʟʠʩʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʻ 

ʥʝʩʫʤʽʩʥʠʤ [4] ʟ ʣʽʥʽʡʥʠʤ ʪʝʪʨʘʝʜʨʦʤ, ʘʣʝ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʞʥʽʩʪʴ ʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʤʫ ʄʉɽ ʧʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʽʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʦʧʝʨʘʪʦʨʦʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʚʠʢʦʥʘʥʦ ʪʝʩʪʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ [3], ʥʘ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʩʢʽʥʯʝʥʦʾ 

ʤʘʪʝʨʽʘʣʴʥʦʾ ʦʙʣʘʩʪʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʷʤʦʢʫʪʥʠʡ ʙʨʫʩ { }hzbyaxzyxV ¢¢¢¢¢¢= 0,0,0:),,( , ʜʝ 0,, >hba , ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ 

ʽʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʜʥʘ ʟ ʛʨʘʥʝʡ ʷʢʦʛʦ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ()yfT= , ʨʝʰʪʘ ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

0=T  (ʨʠʩ.1). 

 

ʈʠʩʫʥʦʢ 1  

 

ʉʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ: 

0=DT , 

ʜʝ 
222222 zyx µµ+µµ+µµ=D  ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ, ( )zyxTT ,,=  ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ʙʨʫʩʘ V ,  

ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ɼʽʨʽʭʣʝ: 

0000 ===== ===== hzzbyyx TTTTT , ()yfT ax == . 

ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ, ʦʪʨʠʤʘʥʠʡ ʫ ʧʝʨʝʨʽʟʽ 

{ }byaxyxVxy ¢¢¢¢= 0,0:),(  ʧʣʦʱʠʥʦʶ constz=  [5]: 
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ʧʦʨʽʚʥʷʻʤʦ ʽʟ ʯʠʩʝʣʴʥʠʤ: 

( )ä
=

=
l

i
iiTNzyxT
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ʜʝ ( )zyxNN ii ,,=  ï ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʉɽ, l  ï ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ, iT  ï ʚʫʟʣʦʚʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ,  

 

ʷʢʠʡ ʟʥʘʡʜʝʥʠʡ ʟʘ ʄʉɽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʰʽʪʦʢ ʜʚʦʭ ʪʠʧʽʚ: ʪʝʪʨʘʝʜʨʘʣʴʥʦʾ ʪʘ ʪʝʪʨʘʝʜʨʘʣʴʥʦ-ʦʢʪʘʝʜʨʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨ. 

ʋ ʪʘʙʣ.1 ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʧʦ ʦʙʣʘʩʪʽ ʙʨʫʩʘ V ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ 1=a , 

2=b , 10=h  ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ () ( )ybytyf -=0 , ʜʝ 200 =t , ʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʤʫ 
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ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʣʽʜʦʚʥʠʤ ʢʨʦʢʘʤ ʧʦʜʨʽʙʥʝʥʥʷ ʦʙʣʘʩʪʽ 8
n

i
iVV

1=

= , ʧʨʠ ʮʴʦʤʫ 21 nnn += , ʜʝ 1n  ï ʢʽʣʴʢʽʩʪʴ ʉɽ 

ʫ ʬʦʨʤʽ ʦʢʪʘʝʜʨʘ, 2n  ï ʫ ʬʦʨʤʽ ʪʝʪʨʘʝʜʨʘ (
1

1
2/max -

¢¢
== k

i
ni

hdl ï ʜʽʘʤʝʪʨ ʧʦʜʨʽʙʥʝʥʥʷ, id  ï ʥʘʡʙʽʣʴʰʘ ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʜʚʦʤʘ ʪʦʯʢʘʤʠ ʦʙʣʘʩʪʽ iV , 4,1=k   ï  ʢʨʦʢ ʧʦʜʨʽʙʥʝʥʥʷ). 

ʋ ʷʢʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʚʫʟʣʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨ iT  ʙʫʣʠ ʧʨʦʪʝʩʪʦʚʘʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʉɽ: 
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ʜʝ sL  ï ʦʙôʻʤʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʝʪʨʘʝʜʨʘ, jiNS ,  ï ʢʚʘʜʨʘʪʠʯʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʦʢʪʘʝʜʨʘ, ʱʦ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ 

ʟʥʘʯʝʥʥʽ  ̔ ʫ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ xhzO  ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʦʨʤʫʣʘʤʠ: 
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ʋ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʭʠʙʢʠ ʧʨʠ 3441=n , 88642 =n , 4=k , 25.1=l  ʜʣʷ 

ʪʝʪʨʘʝʜʨʘʣʴʥʦ-ʦʢʪʘʝʜʨʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʪʘ ʧʨʠ 01 =n , 245762 =n , 5=k , 4.1=l  ʜʣʷ ʪʝʪʨʘʝʜʨʘʣʴʥʦʾ ʨʝʰʽʪʢʠ, ï 

ʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʤʫ ʪʘ ʫ ʤʝʪʨʠʮʽ ʧʨʦʩʪʦʨʫ ʥʝʧʝʨʝʨʚʥʠʭ ʥʘ ʢʦʤʧʘʢʪʽ V ʬʫʥʢʮʽʡ ()VC : 

( )
( ) ( )( )2

,,1
2 ,,,,maxmax zyxTconstyxT i

Vzyxni i

%
-=

Í¢¢
e . 

ʇʨʠ ʮʴʦʤʫ ʫ ʘʥʩʘʤʙʣʽ ʽʟ ʣʽʥʽʡʥʠʤ ʪʝʪʨʘʝʜʨʦʤ [4] ʪʝʩʪʫʚʘʣʠʩʷ ʪʘʢʦʞ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ 

ʦʢʪʘʝʜʨʘ [6]. 

 

ʊʘʙʣʠʮʷ 1 ï ʇʦʭʠʙʢʘ ʷʢ ʬʫʥʢʮʽʷ ʢʨʦʢʫ ʧʦʜʨʽʙʥʝʥʥʷ 

ʇʦʭʠʙʢʘ ʧʦ 

ʦʙʣʘʩʪʽ ʙʨʫʩʘ V 

ʇʘʨʘʤʝʪʨʠ  ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʨʝʰʽʪʢʠ 

11=n , 162 =n  61 =n , 1362 =n  441=n , 11042 =n  3441=n , 88642 =n  

1e 32.8 18.3 14 9.8 

ʏʘʩ ʦʙʯʠʩʣʝʥʴ (ʩ) 9 690 1574 2149 

 

ʊʘʙʣʠʮʷ 2 ï ʇʦʭʠʙʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʇʦʭʠʙʢʘ 

ʧʦ ʦʙʣʘʩʪʽ ʙʨʫʩʘ V 

ʉʪʨʫʢʪʫʨʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʨʝʰʽʪʢʠ 

ʊʝʪʨʘʝʜʨʘʣʴʥʦ-ʦʢʪʘʝʜʨʘʣʴʥʘ 

ʊʝʪʨʘʝʜʨʘʣʴʥʘ ʂʚʘʜʨʘʪʠʯʥʽ ʙʘʟʠʩʥʽ 

ʬʫʥʢʮʽʾ ʦʢʪʘʝʜʨʘ 

ʂʫʩʢʦʚʦ-ʣʽʥʽʡʥʽ ʙʘʟʠʩʥʽ 

ʬʫʥʢʮʽʾ ʦʢʪʘʝʜʨʘ 

1e 9.8 9.5 9.15 

2e  15.5 7.6 8.4 

ʏʘʩ ʦʙʯʠʩʣʝʥʴ (ʩ) 2149 601 5791 

 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʄʉɽ ʤʦʥʦʪʦʥʥʦ ʟʙʽʛʘʻʪʴʩʷ 

ʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʤʫ ʜʦ ʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʚ ʜʘʥʽʡ ʟʘʜʘʯʽ. ɺʝʣʠʯʠʥʘ ʧʦʭʠʙʢʠ 8.91=e  ʧʨʠ 4=k  

ʧʨʦʧʦʨʮʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʣʽʥʽʡʥʦʛʦ ʨʦʟʤʽʨʫ h  ʦʙʣʘʩʪʽ V ʘʙʦ ʧʘʨʘʤʝʪʨʫ 0t . ʅʘʡʙʽʣʴʰʝ ʫ ʩʝʥʩʽ 

ʧʦʭʠʙʢʠ 2e  ʚʜ̔ʭʠʣʝʥʥʷ ʚʽʜ ʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʜʦʩʷʛʘʻʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʽ V, ʱʦ ʥʘʣʝʞʘʪʴ 

ʩʫʤʽʞʥʠʤ ʛʨʘʥʷʤ ʪʝʪʨʘʝʜʨʽʚ. ʏʘʩ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʪʨʘʝʜʨʘʣʴʥʦ-ʦʢʪʘʝʜʨʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʤʦʞʥʘ 

ʩʢʦʨʦʪʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦ 

ʦʙʣʘʩʪʽ ʦʢʪʘʝʜʨʘ. 
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ʋɼʂ 517.91 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɼʀʌɽʈɽʅʎɯɸʃʔʅʀʍ ʈɯɺʅʗʅʔ ɺ ɽʂʆʅʆʄɯʏʅʀʍ ɼʆʉʃɯɼɾɽʅʅʗʍ 

 

ɹ. ʋʣʘʥʦʚʠʯ, ʩʪʫʜʝʥʪ ʛʨ.ɹʆ-151 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻ.ɯ. ʊʫʨ, ʢ.ʧ.ʥ., ʩʪ.ʚʠʢʣʘʜʘʯ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺʠʚʯʝʥʥʷ ʦʙôʻʢʪʽʚ ʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʠʨʦʜʽ ʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʧʦʣʷʛʘʻ ʫ 

ʚʠʷʚʣʝʥʥʽ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʘ ʯʠ ʩʠʩʪʝʤʠ ʪʘ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ. ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯ ʩʫʪʪʻʚʦ ʧʦʣʝʛʰʫʻʪʴʩʷ, ʷʢʱʦ ʟʘʤʽʩʪʴ ʩʘʤʠʭ ʧʨʦʮʝʩʽʚ ʚʠʚʯʘʪʠ ʾʭ ʤʦʜʝʣʽ, 

ʟʦʢʨʝʤʘ ï ʤʘʪʝʤʘʪʠʯʥʽ. 

ʏʘʩʪʦ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʝʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʯʠʭ, ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʚʠʯʘʡʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥ. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ï ʮʝ ʧʦʪʫʞʥʠʡ ʟʘʩʽʙ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʽʭ ʧʨʦʮʝʩʽʚ. ʅʘ ʾʭ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʪʨʘʪʠʣʠ ʙʘʛʘʪʦ ʯʘʩʫ ʙʝʟʣʽʯ ʚʽʜʦʤʠʭ ʚʯʝʥʠʭ: ʅʴʶʪʦʥ, ɹʝʨʥʫʣʣʽ, ʃʘʧʣʘʩ ʪʘ ʽʥʰʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ: ʚ ʤʦʜʝʣʷʭ ʝʢʦʥʦʤʽʯʥʦʾ 

ʜʠʥʘʤʽʢʠ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʴ, 

ʷʢʽ, ʢʨʽʤ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʽ ʟʘʣʝʞʥʠʭ ʚʽʜ ʥʠʭ ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ, ʤʽʩʪʷʪʴ ʪʘʢʦʞ ʧʦʭʽʜʥʽ ʘʙʦ ʜʠʬʝʨʝʥʮʽʘʣʠ 

ʚʽʜ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ. ʊʘʢʽ ʨʽʚʥʷʥʥʷ ʥʘʟʠʚʘʶʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ. [1] 

ɽʣʝʤʝʥʪʠ ʪʝʦʨʽʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʝʢʦʥʦʤʽʯʥʽʡ ʪʝʦʨʽʾ. ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ ʤʘʶʪʴ ʤʽʩʮʝ  ʚ ʤʦʜʝʣʷʭ ʝʢʦʥʦʤʽʯʥʦʾ ʜʠʥʘʤʽʢʠ, ʫ ʷʢʠʭ ʽʩʥʫʻ ʥʝ ʪʽʣʴʢʠ ʟʚ'ʷʟʦʢ ʟʤʽʥʥʠʭ ʚʝʣʠʯʠʥ ʚʽʜ  

ʯʘʩʫ, ʘʣʝ ʽ ʾʭ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ. [3] 

ʄʦʜʝʣʴ ɽʚʘʥʩʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʾ ʮʽʥʠ. 

ʋ ʮʽʡ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʶʪʴ ʨʠʥʦʢ ʦʜʥʦʛʦ ʪʦʚʘʨʫ, ʥʝʧʝʨʝʨʚʥʦ ʟʘʣʝʞʥʠʡ ʚʽʜ ʯʘʩʫ. ʅʝʭʘʡ Q(t), S(t), P(t) - 

ʚʽʜʧʦʚʽʜʥʦ ʧʦʧʠʪ, ʧʨʦʧʦʟʠʮʽʷ ʽ ʮʽʥʘ ʮʴʦʛʦ ʪʦʚʘʨʫ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t. ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʽ ʧʦʧʠʪ, ʽ ʧʨʦʧʦʟʠʮʽʷ 

ʣʽʥʽʡʥʽ ʬʫʥʢʮʽʾ ʚʽʜ ʮʽʥʠ, ʪʦʙʪʦ Q(t) = a-bP(t), a,b>0 (ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʮʽʥʠ ʧʦʧʠʪ ʩʧʘʜʘʻ), S(t) =Ŭ-ɓP(f), Ŭ,ɓ>0 (ʽʟ 

ʟʨʦʩʪʘʥʥʷʤ ʮʽʥʠ ʧʨʦʧʦʟʠʮʽʷ ʟʨʦʩʪʘʻ), ʧʨʠʯʦʤʫ ʘ>Ŭ (ʜʣʷ ʥʫʣʴʦʚʦʾ ʮʽʥʠ ʧʦʧʠʪ ʧʝʨʝʚʠʱʫʻ ʧʨʦʧʦʟʠʮʽʶ, ʪʦʙʪʦ 

ʪʦʚʘʨ ʙʘʞʘʥʠʡ ʩʧʦʞʠʚʘʯʫ). 

ɻʦʣʦʚʥʠʤ ʧʨʠʧʫʱʝʥʥʷʤ ʻ ʪʝ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʮʽʥʠ ȹʨ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʝ ʧʝʨʝʚʠʱʝʥʥʶ ʧʦʧʠʪʫ ʥʘʜ 

ʧʨʦʧʦʟʠʮʽʻʶ ʟʘ ʯʘʩ ȹt, ʪʦʙʪʦ 

,)( tSQp D-=D g  ʜʝ ɔ>0,  ʘʙʦ ).( SQ
dt

dP
-=g  

ʇʽʜʩʪʘʚʠʚʰʠ ʫ ʮʝ ʨʽʚʥʷʥʥʷ ʣʽʥʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʧʠʪʫ ʽ ʧʨʦʧʦʟʠʮʽʾ ʚʽʜ ʮʽʥʠ, ʦʜʝʨʞʠʤʦ ʣʽʥʽʡʥʝ 

ʥʝʦʜʥʦʨʽʜʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʟ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ: 

.)0(,)()( 0PPaPb
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ʎʽʥʘ ʧʨʷʤʫʻ ʜʦ ʈ*, ʟʨʦʩʪʘʶʯʠ, ʘ ʜʣʷ ʈ0>ʈ* ʮʽʥʘ, ʩʧʘʜʘʶʯʠ, ʪʝʞ ʧʨʷʤʫʻ ʜʦ ʈ*. ʉʘʤʘ ʮʽʥʘ ʈ* ʻ 

ʨʽʚʥʦʚʘʞʥʘ ʮʽʥʘ - ʜʣʷ ʥʝʾ Q(P*) = S(P*). ʈʽʚʥʦʚʘʞʥʫ ʮʽʥʫ ʤʦʞʥʘ ʪʘʢʦʞ ʟʥʘʡʪʠ ʛʨʘʬʽʯʥʦ. 

ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʂʝʡʥʩʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʧʨʦʩʪʽʰʫ ʙʘʣʘʥʩʦʚʫ ʤʦʜʝʣʴ, ʱʦ ʚʢʣʶʯʘʻ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʠʥʘʤʽʢʠ ʚʠʪʨʘʪ ʪʘ 

ʜʦʭʦʜʽʚ ʝʢʦʥʦʤʽʢʠ ʜʝʷʢʦʾ ʢʨʘʾʥʠ. ʅʝʭʘʡ Y(t)- ʥʘʮʽʦʥʘʣʴʥʠʡ ʜʦʭʽʜ, E(t) - ʜʝʨʞʘʚʥʽ ʚʠʪʨʘʪʠ, S(t)- ʩʧʦʞʠʚʘʥʥʷ, 

I(t)- ʽʥʚʝʩʪʠʮʽʾ. ʊʦʜʽ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʪʘʢʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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tbtYtatS
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ʜʝ a(t) - ʢʦʝʬʽʮʽʻʥʪ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʩʧʦʞʠʚʘʥʥʷ (0<ʘ(t)< )̔, b(t)-ʢʽʥʮʝʚʝ ʩʧʦʞʠʚʘʥʥʷ, k(t) ï ʥʦʨʤʘ ʘʢʩʝʣʝʨʘʮʽʾ. ɺʩʽ 

ʚʝʣʠʯʠʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ ʯʘʩʫ t  ̔ʜʦʜʘʪʥʽ. 

ʇʝʨʰʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ ʦʟʥʘʯʘʻ, ʱʦ ʩʫʤʘ ʚʩʽʭ ʚʠʪʨʘʪ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʜʦʭʦʜʫ. ʋ 

ʜʨʫʛʦʤʫ ʨʽʚʥʷʥʥʽ ʚʽʜʦʙʨʘʞʝʥʦ, ʱʦ ʟʘʛʘʣʴʥʝ ʩʧʦʞʠʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʜʝʷʢʦʾ 

ʯʘʩʪʠʥʠ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʜʦʭʦʜʫ ʪʘ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ. ɯ, ʥʘʨʝʰʪʽ, ʚʝʣʠʯʠʥʘ ʽʥʚʝʩʪʠʮʽʡ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʜʦʚʽʣʴʥʦʶ: ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʙʫʪʢʦʤ ʥʦʨʤʠ ʘʢʩʝʣʝʨʘʮʽʾ ʥʘ ʛʨʘʥʠʯʥʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʜʦʭʽʜ. ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, 

ʱʦ ʬʫʥʢʮʽʾ a(t), b(t), k(t), E(t) ʚʽʜʦʤʽ. ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʜʠʥʘʤʽʢʫ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʜʦʭʦʜʫ (ʟʤʽʥʫ ʜʦʭʦʜʫ ʟʘʣʝʞʥʦ 

ʚʽʜ ʯʘʩʫ). 

ʇʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟʠ ʟ ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷʥʴ ʩʠʩʪʝʤʠ ʫ ʧʝʨʰʝ ʪʘ ʟʨʦʙʠʤʦ ʝʣʝʤʝʥʪʘʨʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. ʆʜʝʨʞʠʤʦ ʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʚʽʜʥʦʩʥʦ ʬʫʥʢʮʽʾ Y(t): 
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ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʬʫʥʢʮʽʾ a(t), b(t), k(t), E(t) ʻ ʩʪʘʣʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʤʘʻʤʦ ʨʽʚʥʷʥʥʷ 
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ɿʥʘʡʜʝʤʦ ʨʦʟʚ'ʷʟʢʠ: 
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*
ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʟʘ ʫʤʦʚʠ Yô = 0, ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʦʚʘʞʥʠʤ 

ʨʦʟʚ'ʷʟʢʦʤ). ɯʥʪʝʛʨʘʣʴʥʽ ʢʨʠʚʽ ʨʽʚʥʷʥʥʷ (1) ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 
ʗʢʱʦ ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ Y0<Y*, ʪʦ ʉ = Y0-Y*<0 ʽ ʢʨʠʚʽ ʧʨʷʤʫʶʪʴ ʚʥʠʟ ʚʽʜ ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʨʦʟʚ'ʷʟʢʫ, ʪʦʙʪʦ ʥʘʮʽʦʥʘʣʴʥʠʡ ʜʦʭʽʜ ʟ ʯʘʩʦʤ ʟʤʝʥʰʫʻʪʴʩʷ. ʗʢʱʦ ʞ Y0>Y*, ʪʦ ʉ = Y0-Y*>0 ʽ ʥʘʮʽʦʥʘʣʴʥʠʡ ʜʦʭʽʜ 

ʟʨʦʩʪʘʻ ï ʽʥʪʝʛʨʘʣʴʥʽ ʢʨʠʚʽ ʧʨʷʤʫʶʪʴ ʚʛʦʨʫ ʚʽʜ ʨʽʚʥʦʚʘʞʥʦʾ ʧʨʷʤʦʾ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://on2.docdat.com/docs/64/index-19270.html?page=3 ï 2012. 

2. ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ. ɿʘʜʘʯʘ ʂʦʰʽ. ɼʝʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
http://referaty.com.ua/ukr/details/20277/ ï 2013. 

3. ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʪʝʦʨʽʾ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://onlymyfacts.in.ua/economy232.html ī 2013. 

 

http://on2.docdat.com/docs/64/index-19270.html?page=3
http://referaty.com.ua/ukr/details/20277/
http://onlymyfacts.in.ua/economy232.html%20−%202013
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ʋɼʂ 004:31 

ɼʆ ʇʀʊɸʅʅʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ɸʅɸʃɯʊʀʏʅʀʍ ʇʆʊʈɽɹ ʄɽʅɽɼɾɽʈʉʔʂʀʍ  

ʉʊʈʋʂʊʋʈ ʇʈʀ ʋʍɺɸʃɽʅʅɯ ʋʇʈɸɺʃɯʅʉʔʂʀʍ ʈɯʐɽʅʔ ʇʈʆɻʈɸʄʅʀʄʀ  

ʇʈʆɼʋʂʊɸʄʀ ɼʃʗ ʉʊɸʊʀʉʊʀʏʅʆɻʆ ɸʅɸʃɯɿʋ 

 

ʅ.ʃ. ʖʱʝʥʢʦ, ʢ.ʝ.ʥ., ʜʦʮʝʥʪ,  

ʢʘʬʝʜʨʘ ʙʫʭʛʘʣʪʝʨʩʴʢʦʛʦ  ʦʙʣʽʢʫ, ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʪʘ ʘʫʜʠʪʫ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʉʪʨʘʪʝʛʽʻʶ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ Ăʋʢʨʘʾʥʘ ï 2020ò [1] ʧʝʨʝʜʙʘʯʝʥʽ ʬʦʢʫʩʫʚʘʥʥʷ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʬʦʨʤʫʚʘʥʥʷ ʽ ʧʨʦʩʫʚʘʥʥʷ, ʥʘʨʷʜʫ ʟ ʽʥʰʠʤʠ, ʙʨʝʥʜ-ʤʝʩʝʜʞʫ Ăʋʢʨʘʾʥʘ ï ʢʨʘʾʥʘ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʽʥʥʦʚʘʮʽʡò, ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʦʚʽʪʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʷʢ ʧʨʠ ʚʠʨʦʙʣʝʥʥʽ ʡ ʨʝʘʣʽʟʘʮʽʾ 

ʮʽʣʽʩʥʦʾ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʩʫʩʧʽʣʴʥʠʡ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʽ ʘʜʝʢʚʘʪʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʚʥʫʪʨʽʰʥʽ 

ʪʘ ʟʦʚʥʽʰʥʽ ʚʠʢʣʠʢʠ, ʧʽʜʚʠʱʝʥʥʽ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʘ ʚʠʪʨʘʯʘʥʥʷ ʧʫʙʣʽʯʥʠʭ ʬʽʥʘʥʩʽʚ, ʪʘʢ ʽ 

ʫ ʜʝʨʝʛʫʣʷʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ, ʚ ʫʩʽʭ ʽʥʰʠʭ ʩʬʝʨʘʭ ʞʠʪʪʷ ʩʫʩʧʽʣʴʩʪʚʘ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʧʨʠʡʥʷʪʪʷ ʚʠʚʘʞʝʥʠʭ, ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʽʰʝʥʴ 

ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʚʠʪʢʫ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ, ʟʘʣʫʯʝʥʥʷ ʰʠʨʦʢʠʭ ʚʝʨʩʪʚ 

ʥʘʩʝʣʝʥʥʷ ʜʦ ʦʙʛʦʚʦʨʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʧʠʪʘʥʴ ʽ ʟʘʚʜʘʥʴ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ ʥʝʦʙʭʽʜʥʘ ʷʢʽʩʥʘ ʽ 

ʩʚʦʻʯʘʩʥʘ ʩʪʘʪʠʩʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʝʢʦʥʦʤʽʯʥʝ, ʩʦʮʽʘʣʴʥʝ ʪʘ ʝʢʦʣʦʛʽʯʥʝ ʩʪʘʥʦʚʠʱʝ ʋʢʨʘʾʥʠ ʪʘ ʾʾ ʨʝʛʽʦʥʽʚ 

[2]. ɺʽʜʧʦʚʽʜʥʦ, ʫ ʩʴʦʛʦʜʥʽʰʥʴʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʥʘʥʥʷʭ ʪʘ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʪʨʽʙʥʽ ʷʢʽʩʥʦ 

ʧʽʜʛʦʪʦʚʣʝʥʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ï ʬʘʭʽʚʮʽ ʟʜʘʪʥʽ ʧʨʠʚʦʜʠʪʠ ʦʙʩʷʛʠ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʧʦʪʨʝʙ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʽʟʘʮʽʾ, ʚʩʝʙʽʯʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʛʣʠʙʦʢʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʽ 

ʩʦʮʽʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʫʩʧʽʣʴʩʪʚʽ, ʥʘ ʦʩʥʦʚʽ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, 

ʫʟʘʛʘʣʴʥʶʚʘʪʠ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʦʢʨʝʤʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʫʪʚʦʨʝʥʴ ʽ ʜʝʨʞʘʚʠ, ʚʠʷʚʣʷʪʠ 

ʨʝʟʝʨʚʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʩʧʽʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʪʘ 

ʤʝʪʦʜʦʣʦʛʽʶ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʘʩʦʚʽ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʷʚʠʱʘ ʽ ʧʨʦʮʝʩʠ. 

ɺʤʽʥʥʷ ʟʥʘʭʦʜʠʪʠ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʚʦʣʦʜʽʥʥʷ ʦʩʥʦʚʘʤʠ ʘʥʘʣʽʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ, ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧôʶʪʝʨʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʙʘʟʦʚʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʷʢʠʭ ʻ 

ʯʠʩʣʝʥʥʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ, ʻ ʩʢʣʘʜʦʚʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʢʫʣʴʪʫʨʠ [3, ʩ. 15]. ʅʘ ʨʠʥʢʫ ʜʦʩʪʫʧʥʽ ʙʽʣʴʰʝ 

ʪʠʩʷʯʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʛʨʘʤ [4] ʫ ʚʠʩʦʢʦʽʥʪʝʛʨʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʜʝ ʚʝʩʴ ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ ʚʽʜ ʚʚʝʜʝʥʥʷ 

ʜʘʥʠʭ ʘʙʦ  ʽʤʧʦʨʪʫ ʾʭ ʟ ʽʥʰʠʭ ʙʘʟ ʜʘʥʠʭ ʜʦ ʧʦʙʫʜʦʚʠ ʘʚʪʦʟʚʽʪʫ ʽ ʟʙʝʨʝʞʝʥʥʷ ʾʭ ʫ ʧʝʚʥʦʤʫ ʬʦʨʤʘʪʽ ʧʦʚʥʽʩʪʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʥʘʚʽʪʴ ʥʝʧʨʦʬʝʩʽʡʥʠʤʠ ʩʪʘʪʠʩʪʠʢʘʤʠ. 

ɺʠʙʽʨ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ, ʦʙʩʷʛʫ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʢʚʘʣʽʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʦʩʪʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʽ ʪ. ʜ. ʅʘʡʙʽʣʴʰʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʫ ʧʨʘʢʪʠʮʽ ʥʘʙʫʣʠ: 

- Microsoft Excel, ʧʝʨʝʣʽʢ ʦʩʥʦʚʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʚʙʫʜʦʚʘʥʠʭ ʫ ʷʢʠʡ ʟʚʝʜʝʥʽ ʚ [5, ʩ. 334-336.], ï 

ʧʨʦʩʪʠʡ ʜʣʷ ʰʚʠʜʢʦʛʦ ʦʚʦʣʦʜʽʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʤʽʩʪʠʪʴ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʠʡ ʥʘʙʽʨ ʩʪʘʥʜʘʨʪʥʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽ ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʟʘʩʦʙʽʚ ʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ, ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʽ ʤʦʞʣʠʚʦʩʪʽ ʦʙʤʽʥʫ ʟ ʽʥʰʠʤʠ ʙʘʟʘʤʠ ʜʘʥʠʭ, ʥʘʜʘʻ 

ʟʨʫʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʫ ʟʚʽʪʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʛʨʘʬʽʢʽʚ, ʧʨʦʤʽʞʥʠʭ ʪʘ ʢʽʥʮʝʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʽʚ, 

- ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʧʘʢʝʪʠ (Mesosaur, DataScope, ʂʣʘʩʩ-ʄʘʩʪʝʨ, ʕʚʨʠʩʪʘ, ʉɸʅʀ), 

- ʧʨʦʬʝʩʽʡʥʽ (SAS, BMDP), 

- ʩʪʘʪʠʩʪʠʯʥʽ ʧʨʦʛʨʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʫʥʽʚʝʨʩʘʣʴʥʽ), ʱʦ ʤʽʩʪʷʪʴ ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʧʨʦʮʝʜʫʨ (Statistica ʚʽʜ StatSoft Inc. [6], SPSS ʚʽʜ IBM [7], Statgraphics [8], SAS, S-Plus [9], Stadia [10], Olymp), 

- ʧʨʦʛʨʘʤʠ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʠʨʽʰʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʝʢʦʥʦʤʝʪʨʠʯʥʠʭ ʟʘʜʘʯ (EViews ʚʽʜ Quantitative 
Micro Software IHS Global Inc. [11], Stata ʚʽʜ StataCorp LP [12], [13], Gretl)  

ʪʘ ʽʥʰʽ, ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚ [14]. 

ʅʘ ʦʬʽʮʽʡʥʦʤʫ ʩʘʡʪʽ ʄʽʞʥʘʨʦʜʥʦʛʦ ʨʦʢʫ ʩʪʘʪʠʩʪʠʢʠ (Statistics2013) [15] ʨʦʟʤʽʱʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʢʽʚ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʥʘ ʨʽʟʥʠʭ ʧʦʩʘʜʘʭ, ʦʩʢʽʣʴʢʠ ʩʪʘʪʠʩʪʠʢ  

ʤʦʞʝ ʦʙʻʜʥʘʪʠ ʩʚʽʡ ʽʥʪʝʨʝʩ ʤʘʡʞʝ ʟ ʙʫʜʴ-ʷʢʦʶ ʛʘʣʫʟʟʶ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʽʾ ʘʙʦ ʙʽʟʥʝʩʫ. ɿʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʶʯʝ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʝ ʩʪʘʥʦʚʠʱʝ ʋʢʨʘʾʥʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʾʾ ʚʭʦʜʞʝʥʥʷ ʜʦ ɭʉ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʤʽʢʨʦ-, ʤʝʟʦ- ʽ ʤʘʢʨʦʨʽʚʥʽ, ʧʽʜʛʦʪʦʚʢʘ 

ʬʘʭʽʚʮʽʚ ʜʣʷ ʧʦʪʨʝʙ ʝʢʦʥʦʤʽʢʠ, ʙʽʟʥʝʩʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʧʨʘʢʪʠʢʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʤʽʞʥʘʨʦʜʥʠʤ ʦʩʚʽʪʥʽʤ ʧʨʦʛʨʘʤʘʤ ʫ ʢʦʥʪʝʢʩʪʽ ʧʨʠʡʥʷʪʪʷ ʥʦʚʦʛʦ ɿʘʢʦʥʫ Ăʇʨʦ ʚʠʱʫ 

ʦʩʚʽʪʫò [16] ʪʘ ʧʝʨʝʭʦʜʫ ʥʘ ʄʽʞʥʘʨʦʜʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʦʩʚʽʪʠ
 
[17] ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʫʩʽʭ ʩʬʝʨʘʭ, ʦʩʢʽʣʴʢʠ ʮʝ ʻ ʚʘʞʣʠʚʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ 

ʪʝʤʧʽʚ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʜʦ ʨʽʚʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʞʠʪʪʷ ʪʘ ʚʠʭʦʜʫ ʋʢʨʘʾʥʠ ʥʘ 

ʧʨʦʚʽʜʥʽ ʧʦʟʠʮʽʾ ʫ ʩʚʽʪʽ, ʱʦ ʻ ʤʝʪʦʶ ʉʪʨʘʪʝʛʽʾ [1]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʪʝʛʨʦʚʘʥʠʭ ʚ ʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʫʚʘʪʠ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʨʠʥʢʦʚʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ, 
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ʚʠʷʚʠʪʠ ʥʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʡ ʪʝʥʜʝʥʮʽʾ, ʙʫʜʫʚʘʪʠ ʧʨʦʛʥʦʟʠ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʟʥʘʭʦʜʠʪʠ ʥʘʡʢʨʘʱʠʡ 

ʚʘʨʽʘʥʪ, ʧʽʜ ʯʘʩ ʛʣʠʙʦʢʦʾ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʢʨʠʟʠ ʚ ʋʢʨʘʾʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʢʦʨʠʩʪʴ 

ʥʘʡʚʠʛʽʜʥʽʰʠʭ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʟ ʧʦʟʠʮʽʡ ʙʝʟʧʝʢʠ, ʙʝʟʧʝʨʝʙʽʡʥʦʩʪʽ, ʷʢʦʩʪʽ ʪʘ 

ʜʦʩʪʫʧʥʦʩʪʽ, ʧʨʠʚʘʙʣʠʚʠʭ ʟʘ ʝʢʦʣʦʛʽʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ. 
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 ʄɸʐʀʅʆɹʋɼɯɺʅɸ ʉɽʂʎɯʗ  

 

ʇʽʜʩʝʢʮʽʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

 

ʋɼʂ 621.923.42 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʆɹʈʆɹʂʀ ɾʆʃʆɹɸ ʇʆʉʊɯʁʅʆɻʆ ʇʈʆʌɯʃʖ 

 

ʉ.ʖ. ɹʦʡʢʦ, ʩʪʫʜ. ʛʨ. ʄʄɺ-111  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɯ. ʂʘʣʴʯʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,  ʢʘʬʝʜʨʘ 

 ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ   

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʪʘʣʽ ʟ ʚʠʩʦʢʦʪʦʯʥʠʤʠ ʮʠʣʽʥʜʨʠʯʥʠʤʠ, 

ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʢʽʥʮʝʚʘ ʷʢʽʩʪʴ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʝʨʘʮʽʻʶ ʰʣʽʬʫʚʘʥʥʷ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʮʠʭ ʜʝʪʘʣʝʡ ʥʝʦʙʭʽʜʥʦ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ ʚʠʪʨʠʤʘʪʠ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʟ ʽʥʰʦʾ ʙʦʢʫ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʾʭ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚ ʟʚôʷʟʢʫ ʟ ʧʦʪʨʝʙʘʤʠ ʨʠʥʢʫ. 

ɽʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʷʢʦʩʪʽ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʽʚ ʰʣʽʬʫʚʘʥʥʷ. 

ʊʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʧʦʩʽʙ ʰʣʽʬʫʚʘʥʥʷ ʞʦʣʦʙʘ ʧʦʩʪʽʡʥʦʛʦ ʧʨʦʬʽʣʶ. ɾʦʣʦʙ ʧʦʩʪʽʡʥʦʛʦ ʧʨʦʬʽʣʶ ʥʘ 

ʢʨʫʛʣʽʡ ʜʝʪʘʣʽ ʦʙʨʦʙʣʷʶʪʴ ʤʝʪʦʜʦʤ ʢʦʧʽʶʚʘʥʥʷ, ʢʦʣʠ ʚʽʩʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʪʘ ʜʝʪʘʣʽ ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʘʨʘʣʝʣʴʥʠʤʠ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ, ʘ ʦʩʴʦʚʠʡ ʧʨʦʬʽʣʴ ʢʨʫʛʘ ʩʧʽʚʧʘʜʘʻ ʟ ʦʩʴʦʚʠʤ ʧʨʦʬʽʣʝʤ ʞʦʣʦʙʘ [1].  

ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʙʝʟʮʝʥʪʨʦʚʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʟ 

ʙʘʟʫʚʘʥʥʷʤ ʧʦ ʞʦʣʦʙʫ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ, ʪʘʢ ʷʢ ʚ ʭʦʜʽ ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʽ ʟʤʽʥʶʻ ʩʚʦʻ 

ʧʦʣʦʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʽʟ ʧʦʥʘʜ 20 ʧʘʪʝʥʪʽʚ ʙʫʣʦ ʦʙʨʘʥʦ ʘʥʘʣʦʛ ʩʧʦʩʽʙ 

ʰʣʽʬʫʚʘʥʥʷ ʞʦʣʦʙʘ ʥʘ ʢʨʫʛʣʽʡ ʜʝʪʘʣʽ ʤʝʪʦʜʦʤ ʢʦʧʽʶʚʘʥʥʷ, ʢʦʣʠ ʚʽʩʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʪʘ ʜʝʪʘʣʽ 

ʟʘʣʠʰʘʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʠʤʠ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ, ʘ ʦʩʴʦʚʠʡ ʧʨʦʬʽʣʴ ʢʨʫʛʘ ʩʧʽʚʧʘʜʘʻ ʟ ʦʩʴʦʚʠʤ ʧʨʦʬʽʣʝʤ 

ʞʦʣʦʙʘ [4]. 

ɿʘ ʧʨʦʪʦʪʠʧ ʙʫʣʦ ʦʙʨʘʥʦ ʩʧʦʩʽʙ ʰʣʽʬʫʚʘʥʥʷ ʢʽʣʝʮʴ ʧʽʜʰʠʧʥʠʢʽʚ ʽʤʧʨʝʛʥʽʨʫʚʘʥʥʷʤ ʘʙʨʘʟʠʚʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ [5]. ɾʦʣʦʙʘ ʥʘ ʢʨʫʛʣʽʡ ʜʝʪʘʣʽ ʤʝʪʦʜʦʤ ʢʦʧʽʶʚʘʥʥʷ ʘʣʝ ʟ ʜʦʜʘʚʘʥʥʷʤ ʽʤʧʨʝʛʥʽʨʦʚʘʥʠʭ ʩʧʝʮʽʘʣʴʥʠʭ 

ʩʢʣʘʜʦʚʠʭ. 

ʄʝʪʘ ʥʦʚʦʛʦ ʤʝʪʦʜʫ ï ʮʝ ʟʥʠʞʝʥʠʝ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. ɯʤʧʨʝʛʥʽʨʫʚʘʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ 

ʥ̔ʩʪʨʫʤʝʥʪʫ ʟʥʠʞʫʻ ʪʝʨʪʷ ʧʨʠ ʰʣʬ̔ʫʚʘʥʥʽ, ʟʙʽʣʴʰʫʻ ʟʥʦʩʦʩʪʡ̔ʢ̔ʩʪʴ ʥ̔ʩʪʨʫʤʝʥʪʘ, ʧʽʜʚʠʱʫʶʯʠ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥ ̔ʽ 

ʧʨʦʪʠʜʽʻ ʚʠʥʠʢʥʝʥʥʶ ʪʝʧʣʦʚʠʭ ʜʝʬʝʢʪʽʚ, ʧʨʠ ʰʣʬ̔ʫʚʘʥʥʽ ʽʤʧʨʝʛʥʽʨʫʚʘʥʠʤʠ ʥ̔ʩʪʨʫʤʝʥʪʘʤʠ ʜʦ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥ̫  Ra = 0,92 ʤʢʤ, ʩʪʘʥʜʘʨʪʥʠʤ ï Ra =1,06 ʤʢʤ. ʊʘʢʦʞ ʚʽʜʤʽʯʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽ̫  ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʭ̔ 

ʟʥʘʯʝʥ ɹʭʚʠʣʷʩʪʦʩʪʽ ʧʦʚʝʨʭʥ̔ ʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʦʢʨʫʛʣʦʩʪʽ ʦʪʚʦʨʫ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ɼɺʆʍʉʊʆʈʆʅʅʔʆɻʆ ʐʃɯʌʋɺɸʅʅʗ ʊʆʈʎɯɺ ʅɽʉʀʄɽʊʈʀʏʅʀʍ 

ʎʀʃɯʅɼʈʀʏʅʀʍ ɼɽʊɸʃɽʁ ʆʈɯɭʅʊʆɺɸʅʀʄʀ ɯʅʉʊʈʋʄɽʅʊɸʄʀ 

 

ɺ.ʆ. ɺʠʥʥʠʢ, ʘʩʠʩʪʝʥʪ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɯ. ʂʘʣʴʯʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,  ʢʘʬʝʜʨʘ 

 ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ   

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʧʦʩʪʽʡʥʦ ʧʽʜʚʠʱʫʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʪʦʨʮʽʚ ʜʝʪʘʣʝʡ 

ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ, ʷʢʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ, ʘʚʽʘʙʫʜʫʚʘʥʥʽ, ʪʨʘʢʪʦʨʦʙʫʜʫʚʘʥʥʽ, 

ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʾʭ 

ʦʙʨʦʙʢʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʜʝʪʘʣʝʡ. ʊʦʤʫ 

ʚʘʞʣʠʚʦ ʟʥʘʡʪʠ ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. 

ʈʘʥʽʰʝ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʜʚʦʭʩʪʦʨʦʥʥʴʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʟ ʦʜʥʘʢʦʚʠʤʠ ʜʽʘʤʝʪʨʘʤʠ ʪʦʨʮʽʚ 

[1, 2, 3], ʜʝ ʜʝʪʘʣʴ ʥʝ ʚʠʤʘʛʘʣʘ ʩʧʝʮʽʘʣʴʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʚ ʙʘʨʘʙʘʥʽ. 

ɺ ʨʦʙʦʪʽ [1] ʥʘʚʝʜʝʥʘ ʤʦʜʫʣʴʥʘ 3D-ʤʦʜʝʣʴ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ ʰʣʽʬʫʚʘʥʥʽ 

ʪʦʨʮʽʚ ʜʝʪʘʣʝʡ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʦʯʥʦʩʪʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʘ ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ. 

ɺʽʜʦʤʘ ʬʽʨʤʘ Saturn (ʅʽʤʝʯʯʠʥʘ) [2] ʰʣʽʬʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʝʪʘʣʽ ʥʘ ʜʚʦʩʪʦʨʦʥʥʽʭ ʪʦʨʮʝʰʣʽʬʫʚʘʣʴʥʠʭ 

ʚʝʨʩʪʘʪʘʭ, ʘʣʝ ʦʙʨʦʙʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʥʝʚʝʣʠʢʠʤ ʥʘʭʠʣʦʤ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʜʽʘʤʝʪʨ ʥʘ ʚʭʦʜʽ ʜʝʪʘʣʽ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ ʚʠʢʦʥʫʻ ʯʦʨʥʦʚʝ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʯʠʩʪʦʚʫ ʦʙʨʦʙʢʫ ʥʘ ʚʠʭʦʜʽ, ʱʦ 

ʧʦʛʽʨʰʫʻ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ. ʐʣʽʬʫʚʘʣʴʥʽ ʢʨʫʛʠ ʦʨʽʻʥʪʫʶʪʴ ʪʽʣʴʢʠ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ.  

ɺ ʨʦʙʦʪʽ [3] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʦʩʪʦʨʦʥʥʻ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʪʦʨʮʷʤʠ. ʆʨʽʻʥʪʘʮʽʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʜʚʦʭ ʧʣʦʱʠʥʘʭ. ʐʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʽʣʷʥʢʠ ʜʣʷ ʟʥʷʪʪʷ ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ ʪʘ ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ. ɸʣʝ ʚ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʙʨʦʙʢʘ ʪʽʣʴʢʠ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʦʜʥʘʢʦʚʠʤʠ ʪʦʨʮʷʤʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʨʦʟʨʘʭʫʥʢʫ ʩʠʣ ʨʽʟʘʥʥʷ ʪʘ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʟʘʢʨʽʧʣʝʥʥʷ ʜʝʪʘʣʝʡ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʟ ʨʽʟʥʠʤʠ ʜʽʘʤʝʪʨʘʤʠ ʪʦʨʮʽʚ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʨʽʟʥʽ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʜʝʪʘʣʝʡ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʩʠʣ ʨʽʟʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʴ 

ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʜʽʾ ʮʠʭ ʩʠʣ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʙʘʨʘʙʘʥʘ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ 3D-

ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʨʽʟʘʥʥʷ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʝʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ, ʅ: 

9.8 P P Pz z z

z z

x y z

z P PP C t S V k= Ö Ö Ö Ö Ö,                                                           (1) 

9.8 P P Pz z z

y z

x y z

y P PP C t S V k= Ö Ö Ö Ö Ö,                                                           (2) 

9.8 P P Pz z z

x z

x y z

x P PP C t S V k= Ö Ö Ö Ö Ö,                                                             (3) 

ʜʝ ʉʈz, ʉʈʫ,  ʉʈʭ ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʫʤʦʚʠ ʦʙʨʦʙʢʠ; 

ʭʈz ʭʈʫ , ʭʈʭ, ï ʧʦʢʘʟʥʠʢʠ ʩʪʝʧʝʥʽʚ ʧʨʠ ʛʣʠʙʠʥʽ ʨʽʟʘʥʥʷ t; 

yʈz, yʈʫ , yʈʭ,ï ʧʦʢʘʟʥʠʢʠ ʩʪʝʧʝʥʽʚ ʧʨʠ ʧʦʜʘʯʽ  S;  

zʈz, zʫ , zʈʭ ï ʧʦʢʘʟʥʠʢʠ ʩʪʝʧʝʥʽʚ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ɡ; 

kʈz, kʈʫ , kʈʭ, ï ʫʟʘʛʘʣʴʥʝʥʽ ʧʦʧʨʘʚʦʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

ɺʠʟʥʘʯʠʚʰʠ ʩʢʣʘʜʦʚʽ ʚʝʣʠʯʠʥ ʩʠʣ ʨʽʟʘʥʥʷ ʈz, ʈʫ, ʈʭ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚʝʣʠʯʠʥʫ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʅ: 

2 2 2

z y xR P P P= + + .                                                                     (4) 

ɿʛʽʜʥʦ ʟ [5] ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʪʘ ʤʘʻ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ: 

ʝʬ

z

k

N
P

V
= ,                                                                          (5) 

ʜʝ Vk ï ʰʚʠʜʢʽʩʪʴ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. 

ɽʬʝʢʪʠʚʥʫ ʰʚʠʜʢʽʩʪʴ ʰʣʽʬʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʧʦ ʬʦʨʤʫʣʽ [6]: 
r x y q

ʵʬ N ɿ ɿ ɿN C V t S d= Ö Ö Ö Ö,                                                    (6) 

ʜʝ dɿ, Vɿ ï ʜʽʘʤʝʪʨ ʪʘ ʰʚʠʜʢʽʩʪʴ ʟʘʛʦʪʦʚʢʠ; 

CN, r, x, y, q ï  ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʘʢʝʪʫ MathCAD ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʦʯʥʦʩʪʽ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʘʤʝʪʨʽʚ ʪʦʨʮʽʚ ʦʨʽʻʥʪʦʚʘʥʠʤʠ 

ʧʨʦʬʽʣʴʦʚʘʥʠʤʠ ʦʙʝʨʪʦʚʠʤʠ ʰʣʽʬʫʚʘʣʴʥʠʤʠ ʢʨʫʛʘʤʠ.  

ʅʘ ʨʠʩʫʥʢʫ 1 ʘ, ʙ ʟʦʙʨʘʞʝʥʽ ʪʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʽʚ ʰʪʦʚʭʘʯʘ ʢʣʘʧʘʥʘ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ. 

ʇʦʭʠʙʢʘ ʥʘ ʙʽʣʴʰʦʤʫ ʜʽʘʤʝʪʨʽ ʙʫʜʝ ʙʽʣʴʰʘ. 
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ʈʠʩʫʥʦʢ 1 ï ʊʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʷ 
 

ʋ ʚʝʣʠʢʦʩʝʨʽʡʥʦʤʫ ʪʘ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʜʥʦʩʪʦʨʦʥʥʽ ʪʘ ʜʚʦʩʪʦʨʦʥʥʽ 

ʪʦʨʮʝʰʣʽʬʫʚʘʣʴʥʽ ʚʝʨʩʪʘʪʠ. ɽʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʟʙʽʣʴʰʝʥʥʷ  ʪʦʯʥʦʩʪʽ, ʷʢʦʩʪʽ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘʢʠʭ 

ʜʝʪʘʣʝʡ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʽʚ ʪʦʨʮʝʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʟʽ ʩʭʨʝʱʝʥʠʤʠ ʦʩʷʤʠ ʜʝʪʘʣʽ ʪʘ ʢʨʫʛʘ. ʇʨʠ ʮʴʦʤʫ 

ʚʘʞʣʠʚʦ ʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ. 
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ʇʆʈʐʅɽɺʀʍ ʇɸʃʔʎɯɺ ɼɺʉ 

 

ɾʠʣʢʦ ɺ.ɺ., ʩʪʫʜ. ʛʨ. ʄɸʊ-111  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɺ. ʂʘʣʴʯʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,  ʢʘʬʝʜʨʘ 

 ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ   

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʪʘʣʽ ʟ ʚʠʩʦʢʦʪʦʯʥʠʤʠ ʮʠʣʽʥʜʨʠʯʥʠʤʠ, 

ʢʦʥʽʯʥʠʤʠ, ʪʦʨʮʝʚʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʢʽʥʮʝʚʘ ʷʢʽʩʪʴ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʝʨʘʮʽʻʶ ʢʨʫʛʣʦʛʦ ʰʣʽʬʫʚʘʥʥʷ. ʇʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʮʠʭ ʜʝʪʘʣʝʡ ʥʝʦʙʭʽʜʥʦ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ ʚʠʪʨʠʤʘʪʠ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ 

ʦʪʨʠʤʘʥʦʾ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ,  ʟ ʽʥʰʦʾ ʙʦʢʫ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʾʭ ʚʠʧʫʩʢʫ ʚ ʟʚôʷʟʢʫ ʟ ʧʦʪʨʝʙʘʤʠ ʨʠʥʢʫ. 

ɽʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʷʢʦʩʪʽ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʽʚ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʜʚʦʤʘ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʦʙʝʨʪʦʚʠʤʠ ʢʨʫʛʘʤʠ. 

ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʤʘʪʠ ʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ.  

ʊʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʜʚʦʤʘ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʧʨʦʬʽʣʴʦʚʘʥʠʤʠ 

ʦʙʝʨʪʦʚʠʤʠ ʢʨʫʛʘʤʠ. ʉʫʪʴ ʩʧʦʩʦʙʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʦʨʽʻʥʪʦʚʘʥʽ ʧʨʦʬʽʣʴʦʚʘʥʽ ʢʨʫʛʠ 

ʧʨʘʚʣʷʪʴʩʷ. ʇʨʘʚʢʘ ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʜʚʦʤʘ ʘʣʤʘʟʥʠʤʠ ʦʣʽʚʮʷʤʠ, ʦʩʽ ʷʢʠʭ 

ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʽ, ʮʝʥʪʨ ʷʢʦʾ ʩʧʽʚʧʘʜʘʻ ʟ ʚʽʩʩʶ, ʥʘʚʢʦʣʦ ʷʢʦʾ ʟʜʽʡʩʥʶʶʪʴ ʢʨʫʛʦʚʫ ʧʦʜʘʯʫ ʜʝʪʘʣʝʡ 

ʫ ʟʦʥʫ ʦʙʨʦʙʢʠ, ʷʢʘ ʻ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʜʦ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʘʢʦʞ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʘʚʢʘ ʜʽʣʷʥʦʢ ʜʣʷ 

ʟʥʷʪʪʷ ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ ʘʣʤʘʟʥʠʤʠ ʦʣʽʚʮʷʤʠ, ʟʘʢʨʽʧʣʝʥʠʤʠ ʥʘ ʚʝʨʩʪʘʪʽ. ɺ ʷʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘ ʙʝʨʫʪʴ 

ʧʝʨʝʨʠʚʯʘʩʪʽ ʘʙʨʘʟʠʚʥʽ ʢʨʫʛʠ, ʫ ʷʢʠʭ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʢʘʣʽʙʨʫʶʯʽ ʜʽʣʷʥʢʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʘʨʘʣʝʣʴʥʦ 

ʪʦʨʮʷʤ ʜʝʪʘʣʽ. ɼʘʥʠʡ ʩʧʦʩʽʙ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʘʡʞʝ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʽʟ ʧʦʥʘʜ 20 ʘʥʘʣʦʛʽʚ ʙʫʣʦ ʦʙʨʘʥʦ ʘʥʘʣʦʛ ʩʧʦʩʽʙ 

ʦʜʥʦʯʘʩʥʦʾ ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʦʙʨʦʙʢʠ ʪʦʨʮʽʚ ʢʦʥʽʯʥʠʭ ʜʝʪʘʣʝʡ, ʧʨʠ ʷʢʦʤʫ ʾʭ ʧʝʨʝʤʽʱʫʶʪʴ ʚʽʜʥʦʩʥʦ ʜʚʦʭ 

TorMaxOZagotovka, TorMinO, Tor4, 

TorMaxOZagotovka, TorMinO, Tor4, 
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ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ [1]. ʐʣʽʬʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʚʦʤʘ ʦʨʽʻʥʪʦʚʘʥʠʤʠ 

ʰʣʽʬʫʚʘʣʴʥʠʤʠ ʢʨʫʛʘʤʠ ʟ ʣʽʥʽʡʥʠʤ ʧʽʜʚʝʜʝʥʥʷʤ ʜʝʪʘʣʝʡ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ. ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʻ ʪʝ, ʱʦ 

ʚʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʰʣʽʬʫʚʘʥʥʷ ʜʝʪʘʣʝʡ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ ʧʣʦʱʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʪʦʨʮʽʚ, ʘ ʪʘʢʦʞ ʥʝ ʤʘʻ 

ʢʘʣʽʙʨʫʶʯʠʭ ʜʽʣʷʥʦʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ.  

ɿʘ ʧʨʦʪʦʪʠʧ ʙʫʣʦ ʦʙʨʘʥʦ ʩʧʦʩʽʙ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʜʚʦʤʘ ʦʨʽʻʥʪʦʚʘʥʠʤʠ 

ʦʙʝʨʪʦʚʠʤʠ ʢʨʫʛʘʤʠ ʧʨʷʤʦʛʦ ʧʨʦʬʽʣʶ, ʩʢʣʘʜʝʥʠʤʠ ʟ ʩʫʤʽʞʥʠʭ ʢʽʣʴʮʝʚʠʭ ʜʽʣʷʥʦʢ, ʟʘʧʨʘʚʣʝʥʠʭ ʧʦ ʪʦʨʮʷʤ, 

ʚʽʜʧʦʚʽʜʥʦ ʟ ʷʢʠʤ ʜʝʪʘʣʽ ʩʧʦʣʫʯʘʶʪʴ ʢʨʫʛʦʚʫ ʧʦʜʘʯʫ ʚ ʟʦʥʫ ʨʽʟʘʥʥʷ ʥʘʚʢʦʣʦ ʦʩʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʜʦ 

ʰʣʽʬʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ [2]. ɼʦ ʥʝʜʦʣʽʢʽʚ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʚʽʜʥʦʩʠʪʴʩʷ ʪʝ, ʱʦ ʘʣʤʘʟʥʽ ʦʣʽʚʮʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ ʚʩʽʡ 

ʧʣʦʱʽ ʘʙʨʘʟʠʚʥʠʭ ʢʨʫʛʽʚ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʞʦʛʽʚ ʥʘ ʪʦʨʮʝʚʽʡ ʧʦʚʝʨʭʥʽ ʯʝʨʝʟ ʚʝʣʠʢʫ ʧʦʜʘʯʫ. 

ʄʝʪʘ ʥʦʚʦʛʦ ʤʝʪʦʜʫ ï ʮʝ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. ʄʝʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʧʨʠ ʦʙʨʦʙʮʽ ʧʦʨʰʥʝʚʠʭ ʧʘʣʴʮʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʨʽʻʥʪʦʚʘʥʽ ʧʨʦʬʽʣʴʦʚʘʥʽ ʧʝʨʝʨʠʚʯʘʩʪʽ ʰʣʽʬʫʚʘʣʴʥʽ ʢʨʫʛʠ, 

ʱʦ ʧʦʧʝʨʝʜʞʫʻ ʧʝʨʝʛʨʽʚʘʥʥʷ ʪʦʨʮʽʚ ʜʝʪʘʣʽ. 
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ʄɽʊʆɼʀ ɺʀɿʅɸʏɽʅʅʗ ʊɽʄʇɽʈɸʊʋʈʀ ʈɯɿɸʅʅʗ ʇɯɼ ʏɸʉ ʐʃɯʌʋɺɸʅʅʗ ɺɸʃɸ ɿɯ 

ʉʍʈɽʑɽʅʀʄʀ ʆʉʗʄʀ ɼɽʊɸʃɯ ʊɸ ʂʈʋɻɸ 

 

ʗ.ɺ. ʂʫʞʝʣʴʥʠʡ, ʘʩʧʽʨʘʥʪ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɯ. ʂʘʣʴʯʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,  ʢʘʬʝʜʨʘ 

 ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ   

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 
ɺ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʝʪʘʣʽ ʟ ʚʠʩʦʢʦʪʦʯʥʠʤʠ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, 

ʢʽʥʮʝʚʘ ʷʢʽʩʪʴ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʝʨʘʮʽʷʤʠ ʰʣʽʬʫʚʘʥʥʷ. 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʥʝʦʙʭʽʜʥʦ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʚʠʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʽ ʚʠʤʦʛʠ 

ʧʦ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʰʦʨʩʪʢʦʩʪʽ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ ʧʽʜʚʠʱʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʾʭ ʚʠʧʫʩʢʫ ʚ ʟʚôʷʟʢʫ ʟ  ʚʠʤʦʛʘʤʠ ʨʠʥʢʫ. 

ʆʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʟ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʽ ʛʥʫʯʢʽʩʪʶ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʞʣʠʚʝ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʢʨʫʛʣʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ. 

ɺʽʜʦʤʦ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʰʣʽʬʫʚʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ ʚʽʜʩʪʘʻ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʦʧʝʨʘʮʽʡ 

ʬʨʝʟʝʨʫʚʘʥʥʷ. ɻʦʣʦʚʥʶ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʥʠʟʴʢʘ ʩʪʽʡʢʽʩʪʴ ʧʨʦʬʽʣʶ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʽ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʣʦʞʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʜʽʣʷʥʢʠ ʢʨʫʛʘ ʽʟ-ʟʘ ʡʦʛʦ 

ʟʥʦʩʫ. 

ɺʽʜʦʤʦ [1], ʱʦ ʥʽʤʝʮʴʢʘ ʬʽʨʤʘ Junker ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʰʣʽʬʫʚʘʥʥʷ ʟʽ ʩʭʨʝʱʝʥʠʤʠ ʦʩʷʤʠ ʢʨʫʛʘ ʽ 

ʜʝʪʘʣʽ ʥʘ ʚʝʨʩʪʘʪʘʭ Quickpoint 1001 ʽ Quickpoint 1002 ʜʦʩʷʛʣʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʰʣʽʬʫʚʘʥʥʷ ʚ 5-6 

ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤ  ʤʘʷʪʥʠʢʦʚʠʤ ʰʣʽʬʫʚʘʥʥʷʤ. ɸʣʝ ʧʨʠʯʠʥʠ ʪʘʢʦʛʦ  ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʥʝʚʽʜʦʤʽ. 

ʗʢ ʚʠʜʥʦ ʟ ʚʠʱʝ ʚʠʢʣʘʜʝʥʦʛʦ ï ʤʝʪʦʜʠ ʰʣʽʬʫʚʘʥʥʷ ʟʽ ʩʭʨʝʱʝʥʠʤʠ ʦʩʷʤʠ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʽ ʜʝʪʘʣʽ 

ʤʘʶʪʴ ʥʝʚʠʢʦʨʠʩʪʘʥʽ ʨʝʟʝʨʚʠ, ʘ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʽʜʪʚʝʨʜʞʫʻ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʥʘʧʨʷʤʫ. 

ʉʘʤʝ ʩʭʨʝʱʝʥʥʷ ʦʩʝʡ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʪʘ ʜʝʪʘʣʽ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʟ ʧʦʚʟʜʦʚʞʥʴʦʶ ʧʦʜʘʯʝʶ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʠʟʥʘʯʘʻ ʨʘʮʽʦʥʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʦʾ ʜʽʣʷʥʢʠ. ʉʫʤʽʱʝʥʥʷ ʮʽʻʾ 

ʜʽʣʷʥʢʠ ʟ ʥʦʨʤʘʣʣʶ ʧʦ ʢʦʦʨʜʠʥʘʪʽ ʦʙʨʦʙʢʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʣʷʭʦʤ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʝʥʩʫʚʘʪʠ 

ʚʧʣʠʚ ʟʥʦʩʫ ʧʨʦʬʽʣʶ ʢʨʫʛʘ ʥʘ ʪʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ  ʪʘ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɺ ʨʦʙʦʪʽ [2] ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʛʣʠʙʠʥʥʦʛʦ ʦʜʥʦʧʨʦʭʽʜʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʟʽ ʩʭʨʝʱʝʥʠʤʠ 

ʦʩʷʤʠ ʜʝʪʘʣʽ ʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʘ ʪʘʢʦʞ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ, ʷʢʘ ʚʢʣʶʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʤʠʪʪʻʚʦʾ 

ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʢʨʫʛʘ ʽ ʜʝʪʘʣʽ, ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ, ʧʠʪʦʤʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʰʣʽʬʫʚʘʥʥʷ, ʪʦʚʱʠʥʠ ʟʨʽʟʘʻʤʦʛʦ ʰʘʨʫ 
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ʤʝʪʘʣʫ ʦʜʥʽʻʶ ʨʽʟʘʣʴʥʦʶ ʢʨʦʤʢʦʶ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʢʫʪ ʦʨʽʻʥʪʘʮʽʾ ʢʨʫʛʘ: ɢå1Ü. ɼʘʥʠʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ 

ʧʦʻʜʥʫʚʘʪʠ ʯʦʨʥʦʚʝ ʽ ʯʠʩʪʦʚʝ ʰʣʽʬʫʚʘʥʥʷ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ. 

ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ (ʨʠʩʫʥʦʢ 1) ʚʢʣʶʯʘʻ: 

ʜʝʪʘʣʴ 1; 

ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ 2, ʷʢʠʡ ʧʦʚʝʨʥʫʪʠʡ ʥʘʚʢʦʣʦ ʦʩʽ ʆʍ ʥʘ ʢʫʪ ɢ;  

ʧʣʷʤʫ ʢʦʥʪʘʢʪʫ 3. 

ʈʦʟʛʣʷʜʘʶʯʠ ʧʨʦʙʣʝʤʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʧʣʦʪʠ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ, ʟôʷʚʣʷʶʪʴʩʷ ʪʨʫʜʥʦʱʽ, ʛʦʣʦʚʥʦʶ ʟ 

ʷʢʠʭ ʻ ʥʝʜʦʩʪʘʪʥʻ ʚʠʚʯʝʥʥʷ ʷʚʠʱ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʟʦʥʽ ʨʦʙʦʪʠ ʢʦʞʥʦʛʦ ʽʟ ʟʝʨʝʥ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʧʠʩʘʪʠ 

ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʥʝ ʪʽʣʴʢʠ ʩʝʨʝʜʥʴʦʡʤʦʚʽʨʥʫ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ, 

ʱʦ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʠʥʠʮʶ ʡʦʛʦ ʧʦʚʝʨʭʥʽ, ʘ ʽ ʨʦʟʧʦʜʽʣ ʚʠʣʝʪʽʚ ʮʠʭ ʟʝʨʝʥ ʽʟ ʟʚôʷʟʢʠ ʚ ʤʝʞʘʭ ʨʦʙʦʯʦʛʦ ʰʘʨʫ 

ʢʨʫʛʘ, ʪʦʙʪʦ ʰʘʨʫ, ʷʢʠʡ ʨʦʟʤʽʱʫʻʪʴʩʷ ʤʽʞ ʟʦʚʥʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʢʨʫʛʘ ʪʘ ʧʦʚʝʨʭʥʝʶ ʟʚôʷʟʢʠ. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʛʣʠʙʠʥʥʦʛʦ ʢʨʫʛʣʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʟʽ ʩʭʨʝʱʝʥʠʤʠ ʦʩʷʤʠ ʜʝʪʘʣʽ ʽ ʢʨʫʛʘ 

 

ʋ ʨʦʙʦʪʽ [3] ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚ ʟʦʥʽ ʨʦʙʦʪʠ ʢʦʞʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʟʝʨʥʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

  ʢʘʣ/ʩ,     (1) 

ʜʝ V (ʤ/c) ï ʰʚʠʜʢʽʩʪʴ ʰʣʽʬʫʚʘʥʥʷ; 

 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʠʪʨʘʪʫ ʝʥʝʨʛʽʾ ʥʘ ʪʝʨʪʷ ʟʚôʷʟʢʠ; 

(ʢʛʩ) ï ʢʦʣʦʚʘ ʩʠʣʘ ʰʣʽʬʫʚʘʥʥʷ; 

 (ʤʤĮ) ï ʥʦʤʽʥʘʣʴʥʘ ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʢʨʫʛʘ ʟ ʜʝʪʘʣʣʶ; 

 ï ʩʝʨʝʜʥʴʦʡʤʦʚʽʨʥʘ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ (ʧʨʘʮʶʶʯʠʭ) ʟʝʨʝʥ ʥʘ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʘ ʢʨʫʛʘ ʟ 

ʜʝʪʘʣʣʶ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ, ʥʝʦʙʭʽʜʥʦ ʪʝʧʣʦʚʫ ʧʦʪʫʞʥʽʩʪʴ Q ʨʦʟʧʦʜʽʣʠʪʠ 

ʤʽʞ ʦʢʨʝʤʠʤʠ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʟʝʨʥʘ ʽʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʋ ʨʦʙʦʪʽ [4] ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʣʠʙʠʥʽ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ q ï ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ɼʞ/ʩʤ
2
Öʩ;  

                ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ, ɺʪ/(ʤÖʂ); 

                Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʩʤĮ/ʩ; 

                ʉ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛĿʂ); 

                ɔ ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ, ʢʛ/ʤį; 

                h ï ʰʠʨʠʥʘ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʤ; 

                V ï ʰʚʠʜʢʽʩʪʴ ʚʧʣʠʚʫ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʤ/ʩ. 

ɺ ʨʦʙʦʪ ̔[6] ʉʠʟʦʛʦ ʖ.ɸ  ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʢʘʟʥʠʢʽʚ.  
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,   (3) 

ʜʝ q ï ʱʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʣʦʱʠʥʽ ʟʜʚʠʛʫ, ɼʞ/ʩʤ
2
Öʩ;     

     Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʩʤ
2
/ʩ;  

     ʉɟ ï ʦʙôʻʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/ʩʤ
3
Öʛʨʘʜ;  

     ʭ ï ʢʦʦʨʜʠʥʘʪʘ ʚʟʜʦʚʞ ʚʽʩʽ ʩʪʝʨʞʥʷ;  

     t ï ʯʘʩ ʥʘʛʣʷʜʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʧʦʣʝʤ, ʩ.  
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ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʂʨʫʛʣʦʝ ʰʣʠʬʦʚʘʥʠʝ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ Quickpoint 1001 ʠ Quickpoint 1002 (ʧʨʦʩʧʝʢʪ ʬʠʨʤʳ Junker mashinen), Erwin Junker, 1991. ï 
16 ʩ. 

2. ʂʘʣʴʯʝʥʢʦ ɺ.ɯ., ʂʘʣʴʯʝʥʢʦ ɺ.ɺ., ɼʤʠʪʨʝʥʢʦ ʄ.ɸ. ɻʣʠʙʠʥʥʝ ʢʨʫʛʣʝ ʰʣʽʬʫʚʘʥʥʷ ʟʽ ʩʭʨʝʱʝʥʠʤʠ ʦʩʷʤʠ ʜʝʪʘʣʽ ʽ ʢʨʫʛʘ // ɺʽʩʥʠʢ ʏʝʨʥʽʛ. 

ʜʝʨʞ. ʪʝʭʥʦʣʦʛ. ʫʥ-ʪʫ. ï ʏʝʨʥʽʛʽʚ, 2009. ï ˉ37. ï ʉ.64-72. 
3. ʈʝʟʥʠʢʦʚ ɸ. ʅ. ʊʝʧʣʦʬʠʟʠʢʘ ʧʨʦʮʝʩʩʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1981 ʛ. 279ʩ. 

4. ʗʢʠʤʦʚ ɸ. ɺ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ. ʄ., çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè, 1975ʛ. 

5. ɻʨʘʙʯʝʥʢʦ ɸ.ʀ.,ʂʘʣʴʯʝʥʢʦ ɺ.ʀ.,ʂʘʣʴʯʝʥʢʦ ɺ.ɺ. çʐʣʠʬʦʚʘʥʠʝ ʩʦ ʩʢʨʝʱʠʚʘʶʱʠʤʠʩʷ ʦʩʷʤʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʝʪʘʣʠ (ʄʦʥʦʛʨʘʬʠʷ)è. 
ï ʏʝʨʥʠʛʦʚ: ʏɻʊʋ, 2009.ï 356 ʩ. 

6. ʉʠʟʳʡ ʖ.ɸ., ʉʪʘʣʠʥʩʢʠʡ ɼ.ɺ., ʋʰʘʢʦʚ ɸ.ʅ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʧʦʜʦʛʨʝʚʘ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ. // ɺʦʩʪʦʯʥʦïʝʚʨʦʧʝʡʩʢʠʡ ʞʫʨʥʘʣ 

ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ï 2009. ï̄  1/5 (37). ï ʉ. 24-37 
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ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʐʃɯʌʋɺɸʅʅʗ ɿɸʄʂɸ ʊɸ ʇɽʈɸ ʊʋʈɹɯʅʅʆɰ ʃʆʇɸʊʂʀ ɿɸ ʆɼʀʅ 

ʋʉʊɸʅʆɺ 

 

ɼ.ʄ. ʃʫʪʯʝʥʢʦ, ʩʪʫʜ. ʛʨ. ʄʄɺ-111  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɯ. ʂʘʣʴʯʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,  ʢʘʬʝʜʨʘ  ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ   

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ   

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʊʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʧʦʩʽʙ ʰʣʽʬʫʚʘʥʥʷ ʘʙʨʘʟʠʚʥʠʤ ʢʨʫʛʦʤ ʟʘʤʢʘ ʪʘ ʧʝʨʘ ʪʫʨʙʽʥʥʠʭ ʣʦʧʘʪʦʢ ʟʘ ʦʜʠʥ 

ʫʩʪʘʥʦʚ. ʉʧʦʩʽʙ ʚʢʣʶʯʘʻ ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʚʽʩʴ ʷʢʦʛʦ ʧʦʚʝʨʥʫʪʘ ʥʘ ʧʝʚʥʠʡ ʢʫʪ ʚʽʜʥʦʩʥʦ ʚʽʩʽ 

ʜʝʪʘʣʽ, ʚʽʥ ʟʜʽʡʩʥʶʻ ʩʠʥʭʨʦʥʥʦ ʚʝʨʪʠʢʘʣʴʥʝ ʪʘ ʧʦʧʝʨʝʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʮʠʤ ʦʙʢʘʪʢʫ ʪʘ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʟʜʦʚʞ ʚʽʩʽ ʜʝʪʘʣʽ, ʷʢʘ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ. 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ, ʪʦ ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ ʱʦ ʚʩʝ ʙʽʣʴʰʝ ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʥʘʛʥʽʪʘʣʴʥʽ ʤʘʰʠʥʠ ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʣʦʧʘʪʦʢ. ɺ ʜʘʥʠʡ ʯʘʩ ʘʥʘʣʦʛʽʯʥʽ ʣʦʧʘʪʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʘʨʦʚʠʭ 

ʪʫʨʙʽʥʘʭ, ʢʦʤʧʨʝʩʦʨʘʭ, ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʘʭ, ʛʽʜʨʦʪʫʨʙʽʥʘʭ, ʚʽʪʨʦʜʚʠʛʫʥʘʭ ʪʫʨʙʽʥ.ʋ ʤʘʡʙʫʪʥʴʦʤʫ ʤʦʞʣʠʚʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʩʢʫ ʩʚʽʪʣʘ ʚ ʩʦʥʷʯʥʠʭ ʚʽʪʨʠʣʘʭ ʚ ʢʦʩʤʦʩʽ. ʐʚʠʜʰʝ ʟʘ ʚʩʝ ʮʽ ʚʽʪʨʠʣʘ ʪʘʢʦʞ ʙʫʜʫʪʴ ʷʚʣʷʪʠ 

ʩʦʙʦʶ ʤʦʜʠʬʽʢʦʚʘʥʽ ʣʦʧʘʪʢʠ, ʨʘʜʽʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʨʦʪʦʨʽ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʽʟ ʧʦʥʘʜ 20 ʧʘʪʝʥʪʽʚ ʙʫʣʦ ʦʙʨʘʥʦ ʘʥʘʣʦʛ ʪʘ 

ʧʨʦʪʦʪʠʧ. 

ɿʘ ʘʥʘʣʦʛ ʚʟʷʪʦ ʧʘʪʝʥʪ çʉʧʦʩʽʙ ʰʣʽʬʫʚʘʥʥʷ ʧʝʨʘ ʪʘ ʟʘʤʢʘ ʣʦʧʘʪʢʠ ʟʘ ʦʜʠʥ ʫʩʪʘʥʦʚè [3], ʚ ʷʢʦʤʫ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʙʨʦʙʢʘ ʟʘʤʢʘ ʣʦʧʘʪʢʠ, ʱʦ ʘʥʘʣʦʛʽʯʥʘ ʦʙʨʦʙʮʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʘʣʝ ʧʦʜʘʯʘ ʟʘʜʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʘ ʯʘʩʫ. ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʻ ʪʨʠʚʘʣʠʡ ʢʦʥʪʘʢʪ ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤ ʜʦ ʩʧʦʩʦʙʫ,ʷʢʠʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʻ ʩʧʦʩʽʙ ʰʣʽʬʫʚʘʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʣʦʧʘʪʦʢ  ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ ʜʚʦʤʘ ʘʣʤʘʟʥʠʤʠ ʢʨʫʛʘʤʠ [4]. ɼʘʥʠʡ ʩʧʦʩʽʙ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ,ʱʦ ʧʦʜʘʯʘ ʥʘ 

ʩʪʨʽʯʢʫ ʚʠʙʠʨʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʽʙʥʦʾ ʰʦʨʩʪʢʦʩʪʽ.  ʅʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʚ ʜʘʥʦʤʫ ʩʧʦʩʦʙʽ ʜʣʷ ʦʙʨʦʙʢʠ 

ʧʦʪʨʽʙʥʦ ʜʚʘ ʰʣʽʬʫʚʘʥʥʷ ʢʨʫʛʘ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʘʤʽʥʠ ʽʥʩʪʨʫʤʝʥʪʘ ʱʦ  ʟʤʝʥʰʫʻ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ. 

ʄʝʪʘ ʢʦʨʠʩʥʦʾ ʤʦʜʝʣʽ ï ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ.  ɼʘʥʘ ʤʝʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʪʠʤ, 

ʱʦ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʦʙʝʨʪʘʥʥʽ ʜʝʪʘʣʽ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʢʨʫʛʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʩʠʥʭʨʦʥʥʦ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʽ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ,ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ, ʧʦʜʘʯʽ ʧʦ ʢʦʥʪʫʨʫ ʪʘ ʧʣʦʱʽ ʟʥʽʤʘʻ 

ʤʦʛʦ ʧʨʠʧʫʩʢʫ. 

ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʩʧʦʩʦʙʽ ʰʣʽʬʫʚʘʥʥʷ ʧʝʨʘ ʪʫʨʙʽʥʥʦʾ ʣʦʧʘʪʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʠʤ ʢʨʫʛʦʤ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʚʦʭ ʢʨʫʛʽʚ. 

ɿʘʛʦʪʦʚʢʘ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ, ʘ ʢʨʫʛ ʦʙʝʨʪʘʻʪʴʩʷ ʪʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʩʠʥʭʨʦʥʥʦ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʽ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ, ʧʦʜʘʯʽ ʧʦ ʢʦʥʪʫʨʫ ʪʘ ʧʣʦʱʽ 

ʟʥʽʤʘʻʤʦʛʦ ʧʨʠʧʫʩʢʫ. 

ʈʘʜʽʫʩ-ʚʝʢʪʦʨ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʝʨʘ (1) ʪʘ ʟʘʤʢʘ (2) ʣʦʧʘʪʢʠ 
4( , , ) 3( ) 6( ) 1( ( )) 2( ( )) 5( ) 6( ) 3( ( )) 2( ( ))ʜ ʜ Z ʜ ʜ ʜ ʜr i M p ʄ ʄ Xc M Yc M M ʄ Z i ʄ Ri eq q q q q q y q= Ö Ö Ö Ö - Ö Ö Ö Ö Ö,  (1) 

4( , , ) 1( ( )) 3( ) 2( ) 6( ) 3( ( )) 2( ( ))R t i ʄ Xc t M Zc M Yc M ʄ Z i ʄ R i eq q= Ö Ö Ö Ö Ö Ö,               (2) 

ʜʝ M1, M2, M3, M4, M5, M6 ï ʤʘʪʨʠʮʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʷʢʽ ʤʦʜʝʣʶʶʪʴ ʧʦʩʪʫʧʘʣʴʥʠʡ 

ʨʫʭ ʚʟʜʦʚʞ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʽ ʧʦʚʦʨʦʪʠ ʥʘʚʢʦʣʦ ʥʠʭ; 

q ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ ʦʙʝʨʪʘʥʥʷ; 

ɣ ï ʢʫʪ ʥʘʭʠʣʫ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ; 

( )R i , ( )Z i ï ʨʘʜʽʫʩ ʪʘ ʚʠʩʦʪʘ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ; 

 ̔ï ʢʦʦʨʜʠʥʘʪʘ ʧʨʦʬʽʣʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ; 

( )ʜYcq , ( )ʜXcq , Yc ï ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʽ ʜʝʪʘʣʽ; 

Zc ï ʚʽʜʩʪʘʥ ɹʚʽʜ ʮʝʥʪʨʘ ʢʘʥʘʚʢʠ ʟʘʤʢʘ ʜʦ ʪʦʨʮʷ ʣʦʧʘʪʢʠ; 
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( )Xc t ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʥʠʞʥʴʦʾ ʪʦʯʢʠ ʟʘʤʢʘ ʣʦʧʘʪʢʠ ʜʦ ʧʦʪʦʯʥʦʾ; 

ʜq  ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʜʝʪʘʣʽ; 

Zp  ï ʧʘʨʘʤʝʪʨ ʛʚʠʥʪʦʚʦʛʦ ʨʫʭʫ; 

 t ï ʧʘʨʘʤʝʪʨ ʯʘʩʫ; 

 
ʊʝ )1,0,0,0(4=  ï ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʧʦʯʘʪʢʫ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʆʙʨʦʙʢʘ ʧʦʚʝʨʭʥʽ ʧʝʨʘ  ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ  ʟ ʨʘʜʽʫʩʦʤ Rʢ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʧʨʠʡʤʘʶʪʴ 

ʟ ʚʠʨʘʟʫ: 

RʢÒ3/4ĀRmin,       (3) 

ʜʝ Rʢ ï ʨʘʜʽʫʩ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, Rmin ï ʥʘʡʤʝʥʰʠʡ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʝʨʘ 

ʣʦʧʘʪʢʠ. 

ʅʘ ʧʦʯʘʪʢʫ ʦʙʨʦʙʢʠ ʧʝʨʘ  ʪʫʨʙʽʥʥʦʾ ʣʦʧʘʪʢʠ ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 

ʛʣʠʙʠʥʫ ʧʨʠʧʫʩʢʫ ʪʘ ʦʛʠʥʘʻ ʧʦʚʝʨʭʥʶ ʧʝʨʘ ʧʦ ʝʢʚʽʜʠʩʪʘʥʪʽ, ʧʨʠ ʮʴʦʤʫ ʛʚʠʥʪʦʚʠʡ ʧʘʨʘʤʝʪʨ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʨʰʦʛʦ ʧʦʚʥʦʛʦ ʦʛʠʥʫ ʢʨʫʛʦʤ ʡʦʤʫ ʥʘʜʘʻʪʴʩʷ ʛʚʠʥʪʦʚʠʡ ʨʫʭ ʧʦ ʧʦʚʝʨʭʥʽ ʧʝʨʘ, ʘ ʢʦʣʠ 

ʽʥʩʪʨʫʤʝʥʪ ʪʦʨʢʥʝʪʴʩʷ ʪʦʨʮʝʤ ʟʘʤʢʘ, ʪʦ ʧʘʨʘʤʝʪʨ ʛʚʠʥʪʦʚʦʛʦ ʨʫʭʫ ʟʥʦʚʫ ʧʨʠʨʽʚʥʶʻʪʴʩʷ ʥʫʣʶ ʽ ʢʨʫʛ ʚʠʢʦʥʫʻ 

ʦʩʪʘʥʥʽʡ ʦʛʠʥ ʧʝʨʘ ʙʝʟ ʛʚʠʥʪʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ʇʨʠ ʦʙʨʦʙʮʽ ʣʦʧʘʪʢʘ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ. 

ɼʘʥʠʡ ʩʧʦʩʽʙ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ ʷʢ: ʫ ʛʘʟʦ- ʪʘ ʛʽʜʨʦʪʫʨʙʽʥʥʦʤʫ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʽ, 

ʘʚʽʘʮʽʡʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʁʦʛʦ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʜʣʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦ-ʩʢʣʘʜʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʨʽʟʥʠʭ ʣʦʧʘʪʦʢ ʟʘ ʦʜʠʥ ʫʩʪʘʥʦʚ ʥʘ 

ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ. ʊʘʢʠʤ ʞʝ ʯʠʥʦʤ ʤʦʞʥʘ ʦʙʨʦʙʣʷʪʠ ʽ ʽʥʰʽ ʢʨʠʚʦʣʽʥʽʡʥʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʨʽʟʥʦʛʦ ʧʨʦʬʽʣʶ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ʂʘʣʴʯʝʥʢʦ ɺ.ʀ. ʐʣʠʬʦʚʘʥʠʝ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ / ɺ.ʀ. ʂʘʣʴʯʝʥʢʦ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ,  1979. 

ï 161 ʩ. 
2. ʂʘʣʴʯʝʥʢʦ ɺ.ʀ. ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʰʣʠʬʦʚʘʥʠʷ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ / 

ɼʠʩʩʝʨʪʘʮʠʷ ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ. ʍʘʨʴʢʦʚ: ʍɻʇʋ. ï 1994. ï 329 ʩ. 

3. ʇʘʪʝʥʪ RU ʇʘʪʝʥʪ ˉ2047467 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ B24B. ʉʧʦʩʦʙ ʰʣʠʬʦʚʘʥʠʷ ʧʝʨʘ ʠ ʟʘʤʢʘ ʣʦʧʘʪʢʠ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʟʘ ʦʜʠʥ 
ʫʩʪʘʥʦʚ. 

4. ʇʘʪʝʥʪ UA ˉ67147 ʋʢʨʘʾʥʠ, ʄʇʂ B24B 19/00.  ʉʧʦʩʽʙ ʰʣʽʬʫʚʘʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ ʣʦʧʘʪʦʢ  ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ ʜʚʦʤʘ 

ʘʣʤʘʟʥʠʤʠ ʢʨʫʛʘʤʠ /ʂʘʣʴʯʝʥʢʦ ɺ.ɯ., ʂʘʣʴʯʝʥʢʦ ɺ.ɺ., ɻʦʨʦʚʦʡ ʇ.ʉ.; ʦʧʫʙʣ. 10.02.2012, ɹʶʣ ˉ3. 

 

 

ʋɼʂ 621.923.42 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɼɺʆʍʉʊʆʈʆʅʅʔʆɻʆ ʊʆʈʎɽɺʆɻʆ ʐʃɯʌʋɺɸʅʅʗ ɼɽʊɸʃɽʁ ɿ 

ʇʈʗʄʆʂʋʊʅʀʄ ʇʈʆʌɯʃɽʄ ʆʈɯɽʅʊʆɺɸʅʀʄʀ ʂʈʋɻɸʄʀ  
 

ɸ.ʉ. ʄʦʣʴʢʦ, ʩʪʫʜ. ʛʨ. ʄɸʊ-111 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɺ. ʂʘʣʴʯʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,  ʢʘʬʝʜʨʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ  

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ   

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʅʘ ʩʫʯʘʩʥʠʭ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ, ʚʝʨʩʪʘʪʦʙʫʜʽʚʥʠʭ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʘʨʘʤʝʪʨʠ 

ʪʦʯʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʬʦʨʤʫʶʪʴʩʷ ʧʨʠ ʦʩʪʘʪʦʯʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ. ʎʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʰʣʽʬʫʚʘʥʥʷ 

ʜʝʪʘʣʝʡ ʟ ʪʦʨʮʝʚʠʤʠ ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʜʣʷ ʷʢʠʭ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʧʦ ʪʦʯʥʦʩʪʽ ʽ ʷʢʦʩʪʽ 

ʦʙʨʦʙʢʠ: ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ, ʥʘʧʽʚʤʫʬʪ, ʭʨʝʩʪʦʚʠʥ ʢʘʨʜʘʥʥʠʭ ʚʘʣʽʚ, ʢʽʥʮʝʚʠʭ ʤʽʨ,  ʪʘ ʽʥʰʠʭ. 

ʐʣʽʬʫʚʘʥʥʷʤ ʜʝʪʘʣʝʡ ʟ ʧʨʷʤʦʢʫʪʥʠʤ ʧʨʦʬʽʣʝʤ ʥʘ ʜʚʦʭʩʪʦʨʦʥʥʽʭ ʪʦʨʮʝʚʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʻ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʙʨʦʙʢʦʶ ʥʘ ʦʜʥʦʩʪʦʨʦʥʥʽʭ ʪʦʨʮʝʚʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ, 

ʧʣʦʩʢʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʽʟ ʧʦʥʘʜ 20 ʧʘʪʝʥʪʽʚ ʙʫʣʦ ʦʙʨʘʥʦ ʘʥʘʣʦʛ ʪʘ 

ʧʨʦʪʦʪʠʧ. ɿʘ ʘʥʘʣʦʛ ʦʙʨʘʥʦ ʧʘʪʝʥʪ çʉʧʦʩʽʙ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʧʨʷʤʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʦʨʽʻʥʪʦʚʘʥʠʤʠ 

ʢʨʫʛʦʤè [3]. ɼʘʥʠʡ ʩʧʦʩʽʙ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʧʨʷʤʦʢʫʪʥʠʭ ʥʝʧʝʨʝʪʦʯʫʚʘʥʠʭ ʧʣʘʩʪʠʥ ʦʨʽʻʥʪʦʚʘʥʠʤ ʢʨʫʛʦʤ 

ʚʢʣʶʯʘʻ ʯʘʰʢʦʚʠʡ ʘʣʤʘʟʥʠʡ ʢʨʫʛ, ʧʦʚʝʨʥʫʪʠʡ ʥʘ ʧʝʚʥʠʡ ʢʫʪ, ʥʝʧʝʨʝʪʦʯʫʚʘʥʫ ʧʣʘʩʪʠʥʫ, ʷʢʘ ʟʜʽʡʩʥʶʻ 

ʧʦʟʜʦʚʞʥʻ ʧʝʨʝʤʽʱʝʥʥʷ, ʢʨʽʤ ʪʦʛʦ ʧʨʠ ʦʙʨʦʙʮʽ ʥʝʧʝʨʝʪʦʯʫʚʘʥʦʾ ʧʣʘʩʪʠʥʠ ʢʫʪ ʦʨʽʻʥʪʘʮʽʾ ʢʨʫʛʘ, ʧʨʠ ʟʘʜʘʥʠʭ 

ʨʦʟʤʽʨʘʭ ʜʝʪʘʣʽ ʪʘ ʢʨʫʛʘ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ ʧʣʦʱʠʥʥʦʩʪʽ ʜʝʪʘʣʽ. 

ɿʘ ʧʨʦʪʦʪʠʧ ʙʫʣʦ ʦʙʨʘʥʦ ʧʘʪʝʥʪ  çʉʧʦʩʽʙ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʥʝʢʨʫʛʣʠʭ ʜʝʪʘʣʝʡè [4]. ɼʘʥʠʡ 

ʩʧʦʩʽʙ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʦʨʽʻʥʪʦʚʘʥʠʭ ʦʙʝʨʪʦʚʠʭ ʢʨʫʛʽʚ, ʷʢʽ ʟʘʧʨʘʚʣʝʥʥʽ ʦʜʥʦʯʘʩʥʦ ʜʚʦʤʘ 

ʘʣʤʘʟʥʠʤʠ ʦʣʽʚʮʷʤʠ, ʦʩʽ ʷʢʠʭ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʽ, ʙʘʨʘʙʘʥʘ ʧʦʜʘʯʽ ʟ ʜʝʪʘʣʷʤʠ ʪʘ ʩʠʤʝʪʨʠʯʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʦʣʽʚʮʷʤʠ. 

ʄʝʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʦʙʨʦʙʮʽ ʪʦʨʮʽʚ ʢʫʪʠ ʦʨʽʻʥʪʘʮʽʾ ʦʙʠʨʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ ʱʦʙ ʟʘʛʦʪʦʚʢʘ ʥʝ 

ʪʦʨʢʘʣʘʩʷ ʢʘʣʽʙʨʫʶʯʠʭ ʜʽʣʷʥʦʢ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʧʨʠ ʟʥʷʪʪʽ ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ. ʇʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʟ 

ʦʜʥʘʢʦʚʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʦʨʮʽʚ ʜʝʪʘʣʴ ʬʽʢʩʫʻʪʴʩʷ ʫ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʦʩʢʽʣʴʢʠ ʩʠʣʠ ʧʨʠ ʨʽʟʘʥʥʽ ʦʜʥʘʢʦʚʽ ʽ 

ʥʝ ʤʘʻ ʩʝʥʩʫ ʢʨʽʧʠʪʠ ʜʝʪʘʣʴ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʨʫʛʠ ʟ 

ʧʨʦʬʽʣʴʥʦʶ ʧʨʘʚʢʦʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʜʦʚʞʠʥʫ ʢʦʥʪʘʢʪʫ ʢʨʫʛʘ ʽ ʜʝʪʘʣʽ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʽ 
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ʩʪʽʡʢʦʩʪʽ ʢʨʫʛʘ ʻ ʢʦʤʙʽʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʧʨʘʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʦʪʨʠʤʫʻʤʦ ʜʚʽ ʜʽʣʷʥʢʠ ʜʣʷ ʟʥʷʪʪʷ ʯʦʨʥʦʚʦʛʦ 

ʪʘ ʯʠʩʪʦʚʦʛʦ ʧʨʠʧʫʩʢʫ. 

ʂʽʥʮʝʚʫ ʪʦʯʥʽʩʪʴ ʪʦʨʮʷ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʪʦʨʮʷ ʪʨʝʙʘ ʨʦʟʪʘʰʫʚʘʪʠ ʜʝʪʘʣʴ, ʱʦʙ ʧʨʦʝʢʮʽʷ ʤʽʥʽʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʙʫʣʘ ʧʘʨʘʣʝʣʴʥʘ ʨʘʜʽʫʩʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʘ 

ʧʨʘʚʢʘ.  

ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʧʨʷʤʦʢʫʪʥʠʤ ʧʨʦʬʽʣʝʤ. 

 
1 ï ʰʘʨʥʽʨ; 2, 3 ï ʰʣʽʬʫʚʘʣʴʥʽ ʙʘʙʢʠ; 4, 5 ï ʰʣʽʬʫʚʘʣʴʥʽ ʢʨʫʛʠ; 6 ï ʙʘʨʘʙʘʥ ʧʦʜʘʯʽ; 7 ï ʘʣʤʘʟʥʠʡ ʦʣʽʚʝʮʴ; 

8 ï ʚʪʫʣʢʘ; 9 ï ʦʙʨʦʙʣʶʚʘʥʘ ʜʝʪʘʣʴ 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʰʣʽʬʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʟ ʧʨʷʤʦʢʫʪʥʠʤ ʧʨʦʬʽʣʝʤ 
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5. ʇʨʦʛʨʝʩʠʚʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʚʝʨʩʪʘʪʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ. ʄʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʜʦ ʢʫʨʩʦʚʠʭ ʪʘ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʟʘ ʥʘʧʨʷʤʦʤ ʧʽʜʛʦʪʦʚʢʠ 0902 ñɯʥʞʝʥʝʨʥʘ ʤʝʭʘʥʽʢʘò ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 8.090203 "ʄʝʪʘʣʦʨʽʟʘʣʴʥʽ ʚʝʨʩʪʘʪʠ 
ʪʘ ʩʠʩʪʝʤʠ" /ʋʢʣ.: ɺ.ɯ. ʂʘʣʴʯʝʥʢʦ, ɺ.ɺ. ʂʘʣʴʯʝʥʢʦ ï ʏʝʨʥʽʛʽʚ: ʏɼʊʋ, 2008. ï 64 ʩ. 

6. ʆʩʥʦʚʠ ʧʘʪʝʥʪʦʟʥʘʚʩʪʚʘ ʪʘ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ. ʄʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʜʦ ʧʨʘʢʪʠʯʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʛʨʘʬʽʯʥʠʭ ʨʦʙʽʪ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʟʘ 

ʥʘʧʨʷʤʦʤ ʧʽʜʛʦʪʦʚʢʠ 0902 "ɯʥʞʝʥʝʨʥʘ ʤʝʭʘʥʽʢʘ", ʩʧʝʮʽʘʣʴʥʦʩʪʽ 8.090203 "ʄʝʪʘʣʦʨʽʟʘʣʴʥʽ ʚʝʨʩʪʘʪʠ ʪʘ ʩʠʩʪʝʤʠ" / ʋʢʣ.: ʂʘʣʴʯʝʥʢʦ ɺ.ɯ., 

ʂʘʣʴʯʝʥʢʦ ɺ.ɺ. ï ʏʝʨʥʽʛʽʚ: ʏɼʊʋ, 2008. ï 57 ʩ. 
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ʊʆʈʎʗʄʀ ʈɯɿʅʀʍ ɼɯɸʄɽʊʈɯɺ 

 

ʂ.ʄ. ʉʢʣʷʨ, ʩʪʫʜʝʥʪ ʛʨ. ʄɸʊ-111   

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɺ. ʂʘʣʴʯʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,  ʢʘʬʝʜʨʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ  

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ   

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʋ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʩʝʨʝʜ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʥʘʯʥʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʧʨʦʮʝʩ ʰʣʽʬʫʚʘʥʥʷ. 

ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʮʠʣʽʥʜʨʠʯʥʽ ʜʝʪʘʣʽ ʟ ʨʽʟʥʦʤʘʥʽʪʥʦʶ ʬʦʨʤʦʶ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʟʥʘʡʪʠ ʩʧʦʩʦʙʠ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʜʝʪʘʣʝʡ.  

ʊʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʰʣʽʬʫʚʘʥʥʽ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʜʚʦʤʘ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʦʙʝʨʪʦʚʠʤʠ 

ʢʨʫʛʘʤʠ, ʟʘʧʨʘʚʣʝʥʠʭ ʦʜʥʦʯʘʩʥʦ ʜʚʦʤʘ ʘʣʤʘʟʥʠʤʠ ʦʣʽʚʮʷʤʠ, ʦʩʽ ʷʢʠʭ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʽ, ʱʦ 

ʜʦʪʠʢʘʻʪʴʩʷ ʧʦʩʘʜʦʯʥʠʭ ʦʪʚʦʨʽʚ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ,  ʮʝʥʪʨ ʷʢʦʾ ʩʧʽʚʧʘʜʘʻ ʟ ʚʽʩʩʶ, ʥʘʚʢʦʣʦ ʷʢʦʾ ʟʜʽʡʩʥʶʶʪʴ 

ʢʨʫʛʦʚʫ ʧʦʜʘʯʫ ʜʝʪʘʣʝʡ ʫ ʟʦʥʫ ʦʙʨʦʙʢʠ, ʷʢʘ ʻ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʜʦ ʦʙʨʦʙʣʶʶʯʠʭ ʧʦʚʝʨʭʦʥʴ. 

ɼʘʥʠʡ ʩʧʦʩʽʙ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʽʜʰʠʧʥʠʢʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʚ ʚʝʨʩʪʘʪʦʙʫʜʫʚʘʥʥʽ, ʚ 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ  

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʙʫʣʦ ʦʙʨʘʥʦ  ʟ ʧʦʥʘʜ 20 ʧʘʪʝʥʪʽʚ ʘʥʘʣʦʛ ʪʘ 

ʧʨʦʪʦʪʠʧ. ɿʘ  ʘʥʘʣʦʛ ʙʫʣʦ ʦʙʨʘʥʦ ʧʘʪʝʥʪ, çʉʧʦʩʽʙ ʦʜʥʦʯʘʩʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʜʚʦʭ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡè ʇʘʪʝʥʪ ˉ 10636 ʋʢʨʘʾʥʘ ʄʇʂ ɺ24ɺ5/04.ʂʘʣʴʯʝʥʢʦ ɺ.ɺ., ɾʘʜʘʥ ʆ.ɺ.[3]. ʄʝʪʘ ʜʘʥʦʛʦ ʧʘʪʝʥʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ  ʟʘ ʨʘʭʫʥʦʢ  ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʨʘʚʢʠ ʘʙʨʘʟʠʚʥʠʭ ʢʨʫʛʽʚ. 
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ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ  ʻ ʰʣʽʬʫʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʪʦʨʮʷʤʠ ʦʜʥʘʢʦʚʦʛʦ ʜʽʘʤʝʪʨʫ. ɿʘ ʧʨʦʪʦʪʠʧ 

ʦʙʨʘʣʠ ʧʘʪʝʥʪ çʉʧʦʩʽʙ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡè ʇʘʪʝʥʪ ˉ40016 ʋʢʨʘʾʥʘ  ʄʇʂ ɺ24ɺ5/04 

ʂʘʣʴʯʝʥʢʦ ɺ.ɺ.[4]. ʄʝʪʘ ʜʘʥʦʛʦ ʧʘʪʝʥʪʘ ʟʜʽʡʩʥʠʪʠ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʝ ʯʦʨʥʦʚʝ ʽ ʯʠʩʪʦʚʝ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʷ 

ʜʝʪʘʣʽ ʪʦʨʮʝʤ  ʦʜʥʦʛʦ ʢʨʫʛʘ ʽ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ. ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʻ ʪʝ, ʱʦ ʜʝʪʘʣʽ ʩʠʣʘʤʠ 

ʨʽʟʘʥʥʷ ʦʙʝʨʪʘʶʪʴʩʷ ʥʘʚʢʦʣʦ ʩʚʦʾʭ ʦʩʝʡ ʙʝʟ ʦʨʽʻʥʪʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ 

ʦʙʨʦʙʢʠ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʪʦʨʮʷʤʠ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʦʤ ʜʝʪʘʣʴ ʬʽʢʩʫʻʪʴʩʷ ʚ 

ʨʘʜʽʘʣʴʥʦʤʫ ʪʘ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʘʭ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʪʦʨʮʷ ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʘ ʰʣʽʬʫʚʘʣʴʥʠʡ 

ʢʨʫʛ ʦʨʽʻʥʪʫʶʪʴ ʥʘ ʢʫʪʠ, ʤʝʥʰʽ ʥʽʞ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟ ʤʝʥʰʠʤ ʜʽʘʤʝʪʨʦʤ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʨʫʛʠ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʧʨʘʚʢʦʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʜʦʚʞʠʥʫ ʢʦʥʪʘʢʪʫ ʢʨʫʛʘ ʽ 

ʜʝʪʘʣʽ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʦʪʨʠʤʫʻʤʦ ʜʚʽ ʜʽʣʷʥʢʠ ʢʨʫʛʘ ʜʣʷ ʟʥʷʪʪʷ ʯʠʩʪʦʚʦʛʦ ʪʘ ʯʦʨʥʦʚʦʛʦ 

ʧʨʠʧʫʩʢʫ. ʐʠʨʠʥʘ ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʪʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʷ. ʆʩʢʽʣʴʢʠ ʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ ʪʦʨʮʷ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʢʘʣʽʙʨʫʶʯʘ ʜʽʣʷʥʢʘ ʢʨʫʛʘ, ʪʦ ʾʾ ʰʠʨʠʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʨʽʚʥʦʶ ʘʙʦ ʙʽʣʴʰʦʶ ʚʽʜ ʜʽʘʤʝʪʨʘ ʜʝʪʘʣʽ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʽ ʪʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʘʤʝʪʨʘ ʪʦʨʮʷ ʜʝʪʘʣʽ. ɿ 

ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʧʦʭʠʙʢʘ ʪʦʨʮʷ ʜʝʪʘʣʽ ʟʙʽʣʴʰʫʻʪʴʩʷ. 
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ɯʅʉʊʈʋʄɽʅʊɸʄʀ 

 

ʆ.ʉ. ʉʣʻʜʥʽʢʦʚʘ, ʘʩʧʽʨʘʥʪ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɯ. ʂʘʣʴʯʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ  

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ   

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʅʘ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʪʨʘʜʠʮʽʡʥʦ ʬʦʨʤʫʶʪʴʩʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. ɺ ʧʦʚʥʽʡ ʤʽʨʽ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʙʨʦʙʢʠ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʟ 

ʪʦʨʮʝʚʠʤʠ ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʜʣʷ ʷʢʠʭ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʧʦ ʪʦʯʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ: 

ʢʽʥʮʝʚʠʭ ʤʽʨ, ʙʘʛʘʪʦʛʨʘʥʥʠʭ ʥʝʧʝʨʝʪʦʯʫʚʘʥʠʭ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʧʣʘʩʪʠʥ, ʭʨʝʩʪʦʚʠʥ ʢʘʨʜʘʥʥʠʭ ʚʘʣʽʚ, 

ʧʨʷʤʦʢʫʪʥʠʭ ʢʨʠʰʦʢ, ʬʣʘʥʮʽʚ ʪʘ ʽʥʰʠʭ. 

ɸʙʨʘʟʠʚʥʝ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʜʚʦʭʩʪʦʨʦʥʥʴʦʤʫ ʪʦʨʮʝʚʦʰʣʽʬʫʚʘʣʴʥʦʤʫ ʚʝʨʩʪʘʪʽ 

ʤʦʜʝʣʽ 3342 ɸɼʆ ʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʙʨʦʙʢʦʶ ʥʘ ʧʣʦʩʢʦʰʣʽʬʫʚʘʣʴʥʠʭ ʪʘ ʦʜʥʦʩʪʦʨʦʥʥʽʭ 

ʪʦʨʮʝʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ. 

ɺ ʨʦʙʦʪʽ [1] ʥʘʚʝʜʝʥʘ ʤʦʜʫʣʴʥʘ ʪʨʴʦʭʤʽʨʥʘ ʤʦʜʝʣʴ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ 

ʪʦʨʮʝʰʣʽʬʫʚʘʥʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʦʯʥʦʩʪʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ. 

ɺʽʜʦʤʘ ʬʽʨʤʘ Saturn (ʅʽʤʝʯʯʠʥʘ) [2] ʦʙʨʦʙʣʶʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʝʪʘʣʽ ʥʘ ʜʚʦʩʪʦʨʦʥʥʽʭ ʪʦʨʮʝʰʣʽʬʫʚʘʣʴʥʠʭ 

ʚʝʨʩʪʘʪʘʭ, ʘʣʝ ʰʣʽʬʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʥʝʚʝʣʠʢʠʤ ʥʘʭʠʣʦʤ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ ʪʽʣʴʢʠ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ. 
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ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʠʭ ʜʽʘʤʝʪʨ ʚʠʢʦʥʫʻ ʯʦʨʥʦʚʫ ʦʙʨʦʙʢʫ ʥʘ ʚʭʦʜʽ ʜʝʪʘʣʽ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ ʪʘ ʯʠʩʪʦʚʝ 

ʰʣʽʬʫʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ, ʱʦ ʧʦʛʽʨʰʫʻ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘ ʨʘʭʫʥʦʢ ʟʥʦʩʫ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ.  

ɺ ʨʦʙʦʪʽ [3] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʦʩʪʦʨʦʥʥʻ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ. ʆʨʽʻʥʪʘʮʽʷ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʜʚʦʭ ʧʣʦʱʠʥʘʭ. ʐʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʽʣʷʥʢʠ ʜʣʷ ʟʥʷʪʪʷ 

ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ ʪʘ ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ. ɸʣʝ ʚ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʙʨʦʙʢʘ ʪʽʣʴʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʾʭ ʦʨʽʻʥʪʘʮʽʾ ʚ ʙʘʨʘʙʘʥʽ. 

ɺ ʨʦʙʦʪʽ [4] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʦʩʪʦʨʦʥʥʻ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʥʝʢʨʫʛʣʠʭ ʜʝʪʘʣʝʡ. 

ʆʨʽʻʥʪʘʮʽʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʜʚʦʭ ʧʣʦʱʠʥʘʭ. ɼʝʪʘʣʴ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ, ʟ ʫʤʦʚʠ ʤʽʥʽʤʽʟʘʮʽʾ 

ʜʫʛʠ ʢʦʥʪʘʢʪʫ ʥʘ ʥʘʡʙʽʣʴʰʦʤʫ ʨʘʜʽʫʩʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. ɸʣʝ ʚʽʜʩʫʪʥʽ ʧʨʦʬʽʣʶʚʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʨʽʻʥʪʘʮʽʾ ʜʝʪʘʣʝʡ ʚ ʙʘʨʘʙʘʥʽ ʥʘ ʾʭ ʪʦʯʥʽʩʪʴ. 

ʐʣʽʬʫʚʘʣʴʥʽ ʙʘʙʢʠ 1, 2 (ʨʠʩ. 1) ʨʘʟʦʤ ʟ ʰʣʽʬʫʚʘʣʴʥʠʤʠ ʢʨʫʛʘʤʠ 3, 4 ʦʨʽʻʥʪʫʶʪʴ, ʚʽʜʥʦʩʥʦ ʩʬʝʨʠʯʥʦʛʦ 

ʰʘʨʥʽʨʘ 9, ʥʘ ʢʫʪ ɜ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʪʘ ɔ ï ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ. ʂʫʪʠ ʦʨʽʻʥʪʘʮʽʾ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ 

ʦʙʠʨʘʶʪʴʩʷ ʟ ʫʤʦʚʠ, ʱʦʙ ʟʘʛʦʪʦʚʢʘ 7, ʷʢʘ ʟʘʢʨʽʧʣʝʥʘ ʫ ʚʪʫʣʮʽ 6 ʙʘʨʘʙʘʥʘ ʧʦʜʘʯʽ, ʥʝ ʪʦʨʢʘʣʘʩʷ ʢʘʣʽʙʨʫʶʯʠʭ 

ʜʽʣʷʥʦʢ ʢʨʫʛʽʚ ʧʨʠ ʟʥʷʪʪʽ ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʫ ʧʨʘʚʢʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʨʘʚʢʠ ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ ʪʘ ʪʦʨʮʷ ʢʨʫʛʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʩʷ ʪʦʨʮʝʚʘ ʧʦʚʝʨʭʥʷ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʧʨʘʚʠʪʴʩʷ ʚ ʧʣʦʱʠʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ. ʊʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʘʚʢʘ ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ, ʷʢʘ ʩʫʤʽʞʥʘ ʽʟ ʟʦʚʥʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ, ʘʣʤʘʟʥʠʤ ʦʣʽʚʮʝʤ 8, ʟʘʢʨʽʧʣʝʥʠʤ ʥʘ 

ʙʘʨʘʙʘʥʽ ʢʨʫʛʦʚʦʾ ʧʦʜʘʯʽ 5 ʟʘʛʦʪʦʚʦʢ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ, ʷʢʘ ʥʘ ʚʭʦʜʽ ʜʝʪʘʣʽ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ ʥʝ ʙʝʨʝ ʫʯʘʩʪʴ ʫ 

ʟʨʽʟʫʚʘʥʥʽ ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ. ʏʦʨʥʦʚʠʡ ʧʨʠʧʫʩʢ ʟʨʽʟʘʻʪʴʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. 

ʇʽʜ ʯʘʩ ʪʦʨʮʝʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʜʝʪʘʣʽ ʚʝʩʴ ʯʘʩ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ʟʦʥʫ, ʱʦ ʟʚʫʞʫʻʪʴʩʷ. ʆʩʪʘʪʦʯʥʘ ʪʦʯʥʽʩʪʴ 

ʬʦʨʤʫʻʪʴʩʷ ʢʘʣʽʙʨʫʶʯʠʤʠ ʜʽʣʷʥʢʘʤʠ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ ʥʘ ʚʠʭʦʜʽ ʽʟ ʟʦʥʠ ʦʙʨʦʙʢʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ 

 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʝʨʩʪʘʪʘ. ɺʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʘʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʟʚôʷʟʫʻ 

ʧʝʨʝʤʽʱʝʥʥʷ ʣʘʥʦʢ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʪʨʘʻʢʪʦʨʽʻʶ ʨʫʭʫ ʪʦʯʦʢ ʽʥʩʪʨʫʤʝʥʪʘ ʚʽʜʥʦʩʥʦ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʜʝʪʘʣʽ. 

ʂʘʣʽʙʨʫʚʘʣʴʥʘ ʜʽʣʷʥʢʘ ʪʦʨʮʷ ʽʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʡʦʛʦ ʧʨʦʬʽʣʶʚʘʥʥʽ ʥʘ ʚʝʨʩʪʘʪʽ ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ  

 (1) 

ʜʝ ɗɹ, ɗ ï ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʢʫʪʦʚʝ ʽ ʨʘʜʽʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ 

ʪʦʯʢʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢʨʫʛʘ; 

M1, M2, M3, M4, M5, M6ï ʤʘʪʨʠʮʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʷʢʽ ʤʦʜʝʣʶʶʪʴ ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ 

ʚʟʜʦʚʞ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʽ ʧʦʚʦʨʦʪʠ ʥʘʚʢʦʣʦ ʥʠʭ; 

Xc, Yc, Zcï ʨʦʟʤʽʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʩʬʝʨʠʯʥʦʛʦ ʧʘʣʴʮʷ ʱʦʜʦ ʙʘʨʘʙʘʥʘ ʧʦʜʘʯʽ ʽ 

ʨʦʙʦʯʦʾ ʧʣʦʱʠʥʠ ʢʨʫʛʘ; 

ɔ, ɜ ï ʢʫʪʠ ʦʨʽʻʥʪʘʮʽʾ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʽ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ; 

Rɹï ʨʘʜʽʘʣʴʥʠʡ ʨʦʟʤʽʨ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʝʡ ʟʘʛʦʪʦʚʦʢ ʚ ʙʘʨʘʙʘʥʽ ʧʦʜʘʯʽ; 
ʊʝ )1,0,0,0(4=  ï ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʚʝʨʰʠʥʠ ʘʣʤʘʟʥʦʛʦ ʦʣʽʚʮʷ ʜʣʷ ʧʨʘʚʢʠ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʧʦʯʘʪʢʦʤ ʢʦʦʨʜʠʥʘʪ. 

ʌʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʶʯʘ ʤʦʜʝʣʴ ʚʝʨʩʪʘʪʘ ʦʧʠʩʫʻ ʩʫʢʫʧʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʜʝʪʘʣʽ 

(2) 

ʜʝ ɗk ï ʢʫʪʦʚʘ ʢʦʦʨʜʠʥʘʪʘ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʟʘʛʦʪʦʚʢʠ ʚʽʜʥʦʩʥʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʢʨʫʛʘ. 

ʈʘʜʽʫʩ-ʚʝʢʪʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʪʦʨʮʝʚʦʾ ʧʦʚʝʨʭʥʽ ʢʨʫʛʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ 

ʨʽʚʥʷʥʥʷ (2), ʚʨʘʭʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ ʟʚ'ʷʟʢʫ ʜʣʷ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʦʛʠʥʘʥʥʷ    

  (3) 
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ʅʘ ʨʠʩʫʥʢʫ 2 ʘ, ʙ ʟʦʙʨʘʞʝʥʦ ʪʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʷ ʜʝʪʘʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʾ ʦʨʽʻʥʪʘʮʽʾ ʚ 

ʙʘʨʘʙʘʥʽ ʧʦʜʘʯʽ ʚʠʨʦʙʽʚ. ʅʘ ʨʠʩʫʥʢʫ 2, ʚ ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʜʝʪʘʣʽ ʟ 

ʧʨʷʤʦʢʫʪʥʠʤ ʧʨʦʬʽʣʝʤ ʚʽʜ ʾʾ ʢʫʪʘ ʦʨʽʻʥʪʘʮʽʾ ʚ ʙʘʨʘʙʘʥʽ ʧʦʜʘʯʽ ʚʠʨʦʙʽʚ. ɿ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʦʨʽʻʥʪʘʮʽʷ ʜʝʪʘʣʽ ʚ 

ʙʘʨʘʙʘʥʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʾʾ ʦʙʨʦʙʢʠ. 

 

 

 

 

 

 

 

 

 

ʘ                                               ʙ                                                                               ʚ  

ʈʠʩʫʥʦʢ 2 ï ʊʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʷ ʜʝʪʘʣʽ 

 

ʋ ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ ʪʦʨʮʷ ʟʘʛʦʪʦʚʢʠ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚʩʷ ʧʦʚʝʨʭʥʷ ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ, ʘʣʝ ʦʩʪʘʪʦʯʥʘ 

ʪʦʯʥʽʩʪʴ ʬʦʨʤʫʻʪʴʩʷ ʢʦʣʦʤ ʥʘʡʙʽʣʴʰʦʛʦ ʪʘ ʥʘʡʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʘ ʘʙʦ ʣʽʥʽʻʶ ʢʦʥʪʘʢʪʫ ʟʘʛʦʪʦʚʢʠ ʟ 

ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʪʦʨʮʽʚ ʜʝʪʘʣʽ, ʾʾ ʦʨʽʻʥʪʘʮʽʷ ʚ ʙʘʨʘʙʘʥʽ ʧʦʜʘʯʽ ʦʙʠʨʘʻʪʴʩʷ ʟ ʫʤʦʚʠ, 

ʱʦʙ ʧʣʦʱʠʥʘ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʽʩʴ ʩʠʤʝʪʨʽʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʜʝʪʘʣʽ ʟ ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ ʽ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ 

ʙʘʨʘʙʘʥʘ ʧʦʜʘʯʽ ʙʫʣʘ ʧʘʨʘʣʝʣʴʥʘ ʧʨʦʝʢʮʽʾ ʤʽʥʽʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʜʝʪʘʣʽ ʥʘ ʮʶ ʧʣʦʱʠʥʫ. 

ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʪʘʢʦʞ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʜʝʪʘʣʝʡ ʟ ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ ʥʘ 

ʟʘʪʦʯʫʚʘʣʴʥʠʭ ʪʘ ʧʣʦʩʢʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ. ʆʨʽʻʥʪʘʮʽʷ ʢʨʫʛʽʚ ʚ ʜʚʦʭ ʧʣʦʱʠʥʘʭ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʥʘ 

ʟʘʪʦʯʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟʘʤʽʥʷʻʪʴʩʷ ʦʜʥʠʤ ʢʫʪʦʤ ʦʨʽʻʥʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʘ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʆɹʈʆɹʂʀ ʇɽʈɸ ʊɸ ɿɸʄʂɸ ʊʋʈɹɯʅʅʆɰ ʃʆʇɸʊʂʀ ɿɸ ʆɼʀʅ 

ʋʉʊɸʅʆɺ 

 

ɸ.ʌ. ʐʘʪʠʨʢʦ, ʩʪʫʜ. ʛʨ. ʄAT-111 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʘʣʴʯʝʥʢʦ ɺ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ  

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ   

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʌʨʝʟʝʨʫʚʘʥʥʷ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʨʽʟʘʥʥʷʤ 

ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ʌʨʝʟʝʨʫʚʘʥʥʷʤ ʦʙʨʦʙʣʷʶʪʴʩʷ: ʛʦʨʠʟʦʥʪʘʣʴʥʽ, ʚʝʨʪʠʢʘʣʴʥʽ ʽ ʧʦʭʠʣʽ ʧʣʦʱʠʥʠ ʥʘ ʨʽʟʥʠʭ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʽ ʬʦʨʤʦʶ ʟʘʛʦʪʦʚʢʘʭ. ʇʨʦʮʝʩ ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʦʻʜʥʘʥʥʽ ʜʚʦʭ ʦʜʥʦʯʘʩʥʦ ʜʽʶʯʠʭ 

ʨʽʚʥʦʤʽʨʥʠʭ ʨʫʭʽʚ ʨʽʟʘʥʥʷ ï ʦʙʝʨʪʘʣʴʥʦʛʦ ʽ ʧʦʩʪʫʧʘʣʴʥʦʛʦ. ʆʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʞʫʯʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʧʦʜʘʯʽ ʟʘʟʚʠʯʘʡ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʟʘʛʦʪʦʚʮʽ. 

ʊʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʧʦʩʽʙ ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʝʨʘ ʪʘ ʟʘʤʢʘ ʪʫʨʙʽʥʥʠʭ ʣʦʧʘʪʦʢ ʟʘ ʦʜʠʥ ʫʩʪʘʥʦʚ. ʉʧʦʯʘʪʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʢʦʥʪʫʨʫ ʟʘʤʢʘ ʪʫʨʙʽʥʥʦʾ ʣʦʧʘʪʢʠ ʮʠʣʽʥʜʨʠʯʥʦʶ ʬʨʝʟʦʶ, ʧʦʪʽʤ ʧʨʦʬʽʣʴʥʦʶ 

ʬʨʝʟʦʶ ʦʙʨʦʙʣʶʶʪʴ ʧʘʟʠ. ʉʧʦʩʽʙ ʚʢʣʶʯʘʻ ʬʨʝʟʫ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʚʽʩʴ ʷʢʦʾ ʧʦʚʝʨʥʫʪʘ ʥʘ ʧʝʚʥʠʡ ʢʫʪ ʚʽʜʥʦʩʥʦ 

ʚʽʩʽ ʜʝʪʘʣʽ, ʚʽʥ ʟʜʽʡʩʥʶʻ ʩʠʥʭʨʦʥʥʦ ʚʝʨʪʠʢʘʣʴʥʝ ʪʘ ʧʦʧʝʨʝʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʮʠʤ ʦʙʢʘʪʢʫ ʪʘ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʟʜʦʚʞ ʚʽʩʽ ʜʝʪʘʣʽ, ʷʢʘ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʚʽʩʽ. ʆʙʨʦʙʢʘ ʧʘʟʽʚ ʚʝʜʝʪʴʩʷ ʧʨʦʬʽʣʴʦʚʘʥʦʶ 

ʬʨʝʟʦʶ. ʇʨʠ ʦʙʨʦʙʮʽ ʧʘʟʽʚ ʟʘʤʢʘ ʚʨʽʟʘʥʥʷ ʥʘ ʧʦʚʥʫ ʛʣʠʙʠʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, 

ʧʦʪʽʤ ʬʨʝʟʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʟʽ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ. 
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ɸʢʪʫʘʣʴʥʽʩʪʶ ʪʝʤʠ  ̒ʪʝ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʣʦʧʘʪʢʠ ʧʨʠʟʚʝʜʝ ʜʦ ʤʝʥʰʠʭ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʚ 

ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʟʙʽʣʴʰʝʥʥʷ ʂʇɼ ʚʩʴʦʛʦ ʚʫʟʣʘ, ʪʘʢʦʞ  ʚʩʝ ʙʽʣʴʰʝ ʛʘʣʫʟʝʡ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʛʥʽʪʘʣʴʥʽ ʤʘʰʠʥʠ ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʣʦʧʘʪʦʢ. ʃʦʧʘʪʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʫ ʛʘʟʦ- ʪʘ 

ʛʽʜʨʦʪʫʨʙʽʥʥʦʤʫ ʜʚʠʛʫʥʦ- ʙʫʜʫʚʘʥʥʽ, ʘʚʽʘʮʽʡʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʚʠʛʫʥʽʚ ʪʘ ʢʦʤʧʨʝʩʦʨʽʚ. 

ʉʧʦʩʽʙ ʦʙʨʦʙʢʠ ʣʦʧʘʪʦʢ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ [3] ʚʢʣʶʯʘʻ ʦʙʝʨʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ ʰʚʠʜʢʽʩʪʶ, 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ ʨʘʜʽʫʩʽʚ ʟʘʦʢʨʫʛʣʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʾ ʢʨʦʤʢʠ ʧʝʨʘ ʣʦʧʘʪʢʠ, ʭʠʪʘʥʥʷ ʣʦʧʘʪʢʠ 

ʱʦʜʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨʠ ʨʘʜʽʫʩʽʚ ʟʘʦʢʨʫʛʣʝʥʥʷ ʢʨʦʤʢʠ ʧʝʨʘ, ʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ ʚʟʜʦʚʞ ʢʨʦʤʢʠ ʧʝʨʘ ʟʽ ʰʚʠʜʢʽʩʪʶ, ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʽʡ ʚʝʣʠʯʠʥʽ ʨʘʜʽʫʩʽʚ ʾʾ 

ʟʘʦʢʨʫʛʣʝʥʥʷ,ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ ʣʦʧʘʪʢʠ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟʤʽʥʶʶʪʴ 

ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʚʝʣʠʯʠʥʽ ʨʘʜʽʫʩʽʚ ʟʘʦʢʨʫʛʣʝʥʥʷ ʢʨʦʤʢʠ ʧʝʨʘ. ʅʝʜʦʣʽʢʦʤ ʩʧʦʩʦʙʫ ʻ ʥʠʟʴʢʘ ʪʦʯʥʽʩʪʴ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʤʽʥʥʦʛʦ ʧʨʦʬʽʣʶ ʟʘʦʢʨʫʛʣʝʥʥʷ ʢʨʦʤʢʠ ʧʝʨʘ ʣʦʧʘʪʢʠ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʝ ʟʥʷʪʪʷ ʤʘʪʝʨʽʘʣʫ ʧʨʠ 

ʦʙʨʦʙʮʽ ʢʽʥʮʷ ʧʝʨʘ ʣʦʧʘʪʢʠ. 

ɿʘ ʘʥʘʣʦʛ ʙʫʚ ʦʙʨʘʥʠʡ ʩʧʦʩʽʙ ʦʙʨʦʙʢʠ ʣʦʧʘʪʢʠ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ [4]. ʎʝʡ ʩʧʦʩʽʙ ʚʢʣʶʯʘʻ 

ʧʨʠʚʝʜʝʥʥʷ ʚ ʢʦʥʪʘʢʪ ʟ ʦʙʨʦʙʣʶʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʦʙʝʨʪʦʚʦʾ ʬʨʝʟʠ ʽ ʟʜʽʡʩʥʝʥʥʷ ʾʾ ʧʦʢʨʦʢʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʦ ʧʦʟʜʦʚʞʥʽʡ ʦʩʽ ʣʦʧʘʪʢʠ, ʷʢʽʡ ʥʘʜʘʶʪʴ ʧʦʧʝʨʝʯʥʠʡ ʨʫʭ ʱʦʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʬʨʝʟʠ, ʧʨʠ ʮʴʦʤʫ ʧʣʦʱʠʥʘ 

ʦʙʝʨʪʘʥʥʷ ʬʨʝʟʠ ʨʦʟʤʽʱʫʶʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʣʦʧʘʪʢʠ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʟʜʽʡʩʥʶʶʪʴ ʬʽʢʩʦʚʘʥʠʡ ʧʦʚʦʨʦʪ ʬʨʝʟʠ  ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʦʚʦʨʦʪʫ ʧʣʦʱʠʥʽ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ ʥʘ ʢʫʪ 3 ... 5 Á ʱʦʜʦ 

ʦʩʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʬʨʝʟʠ ʽ ʮʝʥʪʨʘʣʴʥʫ ʪʦʯʢʫ ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʦʣʘ ʽ ʦʙʨʦʙʣʶʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ, ʘ ʧʦʪʽʤ ʬʨʝʟʽ ʜʦʜʘʪʢʦʚʦ ʧʦʚʽʜʦʤʣʷʶʪʴ ʟʚʦʨʦʪʥʦ-ʧʦʚʦʨʦʪʥʠʡ ʨʫʭ ʱʦʜʦ ʟʘʟʥʘʯʝʥʦʾ ʦʩʽ ʥʘ ʢʫʪ 

2 ... 5 Á ʽʟ ʟʘʜʘʥʦʶ ʰʚʠʜʢʽʩʪʶ. 

ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʩʧʦʩʦʙʽ ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʝʨʘ ʪʫʨʙʽʥʥʦʾ ʣʦʧʘʪʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʦ  ʁ ʬʨʝʟʦʶ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʚʦʭ ʬʨʝʟ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʤʽʥʥʦʛʦ ʧʨʦʬʽʣʶ ʟʘʦʢʨʫʛʣʝʥʥʷ 

ʢʨʦʤʢʠ ʧʝʨʘ ʣʦʧʘʪʢʠ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʴ ʤʽʥʽʤʘʣʴʥʝ ʟʥ̫ʪʪʷ ʤʘʪʝʨʽʘʣʫ ʣʦʧʘʪʢʠ ʧʨʠ ʾʾ ʦʙʨʦʙʮʽ. ʊʘʢʦʞ ʩʧʦʩʽʙ 

ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʷ ʜʣʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦ-ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. ʊʘʢʠʤ ʞʝ 

ʯʠʥʦʤ ʤʦʞʥʘ ʦʙʨʦʙʣʷʪʠ ʽ ʽʥʰʽ ʢʨʠʚʦʣʽʥʽʡʥʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʨʽʟʥʦʛʦ ʧʨʦʬʽʣʶ. 
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ʇʨʠ ʢʦʥʪʨʦʣʽ ʚʽʜʭʠʣʝʥʴ ʬʦʨʤʠ ʥʦʤʽʥʘʣʴʥʦ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʠʤʽʨʶʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʮʠʣʽʥʜʨʠʯʥʦʩʪʽ, ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʢʨʫʛʣʦʩʪʽ ʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ 

ʧʦʜʦʚʞʥʴʦʛʦ ʧʝʨʝʨʽʟʫ. ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʢʨʫʛʣʦʾ ʽ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʧʦʜʦʚʞʥʴʦʛʦ 

ʧʝʨʝʨʽʟʫ ʷʢ ʝʣʝʤʝʥʪʘʨʥʽ, ʪʦ ʾʭ ʦʙ'ʻʜʥʘʥʥʷ ʜʘʩʪʴ ʦʮʽʥʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʠʭ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʮʠʣʽʥʜʨʠʯʥʦʩʪʽ. ʉʣʽʜ ʪʘʢʦʞ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʢʨʫʛʣʦʩʪʽ ʤʦʞʝ ʙʫʪʠ 

ʥʦʨʤʦʚʘʥʝ ʜʣʷ ʥʦʤʽʥʘʣʴʥʦ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʙʫʜʴ-ʷʢʦʾ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ (ʢʦʥʽʯʥʦʶ, ʩʬʝʨʠʯʥʦʶ, 

ʪʦʨʦʾʜʘʣʴʥʦʶ, ʛʽʧʝʨʙʦʣʦʾʜʘ ʦʙʝʨʪʘʥʥʷ ʽ ʪʘʢ ʜʘʣʽ). 

ʂʦʥʪʨʦʣʴ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʮʠʣʽʥʜʨʠʯʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʤʽʨʫ ʚʽʜʭʠʣʝʥʴ ʦʙʤʝʞʝʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʘʙʦ ʧʨʦʬʽʣʽʚ (ʣʽʥʽʡ), ʱʦ ʣʝʞʘʪʴ ʥʘ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʥʠʭ ʪʦʯʦʢ ʘʙʦ ʣʽʥʽʡ ʨʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ 

ʚʠʤʽʨʫ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʮʠʣʽʥʜʨʠʯʥʦʩʪʽ: 

- ʤʝʪʦʜ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ; 

- ʤʝʪʦʜ ʧʦʜʦʚʞʥʽʭ ʧʝʨʝʨʽʟʽʚ (ʤʝʪʦʜ ʫʪʚʦʨʶʶʯʠʭ); 

- ʤʝʪʦʜ ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ; 

- ʤʝʪʦʜ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. 

http://www.findpatent.ru/byauthors/88279/
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ʂʦʞʝʥ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʘʙʦ ʰʣʷʭʦʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʠʤʽʨʫ ʧʦ ʣʽʥʽʷʭ 

(ʩʢʘʥʫʚʘʥʥʷ ʧʦ ʣʽʥʽʷʭ), ʘʙʦ ʰʣʷʭʦʤ ʜʠʩʢʨʝʪʥʦʛʦ ʚʠʤʽʨʫ ʫ ʚʠʙʨʘʥʠʭ ʪʦʯʢʘʭ (ʧʦ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ). ɿʘ 

ʥʘʷʚʥʦʩʪʽ ʧʝʚʥʦʾ ʜʦʤʽʥʫʶʯʦʾ ʩʢʣʘʜʦʚʦʾ ʚʽʜʭʠʣʝʥʥʷ ʬʦʨʤʠ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʘʙʦ ʧʦʜʦʚʞʥʴʦʤʫ ʧʝʨʝʨʽʟʘʭ 

ʧʦʚʝʨʭʥʽ ʧʝʨʝʚʘʛʫ ʩʣʽʜ ʚʽʜʜʘʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʘʙʦ ʤʝʪʦʜʫ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ, ʘʙʦ ʤʝʪʦʜʫ ʪʠʭ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʝ ʤʽʥʽʤʘʣʴʥʝ ʯʠʩʣʦ ʚʠʤʽʨʶʚʘʥʠʭ ʧʝʨʝʨʽʟʽʚ, ʣʽʥʽʡ ʽ ʪʦʯʦʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʤʽʨʫ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʮʠʣʽʥʜʨʠʯʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʚʠʙʨʘʥʦ ʟʛʽʜʥʦ ʟ ʪʘʙʣʠʮʝʶ. 

ʊʘʙʣʠʮʷ 1 

ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʠʭ ʧʝʨʝʨʽʟʽʚ, ʣʽʥʽʡ ʽ ʪʦʯʦʢ ʜʣʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʫ 

 

ʄʝʪʦʜ ʚʠʤʽʨʫ 

ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʇʝʨʝʨʽʟʽʚ ʃʽʥʽʡ ʊʦʯʦʢ 

ʄʝʪʦʜ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ 3 3 18 

ʄʝʪʦʜ ʫʪʚʦʨʶʶʯʠʭ 3 6 18 

ʄʝʪʦʜ ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ 4                                                 

(2 ʧʦʧʝʨʝʯʥʠʭ ʽ 2 ʛʚʠʥʪʦʚʠʭ) 

4 24 

ʄʝʪʦʜ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 3                                       

(1 ʧʦʜʦʚʞʥʽʡ ʽ 2 ʧʦʧʝʨʝʯʥʠʭ) 

4 18 

 

ʋʩʽ ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʚʠʤʽʨʫ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʮʠʣʽʥʜʨʠʯʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʨʫʛʣʦʤʽʨʘ, ʷʢʠʡ ʦʢʨʽʤ ʧʨʝʮʠʟʽʡʥʦʛʦ ʦʙʝʨʪʘʣʴʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʜʝʪʘʣʽ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʽʜʥʦʩʥʦʛʦ 

ʧʨʝʮʠʟʽʡʥʦʛʦ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʥʘʧʨʷʤʽ ʦʩʽ ʜʝʪʘʣʽ. ʂʨʫʛʣʦʤʽʨ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʦʜʽ 

ʥʘʟʠʚʘʶʪʴ ʮʠʣʽʥʜʨʦʤʽʨʦʤ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʦʞʣʠʚʽ ʜʚʘ ʚʘʨʽʘʥʪʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʨʠʣʘʜʫ - ʟ ʚʠʤʽʨʶʚʘʥʦʶ ʜʝʪʘʣʣʶ, ʱʦ 

ʦʙʝʨʪʘʻʪʴʩʷ, ʽ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɹʦʞʢʦ ʊ. ɭ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʝʡ ʽʟ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ [ʊʝʢʩʪ] : ʘʚʪʦʨʝʬ. ʜʠʩ. ... ʢʘʥʜ. 

ʪʝʭʥ. ʥʘʫʢ : 05.02.08 / ʊ. ɭ. ɹʦʞʢʦ; ʊʝʨʥʦʧ. ʥʘʮ. ʪʝʭʥ. ʫʥ-ʪ ʽʤ. ɯ. ʇʫʣʶʷ. ï ʊ., 2012. ï 20 c. 

 

 
ʋɼʂ 624.92 

 

ʊɽʄʇɽʈɸʊʋʈʅɯ ʗɺʀʑɸ ɺ ʇʈʆʎɽʉɯ ɸɹʈɸɿʀɺʅʆɰ ʆɹʈʆɹʂʀ 

 

ʆ.ɸ. ʅʘʟʘʨʝʥʢʦ, ʩʪʫʜʝʥʪ ʛʨ. ʄʊʄ ï 111  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉ.ɺ. ɹʦʡʢʦ, ʢ.ʪ.ʥ, ʜʦʮʝʥʪ,  

ʢʘʬʝʜʨʘ ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʜʝʨʝʚʦʦʙʨʦʙʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʷʚʠʱʘ ʚ ʧʨʦʮʝʩʽ ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜʽʛʨʘʶʪʴ ʜʫʞʝ ʚʝʣʠʢʫ ʨʦʣʴ, ʪʦʤʫ ʜʘʥʽʡ ʪʝʤʽ 

ʧʨʠʩʚʷʯʝʥʦ ʜʫʞʝ ʙʘʛʘʪʦ ʨʦʙʽʪ ʚʠʥʘʭʽʜʥʠʢʽʚ ʨʽʟʥʠʭ ʢʨʘʾʥ. ʆʜʥʠʤ ʟ ʥʘʩʣʽʜʢʽʚ ʚʝʣʠʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʦʥʽ 

ʦʙʨʦʙʢʠ ʻ ʧʨʠʧʘʣʠ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʮʽʣʴʥʠʤʠ, ʢʦʣʠ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʟʘʬʘʨʙʦʚʘʥʘ ʚ ʢʦʣʽʨ 

ʤʽʥʣʠʚʦʩʪʽ, ʪʘ ʤʽʩʮʝʚʠʤʠ, ʢʦʣʠ ʧʝʨʝʛʨʽʪʠʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʥʘ ʧʦʚʝʨʭʥʽ. ʇʨʠʧʘʣʠ ʚʽʜʩʣʽʜʞʫʶʪʴ 

ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʧʦ ʢʦʣʴʦʨʘʤ ʤʽʥʣʠʚʦʩʪʽ. ʇʦʚʝʨʭʥʽ ʙʝʟ ʧʨʠʧʘʣʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʩʚʽʪʣʠʤʠ. ʇʨʠʧʘʣʠ ʧʨʠ 

ʦʙʨʦʙʮʽ ʥʝ ʜʦʧʫʩʪʠʤʽ, ʪʘʢ ʷʢ ʚʦʥʠ ʟʥʘʯʥʦ ʟʤʝʥʰʫʶʪʴ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʪʘ ʪʚʝʨʜʽʩʪʴ 

ʤʝʪʘʣʫ. ʇʨʠʧʘʣʠ ʜʦʩʷʛʘʶʪʴ 2 ʤʤ ʛʣʠʙʠʥʠ ʪʘ ʟʤʝʥʰʫʶʪʴ ʪʚʝʨʜʽʩʪʴ ʟ 61é64 ʜʦ 45é55 ʦʜʠʥʠʮʴ HRC. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʤʠʪʪʻʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʇʨʠ ʰʣʽʬʫʚʘʥʥʽ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʪʘ ʟʘʛʦʪʦʚʢʠ ʚʠʜʽʣʷʻʪʴʩʷ ʜʫʞʝ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ ʦʙʨʦʙʢʠ ʜʦʩʷʛʘʻ 1000-1600Üʉ. ɯʟ ʫʩʽʭ ʚʠʜʽʚ ʣʝʟʚʽʡʥʦʾ ʦʙʨʦʙʢʠ ʚʠʜʽʣʷʻʪʴʩʷ ʜʫʞʝ 

ʙʘʛʘʪʦ ʪʝʧʣʦʪʠ, ʘʣʝ ʧʨʠ ʘʙʨʘʟʠʚʥʽʡ ʦʙʨʦʙʮʽ ʥʘʡʙʽʣʴʰʝ. 94% ʫʩʽʻʾ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʦʙʨʦʙʮʽ, 

ʚʽʜʭʦʜʠʪʴ ʫ ʩʪʨʫʞʢʫ ʪʘ ʢʨʫʛ ʽ ʣʠʰʝ 6% ï ʚ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ. 

ɿʛʽʜʥʦ [1]: 

¶ ʙʽʣʴʰʽʩʪʴ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʪʝʧʣʦʚʫ; 

¶ ʪʝʧʣʦʪʘ ʚʠʥʠʢʘʻ ʚ ʥʘʩʣʽʜʦʢ ʪʝʨʪʷ ʪʘ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ; 

¶ ʩʫʢʫʧʥʽʩʪʴ ʜʽʶʯʠʭ ʜʞʝʨʝʣ ʚʠʟʥʘʯʘʻ ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʰʣʽʬʫʚʘʥʥʷ. 

ʈʦʟʨʽʟʥʷʶʪʴ 3 ʚʠʜʠ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ [2]: 

Á ʤʠʪʪʻʚʘ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʟʦʥʽ ʤʽʢʨʦʨʽʟʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʠʤ ʟʝʨʥʦʤ; 

Á ʢʦʥʪʘʢʪʥʘ, ʷʢʘ ʫʩʪʘʥʦʚʠʣʘʩʴ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʢʨʫʛʘ ʟ ʟʘʛʦʪʦʚʢʦʶ; 

Á ʩʝʨʝʜʥʷ. 
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ʊʝʧʣʦʚʽ ʷʚʠʱʘ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʚʠʢʣʠʢʘʶʪʴ ʬʘʟʦʚʽ 

ʪʘ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ. ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʤʠʪʪʻʚʘ ʪʘ ʢʦʥʪʘʢʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ. ɺʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʦʙʨʦʙʢʠ ʚʠʢʣʠʢʘʶʪʴ ʨʽʟʥʽ ʜʝʬʝʢʪʠ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʰʣʽʬʦʚʘʥʦʾ 

ʜʝʪʘʣʽ (ʧʨʠʧʘʣʠ, ʪʨʽʱʠʥʠ ʽ ʪ.ʜ.), ʷʢʽ ʩʫʪʪʻʚʦ ʟʥʠʞʫʶʪʴ ʷʢʽʩʪʴ ʜʝʪʘʣʽ. 

ɺʥʘʩʣʽʜʦʢ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʢʘʣʝʥʘ ʩʪʘʣʴ ʚʪʦʨʠʥʥʦ ʟʘʢʘʣʶʻʪʴʩʷ.  

ʇʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ, ʟôʷʚʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ ʧʨʘʚʠʣʴʥʦ ʧʽʜʙʠʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ: ʨʝʞʠʤʠ 

ʨʽʟʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʛʣʠʙʠʥʫ, ʧʘʨʘʤʝʪʨʠ ʢʨʫʛʘ, ʧʨʘʚʠʣʴʥʠʡ ʧʽʜʙʽʨ ɿʆʈ ʪʘ ʧʨʘʚʠʣʴʥʫ ʾʾ 

ʧʦʜʘʯʫ. ʅʝ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʬʘʢʪʦʨʽʚ ʧʨʠʚʝʜʝ ʜʦ ʦʪʨʠʤʘʥʥʷ ʙʨʘʢʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ.ʊʘʢʠʤ ʯʠʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʬʘʢʪʦʨ ʩʪʘʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʘʙʨʘʟʠʚʥʽʡ ʦʙʨʦʙʮʽ. 

ɺ ʭʦʜʽ ʨʦʙʦʪʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʛʨʘʬʘ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʤʠʪʪʻʚʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜ ʯʘʩ ʘʙʨʘʟʠʚʥʦʾ 

ʦʙʨʦʙʢʠ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʰʣʽʬʫʚʘʣʴʥʦʛʦ 

ʢʨʫʛʘ ʽ ʟʘʛʦʪʦʚʢʠ, ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʝʪʘʣʽ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʆʩʪʨʦʚʩʢʠʡ ɺ.ʀ.  ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ.  ʀʟʜ-ʚʦ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʃʝʥʠʥʛʨʘʜ, 1981. ï 141 ʩ. 

2. ʉʠʟʳʡ ʖ.ɸ., ʉʪʘʣʠʥʩʢʠʡ ɼ.ɺ., ʋʰʘʢʦʚ ɸ.ʅ. ʆ ʤʛʥʦʚʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʰʣʠʬʦʚʘʥʠʷ "ɺʝʩʪʥʠʢ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʍʇʀ".- ʍʘʨʴʢʦʚ.-2009.- ˉ2.-124 ʩ. 
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ɹɽɿʇʆʉɽʈɽɼʅʔʆ ʅɸ ʉʊʆʃɯ ɺɽʈʉʊɸʊɸ  
 

ʅ.ʆ. ʍʦʣʷʚʢʦ, ʩʪʫʜʝʥʪʢʘ ʛʨ. ʊʄ-121  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉ.ʇ. ʉʘʧʦʥ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  

ʢʘʬʝʜʨʘ ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʜʝʨʝʚʦʦʙʨʦʙʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʐʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʾ ʟʘʤʽʥʠ ʧʨʦʜʫʢʮʽʾ ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ ʥʘ ʥʦʚʫ, 

ʙʽʣʴʰ ʩʫʯʘʩʥʫ. ʎʝ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʧʨʘʮʽ ʪʘ ʛʨʦʰʦʚʠʭ ʚʠʪʨʘʪ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʥʦʚʦʛʦ ʦʩʥʘʱʝʥʥʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʯʘʩʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʧʝʨʘʮʽʡ ʚʠʢʦʥʫʚʘʥʠʭ ʥʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʟ ʏʇʂ. ʇʨʠ ʮʴʦʤʫ ʙʘʟʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʩʪʦʣʽ 

ʚʝʨʩʪʘʪʘ. ɺʽʜʧʦʚʽʜʥʦ ʟʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʝʨʩʪʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʇʨʠ ʪʘʢʽʡ ʩʭʝʤʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʛʦʪʦʚʢʠ ʬʫʥʢʮʽʻʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʻ ʪʽʣʴʢʠ ʥʘʜʽʡʥʘ ʬʽʢʩʘʮʽʷ ʧʦʣʦʞʝʥʥʷ ʟʘʛʦʪʦʚʢʠ. ɿʘʪʠʩʢʥʽ 

ʧʨʠʩʪʨʦʾ, ʷʢʽ ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ, ʢʦʤʧʘʢʪʥʠʤʠ, ʧʨʦʩʪʠʤʠ ʟʘ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʚʝʣʠʯʠʥʫ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʟʘʪʠʩʢʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʥʘ ʩʪʦʣʽ ʚʝʨʩʪʘʪʘ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʪʠʩʢʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʩʪʫʜʝʥʪʘʤʠ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʫʨʩʦʚʠʭ ʪʘ ʜʠʧʣʦʤʥʠʭ ʧʨʦʝʢʪʽʚ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʩʫʯʘʩʥʠʭ ʢʘʪʘʣʦʛʽʚ ʟʘʪʠʩʢʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʧʨʦʚʽʜʥʦʛʦ ʟʘʢʦʨʜʦʥʥʦʛʦ ʚʠʨʦʙʥʠʢʘ: AMF (ANDREAS MAIER 

FELLBACH, ɻʝʨʤʘʥʠʷ) ʨʦʟʨʦʙʣʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʟʘʪʠʩʢʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ 

ʟʘʛʦʪʦʚʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʩʪʦʣʽ ʚʝʨʩʪʘʪʘ (ʨʠʩʫʥʦʢ 1).  

 
ʈʠʩʫʥʦʢ 1 - ʂʣʘʩʠʬʽʢʘʮʽʡʥʘ ʩʭʝʤʘ ʟʘʪʠʩʢʥʠʭ ʤʝʭʘʥʽʟʤʽʚ  ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʥʘ ʩʪʦʣʽ ʚʝʨʩʪʘʪʘ 
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ɿʛʽʜʥʦ ʟ ʜʘʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʟʘʪʠʩʢʥʽ ʤʝʭʘʥʽʟʤʠ ʟʘ ʩʪʫʧʝʥʝʤ ʩʢʣʘʜʥʦʩʪʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: ʧʨʦʩʪʽ ʪʘ 

ʢʦʤʙʽʥʦʚʘʥʽ. ɼʦ ʧʨʦʩʪʠʭ (ʘʙʦ ʝʣʝʤʝʥʪʘʨʥʠʭ) ʤʝʭʘʥʽʟʤʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʛʚʠʥʪʦʚʽ, ʢʣʠʥʦʚʽ, ʝʢʩʮʝʥʪʨʠʢʦʚʽ ʪʘ 

ʚʘʞʽʣʴʥʽ ʧʨʠʩʪʨʦʾ. ʂʦʤʙʽʥʦʚʘʥʽ ʤʝʭʘʥʽʟʤʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ-ʪʨʴʦʭ ʟôʻʜʥʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ɿʘ ʢʽʣʴʢʽʩʪʶ ʪʦʯʦʢ ʟʘʪʠʩʢʘʥʥʷ ʤʝʭʘʥʽʟʤʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: ʦʜʥʦʣʘʥʢʦʚʽ, ʜʚʦʣʘʥʢʦʚʽ ʽ ʙʘʛʘʪʦʣʘʥʢʦʚʽ 

(ʙʘʛʘʪʦʪʦʯʢʦʚʽ). ɿʘ ʨʽʚʥʝʤ ʤʝʭʘʥʽʟʘʮʽʾ ʧʨʠʩʪʨʦʾ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʨʫʯʥʽ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤ'ʷʟʦʚʦʾ 

ʩʠʣʠ ʨʦʙʽʪʥʠʢʘ ʪʘ ʤʝʭʘʥʽʟʦʚʘʥʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʚʽʜ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʘ ʽ ʫʪʦʯʥʝʥʘ ʧʦ ʤʽʨʽ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʟʘʪʠʩʢʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ 

ʩʪʚʦʨʝʥʥʷ ʙʽʙʣʽʦʪʝʢʠ ʟʘʪʠʩʢʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʘ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʨʠʩʢʦʨʠʪʴ ʽ ʧʽʜʚʠʱʠʪʴ ʷʢʽʩʪʴ ʨʦʙʦʪʠ 

ʢʦʥʩʪʨʫʢʪʦʨʘ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1.ɹʦʨʦʚʠʢ ɸ.ɯ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʦʩʥʘʩʪʢʘ ʤʝʭʘʥʦʩʢʣʘʜʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [ʊʝʢʩʪ] / ɸ.ɯ. ɹʦʨʦʚʠʢ ï ʂ.: çʂʦʥʜʦʨè, 2008.-726 ʩ. 

2. ɽʩʴʤʘʥ ɻ.ɸ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʦʩʥʘʩʪʢʘ ʚ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ [ʊʝʢʩʪ] / ɻ.ɸ. ɽʩʴʤʘʥ, ɺ.ʃ.ɻʘʙʝʮ // ʄʠʥʩʢ.-2012. 
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ɹ.ɺ. ʎʝʢʦʚ, ʩʪʫʜʝʥʪ ʛʨ. ʄʊʄ-111 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɼ.ʖ. ʌʝʜʦʨʠʥʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʢʘʬʝʜʨʘ  

ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʜʝʨʝʚʦʦʙʨʦʙʢʠ   

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɸʢʪʫʘʣʴʥʽʩʪʴ 

ɺ ʫʤʦʚʘʭ ʩʢʣʘʜʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʢʨʘʾʥʽ ʪʘ ʥʝʚʧʠʥʥʦ ʟʨʦʩʪʘʶʯʠʭ ʮʽʥ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ 

ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʩʝʢʪʦʨʽ ʻ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʟʦʢʨʝʤʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɼʘʥʘ ʧʨʦʙʣʝʤʘ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʛʘʣʫʟʝʡ ʋʢʨʘʾʥʠ ʦʙʫʤʦʚʣʝʥʘ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʪʘʨʽʣʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ.  

ʆʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʭʦʤʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʤʘʰʠʥ ʪʘ ʚʝʨʩʪʘʪʽʚ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʙʫʜʴ-ʷʢʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, ʪʦʤʫ ʧʠʪʘʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʚʩʝ ʛʦʩʪʨʽʰʝ 

ʧʦʩʪʘʻ ʚ ʩʴʦʛʦʜʝʥʥʽ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʽʚ ʥʦʨʤʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʟ ʥʘʣʘʛʦʜʞʝʥʠʤ ʧʨʦʮʝʩʦʤ 

ʨʽʟʘʥʥʷ ʣʠʰʝ 20% ʩʧʦʞʠʪʦʾ ʚʝʨʩʪʘʪʦʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʤʘʪʝʨʽʘʣʫ, ʷʢʝ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʜʽʣʝʥʥʷʤ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ [1]. 

ʄʝʪʘ ʨʦʙʦʪʠ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʨʩʪʘʪʽʚ ʪʦʢʘʨʥʦʾ ʛʨʫʧʠ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ. 

ɸʥʦʪʘʮʽʷ 

ʆʩʥʦʚʥʘ ʽʜʝʷ, ʷʢʘ ʧʦʢʣʘʜʝʥʘ ʫ ʦʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʧʦʣʷʛʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʧʦʪʫʞʥʦʩʪʝʡ ʚ ʯʘʩʽ ʫ ʧʨʦʩʪʦʨʽ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʮʝʩʦʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʽʟ 

ʧʦʪʫʞʥʽʩʪʶ, ʱʦ ʩʧʦʞʠʚʘʻ ʚʝʨʩʪʘʪ ʟ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʝʮʠʟʽʡʥʦʛʦ ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʫ ʩʪʚʦʨʝʥʠʡ ʢʦʤʧʣʝʢʩ 

ʟʘʩʦʙʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʩʧʦʞʠʚʘʥʦʾ ʚʝʨʩʪʘʪʦʤ, ʟʘ ʪʨʴʦʤʘ ʬʘʟʘʤʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ ʢʦʤʧôʶʪʝʨʘ. ʎʝ ʜʘʻ 

ʟʤʦʛʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʆʮʽʥʶʚʘʥʥʷ ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʧʨʠʚʦʜʽʚ ʚʝʨʩʪʘʪʘ, ʱʦ ʚʠʢʦʨʠʩʪʘʶʪʴ ʜʚʠʛʫʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʰʣʷʭʦʤ ʜʦʙʫʪʢʫ 

ʧʦʢʘʟʘʥʴ ʮʠʬʨʦʚʠʭ ʤʫʣʴʪʠʤʝʪʨʽʚ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ. ɼʦʜʘʪʢʦʚʦ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʰʫʥʪ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚʘʨʽʶʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʨʽʟʘʥʥʷ, ʪʠʩʢʦʤ 

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʘʭ ʰʧʠʥʜʝʣʷ, ʜʠʩʙʘʣʘʥʩʦʤ ʦʙʨʦʙʣʶʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ. 

ɺʠʩʥʦʚʢʠ: 1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ ʤʘʻ ʤʽʩʮʝ ʨʷʜ ʧʽʢʦʚʠʭ ʟʥʘʯʝʥʴ 

ʩʧʦʞʠʚʘʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 2. ɺʩʪʘʥʦʚʣʝʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʯʠʥʷʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ. 3. ʆʪʨʠʤʘʥʽ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ 

ʨʽʟʘʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʥʘ 

ʯʦʨʥʦʚʠʭ ʧʝʨʝʭʦʜʘʭ ʘʙʦ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʧʨʠ 

ʯʠʩʪʦʚʽʡ ʦʙʨʦʙʮʽ. 
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ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ɸʨʤʨʝʩʪʣʽʥʛ ï ʧʦʧʫʣʷʨʥʠʡ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʩʠʣʦʚʠʡ ʚʠʜ ʙʦʨʦʪʴʙʠ ʤʽʞ ʜʚʦʤʘ ʣʶʜʴʤʠ ʥʘ ʨʫʢʘʭ. ɼʣʷ ʟʘʥʷʪʴ 

ʘʨʤʨʝʩʪʣʽʥʛʦʤ ʥʝ ʧʦʪʨʽʙʥʦ ʙʘʛʘʪʦ ʯʘʩʫ, ʧʨʦʩʪʦʨʫ ʘʙʦ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʦʛʦ ʟʘʣʫ. ɼʣʷ ʜʘʥʦʛʦ ʚʠʜʫ ʩʧʦʨʪʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʩʪʦʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʟʤʘʛʘʥʴ ʽ ʪʫʨʥʽʨʽʚ, ʘ ʪʘʢʦʞ ʩʪʦʣʠ ʜʣʷ ʪʨʝʥʽʥʛʫ ʪʝʭʥʽʢʠ 

ʙʦʨʦʪʴʙʠ ʥʘ ʨʫʢʘʭ ʩʧʽʣʴʥʦ ʟʽ ʩʧʘʨʠʥʛ-ʧʘʨʪʥʝʨʦʤ. ɺʠʤʦʛʦʶ ʜʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʩʠʣʦʚʠʭ ʚʠʜʽʚ ʩʧʦʨʪʫ ʻ ʚʠʩʦʢʘ 

ʷʢʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. 

ʇʨʦʬʝʩʽʡʥʠʡ ʩʪʽʣ ʜʣʷ ʘʨʤʩʧʦʨʪʫ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʙʦʨʦʪʴʙʠ ʥʘ ʨʫʢʘʭ ʩʪʦʷʯʠ ʘʙʦ ʩʠʜʷʯʠ. 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʩʪʦʣʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʟʤʘʛʘʥʴ ʽ ʪʨʝʥʫʚʘʥʴ ʟ ʘʨʤʨʝʩʪʣʽʥʛʫ ʩʝʨʝʜ ʣʶʜʝʡ ʟ 

ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʚʠʢʦʥʫʶʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʦʟʨʦʙʢʠ ʩʪʦʣʽʚ ʜʣʷ 

ʙʦʨʦʪʴʙʠ ʷʢ ʧʨʘʚʦʶ, ʪʘʢ ʽ ʣʽʚʦʶ ʨʫʢʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʪʨʝʥʫʚʘʥʴ ʯʠ ʟʤʘʛʘʥʴ ʩʪʽʣ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥ ʧʦʣʦʞʝʥʥʷ ʦʧʦʨʥʠʭ ʧʦʜʫʰʦʢ.  

ʉʪʦʣʠ ʜʣʷ ʘʨʤʨʝʩʪʣʽʥʛʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʜʣʷ ʪʨʝʥʫʚʘʥʴ ʟ ʘʨʤʨʝʩʪʣʽʥʛʫ ʚ ʩʧʦʨʪʠʚʥʠʭ ʟʘʣʘʭ ʽ 

ʢʣʫʙʘʭ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʦʬʽʮʽʡʥʠʭ ʟʤʘʛʘʥʴ ʙʫʜʴ-ʷʢʦʛʦ ʨʽʚʥʷ. ʉʪʦʣʠ ʜʣʷ ʪʨʝʥʫʚʘʥʴ ʙʫʚʘʶʪʴ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʈʦʟʨʦʙʣʷʶʪʴʩʷ ʩʪʦʣʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤôʷʟʽʚ ʧʝʨʝʜʧʣʽʯʯʷ, ʜʣʷ ʽʤʽʪʘʮʽʾ ʨʝʘʣʴʥʦʾ ʙʦʨʦʪʴʙʠ, ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʚʩʽʭ 

ʛʨʫʧ ʤôʷʟʽʚ ʢʠʩʪʽ, ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʛʨʫʧʠ ʤôʷʟʽʚ ʧʣʝʯʦʚʦʛʦ ʧʦʷʩʫ ʪʘ ʽʥ. ʉʪʦʣʠ, ʥʘ ʷʢʠʭ ʧʨʦʭʦʜʷʪʴ ʟʤʘʛʘʥʥʷ, 

ʯʝʤʧʽʦʥʘʪʠ ʩʚʽʪʫ ʪʘ ɭʚʨʦʧʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʪʚʝʨʜʞʝʥʠʤʠ ʛʣʦʙʘʣʴʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʪʘʢʠʤʠ ʷʢ Europʝan 

Armwrestling Federation (EAF), Word Armwrestling Federation (WAF), ʘ ʪʘʢʦʞ Professional Armwrestling League 

(PAL). ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ ʩʪʦʣʽʚ ʜʦʧʦʤʘʛʘʻ ʪʨʝʥʫʚʘʪʠʩʷ ʥʘ ʧʨʦʬʝʩʽʡʥʦʤʫ ʨʽʚʥʽ ʽ ʥʝ ʜʦʧʫʩʢʘʪʠ 

ʦʪʨʠʤʘʥʥʷ ʪʨʘʚʤ.  

ʉʪʽʣ ʤʦʞʝ ʷʚʣʷʪʠ ʩʦʙʦʶ ʷʢ ʩʢʣʘʜʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʪʘʢ ʽ ʚʠʛʦʪʦʚʣʝʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʘʨʶʚʘʥʥʷ. 

ʄʦʞʣʠʚʦ ʪʘʢʦʞ ʧʦʻʜʥʘʥʥʷ ʜʚʦʭ ʮʠʭ ʪʝʭʥʽʢ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟ ʙʦʢʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ 

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʉʢʣʘʜʘʣʴʥʠʡ ʩʪʽʣ ʣʝʛʢʦ ʨʦʟʙʠʨʘʻʪʴʩʷ ʥʘ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ ʽ ʡʦʛʦ ʤʦʞʥʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʚʘʨʥʦʛʦ ʩʪʦʣʫ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʘ ʦʪʞʝ ʽ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʢʣʘʜʘʣʴʥʠʤ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʚʘʨʽʘʥʪʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʩʢʣʘʜʘʣʴʥʦʛʦ ʩʪʦʣʘ, ʷʢʝ 

ʜʦʟʚʦʣʠʣʦ ʙʠ ʟʘʙʝʟʧʝʯʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʅʘ ʨʠʩʫʥʢʫ 1, ʘ ʟʦʙʨʘʞʝʥʦ ʩʢʣʘʜʘʣʴʥʠʡ ʧʨʦʬʝʩʽʡʥʠʡ ʩʪʽʣ ʜʣʷ ʘʨʤʨʝʩʪʣʽʥʛʫ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʟʘ ʚʠʤʦʛʘʤʠ 

ʩʧʦʨʪʠʚʥʠʭ ʘʩʦʮʽʘʮʽʡ. 

 

 
        

            ʘ)                   ʙ)   ʚ) 

ʘ ï ʩʢʣʘʜʘʣʴʥʠʡ ʩʪʽʣ; ʙ ï ʚʫʟʦʣ ɯ; ʚ ï ʚʫʟʦʣ ɯɯ 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʬʝʩʽʡʥʠʡ ʩʪʽʣ ʜʣʷ ʘʨʤʨʝʩʪʣʽʥʛʫ 

 

ʋ ʩʢʣʘʜʘʣʴʥʠʭ ʩʪʦʣʘʭ ʚʫʟʦʣ ɯ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʰʣʷʭʦʤ ʫʢʨʫʯʫʚʘʥʥʷ ʥʽʞʢʠ ʚ ʨʽʟʴʙʦʚʫ ʯʘʩʪʠʥʫ 

ʚʝʨʭʥʴʦʾ ʨʘʤʢʠ (ʨʠʩʫʥʦʢ 1, ʙ). ʂʨʽʧʣʝʥʥʷ ʜʦ ʦʧʦʨʥʦʾ ʯʘʩʪʠʥʠ (ʚʫʟʦʣ ɯɯ) ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʦʚʦʜʠʪʴʩʷ 

ʚʠʢʦʥʫʚʘʪʠ, ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1, ʚ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘʢʦʛʦ ʩʪʦʣʫ ʟʘʚʞʜʠ ʥʝʦʙʭʽʜʥʦ 

ʤʘʪʠ ʚ ʢʦʤʧʣʝʢʪʽ ʪʦʨʮʝʚʠʡ ʢʣʶʯ, ʛʘʡʢʠ ʪʘ ʽʥ.  

ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ, ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʧʦʟʙʘʚʠʪʴ ʢʦʥʩʪʨʫʢʮʽʶ 

ʩʢʣʘʜʘʣʴʥʦʛʦ ʩʪʦʣʘ ʟʘʟʥʘʯʝʥʦʛʦ ʥʝʜʦʣʽʢʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʴʙʦʚʠʭ ʟôʻʜʥʘʥʴ, ʚʠʢʦʥʘʥʠʭ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ ʪʨʫʙʥʠʭ ʨʽʟʴʙʦʚʠʭ ʟôʻʜʥʘʥʴ (ʨʠʩʫʥʦʢ 2).  

 



66 
 

 
 

          ʘ)                     ʙ)                ʚ) 

ʘ ï 3ɼ ʤʦʜʝʣʴ ʩʢʦʥʩʪʨʫʡʦʚʘʥʦʛʦ ʩʪʦʣʫ; ʙ ï ʩʭʝʤʘ ʩʢʣʘʜʘʥʥʷ ʥʽʞʢʠ ʩʪʦʣʫ ʟ ʦʧʦʨʥʦʶ ʯʘʩʪʠʥʦʶ ʪʘ 

ʢʨʠʰʢʦʶ ʩʪʦʣʘ; ʚ ï ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʥʽʞʢʠ ʩʪʦʣʫ ʚ ʩʢʣʘʜʝʥʦʤʫ ʩʪʘʥʽ 

ʈʠʩʫʥʦʢ 2 ï ʂʦʥʩʪʨʫʢʮʽʷ ʩʢʣʘʜʘʣʴʥʦʛʦ ʩʪʦʣʫ 

 

ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʣʘʜʘʣʴʥʦʛʦ ʩʪʦʣʫ ʯʦʪʠʨʠ ʩʪʘʣʴʥʽ ʤʫʬʪʠ ʧʨʠʚʘʨʶʶʪʴ ʜʦ ʦʧʦʨʥʦʾ 

ʯʘʩʪʠʥʠ ʩʪʦʣʘ. ɺ ʮʽ ʤʫʬʪʠ ʚʢʨʫʯʫʶʪʴ ʥʽʞʢʠ ʩʪʦʣʫ (ʦʧʝʨʘʮʽʷ 1, ʨʠʩʫʥʦʢ 2, ʙ). ʅʘ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʦʞʥʦʾ ʥʽʞʢʠ 

ʧʨʠʩʫʪʥʷ çʜʦʚʛʘè ʨʽʟʴʙʘ ʥʘ ʷʢʫ ʥʘʢʨʫʯʝʥʽ ʢʦʥʪʨʛʘʡʢʘ ʪʘ ʩʪʘʣʴʥʘ ʤʫʬʪʘ. ɼʦ ʢʨʠʰʢʠ ʩʪʦʣʫ ʧʨʠʚʘʨʝʥʽ ʝʣʝʤʝʥʪʠ ʟ 

çʢʦʨʦʪʢʦʶè ʨʽʟʴʙʦʶ. 

ʂʨʠʰʢʫ ʩʪʦʣʫ ʥʘ ʚʢʨʫʯʝʥʽ ʚ ʤʫʬʪʠ ʥʽʞʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʪʘʢ, ʱʦʙ ʝʣʝʤʝʥʪʠ ʟ çʢʦʨʦʪʢʦʶè ʨʽʟʴʙʦʶ ʙʫʣʠ 

ʩʧʽʚʚʽʩʥʽ ʟ ʥʠʤʠ. ʊʦʜʽ ʥʘ ʫʪʚʦʨʝʥʠʡ ʩʪʠʢ ʥʘʢʨʫʯʫʶʪʴ ʩʪʘʣʴʥʫ ʤʫʬʪʫ ʟ ʥʽʞʢʠ ʩʪʦʣʫ, ʱʦʙ ʚʠʢʦʥʘʪʠ ʟôʻʜʥʘʥʥʷ 

ʢʨʠʰʢʠ ʟ ʦʧʦʨʥʦʶ ʯʘʩʪʠʥʦʶ (ʦʧʝʨʘʮʽʷ 2, ʨʠʩʫʥʦʢ 2, ʙ). ʇʽʩʣʷ ʮʴʦʛʦ ʥʘʢʨʫʯʝʥʫ ʤʫʬʪʫ ʟʘʢʨʽʧʣʶʶʪʴ 

ʢʦʥʪʨʛʘʡʢʦʶ (ʦʧʝʨʘʮʽʷ 3, ʨʠʩʫʥʦʢ 2, ʙ). ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʢʦʥʫʻʪʴʩʷ ʩʢʣʘʜʘʥʥʷ ʩʪʦʣʫ ʜʣʷ ʘʨʤʨʝʩʪʣʽʥʛʫ. 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʝ ʧʦʻʜʥʘʥʥʷ ʟʚʘʨʥʠʭ ʪʘ ʨʽʟʴʙʦʚʠʭ ʟôʻʜʥʘʥʴ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ 

ʩʢʣʘʜʘʥʥʷ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʦʣʫ, ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʜʝʪʘʣʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʢʪʥʦ ʩʧʘʢʫʚʘʪʠ ʩʢʣʘʜʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʩʪʦʣʫ, ʱʦ ʟʤʝʥʰʫʻ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʉʪʦʣ ʜʣʷ ʘʨʤʨʝʩʪʣʠʥʛʘ FOREMAN FR-865 [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // ʀʥʚʝʨʩʠʦʥʥʳʝ ʩʪʦʣʳ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://prom.ua/p196392584-

stol-dlya-armrestlinga.html. 
2. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʩʪʦʣ ʜʣʷ ʘʨʤʨʝʩʪʣʠʥʛʘ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // ʉʪʦʣʳ ʜʣʷ ʘʨʤʩʧʦʨʪʘ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://ru.armpower.net/shop/product/professionalnyj-stol-dlya-armrestlinga-35.html. 

3. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // ʋʢʨʘʾʥʩʴʢʘ ʬʝʜʝʨʘʮʽʷ ʘʨʤʩʧʦʨʪʫ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 
http://www.armsport.com.ua/ʧʨʦ-ʬʝʜʝʨʘʮʽʶ/ʧʨʘʚʠʣʘ.html. 

4. ɻʆʉʊ 8966-75 ʏʘʩʪʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʩʪʘʣʴʥʳʝ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʨʝʟʴʙʦʡ ʜʣʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʈ=1,6 ʄʧʘ. ʄʫʬʪʳ ʧʨʷʤʳʝ. ʆʩʥʦʚʥʳʝ 

ʨʘʟʤʝʨʳ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://obrabotka.by/media/drawings/2015/12/22/gost8966-75.pdf. 
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ʊɽʍʅʆʃʆɻɯɰ ʊɸ ʆʉʆɹʃʀɺʆʉʊɯ 3D ɼʈʋʂʋ 
 

ʆ.ɸ. ʂ̔ʚʦʢʫʨʮʝʚ, ʩʪʫʜʝʥʪ ʛʨ. ʄɿɺ ï 111 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʊ.ʈ. ɻʘʥʻʻʚ, ʢ.ʪ.ʥ., ʜʦʮ., ʢʘʬʝʜʨʘ ʢʘʬʝʜʨʘ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ɸʇɹʂ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ɺʞʝ ʩʴʦʛʦʜʥʽ ʽʩʥʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʜʨʫʢʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʥʘʜʨʫʢʫʚʘʪʠ ʚʦʛʥʝʧʘʣʴʥʫ ʟʙʨʦʶ, 

ʧʨʦʪʝʟ ʜʣʷ ʜʠʪʠʥʠ, ʢʦʨʧʫʩ ʜʣʷ ʘʚʪʦʢʘʨʘ, ʪʝʭʥʦʣʦʛʽʷ ʥʝ ʩʪʦʾʪʴ ʥʘ ʤʽʩʮʽ, ʘ ʚʝʣʠʯʝʟʥʠʤʠ ʪʝʤʧʘʤʠ ʨʦʟʚʠʚʘʻʪʴʩʷ. 

ɿʘʨʘʟ ʦʩʚʦʶʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʜʨʫʢʫ ʞʠʚʠʤʠ ʢʣʽʪʠʥʘʤʠ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʨʦʙʦʯʫ ʤʦʜʝʣʴ ʦʨʛʘʥʽʚ ʜʣʷ ʣʶʜʠʥʠ. ʗʢʫ 

ʙ  ʧʦʧʫʣʷʨʥʽʩʪʴ ʥʝ ʦʪʨʠʤʘʚ 3D ʜʨʫʢ, ʷʢ ʽ ʩʘʤ ʧʨʠʩʪʨʽʡ, ʜʘʣʝʢʦ ʥʝ ʚʩʽ ʨʦʟʫʤʽʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ  ʽ ʧʨʠʥʮʠʧʠ 

ʨʦʙʦʪʠ. ɸʢʪʫʘʣʴʥʽʩʪʴ 3D ʜʨʫʢ ʦʪʨʠʤʘʚ ʚ ʟʚ'ʷʟʢʫ ʟ ʩʚʦʻʶ ʟʜʘʪʥʽʩʪʶ ʩʪʚʦʨʶʚʘʪʠ ʦʙ'ʻʢʪʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʦʾ 

ʩʢʣʘʜʥʦʩʪʽ, ʪʦʯʥʦʩʪʽ ʽ ʨʦʟʤʽʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʝʟʣʽʯ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʨʫʢʫ. 

ʉʴʦʛʦʜʥʽ ʽʩʥʫʻ 6 ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 3D ʜʨʫʢʫ: ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʷ (StereoLithography Apparatus, SLA), 

ʩʝʣʝʢʪʠʚʥʝ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ (Selective Laser Sintering, SLS), ʤʝʪʦʜ ʙʘʛʘʪʦʩʪʨʫʝʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (Multi  Jet 

Modeling, MJM), ʧʦʰʘʨʦʚʝ ʬʦʨʤʫʚʘʥʥʷ ʦʙ'ʻʤʥʠʭ ʤʦʜʝʣʝʡ ʟ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ (LOM) , ʩʪʨʫʤʝʥʝʚʘ 

ʧʦʣʽʤʝʨʠʟʘʮʽʷ (Polyjet) ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʧʦʰʘʨʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ (FDM) [1]. 

http://prom.ua/p196392584-stol-dlya-armrestlinga.html.2
http://prom.ua/p196392584-stol-dlya-armrestlinga.html.2
http://prom.ua/p196392584-stol-dlya-armrestlinga.html.2
http://ru.armpower.net/shop/product/professionalnyj-stol-dlya-armrestlinga-35.html.3
http://ru.armpower.net/shop/product/professionalnyj-stol-dlya-armrestlinga-35.html.3
http://www.armsport.com.ua/про-федерацію/правила.html.4
http://www.armsport.com.ua/про-федерацію/правила.html.4
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ʉʪʝʨʝʦʣʽʪʦʛʨʘʬʽʷ (SLA ) - ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʽʚ ʟ ʨʽʜʢʠʭ ʬʦʪʦʧʦʣʽʤʝʨʥʠʭ ʩʤʦʣ. ɿʘʪʚʝʨʜʽʥʥʷ 

ʩʤʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʧʨʦʤʽʥʝʥʥʷ ʧʨʦʤʝʥʝʤ ʣʘʟʝʨʘ ʘʙʦ ʽʥʰʠʤ ʩʭʦʞʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ [1]. 

ɺʠʙʽʨʢʦʚʝ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ (SLS) - ʤʝʪʦʜ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʦʪʦʪʠʧʽʚ ʽ ʜʨʽʙʥʠʭ ʧʘʨʪʽʡ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. ʊʝʭʥʦʣʦʛʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʦʩʣʽʜʦʚʥʦʤʫ ʩʧʽʢʘʥʥʽ 

ʰʘʨʽʚ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʽʚ ʚʠʩʦʢʦʾ ʧʦʪʫʞʥʦʩʪʽ [2]. 

ʄʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʧʦʰʘʨʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ (FDM) - ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʥʘʥʝʩʝʥʥʷ ʧʦʩʣʽʜʦʚʥʠʭ ʰʘʨʽʚ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʧʦʚʪʦʨʶʶʪʴ ʢʦʥʪʫʨʠ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ [1]. 

ʄʝʪʦʜ ʙʘʛʘʪʦʩʪʨʫʝʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (Multi  Jet Modeling, MJM) - ʪʝʭʥʦʣʦʛʽʷ ʙʘʛʘʪʦʩʪʨʫʝʥʝʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʻʜʥʫʻ ʪʘʢʽ ʤʝʪʦʜʠ 3D-ʜʨʫʢʫ, ʷʢ ʩʪʨʫʤʝʥʝʚʠʡ ʪʨʴʦʭʚʠʤʽʨʥʠʡ ʜʨʫʢ (3DP), FDM, SLA. ʇʦʙʫʜʦʚʘ 

ʰʘʨʽʚ ʚʽʜʙʫʚʘʝʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʛʦʣʦʚʢʠ, ʷʢʘ ʤʘʻ ʤʘʩʠʚ ʩʦʧʝʣ. ʂʽʣʴʢʽʩʪʴ ʩʦʧʝʣ ʚ ʽʩʥʫʶʯʠʭ 

ʤʦʜʝʣʷʭ ʧʨʠʥʪʝʨʽʚ ʜʦʩʷʛʘʻ ʚʽʜ 96 ʜʦ 448 [2]. 

ʇʦʰʘʨʦʚʝ ʬʦʨʤʫʚʘʥʥʷ ʦʙ'ʻʤʥʠʭ ʤʦʜʝʣʝʡ ʟ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ (LOM) - ʧʨʦʮʝʩ ʜʨʫʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʣhʷʭʦʤ ʩʢʣʝʶʚʘʥʥʷ ʣʠʩʪʽʚ, ʢʦʥʪʫʨ ʷʢʠʭ ʚʠʢʨʝʩʣʶʪ̒ʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʘ [2]. 

ʉʪʨʫʤʝʥʝʚʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ (Polyjet) - ʜʨʫʢʫʻ ʙʣʦʢ ʨʦʟʧʠʣʶʻ ʪʦʥʢʽ ʰʘʨʠ ʬʦʪʦʧʦʣʽʤʝʨʥʦʛʦ ʽ 

ʧʽʜʪʨʠʤʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʦʙʦʯʫ ʧʣʘʪʬʦʨʤʫ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʜʽʻʶ 

ʫʣʴʪʨʘʬʽʦʣʝʪʫ [1]. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʜʨʫʢʫ, ʫ ʧʨʦʜʘʞʫ ʧʨʠʩʫʪʥʽ ʷʢ ʧʦʙʫʪʦʚʽ, ʪʘʢ ʽ ʧʨʦʤʠʩʣʦʚʽ ʧʨʠʥʪʝʨʘ, 

ʛʦʣʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʷʢʠʭ ʻ ʥʝ ʪʽʣʴʢʠ ʮʽʥʘ, ʘʣʝ ʽ ʧʦʭʠʙʢʘ ʜʨʫʢʫ (ʨʠʩ. 1,2). 
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   ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʇʦʭʠʙʢʘ ʜʨʫʢʫ (ʘ) ʪʘ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ (ʙ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʥʪʝʨʘ[2] 

 

ʋ ʟʚ'ʷʟʢʫ ʟ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ 3D ʜʨʫʢʫ, ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʯʥʦʩʪʽ ʽ ʟʥʠʞʝʥʥʷʤ ʮʽʥʠ ʟ ʫʩʽʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʪʝʭʥʦʣʦʛʽʡ - ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢ ʚ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘʢ ʚ ʥʘʚʯʘʣʴʥʠʭ 

ʟʘʢʣʘʜʘʭ SLA ʽ FDM ʜʨʫʢ. ʇʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʚʠʛʦʪʦʚʣʷʪʠ ʤʘʢʝʪʠ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʚʫʟʣʠ ʪʘ 

ʜʝʪʘʣʽ ʙʫʜʴ-ʷʢʦʾ ʬʦʨʤʠ ʽ ʩʢʣʘʜʥʦʩʪʽ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1.ɸ.I. ɻʨʘʙʯʝʥʢʦ, ɺ.ʃ. ɼʦʙʨʦʩʢʦʢ  -  ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʪʝʨʽʘʣʽʟʘʮʽʾ ʤʦʜʝʣʝʡ.  ʍʘʨʢʽʚ ï 2009 

2. ʌʨʘʥʢʝ ʁ. 3D-MID - ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʦʣʦʛʠʠ, ʩʚʦʡʩʪʚʘ : ʧʝʨ. ʩ ʘʥʛʣ. / ʁ. ʌʨʘʥʢʝ. ð ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ʇʨʦʬʝʩʩʠʷ, 2014. ð 332 ʩ. 

3. ʇʦʜʙʝʨʠʪʝ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ 3D ïʧʝʯʘʪʠ ʚʘʰʝʛʦ ʧʨʦʪʦʪʠʧʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧ: http://www.cubicprints.ru/pro 
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ɯ.ɺ. ʅʘʛʦʨʥʘ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʘ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ɸʇɹʂ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʆ.ʆ. ʅʦʚʦʤʣʠʥʝʮʴ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ɸʇɹʂ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥ ɹ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ (ʊɽʄ) ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ. ʉʘʤʝ ʪʦʤʫ ʚʝʜʫʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʊɽʄ ʟ ʤʝʪʦʶ 

ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ. ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʊɽʄ ʚʠʟʥʘʥʦ 

ʧʨʦʙʣʝʤʫ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʘʨ'ʻʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʩʧʦʩʦʙʫ ʡʦʛʦ ʥʘʥʝʩʝʥʥʷ [1]. 

ɼʠʬʫʟʽʷ ï ʦʜʠʥ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ ʨʝʯʦʚʠʥʠ ʚ ʤʝʪʘʣʘʭ ʪʘ ʩʧʣʘʚʘʭ. ɺʦʥʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʠʥʠʢʘʶʯʠʭ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ, ʽ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʙʘʛʘʪʴʦʭ 

ʧʝʨʝʪʚʦʨʝʥʥʷʭ, ʚʠʟʥʘʯʘʻ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ [2]. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʫʩʪʨʽʯʥʦʾ ʜʠʬʫʟʽʾ ʘʪʦʤʽʚ ʽ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʊɽʄ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʘʥʪʠʜʠʬʫʟʽʡʥʽ ʙʘʨôʻʨʥʽ ʰʘʨʠ [3]. ʎʽ ʰʘʨʠ ʨʦʟʜʽʣʷʶʪʴ ʧʨʦʚʽʜʥʠʢ ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʚ ʤʽʩʮʽ ʾʭ ʢʦʥʪʘʢʪʫ ʪʘ 

ʥʘʥʦʩʷʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʆʜʥʘʢ ʪʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʥʝ ʟʘʚʞʜʠ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʪʠ ʧʦʪʨʽʙʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʊɽʄ. ʊʦʤʫ ʘʚʪʦʨʠ ʜʘʥʦʾ ʨʦʙʦʪʠ ʚʚʘʞʘʶʪʴ ʟʘ ʜʦʮʽʣʴʥʝ ʚʠʢʦʥʫʚʘʪʠ ʥʘʥʝʩʝʥʥʷ 

ʙʘʨôʻʨʥʦʛʦ ʰʘʨʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʤʫʪʘʮʽʡʥʦʾ ʧʣʘʩʪʠʥʠ.  
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ʇʦʨʷʜ ʽʟ ʪʝʭʥʦʣʦʛʽʻʶ ʥʘʥʝʩʝʥʥʷ ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʧʨʦʰʘʨʢʫ ʪʘ ʡʦʛʦ ʪʦʚʱʠʥʠ, ʷʢʠʡ ʙʠ ʜʦʟʚʦʣʠʚ ʟʘʧʦʙʽʛʪʠ ʜʠʬʫʟʽʾ ʘʪʦʤʽʚ ʰʘʨʫ ʧʨʦʚʽʜʥʠʢʘ (Cu) ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

(Bi2Te3). ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʷʢʦʩʪʽ ʙʘʨô̒ ʨʥʦʛʦ ʧʨʦʰʘʨʢʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Cu, Ti, Cr, Ni, Sr, W, 

Pt, Mo [3]. ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ Cu ʚ ʙʘʨôʻʨʥʠʡ ʰʘʨ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ 

ʧʨʦʰʘʨʢʽʚ ʚʠʢʦʥʘʥʠʭ ʟ Cr, Ni ʪʘ Ti. ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ D, ʷʢʠʡ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ 

ʚʝʣʠʯʠʥ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ, ʧʨʦʚʦʜʠʚʩʷ ʢʦʨʠʩʪʫʶʯʠʩʴ ʟʘʣʝʞʥʽʩʪʶ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦʙʪʦ ʟʘʢʦʥ ɸʨʨʝʥʽʫʩʘ [4]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʜʠʬʫʟʽʾ ( ) ʚʣʘʩʪʠʚʠʡ ʧʘʨʽ Cu ï Ni. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ Ni, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʧʦʜʚʽʡʥʠʭ ʩʧʣʘʚʽʚ, ʚʟʘʻʤʦʨʦʟʯʠʥʥʠʡ ʟ Cu ʽ ʥʝ ʤʦʞʝ ʷʢʽʩʥʦ ʙʣʦʢʫʚʘʪʠ ʾʾ ʜʠʬʫʟʽʶ ʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. ʈʦʟʨʘʭʫʥʢʠ ʜʣʷ ʧʘʨʠ Cu ï Cr ʧʦʢʘʟʘʣʠ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ 

( ), ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʙʣʦʢʫʚʘʥʥʷ ʜʠʬʫʟʽʾ ʘʪʦʤʽʚ ʰʘʨʫ ʧʨʦʚʽʜʥʠʢʘ 

(Cu) ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (Bi2Te3).  ʉʘʤʝ ʟʘ ʨʘʭʫʥʦʢ ʦʙʤʝʞʝʥʦʾ ʨʦʟʯʠʥʥʦʩʪʽ Cr ʚ Cu ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚ ʷʢʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʙʘʨôʻʨʥʦʛʦ ʰʘʨʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʦʚʱʠʥʠ ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ ʧʨʦʰʘʨʢʫ, ʷʢʠʡ ʙʠ ʛʘʨʘʥʪʦʚʘʥʦ ʙʣʦʢʫʚʘʚ 

ʜʠʬʫʟʽʶ ʘʪʦʤʽʚ ʰʘʨʫ ʧʨʦʚʽʜʥʠʢʘ (Cu) ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (Bi2Te3), ʢʦʨʠʩʪʫʚʘʣʠʩʷ ʟʘʢʦʥʦʤ ʌʽʢʘ. ʏʘʩ 

ʜʠʬʫʟʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʩʝʨʝʜʥʴʦʾ ʛʣʠʙʠʥʠ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʧʨʠʡʤʘʚʩʷ ʨʽʚʥʠʤ 10,8Ĭ10
6
 

ʩʝʢʫʥʜ, ʦʩʢʽʣʴʢʠ, ʚ ʩʝʨʝʜʥʴʦʤʫ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʊɽʄ  ʩʢʣʘʜʘʻ 3000 ʛʦʜʠʥ ʨʦʙʦʪʠ ʚ ʮʠʢʣʽʯʥʦʤʫ ʨʝʞʠʤʽ. 

ʆʪʞʝ, ʩʝʨʝʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʙʘʨôʻʨʥʠʭ ʧʨʦʰʘʨʢʽʚ ʥʘʡʤʝʥʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʠʬʫʟʽʾ Cu ʚʦʣʦʜʽʻ ʰʘʨ Cr, 

ʪʦʤʫ ʩʘʤʝ ʜʣʷ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʦʾ ʛʣʠʙʠʥʠ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʦʚʱʠʥʘ ʙʘʨôʻʨʥʦʛʦ ʧʨʦʰʘʨʢʫ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ X(Cu-2.43%Cr) = 30 ï 50 ʤʢʤ, ʷʢʘ ʙʫʜʝ 

ʛʘʨʘʥʪʫʚʘʪʠ ʙʣʦʢʫʚʘʥʥʷ ʜʠʬʫʟʽʾ ʘʪʦʤʽʚ ʰʘʨʫ ʧʨʦʚʽʜʥʠʢʘ (Cu) ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (Bi2Te3). 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʇʘʪ. 2425434 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʇʘʪʝʥʪ RU 2425434. ʉʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ / 
ɹʘʰʢʦʚ ɺ.ʄ.; ɹʝʣʷʝʚʘ ɸ.ʆ.; ɻʦʨʙʘʪʦʚʩʢʘʷ ʊ.ɸ. ʠ ʜʨ. ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ "ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ" (RU), ʆʙʱʝʩʪʚʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 
ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʅʘʫʯʥʦ-ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ "ʂʨʠʩʪʘʣʣ" (RU). ï ʟʘʷʚʣ. 22.10.2009; ʦʧʫʙʣ. 27.07.2011. 

2. ɹ.ʀ. ɹʦʣʪʘʢʩ, ɼʠʬʬʫʟʠʷ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ / ɹʦʨʠʩ ʀʦʩʠʬʦʚʠʯ ɹʦʣʪʘʢʩ. ï ʄ.: ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, 

1961. ï 462 ʩ. 

3. ʊʫʰʝʥʮʦʚʘ ɽʢʘʪʝʨʠʥʘ ʅʠʢʦʣʘʝʚʥʘ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ (ʊʕʄ) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] //ʏʝʪʚʝʨʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʫʜʝʥʯʝʩʢʘʷ ʚʝʩʥʘ 2011: ʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠè / ʄɻʊʋ ʠʤ. ʅ.ʕ ɹʘʫʤʘʥʘ. ï ʕʣʝʢʪʨʦʥ. ʜʘʥ. ï ʄ.: ʄɻʊʋ, 2011. ï 1 

ʵʣʝʢʪʨʦʥ. ʦʧʪ. ʜʠʩʢ (CD-R). ï ʉʠʩʪʝʤ. ʪʨʝʙʦʚʘʥʠʷ: ʇʕɺʄ, ʆʉ Windows. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://studvesna.qform3d.ru?go=articles&id=351. ï ɿʘʛʣ. ʩ 
ʵʢʨʘʥʘ. - ̄  ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ 0321100671. 

4. Kharchenko G.K. Diffusion vacuum welding of chromium with copper / Kharchenko G.K., Fal'chenko Yu.V., Novomlinets O.A., Gorban V.F. // 

Avtomaticheskaya Svarka. ï 2002. ï ̄ 7. ï pp. 41-42. 

 

 

ʋɼʂ 004.925.8 

GOOGLE SKETCHUP  ï ʇʈʆɻʈɸʄɸ ɼʃʗ 3D ʄʆɼɽʃʖɺɸʅʅʗ 
 

ʄ.ɼ.  ʇʨʠʙʠʪʴʢʦ, ʩʪʫʜ. ʛʨ. ʂɯ-151, ʆ. ʂʽʚʦʢʫʨʮʝʚ,  ʩʪʫʜ. ʛʨ. ʄɿɺ-111 

ʊ.ʈ. ɻʘʥʻʻʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ  ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ɸʇɹʂ 

ɯ.ʆ. ʇʨʠʙʠʪʴʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ  ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ɸʇɹʂ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ʆʙʠʜʚʘ ʧʨʠʥʮʠʧʠ ʚʪʽʣʝʥʽ ʚ ʧʨʦʩʪʦʤʫ, ʟʨʫʯʥʦʤʫ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʷʢ 

ʰʚʠʜʢʽʩʪʴ ʽ ʣʝʛʢʽʩʪʴ ʦʩʚʦʻʥʥʷ, ʪʘʢ ʽ ʥʝʧʝʨʝʚʝʨʰʝʥʫ ʜʣʷ 3D-ʨʝʜʘʢʪʦʨʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ 

SketchUp ʥʘʜʘʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʩʪʽʨ ʜʣʷ ʢʨʝʘʪʠʚʫ, ʩʘʤʝ ʜʣʷ ʪʚʦʨʯʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʠ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʪʚʦʨʠʪʠ, ʬʘʢʪʠʯʥʦ çʥʝ ʚʽʜʨʠʚʘʶʯʠ ʨʫʢʫ ʚʽʜ ʦʣʽʚʮʷè ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʥʘ ʪʝʭʥʽʯʥʽ ʜʽʾ. ʘ ʟʚʽʜʩʠ ï ʷʢʱʦ 

ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʦʩʚʦʻʥʥʷ ʥʦʚʦʛʦ ʩʧʝʮʠʬʽʯʥʦʛʦ ʩʚʽʪʫ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ  ̒ ʥʝʤʠʥʫʯʝ 

ʩʢʣʘʜʥʠʤ ʽ ʜʦʚʛʠʤ ʧʨʦʮʝʩʦʤ, ʪʦ ʟ ̔SketchUp ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʝ, ʣʝʛʰʝ, ʰʚʠʜʰʝ. 

 

 
  

ʈʠʩʫʥʦʢ  2 ï ʇʨʦʝʢʪ çɸʫʜʠʪʦʨʽʷ ʤʦʻʾ ʤʨʽʾè (ʘʚʪ. ʄ. ɸʭʨʽʤʝʥʢʦ, ʩʪʫʜ. ʛʨ. ɿɺ-111) 

SketchUp ʩʪʘʚ ʨʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʽʜʝʦʣʦʛʽʾ ʮʽʣʦʛʦ ʥʘʧʨʷʤʫ ʤʘʢʩʠʤʘʣʴʥʦ ʜʨʫʞʥʽʭ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ 

ʧʨʦʛʨʘʤ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʘʤʝ ʥʘ ʧʨʦʩʪʦʪʫ, ʣʝʛʢʽʩʪʴ ʦʩʚʦʻʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʽ ʟʨʫʯʥʽʩʪʴ ʨʦʙʦʪʠ, ʘʣʝ ʚ ʪʦʡ ʞʝ ʯʘʩ 

ʚʦʣʦʜʽʻ ʧʦʪʫʞʥʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʘʥʘʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʚʩʝ ʯʘʩʪʽʰʝ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʽ ʚ ʥʦʚʠʭ 3D-

ʨʝʜʘʢʪʦʨʘʭ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɹʽʣʴʰ ʪʦʛʦ ï ʚ ʜʝʷʢʠʭ ʟ ʥʠʭ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʷʚʥʽ çʩʢʝʪʯʘʧʦʚʩʴʢè̔ ʨʠʩʠ ʚ 

ʧʨʠʥʮʠʧʘʭ ʨʽʰʝʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ ʽ ʚʟʘʛʘʣʽ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ. 

ʊʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʦʞ, ʱʦ ʩʪʘʣʦ ʬʘʢʪʦʤ ʰʠʨʦʢʝ ʚʠʟʥʘʥʥʷ SketchUp ʩʪʦʨʦʥʥʽʤʠ ʨʦʟʨʦʙʥʠʢʘʤʠ 

çʧʘʨʪʥʝʨʩʴʢʠʭè ʧʨʦʛʨʘʤ, ʷʢʽ ʟʘʨʘʟ ʷʢ ʧʨʘʚʠʣʦ ʚʢʣʶʯʘʶʪʴ ʚ ʩʚʦʾ ʧʨʦʜʫʢʪʠ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʶ ʧʽʜʪʨʠʤʢʫ 

ʤʦʜʝʣʝʡ (ʬʘʡʣʽʚ) SketchUp, ʘʙʦ ʦʙʤʽʥ ʜʘʥʠʤʠ ʟ ʥʠʤ ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʽ ʧʣʘʛʽʥʠ SketchUp. ʎʝ ʚʽʜʦʙʨʘʞʝʥʦ ʽ ʚ 

ʩʘʤ̔ʡ ʡʦʛʦ ʥʘʟʚʽ (Sketch ï ʝʩʢʽʟ, ʥʘʯʝʨʢ, Up ï ʚʛʦʨʫ) ï ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʝʩʢʽʟʥʦʛʦ, ʧʦʰʫʢʦʚʦʛʦ 3D-

ʤʦʜʝʣʶʚʘʥʥʷ ï ʩʧʦʯʘʪʢʫ ʽ ʥʘʩʘʤʧʝʨʝʜ ï ʟ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ. ʆʜʥʘʢ ʥʘʩʧʨʘʚʜʽ, ʟʘʚʜʷʢʠ ʛʥʫʯʢʦʩʪʽ 

ʟʘʢʣʘʜʝʥʠʭ ʚ ʥʴʦʤʫ ʤʝʭʘʥʽʟʤʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʞʣʠʚʦʩʪʽ ʽ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʷʚʠʣʠʩʷ ʥʘʙʘʛʘʪʦ ʰʠʨʰʝ ï 

SketchUp ʟ ʫʩʧʽʭʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʝʢʪʽʚ ʫ ʚʩʽʭ ʞʘʥʨʘʭ ʜʠʟʘʡʥʫ, ʨʝʢʣʘʤʠ, 

ʽʥʞʝʥʝʨʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʢʽʥʦ- ʽ ʚʠʨʦʙʥʠʮʪʚʽ ʽʛʦʨ ʽ ʪ.ʽ.  
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʦʝʢʪ çɸʫʜʠʪʦʨʽʷ ʤʦʻʾ ʤʨʽʾè (ʘʚʪ. ʉ. ʉʦʤʦʢ, ʩʪʫʜ. ʛʨ. ʄɿɺ-111) 

ɼʦʩʠʪʴ ʜʦʚʛʦ ʟʽ SketchUp ʙʫʣʠ ʟʥʘʡʦʤ ̔ʪʽʣʴʢʠ ʚʫʟʴʢʝ ʢʦʣʦ ʬʘʭʽʚʮʽʚ, ʚ ʦʩʥʦʚʥʦʤʫ ï ʘʨʭʽʪʝʢʪʦʨʽʚ, ʘ ʚ 

ʋʢʨʘʾʥʽ ʚʽʥ ʟʘʣʠʰʘʚʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʚʽʜʦʤʠʤ. ɼʦ ʪʦʛʦ ʞ ʜʨʫʞʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ ʧʨʦʛʨʘʤʠ ʩʪʚʦʨʶʻ ʧʨʠ ʧʝʨʰʦʤʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʟʥʘʡʦʤʩʪʚʽ ʚʨʘʞʝʥʥʷ ʥʝʩʝʨʡʦʟʥʦʛʦ, ʥʘʚʽʪʴ ʥʝʧʦʚʥʦʮʽʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ. ʅʘʩʧʨʘʚʜʽ ʞ ʟʘ 

ʦʤʘʥʣʠʚʦʶ ʧʨʦʩʪʦʪʦʶ, ʥʘʚʽʪʴ çʛʨʘʰʢʦʚʽʩʪʶè ʽʥʪʝʨʬʝʡʩʫ (ʚ ʪ.ʯ. ʚ ʥʘʟʚʘʭ ʜʝʷʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ) ʭʦʚʘʶʪʴʩʷ 

ʯʫʜʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʟʘʚʜʘʥʴ ʥʽʟʢʦʧʦʣʽʛʦʥʥʦʛʦ 3D-ʤʦʜʝʣʶʚʘʥʥʷ, ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ 

ʽ ʟʨʫʯʥʽʩʪʴ ʧʦʙʫʜʦʚ ʨʽʚʥʷ ʧʨʦʬʝʩʽʡʥʠʭ CAD (Computer-Aided Design ð ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ (ʉɸʇʈ)) ʨʝʜʘʢʪʦʨʽʚ.  
 

 
ʈʠʩʫʥʦʢ 4 ï ʇʨʦʝʢʪ çɸʫʜʠʪʦʨʽʷ ʤʦʻʾ ʤʨʽʾè (ʘʚʪ. ʆ. ʂʽʚʦʢʫʨʮʝʚ, ʩʪʫʜ. ʛʨ. ʄɿɺ-111) 
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ʉʪʨʠʙʦʢ ʟʨʦʩʪʘʥʥʷ ʧʦʧʫʣʷʨʥʦʩʪʽ SketchUp ʩʪʘʚʩʷ ʟ ʤʦʤʝʥʪʫ çʧʨʠʚ'ʷʟʢʠè ʧʨʦʛʨʘʤʠ ʜʦ ɯʥʪʝʨʥʝʪ-ʧʨʦʝʢʪʽʚ 

Google 3D-ʤʦʜʝʣʽ (3D Warehouse) ʽ Google ʧʣʘʥʝʪʘ ɿʝʤʣʷ (Google Earth), ʜʣʷ ʯʦʛʦ ʚ SketchUp ʙʫʣʠ ʚʙʫʜʦʚʘʥʽ 

ʩʧʝʮʽʘʣʴʥʽ ʦʧʮʽʾ ʽ ʽʥʩʪʨʫʤʝʥʪʠ. ʆʯʝʚʠʜʥʦ ʜʦ ʨʝʯʽ, ʱʦ ʩʚʦʛʦ ʯʘʩʫ ʧʨʠʯʠʥʦʶ ʚʠʙʦʨʫ ʽ ʧʨʠʜʙʘʥʥʷ SketchUp 

ʢʦʨʧʦʨʘʮʽʻʶ Google ʦʯʝʚʠʜʥʦ ʩʪʘʣʠ ʩʘʤʝ ʡʦʛʦ ʧʨʦʩʪʦʪʘ ʽ ʜʦʩʪʫʧʥʽʩʪʴ ï ʘʣʴʪʝʨʥʘʪʠʚʠ ʥʘ ʨʦʣʴ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ 

ʪʘʢʠʭ ʧʨʦʝʢʪʽʚ çʥʘʨʦʜʥʦʛʦè 3D-ʨʝʜʘʢʪʦʨʘ ʧʨʦʩʪʦ ʽ ʥʝ ʙʫʣʦ. 

ʄʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ SketchUp: 

¶ ɽʩʢʽʟʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʘʨʭʽʪʝʢʪʫʨʽ: 

o ʄʦʜʝʣʶʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ; 

o ʄʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʷʢʠʭ ʫʞʝ ʥʝʤʘʻ ð ʚʽʨʪʫʘʣʴʥʘ ʘʨʭʝʦʣʦʛʽʷ;
;
 

¶ ɼʠʟʘʡʥ ʽʥʪʝʨ'ʻʨʫ ʪʘ ʣʘʥʜʰʘʬʪʥʠʡ ʜʠʟʘʡʥ; 

¶ ɼʠʟʘʡʥ ʟʦʚʥʽʰʥʴʦʾ ʨʝʢʣʘʤʠ; 

¶ ɼʠʟʘʡʥ ʨʽʚʥʽʚ (ʤʘʧʧʽʥʛ) ʧʽʜ Source Engine
;
 

¶ ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʨʦʙʽʚ ʜʣʷ ʜʨʫʢʫ ʥʘ 3D-ʧʨʠʥʝʨʽ; 

¶ ɯʥʞʝʥʝʨʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʉʪʚʦʨʠʚʰʠ ʚ SketchUp ʤʦʜʝʣʴ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʩʧʦʨʫʜʠ ʯʠ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ, ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ 

ʟʤʦʛʫ ʨʦʟʤʽʱʫʚʘʪʠ ʩʚʦʾ ʤʦʜʝʣʽ ʚ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʦʥʣʘʡʥ ʢʦʣʝʢʮʽʷʭ Google, ʪʘ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʤʦʜʝʣʷʤʠ 

ʽʥʰʠʭ ʨʦʟʨʦʙʥʠʢʽʚ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʥʠʭ ʜʞʝʨʝʣ: 

1. ʇʝʪʝʣʠʥ ɸ.ʖ. 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ Google SketchUp ï ʦʪ ʧʨʦʩʪʦʛʦ ʢ ʩʣʦʞʥʦʤʫ, ʄ.: ɼʄʂ ʇʨʝʩʩ, 2012.- 344 ʩ. 

2. http://www.sketchup.com 
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ʄɯʂʈʆʂɸʅɸʃʔʅɯ ʊɽʇʃʆʆɹʄɯʅʅʀʂʀ:  ʆʉʆɹʃʀɺʆʉʊɯ ʂʆʅʉʊʈʋʂʎɯɰ ʊɸ ɺʀɻʆʊʆɺʃɽʅʅʗ 

 

ʉ.ʄ. ʖʱʝʥʢʦ, ʘʩʧʽʨʘʥʪ, ʢʘʬʝʜʨʘ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ɸʇɹʂ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʪʝʧʣʦʦʙʤʽʥʥʽ 

ʧʨʠʩʪʨʦʾ (ʥʘʧʨʠʢʣʘʜ, ʫ ʩʠʩʪʝʤʘʭ ʦʭʦʣʦʜʞʝʥʥʷ ʚʫʟʣʽʚ ʘʚʪʦʤʦʙʽʣʴʥʦʾ, ʘʚʽʘʮʽʡʥʦʾ, ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ ʪʦʱʦ). 

ʉʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ ʚʠʢʣʠʢʘʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫ ʥʠʭ ʤʽʢʨʦʢʘʥʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʢʦʤʧʘʢʪʥʽ ʘʧʘʨʘʪʠ. ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʢʘʥʘʣʽʚ ʜʦ ʤʽʢʨʦʨʦʟʤʽʨʽʚ 

(10 ʤʢʤ õ 1 ʤʤ) ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʘʧʘʨʘʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʣʦʱʘ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʨʦʩʪʘʻ 

ʪʝʧʣʦʦʙʤʽʥʥʘ ʟʜʘʪʥʽʩʪʴ [1]. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʥʘʯʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʤʽʢʨʦʢʘʥʘʣʴʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ [2], ʚʠʛʦʪʦʚʣʝʥʽ 

ʧʦʚʥʽʩʪʶ ʟ ʘʣʶʤʽʥʽʶ. ʇʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʘʢʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʻ ʙʽʣʴʰ ʣʝʛʢʠʤʠ, ʤʽʮʥʽʰʠʤʠ, 

ʢʦʤʧʘʢʪʥʽʰʠʤʠ, ʙʽʣʴʰ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤʠ ʪʘ ʥʘʜʽʡʥʠʤʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʽ ʧʝʨʝʚʘʛʠ ʜʦʩʷʛʘʶʪʴʩʷ ʟʘʚʜʷʢʠ 

ʦʩʦʙʣʠʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʤʽʢʨʦʢʘʥʘʣʴʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ. ɿʦʢʨʝʤʘ, ʮʽ ʚʠʨʦʙʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʣʘʩʪʠʥ ʟ 

ʤʽʢʨʦʢʘʥʘʣʘʤʠ, ʱʦ ʟʙʽʣʴʰʫʻ ʩʫʤʘʨʥʫ ʧʣʦʱʫ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʜʦ ʷʢʠʭ ʧʨʠʻʜʥʫʻʪʴʩʷ ʦʨʝʙʨʽʥʥʷ ʦʩʦʙʣʠʚʦʾ 

ʬʦʨʤʠ. ʂʦʣʝʢʪʦʨʠ ʟ ʨʦʟʜʽʣʶʚʘʣʴʥʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʧʦʜʽʣ 

ʭʦʣʦʜʦʘʛʝʥʪʘ ʧʦ ʤʽʢʨʦʢʘʥʘʣʘʤ. ʂʨʽʤ ʪʦʛʦ, ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʢʦʨʦʟʽʡʥʽʡ ʩʪʽʡʢʦʩʪʽ ʘʣʶʤʽʥʽʶ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʽʡ 

ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʛʘʣʴʚʘʥʽʯʥʦʾ ʢʦʨʦʟʽʾ, ʷʢʦʾ ʥʝʤʦʞʣʠʚʦ ʫʥʠʢʥʫʪʠ ʫ ʟʚʠʯʘʡʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ʧʨʠ ʢʦʥʪʘʢʪʽ 

ʜʚʦʭ ʤʝʪʘʣʽʚ (ʤʽʜʽ ʪʘ ʘʣʶʤʽʥʽʶ) ʚʥʘʩʣʽʜʦʢ ʧʨʦʪʽʢʘʥʥʷ ʛʘʣʴʚʘʥʽʯʥʠʭ ʩʪʨʫʤʽʚ [2]. 

ʉʢʣʘʜʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʧʦʪʨʝʙʫʻ ʧʦʰʫʢʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʡʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʤʝʪʦʜʫ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʦʜʝʨʞʘʥʥʷ ʷʢʽʩʥʠʭ ʥʝʨʦʟôʻʤʥʠʭ ʟôʻʜʥʘʥʴ ʫ ʭʘʨʘʢʪʝʨʥʠʭ ʚʫʟʣʘʭ. ʅʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʽ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʝʢʪʥʦʾ ʬʦʨʤʠ ʜʘʥʠʭ ʚʠʨʦʙʽʚ, ʦʩʦʙʣʠʚʦ ʟôʻʜʥʘʥʴ ʤʽʢʨʦʢʘʥʘʣʴʥʠʭ 

ʧʣʘʩʪʠʥ ʟ ʨʝʙʨʠʩʪʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. ɼʦ ʪʦʛʦ ʞ, ʚʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʧʘʷʥʥʷ ʘʣʶʤʽʥʽʶ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʪʫʛʦʧʣʘʚʢʦʾ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʧʦʪʨʽʙʥʦ 

ʜʦʩʷʛʪʠ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʪʘ ʰʚʠʜʢʦʛʦ ʚʠʜʘʣʝʥʥʷ ʾʾ ʽʟ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʜʝʪʘʣʝʡ. 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʘʣʶʤʽʥʽʻʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʩʧʦʩʦʙʠ ʦʜʝʨʞʘʥʥʷ 

ʥʝʨʦʟôʻʤʥʠʭ ʟôʻʜʥʘʥʴ: ʧʘʷʥʥʷ ʫ ʬʣʶʩʦʚʠʭ ʚʘʥʥʘʭ, ʧʘʷʥʥʷ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʘʪʤʦʩʬʝʨʽ, ʧʘʷʥʥʷ ʫ ʚʘʢʫʫʤʽ. 

ʆʩʪʘʥʥʽʡ ʩʧʦʩʽʙ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʧʘʷʥʥʷ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʘʢʫʫʤʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ 

ʙ̔ʣʴʰ ʜʦʮʽʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʚʪʦʨʥʦʛʦ ʦʢʠʩʣʝʥʥʷ ʘʣʶʤʽʥʽʶ, ʦʜʥʘʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʜʦʚʛʦʪʨʠʚʘʣʽʩʪʶ ʪʘ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʧʝʨʝʜ ʟôʻʜʥʘʥʥʷʤ. ʋ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʜʠʬʫʟʽʡʥʝ ʟʚʘʨʶʚʘʥʥʷ ʫ ʚʘʢʫʫʤʽ, ʧʨʠ ʷʢʦʤʫ ʟʘʚʜʷʢʠ ʨʦʟʤʽʱʝʥʥʶ ʧʨʦʤʽʞʥʠʭ 

ʧʨʦʰʘʨʢʽʚ ʤʽʞ ʜʝʪʘʣʷʤʠ, ʱʦ ʟʚʘʨʶʶʪʴʩʷ, ʪʘ ʧʨʠʢʣʘʜʝʥʥ ʁ ʜʦ ʥʠʭ ʧʨʠʪʠʩʢʥʠʭ ʟʫʩʠʣʴ ʽʥʪʝʥʩʠʬʽʢʫʻʪʴʩʷ 

ʚʠʜʘʣʝʥʥʷ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʧʦʰʫʢ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʟôʻʜʥʘʥʥʷ ʘʣʶʤʽʥʽʶ ʪʘ ʰʣʷʭ̔ʚ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʜʘʣʝʥʥʷ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ ʽʟ ʟʦʥʠ ʟôʻʜʥʘʥʥʷ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʱʦ ʟʚʘʨʶʶʪʴʩʷ. 

ɺʠʱʝʚʠʢʣʘʜʝʥʽ ʤʽʨʢʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʧʦʩʦʙʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʠʜʘʣʝʥʥʷ ʦʢʩʠʜʥʦʾ 

ʧʣʽʚʢʠ ʜʦʟʚʦʣʠʣʠ ʥʘʤ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʘʣʶʤʽʥʽʶ ʜʠʬʫʟʽʡʥʝ ʟʚʘʨʶʚʘʥʥʷ ʫ ʚʘʢʫʫʤʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʽʞʥʠʭ ʧʨʦʰʘʨʢʽʚ  ʚʠʟʥʘʯʝʥʦʛʦ ʩʢʣʘʜʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʽ ʨʝʘʛʝʥʪʠ ʚ 

ʧʨʦʮʝʩʽ ʥʘʛʨʽʚʫ [3]. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʩʧʦʩʽʙ ʧʦʣʷʛʘʻ ʫ ʚʚʝʜʝʥʥʽ ʫ ʟʦʥʫ ʟô̒ ʜʥʘʥʥʷ ʜʝʪʘʣʝʡ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʦʩʥʦʚʽ 

https://uk.wikipedia.org/wiki/%D0%90%D1%80%D1%85%D0%B5%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/w/index.php?title=%D0%94%D0%B8%D0%B7%D0%B0%D0%B9%D0%BD_%D1%96%D0%BD%D1%82%D0%B5%D1%80%27%D1%94%D1%80%D0%B0&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%97%D0%BE%D0%B2%D0%BD%D1%96%D1%88%D0%BD%D1%8F_%D1%80%D0%B5%D0%BA%D0%BB%D0%B0%D0%BC%D0%B0
https://uk.wikipedia.org/w/index.php?title=%D0%94%D0%B8%D0%B7%D0%B0%D0%B9%D0%BD_%D1%80%D1%96%D0%B2%D0%BD%D1%96%D0%B2&action=edit&redlink=1
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ʩʠʣʽʢʘʪʫ ʥʘʪʨʽʶ, ʱʦ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʭʦʜʞʝʥʥʷ  ʢʦʥʪʘʢʪʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʧʣʘʚʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʬʽʟʠʯʥʠʡ 

ʢʦʥʪʘʢʪ ʧʦʚʝʨʭʦʥʴ ʟʘ ʨʘʭʫʥʦʢ ʟʤʦʯʫʚʘʥʥʷ ʾʭ ʨʽʜʢʦʶ ʣʝʛʢʦʧʣʘʚʢʦʶ ʝʚʪʝʢʪʠʢʦʶ ʩʠʩʪʝʤʠ ʘʣʶʤʽʥʽʡ-ʢʨʝʤʥʽʡ ʽ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʷʢʽʩʥʝ ʟʚʘʨʥʝ ʟô̒ ʜʥʘʥʥʷ. ʎʷ ʝʚʪʝʢʪʠʯʥʘ ʩʫʤʽʰ ʦʙʫʤʦʚʣʶʻ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ 

ʪʘ ʧʨʠʩʢʦʨʝʥʝ ʚʠʜʘʣʝʥʥʷ ʾʾ ʽʟ ʟʦʥʠ ʟôʻʜʥʘʥʥʷ, ʘ ʟʘ ʨʘʭʫʥʦʢ ʚʤʽʩʪʫ ʫ ʢʦʤʧʦʟʠʮʽʾ ʥʘʪʨʽʶ ʧʽʜʚʠʱʫʶʪʴʩʷ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʟʘʚʜʷʢʠ ʢʣʝʡʦʚʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʩʫʤʽʰʽ, ʱʦ ʥʘʥʦʩʠʪʴʩʷ 

ʧʨʦʤʘʟʫʚʘʥʥʷʤ ʜʝʪʘʣʝʡ, ʩʧʨʦʱʫʻʪʴʩʷ ʩʢʣʘʜʘʥʥʷ ʚʠʨʦʙʽʚ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ 

ʧʨʦʮʝʩʫ. 

ɼʠʬʫʟʽʡʥʝ ʟʚʘʨʶʚʘʥʥʷ ʫ ʚʘʢʫʫʤʽ ʘʣʶʤʽʥʽʻʚʠʭ ʚʠʨʦʙʽʚ ʯʝʨʝʟ ʧʨʦʰʘʨʦʢ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜʢʨʠʚʘʻ 

ʰʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʘʢʫʫʤʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʚʝʜʝʥʥ ʁʜʦ ʤʽʥʽʤʫʤʫ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ, ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʶ ʫʤʦʚ, ʧʨʠ ʷʢʠʭ ʚʽʜʧʘʜʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʪʝʣʴʥʦʾ ʽ ʩʢʣʘʜʥʦʾ 

ʧʜ̔ʛʦʪʦʚʢʠ ʜʝʪʘʣʝʡ ʜʦ ʟʚʘʨʶʚʘʥʥʷ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʛʘʣʫʟʽ ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʢʨʦʢʘʥʘʣʴʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ 

ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʦʙʦʢ ʪʝʭʥʦʣʦʛʽʾ ʟôʻʜʥʘʥʥʷ ʘʣʶʤʽʥʽʶ ʟ ʝʬʝʢʪʠʚʥʠʤ ʚʠʜʘʣʝʥʥʷʤ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ ʟʘ 

ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʱʦ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʪʦʥʢʦʩʪʽʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɹʘʨʘʥʝʥʢʦ, ɸ. ɺ. ʄʠʥʠʢʘʥʘʣʴʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʚ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʝ [ʊʝʢʩʪ] / ɸ.ɺ. ɹʘʨʘʥʝʥʢʦ, ʖ.A. ʃʘʧʪʝʚ, ɼ.M. ɻʦʚʘʣʳʛ // 

ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ ʅʀʋ ʀʊʄʆ, ʉʝʨʠʷ ñʍʦʣʦʜʠʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝò. ï 2014. ï ˉ.3. ï ʉ.1-8.  

2. ʄʠʢʨʦʢʘʥʘʣʴʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ Danfoss [ʊʝʢʩʪ] // ʍʦʣʦʜʠʣʴʥʘʷ ʪʝʭʥʠʢʘ. ï 2011. ï ˉ8. ï ʉ. 37-38. 

3. ʇʘʪ. 94095 UA, ʄʇʂ51 ɺ 23 ʂ 20/14. ʉʧʦʩʽʙ ʧʨʝʮʠʟʽʡʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʘʣʶʤʽʥʽʶ ʪʘ ʡʦʛʦ ʩʧʣʘʚʽʚ / ʆʣʝʢʩʽʻʥʢʦ ʉ.ɺ., 
ʅʦʚʦʤʣʠʥʝʮʴ ʆ.ʆ., ʖʱʝʥʢʦ ʉ.ʄ.; ʟʘʷʚʥʠʢ ʽ ʚʣʘʩʥʠʢ ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. ï ˉ u 2014 05784; ʟʘʷʚʣ. 

29.05.2014; ʦʧʫʙʣ. 27.10.2014, ɹʶʣ. ˉ20. 

 

 

ʋɼʂ 377.3 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʅʆɺɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʇʈʀ ʇɯɼɻʆʊʆɺʎɯ ʈʆɹɯʊʅʀʂɯɺ ɿɸ 

ʉʇɽʎɯɸʃʔʅɯʉʊʖ çɽʃɽʂʊʈʆɻɸɿʆɿɺɸʈʅʀʂ, ɻɸɿʆʈɯɿɸʃʔʅʀʂè 

 

ɺ.ʈ. ʅʘʟʠʤʢʦ, ʩʪʫʜʝʥʪ ʛʨ. 431 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʃ.ɺ. ʈʦʤʘʥʝʥʢʦ, ʚʠʢʣʘʜʘʯ-ʩʧʝʮʽʘʣʽʩʪ 

ɯʥʜʫʩʪʨʽʘʣʴʥʦ-ʧʝʜʘʛʦʛʽʯʥʠʡ ʪʝʭʥʽʢʫʤ ʂʦʥʦʪʦʧʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ  

ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

 

ʄʠ ʞʠʚʝʤʦ ʚ ʩʪʦʣʽʪʪʽ ʪʝʭʥʽʯʥʦʛʦ, ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʛʨʝʩʫ. ʂʦʞʝʥ ʟ ʥʘʩ ʤʦʞʝ ʟʥʘʡʪʠ ʙʫʜʴ-

ʷʢʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʥʝ ʚʠʭʦʜʷʯʠ ʟ ʜʦʤʫ, ʘʙʦ ʞ ʢʦʨʠʩʪʫʶʯʠʩʴ ʛʘʜʞʝʪʘʤʠ  ʪʘ ʧʝʨʠʬʝʨʽʡʥʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ. ɸʣʝ ʞ ʥʘʚʯʠʪʠʩʷ ʚʠʢʦʥʫʚʘʪʠ ʪʫ ʯʠ ʽʥʰʫ ʨʦʙʦʪʫ ʙʝʟ ʜʦʧʦʤʦʛʠ ʜʦʩʚʽʜʯʝʥʦʛʦ ʧʨʦʬʝʩʽʦʥʘʣʘ ʚʘʞʢʦ.  

 ʗ ʥʘʚʯʘʶʩʷ ʥʘ ʤʘʡʩʪʨʘ ʚʠʨʦʙʥʠʯʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ çɿʚʘʨʶʚʘʥʥʷè ʽ ʨʝʘʣʴʥʦ ʨʦʟʫʤʽʶ ʥʘʩʢʽʣʴʢʠ 

ʚʘʞʢʦ ʨʦʟʫʤʽʪʠ ʽ ʟʜʦʙʫʚʘʪʠ ʟʥʘʥʥʷ, ʚʤʽʥʥʷ ʽ ʥʘʚʠʯʢʠ ʚ ʮʽʡ ʧʨʦʬʝʩʽʾ. ɸʜʞʝ ʷʢʽʩʥʝ ʟʚʘʨʥʝ ʟô̒ ʜʥʘʥʥʷ ʧʦʪʨʝʙʫʻ ʚʽʜ 

ʪʦʛʦ, ʭʪʦ ʡʦʛʦ ʚʠʢʦʥʫʻ, ʚʝʣʠʯʝʟʥʦʛʦ ʜʦʩʚʽʜʫ ʷʢ ʪʝʦʨʝʪʠʯʥʦʛʦ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʦʛʦ. ʊʦʤʫ ʷ ʧʨʦʧʦʥʫʶ ʤʘʡʩʪʨʘʤ 

ʚʠʨʦʙʥʠʯʦʛʦ ʥʘʚʯʘʥʥʷ ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ : ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʧʨʦʝʢʪʦʨʠ, ʦʩʦʙʠʩʪʽ 

ʥʦʫʪʙʫʢʠ, ʧʣʘʥʰʝʪʥʽ ʇʂ, ʧʣʘʟʤʦʚʽ ʪʝʣʝʚʽʟʦʨʠ, ʩʤʘʨʪʬʦʥʠ, ʛʘʜʞʝʪʠ, ʧʝʨʠʬʝʨʽʡʥʽ ʧʨʠʩʪʨʦʾ, ʬʣʝʰ-ʥʘʢʦʧʠʯʫʚʘʯʽ, 

ʮʠʬʨʦʚʽ ʬʦʪʦʘʧʘʨʘʪʠ, ʚʽʜʝʦʢʘʤʝʨʠ, ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ, ʝʣʝʢʪʨʦʥʥʽ ʪʨʝʥʘʞʝʨʠ ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʝʭʥʽʢ ʚʝʜʝʥʥʷ 

ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ, ʪʘ ʽʥ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʘʧʘʨʘʪʽʚ, ʩʤʘʨʪʬʦʥʽʚ, ʪʝʣʝʬʦʥʽʚ ʟ ʚʽʜʝʦʢʘʤʝʨʦʶ  ʤʘʡʩʪʝʨ 

ʤʦʞʝ ʬʽʢʩʫʚʘʪʠ ʬʦʪʦ ʽ ʚʽʜʝʦ ʨʦʙʽʪ ʫʯʥʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʙʛʦʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ, ʟʨʦʙʣʝʥʠʭ ʧʦʤʠʣʦʢ ʫ ʧʨʦʮʝʩʽ 

ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ  ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ. 

ʗ ʷʢ, ʤʘʡʙʫʪʥʽʡ ʤʘʡʩʪʝʨ ʚʠʨʦʙʥʠʯʦʛʦ ʥʘʚʯʘʥʥʷ, ʧʨʦʧʦʥʫʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʽʜʛʦʪʦʚʮʽ ʨʦʙʽʪʥʠʢʽʚ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ çɽʣʝʢʪʨʦʛʘʟʦʟʚʘʨʥʠʢ, ʛʘʟʦʨʽʟʘʣʴʥʠʢè  ʥʦʚʽʪʥʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ: ʫʯʙʦʚʽ ʪʘʙʣʠʮʽ, ʜʽʘʛʨʘʤʠ, ʛʨʘʬʽʢʠ, 

ʽʥʩʪʨʫʢʮʽʡʥʽ ʢʘʨʪʠ, ʬʦʪʦ ʥʘʪʫʨʘʣʴʥʠʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʧʦʢʘʟʫʶʪʴʩʷ  ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʦʤʫ ʧʨʦʝʢʪʦʨʽ ʘʙʦ ʥʘ ʝʢʨʘʥʽ 

ʪʝʣʝʚʽʟʦʨʘ, ʧʣʘʥʰʝʪʘ, ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ. ɼʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʝʦʨʦʣʠʢʠ, ʩʢʦʧʽʡʦʚʘʥʽ ʟ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, 

ʘ ʪʘʢʦʞ  ʚʣʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʥʷʪʽ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʫʨʦʢʘʭ ʚʠʨʦʙʥʠʯʦʛʦ ʥʘʚʯʘʥʥʷ, ʥʘ ʪʝʤʘʪʠʯʥʠʭ ʚʠʩʪʘʚʢʘʭ, 

ʤʘʡʩʪʝʨ-ʢʣʘʩʘʭ, ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʽ ʟ ʜʘʥʦʶ ʧʨʦʬʝʩʽʻʶ ʽ ʦʙôʻʢʪʦʤ ʚʠʚʯʝʥʥʷ.  

ɺʞʝ ʢʽʣʴʢʘ ʨʦʢʽʚ ʧʦʩʧʽʣʴ ʷ ʟʥʽʤʘʶ, ʤʦʥʪʫʶ ʽ ʢʦʤʝʥʪʫʶ ʚʽʜʝʦʨʦʣʠʢʠ ʥʘ ʨʽʟʥʽ ʪʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟʽ ʟʚʘʨʶʚʘʥʥʷʤ. 

ʗ ʩʪʚʦʨʠʚ ʧʦʢʘʟʦʚʝ ʚʽʜʝʦ çʇʦʝʪʘʧʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʽʜʩʪʘʚʢʠ ʜʣʷ ʢʚʽʪʽʚè,çʇʨʦʮʝʩ ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʘʨʢʦʚʦʾ ʣʘʚʠè, çʊʝʭʥʽʢʘ ʨʽʟʘʥʥʷ ʪʦʥʢʦʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʫè, çɽʪʘʧʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʚʦʨʽʪ ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʭʫʜʦʞʥʴʦʛʦ ʢʫʚʘʥʥʷè, çʈʦʣʴ ʽ ʤʽʩʮʝ ʤʘʡʩʪʨʘ ʚʠʨʦʙʥʠʯʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʧʽʜʛʦʪʦʚʮʽ ʨʦʙʽʪʥʠʯʠʭ ʢʘʜʨʽʚ ʜʣʷ 

ʨʠʥʢʫ ʧʨʘʮʽè. 

ɿʘʨʘʟ ʷ ʧʨʘʮʶʶ ʥʘʜ ʩʪʚʦʨʝʥʥʷʤ ʚʽʜʝʦʨʦʣʠʢʘ ʧʨʦ ʨʽʟʥʝ ʩʫʯʘʩʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʩʝʨʽʡʥʦʤʫ ʟʚʘʨʶʚʘʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ.  ʄʘʪʝʨʽʘʣ ʪʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʣʘ ʟʽʙʨʘʥʘ ʽ ʟʥʷʪʘ ʥʘ  XIV  ʄʽʞʥʘʨʦʜʥʦʤʫ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʬʦʨʫʤʽ,  ʷʢʠʡ ʧʨʦʭʦʜʠʚ ʚ 2015 ʨʦʮʽ ʫ ʤ. ʂʠʾʚ.     

ʇʦʢʘʟ ʚʽʜʝʦʨʦʣʠʢʽʚ ʥʘ ʫʨʦʢʘʭ ʚʠʨʦʙʥʠʯʦʛʦ ʥʘʚʯʘʥʥʷ ʤʘʻ ʚʝʣʠʢʠʡ ʫʩʧʽʭ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʨʦʙʽʪ,  ʘʜʞʝ ʢʨʘʱʝ ʦʜʠʥ ʨʘʟ ʧʦʙʘʯʠʪʠ ʥʽʞ ʩʪʦ ʨʘʟʽʚ ʧʦʯʫʪʠ. ʗʢʽʩʪʴ ʟʥʘʥʴ, ʚʤʽʥʴ ʽ ʥʘʚʠʯʦʢ ʟʜʦʙʫʪʘ 

ʫʯʥʷʤʠ ʥʘ ʫʨʦʢʘʭ ʚʠʨʦʙʥʠʯʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʽʜʛʦʪʦʚʣʝʥʦʩʪʽ ʤʘʡʩʪʨʘ ʚ/ʥ ʜʦ ʫʨʦʢʫ, ʷʢ ʚʽʥ ʜʦʥʝʩʝ 

ʤʘʪʝʨʽʘʣ ʜʦ ʫʯʥʽʚ, ʥʘʩʢʽʣʴʢʠ ʟʥʘʯʫʱʽ  ʟʥʘʥʥʷ ʟʜʦʙʫʪʽ ʥʘ ʫʨʦʮʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʘ ʧʨʘʢʪʠʮʽ... 
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ɸʃɻʆʈʀʊʄ ʇʆɺʆʈʆʊʋ ɿʆɹʈɸɾɽʅʅʗ ɼʈʋʂʆɺɸʅʆɰ ʇʃɸʊʀ 

 

ʈ.ɹ. ɸʥʜʨʫʱʝʥʢʦ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʄʉ-111, 

ʉ.ɸ. ɯʚʘʥʝʮʴ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ɯʂʉ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʥʘ ʧʣʦʱʠʥʽ ʟʘ 

ʥʘʷʚʥʠʤ ʟʥʽʤʢʦʤ ʟ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʨʘʭʫʥʢʦʤ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʥʝʩʝʥʽ ʥʘ ʧʣʘʪʫ. ɼʘʥʘ ʪʝʤʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʪʝʦʨʝʪʠʯʥʠʡ ʽ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ: ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʜʦʟʚʦʣʠʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʜʽʡ ʦʧʝʨʘʪʦʨʘ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ, ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ. 

ʇʝʨʰ ʥʽʞ ʧʨʠʩʪʫʧʘʪʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʤʦʞʥʘ ʚʟʷʪʠ ʥʘ ʟʘʤʽʪʢʫ ʢʽʣʴʢʘ ʥʘʩʪʫʧʥʠʭ 

ʧʨʠʥʮʠʧʽʚ: 

- ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʙʘʞʘʥʦ ʟʘʚʞʜʠ ʡʪʠ ʚʽʜ ʥʘʡʧʨʦʩʪʽʰʦʛʦ; 

- ʏʽʪʢʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʚ ʤʝʪʦʜʘʭ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʥʘ ʧʦʨʷʜʢʠ ʚʘʞʣʠʚʽʰʘ, ʥʽʞ ʜʣʷ ʟʘʜʘʯ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚ ʙʽʣʴʰʦʩʪʽ ʽʥʰʠʭ ʛʘʣʫʟʷʭ; 

- ɿʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʝ ʤʘʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʨʽʰʝʥʴ. ʅʝʤʦʞʣʠʚʦʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʙʫʜʝ 

ʧʨʦʩʪʦ çʨʦʟʧʽʟʥʘʚʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʥʘʧʠʩè. 

- ɹʘʞʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʦʪʦʚʽ ʨʽʰʝʥʥʷ. OpenCV ʤʘʻ ʙʝʟʣʽʯ ʤʝʪʦʜʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ 

ʚʠʨʽʰʠʪʠ 50% ʚʽʜ ʦʙʩʷʛʫ ʤʘʡʞʝ ʙʫʜʴ-ʷʢʦʛʦ ʟʘʚʜʘʥʥʷ. ɸʣʝ OpenCV ï ʮʝ ʣʠʰʝ ʤʘʣʘ ʯʘʩʪʠʥʘ ʪʦʛʦ, ʱʦ ʚ 

ʨʝʘʣʴʥʦʩʪʽ ʤʦʞʥʘ ʟʨʦʙʠʪʠ. [1] 

ʇʦʢʠ ʱʦ ʥʝ ʽʩʥʫʻ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʽ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʣʠ ʙ ʟ ʽʜʝʘʣʴʥʦʶ ʪʦʯʥʽʩʪʶ ʚʠʨʽʰʫʚʘʪʠ 

ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʆʜʥʘʢ, ʚ ʮʽʣʦʤʫ, ʫ ʚʩʽʭ ʘʣʛʦʨʠʪʤʘʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ ʘʙʦ ʧʽʜʟʘʜʘʯʽ: 

- ʇʦʧʝʨʝʜʥʷ ʬʽʣʴʪʨʘʮʽʷ ʽ ʧʽʜʛʦʪʦʚʢʘ ʟʦʙʨʘʞʝʥʥʷ; 

- ʃʦʛʽʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʬʽʣʴʪʨʘʮʽʾ; 

- ɸʣʛʦʨʠʪʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʣʦʛʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ʄʝʞʽ ʤʽʞ ʮʠʤʠ ʢʨʦʢʘʤʠ ʜʫʞʝ ʫʤʦʚʥʽ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʘʣʝʢʦ ʥʝ ʟʘʚʞʜʠ ʧʦʪʨʽʙʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʟ ʫʩʽʭ ʛʨʫʧ, ʙʫʚʘʻ ʜʦʩʪʘʪʥʴʦ ʜʚʦʭ, ʘ ʽʥʦʜʽ ʥʘʚʽʪʴ ʽ ʦʜʥʦʛʦ. [2] 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʩʢʘʟʘʥʦʛʦ, ʧʨʠʩʪʫʧʠʤʦ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʧʨʦʙʣʝʤʠ. 

ʇʝʨʰʽ ʜʚʘ ʧʨʠʥʮʠʧʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʙʘʞʘʥʦ ʟʘʚʞʜʠ ʡʪʠ ʚʽʜ 

ʥʘʡʧʨʦʩʪʽʰʦʛʦ, ʘ ʪʘʢʦʞ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ ʯʽʪʢʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ. ʅʘʡʧʨʦʩʪʽʰʝ ʨʦʟʧʽʟʥʘʪʠ ʦʙ'ʻʢʪʠ, ʥʘ ʷʢʠʭ 

ʧʨʠʩʫʪʥʽ ʜʝʷʢʽ ʤʘʨʢʝʨʠ ʽ ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʦʜʥʦʨʽʜʥʦʤʫ ʬʦʥʽ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢ ʽ ʻ. ʇʦʚʝʨʭʥʷ, ʥʘ ʷʢʽʡ 

ʣʝʞʠʪʴ ʜʨʫʢʦʚʘʥʘ ʧʣʘʪʘ, ʽ ʩʘʤʘ ʧʦʚʝʨʭʥʷ ʧʣʘʪʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʢʦʣʴʦʨʦʤ. ɺʦʥʠ ʩʘʤʽ ʧʦ ʩʦʙʽ ʻ ʦʜʥʦʨʽʜʥʠʤʠ. 

ʅʘ ʜʨʫʢʦʚʘʥʽʡ ʧʣʘʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʤʘʨʢʝʨʠ (ʪʨʠ ʰʪʫʢʠ), ʷʢʽ ʧʦʟʥʘʯʘʶʪʴ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʽ ʤʝʞʽ 

ʧʣʘʪʠ. ʊʘʢʦʞ, ʧʠʩʘʪʠ ʚʩʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʥʫʣʷ ʪʝʞ ʥʝ ʤʘʻ ʩʝʥʩʫ, ʪʘʢ ʷʢ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʙʘʛʘʪʴʦʭ ʧʨʦʙʣʝʤʘʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʦʚʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽ ʥʝʦʙʭʽʜʥʽʩʪʶ ʾʭ ʧʦʚʥʦʾ ʧʝʨʝʚʽʨʢʠ 

ʽ ʪʝʩʪʫʚʘʥʥʷ. ʉʝʨʝʜ ʛʦʪʦʚʠʭ ʨʽʰʝʥʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʧʘʢʝʪ Image Processing Tools 

ʩʝʨʝʜʦʚʠʱʘ Matlab ʘʙʦ ʞ ʙʽʙʣʽʦʪʝʢʫ OpenCV. ʆʩʪʘʥʥʽʡ ʚʘʨʽʘʥʪ ʙʽʣʴʰ ʢʨʘʱʠʡ, ʪʦʤʫ ʱʦ ʚʽʥ: 

- ʄʝʥʰ ʚʠʤʦʛʣʠʚʠʡ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʤʘʻ ʚʝʣʠʢʫ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ; 

- ɭ ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʤ. 

- ɺʽʜʢʨʠʪʠʡ, ʧʽʜ ʣʽʮʝʥʟʽʻʶ GPL. [3] 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʚʠʨʽʰʫʻ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢ: 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ 

 

ʇʝʨʰ ʟʘ ʚʩʝ, ʟʦʙʨʘʞʝʥʥʷ ʩʣʽʜ ʚʽʜʬʽʣʴʪʨʫʚʘʪʠ: ʟʤʝʥʰʠʪʠ ʰʫʤ, ʧʨʠʙʨʘʚʰʠ ʥʝʧʦʪʨʽʙʥʽ ʜʝʪʘʣʽ, ʽ ʧʨʦʚʝʩʪʠ 

ʙʽʥʘʨʠʟʘʮʽʶ. ɼʣʷ ʪʘʢʠʭ ʮʽʣʝʡ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʞʝ ʨʝʘʣʽʟʦʚʘʥʽ ʚ OpenCV. [3] 

ɿʤʝʥʰʠʪʠ ʰʫʤ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʜʽʘʥʥʦʛʦ ʬʽʣʴʪʨʫ ï ʮʝ ʦʜʠʥ ʟ ʚʠʜʽʚ ʮʠʬʨʦʚʠʭ ʬʽʣʴʪʨʽʚ, ʷʢʠʡ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʽʚ ʽ ʟʦʙʨʘʞʝʥʴ. ʁʦʛʦ ʩʫʪʴ ʧʦʣʷʛʘʻ ʚ ʟʘʤʽʥʽ ʟʥʘʯʝʥʴ 

ʇʽʜʛʦʪʦʚʢʘ ʽ 

ʬʽʣʴʪʨʘʮʽʷ 
ɹʽʥʘʨʽʟʘʮʽʷ ʇʦʰʫʢ ʤʘʨʢʝʨʽʚ 

ʈʦʟʨʘʭʫʥʦʢ 

ʤʘʪʨʠʮʽ 

ʈʦʟʨʘʭʫʥʦʢ 

ʥʦʚʠʭ ʢʦʦʨʜʠʥʘʪ 

ɺʠʚʽʜ 

ʨʝʟʫʣʴʪʘʪʽʚ 
Input image 

Input Gerber-file ʇʘʨʩʠʥʛ 

ʜʘʥʠʭ 

List of points 
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ʧʦʪʦʯʥʦʛʦ ʧʽʢʩʝʣʷ ʥʘ ʤʝʜʽʘʥʫ ʡʦʛʦ ʩʫʩʽʜʽʚ. ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟ ʪʨʴʦʭʢʘʥʘʣʴʥʦʛʦ ʚ 

ʦʜʥʦʢʘʥʘʣʴʥʝ (ʟ ʢʦʣʴʦʨʦʚʦʛʦ ï ʚ ʥʘʧʽʚʪʦʥʦʚʝ). ʇʽʩʣʷ ʮʠʭ ʜʽʡ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʙʽʥʘʨʠʟʘʮʽʶ ʧʦ ʧʦʨʦʛʫ. ʇʦʨʽʛ 

ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʩʪʘʪʠʯʥʦ ʘʙʦ ʜʠʥʘʤʽʯʥʦ. ʋ ʨʘʟʽ ʩʪʘʪʠʯʥʦʛʦ ʧʦʨʦʛʫ, ʦʙʨʦʙʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʰʝ, ʦʜʥʘʢ ʷʢʽʩʪʴ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʤʽʪʥʦ ʧʦʛʽʨʰʫʻʪʴʩʷ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʟʤʽʥʽ ʦʩʚʽʪʣʝʥʥʷ. ʐʣʷʭʦʤ ʧʨʦʙ ʽ ʧʦʤʠʣʦʢ, ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʧʦʨʦʛʫ ʙʫʣʦ ʚʠʙʨʘʥʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʘʥʘʣʫ ʟʦʙʨʘʞʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʝ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

 

 

 

 (1) 

ɿʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 255. 

ɼʘʣʽ ʤʦʞʣʠʚʽ 2 ʚʘʨʽʘʥʪʠ. ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ ï ʷʢʱʦ ʢʦʣʽʨ ʧʣʘʪʠ ʩʭʦʞʠʡ ʟ ʢʦʣʴʦʨʦʤ ʬʦʥʫ. ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ 

ï ʢʦʣʽʨ ʧʣʘʪʠ ʧʦʤʽʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʦʣʴʦʨʫ ʬʦʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʙʽʥʘʨʽʟʘʮʽʾ ʜʣʷ ʮʠʭ ʜʚʦʭ ʚʠʧʘʜʢʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2: 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʙʽʥʘʨʽʟʘʮʽʾ (ʟʣʽʚʘ ï ʫ ʚʠʧʘʜʢʫ ʚʝʣʠʢʦʛʦ ʢʦʥʪʨʘʩʪʫ ʧʣʘʪʠ ʟ ʬʦʥʦʤ, ʩʧʨʘʚʘ ï ʫ ʚʠʧʘʜʢʫ 

ʤʘʣʦʛʦ ʢʦʥʪʨʘʩʪʫ ʤʽʞ ʧʣʘʪʦʶ ʽ ʬʦʥʦʤ) 

 

ɺʽʜʨʽʟʥʠʪʠ ʧʝʨʰʠʡ ʚʘʨʽʘʥʪ ʚʽʜ ʜʨʫʛʦʛʦ ʜʦʩʠʪʴ ʧʨʦʩʪʦ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ ʦʜʠʥ ʚʝʣʠʢʠʡ 

ʩʫʮʽʣʴʥʠʡ ʦʙ'ʻʢʪ ʧʨʠʙʣʠʟʥʦ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ï ʪʨʠ ʦʙ'ʻʢʪʠ-ʤʘʨʢʝʨʘ. ʗʢ ʙʘʯʠʤʦ, ʚ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʫ ʦʙʨʦʙʢʫ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʦʪʨʠʤʘʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʷʢ ʤʘʩʢʫ, ʷʢʫ ʥʘʢʣʘʜʘʻʤʦ ʥʘ ʚʠʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʜʘʣʽ ʧʦʚʪʦʨʶʻʤʦ ʚʩʽ ʦʧʝʨʘʮʽʾ ʱʝ ʨʘʟ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʬʽʣʴʪʨʘʮʽʾ, ʧʝʨʝʪʚʦʨʝʥʴ ʽ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʥʪʫʨʽʚ ʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʢʘʨʪʠʥʫ: 

 
ʈʠʩʫʥʦʢ 3 ï ʂ̔ ʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ 

 

ʇʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʽ ʥʘʧʨʷʤʦʢ. ʆʯʝʚʠʜʥʦ, ʱʦ ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʘʤʠ OX' ʽ OY' ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʨʽʚʥʠʤ 90 ʛʨʘʜʫʩʘʤ. 

ʂʫʪ ʤʽʞ ʟʘʜʘʥʠʤʠ ʚʝʢʪʦʨʘʤʠ ɸ ʽ ɺ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ: 

 

 

 

 (2) 

 

ʉʝʨʝʜ ʽʩʥʫʶʯʠʭ ʢʦʤʙʽʥʘʮʽʡ ʧʘʨ ʚʝʢʪʦʨʽʚ ʚʠʙʠʨʘʻʪʴʩʷ ʪʘ, ʜʝ ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʜʦʨʽʚʥʶʻ 90 ʛʨʘʜʫʩʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ. ɿʘ ʮʽʻʶ ʞ ʬʦʨʤʫʣʦʶ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢʠʡ ʚʝʢʪʦʨ 

ʥʘʣʝʞʠʪʴ ʦʩʽ ʍ, ʘ ʷʢʠʡ ï ʦʩʽ Y: ʷʢʱʦ ʦʪʨʠʤʘʥʠʡ ʢʫʪ - ʧʦʟʠʪʠʚʥʠʡ, ʧʦ ʦʩʽ ʆʍ ʥʘʣʝʞʠʪʴ ʚʝʢʪʦʨ ɸ, ʽʥʘʢʰʝ - 

ʚʝʢʪʦʨ ɺ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʧʝʨ ʚʽʜʦʤʝ ʧʦʣʦʞʝʥʥʷ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʚʽʜʥʦʩʥʦ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʟʦʙʨʘʞʝʥʥʷ ʢʘʤʝʨʠ (dx, dy) ʽ ʢʫʪ ʧʦʚʦʨʦʪʫ (a). 

ʊʝʧʝʨ ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʧʝʨʝʨʘʭʫʥʢʫ ʢʦʦʨʜʠʥʘʪ Gerber-ʬʘʡʣʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʟʨʫʯʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ. ʑʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʥʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ, ʥʝʦʙʭʽʜʥʦ 

ʟʥʘʡʪʠ ʤʘʪʨʠʮʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʪʠ ʾʾ ʜʦ ʚʩʽʭ ʥʘʷʚʥʠʭ ʪʦʯʦʢ. [4] 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʤʘʪʨʠʮʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ï ʮʝ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʤʥʦʞʝʥʥʷ ʜʚʦʭ ʤʘʪʨʠʮʴ: ʤʘʪʨʠʮʽ 

ʧʦʚʦʨʦʪʫ ʽ ʤʘʪʨʠʮʽ ʧʝʨʝʤʽʱʝʥʥʷ. 

  (3) 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʘ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʘ-ʧʨʦʪʦʪʠʧ, ʥʘ ʤʦʚʽ ʉ++, ʚ ʩʝʨʝʜʦʚʠʱʽ Qt, ʷʢʘ ʟʯʠʪʫʻ ʟʦʙʨʘʞʝʥʥʷ 

ʟ ʢʘʤʝʨʠ, ʚʠʢʦʥʫʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʘʨʢʝʨʽʚ ʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʨʦʟʨʘʭʦʚʫʻ ʥʦʚʽ ʢʦʦʨʜʠʥʘʪʠ 

ʪʦʯʦʢ. ʈʦʙʦʪʘ ʧʨʦʛʨʘʤʠ ʙʫʣʘ ʫʩʧʽʰʥʦ ʧʨʦʪʝʩʪʦʚʘʥʘ. ɺ ʩʚʦʾʡ ʨʦʙʦʪʽ ʩʪʚʦʨʝʥʝ ʇɿ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʽʙʣʽʦʪʝʢʫ 

OpenCV ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʪʘ ʬʫʥʢʮʽʦʥʘʣ ʬʨʝʡʤʚʦʨʢʫ Qt ï ʜʣʷ GUI. 
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With the development of computer technologies biometric method is being widely used in many areas. 

Biometrics can serve as a tool for identification, authentication and authorization of the person, people 

search, payments for goods and services, accounting of working hours and so on. 

Everyone constantly has to move through the authentication procedure to start using a computer, a 

smartphone, a separate application. In most cases, the authentication procedure is a classic use of a pair: 

username and password. One of the ways to improve this procedure is the use of multi-factor 

authentication. The system with multi-factor authentication must provide a combination of the following 

examples of information for authentication: 

1. Credentials (usually username and password) 

2. One-time passwords, for example, they can be sent to your mobile phone 

3. Biometric data unique to a particular person 

One of the biometric research is keystroke dynamics. This method makes the authentication system 

more reliable and protected against theft credentials. In this case, an intruder who stoles user credentials can 

not access the system, as an additional factor of authentication is dynamics of this input data, that is 

difficult to reproduce. Also keystroke dynamics can be used for creating systems with continuous 

authentication, i.e. having credentials or userôs session does not give an absolute access to the system, 

because risky operations can be protected by adding additional keystroke dynamics protection. For example, this 

check can be done while entering a transaction number, credit card number, one-time password, etc. 

The main charecteristics which are evaluated within this biometric method are keypress time, time between 

pressing two keys, mistyping features [1]. 

 

 
Figure 1 ï Keystroke dynamics features 

 

Nowadays there are software solutions which perform a user authentication based on keystoke dynamics. 

Examples of such software are: BioAuth plugin for learning management system Moodle, BehavioSec, KeyTrac. Such 

systems are typically commercial, so we are unable to obtain approved results of their research in this area and 

determine appropriate quality of offered  services. An exception is BioAuth plugin, that is being developed as free 
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software. Also such systems are usually based on using the PC keyboard activity or rarely web browser with support 

of JavaScript. BioAuth plugin allows to determine whether a student passes an exam by himself in learning 

management system Moodle. Keystroke dynamics is evaluated based on detailed answers which provide enough 

statistics for initial training of the system and its futher improving of the accuracy [2]. 

Nowadays mobile devices have achieved extremely widespread use, leaving computers with standard form 

factors only for tasks which require maximum performance (servers, scientific calculations, etc.). Consequently, we 

can explore the adaptation of existing research results on the keystroke dynamics for mobile devices and achieve 

acceptable to use experimental results. 

During this work we investigated creating of a multi-factor authentication system for mobile devices with 

touch screens where the factors are: username and password and keystroke dynamics. Experimental results will be 

collected for devices on Android platform. For statistical data collection we will implement a virtual keyboard that 

will be installed on several devices for further comparison. Based on the statistical results, classification procedure 

will be performed in order to create biometric templates per user. The system will  also support training to adapt to the 

changes. It means that every further successful authentication will enhance compliance template to a person. 
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ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʢʦʜʠʨʦʚʘʥʠʷ/ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ 

ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ [1].  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʚʝʜʝʥʦ ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʧʨʘʢʪʠʯʥʳʭ ʩʭʝʤ 

ʢʦʜʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʘʥʘʣʦʚ ʩ ʰʫʤʦʤ. ʉʝʡʯʘʩ ʫʞʝ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʩ 

ʧʦʤʦʱʴʶ ʢʦʜʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʈʦʩʪ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʦʜʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʦʚʳʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʪʝʦʨʠʠ ʢʦʜʦʚ, 

ʠʩʧʨʘʚʣʷʶʱʠʭ ʦʰʠʙʢʠ, ʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʩʪʦʠʤʦʩʪʠ ʠ ʨʘʟʤʝʨʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ [2]. ʉʨʝʜʠ 

ʙʦʣʴʰʦʛʦ ʢʣʘʩʩʘ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʢʦʜʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʫʨʙʦ ʢʦʜʳ, ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 1993 ʛʦʜʫ ʚ 

ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʂ. ɹʝʨʨʦʫ ʠ ʜʨ. ʇʨʠʤʝʥʝʥʠʝ ʪʫʨʙʦ ʢʦʜʦʚ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʦ ʚ ʢʘʥʘʣʘʭ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ 

ʰʫʤʘ. ʇʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʰʫʤʘ ʚ ʢʘʥʘʣʝ ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʜʘ ʧʘʜʘʝʪ ʠ ʵʬʬʝʢʪʠʚʥʝʝ 

ʧʨʠʤʝʥʷʪʴ ʜʨʫʛʠʝ ʢʦʜʳ, ʥʘʧʨʠʤʝʨ, ʩʚʝʨʪʦʯʥʳʝ ʢʦʜʳ, ʢʦʜʳ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ, ʈʠʜʘ-ʄʘʣʣʝʨʘ ʠʣʠ ʢʘʩʢʘʜʥʳʝ 

ʢʦʜʳ (ʢʦʜʳ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʚʝʨʪʦʯʥʳʤʠ ʢʦʜʘʤʠ). 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʟʥʘʥʠʡ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʦʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʠʥʞʝʥʝʨʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʕɺʄ, ʢʦʪʦʨʳʝ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ ʩ ʤʦʜʝʣʴʶ ʩʠʩʪʝʤʳ [3]. 

 ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʢʦʜʦʚ ʚ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʩʠʩʪʝʤʘʭ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  

ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ L-ʢʘʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʠʭ 

ʩʦʩʪʘʚ ʚʭʦʜʷʪ OFDM (Orthogonal frequency-division multiplexing), ʢʦʜʝʢʦʚ ʜʚʫʭ ʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʪʫʨʙʦʢʦʜʦʚ, ʩʠʩʪʝʤ ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʧʨʦʩʘ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ, ʢʦʜʝʢʦʚ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ, 

ʤʦʜʫʣʝʡ ʘʜʘʧʪʘʮʠʠ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ.  

ɺʳʙʦʨ ʪʫʨʙʦ ʢʦʜʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʱʥʳʭ ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʧʦʤʝʭ, ʢʦʪʦʨʳʡ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʧʦʩʦʙʘʭ ʧʦʩʪʘʥʦʚʢʠ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʘʩʪʦ ʜʝʢʦʜʝʨ ʪʫʨʙʦ ʢʦʜʘ ʬʦʨʤʠʨʫʝʪ ʧʘʢʝʪʳ ʦʰʠʙʦʢ, ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʢʦʪʦʨʳʭ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʠʪʴ ʢʦʜʳ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ. 

ɼʘʥʥʘʷ ʢʘʩʢʘʜʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʧʦʚʝʰʝʥʠʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʭʝʤʳ ʢʦʜʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʚ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷʮʠʠ OFDM, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ 

ʩʭʝʤ ʘʜʘʧʪʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʜʘ. 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʜʦʚ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ ʷʚʣʷʝʪʩʷ: ʢʦʣʠʯʝʩʪʚʦ ʙʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ, 

ʜʣʠʥʥʘ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ, ʠʩʧʨʘʚʣʷʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʜʘ, ʢʦʜʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʣʠʯʝʩʪʚʦ ʙʠʪ ʚ ʩʠʤʚʦʣʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʪʫʨʙʦ ʢʦʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ: ʜʣʠʥʥʘ ʮʠʬʨʦʚʦʛʦ ʙʣʦʢʘ, ʧʦʣʠʥʦʤʳ ʢʦʤʧʦʥʝʥʪʥʳʭ 

ʢʦʜʦʚ, ʪʠʧʳ ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʤʝʞʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʜʦʚ, ʜʣʠʥʥʘ ʢʦʜʦʚʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʘʣʛʦʨʠʪʤ ʜʝʢʦʜʠʨʦʚʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʜʝʢʦʜʠʨʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʚʳʙʨʘʥʦ ʚʝʨʦʷʪʥʦʩʪʴ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ - P ʦʰʠʙʢʠ. 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʪ, ʯʪʦ ʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʜʘʧʪʠʚʥʳʡ ʚʳʙʦʨ 

ʫʨʦʚʥʷ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʢ ʩʥʠʞʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʨʭʠʪʝʢʪʫʨʳ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 
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ʋɼʂ 004.932.2 

 

ʇʈʆɻʈɸʄʅʆ-ɸʇɸʈɸʊʅɯ Iʅʊɽɻʈɸʎɯʁʅɯ ʇʃɸʊʌʆʈʄʀ ɺɯɼɽʆ ʄɽʅɽɼɾʄɽʅʊʋ ʊɸ 

ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɻʆ ɸʅɸʃɯɿʋ 

 

ɯ.ɺ. ɺôʷʣʠʡ, ʩʪʫʜʝʥʪ ʛʨ. ʄʂ-111 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʄ.ɺ. ʄʦʰʝʣʴ, ʜ.ʪ.ʥ, ʧʨʦʬʝʩʥʪ, ʢʘʬʝʜʨʘ ɯɺʊʌ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʝʦ- ʪʘ ʬʦʪʦʪʝʭʥʽʢʘ ʤʽʮʥʦ ʟʘʢʨʽʧʠʣʘʩʷ ʷʢ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʪʘʢ ʽ ʚ 

ʩʧʝʮʽʘʣʴʥʠʭ ʛʘʣʫʟʷʭ ï ʢʦʥʪʨʦʣʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʩʠʩʪʝʤʘʭ ʚʽʜʝʦ ʥʘʛʣʷʜʫ ʪʘ ʽʥ. 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʧʦʟʥʘʯʠʚʩʷ ʥʘ ʨʦʟʤʽʨʘʭ ʚʽʜʝʦʪʝʭʥʽʢʠ ï ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʨʘʟʦʤ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʷʢʦʩʪʽ 

ʜʦʟʚʦʣʠʣʦ ʚʙʫʜʦʚʫʚʘʪʠ ʚʽʜʝʦʢʘʤʝʨʠ ʧʨʘʢʪʠʯʥʦ ʚ ʙʫʜʴ ʷʢʽ ʧʨʠʩʪʨʦʾ ï ʚʽʜ ʩʤʘʨʪʬʦʥʽʚ ʜʦ ʝʣʝʤʝʥʪʽʚ ʦʜʷʛʫ. 

ʊʘʢʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ ʧʨʠʚʝʣʠ ʜʦ ʪʦʛʦ, ʱʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ,  ʱʦ ʨʘʥʽʰʝ ʚʠʢʦʥʫʚʘʣʠʩʷ 

ʘʧʘʨʘʪʥʦ, ʟʘʨʘʟ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʨʦʛʨʘʤʥʦ. ʆʪʞʝ ʜʣʷ ʜʦʩʣʽʜʥʠʢʽʚ ʚʽʜʢʨʠʣʠʩʷ ʥʦʚʽ ʥʘʧʨʷʤʢʠ ʜʣʷ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʝʦʪʝʭʥʽʢʠ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʽʜʝʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʫʞʝ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʚʽʜʝʦ ʥʘʛʣʷʜʫ. ʎʽ ʩʠʩʪʝʤʠ ʚʞʝ ʻ 

ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʦʭʦʨʦʥʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ ʧʨʘʢʪʠʯʥʦ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʦʙôʻʢʪʽ, ʙʫʜʴ-ʪʦ ʤʘʛʘʟʠʥ, ʦʬʽʩ, 

ʟʘʤʽʩʴʢʘ ʜʘʯʘ, ʩʪʦʷʥʢʘ ʘʙʦ ʜʫʞʝ ʩʝʢʨʝʪʥʠʡ ʜʝʨʞʘʚʥʠʡ ʩʪʨʘʪʝʛʽʯʥʠʡ ʦʙôʻʢʪ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʩʠʩʪʝʤ, 

ʧʝʨʝʙʫʚʘʶʯʠ ʫ ʙʫʜʴ ʷʢʦʤʫ ʤʽʩʮʽ, ʜʝ ʻ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʦʙʦʪʫ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʽ 

ʩʪʝʞʠʪʠ ʟʘ ʟʘʛʘʣʴʥʦʶ ʩʠʪʫʘʮʽʻʶ ʥʘ ʦʙôʻʢʪʽ. ʅʘ ʩʫʯʘʩʥʠʭ ʦʙôʻʢʪʘʭ, ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʷʢ ʧʨʘʚʠʣʦ 

ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ ʙʝʟʧʝʢʠ ʦʙôʻʢʪʘ, ʱʦ ʧʽʜʚʠʱʫʻ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʚ 

ʨʦʙʦʪʽ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. ʐʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʛʥʫʯʢʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ: ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʡʤʝʨʫ ʟʘʧʠʩʫ, ʟʘʧʠʩ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʨʫʭʫ, ʢʦʜʫʚʘʥʥʷ ʚʽʜʝʦʧʦʪʦʢʫ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ ʯʝʨʝʟ ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ, ʩʫʤʽʩʥʽʪʴ ʩ 

ʧʝʨʩʦʥʘʣʴʥʠʤʠ ʢʦʤʧôʶʪʝʨʘʤʠ, ʚʽʜʜʘʣʝʥʠʡ ʢʦʥʪʨʦʣʴ ʩʠʩʪʝʤʠ ʽ ʙʘʛʘʪʦ ʽʥʰʦʛʦ ï ʩʘʤʝ ʪʘʢʽ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʦ 

ʥʘʟʠʚʘʪʠ ʧʣʘʪʬʦʨʤʘʤʠ ʚʽʜʝʦʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. ʋ ʥʘʰ ʯʘʩ ʤʘʡʞʝ ʢʦʞʥʘ ʣʶʜʠʥʘ ʤʦʞʝ 

ʚʩʪʘʥʦʚʠʪʠ ʫ ʩʝʙʝ ʥʘ ʜʽʣʴʥʠʮʽ ʧʝʨʩʦʥʘʣʴʥʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʠʩʪʝʤʫ ʙʝʟʧʝʢʠ ʪʘ ʟʘ ʾʾ ʜʦʧʦʤʦʛʦʶ ʟʘʙʝʟʧʝʯʠʪʠ 

ʢʦʥʪʨʦʣʴ ʚʩʽʻʾ ʦʭʦʧʣʶʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. ʗʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʘ ʘʧʘʨʘʪʥʘ ʪʘ 

ʧʨʦʛʨʘʤʥʘ ʩʢʣʘʜʦʚʘ. ɼʦ ʘʧʘʨʘʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʭʦʜʷʪʴ ï ʚʽʜʝʦʢʘʤʝʨʠ, ʧʨʠʩʪʨʽʡ ʜʣʷ ʦʙʨʦʙʢʠ ʚʽʜʝʦʧʦʪʦʢʫ ʪʘ 

ʤʦʥʽʪʦʨ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʫ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʙʝʟʧʣʘʪʥʦ ʟ ʧʝʚʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʬʫʥʢʮʽʦʥʘʣʫ ʥʘ ʥʝʦʙʤʝʞʝʥʠʡ ʯʘʩ (ʣʽʮʝʥʟʽʷ freeware) ʧʽʜ 

ʥʘʟʚʦʶ SecurOS Lite. 

SecurOS Lite ï ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʚʽʜʝʦʤʝʥʝʜʞʤʝʥʪʫ ʙʘʟʦʚʦʛʦ ʨʽʚʥʷ ʫ ʣʽʥʽʡʮʽ ʧʨʦʜʫʢʪʽʚ ʈʦʩʽʡʩʴʢʦʾ 

ʢʦʤʧʘʥʽʾ ISS. ʇʽʜʪʨʠʤʫʻ ʫʚʝʩʴ ʩʧʝʢʪʨ ʥʝʦʙʭʽʜʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʥʝʚʝʣʠʢʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʪʘ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʤʘʩʰʪʘʙʦʚʘʥʘ ʪʘ ʦʥʦʚʣʝʥʘ ʜʦ ʙʫʜʴ ʷʢʦʾ 

ʧʣʘʪʬʦʨʤʠ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʽʚ ʟʛʽʜʥʦ ʜʦ ʚʠʤʦʛ. 

ɼʦ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʚʭʦʜʠʪʴ: 

- ʯʦʪʠʨʠ IP-ʚʽʜʝʦ ʢʘʥʘʣʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʯʦʪʠʨʴʦʭ ʨʽʟʥʠʭ 

ʜʞʝʨʝʣ; 

- ʧʽʜʪʨʠʤʢʘ pan-tilt -zoom ʢʘʤʝʨ ï ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʬʫʥʢʮʽʾ ʚʽʜʜʘʣʝʥʦʛʦ 

ʜʦʩʪʫʧʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʠʙʣʠʞʝʥʥʷʤ ʟʦʙʨʘʞʝʥʥʷ, ʡʦʛʦ ʧʘʥʘʨʫʚʘʥʥʷʤ ʪʘ ʥʘʭʠʣʦʤ; 

- ʦʜʥʦʯʘʩʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʝʦʧʦʪʦʢʫ ʟ ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ ʥʘ ʝʢʨʘʥʽ ʧʨʠʩʪʨʦʾʚ ʚʠʚʦʜʫ ʟʦʙʨʘʞʝʥʥʷ 

(ʤʦʥʽʪʦʨ ʢʦʤʧôʶʪʝʨʘ, ʪʝʣʝʚʽʟʦʨ, ʧʣʘʥʰʝʪ ʪʘ ʽʥ.); 

- ʧʽʜʪʨʠʤʢʘ ʽʥʪʝʛʨʘʮʽʡʥʠʭ ʢʘʨʪ (ʤʦʜʫʣʴʥʽ ARM-ʨʽʰʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʰʠʨʠʪʠ ʩʠʩʪʝʤʫ ʥʦʚʠʤ 

ʬʫʥʢʮʽʦʥʘʣʦʤ ʚʽʜ ʩʪʦʨʦʥʥʽʭ ʨʦʟʨʦʙʥʠʢʽʚ, ʥʘʧʨʠʢʣʘʜ ʤʦʜʫʣʴ ʜʣʷ ʩʪʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ 

ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʪʘ ʩʠʛʥʘʣʶʚʘʥʥʷ ʫ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʥʝʩʧʦʜʽʚʘʥʠʭ ʩʠʪʫʘʮʽʡ); 

- ʙʘʛʘʪʦʟʦʥʥʠʡ ʜʝʪʝʢʪʦʨ ʨʫʭʫ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʝʪʝʢʪʫʚʘʥʥʷ ʜʣʷ 

ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ ʟʦʙʨʘʞʝʥʥʷ; 

- ʧʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʽʜʝʦ-ʘʨʭʽʚʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʢʨʠʪʝʨʽʾʚ ʧʦʰʫʢʫ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʱʢʘʣʠ ʯʘʩʫ; 

- ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣʫ ʧʦʜʽʡ (ʘ ʪʘʢʦʞ ʚʝʜʝʥʥʷ ʣʦʛʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʽ ʙʫʜʫʻʪʴʩʷ 

ʧʨʦʪʦʢʦʣ);  

- ʧʽʜʪʨʠʤʢʘ ʤʘʢʨʦʩʽʚ; 

- ʙʘʛʘʪʦʨʽʚʥʝʚʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʨʘʚʘʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

- ʝʢʩʧʦʨʪʫʚʘʥʥʷ ʬʘʡʣʽʚ ʫ JPEG / AVI ʬʦʨʤʘʪʠ. 

ʃʝʛʢʦ ʙʘʯʠʪʠ, ʱʦ ʩʫʯʘʩʥʽ ʽʥʪʝʛʨʘʮʽʡʥʽ ʧʣʘʪʬʦʨʤʠ ʚʽʜʝʦ ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʤʘʶʪʴ ʜʫʞʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʽʡ ʥʘʚʽʪʴ ʥʘ ʙʘʟʦʚʦʤʫ ʨʽʚʥʽ. ʋʩʽʭ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʠʭ ʬʫʥʢʮʽʡ ʚʞʝ ʜʦʩʪʘʪʥʴʦ 

ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʩʠʪʴ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʝʟʧʝʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʪʦʯʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʥʝʚʝʣʠʢʦʛʦ 

ʦʬʽʩʫ ʘʙʦ ʩʢʣʘʜʩʴʢʦʛʦ ʧʨʠʤʽʱʝʥʥʷ. 
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ɼʣʷ ʙʽʣʴʰ ʥʘʛʣʷʜʥʦʛʦ ʜʝʤʦʥʩʪʨʫʚʘʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʩʠʩʪʝʤʠ ʥʠʞʯʝ (ʨʠʩʫʥʦʢ 1) 

ʧʨʠʚʝʜʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʽʥʪʝʛʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ SecurOS Lite. 

 
ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ SecurOS Lite 

 

ɼʦ ʙʘʟʦʚʠʭ ʘʧʘʨʘʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ SecurOS Lite ʥʘʣʝʞʘʪʴ: SecurOS Lite Video Server ï ʮʝ 

ʩʝʨʚʝʨ, ʥʘ ʷʢʦʤʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʘ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ Windows XP ʪʘ ʚʠʱʝ (ʪʘʢʦʞ ʧʽʜʪʨʠʤʫʶʪʴʩʷ 

ʩʝʨʚʝʨʥʽ ʨʝʜʘʢʮʽʾ ʮʽʻʾ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ x64-ʨʦʟʨʷʜʥʽ ʆʉ ʩʽʤʝʡʩʪʚʘ Windows). ʉʘʤʝ ʮʝʡ ʩʝʨʚʝʨ ʚʠʢʦʥʫʻ 

ʫʩʽ ʬʫʥʢʮʽʾ ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʊʘʢʦʞ ʤʦʞʥʘ ʨʦʟʰʠʨʠʪʠ ʩʠʩʪʝʤʫ ʜʦʜʘʚʰʠ SecurOS 

Operator Workstation (ʚʝʨʩʽʷ Lite ʧʽʜʪʨʠʤʫʻ ʜʦ ʯʦʪʠʨʴʦʭ ʪʘʢʠʭ ʨʦʙʦʯʠʭ ʩʪʘʥʮʽʡ). ʎʽ ʨʦʙʦʯʽ ʩʪʘʥʮʽʾ ʥʝ ʻ 

ʦʙʦʚôʷʟʢʦʚʠʤʠ, ʘʣʝ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʜʦʜʘʪʢʦʚʽ ʧʫʥʢʪʠ ʩʪʝʞʝʥʥʷ ʪʘ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ISS (ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ) [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://iss.ru/. 

2. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://ru.wikipedia.org/wiki/ɺʠʜʝʦʥʘʙʣʶʜʝʥʠʝ. 

3. SecurOS - ʧʨʦʛʨʘʤʤʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
http://omsk.narod.ru/documents/sekuros.html. 

 

 
ʋɼʂ 544.223 

ɼʆʉʃɯɼɾɽʅʅʗ ʌʆʅʆʅʅʆɻʆ ʉʇɽʂʊʈʋ ɺɯʈʊʋɸʃʔʅʆɰ ʄʆɼɽʃɯ 
ʂʈʀʉʊɸʃɯʏʅʆɰ ʉʊʈʋʂʊʋʈʀ   

 
ɭ.ʉ. ɻʘʧʦʥ, ʩʪ. ʛʨ. ʄʂ-111, 

ɺ.ɸ ɹʠʯʢʦ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 
ɺ ʥʘʰ ʯʘʩ ʚʯʝʥʽ ʜʦʩʣʽʜʞʫʶʪʴ ʜʫʞʝ ʙʘʛʘʪʦ ʧʨʠʨʦʜʥʽʭ ʷʚʠʱ ʫ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢʘʭ ʨʽʟʥʠʭ ʘʛʨʝʛʘʪʥʠʭ 

ʩʪʘʥʘʭ. ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʢʦʰʪʫʚʘʪʠ ʜʫʞʝ ʜʦʨʦʛʦ, ʦʩʢʽʣʴʢʠ ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʝʚʥʫ ʭʽʤʽʯʥʫ ʩʧʦʣʫʢʫ ʫ  

ʚʠʟʥʘʯʝʥʦʤʫ ʬʘʟʦʚʦʤʫ ʩʪʘʥʽ ʪʨʝʙʘ ʩʧʦʯʘʪʢʫ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʾʾ ʦʪʨʠʤʘʥʥʷ, ʜʦʩʣʽʜʠʪʠ  ʬʘʟʦʚʫ ʜʽʘʛʨʘʤʫ ʾʾ 

ʩʪʘʥʫ, ʘ ʧʦʪʽʤ ʚʠʟʥʘʯʠʪʠ ʤʝʪʦʜʠʢʫ ʧʝʨʝʚʝʜʝʥʥʷ ʩʧʦʣʫʢʠ ʚ ʧʝʚʥʠʡ ʬʘʟʦʚʠʡ ʩʪʘʥ. ʈʦʟʨʦʙʢʘ ʪʘʢʠʭ ʤʝʪʦʜʠʢ 

ʧʦʪʨʝʙʫʻ ʧʝʚʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʟʘʪʨʘʪ. ɸʣʝ ʚʽʜ ʦʪʨʠʤʘʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʚʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʽʭʪʦ ʥʝ ʟʘʩʪʨʘʭʦʚʘʥʠʡ. ʊʦʤʫ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ ʮʽʣʢʦʤ ʨʝʟʦʥʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɽʆʄ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʨʦʜʥʽʭ ʷʚʠʱ  ʪʘ ʚʠʚʯʝʥʥʷ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 
ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʟʘʜʘʯ, ʧʦʚóʷʟʘʥʠʭ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥ. ʆʢʨʝʤʠʤ ʥʘʧʨʷʤʢʦʤ ʟʜʘʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ. ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʟʘʜʘʯ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʫ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʦʩʢʽʣʴʢʠ ʭʘʨʘʢʪʝʨ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ  ʧʦʚóʷʟʘʥʠʡ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʪʚʝʨʜʠʭ ʪʽʣ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʦʪʨʠʤʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʯʘʩʪʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʪʨʝʙʘ ʧʽʜʪʚʝʨʜʞʫʚʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɸʣʝ ʮʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʟʘʪʨʘʪ ʟ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʧʨʠʯʠʥ, ʪʘ ʽʥʢʦʣʠ ʤʦʞʝ ʙʫʪʠ 

ʜʫʞʝ ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʞʠʪʪʷ ʣʶʜʝʡ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʥʪʝʟʦʚʘʥʫ ʚʽʨʪʫʘʣʴʥʫ ʢʦʤʧôʶʪʝʨʥʫ 

ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʊʘʢʘ ʤʦʜʝʣʴ ʥʝ ʚʠʤʘʛʘʻ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʫʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʪʘ ʫ ʚʠʧʘʜʢʫ 

http://iss.ru/
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ʥʝʚʜʘʣʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʬʽʥʘʥʩʦʚʽ ʚʪʨʘʪʠ ʙʫʜʫʪʴ ʤʽʥʽʤʘʣʴʥʠʤʠ. ʇʦʪʨʽʙʥʦ ʣʠʰʝ ʧʝʨʝʙʫʜʫʚʘʪʠ ʪʦʧʦʣʦʛʽʶ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʨʦʛʨʘʤʘ ʤʘʻ ʨʦʟʨʘʭʫʚʘʪʠ ʯʝʨʛʦʚʠʡ ʥʘʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʫ ʥʦʚʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. 
ɺ ʥʘʰ ʯʘʩ ʽʩʥʫʻ ʙʘʛʘʪʦ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʧʨʦʩʪʦʨʦʚʠʤʠ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʘ ʚʽʜʦʙʨʘʞʘʪʠ ʾʭ ʛʨʘʬʽʯʥʦ, ʘʣʝ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʧʦʟʙʘʚʣʝʥʽ ʜʦʩʪʘʪʥʴʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ ʧʝʚʥʠʡ ʚʧʣʠʚ ʥʘ ʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʘ ʧʦʪʽʤ ʦʮʽʥʠʪʠ ʮʝʡ ʚʧʣʠʚ. ɼʦ ʪʘʢʠʭ ʧʨʦʛʨʘʤ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 3D Max, AutoCad, Maya 3D. ʊʘʢʦʞ 

ʽʩʥʫʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʝ ʤʘʻ ʜʫʞʝ ʜʦʙʨʝ ʨʦʟʚʠʥʫʪʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʟʜʘʪʥʠʡ ʟʜʽʡʩʥʶʚʘʪʠ 

ʩʢʣʘʜʥʽ ʨʦʟʨʘʭʫʥʢʠ. ɸʣʝ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʧʦʟʙʘʚʣʝʥʘ ʛʨʘʬʽʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʜʦʩʪʘʪʥʴʦʛʦ  ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɼʦ ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱ ʨʦʟʨʦʙʢʠ ʚʽʜʥʦʩʷʪʴʩʷ: ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʝʣʝʢʪʨʦʥʥʽ ʪʘʙʣʠʮʽ, Matlab, ʪʘ MathCad. 
ʆʪʞʝ  ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʟʘʩʦʙʫ ʨʦʟʨʦʙʢʠ, ʷʢʠʡ ʽʥʪʝʛʨʫʚʘʚ ʙʠ ʚ ʩʝʙʝ ʧʝʚʥʠʡ 

ʥʘʙʽʨ  ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʫ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ  ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ ʩʪʚʦʨʝʥʥʷ ʾʾ ʜʠʥʘʤʽʯʥʦʾ  ʚʽʨʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ. 
ɺ ʭʦʜʽ ʨʦʙʦʪʠ  ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʛʨʘʬʘ, ʜʫʛʠ ʷʢʦʛʦ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʟʚôʷʟʢʘʤ ʤʽʞ ʚʫʟʣʘʤʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʪʘ ʚʽʜʦʙʨʘʞʘʪʠ ʩʠʣʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ. ʊʦʜʽ ʟʤʽʥʘ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʚʫʟʣʽʚ ʨʝʰʽʪʢʠ ʧʦʚʠʥʥʘ ʤʘʪʠ ʧʝʨʽʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. ɸʥʩʘʤʙʣʴ ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʩʪʚʦʨʝʥʠʡ 

ʷʢ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʟʙʫʜʥʠʢʽʚ, ʪʘʢ ʽ ʟʘʚʜʷʢʠ ʚʧʣʠʚʫ ʩʫʩʽʜʥʽʭ ʚʫʟʣʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʽ ʙʫʜʝ 

ʬʦʨʤʫʚʘʪʠ ʬʦʥʦʥʥʠʡ ʩʧʝʢʪʨ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʇʨʠ  ʤʦʜʝʣʶʚʘʥʥʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʣʴʥʴʦʛʦ 

ʧʦʨʷʜʢʫ ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  ʢʦʣʠʚʘʥʴ ʧʦʚʠʥʥʘ ʤʘʪʠ  ʩʪʽʡʢʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʧʦʚʠʥʥʦ ʜʘʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ  

ʚʠʷʚʣʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʝʬʝʢʪʽʚ, ʷʢʽ ʤʦʞʣʠʚʦ ʚʠʤʽʨʷʪʠ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ  ʧʨʝʜʩʪʘʚʣʷʻ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʫ ʚ ʘʥʽʟʦʪʨʦʧʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʉʘʤʝ ʚ ʪʠʭ 

ʩʪʨʫʢʪʫʨʘʭ  ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʙʫʜʝ ʤʘʪʠ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʡ ʭʘʨʘʢʪʝʨ, ʷʢʠʡ ʜʫʞʝ 

ʩʢʣʘʜʥʦ ʚʠʨʘʭʫʚʘʪʠ. ʉʘʤʝ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ  ʢʦʤʧóʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ ʧʦʚʠʥʥʝ 

ʚʽʜʦʙʨʘʟʠʪʠ ʥʘʥʦʩʢʦʧʽʯʥʫ ʬʽʟʠʯʥʫ ʢʘʨʪʠʥʫ ʟ ʧʝʚʥʦʶ ʩʪʫʧʽʥʥʶ ʥʘʙʣʠʞʝʥʥʷ. 
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ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʥʘʰ ʯʘʩ ʰʚʠʜʢʽʩʪʴ ʪʘ  ʥʠʟʴʢʽ ʚʠʪʨʘʪʠ ʽʥʞʝʥʝʨʥʦʾ ʨʦʟʨʦʙʢʠ ʣʠʰʘʶʪʴʩʷ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ  ʥʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʨʦʟʨʦʙʥʠʢʽʚ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʽʥʞʝʥʝʨʥʠʭ 

ʨʦʟʨʦʙʦʢ ʫ ʛʘʣʫʟʽ ʩʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʜʫʞʝ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʽ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʚ ʜʫʞʝ ʰʠʨʦʢʠʭ ʮʽʣʷʭ. ʆʜʥʽʻʶ ʟ ʥʠʭ ʻ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ 

ʤʽʮʥʽʩʪʴ ʧʨʠ ʧʝʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ɼʦ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʛʦ ʟʘʚʜʘʥʥʷ ʤʦʞʥʘ ʧʽʜʽʡʪʠ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: ʤʦʞʥʘ 

ʚʠʛʦʪʦʚʠʪʠ ʜʝʪʘʣʴ ʽ ʧʦʪʽʤ ʪʝʩʪʫʚʘʪʠ ʾʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ  ɭʆʄ 

ʟʨʦʙʠʪʠ ʚʽʨʪʫʘʣʴʥʫ ʤʦʜʝʣʴ ʤʝʭʘʥʽʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʧʦʪʽʤ ʥʘ ʮʽʡ ʤʦʜʝʣʽ ʚʞʝ ʧʨʦʚʦʜʠʪʠ ʽʩʧʠʪʠ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɼʨʫʛʠʡ ʧʽʜʭʽʜ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʨʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʻ ʥʘʡʙʽʣʴʰ ʜʝʰʝʚʠʤ ʽ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʪʦʤʫ ʱʦ ʜʣʷ ʪʦʛʦ ʱʦʙ ʧʨʦʪʝʩʪʫʚʘʪʠ ʤʝʭʘʥʽʯʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʥʘʤ ʥʝ ʪʨʝʙʘ ʾʾ ʚʠʛʦʪʦʚʣʷʪʠ ʚ 

ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ, ʙʦ ʧʽʩʣʷ ʚʧʣʠʚʫ ʥʘʜʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʚʽʨʪʫʘʣʴʥʫ ʤʦʜʝʣʴ ʾʾ ʤʦʞʥʘ 

ʣʝʛʢʦ ʚʽʜʥʦʚʠʪʠ. ʇʦʪʨʽʙʥʦ ʣʠʰʝ ʚʚʝʩʪʠ ʚ ʧʨʦʛʨʘʤʫ ʧʝʚʥʽ ʜʘʥʽ ʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʘ ʤʘʻ ʨʦʟʨʘʭʫʚʘʪʠ, ʯʠ 

ʚʠʪʨʠʤʘʻ ʦʙôʻʢʪ ʜʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺ ʥʘʰ ʯʘʩ ʽʩʥʫʻ ʜʫʞʝ ʙʘʛʘʪʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʝ ʚʤʽʻ ʧʨʘʮʶʚʘʪʠ ʟ ʛʨʘʬʽʢʦʶ, ʤʦʜʝʣʶʚʘʪʠ 

ʧʝʚʥʽ ʩʮʝʥʠ, ʘʣʝ ʙʽʣʴʰʽʩʪʴ ʟ  ʥʠʭ ʧʦʟʙʘʚʣʝʥʽ ʜʦʩʪʘʪʥʴʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ ʧʝʚʥʠʡ ʨʝʞʠʤ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ, ʘ ʧʦʪʽʤ ʦʮʽʥʠʪʠ ʾʾ ʚʽʜʛʫʢ ʥʘ ʚʧʣʠʚ 

ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʦ ʪʘʢʠʭ ʧʨʦʛʨʘʤ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: Maya 3D, AutoCad, Solid Works. 

ɿʦʢʨʝʤʘ, ʦʩʥʦʚʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ Maya 3D ʻ ʩʪʚʦʨʝʥʥʷ ʩʮʝʥʠ ʽʟ 3D-ʦʙôʻʢʪʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʟʘʻʤʥʦ 

ʟʚô̫ʟʘʪʠ ʤʽʞ ʩʦʙʦʶ ʽ ʦʪʨʠʤʘʪʠ ʜʫʞʝ ʛʘʨʥʫ ʽ, ʟ ʧʝʨʰʦʛʦ ʧʦʛʣʷʜʫ, ʜʫʞʝ ʧʨʘʚʜʦʧʦʜʽʙʥʫ ʩʮʝʥʫ ʧʦʣʦʤʢʠ ʜʝʪʘʣʽ. 

ʅʘʚʽʪʴ ʤʦʞʥʘ ʜʫʞʝ ʯʽʪʢʦ ʧʨʦʤʘʣʶʚʘʪʠ ʤʽʩʮʝ ʮʽʻʾ ʧʦʣʦʤʢʠ. ɸʣʝ ʥʘ ʮʴʦʤʫ ʚʩʝ ʟʘʢʽʥʯʫʻʪʴʩʷ ʽ ʩʪʚʦʨʝʥʘ ʩʮʝʥʘ 

ʩʪʘʻ ʣʠʰʝ ʛʘʨʥʠʤ ʚʽʜʝʦʨʦʣʠʢʦʤ, ʙʝʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʊʘʢʦʞ ʽʩʥʫʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʝ ʤʘʻ ʜʫʞʝ ʜʦʙʨʝ ʨʦʟʚʠʥʫʪʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, 

ʟʜʘʪʥʠʡ ʟʜʽʡʩʥʶʚʘʪʠ ʩʢʣʘʜʥʽ ʨʦʟʨʘʭʫʥʢʠ. 
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ʅʘʧʨʠʢʣʘʜ, ʦʩʥʦʚʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ Mathlab ʻ ʨʦʟʨʘʭʫʥʦʢ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘ ʧʝʚʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ʉʝʨʝʜʦʚʠʱʝ Mathlab ʧʽʜʪʨʠʤʫʻ ʜʫʞʝ ʙʘʛʘʪʦ ʚʞʝ ʨʝʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʜʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʧʘʢʝʪʠ ʧʦ 

ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʽʚ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʬʽʥʘʥʩʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ, 

ʟʙʦʨʫ ʽ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ. ɸʣʝ ʟʨʦʙʠʚʰʠ 

ʨʦʟʨʘʭʫʥʢʠ, ʤʠ ʟʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ ʣʠʰʝ ʯʠʩʣʦ, ʙʝʟ ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʱʦ ʽ ʷʢ ʚʽʜʙʫʚʘʻʪʴʩʷ. 

ʗʢ ʧʨʘʚʠʣʦ, ʙʽʣʴʰʽʩʪʴ ʟ ʪʘʢʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ ʧʦʟʙʘʚʣʝʥʘ ʛʨʘʬʽʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʜʦʩʪʘʪʥʴʦʛʦ  

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʤʝʭʘʥʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɼʦ ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱ ʨʦʟʨʦʙʢʠ ʚʽʜʥʦʩʷʪʴʩʷ: 

Matlab, Mathematica. ʪʘ MathCad. 

ʆʪʞʝ  ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʟʘʩʦʙʫ ʨʦʟʨʦʙʢʠ, ʷʢʠʡ ʽʥʪʝʛʨʫʚʘʚ ʙʠ ʚ ʩʝʙʝ ʧʝʚʥʠʡ 

ʥʘʙʽʨ  ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʤʝʭʘʥʽʯʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ  ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ ʩʪʚʦʨʝʥʥʷ ʾʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ. 

ɺ ʭʦʜʽ ʨʦʙʦʪʠ  ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʛʨʘʬʘ, ʜʫʛʠ ʷʢʦʛʦ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʨʝʙʨʘʤ ʞʦʨʩʪʢʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʦʜʽ ʤʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ ʪʘ ʚʽʜʛʫʢ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʚʠʥʝʥ  

ʚʽʜʪʚʦʨʶʚʘʪʠʩʷ ʯʝʨʝʟ ʚʫʟʣʠ ʛʨʘʬʘ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʷʢ ʚ ʩʪʘʪʠʯʥʦʤʫ ʪʘʢ ʽ ʚ 

ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʘʭ. 

ɼʣʷ ʥʘʚʝʜʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʢʣʘʜʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʥʘʩʪʫʧʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ: ʦʮʽʥʠʪʠ 

ʢʨʠʪʠʯʥʫ ʤʽʮʥʽʩʪʴ ʢʨʽʧʣʝʥʥʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʢʨʽʩʣʘ ʚʘʛʦʥʫ ʝʣʝʢʪʨʦʧʦʾʟʜʘ ʧʨʠ ʨʽʟʢʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ, ʷʢʱʦ 

ʟʘʜʘʥʘ ʚʘʛʘ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ.1), ʘ ʪʘʢʦʞ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʯʘʩ 

ʛʘʣʴʤʫʚʘʥʥʷ ʚʘʛʦʥʫ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʨʽʩʣʘ ʟ ʧʘʩʘʞʠʨʦʤ, ʜʝ ɸ ï ʪʦʯʢʘ ʢʨʽʧʣʝʥʥʷ 

ʢʨʽʧʣʝʥʥʷ ʢʨʽʩʣʘ, ʷʢʝ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʥʘ ʜʝʬʦʨʤʘʮʽʶ, ɺ ï ʪʦʯʢʘ ʦʧʦʨʠ ʢʨʽʩʣʘ; V ï ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʝʣʝʢʪʨʦʧʦʪʷʛʫ 

 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʜʝʣʽ ʦʙóʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʙʨʘʚʩʷ ʜʦ ʫʚʘʛʠ ʚʧʣʠʚ ʧʘʩʘʞʠʨʘ, ʱʦ ʩʠʜʠʪʴ ʧʨʦʪʠ ʥʘʧʨʷʤʢʫ 

ʨʫʭʫ ʚʘʛʦʥʫ ʦʩʢʽʣʴʢʠ ʧʘʩʘʞʠʨ, ʷʢʠʡ ʩʠʜʠʪʴ ʟʘ ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʧʨʠ  ʰʚʠʜʢʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ ʟ ʦʯʝʚʠʜʥʠʭ ʧʨʠʯʠʥ. 

ʈʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʤʦʤʝʥʪʽʚ ʩʠʣ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʘʛʦʥʘ ɺʨʘʭʦʚʫʶʯʠ ʾʭ ʨʽʟʥʦʤʘʥʽʪʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʨʽʟʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʜʦʮʽʣʴʥʦ ʙʫʣʦ ʙ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʨʦʟʨʘʭʫʥʢʫ ʤʦʤʝʥʪʽʚ ʩʠʣ. 

ɿ ʧʝʨʰʦʛʦ ʧʦʛʣʷʜʫ ʟʘʜʘʯʘ ʥʝ ʻ ʩʢʣʘʜʥʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʬʨʘʛʤʝʥʪʫ 

ʤʝʭʘʥʽʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʦʢʨʝʤʦ. ɸʣʝ ʚʨʘʭʦʚʫʶʯʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʪʘʢʘ ʟʘʜʘʯʘ ʻ ʛʨʦʤʽʟʜʢʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʣʘʩʥʦʨʫʯ. ɼʝʱʦ ʧʦʣʝʛʰʫʶʪʴ 

ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʽʥʪʝʛʨʘʣʴʥʽ ʤʝʪʦʜʠ ʦʙʯʠʩʣʝʥʴ. ɸʣʝ ʪʘʢʽ ʤʝʪʦʜʠ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʩʠʩʪʝʤ ʟ ʦʜʥʦʨʽʜʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʘʙʦ ʜʣʷ ʩʠʩʪʝʤ ʟ ʚʠʟʥʘʯʝʥʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʾʾ ʩʢʣʘʜʫ. ʆʜʥʘʢ, ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʘʙʦ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ, ʧʨʠ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʽʥʪʝʛʨʘʣʴʥʽ ʤʝʪʦʜʠ ʦʙʯʠʩʣʝʥʴ, ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʻ ʟʘʥʘʜʪʦ ʩʢʣʘʜʥʦʶ 

ʧʨʦʮʝʜʫʨʦʶ. 
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ɺʇʃʀɺ ɿʆɺʅɯʐʅɯʍ ʌɸʂʊʆʈɯɺ ʅɸ ʈɽʎʀʇɯɭʅʊɯɺ ʐʃʗʍʆʄ ɸʅɸʃɯɿʋ ʈʆɿʇʆɺʉʖɼɾɽʅʅʗ 

ɯʅʌʆʈʄɸʎɯɰ ɺ ʉʆʎɯɸʃʔʅʀʍ ʄɽʈɽɾɸʍ 

 

ʆ.ɺ. ɿʘʛʨʝʙʘ, ʩʪʫʜʝʥʪ ʛʨ. ʄʇ-111 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɸ. ɹʠʯʢʦ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʈʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʯʠʥʠʚ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ  ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, ʷʢʽ 

ʧʦʯʠʥʘʶʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʩʫʩʧʽʣʴʥʦʤʫ ʞʠʪʪʽ. ʐʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʰʣʷʭʦʤ 

ʩʧʽʣʢʫʚʘʥʥʷ ʟʚʠʯʘʡʥʠʭ ʣʶʜʝʡ ʯʝʨʝʟ ʨʽʟʥʽ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʧʦʚʥʦʪʠ ʽ  ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ɿ ʮʠʤ ʧʦʚ'ʷʟʘʥʠʡ ʬʝʥʦʤʝʥ ʩʦʮʽʘʣʽʟʘʮʽʾ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ: ʩʪʘʣʠ ʧʫʙʣʽʯʥʦ ʜʦʩʪʫʧʥʽ ʬʘʢʪʠ 

ʙʽʦʛʨʘʬʽʾ, ʧʝʨʝʧʠʩʢʘ, ʬʦʪʦ-, ʚʽʜʝʦ-, ʘʫʜʽʦ ʤʘʪʝʨʽʘʣʠ ʪʘ ʽʥ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʻ ʫʥʽʢʘʣʴʥʠʤ 

ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʧʨʦ ʦʩʦʙʠʩʪʝ ʞʠʪʪʷ ʪʘ ʽʥʪʝʨʝʩʠ ʣʶʜʝʡ. ʆʜʥʘʢ ʧʨʠ ʨʦʙʦʪʽ ʟ ʩʦʮʽʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʬʘʢʪʦʨʠ ʷʢ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʷʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʢʦʥʪʝʥʪʫ, ʘ ʪʘʢʦʞ ʯʘʩʪʽ ʦʥʦʚʣʝʥʥʷ  

ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʬʫʥʢʮʽʦʥʘʣʘ. ɺʩʝ ʮʝ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʨʽʰʝʥʥʷ ʨʽʟʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʙʽʟʥʝʩ-ʟʘʜʘʯ. 

ɸʥʘʣʽʟ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʢʣʘʩ ʤʦʜʝʣʽ ʚʧʣʠʚʫ, ʘʛʝʥʪʽʚ 

ʽ ʢʘʩʢʘʜʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ, ʦɦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʘʚʠʪʠ ʽ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ. ʆʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʧʘʩʠʚʥʦʾ ʽ ʘʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʟ 

ʩʦʮʽʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ ʻ: ʤʦʥʽʪʦʨʠʥʛ ʽ ʘʥʘʣʽʟ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ (ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʷʢʽ 

ʧʨʦʭʦʜʷʪʴ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ), ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ (ʜʣʷ ʧʝʨʝʚʦʜʫ ʩʦʮʽʘʣʴʥʦʾ ʤʝʨʝʞʽ ʚ ʧʦʪʨʽʙʥʠʡ 

ʩʪʘʥ). 

ʄʦʥʽʪʦʨʠʥʛ ʚʢʣʶʯʘʻ ʦʪʨʠʤʘʥʥʷ ʽ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ. ɿʙʠʨʘʶʪʴʩʷ ʪʝʢʩʪʠ ʧʦʚʽʜʦʤʣʝʥʴ, 

ʟʚôʷʟʢʠ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʧʦʩʠʣʘʥʥʷ ʥʘ ʟʦʚʥʽʰʥʽ ʨʝʩʫʨʩʠ. ɸʥʘʣʽʟ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ 

ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ. ʇʦ-ʧʝʨʰʝ, ʨʦʟʨʘʭʫʥʦʢ ʙʘʟʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʧʨʦʩʪʽ ʷʢʽʩʥʽ  

ʧʠʪʘʥʥʷ ʪʠʧʫ çʩʢʽʣʴʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʥʘʧʠʩʘʚ ʢʦʨʠʩʪʫʚʘʯ?è. ɼʘʣʽ ʧʨʦʚʦʜʷʪʴ ʚʠʷʚʣʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʽ 

ʩʪʨʫʢʪʫʨʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚ ʜʘʥʠʭ ʜʘʻ ʨʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʦʮʽʘʣʴʥʦʾ ʤʝʨʝʞʽ. ɸ ʚʞʝ ʧʦʪʽʤ 

ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʦʛʥʦʟ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ. ɸʣʝ ʧʨʦʛʥʦʟ ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʧʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. ʋʧʨʘʚʣʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʧʣʠʚʽ ʥʘ ʩʦʮʽʘʣʴʥʫ ʤʝʨʝʞʫ 

ʜʣʷ ʧʝʨʝʭʦʜʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʦʪʨʽʙʥʠʡ ʩʪʘʥ. 

ʆʜʥʽʻʶ ʽʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʘ ʻ 

ʨʦʟʜʨʽʙʥʝʥʽʩʪʴ ʩʝʨʝʜ ʤʥʦʞʠʥʠ ʨʽʟʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ. ɼʣʷ ʘʢʪʠʚʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ɯʥʪʝʨʥʝʪʫ ʪʠʧʦʚʦʶ ʻ 

ʥʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʧʨʦʬʽʣʽʚ ʚ ʨʽʟʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʨʽʟʥʠʭ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʨʝʞʘʭ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʧʦʚʥʫ ʢʘʨʪʠʥʫ ʧʨʦ ʩʦʮʽʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʜʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤ ʚ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯʘʭ, ʪʘʢʠʭ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʰʫʢ, ʽʥʪʝʨʥʝʪ-ʨʝʢʣʘʤʘ ʪʘ ʽʥ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʦʜʝʣʝʡ ʚʧʣʠʚʫ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʛʘʣʴʥʽ ʢʣʘʩʠ 

ʤʦʜʝʣʝʡ: 

¶ ʦʧʪʠʤʽʟʘʮʽʡʥʽ, ʽʤʽʪʘʮʽʡʥʽ ʪʘ ʽʥʰʽ (ʤʦʜʝʣʽ ʟ ʧʦʨʦʛʘʤʠ, ʤʦʜʝʣʽ ʥʝʟʘʣʝʞʥʠʭ ʢʘʩʢʘʜʽʚ ʪʘ ʽʥ.); 

¶ çʪʝʦʨʝʪʠʢʦ-ʽʛʨʦʚʽè ʤʦʜʝʣʽ, ʚ ʷʢʠʭ ʘʢʮʝʥʪ ʥʘ ʽʥʬʦʨʤʦʚʘʥʽʩʪʴ ʽ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʘʛʝʥʪʘʤʠ (ʤʦʜʝʣʽ  

ʚʟʘʻʤʥʦʾ ʽʥʬʦʨʤʦʚʘʥʦʩʪʽ, ʤʦʜʝʣʽ ʟʣʘʛʦʜʞʝʥʠʭ ʢʦʣʝʢʪʠʚʥʠʭ ʜʽʡ, ʤʦʜʝʣʽ ʢʦʤʫʥʽʢʘʮʽʡ, ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʚʧʣʠʚʫ ʽ ʫʧʨʘʚʣʽʥʥʷ); 

¶ ʤʦʜʝʣʽ ʜʠʬʫʟʽʾ ʽʥʥʦʚʘʮʽʡ; 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʩʦʮʽʘʣʴʥʫ ʤʝʨʝʞʫ ʷʢ ʤʥʦʞʠʥʫ ʘʛʝʥʪʽʚ ï ʧʦʪʝʥʮʽʡʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʝʷʢʦʛʦ ʪʦʚʘʨʫ ʯʠ 

ʧʦʩʣʫʛʠ ʘʙʦ ʤʥʦʞʠʥʫ ʧʦʪʝʥʮʽʡʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ (ʽʥʥʦʚʘʮʽʾ), ʪʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʜʘʚʮʷ 

ʦʩʪʘʥʥʽʭ, ʮʽʥʥʽʩʪʴ ʘʛʝʥʪʘ ʚ ʩʦʮʽʘʣʴʥʽʡ ʤʝʨʝʞʽ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʥʴʦʛʦ ʩʘʤʦʛʦ, ʘʣʝ ʽ ʚʽʜ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʽʥʰʠʭ ʘʛʝʥʪʽʚ. ʊʦʤʫ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʚʠʷʚʣʝʥʥʽ ʥʝʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʘʛʝʥʪʽʚ(ʧʨʦʙʣʝʤʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʧʣʠʚʫ), ʷʢʠʤ, ʥʘʧʨʠʢʣʘʜ, ʥʘʜʘʶʪʴ ʧʽʣʴʛʠ ,  ʱʦ ʩʧʨʠʷʻ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʥʦʚʦʚʚʝʜʝʥʥʷ ʧʦ ʚʩʽʡ 

ʤʝʨʝʞʽ. 

ɺʟʘʛʘʣʽ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦ ʤʦʜʝʣʽ ʚʧʣʠʚʫ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʩʪʘʶʪʴ ʩʘʤʦʩʪʽʡʥʠʤ ʦʙóʻʢʪʦʤ 

ʜʦʩʣʽʜʞʝʥʴ ʷʢʠʡ ʻ ʩʠʥʪʝʟʦʤ ʪʝʦʨʽʾ ʛʨʘʬʽʚ, ʪʝʦʨʽʾ ʽʛʦʨ, ʩʦʮʽʘʣʴʥʦʾ ʧʩʠʭʦʣʦʛʽʾ , ʩʦʮʽʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ ʤʘʣʠʭ ʛʨʫʧ, 

ʪʝʦʨʽʾ ʩʠʥʪʝʟʫ ʤʝʭʘʥʽʟʤʽʚ, ʪʝʦʨʽʾ ʙʘʛʘʪʦʘʛʝʥʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʢʽʚ. 
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As technology has moved forward in several aspects of our lives, the increase in use of mechanics and 

electronics has also emerged. The use of mechanics in the area of voting was introduced as early as the 1890s with the 

invention of the Herman Hollerith punch card machinery for the US census, and later developed into electronic voting. 

Electronic voting, or e-voting, is a term encompassing several different types of voting, embracing both electronic 

means of casting a vote and electronic means of counting votes. 

As the area of voting has evolved from public voting, in the early US, to the use of paper ballots with mark 

choices, the area of electronic voting has also evolved. Electronic voting has changed from the use of punch cards to 

the use of optical scan systems and specialized electronic voting kiosks (including direct recording electronic voting 

systems). Electronic voting can also involve remote transmission of ballots via telephones or private computer 

networks, and the latest development is voting over the Internet. 

Electronic voting technology at polling stations can speed up the counting of ballots and provide improved 

accessibility for disabled voters. A voting system providing remote voting via the Internet could improve the 

accessibility and provide an even more convenient voting process. It might also lead to greater voter turnout in 

elections, as well as phase out existing cumbersome (and insecure) processes of absentee voting. 

The promises of accuracy, security and precision have driven electronic voting systems forward. However the 

worries of corrupt or manipulative software have held back widespread adoption of several systems. Especially 

Internet voting schemes are discussed and criticized [1]. There are many threats and issues with attacks and fraudulent 

behavior, including network attacks compromised computers and corrupt system components. 

In recent years electronic voting has become a very popular and hot research topic. The electronic mean of 

counting paper ballots has existed for a while now, but the focus now is more on how to cast electronic ballots. Voting 

via direct recording machines or the Internet could also decrease the use of paper ballots and the manual work of 

preparation (no need of printing ballots in different languages, etc.) The correctness of these systems is also critical, as 

there is no room for errors in the electronic recording or counting of ballots. 

Electronic voting exists in different forms already, including tallying votes by computer, using electronic 

equipment in polling stations and voting over the Internet from the voter's own computer or mobile device.  There are 

several types of modern electronic voting systems: optical scan systems, systems to electronically cast ballots, end-to-

end verifiable voting systems, Internet voting systems, which have their own nuances, advantages and disadvantages. 

The use of electronic means to cast a vote has many advantages. Using an electronic voting machine at the 

precinct would reduce the use of paper ballots, as the machine displays the ballot electronically. It would also make it 

easier to prepare special ballots for other languages or visually impaired voters programmed into the system, instead of 

printing out several options. The newest development in the area of e-voting is using the Internet for remote voting [1]. 

By making the voter able to vote from his home computer one of the goals is to improve the accessibility for disabled 

voters, as they donôt have to actually go to the polling station. The overall participation would probably also increase 

because of the easiness of voting from home, and it would maybe be more appealing to the youth doing the voting 

electronically. 

As we see the use of computers for voting has many advantages, but a system for electronic voting requires 

means to preserve every aspects of a traditional voting scenario when it comes to security aspects like authentication, 

secrecy and anonymity. The system has to prevent attacks, errors and any electronic fraud. 

As all information systems, an e-voting system is also vulnerable against computer attacks. Although Internet 

voting may improve several election factors, there are concerns that the benefits are outweighed by the issues of many 

potential security threats. The security flaws are often concerning the voterôs home computers, and that these are the 

weakest link because people do not keep their personal computers secure. 

Electronic voting systems have many functions, including encryption, randomization, communication and 

security systems. Cryptography can be used to protect the communication between the userôs browser and the election 

server, to ensure privacy, and for verification purposes [2]. The technology of cryptography is relied upon to ensure 

integrity and confidentiality of network traffic. 

The advantages and benefits of real-time electronic voting systems could be outweighed by the issues of the 

many potential security threats. There are critical security threats to electronic voting systems, but developed secure 

cryptographic methods and techniques (symmetric encryption, hash functions, public key encryption, digital 

signatures, digital certificates and so on) can provide secrecy, integrity and proofs of correctness, countering many of 

these potential attacks. 
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ʏʝʨʥʠʛʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʝʜʨʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ ʩʪʘʣʦ ʚʘʞʥʦʡ ʯʘʩʪʴʶ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ. ʇʨʝʩʣʝʜʫʶʪʩʷ ʪʘʢʠʝ ʮʝʣʠ ʢʘʢ: ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ, ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. ɼʦʙʠʪʴʩʷ ʥʫʞʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʚʩʝʭ ʧʨʦʮʝʜʫʨ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʙʦʪ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚʦʟʥʠʢʘʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, 

ʪʘʢʠʝ ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠʩʧʦʣʥʠʪʝʣʷʤʠ, ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʩʫʨʩʦʚ ʧʦ ʚʠʜʘʤ ʨʘʙʦʪ, ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʘ ʦʢʦʥʯʘʥʠʷ ʚʩʝʭ ʨʘʙʦʪ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʠ ʜʨ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʤʝʪʦʜʘ ʩʝʪʝʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [1]. 

ʉʠʩʪʝʤʳ ʩʝʪʝʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʨʘʬʠʯʝʩʢʠʭ ʠ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʭʦʜʦʤ ʨʘʙʦʪ ʧʦ ʝʝ ʩʦʟʜʘʥʠʶ. ʆʩʥʦʚʥʳʤ ʧʣʘʥʦʚʳʤ 

ʜʦʢʫʤʝʥʪʦʤ ʚ ʩʠʩʪʝʤʝ ʩʝʪʝʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʝʪʝʚʦʡ ʛʨʘʬʠʢ [2]. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʠʚʷʟʢʘ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʢʫʱʝʝ 

ʩʦʩʪʦʷʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʚ ʩʣʫʯʘʝ ʚʥʝʧʣʘʥʦʚʳʭ ʩʠʪʫʘʮʠʡ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʧʝʨʝʦʩʤʳʩʣʠʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʪʳ ʠ ʨʝʩʫʨʩʦʚ. 

ʉʠʩʪʝʤʘ ʩʝʪʝʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʉʉʇʈɺ) ï ʵʪʦ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʢʦʤʧʣʝʢʩʥʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʧʣʘʥ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʚ ʫʩʣʦʚʠʷʭ ʩʤʝʥʳ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ [3]. 

ʅʘ ʨʳʥʢʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʠʯʥʦ ʨʝʰʘʶʪ ʟʘʜʘʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʧʨʦʜʫʢʪʳ ʢʘʢ; MicroSCADA, ArcGIS, Open Plan, MSProject, Spider Project, Primavera Project 

Planner, ɹʠʪʨʠʢʩ 24 ʠ ʜʨ. ʅʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʩʬʝʨʝ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ, ʤʝʜʠʮʠʥʩʢʠʭ 

ʩʠʩʪʝʤʘʭ, ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʷʭ ʠ ʵʥʝʨʛʝʪʠʢʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥʠ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʦʜʥʠ ʧʨʦʛʨʘʤʤʳ 

ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʜʦʨʦʛʠʤʠ, ʜʨʫʛʠʝ ï ʧʣʦʭʦ ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʠʩʪʝʤʫ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʨʝʪʴʠ ï 

ʪʷʞʝʣʳʝ ʚ ʧʦʥʠʤʘʥʠʠ ʠ ʦʙʫʯʝʥʠʠ, ʯʝʪʚʝʨʪʳʝ ï ʥʝʙʦʣʴʰʦʡ ʬʫʥʢʮʠʦʥʘʣ, ʧʷʪʳʝ ï ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʟʤʘ 

ʩʦʟʜʘʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʟʘʜʘʥʠʷʤʠ. ɺ ʦʙʱʝʤ, ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʡ ʢʨʫʛ ʬʫʥʢʮʠʡ ʩʝʪʝʚʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʥʦ ʥʝ ʦʯʝʥʴ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʦʨʘʙʦʪʘʥʳ ʤʝʭʘʥʠʟʤʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʳ 

ʪʝʤʧʦʨʘʣʴʥʦʡ ʣʦʛʠʢʠ. 

ʊʝʤʧʦʨʘʣʴʥʳʝ ʣʦʛʠʢʠ (ʊʃ) ʧʦʟʚʦʣʷʶʪ ʯʸʪʢʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ, ʫʯʠʪʳʚʘʷ ʠʭ ʚʦʟʤʦʞʥʫʶ ʧʘʨʘʣʣʝʣʴʥʫʶ ʧʨʠʨʦʜʫ, 

ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʭʨʦʥʦʣʦʛʠʶ ʠʭ ʧʦʷʚʣʝʥʠʡ, ʯʪʦ ʝʩʪʴ ʚʘʞʥʳʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ.  ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʩʠʩʪʝʤ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʈLTL ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʪʝʤʧʦʨʘʣʴʥʘʷ 

ʣʦʛʠʢʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ï Timed Propositional Temporal Logic (TPTL), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʞʘʪʴ ʩʚʦʡʩʪʚʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʜʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ [4]. ʆʜʥʘʢʦ ʜʣʷ ʩʝʪʝʚʳʭ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʚʠʜʝ ɽ-ʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ, ʙʦʣʴʰʝ ʧʦʜʭʦʜʠʪ ʪʝʤʧʦʨʘʣʴʥʘʷ ʣʦʛʠʢʘ ʚʠʜʘ CTL [5]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ CTL 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʥʘ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʠʩʪʠʥʥʦʩʪʠ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʝʪʝʚʦʤʫ ʛʨʘʬʠʢʫ, ʟʘʧʠʩʘʥʥʳʭ ʥʘ ʷʟʳʢʝ CTL. 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ (ʧʣʘʛʠʥʘ) 

ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ EMS [6], ʠʟ ʢʦʪʦʨʦʡ ʟʘ ʦʩʥʦʚʫ ʙʫʜʝʪ ʙʨʘʪʴʩʷ ʩʦʟʜʘʥʥʘʷ ʩʝʪʝʚʘʷ 

ʤʦʜʝʣʴ. ʌʦʨʤʫʣʳ ʪʝʤʧʦʨʘʣʴʥʦʡ ʣʦʛʠʢʠ, ʟʘʜʘʶʱʠʝ ʪʝ ʠʣʠ ʠʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʝʪʝʚʦʤʫ ʛʨʘʬʠʢʫ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʥʘ ʤʥʦʞʝʩʪʚʝ ʛʣʦʙʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʠʤʦʩʪʠ ʬʦʨʤʫʣ ʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʩʚʷʟʥʳʡ ʛʨʘʬ ʩʦʩʪʦʷʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʚʝʨʰʠʥʳ ʷʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜʘʤʠ ɽ-ʩʝʪʠ.  

ɼʣʷ ʧʦʜʜʝʨʞʢʠ ʜʘʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʩʝʨ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʟʥʘʝʪ ʬʫʥʢʮʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. ɸʥʘʣʠʟ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʭʦʜʝ ʚʩʝʭ ʧʫʪʝʡ ʛʨʘʬʘ ʩ ʘʥʘʣʠʟʦʤ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʬʦʨʤʫʣʳ ʥʘ ʤʦʜʝʣʠ ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ. 

http://brage.bibsys.no/xmlui/handle/11250/262287
https://scholar.google.com.ua/citations?view_op=view_citation&hl=ru&user=RCdNnXMAAAAJ&citation_for_view=RCdNnXMAAAAJ:9yKSN-GCB0IC
https://scholar.google.com.ua/citations?view_op=view_citation&hl=ru&user=RCdNnXMAAAAJ&citation_for_view=RCdNnXMAAAAJ:9yKSN-GCB0IC
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ʉ.ɽ. ʊʢʘʯʝʥʢʦ, ʩʪ. ʛʨ. ʄʇ-111 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: E.ɺ. ʅʠʢʠʪʝʥʢʦ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, 

 ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ 

ʏʝʨʥʠʛʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʘʢ ʞʝ ʘʢʪʫʘʣʴʥʘ, ʢʘʢ ʠ ʚʦ ʚʨʝʤʝʥʘ 

ʈʠʤʩʢʦʡ ʠʤʧʝʨʠʠ. ʂʘʢ ʛʦʚʦʨʠʣ ʠʟʚʝʩʪʥʳʡ ʙʨʠʪʘʥʩʢʠʡ ʧʦʣʠʪʠʢ ʋ. ʏʝʨʯʠʣʣʴ: çɺʣʘʜʝʝʰʴ ʠʥʬʦʨʤʘʮʠʝʡ ï 

ʚʣʘʜʝʝʰʴ ʤʠʨʦʤè. ʂ ʩʦʞʘʣʝʥʠʶ, ʣʠʰʥʠʝ ʟʥʘʥʠʷ ʥʝ ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʙʣʘʛʦ. ɺʦ ʚʨʝʤʷ ʚʦʡʥʳ ʧʨʦʪʠʚʥʠʢ 

ʤʦʞʝʪ ʧʝʨʝʭʚʘʪʠʪʴ ʥʝʢʠʝ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʝ ʜʘʥʥʳʝ ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʪʴ ʩʚʦʠ ʰʘʥʩʳ ʥʘ ʧʦʙʝʜʫ. ɺ 

ʤʠʨʥʦʝ ʚʨʝʤʷ ʨʘʟʥʳʝ ʤʦʰʝʥʥʠʢʠ ʤʦʛʫʪ ʟʘʚʣʘʜʝʪʴ ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʪʝʤ ʩʘʤʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʞʝʨʪʚʫ 

ʚ ʧʨʦʪʠʚʦʟʘʢʦʥʥʳʭ ʮʝʣʷʭ. C ʮʝʣʴʶ ʥʝ ʜʦʧʫʩʪʠʪʴ ʧʦʷʚʣʝʥʠʝ ʪʘʢʠʭ ʥʝʧʨʠʷʪʥʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʠʥʪʝʨʥʝʪʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʝʛʦ ʚʣʠʷʥʠʷ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʧʝʨʩʦʥʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʭʨʘʥʠʪʩʷ ʥʘ ʨʘʟʥʳʭ ʩʝʨʚʝʨʘʭ. ʀʟʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʯʥʳʡ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ, ʜʣʷ ʜʦʩʪʫʧʘ ʪʦʣʴʢʦ ʢ ʩʚʦʠʤ ʜʘʥʥʳʤ. ʃʦʛʠʥ ʚʩʝʛʜʘ ʷʚʣʷʣʩʷ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʙʳʣ ʠʟʚʝʩʪʝʥ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʣʶʜʝʡ, ʘ ʧʘʨʦʣʴ ʣʠʰʴ ʧʦʜʪʚʝʨʞʜʘʣ, ʯʪʦ ʵʪʦ 

ʚʣʘʜʝʣʝʮ ʧʳʪʘʝʪʩʷ ʧʦʧʘʩʪʴ ʚ ʩʠʩʪʝʤʫ, ʪʘʢ ʢʘʢ ʧʘʨʦʣʴ ʙʳʣ ʟʘʢʨʳʪ ʜʣʷ ʧʦʩʪʦʨʦʥʥʠʭ. ʅʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʵʪʦ 

ʦʢʘʟʘʣʩʷ ʥʝ ʩʘʤʳʡ ʥʘʜʝʞʥʳʡ ʩʧʦʩʦʙ. ʇʝʨʚʦʝ ʚʨʝʤʷ ʣʶʜʠ ʩʦʟʜʘʚʘʣʠ ʩʣʠʰʢʦʤ ʧʨʦʩʪʳʝ ʧʘʨʦʣʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʙʳʣʦ ʚʟʣʦʤʘʪʴ ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʯʘʣʠ ʚʚʦʜʠʪʴ ʧʨʦʚʝʨʢʠ ʥʘ ʩʣʦʞʥʦʩʪʴ ʧʘʨʦʣʷ, ʦʧʦʚʝʱʘʷ 

ʢʘʞʜʦʛʦ, ʯʪʦ ʧʘʨʦʣʴ ʩʣʠʰʢʦʤ ʧʨʦʩʪ ʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰ. ʀʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʫʩʣʦʞʥʝʥʠʷ ʧʘʨʦʣʝʡ ʥʝ ʚʩʝ ʤʦʛʣʠ 

ʠʭ ʟʘʧʦʤʠʥʘʪʴ, ʧʦʵʪʦʤʫ ʥʝʢʦʪʦʨʳʝ ʫʤʝʣʴʮʳ ʢʣʝʠʣʠ ʩʚʦʠ ʧʘʨʦʣʠ ʥʘ ʤʦʥʠʪʦʨ ʠʣʠ ʢʣʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ 

ʢʦʤʧʴʶʪʝʨʫ. ʊʘʢ ʯʪʦ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ ʥʝ ʩʪʦʠʣʦ ʪʨʫʜʘ ʫʟʥʘʪʴ ʧʘʨʦʣʴ ʠ ʜʦʙʳʪʴ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ɽʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʪʘʣʠ ʨʘʟʥʦʛʦ ʨʦʜʘ ʨʝʢʣʘʤʱʠʢʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʠʪʝʣʠ ʚʠʨʫʩʦʚ. ʊʘʢ ʢʘʢ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʚʩʝʭ ʩʘʡʪʘʭ ʪʨʝʙʦʚʘʣʠʩʴ ʣʠʰʴ ʣʦʛʠʥʳ ʠ ʧʘʨʦʣʠ, ʪʦ ʟʘʧʨʦʩʪʦ ʤʦʞʥʦ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʥʦʚrʡ ʘʢʢʘʫʥʪ.  ʂʦʛʜʘ ʩʪʘʨʳʡ ʣʦʛʠʥ ʚʥʦʩʠʣʠ ʚ ʯʝʨʥʳʡ ʩʧʠʩʦʢ, ʪʦ ʚʩʝ ʨʘʚʥʦ ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʜʦʣʞʘʪʴ 

ʟʘʥʠʤʘʪʴʩʷ ʜʫʨʥʳʤʠ ʜʝʣʘʤʠ. ɹʦʣʝʝ ʭʠʪʨʳʝ ʤʦʰʝʥʥʠʢʠ ʧʨʠʜʫʤʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʳ-ʨʦʙʦʪʳ, ʢʦʪʦʨʳʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʥʠʤʘʣʠʩʴ ʙʳ ʥʝʯʝʩʪʠʚʳʤʠ ʜʝʣʘʤʠ ʠ ʩʦʟʜʘʚʘʣʠ ʥʦʚʳʝ ʘʢʢʘʫʥʪʳ, ʧʨʠ ʙʣʦʢʠʨʦʚʢʝ ʩʪʘʨʳʭ. ɼʣʷ  

ʫʢʣʦʥʝʥʠʷ ʦʪ ʪʘʢʠʭ ʩʠʪʫʘʮʠʡ ʠ ʧʨʠʜʫʤʘʣʠ ʘʢʪʠʚʘʮʠʶ ʘʢʢʘʫʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ. ʅʦ ʧʨʦʙʣʝʤʘ 

ʙʳʣʘ ʚ ʪʦʤ, ʯʪʦ ʚʧʦʣʥʝ ʤʦʞʥʦ ʙʳʣʦ ʩʦʟʜʘʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʚʨʝʤʝʥʥʳʭ ʧʦʯʪ ʜʣʷ ʪʘʢʠʭ ʮʝʣʝʡ [1]. ʊʘʢ ʞʝ ʨʦʙʦʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʪʘʢ ʥʘ ʩʘʡʪʳ ʩ ʮʝʣʴʶ ʩʜʝʣʘʪʴ ʠʭ ʥʝʜʦʩʪʫʧʥʳʤʠ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʘʢ ʢʘʢ ʤʥʦʛʠʝ ʩʘʡʪʳ ʟʘʨʘʙʘʪʳʚʘʶʪ ʜʝʥʴʛʠ ʥʘ ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ, ʪʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʠʭ 

ʚʣʘʜʝʣʴʮʳ ʪʝʨʷʣʠ ʥʝʚʝʨʦʷʪʥʳʝ ʩʫʤʤʳ ʚ ʜʝʥʴʛʘʭ. ʂʦʥʝʯʥʦ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʧʦʜʪʚʝʨʞʜʝʥʠʷ, ʯʪʦ ʵʪʦ ʥʝ 

ʧʨʦʛʨʘʤʤʘ-ʨʦʙʦʪ, ʦʙʣʝʛʯʠʣʠ ʩʠʪʫʘʮʠʶ, ʥʦ ʚʝʜʴ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ ʠ ʧʨʠʭʦʜʠʪʩʷ 

ʢʘʞʜʳʡ ʨʘʟ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʘʢʠʝ ʩʠʩʪʝʤʳ, ʯʪʦʙʳ ʨʦʙʦʪʘʤ ʚʩʝ ʩʣʦʞʥʝʝ ʙʳʣʦ ʧʦʧʘʩʪʴ ʥʘ ʩʘʡʪ. 

ɺʩʝ ʵʪʠ ʧʨʦʙʣʝʤʳ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ  ʧʦʜʩʠʩʪʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʫ ʨʘʟʥʳʭ ʩʠʩʪʝʤ. ʊʘʢʠʭ ʦʙʨʘʟʦʤ ʧʦʷʚʠʣʘʩʴ ʜʚʫʭʩʪʫʧʝʥʯʘʪʘʷ ʩʠʩʪʝʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉ 

ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʪʦʢʘʤʝʨʫ ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦ 

ʣʠʮʫ [2]. ʅʦ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʘʟʥʳʝ ʣʶʜʠ ʩ ʦʯʝʥʴ ʩʭʦʞʝʡ ʚʥʝʰʥʦʩʪʴʶ 

ʤʦʛʫʪ ʨʘʩʧʦʟʥʘʚʘʪʴʩʷ ʢʘʢ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʯʝʣʦʚʝʢ. ʂ ʪʦʤʫ ʞʝ ʧʦʩʪʦʷʥʥʦ ʥʫʞʥʦ ʧʨʠʥʠʤʘʪʴ ʪʦ ʞʝ ʩʘʤʦʝ 

ʚʳʨʘʞʝʥʠʝ ʣʠʮʘ, ʯʪʦ ʙʳʣʦ ʧʨʠ ʧʝʨʚʦʤ ʧʨʦʮʝʩʩʝ ʚʭʦʜʘ ʚ ʩʠʩʪʝʤʫ. ʊʘʢ ʢʘʢ ʩʦ ʚʨʝʤʝʥʝʤ ʚʥʝʰʥʦʩʪʴ ʯʝʣʦʚʝʢʘ 

ʤʝʥʷʝʪʩʷ, ʪʦ ʥʘʩʪʫʧʠʪ ʤʦʤʝʥʪ, ʯʪʦ ʥʘʩʪʦʷʱʠʡ ʚʣʘʜʝʣʝʮ ʥʝ ʩʤʦʞʝʪ ʧʦʧʘʩʪʴ ʢ ʩʚʦʠʤ ʜʘʥʥʳʤ. ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 

ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʧʝʯʘʪʦʢ ʧʘʣʴʮʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʀ ʭʦʪʷ ʤʥʦʛʠʤʠ ʣʶʜʴʤʠ 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ ʥʝʧʦʚʪʦʨʠʤʳ ï ʵʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ [3]. ʇʦ ʩʫʪʠ ʥʠʢʪʦ 
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ʪʦʯʥʦ ʥʝ ʧʨʦʚʝʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʨʠʟʥʘʢ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ. ʀʟʚʝʩʪʥʦ ʪʦʯʥʦ, 

ʯʪʦ ʫ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʥʘ ʢʘʞʜʦʤ ʧʘʣʴʮʝ ʩʚʦʡ ʨʠʩʫʥʦʢ. ʅʦ ʪʦʯʥʦʩʪʴ ʨʠʩʫʥʢʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʩʪʘʶʪ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟ-ʟʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ [4]. ʅʘʧʨʠʤʝʨ, ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʛʨʷʟʴ ʠʣʠ ʮʘʨʘʧʠʥʳ ʥʘ 

ʧʘʣʴʮʘʭ. ʕʪʘ ʧʦʜʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʦʞʝ ʥʝ ʷʚʣʷʝʪʩʷ 100% ʛʘʨʘʥʪʠʝʡ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʚʧʦʣʥʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʱʝ ʦʜʠʥ ʚʘʨʠʘʥʪ ï ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʦ ʪʝʣʝʬʦʥʫ. SMS-ʚʝʨʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ 

ʩʧʦʩʦʙʦʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʪʘʢ ʢʘʢ ʧʦʯʪʠ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʠʤʝʝʪ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ ʠ, ʚ ʦʪʣʠʯʠʠ ʦʪ 

ʣɻʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʧʦʢʫʧʢʘ sim-ʢʘʨʪʳ ʩʪʦʠʪ ʜʝʥʝʛ. ʊʨʘʪʠʪʴʩʷ ʢʘʞʜʳʡ ʨʘʟ ʤʦʰʝʥʥʠʢʫ ʥʘ ʥʦʚʫʶ sim-ʢʘʨʪʫ ʥʝ 

ʩʦʚʩʝʤ ʫʞ ʚʳʛʦʜʥʦ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʧʨʘʚʢʝ ʟʘʧʨʦʩʘ ʥʘ ʩʝʨʚʝʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ 

ʫʥʠʢʘʣʴʥʦʛʦ ʢʦʜʘ ʥʘ ʫʢʘʟʘʥʥʳʡ ʨʘʥʝʝ ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ [5]. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʛʦ ʢʦʜʘ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ 

ʝʛʦ ʚ ʩʠʩʪʝʤʫ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʥʘ ʩʦʚʧʘʜʝʥʠʝ ʢʦʜʦʚ. ɽʩʣʠ ʩʦʚʧʘʣʠ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʭʦʜ ʚ ʩʠʩʪʝʤʫ. 

ʂʦʥʝʯʥʦ, ʠ ʟʜʝʩʴ ʝʩʪʴ ʥʝʜʦʩʪʘʪʦʢ. ʄʦʞʥʦ ʚʳʢʨʘʩʪʴ ʪʝʣʝʬʦʥ ʠ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ. ʅʦ ʚʝʜʴ ʫʢʨʘʜʝʥʥʳʡ 

ʪʝʣʝʬʦʥ ʣʝʛʢʦ ʦʪʩʣʝʜʠʪʴ, ʢʘʢ ʠ ʟʘʙʣʦʢʠʨʦʚʘʪʴ sim-ʢʘʨʪʫ. 

ʉʠʩʪʝʤʘ çMobileRada»- ʵʪʦ ʩʠʩʪʝʤʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʝʧʫʪʘʪʘʤʠ. ʇʦʵʪʦʤʫ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ 

ʟʘʱʠʪʠʪʴ ʝʸ ʦʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. ʇʦʢʘ ʯʪʦ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ ʧʨʦʰʣʳʭ 

ʧʦʢʦʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʇʦʩʣʝ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ ʙʫʜʝʪ ʥʘʡʜʝʥ ʦʧʪʠʤʘʣʴʥʳʡ 

ʚʘʨʠʘʥʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʥʝʝ. ʈʘʟʫʤʝʝʪʩʷ, ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʧʦʩʦʙʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʙʫʜʫʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʥʳ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʜʝʧʫʪʘʪʳ ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ ʣʠʰʴ ʥʘ ʚʨʝʤʷ ʩʚʦʝʛʦ ʠʟʙʨʘʥʠʷ ʚ 5-10 ʣʝʪ, 

ʘ ʟʘʪʝʤ ʚʦʡʪʠ ʚ ʠʭ ʘʢʢʘʫʥʪʳ ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ ʥʘ ʫʨʦʚʥʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. YasonBy: ʉʝʨʚʠʩ SMS-ʚʝʨʠʬʠʢʘʮʠʠ ʜʣʷ ʧʘʨʘʥʦʠʢʦʚ :) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://habrahabr.ru/post/63809/ 
2. ʌʠʣʠʧʝʥʢʦ ɼ.ʉ.: ʇʨʦʛʨʘʤʤʘ ʨʘʩʧʦʟʥʘʝʪ ʣʠʮʘ ʧʦ ʬʦʪʦʛʨʘʬʠʠ ʚ ʠʥʪʝʨʥʝʪʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.infoniac.ru/news/Programma-raspoznaet-lica-po-fotografii-v-internete-i-prisvaivaet-im-imena.html 

3. ʌʠʣʠʧʝʥʢʦ ʃ.ɺ.: ʅʘʰʠ ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ ʥʝ ʥʘʩʪʦʣʴʢʦ ʫʥʠʢʘʣʴʥʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
http://www.infoniac.ru/news/Nashi-otpechatki-pal-cev-ne-nastol-ko-unikal-ny.html 

4. ʅʝʯʝʪʢʠʡ ʠʣʠ ʩʤʘʟʘʥʥʳʡ ʦʪʧʝʯʘʪʦʢ ʧʘʣʴʮʘ ʙʦʣʴʰʝ ʥʝ ʧʨʦʙʣʝʤʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://security.ua/news/industry/foreign/index.php?ELEMENT_ID=1008 
5. Receiving an SMS from Google [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://support.google.com/accounts/answer/3367674?hl=en 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈ.ɺ. ɿʘʨʦʚʩʢʠʡ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

 

ʋ ʥʘʰ ʯʘʩ ʧʠʪʘʥʥʷ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ ʩʪʘʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ. ɹʽʣʴʰʽʩʪʴ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʝ 

ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʙʝʟ ʦʧʝʨʘʪʦʨʘ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʦʥʠ ʥʝʜʦʩʪʘʪʥʴʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ. ʆʧʝʨʘʪʦʨ ʟʤʫʰʝʥʠʡ 

ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʪʽʢ ʜʘʥʠʭ ʚʽʟʫʘʣʴʥʦ ( çʚʨʫʯʥʫè), ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʜʫʞʝ ʚʠʩʦʢʠʤ ʬʽʟʠʯʥʠʤ ʪʘ ʧʩʠʭʦʣʦʛʽʯʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʦʤʣʶʚʘʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ʷʢʽʩʪʴ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ 

ʘʥʘʣʽʟʫ ʟʥʠʞʫʶʪʴʩʷ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝ ̔ʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʫʩʪʘʥʦʚʣʝʥʠʭ ʢʘʤʝʨ, ʰʘʥʩ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʥʝʰʪʘʪʥʫ ʩʠʪʫʘʮʽʶ ʜʫʞʝ ʤʘʣʠʡ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʘʢʪʠʢʠ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʥʝ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʘ ʟʘ ʬʘʢʪʦʤ ʧʦʜʽʾ. 

ɸʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɺ 

ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ ʚʽʜʝʦʧʦʪʦʢʽʚ. ʈʽʰʝʥʥʷʤ ʤʦʞʝ ʩʪʘʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʽʜʝʦʘʥʘʣʽʪʠʯʥʠʭ CCTV-ʩʠʩʪʝʤ. 

ɺʽʜʝʦʘʥʘʣʽʪʠʢʘ ï ʮʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʘʥʘʣʽʟʫ CCTV-ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʥʘ ʢʦʤʧ'ʶʪʝʨʘʭ, ʪʘʢ ʽ ʚʙʫʜʦʚʫʚʘʪʠ ʚ ʢʘʤʝʨʠ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ, ʢʦʣʠ ʪʨʝʙʘ ʧʦʜʘʚʘʪʠ 

ʩʠʛʥʘʣ ʪʨʠʚʦʛʠ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʨʫʩʽ ʧʦʨʫʰʥʠʢʘ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʫ ʟʦʥʫ, ʙʝʟ ʫʯʘʩʪʽ ʦʧʝʨʘʪʦʨʘ [1]. 

ɺʽʜʝʦʘʥʘʣʽʪʠʢʘ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ, ʷʢ ʚʠʷʚʣʝʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʚʪʦʨʛʥʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʶ, ʱʦ ʦʭʦʨʦʥʷʻʪʴʩʷ, ʧʽʜʨʘʭʫʥʦʢ ʚʽʜʚʽʜʫʚʘʯʽʚ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʝʻʩʪʨʘʮʽʡʥʠʭ ʟʥʘʢʽʚ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʨʫʰʝʥʴ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʱʘʩʥʠʤ ʚʠʧʘʜʢʘʤ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. 

ɹʽʣʴʰ ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ, ʟʘʣʠʰʝʥʠʭ ʧʨʝʜʤʝʪʽʚ, ʚʠʷʚʣʝʥʥʷ 

ʧʽʜʦʟʨʽʣʦʾ ʧʦʚʝʜʽʥʢʠ, ʚʠʨʽʰʫʶʪʴʩʷ ʤʝʥʰ ʫʩʧʽʰʥʦ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ ʫ ʩʬʝʨʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʦʭʦʨʦʥʠ ʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʻ ʥʘʡʙʽʣʴʰ ʦʯʝʚʠʜʥʠʤ ʚʘʨʽʘʥʪʦʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʚʝʣʠʢʦʛʦ ʤʽʩʪʘ ʘʙʦ ʦʙ'ʻʢʪʘ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʷ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ ʚ ʧʨʦʮʝʩʽ ʩʚʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʝʨʝʪʚʦʨʠʣʘʩʷ ʩʢʦʨʽʰ ʚ ʢʦʤʧʦʥʝʥʪ, ʱʦ 

ʜʦʧʦʚʥʶʻ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʥʽʞ ʚ ʘʚʪʦʥʦʤʥʝ ʢʦʨʧʦʨʘʪʠʚʥʝ ʧʨʦʛʨʘʤʥʝ ʨʽʰʝʥʥʷ. ʉʴʦʛʦʜʥʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʥʘʣʽʪʠʯʥʽ ʬʫʥʢʮʽʾ ʯʘʩʪʦ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʽ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʧʨʠʟʥʘʯʝʥʠʤʠ ʜʣʷ ʤʘʩʦʚʦʛʦ ʨʠʥʢʫ: ʢʘʤʝʨʘʤʠ, IP-ʚʽʜʝʦʢʦʜʝʨʘʤʠ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, ʮʠʬʨʦʚʠʤʠ 
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ʚʽʜʝʦʤʘʛʥʽʪʦʬʦʥʘʤʠ, ʤʝʨʝʞʝʚʠʤʠ ʚʽʜʝʦʨʝʻʩʪʨʘʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ ʧʣʘʪʬʦʨʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʝʦ. ʇʽʜʪʨʠʤʢʘ 

ʘʥʘʣʽʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʮʠʭ ʧʨʠʩʪʨʦʾʚ, ʘʣʝ ʨʽʟʥʠʮʷ ʚ ʛʨʦʰʘʭ ʷʚʣʷʻʪʴʩʷ ʪʫʪ 

ʘʙʩʦʣʶʪʥʦ ʥʝʟʥʘʯʥʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʘʨʪʽʩʪʶ ʘʚʪʦʥʦʤʥʠʭ ʨʽʰʝʥʴ ʥʘ ʙʘʟʽ ʇʂ. ɹʽʣʴʰ ʪʦʛʦ, ʦʩʚʽʯʝʥʽ ʽ 

ʜʘʣʝʢʦʛʣʷʜʥʽ ʣʶʜʠ ʙʘʯʘʪʴ ʚ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʩʦʙʘʭ ʱʦʩʴ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʦʩʪʦ ʯʝʨʛʦʚʫ ʤʦʜʝʨʥʽʟʘʮʽʶ ʦʭʦʨʦʥʥʠʭ 

ʩʠʩʪʝʤ. ɸʥʘʣʽʪʠʯʥʽ ʟʘʩʦʙʠ ʥʝʩʫʪʴ ʚ ʩʦʙʽ ʜʦʜʘʪʢʦʚʫ ʮʽʥʥʽʩʪʴ, ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʣʶʜʝʡ, ʧʨʦʮʝʩʽʚ 

ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʟʘʩʦʙʠ ʘʥʘʣʽʟʫ ʜʦʧʦʤʘʛʘʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʝʚʠʭ ʚʽʜʝʦʩʠʩʪʝʤ ʽ ʻʤʥʽʩʪʴ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ, ʧʨʠʩʢʦʨʶʚʘʪʠ ʧʨʦʮʝʜʫʨʠ ʩʫʜʦʚʦʛʦ 

ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʽ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʧʝʨʩʦʥʘʣʫ [2]. 

ɺʽʜʝʦʘʥʘʣʽʪʠʢʘ ʤʦʞʝ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʥʝ ʦʜʥʫ, ʘ ʢʽʣʴʢʘ ʙʘʟʦʚʠʭ ʬʫʥʢʮʽʡ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: 

ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ, ʩʪʝʞʝʥʥʷ ʟʘ ʦʙ'ʻʢʪʘʤʠ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ, ʚʠʷʚʣʝʥʥʷ ʩʠʪʫʘʮʽʡ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ ʻ ʧʦʜʽʾ (ʧʦʚʽʜʦʤʣʝʥʥʷ), ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʜʘʥʽ ʦʧʝʨʘʪʦʨʫ 

ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʘʙʦ ʟʘʧʠʩʘʥʽ ʚ ʚʽʜʝʦʘʨʭʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʰʫʢʫ. ʂʨʽʤ ʮʴʦʛʦ, ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ 

ʬʦʨʤʫʻ ʤʝʪʘʜʘʥʽ, ʪʦʙʪʦ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʟʤʽʩʪ ʢʦʞʥʦʛʦ ʢʘʜʨʫ ʚʽʜʝʦʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʄʝʪʘʜʘʥʽ 

ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʚʽʜʝʦʘʨʭʽʚ ʽ ʚʽʜʪʚʦʨʶʶʪʴʩʷ ʨʘʟʦʤ ʟ ʚʽʜʝʦ. 

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ ʜʦʩʷʛʣʠ ʜʫʞʝ ʭʦʨʦʰʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʜʥʘʢ ʜʦʩʽ ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʩʢʣʘʜʥʠʤ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʠʤ ʧʨʦʮʝʩʦʤ. ʇʨʠʯʦʤʫ ʟʥʘʥʥʷ ʪʝʦʨʽʾ ʜʘʣʝʢʦ ʥʝ ʟʘʚʞʜʠ ʜʘʻ ʭʦʨʦʰʠʡ ʧʨʘʢʪʠʯʥʠʡ 

ʨʝʟʫʣʴʪʘʪ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʚʽʜʤʽʥʥʠʡ ʧʨʦʝʢʪ OpenCV. ʎʝ ʚʝʣʠʢʘ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʘ ʙʽʙʣʽʦʪʝʢʘ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʱʦ ʤʽʩʪʠʪʴ ʙʝʟʣʽʯ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ: ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʟʦʙʨʘʞʝʥʴ, ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʟʘ ʟʨʘʟʢʦʤ, ʫʩʫʥʝʥʥʷ ʦʧʪʠʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʚʠʟʥʘʯʝʥʥʷ ʧʦʜʽʙʥʦʩʪʽ, ʘʥʘʣʽʟʫ 

ʧʝʨʝʤʽʱʝʥʥʷ ʦʙ'ʻʢʪʘ, ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʦʙ'ʻʢʪʘ ʪʘ ʩʪʝʞʝʥʥʷ ʟʘ ʦʙ'ʻʢʪʦʤ, 3D-ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʩʝʛʤʝʥʪʘʮʽʾ 

ʦʙ'ʻʢʪʘ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʞʝʩʪʽʚ ʽ ʪ.ʜ. OpenCV ʥʘʧʠʩʘʥʘ ʥʘ ʤʦʚʽ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ (C / C ++) [3]. 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʘ ʟʦʢʨʝʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʽʙ ʪʘ 

ʥʦʤʝʨʽʚ ʤʘʰʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢʠ OpenCV. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɺʠʜʝʦʘʥʘʣʠʪʠʢʘ: ʯʪʦ ʵʪʦ ʪʘʢʦʝ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://daily.sec.ru/dailypblshow.-cfm?rid = 11pid = 19848pos = 1stp = 25 

2. ɺʠʜʝʦʘʥʘʣʠʪʠʢʘ: ʤʠʬʳ ʠ ʨʝʘʣʴʥʦʩʪʴ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.osp.ru/cw/-2008 /22/5154305/ 
3. OpenCV h ʘʛ ʟʘ ʰʘʛʦʤ. ɺʚʝʜʝʥʠʝ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://robocraft.ru/blog/comp-utervision/264.html 
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ɺ.ʖ. ʐʘʧʦʚʘʣ, ʩʪ. ʛʨ. ʄʇ-111, 

ɽ.ɺ. ʈʳʥʜʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ 

ʏʝʨʥʠʛʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʥʝ 

ʪʦʣʴʢʦ ʛʦʪʦʚʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʘʜʨʳ ʜʣʷ ʚʩʝʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʨʘʥʳ, ʥʦ ʠʤʝʝʪ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʵʢʩʧʦʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ. ɽʞʝʛʦʜʥʦ ʤʠʣʣʠʦʥʳ ʩʪʫʜʝʥʪʦʚ ʚʳʝʟʞʘʶʪ ʟʘ ʛʨʘʥʠʮʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʊʳʩʷʯʠ ʚʫʟʦʚ ʧʨʝʜʣʘʛʘʶʪ ʩʚʦʠ ʫʩʣʫʛʠ ʠ ʢʦʥʢʫʨʠʨʫʶʪ ʟʘ ʧʨʘʚʦ ʧʨʠʥʷʪʴ ʵʪʠʭ ʩʪʫʜʝʥʪʦʚ. ʆʜʥʠʤ 

ʠʟ ʬʘʢʪʦʨʦʚ ʚʳʙʦʨʘ ʚʫʟʘ ʘʙʠʪʫʨʠʝʥʪʘʤʠ ʷʚʣʷʝʪʩʷ ʝʛʦ ʤʝʩʪʦ ʚ ʨʝʡʪʠʥʛʘʭ. ɺʘʞʥʝʡʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʨʘʚʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʫʟʦʚ ʷʚʣʷʶʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʨʝʡʪʠʥʛʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɹʝʨʣʠʥʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʨʘʥʞʠʨʦʚʘʥʠʷ ʚʫʟʦʚ [1]. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʨʝʡʪʠʥʛ ʐʘʥʭʘʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʨʝʡʪʠʥʛ ʘʛʝʥʪʩʪʚa çThe Times of Higher Educationè, ʨʝʡʪʠʥʛ çThe Top 100 Global Universities ʠʟʜʘʪʝʣʴʩʪʚʘ 

çNewsweekè, ʨʝʡʪʠʥʛ ʣʫʯʰʠʭ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʤʠʨʘ Webometrics ʠ ʜʨ. [1,2]. ɹʦʣʴʰʠʥʩʪʚʦ 

ʨʝʡʪʠʥʛʦʚʳʭ ʩʠʩʪʝʤ ʥʘʮʝʣʝʥʦ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʘʪʢʦʛʦ ʩʧʠʩʢʘ ʩʘʤʳʭ ʣʫʯʰʠʭ ʚʫʟʦʚ ʤʠʨʘ ʠ ʥʝ ʜʘʝʪ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʚʫʟʘʤ, ʥʝ ʚʭʦʜʷʱʠʤ ʚ ʧʝʨʚʫʶ ʩʦʪʥʶ ʠʣʠ ʪʳʩʷʯʫ. ʂ ʩʦʞʘʣʝʥʠʶ, ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʚʫʟʳ ʨʝʜʢʦ 

ʧʦʧʘʜʘʶʪ ʚ ʩʧʠʩʢʠ ʪʦʧ-100 ʠ ʧʦʪʦʤʫ ʜʣʷ ʥʘʰʠʭ ʮʝʣʝʡ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʡʪʠʥʛʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʙʝʩʧʦʣʝʟʥʳʤʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʘʤʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʝʡʪʠʥʛ Webometrics, ʢʦʪʦʨʳʡ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʘʣʝʝ. 

ʈʝʡʪʠʥʛ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʤʠʨʘ Webometrics ʩʦʩʪʘʚʣʷʝʪʩʷ ʠʩʧʘʥʩʢʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʦʡ 

Cybermetrics Lab ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʨʠʤʝʨʥʦ ʦ 20 ʪʳʩʷʯʘʭ ʚʫʟʦʚ. ɺ ʠʪʦʛʦʚʳʭ ʪʘʙʣʠʮʘʭ ʧʨʦʨʘʥʞʠʨʦʚʘʥʳ 

ʦʢʦʣʦ 15 ʪʳʩʷʯ ʚʫʟʦʚ. ʂʦʥʮʝʧʮʠʷ ʨʝʡʪʠʥʛʘ Webometrics ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʚʝʩʪʥʦʤ ʚʳʩʢʘʟʳʚʘʥʠʠ ɹ.ɻʝʡʪʩʘ: çʝʩʣʠ 

ʚʘʩ ʥʝʪ ʚ ʠʥʪʝʨʥʝʪʝ, ʟʥʘʯʠʪ, ʚʘʩ ʥʝʪ ʚ ʙʠʟʥʝʩʝè. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʦ ʚʪʦʨʦʤ ʜʝʩʷʪʠʣʝʪʠʠ XXI-ʛʦ ʚʝʢʘ ʚʩʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʩʰʠʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʩʚʦʠ ʩʘʡʪʳ ʢʘʢ 

ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʢʠʭ ʮʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʈʝʡʪʠʥʛ ʦʩʥʦʚʘʥ ʥʘ ʦʮʝʥʢʝ ʯʝʪʳʨʝʭ 

ʬʘʢʪʦʨʦʚ: presence (ʧʨʠʩʫʪʩʪʚʠʝ), impact (ʚʣʠʷʥʠʝ), openness (ʦʪʢʨʳʪʦʩʪʴ) ʠ excellence (ʧʨʝʚʦʩʭʦʜʩʪʚʦ) [3]. 

ʇʨʠʩʫʪʩʪʚʠʝ (ʨʘʟʤʝʨ ʠʣʠ ʚʝʣʠʯʠʥʘ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ, Presence) ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʢʦʣʠʯʝʩʪʚʦ ʫʥʠʢʘʣʴʥʳʭ 

ʩʪʨʘʥʠʮ ʩʘʡʪʦʚ ʚʫʟʘ, ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʥʳʭ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʦʡ Google. ʋʯʠʪʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʩʥʦʚʥʦʡ ʩʘʡʪ 

ʚʫʟʘ, ʥʦ ʠ ʚʩʝ ʩʘʡʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʝʛʦ ʧʦʜʜʦʤʝʥʘʭ. ʇʦʜʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʝ html-ʬʘʡʣʳ, ʪʘʢ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʪʨʘʥʠʮʳ, pdf ʠ doc ʜʦʢʫʤʝʥʪʳ ʠ ʪ.ʜ. ɺʝʩ ʬʘʢʪʦʨʘ ï 20%. ɺʣʠʷʥʠʝ ʠʣʠ ʚʠʜʠʤʦʩʪʴ (Impact) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʷʱʠʭ ʚʥʝʰʥʠʭ ʩʩʳʣʦʢ ʩ ʜʨʫʛʠʭ ʩʘʡʪʦʚ ʩʝʪʠ, ʚʝʜʫʱʠʭ ʥʘ ʜʘʥʥʳʡ ʩʘʡʪ. 

http://daily.sec.ru/dailypblshow.-c
http://www.osp.ru/cw/-2008%20/22/5154305/
http://robocraft.ru/blog/
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ʇʦʩʪʘʚʱʠʢʘʤʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʣʫʞʘʪ ʠʟʚʝʩʪʥʳʝ ʩʝʨʚʠʩʳ ʘʥʘʣʠʟʘ ʦʙʨʘʪʥʳʭ ʩʩʳʣʦʢ MajesticSEO.com ʠ 

Ahrefs.com ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʩʘʡʪʦʚ ʜʨʫʛʠʭ ʚʫʟʦʚ. ʋʯʠʪʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦ 

ʩʩʳʣʦʢ, ʥʦ ʠ ʯʠʩʣʦ ʩʩʳʣʘʶʱʠʭʩʷ ʩʘʡʪʦʚ, ʪʦ ʝʩʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʩʳʣʦʢ. ɺʝʩ ʬʘʢʪʦʨʘ ï 50%. ʆʪʢʨʳʪʦʩʪʴ 

(Openness) ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʢʦʣʠʯʝʩʪʚʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʢʫʤʝʥʪʦʚ ʩ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝʤ, 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʣʷ off-line ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɿʘʷʚʣʝʥʦ ʦʙ ʫʯʝʪʝ ʜʦʢʫʤʝʥʪʦʚ ʚ ʬʦʨʤʘʪʘʭ Microsoft Word (.docx, 

.doc), Microsoft PowerPoint (.ppt) ʠ Portable Document Format (.pdf), ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʝʥʳ ʥʘ ʩʘʡʪʝ ʚ ʚʠʜʝ ʬʘʡʣʦʚ 

ʩ ʧʨʘʚʠʣʴʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʠ ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʳ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʦʡ Google Scholar. ɺʝʩ 

ʬʘʢʪʦʨʘ ï 15%. ʇʨʝʚʦʩʭʦʜʩʪʚʦ (Excellence) ʦʮʝʥʠʚʘʝʪʩʷ ʯʝʨʝʟ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʩʦʪʨʫʜʥʠʢʦʚ 

ʚʫʟʦʚ, ʢʦʪʦʨʳʝ ʚʦʰʣʠ ʚ 10% ʥʘʠʙʦʣʝʝ ʮʠʪʠʨʫʝʤʳʭ ʨʘʙʦʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʮʠʪʠʨʦʚʘʥʠʷ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʧʘʥʩʢʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʛʨʫʧʧʦʡ SCImago. ɺʝʩ ʬʘʢʪʦʨʘ ï 15%. 

ɼʣʷ ʩʢʦʨʝʡʰʝʛʦ ʫʣʫʯʰʝʥʠʷ ʧʦʟʠʮʠʠ ʚʫʟʘ ʚ ʨʝʡʪʠʥʛʝ webometrics ʥʫʞʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʪʴ ʠʥʪʝʨʥʝʪ-ʧʨʠʩʫʪʩʪʚʠʝ, ʜʣʷ ʯʝʛʦ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. ʇʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʘʡʪʘ ʚʫʟʘ ʜʦʤʝʥ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ; ʨʘʟʤʝʩʪʠʪʴ ʥʘ ʧʦʜʜʦʤʝʥʘʭ ʩʘʡʪʳ ʚʩʝʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, 

ʘʩʩʦʮʠʘʮʠʡ ʠ ʩʦʦʙʱʝʩʪʚ, ʦʪʜʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʞʫʨʥʘʣʦʚ ʠ ʢʦʥʬʝʨʝʥʮʠʡ, ʣʠʯʥʳʭ ʩʘʡʪʦʚ ʚʠʜʥʳʭ ʫʯʝʥʳʭ ʠ 

ʠʥʪʝʨʥʝʪ-ʘʢʪʠʚʠʩʪʦʚ ʠ ʪ.ʜ. ʌʠʟʠʯʝʩʢʠ ʵʪʠ ʩʘʡʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʥʘ ʩʝʨʚʝʨʘʭ ʨʘʟʣʠʯʥʳʭ ʭʦʩʪʠʥʛʦʚʳʭ 

ʢʦʤʧʘʥʠʡ ʚ ʣʶʙʳʭ ʪʦʯʢʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʅʠʢʦʛʜʘ ʥʝ ʫʜʘʣʷʪʴ ʩʪʨʘʥʠʮʳ ʩʘʡʪʘ, ʜʘʞʝ ʫʩʪʘʨʝʚʰʠʝ ʠ ʥʝ 

ʘʢʪʫʘʣʴʥʳʝ. ʂʘʞʜʦʡ ʥʦʚʦʡ ʩʪʨʘʥʠʮʝ ʦʧʨʝʜʝʣʷʪʴ ʫʥʠʢʘʣʴʥʳʡ ʘʜʨʝʩ (url), ʧʦ ʢʦʪʦʨʦʤʫ ʦʥʘ ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦ 

ʜʦʩʪʫʧʥʘ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʥʦʚʳʡ ʜʦʤʝʥ, ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʦʚʦʡ CMS, ʜʣʷ ʚʩʝʭ ʥʝʘʢʪʫʘʣʴʥʳʭ ʘʜʨʝʩʦʚ ʟʘʜʘʚʘʪʴ 

ʧʦʩʪʦʷʥʥʳʡ (301) ʨʝʜʠʨʝʢʪ ʥʘ ʘʢʪʫʘʣʴʥʳʝ ʘʜʨʝʩʘ, ʧʦ ʢʦʪʦʨʳʤ ʜʦʩʪʫʧʥʳ ʩʪʘʨʳʝ ʚʝʨʩʠʠ ʩʪʨʘʥʠʮ ʩʘʡʪʘ. 

ɺʥʝʜʨʠʪʴ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʫʩʪʘʥʦʚʠʪʴ ʧʦʣʠʪʠʢʫ ʨʘʟʜʝʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʥʘ 

ʧʫʙʣʠʯʥʳʝ ʠ ʟʘʢʨʳʪʳʝ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʫʙʣʠʢʘʮʠʶ ʧʫʙʣʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʩʘʡʪʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʙʳʪʠʷ 

ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ, ʚ ʚʠʜʝ ʩʝʨʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʩʦʙʳʪʠʷ. ʇʨʠʚʣʝʢʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʢʘʢ ʘʚʪʦʨʦʚ, ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʚ ʠ 

ʢʦʤʤʝʥʪʘʪʦʨʦʚ. ɹʦʣʴʰʠʝ ʜʦʢʫʤʝʥʪʳ ʧʨʠ ʧʫʙʣʠʢʘʮʠʠ ʨʘʟʜʝʣʷʪʴ ʥʘ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ. ʆʮʠʬʨʦʚʘʪʴ ʘʨʭʠʚʳ 

ʫʯʝʙʥʳʭ ʠ ʥʘʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʳʣʦʞʠʪʴ ʥʘ ʩʘʡʪ ʚʩʝ ʥʝʩʝʢʨʝʪʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʨʘʟʤʝʱʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʩʝʪʠ ʥʝ 

ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʘʚʪʦʨʩʢʠʭ ʧʨʘʚ. ʇʦʜʜʝʨʞʠʚʘʪʴ ʘʥʛʣʦʷʟʳʯʥʳʡ ʨʘʟʜʝʣ ʩʘʡʪʘ. ʂʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʠʥʜʝʢʩʘʮʠʶ ʚʩʝʭ ʚʫʟʦʚʩʢʠʭ ʩʘʡʪʦʚ ʧʦʠʩʢʦʚʳʤʠ ʨʦʙʦʪʘʤʠ google. ɺʳʧʦʣʥʠʪʴ ʧʝʨʝʣʠʥʢʦʚʢʫ, 

ʩʚʷʟʘʪʴ ʩʩʳʣʢʘʤʠ ʦʩʥʦʚʥʦʡ ʩʘʡʪ ʩʦ ʚʩʝʤʠ ʩʘʡʪʘʤʠ ʥʘ ʧʦʜʜʦʤʝʥʘʭ. 
 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʥʘʮʠʦʥʘʣʴʥʳʝ ʨʝʡʪʠʥʛʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʋʯʘʩʪʠʝ ʙʝʣʦʨʫʩʩʢʠʭ ʚʫʟʦʚ ʚ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʡ- ʪʠʥʛʘʭ. 
ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ˉ 15. ʄʠʥʩʢ, ʎʝʥʪʨ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ɹɻʋ ï 2009 ï 49 ʩ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.bsu.by/Cache/pdf/129573.pdf 

2. ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʨʝʡʪʠʥʛʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʟʦʨ /ɺ.ʄ. ʉʘʚʚʠʥʦʚ, ʊ.ʀ. ɺʦʣʢʦʚʘ. ʉʝʚ.-ɺʦʩʪ. ʬʝʜ. ʫʥʠ- ʚʝʨʩʠʪʝʪ: 
ʗʢʫʪʩʢ, 2011 ï 42 ʩ. 

3. Methodology. Ranking Web of Universities [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ: \www/ URL: http://webometrics.info/en/Methodology 
 

 

ʇʽʜʩʝʢʮʽʷ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ 
 

ʋɼʂ 681.519:622.276 
 

ʂʆʅʎɽʇʎɯʗ ʇʆɹʋɼʆɺʀ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ FLOODINGPATTERN  

 
ʉ.ɺ. ɻʘʚʨʠʱʫʢ, ʊ.ɺ. ɼʠʪʢʦ  

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 
ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʾʭ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ, ʪʦʙʪʦ ʾʭ  

ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʧʨʠʜʙʘʥʥʷ, ʦʙʨʦʙʢʫ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ. ʉʪʨʫʢʪʫʨʫ ʪʘʢʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʬʦʨʤʫʻ 

ʚʟʘʻʤʦʜʽʷ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʪʘ ʟʘʙʝʟʧʝʯʫʶʯʦʾ ʯʘʩʪʠʥ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʯʘʩʪʠʥʘ ʟʘʚʞʜʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʝʜʤʝʪʥʦʶ 

ʦʙʣʘʩʪʶ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. ɿʘʙʝʟʧʝʯʫʶʯʘ ʯʘʩʪʠʥʘ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʽʜʩʠʩʪʝʤ [1].  
ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

FloodingPattern, ʚ ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ ʤʝʪʦʜ  ʚʠʙʦʨʫ ʩʠʩʪʝʤʠ ʟʘʚʦʜʥʝʥʥʷ ʥʘʬʪʦʚʦʛʦ ʧʦʢʣʘʜʫ  ʥʘ ʦʩʥʦʚʽ 

ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʬʦʨʤʘʣʽʟʘʮʽʾ ʟʥʘʥʴ [2].  
ɼʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʭʦʜʷʪʴ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʤʦʜʫʣʽ:  
ǒ ʧʽʜʩʠʩʪʝʤʘ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ  ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʟ ʧʨʦʛʨʘʤʦʶ ʫ ʨʝʞʠʤʽ ʢʦʨʠʩʪʫʚʘʯʘ ʯʠ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʙʘʟʠ ʟʥʘʥʴ.  ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʧʨʦʛʨʘʤʦʶ ʚʠʢʦʥʫʶʯʠ ʦʙʨʘʭʫʥʢʠ, 

ʟʚʝʨʪʘʶʯʠʩʴ ʟʘ ʫʪʦʯʥʝʥʥʷʤʠ ʜʦ ʚʢʣʘʜʦʢ ʧʨʦʛʨʘʤʠ çʊʘʙʣʠʮʷ ʢʨʠʪʝʨʽʾʚ  ʟʘʩʪʦʩʦʚʥʦʩʪʽè, çɹʘʟʘ 

ʟʥʘʥʴè, ʜʦʧʦʤʽʞʥʦʾ ʙʘʟʠ ʟʥʘʥʴ ʥʘ ʢʣʘʜʢʘʭ çʋʪʦʯʥʝʥʥʷ ʚʠʙʦʨʫ ʩʠʩʪʝʤʠ ʟʘʚʦʜʥʝʥʥʷè, çʄʘʪʨʠʮʷ 

ʥʝʯʽʪʢʠʭ ʟʥʘʥʴè, çʆʧʠʩ ʩʠʩʪʝʤ ʟʘʚʦʜʥʝʥʥʷè. ʈʦʙʦʪʘ ʚ ʨʝʞʠʤʽ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʙʘʟʠ ʟʥʘʥʴ ʟʘʙʝʟʧʝʯʫʻ 

ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʜʦʜʘʚʘʥʥʷ(ʚʠʜʘʣʝʥʥʷ) ʧʨʘʚʠʣ ʫ ʙʘʟʫ ʟʥʘʥʴ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ  ʪʘ 

ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ; 
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ǒ ʧʽʜʩʠʩʪʝʤʘ ʛʝʥʝʨʘʮʽʾ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʟʘʚʦʜʥʝʥʥʷ, 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢʽ ʤʽʩʪʠʪʴʩʷ ʚ ʙʘʟʽ ʟʥʘʥʴ, ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʜʘʥʠʭ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʙʦʪʠ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʝʢʨʘʥʽ ʫ ʚʠʛʣʷʜʽ ʩʪʦʚʧʮʝʚʦʾ ʜʽʘʛʨʘʤʠ ʥʘ ʛʦʣʦʚʥʽʡ ʩʪʦʨʽʥʮʽ ʧʨʦʝʢʪʫ, ʢʫʜʠ 

ʚʠʚʦʜʷʪʴʩʷ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʾ ʟ ʩʠʩʪʝʤ 

ʟʘʚʦʜʥʝʥʥʷ ʧʨʠ ʟʘʜʘʥʠʭ ʚʭʽʜʥʠʭ ʟʥʘʯʝʥʥʷʭ  ʛʝʦʣʦʛʦ-ʬʽʟʠʯʥʠʭ ʫʤʦʚ ʧʦʢʣʘʜʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʦʙʢʠ; 
ǒ ʧʽʜʩʠʩʪʝʤʘ ʥʘʙʫʪʪʷ ʟʥʘʥʴ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʟ ʙʘʟʦʶ ʟʥʘʥʴ ʩʠʩʪʝʤʠ : ʚʥʝʩʝʥʥʷ ʚ 

ʙʘʟʫ ʟʥʘʥʴ ʯʠ ʢʦʨʠʛʫʚʘʥʥʷ ʧʨʘʚʠʣʘ ʟ ʚʠʙʦʨʫ ʩʠʩʪʝʤʠ ʟʘʚʦʜʥʝʥʥʷ ʧʦ ʤʽʨʽ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʜʦʩʚʽʜʫ 

ʨʦʟʨʦʙʢʠ ʥʘʬʪʦʚʠʭ ʨʦʜʦʚʠʱ ʪʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʥʝʯʽʪʢʠʭ ʟʤʽʥʥʠʭ 

ʢʨʠʪʝʨʽʾʚ; 
ǒ ʧʽʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʘʜʝʢʚʘʪʥʦʩʪʽ  ʨʽʰʝʥʥʷ  ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʚʽʨʢʫ ʛʝʥʝʨʦʚʘʥʦʛʦ 

ʩʠʩʪʝʤʦʶ ʨʽʰʝʥʥʷ, ʧʝʨʝʛʣʷʥʫʚʰʠ ʧʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʢʦʞʥʠʤ ʟ ʢʨʠʪʝʨʽʾʚ ʫ ʚʢʣʘʜʮʽ 

"ʊʘʙʣʠʮʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ" ʯʠ ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʜʦʧʦʤʽʞʥʦʶ ʙʘʟʦʶ ʟʥʘʥʴ. 
FloodingPattern ʻ ʚʝʙïʦʨʽʻʥʪʦʚʘʥʦʶ ʘʧʣʽʢʘʮʽʻʶ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʯʘʩʪʠʥʘ ʷʢʦʾ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʪʨʠʨʽʚʥʝʚʦʶ 

ʘʨʭʽʪʝʢʪʫʨʦʶ: ʢʣʽʻʥʪ ï ʩʝʨʚʝʨ ï ʙʘʟʘ ʜʘʥʠʭ. ʂʣʽʻʥʪʩʴʢʘ ʯʘʩʪʠʥʘ ʧʨʝʩʪʘʚʣʷʻ ʩʦʙʦʶ HTML ʩʪʦʨʽʥʢʫ, ʧʦʙʫʜʦʚʘʥʫ 

ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ Java Server Page ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢ HighCharts ʪʘ Jquery  ʽ css ʬʨʝʡʤʚʦʨʢʫ Bootstrap. 

ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʥʘʧʠʩʘʥʘ ʤʦʚʦʶ Java ʪʘ ʩʣʫʞʠʪʴ ʜʣʷ ʦʙʨʦʙʢʠ ʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʢʣʽʻʥʪʫ. ʇʽʩʣʷ 

ʚʚʝʜʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫ  ʬʦʨʤʫ, ʧʨʠ ʥʘʪʠʩʥʝʥʽ ʢʥʦʧʢʫ çʆʙʨʘʭʫʚʘʪʠè, ʚʠʢʦʥʫʻʪʴʩʷ 

ʩʢʨʠʧʪ, ʷʢʠʡ ʟʚʝʨʪʘʻʪʴʩʷ ʟʘ ʥʝʦʙʭʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟ ʧʦʣʽʚ ʚʚʦʜʫ ʬʦʨʤʠ ʪʘ ʧʝʨʝʚʽʨʷʻ ʾʭ ʥʘ ʧʨʝʜʤʝʪ 

ʢʦʨʝʢʪʥʦʩʪʽ ʚʚʦʜʫ ʽʥʬʦʨʤʘʮʽʾ (ʪʽʣʴʢʠ ʯʠʩʣʘ). ʇʽʩʣʷ ʟʜʽʡʩʥʶʻʪʴʩʷ HTTP ʟʘʧʠʪ (ʤʝʪʦʜʦʤ POST, ʚ ʪʽʣʽ ʷʢʦʛʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʟʥʘʯʝʥʥʷ, ʚʚʝʜʝʥʽ ʟ ʬʦʨʤʠ ʫ ʬʦʨʤʘʪʽ JSON) ʜʦ ʩʝʨʚʝʨʘ ʘʧʣʽʢʘʮʽʾ. 
ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʢʣʽʻʥʪʩʴʢʦʶ ʽ ʩʝʨʚʝʨʥʦʶ ʯʘʩʪʠʥʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ 

RESTful Web Services. ɹʘʟʘ ʜʘʥʠʭ ʥʘʧʠʩʘʥʘ ʤʦʚʦʶ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘʧʠʪʽʚ SQL, ʤʽʩʪʠʪʴ 8 ʪʘʙʣʠʮʴ, ʟʚ'ʷʟʘʥʠʭ 

ʤʽʞ ʩʦʙʦʶ ʟʚ'ʷʟʢʘʤʠ ʫ ʚʠʛʣʷʜʽ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʧʝʨʚʠʥʥʠʤʠ ʽ ʚʪʦʨʠʥʥʠʤʠ ʢʣʶʯʘʤʠ. ʋ ʙʘʟʽ ʜʘʥʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʷ, ʷʢʦʶ ʦʧʝʨʫʻ ʢʦʨʠʩʪʫʚʘʯ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʩʠʩʪʝʤʦʶ ʛʝʥʝʨʘʮʽʾ ʨʽʰʝʥʴ (ʪʘʙʣʠʮʽ parameters, results, 

intermediate, intermediatetoflooding), ʤʘʪʨʠʮʷ ʟʥʘʥʴ ʟ ʚʠʙʦʨʫ ʩʠʩʪʝʤʠ ʟʘʚʦʜʥʝʥʥʷ ʥʘʬʪʦʚʦʛʦ ʧʦʢʣʘʜʫ (ʪʘʙʣʠʮʽ 

flooding, criteria, caption) ʪʘ ʚʝʢʪʦʨ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʥʝʯʽʪʢʠʭ ʪʝʨʤʽʚ (ʪʘʙʣʠʮʷ therm_set). 
ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ: ʥʝʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʧʣʘʪʬʦʨʤ(ʜʦʩʪʫʧ ʜʦ ʨʽʟʥʦʨʽʜʥʠʭ ʤʝʨʝʞʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʢʦʤʧ'ʶʪʝʨʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟ 

ʨʽʟʥʠʤʠ ʦʧʝʨʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ); ʙʽʣʴʰʝ ʯʠʩʣʦ ʢʦʨʠʩʪʫʚʘʯʽʚ; ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽ ʚʠʪʨʘʪʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʡ 

ʝʢʩʧʣʫʘʪʘʮʽʶ; ʧʨʠʢʣʘʜʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʦʩʪʫʧʥʽ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ, ʱʦ ʤʘʻ ʚʽʜʧʦʚʽʜʥʽ ʧʨʘʚʘ 

ʜʦʩʪʫʧʫ; ʤʽʥʽʤʘʣʴʥʠʡ ʩʢʣʘʜ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʢʣʽʻʥʪʩʴʢʦʤʫ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ (ʪʝʦʨʝʪʠʯʥʦ 

ʥʝʦʙʭʽʜʥʘ ʣʠʰʝ ʧʨʦʛʨʘʤʘ ʧʝʨʝʛʣʷʜʫ - ʙʨʘʫʟʝʨ ʽ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ). 
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ɹ.ʖ. ɹʦʡʢʦ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʂʉ-1201 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɯ. ʇʠʨʦʛʦʚʘ  

ʂʦʣʝʜʞ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʏʅʊʋ 

 

ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʧʦʥʷʪʴ ʽʥʪʝʛʨʘʣʘ ʡ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʧʦʚôʷʟʘʥʘ ʟ ʧʦʪʨʝʙʦʶ ʚ ʦʙʯʠʩʣʝʥʥʽ ʧʣʦʱ 

ʬʽʛʫʨ, ʘ ʪʘʢʦʞ ʧʦʚʝʨʭʦʥʴ ʽ ʦʙôʻʤʽʚ ʜʦʚʽʣʴʥʠʭ ʪʽʣ. ʇʝʨʝʜʽʩʪʦʨʽʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʩʷʛʘʻ ʛʣʠʙʦʢʦʾ 

ʜʘʚʥʠʥʠ: ʽʜʝʾ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʨʦʙʦʪʘʭ ʜʘʚʥʴʦʛʨʝʮʴʢʠʭ ʫʯʝʥʠʭ ɽʚʜʦʢʩʘ ʂʥʽʜʩʴʢʦʛʦ 

(ʙʣ.408-355 ʜʦ ʥ.ʝ.) ʽ ɸʨʭʽʤʝʜʘ (ʙʣ.287-212 ʜʦ ʥ.ʝ.).  

ɯʥʪʝʛʨʘʣ ð ʮʝʥʪʨʘʣʴʥʝ ʧʦʥʷʪʪʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʯʠʩʣʝʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʦʥʷʪʪʷ ʩʫʤʠ ʜʣʷ ʬʫʥʢʮʽʾ, 

ʚʠʟʥʘʯʝʥʽʡ ʥʘ ʢʦʥʪʠʥʫʫʤʽ. ɯʥʪʝʛʨʘʣ ʫ ʜʘʚʥʠʥʫ ʙʫʚ ʨʦʟʚʠʥʝʥʠʡ ʩʘʤʝ ʟʘʚʜʷʢʠ ɸʨʭʽʤʝʜʫ. ʉʘʤʝ ʚʽʥ ʜʘʚ ʧʦʰʪʦʚʭ 

ʨʦʟʚʠʪʢʫ ʽʥʪʝʛʨʘʣʫ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʽʥʪʝʛʨʘʣ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʣʦʱʽ ʧʘʨʘʙʦʣʠ ʪʘ ʧʣʦʱʽ ʢʨʫʛʘ. ɺ 

ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣ ʷʚʣʷʻ ʩʦʙʦʶ ʧʣʦʱʫ ʬʽʛʫʨʠ, ʷʢʘ ʦʙʤʝʞʝʥʘ ʢʨʠʚʦʶ, ʚʽʩʩʶ çʭè ʪʘ ʜʚʦʤʘ 

ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ï a,b.  

ʌʘʢʪʦʨʽʘʣʦʤ n! ʥʘʪʫʨʘʣʴʥʦʛʦ ʯʠʩʣʘ n ʥʘʟʠʚʘʻʪʴʩʷ ʜʦʙʫʪʦʢ ʫʩʽʭ ʮʽʣʠʭ ʯʠʩʝʣ ʚʽʜ ʦʜʠʥʠʮʽ ʜʦ n. 

ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʯʠʩʣʶʚʘʪʠ ʽʥʪʝʛʨʘʣʠ ʪʘ ʬʘʢʪʦʨʽʘʣʠ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ, ʥʘʧʨʠʢʣʘʜ: 

ʦʙʯʠʩʣʝʥʥʷ ʧʣʦʱ ʧʣʦʩʢʠʭ ʬʽʛʫʨ, ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʠʢʠ ʪʘ ʪʝʧʣʦʪʠ, ʦʙʯʠʩʣʝʥʥʷ ʚʽʜʩʪʘʥʽ ʟʘ ʚʽʜʦʤʠʤ 

ʟʘʢʦʥʦʤ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ, ʦʙʯʠʩʣʝʥʥʷ ʦʙ'ʻʤʽʚ ʪʽʣ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʢʦʥʦʤʽʮʽ ʡ ʪʝʭʥʽʮʽ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥʥʷ ʬʘʢʪʦʨʽʘʣʽʚ ʪʘ ʽʥʪʝʛʨʘʣʽʚ - ʧʦʪʨʽʙʥʘ ʧʨʦʛʨʘʤʘ ʘʙʦ 

ʥʘʙʽʨ ʧʨʦʛʨʘʤ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʽ ʤʝʪʦʜʘʤʠ.  



89 
 

ʇʨʦʛʨʘʤʘ ʤʦʞʝ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʥʘʫʮʽ ʪʘ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʜʣʷ ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʝʥʴ ʫ 

ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʣʷ ʫʯʥʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʚʫʟʽʚ ʪʘ ʰʢʽʣ. ʇʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʧʨʘʢʪʠʯʥʦ 

ʤʠʪʪʻʚʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʽʥʪʝʛʨʘʣ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʥʘʚʽʪʴ ʽʟ ʢʘʣʴʢʫʣʷʪʦʨʦʤ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʧʘʧʝʨʽ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʫ ʤʦʞʝ ʟʘʡʥʷʪʠ ʚʽʜ 5-10 ʭʚʠʣʠʥ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʧʨʦʛʨʘʤʘ ʨʝʘʣʽʟʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ: ʻ ʜʚʘ ʧʦʪʦʢʠ, ʧʝʨʰʠʡ ʟ ʷʢʠʭ ʧʝʨʽʦʜʠʯʥʦ ʚʠʢʦʥʫʻ 

ʨʦʟʨʘʭʫʥʦʢ ʯʠʩʣʘ, ʚʚʝʜʝʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʪʦʙʪʦ ʦʙʯʠʩʣʶʻ ʬʘʢʪʦʨʽʘʣ, ʘ ʜʨʫʛʠʡ ʧʝʨʽʦʜʠʯʥʦ ʚʠʢʦʥʫʻ 

ʨʦʟʨʘʭʫʥʦʢ ʽʥʪʝʛʨʘʣʘ ʬʫʥʢʮʽʾ  ʥʘ ʽʥʪʝʨʚʘʣʽ [0;x]. ʇʨʦʛʨʘʤʘ ʨʝʘʣʽʟʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʧʨʠ 

ʚʚʝʜʝʥʥʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʜʥʽʻʾ ʟʘʜʘʯʽ, ʯʘʩʪʠʥʘ ʧʨʦʛʨʘʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʰʦʾ ʟʘʜʘʯʽ ʩʪʘʻ 

ʥʝʘʢʪʠʚʥʦʶ. ʂʦʨʠʩʪʫʚʘʯ ʟʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʽʥʪʝʛʨʘʣʦʤ, ʦʙʯʠʩʣʠʚʰʠ ʬʘʢʪʦʨʽʘʣ ʽ ʥʘʚʧʘʢʠ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʬʘʢʪʦʨʽʘʣʫ ʪʘ ʽʥʪʝʛʨʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ. ʆʙʯʠʩʣʝʥʥʷ 

ʬʘʢʪʦʨʽʘʣʫ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
ʜʝ n ï ʯʠʩʣʦ, ʚʚʝʜʝʥʝ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʫ ʫ ʧʨʦʛʨʘʤʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʧʨʷʤʦʢʫʪʥʠʢʽʚ. ʎʝʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʬʦʨʤʫʣ: ʧʨʘʚʠʭ ʪʘ ʣʽʚʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ. ɯʥʪʝʛʨʘʣ ʣʽʚʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 
ɯʥʪʝʛʨʘʣ ʧʨʘʚʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
ʜʝ a,b ï ʤʝʞʽ ʽʥʪʝʛʨʫʚʘʥʥʷ; 

n ï ʢʽʣʴʢʽʩʪʴ ʚʽʜʨʽʟʢʽʚ, ʥʘ ʷʢʽ ʧʦʜʽʣʝʥʠʡ ʽʥʪʝʛʨʘʣ (ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʫ ʧʨʦʛʨʘʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷ n=5); 

y ï ʟʥʘʯʝʥʥʷ , ʧʨʠ x = ʚʽʜ ʥʫʣʷ ʜʦ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʽʥʪʝʛʨʘʣʘ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʪʝʛʨʘʣʫ 

ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʢʨʦʢ h, ʷʢʠʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
ɼʣʷ ʙʽʣʴʰʦʾ ʥʘʦʯʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ ʚ ʧʨʦʛʨʘʤʽ ʨʝʘʣʽʟʦʚʘʥʦ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ.  

ʆʩʢʽʣʴʢʠ ʟʘ ʫʤʦʚʦʶ, ʬʘʢʪʦʨʽʘʣ ʪʘ ʽʥʪʝʛʨʘʣ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʦʢʨʝʤʦ, ʥʝ ʚʧʣʠʚʘʶʯʠ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʦʜʠʥ ʦʜʥʦʛʦ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʧʦʪʨʽʙʥʦ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʧʦʜʽʶ OnClick ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ Button. ʊʘʢʠʤ ʯʠʥʦʤ 

ʧʨʠ ʥʘʪʠʩʥʝʥʥʽ ʥʘ ʢʦʞʥʫ ʟ ʮʠʭ ʜʚʦʭ Button ʧʨʦʛʨʘʤʘ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ ʢʦʜ, ʷʢʠʡ ʟʘʧʠʩʘʥʦ ʚʩʝʨʝʜʠʥʽ ʥʠʭ. ɼʣʷ 

ʪʦʛʦ, ʱʦʙ ʧʨʦʛʨʘʤʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʧʝʨʽʦʜʠʯʥʦ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʚʝʜʝʥʥʷ ʦʢʨʝʤʠʭ ʜʘʥʠʭ ʫ ʧʦʪʨʽʙʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʛʨʘʤʠ ʜʣʷ ʢʦʞʥʦʾ ʽʟ ʾʾ ʯʘʩʪʠʥ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʤʧʦʥʝʥʪ Edit (ʚʚʝʜʝʥʥʷ) ʽ 

ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʥʘ ʧʦʜʽʶ OnChanche (ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʘʥʠʭ) ʚʣʘʩʪʠʚʽʩʪʴ Enabled (ʘʢʪʠʚʥʽʩʪʴ).  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʫ ʟʚʠʯʘʡʥʽʡ ʣʶʜʠʥʽ ʥʝ ʧʽʜ ʩʠʣʫ ʟʨʦʟʫʤʽʪʠ. ɸʣʝ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʫ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʚʢʦʣʦ ʥʘʩ. ɼʦʩʠʪʴ ʚʘʛʦʤʠʡ ʘʨʛʫʤʝʥʪ ʜʣʷ ʚʩʽʭ ï ʮʝ ʨʦʟʨʘʭʫʥʦʢ ʨʫʭʫ ʩʫʧʫʪʥʠʢʘ ʚ 

ʢʦʩʤʦʩʽ. ʗʢʱʦ ʥʝ ʧʨʘʚʠʣʴʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʽʥʪʝʛʨʘʣ ï ʧʨʠʡʦʤ ʩʠʛʥʘʣʫ ʥʘ ʟʝʤʣʽ ʙʫʚ ʙʠ ʜʦʩʠʪʴ ʥʝʩʪʘʙʽʣʴʥʠʤʠ.  
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
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ʋɼʂ 004.457 

 

ʇʈʆɻʈɸʄʅʀʁ ʇɸʂɽʊ ɿ ɺɯʃʔʅʀʄ ɺʀʍɯɼʅʀʄ ʂʆɼʆʄ ɼʃʗ ʎɽʅʊʈɸʃɯɿʆɺɸʅʆɻʆ 

ʂɽʈʋɺɸʅʅʗ ɺɯɼɼɸʃɽʅʀʄʀ ʇʈʆʎɽʉɸʄʀ ʊɸ ʆɹôɭʂʊɸʄʀ ʌɸʁʃʆɺʆɰ ʉʀʉʊɽʄʀ ɺ 

ʃʆʂɸʃʔʅɯʁ ʄɽʈɽɾɯ ʅɸɺʏɸʃʔʅʆɰ ʃɸɹʆʈɸʊʆʈɯɰ 

 

ʇ.ɺ. ɿʽʥʯʝʥʢʦ, ʩʪʫʜʝʥʪ ʛʨ. ʂʉ-1201 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʆ.ɺ. ʊʨʦʭʠʤʝʥʢʦ, ʚʠʢʣʘʜʘʯ 

ʂʦʣʝʜʞ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʏʅʊʋ 

 

ʉʪʘʥ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʢʣʘʜʘʻ ʨʷʜ ʚʠʤʦʛ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʨʦʙʽʪ ʪʘ ʥʘʚʯʘʣʴʥʠʭ ʧʨʘʢʪʠʢ ʫ ʢʘʙʽʥʝʪʘʭ ʪʘ ʣʘʙʦʨʘʪʦʨʽʷʭ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ. ɹʝʟʧʝʨʝʯʥʦ, 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʝʣʝʤʝʥʪʦʤ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʻ ʣʦʢʘʣʴʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʝʨʝʞʘ 

(ʃʆʄ), ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʘʣʝ ʟʦʙʦʚôʷʟʘʥʘ 

ʚʠʨʽʰʫʚʘʪʠ ʛʦʣʦʚʥʫ ʟʘʜʘʯʫ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡ ʨʦʙʦʯʠʭ ʩʪʘʥʮʽʡ ʧʽʜ ʯʘʩ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. 



90 
 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʢʦʤʝʨʮʽʡʥʦʛʦ ʪʘ ʚʽʣʴʥʦʨʦʟʧʦʚʩʶʜʞʫʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʫʚʘʪʠ ʦʢʨʝʤʽ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʟʘʜʘʯʽ ʱʦʜʦ ʢʫʨʫʚʘʥʥʷ ʨʦʙʦʯʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʢʦʥʪʨʦʣʶ ʚʽʜʜʽʣʝʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʥʘʚʽʛʘʮʽʾ ʚ ʤʝʞʘʭ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ, ʨʦʙʦʪʠ ʟ ʦʙôʻʢʪʘʤʠ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ ʪʦʱʦ, ʘʣʝ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʚʩʽʭ ʟʘʜʘʯ ʟ ʧʨʠʚôʷʟʢʦʶ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʣʴʢʘ ʧʨʦʛʨʘʤ ʟ ʨʽʟʥʠʤʠ ʨʝʘʣʽʟʘʮʽʷʤʠ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʥʘʙʦʨʦʤ ʬʫʥʢʮʽʡ. 

ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʨʫʢʦʚʘʥʠʤʠ ʤʝʪʦʜʠʯʥʠʤʠ ʧʦʩʽʙʥʠʢʘʤʠ ʻ ʚʠʪʨʘʪʥʠʤ ʪʘ ʥʝʘʢʪʫʘʣʴʥʠʤ, 

ʢʦʣʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʘʨʽʘʥʪʫ. ɿ ʪʠʤ ʫʨʘʭʫʚʘʥʥʷʤ, ʱʦ ʤʘʡʞʝ ʚʩʽ ʣʘʙʦʨʘʪʦʨʽʾ ʦʩʥʘʱʝʥʽ 

ʢʦʤʧôʶʪʝʨʘʤʠ, ʜʦʮʽʣʴʥʠʤ ʙʫʣʦ ʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʣʝʢʪʨʦʥʥʝ ʤʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʨʫʯʥʦʾ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʩʪʫʜʝʥʪʘʤʠ ʚ ʣʘʙʦʨʘʪʦʨʽʷʭ ʧʽʜ ʯʘʩ ʟʘʥʷʪʴ. ɸʣʝ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʦʶ ʩʠʩʪʝʤʦʶ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʣʠʚʘ ʰʚʠʜʢʘ ʪʘ ʝʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʟ ʦʙôʻʢʪʘʤʠ 

ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘ ʨʦʙʦʯʠʭ ʩʪʘʥʮʽʷʭ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ ʧʨʘʚ ʜʦʩʪʫʧʫ. ɺ ʬʫʥʢʮʽʾ ʨʦʙʦʪʠ ʟ 

ʦʙôʻʢʪʘʤʠ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ ʚʭʦʜʠʪʴ: ʢʦʧʽʶʚʘʥʥʷ, ʚʠʜʘʣʝʥʥʷ ʪʘ ʦʥʦʚʣʝʥʥʷ ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʊʘʢʦʞ 

ʤʦʞʣʠʚʦ ʨʦʟʰʠʨʠʪʠ ʬʫʥʢʮʽʾ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ, ʪʘʢʽ ʷʢ: ʧʦʰʫʢ ʜʫʙʣʽʢʘʪʽʚ ʚ ʬʘʡʣʦʚʽʡ ʩʠʩʪʝʤʽ, ʚʠʜʘʣʝʥʥʷ 

ʯʠ ʦʥʦʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʟʘ ʧʝʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʜʘʪʦʶ, ʨʦʟʤʽʨʦʤ ʪʦʱʦ).  

ɼʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʻʜʥʘʥʥʷ ʥʘʡʙʽʣʴʰ ʥʝʦʙʭʽʜʥʠʭ ʚ ʨʦʙʦʪʽ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʣʘʙʦʨʘʪʦʨʽʾ ʤʦʜʫʣʽʚ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ ʩʧʽʣʴʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤʠ ʤʝʨʝʞʽ, ʪʘʢ ʽ 

ʚʠʢʣʘʜʘʯʘʤʠ ʩʧʝʮʽʘʣʴʥʠʭ ʪʘ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʭ ʜʠʩʮʠʧʣʽʥ, ʷʢʽ ʧʨʦʚʦʜʷʪʴ ʟʘʥʷʪʪʷ ʚ ʣʘʙʦʨʘʪʦʨʽʷʭ. ʊʦʤʫ ʧʨʦʛʨʘʤʘ 

ʤʘʻ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʜʚʦʭ ʨʽʚʥʽʚ: ʨʦʟʰʠʨʝʥʠʡ (ʧʨʦʬʝʩʽʡʥʠʡ) ï ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʠ ʪʘ ʾʾ ʤʦʜʫʣʽʚ ʧʽʜ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʷʚʥʦʾ ʤʝʨʝʞʽ, ʟʚʠʯʘʡʥʠʡ (ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ) ï ʟ ʙʘʟʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ 

ʨʦʙʦʪʠ ʟ ʚʽʜʜʘʣʝʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʤʝʞʘʭ ʟʘʜʘʥʦʾ ʤʝʨʝʞʽ. 

ʇʨʦʛʨʘʤʘ ʧʨʘʮʶʻ ʧʽʜ ʢʝʨʫʚʘʥʥʷ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʽʤʝʡʩʪʚʘ Windows ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʙʫʜʦʚʘʥʽ 

ʢʦʤʘʥʜʠ ʧʨʦʛʨʘʤʥʦʾ ʦʙʦʣʦʥʢʠ ʘ ʪʘʢʦʞ ʫʪʠʣʽʪʠ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʷʢʠʭ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʠʩʪʝʤʥʠʭ ʬʫʥʢʮʽʷʭ 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Windows. ʇʨʦʛʨʘʤʘ ʤʘʻ ʣʠʰʝ ʩʝʨʚʝʨʥʫ ʯʘʩʪʠʥʫ ʽ ʥʝ ʧʦʪʨʝʙʫʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʢʣʽʻʥʪʩʴʢʽ 

ʤʘʰʠʥʠ, ʱʦ ʥʘʢʣʘʜʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʩʫʤʽʩʥʽʩʪʴ ʧʝʚʥʠʭ ʬʫʥʢʮʽʡ, ʘʣʝ ʟʙʽʣʴʰʫʻ ʤʦʙʽʣʴʥʽʩʪʴ ʽ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʩʘʤʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʜʦʜʘʪʢʫ. 

ʇʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ ʤʘʻ ʤʦʜʫʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʘ ʚʽʜʢʨʠʪʠʡ ʢʦʜ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʢʦʞʥʠʡ ʙʣʦʢ ʤʦʞʥʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʢʨʝʤʦ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʧʨʝʜʤʝʪʽʚ çʇʨʦʛʨʘʤʫʚʘʥʥʷè ʪʘ çʉʠʩʪʝʤʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷè. 

ɼʦ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʧʨʦʛʨʘʤʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ: 

- ʚʽʜʜʘʣʝʥʝ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʯʠʤʠ ʩʪʘʥʮʽʷʤʠ; 

- ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʽʜʜʘʣʝʥʫ ʨʦʙʦʯʫ ʩʪʘʥʮʽʶ; 

- ʢʝʨʫʚʘʥʥʷ ʚʽʜʜʘʣʝʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ; 

- ʢʦʥʪʨʦʣʴ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚʽʜʜʘʣʝʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʩʣʫʞʙʘʤʠ; 

- ʚʽʟʫʘʣʴʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʩʝʨʚʝʨʦʤ ʪʘ ʚʽʜʜʘʣʝʥʠʤʠ ʨʦʙʦʯʠʤʠ ʩʪʘʥʮʽʷʤʠ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʠ ʧʝʨʝʜʙʘʯʘʻ ʦʧʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʦʜʥʘʢʦʚʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʷʢ ʩʫʤʽʩʥʽʩʪʴ ʧʨʦʛʨʘʤʠ ʟ ʨʽʟʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢ ʽ ʥʘʚʯʘʣʴʥʦ-

ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʨʦʙʢʘ ʪʘʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʜʽʡʩʥʦ ʘʢʪʫʘʣʴʥʘ ʪʘ 

ʥʝʦʙʭʽʜʥʘ, ʪʦʤʫ ʱʦ ʜʠʩʪʘʥʮʽʡʥʘ ʨʦʙʦʪʘ ʟ ʬʘʡʣʦʚʦʶ ʩʠʩʪʝʤʦʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤʠ ʩʪʘʥʮʽʷʤʠ ʜʣʷ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʤʝʨʝʞ ʘʙʦ ʚʠʢʣʘʜʘʯʽʚ ʚ ʫʯʙʦʚʠʭ ʟʘʢʣʘʜʘʭ ʻ ʟʨʫʯʥʦʶ, ʝʬʝʢʪʠʚʥʦʶ ʪʘ ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. 
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Ukrainian gas transportation system bandwidth is the second in Europe and one of the largest in the world. 

Total length of Ukrainian gas pipelines is over 37,000. km, pumping gas is provided by 71 compressor stations (a total 

of 702 gas compressor units (GCU)). The length of the main transportation system is more than 22,200 km, of which 

14,000 km  -.. pipelines of a big diameter (1020-1420 mm). 

The main transit pipelines  of Ukrainian gas transportation system with a diameter of 1,420 mm and a capacity 

to handle 30 bn m3 of gas a year -. "Soyuz" (Orenburg - Western Border) and "Urengoy- Pomary Uzhgorod "  in 

conjunction with the compressor stations (CS) were built and introduced  during the 70s, 80s of the last century. 

Ensuring  of continuity and high efficiency of the natural gas supply to consumers in Ukraine and abroad  is the 

major problem of transport and storage of natural gas PJSC "Ukrtransgas". Solving of this task is impossible without 

the effective work of the main compressor stations - gas pumping units (GPU). 

The development of effective monitoring and forecasting methods of  GPU technical condition according to  

the basic technological parameters with the ability to detect defects at an early stage could form the basis of the 

priority tasks of improving the reliability and efficiency of gas transportation systems. 
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Due to the complexity and multi-component of a diagnosed object the problem  ofdetection and fault 

prevention consists  not only in controlling  the values of each parameter of the unit. Fault detection and foreseeing  of 

faults can only be carried out by analyzing both the overall system and its structural components, which are also, in 

turn, complex systems. In particular, the characteristic feature of a fault can not be only the critical value of certain 

parameters, but also the dynamics of their changes within the permissible values of technical documentation. 

The correlation  of parameter changes, the presence of faults and their causes is complex. The most suitable 

methods to simulate this kind of dependencies are of artificial intelligence (AI) methods, allowing to describe the 

causal relationships between the data of a numerical and non-numerical nature. Also, the relationship between the 

parameters can have an implicit character, and the system operating such parameters must be capable to foresee the 

possibility of occurrance  inaccuracies and uncertainties in the description of causal relationships. 

In addition to the causal relationships between the parameters of the system and faults as well as faults and 

operating systems, there are also connections between parameters themselves  and between failures and their causes  

The presence of complex transitive dependencies determines the structure of the developing  intellectual system. 

At the present time hybrid intelligent systems of decision-making are becoming increasingly important, they 

combine various models of knowledge representation. To solve the problem of GPU fault diagnosis is being developed 

a software complex based on hybrid intelligent system, the structure of which is shown in Fig. 1. The main 

components of the system are the artificial neural network (ANN) and fuzzy inference subsystem. 

 
Figure 1 - Block diagram of the intellectual decision on diagnosing ANN faults system 

 

X = {x1, x2, ..., x26} - input system vector containing the numeric GPU values of parameters; 

h1, ..., hn - hidden layer neurons ANN; 

Y = {y1, ..., y18} - ANN output vector and the input vector fuzzy inference subsystem that contains the degree 

of confidence in the presence of typical faults; 

R - the base of fuzzy rules; 

Z = {z1, z2, ..., z26} - output vector system containing a degree of confidence in the presence of the fault. 

The degree of confidence in the presence of faults and their causes lie in the interval [0, 1], where 0 - the lowest 

level of confidence, 1 - the highest. 

ANN is used to detect faults on the basis of values and the dynamics of change in GPU parameters. The 

resulting degrees of confidence in conjunction with pre-applied to the input parameters are  used by fuzzy ANN O 

subsystem to identify possible causes of the fault. 

ANN has the structure of a three-layer perceptron learnt by algorithm of back-propagation errors. The training 

set was compiled on the basis of standards for technological design of trunk pipelines [2, 4], and the views of experts - 

specialists in maintenance of GPU [1]. 

Fuzzy inference subsystem 

The workof a fuzzy inference subsystem uses the apparatus of fuzzy set theory. Structural subsystem diagram is 

shown in Fig. 2. 

 
Fig. 2 - Scheme of a fuzzy inference subsystem 

ï Vector of input numerical values of the subsystem; 
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ï Vector of output numerical values of the subsystem 

Thus, the subsystem of fuzzy inference allows on the basis of GPU and the degree of certainty of certain types 

of fault to obtain the degree of confidence in the specific operational failure or other reasons. It is  being developed a 

smart system of decision-making for the diagnosis, allowing on the basis of the unit parameters to detect specific 

failures in the operation of the device, which leads to increasing of safety, provides timely repair and installation 

services.  
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ʚʣʘʩʥʠʢʘʤ ʪʘ ʢʦʨʠʩʪʫʚʘʯʘʤ ʩʠʩʪʝʤ ʧʨʠ ʧʦʷʚʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ (ʥʘʚʤʠʩʥʠʭ ʽ ʥʝʥʘʚʤʠʩʥʠʭ) ʚʧʣʠʚʽʚ ʥʘ ʥʝʾ. 

ʇʨʠʨʦʜʘ ʚʧʣʠʚʽʚ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʤʘʥʽʪʥʦʶ: ʩʧʨʦʙʘ ʧʨʦʥʠʢʥʝʥʥʷ ʟʣʦʚʤʠʩʥʠʢʘ, ʧʦʤʠʣʢʠ ʧʝʨʩʦʥʘʣʫ, ʩʪʠʭʽʡʥʽ 

ʣʠʭʘ (ʫʨʘʛʘʥ, ʧʦʞʝʞʘ), ʚʠʭʽʜ ʟ ʣʘʜʫ ʦʢʨʝʤʠʭ ʨʝʩʫʨʩʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʨʽʟʥʷʶʪʴ ʚʥʫʪʨʽʰʥʶ ʽ ʟʦʚʥʽʰʥʶ ʙʝʟʧʝʢʫ. 

ɺʥʫʪʨʽʰʥʷ ʙʝʟʧʝʢʘ ʚʨʘʭʦʚʫʻ ʟʘʭʠʩʪ ʚʽʜ ʩʪʠʭʽʡʥʦʛʦ ʣʠʭʘ, ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʟʣʦʚʤʠʩʥʠʢʘ, ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ 

ʥʦʩʽʾʚ ʽʥʬʦʨʤʘʮʽʾ ʯʠ ʚʠʭʦʜʫ ʩʠʩʪʝʤʠ ʟ ʣʘʜʫ. ʇʨʝʜʤʝʪʦʤ ʚʥʫʪʨʽʰʥʴʦʾ ʙʝʟʧʝʢʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʽ 

ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʮʽʣʽʩʥʦʩʪʽ ʾʾ ʧʨʦʛʨʘʤ ʽ ʜʘʥʠʭ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʩʢʣʘʣʠʩʷ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ: 

- ʌʨʘʛʤʝʥʪʘʨʥʠʡ ʧʽʜʭʽʜ, ʧʨʠ ʷʢʦʤʫ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʪʠʜʽʷ ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʠʤ ʟʘʛʨʦʟʘʤ ʧʨʠ ʧʝʚʥʠʭ 

ʫʤʦʚʘʭ (ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʘʥʪʠʚʽʨʫʩʥʽ ʟʘʩʦʙʠ, ʘʚʪʦʥʦʤʥʽ ʟʘʩʦʙʠ ʰʠʬʨʫʚʘʥʥʷ, ʪʦʱʦ); 

- ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʝ ʦʙôʻʜʥʫʻ 

ʨʽʟʥʦʤʘʥʽʪʥʽ (ʧʨʘʚʦʚʽ, ʦʨʛʘʥʽʟʘʮʽʡʥʽ, ʧʨʦʮʝʩ ï ʪʝʭʥʽʯʥʽ) ʟʘʭʦʜʠ ʜʣʷ ʧʨʦʪʠʜʽʾ ʟʘʛʨʦʟʘʤ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʝʣʠʢʠʭ ʩʠʩʪʝʤ. ʍʦʯʘ ʯʘʩʪʦ ʽ ʪʠʧʦʚʽ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʤʽʩʪʷʪʴ ʚʙʫʜʦʚʘʥʽ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʮʴʦʛʦ ʥʝ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʭʦʜʽʚ: 

- ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʭʦʜʠ ʧʦ ʢʦʥʪʨʦʣʶ ʟʘ ʧʝʨʩʦʥʘʣʦʤ, ʷʢʠʡ ʤʘʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʦʚʥʦʚʘʞʝʥʴ ʥʘ ʜʽʾ ʚ 

ʩʠʩʪʝʤʽ (ʟʘ ʧʨʦʛʨʘʤʽʩʪʘʤʠ, ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤʠ ʙʘʟ ʜʘʥʠʭ ʤʝʨʝʞʽ ʽ ʪ.ʧ.); 

- ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ ʧʦ ʨʝʟʝʨʚʫʚʘʥʥʶ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

- ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʭʦʜʠ ʧʦ ʚʽʜʥʦʚʣʝʥʥʶ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢʥʝʥʥʷ ʥʝʰʪʘʪʥʠʭ 

ʩʠʪʫʘʮʽʡ; 

- ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ʜʦʩʪʫʧʦʤ ʚ ʧʨʠʤʽʱʝʥʥʷʭ, ʚ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ; 

- ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ ʧʦ ʬʽʟʠʯʥʦʤʫ ʟʘʭʠʩʪʫ ʧʨʠʤʽʱʝʥʴ, ʚ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʦʙʯʠʩʣʶʚʘʣʴʥʘ 

ʪʝʭʥʽʢʘ ʽ ʥʦʩʽʾ ʜʘʥʠʭ, ʚʽʜ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʽ ʪ.ʧ. 

ɼʦ ʛʘʣʫʟʽ ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʽʰʝʥʴ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʙʝʟʧʝʢʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʜʥʝʩʝʥʘ 

ʨʦʟʨʦʙʢʘ ʟʘʛʘʣʴʥʠʭ ʚʠʤʦʛ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʢʘʪʝʛʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʘʞʣʠʚʘ ʽʥʬʦʨʤʘʮʽʷ ï ʥʝʟʘʤʽʥʥʘ ʪʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʜʽʷʣʴʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʷ, ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʷʢʦʾ ʧʽʩʣʷ 

ʟʥʠʱʝʥʥʷ ʥʝʤʦʞʣʠʚʠʡ ʘʙʦ ʞ ʜʫʞʝ ʪʨʫʜʦʤʽʩʪʢʠʡ ʽ ʧʦʚôʷʟʘʥʠʡ ʟ ʚʝʣʠʢʠʤʠ ʟʘʪʨʘʪʘʤʠ, ʘ ʾʾ ʧʦʤʠʣʢʦʚʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠ ʧʽʜʨʦʙʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʝʣʠʢʠʭ ʚʪʨʘʪ. 

ʂʦʨʠʩʥʘ ʽʥʬʦʨʤʘʮʽʷ ï ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʜʽʷʣʴʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʘ ʙʝʟ ʚʝʣʠʢʠʭ 

ʚʪʨʘʪ, ʧʨʠ ʯʦʤʫ ʾʾ ʤʦʜʠʬʽʢʘʮʽʷ ʯʠ ʟʥʠʱʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʚʪʨʘʪ. 

ʂʦʥʬʽʜʝʥʮʽʡʥʘ ʽʥʬʦʨʤʘʮʽʷ ï ʽʥʬʦʨʤʘʮʽʷ, ʜʦʩʪʫʧ ʜʦ ʷʢʦʾ ʜʣʷ ʯʘʩʪʠʥʠ ʧʝʨʩʦʥʘʣʫ ʘʙʦ ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ 

ʥʝʙʘʞʘʥʠʡ, ʦʩʢʽʣʴʢʠ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʪʘ ʤʦʨʘʣʴʥʽ ʚʪʨʘʪʠ. 

ɺʽʜʢʨʠʪʘ ʽʥʬʦʨʤʘʮʽʷ ï ʮʝ ʽʥʬʦʨʤʘʮʽʷ, ʜʦʩʪʫʧ ʜʦ ʷʢʦʾ ʚʽʜʢʨʠʪʠʡ ʜʣʷ ʚʩʽʭ. 

ʂʝʨʽʚʥʠʮʪʚʦ ʧʦʚʠʥʥʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʭʪʦ ʽ ʷʢʠʤ ʯʠʥʦʤ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʩʪʝʧʽʥʴ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽ ʚʘʞʣʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʞʘʣʴ, ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʱʝ ʥʝ ʧʦʚʥʽʩʪʶ ʩʬʦʨʤʦʚʘʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ, 

ʱʦʙ ʨʦʟʛʣʷʜʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʷʢ ʪʦʚʘʨ ʪʘ ʨʝʛʣʘʤʝʥʪʫʚʘʪʠ ʧʨʘʚʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʥʘ ʨʠʥʢʫ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢ ʮʝ ʨʦʙʠʪʴʩʷ ʚ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʩʪʘʥʦʚʣʝʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʜʘʥʠʭ, ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʧʘʨʘʪʫʨʠ, ʧʨʠʤʽʱʝʥʴ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʙʝʟʧʝʢʫ ʨʦʟʨʦʙʣʷʶʪʴ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʧʽʜʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ, ʷʢʘ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠ 

ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 
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- ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʝʨʩʦʥʘʣ, ʨʝʩʫʨʩʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʧʨʠʩʚʦʶʚʘʥʥʷ 

ʢʦʞʥʦʤʫ ʦʙôʻʢʪʫ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ (ʢʦʜʫ, ʽʤʝʥʽ, ʽ ʪ.ʜ.); 

- ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ (ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʩʧʨʘʚʞʥʽʩʪʴ) ʦʙôʻʢʪʠ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚʽʜʦʤʦʩʪʷʭ (ʧʘʨʦʣʷʭ, ʢʣʶʯʘʭ, 

ʢʦʜʘʭ ʪʘ ʽʥʰʠʭ ʦʟʥʘʢʘʭ); 

- ʧʨʦʚʦʜʠʪʠ ʘʚʪʦʨʠʟʘʮʽʶ (ʧʝʨʝʚʽʨʷʪʠ ʧʦʚʥʦʚʘʞʝʥʥʷ) ʟʘʧʠʪʽʚ ʩʫʙôʻʢʪʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʨʝʛʣʘʤʝʥʪʫ ʨʦʙʦʪʠ; 

- ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʨʦʙʦʪʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʟʘʛʘʣʴʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ; 

- ʨʝʘʛʫʚʘʪʠ ʧʨʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʜʽʷʭ (ʟʘʪʨʠʤʢʘ ʯʠ ʚʽʜʤʦʚʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʩʠʛʥʘʣʽʟʘʮʽʷ). 

ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʧʽʜôʻʜʥʘʥʥʷ ʜʦ ʩʠʩʪʝʤʠ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʝʨʝʚʽʨʢʘ ʧʘʨʦʣʽʚ. 

ʂʨʽʤ ʮʴʦʛʦ, ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʟʘʩʦʙʠ ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʟʘʭʠʩʪʫ ʽ ʢʦʥʪʨʦʣʶ ʮʽʣʽʩʥʦʩʪʽ, ʢʦʥʪʨʦʣʶ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʭʠʩʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ, ʧʨʦʛʨʘʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʨʝʟʝʨʚʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʬʦʨʤʘʣʴʥʦʾ ʤʦʜʝʣʽ ʩʪʘʪʫʩʫ ʟʘʭʠʩʪʫ ʚ ʦʧʝʨʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʨʠʮʶ 

ʜʦʩʪʫʧʫ (ʚ ʜʝʷʢʠʭ ʨʦʙʦʪʘʭ ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʝʶ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ). ʎʷ ʤʘʪʨʠʮʷ ʤʽʩʪʠʪʴ m ʨʷʜʢʽʚ (ʧʦ 

ʯʠʩʣʫ ʩʫʙôʻʢʪʽʚ) ʽ n ʩʪʦʚʧʮʽʚ (ʧʦ ʯʠʩʣʫ ʦʙôʻʢʪʽʚ), ʧʨʠ ʯʦʤʫ ʝʣʝʤʝʥʪ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʪʠʥʽ i-ʛʦ ʨʷʜʢʘ ʽ j-

ʛʦ ʩʪʦʚʧʮʷ, ʧʨʝʜʩʪʘʚʣʷʻ ʤʥʦʞʠʥʫ ʤʦʞʣʠʚʦʩʪʝʡ i-ʛʦ ʩʫʙôʻʢʪʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ j-ʛʦ ʦʙôʻʢʪʫ. ʇʨʠ ʮʴʦʤʫ 

ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʯʠʩʣʘ m ʽ n ʥʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʚʝʣʠʢʽ, ʘ ʯʠʩʣʦ ʥʝʧʫʩʪʠʭ ʝʣʝʤʝʥʪʽʚ 

ʤʘʪʨʠʮʽ ʜʦʩʪʫʧʫ ʤʘʣʝ. 

ʑʝ ʦʜʥʠʤ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʠʤ ʚ ʨʝʘʣʽʟʘʮʽʾ ʟʘʩʦʙʦʤ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʟʘʭʠʱʝʥʠʭ ʦʙôʻʢʪʽʚ ʻ 

ʤʝʭʘʥʽʟʤ ʢʽʣ ʙʝʟʧʝʢʠ. ʂʦʣʦ ʙʝʟʧʝʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʥʦʤʝʨʦʤ, ʧʨʠ ʯʦʤʫ ʥʫʤʝʨʘʮʽʷ ʽʜʝ çʽʟ 

ʩʝʨʝʜʠʥʠ ï ʥʘʟʦʚʥʽè, ʽ ʚʥʫʪʨʽʰʥʽ ʢʽʣʴʮʷ ʻ ʧʨʠʚʽʣʝʡʦʚʘʥʠʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʦʚʥʽʰʥʽʭ. ʇʨʠ ʮʴʦʤʫ ʩʫʙôʻʢʪ 

(ʜʦʤʝʥʫ), ʱʦ ʦʧʝʨʫʻ ʚ ʤʝʞʘʭ ʢʦʣʘ ʟ ʥʦʤʝʨʦʤ i ʡʦʤʫ ʜʦʩʪʫʧʥʽ ʚʩʽ ʦʙôʻʢʪʠ ʟ ʥʦʤʝʨʘʤʠ ʚʽʜ i ʜʦ N ʚʢʣʶʯʥʦ. 

ɼʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʦʙʤʝʞʫʚʘʪʠʩʷ ʟʘʩʦʙʘʤʠ ʟʘʭʠʩʪʫ ʧʦ ʧʘʨʦʣʷʭ. ʇʘʨʦʣʴ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤ ʪʘʢʦʞ, ʷʢ ʢʣʶʯ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ-ʜʝʠhʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʬʘʡʣʘʭ ʢʦʨʠʩʪʫʚʘʯ̔ʚ. 

ʉʘʤʽ ʧʘʨʦʣʽ ʪʘʢʦʞ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʚʠʜʽ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʚʠʷʚʣʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʣʦʚʤʠʩʥʠʢʘʤʠ. ʇʘʨʦʣʴ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʠʡ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʩʠʩʪʝʤʠ ʘʙʦ ʩʘʤʦʶ ʩʠʩʪʝʤʦʶ 

ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ. 
 

 

ʋɼʂ 004.75 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʀʉʊɽʄʀ ʂʆʅʊʈʆʃʖ ɺɽʈʉɯʁ GIT ɼʃʗ ʂʆʄɸʅɼʅʆɰ ʈʆɿʈʆɹʂʀ 

 

ʊʨʦʭʠʤʝʥʢʦ ɺ.ʖ., ʩʪʫʜʝʥʪ ʛʨ. ʂʅ-1201 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻʦʣʫʙ ɹ.ʃ., ʢ.ʪ.ʥ., ʜʦʮ., ʢʘʬʝʜʨʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ) 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʙʝʟ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Git  ʽ ʡʦʛʦ ʘʥʘʣʦʛʽʚ ʥʝ 

ʦʙʭʦʜʠʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʞʦʜʥʘ ʢʦʤʘʥʜʥʘ ʨʦʟʨʦʙʢʘ, ʪʦʙʪʦ ʨʦʟʨʦʙʢʘ, ʚ ʷʢʽʡ ʙʝʨʝ ʫʯʘʩʪʴ ʙʽʣʴʰʝ, ʥʽʞ ʦʜʥʘ ʣʶʜʠʥʘ. 

ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ ʧʨʘʮʶʻ Git, ʫʷʚʽʤʦ, ʱʦ ʫ ʥʘʩ ʻ ʪʨʠ ʨʦʟʨʦʙʥʠʢʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘʜ ʦʜʥʠʤ 

ʧʨʦʝʢʪʦʤ (ʨʠʩ. 1). ʇʨʠʧʫʩʪʠʤʦ, ʧʨʦʛʨʘʤʽʩʪ çuser1è ʥʘʧʠʩʘʚ ʷʢʠʡʩʴ ʢʦʜ. ɯʜʝʷ Git  ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʧʝʨʝʜ 

ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ ʥʘʜ ʩʧʽʣʴʥʠʤ ʧʨʦʝʢʪʦʤ ʩʪʚʦʨʶʻʪʴʩʷ ʩʭʦʚʠʱʝ ʢʦʜʫ ʫ ʦʜʥʦʛʦ ʟ ʧʨʦʛʨʘʤʽʩʪʽʚ, ʱʦ ʜʦʩʪʫʧʥʝ ʧʦ 

ʤʝʨʝʞʽ ʚʩʽʤ ʫʯʘʩʥʠʢʘʤ ʨʦʟʨʦʙʢʠ, ï ʚʽʜʜʘʣʝʥʠʡ Git  ʨʝʧʦʟʠʪʦʨʽʡ. ʋʩʽ ʟʤʽʥʠ, ʷʢʽ ʚʥʦʩʠʪʴ çuser1è, ʥʘʧʨʠʢʣʘʜ, 

ʥʘʧʠʩʘʚ ʷʢʽʩʴ ʥʦʚʽ ʢʣʘʩʠ ʘʙʦ ʬʫʥʢʮʽʾ, ʚʽʥ ʚʽʜʧʨʘʚʣʷʻ ʫ ʚʽʜʜʘʣʝʥʝ ʩʭʦʚʠʱʝ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʛʨʘʤʽʩʪʠ çuser2è ʽ 

çuser3è ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʮʴʦʛʦ ʩʭʦʚʠʱʘ ʽ ʩʢʘʯʫʶʪʴ ʥʘ ʩʚʽʡ ʣʦʢʘʣʴʥʠʡ ʢʦʤʧ'ʶʪʝʨ ʚʩʝ ʪʝ, ʱʦ ʥʘʧʠʩʘʚ çuser1è. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʚʩʽʭ ʪʨʴʦʭ ʧʨʦʛʨʘʤʽʩʪʽʚ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʚʠʷʚʣʷʻʪʴʩʷ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʢʦʜ. 

ʋʩʽ ʽʥʰʽ ʫʯʘʩʥʠʢʠ ʨʦʟʨʦʙʢʠ ʨʦʙʣʷʪʴ ʪʝ ʞ ʩʘʤʝ. ʑʦʛʦʜʠʥʠ, ʱʦʜʝʥʥʦ «user1», çuser2è ʽ çuser3è ʙʫʜʫʪʴ 

ʚʽʜʧʨʘʚʣʷʪʠ ʫ ʚʽʜʜʘʣʝʥʠʡ Git  ʨʝʧʦʟʠʪʦʨʽʡ ʚʩʝ ʪʝ, ʱʦ ʚʦʥʠ ʥʘʧʠʩʘʣʠ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ; ʨʝʰʪʘ ʫʯʘʩʥʠʢʽʚ 

ʨʦʟʨʦʙʢʠ ʤʦʞʫʪʴ ʟʘʧʨʦʩʠʪʠ ʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʭʦʚʠʱʘ ʧʦʪʦʯʥʫ ʘʢʪʫʘʣʴʥʫ ʚʝʨʩʽʶ ʢʦʜʫ. 

user1 user2

user3

͔̂͒͊ͤͤ͡·͚ Git 
͔͙͙͚ͪͨͦͭͦͪ͘

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʜʘʣʝʥʦʛʦ Git ʨʝʧʦʟʠʪʦʨʽʷ 

 

ɿʘʚʜʷʢʠ Git  ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʽʩʪʦʨʽʶ ʨʦʟʨʦʙʢʠ, ʜʝ ʚʠʜʥʦ, ʭʪʦ ʽ ʢʦʣʠ ʥʘʧʠʩʘʚ ʪʦʡ ʯʠ ʽʥʰʠʡ ʢʦʜ, ʷʢ 

ʨʦʟʚʠʚʘʚʩʷ ʧʨʦʝʢʪ. ɸʣʝ ʥʘʚʽʪʴ, ʷʢʱʦ ʨʦʙʦʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʦʜʥʠʤ ʧʨʦʛʨʘʤʽʩʪʦʤ, ʮʝ ʜʫʞʝ ʢʦʨʠʩʥʦ. ʅʘʧʨʠʢʣʘʜ, 

ʪʦʯʥʦ ʚʽʜʦʤʦ, ʱʦ ʱʝ ʚʯʦʨʘ ʧʨʦʛʨʘʤʘ ʧʨʘʮʶʚʘʣʘ ʧʨʘʚʠʣʴʥʦ, ʘ ʩʴʦʛʦʜʥʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʧʦʤʠʣʢʘ. ɺʽʜʨʘʟʫ ʭʦʯʝʪʴʩʷ 
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ʟʘʜʘʪʠ ʧʠʪʘʥʥʷ. ʍʪʦ ʚʠʥʝʥ? ʑʦ ʥʘ ʮʝ ʚʧʣʠʥʫʣʦ? ʗʢʽ ʢʦʥʢʨʝʪʥʽ ʟʤʽʥʠ ʚ ʢʦʜʽ ʧʨʠʟʚʝʣʠ ʜʦ ʮʴʦʛʦ? ʗʢ ʥʝ ʜʠʚʥʦ, 

ʥʘ ʚʩʽ ʮʽ ʧʠʪʘʥʥʷ ʜʦʧʦʤʦʞʝ ʚʽʜʧʦʚʽʩʪʠ Git. ʋ ʞʫʨʥʘʣʽ ʧʦʜʽʡ ʚ Git  ʪʦʯʥʦ ʬʽʢʩʫʶʪʴʩʷ ʚʩʽ ʟʤʽʥʠ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ 

ʩʪʘʻ ʚʽʜʦʤʦ, ʱʦ ʢʦʥʢʨʝʪʥʦ ʟʤʽʥʠʣʦʩʷ ʚ ʧʨʦʛʨʘʤʽ ʟʽ ʚʯʦʨʘʰʥʴʦʛʦ ʜʥʷ, ʽ ʤʦʞʥʘ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʩʪʘʙʽʣʴʥʦʾ ʚʝʨʩʽʾ 

ʧʨʦʛʨʘʤʠ. 

ʊʘʢʦʞ ʤʦʞʥʘ ʨʦʟʤʝʞʫʚʘʪʠ ʧʨʘʚʘ ʜʦʩʪʫʧʫ ʜʦ ʩʧʽʣʴʥʦʛʦ ʢʦʜʫ. ʅʘʧʨʠʢʣʘʜ, ʯʣʝʥʠ ʢʦʤʘʥʜʠ ʦʪʨʠʤʘʶʪʴ 

ʜʦʩʪʫʧ ʥʘ ʟʘʧʠʩ ʚ ʨʝʧʦʟʠʪʦʨʽʡ ʢʦʜʫ, ʘ ʚʩʽʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ɯʥʪʝʨʥʝʪ ʤʦʞʥʘ ʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʪʽʣʴʢʠ ʯʠʪʘʪʠ ʢʦʜ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ Git  ʤʦʞʥʘ ʦʜʥʦʯʘʩʥʦ ʟʙʝʨʽʛʘʪʠ ʢʽʣʴʢʘ ʚʝʨʩʽʡ ʧʨʦʛʨʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʻ ʦʜʥʘ ʩʪʘʙʽʣʴʥʘ ʚʝʨʩʽʷ 

ʧʨʦʛʨʘʤʠ, ʟ ʷʢʦʶ ʧʨʘʮʶʶʪʴ ʢʣʽʻʥʪʠ, ʚ ʥʽʡ ʤʦʞʥʘ ʙʫʜʝ ʚʠʢʣʶʯʥʦ ʚʠʧʨʘʚʣʷʪʠ ʧʦʤʠʣʢʠ, ʘʣʝ ʥʝ ʜʦʜʘʚʘʪʠ ʥʦʚʠʡ 

ʬʫʥʢʮʽʦʥʘʣ. ɯ ʙʫʜʝ ʽʥʰʘ ʚʝʨʩʽʷ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʟʽ ʩʪʘʙʽʣʴʥʦʶ ʚʝʨʩʽʻʶ, 

ʜʦʜʘʻʪʴʩʷ ʥʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ. ʇʨʠ ʮʴʦʤʫ, ʚʦʥʘ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʩʪʘʙʽʣʴʥʘ, ʱʦʙ ʥʘʜʘʚʘʪʠ ʾʾ ʢʣʽʻʥʪʘʤ. 

ʅʘʩʧʨʘʚʜʽ, Git  ï ʥʝ ʻʜʠʥʠʡ ʫ ʩʚʦʻʤʫ ʨʦʜʽ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ. ɯʩʥʫʻ ʮʽʣʠʡ ʢʣʘʩ ʧʨʦʛʨʘʤ, ʷʢʽ 

ʥʘʟʠʚʘʶʪʴʩʷ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ, ʽ ʚʩʽ ʚʦʥʠ ʚʠʨʽʰʫʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʝ ʟʘʚʜʘʥʥʷ. 

ɿʘʨʘʟ ʽʩʥʫʻ ʪʨʠ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʨʽʰʝʥʥʷ: Git, SVN ʽ Mercurial. ʇʝʨʝʚʘʛʠ Git  ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʚʽʥ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʡ ʚ ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʨʦʙʥʠʢʽʚ. Mercurial  ʧʨʘʢʪʠʯʥʦ ʥʽ ʯʠʤ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ Git , 

ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʥʽʤʘʣʴʥʽ, ʘʣʝ ʚʽʥ ʥʘʙʘʛʘʪʦ ʤʝʥʰ ʧʦʰʠʨʝʥʠʡ. SVN ʤʘʻ ʮʽʣʠʡ ʨʷʜ ʥʝʜʦʣʽʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ Git . 

ɼʣʷ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʟ Git  ʟʥʘʜʦʙʠʪʴʩʷ ʚʽʜʜʘʣʝʥʠʡ Git  ʨʝʧʦʟʠʪʦʨʽʡ ï ʩʭʦʚʠʱʝ ʢʦʜʫ, ʷʢʝ ʜʦʩʪʫʧʥʝ ʚʩʽʤ 

ʫʯʘʩʥʠʢʘʤ ʨʦʟʨʦʙʢʠ ʧʦ ʤʝʨʝʞʽ. ɼʣʷ ʡʦʛʦ ʩʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʙʫʜʴ-ʷʢʠʤʠ ʧʫʙʣʽʯʥʠʤʠ ʩʝʨʚʽʩʘʤʠ 

(git hosting). ɼʣʷ ʧʨʠʢʣʘʜʫ ʚʟʷʪʦ ʩʝʨʚʽc GitHub, ʷʢ ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʩʝʨʚʽʩʽʚ ʜʣʷ ʩʧʽʣʴʥʦʾ 

ʨʦʟʨʦʙʢʠ. ʈʝʻʩʪʨʫʶʯʠʩʴ ʥʘ ʩʘʡʪʽ github.com, ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʥʦʚʠʡ ʨʝʧʦʟʠʪʦʨʽʡ (repository), ʪʦʙʪʦ ʩʭʦʚʠʱʝ 

ʢʦʜʫ, ʧʨʠʩʚʦʾʚʰʠ ʡʦʤʫ ʽʤ'ʷ. ʊʫʪ ʤʦʞʥʘ ʚʢʘʟʘʪʠ, ʱʦʙ ʨʝʧʦʟʠʪʦʨʽʡ ʙʫʚ ʧʫʙʣʽʯʥʠʤ ʘʙʦ ʟʘʢʨʠʪʠʤ. ɼʣʷ ʚʟʘʻʤʦʜʽʾ ʟ 

ʮʠʤ ʨʝʧʦʟʠʪʦʨʽʻʤ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ ʟʥʘʜʦʙʠʪʴʩʷ git client, ʷʢʠʭ ʽʩʥʫʻ ʙʘʛʘʪʦ ʚʘʨʽʘʥʪʽʚ ʽ ʥʝʤʘʻ ʻʜʠʥʦʛʦ 

ʩʪʘʥʜʘʨʪʫ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʚʟʷʪʘ ʧʨʦʛʨʘʤʘ SmartGit  [1] ï ʢʨʦʩʧʣʘʪʬʦʨʤʥʘ, ʤʘʻ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʽ 

ʙʝʟʢʦʰʪʦʚʥʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʝʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ (ʨʠʩ. 2). 

ʈʠʩ. 2 SmartGit 

 

ʆʧʝʨʘʮʽʡ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʟ Git, ʜʦʩʠʪʴ ʙʘʛʘʪʦ. ɼʣʷ ʚʟʘʻʤʦʜʽʾ git client ʟ ʨʝʧʦʟʠʪʦʨʽʻʤ 

ʟʥʘʜʦʙʠʪʴʩʷ ʧʦʩʠʣʘʥʥʷ ʥʘ git repository, ʱʦ ʤʦʞʥʘ ʚʟʷʪʠ ʥʘ ʩʘʡʪʽ github.com. ʇʦʪʽʤ ʚ SmartGit  ʧʦʪʨʽʙʥʦ 

ʩʪʚʦʨʠʪʠ ʣʦʢʘʣʴʥʫ ʢʦʧʽʶ ʩʭʦʚʠʱʘ ʟ ɯʥʪʝʨʥʝʪʫ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʧʝʨʘʮʽʶ «Clone», 

ʜʣʷ ʷʢʦʾ ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ ʘʜʨʝʩʫ ʩʭʦʚʠʱʘ ʪʘ ʧʘʧʢʫ, ʜʝ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ ʣʦʢʘʣʴʥʠʡ ʨʝʧʦʟʠʪʦʨʽʡ. ʇʝʨʝʜ ʮʠʤ 

ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʤʽʞ github ʽ SmartGit . 

ʊʘʢʦʞ ʽʩʥʫʻ ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʢʦʥʩʦʣʴʥʘ ʚʝʨʩʽʷ git client. ʗʢ ʧʨʘʚʠʣʴʥʦ ʾʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʤʦʞʥʘ 

ʧʦʯʠʪʘʪʠ ʫ ʩʪʘʪʪʽ [2]. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʽʥʩʪʨʫʤʝʥʪ Git, ʷʢʠʡ ʧʨʘʢʪʠʯʥʦ ʟʦʙʦʚ'ʷʟʘʥʠʡ ʙʫʪʠ ʚ 

ʘʨʩʝʥʘʣʽ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʦʟʨʦʙʥʠʢʘ. ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ ʧʽʜ ʥʘʟʚʦʶ Git  ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ, ʷʢʽʩʥʠʤ ʽ ʥʘʜʽʡʥʠʤ. ʆʧʠʩʘʥʦ ʜʚʽ ʚʝʨʩʽʾ git client: ʢʦʥʩʦʣʴʥʘ ʽ ʟ ʛʨʘʬʽʯʥʠʤ 

ʽʥʪʝʨʬʝʡʩʦʤ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1.  ɻʦʣʦʚʥʘ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: SmartGit. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.syntevo.com/smartgit/.  

2.  ʂʦʤʘʥʜʥʘʷ ʨʘʙʦʪʘ ʚ Git [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: Habrahabr. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://habrahabr.ru/post/75990 
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ʋɼʂ 004.05 
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ɻ.ʉ. ɹʽʣʝʥʴʢʠʡ, ʩʪʫʜʝʥʪ ʛʨ. ɯɹ-151, 

ɺ.ʄ. ɹʘʟʠʣʝʚʠʯ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ,  

ʢʘʬʝʜʨʘ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ɿʘʭʠʩʪʠʪʠ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʜʽʪʠ ʤʦʛʣʠ ʙʝʟʧʝʯʥʦ ʾʤ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʻ ʜʫʞʝ ʩʫʪʪʻʚʦʶ ʪʘ 

ʧʦʪʨʽʙʥʦʶ ʨʦʙʦʪʦʶ, ʙʦ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʜʽʪʠ ʚʩʝ ʙʽʣʴʰ ʽ ʙʽʣʴʰ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʽʥʪʝʨʥʝʪʫ ʽ ʤʦʞʫʪʴ 

ʧʦʪʨʘʧʠʪʠ ʥʘ ʚʽʨʫʩʦʚʤʽʩʥʽ ʩʘʡʪʠ, ʧʨʦʧʘʛʘʥʜʠʩʪʩʴʢʽ ʨʝʢʣʘʤʥʽ ʬʦʪʦ-ʚʽʜʝʦ ʤʘʪʝʨʽʘʣʠ ʪʘ ʽʥʰʽ. ɿʘ ʜʘʥʠʤʠ 

ʦʧʠʪʫʚʘʥʥʷ ʌʦʥʜʫ çɻʨʦʤʘʜʩʴʢʘ ʜʫʤʢʘè, ʧʨʦʚʝʜʝʥʦʛʦ ʚ ʛʨʫʜʥʽ 2015 ʨʦʢʫ (ʦʧʫʙʣʽʢʦʚʘʥʦ 01.03.2016), ʪʽʣʴʢʠ 

10% ʜʽʪʝʡ ʩʪʘʨʰʝ 6 ʨʦʢʽʚ ʥʝ ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʦʮʽʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ. ʇʠʪʘʥʥʷ ʩʪʘʚʠʣʦʩʷ ʨʝʩʧʦʥʜʝʥʪʘʤ, ʫ ʷʢʠʭ ʻ 

ʜʽʪʠ ʩʪʘʨʰʝ 6 ʨʦʢʽʚ, - ʚʽʜʧʦʚʽʜʘʣʠ 36% ʽʥʪʝʨʥʝʪ-ʢʦʨʠʩʪʫʚʘʯʽʚ[5]. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʟʘʭʠʩʪ ʜʘʥʠʭ 

ʩʘʤʦʛʦ ʢʦʤʧôʶʪʝʨʘ ʚʽʜ ʥʝʙʘʞʘʥʠʭ ʜʽʡ ʤʦʣʦʜʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʷʢʠʡ ʤʦʞʝ ʟʘʙʣʦʢʫʚʘʪʠ, ʚʠʜʘʣʠʪʠ ʘʙʦ ʚʠʧʘʜʢʦʚʦ 

ʚʽʜʧʨʘʚʠʪʠ ʢʦʤʫ-ʥʝʙʫʜʴ ʢʦʥʬʽʜʝʥʮʽʡʥʽ ʜʘʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʻ ʜʚʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ: ʇʝʨʰʘ ï ʟʘʭʠʩʪʠʪʠ ʜʽʪʝʡ ʚʽʜ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʽʥʪʝʨʥʝʪʫ, ʪʘ ʜʨʫʛʘ ï ʮʝ ʟʘʭʠʩʪʠʪʠ ʢʦʤʧôʶʪʝʨ ʚʽʜ ʤʘʣʦʜʦʩʚʽʜʯʝʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

 ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʜʘʯ ʽʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʷʢʽ ʧʝʚʥʦʶ ʤʽʨʦʶ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʩʪʘʚʣʝʥʫ 

ʤʝʪʫ: 

1. ʇʘʨʦʣʴ ʥʘ Windows.  

ʆʜʥʠʤ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ, ʥʘ ʤʦʶ ʜʫʤʢʫ, ʻ ʩʪʘʨʠʡ, ʘʣʝ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʙʣʦʢʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

Windows. ʎʝ ʜʦʙʨʠʡ ʩʧʦʩʽʙ ʷʢʠʡ ʜʦʧʦʤʦʞʝ ʟʘʭʠʩʪʠʪʠ ʚʘʰ ʢʦʤʧôʁ ʪʝʨ ʚʽʜ ʥʝʙʘʞʘʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. ɸʣʝ ʟʘʨʘʟ 

ʟʣʦʚʤʠʩʥʠʢʠ ʧʨʘʮʶʶʪʴ ʥʘʜ ʥʦʚʠʤʠ ʩʧʦʩʦʙʘʤʠ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʣʦ ʢʦʤʧôʶʪʝʨʘ ʚ ʦʙʭʽʜ ʧʘʨʦʣʶ. ɸʣʝ ʮʝ ʚʞʝ 

ʦʩʦʙʣʠʚʽ ʚʠʧʘʜʢʠ, ʷʢ ʜʣʷ ʟʘʭʠʩʪʫ ʢʦʤʧôʁ ʪʝʨʘ ʚʽʜ ʜʽʪʝʡ ʧʘʨʦʣʷ ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʚʘʰ ʦʙʣʽʢʦʚʠʡ ʟʘʧʠʩ, 

ʙʫʜʝ ʜʦʩʪʘʪʥʴʦ[2]. 

2. ɹʣʦʢʫʚʘʥʥʷ BIOS.  

ʊʘʢʦʞ ʢʦʨʠʩʥʠʤ ʙʫʜʝ ʙʣʦʢʫʚʘʥʥʷ BIOS. ʗʢʱʦ ʚʠ ʥʝ ʭʦʯʝʪʝ, ʱʦʙ ʩʪʦʨʦʥʥʽ ʥʠʰʧʦʨʠʣʠ ʚ ʥʘʣʘʰʪʫʚʘʥʥʷʭ 

BIOS ʽ ʟʤʽʥʶʚʘʣʠ ʪʘʤ ʧʘʨʘʤʝʪʨʠ ʢʦʤʧôʶʪʝʨʘ, ʪʦ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʘʚʠʪʠ ʧʘʨʦʣʴ ʥʘ BIOS. 

ʊʘʢʦʞ ʚ ʩʘʤʦʤʫ BIOS ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʧʘʨʦʣʴ ʽ ʥʘ ʆʉ[1]. ʎʷ ʬʫʥʢʮʽʷ ʻ ʜʫʞʝ ʢʦʨʠʩʥʘ, ʙʦ ʧʨʦʛʨʘʤʥʦ ʟʣʘʤʘʪʠ 

BIOS ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʘ, ʘ ʟʘʚʜʷʢʠ ʧʘʨʦʣʶ ʥʽʭʪʦ ʥʝ ʟʤʦʞʝ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʥʘʣʘʰʪʫʚʘʥʴ ʘʙʦ ʚʟʘʛʘʣʽ ʜʦ 

ʨʦʙʦʪʠ ʥʘ ʢʦʤʧôʶʪʝʨʽ ʙʝʟ ʚʘʰʦʛʦ ʜʦʟʚʦʣʫ. 

3. ɹʣʦʢʫʚʘʥʥʷ ʢʣʘʚʽʘʪʫʨʠ. 

ɼʣʷ ʟʘʭʠʩʪʫ ʢʦʤʧôʶʪʝʨʘ ʚʽʜ ʜʽʪʝʡ ʜʫʞʝ ʜʦʙʨʝ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʙʣʦʢʫʶʪʴ ʢʣʘʚʽʘʪʫʨʫ ʪʘ 

ʤʠʰʫ ʱʦ ʨʦʙʠʪʴ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʠʤ ʚʪʨʫʯʘʥʥʷ ʜʽʪʝʡ ʚ ʨʦʙʦʪʫ ʢʦʤʧôʶʪʝʨʘ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʧʨʦʛʨʘʤʠ ʻ 

KidKeyLock[4].  

Kid Key Lock ï ʮʝ ʧʨʦʩʪʘ ʽ ʙʝʟʢʦʰʪʦʚʥʘ ʫʪʠʣʽʪʘ ʜʣʷ ʙʣʦʢʫʚʘʥʥʷ ʧʝʚʥʠʭ ʬʫʥʢʮʽʾ ʢʣʘʚʽʘʪʫʨʠ ʽ ʤʠʰʽ. Kid 

Key Lock ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʮʽʣʷʭ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʥʘʪʠʩʢʘʥʥʷ ʥʝʧʦʪʨʽʙʥʠʭ 

ʢʥʦʧʦʢ ʥʘ ʢʣʘʚʽʘʪʫʨʽ ʽ ʤʠʰʽ. 

4.  çɿʘʤʦʨʦʞʫʚʘʥʥʷ è ʢʦʤʧôʶʪʝʨʘ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʜʽʪʠ ʤʦʛʣʠ ʨʦʟʚʠʚʘʪʠʩʷ ʽ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ ʟ ʨʦʙʦʪʦʶ ʥʘ ʇʂ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʦʛʨʘʤʠ ʜʣʷ çɿʘʤʦʨʦʞʫʚʘʥʥʷè(ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟ ʟʘʟʜʘʣʝʛʽʜʴ ʟʙʝʨʝʞʝʥʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ). 

ʇʦʜʽʙʥʦʛʦ ʨʦʜʫ ʧʨʦʛʨʘʤʠ ʨʦʙʣʷʪʴ çʟʥʽʤʦʢè ʧʨʘʢʪʠʯʥʦ ʚʩʴʦʛʦ ʞʦʨʩʪʢʦʛʦ ʜʠʩʢʘ ʟ ʩʠʩʪʝʤʥʠʤ ʨʦʟʜʽʣʦʤ, 

ʚʢʣʶʯʘʶʯʠ ʩʠʩʪʝʤʥʠʡ ʨʝʻʩʪʨ, ʽ ʧʨʠ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʽ ʢʦʤʧôʁ ʪʝʨʘ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʩʚʦʛʦ 

ʧʝʨʚʽʩʥʦʛʦ ʩʪʘʥʫ. ʎʝ ʘʚʪʦʤʘʪʠʯʥʦ ʦʟʥʘʯʘʻ, ʱʦ ʙʫʜʴ-ʷʢʽ ʬʘʪʘʣʴʥʽ ʟʤʽʥʠ, ʚʠʨʦʙʣʝʥʽ ʥʘ ʇʂ (ʟʤʽʥʘ ʩʠʩʪʝʤʥʠʭ 

ʥʘʣʘʰʪʫʚʘʥʴ, ʚʠʜʘʣʝʥʥʷ ʩʠʩʪʝʤʥʠʭ ʬʘʡʣʽʚ, ʧʝʨʝʪʷʛʫʚʘʥʥʷ ʚ ʥʝʚʽʜʦʤʦʤʫ ʥʘʧʨʷʤʢʫ ʩʠʩʪʝʤʥʠʭ ʧʘʧʦʢ ʪʘ ʽʥ.) 

ʙʫʜʫʪʴ ʥʝ ʩʪʨʘʰʥʽ. ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʥʝ ʜʦʧʫʩʪʠʪʠ ʥʝ ʪʽʣʴʢʠ ʥʝʙʘʞʘʥʽ ʟʤʽʥʠ, ʱʦ ʚʽʜʙʫʣʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʧʘʜʢʦʚʠʭ ʜʽʡ ʘʙʦ ʧʦʤʠʣʦʢ ʢʦʨʠʩʪʫʚʘʯʘ, ʘʣʝ ʽ ʟʤʽʥʠ ʚ ʩʠʩʪʝʤʽ. ʈʘʟʦʤ ʟ ʪʠʤ ʥʝ ʚʘʨʪʦ ʩʧʨʠʡʤʘʪʠ ʪʘʢʦʛʦ ʨʦʜʫ 

ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʷʢ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʘ ʚ ʧʨʦʛʨʘʤʘʭ - 

çɿʘʤʦʨʦʞʫʚʘʥʥʷè ʪʝʭʥʦʣʦʛʽʷ çʚʽʜʢʘʪʫè ʥʘ ʧʨʘʢʪʠʮʽ ʜʦʧʦʤʘʛʘʻ ʜʘʣʝʢʦ ʥʝ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ. ʊʦʤʫ ʥʘʷʚʥʽʩʪʴ 

ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʨʽʰʝʥʥʷ ʥʘ ʢʦʤʧôʁ ʪʝʨʽ ʩʪʨʦʛʦ ʦʙʦʚô̫ ʟʢʦʚʦ. çɿʘʤʦʨʦʞʫʚʘʥʥʷè ʩʠʩʪʝʤʠ ï ʟʘʩʽʙ ʜʦʩʠʪʴ 

ʨʘʜʠʢʘʣʴʥʠʡ, ʦʩʢʽʣʴʢʠ ʧʽʩʣʷ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʤʧôʁ ʪʝʨʘ ʚʩʽ ʟʨʦʙʣʝʥʽ ʧʨʠ ʨʦʙʦʪʽ ʚ ʨʝʞʠʤʽ çʟʘʤʦʨʦʟʢʠè 

ʟʤʽʥʠ ʚʠʷʚʣʷʪʴʩʷ ʩʢʘʩʦʚʘʥʠʤʠ. 

5. ɿʘʭʠʩʪ ʚ ɯʥʪʝʨʥʝʪʽ ï  

ʗʢʦɦ ʞ ʚʠ ʭʦʯʝʪʝ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʭʠʩʪ ʜʠʪʠʥʠ ʚʽʜ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʝʥʪʫ ʚ ʽʥʪʝʨʥʝʪ-ʤʝʨʝʞʘʭ ʪʦ ʧʦʪʨʽʙʥʦ 

ʥʘʣʘʰʪʫʚʘʪʠ ʙʨʘʥʜʤʘʫʝʨ ʪʘ ʚʧʝʚʥʠʪʠʩʷ ʱʦ ʥʘ ʢʦʤʧôʶʪʝʨʽ ʚʩʪʘʥʦʚʣʝʥʘ ʪʘ ʥʘʣʘʰʪʦʚʘʥʘ ʘʥʪʠʚʽʨʫʩʥʘ ʧʨʦʛʨʘʤʘ. 

ʊʘʢʦʞ ʧʦʪʨʽʙʥʠʤ ʙʣʦʢʫʚʘʪʠ ʨʝʢʣʘʤʫ ʪʘ ʟʘʙʣʦʢʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʩʘʡʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʩʢʘʟʘʪʠʩʷ ʥʘ ʧʩʠʭʽʯʥʦʤʫ ʪʘ 

ʤʦʨʘʣʴʥʦʤʫ ʨʦʟʚʠʪʢʫ ʜʠʪʠʥʠ. ʊʘʢʦʞ ʜʦʮʽʣʴʥʠʤ ʙʫʜʝ ʚʩʪʘʥʦʚʠʪʠ çɯʥʪʝʨʥʝʪ ʎɽʅɿʆʈè ʜʣʷ ʙʽʣʴʰ ʙʝʟʧʝʯʥʦʛʦ 

ʧʨʦʚʝʜʝʥʥʷ ʯʘʩʫ ʜʠʪʠʥʠ ʚ ʽʥʪʝʨʥʝʪʽ[3]. 

6. ʌʣʝʰ-ʙʣʦʢʫʚʘʥʥʷ ï  
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ʆʜʥʘʢ ʥʘʡʢʨʘʱʠʤ ʤʝʪʦʜʦʤ, ʥʘ ʤʦʶ ʜʫʤʢʫ, ʻ ʩʪʚʦʨʝʥʥʷ USB flash drive ʟ ʧʘʨʦʣʝʤ ʜʣʷ ʨʦʟʙʣʦʢʫʚʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʘ. ʎʝ  ̒ʥʦʚʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʟʘʭʠʩʪʫ ʇʂ ʚʽʜ ʜʦʩʪʫʧʫ ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ ʪʘ ʧʦʚʥʽʩʪʶ ʫʥʝʤʦʞʣʠʚʠʪʠ 

ʜʦʩʪʫʧ ʜʽʪʝʡ ʜʦ ʢʦʤʧôʶʪʝʨʘ. ʊʘʢʦʞ ʤʦʞʥʘ  ̔ʥʘ ʩʘʤ USB flash drive ʧʦʩʪʘʚʠʪʠ ʧʘʨʦʣʴ  ̔ʪʦʜʽ ʱʦʙ ʧʦʪʨʘʧʠʪʠ ʥʘ 

ʚʘʰ ʢʦʤʧôʶʪʝʨ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʚ ʜʚʘ ʨʘʟʠ ʜʦʚʰʝ ʯʘʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʘʙʦ ʟʘʙʦʨʦʥʠʪʠ ʢʦʨʠʩʪʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʦʤ ʜʣʷ ʜʽʪʝʡ ʤʦʞʥʘ 

ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʏʝʨʝʟ ʮʝ ʥʘʚʽʪʴ ʥʝʜʦʩʚʽʜʯʝʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʟʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʙʣʦʢʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʘ.  

ʂʦʤʙʽʥʫʶʯʠ ʾʭ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʦʚʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʝʡ ʜʽʪʝʡ ʘ ʪʘʢʦʞ ʟʘʭʠʩʪʠʪʠ ʽ 

ʩʘʤʠʭ ʜʽʪʝʡ ʚʽʜ ʾʭ ʮʽʢʘʚʦʩʪʽ ʪʘ ʧʦʜʨʘʟʣʠʚʦʩʪʽ ʚ ʶʥʽ ʨʦʢʠ. 

ʊʘʢʦʞ ʧʨʦʩʪʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʠʪʠʥʦʶ ʧʽʜ ʯʘʩ ʢʦʨʠʩʪʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʦʤ ʪʘʢʦʞ ʤʦʞʝ ʜʦʧʦʤʦʛʜʠ ʚ 

ʢʦʥʪʨʦʣʽ ʪʘ ʟʘʭʠʩʪʽ. 
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1. ʂʘʤʠʥʩʢʠʡ ʆ. ʂʘʢ ʧʦʩʪʘʚʠʪʴ ʧʘʨʦʣʴ ʥʘ BIOS ʠ ʧʘʨʦʣʴ ʥʘ ʟʘʛʨʫʟʢʫ ʢʦʤʧʴʶʪʝʨʘ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ʆʣʝʛ ʂʘʤʠʥʩʢʠʡ. ï 2010. ï  

ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: http://comp-profi.com/view_post.php?id=125; 
2. ʂʘʢ ʫʩʪʘʥʦʚʠʪʴ ʧʘʨʦʣʴ ʥʘ ʢʦʤʧʴʶʪʝʨ ʚ Windows 7? [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 2012. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 
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3. ʇʦʥʷʪʪʷ ʧʨʦ ʟʘʩʦʙʠ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘ ʢʦʤʧôʶʪʝʨʽ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://windows.microsoft.com/uk-ua/windows/understanding-security-safe-computing#1TC=windows-7 ; 

4. ɸʧʩʦʣʷʤʦʚ ʄ. ʂʘʢ ʟʘʱʠʪʠʪʴ ʢʦʤʧʴʶʪʝʨ ʦʪ ʜʝʪʝʡ - ʧʨʦʛʨʘʤʤʘ ʙʣʦʢʠʨʦʚʢʠ ʤʳʰʠ ʠ ʢʣʘʚʠʘʪʫʨʳ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ʄʠʭʘʠʣ 

ɸʧʩʦʣʷʤʦʚ. ï 2013. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 
http://www.apsolyamov.ru/blog/kak_zashhitit_kompjuter_ot_detej_programma_blokirovki_myshi_i_klaviatury/2013-03-11-78 . 

5. ɼʝʪʠ ʠ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 2016. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: http://www.bizhit.ru/index/deti_i_socialnye_seti/0-607  
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ɸ.ɸ. ɹʨʠʛʠʥʝʮʴ, ʩʪʫʜʝʥʪ ʛʨ. ɯɹï151, 

ɺ.ʄ. ɹʘʟʠʣʝʚʠʯ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, 

ʢʘʬʝʜʨʘ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡʫʥʽʚʝʨʩʠʪʝʪ 
 

ɺ ʥʘʰ ʯʘʩ ʚʩʝ ʙʽʣʴʰʝ ʣʶʜʝʡ ʧʦʯʠʥʘʶʪʴ ʧʽʢʣʫʚʘʪʠʩʷ ʧʨʦ ʩʚʦʶ ʙʝʟʧʝʢʫ ʫ ʤʝʨʝʞʽ Internet. ɺ ʙʘʛʘʪʴʦʭ 

ʢʨʘʾʥʘʭ, ʥʝ ʦʤʠʥʘʶʯʠ ʋʢʨʘʾʥʫ, ʨʦʩʪʝ ʧʦʧʠʪ ʥʘ ʘʥʦʥʽʤʥʽ ʽʥʪʝʨʥʝʪ ʩʝʨʚʽʩʠ, ʷʢʽ ʥʝ ʟʙʠʨʘʶʪʴ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ 

ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʨʦʙʣʷʪʴ ʥʝʤʦʞʣʠʚʠʤ ʩʪʝʞʝʥʥʷ ʚ ʤʝʨʝʞʽ. 

ʊʝʤʘ ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʽ ʟʘʨʘʟ ʘʢʪʫʘʣʴʥʘ, ʪʦʤʫ ʱʦ ʚʩʝ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʛʨʦʤʘʜʷʥ ʧʦʯʠʥʘʻ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʤʝʨʝʞʝʶ, ʽ ʙʘʛʘʪʴʦʭ ʮʽʢʘʚʠʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʜʦʪʦʨʢʘʥʦʩʪʽ ʩʚʦʾʭ ʜʘʥʠʭ. ʃʶʜʠ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʘʥʦʥʽʤʥʠʤʠ ʽʥʪʝʨʥʝʪïʩʝʨʚʽʩʘʤʠ ʽ ʥʝ ʟʜʦʛʘʜʫʶʪʴʩʷ ʧʨʦ ʥʝʜʦʣʽʢʠ, ʷʢʽ ʚʦʜʥʦʯʘʩ ʻ ʢʦʨʠʩʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

ʘʥʦʥʽʤʥʠʭ ʩʝʨʚʽʩʽʚ, ʘʣʝ ʩʪʘʶʪʴ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʨʫʢʘʭ ʥʝʜʦʙʨʦʩʦʚʽʩʥʠʭ ʛʨʦʤʘʜʷʥ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤʠ Tor(ʩʢʦʨ. ʚʽʜ ʘʥʛʣ. The Onion Router)[1], ʷ ʭʦʯʫ ʧʦʢʘʟʘʪʠ ʥʝʜʦʣʽʢʠ ʘʥʦʥʽʤʥʠʭ 

ʽʥʪʝʨʥʝʪïʩʝʨʚʽʩʽʚ ʫ ʚʠʛʣʷʜʽ ʰʢʽʜʣʠʚʠʭ ʧʨʠʭʦʚʘʥʠʭ ʩʪʦʨʽʥʦʢ ʤʝʨʝʞʽ, ʰʢʽʜʣʠʚʠʭ ʙʦʪʽʚ, ʥʝʧʦʚʥʦʾ ʟʘʭʠʱʝʥʦʩʪʽ 

ʚʽʜ ʟʣʦʚʤʠʩʥʠʢʽʚ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʘʢʮʽʡ, ʭʘʢʝʨʩʴʢʠʭ ʘʙʦ ʪʝʨʦʨʠʩʪʠʯʥʠʭ. ʉʠʩʪʝʤʘ Tor ʦʙʨʘʥʘ ʟʘ 

ʧʨʠʢʣʘʜ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʙʝʨʝʞʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʚ ʤʝʨʝʞʽ, ʚʦʥʘ 

ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʝ ʤʘʨʰʨʫʪʠʟʫʻ ʽʥʪʝʨʥʝʪïʪʨʘʬʽʢ ʯʝʨʝʟ ʚʩʝʩʚʽʪʥʶ ʤʝʨʝʞʫ ʜʦʙʨʦʚʽʣʴʥʦ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʩʝʨʚʝʨʽʚ ʟ ʤʝʪʦʶ ʧʨʠʭʦʚʫʚʘʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. ɿʘ ʧʝʨʽʦʜ ʟ ʩʝʨʧʥʷ 2012 ʧʦ ʣʠʧʝʥʴ 

2013 ʨʦʢʫ ʚ ʋʢʨʘʾʥʽ ʙʽʣʴʰ ʥʽʞ ʜʝʩʷʪʴ ʪʠʩʷʯ ʢʦʨʠʩʪʫʚʘʯʽʚ ʱʦʜʥʷ ʟʘʭʦʜʠʣʠ ʜʦ ʤʝʨʝʞʽ Tor[2]. ʎʝ ʩʚ̔ʜʯʠʪʴ ʧʨʦ 

ʜʦʩʪʘʪʥʶ ʧʦʧʫʣʷʨʥʽʩʪʴ ʩʠʩʪʝʤʠ ʩʝʨʝʜ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʥʪʝʨʥʝʪʫ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ. 

ʉʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʥʝʜʘʚʥʶ ʟʘʢʦʥʦʜʘʚʯʫ ʽʥʽʮʽʘʪʠʚʫ ʤʽʥʽʩʪʝʨʩʪʚʘ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ 

ʌʨʘʥʮʽʾ. ɺ ʨʘʤʢʘʭ ʧʨʦʪʠʜʽʾ ʪʝʨʦʨʠʩʪʠʯʥʽʡ ʟʘʛʨʦʟʽ ʡ ʧʦʩʠʣʝʥʥʶ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ ʫ ʌʨʘʥʮʽʾ ʙʫʣʦ ʟʘʧʣʘʥʦʚʘʥʦ 

ʟʘʙʣʦʢʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʘʥʦʥʽʤʥʦʾ ʤʝʨʝʞʽ Tor. ɯʥʽʮʽʘʪʠʚʘ ʟô̫ ʚʠʣʘʩʷ ʷʢ ʨʝʘʢʮʽʷ ʚʣʘʜʠ ʢʨʘʾʥʠ ʥʘ ʩʝʨʽʶ 

ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʘʪʘʢ, ʷʢʽ ʚʽʜʥʷʣʠ ʞʠʪʪʷ ʙʽʣʴʰʝ 130 ʦʩʽʙ. ʗʢ ʩʪʘʣʦ ʚʽʜʦʤʦ ʩʣʽʜʩʪʚʫ, ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʨʘʢʪʽʚ 

ʝʢʩʪʨʝʤʽʩʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʩʝʨʚʽʩʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʘʥʦʥʽʤʽʟʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʟʦʢʨʝʤʘ ʡ ʩʝʨʚʽʩ Tor. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʫ ʩʣʽʜʩʪʚʘ ʥʝ ʙʫʣʦ ʜʦʢʘʟʽʚ ʪʦʛʦ, ʱʦ ʢʦʦʨʜʠʥʘʮʽʷ ʜʽʡ ʧʨʦʚʦʜʠʣʘʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ Tor, ʩʢʦʨʽʰ ʟʘ ʚʩʝ ʚʽʥ ʧʦʪʨʘʧʠʚ ʧʽʜ ʧʽʜʦʟʨʫ ʯʝʨʝʟ ʚʝʣʠʢʫ ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ. ʌʨʘʥʮʽʷ ï ʥʝ 

ʧʝʨʰʘ ʢʨʘʾʥʘ ʢʦʪʨʘ ʟʘʜʫʤʘʣʘʩʷ ʥʘʜ ʙʣʦʢʫʚʘʥʥʷʤ Tor. ʋ 2012 ʮʝ ʟʨʦʙʠʚ ʂʠʪʘʡ, ʘ ʨʦʟʤʦʚʠ ʧʨʦ ʧʦʜʽʙʥʽ ʟʘʭʦʜʠ 

ʚʝʜʫʪʴʩʷ ʚ ɯʨʘʥʽ ʪʘ ʈʦʩʽʾ[3]. 

ʗʢ ʙʘʯʠʤʦ, ʫʚʘʛʘ ʥʘ ʘʥʦʥʽʤʥʽ ʽʥʪʝʨʥʝʪïʩʝʨʚʽʩʠ ʟʚʝʨʪʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʢʦʦʨʜʠʥʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʘʢʮʽʡ, 

ʽʥʦʜʽ ʫ ʤʘʩʰʪʘʙʽ ʮʽʣʦʾ ʜʝʨʞʘʚʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʛʨʫʧʘ ʣʶʜʝʡ ʷʢʽ ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ ʩʦʙʦʶ ʮʽʣʽ, ʱʦ 

ʩʫʧʝʨʝʯʘʪʴ ʟʘʢʦʥʫ, ʤʦʞʝ ʚʽʣʴʥʦ ʩʧʽʣʢʫʚʘʪʠʩʷ ʪʘ ʢʦʦʨʜʠʥʫʚʘʪʠ ʩʚʦʾ ʜʽʾ ʙʝʟ ʧʦʙʦʶʚʘʥʴ ʙʫʪʠ ʚʠʷʚʣʝʥʠʤʠ 

ʚʣʘʜʦʶ. ʊʦʤʫ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʧʦʜʽʙʥʽ ʩʝʨʚʽʩʠ ʩʪʘʚʣʷʪʴʩʷ ʧʽʜ ʩʫʤʥʽʚ, ʽ ʧʨʠʡʤʘʶʪʴʩʷ ʜʽʾ ʱʦʜʦ ʦʙʤʝʞʝʥʥʷ ʾʭ 

ʜʽʻʟʜʘʪʥʦʩʪʽ. 

ʇʨʠʢʣʘʜʦʤ ʥʝʧʦʚʥʦʾ ʟʘʭʠʱʝʥʦʩʪʽ ʫ ʤʝʨʝʞʽ Tor ʻ ʽʥʮʠʜʝʥʪ, ʷʢʠʡ ʪʨʘʧʠʚʩʷ ʟ ʧʦʰʪʦʚʠʤ ʩʝʨʚʽʩʦʤ 

SIGAINT ʫ ʜʘʨʢʥʝʪʽ. ɼʘʨʢʥʝʪ(DarkNet) ï ʧʨʠʚʘʪʥʘ ʤʝʨʝʞʘ, ʟô̒ ʜʥʘʥʥʷ ʷʢʦʾ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʽʣʴʢʽ ʤʽʞ 

ʜʦʚʽʨʝʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʤʝʨʝʞʽ. ʉʫʪʴ ʽʥʮʠʜʝʥʪʫ ʚ ʪʦʤʫ, ʱʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨ SIGAINT ʥʘʧʠʩʘʚ, ʷʢ ʥʝʚʽʜʦʤʽ 

ʦʩʦʙʠ ʟʘʮʽʢʘʚʠʣʠʩʷ ʾʭ ʩʢʨʦʤʥʠʤ ʧʨʦʝʢʪʦʤ ʽ ʷʢ ʥʝʱʦʜʘʚʥʦ ʚʦʥʠ ʚʠʷʚʠʣʠ 70 ʰʢʽʜʣʠʚʠʭ ʚʠʭʽʜʥʠʭ ʚʫʟʣʽʚ, ʷʢʽ 
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ʩʢʘʥʫʚʘʣʠ ʪʨʘʬʽʢ ʧʦʰʪʦʚʦʛʦ ʩʝʨʚʽʩʫ SIGAINT. ɺʽʜʨʘʟʫ ʧʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʾʭ ʚʥʝʩʣʠ ʚ ʯʦʨʥʠʡ ʩʧʠʩʦʢ. 

ʈʦʟʩʣʽʜʫʚʘʥʥʷ ʧʦʢʘʟʘʣʦ ʱʦ ʟʣʦʚʤʠʩʥʠʢʠ ʧʨʘʮʶʚʘʣʠ ʢʽʣʴʢʘ ʤʽʩʷʮʽʚ. ɿʘ ʮʝʡ ʯʘʩ ʯʘʩ ʚʦʥʠ ʚʠʧʨʦʙʫʚʘʣʠ ʢʽʣʴʢʘ 

ʝʢʩʧʣʦʡʪʽʚ ʧʨʦʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʝʨʚʽʩʫ. ʉʫʜʷʯʠ ʟ ʫʩʴʦʛʦ, ʟʣʦʚʤʠʩʥʠʢʠ ʥʘʤʘʛʘʣʠʩʷ ʟʤʽʥʠʪʠ URL ʩʝʨʚʝʨʫ 

sigaint.org ʥʘ ʦʜʠʥ ʟʽ ʩʚʦʾʭ ʘʜʨʝʩ, ʱʦʙ ʦʨʛʘʥʽʟʫʚʘʪʠ MiTMïʘʪʘʢʫ[4]. MiTMïʘʪʘʢʘ ʚʽʜʦʤʘ ʷʢ çʘʪʘʢʘ 

ʧʦʩʝʨʝʜʥʠʢʘè, ʽ ʦʟʥʘʯʘʻ ʪʝʨʤʽʥ ʚ ʢʨʠʧʪʦʛʨʘʬʽʾ, ʢʦʣʠ ʟʣʦʚʤʠʩʥʠʢ ʟʜʘʪʥʠʡ ʯʠʪʘʪʠ ʪʘ ʚʠʜʦʟʤʽʥʶʚʘʪʠ ʟʘ ʩʚʦʻʶ 

ʚʦʣʝʶ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢʠʤʠ ʦʙʤʽʥʶʶʪʴʩʷ ʢʦʨʝʩʧʦʥʜʝʥʪʠ, ʧʨʠʯʦʤʫ ʞʦʜʝʥ ʟ ʦʩʪʘʥʥʽʭ ʥʝ ʤʦʞʝ ʟʜʦʛʘʜʘʪʠʩʷ ʧʨʦ 

ʡʦʛʦ ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʢʘʥʘʣʽ[5]. 

ɿʥʘʭʽʜʢʘ ʰʢʽʜʣʠʚʠʭ ʚʠʭʽʜʥʠʭ ʚʫʟʣʽʚ ʜʣʷ ʘʪʘʢʠ ʥʘ SIGAINT ʜʘ̒ ʧʽʜʩʪʘʚʠ ʜʣʷ ʧʨʠʧʫʱʝʥʴ ʱʦʜʦ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʚʫʟʣʽʚ ʜʣʷ ʢʦʤʧʨʦʤʝʪʘʮʽʾ ʪʨʘʬʽʢʫ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ ʜʘʨʢʥʝʪʫ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ 

ʥʝʚʝʣʠʢʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʚʽʪʴ ʢʦʨʠʩʪʫʶʯʠʩʴ ʘʥʦʥʽʤʥʦʶ ʽʥʪʝʨʥʝʪïʤʝʨʝʞʝʶ, ʪʘ ʟʥʘʭʦʜʷʯʠʩʴ ʚ ʧʨʠʭʦʚʘʥʦʤʫ 

ʩʝʨʚʽʩʽ ʤʝʨʝʞʽ, ʤʦʞʥʘ ʩʪʘʪʠ ʞʝʨʪʚʦʶ ʟʣʦʚʤʠʩʥʠʢʽʚ. 

ʑʦ ʮʽʢʘʚʦ, ʟʘ ʜʘʥʠʤʠ ʚʝʣʠʢʦʛʦ ʩʝʨʚʽʩʫ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ CloudFlare, ʱʦʥʘʡʤʝʥʰʝ 94 ʚʽʜʩʦʪʢʠ ʟʘʧʠʪʽʚ, 

ʱʦ ʚʠʭʦʜʷʪʴ ʟ Tor , ʧʦʨʦʜʞʫʶʪʴ ʥʝ ʣʶʜʠ, ʘ ʙʦʪʠ, ʷʢʽ ʜʽʶʪʴ ʟʽ ʟʣʦʯʠʥʥʠʤʠ ʮʽʣʷʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʨʘʞʜʘʶʪʴ 

ʥʝʯʠʩʣʝʥʥʽ ʯʝʩʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʘʥʦʥʽʤʥʦʾ ʤʝʨʝʞʽ. ʉʚʦʾ ʨʦʟʜʫʤʠ ʟ ʮʴʦʛʦ ʧʨʠʚʦʜʫ ʛʦʣʦʚʘ CloudFlare ʦʧʫʙʣʽʢʫʚʘʚ ʚ 

ʙʣʦʟʽ ʢʦʤʧʘʥʽʾ. ɺʽʥ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʢʘ ʙʦʪʽʚ, ʷʢʽ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴ ʩʧʘʤ ʚ ʢʦʤʝʥʪʘʨʷʭ, ʰʫʢʘʶʪʴ 

ʫʨʘʟʣʠʚʦʩʪʽ ʽ ʟʙʠʨʘʶʪʴ ʧʦʰʪʦʚʽ ʘʜʨʝʩʠ ʜʣʷ ʨʦʟʩʠʣʢʠ ʩʧʘʤʫ, ʜʽʻ ʩʘʤʝ ʯʝʨʝʟ Tor. ʆʜʥʝ ʟ ʧʽʜʪʚʝʨʜʞʝʥʴ ʮʴʦʛʦ ï 

ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʝʢʪʫ Honey Pot. ʁʦʛʦ ʫʯʘʩʥʠʢʠ ʨʦʟʤʽʱʫʶʪʴ ʥʘ ʩʚʦʾʭ ʩʘʡʪʘʭ ʧʨʠʭʦʚʘʥʽ 

ʩʪʦʨʽʥʢʠ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ ʘʜʨʝʩʘʤʠ, ʷʢʽ ʩʣʫʞʘʪʴ ʧʘʩʪʢʦʶ ʜʣʷ ʧʦʰʫʢʦʚʠʭ ʙʦʪʽʚ. ʂʦʣʠ ʥʘ ʦʜʠʥ ʟ ʪʘʢʠʭ ʘʜʨʝʩ 

ʧʨʠʭʦʜʠʪʴ ʩʧʘʤ, ʧʦ ʽʩʪʦʨʽʾ ʚʽʜʚʽʜʫʚʘʥʴ ʥʝʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ IP ʙʦʪʘ, ʷʢʠʡ ʡʦʛʦ ʟʥʘʡʰʦʚ. ɼʘʥʽ ʧʨʦʝʢʪʫ ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʝʣʝʢʪʨʦʥʥʽ ʘʜʨʝʩʠ, ʟʘ ʷʢʠʤʠ ʨʦʟʩʠʣʘʶʪʴ ʥʝ ʤʝʥʰʝ 18 ʚʽʜʩʦʪʢʽʚ ʩʧʘʤʫ, ʘ ʮʝ 6,5 ʪʨʠʣʴʡʦʥʽʚ ʣʠʩʪʽʚ ʚ 

ʨʽʢ, ʟʽʙʨʘʣʠ ʙʦʪʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʩʘʤʝ ʯʝʨʝʟ Tor[6]. 

ʉʫʜʷʯʠ ʟ ʜʘʥʦʛʦ ʧʨʠʢʣʘʜʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʘʥʦʥʽʤʥʽ ʽʥʪʝʨʥʝʪïʩʝʨʚʽʩʠ ʻ ʫʢʨʠʪʪʷʤ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʰʢʽʜʣʠʚʽ ʜʽʾ ʚ ʤʝʨʝʞʽ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʟʘʚʜʘʶʪʴ ʰʢʦʜʠ ʜʦʙʨʦʩʦʚʽʩʥʠʤ 

ʢʦʨʠʩʪʫʚʘʯʘʤ. 

ɿ ʤʦʾʭ ʚʣʘʩʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʪʘ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʤʝʨʝʞʽ Tor, ʷ ʚʠʷʚʠʚ ʙʘʛʘʪʦ ʰʢʽʜʣʠʚʠʭ 

ʧʨʠʭʦʚʘʥʠʭ ʩʝʨʚʽʩʽʚ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʥʝʟʘʢʦʥʥʽ ʧʦʩʣʫʛʠ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʩʝʨʚʽʩʽʚ ʟʚʠʯʘʡʥʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ ʩʣʽʜ ʣʠʰʝ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʚʝʙïʩʪʦʨʽʥʢʠ ʟ 

ʜʦʚʽʜʥʠʢʦʤ ʧʦ ʘʥʦʥʽʤʥʽʡ ʤʝʨʝʞʽ, ʧʨʠʢʣʘʜʦʤ ʻ The Hidden Wiki, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʣʝʛʢʦ ʟʥʘʡʜʝʥʘ ʯʝʨʝʟ 

ʧʦʰʫʢʦʚʫ ʩʠʩʪʝʤʫ. ʋ ʙʽʣʴʰ ʧʨʦʩʫʥʫʪʠʭ ʚʠʧʘʜʢʘʭ, ʩʣʽʜ ʰʫʢʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʬʦʨʫʤʘʭ ʪʘ 

ʜʽʟʥʘʚʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʠʭʦʚʘʥʠʭ ʩʝʨʚʽʩʽʚ. 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʩʣʽʜ ʩʢʘʟʘʪʠ ʧʨʦ ʭʘʢʝʨʩʴʢʽ ʩʝʨʚʽʩʠ, ʥʘ ʩʪʦʨʽʥʢʘʭ ʷʢʠʭ ʤʦʞʥʘ ʟʘʚʘʥʪʘʞʠʪʠ ʰʢʽʜʣʠʚʽ 

ʧʨʦʛʨʘʤʠ ʷʢʽ ʩʪʚʦʨʝʥʽ ʜʣʷ ʟʘʚʜʘʥʥʷ ʰʢʦʜʠ ʟʚʠʯʘʡʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ. ʊʘʢʽ ʧʨʦʛʨʘʤʠ ʷʢ Email Bomber ʪʘ 

Flooder, ʤʦʞʥʘ ʚʣ̔ʴʥʦ ʟʘʚʘʥʪʘʞʠʪʠ ʥʘ ʩʪʦʨʽʥʢʘʭ ʧʦʜʽʙʥʠʭ ʩʝʨʚʽʩʽʚ, ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʩʠʣʘʪʠ ʩʧʘʤ ʥʘ 

ʝʣʝʢʪʨʦʥʥʫ ʧʦʰʪʫ ʛʨʦʤʘʜʷʥ. ɸ ʥʘʡʮʽʢʘʚʽʰʠʤʠ ʫʪʠʣʽʪʘʤʠ ʻ ʚʣʘʩʥʽ ʢʦʥʩʪʨʫʢʪʦʨʠ ʚʽʨʫʩʽʚ(Virus Maker), ʷʢʽ 

ʩʪʚʦʨʶʶʪʴ ʰʢʽʜʣʠʚʫ ʧʨʦʛʨʘʤʫ ʟʘ ʚʣʘʩʥʠʤ ʧʦʛʣʷʜʦʤ. 

ɿʚʽʩʥʦ, ʥʽʭʪʦ ʥʝ ʛʘʨʘʥʪʫʻ ʙʝʟʧʝʢʫ ʩʠʩʪʝʤʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦʜʽʙʥʠʭ ʧʨʦʛʨʘʤ, ʘ ʟʥʘʡʪʠ 

ʧʦʜʽʙʥʠʡ ʩʝʨʚʽʩ ʯʠ ʙʣʦʛ ʭʘʢʝʨʫ ʟ ʚʝʣʠʢʠʤ ʜʦʩʚʽʜʦʤ ʥʝ ʪʘʢ ʚʞʝ ʡ ʣʝʛʢʦ. ɸʣʝ ʧʨʠʩʫʪʥʽʩʪʴ ʪʘʢʠʭ ʩʝʨʚʽʩʽʚ 

ʜʦʚʝʜʝʥʘ, ʽ ʰʢʽʜʣʠʚʽ ʥʘʩʣʽʜʢʠ ʤʦʞʣʠʚʽ, ʘʜʞʝ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʪʘʢʦʛʦ ʮʽʢʘʚʦʛʦ ʢʦʥʪʝʥʪʫ, ʡʦʛʦ ʭʦʯʝʪʴʩʷ 

ʚʠʧʨʦʙʫʚʘʪʠ. 

ʊʘʢʦʞ ʥʝ ʪʨʝʙʘ ʟʘʣʠʰʘʪʠ ʙʝʟ ʫʚʘʛʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʝʨʚʽʩʠ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʬʦʨʫʤʠ ʟ ʨʦʟʜʽʣʘʤʠ ʜʣʷ 

ʪʦʨʛʽʚʣʽ, ʥʘ ʷʢʠʭ ʤʦʞʥʘ ʧʨʠʜʙʘʪʠ ʥʝʣʝʛʘʣʴʥʫ ʟʙʨʦʶ, ʥʘʨʢʦʪʠʯʥʽ ʧʨʝʧʘʨʘʪʠ, ʧʽʜʨʦʙʣʝʥʽ ʜʦʢʫʤʝʥʪʠ ʪʘ ʙʘʛʘʪʦ 

ʽʥʰʠʭ ʧʨʦʪʠʟʘʢʦʥʥʠʭ ʨʝʯʝʡ. 

ʅʘ ʤʦʶ ʜʫʤʢʫ, ʩʝʨʝʜ ʢʦʨʠʩʪʫʚʘʯʽʚ ʷʢʽ ʫʩʚʽʜʦʤʣʶʶʪʴ ʜʘʥʽ ʧʨʦʙʣʝʤʠ, ʩʝʨʚʽʩ Tor ʧʦʟʠʮʽʦʥʫʻʪʴʩʷ ʷʢ 

ʤʝʨʝʞʘ ʜʣʷ ʭʘʢʝʨʽʚ, ʧʨʦʜʘʚʮʽʚ ʥʝʣʝʛʘʣʴʥʠʭ ʪʦʚʘʨʽʚ ʪʘ ʛʨʫʧ ʣʶʜʝʡ ʷʢʽ ʙʘʞʘʶʪʴ ʥʘʥʝʩʪʠ ʰʢʦʜʫ 

ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʘʜʣʷ ʚʣʘʩʥʦʾ ʚʠʛʦʜʠ. ɸ ʚ ʜʦʜʘʪʦʢ, ʤʝʨʝʞʘ ʧʝʨʝʧʦʚʥʝʥʘ ʰʢʽʜʣʠʚʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ ʫ ʚʠʛʣʷʜʽ ʩʧʘʤïʙʦʪʽʚ. 

ʗ ʚʚʘʞʘʶ, ʱʦ ʥʘʡʢʨʘʱʠʤ ʨʽʰʝʥʥʷʤ ʚʠʱʝ ʚʢʘʟʘʥʠʭ ʧʨʦʙʣʝʤ ʙʫʜʝ ʷʢ ʤʽʥʽʤʫʤ ʧʦʚʥʝ ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ 

ʜʦ ʧʨʠʭʦʚʘʥʠʭ ʩʝʨʚʽʩʽʚ. ɸʜʞʝ ʘʥʦʥʽʤʥʠʡ ʽʥʪʝʨʥʝʪïʩʝʨʚʽʩ ʧʦʚʠʥʝʥ ʧʦʟʠʮʽʦʥʫʚʘʪʠʩʷ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʨʷʜʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʥʝ ʷʢ ʪʦʨʛʦʚʠʡ ʤʘʡʜʘʥʯʠʢ ʟʽ ʟʙʨʦʻʶ ʪʘ ʥʘʨʢʦʪʠʢʘʤʠ. 

ɯ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʙʫʜʝ ʩʪʚʦʨʝʥʥʷ ʟʚʠʯʘʡʥʦʛʦ ʘʥʦʥʽʤʥʦʛʦ ʩʝʨʚʽʩʫ ʜʣʷ ʩʚʽʪʦʚʦʾ ʤʝʨʝʞʽ, ʙʝʟ ʰʢʽʜʣʠʚʠʭ 

ʥʝʜʦʣʽʢʽʚ ʫ ʚʠʛʣʷʜʽ ʚʠʱʝ ʧʝʨʝʯʠʩʣʝʥʠʭ. ʑʦʜʦ ʘʥʦʥʽʤʥʦʛʦ ʢʦʦʨʜʠʥʫʚʘʥʥʷ ʜʽʡ ʟʣʦʯʠʥʮʽʚ, ʪʨʝʙʘ ʚʚʦʜʠʪʠ ʤʽʨʠ ʫ 

ʚʠʛʣʷʜʽ ʥʘʜʘʥʥʷ ʧʦʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ ʤʝʨʝʞʝʶ ʧʨʘʚʦʦʭʦʨʦʥʥʠʤ ʦʨʛʘʥʘʤ, ʱʦ ʩʢʦʨʽʰ ʟʘ ʚʩʝ ʧʨʦʩʪʦ ʧʨʠʚʝʜʝ 

ʜʦ ʾʾ ʙʣʦʢʫʚʘʥʥʷ. 

ʋ ʚʠʩʥʦʚʢʫ ʭʦʯʝʪʴʩʷ ʜʦʜʘʪʠ, ʱʦ ʷʢʠʤ ʙʠ ʢʦʨʠʩʥʠʤ ʥʝ ʧʣʘʥʫʚʘʚʩʷ ʪʦʡ ʯʠ ʽʥʰʠʡ ʧʨʦʜʫʢʪ, ʡʦʛʦ ʰʢʽʜʣʠʚʽ 

ʥʝʜʦʣʽʢʠ ʚʧʝʨʰʫ ʯʝʨʛʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ, ʽ ʥʽʭʪʦ ʥʘʩʧʨʘʚʜʽ ʥʝ ʙʫʜʝ ʧʦʚʥʽʩʪʶ ʟʘʭʠʱʝʥʠʡ ʚʽʜ 

ʟʣʦʚʤʠʩʥʠʭ ʜʽʡ ʚ ʩʚʽʡ ʘʜʨʝʩ, ʘ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʽʜ ʩʚʦʻʾ ʮʽʢʘʚʦʩʪʽ, ʷʢʘ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ 

ʥʘʩʣʽʜʢʽʚ. ʉʣʽʜ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʧʝʨʝʚʽʨʝʥʠʤʠ ʩʝʨʚʽʩʘʤʠ ʧʝʨʝʜʘʯʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʥʝ ʟʚʝʨʪʘʪʠ 

ʫʚʘʛʫ ʥʘ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ. 
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ɸ.ɺ. ɺʘʩʠʣʷʢʦ, ʩʪʫʜʝʥʪ ʛʨ. ɯɹ-151, 

ɺ.ɯ. ɻʫʨôʻʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʉʴʦʛʦʜʥʽ ʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴ ʩʧʦʩʽʙ ʞʠʪʪʷ ʣʶʜʠʥʠ ʪʘ ʧʨʦʥʠʢʘʶʪʴ ʚ ʢʦʞʥʫ 

ʩʬʝʨʫ ʞʠʪʪʷ ʩʫʩʧʽʣʴʩʪʚʘ. ʉʫʯʘʩʥʠʡ ʩʚʽʪ ʩʧʦʚʥʝʥʠʡ ʫʩʽʣʷʢʠʭ ʥʦʚʠʥʦʢ: ʥʘʫʢʠ, ʪʝʭʥʽʢʠ, ʤʝʜʠʮʠʥʠ. ɼʠʚʦʚʠʞʥʽ 

ʨʝʯʽ ʽ ʷʚʠʱʘ ʦʪʦʯʫʶʪʴ ʥʘʩ. ʉʴʦʛʦʜʥʽ, ʦʙʨʘʟʥʦ ʚʠʩʣʦʚʣʶʶʯʠʩʴ, ʤʦʞʥʘ ʜʽʩʪʘʪʠ ʟ ʢʠʰʝʥʽ ʥʦʚʠʥʠ, ʧʽʜʢʣʶʯʠʪʠʩʷ 

ʜʦ ʤʝʨʝʞʽ, ʷʢʘ ʽʩʥʫʻ ʪʽʣʴʢʠ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʣʽ, ʧʝʨʝʜʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʣʶʜʠʥʽ, ʷʢʘ ʟʘ ʪʠʩʷʯʽ ʢʽʣʦʤʝʪʨʽʚ ʚʽʜ 

ʪʝʙʝ. ɿʘʚʜʷʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ ʤʠ ʤʦʞʝʤʦ ʟʥʘʡʦʤʠʪʠʩʷ ʟ ʣʶʜʴʤʠ, ʱʦ ʞʠʚʫʪʴ ʜʘʣʝʢʦ-ʜʘʣʝʢʦ, 

ʟʦʚʩʽʤ ʚ ʽʥʰʠʭ ʢʨʘʾʥʘʭ ʽ ʤʽʩʪʘʭ. ɿʚʠʯʘʡʥʦ ʚʩʝ ʮʝ ʜʫʞʝ ʢʦʨʠʩʥʝ ʜʣʷ ʣʶʜʝʡ, ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ, ʩʢʦʨʦʯʫʻ ʚʠʪʨʘʪʠ 

ʥʘ ʯʘʩ. ɸʣʝ ʧʦʪʨʽʙʥʦ ʧʘʤôʷʪʘʪʠ ʧʨʦ ʙʝʟʧʝʢʫ ʩʚʦʛʦ ʇʂ ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʝ. 

ʆʜʥʠʤ ʽʟ ʚʠʜʽʚ ʢʽʙʝʨʙʝʟʧʝʢʠ (ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ) ʻ ʟʘʭʠʩʪ ʚʽʜ ʢʦʤʧôʶʪʝʨʥʠʭ ʚʽʨʫʩʽʚ. ʂʦʤʧôʶʪʝʨʥʠʡ 

ʚʽʨʫʩ ï ʮʝ ʥʝʚʝʣʠʢʘ ʧʨʦʛʨʘʤʘ, ʱʦ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʽʩʪʘʤʠ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ, ʷʢʘ ʟʜʘʪʥʘ ʜʦ 

ʩʘʤʦʨʦʟʤʥʦʞʝʥʥʷ ʡ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʜʽʡ. ɺ ʩʝʨʝʜʠʥʽ 2010 ʨʦʢʫ ʢʽʣʴʢʽʩʪʴ ʚʽʨʫʩʽʚ ʥʘʨʘʭʦʚʫʚʘʣʘ 

ʧʨʠʙʣʠʟʥʦ 1 017 208, ʮʝ ʚ 2 ʨʘʟʠ ʙʽʣʴʰʝ ʥʽʞ ʚ 2009 ʨʦʮʽ [1], ʽ ʾʭ ʢʽʣʴʢʽʩʪʴ ʟʨʦʩʪʘʻ ʱʦ ʨʦʢʫ. ʉʪʘʪʠʩʪʠʢʘ 

ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʚʽʨʫʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 [2]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʘʪʠʩʪʠʢʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʚʽʨʫʩʽʚ 
 

ɺʦʥʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ:  

1. ɿʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʚʽʨʫʩʠ ʘʙʦ BOOT-ʚʽʨʫʩʠ.  

2. ʌʘʡʣʦʚʽ ʚʽʨʫʩʠ. 

3. ʄʘʢʨʦʚʽʨʫʩʠ. 

4. ɺ̔ ʨʫʩʠ-ʥʝʚʠʜʠʤʢʠ ʘʙʦ STEALTH-ʚʽʨʫʩʠ. 

5. ʈʝʪʨʦʚʽʨʫʩʠ. 

6. ɺ̔ ʨʫʩʠ-ʭʨʦʙʘʢʠ. 

ɭ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʞʝʨʝʣ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʽʨʫʩʽʚ:  

1. ʂʦʤʧôʶʪʝʨʥʘ ʤʝʨʝʞʘ.  

2. ɾʦʨʩʪʢʠʡ ʜʠʩʢ.  

3. Flash-ʥʦʩʽʾ.   

ʊʦʤʫ ʚ ʥʘʰ ʯʘʩ ʩʪʚʦʨʶʻʪʴʩʷ ʜʫʞʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʘʥʪʠʚʽʨʫʩʥʠʭ ʧʨʦʛʨʘʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ ʇʂ 

ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ. ɸʥʪʠʚʽʨʫʩʥʘ ʧʨʦʛʨʘʤʘ (ʘʥʪʠʚʽʨʫʩ) ð ʩʪʚʦʨʝʥʘ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʽ ʣʽʢʫʚʘʥʥʷ ʧʨʦʛʨʘʤ, ʱʦ 

ʟʘʨʘʞʝʥʽ ʢʦʤʧ'ʶʪʝʨʥʠʤ ʚʽʨʫʩʦʤ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʨʘʞʝʥʥʷ ʬʘʡʣʫ ʚʽʨʫʩʦʤ. ʂʣʘʩʠʬʽʢʫʚʘʪʠ 

ʘʥʪʠʚʽʨʫʩʥʽ ʧʨʦʜʫʢʪʠ ʤʦʞʥʘ ʚʽʜʨʘʟʫ ʟʘ ʢʽʣʴʢʦʤʘ ʦʟʥʘʢʘʤʠ, ʪʘʢʠʤ, ʷʢ: ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʟʘʭʠʩʪʫ, ʬʫʥʢʮʽʦʥʘʣ ʧʨʦʜʫʢʪʽʚ, ʮʽʣʴʦʚʽ ʧʣʘʪʬʦʨʤʠ. 

 

ʅʘʡʧʦʧʫʣʷʨʥʽʰʠʤʠ ʘʥʪʠʚʽʨʫʩʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʻ: [3] 

1. ɸʥʪʠʚʽʨʫʩ ʂʘʩʧʝʨʩʴʢʦʛʦ. 
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2. Eset NOD32. 

3. Symantec Norton Anti-Virus. 

4. Dr. Web. 

5. Trend Micro Internet Security. 

6. Avast! Professional Edition. 

7. BitDefender Antivirus. 

8. Panda Free Antivirus. 

9. McAfee VirusScan. 

10. Avira AntiVir . 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʽʰʝ ʨʦʟʛʣʷʥʝʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʛʨʘʤʠ Panda Free Antivirus. 

Panda Free Antivirus ð ʙʝʟʢʦʰʪʦʚʥʘ ʘʥʪʠʚʽʨʫʩʥʘ ʧʨʦʛʨʘʤʘ, ʱʦ ʥʘʜʘʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʘʭʠʩʪ ʢʦʤʧ'ʶʪʝʨʘ 

ʪʘ ʪʝʣʝʬʦʥʫ ʚʽʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʰʢʽʜʣʠʚʠʭ ʽ ʰʧʠʛʫʥʩʴʢʠʭ ʧʨʦʛʨʘʤ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʅʦʚʘ çʭʤʘʨʥʘè ʤʦʜʝʣʴ ʘʥʪʠʚʽʨʫʩʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʜʣʝʛʢʠʡ çʪʦʥʢʠʡ ʢʣʽʻʥʪè ʣʦʢʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ 

ʢʦʤʧôʶʪʝʨʽ, ʱʦ ʟʚôʷʟʘʥʠʡ ʟ ʩʝʨʚʝʨʘʤʠ Panda. ʊʘʢʠʡ ʧʨʠʥʮʠʧ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʦʢʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʘʥʪʠʚʽʨʫʩʦʤ (ʙʘʟʦʚʘʥʠʤ ʥʘ ʩʠʛʥʘʪʫʨʥʦʤʫ ʧʨʠʥʮʠʧʽ ʟʘʭʠʩʪʫ), ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʷʚʣʝʥʥʷ ʽ ʙʣʦʢʫʚʘʥʥʷ 

ʰʢʽʜʣʠʚʠʭ ʧʨʦʛʨʘʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ 50% ʤʝʥʰʝ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤ ʘʥʪʠʚʽʨʫʩʦʤ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʦʛʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ.2. 

 

 
ʈʠʩʫʥʦʢ 1 -  ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʦʛʨʘʤʠ 

 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Panda Free Antivirus: [5] 

- ʚʙʫʜʦʚʘʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʜʨʦʧʝʨʽʚ PDF, DOC, XLS, PPT, WMV ʽ ʪ. ʜ.;  

- ʤʦʞʣʠʚʽʩʪʴ ʫʚʽʤʢʥʝʥʥʷ/ʚʠʤʢʥʝʥʥʷ ʡ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʨʽʟʥʠʭ ʩʠʩʪʝʤ, ʚʽʜʧʦʚʽʜʝʡ çʭʤʘʨʠè, 
ʨʦʟʰʠʨʝʥʦʛʦ ʧʨʦʪʦʢʦʣʶʚʘʥʥʷ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʰʠʢʘ, ʚʠʢʣʶʯʝʥʴ ʽ ʪ.ʜ.;  

- ʩʘʤʦʟʘʭʠʩʪ ʧʨʦʮʝʩʽʚ ʘʥʪʠʚʽʨʫʩʘ ʽ ʡʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʡ;  

- ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʫʩʢʫ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʟʘʭʠʩʪʫ ʩʠʩʪʝʤʠ;  

- ʙʘʛʘʪʦʤʦʚʥʘ ʧʽʜʪʨʠʤʢʘ;  

- ʨʝʞʠʤ ʨʦʙʦʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ;  

- ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʽʥʽʤʫʤ ʨʝʩʫʨʩʽʚ (ʚʩʴʦʛʦ 17 MB ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ);  

- ʝʬʝʢʪʠʚʥʝ ʚʠʷʚʣʝʥʥʷ ʽ ʙʣʦʢʫʚʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʧʨʦʛʨʘʤ;  

- ʥʝ ʦʪʨʠʤʫʻ ʱʦʜʝʥʥʠʭ ʦʥʦʚʣʝʥʴ, ʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʥʣʘʡʥ-ʙʘʟʫ ʜʘʥʠʭ. 

ʉʠʩʪʝʤʥʽ ʚʠʤʦʛʠ ʜʣʷ ʢʦʤʧ'ʶʪʝʨʘ:  

- ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ: Windows XP SP2, 8 (8.1), 10, Vista ʽ Windows 7. 

- ʆʧʝʨʘʪʠʚʥʘ ʧʘʤ'ʷʪʴ: 64 ʄʙ. 

- ɯʥʪʝʨʥʝʪ-ʙʨʘʫʟʝʨ: Internet Explorer 6 ʽ ʚʠʱʝ. 

ʉʠʩʪʝʤʥʽ ʚʠʤʦʛʠ ʜʣʷ ʪʝʣʝʬʦʥʫ:  

- ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ: Android 2.2+. 

ʇʝʨʝʚʘʛʠ: 

- ʥʝ ʚʠʤʘʛʘʻ ʦʥʦʚʣʝʥʥʷ; 

- ʚ ʽʥʩʪʘʣʷʮʽʡʥʠʡ ʧʘʢʝʪ ʚʢʣʶʯʝʥʠʡ ʜʦʜʘʪʢʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ USB vaccine tool ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʠʩʪʨʦʾʚ; 

- ʚʽʜʩʫʪʥʽ ʥʠʟʴʢʦ ʧʨʽʦʨʠʪʝʪʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ; 

- ʧʝʨʝʜʙʘʯʝʥʠʡ ʨʦʩʽʡʩʴʢʦʤʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʅʝʜʦʣʽʢʠ: 

- ʚʽʜʩʫʪʥʽ ʬʽʣʴʪʨʠ ʜʣʷ e-mail; 

- ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ ʘʚʪʦʤʘʪʠʯʥʝ ʩʢʘʥʫʚʘʥʥʷ; 

- ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʦʬʬʣʘʡʥ-ʟʘʭʠʩʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ Panda Free Antivirus - ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʚʣʘʩʥʠʢʽʚ ʥʝʪʙʫʢʽʚ ʽ ʥʦʫʪʙʫʢʽʚ, ʱʦ 

ʧʨʠʜʽʣʷʶʪʴ ʙʘʛʘʪʦ ʯʘʩʫ ɯʥʪʝʨʥʝʪ-ʩʝʨʬʽʥʛʫ. ʆʜʥʘʢ ʜʣʷ ʨʦʙʦʪʠ ʦʬʬʣʘʡʥ ʽ ʟʙʝʨʝʞʝʥʥʷ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ 

ʇʂ,  ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ ʢʦʤʧʣʝʢʩʥʝ ʘʥʪʠʚʽʨʫʩʥʝ ʨʽʰʝʥʥʷ, ʥʝ ʟʘʣʝʞʥʝ ʚʽʜ çʭʤʘʨʥʠʭ» ʪʝʭʥʦʣʦʛʽʡ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʉʪʘʪʠʩʪʠʢʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʚʽʨʫʩʽʚ ʟʘ 2010 ʨʽʢ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://securos.org.ua/statistika-kompyuternyx-
virusov-v-2010-godu/.  

2. IT ʥʦʚʠʥʠ ñSKY-netò. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://sky-net.dp.ua/it-novosti/page/20/.  
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3. ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʘʥʪʠʚʽʨʫʩʥʽ ʧʨʦʛʨʘʤʠ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://user.pp.ua/ antivirus.html.  

4. ʂʣʝʤʝʥʪʴʝʚ ʂ. ɽ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʚʠʨʫʩʳ ʠ ʘʥʪʠʚʠʨʫʩʳ: ʚʟʛʣʷʜ ʧʨʦʛʨʘʤʤʠʩʪʘ / ʂ. ɽ. ʂʣʝʤʝʥʪʴʝʚ. ï ʄ: ɼʄʂ ʇʨʝʩʩ, 2013. ï 656 ʩ. 

5. Panda Free Antivirus [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: ʆʩʪʘʥʥʻ ʦʥʦʚʣʝʥʥʷ ʜʘʥʦʛʦ ʩʘʡʪʫ 02.03.2016. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
http://programdownloadfree.com/load/system/program/panda_could_antivirus/56-1-0-177. 

 

 

ʋɼʂ 004.02 

ɼʆ ʇʀʊɸʅʅʗ ʈʆɿɺʀʊʂʋ ʂʈʀʇʊʆɻʈɸʌɯʏʅʀʍ ɸʃɻʆʈʀʊʄɯɺ  

 

ʂ. ɺʝʪʦʰʢʽʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨ. ɯɹï151, 

ʖ.ʄ. ʊʢʘʯ, ʢ.ʧ.ʥ., ʜʦʮʝʥʪ, ʟʘʚ. ʢʘʬ. ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʂʨʠʧʪʦʛʨʘʬʽʷ ʟ'ʷʚʠʣʘʩʷ ʥʝ ʪʘʢ ʜʘʚʥʦ, ʘʣʝ ʚʦʥʘ ʨʦʙʠʪʴ ʩʪʨʽʤʢʠ ʢʨʦʢʠ ʫ ʩʚʦʻʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʚʞʝ ʜʦʩʷʛʣʘ 

ʚʝʣʠʢʠʭ ʚʠʩʦʪ.  

ʂʨʠʧʪʦʛʨʘӢʬ̔  ̫ (ʚʽʜ ʛʨʝʮʴʢʦʛʦ kryptós ð ʧʨʠʭʦʚʘʥʠʡ ʽ gráphein ð ʧʠʩʘʪʠ) ð ʥʘʫʢʘ ʧʨʦ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʮʽʣʽʩʥʦʩʪʽ ʽ ʘʚʪʝʥʪʠʯʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ. ʈʦʟʚʠʥʫʣʘʩʴ ʟ ʧʨʘʢʪʠʯʥʦʾ 

ʧʦʪʨʝʙʠ ʧʝʨʝʜʘʚʘʪʠ ʚʘʞʣʠʚʽ ʚʽʜʦʤʦʩʪʽ ʥʘʡʥʘʜʽʡʥʽʰʠʤ ʯʠʥʦʤ. ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʢʨʠʧʪʦʛʨʘʬʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʘʙʩʪʨʘʢʪʥʦʾ ʘʣʛʝʙʨʠ ʪʘ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ [2]. 

ɺʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ ʢʨʠʧʪʦʛʨʘʬʽʾ ʟʨʦʙʠʣʠ ʨʦʙʦʪʠ ʘʤʝʨʠʢʘʥʩʴʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʂʣʦʜʘ ʐʝʥʥʦʥʘ, 

ʱʦ ʟ'ʷʚʠʣʠʩʷ ʚ ʩʝʨʝʜʠʥʽ XX ʩʪʦʣʽʪʪʷ. ʋ ʮʠʭ ʨʦʙʦʪʘʭ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʦʩʥʦʚʠ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʽʥʬʦʨʤʘʮʽʻʶ. ɹʽʣʴʰ 

ʪʦʛʦ, ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʝʦʨʽʷ ʽʥʬʦʨʤʘʮʽʾ ʷʢ ʥʘʫʢʘ ʥʘʨʦʜʠʣʘʩʷ ʚ 1948 ʨʦʮʽ ʧʽʩʣʷ ʧʫʙʣʽʢʘʮʽʾ ʨʦʙʦʪʠ ʂ. 

ʐʝʥʦʥʘ "ʄʘʪʝʤʘʪʠʯʥʘ ʪʝʦʨʽʷ ʟʚôʷʟʢʫ". ʋ ʩʚʦʾʡ ʨʦʙʦʪʽ "ʊʝʦʨʽʷ ʟʚ'ʷʟʢʫ ʚ ʩʝʢʨʝʪʥʠʭ ʩʠʩʪʝʤʘʭ" ʂʣʦʜ ʐʝʥʥʦʥ 

ʫʟʘʛʘʣʴʥʠʚ ʥʘʢʦʧʠʯʝʥʠʡ ʜʦ ʥʴʦʛʦ ʜʦʩʚʽʜ ʨʦʟʨʦʙʢʠ ʰʠʬʨʽʚ. ɺʠʷʚʠʣʦʩʴ, ʱʦ ʥʘʚʽʪʴ ʚ ʜʫʞʝ ʩʢʣʘʜʥʠʭ ʰʠʬʨʘʭ ʷʢ 

ʪʠʧʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʧʨʦʩʪʽ ʰʠʬʨʠ ʷʢ ʰʠʬʨʠ ʟʘʤʽʥʠ, ʰʠʬʨʠ ʧʝʨʝʩʪʘʥʦʚʢʠ ʘʙʦ ʾʭ 

ʧʦʻʜʥʘʥʥʷ. 

ʊʠʧʦʚʠʤʠ ʧʨʠʢʣʘʜʦʤ ʰʠʬʨʫ ʟʤʽʥʠ ʻ ʰʠʬʨ ʎʝʟʘʨʷ. ʐʠʬʨ ʟʘʤʽʥʠ ʟʜʽʡʩʥʶʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʤʽʥʠ ʙʫʢʚ 

ʘʙʦ ʽʥʰʠʭ "ʯʘʩʪʠʥ" ʚʽʜʢʨʠʪʦʛʦ ʪʝʢʩʪʫ ʥʘ ʘʥʘʣʦʛʽʯʥʽ "ʯʘʩʪʠʥʠ" ʰʠʬʨʦʚʘʥʦʛʦ ʪʝʢʩʪʫ. ʃʝʛʢʦ ʜʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʦʧʠʩ ʰʠʬʨʫ ʟʘʤʽʥʠ. ʅʝʭʘʡ Xʪʘ Y - ʜʚʘ ʘʣʬʘʚʽʪʠ (ʚʽʜʢʨʠʪʦʛʦ ʽ ʰʠʬʨʦʚʘʥʦʛʦ ʪʝʢʩʪʽʚ ʚʽʜʧʦʚʽʜʥʦ), ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʜʥʘʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʩʠʤʚʦʣʽʚ. ʅʝʭʘʡ ʪʘʢʦʞ :g X Y­  - ʚʟʘʻʤʦ-ʦʜʥʦʟʥʘʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ Xʚ 

Y . ʊʦʜʽ ʰʠʬʨ ʟʘʤʽʥʠ ʜʽʻ ʪʘʢ: ʚʽʜʢʨʠʪʠʡ ʪʝʢʩʪ 1 2... nx x x  ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʰʠʬʨʦʚʘʥʠʡ 

ʪʝʢʩʪ 1 2( ) ( )... ( )ng x g x g x .  

ʊʠʧʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʰʠʬʨʫ ʧʝʨʝʩʪʘʥʦʚʢʠ ʻ ʰʠʬʨ "ʉʮʠʪʘʣʘ". ɿʘʟʚʠʯʘʡ ʚʽʜʢʨʠʪʠʡ ʪʝʢʩʪ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 

ʚʽʜʨʽʟʢʠ ʨʽʚʥʦʾ ʜʦʚʞʠʥʠ ʽ ʢʦʞʝʥ ʚʽʜʨʽʟʦʢ ʰʠʬʨʫʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ. ʅʝʭʘʡ, ʥʘʧʨʠʢʣʘʜ, ʜʦʚʞʠʥʘ ʚʽʜʨʽʟʢʽʚ 

ʨʽʚʥʘ nʽ s- ʚʟʘʻʤʦ-ʦʜʥʦʟʥʘʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʥʦʞʠʥʠ { }1,2,...,n  ʚ ʩʝʙʝ. ʊʦʜʽ ʰʠʬʨ ʧʝʨʝʩʪʘʥʦʚʢʠ ʜʽʻ ʪʘʢ: 

ʚʽʜʨʽʟʦʢ ʚʽʜʢʨʠʪʦʛʦ ʪʝʢʩʪʫ 1 2... nx x x ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʫ ʚʽʜʨʽʟʦʢ ʰʠʬʨʦʚʘʥʦʛʦ ʪʝʢʩʪʫ 
{} {}1

...
ns s

c c  .  

ʂ.ʐʝʥʦʥ ʜʦʚʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʠʤ ʪʝʦʨʝʪʠʢʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʰʠʬʨʽʚ, ʽʩʥʫʚʘʥʥʷ ʽ ʻʜʠʥʽʩʪʴ ʘʙʩʦʣʶʪʥʦ ʩʪʽʡʢʦʛʦ ʰʠʬʨʫ. ɭʜʠʥʠʤ ʪʘʢʠʤ ʰʠʬʨʦʤ ʻ ʷʢʘ-ʥʝʙʫʜʴ ʬʦʨʤʘ ʪʘʢ 

ʟʚʘʥʦʾ ʩʪʨʽʯʢʠ ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚ ʷʢʽʡ ʚʽʜʢʨʠʪʠʡ ʪʝʢʩʪ "ʦʙôʻʜʥʫʻʪʴʩʷ" ʟ ʧʦʚʥʽʩʪʶ ʚʠʧʘʜʢʦʚʠʤ 

ʢʣʶʯʝʤ ʪʘʢʦʾ ʞ ʜʦʚʞʠʥʠ. ʊʠʧʦʚʠʤ ʽ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʧʨʠʢʣʘʜʦʤ ʨʝʘʣʽʟʘʮʽʾ ʘʙʩʦʣʶʪʥʦ ʩʪʽʡʢʦʛʦ ʰʠʬʨʫ ʻ 

ʰʠʬʨ ɺʝʨʥʘʤʘ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʧʦʙʽʪʦʚʝ ʜʦʜʘʚʘʥʥʷ n -ʙʽʪʦʚʦʛʦ ʚʽʜʢʨʠʪʦʛʦ ʪʝʢʩʪʫ ʽ n -ʙʽʪʦʚʦʛʦ ʢʣʶʯʘ: 

i i iy x k= Ã , 1,...,i n=  . ʊʫʪ 1 2... nx x x  ʚʽʜʢʨʠʪʠʡ ʪʝʢʩʪ, 1 2... nk k k  ʢʣʶʯ, 1 2... ny y y  ʰʠʬʨʦʚʘʥʠʡ ʪʝʢʩʪ.  

ɼʣʷ ʩʫʯʘʩʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʥʝ ʪʽʣʴʢʠ ʢʣʘʩʠʯʥʽ (ʩʠʤʝʪʨʠʯʥʽ), ʘ ʡ ʘʩʠʤʝʪʨʠʯʥʽ ʰʨʠʬʪʠ.    

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʦʜʥʽʻʾ ʟ ʢʣʘʩʠʬʽʢʘʮʽʡ ʰʠʬʨʽʚ ʩʫʯʘʩʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ (ʜʠʚ. ʨʠʩ.1) [1]. 

ʉʠʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ ï ʩʧʦʩʽʙ ʰʠʬʨʫʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʽ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ ʢʣʶʯ. ɼʦ ʚʠʥʘʭʦʜʫ ʩʭʝʤʠ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʻʜʠʥʠʤ 

ʩ̔ʥʫʶʯʠʤ ʩʧʦʩʦʙʦʤ ʙʫʣʦ ʩʠʤʝʪʨʠʯʥʝ ʰʠʬʨʫʚʘʥʥʷ. ʂʣʶʯ ʘʣʛʦʨʠʪʤʫ ʧʦʚʠʥʝʥ ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʩʝʢʨʝʪʽ ʦʙʦʤʘ 

ʩʪʦʨʦʥʘʤʠ. ɸʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ ʽ ʜʝʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʢʦʤʧôʶʪʝʨʥʽʡ ʪʝʭʥʽʮʽ ʚ 

ʩʠʩʪʝʤʘʭ ʧʨʠʭʦʚʫʚʘʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽ ʢʦʤʝʨʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʥʝ ʢʦʨʝʢʪʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʦʨʦʥʥʽʤʠ 

ʦʩʦʙʘʤʠ. ɻʦʣʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʫ ʥʠʭ ʻ ʫʤʦʚʘ, ʱʦ ʪʘ ʧʨʠʡʤʘʻ ʟʘʟʜʘʣʝʛʽʜʴ ʟʥʘʶʪʴ ʘʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʢʣʶʯ ʜʦ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʙʝʟ ʷʢʠʭ ʽʥʬʦʨʤʘʮʽʷ ʻ ʚʩʴʦʛʦ ʣʠʰʝ ʥʘʙʽʨ ʩʠʤʚʦʣʽʚ, ʱʦ ʥʝ ʤʘʶʪʴ ʩʝʥʩʫ. 

ʉʠʤʝʪʨʠʯʥʽ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʠ ʚʠʢʦʥʫʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʚʝʣʠʢʦʛʦ (1 ʙʽʪ ʘʙʦ 32-128 ʙʽʪ) ʙʣʦʢʫ ʜʘʥʠʭ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʣʶʯʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʧʨʦʯʠʪʘʪʠ ʦʨʠʛʽʥʘʣ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʥʘ ʪʽʣʴʢʠ ʟʥʘʶʯʠ ʮʝʡ ʩʝʢʨʝʪʥʠʡ 

ʢʣʶʯ. 

ɸʩʠʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ ï ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʢʣʶʯʽ ʜʣʷ 

ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ. ɻʦʣʦʚʥʝ ʜʦʩʷʛʥʝʥʥʷ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʚ ʪʦʤʫ , ʱʦ ʚʦʥʦ 

ʜʦʟʚʦʣʷʻ ʣʶʜʷʤ, ʱʦ ʥʝ ʤʘʶʪʴ ʽʩʥʫʶʯʦʾ ʜʦʤʦʚʣʝʥʦʩʪʽ ʧʨʦ ʙʝʟʧʝʢʫ, ʦʙʤʽʥʶʚʘʪʠʩʷ ʩʝʢʨʝʪʥʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʧʨʘʚʥʠʢʦʚʽ ʡ ʦʜʝʨʞʫʚʘʯʝʚʽ ʧʦʛʦʜʞʫʚʘʪʠ ʪʘʻʤʥʠʡ ʢʣʶʯ ʧʦ ʩʧʝʮʽʘʣʴʥʦʤʫ ʟʘʭʠʱʝʥʦʤʫ ʢʘʥʘʣʽ 

ʮʽʣʢʦʤ ʚʽʜʧʘʣʘ. ʇʨʦʮʝʜʫʨʘ ʰʠʬʨʫʚʘʥʥʷ ʦʙʨʘʥʘ ʪʘʢ, ʱʦ ʚʦʥʘ ʥʝʦʙʦʨʦʪʥʘ ʥʘʚʽʪʴ ʧʦ ʚʽʜʦʤʦʤʫ ʢʣʶʯʫ 
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ʰʠʬʨʫʚʘʥʥʷ. ʊʦʙʪʦ, ʟʥʘʶʯʠ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ ʡ ʟʘʰʠʬʨʦʚʘʥʠʡ ʪʝʢʩʪ, ʥʝʤʦʞʣʠʚʦ ʚʽʜʥʦʚʠʪʠ ʚʠʭʽʜʥʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ï ʧʨʦʯʠʪʘʪʠ ʡʦʛʦ ʤʦʞʥʘ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʨʫʛʦʛʦ ʢʣʶʯʘ ï ʢʣʶʯʘ ʜʝʰʠʬʨʫʚʘʥʥʷ. ɸ ʨʘʟ ʪʘʢ, 

ʪʦ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʚʽʜʧʨʘʚʣʝʥʥʷ ʣʠʩʪʽʚ ʷʢʽʡ-ʥʝʙʫʜʴ ʦʩʦʙʽ ʤʦʞʥʘ ʚʟʘʛʘʣʽ ʥʝ ʧʨʠʭʦʚʫʚʘʪʠ ï ʟʥʘʶʯʠ ʡʦʛʦ 

ʦʜʥʘʢʦʚʦ ʥʝʤʦʞʣʠʚʦ ʧʨʦʯʠʪʘʪʠ ʟʘʰʠʬʨʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʊʦʤʫ, ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʚ 

ʘʩʠʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ñʚʽʜʢʨʠʪʠʤ ʢʣʶʯʝʤò, ʘ ʦʪ ʢʣʶʯ ʜʝʰʠʬʨʫʚʘʥʥʷ ʦʜʝʨʞʫʚʘʯʝʚʽ ʧʦʚʽʜʦʤʣʝʥʴ ʥʝʦʙʭʽʜʥʦ 

ʪʨʠʤʘʪʠ ʚ ʩʝʢʨʝʪʽ ï ʚʽʥ ʥʘʟʠʚʘʻʪʴʩʷ ñʟʘʢʨʠʪʠʤ ʢʣʶʯʝʤò. ɸʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ ʡ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʩʪʚʦʨʶʶʪʴʩʷ ʪʘʢ, ʱʦʙ ʟʥʘʶʯʠ ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ, ʥʝʤʦʞʣʠʚʦ ʙʫʣʦ ʦʙʯʠʩʣʠʪʠ ʟʘʢʨʠʪʠʡ ʢʣʶʯ. 

 

ʈʠʩʫʥʦʢ 1 - ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʫʯʘʩʥʠʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʰʠʬʨʽʚ 

ʆʪʞʝ, ʭʦʯʘ ʽ ʢʨʠʧʪʦʛʨʘʬʽʷ ʜʦʩʠʪʴ ʥʦʚʘ ʥʘʫʢʘ, ʘʣʝ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʚʦʥʘ ʥʘʙʫʣʘ ʰʠʨʦʢʦʛʦ 

ʧʦʰʠʨʝʥʥʷ, ʱʦ ʜʘʣʦ ʾʡ ʧʦʪʫʞʥʠʡ ʧʦʰʪʦʚʭ ʜʦ ʨʦʟʚʠʪʢʫ. ɺʨʘʭʦʚʫʶʯʠ ʪʘʢʫ ʪʝʥʜʝʥʮʽʶ, ʤʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʽ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʚʦʥʘ ʙʫʜʝ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʪʠʩʴ ʡ ʨʦʟʛʘʣʫʞʫʚʘʪʠʩʴ.  
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ɿʘʛʘʣʴʥʽ ʚʠʟʥʘʯʝʥʥʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://dehtyarov09.wordpress.com/2014/03/16/ʢʨʠʧʪʦʛʨʘʬʽʷ-
ʟʘʛʘʣʴʥʽ-ʚʠʟʥʘʯʝʥʥʷ-ʢʣ-2/  

2. ʂʨʠʧʪʦʛʨʘʬʽʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://uk.wikipedia.org/wiki/ʂʨʠʧʪʦʛʨʘʬʽʷ 

 
 

ʋɼʂ.004.4.056  
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ʂ.ʆ. ɻʨʠʛʦʨôʻʚʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ɯɹ ï 151, 

ɺ.ɯ. ɻʫʨôʻʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  

ʢʘʬʝʜʨʘ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʦʙʣʝʤʘ ʙʦʨʦʪʴʙʠ ʟ  ʢʦʤʧôʶʪʝʨʥʠʤʠ ʚʽʨʫʩʘʤʠ ʧʦʩʽʜʘʻ ʭʽʙʘ ʱʦ ʥʝ ʧʝʨʰʝ ʤʽʩʮʝ ʫ 

ʩʚʽʪʽ. ʂʦʤʧ'ʶʪʝʨʥʽ ʚʽʨʫʩʠ ʨʦʟʤʥʦʞʫʶʪʴʩʷ ʚ ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ. ɿʘ ʦʮʽʥʢʘʤʠ ʬʘʭʽʚʮʽʚ, ʟ 2010 ʧʦ 2014 ʨʽʢ 
ʢʽʣʴʢʽʩʪʴ ʥʦʚʠʭ ʚʠʷʚʣʝʥʠʭ ʚʠʜʽʚ ʟʙʽʣʴʰʠʣʘʩʷ ʤʘʡʞʝ ʚ 40 ʨʘʟʽʚ ʽ ʧʝʨʝʚʠʱʠʣʘ 10 ʪʠʩʷʯ ʥʘʡʤʝʥʫʚʘʥʴ. ɺʩʴʦʛʦ ʫ 

ʩʚʽʪʽ ʮʠʨʢʫʣʶʻ ʙʽʣʴʰʝ ʩʝʤʠ ʤʽʣʴʡʦʥʽʚ ʨʽʟʥʦʚʠʜʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʾ çʟʘʨʘʟʠè [1]. 

ʉʧʠʩʦʢ ʥʦʚʠʭ ʚʽʨʫʩʽʚ ʥʝʩʢʽʥʯʝʥʠʡ, ʢʽʙʝʨʪʝʨʦʨʠʩʪʠ ʥʝ ʟʫʧʠʥʷʶʪʴʩʷ ʪʘ ʜʠʢʪʫʶʪʴ ʣʶʜʷʤ ʩʚʦʾ çʧʨʘʚʠʣʘ 

ʛʨʠè, ʩʪʚʦʨʶʶʯʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʪʘ ʤʝʥʰ ʨʦʟʧʽʟʥʘʥʽ ʚʽʨʫʩʠ. 

ʊʘʢ ʫ 2014 ʨʦʮʽ ʨʦʟʨʦʙʥʠʢ ʘʥʪʠʚʽʨʫʩʫ Symantec ʚʠʷʚʠʚ ʰʧʠʛʫʥʩʴʢʠʡ ʢʦʤʧôʶʪʝʨʥʠʡ ʚʽʨʫʩ Regin [2]. ʎʝʡ 

ʚʽʨʫʩ ʟʜʘʪʥʠʡ ʨʦʙʠʪʠ ʩʢʨʽʥʰʦʪʠ ʩʪʦʨʽʥʦʢ ʽ ʚʽʜʥʦʚʣʶʚʘʪʠ ʚʠʜʘʣʝʥʽ ʬʘʡʣʠ. ɿʘ ʩʣʦʚʘʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘ Symantec 

ʆʨʣʠ ʂʦʢʩ, ʨʦʙʦʪʘ ʥʘʜ ʚʽʨʫʩʦʤ, ʡʤʦʚʽʨʥʦ, ʚʝʣʘʩʷ ʢʽʣʴʢʘ ʤʽʩʷʮʽʚ ʘʙʦ ʨʦʢʽʚ. ɼʣʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʚʽʨʫʩ ʧʦʯʘʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʧʽʟʥʽʰʝ 2008 ʨʦʢʫ. ɺʩʴʦʛʦ ʚʽʨʫʩ ʙʫʚ ʧʦʰʠʨʝʥʠʡ ʚ ʜʝʩʷʪʠ ʢʨʘʾʥʘʭ: ʈʦʩʽʷ - 28% ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʢʽʙʝʨʘʪʘʢ; ʉʘʫʜʽʚʩʴʢʘ ɸʨʘʚʽʷ - 24%; ɯʨʣʘʥʜʽʷ - 9%; ʄʝʢʩʠʢʘ - 9%; ɯʥʜʽʷ - 5%; ɸʬʛʘʥʽʩʪʘʥ - 

5%; ɯʨʘʥ - 5%; ɹʝʣʴʛʽʷ - 5%; ɸʚʩʪʨʽʷ - 5%; ʇʘʢʠʩʪʘʥ - 5%. [3]. 

https://dehtyarov09.wordpress.com/2014/03/16/криптографія-загальні-визначення-кл-2/
https://dehtyarov09.wordpress.com/2014/03/16/криптографія-загальні-визначення-кл-2/
https://uk.wikipedia.org/wiki/Криптографія


102 
 

ɼʽʷ Regin ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʤʝʨʝʞʫ ʚʽʨʫʩ ʟʣʘʤʫʚʘʚ ʝʣʝʢʪʨʦʥʥʫ ʧʦʰʪʫ ʽ ʚʠʢʨʘʜʘʚ 

ʜʘʥʽ ʪʝʣʝʬʦʥʥʠʭ ʨʦʟʤʦʚ ʧʦ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ. ʊʘʢʦʞ ʟ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʛʣʠ ʨʦʙʠʪʠ 

ʩʢʨʽʥʰʦʪʠ ʟʘʨʘʞʝʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ, ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʧʘʨʦʣʽʚ ʽ ʚʽʜʥʦʚʣʶʚʘʪʠ ʚʠʜʘʣʝʥʽ ʬʘʡʣʠ. ʌʘʭʽʚʮʽ 

ʚʚʘʞʘʶʪʴ, ʱʦ ʦʜʠʥ ʟ ʥʘʡʜʦʩʢʦʥʘʣʽʰʠʭ ʟ ʢʦʣʠ-ʥʝʙʫʜʴ ʙʘʯʝʥʠʭ ʝʢʟʝʤʧʣʷʨʽʚ ʰʢʽʜʣʠʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʛ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʚ ʜʝʨʞʘʚʥʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ. ʈʦʟʨʦʙʥʠʢʠ ʘʥʪʠʚʽʨʫʩʘ Norton ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ 

ʚʽʨʫʩ Regin ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʱʦʥʘʡʤʝʥʰʝ ʧʨʦʪʷʛʦʤ ʰʝʩʪʠ ʨʦʢʽʚ ʜʣʷ ʰʧʠʛʫʥʩʪʚʘ ʧʨʦʪʠ ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, 

ʙʽʟʥʝʩ-ʩʪʨʫʢʪʫʨ ʽ ʧʨʠʚʘʪʥʠʭ ʦʩʽʙ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. 

ʂʦʤʧʘʥʽʷ ESET ʦʧʫʙʣʽʢʫʚʘʣʘ ʟʚʽʪ, ʧʨʠʩʚʷʯʝʥʠʡ ʪʨʦʷʥʘʤ-ʟʜʠʨʥʠʢʘʤ ʜʣʷ ʤʦʙʽʣʴʥʦʾ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

Android. ʂʦʥʬʝʨʝʥʮʽʷ ʱʦʜʦ ʟʚʽʪʫ ʧʨʦʭʦʜʠʣʘ ʚ ɹʘʨʩʝʣʦʥʽ ʚʠʩʪʘʚʢʠ Mobile World Congress 2016 [4]. 

ʇʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 2015 ʨʦʢʫ ʱʦʤʽʩʷʮʷ ʚʠʷʚʣʷʣʦʩʷ ʙʣʠʟʴʢʦ ʜʚʦʭʩʦʪ ʥʦʚʠʭ ʟʨʘʟʢʽʚ. ʅʘʡʙʽʣʴʰʝ ʩʝʨʝʜ ʥʠʭ 

ʧʝʨʝʚʘʞʘʣʠ ʪʨʦʷʥʩʴʢʽ ʧʨʦʛʨʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʨʦʛʨʘʤʠ-ʚʠʤʘʛʘʯʽ. ʊʘʢ ʱʝ ʚ 2013 ʨʦʮʽ ʚʠʷʚʠʣʠ ʧʝʨʰʫ 

ʬʘʣʴʰʠʚʫ ʘʥʪʠʚʽʨʫʩʥʫ ʧʨʦʛʨʘʤʫ, ʱʦ ʙʣʦʢʫʚʘʣʘ ʝʢʨʘʥ ʟʘʨʘʞʝʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʏʝʨʝʟ ʨʽʢ ʙʫʚ ʚʠʷʚʣʝʥʠʡ 

ʰʠʬʨʘʪʦʨ Simplocker, ʘ ʚ 2015 ʨʦʮʽ ʟ'ʷʚʠʣʘʩʷ ʧʨʦʛʨʘʤʘ-ʚʠʤʘʛʘʯ Lockerpin, ʷʢʘ ʟʤʽʥʶʻ PIN-ʢʦʜ ʥʘ ʧʣʘʥʰʝʪʘʭ ʽ 

ʪʝʣʝʬʦʥʘʭ. ɿʘ ʜʘʥʠʤʠ ʩʪʘʪʠʩʪʠʢʠ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʫ ESET LiveGrid, 72% ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʽʜʜʘʣʠʩʷ ʟʘʨʘʞʝʥʥʶ 

Lockerpin, ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʉʐɸ, ʱʦ ʚʽʜʨʽʟʥʷʻ ʡʦʛʦ ʚʽʜ ʽʥʰʠʭ ʘʥʘʣʦʛʽʯʥʠʭ ʟʘʛʨʦʟ ʜʣʷ Android ʧʨʦʛʨʘʤ, 

ʥʘʡʙʽʣʴʰʝ ʥʘʮʽʣʝʥʠʭ ʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʋʢʨʘʾʥʠ ʪʘ ʈʦʩʽʾ. 

ʑʦʙ ʥʝ ʟʘʟʥʘʪʠ ʟʘʨʘʞʝʥʥʷ ʪʨʦʷʥʽʚ-ʚʠʤʘʛʘʯʽʚ ʽ ʽʥʰʠʭ ʰʢʽʜʣʠʚʠʭ ʧʨʦʛʨʘʤ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʜʦʜʘʪʢʠ ʚʠʢʣʶʯʥʦ ʟ ʦʬʽʮʽʡʥʦʛʦ ʤʘʛʘʟʠʥʫ Google Play, ʧʦʧʝʨʝʜʥʴʦ ʚʠʚʯʠʚʰʠ ʚʽʜʛʫʢʠ ʽʥʰʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʘʥʪʠʚʽʨʫʩʥʽ ʨʽʰʝʥʥʷ [4]. 

ɼʚʘʜʮʷʪʴ ʚʦʩʴʤʦʛʦ ʙʝʨʝʟʥʷ 2016 ʨʦʢʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʱʝ ʦʜʠʥ ʚʽʨʫʩ, ʷʢʠʡ ʰʠʬʨʫʻ ʚʝʩʴ ʜʠʩʢ ʫ 

ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ, ʘ ʧʦʪʽʤ ʚʠʤʘʛʘʻ ʛʨʦʰʽ ʟʘ ʢʣʶʯ, ʟ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʣʘʩʥʠʢ ʟʤʦʞʝ ʧʦʚʝʨʥʫʪʠ 

ʜʦʩʪʫʧ ʜʦ ʩʚʦʾʭ ʜʘʥʠʭ ʥʘʟʘʜ. ʎʝʡ ʥʦʚʠʡ ʚʽʨʫʩ ʥʘʟʠʚʘʻʪʴʩʷ Petya (çʇʝʪʷè) [5]. ɺʽʥ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʽʨʫʩʽʚ ï 

ʚʠʤʘʛʘʯʽʚ, ʷʢʠʡ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʢʦʤʝʨʮʽʡʥʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʠʡ ʚ ʢʨʘʾʥʘʭ, ʜʝ ʨʦʟʤʦʚʣʷʶʪʴ 

ʥʽʤʝʮʴʢʦʶ ʤʦʚʦʶ. 

ʇʦʪʨʘʧʣʷʻ ʚʽʨʫʩ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʩʧʽʚʨʦʙʽʪʥʠʢʘ ʢʦʤʧʘʥʽʾ ʯʝʨʝʟ ʧʦʩʠʣʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ 

ʣʠʩʪʽ. ʇʦʩʠʣʘʥʥʷ ʚʝʜʝ ʥʘ EXE-ʬʘʡʣ ʚ çʭʤʘʨʽè Dropbox, ʟʘʤʘʩʢʦʚʘʥʠʡ ʧʽʜ ʨʝʟʶʤʝ. ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʢʦʨʠʩʪʫʚʘʯ 

ʟʘʧʫʩʢʘʻ ʬʘʡʣ, ʥʘ ʢʦʤʧôʶʪʝʨʽ ʚʠʥʠʢʘʻ ʟʙʽʡ. ʇʽʩʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʚʽʜʨʘʟʫ ʞ 
ʟʘʧʫʩʢʘʻʪʴʩʷ ʥʽʙʠʪʦ ʫʪʠʣʽʪʘ CHKDSK, ʷʢʘ ʧʝʨʝʚʽʨʷʻ ʧʦʤʠʣʢʠ ʥʘ ʜʠʩʢʫ. ʂʦʨʠʩʪʫʚʘʯ ʙʘʯʠʪʴ ʧʦʧʝʨʝʜʞʝʥʥʷ, ʱʦ 
ʧʨʦʮʝʩ ʧʝʨʝʚʽʨʢʠ ʤʦʞʝ ʟʘʡʥʷʪʠ ʢʽʣʴʢʘ ʛʦʜʠʥ, ʽ ʚ ʮʝʡ ʯʘʩ ʚʽʥ ʥʽ ʚ ʷʢʦʤʫ ʨʘʟʽ ʥʝ ʧʦʚʠʥʝʥ ʚʠʤʠʢʘʪʠ ʢʦʤʧ'ʶʪʝʨ, 

ʽʥʘʢʰʝ ʚʩʽ ʜʘʥʽ ʙʫʜʫʪʴ ʟʥʠʱʝʥʽ. ʅʘʩʧʨʘʚʜʽ ʱʝ ʧʝʨʝʜ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʢʦʤʧôʶʪʝʨʘ ʚʽʨʫʩ ʤʦʜʠʬʽʢʫʻ 

ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʩʝʢʪʦʨ ʜʠʩʢʘ Master Boot Record, ʱʦʙ ʚ ʧʦʜʘʣʴʰʦʤʫ ʢʝʨʫʚʘʪʠ ʧʨʦʮʝʩʦʨʦʤ ʟʘʚʘʥʪʘʞʝʥʥʷ. 

ʂʦʣʠ  ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʙʫʣʦʩʷ ʟʘʧʫʩʢʘʻʪʴʩʷ ʚʽʨʫʩ. ɺʽʥ ʧʦʯʠʥʘʻ ʰʠʬʨʫʚʘʪʠ ʚʩʽ ʜʘʥʽ ʥʘ ʥʘʢʦʧʠʯʫʚʘʯʽ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʫ ʬʦʥ ʟʘʙʘʨʚʣʶʻʪʴʩʷ ʚ ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ ʪʘ ʟôʷʚʣʷʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ 

ʯʝʨʝʧʘ. ɺʞʝ ʪʦʜʽ ʢʦʨʠʩʪʫʚʘʯʫ ʧʦʚʽʜʦʤʣʷʶʪʴ, ʱʦ ʚʽʥ ʩʪʘʚ ʞʝʨʪʚʦʶ ʚʽʨʫʩʫ ʪʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʘʥʽ 

ʥʘʟʘʜ, ʡʦʤʫ ʧʦʪʨʽʙʥʦ ʟʘʚʘʥʪʘʞʠʪʠ Tor Browser, ʧʝʨʝʡʪʠ ʧʦ ʟʘʜʘʥʽʡ ʧʦʩʠʣʘʥʥʷʤ ʽ ʦʧʣʘʪʠʪʠ ʢʣʶʯ ʜʣʷ 

ʜʝʰʠʬʨʫʚʘʥʥʷ. ʗʢʱʦ ʞ ʢʦʨʠʩʪʫʚʘʯ ʧʨʦʽʛʥʦʨʫʻ ʮʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘ ʧʨʦʪʷʟʽ ʩʝʤʠ ʜʥʽʚ, ʪʦ ʩʫʤʘ ʜʦ ʩʧʣʘʪʠ ʙʫʜʝ 

ʧʦʜʚʦʻʥʘ. 

ʊʘ ʦʢʨʽʤ ʚʽʨʫʩʽʚ ï ʚʠʤʘʛʘʯʽʚ, ʽʩʥʫʶʪʴ ʥʘʚʽʪʴ çʩʤʝʨʪʝʣʴʥʽ ʚʽʨʫʩʠè. ʅʝʤʦʞʣʠʚʦ ʥʝ ʟʛʘʜʘʪʠ ʧʨʦ ʪʘʢ ʟʚʘʥʠʡ 

ʚʽʨʫʩ ç666è [6]. 

ʇʨʠʚʝʨʪʘʻ  ʫʚʘʛʫ ʚʠʧʘʜʦʢ, ʱʦ ʩʪʘʚʩʷ ʚ ʉʐɸ. ɺʽʨʫʩ, ʧʨʠʜʫʤʘʥʠʡ ʞʘʨʪʦʤʘ ʦʜʥʠʤ ʬʘʭʽʚʮʝʤ ʽ ʚʙʫʜʦʚʘʥʠʡ 

ʚ ʘʥʪʠʚʽʨʫʩʥʫ ʧʨʦʛʨʘʤʫ, çʛʫʣʷʚè ʧʦ ʝʣʝʢʪʨʦʥʥʠʭ ʤʝʨʝʞʘʭ ʪʘ ʧʦʪʨʘʧʠʚ ʚ ʢʦʤʧ'ʶʪʝʨʠ ʜʚʦʭ ʤʝʜʠʯʥʠʭ ʫʩʪʘʥʦʚ. 

ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʦʾʚ ʚ ʨʦʙʦʪʽ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʠʪʠʥʽ ʙʫʚ ʧʦʩʪʘʚʣʝʥʠʡ ʥʝʚʽʨʥʠʡ 

ʜʽʘʛʥʦʟ, ʮʝ ʽ ʩʪʘʣʦ ʧʨʠʯʠʥʦʶ ʡʦʛʦ ʩʤʝʨʪʽ. ʋ ʌʨʘʥʮʽʾ ʦʧʝʨʘʪʦʨ ʧʦʤʝʨ ʚʽʜ ʢʨʦʚʦʚʠʣʠʚʫ ʚ ʤʦʟʦʢ ʧʝʨʝʜ ʝʢʨʘʥʦʤ 

ʤʦʥʽʪʦʨʘ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʩʣʽʜʫʚʘʥʥʷ, ʷʢʝ ʚʩʪʘʥʦʚʠʣʦ, ʱʦ ʚ ʩʤʝʨʪʽ ʣʶʜʠʥʠ ʚʠʥʝʥ ʚʽʨʫʩ ç666è. ʈʦʙʦʪʘ ʮʴʦʛʦ 

ʚʽʨʫʩʫ ʪʘʢʘ: ʥʘ ʝʢʨʘʥʽ ʢʦʤʧôʶʪʝʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʢʘʜʨʽʚ ʟ ʯʘʩʪʦʪʦʶ 24 ʢʘʜʨʽʚ ʟʘ ʩʝʢʫʥʜʫ. 

ʌʘʭʽʚʮʽ ʚʚʘʞʘʶʪʴ, ʱʦ ʚʽʨʫʩ ç666è 25-ʤ ʢʘʜʨʦʤ ʚʠʜʘʻ ʥʘ ʝʢʨʘʥ ʦʩʦʙʣʠʚʫ ʢʦʤʙʽʥʘʮʽʶ ʢʦʣʴʦʨʽʚ, ʷʢʘ 

ʟʜʘʪʥʘ ʧʨʠʚʝʩʪʠ ʜʦ ʟʤʽʥʠ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʬʫʥʢʮʽʡ ʩʧʦʩʪʝʨʽʛʘʯʘ. ʊʘʢ, ʩʝʨʮʝʚʘ ʜʽʷʣʴʥʽʩʪʴ ʧʦʨʫʰʫʻʪʴʩʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ʧʽʜʩʚʽʜʦʤʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʤʽʥʣʠʚʠʭ ʚʽʟʝʨʫʥʢʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦ ʨʽʟʢʠʭ ʩʪʨʠʙʢʽʚ 

ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʫʜʠʥʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʷʢʽ, ʚ 

ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ, ʥʝ ʚʠʪʨʠʤʫʶʪʴ. 

ʎʝ ʙʫʚ ʣʠʰʝ ʢʦʨʦʪʢʠʡ ʘʥʘʣʽʟ  ʪʦʛʦ, ʷʢʽ ʥʦʚʽ ʚʽʨʫʩʠ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʪʘ ʷʢ ʚʦʥʠ ʧʨʘʮʶʶʪʴ. ʑʦʜʦ 

ʢʦʥʢʨʝʪʥʦʾ ʩʠʪʫʘʮʽʾ, ʷʢʘ ʩʢʣʘʣʘʩʷ ʚ ʋʢʨʘʾʥʽ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʪʦ ʤʠ ʧʦʩʽʜʘʻʤʦ ʧ'ʷʪʝ ʤʽʩʮʝ ʩʚʽʪʦʚʠʭ ʣʽʜʝʨʽʚ ʟ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʚʽʨʫʩʽʚ ʪʘ ʪʨʝʪʻ ʤʽʩʮʝ ʟʘ ʢʽʣʴʢʽʩʪʶ ʟʘʨʘʞʝʥʠʭ ʩʤʘʨʪʬʦʥʽʚ. ʅʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ 

ʟʘʨʘʞʝʥʥʷ ʚʠʷʚʣʝʥʦ ʚ ɿʘʢʘʨʧʘʪʩɹ ʢʽʡ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʽʡ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʪʘ ʂʠʾʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ (ʩʪʘʥʦʚʠʪʴ 

ʙʽʣʴʰʝ 40% ʟʘʨʘʞʝʥʴ) [7].  

ɺ ʢʽʥʮʽ 2015 ʨʦʢʫ, ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʘʪʘʢʘ ʥʘ ʫʢʨʘʾʥʩʴʢʽ ʦʙʣʝʥʝʨʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʢʽʜʣʠʚʦʛʦ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʘʭʦʚʘʥʦʛʦ ʚ ʜʦʢʫʤʝʥʪʘʭ Microsoft Office. ɿ ʧʦʰʪʦʚʦʛʦ ʩʝʨʚʝʨʘ ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ 
ʥʘʜʩʠʣʘʣʦʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʜʝ ʚʽʨʫʩ ʙʫʚ ʟʘʭʦʚʘʥʠʡ ʫ ʚʢʣʘʜʝʥʦʤʫ Excel-ʬʘʡʣʽ. ɺʽʜʢʨʠʚʰʠ ʣʠʩʪ ʪʘ ʟʘʧʫʩʪʠʚʰʠ 

ʜʦʢʫʤʝʥʪ ʟ ʤʘʢʨʦʩʦʤ, ʢʦʤʧ'ʶʪʝʨ ʟʘʨʘʞʘʚʩʷ. ʋ ʚʠʧʘʜʢʫ ʟ ʫʢʨʘʾʥʩʴʢʠʤʠ ʦʙʣʝʥʝʨʛʦ, ʚ ʜʦʢʫʤʝʥʪʘʭ ʙʫʚ ʟʘʭʦʚʘʥʠʡ 

"ʪʨʦʷʥ" BlackEnergy, ʷʢʠʡ ʟʘʨʘʟʠʚ ʩʠʩʪʝʤʫ ʽʥʰʠʤ "ʪʨʦʷʥʦʤ" Win32 / KillDisk. ʂʨʽʤ ʪʦʛʦ, ʱʦʙ ʮʷ ʧʨʦʛʨʘʤʘ 

ʙʫʣʘ ʟʜʘʪʥʘ "ʚʙʠʚʘʪʠ" ʬʘʡʣʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʾʾ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʫʚʘʣʠ ʜʣʷ 

ʘʪʘʢʠ ʥʘ ʝʥʝʨʛʦʢʦʤʧʘʥʽʾ [8]. 
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ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʋʢʨʘʾʥʘ ʱʝ ʥʝ ʤʘʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦʾ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʪʘ ʪʝʭʥʽʯʥʦʾ ʦʙʦʨʦʥʠ, ʷʢʘ ʤʦʛʣʘ ʙ 

ʟʘʭʠʩʪʠʪʠ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʭʘʢʝʨʩʴʢʠʭ ʥʘʧʘʜʽʚ, ʘʣʝ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʚʣʘʜʘ ʚʞʝ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʷʢʽ 

ʜʦʧʦʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠ ʛʘʨʘʥʪʫʶʯʫ ʙʝʟʧʝʢʫ ʢʨʘʾʥʽ. ʇʨʝʟʠʜʝʥʪ ʇʝʪʨʦ ʇʦʨʦʰʝʥʢʦ ʧʽʜʧʠʩʘʚ ʫʢʘʟ, ʷʢʠʤ ʚʚʽʚ ʚ ʜʽʶ 

ʨʽʰʝʥʥʷ ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ ʚʽʜ 27 ʩʽʯʥʷ 2016 ʨʦʢʫ çʇʨʦ ʉʪʨʘʪʝʛʽʶ ʢʽʙʝʨʙʝʟʧʝʢʠ 

ʋʢʨʘʾʥʠè. ʆʩʥʦʚʫ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʽʙʝʨʙʝʟʧʝʢʠ ʩʢʣʘʜʫʪʴ ʄʽʥʦʙʦʨʦʥʠ, ɼʝʨʞʩʧʝʮʟʚ'ʷʟʢʫ, ʉɹʋ, 

ʅʘʮʽʦʥʘʣʴʥʘ ʧʦʣʽʮʽʷ ʋʢʨʘʾʥʠ, ʅɹʋ ʪʘ ʨʦʟʚʽʜʫʚʘʣʴʥʽ ʦʨʛʘʥʠ [9]. ʊʘʢʦʞ ʈʘʜʘ ʚʠʨʽʰʠʣʘ ʩʪʚʦʨʠʪʠ ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʡ ʮʝʥʪʨ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʷʢʠʡ ʙʫʜʝ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʈʅɹʆ. ʉʪʨʘʪʝʛʽʷ ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʧʣʝʢʩ 

ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ: ʩʪʚʦʨʝʥʥʷ ʪʘ ʦʧʝʨʘʪʠʚʥʫ ʘʜʘʧʪʘʮʽʶ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ, 

ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʨʦʟʚʠʪʦʢ ʢʽʙʝʨʧʨʦʩʪʦʨʫ ʽ ʜʦʩʷʛʥʝʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ɭʉ ʽ ʅɸʊʆ; 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʬʝʨʽ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ; ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʽʟ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʢʽʙʝʨʟʘʭʠʩʪʫ; ʟʘʣʫʯʝʥʥʷ ʝʢʩʧʝʨʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ, ʧʨʦʬʝʩʽʡʥʠʭ ʽ ʛʨʦʤʘʜʩʴʢʠʭ 

ʦʙ'ʻʜʥʘʥʴ ʜʦ ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʽʚ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʫ ʮʽʡ ʩʬʝʨʽ; ʧʽʜʚʠʱʝʥʥʷ ʮʠʬʨʦʚʦʾ ʛʨʘʤʦʪʥʦʩʪʽ 

ʛʨʦʤʘʜʷʥ ʪʘ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʧʦʚʝʜʽʥʢʠ ʚ ʢʽʙʝʨʧʨʦʩʪʦʨʽ; ʨʦʟʚʠʪʦʢ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʘ 

ʧʽʜʪʨʠʤʢʫ ʤʽʞʥʘʨʦʜʥʠʭ ʽʥʽʮʽʘʪʠʚ ʫ ʩʬʝʨʽ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʦʛʣʠʙʣʝʥʥʷ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʋʢʨʘʾʥʠ ʟ 

ɭʉ ʪʘ ʅɸʊʆ. 
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ʋɼʂ 316.77, 316.4 

ʂɯɹɽʈɹɽɿʇɽʂɸ. ɿɸʍʀʉʊ ʄɸʈʂɽʊʀʅɻʆɺʆɰ ɯʅʌʆʈʄɸʎɯɰ 

 

ɸ.ɸ. ʃʫʮʴʢʘ, ʩʪʫʜʝʥʪʢʘ ʛʨ. ʄʈ-141, 

ɼ.ɹ. ʄʝʭʝʜ, ʢ.ʧ.ʥ, ʜʦʮ., ʢʘʬʝʜʨʘ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʩʫʯʘʩʥʦʤʫ ʝʢʦʥʦʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʝʣʠʢʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʟʥʘʯʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʫ ʜʽʷʣʴʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʦʶ ʜʽʷʣʴʥʽʩʪʶ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʦʙʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʗʢʽʩʪʴ ʮʠʭ ʨʽʰʝʥʴ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʧʦʚʥʘ ʪʘ ʩʚʦʻʯʘʩʥʘ ʤʘʨʢʝʪʠʥʛʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʻ ʮʽʥʥʠʤ ʨʠʥʢʦʚʠʤ ʧʨʦʜʫʢʪʦʤ [5]. ʉʘʤʝ ʪʦʤʫ, 

ʦʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʫʧʨʘʚʣʽʥʥʽ ʤʘʨʢʝʪʠʥʛʦʤ, ʻ ʾʾ ʧʦʚʥʦʪʘ, 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʘʢʪʫʘʣʴʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʾʾ ʟʙʠʨʘʥʥʷ.  

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʦʚʥʽʰʥʻ ʪʘ ʚʥʫʪʨʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ʄʘʨʢʝʪʠʥʛʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ð ʩʫʢʫʧʥʽʩʪʴ ʜʘʥʠʭ, ʧʦʚʽʜʦʤʣʝʥʴ, ʚʽʜʦʤʦʩʪʝʡ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʘʨʢʝʪʠʥʛʦʚʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʦʙ'ʻʢʪʠ, ʷʚʠʱʘ, ʧʨʦʮʝʩʠ, ʟʚ'ʷʟʢʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʟʙʠʨʘʪʠ, ʧʝʨʝʜʘʚʘʪʠ, ʥʘʢʦʧʠʯʫʚʘʪʠ ʪʘ ʦʙʨʦʙʣʷʪʠ 

ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ [6].  

ʉʧʝʮʠʬʽʢʘ (ʦʩʦʙʣʠʚʦʩʪʽ) ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ: 

- ʦʙʩʷʛ ʥʝʦʙʭʽʜʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʻ ʟʥʘʯʥʠʤ, ʩʘʤʝ ʪʦʤʫ ʧʦʪʨʽʙʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʜʘʥʠʭ ʪʘ ʟʙʠʨʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ; 

- ʮʠʢʣʠ ʦʜʝʨʞʘʥʥʷ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʘʛʘʪʦʨʘʟʦʚʦ ʧʦʚʪʦʨʶʶʪʴʩʷ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ, ʩʘʤʝ ʪʦʤʫ 

ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʘ ʤʘʨʢʝʪʠʥʛʦʚʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ; 

- ʜʞʝʨʝʣʘ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʪʘ ʥʝ ʟʘʚʞʜʠ ʜʦʩʪʫʧʥʠʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʨʦʙʦʪʫ 

ʧʦ ʾʾ ʟʙʠʨʘʥʥʶ; 

- ʧʠʪʦʤʘ ʚʘʛʘ ʷʢʽʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʟʥʘʯʥʦʶ, ʚʦʥʘ ʩʣʘʙʢʦ ʩʪʨʫʢʪʫʨʦʚʘʥʘ, ʱʦ ʩʪʚʦʨʶʻ ʪʨʫʜʥʦʱʽ ʾʾ 

ʟʙʠʨʘʥʥʷ, ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ. 

ɻʦʚʦʨʷʯʠ ʧʨʦ ʚʠʜʠ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʾʾ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʧʝʚʥʠʤʠ ʦʟʥʘʢʘʤʠ. 

ɿʘ ʩʪʘʙʽʣʴʥʽʩʪʶ ʽʥʬʦʨʤʘʮʽʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʫ, ʫʤʦʚʥʦ-ʧʦʩʪʽʡʥʫ ʪʘ ʟʤʽʥʥʫ. ʇʦʩʪʽʡʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʟʙʝʨʽʛʘʻ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʙʝʟ ʟʤʽʥ; ʢʽʣʴʢʽʩʪʴ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʦʙʤʝʞʝʥʘ. ɿʥʘʯʥʘ ʯʘʩʪʢʘ 

https://ru.wikipedia.org/wiki/Regin_(вирус)
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ʽʥʬʦʨʤʘʮʽʾ ʻ ʫʤʦʚʥʦ-ʧʦʩʪʽʡʥʦʶ, ʱʦ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ ʙʘʛʘʪʦʨʘʟʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʦʜʥʠʤ ʯʠ ʢʽʣʴʢʦʤʘ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʧʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯ. ɿʤʽʥʥʘ ʽʥʬʦʨʤʘʮʽʷ ð ʮʝ ʽʥʬʦʨʤʘʮʽʷ 

ʬʘʢʪʠʯʥʘ, ʦʙʣʽʢʦʚʘ, ʱʦ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʷʢʽʩʥʠʭ ʽ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʘʭ. 

ɿʘ ʤʽʩʮʝʤ ʫʪʚʦʨʝʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʘ ʟʦʚʥʽʰʥʶ. ɺʥʫʪʨʽʰʥʷ 

ʽʥʬʦʨʤʘʮʽʷ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʜʘʥʠʭ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʩʘʤʦʤʫ ʦʙ'ʻʢʪʽ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʡʦʛʦ ʜʽʷʣʴʥʽʩʪʴ. 

ɿʦʚʥʽʰʥʷ ʽʥʬʦʨʤʘʮʽʷ ï  ʮʝ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʨʠʥʢʫ, ʧʦʧʠʪ ʥʘ ʧʨʦʜʫʢʮʽʶ, ʧʨʦ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʢʦʥʢʫʨʝʥʪʽʚ, 

ʜʝʨʞʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʨʠʥʢʦʚʠʭ ʚʽʜʥʦʩʠʥ.  

ɿʘ ʩʪʘʜʽʷʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʻ ʚʭʽʜʥʘ ʪʘ ʚʠʭʽʜʥʘ. ɺʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ï ʮʝ ʜʘʥʽ ʧʨʦ 

ʬʘʢʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʦʚʘʨʽʚ ʪʘ ʾʭ ʧʨʦʜʘʞ, ʜʘʥʽ ʘʥʢʝʪʥʠʭ ʦʧʠʪʫʚʘʥʴ ʽ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʪʦʚʘʨʽʚ. ɺʠʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ï ʮʝ ʨʝʟʫʣʴʪʘʪ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʦʙ'ʻʢʪʘ. 

ɺʦʥʘ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ (ʧʨʦʤʽʞʥʽ ʯʠ ʢʽʥʮʝʚʽ) ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ. 

ɿʘ ʥʘʩʠʯʝʥʽʩʪʶ ʤʘʨʢʝʪʠʥʛʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʚʘʻ ʜʦʩʪʘʪʥʷ, ʥʝʜʦʩʪʘʪʥʷ, ʥʘʜʤʽʨʥʘ.ɼʦʩʪʘʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʜʦ-

ʩʠʪʴ ʢʦʥʢʨʝʪʥʘ ʟʘ ʟʤʽʩʪʦʤ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʫʩʽ ʬʘʢʪʦʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʠʪʫʘʮʽʶ, ʽ ʜʦʩʪʘʪʥʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʨʽʰʝʥʴ. ʅʝʜʦʩʪʘʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʥʝ ʤʽʩʪʠʪʴ ʫʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʝʤʦʞʣʠʚʦʩʪʽ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʘʙʦ ʜʦ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʚʽʨʦʛʽʜʥʦʩʪʽ. ʅʘʜʤʽʨʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ï  ʮʝ ʜʘʥʽ, ʱʦ ʜʫʙʣʶʶʪʴʩʷ ʘʙʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʘʭ ʫʧʨʘʚʣʽʥʥʷ. 

ɿʘ ʚʧʣʠʚʦʤ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʽ ʨʽʰʝʥʥʷ, ʥʘ ʟʤʽʥʫ ʩʠʪʫʘʮʽʾ ʽ ʧʦʢʘʟʥʠʢʽʚ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʾʭ 

ʚʽʜʦʙʨʘʞʘʻ, ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʨʝʣʝʚʘʥʪʥʫ ʪʘ ʥʝʨʝʣʝʚʘʥʪʥʫ. ʈʝʣʝʚʘʥʪʥʘ ï ʮʝ ʜʘʥʽ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʽʥʝʥʽ ʧʽʩʣʷ 

ʧʨʠʡʥʷʪʪʷ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʨʽʰʝʥʴ (ʜʘʥʽ ʧʨʦ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ).ʅʝʨʝʣʝʚʘʥʪʥʘ ï ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʘ ʥʘ 

ʧʽʜʩʪʘʚʽ ʨʽʰʝʥʴ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʧʝʨʩʦʥʘʣʫ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʠʭ (ʚʧʣʠʚ ʧʦʣʽʪʠʯʥʦʾ ʩʠʪʫʘʮʽʾ). 

ɿʘ ʟʘʧʠʩʦʤ ʥʘ ʤʘʰʠʥʥʠʭ ʥʦʩʽʷʭ ʤʘʨʢʝʪʠʥʛʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʬʽʢʩʦʚʘʥʦʶ ʪʘ ʥʝʬʽʢʩʦʚʘʥʦʶ. ɿʘ 

ʘʢʪʫʘʣʴʥʽʩʪʶ ʤʘʨʢʝʪʠʥʛʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʘʢʪʫʘʣʴʥʫ ʪʘ ʥʝʘʢʪʫʘʣʴʥʫ. ʎʽʥʥʽʩʪʴ ʤʘʨʢʝʪʠʥʛʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʟʜʦʙʫʪʪʷ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ, ʜʦʧʦʤʘʛʘʻ 

ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʢʦʤʝʨʮʽʡʥʦʛʦ ʨʠʟʠʢʫ, ʚʠʟʥʘʯʠʪʠ ʡ ʫʨʘʭʫʚʘʪʠ ʟʤʽʥʠ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʽ. 

ʅʘʣʝʞʥʘ ʽʥʬʦʨʤʘʮʽʷ ʩʧʨʠʷʻ ʦʧʨʘʮʶʚʘʥʥʶ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ ʩʪʨʘʪʝʛʽʡ, ʧʽʜʪʨʠʤʮʽ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʽʰʝʥʴ, ʧʽʜʚʠʱʝʥʥʶ ʽʤʽʜʞʫ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʡʦʛʦ ʜʽʷʣʴʥʽʩʪʴ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ.  

ʆʪʞʝ, ʚʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʟʘʪʨʘʪʠ ʥʘ ʟʙʽʨ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʟʘʭʠʩʪ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʜʦʩʠʪʴ 

ʟʥʘʯʥʠʤʠ. ʄʘʨʢʝʪʠʥʛʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʦʪʨʽʙʥʦ ʥʝ ʣʠʰʝ ʟʽʙʨʘʪʠ, ʘ ʡ ʟʘʭʠʩʪʠʪʠ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. 

ɼʘʥʽ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʩʪʘʶʪʴ 

ʚʽʜʦʤʠʤʠ ʢʦʥʢʫʨʝʥʪʘʤ, ʟʚʦʜʷʪʴ ʥʘʥʽʚʝʮʴ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʤʘʡʙʫʪʥʽʭ ʙʽʟʥʝʩʦʚʠʭ ʨʽʰʝʥʴ ʪʘ ʜʽʡ, ʨʦʟʢʨʠʚʘʶʪʴ 

ʢʦʤʝʨʮʽʡʥʽ ʪʘʻʤʥʠʮʽ. ʈʘʟʦʤ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʽ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ ʙʝʟʧʝʢʠ. ɿʘʭʦʜʠ ʙʝʟʧʝʢʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʬʽʟʠʯʥʦʛʦ ʟʥʠʱʝʥʥʷ ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʾ ʟʘʭʠʱʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʉʘʤʝ 

ʪʦʤʫ ʟʘʭʠʩʪ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ð ʦʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʜʦ ʪʦʛʦ 

ʞ ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ ʟʨʦʩʪʘʻ ʤʽʨʦʶ ʧʦʩʠʣʝʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ. 

ɿʘʩʦʙʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ð ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ, ʝʣʝʢʪʨʠʯʥʠʭ, ʝʣʝʢʪʨʦʥʥʠʭ, ʦʧʪʠʯʥʠʭ 

ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʧʨʠʩʪʦʩʫʚʘʥʴ, ʧʨʠʣʘʜʽʚ ʽ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʨʝʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ ʽʟ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʠʪʦʢʫ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʟʘʭʠʱʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʾ. 

ɻʦʚʦʨʷʯʠ ʧʨʦ ʪʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ ʟʘʭʠʩʪʫ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ  ʽʩʥʫʶʪʴ  ʧʨʘʮʽ ʟʘʨʫʙʽʞʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ ʆ.ɺ. ɸʥʪʦʥʦʚʘ [1], ʊ.ʇ. ɹʘʨʘʥʦʚʘ [2], ʆ.ɺ. ɹʣʝʢ [3], ɺ.ʇ. ɹʦʞʢʦ [4], ɻ.ɸ. ʊʠʪʦʨʝʥʢʦ [7], 

ʧʨʠʩʚʷʯʝʥʽ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʝʢʦʥʦʤʽʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ ʜʣʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʦʪʨʽʙʥʘ ʥʝ ʧʨʦʩʪʦ ʨʦʟʨʦʙʢʘ ʧʨʠʚʘʪʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʭʠʩʪʫ, ʘ ʦʨʛʘʥʽʟʘʮʽʷ 

ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ, ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ. 

ʅʘʣʝʞʥʠʡ ʟʘʭʠʩʪ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦʪʨʝʙʫʻ ʜʦʪʨʠʤʘʥʥʷ ʧʝʚʥʠʭ ʧʨʘʚʠʣ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 

1. ɼʦʟʦʚʘʥʠʡ ʜʦʧʫʩʢ ʜʦ ʽʥʬʦʨʤʘʮʽʾ. ɯʜʝʪʴʩʷ ʧʨʦ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʜʦʩʪʫʧʫ ʜʦ 

ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ð ʢʝʨʽʚʥʠʢʽʚ, ʚʠʢʦʥʘʚʮʽʚ, ʜʦʧʦʤʽʞʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ ʪʦʱʦ. ʂʦʞʝʥ ʽʟ ʥʠʭ ʤʘʻ ʟʥʘʪʠ ʣʠʰʝ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʚʦʾʭ ʬʫʥʢʮʽʡ ʘʙʦ ʜʦʨʫʯʝʥʴ. ʎʝ 

ʧʨʘʚʠʣʦ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʩʪʦʩʦʚʥʦ ʪʠʤʯʘʩʦʚʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʩʪʘʞʠʩʪʽʚ, ʩʪʫʜʝʥʪʽʚ-

ʧʨʘʢʪʠʢʘʥʪʽʚ), ʷʢʽ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʪʠʤʠ, ʯʝʨʝʟ ʢʦʛʦ ʢʦʥʬʽʜʝʥʮʽʡʥʘ ʽʥʬʦʨʤʘʮʽʷ ʩʪʘʻ ʚʽʜʦʤʦʶ ʰʠʨʦʢʦʤʫ ʢʦʣʫ 

ʩʫʙôʻʢʪʽʚ. 

2. ʋʧʦʨʷʜʢʫʚʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʧʦ ʚʝʨʪʠʢʘʣʽ. ʂʦʞʝʥ ʩʧʽʚʨʦʙʽʪʥʠʢ ʤʘʻ ʢʦʥʪʘʢʪʫʚʘʪʠ ʣʠʰʝ ʟʽ ʩʚʦʾʤ 

ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʥʘʯʘʣʴʥʠʢʦʤ, ʥʝ çʩʪʨʠʙʘʶʯʠ ʯʝʨʝʟ ʛʦʣʦʚʫè. ʉʧʨʘʚʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʢʦʞʝʥ ʤʘʻ ʦʙʛʦʚʦʨʶʚʘʪʠ 

ʣʠʰʝ ʟ ʪʠʤʠ, ʟ ʢʠʤ ʧʦʚʠʥʝʥ ʽ ʤʘʻ ʥʘ ʮʝ ʧʨʘʚʦ. ʆʩʦʙʣʠʚʦ ʚʠʚʘʞʝʥʠʤʠ ʤʘʶʪʴ ʙʫʪʠ ʨʦʟʤʦʚʠ ʟ 

ʚʽʜʚʽʜʫʚʘʯʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʪʝʣʝʬʦʥʥʽ ʨʦʟʤʦʚʠ ʪʦʱʦ. 

3. ʂʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ. ʇʝʨʝʜʫʩʽʤ ʤʘʻ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʜʦʩʪʫʧ ʜʦ ʢʦʤʧôʶʪʝʨʽʚ, ʜʝ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʤʘʨʢʝʪʠʥʛʦʚʘ ʽʥʬʦʨʤʘʮʽʷ. ɼʣʷ ʮʴʦʛʦ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʩʠʩʪʝʤʠ ʢʦʜʫʚʘʥʥʷ ʜʦʩʪʫʧʫ, 

ʘʥʪʠʚʽʨʫʩʥʽ ʧʨʦʛʨʘʤʠ ʟʘʭʠʩʪʫ ʚʽʜ ʨʫʡʥʫʚʘʥʥʷ ʙʘʟ ʜʘʥʠʭ, ʣʽʤʽʪʫʚʘʪʠ ʯʘʩ ʢʦʨʠʩʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ 

ʟʙʝʨʽʛʘʻʪʴʩʷ. ʋʩʽ ʚʘʞʣʠʚʽ ʜʦʢʫʤʝʥʪʠ ʥʘʧʨʠʢʽʥʮʽ ʨʦʙʦʯʦʛʦ ʜʥʷ ʪʨʝʙʘ ʟʘʤʠʢʘʪʠ. 

4. ʅʘʡʤ ʥʘ ʨʦʙʦʪʫ ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ. ɿ ʥʠʟʢʠ ʧʨʠʯʠʥ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ 
ʟʚʽʣʴʥʷʪʠʩʷ ʽ ʧʝʨʝʭʦʜʠʪʠ ʧʨʘʮʶʚʘʪʠ ʜʦ ʽʥʰʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʯʠ ʦʨʛʘʥʽʟʘʮʽʡ. ʈʘʟʦʤ ʽʟ ʥʠʤʠ ʟʘ ʤʝʞʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 
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ʚʠʭʦʜʠʪʴ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʦʶ ʚʦʥʠ ʚʦʣʦʜʽʶʪʴ. ɺʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʪʝ, ʱʦ ʪʘʢʘ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʧʦʪʨʘʧʠʪʠ ʜʦ 

ʽʥʰʠʭ, ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʙʫʪʠ ʧʦʢʣʘʜʝʥʘ ʥʘ ʪʠʭ, ʭʪʦ ʜʘʻ ʨʝʢʦʤʝʥʜʘʮʽʾ ʣʶʜʠʥʽ, ʱʦ ʟʚʽʣʴʥʷʻʪʴʩʷ. 

5. ɼʫʙʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʆʜʥʠʤ ʽʟ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʜʫʙʣʶʚʘʥʥʷ 

ʥʘʡʮʽʥʥʽʰʠʭ ʜʘʥʠʭ, ʨʦʟʤʽʱʝʥʥʷ ʾʭ ʫ ʜʝʧʦʟʠʪʘʨʽʾ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʟʙʝʨʝʞʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʡʜʝʪʴʩʷ ʧʨʦ 

ʜʫʙʣʶʚʘʥʥʷ ʡ ʟʙʝʨʝʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʮʽʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʨʦʙʦʪʘ 

ʟ ʜʝʧʦʟʠʪʘʨʽʻʤ ʻ ʚʠʥʷʪʢʦʚʦ ʧʨʝʨʦʛʘʪʠʚʦʶ ʚʠʱʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ʇʠʪʘʥʥʷ, ʜʝ ʚʦʥʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʷʢ ʾʾ ʚʟʷʪʠ, 

ʚʠʨʽʰʫʻ ʦʙʤʝʞʝʥʝ ʢʦʣʦ ʦʩʽʙ, ʧʨʠʯʦʤʫ ʢʦʣʝʛʽʘʣʴʥʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʘʨʢʝʪʠʥʛʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʤʘʻ ʜʦʩʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʘʜʞʝ ʜʦʧʦʤʘʛʘʻ ʦʪʨʠʤʘʪʠ ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ. ʇʨʦʪʝ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʙʝʟʣʽʯ 

ʟʘʛʨʦʟ ʚʠʢʨʘʜʝʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʉʘʤʝ ʪʦʤʫ, ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ ʪʘ ʚʚʝʜʝʥʥʷ ʥʘʣʝʞʥʠʭ ʟʘʭʦʜʽʚ 

ʱʦʜʦ ʾʾ ʟʘʭʠʩʪʫ ʚʽʜʽʛʨʘʻ ʯʠʤʘʣʫ ʨʦʣʴ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʡʦʛʦ ʜʽʷʣʴʥʦʩʪʽ. ʃʠʰʝ ʢʦʥʪʨʦʣʴ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʝʚʥʦʾ ʩʪʨʘʪʝʛʽʾ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʧʣʘʥʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʭ ʩʠʩʪʝʤ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ 

ʫʥʝʤʦʞʣʠʚʠʪʴ çʚʠʪʽʢè ʪʘ ʚʠʢʨʘʜʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ. 
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ɼ.ɹ. ʄʝʭʝʜ, ʢ.ʧ.ʥ, ʜʦʮ., ʢʘʬʝʜʨʘ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʫ ʩʚʽʪʦʚʦʾ ʛʣʦʙʘʣʽʟʘʮʽʾ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʦʨʦʜʞʫʻʪʴʩʷ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ɯʥʪʝʨʥʝʪʫ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʪʘʣʠ ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʛʣʦʙʘʣʴʥʦʾ 

ʢʦʤʫʥʽʢʘʮʽʾ. ʉʬʝʨʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʦʧʠʥʠʣʘʩʷ ʛʣʠʙʦʢʦ ʽʥʪʝʛʨʦʚʘʥʘ ʚ ʛʣʦʙʘʣʴʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʠʷʚʠʣʠ 

ʥʦʚʽ ʨʠʟʠʢʠ ʽ ʧʦʩʪʘʚʠʣʠ ʥʦʚʽ ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʽʟ ʟʘʭʠʩʪʦʤ ʘʚʪʦʨʴʢʠʭ ʪʘ ʩʫʤʽʞʥʠʭ ʧʨʘʚ, ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʧʫʙʣʽʯʥʠʭ (ʥʘʮʽʦʥʘʣʴʥʠʭ) ʽ ʧʨʠʚʘʪʥʠʭ (ʢʦʤʝʨʮʽʡʥʠʭ) ʽʥʪʝʨʝʩʽʚ ʧʨʘʚʦʚʣʘʩʥʠʢʽʚ, ʩʪʚʦʨʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʛʦ 

ʟʘʭʠʩʪʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʚ ʢʽʙʝʨʧʨʦʩʪʦʨʽ, ʟʙʝʨʝʞʝʥʥʷ ʜʝʨʞʘʚʥʦʾ, ʩʣʫʞʙʦʚʦʾ ʪʘ ʢʦʤʝʨʮʽʡʥʦʾ ʪʘʻʤʥʠʮʽ. 

ʉʫʯʘʩʥʽ ʽʥʥʦʚʘʮʽʾ, ʧʦʚ'ʷʟʘʥʽ ʟ ʙʫʨʭʣʠʚʠʤ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ɯʥʪʝʨʥʝʪʫ, ʛʝʥʥʦʾ ʽʥʞʝʥʝʨʽʾ, ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʪʘ ʬʘʨʤʘʮʝʚʪʠʢʠ ʩʪʠʤʫʣʶʶʪʴ ʧʦʷʚʫ ʥʦʚʠʭ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ 

ʧʽʜʭʦʜʽʚ ʚ ʧʠʪʘʥʥʷʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ. ʅʘʙʫʚʘʶʪʴ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʨʦʙʣʝʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʭʦʨʦʥʠ ʘʚʪʦʨʩʴʢʠʭ ʪʘ ʩʫʤʽʞʥʠʭ ʧʨʘʚ, ʘ ʪʘʢʦʞ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʘʚʦʚʦʛʦ ʨʝʞʠʤʫ ʦʭʦʨʦʥʠ ʽʥʥʦʚʘʮʽʡ 

(ʚʠʥʘʭʦʜʽʚ ʪʘ ʽʥʰʠʭ ʧʘʪʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʦʙ'ʻʢʪʽʚ, ʘʚʪʦʨʩʴʢʠʭ ʪʚʦʨʽʚ, ʢʦʤʧ'ʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʽ ʽʥ.) ɿʘ ʫʤʦʚʠ 

ʜʦʪʨʠʤʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʽʥʪʝʨʝʩʽʚ ʧʨʘʚʦʚʣʘʩʥʠʢʽʚ ʽ ʩʫʩʧʽʣʴʩʪʚʘ, ʜʦʩʪʫʧʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʥʦʚʠʭ 

ʨʦʟʨʦʙʦʢ ʽ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʚ ʽʥʪʝʨʝʩʘʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ, ʩʦʮʽʘʣʴʥʦʛʦ ʽ ʟʘʛʘʣʴʥʦʢʫʣʴʪʫʨʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ [1]. 

ɸʥʘʣʽʟ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʽ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʨʘʪʝʛʽʡ ʨʦʟʚʠʪʢʫ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʚ ʋʢʨʘʾʥʽ ʪʘ 

ʟʘʨʫʙʽʞʥʠʭ ʢʨʘʾʥʘʭ, ʘ ʪʘʢʦʞ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽʩʪʴ ʩʪʨʘʪʝʛʽʡ ʢʽʙʝʨʙʝʟʧʝʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʧʝʚʥʽ ʚʠʩʥʦʚʦʢ. ɿ 

ʦʛʣʷʜʫ ʥʘ ʟʨʦʩʪʘʶʯʫ ʩʫʧʝʨʥʠʮʪʚʦ ʢʨʘʾʥ ʚ ʛʣʦʙʘʣʴʥʽʡ ʝʢʦʥʦʤʽʮʽ ʽ ʧʦʩʠʣʝʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ, ʋʢʨʘʾʥʽ 

ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʚʣʘʩʥʫ ʩʪʨʘʪʝʛʽʶ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʚʠʟʥʘʯʘʶʯʫ ʧʨʽʦʨʠʪʝʪʠ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʚ ʮʽʡ ʛʘʣʫʟʽ ʥʘ 

ʥʘʡʙʣʠʞʯʫ ʧʝʨʩʧʝʢʪʠʚʫ ʽ ʤʽʩʮʝ ʢʨʘʾʥʠ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʠʪʘʥʴ ʮʝʡ 

ʜʦʢʫʤʝʥʪ ʧʦʚʠʥʝʥ ʚʠʟʥʘʯʘʪʠ ʥʘʧʨʷʤʢʠ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʱʦʜʦ ʦʭʦʨʦʥʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘʦʭʦʯʝʥʥʷ ʽ ʟʘʭʠʩʪʫ ʧʨʘʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʚ ʮʽʣʷʭ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʢʣʶʯʘʶʯʠ ʟʘʭʠʩʪ ʽʥʪʝʨʝʩʽʚ ʫʢʨʘʾʥʩʴʢʠʭ ʧʨʘʚʦʚʣʘʩʥʠʢʽʚ ʟʘ ʢʦʨʜʦʥʦʤ ʚ 

ʛʣʦʙʘʣʴʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɸʚʪʦʨʩʴʢʝ ʧʨʘʚʦ ʚ ʦʙôʻʢʪʠʚʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʧʨʘʚʦʚʠʭ ʥʦʨʤ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʢʦʣʦ 

ʩʫʩʧʽʣʴʥʠʭ ʚʽʜʥʦʩʠʥ ʟʽ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʦʨʽʚ ʥʘʫʢʠ, ʣʽʪʝʨʘʪʫʨʠ ʽ ʤʠʩʪʝʮʪʚʘ. ɸʚʪʦʨʩʴʢʝ ʧʨʘʚʦ ʚ 

ʩʫʙôʻʢʪʠʚʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ï ʮʝ ʦʩʦʙʠʩʪʽ ʥʝʤʘʡʥʦʚʽ ʪʘ ʤʘʡʥʦʚʽ ʧʨʘʚʘ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʘʚʪʦʨʘ ʚ ʟʚôʷʟʢʫ ʟʽ 

ʩʪʚʦʨʝʥʥʷʤ ʥʠʤ ʪʚʦʨʫ ʽ ʦʭʦʨʦʥʷʶʪʴʩʷ ʟʘʢʦʥʦʤ [2]. 

ɿʘʚʜʘʥʥʷʤ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʡʩʧʨʠʷʪʣʠʚʽʰʠʭ ʧʨʘʚʦʚʠʭ ʫʤʦʚ ʜʣʷ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʮʽʻʾ ʜʽʷʣʴʥʦʩʪʽ ʚʩʴʦʤʫ ʩʫʩʧʽʣʴʩʪʚʫ. 
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ʆʙ'ʻʢʪʘʤʠ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʻ ʪʚʦʨʠ, ʘ ʩʘʤʝ:  

1) ʣʽʪʝʨʘʪʫʨʥʽ ʪʘ ʭʫʜʦʞʥʽ ʪʚʦʨʠ, ʟʦʢʨʝʤʘ:  ʨʦʤʘʥʠ, ʧʦʝʤʠ, ʩʪʘʪʪʽ ʪʘ ʽʥʰʽ ʧʠʩʴʤʦʚʽ ʪʚʦʨʠ; ʣʝʢʮʽʾ, 

ʧʨʦʤʦʚʠ, ʧʨʦʧʦʚʽʜʽ ʪʘ ʽʥʰʽ ʫʩʥʽ ʪʚʦʨʠ;  ʜʨʘʤʘʪʠʯʥʽ, ʤʫʟʠʯʥʦ-ʜʨʘʤʘʪʠʯʥʽ ʪʚʦʨʠ, ʧʘʥʪʦʤʽʤʠ, ʭʦʨʝʦʛʨʘʬʽʯʥʽ, 

ʽʥʰʽ ʩʮʝʥʽʯʥʽ ʪʚʦʨʠ; ʤʫʟʠʯʥʽ ʪʚʦʨʠ (ʟ ʪʝʢʩʪʦʤ ʘʙʦ ʙʝʟ ʪʝʢʩʪʫ); ʘʫʜʽʦʚʽʟʫʘʣʴʥʽ ʪʚʦʨʠ; ʪʚʦʨʠ ʞʠʚʦʧʠʩʫ, 

ʘʨʭʽʪʝʢʪʫʨʠ, ʩʢʫʣʴʧʪʫʨʠ ʪʘ ʛʨʘʬʽʢʠ; ʬʦʪʦʛʨʘʬʽʯʥʽ ʪʚʦʨʠ; ʪʚʦʨʠ ʫʞʠʪʢʦʚʦʛʦ ʤʠʩʪʝʮʪʚʘ; ʽʣʶʩʪʨʘʮʽʾ, ʢʘʨʪʠ, 

ʧʣʘʥʠ, ʝʩʢʽʟʠ ʽ ʧʣʘʩʪʠʯʥʽ ʪʚʦʨʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʛʝʦʛʨʘʬʽʾ, ʪʦʧʦʛʨʘʬʽʾ, ʘʨʭʽʪʝʢʪʫʨʠ ʘʙʦ ʥʘʫʢʠ; ʧʝʨʝʢʣʘʜʠ, 

ʘʜʘʧʪʘʮʽʾ, ʘʨʘʥʞʫʚʘʥʥʷ ʪʘ ʽʥʰʽ ʧʝʨʝʨʦʙʢʠ ʣʽʪʝʨʘʪʫʨʥʠʭ ʘʙʦ ʭʫʜʦʞʥʽʭ ʪʚʦʨʽʚ; ʟʙʽʨʥʠʢʠ ʪʚʦʨʽʚ,  ʷʢʱʦ ʚʦʥʠ ʟʘ 

ʜʦʙʦʨʦʤ ʘʙʦ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ  ʾʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ;  

2) ʢʦʤʧ'ʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ;  

3) ʢʦʤʧʽʣʷʮʽʾ  ʜʘʥʠʭ (ʙʘʟʠ ʜʘʥʠʭ), ʷʢʱʦ ʚʦʥʠ ʟʘ ʜʦʙʦʨʦʤ ʘʙʦ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ ʾʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ  ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ;  

4) ʽʥʰʽ ʪʚʦʨʠ.  

ʉʫʤʽʞʥʽ ʧʨʘʚʘ ʚ ʦʙôʻʢʪʠʚʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʻ ʩʫʢʫʧʥʽʩʪʶ ʮʠʚʽʣʴʥʦ-ʧʨʘʚʦʚʠʭ ʥʦʨʤ, ʱʦ ʨʝʛʫʣʶʶʪʴ 

ʚʽʜʥʦʩʠʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʥʘʥʴ ʪʚʦʨʽʚ, ʬʦʥʦʛʨʘʤ, ʚʽʜʝʦʛʨʘʤ ʪʘ ʧʨʦʛʨʘʤ ʤʦʚʣʝʥʥʷ ʽ ʷʢʽ ʨʘʟʦʤ ʟ ʥʦʨʤʘʤʠ 

ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʩʢʣʘʜʘʶʪʴ ʻʜʠʥʠʡ ʽʥʩʪʠʪʫʪ ʧʨʘʚʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ï ʽʥʩʪʠʪʫʪ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʽ 

ʩʫʤʽʞʥʠʭ ʧʨʘʚ. ʉʘʤʘ ʥʘʟʚʘ çʩʫʤʽʞʥʽ ʧʨʘʚʘè ʚʢʘʟʫʻ ʥʘ ʪʽʩʥʠʡ ʟʚôʷʟʦʢ ʧʨʝʜʤʝʪʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʘʚʪʦʨʩʴʢʦʛʦ 

ʧʨʘʚʘ ʪʘ ʩʫʤʽʞʥʠʭ ʧʨʘʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʦʻʜʥʘʪʠ ʾʭ ʚ ʦʜʠʥ ʽʥʩʪʠʪʫʪ. ʎʝʡ ʟʚôʷʟʦʢ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ, ʧʦ-

ʧʝʨʰʝ, ʦʙôʻʢʪʠ ʩʫʤʽʞʥʠʭ ʧʨʘʚ ï ʚʠʢʦʥʘʥʥʷ ʪʚʦʨʽʚ, ʬʦʥʦʛʨʘʤʠ, ʚʽʜʝʦʛʨʘʤʠ ʪʘ ʧʨʦʛʨʘʤʠ ʤʦʚʣʝʥʥʷ ï 

ʟôʷʚʣʷʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʦʨʽʚ ʥʘʫʢʠ, ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʤʠʩʪʝʮʪʚʘ, ʘ ʪʦʤʫ ʻ ʚʪʦʨʠʥʥʠʤʠ ʩʪʦʩʦʚʥʦ 

ʦʙôʻʢʪʽʚ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ. ʇʦ-ʜʨʫʛʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙôʻʢʪʽʚ ʩʫʤʽʞʥʠʭ ʧʨʘʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙôʻʢʪʽʚ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʻ ʦʜʥʽʻʶ ʟ ʬʦʨʤ  ʽʩʥʫʚʘʥʥʷ ʘʚʪʦʨʩʴʢʠʭ ʪʚʦʨʽʚ [2].  

ʋ ʩʫʙô̒ ʢʪʠʚʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʩʫʤʽʞʥʽ ʧʨʘʚʘ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʩʦʙʠʩʪʽ ʥʝʤʘʡʥʦʚʽ ʪʘ ʤʘʡʥʦʚʽ ʧʨʘʚʘ 

ʚʠʢʣʶʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʥʘʜʘʥʽ ʟʘʢʦʥʦʤ ʚʠʢʦʥʘʚʮʷʤ, ʚʠʨʦʙʥʠʢʘʤ ʬʦʥʦʛʨʘʤ  ̔ ʚʽʜʝʦʛʨʘʤ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ 

ʤʦʚʣʝʥʥʷ.  

ʆʙ'ʻʢʪʘʤʠ ʩʫʤʽʞʥʠʭ ʧʨʘʚ ʙʝʟ ʚʠʢʦʥʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʬʦʨʤʘʣʴʥʦʩʪʝʡ ʱʦʜʦ ʮʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ, ʟʤʽʩʪʫ, ʮʽʥʥʦʩʪʽ ʪʦʱʦ, ʘ ʪʘʢʦʞ ʩʧʦʩʦʙʫ ʯʠ ʬʦʨʤʠ ʾʭ ʚʠʨʘʞʝʥʥʷ ʻ:  

1) ʚʠʢʦʥʘʥʥʷ; 2) ʬʦʥʦʛʨʘʤʠ; 3) ʚʽʜʝʦʛʨʘʤʠ; 4) ʧʨʦʛʨʘʤʠ (ʧʝʨʝʜʘʯʽ) ʦʨʛʘʥʽʟʘʮʽʡ ʤʦʚʣʝʥʥʷ.  

ʇʝʨʚʠʥʥʠʤʠ ʩʫʙ'ʻʢʪʘʤʠ ʩʫʤʽʞʥʠʭ ʧʨʘʚ ʻ ʚʠʢʦʥʘʚʝʮʴ, ʚʠʨʦʙʥʠʢ ʬʦʥʦʛʨʘʤʠ,   ʚʠʨʦʙʥʠʢ   ʚʽʜʝʦʛʨʘʤʠ,   

ʦʨʛʘʥʽʟʘʮʽʷ   ʤʦʚʣʝʥʥʷ.   ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ   ʜʦʢʘʟʽʚ  ʽʥʰʦʛʦ  ʚʠʢʦʥʘʚʮʝʤ,  ʚʠʨʦʙʥʠʢʦʤ  ʬʦʥʦʛʨʘʤʠ, ʚʽʜʝʦʛʨʘʤʠ,  

ʧʨʦʛʨʘʤʠ (ʧʝʨʝʜʘʯʽ) ʦʨʛʘʥʽʟʘʮʽʾ  ʤʦʚʣʝʥʥʷ  ʚʚʘʞʘʻʪʴʩʷ ʦʩʦʙʘ,  ʽʤ'ʷ (ʥʘʡʤʝʥʫʚʘʥʥʷ) ʷʢʦʾ ʟʘʟʥʘʯʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʫ 

ʬʦʥʦʛʨʘʤʽ, ʚʽʜʝʦʛʨʘʤʽ,  ʾʭ ʧʨʠʤʽʨʥʠʢʘʭ  ʯʠ  ʥʘ  ʫʧʘʢʦʚʮʽ,  ʘ  ʪʘʢʦʞ  ʧʽʜ  ʯʘʩ ʧʝʨʝʜʘʯʽ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʚʣʝʥʥʷ. 

ʉʫʙ'ʻʢʪʘʤʠ  ʩʫʤʽʞʥʠʭ  ʧʨʘʚ ʻ ʪʘʢʦʞ ʽʥʰʽ ʦʩʦʙʠ,  ʷʢʽ ʥʘʙʫʣʠ ʪʘʢʠʭ ʧʨʘʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʛʦʚʦʨʫ ʯʠ ʟʘʢʦʥʫ [2].  

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʨʦʙʣʝʤʠ ʚ ʋʢʨʘʾʥʽ ʭʘʨʘʢʪʝʨʥʠʡ ʥʘʩʪʫʧʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ: 

1. ɺʽʜʩʫʪʥʽʩʪʴ ʟʘʢʦʥʦʜʘʚʩʪʚʘ, ʷʢʝ ʙ ʨʝʛʫʣʶʚʘʣʦ ʜʘʥʫ ʩʬʝʨʫ ʚʽʜʥʦʩʠʥ; ʧʨʘʚʦʚʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʙʘʛʘʪʴʦʭ 

ʢʣʶʯʦʚʠʭ ʧʦʥʷʪʴ ʘʙʦ ʥʝʜʦʩʪʘʪʥʻ ʾʭ ʚʽʜʧʨʘʮʶʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʚʽʜʩʫʪʥʻ ʟʘʢʦʥʦʜʘʚʯʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʴ, ʱʦ 

ʩʪʦʩʫʶʪʴʩʷ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʪʦʱʦ. 

 2. ʊʨʘʥʩʢʦʨʜʦʥʥʠʡ ʭʘʨʘʢʪʝʨ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙôʻʢʪʽʚ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ. ɺʽʜʢʨʠʪʪʷ ʜʦʩʪʫʧʫ ʜʦ ʦʙ'ʻʢʪʘ ʚ 

ɯʥʪʝʨʥʝʪ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʬʘʢʪʠʯʥʦ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ, ʪʦʤʫ ʚʠʥʠʢʘʶʪʴ ʚʠʧʘʜʢʠ, ʢʦʣʠ 

ʦʙôʻʢʪʠ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʥʘ ʪʝʨʠʪʦʨʽʾ, ʜʝ ʚʽʜʧʦʚʽʜʥʽ ʥʦʨʤʠ 

ʧʨʘʚʘ ʥʝ ʜʽʶʪʴ. 

3. ʇʽʩʣʷ ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʘ ʚ ɯʥʪʝʨʥʝʪʽ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʩʪʝʞʝʥʥʷ ʢʠʤ ʽ ʷʢ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʝʚʥʠʡ ʦʙôʻʢʪ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʟ ʪʠʤ, ʱʦ ʜʦʩʪʫʧ ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙ'ʻʢʪʘ ʚʠʥʷʪʢʦʚʠʭ ʧʨʘʚ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʜʣʷ ʛʨʘʥʠʯʥʦ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʦʩʽʙ, ʱʦ ʚʢʣʶʯʘʻ 

ʤʽʣʴʡʦʥʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ɯʥʪʝʨʥʝʪʫ.  

4. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʦʰʠʨʝʥʥʷ ʟʣʦʯʠʥʥʦʩʪʽ ʱʦʜʦ ʧʦʨʫʰʝʥʥʷ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ, ʦʩʢʽʣʴʢʠ ʜʽʻʚʽ ʤʝʭʘʥʽʟʤʠ 

ʟʘʭʠʩʪʫ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʻ ʚʽʜʩʫʪʥʽʤʠ. ʅʘ ʜʫʤʢʫ ʥʘʫʢʦʚʮʷ ʄ. ʄʝʣʴʥʠʢʦʚʘ, ʟʘʢʦʥʦʜʘʚʝʮʴ ʧʦʚʠʥʝʥ ʧʽʜʚʠʱʠʪʠ 

ʨʽʚʝʥʴ ʧʦʢʘʨʘʥʴ ʟʘ ʟʣʦʯʠʥʠ ʫ ʜʘʥʽʡ ʩʬʝʨʽ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʩʫʩʧʽʣʴʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʫʨʷʜ ʘʢʪʠʚʥʠʤʠ ʜʽʷʤʠ 

ʜʦʚʝʩʪʠ ʩʫʩʧʽʣʴʩʪʚʫ, ʱʦ ʚʽʥ ʥʝ ʧʦʪʫʨʘʪʠʤʝ ʧʦʨʫʰʝʥʥʷʤ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʫ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [3]. 

 ʊʘʢʦʞ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʬʘʢʪʠ ʥʝʟʘʢʦʥʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʚʦʨʽʚ ʫ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʾʭ 

ʧʫʙʣʽʯʥʝ ʩʧʦʚʽʱʝʥʥʷ ʫ ʛʨʦʤʘʜʩʴʢʠʭ ʤʽʩʮʷʭ, ʟʘʢʣʘʜʘʭ ʪʦʨʛʽʚʣʽ, ʭʘʨʯʫʚʘʥʥʷ ʪʦʱʦ ʅʝʟʘʢʦʥʥʝ ʢʦʧʽʶʚʘʥʥʷ ʷʢ 

ʦʜʥʘ ʽʟ ʧʨʦʙʣʝʤ ʟʘʭʠʩʪʫ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʟʘʚʜʘʻ ʟʥʘʯʥʦʾ ʰʢʦʜʠ ʘʚʪʦʨʘʤ ʢʥʠʛ, ʬʽʣʴʤʽʚ ʪʘ ʤʫʟʠʢʠ, ʦʩʢʽʣʴʢʠ 

ʧʝʨʝʰʢʦʜʞʘʻ ʘʚʪʦʨʘʤ ʦʪʨʠʤʫʚʘʪʠ ʜʦʭʦʜʠ ʟʘ ʾʭʥʶ ʜʽʷʣʴʥʽʩʪʴ ʪʘ ʫʪʨʠʤʫʻ ʾʭ ʚʽʜ ʧʦʜʘʣʴʰʦʛʦ ʽʥʚʝʩʪʫʚʘʥʥʷ ʚ 

ʪʚʦʨʯʫ ʜʽʷʣʴʥʽʩʪʴ, ʱʦ ʤʦʞʝ ʥʘʚʽʪʴ ʧʽʜʽʨʚʘʪʠ ʨʦʟʚʠʪʦʢ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʩʬʝʨʠ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ [4]  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʚʠʚʯʝʥʥʷ ʜʦʩʚʽʜʫ ʽʥʰʠʭ ʜʝʨʞʘʚ ʜʘʚ ʥʘʤ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ 

ʩʧʦʩʦʙʠ ʟʘʭʠʩʪʫ ʘʚʪʦʨʩʴʢʠʭ ʪʘ ʩʫʤʽʞʥʠʭ ʧʨʘʚ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ: 

1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ. ʉʫʪʴ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʜʦʟʚʦʣʷʻ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʩʧʨʘʚʞʥʴʦʛʦ ʘʚʪʦʨʘ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʚʦʨʫ, ʪʠʤ ʩʘʤʠʤ ʟʥʽʤʘʶʯʠ ʚ ʢʦʥʪʨʘʛʝʥʪʘ ʙʫʜʴ-ʷʢʽ ʩʫʤʥʽʚʠ 

ʧʨʦ ʪʝ, ʟ ʢʠʤ ʚʽʥ ʤʘʻ ʩʧʨʘʚʫ. 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʤʘʨʦʢ. ʅʘʡʧʦʰʠʨʝʥʽʰʦʶ ʻ ʩʠʩʪʝʤʘ ʪʘʢ ʟʚʘʥʠʭ «ʮʠʬʨʦʚʠʭ ʚʦʜʷʥʠʭ ʟʥʘʢʽʚ», 

ʚʧʨʦʚʘʜʞʫʚʘʥʠʭ ʫ ʪʚʦʨʠ (ʪʝʢʩʪʠ, ʛʨʘʬʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʽ ʪ.ʜ.) ʫ ʤʝʨʝʞʽ. ɰʭ ʧʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ 

ʟʚʠʯʘʡʥʦʤʫ ʚʽʟʫʘʣʴʥʦʤʫ ʨʦʟʛʣʷʜʽ ʟʦʙʨʘʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʙʘʯʠʪʴ ʷʢʠʭ-ʥʝʙʫʜʴ ʟʘʢʦʜʦʚʘʥʠʭ ʧʦʟʥʘʯʝʥʴ ï 

ʟʥʘʯʢʘ ʢʦʧʽʨʘʡʪʘ É, ʽʤʝʥʽ ʘʚʪʦʨʘ, ʨʦʢʫ ʚʠʜʘʥʥʷ. ɸʣʝ ʧʦʪʽʤ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʚʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ 

ʤʦʞʥʘ ʜʦʚʝʩʪʠ, ʱʦ ʬʘʡʣʠ ʤʽʩʪʷʪʴ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʦʩʦʙʫ, ʷʢʘ ʾʾ ʟʘʧʠʩʘʣʘ.  
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3. ʆʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. ʅʘʧʨʠʢʣʘʜ, ʙʘʟʠ ʜʘʥʠʭ 

ʢʦʤʝʨʮʽʡʥʠʭ ʩʘʡʪʽʚ ʽ ʜʝʷʢʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʙʽʙʣʽʦʪʝʢ ʪʘ ʘʨʭʽʚʽʚ ʜʦʩʪʫʧʥʽ ʪʽʣʴʢʠ ʟʘ ʧʦʧʝʨʝʜʥʶ ʧʣʘʪʫ.  

4. ʄʝʪʦʜʠ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʽ ʷʢ ʰʠʬʨʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ 

ʜʦʟʚʦʣʷʻ ʦʙʤʝʞʠʪʠ ʘʙʦ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʧʽʶʚʘʥʥʷ ʪʚʦʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʘ - SCMS, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʠʪʠ ʦʜʥʫ ʢʦʧʽʶ ʜʦʢʫʤʝʥʪʘ ʡ ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʦʜʘʣʴʰʝ ʢʦʧʽʶʚʘʥʥʷ ʮʴʦʛʦ ʧʨʠʤʽʨʥʠʢʘ). 

 5. ʉʪʚʦʨʝʥʥʷ ʚʝʙ-ʜʝʧʦʟʠʪʘʨʽʾʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʬʽʢʩʫʚʘʪʠ ʦʙôʻʢʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʫ ʤʝʨʝʞʽ 

ɯʥʪʝʨʥʝʪ ʽ ʟʘʢʨʽʧʣʶʚʘʪʠ ʾʭ ʧʨʘʚʦʚʠʡ ʩʪʘʪʫʩ.  

6. ʆʙʤʝʞʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. ɿʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ, ʚʣʘʩʥʠʢ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʧʨʠʤʽʨʥʠʢ ʪʚʦʨʫ, ʷʢʠʡ ʤʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʙʤʝʞʝʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʞʠʪʪʷ 

ʪʘʢʠʭ ʙʽʟʥʝʩ- ʤʦʜʝʣʝʡ ʷʢ «ʩʧʨʦʙʫʡ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʢʫʧʠʪʠ» ʪʘ «ʧʨʦʜʘʚʘʡ ʧʦʣʽʧʰʝʥʽ ʚʝʨʩʽʾ».  

7. ñɻʦʜʠʥʥʠʢʦʚʘ ʙʦʤʙʘò. ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʧʨʠʡʦʤʫ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ, ʟʘ ʮʴʦʛʦ ʧʽʜʭʦʜʫ 

ʚʣʘʩʥʠʢ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʨʦʟʧʦʚʩʶʜʞʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚʥʦʮʽʥʥʠʡ ʦʙôʻʢʪ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ, ʘʣʝ 

ʚʩʪʘʥʦʚʣʶʻ ʜʘʪʫ, ʧʽʩʣʷ ʷʢʦʾ ʜʦʩʪʫʧ ʜʦ ʥʴʦʛʦ ʙʫʜʝ ʥʝʤʦʞʣʠʚʠʤ. ʆʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʧʝʨʝʜʙʘʯʘʻ 

ʟʘʢʨʠʪʪʷ ʧʨʦʜʘʚʮʝʤ ʜʦʩʪʫʧʫ ʜʦ ʪʚʦʨʫ ʧʽʩʣʷ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʥʴ (ʥʘʧʨʠʢʣʘʜ, ʧʽʩʣʷ ʧʝʨʝʛʣʷʜʫ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʬʘʡʣʫ 10 ʨʘʟʽʚ ʡʦʛʦ ʙʫʜʝ ʥʝʤʦʞʣʠʚʦ ʙʽʣʴʰʝ ʧʨʦʜʠʚʠʪʠʩʷ).  

8. ʂʦʥʪʨʘʢʪʠ. ʆʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʪʘ, ʥʘ ʞʘʣʴ, ʥʝʜʦʦʮʽʥʝʥʠʭ ʧʨʘʚʦʚʣʘʩʥʠʢʘʤʠ ʟʘʩʦʙʽʚ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʨʫʰʝʥʥʶ ʾʭʥʽʭ ʧʨʘʚ ʻ ʢʦʥʪʨʘʢʪʠ. ɿʘ ʧʨʘʚʠʣʴʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʢʦʥʪʨʘʢʪʠ ʤʦʞʫʪʴ ʥʘʜʘʪʠ 

ʚʣʘʩʥʠʢʘʤ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʰʠʨʰʝ ʧʦʚʥʦʚʘʞʝʥʥʷ ʱʦʜʦ ʢʦʥʪʨʦʣʶ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʾʭʥʽʭ ʪʚʦʨʽʚ, ʥʽʞ ʪʽ, ʱʦ 

ʥʘʜʘʶʪʴʩʷ ʾʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ.  

9. ʂʣʽʨʠʥʛʦʚʽ ʮʝʥʪʨʠ. ɿʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʚʣʘʩʥʠʢʠ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʽ ʩʫʤʽʞʥʠʭ ʧʨʘʚ ʥʘ ʨʦʟʤʽʱʝʥʽ ʚ 

ɯʥʪʝʨʥʝʪʽ ʪʚʦʨʠ ʥʘʜʘʶʪʴ ʢʣʽʨʠʥʛʦʚʠʤ ʮʝʥʪʨʘʤ ʧʦʚʥʦʚʘʞʝʥʥʷ ʟ ʣʽʮʝʥʟʫʚʘʥʥʷ ʩʚʦʾʭ ʧʨʘʚ ʥʘ ʪʚʦʨʠ. ʂʦʨʠʩʪʫʚʘʯ 

ʩʧʣʘʯʫʻ ʟʙʽʨ ʟʘ ʚʠʜʘʯʫ ʣʽʮʝʥʟʽʾ ʪʘʢʦʤʫ ʢʣʽʨʠʥʛʦʚʦʤʫ ʮʝʥʪʨʫ, ʘ ʪʦʡ ʚ ʩʚʦʶ ʯʝʨʛʫ ʨʦʟʧʦʜʽʣʷʻ ʦʪʨʠʤʘʥʽ ʢʦʰʪʠ 

ʩʝʨʝʜ ʚʣʘʩʥʠʢʽʚ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ. 
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Nowadays, the majority of companies and educational establishments have file-servers at their disposal. The 

companyôs success and the confidentiality data provision are affected by efficiency of these servers. Files of any 

expansion could be kept on them while the access is available for authorized persons twenty four hours a day. 

File-server is represented by a dedicated server designed for execution of input/output data operations. As a 

rule, file-server has a big size of disk space, negotiated in form of RAID-array to provide trouble-free and enhanced 

data reading and writing speed. The advantages are law cost and short development time, software update and 

upgrade. The main disadvantage is law level of the system security [1]. 

Let us use an expert method in order to identify and to evaluate computer file-server threats. 

Thus, 8 highly qualified specialists in information security were selected to evaluate the threats level. While 

designing the questionnaires they defined which, in their opinion, could do the biggest damage. To be precise: 

-  çHackersô attacksè - actions of cyber criminals, which are aimed at information capturing from file-

server or gaining control over it or breaking its systems down; 

- «Virus upload» - intentional or unintentional infecting the server with viruses, which are aimed at data 

destroying; 

- «Hardware failures» - power surge, wear and tear details, loosen hookups, etc; 

- «Software failures» - overload, bugging, software aging, etc; 

- «Theft» - server stealing or the whole information stealing remotely or direct copying; 

- «Targeted download information» - for own purposes or for competitors; 

- «Negligence» - non-execution or unduly execution of server maintenance as a result of careless attitude to 

work; 

- «Sabotage» - purposeful breakdown of the server operation as a result of careless execution of duties; 
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- «Accidents» - war, accidental physical impact on the server, spilt cup of coffee, natural disasters such as 

fire, typhoon, flood, earthquake, etc; 

- «Purposeful information deleting» - for example, an University competitor has bribed an employee of our 

University in order to eliminate us out of opportunity to take part in competition ñThe worldôs top 

Universitie. 

The experts using the proposed list of threats defined those, which are the most dangerous and the least damage 

causing. Total experts responses were defined on irregularity by me (by means of Ms Excel spreadsheet). Using 

«SUM» and «STDEVIATION» functions we can easily get to know, which threats are the most attached importance, 

and which couldnôt be rated as such (table1). 

Table 1 

Calculations on the basis of expert responses 
 Threats name Sum Mean Standard deviation Variability  

1 Hackersô attacks 69 8,625 0,916125381 0,106217436 

2 Virus upload 60 7,5 0,9258201 0,12344268 

3 Hardware failures 40 5 1,603567451 0,32071349 

4 Software failures 49 6,125 0,640869944 0,104631828 

5 Theft 30 3,75 0,707106781 0,188561808 

6 Targeted download information 28 3,5 1,069044968 0,305441419 

7 Negligence 9 1,125 0,353553391 0,314269681 

8 Sabotage 14 1,75 0,46291005 0,264520029 

9 Accidents 62 7,75 0,707106781 0,091239585 

10 Purposeful information deleting 17 2,125 0,640869944 0,301585856 

According to the calculation results we can find out the computer file-server threat rating (table 2).  

Table 2 

Computer file-server threat rating 
 Threat name  Number of 

points 
1 Hackersô attacks 69 
2 Accidents  62 
3 Virus upload 60 
4 Software failures 49 
5 Hardware failures 40 
6 Theft 30 
7 Targeted download information 28 
8 Purposeful information deleting 17 
9 Sabotage 14 
10 Negligence 9 

Thus, the experts are of the opinion, that the çHackersô attacksè could cause the greatest damage and çNegligenceè 

could cause the least damage. 

On top of that, table 1 shows us the standard deviation, which is defined with the help of «STDEV» function and 

variability coefficient. While, the closer to 0 is standard deviation value, the smaller is the difference between standard 

expertsô deviation value and the average value. The variability value is less than 0,33 , therefore the variability is small. 

Thus, we can claim of the comparability of the expertôs thoughts about explored process [4]. 

Let us look at how expertsô opinion can be compared. Since we have more than two rated attributes, so to 

evaluate the expertsô concord we will use the concord coefficient.  

Let us use a formula: 

; and ; where n ï number of factors, m ï the number of 

experts,  ï the deviation sum from the average sum,  ï the sum of ranks. 

We have W = 0,789318. The closer to 1 is coefficient W, the bigger is comparability between the expertsô thought. 

As usual, experts opinions are believed to be agreed if this value is 0,7 or higher. Consequently, the opinions of our experts 

are in agreement [3]. 

Meanwhile, the concord coefficient calculated by us is to be checked on a static significance. So the number of 

potential risks is more than 7 (we have 10), that is why it is to be checked on a static significance with Pearson criterion 

  =  22,1. But the table value is   = 14,1 by significance level  a = 0,05 and degree of freedom 7 [2]. 

Thus, according to our obtaining results the concord coefficient is more than 0,7 and the value of Pearson 

criteria is bigger than in the table one, as a result experts opinion is fully agreed.  

Now than, with the help of expertsô evaluation method we rated the computer file-server threats and checked 

our results. Hackersô attacks, accidents, virus upload, software failures, hardware failures, theft, targeted download 

information, purposeful information deleting, sabotage, negligence are main threats in the order to dothe harmful 

effect. 
A list of sources used: 
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ʅ.ʈ. ʐʘʨʢʫʥʦʚʘ, ʩʪʫʜʝʥʪʢʘ ʛʨ. ɯɹï151, 

ʊ.ɸ. ʇʝʪʨʝʥʢʦ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʅʠʥʽ, ʦʨʛʘʥʠ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʤʘʡʞʝ ʞʦʜʥʘ ʬʽʨʤʘ ʯʠ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʥʝ ʤʦʞʫʪʴ ʥʦʨʤʘʣʴʥʦ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʙʝʟ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ (ʉɽɼ). ɼʦʢʫʤʝʥʪʦʦʙʽʛ ʚʽʜʧʦʚʽʜʘʻ ʥʝ ʧʨʦʩʪʦ ʟʘ ʨʫʭ 

ʜʦʢʫʤʝʥʪʽʚ ʚ ʦʨʛʘʥʽʟʘʮʽʾ, ʘʣʝ ʽ ʟʘ ʡʦʛʦ ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ. ʉʘʤʝ ʚʽʜ ʥʝʟʣʘʛʦʜʞʝʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʨʫʭʫ ʜʦʢʫʤʝʥʪʽʚ, 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʤʦʞʝ ʟʘʟʥʘʚʘʪʠ, ʷʢ ʝʢʦʥʦʤʽʯʥʝ ʩʪʘʥʦʚʠʱʝ ʦʢʨʝʤʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʪʘʢ ʽ ʝʢʦʥʦʤʽʢʘ ʢʨʘʾʥʠ 

ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ. ʑʝ ʥʝ ʪʘʢ ʜʘʚʥʦ ʩʘʤʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʉɽɼ ʙʫʣʦ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʫʩʪʘʥʦʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ, ʩʴʦʛʦʜʥʽ ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʚʠʭʦʜʷʪʴ ʧʨʦʙʣʝʤʠ ʩʘʤʝ ʙʝʟʧʝʢʠ ʮʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʡ ʟʘʮʽʢʘʚʠʣʦ ʥʘʩ ʥʘʡʙʽʣʴʰʝ. ʇʦʪʨʝʙʘ ʚ ʝʬʝʢʪʠʚʥʦʤʫ ʟʘʭʠʩʪʽ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʜʘʥʠʭ ʚ ʧʨʦʮʝʩʽ 

ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ ʽ ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤ ʙʝʟʧʝʢʠ ʉɽɼ. 

ʇʨʦʙʣʝʤʦʶ ʩʘʤʝ ʙʝʟʧʝʢʠ, ʻ ʨʷʜ ʟʘʛʨʦʟ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʜʦʩʢʦʥʘʣʠʭ ʰʣʷʭʽʚ ʾʭ ʧʝʨʝʜʙʘʯʝʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ 

ʾʤ ʧʨʦʪʠʩʪʦʷʥʥʷ. ɯ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʪʨʝʙʘ ʤʘʪʠ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʤʦʞʣʠʚʽ ʟʘʛʨʦʟʠ ʪʘ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʉɽɼ, ʘ ʚʞʝ ʧʦʪʽʤ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʾʭ 

ʣʽʢʚʽʜʫʚʘʥʥʷ. ɼʦʨʝʯʥʦʶ ʙʫʜʝ ʪʘʢʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʩʥʦʚʥʠʭ ʟʘʛʨʦʟ ʜʣʷ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ[2]: 

ɿʘʛʨʦʟʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ï ʮʝ ʟʘʛʨʦʟʘ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʪʘ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʥʠʤʠ, 

ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʥʘ ʮʝ ʧʨʘʚ. ʇʦʨʷʜʦʢ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʧʝʨʝʜʙʘʯʝʥʦ ʚ ʩʪ.4 ɿʋ "ʇʨʦ ʟʘʭʠʩʪ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ"[3]. ʊʘʢʦʞ ʟʘʛʨʦʟʦʶ ʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʬʽʟʠʯʥʠʡ 

ʜʦʩʪʫʧ ʜʦ ɽʆʄ, ʢʦʣʠ ʟʣʦʚʤʠʩʥʠʢ ʚʞʝ ʤʘʻ ʜʘʥʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ (ʣʦʛʽʥ ʽ ʧʘʨʦʣʴ, ʩʝʨʪʠʬʽʢʘʪʠ ʟʘʭʠʱʝʥʦʛʦ 

ʧʨʦʪʦʢʦʣʫ HTTPS ʽ ʪ.ʜ.) ʟʘʢʦʥʥʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʘʙʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʉɽɼ. ɼʘʥʠʡ ʚʠʜ ʟʘʛʨʦʟʠ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʜʦʢʫʤʝʥʪʽʚ ʢʦʨʠʩʪʫʚʘʯʘ, ʫ ʷʢʦʛʦ ʙʫʣʠ ʚʠʢʨʘʜʝʥʽ ʜʘʥʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʘ ʫ ʨʘʟʽ 

ʨʦʟʢʨʘʜʘʥʥʷ ʜʘʥʠʭ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʉɽɼ ʤʦʞʣʠʚʦ ʚʟʘʛʘʣʽ ʦʪʨʠʤʘʥʥʷ ʟʣʦʚʤʠʩʥʠʢʦʤ ʜʦʩʪʫʧʫ ʜʦ 

ʚʩʽʭ ʜʦʢʫʤʝʥʪʽʚ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʩʠʩʪʝʤʽ. 

ɿʘʛʨʦʟʘ ʜʦʩʪʫʧʥʦʩʪʽ ï ʷʚʣʷʻ ʩʦʙʦʶ ʙʝʟʧʝʨʝʰʢʦʜʥʠʡ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʘʙʦ 

ʦʙʨʦʙʣʶʻʪʴʩʷ ʚ ʉɽɼ, ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʦʧʝʨʘʮʽʡ ʦʟʥʘʡʦʤʣʝʥʥʷ, ʤʦʜʠʬʽʢʘʮʽʾ ʘʙʦ ʟʥʠʱʝʥʥʷ. 

ɿʘʛʨʦʟʘ ʽʩʥʫʻ ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʜʫʞʝ ʧʦʰʠʨʝʥʽ ʪʘ ʥʝʙʝʟʧʝʯʥʽ (ʟʘ ʨʦʟʤʽʨʦʤ ʟʙʠʪʢʽʚ) ʻ ʚʠʧʘʜʢʠ ʟʚʠʯʘʡʥʦʾ 

ʥʝʫʚʘʞʥʦʩʪʽ ʰʪʘʪʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʦʧʝʨʘʪʦʨʽʚ, ʪʘ ʥʘʚʽʪʴ ʩʠʩʪʝʤʥʠʭ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʩʪʦʩʦʚʥʦ ʟʙʝʨʝʞʝʥʥʷ 

ʩʚʦʻʾ ʩʝʢʨʝʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʧʘʨʦʣʷ, ʢʣʶʯʘ, ʪʦʱʦ). ʅʘʧʨʠʢʣʘʜ ʤʦʞʝ ʪʨʘʧʠʪʠʩʷ, ʱʦ ʢʦʨʠʩʪʫʚʘʯ ʥʝʢʦʨʝʢʪʥʦ 

ʟʘʚʝʨʰʫʻ ʩʝʘʥʩ ʨʦʙʦʪʠ ʚ ʩʠʩʪʝʤʽ, ʽ ʡʦʛʦ ʧʝʨʩʦʥʘʣʴʥʽ ʜʘʥʽ ʟʘʣʠʰʘʶʪʴʩʷ ʘʢʪʠʚʥʠʤʠ ʪʘ ʜʦʩʪʫʧʥʠʤʠ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʭʘʣʘʪʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʨʦʙʦʪʠ ʟ ʉɽɼ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʟʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠ ʘʪʘʢʫ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. 

ɿʘʛʨʦʟʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ï ʚʝʜʝ ʟʘ ʩʦʙʦʶ ʟʘʛʨʦʟʠ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʨʫʰʝʥʥʷ ʘʙʦ 

ʚʟʘʛʘʣʽ ʧʨʠʧʠʥʝʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ, ʷʢ ʫʤʠʩʥʽ ʘʪʘʢʠ, ʪʘʢ ʽ ʟʚʠʯʘʡʥʽ ʧʦʤʠʣʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ 

ʪʘʢʦʞ ʚʠʧʘʜʢʦʚʽ ʟʙʦʾ ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫ ʟʚôʷʟʢʫ ʽʟ ʾʭ ʧʨʠʨʦʜʦʶ. ɺʟʘʛʘʣʽ, ʚ 45% 

ʚʠʧʘʜʢʽʚ ʚʪʨʘʪʠ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʬʽʟʠʯʥʽ ʧʨʠʯʠʥʠ (ʚʽʜʤʦʚʘ ʘʧʘʨʘʪʫʨʠ, ʩʪʠʭʽʡʥʽ ʣʠʭʘ), 35% 

ʯʝʨʝʟ ʧʦʤʠʣʢʦʚʽ ʜʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʤʝʥʰʝ 20% - ʚʧʣʠʚʦʤ ʰʢʽʜʣʠʚʠʭ ʧʨʦʛʨʘʤ ʽ ʟʣʦʚʤʠʩʥʠʢʽʚ[4]. ʎʝ ʚʢʘʟʫʻ ʥʘ 

ʚʝʣʠʢʫ ʚʘʞʣʠʚʽʩʪʴ ʚʞʠʪʪʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʙʝʟʧʝʢʠ ʬʽʟʠʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʩʠʩʪʝʤ. 

ɿʘʛʨʦʟʘ ʮʽʣʽʩʥʦʩʪʽ ï ʮʝ ʟʘʛʨʦʟʘ ʟʥʠʱʝʥʥʷ ʜʘʥʠʭ ʘʙʦ ʥʘʜʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʘʜʨʝʩʘʪʘ ʟ 

ʧʦʰʢʦʜʞʝʥʥʷʤʠ ʯʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʝ, ʷʢ ʟ ʚʠʧʘʜʢʦʚʠʭ ʧʨʠʯʠʥ (ʭʘʣʘʪʥʽʩʪʴ, ʪʝʭʥʽʯʥʽ 

ʟʙʦʾ), ʪʘʢ ʽ ʚ ʟʚ'ʷʟʢʫ ʟʽ ʟʣʦʚʤʠʩʥʠʤʠ ʜʽʷʤʠ. ʆʙôʻʢʪʘʤʠ ʜʘʥʦʾ ʟʘʛʨʦʟʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʪʽʣʴʢʠ ʩʘʤʽ ʜʦʢʫʤʝʥʪʠ, ʘ ʡ 

ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ ʉɽɼ, ʪʘʢʽ ʷʢ: ʩʝʨʚʝʨ ɹɼ (ʩʝʨʝʜʦʚʠʱʝ ʟʙʝʨʽʛʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ), ʩʝʨʚʝʨ ʆʉ ʠ 

ɸʉɽɼ (ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʽ ʽʥʪʝʨʬʝʡʩʥʘ ʯʘʩʪʠʥʘ (ʦʙʦʣʦʥʢʘ) ʉɽɼ, ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʩʝʨʚʝʨʘʭ ʽ ʨʦʙʦʯʠʭ ʩʪʘʥʮʽʷʭ, 

ʚʢʣʶʯʘʶʯʠ ʢʣʽʻʥʪʽʚ ʉʋɹɼ) ʽ, ʟʚʽʩʥʦ, ʘʧʘʨʘʪʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ (ʢʘʥʘʣʠ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘʧʘʨʘʪʥʠʡ 

ʤʽʞʤʝʨʝʞʝʚʠʡ ʝʢʨʘʥ). 

ɿʘʛʨʦʟʠ ʜʦʢʘʟʫ ʶʨʠʜʠʯʥʦʾ ʟʥʘʯʠʤʦʩʪʽ, ʘʚʪʝʥʪʠʯʥʦʩʪʽ ʪʘ ʘʚʪʦʨʩʪʚʘ ï ʮʝ ʟʘʛʨʦʟʠ, ʷʢʽ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ 

ʜʦʢʘʟ ʧʦʭʦʜʞʝʥʥʷ ʯʠ ʘʚʪʦʨʩʪʚʘ ʜʘʥʠʭ (ʜʣʷ ʜʦʢʫʤʝʥʪʽʚ ʩʪʚʦʨʝʥʠʭ ʦʢʨʝʤʦʶ ʦʩʦʙʦʶ), ʪʠʤ ʩʘʤʠʤ ʧʦʟʙʘʚʣʷʶʯʠ 

ʝʣʝʢʪʨʦʥʥʽ ʜʦʢʫʤʝʥʪʠ ʶʨʠʜʠʯʥʦʾ ʩʠʣʠ. ʊʘʢʠʤʠ ʟʘʛʨʦʟʘʤʠ ʻ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʙʣʘʥʢʽʚ ʪʘ ʬʦʨʤʘʪʽʚ ʟʘʧʦʚʥʝʥʥʷ 

ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʠʤʦʛ ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʪʘ ʢʦʥʪʨʦʣʶʶʯʠʭ ʦʨʛʘʥʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʡ ʯʠ ʧʽʜʤʽʥʝʥʠʡ ɽʎʇ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ɿʋ çʇʨʦ ʝʣʝʢʪʨʦʥʥʽ ʜʦʢʫʤʝʥʪʠ ʪʘ ʝʣʝʢʪʨʦʥʥʠʡ ʜʦʢʫʤʝʥʪʦʦʙʽʛè[5], ʦʙʦʚôʷʟʢʦʚʠʤ ʨʝʢʚʽʟʠʪʦʤ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʻ ʝʣʝʢʪʨʦʥʥʠʡ ʮʠʬʨʦʚʠʡ ʧʽʜʧʠʩ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 
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ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʽʥʰʠʤʠ ʩʫʙ'ʻʢʪʘʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ. ʅʘʢʣʘʜʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʽʜʧʠʩʫ 

ʢʣʶʯʝʤ, ʩʝʨʪʠʬʽʢʘʪʠ ʷʢʦʛʦ ʚʠʜʘʥʽ ʘʢʨʝʜʠʪʦʚʘʥʠʤ ʮʝʥʪʨʦʤ ʩʝʨʪʠʬʽʢʘʮʽʾ ʢʣʶʯʽʚ (ɸʎʉʂ), ʥʘʜʘʻ ʙʫʜʴ-ʷʢʦʤʫ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʜʦʢʫʤʝʥʪʫ ʩʪʘʪʫʩ ʦʨʠʛʽʥʘʣʫ ʪʘ ʥʘʜʽʣʷʻ ʡʦʛʦ ʧʦʚʥʦʶ ʶʨʠʜʠʯʥʦʶ ʩʠʣʦʶ. 

ɺʢʘʟʘʥʠʡ ʚʠʱʝ ʧʝʨʝʣʽʢ, ʮʝ ʣʠʰʝ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʟʘʛʨʦʟ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʉɽɼ, ʾʭ ʟʥʝʰʢʦʜʞʝʥʥʷ ʪʘ 

ʟʘʧʦʙʽʛʘʥʥʷ ʻ ʟʘʧʦʨʫʢʦʶ ʙʝʟʧʝʢʠ ʡ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ. ɿʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢ ʜʠʥʘʤʽʯʥʦʛʦ, ʪʘʢ ʽ 

ʩʪʘʪʠʯʥʦʛʦ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ, ʥʘ ʩʴʦʛʦʜʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʽ 

ʟʘʭʦʜʠ[6]:  

- ʯʽʪʢʝ ʨʦʟʤʝʞʫʚʘʥʥʷʤ ʨʽʚʥʽʚ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʧʨʘʚʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ; 

- ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʥʘʢʘʟʫ 

ɼʉʉɿɿɯ (ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʚʽʡ ʦʢʨʝʤʠʡ ʩʝʨʪʠʬʽʢʘʪ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ 

ʰʠʬʨʫʚʘʥʥʷ, ʷʢʠʡ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʢʣʘʜʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ); 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ; 

- ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʢʣʘʜʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 
ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ, ʶʨʠʜʠʯʥʫ ʩʠʣʫ, ʘʚʪʦʨʩʪʚʦ ʪʘ ʘʚʪʝʥʪʠʯʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ; 

- ʧʦʩʪʽʡʥʝ ʦʥʦʚʣʝʥʥʷ ʇɿ ʪʘ ʩʣʽʜʢʫʚʘʥʥʷʤ ʟʘ ʘʢʪʫʘʣʴʥʽʩʪʶ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʙʘʟ; 

- ʟʜʽʡʩʥʝʥʥʷ ʨʝʻʩʪʨʘʮʽʾ ʧʦʜʽʡ ʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ; 

- ʤʽʞʤʝʨʝʞʝʚʝ ʝʢʨʘʥʫʚʘʥʥʷ; 

- ʨʝʛʫʣʷʨʥʠʡ ʘʫʜʠʪ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʽʥʰʽ ʟʘʭʦʜʠ; 

ʍʦʯʝʤʦ ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ ʥʘ ʤʝʪʦʜʘʭ ʟʘʭʠʩʪʫ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʪʝʭʥʦʣʦʛʽʷʭ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 

ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ.  ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʤʝʪʦʜʦʤ ʻ ʧʘʨʦʣʴʥʠʡ, ʚʽʥ ʧʨʦʩʪʠʡ ʪʘ ʟʨʫʯʥʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, 

ʙʽʣʴʰ ʟʚʠʯʥʠʡ, ʘʣʝ ʤʘʻ ʥʝʜʦʣʽʢʠ. ʉʘʤʝ ʣʶʜʩʴʢʠʡ ʯʠʥʥʠʢ ʤʦʞʝ ʧʦʩʣʘʙʠʪʠ ʟʘʭʠʩʪ, ʙʦ ʯʘʩʪʦ ʜʣʷ ʧʘʨʦʣʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʥʘʜʪʦ ʧʨʦʩʪʽ ʢʣʶʯʦʚʽ ʩʣʦʚʘ ʪʦʱʦ. ʊʦʤʫ, ʪʨʝʙʘ ʨʦʙʠʪʠ ʦʙʦʚôʷʟʢʦʚʽ ʫʤʦʚʠ ʜʣʷ ʚʠʙʦʨʫ ʧʘʨʦʣʶ 

ʪʘʢʽ ʷʢ: ʥʝ ʤʝʥʰʝ 6 ʩʠʤʚʦʣʽʚ, ʪʝʢʩʪ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠʩʷ ʟ ʧʨʦʧʠʩʥʠʭ ʪʘ ʨʷʜʢʦʚʠʭ ʣʽʪʝʨ, ʤʘʪʠ ʮʠʬʨʠ ʪʘ 

ʧʫʥʢʪʫʘʮʽʡʥʽ ʟʥʘʢʠ. ʊʘʢʦʞ ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ ʧʘʨʦʣʴʥʠʡ ʤʝʪʦʜ ʪʠʤ, ʱʦ: ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʚʘʪʠ ʩʝʢʨʝʪʥʽ ʜʘʥʥʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ (ʧʘʨʦʣʴ, ʣʦʛʽʥ), ʜʣʷ ʚʭʦʜʫ ʚ ʩʠʩʪʝʤʫ ʪʘ ʧʨʠ ʨʦʙʦʪʽ ʚ ʥʽʡ. ʑʝ ʢʨʘʱʝ, ʘʙʠ ʟʤʽʥʶʚʘʚʩʷ ʧʘʨʦʣʴ 

ʘʚʪʦʤʘʪʠʯʥʦ, ʧʽʜʽʙʨʘʥʠʡ ʩʧʝʮʽʘʣʴʥʦʶ ʧʨʦʛʨʘʤʦʶ ʪʘ ʚʽʜʩʠʣʘʚʩʷ ʢʦʞʥʦʛʦ ʨʘʟʫ ʥʘ ʦʩʦʙʠʩʪʠʡ ʤʦʙʽʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ ʢʦʨʠʩʪʫʚʘʯʘ. ɿʚʠʯʘʡʥʦ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʟʘʭʠʩʪʫ ʪʘ ʯʘʩʦʚʠʭ ʚʠʪʨʘʪ.  

ɯʩʥʫʻ, ʱʝ ʘʧʘʨʘʪʥʠʡ ʧʨʠʥʮʠʧ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʩʠʩʪʝʤʘ ʚʠʟʥʘʯʘʻ ʦʩʦʙʫ ʢʦʨʠʩʪʫʚʘʯʘ ʧʦ 

ʧʨʝʜʤʝʪʫ, ʷʢʠʡ ʻ ʝʢʩʢʣʶʟʠʚʥʠʤ ʢʣʶʯʝʤ (ʨʽʟʥʽ ʢʘʨʪʢʠ, ʪʦʢʝʥʠ ʪʦʱʦ). ʎʝʡ ʤʝʪʦʜ ʥʘʜʽʡʥʠʡ, ʘʣʝ ʪʘʢʦʞ ʤʘʻ ʚʘʜʠ, 

ʙʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʢʨʘʜʽʞʢʠ, ʜʫʙʣʶʚʘʥʥʷ ʯʠ ʧʝʨʝʜʘʯʽ ʧʨʝʜʤʝʪʫ ʽʥʰʽʡ ʦʩʦʙʽ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʥʘʜʽʡʥʠʤ ʻ ʙʽʦʤʝʪʨʠʯʥʠʡ ʩʧʦʩʽʙ ʟʘʭʠʩʪʫ. ʇʨʠ ʥʴʦʤʫ, ʢʦʨʠʩʪʫʚʘʯ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʟʘ ʩʚʦʾʤ 

ʙʽʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ (ʚʽʜʙʠʪʦʢ ʧʘʣʴʮʷ, ʩʢʘʥʫʚʘʥʥʷ ʩʽʪʢʽʚʢʠ ʦʢʘ ʽ ʪ.ʜ.). ɸʣʝ ʚʘʨʪʽʩʪʴ ʥʘʜʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ, ʷʢʝ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ "ʟʣʦʤʫ",  ʟʘʚʝʣʠʢʘ, ʱʦ ʨʦʙʠʪʴ ʤʝʪʦʜ ʥʝ ʜʦʩʪʫʧʥʠʤ ʢʦʞʥʦʤʫ. 

ɺʝʣʠʯʝʟʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʣʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʱʝ ʻ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʜʘʥʠʭ. ɰʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʜʦʟʚʦʣʷʪʴ ʧʦʨʫʰʠʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʜʦʢʫʤʝʥʪʫ ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʡʦʛʦ ʧʦʪʨʘʧʣʷʥʥʷ ʜʦ ʨʫʢ 

ʩʪʦʨʦʥʥʴʦʾ ʦʩʦʙʠ. ɸʣʝ ʥʝ ʚʘʨʪʦ ʟʘʙʫʚʘʪʠ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ ʘʣʛʦʨʠʪʤ ʚʦʣʦʜʽʻ ʪʘʢʦʶ ʚʣʘʩʪʠʚʽʩʪʶ, 

ʷʢ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ, ʪʦʙʪʦ ʽ ʜʣʷ ʡʦʛʦ ʟʘʭʠʩʪʫ ʻ ʧʝʚʥʘ ʤʝʞʘ. ʅʝʤʘʻ ʰʠʬʨʽʚ, ʷʢʽ ʥʝ ʤʦʞʥʘ ʙʫʣʦ ʙ ʟʣʘʤʘʪʠ - ʮʝ 

ʣʠʰʝ ʧʠʪʘʥʥʷ ʯʘʩʫ ʽ ʢʦʰʪʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʚʠʱʝ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʙʝʟʧʝʢʠ ʉɽɼ ʻ ʥʝ ʜʦʩʢʦʥʘʣʠʤ, ʘʣʝ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ 

ʫ ʩʪʘʥʽ ʨʦʟʚʠʪʢʫ. ɸʙʠ ʟʘʭʠʩʪʠʪʠ ʜʘʥʽ ʚ ʉɽɼ, ʪʨʝʙʘ ʢʦʤʙʽʥʫʚʘʪʠ ʽʩʥʫʶʯʽ ʟʘʭʦʜʠ ʪʘ ʤʝʪʦʜʠ, ʪʘ ʥʝ ʟʘʙʫʚʘʪʠ ʧʨʦ 

ʣʶʜʩʴʢʠʡ ʯʠʥʥʠʢ. ɸ ʛʦʣʦʚʥʝ, ʩʣʽʜ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʟʘ ʯʘʩ ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʟʣʦʤ ʟʘʭʠʱʝʥʦʾ ʚʘʤʠ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʦʥʘ ʙʝʟʥʘʜʽʡʥʦ ʟʘʩʪʘʨʽʻ, ʘʙʦ ʢʦʰʪʠ ʚʠʪʨʘʯʝʥʽ ʥʘ ʾʾ ʟʣʦʤ ʧʝʨʝʚʠʱʘʪʴ ʚʘʨʪʽʩʪʴ ʩʘʤʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ʊɸ ʇɽʈɽɺɸɻʀ ɺʇʈʆɺɸɼɾɽʅʅʗ  

ʂʆɻɽʅɽʈɸʎɯʁʅʀʍ ʋʉʊɸʅʆɺʆʂ  
 

ɸ.ʉ. ɼʘʱʝʥʢʦʚʘ, ɸ.ʉ. ɿʘʜʦʨʦʞʥʽʡ, ɼ.ʉ. ʉʪʘʮʝʥʽʥ, ʩʪʫʜʝʥʪʠ ʛʨ. ɽʉɽ-2014-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɯ.ʆ. ʊʝʤʥʦʭʫʜ, ʘʩʠʩʪʝʥʪ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤ. ʆ. ʄ. ɹʝʢʝʪʦʚʘ 
 

ɺ ʥʘʰ ʯʘʩ ʩʠʪʫʘʮʽʷ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷʤ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʜʦʩʷʛʘʻ 

ʢʨʠʪʠʯʥʦʾ ʩʠʪʫʘʮʽʾ. ʊʝʧʣʦʝʥʝʨʛʝʪʠʢʘ ʋʢʨʘʾʥʠ ʤʘʻ ʽʜʝʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʢʦʛʝʥʝʨʘʮʽʾ. ʎʽ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪʘʭ ʧʝʨʚʠʥʥʦʛʦ ʧʨʠʚʦʜʥʦʛʦ 

ʜʚʠʛʫʥʘ. ɻʦʣʦʚʥʘ ʾʾ ʧʝʨʝʚʘʛʘ ʧʝʨʝʜ ʟʚʠʯʘʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ 

ʚʽʜʙʫʚʘ̒ ʪʴʩʷ ʟ ʙʽʣʴʰʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʯʠʤ ʜʦʩʷʛʘʻʪʴʩʷ ʽʩʪʦʪʥʝ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʦʜʠʥʠʮʽ 

ʝʥʝʨʛʽʾ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʩʪʽʡʥʦʾ ʪʝʥʜʝʥʮʽʾ ʱʦʨʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʘʩʪʴ ʟʥʘʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ. ɿʘʚʜʷʢʠ ʚʠʨʦʙʥʠʮʪʚʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʷʢ 

ʚʠʩʦʢʦʧʨʠʙʫʪʢʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʟ'ʷʚʣʷʻʪʩɹʷ ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʫʥʘʣʴʥʫ ʝʥʝʨʛʝʪʠʢʫ ʚʚʘʞʘʪʠ ʷʢ ʚʠʩʦʢʦʨʝʥʪʘʙʝʣʴʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ. ʂʦʛʝʥʝʨʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʤʘʣʽ ʪʝʨʤʽʥʠ ʦʢʫʧʥʦʩʪʽ (ʚʽʜ 2 ʜʦ 3,5 ʨʦʢʽʚ), ʱʦ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ 

ʽ ʙʝʟ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ ʧʝʨʝʡʪʠ ʥʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʠ ʽʩʥʫʶʯʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʥʘ ʙʘʟʽ ʢʦʪʣʽʚ ʧʦʪʫʞʥʽʩʪʶ ʧʦʥʘʜ 3 ɻʂʘʣ/ʛʦʜ. ʅʘʷʚʥʠʡ ʧʘʨʢ ʪʘʢʠʭ ʢʦʪʣʽʚ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʚ 

ʋʢʨʘʾʥʽ ʜʦ 6 ʪʠʩ. ʄɺʪ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʝʣʝʢʪʨʦʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ɺ ʧʨʦʤʠʩʣʦʚʽʡ ʪʝʧʣʦʝʥʝʨʛʝʪʠʮʽ ʮʷ 

ʮʠʬʨʘ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 8 ʪʠʩ. ʄɺʪ, ʚ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʩʪʝʤʽ ð 2 ʪʠʩ. ʄɺʪ.  ɿ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, 

ʢʦʛʝʥʝʨʘʮʽʷ ʚ 2-3 ʨʘʟʠ ʟʤʝʥʰʠʪʴ ʚʠʢʠʜʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ 

ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʡ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʫʩʪʘʥʦʚʦʢ ʜʦʟʚʦʣʷʻ: ʥʘʙʣʠʟʠʪʠ ʚʠʨʦʙʥʠʢʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦ 

ʩʧʦʞʠʚʘʯʽʚ, ʟʤʝʥʰʠʚʰʠ ʚʪʨʘʪʠ ʚ ʤʝʨʝʞʘʭ; ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ; ʟʥʠʟʠʪʠ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ; ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ; ʩʪʚʦʨʠʪʠ 

ʥʦʚʽ ʨʦʙʦʯʽ ʤʽʩʮʷ ʪʘ ʟʙʽʣʴʰʠʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʢʦʰʪʽʚ ʜʦ ʙʶʜʞʝʪʽʚ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʋʢʨʘʾʥʘ ʩʪʦʾʪʴ ʥʘ ʧʦʨʦʟʽ ʩʢʣʘʜʥʦʾ ʩʠʪʫʘʮʽʾ ʟ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷʤ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʮʽ ʧʨʦʙʣʝʤʠ ʚ ʥʘʡʢʦʨʦʪʰʽ ʪʝʨʤʽʥʠ ʽ ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʝʢʦʥʦʤʽʯʥʦʾ 

ʪʘ ʝʢʦʣʦʛʯ̔ʥʦʾ ʩʬʝʨ [1-5]. 
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ɿʙʽʣʴʰʝʥʥʷ ʥʘʨʦʜʦʥʘʩʝʣʝʥʥʷ, ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʦʙʩʷʛʠ ʾʭ ʩʧʦʞʠʚʘʥʥʷ, ʰʫʢʘʪʠ ʽ ʩʪʚʦʨʶʚʘʪʠ ʫʤʦʚʠ ʜʣʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʝʢʦʥʦʤʽʯʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʤʫ 

ʢʦʤʧʣʝʢʩʽ ʟʘʛʘʣʦʤ ʽ ʚ ʥʝʧʨʦʤʠʩʣʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʪʘ ʫʩʪʘʥʦʚʘʭ ʟʦʢʨʝʤʘ. ʉʘʤʝ ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ 

ʩʫʯʘʩʥʦʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʥʦʩʽʾʚ ʽ ʙʝʟʧʝʯʥʠʭ ʩʧʦʩʦʙʽʚ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʙʪʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ [1]. 

ʇʦʪʨʝʙʫʻ ʫʚʘʛʠ, ʪʘʢʦʞ, ʧʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. 

ɼʦʩʚʽʜ ʥʠʟʢʠ ʨʦʟʚʠʥʝʥʠʭ (ʚ ʮʘʨʠʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ) ʢʨʘʾʥ ʜʦʚʦʜʠʪʴ, ʱʦ ʪʘʢʽ 

ʟʜʘʪʥʦʩʪʽ ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤʠ, ʘʣʝ ʥʝ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʽʛʨʽʚʫ ʞʠʪʣʦʚʠʭ, ʥʘʚʯʘʣʴʥʠʭ 

ʪʘ ʽʥʰʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʫ ʥʘʰʽʡ ʢʨʘʾʥʽ. ʅʘʨʘʟʽ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʧʨʠʡʥʷʪʠʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʩʢʦʨʦʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʘʰʘ 

ʜʝʨʞʘʚʘ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʚʠʪʨʘʪʥʠʭ ʫ ʩʚʽʪʽ. ʊʦʤʫ ʽʩʥʫʻ ʛʦʩʪʨʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. ɺʽʜʪʘʢ, ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ 

ʛʥʫʯʢʦʾ ʩʠʩʪʝʤʠ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. 

ʋ ʚʽʪʯʠʟʥʷʥʽʡ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽʡ ʛʘʣʫʟʽ ʽʩʥʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʟʜʘʪʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʨʽʚʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʘʙʦ ʛʨʫʧʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʩʧʦʞʠʚʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ʄʠ ʧʦʚʥʽʩʪʶ ʩʦʣʽʜʘʨʥʽ ʽʟ ʥʘʫʢʦʚʮʷʤʠ ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 

ʄ.ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ ʧʨʦ ʪʝ, ʱʦ ʢʦʞʥʘ ʟ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʨʦʟʨʦʙʣʝʥʘ ʧʽʜ ʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʥʝʩʝʥʥʷ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ [2]. ʊʘʢʽ ʩʠʩʪʝʤʠ ʻ ʩʢʣʘʜʥʠʤʠ ʱʦʜʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʽ ʥʝ ʜʦʟʚʦʣʷʶʪʴ çʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʢʦʨʠʛʫʚʘʪʠè ʟʘʢʦʥʠ, ʚʠʭʦʜʷʯʠ ʽʟ ʧʦʪʨʝʙ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ. ʉʘʤʝ ʮʝʡ 

ʬʘʢʪʦʨ ʩʪʘʻ ʧʨʠʯʠʥʦʶ ʚʽʜʤʦʚʠ ʚʽʜ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ ʛʥʫʯʢʦʾ ʩʠʩʪʝʤʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠʤʽʱʝʥʥʷ, ʷʢʫ ʤʦʞʣʠʚʦ ʥʘʣʘʰʪʫʚʘʪʠ ʧʽʜ ʜʽʻʚʝ ʫʧʨʘʚʣʽʥʥʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʙʦ 

ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʮʶ ʩʠʩʪʝʤʫ ʫ 

ʷʢʦʩʪʽ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʘ ʧʝʨʚʠʥʥʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚʩʪʘʥʦʚʣʶʻʤʦ ʝʤʧʽʨʠʯʥʠʡ ʬʘʢʪ: ʪʝʧʣʠʡ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʝʨʽʦʜ ʨʦʢʫ ʻ ʤʝʥʰ ʝʥʝʨʛʦʻʤʥʠʤ, ʥʽʞ ʭʦʣʦʜʥʠʡ. ʇʨʦʪʝ, ʥʘʜʣʠʰʢʠ ʪʝʧʣʘ ʚ 

ʧʨʠʤʽʱʝʥʥʽ ʽ ʙʽʣʴʰ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ, ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʛʨʽʚʘʥʥʷʤ, ʜʦʚʦʜʷʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʦʙʽʛʨʽʚʦʤ ʧʨʠʤʽʱʝʥʥʷ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ 

ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠʤʽʱʝʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ 

ʉʥʠʇ 2.04.05-91 [3]. ʋ ʧʦʤʽʨʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤʫ ʢʣʽʤʘʪʠʯʥʦʤʫ ʧʦʷʩʽ (t ʣʠʧʥʷ: +12...+24, t ʩʽʯʥʷ: -4...-20, 

ʦʧʘʜʠ: 500-800 ʤʤ) ʚʦʥʠ ʙʫʜʫʪʴ ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʙʣʠʮʽ 1 ï ʆʧʪʠʤʘʣʴʥʽ ʽ ʜʦʧʫʩʪʠʤʽ ʥʦʨʤʠ 

ʤʽʢʨʦʢʣʽʤʘʪʫ 

 

ʇʝʨʽʦʜ 

ʨʦʢʫ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, 

 

ʈʝʟʫʣʴʪʫʶʯʘ 

ʪʝʤʧʝʨʘʪʫʨʘ,  

ɺʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ, 

% 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʧʦʚʽʪʨʷ, ʤ/ʩ 

ʦʧʪʠʤ. ʜʦʧʫʩʪ. ʦʧʪʠʤ. ʜʦʧʫʩʪ. ʦʧʪʠʤ. ʜʦʧʫʩʪ. ʦʧʪʠʤ. ʜʦʧʫʩʪ. 

ʍʦʣʦʜʥʠʡ 19-21 8-23 18-20 17-22 45-30 60 0,2 0,3 

ʊʝʧʣʠʡ 23-25 18-28 22-24 19-27 60-30 65 0,3 0,5 

 

ɼʦʜʘʤʦ ʜʦ ʮʽʻʾ ʪʘʙʣʠʮʽ ʦʩʚʽʪʣʝʥʽʩʪʴ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʧʦʚʠʥʥʦ ʙʫʪʠ 300 ʃʢ ʽ ʷʢʘ ʚʽʜʽʛʨʘʻ ʚʝʣʠʢʫ ʨʦʣʴ ʚ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʽ ʧʨʠʤʽʱʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʨʦʢʫ.  

ɺʠʭʦʜʷʯʠ ʽʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʜʘʥʠʭ, ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʙʣʦʢʠ, ʷʢʽ ʤʘʶʪʴ ʚʭʦʜʠʪʠ ʜʦ 

ʩʢʣʘʜʫ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ: ʧʽʜʩʠʩʪʝʤʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʧʽʜʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ, ʧʽʜʩʠʩʪʝʤʘ ʪʝʧʣʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʽʜʩʠʩʪʝʤʘ ʦʩʚʽʪʣʝʥʥʷ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ.  

ʇʽʜʩʠʩʪʝʤʘ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ ʩʢʣʘʜʘʪʠʩʴ ʽʟ ʨʝʛʫʣʴʦʚʘʥʦʾ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʷʢʘ ʧʦʚʠʥʥʘ 

ʧʦʚʥʽʩʪʶ ʢʦʤʧʝʥʩʫʚʘʪʠ ʪʝʧʣʦʚʪʨʘʪʠ ʧʨʠʤʽʱʝʥʥʷ ʘʙʦ ʟʘʤʽʥʠʪʠ ʩʠʩʪʝʤʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʧʘʣʝʥʥʷ ʧʨʠ ʾʾ 

ʥʝʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʘʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʻ ʢʦʪʝʣ, ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ, ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʝʥʝʨʛʦʥʦʩʽʷ, ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʧʨʠʣʘʜʠ ʦʙʣʽʢʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ɺʩʝ 

ʦʙʣʘʜʥʘʥʥʷ ʚʠʙʠʨʘʻʪʴʩʷ ʟʘ ʚʽʜʦʤʠʤ ʨʦʟʨʘʭʫʥʢʘʤʠ ʽ ʤʝʪʦʜʠʢʘʤʠ [4]. 

ʈʝʘʣʽʟʘʮʽʷ ʧʽʜʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʭ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʘʭ, 

ʧʫʩʢʦʨʝʛʫʣʶʶʯʽʡ ʘʧʘʨʘʪʫʨʽ, ʜʘʪʯʠʢʘʭ ʦʩʚʽʪʣʝʥʦʩʪʽ ʧʨʠʤʽʱʝʥʥʷ ʪʘ ʜʘʪʯʠʢʘʭ ʧʨʠʩʫʪʥʦʩʪʽ. ɺʠʙʽʨ ʦʙʣʘʜʥʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʟ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ 300ʃʢ.  

ʇʽʜʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ, ʚʠʭʦʜʷʯʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʩʽʙ, ʷʢʽ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʧʨʠʤʽʱʝʥʥʽ [5], ʽ ʙʫʪʠ ʨʝʛʫʣʴʦʚʘʥʦʶ, ʘʞ ʜʦ ʧʦʚʥʦʛʦ ʟʘʢʨʠʪʪʷ. ʊʘʢʦʞ ʚʦʥʘ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʧʨʠʯʠʥʦʶ ʚʠʪʦʢʫ ʪʝʧʣʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʦ ʨʝʢʫʧʝʨʘʪʦʨʦʤ ʪʝʧʣʘ. ʆʙʣʘʜʥʘʥʥʷʤ, ʱʦ ʚʭʦʜʷʪʴ ʚ 

ʧʽʜʩʠʩʪʝʤʫ, ʻ: ʧʨʠʧʣʠʚʥʠʡ ʽ ʚʠʪʷʞʥʠʡ ʤʝʭʘʥʽʟʤ, ʨʝʢʫʧʝʨʘʪʦʨ ʪʝʧʣʘ,ʨʝʛʫʣʶʚʘʣʴʥʘ ʥʘʧʨʫʛʘ, ʜʘʪʯʠʢ 

ʧʨʠʩʫʪʥʦʩʪʽ.  

ʇʽʜʩʠʩʪʝʤʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 

ʧʨʠʤʽʱʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʨʦʢʫ. ɰʾ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʘʣʝ 

ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʽ ʜʣʷ ʦʙʽʛʨʽʚʫ ʧʨʠʤʽʱʝʥʥʷ ʧʨʠ ʟʦʚʥʽʰʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝ ʥʠʞʯʝ -5
0
ʉ. ʆʩʥʦʚʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʻ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʡ ʢʦʥʜʠʮʽʦʥʝʨ, ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʽ ʚʦʣʦʛʦʩʪʽ, ï 

ʧʝʨʝʢʦʥʣʠʚʦ ʟʘʟʥʘʯʘʶʪʴ ʜʦʩʣʽʜʥʠʢʠ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ɼ.ʄʠʭʘʡʣʠʯʝʥʢʦ ʽ ʄ.ʃʻʩʥʦʡ [2].   

ɺʩʽ ʥʘʚʝʜʝʥʽ ʧʽʜʩʠʩʪʝʤʠ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʻʜʠʥʦʶ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʜʘʪʯʠʢʽʚ ʽ ʟʘʜʘʥʠʭ ʧʨʘʚʠʣʘʭ, ʟʜʽʡʩʥʶʻ ʢʦʤʧʣʝʢʩʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʠʩʪʝʤʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠʤʽʱʝʥʥʷ. ɰʾ ʨʝʘʣʽʟʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʙʘʟʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʫ ʥʝʧʨʦʤʠʩʣʦʚʠʭ ʟʘʢʣʘʜʘʭ ʩʣʽʜ ʟʘʩʪʦʩʫʚʘʪʠ 

ʽʩʥʫʶʯʠʡ ʜʦʩʚʽʜ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʻʚʨʦʧʝʡʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʘʤʠ. ɸʥʘʣʽʟ 
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ʩʪʨʫʢʪʫʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʦʢʨʝʤʘ, ʫ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʚʢʘʟʫʻ ʥʘ ʯʠʤʘʣʽ (ʧʦʜʝʢʫʜʠ ï ʟʥʘʯʥʽ) ʚʪʨʘʪʠ, 

ʥʘʜʤʽʨʥʽʩʪʴ ʯʦʛʦ ʤʦʞʥʘ ʦʤʠʥʫʪʠ ʘʙʦ ʤʽʥʽʤʽʟʫʚʘʪʠ. ɺʠʱʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʟʘʦʱʘʜʠʪʠ 

ʽ ʩʧʨʷʤʫʚʘʪʠ ʚʠʚʽʣʴʥʝʥʽ ʢʦʰʪʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʥʘ ʽʥʰʫ, ʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʫ, ʛʘʣʫʟʴ ʥʘʚʯʘʣʴʥʦ-

ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ.  

ʊʦʞ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʝʢʦʥʦʤʽʾ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʦ ʟʘʧʨʦʚʘʜʠʪʠ 

çʞʦʨʩʪʢʦ-ʢʦʥʪʨʦʣʴʦʚʘʥʫè ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʟʘʢʣʘʜʽ, ʷʢʘ ʜʦʩʠʪʴ ʫʩʧʽʰʥʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ, ʷʢ ʪʝʭʥʽʯʥʦ, ʪʘʢ ʽ ʟ ʙʦʢʫ ʥʝʙʘʡʜʫʞʦʾ ʛʨʦʤʘʜʩʴʢʦʩʪʽ: ʚʽʜ ʫʯʠʪʝʣʷ ʜʦ ʫʯʥʷ, 

ʚʽʜ ʚʠʢʣʘʜʘʯʘ ʜʦ ʩʪʫʜʝʥʪʘ, ʚʽʜ ʦʬʽʩʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ ʜʦ ʚʽʜʚʽʜʫʚʘʯʘ. 
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ɿɸɹɽɿʇɽʏɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ ɽʃɽʂʊʈʀʏʅʀʍ ʄɽʈɽɾ 10ʂɺ ɿ ʇʆɺɯʊʈʗʅʀʄʀ ʃɯʅɯʗʄʀ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɸɺʊʆʄɸʊʀʏʅʀʍ ʈʆɿôɭɼʅʋɺɸʏɯɺ 

 

ɯ.ɺ. ɼʽʭʪʷʨʫʢ, ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈ.ʆ. ɹʫʡʥʠʡ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɽʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ ʥʘʙʫʣʘ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʩʽʭ ʛʘʣʫʟʷʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʟʘʚʜʷʢʠ 

ʚʽʜʥʦʩʥʽʡ ʧʨʦʩʪʦʪʽ ʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʝʨʝʜʘʯʽ, ʨʦʟʧʦʜʽʣʫ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʽʥʰʽ ʚʠʜʠ ʝʥʝʨʛʽʾ.  

ʊʝʤʧʠ ʨʦʟʚʠʪʢʫ ʙʫʜʴ-ʷʢʦʾ ʮʠʚʽʣʽʟʦʚʘʥʦʾ ʜʝʨʞʘʚʠ ʚʠʤʘʛʘʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ɽɽ) ʚʽʜ ʮʝʥʪʨʽʚ ʞʠʚʣʝʥʥʷ (ʎɾ) ʜʦ ʩʧʦʞʠʚʘʯʽʚ. ʈʦʟʧʦʜʽʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ʋʢʨʘʾʥʠ 

ʥʘʣʽʯʫʶʪʴ ʙʣʠʟʴʢʦ 1 ʤʣʥ. ʢʤ ʧʦʚʽʪʨʷʥʠʭ ʽ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʧʨʫʛʦʶ 0,4ï150 ʢɺ, ʙʣʠʟʴʢʦ 

200 ʪʠʩ.ʦʜ. ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʧʽʜʩʪʘʥʮʽʡ ʚʠʱʦʶ ʥʘʧʨʫʛʦʶ 6ï110 ʢɺ [1]. 

ʅʝʜʦʩʪʘʪʥʻ ʬʽʥʘʥʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ ʫʥʝʤʦʞʣʠʚʣʶʻ ʚʽʜʥʦʚʣʝʥʥʷ, ʤʦʜʝʨʥʽʟʘʮʽʶ ʪʘ 

ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʜʽʶʯʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʚʩʽʭ ʢʣʘʩʽʚ ʥʘʧʨʫʛʠ, ʘ ʪʘʢʦʞ ʙʫʜʽʚʥʠʮʪʚʦ ʥʦʚʠʭ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʫ ʥʝʦʙʭʽʜʥʦʤʫ ʦʙôʻʤʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʢʪʨʦʤʝʨʝʞʝʚʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʚʽʜʧʨʘʮʶʚʘʣʠ ʩʚʽʡ ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ. ɿʛʽʜʥʦ ʟ [1] 40,5% ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʽ 

37,6% ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʧʽʜʩʪʘʥʮʽʡ ʧʦʪʨʝʙʫʶʪʴ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʘʙʦ ʟʘʤʽʥʠ. 

ɺʠʱʝʟʘʟʥʘʯʝʥʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʜʽʶʯʠʤ ʥʦʨʤʘʤ, ʘ ʪʘʢʦʞ  ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ. 

ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʘʚʘʨʽʡʥʠʭ ʚʽʜʢʣʶʯʝʥʴ (ʧʨʠʙʣʠʟʥʦ 90% ʚʩʽʭ ʩʪʽʡʢʠʭ ʚʽʜʤʦʚ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʥʘʧʨʫʛʦʶ 10 ʢɺ. ʊʘʢʽ ʧʦʚʽʪʨʷʥʽ ʣʽʥʽʾ (ʇʃ) ʻ ʥʘʡʤʝʥʰ ʥʘʜʽʡʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ. ɹʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʻ ʤʦʨʘʣʴʥʦ ʪʘ ʬʽʟʠʯʥʦ ʟʘʩʪʘʨʽʣʠʤʠ ʪʘ ʥʝ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ [2, 3]. ʉʘʤʝ ʪʦʤʫ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ.  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ.  

ɺ ʫʤʦʚʘʭ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ. ʉʧʦʞʠʚʘʯʽ ʚʩʝ ʯʘʩʪʽʰʝ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʨʽʚʥʽ ʥʘʜʽʡʥʦʩʪʽ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʎʝ ʨʦʙʠʪʴ ʟʘʜʘʯʫ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ. ɺ ʜʘʥʠʡ 

ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʨʽʟʢʦʤʫ ʟʥʠʞʝʥʥʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʚ ʙʫʜʽʚʥʠʮʪʚʦ ʥʦʚʠʭ ʪʘ 

ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʽʩʥʫʶʯʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ.  

ɯʩʥʫʶʯʽ ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʫ 70-80-ʭ ʨʦʢʘʭ ʍʍ 

ʩʪʦʣʽʪʪʷ ʽ, ʚ ʜʘʥʠʡ ʯʘʩ, ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ. ɯʩʥʫʶʯʽ ʝʣʝʤʝʥʪʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʪʘ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ɽʄ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ʇʃ, 

ʧʦʚôʷʟʘʥʽ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʘ ʤʽʩʮʴ ʨʦʟʤʽʱʝʥʥʷ ʩʝʢʮʽʦʥʫʶʯʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ ʚ 

ʥʠʭ. ʆʜʥʘʢ ʰʚʠʜʢʽ ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʛʦ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʞʝʨʝʣ 

ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʪʘ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʥʝʜʦʩʢʦʥʘʣʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘ ʙʘʟʘ ʪʘ ʥʝʩʪʘʙʽʣʴʥʘ ʝʢʦʥʦʤʽʯʥʘ 

ʩʠʪʫʘʮʽʷ ʚ ʋʢʨʘʾʥʽ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʦʛʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʇʃ, ʱʦ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʫʤʫ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʾ 

ʢʦʤʫʪʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʰʫʢʫ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ ʟ ʇʃ, ʱʦ 

http://www.kdu.edu.ua/statti/Tezi_2011/0352.pdf
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ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ. ʆʜʠʥ ʟ ʪʘʢʠʭ ʰʣʷʭʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʜʘʥʽʡ ʨʦʙʦʪʽ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ, ʱʦ ʦʪʨʠʤʫʶʪʴ 

ʞʠʚʣʝʥʥʷ ʚʽʜ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʧʨʫʛʦʶ 10 ʢɺ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʧʣʠʚ ʤʽʩʮʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʝʢʮʽʦʥʫʶʯʠʭ 

ʨʦʟôʻʜʥʫʚʘʯʽʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʚ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʟ 

ʧʦʚʽʪʨʷʥʠʤʠ ʣʽʥʽʷʤʠ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʥʘʧʨʫʛʦʶ 10 ʢɺ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʝʨʝʞʘʭ ʥʘʧʨʫʛʦʶ 10ʢɺ ʟ ʧʦʚʽʪʨʷʥʠʤʠ ʣʽʥʽʷʤʠ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʤʠ 

ʨʦʟôʻʜʥʫʚʘʯʘʤʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʨʦʟʚôʷʟʘʥʦ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ: 

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʧʨʫʛʦʶ 10 ʢɺ ʪʘ 

ʦʩʥʘʱʝʥʥʷ ʾʭ ʟʘʩʦʙʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ.  

2. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʦʾ ʜʽʣʷʥʢʠ ʇʃ 10 ʢɺ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʝʢʮʽʦʥʫʶʯʠʭ ʨʦʟôʻʜʥʫʚʘʯʽʚ.  

3. ʇʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚ ʽʩʥʫʶʯʠʭ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞʘʭ 

ʪʘ ʤʝʨʝʞʘʭ ʟ ʜʞʝʨʝʣʘʤʠ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʥʘʧʨʫʛʦʶ 10ʢɺ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʙʠʪʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʝʜʦʚʽʜʧʫʩʢʦʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

4. ɺʠʷʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʩʮʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʝʢʮʽʦʥʫʶʯʠʭ ʨʦʟôʻʜʥʫʚʘʯʽʚ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʟʧʦʜʽʣʴʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʥʘʧʨʫʛʦʶ 10 ʢɺ. 

5. ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ ʥʘʧʨʫʛʦʶ 6-10ʢɺ ʥʘ ʽʥʪʝʛʨʘʣʴʥʽ 

ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ SAIDI, SAIFI ʪʘ ENS. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʝʢʮʽʦʥʫʶʯʠʭ ʨʦʟôʻʜʥʫʚʘʯʽʚ ʚ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞʘʭ ʥʘʧʨʫʛʦʶ 10 ʢɺ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ. ɿʦʢʨʝʤʘ: 

1. ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʷ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʥʘʧʨʫʛʦʶ 6-

10 ʢɺ ʟ ʧʦʚʽʪʨʷʥʠʤʠ ʣʽʥʽʷʤʠ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʨʦʟôʻʜʥʫʚʘʯʽʚ ʜʣʷ 

ʚʠʜʽʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʦʾ ʜʽʣʷʥʢʠ ʤʝʨʝʞʽ ʧʽʜ ʯʘʩ ʙʝʟʩʪʨʫʤʦʚʦʾ ʧʘʫʟʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʠʪʨʘʪʠ ʚʞʝ ʽʩʥʫʶʯʠʭ ʤʝʨʝʞ ʪʘ  ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʧʨʠ ʩʧʦʨʫʜʞʝʥʥʽ ʥʦʚʠʭ. 

2. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʝʡ 

ʩʧʦʞʠʚʘʯʽʚ ʚʟʜʦʚʞ ʜʦʚʞʠʥʠ ʃɽʇ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʘʥʘʣʽʪʠʯʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʤʽʩʮʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʝʢʮʽʦʥʫʶʯʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ ʛʨʦʤʽʟʜʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʠʧʦʚʠʭ ʤʦʜʝʣʝʡ ʃɽʇ ʥʘ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʣʘʥʫ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʨʦʟʧʦʜʽʣʴʥʠʭ 

ʤʝʨʝʞ. 

3. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʽ ʨʦʟôʻʜʥʫʚʘʯʽ ʜʣʷ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʴʥʠʭ 

ʤʝʨʝʞ ʟ ʜʞʝʨʝʣʘʤʠ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ ʽ ʢʽʣʴʢʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʝʢʮʽʦʥʫʶʯʠʭ ʨʦʟôʻʜʥʫʚʘʯʽʚ ʚ ʤʝʨʝʞʘʭ ʟ ʜʞʝʨʝʣʘʤʠ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʝʡ ʩʧʦʞʠʚʘʯʽʚ ʚʟʜʦʚʞ 

ʜʦʚʞʠʥʠ ʃɽʇ. 

ɺʠʩʥʦʚʢʠ: 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʱʦʜʦ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʥʘʧʨʫʛʦʶ 6-10 ʢɺ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟôʻʜʥʫʚʘʯʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʪʠʧʫ ʈʃʂ-10, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʟʥʠʟʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʥʝʩʫʪʪʻʚʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʥʷʭ ʚ 

ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʮʽʻʾ ʤʝʪʠ ʚʘʢʫʫʤʥʠʭ ʨʝʢʣʦʫʟʝʨʽʚ. 

2. ʇʝʨʝʚʘʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜ ʻ ʙʽʣʴʰ ʢʦʥʢʨʝʪʥʘ ʦʧʝʨʘʪʠʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥʠ 

ʟʥʝʩʪʨʫʤʣʝʥʥʷ, ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʾʟʜʠ ʆɺɹ ʪʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʘʤ. ʇʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʥʝ ʧʦʪʨʝʙʫʻ ʟʘʣʫʯʝʥʥʷ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʩʣʫʞʙ ʪʘ ʣʘʙʦʨʘʪʦʨʽʡ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʣʴʥʠʭ ʢʦʤʧʘʥʽʡ. 

3. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʩʫʯʘʩʥʠʭ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ ʟ ɼʈɻ 

4. ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜ ʱʦʜʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ 

ʥʘʧʨʫʛʦʶ 6-10 ʢɺ ʟ ʜʞʝʨʝʣʘʤʠ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʠʭ ʨʦʟôʻʜʥʫʚʘʯʽʚ. 

5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʚʪʦʤʘʪʠʢʫ ɸʇɺ ʤʝʨʝʞ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʞʠʚʣʝʥʥʷʤ ʚ ʤʝʨʝʞʘʭ ʟ 

ɼʈɻ, ʘʣʝ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʘʡ ʨʦʙʦʪʠ ʤʝʨʝʞ ʟ ɼʈɻ. 

6. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʛʦʨʠʪʤʫ ʚʠʜʽʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʦʾ ʜʽʣʷʥʢʠ ʚ ʤʝʨʝʞʘʭ ʟ ɼʈɻ ʚʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʜʘʪʢʦʚʦʾ ʧʦʜʘʯʽ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʚʠʤʠʢʘʯʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʽ 

ʩʪʦʨʦʥʠ ʜʞʝʨʝʣʘ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ. 

7. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʽʩʮʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʢʮʽʦʥʫʶʯʠʭ ʂɸ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ 

ʥʘʧʨʫʛʦʶ 10 ʢɺ ʜʦʚʽʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʠʩʢʨʝʪʥʠʡ ʨʦʟʧʦʜʽʣ ʩʧʦʞʠʚʘʯʽʚ ʧʦ ʜʦʚʞʠʥʽ ʃɽʇ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʥʝʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʧʘʜʢʘʤ ʟ ʨʽʚʥʦʤʽʨʥʦʨʦʟʧʦʜʽʣʝʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʦʩʝʨʝʜʞʝʥʠʤ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʚ ʢʽʥʮʽ ʤʝʨʝʞʽ. 

8. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʠʩʢʨʝʪʥʦʾ ʚʝʣʠʯʠʥʠ ʥʝʧʝʨʝʨʚʥʦʶ ʬʫʥʢʮʽʻʶ ʙʫʣʦ ʚʠʨʽʰʝʥʦ 

ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʽʩʮʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʝʢʮʽʦʥʫʶʯʠʭ ʨʦʟôʻʜʥʫʚʘʯʽʚ ʚ ʤʝʨʝʞʘʭ 



115 
 

ʥʘʧʨʫʛʦʶ 10 ʢɺ ʜʦʚʽʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʙʝʟ ʨʝʟʝʨʚʫ, ʟ ʨʫʯʥʠʤ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʤ ʚʢʣʶʯʝʥʥʷʤ ʨʝʟʝʨʚʫ, ʪʘ ʚ 

ʘʥʘʣʦʛʽʯʥʠʭ ʤʝʨʝʞʘʭ ʟ ɼʈɻ. 

9. ʇʨʘʚʠʣʴʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʽʩʮʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʝʢʮʽʦʥʫʶʯʠʭ ʨʦʟôʻʜʥʫʚʘʯʽʚ ʜʣʷ ʪʠʧʦʚʠʭ 

ʤʦʜʝʣʝʡ ʃɽʇ. 

10. ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ ʥʘʧʨʫʛʦʶ 10 ʢɺ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʠʭ 

ʨʦʟôʻʜʥʫʚʘʯʽʚ ʥʘ ʽʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʚ ʤʝʨʝʞʘʭ ʥʘʧʨʫʛʦʶ 10 ʢɺ ʜʦʚʽʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʙʝʟ 

ʨʝʟʝʨʚʫ, ʟ ʨʫʯʥʠʤ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʤ ʚʢʣʶʯʝʥʥʷʤ ʨʝʟʝʨʚʫ, ʪʘ ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʤʝʨʝʞʘʭ ʟ ɼʈɻ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɽʥʝʨʛʝʪʠʯʥʘ ʩʪʨʘʪʝʛʽʷ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ  ʦʥʦʚʣʝʥʘ 
2. ʇʨʫʩʩ ɺ.ʃ. ʊʝʩʣʝʥʢʦ ɺ.ɺ. ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʝʣʴʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. ï ʃ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ. ʃʝʥʠʥʛʨ. ʆʪʜ-ʥʠʝ, 1989. ï 

208ʩ. : ʠʣ. ʀʣ. (ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʝʣʫ). 

3. ʄʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ɺ.ɺ. ʂʦʟʠʨʩʴʢʠʡ, ʆ.ɺ. ɻʘʡ. 
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ɺʇʃʀɺ ʂɯʃʔʂʆʉʊɯ ʇʈʀɭɼʅɸʅʅʔ ʊɸ ɯʍ ʇʆʊʋɾʅʆʉʊɯ ʅɸ ʎɽʅʊʈʋɺɸʅʅʗ  

ʅʀɿʔʂʆɺʆʃʔʊʅʆɰ ɽʃɽʂʊʈʀʏʅʆɰ ʄɽʈɽɾɯ 

 

ʂ.ʉ. ɾʠʤʘʣʜʽʥʦʚ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʄʄ-111 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɯ. ʉʢʦʨʦʙʦʛʘʪʦʚʘ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,  

ʟʘʚ. ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɿʘʚʜʘʥʥʷ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʧʨʦʤʠʩʣʦʚʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘ 

ʟʤʽʩʪʦʤ ʽ ʟʘ ʩʢʣʘʜʥʽʩʪʶ. ɺʽʜ ʪʘʢʠʭ ʢʨʠʪʝʨʽʾʚ ʷʢ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ, 

ʨʦʟʧʦʜʽʣ ʧʨʠʡʤʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʦ ʜʞʝʨʝʣʘʤ ʞʠʚʣʝʥʥʷ ʽ ʪʘʢʝ ʽʥʰʝ, ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. 

ʅʠʟʴʢʦʚʦʣʴʪʥʘ ʝʣʝʢʪʨʠʯʥʘ ʨʦʟʧʦʜʽʣʴʥʘ ʤʝʨʝʞʘ ï ʝʣʝʢʪʨʠʯʥʘ ʨʦʟʧʦʜʽʣʴʥʘ ʤʝʨʝʞʘ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʙʦ 

ʦʨʛʘʥʽʟʘʮʽʾ (ʝʣʝʢʪʨʠʯʥʘ ʤʝʨʝʞʘ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ) ʘʙʦ ʥʠʟʴʢʦʚʦʣʴʪʥʘ ʝʣʝʢʪʨʠʯʥʘ ʤʝʨʝʞʘ ʩʧʦʞʠʚʘʯʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʞʠʚʣʝʥʥʷ ʨʽʟʥʠʭ ʧʨʠʡʤʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʤʽʩʮʷʭ ʾʭ 

ʨʦʟʤʽʱʝʥʥʷ. ɺʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʠʤʠ ʚʪʨʘʪʘʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʱʦ ʩʧʦʥʫʢʘʻ ʜʦ ʾʾ ʧʠʣʴʥʦʛʦ 

ʨʦʟʛʣʷʜʫ ʪʘ ʚʠʚʯʝʥʥʷ ʽ ʟʥʘʭʦʜʞʝʥʥʷ ʰʣʷʭʽʚ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʷʢ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ (ʘ ʩʘʤʝ ʥʘ ʜʦʚʞʠʥʫ ʤʝʨʝʞʽ, ʘ ʦʪʞʝ ʽ ʥʘ ʚʪʨʘʪʠ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʤʝʨʝʞʽ) ʢʽʣʴʢʽʩʪʴ ʧʨʠʻʜʥʘʥʠʭ ʧʨʠʡʤʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʩʠʣʦʚʠʡ ʧʫʥʢʪ (ʉʇ). ɼʣʷ 

ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ (ʨʠʩʫʥʦʢ 1), ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 8-ʤʘ ʧʨʠʡʤʘʯʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʦʜʥʘʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 10 ʢɺʪ. ʈʦʟʽʙôʻʤʦ ʧʨʠʡʤʘʯʽʚ ʥʘ ʜʚʘ ʉʇ ʽ ʧʨʦʚʝʜʝʤʦ ʜʚʘ ʨʦʟʨʘʭʫʥʢʠ. ʉʧʦʯʘʪʢʫ ʜʦ ʦʜʥʦʛʦ 

ʧʽʜʢʣʶʯʠʤʦ 5 (1,2,3,5,6) ʧʨʠʡʤʘʯʽʚ ʘ ʜʦ ʽʥʰʦʛʦ 3 (4,7,8) ʽ ʚʠʟʥʘʯʠʤʦ ʩʫʤʘʨʥʫ ʜʦʚʞʠʥʫ ʤʝʨʝʞʽ, ʘ ʧʦʪʽʤ 

ʨʦʟʽʙôʻʤʦ ʧʨʠʡʤʘʯʽʚ ʧʦʨʽʚʥʫ ʽ ʧʦʨʽʚʥʷʻʤʦ ʩʫʤʘʨʥʽ ʜʦʚʞʠʥʠ ʤʝʨʝʞ, ʘ ʦʪʞʝ ʽ ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʣʘʥ ʮʝʭʫ 

 

ʊʝʧʝʨ ʟʘ ʬʦʨʤʫʣʦʶ, ʚʽʜʦʤʦʶ ʟ ʤʝʭʘʥʽʢʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʮʝʥʪʨʫ ʪʷʞʽʥʥʷ ʩʠʩʪʝʤʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʦʯʦʢ, 

ʪʦʯʥʽʰʝ ʮʝʥʪʨʫ ʾʾ ʤʘʩ ʱʦ ʨʦʟʛʣʷʜʘʣʠʩʴ ʚ ʢʥʠʛʘʭ [1, 2], ʟʥʘʭʦʜʠʤʦ ʮʝʥʪʨ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʝ ʽ ʙʫʜʝʤʦ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʉʇ. ɺ ʷʢʦʩʪʽ ʧʘʨʘʤʝʪʨʘ, ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʠʡʤʘʯʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʡʤʘʯʘ. 
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ʜʝ
0

x , 
0

y  ï ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʣʦʚʦʛʦ ʧʫʥʢʪʫ; 

    
i

P  ï ʝʣʝʢʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ i -ʛʦ ʧʨʠʡʤʘʯʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ni ,1= ;  

    
i

x , 
i

y  ï ʢʦʦʨʜʠʥʘʪʠ i -ʛʦ ʧʨʠʡʤʘʯʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ; 

    n  ï ʢʽʣʴʢʽʩʪʴ ʧʨʠʡʤʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ɼʘʥʫ ʬʦʨʤʫʣʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʧʨʠ ʨʘʜʽʘʣʴʥʽʡ ʨʦʟʧʦʜʽʣʴʯʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʘ ʧʝʨʝʜʙʘʯʘʻ ʤʥʦʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʡʤʘʯʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʡʦʛʦ ʤʽʥʽʤʘʣʴʥʫ ʜʦʚʞʠʥʫ ʜʦ ʉʇ, ʱʦ 

ʤʦʞʣʠʚʝ ʣʠʰʝ ʧʨʠ ʨʘʜʽʘʣʴʥʽʡ ʨʦʟʧʦʜʽʣʴʯʽʡ ʤʝʨʝʞʽ. 

ʅʘ ʨʠʩʫʥʢʫ 2,ʘ ʧʨʝʜʩʪʘʚʣʝʥʝ ʨʦʟʤʽʱʝʥʥʷ ʉʇ ʧʨʠ ʨʦʟʧʦʜʽʣʽ ʧʨʠʡʤʘʯʽʚ 62,5%-37,5% ʪʘ ʥʘ ʨʠʩʫʥʢʫ 2,ʙ ʟ 

ʨʦʟʧʦʜʽʣʦʤ 50%-50%. ʇʨʠ ʪʘʢʠʭ ʨʦʟʤʽʱʝʥʥʷʭ ʉʇ ʚ ʤʝʨʝʞʽ 1 (ʨʠʩʫʥʦʢ 2, ʘ) ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʤʝʨʝʞʽ 

ʩʪʘʥʦʚʠʪʴ 129,44 ʤ, ʘ ʚʪʨʘʪʠ ʩʢʣʘʜʘʶʪʴ 651,13 ʢɺʪ, ʘ ʚ ʩʭʝʤʽ 2 (ʨʠʩʫʥʦʢ 2, ʙ) ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʩʢʣʘʜʘʻ 114,78 

ʤ, ʘ ʚʪʨʘʪʠ ï 637,7 ʢɺʪ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʦʪʨʽʙʥʦ ʨʽʚʥʦʤʽʨʥʦ ʜʽʣʠʪʠ ʧʨʠʡʤʘʯʽʚ ʤʽʞ ʉʇ. 

 
ʘ)                                                                                            ʙ) 

 

ʈʠʩʫʥʦʢ 2 ï ʈʦʟʤʽʱʝʥʥʷ ʉʇ ʧʨʠ ʨʽʟʥʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʠʡʤʘʯʽʚ ʥʘ ʉʇ 

 

ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʷʢ ʚʧʣʠʚʘʻ ʥʘ ʮʝʥʪʨ ʨʦʟʤʽʱʝʥʥʷ ʉʇ ʨʦʟʢʠʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʡʤʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʧʨʠʻʜʥʘʥʠʭ ʜʦ ʉʇ. ɼʣʷ ʮʴʦʛʦ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʝʨʝʞʽ ʟʘʜʘʻʤʦʩʷ ʧʦʪʫʞʥʽʩʪʶ ʧʨʠʡʤʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʉʇ ʟʘʣʠʰʠʣʘʩʴ ʥʝʟʤʽʥʥʦʶ, ʘ ʧʦʪʫʞʥʽʩʪʴ ʢʦʞʥʦʛʦ ʧʨʠʡʤʘʯʘ 

ʙʫʣʘ ʨʽʟʥʦʶ. ʊʘʢ ʧʨʠʡʤʘʯʽ 1 ï 9 ʢɺʪ, 2 ï 12,25 ʢɺʪ, 3 ï 12 ʢɺʪ, 4 ï 6,75 ʢɺʪ, 5 ï 10 ʢɺʪ, 6 ï 8,5 ʢɺʪ, 7 ï 11 ʢɺʪ ʽ 

8 ï 10,5 ʢɺ. ʇʨʦʚʦʜʠʤʦ ʘʥʘʣʦʛʽʯʥʽ ʜʦʩʣʽʜʠ ʱʦ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ. ʅʘ ʨʠʩʫʥʢʫ 3, ʘ, ʙ ʧʦʢʘʟʘʥʽ ʤʽʩʮʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʉʇ ʧʨʠ ʥʝʦʜʥʘʢʦʚʠʭ ʧʦʪʫʞʥʦʩʪʷʭ ʧʨʠʡʤʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥ ʉʇ. 

 

 
ʘ)                                                                                              ʙ) 

ʈʠʩʫʥʦʢ 3 ï ʈʦʟʤʽʱʝʥʥʷ ʉʇ ʧʨʠ ʨʽʟʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʉʇ 
 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʙʘʯʠʤʦ, ʱʦ ʧʦʪʫʞʥʽʰʽ ʧʨʠʡʤʘʯʽ ʧʨʠʙʣʠʞʫʶʪʴ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʉʇ ʚ ʩʚʦʶ 

ʩʪʦʨʦʥʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʙʽʣʴʰʫʻ (ʟʤʝʥʰʫʻ) ʜʦʚʞʠʥʫ ʞʠʚʣʷʯʦʛʦ ʢʘʙʝʣʶ ʽ ʣʽʥʽʡ ʱʦ ʚʽʜ ʥʴʦʛʦ ʚʽʜʭʦʜʷʪʴ. ʊʘʢ, 

ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʫ ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʤʝʨʝʞʽ ʪʘ ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʤʝʨʝʞʽ ʩʢʣʘʜʘʶʪʴ: ʤʝʨʝʞʘ 1 

(ʨʠʩʫʥʦʢ 3, ʘ) ï 128,11 ʤ; 653,29 ʢɺʪ ʪʘ ʤʝʨʝʞʘ 2 (ʨʠʩʫʥʦʢ 3, ʙ) ï 113,98 ʤ ʪʘ 623,75 ʢɺʪ. 

ɿ ʜʚʦʭ ʧʨʠʢʣʘʜʽʚ ʚʠʜʥʦ, ʱʦ ʮʝʥʪʨʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʥʠʟʴʢʦʚʦʣʴʪʥʦʾ ʤʝʨʝʞʽ ʻ ʦʜʥʠʤ ʟ ʚʠʨʽʰʘʣʴʥʠʭ 

ʬʘʢʪʦʨʽʚ ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. ʊʦʤʫ ʱʦ, ʟʤʽʥʶʶʯʠ ʢʽʣʴʢʽʩʪʴ 

ʧʨʠʻʜʥʘʥʴ ʥʘ ʉʇ ʤʦʞʥʘ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʪʠ ʘʙʦ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽ ʮʝ ʣʠʰʝ ʦʜʠʥ ʟ 

ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʝʥʪʨʫʚʘʥʥʷ ʽ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ. 
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ʎʝʥʪʨʫʚʘʥʥʷ ʥʠʟʴʢʦʚʦʣʴʪʥʦʾ ʤʝʨʝʞʽ ʻ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʤʝʨʝʞʽ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʉʇ ʚ ʤʽʩʮʽ ʮʝʥʪʨʫ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ, ʱʦ ʧʦʢʨʘʱʫʻ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɽʨʤʠʣʦʚ ɸ.ɸ. ʆʩʥʦʚʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ï ʄ.-ʃ.: ɻʦʩʵʥʝʨʛʦʠʟʜʘʪ, 1963. ï 344 ʩ.  

2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ / ɺ.ʅ. ɺʠʥʦʩʣʘʚʩʢʠʡ, ɸ.ɺ. ʇʨʘʭʦʚʥʠʢ, ʌ. ʂʣʝʧʧʝʣʴ, ʋ. ɹʫʪʮ. ï ʂʠʝʚ: ɺʠʱʘ ʰʢʦʣʘ. ɻʣʘʚʥʦʝ 

ʠʟʜ-ʚʦ. 1981. ï 360 ʩ. 

 

 

ʋɼʂ 621.316 
 

ʎɽʅʊʈʋɺɸʅʅʗ ʊʈɸʅʉʌʆʈʄɸʊʆʈʅʆɰ ʇɯɼʉʊɸʅʎɯɰ ʗʂ ʌɸʂʊʆʈ  

ɽʌɽʂʊʀɺʅʆʉʊɯ ɽʃɽʂʊʈʀʏʅʆɰ ʄɽʈɽɾɯ 
 

ɸ.ɺ. ɿʘʻʮʴ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʄʄ-111 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ɯ. ʉʢʦʨʦʙʦʛʘʪʦʚʘ, ʜ.ʪ.ʥ., ʧʨʦʬ.,  

ʟʘʚ. ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʆʙôʻʢʪʘʤʠ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ (ɽʄ) ʻ ʛʦʣʦʚʥʽ ʧʦʥʠʞʫʚʘʣʴʥʽ ʧʽʜʩʪʘʥʮʽʾ (ɻʇʇ), 

ʨʦʟʧʦʜʽʣʴʯʽ ʧʫʥʢʪʠ (ʈʇ), ʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʪʘʥʮʽʾ (ʊʇ). ɻʇʇ ʨʦʟʧʦʜʽʣʷʻ ʽ ʪʨʘʥʩʬʦʨʤʫʻ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ (110 ʢɺ ʽ ʚʠʱʝ) ʚ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʩʝʨʝʜʥʴʦʾ ʥʘʧʨʫʛʠ (6-35 ʢɺ); ʈʇ ʚʠʢʦʥʫʻ 

ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʙʝʟ ʾʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ; ʊʇ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʧʦʜʽʣ ʽ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʩʝʨʝʜʥʴʦʾ ʥʘʧʨʫʛʠ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ (ʜʦ 1 ʢɺ).  

ʈʘʮʽʦʥʘʣʴʥʽʩʪʴ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ (ʃɽʇ) ʦʙʫʤʦʚʣʶʻ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ɻʇʇ, ʈʇ ʽ ʊʇ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʾʭ 

ʨʦʟʤʽʱʝʥʥʷ ʟʘʣʝʞʠʪʴ ʜʦʚʞʠʥʘ ʃɽʇ. ʈʘʟʦʤ ʟ ʜʦʚʞʠʥʦʶ ʃɽʇ ʣʽʥʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʧʦʚʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʚ 

ʧʨʦʚʽʜʥʠʢʘʭ ʧʦʚʽʪʨʷʥʠʭ ʪʘ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ, ʦʪʞʝ ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʽ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʥʘʧʨʫʛʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʚ ʃɽʇ. ɼʦ ʪʦʛʦ ʞ ʜʦʚʞʠʥʘ ʃɽʇ ʦʙʫʤʦʚʣʶʻ ʥʘʜʽʡʥʽʩʪʴ ɽʄ; ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʃɽʇ ʚʽʨʦʛʽʜʥʽʩʪʴ ʾʾ 

ʘʚʘʨʽʡʥʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʟʨʦʩʪʘʪʠʤʝ, ʦʪʞʝ ʥʘʜʽʡʥʽʩʪʴ ʚʩʽʻʾ ɽʄ ʙʫʜʝ ʟʥʠʞʫʚʘʪʠʩʴ. ʏʠʤ ʙʽʣʴʰʘ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʘʚʘʨʽʡʥʠʭ ʚʽʜʢʣʶʯʝʥʴ ʃɽʇ, ʪʠʤ ʯʘʩʪʽʰʝ ʧʨʠʡʤʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʙʫʜʫʪʴ ʟʥʝʩʪʨʫʤʣʝʥʽ, ʘ ʦʪʞʝ ʟʨʦʩʪʘʪʠʤʝ 

ʚʝʣʠʯʠʥʘ ʥʝʜʦʚʽʜʧʫʩʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʽ ʥʘʧʨʫʛʠ ʚ ʃɽʇ, ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʦ 

ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ ʙʫʣʠ ʦʙʛʨʫʥʪʦʚʘʥʠʤʠ, ʥʝʦʙʭʽʜʥʦ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʜʦʚʞʠʥʫ ʃɽʇ. ɿ ʮʽʻʶ 

ʤʝʪʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʯʢʘ ʥʘ ʧʣʘʥʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ (ʉɽʇ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʮʝʥʪʨʫ ʚʘʛʠ ʧʣʦʱʠʥʠ 

ʉɽʇ. ʎʷ ʪʦʯʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʮʝʥʪʨʦʤ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ (ʎɽʅ) [1]. 

ʂʦʦʨʜʠʥʘʪʠ ʎɽʅ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʫʤʦʚʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʷʢʘ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʧʣʘʥ ʉɽʇ ʜʦʚʽʣʴʥʠʤ 

ʯʠʥʦʤ ʟ ʫʤʦʚʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʚʠʤʽʨʫ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʦʨʜʠʥʘʪ ʎɽʅ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʦʛʽʶ ʮʝʥʪʨʫ 

ʪʷʞʽʥʥʷ ʩʠʩʪʝʤʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʦʯʦʢ, ʪʦʯʥʽʰʝ ʮʝʥʪʨʫ ʾʾ ʤʘʩ, ʘ ʩʘʤʝ ʬʦʨʤʫʣʠ [2]: 
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ʜʝ 0ʍ , 0Y ï ʢʦʦʨʜʠʥʘʪʠ ʎɽʅ; 

ʈ̔ ï ʝʣʝʢʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ i -ʛʦ ʧʨʠʡʤʘʯʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ni ,1= ; 

ʍ̔ , Y̔  ï ʢʦʦʨʜʠʥʘʪʠ -̔ʛʦ ʧʨʠʡʤʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

n ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʭʝʤʠ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʊʇ 10/0,4 ʢɺ ʚ ʎɽʅ ʽ 

ʧʦʙʣʠʟʫ ʎɽʅ (ʟʤʽʱʝʥʥʷ ʊʇ ʚ ʙʽʢ ʈʇ ʥʘ 16 ʤ). ɼʣʷ ʩʧʨʦʱʝʥʥʷ, ʧʨʠʧʫʩʪʠʤʦ ʱʦ ʎɽʅ ʢʦʞʥʦʾ ʛʨʫʧʠ 

ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ ʟʙʽʛʘʻʪʴʩʷ ʟ ʛʝʦʛʨʘʬʽʯʥʠʤ ʮʝʥʪʨʦʤ ʩʧʦʨʫʜʠ, ʚ ʷʢʽʡ ʟʥʘʭʦʜʷʪʴʩʷ ʝʣʝʢʪʨʠʯʥʽ ʧʨʠʡʤʘʯʽ.  

ɹʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʎɽʅ ʧʦ ʘʢʪʠʚʥʽʡ ʧʦʪʫʞʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʘʻ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ 

ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ ɽʄ; ʧʨʠʧʫʩʪʠʤʦ ʱʦ ʨʝʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʤʠ ʧʦʚʥʽʩʪʶ ʢʦʤʧʝʥʩʫʻʤʦ. ɿʥʘʶʯʠ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʘʢʪʠʚʥʽ ʧʦʪʫʞʥʦʩʪʽ ʢʦʞʥʦʾ ʛʨʫʧʠ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ (30 ʢɺʪ, 50 ʢɺʪ, 15 ʢɺʪ, ʪʘ 60 ʢɺʪ) ʟʘ 

ʬʦʨʤʫʣʘʤʠ (1) ʽ (2) ʦʪʨʠʤʫʻʤʦ ʢʦʦʨʜʠʥʘʪʠ ʎɽʅ: ʍʮ=76,42; ʋʮ=32,92.  
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ɿʘʜʘʻʤʦʩʷ ʫʤʦʚʘʤʠ, ʱʦ ʃɽʇ 0,4 ʢɺ ʚʠʢʦʥʘʥʘ ʢʘʙʝʣʝʤ ʟ ʽʟʦʣʷʮʽʻʶ ʟʽ ʟʰʠʪʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ ʪʠʧʫ  

N2XY-3x16 (ʧʦʛʦʥʥʠʡ ʘʢʪʠʚʥʠʡ ʦʧʽʨ r0=1,15 ʆʤ/ʢʤ), ʘ ʊʇ ʽ ʈʇ ʟôʻʜʥʫʻ ʃɽʇ ʥʘʧʨʫʛʦʶ 10 ʢɺ, ʢʦʪʨʘ ʚʠʢʦʥʘʥʘ 

ʧʨʦʚʦʜʦʤ ʪʠʧʫ ɸʉ-25 (r0=1,176 ʆʤ/ʢʤ). 

 

 
ʘ                                                                                                           ʙ 

ʈʠʩʫʥʦʢ 1 ï ʈʦʟʤʽʱʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʾ ʧʽʜʩʪʘʥʮʽʾ:  

ʘ ï ʚ ʎɽʅ; ʙ ï ʟʤʽʱʝʥʥʷ ʚ ʙʽʢ ʨʦʟʧʦʜʽʣʴʯʦʛʦ ʧʫʥʢʪʫ 
 

ʈʦʟʪʘʰʫʚʘʚʰʠ ʊʇ ʚ ʎɽʅ (ʨʠʩ. 1, ʘ) ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʃɽʇ 0,4 ʢɺ ʜʦʨʽʚʥʶʶʪʴ 1,357 ʢɺʪ, ʘ ʚ 

ʃɽʇ 10 ʢɺ ï 0,021 ʢɺʪ. ʇʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʊʇ ʟʘ 16 ʤ ʚʽʜ ʎɽʅ, ʨʦʟʪʘʰʫʚʘʚʰʠ ʊʇ ʙʣʠʞʯʝ ʜʦ ʈʇ (ʨʠʩ. 1, ʙ) 

ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʃɽʇ 0,4 ʢɺ ʩʢʣʘʜʘʶʪʴ 1,8 ʢɺʪ, ʘ ʚ ʃɽʇ 10 ʢɺ ï 0,016 ʢɺʪ.  

ʗʢ ʚʠʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʠ ʟʤʽʱʝʥʥʽ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʊʇ ʚʽʜ ʎɽʅ ʥʘ 16 ʤ ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʃɽʇ 0,4 ʢɺ ʟʙʽʣʴʰʫʶʪʴʩʷ ʥʘ 33%, ʘ ʚ ʃɽʇ 10 ʢɺ ʟʤʝʥʰʫʶʪʴʩʷ ʥʘ 26%. ʇʨʦʪʝ, ʚʝʣʠʯʠʥʠ ʚʪʨʘʪ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʃɽʇ 10 ʢɺ ʻ ʥʝʟʥʘʯʥʠʤʠ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʃɽʇ 0,4 ʢɺ, ʪʦʤʫ ʨʦʟʤʽʱʝʥʥʷ ʊʇ ʚ ʎɽʅ ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ ʚ ʧʣʘʥʽ ʤʽʥʽʤʘʣʴʥʠʭ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ. ɸʣʝ ʫ ʚʠʧʘʜʢʫ ʟʤʽʱʝʥʥʷ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʊʇ ʚ ʙʽʢ ʈʇ 

ï ʟʨʦʩʪʘʻ ʥʘʜʽʡʥʽʩʪʴ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ɽʄ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʜʦʚʞʠʥʠ ʞʠʚʠʣʴʥʦʾ ʃɽʇ 10 ʢɺ. 

ʆʪʞʝ, ʷʢ ʚʠʜʥʦ ʟ ʚʠʱʝʧʨʠʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʮʝʥʪʨʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ 

ʛʨʘʻ ʥʝ ʦʩʪʘʥʥʶ ʨʦʣʴ ʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ɽʄ. ʇʨʦʪʝ, ʨʦʟʤʽʱʫʚʘʪʠ ʊʇ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʎɽʅ ʻ ʨʘʮʽʦʥʘʣʴʥʠʤ 

ʨʽʰʝʥʥʷʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʱʦʜʦ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʜʝʪʘʣʴʥʽʰʝ 

ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʮʝʥʪʨʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ɽʄ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦ 

ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ. ɭ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʧʝʚʥʦʾ ʦʙʣʘʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʊʇ; ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʮʽʻʾ 

ʦʙʣʘʩʪʽ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ɽʄ, ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʥʘʧʨʫʛʠ ʨʽʟʥʽ; ʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ɽʄ ï ʟʤʽʱʫʻʤʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ɽʄ ʚ 

ʧʝʚʥʠʡ ʙʽʢ ʮʽʻʾ ʦʙʣʘʩʪʽ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʌʝʜʦʨʦʚ ɸ.ɸ., ʂʘʤʝʥʝʚʘ ɺ.ɺ. ʆʩʥʦʚʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. ï 4-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï 

ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1984. ï 472 ʩ., ʠʣ. 
2. ʌʝʜʦʨʦʚ ɸ.ɸ., ɺ.ɺ. ʂʘʤʝʥʝʚʘ, ʉ.ʈ. ʍʤʝʣʴ. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʣʘ ʨʘʩʩʝʷʥʠʷ ʮʝʥʪʨʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

ʧʠʪʘʶʱʠʭ ʧʦʜʩʪʘʥʮʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ï ʕʣʝʢʪʨʠʯʝʩʪʚʦ. ï1974. ï  

ˉ 8.ï ʉ. 74-76.  
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ʇʆʈɯɺʅʗʅʅʗ ʇʆɺɯʊʈʗʅʀʍ ʊɸ ʂɸɹɽʃʔʅʀʍ ʃɯʅɯʁ 

ɿɸ ʈʗɼʆʄ ʂʈʀʊɽʈɯɰɺ 
 

ɯ.ʆ. ʂʨʘʚʯʝʥʢʦ, ʩʪʫʜʝʥʪ ʛʨ. ɽʄ-131 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈ.ʆ. ɹʫʡʥʠʡ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ɿ ʧʦʯʘʪʢʫ ʚʠʥʘʡʜʝʥʥʷ ʢʘʙʝʣʴʥʠʭ (ʂʃ) ʪʘ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ (ʇʃ) ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʠ 

ʦʧʠʥʷʣʠʩʷ ʧʝʨʝʜ ʚʠʙʦʨʦʤ, ʷʢ ʞʝ ʢʨʘʱʝ ʧʝʨʝʜʘʚʘʪʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ï ʥʘʜ ʟʝʤʣʝʶ ʯʠ ʧʽʜ ʥʝʶ. 

ʂʦʞʝʥ ʩʧʦʩʽʙ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʙʫʜʝʤʦ 

ʧʦʨʽʚʥʶʚʘʪʠ ʇʃ ʪʘ ʂʃ ʥʘʧʨʫʛʦʶ 110ʢɺ ʟʘ ʪʘʢʠʤʠ ʢʨʠʪʝʨʽʷʤʠ:  

ï ʜʦʧʫʩʪʠʤʦʶ ʧʦʪʫʞʥʽʩʪʶ (ʩʪʨʫʤʦʤ) ʧʦ ʥʘʛʨʽʚʫ; 

ï ʥʘʪʫʨʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ; 

ï ʚʘʨʪʽʩʪʶ ʩʧʦʨʫʜʞʝʥʥʷ.  

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʇʃ ʟ ʧʨʦʚʦʜʘʤʠ ʤʘʨʢʠ ɸʉ, ʪʘ ʂʃ ʟ ʢʘʙʝʣʝʤ ʤʘʨʢʠ ɸɺɺɻ.  
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ, ʥʘʪʫʨʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʜʦʧʫʩʪʠʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʥʘʛʨʽʚʦʤ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʬʦʨʤʫʣʠ [1]: 

 

ʃ

ʃ
ʭʚ

Y

Z
Z = ,               (1) 

ʜʝ Zʃ , Yʃ ï ʧʦʚʥʠʡ ʦʧʽʨ ʪʘ ʧʨʦʚʽʜʥʽʩʪʴ ʣʽʥʽʾ ʚʽʜʧʦʚʽʜʥʦ. 

ʭʚ
ʥʘʪ

Z

U
P

2

= ,             (2) 

ʜʝ U ï ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ. 

 

ʜʦʧʜʦʧ IUP ÖÖ= 3 ,       (3) 

 

ʜʝ Iʜʦʧ ï ʜʦʧʫʩʪʠʤʠʡ ʩʪʨʫʤ ʟʘ ʥʘʛʨʽʚʦʤ ʜʣʷ ʧʨʦʚʦʜʫ (ʢʘʙʝʣʶ), ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ [2]. 

 

ɿʘ ʚʠʱʝʥʘʚʝʜʝʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ, ʥʘʪʫʨʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʜʦʧʫʩʪʠʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʥʘʛʨʽʚʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʟʚʝʜʝʥʽ ʜʦ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʇʃ ʪʘ ʂʃ ʥʘʧʨʫʛʦʶ 110 ʢɺ 

ʇʘʨʘʤʝʪʨʠ 
ʊʠʧ ʣʽʥʽʾ 

ʇʦʚʽʪʨʷʥʘ 110 ʢɺ ʂʘʙʝʣʴʥʘ 110 ʢɺ 

ʇʝʨʝʨʽʟ ʧʨʦʚʦʜʫ/ʢʘʙʝʣʶ, 

ʤʤ
2
 

70 120 150 185 240 70 120 150 185 240 

ʇʦʛʦʥʥʠʡ ʦʤʽʯʥʠʡ ʦʧʽʨ 

r0, ʆʤ/ʢʤ 
0,429 0,249 0,199 0,157 0,121 0,443 0,253 0,206 0,164 0,125 

ʇʦʛʦʥʥʠʡ ʽʥʜʫʢʪʠʚʥʠʡ 

ʦʧʽʨ x0, ʆʤ/ʢʤ 
0,426 0,408 0,402 0,394 0,386 0,215 0,205 0,195 0,150 0,120 

ʇʦʛʦʥʥʘ ʻʤʥʽʩʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ b0, ʤʢʉʤ/ʢʤ 
2,663

 
2,785

 
2,831

 
2,886

 
2,951

 
534,1

 
610,7

 
712,7

 
737

 
733,7 

ʍʚʠʣʴʦʚʠʡ ʦʧʽʨ 

Zʭʚ, ʆʤ/ʢʤ 
214,4 23,2 16,2 11,5 8,3 7,8 6,0 5,0 4,3 3,8 

ɼʦʧʫʩʪʠʤʠʡ ʩʪʨʫʤ ʟʘ 

ʥʘʛʨʽʚʦʤ Iʜʦʧ, ɸ 
265 390 450 520 605 200 269 305 343 396 

ɼʦʧʫʩʪʠʤʘ ʧʦʪʫʞʥʽʩʪʴ ʟʘ 

ʥʘʛʨʽʚʦʤ Pʜʦʧ, ʄɺʪ 
50,49 74,31 85,74 99,07 

115,2

7 
38,11 51,25 58,11 65,35 75,45 

ʅʘʪʫʨʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ 

Pʥʘʪ, ɻɺʪ 
0,056 0,521 0,746 1,05 1,46

 
1,55

 
2,03

 
2,43

 
2,79

 
3,15

 

ɺʘʨʪʽʩʪʴ ʩʧʦʨʫʜʞʝʥʥʷ 

C, ʪʠʩ.ʛʨʥ/ʢʤ [3-4] 
21 36 47 63 82 70 141 175 213 227 

 

ɿ ʪʘʙʣʠʮʽ 1 ʚʠʜʥʦ, ʱʦ ʂʃ ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʇʃ ʘʥʘʣʦʛʽʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘ ʚʩʽʤʘ ʢʨʠʪʝʨʽʷʤʠ, ʦʜʥʘʢ 

ʚʦʥʠ ʤʘʶʪʴ ʩʫʪʪʻʚʫ ʧʝʨʝʚʘʛʫ ï ʥʝ ʧʽʜʚʝʨʞʝʥʽ ʜʽʾ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ (ʜʦʱʫ, ʩʥʽʛʫ, ʚʽʪʨʫ ʪʦʱʦ), ʘ 

ʪʘʢʦʞ ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʫ ʦʭʦʨʦʥʥʫ ʟʦʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ ʟʘʭʘʨʘʱʫʚʘʪʠ ʝʩʪʝʪʠʯʥʠʡ ʚʠʛʣʷʜ ʤʽʩʪʘ ʦʧʦʨʘʤʠ ʪʘ 

ʧʨʦʚʦʜʘʤʠ. ɼʦ ʪʦʛʦ ʞ ʚ ʟʚôʷʟʢʫ ʟ ʧʦʜʦʨʦʞʯʘʥʥʷʤ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʚ ʤʽʩʪʘʭ, ʧʨʦʢʣʘʜʘʥʥʷ ʂʃ ʜʦʟʚʦʣʠʪʴ 

ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʟʘʪʨʘʪʠ ʥʘ ʩʧʦʨʫʜʞʝʥʥʷ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪ.  
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ: ʋʯʝʙ. ʜʣʷ ʵʣʝʢʪʨʦʵʥʝʨʛ. ʩʧʝʮ. ʚʫʟʦʚ/ɺ.ɸ. ɺʝʥʠʢʦʚ, ɸ.ɸ. ɻʣʘʟʫʥʦʚ, ʃ.ɸ. ɾʫʢʦʚ ʠ ʜʨ.; ʇʦʜ 

ʨʝʜ. ɺ.ɸ. ɺʝʥʠʢʦʚʘ, ɺ.ɸ. ʉʪʨʦʝʚʘ. ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄ.: ɺʳʩʰ. ʰʢ., 1998. ï 511 ʩ.: ʠʣ. 

2. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʧʨʦʵʢʪʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ/ɺ.ɺ. ɽʨʰʝʚʠʯ, ɸ.ʅ. ɿʝʡʣʠʛʝʨ, ɻ.ɸ. ʀʣʣʘʨʠʦʥʦʚ ʠ ʜʨ.; ʇʦʜ ʨʝʜ. ʉ.ʉ. 
ʈʦʢʦʪʷʥʘ ʠ ʀ.ʄ. ʐʘʧʠʨʦ. ï 3-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1985. ï 352 ʩ. 

3. ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ʢʦʤʧʘʥʽʾ çʄʝʛʘ ʢʘʙʝʣʴè. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://vse-e.com/shop/product/kabel-silovoj-avvg-470 [ʩʪʘʥʦʤ ʥʘ 2016]. 

4. ʀʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ çʃʝʛʦʨè . ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.avtomats.com.ua/2728-
aluminum_cable_avvg.html 

 

 

 

 

 

 

 

 

 

http://vse-e.com/shop/product/kabel-silovoj-avvg-470
http://www.avtomats.com.ua/2728-aluminum_cable_avvg.html
http://www.avtomats.com.ua/2728-aluminum_cable_avvg.html
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ʋɼʂ 621.311 
 

ʆɹʃɸʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺʆʃʔʊʆɼʆɼɸʊʅʀʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈɯɺ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ʅʆʈʄ ʗʂʆʉʊɯ ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ ʋ ʅɸʁɺɯɼɼɸʃɯʅɯʐʀʍ ʉʇʆɾʀɺɸʏɯɺ 

 

ʄ.ʆ. ʂʫʰʠʢʦʚʘ, ʩʪʫʜʝʥʪ, ʛʨ. ɽʄ-131 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈ.ʆ. ɹʫʡʥʠʡ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ɿʛʽʜʥʦ ʤʽʞʜʝʨʞʘʚʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ 13109-97 ʚʽʜʭʠʣʝʥʥʷ ʥʘʧʨʫʛʠ æU ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʦʚʠʥʥʦ ʩʪʘʥʦʚʠʪʠ  Ñ5% ʫ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ. ɼʘʥʘ ʥʦʨʤʘ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʴ ʟ ʽʤʦʚʽʨʥʽʩʪʶ 95% [1].  

ʅʘ ʧʨʘʢʪʠʮʽ ʥʝʨʽʜʢʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʠʟʠʪʠ ʧʽʜʚʠʱʝʥʫ ʥʘʧʨʫʛʫ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʟ ʤʝʪʦʶ 

ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʣʘʤʧ ʨʦʟʞʘʨʶʚʘʥʥʷ ʘʙʦ ʧʽʜʚʠʱʠʪʠ ʟʥʠʞʝʥʫ ʥʘʧʨʫʛʫ ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ 

ʩʚʽʪʣʦʚʽʜʜʘʯʽ ʣʘʤʧ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ ʻ ʜʦʮʽʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʣʴʪʦʜʦʜʘʪʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ 

(ɺɼʊ) [2]. 

ʈʦʟʛʣʷʥʝʤʦ ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ ʥʘʧʨʫʛʦʶ 10 ʢɺ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩʫʥʢʫ 1. ɺʠʟʥʘʯʠʤʦ ʟʘ ʷʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʘ ʧʦʪʨʽʙʫʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ɺɼʊ.   

 
ʈʠʩʫʥʦʢ 1 ï ɽʣʝʢʪʨʠʯʥʘ ʤʝʨʝʞʘ ʥʘʧʨʫʛʦʶ 10 ʢɺ 

 

ʅʝʭʘʡ ʤʝʨʝʞʘ ʤʘʻ ʥʘʩʪʫʧʥʽ ʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ: ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (P), cos ű, ʥʘʧʨʫʛʘ ʤʝʨʝʞʽ (U), 

ʜʦʚʞʠʥʘ ʧʦʚʽʪʨʷʥʦʾ ʣʽʥʽʾ (l), ʧʦʛʦʥʥʠʡ ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ (x0),ʧʠʪʦʤʠʡ ʦʧʽʨ ʧʨʦʚʦʜʫ (ɟ) ʪʘ ʡʦʛʦ ʧʝʨʝʨʽʟ (F). 

ɿʥʘʯʁʠ ʾʭ ʤʦʞʥʘ ʚʠʚʝʩʪʠ ʬʦʨʤʫʣʫ ʚʪʨʘʪʠ ʥʘʧʨʫʛʠ ʚ ʃɽʇ ʫ ʚʽʜʩʦʪʢʘʭ: 

%100

)))s((arccos(co

2

0
ÖÖ

ÖjÖ+
r
Ö

=D l
U

xtgP
F

P

U%

                                      (1) 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʤʝʨʝʞʽ ʙʫʜʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʪʘʢʦʞ ʚʪʨʘʪʠ ʥʘʧʨʫʛʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽʡ ʧʽʜʩʪʘʥʮʽʾ 

(ʊʇ) 10/0.4 ʢɺ, ʘ ʪʘʢʦʞ ʚ ʤʝʨʝʞʽ 0.4 ʢɺ. ʇʨʦʪʝ ʊʇ 10/0.4 ʢɺ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʫʚʘʪʠ ʥʘʧʨʫʛʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʝʬʽʮʽʻʥʪʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʽ ʯʘʩʪʢʦʚʦ, ʘʙʦ ʧʦʚʥʽʩʪʶ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʪʨʘʪʠ ʚ ʤʝʨʝʞʽ 0.4 ʢɺ. ʆʪʞʝ, ʧʨʠ ʟʥʘʯʝʥʥʽ 

æU% ʙʽʣʴʰʝ ʥʽʞ 7.5% ʪʨʝʙʘ ʚʩʪʘʥʦʚʠʪʠ ɺɼʊ. 

ɼʘʥʘ ʟʘʜʘʯʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʛʨʘʬʽʯʥʠʤ ʩʧʦʩʦʙʦʤ. ʇʘʨʘʤʝʪʨʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʟʷʪʽ ʟ [3]. ʇʦʙʫʜʫʻʤʦ 

ʥʘʩʪʫʧʥʽ ʟʘʣʝʞʥʦʩʪʽ. 

1. ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʪʨʘʪʦʶ ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʽ ʜʦʚʞʠʥʦʶ ʣʽʥʽʾ ʧʨʠ ʫʤʦʚʽ, ʱʦ P=1 ʄɺʪ, cosű=0.83, 

 p=30 ʆʤ*ʤʤ2/ʢʤ,  x0= 0.35 ʆʤ/ʢʤ,  F=[35;50;70] ʤʤ2,  l=[10é60] ʢʤ (ʨʠʩʫʥʦʢ 2). 

2. ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʪʨʘʪʦʶ ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʽ ʜʦʚʞʠʥʦʶ ʣʽʥʽʾ ʧʨʠ ʫʤʦʚʽ, ʱʦ P=[0.25;0.5;1] ʄɺʪ, 

cosű=0.83, p=30 ʆʤ*ʤʤ2/ʢʤ,   x0= 0.35 ʆʤ/ʢʤ, F=35 ʤʤ
2
,  l=[10é20] ʢʤ (ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʚʪʨʘʪʦʶ 

ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʽ ʜʦʚʞʠʥʦʶ ʣʽʥʽʾ ʜʣʷ ʧʝʨʝʨʽʟʽʚ 

ʧʨʦʚʦʜʫ 35,50,70 ʤʤ
2
 

 
ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʚʪʨʘʪʦʶ 

ʥʘʧʨʫʛʠ ʽ ʜʦʚʞʠʥʦʶ ʣʽʥʽʾ  ʧʨʠ ʘʢʪʠʚʥʽʡ ʧʦʪʫʞʥʦʩʪʽ 

0.25, 0.5, 1ʄɺʪ 

 

3. ɿʘʣʝʞʥʽʩʪʴ ʚʪʨʘʪʠ ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʽ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʫʤʦʚʽ, ʱʦ P=[0é2] ʄɺʪ, cosű=0.83, 

p=30 ʆʤ*ʤʤ2/ʢʤ, x0= 0.35 ʆʤ/ʢʤ, F=35 ʤʤ2,  l=[10,15,20] ʢʤ (ʨʠʩʫʥʦʢ 4). 
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4. ɿʘʣʝʞʥʽʩʪʴ ʚʪʨʘʪʠ ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʽ ʧʝʨʝʨʽʟʫ ʧʨʠ ʫʤʦʚʽ, ʱʦ P=1 ʄɺʪ, cosű=0.83, 

 p=30 ʆʤ*ʤʤ2/ʢʤ, x0= 0.35 ʆʤ/ʢʤ, F=[35é70] ʤʤ2, l=[10,15,20] ʢʤ (ʨʠʩʫʥʦʢ 5). 

 
ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʚʪʨʘʪʦʶ  

ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʜʦʚʞʠʥʘʭ  

ʣʽʥʽʾ 10, 15, 20 ʢʤ 

 
ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʚʪʨʘʪʦʶ  

ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʚʽʜ ʧʝʨʝʨʽʟʫ ʧʨʠ ʜʦʚʞʠʥʘʭ  

ʣʽʥʽʾ 10, 15, 20 ʢʤ 

 

ʆʪʞʝ, ʟ ʨʠʩʫʥʢʽʚ 2-5 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʪʝ, ʱʦ ɺɼʊ ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚ ʃɽʇ 

ʥʘʧʨʫʛʦʶ 10 ʢɺ ʽ ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʨʝʞʽ cosű=0.83, p=30 ʆʤ*ʤʤ2/ʢʤ, x0= 0.35 ʆʤ/ʢʤ, ʧʨʠ: 

- ʘʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 1 ʄɺʪ ʜʣʷ ʧʝʨʝʨʽʟʫ ʧʨʦʚʦʜʫ 35 ʤʤ2
,  50 ʤʤ

2
,  ʪʘ 70 ʤʤ

2
 (ʦʩʪʘʥʥʻ ʜʣʷ ʜʦʚʞʠʥ 

ʣʽʥʽʡ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 13 ʢʤ); 

- ʧʝʨʝʨʽʟʽ ʧʨʦʚʦʜʫ 35 ʤʤ
2
 ʽ ʘʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 1 ʄɺʪ, 0.5 ʄɺʪ (ʜʣʷ ʜʦʚʞʠʥ ʣʽʥʽʡ, ʱʦ 

ʧʝʨʝʚʠʱʫʶʪʴ 13.5 ʢʤ); 

- ʧʝʨʝʨʽʟʽ ʧʨʦʚʦʜʫ 35 ʤʤ2
 ʽ ʜʦʚʞʠʥʽ ʃɽʇ 20 ʢʤ (ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʷʢʝ ʧʝʨʝʚʠʱʫʻ 0.35 ʄɺʪ),  

15 ʢʤ (ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʷʢʝ ʧʝʨʝʚʠʱʫʻ 0.45 ʄɺʪ), 10 ʢʤ (ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʷʢʝ 

ʧʝʨʝʚʠʱʫʻ 0.75 ʄɺʪ); 

ʘʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 1 ʄɺʪ ʜʦʚʞʠʥʦʶ 20 ʢʤ, 15 ʢʤ, ʪʘ 10 ʢʤ (ʦʩʪʘʥʥʻ ʜʣʷ ʧʝʨʝʨʽʟʽʚ ʧʨʦʚʦʜʫ, ʷʢʽ 

ʤʝʥʰʽ ʟʘ 50 ʤʤ2. 
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1. ɻʆʉʊ 13109-97. ʅʦʨʤʳ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ ɻ ʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ï ʄʠʥʩʢ: ɻʦʩʩʪʘʥʜʘʨʪ, 1997. ï 34ʩ. 

2. ɿʦʨʠʥ ɺ.ɺ., ʊʠʩʣʝʥʢʦ ɺ.ɺ. ʉʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ: ʋʯʝʙʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ï ʏʝʨʥʠʛʦʚ: ʏɻʊʋ, 

2005. ï 341ʩ. 
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ɸʅɸʃɯɿ ʇʈʆʉʊʆʈʆɺʀʍ ʉʂʃɸɼʆɺʀʍ ʄɸɻʅɯʊʅʆɻʆ ʇʆʃʗ ʆɼʅʆʂʆʃʆɺʆɰ ʃɯʅɯɰ 

ɽʃɽʂʊʈʆʇɽʈɽɼɸʏɯ ʅɸʇʈʋɻʆʖ 330 ʢɺ 

 

ʆ.ɺ. ʃʘʟʘʨʝʚʘ, ʩʪʫʜ. ʛʨ. ɽʄ-131 

ɸ.ɺ. ʂʨʘʩʥʦʞʦʥ, ʢ.ʪ.ʥ., ʩʪ. ʚʠʢʣʘʜʘʯ, ʢʘʬʝʜʨʘ ɽʉʽʄ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʨʦʟʨʘʭʫʥʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ (ʃɽʇ). 

ʎʝ ʚʘʞʣʠʚʦ ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʢʦʣʦʛʽʾ, ʪʘʢ ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʥʘ ʪʝʭʥʽʯʥʽ ʦʙôʻʢʪʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʦ ʧʦʙʣʠʟʫ ʃɽʇ [1]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʣʠʩʢʘʚʢʦʟʘʭʠʩʪʫ ʃɽʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʨʦʟʦʟʘʭʠʩʥʽ 

ʪʨʦʩʠ ʟ ʚʙʫʜʦʚʘʥʠʤ ʦʧʪʦʚʦʣʦʢʦʥʥʠʤ ʢʘʙʝʣʝʤ [2]. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʃɽʇ ʚ ʪʘʢʦʤʫ ʪʨʦʩʽ ʙʫʜʝ ʧʨʦʪʽʢʘʪʠ ʩʪʨʫʤ, 

ʦʜʥʘʢ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʃɽʇ ʮʝʡ ʩʪʨʫʤ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʨʘʭʦʚʫʶʪʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʧʨʦʚʽʜʥʠʢʘ ʟʽ ʩʪʨʫʤʦʤ (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1 ï ʄʘʛʥʽʪʥʝ ʧʦʣʝ ʧʨʦʚʽʜʥʠʢʘ ʟʽ ʩʪʨʫʤʦʤ 

 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʦ, ʱʦ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʤʘʻ ʜʚʽ ʧʨʦʩʪʦʨʦʚʽ ʩʢʣʘʜʦʚʽ: ʚʝʨʪʠʢʘʣʴʥʫ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫ. ʈʦʟʨʘʭʫʥʦʢ ʮʠʭ ʩʢʣʘʜʦʚʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʩʠʤʚʦʣʽʯʥʽʡ ʬʦʨʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʠʭ 

ʬʦʨʤʫʣ [3] : 
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ʜʝ ʭʅ
#  ï ʢʦʤʧʣʝʢʩʥʘ ʘʤʧʣʽʪʫʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ; 

     yʅ
#  ï ʢʦʤʧʣʝʢʩʥʘ ʘʤʧʣʽʪʫʜʘ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦ ʾʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ; 

     ff X,Y  ï ʢʦʦʨʜʠʥʘʪʠ ʧʨʦʚʽʜʥʠʢʘ ʟʽ ʩʪʨʫʤʦʤ; 

     pp X,Y ï ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʨʦʟʨʘʭʫʥʢʫ; 

      mI#  ï ʢʦʤʧʣʝʢʩʥʘ ʘʤʧʣʽʪʫʜʘ ʩʪʨʫʤʫ ʚ ʧʨʦʚʽʜʥʠʢʫ. 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʃɽʇ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʚʽʜʥʠʢʽʚ ʟʽ ʩʪʨʫʤʦʤ, ʪʦ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ ʢʦʞʝʥ 

ʧʨʦʚʽʜʥʠʢ ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠ ʩʚʦʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʪʘ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʽ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɼʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʥʘʯʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʃɽʇ ʚ ʜʘʥʽʡ 

ʪʦʯʮʽ ʥʝʦʙʭʽʜʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʚʦʣʽʯʥʦʛʦ ʤʝʪʦʜʫ ʚʠʢʦʥʘʪʠ ʜʦʜʘʚʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʩʪʚʦʨʝʥʠʭ ʚ ʮʽʡ ʪʦʯʮʽ ʢʦʞʥʠʤ ʟ ʧʨʦʚʽʜʥʠʢʽʚ ʦʢʨʝʤʦ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʟʥʘʭʦʜʷʪʴ ʽ 

ʨʝʟʫʣʴʪʫʶʯʝ ʟʥʘʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʃɽʇ ʚ ʪʦʯʮʽ. 

ʈʦʟʨʘʭʫʥʦʢ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʦʜʥʦʢʦʣʦʚʦʾ ʃɽʇ ʥʘʧʨʫʛʦʶ 330 ʢɺ ʥʘ ʦʧʦʨʘʭ ʪʠʧʫ ʇʉ330-2. ɺʝʣʠʯʠʥʘ 

ʩʪʨʫʤʫ ʫ ʬʘʟʘʭ ʃɽʇ (ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ) ʧʨʠʡʤʘʣʘʩʴ ʨʽʚʥʦʶ 700 ɸ, ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ɻɿʊ ʜʦʨʽʚʥʶʚʘʣʦ 

30,5 ɸ. ʉʢʣʘʜʦʚʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʥʘ ʨʽʚʥʽ 1,8 ʤʝʪʨʘ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ. ʇʦʯʘʪʦʢ ʜʝʢʘʨʪʦʚʦʾ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʙʫʣʦ ʨʦʟʤʽʱʝʥʦ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʧʽʜ ɻɿʊ, ʧʨʠʯʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʚʽʩʴ ʚ ʮʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʩʧʨʷʤʦʚʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʪʨʘʩʽ ʃɽʇ. 

ʅʘ ʨʠʩʫʥʢʘʭ 2 ʪʘ 3 ʟʦʙʨʘʞʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʟʘʢʦʥ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ ñʭò ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʨʫʤʫ ɻɿʊ. 

ʇʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʤʝʞʘʭ ʦʭʦʨʦʥʥʦʾ ʟʦʥʠ, ʷʢʘ ʩʢʣʘʜʘʻ 30 ʤʝʪʨʽʚ ʚʽʜ ʢʨʘʡʥʽʭ ʬʘʟ ʃɽʇ [4]. 
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ʈʠʩʫʥʦʢ 2 ï ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʃɽʇ 330 ʢɺ 

 

 
ʈʠʩʫʥʦʢ 3 ï ɺʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʃɽʇ 330 ʢɺ 

 

ɿ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʧʽʜ ɻɿʊ ʥʘʡʙʽʣʴʰʦʶ ʻ ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʥʘʧʨʫʞʝʥʦʩʪʽ, ʘ ʧʽʜ ʬʘʟʘʤʠ ʃɽʇ ï 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ. ʉʧʽʣʴʥʠʤ ʜʣʷ ʦʙʦʭ ʩʢʣʘʜʦʚʠʭ ʻ ʪʝ, ʱʦ ʟʘ ʤʝʞʘʤʠ ʬʘʟ ʃɽʇ ʚʦʥʠ ʰʚʠʜʢʦ ʟʤʝʥʰʫʶʪʴʩʷ. 

ɺ ʽʩʥʫʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʃɽʇ ʚʨʘʭʦʚʫʶʪʴ ʪʽʣʴʢʠ ʩʪʨʫʤʠ 

ʬʘʟʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʘ ʩʪʨʫʤ ɻɿʊ ʥʝ ʚʨʘʭʦʚʫʶʪʴ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʩʪʨʫʤʫ ɻɿʊ ʥʘ 

ʚʝʣʠʯʠʥʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʃɽʇ ʪʘ ʦʙʯʠʩʣʝʥʘ ʚʽʜʧʦʚʽʜʥʘ ʧʦʭʠʙʢʘ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʷʚʠʣʦʩʴ, ʱʦ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʩʪʨʫʤ ɻɿʊ ʥʝ ʚʨʘʭʦʚʘʥʦ, ʧʦʭʠʙʢʘ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʦʞʝ 

ʜʦʩʷʛʘʪʠ 19%, ʘ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ï 5%. 

ʊʘʢʦʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʪʨʫʤ ɻɿʊ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʽʜ ɻɿʊ ʪʘ ʟʙʽʣʴʰʫʻ ʾʾ ʧʦʟʘ ʤʝʞʘʤʠ ʬʘʟ ʃɽʇ; ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʽʜ 

ʪʨʘʩʦʶ ʃɽʇ ʩʪʨʫʤ ɻɿʊ ʥʝ ʚʧʣʠʚʘʻ, ʦʜʥʘʢ ʧʦʟʘ ʤʝʞʘʤʠ ʬʘʟ ʃɽʇ ʚʽʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʮʽʻʾ ʩʢʣʘʜʦʚʦʾ. 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʪʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʩʪʦʨʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʃɽʇ ʩʪʨʫʤ ɻɿʊ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʪʘʢ ʷʢ ʚʧʣʠʚ ʮʴʦʛʦ ʩʪʨʫʤʫ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʦʩʪʦʨʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʻ 

ʜʦʩʠʪʴ ʟʥʘʯʥʠʤ.  
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɸʙʜʫʨʘʭʤʘʥʦʚ ɸ.ɺ., ɿʠʤʠʥ ʂ.ɸ., ʈʫʙʮʦʚʘ ʅ.ɹ. ʅʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʸʪ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʦʟʜʫʰʥʳʭ ʠ ʢʘʙʝʣʴʥʳʭ 

ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ // ʕʣʝʢʪʨʦ. ï 2014. ï  ̄ 5. ï ʉ. 8-16. 
2. ʇʨʘʚʠʣʘ ʫʣʘʰʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ. ɺʠʜ., 3-ʝ ʧʝʨʝʨʦʙ. ʽ ʜʦʧ. ï ʂ.: ʌʦʨʪ, 2010. ï 736 ʩ. 

3. ʇʨʦʝʢʪ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ çʈʦʟʨʘʭʫʥʦʢ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ. ʄʝʪʦʜʠʢʘè ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://www.ukrenergo.energy.gov.ua/Pages/ua/DetailsNew.aspx? 
nID=1037&urlNews=/pages/ua/scientificworksandpublishedworks.aspx 

4. ʇʦʩʪʘʥʦʚʘ çʇʨʘʚʠʣʘ ʦʭʦʨʦʥʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞè ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://zakon5.rada.gov.ua/laws/show/209-97-ʧ 
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ɸɺʊʆʄɸʊʀɿɸʎɯʗ ɿɹʆʈʋ ɺʀʍɯɼʅʀʍ ɼɸʅʀʍ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ ʈʆɿʈɸʍʋʅʂʋ 

ʊɽʍʅʆʃʆɻɯʏʅʀʍ ɺʀʊʈɸʊ ɺ ʃɯʅɯʗʍ ɽʃɽʂʊʈʆʇɽʈɽɼɸʏɯ 
 

ɸ.ʄ. ʃʘʨʢʽʥ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʄʄ-111 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ʄ. ɹʝʟʨʫʯʢʦ, ʢ.ʪ.ʥ. ʩʪ. ʚʠʢʣʘʜʘʯ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʇʨʦʙʣʝʤʘ ʚʠʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ 

ʋʢʨʘʾʥʠ. ɿʛʽʜʥʦ ʽʟ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʚʪʨʘʪʠ ʚ ʣʽʥʽʷʭ ʩʢʣʘʜʘʶʪʴ 56% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʪʨʘʪ ʚ 

ʝʥʝʨʛʦʩʠʩʪʝʤʽ (ʨʠʩ. 1,ʘ), ʙʣʠʟʴʢʦ 21% ʷʢʠʭ ʧʨʠʧʘʜʘʻ ʥʘ ʨʦʟʧʦʜʽʣʴʥʽ ʤʝʨʝʞʽ 6-10ʢɺ (ʨʠʩ. 1,ʙ). 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 
 

ʇʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʥʝʜʦʨʘʭʦʚʘʥʽ 

ʧʨʠ ʥʦʨʤʫʚʘʥʥʽ ʚʝʣʠʯʠʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʘʨʘʤʝʪʨʠ ʧʨʠʥʦʩʠʪʴ ʟʥʘʯʥʽ ʟʙʠʪʢʠ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʠʤ ʢʦʤʧʘʥʽʷʤ. ʊʦʤʫ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʟʘʭʦʜʠ ʱʦʜʦ ʫʪʦʯʥʝʥʥʷ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʪʘ 

ʟʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʩʘʤʝ ʫ ʧʨʦʚʦʜʘʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ. 

ʄʝʪʦʜʠʢʠ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʽ ʚ ʢʨʘʾʥʘʭ ʉʅɼ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʭʦʞʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʅʘ ʾʭ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ.  

ʋ ʤʝʪʦʜʠʮʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ [1], ʷʢʘ ʜʽʻ ʚ ʋʢʨʘʾʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 
 

                                                       (1) 

ʜʝ a ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʜʣʷ ʦʜʥʦʬʘʟʥʦʾ ʤʝʨʝʞʽ ʜʦʨʽʚʥʶʻ 2, ʜʣʷ ʪʨʠʬʘʟʥʦʾ ï 3; 

     ɯ ï ʚʝʣʠʯʠʥʘ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʝʣʝʤʝʥʪʽ, ɸ; 

      ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʦʧʽʨ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ, ʆʤ; 

      ï ʚʝʣʠʯʥʠʥʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ m-ʪʦʾ ʜʽʣʷʥʢʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʟ ʦʜʥʘʢʦʚʠʤ ʧʝʨʝʨʽʟʦʤ 

ʧʨʦʚʽʜʥʠʢʘ, ʆʤ/ʢʤ; 

      ï ʜʦʚʞʠʥʘ m-ʪʦʾ ʜʽʣʷʥʢʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʽʟ ʦʜʥʘʢʦʚʠʤ ʧʝʨʝʨʽʟʦʤ ʧʨʦʚʦʜʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʡʦʛʦ ʧʨʦʚʠʩʘʥʥʷ, ʢʤ; 

      ï ʢʽʣʴʢʽʩʪʴ ʜʽʣʷʥʦʢ ʝʣʝʢʪʨʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʟ ʦʜʥʘʢʦʚʠʤ ʧʝʨʝʨʽʟʦʤ ʧʨʦʚʦʜʘ; 

     kʬ ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

     ʊʨ ï ʯʘʩ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʪʷʛʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ, ʛʦʜ. 

ɺʝʣʠʯʠʥʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʞʠʣ ʢʘʙʝʣʽʚ ʪʘ ʧʨʦʚʦʜʽʚ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʦʧʦʨʫ 

ʧʦʚʽʪʨʷʥʦʾ ʣʽʥʽʾ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

                                                                     (2) 

ʜʝ R0 ï ʧʠʪʦʤʠʡ ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʜʽʣʷʥʢʠ ʧʨʦʚʦʜʫ (ʢʘʙʝʣʶ) ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ɗ0, ʆʤ/ʢʤ; 

     ʘ ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ, 1/ęʉ; 

     ɗ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ęʉ (ʧʨʠʡʤʘʻʪʴʩʷ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʦʶ). 

ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʽʩʥʫʶʯʦʛʦ ʤʝʪʦʜʘ ʻ: 
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- ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʬʦʨʤʠ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (kʬ) ʷʢʝ ʤʦʞʝ ʜʫʞʝ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʨʝʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʣʽʥʽʾ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʩʝʨʜʥʴʦʤʽʩʷʯʥʦʾ ʪʘʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʥʝ ʚ ʧʦʚʥʽʡ 

ʤʽʨʽ ʚʽʜʦʙʨʘʞʘʻ ʫʤʦʚʠ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʚʦʜʫ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪ ʻ ʨʦʟʨʦʙʠʪʠ ʽ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʧʨʠʩʪʨʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʣʠʚʦ ʚ ʨʝʞʠʤʽ 

çʨʝʘʣʴʥʦʛʦ ʯʘʩʫè ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʨʝʞʠʤ ʨʦʙʦʪʠ ʣʽʥʽʾ ʪʘ ʽʥʰʽ ʟʤʽʥʥʽ ʧʘʨʘʤʝʪʨʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʇʨʠʩʪʨʽʡ ʤʘʻ ʛʦʣʦʚʥʠʡ ʤʦʜʫʣʴ (ʟ GSM-ʤʦʜʫʣʝʤ) ʪʘ ʜʚʘ ʜʦʧʦʤʽʞʥʽ. ʄʦʜʫʣʽ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ 

ʧʨʦʚʽʜʥʠʢʘʭ ʢʦʞʥʦʾ ʬʘʟʠ ʃɽʇ. ʄʦʜʫʣʽ ʚʠʤʽʨʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʚʦʜʫ ʽ ʩʪʨʫʤ ʷʢʠʡ ʧʦ ʥʴʦʤʫ ʧʨʦʪʽʢʘʻ, 

ʧʝʨʝʜʘʶʪʴ ʚʩʽ ʜʘʥʽ ʧʦ ʨʘʜʽʦʟʚôʷʟʢʫ ʥʘ ʛʦʣʦʚʥʠʡ ʤʦʜʫʣʴ, ʷʢʠʡ ʧʦ GPRS-ʢʘʥʘʣʫ ʚ ʨʝʞʠʤʽ çʨʝʘʣʴʥʦʛʦ ʯʘʩʫè 

ʧʝʨʝʜʘʻ ʧʘʢʝʪʠ ʜʘʥʠʭ ʥʘ ʩʝʨʚʝʨ ʜʝ ʽ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʦʙʨʦʙʢʘ ʚʠʤʽʨʷʥʠʭ ʜʘʥʠʭ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʦʧʦʥʫʻʤʦʛʦ ʧʨʠʣʘʜʫ 

 

ʈʦʟʤʽʱʝʥʥʷ ʜʘʥʠʭ ʧʨʠʣʘʜʽʚ ʚ ʤʽʩʮʷʭ ʨʦʟʛʘʣʫʞʝʥʥʷ ʤʝʨʝʞʽ (ʨʠʩ. 3) ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʦʾ ʚʠʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʚʦʜʘ ʪʘ ʩʪʨʫʤʫ ʚ ʢʦʞʥʽʡ ʜʽʣʷʥʴʮʽ ʃɽʇ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʄʽʩʮʷ ʨʦʟʤʽʱʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʥʘ ʩʭʝʤʽ ʤʝʨʝʞʽ 

 

ɺʠʩʥʦʚʢʠ: ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʘʥʦʛʦ ʧʨʠʣʘʜʫ ʥʘ ʽʩʥʫʶʯʠʭ ʃɽʇ ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʪʦʯʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʶʯʠʤ ʤʝʪʦʜʦʤ. ʊʘʢʠʡ ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ 

ʥʝʟʥʘʯʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʪʨʘʪ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʧʨʠʣʘʜʽʚ ɸʉʂʆɽ. 
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ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʽ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ. ʄʝʪʦʜʠʢʘ: Cʆʋ ʅ ɽɽ 40.1-
37471933-54:2011. ï ʂ. : ɻʈɯʌʈɽ : ʄʽʥ-ʚʦ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 2011. ï 65 ʩ. 
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ʆ. ɺ. ʊʫʨʢʠʥʘ // ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ. ï 2008. ï  ̄10. ï ʉ. 42ï49. 
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ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʆʄʀʉʃʆɺʀʍ ʇɯɼʇʈʀɭʄʉʊɺ ʐʃʗʍʆʄ 

ɺʇʈʆɺɸɼɾɽʅʅʗ ʅɽʊʈɸɼʀʎɯʁʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ 

 

ɼ.ʄ. ʄʘʢʘʨʝʥʢʦ, ʩʪʫʜ. ʛʨ. ʄʄ-111 

ɸ.ʃ. ʇʨʠʩʪʫʧʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʽ ʮʽʥʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʧʦʛʽʨʰʝʥʥʷ ʾʾ ʩʧʦʞʠʚʯʠʭ ʷʢʦʩʪʝʡ, ʚʩʪʘʥʦʚʣʝʥʽ ʣʽʤʽʪʠ 

ʩʧʦʞʠʚʘʥʥʷ, ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʝʣʝʢʪʨʦʤʝʨʝʞ, ʘ ʯʘʩʦʤ ʥʘʚʽʪʴ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʘʙʦ 

ʟʙʽʣʴʰʝʥʥʷ ʟʘʷʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʟʤʫʰʫʶʪʴ ʩʧʦʞʠʚʘʯʽʚ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʩʝʨʝʜ ʷʢʠʭ 

ʥʘʡʙʽʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʟʘ ʦʩʪʘʥʥʽʡ ʯʘʩ ʥʘʙʫʣʘ ʩʦʥʷʯʥʘ ʪʘ ʚʽʪʨʦʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ.  

ɺʽʪʨʦʚʘ ʝʥʝʨʛʝʪʠʢʘ ʟʥʘʭʦʜʠʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʘʡʦʥʘʭ, ʜʝ ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ 

ʧʝʨʝʚʠʱʫʻ 5 ʤ/ʩ. ʅʘʞʘʣʴ ʚ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʪʘʢʠʭ ʨʝʛʽʦʥʽʚ ʜʫʞʝ ʤʘʣʦ, ʱʦ ʟʘʛʘʣʴʤʦʚʫʻ ʨʦʟʚʠʪʦʢ ʚʽʪʨʦʚʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʚ ʜʘʥʦʤʫ ʨʝʛʽʦʥʽ. 

ʉʦʥʷʯʥʘ ʝʥʝʨʛʝʪʠʢʘ - ʦʜʠʥ ʽʟ ʥʘʧʨʷʤʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʷʢʘ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʽ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʽʥʰʽ ʚʠʜʠ ʝʥʝʨʛʽʾ (ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʘ). ʉʦʥʷʯʥʘ 

ʝʥʝʨʛʝʪʠʢʘ ʻ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʶ ʛʘʣʫʟʟʶ, ʨʦʟʚʠʪʦʢ ʷʢʦʾ ʩʪʠʤʫʣʶʻʪʴʩʷ ʷʢ ʝʢʦʥʦʤʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʟʨʦʩʪʘʥʥʷ 

ʮʽʥ ʥʘ ʪʨʘʜʠʮʽʡʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʥʠʞʝʥʥʷʤ ʚʘʨʪʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ), ʪʘʢ 

ʽ ʜʽʶʯʠʤʠ ʚ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʧʨʦʛʨʘʤʘʤʠ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ (ʥʘʧʨʠʢʣʘʜ, ʚ ʋʢʨʘʾʥʽ çʟʝʣʝʥʠʡ ʪʘʨʠʬè). 

ɺ ʋʢʨʘʾʥʽ ʜʦʩʠʪʴ ʩʧʨʠʷʪʣʠʚʠʡ ʢʣʽʤʘʪ - ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ ʉʦʥʮʷ, ʱʦ ʜʦʩʷʛʘʻ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʚ 

ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 1 ʤ
2
 ʧʣʦʱʽ ʧʝʨʝʚʠʱʫʻ ʘʥʘʣʦʛʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ʅʽʤʝʯʯʠʥʠ, ʷʢʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʠʭ ʜʝʨʞʘʚ ʫ ʩʚʽʪʽ. ʉʝʨʝʜʥʴʦʨʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʩʦʣʷʨʠʟʘʮʽʾ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ 1070 ʢɺʪÅʛʦʜ/ʤ
2
 ʧʣʦʱʽ ʚ ʧʽʚʥʽʯʥʠʭ ʨʝʛʽʦʥʘʭ ʜʦ ʚʽʜ 1400-1700 ʢɺʪÅʛʦʜ/ʤ

2
 ʚ 

ʧʽʚʜʝʥʥʠʭ. ʅʘʡʛʽʨʰʘ ʫʢʨʘʾʥʩʴʢʘ ʪʦʯʢʘ ʧʦ ʩʦʣʷʨʠʟʘʮʽʾ - ʮʝ ʥʘʡʢʨʘʱʘ ʜʣʷ ʅʽʤʝʯʯʠʥʠ.[1]  
ʇʨʦʙʣʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʦʞ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʰʣʷʭʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʾʾ ʷʢ ʚ  

ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʽ ʧʦʙʫʪʦʚʦʤʫ ʩʝʢʪʦʨʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʽʩʥʫʚʘʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʋʢʨʘʾʥʽ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʩʪʚʦʨʝʥʽ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʽʥʚʝʩʪʫʚʘʥʥʷ ʚ ʩʦʥʷʯʥ ̔ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʉɽʉ), ʱʦ 

ʛʘʨʘʥʪʫʶʪʴ ʩʪʘʙʽʣʴʥʠʡ ʜʦʭʽʜ ʚʽʜ ʧʨʦʜʘʞʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʦʜʥʽʻʶ ʟ ʥʘʡʚʠʱʠʭ ʚ ɭʚʨʦʧʽ ʩʪʘʚʦʢ "ʟʝʣʝʥʦʛʦ" 

ʪʘʨʠʬʫ ʥʘ ʧʨʦʪʷʟʽ ʱʝ ʧʽʚʪʦʨʘ ʜʝʩʷʪʢʘ ʨʦʢʽʚ (ʜʦ 1 ʩʽʯʥʷ 2030 ʨʦʢʫ). 

"ɿʝʣʝʥʠʡ" ʪʘʨʠʬ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʩʢʣʘʜʘʪʠʤʝ 0,172 ʻʚʨʦʮʝʥʪʽʚ ʟʘ 1 ʢɺʪẗʛʦʜ 
ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (2016 ʨʽʢ) ʪʘ ʙʫʜʝ ʧʨʠʚ'ʷʟʘʥʠʡ ʜʦ ʢʫʨʩʫ ʚʘʣʶʪ EUR/UAH.[2]  

ʉʦʥʷʯʥʽ ʧʘʥʝʣʽ - ʦʜʠʥ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʷʢ ʜʣʷ ʧʦʙʫʪʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʪʘʢ ʽ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ 

ʝʣʝʢʪʨʠʯʥʫ ʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ( ʌɽʇ ), ʦʩʢʽʣʴʢʠ ʮʝ ʧʨʷʤʠʡ, ʦʜʥʦʩʪʫʧʽʥʯʘʪʠʡ 

ʧʝʨʝʭʽʜ ʝʥʝʨʛʽʾ. ɼʣʷ ʩʫʯʘʩʥʠʭ ʌɽʇ ʛʨʘʥʠʯʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

ʚʞʝ ʜʦʩʷʛʥʫʪʦ ʥʘ ʨʽʚʥʽ 26 % . 

ʊʘʨʠʬʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚʽʜ ʦʙ'ʻʜʥʘʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʜʣʷ ʨʽʟʥʠʭ ʛʨʫʧ ʩʧʦʞʠʚʘʯʽʚ ʨʽʟʥʷʪʴʩʷ, 

ʘʣʝ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʽʩʥʫʻ ʩʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʾʭ ʟʙʽʣʴʰʝʥʥʷ.[3] 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʦ ʜʠʥʘʤʽʢʫ ʟʨʦʩʪʘʥʥʷ ʪʘʨʠʬʽʚ ʟʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ 

ʧʦʯʠʥʘʶʯʠ ʟ ʞʦʚʪʥʷ ʤʽʩʷʮʷ 2014 ʨʦʢʫ. 
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ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʪʘʨʠʬʫ ʟʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚ ʋʢʨʘʾʥʽ 

 

ʊʘʢʽ ʥʦʚʽ ʪʘʨʠʬʠ ʟʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚ ʋʢʨʘʾʥʽ ʟʘʙʝʟʧʝʯʘʪʴ ʦʢʫʧʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ ʚ ʙʫʜʽʚʥʠʮʪʚʦ ʩʦʥʷʯʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʧʨʦʪʷʛʦʤ 6-10 ʨʦʢʽʚ. 

ʉʦʥʷʯʥʘ ʝʥʝʨʛʽʷ, ʷʢʘ ʜʝʩʷʪʢʠ ʨʦʢʽʚ ʦʙʭʦʜʠʣʘʩʷ ʥʘʜʪʦ ʜʦʨʦʛʦ, ʱʦʙ ʟʘʤʽʥʠʪʠ ʟʚʠʯʘʡʥʽ ʜʞʝʨʝʣʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʜʝʰʝʚʰʘʻ ʚ ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ. ʅʘ ʨʠʩʫʥʢʫ 2 ʧʨʠʚʝʜʝʥʦ ʛʨʘʬʽʢ, ʷʢʠʡ ʧʦʢʘʟʫʻ ʜʠʥʘʤʽʢʫ 

ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [4] 

 
ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʘʨʪʦʩʪʽ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ 

 

ɿʘ ʥʘʩʪʫʧʥʽ ʪʨʠ ʨʦʢʠ ʚʘʨʪʽʩʪʴ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʧʨʦʛʥʦʟʦʚʘʥʦ ʟʥʠʟʠʪʴʩʷ ʱʝ ʥʘ 25%. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ 

ʩʪʘʥʝ ʧʘʜʽʥʥʷ ʚʠʪʨʘʪ ʥʘ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʧ'ʷʪʠ ʨʦʢʽʚ, ʱʦ ʜʦʧʦʤʦʞʝ ʟʘʥʦʚʦ ʚʠʟʥʘʯʠʪʠ 

ʤʘʡʙʫʪʥʻ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʋʢʨʘʾʥʽ.[5]  
ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʷʢʫ ʧʣʘʥʫʻʪʴʩʷ 

ʨʦʟʤʽʩʪʠʪʠ ʥʘ ʜʘʭʫ ʩʢʣʘʜʩʴʢʠʭ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ 

ʰʧʘʣʝʨ, ʷʢʝ ʙʫʜʝ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʚ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ.  

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ, ʥʘ ʷʢʽʡ ʙʫʜʫʪʴ ʨʦʟʤʽʱʝʥʽ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʩʪʘʥʦʚʠʪʴ 13000 ʤ2. ʅʘ ʪʘʢʽʡ ʪʝʨʠʪʦʨʽʾ 

ʜʦʮʽʣʴʥʦ ʨʦʟʤʽʩʪʠʪʠ 4 ʪʠʩʷʯʽ ʧʘʥʝʣʝʡ ʪʠʧʫ  LDK 250ɺʪ/24ɺ. ɿʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʘʢʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʩʢʣʘʜʘʪʠʤʝ 1000 ʢɺʪ. 

ʈʽʯʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʩʪʘʥʦʚʠʪʠʤʝ 1042694 ʢɺʪẗʛʦʜ. ʆʨʽʻʥʪʦʚʥʘ ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ï 

ʙʣʠʟʴʢʦ 40 ʤʽʣʴʡʦʥʽʚ ʛʨʠʚʝʥʴ. ɼʦʭʽʜ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʉɽʉ ï 5630547,6 ʛʨʠʚʝʥʴ ʟʘ ʨʽʢ. ʆʨʽʻʥʪʦʚʥʠʡ ʪʝʨʤʽʥ 

ʦʢʫʧʥʦʩʪʽ ï 7-8 ʨʦʢʽʚ.   

ʇʨʠ ʦʮʽʥʮʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʚ ʋʢʨʘʾʥʽ, ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟʥʘʯʥʦ ʩʢʦʨʦʪʷʪʴ ʚʠʪʨʘʪʠ ʥʘ ʚʠʜʦʙʫʪʦʢ ʽʥʰʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʟ ʝʢʦʣʦʛʽʯʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ ʟʤʝʥʰʠʪʴ ʚʠʢʠʜ ʚ ʘʪʤʦʩʬʝʨʫ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. ɿʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ 

ʧʦʟʠʪʠʚʥʦ ʚʽʜʽʙ'ʻʪʴʩʷ ʥʘ ʬʣʦʨʽ ʽ ʬʘʫʥʽ ʧʨʠʣʝʛʣʠʭ ʨʘʡʦʥʽʚ, ʟʤʝʥʰʠʪʴ ʢʽʣʴʢʽʩʪʴ ʟʘʭʚʦʨʶʚʘʥʴ ʩʝʨʝʜ ʥʘʩʝʣʝʥʥʷ. ɿ 

ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʥʘ ʟ ʫʧʝʚʥʝʥʽʩʪʶ ʩʢʘʟʘʪʠ, ʱʦ ʨʦʟʤʽʱʝʥʥʷ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʧʨʠʟʚʝʜʝ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʨʦʙʦʯʠʭ ʤʽʩʮʴ, ʪʘʢ ʷʢ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʪʘʢʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʥʝ ʤʘʣʠʡ ʦʙʩʷʛ 

ʪʝʨʠʪʦʨʽʾ, ʪʘʢʦʞ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʦʱʘʜʠʪʠ ʚʠʯʝʨʧʥʽ ʨʝʩʫʨʩʠ. 
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   ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʕʥʝʨʛʝʪʠʢʘ ʋʢʨʘʠʥʳ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://uaenergy.com.ua/post/12288. 

2. Rentechno. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]:  ʩʝʪʝʚʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://rentechno.ua/solar/on-grid-pv-plants/green-
tariff.html. 

3. ʅʘʮʽʦʥʘʣʴʥʘ ʢʦʤʽʩʩʽʷ ʱʦ ʟʜʽʡʩʥʶʻ ʜʝʨʞʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʩʬʝʨʘʭ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ.  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]:  

ʨʦʟʜʨʽʙʥʽ ʪʘʨʠʬʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ ʥʝʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.nerc.gov.ua/?id=13844. 
4. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]:  ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʜʝʰʝʚʝʶʪ ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://green-

city.su/solnechnye-paneli-stremitelno-desheveyut. 

5. ɸʩʦʮʽʘʮʽʷ ʙʽʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]:  ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʙʫʜʫʪ ʜʝʰʝʚʝʪʴ ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
http://abc.in.ua/solnechnye-batarei-budut-deshevet. 
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ʄɽʈɽɾɯ ʅɸ ʉʀʉʊɽʄʀ ʈɽʃɽʁʅʆɻʆ ɿɸʍʀʉʊʋ ʊɸ ɸɺʊʆʄɸʊʀʂʀ 
 

ɯ.ʇ. ʄʘʪʚʽʻʥʢʦ, ʩʪʫʜ. ʛʨ ʄʄ-111 

ɸ.ʃ. ʇʨʠʩʪʫʧʘ, ʢ.ʪ.ʥ, ʜʦʮʝʥʪ  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  
 

ɼʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ (ɽʄ) ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʻ ʽʥʪʝʛʨʘʮʽʷ ʜʞʝʨʝʣ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʛʝʥʝʨʘʮʽʾ (ɼʈɻ) ʚ ʜʽʶʯʫ ʝʥʝʨʛʦʩʠʩʪʝʤʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʪʘ ʚʠʤʦʛ ʱʦʜʦ ʥʘʜʽʡʥʦʩʪʽ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʇʦʷʚʘ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʣʦʢʘʣʴʥʠʭ ʛʝʥʝʨʫʶʯʠʭ ʩʠʩʪʝʤ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʫʤʦʚ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʘʚʪʦʤʘʪʠʢʠ (ʈɿɸ). ʊʘʢʘ ʤʝʨʝʞʘ ʤʦʞʝ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʴ ʟʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ɽʄ, ʜʣʷ ʷʢʦʾ ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʨʝʣʝʡʥʠʡ ʟʘʭʠʩʪ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʦʮʽʥʮʽ, ʥʘʧʨʠʢʣʘʜ, ʩʪʽʡʢʦʩʪʽ ʨʝʞʠʤʽʚ ɽʄ. [1] 

ʇʨʠ ʥʝʚʝʣʠʢʽʡ ʯʘʩʪʮʽ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʚ ʩʢʣʘʜʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʨʽʰʝʥʥʷ ʧʨʠʡʥʷʪʽ ʱʦʜʦ ʈɿɸ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʞʫʪʴ ʟʘʣʠʰʘʪʠʩʴ ʙʝʟ ʟʤʽʥ, ʧʦʪʨʝʙʫʶʪʴ ʣʠʰʝ ʢʦʨʠʛʫʚʘʥʥʷ ʫʩʪʘʚʦʢ. ɿʙʽʣʴʰʝʥʥʷ ʩʫʤʘʨʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ɼʈɻ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʥʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʈɿɸ ʤʝʨʝʞ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʊʘʢʘ ʤʝʨʝʞʘ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʙʝʟʘʚʘʨʽʡʥʦʾ ʨʦʙʦʪʠ ʣʦʢʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʥʘ 

ʚʠʢʣʶʯʝʥʥʷ ʾʭ ʤʦʞʣʠʚʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʦʞ ʥʘ ʝʬʝʢʪʠʚʥʫ ʢʦʦʨʜʠʥʘʮʽʶ 

ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʈɿɸ. 

ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʤʘʣʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʘʢʪʫʘʣʴʥʠʤʠ ʩʪʘʶʪʴ ʚʠʤʦʛʠ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʨʽʚʥʷ 

ʥʘʧʨʫʛʠ ʫ ʚʫʟʣʘʭ ʤʝʨʝʞʽ ʧʨʠ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʭ ʟʘ ʨʘʭʫʥʦʢ ʛʝʥʝʨʫʚʘʥʥʷ ʫʩʪʘʥʦʚʢʘʤʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʙʫʜʦʚʘ ʩʠʩʪʝʤʠ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʽʚ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʈɿɸ ʧʦʚʠʥʥʦ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʞʠʤʽʚ ʫʰʢʦʜʞʝʥʴ ʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʤʝʨʝʞʽ [2].  

ʇʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʞʝʨʝʣ ʈɻ ʧʝʨʝʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ ʫ ʨʦʟʧʦʜʽʣʴʯʽʡ ʤʝʨʝʞʽ ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ, ʱʦ 

ʪʘʢʦʞ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʠʪʠʩʴ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʈɿɸ ʤʝʨʝʞʽ [3]. 

ʊʨʘʜʠʮʽʡʥʽ ʨʦʟʧʦʜʽʣʴʥʽ ɽʄ ï ʮʝ ʤʝʨʝʞʽ, ʧʝʨʝʚʘʞʥʦ, ʨʘʜʽʘʣʴʥʦʛʦ ʪʠʧʫ, ʚ ʷʢʠʭ ʧʝʨʝʪʽʢ ʧʦʪʫʞʥʦʩʪʽ ʻ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʠʤ: ʚʽʜ ʧʽʜʩʪʘʥʮʽʾ ʜʦ ʩʧʦʞʠʚʘʯʽʚ. ɼʣʷ ʟʘʭʠʩʪʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘʢʠʭ ʤʝʨʝʞ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʥʘʧʨʘʚʣʝʥʠʡ ʩʪʨʫʤʦʚʠʡ ʟʘʭʠʩʪ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʨʝʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʪʘ 

ʜʦʧʦʚʥʶʻʪʴʩʷ ʧʨʠʩʪʨʦʷʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʚʚʽʤʢʥʝʥʥʷ (ɸʇɺ) ʥʘ ʛʦʣʦʚʥʦʤʫ ʬʽʜʝʨʽ ʞʠʚʠʣʴʥʠʭ 

ʧʽʜʩʪʘʥʮʽʡ. ʇʨʠʢʣʘʜ ʪʘʢʦʾ ʩʭʝʤʠ ɽʄ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʨʦʟʧʦʜʽʣʴʥʠʭ ɽʄ ʥʘ 

ʧʨʘʢʪʠʮʽ ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʢʣʶʯʝʥʥʷ ʣʽʥʽ ʾʝʣʝʢʪʨʦʧʝʨʝʜʘʯ (ʃɽʇ), ʜʝ ʚʠʥʠʢʣʘ ʘʚʘʨʽʷ, ʚʠʜʽʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʦʾ 

ʜʽʣʷʥʢʠ ʃɽʇ ʪʘ ʧʦʚʪʦʨʥʝ ʚʚʽʤʢʥʝʥʥʷ ʣʽʥʽʾ [4]. ɸʣʝ ʚʢʘʟʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʈɿɸ ʨʦʟʧʦʜʽʣʴʥʠʭ ɽʄ ʥʝ ʨʦʟʨʘʭʦʚʘʥʠʡ 

ʥʘ ʽʩʥʫʚʘʥʥʷ ʚ ʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʫ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʚʠʥʠʢʘʻ ʥʠʟʢʘ ʧʨʦʙʣʝʤ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʨʠʻʜʥʘʥʥʷ ʜʞʝʨʝʣ ʈɻ ʜʦ ʨʦʟʧʦʜʽʣʴʥʦʾ ʤʝʨʝʞʽ 

ʇʦ-ʧʝʨʰʝ ʤʦʞʣʠʚʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʟʘʭʠʩʪ ʃɽʇ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʇʉ, ʩʧʨʘʮʶʚʘʚ, ʚʽʜʢʣʶʯʠʚ ʃɽʇ ʚʽʜ 

ʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ (ɽʉ), ʪʘ ʟʘʧʫʩʪʠʚ ʨʦʙʦʪʫ ɸʇɺ, ʷʢʝ ʯʝʨʝʟ ʥʝʚʝʣʠʢʫ ʧʘʫʟʫ ʧʦʜʘʻ ʢʦʤʘʥʜʫ ʥʘ ʚʢʣʶʯʝʥʥʷ 

ʃɽʇ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʭʠʩʪ ʜʞʝʨʝʣ ʈɻ ʥʝ ʚʩʪʠʛʘʻ ʩʧʨʘʮʶʚʘʪʠ ʧʽʜ ʯʘʩ ʙʝʟʩʪʨʫʤʦʚʦʾ ʧʘʫʟʠ ɸʇɺ, ʪʘʢʝ 

ʜʞʝʨʝʣʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʜʢʣʶʯʝʥʠʤ ʜʦ ɽʄ ʽ ʙʫʜʝ ʥʘʤʘʛʘʪʠʩʷ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘʧʨʫʛʫ ʫ ʤʝʨʝʞʽ. ʆʪʞʝ ʝʣʝʢʪʨʠʯʥʘ 
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ʜʫʛʘ ʚ ʤʽʩʮʽ ʟʘʤʠʢʘʥʥʷ ʥʝ ʙʫʜʝ ʟʘʪʫʭʘʪʠ ʽ ʧʦʰʢʦʜʞʝʥʥʷ ʥʝ ʙʫʜʝ ʩʘʤʦʣʽʢʚʽʜʦʚʘʥʦ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʘʯʥʦʾ 

ʧʝʨʝʨʚʠ ʫ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ. ʊʘʢʦʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʱʦ, ʷʢʱʦ ʥʘʚʽʪʴ ʜʞʝʨʝʣʦ ʈɻ ʙʫʜʝ ʚʽʜʢʣʶʯʝʥʝ ʧʨʦʪʷʛʦʤ 

ʨʦʙʦʪʠ ɸʇɺ, ʯʘʩ, ʚʽʜʚʝʜʝʥʠʡ ʥʘ ʙʝʟʩʪʨʫʤʦʚʫ ʧʘʫʟʫ, ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʯʘʩ ʨʦʙʦʪʠ ʈɿɸ ʜʞʝʨʝʣʘ ʈɻ, ʱʦ ʟʤʝʥʰʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ɸʇɺ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʧʽʜʯʘʩ ʧʦʰʢʦʜʞʝʥʴ ʚ ʤʝʨʝʞʽ, ʥʝʦʙʭʽʜʥʦ ʢʦʦʨʜʠʥʫʚʘʪʠ 

ʨʦʙʦʪʫ ɸʇɺ ʪʘ ʨʦʙʦʪʫ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ɼʈɻ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʷʢ ʥʘʡʰʚʠʜʰʝ ʚʽʜôʻʜʥʘʪʠ ʜʞʝʨʝʣʘ ʈɻ ʚʽʜ 

ʤʝʨʝʞʽ, ʪʦʙʪʦ ʬʘʢʪʠʯʥʦ ʟʤʝʥʰʠʪʠ ʯʘʩ ʛʦʨʽʥʥʷ ʜʫʛʠ ʚ ʤʽʩʮʽ ʧʦʰʢʦʜʞʝʥʥʷ.  

ʂʦʦʨʜʠʥʘʮʽʷ ʨʦʙʦʪʠ ɸʇɺ ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʜʞʝʨʝʣ ɻʈ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʯʘʩ ʚʠʪʨʠʤʢʠ 

ʨʦʙʦʪʠ ɸʇɺ ʞʠʚʠʣʴʥʦʛʦ ʬʽʜʝʨʫ ʥʘ ʯʘʩ ʨʦʙʦʪʠ ʘʚʪʦʤʘʪʠʢʠ ʽ ʚʽʜʢʣʶʯʝʥʥʷ ʚʠʤʠʢʘʯʘ Q2 ɼʈɻ, ʭʦʯʘ ʪʘʢʝ ʨʽʰʝʥʥʷ 

ʤʦʞʝ ʧʦʛʽʨʰʠʪʠ ʷʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʇʦ-ʜʨʫʛʝ, ʮʝ ʟʥʘʯʥʝ ʫʩʢʣʘʜʥʝʥʥʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʈɿ ʤʝʨʝʞ ʽʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʈɻ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ (ʂɿ) ʟʘ ʤʝʞʘʤʠ ʬʽʜʝʨʫ, ʜʦ ʷʢʦʛʦ ʧʨʠʻʜʥʘʥʦ ɼʈɻ, ʘʣʝ ʚ ʤʝʞʘʭ 

ʦʜʥʽʻʾ ʧʽʜʩʪʘʥʮʽʾ, ɼʈɻ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʞʠʚʣʝʥʥʽ ʂɿ. ʋ ʮʽʡ ʩʠʪʫʘʮʽʾ ʤʦʞʝ ʩʧʨʘʮʶʚʘʪʠ ʨʝʣʝ, ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʧʦʯʘʪʢʫ ʃɽʇ ʟ ʈɻ ɸ1, ʷʢʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʧʨʷʤʦʢ ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ (ʨʠʩʫʥʦʢ 2).  

 
ʘ)   ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʦʪʦʢʦʨʦʟʧʦʜʽʣʫ:  

ʘ) ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ; ʙ) ʘʚʘʨʽʡʥʦʛʦ ʨʝʞʠʤʫ. 

ɺʠʨʽʰʝʥʥʷʤ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʣʝ ʥʘʧʨʷʤʣʝʥʦʾ ʜʽʾ, ʘʙʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʟʘʭʠʩʪʠ 

ʥʘ ʙʘʟʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʨʝʣʝ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ ʟ ʤʦʞʣʠʚʽʩʪʶ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ 

ʟʤʦʞʫʪʴ ʚʽʜôʻʜʥʘʪʠ ʧʦʰʢʦʜʞʝʥʫ ʜʽʣʷʥʢʫ, ʥʝ ʚʽʜôʻʜʥʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʽʜ ʤʝʨʝʞʽ ɼʈɻ. 

ʊʘʢʦʞ ʩʣʽʜ ʤʦʜʝʨʥʽʟʦʚʫʚʘʪʠ ʚʞʝ ʽʩʥʫʶʯʽ ɼʈɻ (ʥʘʧʨʠʢʣʘʜ ʤʘʣʽ ɻɽʉ), ʪʦʤʫ ʱʦ ʷʢ ʧʨʘʚʠʣʦ ʜʣʷ ʟʘʭʠʩʪʫ 

ʛʝʥʝʨʘʪʦʨʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʂɿ ʚʩʪʘʥʦʚʣʝʥʦ ʤʠʪʪʻʚʠʡ ʩʪʨʫʤʦʚʠʡ ʟʘʭʠʩʪ ʥʘ ʙʘʟʽ ʨʝʣʝ ʈʊ-81, ʥʘ 

ʧʦʩʪʽʡʥʦʤʫ ʪʘ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ. ɯʥʜʫʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ ʮʠʭ ʨʝʣʝ 

ʚʠʢʦʥʫʻ ʟʘʭʠʩʪ ʙʝʟ ʙʣʦʢʫʚʘʥʥʷ ʧʦ ʥʘʧʨʫʟʽ, ʱʦ ʩʪʚʦʨʶ ̒ʟʥʘʯʥʽ ʟʘʪʨʠʤʢʠ ʚ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ ʚ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʷʭ. 

ɸʢʪʫʘʣʴʥʦʶ ʪʘʢʦʞ ʻ ʧʨʦʙʣʝʤʘ çʟʘʩʣʽʧʣʝʥʥʷè ʈɿɸ, ʷʢʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʪʦʤʫ, ʱʦ ʜʦ ʤʽʩʮʷ ʂɿ ʩʪʨʫʤ 

ʧʽʜʪʽʢʘʻ ʷʢ ʚʽʜ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘʢ ʽ ʚʽʜ ɼʈɻ. ʊʘʢʠʤ ʯʠʥʦʤ ʯʝʨʝʟ ʤʽʩʮʝ ʩʪʘʥʦʚʣʝʥʥʷ ʈɿɸ ʧʨʦʪʽʢʘʻ ʣʠʰʝ ʯʘʩʪʠʥʘ 

ʩʪʨʫʤʫ ʂɿ, ʚ ʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʘʭʠʩʪ ʤʦʞʝ ʚʽʜʤʦʚʠʪʠ ʚ ʩʧʨʘʮʶʚʘʥʥʽ (ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʩʣʽʧʣʝʥʥʷ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʜʞʝʨʝʣʘʤʠ ʈɻ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʈɿɸ ʚ ʨʦʟʧʦʜʽʣʴʥʠʭ ɽʄ ʟ ʟʥʘʯʥʦʶ ʯʘʩʪʢʦʶ ɼʈɻ ʥʝ ʟʘʚʞʜʠ ʧʨʘʮʶʻ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʫ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʜʣʷ ʷʢʠʭ ʚʽʥ ʙʫʚ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʞʝʨʝʣ ʈɻ. ʉʣʽʜ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʞʝʨʝʣ ʈɻ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʨʦʙʦʪʠ ʈɿɸ ʞʠʚʠʣʴʥʦʛʦ ʬʽʜʝʨʘ. ʊʦʤʫ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʤʦʚ, ʧʨʠ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʚʜʘʚʘʪʠʩʴ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʈɿɸ 

ʃɽʇ ʪʘ ɼʈɻ, ʱʦʙ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʰʚʠʜʢʦʜʽʶ ʈɿɸ ʧʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʾʾ ʨʦʙʦʪʠ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʇʨʠʩʪʫʧʘ ɸ.ʃ., ʊʶʪʶʥʥʠʢ ʌ.ʆ. ʑʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʧʠʪʘʥʴ ʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʞʝʨʝʣ ʨʦʟʧʦʜʽʣʝʥʦʾ 
ʛʝʥʝʨʘʮʽʾ ʜʦ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ // ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʥʘʫʢʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ ʽ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ: ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʽ ʩʪʫʜʝʥʪʽʚ: ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ. ï ʏʝʨʥʽʛʽʚ : ʏʝʨʥʽʛ. ʥʘʮ. ʪʝʭʥʦʣ. ʫʥ-ʪ, 2015. ï ʉ.127-129. 

2. ʈʝʣʝʡʥʠʡ ʟʘʭʠʩʪ ʚ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ http://conf.vntu.edu.ua/ 
3. ʊʝʭʥʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤ ʧʨʠ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ 
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4. ɻʝʣʴʬʘʥʜ ʗ.ʉ. ʈʝʣʝʡʥʘʷ ʟʘʱʠʪʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ - ʄʦʩʢʚʘ: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1987. - 368 ʩ. 

 



130 
 

 

ʋɼʂ 621.314.26 
 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʋʏɸʉʅʀʍ ɿɸʉʆɹɯɺ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ɽʃɽʂʊʈʆʇʈʀɺʆɼʋ 

ɺ ʃɸɹʆʈɸʊʆʈʅʆʄʋ ʇʈɸʂʊʀʂʋʄɯ ɼʃʗ ʉʊʋɼɽʅʊɯɺ ɯʅɾɽʅɽʈʅʀʍ ʉʇɽʎɯɸʃʔʅʆʉʊɽʁ 
 

ɼ.ʄ. ʄʦʪʘʰʢʦ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ɽʄ-131 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɺ.ʄ. ɹʝʟʨʫʯʢʦ, ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, ʢʘʬʝʜʨʘ ɽʉʽʄ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ɸʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ (ɸɼ) ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʠʤ ʨʦʪʦʨʦʤ ʚ ʜʘʥʠʡ ʯʘʩ ʻ ʥʘʡʙʽʣʴʰ ʤʘʩʦʚʠʤ ʪʘ ʥʘʜʽʡʥʠʤ 

ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʧʨʠʚʦʜʫ ʨʽʟʥʠʭ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ. ɸʣʝ ʚʽʥ ʤʘʻ ʜʚʘ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ. ʇʝʨʰʠʡ ï ʮʝ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ. ɼʨʫʛʠʡ ï ʮʝ ʟʘʥʘʜʪʦ ʚʝʣʠʢʽ ʧʫʩʢʦʚʽ ʩʪʨʫʤʠ. ʊʦʤʫ ʚ 

ʥʘ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʢʝʨʫʚʘʪʠ ʜʚʠʛʫʥʦʤ ʝʣʝʢʪʨʦʥʥʠʤ ʩʧʦʩʦʙʦʤ.  

ʇʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ (ʇʏ) ï ʮʝ ʧʨʠʩʪʨʽʡ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʦʜʥʽʻʾ ʯʘʩʪʦʪʠ 

ʥʘ ʟʤʽʥʥʠʡ ʩʪʨʫʤ ʽʥʰʦʾ ʯʘʩʪʦʪʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟʘʙʝʟʧʝʯʫʻ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʥʦʚʽ ʷʢʦʩʪʽ 

ʩʠʩʪʝʤ ʽ ʦʙ'ʻʢʪʽʚ. ʊʦʤʫ, ʟʥʘʥʥʷ ʪʘ ʚʤʽʥʥʷ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʇʏ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʪʝʭʥʽʯʥʠʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ. 

ɼʣʷ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʏ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʝʥʜ, ʱʦ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 1. 

 

  
ʈʠʩʫʥʦʢ 1 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʩʪʝʥʜʫ 

ɺ ʜʘʥʦʤʫ ʩʪʝʥʜʽ ʨʝʘʣʽʟʦʚʘʥʦ: ʚʝʢʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ OWEN ʇʏɺ1, ʣʠʮʴʦʚʘ ʧʘʥʝʣʴ ʦʧʝʨʘʪʦʨʘ 

(ʃʇʆ) ʇʏ OWEN ʃʇʆ1, ʤʝʨʝʞʝʚʠʡ ʜʨʦʩʝʣʴ TLO E 20.30/005, ʢʥʦʧʢʠ ʢʝʨʫʚʘʥʥʷ, ʧʦʪʝʥʮʽʦʤʝʪʨ (ʘʥʘʣʦʛʦʚʠʡ 

ʟʘʜʘʪʯʠʢ), ʛʘʣʴʤʽʚʥʠʡ ʨʝʟʠʩʪʦʨ, ʩʠʛʥʘʣʴʥʘ ʘʨʤʘʪʫʨʘ, ɸɼ 4AAM 56B4Y3, ʩʧʘʨʢʘ ɸɼ 3ɸʈ63-4 ʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʛʘʣʴʤʦʤ (ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʇʃ-072 ʋ3) ʪʘ ʝʥʢʦʜʝʨ H38S100B. ʊʘʢʦʞ, ʇʏ ʤʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ RS-485 ʟʘ ʧʨʦʪʦʢʦʣʦʤ Modbus RTU ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚôʷʟʢʫ ʤʽʞ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʥʪʝʨʬʝʡʩʽʚ USB/RS-485 ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ 

ʜʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ (ʇʂ).  

ʇʽʜ ʯʘʩ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʫ ʩʪʫʜʝʥʪʠ ʟʘʢʨʽʧʣʶʶʪʴ ʩʚʦʾ ʟʥʘʥʥʷ ʟ ʥʘʩʪʫʧʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ: 

- ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʩʪʨʫʤʫ ʇʏ ʚ ʤʝʨʝʞʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʝʚʦʛʦ ʜʨʦʩʝʣʷ, ʱʦ ʧʽʜʚʠʱʫʻ 
ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʩʫʤʽʩʥʽʩʪʴ; 

- ʨʽʟʥʠʮʷ ʤʽʞ ʩʢʘʣʷʨʥʠʤ ʪʘ ʚʝʢʪʦʨʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʫʧʨʘʚʣʽʥʥʷ; 

- ʥʘʣʘʰʪʫʚʘʥʥʷ ʇʏ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ɸɼ ʚ ʨʦʟʽʤʢʥʫʪʽʡ ʩʠʩʪʝʤʽ ʙʝʟ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ (ʙʝʟ ʨʝʛʫʣʷʪʦʨʘ) ʪʘ 
ʚ ʩʠʩʪʝʤʽ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ ʪʘ ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ; 

- ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʙʫʜʦʚʘʥʦʛʦ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʇʏ; 

- ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʟʘ ʣʦʛʽʢʦʶ ʚʙʫʜʦʚʘʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʘʙʦ ʟʦʚʥʽʰʥʴʦʛʦ ʟʘʜʘʚʘʯʘ. 

ɼʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʇʏ ʧʦʪʨʽʙʥʦ ʚʤʽʪʠ:  

- ʟʘʜʘʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʜʚʠʛʫʥʘ (ʧʦʪʫʞʥʽʩʪʴ, ʥʘʧʨʫʛʫ, ʩʪʨʫʤ, ʯʘʩʪʦʪʫ ʪʘ ʥʦʤʽʥʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʜʚʠʛʫʥʘ);  

- ʧʨʦʚʦʜʠʪʠ ʘʚʪʦʤʘʪʠʯʥʫ ʘʜʘʧʪʘʮʽʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ ɸɼ; 

- ʧʨʦʚʦʜʠʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʦʤ (ʥʘʧʨʠʢʣʘʜ ʢʥʦʧʢʠ ʧʫʩʢ, ʩʪʦʧ, ʨʝʚʝʨʩ ʪʘ ʽʥʰʽ);  

- ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʜʞʝʨʝʣʦ ʟʘʚʜʘʥʥʷ (ʘʥʘʣʦʛʦʚʠʡ ʽ ʽʤʧʫʣʴʩʥʠʡ ʚʭʽʜ, ʣʦʢʘʣʴʥʘ ʰʠʥʘ, ʧʦʪʝʥʮʽʦʤʝʪʨ);  

- ʧʨʦʚʦʜʠʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ (ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ, ʙʝʟ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ); 

- ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʢʘʣʷʨʥʦʛʦ ʽ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (U/f ʘʙʦ V); 

- ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʙʫʜʦʚʘʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʇʏ. 
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ɺʠʩʥʦʚʦʢ: ʜʘʥʠʡ ʩʪʝʥʜ ʜʦʟʚʦʣʷʻ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʦʚʦʣʦʜʽʪʠ ʟʥʘʥʥʷʤʠ ʪʘ ʥʘʚʠʢʘʤʠ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʏ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ɸɼ. 
 

 

ʋɼʂ 621.311 

ʐʃʗʍʀ ɿɸɹɽɿʇɽʏɽʅʅʗ ʅɸɼɯʁʅʆɰ ʈʆɹʆʊʀ ʇʈʀʂʆʈɼʆʅʅʀʍ ɽʃɽʂʊʈʀʏʅʀʍ ʄɽʈɽɾ 

ʋʂʈɸɰʅʀ ʋ ʈɸɿɯ ɺɯɼʆʂʈɽʄʃɽʅʅʗ ɺɯɼ ʉʋʉɯɼʅɯʍ ɽʅɽʈɻʆʉʀʉʊɽʄ 
 

ɸ.ɯ. ʆʣʽʡʥʠʢ, ʩʪʫʜʝʥʪ ʛʨ. ʄʄ-111 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈ.ʆ. ɹʫʡʥʠʡ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʅʘʜʽʡʥʘ ʧʦʩʪʘʚʢʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʯʘʤ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʦʛʦ 

ʧʨʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʝʨʝʙʦʾ ʚ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ ʟʘ 

ʤʘʩʰʪʘʙʘʤʠ ʟʙʠʪʢʽʚ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰʠʭ, ʪʘ ʟʘʚʜʘʶʪʴ ʩʫʪʪʻʚʦʛʦ ʫʜʘʨʫ ʧʦ ʥʘʮʽʦʥʘʣʴʥʽʡ ʝʢʦʥʦʤʽʮʽ ʡ 

ʜʦʙʨʦʙʫʪʫ ʣʶʜʝʡ. ʊʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʚʠʤʘʛʘʻ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʧʨʠ 

ʙʫʜʴ-ʷʢʽʡ ʬʦʨʤʽ ʝʢʦʥʦʤʽʯʥʠʭ ʚʽʜʥʦʩʠʥ ʚ ʩʫʩʧʽʣʴʩʪʚʽ [1]. 

ʋ 90-ʭ ʨʦʢʘʭ ʍʍ ʩʪʦʣʽʪʪʷ ʧʽʜ ʯʘʩ ʨʦʟʧʘʜʫ ʉʈʉʈ ʋʢʨʘʾʥʘ ʦʧʠʥʠʣʘʩʴ ʚ ʫʤʦʚʘʭ ʝʢʦʥʦʤʽʯʥʦʾ ʢʨʠʟʠ, ʱʦ ʧʨʠʟʚʝʣʘ 

ʜʦ ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. ʋ ʧʝʨʽʦʜ ʟ 1993 ʧʦ 1996 ʨʦʢʠ ʚʽʜʙʫʣʦʩʷ ʨʦʟʜʽʣʝʥʥʷ ʦʙôʻʜʥʘʥʦʾ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ (ʆɽʉ) ʉʈʉʈ ʥʘ ʥʝʩʠʥʭʨʦʥʥʦ ʧʨʘʮʶʶʯʽ ʯʘʩʪʠʥʠ. ʅʘʜʘʣʽ ʧʘʨʘʣʝʣʴʥʘ ʨʦʙʦʪʘ ʆɽʉ ʋʢʨʘʾʥʠ ʟ ɭɽʉ 

ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ ʧʝʨʽʦʜʠʯʥʦ ʚʽʜʥʦʚʣʶʚʘʣʘʩʷ, ʚʠʡʰʦʚʰʠ ʥʘ ʧʦʩʪʽʡʥʠʡ ʨʝʞʠʤ ʚ ʩʝʨʝʜʠʥʽ 2001 ʨʦʢʫ [2]. ʆɽʉ 

ʋʢʨʘʾʥʠ ʟ'ʻʜʥʘʥʘ ʽʟ ʩʫʩʽʜʥʽʤʠ ʢʨʘʾʥʘʤʠ ʝʣʝʢʪʨʦʤʝʨʝʞʘʤʠ ʨʽʟʥʦʾ ʥʘʧʨʫʛʠ: 

ï ʟ ɭɽʉ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ ï 110, 220, 330, 500 ʽ 750 ʢɺ; 

ï ʟ ʆɽʉ ʈʝʩʧʫʙʣʽʢʠ ɹʽʣʦʨʫʩʴ ï 110 ʽ 330 ʢɺ; 

ï ʟ ʆɽʉ ʈʝʩʧʫʙʣʽʢʠ ʄʦʣʜʦʚʘ ï 110 ʽ 330 ʢɺ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʩʠʪʫʘʮʽʶ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ ʋʢʨʘʾʥʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʢʨʠʪʠʯʥʫ. ʂʨʠʟʘ, ʷʢʫ ʧʝʨʝʞʠʚʘʻ ʥʘʰʘ 

ʝʢʦʥʦʤʽʢʘ, ʩʧʨʠʯʠʥʠʣʘ ʪʨʫʜʥʦʱʽ ʽ ʚ ʝʥʝʨʛʝʪʠʮʽ. ɯʥʰʠʤ ʥʝ ʤʝʥʰ ʚʧʣʠʚʦʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʧʦʣʽʪʠʯʥʽ ʥʝʛʘʨʘʟʜʠ, ʷʢʽ 

ʧʦʩʪʘʚʠʣʠ ʧʽʜ ʟʘʛʨʦʟʫ ʥʝ ʪʽʣʴʢʠ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʋʢʨʘʾʥʠʷ, ʘ ʡ ʙʝʟʧʝʢʫ ʮʽʣʽʩʥʦʩʪʽ ʜʝʨʞʘʚʠ ʚ ʮʽʣʦʤʫ. ʊʦʤʫ 

ʜʦʮʽʣʴʥʦ ʙʫʣʦ ʙ ʨʦʟʛʣʷʥʫʪʠ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʧʨʠʢʦʨʜʦʥʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʚʽʜ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ.  

ʅʘ ʧʨʠʢʦʨʜʦʥʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʋʢʨʘʾʥʠ ʻ ʦʢʨʝʤʽ ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ, ʷʢʽ ʥʦʨʤʘʣʴʥʦ ʞʠʚʣʷʪʴʩʷ ʚʽʜ ʝʥʝʨʛʦʩʠʩʪʝʤ 

ʩʫʩʽʜʥʽʭ ʢʨʘʾʥ. ɿʦʢʨʝʤʘ ʚ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʧʽʜʩʪʘʥʮʽʷ (ʇʉ) çɼʦʙʨʷʥʢʘè ʞʠʚʠʪʴʩʷ ʚʽʜ ʇʉ çʊʝʨʝʭʽʚʢʘè, ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʝʩʧʫʙʣʽʢʠ ɹʽʣʦʨʫʩʴ (ʜʠʚ. ʨʠʩʫʥʦʢ 1).  

 
ʈʠʩʫʥʦʢ 1 ï ɾʠʚʣʝʥʥʷ ʇʉ çɼʦʙʨʷʥʢʘè ʚʽʜ ʇʉ çʊʝʨʝʭʽʚʢʘè 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʟʽ ʩʧʘʜʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʟʤʝʥʰʠʣʠʩʷ ʝʣʝʢʪʨʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʝʨʝʛʣʷʥʫʚʰʠ ʝʣʝʢʪʨʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʇʉ çɼʦʙʨʷʥʢʘè ʪʘ ʇʉ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʝʧʦʜʘʣʽʢ, ʤʦʞʥʘ ʙʫʜʝ ʩʢʘʟʘʪʠ  

ʯʠ ʜʦʩʪʘʪʥʴʦ ʙʫʜʝ 35 ʢɺ ʜʣʷ ʞʠʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ. ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʻ ʞʠʚʣʝʥʥʷ ʇʉ çɼʦʙʨʷʥʢʘè ʚʽʜ ʇʉ 

çʍʦʨʦʙʠʯʽè ʥʘ ʥʘʧʨʫʟʽ 35/10 ʢɺ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʧʽʜʩʪʘʥʮʽʷʤʠ ʩʢʣʘʜʘʻ 24,1 ʢʤ, (ʜʠʚ. ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩʫʥʦʢ 2 ï ɺʘʨʽʘʥʪ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ ʇʉ çɼʦʙʨʷʥʢʘè ʚʽʜ ʇʉ çʍʦʨʦʙʠʯʽè 
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ɺ ʩʚʦʶ ʯʝʨʛʫ, ʇʉ çʍʦʨʦʙʠʯʽè 35/10 ʢɺ ʦʪʨʠʤʫʻ ʞʠʚʠʪʴʩʷ ʚʽʜ ʇʉ çɻʦʨʦʜʥʷè 110/35/10 ʢɺ. ɼʘʥʠʡ ʚʘʨʽʘʥʪ 

ʞʠʚʣʝʥʥʷ ʤʘʻ ʤʘʣʫ ʥʘʜʽʡʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʚ ʨʘʟʽ ʚʽʜʢʣʶʯʝʥʥʷ ʥʘ ʇʉ çɻʦʨʦʜʥʷè ʙʫʜʝ ʚʽʜʢʣʶʯʝʥʦ ʪʘʢʦʞ ʽ ʇʉ 

çʍʦʨʦʙʠʯʽè ʪʘ ʇʉ çɼʦʙʨʷʥʢʘè. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʇʉ çɼʦʙʨʷʥʢʘè ʪʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚ 

ʥʘʩʝʣʝʥʦʤʫ ʧʫʥʢʪʽ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ ɯ-ʢʘʪʝʛʦʨʽʾ ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʱʝ ʦʜʥʝ ʨʝʟʝʨʚʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ. ɿʛʽʜʥʦ 

ʟ ʧʨʘʚʠʣʘʤʠ ʫʣʘʰʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ (ʇʋɽ) [3], ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽ ʧʝʨʰʦʾ ʢʘʪʝʛʦʨʽʾ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʚʽʜ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʚʟʘʻʤʦʨʝʟʝʨʚʦʚʘʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ, ʽ ʧʝʨʝʨʚʘ ʚ ʾʭ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ ʤʦʞʝ 

ʙʫʪʠ ʜʦʧʫʱʝʥʦ ʣʠʰʝ ʥʘ ʯʘʩ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʞʠʚʣʝʥʥʷ. 

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʦʜʘʪʢʦʚʠʤ ʨʝʟʝʨʚʫʶʯʠʤ ʜʞʝʨʝʣʦʤ ʤʦʞʝ ʙʫʪʠ ʩʧʦʨʫʜʞʝʥʥʷ ʧʦʚʽʪʨʷʥʦʾ ʣʽʥʽʾ ʥʘʧʨʫʛʦʶ 

110 ʢɺ ʚʽʜ ʇʉ çʈʽʧʢʠè 110/35/10 ʢɺ. ɼʦʚʞʠʥʘ ʪʘʢʦʾ ʣʽʥʽʾ ʙʫʜʝ ʩʢʣʘʜʘʪʠ 40,8 ʢʤ (ʜʠʚ. ʨʠʩʫʥʦʢ 3, ʘ). ʉʢʣʘʜʥʽʩʪʶ 

ʩʧʦʨʫʜʞʝʥʥʷ ʜʘʥʦʾ ʣʽʥʽʾ ʤʦʞʝ ʙʫʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʨʘʩʠ ʣʽʥʽʾ ʯʝʨʝʟ ʙʦʣʦʪʠʩʪʫ ʤʽʩʮʝʚʽʩʪʴ. ɺʽʜʥʦʩʥʦ ʮʴʦʛʦ ʙʫʜʝ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʟʘʪʨʘʪ ʥʘ ʩʧʦʨʫʜʞʝʥʥʷ. 

ʗʢʱʦ ʱʝ ʩʧʦʨʫʜʠʪʠ ʣʽʥʽʶ 35 ʢɺ ʤʽʞ ʇʉ çʇʽʟʥʦʧʘʣʠè ʪʘ ʇʉ çʈʽʧʢʠè, ʜʦʚʞʠʥʦʶ 21,4 ʢʤ, ʪʦ ʤʠ ʟʤʦʞʝʤʦ 

ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʚʽʜʨʘʟʫ ʥʘ ʧôʷʪʴʦʭ ʇʉ (ʜʠʚ. ʨʠʩʫʥʦʢ 3 ,ʙ). 

                  
     ʘ)              ʙ)  

ʈʠʩʫʥʦʢ 3 ï ɺʘʨʽʘʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ ʇʉ çɼʦʙʨʷʥʢʘè: 
ʘ) ʧʦ ʃɽʇ 110 ʢɺ ʚʽʜ ʇʉ çʈʽʧʢʠè, ʙ) ʧʦ ʃɽʇ 35 ʢɺ ʚʽʜ ʇʉ ç ʈʽʧʢʠè  

ʯʝʨʝʟ ʇʉ çʇʽʟʥʦʧʘʣʠè ʪʘ ʇʉ çʆʣʝʰʥʷè 

ɺ ʢʽʣʴʮʝʚʫ ʤʝʨʝʞʫ ʥʘʧʨʫʛʦʶ 35 ʢɺ ʚʭʦʜʷʪʴ ʪʘʢʽ ʧʽʜʩʪʘʥʮʽʾ:  ʇʉ çɼʦʙʨʷʥʢʘè,  ʇʉ çʍʦʨʦʙʠʯʽè,  

ʇʉ çɻʦʨʦʜʥʷè, ʇʉ çʈʽʧʢʠè ʪʘ ʇʉ çʇʽʟʥʦʧʘʣʠè. ʋ ʨʘʟʽ ʚʽʜʢʣʶʯʝʥʥʷ ʞʠʚʣʝʥʥʷ ʦʜʥʽʻʾ ʟ ʣʽʥʽʡ ʩʧʦʞʠʚʘʯʽ ʙʫʜʴ-ʷʢʦʾ 

ʟ ʚʠʱʝʚʢʘʟʘʥʠʭ ʇʉ ʟʘʣʠʰʘʪʴʩʷ ʞʠʚʠʪʠʩʴ ʚʽʜ ʽʥʰʦʾ ʣʽʥʽʾ.  

ɺ ʋʢʨʘʾʥʽ ʻ ʪʘʢʦʞ ʽ ʽʥʰʽ ʇʉ, ʷʢʽ ʞʠʚʣʷʪʴʩʷ ʚʽʜ ʇʉ ʩʫʩʽʜʥʽʭ ʢʨʘʾʥ, ʟʦʢʨʝʤʘ ʚʽʜ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ, ʥʘ ʥʘʧʨʫʟʽ 

10-35 ʢɺ. ɰʭ ʪʘʢʦʞ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʟʘʞʠʚʠʪʠ ʚʽʜ ʆɽʉ ʋʢʨʘʾʥʠ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛ ʇʋɽ ʧʦ ʥʘʜʽʡʥʦʩʪʽ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʆɽʉ ʋʢʨʘʾʥʠ ʚ ɼʦʥʝʮʴʢʽʡ ʪʘ ʃʫʛʘʥʩʴʢʽʡ ʦʙʣʘʩʪʷʭ ʚʘʞʢʦ ʩʢʘʟʘʪʠ ʧʨʦ ʩʪʘʥ 

ʧʽʜʩʪʘʥʮʽʡ ʪʘ ʧʨʦ ʚʘʨʽʘʥʪʠ ʾʭ ʨʝʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʥʘʡʤʥʽ ʥʘʡʙʣʠʞʯʽ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ. 

ʈʦʟʛʣʷʜʘʶʯʠ  ʰʣʷʭʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʚʣʝʥʥʷ ʧʨʠʢʦʨʜʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʨʽʚʥʽ ʥʘʜʽʡʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʤʠ ʟʤʦʞʝʤʦ ʧʦʣʽʧʰʠʪʠ ʽ ʩʪʽʡʢʽʩʪʴ ʤʝʨʝʞ ʧʨʠ ʧʝʚʥʠʭ ʨʝʞʠʤʘʭ. ʊʘʢʦʞ ʮʠʤ ʙʫʜʝ ʧʦʢʣʘʜʝʥʦ 

ʦʩʥʦʚʫ ʜʦ ʨʦʟʚʠʪʢʫ ʧʨʠʢʦʨʜʦʥʥʠʭ ʨʝʛʽʦʥʽʚ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʂʦʥʮʝʧʮʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʝ./ɺʦʨʦʧʘʡ ʅ.ʀ., ʂʦʚʘʣʝʚ ɻ.ʌ., ʂʫʯʝʨʦʚ ʖ.ʅ. ʠ ʜʨ. ï ʄ.: ʆʆʆ ʀɼ çʕʥʝʨʛʠʷè, 

2013.212 ʩ. 
2.ɽʥʝʨʛʝʪʠʢʘ ɯʩʪʦʨʽʷ, ʩʫʯʘʩʥʽʩʪʴ ʽ ʤʘʡʙʫʪʥʻ/ ʂʥʠʛʘ 4. ʈʦʟʚʠʪʦʢ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʦʙôʻʜʥʘʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ/ ʈʦʟʜʽʣ 3. ʆʙ'ʻʜʥʘʥʘ 

ʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ ʋʢʨʘʾʥʠ/http://energetika.in.ua/ua/books/book-4/section-2/section-3 [ ʩʪʘʥʦʤ ʥʘ 05.08.2007]; 

3. ʇʨʘʚʠʣʘ ʫʣʘʰʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ. ʈʦʟʜʽʣ 1. ɿʘʛʘʣʴʥʽ ʧʨʘʚʠʣʘ. ɻʣʘʚʘ 1.2. ɽʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʽ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ï ʂ.: 
ʄʽʥʝʥʝʨʛʦʚʫʛʽʣʣʷ, 2014. ï 7ʩ. 
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ʆʎɯʅʖɺɸʅʅʗ ɺʊʈɸʊ ɸʂʊʀɺʅʆɰ ʇʆʊʋɾʅʆʉʊɯ ɺ ɻʈʆɿʆɿɸʍʀʉʅʀʍ ʊʈʆʉɸʍ  

ʇʆɺɯʊʈʗʅʆɰ ʃɯʅɯɰ ɽʃɽʂʊʈʆʇɽʈɽɼɸʏɯ ʅɸʇʈʋɻʆʖ 750 ʢɺ 
 

ʉ.ɺ. ʇʝʨʝʚʝʨʟʘ, ʩʪʫʜ. ʛʨ. ʄʄ-111 

ɸ.ɺ. ʂʨʘʩʥʦʞʦʥ, ʢ.ʪ.ʥ., ʩʪ. ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ɽʉʽʄ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʇʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ (ʃɽʇ) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʠʧʘʜʢʠ ʧʝʨʝʢʨʠʪʪʷ ʽʟʦʣʷʮʽʾ 

ʪʘ ʚʽʜʢʣʶʯʝʥʴ ʣʽʥʽʾ ʚʥʘʩʣʽʜʦʢ ʘʪʤʦʩʬʝʨʥʠʭ ʧʝʨʝʥʘʧʨʫʛ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʛʨʦʟʦʚʠʭ ʨʦʟʨʷʜʽʚ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʚʽʜ ʧʦʰʢʦʜʞʝʥʴ ʧʨʠ ʨʦʟʨʷʜʘʭ ʙʣʠʩʢʘʚʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʧʝʮʽʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʛʨʦʟʦʟʘʭʠʩʪʫ ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʛʨʦʟʦʟʘʭʠʩʥʽ ʪʨʦʩʠ (ɻɿʊ), ʩʪʨʠʞʥʝʚʽ ʛʨʦʤʦʚʽʜʚʦʜʠ, 

ʨʦʟʨʷʜʥʠʢʠ ʽ ʧʨʠʩʪʨʦʾ ʟʘʟʝʤʣʝʥʥʷ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʦʰʠʨʝʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʦʟʦʟʘʭʠʩʥʠʭ ʪʨʦʩʽʚ ʟ 

ʚʙʫʜʦʚʘʥʠʤ ʦʧʪʦʚʦʣʦʢʦʥʥʠʤ ʢʘʙʝʣʝʤ. 

ɿʛʽʜʥʦ ʥʦʚʦʾ ʨʝʜʘʢʮʽʾ ʇʋɽ [1] ʪʘʢʽ ʪʨʦʩʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʟʝʤʣʝʥʠʤʠ ʥʘ ʢʦʞʥʽʡ ʦʧʦʨʽ ʘʙʦ ʥʘ ʢʦʞʥʦʤʫ 

ʘʥʢʝʨʥʦʤʫ ʚʽʜʨʽʟʢʫ ʜʦʚʞʠʥʦʶ ʜʦ 10 ʢʤ ʚ ʦʜʥʽʡ ʪʦʯʮʽ ʰʣʷʭʦʤ ʚʣʘʰʪʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʝʨʝʤʠʯʦʢ ʥʘ 

ʘʥʢʝʨʥʽʡ ʦʧʦʨʽ. 

ɿʯʝʧʣʝʥʠʡ ʟ ɻɿʊ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ, ʚʠʢʣʠʢʘʥʠʡ ʩʪʨʫʤʘʤʠ ʬʘʟʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʃɽʇ, ʙʫʜʝ ʥʘʚʦʜʠʪʠ ʚ 

ʤʽʞʪʨʦʩʦʚʦʤʫ ʢʦʥʪʫʨʽ, ʫʪʚʦʨʝʥʦʤʫ ʜʚʦʤʘ ɻɿʊ, ɽʈʉ ʽʥʜʫʢʮʽʾ, ʷʢʘ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʷʚʠ ʩʪʨʫʤʫ ʚ ʪʨʦʩʘʭ ʪʘ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʚ ʥʠʭ. ʇʨʦʙʣʝʤʘ ʦʮʽʥʶʚʘʥʥʷ ʮʠʭ ʚʪʨʘʪ, ʘ ʪʘʢʦʞ ʧʦʰʫʢ ʰʣʷʭʽʚ ʾʭ ʟʤʝʥʰʝʥʥʷ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʈʦʟʨʘʭʫʥʦʢ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʨʠʬʘʟʥʦʾ ʃɽʇ ʟ ʜʚʦʤʘ ɻɿʊ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʟʘ ʤʝʪʦʜʦʤ ʜʟʝʨʢʘʣʴʥʠʭ 

ʚʽʜʦʙʨʘʞʝʥʴ [2]. ɿʛʽʜʥʦ ʟ ʮʠʤ ʤʝʪʦʜʦʤ, ʢʨʽʤ ʬʘʟʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʪʘʢʦʞ ʽ ʬʽʢʪʠʚʥʽ ʬʘʟʥʽ 

ʧʨʦʚʽʜʥʠʢʠ, ʩʪʨʫʤ ʚ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʩʪʨʫʤʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʘʟʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ, ʘʣʝ ʤʘʻ ʧʨʦʪʠʣʝʞʥʠʡ ʥʘʧʨʷʤʦʢ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʪʨʠ ʜʠʧʦʣʷ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʫʪʚʦʨʝʥʠʡ ʬʘʟʦʶ ʪʘ ʾʾ ʜʟʝʨʢʘʣʴʥʠʤ 

ʚʽʜʦʙʨʘʞʝʥʥʷʤ. 

ʄʘʛʥʽʪʥʝ ʧʦʣʝ ʚʽʜ ʩʪʨʫʤʽʚ ʬʘʟʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʃɽʇ ʪʘ ʾʭ ʜʟʝʨʢʘʣʴʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ, ʙʫʜʝ ʥʘʚʦʜʠʪʠ ʚ 

ʢʦʥʪʫʨʽ, ʫʪʚʦʨʝʥʦʤʫ ʜʚʦʤʘ ɻɿʊ, ɽʈʉ ʽʥʜʫʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʠʧʦʣʴ ʩʝʨʝʜʥʴʦʾ ʬʘʟʠ ʥʝ 

ʩʪʚʦʨʶʻ ʚ ʟʘʟʥʘʯʝʥʦʤʫ ʢʦʥʪʫʨʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʪʦʙʪʦ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʩʪʚʦʨʶʶʪʴ ʣʠʰʝ ʢʨʘʡʥʽ ʬʘʟʠ ʃɽʇ.  

ʅʘʚʝʜʝʥʘ ʚ ʤʽʞʪʨʦʩʦʚʦʤʫ ʢʦʥʪʫʨʽ ɽʈʉ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʷʚʠ ʚ ʥʴʦʤʫ ʩʪʨʫʤʫ. ʎʝʡ ʩʪʨʫʤ ʚ ʩʚʦʶ ʯʝʨʛʫ ʪʝʞ 

ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠ ʧʝʚʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʷʢʝ ʟʛʽʜʥʦ ʟ ʧʨʘʚʠʣʦʤ ʃʝʥʮʘ ʙʫʜʝ ʩʧʨʷʤʦʚʘʥʝ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʧʨʦʪʠʜʽʷʪʠ ʟʤʽʥʘʤ ʟʯʝʧʣʝʥʦʛʦ ʟ ʤʽʞʪʨʦʩʦʚʠʤ ʢʦʥʪʫʨʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʬʘʟʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ 

ʃɽʇ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʽʞ ʢʦʥʪʫʨʦʤ, ʫʪʚʦʨʝʥʠʤ ʛʨʦʟʦʟʘʭʠʩʥʠʤʠ ʪʨʦʩʘʤʠ, ʪʘ ʬʘʟʥʠʤʠ ʧʨʦʚʽʜʥʠʢʘʤʠ ʃɽʇ ʽʩʥʫʻ 

ʤʘʛʥʽʪʥʠʡ ʟʚ'ʷʟʦʢ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʥʘʚʝʜʝʥʦʛʦ ʚ ʛʨʦʟʦʟʘʭʠʩʥʠʭ ʪʨʦʩʘʭ ʩʪʨʫʤʫ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʚʦʣʽʯʥʦʛʦ 

ʤʝʪʦʜʫ. 

ʉʪʨʫʤ ɻɿʊ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ: 
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ʜʝ mU#  ï ʢʦʤʧʣʝʢʩʥʘ ʘʤʧʣʽʪʫʜʘ ʥʘʚʝʜʝʥʦʾ ʥʘ ʤʽʞʪʨʦʩʦʚʠʡ ʢʦʥʪʫʨ ʥʘʧʨʫʛʠ; 

      h ï ʚʠʩʦʪʘ ʧʽʜʚʽʰʫʚʘʥʥʷ ʬʘʟ; 

      H ï ʚʠʩʦʪʘ ʧʽʜʚʽʰʫʚʘʥʥʷ ɻɿʊ; 

      x0f ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʢʨʘʡʥʽʤʠ ʪʘ ʩʝʨʝʜʥʴʦʶ ʬʘʟʘʤʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ; 

      Im ï ʘʤʧʣʽʪʫʜʘ ʩʪʨʫʤʫ ʬʘʟʠ; 

      Imɻɿʊ ï ʘʤʧʣʽʪʫʜʘ ʩʪʨʫʤʫ ɻɿʊ; 

      ɣ ï ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ ʩʪʨʫʤʫ ɻɿʊ; 

      Zɻɿʊ ï ʧʦʚʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʦʧʽʨ ɻɿʊ. 

ʃʽʚʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ (1) ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʯʠʩʣʦʤ. ɿ ʤʘʪʝʤʘʪʠʢʠ ʚʽʜʦʤʦ, ʱʦ ʢʦʤʧʣʝʢʩʥʝ ʯʠʩʣʦ ʨʽʚʥʝ 

ʥʫʣʶ, ʷʢʱʦ ʨʽʚʥʽ ʥʫʣʶ ʡʦʛʦ ʜʽʡʥʘ ʪʘ ʫʷʚʥʘ ʯʘʩʪʠʥʠ. ʎʝ ʜʘʻ ʥʘʤ ʟʤʦʛʫ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘʤ ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʚ 

ʩʠʩʪʝʤʫ: 

 

                       

î
î

í

î
î

ì

ë

öö
÷

õ
ææ
ç

å

öö
÷

õ
ææ
ç

å

=
y

-yÖ

=
y

-yÖ

0

ɻɿʊZ

),ɻɿʊmI,mI,f0x,H,h(mU
Im)sin(ɻɿʊmI

0

ɻɿʊZ

),ɻɿʊmI,mI,f0x,H,h(mU
Re)cos(ɻɿʊmI

#

#

                       (2) 



134 
 

 

ʗʢʱʦ ʨʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʫ (2), ʪʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʩʪʨʫʤ ɻɿʊ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʚ ɻɿʊ ʧʦʚʽʪʨʷʥʦʾ ʃɽʇ 

ʢʣʘʩʫ ʥʘʧʨʫʛʠ 750 ʢɺ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʨʦʟʛʣʷʜʘʣʘʩʴ ʃɽʇ ʜʦʚʞʠʥʦʶ 400 ʢʤ, ʚʠʢʦʥʘʥʘ ʥʘ ʦʧʦʨʘʭ ʪʠʧʫ ʇʇ-750 (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ ʨʦʟʤʽʨʠ ʦʧʦʨʠ ʪʠʧʫ ʇʇ-750 

 

ɼ̔ ʶʯʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʚ ʫʩʽʭ ʬʘʟʘʭ ʃɽʇ ʧʨʠʡʤʘʣʦʩʴ ʨʽʚʥʠʤ 1500 ɸ, ʚ ʷʢʦʩʪʽ ɻɿʊ ʙʫʣʦ ʚʟʷʪʦ ʪʨʦʩ 

ʤʘʨʢʠ OPGW-136-AL-3/68-A20SA. ʈʦʟʨʘʭʫʥʦʢ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘʚʝʜʝʥʦʛʦ ʩʪʨʫʤʫ ɻɿʊ 

ʥʘ ʟʯʝʧʣʝʥʠʡ ʟ ʥʠʤ ʟʘʛʘʣʴʥʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ (ʤʘʛʥʽʪʥʠʡ ʟʚ'ʷʟʦʢ). ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʝʣʠʯʠʥʘ 

ʚʪʨʘʪ ʚ ɻɿʊ ʩʢʣʘʜʘʻ 870 ʢɺʪ. 

ɿʥʘʶʯʠ ʚʝʣʠʯʠʥʫ ʚʪʨʘʪ ʚ ɻɿʊ, ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʟʙʠʪʢʽʚ ʚʽʜ ʪʘʢʠʭ ʚʪʨʘʪ ʟʘ ʨʽʢ ʤʝʪʦʜʦʤ 

ʪʨʠʚʘʣʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʪʨʘʪ [3]. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʮʽʥʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʧʪʦʚʦʤʫ ʨʠʥʢʫ ʜʣʷ 

ʧʦʩʪʘʯʘʣʴʥʠʭ ʢʦʤʧʘʥʽʡ ʩʪʘʥʦʤ ʥʘ ʢʚʽʪʝʥʴ 2016 ʨʦʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʇɼɺ  ʩʢʣʘʜʘʻ 1,41 ʛʨʥ/ʢɺʪ, ʤʦʞʝʤʦ 

ʦʪʨʠʤʘʪʠ ʚʝʣʠʯʠʥʫ ʟʙʠʪʢʽʚ ʫ 7 ʤʣʥ. ʛʨʥ. ʥʘ ʨ̔ʢ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʦʙʣʝʤʘ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʚ ɻɿʊ ʻ ʘʢʪʫʘʣʴʥʦʶ, 

ʦʩʦʙʣʠʚʦ ʚʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʪʨʦʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʃɽʇ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 50 ʨʦʢʽʚ. 

ʊʘʢʦʞ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʤʘʨʢʠ ɻɿʊ ʧʦʚʽʪʨʷʥʦʾ ʃɽʇ ʥʘ ʚʝʣʠʯʠʥʫ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʥʴʦʤʫ. ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʚʠʱʝ ʃɽʇ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ɻɿʊ ʤʘʨʢʠ OPGW 264-AL3/29-A20SA ʚʝʣʠʯʠʥʘ ʚʪʨʘʪ 

ʩʢʣʘʜʘʻ 554 ʢɺʪ (4,5 ʤʣʥ. ʛʨʥ. ʥʘ ʨʽʢ), ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ɻɿʊ ʤʘʨʢʠ OPGW 68-A20SA ï 2,1 ʄɺʪ (17,4 ʤʣʥ. 

ʛʨʥ. ʥʘ ʨʽʢ).  

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʦʯʝʚʠʜʥʦ, ʱʦ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ɻɿʊ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʨʢʠ ʪʨʦʩʫ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʴ ʚ 4 ʨʘʟʠ, ʦʪʞʝ, ʚʠʙʽʨ ʤʘʨʢʠ ɻɿʊ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʣʽʥʽʾ ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʥʴʦʤʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ ʃɽʇ, 

ʚʠʙʽʨ ʤʘʨʢʠ ɻɿʊ ʟʜʽʡʩʥʶʶʪʴ ʪʽʣʴʢʠ ʟʘ ʫʤʦʚʘʤʠ ʡʦʛʦ ʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʨʫʤʫ ʙʣʠʩʢʘʚʢʠ, ʘ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʚʝʣʠʯʠʥʫ ʚʪʨʘʪ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʥʴʦʤʫ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ 

ʧʦʚʽʪʨʷʥʠʭ ʃɽʇ ʢʣʘʩʽʚ ʥʘʧʨʫʛʠ 330õ1150 ʢɺ, ʷʢʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʤʘʶʪʴ ʜʚʘ ɻɿʊ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʇʨʘʚʠʣʘ ʫʣʘʰʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ. ï 5-ʝ ʚʠʜ., ʧʝʨʝʨʦʙʣ. 2 ʜʦʧʦʚʥ. ï ʍ.: ʌʦʨʪ, 2014. ï 793 ʩ. 

2. ɹʝʩʩʦʥʦʚ ʃ.ɸ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ: ʋʯʝʙʥʠʢ ʜʣʷ ʵʣʝʢʪʨʦʪʝʭʥ., ʵʥʝʨʛ., ʧʨʠʙʦʨʦʩʪʨʦʠʪ. ʩʧʝʮ. 

ʚʫʟʦʚ. ï 8-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄ.: ɺʳʩʰ. ʰʢ, 1986. ï 263 ʩ. 
3. ɿʦʨʽʥ ɺ.ɺ., ɹʫʡʥʠʡ ʈ.ʆ. ɽʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʽ ʤʝʨʝʞʽ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʚʠʱ. ʪʝʭʥ. ʥʘʚʯ. ʟʘʢʣ. ï ʅʽʞʠʥ: ɸʩʧʝʢʪ-

ʇʦʣʽʛʨʘʬ, 2011. ï 248 ʩ. 
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ʋɼʂ 62-533.65 
 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʋʏɸʉʅʀʍ ʇʈʆɻʈɸʄʋɭʄʀʍ ʃʆɻɯʏʅʀʍ ʂʆʅʊʈʆʃɽʈɯɺ ɼʃʗ 

ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ɺ ʃɸɹʆʈɸʊʆʈʅʆʄʋ ʇʈɸʂʊʀʂʋʄɯ ɼʃʗ 

ʉʊʋɼɽʅʊɯɺ ɯʅɾɽʅɽʈʅʀʍ ʉʇɽʎɯɸʃʔʅʆʉʊɽʁ 

  
ɸ.ʖ. ʉʪʨʦʛʠʡ, ʩʪʫʜ. ʛʨ. ɽʄ-121 

ɺ.ʄ. ɹʝʟʨʫʯʢʦ, ʢ.ʪ.ʥ., ʩʪ. ʚʠʢʣʘʜʘʯ, ʢʘʬʝʜʨʘ ɽʉʽʄ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  
 

ʇʨʦʛʨʘʤʫʻʤʠʡ ʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʝʨ (ʇʃʂ) ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʡ ʧʨʠʩʪʨʽʡ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʟʙʦʨʫ, ʧʝʨʝʪʚʦʨʝʥʥʷ, ʦʙʨʦʙʢʠ, ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽ ʚʠʨʦʙʣʝʥʥʷ ʢʦʤʘʥʜ ʫʧʨʘʚʣʽʥʥʷ ʚ ʨʝʞʠʤ ̔ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ. ʇʃʂ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʜʤʦʚʠʚʰʠʩʴ ʚʽʜ ʨʦʟʨʦʙʢʠ ʫʥʽʢʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʜʣʷ ʜʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʊʦʤʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʝʷʢʦʛʦ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʦ ʣʠʰʝ ʦʙʨʘʪʠ 

ʇʃʂ ʪʘ ʧʦʪʨʽʙʥʠʡ ʥʘʙʽʨ ʤʦʜʫʣʽʚ ʚʚʦʜʘ-ʚʠʚʦʜʫ (ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʘʪʯʠʢʽʚ, ʢʣʶʯʽʚ, ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʪʦʱʦ) ʪʘ ʥʘʧʠʩʘʪʠ ʧʨʦʛʨʘʤʫ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʘʻ ʚʠʩʦʢʫ ʛʥʫʯʢʽʩʪʴ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʽʥʰʦʾ ʧʨʦʛʨʘʤʠ.  

ɺ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʠʭ ʜʝʨʞʘʚʘʭ ʩʚʽʪʫ ʇʃʂ ʚʞʝ ʜʘʚʥʦ ʟʘʡʥʷʣʠ ʜʦʤʽʥʫʶʯʫ ʨʦʣʴ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʜʥʘʢ ʚ ʥʘʰʽʡ ʢʨʘʡʥʽ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʣʠʰʝ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʘ ʚʽʪʯʠʟʥʷʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʝʤʠʥʫʯʝ ʥʘʙʠʨʘʻ ʦʙʝʨʪʠ, 

ʟʘʩʚʦʻʥʥʷ ʩʪʫʜʝʥʪʘʤʠ ʽʥʞʝʥʝʨʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʙʘʟʦʚʠʭ ʥʘʚʠʢʽʚ ʨʦʙʦʪʠ ʟ ʇʃʂ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ. ʎʝ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʚʩʝʙʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʬʦʨʤʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ ʧʦʛʣʷʜʫ ʤʘʡʙʫʪʥʴʦʛʦ ʩʧʝʮʽʘʣʽʩʪʘ. 

ɼʣʷ ʦʧʘʥʫʚʘʥʥʷ ʥʘʚʠʢʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʃʂ ʧʦʙʫʜʦʚʘʥʠʡ ʩʪʝʥʜ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 1. 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʩʪʝʥʜʘ ʜʣʷ ʨʦʙʦʪʠ ʟ ʇʃʂ-63 

ɼʣʷ ʢʦʤʧʣʝʢʪʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʠʣʘʜʠ: ʇʃʂ (ʇʃʂ63-ʈʈʈʈʋʋ-ʄ), ʤʦʜʫʣʴ ʚʚʦʜʫ-

ʚʠʚʦʜʫ (ʄʂ110-4ʂ-4ʈ), ʦʨʛʘʥʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʠʛʥʘʣʴʥʘ ʘʨʤʘʪʫʨʘ. ɺ ʷʢʦʩʪʽ ʚʘʨʽʘʥʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʨʝʘʣʽʟʦʚʘʥʘ ʤʽʥʽʘʪʶʨʥʘ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʨʠʩ. 2). ʄʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʨʝʟʝʨʚʫʘʨʽʚ ʟ ʨʽʜʠʥʦʶ, ʱʦ ʩʧʦʣʫʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʪʨʫʙ, ʥʘʩʦʩʽʚ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ. ɺ 

ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʜʘʪʯʠʢ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, 

ʜʘʪʯʠʢʠ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ, ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ (ʊʍɸ, Pt100, Pt1000), ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʥʽ ʪʘ ʧʦʧʣʘʚʢʦʚʽ ʜʘʪʯʠʢʠ 

ʨʽʚʥʷ ʨʽʜʠʥʠ ʚ ʨʝʟʝʨʚʫʘʨʽ. ʇʨʠ ʫʧʨʘʚʣʽʥʥʽ ʜʚʠʛʫʥʦʤ ʧʝʨʰʦʛʦ ʥʘʩʦʩʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʦʙʝʨʪʽʚ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʝʥʜ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ 
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ʊʘʢʘ ʢʦʤʧʦʥʦʚʢʘ ʩʪʝʥʜʘ ʜʦʟʚʦʣʷʻ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʧʨʘʢʪʠʢʫʤʽ ʩʪʫʜʝʥʪʘʤ ʽʥʞʝʥʝʨʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 

ʟʘʩʚʦʾʪʠ: 

- ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʇʃʂ (CFC, ST, LD, SFC, FBD, IL), ʱʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ [2]; 

- ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ ʇʃʂ ʚ ʧʨʦʤʠʩʣʦʚʽʡ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʤʝʨʝʞʽ RS-485 ʟʘ ʧʨʦʪʦʢʦʣʦʤ 

Modbus RTU, ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʤʦʜʫʣʽʚ ʚʚʦʜʫ-ʚʠʚʦʜʫ ʪʘ ʢʦʤʧôʶʪʝʨʽʚ; 

- ʤʝʪʦʜʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʦʟʠʮʽʡʥʠʭ ʪʘ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʠ, ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʪʦʱʦ); 

- ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʇʃʂ ʟ ʙʘʟʦʚʠʤʠ ʜʘʪʯʠʢʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʜʘʪʯʠʢʠ ʨʽʚʥʷ ʨʽʜʠʥʠ, 

ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʜʘʪʯʠʢʠ ʚʠʪʨʘʪʠ ʪʘ ʧʦʪʦʢʫ ʨʽʜʠʥʠ); 

- ʩʧʦʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʚʦʜʦʤ ʥʘʩʦʩʽʚ (ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʦʢʫ ʪʘ ʨʝʟʝʨʚʫʚʘʥʥʷ); 

- ʦʩʦʙʣʠʚʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʇʃʂ ʟ ʧʨʦʤʠʩʣʦʚʠʤ ʢʦʤʧôʶʪʝʨʦʤ ʯʝʨʝʟ ʤʝʨʝʞʫ. 

ɺʠʩʥʦʚʦʢ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʪʫʜʝʥʪʘʤ ʽʥʞʝʥʝʨʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 

ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʟ ʇʃʂ. ʅʘʙʫʪʽ ʥʘʚʠʯʢʠ ʨʦʙʦʪʠ ʜʦʟʚʦʣʷʪʴ ʧʨʘʮʶʚʘʪʠ ʫ ʩʣʫʞʙʽ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ ʪʘ ʘʚʪʦʤʘʪʠʢʠ. 
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ʇʨʦʙʣʝʤʥʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʣʘʙʦʨʘʪʦʨʽʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʤ. ʂʠʾʚ) 
 

ɺ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʩʝ ʙʽʣʴʰʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʥʝʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ 

ʦʙʨʦʙʣʝʥʥʷ ʭʘʨʯʦʚʦʾ ʩʠʨʦʚʠʥʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʚʧʨʦʚʘʜʞʝʥʥʶ ʨʝʩʫʨʩʦ - ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʦʢʨʘʱʘʥʥʶ ʭʘʨʯʦʚʦʾ ʽ ʙʽʦʣʦʛʽʯʥʦʾ ʮʽʥʥʦʩʪʽ ʩʠʨʦʚʠʥʠ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ 

ʚʠʩʦʢʠʡ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ, ʽʤʧʫʣʴʩʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ (ɯɽʇ), ʫʣʴʪʨʘʟʚʫʢ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʪʘ ʽʦʥʽʟʫʶʯʝ ʦʧʨʦʤʽʥʝʥʥʷ ʪʦʱʦ [1]. ɻʦʣʦʚʥʘ ʤʝʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʝʪʝʧʣʦʚʠʭ ʩʧʦʩʦʙʽʚ 

ʧʦʣʷʛʘʻ ʚ ʟʤʝʥʰʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʟʘ 

ʨʘʭʫʥʦʢ ʯʦʛʦ ʫʥʠʢʘʶʪʴ ʾʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʤʘʢ, ʘʨʦʤʘʪ ʽ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʽʥʪʝʨʝʩ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʪʨʽʤʢʦ 

ʟʨʽʩ. ʐʠʨʦʢʦ ʚʠʚʯʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ (ɯɽʇ) ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʭʘʨʯʦʚʦʾ ʩʠʨʦʚʠʥʠ ʟ ʤʝʪʦʶ 

ʟʤʝʥʰʝʥʥʷ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʟʘʙʨʫʜʥʝʥʦʩʪʽ, ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʪʘ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ [2]. ɺʽʜʦʤʦʩʪʝʡ 

ʱʦʜʦ ʚʧʣʠʚʫ ɯɽʇ ʥʘ ʤʦʣʦʯʥʫ ʩʠʨʦʚʠʥʫ ʥʝʜʦʩʪʘʪʥʴʦ, ʽʥʬʦʨʤʘʮʽʷ ʧʝʨʝʚʘʞʥʦ ʩʪʦʩʫʻʪʴʩʷ ʽʥʘʢʪʠʚʫʶʯʦʾ ʜʽʾ, 

ʚʧʣʠʚ ʥʘ ʩʢʣʘʜ, ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʣʦʢʘ, ʜʠʩʧʝʨʩʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʚʠʚʯʝʥʦ ʟʘʤʘʣʦ, ʽʩʥʫʶʯʽ ʜʘʥʽ ʥʝ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ [3]. 

ɺ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʟʥʘʡʜʝʥʦ ʙʘʛʘʪʦ ʚʽʜʦʤʦʩʪʝʡ ʱʦʜʦ ʦʙʨʦʙʣʝʥʥʷ ʩʠʨʦʚʠʥʠ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ (ʢʘʨʪʦʧʣʷ, ʢʦʢʦʩ, ʤʦʨʢʚʘ, ʷʙʣʫʢʘ ʪʦʱʦ) [4, 5, 6, 7] ʪʘ ʤʦʣʦʢʘ ʽʤʧʫʣʴʩʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʦʣʷʤʠ. ɸʣʝ ʮʝ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʨʫʙʽʞʥʠʡ ʜʦʩʚʽʜ, ʚʽʪʯʠʟʥʷʥʠʭ ʨʦʟʨʦʙʦʢ ʚʢʨʘʡ ʤʘʣʦ, ʽʥʬʦʨʤʘʮʽʷ ʧʝʨʝʚʘʞʥʦ 

ʩʪʦʩʫʻʪʴʩʷ ʽʥʘʢʪʠʚʫʶʯʦʾ ʜʽʾ ɯɽʇ, ʚʧʣʠʚ ʥʘ ʩʢʣʘʜ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʣʦʢʘ ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ, ʽʩʥʫʶʯʽ ʜʘʥʽ 

ʥʝ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʥʝʟʙʠʨʘʥʝ ʢʦʨʦʚôʷʯʝ ʤʦʣʦʢʦ ʚʽʜ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʽʣʴʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʚʠʨʦʙʥʠʢʽʚ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʜʦ ʪʘ ʧʽʩʣʷ ʦʙʨʦʙʣʝʥʥʶ ʽʤʧʫʣʴʩʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʦʣʷʤʠ. ʆʙʨʦʙʣʝʥʥʷ 

ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʨʦʟʨʦʙʣʝʥʽʡ ʚ ʅʊʋ çʍʘʨʢʽʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ ɯʥʩʪʠʪʫʪè . 

ʇʨʠ ʦʙʨʦʙʣʝʥʥʽ ʥʝʟʙʠʨʘʥʦʛʦ ʤʦʣʦʢʘ ʽʤʧʫʣʴʩʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʦʣʷʤʠ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʚ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʩʧʦʩʪʝʨʽʛʘʣʠ ʥʝʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʟʨʦʩʪʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʨʦʚʠʥʠ ʜʦ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʪʝʨʤʽʟʘʮʽʾ ʽ ʧʘʩʪʝʨʠʟʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʨʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʦʨʝʣʶʚʘʚ ʟ ʥʘʧʨʫʞʝʥʽʩʪʶ ʽ ʪʨʠʚʘʣʽʩʪʶ ʦʙʨʦʙʣʝʥʥʷ. ʊʘʢ, ʥʘʡʚʠʱʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʣʦʢʘ (77é80 Áʉ) ʧʨʠ 

ɯɽʇ-ʦʙʨʦʙʣʝʥʥʽ ʜʦʩʷʛʘʣʠ ʟʘ ʥʘʧʨʫʞʝʥʦʩʪʽ 30 ʢɺ/ʩʤ ʽ ʝʢʩʧʦʟʠʮʽʾ 26é27 ʩ. 
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ʈʠʩʫʥʦʢ 1 - ɺʧʣʠʚ ʥʘʧʨʫʞʝʥʦʩʪʽ ɯɽʇ ʽ ʪʨʠʚʘʣʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝʟʙʠʨʘʥʦʛʦ ʤʦʣʦʢʘ 

ɸʥʘʣʽʟ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʝ ʚʠʷʚʠʚ ʩʫʪʪʻʚʦʾ ʨʽʟʥʠʮʽ ʤʽʞ ʟʨʘʟʢʘʤʠ ʤʦʣʦʢʘ ʜʦ ʽ ʧʽʩʣʷ 

ʦʙʨʦʙʣʝʥʥʷ. ʃʠʰʝ ʚ ʟʨʘʟʢʘʭ, ʦʙʨʦʙʣʝʥʠʭ ʚʧʨʦʜʦʚʞ 20é27 ʩ ʟʘ ʥʘʧʨʫʞʝʥʦʩʪʽ 15 ʢɺ/ʩ ʪʘ 30 ʢɺ/ʩʤ, 

ʟôʷʚʣʷʚʩʷ ʧʨʠʩʤʘʢ ʽ ʟʘʧʘʭ, ʚʣʘʩʪʠʚʠʡ ʧʘʩʪʝʨʠʟʦʚʘʥʦʤʫ ʤʦʣʦʢʫ. 

ɺ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ ʙʫʣʦ ʚʠʚʯʝʥʦ ʟʤʽʥʫ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʭʘʨʯʦʚʫ ʧʦʚʥʦʮʽʥʥʽʩʪʴ ʩʠʨʦʚʠʥʠ, ʧʨʠ ɯɽʇ-ʦʙʨʦʙʣʝʥʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʥʝʦʙʨʦʙʣʝʥʠʤ ʤʦʣʦʢʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʥʝʟʙʠʨʘʥʦʛʦ ʤʦʣʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʥʝʟʙʠʨʘʥʦʛʦ ʤʦʣʦʢʘ ʜʦ ʪʘ ʧʽʩʣʷ ʦʙʨʦʙʣʝʥʥʷ ɯɽʇ ʟʘ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ 

ʇʦʢʘʟʥʠʢ 

ɺʠʭʽʜʥʝ 

ʥʝʟʙʠʨʘʥʝ 

ʤʦʣʦʢʦ 

15 ʢɺ/ʩʤ 30 ʢɺ/ʩʤ 

Űå10 ʩ 
 

Űå20 ʩ 
 

Űå27 ʩ 

 

Űå10 ʩ 
 

Űå20 ʩ 
 

Űå27 ʩ 

 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ %: 

ɾʠʨ  

ʉɿʄɿ 

ɹʽʣʦʢ 

ʃʘʢʪʦʟʘ 

 

3,68 3,67 3,56 3,66 3,65 3,70 3,69 

8,01 7,93 7,95 7,98 8,01 7,98 8,06 

2,91 2,90 2,88 2,87 2,84 2,88 2,92 

4,49 4,42 4,37 4,39 4,43 4,42 4,53 

ɻʫʩʪʠʥʘ, ʢʛ/ʤ
3
 1028,0 1027,7 1027,5 1028,5 1028,6 1027,9 1028,2 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʟʘʤʝʨʟʘʥʥʷ, 
ʦ
ʉ 

-0,531 -0,526 -0,524 -0,523 -0,528 -0,524 -0,534 

pH 6,692 6,691 6,684 6,694 6,672 6,674 6,669 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʧʘʩʪʝʨʠʟʘʮʽʾ ʟʘ 

ʬʦʩʬʦʪʘʟʦʶ 

+ + + - + - - 

ʊʝʨʤʦʩʪʽʡʢʽʩʪʴ ʟʘ 

ʘʣʢʦʛʦʣʴʥʦʶ ʧʨʦʙʦʶ, 

ʛʨʫʧʘ 

IV IV IV IV IV IV III  

 

ʗʢ ʟʘʩʚʽʜʯʠʚ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʩʢʣʘʜʫ ʽ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʤʦʣʦʢʘ ʥʝ ʚʽʜʙʫʚʘʣʦʩʴ ʟʘ ʫʩʽʭ ʨʝʞʠʤʽʚ ʦʙʨʦʙʣʝʥʥʷ, ʘ ʨʽʟʥʠʮʷ ʚ ʟʥʘʯʝʥʥʷʭ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ. 

ʅʝʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʾ ʢʠʩʣʦʪʥʦʩʪʽ ʚ ʟʨʘʟʢʘʭ, ʦʙʨʦʙʣʝʥʠʭ ʟʘ ʥʘʧʨʫʞʝʥʦʩʪʽ 30 ʢɺ/ʩʤ ʽ ʝʢʩʧʦʟʠʮʽʾ 27 ʩ, 

ʧʦʚôʷʟʘʥʦ, ʡʤʦʚʽʨʥʦ, ʽʟ ʚʠʜʘʣʝʥʥʷʤ ʣʝʪʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʢʠʩʥʶ, ʚʫʛʣʝʢʠʩʣʦʪʠ) ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʦʣʦʢʘ.  

ʊʘʢʦʞ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʥʘʧʨʫʞʝʥʦʩʪʽ ʽ ʯʘʩʫ ʦʙʨʦʙʣʝʥʥʷ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʽ ʩʝʨʝʜʥʽʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʟʤʽʥʶʚʘʣʠʩʷ ʥʝ ʩʫʪʪʻʚʦ. ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʙʘʞʘʥʠʭ ʟʤʽʥ, ʟʦʢʨʝʤʘ ʢʦʘʛʫʣʷʮʽʾ (ʜʝʥʘʪʫʨʘʮʽʾ) ʙʽʣʢʦʚʠʭ ʯʘʩʪʠʥʦʢ, ʘʛʨʝʛʫʚʘʥʥʷ 

ʞʠʨʦʚʠʭ ʢʫʣʴʦʢ ʚʥʘʩʣʽʜʦʢ ʜʝʝʤʫʣʴʛʫʚʘʥʥʷ ʞʠʨʫ. 
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ɺʠʩʥʦʚʦʢ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʥʝʟʙʠʨʘʥʦʛʦ ʤʦʣʦʢʘ ʽʤʧʫʣʴʩʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʦʣʷʤʠ ʚ 

ʜʽʘʧʘʟʦʥʽ ʥʘʧʨʫʞʝʥʦʩʪʽ 15é30 ʢɺ/ʩʤ ʪʘ ʪʨʠʚʘʣʦʩʪʽ 10...27ʩ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʥʝʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʟʨʦʩʪʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʨʦʚʠʥʠ ʜʦ 45...85 Áʉ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʨʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʨʝʣʶʚʘʚ ʟ ʥʘʧʨʫʞʝʥʽʩʪʶ ʽ ʪʨʠʚʘʣʽʩʪʶ 

ʦʙʨʦʙʣʝʥʥʷ. ʇʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʥʘʧʨʷʤʫ ʦʙʫʤʦʚʣʝʥʘ ʩʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʤʦʣʦʢʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ɯɽʇ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʪʚʦʨʝʥʥʽ ʫʩʪʘʥʦʚʢʠ ʪʘ ʤʝʪʦʜʠʢʠ ʥʘʧʨʘʚʣʝʥʽ ʜʣʷ 

ʟôʷʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʜʽʾ ʬʘʢʪʦʨʽʚ ɯɽʇ, ʚ ʧʦʜʘʣʴʰʽʡ ʨʦʟʨʦʙʮʽ ʢʦʥʮʝʧʮʽʾ, ʪʝʦʨʽʾ ɯɽʇ-ʦʙʨʦʙʢʠ ʧʨʦʜʫʢʪʽʚ.  
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DC motor is a class of electrical machines that converts electrical power of direct current into mechanical 

power. The most common types based on the forces produced by fields of permanent magnets. Almost all types of DC 

motors have some internal mechanism, either electromechanical or electronic, for periodically change the direction of 

current flow through the part of motor windings. Most types are producing rotary motion; a linear motor directly 

produces force caused in motion along a straight line. DC motors were the first type of electrical machines, which was 

widely used, because they could be powered from early direct-current lighting distribution systems. A DC motor's 

speed can be controlled in wide range, using either a variable supply voltage or by changing the strength of current in 

its field windings. Low-power DC motors are used in tools, toys, and appliances (power less 30 W). The universal 

middle-power DC motor is used for portable power tools and appliances (power less 1000 W). Large-power DC 

motors are used in propulsion of electric vehicles, elevator and hoists, or in drives for steel rolling mills (power more 

1000 W) The advent of semiconductors in power electronics has made possible replacement of DC motors with AC 

motors in many applications [1]. 

Structural schematic of model is represented at figure 1.  

 

 
Figure 1 ï Structure of two DC motor control system. 
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As can be seen system consists: 

1. GUI [4] Matlab ī is graphic user interface; it allows to receive information from motor development 

board, and control DC motor. This interface use application Matlab and its library to connect to 

input/output communication port, which is used in this system.  

2. STM32F4 Discovery ī a development board, which generates pulse width modulation, receives analog to 

digital converted (ADC) data, analyzes data, and configures both motor development boards. Also this 

module sends information and useful data to PC. 

3. DRV 8301 BOOSTXL [5] ī motor development board, which based on DRV8301 driver. This module 

contains driver with all necessary, equipment to connect this module to microcontroller board. This module 

allows rapidly create control system for motor. 

4. DC motor ðcontrolled  object. 

Firstly motor development board will be described. It contains 6 channels to control 3-phase motor, which are 

implemented by on-board MOSFET transistors. Driver supports dead time feature. This board supports 6-24 V DC 

voltage, and current up to 1.7 A RMS. Development board contains integrated step-down converter for supplying  

logic-side of the driver. This module uses bootstrap gate driver architecture with trickle charge circuitry to support all 

duty cycle. Driver supports configuration and detailed status  data  reading via serial peripheral  interface (SPI). 

Module contains configurable over-current and over-temperature protections, with signal lines connected to the 

microcontroller interrupt inputs. This board has voltage dividers and operation amplifiers, which scale voltages and 

currents to lower level and ought to  connect directly to microcontroller analog-to-digital converter  input  pins. 

The microcontroller STM32F407VG [6], which used in project, is based on the high-performance 

ARM®Cortex®-M4 32-bit RISC core operating at a frequency of up to 168 MHz. The Cortex-M4 core tightly-

coupled with a hardware-based single precision floating-point unit (FPU), which supports all ARM single-precision 

instructions. It also implements a set of DSP instructions and a memory protection unit (MPU), which enhances 

software security. 

The microcontroller board  principally operates  as transmission bridge. It receives information from PC and 

convert it and transmits to the drivers. Hardware timer generates 4 PWM signals, with carrier  frequency near 10 kHz. 

This signal connected to logic inputs of the driver. Although motor driver supports all possible duty cycle, but duty 

cycle less than 40 percent is not perceived in the  real motor experiment. The ADC perform a 12 bit conversion, and 

uses sliding averaging by 3 samples. The ADC, which operates in sequential channelôs scanning mode, operates  in 

conjunction with direct memory access (DMA) controller, this technique allow to unload the main program routine. 

The  data collected  from ADC and read data status variables  from driverôs boards are sending to the PC through 

serial asynchronous  interface. System contains driverôs errors lines monitoring. For configure and read data from 

drivers using serial peripherals interface. 

For display information for user we create GUI on the base application Matlab.  It allow to see voltages and 

currents  at  transistors driver, supply voltage level, change motor  rotation parameters by changing  PWM signals for 

it. At figure 2 we can  see the  program for control one of two drivers. The buttons named  «connect» and 

«disconnect» perform software  connection to selected serial communication interface, in «combo-box» all available 

ports are  shown.  Buttons named  «start» and «stop» processing of fetch and display of received data.  

To select motor  rotation behavior  buttons named «rotation1» and « rotation2» are used. Slider «change duty 

cycle» allows direct sending duty cycle PWM signal in percent to the microcontroller. Fields for graphs displaying  are 

automatically updated depending on the input parameters. Each of the previously described buttons and slider 

corresponds to the call-back function that handles action. Now consider the data acquisition algorithm on  PC. The 

library «Instrument control toolbox» in MATLAB is used for accessing to the serial port. It incorporates a set of data 

structures and processing software , which avoids losses of transceiving  data. Each  received packet is released before 

the displaying  and split into functional parts are displayed in conforming fields. Further, in a time that corresponds to 

the time between the display and the repeated transmissions action all the  charts are updated. This approach allows to 

display charts  in real time with a delay caused by the operating system only. 
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Figure 2 ī GUI for system 

 

Conclusion  

The system, which was created and is described in this article make it possible to control two DC motors 

through voltage regulation. These real-time displays a GUI application created with MATLAB surrounding 

environment. This medium is preferred for use because of the quick and easy scalability of the resulting system, 

adding new features. Among other features it is possible to build systems directly control system where the regulator 

will act as a model in Matlab, which is also a promising direction in the control systems.  
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Two wheeled robots are commonly used in our time. They find their usage in many fields due to simplicity of 

creation and good maneuverability. One of the benefits of such design is that we can make rotation on any angle at one 

place without any linear motion. 

A two wheeled robot is similar to the differential gears used in automobiles in that both the wheels can have 

different rates of rotations, but unlike the differential gearing system, a differentially steered system will have both the 

wheels powered [1]. Differential wheeled robots are used extensively in robotics, since their motion is easy to program 

and can be well controlled. 

This design is simpler than using treads or legs and by using wheels they are easier to design, build, and 

program for movement in flat, not-so-rugged terrain. They are also better controlled than other types of robots. 

Wheeled robots are most popular among the consumer market; their differential steering provides low cost and 

simplicity.  

Functional diagram showed on figure 1. 

https://en.wikipedia.org/wiki/DC_motor
https://en.wikipedia.org/wiki/Graphical_user_interface
http://www.ti.com/tool/BOOSTXL-DRV8301?keyMatch=drv8301&tisearch=Search-EN-Everything
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Figure 1 - Functional diagram 

For robot control wireless connection is used. RF module or BlueTooth can be used but such approaches  are 

not able to get high speed. The best way is to use UDP or TCP WIFI connection. It will lead to high speed and safety 

transfer connection. In this project WiFi connection are implemented by using ESP8266 WiFi module. On this module 

transparent TCP to UART bridge is implemented. Module can be configured by using AT commands. With such 

approach we are able to create hardware abstraction layer. Robot works just with simple hardware UART. PC from his 

side works just with TCP connection. 

Also PID controllers are implemented. They control two DC motors. Feedback produced by quadrature 

encoders which are connected to the DC motorôs rotors[2]. The input for PID controller is error between desired 

angular velocity and angular velocity measured on quadrature encoder. The output is PWM signal connected to the H-

bridge. Using encoders are better than using hall sensors because we are able to get higher resolution and faster 

response [3]. 

MEMS sensors are represented by accelerometer, gyroscope and magnetometer. Accelerometer is set to ±2g 

range. Gyroscope is set to ±250°/sec range. I2C interface is used for sensors connection. It reduces wires usage and 

simplifies the program. Power sensing and current sensing blocks are used control power consumption of the robot. 

Movable platform is represented by two ultrasound sonars mounted on the top of it and stepper motor which 

rotates it. The use of movable platform leads to robotôs angular error minimization. With such approach robot would 

be able to explore surrounded area with the desired angle step.  

LiIon accumulator  is a power source for the robot. The DC motors are  directly powered by it. Two DC 

converters are used to produce 3.3v and 5v supply voltages. Bridges, buffers and ultrasound sonars are powered with 

5v supply voltage. Microcontroller, WiFi module and MEMS sensors are powered with 3.3v supply voltage. 

References: 
1. Appin Knowledge Solutions, Robotics, Infinty Science Press LLC,2007, pp. 156-179. 

2. Y. Chung, C. Park, F. Harashima, ñA position control differential drive wheeled mobile robotò,IEEE Transaction on Industrial Electronic, Vol.48, 

2001, pp. 853-863. 

3. R. Michaelis, R. Mutti, J. Overmyer, O. Taylor, All About Motors an NJATC Textbook, Thomson, 2004, pp. 202-211 
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ʟʘʚ. ʢʘʬ. ʙʽʦʤʝʜʠʯʥʠʭ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʩʠʩʪʝʤ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʚʜʠʚʦʩʪʽ ʩʣʽʚ ʣʶʜʠʥʠ. ɹʘʞʘʥʥʷ ʣʶʜʝʡ ʨʦʟʨʽʟʥʷʪʠ ʙʨʝʭʥʶ 

ʚʽʜ ʧʨʘʚʜʠ ʙʝʨʝ ʩʚʽʡ ʧʦʯʘʪʦʢ ʱʝ ʟ ʯʘʩʽʚ ʢʦʣʠ ʣʶʜʠ ʞʠʣʠ ʧʣʝʤʝʥʘʤʠ. ɺʦʞʜʴ ʚʠʟʥʘʯʘʚ ʜʦʙʨʦʩʦʚʽʩʥʽʩʪʴ 

ʜʽʷʣʴʥʦʩʪʽ ʯʣʝʥʽʚ ʧʣʝʤʝʥʽ. ʗʢʱʦ ʙʦʷʛʫʟʪʚʦ ʦʜʥʽʻʾ ʣʶʜʠʥʠ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʩʤʝʨʪʽ ʽʥʰʦʾ, ʪʦ ʪʘʢʠʭ ʣʶʜʝʡ 

ʦʯʽʢʫʚʘʣʘ ʩʪʨʘʪʘ ʘʙʦ ʚʠʛʥʘʥʥʷʤ ʽʟ ʧʣʝʤʝʥʽ, ʱʦ ʥʘ ʪʦʡ ʯʘʩ ʤʘʡʞʝ ʙʫʣʦ ʨʽʚʥʦʮʽʥʥʦ ʩʤʝʨʪʽ. ɯ ʧʽʜ ʩʪʨʘʭʦʤ 

ʞʦʨʩʪʢʠʭ ʧʦʢʘʨʘʥʴ, ʣʶʜʠʥʘ ʰʫʢʘʣʘ ʨʽʟʥʽ ʤʝʪʦʜʠ ʩʘʤʦʟʘʭʠʩʪʫ, ʧʝʨʝʚʘʞʥʦ ʪʘʢʠʡ ʟʘʭʠʩʪ ʙʫʚ ʚʠʨʘʞʝʥʠʡ  ʫ 

ʙʨʝʭʥʽ. ɺ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʚ ʨʽʟʥʽ ʯʘʩʠ ʙʫʣʦ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ çʧʝʨʝʚʽʨʢʠè ʣʶʜʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʫ ʍɯ ʩʪʦʣʽʪʪʽ ʚ 

ʂʠʾʚʩʴʢʽʡ ʈʫʩʽ, ʟ ʧʽʜʦʟʨʶʚʘʥʠʤʠ ʦʙʭʦʜʠʣʠʩʷ ʪʘʢ: ʦʙʚʠʥʫʚʘʯʝʥʠʡ ʧʦʚʠʥʝʥ ʙʫʚ ʜʽʩʪʘʪʠ ʽʟ ʩʦʩʫʜʫ ʟ ʢʠʧʣʷʯʦʶ 

ʚʦʜʦʶ ʢʽʣʴʮʝ, ʯʠ ʙʨʘʚ ʫ ʨʫʢʫ ʨʦʟʧʝʯʝʥʝ ʟʘʣʽʟʦ [1]. ʗʢʱʦ, ʯʝʨʝʟ ʪʨʠ ʜʥʽ, ʥʝ ʟʘʣʠʰʘʣʦʩʷ ʩʣʽʜʽʚ ʚʽʜ ʦʧʽʢʫ ʡʦʛʦ 

ʚʚʘʞʘʣʠ ʥʝʚʠʥʥʠʤ. ɾʦʨʩʪʦʢʘ ʧʝʨʝʚʽʨʢʘ ʙʫʣʘ ʚ ʉʧʘʨʪʽ. ʂʦʣʠ ʧʨʦʚʦʜʠʚʩʷ ʚʽʜʙʽʨ ʫʯʥʽʚ ʜʦ ʩʧʝʮʽʘʣʴʥʠʭ ʰʢʽʣ, 

ʭʣʦʧʮʷ ʩʪʘʚʠʣʠ ʥʘ ʢʨʘʡ ʩʢʝʣʽ ʥʘʜ ʧʨʽʨʚʦʶ ʪʘ ʧʠʪʘʣʠ, ʯʠ ʩʪʨʘʰʥʦ ʡʦʤʫ. ʋʩʽ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʣʠ çʥʽè. ɯ ʚ ʮʝʡ 

ʤʦʤʝʥʪ, ʟʘ ʢʦʣʴʦʨʦʤ ʦʙʣʠʯʯʷ ʚʠʟʥʘʯʘʣʠ ʧʨʘʚʜʠʚʽʩʪʴ ʚʽʜʧʦʚʽʜʽ. ɹʣʽʜʝ ʦʙʣʠʯʯʷ ʙʫʣʦ ʦʟʥʘʢʦʶ ʙʨʝʭʥʽ ʪʘ ʥʝ 
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ʟʜʘʪʥʦʩʪʽ ʤʘʡʙʫʪʥʴʦʛʦ ʚʦʾʥʘ ʙʫʪʠ ʢʤʽʪʣʠʚʠʤ ʪʘ ʩʧʨʠʪʥʠʤ ʥʘ ʧʦʣʽ ʙʠʪʚʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʠʭ ʧʨʝʪʝʥʜʝʥʪʽʚ 

ʩʢʠʜʘʣʠ ʟʽ ʩʢʝʣʽ. 

ɿ ʚʠʱʝ ʚʢʘʟʘʥʠʭ ʧʨʠʢʣʘʜʽʚ ʚʠʜʥʦ, ʱʦ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʚʜʠʚʦʩʪʽ ʩʣʽʚ ʣʶʜʠʥʠ ʧʦʩʪʘʚʘʣʘ ʟ ʜʘʚʥʽʭ 

ʯʘʩʽʚ, ʦʜʥʘʢ, ʛʫʤʘʥʥʠʭ ʽ ʜʦʩʪʦʚʽʨʥʠʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʚʽʨʢʠ ʥʝ ʙʫʣʦ. ɸʣʝ ʟ ʨʦʟʚʠʪʢʦʤ ʥʘʫʢʠ ʨʦʟʚʠʚʘʻʪʴʩʷ ʽ 

ʣʶʜʠʥʘ, ʷʢʘ ʩʪʘʻ ʙʽʣʴʰ-ʤʝʥʰ ʛʫʤʘʥʥʦʶ ʽ ʦʩʚʽʯʝʥʦʶ. ɰʡ ʩʪʘʻ ʚʽʜʦʤʦ, ʱʦ ʫʩʽ ʧʝʨʝʞʠʚʘʥʥʷ, ʩʪʨʝʩʠ, 

ʟʘʥʝʧʦʢʦʻʥʽʩʪʴ ʽ ʪ.ʜ, ʚʠʢʣʠʢʘʶʪʴ ʝʤʦʮʽʦʥʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ. ʊʘʢʝ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʘʭ: ʧʨʠʩʢʦʨʝʥʥʷ ʘʙʦ ʟʥʠʞʝʥʥʷ ʧʫʣʴʩʫ, ʟʤʽʥʘ ʨʠʪʤʫ ʜʠʭʘʥʥʷ, ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʚʽʜʥʽʩʪʴ 

ʰʢʽʨʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʽʣʘ ʪʘ ʭʘʨʘʢʪʝʨ ʙʽʦʩʪʨʫʤʽʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ. ʗʢʱʦ ʛʦʚʦʨʠʪʠ ʧʨʦʩʪʽʰʝ, ʪʦ ʥʘʰ ʪʽʣʝʩʥʠʡ 

ʩʪʘʥ ʧʨʷʤʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʰʠʭ ʜʫʰʝʚʥʠʭ ʧʝʨʝʞʠʚʘʥʴ. 

ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʝʪʝʢʮʽʾ ʙʨʝʭʥʽ. ʇʦʰʪʦʚʭʦʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʜʝʪʝʢʮʽʾ ʙʨʝʭʥʽ 

ʙʫʣʘ ʨʦʙʦʪʘ ʽʪʘʣʽʡʩʴʢʦʛʦ ʬʽʟʽʦʣʦʛʘ ɸ.ʄʦʩʩʦ ʫ 1875ʨ [2]. ʇʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʧʫʣʴʩʫ ʽ ʪʠʩʢʫ ʧʘʮʽʻʥʪʢʠ, ʚʽʥ 

ʧʦʤʽʪʠʚ ʨʽʟʢʫ ʟʤʽʥʫ ʧʦʢʘʟʽʚ. ʇʘʮʽʻʥʪʢʘ ʦʙˇʨʫʥʪʫʚʘʣʘ ʮʝ ʪʠʤ, ʱʦ ʚʦʥʘ ʙʫʣʘ ʩʪʫʨʙʦʚʘʥʘ ʯʝʨʝʧʦʤ, ʷʢʠʡ ʩʪʦʷʚ ʚ 

ʢʘʙʽʥʝʪʽ. ʎʝʡ ʯʝʨʝʧ ʥʘʛʘʜʘʚ ʾʡ ʧʨʦ ʭʚʦʨʦʙʫ, ʪʘ ʧʨʦ ʾʾ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ.  

ʏʝʟʘʨʦ ʃʦʤʙʨʦʟʦ ï ʥʝ ʤʝʥʰ ʚʽʜʦʤʘ ʣʶʜʠʥʘ ʚ ʽʩʪʦʨʽʾ ʩʪʚʦʨʝʥʥʷ ʧʦʣʽʛʨʘʬ, ʚʽʥ ʙʫʚ ʧʝʨʰʠʤ ʭʪʦ 

ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʪʝʢʪʦʨ ʙʨʝʭʥʽ ʚ ʢʨʠʤʽʥʘʣʽʩʪʠʮʽ. ʃʦʤʙʨʦʟʦ ʪʘʢʦʞ ʨʦʙʠʚ ʚʠʩʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʧʫʣʴʩʫ. ɯʥʩʪʨʫʤʝʥʪ, ʷʢʠʤ ʚʽʥ ʢʦʨʠʩʪʫʚʘʚʩʷ ʤʘʻ ʥʘʟʚʫ ï ʧʣʝʪʠʟʤʦʛʨʘʬ. ʗʢ ʨʝʟʫʣʴʪʘʪ ʩʚʦʻʾ 

ʨʦʙʦʪʠ, ʚʽʥ ʦʧʫʙʣʽʢʫʚʘʚ ʢʥʠʛʫ çʃʶʜʠʥʘ, ʷʢʘ ʩʢʦʾʣʘ ʟʣʦʯʠʥè ʜʝ ʟʘʟʥʘʯʠʚ ʫʩʽ ʚʜʘʣʽ ʨʦʟʩʣʽʜʫʚʘʥʥʷ.  

ɼʘʣʽ, ʫ 1914 ʨʦʮʽ, ʽʪʘʣʽʻʮʴ ɹʝʥʫʩʩʽ ʚʠʢʦʨʠʩʪʘʚ ʧʨʠʣʘʜ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʜʠʭʘʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʧʠʪʫ 

ʧʽʜʦʟʨʶʚʘʥʠʭ ʫ ʩʢʦʻʥʥʽ ʟʣʦʯʠʥʫ. ɺ ʷʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʫʣʘ ʯʘʩʪʦʪʘ ʡ ʛʣʠʙʠʥʘ ʜʠʭʘʥʥʷ, ʷʢʘ 

ʨʝʻʩʪʨʫʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʧʥʝʚʤʦʛʨʘʬʘ. ʆʪʞʝ, ʥʘ ʪʦʡ ʯʘʩ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʨʠ ʜʘʪʯʠʢʠ, ʘʣʝ 

ʦʢʨʝʤʦ. 

ɿʛʦʜʦʤ, ʫ 1921 ʨʦʮʽ, ɼʞʦʥʦʤ ʃʘʨʩʦʥʦʤ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʧʝʨʰʠʡ ʧʦʣʽʛʨʘʬ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʨʦʟʩʣʽʜʫʚʘʥʥʷ 

ʟʣʦʯʠʥʽʚ. ɼʘʥʠʡ ʧʨʠʣʘʜ ʨʝʻʩʪʨʫʚʘʚ ʥʘ ʨʫʭʦʤʽʡ ʧʘʧʝʨʦʚʽʡ ʩʪʨʽʯʮʽ ʧʫʣʴʩ, ʪʠʩʢ ʢʨʦʚʽ ʽ ʯʘʩʪʦʪʫ ʜʠʭʘʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʧʨʦʛʨʝʩʠʚʥʽʩʪʴ, ʚʽʥ ʙʫʚ ʱʝ ʜʘʣʝʢʠʡ ʚʽʜ ʩʫʯʘʩʥʠʭ ʧʦʣʽʛʨʘʬʽʚ. ɸʣʝ ʩʘʤʝ ʡʦʛʦ ʚʘʨʽʘʥʪ 

ʧʦʣʽʛʨʘʬʫ, ʩʪʘʻ ʧʨʝʜʤʝʪʦʤ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ɹʘʪʴʢʦʤ ʩʫʯʘʩʥʦʛʦ ʧʦʣʽʛʨʘʬʘ ʻ ʃʝʦʥʘʨʜ ʂʽʣʝʨ(ʩʚʦʻ ʽʤôʷ ʦʪʨʠʤʘʚ ʚ ʯʝʩʪʴ ʃʝʦʥʘʨʜʦ ɼʘ ɺʽʥʯʽ). ɺ ʩʚʦʾ 

ʩʪʫʜʝʥʪʩʴʢʽ ʨʦʢʠ ʚʽʥ ʥʘʤʘʛʘʚʩʷ ʚʜʦʩʢʦʥʘʣʠʪʠ ʧʦʣʽʛʨʘʬ ʃʘʨʩʦʥʘ, ʪʘ ʤʽʨʢʫʚʘʚ ʥʘʜ ʩʪʚʦʨʝʥʥʷʤ ʩʚʦʛʦ ʚʣʘʩʥʦʛʦ. ʋ 

1924 ʨʦʮʽ, ʡʦʤʫ ʚʜʘʻʪʴʩʷ ʟʨʦʙʠʪʠ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ "the Emotograph", ʧʽʟʥʽʰʝ ʚʽʥ ʙʫʜʝ ʟʥʠʱʝʥʠʡ ʧʽʜ ʯʘʩ 

ʧʦʞʝʞʽ. ʊʦʤʫ ʫ 1925 ʨʦʮʽ, ʚʽʥ ʚʥʦʩʠʪʴ ʧʦʧʨʘʚʢʠ ʪʘ ʚʜʦʩʢʦʥʘʣʶʻ ʧʦʣʽʛʨʘʬ ʃʘʨʩʦʥʘ, ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ 

ʤʝʪʘʣʝʚʦʛʦ ʩʠʣʴʬʦʥʫ ʜʣʷ ʢʨʘʱʦʾ ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥʠ ʢʨʦʚôʷʥʦʛʦ ʪʠʩʢʫ, ʜʠʭʘʥʥʷ ʪʘ ʧʫʣʴʩʫ. ʂʨʽʤ ʪʦʛʦ, ʚʽʥ 

ʟʘʙʝʟʧʝʯʠʚ ʨʽʚʥʦʤʽʨʥʫ ʪʘ ʧʦʩʪʽʡʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʣʽʛʨʘʬʥʦʛʦ ʧʘʧʝʨʫ. ɺ 30-ʭ ʨʦʢʘʭ ʂʽʣʝʨ ʧʨʦʜʦʚʞʫʻ 

ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʧʦʣʽʛʨʘʬ, ʜʦʜʘʻ ʜʘʪʯʠʢ ʟʤʽʥʠ ʰʢʽʨʥʦ-ʛʘʣʴʚʘʥʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʪʘ ʢʘʥʘʣ ʨʝʻʩʪʨʘʮʽʾ ʨʫʭʦʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ (ʪʨʝʤʦʨ). ʇʦʣʽʛʨʘʬ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʪʦʯʥʽʰʠʤ, ʱʦʜʦ ʦʪʨʠʤʘʥʥʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʽʩʣʷ ʡʦʛʦ 

ʘʥʘʣʽʟʫ. ɺʘʞʣʠʚʠʤ ʚʥʝʩʢʦʤ ʂʽʣʝʨʘ ʫ ʨʦʟʚʠʪʦʢ ʧʦʣʽʛʨʘʬʫ ʻ ʥʝ ʪʽʣʴʢʠ ʡʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʘ ʪʘʢʦʞ, ʩʪʚʦʨʝʥʥʷ 

ʤʝʪʦʜʠʢʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʧʦʣʽʛʨʘʬʽ, ʟʘʩʥʦʚʫʻ ʬʽʨʤʫ ʜʣʷ ʚʠʧʫʩʢʫ ʧʨʠʣʘʜʫ, ʪʘ ʚʽʜʢʨʠʚʘʻ ʰʢʦʣʫ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʦʧʝʨʘʪʦʨʽʚ ʧʦʣʽʛʨʘʬʫ. ɿ ʪʠʭ ʧʽʨ, ʧʨʠʣʘʜ ʤʘʡʞʝ ʥʝ ʟʤʽʥʠʚʩʷ, ʘʣʝ ʙʫʣʠ ʩʧʨʦʙʠ ʟʨʦʙʠʪʠ ʧʦʣʽʛʨʘʬ ʷʢʠʡ ʨʝʻʩʪʨʫʚʘʚ 

ʙʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ (ʜʦ 19).  

ʉʪʨʫʢʪʫʨʘ ʩʫʯʘʩʥʦʛʦ ʧʦʣʽʛʨʘʬʫ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʦʣʽʛʨʘʬʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʋ ʥʘʰ ʯʘʩ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʣʽʛʨʘʬʠ, ʷʢʽ ʟʥʽʤʘʶʪʴ 5-7 ʧʦʢʘʟʥʠʢʽʚ. ɿʘʛʘʣʦʤ ʮʝ ʪʘʢʽ ʜʘʪʯʠʢʠ:  

1) ɼʘʪʯʠʢ ʰʢʽʨʥʦ-ʛʘʣʴʚʘʥʽʯʥʦʾ ʨʝʘʢʮʽʾ. ɺʠʤʽʨʶʻ ʦʧʽʨ ʰʢʽʨʠ, ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ, ʷʢʱʦ ʣʶʜʠʥʘ ʛʦʚʦʨʠʪʴ 

ʥʝʧʨʘʚʜʫ. 

2) ɼʘʪʯʠʢ ʧʫʣʴʩʫ (ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬ). ɺʠʤʽʨʶʻ ʧʫʣʴʩ ʟʘʚʜʷʢʠ ʟʤʽʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ ʚʽʜ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʪʘ ʯʝʨʚʦʥʦʛʦ ʜʞʝʨʝʣ ʟ-ʟʘ ʧʨʦʭʦʜʞʝʥʥʷ ʧʫʣʴʩʦʚʦʾ ʭʚʠʣʽ ʧʦ ʩʦʩʫʜʘʭ ʣʶʜʠʥʠ. 

3) ɼʘʪʯʠʢ ʪʠʩʢʫ. ɺʠʤʽʨʶʻ ʘʨʪʝʨʽʘʣʴʥʠʡ ʪʠʩʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

4) ɼʘʪʯʠʢ ʜʠʭʘʥʥʷ. ɺʠʤʽʨʶʻ ʚʝʣʠʯʠʥʫ, ʯʘʩʪʦʪʫ ʽ ʘʤʧʣʽʪʫʜʫ ʛʨʫʜʥʦʛʦ, ʯʝʨʝʚʥʦʛʦ ʽ ʜʽʘʬʨʘʛʤʦʚʦʛʦ 
ʜʠʭʘʥʥʷ ʣʶʜʠʥʠ. 

5) ɼʘʪʯʠʢ ʨʫʭʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʆʮʽʥʶʻ ʨʽʚʝʥʴ ʤʝʭʘʥʽʯʥʦʾ ʧʨʦʪʠʜʽʾ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 
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ɹʣʦʢ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʘʪʯʠʢʽʚ ʪʘ ʚʠʨʦʙʣʝʥʥʷ ʨʽʰʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʚʠʟʥʘʯʘʻ ʟʤʽʥʫ ʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ï ʧʨʘʚʜʫ ʯʠ ʥʝ ʧʨʘʚʜʫ ʩʢʘʟʘʣʘ 

ʣʶʜʠʥʘ. ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʥʘʡʧʨʦʩʪʽʰʽ ʩʚʽʪʣʦʜʽʦʜʥʽ ʽʥʜʠʢʘʪʦʨʠ (çʧʨʘʚʜʘè - 

çʙʨʝʭʥʷè), ʪʘʢ ʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʽʥʜʠʢʘʪʦʨʠ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʘʪʯʠʢʽʚ. ɼʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʜʘʪʯʠʢʽʚ ʟ ʯʘʩʦʤ ʪʘ ʚʝʜʝʥʥʷ ʘʨʭʽʚʫ ʚʠʤʽʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʩʦʥʘʣʴʥʠʡ 

ʢʦʤʧôʶʪʝʨ, ʜʣʷ ʟʚôʷʟʢʫ ʟ ʷʢʠʤ ʚ ʩʢʣʘʜʽ ʧʦʣʽʛʨʘʬʫ ʻ ʽʥʪʝʨʬʝʡʩ ʟʚôʷʟʢʫ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʚʠʜʦʤ ʽʥʪʝʨʬʝʡʩʫ ʻ USB. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʛʨʘʬʫ. ɺ ʋʢʨʘʾʥʽ ʧʦʣʽʛʨʘʬ ʙʫʚ ʚʠʟʥʘʥʠʡ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ, ʷʢ ʤʝʪʦʜ, 

ʱʦ ʜʦʟʚʦʣʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʜʦʚʠʤʠ ʝʢʩʧʝʨʪʘʤʠ ʧʨʠ ʧʨʦʚʘʜʞʝʥʥʽ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʪʘ ʝʢʩʧʝʨʪʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʆʙʦʚôʷʟʢʦʚʠʤ ʻ ʧʠʩʴʤʦʚʘ ʟʛʦʜʘ ʦʩʦʙʠ, ʷʢʘ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ ʪʝʩʪ. ʊʘʢʦʞ, ʚʞʝ 10 ʨʦʢʽʚ ʧʨʘʮʶʻ 

ʋʢʨʘʾʥʩʴʢʝ ʙʶʨʦ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [4]. ɺ ʜʘʥʦʤʫ ʙʶʨʦ ʧʝʨʝʚʽʨʷʶʪʴ ʥʝ ʪʽʣʴʢʠ ʟʣʦʯʠʥʮʽʚ, ʘʣʝ ʽ 

ʟʚʠʯʘʡʥʠʭ ʣʶʜʝʡ, ʷʢʽ ʧʨʠʭʦʜʷʪʴ ʟ ʤʝʪʦʶ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʚʽʨʠʪʠ ʜʨʫʞʠʥʫ ʯʠ ʯʦʣʦʚʽʢʘ ʥʘ ʟʨʘʜʫ. ʊʘʢʦʞ ʥʘʙʫʚʘʻ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʧʝʨʝʚʽʨʢʘ ʣʶʜʝʡ ʧʨʠ ʧʨʠʡʦʤʽ ʥʘ ʨʦʙʦʪʫ, ʨʦʙʦʪʦʜʘʚʝʮʴ ʭʦʯʝ ʟʥʘʪʠ, ʯʠ ʥʝ ʤʘʻ ʢʘʥʜʠʜʘʪ ʥʘ ʧʦʩʘʜʫ 

ʧʨʦʙʣʝʤ ʟ ʥʘʨʢʦʪʠʢʘʤʠ, ʘʣʢʦʛʦʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ, ʘʙʦ ʞ ʧʨʦʩʪʦ ʭʦʯʝ ʧʝʨʝʚʽʨʠʪʠ ʦʩʦʙʫ ʥʘ ʟʜʘʪʥʽʩʪʴ ʧʨʘʮʶʚʘʪʠ 

ʫ ʢʦʣʝʢʪʠʚʽ. 

ɹʘʛʘʪʦ ʣʶʜʝʡ ʮʽʢʘʚʠʪʴʩʷ, ʯʠ ʤʦʞʥʘ ʦʙʤʘʥʫʪʠ ʧʦʣʽʛʨʘʬ. ɺ ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩʘʭ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʙʘʛʘʪʦ 

ʚʘʨʽʘʥʪʽʚ, ʷʢ ʮʝ ʟʨʦʙʠʪʠ. ʅʘʚʝʜʝʤʦ ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ [5]: 

1) ɿʥʠʟʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʩʝʥʩʦʨʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ. ɼʣʷ ʮʴʦʛʦ, ʥʘʧʝʨʝʜʦʜʥʽ ʧʝʨʝʚʽʨʢʠ, ʚʞʠʚʘʶʪʴ 
ʘʣʢʦʛʦʣʴʥʽ ʥʘʧʦʾ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ, ʥʘʩʪʫʧʥʦʛʦ ʜʥʷ, ʦʨʛʘʥʽʟʤ ʙʫʜʝ ʤʘʣʦʯʫʪʣʠʚʠʤ ʪʘ ʥʝ ʟʤʦʞʝ ʦʙôʻʢʪʠʚʥʦ 

ʨʝʘʛʫʚʘʪʠ. 

2) ɺʞʠʚʘʥʥʷ ʩʝʜʘʪʠʚʥʠʭ ʘʙʦ ʟʘʩʧʦʢʽʡʣʠʚʠʭ ʧʨʝʧʘʨʘʪʽʚ ʧʦʤôʷʢʰʫʻ ʨʝʘʢʮʽʶ ʣʶʜʠʥʠ. 

3) ɺʽʜʩʫʪʥʽʩʪʴ ʩʥʫ ʜʝʢʽʣʴʢʘ ʜʥʽʚ. ʆʩʦʙʘ ʙʫʜʝ ʚ ʩʪʘʥʽ ʪʘʢ ʟʚʘʥʦʛʦ ʪʨʘʥʩʫ, ʤʽʞ ʩʥʦʤ ʪʘ ʨʝʘʣʴʥʽʩʪʶ. 

4) ɺʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʦʙʨʦʙʢʠ ʰʢʽʨʠ ʧʘʣʴʮʽʚ. 

5) ɺʽʜʧʦʚʽʜʘʪʠ ʥʘ ʟʘʧʠʪʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʥʝ ʧʨʠʜʽʣʷʶʯʠ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ, ʚ ʪʦʡ ʯʘʩ ʩʢʦʥʮʝʥʪʨʫʚʘʪʠ ʾʾ 

ʥʘ ʧʝʚʥʦʤʫ ʧʨʝʜʤʝʪʽ ʚ ʢʽʤʥʘʪʽ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʘʥʽ ʩʧʦʩʦʙʠ ʤʘʣʦʝʬʝʢʪʠʚʥʽ ʪʘʢ ʷʢ ʦʧʝʨʘʪʦʨ ʧʦʣʽʛʨʘʬʫ ʻ ʢʚʘʣʽʬʽʢʦʚʘʥʠʤ ʬʘʭʽʚʮʝʤ, 

ʧʩʠʭʦʣʦʛʦʤ ʪʘ ʧʩʠʭʦʜʽʘʛʥʦʩʪʦʤ, ʷʢʠʡ ʟʤʦʞʝ ʧʦʤʽʪʠʪʠ, ʱʦ ʦʩʦʙʘ ʥʝ ʧʝʨʝʙʫʚʘʻ ʫ ʥʝʦʙʭʽʜʥʦʤʫ ʩʪʘʥʽ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʥʝʩʝ ʪʝʩʪ. ʊʘʢʦʞ, ʧʝʨʝʜ ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʽʨʢʦʶ, ʧʦʣʽʛʨʘʬʦʣʦʛ ʧʨʦʚʦʜʠʪʴ ʧʨʦʙʥʠʡ 

ʪʝʩʪ, ʥʘ ʷʢʦʤʫ ʧʦʣʽʛʨʘʬ ʚʽʜʤʽʪʠʪʴ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʣʶʜʠʥʠ. 

ɺʠʩʥʦʚʢʠ. ʇʦʣʽʛʨʘʬ ï ʫʥʽʢʘʣʴʥʠʡ ʧʨʠʣʘʜ, ʷʢʠʡ ʟʜʘʪʥʠʡ ʚʠʟʥʘʯʘʪʠ ʩʧʝʮʠʬʽʯʥʫ ʟʤʽʥʫ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʾ ʨʝʘʢʮʽʾ ʦʨʛʘʥʽʟʤʫ ʧʽʜ ʯʘʩ ʥʝʧʨʘʚʜʠʚʠʭ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʧʦʩʪʘʚʣʝʥʽ ʟʘʧʠʪʘʥʥʷ. ɿʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʠʩʣʝʥʥʠʭ ʜʘʪʯʠʢʽʚ ʙʽʦʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ, ʥʘʚʝʜʝʥʠʭ ʚ ʩʪʘʪʪʽ, ʚʽʥ ʟʜʘʪʝʥ ʨʝʻʩʪʨʫʚʘʪʠ 

ʥʘʡʤʝʥʰʽ ʟʤʽʥʠ ʧʩʠʭʦʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʠʡʥʷʪʪʷ  ʨʽʰʝʥʥʷ. ʊʘʢʦʞ ʩʣʽʜ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʫʩʽ ʩʧʨʦʙʠ ʦʙʤʘʥʫʪʠ ʧʦʣʽʛʨʘʬ, ʷʢ ʧʨʘʚʠʣʦ ʻ ʤʘʨʥʠʤʠ, ʪʘʢ ʷʢ ʜʦ ʦʩʥʦʚʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʦʧʝʨʘʪʦʨ ʧʨʦʚʦʜʠʪʴ ʧʨʦʙʥʠʡ ʪʝʩʪ, ʷʢʠʡ ʚʠʢʨʠʻ ʩʧʨʦʙʫ ʦʙʤʘʥʫʪʠ ʧʦʣʽʛʨʘʬ, ʘʙʦ ʞ ʧʦʢʘʞʝ ʥʝʟʜʘʪʥʽʩʪʴ ʣʶʜʠʥʠ 

ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʫʚʘʪʠ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. http://goo.gl/iyeFBw ʆʨʛʘʥʽʟʘʮʽʷ ʽ ʪʘʢʪʠʢʘ ʩʣʽʜʯʠʭ ʜʽʡ ʧʨʠ ʨʦʟʩʣʽʜʫʚʘʥʥʽ ʟʣʦʯʠʥʽʚ, ʚʯʠʥʝʥʠʭ ʟʘʩʫʜʞʝʥʠʤʠ ʜʦ ʧʦʟʙʘʚʣʝʥʥʷ ʚʦʣʽ. 

2. http://www.vympel-polygraph.ru/str/about/hystory.htm ʀʩʪʦʨʠʷ ʠʟʦʙʨʝʪʝʥʠʷ ʧʦʣʠʛʨʘʬʘ (ʜʝʪʝʢʪʦʨʘ ʣʞʠ). 

3. http://www.ordal.ru/leonard_keeler.php ʃʝʦʥʘʨʜ ʂʽʣʝʨ. 
4. http://nv.ua/ukr/publications/obduriti-poligraf-jak-ja-prohodila-perevirku-na-detektori-brehni-82218.html ʆʙʜʫʨʠʪʠ ʧʦʣʽʛʨʘʬ. ʗʢ ʷ ʧʨʦʭʦʜʠʣʘ 

ʧʝʨʝʚʽʨʢʫ ʥʘ ʜʝʪʝʢʪʦʨʽ ʙʨʝʭʥʽ. 

5. http://psyfactor.org/02-07-2003.htm ʂʘʢ ʦʙʤʘʥʫʪʴ ʧʦʣʠʛʨʘʬ? ʄʝʪʦʜʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ɽʃɽʂʊʈʆʅʅʆɰ ʉʀʉʊɽʄʀ ɻʃʆɹɸʃʔʅʆɻʆ ʇʆɿʀʎɯʆʅʋɺɸʅʅʗ ɺ 

ʉɯʃʔʉʔʂʆʄʋ ɻʆʉʇʆɼɸʈʉʊɺɯ ʊɸ ɿɸɼɸʏɸʍ ʉʊɸɹɯʃɯɿɸʎɯɰ ʈʋʍʆʄʆɰ ʇʃɸʊʌʆʈʄʀ 

 

ʆ.ʄ. ʃʘʥʴʢʦ, ʩʪʫʜ. ʛʨ. ʄɽ-111,  

 ɸ.ʉ. ʈʝʚʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʇɽ, ʈ.ɼ. ɭʨʰʦʚ, ʘʩʠʩʪʝʥʪ, ʢʘʬʝʜʨʘ ʇɽ  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʛʨʦʧʨʦʤʠʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩ ī ʮʝ ʩʧʝʮʠʬʽʯʥʘ ʛʘʣʫʟʴ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ 

ʢʦʥʪʨʦʣʶ ʜʽʷʣʴʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʜʘʣʝʢʦ ʚʽʜ ʢʝʨʽʚʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. ɺʽʜʩʫʪʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʦʜʽʷʤ, ʦʧʝʨʘʪʦʨʘʤ  ʪʘ  ʪʨʘʢʪʦʨʠʩʪʘʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʝʭʥʽʢʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʣʘʩʥʦʩʪʽ ʘʛʨʦʬʽʨʤʠ, ʚ ʤʝʨʢʘʥʪʠʣʴʥʠʭ  ʮʽʣʷʭ, ʘ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʨʫʜʥʝʥʥʷ 

ʢʦʥʪʨʦʣʶ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʥʘʛʣʷʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʢʠ 

ʧʦʟʠʪʠʚʥʠʭ ʟʨʫʰʝʥʴ: ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʘʛʨʦʬʽʨʤʠ, ʧʽʜʚʠʱʝʥʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʙʽʟʥʝʩʫ, 

ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʨʫʪʠʥʥʽ ʧʨʦʮʝʩʠ ʦʙʨʦʙʢʠ, ʩʽʷʥʥʷ, ʟʙʦʨʫ ʚʨʦʞʘʶ. 

ʏʠʤ ʪʦʯʥʽʰʝ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ʢʦʦʨʜʠʥʘʪʠ ʪʝʭʥʽʢʠ, ʪʠʤ ʷʢʽʩʥʽʰʝ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʧʨʦʮʝʩ 

ʫʜʦʙʨʝʥʥʷ, ʧʨʦʨʽʜʞʝʥʥʷ ʧʘʨʦʩʪʢʽʚ ʪʘ ʟʙʦʨʫ ʧʣʦʜʽʚ (ʥʘʩʽʥʥʷ). ʅʘʚʽʛʘʪʦʨ, ʚʢʣʶʯʝʥʠʡ ʜʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ 
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ʢʝʨʫʚʘʥʥʷ ʩʽʣʴʛʦʩʧʪʝʭʥʽʢʠ, ʜʦʟʚʦʣʷʻ ʟʘʜʘʪʠ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʪʝʭʥʽʢʠ, ʪʘ ʩʫʚʦʨʦ ʾʾ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʫʯʘʩʪʶ ʚʦʜʽʷ. ɺʽʜʦʤʦ ʙʘʛʘʪʦ ʘʣʛʦʨʠʪʤʽʚ ʧʦʙʫʜʦʚʠ ʦʧʪʠʤʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ ʚʩʝʨʝʜʠʥʽ ʚʢʘʟʘʥʦʛʦ 

ʢʦʥʪʫʨʫ, ʷʢʠʤ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʚʝʢʪʦʨʥʠʡ ʦʙʨʠʩ ʧʦʣʷ, ʟʘ ʷʢʠʤ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʨʽʰʫʶʪʴ ʟʘʜʘʯʽ:  ʧʣʘʥʫʚʘʥʥʷ 

ʤʘʡʙʫʪʥʽʭ ʧʦʣʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʠʭ ʤʝʞ ʽʩʥʫʶʯʠʭ ʧʦʣʽʚ, ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʧʘʩʧʦʨʪʘ ʧʦʣʷ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʣʦʱʽ ʩʽʣʴʛʦʩʧʫʛʽʜʴ, ʚʝʜʝʥʥʷ ʜʦʚʽʜʥʠʢʽʚ ʧʦʣʽʚ ʪʘ ʥʘʥʝʩʝʥʥʷ ʧʦʩʽʚʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ ʥʘ ʤʘʧʫ, ʪʦʱʦ. 

ɻʣʦʙʘʣʴʥʘ ʥʘʚʽʛʘʮʽʡʥʘ ʩʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ (GNSS) ī ʢʦʤʧʣʝʢʩʥʘ ʝʣʝʢʪʨʦʥʥʦ-ʪʝʭʥʽʯʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʩʫʢʫʧʥʽʩʪʴ  ʥʘʟʝʤʥʦʛʦ ʪʘ ʢʦʩʤʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ (ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʫ ʛʝʦʛʨʘʬʽʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ), ʧʦʪʦʯʥʦʛʦ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ (ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʪʘ ʽʥ.) ʜʣʷ ʥʘʟʝʤʥʠʭ, ʚʦʜʥʠʭ ʪʘ ʧʦʚʽʪʨʷʥʠʭ ʦʙ'ʻʢʪʽʚ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʟʝʤʥʦʾ ʢʫʣʽ ʚ ʙʫʜʴ-ʷʢʠʡ 

ʯʘʩ ʜʦʙʠ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʧʦʛʦʜʽ. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʪʠʧʦʤ GNSS ʻ ʩʠʩʪʝʤʘ GPS.  

ʂʦʩʤʽʯʥʠʡ ʩʝʛʤʝʥʪ GPS ʩʢʣʘʜʘʻʪʴʩʷ ʟ 27 ʩʫʧʫʪʥʠʢʽʚ, ʟ ʷʢʠʭ 24 ï ʜʽʶʯʠʭ, ʽ 3 ī ʜʦʜʘʪʢʦʚʠʭ (ʫ ʨʘʟʽ 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʩʠʪʫʘʮʽʡ). ʉʫʧʫʪʥʠʢʠ  ʟʜʽʡʩʥʶʶʪʴ ʧʦʚʪʦʨʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʦʜʥʽʻʾ ʡ ʪʽʻʾ ʞ 

ʜʽʣʷʥʢʠ ʟʝʤʥʦʾ ʢʫʣʽ ʢʦʞʥʽ 12 ʛʦʜʠʥ, ʡ  ʥʝʚʧʠʥʥʦ ʧʦʩʠʣʘʶʪʴ ʰʠʨʦʢʦʤʦʚʥʠʡ ʩʠʛʥʘʣ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʩʽ 

ʧʨʠʡʤʘʯʽ GPS. ʂʦʥʪʨʦʣʴ ʟʘ ʩʠʩʪʝʤʦʶ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʟʛʘʣʫʞʝʥʦʾ ʤʝʨʝʞʽ ʩʪʘʥʮʽʡ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. ʎʽ ʩʪʘʥʮʽʾ ʜʦʧʦʤʘʛʘʶʪʴ ʫ ʚʽʜʩʪʝʞʝʥʥʽ ʷʢʦʩʪʽ ʅɺʏ-ʩʠʛʥʘʣʽʚ ʟ 

ʩʫʧʫʪʥʠʢʽʚ GPS.  

ʂʦʨʠʩʪʫʚʘʯʽ GPS ʤʘʶʪʴ ʧʦʚʥʽʩʪʶ ʧʘʩʠʚʥʽ ʧʨʠʡʤʘʯʽ GPS, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ  ʩʠʛʥʘʣʠ  ʚʽʜ ʩʫʧʫʪʥʠʢʽʚ 

ʪʘʢ, ʱʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ  ʬʘʢʪʠʯʥʝ ʧʦʣʦʞʝʥʥʷ, ʥʘʧʨʷʤ ʪʘ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʽ ʧʦʪʦʯʥʠʡ ʯʘʩ. 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ  ʧʨʠʡʤʘʯʘ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʘʢ ʟʚʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʪʨʠʣʘʪʝʨʘʮʽʷ. ʊʨʠʣʘʪʝʨʘʮʽʷ ʜʽʣʠʪʴʩʷ ʥʘ 

ʜʚʽ ʢʘʪʝʛʦʨʽʾ: 2D- ʽ 3D-ʪʨʠʣʘʪʝʨʘʮʽʷ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘʤ ʥʝʦʙʭʽʜʥʦ ʜʽʟʥʘʪʠʩʷ ʥʘʰʝ ʧʦʣʦʞʝʥʥʷ ʥʘ ʧʣʦʱʠʥʽ. ʉʫʧʫʪʥʠʢʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʜ 

ʥʘʤʠ, ʧʝʨʝʜʘʶʪʴ ʩʚʽʡ ʣʦʢʘʣʴʥʠʡ ʰʪʘʤʧ ʙʦʨʪʦʚʦʛʦ ʯʘʩʫ, ʷʢʠʡ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʩʚʽʪʣʘ, ʙʦ ʻ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʭʚʠʣʝʶ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʯʘʩ ʭʦʜʫ ʩʠʛʥʘʣʫ ʚʽʜ ʩʫʧʫʪʥʠʢʽʚ, ʩʪʘʻ ʤʦʞʣʠʚʠʤ  ʥʘʤʘʣʶʚʘʪʠ 

ʢʦʣʘ ʟ ʨʘʜʽʫʩʘʤʠ D1 ʽ D2 ʚʽʜʧʦʚʽʜʥʦ  ʥʘʚʢʦʣʦ ʩʫʧʫʪʥʠʢʽʚ. ʂʦʞʝʥ ʨʘʜʽʫʩ ʻ  ʚʽʜʩʪʘʥʥʶ ʜʦ ʩʫʧʫʪʥʠʢʘ. ʄʥʦʞʠʥʘ 

ʤʦʞʣʠʚʠʭ ʤʽʩʮʝʧʦʣʦʞʝʥʴ ʧʨʠʡʤʘʯʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʨʘʜʽʫʩʽ ʢʦʣʘ. ʗʢʱʦ ʩʫʧʫʪʥʠʢʽʚ ʜʚʘ, ʪʦ ʧʦʣʦʞʝʥʥʷ 

ʧʨʠʡʤʘʯʘ ī ʚ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʢʽʣ ʩʫʧʫʪʥʠʢʽʚ (ʈʠʩ. 1). ɼʚʦʭ ʩʫʧʫʪʥʠʢʽʚ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʧʦʣʦʞʝʥʥʷ ʫ 

ʧʣʦʱʠʥʽ XY. 

 

ʈʠʩʫʥʦʢ 1 ï ʇʦʟʠʮʽʷ ʧʨʠʡʤʘʯʘ ʥʘ ʧʣʦʱʠʥʽ 

ʅʘʩʧʨʘʚʜʽ, ʧʦʟʠʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʘ ʥʝ ʥʘ ʧʣʦʱʠʥʽ. ʈʽʟʥʠʮʷ ʤʽʞ 

ʧʣʦʱʠʥʦʶ ʽ ʪʨʠʚʠʤʽʨʥʠʤ ʧʨʦʩʪʦʨʦʤ ʧʦʣʷʛʘʻ ʚ ʜʦʜʘʪʢʦʚʦʤʫ ʚʠʤʽʨʽ (ʚʠʩʦʪʘ ʤʽʩʮʷ, Z), ʷʢ ʨʝʟʫʣʴʪʘʪ, ī 

ʜʦʜʘʪʢʦʚʠʡ ʪʨʝʪʽʡ ʩʫʧʫʪʥʠʢ ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʩʪʫʧʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʾ ʧʦʟʠʮʽʾ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʚʩʽ 

ʤʦʞʣʠʚʽ ʧʦʟʠʮʽʾ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʪʨʴʦʭ ʩʬʝʨ, ʯʠʾ ʨʘʜʽʫʩʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʨʘʭʦʚʘʥʠʤ ʚʽʜʩʪʘʥʷʤ. 

ʐʫʢʘʥʘ ʧʦʟʠʮʽʷ ï ʦʙʣʘʩʪʴ ʚʩʝʨʝʜʠʥʽ ʧʝʨʝʪʠʥʫ ʚʩʽʭ ʪʨʴʦʭ ʩʬʝʨ (ʈʠʩ. 2). ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʢʦʥʘʪʠ ʪʦʯʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʣʦʞʝʥʥʷ, GPS-ʧʨʠʡʤʘʯ ʧʦʚʠʥʝʥ ʟʥʘʪʠ ʜʚʘ ʧʘʨʘʤʝʪʨʠ. ʇʦ-ʧʝʨʰʝ, ʚʽʥ ʧʦʚʠʥʝʥ 

ʟʥʘʪʠ ʢʫʪ ʤʽʩʮʷ, ʧʨʠʥʘʡʤʥʽ, ʚʽʜ ʪʨʴʦʭ ʩʫʧʫʪʥʠʢʽʚ ʫ ʧʦʣʽ ʜʦʩʷʞʥʦʩʪʽ. ʇʦ-ʜʨʫʛʝ, ʚʽʥ ʧʦʚʠʥʝʥ ʟʥʘʪʠ ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʩʝʙʝ ʜʦ  ʢʦʞʥʦʛʦ ʽʟ ʮʠʭ ʩʫʧʫʪʥʠʢʽʚ.  

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʟʠʮʽʷ ʧʨʠʡʤʘʯʘ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʉʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʫ GPS ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ. ɿ ʢʦʤʝʨʮʽʡʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ, GPS ʧʨʠʩʪʨʦʾ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʧʠʩʫ ʤʘʨʰʨʫʪʫ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ.  

ʏʘʩʪʠʥʘ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘʢʦʧʠʯʫʻ ʪʘ ʟʙʝʨʽʛʘʻ ʜʘʥʽ ʧʨʦ ʤʘʨʰʨʫʪ ʥʘ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʤʫ ʥʦʩʽʾ (ʫ ʚʥʫʪʨʽʰʥʽʡ 

ʧʘʤ'ʷʪʽ ʘʙʦ ʥʘ ʢʘʨʪʮʽ ʧʘʤ'ʷʪʽ) ʚʩʝʨʝʜʠʥʽ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ (ʚʽʜʦʤʠʡ ʷʢ ʧʘʩʠʚʥʝ ʚʽʜʩʪʝʞʝʥʥʷ). ɿʙʝʨʝʞʝʥʽ ʜʘʥʽ 
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ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʦʾʟʜʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʚʘʥʪʘʞʝʥʽ ʯʝʨʝʟ ʢʦʤʧ'ʶʪʝʨ ʜʦ ʙʘʟʠ ʜʘʥʠʭ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʪʘ ʘʥʘʣʽʟʫ. 

ɯʥʰʽ ʞ ʧʝʨʽʦʜʠʯʥʦ ʚʽʜʧʨʘʚʣʷʶʪʴ ʜʘʥʽ ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʥʘʣʫ ʙʝʟʜʨʦʪʦʚʦʾ ʃʆʄ 

(Wi-Fi, 3G) ʯʠ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ SIM (ʚʽʜʦʤʠʡ ʷʢ ʘʢʪʠʚʥʝ ʚʽʜʩʪʝʞʝʥʥʷ). ɺʽʜʧʨʘʚʢʘ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʯʝʨʝʟ 

ʟʘʜʘʥʽ ʧʨʦʤʽʞʢʠ  ʯʘʩʫ ʘʙʦ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʝʚʥʠʭ ʦʧʦʨʥʠʭ, çʨʝʧʝʨʥʠʭè ʪʦʯʦʢ ʧʽʜ ʯʘʩ ʧʦʾʟʜʢʠ. 

ɸʢʪʠʚʥʘ ʩʠʩʪʝʤʘ GPS-ʚʽʜʩʪʝʞʝʥʥʷ ʟ ʥʠʟʴʢʦʶ ʣʘʪʝʥʪʥʽʩʪʶ ʧʦ ʬʘʢʪʫ ʻ ʩʠʩʪʝʤʦʶ ʤôʷʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, 

ʪʦʙʪʦ, ʮʝ - ʩʫʢʫʧʥʽʩʪʴ ʧʨʠʡʦʤʽʚ ʽ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʧʣʘʥʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʤʽʩʮʝʚʦʩʪʽ ʩʘʥʪʠʤʝʪʨʦʚʦʾ 

ʪʦʯʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘʚʽʛʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʥʷ ʧʦʧʨʘʚʦʢ ʟ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ, 

ʧʨʠʡʥʷʪʠʭ ʘʧʘʨʘʪʫʨʦʶ ʢʦʨʠʩʪʫʚʘʯʘ.  

ʇʨʠ ʧʝʨʝʜʘʯʽ ʨʘʜʽʦʩʠʛʥʘʣʫ ʟ ʩʫʧʫʪʥʠʢʘ, ʚʽʥ ʧʽʜʜʘʻʪʴʩʷ ʨʽʟʥʠʤ ʩʧʦʪʚʦʨʝʥʥʷʤ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʥʽ ʷʚʠʱʘ, 

ʧʝʨʝʰʢʦʜʠ ʚʽʜ ʦʙôʻʢʪʽʚ, ʚʽʜʙʠʪʪʷ ʪʦʱʦ.  ʏʝʨʝʟ ʮʝ ʩʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ GPS ʥʝ ʤʦʞʝ ʚʠʨʘʭʦʚʫʚʘʪʠ ʜʫʞʝ ʪʦʯʥʦ 

ʛʝʦʛʨʘʬʽʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʚʘʰʦʛʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ. ʉʧʦʪʚʦʨʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʥʽʚʝʣʴʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʟʝʤʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ï ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʘʧʘʨʘʪʥʦ - ʧʨʦʛʨʘʤʥʽ ʤʝʪʦʜʠ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʧʨʘʚʦʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʩʘʥʪʠʤʝʪʨʦʚʦʾ ʘʙʦ ʩʫʙʩʘʥʪʠʤʝʪʨʦʚʦʾ ʪʦʯʥʦʩʪʽ. 

ɼʘʥʽ ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʩʦʪʝʥʴ ʯʠ ʪʠʩʷʯ ʘʙʦʥʝʥʪʽʚ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʚʽʜʩʪʝʞʝʥʥʷ ʤʦʞʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠʩʴ 

ʥʘ ʤʘʧʽ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʝʨʚʝʨʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʽʜʜʘʣʝʥʦʛʦ ʘʚʪʦʨʠʟʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʥʴʦʛʦ (Web-service). ʎʝ 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʰʠʨʦʢʝ ʢʦʣʦ ʟʘʜʘʯ: ʚʽʜ ʚʽʜʩʪʝʞʝʥʥʷ ʤʘʨʰʨʫʪʽʚ ʨʫʭʫ ʢʦʨʘʙʣʽʚ ʪʘ ʣʽʪʘʢʽʚ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʤʩ̔ʮʝʟʥʘʭʦʜʞʝʥʥʷ ʥʝʟʘʭʠʱʝʥʠʭ ʚʝʨʩʪʚ ʣʶʜʝʡ (ʜʽʪʠ, ʣʽʪʥʽ ʣʶʜʠ, ʽʥʚʘʣʽʜʠ). ʎʝ ʪʘʢʦʞ ʡ ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ 

ʢʦʥʪʨʦʣʶ ʧʦʚʝʜʽʥʢʠ ʪʘ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ ʨʦʟʢʣʘʜʽʚ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʩʣʫʞʙ ʜʦʩʪʘʚʢʠ. 

ɺʠʩʥʦʚʢʠ 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʉʠʩʪʝʤʠ ɻʣʦʙʘʣʴʥʦʛʦ ʇʦʟʠʮʽʦʥʫʚʘʥʥʷ (GPS) ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʪʦʯʥʝ  

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʪʝʭʥʽʢʠ ʪʘ ʤʘʨʰʨʫʪ ʾʾ ʧʝʨʝʩʫʚʘʥʥʷ, ʧʣʦʱʫ ʦʙʨʦʙʣʝʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

ʩʽʣʴʛʦʩʧʪʝʭʥʽʢʠ, ʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʪʘ ʦʙʣʽʢ ʚʠʪʨʘʪ ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʇʄʄ) ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, 

ʚʝʩʪʠ ʦʙʣʽʢ ʩʧʨʘʮʴʦʚʘʥʦʩʪʽ ʧʨʠʯʽʧʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʤʦʪʦʛʦʜʠʥʘʭ ʘʙʦ ʢʽʣʦʤʝʪʨʘʞʽ  ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʝʛʣʘʤʝʥʪʥʠʭ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ. 

ɺʽʜʩʪʝʞʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ GPS ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʻ  

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʠ, ʘʜʞʝ ʧʨʠʭʦʚʘʥʠʡ ʤʦʜʫʣʴ ʘʢʪʠʚʥʦʛʦ GPS-ʩʪʝʞʝʥʥʷ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʨʷʪʫʚʘʣʴʥʠʤ ʪʘ ʧʨʘʚʦʦʭʦʨʦʥʥʠʤ ʦʨʛʘʥʘʤ ʫ ʚʠʢʦʥʘʥʥʽ ʾʭ ʧʨʷʤʠʭ ʦʙʦʚôʷʟʢʽʚ ʟʽ ʟʙʝʨʝʞʝʥʥʷ ʞʠʪʪʷ 

ʣʶʜʝʡ. 
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http://spectrum.ieee.org/telecom/wireless/new-indoor-navigation-technologies-work-where-gps-cant - ɿʘʛʦʣ. ʟ ʝʢʨʘʥʫ - ʄʦʚʘ ʘʥʛʣ. 
2. Satellite navigation [Electronic resource] - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://en.m.wikipedia.org/wiki/Satellite_navigation - ɿʘʛʦʣ. ʟ ʝʢʨʘʥʫ - ʄʦʚʘ ʘʥʛʣ. 

3.ʉʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ [ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩ] - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://avtotracker.com.ua/silske-gospodarstvo.html?language=uk - ɿʘʛʦʣ. ʟ ʝʢʨʘʥʫ 

- ʄʦʚʘ ʫʢʨ. 
4. An Introduction to GNSS [Electronic resource] - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.novatel.com/an-introduction-to-gnss - ɿʘʛʦʣ. ʟ ʝʢʨʘʥʫ - ʄʦʚʘ 

ʘʥʛʣ. 
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ʂɽʈʋɺɸʅʅʗ ʈʋʍʆʄ 

 
ʆ.ʆ. ʄʘʪʶʰʢʽʥ, ʩʪʫʜʝʥʪ ʇɽ-121, 

ɺ.ʇ. ɺʦʡʪʝʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʧʨʦʤʠʩʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʚʟʘʛʘʣʽ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ ʟʦʢʨʝʤʘ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʛʨʦʤʽʟʜʢʠʤʠ 

ʪʘ ʩʧʦʞʠʚʘʪʠ ʚʝʣʠʢʫ ʧʦʪʫʞʥʽʩʪʴ. ɺ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʧʦʜʽʙʥʦʾ ʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʦ ʧʨʠʢʣʘʩʪʠ ʙʘʛʘʪʦ ʟʫʩʠʣʴ: 

ʨʦʟʨʦʙʠʪʠ ʘʥʘʣʦʛʦʚʫ ʯʘʩʪʠʥʫ, ʧʨʦʛʨʘʤʫ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʘʙʦ ʧʨʦʛʨʘʤʦʚʘʥʦʾ ʣʦʛʽʯʥʦʾ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʭʝʤʠ, ʨʦʟʨʘʭʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʩʪʨʦʶ ʪʘ ʽʥ. [1]. ɯʥʦʜʽ ʪʘʢʽ ʩʠʩʪʝʤʠ 

ʨʦʟʨʦʙʣʶʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʦʩʠʪʴ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ (ʚʽʜ ʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ ʜʦ ʨʦʢʽʚ). ɺ ʦʩʥʦʚʥʦʤʫ ʪʘʢʽ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʽʚ, ʫ ʨʝʟʠʜʝʥʪʥʫ ʧʘʤ'ʷʪʴ ʷʢʠʭ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ 

ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʧʨʦʛʨʘʤʘ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʩʝʨʝʜʦʚʠʱ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʽʚ ʪʘ ʨʽʟʥʠʭ ʢʝʨʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ. ɯʥʦʜʽ ʚʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʤʘʰʠʥʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʶ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ, ʽʥʦʜʽ ï ʚʠʩʦʢʦʛʦ. 

ʅʘʙʘʛʘʪʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʫʚʘʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʩʧʦʯʘʪʢʫ ʤʦʜʝʣʶʶʪʴ ʝʣʝʤʝʥʪʠ ʧʨʠʩʪʨʦʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ, ʦʪʨʠʤʫʶʯʠ ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʧʝʚʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ, ʘ ʧʦʪʽʤ ʧʽʜʩʪʘʚʣʷʶʪʴ ʮʽ ʟʥʘʯʝʥʥʷ ʫ ʚʭʽʜʥʠʡ ʪʝʢʩʪ ʧʨʦʛʨʘʤʠ, ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʚ 

ʽʥʰʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  

ʉʴʦʛʦʜʥʽ ʥʘʙʫʚʘʶʪʴ ʧʦʧʫʣʷʨʥʦʩʪʽ ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʢʠ ʪʘ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʡʜʝʪʴʩʷ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʢʦʥʮʝʧʮʽʾ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʤʦʚʦʶ ʥʘʜʚʠʩʦʢʦʛʦ ʨʽʚʥʷ [2]. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʧʨʠʩʪʨʦʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʤʦʜʫʣʴ Spectrum Digital ezDSP 

http://spectrum.ieee.org/telecom/wireless/new-indoor-navigation-technologies-work-where-gps-cant
https://en.m.wikipedia.org/wiki/Satellite_navigation
http://avtotracker.com.ua/silske-gospodarstvo.html?language=uk
http://www.novatel.com/an-introduction-to-gnss
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F2812F2812 ʥʘ ʙʘʟʽ ʩʠʛʥʘʣʴʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ TMS320F2812. ʎʷ ʽʥʪʝʛʨʦʚʘʥʘ ʩʭʝʤʘ, ʧʦʨʫʯ ʽʟ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤ ʩʠʛʥʘʣʴʥʠʤ ʷʜʨʦʤ, ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ, ʷʢ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʛʝʥʝʨʘʪʦʨʠ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦ-ʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ, ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʽ ʽʥʪʝʨʬʝʡʩʠ ʪʦʱʦ. ʋʩʽ 

ʨʝʟʠʜʝʥʪʥʽ ʧʝʨʠʬʝʨʽʡʥʽ ʧʨʠʩʪʨʦʾ ʩʠʛʥʘʣʴʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʘʢʝʪʫ MATLAB ʪʘ ʡʦʛʦ ʥʘʜʙʫʜʦʚʠ ī Simulink. ɯʥʰʽ (ʩʫʪʦ ʧʨʦʛʨʘʤʥʽ) ʢʦʤʧʦʥʝʥʪʠ 

ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ (ʤʦʜʫʣʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʮʠʬʨʦʚʠʡ ʨʝʛʫʣʷʪʦʨ ʪʦʱʦ) 

ʤʦʞʫʪʴ ʪʘʢʦʞ ʙʫʪʠ ʧʦʧʝʨʝʜʥʴʦ ʟʤʦʜʝʣʴʦʚʘʥʽ ʚ ʪʦʤʫ ʞ ʩʘʤʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʫʪʦʯʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʥʘ ʙʘʟʽ ʩʠʛʥʘʣʴʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, 

ʟʘʧʫʩʢʘʻʪʴʩʷ ʧʨʦʮʝʩ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʢʦʜʫ ʤʦʚʦʶ ʉ. ʎʝʡ ʢʦʜ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Code Composer Studio, ʘ ʜʘʣʽ (ʪʘʢʦʞ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʤʧʽʣʷʮʽʷ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʨʘʤʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʩʠʛʥʘʣʴʥʠʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ. ʎʝ ʟʨʫʯʥʦ ʪʘ 

ʟʘʡʤʘʻ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʟʫʩʠʣʴ ʪʘ ʯʘʩʫ, ʦʩʦʙʣʠʚʦ ï ʧʽʜ ʯʘʩ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʩʪʘʜʽʡ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ [3].  

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʘʥʦʛʦ ʤʦʜʫʣʷ ʻ ʦʙʤʝʞʝʥʽʩʪʴ ʥʘʷʚʥʠʭ ʟʘʩʦʙʽʚ ʩʧʽʣʢʫʚʘʪʠʩʷ ʟ ʥʘʚʢʦʣʠʰʽʤ ʩʚʽʪʦʤ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʽʜʢʣʶʯʠʪʠ ʪʽ ʯʠ ʽʥʰʽ ʧʨʠʩʪʨʦʾ ʜʦ ʥʴʦʛʦ, ʧʦʪʨʽʙʥʦ ʙʘʛʘʪʦ ʧʨʦʚʽʜʥʠʢʽʚ. ʊʘʢʦʞ ʥʝʤʦʞʣʠʚʦ 

ʜʽʟʥʘʪʠʩʷ, ʯʠ ʡʜʫʪʴ ʩʠʛʥʘʣʠ ʧʦ ʪʠʤ ʯʠ ʽʥʰʠʤ ʢʘʥʘʣʘʤ.  

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʤʘʢʝʪʥʦʛʦ ʟʨʘʟʢʫ ʧʨʠʩʪʨʦʶ ʨʦʟʰʠʨʝʥʥʷ ʩʪʘʨʪʦʚʦʛʦ ʥʘʙʦʨʫ 

Spectrum Digital ezDSP F2812. ɺ ʷʢʦʩʪʽ ʧʨʦʪʦʪʠʧʫ ʚʠʢʦʨʠʩʪʘʥʦ ʧʣʘʪʫ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ, ʷʢʫ 

ʨʦʟʨʦʙʣʝʥʦ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʎʚʽʢʢʘʫ (ʅʽʤʝʯʯʠʥʘ, ʨʠʩʫʥʦʢ 1 [4]). 

 

 
 

ʈʠʩʫʥʦʢ 1 ī ʇʨʦʪʦʪʠʧ ʧʨʠʩʪʨʦʶ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʤʦʜʫʣʷ Spectrum Digital ezDSP F2812 

 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʦʜʫʣʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: ʯʘʩʪʠʥʫ ʢʦʤʫʪʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʤʫʪʘʮʽʡʥʽ ʝʣʝʤʝʥʪʠ (ʢʥʦʧʢʠ, 

ʧʨʠʩʪʨʦʾ ʽʥʜʠʢʘʮʽʾ (ʩʚʽʪʣʦʜʽʦʜʠ, ʩʝʤʠʩʝʛʤʝʥʪʥʽ ʽʥʜʠʢʘʪʦʨʠ, ʙʫʬʝʨʠ), ʧʽʜʩʠʣʶʚʘʯʽ ʜʣʷ ɸʎʇ ʪʘ ʽʥ.). 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʫʪʪʻʚʝ (ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʪʦʪʠʧʦʤ) ʩʧʨʦʱʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ Spectrum Digital ezDSP F2812 ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʨʫʭʦʤ, ʘ ʪʘʢʦʞ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ. 
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ɸʂʊʀɺʅɯ ɽʃɽʂʊʈʆɼʀ ɼʃʗ ʇʈʀʉʊʈʆʖ ɿɸʍɺɸʊʋ ɹɯʆɽʃɽʂʊʈʀʏʅʀʍ ʉʀɻʅɸʃɯɺ 

 

ɭ.ɺ. ʉʝʤʝʥʜʷʡ, ʩʪʫʜ. ʛʨ. ʄɽ-111, 

ɺ.ʇ. ɺʦʡʪʝʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  ʢʘʬʝʜʨʘ ʧʨʦʤʠʩʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʣʷ ʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʦʟʢʫ [1] ʨʦʟʨʦʙʣʝʥʠʡ 

ʪʘ ʚʠʛʦʪʦʚʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʟʘʭʦʧʣʝʥʥʷ ʙʽʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʙʘʟʽ 8-ʢʘʥʘʣʴʥʦʛʦ 24-ʨʦʟʨʷʜʥʦʛʦ ʜʝʣʴʪʘ-

ʩʠʛʤʘ ɸʎʇ ADS1298 [2]. ʎʷ ʽʥʪʝʛʨʦʚʘʥʘ ʩʭʝʤʘ ʤʘʻ ʚʙʫʜʦʚʘʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ, ʱʦ 

ʧʨʦʛʨʘʤʫʻʪʴʩʷ, ʚʥʫʪʨʽʰʥʻ ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʛʝʥʝʨʘʪʦʨ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ. ɼʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʟʥʷʪʪʷ ʙʽʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʪʽʣʘ ʣʶʜʠʥʠ ʧʦʪʨʽʙʥʽ ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʢʪʨʦʜʠ. ʋ ʚʠʧʘʜʢʫ 

ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʾ (ɽɽɻ) ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ ʟʘʡʤʘʶʪʴ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʧʨʠʙʣʠʟʥʦ ʚʽʜ ʪʨʴʦʭ ʜʦ 100 ɻʮ  ̔ʤʘʶʪʴ 

ʘʤʧʣʽʪʫʜʫ ʥʝ ʙʽʣʴʰʝ 100 ʤʢɺ, ʭʦʯʘ ʚ ʜʝʷʢʠʭ ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʘʭ ʩʠʛʥʘʣ ʤʦʞʝ ʜʦʩʷʛʪʠ ʽ 300 ʤʢɺ. ʎʽ ʩʠʛʥʘʣʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʨʠʪʤ ʤʦʟʢʫ ʽ ʟʥʽʤʘʶʪʴʩʷ ʟ ʢʦʥʢʨʝʪʥʠʭ ʜʽʣʷʥʦʢ ʛʦʣʦʚʠ ʣʶʜʠʥʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, 

ʘʣʴʬʘ-ʨʠʪʤ ʥʘʡʢʨʘʱʝ ʚʠʨʘʞʝʥʠʡ ʚ ʧʦʪʠʣʠʯʥʠʭ ʚʽʜʜʽʣʘʭ, ʘ ʙʝʪʘ-ʨʠʪʤ ï ʚ ʦʙʣʘʩʪʽ ʮʝʥʪʨʘʣʴʥʠʭ ʟʚʠʚʠʥ.  

ɸʥʘʣʦʛʦʚʽ ʚʭʦʜʠ ʧʨʠʩʪʨʦʶ ʟʘʭʚʘʪʫ ʙʽʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʧʦʚʥʽʩʪʶ ʜʠʬʝʨʝʥʮʽʡʥʽ [2]. ɯʩʥʫʶʪʴ ʜʚʘ 

ʤʝʪʦʜʠ ʧʽʜʢʣʶʯʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʧʽʜʩʠʣʶʚʘʯʘ: ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʽ ʜʠʬʝʨʝʥʮʽʡʥʠʡ. ʗʢʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʨʝʞʠʤ, ʪʦ ʥʝʛʘʪʠʚʥʠʡ ʚʭʽʜ ʢʘʥʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ʧʦʣʦʚʠʥʠ ʟʘʛʘʣʴʥʦʾ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ. ʇʦʟʠʪʠʚʥʠʡ ʚʭʽʜ ʢʘʥʘʣʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʦʣʦʚʠʥʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʟ ʘʤʧʣʽʪʫʜʦʶ, 

ʷʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʦʧʦʨʥʠʡ ʩʠʛʥʘʣ. ʗʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʨʝʞʠʤ, ʟʘʛʘʣʴʥʘ ʥʘʧʨʫʛʘ ʟʘʜʘʻʪʴʩʷ 

ʩʫʤʦʶ ʩʠʛʥʘʣʽʚ ʥʘ ʧʦʟʠʪʠʚʥʦʤʫ ʽ ʥʝʛʘʪʠʚʥʦʤʫ ʚʭʦʜʽ, ʨʦʟʜʽʣʝʥʽʡ ʥʘ ʜʚʘ. ʆʙʠʜʚʘ ʚʭʦʜʠ ʟʤʽʥʶʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʧʣʶʩ ʧʦʣʦʚʠʥʘ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʟʘʛʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʤʽʥʫʩ ʧʦʣʦʚʠʥʘ ʦʧʦʨʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʐʢʘʣʘ ʚʠʤʽʨʫ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʥʘʣʦʛʦʚʦʛʦ ʞʠʚʣʝʥʥʷ ʧʨʠʩʪʨʦʶ ʽ ʦʧʦʨʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚ ʩʠʩʪʝʤʽ.  

ʄʝʪʘ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʦʟʨʦʙʢʘ ʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʽʣʴʥʦ ʟ ʧʨʠʩʪʨʦʻʤ ʟʘʭʚʘʪʫ 

ʙ̔ ʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 

ï ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʽʜʦʤʽ ʚʘʨʽʘʥʪʠ ʨʝʘʣʽʟʘʮʽʾ ʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʜʽʚ; 

ï ʚʩʪʘʥʦʚʠʪʠ ʚʠʤʦʛʠ ʜʦ ʘʤʧʣʽʪʫʜʥʠʭ ʽ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ ʧʽʜʩʠʣʝʥʥʷ; 

ï ʜʦʩʣʽʜʠʪʠ ʨʽʟʥʦʚʠʜʠ ʟʤʽʱʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʦʜʥʦʧʦʣʷʨʥʦʤʫ ʞʠʚʣʝʥʥʽ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ (ʆʇ). 

ɼʣʷ ʟʥʷʪʪʷ ɽɽɻ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʢʪʠʚʥʽ ʽ ʧʘʩʠʚʥʽ ʝʣʝʢʪʨʦʜʠ [3]. ʇʘʩʠʚʥʽ ʝʣʝʢʪʨʦʜʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ 

ʧʝʚʥʠʭ ʤʝʪʘʣʽʚ (ʟʦʣʦʪʘ, ʩʨʽʙʣʘ, ʦʣʦʚʘ); ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʾ ʬʦʨʤʠ, ʘ ʪʘʢʦʞ ʛʦʣʯʘʩʪʽ. ɻʦʣʢʠ ʧʨʦʢʦʣʶʶʪʴ 

ʰʢʨ̔ʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʨʘʱʝ ʟôʻʜʥʘʥʥʷ. ʇʘʩʠʚʥʽ ʝʣʝʢʪʨʦʜʠ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʣʶ ʘʙʦ ʧʘʩʪʠ 

ʜʣʷ ʢʨʘʱʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʤʽʞ ʝʣʝʢʪʨʦʜʦʤ ʽ ʰʢʽʨʦʶ ʛʦʣʦʚʠ. ɸʢʪʠʚʥʽ ʝʣʝʢʪʨʦʜʠ ʤʘʶʪʴ ʚʙʫʜʦʚʘʥʫ ʩʭʝʤʫ, ʱʦ 

ʧʽʜʩʠʣʶ ̒ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ. ʎʝ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʩʠʛʥʘʣʫ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ ʧʨʠʩʪʨʦʻʤ, ʽ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʧʽʜʛʦʪʦʚʢʠ ʰʢʽʨʠ.  

ɼʣʷ ʟʤʽʱʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʆʇ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʚʭʽʜʥʝ ʢʦʣʦ, ʷʢʝ ʙʫʜʝ ʟʤʽʱʫʚʘʪʠ ʩʠʛʥʘʣ ʫ 

ʜʦʜʘʪʥʫ ʩʪʦʨʦʥʫ ʚʽʜʥʦʩʥʦ ʥʫʣʷ. ɿʤʽʱʝʥʥʷ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʠʥ ʽʟ ʪʘʢʠʭ ʩʧʦʩʦʙʽʚ: ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʟʠʩʪʠʚʥʦʛʦ ʜʽʣʴʥʠʢʘ; ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʽʥʽʡʥʠʡ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʙʦ ʢʦʤʧʝʥʩʘʮʽʡʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ 

ʥʘʧʨʫʛʠ [4]. ɹʽʣʴʰ ʧʨʦʩʪʠʤ ʨʽʰʝʥʥʷʤ ʫ ʚʠʧʘʜʢʫ ʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʠʩʪʠʚʥʦʛʦ 

ʜʽʣʴʥʠʢʘ. ʄʦʞʣʠʚʘ ʩʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʘʢʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

ʈʠʩʫʥʦʢ 1 ï ʂʦʣʦ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʱʝʥʥʷ ʆʇ ʟ ʦʜʥʦʧʦʣʷʨʥʠʤ ʞʠʚʣʝʥʥʷʤ 

ʂʦʥʜʝʥʩʘʪʦʨ ʉ3 ʙʣʦʢʫʻ ʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʚ ʤʝʞʘʭ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ. ʁʦʛʦ ʚʝʣʠʯʠʥʫ ʪʨʝʙʘ 

ʦʙʠʨʘʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʟʨʽʟʫ. ʊʘʢ, ʧʨʠ ʯʘʩʪʦʪʽ, ʨʽʚʥʽʡ 100 ɻʮ ʽ ʥʦʤʽʥʘʣʘʭ R1 ʽ R4, ʨʽʚʥʠʭ 51 ʢʆʤ, 

ʚʝʣʠʯʠʥʘ ʉ3 ʜʦʨʽʚʥʶʻ 5,6 ʤʢʌ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ (1), ʜʝ ʭ ʧʦʟʥʘʯʘʻ ʥʦʤʝʨ 

ʝʣʝʤʝʥʪʘ, ʘ f ï ʯʘʩʪʦʪʘ ʟʨʽʟʫ.  
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ʇʨʘʢʪʠʯʥʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʟʙʽʣʴʰʝʥʥʽ ʥʦʤʽʥʘʣʫ ʢʦʥʜʝʥʩʘʪʦʨʘ C3 ʥʘʩʪʽʣʴʢʠ, ʱʦʙ ʚʽʥ ʝʬʝʢʪʠʚʥʦ 

ʙʣʦʢʫʚʘʚ ʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ ʥʘ ʚʩʽʭ ʯʘʩʪʦʪʘʭ ʚ ʤʝʞʘʭ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʩʭʝʤʠ. ʑʦʙ ʟʙʝʨʝʛʪʠ ʧʦʪʝʥʮʽʘʣ ʚʠʭʦʜʫ 

ʆʇ ʙʣʠʟʴʢʠʤ ʜʦ ʧʦʣʦʚʠʥʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʚʠʯʘʡʥʠʭ ʆʇ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ 

ʥʘʧʨʫʟʽ, ʱʦ ʤʘʶʪʴ ʩʠʤʝʪʨʠʯʥʽ ʚʭʦʜʠ, ʥʝʦʙʭʽʜʥʦ ʟʙʘʣʘʥʩʫʚʘʪʠ ʩʭʝʤʫ ʚʠʙʦʨʦʤ ʚʝʣʠʯʠʥʠ R6. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʚʧʣʠʚʫ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʟʤʽʱʝʥʥʷ ʨʝʟʠʩʪʦʨ R6 ʪʨʝʙʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ (2): 

 .
2

1
36 ö

÷

õ
æ
ç

å
+=

R
RR  (2) 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ ʫ ʜʚʘ ʨʘʟʠ, R5 ʦʙʠʨʘʻʪʴʩʷ ʨʽʚʥʠʤ R6. 

ɭʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ (1). ɼʣʷ ʜʽʣʷʥʦʢ ʢʽʣ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʉ1, ʉ3, ʉ4 ʯʘʩʪʦʪʘ ʟʨʽʟʫ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 3 ɻʮ, ʘ ʜʣʷ ʢʦʣʘ R6 ʉ5, ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʜʦʨʽʚʥʶʻ 100 ɻʮ.  

ɼʘʥʘ ʩʭʝʤʘ ʙʫʣʘ ʧʨʦʤʦʜʝʣʴʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ Tina-TI. ʅʘ ʨʠʩʫʥʢʫ 2 ʟʦʙʨʘʞʝʥʽ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ ʘʤʧʣʽʪʫʜʦʶ 50 ʤʢɺ ʽ ʯʘʩʪʦʪʦʶ 10 ɻʮ. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʟʤʽʱʝʥʠʡ ʥʘ 

ʨʽʚʝʥʴ ʧʦʣʦʚʠʥʥʦʛʦ ʞʠʚʣʝʥʥʷ ʆʇ. 

 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ 

ɿʘ ʜʘʥʠʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʢʦʣʦ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʱʝʥʥʷ ʩʠʛʥʘʣʫ ʧʦʙʫʜʦʚʘʥʦ ʽ 

ʨʦʟʨʘʭʦʚʘʥʦ ʧʨʘʚʠʣʴʥʦ, ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʟʤʽʱʝʥʠʡ ʥʘ ʨʽʚʝʥʴ ʧʦʣʦʚʠʥʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ, ʪʦʙʪʦ ʩʝʨʝʜʥʷ 

ʪʦʯʢʘ ʜʦʨʽʚʥʶʻ 2,5 ɺ. ʇʦʜʘʣʴʰʝ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʾʭʥʴʦʤʫ ʪʝʩʪʫʚʘʥʥʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ, ʛʝʥʝʨʘʪʦʨ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʦʩʮʠʣʦʛʨʘʬ. 
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STATE OF ART OF BATTERIES FOR PV AND PORTABLE APPLICATIONS  
 

B. Kondratenko, student, K. Tytelmaier, graduate student 

Chernihiv National University of Technology 
 

 Nowadays, in the age of low power smart devices, and strive for environmental friendliness, occurred a need 

for high quality batteries. There is a wide range of possible solutions to decide the task, that engineer has.  

 In our case the task is to choose the most suitable battery type for military purposes. Final product - portable 

power supply based on batteries, that is a part of uniform, and charging by the solar panels. 

 For today, the most popular battery types are: 

http://www.ti.com/lit/ds/symlink/ads1298.pdf
http://uazu.net/eeg/ae.html
http://www.analog.com/media/en/technical-documentation/application-notes/AN-581.pdf
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 1) Nickel Cadmium (NiCd). Mature and well understood but relatively low in energy density and unfriendly 

to the environment. 

 2) Nickel-Metal Hydride (NiMH) - has a higher energy density compared to the NiCd at the expense of 

reduced cycle life. NiMH contains no toxic metals. 

 3) Lead Acid - Most economical for larger power applications where weight is of little concern. 

 4) Lithium batteries - the most used battery type for today 

  - Lithium Cobalt Oxide - The battery consists of a cobalt oxide cathode and a graphite carbon anode. 

The cathode has a layered structure and during discharge, lithium ions move from the anode to the cathode. 

  - Lithium Manganese Oxide - Low internal cell resistance enables fast charging and high-current 

discharging.  

  - Lithium Nickel Manganese Cobalt Oxide - one of the most successful Li-ion systems is a cathode 

combination of nickel-manganese-cobalt. 

  - Lithium Iron Phosphate -  the key benefits are high current rating and long cycle life, besides good 

thermal stability, enhanced safety and tolerance if abused. 

  - Lithium-ion with different electrolytes - offer some specific abilities (nonflammability, thermal 

stability, etc) 

 5) Graphene batteries - the most modern and perspective battery type - light, durable and suitable for high 

capacity energy storage, as well as shorten charging times, but expensive for today. 

 Table 1   

Comparing table of Li-ion batteries 

 LiCoO2 LiMn2O4 LiNiMnCoO2 LiFePO4 

Voltage, V 3.0-4.2 V/cell 3.0-4.2 V/cell 3.0-4.2 V/cell 2.5-3.65 V/cell 

Specific energy 

(capacity) 150-200 Wh/kg 100-150 Wh/kg 150-220 Wh/kg 90-120 Wh/kg 

Cycle life 500-1000 300-700 1000-2000 1000-2000 

Applications 

Mobile phones, 

tablets, laptops, 

cameras 

Power tools, medical 

devices, electric 

powertrains 

E-bikes, medical 

devices, EVs, 

industrial 

Portable and 

stationary needing 

high load curra 

 

Table 2 

Comparing table of all discussed battery types 

Battery 

type 
NiCd NiMH 

Lead-

acid 

Lithium 

Graphene 
LiCoO2 LiMn2O4 LiNiMnCoO2 LiFePO4 

Nonflam. 

electrolyte 

Gravimetric 

capasity, 

Wh/kg 

45-

80 
60-120 30-50 

150-

200 
100-150 150-220 90-150 å150 7000 

Voltage, V 1.25 1.25 2 3.7 3.7 3.7 3.4 3.7 3.7 

Relative 

price 
Low Middle Low Middle Middle Middle Middle 

Not 

manufacturing 

 

High 

Cycle life 1500 
300-

500 

200-

300 

500-

1000 
300-700 1000-2000 

1000-

2000 
1000-2000 

2000-

2500 

 

 After research work became obvious that to go with the times we should choose graphene batteries, but if 

their price is too high, LFP or LiNMC batteries are suitable as well. The ability to cooperate with foreign scientists, 

that working on improving new battery types cam make our invention really modern and advanced. However, the first 

stage of investigation can be done independently.  
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ɹɽɿɼʈʆʊʆɺɸ ʉʀʉʊɽʄɸ ʄʆʅɯʊʆʈʀʅɻʋ ʇɸʈɸʄɽʊʈɯɺ 

ɾʀʊʊɭɼɯʗʃʔʅʆʉʊɯ ʃʖɼʀʅʀ 
 

ɺ.ʆ. ʐʝʚʯʝʥʢʦ, ʩʪʫʜ. ʛʨ. ʄɽ-111,  

ʆ.ɸ. ɺʝʣʽʛʦʨʩʴʢʠʡ, ʢ.ʪ.ʥ., ʜʦʮ., ʟʘʚ. ʢʘʬ. ʙʽʦʤʝʜʠʯʥʠʭ 

 ʨʘʜ̔ʦʝʣʝʢʪʨʦʥʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʩʠʩʪʝʤ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ɹʝʟʜʨʦʪʦʚʽ ʧʨʠʩʪʨʦʾ ʚʥʦʩʷʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʥʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ  ʥʘ ʤʝʜʠʯʥʦʤʫ ʨʠʥʢʫ. ɿ ʥʠʟʢʦʶ 

ʧʝʨʝʚʘʛ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʨʦʪʷʥʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ: ʧʨʦʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ 

ʽʥʬʝʢʮʽʾ, ʟʤʝʥʰʝʥʥʷ ʜʠʩʢʦʤʬʦʨʪʫ ʧʘʮʽʻʥʪʘ, ʧʽʜʚʠʱʝʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ ʽ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ 

ʜʦʧʦʤʦʛʠ, ʙʝʟʜʨʦʪʦʚʽ ʧʨʠʩʪʨʦʾ ʪʘ ʩʠʩʪʝʤʠ ʦʪʨʠʤʫʶʪʴ ʚʩʝ ʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ. 

    ʋ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ ʟʜʦʨʦʚ'ʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ [1]. ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʜʨʦʪʦʚʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʽʥʬʦʨʤʘʮʽʷ ʧʘʮʽʻʥʪʽʚ, 

ʪʘʢʘ ʷʢ ʢʨʦʚ'ʷʥʠʡ ʪʠʩʢ, ʯʘʩʪʦʪʘ ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ ʽ ɽʂɻ ʤʦʞʝ ʙʫʪʠ ʚʽʜʧʨʘʚʣʝʥʘ ʥʝʛʘʡʥʦ ʜʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʤʝʜʠʯʥʠʭ ʮʝʥʪʨʽʚ, ʧʦʧʝʨʝʜʥʴʦ  ʦʙʨʦʙʣʝʥʘ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ. ʇʨʠ ʤʘʩʦʚʽʡ ʘʚʘʨʽʾ ʘʙʦ ʢʘʪʘʩʪʨʦʬʽ ʯʠ ʚʽʡʩʴʢʦʚʦʤʫ 

ʢʦʥʬʣʽʢʪʽ, ʤʝʜʠʢʠ ʤʦʞʫʪʴ ʧʦʤʽʩʪʠʪʠ ʢʨʠʭʽʪʥʽ ʜʘʪʯʠʢʠ ʥʘ ʢʦʞʥʦʛʦ ʧʘʮʽʻʥʪʘ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʩʧʝʮʽʘʣʴʥʫ ʤʝʨʝʞʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Bluetooth, ʧʝʨʝʜʘʶʯʠ ʙʝʟʧʝʨʝʨʚʥʽ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʽ ʜʘʥʽ  ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʧʨʠʡʤʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ (ʥʘʧʨʠʢʣʘʜ ʂʇʂ, ʘʙʦ ʥʦʫʪʙʫʢ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʚ ʤʘʰʠʥʘʭ ʰʚʠʜʢʦʾ ʜʦʧʦʤʦʛʠ ʯʠ ʧʦʣʴʦʚʦʤʫ 

ʛʦʩʧʽʪʘʣʽ). 

      ɹʝʟʜʨʦʪʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʙʫʪʠ ʢʨʘʱʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʤʘʩʦʚʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢ 

ʧʨʠʨʦʜʥʦʛʦ (ʩʪʠʭʽʡʥʦʛʦ) ʭʘʨʘʢʪʝʨʫ ʪʘʢ ʰʪʫʯʥʦʛʦ, ʚʢʣʶʯʘʶʯʠ  ʽ ʚʽʡʩʴʢʦʚʽ ʢʦʥʬʣʽʢʪʠ, ʜʝ ʥʝʦʙʭʽʜʥʽ ʟʘʧʠʩʠ ʽ 

ʜʘʥʽ ʧʘʮʽʻʥʪʽʚ, ʪʘʢʽ ʷʢ ʧʦʧʝʨʝʜʥʽ ʽʩʪʦʨʽʾ ʭʚʦʨʦʙ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʽʥʰʘ ʚʘʞʣʠʚʘ ʽʥʬʦʨʤʘʮʽʷ. ɿ ʜʦʧʦʤʦʛʦʶ 

ʧʦʨʪʘʪʠʚʥʠʭ ʨʫʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʚ ʷʢʠʭ ʽʥʪʝʛʨʦʚʘʥʽ ʙʝʟʜʨʦʪʦʚʽ ʤʝʨʝʞʽ, ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʣʽʢʘʨʷʤ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʧʨʦʩʪʝʞʝʥʥʷ ʤʝʜʠʯʥʦʾ ʽʩʪʦʨʽʾ ʧʘʮʽʻʥʪʘ ʽ ʢʦʥʩʫʣʴʪʘʮʽʾ ʟ ʢʦʣʝʛʘʤʠ  ʙʫʜʝ ʟʥʘʯʥʦ 

ʩʢʦʨʦʯʝʥʦ. ʂʨʽʤ ʪʦʛʦ, ʙʘʟʠ ʜʘʥʠʭ ʧʘʮʽʻʥʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʤʝʜʠʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʜʫʪʴ ʜʦʩʪʫʧʥʽ ʽ ʣʝʛʢʦ ʪʘ ʩʚʦʻʯʘʩʥʦ ʦʥʦʚʣʶʚʘʪʠʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʢʽʣʴʢʽʩʪʴ ʧʘʧʝʨʦʚʠʭ ʨʦʙʽʪ, 

ʥʝʦʙʭʽʜʥʠʭ ʽ ʜʫʙʣʶʚʘʥʥʷ ʟʘʧʠʩʽʚ ʧʘʮʽʻʥʪʘ ʙʫʜʝ ʚ ʨʘʟʠ ʟʤʝʥʰʝʥʦ. ɹʝʟʜʨʦʪʦʚʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ 

ʧʨʠ  ʨʝʘʙʽʣʽʪʘʮʽʾ ʧʘʮʽʻʥʪʽʚ ʧʽʩʣʷ ʦʧʝʨʘʮʽʡ ʪʘ ʥʘʛʣʷʜʦʤ ʟʘ ʩʪʘʥʦʤ ʟʜʦʨʦʚôʷ  ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ; ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʧʦʢʘʟʥʠʢʽʚ ʦʨʛʘʥʽʟʤʫ ʧʨʠ ʟʘʥʷʪʪʽ ʩʧʦʨʪʦʤ. 

ɹʽʣʴʰ ʚʘʞʣʠʚʦʶ  ʥʘ ʥʘʰʫ ʜʫʤʢʫ ʻ ʨʝʘʣʽʟʘʮʽʷ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʜʠʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ  ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʚʽʜ 

ʧʘʮʽʻʥʪʘ ʪʘ ʧʝʨʝʜʘʶʪʴ ʾʭ ʥʝ ʜʘʣʽ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʟʘʢʣʘʜʫ, ʪʘʢ ʷʢ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʦʩʥʦʚʥʠʭ 

ʤʘʥʽʧʫʣʷʮʽʡ ʟ ʭʚʦʨʠʤ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʜʦʩʪʫʧʽ ʜʦ ʡʦʛʦ ʪʽʣʘ.  

ʊʝʭʥʦʣʦʛʽʷ Medical Body Area Network (MBAN) [2] ʪʨʦʭʠ ʩʭʦʞʘ ʥʘ ʩʪʽʣʴʥʠʢʦʚʦʚʫ ʙʝʟʜʨʦʪʦʚʫ ʩʠʩʪʝʤʫ ʚ 

ʤʽʥʽʘʪʶʨʽ, ʱʦ ʥʦʩʠʪʴʩʷ ʥʘ ʪʽʣʽ ʧʘʮʽʻʥʪʘ. ɼʘʪʯʠʢʠ ʥʘʚʢʦʣʦ ʪʽʣʘ ʪʘ ʥʘ ʪʽʣʽ  ʢʦʥʪʨʦʣʶʶʪʴ ʨʽʟʥʽ ʬʫʥʢʮʽʾ, ʟʘʣʝʞʥʦ 

ʚʽʜ ʧʦʪʨʝʙ ʧʘʮʽʻʥʪʘ, ʘ ʪʘʢʦʞ ʧʦʚʽʜʦʤʣʷʶʪʴ ʜʘʥʽ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ, ʱʦ ʥʦʩʠʪʴʩʷ ʧʘʮʽʻʥʪʦʤ ʘʙʦ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦʨʫʯ. ʂʦʥʮʝʥʪʨʘʪʦʨ ʘʛʨʝʛʫʻ ʜʘʥʽ ʚʽʜ ʨʽʟʥʠʭ ʜʘʪʯʠʢʽʚ, ʽ ʧʝʨʝʜʘʻ ʮʽ ʜʘʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʤʝʨʝʞʫ ʤʝʜʠʯʥʦʛʦ ʟʘʢʣʘʜʫ (ʤʦʞʣʠʚʦ ʯʝʨʝʟ Wi-Fi ʘʙʦ Bluetooth) ʜʦ ʮʝʥʪʨʘʣʴʥʦʾ ʢʦʥʪʨʦʣʴʥʦʾ ʪʦʯʢʠ, ʟʚʽʜʢʠ ʜʘʥʽ 

ʩʪʘʶʪʴ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʬʘʭʽʚʮʽʚ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʭʦʜʽʚ ʫ ʚʽʜʧʦʚʽʜʴ. 

ʄʝʜʠʯʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ BAN-ʧʦʢʨʠʪʪʷ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʽ ʜʠʩʪʘʥʮʽʡʥʝ ʢʝʨʫʚʘʥʥʷ ʤʝʜʠʯʥʠʤʠ 

ʧʨʠʣʘʜʘʤʠ ʟ ʥʠʟʴʢʦʶ ʰʚʠʜʢʽʩʪʶ. ɰʭ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ ʟʘʣʝʞʥʦ ʚʽʜ  ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ(ʨʠʩʫʥʦʢ 

1). ʆʜʥʠʤ ʟ ʥʠʭ ʻ ʧʝʨʝʥʦʩʥʘ BAN , ʷʢʘ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʘʮʶʻ ʥʘ ʧʦʚʝʨʭʥʽ ʘʙʦ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ 

ʪʽʣʘ (ʤʝʜʠʯʥʠʡ ʥʘʛʣʷʜ). ɯʤʧʣʘʥʪʦʚʘʥʘ BAN ʧʨʘʮʶʻ ʚʩʝʨʝʜʠʥʽ ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ, ʥʘʧʨʠʢʣʘʜ, ʢʘʧʩʫʣʘ ʝʥʜʦʩʢʦʧʘ ʽ 

ʢʘʨʜʽʦʩʪʠʤʫʣʷʪʦʨ ʘʙʦ ʜʘʚʘʯʽ ʫ ʽʥʰʠʭ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʘʭ. 

ʇʝʨʝʥʦʩʥʘ ʄBAN ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ: ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤʠ, 

ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʠ, ʝʣʝʢʪʨʦʤʽʦʛʨʘʤʠ, ʨʽʚʥʷ ʢʨʦʚôʷʥʦʛʦ ʪʠʩʢʫ ʪʘ ʥʘʩʠʯʝʥʥʷ ʢʨʦʚʽ ʢʠʩʥʝʤ, ʨʽʚʥʷ ʮʫʢʨʫ ʚ ʢʨʦʚʽ, 

ʜʠʭʘʥʥʷ,ʪʝʤʧʝʨʘʪʫʨʠ, ʨʫʭʫ ʪʽʣʘ ʪʘ ʢʽʥʮʽʚʦʢ ʪʘ ʽʥ. ʇʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʥʘ ʩʧʦʨʪʩʤʝʥʽ, ʚʽʥ ʜʦʜʘʪʢʦʚʦ 

ʤʦʞʝ ʟʥʘʪʠ ʰʚʠʜʢʽʩʪʴ ʙʽʛʫ, ʜʠʩʪʘʥʮʽʶ ʪʘ ʽʥ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʠʩʪʝʤʘ ʧʝʨʝʥʦʩʥʦʾ ʪʘ ʽʤʧʣʘʥʪʦʚʘʥʦʾ BAN 
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ʉʠʩʪʝʤʘ MBAN ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʜʝʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ. ʆʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʚʩʝʨʝʜʠʥʽ 

ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʟʘʢʣʘʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʠʞʯʝ. 

ʉʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʧʨʠʩʪʨʦʾ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʢʦʥʢʨʝʪʥʽ ʬʫʥʢʮʽʾ, ʚ ʤʝʞʘʭ ʜʘʥʦʾ ʩʠʩʪʝʤʠ.  

ɿʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ ʧʨʠʩʪʨʦʾ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʙʣʦʢʠ  ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ (ʨʠʩʫʥʦʢ 2): 

ʙʣʦʢ ʜʘʚʘʯʽʚ, ʮʝʥʪʨʘʣʴʥʠʡ ʙʣʦʢ, ʙʣʦʢ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʘʨʭʽʚʫʚʘʥʥʷ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʙʝʟʜʨʦʪʦʚʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ɹʣʦʢ ʜʘʚʘʯʽʚ, ʜʘʣʽ ɹɼ, ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʪʨʫʢʪʫʨʫ ʟ ʯʦʪʠʨʴʦʭ ʜʘʚʘʯʽʚ, ʢʦʞʥʠʡ ʽʟ ʷʢʠʭ ʚʠʤʽʨʶʻ 

ʦʢʨʝʤʠʡ ʧʦʢʘʟʥʠʢ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ. ɼʦ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʣʝʞʠʪʴ: ʯʘʩʪʦʪʘ ʩʝʨʮʝʙʠʪʪʷ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʽʣʘ, ʧʦʣʦʞʝʥʥʷ ʪʽʣʘ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʤôʷʟʦʚʘ ʘʢʪʠʚʥʽʩʪʴ. ʂʦʞʝʥ ʟ ʜʘʚʘʯʽʚ ʟʙʠʨʘʻ ʪʘ ʧʝʨʝʜʘʻ ʚʽʜʧʦʚʽʜʥʽ ʜʘʥʽ ʜʦ 

ʎɹ. ɻʦʣʦʚʥʠʤ ʘʪʨʠʙʫʪʦʤ ʫʩʽʭ ʩʢʣʘʜʦʚʠʭ ʙʣʦʢʫ ʜʘʚʘʯʽʚ ʻ ʧʦʨʪʘʪʠʚʥʽʩʪʴ, ʪʘ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ.  

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʩʭʝʤʠ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʽʥʜʠʢʘʪʦʨ, ʢʣʘʚʽʘʪʫʨʘ ʪʘ 

Bluetooth ï ʤʦʜʫʣʴ ʨʘʟʦʤ ʫʪʚʦʨʶʶʪʴ ʮʝʥʪʨʘʣʴʥʠʡ ʙʣʦʢ. ʎʝʥʪʨʘʣʴʥʠʡ ʙʣʦʢ, ʜʘʣʽ ʎɹ, ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʢʽʥʯʝʥʠʡ, 

ʢʦʤʧʣʝʢʩʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʤʦʞʝ ʦʧʝʨʘʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʥʘʜʽʩʣʘʥʦʶ ʜʦ ʥʴʦʛʦ ʽʥʬʦʨʤʘʮʽʻʶ, ʚʠʚʦʜʠʪʠ ʾʾ ʥʘ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ  ʽʥʜʠʢʘʪʦʨ, ʪʘ ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠ ʰʣʷʭʦʤ ʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʙʝʟʜʨʦʪʦʚʠʡ ʤʦʜʫʣʴ. ʊʘʢʦʶ 

ʥʘʜʽʩʣʘʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʙʫʜʫʪʴ ʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. 

ɻʦʣʦʚʥʠʤ ʧʨʠʩʪʨʦʻʤ ʫ ʎɹ ʻ ʧʨʠʩʪʨʽʡ ʦʙʨʦʙʢʠ, ʚʽʥ ʞʝ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ. ɺʽʥ ʢʦʦʨʜʠʥʫʻ ʨʦʙʦʪʫ ʫʩʽʭ 

ʝʣʝʤʝʥʪʽʚ ʩʭʝʤʠ ʪʘ ʚʟʘʻʤʦʜʽʻ ʟ ʙʣʦʢʦʤ ʜʘʚʘʯʽʚ. ʇʽʩʣʷ ʜʝʷʢʠʭ ʜʘʚʘʯʽʚ ʩʠʛʥʘʣ ʧʦʪʨʽʙʥʦ ʦʙʨʦʙʠʪʠ, ʧʝʨʝʜ ʧʦʜʘʯʝʶ 

ʡʦʛʦ ʥʘ ɸʎʇ ʄʂ. ɼʣʷ ʮʴʦʛʦ ʧʨʠʟʥʘʯʝʥʽ ʩʭʝʤʠ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʧʽʜʩʠʣʝʥʥʷ. 

ʅʘʩʪʫʧʥʠʤ ʧʨʠʩʪʨʦʻʤ ʎɹ ʻ Bluetooth-ʤʦʜʫʣʴ. ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ ʜʘʥʦʛʦ ʤʦʜʫʣʷ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ ï 

ʧʝʨʝʜʘʯʘ ʦʙʨʦʙʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʜʦ ʤʦʙʽʣʴʥʠʭ ʯʠ ʩʪʘʮʽʦʥʘʨʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ  ʧʨʠʩʪʨʦʾʚ. 

ʂʣʘʚʽʘʪʫʨʘ ʩʣʫʛʫʻ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ  ʦʙʨʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʽ ʯʠ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʪʘ ʰʚʠʜʢʦ ʾʭ 

ʧʝʨʝʛʣʷʥʫʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʈʂɯ. ʈʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʽʥʜʠʢʘʪʦʨ (ʈʂɯ) ʩʣʫʞʠʪʴ ʜʣʷ ʚʠʩʚʽʪʣʝʥʥʷ ʦʙʨʦʙʣʝʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʯʠʩʣʦʚʦʤʫ ʚʠʛʣʷʜʽ ʟʘ ʟʘʧʠʪʦʤ ʟ ʢʣʘʚʽʘʪʫʨʠ.  

Bluetooth-ʤʦʜʫʣʴ ʫ ʙʣʦʢʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʘʨʭʽʚʫʚʘʥʥʷ (ɹɺɸ) ʦʪʨʠʤʫʻ ʜʘʥʽ ʚʽʜ Bluetooth-ʤʦʜʫʣʷ ʎɹ. 

ʏʝʨʝʟ ʜʨʘʡʚʝʨ UART-USB ʽʥʬʦʨʤʘʮʽʷ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ (ʇʂ). ʊʘʤ ʟ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʡʜʝ ʚʽʟʫʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ, 

ʯʠʩʣʦʚʠʭ ʪʘ ʽʥʰʠʭ ʟʥʘʯʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʦʙʨʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ. ʊʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʘ ʩʠʩʪʝʤʘ ʘʨʭʽʚʫʚʘʥʥʷ 

ʚʠʤʽʨʷʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ. ɿʘʟʚʠʯʘʡ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʱʝ ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʜʙʘʯʝʥʘ ʽ ʩʠʛʥʘʣʽʟʘʮʽʷ, ʷʢʱʦ ʭʦʯʘ ʙ ʦʜʠʥ ʽʟ ʧʘʨʘʤʝʪʨʽʚ ʚʠʡʰʦʚ ʟʘ ʤʝʞʽ ʥʦʨʤʠ.  

ɼʦ ʧʨʠʩʪʨʦʾʚ ʜʘʥʦʾ ʙʝʟʜʨʦʪʦʚʦʾ ʩʠʩʪʝʤʠ ʩʪʘʚʣʷʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ : ʢʦʤʧʘʢʪʥʽʩʪʴ, ʤʽʥʽʤʘʣʴʥʝ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (ʽ ʨʝʟʝʨʚʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ), ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ, ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ, ʧʨʠʚʘʪʥʽʩʪʴ ʜʘʥʠʭ, 

ʦʧʪʠʤʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʽ ʰʚʠʜʢʦʜʽʷ. 

ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʪʘ ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʙʝʟʜʨʦʪʦʚʦʾ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ, ʫʩʧʽʰʥʝ ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ 

ʧʦʣʝʛʰʠʪʴ ʣʽʢʫʚʘʥʥʷ ʪʘ ʨʝʘʙʽʣʽʪʘʮʽʶ ʧʘʮʽʻʥʪʽʚ, ʾʭ ʢʦʤʬʦʨʪ; ʧʽʜʚʠʱʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʤʦʙʽʣʴʥʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 
ʚʠʢʣʠʢ ʪʘ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʩʠʩʪʝʤʠ ʙʝʟ ʧʨʠʚôʷʟʢʠ ʜʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʧʘʮʽʻʥʪʘ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1.Medical Applications of Wireless Networks [Electronic resource] - Access mode: http://www.cse.wustl. edu/~jain/ cse574-08/ftp/medical/ - Title 

screen  

2.Medical Body Area Networkôs [Electronic resource]  - Access mode: https://jackbrowntelecomprofessional. wordpress.com/2012/06/23/medical-
body-area-networks/ - Title screen 
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ɺ.ʇ. ɺʦʡʪʝʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʧʨʦʤʠʩʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʦʩʚʽʪʣʝʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʘʢʪʫʘʣʴʥʠʭ ʪʨʝʥʜʽʚ 

ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʦʩʚʽʪʣʝʥʥʷ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʠʤ ʪʘ ʝʢʦʣʦʛʽʯʥʠʤ 

ʩʚʽʪʣʦʤ ʩʧʦʞʠʚʘʯʘ ʣʠʰʝ ʪʘʤ ʽ ʪʦʜʽ, ʜʝ ʽ ʢʦʣʠ ʮʝ ʧʦʪʨʽʙʥʦ. ɿʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʪʘʢʠʭ ʩʫʯʘʩʥʠʭ ʜʞʝʨʝʣ ʰʪʫʯʥʦʛʦ 

ʩʚʽʪʣʘ, ʷʢʠʤʠ ʻ ʩʚʽʪʣʦʜʽʦʜʠ, ʨʦʙʣʷʪʴ ʘʢʪʫʘʣʴʥʦʶ ʦʩʥʦʚʥʫ ʤʝʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʦʟʨʦʙʢʫ çʨʦʟʫʤʥʦʾè ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤʠ ʤʦʜʫʣʷʤʠ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. 

ʉʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʠʡ ʜʽʦʜ (ʉɺɼ, Light Emitting Diode ï LED) ʥʝ ʻ ʥʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʽʥʜʠʢʘʮʽʾ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɸ ʦʪ ʨʦʟʚʠʪʦʢ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʜʦʩʷʛʥʝʥʥʷʤʠ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʣʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʉʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʽ ʪʘʨʠʬʽʚ ʥʘ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʚʠʢʣʠʢʘʣʦ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʦ 

ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʦʩʚʽʪʣʝʥʥʷ ʥʘ ʙʘʟʽ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʦʩʢʽʣʴʢʠ ʪʘʢʝ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʝʢʦʥʦʤʠʪʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ [1]. ʊʘʢ, ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ɭʚʨʦʧʽ ʜʣʷ ʦʩʚʽʪʣʝʥʥʷ ʚʫʣʠʮʴ ʩʪʘʥʦʚʠʪʴ 

ʧʦʥʘʜ 40 ʊɺʪ/ʨʽʢ. ɺʽʜʦʤʠʡ ʧʨʠʢʣʘʜ ʇʽʚʥʽʯʥʦʾ ɯʨʣʘʥʜʽʾ ʧʦʢʘʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʱʦʨʽʯʥʦʾ ʝʢʦʥʦʤʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʙʣʠʟʴʢʦ 30-50% ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʨʠʜʦʨʦʞʥʽʭ ʪʘ ʚʫʣʠʯʥʠʭ ʩʚʽʪʠʣʴʥʠʢʽʚ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʩʚʽʪʣʦʜʽʦʜʥʽ ʣʽʭʪʘʨʽ [2]. 

ʇʨʦʪʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʽʚ ʤʘʻ ʱʝ ʙʘʛʘʪʦ ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ ʧʝʨʝʚʘʛ. ʎʝ, ʟʦʢʨʝʤʘ, ʩʫʪʪʻʚʦ ʚʠʱʘ 

ʙʝʟʧʝʯʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ 

ʛʘʟʦʨʦʟʨʷʜʥʠʭ ʣʘʤʧ, ʩʚʽʪʣʦʜʽʦʜ ʥʝ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʥʘʧʨʫʛ ʞʠʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʝ ʤʽʩʪʠʪʴ ʫ ʩʚʦʾʡ ʦʩʥʦʚʽ 

ʦʪʨʫʡʥʠʭ ʨʝʯʦʚʠʥ. ʇʦʨʽʚʥʷʥʦ ʟ ʣʘʤʧʘʤʠ ʨʦʟʞʘʨʶʚʘʥʥʷ ʟʚʠʯʘʡʥʽ ʩʚʽʪʣʦʜʽʦʜʠ ʚʠʧʨʦʤʽʥʶʶʪʴ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ 

ʧʝʚʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʽ ʚ ʧʝʚʥʦʤʫ ʥʘʧʨʷʤʽ, ʱʦ ʧʦʣʝʛʰʫʻ ʬʦʨʤʫʚʘʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʧʫʯʢʘ ʧʦʪʨʽʙʥʦʛʦ ʨʦʟʤʽʨʫ ʽ 

ʥʝʦʙʭʽʜʥʦʛʦ ʢʦʣʴʦʨʫ [3]. ʇʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʣʘʤʧ ʟʘ ʜʝʷʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽʟ ʽʥʰʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʰʪʫʯʥʦʛʦ ʩʚʽʪʣʘ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1 [4]. 

ʊʘʙʣʠʮʷ 1 

ʇʦʨʽʚʥʷʥʥʷ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʠʭ ʚʠʜʽʚ ʣʘʤʧ 

ʊʠʧ ʣʘʤʧʠ 

ʉʝʨʝʜʥʽʡ 

ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ, 

ʛʦʜʠʥ 

ʂʂɼ, 

% 

ɽʬʝʢʪʠʚʥʽʩʪʴ, 

ʣʤ/ɺʪ 

ɿʤʝʥʰʝʥʥʷ 

ʩʚʽʪʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʜʦ 

ʢʽʥʮʷ ʩʣʫʞʙʠ, 

% 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ÁC 

ʈʦʟʞʘʨʶʚʘʥʥʷ 1000 10 4-6 40-60 ï50é+70 

ʈʪʫʪʥʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 4000 85 20-24 40-60 ï40é+40 

ʌʣʫʦʨʝʩʮʝʥʪʥʘ 8000 85 26-29 40-50 +10é+40 

ɽʥʝʨʛʦʟʙʝʨʽʛʘʶʯʘ 8000 50-85 18-22 15-30 ï20é+40 

ʅʘʪʨʽʻʚʘ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ 

2000 85 42-50 40-60 ï20é+40 

ʄʝʪʘʣʦʛʘʣʦʛʝʥʥʘ 8000 65-80 24-36 15-20 ï20é+40 

ʉʚʽʪʣʦʜʽʦʜʥʘ 60000 95 95-123 20-30 ï60é+60 

 

ʗʢ ʽ ʙʫʜʴ-ʷʢʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʦʩʚʽʪʣʝʥʥʷ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ, ʷʢʽ ʚ ʢʫʧʽ 

ʽʟ ʚʠʢʦʥʘʚʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟʜʽʡʩʥʶʶʪʴ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʽ ʤʦʜʫʣʽ. ʎʝ ʨʽʰʝʥʥʷ 

ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʩʢʦʨʦʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʚʠʢʦʥʘʥʥʷ ʚʠʩʦʢʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʘ ʩʘʤʝ ï 

ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʦʧʝʨʘʪʦʨʘ ʥʘ ʩʠʩʪʝʤʫ ʫ ʧʝʨʽʦʜ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʉʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʚʫʣʠʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʽ ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʾʞʜʞʦʾ ʯʘʩʪʠʥʠ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ 

ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʜʘʪʢʦʚʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʉʠʩʪʝʤʘ, ʟʦʢʨʝʤʘ, ʧʦʚʠʥʥʘ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʪʘʢʽ 

ʟʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ, ʷʢ ʱʽʣʴʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʬʽʢʫ, ʧʦʛʦʜʥʽ ʫʤʦʚʠ, ʧʦʨʘ ʜʦʙʠ ʪʦʱʦ [5]. ʈʽʚʝʥʴ ʦʩʚʽʪʣʝʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʠʡ, ʢʦʣʠ ʥʘ ʧʝʚʥʽʡ ʜʽʣʷʥʮʽ ʜʦʨʦʛʠ ʧʨʦʾʞʜʞʘʻ ʙʘʛʘʪʦ ʪʨʘʥʩʧʦʨʪʫ. ʊʘʢʦʞ ʤʦʞʥʘ 

ʧʨʠʛʣʫʰʠʪʠ ʦʩʚʽʪʣʝʥʥʷ ʚ ʥʽʯʥʠʡ ʯʘʩ, ʢʦʣʠ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʽʥʰʠʭ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ, ʘʙʦ ʷʢʱʦ ʥʘ ʜʦʨʦʟʽ ʩʥʽʛ. ɺ ʜʦʱʦʚʫ ʘʙʦ ʪʫʤʘʥʥʫ ʧʦʛʦʜʫ ʨʽʚʝʥʴ ʦʩʚʽʪʣʝʥʥʷ, ʥʘʚʧʘʢʠ, ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʟʙʽʣʴʰʝʥʠʡ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʪʠʤʝ çʯʘʩ ʧʽʢè ʪʘʢ, ʱʦ ʟʤʽʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʧʣʘʥʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʟʘʤʽʨʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ʉʠʩʪʝʤʘ ʪʘʢʦʞ ʧʦʧʝʨʝʜʞʘʪʠʤʝ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʧʨʦ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʚʽʪʠʣʴʥʠʢʽʚ. ʉʠʩʪʝʤʘ 

ʤʦʞʝ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʚʽʜʦʤʠʪʠ ʧʨʦ ʥʝʩʧʨʘʚʥʽʩʪʴ ʩʚʽʪʠʣʴʥʠʢʘ, ʘ ʮʝ ʩʧʨʦʱʫʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʦʜʦʚʞʫʻ 

ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʦʛʣʷʜʫ. 

https://uk.wikipedia.org/wiki/%D0%9B%D0%B0%D0%BC%D0%BF%D0%B0_%D1%80%D0%BE%D0%B7%D0%B6%D0%B0%D1%80%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%A1%D0%B2%D1%96%D1%82%D0%BB%D0%BE%D0%B2%D0%B8%D0%B9_%D0%BF%D0%BE%D1%82%D1%96%D0%BA
https://uk.wikipedia.org/wiki/%D0%94%D0%BE%D0%B2%D0%B6%D0%B8%D0%BD%D0%B0_%D1%85%D0%B2%D0%B8%D0%BB%D1%96
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ʉʚʽʪʣʦʜʽʦʜʠ ï ʮʝ ʥʠʟʴʢʦʚʦʣʴʪʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʩʫʤʽʩʥʽ ʟ ʤʝʨʝʞʝʚʦʶ 

ʥʘʧʨʫʛʦʶ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʋ ʩʠʩʪʝʤʘʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʨʝʛʫʣʶʚʘʪʠ ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʣʘ ʽ 

ʯʘʩ ʘʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʩʚʽʪʣʦʜʽʦʜʽʚ. ʎʝ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʝ ʘʙʦ ʥʘʚʽʪʴ ʢʝʨʦʚʘʥʝ ʜʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʤʦʜʫʣʽʚ (ʣʘʤʧ), ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʽ ʤʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʪʨʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʠ ʨʝʛʫʣʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʣʘʤʧ: 

1) ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʦʢʨʝʤʦ ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʽʚ; 

2) ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʐɯʄ);  

3) ʧʦʩʣʽʜʦʚʥʝ ʚʢʣʶʯʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʽʚ. 

ʅʘʡʢʨʘʱʠʤ ʨʽʰʝʥʥʷʤ ʻ ʦʙôʻʜʥʘʥʥʷ ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʩʧʦʩʦʙʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʣʘʥʢʦʶ ʽʟ ʩʝʤʠ ʧʦʩʣʽʜʦʚʥʦ 

ʧʽʜʢʣʶʯʝʥʠʭ ʩʚʽʪʣʦ ʜʽʦʜʽʚ (1 ʤʦʜʫʣʴ). ʉʘʤ ʨʝʛʫʣʷʪʦʨ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʪʘʙʽʣʽʟʘʪʦʨ ʩʪʨʫʤʫ ʽʟ ʟʚʦʨʦʪʥʠʤ 

ʟʚôʷʟʢʦʤ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʨʝʛʫʣʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʟʤʽʥʽ ʰʧʘʨʫʚʘʪʦʩʪʽ ʐɯʄ-ʩʠʛʥʘʣʫ ʟʘ ʇɯɼ-ʟʘʢʦʥʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʦʩʚʽʪʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʦʚʝʜʝʥʦ, ʱʦ ʜʦʩʠʪʴ ʚʜʘʣʠʤ ʤʝʪʦʜʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʣʘʤʧ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯʄ. 

ʆʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʢʝʨʫʶʯʦʛʦ ʙʘʣʘʩʪʫ (ʜʨʘʡʚʝʨʘ) ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ 

ʜʽʦʜʠ. ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʧʨʘʚʣʷʶʯʦʛʦ ʐɯʄ-ʩʠʛʥʘʣʫ ʥʘʡʢʨʘʱʠʤ ʨʽʰʝʥʥʷʤ ʙʫʜʝ ʧʦʥʠʞʫʶʯʠʡ ʘʙʦ 

ʧʽʜʚʠʱʫʶʯʠʡ ʽʤʧʫʣʴʩʥʠʡ ʢʦʥʚʝʨʪʝʨ ʥʘʧʨʫʛʠ [6, 7]. ʊʘʢʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʤʘʻ ʚʠʩʦʢʠʡ ʂʂɼ (ʧʦʥʘʜ 90%), ʘ 

ʪʘʢʦʞ ʜʦʩʠʪʴ ʤʘʣʠʡ ʯʘʩ ʫʚʽʤʢʥʝʥʥʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ ʨʦʣʽ ʢʣʶʯʘ ʩʫʯʘʩʥʦʛʦ MOSFET-

ʪʨʘʥʟʠʩʪʦʨʘ. ɺʠʜ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʧʦʥʠʞʫʶʯʠʡ ʯʠ ʧʽʜʚʠʱʫʶʯʠʡ) ʧʦʪʨʽʙʥʦ ʦʙʠʨʘʪʠ, ʚʠʭʦʜʷʯʠ ʟ ʚʝʣʠʯʠʥʠ 

ʥʘʧʨʫʛʠ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʘʨʫʛʠ ʞʠʚʣʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʤʦʜʫʣʷ.  

ʆʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʽʚ ʫ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤʘʭ ʦʩʚʽʪʣʝʥʥʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʦʚôʷʟʘʥʽ ʟ 

ʾʭ ʱʝ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʮʽʥʦʶ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ. ʑʝ ʦʜʥʽʻʶ ʧʨʦʙʣʝʤʦʶ, ʷʢ ʽ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʪʫʞʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʝʣʝʤʝʥʪʫ, ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʙʘʣʘʩʪʽ 

ʢʚʘʟʽʨʝʟʦʥʘʥʩʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ [8], ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʽ ʯʘʩʪʦʪʠ 

ʢʦʤʫʪʘʮʽʾ, ʘ ʦʪʞʝ, ï ʦʪʨʠʤʘʪʠ ʢʨʘʱʽ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʧʦʢʘʟʥʠʢʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ ʚ ʮʽʣʦʤʫ. 
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ʘʧʘʨʘʪʫʨʠ (ʈɭɸ) ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʠʩʪʝʤʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ɹʽʣʴʰʽʩʪʴ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʯʽʚ ʥʝ ʤʦʞʫʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʞʠʚʠʪʠʩʷ ʥʘʧʨʫʛʦʶ ʤʝʨʝʞʽ 220 ɺ ʘʙʦ 380 ɺ ʯʘʩʪʦʪʦʶ 

50 ɻʮ. ʊʦʤʫ ʚ ʈɭɸ ʟʥʘʭʦʜʷʪʴʩʷ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʷʢʽ ʟ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʬʦʨʤʫʶʪʴ ʥʝʦʙʭʽʜʥʽ ʥʘʧʨʫʛʠ ʪʘ 

ʩʪʨʫʤʠ ʜʣʷ ʚʩʽʭ ʾʭ ʢʘʩʢʘʜʽʚ. ɼʫʞʝ ʧʨʦʩʪʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʞʠʚʣʷʪʴʩʷ ʥʘʧʨʫʛʦʶ ʤʝʨʝʞʽ 

(ʧʘʷʣʴʥʠʢʠ, ʥʘʛʨʽʚʘʣʴʥʽ ʧʣʠʪʢʠ, ʧʨʘʩʢʠ ʪʘ ʽʥʰʝ). ɼʣʷ ʞʠʚʣʝʥʥʷ ʨʽʟʥʠʭ ʚʫʟʣʽʚ ʪʘ ʢʘʩʢʘʜʽʚ ʈɭɸ ʥʝʦʙʭʽʜʥʽ ʨʽʟʥʽ 

ʧʦʩʪʽʡʥʽ ʥʘʧʨʫʛʠ ʘʙʦ ʩʪʨʫʤʠ. ɹʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʢʘʩʢʘʜʽʚ ʞʠʚʣʷʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʥʘʧʨʫʛʦʶ. ɼʣʷ ʜʝʷʢʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʝʦʙʭʽʜʥʠʡ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ (ʩʚʽʪʣʦʜʽʦʜʠ, ʘʢʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ ʪʘ ʽʥʰʝ). ʄʝʨʝʞʘ ʞʠʚʣʝʥʥʷ 

ʢʘʙʽʥʝʪʽʚ ʬʽʟʠʢʠ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʞʠʚʣʝʥʥʷ ʟ ʧʨʦʤʽʞʥʦʶ ʟʤʽʥʥʦʶ 

ʥʘʧʨʫʛʦʶ 36 ɺ ʘʙʦ 42 ɺ. 

http://www.connode.com/solutions-old/system-integrators-smart-home-smart-city-industry-4-0/light-control-2/
http://www.connode.com/solutions-old/system-integrators-smart-home-smart-city-industry-4-0/light-control-2/
http://www.learnabout-electronics.org/PSU/psu32.php
http://www.learnabout-electronics.org/PSU/psu31.php
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ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʈɭɸ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʚʪʦʨʠʥʥʠʭ ʥʘʧʨʫʛ ʪʘ ʩʪʨʫʤʽʚ ʞʠʚʣʝʥʥʷ. ɼʣʷ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʢʘʙʽʥʝʪʽʚ ʬʽʟʠʢʠ ʦʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʷʢʦʩʪʽ ʻ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʩʪʨʫʤʽʚ 

ʘʙʦ ʥʘʧʨʫʛ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʩ ʬʽʟʠʢʠ. ʇʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʜʣʷ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʻ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ: ʡʦʛʦ ʚʠʭʽʜʥʠʡ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʦʧʽʨ, ʢʦʝʬʽʮʽʻʥʪ ʧʫʣʴʩʘʮʽʾ, ʢʦʝʬʽʮʽʻʥʪ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʤʘʢʩʠʤʘʣʴʥʘ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʦʧʫʩʪʠʤʠʡ ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ. 

ɽʣʝʢʪʨʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʰʢʽʣ ʨʦʟʨʦʙʣʷʣʦʩʴ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʣʦʩʴ ʚ 70ʭ-80ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʽ 

ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʬʽʟʠʢʠ. ʇʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ 

ʥʘ ʪʘʢʦʤʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʝʣʠʢʠʭ ʧʦʭʠʙʦʢ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʷʭ. ʂʨʽʤ ʪʦʛʦ ʟʘ ʨʘʭʫʥʦʢ 

ʥʝʜʦʣʽʢʽʚ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʧʣʠʚ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʥʦʤʫ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ ʥʘ 

ʽʥʰʝ ʨʦʙʦʯʝ ʤʽʩʮʝ. ɺʝʣʠʢʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʢʘʙʽʥʝʪʽʚ ʬʽʟʠʢʠ ʥʝ ʤʘʶʪʴ ʟʘʭʠʩʪʫ ʚʽʜ 

ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʟʘʥʷʪʴ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʚʠʭʦʜʫ ʾʭ ʟ ʣʘʜʫ.  

ɺʩʽ ʮʽ ʥʝʜʦʣʽʢʠ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʧʨʫʛʫ ʞʠʚʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ, ʘ ʷʢ ʥʘʩʣʽʜʦʢ ʥʘ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʟ ʬʽʟʠʢʠ. ʂʨʽʤ ʪʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʥʝ ʤʘʶʪʴ ʩʠʩʪʝʤʠ 

ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ, ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʩʪʘʙʽʣʽʟʦʚʘʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʚʠʨʽʰʫʻ ʚʩʽ ʮʽ ʧʨʦʙʣʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʚʽʜ 

ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʠʩʪʝʤʠ ʽʥʜʠʢʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʪʘ ʟʦʚʥʽʰʥʽʭ ʥʘʧʨʫʛ ʩʧʨʦʱʫʻ ʪʘ 

ʧʨʠʰʚʠʜʰʫʻ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʟ ʬʽʟʠʢʠ. 

ɺʠʨʽʰʝʥʥʷ ʚʩʽʭ ʧʦʩʪʘʚʣʝʥʠʭ ʧʨʦʙʣʝʤ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ, ʷʢʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʥʘʙʘʛʘʪʦ ʟʤʝʥʰʠʪʴ ʚʧʣʠʚ ʟʤʽʥʠ ʥʘʧʨʫʛʠ 

ʤʝʨʝʞʽ 220 ɺ, 50 ɻʮ ʪʘ ʽʥʰʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ. ʂʨʽʤ ʪʦʛʦ ʚ ʮʴʦʤʫ ʜʞʝʨʝʣʽ ʞʠʚʣʝʥʥʷ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʮʠʬʨʦʚʠʡ 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʤʦʜʫʣʴ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʪʠ 

ʥʘʧʨʫʛʠ ʥʘ ʟʦʚʥʽʰʥʽʭ ʝʣʝʤʝʥʪʘʭ ʩʭʝʤ ʚʽʜʥʦʩʥʦ ʢʣʝʤʠ -5 ɺ. ɺ ʮʴʦʤʫ ʤʦʜʫʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʴʦʭʨʦʟʨʷʜʥʘ 

ʽʥʜʠʢʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ. ʊʦʙʪʦ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ʩʢʣʘʜʘʻ 0,1% (ʤʽʥʽʤʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʩʢʣʘʜʘʻ ʦʜʠʥʠʮʶ 

ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ) ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 

 

 
ʈʠʩʫʥʦʢ 1 -ʉʪʘʙʽʣʽʟʦʚʘʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʟ ʮʠʬʨʦʚʠʤ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʤʦʜʫʣʝʤ 

 
ɺʭʽʜʥʘ ʥʘʧʨʫʛʘ 36 ɺ ʘʙʦ 42 ɺ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ. ʄʦʩʪʦʚʠʡ 

ʚʠʧʨʷʤʣʷʯ ʟʽ ʟʤʽʥʥʦʾ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʨʦʙʠʪʴ ʧʫʣʴʩʫʶʯʫ ʦʜʥʦʧʦʣʷʨʥʫ ʥʘʧʨʫʛʫ, ʘ ʬʽʣʴʪʨ ʾʾ ʟʛʣʘʜʞʫʻ. ɼʘʣʽ 

ʥʘʧʨʫʛʘ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʽʤʧʫʣʴʩʥʠʤ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ ʥʘʧʨʫʛʠ. ɯʤʧʫʣʴʩʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ ʤʘʻ ʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʠʩʥʦʾ ʜʽʾ (ʜʦ 95%) ʥʽʞ ʣʽʥʽʡʥʠʡ (ʢʦʤʧʝʥʩʘʮʽʡʥʠʡ). ʂʦʤʧʝʥʩʘʮʽʡʥʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʤʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ 

ʜʽʾ ʥʝ ʙʽʣʴʰʝ 60%. ʇʦʩʣʽʜʦʚʥʦ ʟ ʚʽʜôʻʤʥʦʶ ʢʣʝʤʦʶ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʡ ʜʘʚʘʯ ʩʪʨʫʤʫ. ʎʝ 

ʢʘʣʽʙʨʦʚʘʥʠʡ ʥʝʚʝʣʠʢʠʡ ʦʧʽʨ. ʇʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʴʦʤʫ ʧʨʦʧʦʨʮʽʡʥʝ ʚʠʭʽʜʥʦʤʫ ʩʪʨʫʤʫ. ʎʷ ʥʘʧʨʫʛʘ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʮʠʬʨʦʚʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʤʦʜʫʣʴ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ. ʅʘ ʢʣʝʤʫ +Ux ʤʦʞʥʘ 

ʧʦʜʘʚʘʪʠ ʟʦʚʥʽʰʥʶ ʥʘʧʨʫʛʫ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ. ʅʘ ʝʢʨʘʥʽ ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷ ʮʷ ʥʘʧʨʫʛʘ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ. 

ʗʢ ʧʦʢʘʟʘʣʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʟʤʽʥʠ 

ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʘʙʦ ʚʝʣʠʯʠʥʠ ʧʨʦʤʽʞʥʦʾ ʥʘʧʨʫʛʠ 36 ɺ ʘʙʦ 42 ɺ. 

ɯʤʧʫʣʴʩʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʷʢʠʡ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʠʡ ʚ 

[1,6]. ɺʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʦʩʪʫʧʘʻ ʥʘ ʝʣʝʢʪʨʦʥʥʠʡ ʢʣʶʯ (ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ 

ʢʣʶʯʦʚʦʤʫ ʨʝʞʠʤʽ). ɼʘʣʽ ʮʷ ʥʘʧʨʫʛʘ ʟʛʣʘʜʞʫʻʪʴʩʷ ʬʽʣʴʪʨʦʤ ʽ ʧʦʩʪʫʧʘʻ ʥʘ ʚʠʭʽʜ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ʆʜʥʦʯʘʩʥʦ ʮʷ ʥʘʧʨʫʛʘ ʧʦʩʪʫʧʘʻ ʥʘ ʩʭʝʤʫ ʧʦʨʽʚʥʷʥʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʚʽʜʭʠʣʝʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʚʽʜ ʦʧʦʨʥʦʾ. 

ʎʝ ʚʽʜʭʠʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ, ʷʢ ʧʦʟʠʪʠʚʥʠʤ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʠʤ. ʎʝ ʚʽʜʭʠʣʝʥʥʷ ʥʘʧʨʫʛʠ ʧʦʩʪʫʧʘʻ ʥʘ ʰʠʨʦʪʥʦ-
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ʽʤʧʫʣʴʩʥʠʡ ʤʦʜʫʣʷʪʦʨ, ʷʢʠʡ ʧʨʘʮʶʻ ʟ ʧʦʩʪʽʡʥʦʶ ʢʦʤʫʪʘʮʽʡʥʦʶ ʯʘʩʪʦʪʦʶ. ʊʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʮʴʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʽ ʟʥʘʢʫ ʚʽʜʭʠʣʝʥʥʷ, ʥʘʧʨʫʛʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ. 

ʅʦʤʽʥʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʚʠʭʽʜʥʠʭ ʩʪʨʫʤʽʚ ʩʢʣʘʜʘʻ ʚʽʜ 0 ʜʦ 2 ɸ, ʱʦ ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʷʻ 

ʧʦʪʨʝʙʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʟ ʬʽʟʠʢʠ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ ʧʨʠ 

ʢʦʨʦʪʢʦʤʫ ʟʘʤʠʢʘʥʥʽ) ʩʪʘʙʽʣʽʟʘʪʦʨ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʝʞʠʤ ʦʙʤʝʞʝʥʥʷ ʩʪʨʫʤʫ ʜʦ 3 ɸ, ʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʨʠ 

ʮʴʦʤʫ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ 

ʰʢʽʣʴʥʠʭ ʟʘʥʷʪʴ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʨʦʤʽʞʥʦʾ ʥʘʧʨʫʛʠ ʩʪʘʥʜʘʨʪʥʠʭ 36 ɺ ʘʙʦ 42 ɺ ʟʘʙʝʟʧʝʯʫʻ ʩʫʤʽʩʥʽʩʪʴ ʮʴʦʛʦ 

ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟ ʩʠʩʪʝʤʦʶ ʞʠʚʣʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʢʘʙʽʥʝʪʫ ʬʽʟʠʢʠ. 

ɺʠʩʥʦʚʢʠ: 

1. ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟ ʮʠʬʨʦʚʠʤ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʤʦʜʫʣʝʤ ʜʦʟʚʦʣʠʣʦ ʥʝ 

ʪʽʣʴʢʠ ʚʠʧʨʘʚʠʪʠ ʚʩʽ ʥʝʜʦʣʽʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʘ ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʜʠʢʘʮʽʶ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʥʘʧʨʫʛ ʪʘ ʟʘʭʠʩʪ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʚʽʜ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ; 

2. ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʥʝ ʪʽʣʴʢʠ ʧʽʜʚʠʱʠʪʴ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ, ʘ ʡ ʩʧʨʦʩʪʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʟ ʬʽʟʠʢʠ; 

3. ʩʪʘʙʽʣʽʟʦʚʘʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʟ ʮʠʬʨʦʚʠʤ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʤʦʜʫʣʝʤ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʥʘʚʯʘʣʴʥʠʡ 

ʧʨʦʮʝʩ ɿʅɿ ˉ19 ʤ. ʏʝʨʥʽʛʦʚʘ ʟʛʽʜʥʦ ʩʢʣʘʜʝʥʦʛʦ ʘʢʪʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʝʢʩʧʝʨʪʥʦʾ ʢʦʤʽʩʽʾ ʚ ʩʢʣʘʜʽ 

ʬʘʭʽʚʮʽʚ ʫʧʨʘʚʣʽʥʥʷ ʦʩʚʽʪʠ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ ʪʘ ʏʝʨʥʽʛʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. 
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 ʇʽʜʩʝʢʮʽʷ ʤʝʪʨʦʣʦʛʽʾ ʽ ʬʽʟʠʢʠ 
 

ʋɼʂ 621.315.592 

ɺʀɿʅɸʏɽʅʅʗ ʂʆʅʎɽʅʊʈɸʎɯɰ ʈɸɼɯɸʎɯʁʅʀʍ ʇʆʐʂʆɼɾɽʅʔ  

ɺ ʂʈʀʉʊɸʃɯʏʅʀʍ ɼɯɽʃɽʂʊʈʀʂɸʍ 
 

ɸ.ɺ. ɼʠʤʝʨʝʮʴ, ʩʪʫʜʝʥʪ ʛʨ. ʇɽ-141 

ɸ.ʆ. ʂʦʚʪʫʥ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮ., ʢʘʬʝʜʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ  

ʪʝʭʥʦʣʦʛʽʡ, ʤʝʪʨʦʣʦʛʽʾ ʪʘ ʬʽʟʠʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʝʥʪʨʽʚ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ, 

ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʨʝʘʢʪʦʨʽʚ. 

ɿʘʨʘʟ ʤʠ ʢʦʥʢʨʝʪʥʦ ʙʫʜʝʤʦ ʤʘʪʠ ʩʧʨʘʚʫ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ F-ʮʝʥʪʨʽʚ ʚ ʣʫʞʥʦʛʘʣʦʾʜʥʠʭ  

ʢʨʠʩʪʘʣʘʭ. ʎʽ ʧʦʰʢʦʜʞʝʥʥʷ, ʪʦʙʪʦ F-ʮʝʥʪʨʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʟʛʘʜʘʥʠʭ ʢʨʠʩʪʘʣʘʭ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʾʭ ɔ-ʘʙʦ 

ʨʝʥʪʛʝʥ-ʧʨʦʤʝʥʷʤʠ. ɺʽʜʦʤʦ, ʱʦ F-ʮʝʥʪʨ ʷʚʣʷʻ ʩʦʙʦʶ ʝʣʝʢʪʨʦʥ, ʱʦ ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʽ ʚʘʢʘʥʪʥʦʛʦ ʚʫʟʣʘ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʚ ʷʢʦʤʫ ʚʽʜʩʫʪʥʽʡ ʽʦʥ ʛʘʣʦʾʜʘ. ʆʧʪʠʯʥʘ F-ʩʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʭʦʜʫ 

ʝʣʝʢʪʨʦʥʘ F-ʮʝʥʪʨʘ ʽʟ ʩʪʘʥʫ 1S ʚ ʟʙʫʜʞʝʥʠʡ 2ʨ-ʩʪʘʥ. F-ʩʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ ʚ ʢʨʠʩʪʘʣʽ KCl, ʧʦʚ`ʷʟʘʥʘ ʟ 

ʧʝʨʝʭʦʜʦʤ 1Sï>2p. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʜʚʘ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ F-ʮʝʥʪʨʽʚ ʚ ʣʫʞʥʦʛʘʣʦʾʜʥʠʭ ʢʨʠʩʪʘʣʘʭ. 

ʇʝʨʰʠʤ ʤʝʪʦʜ ʧʦʚôʷʟʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ ʚʽʜʦʤʦʛʦ ʫʢʨʘʾʥʩʴʢʦʛʦ ʬʽʟʠʢʘ ʉʤʘʢʫʣʠ. 

 
ʜʝ no ï ʢʦʥʮʝʥʪʨʘʮʽʷ F-ʮʝʥʪʨʽʚ, 

     k ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʚ ʤʘʢʩʠʤʫʤʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ , 

     W ï ʥʘʧʽʚʰʠʨʠʥʘ ʩʤʫʛʠ ʚ ʝʣʝʢʪʨʦʥʚʦʣʴʪʘʭ, 

      n ï ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʢʨʠʩʪʘʣʫ ʚ ʦʙʣʘʩʪʽ F-ʩʤʫʛʠ, 

      f ï ʩʠʣʘ ʦʩʮʠʣʷʪʦʨʘ ʦʧʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ F-ʮʝʥʪʨʘ ʚ ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ. 

ɼʣʷ KCl n=1.49 ʽ ʪʦʤʫ ʬʦʨʤʫʣʫ ʤʦʞʥʘ ʩʧʨʦʩʪʠʪʠ: 
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ʊʝʧʝʨ ʢʦʨʦʪʢʦ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ F-ʮʝʥʪʨʽʚ ʚ ʣʫʞʥʦʛʘʣʦʾʜʥʠʭ 

ʢʨʠʩʪʘʣʘʭ. ɺʽʜʦʤʦ, ʱʦ ʦʩʥʦʚʥʠʡ ʨʽʚʝʥʴ F-ʮʝʥʪʨʘ, ʪʦʙʪʦ 1S-ʨʽʚʝʥʴ ʻ ʜʚʦʢʨʘʪʥʦ ʚʠʨʦʜʞʝʥʠʡ ʧʦ ʩʧʽʥʫ. ɺ 

ʟʦʚʥʽʰʥʴʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʮʝ ʚʠʨʦʜʞʝʥʥʷ ʟʥʽʤʘʻʪʴʩʷ, ʪʦʙʪʦ ʦʩʥʦʚʥʠʡ ʥʝ ʟʙʫʜʞʝʥʠʡ 1S-ʨ̔ ʚʝʥʴ 

F-ʮʝʥʪʨʘ ʨʦʟʱʽʧʣʶʻʪʴʩʷ ʥʘ ʜʚʘ ʧʽʜʨʽʚʥʷ ʤʽʞ ʷʢʠʤʠ ʤʦʞʫʪʴ ʚʽʜʙʫʪʠʩʷ ʜʦʟʚʦʣʝʥʽ ʧʝʨʝʭʦʜʠ. ʎʽ ʧʝʨʝʭʦʜʠ ʽ ʻ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʤʠ ʟʘ ʨʝʟʦʥʘʥʩʥʝ ʧʦʛʣʠʥʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ʚ ʦʙʣʘʩʪʽ ʩʘʥʪʠʤʝʪʨʦʚʠʭ ʭʚʠʣʴ (ʅɺʏ). 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʨʠʩʪʘʣʦʤ ʢʦʨʝʣʶʻʪʴʩʷ ʷʢ ʟʨʦʟʫʤʽʣʦ, ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ F-ʮʝʥʪʨʽʚ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦ ʾʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚʽʜʙʠʚʘʶʯʠʡ ʢʣʽʩʪʨʦʥ, 

ʱʦ ʻ ʜʞʝʨʝʣʦʤ ʅɺʏ. ʂʣʽʩʪʨʦʥ ʧʨʘʮʶʻ ʥʘ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ. ʁʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ 

ʦʙôʻʤʥʠʡ ʨʝʟʦʥʘʪʦʨ ʟ ʢʨʠʩʪʘʣʦʤ ʧʦ  ʧʨʷʤʦʢʫʪʥʠʤ ʭʚʠʣʴʦʚʦʜʘʤ ʥʘ ʧʨʠʡʤʘʯ ʪʘ ʨʝʻʩʪʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ. 

ʆʙôʻʤʥʠʡ ʨʝʟʦʥʘʪʦʨ ʨʦʟʤʽʱʫʶʪʴ ʤʽʞ ʧʦʣʶʩʥʠʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ ʧʦʪʫʞʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ. ɿʤʽʥʶʶʯʠ 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʪʦʙʪʦ ʟʤʽʥʶʶʯʠ ʚʝʣʠʯʠʥʫ ʨʦʟʱʝʧʣʝʥʥʷ 1S-ʨ̔ ʚʥʷ F-ʮʝʥʪʨʘ, çʧʽʜʛʘʥʷʻʤʦè ʮʝ 

ʨʦʟʱʝʧʣʝʥʥʷ ʧʽʜ ʨʝʟʦʥʘʥʩʥʝ ʧʦʛʣʠʥʘʥʥʷ ʅɺʏ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʅ.ʇ. ʂʘʣʘʙʫʭʦʚ;  ʇ.ʂ. ɻʦʨʙʝʥʢʦ; ɸ.ʆ. ʂʦʚʪʫʥ ʉʪʨʫʢʪʫʨʘ ʠ ʧʨʝʚʨʘʱʝʥʠʝ  ʜʳʨʦʯʥʠʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʂʉl ʠ ʂʉl:Liʉl.- ʋʢʨʘʠʥʩʢʠʡ ʬʠʟʠʯʝʩʢʠʡ 

ʞʫʨʥʘʣ.-1972,- ʊ. 17,ʚʳʧ. 2-ʉ. 1867-1874 
2. ʇ.ʂ. ɻʦʨʙʝʥʢʦ; ɸ.ʆ. ʂʦʚʪʫʥ; ʅ.ʄ. ɽʞʦʚ; ɸ.ʀ. ʊʝʣʷʪʥʠʢ ʆ ʜʝʬʝʢʪʘʭ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʢʨʠʩʪʘʣʣʘʭ ʂʉl.- ʋʢʨʘʠʥʩʢʠʡ 

ʬʠʟʠʯʝʩʢʠʡ ʞʫʨʥʘʣ - 1973.- ʊ. 18, ˉ7,- ʉ. 1069-1079 

3. ʇ.ʂ. ɻʦʨʙʝʥʢʦ; ɸ.ɸ. ʂʦʚʪʫʥ; ɸ.ɺ. ʈʦʛʦʟʘ; ʖ.ɽ. ʐʦʣʦʤʠʡ ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ KCl ʯʠʩʪʳʭ ʠ ʩ ʧʨʠʤʝʩʴʶ ʠʦʥʦʚ Li+ 
ʠ Na+.- ɺʽʩʥʠʢ ʏʝʨʥʽʛʽʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ çʊʝʭʥʽʯʥʽ ʥʘʫʢʠè., ˉ2.(73), 2014. ʩʪ. 29-33. 
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ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ ʇʆʊʋɾʅʆʉʊɯ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ʄʆɹɯʃʔʅʆɻʆ 

ʊɽʃɽʌʆʅʋ ɺ ʈɯɿʅʀʍ ʈɽɾʀʄɸʍ ʈʆɹʆʊʀ 

 

ʄ.ʉ. ɼʨʦʟʜ, ʩʪʫʜ. ʛʨ. ɺʊ-141 

ɸ.ʃ. ʇʨʠʩʪʫʧʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  

ɸ.ɯ. ʉʘʪʶʢʦʚ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ ï ʮʝ ʪʝʭʥʽʯʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʤ ʢʦʨʠʩʪʫʶʪʴʩʷ ʤʘʡʞʝ ʚʩʽ. 

ʇʨʝʜʩʪʘʚʠʪʠ ʩʫʯʘʩʥʝ ʞʠʪʪʷ ʙʝʟ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ. ʆʜʥʘʢ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʪʘʣʦ ʟ'ʷʚʣʷʪʠʩʴ ʚʩʝ 

ʙʽʣʴʰʝ ʧʫʙʣʽʢʘʮʽʡ ʱʦʜʦ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ ʥʘ 

ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʘʚʪʦʨʘʤʠ ʥʝ ʩʪʘʚʠʣʦʩʴ ʟʘ ʤʝʪʫ ʧʽʜʪʚʝʨʜʠʪʠ ʯʠ ʩʧʨʦʩʪʫʚʘʪʠ ʮʶ ʪʝʟʫ, ʦʩʢʽʣʴʢʠ 

ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʽ ʜʦʩʣʽʜʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʨʦʛʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʠʤ ʯʠʥʦʤ ʟʤʽʥʶʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ ʚ ʨʽʟʥʠʭ 

ʨʝʞʠʤʘʭ ʡʦʛʦ ʨʦʙʦʪʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ ʢʘʬʝʜʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʤʝʪʨʦʣʦʛʽʾ ʪʘ ʬʽʟʠʢʠ ʏʅʊʋ. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1 

 
 

ʈʠʩʫʥʦʢ 1 ï ʃʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ 

ɼʘʥʘ ʫʩʪʘʥʦʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ: 

ɯ. ʄʽʩʪ ʪʝʨʤʽʩʪʦʨʥʠʡ (ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʙʣʦʢ) ʗ2ʄ-64, ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʷʢʦʛʦ ʻ:  
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1) ʊʫʤʙʣʝʨ çʩʝʪʴè; 

2) ʐʢʘʣʘ ʧʨʠʣʘʜʫ; 

3) ʇʝʨʝʤʠʢʘʯ, ʜʣʷ ʚʠʙʦʨʫ ʤʝʞ ʚʠʤʽʨʶʚʘʥʴ. 

4) ʈʫʯʢʘ ʜʣʷ ʛʨʫʙʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʫʣʷ. 

5) ɼʨʫʛʘ ʨʫʯʢʘ ʜʣʷ ʪʦʯʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʫʣʷ. 

6) ʊʨʝʪʷ ʨʫʯʢʘ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʫʣʷ. 

11) ʂʘʙʝʣʴ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʤʦʩʪʫ ʟ ʪʝʨʤʽʩʪʦʨʦʤ. 

12) ʂʘʙʝʣʴ ʞʠʚʣʝʥʥʷ. 

ʅʘ ʟʘʜʥʽʡ ʧʘʥʝʣʽ ʤʦʩʪʘ ʪʝʨʤʽʩʪ ʦʨʥʦʛʦ ʻ ʧʝʨʝʤʠʢʘʯ ʨʦʙʦʯʠʭ ʦʧʦʨʽʚ ʪʘ ʜʚʽ ʢʣʝʤʠ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 

ɯɯ. ʊʝʨʤʽʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʅɺʏ ʧʦʪʫʞʥʦʩʪʽ (ʄ5-88): 

7) ʊʝʨʤʽʩʪʦʨʥʘ ʛʦʣʦʚʢʘ, ʚ ʷʢʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʪʝʨʤʽʩʪʦʨ. 

8) ʂʘʙʝʣʴ, ʷʢʠʡ ʟôʻʜʥʫʻ ʪʝʨʤʽʩʪʦʨ ʟ ʘʥʪʝʥʦʶ. 

9) ɸʥʪʝʥʘ. 

10) ʐʪʘʪʠʚ, ʜʣʷ ʬʽʢʩʘʮʽʾ ʘʥʪʝʥʠ. 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʙʣʦʢ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ. ʆʩʥʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʘʢʠʭ ʩʭʝʤ ʻ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʟʘʤʽʱʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʘʙʦ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʨʝʟʠʩʪʠʚʥʠʡ ʤʽʩʪ, ʚ ʦʜʥʝ ʟ ʧʣʝʯʝʡ ʷʢʦʛʦ ʫʚʽʤʢʥʝʥʠʡ ʪʝʨʤʦʨʝʟʠʩʪʦʨ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʈʘʜʽʦʭʚʠʣʽ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʘʥʪʝʥʫ, ʧʦʩʪʫʧʘʶʪʴ ʧʦ 

ʢʘʙʝʣʶ ʜʦ ʪʝʨʤʽʩʪʦʨʘ ʪʘ ʥʘʛʨʽʚʘʶʪʴ ʡʦʛʦ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʪʝʨʤʽʩʪʦʨ, ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʠʡ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʦʜʥʦʛʦ ʟ 

ʧʣʝʯʝʡ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʙʣʦʢʘ ʗ2ʄ-64, ʟʤʽʥʶʻ ʩʚʽʡ ʦʧʽʨ ʽ ʩʪʨʫʤ ʜʽʘʛʦʥʘʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ.[1] 

ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʄ5-88 ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʅɺʏ ʧʦʪʫʞʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜ ʟʘʤʽʱʝʥʥʷ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʪʝʧʣʦʚʦʾ ʜʽʾ ʥʘ ʪʝʨʤʦʨʝʟʠʩʪʦʨ ʧʦʪʫʞʥʦʩʪʽ ʅɺʏ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʘ ʪʘʢʦʞ ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʟʤʽʥʠ ʦʧʦʨʫ ʪʝʨʤʦʨʝʟʠʩʪʦʨʘ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʡʦʛʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ ʪʘ ʩʪʨʫʤʦʤ ʅɺʏ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʤʽʨʶʚʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʙʣʦʢʫ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʥʘʩʪʫʧʥʽ ʧʦʭʠʙʢʠ [2]: 

1) ɺʪʨʘʪʘ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʥʘ ʘʥʪʝʥʫ, ʦʩʢʽʣʴʢʠ ʧʨʠʣʘʜʦʤ ʬʽʢʩʫʻʪʴʩʷ ʣʠʰʝ ʪʘ ʧʦʪʫʞʥʽʩʪʴ, 

ʷʢʘ ʧʦʪʨʘʧʣʷʻ ʥʘ ʟʘʜʘʥʫ ʧʣʦʱʫ ʘʥʪʝʥʠ. 

2) ɺʪʨʘʪʘ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʦ ʢʘʙʝʣʶ, ʷʢʠʡ ʟôʻʜʥʫʻ ʘʥʪʝʥʫ ʟ ʪʝʨʤʽʩʪʦʨʦʤ. ʇʦʭʠʙʢʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʪʘ ʜʽʘʤʝʪʨʫ ʢʘʙʝʣʶ. 

3) ʇʦʭʠʙʢʘ ʤʝʪʦʜʫ ʟʘʤʽʱʝʥʥʷ, ʷʢʠʡ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʨʦʙʦʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʪʘʢ ʟʚʘʥʘ ʧʦʭʠʙʢʘ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ). 

ʊʘʢʦʞ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʽ ʩʫʙôʻʢʪʠʚʥʽ ʧʦʭʠʙʢʠ, ʘ ʩʘʤʝ: 

1) ɽʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ʤʦʞʝ ʚʠʧʘʜʢʦʚʦ ʟʥʷʪʠ ʧʦʢʘʟʠ ʥʝ ʟ ʪʽʻʾ ʰʢʘʣʠ (ʚ ʗ2ʄ-64 ʜʣʷ ʙʽʣʴʰʦʾ ʟʨʫʯʥʦʩʪʽ, 

ʥʘʷʚʥʽ ʦʢʨʝʤʽ ʰʢʘʣʠ ʜʣʷ ʢʦʞʥʦʾ ʤʝʞʽ). 

2) ɺʽʜʩʪʘʥʴ ʪʝʣʝʬʦʥʫ ʚʽʜ ʘʥʪʝʥʠ ʤʦʞʝ ʙʫʪʠ ʥʝ ʧʦʩʪʽʡʥʦʶ. 

3) ʅʝʚʨʘʭʫʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ ʘʥʪʝʥʠ ʚ ʪʝʣʝʬʦʥʽ. 

4) ʅʝʧʦʩʪʽʡʥʠʡ ʢʫʪ ʥʘʭʠʣʫ ʪʝʣʝʬʦʥʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʤʽʨʶʚʘʥʥʷ. 

5) ɽʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ʤʦʞʝ ʥʝʚʽʨʥʦ ʚʩʪʘʥʦʚʠʪʠ ʨʦʙʦʯʠʡ ʦʧʽʨ ʪʝʨʤʽʩʪʦʨʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʤʦʙʽʣʴʥʠʤʠ ʪʝʣʝʬʦʥʘʤʠ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʨʦʟʤʽʱʫʚʘʣʠʩʴ ʫ ʨʽʟʥʠʭ 

ʧʦʣʦʞʝʥʥʷʭ, ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʝʪʝʢʪʦʨʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ 

ʨʦʙʦʪʠ 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʝ: 

- ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʦʜʝʣʽ ʪʝʣʝʬʦʥʫ ʥʘʡʙʽʣʴʰʘ ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʚʠʭʽʜʥʦʛʦ ʜʟʚʽʥʢʘ, ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʩʝʢʫʥʜ (ʧʝʨʰʠʡ, ʜʨʫʛʠʡ ʛʫʜʦʢ), ʢʦʣʠ ʪʝʣʝʬʦʥ ʟôʻʜʥʫʻʪʴʩʷ ʟ ʙʘʟʦʚʦʶ 

ʩʪʘʥʮʽʻʶ; 

- ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʦʜʥʽʻʾ ʡ ʪʽʻʾ ʞ ʤʦʜʝʣʽ, ʚ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʞ ʤʽʩʮʽ ʟʘ ʦʜʥʘʢʦʚʠʭ 

ʫʤʦʚ, ʘʣʝ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ (ʧʽʜ ʯʘʩ ʘʫʜʠʪʦʨʥʦʛʦ ʟʘʥʷʪʪʷ, ʥʘ ʧʝʨʝʨʚʽ) ʻ ʨʽʟʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʮʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʦʛʦ, ʷʢʘ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘʤʘʛʘʻʪʴʩʷ ʟôʻʜʥʘʪʠʩʷ ʟʽ ʩʪʘʥʮʽʻʶ (ʯʠʤ ʙʽʣʴʰʝ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʙʽʣʴʰʘ); 

- ʚ ʜʝʷʢʠʭ ʩʫʯʘʩʥʠʭ ʩʤʘʨʪʬʦʥʘʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʝʢʨʘʥʫ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʥʽʞ ʚʽʜ 

ʟʚʦʨʦʪʥʦʾ ʯʘʩʪʠʥʠ ʪʝʣʝʬʦʥʫ, ʱʦ ʥʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ʙʽʣʴʰ ʩʪʘʨʽ ʤʦʜʝʣʽ ʪʝʣʝʬʦʥʽʚ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʦʭʣʽʚ ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʥʘʡʚʘʞʣʠʚʽʰʽ ʨʝʢʦʤʝʥʜʘʮʽʾ: ʢʨʘʱʝ ʪʝʣʝʬʦʥ ʪʨʠʤʘʪʠ ʚ ʯʦʭʣʽ, 

ʧʽʜ ʯʘʩ ʚʠʢʣʠʢʫ ʥʝ ʧʽʜʥʦʩʠʪʠ ʪʝʣʝʬʦʥ ʦʜʨʘʟʫ ʜʦ ʛʦʣʦʚʠ, ʘ ʟʘʯʝʢʘʪʠ ʦʜʠʥ-ʜʚʘ ʛʫʜʢʠ, ʥʘʤʘʛʘʪʠʩʷ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʣʝʬʦʥ ʜʣʷ ʨʦʟʤʦʚ, ʷʢʱʦ ʧʦʛʘʥʘ ʷʢʽʩʪʴ ʟʚôʷʟʢʫ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
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2. ʇʦʣʽʱʫʢ ɭ.ʉ., ɼʦʨʦʞʦʚʝʮʴ ʄ.ʄ. ʪʘ ʽʥ. ʄʝʪʨʦʣʦʛʽʷ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ: ʇʽʜʨʫʯʥʠʢ. ï ʃʴʚʽʚ, 2003. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɽʅɽʈɻɽʊʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʊɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʉʀʉʊɽʄʀ 

ɽʃɽʂʊʈʆʉʇʆɾʀɺɸʅʅʗ ɺ ʂɸɹɯʅɽʊɯ ʌɯɿʀʂʀ 

 

ʅʘʛʦʨʥʠʡ ʇ.ɺ., ʫʯʝʥʴ ʰʢʦʣʠ ˉ19,  

ɻʦʨʦʜʥʡ̔ ʆ. ʄ., ʢ.ʪ.ʥ., ʢʘʬ. ʇɽ 

ʏʝʨʥʽʛʽʚʩʴʢʘ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʷ ʰʢʦʣʘ ɯ-ɯɯɯ ʩʪʫʧʝʥʽʚ ˉ 19 ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ,  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 
ʄʝʨʝʞʘ ʞʠʚʣʝʥʥʷ ʢʘʙʽʥʝʪʽʚ ʬʽʟʠʢʠ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʜʣʷ ʰʢʽʣʴʥʠʭ ʧʨʠʤʽʱʝʥʴ. ʊʦʙʪʦ 

ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʛʠ ʥʝ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʦʶ 42 ɺ. ʂʨʽʤ ʪʦʛʦ ʥʝʦʙʭʽʜʥʘ ʧʦʜʚʽʡʥʘ ʛʘʣʴʚʘʥʽʯʥʘ ʨʦʟʚôʷʟʢʘ ʟ ʤʝʨʝʞʝʶ 

ʞʠʚʣʝʥʥʷ. ɻʘʣʴʚʘʥʽʯʥʘ ʨʦʟʚôʷʟʢʘ ʫʥʝʤʦʞʣʠʚʣʶʻ ʫʨʘʞʝʥʥʷ ʣʶʜʠʥʠ ʬʘʟʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ. ʊʘʢʘ 

ʛʘʣʴʚʘʥʽʯʥʘ ʨʦʟʚôʷʟʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʥʘʧʨʫʛʠ, ʚ ʷʢʠʭ ʟʚôʷʟʦʢ ʤʽʞ ʧʝʨʚʠʥʥʦʶ 

ʪʘ ʚʪʦʨʠʥʥʦʶ ʥʘʧʨʫʛʘʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʤʘʛʥʽʪʥʦʛʦ ʟʚôʷʟʢʫ ʤʘʛʥʽʪʦʧʨʦʚʦʜʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʊʘʢʘ 

ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʅʘʧʨʫʛʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ 

ʬʦʨʤʫʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ, ʷʢʝ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʢʦʞʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ. ʎʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʬʦʨʤʫʻ ʩ 

ʧʨʦʤʽʞʥʦʾ ʥʘʧʨʫʛʠ ʤʝʨʝʞʠ ʞʠʚʣʝʥʥʷ 36 ɺ ʘʙʦ 42 ɺ ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʫ 4,5 ɺ. 

ɽʣʝʢʪʨʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʰʢʽʣ ʨʦʟʨʦʙʣʷʣʦʩʴ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʣʦʩʴ ʚ 70ʭ-80ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʽ 

ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʬʽʟʠʢʠ. ʇʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ 

ʥʘ ʪʘʢʦʤʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʝʣʠʢʠʭ ʧʦʭʠʙʦʢ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʷʭ. ʂʨʽʤ ʪʦʛʦ ʟʘ ʨʘʭʫʥʦʢ 

ʥʝʜʦʣʽʢʽʚ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʧʣʠʚ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʥʦʤʫ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ ʥʘ 

ʽʥʰʝ ʨʦʙʦʯʝ ʤʽʩʮʝ. ɺʝʣʠʢʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʢʘʙʽʥʝʪʽʚ ʬʽʟʠʢʠ ʥʝ ʤʘʶʪʴ ʟʘʭʠʩʪʫ ʚʽʜ 

ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʟʘʥʷʪʴ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʚʠʭʦʜʫ ʾʭ ʟ ʣʘʜʫ.  

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʢʘʙʽʥʝʪʽʚ ʬʽʟʠʢʠ ʪʘ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ. ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʟʥʘʯʥʽ ʥʝʜʦʣʽʢʠ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʪʘ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ, ʪʘʢʽ ʷʢ ʟʥʘʯʥʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, 

ʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʚʽʜ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʤʝʨʝʞʝʚʦʾ ʥʘʧʨʫʛʠ, ʚʧʣʠʚ ʟʤʽʥʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʜʥʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʥʘ ʥʘʧʨʫʛʫ ʞʠʚʣʝʥʥʷ ʜʨʫʛʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʪʘ ʽʥʰʝ.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʰʢʽʣʴʥʦʛʦ ʢʘʙʽʥʝʪʫ ʬʽʟʠʢʠ. 

 

 
ʈʠʩʫʥʦʢ 1 - ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʰʢʽʣʴʥʦʛʦ ʢʘʙʽʥʝʪʫ ʬʽʟʠʢʠ 

ɺʭʽʜʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʊʨ1-ʊʨ3, ʷʢʽ ʟʤʝʥʰʫʶʪʴ ʥʘʧʨʫʛʫ ʤʝʨʝʞʠ 

ʞʠʚʣʝʥʥʷ 220 ɺ ʜʦ ʧʨʦʤʽʞʥʦʾ ʥʘʧʨʫʛʠ 36 ɺ ʘʙʦ 42 ɺ. ʂʦʞʝʥ ʨʷʜʦʢ ʧʘʨʪ ʧʽʜôʻʜʥʘʥʠʡ ʜʦ ʩʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʧʦʪʫʞʥʽʩʪʶ 400 ɺʪ. ʇʝʨʝʤʠʢʘʯʽ K1 ï K4 ï ʮʝ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʘʚʪʦʤʘʪʠ, ʷʢʽ ʟʘʭʠʱʘʶʪʴ ʩʠʩʪʝʤʫ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʢʦʨʦʪʢʦʤʫ ʟʘʤʠʢʘʥʥʽ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʪʘʭ ʘʙʦ ʚ ʧʝʨʚʠʥʥʠʭ ʦʙʤʦʪʢʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ.  

ɺ ʦʜʥʦʤʫ ʨʷʜʢʫ ʨʦʙʦʯʽ ʤʽʩʮʷ ʧʽʜʢʣʶʯʝʥʽ ʧʦʩʣʽʜʦʚʥʦ. ɽʣʝʢʪʨʠʯʥʘ ʧʨʦʚʦʜʢʘ ʤʽʞ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʪʘ 

ʨʦʙʦʯʠʤʠ ʤʽʩʮʷʤʠ ʤʦʞʝ ʙʫʪʠ ʧʨʦʢʣʘʜʝʥʘ ʘʣʶʤʽʥʽʻʚʠʤ ʘʙʦ ʤʽʜʥʠʤ ʜʨʦʪʦʤ. ʎʷ ʧʨʦʚʦʜʢʘ ʤʘʻ ʩʚʽʡ ʦʧʽʨ, ʷʢʠʡ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʜʨʦʪʽʚ, ʧʣʦʱʠʥʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʾʭ ʪʘ ʜʦʚʞʠʥʠ ʜʨʦʪʽʚ. 

ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʠ ʞʠʚʣʝʥʥʷ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʇʝʨʝʚʘʛʦʶ ʻ ʪʝ, ʱʦ ʧʨʦʤʽʞʥʘ 

ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʦʾ ʚʝʣʠʯʠʥʠ (42 ɺ). ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʥʘʷʚʥʽʩʪʴ 

ʦʧʦʨʫ ʜʨʦʪʽʚ ʚʠʢʣʠʢʘʻ ʜʦʜʘʪʢʦʚʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʠʭ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ 

ʢʦʞʥʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ ʚʽʜ ʧʝʨʰʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʪʨʫʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ ʟʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʥʦʤʫ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ 

ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʤʽʞ ʮʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ. 

ʗʢ ʚʽʜʦʤʦ, ʧʨʠ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʝʨʝʟ ʤʝʨʝʞʫ ʦʜʥʫ ʽ ʪʫ ʞ ʧʦʪʫʞʥʽʩʪʴ ʤʦʞʥʘ ʧʝʨʝʜʘʚʘʪʠ ʘʙʦ 

ʙʽʣʴʰʦʶ ʥʘʧʨʫʛʦʶ ʪʘ ʤʝʥʰʠʤ ʩʪʨʫʤʦʤ, ʘʙʦ ʤʝʥʰʦʶ ʥʘʧʨʫʛʦʶ ʪʘ ʙʽʣʴʰʠʤ ʩʪʨʫʤʦʤ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ 

P=UI 



159 
 

ʜʝ P ï ʧʦʪʫʞʥʽʩʪʴ; 

I ï ʩʠʣʘ ʩʪʨʫʤʫ; 

U ï ʥʘʧʨʫʛʘ. 

ʉ ʮʴʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʤʝʥʰʫʚʘʪʠ ʧʨʦʤʽʞʥʫ ʥʘʧʨʫʛʫ ʥʝ ʤʦʞʥʘ, ʪʦʤʫ ʱʦ ʧʨʠ ʮʴʦʤʫ 

ʟʙʽʣʴʰʘʪʴʩʷ ʩʪʨʫʤʠ ʩʧʦʞʠʚʘʥʥʷ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʪʘ ʟʙʽʣʴʰʠʪʴʩʷ ʚʧʣʠʚ ʦʧʦʨʫ ʤʝʨʝʞʽ ʥʘ ʥʘʧʨʫʛʠ ʨʦʙʦʯʠʭ 

ʤʽʩʮʴ. 

ʅʘ ʢʦʞʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ ʧʦʩʪʫʧʘʻ ʟʤʽʥʥʘ ʥʘʧʨʫʛʘ 36 ɺ ʘʙʦ 42 ɺ ʯʘʩʪʦʪʦʶ      50 ɻʮ. ɺʦʥʘ ʟʘʚʝʣʠʢʘ ʜʣʷ 

ʞʠʚʣʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ. ɼʣʷ ʞʠʚʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʘʙʦʨʘʪʦʨʥʝ 

ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ɺʇ/50, ʝʣʝʢʪʨʠʯʥʦ-ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʷʢʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩʫʥʦʢ 2 - ɽʣʝʢʪʨʠʯʥʦ-ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʙʣʦʢʫ ʞʠʚʣʝʥʥʷ (ɺʇ/50) 

ʎʝ ʻ ʚʠʧʨʷʤʣʷʶʯʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʙʝʟ ʟʛʣʘʜʞʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. ʊʘʢʫ ʩʭʝʤʫ ʱʝ ʥʘʟʠʚʘʶʪʴ 

ʜʚʦʧʦʣʫʧʝʨʽʦʜʥʠʤ ʚʠʧʨʷʤʣʷʯʝʤ. ʎʶ ʩʭʝʤʫ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ çʩʭʝʤʦʶ ʟ ʩʝʨʝʜʥʴʦʶ ʪʦʯʢʦʶè. ɯʥʰʘ ʩʭʝʤʘ 

ʜʚʦʧʦʣʫʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ ï ʮʝ ʤʦʩʪʦʚʘ ʩʭʝʤʘ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3 [1-5]. 

 

 
ʈʠʩʫʥʦʢ 3 - ʄʦʩʪʦʚʘ ʩʭʝʤʘ ʜʚʦʧʦʣʫʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ 

ɺʠʩʥʦʚʢʠ: 

1. ʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʚʧʣʠʚʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʢʘʙʽʥʝʪʽʚ ʬʽʟʠʢʠ; 2. ʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ (ʜʦ 5%) ʚʧʣʠʚʘʻ ʚʭʽʜʥʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʪʘ ʜʨʦʪʠ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ; 3. ʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʧʣʠʚʘʻ ʚʠʭʽʜʥʠʡ ʦʧʽʨ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ (ʚʽʜ 32% ʜʦ 52%); 4. ʧʫʣʴʩʫʶʯʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʩʪʨʫʤʫ ʟʘ ʨʘʭʫʥʦʢ ʛʘʨʤʦʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɸʪʘʙʝʢʦʚ ɻ. ʀ., ʊʠʤʦʬʝʝʚ ɸ. ɹ., ʍʫʭʨʠʢʦʚ ʉ. ʉ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʯ. II, ʅʝʣʠʥʝʡʥʳʝ ʮʝʧʠ. ï ʄ.: ʕʥʝʨʛʠʷ, 1970. ï 246 ʩ. 
2. ɹʳʩʪʨʦʚ ʖ. ɸ., ʄʠʨʦʥʝʥʢʦ ʀ. ɻ. ʕʣʝʢʪʨʦʥʥʳʝ ʮʝʧʠ ʠ ʫʩʪʨʦʡʩʪʚʘ: ʋʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʵʣʝʢʪʨʦʪʝʭʥ. ʠ ʵʥʝʨʛ. ʚʫʟʦʚ. ï ʄ.: ɺʳʩʰ. ʰʢ., 1989. ï 287 ʩ. 

3. ʈʳʤʢʝʚʠʯ ɸ. ʇ., ʈʳʤʢʝʚʠʯ ʇ. ɸ. ʉʙʦʨʥʠʢ ʟʘʜʘʯ ʧʦ ʬʠʟʠʢʝ ʜʣʷ 8-10 ʢʣʘʩʩʦʚ ʩʨʝʜʥʝʡ ʰʢʦʣʳ. ï 8-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ï ʄ.: ʇʨʦʩʚʝʱʝʥʠʝ, 1983. ï 192 ʩ. 

4. ʍʦʬʤʘʥʥ ɼ. ʊʝʭʥʠʢʘ  ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ: ʉʧʨʘʚʦʯʥʘʷ ʢʥʠʛʘ/ ʇʝʨ. ʩ ʥʝʤ. ʧʦʜ ʨʝʜ. ʃ.  ʄ. ɿʘʢʩʘ, ʉ. ʉ. ʂʠʚʠʣʠʩʘ. ï ʄ.: ʕʥʝʨʛʦʘʪʦʤ 

ʠʟʜʘʪ, 1983. ï 472 ʩ. 

5. ʏʝʪʪʠ ʇ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʣʶʯʝʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ: ʇʝʨ. ʩ ʘʥʛ. ï ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1990. ï 240 ʩ. 
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ɼ.ɻ. ʉʘʚʝʣʴʝʚ, ʫʯʝʥʠʢ ʰʢʦʣʳ ˉ6, ɽ.ɺ. ʃʷʭ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ʠ ʘʩʪʨʦʥʦʤʠʠ,  

ɸ.ʅ. ɻʦʨʦʜʥʠʡ, ʢ.ʪ.ʥ., ʢʘʬ. ʇʕ 

ʏʝʨʥʠʛʦʚʩʢʘʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ɯ-ɯɯɯ ʩʪʫʧʝʥʝʡ ˉ 6 ʏʝʨʥʠʛʦʚʩʢʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʩʦʚʝʪʘ, 

ʏʝʨʥʠʛʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʄʦʞʥʦ ʣʠ ʦʙʥʘʨʫʞʠʪʴ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʛʦ ʧʨʠʙʦʨʘ, ʢʦʪʦʨʳʡ ʩʤʦʛ ʙʳ 

ʩʜʝʣʘʪʴ ʣʶʙʦʡ ʰʢʦʣʴʥʠʢ, ʠ ʟʘʱʠʪʠʪʴ ʩʝʙʷ ʦʪ ʝʛʦ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ? 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʦʪʦʚʳʝ ʪʝʣʝʬʦʥʳ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʀʟʛʦʪʦʚʠʪʴ ʧʨʦʩʪʝʡʰʠʡ ʜʝʪʝʢʪʦʨ ʉɺʏ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʦʚ 

ʠ ʚʳʷʩʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.  

ɿʘʜʘʯʠ:1. ʀʟʛʦʪʦʚʠʪʴ ʥʘʠʧʨʦʩʪʝʡʰʠʡ ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʷʣ ʙʳ ʠʟ ʜʦʩʪʫʧʥʳʭ ʜʝʪʘʣʝʡ ʠ ʝʛʦ ʩʦʙʨʘʪʴ 

ʤʦʛ ʙʳ ʣʶʙʦʡ ʫʯʘʱʠʡʩʷ; 

VD 1-

4 

4,5 B 

+ 

-

- 

~36 

B 
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2. ʆʙʥʘʨʫʞʠʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʝʛʦ ʧʦʤʦʱʴʶ; 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʄʘʪʝʨʠʘʣʳ ʠʟ ʨʘʙʦʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʪʝʤʳ 

çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝè ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ, ʚ ʦʙʱʝʥʠʠ ʩ ʦʜʥʦʢʣʘʩʩʥʠʢʘʤʠ, ʜʦʤʘ. ɸ ʪʘʢʞʝ ʩʦʩʪʘʚʠʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʅʦʚʠʟʥʘ ʨʘʙʦʪʳ: ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʦʟʜʘʥ ʧʨʦʩʪʝʡʰʠʡ  ʠʥʜʠʢʘʪʦʨ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʚ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʠʪʴ ʉɺʏ-ʠʟʣʫʯʝʥʠʝ ʠʜʫʱʝʝ ʦʪ 

ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ.  

ʕʪʦʪ ʜʝʪʝʢʪʦʨ ʧʨʠʛʦʜʠʪʩʷ ʪʘʢʞʝ ʚ ʥʘʩʪʨʦʡʢʝ ʠ ʩʨʘʚʥʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʳʭ ʧʝʨʝʜʘʪʯʠʢʦʚ ʠ ʘʥʪʝʥʥ, 

ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʝʨʝʜʘʝʪʩʷ ʩʠʛʥʘʣ ʠ ʪ. ʜ.. 

ɼʣʷ ʙʦʣʝʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʥʝ ʧʦʥʘʜʦʙʠʣʦʩʴ ʜʚʘ ʉɺʏ ʜʠʦʜʘ, ʜʚʘ ʢʝʨʘʤʠʯʝʩʢʠʭ SMD 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʦʪ 500 ʧʌ ʜʦ 0,5 ʤʢʌ, ʩʚʝʪʦʜʠʦʜ ʜʣʷ ʛʨʫʙʦʡ ʠʥʜʠʢʘʮʠʠ, ʬʝʨʨʠʪʦʚʳʡ ʩʝʨʜʝʯʥʠʢ ʩ ʦʜʥʠʤ ʚʠʪʢʦʤ 

ʜʚʦʡʥʦʛʦ ʧʨʦʚʦʜʘ ʠ ʤʘʣʝʥʴʢʠʡ ʢʫʩʦʯʝʢ ʬʦʣʴʛʠʨʦʚʘʥʥʦʛʦ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ. ʕʪʠ ʜʝʪʘʣʠ ʤʦʞʥʦ ʦʜʦʣʞʠʪʴ ʠʟ 

ʥʝʨʘʙʦʯʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ (ʠ ʥʝ ʪʦʣʴʢʦ) ʢʦʤʧʣʝʢʪʫʶʱʠʭ. ʉʭʝʤʘ ʧʨʠʙʦʨʘ ʥʘ 

ʨʠʩ. 1 

ʅʘ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʝ ʥʘʨʠʩʦʚʘʣ, ʤʘʨʢʝʨʦʤ ʜʦʨʦʞʢʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʯʠʩʪʠʚ ʠ ʦʙʝʟʞʠʨʠʚ, ʧʦʪʦʤ ʧʦʛʨʫʟʠʣ ʬʦʣʴʛʠʨʦʚʘʥʥʦʡ ʩʪʦʨʦʥʦʡ ʚʥʠʟ ʚ 

ʨʘʩʪʚʦʨ ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ (1 ʯʘʩʪʴ ʥʘ 3 ʯʘʩʪʠ ʚʦʜʳ, ʢʫʧʠʪʴ ʤʦʞʥʦ ʚ 

ʙʣʠʞʘʡʰʝʤ ʤʘʛʘʟʠʥʝ ʨʘʜʠʦʜʝʪʘʣʝʡ) ʠʣʠ  ʤʦʞʥʦ ʧʨʦʪʨʘʚʠʪʴ ʚ ʨʘʩʪʚʦʨʝ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ (ʚ 100 ʤʣ 3% ʨʘʩʪʚʦʨʘ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ, ʢʫʧʣʝʥʥʦʡ ʚ ʘʧʪʝʢʝ, ʜʦʙʘʚʠʪʴ 30 ʛ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʠʟ ʣʶʙʦʛʦ 

ʧʨʦʜʫʢʪʦʚʦʛʦ ʤʘʛʘʟʠʥʘ ʠ ʯʘʡʥʫʶ ʣʦʞʢʫ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ (ʚʦ ʚʨʝʤʷ 

ʪʨʘʚʣʝʥʠʷ ʞʝʣʘʪʝʣʴʥʦ ʧʦʜʦʛʨʝʪʴ ʨʘʩʪʚʦʨ ʜʦ 50 ʛʨʘʜʫʩʦʚ, ʪʦʣʴʢʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʧʝʨʝʢʠʩʴ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦʣʛʦ ʥʝ ʭʨʘʥʠʪʩʷ, 

ʧʦʵʪʦʤʫ ʥʫʞʥʦ ʚʩʝ ʜʝʣʘʪʴ ʙʳʩʪʨʦ)). 

ʇʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʧʨʦʤʳʣ ʧʣʘʪʫ ʚ ʚʦʜʝ ʠ ʚ ʩʧʠʨʪʝ ʦʪ ʢʨʘʩʢʠ; ʦʩʪʘʚʰʠʝʩʷ ʤʝʣʢʠʝ ʫʯʘʩʪʢʠ, ʥʝʟʘʪʨʦʥʫʪʳʝ 

ʨʘʩʪʚʦʨʦʤ, ʫʜʘʣʠʣ ʩʢʘʣʴʧʝʣʝʤ. ɼʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʷ ʧʦʣʴʟʫʶʩʴ ʤʠʢʨʦʘʤʧʝʨʤʝʪʨʦʤ, ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ 

ʜʘʪʯʠʢʫ. ɼʣʷ ʛʨʫʙʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʨʦʩʪʦ ʩʤʦʪʨʠʤ ʥʘ ʚʧʘʷʥʥʳʡ ʩʚʝʪʦʜʠʦʜ. 

ʇʦʩʣʝ ʧʨʠʧʘʡʢʠ ʜʝʪʘʣʝʡ ʥʫʞʥʦ ʨʝʰʠʪʴ, ʥʘ ʢʘʢʫʶ ʯʘʩʪʦʪʫ ʥʘʩʪʨʘʠʚʘʪʴ ʜʘʪʯʠʢ. ɼʣʷ ʵʪʦʛʦ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ 

ʥʘʜʦ ʧʨʠʧʘʷʪʴ ʦʪʨʝʟʢʠ ʧʨʦʚʦʜʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ, ʥʘʧʨʠʤʝʨ: 

ʏʘʩʪʦʪʘ ï ɼʣʠʥʘ ʰʪʳʨʝʡ 
2,4 ɻʛʮ - 31 ʤʤ - Wi-Fi 

5,8 ɻʛʮ - 13 ʤʤ - Wi-Fi 

900 ʄʛʮ - 83 ʤʤ - GSM  

1,8 ɻʛʮ - 42 ʤʤ - GSM 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʘʪʯʠʢ, ʥʘʩʪʨʦʝʥʥʳʡ ʥʘ ʯʘʩʪʦʪʫ 2,4 ɻʛʮ ʩ ʜʣʠʥʦʡ ʦʙʦʠʭ ʰʪʳʨʝʡ ʧʦ 31 ʤʤ, ʨʘʙʦʪʘʝʪ ʠ ʥʘ 900 

ʄʛʮ, ʪʦʣʴʢʦ ʠʟʤʝʨʷʝʤʳʝ ʟʥʘʯʝʥʠʷ ʤʝʥʴʰʝ. ʏʝʤ ʪʦʣʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʚʦʣʦʢʘ ʜʣʷ ʰʪʳʨʝʡ, ʪʝʤ ʰʠʨʝ 

ʧʦʣʫʯʠʪʩʷ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʜʝʪʝʢʪʦʨʘ. 

ɺʤʝʩʪʦ ʰʪʳʨʝʡ ʤʦʞʥʦ ʥʘʧʨʷʤʫʶ ʧʨʠʧʘʷʪʴ ʉɺʏ ʢʘʙʝʣʴ ʠʣʠ  ʰʪʝʢʝʨ ʜʣʷ ʧʨʷʤʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʨʘʟʥʳʭ 

ʘʥʪʝʥʥ, ʥʘʧʨʠʤʝʨ, ʘʥʪʝʥʥʫ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. 

ɽʱʸ ʙʦʣʝʝ ʧʨʦʱʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʘʪʯʠʢ ʠʟ 1 ʚʦʣʴʪʦʚʦʡ ʣʘʤʧʦʯʢʠ ʪʠʧʘ ʉʄʅ-1,5-12-1, ʧʨʠʧʘʷʚ ʢ ʝʸ 

ʢʦʥʪʘʢʪʘʤ ʰʪʳʨʴʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʳ.  

ʀʥʜʠʢʘʪʦʨ ʧʨʦʩʪ ʚ ʨʘʙʦʪʝ. ʄʳ ʟʥʘʝʤ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʚ ʣʶʙʦʤ ʧʨʦʚʦʜʥʠʢʝ ʩʦʟʜʘʶʪ 

ʧʝʨʝʤʝʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʘ ʜʠʦʜʥʳʡ ʤʦʩʪʠʢ ʚʳʧʨʷʤʣʷʝʪ ʵʪʦʪ ʪʦʢ, ʧʨʝʦʙʨʘʟʫʷ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʚ 

ʧʦʩʪʦʷʥʥʳʡ. ʇʦʵʪʦʤʫ ʩʠʛʥʘʣ, ʧʨʠʥʷʪʳʡ ʘʥʪʝʥʥʦʡ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʜʠʦʜʳ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʧʦʩʪʦʷʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʷ ʠʟʤʝʨʷʶ ʤʫʣʴʪʠʤʝʪʨʦʤ. 

ɼʣʷ ʣʫʯʰʝʡ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʧʦʜʙʠʨʘʶ ʜʣʠʥʫ ʧʣʝʯʘ ʘʥʪʝʥʥʳ, ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʚʦʣʥʳ. ʋ ʢʘʞʜʦʛʦ 

ʧʨʠʙʦʨʘ-ʠʟʣʫʯʘʪʝʣʷ ʩʚʦʷ ʜʣʠʥʘ ʧʣʝʯʘ l ʘʥʪʝʥʥʳ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

2
l
l
=       

ʋ ʚʩʝʭ ʧʨʠʙʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʳʨʘʙʘʪʳʚʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʜʣʷ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʢʘʟʳʚʘʝʪʩʷ 

ʯʘʩʪʦʪʘ ʩʦʟʜʘʚʘʝʤʳʭ ʠʤʠ ʚʦʣʥ. ʉʨʝʜʠ ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʢʦʪʦʨʳʝ ʷ ʠʩʩʣʝʜʦʚʘʣ, ʪʘʢʠʤ ʧʨʠʙʦʨʦʤ ʷʚʣʷʣʘʩʴ 

ʪʦʣʴʢʦ ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʧʝʯʴ. ʅʘ ʥʝʡ ʙʳʣʘ ʫʢʘʟʘʥʘ ʯʘʩʪʦʪʘ 2450 ʄɻʮ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʳ ʜʣʠʥʘ ʚʦʣʥʳ 

ʩʦʩʪʘʚʣʷʝʪ: 

ʤ12,0
10*2450

103
6

8

=
*       

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʠʥʘ ʧʣʝʯʘ ʘʥʪʝʥʥʳ ʨʘʚʥʘ: 

ʤ06,0
2

12,0
=  

ɺʳʚʦʜʳ:  
1. ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʧʨʦʩʪʝʡʰʠʡ ʜʝʪʝʢʪʦʨ ʉɺʏ ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʠʣ ʠʟʤʝʨʷʪʴ ʫʨʦʚʝʥʠ ʠʟʣʫʯʝʥʠʷ ʤʦʙʠʣʴʥʳʭ 

ʪʝʣʝʬʦʥʦʚ ʠ WiFi ʧʝʨʝʜʘʪʯʠʢʦʚ ʚ ʨʝʞʠʤʘʭ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ; 

2. ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʜʝʪʝʢʪʦʨ ʉɺʏ ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʫʨʦʚʥʠ ʠʟʣʫʯʝʥʠʷ ʨʘʟʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʤʦʜʠʬʠʢʘʮʠʡ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ; 
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3. ʪʘʢʦʡ ʜʘʪʯʠʢ ʤʦʞʝʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥ ʣʶʙʳʤ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʤ ʠʟ ʥʝʜʦʨʦʛʠʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ 
ʨʘʜʠʦʵʣʝʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ; 

4. ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʜʘʪʯʠʢ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʘ ʠʩʧʦʣʴʟʫʝʪ ʵʥʝʨʛʠʶ 

ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʜʘʪʯʠʢʘ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʫʧʨʦʱʘʝʪ ʫʩʪʨʦʡʩʪʚʦ ʠ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʩ ʥʠʤ; 

5. ʧʨʝʜʣʦʞʝʥʥʳʡ ʜʘʪʯʠʢ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 
ʧʨʠʙʦʨʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʜʝʣʦʚ ʬʠʟʠʢʠ ʚ ʰʢʦʣʘʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʢʨʫʞʢʘʭ.  
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ʃ.ɺ. ɸʚʝʨ'ʷʥʦʚʘ, ʩʪʫʜʝʥʪ ʛʨ. ɺʊ-151 

ʖ.ʖ. ʄʘʨʪʠʥʝʥʢʦ, ʩʪʫʜʝʥʪ ʛʨ. ɺʊ-151 

ɺ.ʇ. ɾʫʨʢʦ, ʩʪ. ʚʠʢʣʘʜʘʯ, ʢʘʬʝʜʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʝʪʨʦʣʦʛʽʾ ʪʘ ʬʽʟʠʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʋ ʢʚʽʪʥʽ 1986 ʨ. ʫ ʨʽʟʥʽ ʤʦʚʠ ʩʚʽʪʫ ʫʚʽʡʰʣʦ ʫʢʨʘʾʥʩʴʢʝ ʩʣʦʚʦ çʏʦʨʥʦʙʠʣʴè. ɼʣʷ ʚʩʴʦʛʦ ʣʶʜʩʪʚʘ ʚʦʥʦ 

ʩʪʘʣʦ ʩʠʥʦʥʽʤʦʤ ʩʪʨʘʰʥʦʾ ʪʝʭʥʦʛʝʥʥʦʾ ʢʘʪʘʩʪʨʦʬʠ ʡ ʚʝʣʠʯʝʟʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʙʽʜʠ. ʏʦʨʥʦʙʠʣʴ ð ʮʝ ʥʘʟʚʘ 

ʥʝʚʝʣʠʢʦʛʦ ʧʦʣʽʩʴʢʦʛʦ ʤʽʩʪʝʯʢʘ ʫ ʛʠʨʣʽ ʇʨʠʧôʷʪʽ, ʱʦ ʤʘʣʦ ʜʘʚʥʶ ʽʩʪʦʨʽʶ, ʷʢʘ ʧʦʯʠʥʘʣʘʩʷ ʱʝ ʚ ʯʘʩʠ ʂʠʾʚʩʴʢʦʾ 

ʈʫʩʽ. ʊʝʧʝʨ ʮʝ ʩʣʦʚʦ ʩʠʤʚʦʣʽʟʫʻ ʩʪʨʘʰʥʝ ʷʚʠʱʝ, ʚʽʜ ʷʢʦʛʦ ʩʘʤʘ ʥʘʟʚʘ ʧʝʨʝʩʪʘʣʘ ʦʟʥʘʯʘʪʠ ʣʠʰʝ ʥʘʩʝʣʝʥʠʡ 

ʧʫʥʢʪ.  

ɸʚʘʨʽʷ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ ʤʘʣʘ, ʤʘʻ ʽ, ʥʘ ʞʘʣʴ, ʱʝ ʜʦʚʛʦ ʤʘʪʠʤʝ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʥ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʋʢʨʘʾʥʠ. ɺʥʘʩʣʽʜʦʢ ʚʠʙʫʭʫ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʪʘ ʧʦʞʝʞʽ ʥʘ ʥʴʦʤʫ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʝʨʽʦʜ ʯʘʩʫ ʫ ʜʦʚʢʽʣʣʷ ʧʦʪʨʘʧʠʣʦ ʜʦ 7 ʪ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʠʜ ʪʽʣʴʢʠ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʮʝʟʽʷ-137 ʙʫʚ ʪʦʪʦʞʥʠʤ ʨʽʚʥʶ ʨʘʜʽʘʮʽʾ ʚʽʜ ʚʠʙʫʭʫ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʪʘʢʠʭ ʘʪʦʤʥʠʭ ʙʦʤʙ, ʷʢʫ ʘʤʝʨʠʢʘʥʮʽ 

ʩʢʠʥʫʣʠ ʚ 1945 ʨ. ʥʘ ʷʧʦʥʩʴʢʝ ʤʽʩʪʦ ʍʽʨʦʩʽʤʫ. ʈʘʜʽʦʘʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʡʙʽʣʴʰʝ ʪʦʨʢʥʫʣʦʩʷ ʪʝʨʠʪʦʨʽʡ 

ʋʢʨʘʾʥʠ ʽ ɹʽʣʦʨʫʩʽ, ʘʣʝ ʧʽʜʚʠʱʝʥʥʷ ʨʘʜʽʘʮʽʾ ʚʽʜʟʥʘʯʝʥʦ ʡ ʫ ʈʦʩʽʾ, ʐʚʝʮʽʾ, ʅʦʨʚʝʛʽ,ʾ ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ ʪʘ ʽʥʰʠʭ 

ʢʨʘʾʥʘʭ, ʢʫʜʠ ʚ ʧʝʨʰʽ ʜʥʽ ʧʽʩʣʷ ʘʚʘʨʽʾ ʚʽʪʝʨ ʨʦʟʥʦʩʠʚ ʭʤʘʨʠ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ.  

ʎʷ ʘʚʘʨʽʷ ʧʝʨʝʪʚʦʨʠʣʘ ʫʥʽʢʘʣʴʥʽ ʟʘ ʯʠʩʪʦʪʦʶ ʪʝʨʠʪʦʨʽʾ ʇʦʣʽʩʩʷ ʚ ʟʦʥʫ ʝʢʦʣʦʛʽʯʥʦʾ ʢʘʪʘʩʪʨʦʬʠ. 

ɿʘʛʘʣʦʤ ʚ ʋʢʨʘʾʥʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʟʥʘʣʠ ʧʦʥʘʜ 8% ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ (ʤʘʡʞʝ 50 ʪʠʩ. ʢʚ. ʢʤ), ʥʘ 

ʷʢʠʭ ʟʦʩʝʨʝʜʞʝʥʽ 2,3 ʪʠʩ. ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʜʚʘʥʘʜʮʷʪʠ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ. ʅʘʡʙʽʣʴʰʝ ʧʦʩʪʨʘʞʜʘʣʠ ʪʝʨʠʪʦʨʽʾ 

ʂʠʾʚʩʴʢʦʾ, ɾʠʪʦʤʠʨʩʴʢʦʾ, ʈʽʚʥʝʥʩʴʢʦʾ, ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʽ ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʝʡ, ʨʘʜʽʦʘʢʪʠʚʥʽ ʦʧʘʜʠ ʚʠʧʘʣʠ ʪʘʢʦʞ ʫ 

ɺʽʥʥʠʮʴʢʽʡ, ʍʤʝʣʴʥʠʮʴʢʽʡ, ʊʝʨʥʦʧʽʣʴʩʴʢʽʡ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʽʡ, ʏʝʨʥʽʚʝʮʴʢʽʡ, ɺʦʣʠʥʩʴʢʽʡ ʽ ʂʽʨʦʚʦʛʨʘʜʩʴʢʽʡ 

ʦʙʣʘʩʪʷʭ. ʇʦʥʘʜ 3 ʤʣʥ ʣʶʜʝʡ ʚʚʘʞʘʶʪʴʩʷ ʧʦʩʪʨʘʞʜʘʣʠʤʠ ʚʥʘʩʣʽʜʦʢ ʮʽʻʾ ʢʘʪʘʩʪʨʦʬʠ, ʘʣʝ ʧʝʚʥʽ ʜʦʟʠ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʦʪʨʠʤʘʣʠ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʤʝʰʢʘʥʮʽʚ ʋʢʨʘʾʥʠ.  
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ʇʦʙʫʜʦʚʘ ʫʢʨʠʪʪʷ (ʩʘʨʢʦʬʘʛʫ) ʥʘʜ ʘʚʘʨʽʡʥʠʤ ʙʣʦʢʦʤ, ʧʝʨʰʦʯʝʨʛʦʚʽ ʟʘʭʦʜʠ ʟ ʣʽʢʚʽʜʘʮʽʾ ʘʚʘʨʽʾ 

ʜʦʟʚʦʣʠʣʠ ʧʝʚʥʦʶ ʤʽʨʦʶ ʟʤʝʥʰʠʪʠ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʎʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ 

ʮʽʥʦʶ ʛʝʨʦʾʯʥʠʭ ʟʫʩʠʣʴ ʩʦʪʝʥʴ ʪʠʩʷʯ ʣʶʜʝʡ ï ʣʽʢʚʽʜʘʪʦʨʽʚ ʘʚʘʨʽʾ, ʙʘʛʘʪʦ ʟ ʷʢʠʭ ʫʞʝ ʧʽʰʣʠ ʟ ʞʠʪʪʷ  

 ʉʘʨʢʦʬʘʛ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘʜ ʯʝʪʚʝʨʪʠʤ ʝʥʝʨʛʦʙʣʦʢʦʤ, ʱʦ ʚʠʙʫʭʥʫʚ, ʧʦʩʪʫʧʦʚʦ ʨʫʡʥʫʻʪʴʩʷ. 

ʅʝʙʝʟʧʝʢʘ, ʚ ʨʘʟʽ ʡʦʛʦ ʦʙʚʘʣʝʥʥʷ, ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʷʢ ʙʘʛʘʪʦ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫʩʝʨʝʜʠʥʽ. ɿʘ ʦʬʽʮʽʡʥʠʤʠ ʜʘʥʠʤʠ, ʮʷ ʮʠʬʨʘ ʜʦʩʷʛʘʻ 95% ʚʽʜ ʪʽʻʾ ʢʽʣʴʢʦʩʪʽ, ʷʢʘ ʙʫʣʘ ʥʘ ʤʦʤʝʥʪ 

ʘʚʘʨʽʾ. ʗʢʱʦ ʮʷ ʦʮʽʥʢʘ ʚʽʨʥʘ, ʪʦ ʨʫʡʥʫʚʘʥʥʷ ʫʢʨʠʪʪʷ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʜʫʞʝ ʚʝʣʠʢʠʭ ʚʠʢʠʜʽʚ ʨʘʜʽʘʮʽʾ.  

ʋ ʙʝʨʝʟʥʽ 2004 ʨʦʢʫ ɭʚʨʦʧʝʡʩʴʢʠʡ ʙʘʥʢ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʦʛʦʣʦʩʠʚ ʪʝʥʜʝʨ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʙʫʜʽʚʥʠʮʪʚʦ ʽ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʦʚʦʛʦ ʩʘʨʢʦʬʘʛʘ ʜʣʷ ʏɸɽʉ. ʇʝʨʝʤʦʞʮʝʤ ʪʝʥʜʝʨʫ ʚ ʩʝʨʧʥʽ 2007 ʨʦʢʫ 

ʙʫʣʘ ʚʠʟʥʘʥʘ ʢʦʤʧʘʥʽʷ NOVARKA, ʩʧʽʣʴʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʬʨʘʥʮʫʟʴʢʠʭ ʢʦʤʧʘʥʽʡ Vinci Construction Grands 

Projets ʽ BOUYGUES. ʇʣʘʥʫʻʪʴʩʷ ʟʙʫʜʫʚʘʪʠ ʪʘʢ ʟʚʘʥʫ çɸʨʢʫè, ʷʢʘ ʥʘʢʨʠʻ ʩʫʯʘʩʥʠʡ ʦʙ'ʻʢʪ çʋʢʨʠʪʪʷè. ɺ 

ʧʦʜʘʣʴʰʦʤʫ ʬʽʥʘʥʩʫʚʘʥʥʽ ʧʨʦʝʢʪʫ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʞʥʘʨʦʜʥʽ ʜʦʥʦʨʠ, ʧʝʨʝʚʘʞʥʦ ɭɹʈʈ, ɭʚʨʦʧʝʡʩʴʢʘ 

ʢʦʤʽʩʽʷ ʪʘ ʉʐɸ, ʧʽʩʣʷ ʡʦʛʦ ʟʘʚʝʨʰʝʥʥʷ, ʷʢʝ ʟʘʧʣʘʥʦʚʘʥʝ ʥʘ ʚʝʩʥʫ 2017 ʨʦʢʫ, ʤʽʞʥʘʨʦʜʥʘ ʫʯʘʩʪʴ ʥʝ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ. ʋʢʨʘʾʥʘ ʙʫʜʝ ʟʤʫʰʝʥʘ ʩʘʤʦʩʪʽʡʥʦ ʨʦʟʨʦʙʠʪʠ ʥʘʮʽʦʥʘʣʴʥʫ ʩʪʨʘʪʝʛʽʶ ʫʧʨʘʚʣʽʥʥʷ ʷʜʝʨʥʠʤʠ 

ʚʽʜʭʦʜʘʤʠ ʥʘ ʥʘʩʪʫʧʥʽ ʜʝʩʷʪʠʣʽʪʪʷ.  
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ɺʠʩʦʢʽ ʜʠʥʘʤʽʯʥʽ ʷʢʦʩʪʽ (ʚʽʙʨʦʩʪʽʡʢʽʩʪʴ) ʦʧʦʨʠ ʢʦʚʟʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʘʤʧʣʽʪʫʜʦʶ ʘʙʦ ʧʦʪʫʞʥʽʩʪʶ 

ʢʦʣʠʚʘʥʴ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʢʽʥʮʷ ʰʧʠʥʜʝʣʷ ʪʘ ʯʘʩʪʦʪʦʶ ʾʭ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ. ɺʽʙʨʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʰʧʠʥʜʝʣʴʥʦʤʫ ʚʫʟʣʽ, ʙʝʟʫʤʦʚʥʦ, ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘ ʪʦʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʟʘʛʘʣʴʥʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʝʨʩʪʘʪʘ. ɹʘʞʘʥʦ, ʱʦʙ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʰʧʠʥʜʝʣʷ 

ʙʫʣʘ ʥʝ ʥʠʞʯʝ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ɻʮ . 

ʊʦʯʥʽʩʪʴ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʥʘ ʦʧʦʨʘʭ ʢʦʚʟʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʧʠʥʜʝʣʷ, ʡʦʛʦ ʩʪʘʪʠʯʥʦʾ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ, ʫʤʦʚ, ʨʝʞʠʤʽʚ ʪʘ ʮʠʢʣʽʚ 

ʨʦʙʦʪʠ, ʘʣʝ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʽʻʶ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ ʚʠʨʦʙʥʠʯʦʛʦ 

ʭʘʨʘʢʪʝʨʫ, ʘ ʩʘʤʝ ʪʦʯʥʽʩʪʶ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʇʦʭʠʙʢʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʦʙʫʤʦʚʣʝʥʽ 

ʩʢʣʘʜʦʚʠʤ ʧʦʭʠʙʢʘʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʧʦʭʠʙʦʢ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʚ ʦʧʦʨ ʢʦʚʟʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʜʝʬʝʢʪʠ, ʷʢʽ ʫʤʦʚʥʦ ʥʘʟʠʚʘʶʪʴ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʪʘ ʥʦʩʷʪʴ, ʟʚʠʯʘʡʥʦ, ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʧʦ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ. ʎʽ ʜʝʬʝʢʪʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʦʯʢʦʚʠʭ ʘʙʦ ʤʽʩʮʝʚʠʭ (ʪʨʽʱʠʥʠ, ʚʤôʷʪʠʥʠ, ʩʢʦʣʠ, ʚʠʢʨʠʰʫʚʘʥʥʷ ʪʦʱʦ), ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʜʦʜʘʪʢʦʚʠʭ ʚʽʙʨʘʮʽʷʭ 

ʦʧʦʨʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʝʮʠʟʽʡʥʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ʥʘ ʦʧʦʨʘʭ ʢʦʚʟʘʥʥʷ ʻ ʚʽʙʨʘʮʽʾ, 

ʚʠʢʣʠʢʘʥʽ ʧʦʭʠʙʢʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʘ ʪʽʣ ʦʙʝʨʪʘʥʥʷ, ʪʦʙʪʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʢʨʫʛʣʦʩʪʽ. ɺʽʙʨʘʮʽʷ, 

ʚʠʢʣʠʢʘʥʘ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʘʙʦ ʤʘʻ ʚʫʟʴʢʠʡ ʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ (ʚʽʙʨʘʮʽʷ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʟʥʘʯʥʠʤ 

ʜʠʩʙʘʣʘʥʩʦʤ ʦʙʨʦʙʣʶʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ ʘʙʦ ʰʧʠʥʜʝʣʷ, ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʧʨʠʧʫʩʢʫ, ʨʫʭʘʤʠ ʟʤʘʱʫʶʯʦʾ ʨʽʜʠʥʠ, 

ʟʤʽʥʥʦʶ ʞʦʨʩʪʢʽʩʪʶ ʧʽʜ ʜʽʻʶ ʨʘʜʽʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ), ʘʙʦ ʚʠʥʠʢʘʻ ʣʠʰʝ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʜʝʷʢʦʾ ʤʝʞʽ 

ʚôʷʟʢʦʩʪʽ ʤʘʩʪʠʣʘ ʚʥʘʩʣʽʜʦʢ ʥʘʛʨʽʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʧʣʠʚ ʜʦʜʘʪʢʦʚʠʭ ʚʽʙʨʘʮʽʡ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʟʘʙʨʫʜʥʝʥʥʷʤ 

ʤʘʩʪʠʣʘ, ʫʪʚʦʨʝʥʥʷʤ ʪʘ ʟʨʦʩʪʘʥʥʷʤ ʣʦʢʘʣʴʥʠʭ ʜʝʬʝʢʪʽʚ ʥʘ ʧʦʚʝʨʭʥʷʭ ʢʦʚʟʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʚʯʝʥʽ ʚ 

ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ. 

ʅʘʡʤʝʥʰ ʚʠʚʯʝʥʠʤʠ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʤʝʭʘʥʽʟʤʠ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜʰʠʧʥʠʢʽʚ 

ʚ ʩʢʣʘʜʽ ʦʧʦʨ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʨʽʟʥʦʛʦ ʪʠʧʫ (ʟ ʙʦʢʫ ʩʠʣ ʨʽʟʘʥʥʷ 

ʪʘ ʧʨʠʚʦʜʫ ʦʙʝʨʪʘʥʥʷ, ʩʢʣʘʜʘʣʴʥʠʭ, ʪʝʧʣʦʚʠʭ ʪʘ ʽʥ.). ɺʠʟʥʘʯʝʥʥʷ ʧʨʠʯʠʥ ʪʘ ʭʘʨʘʢʪʝʨʫ ʪʘʢʠʭ ʟʤʽʥ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʧʦʚôʷʟʘʥʦ ʟ ʧʨʦʙʣʝʤʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʜʽʘʛʥʦʩʪʠʢʦʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ ʚ ʦʧʦʨʽ. ʇʨʠ ʮʴʦʤʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷʤ ʜʠʥʘʤʽʢʠ 

ʨʦʙʦʪʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʦʪʨʝʙʫʻ ʰʠʨʦʢʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʦʨʝʪʠʢʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʭʘʨʘʢʪʝʨʦʤ ʨʫʭʫ ʨʽʜʠʥʠ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʪʫʨʙʫʣʝʥʪʥʠʭ 

ʝʬʝʢʪʽʚ. 

ʊʠʧʦʚʽ ʩʠʛʥʘʣʠ ʚʽʙʨʘʮʽʡ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʧʝʨʝʜʥʴʦʾ ʪʘ ʟʘʜʥʴʦʾ ʦʧʦʨʥʠʭ ʯʘʩʪʠʥ 

ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ, ʷʢʠʡ ʥʘʚʘʥʪʘʞʝʥʠʡ ʧʨʠ ʪʦʢʘʨʥʦʤʫ ʨʽʟʘʥʥʽ ʟʘʛʦʪʦʚʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

https://uk.wikipedia.org/wiki/2004
https://uk.wikipedia.org/wiki/%D0%84%D0%B2%D1%80%D0%BE%D0%BF%D0%B5%D0%B9%D1%81%D1%8C%D0%BA%D0%B8%D0%B9_%D0%B1%D0%B0%D0%BD%D0%BA_%D1%80%D0%B5%D0%BA%D0%BE%D0%BD%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%86%D1%96%D1%97_%D1%82%D0%B0_%D1%80%D0%BE%D0%B7%D0%B2%D0%B8%D1%82%D0%BA%D1%83
https://uk.wikipedia.org/wiki/%D0%9D%D0%BE%D0%B2%D0%B8%D0%B9_%D1%87%D0%BE%D1%80%D0%BD%D0%BE%D0%B1%D0%B8%D0%BB%D1%8C%D1%81%D1%8C%D0%BA%D0%B8%D0%B9_%D1%81%D0%B0%D1%80%D0%BA%D0%BE%D1%84%D0%B0%D0%B3
https://uk.wikipedia.org/wiki/%D0%84%D0%91%D0%A0%D0%A0
https://uk.wikipedia.org/wiki/%D0%84%D0%B2%D1%80%D0%BE%D0%BF%D0%B5%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BA%D0%BE%D0%BC%D1%96%D1%81%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%84%D0%B2%D1%80%D0%BE%D0%BF%D0%B5%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BA%D0%BE%D0%BC%D1%96%D1%81%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%A1%D0%A8%D0%90
https://uk.wikipedia.org/wiki/%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B0
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ʘ ʙ 

ʈʠʩʫʥʦʢ 1 ï ʊʠʧʦʚʽ ʚʽʙʨʘʮʽʡʥʽ ʩʠʛʥʘʣʠ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʧʝʨʝʜʥʽʡ (ʘ) ʪʘ ʟʘʜʥʽʡ (ʙ) ʦʧʦʨʥʽʡ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ 

ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʟ ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 1 ʄɻʮ 

 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʙʘʛʘʪʴʦʭ ʜʞʝʨʝʣ ʽʥʜʫʢʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʽʩʥʫʶʪʴ ʚ ʽʩʥʫʶʯʠʭ 

ʦʙʨʦʙʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʷʢʽ ʙʫʜʫʪʴ ʦʙʦʚôʷʟʢʦʚʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ, ʥʝʦʙʭʽʜʥʦ 

ʦʙʦʚôʷʟʢʦʚʦ ʧʝʨʝʜʙʘʯʘʪʠ ʩʤʫʛʦʚʫ ʘʙʦ ʤʝʜʽʘʥʥʫ ʬʽʣʴʪʨʘʮʽʶ ʪʘ ʜʦʜʘʪʢʦʚʫ ʦʙʨʦʙʢʫ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ 

ʚʽʙʨʘʮʽʡ ʪʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʩʢʣʘʜʦʚʽ ʧʨʦʮʝʩʠ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʷ 

ʩʪʘʜʽʡ ʥʝʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʾʭ ʜʽʘʛʥʦʩʪʠʢʘ. 
 

 

ʋɼʂ. 674.055/ 621.817 
 

ʆʉʆɹʃʀɺʆʉʊɯ ʄɽʊʆɼɯɺ ɺʀɿʅɸʏɽʅʅʗ ɿʈʆʉʊʋ ʃʖɼʀʅʀ 
 

ɼ.ʆ. ʂʦʥʦʥʝʮʴ, ʩʪʫʜ., 

ʆ.ʇ. ʂʦʩʤʘʯ, ʢ.ʪ.ʥ., ʩʪ. ʚʠʢʣ. 

 ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʂʦʞʥʘ ʣʶʜʠʥʘ ʧʦʚʠʥʥʘ ʟʥʘʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʚʽʡ ʟʨʽʩʪ ʥʘ ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʞʠʪʪʷ, ʪʘʢ ʷʢ ʥʘʰ ʟʨʽʩʪ 

ʚʠʷʚʣʷʻ ʥʘʰʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʦʩʦʙʣʠʚʦ ʭʨʦʥʽʯʥʠʭ. ʇʨʦʪʷʛʦʤ ʜʦʚʛʦʛʦ ʯʘʩʫ 

ʚʚʘʞʘʣʦʩʷ, ʱʦ ʟʨʽʩʪ ʣʶʜʠʥʠ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʛʝʥʝʪʠʢʠ ï ʚʽʥ ʟʘʧʠʩʘʥʠʡ ʚ ɼʅʂ ʽ ʟʘʢʣʘʜʘʻʪʴʩʷ ʱʝ ʚ ʤʦʤʝʥʪ 

ʟʘʯʘʪʪʷ [1]. ɸʣʝ ʩʴʦʛʦʜʥʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʘ ʟʨʽʩʪ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʽ ʜʝʷʢʽ ʟʦʚʥʽʰʥʽ ʯʠʥʥʠʢʠ. ɿʘ ʦʩʪʘʥʥʽ ʜʝʢʽʣʴʢʘ 

ʩʪʦʣʽʪʴ ʨʦʢʽʚ ʣʶʜʠ ʩʪʘʣʠ ʟʥʘʯʥʦ ʚʠʱʝ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʭʘʨʯʫʚʘʥʥʷ ʩʪʘʣʦ ʩʫʪʪʻʚʦ ʢʘʣʦʨʽʡʥʽʰʠʤ 

ʽ ʥʘʩʠʯʝʥʽʰʠʤ ʙʽʣʢʘʤʠ. ɿʨʽʩʪ ʣʶʜʠʥʠ ï ʮʝ ʧʘʨʘʤʝʪʨ ʟʘ ʷʢʠʤ ʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʚ 

ʤʘʡʙʫʪʥʽ ʥʘ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ. ʊʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʟʨʦʩʪʫ ʣʶʜʠʥʠ, ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʨʦʟʚʠʪʢʫ ʣʶʜʠʥʠ. ɿ 

ʧʦʢʘʟʥʠʢʘʤʠ ʟʨʦʩʪʫ, ʧʦʚôʷʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʮʽʣʦʛʦ ʩʧʝʢʪʨʫ ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʚʘʜ. ʅʘʧʨʠʢʣʘʜ, 

ʯʠʤ ʥʠʞʯʝ ʟʨʽʩʪ, ʪʠʤ ʚʠʱʝ ʨʠʟʠʢʠ ʜʝʤʝʥʮʽʾ ʘʙʦ ʛʣʫʭʦʪʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ ʫ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʣʶʜʝʡ ʚʠʱʽ ʨʠʟʠʢʠ 

ʚʠʷʚʣʝʥʥʷ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʯʘʩʪʽʰʝ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʨʦʤʙʦʟ ʛʣʠʙʦʢʠʭ ʚʝʥ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʥʝ ʪʘʢ ʽ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʟʨʦʩʪʫ ʣʶʜʠʥʠ. ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʡ ʤʝʪʦʜ ï ʮʝ 

ʚʠʟʥʘʯʝʥʥʷ ʟʨʦʩʪʫ ʟʘ ʜʦʧʦʤʦʛʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʨʫʣʝʪʢʠ, ʷʢʘ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʦʙʫʪʦʚʠʭ ʫʤʦʚʘʭ 

ʘʙʦ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. ʎʝ, ʟʚʠʯʘʡʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʨʦʩʪʫ ʣʶʜʠʥʠ ʚ ʜʦʤʘʰʥʽʭ 

ʫʤʦʚʘʭ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʢʽʣʴʢʘ ʨʝʯʝʡ, ʘ ʩʘʤʝ: ʚʠʤʽʨʶʚʘʣʴʥʘ ʨʫʣʝʪʢʘ, ʜʟʝʨʢʘʣʦ, ʦʣʽʚʝʮʴ, ʪʦʚʩʪʘ 

ʢʥʠʛʘ ʘʙʦ ʢʦʨʦʙʢʘ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʨʦʩʪʫ ʜʘʥʠʤ ʤʝʪʦʜʦʤ ʥʝʦʙʭʽʜʥʦ ʚʠʧʨʷʤʠʪʠʩʷ ʪʦʨʢʘʶʯʠʩʴ ʦʜʥʦʯʘʩʥʦ 

ʧôʷʪʢʘʤʠ, ʩʧʠʥʦʶ, ʧʣʝʯʠʤʘ ʪʘ ʛʦʣʦʚʦʶ ʩʪʽʥʠ, ʪʘ ʟʘ ʜʦʧʦʤʦʛʠ ʢʥʠʛʠ ʪʘ ʦʣʽʚʮʷ ʥʘʥʝʩʪʠ ʚʽʜʤʽʪʢʫ, ʘ ʚʞʝ ʟʘ 
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ʜʦʧʦʤʦʛʠ ʨʫʣʝʪʢʠ ʚʠʟʥʘʯʠʪʠ ʩʘʤ ʟʨʽʩʪ (ʚʽʜ ʧʽʜʣʦʛʠ ʜʦ ʚʽʜʤʽʪʢʠ) ʜʦ ʮʽʣʠʭ ʟʥʘʯʝʥʴ ʤʽʣʽʤʝʪʨʽʚ. ɺʘʞʣʠʚʠʤʠ 

ʦʟʥʘʢʘʤʠ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʡʦʛʦ ʧʨʦʩʪʦʪʘ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ. ʋ ʢʦʞʥʦʛʦ ʚʜʦʤʘ ʻ 

ʚʠʤʽʨʶʚʘʣʴʥʘ ʨʫʣʝʪʢʘ ʯʠ ʣʽʥʽʡʢʘ ʪʘ ʢʦʞʝʥ ʚʤʽʻ ʥʝʶ ʢʦʨʠʩʪʫʚʘʪʠʩʷ. ɻʦʣʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ 

ʡʦʛʦ ʥʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʘʙʩʦʣʶʪʥʘ ʪʦʯʥʽʩʪʴ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʩʘʤʦʾ ʨʫʣʝʪʢʠ ʪʘ ʣʶʜʠʥʠ 

ʷʢʘ ʧʨʦʚʦʜʠʪʴ ʚʠʤʽʨʶʚʘʥʥʷ).  

ɺʠʟʥʘʯʠʪʠ ʟʨʽʩʪ ʣʶʜʠʥʠ ʤʦʞʣʠʚʦ ʽ ʧʦ ʾʾ ʩʪʫʧʥʷʭ, ʪʦʙʪʦ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʤ ʜʘʥʠʭ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ 

ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʟʨʦʩʪʫ ʣʶʜʠʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʡʦʛʦ ʩʪʫʧʝʥʴ. ʇʦ-ʧʝʨʰʝ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʨʦʩʪʫ 

ʣʶʜʠʥʠ ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʜʦʚʞʠʥʘ ʙʦʩʦʾ ʥʦʛʠ ʧʨʦʧʦʨʮʽʡʥʦ ʩʬʦʨʤʦʚʘʥʦʾ ʣʶʜʠʥʠ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 1/7 

ʡʦʛʦ ʟʨʦʩʪʫ. ɼʨʫʛʠʡ ʩʧʦʩʽʙ ʚʠʭʦʜʠʪʴ ʟ ʪʦʛʦ, ʱʦ ʨʦʟʤʽʨ ʩʪʦʧʠ ʩʢʣʘʜʘʻ 15,8% ʟʨʦʩʪʫ ʯʦʣʦʚʽʢʽʚ ʽ 15,5% ʟʨʦʩʪʫ 

ʞʽʥʦʢ. ɿ ʜʦʚʞʠʥʠ ʩʣʽʜʫ ʚʟʫʪʪʷ ʚʽʜʥʽʤʘʶʪʴ 1-1,5 ʩʤ, ʤʥʦʞʘʪʴ ʥʘ 100 ʽ ʜʽʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 15,8% ʘʙʦ ʥʘ 15,5%. 

ʆʪʨʠʤʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʜʦʨʽʚʥʶʚʘʪʠ ʧʨʠʙʣʠʟʥʦ ʟʨʦʩʪʫ ʣʶʜʠʥʠ [2]. ɻʦʣʦʚʥʦʶ ʭʘʨʘʢʪʝʨʥʽʩʪʶ 

ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʡʦʛʦ ʧʨʦʩʪʦʪʘ ʪʘ ʰʚʠʜʢʽʩʪʴ. ɺʩʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʜʝʢʽʣʴʢʘ ʩʝʢʫʥʜ ʜʣʷ ʚʠʤʽʨʷʥʥʷ ʜʦʚʞʠʥʠ ʩʪʦʧʠ 

ʪʘ ʧʽʜʨʘʭʫʚʘʪʠ ʚʝʩʴ ʟʨʽʩʪ ʣʶʜʠʥʠ. ɸʣʝ ʪʦʯʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʱʝ ʛʽʨʰʦʶ ʥʽʞ ʧʦʧʝʨʝʜʥʽʡ ʤʝʪʦʜ (ʩʪʦʧʠ ʚ 

ʧʨʦʮʝʩʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʨʦʜʫ ʟʘʥʷʪʪʷ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠʩʷ ʜʦʚʰʝ ʯʠ ʢʦʨʦʪʰʝ, ʪʦʤʫ ʧʨʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʤʦʞʣʠʚʦ ʛʦʚʦʨʠʪʠ ʣʠʰʝ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ) [3]. 

ʅʘʡʙʽʣʴʰ ʟʘʩʪʦʩʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʟʨʦʩʪʫ ʣʶʜʠʥʠ ʻ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʠ 

ʨʦʩʪʦʤʽʨʫ. ʎʝʡ ʤʝʭʘʥʽʯʥʠʡ ʧʨʠʣʘʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʩʶʜʠ, ʜʝ ʚʠʤʽʨʶʶʪʴ ʟʨʽʩʪ ʣʶʜʠʥʠ. ɺʽʥ ʜʫʞʝ ʧʨʦʩʪʠʡ ʚ 

ʚʠʢʦʨʠʩʪʘʥʥʽ. ʐʚʠʜʢʽʩʪʴ ʟʥʽʤʘʥʥʷ ʧʦʢʘʟʽʚ ʨʦʩʪʦʤʽʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʝʮʽʘʣʽʩʪʘ, ʘʣʝ ʚ ʩʝʨʝʜʥʴʦʤʫ ʯʘʩ ʟʥʽʤʘʥʥʷ 

ʧʦʢʘʟʽʚ ï 5 ʩʝʢʫʥʜ, ʱʦ ʻ ʜʦʚʦʣʽ ʪʘʢʠ ʛʘʨʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʘʣʝ ʮʝʡ ʯʘʩ ʤʦʞʣʠʚʦ ʽ ʟʤʝʥʰʠʪʠ. ɺ ʩʫʯʘʩʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʨʦʩʪʦʤʽʨʽʚ ʯʘʩ ʟʥʽʤʘʥʥʷ ʧʦʢʘʟʽʚ ʜʦʩʷʛʘʻ ʜʝʢʽʣʴʢʦʭ ʩʝʢʫʥʜ, ʘ ʾʭ ʪʦʯʥʽʩʪʴ ʩʢʣʘʜʘʻ Ñ 0,5 ʤʤ. ɸʣʝ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʨʦʩʪʦʤʽʨʫ, ʯʠ ʪʦ ʤʝʭʘʥʽʯʥʦʛʦ ʘʙʦ ʞ ʝʣʝʢʪʨʦʥʥʦʛʦ, ʚ ʥʠʭ ʨʝʘʣʽʟʦʚʘʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʤʝʪʦʜ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʠʡ ʟʘʚʞʜʠ ʥʘʢʣʘʜʘʻ ʩʠʣʦʚʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʦʙôʻʢʪʦʤ. 

ʇʦʩʪʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʩʪʦʤʽʨʫ, ʙʝʟʫʤʦʚʥʦ, ʧʨʠʟʚʝʜʝ ʜʦ ʡʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ ʧʦ 

ʥʘʧʨʷʤʥʠʤ ʯʘʩʪʠʥʘʤ. ɿ ʨʦʢʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʩʪʦʤʽʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʠʨʘʥʥʷ ʩʪʽʡʢʠ ʟ ʣʽʥʽʡʢʦʶ, ʧʦʟʥʘʯʢʘʤʠ ʪʘ 

ʤʫʬʪʠ. ʎʝ ʧʨʠʟʚʝʜʝ ʜʦ ʱʝ ʙʽʣʴʰʦʾ ʧʦʭʠʙʢʠ ʧʦʢʘʟʽʚ ʪʘ ʚʥʝʩʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʩʫʙôʻʢʪʠʚʥʠʭ ʧʦʭʠʙʦʢ ʚ ʟʘʛʘʣʴʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ.  

ɺ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʨʦʩʪʦʤʽʨʘʭ ʛʘʨʘʥʪʽʡʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʢʣʘʜʘʻ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʦ 10 ʨʦʢʽʚ. 

ɼʘʥʽ ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʦʯʥʽʩʪʶ ʪʘ ʰʚʠʜʢʽʩʪʶ ʟʥʽʤʘʥʥʷ ʧʦʢʘʟʽʚ. 
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ʈʽʟʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʚʞʜʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʧʨʦ 

ʱʦ ʩʚʽʜʯʠʪʴ ʚʝʣʠʢʠʡ ʥʘʛʨʽʚ ʩʪʨʫʞʢʠ ʪʘ ʚʽʜʭʦʜʽʚ, ʨʽʟʮʷ ʽ ʚ ʤʝʥʰʽʡ ʤʽʨʽ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ. ɼʣʷ ʙʦʨʦʪʴʙʠ ʽʟ 

ʰʢʽʜʣʠʚʦʶ ʜʽʻʶ ʪʝʧʣʦʪʠ ʧʨʠ ʨʽʟʘʥʥʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʜʞʝʨʝʣʘ ʾʭ ʫʪʚʦʨʝʥʥʷ, ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʫʤʦʚ ʨʦʙʦʪʠ ʽ 

ʨʦʟʧʦʜʽʣ ʪʝʧʣʘ ʤʽʞ ʩʪʨʫʞʢʦʶ, ʨʽʟʮʝʤ ʽ ʟʘʛʦʪʦʚʢʦʶ. 

ʇʽʜ ʯʘʩ ʟʤʽʥʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʨʝʯʦʚʠʥʠ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʩʪʘʥʥʴʦʛʦ ʙʽʣʴʰʦʶ ʘʙʦ ʤʝʥʰʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʘʣʝ ʜʣʷ ʾʾ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʙʠʨʘʶʪʴʩʷ ʧʦ 

ʤʦʞʣʠʚʦʩʪʽ ʪʽ ʟ ʥʠʭ, ʷʢʽ ʦʜʥʦʟʥʘʯʥʦ ʤʽʥʷʶʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʽ 

ʧʦʨʽʚʥʷʥʦ ʣʝʛʢʦ ʚʠʟʥʘʯʘʶʪʴʩʷ. ʇʨʠ ʨʽʟʘʥʥʽ ʤʘʪʝʨʽʘʣʽʚ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ ʨʽʟʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʪʝʧʣʦ, 

ʷʢʝ ʤʦʞʝ ʤʘʪʠ ʜʝʢʽʣʴʢʘ ʜʞʝʨʝʣ. 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʘ ʷʢʘ ʚʠʜʽʣʠʣʘʩʷ ʧʨʠ ʨʽʟʘʥʥʽ ʤʦʞʥʘ ʫʟʘʛʘʣʴʥʝʥʦ ʦʙʯʠʩʣʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

Q = Qʜʩ + Qʪʧ + Qʪʟ, 

ʜʝ Qʜʩ ï ʪʝʧʣʦ, ʷʢʝ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʜʝʬʦʨʤʘʮʽʾ ʚ ʟʦʥʽ ʟʩʫʚʽʚ ʥʘ ʫʤʦʚʥʽʡ ʧʣʦʱʠʥʽ ʟʩʫʚʫ. 

Qʪʧ - ʪʝʧʣʦ ʪʝʨʪʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʦ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ ʚ ʤʝʞʘʭ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʫ ʧʝʨʝʜʥʴʦʾ ʧʦʚʝʨʭʥʽ ʟ 

ʧʦʚʝʨʭʥʝʶ ʨʽʟʘʥʥʷ ʟʘʛʦʪʦʚʢʠ. 

Qʪʟ - ʪʝʧʣʦ ʪʝʨʪʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʚ ʤʝʞʘʭ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʫ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʥʽ ʟ 

ʧʦʚʝʨʭʥʝʶ ʨʽʟʘʥʥʷ ʟʘʛʦʪʦʚʢʠ. 

ʊʝʧʣʦ, ʷʢʝ ʫʪʚʦʨʠʣʦʩʷ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʧʦʩʪʫʧʦʚʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʜʦ ʙʽʣʴʰ ʭʦʣʦʜʥʠʭ ʯʘʩʪʠʥ 

ʟʘʛʦʪʦʚʢʠ ʪʘ ʨʽʟʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʨʦʟʧʦʜʽʣʷʶʯʠʩʴ ʤʽʞ ʩʪʨʫʞʢʦʶ, ʟʘʛʦʪʦʚʢʦʶ ʪʘ ʤʘʪʝʨʽʘʣʦʤ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʏʘʩʪʠʥʘ ʪʝʧʣʘ ʜʝʬʦʨʤʘʮʽʾ Qʜʩ ʚʽʜ ʫʤʦʚʥʦʾ ʧʣʦʱʠʥʠ ʟʩʫʚʫ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʨʫʞʢʫ. ɯʟ ʟʦʥʠ ʪʝʨʪʷ ʥʘ ʧʝʨʝʜʥʽʡ 

ʧʦʚʝʨʭʥʽ ʚ ʩʪʨʫʞʢʫ ʧʝʨʝʭʦʜʠʪʴ ʯʘʩʪʠʥʘ ʪʝʧʣʘ ʪʝʨʪʷ, ʱʦ ʜʦʨʽʚʥʶʻ Qʪʧï Qʧ,̔ ʜʝ Qʧ ̔ï ʪʝʧʣʦ, ʷʢʝ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʤʘʪʝʨʽʘʣ ʽʥʩʪʨʫʤʝʥʪʫ. ʗʢ ʥʘʩʣʽʜʦʢ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʞʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʘʨʥʠʤ ʪʝʧʣʦʚʠʤ ʧʦʪʦʢʦʤ Qʩʪ = Qʜʩ + 

Qʪʧ ï Qʧ.̔ 
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ʏʘʩʪʠʥʘ ʪʝʧʣʦʪʠ ʜʝʬʦʨʤʘʮʽʾ Qʜʜ ʧʝʨʝʡʜʝ ʜʦ ʟʘʛʦʪʦʚʢʠ. ʊʘʢʦʞ ʪʫʜʠ ʧʝʨʝʡʜʝ  ̔ʪʝʧʣʦʪʘ ʽʟ ʟʦʥʠ ʪʝʨʪʷ ʧʦ 

ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʜʦʨʽʚʥʶʻ Qʪʟ ïQʟ,̔ ʜʝ Qʟ ̔ï ʯʘʩʪʠʥʘ ʪʝʧʣʘ, ʷʢʘ ʙʫʜʝ ʧʦʛʣʠʥʘʪʠʩʷ ʤʘʪʝʨʽʘʣʦʤ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʗʢ ʥʘʩʣʽʜʦʢ ʯʦʛʦ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚ ʜʝʪʘʣʴ Qʜ = Qʜʜ + Qʪʟ ï Qʟ.̔ 

ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʣʝʟʘ ʽʥʩʪʨʫʤʝʥʪʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʩʫʤʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

Q ̔= Qʧ ̔+ Qʟ.̔ 

ɹʘʟʫʶʯʠʩʴ ʥʘ ʮʴʦʤʫ, ʤʦʞʥʘ ʥʘʧʠʩʘʪʠ ʚʠʨʘʟ, ʱʦ ʦʧʠʩʫʻ ʚʠʪʨʘʪʠ ʪʝʧʣʘ, ʷʢʝ ʫʪʚʦʨʠʣʦʩʷ ʧʨʠ ʨʽʟʘʥʥʽ 

Q = Qʩʪ + Qʜ + Q  ̔+ Qʩ, 

ʜʝ Qʩ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʷʢʝ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʆʩʥʦʚʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʧʨʠ ʚʠʚʯʝʥʥʽ ʪʝʧʣʦʚʠʭ ʷʚʠʱ ʧʨʠ ʨʽʟʘʥʥʽ ʻ: 

ï ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ, ʱʦ ʫʪʚʦʨʠʣʦʩʷ ʧʨʠ ʨʽʟʘʥʥʽ, ʽ ʡʦʛʦ ʨʦʟʧʦʜʽʣ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʥʷʭ ʽʥʩʪʨʫʤʝʥʪʫ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʚ ʨʽʟʘʣʴʥʦʤʫ ʣʝʟʽ ʽʥʩʪʨʫʤʝʥʪʘ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʮʠʭ ʦʙôʻʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽ ʪʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ 

ʮʴʦʤʫ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʥʠʭ ʚʠʜʽʚ. ʅʘʧʨʠʢʣʘʜ, 

ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʽ ʜʘʪʯʠʢʠ ï ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʥʮʠʧʽ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ (ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʽ 

ʧʨʦʚʽʜʥʠʢʘ) ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ ʜʘʪʯʠʢʽʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ: 

1. ʈʝʟʠʩʪʠʚʥʽ ʜʝʪʝʢʪʦʨʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʽ ʜʘʪʯʠʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʝʪʘʣʫ, ʥʘʡʯʘʩʪʽʰʝ ʧʣʘʪʠʥʠ. ɺ 

ʧʨʠʥʮʠʧʽ, ʙʫʜʴ-ʷʢʠʡ ʤʝʪʘʣ ʟʤʽʥʶʻ ʩʚʽʡ ʦʧʽʨ ʧʨʠ ʚʧʣʠʚʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʣʘʪʠʥʫ ʪʘʢ ʷʢ ʚʦʥʘ 

ʚʦʣʦʜʽʻ ʜʦʚʛʦʪʨʠʚʘʣʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ, ʤʽʮʥʽʩʪʶ ʽ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʥʘʜ 600Á ʉ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʘʢʦʞ ʚʦʣʴʬʨʘʤ. ʄʽʥʫʩʦʤ ʮʠʭ ʜʘʪʯʠʢʽʚ ʻ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʽ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

2. ʂʨʝʤ'ʷʥʽ ʨʝʟʠʩʪʠʚʥʽ ʜʘʪʯʠʢʠ. ʇʝʨʝʚʘʛʠ ʮʠʭ ʜʘʪʯʠʢʽʚ ï ʚʠʩʦʢʘ ʣʽʥʽʡʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʚʠʩʦʢʘ 

ʜʦʚʛʦʩʪʨʦʢʦʚʘ ʩʪʘʙʽʣʴʥʽʩʪ.ɹ ʊʘʢʦʞ ʮʽ ʜʘʪʯʠʢʠ ʤʦʞʫʪʴ ʚʙʫʜʦʚʫʚʘʪʠʩʷ ʧʨʷʤʦ ʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʦʙʯʠʩʣʶʚʘʥʠʭ 

ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʘʙʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. 

3. ʊʝʨʤʽʩʪʦʨʠ. ʎʽ ʜʘʪʯʠʢʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʤʝʪʘʣ-ʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ. ʊʘʢʽ ʜʘʪʯʠʢʠ ʚʠʤʽʨʶʶʪʴ ʪʽʣʴʢʠ 

ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɯʩʪʦʪʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʝʨʤʩ̔ʪʦʨʚ̔ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ ʢʘʣʽʙʨʫʚʘʥʥʷ ʽ ʚʝʣʠʢʘ 

ʥʝʣ̔ʥʽʡʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʩʫʪʪʻʚʝ ʩʪʘʨʽʥʥʷ, ʦʜʥʘʢ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʨʝʮʠʟʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʽ 

ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʘ ʪʘʢʦʞ ʤʘʶʪʴ ʧʨʦʩʪʫ ʩʭʝʤʫ 

ʧʽʜʢʣʶʯʝʥʥʷ. ʆʩʦʙʣʠʚʽʩʪʶ ʩʢʣʘʜʦʚʦʶ ʪʘʢʠʭ ʚʠʤʽʨʶʚʘʥʴ ʻ ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚ ʤʝʞʘʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʪʝʤʧʝʨʘʪʫʨ. 
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ʖ.ɺ.ʃʝʥʴʢʦ, ʩʪʫʜ. ʛʨ. ɺʊ-131, 

ɸ.ʃ. ʇʨʠʩʪʫʧʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ɸ.ɯ. ʉʘʪʶʢʦʚ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʻ ʜʝʜʘʣʽ ʰʠʨʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʅɺʏ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʨʽʟʥʽ ʛʘʣʫʟʽ ʞʠʪʪʷ ʣʶʜʠʥʠ. ɺʘʞʣʠʚʠʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʧʨʘʚʠʣʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʠʭ ʩʠʛʥʘʣʽʚ.  

ʇʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʙʫʣʘ ʚʽʜʢʨʠʪʘ ʱʝ ʚ XIX ʩʪʦʨʽʯʯʽ. ɿ ʪʦʛʦ 

ʯʘʩʫ ʧʦʯʘʣʠ ʩʪʚʦʨʶʚʘʪʠʩʷ ʧʨʠʩʪʨʦʾ, ʟʜʘʪʥʽ ʜʦ ʧʝʨʝʜʘʯʽ ʪʘ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʽʚ ʥʘ ʚʽʜʩʪʘʥʽ. ɿ ʯʘʩʦʤ ʦʙʩʷʛ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʨʦʩʪʘʚ ʽ ʨʦʟʰʠʨʶʚʘʚʩʷ  ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ.  

ʇʨʦʙʣʝʤʘ ʧʨʠʨʦʜʠ ʪʘ ʧʨʦʭʦʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʯʝʨʝʟ ʧʝʨʝʰʢʦʜʠ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ. ʇʦʩʪʽʡʥʠʡ 

ʨʦʟʚʠʪʦʢ ʅɺʏ ʩʠʩʪʝʤ ʚʧʣʠʚʘʻ ʥʘ ʧʦʷʚʫ ʥʦʚʽʪʥʽʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʪʝʭʥʽʢʠ. 

ʊʝʭʥʽʢʘ, ʱʦ ʧʨʘʮʶʻ ʚ ʜʽʘʧʘʟʦʥʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ, ʚʩʝ ʙʽʣʴʰʝ ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʞʠʪʪʷ. ɺ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 2-8 ɻɻʮ ʧʨʘʮʶʶʪʴ : 

- ʅʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

- ʈʘʜʽʦʟʚôʷʟʦʢ 

- ʉʦʪʦʚʠʡ ʟʚôʷʟʦʢ (ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ) 

- ʉʠʩʪʝʤʠ Wi-Fi ʪʘ Bluetooth  

- ʉʫʧʫʪʥʠʢʦʚʝ ʊɺ 

- ʈʘʜʽʦʣʦʢʘʮʽʷ  

ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʻ ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ, ʦʩʢʽʣʴʢʠ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʻ ʜʝʜʘʣʽ ʙʽʣʴʰʝ.  
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ɼʘʥʘ ʨʦʙʦʪʘ ʩʪʦʩʫʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʧʣʠʚʫ ʚʦʣʦʛʦʩʪʽ ʧʝʨʝʰʢʦʜʠ ʥʘ ʧʨʦʭʦʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʅɺʏ 

ʜʽʘʧʘʟʦʥʫ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʅɺʏ-ʤʝʪʦʜʠ, 

ʩʝʨʝʜ ʷʢʠʭ ʚʠʜʽʣʷʶʪʴ: 

- ʦʧʪʠʯʥʽ ʤʝʪʦʜʠ; 

- ʨʝʟʦʥʘʥʩʥʽ; 

- ʭʚʠʣʝʚʦʜʥʽ; 

- ʟʦʥʜʦʚʽ. 

ʂʦʞʝʥ ʟ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ ʤʘʻ ʩʚʦʶ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ.  

ɸʚʪʦʨʘʤʠ ʟʨʦʙʣʝʥʦ ʩʧʨʦʙʫ ʚʠʢʦʨʠʩʪʘʪʠ ʚ ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʭʚʠʣʝʚʦʜʥʦ-

ʢʦʘʢʩʽʘʣʴʥʠʡ ʧʝʨʝʭʽʜ. [2] 

ɼʦʙʨʝ ʚʽʜʦʤʦ, ʱʦ ʚ ʧʨʷʤʦʢʫʪʥʦʤʫ ʭʚʠʣʝʚʦʜʽ ʜʦʚʞʠʥʘ ʭʚʠʣʴ, ʱʦ ʤʦʞʫʪʴ ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʩʴ, ʧʦʚôʷʟʘʥʘ 

ʟ ʨʦʟʤʽʨʘʤʠ ʭʚʠʣʝʚʦʜʫ: a, b (ʨʠʩ.1) . ʊʘʢ, ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʪʠʧʫ ʅ10 ʜʦʨʽʚʥʶʻ ʧʦʜʚʽʡʥʦʤʫ ʨʦʟʤʽʨʫ 

ʰʠʨʦʢʦʾ ʩʪʽʥʢʠ ʭʚʠʣʝʚʦʜʫ 2ʘ. ʍʚʠʣʽ ʟ ʤʝʥʰʠʤʠ ʯʘʩʪʦʪʘʤʠ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ. ʎʝʡ ʬʘʢʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʘʣʠʭ ʘʪʝʥʶʘʪʦʨʽʚ ʫ ʚʠʛʣʷʜʽ ʚʽʜʨʽʟʢʫ ʭʚʠʣʝʚʦʜʫ ʧʝʚʥʦʾ ʜʦʚʞʠʥʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʥʘ ʭʚʠʣʝʚʦʜʥʦ-ʢʦʘʢʩʽʘʣʴʥʠʡ ʧʝʨʝʭʽʜ ʥʘʧʨʘʚʠʪʠ ʅɺʏ ʩʠʛʥʘʣ ʟ ʯʘʩʪʦʪʦʶ ʪʨʦʭʠ 

ʤʝʥʰʦʶ ʟʘ ʛʨʘʥʠʯʥʫ, ʘ ʧʦʪʽʤ ʧʣʘʚʥʦ ʧʽʜʚʠʱʫʚʘʪʠ ʾʾ, ʪʦ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʜʦ ʢʦʘʢʩʽʘʣʴʥʦʾ ʣʽʥʽʾ, ʙʫʜʝ 

ʟʨʦʩʪʘʪʠ, ʦʩʢʽʣʴʢʠ ʤʠ ʙʫʜʝʤʦ ʥʘʙʣʠʞʘʪʠʩʴ ʜʦ ʯʘʩʪʦʪ, ʥʘ ʷʢʽ ʚʣʘʩʥʝ ʽ ʨʦʟʨʘʭʦʚʘʥʠʡ ʮʝʡ ʭʚʠʣʝʚʦʜʥʦ-

ʢʦʘʢʩʽʘʣʴʥʠʡ ʧʝʨʝʭʽʜ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʫ ʜʝʷʢʠʭ ʨʝʯʦʚʠʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʧʦʩʣʘʙʣʝʥʥʷ ʅɺʏ ʩʠʛʥʘʣʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʯʘʩʪʦʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʮʽ ʜʚʘ ʧʨʦʪʠʣʝʞʥʠʭ ʬʘʢʪʦʨʠ ʧʨʠʟʚʦʜʷʪʴ  ʜʦ ʥʘʷʚʥʦʩʪʽ ʥʘ ʯʘʩʪʦʪʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʶ 

ʟʘʪʫʭʘʥʥʷ ʅɺʏ ʭʚʠʣʽ ʯʽʪʢʦ ʩʧʦʩʪʝʨʽʛʘʻʤʦʛʦ ʤʽʥʽʤʫʤʫ. ɸʚʪʦʨʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩʪʦʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʦʩʣʘʙʣʝʥʥʷ ʤʦʥʦʪʦʥʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʮʝʥʪʫ ʚʦʣʦʛʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʫ.   

ʊʘʢʠʤ ʯʠʥʦʤ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʨʽʚʝʥʴ ʚʦʣʦʛʦʩʪʽ ʨʝʯʦʚʠʥʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʥʝ ʩʪʫʧʽʥʴ ʧʦʩʣʘʙʣʝʥʥʷ 

ʅɺʏ ʩʠʛʥʘʣʫ, ʘ ʯʘʩʪʦʪʘ, ʥʘ ʷʢʽʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʡ ʩʠʛʥʘʣ.  

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʚʦʣʦʛʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʨʦʭʦʜʞʝʥʥʽ ʅɺʏ ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ ʥʠʭ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ: 

1. ʊʦʚʱʠʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʝʨʝʚʠʱʫʻ 10ʩʤ. 

2. ɺʦʣʦʛʽʩʪʴ ʟʨʘʟʢʽʚ ʟʤʽʥʶʚʘʣʘʩʴ ʚ ʤʝʞʘʭ ʚʽʜ 1% ʜʦ 10%. ɹʽʣʴʰʠʡ ʚʤʽʩʪ ʚʦʣʦʛʠ ʚ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ 

ʤʘʣʦʚʽʨʦʛʽʜʥʠʡ. ɺʽʥ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʧʽʜ ʯʘʩ ʦʧʘʜʽʚ, ʘ ʪʘʢʦʞ  ʚ ʚʦʣʦʛʠʭ ʧʽʜʚʘʣʴʥʠʭ ʪʘ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʥʷ, ʜʝʷʢʠʭ ʧʽʜʟʝʤʥʠʭ ʦʙôʻʢʪʘʭ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʘʧʘʨʘʪʫʨʠ,  ʱʦ ʧʨʘʮʶʻ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ 

ʪʨʝʙʘ ʧʨʦʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ.  

3. ɹʫʚ ʦʙʨʘʥʠʡ ʯʘʩʪʦʪʥʠʡ ʽʥʪʝʨʚʘʣ 2,3 ɻɻʮ. ï 8 ɻɻʮ. ʎʝ  ʚʠʭʦʜʠʪʴ ʟʘ  ʤʝʞʽ ʜʽʘʧʘʟʦʥʫ, ʚ ʷʢʦʤʫ ʚʞʝ 

ʧʨʘʮʶʻ ʽʩʥʫʶʯʘ  ʘʧʘʨʘʪʫʨʘ ʙʝʟʜʨʦʪʦʚʠʭ ɯʊ ʪʝʭʥʦʣʦʛʽʡ,  ʘʣʝ  ʤʠ ʥʝ ʧʦʚôʷʟʫʚʘʣʠ ʥʘʰʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʫʤʦʚʘʤʠ 

ʨʦʙʦʪʠ ʢʦʥʢʨʝʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ.  
 

 
 

ʈʠʩʫʥʦʢ 1 - ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ  

1 ï ʛʝʥʝʨʘʪʦʨ ʟʤʽʥʥʦʾ ʯʘʩʪʦʪʠ ɻʂʏ-52; 2 - ʛʝʥʝʨʘʪʦʨ ʟʤʽʥʥʦʾ ʯʘʩʪʦʪʠ ɻʂʏ-57; 3 - ʛʝʥʝʨʘʪʦʨ ʟʤʽʥʥʦʾ ʯʘʩʪʦʪʠ ɻʂʏ-53; 

4 ï ʽʥʜʠʢʘʪʦʨ ʂʉɺʅ ʪʘ ʧʦʩʣʘʙʣʝʥʥʷ ʗ2ʈ-67; 5 ï ʧʝʨʝʜʘʚʘʣʴʥʘ ʘʥʪʝʥʘ;  

6 ï ʧʨʠʡʤʘʣʴʥʘ ʘʥʪʝʥʘ (ʭʚʠʣʝʚʦʜʥʦ-ʢʦʘʢʩʽʘʣʴʥʠʡ ʧʝʨʝʭʽʜ). 
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ʅʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʚʧʣʠʚʘʶʪʴ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ: 

- ʇʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʧʦʚʟ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʨʘʢʮʽʾ (ɿʥʠʞʝʥʥʷ ʚʧʣʠʚʫ 

ʜʘʥʦʛʦ ʬʘʢʪʦʨʫ ʜʦʩʷʛʘʣʦʩʷ ʚʠʙʦʨʦʤ ʚʽʜʧʦʚʽʜʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʨʠʡʤʘʣʴʥʠʤʠ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ 

ʘʥʪʝʥʘʤʠ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ).  

- ɺʧʣʠʚ ʜʽʘʛʨʘʤ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥ. 

- ɺʧʣʠʚ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ ʚ ʧʨʠʡʤʘʯʽ. 

- ɺʧʣʠʚ  ʧʘʨʘʟʠʪʥʠʭ  ʩʠʛʥʘʣʽʚ. 

- ɺʧʣʠʚ ʽʥʪʝʨʬʝʨʝʥʮʽʾ (ɼʣʷ ʜʝʷʢʠʭ ʚʠʜʽʚ ʧʝʨʝʰʢʦʜ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʥʘ ʚʝʣʠʯʠʥʘ ʦʩʣʘʙʣʝʥʥʷ ʚ 

ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʠʛʥʘʣʫ ʢʨʽʟʴ ʦʙ'ʻʢʪ (ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ). 

- ʅʝʪʦʯʥʽʩʪʴ  ʚʠʟʥʘʯʝʥʥʷ  ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ. 

ɿʥʘʯʫʱʽʩʪʴ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʫ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʶʚʘʪʠ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ ʜʦʩʣʽʜʽʚ. ɺ ʮʽʣʦʤʫ ʾʭ ʚʧʣʠʚ 

ʥʘ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʻ ʥʝ ʩʫʪʪʻʚʠʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʦʟʨʦʙʣʝʥʘ ʫʥʽʚʝʨʩʘʣʴʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ, ʥʘ ʷʢʽʡ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʧʣʠʚʫ ʚʦʣʦʛʦʩʪʽ ʥʘ ʧʨʦʭʦʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʯʝʨʝʟ ʨʽʟʥʽ ʤʘʪʝʨʽʘʣʠ ʚ ʅɺʏ ʜʽʘʧʘʟʦʥʽ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʚʧʣʠʚʫ ʚʦʣʦʛʦʩʪʽ ʥʘ ʧʨʦʭʦʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʜʫʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʤʘʡʙʫʪʥʽʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ. 
   ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʌʽʟʠʯʥʽ ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ: ʇʽʜʨʫʯʥʠʢ ʜʣʷ ʩʪʫʜ. ʚʫʟʽʚ. / ɻʦʪʨʘ ɿ.ʖ., ʃʦʧʘʪʠʥʩʴʢʠʡ ɯ.ɭ., ʃʫʢʽʷʥʝʮʴ ɹ.ɸ., ʄʠʢʠʪʶʢ ɿ.ʄ., 

ʇʝʪʨʦʚʠʯ ɯ.ɺ.; ɿʘ ʨʝʜʘʢʮʽʻʶ ɻʦʪʨʠ ɿ.ʖ.- ʃʴʚʽʚ: ɹʝʩʢʠʜ ɹʽʪ, 2004. ï 880 ʩ.  
2. ʉʘʪʶʢʦʚ ɸ.ɯ., ʇʨʠʩʪʫʧʘ ɸ.ʃ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʭʚʠʣʝʚʦʜʥʦ-ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʫ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚʦʣʦʛʦʩʪʽ ʪʽʣ ʟ ʜʦʚʽʣʴʥʦʶ 

ʛʝʦʤʝʪʨʽʻʶ // ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ : ʪʝʟ. ʢʦʥʬ., ʌʽʟʠʢʘ, ʝʣʝʢʪʨʦʥʽʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ / ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ. ï ʉʫʤʠ, 2014. ïʉ.51 
3. ʉʘʪʶʢʦʚ ɸ.ɯ., ʇʨʠʩʪʫʧʘ ɸ.ʃ. ʑʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʪʽʣ ʟ ʜʦʚʽʣʴʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʚʠʣʝʚʦʜʥʦ-

ʢʦʘʢʩʠʘʣʴʥʦʛʦ  ʧʝʨʝʭʦʜʫ // ʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ (ʂɿʗʊʇʉ-2014). ʄʘʪʝʨʽʘʣʠ ɯV ʤʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ï ʏʝʨʥʽʛʽʚ: ʏʅʊʋ, 2014. ï ʉ.119-120 
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ɽʃɽʂʊʈʆʆʇʊʀʏʅɯ ɽʌɽʂʊʀ ɺ ʈɯɼʂʀʍ ʂʈʀʉʊɸʃɸʍ ɯ ɰʍ ɺʀʂʆʈʀʉʊɸʅʅʗ ʋ 

ʇʈʀʉʊʈʆʗʍ ɺɯɼʆɹʈɸɾɽʅʅʗ ɯʅʌʆʈʄɸʎɯɰ 

 

ʗ. ʃʷʧʝʢʦ, ʩʪʫʜ. ʛʨ. ɺʊ-121,  

ʆ.ɺ. ʈʦʛʦʟʘ, ʢ.ʬ.-ʤ.ʥ., ʧʨʦʬ., ʢʘʬʝʜʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ,ʤʝʪʨʦʣʦʛʽʾ ʪʘ ʬʽʟʠʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʦʜʘʣʴʰʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʢʣʘʜʘʥʥʷ ʬʽʟʠʢʠ ʪʘ ʜʠʩʮʠʧʣʽʥ ʩʧʝʮʽʘʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʻ 

ʧʦʛʣʠʙʣʝʥʥʷ ʟʚôʷʟʢʽʚ ʦʩʚʽʪʠ ʟ ʥʘʫʢʦʶ.  

ɿʥʘʯʥʠʤ ʜʦʩʷʛʥʝʥʥʷʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʫ ʩʫʯʘʩʥʠʭ ʦʧʪʠʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ. ʈʽʜʢʽ ʢʨʠʩʪʘʣʠ ʤʘʶʪʴ ʥʝʟʚʠʯʘʡʥʽ, ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʦʧʪʠʯʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʣʘʚʥʦ ʢʝʨʫʚʘʪʠ ʦʧʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʩʚʽʪʣʦʧʨʦʧʫʩʢʘʥʥʷʤ, 

ʩʚʽʪʣʦʨʦʟʩʽʶʚʘʥʥʷʤ, ʧʦʣʷʨʠʟʘʮʽʻʶ, ʟʘʣʦʤʣʝʥʥʷʤ, ʚʽʜʙʠʚʘʥʥʷʤ, ʩʚʽʪʣʘ, ʢʦʣʴʦʨʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʎʝ 

ʢʝʨʫʚʘʥʥʷ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ  ʨʽʟʥʠʤʠ ʩʠʛʥʘʣʘʤʠ: ʝʣʝʢʪʨʠʯʥʠʤʠ, ʩʚʽʪʣʦʚʠʤʠ, ʤʝʭʘʥʽʯʥʠʤʠ, ʪʝʧʣʦʚʠʤʠ, 

ʤʘʛʥʽʪʥʠʤʠ, ʭʽʤʽʯʥʠʤ ʚʧʣʠʚʦʤ. 

 ʈʽʜʢʽ ʢʨʠʩʪʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʦʧʪʠʯʥʠʭ ʝʣʝʤʝʥʪʘʭ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʥʦʚʫ ʝʣʝʤʝʥʪʥʫ ʙʘʟʫ, ʚ 

ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʥʦʚʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. 

ʉʪʫʜʝʥʪʘʤ ʧʨʦʧʦʥʫʻʤʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʚʯʘʪʠ  ʦʨʽʻʥʪʘʮʽʡʥʽ ʝʣʝʢʪʨʦʦʧʪʠʯʥʽ   S-ʝʬʝʢʪ ʪʘ B-ʝʬʝʢʪ ʫ 

ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ; ʧʨʦʮʝʩ ʧʝʨʝʭʦʜʫ ʭʦʣʝʩʪʝʨʠʯʥʦʾ ʬʘʟʠ ʚ ʥʝʤʘʪʠʯʥʫ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ; ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʚʽʜʙʠʚʘʥʥʷ ʩʚʽʪʣʘ ʭʦʣʝʩʪʝʨʠʯʥʠʤʠ ʨʽʜʢʠʤʠ ʢʨʠʩʪʘʣʘʤʠ (ʨʠʩ. 

1), ʷʚʠʱʝ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʧʨʦʤʝʥʽʚ ʫ ʢʝʨʦʚʘʥʠʭ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ ʢʦʤʽʨʢʘʭ ʟ ʥʝʤʘʪʠʯʥʠʤ 

ʨʽʜʢʠʤ ʢʨʠʩʪʘʣʦʤ. ɺʽʜʦʤʦ, ʱʦ ʧʨʦʤʝʥʽ, ʧʦʣʷʨʠʟʦʚʘʥʽ ʚ ʜʚʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʘʭ, ʥʝ 

ʽʥʪʝʨʬʝʨʫʶʪʴ. ɸʣʝ, ʷʢʱʦ ʟʚʝʩʪʠ ʮʽ ʦʨʪʦʛʦʥʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʚ ʦʜʥʫ ʧʣʦʱʠʥʫ ʽ ʩʪʚʦʨʠʪʠ ʜʝʷʢʫ ʨʽʟʥʠʮʶ ʬʘʟ ʤʽʞ 

ʥʠʤʠ, ʪʦ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʦʩʦʙʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʩʤʫʛ. ɺʠʢʦʥʫʶʯʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʪʫʜʝʥʪʠ 

ʩʧʦʩʪʝʨʽʛʘʪʠʤʫʪʴ ʢʦʣʴʦʨʦʚʫ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʫ ʢʘʨʪʠʥʫ ʥʝʟʚʠʯʘʡʥʦʛʦ ʽ ʟʚʠʯʘʡʥʦʛʦ ʧʨʦʤʝʥʽʚ, ʚʠʚʯʘʪʴ 

ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʾ ʢʦʤʽʨʢʠ ʟ ʧʦʣʷʨʠʟʘʪʦʨʘʤʠ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʽ ʚʽʜ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ ʘʥʘʣʽʟʘʪʦʨʘ, ʘʙʦ ʢʦʤʽʨʢʠ. 

ɺʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʜʦʟʚʦʣʠʪʴ  ʩʪʫʜʝʥʪʘʤ ʥʝ ʪʽʣʴʢʠ ʟʨʦʟʫʤʽʪʠ ʩʧʝʮʠʬʽʯʥʽ ʜʣʷ ʬʽʟʠʢʠ ʨʽʜʢʠʭ 

ʢʨʠʩʪʘʣʽʚ ʧʦʥʷʪʪʷ, ʷʢ ʦʨʽʻʥʪʘʮʽʡʥʠʡ ʧʦʨʷʜʦʢ, ʜʠʨʝʢʪʦʨ, ʥʝʤʘʪʠʢʠ, ʩʤʝʢʪʠʢʠ, ʭʦʣʝʩʪʝʨʠʢʠ, ʪʝʨʤʦʪʨʦʧʥʽ ʪʘ 

ʣʽʦʪʨʦʧʥʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ, ʧʣʘʥʘʨʥʘ ʪʘ ʛʦʤʝʦʪʨʦʧʥʘ ʦʨʽʻʥʪʘʮʽʷ, ʤʝʟʦʬʘʟʘ, ʧʝʨʝʭʦʜʠ ʌʨʝʜʝʨʽʢʩʘ, ʪʘ ʽʥʰʽ, ʘʣʝ ʡ 

ʙʽʣʴʰ ʛʣʠʙʦʢʦ ʦʩʷʛʥʫʪʠ ʪʘʢʽ ʟʘʛʘʣʴʥʦ-ʬʽʟʠʯʥʽ ʧʦʥʷʪʪʷ, ʷʢ ʚôʷʟʢʽʩʪʴ, ʟʘʢʦʥ ʅʴʶʪʦʥʘ, ʟʘʢʦʥ ʉʪʦʢʩʘ, ʧʦʜʚʽʡʥʝ 

ʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ, ʦʧʪʠʯʥʘ ʘʥʽʟʦʪʨʦʧʽʷ, ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʜʦʚʞʠʥʘ ʦʧʪʠʯʥʦʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ, ʧʦʣʷʨʠʟʘʮʽʷ 

ʩʚʽʪʣʘ, ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʧʨʦʤʝʥʽʚ, ʬʘʟʦʚʽ ʧʝʨʝʭʦʜʠ ɯ ʪʘ ɯɯ ʨʦʜʫ, ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ, ʜʠʬʨʘʢʮʽʷ 
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ɺʫʣʴʬʘ-ɹʨʝʛʛʘ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʪʘ ʽʥʰʽ, ʟʨʦʟʫʤʽʪʠ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʜʠʩʧʣʝʾʚ ʽ ʾʭ ʧʝʨʝʚʘʛʫ ʥʘʜ ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʜʥʦʯʘʩʥʦ ʩʪʫʜʝʥʪʠ ʥʘʙʫʚʘʪʠʤʫʪʴ ʚʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʟ ʧʨʠʣʘʜʘʤʠ ʪʘ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ: ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ, ʧʽʜʩʠʣʶʚʘʯʝʤ ʧʦʩʪʽʡʥʦʛʦ  ʩʪʨʫʤʫ, 

ʮʠʬʨʦʚʠʤ  ʚʦʣʴʪʤʝʪʨʦʤ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ ʪʝʨʤʦʧʘʨʦʶ ʪʘ ʽʥʰʠʤʠ, ʥʘʚʯʘʪʠʤʫʪʴʩʷ ʦʙʨʦʙʣʶʚʘʪʠ ʽ ʘʥʘʣʽʟʫʚʘʪʠ 

ʦʜʝʨʞʘʥʫ ʽʥʬʦʨʤʘʮʽʶ.  

 
ʈʠʩʫʥʦʢ 1 - ʍʦʣʝʩʪʝʨʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ, ʡʦʛʦ ʤʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ 

ʈʦʟʛʣʷʥʫʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʜʠʩʧʣʝʾʚ: ʧʣʦʩʢʠʭ, ʛʥʫʯʢʠʭ (ʈʠʩ. 2) ʪʘ ʽʥʰʠʭ, ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʚʯʝʥʽ ʝʣʝʢʪʨʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ. ɺʢʘʟʘʥʘ ʥʘ ʧʝʨʝʚʘʛʘ ʈʂ-ʜʠʩʧʣʝʾʚ ʥʘʜ ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ:  

- ʚʠʩʦʢʠʡ ʢʦʥʪʨʘʩʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʨʠʡʤʘʪʠ ʚʽʜʦʙʨʘʞʫʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʫ  ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʦʩʚʽʪʣʝʥʦʩʪʽ ʽ ʢʫʪʽʚ ʦʛʣʷʜʫ;  

- ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʚʽʜʦʙʨʘʞʫʚʘʥʠʭ ʢʦʣʴʦʨʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʽʚʥʽʚ ʩʽʨʦʛʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʧʦʚʽʜʥʽ ʚʽʟʫʘʣʴʥʠʤ ʜʘʥʠʤ;  

- ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʦʟʤʽʨʽʚ ʝʢʨʘʥʽʚ;  

- ʥʠʟʴʢʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ; 

- ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ.  

 
 

ʈʠʩʫʥʦʢ 2 - ʇʝʨʝʭʽʜ ʜʦ ʜʠʩʧʣʝʾʚ  ʥʘ ʝʣʘʩʪʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ:  

1 ïʩʢʣʷʥʘ ʧʽʜʢʣʘʜʢʘ; 2 ïʧʨʦʟʦʨʽ ʝʣʝʢʪʨʦʜʠ; 3 ïh ʘʨ  ʈʂ; 4 ï ʩʧʝʡʩʝʨ; 5 ï ʛʝʨʤʝʪʠʢ;6 ï ʧʦʣʽʤʝʨʥʘ ʧʽʜʢʣʘʜʢʘ. 
 

ɼʣʷ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʢʦʣʝʢʪʠʚʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ ʚ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʚʠʷʚʣʷʶʪʴʩʷ ʥʘʡʟʨʫʯʥʽʰʠʤʠ ʪʘ ʥʘʡʚʠʛʽʜʥʽʰʠʤʠ ʚ ʝʨʛʦʥʦʤʽʯʥʦʤʫ, 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ, ʝʢʦʥʦʤʽʯʥʦʤʫ ʧʣʘʥʘʭ, ʦʩʢʽʣʴʢʠ ʜʘʶʪʴ ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʟʘʩʦʙʠ  

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʘʡʤʘʶʪʴ ʦʩʦʙʣʠʚʝ, ʩʘʤʦʩʪʽʡʥʝ ʤʽʩʮʝ ʫ ʜʠʩʧʣʝʡʥʽʡ ʪʝʭʥʽʮʽ. ɼʣʷ ʦʜʝʨʞʘʥʥʷ 

ʙʘʛʘʪʦʢʦʣʽʨʥʦʛʦ ʜʠʩʧʣʝʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʠ ʭʦʣʝʩʪʝʨʠʯʥʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʟ ʨʽʟʥʠʤʠ ʢʨʦʢʘʤʠ ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʦʜʝʨʞʘʥʥʷ ʯʝʨʚʦʥʦʛʦ, ʟʝʣʝʥʦʛʦ ʽ ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʽʚ. 

ɺʘʞʣʠʚʠʤʠ ʻ ʤʘʣʦʛʘʙʘʨʠʪʥʽ ʚʠʩʦʢʦʽʥʬʦʨʤʘʪʠʚʥʽ ʝʢʨʘʥʠ  ʟ  ʚʣʘʩʥʦʶ ʧʘʤôʷʪʪʶ, ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʘʭ ʫ ʽʥʜʫʢʦʚʘʥʠʭ ʭʦʣʝʩʪʝʨʠʢʦ-ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʩʫʤʽʰʘʭ. 

ʋ  ʚʽʡʩʴʢʦʚʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʦʚʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʧʘʥʦʨʘʤʥʠʭ  ʜʠʩʧʣʝʡʥʠʭ ʧʘʥʝʣʝʡ, ʱʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ 

ʰʣʝʤʘʭ, ʯʠ ʥʘʜ ʛʦʣʦʚʦʶ; ʢʦʤʘʥʜʥʠʭ ʩʠʩʪʝʤ ʫ ʚʠʛʣʷʜʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʥʝʣʝʡ. ɼʠʩʧʣʝʾ ʥʘ ʦʩʥʦʚʽ ʈʂ 

ʚʠʪʨʠʤʫʶʪʴ ʙʽʣʴʰ ʞʦʨʩʪʢʽ  ʫʤʦʚʠ  ʚʽʡʩʴʢʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ  ʢʣʽʤʘʪʠʯʥʽ ʽ ʤʝʭʘʥʽʯʥʽ ʚʧʣʠʚʠ (ʨʠʩ. 

3). 
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ʈʠʩʫʥʦʢ 3 - ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʧʣʝʾʚ ʚ ʘʚʽʦʥʽʮʽ 

ɼʠʩʧʣʝʾ ʥʘ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ  ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʦʚʦʾ, ʱʦ  ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʦʙʣʘʩʪʽ ʩʫʯʘʩʥʦʾ 

ʬʦʪʦʥʽʢʠ.  
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ʋɼʂ 535.2 

ʋʅɯɺɽʈʉɸʃʔʅʀʁ ʇʈʀʃɸɼ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɼɾɽʈɽʃ ʉɺɯʊʃɸ 

ɺ.ʆ. ʄʠʨʦʥʮʦʚ, ʩʪʫʜ. ʛʨ. ɺʊ-141 

ʇ.ɯ. ʅʘʫʤʯʠʢ, ʢ.ʧ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ɯɺʊ ʄʽʌ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɽʢʦʥʦʤʽʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʥʘʰʦʛʦ ʯʘʩʫ, ʘ ʦʩʚʽʪʣʝʥʥʷ ʨʦʙʦʯʠʭ ʪʘ ʧʦʙʫʪʦʚʠʭ 

ʧʨʠʤʽʱʝʥʴ ʩʢʣʘʜʘʻ ʚʘʛʦʤʫ ʯʘʩʪʠʥʫ ʟʘʛʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʉʘʤʝ ʟʘʨʘʟ, ʧʠʪʘʥʥʷ ʱʦʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʣʘʤʧ ʩʪʦʾʪʴ ʜʦʩʠʪʴ ʛʦʩʪʨʦ. ɸ ʩʪʚʦʨʝʥʥʷ ʜʞʝʨʝʣ ʩʚʽʪʣʘ, ʷʢʽ ʙʫʣʠ ʙ ʤʘʢʩʠʤʘʣʴʥʦ 

ʝʬʝʢʪʠʚʥʠʤʠ, ʻ ʦʜʥʠʤ ʟ ʘʢʪʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ, ʢʦʪʨʽ ʧʦʨʫʰʝʥʽ ʚʯʝʥʠʤʠ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʤʠ 

ʧʨʘʮʽʚʥʠʢʘʤʠ.  

ʉʝʨʝʜ ʙʘʨ'ʻʨʽʚ, ʱʦ ʩʪʨʠʤʫʶʪʴ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ, 

ʯʽʪʢʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʽ, ʷʢ ʥʝʜʦʩʪʘʪʥʷ ʤʦʪʠʚʘʮʽʷ ʫ ʪʦʤʫ ʯʠʩʣʽ ʟ ʙʦʢʫ ʜʝʨʞʘʚʥʠʭ ʩʪʨʫʢʪʫʨ, ʥʝʜʦʩʪʘʪʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ, ʥʝʜʦʩʪʘʪʥʽʡ ʜʦʩʚʽʜ ʟ ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʝʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʥʝʜʦʩʪʘʪʥʷ 

ʦʨʛʘʥʽʟʘʮʽʷ ʽ ʢʦʦʨʜʠʥʘʮʽʷ ʜʽʡ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʞʝ ʛʦʪʦʚʠʭ ʨʽʰʝʥʴ. ʊʘʢʠʡ ʙʘʨ'ʻʨ, ʷʢ ʥʝʜʦʣʽʢ ʪʝʭʥʦʣʦʛʽʡ, ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʪʦʪʥʦ ʟʥʽʚʝʣʴʦʚʘʥʦ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʨʘʭʫʥʦʢ ʽʥʚʝʩʪʠʮʽʡ ʟ ʙʦʢʫ ʝʢʦʥʦʤʽʯʥʦ ʨʦʟʚʠʥʝʥʠʭ 

ʢʨʘʾʥ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʨʠʥʦʢ ʤʘʻ ʽ ʧʨʦʧʦʥʫʻ ʜʦʩʠʪʴ ʰʠʨʦʢʠʡ ʚʠʙʽʨ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʨʷʜ ʢʦʥʩʫʣʴʪʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʟ ʧʠʪʘʥʴ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʪʚʦʨʶʻʪʴʩʷ ʤʽʮʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʙʘʟʘ. 

ʆʜʥʠʤ ʟ ʘʢʪʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʩʪʦʷʪʴ ʧʝʨʝʜ ʚʯʝʥʠʤʠ ʻ ʩʪʚʦʨʝʥʥʷ ʜʞʝʨʝʣ ʩʚʽʪʣʘ, ʷʢʽ ʙʫʣʠ ʙ 

ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʠʤʠ. ɸ ʩʘʤʝ, ʤʘʣʠ ʤʘʢʩʠʤʘʣʴʥʫ ʩʚʽʪʣʦʚʫ ʚʽʜʜʘʯʫ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʟʘʪʨʘʪʘʭ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  

ɿʚʠʯʘʡʥʽ ʣʘʤʧʠ ʚʝʣʠʢʫ ʯʘʩʪʠʥʫ ʝʥʝʨʛʽʾ, ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʪʚʦʨʶʶʪʴ ʥʘ ʪʝʧʣʦ, ʘ ʥʝ ʥʘ ʩʚʽʪʣʦ. 

ʉʫʯʘʩʥʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʢʦʤʧʘʢʪʥʽ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʣʘʤʧʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦ 80% ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʝʥʰʝ, ʥʽʞ 

ʣʘʤʧʠ ʨʦʟʞʘʨʶʚʘʥʥʷ. ɽʢʦʥʦʤʽʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʙʽʣʴʰʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʽʣʴʰʽ ʪʨʠʚʘʣʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɿʚʠʯʘʡʥʽ ʣʘʤʧʠ ʧʨʦʜʫʢʫʶʪʴ 12-15 ʣʶʤʝʥʽʚ (ʦʜʠʥʠʮʷ ʚʠʤʽʨʫ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ) ʥʘ ɺʘʪ 

ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʦʜʽ ʷʢ ʢʦʤʧʘʢʪʥʽ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʣʘʤʧʠ ï 50-80. 

ʉʘʤʝ ʮʝ ʽ ʥʘʰʪʦʚʭʥʫʣʦ ʥʘʩ ʥʘ ʩʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʚʽʪʣʦʚʦʾ ʚʽʜʜʘʯʽ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ, 

ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ (ʈʠʩ. 1) ʟ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʚʘʪʤʝʪʨ) ʪʘ ʧʨʠʣʘʜʫ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ (ʣʶʢʩʤʝʪʨ), ʧʨʠʩʪʨʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟ ʮʠʭ ʧʨʠʣʘʜʽʚ, ʫ ʮʠʬʨʦʚʽ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʠʟʥʘʯʝʥʥʷ ʩʚʽʪʣʦʚʦʾ ʚʽʜʜʘʯʽ ʜʞʝʨʝʣʘ 

ʩʚʽʪʣʘ. 
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ʉʫʪʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʚʘʪʤʝʪʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ, ʷʢʫ ʜʘʻ ʜʦʩʣʽʜʞʫʚʘʥʝ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʮʠʬʨʦʚʠʡ ʣʶʢʩʤʝʪʨ. ʉʠʛʥʘʣʠ ʟ ʚʘʪʤʝʪʨʘ ʪʘ ʣʶʢʩʤʝʪʨʘ ʧʦʜʘʶʪʴʩʷ ʥʘ ʙʣʦʢ ɸʎʇ, ʚ ʷʢʦʤʫ ʩʠʛʥʘʣʠ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʟ ʘʥʘʣʦʛʦʚʠʭ ʚ ʮʠʬʨʦʚʽ. ʇʽʩʣʷ ʯʦʛʦ ʧʦʜʘʶʪʴʩʷ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ. ɺ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʦʙʨʘʭʦʚʫʶʪʴʩʷ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʫʢʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ. 

ʎʠʬʨʦʚʠʡ ʣʶʢʩʤʝʪʨ ʧʦʚʠʥʝʥ ʚʠʤʽʨʶʚʘʪʠ ʦʩʚʽʪʣʝʥʽʩʪʴ ʥʘ ʜʽʣʷʥʮʽ ʧʣʦʱʝʶ ʙʣʠʟʴʢʦ 1200 ʩʤ2.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʤʝʥʷ ʧʦ ʚʝʨʪʠʢʘʣʽ. ʊʦʤʫ ʜʘʥʠʡ ʧʨʠʩʪʨʽʡ ʧʦʪʨʝʙʫʻ ʦʢʨʝʤʦʾ ʨʦʟʨʦʙʢʠ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʩʷ ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʚʠʥʥʘ ʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,5Ĭ0,5Ĭ0,5ʤ ʽ ʙʫʪʠ ʨʦʟʤʽʱʝʥʦʶ ʫ 

ʩʚʽʪʣʦʥʝʧʨʦʥʠʢʥʦʤʫ ʢʦʞʫʩʽ ʟ ʪʢʘʥʠʥʠ (ʨʠʩ. 2). 

  
ʆʪʞʝ, ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʣʘʜʫ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ 

ʧʨʦʙʣʝʤʠ: 

- ʨʦʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʠʣʘʜʫ; 

- ʨʦʟʨʦʙʠʪʠ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʟôʻʜʥʘʥʴ ʧʨʠʣʘʜʫ;  

- ʨʦʟʨʦʙʠʪʠ ʧʘʪʨʦʥ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ ʣʘʤʧ; 

- ʨʦʟʨʦʙʠʪʠ ʮʠʬʨʦʚʠʡ ʣʶʢʩʤʝʪʨ, ʷʢʠʡ ʜʦʟʚʦʣʷʚ ʙʠ ʜʦʩʣʽʜʞʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ; 

- ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʨʠʣʘʜʫ; 

ʋʩʽ ʮʽ ʧʝʨʝʣʽʯʝʥʽ ʧʨʦʙʣʝʤʠ ʚʠʤʘʛʘʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʗ.ɻ. ɼʤʠʪʨʽʻʚʘ, ʩʪʫʜʝʥʪ ʛʨ. ɺʊ-151 

ʄ.ʆ. ɹʠʚʘʣʴʢʝʚʠʯ, ʩʪ.ʚʠʢʣ., 

ʢʘʬʝʜʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʝʪʨʦʣʦʛʽʾ ʪʘ ʬʽʟʠʢʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʄʦʙʽʣʴʥʽ ʪʝʣʝʬʦʥʠ ʩʪʘʣʠ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ. ʇʦʧʫʣʷʨʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʮʝ ʻ ʩʘʤʠʡ ʟʨʫʯʥʠʡ ʽ ʥʘʜʽʡʥʠʡ ʩʧʦʩʽʙ ʟʚ'ʷʟʢʫ, ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʩʚʦʙʦʜʠ ʧʝʨʝʩʫʚʘʥʥʷ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʥʝ ʪʽʣʴʢʠ ʚʯʝʥʠʭ, ʘ ʡ ʚʣʘʜʫ, ʧʦʯʘʣʦ ʪʫʨʙʫʚʘʪʠ ʧʠʪʘʥʥʷ ʧʨʦ ʚʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʥʘ 

ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ. ʐʠʨʦʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʙʫʣʠ ʨʦʟʧʦʯʘʪʽ ʚ 60-ʪʽ ʨʦʢʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʢʣʽʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʪʨʠʚʘʣʠʡ ʢʦʥʪʘʢʪ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʚʧʣʠʚʘʻ ʥʘ ʥʝʨʚʦʚʫ 

ʩʠʩʪʝʤʫ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ ʥʝʨʚʦʚʫ ʩʠʩʪʝʤʫ ʜʦ ʦʜʥʽʻʾ ʟ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʭ ʜʦ 

ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʩʠʩʪʝʤ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ. ʇʨʠ ʚʧʣʠʚʽ ʧʦʣʷ ʤʘʣʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʥʠʢʘʶʪʴ 

ʽʩʪʦʪʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚ ʧʝʨʝʜʘʯʽ ʥʝʨʚʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘ ʨʽʚʥʽ ʥʝʡʨʦʥʥʠʭ ʙʽʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ 

(ʩʠʥʘʧʩʽʚ). ʊʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʛʥʽʯʝʥʥʷ ʚʠʱʦʾ ʥʝʨʚʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʧʦʛʽʨʰʫʻʪʴʩʷ ʧʘʤ'ʷʪʴ. ʇʦʨʫʰʫʻʪʴʩʷ 

ʩʪʨʫʢʪʫʨʘ ʢʘʧʽʣʷʨʥʦʛʦ ʛʝʤʘʪʦʝʥʮʝʬʘʣʽʯʥʦʛʦ ʙʘʨ'ʻʨʫ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʱʦ ʟ ʯʘʩʦʤ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʝʩʧʦʜʽʚʘʥʠʭ ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʨʦʷʚʽʚ. ʆʩʦʙʣʠʚʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʧʣʠʚʫ ʚʠʷʚʣʷʻ ʥʝʨʚʦʚʘ 

ʩʠʩʪʝʤʘ ʝʤʙʨʽʦʥʘ ʥʘ ʧʽʟʥʽʭ ʩʪʘʜʽʷʭ ʨʦʟʚʠʪʢʫ.  

ʊʘʢʦʞ ʽʩʥʫʻ ʚʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʽʤʫʥʥʫ ʩʠʩʪʝʤʫ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʜʘʥʠʭ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʽʤʫʥʥʫ ʩʠʩʪʝʤʫ ʦʨʛʘʥʽʟʤʫ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʧʨʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽʡ ʜʽʾ ʟʤʽʥʶʻʪʴʩʷ ʭʘʨʘʢʪʝʨ ʽʥʬʝʢʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, ʦʙʪʷʞʫʻʪʴʩʷ ʘʫʪʦʽʤʫʥʥʘ ʨʝʘʢʮʽʷ 

(ʘʪʘʢʘ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʚʣʘʩʥʠʡ ʦʨʛʘʥʽʟʤ). 

ɺʠʥʠʢʥʝʥʥʷ ʘʫʪʦʽʤʫʥʽʪʝʪʫ ʧʦʚ'ʷʟʘʥʦ ʟ ʧʘʪʦʣʦʛʽʻʶ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʦʥʘ ʨʝʘʛʫʻ 

ʧʨʦʪʠ ʥʦʨʤʘʣʴʥʠʭ, ʚʣʘʩʪʠʚʠʭ ʜʘʥʦʤʫ ʦʨʛʘʥʽʟʤʫ ʩʪʨʫʢʪʫʨ. ʊʘʢʠʡ ʧʘʪʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʝʬʽʮʠʪʦʤ ʣʽʤʬʦʮʠʪʽʚ (ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʣʽʪʠʥ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ), ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ 

ʚʠʣʦʯʢʦʚʽʡ ʟʘʣʦʟʽ (ʪʠʤʫʩʽ), ʧʨʠʛʥʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʚʧʣʠʚʦʤ. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʚʠʩʦʢʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘʢʦʞ ʤʦʞʝ ʩʧʨʠʷʪʠ ʥʝʩʧʝʮʠʬʽʯʥʦʤʫ ʧʨʠʜʫʰʝʥʥʶ ʽʤʫʥʽʪʝʪʫ.  

ɺʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʝʥʜʦʢʨʠʥʥʦ-ʨʝʛʫʣʷʪʠʚʥʫ ʩʠʩʪʝʤʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʫʢʨʘʾʥʩʴʢʠʭ ʚʯʝʥʠʭ, 

ʱʦ ʧʦʯʘʣʠʩʷ ʚ 60-ʪʽ ʨʦʢʠ XX ʩʪ. ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʠʤʫʣʷʮʽʷ 

ʛʽʧʦʬʽʟʘ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʘʜʨʝʥʘʣʽʥʫ ʚ ʢʨʦʚʽ ʽ ʘʢʪʠʚʽʟʘʮʽʻʶ ʧʨʦʮʝʩʽʚ ʟʛʦʨʪʘʥʥʷ 

ʢʨʦʚʽ. ʊʘʢʦʞ ʧʦʤʽʯʝʥʽ ʟʤʽʥʠ ʚ ʢʦʨʽ ʥʘʜʥʠʨʢʦʚʠʭ ʟʘʣʦʟ ʽ ʩʪʨʫʢʪʫʨʽ ʛʽʧʦʪʘʣʘʤʫʩʘ (ʚʽʜʜʽʣʫ ʤʦʟʢʫ, ʱʦ ʨʝʛʫʣʶʻ 

ʬʽʟʽʦʣʦʛʽʯʥʽ ʽ ʽʥʩʪʠʥʢʪʠʚʥʽ ʨʝʘʢʮʽʾ). 

ɺʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʘʪʝʚʫ ʩʠʩʪʝʤʫ. ɽʬʝʢʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʘ ʜʫʤʢʦʶ ʚʯʝʥʠʭ, 

ʚʢʣʶʯʘʶʪʴ: ʟʥʠʞʝʥʥʷ ʬʫʥʢʮʽʾ ʩʧʝʨʤʘʪʦʛʝʥʝʟʘ, ʧʦʨʫʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʨʦʜʞʫʚʘʥʦʩʪʽ ʭʣʦʧʯʠʢʽʚ ʪʘ ʜʽʚʯʘʪʦʢ, 

ʟʤʽʥʫ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ, ʩʧʦʚʽʣʴʥʝʥʥʷ ʝʤʙʨʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ.  

ɿ 1 ʯʝʨʚʥʷ 2003 ʨʦʢʫ ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʋʢʨʘʾʥʠ ʚʚʝʣʦ ʚ ʜʽʶ ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʽ 

ʧʨʘʚʠʣʘ ʽ ʥʦʨʤʘʪʠʚʠ (çɻʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʩʦʙʽʚ ʩʫʭʦʧʫʪʥʦʛʦ ʨʫʭʣʠʚʦʛʦ 

ʨʘʜʽʦʟʚ'ʷʟʢʫè), ʜʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʷʜ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ. ɿʦʢʨʝʤʘ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʙʽʣʴʥʠʤʠ ʨʘʜʽʦʩʪʘʥʮʽʷʤʠ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʞʽʥʢʘʤʠ ʚ 

ʧʝʨʽʦʜ ʚʘʛʽʪʥʦʩʪʽ ʪʘ ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʶʜʴʤʠ, ʱʦ ʤʘʶʪʴ ʽʤʧʣʘʥʪʦʚʘʥʽ ʚʦʜʽʾ ʨʠʪʤʽʚ. ɿʘʪʚʝʨʜʠʚʰʠ ʮʽ 

ʥʦʨʤʠ ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʚʠʟʥʘʣʦ ʤʦʙʽʣʴʥʽ ʪʝʣʝʬʦʥʠ ʥʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʢʦʨʠʩʪʫʚʘʯʘ. 
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ʇʆʈɯɺʅʗʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɼɸʊʏʀʂɯɺ ʈʋʍʋ 
 

ʖ.ɺ. ʈʝʙʝʥʦʢ, ʩʪʫʜ. ʛʨ. ɺʊï121, 

ʉ.ɸ. ʉʪʝʧʝʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ɯɺʊʄʌ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  
 

ɼʘʪʯʠʢ ʨʫʭʫ ï ʮʝ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʨʫʭ ʦʙ'ʻʢʪʘ ʚ ʟʦʥʽ ʚʠʷʚʣʝʥʥʷ. ɿʘ ʪʠʧʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʪʯʠʢʠ 

ʨʫʭʫ ʨʦʟʨʽʟʥʷʶʪʴ ʦʭʦʨʦʥʥʽ (ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʦʭʦʨʦʥʥʦʾ) ʪʘ ʧʦʙʫʪʦʚʽ (ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʧʦʙʫʪʽ ʟʘʟʚʠʯʘʡ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʦʩʚʽʪʣʝʥʥʷ). 

ʇʦ ʧʨʠʥʮʠʧʫ ʜʽʾ ʜʘʪʯʠʢʠ ʨʫʭʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʛʨʫʧ: 
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ï ʫʣʴʪʨʘʟʚʫʢʦʚʽ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʨʫʭʫ ʰʣʷʭʦʤ ʨʝʻʩʪʨʘʮʽʾ ʚʽʜʙʠʪʠʭ ʚʽʜ ʦʙôʻʢʪʽʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʭʚʠʣʴ); 

ï ʤʽʢʨʦʭʚʠʣʴʦʚʽ (ʧʨʠʡʤʘʶʪʴ ʝʥʝʨʛʽʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ); 

ï ʽʥʬʨʘʯʝʨʚʦʥʽ (ʨʝʻʩʪʨʫʶʪʴ ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʚʣʘʩʪʠʚʝ ʚʩʽʤ ʥʘʛʨʽʪʠʤ ʪʽʣʘʤ). 

ʇʦ ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ ʩʠʛʥʘʣʫ, ʜʘʪʯʠʢʠ ʨʫʭʫ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʘʢʪʠʚʥʽ ʽ ʧʘʩʠʚʥʽ. 

ɸʢʪʠʚʥʽ ʜʘʪʯʠʢʠ ʩʘʤʽ ʚʠʧʨʦʤʽʥʶʶʪʴ ʪʘ ʨʝʻʩʪʨʫʶʪʴ, ʚʽʜ ʦʙôʻʢʪʽʚ, ʚʽʜʙʠʪʠʡ ʩʠʛʥʘʣ. ɼʣʷ ʾʭ ʨʦʙʦʪʠ 

ʥʝʦʙʭʽʜʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʽ ʧʨʠʡʤʘʯ, ʱʦ ʩʠʣʴʥʦ ʫʩʢʣʘʜʥʶʻ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʧʽʜʚʠʱʫʻ ʮʽʥʫ. 

ʇʘʩʠʚʥʽ ʜʘʪʯʠʢʠ ʨʝʻʩʪʨʫʶʪʴ ʚʣʘʩʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙôʻʢʪʘ. ʇʨʦʩʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ 

ʜʝʰʝʚʠʤʠ, ʘʣʝ ʽʤʦʚʽʨʥʽʩʪʴ ʭʠʙʥʠʭ ʩʧʨʘʮʶʚʘʥʴ ʫ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚ ʚʠʱʘ. 

1. ʇʽʨʦʝʣʝʢʪʨʠʯʥʠʡ ʽʥʬʨʘʯʝʨʚʦʥʠʡ (ʇɯʈ) ʜʘʪʯʠʢ ʨʫʭʫ. 

ʇɯʈ ʜʘʪʯʠʢʠ ʨʫʭʫ ʧʦ ʩʫʪʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʽʨʦʝʣʝʢʪʨʠʯʥʦʛʦ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ (ʮʠʣʽʥʜʨʠʯʥʘ ʜʝʪʘʣʴ ʟ 

ʧʨʷʤʦʢʫʪʥʠʤ ʢʨʠʩʪʘʣʦʤ ʚ ʮʝʥʪʨʽ), ʷʢʠʡ ʫʣʦʚʣʶʻ ʨʽʚʝʥʴ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʩʝ ʥʘʚʢʦʣʦ 

ʚʠʧʨʦʤʽʥʶʻ ʥʝʚʝʣʠʢʠʡ ʨʽʚʝʥʴ ʨʘʜʽʘʮʽʾ. ʏʠʤ ʙʽʣʴʰʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʤ ʚʠʱʝ ʨʽʚʝʥʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʘʪʯʠʢ 

ʬʘʢʪʠʯʥʦ ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʥʘʤ ʚʘʞʣʠʚʠʡ ʥʝ ʨʽʚʝʥʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʷʚʥʽʩʪʴ ʨʫʭ ʚ ʤʝʞʘʭ ʡʦʛʦ ʟʦʥʠ ʯʫʪʣʠʚʦʩʪʽ. ɼʚʽ ʯʘʩʪʠʥʠ ʜʘʪʯʠʢʘ ʚʩʪʘʥʦʚʣʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

ʷʢʱʦ ʦʜʥʘ ʧʦʣʦʚʠʥʘ ʚʣʦʚʣʶʻ ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʽʞ ʽʥʰʘ, ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʛʝʥʝʨʫʚʘʪʠ 

ʟʥʘʯʝʥʥʷ high ʘʙʦ low. 

ʇʽʨʦʝʣʝʢʪʨʠʯʥʠʡ ʜʘʪʯʠʢ ʨʫʭʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ. ʂʦʞʥʘ ʟ ʯʘʩʪʠʥ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʩʧʝʮʽʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ, ʯʫʪʣʠʚʠʡ ʜʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʣʽʥʟʠ ʦʩʦʙʣʠʚʦ ʥʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʙʦʪʫ ʜʘʪʯʠʢʘ, ʪʘʢ ʱʦ ʤʠ ʙʘʯʠʤʦ ʜʚʽ ʜʽʣʷʥʢʠ ʯʫʪʣʠʚʦʩʪʽ ʚʩʴʦʛʦ ʤʦʜʫʣʷ. ʂʦʣʠ ʜʘʪʯʠʢ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʦʙʠʜʚʘ ʩʝʥʩʦʨʠ ʚʠʟʥʘʯʘʶʪʴ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʮʝ 

ʤʦʞʝ ʙʫʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠʤʽʱʝʥʥʷ ʘʙʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʚʫʣʠʮʽ. ʂʦʣʠ ʪʝʧʣʦʢʨʦʚʥʠʡ ʦʙ'ʻʢʪ 

(ʣʶʜʠʥʘ ʘʙʦ ʪʚʘʨʠʥʘ), ʧʨʦʭʦʜʠʪʴ ʧʦʚʟ, ʚʽʥ ʧʝʨʝʪʠʥʘʻ ʟʦʥʫ ʯʫʪʣʠʚʦʩʪʽ ʧʝʨʰʦʛʦ ʩʝʥʩʦʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʥʘ 

ʤʦʜʫʣʽ ʇɯʈ ʜʘʪʯʠʢʘ ʛʝʥʝʨʫʶʪʴʩʷ ʜʚʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʂʦʣʠ ʣʶʜʠʥʘ ʟʘʣʠʰʘʻ ʟʦʥʫ ʯʫʪʣʠʚʦʩʪʽ 

ʧʝʨʰʦʛʦ ʩʝʥʩʦʨʘ, ʟʥʘʯʝʥʥʷ ʚʠʨʽʚʥʶʶʪʴʩʷ. ʉʘʤʝ ʟʤʽʥʠ ʚ ʧʦʢʘʟʘʥʥʷʭ ʜʚʦʭ ʜʘʪʯʠʢʽʚ ʨʝʻʩʪʨʫʶʪʴʩʷ ʽ ʛʝʥʝʨʫʶʪʴ 

ʽʤʧʫʣʴʩʠ HIGH ʘʙʦ LOW ʥʘ ʚʠʭʦʜʽ. 

ʆʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʜʘʪʯʠʢʽʚ ʨʫʭʫ: 

- ʄʦʞʣʠʚʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ. ʏʝʨʝʟ ʪʝ, ʱʦ ʜʘʪʯʠʢ ʨʝʘʛʫʻ ʥʘ ʙʫʜʴ-ʷʢʽ ɯʂ (ʪʝʧʣʦʚʽ) 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʤʦʞʫʪʴ ʪʨʘʧʣʷʪʠʩʷ ʧʦʤʠʣʢʦʚʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʥʘʚʽʪʴ ʥʘ ʪʝʧʣʝ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ 

ʢʦʥʜʠʮʽʦʥʝʨʘ, ʨʘʜʽʘʪʦʨʽʚ ʦʧʘʣʝʥʥʷ ʽ ʪ.ʧ.; 

- ɿʥʠʞʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ ʥʘ ʚʫʣʠʮʽ ʯʝʨʝʟ ʚʧʣʠʚ ʦʪʦʯʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʧʨʷʤʝ ʩʦʥʷʯʥʝ 

ʩʚʽʪʣʦ, ʦʧʘʜʠ ʽ ʪ.ʧ.; 

- ɺʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ; 

- ʅʝ ʚʠʷʚʣʷʻ ʦʙ'ʻʢʪʠ ʦʜʷʛʥʝʥʽ / ʧʦʢʨʠʪʽ ʱʦ ʥʝ ʧʨʦʧʫʩʢʘʶʪʴ ɯʂ ï ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʣʶʩʠ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʜʘʪʯʠʢʽʚ ʨʫʭʫ: 

- ʄʦʞʣʠʚʽʩʪʴ ʜʦʩʠʪʴ ʪʦʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʽ ʢʫʪʘ ʚʠʷʚʣʝʥʥʷ ʨʫʭʦʤʠʭ ʦʙ'ʻʢʪʽʚ; 

- ɿʨʫʯʥʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʟʘ ʧʨʠʤʽʱʝʥʥʷʤ, ʪʦʤʫ ʱʦ ʨʝʘʛʫʻ ʣʠʰʝ ʥʘ ʦʙ'ʻʢʪʠ ʷʢʽ ʤʘʶʪʴ ʚʣʘʩʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ; 

- ʇʨʠ ʨʦʙʦʪʽ ʘʙʩʦʣʶʪʥʦ ʙʝʟʧʝʯʥʽ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ ʘʙʦ ʜʦʤʘʰʥʽʭ ʪʚʘʨʠʥ, ʪʦʤʫ ʱʦ ʧʨʘʮʶʻ ʷʢ 

çʧʨʠʡʤʘʯè, ʥʽʯʦʛʦ ʥʝ ʚʠʧʨʦʤʽʥʶʶʯʠ 

2.   ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʜʘʪʯʠʢʠ ʨʫʭʫ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʪʯʠʢʘ ʨʫʭʫ ʧʦʣʷʛʘʻ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʚʫʢʦʚʠʭ ʭʚʠʣʴ, ʯʘʩʪʦʪʦʶ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʯʫʪʥʦʩʪʽ ʣʶʜʩʴʢʠʤ ʚʫʭʦʤ ï ʫʣʴʪʨʘʟʚʫʢʦʤ. ʇʨʠ 

ʚʠʷʚʣʝʥʥʽ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ, ʚ ʩʣʽʜʩʪʚʽ ʨʫʭʫ ʦʙ'ʻʢʪʽʚ, ʜʘʪʯʠʢ ʟʘʧʫʩʢʘʻ ʟʘʢʣʘʜʝʥʫ ʚ ʥʝʾ ʬʫʥʢʮʽʶ. 

ʋʩʝʨʝʜʠʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʪʯʠʢʘ ʨʫʭʫ ʨʦʟʪʘʰʦʚʘʥʠʡ ʛʝʥʝʨʘʪʦʨ ʟʚʫʢʦʚʠʭ ʭʚʠʣʴ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʨʦʙʥʠʢʘ ʽ ʤʦʜʝʣʽ ʟʘʟʚʠʯʘʡ ʛʝʥʝʨʫʻʪʴʩʷ ʯʘʩʪʦʪʘ ʟʚʫʢʦʚʦʾ ʭʚʠʣʽ 20-60 ʢɻʮ), ʷʢʽ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʚ ʟʦʥʽ ʜʽʾ 

ʜʘʪʯʠʢʘ ʽ ʚʽʜʙʠʚʘʶʯʠʩʴ ʚʽʜ ʥʘʚʢʦʣʠʰʥʽʭ ʦʙ'ʻʢʪʽʚ ʥʘʜʭʦʜʷʪʴ ʥʘʟʘʜ ʚ ʧʨʠʡʤʘʯ. 

ʂʦʣʠ ʚ ʟʦʥʽ ʚʠʷʚʣʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʪʯʠʢʘ ʨʫʭʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʦʙ'ʻʢʪ, ʱʦ ʨʫʭʘʻʪʴʩʷ, ʯʘʩʪʦʪʘ ʚʽʜʙʠʪʦʾ 

ʚʽʜ ʦʙ'ʻʢʪʘ ʭʚʠʣʽ ʟʤʽʥʶʻʪʴʩʷ (ʝʬʝʢʪ ɼʦʧʣʝʨʘ), ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ ʧʨʠʡʤʘʯʝʤ ʜʘʪʯʠʢʘ ʽ ʚʽʜ ʥʴʦʛʦ ʥʘʜʭʦʜʠʪʴ 

ʩʠʛʥʘʣ ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘʢʣʘʜʝʥʦʾ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʜʘʪʯʠʢ ʨʫʭʫ ʬʫʥʢʮʽʾ, ʮʝ ʤʦʞʝ ʙʫʪʠ ʚʢʣʶʯʝʥʥʷ ʦʩʚʽʪʣʝʥʥʷ 

ʘʙʦ ʨʦʟʨʠʚ ʩʠʛʥʘʣʴʥʦʾ ʤʝʨʝʞʽ ʦʭʦʨʦʥʥʦʾ ʩʠʩʪʝʤʠ. 

ʆʩʦʙʣʠʚʦ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʜʘʪʯʠʢʠ ʨʫʭʫ ʦʪʨʠʤʘʣʠ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: ʚ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʘʨʢʫʚʘʥʥʷ, ʚ ʪʘʢ ʟʚʘʥʠʭ çʧʘʨʢʪʨʦʥʽʢʘè, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ ʟʘ çʩʣʽʧʠʤʠè 

ʟʦʥʘʤʠ. ʋ ʙʫʜʠʥʢʫ ʜʦʙʨʝ ʧʨʦʷʚʣʷʶʪʴ ʩʝʙʝ ʫ ʚʠʷʚʣʝʥʥʽ ʨʫʭʽʚ ʚ ʜʦʩʠʪʴ ʜʦʚʛʠʭ ʢʦʨʠʜʦʨʘʭ, ʥʘ ʩʭʦʜʘʭ.  

ʆʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʜʘʪʯʠʢʽʚ ʨʫʭʫ: 

- ʙʘʛʘʪʦ ʜʦʤʘʰʥʽ ʪʚʘʨʠʥʠ ʯʫʶʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʯʘʩʪʦʪʠ, ʥʘ ʷʢʠʭ ʧʨʘʮʶʻ ʜʘʪʯʠʢ ʨʫʭʫ, ʱʦ ʯʘʩʪʦ ʚʠʢʣʠʢʘʻ 

ʫ ʥʠʭ ʩʠʣʴʥʠʡ ʜʠʩʢʦʤʬʦʨʪ; 

- ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʘ ʜʘʣʴʥʽʩʪʴ ʜʽʾ; 

- ʩʧʨʘʮʴʦʚʫʻ ʪʽʣʴʢʠ ʥʘ ʜʦʩʠʪʴ ʨʽʟʢʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢʱʦ ʨʫʭʘʪʠʩʷ ʜʫʞʝ ʧʦʚʽʣʴʥʦ - ʤʦʞʣʠʚʦ ʦʙʜʫʨʠʪʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʜʘʪʯʠʢ ʨʫʭʫ; 

ʇʝʨʝʚʘʛʠ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʜʘʪʯʠʢʽʚ ʨʫʭʫ: 

- ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ; 

- ʥʝ ʧʽʜʧʘʜʘʶʪʴ ʧʽʜ ʚʧʣʠʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 
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- ʚʠʟʥʘʯʘʶʪʴ ʨʫʭ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʦʙ'ʻʢʪʘ; 

- ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʚʦʣʦʛʦʩʪʽ ʘʙʦ ʟʘʧʠʣʝʥʦʩʪʽ; 

- ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʙʦ ʦʙ'ʻʢʪʽʚ. 

3.   ʄʽʢʨʦʭʚʠʣʴʦʚʽ ʜʘʪʯʠʢʠ ʨʫʭʫ. 

ɸʥʘʣʦʛʽʯʥʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʘʪʯʠʢʫ ʤʽʢʨʦʭʚʠʣʴʦʚʠʡ ʪʝʞ ʻ ʘʢʪʠʚʥʠʤ, ʪʦʙʪʦ ʚʠʧʨʦʤʽʥʶʶʪʴ ʭʚʠʣʶ ʽ 

ʧʨʠʡʤʘʶʪʴ ʚʽʜʙʠʪʠʡ ʩʠʛʥʘʣ. ʊʽʣʴʢʠ ʚ ʥʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʟʚʫʢʦʚʘ ʭʚʠʣʷ, ʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ, ʟ 

ʯʘʩʪʦʪʦʶ 5,8 ɻɻʮ. ʇʦ ʩʫʪʽ, ʚʽʥ ʻ ʤʽʥʽ-ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʶ ʩʪʘʥʮʽʻʶ - ʈʃʉ. 

ʋ ʧʝʚʥʦʤʫ ʩʝʢʪʦʨʽ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʜʘʪʯʠʢ ʚʠʧʨʦʤʽʥʶʻ ʨʘʜʽʦʭʚʠʣʶ, ʚʽʜ ʷʢʦʾ ʧʦʪʝʨʧʘʶʪʴ ʚʽʜ ʚʩʽʭ 

ʧʨʝʜʤʝʪʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʡʦʛʦ ʚʠʜʠʤʦʩʪʽ. ʗʢʱʦ ʚʩʽ ʧʨʝʜʤʝʪʠ ʥʝʨʫʭʦʤʽ, ʪʦ ʚʽʜʙʠʪʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʟ 

ʪʘʢʦʶ ʞ ʯʘʩʪʦʪʦʶ. ʗʢ ʪʽʣʴʢʠ ʟ'ʷʚʣʷʻʪʴʩʷ ʟʩʫʚ ʯʘʩʪʦʪ, ʜʘʪʯʠʢ ʩʧʨʘʮʴʦʚʫʻ, ʪʦʤʫ ʱʦ ʮʝ ʛʦʚʦʨʠʪʴ, ʱʦ ʟ'ʷʚʠʚʩʷ 

ʦʙ'ʻʢʪ, ʱʦ ʨʫʭʘʻʪʴʩʷ. 

ʇʝʨʝʚʘʛʠ ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ ʜʘʪʯʠʢʽʚ ʨʫʭʫ:  

- ʚʦʥʠ ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʾʭ ʧʨʠʭʦʚʘʥʫ ʫʩʪʘʥʦʚʢʫ; 

- ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʘ ʽ ʯʫʪʣʠʚʦʩʪʽ ʧʨʠʡʤʘʯʘ ʚʦʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʚʝʣʠʢʠʡ ʨʘʜʽʫʩ ʜʽʾ; 

- ʤʽʢʨʦʭʚʠʣʴʦʚʽ ʜʘʪʯʠʢʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘʚʽʪʴ ʟʘ ʣʝʛʢʠʤʠ ʦʛʦʨʦʞʘʤʠ ʟ ʥʝʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʚʦʥʠ ʜʫʞʝ ʪʦʯʥʽ, ʥʘʚʽʪʴ ʥʘʡʤʝʥʰʠʡ ʨʫʭ ʚ ʟʦʥʽ ʚʠʜʠʤʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʥʘ ʾʭ 

ʨʦʙʦʪʫ ʥʝ ʚʧʣʠʚʘʶʪʴ ʧʦʛʦʜʥʽ ʫʤʦʚʠ; 

ʅʝʜʦʣʽʢʠ ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ ʜʘʪʯʠʢʽʚ ʨʫʭʫ: 

- ʤʽʢʨʦʭʚʠʣʴʦʚʽ ʜʘʪʯʠʢʠ ʤʘʶʪʴ ʥʘʡʚʠʱʫ ʮʽʥʫ ʟ ʫʩʽʭ ʨʽʟʥʦʚʠʜʽʚ ʜʘʪʯʠʢʽʚ ʨʫʭʫ; 

- ʾʭ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʤʦʞʝ ʽʥʽʮʽʶʚʘʪʠ ʧʦʤʠʣʢʦʚʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ (ʣʶʜʠʥʘ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʟʘ ʧʘʨʢʘʥʦʤ 

ʘʙʦ ʚʽʢʥʦʤ, ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʽ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ). 

ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʜʘʪʯʠʢʽʚ ʨʫʭʫ. 

ʊʘʙʣʠʮʷ 1 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʽʚ ʨʫʭʫ 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʇɯʈ ʜʘʪʯʠʢʠ 

ʨʫʭʫ 

ʋʣʴʪʨʘʟʚʫʢʦʚʽ 

ʜʘʪʯʠʢʠ ʨʫʭʫ 

ʄʽʢʨʦʭʚʠʣʴʦʚʽ 

ʜʘʪʯʠʢʠ ʨʫʭʫ 

ʅʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ, ɺ 230 220 230 

ʅʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ, ɻʮ 50  50 

ʅʝʩʫʯʘ ʯʘʩʪʦʪʘ, ɻɻʮ   5,8 

ʇʦʪʫʞʥʽʩʪʴ ʜʘʪʯʠʢʘ, ʤɺʪ 0,45  Ò 0,2 

ʂʫʪ ʦʛʣʷʜʫ 
ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ 90º 140º/180º 360º 

ʧʦ ʚʝʨʪʠʢʘʣʽ   180º 

ʈʘʜʽʫʩ ʜʽʾ, ʤ 18 0,25..8 1..8 (ʨʝʛʫʣʶʻʪʴʩʷ) 

ʇʦʪʫʞʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ɺʪ  1200 1200 (500) 

ʏʘʩ ʚʠʪʨʠʤʢʠ ʚʢʣʶʯʝʥʥʷ, ʩʝʢ 10..480  5..480 10..780  

ʐʚʠʜʢʽʩʪʴ ʚʠʷʚʣʝʥʥʷ, ʤ/ʩ 0,6..1,5  0,6..1,5 

ɼʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, Üʉ -25..+40 -20..+40 -25..+70 

ʇʦʨʽʛ ʩʢʠʜʘʥʥʷ ʚʽʜ ʦʩʚʽʪʣʝʥʥʷ, ʃʢ 3..2000 5..2000 3..2000 

 

ʆʪʞʝ, ʜʣʷ  ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʨʘʯʝʨʚʦʥʽ ʜʘʪʯʠʢʠ ʨʫʭʫ, ʚʦʥʠ ʻ 

ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʭʽʜʥʠʤʠ ʘʪʨʠʙʫʪʘʤʠ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ, ʪʦʤʫ ʱʦ ʧʨʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ ʝʢʦʥʦʤʠʪʴʩʷ ʙʣʠʟʴʢʦ 

50-80% ʩʧʦʞʠʚʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʜʘʪʯʠʢʠ ʨʫʭʫ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʦʭʦʨʦʥʥʠʭ ʩʠʩʪʝʤ, ʘ ʚ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʟʘʚʜʘʶʪʴ ʥʝʟʨʫʯʥʽʩʪʴ ʜʦʤʘʰʥʽʤ ʪʚʘʨʠʥʘʤ, ʪʦʤʫ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʽʢʨʦʭʚʠʣʴʦʚʽ ʜʘʪʯʠʢʠ ʨʫʭʫ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʕʢʦʥʦʤʠʷ, ʢʦʤʬʦʨʪ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ: ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʩʚʝʪʘ: http://indeolight.com/tehnologii-i-normy/upravlenie-

osveshheniem/datchiki-dvizheniya-dlya-vklyucheniya-sveta.html. 

2. ʇʦʜʣʽʧʽʥʩʢʽʡ ɺ.ʉ., ʉʘʙʽʥʽʥ ʖ.ɸ., ʖʨʯʫʢ ʃ.ʖ. ɽʣʝʤʝʥʪʠ ʪʘ ʧʨʠʩʪʨʦʾ ʘʚʪʦʤʘʪʠʢʠ: ʇʽʜʨʫʯʥʠʢ.- ʉʇʙ. ʇʦʣʽʪʝʭʥʽʢʘ, 1995. - 472 ʩ. 

 

 

ʋɼʂ 681.586 

ɼʆʉʃɯɼɾɽʅʅʗ ʆʍʆʈʆʅʅʀʍ ɼɸʊʏʀʂɯɺ ʈʋʍʋ  

 

ʂ.ʆ. ʈʝʚʘ, ʩʪʫʜ. ʛʨ ɺʊ-121 

ʉ.ɸ. ʉʪʝʧʝʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ɯɺʊʄʌ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

 
ʗʢ ʚ ʧʦʞʝʞʥʠʭ ʩʠʛʥʘʣʽʟʘʮʽʷʭ, ʪʘʢ ʽ ʚ ʧʨʠʩʪʨʦʾ ʦʭʦʨʦʥʥʠʭ ʩʠʛʥʘʣʽʟʘʮʽʡ ʚʘʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʫʚʘʪʠ 

ʪʘ ʟʤʦʥʪʫʚʘʪʠ ʚʩʶ ʩʠʩʪʝʤʫ. ɺʘʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʪʠ ʪʠʧ ʪʘ ʢʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ. ʉʘʤʝ ʚʦʥʠ ʧʝʨʝʜʘʶʪʴ ʥʘ 

ʢʦʥʪʨʦʣʴʥʫ ʧʘʥʝʣʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʟʤʽʥʫ ʩʠʪʫʘʮʽʾ ʥʘ ʦʙôʻʢʪʽ, ʱʦ ʦʭʦʨʦʥʷʻʪʴʩʷ.  

ɼʘʪʯʠʢʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʪʠʧʦʤ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʚʦʥʠ ʚʽʜʩʪʝʞʫʶʪʴ: 

http://indeolight.com/tehnologii-i-normy/upravlenie-osveshheniem/datchiki-dvizheniya-dlya-vklyucheniya-sveta.html
http://indeolight.com/tehnologii-i-normy/upravlenie-osveshheniem/datchiki-dvizheniya-dlya-vklyucheniya-sveta.html
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1. ʄʘʛʥʽʪʥʦ-ʢʦʥʪʘʢʪʥʽ ʜʘʪʯʠʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ, ʤʽʞ ʷʢʠʤʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʤʘʛʥʽʪʥʠʡ 

ʟʚôʷʟʦʢ.  ʇʨʠ ʨʦʟʤʠʢʘʥʥʽ ʤʘʛʥʽʪʥʦʛʦ ʢʦʥʪʘʢʪʫ ʜʘʪʯʠʢ ʧʦʜʘʻ ʪʨʠʚʦʞʥʠʡ ʩʠʛʥʘʣ ʥʘ ʧʘʥʝʣʴ ʫʧʨʘʚʣʽʥʥʷ.  

2. ɸʢʫʩʪʠʯʥʽ ʜʘʪʯʠʢʠ , ʨʝʘʛʫʶʪʴ ʥʘ ʛʫʯʥʽ ʟʚʫʢʠ ʧʝʚʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʎʝʡ ʜʽʘʧʘʟʦʥ ʚʽʜʧʦʚʽʜʘʻ ʟʚʫʢʫ 

ʨʦʟʙʠʪʦʛʦ ʩʢʣʘ. ʊʦʤʫ ʮʽ ʜʘʪʯʠʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʪʘʤ, ʜʝ ʻ ʨʠʟʠʢ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʚʽʢʥʦ. 

3. ɯʥʬʨʘʯʝʨʚʦʥʠʡ, ʦʙôʻʤʥʠʡ ʪʘ ʣʽʥʽʡʥʠʡ (ʧʨʦʤʝʥʝʚʠʡ) ʜʘʪʯʠʢʠ ï ʮʝ ʜʘʪʯʠʢʠ ʨʫʭʫ. ɺʦʥʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʟʘ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʘ ʚ ʧʨʠʤʽʱʝʥʥʽ. ɺʽʜʩʪʝʞʫʻʪʴʩʷ ʥʝ ʩʘʤʘ ʥʘʷʚʥʽʩʪʴ ʜʞʝʨʝʣʦ ʪʝʧʣʘ, ʘ ʪʽʣʴʢʠ 

ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ʊʦʤʫ ʧʘʩʠʚʥʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ (ʧʨʠʣʘʜʠ ʦʧʘʣʝʥʥʷ) ʥʝ ʩʪʘʶʪʴ ʧʨʠʯʠʥʦʶ ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ. ʇʣʶʩʘʤʠ ʮʠʭ ʜʘʪʯʠʢʽʚ ʚʚʘʞʘʻʪʴʩʷ ʧʘʩʠʚʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ï ʚʦʥʠ ʥʽʯʦʛʦ ʥʝ ʚʠʧʨʦʤʽʥʶʶʪʴ, ʘ 

ʪʽʣʴʢʠ ʩʢʘʥʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʦʥʠ ʚ ʧʨʠʤʽʱʝʥʥʽ.  

4.ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʜʘʪʯʠʢʠ. ʗʢ ʽ ɯʏ ʜʘʪʯʠʢʠ, ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʬʽʢʩʫʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ. ɸʣʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʮʴʦʛʦ ʥʝ ʦʧʪʠʢʦ-ʪʝʨʤʘʣʴʥʠʡ ʩʧʦʩʽʙ, ʘ ʘʢʫʩʪʠʯʥʠʡ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʝʬʝʢʪʽ ɼʦʧʣʝʨʘ. 

ʂʘʞʫʯʠ ʧʨʦʩʪʠʤʠ ʩʣʦʚʘʤʠ, ʦʜʥʘ ʯʘʩʪʠʥʘ ʜʘʪʯʠʢʘ ʧʝʨʝʜʘʻ ʫʣʴʪʨʘʟʚʫʢʦʚʫ ʭʚʠʣʶ, ʘ ʜʨʫʛʘ ʾʾ ʧʨʠʡʤʘʻ. ʇʨʠ ʧʦʷʚʽ 

ʚ ʧʨʠʤʽʱʝʥʥʽ ʣʶʜʠʥʠ ʟʤʽʥʶʻʪʴʩʷ ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʱʦ ʩʪʘʻ ʧʨʠʚʦʜʦʤ ʜʣʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʠʛʥʘʣʽʟʘʮʽʾ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʦʭʦʨʦʥʥʦʛʦ ʚʽʡʩʴʢʦʚʦʛʦ ʦʙôʻʢʪʫ ʟʘʟʥʘʯʝʤʦ ʚʽʡʩʴʢʦʚʫ ʯʘʩʪʠʥʫ 8-ʡ ʏʝʨʥʽʛʽʚʩʴʢʠʡ 

ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ɼʉʉʊ (ʚ / ʯ ʊ-0500). ɺ ʜʘʥʽʡ ʫʩʪʘʥʦʚʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʥʪʘʢʪʥʽ ʪʠʧʠ ʜʘʪʯʠʢʽʚ ʜʣʷ 

ʦʭʦʨʦʥʠ ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ.  

ʂʦʥʪʘʢʪʥʽ ʜʘʪʯʠʢʽʚ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʧʨʠʩʪʨʦʷʭ ʦʭʦʨʦʥʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ. ʇʨʦʩʪʽ, 

ʢʝʨʫʶʯʽ ʣʦʛʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʮʠʬʨʦʚʦʾ ʪʝʭʥʽʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʘʣʝ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠʩʪʨʦʾʚ, 

ʱʦ ʤʽʩʪʷʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʢʦʥʪʘʢʪʥʽ ʜʘʪʯʠʢʠ, ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʟʘʭʦʜʠ ʱʦʜʦ ʫʩʫʥʝʥʥʷ 

"ʙʨʷʟʢʦʪʫ" ʾʭ ʢʦʥʪʘʢʪʽʚ.  

ʂʦʥʪʘʢʪʥʽ ʜʘʪʯʠʢʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʥʘ ʧʦʩʪʽʡʥʦʤʫ, ʪʘʢ  ̔ʥʘ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ. ʉʭʝʤʘ ʚʢʣʶʯʝʥʥʷ 

ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʪʯʠʢʘ ʟ ʥʦʨʤʘʣʴʥʦ ʨʦʟ'ʻʜʥʘʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1, ʘ. "ɼʨʝʙʝʟʛ" ʡʦʛʦ ʢʦʥʪʘʢʪʽʚ, ʱʦ 

ʚʠʥʠʢʘʻ ʧʨʠ ʟʘʤʠʢʘʥʥʽ, ʧʦʢʘʟʫʻ ʜʽʘʛʨʘʤʘ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1, ʙ. ʇʨʠʻʜʥʘʚʰʠ ʪʘʢʠʡ ʜʘʪʯʠʢ ʜʦ ʚʭʦʜʫ ʉ 

ʣʽʯʠʣʴʥʠʢʘ, ʧʦʢʘʟʘʥʠʡ ʰʪʨʠʭʦʚʠʤʠ ʣʽʥʽʷʤʠ, ʪʦ ʧʨʠ ʟʘʤʠʢʘʥʥʽ ʚ ʣʽʯʠʣʴʥʠʢ "ʟʘʧʠʰʝʪʴʩʷ" ʥʝ ʦʜʥʘ ʣʦʛʽʯʥʘ 

ʦʜʠʥʠʮʷ, ʘ ʪʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʯʠʩʣʫ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʦʧʠʥʠʚʩʷ ʚ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ 

"ʜʨʝʙʝʟʛʦʚʦʤʫ ʧʘʢʝʪʽ". ʅʝʜʦʣʽʢ ʢʦʥʪʘʢʪʥʠʭ ʜʘʪʯʠʢʽʚ ï ʩʢʣʘʜʥʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʥʪʨʦʣʶ  ̔

ʦʙʤʝʞʝʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʢʦʥʪʘʢʪʥʦʾ ʩʠʩʪʝʤʠ. ɸʣʝ ʟʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ ʮʠʭ ʜʘʪʯʠʢʽʚ ʾʭ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ. 

 
ʘ)    ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʪʯʠʢʘ 

ɺʠʭʦʜʷʯʠ ʟ ʥʝʜʦʣʽʢʽʚ ʮʠʭ ʜʘʪʯʠʢʽʚ, ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʥʘʜʘʚʘʪʠ ʭʠʙʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ 

ʧʦʤʠʣʢʘʤʠ ʚ ʦʭʦʨʦʥʥʽʡ ʩʬʝʨʽ ʪʘ ʚʠʢʣʠʢʘʪʠ ʧʦʤʠʣʢʦʚʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʴ ʟʘʭʠʩʪʫ. ʊʦʜʽ, ʢʨʘʱʝ ʙʫʣʦ ʙ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ɯʏ ʜʘʪʯʠʢʽʚ. ɺʦʥʠ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ ʮʽʥʫ ʽ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʘʣʝ 

ʥʘʡʙʽʣʴʰʠʤ ʾʭ ʧʝʨʝʚʘʛʦʶ ʻ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʉʧʨʘʚʦʯʥʘʷ ʢʥʠʛʘ ʧʦ ʩʚʝʪʦʪʝʭʥʠʢʝ ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʖ.ɹ.ɸʡʟʝʥʙʝʨʛʘ, ʄʦʩʢʚʘ, 2008 ʛ. 
2. ʇ.ʍʦʨʦʚʠʮ, ʋ.ʍʠʣʣ. ʀʩʢʫʩʩʪʚʦ ʩʭʝʤʦʪʝʭʥʠʢʠ ʪ.2, ʄ: ʄʠʨ, 1984ʛ.  

3. ʉʧʨʘʚʦʯʥʘʷ ʢʥʠʛʘ ʨʘʜʠʦʣʶʙʠʪʝʣʷ-ʢʦʥʩʪʨʫʢʪʦʨʘ. ʄ: ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1990ʛ. 
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ʇʽʜʩʝʢʮʽʷ ʛʝʦʜʝʟʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ 

 

ʋɼʂ 332.2021.142.4.33 

ʄʆʅɯʊʆʈʀʅɻ ɿɽʄɽʃʔ ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʆɻʆ ɺʀʂʆʈʀʉʊɸʅʅʗ  

ʏɽʈʅɯɻɯɺʉʔʂʆɰ ʆɹʃɸʉʊɯ 
 

ʆ.ʖ. ʅʘʨʦʚʣʷʥʩʴʢʘ, ʚʠʢʣʘʜʘʯ  ʢʘʬʝʜʨʠ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʏʝʨʥʽʛʽʚʩʴʢʽʡ 

ʦʙʣʘʩʪʽ. 

ɹʘʛʘʪʦʚʽʢʦʚʘ ʧʨʘʢʪʠʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʛʦʣʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʽ ʧʨʦʮʚʽʪʘʥʥʷ ʙʫʜʴ-

ʷʢʦʾ ʜʝʨʞʘʚʠ ʻ ʥʘʣʝʞʥʽ ʡʦʤʫ ʟʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ. ʇʨʠ ʮʴʦʤʫ ʧʽʜ ʟʝʤʝʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʥʝ ʪʽʣʴʢʠ 

ʪʝʨʠʪʦʨʽʶ (ʧʨʦʩʪʽʨ) ʜʝʨʞʘʚʠ, ʘʣʝ ʽ ʚʩʝ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ "ʥʘʜ" ʽ "ʧʽʜ" ʮʠʤ ʧʨʦʩʪʦʨʦʤ, ʚʢʣʶʯʘʶʯʠ 

ʘʛʨʦʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʪʘ ʾʭ ʙʽʦʧʦʪʝʥʮʽʘʣ. ɹʘʛʘʪʩʪʚʦ ʜʝʨʞʘʚʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʟʝʤʣʽ. 

ɿʝʤʝʣʴʥʠʡ ʬʦʥʜ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʩʪʘʥʦʤ ʥʘ 1 ʩʽʯʥʷ 2015 ʨʦʢʫ ʩʢʣʘʜʘʻ 3190,3 ʪʠʩ.ʛʘ. ʉʪʨʫʢʪʫʨʘ 

ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʫ ʩʚʽʜʯʠʪʴ, ʱʦ 64,9% ʟʘʡʥʷʪʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʫʛʽʜʜʷʤʠ, ʟ ʥʠʭ ʨʽʣʣʽ 67,9%, 

ʙʘʛʘʪʦʨʽʯʥʠʭ ʥʘʩʘʜʞʝʥʴ ï 1,2%, ʩʽʥʦʞʘʪʝʡ ʽ ʧʘʩʦʚʠʱ ï 28,6%, ʧʝʨʝʣʦʛʠ ï 2,3%. 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʏʝʨʥʽʛʽʚʱʠʥʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʜʝʛʨʘʜʘʮʽʶ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ  

ʥʘʩʘʤʧʝʨʝʜ  ʫ  ʟʙʽʣʴʰʝʥʥʽ ʧʣʦʱ ʝʨʦʜʦʚʘʥʠʭ ʪʘ ʽʩʥʫʚʘʥʥʽ ʜʝʛʨʘʜʦʚʘʥʠʭ ʽ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʠʭ ʟʝʤʝʣʴ, ʱʦ ʟʘ 

ʜʘʥʠʤʠ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʝʢʩʧʝʨʪʥʦʾ ʤʝʨʝʞʽ  ʧʽʜʣʷʛʘʶʪʴ ʢʦʥʩʝʨʚʘʮʽʾ ʥʘ ʟʘʛʘʣʴʥʽʡ ʧʣʦʱʽ 138,7 ʪʠʩ. ʛʘ. ɿʘ 

ʚʠʩʥʦʚʢʘʤʠ ʬʘʭʽʚʮʽʚ ʫ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʥʘʣʽʯʫʻʪʴʩʷ 869,8 ʪʠʩ. ʛʘ  ʜʝʬʣʷʮʽʡʥʦ  ʥʝʙʝʟʧʝʯʥʠʭ  ʪʘ  65,7  ʪʠʩ.  

ʛʘ  ʚʦʜʥʦ-ʝʨʦʟʽʡʥʠʭ ʟʝʤʝʣʴ [1]. ɺʯʝʥʽ, ʱʦ ʚʠʚʯʘʣʠ ʝʢʦʣʦʛʦ-ʘʛʨʦʭʽʤʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ˇʨʫʥʪʽʚ ʏʝʨʥʽʛʽʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ ʟʘʩʚʽʜʯʫʶʪʴ, ʱʦ ʦʩʪʘʥʥʽʤʠ ʜʝʩʷʪʠʣʽʪʪʷʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʦ-ʘʛʨʦʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ 

ˇʨʫʥʪʽʚ - ʟʙʽʜʥʝʥʥʷ ʥʘ ʧʦʞʠʚʥʽ ʝʣʝʤʝʥʪʠ, ʛʫʤʫʩ, ʧʽʜʚʠʱʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ, ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʨʦʜʶʯʦʩʪʽ. 

ʇʝʨʝʚʘʞʥʦ ʮʝ ʟʫʤʦʚʣʝʥʦ ʧʨʠʨʦʜʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʽ ʘʥʪʨʦʧʦʛʝʥʥʦʶ ʜʽʷʣʴʥʽʩʪʶ. ʆʜʠʥʘʜʮʷʪʴ ʨʘʡʦʥʽʚ 

ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʻ ʥʝʩʪʽʡʢʠʤʠ ʚ ʝʢʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ, ʚ ʮʠʭ ʨʘʡʦʥʘʭ ʨʦʟʦʨʘʥʽ ʟʝʤʣʽ ʟʥʘʯʥʦ 

ʧʝʨʝʚʘʞʘʶʪʴ ʥʘʜ ʫʤʦʚʥʦ ʝʢʦʣʦʛʽʯʥʦ ʩʪʘʙʽʣʴʥʠʤʠ ʫʛʽʜʜʷʤʠ (ʨʠʩ.1) [2]. ɺʦʥʠ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ, ʡ ʦʩʥʦʚʥʠʤʠ ʟ 

ʥʠʭ ʻ: ʝʨʦʟʽʷ ˇʨʫʥʪʽʚ, ʜʝʛʫʤʽʬʽʢʘʮʽʷ, ʚʽʜôʻʤʥʠʡ ʙʘʣʘʥʩ ʧʦʞʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʘʙʨʫʜʥʝʥʥʷ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ, 

ʟʘʣʠʰʢʘʤʠ ʧʝʩʪʠʮʠʜʽʚ, ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ, ʫʱʽʣʴʥʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʶ ʪʝʭʥʽʢʦʶ ʪʦʱʦ. 

 
ʈʠʩʫʥʦʢ 1 - ʆʮʽʥʢʘ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ  ˇʨʫʥʪʽʚ  ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʨʦʪʠ ʜʝʛʨʘʜʘʮʽʾ 

ʅʘ ʞʘʣʴ, ʩʴʦʛʦʜʥʽʰʥʽʡ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯ ʚ ʩʚʦʻʤʫ ʧʨʘʛʥʝʥʥʽ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʫʤ ʧʨʦʜʫʢʮʽʾ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʙʘʡʜʫʞʠʡ ʜʦ ʷʢʽʩʥʦʾ ʟʤʽʥʠ ʟʝʤʣʽ ʽ ʧʨʦʷʚʣʷʻ ʽʥʝʨʪʥʽʩʪʴ ʜʦ ˇʨʫʥʪʦʟʘʭʠʩʥʦʾ ʩʠʩʪʝʤʠ 

ʟʝʤʣʝʨʦʙʩʪʚʘ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʠʪʘʥʥʷ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʪʨʘʪʝʛʽʯʥʫ ʤʝʪʫ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ. ɺʦʥʘ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʨʞʘʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ. 

ɼʝʨʞʘʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ - ʩʠʩʪʝʤʘ ʦʧʝʨʘʪʠʚʥʠʭ, ʧʝʨʽʦʜʠʯʥʠʭ ʽ ʙʘʟʦʚʠʭ 

(ʚʠʭʽʜʥʠʭ) ʩʧʦʩʪʝʨʝʞʝʥʴ (ʘʝʨʦʢʦʩʤʽʯʥʘ ʟʡʦʤʢʘ, ʥʘʟʝʤʥʽ, ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽ, ʩʪʘʪʠʩʪʠʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ) ʟʘ 

ʟʤʽʥʦʶ ʷʢʽʩʥʦʛʦ ʽ ʢʽʣʴʢʽʩʥʦʛʦ ʩʪʘʥʫ ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʟʝʤʝʣʴ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʙʦ ʥʘʜʘʥʠʭ ʜʣʷ ʚʝʜʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚ ʩʢʣʘʜʽ ʟʝʤʝʣʴ ʽʥʰʠʭ ʢʘʪʝʛʦʨʽʡ, ʷʢ 
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ʧʨʠʨʦʜʥʦʛʦ ʽ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙ'ʻʢʪʘ ʜʣʷ ʚʝʜʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʾʭ ʛʦʩʧʦʜʘʨʩʴʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ, ʽ 

ʦʙʩʪʝʞʝʥʴ ʮʠʭ ʟʝʤʝʣʴ, ˇʨʫʥʪʽʚ ʽ ʾʭ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʧʝʚʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ; [3] 

ɼʝʨʞʘʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʠʩʪʝʤʘʪʠʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ: 

¶  ʟʘ ʩʪʘʥʦʤ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʽʚ ʩʽʚʦʟʤʽʥ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʣʽʛʦʥʽʚ ʽ ʢʦʥʪʫʨʽʚ, ʘ ʪʘʢʦʞ ʟʘ 
ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʽ ʨʦʟʚʠʪʢʦʤ ʧʨʦʮʝʩʽʚ ʾʭ ʜʝʛʨʘʜʘʮʽʾ (ʟʤʽʥʦʶ ʨʝʘʢʮʽʾ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ, ʨʫʡʥʫʚʘʥʥʷʤ ˇʨʫʥʪʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʟʘʩʦʣʝʥʥʷʤ, 

ʦʩʦʣʦʥʮʶʚʘʥʥʷ, ʟʘʙʦʣʦʯʫʚʘʥʥʷʤ, ʧʝʨʝʟʚʦʣʦʞʝʥʥʷʤ, ʧʽʜʪʦʧʣʝʥʥʷʤ ʟʝʤʝʣʴ, ʨʦʟʚʠʪʢʦʤ ʚʦʜʥʦʾ ʪʘ ʚʽʪʨʦʚʦʾ ʝʨʦʟʽʾ, 

ʟʘʙʨʫʜʥʝʥʥʷʤ ˇʨʫʥʪʽʚ ʧʝʩʪʠʮʠʜʘʤʠ, ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ, ʧʨʦʤʠʩʣʦʚʠʤʠ, ʧʦʙʫʪʦʚʠʤʠ ʪʘ 

ʽʥʰʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʟʤʽʥʦʶ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ); 

¶  ʟʘ ʟʤʽʥʦʶ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʨʽʣʣʽ, ʧʦʢʣʘʜʘʭ, ʩʽʥʦʢʽʩʥʠʭ ʽ ʧʘʩʦʚʠʱʥʠʭ ʫʛʽʜʜʷʭ (ʟʤʽʥʦʶ 

ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ ʚʨʦʞʘʶ, ʪʠʧʽʚ ʽ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ, ʩʪʫʧʝʥʝʤ ʩʪʽʡʢʦʩʪʽ ʜʦ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ). 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʝʨʞʘʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʟʘʚʜʘʥʥʷ: 

¶ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʩʪʘʥʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ, ʦʮʽʥʢʘ ʮʠʭ ʟʤʽʥ, ʧʨʦʛʥʦʟ ʽ ʚʠʨʦʙʣʝʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʨʦʜʶʯʦʩʪʽ, ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʥʝʛʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ; 

¶ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʷʢʽʩʥʠʤ 

ʩʪʘʥʦʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʷʢ ʦʩʥʦʚʥʦʛʦ ʨʝʩʫʨʩʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʛʨʘʬʽʯʥʦʾ ʧʨʠʚ'ʷʟʢʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʣʽʛʦʥʽʚ ʽ 

ʢʦʥʪʫʨʽʚ; 

¶ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ; 

¶ ʚʝʜʝʥʥʷ ʨʝʻʩʪʨʫ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʽ ʦʙʣʽʢ ʾʭ ʩʪʘʥʫ; 

¶ ʬʦʨʤʫʚʘʥʥʷ ʜʝʨʞʘʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʟʝʤʣʽ ʚ ʮʽʣʷʭ ʘʥʘʣʽʟʫ, 
ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʚʠʨʦʙʣʝʥʥʷ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʚ ʩʬʝʨʽ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ (ʚ ʯʘʩʪʠʥʽ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ) ʽ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʟʝʤʝʣʴ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʪʘʪʠʩʪʠʯʥʽʡ ʧʨʘʢʪʠʮʽ; 

¶ ʫʯʘʩʪʴ ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʦʛʨʘʤʘʭ (ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʟʦʙʦʚ'ʷʟʘʥʴ). [4] 

ʉʫʪʪʻʚʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʪʘ ʧʦʜʽʙʥʠʭ ʾʤ ʟʘʚʜʘʥʴ, ʘʜʞʝ ʧʦʪʨʽʙʥʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ 

ʦʪʨʠʤʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ, ʦʙʨʦʙʢʠ ʪʘ ʧʦʜʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʢʦʰʪʠ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ. 

ɸʚʪʦʨʦʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʝʜʩʪʘʚʠʪʠ ʟʽʙʨʘʥʽ ʜʘʥʽ ʚ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ, ʧʨʠʜʘʪʥʦʤʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ʎʽ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʦʙ'ʻʜʥʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʽ 

ʛʝʦʛʨʘʬʽʯʥʽ ʜʘʥʽ, ʘʝʨʦ- ʽ ʢʦʩʤʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʘ ʪʘʢʦʞ ʪʝʤʘʪʠʯʥʽ ʜʘʥʽ ʧʦ ʙʝʟʣʽʯʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʽ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʘʭ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʠʚʦʜʠʪʠ ʟʥʘʯʥʽ ʤʘʩʠʚʠ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʝʢʨʘʥ ʘʙʦ ʥʘ ʪʚʝʨʜʫ ʢʦʧʽʶ ʚ ʟʨʫʯʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʜʘʭ. ʅʘʢʣʘʜʘʶʯʠ ʥʘ ʟʽʙʨʘʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʽʥʰʽ ʦʪʨʠʤʘʥʽ ʽ ʟʽʙʨʘʥʽ ʜʘʥʽ, ʪʘʢʽ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʷʢʽʩʪʴ ˇʨʫʥʪʫ, ʫʤʦʚʠ ʟʨʦʰʝʥʥʷ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ, 

ʬʽʪʦʩʘʥʽʪʘʨʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʜʘʥʽ ʧʦʣʴʦʚʠʭ ʘʛʨʦʜʦʩʣʽʜʞʝʥʴ, ʜʘʥʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʪ.ʜ., ʤʦʞʥʘ 

ʦʪʨʠʤʫʚʘʪʠ ʚʪʦʨʠʥʥʠʡ ʧʦʭʽʜʥʠʡ ʢʘʨʪʦʛʨʘʬʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘ ʡʦʛʦ ʧʽʜʩʪʘʚʽ ʤʦʞʥʘ 

ʩʫʜʠʪʠ ʧʨʦ ʩʪʫʧʽʥʴ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥʥʠʭ ʢʫʣʴʪʫʨ ʥʘ ʜʘʥʽʡ ʧʣʦʱʽ ʽ ʚ ʧʝʚʥʠʡ ʯʘʩ. ʎʝ, ʤʦʞʣʠʚʦ, ʩʘʤʠʡ 

ʦʧʪʠʤʘʣʴʥʠʡ ʩʧʦʩʽʙ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʽ ʧʘʩʦʚʠʱ, ʘ ʪʘʢʦʞ ʾʭ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʚʠʷʚʣʝʥʥʷ ʜʝʛʨʘʜʘʮʽʾ ʨʦʩʣʠʥʥʠʭ ʢʫʣʴʪʫʨ ʘʙʦ ˇʨʫʥʪʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʨʦʞʘʶ ʽ ʪ.ʜ. 

ʇʝʨʝʚʘʛʘ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢ ʮʽʣʽʩʥʦʾ ʩʠʩʪʝʤʠ ʩʪʝʞʝʥʥʷ ʜʦʩʠʪʴ ʦʯʝʚʠʜʥʦ, ʦʩʢʽʣʴʢʠ ˇʨʫʥʪʦʚʽ ʪʘ ʘʛʨʦʭʽʤʽʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʨʽʜʢʦ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʩʪʦʨʦʥʥʽʭ ʧʨʦʛʨʘʤ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʙʤʝʞʝʥʠʡ ʥʘʙʽʨ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʽ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʜʘʥʠʡ ʯʘʩ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ ʟʝʤʝʣʴ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʦʢʘʟʥʠʢʠ ʾʭ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʥʠʟʴʢʽ (ʜʝʛʨʘʜʘʮʽʷ ˇʨʫʥʪʽʚ, 

ʧʦʛʽʨʰʝʥʥʷ ʨʦʜʶʯʦʩʪʽ, ʥʠʟʴʢʠʡ ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʽ ʪ.ʜ.). ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʧʠʪʘʥʥʷ ʦʭʦʨʦʥʠ 

ʟʝʤʝʣʴ ʪʘ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʩʠʩʪʝʤʘʪʠʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ ʟʝʤʝʣʴ ʜʣʷ ʩʚʦʻʯʘʩʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ, ʾʭ ʦʮʽʥʢʠ, ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʥʝʛʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ. ɼʫʞʝ ʚʘʞʣʠʚʠʤ 

ʢʨʠʪʝʨʽʻʤ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʦʪʨʠʤʘʥʥʷ ʽ ʧʦʣʽʧʰʝʥʥʷ ʤʝʪʦʜʽʚ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʝʤʣʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʮʽʣʝʡ ʨʝʘʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʨʠʪʝʨʽʾʚ 

ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʦʩʪʽ ʪʘ ʨʽʚʥʷ ʞʠʪʪʷ, ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʩʦʙʣʠʚʦ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ ʥʘʩʝʣʝʥʥʷ. 

ɼʝʨʞʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚ'ʷʟʘʥʥʷ ʙʘʛʘʪʴʦʭ ʧʨʦʪʠʨʽʯ ʚ ʫʤʦʚʘʭ 

ʢʨʠʟʠ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʽʚ 

ʩʫʩʧʽʣʴʩʪʚʘ, ʦʩʦʙʣʠʚʦ ʚ ʦʙʣʘʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʫʧʨʘʚʣʽʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ɸ.ɯ. ʂʦʰʤʘ, ʘʩʧʽʨʘʥʪ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɯ.ɺ. ʂʦʨʥʽʻʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʢʘʬʝʜʨʘ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

  
ʊʝʤʘ ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʠʨʘʥʥʷ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʥʘʨʘʟʽ ʚ ʋʢʨʘʾʥʽ ʘʢʪʫʘʣʴʥʘ. ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʘ, 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʠʨʘʥʥʷ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʊʇɺ) ʫ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʘʭ ʧʝʨʝʜʙʘʯʘʻ ʧʦʧʝʨʝʜʥʶ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʯʠʤ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʬʽʛʫʨʘʮʽʷ (ʧʨʦʩʪʦʨʦʚʘ ʩʪʨʫʢʪʫʨʘ) ʩʠʩʪʝʤʠ.  

ʈʦʟʛʣʷʜʘʶʯʠ ʧʠʪʘʥʥʷ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʦʨʫ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʫ 

[1-3], ʝʪʘʧʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʠʨʘʥʥʷ 

ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʚʽʜʦʙʨʘʞʝʥʠʭ ʫ ʩʪʘʪʽ [4], ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʤʝʞʝʥʴ ʥʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʥʠʭ 

ʤʘʡʜʘʥʯʠʢʽʚ ʚʽʜʦʙʨʘʞʝʥʠʭ ʫ [5], ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʤʝʨʝʞʽ ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʠʨʘʥʥʷ ʊʇɺ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʉʄʆ) ʊʇɺ (ʨʠʩ. 1):  

2 h H1

1 j J 1 j J 1 j J 1 j J

1 j J

1 j J

Ɇ

ʘ) ʙ)

1 ʣʘʥʢʘ

2 ʣʘʥʢʘ

3 ʣʘʥʢʘ

  
 

ʈʠʩ. 1 - ʉʭʝʤʘ ʉʄʆ ʊʇɺ 

ɺʠʟʥʘʯʘʶʯʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ ʟʘʷʚʦʢ ʥʘ ʚʭʦʜʽ ʉʄʆ ʊʇɺ ʧʦʟʥʘʯʠʣʠ ʯʝʨʝʟ A  ʧʦʜʽʶ, ʢʦʣʠ 

ʤʝʰʢʘʥʝʮʴ ʚ ʩʠʣʫ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʢʦʥʘʥʴ ʧʦʛʦʜʠʪʴʩʷ ʥʘ ʨʦʟʜʽʣʴʥʠʡ ʟʙʽʨ ʩʤʽʪʪʷ. ɺʽʜʧʦʚʽʜʥʦ, ʧʦʜʽʷ A  ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ ʦʙʨʘʥʠʡ ʤʝʰʢʘʥʝʮʴ ʥʝ ʧʦʛʦʜʠʪʴʩʷ ʥʘ ʨʦʟʜʽʣʴʥʠʡ ʟʙʽʨ ʩʤʽʪʪʷ. ʆʯʝʚʠʜʥʦ, ʱʦ 

A A+ =W, ʜʝ W  - ʧʦʚʥʘ ʛʨʫʧʘ ʧʦʜʽʡ, ʘ () () 1P A P A+ =. ɺʽʜʧʦʚʽʜʥʦ ʜʦ [6]:  

() () ,
M

AP A P A
n

*
º =  ʧʨʠ 500 600n­ · ,  

ʜʝ ()P A
*

 - ʩʪʘʪʠʩʪʠʯʥʘ ʽʤʦʚʽʨʥʽʩʪʴ (ʯʘʩʪʦʪʘ) ʧʦʜʽʾ;  

n  - ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʽʚ;  

M
A  - ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʽʚ, ʚ ʷʢʠʭ ʧʦʜʽʷ A  ʧʨʦʷʚʠʣʘʩʷ.  

ʄʘʻ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʘ ʪʘʢʘ ʩʠʩʪʝʤʘ ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʠʨʘʥʥʷ ʊʇɺ, ʟʘ ʷʢʦʾ ʤʝʰʢʘʥʝʮʴ ʟʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠ ʩʚʽʡ 

ʚʠʙʽʨ, ʧʨʠ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ (1) ʥʘʙʫʚʘʻ ʩʚʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʩʽʭ ʜʦʧʫʩʪʠʤʠʭ 

ʚʘʨʽʘʥʪʽʚ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʽ. 

V
Q

V
C C

Q

= ,                                                                                                                                                                         

(1) 

ʜʝ V
Q

 - ʩʝʨʝʜʥʽʡ ʦʙôʻʤ (ʦʙʩʷʛ, ʤʘʩʘ) ʊʇɺ (ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʟʘʷʚʦʢ ʚ ʪʨʘʜʠʮʽʡʥʽʡ ʉʄʆ), ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ 

ʩʠʩʪʝʤʦʶ ʟʘ ʯʘʩ T  (ʘʙʩʦʣʶʪʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ); 

C
Q

 - ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʙʩʦʣʶʪʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ QV .  
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ʇʦʜʽʷ, ʢʦʣʠ ʩʠʩʪʝʤʘ ʤʘʻ ʩʧʨʠʷʪʣʠʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʟʙʠʨʘʥʥʷ ʊʇɺ ï B. ʊʦʜʽ ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ 
ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʠʡ ʤʝʰʢʘʥʝʮʴ ʙʫʜʠʥʢʫ ʙʫʜʝ ʧʨʦʚʘʜʠʪʠ ʨʦʟʜʽʣʴʥʠʡ ʟʙʽʨ ʩʤʽʪʪʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫʤʦʚʥʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ: 

( ) ()( )/P AB P A P B A= . 

ɺʽʜʧʦʚʽʜʥʦ ʩʪʘʪʠʩʪʠʯʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʘʢʦʾ ʧʦʜʽʾ: 

( ) () ( )/P AB P A P B A
* * *

= , ʧʨʠ 500 600n­ · ;  

ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʦʪʘ ( )/
MBP B A
M

A

*
=  ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʩʪʘʪʠʩʪʠʯʥʠʤ ʧʽʜʨʘʭʫʥʢʦʤ ʢʽʣʴʢʦʩʪʽ ʤʝʰʢʘʥʮʽʚ 

M B, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʠʨʘʥʥʷ ʻ ʩʧʨʠʷʪʣʠʚʠʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʝʣʠʯʠʥʠ 

M
A . 

Cʪʘʪʠʩʪʠʯʥʝ ʩʝʨʝʜʥʻ ʦʙʩʷʛʫ ʟʽʙʨʘʥʦʛʦ ʩʤʽʪʪʷ (ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ) ʩʪʘʥʦʚʠʪʴ 

1

k
m vj ji i

i

*
= wä
=

.ʆʜʝʨʞʘʥʠʡ ʧʘʨʘʤʝʪʨ m vj j
*
=  ʻ ʥʝʦʙʭʽʜʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʦʪʦʢʫ ʟʘʷʚʦʢ ʚ ʉʄʆ ʊʇɺ. ɺʽʜʧʦʚʽʜʥʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ ʟʘʷʚʦʢ j -ʾ ʛʨʫʧʠ ʊʇɺ ʚʽʜ ʦʢʨʝʤʦʾ l -ʾ ʢʚʘʨʪʠʨʠ 

1
l l

tj jl = D ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʦʙʩʷʛʫ ʧʦʨʮʽʾ ʩʤʽʪʪʷ jv . ɻʨʫʧʦʚʠʡ ʧʦʪʽʢ j -ʾ ʛʨʫʧʠ ʊʇɺ ʜʦ ʢʦʥʪʝʡʥʝʨʥʦʛʦ 

ʤʘʡʜʘʥʯʠʢʫ h :  

1

h l
j j

l

F
L = lä

=
,  

ʜʝ ( )L P AB
*

F = Ö ; L  - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʚʘʨʪʠʨ, ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ h -ʠʤ ʤʘʡʜʘʥʯʠʢʦʤ.  

ʐʚʠʜʢʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʩʤʽʪʪʷ ʫ ʢʦʥʪʝʡʥʝʨʽ:  

h h
S vj j j=L . 
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ʋɼʂ 528.3 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɸʃʀʍ ʂɸ ɺ ʉʂʃɸɼɯ ɹɸɻɸʊʆʉʋʇʋʊʅʀʂʆɺʀʍ ʂʉ ɼɿɿ 

 

ʆ.ʉ. ɹʘʪʶʪʘ, ʩʪʫʜʝʥʪ ʛʨ.ʄɿʂ-111, 

ɺ.ɻ.  ɹʫʨʘʯʝʢ, ʜ.ʪ.ʥ., ʧʨʦʬ., ʢʘʬʝʜʨʘ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʽʜʢʦʤʽʪʝʪʫ ʢʦʤʽʪʝʪʫ ʆʆʅ ʧʦ ʢʦʩʤʦʩʫ, ɼɿɿ ï ʮʝ "ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ 

ʚʠʤʽʨ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʣʘʩʥʦʛʦ ʽ ʚʽʜʙʠʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʫʰʽ, 

ʦʢʝʘʥʫ ʡ ʘʪʤʦʩʬʝʨʠ ɿʝʤʣʽ ʚ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ, ʱʦ ʩʧʨʠʷʶʪʴ ʦʧʠʩʫ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, 

ʭʘʨʘʢʪʝʨʫ ʽ ʪʠʤʯʘʩʦʚʦʾ ʤʽʥʣʠʚʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʷʚʠʱ, ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ɿʝʤʣʽ, ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʦʙ'ʻʢʪʽʚ ʽ ʫʪʚʦʨʝʥʴ" [3]. 

ɼʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ (ɼɿ) ʟ ʢʦʩʤʽʯʥʠʭ ʽ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʻ ʦʜʥʽʻʶ ʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʢʦʩʤʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ 

ʧʦʩʪʘʚʣʝʥʽ ʟʘʚʜʘʥʥʷ ʚ ʩʦʪʥʽ ʽ ʪʠʩʷʯʽ ʨʘʟʽʚ ʦʧʝʨʘʪʠʚʥʽʰʝ ʽ ʜʝʰʝʚʰʝ, ʥʽʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʨʘʜʠʮʽʡʥʠʭ 

ʥʘʟʝʤʥʠʭ ʤʝʪʦʜʽʚ. 

ɿʘ ʜʠʥʘʤʽʢʦʶ ʨʦʟʚʠʪʢʫ ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʧʦʩʽʜʘʻ ʜʨʫʛʝ ʤʽʩʮʝ ʩʝʨʝʜ ʢʦʩʤʽʯʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʩʣʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʩʝʢʪʦʨʘ. ʋʢʨʘʾʥʘ ʤʘʻ ʧʝʚʥʽ ʫʩʧʽʭʠ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʫ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ ʽ ʟʘʮʽʢʘʚʣʝʥʘ ʫ ʾʭ ʨʦʟʚʠʪʢʫ. 
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ʈʦʟʚʠʪʦʢ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʠʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʜʦʚʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʟ ʚʠʩʦʢʦʶ ʨʦʟʨʽʟʥʝʥʥʦʶ ʟʜʘʪʥʽʩʪʶ [1,5].  

ʂʦʩʤʽʯʥʘ ʩʠʩʪʝʤʘ ɼɿɿ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʘʻ ʢʦʩʤʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ʪʘ ʥʘʟʝʤʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʦʤʧʣʝʢʩ 

(ʅɯʂ).  

ʂʦʩʤʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʦʨʙʽʪʘʣʴʥʠʭ ʽ 

ʥʘʟʝʤʥʠʭ ʟʘʩʦʙʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʟ ʢʦʩʤʦʩʫ ʯʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʫ ʩʢʣʘʜʽ ʢʦʩʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɼʦ ʩʢʣʘʜʫ ʢʦʩʤʽʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʚʭʦʜʷʪʴ: ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ (ʂɸ) ʘʙʦ ʾʭ ʫʛʨʫʧʫʚʘʥʥʷ, ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʠʡ ʢʦʤʧʣʝʢʩ, ʢʦʥʪʨʦʣʴʥʦ- 

ʝʪʘʣʦʥʥʠʡ ʢʦʤʧʣʝʢʩ, ʥʘʟʝʤʥʠʡ ʢʦʤʧʣʝʢʩ ʫʧʨʘʚʣʽʥʥʷ (ʅʂʋ), ʢʦʤʧʣʝʢʩ ʧʦʩʘʜʢʠ ʡ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʂɸ. 

ʂʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ ï ʮʝ ʩʢʣʘʜʥʽ ʪʝʭʥʽʯʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʢʦʩʤʽʯʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ[2]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʥʘ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʘʭ (ʂɸ) ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʽ 

ʟʘʩʦʙʠ (ʆɽɿ), ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʟʘʩʦʙʠ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ (ʈʉɸ) ʪʘ ʢʦʩʤʽʯʥʘ ʬʦʪʦʛʨʘʬʽʯʥʘ ʘʧʘʨʘʪʫʨʘ 

(ʂʌɸ). 

ɼʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʟʘʙʝʟʧʝʯʫʻ ʫʥʽʢʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʟʙʦʨʫ ʜʘʥʠʭ ʚ 

ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʟ ʚʠʩʦʢʠʤ ʧʨʦʩʪʦʨʦʚʠʤ, ʩʧʝʢʪʨʘʣʴʥʠʤ ʪʘ ʯʘʩʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ, ʱʦ ʡ ʚʠʟʥʘʯʘʻ 

ʚʝʣʠʢʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʦʻʥʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʦʪʝʥʮʽʡʥʫ 

ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʧʦʪʨʝʙʫʻ ʧʦʜʽʣʫ ʩʫʢʫʧʥʦʩʪʽ ʟʘʚʜʘʥʴ ʢʦʩʤʽʯʥʠʭ ʟʘʩʦʙʽʚ ɼɿɿ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʥʘʫʢʦʚʦʾ, ʚʠʨʦʙʥʠʯʦ- ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʘ ʩʘʤʝ: 

ï ʢʦʥʪʨʦʣʶ ʧʦʛʦʜʦ- ʪʘ ʢʣʽʤʘʪʦʫʪʚʦʨʶʶʯʠʭ ʬʘʢʪʦʨʽʚ; 

 ï ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ, ʚʦʜʠ ʪʘ ʛʨʫʥʪʽʚ;  

ï ʢʦʥʪʨʦʣʶ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ;  

ï  ̔ ʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ;  

 ï ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʦʙʦʨʦʥʠ;  

ï ʩʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ɿʝʤʣʽ ʷʢ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʆʜʥʠʤ ʟ ʥʘʡʥʘʜʽʡʥʽʰʠʭ ʜʞʝʨʝʣ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʩʫʧʫʪʥʠʢʦʚʠʭ ʫʛʨʫʧʦʚʘʥʴ ɼɿɿ. ʎʝ ʦʧʝʨʘʪʠʚʥʠʡ ʤʝʪʦʜ ʤʦʥʽʪʦʨʠʥʛʫ,ʷʢʠʡ ʤʘʻ ʚʠʩʦʢʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢ ʽ ʟ ʧʝʨʽʦʜʠʯʥʦʩʪʽ, ʪʘʢ ʽ ʟ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ ʤʝʪʦʜ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʪʝʭʥʦʛʝʥʥʠʤʠ ʽ ʧʨʠʨʦʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʽ ʷʚʠʱʘʤʠ [2]. 

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ(ʂɸ) ʜʣʷ ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʩʫʧʫʪʥʠʢʦʚʠʭ ʢʦʩʤʽʯʥʠʭ 

ʩʠʩʪʝʤ ʻ: Cosmo/SkyMed, Pleides,RapidEye, Eros, DMC. 

COSMO-SkyMed (Constellation of Small Satellites for Mediterranean basin Observation)-ʤʘʻ ʫ ʩʚʦʻʤʫ 

ʩʢʣʘʜʽ ʯʦʪʠʨʠ ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠʟ ʙʦʨʪʦʚʠʤʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʞʠʤʘʭ ʨʘʜʽʣʦʢʘʮʽʡʥʦʾ ʟʡʦʤʢʠ(ʪʝʣʝʩʢʦʧʽʯʥʠʡ ʨʝʞʠʤ, ʨʝʞʠʤ ʩʤʫʛʦʚʦʾ ʟʡʦʤʢʠ, ʨʝʞʠʤ 

ʦʛʣʷʜʦʚʦʾ ʟʡʦʤʢʠ). 

Pleides-ʧʨʦʛʨʘʤʘ Pleiades High Resolution ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʻʚʨʦʧʝʡʩʴʢʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ 

ɼɿɿ, ʪʘ ʚ ʩʚʦʶ ʯʨʛʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʫʧʫʪʥʠʢʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ Pleiades-1A ʽ Pleiades-1B. ɺʦʥʠ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʩʠʥʭʨʦʥʽʟʫʶʪʴʩʷ ʥʘ ʦʜʥʽʡ ʦʨʙʽʪʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʡʦʤʢʫ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʟʽ ʩʫʧʫʪʥʠʢʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʩʫʪʪʻʚʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʪʘ ʛʝʦʤʝʪʨʽʾ ʟʥʽʤʢʽʚ,ʷʢʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʘʶʪʴ ʙʽʣʴʰ ʯʽʪʢʽ ʢʦʥʪʫʨʠ, ʟʘ ʷʢʠʤʠ ʢʨʘʱʝ 

ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʪʝʢʩʪʫʨʘ ʟʦʙʨʘʞʝʥʥʷ. 

RapidEye - ʫʛʨʫʧʦʚʫʚʘʥʥʷ ʟ ʧôʷʪʠ ʤʽʥʽ-ʩʫʧʫʪʥʠʢʽʚ,ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʬʝʨʘʭ. ʂʦʞʝʥ ʽʟ ʧôʷʪʠ ʩʫʧʫʪʥʠʢʽʚ ʤʘʻ ʤʫʣʴʪʽʩʧʝʢʪʨʘʣʴʥʫ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʫ 

ʢʘʤʝʨʫ. 

EROS-B (Earth Remote Observation Satellite) - ʩʫʧʫʪʥʠʢ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ. 

DMC - Disasters Monitoring Constellation - ʫʛʨʫʧʦʚʘʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʤʘʣʦʛʦ ʢʣʘʩʫ. 
 

ʊʘʙʣʠʮʷ 1  

ʇʝʨʩʧʝʢʪʠʚʥʽ ʢʦʩʤʽʯʥʽ ʩʠʩʪʝʤʠ ʤʘʣʠʭ ʂɸ ʜʠʩʪʘʥʮʽʡʥʦʾ ʟʡʦʤʢʠ ɿʝʤʣʽ,ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ. [4]. 
 

ʅʘʡʤʝʥʫʚʘʥʷ 

ʩʠʩʪʝʤʠ(ʢʨʘʾʥʘ) 
ʈʦʟʨʦʙʥʠʢ/ʟʘʤʦʚʥʠʢ ʉʢʣʘʜ ʩʠʩʪʝʤʠ ʈʦʟʨʽʟʥʝʥʥʽʩʪʴ,ʤ 

COSMO-SkyMed 
Alenia Aerospazio/ ʂʦʩʤʽʯʥʝ 

ʘʛʝʥʪʩʪʚʦ ASI 
4 ʂɸ ʟ ʈʉɸ (ʧʦ 600 ʢʛ) 2,5 

Pleides 
Alcatel Espace, MMS/ ʂʦʩʤʽʯʥʝ 

ʘʛʝʥʪʩʪʚʦ, ʄʆ 
ʄʘʣʽ ʂɸ ʟ ʆɽɸ ʜʦ 1 ʪ 1 

RapidEye Rayser There Gmb/ RapidEye AG 5 ʂɸ ʤʘʩʦʶ ʧʦ 500 ʢʛ ʅʝ ʙʽʣʴʰʝ 5-8 

EROS-B ImageSat International 8 ʂɸ, ʤʘʩʘ 200-400 ʢʛ <1-2 

DMC ʄʽʞʥʘʨʦʜʥʠʡ ʧʨʦʝʢʪ 4+ʂɸ 26 

ɺʠʢʦʨʠʩʪʘʥʥʷ  ʤʘʣʠʭ ʂɸ ʚ ʩʢʣʘʜʽ ʙʘʛʘʪʦʩʫʧʫʪʥʠʢʦʚʠʭ ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʟʘʙʝʟʧʝʯʫʻ: 

-ʛʣʦʙʘʣʴʥʽʩʪʴ ʪʘ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʤʦʥʽʪʦʨʠʥʛ; 

-ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

-ʚʠʩʦʢʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʪʘ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ; 
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-ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʪʘ ʫʜʦʩʢʦʥʘʣʶʻ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʂʉ ɼɿɿ; 

-ʨʦʟʧʦʜʽʣ ʨʝʻʩʪʨʫʶʯʠ ʩʠʩʪʝʤ ʧʦ ʂɸ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʾʭ ʨʦʙʦʪʠ. 

ɼʣʷ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʩʫʧʫʪʥʠʢʦʚʠʭ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ɼɿɿ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʠʢ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʥʘʣʽʟʫ ʽ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʾʭ ʩʪʨʫʢʪʫʨ.  
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ʢʘʬʝʜʨʘ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʇʦʪʦʯʥʘ ʨʦʙʦʪʘ ʙʫʜʴ-ʷʢʦʛʦ ʜʝʢʘʥʘʪʫ ʚ ʫʥʽʚʝʨʩʠʪʝʪʽ ʯʘʩʪʦ ʧʦʚôʷʟʘʥʘ ʟ ʧʦʪʨʝʙʦʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʦʩʪʫʧʫ 

ʜʦ ʦʩʦʙʠʩʪʠʭ ʜʘʥʠʭ ʩʪʫʜʝʥʪʽʚ. ʇʨʠ ʯʦʤʫ ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ, ʚʠʤʘʛʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʨʽʟʥʦʨʽʜʥʠʭ ʜʘʥʠʭ, ʷʢ 

ʪʦ ʜʘʪʠ ʥʘʨʦʜʞʝʥʥʷ, ʥʦʤʝʨʘ ʛʨʫʧʠ ʧʘʩʧʦʨʪʥʠʭ ʜʘʥʠʭ, ʥʦʤʝʨʘ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ ʩʪʫʜʝʥʪʘ ʘʙʦ ʡʦʛʦ ʙʘʪʴʢʽʚ 

ʪʦʱʦ. ʇʦʜʽʙʥʘ ʙʘʟʘ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʘ ʙʝʟ ʟʘʡʚʠʭ ʟʫʩʠʣʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʜʴ ʷʢʦʾ ʩʪʘʥʜʘʨʪʥʦʾ ʙʘʟʠ 

ʜʘʥʠʭ, ʷʢ ʪʦ Access, DB2, Oracle ʪʦʱʦ. ʂʨʽʤ ʪʦʛʦ ʪʘʢʘ ʙʘʟʘ ʜʘʥʠʭ ʤʦʞʝ ʩʫʪʪʻʚʦ ʩʧʨʦʩʪʠʪʠ ʨʫʪʠʥʥʫ ʨʫʯʥʫ 

ʧʨʘʮʶ, ʥʘʧʨʠʢʣʘʜ ʟ ʧʽʜʛʦʪʦʚʢʠ ʩʧʠʩʢʽʚ ʛʨʫʧ, ʝʢʟʘʤʝʥʘʮʽʡʥʠʭ ʪʘ ʟʘʣʽʢʦʚʠʭ ʚʽʜʦʤʦʩʪʝʡ, ʚʝʜʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʦʙʣʽʢʫ ʪʘ ʦʙʣʽʢʫ ʫʩʧʽʰʥʦʩʪʽ ʚ ʤʘʩʰʪʘʙʽ ʬʘʢʫʣʴʪʝʪʫ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ.  

ʇʨʦʪʝ, ʤʦʞʣʠʚʝ ʱʝ ʦʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʙʘʟʠ ʜʘʥʠʭ, ʮʝ ʧʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ʫʩʧʽʰʥʦʩʪʽ 

ʧʨʦʬʦʨʽʻʥʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʷʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʠʤ ʩʢʣʘʜʦʤ ʷʢ ʚ ʤʝʞʘʭ ʤʽʩʪʘ, ʪʘʢ ʽ ʚ 

ʤʝʞʘʭ ʦʙʣʘʩʪʽ. ɺʠʢʦʥʘʥʥʷ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦ ʷʢʱʦ ʧʨʠʚôʷʟʘʪʠ ʙʘʟʫ ʜʘʥʠʭ ʜʦ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʙʽʨʢʠ ʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʘʨʪʦʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʜ̫ʽ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ 

ʟʘ ʙʫʜʴ-ʷʢʠʤ ʘʪʨʠʙʫʪʦʤ, ʱʦ ʚ ʩʚʦʶ ʜʦʟʚʦʣʠʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʦʙôʻʢʪʽʚ ʙʘʟʠ ʜʘʥʠʭ ʚ 

ʤʝʞʘʭ ʤʽʩʪʘ (ʦʙʣʘʩʪʽ).  

ɽʣʝʤʝʥʪʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚʠʩʪʫʧʘʶʪʴ ʦʙôʻʢʪʠ, ʾʭʥʽ ʘʪʨʠʙʫʪʠ ʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ, ʘ ʪʘʢʦʞ ʟʚôʷʟʢʠ 

ʤʽʞ ʦʙôʻʢʪʘʤʠ. ʉʫʪʥʦʩʪʷʤʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʽʥʬʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʙʘʟʠ ʜʘʥʠʭ ʻ ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ 

(ʝʣʝʤʝʥʪʠ ʽʥʬʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʙʘʟʠ ʜʘʥʠʭ ʥʘʚʝʜʝʥʽ ʫ ʨʠʩʫʥʢʫ1).   
 

ʉʪʫʜʝʥʪ

ʇʝʨʩʦʥʘʣɹʥ̔ ʜʘʥ̔

ʇʨ̔ʟʚʠɦ ʝ 

ɯʤ̫ 

ʇʦʙʘʪɹʢʦʚ̔ 

ʌʦʪʦ 

ɼʘʪʘ ʥʘʨʦʜʞʝʥʥ̫ 

ʄ̔ʩʮʝ ʥʘʨʦʜʞʝʥʥ̫ 

ʉʪʘʪɹ 

ʉʝʨ̫̔  ʧʘʩʧʦʨʪʘ

ʅʦʤʝʨ ʧʘʩʧʦʨʪʘ

ʆʙʣ̔ʢʦʚ̔ ʜʘʥ̔

ʌʦʨʤʘ ʥʘʚʯʘʥʥ̫ 

ʊʠʧ ʥʘʚʯʘʥʥ̫ 

ɻʨʫʧʘ 

ʅʘʧʨ̫ʤ ʧ̔ʜʛʦʪʦʚʢʠ 

ʩʧʝʮ̔ʘʣɹʥ̔ʩʪɹ 

ʈ̔ʢ ʚʩʪʫʧʫ

ɹʘʢʘʣʘʚʨ,ʉʧʝʮ̔ʘʣ̔ʩʪ,ʄʘʛ̔ʩʪʨ 

ɺ̔ʜʨʘʭʫʚʘʥʥ̫ 

ʋʩʧ̔h ʥ̔ʩʪɹ

ˉ ʩʝʤʝʩʪʨʘ

ɼʠʩʮʠʧʣ̔ʥʘ

ɽʢʟʘʤʝʥ 

ɿʘʣ̔ʢ

ʇʨʘʢʪʠʯʥʘ ʧ̔ʜʛʦʪʦʚʢʘ

ʉʝʨʝʜʥ̔ʡ ʙʘʣ

ɼʘʥ̔ ʧʨʦ ʙʘʪɹʢ̔ʚ

ʇɯɹ ʙʘʪɹʢʘ

ʄ̔ʩʮʝ ʨʦʙʦʪʠ ʙʘʪɹʢʘ

ʂʦʥʪʘʢʪʥ̔ʡ ʪʝʣʝʬʦʥ ʙʘʪɹʢʘ

ʇɯɹ ʤʘʪʠ

ʄ̔ʩʮʝ ʨʦʙʦʪʠ ʤʘʪʠ

ʂʦʥʪʘʢʪʥ̔ʡ ʪʝʣʝʬʦʥ ʤʘʪʠ

ɼʦʤʘh ʥ̫ ʘʜʨʝʩʘ

ʂʦʥʪʘʢʪʥʘ ̔ʥʬʦʨʤʘʮ̫̔

ʆʙʣʘʩʪɹ

ʈʘʡʦʥ

ʄ̔ʩʪʦ (ʩʤʪ,ʩ)

ɺʫʣʠʮ̫

ɹʫʜʠʥʦʢ

ʂʚʘʨʪʠʨʘ

ʊʝʣʝʬʦʥ 

E-mail 

ɼʘʥ̔ ʧʨʦ ʧʨʘʮʝʚʣʘh ʪʫʚʘʥʥ̫

ɯʥʬʦʨʤʘʮ̫̔  ʧʨʦ ʟʘʛʘʣɹʥʫ ʦʩʚ̔ʪʫ

ʆʙʣʘʩʪɹ

ʈʘʡʦʥ

ʄ̔ʩʪʦ/ʥʘʩʝʣʝʥʠʡ ʧʫʥʢʪ

ˉ ɿʆʐ

ʉʝʨʝʜʥ̔ʡ ʙʘʣ ʘʪʝʩʪʘʪʫ
ʇʝʨʚʠʥʥʝ ʧʨʘʮʝʚʣʘh ʪʫʚʘʥʥ̫

ʆʙʣʘʩʪɹ

ʈʘʡʦʥ

ʅʘʩʝʣʝʥʠʡ ʧʫʥʢʪ

ʆʨʛʘʥ̔ʟʘʮ̫̔

ʇʦʪʦʯʥʝ ʤ̔ʩʮʝ ʨʦʙʦʪʠ

ʆʙʣʘʩʪɹ

ʈʘʡʦʥ

ʅʘʩʝʣʝʥʠʡ ʧʫʥʢʪ

ʆʨʛʘʥ̔ʟʘʮ̫̔
 

 

ʈʠʩʫʥʦʢ 1 - ɯʥʬʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʩʫʪʥʦʩʪʝʡ 
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ʇʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʛʦ ɻɯʉ ʤʦʜʫʣʶ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʜʝ 

ʨʦʟʧʦʜʽʣ ʚʝʣʠʯʠʥ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʢʘʨʪʦʛʨʘʤʘʤʠ ʪʘ ʢʘʨʪʦʜʽʘʛʨʘʤʘʤʠ. ʂʘʨʪʦʛʨʘʤʠ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʦ ʨʘʡʦʥʘʭ ʦʙʣʘʩʪʽ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʪʫʜʝʥʪʽʚ, ʱʦ ʥʘʚʯʘʶʪʴʩʷ ʥʘ 

ʬʘʢʫʣʴʪʝʪʽ (ʚʩʴʦʛʦ ʘʙʦ ʟʘ ʨʦʢʘʤʠ ʚʩʪʫʧʫ). ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʢʦʚʠʭ ʦʙôʻʢʪʽʚ - ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʚ ʤʝʞʘʭ 

ʦʙʣʘʩʪʽ ʘʙʦ ɿʆʐ ʚ ʤʝʞʘʭ ʤʽʩʪʘ, ʪʦ ʪʫʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʘʨʪʦʜʽʘʛʨʘʤʠ ʩʪʦʚʧʯʘʩʪʦʛʦ ʘʙʦ ʧʝʣʶʩʪʢʦʚʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. ʇʨʠʢʣʘʜ ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʘʨʪʦʛʨʘʤ ʪʘ ʢʘʨʪʦʜʽʘʛʨʘʤ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2.  

 

  

 
 

ʈʠʩʫʥʦʢ 2 - ɽʣʝʤʝʥʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʩʪʫʜʝʥʪʩʴʢʦʛʦ ʩʢʣʘʜʫ 
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ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ArcInfo ʧʘʢʝʪʫ ArcGIS. ʎʝʡ ʧʘʢʝʪ ʜʦʙʨʝ ʧʨʘʮʶʻ ʟ ʙʫʜʴ 

ʷʢʠʤʠ ʢʦʤʝʨʮʽʡʥʠʤʠ ʙʘʟʘʤʠ ʜʘʥʠʭ, ʪʦʤʫ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʽ ʟʜʝʰʝʚʣʝʥʥʷ ʨʦʟʨʦʙʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʉʂɹɼ 

Access 2010. ɿʘʨʘʟ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʪʘʧ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʥʘʧʦʚʥʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʩʪʫʜʝʥʪʩʴʢʠʡ 

ʩʢʣʘʜ ɯʥʞʝʥʝʨʥʦ-ʙʫʜʽʚʝʣʴʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ.  

 

 

ʋɼʂ 528.3 

 

ɺʀɿʅɸʏɽʅʅʗ ʉʊɸʃʆɰ ɽʃɽʂʊʈʆʅʅʆɻʆ ɺɯɼɼɸʃɽʄɯʈɸ ɺ ʃɸɹʆʈɸʊʆʈʅʀʍ ʋʄʆɺɸʍ 

 

A.ɺ. ɹʦʛʜʘʥ, ɼ.ʄ. ʉʥʽʩʘʨʝʥʢʦ, ʩʪʫʜʝʥʪʠ ʛʨ. ɻʂɿ 131, 

ʉ.ɼ. ʂʨʷʯʦʢ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʋʢʨʘʾʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʦʚʽʪʥʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʛʝʦʜʝʟʠʯʥʠʭ ʤʝʨʝʞ ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʅʘ ʾʾ ʪʝʨʠʪʦʨʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʠʩʣʦ ʧʝʨʤʘʥʝʥʪʥʠʭ GNSS ʩʪʘʥʮʽʡ, ʷʢʽ ʟ ʯʘʩʦʤ ʚʢʣʶʯʘʶʪʴʩʷ ʷʢ 

ʜʦʚʽʨʯʽ ʚ ʤʝʨʝʞʥʝ ʫʱʽʣʴʥʝʥʥʷ EUREF [1].  

ɺ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ ʟ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʶ ʟʘʙʫʜʦʚʦʶ, ʫ ʣʽʩʠʩʪʠʭ ʤʽʩʮʝʚʦʩʪʷʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʤʝʪʦʜʽʚ ʥʘʰʪʦʚʭʫʻʪʴʩʷ ʥʘ ʪʘʢʽ ʟʘʚʘʜʠ, ʷʢ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ, ʥʝʜʦʩʪʘʪʥʷ 

ʢʽʣʴʢʽʩʪʴ ʩʫʧʫʪʥʠʢʽʚ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʧʨʠʡʤʘʯʘ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʝʢʨʘʥʫʚʘʥʥʷ 

ʩʠʛʥʘʣʫ. ʊʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʛʝʦʜʝʟʠʯʥʠʭ ʤʝʨʝʞ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʦʧʦʨʥʠʭ ʧʫʥʢʪʽʚ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ ʨʦʟʚʠʪʦʢ ʤʝʨʝʞʽ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ [2], ʚ ʦʩʥʦʚʥʦʤʫ ʤʝʪʦʜʦʤ ʧʦʣʽʛʦʥʦʤʝʪʨʽʾ.  

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʧʫʥʢʪʘʤʠ ʧʦʣʽʛʦʥʦʤʝʪʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʥʥʽ ʚʽʜʜʘʣʝʤʽʨʠ ʘʙʦ 

ʝʣʝʢʪʨʦʥʥʽ ʪʘʭʝʦʤʝʪʨʠ. ɼʣʷ ʥʘʜʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʝʡ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʚʝʣʠʯʠʥʫ ʧʦʩʪʽʡʥʦʾ ʧʦʧʨʘʚʢʠ, ʘʙʦ 

ʩʪʘʣʦʾ ʚʽʜʜʘʣʝʤʽʨʘ, ʷʢʘ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʥʝʩʧʽʚʧʘʜʘʥʥʷ ʦʩʝʡ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʽʜʜʘʣʝʤʽʨʘ ʽ ʚʽʜʙʠʚʘʯʘ ʟ 

ʚʠʧʨʦʤʽʥʶʶʯʦʶ ʧʦʚʝʨʭʥʝʶ ʚʽʜʜʘʣʝʤʽʨʘ ʪʘ ʚʽʜʙʠʚʥʦʶ ʧʦʚʝʨʭʥʝʶ ʚʽʜʙʠʚʘʯʘ. ɿʥʘʯʝʥʥʷ ʮʽʻʾ ʩʪʘʣʦʾ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʴ ʯʝʨʝʟ ʨʽʟʥʽ ʧʨʠʯʠʥʠ [3]. ʊʦʤʫ ʚ ʽʥʩʪʨʫʢʮʽʷʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʘʥʠʭ ʧʨʠʣʘʜʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʧʝʨʽʦʜʠʯʥʦ ʧʦʚʝʨʪʘʪʠʩʷ ʜʦ ʾʾ ʟʥʘʯʝʥʥʷ. ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʝʡ ʽʥʰʠʭ ʤʦʜʝʣʝʡ 

ʚʽʜʙʠʚʘʯʽʚ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʣʦʾ ʚʽʜʜʘʣʝʤʽʨʘ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ. 

ʅʘ ʢʘʬʝʜʨʽ ʛʝʦʜʝʟʽʾ ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ ʽʥʞʝʥʝʨʥʦ-ʙʫʜʽʚʝʣʴʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʻ ʝʣʝʢʪʨʦʥʥʠʡ 

ʪʘʭʝʦʤʝʪʨ TRIMBL 3305 DR, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʦʨʽʥ ʧʦʣʽʛʦʥʦʤʝʪʨʠʯʥʦʛʦ ʭʦʜʫ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʣʴʥʦʾ ʛʝʦʜʝʟʠʯʥʦʾ ʧʨʘʢʪʠʢʠ. ɺ ʢʦʤʧʣʝʢʪʽ ʜʦ ʥʴʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʽʜʙʠʚʘʯ ʚʽʜ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʽʜʜʘʣʝʤʽʨʘ 

çɹʣʻʩʢè. ʊʦʤʫ ʧʝʨʝʜ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʣʽʥʽʡ ʥʘ ʫʯʙʦʚʦʤʫ ʧʦʣʽʛʦʥʽ ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʪʘʣʦʾ 

ʚʽʜʜʘʣʝʤʽʨʘ. ɿ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʦʩʦʙʽʚ ʾʾ ʚʠʟʥʘʯʝʥʥʷ [3] ʙʫʣʦ ʚʠʙʨʘʥʦ ʩʧʦʩʽʙ ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʟʠʩʫ ʚʽʜʦʤʦʾ ʜʦʚʞʠʥʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʙʘʟʠʩʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʨʦʪʢʦʙʘʟʠʩʥʠʡ ʧʘʨʘʣʘʢʪʠʯʥʠʡ 

ʩʧʦʩʽʙ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʡʢʠ ɹʘʣʘ.  

 ɺ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ  ʘʫʜʠʪʦʨʽʾ ˉ 116 ʥʘ ʜʚʦʭ ʩʫʩʽʜʥʽʭ  ʩʪʦʚʧʯʠʢʘʭ ʙʫʣʦ ʟʘʢʨʽʧʣʝʥʦ ʪʨʝʛʝʨʠ ʪʘ ʚʩʪʘʥʦʚʣʝʥʽ 

ʚʽʜʙʠʚʘʯ ʽ ʝʣʝʢʪʨʦʥʥʠʡ ʪʘʭʝʦʤʝʪʨʦʤ TRIMBL 3305 DR. ɺʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ʙʫʣʘ ʚʠʤʽʨʷʥʘ ʝʣʝʢʪʨʦʥʥʠʤ 

ʪʘʭʝʦʤʝʪʨʦʤ 25 ʨʘʟʽʚ ʪʘ ʚʠʟʥʘʯʝʥʦ ʾʾ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 02892,2=TAXd ʤ ʟ ʩʝʨʝʜʥʴʦʶ ʢʚʘʜʨʘʪʠʯʥʦʶ ʧʦʭʠʙʢʦʶ 

51087,9 -Ö=TAXm  ʤʤ.  ʇʦʪʽʤ ʟ ʪʨʝʛʝʨʘ ʚʠʣʫʯʘʚʩʷ ʚʽʜʙʠʚʘʯ, ʘ ʥʘ ʡʦʛʦ ʤʽʩʮʝ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʨʝʡʢʘ ɹʘʣʘ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʢʨʫʛʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧôʷʪʴ ʢʨʫʛʦʚʠʭ ʧʨʠʡʦʤʠ ʥʘ 

ʪʨʠ ʚʽʟʠʨʥʽ ʤʘʨʢʠ ʨʝʡʢʠ ɹʘʣʘ. ʇʨʠʯʦʤʫ, ʯʝʨʝʟ ʢʦʨʦʪʢʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʨʠʣʘʜʘʤʠ ʦʨʽʻʥʪʫʚʘʥʥʷ ʨʝʡʢʠ ɹʘʣʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʚʽʜʩʪʘʥʽ, ʱʦ ʚʠʤʽʨʶʚʘʣʘʩʴ, ʚʚʘʞʘʣʦʩʴ ʥʝ ʪʦʯʥʠʤ. ʊʦʤʫ ʚʽʜʩʪʘʥʴ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʚ 

ʥʝʩʪʘʥʜʘʨʪʥʠʡ ʩʧʦʩʽʙ. ɼʣʷ ʮʴʦʛʦ (ʜʠʚ. ʨʠʩ.) ʚʨʘʭʦʚʫʚʘʚʩʷ ʢʫʪ g ʤʽʞ ʥʘʧʨʷʤʢʦʤ ʚʠʤʽʨʷʥʦʾ ʣʽʥʽʾ 1 ï 3 ʪʘ ʣʽʥʽʻʶ,  

 
ʈʠʩʫʥʦʢ - ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʫʥʢʪʘʤʠ 1 ʪʘ 3 ʟʘ ʨʝʡʢʦʶ ɹʘʣʘ 
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ʷʢʘ ʟôʻʜʥʫʻ ʚʽʟʠʨʥʽ ʤʘʨʢʠ 2,3,4 ʨʝʡʢʠ ɹʘʣʘ. ɿ ʜʚʦʭ ʪʨʠʢʫʪʥʠʢʽʚ 1,2,3 ʪʘ 1,3,4  ʚʠʟʥʘʯʝʥʦ ʢʫʪ gʪʘ ʚʽʜʩʪʘʥʴ d, ʷʢ 

ʦʩʥʦʚʥʝ ʾʾ ʟʥʘʯʝʥʥʷ 1d , ʪʘʢ ʽ ʢʦʥʪʨʦʣʴʥʝ 2d  
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 ɺʠʟʥʘʯʘʣʘʩʴ ʨʽʟʥʠʮʷ ʚʽʜʩʪʘʥʝʡ cD, ʚʠʤʽʨʷʥʠʭ ʢʦʨʦʪʢʦʙʘʟʠʩʥʠʤ ʧʘʨʘʣʘʢʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ ʇd ʽ  

ʪʘʭʝʦʤʝʪʨʦʤ TAXd  ʪʘ ʩʪʘʣʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʽʜʜʘʣʝʤʽʨʘ cʟʘ ʚʽʜʦʤʠʤ ʾʾ ʫʩʪʘʥʦʚʦʯʥʠʤ ʟʥʘʯʝʥʥʷʤ 30-=¡c ʤʤ 

 

TAXʇ ddc -=D ,       (4) 

 

ccc D+¡= .        (5) 

 

ɺ ʪʘʙʣ. ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤʫʣʘʤʠ (1) ï (5). ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʪʘʣʦʾ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʚʽʜʜʘʣʝʤʽʨʘ ʪʘʭʝʦʤʝʪʨʘ TRIMBL 3305 DR ʩʢʣʘʣʦ ʤʤʤʤcʩʨ 408,39 -º-=  ʟ ʩʝʨʝʜʥʴʦʶ ʢʚʘʜʨʘʪʠʯʥʦʶ 

ʧʦʭʠʙʢʦʶ 0248,0=cm ʤʤ. ɯʥʪʝʨʚʘʣʴʥʘ ʦʮʽʥʢʘ ʩʪʘʣʦʾ ʜʣʷ ʜʦʚʽʨʯʦʾ ʡʤʦʚʽʨʥʦʩʪʽ 95,0=P  ʩʢʣʘʣʘ 

ʤʤcʤʤ 8,399,39 -¢¢- . 

ʊʘʙʣʠʮʷ 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʘʣʦʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ TRIMBL 3305 DR 

ˉ  

ʧʨʠʡʦʤʫ 1b  2b  gctg  g 
1d ,ʤ 2d , ʤ c, ʤʤ 

1 26°12'11,5" 26°29'23,3" -0,01269932 -89°16'20,8" 2,01912 2,01912 -39,80 

2 26°12'11,7" 26°29'28,5" -0,012760189 -89°16'08,2" 2,01905 2,01905 -39,87 

3 26°12'11,8" 26°29'33,1" -0,012814985 -89°15'56,9" 2,01899 2,01899 -39,93 

4 26°12'01,8" 26°29'33,4" -0,012942359 -89°15'30,6" 2,01911 2,01911 -39,81 

5 26°12'06,8" 26°29'28,6" -0,012822331 -89°15'55,4" 2,01911 2,01911 -39,81 

8,39-=ʩʨc ʤʤ 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʊʝʨʝʱʫʢ ʆ. ɯ. ɼʦʩʚʽʜ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʝʨʤʘʥʝʥʪʥʦʾ GNSS-ʩʪʘʥʮʽʾ çʏʝʨʥʽʛʽʚè (CNIV) ʫ ʤʝʨʝʞʽ EPN / ʆ. ɯ.  ʊʝʨʝʱʫʢ, ɯ. ʆ. ʅʠʩʪʦʨʷʢ // 
ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʦʚʠʡ ʞʫʨʥʘʣ / ʏʝʨʥʽʛ. ʥʘʮ. ʪʝʭʥʦʣ. ʫʥ-ʪ . ï ʏʝʨʥʽʛʽʚ: ʏʝʨʥʽʛ. ʥʘʮ. ʪʝʭʥʦʣ. ʫʥ-ʪ, 2015. - ˉ1. ï ʉ.130-140. 

2. ʇʘʪʝʥʪ82874 ʋʢʨʘʾʥʘ. ʇʄʂ G01ʉ 7/00 ʉʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʛʝʦʜʝʟʠʯʥʦʾ ʦʧʦʨʥʦʾ ʬʽʛʫʨʠ / ɺ. ɻ. ɹʫʨʘʯʝʢ, ɯ. ʆ. ʅʠʩʪʦʨʷʢ, ʆ. ɯ. ʊʝʨʝʱʫʢ, 

ʏɼɯɽʋ. - ˉ u 2012 08638; ʟʘʷʚʣ. 12.07.2012; ʦʧʫʙʣ. 27.08.2013, ɹʶʣ. ˉ 16. 
3. ɹʨʦʥʰʪʝʡʥ ɻ. ʉ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ / ɻ.ʉ. ɹʨʦʥʰʪʝʡʥ. - ʄ.: ʅʝʜʨʘ, 1991. - 92 ʩ. 

4. ʂʨʷʯʦʢ ʉ. ɼ. ʈʦʟʨʦʙʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʩʪʽʡʥʦʾ ʧʦʧʨʘʚʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʚʽʜʜʘʣʝʤʽʨʽʚ / ʉ. ɼ. ʂʨʷʯʦʢ, ʃ. 

ʉ.ʄʘʤʦʥʪʦʚʘ // ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʦʚʠʡ ʞʫʨʥʘʣ / ʏʝʨʥʽʛ. ʥʘʮ. ʪʝʭʥʦʣ. ʫʥ-ʪ . ï ʏʝʨʥʽʛʽʚ: ʏʝʨʥʽʛ. ʥʘʮ. ʪʝʭʥʦʣ. ʫʥ-ʪ, 2015. - 
ˉ1. ï ʉ.118-125. 
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ʉ.ʄ. ɹʦʨʦʜʘʡ, ʩʪʫʜʝʥʪ ʛʨ. ɻʉ-11, 

ɯ.ɺ. ʂʦʨʥʽʻʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʊʦʨʛʽʚʝʣʴʥʘ ʤʝʨʝʞʘ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʙʫʜʴ-ʷʢʦʛʦ ʤʽʩʪʘ. ɺʦʥʘ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 

ʚʩʽ ʚʠʜʠ ʟʘʢʣʘʜʽʚ ʪʦʨʛʽʚʣʽ, ʪʘ ʧʦʢʣʠʢʘʥʘ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʥʘʩʝʣʝʥʥʷ ʫ ʪʦʚʘʨʘʭ. ʋ ʥʘʰʦʤʫ ʤʽʩʪʽ, 

ʥʘʧʨʠʢʣʘʜ, ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʛʘʟʠʥʽʚ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʾ 

ʧʨʦʜʫʢʮʽʾ. ʈʽʟʥʦʤʘʾʪʪʷ ʪʦʚʘʨʽʚ - ʮʝ, ʟʚʽʩʥʦ, ʜʫʞʝ ʜʦʙʨʝ, ʘʣʝ ʚ ʧʦʪʝʥʮʽʡʥʠʭ ʧʦʢʫʧʮʽʚ ʚʠʥʠʢʘʶʪʴ ʩʧʨʘʚʝʜʣʠʚʽ 

ʧʠʪʘʥʥʷ ʧʦʚôʷʟʘʥʽ ʟ ʝʢʦʥʦʤʽʻʶ ʛʨʦʰʝʡ ʽ/ʘʙʦ ʯʘʩʫ: çʜʝ ʷ ʤʦʞʫ ʢʫʧʠʪʠ ʮʝʡ ʪʦʚʘʨ ʜʝʰʝʚʰʝ?è, ʘʙʦ çʷʢʠʡ ʤʘʛʘʟʠʥ 

ʜʦ ʤʝʥʝ ʥʘʡʙʣʠʞʯʝ?è, ʘʙʦ ʞ çʜʝ ʷ ʤʦʞʫ ʟʥʘʡʪʠ ʮʝʡ ʪʦʚʘʨ?è. ɯʥʢʦʣʠ ʧʦʢʫʧʮʽ ʰʫʢʘʶʪʴ ʜʝʷʢʠʡ ʪʦʚʘʨ ʽ ʦʙʭʦʜʷʪʴ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʘʛʘʟʠʥʽʚ ʚʠʪʨʘʯʘʶʪʴ ʜʫʞʝ ʙʘʛʘʪʦ ʯʘʩʫ ʽ ʥʝ ʬʘʢʪ, ʱʦ ʧʨʠʜʙʘʥʽʡ ʪʦʚʘʨ ʻ ʥʘʡʜʝʰʝʚʰʠʡ. 



184 
 

ɺʘʨʽʘʥʪʦʤ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ, ʢʦʣʠ ʪʦʚʘʨ ʧʨʠʜʙʘʻʪʴʩʷ ʤʠʪʪʻʚʦ (ʙʝʟ ʟʘʤʦʚʣʝʥʴ ʚ ɯʥʪʝʨʥʝʪ ʤʘʛʘʟʠʥʘʭ) ʻ 

ʦʨʛʘʥʽʟʘʮʽʷ Web-GIS ʪʦʨʛʽʚʝʣʴʥʦʛʦ ʩʝʨʚʽʩʫ.  

ɯʜʝʷ, ʱʦ ʧʦʢʣʘʜʝʥʘ ʚ ʦʩʥʦʚʫ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʩʝʨʚʽʩʫ ʻ ʧʦʨʽʚʥʷʥʥʷ ʙʘʟ ʜʘʥʠʭ ʟ ʪʦʚʘʨʘʤʠ ʢʨʫʧʥʠʭ 

ʤʘʛʘʟʠʥʽʚ (ʤʘʨʢʝʪʽʚ) ʫ ʯʘʩʪʠʥʽ ʮʽʢʘʚʦʛʦ ʜʣʷ ʧʦʢʫʧʮʷ ʪʦʚʘʨʫ ʪʘ ʧʨʦʢʣʘʜʘʥʥʷ çʊʦʨʛʽʚʝʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫè, 

ʚʠʭʦʜʷʯʠ ʟ ʮʽʥʦʚʠʭ ʧʨʦʧʦʟʠʮʽʡ, ʚʽʜʜʘʣʝʥʦʩʪʽ ʤʘʛʘʟʠʥʽʚ ʪʘ ʟʨʫʯʥʦʩʪʽ ʤʘʨʰʨʫʪʫ ʜʣʷ ʧʦʢʫʧʮʷ.  

ʈʝʘʣʽʟʘʮʽʷ ʩʝʨʚʽʩʫ ʧʝʨʝʜʙʘʯʘʻ ʦʨʛʘʥʽʟʘʮʽʶ ʥʘʩʪʫʧʥʠʭ ʩʢʣʘʜʦʚʠʭ: 

- ʨʦʟʨʦʙʢʘ Web-ʩʘʡʪʫ ʟ ʧʽʜʪʨʠʤʢʦʶ Web-GIS ʟ ʤʝʥʶ ʧʦʰʫʢʫ ʪʘ ʚʠʙʦʨʫ ʮʽʢʘʚʦʛʦ ʪʦʚʘʨʫ; 

- ʨʦʟʨʦʙʢʘ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʩʪʫʧʫ ʜʦ ʙʘʟ ʜʘʥʠʭ ʪʦʚʘʨʽʚ ʚ ʤʘʛʘʟʠʥʘʭ ʪʦʨʛʽʚʝʣʴʥʦʾ ʤʝʨʝʞʽ ʤʽʩʪʘ; 

- ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʢʦʜʠʬʽʢʘʮʽʾ ʪʦʚʘʨʽʚ ʚ ʤʘʛʘʟʠʥʘʭ; 

- ʨʦʟʨʦʙʢʘ ʤʝʭʘʥʽʟʤʫ ʧʨʦʢʣʘʜʘʥʥʷ çʊʦʨʛʽʚʝʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫè. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʷʚʦʢ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʝʨʚʽʩ ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ ʧʦʰʫʢʫ: 

1. ʇʦʰʫʢ ʥʘʡʙʣʠʞʯʦʛʦ ʤʘʛʘʟʠʥʫ. ʎʝʡ ʚʘʨʽʘʥʪ ʧʦʰʫʢʫ ʜʦʧʦʤʦʞʝ ʟʝʢʦʥʦʤʠʪʠ ʯʘʩ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʦʩʣʫʛ 

ʧʦʨʪʘʣʫ. ɸʚʪʦʨʠʟʦʚʘʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʚʢʘʟʘʪʠ ʩʚʦʻ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʘʙʦ ʜʦʟʚʦʣʠʪʠ ʘʚʪʦʤʘʪʠʯʥʝ 

ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʚʢʘʟʘʪʠ ʥʝʦʙʭʽʜʥʽ ʡʦʤʫ ʪʦʚʘʨʠ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ ʩʠʩʪʝʤʘ ʚʠʜʘʩʪʴ ʩʧʠʩʦʢ ʥʘʡʙʣʠʞʯʠʭ 

ʤʘʛʘʟʠʥʽʚ ʚ ʷʢʠʭ ʻ ʚ ʥʘʷʚʥʦʩʪʽ ʟʘʧʠʪʫʚʘʥʘ ʧʨʦʜʫʢʮʽʷ, ʘ ʪʘʢʦʞ ʚʽʜʩʪʘʥʴ ʜʦ ʢʦʞʥʦʛʦ ʤʘʛʘʟʠʥʫ ʟ ʩʧʠʩʢʫ. 

2. ʇʦʰʫʢ ʤʘʛʘʟʠʥʫ ʟ ʥʘʡʥʠʞʯʦʶ ʮʽʥʦʶ. ʎʝʡ ʚʘʨʽʘʥʪ ʧʦʰʫʢʫ ʜʦʧʦʤʦʞʝ ʟʝʢʦʥʦʤʠʪʠ ʛʨʦʰʦʚʽ ʢʦʰʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ. ʂʦʨʠʩʪʫʚʘʯ ʪʘʢ ʩʘʤʦ ʚʢʘʟʫʻ ʩʚʦʻ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʽ ʚʢʘʟʫʻ ʥʝʦʙʭʽʜʥʽ ʪʦʚʘʨʠ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ 

ʟʘʧʠʪʫ ʩʠʩʪʝʤʘ ʚʠʜʘʩʪʴ ʩʧʠʩʦʢ ʤʘʛʘʟʠʥʽʚ ʚ ʷʢʠʭ ʟʘʧʠʪʫʚʘʥʘ ʧʨʦʜʫʢʮʽʷ ʻ ʥʘʡʜʝʰʝʚʰʦʶ, ʘ ʪʘʢʦʞ ʚʽʜʩʪʘʥʴ ʜʦ 

ʢʦʞʥʦʛʦ ʤʘʛʘʟʠʥʫ ʟ ʩʧʠʩʢʫ. 

3. ʇʦʰʫʢ ʤʘʛʘʟʠʥʽʚ ʫ ʷʢʠʭ ʻ ʚ ʥʘʷʚʥʦʩʪʽ ʜʘʥʠʡ ʪʦʚʘʨ. ʎʝʡ ʚʘʨʽʘʥʪ ʧʦʰʫʢʫ ʙʫʜʝ ʢʦʨʠʩʥʠʡ ʢʦʨʠʩʪʫʚʘʯʘʤ, 

ʷʢʽ ʰʫʢʘʶʪʴ ʥʝ ʧʦʰʠʨʝʥʽ ʪʦʚʘʨʠ. ʅʘʧʨʠʢʣʘʜ ʜʝʷʢʽ ʥʘʡʤʝʥʫʚʘʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʪʦʚʘʨʽʚ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ 

ʩʠʩʪʝʤʘ ʚʠʜʘʩʪʴ ʩʧʠʩʦʢ ʚʩʽʭ ʤʘʛʘʟʠʥʽʚ ʤʽʩʪʘ ʫ ʷʢʠʭ ʻ ʚ ʥʘʷʚʥʦʩʪʽ ʜʘʥʘ ʧʨʦʜʫʢʮʽʷ. ʊʘʢʠʡ ʧʦʰʫʢ ʟʥʘʯʥʦ 

ʟʝʢʦʥʦʤʠʪʴ ʯʘʩ. ʃʶʜʠʥʽ ʥʝ ʜʦʚʝʜʝʪʴʩʷ ʦʙôʾʞʜʞʘʪʠ ʚʩʝ ʤʽʩʪʦ ʰʫʢʘʶʯʠ ʥʝʦʙʭʽʜʥʝ, ʢʽʣʴʢʘ ʭʚʠʣʠʥ ʙʽʣʷ 

ʢʦʤʧôʶʪʝʨʘ ʟʙʝʨʝʞʫʪʴ ʛʦʜʠʥʠ ʯʘʩʫ. 

4. ʇʦʰʫʢ çʊʦʨʛʽʚʝʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫè. ʄʘʪʝʤʘʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʧʨʦʢʣʘʜʘʥʥʷ ʤʘʨʰʨʫʪʫ ʻ ʟʘʜʘʯʘ 

ʢʦʤʽʚʦʷʞʝʨʘ, ʜʝ ʧʫʥʢʪʘʤʠ ʤʝʨʝʞʽ ʻ ʤʘʛʘʟʠʥʠ ʟ ʚʠʙʨʘʥʠʤʠ ʪʦʚʘʨʘʤʠ (ʛʨʫʧʘʤʠ ʪʦʚʘʨʽʚ) ʟʘ ʥʘʡʥʠʞʯʦʶ ʮʽʥʦʶ, 

ʚʠʭʽʜʥʠʡ ʧʫʥʢʪ ʻ ʪʦʯʢʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʙʝʨ ʤʘʨʰʨʫʪʫ ʟʚôʷʟʫʶʪʴʩʷ ʟ 

ʚʽʜʜʘʣʝʥʽʩʪʶ, ʯʘʩʦʚʠʤʠ ʽ/ʘʙʦ ʛʨʦʰʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ.  

ʉʪʚʦʨʝʥʥʷ Web-GIS ʪʦʨʛʽʚʝʣʴʥʦʛʦ ʩʝʨʚʽʩʫ ʤʦʞʣʠʚʘ ʥʘ ʧʣʘʪʬʦʨʤʽ ʤʫʥʽʮʠʧʘʣʴʥʦʾ ɻɯʉ ʟ ʽʥʪʝʛʨʘʮʽʻʶ 

ʘʢʪʫʘʣʴʥʠʭ ʙʘʟ ʜʘʥʠʭ ʪʦʚʘʨʽʚ ʤʘʛʘʟʠʥʽʚ. ʇʝʨʝʜʙʘʯʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʚʞʝ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʫ [1, 2]. 

ʅʘʡʩʢʣʘʜʥʽʰʠʤ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʤʦʤʝʥʪʦʤ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʽʜʝʾ ʙʫʜʝ ʧʝʨʝʢʦʥʘʥʥʷ ʢʝʨʽʚʥʠʮʪʚʘ 

ʤʘʛʘʟʠʥʽʚ ʚ ʫʯʘʩʪʽ ʚ ʪʘʢʦʤʫ ʧʨʦʝʢʪʽ, ʧʨʦʪʝ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʪʦʚʘʨʠ ʚ ʤʘʛʘʟʠʥʽ ʙʫʜʫʪʴ 

ʧʨʠʜʙʘʪʠʩʷ ʣʠʰʝ ʥʘʡʜʝʰʝʚʰʽ, ʽʥʦʜʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ çʊʦʨʛʽʚʝʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫè (ʛʨʦʰʦʚʽ ʪʘ/ʘʙʦ ʯʘʩʦʚʽ) 

ʤʦʞʫʪʴ ʩʪʘʪʠʩʷ ʥʝʧʨʠʡʥʷʪʥʠʤʠ ʜʣʷ ʧʦʢʫʧʮʷ ʽ ʚʝʩʴ ʥʝʦʙʭʽʜʥʠʡ ʪʦʚʘʨ ʙʫʜʝ ʧʨʠʜʙʘʥʠʡ ʚ ʦʜʥʦʤʫ ʤʘʛʘʟʠʥʽ. 
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ʋɼʂ 502 

 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʈʀʈʆɼʅʆ-ɿɸʇʆɺɯɼʅʆɻʆ ʌʆʅɼʋ ʋʂʈɸɰʅʀ  

ʊɸ ʇʈʆɹʃɽʄʀ ʁʆɻʆ ʌʆʈʄʋɺɸʅʅʗ 
 

ɸ.ɺ. ɺʘʩʴʢʦ ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɿʂ-111, 

ɺ.ɯ. ʄʦʚʝʥʢʦ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ  

ʢʘʬʝʜʨʘ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʇʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʪʝʨʠʪʦʨʽʾ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʥʘ ɿʝʤʣʽ ʫ ʟʙʝʨʝʞʝʥʥʽ ʾʾ ʧʨʠʨʦʜʥʦʛʦ ʢʘʨʢʘʩʘ, ʫ 

ʚʽʜʪʚʦʨʝʥʥʽ ʞʠʪʪʷ ʪʘ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʮʠʚʽʣʽʟʘʮʽʾ ʞʦʜʥʽʡ ʩʚʽʪʦʚʽʡ 

ʧʨʦʙʣʝʤʽ ʥʝ ʙʫʣʦ ʧʨʠʩʚʷʯʝʥʦ ʩʪʽʣʴʢʠ ʨʽʰʝʥʴ ʆʆʅ, ʢʦʥʚʝʥʮʽʡ, ʩʘʤʽʪʽʚ ʢʝʨʽʚʥʠʢʽʚ ʢʨʘʾʥ, ʚʠʱʠʭ ʦʨʛʘʥʽʚ ʚʣʘʜʠ 

ʜʝʨʞʘʚ, ʩʚʽʪʦʚʦʾ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʪʦʱʦ ʷʢ ʟʙʝʨʝʞʝʥʥʶ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʡʦʛʦ ʩʪʘʣʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ. 

ʉʪʘʥ ʙʽʦʩʬʝʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʙʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʠʟʥʘʯʘʻ ʫʩʽ ʛʦʣʦʚʥʽ ʩʬʝʨʠ ʞʠʪʪʷ ʩʫʩʧʽʣʴʩʪʚʘ - ʷʢ ʜʫʭʦʚʥʽ ʽ 

ʤʘʪʝʨʽʘʣʴʥʽ, ʪʘʢ ʽ ʧʦʣʽʪʠʯʥʽ. 

ʅʠʥʽ ʟʥʠʱʝʥʦ ʘʙʦ ʜʫʞʝ ʟʤʽʥʝʥʦ ʙʣʠʟʴʢʦ 65% ʫʛʨʫʧʦʚʘʥʴ ʪʘ ʝʢʦʩʠʩʪʝʤ ʧʣʘʥʝʪʠ. ɿʥʠʱʝʥʥʷ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʡʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʨʦʟʨʠʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʚ'ʷʟʢʽʚ ʧʨʠʟʚʝʣʠ ʜʦ ʛʣʦʙʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʢʨʠʟʠ 

(ʟʤʽʥʠ ʢʣʽʤʘʪʫ; ʨʫʡʥʫʚʘʥʥʷ ʦʟʦʥʦʚʦʛʦ ʰʘʨʫ; ʟʘʙʨʫʜʥʝʥʥʷ ʤʘʪʝʨʠʢʽʚ ʪʘ ʦʢʝʘʥʽʚ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʭʽʤʽʯʥʠʤʠ 

ʩʧʦʣʫʢʘʤʠ, ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ; ʩʧʫʩʪʝʣʶʚʘʥʥʷ; ʢʠʩʣʦʪʥʠʭ ʜʦʱʽʚ; ʟʥʠʱʝʥʥʷ, ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʧʦʛʽʨʰʝʥʥʷ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ), ʷʢʘ ʚ ʦʩʪʘʥʥʽ ʪʨʠʜʮʷʪʴ ʨʦʢʽʚ ʽʩʪʦʪʥʦ ʧʦʛʽʨʰʠʣʘ ʩʚʽʪʦʚʫ ʝʢʦʥʦʤʽʢʫ, ʧʦʣʽʪʠʢʫ, ʢʣʽʤʘʪ ʪʦʱʦ. 
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ʋʢʨʘʾʥʘ - ʥʘʡʙʽʣʴʰ ʨʦʟʦʨʘʥʘ ʜʝʨʞʘʚʘ ɭʚʨʦʧʠ (ʨʽʣʣʷ ʟʘʡʤʘʻ 55 ʚʽʜʩʦʪʢʽʚ ʪʝʨʠʪʦʨʽʾ). ɺʦʥʘ ʻ ʣʽʜʝʨʦʤ ʟʘ 

ʧʣʦʱʝʶ ʝʨʦʜʦʚʘʥʠʭ ʟʝʤʝʣʴ (ʙʣʠʟʴʢʦ 30 ʚʽʜʩʦʪʢʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ). ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ʧʣʦʱʽ 

ʧʨʠʨʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʦʜʥʫ ʣʶʜʠʥʫ, ʷʢʘ ʻ ʥʘʡʤʝʥʰʦʶ ʽ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 0,35 ʛʘ. ʇʣʦʱʘ ʟʘʧʦʚʽʜʥʠʭ ʟʝʤʝʣʴ 

ʫ 2,5 ʨʘʟʠ ʤʝʥʰʘ ʚʽʜ ʩʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʦʾ. ɯ ʥʘʚʧʘʢʠ, ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʜʚʘ - ʯʦʪʠʨʠ ʨʘʟʠ 

ʙʽʣʴʰʘ, ʘ ʢʽʣʴʢʽʩʪʴ ʯʠʩʪʦʾ ʚʦʜʠ ʥʘ ʦʜʥʦʛʦ ʤʝʰʢʘʥʮʷ - ʫ 10 ʨʘʟʽʚ ʤʝʥʰʘ. ɺ ʢʦʤʧʣʝʢʩʽ ʟ ʽʥʰʠʤʠ ʯʠʥʥʠʢʘʤʠ ʮʝ 

ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʟʜʦʨʦʚ'ʾ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʫʤʦʚʘʭ ʞʠʪʪʷ ʣʶʜʝʡ ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʩʝʨʝʜʥʽʡ ʡʦʛʦ 

ʪʨʠʚʘʣʦʩʪʽ, ʱʦ ʥʘ 10-12 ʨʦʢʽʚ ʢʦʨʦʪʰʘ, ʥʽʞ ʫ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ [3]. 

ʇʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠ ʩʪʘʥʦʤ ʥʘ 01.01.2013 ʨʦʢʫ ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 8032 ʪʘ ʦʙôʻʢʪʽʚ 

ʧʣʦʱʝʶ 3650,91 ʪʠʩ. ʛʘ ʚ ʤʝʞʘʭ ʩʫʭʦʧʫʪʥʦʾ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʽ 402,5 ʪʠʩ. ʛʘ ʚ ʤʝʞʘʭ ʘʢʚʘʪʦʨʽʾ ʏʦʨʥʦʛʦ ʤʦʨʷ. 

ɺʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʜʦ ʧʣʦʱʽ ʜʝʨʞʘʚʠ (ñʧʦʢʘʟʥʠʢ ʟʘʧʦʚʽʜʥʦʩʪʽò) ʩʪʘʥʦʚʠʪʴ 6,05%. 

ɺ ʋʢʨʘʾʥʽ ̔ʩʥʫʻ 644 ʦʙ'ʻʢʪʘ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ: 19 ʧʨʠʨʦʜʥʠʭ ʽ 

4 ʙʽʦʩʬʝʨʥʠʭ ʟʘʧʦʚʽʜʥʠʢʘ, 47 ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʧʘʨʢʽʚ, 309 ʟʘʢʘʟʥʠʢʽʚ, 132 ʧʘʤ'ʷʪʢʠ ʧʨʠʨʦʜʠ, 18 

ʙʦʪʘʥʽʯʥʠʭ ʩʘʜʽʚ, 7 ʟʦʦʣʦʛʽʯʥʠʭ ʧʘʨʢʽʚ, 19 ʜʝʥʜʨʦʣʦʛʽʯʥʠʭ ʧʘʨʢʽʚ, 89 ʧʘʨʢʽʚ-ʧʘʤ'ʷʪʦʢ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʦʛʦ 

ʤʠʩʪʝʮʪʚʘ. ɰʭ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʩʪʘʥʦʚʠʪʴ 2144,49 ʪʠʩ.ʛʘ (ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ), ʘʙʦ 54,7% ʚʽʜ ʫʩʽʻʾ 

ʬʘʢʪʠʯʥʦʾ ʧʣʦʱʽ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʽ 3,55% ʚʽʜ ʧʣʦʱʽ ʋʢʨʘʾʥʠ ʪʘ 402,5 ʪʠʩ.ʛʘ (ʚ ʤʝʞʘʭ ʘʢʚʘʪʦʨʽʾ 

ʏʦʨʥʦʛʦ ʤʦʨʷ - ʙʦʪʘʥʽʯʥʠʡ ʟʘʢʘʟʥʠʢ Ăʌʽʣʦʬʦʨʥʝ ʧʦʣʝ ɿʝʨʥʦʚʘò). 

ʉʪʨʫʢʪʫʨʘ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ ʚʢʣʶʯʘʻ 11 ʢʘʪʝʛʦʨʽʡ ʪʝʨʠʪʦʨʽʡ ʽ ʦʙ'ʻʢʪʽʚ 

ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʛʦ ʪʘ ʤʽʩʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ. ɿ ʥʠʭ ʟʘ ʢʽʣʴʢʽʩʪʶ ʥʘʡʙʽʣʴʰʫ ʯʘʩʪʢʫ ʤʘʶʪʴ ʧʘʤ'ʷʪʢʠ ʧʨʠʨʦʜʠ, 

ʟʘʢʘʟʥʠʢʠ ʪʘ ʟʘʧʦʚʽʜʥʽ ʫʨʦʯʠʱʘ - ʨʘʟʦʤ ʙʽʣʷ 90% ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʩʽʭ ʽʩʥʫʶʯʠʭ ʦʙ'ʻʢʪʽʚ. ɿʘ ʧʣʦʱʝʶ - 84,82% 

ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʧʨʠʧʘʜʘʻ ʥʘ ʟʘʢʘʟʥʠʢʠ ʪʘ ʥʘʮʽʦʥʘʣʴʥʽ ʧʨʠʨʦʜʥʽ ʽ ʨʝʛʽʦʥʘʣʴʥʽ ʣʘʥʜʰʘʬʪʥʽ ʧʘʨʢʠ. 

ʏʘʩʪʢʘ ʧʣʦʱ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʙ'ʻʢʪʽʚ ʦʢʨʝʤʠʭ ʢʘʪʝʛʦʨʽʡ ʫ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʤʫ ʬʦʥʜʽ 

ʩʢʣʘʜʘʻ: ʧʨʠʨʦʜʥʠʭ ʟʘʧʦʚʽʜʥʠʢʽʚ ï 5,14%, ʙʽʦʩʬʝʨʥʠʭ ʟʘʧʦʚʽʜʥʠʢʽʚ ï 6,43%, ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʧʘʨʢʽʚ ï 

30,99%, ʟʘʢʘʟʥʠʢʽʚ ï 34,49%, ʧʘʤ'ʷʪʦʢ ʧʨʠʨʦʜʠ - 0,73%, ʨʝʛʽʦʥʘʣʴʥʠʭ ʣʘʥʜʰʘʬʪʥʠʭ ʧʘʨʢʽʚ ï 19,34%, 

ʟʘʧʦʚʽʜʥʠʭ ʫʨʦʯʠʱ ï 2,44%, ʙʦʪʘʥʽʯʥʠʭ ʩʘʜʽʚ - 0,05%, ʟʦʦʣʦʛʽʯʥʠʭ ʧʘʨʢʽʚ - 0,01%, ʜʝʥʜʨʦʣʦʛʽʯʥʠʭ ʧʘʨʢʽʚ 

0,05%, ʧʘʨʢʽʚ-ʧʘʤ'ʷʪʦʢ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʤʠʩʪʝʮʪʚʘ - 0,33%. 

ʏʘʩʪʢʘ ʧʣʦʱ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʚʽʜ ʧʣʦʱ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʜʠʥʠʮʴ ("ʧʦʢʘʟʥʠʢ 

ʟʘʧʦʚʽʜʥʦʩʪʽ") ʟʥʘʯʥʦ ʨ̔ ʟʥʠʪʴʩʷ. ʅʘʡʤʝʥʰʦʶ ï 2,05-2,35% - ʚʦʥʘ ʻ ʫ ɺ̔ ʥʥʠʮʴʢʽʡ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʪʘ 

ʍʘʨʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ, ʥʘʡʙʽʣʴʰʦʶ ï 12,8 - 15,71% - ʚ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʽʡ, ʍʤʝʣʴʥʠʮʴʢʽʡ, ɿʘʢʘʨʧʘʪʩʴʢʽʡ, 

ʏʝʨʥʽʚʝʮʴʢʽʡ ʦʙʣʘʩʪʷʭ, ʘ ʫ ʤ. ʂʠʻʚʽ ʪʘ ʤ. ʉʝʚʘʩʪʦʧʦʣʽ ʩʪʘʥʦʚʠʪʴ 14,9 ʪʘ 30,3% ʚʽʜʧʦʚʽʜʥʦ. ɺ ɼʦʥʝʮʴʢʽʡ, 

ɾʠʪʦʤʠʨʩʴʢʽʡ, ɿʘʧʦʨʽʟʴʢʽʡ, ʂʠʾʚʩʴʢʽʡ, ʃʫʛʘʥʩʴʢʽʡ, ʄʠʢʦʣʘʾʚʩʴʢʽʡ, ʆʜʝʩʴʢʽʡ, ʇʦʣʪʘʚʩʴʢʽʡ, ʏʝʨʢʘʩʴʢʽʡ, 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʽʡ ʦʙʣʘʩʪʷʭ ʟʘʧʦʚʽʜʥʽ ʪʝʨʠʪʦʨʽʾ ʩʢʣʘʜʘʶʪʴ ʙʣʠʟʴʢʦ 3-5%, ʫ ʃʴʚʽʚʩʴʢʽʡ, ʈ̔ ʚʥʝʥʩʴʢʽʡ, ʉʫʤʩʴʢʽʡ, 

ʊʝʨʥʦʧʽʣʴʩʴʢʽʡ, ʍʝʨʩʦʥʩʴʢʽʡ, ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ ʪʘ ɸʚʪʦʥʦʤʥʽʡ ʈʝʩʧʫʙʣʽʮʽ ʂʨʠʤ - 6-9%. 

ɸ ʜʣʷ ʙʽʣʴʰʦʩʪʽ  ʢʨʘʾʥ  ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʭʘʨʘʢʪʝʨʥʠʡ ʟʥʘʯʥʠʡ ʚʽʜʩʦʪʦʢ ʟʘʧʦʚʽʜʥʠʭ ʦʙôʻʢʪʽʚ - ʥʝ 

ʤʝʥʰʝ 10-15% ʚʽʜ ʧʣʦʱʽ ʜʝʨʞʘʚʠ. ʉʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʙôʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ 

ʚʩʫʧʝʨʝʯ ʟʘʢʦʥʘʤ "ʇʨʦ ɿʘʛʘʣʴʥʦʜʝʨʞʘʚʥʫ ʧʨʦʛʨʘʤʫ ʬʦʨʤʫʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ ʋʢʨʘʾʥʠ ʥʘ 

2000-2015 ʨʦʢʠ" ʪʘ "ʇʨʦ ʆʩʥʦʚʥʽ ʟʘʩʘʜʠ (ʩʪʨʘʪʝʛʽʶ) ʜʝʨʞʘʚʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 

2020 ʨʦʢʫ", ʷʢʠʤʠ ʧʝʨʝʜʙʘʯʝʥʦ ʜʦʩʷʛʥʝʥʥʷ ʥʘʧʨʠʢʽʥʮʽ 2015 ʨʦʢʫ ʥʝ ʤʝʥʰʝ 10% ʟʘʧʦʚʽʜʥʦʩʪʽ, ʡʜʝ 

ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʚʽʣʴʥʦ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ, ʢʦʣʠ ʩʪʚʦʨʝʥʽ ʋʢʘʟʘʤʠ ʇʨʝʟʠʜʝʥʪʘ ʦʙôʻʢʪʠ ʧʨʠʨʦʜʥʦ-

ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʟʘʣʠʰʘʶʪʴʩʷ ʪʘʢʠʤʠ ʣʠʰʝ ʥʘ ʧʘʧʝʨʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʥʘʫʢʦʚʫ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʫ 

ʨʦʙʦʪʫ, ʷʢʘ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʚʩ̔ʭ ʨʽʚʥʷʭ ʜʣʷ ʾʭ ʦʛʦʣʦʰʝʥʥʷ [2]. 

ʉʪʘʥʦʤ ʥʘ 1 ʩʽʯʥʷ 2015 ʨʦʢʫ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʥʘʨʘʭʦʚʫʻ 663 ʦʙôʻʢʪʘ 

ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 254,594 ʪʠʩ. ʛʘ, ʱʦ ʩʪʘʥʦʚʠʪʴ 7,71 % ʧʣʦʱʽ ʦʙʣʘʩʪʽ. ʇʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ ʩʢʣʘʜʘʶʪʴ 

8 ʦʙôʻʢʪʽʚ: ɯʯʥʷʥʩʴʢʠʡ (ʧʣʦʱʝʶ 9665,8 ʛʘ) ʪʘ ʄʝʟʠʥʩʴʢʠʡ (ʧʣʦʱʝʶ 31035,2 ʛʘ) ʥʘʮʽʦʥʘʣʴʥʽ ʧʨʠʨʦʜʥʽ ʧʘʨʢʠ, 

ʯʘʩʪʠʥʘ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ çɿʘʣʽʩʩʷè (ʧʣʦʱʝʶ 1287,5 ʛʘ), ʨʝʛʽʦʥʘʣʴʥʠʡ ʣʘʥʜʰʘʬʪʥʠʡ ʧʘʨʢ 

çʄʽʞʨʽʯʠʥʩʴʢʠʡè (78753,95 ʛʘ), ʨʝʛʽʦʥʘʣʴʥʠʡ ʣʘʥʜʰʘʬʪʥʠʡ ʧʘʨʢ çʗʣʽʚʱʠʥʘè (ʧʣʦʱʝʶ 168,7 ʛʘ), 446 

ʟʘʢʘʟʥʠʢʠ, 139 ʧʘʤôʷʪʦʢ ʧʨʠʨʦʜʠ, 19 ʧʘʨʢʽʚ-ʧʘʤôʷʪʦʢ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʤʠʩʪʝʮʪʚʘ, 52 ʟʘʧʦʚʽʜʥʽ ʫʨʦʯʠʱʘ, 

ʜʝʥʜʨʦʧʘʨʢʠ çʊʨʦʩʪʷʥʝʮʴè ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ çʇʨʠʣʫʮʴʢʠʡè ʤʽʩʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʄʝʥʩʴʢʠʡ 

ʟʦʦʧʘʨʢ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʇʦ ʢʽʣʴʢʦʩʪʽ ʟʘʧʦʚʽʜʥʠʭ ʦʙôʻʢʪʽʚ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʴ ʧʦʩʽʜʘʻ ʧʝʨʰʝ ʤʽʩʮʝ ʚ ʋʢʨʘʾʥʽ, ʘʣʝ ʪʘʢʘ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʚʠʢʣʠʢʘʻ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ ʟ ʾʭ ʦʭʦʨʦʥʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ. ʅʘ ʟʙʝʨʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ 

ʬʦʥʜʫ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ, ʚʧʣʠʚʘʻ ʥʘʷʚʥʽʩʪʴ ʧʨʦʝʢʪʽʚ ʟʝʤʣʝʫʩʪʨʦʶ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʤʝʞ. ʆʜʥʽʻʶ 

ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ, ʱʦ ʟʥʘʯʥʦ ʩʪʨʠʤʫʻ ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʨʦʙʽʪ, ʻ ʥʝʜʦʩʪʘʪʦʢ ʢʦʰʪʽʚ ʚ ʤʽʩʮʝʚʠʭ ʙʶʜʞʝʪʘʭ 

ʧʨʠ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ.  

ʇʦʩʪʽʡʥʦ ʚʝʜʫʪʴʩʷ ʨʦʙʦʪʠ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʪʝʨʠʪʦʨʽʡ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʧʦʚʽʜʘʥʥʷ. ʋ 

2014 ʨʦʮʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ çʇʨʦʛʨʘʤʠ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʥʘ 

2014-2020 ʨʦʢʠè, ʟʜʽʡʩʥʝʥʦ ʥʘʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʮʽʥʥʠʭ ʪʝʨʠʪʦʨʽʡ ʜʣʷ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʟʘʧʦʚʽʜʘʥʥʷ.  

ɼʦ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʦʙʣʘʩʪʽ ʫ 2014 ʨʦʮʽ ʚʥʝʩʣʠ:  

- ʯʦʪʠʨʠ ʣʽʩʦʚʠʭ ʟʘʢʘʟʥʠʢʘ ʤʽʩʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 951,2 ʛʘ;  

- ʛʽʜʨʦʣʦʛʽʯʥʘ ʧʘʤôʷʪʢʘ ʧʨʠʨʦʜʠ ʧʣʦʱʝʶ 10,0 ʛʘ;  

- ʙʦʪʘʥʽʯʥʘ ʧʷʤôʷʪʢʘ ʧʨʠʨʦʜʠ ʤʽʩʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ ʧʣʦʱʝʶ 0,05 ʛʘ.  

ʈʽʰʝʥʥʷʤ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʥʦʾ ʨʘʜʠ ʚʽʜ 28 ʙʝʨʝʟʥʷ 2014 ʨʦʢʫ ʚ ʤ.ʏʝʨʥʽʛʦʚʽ ʩʪʚʦʨʝʥʦ ʨʝʛʽʦʥʘʣʴʥʠʡ 

ʣʘʥʜʰʘʬʪʥʠʡ ʧʘʨʢ çʗʣʽʚʱʠʥʘè, ʧʣʦʱʝʶ 168,7 ʛʘ [1]. 



186 
 

ɿ ʤʝʪʦʶ ʧʨʠʧʠʥʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝʦʙʭʽʜʥʦ 

ʟʙʽʣʴʰʫʚʘʪʠ ʧʣʦʱʽ ʟʝʤʝʣʴ ʝʢʦʤʝʨʝʞʽ, ʱʦ ʻ ʩʪʨʘʪʝʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʫ ʜʦʩʷʛʥʝʥʥʽ ʝʢʦʣʦʛʽʯʥʦʾ ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ɿʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʤʝʨʝʞʽ ʤʘʻ ʥʘʩʘʤʧʝʨʝʜ ʚʽʜʙʫʚʘʪʠʩʷ ʰʣʷʭʦʤ 

ʨʦʟʰʠʨʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʦʙ'ʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ. 

ɿʘʚʜʘʥʥʷ ʱʦʜʦ ʦʭʦʨʦʥʠ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʥʝ ʚʠʨʽʰʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʠʚʘʪʠʟʘʮʽʾ ʟʝʤʝʣʴ, ʧʽʜʛʦʪʦʚʢʠ ʽ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤ ʛʘʣʫʟʝʚʦʛʦ, ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʽ ʤʽʩʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʽʜʩʫʪʥʽʩʪʴ ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʚ 

ʫʩʪʘʥʦʚʣʝʥʦʤʫ ʟʘʢʦʥʦʤ ʧʦʨʷʜʢʫ ʤʝʞ ʦʙ'ʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʚʠʤʦʛ 

ʟʘʧʦʚʽʜʥʦʛʦ ʨʝʞʠʤʫ. ʇʦʚʽʣʴʥʠʤʠ ʻ ʪʝʤʧʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫ ʥʘʪʫʨʽ (ʥʘ ʤʽʩʮʝʚʦʩʪʽ) ʧʨʠʙʝʨʝʞʥʠʭ ʟʘʭʠʩʥʠʭ ʩʤʫʛ 

ʚʟʜʦʚʞ ʤʦʨʽʚ, ʨʽʯʦʢ ʪʘ ʥʘʚʢʦʣʦ ʚʦʜʦʡʤ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʝʢʦʣʦʛʽʯʥʠʭ ʢʦʨʠʜʦʨʽʚ. 

ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʧʝʨʝʜʙʘʯʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʚʝʜʝʥʥʷ ʜʦ 2015 ʨʦʢʫ 

ʧʣʦʱʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʤʝʨʝʞʽ ʜʦ 41 ʚʽʜʩʦʪʢʘ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ - ʨʽʚʥʷ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʢʨʘʾʥʠ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦ- ʪʘ 

ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʽ ʨʦʟʰʠʨʝʥʥʷ ʧʣʦʱʽ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʜʦ 10 ʚʽʜʩʦʪʢʽʚ ʫ 2015 ʨʦʮʽ ʪʘ ʜʦ 

15 ʚʽʜʩʦʪʢʽʚ ʟʘʛʘʣʴʥʦʾ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ ʫ 2020 ʨʦʮʽ. 

ʄʽʥʽʩʪʨ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʄʠʢʦʣʘ ɿʣʦʯʝʚʩʴʢʠʡ ʟʘʟʥʘʯʘʚ, ʱʦ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ - 

ʮʝ ʥʝ ʧʨʦʩʪʦ ʥʘʮʽʦʥʘʣʴʥʝ ʥʘʜʙʘʥʥʷ ʋʢʨʘʾʥʠ, ʮʝ ʙʘʟʦʚʠʡ ʝʣʝʤʝʥʪ ʝʢʦʣʦʛʽʯʥʦ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʷʢ ʦʢʨʝʤʠʭ ʨʝʛʽʦʥʽʚ, ʪʘʢ ʽ ʚʩʽʻʾ ʢʨʘʾʥʠ, ʛʘʨʘʥʪʽʷ ʟʙʝʨʝʞʝʥʥʷ ʾʾ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, 

ʫʥʽʢʘʣʴʥʠʭ ʽ ʪʠʧʦʚʠʭ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ, ʛʝʥʦʬʦʥʜʫ ʪʚʘʨʠʥʥʦʛʦ ʪʘ ʨʦʩʣʠʥʥʦʛʦ ʩʚʽʪʫ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʙ'ʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʩʪʘʥʦʚʠʪʴ 

7740 ʦʜʠʥʠʮʴ, ʷʢʽ ʟʘʡʤʘʶʪʴ ʧʣʦʱʫ ʫ 3 744 500 ʛʝʢʪʘʨʽʚ. ʅʘʡʢʦʰʪʦʚʥʽʰʠʤʠ ʜʽʘʤʘʥʪʘʤʠ ʮʴʦʛʦ ʜʦʨʦʛʦʮʽʥʥʦʛʦ 

ʥʘʤʠʩʪʘ ʥʘʰʦʾ ʜʝʨʞʘʚʠ ʻ 19 ʧʨʠʨʦʜʥʠʭ ʟʘʧʦʚʽʜʥʠʢʽʚ, 4 ʙʽʦʩʬʝʨʥʠʭ ʟʘʧʦʚʽʜʥʠʢʠ ʪʘ 47 ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ 

ʧʘʨʢʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʘʛʦʤʠʡ ʚʥʝʩʦʢ ʧʨʘʮʽʚʥʠʢʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʾ ʩʧʨʘʚʠ ʫ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʽ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ, ʨʦʟʚʠʪʦʢ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʙ'ʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ 

ʋʢʨʘʾʥʠ, ʥʘ ʧʽʜʪʨʠʤʢʫ ʽʥʽʮʽʘʪʠʚʠ ʄʽʥʧʨʠʨʦʜʠ ʋʢʨʘʾʥʠ ʇʨʝʟʠʜʝʥʪʦʤ ʋʢʨʘʾʥʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʝ ʧʨʦʬʝʩʽʡʥʝ 

ʩʚʷʪʦ - ɼʝʥʴ ʧʨʘʮʽʚʥʠʢʘ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʾ ʩʧʨʘʚʠ, ʷʢʝ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʱʦʨʽʯʥʦ 7 ʣʠʧʥʷ. 

ɿʙʝʨʝʞʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʙ'ʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ: 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʧʦʚʽʜʥʦʛʦ ʨʝʞʠʤʫ; 

- ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʩʪʘʥʦʤ ʟʘʧʦʚʽʜʥʠʭ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʦʙ'ʻʢʪʽʚ; 

- ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʾʭʥʴʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

- ʜʦʜʝʨʞʘʥʥʷ ʚʠʤʦʛ ʱʦʜʦ ʦʭʦʨʦʥʠ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʙ'ʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʧʽʜ ʯʘʩ ʟʜʽʡʩʥʝʥʥʷ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ, ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʪʘ ʽʥʰʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʥʦʾ ʽ ʧʨʦʝʢʪʥʦ-ʧʣʘʥʫʚʘʣʴʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, 

ʟʝʤʣʝʚʧʦʨʷʜʢʫʚʘʥʥʷ, ʣʽʩʦʚʧʦʨʷʜʢʫʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟ; 

- ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʚʘʞʝʣʽʚ ʩʪʠʤʫʣʶʚʘʥʥʷ ʾʭʥʴʦʾ ʦʭʦʨʦʥʠ; 

- ʟʜʽʡʩʥʝʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʪʘ ʛʨʦʤʘʜʩʴʢʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʜʦʜʝʨʞʘʥʥʷʤ ʨʝʞʠʤʫ ʾʭʥʴʦʾ ʦʭʦʨʦʥʠ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʧʦʨʫʰʝʥʥʷ ʨʝʞʠʤʫ ʾʭʥʴʦʾ ʦʭʦʨʦʥʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʟʘ ʟʥʠʱʝʥʥʷ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ ʟʘʧʦʚʽʜʥʠʭ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʦʙ'ʻʢʪʽʚ; 

- ʧʨʦʚʝʜʝʥʥʷ ʰʠʨʦʢʦʛʦ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʫ ʮʽʡ ʩʬʝʨʽ; 

- ʧʨʦʚʝʜʝʥʥʷ ʽʥʰʠʭ ʟʘʭʦʜʽʚ ʟ ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʙ'ʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ [3]. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɼʦʧʦʚʽʜʴ ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʟʘ 2014 ʨʽʢ.  
2. ʂʦʤʽʪʝʪ ɺʝʨʭʦʚʥʦʾ ʨʘʜʠ ʟ ʧʠʪʘʥʴ ʝʢʦʣʦʛʽʾ, ʈʝʢʦʤʝʥʜʘʮʽʾ ʢʦʤʽʪʝʪʩʴʢʠʭ ʩʣʫʭʘʥʴ ʥʘ ʪʝʤʫ çʇʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ: ʧʨʦʙʣʝʤʠ ʪʘ ʰʣʷʭʠ 

ʾʭ ʚʠʨʽʰʝʥʥʷè ʈʽʰʝʥʥʷʤ ʂʦʤʽʪʝʪʫ ˉ 22/1 ʚʽʜ 10 ʢʚʽʪʥʽ 2014 ʨʦʢʫ. 

3. ʐʫʤʽʣʦ, ʆ. ʄ.; ɹʨʠʛʘʜʠʨ, ɯ. ɺ.; ɿʫʻʚ, ɺ. ɸ.; ʂʥʠʰ, ɺ. ɯ.; ʐʝʭʦʚʮʦʚ, ɺ. ɺ.; ʐʫʤʽʣʦ, ɯ. ɸ., «ɽʢʦʣʦʛʽʯʥʝ ʧʨʘʚʦ ʋʢʨʘʾʥʠè, ʂʠʾʚ çʎʝʥʪʨ 
ʫʯʙʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠè, 2013 ʨ.  
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ɯ.ʄ. ɻʘʣʫʰʢʦ ʩʪʫʜʝʥʪʢʘ ʛʨ. ɿʂ-111, 

ʉ.ɺ. ʂʦʚʘʣʝʥʢʦ, ʢ.ʧ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʨʝʚʦʣʶʮʽʷ ʪʘ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʶ ʛʨʘʥʜʽʦʟʥʽ ʤʘʩʰʪʘʙʠ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ 

ʧʨʠʚʝʣʠ ʜʦ ʚʝʣʠʢʠʭ ʧʦʟʠʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʥʴ ʫ ʩʚiʪi. ʈʘʟʦʤ ʽʟ ʪʠʤ ʨʽʟʢʦ ʧʦʛʽʨʰʠʚʩʷ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʊʦʤʫ ʦʭʦʨʦʥʘ ʜʦʚʢʽʣʣʷ, ʟʘʭʠʩʪ ʡʦʛʦ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ - ʦʜʥʘ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʙʣʝʤ 

ʩʫʯʘʩʥʦʩʪʽ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ ʚ ʋʢʨʘʾʥʽ ʱʦʨʽʯʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʟʘʭʦʜʠ [1]. 

ʆʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʰʣʷʭʽʚ ʛʘʨʤʦʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʩʫʩʧʽʣʴʩʪʚʘ ʟ ʧʨʠʨʦʜʦʶ ʻ ʬʦʨʤʫʚʘʥʥʷ ʫ ʢʦʞʥʦʾ 

ʣʶʜʠʥʠ ʨʦʟʫʤʽʥʥʷ, ʱʦ ʧʨʠʨʦʜʘ ʤʘʻ ʚʝʣʠʯʝʟʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʾʾ ʚʣʘʩʥʦʛʦ ʞʠʪʪʷ, ʟʜʦʨʦʚôʷ, ʬʽʟʠʯʥʦʛʦ ʡ 

ʜʫʭʦʚʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ɺʽʜ ʩʪʫʧʝʥʷ ʤʦʨʘʣʴʥʦʾ ʟʨʽʣʦʩʪʽ ʚʯʝʥʦʛʦ, ʽʥʞʝʥʝʨʘ, ʙʽʟʥʝʩʤʝʥʘ, ʢʝʨʽʚʥʠʢʘ 

http://eco23.gov.ua/data/uploads/dopovid_pro_stan/nd2014_min.pdf
http://komekolog.rada.gov.ua/komekolog/control/uk/publish/article;jsessionid=CE6D50C32ABC082C55EE4C163AA19BC9?art_id=52937&cat_id=47174
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ʧʽʜʧʨʠʻʤʩʪʚʘ, ʚʽʜ ʫʩʽʭ ʧʨʠʯʝʪʥʠʭ ʜʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʟʘʣʝʞʠʪʴ, ʥʘ ʱʦ ʘʢʮʝʥʪʫʚʘʪʠʤʝʪʴʩʷ ʫʚʘʛʠ 

ʧʽʜ ʯʘʩ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʤʠ ʟʘʭʦʜʘʤʠ. 

ɼʦ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʥʘʣʝʞʘʪʴ ʫʩʽ ʚʠʜʠ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʥʠʞʝʥʥʷ ʡ 

ʣʽʢʚʽʜʘʮʽʶ ʥʝʛʘʪʠʚʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʟʙʝʨʝʞʝʥʥʷ, ʧʦʣʽʧʰʝʥʥʷ ʽ 

ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʨʘʾʥʠ, ʨʝʛʽʦʥʽʚ, ʘ ʩʘʤʝ: ʙʫʜʽʚʥʠʮʪʚʦ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʦʯʠʩʥʠʭ, ʟʥʝʰʢʦʜʞʫʚʘʣʴʥʠʭ ʩʧʦʨʫʜ ʪʘ ʦʙʣʘʜʥʘʥʥʷ; ʨʦʟʚʠʪʦʢ ʤʘʣʦ- ʽ ʙʝʟʚʽʜʭʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʚʠʨʦʙʥʠʮʪʚ; ʨʦʟʤʽʱʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ 

ʚʠʤʦʛ; ʨʝʢʫʣʴʪʠʚʘʮʽʷ ʟʝʤʝʣʴ; ʟʘʭʦʜʠ ʙʦʨʦʪʴʙʠ ʟ ʝʨʦʟʽʻʶ ˇʨʫʥʪʽʚ; ʟʘʭʦʜʠ ʟ ʦʭʦʨʦʥʠ ʡ ʚʽʜʪʚʦʨʝʥʥʷ ʬʣʦʨʠ ʽ 

ʬʘʫʥʠ; ʦʭʦʨʦʥʘ ʥʘʜʨ ʽ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɺʽʜʪʚʦʨʝʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʠʨʦʜʠ, ʾʾ ʦʭʦʨʦʥʘ ʚʠʤʘʛʘʶʪʴ ʩʫʪʪʻʚʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ, ʝʢʦʥʦʤʽʯʥʘ ʽ 

ʩʦʮʽʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʫʩʧʽʣʴʩʪʚʦ ʤʦʛʣʦ ʾʭ ʩʦʙʽ 

ʜʦʟʚʦʣʠʪʠ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʧʦʟʘʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʣʶʜʠʥʠ ʥʘ 

ʧʨʠʨʦʜʫ. ʇʨʦʙʣʝʤʘ ʮʷ ʜʦʩʠʪʴ ʙʘʛʘʪʦʛʨʘʥʥʘ, ʦʩʢʽʣʴʢʠ ʚʢʣʶʯʘʻ ʦʙʣʘʩʪʴ ʚʟʘʻʤʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʽ ʚʟʘʻʤʦʜʽʾ 

ʧʨʠʨʦʜʠ ʽ ʩʫʩʧʽʣʴʩʪʚʘ, ʘ ʤʝʪʦʜʠʢʘ ʦʮiʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʨʦʙʣʝʥʘ. 

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʨʦʟʨʦʙʢʠ ʦʮʽʥʦʢ ʚʧʣʠʚʫ ʥʘ ʧʨʠʨʦʜʫ ʻ ʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ, 

ʧʨʠʯʦʤʫ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʚʜʘʥʴ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʦʮʽʥʦʢ. 

ʆʩʥʦʚʥʠʤʠ ʨʝʮʠʧʽʻʥʪʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ: ʥʘʩʝʣʝʥʥʷ; ʦʙôʻʢʪʠ ʞʠʪʣʦʚʦ-

ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ; ʩʽʣʴʩʴʢʦʛʦʩʨʦʜʘʨʩʴʢi ʫʛʽʜʜʷ; ʣʽʩʦʚʽ ʨʝʩʫʨʩʠ; ʝʣʝʤʝʥʪʠ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʪʨʘʥʩʧʦʨʪʫ; ʨʝʥʪʥʽ ʨʝʩʫʨʩʠ; ʨʝʢʨʝʘʮʽʡʥʽ ʨʝʩʫʨʩʠ. ʇʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʟʘʭʦʜʠ ʦʙôʻʜʥʫʶʪʴ ʚ 

ʛʨʫʧʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʽʚ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʦʙ'ʻʢʪʽʚ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʧʣʠʚʫ ʪʘ 

ʟʘʧʦʙʽʞʥʠʭ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ. ʈʦʟʨʽʟʥʷʶʪʴ ʧʨʦʤʠʩʣʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ, ʘʛʨʦʤʝʣʽʦʨʘʪʠʚʥʽ ʽ 

ʘʛʨʦʪʝʭʥʽʯʥʽ, ʚʦʜʦ-, ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʽ, ʫʨʙʘʥʽʩʪʠʯʥʽ (ʤʽʩʪʦʙʫʜʽʚʥʽ), ʨʝʢʨʝʘʮʽʡʥʽ ʟʘʭʦʜʠ, ʟʘʭʦʜʠ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʛʘʪʠʚʥʦʤʫ ʚʧʣʠʚʫ ʽ ʣʽʢʚʽʜʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ [2].  

ʇʨʦʤʠʩʣʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʭʦʜʠ ʚʢʣʶʯʘʶʪʴ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʚ 

ʘʪʤʦʩʬʝʨʫ, ʦʯʠʱʝʥʥʷ ʾʭ ʚʽʜ ʛʘʟʫ ʪʘ ʧʠʣʫ; ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʦʡʤ ʰʣʷʭʦʤ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, 

ʩʪʚʦʨʝʥʥʷ ʟʘʤʢʥʫʪʠʭ ʮʠʢʣʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʪʦʱʦ. ʐʢʽʜʣʠʚʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʛʘʪʠʚʥʠʤ 

ʧʨʦʤʠʩʣʦʚʠʤ ʚʧʣʠʚʦʤ ʯʠ ʥʝʜʦʩʢʦʥʘʣʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʤʦʞʥʘ ʟʥʝʰʢʦʜʞʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʽʤʽʯʥʠʭ ʟʘʭʦʜʽʚ 

(ʜʝʟʘʢʪʠʚʘʮʽʷ), ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʧʦʩʪʽʡʥʦʛʦ ʩʘʥʽʪʘʨʥʦʛʦ, ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʦʛʦ, ʭʽʤʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺ ʧʨʦʤʠʩʣʦʚʠʭ, ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʨʘʡʦʥʘʭ ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʝʢʫʣʴʪʠʚʘʮʽʷ (ʚʽʜʥʦʚʣʝʥʥʷ) ʧʦʨʫʰʝʥʠʭ ʟʝʤʝʣʴ. ɺʘʞʣʠʚʝ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʘʛʨʦʤʝʣʽʦʨʘʪʠʚʥʽ 

ʪʘ ʘʛʨʦʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ, ʧʦʚôʷʟʘʥʽ ʟ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʘʥʜʰʘʬʪʽʚ, ʟʙʝʨʝʞʝʥʥʷʤ ʾʭ 

ʩʪʽʡʢʦʩʪʽ ʪʘ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɺʦʥʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʥʘ ʤʝʣʽʦʨʦʚʘʥʠʭ 

ʟʝʤʣʷʭ, ʙʦʨʦʪʴʙʫ ʟ ʚʦʜʥʦʶ ʽ ʚʽʪʨʦʚʦʶ ʝʨʦʟʽʻʶ, ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʟʘʩʦʣʝʥʥʷ ʟʝʤʝʣʴ, ʾʭ ʧʽʜʪʦʧʣʝʥʥʷ ʽ 

ʟʘʙʦʣʦʯʫʚʘʥʥʷ, ʙʽʦʣʦʛʽʯʥʽ ʟʘʩʦʙʠ ʙʦʨʦʪʴʙʠ ʽʟ ʰʢʽʜʥʠʢʘʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʩʣʠʥ.  

ɺʦʜʦʛʦʩʧʦʜʘʨʩʴʢʽ ʟʘʭʦʜʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʭʠʩʪ ʨʽʯʢʦʚʠʭ ʽ ʤʦʨʩʴʢʠʭ ʙʝʨʝʛʽʚ ʚʽʜ ʨʫʡʥʫʚʘʥʥʷ, ʘ ʟʘʧʣʘʚʥʠʭ 

ʟʝʤʝʣʴ ï ʚʽʜ ʟʘʪʦʧʣʝʥʥʷ, ʟʘʧʦʙʽʛʘʥʥʷ çʮʚʽʪʽʥʥʶè ʚʦʜʠ, ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʦʢʫ, ʟʘʣʽʩʥʝʥʥʷ ʚʦʜʦʟʙʦʨʽʚ, ʩʪʚʦʨʝʥʥʷ 

ʚʦʜʦʦʭʦʨʦʥʥʠʭ ʟʦʥ ʫʟʜʦʚʞ ʨʽʯʦʢ, ʥʘʚʢʦʣʦ ʦʟʝʨ, ʚʦʜʦʡʤ, ʙʽʣʷ ʤʦʨʩʴʢʠʭ ʙʝʨʝʛʽʚ ʪʘ ʽʥ.  

ʇʨʠʨʦʜʦʦʭʦʨʦʥʥʠʤʠ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʟʘʭʦʜʘʤʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʙʦʨʦʪʴʙʘ ʟ ʧʨʠʨʦʜʥʦʶ ʽ 

ʘʥʪʨʦʧʦʛʝʥʥʦʶ ʝʨʦʟʽʻʶ, ʩʝʣʷʤʠ, ʨʦʟʚʽʶʚʘʥʥʷʤ ʧʽʩʢʽʚ, ʧʦʪʦʢʘʤʠ, ʙʫʨʝʣʦʤʘʤʠ.  

ʋʨʙʘʥʽʩʪʠʯʥʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʟʘʭʦʜʠ ʚʢʣʶʯʘʶʪʴ ʚʠʙʽʨ ʨʘʡʦʥʫ ʽ ʤʽʩʮʝ ʟʘʙʫʜʦʚʠ, ʾʾ ʨʝʛʣʘʤʝʥʪʘʮʽʶ ʟʘ 

ʧʣʦʱʝʶ, ʦʮʽʥʢʦʶ ʚʧʣʠʚʫ ʥʘ ʣʘʥʜʰʘʬʪʠ. ʉʫʯʘʩʥʽ ʫʨʙʘʥʽʟʦʚʘʥʽ ʣʘʥʜʰʘʬʪʠ ʤʘʶʪʴ ʙʫʪʠ ʟʨʫʯʥʠʤʠ ʜʣʷ 

ʧʨʦʞʠʚʘʥʥʷ ʣʶʜʝʡ, ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ ʽ ʝʩʪʝʪʠʯʥʦ ʧʨʠʚʘʙʣʠʚʠʤʠ.  

ʈʝʢʨʝʘʮʽʡʥʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʟʘʭʦʜʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʢʫʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʢʣʽʤʘʪʫ, ʚʦʜʥʠʭ, ʛʨʷʟʴʦʚʠʭ, ʤʽʥʝʨʘʣʴʥʦ-ʚʦʜʥʠʭ, ʣʘʥʜʰʘʬʪʥʦ-ʝʩʪʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʙʝʨʝʞʝʥʥʷ, ʜʦʛʣʷʜ ʽ 

ʟʙʘʛʘʯʝʥʥʷ ʣʘʥʜʰʘʬʪʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʽʥ.  

ʆʢʨʝʤʫ ʛʨʫʧʫ ʩʪʘʥʦʚʣʷʪʴ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʟʘʩʦʙʠ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʦʤʫ ʚʧʣʠʚʫ ʽ ʣʽʢʚʽʜʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʴ ʧʦʚʽʪʨʷ, ʚʦʜ, ˇʨʫʥʪʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʘ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ. 

ɼʽʡʦʚʠʤ ʟʘʩʦʙʦʤ ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʠ ʻ ʝʢʦʣʦʛʽʯʥʘ ʦʙʦʚôʷʟʢʦʚʘ ʝʢʩʧʝʨʪʠʟʘ ʧʨʦʝʢʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʨʠʪʦʨʽʾ ʽ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʾʾ ʤʝʪʦʶ ʻ ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʧʽʜ ʯʘʩ ʟʘʙʫʜʦʚʠ, ʧʨʦʢʣʘʜʘʥʥʷ 

ʰʣʷʭʽʚ, ʨʦʟʩʝʣʝʥʥʷ, ʦʮʽʥʢʘ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʨʝʛʽʦʥʘʭ ʟ ʨʽʟʥʠʤʠ ʧʨʠʨʦʜʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʫʤʦʚʘʤʠ [3]. 

ʗʢʱʦ ʩʘʤʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʚʠʪʨʘʪʠ, ʷʢ ʧʨʘʚʠʣʦ, ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʩʰʪʘʙʽʚ ʽ ʭʘʨʘʢʪʝʨʫ 

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʨʫʰʝʥʴ i ʪʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʥʘʡʙʽʣʴʰʠʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚiʨʥʦʩʪi, ʪʦ 

ʝʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʦʜʥʦʟʥʘʯʥʦʤʫ ʚʠʟʥʘʯʝʥʥʶ ʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʽʘʧʘʟʦʥʫ ʤʦʞʣʠʚʠʭ 

ʟʥʘʯʝʥʴ ʜʣʷ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙ'ʻʢʪʠ, ʥʘ ʷʢʽ ʜʽʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʧʦʨʫʰʝʥʥʷ 

(ʯʠʩʝʣʴʥʽʩʪʴ ʽ ʚʽʢʦʚʠʡ ʩʢʣʘʜ ʥʘʩʝʣʝʥʥʷ, ʭʘʨʘʢʪʝʨ ʡʦʛʦ ʟʘʡʥʷʪʦʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʦʩʪi ʭʘʨʯʫʚʘʥʥʷʤ, ʚʘʨʪʽʩʪʴ 

ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ ʪʦʱʦ). ʎi ʚʠʪʨʘʪʠ ʤʦʞʫʪʴ ʥʝ ʟʙʽʛʘʪʠʩʷ ʟʘ ʤʽʩʮʝʤ ʽ ʯʘʩʦʤ, ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʟ ʝʢʦʣʦʛiʯʥʠʤʠ 

ʧʦʨʫʰʝʥʥʷʤʠ, ʱʦ ʾʭ ʚʠʢʣʠʢʘʣʠ.  

ʇʨʦʚʝʜʝʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʚ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʟʦʢʨʝʤʘ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ (ʦʜʥʦʨʘʟʦʚʽ ʚʠʪʨʘʪʠ) ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

(ʧʦʪʦʯʥʠʭ) ʚʠʪʨʘʪ. ɿʘʨʘʟ ʧʦʪʨʝʙʘ ʚ ʢʘʧiʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʥʷʭ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʝʨʝʚʠʱʫʻ ʤʦʞʣʠʚʦʩʪʽ 

ʜʝʨʞʘʚʥʦʛʦ ʙʶʜʞʝʪʫ ʽ ʚʠʪʨʘʯʘʪʠ ʾʭ ʩʣʽʜ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʜʝʨʞʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʚʽʜʜʘʯʫ, ʜʘʪʠ 

ʥʘʡʙʽʣʴʰʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ.  
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ɽʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʚʠʤʘʛʘʻ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ 

ʧʝʨʝʜʙʘʯʘʻ: 

ʘ) ʧʦʚʥʝ ʦʭʦʧʣʝʥʥʷ ʚʩʽʭ ʩʦʮʽʘʣʴʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʷʢ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ, ʪʘʢ ʽ ʚ ʙʽʣʴʰ 

ʚʽʜʜʘʣʝʥʽʡ ʧʝʨʩʧʝʢʪʠʚʽ; 

ʙ) ʙʽʣʴʰ ʧʦʚʥʝ ʦʭʦʧʣʝʥʥʷ ʚʩʽʭ ʚʠʪʨʘʪ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʜʽʡʩʥʝʥʥʷʤ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ 

ʟʘʭʦʜʽʚ; 

ʚ) ʚʨʘʭʫʚʘʥʥʷ ʬʘʢʪʦʨʘ ʯʘʩʫ ʧʨʠ ʦʮʽʥʮʽ ʚʠʪʨʘʪ ʽ ʨʝʟʫʣʴʪʘʪiʚ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ; 

ʛ) ʤʽʞʛʘʣʫʟʝʚʠʡ ʧʽʜʭʽʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʩʪʽ ʝʢʦʥʦʤʽʾ ʚʩʽʭ ʚʠʪʨʘʪ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥiʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʤʘʩʰʪʘʙʽ ʚʩʽʻʾ ʪʝʨʠʪʦʨʽʾ [4]. 

ɿʘʛʘʣʴʥʘ ʝʬʝʢʪʠʚʥiʩʪʴ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʧʨʦʷʚʣʷʻʪʴʩʷ:  

- ʫ ʩʬʝʨʽ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ï ʧʨʠʨʦʩʪʦʤ ʦʙʩʷʛʫ ʧʨʠʙʫʪʢʫ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ; 

- ʫ ʥʝʚʠʨʦʙʥʠʯʽʡ ʩʬʝʨʽ ï ʝʢʦʥʦʤʽʻʶ ʚʠʪʨʘʪ ʥʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙiʪ ʽ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ; 

- ʩʬʝʨʽ ʦʩʦʙʠʩʪʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ï ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ï ʦʩʦʙʠʩʪʠʭ ʢʦʰʪʽʚ ʥʘʩʝʣʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʠʭ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʆʪʞʝ, ʧʨʦʙʣʝʤʠ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ, ʡʦʛʦ ʧʦʛʽʨʰʝʥʥʷ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʢʪʠʚʽʟʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʱʦʜʦ ʟʥʠʞʝʥʥʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʘ ʩʴʦʛʦʜʥʽ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʪʘ ʦʙʛʦʚʦʨʶʚʘʥʠʤʠ ʥʘ ʨʽʟʥʠʭ 

ʱʘʙʣʷʭ, ʘ ʫʩʽ ʚʠʜʠ ʡ ʬʦʨʤʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʾ ʨʦʙʦʪʠ ʜʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʪʦʜʽ, ʢʦʣʠ ʾʭ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʢʦʤʧʣʝʢʩʥʦ.  
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ʖ.ɺ. ʑʝʨʙʘʢ, ʚʠʢʣʘʜʘʯ,  ʢʘʬʝʜʨʘ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ɺ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ ʨʠʥʢʦʚʠʭ ʚʽʜʥʦʩʠʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʨʛʽʚ ʷʢ ʩʧʦʩʦʙʫ ʫʢʣʘʜʝʥʥʷ ʜʦʛʦʚʦʨʽʚ ʟʘ ʫʯʘʩʪʶ 

ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʟʫʤʦʚʣʝʥʝ ʽʩʥʫʚʘʥʥʷʤ ʢʦʥʢʫʨʝʥʮʽʾ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʠʭ ʫʤʦʚ 

ʜʣʷ ʚʩʪʫʧʫ ʚ ʛʦʩʧʦʜʘʨʩʴʢʽ ʚʽʜʥʦʩʠʥʠ, ʧʦʪʨʝʙʦʶ ʝʢʦʥʦʤʽʾ ʢʦʰʪʽʚ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʦʙʩʷʛʠ ʧʨʦʜʘʞʽʚ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʥʝʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʟʥʘʯʥʦ ʟʨʦʩʣʠ ʧʦ ʚʩʽʡ ʋʢʨʘʾʥʽ. ʂʽʣʴʢʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʚʠʢʫʧʠʣʠ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ ʧʽʜ ʦʙôʻʢʪʘʤʠ 

ʥʝʨʫʭʦʤʦʩʪʽ, ʩʪʘʥʦʚʠʪʴ ʤʘʡʞʝ 12 ʪʠʩ. ʽ ʮʷ ʮʠʬʨʘ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʂʦʞʥʦʛʦ ʨʦʙʦʯʦʛʦ ʜʥʷ ʚ ʋʢʨʘʾʥʽ 

ʚʣʘʩʥʠʢʘʤʠ ʟʝʤʣʽ ʩʪʘʶʪʴ 19-20 ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʧʨʠʚʘʪʥʠʭ ʧʽʜʧʨʠʻʤʮʽʚ, ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ ʋʢʨʘʾʥʠ ʚʽʜʯʫʪʥʦ ʟʙʽʣʴʰʠʚʩʷ ʧʦʧʠʪ ʥʘ ʚʽʣʴʥʽ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʩʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʥʦʚʦʟʙʫʜʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʢʦʤʝʨʮʽʡʥʦʛʦ ʪʘ ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [3]. 

ʋ ʏʝʨʥʛ̔̔ʚʩʴʢʡ̔ ʦʙʣ. ʧʨʦʪʷʛʦʤ 2016 ʨ. ʥʘ ʧʝʨʚʠʥʥʦʤʫ ʨʠʥʢʫ ʫ ʚʣʘʩʥʽʩʪʴ ʧʨʦʜʘʥʦ 6 ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ 

ʥʝʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 0,76 ʛʘ ʥʘ ʩʫʤʫ 210,2 ʪʠʩ. ʛʨʥ. (ʨʠʩ.1). ɼʦ ʙʶʜʞʝʪʽʚ 

ʫʩʽʭ ʨʽʚʥʽʚ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʦʟʩʪʨʦʯʝʥʥʷ ʧʣʘʪʝʞʽʚ ʟʘ ʤʠʥʫʣʽ ʨʦʢʠ ʥʘʜʽʡʰʣʦ 223,9 ʪʠʩ. ʛʨʥ. [2]. 

 
ʈʠʩʫʥʦʢ 1 - ɼʠʥʘʤʽʢʘ ʥʘʜʭʦʜʞʝʥʥʷ ʢʦʰʪʽʚ ʚʽʜ ʧʨʦʜʘʞʫ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʧʦ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ  

http://ua-referat.com/%D0%95%D0%BA%D0%BE%D0%BD%D0%BE%D0%BC%D1%96%D0%BA%D0%B0_%D0%BF%D1%80%D0%B8%D1%80%D0%BE%D0%B4%D0%BE%D0%BA%D0%BE%D1%80%D0%B8%D1%81%D1%82%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
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ʗʢ ʩʚʽʜʯʠʪʴ ʩʚʽʪʦʚʠʡ ʜʦʩʚʽʜ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʛʽʜʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʢʦʥʢʫʨʝʥʪʥʠʭ ʩʧʦʩʦʙʽʚ ʧʨʦʜʘʞʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʦʛʦ ɿʝʤʝʣʴʥʦʛʦ ʢʦʜʝʢʩʫ ʋʢʨʘʾʥʠ, ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ 

ʜʝʨʞʘʚʥʦʾ ʪʘ ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʨʦʜʘʞʫ ʩʫʙôʻʢʪʘʤ ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜ 

ʟʘʙʫʜʦʚʫ, ʧʽʜʣʷʛʘʶʪʴ ʧʨʦʜʘʞʫ ʥʘ ʢʦʥʢʫʨʝʥʪʥʠʭ ʟʘʩʘʜʘʭ (ʟʝʤʝʣʴʥʽ ʪʦʨʛʠ) [1]. ʅʘʪʦʤʽʩʪʴ, ʚ ʧʝʨʝʚʘʞʥʽʡ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʽʩʮʝʚʽ ʨʘʜʠ ʧʨʦʜʦʚʞʫʶʪʴ ʥʘʜʘʚʘʪʠ ʪʘʢʽ ʟʝʤʣʽ ʚ ʢʦʨʠʩʪʫʚʘʥʥʷ ʽ ʚʞʝ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʫ ʨʘʟʽ ʟʚʝʨʥʝʥʥʷ ʟ ʙʦʢʫ ʚʣʘʩʥʠʢʘ ʦʙôʻʢʪʘ, ʨʦʟʛʣʷʜʘʶʪʴ ʧʠʪʘʥʥʷ ʧʨʦ ʧʨʦʜʘʞ ʪʘʢʦʾ ʟʝʤʝʣʴʥʦʾ 

ʜʽʣʷʥʢʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʫ. 

ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʢʫʨʝʥʪʥʠʭ ʩʧʦʩʦʙʽʚ ʧʨʦʜʘʞʫ ʚʽʣʴʥʠʭ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʤʘʻ ʙʝʟʧʝʨʝʯʥʽ ʧʝʨʝʚʘʛʠ ʜʣʷ 

ʤʽʩʮʝʚʦʾ ʛʨʦʤʘʜʠ, ʦʩʢʽʣʴʢʠ ʫʩʧʽʰʥʦ ʧʨʦʚʝʜʝʥʽ ʟʝʤʝʣʴʥʽ ʘʫʢʮʽʦʥʠ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʜʣʷ ʩʫʪʪʻʚʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʜʭʦʜʞʝʥʴ ʜʦ ʤʽʩʮʝʚʠʭ ʙʶʜʞʝʪʽʚ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʢʦʥʢʫʨʝʥʮʽʾ ʤʽʞ ʧʦʢʫʧʮʷʤʠ, ʮʽʥʘ ʧʨʦʜʘʞʫ ʜʽʣʷʥʢʠ 

ʟ ʘʫʢʮʽʦʥʫ ʧʝʨʝʚʠʱʫʻ ʩʪʘʨʪʦʚʫ ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ.  

ɿʛʽʜʥʦ ʨʽʰʝʥʥʷ ʛʦʣʦʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʫ ʚ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʚʽʜ 1.03.2016 ʨ. ʚ ʦʙʣʘʩʪʽ 

ʧʨʦʜʘʥʦ 1816 ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʪʘ ʧʨʘʚ ʦʨʝʥʜʠ ʥʘ ʥʠʭ, ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 7,8 ʪʠʩ. ʛʘ, ʚʘʨʪʽʩʪʶ 113,0 ʤʣʥ. 

ʛʨʥ. ʇʨʦʪʷʛʦʤ 2016 ʨ. ʧʨʦʜʘʥʦ 15 ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʪʘ ʧʨʘʚ ʦʨʝʥʜʠ ʥʘ ʥʠʭ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 432,8 ʛʘ, 

ʚʘʨʪʽʩʪʶ 855,7 ʪʠʩ. ʛʨʥ. ɺʽʜ ʾʭ ʧʨʦʜʘʞʫ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʦʟʩʪʨʦʯʝʥʥʷ ʧʣʘʪʝʞʽʚ, ʟʘ ʤʠʥʫʣʽ ʨʦʢʠ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ 

ʙʶʜʞʝʪʽʚ ʥʘʜʽʡʰʣʦ 869,4 ʪʠʩ. ʛʨʥ.[2]. 

ɻʦʣʦʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʫ ʫ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣ., ʷʢ ʨʦʟʧʦʨʷʜʥʠʢ ʟʝʤʝʣʴ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʝʨʞʘʚʥʦʾ ʚʣʘʩʥʦʩʪʽ, ʧʦʩʪʽʡʥʦ ʟʘʙʝʟʧʝʯʫʻ ʦʨʛʘʥʽʟʘʮʽʶ ʟʝʤʝʣʴʥʠʭ ʪʦʨʛʽʚ. 

ʉʪʘʥʦʤ ʥʘ 01.03.2016 ʨ. ʥʘ ʟʝʤʝʣʴʥʽ ʪʦʛʨʠ ʚʢʣʶʯʝʥʦ 113 ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ (ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʜʝʨʞʘʚʥʦʾ ʚʣʘʩʥʦʩʪʽ ʜʣʷ ʧʨʦʜʘʞʫ ʧʨʘʚʘ ʦʨʝʥʜʠ ʽ ʚʝʜʝʥʥʷ ʪʦʚʘʨʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ) ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 4212,2136 ʪʠʩ. ʛʘ, ʘ ʩʘʤʝ: ʫ ɹʘʭʤʘʮʴʢʦʤʫ ʨ-ʥʽ ï 269,78 ʛʘ, ʫ ʇʨʠʣʫʮʴʢʦʤʫ ʨ-

ʥʽ ï 11,0 ʛʘ, ʫ ɹʦʨʟʥʷʥʩʴʢʦʤʫ ʨ-ʥʽ ï 281,03 ʛʘ, ʫ ʉʨʽʙʥʷʥʩʴʢʦʤʫ ʨ-ʥʽ ï 13,90 ʛʘ, ʫ ʅʦʚʛʦʨʦʜ-ʉʽʚʝʨʩʴʢʦʤʫ ʨ-ʥʽ ï 

64,62 ʛʘ; ʫ ʉʦʩʥʠʮʴʢʦʤʫ ʨ-ʥʽ ï 588,19 ʛʘ, ʫ ɻʦʨʦʜʥʷʥʩʴʢʦʤʫ ʨ-ʥʽ ï 237,00 ʛʘ, ʫ ɯʯʥʷʥʩʴʢʦʤʫ ʨ-ʥʽ ï 80,00 ʛʘ, ʫ 

ʂʦʟʝʣʝʮʴʢʦʤʫ ʨ-ʥʽ ï 89,17 ʛʘ, ʫ ʂʦʨʶʢʽʚʩʴʢʦʤʫ ʨ-ʥʽ ï 262,80 ʛʘ, ʫ ʂʦʨʦʧʩʴʢʦʤʫ ʨ-ʥʽ ï 303,63 ʛʘ, ʫ 

ʂʫʣʠʢʽʚʩʴʢʦʤʫ ʨ-ʥʽ ï 399,05 ʛʘ, ʫ ʄʝʥʩʴʢʦʤʫ ʨ-ʥʽ ï 120,00 ʛʘ; ʫ ʅʽʞʠʥʩʴʢʦʤʫ ʨ-ʥʽ ï 26,00 ʛʘ, ʫ ʈʽʧʢʠʥʩʴʢʦʤʫ 

ʨ-ʥʽ ï 427,50 ʛʘ, ʫ ʑʦʨʩʴʢʦʤʫ ʨ-ʥʽ ï 232,68 ʛʘ, ʫ ʏʝʨʥʽʛʽʚʩʴʢʦʤʫ ʨ-ʥʽ ï 805,85 ʛʘ [2]. 

ʇʨʦʪʷʛʦʤ 2016 ʨ. ɻʦʣʦʚʥʠʤ ʋʧʨʘʚʣʽʥʥʷʤ ʧʨʦʚʝʜʝʥʦ ʘʫʢʮʽʦʥʠ ʟ ʧʨʦʜʘʞʫ ʧʨʘʚʘ ʦʨʝʥʜʠ ʧʦ 9 ʟʝʤʝʣʴʥʠʭ 

ʜʽʣʷʥʢʘʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʝʨʞʘʚʥʦʾ ʚʣʘʩʥʦʩʪʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ɻʦʨʦʜʥʷʥʩʴʢʦʛʦ, ʂʦʟʝʣʝʮʴʢʦʛʦ, ʄʝʥʩʴʢʦʛʦ ʪʘ ʑʦʨʩʴʢʦʛʦ ʨʘʡʦʥʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʝʨʰʽʩʪʴ ʟ ʧʨʦʜʘʞʽʚ ʥʘʣʝʞʠʪʴ ʏʝʨʥʽʛʽʚʩʴʢʦʤʫ ʨ-ʦʥʫ ʟ 

ʚʝʣʠʢʠʤ ʦʙʩʷʛʦʤ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʫʯʘʩʪʽ ʫ ʪʦʨʛʘʭ, ʘ ʥʘʡʤʝʥʰʝ ʥʘ ʟʝʤʝʣʴʥʠʡ ʘʫʢʮʽʦʥ ʚʠʩʪʘʚʣʝʥʦ ʟʝʤʣʽ 

ʫ ʉʨʽʙʥʷʥʩʴʢʦʤʫ ʨ-ʦʥ.̔ ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʟʝʤʝʣʴʥʠʭ ʘʫʢʮʽʦʥʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʛʦʪʦʚʥʽʩʪʴ 

ʤʽʩʮʝʚʠʭ ʨʘʜ ʜʦ ʧʨʦʟʦʨʦʾ ʜʽʷʣʴʥʦʩʪʽ ʽ ʚʽʜʢʨʠʪʦʩʪʽ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʩʧʨʠʡʤʘʻʪʴʩʷ ʧʦʪʝʥʮʽʡʥʠʤʠ ʽʥʚʝʩʪʦʨʘʤʠ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. .ɿʝʤʝʣʴʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]- ʈʝʞʠʤ ʜʦʩʪʫʧʫ http://zakon2.rada.gov.ua/laws/show/2768-14/page6  

2. ɻʦʣʦʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʫ ʫ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]- ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://cheoblzem.gov.ua/ronok-ta-

ocinka-zemel/rinok-zemel  
3. ʇʨʘʚʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʪʦʨʛʽʚ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]- ʈʝʞʠʤ ʜʦʩʪʫʧʫ http://xreferat.com/22/11055-1-pravove-regulyuvannya-

provedennya-zemel-nih-torg-v. 
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ɻ.ɺ. ɼʘʚʠʜʦʚʠʯ, ʩʪʫʜʝʥʪʢʘ ʛʨ. ɻʂɿ-131, 

ɯ.ʆ. ʅʠʩʪʦʨʷʢ, ʚʠʢʣʘʜʘʯ, 

 ʢʘʬʝʜʨʘ  ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʫʩʧʽʰʥʦ ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʛʣʦʙʘʣʴʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʠʩʪʝʤ GNSS, ʩʝʨʝʜ ʥʠʭ ʚ ʪʦʤʫ ʯʠʩʣʽ ʘʤʝʨʠʢʘʥʩʴʢʘ NAVSTAR GPS (Global Positioning System) ʪʘ ʨʦʩʽʡʩʴʢʘ 

ɻʃʆʅɸʉʉ (ɻʣʦʙʘʣʴʥʘʷ ʅʘʚʠʛʘʮʠʦʥʥʘʷ ʉʧʫʪʥʠʢʦʚʘʷ ʉʠʩʪʝʤʘ). ʊʘʢʦʞ ʧʣʘʥʫʻʪʴʩʷ ʚʚʝʜʝʥʥʷ ʚ ʜʽʶ 

ʛʣʦʙʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ Galileo ʽ BeiDou [1], ʘ ʪʘʢʦʞ ʨʝʛʽʦʥʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ï ʽʥʜʽʡʩʴʢʦʾ IRNSS [6], ʷʧʦʥʩʴʢʦʾ QZSS [7], ʪʘ ʬʨʘʥʮʫʟʴʢʦʾ DORIS.   

ɺ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ ʙʫʜʴ-ʷʢʦʾ GNSS ʣʝʞʘʪʴ ʧʨʠʥʮʠʧʠ ʛʣʦʙʘʣʴʥʦʩʪʽ, ʥʝʟʘʣʝʞʥʦʩʪʽ ʽ ʙʝʟʟʘʧʠʪʦʚʦʩʪʽ, ʱʦ 

ʨʦʙʠʪʴ ʧʨʠʡʤʘʯʽ ʢʦʤʧʘʢʪʥʠʤʠ ʪʘ ʧʨʠʭʦʚʘʥʠʤʠ ʜʣʷ ʟʘʩʦʙʽʚ ʨʘʜʽʦʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʙʠʪʴ ʧʨʦʧʫʩʢʥʫ 

ʩʧʨʦʤʦʞʥʽʩʪʴ GNSS ʥʝʦʙʤʝʞʝʥʦʶ (ʢʽʣʴʢʽʩʪʴ ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʨʠʡʤʘʯʽʚ ʤʦʞʝ ʙʫʪʠ ʥʝʦʙʤʝʞʝʥʦʶ).  

ʎʽ ʪʨʠ ʧʨʠʥʮʠʧʠ ʪʘ ʽʥʰʽ ʚʠʤʦʛʠ, ʚʠʟʥʘʯʘʶʪʴ ʫʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʫ ʉʈʅʉ, ʷʢʘ ʚʢʣʶʯʘʻ ʪʨʠ ʦʩʥʦʚʥʽ 

ʩʝʛʤʝʥʪʠ: ʢʦʩʤʽʯʥʠʡ ʩʝʛʤʝʥʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʟʽʨ'ʷ ʩʫʧʫʪʥʠʢʽʚ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʚʦʻ 

ʧʦʣʦʞʝʥʥʷ ʥʘ ʦʨʙʽʪʽ; ʥʘʟʝʤʥʠʡ ʩʝʛʤʝʥʪ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʮʽʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʽ 
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ʢʦʥʪʨʦʣʴ ʧʦʣʦʞʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ; ʩʝʛʤʝʥʪ ʢʦʨʠʩʪʫʚʘʯʽʚ ï ʮʝ ʩʫʧʫʪʥʠʢʦʚʽ ʧʨʠʡʤʘʯʽ, 

ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʽ ʚʠʟʥʘʯʘʶʪʴ ʩʚʦʻ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʦʩʦʙʽʚ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʛʝʦʜʝʟʽʾ ʟ ʧʝʚʥʦʶ ʤʽʨʦʶ 

ʫʤʦʚʥʦʩʪʽ ʚʠʜʽʣʷʶʪʴ ʘʙʩʦʣʶʪʥʽ ʪʘ ʚʽʜʥʦʩʥʽ ʤʝʪʦʜʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ [2, 4, 5, ]. ʇʽʜ ʘʙʩʦʣʶʪʥʠʤʠ ʤʘʶʪʴʩʷ ʥʘ 

ʫʚʘʟʽ ʪʽ ʩʧʦʩʦʙʠ, ʚ ʷʢʠʭ ʧʦ ʚʠʤʽʨʷʥʠʭ ʚʝʣʠʯʠʥʘʤ ʤʦʞʣʠʚʦ ʦʙʯʠʩʣʠʪʠ ʧʦʚʥʽ ʟʥʘʯʝʥʥʷ ʛʝʦʮʝʥʪʨʠʯʥʠʭ 

ʢʦʦʨʜʠʥʘʪ, ʘ ʧʽʜ ʚʽʜʥʦʩʥʠʤʠ - ʪʽ, ʢʦʣʠ ʟʘ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʣʠʰʝ ʧʨʠʨʦʩʪʠ ʢʦʦʨʜʠʥʘʪ [3]. 

ɺʽʜʦʤʦ, ʱʦ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʡʚʠʱʦʾ ʪʦʯʥʦʩʪʽ ʜʦʩʷʛʘʶʪʴ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ (ʨʝʞʠʤ ʩʪʘʪʠʢʠ), ʩʧʦʩʪʝʨʽʛʘʶʯʠ ʧʝʚʥʠʡ ʯʘʩ ʬʘʟʦʚʽ ʨʽʟʥʠʮʽ. 

ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ ʛʝʦʜʝʟʽʾ ʻ ʪʨʠʚʘʣʽʩʪʴ ʩʪʘʪʠʯʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ. ʇʨʦʚʝʜʝʥʽ ʥʘʫʢʦʚʮʷʤʠ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʜʦʚʞʠʥ ʣʽʥʽʡ ʜʦ 1000 ʢʤ ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʪʨʠʚʘʣʽʩʪʶ ʚʽʜ 4 ʛʦʜ ʽ ʙʽʣʴʰʝ 

ʪʦʯʥʽʩʪʴ ʥʘ ʨʽʚʥʽ ʢʽʣʴʢʦʭ ʩʤ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʥʽ ʚʽʜ ʜʦʚʞʠʥʠ ʣʽʥʽʾ, ʥʽ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ɽʤʧʽʨʠʯʥʘ ʬʦʨʤʫʣʘ, ʦʪʨʠʤʘʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʨʘʮʶʚʘʥʥʷ ʪʨʠʚʘʣʠʭ GPS ʩʧʦʩʪʝʨʝʞʝʥʴ, ʜʘʻ ʥʘʩʪʫʧʥʽ 

ʦʮʽʥʢʠ ʩʪʘʥʜʘʨʪʥʠʭ ʧʦʭʠʙʦʢ ʜʣʷ ʧʨʦʩʪʦʨʦʚʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʪʦʧʦʮʝʥʪʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ 

 (northing),  (easting),  (height )n e h  ʫ ʬʫʥʢʮʽʾ ʪʨʠʚʘʣʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ T  

0.5 0.5(9.5 2.1 ) /nm T T= ° ³ , 0.5 0.5(9.9 3.1 ) /em T T= ° ³ , 0.5 0.5(36.5 9.1 ) /hm T T= ° ³ . 

ɯʟ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʧʣʠʚʘʻ ʱʦ, ʦʪʨʠʤʘʥʽ ʦʮʽʥʢʠ ʥʝ ʤʦʞʥʘ ʝʢʩʪʨʘʧʦʣʶʚʘʪʠ ʥʘ ʧʝʨʽʦʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʪʨʠʚʘʣʽʩʪʶ ʤʝʥʰʝ 4 ʛʦʜ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʪʨʠʤʘʪʠ ʜʦʩʪʦʚʽʨʥʽ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ GNSS 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʢʦʥʢʨʝʪʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʤʘʣʠʭ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʴ (< 1-2 ʛʦʜ) 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʦʞʣʠʚʦ. ʉʘʤʝ ʫ ʮʴʦʤʫ ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʢʦʥʫʶʪʴʩʷ ʤʘʩʦʚʽ GNSS ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʣʷ 

ʛʝʦʜʝʟʠʯʥʠʭ ʧʦʪʨʝʙ. 

ʋ ʮʠʭ ʫʤʦʚʘʭ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʤʝʪʦʜ,ʷʢʠʡ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʽ ʜʦʚʝʜʝʥʠʡ ʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʫ 2005 ʨ ʢʦʤʧʘʥʽʻʶ NovAtel (ʂʘʥʘʜʘ)- ʮʝ ʤʝʪʦʜ ʪʦʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ Precise Point Positioning (PPP).  

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʝʪʦʜʫ PPP ʻ ʪʝ, ʱʦ ʚʽʥ ʥʝ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ, ʘ ʻ ʬʘʢʪʠʯʥʦ 

ʨʽʟʥʦʚʠʜʦʤ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʦʜʫ GNSS ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʪʦʙʪʦ ʜʣʷ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʤʘʪʠ ʣʠʰʝ 

ʦʜʠʥ ʧʨʠʡʤʘʯ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʦʩʥʦʚʥʠʭ ʧʦʭʠʙʦʢ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʘʙʩʦʣʶʪʥʠʭ ʬʘʟʦʚʠʭ GPS ʚʠʤʽʨʘʭ, ʚ 

ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʝʬʝʤʝʨʠʜ ʽ ʧʦʧʨʘʚʦʢ ʛʦʜʠʥʥʠʢʽʚ ʩʫʧʫʪʥʠʢʽʚ, ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʟʘʪʨʠʤʢʫ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚ ʽʦʥʦʩʬʝʨʽ ʽ ʪʨʦʧʦʩʬʝʨʽ ʪʘ ʽʥ. [7, 8]. ɿʘ ʟʘʷʚʘʤʠ ʚʠʨʦʙʥʠʢʘ, ʮʝʡ ʤʝʪʦʜ 

ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʽ WGS-84, ʙʣʠʟʴʢʫ ʜʦ ʪʦʯʥʦʩʪʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʘʙʦ ʚʽʜʥʦʩʥʦʛʦ ʤʝʪʦʜʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʛʝʦʜʝʟʽʾ (5-6 ʩʤ).       

ʆʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʤʝʪʦʜʦʤ PPP ʟʦʨʽʻʥʪʦʚʘʥʦ ʣʠʰʝ ʥʘ ʬʘʟʦʚʽ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʚʠʢʣʶʯʥʦ ʜʚʦʯʘʩʪʦʪʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʧʨʠʡʤʘʯʘʤʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʈʈʈ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʦʪʨʠʤʘʥʽ ʟ 17 

ʨʝʬʝʨʝʥʮʥʠʭ ʩʪʘʥʮʽʡ ʤʝʨʝʞʽ ZAKPOS/UA-EUPOS. ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʪʫʪ ʩʣʫʛʫʶʪʴ ʜʦʙʦʚʽ GNSS 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ (30-ʪʠ ʩʝʢ. ʪʘ 5 ʩʝʢ ʽʥʪʝʨʚʘʣʠ ʨʝʻʩʪʨʘʮʽʾ). 

ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʦʙʯʠʩʣʝʥʠʭ ʯʝʨʝʟ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ CSRS-PPP (ʂʘʥʘʜʘ) ʢʦʦʨʜʠʥʘʪ , ,X Y Z ʟ ʾʭʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʽʟ ʨʝʛʫʣʷʨʥʦʛʦ 

ʩʪʘʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʱʦʜʝʥʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʪʘʥʮʽʡ ʤʝʨʝʞʽ ZAKPOS/UA-EUPOS ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ Trimble Total Control, ʽ ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠʡʤʘʶʪʴʩʷ ʟʘ ʢʦʥʪʨʦʣʴʥʽ 0 0 0, ,X Y Z . 

ʈʝʟʫʣʴʪʘʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʩʣʫʛʫʶʪʴ  ʚʽʜʧʦʚʽʜʥʽ ʨʽʟʥʠʮʽ ʢʦʦʨʜʠʥʘʪ , ,X Y ZD D D( , ,n e h,). 

 

0 0 0

0 0

0 0 0

( )sin cos ( )sin sin ( )cos ,

( )sin ( )cos ,

( )cos cos ( )cos sin ( )sin .

n X X B L Y Y B L Z Z B

e X X L Y Y L

h X X B L Y Y B L Z Z B

=- - - - + -

=- - + -

= - + - + -

                   (1) 

ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʽ ʦʪʨʠʤʘʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ  ʢʦʦʨʜʠʥʘʪ , ,n e h ʧʦ ʚʩʽʭ ʩʪʘʥʮʽʷʭ ʟʘ ʨʽʟʥʽ ʽʥʪʝʨʚʘʣʠ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ʊʘʙʣʠʮʷ 1 

ʊʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʤʝʪʦʜʦʤ ʈʈʈ 

ʊʨʠʚʘʣʽʩʪʴ 

ʉʧʦʩʪʝʨʝʞʝʥʴ 

ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ  ʢʦʦʨʜʠʥʘʪ, ʩʤ 

n  e  h  

ɼʦʙʦʚʽ -0.4 -0.2 0.7 

60 ʭʚ. -8.1 -5.0 17.4 

30 ʭʚ. -14.8 -20.4 25.2 

20 ʭʚ. -13.7 -16.6 26.1 

10 ʭʚ. -18.5 -22.8 22.5 
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ɯʟ ʜʘʥʠʭ ʪʘʙʣ.1 ʜʦʩʠʪʴ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʧʨʘʮʶʚʘʥʥʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʽʜ 10 ʭʚ. (~ 20 ʩʤ) ʜʦ 60 ʭʚ. (~ 8ʩʤ). ʋ ʟʘʛʘʣʴʥʦʤʫ 

ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʱʦ, ʛʦʜʠʥʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʚ ʦʢʨʝʤʠʭ ʟʘʜʘʯʘʭ ʢʦʦʨʜʠʥʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʘʢʠʭ ʷʢ ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʣʘʥʦʚʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʤʝʨʝʞ, ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ 

ʤʽʩʮʝʚʦʩʪʽ ʥʘ ʥʝʟʘʙʫʜʦʚʘʥʽ ʪʝʨʠʪʦʨʽʾ, ʩ/ʛ ʫʛʽʜʜʷ ʚ ʤʘʩʰʪʘʙʽ ʘʝʨʦʬʦʪʦʟʥʽʤʘʥʥʷ 1:8000-1:12000; ʩʪʚʦʨʝʥʥʷ ʽ 

ʦʥʦʚʣʝʥʥʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʠʭ 1:500 /1:1000 /1:2000 / 1:5000 ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʽ ʧʣʘʥʽʚ, ʛʝʦʜʝʟʠʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪʥʦʶ ʦʩʥʦʚʦʶ ʢʘʜʘʩʪʨʦʚʠʭ ʨʦʙʽʪ ʚ ʩʽʣʴʩʴʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʨʠ ʮʴʦʤʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɸʣʝ, ʮʝʡ ʤʝʪʦʜ ʱʝ ʥʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʮʽʣʦʛʦ 

ʨʷʜʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʛʝʦʜʝʟʽʾ, ʥʘʧʨʠʢʣʘʜ, ʩʪʚʦʨʝʥʥʽ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʤʽʩʮʝʚʦʩʪʽ ʥʘ ʟʘʙʫʜʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʷʭ ʤʽʩʪ ʽ ʩʝʣʠʱ ʤʽʩʴʢʦʛʦ ʪʠʧʫ, ʨʦʟʚôʷʟʘʥʥʽ ʨʽʟʥʦʛʦ ʨʦʜʫ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ, ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ 

ʪʦʯʥʽʩʪʴ ʧʨʠ ʤʘʣʠʭ ʽʥʪʝʨʚʘʣʘʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. 
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ɼ.ɺ. ɿʠʤʦʚʝʮʴ, ɸ.ʆ. ʃʠʪʚʠʥ, ʩʪʫʜʝʥʪʠ ʛʨ. ɻʂɿ 141, 

ʃ.ʉ. ʄʘʤʦʥʪʦʚʘ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ  

ʢʘʬʝʜʨʘ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

 ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʋʢʨʘʾʥʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʦʚʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʛʝʦʜʝʟʠʯʥʠʭ ʤʝʨʝʞ ʥʘ ʦʩʥʦʚʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʈʦʟʰʠʨʶʻʪʴʩʷ ʤʝʨʝʞʘ ʧʝʨʤʘʥʝʥʪʥʠʭ GNSS-ʩʪʘʥʮʽʡ, ʦʜʥʘ ʟ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʥʘʰʦʤʫ ʤʽʩʪʽ ʏʝʨʥʽʛʦʚʽ [1]. ʆʜʥʘʢ ʽ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʧʦʪʨʽʙʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʛʝʦʜʝʟʠʯʥʠʭ ʧʫʥʢʪʽʚ. ʊʦʤʫ ʦʧʪʠʤʘʣʴʥʠʤ 

ʨʽʰʝʥʥʷʤ ʻ ʧʦʻʜʥʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʛʝʦʜʝʟʠʯʥʠʭ ʤʝʨʝʞ [2]. 

 ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʟ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʛʝʦʜʝʟʠʯʥʠʭ ʤʝʨʝʞ ʻ ʧʦʣʽʛʦʥʦʤʝʪʨʽʷ. 

ʄʝʪʦʜʠʢʘ ʧʦʙʫʜʦʚʠ ʧʦʣʽʛʦʥʦʤʝʪʨʠʯʥʠʭ ʤʝʨʝʞ ˇʨʫʥʪʫʻʪʴʩʷ  ʥʘ ʧʨʠʥʮʠʧʽ çʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʜʦ ʦʢʨʝʤʦʛʦè, ʪʦʙʪʦ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʚʠʱʠʭ ʢʣʘʩʽʚ ʜʦ ʥʠʞʯʠʭ ʟ ʚʪʨʘʪʦʶ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʫʥʢʪʽʚ ʥʠʞʯʠʭ 

ʢʣʘʩʘʭ. ʅʝʜʦʩʣʽʜʞʝʥʘ ʪʝʤʘ ˈ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʢʣʘʜʘʥʥʷ ʪʘʢʠʭ ʧʦʣʽʛʦʥʦʤʝʪʨʠʯʥʠʭ ʭʦʜʽʚ, ʱʦʙ ʾʭ  ʧʫʥʢʪʠ ʟʘ 

ʪʦʯʥʽʩʪʶ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʙʫʣʠ ʥʝ ʛʽʨʰʽ, ʥʽʞ ʚʠʭʽʜʥʽ ʧʫʥʢʪʠ. 

ɼʦ ʧʫʥʢʪʫ P(ʜʠʚ. ʨʠʩ.)  ʧʨʦʢʣʘʜʝʥʦ ʜʚʘ ʟʫʩʪʨʽʯʥʽ ʚʠʪʷʛʥʫʪʽ ʧʦʣʽʛʦʥʦʤʝʪʨʠʯʥʽ ʭʦʜʠ ʨʽʚʥʦʾ ʜʦʚʞʠʥʠ ˈ ʚʽʜ 

ʚʠʭʽʜʥʠʭ ʧʫʥʢʪʽʚ A  ʪʘ C  [3,4]. ʂʦʦʨʜʠʥʘʪʠ ʧʫʥʢʪʫ P  ʚʠʟʥʘʯʘʻʤʦ ʷʢ ʩʝʨʝʜʥʻ ʟ ʢʦʦʨʜʠʥʘʪ ʧʝʨʰʦʛʦ ʪʘ 

ʜʨʫʛʦʛʦ ʭʦʜʽʚ 
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ʉʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ (ʉʂʇ) ʧʦʣʦʞʝʥʥʷ ʧʫʥʢʪʫ P  ʥʘ ʧʣʦʱʠʥʽ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (1) ʜʦʨʽʚʥʶʻ  
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ʈʠʩ. ɺʠʪʷʛʥʫʪʠʡ ʧʦʣʽʛʦʥʦʤʝʪʨʠʯʥʠʡ ʭʽʜ, ʫʪʚʦʨʝʥʠʡ ʜʚʦʤʘ ʟʫʩʪʨʽʯʥʠʤʠ ʭʦʜʘʤʠ ʜʦ ʧʫʥʢʪʫ ʈ 

 

ɿ ʚʠʨʘʟʫ (1) ʚʠʧʣʠʚʘʻ, ʱʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʉʂʇ Nm  ʚʟʘʻʤʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʧʫʥʢʪʫ C  ʚʽʜʥʦʩʥʦ 

A   ʪʘ ʉʂʇ  ʚʣʘʩʥʝ ʩʘʤʠʭ ʭʦʜʽʚ 
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ʑʦʙ ʦʪʨʠʤʘʪʠ ʨʽʚʥʦʪʦʯʥʫ ʤʝʨʝʞʫ, ʧʦʩʪʘʚʠʤʦ ʫʤʦʚʫ, ʱʦ ʉʂʇ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʫʥʢʪʫ Pm  ʜʦʨʽʚʥʶʻ 

ʉʂʇ ʚʟʘʻʤʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʠʭʽʜʥʠʭ ʧʫʥʢʪʽʚ. ʊʦʜʽ ʟ ʬʦʨʤʫʣʠ (3) ʚʠʧʣʠʚʘʻ 

.
2

3
1 NL mm =         (4) 

ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ʚʠʪʷʛʥʫʪʦʛʦ ʚʠʩʷʯʦʛʦ ʧʦʣʽʛʦʥʦʤʝʪʨʠʯʥʦʛʦ ʭʦʜʫ ʉʂʇ ʢʽʥʮʝʚʦʾ ʪʦʯʢʠ ʭʦʜʫ 
1P

m  ʩʪʘʥʦʚʠʪʴ [3] 
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ʜʝ [ ]2

iSm  - ʩʫʤʘ ʉʂʇ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʦʨʽʥ ʭʦʜʫ ³S ; bm  - ʉʂʇ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʽʚ; L  - ʜʦʚʞʠʥʘ 

ʟʘʤʠʢʘʣʴʥʦʾ ʭʦʜʫ; n  - ʢʽʣʴʢʽʩʪʴ ʩʪʦʨʽʥ ʭʦʜʫ; 
ʇ

ma  - ʉʂʇ ʚʠʟʥʘʯʝʥʥʷ ʜʠʨʝʢʮʽʡʥʦʛʦ ʢʫʪʘ ʧʦʯʘʪʢʦʚʦʛʦ 

ʥʘʧʨʷʤʢʫ; []iS  - ʧʝʨʠʤʝʪʨ ʭʦʜʫ; 520626¡¡=r . ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (4) ʤʘʻʤʦ ʫʤʦʚʫ ʨʽʚʥʦʪʦʯʥʦʩʪʽ 

ʚʠʭʽʜʥʦʛʦ ʧʫʥʢʪʫ ʽ ʧʫʥʢʪʫ P  
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ʅʝʭʘʡ ʥʝʦʙʭʽʜʥʦ ʟʛʫʩʪʠʪʠ ʤʝʨʝʞʫ 3 ʢʣʘʩʫ ʧʦʣʽʛʦʥʦʤʝʪʨʠʯʥʠʤ ʭʦʜʦʤ 4 ʢʣʘʩʫ. ɿʛʽʜʥʦ [5] ʜʣʷ 3 ʢʣʘʩʫ 

ʧʦʣʽʛʦʥʦʤʝʪʨʽʾ 05.0=Nm  ʤ, ʘ ʥʘ ʧʦʙʫʜʦʚʘʥʠʭ ʧʫʥʢʪʘʭ ʤʝʨʝʞʽ 3 ʢʣʘʩʫ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʦ ʜʚʘ ʧʫʥʢʪʠ-

ʩʫʧʫʪʥʠʢʠ, ʥʘ ʷʢʽ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʧʫʥʢʪʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʠʨʝʢʮʽʡʥʽ ʥʘʧʨʷʤʢʠ ʟ ʉʂʇ ʥʝ ʤʝʥʰʝ 5¡¡. ʋ ʚʠʨʘʟʽ (6) ʚ 
ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʧʽʜ ʢʦʨʝʥʝʤ: ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʧʦʟʥʘʯʠʤʦ {1}; ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʧʦʟʥʘʯʠʤʦ {2}; ʪʨʝʪʽʡ ʜʦʜʘʥʦʢ 

ʧʦʟʥʘʯʠʤʦ {3}. ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʩʚʽʪʣʦʚʽʜʜʘʣʝʤʽʨ çɹʣʻʩʢè, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʚʽʜʩʪʘʥʽ ʟ ʉʂʇ 10 

ʤʤ + 5 ʤʤĀSʢʤ ʪʘ ʚʠʢʦʥʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʢʫʪʽʚ ʟʘ ʧʨʦʛʨʘʤʦʶ ʥʘʚʽʪʴ 4 ʢʣʘʩʫ ʧʦʣʽʛʦʥʦʤʝʪʨʽʾ ʟ 

3¡¡=bm [5]. ʊʦʜʽ, ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʩʪʦʨʽʥ ʭʦʜʫ, ʉʂʇ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʫʥʢʪʫ ʈ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ (3) ʜʣʷ 

3=n  ʪʘ 3,50
1
=Lm  ʤʤ ʩʢʣʘʜʝ 5,43=Pm  ʤʤ (ʜʠʚ. ʪʘʙʣ.). ʄʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʠʭʽʜʥʠʤʠ ʧʫʥʢʪʘʤʠ 

3 ʢʣʘʩʫ ʩʪʘʥʦʚʠʪʠʤʝ  3 ʢʤ. 

ʊʘʙʣʠʮʷ 

ʆʙʯʠʩʣʝʥʥʷ ʉʂʇ ʧʦʣʦʞʝʥʥʷ ʧʫʥʢʪʫ P ʜʣʷ Scep=500 ʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʚʽʪʣʦʚʽʜʜʘʣʝʤʽʨʘ çɹʣʻʩʢè 

n  {} 2 ,1 ʤʤ {} 2 ,2 ʤʤ {} 2 ,3 ʤʤ {}{}{}ʤʤ ,321 ++  ʤʤmN  ,
2

3
Ö  ʤʤmP ,  

1 2 3 4 5 6 7 

1 156,2 52,9 146,9 18,9 61,2 28,3 

2 312,5 264,4 587,6 34,1 61,2 34,7 

3 468,7 740,6 1322,1 50,3 61,2 43,5 

4 625,0 1586,5 2350,4 67,5 61,2 53,9 

 

ʅʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʝʨʝʢʦʥʫʶʪʴ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʧʦʣʽʛʦʥʦʤʝʪʨʠʯʥʠʭ ʤʝʨʝʞ 

ʟʛʫʱʝʥʥʷ ʟʫʩʪʨʽʯʥʠʤʠ ʭʦʜʘʤʠ ʨʽʚʥʦʾ ʜʦʚʞʠʥʠ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʤʝʨʝʞʽ ʙʝʟ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ ʧʣʘʥʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʧʫʥʢʪʽʚ ʚʽʜʥʦʩʥʦ ʚʠʭʽʜʥʠʭ. ɿʛʫʱʝʥʥʷ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʟʘ ʤʝʪʦʜʠʢʦʶ ʪʘ ʧʨʠʣʘʜʘʤʠ, ʪʦʯʥʽʩʪʴ 
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ʷʢʠʭ ʥʠʞʯʘ ʥʽʞ ʚ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ  ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʝʡ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʢʫʪʽʚ ʫ 

ʤʝʨʝʞʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʘʨʘʤʝʪʨʘʤ ʚʠʭʽʜʥʠʭ ʧʫʥʢʪʽʚ.  
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʊʝʨʝʱʫʢ ʆ. ʇʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʘʥʘʣʽʟ GNSS-ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʏʝʨʥʽʛʽʚʱʠʥʽ / ʆ. ʊʝʨʝʱʫʢ, ɯ. ʅʠʩʪʦʨʷʢ // ʉʫʯʘʩʥʽ ʜʦʩʷʛʥʝʥʥʷ 

ʛʝʦʜʝʟʠʯʥʦʾ ʥʘʫʢʠ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ. ï 2013. ï ɺʠʧ. 11(26). ï ʉ. 58-61. 

2. ʊʝʨʝʱʫʢ ʆ. ɯ. ɺʽʜʥʦʚʣʝʥʥʷ ʤʽʩʴʢʠʭ ʧʦʣʽʛʦʥʦʤʝʪʨʠʯʥʠʭ ʤʝʨʝʞ ʟʛʫʱʝʥʥʷ ʩʫʯʘʩʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ / ʆ. ɯ. ʊʝʨʝʱʫʢ, ɯ. ʆ. 
ʅʠʩʪʦʨʷʢ, ʈ. ɺ. ʐʫʣʴʮ // ɻʝʦʜʝʟʽʷ, ʢʘʨʪʦʛʨʘʬʽʷ ʽ ʘʝʨʦʬʦʪʦʟʥʽʤʘʥʥʷ. ï ʃʴʚʽʚ, 2015. ï ɺʠʧ. 82. ï ʉ. 59-72. 

3. ʂʨʷʯʦʢ ʉ.ɼ. ʇʦʙʫʜʦʚʘ ʧʦʣʽʛʦʥʦʤʝʪʨʠʯʥʠʭ ʤʝʨʝʞ ʟʫʩʪʨʽʯʥʠʤʠ ʭʦʜʘʤʠ / ʉ. ɼ. ʂʨʷʯʦʢ, ʃ.ʉ. ʄʘʤʦʥʪʦʚʘ // ɺʽʩʥʠʢ ʛʝʦʜʝʟʽʾ ʪʘ ʢʘʨʪʦʛʨʘʬʽʾ. 

ï 2014. - ˉ5. ï ʉ.9-12. 
4. ʇʘʪ. 93119, ʋʢʨʘʾʥʘ, ʄʇʂ (2011.01) G01ʉ7/00. ʉʧʦʩʽʙ ʟʛʫʱʝʥʥʷ ʛʝʦʜʝʟʠʯʥʦʾ ʤʝʨʝʞʽ / ɼ.ʌ. ɹʘʡʩʘ, ɺ.ʆ. ɹʦʨʦʚʠʡ, ɺ.ɻ. ɹʫʨʘʯʝʢ, ʉ.ɼ. 

ʂʨʷʯʦʢ [ʪʘ ʽʥ.]; ʟʘʷʚʥʠʢʠ ʪʘ ʧʘʪʝʥʪʦʚ. ɼ.ʌ. ɹʘʡʩʘ, ɺ.ʆ. ɹʦʨʦʚʠʡ, ɺ.ɻ. ɹʫʨʘʯʝʢ, ʇ.ɼ. ʂʨʝʣʴʰʪʝʡʥ, ʉ.ɼ. ʂʨʷʯʦʢ. ï ˉ ʘ2009 06037; 

ʟʘʷʚʣ.11.06.2009; ʦʧʫʙʣ.10.01.2011. - ɹʶʣ. ˉ 1.  

5. ʊʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʥʘ ʪʘ ʢʘʨʪʦʛʨʘʬʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ (ʟʘʢʦʥʦʜʘʚʯʽ ʪʘ ʥʦʨʤʘʪʠʚʥʽ ʘʢʪʠ).ʏ.1. ï ʂʠʾʚ: ɻʋɻʂ ʪʘ ʂ, 2000 ï 405 ʩ. 

 

ʋɼʂ 517.957 
 

ʆɹôɭʂʊʅʆ-ʆʈɯɭʅʊʆɺʅʀʁ ʇɯɼʍɯɼ ʆʈɻɸʅɯɿɸʎɯɯ ʇʈʆʉʊʆʈʆɺʆɰ ɯʅʌʆʈʄɸʎɯɰ ɺ ʈɻɯʉ 
 

ɸ.ʉ. ʂʦʚʘʣʝʥʢʦ, ʩʪʫʜ. ʛʨ. ɻʉ-11, 

ɯ.ɯ. ɹʦʭʘʥʦʚ, ʢ.ʚ.ʥ., ʜʦʮʝʥʪ  

ʢʘʬʝʜʨʘ ʛʝʦʜʝʟʽʾ,  ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʻ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʥʠʡ ʧʽʜʭʽʜ ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʜʘʥʠʭ ʫ ɻɯʉ ʘʢʮʝʥʪʫʻ ʫʚʘʛʫ ʥʝ ʩʪʽʣʴʢʠ ʥʘ 

ʩʧʽʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʦʙôʻʢʪʽʚ, ʩʢʽʣʴʢʠ ʥʘ ʾʭ ʧʦʣʦʞʝʥʥʽ ʫ ʙʫʜʴ-ʷʢʽʡ ʩʢʣʘʜʥʽʡ ʽʻʨʘʨʭʽʯʥʽʡ ʩʭʝʤʽ ʢʣʘʩʽʚ ʪʘ ʥʘ 

ʚʟʘʻʤʦʟʚôʷʟʢʘʭ ʤʽʞ ʦʙôʻʢʪʘʤʠ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʨʫʯʥʦ ʚʽʜʦʙʨʘʞʫʶʪʴʩʷ ʨʽʟʥʽ ʩʧʦʨʽʜʥʝʥʽ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʦʙôʻʢʪʘʤʠ; ʚʽʜʥʦʰʝʥʥʷ ʩʫʙʧʽʜʧʦʨʷʜʢʦʚʘʥʦʩʪʽ; ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʦʙôʻʢʪʘʤʠ. ʊʘʢʦʞ, ʚʘʞʣʠʚʦʶ 

ʚʽʜʤʽʥʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʘʥʥʷ ʦʙôʻʢʪʘʤ ʧʦʚʝʜʽʥʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʈʝʘʣʽʟʘʮʽʷ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʧʨʦʩʪʦʨʦʚʽ ʦʙôʻʢʪʠ ʥʝ ʥʘ ʧʦʜʽʣʷʶʯʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʦʙôʻʢʪ ʥʘ ʧʨʦʩʪʦʨʦʚʽ ʽ ʩʝʤʘʥʪʠʯʥʽ ʜʘʥʽ, ʱʦ ʟ ʥʠʤʠ ʧʦʚôʷʟʘʥʽ, ʘ ʷʢ ʦʙôʻʢʪʠ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʤʘʶʪʴ 

ʧʨʦʩʪʦʨʦʚʦʩʝʤʘʥʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ. 

ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ, ʧʽʜʭʦʜʘʭ ʽ ʪʝʨʤʽʥʘʭ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʙʘʟ 

ʜʘʥʠʭ ʪʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘʣʝ ʤʘʻ ʩʚʦʾ ʩʧʝʮʠʬʽʯʥʽ ʨʠʩʠ: ʩʫʤʽʩʥʝ ʟʙʝʨʽʛʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʠʭ ʽ ʩʝʤʘʥʪʠʯʥʠʭ ʜʘʥʠʭ ʚ ʦʜʥʽʡ ʙʘʟʽ ʜʘʥʠʭ; ʟʙʝʨʽʛʘʥʥʷ ʬʦʨʤʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʦʙôʻʢʪʫ; ʟʙʝʨʽʛʘʻ 

ʪʦʧʦʣʦʛʽʯʥʦ ʽʥʪʝʛʨʦʚʘʥʽ ʢʣʘʩʠ ʦʙôʻʢʪʽʚ ʪʦʱʦ. 

ʆʜʥʠʤ ʟ ʧʨʠʢʣʘʜʽʚ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʨʦʟʨʦʙʢʘ ʬʽʨʤʦʶ ESRI ʤʦʜʝʣʽ ʙʘʟʠ ʛʝʦʜʘʥʠʭ, ʱʦ 

ʚʪʽʣʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ ɸʛʩGIS 8.1. 

ɺ ʙʘʟʽ ʛʝʦʜʘʥʠʭ ʦʙ`ʻʢʪʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʨʝʣʷʮʽʡʥʠʭ ʪʘʙʣʠʮʷʭ, ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ 

ʟʙʝʨʽʛʘʻ ʧʨʦʩʪʦʨʦʚʽ ʦʙôʻʢʪʠ, ʘ ʽʥʰʽ ʟʘʜʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʨʦʩʪʦʨʦʚʠʤʠ ʦʙôʻʢʪʘʤʠ, ʧʨʘʚʠʣʘ ʧʝʨʝʚʽʨʢʠ 

ʢʦʨʝʢʪʥʦʩʪʽ ʽ ʜʦʤʝʥʠ ʘʪʨʠʙʫʪʽʚ. 

ʎʷ ʤʦʜʝʣʴ ʤʘʻ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ; 

- ʦʜʥʦʨʽʜʥʝ ʩʭʦʚʠʱʝ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ; 

- ʙʽʣʴʰ ʢʦʨʝʢʪʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʚʝʜʝʥʥʷ ʽ ʨʝʜʘʛʫʚʘʥʥʷ ʜʘʥʠʭ; 

- ʜʠʥʘʤʽʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙôʻʢʪʽʚ; 

- ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʥʘʙʦʨʽʚ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙôʻʢʪʽʚ; 

- ʦʜʥʦʯʘʩʥʫ ʨʦʙʦʪʫ ʙʘʛʘʪʴʦʭ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

- ʤʦʞʣʠʚʽʩʪʴ ʚʝʜʝʥʥʽ! ʜʝʢʽʣʴʢʦʭ ʚʝʨʩʽʡ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʧʨʦʝʢʪʫ; 

- ʪʦʱʦ. 

ʇʨʦʩʪʦʨʦʚʘ ʦʨʛʘʥʽʟʘʮʽʡ ʽʥʬʦʨʤʘʮʽʾ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʘʟʚʠʯʘʡ, ʫ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ ʽ ʩʧʦʣʫʯʝʥʥʷʭ. 

ɼʦʩʚʽʜ ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ɻɯʉ ʧʦʢʘʟʘʚ, ʱʦ: 

- ʩʠʩʪʝʤʠ ʟ ʻʜʠʥʠʤ ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʜʘʥʠʭ ʻ ʩʢʦʨʽʰʝ ʚʠʢʣʶʯʝʥʥʷʤ, ʥʽʞ ʧʨʘʚʠʣʦʤ; 

- ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʛʦ ʡ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ ʝʬʝʢʪʠʚʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʜʘʥʠʭ; ʫ ʙʫʜʴ-ʷʢʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʘ ʧʦʚʥʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽ ʟʨʫʯʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʜʦʩʷʛʘʶʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʥʦʞʠʥʦʶ 

ʧʽʜʭʦʜʽʚ; 

- ʤʥʦʞʠʥʥʽʩʪʴ ʧʽʜʭʦʜʽʚ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ. 

ɻʥʫʯʢʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦʩʷʛʘʻʪʴʩʷ, ʢʨʽʤ ʪʦʛʦ, ʤʦʜʝʣʶʚʘʥʥʷʤ ʷʢ ʩʘʤʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢ ʽ ʚʽʜʥʦʩʠʥ 

ʤʽʞ ʥʠʤʠ ʽ ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʭʦʜʫ ʚʽʜ ʦʜʥʠʭ ʩʧʦʩʦʙʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʦ ʽʥʰʠʭ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʨʝʛʽʦʥʘʣʴʥʘ 

ʛʝʦʩʠʩʪʝʤʘ ʻ ʜʠʥʘʤʽʯʥʦʶ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʢʦʨʝʢʪʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʦʟʨʽʟʽ ʯʘʩʫ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽ ʚʠʟʥʘʯʝʥʥʷ ʏʘʩʫ ʚʠʢʣʠʢʘʶʪʴ ʥʘʡʙʽʣʴʰʽ ʧʨʦʙʣʝʤʠ. ʏʘʩʪʦ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ 

ʚʽʜʥʦʩʥʠʡ, ʘ ʥʝ ʘʙʩʦʣʶʪʥʠʡ ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʪʦʙʪʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʫ ʷʢʽʡ ʚʠʥʠʢʘʶʪʴ ʷʚʠʱʘ). ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʷʛʘʻʪʴʩʷ ʚʧʦʨʷʜʢʫʚʘʥʥʷʤ ʜʘʥʠʭ, ʘ ʥʝ ʬʽʢʩʘʮʽʻʶ ʘʙʩʦʣʶʪʥʦʛʦ ʯʘʩʫ. 
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ɻɯʉ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʜʠʥʘʤʽʢʠ ʧʨʦʩʪʦʨʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʠʛʣʷʜʽ 

ʩʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʷʜʽʚ ʽ ʢʘʨʪ ʨʦʟʧʦʜʽʣʫ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʝ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʛʣʠʙʠʥʠ 

ʨʝʪʨʦʩʧʝʢʮʽʾ ʽ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʨʦʢʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʜʘʥʠʭ (ʯʘʩʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ). 

ʂʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚ ʯʘʩʽ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʥʘ ʙʘʛʘʪʦ ʧʦʨʷʜʢʽʚ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ ʽ ʤʘʪʠ 

ʦʙʤʝʞʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʷʢ ʟ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʪʘʢ ʽ ʟ ʧʨʠʨʦʜʥʠʤ ʭʦʜʦʤ ʧʨʦʮʝʩʽʚ. ʊʦʤʫ 

ʥʝʦʙʭʽʜʥʘ ʪʘʢʘ ʧʨʦʩʪʦʨʦʚʘ ʦʨʛʘʥʽʟʘʮʽʷ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʙʘʯʘʣʘ ʙ ʤʦʞʣʠʚʽʩʪʴ ʨʽʟʥʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

(ʨʝʘʣʽʟʦʚʘʥʦʾ ʚ ʧʦʙʫʜʦʚʽ ʨʝʛʫʣʷʨʥʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʤʝʨʝʞ). ʇʦʪʨʽʙʥʘ ʽʻʨʘʨʭʽʯʥʘ ʩʠʩʪʝʤʘ ʯʘʩʦʚʦʾ ʨʦʟʜʦʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ. 

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚ ɻɯʉ ʩ ʥʘʙʽʨ ʧʽʜʪʨʠʤʫʶʯʠʭ ʤʦʜʝʣʝʡ ʧʦʜʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ  

ʄʦʜʝʣʴ (model) - ʮʝ ʫʷʚʣʝʥʘ ʯʠ ʤʘʪʝʨʽʘʣʴʥʦ ʨʝʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʚʽʜʦʙʨʘʞʫʶʯʠ ʯʠ 

ʚʽʜʪʚʦʨʶʶʯʠ ʦʙôʻʢʪ, ʟʜʘʪʥʘ ʟʤʽʥʶʚʘʪʠ ʡʦʛʦ ʪʘʢ, ʱʦ ʾʾ ʚʠʚʯʝʥʥʷ ʜʘʚʘʣʦ ʥʘʤ ʥʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʮʽ 

ʦʙôʻʢʪʠ.  

ɿʘ ʩʢʣʘʜʦʤ ʧʽʜʪʨʠʤʫʶʯʠʭ ʤʦʜʝʣʝʡ ʜʘʥʠʭ ʤʦʞʥʘ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʡ 

ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʽʡ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚ ɻɯʉ. 

ʄʦʜʝʣʴ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ ʽ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʩʧʦʩʽʙ ʫʚʝʜʝʥʥʷ ʜʘʥʠʭ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʝʨʝʭʽʜ ʤʽʞ ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ ʜʘʥʠʭ 

ʭʦʯ ʽ ʤʦʞʣʠʚʠʡ, ʘʣʝ ʩʢʣʘʜʥʠʡ, ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʧʨʘʮʽ ʽ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʪʨʘʪʠ 

ʽʥʬʦʨʤʘʮʽʾ. 

ɺ ʮʽʣʦʤʫ ʞ, ʜʫʞʝ ʩʢʣʘʜʥʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʭʦʜʫ ʚʽʜ ʦʜʥʽʻʾ ʢʦʥʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʜʦ ʽʥʰʦʾ. 

ʋ ɻɯʉ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʋɹɼ. 

ɼʝʷʢʽ ʧʨʦʛʨʘʤʥʽ ʧʘʢʝʪʠ ɻɯʉ ʤʘʶʪʴ ʚʣʘʩʥʫ ʚʤʦʥʪʦʚʘʥʫ ʨʝʣʷʮʽʡʥʫ ʉʋɹɼ (ʈʉʋɹɼ). ɯʥʰʽ ʧʨʘʮʶʶʪʴ ʟ 

ʨʽʟʥʠʤʠ ʢʦʤʝʨʮʽʡʥʠʤʠ ʉʋɹɼ ʪʠʧʫ Dbase III, Dbase III +, Dbase IV, FoxPro ʪʘ ʽʥʰʠʤʠ. ʊʨʝʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʟʤʽʰʘʥʠʡ ʩʧʦʩʽʙ - ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʣʘʩʥʽ ʚʤʦʥʪʦʚʘʥʽ ʉʋɹɼ (ʜʦʢʠ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʙʘʟʠ ʥʝ ʧʝʨʝʚʠʱʠʪʴ 

ʧʝʚʥʦʛʦ ʦʙʩʷʛʫ) ʽ ʧʦʪʫʞʥʽ ʉʋɹɼ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʜʘʥʠʭ (ORACLE, Ingress, 

DB2, SyBase, Informix ʪʘ ʽʥʰʽ, ʷʢʱʦ ʦʙʩʷʛ ʜʘʥʠʭ ʜʫʞʝ ʚʝʣʠʢʠʡ). ɼʦʩʪʫʧ ʜʦ ʪʘʢʠʭ ʉʋɹɼ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʢʣʽʻʪ/ʩʝʨʚʝʨ (client/server) ʽ ʤʦʚʠ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ (Structured ʯʠ Standard 

Query Language - SQL) ʪʘ ʡʦʛʦ ʨʦʟʰʠʨʝʥʴ, ʱʦ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʦʧʠʩʫ ʧʨʦʩʪʦʨʦʚʠʭ ʟʘʧʠʪʽʚ ɹɼ ɻɯʉ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ (centralized database) ʡ ʨʦʟʧʦʜʽʣʝʥʽ (distributed database) ʙʘʟʠ ʜʘʥʠʭ.  

ʎʝʥʪʨʘʣʽʟʦʚʘʥʘ ʙʘʟʘ ʜʘʥʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʧʘʤôʷʪʽ ʦʜʥʽʻʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʷʢʱʦ ʮʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʻ ʢʦʤʧʦʥʝʥʪʦʤ ʤʝʨʝʞʽ ɻɯʉ, ʪʦ ʤʦʞʣʠʚʠʡ ʨʦʟʧʦʜʽʣʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʙʘʟʠ ʜʘʥʠʭ, ʪʦʙʪʦ 

ʜʦʩʪʫʧ ʜʦ ʥʝʾ ʨʽʟʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ɻɯʉ. ʈʦʟʧʦʜʽʣʝʥʘ ʙʘʟʘ ʜʘʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ, ʤʦʞʣʠʚʦ ʪʘʢʠʭ, ʱʦ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʘʙʦ ʜʫʙʣʶʶʪʴ ʦʜʥʘ-ʦʜʥʫ ʯʘʩʪʠʥ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʤʝʨʝʞʽ ɻɯʉ. 

ʆʩʪʘʥʥʽ 20 ʨʦʢʽʚ ʥʘ ʨʠʥʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʝʚʘʣʶʶʪʴ ʨʝʣʷʮʽʡʥʽ ʙʘʟʠ ʜʘʥʠʭ. ʐʠʨʦʢʝ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ (ʜʦ 80%) ʩʪʚʦʨʠʣʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʚʦʥʠ ʻ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤʠ ʚ ʧʠʪʘʥʥʷʭ ʫʧʨʘʚʣʽʥʥʷ ʽ 

ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ɼʽʡʩʥʦ, ʨʝʣʷʮʽʡʥʽ ʙʘʟʠ ʜʘʥʠʭ ʜʦ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ, ʛʦʣʦʚʥʦʶ ʟ ʷʢʠʭ 

ʻ ʧʨʦʩʪʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ. ʆʜʥʘʢ, ʫ ʟʚ'ʷʟʢʫ ʟ ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʽʚ ʽ ʥʦʤʝʥʢʣʘʪʫʨʠ ʜʘʥʠʭ, ʟʤʽʥʦʶ ʩʢʣʘʜʫ 

ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʧʦʯʘʣʠ ʚʠʷʚʣʷʪʠʩʷ ʧʨʠʥʮʠʧʦʚʽ ʥʝʜʦʣʽʢʠ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ. 

ɿ ʨʦʟʚʠʪʢʦʤ ʢʦʤʧ'ʶʪʝʨʠʟʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʥʝʟʘʣʝʞʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʩʘʤʠʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʠʥʠʢʣʠ ʧʠʪʘʥʥʷ ʟʚ'ʷʟʫʚʘʥʥʷ ʨʦʟʛʘʣʫʞʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʻʜʠʥʫ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʪʨʫʢʪʫʨʫ ʽʥʦʜʽ ʨʦʟʧʦʜʽʣʝʥʫ ʪʝʨʠʪʦʨʽʘʣʴʥʦ. ʅʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʮʴʦʛʦ ʚʘʨʽʘʥʪʦʤ ʩʪʘʣʦ 

ʩʪʚʦʨʝʥʥʷ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʨʦʝʢʪʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʨʝʣʷʮʽʡʥʠʭ ʉʋɹɼ (ʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʮʝ - ORACLE). 

ʇʨʦʪʝ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʝʢʦʥʦʤʽʯʥʦ. ɿʘ ʜʘʥʠʤʠ ʢʦʥʩʘʣʪʠʥʛʦʚʦʾ ʢʦʤʧʘʥʽʾ 

The Standish Gronp ʚ ʉʐɸ ʙʽʣʴʰʝ 31% ʧʨʦʝʢʪʽʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘʢʽʥʯʠʣʠʩʴ ʢʨʘʭʦʤ, 

ʙʽʣʷ 53% ʟʘʪʨʠʤʫʶʪʴʩʷ ʟ ʧʝʨʝʚʠʪʨʘʪʘʤʠ ʙʶʜʞʝʪʫ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚ 2 ʨʘʟʠ ʽ ʣʠʰʝ 16,2% ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʦʝʢʪʦʤ.  

ʇʨʘʢʪʠʢʘ ʜʦʚʦʜʠʪʴ, ʱʦ ʫʚʝʜʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʟʘʟʚʠʯʘʡ, ʟʘʡʤʘʻ ʥʝ ʦʜʠʥ ʨʽʢ, ʧʨʠʯʦʤʫ 

ʟʘʜʽʶʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ, ʣʠʰʝ ʥʝʚʝʣʠʢʘ ʧʽʜʤʥʦʞʠʥʘ ʜʘʥʠʭ. ɿʘʟʚʠʯʘʡ, ʪʘʢʽ ʩʠʩʪʝʤʠ ʧʨʘʮʶʶʪʴ ʥʘ ʛʨʘʥʠʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʷʭ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ. ɿʘʚʘʥʪʘʞʝʥʥʷ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʘʟʫ ʜʘʥʠʭ 

ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʽ ʚʠʤʘʛʘʻ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʽ ʧʘʤ'ʷʪʽ ɽʆʄ. ʊʫʪ 

ʟ'ʷʚʣʷʻʪʴʩʷ ʧʝʨʰʠʡ ʩʣʘʙʢʠʡ ʣʘʥʮʶʞʦʢ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʢʨʘʡ ʥʝʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ. 

ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʜʘʥʽ ʚ ʪʘʢʠʭ ʙʘʟʘʭ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʝʟʚ'ʷʟʘʥʠʭ ʦʜʥʘ ʟ ʦʜʥʦʶ ʪʘʙʣʠʮʴ. 

ʊʘʙʣʠʮʷ ʨʝʣʷʮʽʡʥʦʾ ʙʘʟʠ ʟʙʝʨʽʛʘʻ ʜʝʷʢʫ ʩʫʢʫʧʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ (ʧʘʨʘʤʝʪʨʽʚ) ʜʘʥʠʭ. ʂʦʞʥʠʡ ʨʷʜʦʢ ʪʘʙʣʠʮʽ 

ʚʤʽʰʫʻ ʫʧʦʨʷʜʢʦʚʘʥʠʡ ʥʘʙʽʨ ʟʥʘʯʝʥʴ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʨʽʟʥʠʭ ʨʷʜʢʘʭ ʪʘʙʣʠʮʽ, ʥʝʦʙʭʽʜʥʦ ʷʢʠʤʦʩʴ ʯʠʥʦʤ ʟʚ'ʷʟʘʪʠ ʮʽ ʨʷʜʢʠ. ɿʚ'ʷʟʦʢ ʤʽʞ ʥʠʤʠ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʟʘ 

ʨʘʭʫʥʦʢ ʜʫʙʣʶʚʘʥʥʷ ʜʘʥʠʭ, ʷʢʽ ʟʦʙʦʚ'ʷʟʘʥʽ ʚʤʽʰʫʚʘʪʠ ʜʝʷʢʫ ʩʧʽʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʽʜʝʥʪʠʬʽʢʫʶʯʫ ʾʭ 

ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʦʜʥʦʛʦ ʞ ʽ ʪʦʛʦ ʦʙ'ʻʢʪʫ ʯʠ ʧʦʜʽʾ. ɺʽʜʩʫʪʥʽʩʪʴ ʪʘʢʠʭ ʟʚ'ʷʟʢʽʚ ʻ ʥʘʩʣʽʜʢʦʤ ʥʘʜʤʽʨʥʦ ʚʠʩʦʢʦʾ 

ʥʘʩʠʯʝʥʦʩʪʽ ʷʢ ʜʘʥʠʭ, ʪʘʢ ʽ ʯʠʩʣʘ ʦʧʝʨʘʮʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʾʭ ʧʦʰʫʢʫ. ʆʢʨʽʤ ʮʴʦʛʦ, ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʦʙ'ʻʤʽʚ 

ʜʘʥʠʭ, ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʨʝʣʷʮʽʡʥʦʾ ʙʘʟʠ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʷʭ, ʪʦʤʫ ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʚʩʝ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʪʘʙʣʠʮʴ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʙʘʟʠ 

ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʧʦʻʜʥʘʥʥʷ ʙʘʛʘʪʴʦʭ ʪʘʙʣʠʮʴ, ʘʣʝ ʮʝ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ ʫʚʝʜʝʥʥʷ-

ʚʠʚʝʜʝʥʥʷ, ʯʘʩʫ ʜʦʩʪʫʧʫ ʽ ʧʘʤ'ʷʪʽ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʣʷʮʽʡʥʦʾ ʉʋɹɼ ʩʪʚʦʨʝʥʥʷ çʙʫʬʝʨʫè ʫ ʚʠʛʣʷʜʽ ʙʘʟʠ ʜʘʥʠʭ ʜʦʜʘʪʢʽʚ ʟʘʚʞʜʠ ʻ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʧʨʘʢʪʠʢʦʶ. ʎʝ ʥʝ ʟʘʚʞʜʠ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʠ ʚ ʧʠʪʘʥʥʷʭ ʦʜʥʦʯʘʩʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʨʽʟʥʦʨʽʜʥʦʾ 


